
06'hEllHHEHHhIH HHCTHTYI' RllEPHhIX HCCJIEllOBAHHH 

9-96-476 

Ha npaaax pyx:om1cH 

Y.UK 621.384.6 + 539.1.076 

KAJIAIBH 
Hropb Bna.iu1M1-1poe1-1q 

HCCllEllOBAHHE ITPOUECCOB B llA3EPHOM 

l1 3llEKTPOHHO-llYllEBOM HCTQqHI-fKAX 

MHOfO3AP~llHhIX HOHOB 

CneUHaJibHOCTb: 01.04.13 - :.meKTpocpH3HKa 

ABTOpecpepaT )J.HCCepTaUHH Ha COHCKaHHe yqeHOH CTeneHH 

KaH)J.HJJ.aTa TCXHH'ICCKHX HayK 

,D.y6tta 1996 



· Pa6orn BblTTOJHJeHa B Jla6opaTOptttt BblC0KHX. ::meprnit O6be.U.ttHeuuoro 

HHCTttryra 11,UepHbIX 11cc.11e.u.oaau11it. · · 

Hay'IHbil1 pyKoBO.D:HTeJih: 

.U.0KT0P TeXHH'leCKHX HayK, 

CTapuiHtt HUY'ltJblH corpy.u.miK 

· Oq>HUHaJibHLie onnotteHThI: 

.ll:0KTOP q>H3HKO-MaTeMaTH'leCKHX 

HayK; CTapumu tiayqHblH corpy,nHHK 

.U.0KT0P q>H3HKO-MaTeMaTH'leCKJfX . 

Ha}'l{, CTapuu-iit Ha)"lHblH C0TPY.U.HHK 

OacnHHHKOB Bm1.u.»MHP 
OeTpOBH'I . 

lllHpKOB fp11roptt11 

)],MHTp H eBH'I 

llJapKOB Eopttc 

IOpheimq 

· Be.u.ymqjJ OpfaHH3UijttJJ: ~ 
11ucrttryr reopertttiecKoit tt 3KcnepttMeHTaJibHciH q>H3HKH (MocKBa) 

- ,,- . . .. ' ·, ·- . .. " 

. . 3 ,1 & . /o l~ 
3a!httra C0CT0HTCR "-2:." ~µ •tl/.,,P 1997 r. B · · .· qacoa Ha 

3ace,naHHH .n11ccepraUJf0HHoro coaera )],-647.0 L02 B Jla6oparoptttt BblCOKHX 

3HeprHH O6be.U.H}feHJiOfO HHCTH1yrn n,nep)iblX HCCJie,nciBaHHH, KOH<pepeHU-3aJI 

· J1B3, r. )],y6tta, MocKOBCKan 06.11acTb. · · · 

/ 

~ - . . - . : . - ' ' . . . . ' 

C ,nttcceprautte~ M0)KHO 03HUK0MHTbCJI B 6116.11ttOTeKe J183 CH15111. 
1 . . . . j • • • • • • - ~ 

ABTOpeq>epaT pa30CJ!UH 
' . . . ~' ' . ' . . . ' 

.. J.!J.. 'r>e« 199.f r. 

YqeH!>IH .ceKperapb .u.11 .. ccepra1!-110HHor~/li14, .. ·. :..IA.·. I ~... M'.<1>. JIHX~. 'I~B 
coaera ; . . . • -<f • ·.· . -· .• r . . . 

·" 

! 

l 
l 

-,-!, 

"i 
,;, 
:,; 

1 
'1 

'.j 

r, 

:j 

'I 

OEI.IvVI XAPAKTEPl1CTl1KA PAliOTbl 

AKTYaJibHOCTb pa60Tbl 

Tiporpecc peJinTHBHCTCKOH n,nepHOH q:>H3HKH, a TaIOKe norpe6HOCTb B 

T5DKeJibIX ttottax ,nm1 umpoKoro Kpyra q:>H3ll'IeCKJIX 3a,n:aq onpe.nenn10T JIHTepec 

K pa3BHTJIIO H0HHbIX JICT0'IHHK0B. Tipo6JieMa C03.U.UHH51 JI0HHbIX JICT0'IHJIK0B 

cnoco6HblX npoH3B0,l],JITb IlyqKH BblC0K03apn,u.HblX JIOHOB npaKTll'IeCKH BCex 

3JieMeHT0B nepttO)],ll'IeCKOH ra6mIUbI MeH,u.eJieeaa npJI MaKCHMaJibHOH 

HHTeHCJIBH0CTH 3TJIX nyqKOB CTOHT Ha 0,ll_HOM JI3 nepBbIX MeCT B lIIHpOKOM 

Kpyre npo6JieM pennTHBHCTCKOfO ycKopeHH51 TIDKeJiblX JIOHOB. 

11cTO'IHHKH H0HOB ,nmI ycKopme.11ett JIMeIDT 60.11ee 'leM 50-JieTHIOIO 

HCTOplllO pa3BJITH51 H 6epyr Ha'laJIO C ,lzyOilJIU3MOTpOHa JI HCTO'IHHKa 

TieHHHHra. B HUCT0Ril(ee BpeMJI caMbie BbICOK03apn,u.Hble JIOHbl np0JI3B0.U.HT 

3JieKTpouuo-nyqeaott · HCTO:'JHHK (EBIS). Ha1I60.11b11me JIHTeHCJIBHOCTH 

HH3Ko3apn,nHhIX HOHOB o6ecnequaaeT Jia3epHbIH HCTO'IHJIK (LIS). 

TipoMe)l(YfO'IHOe noJIO)KCHJie, no napaMerpy 3apn,u.HOCTb-JIHTeHCJIBHOCTb, 

3UHHMaeT HCTO'IHJIK Ha 3JleKTpOHHO-IJJIK.110TpOHHOM pe30HaHce (ECR). 

B HaCTOJIIl(ee ape:r..rn, HH O,l],JIH 113 ~Till{ lICTO'IHHKOB B OT,U.eJibHOCTH He 

M0)KCT C'IHTaTbCJI nOJIHOCTb10 no.nxo,u.nll(HM no napaMerpy 

3apn,nHOCTb/HHTCHCJIBHOCTb ,nmI coapeMeHHbIX 3a,n:aq ycKopeHH51 TIDKCJiblX 

110H0B B cHHXporpouax. TaK, HanpJIMep, npoeKT ycKopeHH51 JIOHOB Pb B LHC 

(CERN) /I/ rpe6yeT OT JICTO'IHHKa nonyqeHH51 HOHOB c 3apn,u.HoCTbIO Z~5, 

np11 H0HHblX TOKax .u.o 10 MA, .ll.JIHTeJibH0CTJI JIMny.111,ca tlI;:,:6 MKC JI 'IaCTOTe 

CJIC,U.OBaHH51 JIMilYJibCOB v;:o:1 ru. Jla3epHbIH JICTO'IHHK HOHOB no napaMeTpaM 

CTOJIT Ha1160.11ee 6JIH3KO K 3TJIM rpe6oaaHH5IM. Pa3pa6oTKa MOil(HblX Jia3epoB C 

'laCTOTOH CJIC,l],OBaHH51 HMnyJibCOB y;:,:} fU RBJIRCTCR aKTYaJibHOH 3a,n:a'Iett ,nmI 

LIS / 2/. lfcro'!HJIKH Tttna EBIS raIOKe Moryr 6bITb Hcno.111,3oaaHb1 ,nm1 3TJIX 

11e.11ett, npJI ycJIOBHll cymecTBeHHOfO yaeJill'ICHH51 061>eMa lIOHHOH n:oBymKH. 

Jla3epHblH H 3JieKTpOHHO- nyqeBOH JICTO'IHJIKH MHOf03apn,nHblX H0H0B 

11cno.1Ib3YIQTCn Ha ycKopJITeJibHOM KOMilJleKce JIB3 OIUil1 c cepe,u.HHhI 70-x 

ro.u.oa. Pa3BJITHe 3TJIX JICTO'IHHKOB JIBJIRCTCJI aKTYaJibHOH 3a,n:a'Ie11 ,nm1 0115111, 

oco6eHHO, BCBR3H C C03,l],aHHCM ycKOpHTeJin HYKJIOTpOH. 

B pa6oTe BnepBbie npoae,neHO COBMCCTHOe paCCMOTpCHJIC TaKJIX 

HCTO'IHHKOB MHOf03apn,nHbIX HOHOB ,nmI COBpeMeHHblX caepxnpoBOMIIl,JIX 

CHHXp0TpOHOB C K0pOTKHM apeMeHeM JIH)KCKUJIJI • 

IJ.e.111, pa6oTbI 

11.eJiblO .naHHOH ,l],JICcepTaUJIJI RBJinlOTCR 3KcnepHMeHTaJibHble JI 

Mo,neJibHbie HCCJie.noaaHH51 npoueccoB B Jla3CpH0M H 3JICKTpOHHO-JiyqCBOM 

HCTO'IHJIKax ,nmI pa3BHTH51 3TJIX HCTO'IHJIKOB JI YJIY'IIIICHH51 JIX OCHOBHbIX 

napaMCTpOB. 
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Hayq11ru1 HOBH3Ha 

• C03,llaHa 'IlICJieHHlUI MO,llem, B036y)K,!l;eHIDI aKTHBHOH cpe,llhl HMnyJihCHOfO 

CO2 - Jia3epa, npH noMOIUH Koropoii pa3pa60TaH H co3,llaH CO2 - Jia3ep 

,!l;]IB Jia3epHoro HCTO'IHHKa MHOf03apH,D;HhIX HOHOB C HMnyJihCHOH 

MOIUHOCTbIO ,llO 40 MBT, paCXO,llHMOCThIO H3JI}"IeHIDI 5. 10-4 PM H 'laCTOTOH 

cJie,lloBaHIDI HMIIYJlhcon ,D;o 1 ru. Bnepnhie- rorn HaKa'IKH CO2 - Jia3epa 

HCnOJih30BaH ,llByxKaHaJihHhlH HMnyJihCHhlH MOJzyIDITOp C THpaTpOHHhlM 

KOMMYfaTOpoM, CHCTeMOH }'MHO)KeHIDI HanpIDKeHIDI n LC- reHepaTOpe H 

,llByxKOffTYPHOH cxeMOH C)KaTIDI MOJUHOCTH. 

