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~on6Hnoa r.B. HAP· P9 - 12414 

YcKopeHHe 3neKTpOHH~-HOHH~x Kone4 s 3neKTPH4eCKOM 
none 

B pa6oTe npHBOARTCR pe3ynbTaTbJHccneAOBaHH~ no yc Kope HHO 
HOHOB B 3neKTpH4eCKOM none HHAYK4HOHHO~ CeK4HH H B cnaAa~-
1!\eM MarHHTHOM none. f.13MepRnaCb 3aBHCHMOCTb BbiXOAa H30TOnO~ 79

rn Kr H 62 Cu H3 peaK4H i1 65 Cu ( 16 0, pn ) 79 rn Kr H 50Ti(14N ,2 n)6 Cu 
OT CYMMapHO~ 3arpy3KH HOHaMH a30Ta, onpeAenReMO~ aasneHHeM 
ocTaT04Horo ra3a. 

nony4eH~ 3Ha4eHHR nonHO~ 3HeprHH yCKOpeHH~X HOHOB a30Ta 
H KCeHOHa, KOTOp~e COCTaBnROT 4 M38/HyKn. 8enM4HHa npHpOCTa 

3HeprHH HOHOB B 3neKTpH4eCKOM none CeK4HH COOTBeTCTByeT 3$
$eKTMBHOH HanpRmeHHOCTH 3neKTPH4eCKOrO nonR, COCTaBnRR 
1 M38/HyKn. 

Pa6oTa s~nonHeHa s DTAene Hos~x MeTOAOB ycKopeHHR 011RI1 

Coo6weHHe 061>e.OHHeHHOro HHCTHTyTa fi.OepHbiX HCCne.OOBSHHA, Lly 6Ha 1979 

Dolbilo v G.V. et a l. 

Acceleratio n of Elec tro n I o n Rings in 
Electrical Field 

P9 - 12414 

The results of investigation of the ion acceleration in 
electrical field of the induction section and in a decreasinc 
magnetic fie 1 d are given. The 79rnKr and 62 cu isotope -
yields in the 65 Cu(16Q, pn) 79 rn Kr and 50 Ti(14 N, 2n)62 cu reac 
tions were measured as a function of sum loading by nitrogen 
ions. The loading is determined by the pressure of a residu
al gas from which the ionization and accumulation goes . 
Values for total energy of accelerated nitrogen and xenon 
ions are obtained which are equal to 4 MeV/nucl. The ion 
energy growth i n the section electrical field corresponds 
to its effective voltage and equals 1 MeV/nucl. 

The investigations has been performed at the 
Department of New Methods of Accelerations, JINR. 

Communication of the Joint Institute for Nuclear Research . Dubna 1979 

© 1979 06'6e/1BH6HHhlll BHCTBryT' aaepHhiJC BCCOe.QOBBHBil Jly6HB 

BBE,l1EHHE 

B 1977 ro,lly Ha npoTOTBne KOJIJieKTBBHOrO YCKOpBTeJIJI T Jl)l(eJibiX 

BOHOB OHJIH /YTH/ 6b1DB ycxopeHbl HOHbl aJOTa H ,llpyrHX 3DeMeH

TOB .IlO JHeprHH 2 M3B/HYKAOH I 11 . 

Y CKOpeHHe 3JieKTpOHHO- HOHHbiX KODeu; OCyiiJ;eCTBJIJIJIOCb MarHHT

HbiM CnOC060M /JDeKTpOHHOe KOJibiJ;O, KaK MarHHTHbiH ,llHnODb, 

YCKOpJIDOCb B rpa,llHeHTHOM MarHHTHOM none , YBDeKaJI Ja co6oii: 

HOHbl/ . 

3KcnepHMeHTbl no ycxopeHHJO HOHOB aJOTa nO,IlTBep,llHJIH npaBHDb

HOCTb TeopeTB'IeCKHX npe,llnOCbiJIOK, npHHJITbiX npH npOeKTHpOBaHHH 

YTH. HJMepeHHble xapaxTepHCTHKH HOHHoro nyqxa npHMepHo co ana

JIB C pac\feTHbiMH. 

