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OTKpb!Tlle K,A. TTeTplKaKOM n r.H. Cl>nepOBbIM B 1940,roay 

/1/ 
CaMOI1p01!3BOnbHOro aenemrn aTOMHbIX siaep S!BllnOCb HaqanoM 

6onhIIIOro 8Tarra SKCrre p!!MeHTanbHbIX nccneaoBaHl!H CBOHCTB TSilKe

nhIX aneMeHTOB, 

3HaHne cncTeMaTl!Kn nep110.00B rronypacnaaa siaep rrpn cnoa

TaHHOM aeneHlll! l!3 OCHOBHOro COCTOSIHl!SI 1103BOnnno Ha,OelKHO 

naeHT11¢nunpoBaTb B 1962 roay HoBoe siBneHne - cnoHTaHHoe aene-
. IV 

Hile l!3 B036ylKaeHHoro (!!30MepHoro) COCTOSIHl!SI 

CymeCTBOBaHl!e CITOHTaHHO aenSI!lll!XCSI l!30M'epoB He 6bmo 

npeacKa3aHo Teop11eli:, C'!l!Tanocb, ·'ITO 06b1'!Hb1e l!30MepHbie coc-

TOSIHl!SI B siapax c Z < 100 He MoryT l!MeTb Manbie BpeMeHa 

)!(l!3HI! OTHOCl!TenbHO CITOHT8HHoro aeneHl!SI, ITOCKOnhKY 8TOT Bl!.O 

pacrraaa c11nhHO noaaBnsieTcsi KOHKyp11py10!lll!MI! c Hl!M- y -nepexo

,oaMI!, O.oHaKo o6aapylKeHne aensimnxcsi l!30MepoB noKa3ano, 'ITO 

B siapax np11 aaepr1111 B036ylKneHl!SI 3Ha'Il!TenhHO HlllKe nopora aene

Hl!SI cymeCTBYIOT l!30MepHbie COCTOSIHl!SI aeo6bI'IHOro Bl!.Oa: C pe3KO 

yBenl!'IeHHOH BepOS!THOCTblO CITOHT8HHOro aenemrn ll cnnbHb!M 3arrpe-

TOM K 11cnycKaHl!IO Y -KB8HTDB, 

Bo3Hl!K B0npoc O rrp11poae T8Kl!X COCTOSIHl!H, OcHOBHhlM nc

TO'IHl!KOM CBeaemrli: 0. Hl!X cnylKaT pa3nl!'IHbie siaepHbie peaKUl!I!, 

conpoBOlK.08IO!lll!eCSI B03Hl!KHOBeHl!eM siaep-1!30MepoB, no Cl!X rrop 

8Kcrrepl!MeHTanbHb!e nccn_eaoBaHl!SI npoBO.Ol!nl!Cb C ITOMO!llb!O peaKUl!H 

C 3apS1lKeHHbIMI! 'I8CTl!U8MI! ( TS!lKenbIMI! l!OH8Mll 

11 6bICTpbIMI! Heli:TpOHaMn. 
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TTpsnMymscTBO ncnonh30Bamrn TSDKSnbIX llOHOB nposIBmISTCSI 

B TSX cny,rnsix, Korna SKCilSpllMSHTbl HanpaBnSHbl Ha IlOllCK HOBbIX. 

/3/ 
CilOHTaHHO nsnSimllXCSI ll30MSpOB • TTpn 0):{HOM o6nyqSHllll MOlliHO 

nonyqnTh usnb1li Ha6op 11a0Tonoa, cnnhHO oTnnqaromnxcsi no cao11M 

CBOllCTBaM. 