• Co3,llaHa 'IHCJieHHlUI MO,lleJih npoueccoil HOHH3aUHH B ::meKTpOHHO

nyqeBOM HCTO'IHHKe HOHOB, }"IHThIBaIOIUlUI 6aJiaHC OCHOBHhlX npoueccoB B 

HOHHOH JIOBynIKe: HOHH3aQHIO ::meKTpOHHhlM y,D;apoM, peKOM6HHaUHIO, 

nepe3apn.n:KY IIOHOB Ha HeHTpaJiax, HarpeB HOHOB ::meKTpOHaMH, o6MeH 

3HeprHeH Me)K)zy HOHaMH B ynpyrHX CTOJIKHOBeHIDIX If yxo,ll HOHOB H3 

JIOBynIKH 

• BnepBbie, npH noMciIUH ,llaHHOH MO,lleJIH HCCJie,llOBaHhl npoueccbI 

HaKOOJieHIDI HOHOB KpHilTOHa B JIOBynIKe 3JieKTpOHHO- JI}"IeBoro 

HCTO'IHHKa, npoBe,lleHO cpaBHeHHe ,llaHHhIX pacqeTa C 

3KCnepnMeHTaJihHhIMH ,llaHHhlMH, noJiyqeHHhIMH B npouecce pa6oThI 

HCTO'IHHKa "KpnoH-C" Ha JIHHeHHOM ycKOpHTeJie JIY-20. Ha6JIIO,llaeTcH 

xopomee COBna,D;eHHe 3KcnepHMeHTaJihHhIX H pacqeTHbIX ,llaHHhIX. 

• BnepBbie npone,lleHbl MO,lleJihHbie pacqeTbI npoueccoB HaKOOJieHIDI HOHOB 

CBHHUa B JIOBynIKe HCTO'IHHKa npH 6JIH3KHX K npe,lleJibHhIM napaMeipax 

3JieKTpOHHOfO nyqKa: 3HeprHH 10 KB, TOKe IO A, )UIHTeJibHOCTH 

HMnyJihCa 100 MC H IlJIOTHOCTHX TOKa 200 If 500 AjcM2• TioKa3aHa 

B03MO)KHOCTh pa60Tbl HCTO'lHHKa C HOHHhIM TOKOM Ha BhIXO,lle 1+3 MA npH 

cpe,D;HeM 3apn.n:e HOHOB CBIIHUa Ha BhlXO,lle HCTO'lHIIKa <Z>=39 (DJIOTHOCTb 

TOKa j=200 AjcM2) H <Z>=47 (j=500 A/cM2) n )UIIITeJihHOCTII BhIXO,llHOfO 

HMnyJihCa 10 MKC, 'ITO y,llOBJieTBOp.HeT Tpe6oBaHIDIM COBpeMeHHhIX 

CHHXpOTpOHOB C KOpOTKHM npeMeHeM lfff)KeKQHII. 

IIpaKTH'!eCKWI ueHHOCTh. pa60Thl 

• Co3,llaHHlUI 'IHCJieHHlUI MO,lleJib B036y)K,!l;eHIDI aKTHBHOH cpe,llbl 

HMnyJihCHOfO CO2 - Jia3epa MO)KeT 6b1Th ncnOJih30BaHa IlplI C03,llaHIIH 

HOBhIX Jia3epoB 3T0f0 THila. 

• Ha OCHOBaHHH npone,lleHHhIX pac'leTOB MO,llepHII3HponaHa 3JieKTpH'!eCKlUI 

cxeMa B036y)K,!J;eHIDI COr Jia3epa, KOTOphIH .HBJI.HeTC.H OCHOBHhlM 

3JieMeHToM ,lleHCTBYJOIUero Jia3epHoro IICTO'IHIIKa JIB3 OlUIM. )locTIIfHYTO 

cyrnecTBeHHoe yneJIH'!eHne ero Ha,D;e)KffoCTH. 

• IlpHHUHilhI KOHCTpYKQHH HMnyJihCHOfO MOJzyJIHTOpa ,!l;]IB HaKa'IKH CO2 -

Jia3epa, KOHq>OKaJihHOfO HeyCTOH'lHBOfO pe30HaTOpa, Jia3epHblX fOJIOBOK, 

CHCTeM YJibTpaq>HOJit;TOBOH npe,llhIOHH3aUHII pa6oqeii CMecn, CHCTeM 

nonepe'IHOH npoKa'IKH pa6o'leH CMeCH II CHCTeM IOCTHpOBKH 3epKaJI 

pe3oHaTopa MOfYT 6h1Th ncnoJih3oBaHhI B ,llpyrHX COrJia3epax. 
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• Co3,llaHHbie H npe)UIO)KeHHbie CHCTeMbI q>OKYCHpOBKH Jia3epHoro 

H3JiyqeHID1 Ha MHIIIeHb MOfYT 6b1Th HCnOJih30BaHhl npn C03,llaHHH HOBhIX 

Jia3epHhlX HCTO'IHHKOB. 

• Co3,llaHHlUI 'IHCJieHHlUI MO,lleJib npoueccoB HOHH3aQHH B 3JieKTpOHHO

nyqeBOM HCTO'IHHKe MO)KeT 6b1Th !fCnOJih30BaHa ,!l;]IB paC'!eTa BhlXO,llHhIX 

napaMeTpOB 3THX HCTO'IHHKOB, a HMeHHO- HHTeHCHBHOCTH H cneKTpa 

3apH,D;HOCTeH IIOHHOfO nyqKa. 

Anpo6auHH pa60Thl H ny6JIHKaUHH 

OcHOBHbie ,llHccepTaUHOHHOH pe3yJihTaTbI pa60TbI ,llOKJia,!l;hIBaJIHCh II 

o6cy)K,!J;aJIHCh Ha HayqHhIX ceMHHapax Jia6opaTOpHH BhICOKHX 3HeprHH OM.HM, 

Ha Me)K,llynapO,llHOH KOHq>epeHUIIH no 3JieKTpOHHO-JiyqeBhIM HCTO'IHHKaM 

EBIS'94 (CTOKrOJihM, illneuIDI, 20-23 HIOHH, 1994 r.), Ha 17-ii 

Me)K,llyttapo,D;HOH KOHq>epeHUHH no JIHHeHHhrM ycKopHTeJIHM LINAC'94 

(IJ:YKy6a, .HnoHIDI, 21-26 anrycm, 1994 r.), Ha 6-ii Me)K,llYffapO,llHOH 

KOHq>epeHUHH no HOHHhIM HCT0'IHHKaM ICIS'95 (Bncmep, KaHa,D;a, 5-16 

cemn6pn, 1995 r.) n Ha 18-ii Me)K,llyttapo,llHoH KOHq>epeHUHH no JIHHeHHhIM 

ycKopmeJIHM LINAC'96 ()KeHeBa, IlIBeiiuapIDI, 26-30 anryCTa, 1996 r.). 

OcHOBHOe CO,llep)KaHHe ,llHCCepTaQHH ony6JIHKOBaHO B 6 pa60Tax ( COHCOK n 

KOHUe aBTOpeqiepam). 

CO)lEP)KAHHE PAEOTbl 

)lttccepTaUIDI COCTOHT H3_ BBe,lleHIDI, ,llByx rJiaB, 3aKJIIO'IeHIDI H cnlICKa 

JIHTepaTYPhI 

Bo BBe.Ziennn pacCMOTpeHbl cyrneCTByromHe HCTO'IHHKH MHOf03apH,D;HhIX 

HOHOB rorn CHHXpOTpOHOB, OCHOBHhle npHHUHnhI HX pa60TbI n ,llOCTHfffYThie 

MaKCHMaJihHbie napaMeTphl. 

B nepnoii rJiaBe npone,lleHo nccJie,lloBaHHe npoueccon n' Jia3epHOM 

IICTO'IHHKe MHOf03apH,D;HhIX HOHOB. 

Jia3epHbie IICTO'IHHKH rorn CHHXpOTpOHOB 6bIJIH npe)UIO)KeHhl B 60-x 

ro,D;ax, HX pa3BHTHe 6bIJIO CB.H3aHo, rJiaBHblM o6pa30M, C C03,llaHHeM MOIUHhIX 

Jia3epoB. 

IlpouecCbI o6pa30BaHIDI Jia3epHOH IlJia3Mhl MOfYT 6b1Tb TeOpeTH'IeCKH 

onncaHbl c noMOIUhIO pn.n:a MO,lleJieH, Han6oJiee a,D;eKBaTHhIMH .HBJIHIOTC.H 

C03,llaHHhie B nocJie,llHee BpeM.H 'IHCJieHHbie MO,lleJIH, HanpHMep nporpaMMhI 

"FLY?', "GIDRA", KOTopb1e pa3pa6omHhI KoJIJia6opauneii, co3,llaromeii B 

CERN Jia3epmrii HCTO'IHHK MH ycKopHTeJIH LHC 13,41. 
C MOMema co3,llaHIDI nepnoro HMnyJihCHoro Jia3epa nonyqeHo 6oJihmoe 

KOJIH'IeCTBO 3KcnepHMeHTaJibHhIX pe3YJibTaTOB no napaMcrpaM Jia3epHOH 

IlJia3MhI, o6pa30BaHHOH npn q>OKYCHpOBKe Ha MHIIIeHHX H3JlyqeHIDI Jia3epon 

Pa3JIH'IHOf0 THna. MaKCHMaJihHlUI KpaTHOCTb HOHH3aQHH TIDKeJihlX HOHOB 

nonyqeHa B TPMHMTH (r. Tpo»UK) Ha yCTaHOBKe THP-1. Ilpn OJIOTHOCTH 

nOToKa H3JiyqeHIDI COr Jia3epa q=4-1013 BT/cM2 3KcnepnMeHTaJihHO 
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Ha6mo.naJiaCb 3MHCCIDI HOHOB Pb3I+, KOJIIDieCTBO HOHOB C cpe,D;HHM 3apH,llOM 

<Z>=30 Ha 1 CM2 JIOBepXHOCTH .neTeKTopa Ha paCCTOHHHH 3 M OT MHilleHlI 

cocraBJIHJio N..,6-109 141. K CO)KaJieHHID, ncrroJib30BaHne 3TOH Jia3epHoH 

yCTaHOBKH B LIS ,!l;JlH CIIHXpOTpOHOB orpaHWieHO HH3KOH tJaCTOTOH 

cne.noBaHIDI HMrryJihCOB. KaK rrpaBHJIO, Herrocpe.ncTBeHHoe ncrroJib30BUHHe 

cymecTByIDlllHX MOlllHbIX Jia3epHbIX yCTaHOBOK B Jia3epHbIX HCTOlJHHKax ,!l;JlH 

COBpeMeHHbIX CHHXpOTpOHOB TaK)Ke orpaHWieHO HH3KOH tJaCTOTOH 

cne.noBaHIDI HMJIYJibCOB 3THX ycraHOBOK. 

