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EyrpoB B.H. H up. P7 - 11032 

I13MepeHHe BpeMeHH npoTeKaHHll l!AepHOH peaKUHH 238U(27 Al, f) 

BhmonHeHhi !aKcnepHMeHThi no Ha6niOueHHIO a~eKTa TeHell B peaKUHH 
238 U( 27 Al, f) Ha MOHOKpHCTannH'IeCKOH MHIIIeHH npH TpeX 3H8'1eHHliX 9HeprHH 

HOHOB 27 Al : 227, 190 H 169 MaB. OueHeHo a~¢>eKTHBHOe BpeMH lKH3HH co
craBHoro HAp a c Z =1 05. 

Pa6oTa BbiiiOnHeHa B na5opaTOPHH l!AepHbiX peaKUHH OH.HH. 

fipeDpBHT 061.eJUIHeHHOrO BHCTBTYT& a,AepHWX BCCJJe.AOB&HBi • ,Ay6B& 1977 

Bugrov V.N. et al. P7 - 11032 

Lifetime Measurement for Nuclear Reaction 238 U( 27 Al, f) 

Experiments on observation of the shadow effect in the re
action 238U(27 Al,t)were performed on a single crystal target at 227, 
~ 90 and ~69 1\lleV ion energies of 27 Al • The effective lifetime of 
a compound nucleus with Z = ~65 has been estimated. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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I. BBE,[{EHHB 

K HacToJimeMy speMeHH noJiy'IHJIH pa3BHTHe pa6oTbl no 

3KcnepHMeHTaJihHOMy onpe,l\eJieHmo yJihTpaxopoTKHX speMeH 

npoTexaHHJI JIAepHwx ~eaxuHii c noMom~>JO MeTOAa, npeAJio

>KeHHoro B pa6oTaX 1, 21 H OCHOBaHHOrO Ha npHMeHeHHH 

3~exTa TeHeii. B PJIAe 3KcnepHMeHTaJihHwx pa6oT 6wno 

llOKa3aHO, 'ITO ,1\aHHbiH MeTOA ll03BOJIJieT H3MepJITh BpeMeHa 

npoTexaHHJI JIAepHwx peaxuHii o6pa3oBaHHJI H pacnaAa 

COCTaBHbiX Jl,l\ep, T.e. H3MepJITh BpeMeHa >KH3HH BbiCOKO

B036y>K,I\eHHbiX COCTOJIHHH Jl,l\ep. B peaKUHJIX C TJI>KeJibiMH 

HOHaMH 6biJIH H3MepeHbl BpeMeHa >KH3HH COCTaBHbiX Jl,l\ep 

C 79 _::; Z _::; 89 B ,I\Hana30He 3HeprHH B036y)I(AeHHJI /60-
100/ M3E 1s. 41. 3TH 3KcnepHMeHTaJihHble AaHHhle AaJIH 

B03MO>KHOCTh MOAHcllHUHpOBaTh MO,I\eJih C llOCTOJIHHOH TeM

nepaTypoii /cllYHKUHJI llJIOTHOCTH ypOBHeii Jl,l\pa p(E)-eEITj 
H OllHCaTh B CTaTHCTH'IeCKOM llO,I\XO,I\e COBMeCTHO OTHOWeHHJI 

r r lr n H BpeMeHa >KH3HH COCTaBHbiX Jl,l\ep I 5/ . C03,1\aHa 

MO,I\eJih ,1\JIJI pac'leTa 3~eKTHBHbiX BpeMeH >KH3HH COCTaBHbiX 

JI,I\ep H sepoJITHOCTH AeneHHJI c J'leToM npoueccaAeneHHJI 

nocne HcnapeHHJI ·HeiiTpOHOB I 6 • Ha ocHose nony'leHHhiX 

«lleHOMeHOJIOrH'IeCKHX 3Ha'leHHH Jl,l\epHOH TeMnepaTypb16biJIH 

Bbi'IHCJieHbl 171 BeJIH'IHHbl CJie,l\yiOmHX TepMO,I\HHaMH'IeCKHX 

cllYHKUHH Jl,l\ep: TepMO,I\HHaMH'IeCKOH TeMnepaTypw, xapax

TepHCTH'IeCKOH TeMnepaTypbl, y'eJihHOH 3HTpOllHH H y,l\eJih

HOH TennoeMKOCTH. B pa6oTe sl npHBeAeHbl pe3yJI~>TaTw 
H3MepeHHJI 3~eKTHBHOrO BpeMeHH >KH3HH COCTaBHbiX Jl,l\ep, 

o6pa3YIOmHXCJI B peaKUHJIX 23BrJ( 12 C,f), 238 U( 180,f),238 U(22 Ne,f). 
IloJiy'leHHble 3Ha'leHHJI 3~eKTHBHbiX BeJIH'IHH BpeMeH >KH3HH 

