
39 

C 3 V <r . 1o 
B- i3 

,ll, .,ll,.BorAaHOB, J1.8o6op)I(HJI, A.B.,ll,eMbliHOB, 

B.A.KapHayxoB, n .A.lleTpOB 

J10HHhli1 J1CfOqHJ1K 
C OOBEPXHOCTHOH J10HJ13AUJ1Ei1 

,LJ,nH B3MC-2 - MACC-CEOAPATOPA 

HA nYqKE TH*EnhiX J10HOB 

Pl3 - 8961 

197 · 



~.~.Bor,l:\aHOB, :W.Bo6op:lKHJI, A.B.~eMbliHOB, 

B.A.Kapuayxoa, JI.A.lleTpoa 

:WOHHhlt1 :WCTOlJHWK 

C llOBEPXHOCTHOt1 :WOHW3AQMEt1 

~Jif.l B3MC-2 - MACC-CEllAPATOPA 

HA llYlJKE Tf.I)KEJibiX :WOHOB 

061tCJ!iiiJelll:llolil RHCTRT'JT 
tif~llWI. Bec..1ejlOBGud 

6~16Jit'10TEKA 

Pl3 - 8961 



© 1975 06beOUH€HHbiU UHCIIIUIIIYIII JIOepHbiX UCC/I€006QHUU Jly6Ha 

B HaCTOJimeil pa6oTe ODHCaHa HOBaJI KOHCTPYlmHJI HOHHO

ro acToquaKa c nosepxuocTHOH aouaJanaeil .AllJIMacc-cena

paTopa li3MC-2 /t/. 3TOT npa6op, pa6oTa10ma8 ua nyqKe 

l{HKJIOTPOHa TJI>KeJibiX HOHOB Y-300, npe,AHa3HaqeH ,lJ,JIJI HC

CJle,AOBaHHJI pa,AHOaKTHBHbiX H30TODOB, 3HaqHTeJlbHO y,AaneH

HbiX oT JIHHHH 6eTa-cTa6HllbHOCTH. MaJible speMeua >KH3HH 

H HH3 KHe ceqeHHJI o6pa30BaHHJI 3THX H30TODOB onpe,AeJIJIIOT 

OCHOHible Tpe60BaHHJI K ycTaHOBKaM TaKOrO THIJa: BblCOKaJI 

3~eKTHBHOCTb, ,lJ,OCTaToquoe 6biCTpo,AeHCTBHe, Ha,Ae>KHOCTb 

DpH ,lJ,JIHTeJlbHOH pa6oTe Ha nyqKe. I13MeHeHHJI, KOTOJlble 6biJIH 

BHeceHbl B KOHCTpyKI{HIO HOHHOrO HCTOqHHKa /l;. HMeJIH 

nenbiO ysenaqeuae ua,Ae>KHOCTH ero pa6oTbl npa BbiCOKHX 

TeMnepaTYpax, He06XO,lJ,HMbiX ,lJ,JIJI 3~eKTHBHOH HOHH3al{HH 

pe,AKO 3eMellbHbiX 3JleM eHTOB. 

KoHCTPYKnHJI HOHHOrO HCTOqHHKa CXeMaTaqecKH DOKaJa

Ha Ha puc. 2. Bonbe~JpaMOBbiH HOHH3aTop 131 HMeeT cl>opMy 

.ABYX CODpJI>KeHHbiX l{HJIHH,ApOB, OTJIHqaiOmHXCJI ,AHaMeTpOM. 