...... 
,_ 

~ 

Pnc. 1 

CxeMa Jla3CpHOI'O HCTO'IHHKa JIB3 O0Jll1 

IlpHHUHII .nettCTBIDI Jia3epHOfO HCTOlJHHKa ,!l;JlH CHHXpOTpOHOB OCHOBaH 

Ha H3BJietJeHHH HOHOB H3 11Jla3Mhl rrpOH3Be,neHHOH B BaKYYMe nocpe.ncTBOM 

q:>OKYCHpOBKH na3epHoro H3JlyqeHIDI Ha noBepXHOCTH . TBep.noli MHllleHH. 

O6pa3yIDlllaHCH Jia3epHaH JIJia3Ma pacrnnpHeTCH B BaKYYM rrepneH,nHKYMPHO 

JIOBepXHOCTH MnrneHH. Herrocpe.ncTBeHHaH HH)KeKUIDI H3BJietJeHHhIX H3 

Jia3epHOH 11Jla3Mbl HOH0B B ycKOpHTeJib He 3cpcpeKTHBHa, JIOCKOJibKY 

,nJIHTeJibHOCTb HOHHOfO rryqKa 6y,neT MeHbllle HJIH paBHa ,nJIHTeJibH0CTH 

rnraHcKoro HMJIYJihCa n3JiyqeHIDI Jia3epa (""IO HC ,!l;JlH Nd JiaJepa tt ..,IQ0 HC 

,!l;JIH COi- Jia3epa), lJT0 He y,noBJieTBOpHeT Tpe6oBaHIDIM 60JiblllHX 

CHHXpOTpOHOB (,nnnTeJibHOCTb HH)KeKUHH tmDK. ~ 5 MKC). 3HepreTHtJeCKHH 

pa36poc 11Jia3MeHHhIX HOHOB COCTaBJIHeT BeJIH'IHHY npttMepH0 K38 Ha 3apH,ll, 

3TO CBOHCTBO J103BOMeT YBeJIHlJHTb ,nJIHTeJibHOCTb HOHHOfO nyqKa 

o6ecnetJHBaH pacCTOHHHe ,!1;JI51 .npelicpa Jia3epHOH 11Jla3Mhl. 11oHbl c 

MaKCHMaJlbHbIMH 3apH,nHOCTHMH, o6pa3yIDll{tteCH B Jia3epHOH 11Jla3Me, 

pa3JleTaIDTCH B rrpe.nemix MaJioro TenecHoro yrna ( < 10-2 cp.) CKopocTh 

peKOM6HHaUHOHHbIX npouecCOB 6bICTpO YMeHblllaeTCH c paCCTOHHHeM 
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BCJie,!lCTBHe 3TOfO ,!lOCTHraeTCH TaK Ha3bIBaeMaH "3aMOp03Ka" HOHH3aUHOHHblX 

COCTOHHHH. Tiocne pacrnnpeHIDI JIJia3Mbl Ha npoCTpaHCTBe npettcpa HOHbl 

H3BJieKalOTCH H3 11Jla3Mbl, HOHHblH IIYtJOK cpopMnpyeTCH HOHHOH OJITHKOH H 

HanpaBJIHeTCH B ycKopttTeJib. 

Jla3epHblH HCTOtJHHK pa6omeT B JIB3 OJUil1 c 1976 r. CxeMa 

Jia3epHoro HCTOlJHHKa JIOKa3aHa Ha Pm:. I. OcHOBHblM 3JieMeHTOM HCTOlJHHKa 

Pnc. 2 

CxcMa KOH<l>OKaJILHOI"O HCYCTOH'IHBOI"O pe3oHaTopa, 
r.ne 1- nornyroe JepK3Jlo c pa,nHycoM R1, 2- BLITiyKJioe JepKaJio c 

pa,nHycoM R2, 3- BbIXO,llHOe OKHO 

HBJIHeTCH HMIIYJibCHblH 

Jia3ep. Ha HatJaJibHOM 

3Tane, B COCTaBe 

HCTOlJHHKa HCJIOJib30BaJICH 

Nd Jia3ep c ttMIIYJibCHOH 

MOll{HOCTblO I 0 9 BT H 

tJaCTOTOH cJie,!lOBaHllil 

HMIIYJibCOB 0.02 fu lJTO He 

Y.!lOBJieTBOpHJIO 

Tpe6oBaHHHM 

CHHXpOTpOHOB. TI03TOMY, C 

1983 r. Ha Jia3epHOM 

HCTOlJHHKe HCl10Jib3YeTCH 

H3fOTOBJieHHblH B 

Jla6oparnptttt COi- na3ep c 

HMIIYJibCHOH MOll{HOCTbJO 

P::::10 MBT, pacxo.!lHMOCTbJO 

0""'3-I0-3 pan 

pa6oTaJOW:HH B 

MHOfOMO,!l;OBOM pe)KHMe reHepautttt HMIIYJibCOB npH 4aCTOTe cJie,!lOBaHHH 

HMIIYJihCOB .no I fu. Jla3epHblH IIYtJOK BBO,!lHTCH B BaKYYMHYJO KaM~PY H 

cpoKycttpyeTCH Ha JIOBepXHOCTH MttllleHH ,!l;ByxJIHH30BbIM o6beKTHBOM C 

JIHH3aMtt H3 NaCl. BaKYYMHaH KaMepa YKPeJIJieHa Ha Tpy6Ke cpopttH)KeKTopa 

JIHHeHHOfO ycKOpHTeM H HaxO,!lHTCH 110.n JIOTeHUHaJIOM OTHOCHTeJibHO 3eMJIH 

.no 700 KB. 11oHbl, H3BJieKaeMbie JIOCJie ,!lpelicpa Jia3epHOH JIJia3Mbl Ha 

paccTOHHHH 150 CM, ycKOpHIOTCH ,!lO 3Hepmu 170 K38/HYKJIOH H 

q:>OKYCHpyIDTCH Ha BXO,!l JIHHeHHOfO YCKOpHTeJIH C JIOMOll{blO HOHH0-

011TH4eCKOH CHCTeMbl. MaKCHMaJibHaH JIJIOTHOCTb JIOTOKa H3JiyqeHHH Jia3epa 

Ha MHllleHH HCTOlJHHKa B HaCTOHll{ee Bpew1 COCTaBJIHeT qa::10 10 BT/cM2• 

)],JIHTeJibHOCTb KOJIJieKTOPH0fO CHfHaJia Ha BblXO,!le HCT04HHKa COCTaBJineT 

25+30 MKC ,!l;JlH BCeX 3apH)lHOCTeH H 5+ IO MKC ,!l;JIH Bb!ClllHX 3apn.nHOCTdi. 

11HTerpanbHbIH 3apH,ll HOHOB Ha BblXO,!le HCTOlJHHKa, H3MepeHHbiti Ha 

paCCTOjlHHH 150 CM, OKOJIO 8- 10-6 KJI/ttMIIYJibC. Mace- cneKTpOMeTpH4eCKHe 

H3MepeHIDl, npoBe,neHHble ,nJI5I Pa3JIHlJHblX 3JieMeHTOB 1103BOJIHJIH 

3aperttCTpttpoBaTb Ha BblXo.ne HCTOlJHHKa H,llpa 12C6+, HOHbl 27A1 11 +, 64Cu14+ 11 

184W9+ 

OcHOBHblM KpHTeptteM, onpe,neJIHJOll{HM KOJIH4eCTBO H 3apH.UOBblil 

COCTaB HOHOB B Jia3epHOH 11Jla3Me, HBJIHeTCH JIJIOTHOCTb JIOTOKa HMIIYJibCHOfO 

5 



113.IIY'{eHJrn: ccpoKyc11poBaHHOfO Ha MHllleltH. 8eJll1'-IHHa IlJIOTHOCTH IlOTOKa 

H3Jlyqemrn: Ha MHllleHH onpe,neJUieTc.H napaMeTPaMH Jia3epHoro H3JIY'{eHH.H 11 

q>OKYCHpyiomett onTHKH. 

napaMeTPaMH Jla3epHOfO 113.IIY'{eHH.H .HBJUIIOTC.H: .llJIHHa BOJIHbl, 

HMilYJlbCHa.H MOlUHOCTh H paCXO,llHMOCTb. .[lJIHHa BOJIHbl onpe,neJI.HeTC.H THilOM 

Jla3epa, MOlUHOCTb- o6beMOM aKTHBHOH cpe,llbl, CHCTeMOH HaKa'-IKH 11 

CHCTeMOH CHHXpOHH3aU:HH npO,llOJlbHbIX MO.ll, paCXO,llHMOCTb- .llJIHHOH BOJIHbl, 

BbIXO,llHOH aneprypott Jla3epa H KOJIH'-leCTBOM nonepe'-!Hb!X MO,ll. KoJIH'-!eCTBO 

nonepe'-!HbIX MO.ll onpe,neJI.HeTC.H THilOM pe3oHaTopa, ycTaHOBJieHHOfO Ha 

Jla3epe. .[ln.H cpopMHpoBaHH.H O,llHOMO.llOBOro nyqKa B Jla3epax c 6oJibllIHM 

K03q>q>HU:HeHTOM ycHJieHH.H aKTHBHOH cpe,llbl '-laCTO HCilOJlb3yeTCH 

HeCHMMeTPH'-IHhlH KOHq>OKaJibHbIH pe30HaTop, COCTO.HlUHH H3 BOrHYTOro 

(R1>0) H Bb!IlYKJIOfO (R2<0) 3epKaJI, H33bIBaeMbIH o6bi'-IHO TeJieCKOilH'-leCKHM 

(P11c. 2) 
napaMeTPaMH cpoKycHpyiomett OilTHKH HBJUIIOTC.H: cpoKycHoe 

paCCTO.HHHe H a6eppau:HH. B cnyqae cpoKycHpOBKH Jia3epHoro H3JlyqeHH.H, KaK 

npaBHJIO, Y'{HTbIBaJOTCH TOJlbKO MOHOXpOMaTH'-leCKHe a6eppau:1111, KOTOpb!e 

xapaKTepH3YIOT OTCTYilJieHHe peaJibHbIX OilTH'-leCKHX CHCTeM OT H,lleaJibHbIX ,llJlH 

H3Jly'-leHH.H onpe,neJieHHOH ,llJlHHbl BOJIHbl. 

