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0 B03MO>KHOCTH rrpHMeHeHHSI cneKTpOCKOITH'!eCKHX MeTonOB 

anSI HCCnenOB8HHSI HeKOTOpblX napaMeTpOB KOHHQ-3neKTpOHHbiX KOneu 

npennaraeTCSI Meron HccnenosaHHSI apeMeHHoro pa3BHTHSI creneHH HOHH3a

UHH 8TOMOB H onpenen&HHH 'IHCna HOHOB B KOHHo-3neKTpOHHOM KOnbUe anre3a

TOp8 yCKOpHTenSI TSI>KenbiX HOHOB. 6 OCHOBe 3KCnepHMeHTa ne>KHT 

Ha6n~neHHe cnaHrOB 3HeprHH peHrreHOBCKHX nyqeA, COOTBeT-

CTBy~UIHX onpeneneHHbiM CTeneHHM HOHH3aUHH aTOMa, npH HCITOnb30BaHHH 

peaynbT8TOB paC'!eTa no penSITHBHCTCKOA MynbTHKOH~HrypaUHOHHOA npo

rpaMMe THna nHpaKa-<l>oKa. PaccMaTpHB&eTCSI B03MO>KHOCTb npHMeHeHHSI 

nonynpoaonHHKOBOrO CITeKTpOMeTpa anSI H3MepeHHSI 3HepreTH'IeCKHX CnBHrOB 

peHTreHOBCKHX nyqeA. • 

Pa6ora BbmonHeHa a Ornene HOBbiX Meronoa ycKopeHHSI 0115!11. 

Coo6aleHMe 06l.e.IPIHeHHoro MHCTMTyTa •.nepHbiX ftCCJie,lloB8HHii 

,lly6Ha 1975 

S i e bert H . - U . e t a 1 . P9 - 9366 
Possibility of Using Spectroscopic Methods in 
Investigation of Some Beam Parameters of the 
Collective Heavy Ion Accelerator 

A method is proposed for investigation of the tempora 
development of the ionization state of ions in the collec
tive heavy ion accelerator electron ring and for determi
nation of their numbers. The experiment is ba~ed on the ob 
servation of X-ray energy· shifts as a functionof the ioniza 
tion state using the results calculated by a relativistic 
Dirac-Fock multiconfiguration programme. The possibility 
of using a semiconductor spectrometer for the energy
shift measurement is discussed. 

The investigation has been performed at the Depart
ment of New Acceleration Methods, JINR. 

Com•uaieatiou of the Joint lnttitute for Nuelear Reeeareh 
Dubna 1975 

' 
1. BeeoeHue 

O.n.uu H3 Ba)l(ueumux napaMeTpos ny'IKa T Jl)l(enbiX uouos-
3TO CTeneHb HX HOHH3aUHH. HucllopMaUHJI 0 CTeneHH HOHH3a
UHH ueo6xo.n.uMa .n.n11 onTHManbuoro ynpasneuuH, a TaK)I(e .n.nH 
BM6opa KOHCTPYKUHH KOnneKTHBHhlX yCKOpHTeneH . TJI)I(enwx 
HOHOB /YTH/. 

llpouecc HOHH3aUHH HenTpanbHbiX a TO MOB B 3neKTpOHHOM 
crycTKe YTH onpe.n.enJieTCJI a ocuosuoM speMeueM ux npe-
6biBaHHJI B cryCTKe, npH'IeM .IJ,06aBO'IHOH HOHH3aUHen BO 
speMJI ycKopeuuH uouuo- 3neKTpouuoro KOnbua cne.n.yeT npe
ue6pe'lb, TaK KaK BpeMJI YCKOpeHHJI 3Ha'IHTenbHO MeHbille, 
'leM BpeMJI cllopMHpOBaHHJI HOHHO- 3neKTpOHHOrO KOnbUa. 

TaKHM o6pa30M, CTOHT 3a.IJ,a'la nony'leHHJI KOnH'IeCTBeu
HhlX .IJ,aHHhlX 0 CTeneuu HOHH3aUHH aTOMOB B 3neKTpOHHOM 
KOnbUe B 3aBHCHMOCTH OT BpeMeHH HaKonneHHJI. flpH 3TOM 
)l(enaTenbuo opueuTuposaTbCJI ua TaKoe pemeuue npo6neMbi, 
KOTOpoe n03BOnHT nony'IHTb Hy)I(HYIO HHci>OpMaUHIO 6e3 BMe
maTenbCTBa B npouecc cllopMuposauuJI 3neKTpouuoro crycT
Ka. B .n.auuou pa6oTe npe.n.naraeTCJI uccne.n.osauue speMeu
uoro pa3BHTHJI CTeneHH HOHH3aUHH aTOMOB Ha OCHOBe 3K
cnepHMeHTanbHOrO ua6nro.IJ,eHHJI C.IJ,BHrOB peHTreHOBCKHX ny
'leH, COOTBeTCTBYIOIUHX onpe.n.eneHHbiM CTeneHJIM HOHH3aUHH 
aToMa, npu ucnonb3osauuu pe3ynbTaToB pac'leTa no penHTH
BHCTCKou MynbTHKOHci>HrypaUHOHHOH nporpaMMe THna )J,u
paKa-<l»oKa. 

lloMHMo 3Toro, 6onbmou HHTepec npe.n.cTaBnHeT onpe.n.e
neuue 'IHCna HOHOB B HOHH0-3neKTpOHHOM cryCTKe, HHcllop
MaUHIO 0 KOTOpOM MO)I(HO nony'IHTb H3 'IHCna peHTreHOBCKHX 
nepexo.n.os aTOMOB onpe.n.eneuuou cTeneuu HOHH3auuu. 
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2. (f>u3utlecKue ocHoe&r 3KcnepuMeHma OA.R onpeoeAeHu.R 
epeMeHH020 pa38U111UJI cmeneHU UOHU3QijUU UOH08 