)J.aDLHeii:wee nOBbiWeHHe 3HeprHH HOHOB npH M:arHHTHOM cnoco-

6e ycxopeHHJI orpaHH'IHBaeTCJI pacwHpeHHeM xonLu;a a npocTpaHcT

aeHHo-cna,llaJOmeM MarHHTHOM none. llOJTOMY npH COJ,IlaHHH KOD

neKTHBHbiX YCKOpHTeneii: T Jl)l(eJibiX HOHOB Ha 60DLWHe 3HeprHH 

He06XO,IlHMO nepeXO,IlHTL Ha yCKOpeHHe KODeu; B JDeKTpH'IeCKHX 

nODJIX. )J.DJI npoaepKH B03MO)I(HOCTH ycxopeHHJI 3JieKTpOHHO-HOHHblX 

KODeu; B 3JieKTpH'IeCKOM none 6blna COJ,IlaHa HH.IlYKU:HOHHaJI ycxopJIJO

IIJ;aJI cacTeMa
121 . CxeMaTH'IeCKH cexu;HJI noxaJaHa Ha puc. 1. OcHoa

Hble napaMeTpbl ycxopJIJOIIJ;eii: cexu;HH cne,llyJOIIJ;He: 

1. )J.DHHa CeKIJ;HH - 1,2 M. 

2. 3cWJexTHBHaJI HanpJI)I(eHHOCTL JnexTpH'Iecxoro nonJI - 500 KB. 
3. )J.DHTeJILHOCTL YCKOpJIJOIIJ;ero HMnyDLCa - 200 HC. 

liT06bl yMeHLWHTb HCKa)l(eHHJI MarHHTHOrO nODJI B a,llreJaTope 

YTH, BHOCHMble JneMeHTaMH KOHCTpyxu;HH cexu;HH, x coneHOH.IlY, 

COJ,IlaJOIIJ;eMy rpa,llHeHTHOe MarHHTHOe none /eM., HanpHMep /
3 1 

/, 

.Il06aBDeH BTOpOii: COJieHOH,Il, TaK 'ITO 06IIJ;aJI ,llJIHHa .IlBYX COJieHOH,IlOB 

paBHJieTCJI 1,5 M. Cpe,llHHH rpa,llHeHT HH.IlYKIJ;HH MarHHTHOrO nODJI 

B CODeHOH,Ile COCTaBDJieT npHMepHO 0,4 T/M. 3DeKTpOHHOe KOJibiJ;O 

B CeKIJ;HH ,llBH)I(eTCJI B nO'ITH O,llHOpO,llHOM MarHHTHOM none , COrnaco

BaHHOM c noneM coneHOH.Ila . 
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1. 3KCllEPHMEHTbl llO YCKOPEHHIO 

3JIEKTPOHHO-HOHHblX KOJIE~ 

3xcnepBMCHTanbHhle BCCllC,D;OBaHBJI CBCTCMhl BhlBO,D;a KOllbUa 

B3 a,D;re3aTopa B npe,D;BapaTenLHoro ycxopeHBJI B coneHOB,D;e noxa-

3ana, qTo Heonpe,D;eneHHOCTb MOMCHTa CHJITBJI MarHBTHOH DOTCH

UBam.HOH JIMhl /OKOHqaHBJI BhlBO,D;a KOllbUa/ COCTaBnJieT 5 MKC. 

}];nJI CBHXpOHB3aUBB ,D;BB)I(CHHJI KOllbUa C BMDYllbCOM 3llCKTpaqecKoro 

DOllJI B ycxopJIIO~CH CCKUBB B YTH BBC,D;CH TOKOBhlH BBTOK, pacnono

)I(CHHhlH B6llB3B MC,D;BaHHOH DllOCKOCTB. BBTOK 3aDBThlBaeTCJI OT 

,D;BYX reHepaTopOB TOKa, O,D;BH B3 KOTOphlX ,D;aeT ,D;llBHHhlH TOKOBhlH 

BMDYllbC, C03,D;aiO~~H MarHBTHhlH DOTCHUBanbHhlH 6apbep ,D;llJI KOnb

ua. }];pyrOH resepaTop, C03,D;aiO~BH TOK, HanpaBneHHhlH DpOTBBODO

llO)I(HO nepBOMY, CHBMaeT 6apbep Ha KOpOTKOe BpeMJI, o6ecneqBBaJI 

CBHXpOHB3aUBIO ,ll;BB)I(eHBJI KOllbUa. Ha puc. 2 DpBBe,D;eHbl OCUBn

norpaMMbl ycxop1110~ero sanpJI:lKeHBJI B carsana y -a3nyqeHBJI, 

COOTBCTCTBYIO~ero 3llCKTpOHHOMY KOllbUY. 