Co3,naHHe HoBoro HMilYJibcHoro CO2 JiaJepa .llJlH Jia3epHoro HCTO'-IHHKa 

HMeJio u:eJiblO YBeJIH'-leHHe BbIXO,llHOH MOlUHOCTH, no cpaBHeHHIO C 

npe,llbl.llYIUett MO,lleJihlO, H YJIY'{llleHHe OCHOBHhIX napaMeTPOB H3JIY'{eHH.H npH 

coxpaHeHHH '-13CTOTbl CJie,llOBaHH.H HMilYJibCOB. 

O.nHott H3 pa3HOBH,llHOCTett HMilYJihCHbIX CO2- Jla3epoB .HBJUIIOTC.H 

Jla3epbl C B036y)K,lleHHeM aKTHBHOH cpe,llbl nonepe'-!HbIM 3JieKTPH'-leCKHM 

pa3p.H,noM npH ,naBJieHHH ra:m nop.H,nKa aTMoccpepHoro- TEA Jia3epbi /5/ . 
Pa3pH,llHblH npoMe)K}'TOK B TaKHX Jla3epax, KaK npaBHJIO, o6pa30BaH .llBYM.H 

.llJIHHHblMH (I.;., l M) npoq>HJIHPOBaHHhIMH 3JieKTPo.naMH, pacnOJIO)KeHHhIMH 

B.llOJlb OilTH'-leCKOH OCH Jla3epa. nonepe'-!Hble Pa3Mepbl npoMe~a 

onpe,neJIHJOT anepTYPY Jia3epHoro nyqKa B JOHe reHepau:1111 H cocTaBJUIJOT 

HeCKOJlbKO caHTHMeTPOB. 

OcymecTBJieHHe 0,llHOpO,llHOfO B036y)K,lleHH.H ra30B npH IlOBhlllleHHbIX 

,naBJieHH.HX .HBJUieTCH CJIO)KHOH 3a,lla'-lett. KnacCH'-leCKHH TJie!OlUHH pa3p.H,ll 

cymecrnyeT TOJibKO npH HH3KOM ("'I KITa) ,naBJieHHH. EcTecrneHHa.H cpopMa 

pa3p.H,na npH 6JIH3KOM i< aTMOCcpepHOMY ,naBJieHHH H 3HeproBKJia,ne 6onee 100 

.Lh</(n-am) - KaHaJihHa.H. TaKott pa3p.H,ll xapaKTep113yeTc.H HH3KHM 

HMne,naHCOM, '-!TO Il03B0JUleT ocymeCTBJUITh 6bICTPbIH BBO.ll 3HeprHH HaKa'-IKH 

(,:::,,l MKC) H nonyqaTb ntraHTCKHe HMilYJihCbl H3JIY'{eHH.H, He np116era.H K 

KaKHM - JIH6o BHellIHHM YCTPOHCTBaM .llJlH nepeKJIJO'-!eHH.H .no6pOTHOCTH, T. K. 

~TH HMilYJibCbl B03HHKaJOT aBTOMaTH'-leCKH B pe3yJihTaTe .nettCTBH.H MeXaHH3Ma 

nepeKJIJO'-leHH.H K03q>q>HU:HeHTa ycHJieHH.H. 

.[lJIH coJ.naHH.H o6'beMHoro o,nHopo,nHoro pa3p.H,na npe.nnapHTeJihHO 

ocymecTBJI.HeTC.H MHOf03JieKTPOHHOe HHHU:HHpOBaHHe pa3p.H,na, KOTopoe 

C03,llaeT B npoMe)KYTKe He06XO,llHM}'IO Ha'-laJibH}'IO KOHI.t;effTPaU:HIO 3JieKTPOHOB 
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H, BCJie,n 3a 3THM, npoH3B0,llHTC.H HX HOHH3aI.t;HOHHOe pa3MHO)KeHHe. O,nHHM 113 

MeTO,llOB o6ecne'-!eHH.H Ha'-laJihHOH 3JieKTPOHHOH TIJIOTHOCTH B pa3p.H,llHOM 

npoMe)K}'TKe Jla3epa JIBJUieTCJI npe,nbIOHH3au;H.H pa6o'-!ett cpe,nhI C TIOMOlllhlO 

BHellIHefO HCTO'-IHHKa YJihTPaq>HOJleTOBOrO H3JIY'{eHH.H. na3epbl, 

HCTIOJlh3}'10lUHe 3TOT BH,ll npe,nhIOHH3aI.t;HH Ha3Ba!OTCJI: "lIMnyJihCHhie TEA 

COr Jia3epbI c HaKa'-IKOtt caMOCTOJITeJlhHhIM pa3p.H,noM". lIMeHHO TaKott Jia3ep 

HCilOJlb3yeTC.H B Jia3epHOM HCTO'-IHHKe nB3 OII51II. 

.[ln.H pa3pa6oTKH aonoro Jia3epa 6hm co3,naH naKeT nporpaMM .llJlH 

P(MW) 
50 : : : : : 

=K1·····
1

········l·········i·······!········I 
20 - -······:----------~----------1--------··t···-·--·--:----------: . ; : : : 
10 -- -----; ······-••;--•·····••;-------.---t-·······••;---------
0 ' : : : : 

0.2 0.4 0.6 

T(mks) 

P11c. 3 

0.8 12 

PacqeTHrul 3aBHCHMOCTL BLIXO,llHOH MOII(HOCTH 

Jiasepa OT BpeMeHH, .lVlll CMeCH ra30B 

(N2:C02):(l:l) 
IIPH CIIO/IYIOI11HX rrapaMerpax peJOrraropa: )IJU!Ha L=200 CM, 
K03<t,<t,Hl(HeHT 3aIIOJil{OHHll aJCTIIBHOii cpe11oii F=0.67, 
rrorrepe'-IHoe ce'leHHe S=lS cM2, K03q)q)JU.O{eHr OTprutee.JIJO[ 
n=o11rroro aepKaJia R=0.2. 

nepCOHaJihHOro 

TI03BOJIJIIOII.t;HH 

KOMTih!OTepa, 

MO,lleJIHpOBaTb 

OCHOBHble npou;eccbl B aKTHBHOH 

cpe,ne CO2- Jia3epa. B naKeT 

BXO,ll.HT: 

I. nporpaMMa, Bhl'-IHCJUIJOII.t;a.H 

'-IHCJieHHhIMH MeTO,naMH BH,ll 

<pyHKUHH pacnpe,neneHH.H 

3JieKTPOHOB B o6'beMHOM pa3p.H,ne 

.llJlH pafioqHX cMecett c 

pa3JIH'-IHhIMH COOTHOIIIeHH.HMH 

KOMTIOHeHTOB H onpe,neJIJIJOII.t;a.H 

PM Ba)[(HblX 

pa3p~a, TaKHX 

CKOpOCTeH 

B036y)K,lleHH.H 

xapaKTepHCTHK 

KaK KOHCTaHTbI 

3JieKTPOHHOro 

MOJieK)'JI, 

TIO,llBH)KHOCTh 3JieKTPOHOB, 

CKOpOCTh ,npett<pa 3JieKTPOHOB, K03q>q>Hu;HeHT ,llHq>q>Y3HH 3JieKTPOHOB, 

3JieKTPOHHa.H TeMnepaTYPa, a TaK)Ke 3HepreTH'-!ecKHtt 6anattc . pa3JIH'-!HhIX 

npou;eccoB B pa3p.H,ne. _ 

2. nporpaMMa, Il03BOJIJIIOII.t;a.H Mo,neJIHpOBaTb npou;ecCbl B pa3IlH'-IHhIX 

3JieKTPH'-!eCKHX cxeMax Bo36y)K,lleHH.H Jia3epon, peIIIa.H CHCTeMY 

,nncpcpepeHU:HaJibHbIX ypaBHeHHtt ,llJlH 3JieKTPH'-!eCKOH u;enH COBMeCTHO C 

CHCTeMOH .l(Hq>cpepeHII;HaJibHbIX ypaBHeHHH ,llJlH pa3IlH'-IHbIX npou;eccon B 

.TIJla3Me ra30Boro pa3p.H,na, TaKHX KaI< npou;ecCbl HOHH3aI.t;HH, peKOM6HHaI.t;HH, 

.n11ccou;11au;1111 H accou;HaI.t;HH. ' 

3. nporpaMMa, pacC'-IHThIBaJOII.t;a.H ~one6aTeJlhH}'IO KHHeTHKY CO2 - Jia3epa, 

KOTOpa.H. BKJIIO'-laeT B ce6JI B CHCTeMY ,llHq>cpepeHI.t;HaJibHhIX ypaBHeHHH, 

OilHCbIBaJOII.t;HX H3MeHeHHe 3Hepnrn KOJie6aTeJibHhlX MO.I( MOJieKYJI CO2 H N2. 

)];aHHble pac'-!eTOB nocne.l(OBaTeJibHO nepe.l(a!OTCJI C BblXO.l(a O.l(HOH nporpaMbl 

Ha BX0.l( .l(pyrott. 

ITp11 pacqere napaM~OB uonoro COrna3epa, 3a ocuony 6b1Jla B3.HTa 

KOHCTPYKIJ:H.H paaee co3.l(aHHoro Jia3epa, npe.l(Ilonaranoc1, YfieJIH'-IHTh 

HMnyJibCH}'IO MOII.t;HOCTh Jia3epa npH npe)KHeM ypoBHe HaKa'-IKH (QOO 
,lJ;)K/(n•am)), .l(aBJieHHH H coCTaBe pa6o'-!ett cMecH nyreM YfieJIH'-leHH.H o6'beMa 
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aKTIIBHOll cpe,n:bl Jia3epa c ,:;0.8 AO ,:;) JI II MaKCIIMaJlbHOro Hanp.!DKeHIDI Ha 

HaKornrreJibHOH eMKOCTII c 45 KB ,no 90 KB. 

EhIJIII c,n:enaHbI paclJeThI <DP3 ,n:m1 p.lI,lla 6e3remteBhIX pa6olJHX cMeceii 

II II3 pe3YJibTaTOB paClJeTa 3HepreTlllJeCKoro 6aJiaHca onpe,n:eJieH OilTIIMaJibHblH 

~ ~ I ypoBeHb 3HeproBKJia,n:a B pa3p.lI,ll, 

Pnc.4 

OH COOTBeTCTBYeT 3HalJeHIIJO 

OTHOIIIeHIDI HanpIDKeHHOCTH 

3JieKTPlllJec1<oro noIDI B <pa3e 

ropeHIDI o6'beMHoro pa3p.lI,lla K 

IlJIOTHOCTH pa6oqett CMeCH 

(E/N) B ,n:uana3oHe: 5- 10-
17:,;EjN:o; l0-15 B-cM2. 