YJKaJI qacTb aouaJaTopa, o6pameuuaJI K BbiTJirHBaiDmeMy 

3JleKTPO.AY, HMeeT uapy>KHbiB ,AHaMeTp 12 MM, BHyTpeHHHH -

8 MM, ,lJ,JIHHY 20MM. )J.OHbiWKO HOHH3aTopa CHapy>KH BbiDOJI

HeHO B BH.Ae Kouyca c yrnoM npa sepwaue 135'· ,lJ,JIJI cl>opMa

posauHJI napaKCBaJlbHOrO nyqKa BOHOB, BbiTJirBBaeMbiX B3 

BbiXO.AHOro OTBepcTHJI I¢= 0,7 MM 1. WapoKaJI qacTb aoua

JaTopa o6pameua K MBWeHB 111 B 3aKpb1Ta TOHKOH TaHTa

JIOBOH cl>ollbroii 11,2 MKMI, npo3paquo8 ,lJ,JlJI Jl,lJ,ep oT,Aaqa, 

Bb16BBaeMbiX nyqKoM H3 MBWeHB. )J.llBHa 3TOH qaCTB BOHB-

3aTopa 12 MM, Hapy>KHBH ,lJ,BaMeTp - 25 MM, BHyTpeHHBH -

19 MM. TaKOH pa3M ep BXO,AHOrO "oKHa" BOHB3aTopa Bb16pau, 

BCXO,lJ,,R B3 peallbHOrO pa3Mepa nyqKa JI,Aep OT,AaqB. 

~m.ra DJIOTHO npB>KHMaeTCJI K HOHB3aTopy TOHKOCTeH

HbiM TaHTaJIOBbiM l{HJIBH.APOM 121 I Tonmaua. cTeHKB 0,3 MMI 
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Puc. 1. CxeMamu~eCKUU euo UOHH020 UCIIIO~HUKa. 1 - Kac
cema c MUUleHb10, 2 - l#UAUHOp U3 maHmaAa OA.JI npuJKUMa 
fPOAb2U, 3 - UOHU3QIIIOp, 4 - IIIQHIIIQA06ble KOAbl#Q, 5- npo
KAQOKQ U3 IIIUiflaHa, 6 - MeOHbiU OepJKOIIIeAb, 7- fPoAb2a U3 
JfaHiflaAa, 8- CIIIOnep U3 IIIQHiflaAa, 9- 6bllfi.JI2U6Q10UIUU 3AeK-
11pOO. 

qepe3 npoMe)I(}'TOqHble KOJibl.{a H3 DOJibclJpaMODOH clJoJibrB 

/50 MKM/. BHyTpb BOHB3aTopa llOMell.\eH CTOnep /8/ Jl)l.ep 

OT.D,aqu B3 TaHTaJia. 110HB3aTOp DMeCTe C npB)I(BMOM I}JOJib

rB /2/ y.D,ep>KB:BaeTC .11 D pa6oqeM llOJIO:>KeHBB TaHTaJIODbiMB 

KOJibUaMB /4/ c y3KHMB 3y6b.IIMB. 3TH KOJibUa .D.JI.11 yYeHb

meHB.Il TeiDIOllpoBO.D,a Kpen.IITC.Il qepe3 TBTaHODyJO llpoKJia.D.KY 

/5/ Ha MaCCBBHbiH Me.D,HbiH .D,ep:>KaTeJib /6/, OXJia)K.Il,aeMbiH 

DO.D,OH. C .D,pyroii: CTOpOHbl .D,ep:>KaTeJI.Il KPellBTC.Il Me.D,Ha.ll 

KacceTa c MBmeHbiO I 1/. 
HarpeD HOHB3aTopa ocyll.\eCTDJI.IleTc.ll 6oM6ap.IJ.HPODKoii 

3JieKTpOHHbiM llY"LfKOM, 3MBTTBpyeMbiM .D.DYM.Il BOJILI}JpaMODbi

MB CllBpaJI.IIMB C He3aBBCBMbiM llBTaHBeM. 

B OllHCaHHOH KOHCTPYKUBB BOHB3aTopa 6biJia .D,OCTBrHyTa 

D03MO>KHOCTb C03,1J.aBaTb nepena.D, TeMnepaTypbl Me)K.IJ.y o6-
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Puc. 2. 3aeucUMOC111b 3d)dieKmueHoc•u cenapal#UU oucnpo3U.JI 
/e 011Hocu11eAbHbiX eouHUl#ax I om MOUIHOcmu 3AeKmpoHHozo 
ny~Ka, Hazpeearo111ezo uoHU3alfop. 

