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{;)1974 06'beOUHeHHbiU UHCI/IUIIIYIII JIOepHbiX UCCJie006QHUU )ly6Ha 

BBE)l,EHHE 

raMMa- C.IIeKTpOCKOllH'IeCKHe HCCJie,I(OBaHHH HJ(ep Ha ny'I

KaX pa3JIH'IHLIX TH:>KeJibiX uouoa /oT 
4 He J(O 

40 Ar f a no

cJie,I(HHe rO,I(LI ,I(aJIH B03MO:>KHOCTb npOCJie,I(HTb poTa:UHOHHbie 

llOJIOCLI ,I(eclJopMHpOBaHHLIX H,I(ep BllJIOTb ,1:(0 3Ha'leHiiH CllHHa 

( 16-22}fl .. fipH !lTOM 6LIJIH BLIHBJieHLI HHTepeCHLie oco-

6eHHOCTH B :mepreTii'leCKOM llOJIO:>KeHHH BLICOKOCllHHOBbiX 

cocTOHHBii J(JIH :uenoro pHJ(a 'leTuo-'leTHLIX HJ(ep cpe.I(Heii 

MaCCLI /I/, 06Hapy:>KeHHLie aHOMaJIHH B XO,I(e 3aBHCHMOCTH 

3HeprHH ypOBHH OT CllHHa HJIH, J(pyrHMH CJIOBaMH, MOMeHTa 

HHep:UHH HJ(pa OT 'laCTOTbl BpaiUeHiiH llOCJIY:>KHJIH TOJI'IKOM 

J(JIHHOBoro pa3BHTHH.clleHoMeHonoruqecxux H MHKpocxonil

qecxlix MOAeneii HJ(epuoro apaJUeHHH. 

fipHMeHeHHe TH:>KeJibiX 60M6ap.I(Jipy10JUHX 'laCTH:U, TaKHX 

xax .· 
40 Ar , 32 S , 31 P no3BOJIHeT He TOJibKO H3MepHTb 

. ~ . 
:mepreTH'IeCKHe cneKTpbl poTa:UHOHHLIX nepeXO,I(OB, HO TaK:>Ke 

3KCUepHMeHTaJibHO onpe,I(eJIHTb BpeMeHa :>KH3HH ypoBHeH 

BllJIOTb ,1:(0 3Ha'leHHH OKOJIO 1 .nceK C llOMOIUbiO MeTO,I(a ,I(OU

llJiepOBCKOrO CMeiUeHHH y - H3Jiy'leHHH ~HJ(ep, . llOJiy'laiOIUHX 

OT,I(a'ly B BaKyyMe H TOpM03HIUHXCH B llO,I(BH:>f<HOM CTOnne:

pe /2/ C llOMOIUbiO :noro MeTO,I(a HaMH '6LIJIH paHee H3Me

peHLI ~peMe~Ja :>KH3HH poTa:UHOHHbiX ypoaueii HJ(ep 
162 

• 
164 Yb . 

a peaK:UHHX I 26,128 Te ( 40Ar ,4n) 13 •4 ' • 3xcnepuMeHTaJibHLie 

3Ha'leHHH npuae,I(eHHbiX aepoHTHOCTeii nepexo.I(oB B (E 2) B 

3aBHCHMOCTH OT yrnoaoro MOMeHTa B npe.I(eJiax norpew

uocTeii COrJiaCyiOTCH C npe,I(CKa3aHHHMH. a,I(Ha6aTH'IeCKOH 

TeOpHH. 0J(HaKO llpH nepeXO,I(e K HJ(paM C MeHbWHM KBa.I(py:

llOJibHLIM MOMeHTOM MO:>KHO O:>KH,I(aTb' 6oJiee CyJUeCTBeHHLIX 

oTKJioueuuii 3Ha'leHHii B (E 2) oT poTopHLIX. 