,nmi onpe,n:eneHIDI 

3aBHCHMOCTII Hanp.!DKeHIDI Ha 

pa3p.lI,lle H TOKa qepe3 pa3p.lI,ll OT 

BpeMeHH cpe)lCTBaMH 

nporpaMMhI 6bma IlpnHunnna.m,Ha»: cxeMa. M0.!IYIDITOPa Jia3epa 
me L1,C1,C2- LC-reHeparop, C31c,L3k- rroCJie,llHHHe 3BeHL.SI 
C:lKaTIDI MOil\HOcrn, Cok-o6oCTpJITeJII,Hhle KOH/(eHcaTOphl, Ek- npoaHaJIH3IIpOBaHa 
3.JIOJCTp0/1.hl Jia3epa, P- pa3pl\llhl YllhTPaj,HOJieTOBOii 110/lCBeTKI{. 3KBHBaJieHTHruI 3JieKTpH'-IeCKruI 

cxeMa HaKalJKH Jia3epa npII pa3JllllJHhIX napaMeTpax 3JieMeHTOB. 1.1,eJihJO 

aHaJIII3a 6bIJIO nonyqeHIDI Ha pa3p.lI)le OilTIIMaJlbHbIX 3HalJeHIIll E/N. 

PIIc. 5 

O6mn:u BH.11 COi-Jia3epa Ha Jia3epHoM cTeH.zi:e JIBS OJUIM 

PaclJeTHruI 3aBIICHMOCTh BbIXOAHOll MOIIIHOCTII HOBOro Jia3epa OT 

BpeMeHII ,n:m1 cMeCH (N2:C02) (1:1) npIIBe,n:eHa Ha PIIc. 3. Pacqernoe 
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3Ha'-leHIIe HMilYJibCHOH MOIIIHOCTH npeBbIIIIaeT MOIIIHOCTb paHee C03,llaHHOfO 

na3epa B 4 pa3a. 

Pe3yJibTaTOM lJHCJieHHOfO MO)leJIIIpOBaHIDI 

Ta.6. l 
PacqeTHLie napaMeTpLI Heycro:iiqnBoro pe3oHaropa 

225 
4.4 
1.1 

0.94 
4 

600 
150 

a.zi:. 4.8-I0-4 

HBHJIOCb C03)laHHe HOBOfO 

COr Jia3epa. }lmJ 
B036}')1(JleHIDI na3epa 

6bma Bb16paHa cxeMa 

H 

.UByxKaHaJibHOfO 

MOAYIDITOpa, 

Hen 0Jlb3YJO lllruI 

THpaTpOHHbIH 

KOMMYTaTop 

MarHHTHbie 3BeHb.ll 

C)KaTIDI 

CxeMa 

nonyqaTb 

MOIIIHOCTH. 

no3BOIDieT 

60JibIIIHe 

HMnyJibCHbie MOIIIHOCTH, nOJiljOCTb!O OTKa3aTbC.II OT ~cnoJib30BaHH.II 

pa3p.lI,llHHKOB. B COCTaB cxeMbl BXOMT MOIIIHblX BO.llOPOAHbIH THpaTpOH, 

HMTTYJibCHbIH reHepaTop c YMHO)KeHHeM . Hanp.ll)KeHIDI B LC-reHepaTOpe H 

MarHHTHble 3BeHbH C)KaTIDI MOIIIHOCTH (PHc. 4). Mo.uyIDITOp no3BOJIHeT 

qiopMHpOBaTb Ha HeJIHHeHHOH Harpy3Ke Ka)K)lOfO H3 KaHaJIOB HMnyJibCbl 

MOIIIHOCTb!O OKOJIO 100 MBT, npH ,llJIIITeJibHOCTH OKOJIO l MKC. 

KoHCTpYKTHBHO Jia3ep BbinOJIHeH B BH,lle .UByx coe)lHHeHHblX 

nocJie)lOBaTeJibHO fOJIOBOK (PIIc. 5). ,nmi o6ecne'-leHIDI pe)KHMa 0,/lHOMO)lOBOH 

reHepaUIIII B KalJeCTBe pe30HaTopa Jla3epa 6bm Bbi6paH KOH<pOKaJibHblH 

HeycTott'-IHBbIH pe3oHaTop (PHc. 2). OcHOBHbie napaMeTpbI .uaHHoro 

pe30HaTopa npIIBe,n:eHbl B Ta6. I. 3cnepHMeHTaJibHO H3MepeHHruI 

pacxo,n:IIMOCTb H3JlyqeHIDI COCTaBHJia 0a::5-1 o-4 pa.u. 

Ha (Puc. 6) npHBe,lleHbl nonyqeHHbie 3aBHCHMOCTH MOlllHOCTll 

H3JlyqeHIDI OT BpeMeHH ,n:mI pa60lJIIX CMecei\ (N2:C02) C Pa3JIH'-1Hb!M 

OTHOIIIeHIIeM KOMilOHeHTOB. Hatt6onee onntMaJibHOH ,llJIH .uaHHOfO Jia3epa 

HBIDieTCH CMeCb - (N2:C02):(l:2) 3TO MO)KeT 6b!Tb o6'bHCHeHO, ecJIH 

paCCMOTpeTb pe3yJibTaTbl paCC'-leTa 3HepreTH'-leCKOfO 6aJiaHCa ,llJIH 3THX CMeceii. 

Ha (PHc. 7) BH,llHO, '-ITO ,n:mI 3TOH CMeCH, B )lHana3oHe onTHMaJibHblX 

3Ha'-leHHH 3HeproBKJia,n:a, Ha6JIJO.UaeTCH npeo6na.uaHHe 3HeproBKJia.ua · B 

BepxHHH Jia3epHbIH ypoBeHb MoneKyJihI CO2 (00 l) Ha.u BKJIU.UOM B 

KOJie6aTeJ1bHble ypOBHII MOJieKyJibl N2 (1+7), npH'-leM OTHOCHTeJibHblH 

3HeproBKJia,ll B ypoBHH N2 OCTaeTC.11 )lOCTaTO'-IHO Bb!COKHM. 

l1ccJie)lOBaHIDI, npoBe,lleHHbie Ha Jia3epHOM CTeH)le Jl83 noKa3aJil1, '-ITO 

Jla3ep .ueMOHCTpHpyeT ycTOHlJHBYJO pa6ozy B )lHana30He '-laCTOT CJie)lOBaHHH 

HMnyJihCOB 0,1:l fu, Hapa60TKa 6e3 BbIXO,lla H3 CTpOH, npH pa3Jl11'-IHblX 

'-IUCTOTax CJie)lOBaHIDI COCTaBHJia 6onee l 000 '-laCOB, '-ITO no3BOmieT 

HCnOJib30BaTb ero B COCTaBe Jla3epHoro HCTO'-IHHKa ,llJIH CHHXpOTpOHOB. 

OcHOBHbie napaMeTpbl HOBOfO C0rJia3epa npHBe,lleHbl B Ta6.2. 
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Ptw) QIGI 

.... w V :::::::---:: I 

P(W) 

JOE•01-t 

2.6E•ll1 

20E•07 

T(mb) 

_{N2:CO2):(2:l) 

QCGI 

T(ri.s) 

_{N2:CO2):(l:2) 

I I 

Puc. 6 

P(W) Q(G) 

.... .,~,. 
JIE+07 

JOE+Of ••• •••••" •••••••· - I 

26E•OT ~ .•·•••• I ,_., 
1M:•01 

tOE•OT , .. _ 
...... 

Tlmils) 

(N2:CO2):(l:l) 

P(W) Q(G) 
~-~ ,...---------:--:-, 

•-OE•OT .. .., .. ~, 
.IIE•07 

J.IME+07 

Tlmkl) 

(N2:CO2):(l:4) 

3aBHCHMOCTH M0IIIHOCTH P (BT) H :rneprnH HMilYJILCa Q(AJK) OT BpeMCHH wrn CMCCH 
(N2:CO2) c pa3JIHqHhJMH C00TH0llleHHJIMH K0Mil0HCHT0B npu ,n:aBJieHHH P=0.3 ara' 

Ha CJie,nyi<>ll(eM 3Tane 6bVIH npoBe,neHbl HCCJie,noBaHIDI KOJIJieKTOpHbIX 

Ta6. 2 
TTapaMeTphl Hoaoro COi-na1epa 

HMn}'.JJl,CHalJ MOlllHOCTb P ::;40 MBT 
-5-10·4 pa,n: 
4.4CM 
4 

CHfHaJIOB 

3ap51,Il0B0f0 

H 

COCTaBa 

HOHHOH KOMilOHeHTbl 

Jia3epHOH IlJla3Mbl 

o6pa3oBaHHoiI 

H3JlyqeHHeM 

CO2ml3epa. 

HOBOfO 

CxeMa 

q>OKYCHpOBKH 

Jlll3epHoro n3JiyqeHIDI 

Ha MHllleHb BKJIIO'laJia B cefo1 ,ll,Ba cqiepJ,f<(eCKHX q>OKycupyi<>ll(HX 3epKaJia 

(F1=300 CM, F2=20 cM) 11 nJIOCKHe noBopOTHbie 3epKana.(Puc. 8). Pac'!eT 

napaMeTpOB ,naHHOH CHCTeMbI, npu yqeTe napaMeTpOB HOBoro Jla3epa, ,naeT 

oueHKY 3Ha'leHIDI IlJIOTHOCTH noTOKa H3JlyqeHIDI Ha MHllleHH q,.,5, 1010 BT/cM2 . 

OmllMaJibHoe COOTH0WCHHC K0Mil0HeHTOB 
,a6oqei1 CMCCH 

(N2:COi)- l :2 

lfaCTOra CJIC,ll;0BaHHH HMnyJibC0B ::;I r1.1 

B Ka'leCTBe MaTep11ana MHllleHH 6bIJI BbI6paH BOJibq>paM. B 

3KcnepHMeHTaX 6bIJIH 3apernCTpttpoBaHbI HOHbl Wl+ .. l 2+, np11 cpe,nHeM 3ap51,Ile 
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I 

·~ 
y 

,) ,, 

<Z>=9. CpaBHeHHe C pe3yJibTaMH HCCJie,noBaHHH cneKTpOB BOJibq>paMa, 

nonyqeHHbIMH Ha ,naHHOM cneKTpOMeTpe paHee, npu IlJIOTHOCTH IlOTOKa 

tt3JlyqeHIDI Jia3epa Ha MHIIIeHH q,.,1QIO BT/cM2 (<Z>=8) YKa3b1BaeT Ha 

YBeJIH'leHIDI 3JieKTpOHHOH TeMnepaTYPbl MHHHMYM B 1.3 pa3a. 