Jiac TbiO DbiXO.D,HOrO OTDepCTH.Il B DXO.D,HOH I}JOJibrB. 3TO 6biJIO 

Da:>KHO .D,JI.Il TOrO, qT06bl yDeJIBqBTb CpoK CJiy:>K6bl clJonbrB, 

KaK uauMeuee :>Kaponpoquoro 3JieMeHTa BCToquuKa. 06blquo 

HarpeD BOHB3aTopa OCyll.\eCTDJI.IIJIC.Il TaKBM o6pa30M, qT06bl 

TeMnepaTypa D paii:OHe DbiXO.D,HOrO OTDepCTB.Il /OCHODHa.ll 

06JiaCTb HOHH3ai.{BB/ 6biJIO npBMepHO Ha 600-700° Dblme, 

qeM TeMnepaTYpa I}JonbrB. 

YKa:>KeM TaK:>Ke Ba .npyrue B3MeHeHB.Il D KOHCTPYKUHB 

uouuoro ~croquuKa no cpaaueuuro c DapuaHTOM, onucaHHWM 

D pa6oTe 1 l,. 0HH OTHOC.IITC.Il K y3JIY MBmeHB.,lJ;JI.Il HeKOTOpbiX 

OllbiTOD, KOr.D,a TPe6yeTC.Il 6biCTpa.ll CMeHa MBWeHB, CKOH

CTPYHPODaHa u H3roTODJieHa no.D.DH:>KHa.ll paMKa - .nep:>KaTeJib 

.D.BYX MHlleHeii:, OXJia)K.Il,aeMa.ll BO.D,OH. IlepeMell.\eHHe paMKH , 
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T .e. 3aMeHa O,AHOB MHllleH8 .z.pyro:ii, OCyiQeCTBJIJieTCJI 3neK
Tp.B'IecKBM MOTOp'I8KOM 6e3 8apyweH8JI aaKyyMa. KpoMe 
3TOrO, Me:>K,Ay 80H83aTOpoM 8 M8WeHLIO 6bln BBe,Ae8 Tenno
BOB 3KpaH B B8,Ae TOHKOB rpa4J8TOBOB nneHKH 
/50-100 MKz/cM 2/. llneuKa Kpen8nacL ua MeAHYIO KacceTy 
MBllleH8 CO CTOpOHbl 80HH3aTopa. ,l).eno B TOM, 'ITO, HeCMOTpJI 
ua BHTeucBBuoe oxnrut<.z.eu8e Me.z.uoro .z.ep:>KaTenJI /6/, MoiQ
uoe Tennoaoe 83ny'leH8e pa3orpeToro .z.o BbiCOKO:ii TeMnepa
Typbl 80H83aTOpa Dp8BO,A8T K 3Hal8TenLHOMyHarpeay<l>onL
r8 -M8WeH8. B nepBbiX OIIhiTax /'!., Mbl 8CnonL30Bana B Ka
qecme M8weue:ii <1JonLr8 83 TyronnaBKHX MeTannoa/Zr, Nb, 
!\to /. llp8Meueu8e B Ka'leCTBe M8weue:ii cnoea aemecTBa, 
HaHec eHHbiX Ha aniOMBH8eBYIO no.z.nmKKY, 6LinO npaKT8'1eCK8 
ueao 3MO:>KHo. Bae.z.eu8e Tenno3aiQHTHo:ii rpa4J8TOBO:ii nneHK8 
3aMeTHO CH838nO TeMnepaTypy Ha M8WeHH 8 ll03BOnHnO 
B Te'leH8e ,An8TenLHOrO BpeMeHH npOBO,A8Tb o6ny'leHHe OKHC8 
Ka,AMHJI, uaueceuuo:ii ua no.z.no:>KKY 83 aniOM8H8JI /5 MKM/. 
Ha.z.e:>KHaJI TennoaaJI 3aiQHTa Muweuu oco6euuo aa:>KHa B cny
'lae uc nonL3oBauHJI .z.oporux pa3.z.eneHHLIX 830Tonoa. 

llpo,AyKTbl JI,AepHbiX peaKU.HB, Bbi68Tble 83 TOHKOB MHllleHH 
6oM6ap,A8p}'IOll{e:ii 'laCTHU.e:ii, npOXO,AJIT 'lepe3 TaHTanOBYIO 
<IJonLry, 3aKpb1BaiOll{YIO BHyTpeHHIOIO nonOCTb HOH83aTopa, 