Texuuxa HJ(ep OT,I(a'IH a peaK:UHHX (HI, xn) ,I(aeT. TaK:>Ke 

· uuclJopMa:uuro o6 HHTepaanax apeMeuu OT Ha'lana . peax:uuu 

J(O .3aceneHHH nepaoro Ha6Jiro,I(aeMoro ypoBHH nono~LI. He-

.3 
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MHOrO'IHCllCHHhlC 3KCIICpHMCHTanLHhlC ~aHHhlC 0 BPCMCHaX 

3aCCllCHHH IIOKa3hlBaiOT, 'ITO OHH paBHLI - 10-11 CeK H YBC

llH'IHBaiOTCH rrpH rrepexo~e OT CHllLHO ~C~OpMHpOBaHHhlX K 

H~paM C MCHLWCH ~C~OpMal{HCH. 
HacToHmaH pa6oTa npe~npHHHTa c nenLIO H3MepeHHH 

BpCMCH :>KH3HH KonneKTHBHLIX ypoaueii H apeMeHH 3aceneHHH 

IIOnOChl OCHOBHOrO COCTOJIHHJI 160 Yb. 

3KCIIEPHMEHT 

160 124 - 40 . 
YpoBHH Yb 3acenHnHCL B peaKUHH Te(. Ar,4n). 

Bhlae~eHHhlH ny'IOK HOHOB 40 Ar l{HKnoTpoua Y- 300 ll.HP 

c 3Heprueii 184 M3B nocne npoxo:>K~eHHR TOpM03H1l\HX 

~OnLr 6oM6ap~HpOBan MHWCHL H3 MeTannH'ICCKOro 
124Te , 

uaueceuuoro ua no~no:>KKY H3 TOHKoro /130 MKz/cM2 I anro

MHHHH. MHWCHL TOllll{HHOH 1 MZ/CM 2 HaTRrHaanaCL Ha 

peweTKY H3 BHCMyTa; H3 TaKara :>Ke MaTepuana 6hlnH H3-

rOTOBllCHhl CTOIIIIep Jl~ep OT~aqH H ~Ha~parMLI, orpaHH'UIBaJO

Il{He IIY'IOK. PaCCTORHHe Me~y CTOrrrrepoM H MHWCHLIO 

H3MepJinOCL BhlCOKOIIpCI{H3HOHHLIM MHKpOMCTpH'ICCKHM HH

~HKaTOpOM -1 MKM. )J;nH TO'IHOrO orrpe~eneHHR HyneBOH rro-

3Hl{HH MHKpOMCTpa H ~nH KOHTpOnH paCCTORHHJI BO BpCMR 

3KCIICpHMCHTa Ha IIY'IKC IIpHMCHHnaCL MCTO~HKa H3MCpCHHR 

3llCKTpH'ICCKOH CMKOCTH Me~y MHWCHLIQ. H CTOIIIICpOM /5/, 
l60 

raMMa-H.Jnyqeuue B036y:>K~eHHhlX Jl~ep Yb , pac-

na~aiOII{HXCR 'laCTH'IHO Ha neTy, qaCTH'IHO IIOCIIC TOpMO:>KC

HHR B cTonnepe, perucTpupoaanocL no~ yrnoM 0° K ua

npaaneHHIO rry'IKa uouoa GdLi)- ~eTeKTopaMH. Ha puc. 1 
IIOKa3aHhl THIIH'IHhle yqacTKH y - CIICKTpOB IIPH pa3HhlX 

paCCTOJIHHRX, HJMepeHHLIC ~eTeKTOpOM C 06'LCMOM 2,8 CM 3 

H pa3peWCHHeM 1,5 K3B B ycnOBHRX 3KCIICpHMCHTa. lf3 
3HepreTH'ICCKOH pa3HHI{hl MC~y IIOllO:>KCHHCM "OCTaHOBllCH

HOrO" u "~BH:>Kymerocx" rrHKOB, nocne nonpaBKH ua Tenec

Hhlii yron ~eTeKTopa 6Lina onpe~eneua cpe~HHH CKopocTL 

H~ep oT~aqu v ={0,0205±0,0004/ c. ,D;nx Ka~oro pac

CTORHHR Orrpe~enRnaCL ~OllR HHTCHCHBHOCTH IICCMCII{CHHOrO 

IIHKa lu /(I u+ Is). , 
Ha puc. 2 IIOKa3aHhl CIICKTphl, HJMCpCHHLIC ~CTCKTOPOM 

c o6'LeMOM 30 cM3 u pa3peweuueM 2,4 K3B. EonLwaH 
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Puc. 1. raMMa- cneKmp&r nepexoooe 2 + .... · .0 -1: u 4 + ... 2+ npu 
pa3HbfX pacCIIJOJIHUJIX MeJICOY MUJUeHbiO U CIIJOnnepoM, U3Me
peHH&re oemeK1110pOM o6oeMOM 2,8 CM 3. 