W/W, 

08 

06 I· .. •·•'-··•··<•"••••<• 

•• 
0.2 

IE-11 

W(W, 

·r 
08 

06 

" 
0.2 

• I 
IE-17 

lE-16 lE-IS IE-1 ◄ 

EJN 

(N2:CO2):(2:1) 

·--~--1-tttir:-1··i-·~.r~:nl11N~:-1 t·i•it~ 
IE-16 IE-15 lE-14 

EJN 

_{N2:CO2):(1:2) 

W/W, 

0.8 /_p-_/·!t . 

::1=:1~jf . tl!H!!! 
IE-17 

W/W, 

lE-18 IE-16 

E/N 

(N2:CO2):(l:l) 

IE-14 

~~1i~~~~~, 
Puc. 7 

0 

IE-17 IE-11 IE-Iii 

EJN 

(N2:CO2):(1:4) 

IE-14 

!3HepreTHqecKHii: 6aJiaHC B CMCCH I'a30B (N2:CO2), C pa3JiffqHLIMH C00TH0lllCHHHMH 
K0Mil0HCHTOB, wrn pa3JiffqHhIX 3HaqeHHH E/N, npu ,n:aBJieHHH P=0.3 ara 
r,n.e We- 3HeprIDI, nepe)laHIDUI 3JleKTpOH3M BHeIIIHHM IlOJieM, W- 3Hepnrn, norepJIHHruI ariex:rpoHa.MH B 

pa3!IlNHLIX npoueccax, TaK1IX KaK: B036YJl(;!lenne yponneii: 001 CO2 , MN0 CO2, , 1-8 N2 H HOHHaall,HJI MWieK)'JI 
CO2, N2 

,L(mI IlOJIHOH peaJIH3aI.J.HH B03MO:lKHOCTeH HOBOro Jla3epa no YBeJIJ,f<(eHHIO 

IlJIOTHOCTH noroKa H3JlyqeHIDI Ha MHllleHH Heo6xo,nHMO C03)1,aTb OnTJ,f<(eCKYJO 

CHCTeMY. c MHHHMaJibHbIMH a6eppaI.J.IDIMH. KaK BapttaHT, npe,nJiaraeTCH 

HCilOJib30BaTb CHCTeMY C q>OKYCHpOBKOH H3JlyqeHIDI napa60JIJ,f<(eCKHM 

3epKaJIOM c q>OKYCHbIM pacCTOHHHeM F~OO MM. IlpoBe,neHHbie · pac'!eTuI 

IlOKa3blBaIOT, 'ITO 3Ta CHCTeMa ,naCT B03MO:lKHOCTb nonyqaTb npu pa60Te C 

HOBbIM Jia3epoM, IlJIOTHOCTH IlOTOKa H3JlyqeHIDI Jia3epa Ha MHIIIeHH q;::1011 

BT/cM2, 'ITO Il03BOJIHT 3Ha'IHTeJibHO paCIIIHPHTb ,nttana30H 3ap51,IlHOCTeH HOHOB 

Ha BbIXo,ne Jia3epHoro HCTO'!HHKa JIB3 OlUIH. 
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Bo BTOOOH rnaBe npoBe,UeHO HCCJie,lU)BaHHe npouecCOB B 3JieICTpOHHO-

L nyqeBOM HCToqm1Ke 

Pnc. 8 

CxeMa 3KCnepHMCHTa 
me 1- Jia.3epHhIH .rryq, 2,5- JTJIOcKHe noBopornhle 3epxarra, 
3,6- cqJepH'feCKHe 3epxana, 4- BI'XO,llHOe OKHO, 7- MHilleHL, 8-
BaK)'YMHllll KaMepa, 9- paCCTOl!HHe /])Ill /lj)el\ct,a IUI33Mhl, 10-
c<t,epH'{eCKHH 11ecprre1CTOp, 11,12- BXO/lHllll H BLIXO/lHllll 
Ille.JIH, 13- /leTelCTOp. Ro=240 MM R1=222.5 MM, R2=257 .5 MM. 

MHoro3apH.l(HI,IX HOH OB nptt 

TIOMOII.(H C03,UaHHOH 

KOMTihlOTepHott Mo.n:entt EBIS . 

EBIS co3,UaH B KOHUe 60-x 
ro.n:oB B OIU111 E.)],. )],oHUoM/6/. 

KompttrypauIDI .UB}'MepHott 

IlOTeHUHMbHOH HOHHOH JIOBynJKH 

B .EBIS co3,naeTcH o6beMHhIM 

3apH.l(OM 3JieICTpOHHoro nyqKa, 

KOTOpb!H y,uep:)IOIBaeT HOHbl B 

pa,uHMbHOM HanpaBJieHHH, H 

IlOTeHUHMbHbIMH 6apbepaMH Ha 

nepeq:iepnttHhIX ceKUHHX TPY6KH 

.n:peftq:ia (Pnc. 9). CYTb 3JieKTPOHHo 

- nyqeBoro 

3aKn10qaeTcH 

MeTO,Ua 

B 

HOHH3allHH 

ynpaBJieHHH 

HOHaMH, 3axBaqeHHblMH B HOHHYIO 

JIOBYJIIKY H IlO,UBepralOII.(HMHCH HOHH3allHH H Harpeny 3JieICTpoHaMH TiyqKa, 

IlpH TIOMO.Il(H pa3nttqHbIX pacnpe.n:eneHHH IlOTt:HUHMOB Ha ceKQIDIX 

~~ 
u 

Ot-t------------\:--Z 

Pnc. 9 

CxeMa BHyrpeHHeii. qaCTH HcroqHHKa H 

pacnpe~eneHIDIIlOTeH~H3JIOB 
me 1-KaTO,ll MeKTpOHHoH II}'IIIXH, 2- 3.H0)t 3JICK'I'p0HHOit nynnrn, 
3-cBepxnpoBO,llHll{Hit COJieHOH.Jl, 4-3.JieKTpOHHhIH KOJ11IeKTOp, 5-
BhITlII1111alOJllHH 3JICICTJ)O/l, 6-Tpy6KH )lpel\ct,a, 7-Mannrrnhll\ 
rromoc.B- HIOKeKIOffi, C- HOHH3aJOOI, A- 3KC'J'PaK1..{IDI. 

.n:pettq:>oBoii: TPY6Ktt. 

Ilocne,noBaTeJibHOCTb TaKHX 

pacnpe,ueneHHH H co3,naeT llHKn 

pa60Thl HCToqHHKa . 

OcttOBHoe pacnpe.n:enettHe 

noTeHUHMOB A TaKoBo, ~o nee 

HOHhl, o6pa30BaHHhie B 

3JieICTpOHHOM nyqKe IlOKH)lalOT 

ero B)lOJib OCH HCTOqHHKa. B 

HaqanbHbIH MOMeHT BpeMeHH 

C03,UaeTCH IlOTeHUHMhHaH 

KoHq:>HrypauIDI C HOHHou 

JIOBYJIIKH, B KOTOPYIO BBO,UHTCJI 

HeKOTOpoe KonnqecTBO HOHOB. 

11IDKeKQIDI HOH OB B 

HOHHYIO JIOByntKy 

ocymeCTBnHeTCH MeTO)lOM 

"HOHHOro perynHpOBII.(HKa" C 

)lOTIOJIHHTeJlbHhIM 

pacnpe.n:eneHHeM IlOTeHUHMOB 

B, HnH JI3 BHeIIIHero HOHHoro 
HCTOqHHKa qepe3 3JieKTpOHHhlH KOMeKTop no cneuHMhHOH HOHHO -

OTITINeCKOH CHCTeMe. MeTO)l JIOHHOro peryJIHpOBII.(HKa IlO,Upa3}'MeBaeT 

12 

,11 

JI! 

)lOCTaToqHylO BaKYYMHYIO pa3BH3KY Me)K)ly MeCTOM HH)KeKUHH pa6oqero ra3a H 

HOHHOH JIOBynJKOH, KOTOpaH JIHIIIh Ha perynttpyeMoe BpeMH IlO,!lKnlOqaeTCH K 

o6beMy HOHH3allttH nptt noMOII.(H pacnpe.aeneHIDI B. BpeMH ttH)KeKUHH paBHO 

pa3HOCTH npeMeH cymecTBoBaHIDI pacnpe.aeneHHH B-C. 

Bne.aeHHble B HOHHYIO noByrnKy HOHhl, y.aep)KHBalOTCH B Hett HeKOTOpoe 

npeMH t, Ha3bIBaeMbIM BpeMeHeM HOHH3UllHH, nocne qero BOCCTaHaBJittBaeTCH 

pacnpe.aeneHtte noTeHUHMOB A H MHOf03apH,!1Hbie HOHhl nOKH,!lUIOT nyqoK 

1.Jepe3 BbITHrttBalOII.(HH 3JieKTPO.!l ( 3KCTPaKTOp ) B BH,!le HOHHOfO HMnynhca. 

OcHoBy Teoptttt EBIS cocTaBJIHIOT TeopeTtt'-IeCKtte pa3pa6oTKH, 

c,!lenaHHbie B 0115111 E.)],. )],OHllOM H f.)],. llittpKOBbIM/7,8/, B fepMaHHH 

P.EeKKepoM 191, a TaK)Ke rpynnoft, pa60Ta10ll(eH c 3neKTPOHHo- nyqenoi-i 

HOHHOH noByntKOH B JlttBepMope/10/. 

TeopIDI EBIS paccMaTPHBaeT pn.a npoueccoB, npottcXO.!lHII.(HX B HOHHoi-i 

noByll!Ke 3JieKTPOHHO- nyqenoro HCTOqHHKa: 

I. npouecCbl HOHH3UllHH 3neKTPOHHbIM y.aapoM H o6paTHble HM npouecCbl 

pa,uttaUHOHHOH peKOM6ttHUllHH H nepe3apH,!1KH HOHOB Ha HeHTpaJibHbIX 

UTOMUX, 

2. npouecCbl HarpeBa 3UXBaqeHHblX B noByllIKY HOHOB 3neKTPOHUMH, a TUK)Ke, 

3U ClJeT 803MO)l(Hb!X TIJia3MeHHbIX H MHKPOBOnHOBbIX HeycTOH'-IHBOCTeii, 

3. npouecChl Harpe Ba H OXJia)K)leHIDI HOHOB 3a ClJeT CTOnKHOBl!TenbHOfO 

o6MeHa 3Heprnei-i C npyrttMH HOHUMH, 

4. npouecChl y.aep)l(aHIDI HOHOB B ueHTPaJibHOM none o6beMHOfO 3apn.aa 

3neKTPOHHOfO nyqKa H npo.aonbHOM MarHHTHOM none, a TUK)l(e, o6paTHbie 

HM npouecCbl yxo.aa HOHOB H3 noByntKH. 