IJpH CTOJIKHOBeHHH Me>K,ny 3JieKTpOHaMH H a TOMaMH o6-

pa3yiOTCJI BCJie,I(CTBHe HOHH3aJJ;HH y,napoM 3JieKTpOHOB HJIH 

3$$eKTa O>Ke ,nLIPKH B JneKTpOHHhiX o6onO'IKax. KpoMe Toro, 

B03MO>KHhl TaKHe HOHH3aJJ;HOHHhle 3tPlPeKThl BTOporo llOpJI.I(Ka, 

KaK .naoii:Ho:H JtPlPeKT O>Ke, JtPlPeKT "acTpJICKH" HJIH HOHHJaU.iiJI 

acne,ncTBHe KOCTep-KpOHHr-nepexo.noa, npu'leM nocne.nHue 

,I(Ba 3$$eKTa Ha6JIIO,naiOTCJI TOJihKO npH HH3KHX CTeneHJIX 

HOHH3aJJ;HH. 0THOWeHHe Ce'leHHH MHOrOKpaTHOH H O.I(HOKpaT

HOH HOHH3aJJ;HH COCTaBJIJleT "" 0, ylf. 3aUOJIHeHHe .I(hlpOK 3JieKT

poHaMH H3 6onee BhlCOKo pacnono>KeHHhlx o6ono'leK co

npoBo>K,naeTcJI peHTreHOBCKHM H3Jiy'leHHeM aTOMa, B KOTO

pOM llpOHCXO.I(HT paccMaTpHBaeMLIH nepexo,n, HJIH llpHBO.I(HT 

K ucnycKaHHIO JneKTpoHa acne,ncTBHe J$$eKTa O>Ke. 

3HeprHJI peHTreHOBCKOrO H3Jiy'leHHJI 3aBHCHT OT CTpyK

TypLI 3JieKTpOHHLIX 060JIO'IeK H H3MeHJleTCJI npH o6pa30BaHHH 

B HHX ,I(hlpOK. 3TOT $aKT o6yCJIOBJieH npHpO,nOH a TOMa, T aK 

KaK Ka>K.I(hiH 3JieKTPOH, ,na>Ke C O'leHh 60JihWHMH KBaHTOBhlMH 

'IHCJiaMH, BHOCHT CBOH BKJia,n B 3KpaHHpOBaHHe 3JieKTpOHOB 

o6ono'leK OT noTeHu;uana H,npa. Ka>K,noe o6pa3oBaHHe ,nLIPOK 

B 3JieKTpOHHOH KOH$Hrypau;HH CBJI3aHO C H3MeHeHHeM 3tPlPeK

THBHOrO llOTeHu;HaJia Jl,npa, B KOTOpOM HaXO,I(JITCJI 3JieKTpOHhl. 

lf3MeHeHHe llOTeHJJ;HaJia llpHBO.I(HT K C.I(BHry OTHOCHTeJILHhiX 

llOJIO>KeHHH 3JieKTpOHHhlX 060JIO'IeK H, TaKHM o6pa30M, K HJ

MeHeHHIO 3HeprHH peHTreHOBCKHX nepeXO.I(OB. 

B 9 JneKTPOHHO-HOHHOM cryc'I'Ke /'lucno aToMoB N·-
= 5.10 ' 'IHCJIO 3JieKTpOHOB N e ;:.5.10 13 ' Ce'leHHe KOJihha 

A = 0,12 CM 
2

, 6onLwoii: pa,nuyc KonLu;a R = 4 CM/ cpe,nHee 

BpeMJI Me>K,ny .I(BYMJI CTOJIKHOBeHHJIMH a TOMa C 3JieKTpOHaMH 

npu6nH3HTenLHO paaHo 10-6 c. BpeMJI, Heo6xo,nHMoe ,nnJI Ja

nonHeHHJI .nwpKH B K-o6ono'IKe nepexo.noM JneKTpoHOB H3 

BHeWHHX 060JIO'IeK H HCllYCKaHHJI peHTreHOBCKOrO H3Jiy'leHHJI, 

HMeeT llOpJI,I(OK 10 -l.5C, 'ITO npeHe6pe>KHMO Mallo. Il03TOMy 

MO*HO c,nenaTh BhlBO.I(, 'ITO BO BpeMJI HCnycKaHHJI peHTre

HOBCKOrO H3Jiy'leHHJI, COllPOBO>K.I(aiOID;ero 3aUOJIHeHHe ,nhlpKH 

B K-o60JI0'1Ke, HeT HOHH3aJJ;HH aTOMa BCne,nCTBHe 3JieKT

pOHHO-aTOMHhlX CTOJIKHOBeHHH. 

TaK KaK 3HeprHJI paccMoTpeHHoro peHTreHoBcKoro HJ

ny'leHHJI, HanpHMep, KX -nyqeii:, JaBHCHT oT KOH$urypau;uu 

4 

3JieKTP,OHHbiX COCTOJIHHH H TeM CaMhiM OT CTeneHH HOHH3aJJ;HH, 

3HepreTH'IeCKHe C,I(BHrH B peHTreHOBCKOM cneK:Tpe OTHOCH· 

Tem.Ho cneKTpa KX -nyqeii: aToMa TOJILKO c o.nuoii: .nwpKoii B 

K - o6oJIO'IKe H JanonHeHHhiMH BHeWHHMH o6onoqKaMH ,na10T 

B03MO*HOCTL HCCJie,noBaHHJI CTeneHH HOHH3aJJ;HH aTOMOB B 

3JieKTpOHHOM cryCTKe. 3aMeTHM, 'ITO 06.D.HPKY 3JieKTpOHOB Ha 

BHeWHHX 060JIO'IKaX H HOHH3aJJ;HIO BCJie,nCTBHe 34MIJeKTa 0>Ke 

HeJIL3Jl perHcTpupoaaTL B oT,nenLHOCTH. O,nHaKo o6ono'IKH 

aToMa HMeiOT "3allOMHHaiOIJJ;He CBOHCTBa", H cneKTpOCKOllHJI 

KX-nyqeii: no3BOJIJleT H3o6pa>KaTL ace H3MeHeHHJI B aTOMHhiX 

060JIO'IKaX B BH,ne C.I(BHra 3HeprHH peHTreHOBCKOrO H3J1yqe

HHJI. 