CKOpOCTL R~ep OT~a'IH II03BOllHna IIOllHOCTLIO pa3~CllHTL 

CMCII{CHHbiH H HCCMCII{CHHLIH IIHKH ~nR rrepeXO~OB 4+-. 2+ H 

10+ .... 8 +. CnenuanLHaR o6pa6oTKa noTpe6oaanacL ~nH ne

pexo~a 6 +_. 4 +, HCCMCII{CHHLIH IIHK KOTOporo HC pa3pewancH + + . 
OT IIHKa aHHHrHllJll{HOHHOrO HJllY'ICHHR.H 8 ->6 ,~nH KOTOpo-

ro CMCII{CHHhlH llHK COBrra.zi~n c. ~OHOBLIM H3nyqeHHC~ peaK~. 
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U:HH ( n, n ') Ha Ge /puc. 3/. C n:enLIO BLIHCHeHHH aonpoca o6 

HHTepclJepeHIJ;HH y -nyqeii H3y'laeMLIX nepeXO,I{OB H ciJOHOBLIX 

nHHHH 6LinH npoBe,I{eHLI cnen;HanLHO H3MepeHHH cneKTpOB 

npH. HyneBOM H "6eCKOHe'IHO 6onLWOM"paCCTOHHHHX.KpoMe 
. 6+ npHBe,I{eHHLIX BLIWe cnyqaeB .l{nH nepeXO,I{OB C ypOBHeH H 

g+ ,He 6LinO 06Hapy:>KeHO .I{pyrHX ciJOHOBLIX y-nyqeii B HHTepe

C}'IOIIJ;HX HaC yqaCTKaX cneKTpOB. ,ll;nJI nepeXO,I{OB 6+H g+ OTHO-

N ~·-2· 
I UCJS 

.... 

.. . . 

··. .. 

..... .. . 

1500 

loOO 

1'100 

toDD 

1'1110 . 

I uC::J.S . 

····~ ... 
. . 

... A/\ 
... v \ 

60 .. 1<11 

.· .. · . . .. . 

9()MKM 

. .. · .... 

360 I.DJ 1/20 620 ~0 660 K3 

I 

+ + . + + 
Puc. 2. TaMMa- cneKmpr.t nepexoooa 4 _, 2 u 10 -+ 8 , ua-
MepeHHbJe oemeKmopOM 06oeMOM 30 CM 3. 

6 

N 

900 

100 

soo 

N 

1300 

liDO 

a/ 

.. . . . . . ... . .. 

500 505 

6/ 

• ••• • •• • •• ••• • 
• • • 

MJO 585 

u 

590 

u 

• 

s 
6+- L/' 

5/D · "5 

8+-6~ 

• .. 
595 

520 

-.s 

600 

72MKM 

525 1<3 

37MKM I 

~ 610 I<~ 

Puc. 3. a/ Y<~acmoK cneKmpa zaMMa-Ay<~eil, Ha KomopoM 
auoeH CMeflleHHbJU nuK _nepexooa 6 +_, 4 + . 6/ Y<~acmoK 
cneKmpa zaMMa-Ay<~eil, Ha KomopoM auoeil HecMeflleHHbJU 
nUK nepexoc)a g+ -+ 6 +. . . 
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weHHH 1
0 

/ (1
0
+1 ) 6LinH nony'leHLI H3 H3MepeHHLIX.HHTeHCHB

HOCTeii CMell\e:Horo (6 +->4+) H HeCMell\eHHOrO (8+ -+6 "inHKOB H 

,I\aHHbiX 0 DOnHLIX HHTeHCHBHOCTHX. 