EanaHc 3THX npoueccon onpe.aeJIHeT pa6oTY EBIS. 

Ilpe.llJIO)l(eHHilll lJHCneHHilll MO,!lenb yqttTbrnaeT 6anaHC 3THX npoueccoB. 

CKopocTb yxo.aa HOHOB H3 noByntKH onpe.aem1eTCH no OpHrHHaJibHOii 

MeTO,!lHKe, Ha OCHOBe yqeTa K03<p<pHUHeHTOB ,!lH<pcpy:mtt nonepeK CllnOBblX 

nttHHH MarHHTHoro nonH /I I/. TipoueccbI onttcbIBUIOTCH CHCTeMoii ypaBHem1ii: 

dN, N dt = - ,..t,., + N,..t,.,, 

dN (dN )~'"' 
-

1 = N,Ao, - N, (A,, + A,o) + N,..t, I - _, 
~ . . . . ~ (I) 

dN ( IN )~k« -;jj- = N,_1).,;-1., - N;(A,.;.1 + A.i.i~I) + N,.rA;.1., - < dt, 

dNz - N A - N ..l -(dNz)-"" 
dt - Z-1 Z-1.Z Z Z.Z-1 di , 

rne No •• Nz- KOHUeHTPUllHH aTOMOB H HOHOB, 

Ao,l, "-1,2, "-i-1,i, "-i,i+I, "-Z-1,z-K03<p<pHllHeHTbl HOHH3UllHH, 

;\,itl = (Ii.i~tic, 
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me CJi,i+1- ceqemte HOHinm.urn, je- ruIOTHOGTh TOKa 3JJeKTpOHOB (cM2-ceK)-I, 

"-1,0, "-2,1, "-i+!,i, "-i,i-1, "-z,z-1-K03q>q>HUHeHTbl peKOM6ttHaUHH H nepe3apMKH, 

"-i,i-1="-r +1.p , 

r.ne 2, = u, • j,, crr-ceqeHtte peKoM6HHaUHH, AP= u P • N 0 • (v,.), crp- ceqeHHe 

nepe3apH.L{KH, No- KOHUeHTpaUlUI aTOMOB Ha KOTOph!X H,lleT nepe3apH.L{Ka, 

<Vi>- cpemurn CKOpOCTh HaJJeTaIOIUHX HOHOB: 

(V;)= ✓~j ' 
r.ne kTi- TeMnepa-rypa HOHOB c 3apMOM Z tt Maccott M, 

( 
dN, )radcsc J:-z -CKOpOCTh .llHQ>Q>Y3HOHHOro yxo.na HOHOB H3 JJOBYJllKH B 

pa,llHaJJhHOM HanpaBJJeHHH. AKcttaJJhHhltt yxo.n HOHOB He Y'JHTbIBaeTCH. 

l13MeHeHHe BeJJH'IHHhl 3HeprHH HOHOB BCJJe,llCTBHe npoueccoB 

HOHH3aUHH, peKOM6HHaUHH, nepe3ap.H,!lKH, Harpeaa HX 3JJeKTpOHaMH, o6MeHa 

3Heprttett C .npyrHMH HOHaMH, yxo.na HOHOB H3 JJOBYJllKH OilHChIBaIOTCH 

CHCTeMOH, COCTOHIUett H3 ypaBHeHHH Tttna: 

d(N,kT,) = N,_,kT,_,;,,_,_, _ N,kT,(A,,,., + ;,,_,_,) + N,.rkT,.,A,.,., 
dt 

{
d(N,kT,)rHng + L[d(N,kT,)]a,,_,,, -[d(N,kT,)]"""" 

dt I dt J dt 
(2) 

r.ne 
d( NkT) -Y,,-,ting dt ' J - Y'JHThIBaeT cKopoCTh H3MeHeHHe BeJJH'IHHhI NikTi 

BCJJe,llCTBHe Harpeaa HOHOB 3JJeKTpOHaMH 

[
d(N kT)]exchange L ' ' - Y'JHThIBaeT cKopocTh H3MeHeHtte BeJJH'IHHhI NikTi 

1 dt 
1 

BCJJe,llCTBHe o6MeHa 3HeprHett C .npyrHMH HOHaMH 

I d(N;kT;)Tdcsc 
l dt - yqHThIBaeT cKopoCTh H3MeHeHHe BeJJH'IHHhI NikTi 

BCJJe,llCTBHe .llHQ>Q>Y3HOHHOro yxo.na HOHOB H3 JJOBYJllKH 
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IlporpaMMa IlO3BOMeT onpe.neJIHTh 3aBHCHMOCTh HOHHOro TOKa Ha 

I (mkA) 
14 -,-,--,---,--------- . 

:::r:gr~~~ 
0 0.5 1 1.5 

T Isl 

BhlXO,lle HCTO'IHHKa, 

3apH.L{OBOro COCTaBa HOHOB, 

3HeprHH HOHOB H CTerreHH 

KOMileHCaUHH 

3JieKTpOHHoro rryqKa 

HOHaMH 0 BpeMeHH 

HOHH3aUHH. 

Brrepnhle, C 

IIOMOID;h!O KOMIIhlOTepHOH 

MO,lleJIH, 

3aBHCHMOCTh 

OIIHCaHa 

CYMMapHoro 

HOHHOro TOKa Ha BhlXO,lle 

3KcnepHMeHTaJibHaJI 3aBHCHMOCTb C}'MMapHOI'O HCTO'IHHKa OT npeMeHH 
HOHHOI'O TOKa Ha BblXQ,![e KpHOH-C OT BpeMeHH HOHH3aUHH. Ilpoae.neHHhie 
HOHH3all;HH H pac'IeTHble 3aBHCHMOCTH, IIOJIY'I0HHh!e rrpH paC'leThl rrpoueccoB 
i,=1.77-1021 1/(cM2-c), U,=7-103 eV, ri,=0.015; B=l.2 T, V,fFVb, 
NK,(0)=6-109 cm·3, NN,=106, 2.4-106 , 5.106 CM-3 . ,[\mrrem,HOCTb HOHH3aUHH HOHOB Kr, npH 

Pnc. 10 

HottHoro HMrrym.ca ti=100 MKc. oXJia)K,!l;eHHH HoHaMH Ne, 

xoporno COBIIa,llalOT C 3KCilepttMeHTaJJhHhIMH pe3yJJhTaTaMH, rronyqeHHhIMH Ha 

HCTO'IHHKe "KpttoH-C", rrpH pa6oTe Ha JJHHeii:HOM ycKopHTeJJe JIY-20. 
Pe3yJihTaTbl pacqeTOB ,llJJH BhlXO,llHOro HOHHOro TOKa H .naHHbie 

3KcnepttMeHTa rrpe.ncTaBJieHhI Ha Pttc. 10. B pe3yJihTaTe pac'leToB TaIOKe 

I mA ~•iz-100 ms I 
◄ l[~~:~~:ti1-7C eY. 1=9U% I I ■ Je•200A/cm2. 

□ Je-500 A/cti. 207 kli2-111 oY. I-S7.7% 
3 

2 

0 I 1• ,, ,, 1• 1• ,, 1• 1• 1• 1a,1■ 1 1• 1 1,Ji1dl1 11 1 11 1 11 1 11 1 11 1 °t I I I 
~ ~ $ ~ ~ ~ « ~ ~ ~ ~ ~ 

z 

Pnc. 11 
ToKH HOHOB Pb Ha BblXO,![e :meKTpOHO-JIY'leBOI'O HCTO'IHHKa, 

paCC'IHTaHHble nocJie 100 MC HOHH3all;HH 
IIOJIY'{eHHhle rrpH j,=200 H 500 A/cM2, U,=10 KeV, I,=10 A, B=l.2 T, 
Npb(0)=6·109 cm·3, NN,= 2.4.106 CM-3 . ,llmrrem,HOCTb HOHHOI'O HMrrym,ca ti=lO 
MKC. kTil, kTi2- HOHHlde reMnepa'O'PLI ,ll1UI pactJ:eroB c yqeroM OxnaxJleHHeM 
MOHOB Pb MOHMH Ne M 6e3. f- COOTBeTCTB)']OIIJ;He crerreHH KOMIIeHcat(HH 

3JleK1])0HHOIU nyqKa. 

rrpe.nocTaBJJHeTCH 

HHq>OpMaUHH 0 

crreKTpaJJhHoii: 

KOHUeHTpaUHH HOHOB 

B 3JieKTpOHHOM 

rryqKe, CTerreHH 

KOMITeHCaUHH IIyqKa 

H cpe,llHHX 3Ha'leHHH 

HOHHhIX TeMrrepaTYP, 

TaKHM o6pa3oM, 

CO3,llaHHaH 

IIO3BOJIHeT 

paCC'IHTaTb 

rrapaMeTphI 

BbI6paHHhIM 

rrapaMe-rpaM 

MO,lleJJb 

BhlXO,llHhle 

EBIS no 

HOHHOH 

JIOBYJllKH 

(3JieKTpOHHhlH TOK, 

3HeprHH 3JJeKTpOHOB, 

BeJIH'IHHa MarHHTHoro IIOJIH, KOHUeHTpaUHH H COCTaB OCTaTO'IHOro fa3a). 

Pe3yJJhTaTbl cpanu:eHHH 3KcrrepttMeHTaJJhHhIX ,llaHHhIX C pac'leTHhIMH 

IlOKa3aJJH, 'ITO KOHUellTJ)aUHH OXJia)K,!l;aIOm;ero fa3a, COOTBeTCTBYJOIUaH 
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.n;aBJieHJUO rrpH TeMilepa-rype )Klf,l].Koro reJIIDI (NNe(0)=2.4-106 CM-3)/'jJBllileTCH 

llOCTaTO'IHOll .Zl)UI 3<p<peKTHBHOro OXJimK)J.eHIDI HOHOB Kr. YBeJIH'-IeH11e 

KOHUeHTpainrn Ne Be.n;eT K )'BeJI111IeHHIO BhlXOllHOro HOHHOfO TOKa, HO pocT 

KOHQeHTpaUHH Ne orpaHH'IeH cBepxy rrpoueccaM11 nepe3ap51,D;KH 110HoB Kr Ha 

aTOMax Ne, no3TOM}' MaKCHMaJihHOe 3Ha'IeHne KOHUeHTpau1111 He llOJDKHO 

rrpeBhllllaTh BeJIH'Ilftty 107 CM-3. Ilo 3TOH IlpH'IHHe, BhICOKOM CTeneHl1 

KOMileHcaunn 3JieKTpOHHOro rryqKa MO:lKl-10 llOCTlf'Ih TOJihKO Ha Ha'IaJihHOM 

3Tarre lfOHH3aUHH, Kor.n;a BJIIDIHHe npoueccoB HarpeBa 110HOB 3JieKTpOHaM11 
MaJIO. 

