
PAEOTH ITO C03,Il;AIDIIO l{OJIJIEKTIIDHOI'O YCI{OPiITEJIH \,'IOIIOB B 0Hfil1 

B.II.CapaHueB 

06be,I(UHeHHllli HHCTHTYT R,nep1mx lICCJle,noBamrn ' ;.tyelHa 

HacTORII!llll .D:OKJia.n IlOCBRl!l8H OCHOBHUM nanpaMeHIDIM HCCJl8.IIOBam1ii, 

npOBO.I(llMUX B Och,e,rumeHHOM 11HCTUTYT8 R,nepHHX IICCJ1e,ll;OBaHI1ti ( )JyoHa) 

C ue;u,IO coa.namm KOJIJ18KTUBHOro YCKOPHTeJIR IIOHOB. IIp11BOWITCR OCHOB

HHe peay;u,TaTH , IlOJIY'J8HHHe npu HaJia,Ill<e YCKOPllTeJIR Tflllt8JILIX HOHOB, 

a Ta:KJKe peayJII>TaTu nccJ1e,noBam1it npo11ecca HHJKe!{J_(UH, npOBe,nemmx na 

M0.118Jl11 YCKOPUTeJIR. 

I. KoJIJleKTUBHllli yc1<opuTeJ1I, TruKeJILIX UOHOB 

IIpelK,ll;e tJeM nepeilTll K ItOHKP8THblM peayJII>TaTaM, llOJlylJeHHUM np11 

HaJ1a.11Ite YCKOPllTeJIR' OCTaHOBIIMCfl Ha OCHOBIILIX napaMeTpax H KOIICTPYit

TUBlllIX oco6eHHOCTRX YCTaHOBKll .IIJ]JI IlOJIYlJ8Hll.fl 3JI8KTPOHHLIX KOJle~ l1 

ycitopeHHRJ Tmit8JllIX HOHOB /I/. Y CTaHOBKa .IIJ]JI yc1<opemm TruK8JllDC IIOIIOB 

B 3Jl8ItTpOHHOM KOJII,lie COCTOUT l13 .IIBYJC OCIIOBHHX 3JleMeHTOB - Cl!JlI,HO-

l . TOlJHOro YCKOPHTeJIR 3Jl8KTPOHOB ( CHJIYH.11 ) l! CllCTeMH (QOPMllpOBamm ll 

yc1<opemm 3Jl8KTPOHHHX KOJleU ( a,n;reaaTop ). 

llHJKeKTOPIJ!/CKOPUTeJIR RBJIReTCR HH.IIYl<lillOHHllli YCKOpUT8JII, 3JleltTJJO

HOB CHJIYH,Il; I ,napaMeTplI KOTOporo B OillJCUBaeMOM 3Tane na.11amrn OlIJlll 

CJle.nYIOII!llMll: r.iaKCHM8JlI,Hllli TOK YCKOpeHHI,!X 3Jl8KTPOHOB - ?00 A, anep

rlffi 3Jl8KTpOHOB - 2-2,4 MaB, .I(JlllT8JII,HOCTI, UMflYJII>Ca TOKa COCTaBJIRJla 

5+20 HOH MOrJla OHTI, ll3MeHeHa nyTeM COOTB8TCTBYIOl!l8il H8CTpOHKll 

peayJ1I>THpYIOII1ero HMnyJlI>ca ycKOPfllOlllero nanPfl)!temm Cu.11yH.na, co,nepJKa

mero 30 H838BllCHMHX HMnyJII,CHHX reHepaTopoB. I1CTOlJill!K 3Jl8KTPOHOB 

HH.IIYl<lillOHHOro YCKOPllTeJIR BHilOJIHeH Ha 6aae XOJIO.III!Oro KaTO,na ,pa6oTa::>

l]!Elro B peJKHMe Heil:Tpa.1111aamm IIpOCTpaHCTB8HHOrO aap,r,na/
2/. I1aMepeH

Hllli paa6poc 3JleKTPOHOB B HMilYJII>Ce TOKS,llHlK8KTHpyeMoro Ha paBHO

B8CHYIO op6llTY, .I(OCTllra.11 ~ I-3% ll aaBI!C8JI OT nacTpOHKll YCKOp!II<JIIJe:il: 
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ClllCTeMU lllHJKeKTOpa. 8r.lliTTaHC ny'llta nplll E~2,4 MaB 6WI<30 Mpa,n.cM. 
AHaJllll3aTOPOM aHepreTlllqecKoro pa36poca Ill ·aMHTTaHca CJJYJltlllJJa MarHlllT

H8.fl c11cTeMa a.nre3aTopa. 
BaKYYMHaR KaMepa reHep~Topa 3ap!IJlteHHllX TopoB (a.nresaTopa) 

npe,ncTa~eT co6oi1 MeTa~qecKyro CBapHyro KOHCTPYRUHIO,BliilOMeH-
HYIO lll3 JllllCTOBOfi HeJ)ll!'.aBeromett CTaJllll TOJ!llll1HOi16=0,5 MM (plllc.I). 
EoKOBHe noBepXIIOCTH (I) KaMepu, C ijeJII,10 YBeJllllqeHlll.fl MexaHlllqecKofi 
npo'IHOCTll ll YMellblll8Hl'l.fl pacCTO.flllU.fl MelK,IIY nyqKQM Ill CT8HK8Mlf B npo
uecce CJK8Tlll.fl KOJ!bUa, HMelOT c~ep111IeCKYIO ql()pMY. CTeHKH KaMepu BH
IlOJJH.fllOT POJJb aJJeMeHTOB,YM8Hblll810mHX 8311lMYT8JlbHY10 COCTaBR.HromylO 
l.lJJeKTpllqecKoro IIO.JJJI IIY'IKa npn B03M~OM pasmITllH aSHMyTaJII,HOfi 
HeycTofiqlllBOCTlll,qTQ Il03BO.JJJI8T IlOBHClllTb npe,neJJbHHfi YCTOfitrnBHfi 
TOK KOJII,U/I/ .,IJ.na no,naMemrn pesonaHCHHX HeycTOHtrnBOCTefi Ha 

co6CTBeHHh!X MO,nax KaMepu Ill BOMOBO,n;HllX pesoHaHCOB Ha IIOCJJe,n;HlllX 
aTanax ~aTllH KOJibUa npu ero ycKopeHnlll npHMeHeHa MeTaRJllllqecKaR 
Tpy6a (2), KOTOP8.fl O,n;HOBpeMeHHO HBM8TC.fl_ COCTaBHHM aJJeMeHTOM 