PE3YJibTATbl 

I13Blle'leHHe cpe,I\HHX BpeMeH >KH3HH ypOBHeH H3 3KCnepH

MeHTallbHLI~ 
3 

3Ha'leHHH I u I (I u +Is '), nocne. yqeTa ps,I\a 

nonpaaoK 
1 ' 1 

npoBO.I\HllOCb npu noMOU\H o6paTHoii Ja,I\a'lH 

nepepacnpeAeneHHH y - nyqeii KacKaAHbiX nepexo,I\OB 161 c 

HCDOnb30BaHHeM perynspH30BaHHbiX HTepaUHOHHbiX npouec

COB THna raycca-HbiOTOHa 171. Ha puc. 4noKa3aHbi3KCnepH

MeHTanbHble TO'lKH H pac'leTHble KpHBble pacna,I\a ypoaueii, 

COOTBeTCTBYIOIUHe HaH,I\eHHbiM BpeMeHaM >KH3HH. B Ta6nHUe 

npHBe,I\eHbl cpe,I\HHe BpeMeHa >KH3HH T ypOBHeH .l60yb, 

BMeCTe C ,I\aHHbiMH 06 3HeprHHX nepeXO,I\OB, llOllHbiX K03iWJH

UHeHTaX KOHBepCHH aT H DpHBe,I\eHHbiX BepOHTHOCTHX nepe

XO.I\OB B (E 2). OcHoBHbiM HCTO'lHHKOM owu6oK cpe,I\HHX apeMeH 

>KH3HH T HBll.sieTCH CTaTHCTH'leCKaH norpeWHOCTb B onpe

,I\elleHHH OTHoweuuB: 1
0 

IC I u +I s) H3 HHTeHCHBHOCTeii DHKOB. 

B OTAellbHbiX cnyqasx Y'lHTbiBanacb TaK>Ke Heonpe,I\eneu

HOCTb, BbiTeKaiOIUaH H3 Heo6XO,I\HMOCTH HOpMHpOBKH ClleKT

pOB. 

3KcnepHMeHTanLHLie JHa'leHHH I u I (I u +Is ) BMecTe 

C norpewHOCTHMH BBO,I\HllHCb, . KaK 'lHClleHHbiH MaTepuan, 

B nporpaMMY o6pa60TKH ,I\aHHbiXI61 B BH,I\e "MaTpHULI 

B3BeWHBaHHH" /SI IlpHBe,I\eHHbie B Ta6nHUe OWH6KH K 3Ha

'leHHHM T nonyqeHbl DyTeM CTaTHCTH'leCKOH OUeHKH pewe

HHH. 

BpeMs JaceneHHH nonocbi r o onpe,I\ensnocb OTHocu

TenbHO nepaoro Ha6niOAaeMoro HaMH ypoBHH 10 + .,nns noabl

weuus CTaTHCTH'leCKOH TO'lHOCTH 6blllH npOCYMMHpOBaHLI 

ClleKTpbl llpH pa3HbiX paCCT<)JIHHJIX H onpe,I\eneHO TO H3 OTHO

WeHHJI (Iu I 0·0 + I_ J) 10+ B cyMMapHoM cneKTpe. Becoaoii 

MHO>KHTenb AllJI Ka>K,I\Oro cneKTpa onpe,I\ensncJI no HHTeH

CHBHOCTH nepeXO,!la 2+-+ 0+. 

Ha pUC. 4 T II COOTBeTCTByeT BpeMeHH, llpH KOTOpOM 

HHTeHCHBHOCTb Ha KpHBOH, 0603Ha'leHHOH 10; na,I\aeT B epa3. 
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20 
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O.l 0 .5XJ 1000 IJIXJ ztJIXJ 

50 

• o· -z· 
• 6 ... -l .. 
• 8·-6· 
• 10·-a· 

. 300 

Paccrno~"L/9 (MKM1 

. Pl}c. ··4 •. Kpuebze ·pacnaoi£ OAR nepexooa 2 + .... 0 + /eHU3Y/ 
u CJAJI nepexoooe 4+-... 2+, 6+ ... 4 +·, 8 + ... 6 + u 10 'i>8+ /Haeep
xy/, ' noAy'leHHble 11a 3BM. · To'lKU - 3KcnepuMeHmaAbHble 
pe3yAb111Q111bl 0111HOWeHUJl 1

0
1(1

0 
+I 

8
) • 

c'! 