3. MemooutlecKoe o6ecne'leHue 3KcnepuMeHma 

3.1. Bhl'IHcneHHe 3HepruuX-nyqeii: 

B 3aBHCHMOCTH OT CTeneHH 

HOHH3aJJ;HH 

B OCHOBe 3KCnepHMeHTa ne>KHT Ha6JIIO,neHHe C.I(BHrOB 

3HeprHii: peHTreHOBCKHX nyqeii: llpH HCllOJih30BaHHH pac'leT

HhlX ,naHHhlX. 113MeHeHHJI op6HTaJihHhlX 3HeprHii a TOMa B 3a

BHCHMOCTH OT KOH$HrypaU.HH 3JieKTpOHHhiX COCTOJIHHH llO a6-

COJIIOTHhiM 3Ha'leHHJIM H OTHOCHTeJihHO ,npyr ,npyra Bhl'IHCJIJI· 

IOTCJI c noMOIJJ;hiO penJITHBHCTCKoii: MYJILTHKOH$Hrypau;HoHHoii 

nporpaMMhl THna )J,upaKa-<l>oKa B 8apuaHTe, npe.nnaraeMoM 

X.Il.)J,ecno/2/. 3Ta nporpaMMa pewaeT qucneHHhiM o6pa30M 

c MYJILTHKOH$Hrypau;HOHHOH annpoKCHMau;ueii: penJITHBHCT

cKoe ypaBHeHHe )J,HpaKa-<l>oKa .I(JIJI Heii:TpaJILHhlX aTOMOB HJIB 

HOHOB B OCHOBHOM COCTOJIHHH. 3Ha'leHHJI C,I(BHrOB 3HeprHii: 

peHTreHOBCKHX nyqeii: nony'laiOTCJI npH cpaBHeHHH peHTre

HOBCKHX 3HeprHH BORa C onpe,neneHHOH KOH«lJHrypau;HeH 3JieKT

pOHHhlX COCTOJIHHH C peHTreHOBCKBMH 3HeprHJIMH aTOMa 

c o,nHoii .nwpKoii: B K- o6oJIO'IKe H JanoJIHeHHhiMH BHeWHHMH 

o60JIO'IKaMH. 

Ha puc. 1 npuae,neHw B Ka'leCTBe npe.naapuTem.Hoii: 

OU.eHKB 3Ha'leHHJI 3HepreTH'IeCKHX C.I(BHrOB peHTreHOBCKHX 

nyqeii: ,I(JIJI pa3HhlX CTeneHeii: HOHH3aJJ;HH B cnyqae KCeHOHa. 

3HepreTH'IeCKHe C.I(BHrH 6LIJIB llOJiy'leHbl npH llOMOID;H MeHee 

cno>KHOii nporpaMMhl .nn11 onpe.neneHHJI 3HeprHH o6o.Jio'leK 
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CTEnEHb lo10HI.13Al.J.IIIIil 

Puc. 1. 3Ha'leHUJI 3Hepzemu<~ecKux coeuzoe peHmzeHoecKux 
Ay'leii OAJI pa3HbiX cmeneHeii UOHU30f.IUU 6 CAy'IQe KCeHOHa, 
noAy'leHHt.re npu noMOIIIU npozpaMMt.r XepMaHa u CKu..w
..waHa • Ha eepxHeii a6cf.lucce omAoxeHt.r HaKonu•eAt.Ht.re 
epeMeHa coo•ee•cmeyiOIIIUX c•eneHeii uoHu3auuu, noAy'leH
Hwe C nOMOI/IbiO npozpaMMbl 'NEWlON "/5/. 

6 

JJieKTPO.HOB no MeTo.n;y XapTpa-~oxa-CneTepa B sapaaaTe, 
npe.n;naraeMoM XepMaHoM a CxannMaHoM/3/, IIpHHHMaeTCJI, 
'ITO HOB CO CTeneBbiO HOHHJaD;HH I o6pa3yeTCJI 83 BORa CO 
CTeneHbiO HOHH3aD;HH I -1 BCJie,IJ;CTBHe 06,IJ;HpKH BHeumero 
3JieKTpOHa, T .e. 3JieKTpOHa C HaH60JibWHMH 3Ha'leHHJIMH 
KBaHTOBbiX 'IHCeJI. 3aMeTHM, 'ITO npHMeHeHBe nporpaMMW Ha 

OCHOBe annpOKCHMaD;HH nOTeHD;HaJia 06MeHa no MeTO,IJ;y 
CneTepa ae noJsonJieT paJ.n;eneaae CJIO)I(JibiX L-, S -co
CTOJIHHii. KpoMe Toro, TO'IHOCTb onpe.n;eneHHJI op6HTaJibHbiX 
3HeprHii aTOMa pa3JIH'IHbiX 3JieKTpOHHbiX KOHI!IHrypau;d yxy.n;
maeTCJI c ysenaqeaaeM aTOMHoro aoMepa Z. 

3.2. Ou;eaxa O)I(H,IJ;aeMoro 'IRena co6wTHii 

B6nHJH a.n;re3aTopa YTH B03MO)I(HO B03HHKHoseaae 
3JieKTpOMarHHTHOrO H3Jiy'leHH.II CJie,IJ;YJOlllHX BH,II;OB: 

1/ peuTreaoscKoe Hlnyqeaae, o6ycnosneaaoe HOHH3a
u;aeii aTOMOB 3JieKTpoHaMH; 

2/ TOpM03HOe B3Jiy'leHBe, B03HBKaiOlllee 
a/ npa nona.n;auaa JJieKTpouos ua cTeuxy a.n;re3aTo

pa BO BpeM.II BH)I(eKD;BB; 
6/ 80 speM.II HaKonaTenbaoro npou;ecca ua uouax, 

uaxo.n;JilllHXC.II 8 a.n;re3aTope; 
B/ npB TOpMO)I(eHBH 3JieKTpOH08 8 8ellleCTBe DO 

8peM.II c6poca JJieKTpouuoro konLu;a. 
BpeM.II accne.n;o8aHH.II npou;ecca HOHH3au;ua aToMo8 orpa

HB'IB8aeTC.II HaKODHTeJibHbiM 8peMeBeM /BeCKOJibkO COTeH 
MBKpocexyu.n; 8 o.n;HoM u;sxne yckopeHB.II/. B 3To 8peM.II 
Ha6JIIO,IJ;aiOTCJI peHTreB08CKOe B TOpM03HOe B3Jiy'leHBJI 3JieKT· 
poao8 ua souax. TopMoluoe Blnyqeuse 3JieKTpoBo8 ua 
cTeuax a.n;reJaTopa YTH ,IJ;OJI)I(BO 6wTb uano npll cTa6sm
HOM xonLu;e 8 Te'leHBe aaxonBTem.soro speueHll. B cnyqae 
xceuoua 'lllcno KX-nyqel, 8 Te'leHBe uaxonliTemsoro spe
ueus COCTaBJIJIIOUlee 200 MKC Ha O,IJ;BB D;BKJI ycxopeHBJI, 
ou;eBBBaeTC.II CJie,IJ;}'I<)lllHM o6pa30M: 

OK 8 
NKX-= -- • Ni • wK • c 1 ,.5,6·10 , 

0 tot 
rJle OTHOWeBBe Ce'leHBJI BOHB3aD;BH K -o60JIO'IKH B 
noJIHoro ce'leHH.II BOHB3au;BB JlJI.I 
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l "'L 25 /l/ 
'IHCllO HOHOB 