8 BHe,ApJIIOTCJI B TaHTanOBbiB CTonep. 113 pa3orpeToro AO 
BbiCOKOB TeMnepaTypbl CTOnepa BHe,ApeHHble aTOMbl ,AH~yu
AHP}'IOT ua noaepxuocTL, 8cnapJIIOTCJI u np8 coy.z.apeH88 c ro
PJI'I8M8 CTeHKaMH HOHH38py10TCJI C HeKOTopo:ii BepOJITHOCTbiO. 
Houbl 83BneKaiOTCJI 83 nonocT8 HOH83aTopa 11epe3 BbiXOAHOe 
omepcT8e 8 ycKopJIIOTCJI 3neKTpocTaT8'1eCK8M noneM. 

llpBBe,AeM HeKOTOpble 3KCDepHMeHTanLHble ,AaHHble, no
ny'leHHble np8 pa6oTe c 3T8M 8CTO'IH8KOM. Ha puc. 2 noKaJa-

.u. r;;o n I 'I' Ha 3aB8CHMOCTb 3'1"1'eKT8BHOCT8 cenapaU.8H Y 1; 2 = 
= 7 MUH/ OT MOIQHOCT8 3neKTpOHHOrO Dy'IKa, HarpeBaiOll{ero 
80HH3aTOp. 3TOT anL<IJa -aKT8BHbiB 830TOD DOny'lanCJI Ja C'leT 
peaKU88 c 8cnapeuaeM 6 ue:ii:Tpouoa np8 o6ny'leH88 paJ.z.e
neuooro 830TODa l'l.'ISn 80HaM8 3'!. ~ /MBWeHb 61:.1na 83ro

TOBneua B B8Ae cnoJI OK8C8 "" 2 Mz/cM , uaueceuuoro ua 
3onoTYIO <IJonLry ToniQBHO:ii 1 MKM/. ,l).JIJI .z.eTeKU.88 150 Dy 
8CnonL30BanocL np8eMuoe ycTpo:ii:CTBO B $oKanLuo:ii nnoc
KOCT8 cenapaTopa, on8cauuoe B /I/. ,lJ.nJI cpaaueuHJI ua 
puc. 3 npaae.z.eua auanor8'1HaJI Kp8BaJI AJIJI 76Rb/ T1 1 2 = 
= 39 cj. 3TOT 830TOD DOny'lancJI B peaKU.88 5°Cr( 3'!. S,';~p 3n) 
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Puc. 3. 3aeucUMocmb 3¢¢eKmueHocmu cenapaijuu py6uou~ 
/6 o•HOCUI/IeAbHbiX eOUHUijUX/ om MOIJ#HOCmU Hazpeea UOHU3Q
•opa. 

H ,AeTeKTHpOBanCJI DO 6eTa-aKT8BHOCT8 B <IJoKanLHOB 
nnocKOCTH Macc-cenapaTopa, uacTpoeuuoro ua Bbi,Aeneuue 
8306apa C \ = 76. B 11fQ6A.J ,AaHa CBJ13b Me:>K,Ay MOIQHOCTbiO 
no.z.orpeaa 8 TeMnepaTypoii T 1 B paiioue Bblxo.z.uoro oTaep
CTHJI u TeMnepaTypoii <l>onhrH T2 . 

Ta6Auija 1. 

MoiQHocTb KB 0,5 1,0 1,5 

--
l 1 - TeMnepaTypa y Bblxo.z.uo-
ro omepcT8JI ° K 2300 2600 2900 

T 2 - TeMnepaTypa $onLr8 'K 1600 1900 2150 
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TeMnepaTypa cTonepa npu 3TOM uMeeT npoMe)K}'TO'IHOe 3Ha
'leHBe. B 3TBX B3MepeHBJIX TOK HaKana B o6eBX aonbCllpaMo
BLIX cnupanJix 6Lin o~uHaKOBLIH. B o6olix cny'laJIX 3aaucu
MOCTB 3<W!eKTBBHOCTB OT MOUUIOCTB no~orpeaa BMeiOT BB~ 
noporOBLIX KpBBLIX, 'ITO cne~yeT CBJI3aTI. C npo~eCCOM ~4>-
4>Y3BB aTOMOB 83 CTOnepa. 