B COOTBeTCTBHH c .n;aHHOM MO,D;eJibIO 6bml1 npoBe,D;eHbl paclfeTbl 

npoueccoB lfOHH3aUHH CBHHUa npn napaMe'IJ)aX 3JieKTpOHHoro nyqKa 6JI113Kl1X 

K npe.n;eJihHhIM (3HeprIDI 10 KB, TOK 10 A). Pe3yJihTaThI pac11ern, .Zl)UI cnyqM 

pa60Thl HCTO'IHHKa B HMnyJihCHOM pe)KHMe IlpH KOpOTKOll M11TeJibHOCTH 

3JieKTpOHHOro HMITyJihca (100 MC) lf .n;JIHTeJihHOCTH BhlXOllHOro 110HHoro 

HMnyJihCa 10 MKC, npHBe,D;eHbl Ha Pnc. 11. 

Pe3yJihTaTbl YKa3hIBaIOT Ha B03MO:lKHOCTh pa60Tbl HCTO'IHHKa C HOHHhIM 

TOKOM Ha BhlXO,D;e llO HeCKOJihKHX MA, npH cpe.n;HeM 3ap51,D;e · HOH OB, 

3aBlfCjJJUlfM OT ITJIOTHOCTH 3JieKTpOHHoro TOKa. 

B 3aKJIIO'IeHHH lllfCCepTaUHH npe.n;cTaBJieHa KpaTKM CBO,D;Ka OCHOBHbIX 
pe3yJihTaTOB npoBe.n;eHHhIX HCCJie.n;oBaHHM. 

1. Ilpe.n;Jio)KeH, pa3pa60TaH H HCnhITaH HMnyJihCHhIM CO2 - na3ep .Zl)UI 

Jia3epHoro HCTO'IHHKa MHoro3ap51.D:HhIX HOHOB C HMnyJihCHOM MOIUHOCThIO .n;o 

40 MBT, pacxo.n;HMOCThlO H3JlyqeHIDI 5. 10-4 pa.n; 11 'IaCTOTOM CJie.n;oBaHIDI 

HMnyJihCOB llO 1 ru. IlapaMeTphl C03,D;aHHOro Jia3epa npeBbllllaIOT napaMeTpbl 

Jia3epa, HCnOJih3yeMoro B COCTaBe .n;ettCTBYIOmero Jia3epHoro 11CTO'IHl1Ka Jl83, 

no MOJUHOCTH B 4 pa3a, no paCXOll11MOCTl1 B 6 pa3. BnepBbie, .D:JI5I HaKalfKl1 

CO2 - Jia3epa ttcnoJih30BaH llByxKaHaJihHhIM HMnyJihCHhIM Mo.n;y)ljJTop c 

THpaTpOHHhIM KOMAfYTaTopoM, CHCTeMOM YMHO)KeHIDI HanpjJ)KeHIDI B LC

reHeparope lf llByxKOHTypHOM cxeMOll C)KaTIDI MOJUHOCTl1. 

2. Pa3pa6oTaHhl, C03,D;aHbl H 11CCJie,D;oBaHbI: 

a) ~HCJieHHM MO,D;eJib B036y)K,ll;eHIDI aKTHBHOll cpe,D;bl HMnyJihCHOro CO2 -

Jla3epa. OcHOBHhie pe3yJihTaThI pac11eTOB no KOTOpoii no3BOJIHJIH BbI6paTb 

OilTHMaJihHhlll pe)KHM HaKa'IKH Jia3epa. 

6) 11MnyJihCHhlll MO,ll;yJijJTOp .D:JI5I HaKa'IKH Jia3epa, HMeIOIUHM 2 BhlXO,D;HhIX 

KaHana, KmK)J.hlll H3 KOTOpbIX no3BOMeT <pOMHpOBaTh Ha HeJIHHeMHOM 

HH3KOOMHOM Harpy3Ke HMnyJihChl MOIUHOCThlO llO 100 MBT, np11 

,ll;JIHTeJibHOCTH HMnyJihCa 1 MKC H 'IaCTOTe CJie,D;oBaHIDI HMnyJihCOB llO 1 fu. 

B) Jla3epHbie roJIOBKH C )'BeJIH'IeHHhIM pa60'IHM o6beMOM, Cl1CTeMOM 

YJihTpa<pnoJieTOBOM npe.n;hIOHH3aU11H pa6011eii cMec11, c11cTeMoii nonepe11Hoii 

rrpoKalfKH pa6011eii CMeCH H CHCTeMaMH IOCTHpOBKH 3epKaJI pe30HaTopa. 

r) KoH<pOKaJihHhitt HeyCTott'IHBhIM pe3oHarop .Zl)UI nonyqeHIDI pe)KHMa 

OllHOMOllOBOll reHepaUHH Jla3epa. 

3. 11ccne.n;oBaHa ·cxeMa qJOKYCl1pOBKH 113JlyqeHIDI Ha MHllleHH npH 

noMOJUH onT111IeCKOll CHCTeMbl COCTOHIUeii H3 cqieplf'IeCKHX 3epKaJI. IlonyqeHa 
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ITJIOTHOCTh IlOTOKa Ha Ml1IIIeHH 5-10 10 BT/cM2 ' lfTO B 5 pa3 BhIIIIe, 'ICM 

llOCTl1rHyTM paHee. ITpH 3TOM ITJIOTHOCTl1 IlOTOKa H3MepeHbl KOJIJICKTOpHble 

CHrHaJihl 11 cneKTphl 110HOB BOJib<ppaMa B Jia3epHOM ITJia3Me. ITonyqeHHhlC 

pe3yJihTaTbl YKa3hIBaIOT Ha )'BCJil1lfCHHC 3JICKTpOHHOH TeMneparyphl ITJia3Mhl 

Ml1H11MYM B 1.3 pa3a. 

4. 8 pe3yJihTaTe npoBe.11eHHhIX • 11ccne.110BaHl1H npe.n;JIO)KeHa CHCTCMa 

<pOKYCHpOBKH Jia3epHoro H3JlyqeHIDI, KOTOpM HCilOJlh3yeT napa60Jil1lfCCKOe 

QJOKYCl1PYIOIIICe 3epKaJIO 11 Il03BOJI51CT nonyqaTb ITJIOTHOCTh IlOTOKa 113JIY'ICHHH 

Jia3epa Ha Ml1IIIeHH BhlIIIe 1011 BT/cM2• 

5. )].mI HCCJie.llOBaHHH npoueccoB B 3JieKTpOHHO-JiyqeBOM HCTOlfHHKe 

C03,D;aHa lfHCJICHHM MO.llCJlh npoueccoB HOHH3aUH11 B 11CTOlfHHKe, 

yqHTbIBaIOIIIaH 6anaHC OCHOBHhlX npoueccoB B HOHHOH JIOBYIIIKe: HOHH3aUHIO 

3JieKTpOHHhIM y.11apoM, peKOM6HHaUHIO, nepe3apH.llKY 110HOB Ha HCHTpanax, 

HarpeB HOHOB 3JieKTpOHaMH, 06MeH 3Heprnett Me)l(Jly HOHaMH B ynpyrnx 

CTOJIKHOBCHIDIX H yxo.n; HOHOB 1:13 JIOBYIIIKH. Mo.11eJib Il03BOJIHCT o6bHCHHTh 

3KcnepHMeHTaJihHbie pe3yJihTaTbl, .11aBaTb peK0MeH.11au1:11:1 no C03.llaHHIO 

3JieKTpOHHO-JIY'leBblX 11CTO'IHHK0B C napaMeTpaMH Y.llOBJICTBOPHIOIIIIll\111 

Tpe6oBaHIDIM COBpeMeHHhlX CHHXpOTpOHOB. 

6. BnepBble, np11 IlOMOIII11 'IHCJieHHOH MO.llCJIH, llCCJICJlOBaHbl npoueCChl 

HaKOITJieHIDI 110HOB Kpl1IlTOHa B JIOBYIIIKe '.:)JICKTpOHHO- JIY'ICBOfO llCTO'IHHKa, 

npoBe.n;eHO cpaBHeH11e .11aHHhIX paclfeTa C 3KcnepHMeHTaJihHhlMH JlaHHhlMII. 

nonyqeHHhlMl1 B npouecce pa60Thl 11CTO'IHl1Ka "KpllOH-C" Ha mrneiiHOI\I 

ycKOp11TeJie JIY-20. Ha6JIIO}laeTCH xopowee COBna.n;eHne 3KcnepnMeHTaJihHhlX 

H paclfeTHhlX }laHHbIX. 

7. BnepBble npoBe}leHbl MO}leJibHble pac'!eTbl npoueccoB HaKOilJICHIIH 

llOHOB CBHHUa B JIOBYIIIKe llCTOlfHHKa np11 napaMeTpax 3JieKTpOHHOfO nylfKa 

6JIH3KHX K npe]leJibHhlM: 3HeprHH JO KB, TOKe JO A, JlJIHTCJlhHOCTl1 111\tnyJlhCa 

JOO MC H ITJIOTHOCT51X TOKa 200 H 500 A/cM2. IToKa3aHa B031\fO)KHOCTh pa60Thl 

HCTO'IHl1Ka C HOHHhIM TOKOM Ha BhlXO}le 1+3 MA npu cpe}lHeM 3apHJle 110HOB 

CBHHUa Ha BhlXO}le HCTOlfHHKa Z=39 (nJIOTHOCTh TOKa j=200 A/cM 2) u Z=47 

(j=500 A/cM2) 11 MHTeJibHOCTH BblXOJlHOfO HMilYJibCa IO MKC, 'ITO 

YJlOBJieTBOpHeT Tpe6oBaHHHM COBpeMeHHhlX CHHXpOTpOHOB c KOpOTKIIM 

BpeMeHeM 11H)KeKUHH. 
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