BldXO,IJ; 4lnyopec~eH~HH 
BellH'IHHa CTeneHeH HOHH3a~HH, 

Ha6mo.u;aeMa.H B Te'leHHe 

- a /a - 5 • lO K tot - 9 
- Ni "' 5. 10 
- WK :: 0,9 

HaKODHTellLHOro BpeMeHH - c - 25 

-3 

B 
~ I 

3TOH o~eHKe co.u;ep)I(HTC.H npe.u;nono)l(eHHe, 'ITO npo~ecc 

HOHH3a~HH H,IJ;eT llOClle,IJ;OBaTellLHO: HOH C HOHH3a~HeH I -1 
nepeXO,IJ;HT B HOH CO CTeneHLIO HOHH3a~HH I, MHOrOKpaTHOH 

HOHH3a~uei npeHe6pernH. IlpH yqeTe OTHoweHH.H q_, j aK ::23 
B cnyqae KceuoHa/4/ qucno cooTBeTCTBYIOI.QHx LX -nyqei 

paBHO NLx.:::1,2.10 9
• llucno KBaHTOB TOPM03Horo H3nyqeHH.H 

3lleKTpOHOB Ha HOHaX onpe.u;en.HeTC.H Bldpa)l(eHHeM 

N B = a B • Ni • ~e • u "' l, 5. lOB ' 

r.u;e 

ceqeuue TOPM03Horo H3nyqeHH.H 

npH Ee = 30 M3B 
'IHCllO 3lleKTpOHOB 

ceqeuue KOllL~a 

'IHCllO 060pOTOB 3lleKTpOHOB 

3a BpeM.H HaKODHTellLHOrO 

BpeMeHH 200 MKC 

-23 2 
- a8 :: 3,0.10 CM 

- Ne::5.10 13 

- A= 0,12 CM 
2 

- u 2,4.10 5 

3.3. H3MepeHHe 3HepreTH'IeCKoro c.u;Bura 

H3 

p e H T r e H 0 B C K 0 r 0 H 3 ll.Y q e H H .H C n 0 M 0 LQ h 10 

nonynpOBO,IJ;HHKOBOrO ,IJ;eTeKTOpa 

- OTHOCHTellLHO Manoro 3Ha'leHH.H 3HepreTH'IeCKOrO C,IJ;BHra 

peHTreHOBCKHX nyqej ,IJ;ll.H nepexo.u;a OT CTeneHH HOHH3a

~HH I K 1+1/cM. puc. 1/; 
- ycnoBHH H3nyqeHHJI B6nH3H a.u;re3aTopa YTH H qucna 

perHcTpupyeMldx HMnynLcoB; 

- BpeMeHHOrO pe)I(HMa H3MepeHH.H 

BldTeKaeT p.H,IJ; Tpe6oBaHHH K HCDOllL3yeMOMY cneKTpOMeTpy. 

~n.H nonyqeHH.H Haunyqwero 3HepreTH'IecKoro pa3peweHH.H 

DpH BldCOKOH 3414ieKTHBHOCTH perHCTpa~HH npe.u;naraeTC.H 

npHMeueuue cBepx'IHCToro Ge -.u;eTeKTopa/o6'heMoM d cM 3/ 

8 

1 
\ 

'} 

t 

C npeJJ,yCHllHTeneM C HMDYllLCHOH OllTH'IeCKOH o6paTHOH 

CBJI3LIO. TaKoi cneKTpoMeTp HMeeT 3HepreTH'IecKoe pa3-

peweHHe 11E npHMepHo 180 3B Ha nHHHH 5,9 K3B. BpeM.H 

H3MepeHH.H paBHO HaKODHTellLHOMY BpeMeHH, Ha'IHHaeTC.H 

C MOMeHTa 3anycKa aTOMOB B 3lleKTpOHHldH cryCTOK H 3a

KaH'IHBaeTC.H MOMeHTOM BldBO,IJ;a HOHHO- 3lleKTpOHHOrO KOHL

~a H3 a.u;re3aTopa YTH. Ilepe.u; HaKonHTenLHldM BpeMeHeM 

H nocne Hero no.HBll.HIOTC.H B6nH3H a.u;re 3a Topa MOI.QHlde 

BCllldWKH 3lleKTpOMarHHTHOrO H3lly'leHH.H BClle,IJ;CTBHe Top

M03HOro H3lly'leHH.H 3lleKTpOHOB Ha CTeHKaX a.u;re3aTopa npH 

HH)I(eK~HH 3lleKTpOHHOrO nyqKa H BClle,IJ;CTBHe TOpM03HOrO 

H3lly'leHH.H 3lleKTpOHOB npH C6poce 3lleKTpOHHOrO KOnL~a. 

IIo.u;aBneHHe HMnynLca BCDldWKH 3neKTpoMarHHTHoro H3ny

qeHH.H H HCKJOO'IeHHe neperpy3KH npe.u;yCHllHTen.H cneKTpo

MeTpa Tpe6yeT Ha,IJ;e)I(HOrO 3KpaHHpOBaHH.H ,IJ;eTeKTOpa OT Top

M03HOrO H3lly'leHHJI H CTpororo KOllllHMHpOBaHH.H TelleCHOrO 

yrna .u;eTeKTopa. 

PacCTO.HHHe Me)I(AY ,IJ;eTeKTOpOM H HOHHO- 3lleKTpOHHldM 

KOllh~OM, CDOC06 KOllllHMHpOBaHH.H, 3414ieKTHBHOCTL ,IJ;eTeKTO

pa H Ko34141H~HeHT nornoi.QeHH.H MaTepuanoM OKHa Ha 41naH~e 
a.u;re3aTopa onpe.u;en.HIOT 'IHCllO C06ldTHH, KOTOplde perHCT

pHpyeT ,IJ;eTeKTOp B Te'leHHe H3MepHTellLHOrO BpeMeHH. 