COCTaBHbiX Jl,l\ep C Z =98,100,102 y,l\aJIOCh OllHCaThl91 COB-
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MeCTHO C ce'leHHJIMH (HI, xn) peaX:UHH ~ng TeX )l(e COCTaB
HLlX JI~ep B CTaTHCTH'IeCKOM no~XO~e B npe~nOHO)I(eHHH 
OTCyTCTBHJI 3aBHCHMOCTH 6ap&epOB ~eneHHJI B f OT 3HeprHH 
B036y)l(~eHHJI npH sw6ope 3Ha'leHHH B r no pacqeTy I lOI. 

B HaCTOJIIUei pa6oTe swnonHeH 3KcnepHMeHT no H3Me
peHHIO BpeMeHH npoTeKaHHJI peaKUHH 238 U ( 27 Al ,f) C uenbiO 
npo~BH)I(eHHJI K eiUe 6onee TJI)I(eRLlM ~enJIIUHMCJI CHCTeMaM. 
YcnoaHs 3KcnepHMeHTa He no3BonsiOT BLl~enHTb ~HcWlepeH
UHan&Ho KaHan ~eneHHJI COCTaBHOrO JI~pa; perHCTpHpyiOTCJI 
BCe OCKORKH ~eneHHJI, B03HHKaiOIUHe npH o6ny'leHHH ypaHa 
HOHaMH anroMHHHs. B ~an&HeiweM ~ns onpe~eneHHOCTH 

H e~HHCTBa TepMHHOHOrHH C npe~Ll~YIUHMH pa6oTaMH MLl 
6y~eM npe~nonaraTb, 'ITO OCKOnKH JIBRJIIOTCJI, rnaBHbiM 
06pa30M, npo~yKTaMH ~eneHHJI COCTaBHOrO JI~pa H BpeMJI 
npoTeKaHHJI peaKUHH onpe~enseTCJI BpeMeHeM )I(H3HH COCTaB
HOrO g~pa. 

II. 3KCIIEPHMEHT H OliPA.liOTKA ,l{AHHMX 

3KcnepHMeHT npOBO~HRCJI Ha BbiBe~eHHOM ny'IKe HOHOB 
aniOMHHHJI- 27 C 3aps~OM +5 UHKnOTpOHa Y- 300 Jla6opa TOpHH 
s~epHbiX peaKUHi OH.HH npH Tpex 3Ha'leHHJIX :meprHH HOHOB. 
MaKCHMan&Hoe 3Ha'leHHe 3HeprHH cocTasnsno 227 M3B, 
yMeH&WeHHe 3HeprHH ~o 190 H 169 M3B npoH3BO~Hnoc& 
c noMOIUbiO anroMHHHeBbiX 4Jon&r. CxeMa onbiTa aHanorH'IHa 
onHCaHHOH B pa6oTe lsi. B Ka'leCTBe MHWeHH HCnOHb30Bancg 
MOHOKpHCTann ~BYOKHCH ypaHa, HMeiOIUHH rpaHeUeHTpH
poBaHHYIO Ky6H'IeCKYIO CTPYKTYPY KpHcTannHqecKoi pe
weTKH. B 3KcnepHMeHTe Hcnon&3osanHCb HaH6onee nnoTHO 
ynaKOBaHHLle KpHCTannorpacllH'IeCKHe OCH HH~eKCOB < 110 > , 
He co~ep)l(awHe a TOMOB KHcnopo~a. 3a~aqei 3KcnepHMeHTa 
JIBHJIHOCb CpaBHeHHe cllopMbl TeHeBbiX MHHHMYMOB ~ng ~BYX 
H~eHTH'IHbiX ocei I< 110 > I, opHeHTHposaHHLlX no~ yrnaMH 
90° H 1500 K nyqKy HOHOB. 0pHeHTaUHJI MOHOKpHCTanna 
H nposepKa ero KaqecTBa nposo~Hnac& Ha ny'IKe npoTOHOB 
c 3HeprHei 150 K3B HeiTpOHHoro reHepaTopa Hr-200. 