YCTpOtiCTBa qiopMlllpoBaHlll.fl llMnyJJbCHOi1 CTPYll nei1:rpaJJblIOro rasa ,n.71.fl 

sarpys1rn 3Jl8KTPOHHOro KOJ!bija llOHaMlll. Ha o6eqafiKe B8KYYMHOfi Ka~e
PH llM88TC.fl pH,n naTpy6KOD ,npe,nH83HalleHHHX ,nM pasMemeHll.fl YCTPOHCTB 

. BBO,na IlY'IKa B a,JU'B3aTop(3)' KOppeKTopa TpaeKTOplli1 qacTllU (4)' 
YCTPOTTCTB8 c6poca aJJeKTpOHHOro KOJJbUB (5),aJJeMeHTOB ,nnarnocTll
qecKoii annapBTYPH u BBKYYMIIOii OTKB~ KaMepH • .II.Ba oceBHX naTpy6-
Ka (6, 7), OCHOBHOe Ha3Haqe1me KOTOPUX - pasMemenne YCTpolkTBa 
q10pMlllPOBaHl1.fl llMIIYJJbCHOil CTPYll HefiTpaJibHHX 8TOMOB (6) ll BHBO,n 
HarpYJJ(emrnro lllOHaMll 3JICKTPOHHOro KOJ!bUa (7)' Ha HeKOTOpUX aTa
nax HBJia,nJm 11CilOJ!b30B8JllllCb ,uJIJI pa3Mememrn 3JJ8M8HTOB ,nnarHOCTlllKH. 

Y CHJIII.fl, OK8311B8BMUe Ha IlOBepXHOCTb KaMepu BTMOC(pepHHM ,naMe
IUleM Ill llMilYJibCIIIJMM MarHilTHLiMlll IlOJJ.flMlll, nepe,nalOTC.fl Ha ,nBa T8KCTO
JllllTOBllX IWJ!blla (8) nocpe,nCTBOM TOJIKllX M8T8JIJll1'JeCimx pacTruKeK. 
MarHllTlla.fl Ci1CTeMa a,n;re3aTopa Ha II~BOM :3Ta!Ie HaJJa,nKlll COCTO.flJia 
113 qeTUpex nap HMilYJibCHHX KaTymei( 01. 

l{aTYlllKlll nepBoil CTynenlll flllTalOTC.fl lllMIIYJJbCHHM TOKOM ,nJll'IT8JlbHOCTb10 
II MC. CTeHKH KaMepu npaKTHq8CKl1 npo3paqHU ,nJlfl HOM. I CTyneHJ,f. 

,lJ.nuTeJJbHOCTVI TOKOB II,III,IY cTynenei\ I,2; I,6; I,7 MC, 
COOTBeTCTBeHHO. XapaKTepHoe BpeMH npOHlllKHOBeHlll.fl IIOJieli B KaMepy-
150 MKc / 4/.AMnmlTY.nH TOKOB: I cTyneHtt - 2,5 KA, II-' 6,0 KA, 
III - 4,5 KA, IY - 5,0 KA. 

llsMeHeHllleM f!OJIOJK€Hlll.fl OClMOTOK,aMIIJWTy,n TOKOB B KBTYlllKaX Ill MO
MeHTOB Bltl!IO'I€Hll.fl CTyneHei1 OTHOClllT8JlbHO MOMeHTa llllUK8KlllllI MOl!tHO 
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IIO.nytllfTI, 60JU,UJOll Ha6op n. - TPBeKTOplllfi IIY'Ilta. 3Ta B03MOJKHOCTI, lllC
IIOJll,30B8JJaCI, npn HBCTPOHKe pel!WMa Cl!taTHll C MlllHHMaJibHUMlf IlOTepHMlll 

'tJ8CTmt. 
Bno:n IlY'tJlt8 Ha lllHJiteKIIHOHHYlO op611lTY ocymecTM.flJIC.fl c IIOMOmhlO 

ClllCTeM1J,npe.ztCT8BJlllllllleil co6ofi COBOKYIIHOCTI, aKpaHHpY10mlllX,KOMileH
ClfPY!)lll3X H (llOKYCHPY10IItl1X YCTPOi1CTB. 3KJ)8HlfPOBKa IIY'llt8 OT pacceRH
HUX noJJei1 MaI'HlllTHOll ClllCTeMH a,n;resaTOpa ocymecTBJJ.flJlaCI> aKpaHOM. 

Ha IIOCJie,n;HeM 3TaIIe TpaHCIIOPTlfPOBKH IIY'tJKa IlOJJe a.itre:mTOpa KOM!IeH
C:HpOBaJlOCb HMnyJJI,CHHM MarHHTHllM IlOJJeM TOKOBOli neTJllll. .n,xuTeJJbHOCTI, 

lllMIIYJII>Ca TOKa neTJIH - HeCKOJJl>KO COTeH HaHOCeKYH.n. PacceHHHUe no
JUI neTJrn, B CBOD oqepe,!ib, :3KprurnpOBaJIUCI, TOHKllM L!CTaJIJlll'!eCKllM 

3KJ)8HOM. 
,lJ.nH KOMIIeHCallllH SqqJeKTOB,CB.fl38HlillX C norpelllHOCT.flMlll DCTHPOBKH 

ClllCTeMH, CJIYltHJJa OTMOH.fl!OmaH JUIHsa,cos.naromB.fl nonepeqHoe,o,n;Hopo,n

Hoe no ceqeHHIO IlY'tJKa M8I'HHTHOe IlOJJe, 8MilJ!lllTY.na H HanpaMeHVIe KO
Toporo MOrJIH MeHHTI,C.fl. 

MaKCHM8JlI,Hui1 TOK, KOTOpmi 6WI lllHllteKTIIIPOB8H B K8Mepy u,nre3aTO
pa,cocTaBJJJIJI OKOJIO 600 A. OCHOBHUe aKcnepHMeHTU 6UJllll npone,neHU 

npH TOK8X HHJteKIIllllll - 300 A. 
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P:e:c. I. CxeMB pacnonoxeHHH BBO,IiHUX ycTpO~CTB 11 cucTeM 

,Ii11araocT11K11 a Kauepe a.itresaTopa. 