Puc.2. OcijUAAOZpaMMbl mopM03Hozo y - U3Ay'leHu.R 3AeKmpoHHozo 

KOAbija U YCKOp.RK>UieZO Hanp.RXeHU.R Ha CeKijUU. 
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Puc. 3. Cnao aKmueHOCIIIU npu o6Ay<~eHuu Ti uoHaMu a3oma. 

):\nJI ua6mo,D,eHHJI YCKOpeHHbiX HOHOB HCIIOnbJOBanHCb IIOpOrOBble 

JI,D,epHble peaKUHH, IIPO.D.YKTbl KOTOpbiX perHCTpHpooanHCb Ge (Li ) -

,D,eTeKTOpOM H «1>3Y C KpHCT·annOM NaJ . ):\nH H3MepeHHJI HaBe,D,eHHOH 

aKTHBHOCTH, KaK H B pa6oTe
1 t / ~CIIOnbJOBanCJI paJ,D,enHTenbHbiH TOH

KOCTeHHbiH "cTaKaH", C O,D,HOH CTOpOHbl Ha KOTOpbiH KperrHnHCb 

MHWeHH, a c ,11,pyroii - 6bln pacrrono)f(eH ,D,eTeKTop. CHrnanbl c Ge (Li)

,D,eTeKTopa qepeJ rrpe,D,yCHnHTenb H ycHnHTenb IIOCTyrranH Ha BXO,D, 

auanHJaTopa LP -4900. 

flepoouaqanbHble OilbiTbl IIO YCKOpeHHIO HOHOB aJOTa IIpOBO,D,HnHCb 

6e 3 BKnJO'ieHHJI YCKOpJIIOIUero HaiipJI)f(eHHJI Ha CeKUHH . ):\nJI H,D,eH-
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Puc.4. 3aeucuMOCillb e1>1xooa aK•ueHoc•u 0111 napaMe111poe. 
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Puc. 5. a/ y - cnerc•p U3 
peaKfiUU 6 ~ Cu (160, pn) 7!l m Kr ' 
6/ cna~ arc•uaHoc•u eo ape
MeHu no IIUHUU Ey = 130 K3B, 
e/ cna~ arc•uaHoc•u eo ape- .;, 
M eHU no AU HUU Ey = 511 rc 3B. 

••·v .,. ... 
~ 

~ 
.ttl 

.;JI 

ti.NIZ 

TJi•S'Oc 
~-·.f-"NN 

• Po If. a Sf.! lf>8 _.Jl \ ~N#N 
o ~ a 3l: F • 

a/ 

/.,,. 

L-.ftf 

fO~ 

~-~0~ 

f" 0 ;(0 

8 

T~ .. ~_. 

~ ... -,#It« 

20 30 0 

6/ 

6/ 

t. 
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TBillBICa~BB YCICOpeBBWX BOBOB 6WJI BW6paa ICaBaJI pea~ 
14N(50 Ti ,2n)62 Cu. H3Mepeaaa.a aiCTBBBOCTJ. npa o6ny'leBBB MBWeBB 

Ti awena no JIBBBB Eo =511 rc:JB nepao,~~; nonypacna,~~;a Tv2=/10± 
± 1 I MUH /puc. 3/, 'ITO YJCa3waaeT aa o6pa3oaaaae B30Tona 

a pea~BB 14 N ( 50 Ti , 2n) 62 Cu. no ero awxo,~~;y npoB3BO.D;BJiacJ. 