MO)I(HO Bb16paTL TaKYIO reo:MeTpHIO, npH KOTOpOH ,IJ;eTeKTOp 

"yBHAHT" C>KaToe KOllh~O HllH qacTL ero H KOTOpaJI ll03BO

llJieT H3MepeHHe C pa3yMHO~ C TO'IKH 3peHH.H MepTBOrO 

BpeMeHH aMDllHTYAHO-~H4ipOBOrO npeo6pa30BaTellJI H Ha

llO>KeHH.H HMnynLcoB,Harpy3KOH /"' 3.104 uMn/c/. HMnynLCLI 

LX -nyqei, ucnonL30BaHHe KOTOpldx B cneKTpocKonHH H3- 3a 

HH3KOH 3HeprHH 3aTpy,IJ;HHTenLHO, MO)I(HO C DOMOI.QLIO no

rnOTHTell.H a6cop6HpOBaTL All.H yBellH'IeHH.H OTHOCHTellLHOrO 

BKna.u;a HMnynLCOB KX-nyqei B cyMMapHYIQ Harpy3Ky. 

KaK BHAHO H3 puc. 2, Ha KOTOpOM npe,IJ;CTaBneHld pe-

3YllLTaTld pacqeya BpeMeHHOrO pa3BHTH.H CTeneHH HOHH3a

~HH HOHOB KCeHoHa B a.u;re3aTope YTH c napaMeTpaMH, 

nepequcneHHLIMH B rnaBe 2, no nporpaMMe 'NEWlON" / 5/ *, 
CTeneHL HOHH3a~HH MeH.HeTC.H BO BpeMeHH C pa3llH'IHOH CKO

pOCTLIO. ~ll.H nonyqeHH.H HH4iOpMa~HH 0 cpe,IJ;HeH CTeneHH 

HOHH3a~HH B pa3Hlde MOMeHTld BpeMeHH Tpe6yeTC.H H3Me-

* HcnonL3YIQTC.H 3Ha'leHH.H nonuoro ceqeHH.H HOHH3a~HH 
H3 pa60TLI /6/. 
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-
peuue · KX -nyqeii no apeMeHHbiM oi<HaM, npuqeM .u.nBHa 
BpeMeHHOrO OI<Ha .ZJ.OJDKHa 6b1TL MeHLWe BpeMeHH H3MeHeHH~ 

cpe.u.ueii cTeneuu HOHH3auuu, qTo6bl .u.ns npouecca, 3aBucs
IUero OT apeMeuu, nonyqanacb "Mruoseuuas I<apTuua". 
,D;nuua apeMeuuoro .u.uana3oua .D.OJDKHa 6biTL nepeMeuuoii, 
Tai< I<ai< u3yqeuue apeMeuuoro pa3BHTHB HH3I<HX cTeneueii 
HOHH3auuu (I < 25) B cnyqae I<ceuoua Tpe6yeT H3Mepeuuii so 
speMeHHbiX o~uax wupuuoii 10 MKC, Tor.u.a I<ai< .u.ns H3yqeuus 
CTeneueii HOHH3aUHH (I£ 25) .ZJ.OCTaToqua WHpHHa 100 MKC. 

Ha ocuose Tpe6osauuii, nepequcneuublx BbiWe, npe.u.na
raeTcs H3MepuTenLHblii I<OMnnei<c, npuuuunuan~.uas cxeMa 
I<OToporo .u.aua ua puc. 3. B cnei<TpoMeTpuqeci<oii BeTBH 
cxeMbl o6pa3yeTcs 3HepreTuqeci<uii curuan, B, To )Ke speMs 
uuciJpoBOH cqeTqHI< Bbi.ZJ.aeT COOTBeTCTBYJOIUHH BpeMeHHOH 
CHrHan, I<OTOpbiH n03BOllHT npunucaTL BpeMeHHYJO OTMeTI<y 
I< I<a)I{.ZJ.OMY 3aperucTpuposauuoMy HMnyn~.cy. Enoi<ynpasne
HHJI COrnacyeT O.ZJ.HOBpeMeHHYIO 3anHCL 3HepreTHqeCI<OH 
H speMeuuoii uuciJopMaUHH B 6y4Jepbl E H T, Bblnonueuuble 
B cTau.u.apTe KAMAK. llocne c6poca I<on~.ua .u.o uaqana 
uoaoro UHI<na uuciJopMaUHJI 6y4JepoB E u T cquTbiBaeTCJI 
B naMBTL 3BM M -6000. 3ToT cnoco6 .u.aeT B03MO)KHOCTL 
paccopTupoaaTL 3HepreTuqeci<yro uuciJopMaUHJO no speMeu
HbiM OI<HaM pa3JIHquoii WHpHHbl. 

Cne.u.yeT OTMeTHTL, qTo BClle.ZJ.CTBHe B3aHMO.ZJ.eHCTBHJI 
ciJoTOHOB C S.ZJ.paMH Cy[UeCTByeT eiUe O.ZJ.Ha I<OMnOHeHTa 4Joua-
3TO ciJOTOHeiiTpOHbl. 06pa30BaHHe ciJoTOHeiiTpOHOB BO Bpe~B 
c6pacblsauuJI :1ne1<Tpouuoro I<OnLua Tpe6yeT ua.u.e)Kuoii 3a
IUHTbl .ZJ.eTei<TOpa C nOMOIULIO napaciJuua, Tal< I<ai< 6biCTpble 
ueiiTpOHbl npHBO.D.JIT K ero pa3pymeuHJO. /llpe.u.en~.uhlii uu
TerpanLHblii TOI< 6biCTpb1X HeiiTpOHOB Ha .ZJ.eTei<TOp paBeH 
3.109 /7/ I. HeiiTpoubl, o6pa3yroiUHecs B uouuo- 3nei<Tpou
uoM cryCTI<e, He .ZJ.OJDKHbl OI<a3biBaTL Cy[UeCTBeHHOrO BllHBHHB 
ua .u.eTei<Top B Teqeuue ueci<onLI<HX neT. 

3.4. 06pa6oTI<a cnei<TpoB u oueui<a 
TOqHOCTH HHciJOpMaUHH 

llpe.u.naraeMaJI H3MepuTenLuas cucTeMa perucTpupyeT 
y -I<BaHTbl COBMeCTHO C BpeMeHHbiMH OTMeTI<aMH, qTo no-
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3BOJIH~T paeeopTHpOBaTb Bee eofiWTHH no BpeMeHHWM OK