L 
ceK 

200 

100 

40 

20 

fO 

as 1,0 1,5 2,0 Kbm 

Puc. 4. 3a6ucw.cocJtb 6peMeHu yoepxaHUJI oucnop3UJI u py-
6uOuJI 6 UOHHOM UCJIO"'HUK€ 0111 MOJI#HOCJIU nooozpe6a UOHU3a
•opa: Dy--¢-, , Rb --¢- . 

A6comoTHaJI 34>4leKTBBHOCTb BLI~eneHBJI 150uy 6Lina 
onpe~eneHa ~JI T 1 = 2600 K. AKTBBHOCTb 

150 Dy a4>oKanL
HOH nnocKOCTB cpaBHBBanacL c anL4>a-aKTBBHOCTbiO c T1; 2= 
= 7 MUH ~JI ~ep OT~a'IB, BLIWe,I:UllBX 83 MBWeHB. ,lJ.nJI 

onpe~eneHBJI nocne~eii Me:>K.D.Y MBWeHLIO u BOHB3aTopoM no
MeiUanacb TaHTanoaaJI ceTKa, 3a~ep)I{BBaawaJI nonoBBHY JI~ep 
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OT~a'IB. Onpe~eneHue Konu'leCTBa 150Dy Ha 3Toii ceTKe npo
BO~unocL nocne o6nyqeHBJI. TaKBM o6pa3oM 6Lina nonyqeHa 
BenB'IBHa 3<W!eKTBBHOCTB, paBHaJI /20±5/o/o. 

liLinB npOBe~eHLI B3MepeHBJI BpeMeH y~ep)l{aHBJI B DOH
HOM BCTO'IHBKe ~BCllp03BJI (150 Dy) B py6B~BJI e7Rb) . B 3TBX 
OnLITaX ny'IOK 6oM6ap~pYJOIUBX 'laCTB~ nepBO~B'IeCKB ne
peKpLIBanCJI 3aCnOHKOH B B3MepJinOCb HaKonneHBe aKTBB
HOCTB B 4>oKanbHOH nnOCKOCTB cenapaTopa B 4>YH~BB Bpe
MeHB. 

Pe3ynLTaTbl 3TBX B3MepeHuii npBBe~eHLI Ha puc. 4. 
liLICTpo~eHCTBBe BCTO'IHBKa ~JI py6B~BJI,TaK )l{e,KaK B ~nJI 
~e3BJI/l/ , no-a~uMoMy, onpe~enJieTcJI npo~eccoM ~u4>4>y-
3BB aToMoB B3 CTonepa. B cnyqae ~ucnpo3BJI apeMeHa y~ep
)l{aHBJI Cy[UeCTBeHHO 6onbWe, 'leM ~nJI py6B~. 3TO MO)I{eT 
6LITb CBJI3aHO C 6onee 3Ha'IBTenbHLIM BpeMeHeM a~cop6~BB 
aTOMOB ~Cnp03BJI Ha CTeHKaX BOHB3aTopa/3/. 

0nLIT pa60Tbl C 3TBM BOHHbiM BCTO'IHBKOM llOKa3an ero 
6onbWYJO Ha,l\e)I{HOCTb u y~o6cTBO B 3KcnnyaTa~uu no cpaa
HeHBIO C BapBaHTOM, OllBCaHHbiM B / 1/. 

ABTOPLI 6naro~apHbl aKa~eMBKY r.H.~nepoay 3a BHB
MaHBe K pa6oTe, rpynne 3KcnnyaTa~uu ~BKnoTpoHa 3a o6ec
ne'leHue o6ny'leHuii, B.A. qyrpeeay 3a npoae~eHue KOHCTPYK
TopcKBX pa6oT, B.M.IlnoTKO 3a B3roToaneHue rpa4>BTOBbiX 
nneHoK. 
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