onTBMB3a~B.& OCHOBHWX napaMeTpOB CeiC~BB B YCICOpBTeJI.a: aanp.a· 

:lkeHB.& Ba ICOB,D;eHCaTopHOi: 6aTapee, 3anBTWBaiOJQei: ICaTymiCB CeiC~ 

(UceK ), aanp.a:lkeaa.a aa 6aTapee 2-ro coneaoa,~~;a (UcoJJ ), apeweaa 

myaTapo:aaaa.a nocne,D;Hei: cTyneaa a,~~;re 3a Topa (r myHT ) • BeJIB'IBBW 

BB,D;Y~BB MarBBTBOrO nOJI.& B YCICOp.aJOJQei: CeiC~BB B BTOpOM COJieao· 

B,D;e B3MeB.&JIBCJ. O,D;BOBpeMeBBO B nponop~BOBaJIJ.BO .D;pyr ,D;pyry npB 

f!laiCcapoBaBHOM 3Ha'leHBB BB.D;Y~BB a nepaow coneaoa,~~;e. Pe3yn~o

TaTw no aw6opy 3TBX napaweTpoa npaae,~~;eaw aa puc. 4, r,~~;e noiCa-

3aaw 38.BBCBMOCTB BWXO,D;a aiCTBBHOCTB OT U ceK , UCOJJ , r myHT • 

Bee ,D;aJIJ.Hei:mBe 06Jiy'leHB.& npOB3BO,D;HJIBCJ. npB OnTBMaJIJ.BO no,~~;o6· 

paHBWX 3Ha'leHB.&X napaMeTpOB. 

Jlcn,. ~-

/OIJ 

80 

60 

Ito 

zo 

~ s P/0-
8

rop 
6 1 

Puc.6. 3aaucUMoc•r. ewxooo arc•uaHoc•u U3 pearcfiUU o• 3azpy3rcu 
UOHaMU 6 o•Hocu•eiii>HWX e~UHUflaX 006./leHUA. 
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Puc.7. Ce'leHUJI peaKIIUU 65 Cu( 16 0 ,2n) 79 Rb u 65 Cuct60 ,pnl9 Kr . 

C uenbiO OUeHKH 3HeprHH HOHOB, YCKOpeHHbiX B rpa,IJ;HeHTHOM 

MarHHTHOM none COneHOH.IJ;a, 6hlna o6ny'leHa Me,IJ;HaJI MHWeHb. B pe-

3ynJ.TaTe 3a<llHKCHposaHa aKTHBHOCTb c JHeprHeii Ey =130 K3B 

/puc.Sa/, .nnx KOTopoii nepHo.n nonypacna.na cocTaBHn T 112=50 c 

/puc. 56/. B nocne.nyrolQHX H3MepeHHRX no nHHHH Ey =511 K3B 

o6Hapy~eHa .nonro~HByiQaJI KOMnoHeHTa c nepHO.IJ;OM nonypacna.na 

T 11 2"40 'l/puc.Se/. 3TH ,IJ;aHHble no3BOnJIIOT C,IJ;enaTb BbiBO.IJ; 0 Ha6nro

,IJ;eHHH HaH6onee sepo;ITHoro KaHana 16 0 (6 5 Cu . pn ) 7 9 
m Kr. 79 Kr. 

BhiXO.IJ; peaKUHH KaK <iiYHKUHJI ,IJ;aBneHHJI OCTaTO'IHOrO ra3a, KOTO

poe onpe.nenJieT CyMMapHyJO 3arpy3KY KOnbUa HOHaMH, npe,IJ;CTasneH 

Ha puc. 6. )J;nR TOrO 'IT06bl Bbi.IJ;enHTb 3aBHCHMOCTb BbiXO,IJ;a peaKUHH 

OT 3HeprHH HOHa no OCH Op.IJ;HHaT, Ha puc. 6 OTno~eHa BenH'IHHa 

NY . 2 .lQ-8 / P /.nasneHHJO ocTaTO'IHoro ra3a P =2·10-8
Top co

OTBeTCTByeT, KaK 6blnO noKa3aHO B pa6oTe I 1!, 3arpy3Ka no 'IHCny 

HOHOB N i : 5•1011 
; no OCH a6CUHCC npe,IJ;CTaBneH <ilaKTOp Jarpy3KH 

10 

KOnhUa HOHaMH B e,IJ;HHHUaX ,IJ;asneHHJI, KOTOpbiH onpe.nenxeT 3HeprHIO 

HOHOB. 

)J;ng o6pa60TKH 3KCnepHMeHTanJ.HbiX pe3ynJ.TaTOB HCnonb30Ba

nHCb ,IJ;aHHble pa60Tbl l 4 l • C HaH60nbWHM Ce'leHHeM H.IJ;YT peaKUHH 

pn H -2 n 
1 4 1

. KopoTKoe speMx H3MepeHHJI He no3sonHno HaM 

Ha6JIJO.IJ;aTJ. npo.nyKTbl peaKUHH 
79 

Rb. CpasHeHHe xo.na KpHBoii Ha 

puc. 6 C <iiYHKUHeH B036y~,IJ;eHHJI Ha puc. 7 n03BOnReT C,IJ;enaTb 

3HepreTH'IeCKyiO KanH6pOBKY, T. e. rpy6o npocne,IJ;HTb 3aBHCHMOCTb 

3HeprHH HOHOB OT 3arpy3KH KOnbUa HOHaMH B OTHOCHTenJ.HbiX e.na

HHUaX .IJ;aBneHHJI OCTaTO'IHOrO ra3a /eM. puc. 8/ . 