HaM. KaK ene.I(yeT H3 puc. 2, nHKH peHTreHoBeKoro H3nyqe

HHH fiy.I(yT eJIO)I(HWMH, TaK KaK B Ka)I(,I(OM BpeMeHHOM OKHe 

HMeeTeH eMeeb nHKOB, eOOTBeTeTBYIOI.QHX pa3HWM eTeneHHM 

HOHH3ai.J,HH. PeKoMeH.I(yeTeH paeeMaTpHBaTb 3HepreTuqeeKHe 

e.I(BHrH nuKa K/3 -nyqeii, TaK KaK e.I(BHrH .I(JIH K/3-nyqeii 

6onee HBHLI, qeM
1 

.I(JIH Ka -nyqeii /puc. 1/, npu .I(OeTaToqHoii 

ux HHTeHeHBHOeTH. Bee 3HepreTuqeeKue e.I(BHrH nHKOB K 13
1 

-

nyqeii ene.I(yeT OTHeeTH K 3HeprHH nHKa Kf3
1 

-nyqeii aToMa, 

HMeroll.J,ero O.I(Hy .I(LIPKY B K -o6onoqKe npu 3anonHeHHhiX 

BHeiiiHHX 3JieKTpOHHbiX eoeTOHHHHX. TaKOe H3JiyqeHHe Ha6JIJO

,I(aeTeH, HanpHMep, npH pa.I(HOaKTHBHOM paena,I(e H30TOnOB 

BeJie.I(eTBHe 3JieKTpOHHOrO 3aXBaTa. C nOMOI.QbiO paeqeTOB 

3HeprHH KX - nyqeii npH pa3HhiX eTeneHHX HOHH3ai.J,HH no 

peJIHTHBHeT<?KOH MYJibTHKOHiilHrypai.J,HOHHOH nporpaMMe THna 

)l,HpaKa-<l>oKa MO)I(HO 3apaHee TOqHO eKa3aTb, B KaKOM 

KaHane eneKTpa noHBJIHeTeH nHK K 13 1 -nyqeii onpe.I(eneHHoii 

eTeneHH HOHH3al.J,HH. 3TO 3HaqHT, qTo npH 3a.I(aBaeMbiX no

JIO)I(eHHHX Beex B03M0)1(HbiX KOMnOHeHT eyMMapHoro nHKa 

H npH yenOBHH O.I(HHaKOBOH nonyiiiHpHHW .I(JIH Beex KOMnOHeHT 

llHKa MO)I(HO e nOMOI.QbiO no,I(rOHOqHbiX npoll,e.I(yp pa3,I(eJIHTb 

Bee OT.I(eJibHbie llHKH, H3 KOTOpbiX eoeTOHT eyMMapHbiH nHK 

O.I(Horo onpe.I(eneHHoro BpeMeHHoro OKHa. PeiiieHHe TaKoii 

3a,I(aqH Tpe6yeT 3HaHHH nonyiiiHpHHW O.I(HHOqHoro nHKa B 

paeeMaTpHBaeMOH o6naeTH 3HeprHH. 11enOJib30BaHHe 3Haqe

HHH nonyiiiHpHHhi nHKOB KX -nyqeii eTaH.I(apTHoro HeToqHuKa, 

paena,I(aJOII.J,eroeH K- 3axBaToM, oKa3hiBaeTeH He)l(eJiaTenL

HhiM, TaK KaK 3,I(eeb He llpHHHMaeTeH B paeqeT 

BJIHHHHe 3$$eKTa ,I(OnnepOBeKOrO e,I(BHra y-nyqeji Ha 3Ha

qeHHe eeTeeTBeHHOH nonyiiiHpHHW nHKOB. 11.3 puc. 1 ene,I(y

eT, qTo B TeqeHHe nepBbiX 10 M 1<C eyMMapHbiH nHK Bene.!(

eTBHe oqeHb MaJibiX 3HepreTHqeeKHX e.I(BHrOB j;; 1 :JB/ 
MO)I(HO eqHTaTb O.I(HHOqHbiM. llpH aHaJIH3e ero HaXO.I(HM Hy)I(

HOe .I(JIH o6pa60TKH eneKTpOB 3HaqeHHe nonyiiiHpHHW, nony

qeHHOe e yqeTOM BJIHHHHH .I(OnnepoBeKoro e,I(BHra y- nyqeii 

Ha eeTeeTBeHHYJO nonyiiiHpHHy, BenuquHa KOToporo ;5; 10%. 
Cne.I(yeT OTMeTHTh, qTo eTeneHH HOHH3ai.J,HH .I(O I~ 10 B 

enyqae KeeHOHa, no- BH.I(HMOMy, He MOryT fiWTb HeeJie,I(o

BaHbl B HX BpeMeHHOM pa3BHTHH, TaK KaK 3HepreTHqeeKHe 

e.I(BHrH Me)I(.I(y HHMH MeHbiiie 3 :JB. Tor,I(a npH o6pa60TKe 

eneKTpOB BMeeTO OT.I(eJibHWX 3HepreTHqeeKHX nOJIO)I(eHHH 

13 



nHKOB, COOTBeTCTB}'IOIUHX CTeneHH HOHH3ai.{HH I < 10, CJie

,IJ;yeT Ja,IJ;aBaTL HX ycpe,D;HeHHOe 3HaqeHH~. 

Wcxo,IJ;Jl H3 paJpewawmeB: crroco6HOCTH crreKTPOMeTpa 

H TOrO, qTo TOqHOCTL orrpe,D;eJieHHJI nOJIO:>KeHHJI IIHKOB C ITO

MOIULIO no,IJ;rOHOqHLIX rrpol.{e,IJ;yp COCTaBJIJleT npHMepHO O,IJ;Hy 

COTYIO noJiylliHpHHLI nHKOB, MO:>KHO Ol.{eHHTL TOqHOCTL OIIpe

,IJ;eJieHHJI Cpe,D;HeH CTeneHH HOHH3ai.{HH B pa3Hhle BpeMeHa. 