B OWH6Ky 3Ha'leHHH- r0 BXO,I\HT, KpOMe CTaTHCTH'leCKQH 

ueonpeAeneuuocTH, ·ueTo'lHOCTb a -onpe,I\eneHHH "uyneaoro 

paCCTOHHHJI" H OTKllOHeHHH OT llllOCKODapanneJibHOCTH CTOD

nepa , H. MHWeHH. 0HH 'He npeBbiWanH B · ,I\aHHOM . OllLITe 

6 MKM, 'lTO B • CO'leTaHHH C 6onbWOH 'CKOpOCTbiO JI,I\ep 

OT,I\a'lH ,I\aeT annapaTypuoe ~r.0 - 1 ncer<. Cne,I\yeT OTMe

THTb, 'lTO Ha TO'lHOCTb Ollpe,I\eneHHJI BpeMeH >KH3HH llOCne

,I\OBaTellbHbiX poTaUHOHHLIX ·ypOBHeH· OTHOCHTeRbHO 60llbWaJI 

BellH'lHHa TO H erO norpeWHOCTb' CYU\eCTBeHHOrO BRHJIHHH· He 

oi<aJbiBaiOT. • · Cpaaueuue nony'Ieuuoro · 3Ha'leHHH r 
0 

= 
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=/13 ±1 ,5/ nceK C HaWHMH rrpe,z:J;J~I~Yli\HMH -~aHHbiMH ~mi 

f 62:Yb jr 0 = 12± 3/ ·nceK u 164Yb /ro= 7,5 ±2,5/ nceK 
IIOI<a3LIBaeT Tai<yiO :>Ke TCH~CHUHIO yaenH'ICHHJI TO IIpH 
rrepexo~e I< Meuee ~e«lJopMupoaaHHLIM JI~paM, I<ai<aJI ua6nro
~anacL pauee ~n.a: uecJ<onLI<HX u3oTorroa Er u Hf 19

•
101. 

B Ta6nuue 3I<cnepuMeHTanLHble 3Ha'leHHH B (E2) cpaauu
aaiOTCH c pac•IeTHhiMH ~nH :>KeCTI<oro poTaTopa. HecMoTpH 
ua 3aMeTHble owu6I<H 3Haqeuuii B ( E 2), MO:>KHO au~eTL 

TCH~CHUHIO I< yci<OpeHHIO nepeXO~OB C B03pacTaiOII\HM CIIHHOM 
ypoau.a:. OTI<noueuu.a: aepoHTHOCTeii nepexo~oa OT rrpe~ci<a-
3auuii a~ua6aTH'ICCI<OH TeopHH MOryT 6LITL BLipa:>KeHbl 3M
nupuqeci<HM napaMeTpOM a H3 COOTHOWCHH.H: 

B(E2;I ... I-2)=B
0

(E2;2 -.0) <10201l-20>
2 

x 

<20201 00 >2 

l 1 + La [ I( I + 1)-(I- 2 )(I -1)] ! 2
, 

2 

r~e B 0( E2 ;2 .... 0 ) - ueao3MYll\CHHoe 3Ha<J:euue :>KeCTI<oro 
poTaTopa. ,D;auua.a: «lJopMyna nohyqeua a Mo~enu uenTpo6e:>K
uoro pacTHruaauu.a: .a:~pa. O~uai<o, He3aaucuMo OT cnpaae~
nuaocTH 3TOH MO~enu, 3TY «lJopMyny MO:>KHO HCIIOnL30BaTL 
~n.a: onucauu.a: 3I<cnepuMeHTanLHhiX 3Ha<Ieuuii B (E2) u nony
qeuuyw aenH'IHHY a paCCMaTpHBaTL I<ai< 3MIIHpH'ICCI<HH 
napaMeTp, xapai<TepH3YIOll\HH cTenenL pacxo:>K~euu.a: ~aHHhlx 

c npe~ci<a3aHH.HMH Mo~enu :>KeCTI<oro poTaTopa. 