TaKHM o6pa30M, MaKCHManJ.Hax JHeprHR ycKopeHHhlx HOHOB 

Ha YTH B rpa.nHeHTHOM none cocTasnxeT E i =3,1 M3B/HYKA. 

)J;nR 3KCnepHMeHTanbHOrO HCCne,IJ;OBaHHJI pa60Thl YCKOPRIOI.I.Ieii CeK

UHH HCnonb30BancJI KaHan peaKUHH 
14 N ( 50 T i,2n ) 62 Cu. CHHMa

nacb 3aBHCHMOCTb BbiXO,IJ;a aKTHBHOCTH H30Tona 62Cu OT .IJ;aBneHHH 

OCTaTO'IHOrO ra3a C BKJIIO'IeHHeM YCKOpRIOI.I.Iero JneKTpH'IeCKOrO 

4 #.Ml 

ss 

so 

~s 

'0 
.35 

3 ~ s 6' t 8 

-8 ·__,op ~ 

Puc .8. 3aU6UMOC/IIb 3 Hepzuu UOH06 KUCAopo<}a 0111 CYMMapHOU MQCCbl 
KOAbijQ /onpe<} eAJI €MOU i}aeAeHU eM OCIIIQ/IIO'lHOZO 2Q3a/. 
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Puc.9a. 3a6UCOMOCIII> 61>rxoc)a aKJIU6HOCIIU U3 peaKfiUU 6 3a6ucuMoc

IIU 011 3azpy3KU UOHQMU 6 ec)uHUIIQX 006AeHU.R npu U3MepeHU.RX 

C 6KAIO'IeHHI>fM 3AeKIIpU'IeCKUM noAeM CeKIIUU U 6e3 Hezo: 
14N(48 Ti ,2n)62 Cu. 
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Puc.96. 3a6ucuMOCIII> 61>rxoc)a aKIIIU6HOCIIIu u3 peaKfiUU a3ollla c lllu
llaHo6oi1 MUIUeHI>IO npu 6KAIO'IeHUU ycKOp.RIOflleZO Hanp.RXeHUJI 011 

3azpy3Ku. 
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nonJI H 6e3 Hero. 3TH ~aHH.ble npHBe~eH.bl Ha puc. 9a. Ha puc. 96 

noKa3aH B.blXO~ aKTHBHOCTH B 6onee WHpOKOM HHTepBane ~aBneHHH 
-8 --7 

OT 2 '10 ~0 10 · )J.aHH.ble, npHBe~eHH.ble Ha puc. Jla H 6, 

HOpMHpOBaH.bl TaKHM )l(e o6pa30M, KaK H ~llJI peaKUHH C KHCnopo

~OM. IlpH P :::; 5·10-8 
Top puc. 96cBH~eTenLCTByeT, no-BH~HMoMy, 

0 nOJIBlleHHH HOBOrO KaHana peaKUHH Ha THTaHOBOH MHWeHH, 

KOTopblu cooTBeTCTByeT peaKUHH 
14 N ( 48 Ti • 3n) 59 Cu . 

-8 
)J.eHCTBHTenbHO, npH ~aBneHHH p _:;; 5 ·10 Mbl 3a<l>HKCHpOBanH no 

nHHHH E y =511 K3B 3Ha'leHHe napu&anJ.Horo nepHo~a T =1,5 MUH. 

M3 puc. 9a BH~Ho Henocpe~CTBeHHO, 'ITO BKmo'leHHe ycKopRIOIUeii 

ceKUHH npHBO~HT K yBenH'IeHHIO aKTHBHOCTH. KonH'IeCTBeHHaJI 

OUeHKa Ha6opa 3HeprHH HOHOB B YCKOpJIIOIUeH CeKUHH 3aTpy~HHTenb

Ha, TaK KaK ~llJI HCnOllb3yeMOH peaKUHH HeT 3KCnepHMeHTanLHO 

H3MepepHOH <i>YHKUHH B036y)l(~eHHJI. 