15 



3axm,T a.neKTp01rnoro ny'IBa Ha aaMKHYTYID op6llTY ( Ro = 35 CM ) 

ocymecTB.Jlll.8TCR c IlOMOUU,lO RoppeICTllpyJOll!ero YCTPOllCTBa (4), npe,IJ;CT8B

Jlfl!0I11Cro co6oii IIOJIOCROBY1() mrn1110;- no ROTOpoit pacnpocTpaHHeTCR TEM
BOJII!a, KoppeRTlfPY10I11ee YCTPOllCTBO, RaR CJie,It!eT 113 PllCY}IKa ! , pac

IlOJiara.noCb B ya.ne KOrepeHTHl:lX 6eTaTpOHHUX KO.ne6aHl!ll. AMrurn:Ty,IJ;a 

BOJIHU Bb!CJHpa.nacb TaI<OH, 'ITO6bl ycpe,IJ;HeHHHM no· tJ8CTlff(8M pa,IJ;IIa.IlbHHM 

llMIIY JlbC IlO.IlHOCTI,IQ raCJ'IJICR IlOJJRMH ImppeKTOpa. E.naro,IJ;apH 61:lCTPOMY 

cpeay 111/lf!YJ!bCa ICOppe!{THPYIDlllero YCTp◊HCTBa ( ,;;. I HC) Y,IJ;8B8JIOCI, 

!1O.IlY'IMTb 3aMKHYTOe ROJ!bUO C M8Jll:lMR 1mrepeHTHUMlf BO8MYJ!l8HHRMH, 

YB8Jlll'18Hlle llOJ!ypaaMepa·cetJeHlfR KOJ!bU8 no,IJ; ,IJ;ellCTBJieM no.nett KoppeK

Topa He npeBh'l!JaJ!o 3 MM. 
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Fife. 2 CxeMa pacno.'IO]!t8!UIR BBO,l~HUX ycrpoiicTB 11 CHCTeM ,n:HarHOCTU
RM B K/lMepe 11,J,re3aropa, 

CHCT8M8 Ha6.'1IO,Il;emm 38 ,nytJROM. · B :mcrrep.11MeHT8X !IO CJKaTHIO aJieK

TPOHHoro KOJ!blla, 3aBepmaJOlllllX nepBUH 3Tan H8Jl8.llllli, H8CTPOilKa llC

XO,IJ;HOii II CRoppe1cnIpoBaHHOfi TpaeKTOplll! OCYIU8CTBJl/IJiaCI, nocpe,IJ;CTBOM 

ClfCT8Mhl JiaMeJieii ( 9, IO, I!) , ( puc. I) , llO3BOJlfl10Ul8ll llM8Tb IIHcpopMaIIHIO O 

noJioJKemm neurpa TJ1.1Kecr11 lf paaMepax IIJ"!Ra Ha aaI™YTax oO ,!35°, 

185°,360°. IIMeJ18CI, B03MO2KHOCTI, H3M8pRTI, 1<8K 38pR,IJ; '18CTllll,T8K lf 

Ml'HOBeHIIIDT TOK n:·tJKa. JiaMeJilf ,Il;llCT8HlillOHHO MOrJilf 61:lTI, YCT8HOB118Hhl 
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Ha HCXO,ItHYlO (des KOppeKIIJIH) HJilf CKoppeKTllpOB8HHY!O TpaeKTOPIIJO, 

JIJI6o Bl:lBe,IJ;eHH 113 3OHH ITY'IB8. 

Bo BpeMII H8JI8,Il;OtJil!:lX pa6oT no YCT8HOBKe nepBoro o6opoTa 3JI8KT

poHOB B KaMepe a,n;reaaropa, a TaRJKe aaxBaTa ny"!Ka Ha 88MKHYTYJO op-

6HTY HCilMb3OB8JlaCI, llO,Il;BH:'KHaH no 83m.!YTY CHCTeMa Jl8M8JlbHUX 3Jl8K

TPO,IJ;OB, CO8,n:HH8HH8.fl C oBM, ,IJ;8l0utrul B03MOlKHOCTJ:, Ha K8lK,n;OM 83m.!YT8 

llOJIY'IHTD pacnpe,IJ;eJieHHe llJIOTHOCTII 8JI8KTPOHOB B MOCKOCTH ( r ~ ) , 
(p11c.2). Ilpm.iep Tarunc pacnpe,D;eJieHml: noKasaH Ha (pHc.3). 

'•1~ ''I/\ ;;lL____L :Lf____J_ 'o-,• 
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P11c.3. Ce'iemm nytJKa Ha nepBoM 

o6opoTe. 

,lL7t/l H86JIJO,IJ;8HHR 38 nytJKOM 

B H8tJ8JII,HOi1 CTa,n:HH 38XBaTa 

11cno.n1:,aoBaJICR HHJlY1W,110HHHii 

,Il;8T'IMK C llOCTORHHOll BpeMeHH 

~ 5 MKC. ,lL7t/l Ha6.n10,IJ;eHM Ha 

60.Jiee rroa,u;HHX cTa,nim:x cymecT

BoBaHIDI l{QJU,Ua, a T8RlK8 ,Il;Jlfl 

rpa,mr,IpOBKli f - ,Il;8TtJHKOB 11C

llOJlb3OB8JIOCJ:, YCTpOMCTBO c6po

canytIBa, ITp8,Il;CT8BJIRJOmee CO6oft 

neTJIIO C TOI<OM li ,I1;8JOmee BO3MOllt

HOCTI, C,D;ecpopMupoBaTJ:, TpaeKTO-. 