3uaqeuue a , npu I<OTopoM uauny<IWHM o6pa3oM aocnpo
H3BO~.HTC.H 3I<crrepuMeHTanLHble ~anuble o B ( E 2) ~n.a: 
.l60 Yb,paauo /2±1/x1o-3 . ,D;n.a: ~ayx ~pyrux H~ep eN= 90, 
152 Sm u 154 Gd napaMeTp a nonyqeu paBHhiM /2.1±0,6/x 
x10-3 H /2,6±1,0/x10-3 COOTBCTCTBCHHO H3 H3MepeHHH 
BpeMeH :>KH3HH MCTO~OM .H~ep OT~aqu ,'I L'_3ua'IHTenLHOMCHL-
We 31<CIIepHMCHTanLHble 3Ha'leHH.H rrapaMeTpOB a ~n.H 

xopowux poT a Topoa . 154 Sm u 156 Gd , I<OTopble p~BHhl 
/0,6±0,6/.10-3 112 / H /0,6±0,6/.10-3 /11.'. 

Pac<IeTHhle 3Ha'I~HHH rrapaMeTpoa uea~ua6aTH'IHOCTH 
a ~nH pH~a H~ep -pe~I<03CMenLHOH o6naCTH. HMCIOTC.H B TeO
peTu<J:eci<ux pa6oTax / 13,14/. B 1131 pa3pa6oTaua MHI<po-
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cKonuqecKaH TeopHH nn» onpeneneuHH napaMeTpoB ne~op
MHpyeMoCTH H cnapHBaHHH Bpa~aiO~HXCH HAep. IlapaMeTp 
a BblqHCUHUCH Ha OCHOBe Me:>KHyKnOHHOrO B3aHMOAeHCTBHH, 
BKnroqaromero ne~opMHpoBauuoe cpenuee none cBo6o,I\HhlX 
KBa3HqaCTHU H OCTaToquoe/KBa,I\pynonL-KBa~OYllOULHOe:+ 

· cnapHBaTenLuoe/ B3aHMO.I\eHCTBHe. B pa6oTe
1141 

ucnonL3y
eTCH MeTO.I\ o6o6~eHHOH MaTpHUbl llUOTHOCTH .O:n» OflHCaHHH 
CHCTeMhl CBH3aHHbiX poTaUHOHHLIX llOUOC. IlpH pacqeTaX 
napaMeTpOB/14/ npHMeHHUaCL MO,I\eUL "cnapHBaHHe + KBa,I\
pynonLHOe B3aHMO,I\eHCTBHe" CO cpe,I\HHM noneM THfla ,I\e
~opMHpoaauuoro noTeuuuana By,I\ca-CaKcoua; )J.nH H,I\ep 
152,154 Sm , 154,. 156 Gd B o6eux pa6oTax HMeeTCH xopowee 
cornacue c 3KcnepuMeHTOM • B pa6oTe 114

/ ,TaK:>Ke 6blnH 
npHBe,I\eHLI TeopeTnqecKHe 3HaqeHHH ;inn 

158 
Er H 

160
Yb , 

paBHble 3,1x10-3 H 1,4x10-
3 

COOTBeTCTBeHHO. Ilocnen
HHH uu~pa xopowo cornacyeTCH c uawHM 3KcnepuMeHTanL
HhlM 3HaqeuHeM, HeCMOTpH Ha TO, qTO pacqeT ,I\UH .CTOllh 
y,I\aneHHhlX OT llOUOCbl CTa6HUhHOCTH H,I\ep,, no-BH,I\HMOMY, 
HeCKOllhKO 3aTpy,I\HeH H3-3a OTCYTCTBHH 3KCnepHMeHTanL
. HbiX ,I\aHHbiX 06 3HeprHHX nepBbiX B036y:>K,I\eHHbiX COCTOHHHH 
KonneKTHBHhlX {3- H y -nonoc, q~Tno-ueqeTHhlX pa3nocieii 

MaCe HAP· 
ABTOpbl Bhipa:>KaiOT 6naro,I\apHOCTh aKa,I\eMHKY r .H~<I>ne-

pOBY 3a nocToHHHhlH HHTepec K pa6oTe; IO.U.Orauecnuy, 
E.Ha,I\:>KaKOBy, H.H.IlHTOBy, n.AneKcaunpoBy, ft. H )J..Ka
pa,I\:>KOBbiM - 3a none3Hble. o6cy:>KAeHHH, H.)J.:>KapoBy - 3a 
H3rOTOBUeHHe KaMepbl H KonneKTHBY 3KCnnyaTaUHH UHKno
TpOHa Y-300 - 3a o6ecne~euue qeTI(oii pa6oThl ycKopHTenH. 
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