IlpH6nH)I(eHHaJI oueHKa npoBO~Hnacb cne~YIOIUHM o6pa3oM: 

liCDOllb3yeM ~aHH.ble no o6nyqeHHIO Me~HOH MHWeHH HOHaMH Q B 

pe)I(HMe C B.blKlliO'IeHHOH CeKUHeH, puc.8, ~nJl OUeHOK 3HeprHH HOHOB 
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Puc.JO. 3a6ucuMOCIIII> 61>rxooa aKIIIU6HOC11U U3 peaKfiUU uoH06 Xe 
C JIUJIQH060U MUUieHI>IO 0111 3azpy3KU B OIIHOCUIIIeAI>HI>fX ec)uHUfiQX. 
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aJoTa B TOM )l(e xonbl~e npH Ja,naHHOH HarpyJxe,onpe,nen.lleMoii ,naane

HHeM.CpaBHHBa.ll 3aBHCHMOCTH aKTHBHOCTH B peaKUHH
14 N(5CJn,2n)62Cu 

I puc. 9/ c BbiKJDO'IeHHoii H BKJDO'IeHHoii cexuHeii OT ,naBneHH.II, 

HaXO,nHM 3Ha'leHHe ,naBneHH.II Ha 1CpHBOH 9a, DpH KOTOpOM BbiXO,n 

aKTHBHOCTH DpH BbiKJDO'IeHHOH CeKUHH paBeH BbiXO,ny aKTHBHOCTH 

npH BKnJO'IeHHOH. llo KanH6pOBO'IHOH KpHBOH puc. 8 Haxo,nHM 3Hep

rHJO, COOTBeTCTBYJOIUYJO 3TOH 3arpy3Ke. OueHKa 3HeprHH HOHOB 

TaKHM CDOC060M ,naeT 3Ha'leHHe npHpOCTa B CeKUHH ~E = 

0,8 M3B/HYKA. B pe)I(HMe c BKnJO'IeHHbiM ycxop.IIJOIUHM Hanp.ll)l(eHHeM 

CeKUHH 6binH npoBe,neHbl 31CCDepHMeHTbl DO ycxopeHHJO HOHOB Xe , 

HaxonneHHbiX B JnexTpOHHOM xonbue npH Hanycxe xceHOHa B xaMepy 

a,nreJaTopa '!epe3 HaTexaTenb npH Ha'lanbHOM ,naaneHHH aJoTa. 

Ha MHllleHH H3 Ti 6blno Jalj!HxcHpoaaHo yBenH'IeHHe aKTHBHOCTH 

Ha nHHHH Ey =511 K3B 6onee 'leM B 2 pa3a /puc. 10/. KpoMe Toro, 

o6Hapy)l(eHbl ,naa napuuanbHbiX nepuo.na nonypacna,na c T 'h =5 MUH 

H T'h ~ 17 MUH, KOTOpble MOryT COOTBeTCTBOBaTb o6pa30BaHHJO 

H30TonoB B peaKUH.IIX 
134 

Xe (
48 

Ti , 2n) 180 Os , 134 Xe ( 48 Ti, 4n) 178 Os. 

3KcnepHMeHTbl no YCKOpeHHJO HOHOB Ha npOTOTHne YCKOpHTen.ll 

T.ll)l(enbiX HOHOB OIUUI c ycxop.IIJOIUeii cexuueii noKaJanH, 'ITO: 

1. 3HeprH.II HOHOB, yCKOpeHHbiX B cna,naJOIUeM MarHHTHOM none 

coneHOH,nOB H B CeKUHH, COCTaBn.lleT Ei- 5 M3B/HYKA; 

2. llpHpOCT 3HeprHH HOHOB aJOTa Ja C'leT YCKOpeHH.II B JneKT

pH'IeCKOM none CeKUHH COOTBeTCTByeT JljJ!jleKTHBHOH Hanpll)l(eHHOCTH 

non.11. 

B JaKnJO'IeHHe aBTOpbl Bblpa)l(aJOT 6naro,napHOCTb H.A .Heacxoii 

Ja 6onblliYJO noMOIUb B oTna.nxe nporpaMM ,nn.11 aHanHJaTopa Lp-4900. 
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