PHJO tJ8CTllll TaJ<, qroelu B!.Ca,JJ;JITb 

ux Ha mt~eKTOp aa ~ IOO He • 

IloTepn IIYtJKa npu · (I>OPMHPOBa

HHH If CJK8Tl111 KOJII,Ua
0

perncTpu

POBaJIHCI, 0 - ,ItaTtJHK8Mlll no 

BCillllllK8M JK8CTKOro peHTreHOBCKO

ro H3.nytJeHHJI. f - ,IJ;~TtJHK8MH 

H3M8PffJ18CI, OTHOCHT8JII,H8.ll HH

T8HCHBHOCTJ:, ITYtJKa npu c6poce 

KOJII,Ua Ha umI,JieKTOP (3) :0'.JIII 

.naMeJIH (IO,II), a TaIOlte HH

TeHCUBHOCTl> KOJU,U8, npom~,ll;Jlle

ro cTa,n:HJO cxaTHR 11 paapymarome

roCR Ha 6o.nI,mmc pa,IJ;HYcax np11 

pa8J!taTHH BC»e'ACTBUe YM8HI,ID8Hl1R 

BO BpeMeHU M8I'HHTHhlX noJieii. 

JllIR: 11ayqemm llOB8,I1;8Hl1R KOJibll8 B nponecce ClK8TWI C Blf'JTP8HH8H 

'i8CT:0'.KaMepu BBO.ltHJilfCJ:, 3OH,IW, nepeM8lJl8lOlJllI8CR !IO pa,IJ;HYcy. OHR 
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CJIY)KllJll1 ,1Wl l13Mepemm paBHOB€CHoro pa,nRyca Cl!ruMaromeroCR KOJlblla 

u ero MaJioro pasMepa no npeMeHu paspymemm rrytIBa. Ilp11 3TOM peru

cTpuponam1c1> UMIIYJII>CU 6 - l13JI.Y'l8HlUl, TOKa IlJlll saps:1;n;a Ha 3OH;D;. 

Ha nocJie,ItH11x 3Tanax CJKaTIDl KOJll>Ua perucrpupoBaJioc1, c11HxpOTpou

uoe 113JJY'l8Hlfe B 1mqipaKpacHOll ll Bl1.IUIMOH o6JiaCTSIX. Ilo Cl1HXpoTpOH-

1;O111y U3JIY'l8Hll!O U3MepllJlllCI, MrHOBeHHilll pa;n;nyc CJ!tllMa10meroCR 9Jl!mTpoH

Horo KOJII>lla, ero MaJILle pasMepu ll npoBO,IUIJJaCI, o~eHKa llHTeHCUBHOCTll. 

3KcnepHMeHTH no saxnaTy 3Jl8KTpOIIHOro KOJll>Ua IIOI{838Jlll, 't!TO 

sqxiieKTllBHOCTI, 38XBaTa COCTaBJIJleT 50-70%. BeJ111lfl1Ha 38XB8't!€HHOro 

TOKa 200-300 A ( I-I ,5·rn13 
3Jl€KT~OHOB). MaKCHMaJll>HOe "IUCJIO aax

Ba"IeHHUX tJaCTlill ;D;OCTl1TaJJO 2,5·101 • o,ItHaitO 3TO 3H8't!8Hl1e He y;n;ana

JI0Cb II0)\)\epi1rnnaTb B reqe1111e )\Jll1T8JlhH0ro BpeMCHl1 • DpeMfl litl1311l1 

aaxBatJeHH0r0 l<?Jihl(a ties lll1)(l1MUX Il0Teph C0CTaBJI/IJI0 ~ 5 MC. 

2. lfaMepe1me paBIIOBeCHoro pa,rµ1yca 3Jl0KTpOHHOI'O KOJII>Ua 

PaBHOBecHuii Pa,nRYC ( COOTB8TCTByI01$111 3Jl8KTPOHaM C 3Heprucl1, 

paouotl cpe,l(uea, 11 c Hy,~eaoit ai.mn11Ty.no11 deTaTpoirnux KOJiedaHn;J) orr

pe;n;eMJICR TpeMH cnocodaMl1: ( I) no TOPMO3HOMY O - ll3JJY't!8Hl1!0 npn 

H8IlJIHB8Hl111 KOJihUa Ha 1•JJaJKOK' ( 2) no 3Jl8KTPll'ICC!U1M cnrnaJiaM C 

qJJIWKKa 11 (3) c noMouu,10 ;n;aT"Il'IKa 11mDpaRpacnoro nsJiy't!eH11ll. 

Ha p11c. 4 noR838HH Tllil11'IHHe OCllllJlJIOrpaMMH Cl1rHaJIOB c ~3Y (a), 

llMilYJihca Hanp1DKeHID1 ( 6) 11 TOKonoro HMilYJII>ca (B) c qi.718lKKa, ycTa

HOBJie1rnoro Ha pa.I(llyce 15 cM. Ha pnc. 5 OTJ101KeH1I BpeMeHa HatJaJia 

JI! OKOH'l8Hl1Jl llMilYJil>COB C ~'JY ,1Wl pa3Jlll'IHHX pa,I(llyCOB. KonetJime 

TO'IKll JleJ!t8T 6JII!8KO K PLlC'ICTHOii 38Bl1CHMOCTll r (t) ,1Wl !\n = 4,5 
( cIIJiornnru1 Rp1rnM). lfaMepeHl1H no ;r - 1rnJIY"IeH1110 -" H3MeHemm Hanpll

JKeHnll Ha eMKOCTl1, no.I(l{JIIO'tJ8HHO:ii R qlJlaJKKY, ;n;aBaJIII O;n;HHaKOBHe peayJII,

TaTU B npe;n;e~ax olIIl16oK 11sMepeum1. 

Ha p11c. 6 noKasaHH OClll1JIJJOrp8MMU CHrHaJIOB C llli-;n;aT't!l1Ka 6es 
co611paromeii JI11H3H np11 paamitJHux HanpmKeHH~ IY cTyneHH. Ha pa

;n;11ycax r;;, 4,5 CM ( li,.<I5 KB) c11rn8JIU 11MeIOT xapaRTepuyro .nnvrop-

6YIO qioµ,iy, KOTOpall CBfl38H8 C ;D;BYKP8THllM npoxoJK;n;e1meM . cetieHM/! 

KOJlblla 't!epes noJie spemm ;n;aT't!l1Ka: np11 C.lltaTl111 11 pasJKaTl1Il. 