~ng ~eTeKTHpOBaHHJI OCKORKOB ~eneHHJI B peaKUHH 
238 U( 27 AJ., f) HCnORb30BanHCb TBep~OTenbHble TpeKOBLle 
~eTeKTOpLl - nnaCTHHbl ecTeCTBeHHOH CniO~Ll. Ilpe~BapH

Ten&HO, B Te'leHHe soc&MH qacos, cnro~a OT)I(Hranac& npH 

4 

TeMnepaType 600° C, 'ITO o6ecne'IHBano ycTpaHeHHe clloHo
swx TpeKOB OT OCKOHKOB CnOHTaHHOrO ~eneHHJI ypaHa, BXO
~siUero B cocTas cnro~w I 1I!. Ilocne o6nyqeHHJI H Ha6opa 
He06XO~MOrO KOHH'IeCTBa OCKOnKOB ~eneHHJI Ha e~HHHUY 
nnoiUa~H ~eTeKTopa nnacTHHLl OT)I(HranHcb npH TeMnepaType 
420 o C B Te'leHHe ceMH qacos. 3To no3sonsno no~sT& 
nopor perHCTpaUHH ~eTeKTOpOB H nonHOCTbiO yCTpaHHTb 
clloH OT pacceJIHHLlX HOHOB aniOMHHHJI npH COXpaHeHHH BLlCO
KOH 3cWleKTHBHOCTH perHCTpaUHH OCKORKOB ~eneHHJI. 3aTeM 
~eTeKTOpbl no~sepranHcb TpasneHHIO B Te'leHHe 1,5 'lac s 
48~ nnaBHKOBOH KHCHOTe .Ha puc .1 noKa3aHLl TpeKH OCKOHKOB 
~eneHHJI, Ha6nro~aeMwe Ha o6pa6oTaHHoi nosepxHocTH ~e
TeKTopa. H3- 3a swcoKoi nnoTHOCTH TpeKoB l6onee 
10

3 MM~ Ha MaTosoi nosepxHOCTH ~eTeKTopos MO)I(HO 
Ha6nro~aTb BH3yan&HO TeHeByro KapTHHy, B TOM 'IHCne 

Puc. 1. TpeKU OCKOAK06 <)eAeHUJI 6 peaKijUU 238 uc2 7 AI, f). 
Ha6AJO<}aeM~oae Ha o6pa6o•aHHoii noeepxHoc•u •eep<)omeAb
Hozo mpeKoeozo <)emeKJwpa - cAro<)~oa. 
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TeHH oceil H nnocKocTeil B.biCOKHX HH,Z:\eKcoB. OceBaJI TeHb, 

COOTBeTCTBYIOll.\aJI KpHCTannorpa4JuqeCKOH OCR < 110 >, 
HMeeT BH,Z:\ nJITHa OKOJIO nJITH MHnnHMeTpOB B ,Z:\HaMeTpe, 

nepeceKaiOll.\erocJI JIHHHJIMH nnocKOCTH.biX TeHeil. Ha6JIIO

,Z:\aeMaJI KapTHHa TeHeil ucnoJib30Banacb ,Z:\JIJI Bw6opa reo

MeTpHH npOCMOTpa TeHeBOrO MHHHMyMa. 