llpH 3TOM CJie,IJ;yeT yqeCTL, qTO TOqHOCTL OIIpe,IJ;eJieHHJI 

cpe,D;HeH CTeneHH HOHH3ai.{HH 3HaqHTeJILHO JaBHCHT OT lliHpH

Hbl Bhl6paHHOrO BpeMeHHOrO OKHa H BCe BLIBO,!J;hl 0 cpe,D;HeH 

CTeneHH HOHH3ai.{HH HOCJIT BpeMeHH}'lO Heonpe,D;eJieHHOCTL, 

KOTOpaH paBHa lliHpHHe BpeMeHHOrO OKHa. llpe,D;JiaraeMaJI HJ

MepHTeJILHaJI CHCTeMa II03BOJIJleT paCCOpTHpOBKY Jape

rHCTpHpOBaHHLIX C06hlTHH no BpeMeHHhlM OKHaM pa3JIHqHOH 

lliHPHHbi, HO, no- BH,IJ;HMOMY, He MeHbllle 10 MKC, TaK qTo 

TOqHOCTb onpe,D;eJieHHJl cpe,D;HeH CTeneHH HOHH3ai.{HH MO:>KeT 

6biTL nonyqeHa B JaBHCHMOCTH OT Tpe6oBaHHH. )J.JIJI HCCJie

,IJ;OBaHHJI pa3BHTHJI HH3KHX CTeneHeH HOHH3ai.{HH (I~ 25) B CJiy

qae KCeHOHa C lliHpHHOH BpeMeHHOrO OKHa 10 MKC O:>KH,IJ;a

eTCJI TOqHOCTb onpe,D;eJieHHJI cpe,D;HeH CTeneHH HOHH3ai.{HH 

i\I ~3. WcnOJIL3Y.Il lliHpHHY BpeMeHHOro OKHa 100 MKC ,IJ;JIJI 

HCCJie,IJ;OBaHHJI CTeneHeH HOHH3ai.{HH I ;; 25 B CJiyqae KCeHOHa, 

TOqHOCTB onpe,D;eJieHHJI cpe,D;HeH CTeneHH HOHH3ai.{HH noJiyqa

eM paBHOH 11 I 'S 2. EcTeCTBeHHO, ToqHoCTb ynyqwaeTC.Il npH 

HC~OJib30BaHHH lliHpHHhl BpeMeHHOrO OKHa 10 MKC. 3aMeTHM, 

qTO TOqHOCTL onpe,IJ;eJieHHJI cpe,IJ;HeH CTeneHH HOHH3ai.{HH ,!J;JIJI 

ypaHa no cpaBHeHHIO C KCeHOHOM yxy,IJ;waeTCJI npHMepHO B 

,IJ;Ba pa3a HJ- Ja 6onee BhlCOKOH 3HeprHH peHTreHOBCKHX 

nyqeH H MeHblliHX 3HepreTHqecKHX C,!J;BHrOB peHTreHOBCKHX 

JiyqeH Me:>K,IJ;y ,IJ;BYMJI CTeneHJIMH HOHH3ai.{HH. 

B cnyqae qacTOTLI ycKopeHHJl 5 rij ,IJ;JIJI Y,IJ;OBJieTBOpH

TeJILHOH CTaTHCTHKH npH HCCJie,IJ;OBaHHJIX C BpeMeHHhlMH OK

HaMH lliHpHHOH 100 MKC Tpe6yiOTCJI H3MepHTeJILHhle BpeMeHa 

nop.ll,D;Ka HeCKOJILKHX qacOB, a B CJiyqae HCCJie,IJ;OBaHHH C 

BpeMeHHLIMH OKHaMH lliHpHHOH 10 MKC - nop.ll,D;Ka CYTOK. 

3.5. Onpe,D;eJieHHe qHcJia HOHOB B HOHH0-

3JieKTpOHHOM cryCTKe 

llpH BhlllleH3JIO:>KeHHOH o6pa6oTKe nonyqaeTCJI qHCJIO 

peHTreHOBCKHX C06hlTHH IIO,!J; nHKaMH, COOTBeTCTB}'lOII.{HX OT

,IJ;eJILHhlM CTeneHJIM HOHH3ai.{HH B pa3HhlX BpeMeHHhlX OKHaX. 
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CyMMa peHTreHoBCKHX co6MTHH, HarrpHMep Kf3 -nyqeB: orr-
• u 1 

pe,IJ;eJieHHOH CTeiieHH HOHH3ai.{HH, B HaKOIIHTeJILHOe BpeMJI 

npOIIOpi.{HOHaJibHa qHcJiy HOHOB, KOTOphle npOlliJIH ,IJ;aHH}'lO 

CTeneHL HOHH3ai.{HH. ECJIH Bhl6paTL TaKyro CTeneHL HOHHJa

I.{HH, npH KOTOpOH DO BpeMeHHhlX OKHaX B KOHI.{e HaKOIIHTeJIL

HOrO BpeMeHH He Ha6JIID,IJ;aiOTCJI peHTreHOBCKHe C06hlTHJI, 

T.e. CTeneHL HOHH3ai.{HH, KOTOpaH IIOCJie HCTeqeHHJI HaKo

nHTeJibHOrO BpeMeHH y:>Ke npOWJia, MO:>KHO, HCIIOJIL3y.ll JK

cnepHMeHTaJibHhle JHaqeHH.Il NKf3
1 

,I qHcna K {3
1 

co6MTHH HO

HOB CO CTeiieHbiO HOHH3ai.{HH I, onpe,IJ;eJIHTL qHCJIO HOHOB 

B KOJILI.{e: 

(a +a ) a NK 
N = 

tot,I-1 tot, 1-2 tot, 1-l ·--(1~ . 
(aK I-I + aK 1-2 ) (a - 0 t wK. n ·f.~ ' , tot, 1-l tot, I-

3,IJ;ecb 

a 
tot, 1-1 

a 
tot, 1-2 

a 
K,J-1 

aK,l-2 

uJK 

n 
f 

I; 

- rronuoe ceqeHHe nepexo,IJ;a aToMa H3 cTeneHH 

HOHHJa:UHH I -1 B CTerreHb HOHHJa:UHH I, 
- nonuoe ceqenHe nepexo,IJ;a aToMa HJ cTeneHH 

HOHHJa:UHH I- 2 B CTerreHL HOHHJai.{HH I 
BCJie,IJ;CTBHe ,!J;BYXKpaTHOH HOHH3ai.{HH, 

- ceqeHHe HOHHJa:UHH K-o6onoqKHaToMaHJ cTe

neHH HOHHJa:UHH I-1 B cTeneHbHOHHJa:UHH I , 
- ceqeHHe HOHHJai.{HH K-o6onoqKH aToMa HJ cTe

neHH HOHH3ai.{HH I -2 B CTeiieHL HOHH3ai.{HH 

BCJie,IJ;CTBHe ,IJ;BYXKpaTHOH HOHH3ai.{HH, 

- Bhixo,IJ; $nyopecuenuHH, 

- TenecHMH yron ,IJ;eTeKTopa, 

- a6COJIIOTHaJI J<l><l>eKTHBHOCTL ,IJ;eTeKTOpa, 

- OTHOllleHHe N K I N K 
1 

• 

PI·' , 
CeqeHHJI HOHHJai.{HH K -o6onoqKH H rronHMe ceqeHH.Il HOHHJa-

UHH B CJiyqae O,IJ;HOKpaTHOH 0-l-> I) H ,IJ;BYXKpaTHOH(I-2..., I) 