Ha TOM JKe Pl1CYHKe IlOR838HH nocTpoeHHUe no OClll1JIJJOrpaMMaM sa

Bl1Cl1MOCTl1 i ( t) np11 P83Jll1"IHUX H8npiDKeHHRX IY . CTynemI. 
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PBc. 4. CHrli8J1H CDM8DD1eroca l(()Jll,ll8 9Jl8KTJ)OHOB Ha SOB,Ite. 
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PJ:Ic. 5. TpaeKTOPIDi ClltBTWI 9Jl0KTpoHHOro KOJll,~8. 
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PHO. 6. CHI'HaJW H<I>K-.n:aT'lliKa Ha KOH8tnUIX pa,ItHYcax CJ!taT:mI 
KOJII,Ila. 

3. HsMepeHHe pasMepoB nonepetJHoro cetfeHim 

P8,Itll8Jll,HID1 pasMep cetfeH~ onpe.n:eMeTOSI no ~T8Jll,HOCTH CHr
HaJia O - HSJJY1I8HH.ll,B03HHKaromero npH HanmmaHHH 8J18KTPOHHOro 
KOJll,IIa Ha (!lJIEllKOK B nponecce CJ1taTM: 

0.r,.,, At f- , 
r.n:e At - ,It/UIT8Jll,HOCTl> CHrHaJia d - H3JIY'l8HIDl, f' - CKOpOCTl> CJ!t8-

TWI. OKOH'laT8Jll>H8il KoppeKTHJ)OBKa MaI'HHTHOro noM llpOBO,ItHJiaCI, no 
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pesyJU,TSTSM BSMepeHWI CetJeH:rui: KOJU,IIQ B BH,ItBMOM ,ll;l'IanasoHe cimxpo
TPOHHOro BSJJY1leHWI. Ha puc. 7 npe.n:oTaBJieHa g)oTorpaqma cetJemm 
aJieRTpOHHoro XOJII,:qa Ha p8,Jtllyce 4 CM. 

ar 
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Pnc. 7. CetJeHHe 8Jl8KTPQHHoro KOJJJ,Ita B BH,nMMOM CHHXp()TPOHHOM 
CBeTe. 

4. IloTepn 8Jl8KTJ)OHOB npH ~aTHH 

B nepBmc 8KCnep:HMeHTaX no qlC)JlMHPOBaHHD 3Jl8KTp0HHmt KOJieII B 
a.ztresarope CJ!taTHe conpoBOJJr,ItaJIOCI, 6OJII,IIIHMH llOT8pslMH 3Jl8KTPOHOB. 
B OT.It8Jll>HllX C.nyt{BiIX noTepH B nepBlle ~30 MKC llOCJie HHJiteKIIIm npe
BHIIlaJIH 80% OT Sax:BatJeHHoro 'IJHCJia 'l:J8CT:mt. 9TOT pesyJil>T8T 6HJI CM
saH C paCKatJKOH fiY'qKa Ha 83lfMYT8Jll,HOfi H8O,ItHOPO.ltHOCTH M8I'HHTHoro 
llOM B O6Jl8CTH HH!Jl718K'ropa, BOSHHKaDmeii npH BKJI!O'l:J8HHH II CTYJI8HH, 
H BllCa,ltKOH 3Jl8KTPOHOB B OCHOBHOM Ha KOppeKTOp. IloCJie 38M8Hll Me.n:
Horo 3KP8Ha Im(!l.718KT01)a Ha 3KP8H H3 Hel)JltaBeromett CT8JIH noTepH 
npaKTH'l:J8CKH He Ha6Jiro,n;aJIHCI,. 

Ha PHC. 8. IlPHB8,lt8Hll SaBHCHMOCTH aMIIJlH~)¥l r - CHrHaJia OT 
BpeMeHH BKJll01J8HHn YCTPOHCTBa copoca llY'<JKa'.l./: TO'<JKH-B npHCYTCTBHH 
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Y8,ItHOro 8:Kp8H8, CllJIODIHSR: JtpHBSR: - YCT8HOBJ18H 8:KpaH HS Il8H9T. 
AMiwlTY,tt8 O - CHI'H8JlOB, OTHOPMHJ)OBaHHSR: C Y"!O'l'OM mt ,It11HT8JU,HOCT8it, 
uponopIIHOH8Jll,H8 KOJUiqeCTBY 8Jl8KTPOHOB B KOJU,It8 B MOMSHT BRJ11R8HHSI 
YCTpoitCTB8 c6poca (AO t = 30MRc) • 

i= 

1 
~ 

•~t--1 _!---

I I 
.__ .5 
...... 
'i 1

1 I 
t 

0 10 zo ,0 40 "" 

PHc.8. IloTepu llY"!RB Ha nepBoit 
CT8,ItHH CJlt8Tl!lil Iij)H H8JlH1raH HCK8-
zeHHff MarHHTHoro noM. 
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PHc. 9. BnHHHHe peaoHaHCOB. 

KpoMe llOT8Pb B nepBHe 30 MRC H8MD,tt8JlHCb llOTepH H B 6oJiee 
nos,ItHHe BpeMeHa. Ha pHc.9a.noxasaHa THillfqHall ocnHnnorpaMMa cHrHa
M c l/J3Y, Ha KO'l'Opoit JtpOMe m.myJibCa BHCa,ItKH Ha qJJlBJlOK ( t = 390 + 
460 MRC) npHCYTCTBYDT ,ItOllOnHHT8JlbHH8 IDIIIIYJ1bCH,CBH,It8'1'8JU,CTBYDlllll8 
0 noTepe 8J18KTPOHOB. BpeMeHa llOT8pb: 60 + 100 MKC,160 +200 MKC, 
230 + 250 MKC nocJie HHZSKimH. 

PacqeTHaa n - TpaexTopHR WJJI ,ttaHHoro pe:awMa noxasaHa Ha pHc.96. 
Pe8Jll,H8JJ n - TpaeitTOPiffi,KBK 8TO CJ18J(Y8T HS Mal'HHTHHX HSMepemu/3/, 
Iij)OXO,ItHT HS 10-30% Blillle pacqeTHOit. 8JI8KTJ!9HH08 KOJll,IlO Iij)H CJlt8Tlm 
,JtOJIXHO 6Hno nepecexaTa napaueTpir,:recKm! peaoHaHc 211,.= I(n = 0,25) 
H paSHOCTHHit peSOH8HC 2 V., -Vr= 0 ( 11. = 0,2), C KOTOpHMH H CMS8HH 
nepBH8 2 HMIIYJU.Ca noTepb. TpeTHff llHK CBJI88H C noTepm.m 8Jl8KTPOllOB 
B paitoHe r = 20 CM, KOTOplie Bli8B8HH Y:Ba.mfli8HH8M ~ - pasMepa KOJll,-
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na 88 cqeT CW! Hso6pazeHM, ID48DlllllX B 8TOM MSCTe M8RCHM8Jll,Hwl 
rpSJtlleH✓ 4/. . 