,lJ;eTeKTOP.bl npocMaTpHBaJIHCL c noMOll.\biO onTuqecKoro 

MHKpocKona no cxeMe, o6ecnequBal011.\eH HaHJIY'I1IIYIO Toq

HOCTL onpe,Z:\eJieHHJI r ny6HHbl TeHH - X , T. e. OTHOWeHHJI 

cpe,Z:\HeH nJIOTHOCTH TpeKOB B :o;eHTpe OCeBOH TeHH K cpe,Z:\HeH 

nJIOTHOCTH TpeKOB Ha nepu4JepHH TeHH. llpH pa3Mepax 

nOJIJI 3peHHJI B MHKpOCKOne 0,2 X 0,2 MM 2 npOCMaTpHBa

JiaCb 06JiaCTb 0611.\eH nJIOll.\a,Z:\biO 1,4 X 1 ,4 MM 2 B :o;eHTpe 

TeHeBoro MHHHMyMa. 3aTeM, MHHHMH3HpyJI qHCJIO TpeKOB 

BHYTPH KBa,Z:\paTa H3 3x3 noneH 3peHHJI, HaXO,Z:\HJIH 06oeK· 

THBHbiH :o;eHTp TeHH. JIHHeHHOe CKaHHpOBaHHe TeHH npOH3-

BO,Z:\HJIOCb C marOM 0,2 MM B,Z:\OJlb npJIMOH, npoXO,Z:\Jill.\eH 

qepe3' HaH,Z:\eHHbiH :o;eHTp TeHH H He COBna,Z:\aiOll.\eH HH C 0,!:\HOH 

H3 JaMeTHLIX nnocKOCTHLIX TeHeil. Pe3yJibTaTLI ,Z:\HaMeTpanb

Horo cKaHHpoBaHHJI TeHH npuBe,Z:\eHLI Ha puc. 2-4. B :u;eHT

panhHOH o6nacTH npuBe,Z:\eHLI TaK)I(e pe3yJILTaTLI onpe,Z:\ene

HHJI nJIOTHOCTH TpeKOB B KOJibD;eBbiX 06JiaCTJIX yBeJIHqHBai0-

11.\erocJI pa3Mepa, T .e. yBenuquBaiOll.\erocJI yrna OTKJIOHe

HHJI OT HaH,Z:\eHHOrO :o;eHTpa TeHH. BH,Z:\HO, qTo 3TH pe3yJib

TaTbl HMeiOT 3HaquTeJibHO Jiyqmyro CTaTHCTHqecKyiO Toq

HOCTb, qeM pe 3YJibTa Tbl JIHHeHHOrO CKaHHpOBaHHJI. Ha6JIIO,Z:\a

eTCJI xopomee cornacue peJyJILTaTOB npocMoTpa no ABYM 

cxeMaM. Ha pucyHKax - npuBe,Z:\eHLI TaK)I(e qucneH

HLie JHaqeHHJI ell.\e O,Z:\Horo napaMeTpa TeHH - nonHoil 

WHpHHbl Ha nOJIOBHHe rny6HH.bl l/Jlf2 • 
)l;JIJI TOqHoro onpe,Z:\eJieHHJI BeJIHqHHbl X BBO,Z:\HJiaCb 

nonpaBKa Ha HCKa)l(eHHe TeHH Ja cqeT OTJIHqHoro OT HYJIJI 

yrnoBoro paJpemeHHJI 3KcnepuMeHTa. llpu ,Z:\HaMeTpe nyqKa 

HOHOB - 1 MM H paCCTOJIHHH OT MHWeHH ,Z:\0 ,Z:\eTeKTOpa 

140 MM yrJIOBOe pa3pemeHHe COCTaBJIJIJIO - 0,4° . llonpaBKa 

BBO,Z:\HJiaCb no 4JopMyJie /8/. 

x = x -ox } 3KCTI. 

ox= (1-2x)r 2 /lf;~L 2 
, 
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r~e l/J112 - nonuax wupuua TeHH ua nonoauue rny6HHhl, 
L - paccTO.IIHHe OT MHweuu ~o ~eTeKTopa, r - cpe~HHi: 
pa~uyc npoeK~HH H3nyqaro~Qero n.IITHa MHweuu ua nnoc
KOCTL, napannenLuyro nnocKOCTH ~eTeKTopa, onpe~enxe
Mhli: no cllopMyne: 

r 2
= 0,75(a 2+b 2 )- a 2b 2/(a2 +b2), /2/ 

r~e a H b - Manax H 6onLwax nonyocu H3ny'laro~Qero 
nxTua MHWeuu, HMeroiQero cllopMy 3nnunca, onpe~enxeM~a~e 
COOTHOWeHH.IIMH: 

a= R· sinf3, 

b = R · sin (0- a) I sin a. /3/ 

3~ecb R - pa~uyc ny'II<a uouoa, onpe~enxeMhli pa3MepoM 
KOnnHMaTopa, a - yron Me:>K~y OCbiO ny'II<a H nuuuei 
nepeceqeHH.II nnOCKOCTH pea~HH H nnOCKOCTH MHWeHH,f3· 
yron Me:>K~y nnoCKOCTbiO MHWeHH H nnOCKOCTbiO peaK~H, 
0 - yron Me~y OCbiO ny'II<a H uanpaBneHHeM Ha ~eTeKTOp. 
IIo~o6HhiM o6pa30M Bhi'IHcmmacb nonpaaKa ua yrnoaoe 
pa3peweuue ~eTeKTHpyroiQei: qacTH annapaTyphl, CB.II3auuoe 
c KOHe'IHhiMH pa3MepaMH nno~Qa~u ~eTeKTopa, ucnonLJye
Moi: M.ll onpe~eneuux nnoT:UOCTH TpeKoB B TeueaoM MH
HHMyMe. 