HOHH3ai.{HH MO:>KHO paccqHTaTL ITO $opMyJiaM, IlpHBe,IJ;eHHhlM 

B pa6oTe/l/. KaK noKa3aHo u/J/, BKJia,IJ; MHOrOKpaTHOH HOHH

Jai.{HH /KpaTHOCTL 60JILllle ,IJ;ByX/ B ceqeHHe HOHH3ai.{HH CO

CTaBJIJleT IlpH CTeneH.IIX HOHH3ai.{HH I;::; 10 MeHLllle 1 U/o H HM 

MO:>KHO npeHe6peqL. 
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4. 3aKA10'1€HU€ 

TaKHM o6pa30M, npe.nnaraeMhlH 3KcnepuMeHT co.nep)I(HT 

HHTepeCHOe npHMeHeHHe CITeKTpOCKOITHqecKHX MeTO)J.OB,nng 

uccne.noaaHHH HeKoTophlx napaMeTpoa nyqKa YTH. 3ToT 

3KcnepuMeHT no3BOnHeT 6e3 BMeruaTenLCTBa B npouecc 

~OpMHpOBaHHH HOHH0-3neKTpOHHOrO KOllbUa npocne,nHTb 3a 

pa3BHTHeM CTeiTeHH HOHH3aUHH HOHOB. ToqHOCTb cpe,nHeii 

CTeiTeHH HOHH3aUHH onpe,nenHeTCH B OCHOBHOM BenuqHHOH 

3HepreTH'leCKHX C)J.BHrOB peHTreHOBCKHX llHHHH H Bbi6paHHOH 

lliHpHHOH BpeMeHHOro OKHa. 

Coopy)l(eHHe onucaHHoii ycTaHOBKH ,nnH .n.uarHOCTHKH 

ny'IKa YTH oTKPLIBaeT o.nuoapeMeHHO noTeHuuanLuyro Bo3-

MO)I(HOCTb npoae,neHHH 3KCITepHMeHTOB )J.llH HCClle)J.OBaHHH 

CBOHCTB HOHOB O'leHb fiOllblliOrO 3apH)J.a - 3KCITepHMeHTOB, 

KOTOpble B HaCTOHIUee BpeMH, ITO HallieMy MHeHHIO, MOryT 

fiLITb npoae,neHbl Ha HOHHO- 3lleKTpOHHOM KOllbUe KOnneKTHB

HbiX YCKOpHTene:ii. 

ABTOpbt C'IHTaiOT CBOHM ITpHHTHhlM ,nonrOM no6naro,na

pHTb B.ll.CapaHueaa, B.A.Caupu.noaa H 10. T. Kuproruuua 3a 

none3Hble )J.HCKYCCHH H no,n,nep)I(Ky HaCTOHIUeH pafiOTbl, a 

TaK)I(e Bhlpa)l(aiOT npH3Ha TenLHOCTL 3a npe.nocTaaneHHLie 

nporpaMMhl B.A.llpeii3eH.nop~y, Y.IIIMH)J.T, B.,[l,.<l»poMMy. 
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PyKonuc& nocmynuAa e U30ameA&cKuu omOeA 
23 OeKa6p.R 1975 zooa. 

Y CJIOBHg 06MeHa 

flpenpHHTLI a coo6meHBll OHJIH paccwmuoTcll6ecnnaTHo, Ha ocHoae. 

B3aHMHOro o6Meaa, )"HBBepCBTeTeM, BHCTBTyTaM, JJ&6opaTOpBliM, 

6H6JJHOTeKaM, Hay'IHLIM rpynnaM H OT,IleJJbHLIM y'leHWM 6onee 50 CTJ)&B. 

, Mw OlKB.IlaeM, 'ITo nony'laTeJJH H3.1l&Hai OHJIH 6Y.IlYT caya npo•a
JJliTb HHHUBaTHBY B 6ecnJJa THOH DOCbiJJKe ny6JJHKaURB B Jly6ay. B DOpll,llKe 

06MeHa DPBHHM&IOTCJI Hay'IHWe KHHCH, *fpH&JJW, npenpRRTLI R RROrO 

BB.Il<r ny6JJHKaUHH no TeMaTRKe OHJIH. 
E.llBHCTBeHHLii BB.Il ny6JJJf)cauai,KOTOPLii HaM DpRCLIJJ&Tb He CJJe,lly

eT,-3TO penpHHTLI /OTTHCKR CTaTeii, YlKe ony6JJBKOBaHHLIX B Hay'IHLIX 

*YPHanax/. 
B Pll.lle CJJY'faea MLI caMH o6pamaeMCJI K nony'laTeJJJIM HaWHX B3.1la

HBii C npocb60ii 6ecnJJaTHO DPRCJJaTb HaM KaK&e-JJH60 KRHCR HJJH 

BbiDRCaTb JIJJJI Hawei 6H6JJROTeKR Hay'IHble lKypHaJJW, H3.1laiOIUHeCJI B HX 

CTpaHaX. 

OT,lleJJhHble 3anpocbl 
H3.1laTeJJbCKHH OT,IleJJ eliCerO.IlHO BLinOJJHJieT OKOJJO 3 000 OT..QeJJbHLIX 

Janpocoa Ha BWCLIJJKY npenpHHTOB H coo6meaiii OHJIH. B TaKHX 3&
npocax cne.llyeT o6ll3aTeJJbHO yxa3w&aTJ. HH.aeKc JanpawHaaeMoro 

H],llaRRll. 

A.llpeca 

flHCJ.Ma no seeM aonpocaM o6MeHa ny6JJRKaUHliMR, a TaKlKe 3anpo-

cw Ha OT..QeJJJ.HLie H3.Il&HH.R cne..ayeT HanpaBJJliTb no a.11pecy: 
101000 MocKea., 
r11a6H1>1ii no.,•aMIII, n/11 79; 
Jl~oa•e.III>CKUii 01110e11 
061>eOUHeHHOZO UHc•ulty•a 
JIOepHWX UCC.IIe0060HUii •. 

A.IlpeC .ltllll nocloiJIJCR acex DY.6JJBJCaud a nop.a.llJCe o6MeHa, a T&KlKe 
.ltiJJI 6eCilJiaTROI nO,IlDBCICR R& R&y'IRWe lltypHaJJW: 

101000 MocKea, 
TMJeNwli nO'flfGMa, n/11 79. 
Jlay'IH01 BeXHU'IeCKQJI 6u6AuOaeKa 
06-..eOUHeHHOZO UHCaUBylfG 
JIOepNWX IICCAe006QHIIfi. 