HSMepeHHe S8p!l.D;8 KOADIJa, BHC8XHB81lllt8rOCSI'H8 q>Jl8l!COR ,Ito H llOCJ18 
Iij)OX0Z,It8HHSI pesoHaHCOB, llOR8S8JIO, qTo HSCMOTJ)H Ha cpaBHHTE!JlbHO 
60JIJ,UIH8 8MIIJUITY,ltH f - Clfi'H8JlOB, B8nHq:ifH8 llOT8pb He Iijl8Blilll8Jl8 
norpemHOCTH HSMepem ( ~ 20%) • 0,ItHSRO .. qTo6H HS~SZ8Tb YB8JIHq8HIDl 
aRCH8JlaHoro paSMepa ceqeH:wi B napSMeTPnecxoM pesoHaHce,n.- TJ)aex
TOplitlI 6HJia cxoppeRTHpoBaHa. Kopperonm 6Wia upoBe,tteHa c6JuateHH-
eM R8TY1118R I CTYll8HH H BH6opoM BpeMeH BRJinqeHHH H HanpageHHff 
II-IY CTYll8Heit 

SI 

0.2 

0.1 

0 0.5 1.0 1.5 

• <•c> 

. 

PHc.II. OcmrnnorpaMMa nvqxa aJieKTPOHOB 
nocne cxarHa B a,Ilreaaiope. 
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Ha pnc. IO,II npHBe
,tteHu pacqeTHM n.- TPBBK
TOPHH H ocmrnnorpaMMH 
CHI'H8J18 C l/J8Y H TOKOB BO 
II ,lli H !Y CIYJISHRX B 
pa6oqeM peJWMe. Kpue
PHE!M xopomero MarHHTHo
ro llOJISl B ~OM cnyqae 
CJIYJU{JIH MMHID48JlbHH8 
paSMepH ceqeHHH KOJll,Il8 
B KOH8qHQM COCTOHHHH 
CJlt8THH. 



5. OIWTH n~~BHBOl(,Y 8JI8KTpoHHOro~ KQJU,na 

YcRopeHHe 8JI8KTPOHHOro ROJil,ll8 llpOXO,ItHT B cna'ABJJ!IteM n0.11e COJie
HOH~a. 06~ Nll{Ha ycKopemm - 80 CM. BHBo~ ROJil,lla npoHCXO.ItHT sa 
C'JeT DJYHTHPOBIW o~oit lIS KSTYIDeK IY CTYneHH MarHlITHoro noJISJ. Bs-
6op BpeMeHH BRJID'JeHRII COJieHOH~ lI BpeMeHH myHTHpOBKH o6ecnetmBa
eT cpe,J:tlim! rp8,ItlleHT no ~e ycKopeHmI·~70 3/cM. YcTaHOBKa·co.11e
HOH~ noTPe60B8JI8 ~onOJIHHTeJU,HOH KOppeKIIlflI no.11eit B ~resaTope, 
lIS-sa BJIHl!HM TOKOB lIS06p8llt8HHJl B paSOMRHYTOM COJI8HOH'A8 Ha R ~ 
- cocTaBJllmlltYD noJIR: II cTyneHH. KoppeKTHPOBKS ~ocT.1rra.11acl'> sa c'!eT 
CEMM8TPHSamm, ~ 'Jero CRMM8TPH'!HO C OCHOBHHM COJI8HOR~OM 6WI 

yCT8HOBJieH qJaJil'>mCOJieHo~. 
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PHc. 12 • .I{peitg) KOJil'>ij8 no Pa.ItHYCY npH YCKOpeHHH. 

IlepBHe .lite OIWTlal no BHBO.IIY H YCKopeHHD KOJil'>I:J8,IlOK838Jllf,'IJTO 
B MOMeHT CIDITHJl mm KOJil'>IlO .n;peilqiyeT B HanpaBJiemm R. • Ilo.110.llteHHe 
DeHTPa KOJil'>Ila no OTHomeHHTD K OCH. COJieHOH~a HS. paSHHX . i'S. IlOKa_saHO 
Ha pHc.12. IloJIO.llt8HHe DeHTP8 6WIO HSMepeao'c IlOMOllll'>D CB8TOtzyBCTBH
T8Jll,liOH IlJI8HKR (pHC .13) • .ItonoJIHHTeJil'>HHe J)KCilepimeHTlal noKasa.irn. 
'IJTO ,IU>eitg) KOJil,ll8 o6ycJIOBJI~H H8Jlli11HeM ~ 0, 1% nepBoit rapi!OHHKH B 
n0.11e IY czyneHH. IlpH CHHTHH·mru KOJil'>Do npoxo~T DeJWii pesoHaHc· 

Vz = l, a HaJIHwe rapMOHHKH H o6ycJiaBJIHBaeT ,1tpel!~.· Mep1,1 no YM8Hl'>
meHHD aMilJIHTY~ nepBoit rap,.IOHHKH npRBeJIH K TOMY, 'IJTO BeJIH'IJHH8 
,IU>eitg)a COCT8BJl1i8T B H8CTOl111!88 BpeMll - l. 5 MM. P8,ItHYC 8J18KTPOH-
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Horo KOJil,ll8 B nponecce YCROpeHM HSMeHJIJlCll OT 3,7 CM H 4,5 CM, 
,no ~eT OCHOBaWle nOJiara~l'>,'JTO BeJWlmHa rpa,ItHeHT8 6JIHSK8 K pac
'J8THOI. CKopOCTl'> MeKTPOHHoro ROJil'>ll8 B KOHlle YCKopeHHSI COCT8BJISJ8T 
( 0,45 ! 0,05) c. 