III. PE3YJihTATJJ 

IIocne pac'leTa nonl)aBoK onl)e~enxnacb pa3HOCTb rny-

6uu Teuei ~x=xooo -x 150° • Benaqaua 3Toi: pa3uocTa a~a~xo
~T 3a npe~en1a1 norpewuocTH 3KcnepuMeHTa, CM. lla6Auijy. 

~.II nepexo~a OT H3Mepeuu~a~x BenH'IHH ~X I< napaMeTpy 
3cllclleKTHBHOrO BpeMeHH :>KH3HH COCTaBHOrO .ll~pa r 3<jlcp. 06bi'I
HO HCnOnb3YIOT O~y H3 MO~cllHKa~HB• MaTeMaTH'IeCKHX 
COOTHOWeHHB, OCHOBaHHhiX Ha TeOpHH JlHH~Xap~a/12/,B KO
Topoi: BenH'IHHa MHHHManbHOrO BhiXO~a pea~H B~eHTpe 
Teuu nponop~oHanbua KBa~paTy cMeiQeuux H3ny'laro~Qero 
x~pa H3 y3na peweTKH MOHOKpHcTaJriia. ,D;nx cnyqax ue6onb-

10 

f 

l 

WHX CMeiQeHHi /VJ. r 3lpcp.'S10 - 9 
CM/ Y~OBneTBOpHTenbHOe 

npH6nH:>KeHHe ~aeT cllopMyna, KOTOpa.ll HCnOnb3yeTC.II B p.11~e 
pa60T /8,13/: 

~X = 2C77Nd(vr3¢¢) 2 (sin2 e 1 -sin 2e2 ) , /4/ 

r~e C - nony:JYnHpH'IeCKaJI KOHCTaHTa /C = 2,5 - 3,0/, 
N - 'IHcno aTOMOB ua e~HHQY o6'beMa MOHOKpHcTanna, 
d - paCCTO.IIHHe ye:>K~Y a TOMaMH B ~enO'IKe, 0 1 H 0 2 -
yrnhl OpHeHTa~H KpHCTannorpacllH'IeCKHX OCei: OTHOCHTenb· 
uo ny'II<a. H3 pa6oT /6,9/ JICHO, 'ITO :JKcnepuMeuTanLHaJI 
aenH'IHHa ~X B pJI,D;e cnyqaeB MJI pea~ui c TJI:>KenhiMH 
HOHaMH COCTOHT H3 HeCKOnbKHX KOMnOHeHT, COOTBeTCTByiO· 
IQHX npo~eccy ,D;eneHHJI nocne ucnapeHH.II O,D;Horo una 
HecKonLKHX Heihpouoa. Ka~aJI H3 cTyneHei npo~ecca 
xapaKTepH3yeTC.II CBOHMH napaMeTpaMH BpeMeHH :>KH3HH, 
a· TOM 'IRene Henb3JI npeHe6pe'lb BKna,D;oM cpaBHHTenLuo 
,D;onro:>KHBYIQHX KOMnOHeHT, HeCMOTpJI Ha HX ue6onbWYIO 
HHTeHCHBHOCTb, /'ITO Ka'leCTBeHHO He npOTHBOpe'IHT pe-
3ynbTa Tau I 14/ I. Cl>opMyna I 4/ Henpuro,D;Ha MJI pac'leTa 
BenH'IHH X H ~X B cnyqae, ecnH CMeiQeHHe JI,D;ep H3 y3nOB 
peweTKH JIBn.lleTC.II 3Ha'IHTenbHhiM, T. e. ,llnJI cpaBHHTenbHO 
,D;onro:>KHBYIQHX cocTaanxroiQHX apeMeuHoro pacnpe,D;eneuux 
,D;enJI~QHXCJI JI,D;ep. IIo:JTOMY 6onee npaaunLHO B 3TOM cnyqae 
npuMeHJITb cllopMyny, y'IHThiBaroiQyro o6pe3aiJHe aToMuoro 
noTeH~Hana Ha 6onLwux paccToJIHHJIX r> r / 151. 3.IJ;ecb 6~a~na 
ucnonL30BaHa 3Ta cllopMyna npu ~yx Ha6opax qacneHHhiX 
3Ha'leHHi napaMeTpoa: r c =0,4 A , D =2,5 B cornacuu 
c pa6oToi /1&/ H r c = r 0 =1,8 A , D =1,25 B C'Jrnacuu c 
aHanH30M pa6oThl/ 161 Ha ocHoBe qacneuuoro MO.IJ;enupoaa
HHJI TeHH M.ll npOTOHOB B MOHOKpHCTanne repMaHHJI. 0T
MeTHM, 'ITO BenH'IHHhl r 9¢~, paCC'IHTaHHhle B 3THX .llBYX 
aapuauTax, oTnuqaroTc.ll B 2,6 pa3a, eM. •a6AUf4Y· IIpu'leM, 
pe3ynLTaT, KOTOphli MO:>KeT 6h1Tb nonyqeu npu ucnonL3o
BaHHH cllopMynhl 4, 3aHHMaeT npoMe:>KyToquoe nono:>Keuue 
Me:>K,D;y 3Ha'leHH.IIMH, npHBe,D;eHHhiMH B 11a6AUij€. 