CM 

II 

9 

7 

5 

3 

l 
PHc. 13. ~OTorpag)HSI ycKopeHHOro KOJil',ll8 8JI8KTPQHOB. 

II. Hcc.11ep;OBaHHe paSJ.UPmHX HH.llt8KIIHOHHHX~~QHCTeM 

YBeJIH'IJeHHe 'IJRCJia S8XB8'JeHHmc 'J8CTHll TPe6yeT HSY1J8HW! nponec
COB,npo.ircxo~mmc BO BpeWI HHllt8KIIHH, H IlOHCKOB 60.11ee OilTHM8Jil'>HlalX 
Pe.lltlIMOB pa60Tlal Hli.llt8KIIlfOHHlalX CHCTeM. B 8TOM HanpaBJieHHH Ha MO~e
JIH 6WI npoBe~eH pa:~ 8KcnepHMeHTOB c HHllteKIIHOHH!:lMH CHCTeMaMH. 

Ha ~resaTope MO~eJIH HH.llt8KIJHII npoHSBO.ItHTCH B MllrKO!pORYCHPYI0-
11!88 MarHlITHOe no.11e, KOTopoe RBJISJeTCll CYMMOit IlOCTOllHHOro H nepe-· 
MeHHoro no.11ett. IlocJie~ee MH Has1a1BaeM 6HCTPHM no.11eM, oHo o6ecne
'lHBaeT OTBO~ 8JI8KTPOHOB Ha nepBlalX o6opoTaX OT HHguI8KTOpa. MrHo
BeHHSR CKOpOCTl'> yXO~a paBHOB8CHOit op6HTH OT HHgu18KTOpa paBHa/5/ 
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I 
dr _ "£ • (.lJk_l.. as,) 
ar--(1-n)B.e Jt 2 at , (I) 

r.tte ~ - B8JJH1DIHS aKOHSJll,HOff COCTEm7llilllll8A HH,JtYlaIHll cyiaiapHoro 
MSI'Hl!THOro IIOJia, o6eCII81Dll3811l18l'O ,ttBDeIDie 8J18K'rp()HOB C 8Sm,yT8.lll,
filD,{ m.myJU,COM p 110 op6HTe JlS.ltHYCa "t, ( pc_= -ei. Bl\ ) , n - uoKa
saTeJll, CIIa,tta C:yMMSpHOI'O MaI'IDITHOro IIOJJJI, Bg - cpe,ItHee 118I'JUITH08 
IIOJie Ha op6HTe. Hs (I) SICHO, ,rro WJ.11 CJlaTHSI KOJU,Ua Heo6:tO,ltHMO 

'18.a i ar, > O ar -2 a , (2) 
'IITO IIpHBO,ltHT K IlR.1tY" YCJ!Omnl Ha 6HC'rp()e IIOJie. 

B a.:r:tresaTope MO,lteJlH 6HC'rp()e IIOJie 003,lt88TCSI CHCT8MOff BHTROB, 
381IHTW388MHX OT 0,ItHOI'O reHeparopa. B 8TCII c.ny,:me MOZHO saIIHcaT~ 
(2) B Blf,lte: 

( G - G/2.)-i >O , C3> 

r.tte j =d}"dt, :, - TOK, IIpOTeKalllid B BHTKSX, C H G- - BeJIH'lllOOl 
Bi H Ba IIpH TOKe B I A. Ha11anr,HS11 TO'IIKa Hllltemnm 't;.n MOZ8T 6HTI, 

BH6paHa B ,1tBYX 06Jl8CTSIX! 

I. G(t.n.) > G-(1.;.n)./2 , TOl',tta WJ.11 BHIIOJlH8HWI YCJlOBHSI (3) Heo6xo
,ttm,10, 11T06H j > 0 j 

2. G(t;.n.) ':' Q.(1., .. )/2 , TOr.tta WJ.11 BHIIOJ!H8IDISI YCJlOBHSI (3) Heo6xo
,ltHMO, 11T06H J ~ 0, 

Kaz.Itoe HS 11epe11HCJ18HHHX YCJlOW Ha j MOJlt8T 6HTI, OCYll!8CTBJl8HO 
B "JJ:Byx peEHMSX: 8) C BKJlll118HH8M TOKa; 6) C BHRJllJtleHHeM TOKB. 

HcCJle,ttoBaHWI IIp8CJl8,ltOB8JIH OCHOBHYD D8JlI, - DOWlTI, CYTI, orpaHH-
118HlW IIO 'lliCJlY SaxBa'lleHHHX -qacTl!Il ,BOSHHKal!llqHX npH HHJlt8Kmm B 
a,ttresaTope. Ilo aameMY MHemm, 6oJU,myn POJII> B orpaHH11emmx nrpaeT 
TaK HaSHBaeMHi! "aHOMBJU,lilllt" S8XBaT. Oco6oe BHHMalme IIPll llCCJle,tto
BaHmIX o6pSill8JlOCI, Ha BOSMOllWOCTI, ll368JltaTI, "aHOMaJU,Hlil" saXBaT 
npu MHoroo6oporHott llrulteKimu. 

Ilo,ttp06HHe pe3YJ!I>T8TH STHX .HCCJle,ttoBaHHil: 6YlfYT H3Jl0Jlt8Hl1 B crre
UHaJ!I>HOM ,ltOltlla,tte. 061111iil: pe3YJ1I>T8T - npoBeiteHHHe llCCJl6,ltOBaHHSI 
paSJllfqH!lX CllCTeM HHlt61WlU{ IIOKaSBJlll, 'IITO OHH MOl'YT o6ecrretmTI, 
.lt0CT8T011HO Sqxp8KTllBHHil: saXBaT KaK O,ItHOl'O, TaK ll HeCKOJll,KllX o6opo
TOB llHl!t8KTHPY8MOI'O TOKa. reoMeTpll'l'eCKOe pacnpe,tteJleHne IlOCTOSIHHOI'O 

ll 6HCTporo IIOJieil:,cxopocrr, llSM8H8HllSI TOKa B BHTK8X CllCTeMH UHlit8K
lillll, coorHomeHHe nom Ha op6ure n cpe,ItHero IIOJ!Jl onpe,tteJlf.mT ,m,rHa-

26 

t 

1 

') 

j. 