Y,D;oaneTBOPHTenLHhli pe3ynLTaT pacqeTa no cllopMyne 
/4/ CB.II3aH C TeM, 'ITO Mhl He npOH3BO,IlHM 3,1leCb pa3nO:>Ke
HHJI BenH'IHHhl ~X Ha KOMnOHeHThl /B TOM 'IHCne, npe.IJ;nO
no:>KHTenLHO, .IJ;onro:>KHBYIQHe/. IIpu Bhi'IHcneHHH o,D;uoro na-
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p&MeTpa r ~ OR OIC&3WB&eTCJI Cp&BHBTeJIJ.HO He60JIJ.IDBU, 
COOTBeTCTB)'JOIQBU cpe,IUieMy CMeJileHBIO Qep OICOJIO 

-9 
10 CM, B03TOMY ~opuyna /4/ B 3TOM CJI)"'ae .Q&eT pa3yu-
Hiole BenB'IBHW. 

Ta6AUJ~a 
Pe3ynLTaTw 3JCcnepHMeHTOB no B3MepeHBIO pa3HOCTB rny6BH 
TeHei H onpe.z.eneHBIO BpeweHB npoTeJCaHHJI •.z.epHoi peaJCIUIH 
238 U( 27 Al, f). lHa'leHBJI :Jc)c)eJCTBBHwx BpeweH pacc'IB
T&Hw BPB .QBYX Ha6opax napaMeTpOB. 

EL II8B E* lin VIrJ3 AX±iAXJ 
'! 1\11» ( I0-18 c ) 

cM/c r.-o:a J-2.15 Q- r • .x.Bl JPI.26 
'U7 130 4,09 0,056I±o,OI93 3,07 7,54 
190 96 3,74 o,0922±o,0285 4,39 II,44 
169 77 3,53 O,I062±o,0464 5,14 13,56 

H3 3THX pe3yJILT&TOB BH.IUIO, 'ITO BpeuJI )I(JI3HB cocTaB

Horo JI.Qpa He CBJILHO yueHLmaeTcJI npB nepexo.z.e OT •.z.ep 
C Z =98,100,102/8/ 1C JI.Qp&M C Z =105. 0TCIO,Q& MO)I(JIO 

C.QeJI&TL IC&'IeCTBeHHWii: BWBO.Q, 'ITO BWCOT& 6apLepa .QeJieHBJI 

uep He yueHLmaeTCJI pe3JCO npH nepexo.z.e oT Z =102 

JC Z=l05. KonB'IeCTBeHHWi &HanB3pe3yJILTaTaHacToJIJilero 
31CCBepHMeHTa .QOJDKeH 6WTL C.Qeli&H BO.Q06HO p&C'IeTy /9/ , 
O,QH&KO OR 3&Tpy.QHeH He,QOCT&TKOM TeopeTB'IeCKBX B 3KCBe· 

pBMeHT&m.HWX ,Q&HHWX 0 BWCOTe 6ap1oepa .QeJieHBJI B 06 
OTHOWeHBJIX r f /r n (E *) ,QJIJI JI.Qep C Z =105. 

ABTopw 6naro.z.apHw axa.z.euBJCY r .H.~nepoBy B 

IO.Q.OraHec•HY 3a BHBM&HBe B BHTepec x pa6oTe, A.~. Ty
nBHoBy 3& npe,QOCT&BJieHBe MOHOKPBCTanna U0

2
, T.H.Pw· 

6axoBoii: 3& Ka'leCTBeHHwii npocwoTp.QeTeJCTopoB, E.H.Map

xoBy, H.B.ITpoHBHy, IO.IT.TpeTLJIKOBY B rpynne 3KCnnya

T&IUIB IUIKJIOTpOHa Y • 300 3& BOny'leHHe BY'IK& BOHOB C 
H)')KHWMH napaueTpauB. 
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