MHKY, Bqxp8KTHBHOCTI, saxBaTa ll MOryT 6h!TI, pacC'IIHTaHH C 60J1I>moii 
crenelll,Bl T011HOCTll B paMKax O,ItHOl!aCTlfl'.IHOH Teopmi:, .ltaJII>Heiimee rro
BHllleHue ajxpeKTUBHOCTH paOO.TH UHJK6roillOHHOH CUCTeMH Tpe6yeT yqera 

BJI.HHHi,H KOJIJl8KTHBHhlX 3cpql8KTOB Ha rrpo~ecc 3aJCBaTa .H y~epxa.H.HH 

3Jl8KTpOHHOro rryqxa. 

ill. MccJienoBaHHSI CBepxnpoBO,IVImeff YCKOpilIDmett C8KIIlfll KOJlJl8KT.HBRO
ro ycKopureM 

061118Ji cxeMa ce:Kllltll: npe,ttcTaBJieHa Ha p.rc. I4. 
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PHc. I4. 06lll8SI cxeMa KOJibIIerpoHa, 

K HBCTOHmeMy BpeMeH.H B KOJlbIIeTpOHe IIpOBe~eHH .HCCne~oBaHHSI 
O,IU!Ol'O pesoHaTopa C .HH,ltH6BhlM CTHKOM H CBepxnpoBo.wtmen niieHKOtt 
TOJllllliHOil ~ 2 MRM cocraBa 65% N& - 35%TL • IloM.HMo .1to6poTHocru Q. 
onpe~eJ!HJICSI "qmKTOP YB(lJllil!eHHSI ~o6porHocru" F , paBHliA OTHome
Hll~ ,tto6pOTHOCTH CBepxnpoBoMmero pesoHaTopa QC K ~o6poTHOCTH 
aHaJIOI'HtJllO~O Me,IUioro pesoHaTopa QM npu KOMHaTHOtt TeMnepaType 
( T = 300°K): F = Q~/Q.M• 

MsMepeH.H.fl. IIpOBO,m,IJlllCI, npu MaJIOM ypOBHe Bl! MOIIiHOCTlif. IlpH OT
CYTCTB.HH BH8lllllero MarH.HTHoro IlOJ!SI F = I60 ( QC = 2 • ro6 ) npu 
T = 4 ,5°K. B noJie ~ 2T ~oOpo:rHocn rra,ttana B 5 pas. 

B BKCnep.HMeHTaX Ha MO~eJILHHX pesoHaTopax lIBJl.HH,ttpHl!eCKoro THIIa 
( ,? = I400 Ml'q) 6es BHemHero MarHHTHoro rroJIH nonyqeaa ,tto6poTHocTl> 
Qc~5•I07 ( F = 5000 npH T = 2°K .H F = I500 npu T = 4,2°K ) • 
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B coJieHOH.JJ; CIIC-600 MHoroKpaTHo BBO.JJ;liJICSI TOK 2, 5 KA co cKopocTbll'.l 
2 A/c. 

Ilpll YCT8HOBllBWeMCSI TOKe 2 KA npoBO.JJ;liJlllCI, MarHHTHHe llSMepeHAA 
Ha pa.JJ;llYCe r- = 3 CM B .JJ;B8Hl3.nll8Tll TO'<IBaX no Z • 0THOmeHHe pac
qeTHOfi Hanp/IllteHHOCTll M8rHHTHoro nom K BKCnepllM8HT8JII,HOii BO Bcex 
TOqKax COCTBBJISIJIO 1,074. TaKoe 38 OTHomeHne 6WIO no.nytieHO .JJ;JlSl 

psi:,na ToqeK ll npll TOKe 2515 A. IlpHqHH8 pacxoameHM BKCnepllMeHTaJII,
HHX n pacqeTHHX ,naHHHX He 6Wia BWICHeHa. 

IlJIOTHOCTI, TOKa D o6MOTKe npn ·TpaHcnopTHOM TOKe 2,?5 KA .JJ;OCTll
raeT } = 1,28·I04 A/cr.t', sanaceHHaR: sHeprWI - 1,35·I06 JJ.E • 

lTpoBe,neHa :rnaeyallllR sanaceauoii D coJieHon.ne sneprmi Ha aKTHBHoe 
conpoTHBJiemie. lipll STOM BHYTPH COJ18HOll.JJ;8 Olli1 pacIIOJIOJlteH Jlllfill, 

O.JJ;liH pesoHaTop, HMemlllIDi Te!'.mepaTypy 4, 5°K. Ha6JIJO,naeTcsi: HarpeD 
pesoHaTopa H He60J11,moe ncnapeuue l!GI.JJ;Koro reJIAA. Ilpn aBaeyal.IHH 
c HaqaJibHWII TOI<OM 2,5 KA Ha R = 0,2 OM TeimepaTypa pesoHaTopa 
.JJ;OCTHraJia T = 24°K ll HCI18piL}lOCI, ~2,8 HM3 reJIAA. 

0,nHH HS rpa,nHeHTHHX MO,IJYJiefi IIOJIHOCTI,Jl'.l co6pau u IlCIIHTBH D KOJII,
lleTpOHe. lToJiyqeHO cpe.naee MarHIITHOe noJie ~ 2. 0 T npn IlOCJI8,JtOBa
TeJlbHOM llllTaHilll KBTYIDeK MO,ll;YJlSI H HeOOXO,n:HMruI BapHallAA IlOJlSI npy 
H838BilC11MOM llHTaHilll 16 KaTymeK TOKBMH B npe,neJiaX ± 50 A. 

,UaJII,HefiwHe paOOTll Ha KOJlbll8TPOHe HanpaDJI8Hll Ha yJiyqmeHile 
KpnoreIIHHX CHCT8M Il HCllllTBHUe pesoHaTopoB npu TeMnepaType ~ 2°K. 

.lli!TepaTypa 
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3. B.C.AneKCaH,npOB n .n;p. IlpenpHHT OIDlli, P9-8753,.IJy6na,(19?5) • 
4. B.C.AneKC8H,npOD H .n;p. IlperrpHHT OIDlli, P9-9215,.IJy6Ha,(1975). 
5. M. raCla.Hel.l Il .I(p. "Tpy,!(ll IY BcecOD3HOro COB81!1aHil/l no yCKOpHTe
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