HayqSHIIS psaKUl!ll C nsrKllMII qacTnuaMn npllBOJ:{llT K 6onss 

onpsnsnSHHOli llHTSpnpsTau1111 psaynhTaTOB ll3MSpSHllli. B3al!MO

J:{SllCTBllSI sinsp-MlllliSHSli C STl!Mll qacTl!UaMn Il03BOn11n11 l!J:{SHTll

¢11unpoBaTh 6onhllill!ICTBO 1!30MspoB. YcTaHoBnsno, qTo C YMSHh

lliSHllSM MaCCbl II aapsina 60M6apn11pyromnx qaCTllU B03pacTliST 

csqSHl!S o6pa30BaHl!SI SIJ:tSp B ll30MSp!!OM COCTOSl!lllll, qTo o6~sic-

HSISTCSI coKpamsn11sM q11cna Kauanoa KOHKypnpyromnx psaKu11li. 

TTpSJ:tCTaBnSIST llHTSpSC B STOM OTHOlliSHIIII 11cnonh30Banne 

psaKUl!li C raMMa-i:iyqaMn ll HSliTpoHaMI! ManbIX S!!Spr11li, IlOCKDnhKY 

OTCYTCTBllS KynOHOBCKoro 6apbspa nasT B03MOlliHOCTh nonyqaTh 

cocTaBHbie sinpa c Hll3Koli suspr11sli aoa6ymnsnnsi cpa3y nocns 

nornomsH11S1 qacT11u. 

llnccspTau110HHaS1 pa6oTa 1!,,•IlOCBS!ll.{S!la nspBbIM. SKCilSpllMSH-

TanhHbIM 11ccnsnoaau11siM psaKu11li Tnna ( y , n ) , a TaKms 

pannaunoHHOro 3aXBaTa TSilnOBbIX HSHTpOHOB, HanpaBnSH!lbIM Ha no

nyq_snns cnoHTaHno nsnsimnxcsi 1!30MspoB 240 , 242 , 244 Am, 241 Pu. 

n onpsnsnsnns nx caolicTB. 

l111ccspTaunsi COCTOIIT ll3 lliSCTll rnaB, BBSJ:{SHllSI 11 3aKnJOqSHIISI. 

B nspaoli rnaBs npl!BOJ:{SITCSI COBpSMSHHbl0 naHHbl0 0 cnoH

TaHHD nsnsimnxcsi ll30MSpax ll paccMaTpllBaeTCSI !IX CBSl3h C oco6su

HOCTSIMII CTpyKTYPbl 6apbspa nsnSHIISI. H3BSCTHO, qTo 1130MSp!lbIS 

COCTOS!HllSI C aHOManhHO KOpOTKllMll nsp11onaM11 nonypacnana OTHO-

( -9 T -2 
Cl!TSnhHO crtoHTaHHOro nsnSHllSI 10 CSK < 1/2 < 10 CSK) 

B036ymnaJOTCSI B llillpOKOli o6naCTll·ll30TOilOB OT ypana J:{0 6spKnllSI 

( Ta6n. 1). 

0TMSqa.eTCSI, qTo J:tnSI ll30MSpHbIX ypoBHSli 113B0CTHbl nllllih 

nonHbl0 BpSMSHa llill3HII, T.K. HST CBSJ:lSHllli O npyrnx Bll):{aX pac

nana, KpOMS CilQHTaHHOro nsnSHIISI. K HaCTOSimsMy BpSMSHll HacqllTbl-
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i. 

BaeTCH y~e 6onee 20 cnoHTaHHO nenHmllXCH 1130MepoB. ECTb yKa
/4/ 

3aHl!e , 'ITO B HeKOTOpb!X 1130TOnax nnyTOHIIH cymecTayeT no 

naa 1130MepHblX ypoBHH B OAHOM Hape. 

CnoHTaHHO nenHm11ecg 1130Mepbl OTnll'IalOTCH cpaBHl!TenhHO 

Bb!COKOil: 3Hepr11eil: B036y)l{neHl!H ( OKono 3 M 3B ) II noBbillleHHOil: 
25 

aepOHTH0CTblO (B cpenHeM 10 ) cn0HTaHH0I'0 neneHl!H 0TH0CII-

TenbHO 0CH0BH0I'0 C0CT0HHIIH. 

Cn11H 1!30MepHbIX COCTOHH!!il: Man, onHaKo, OHi! xapaKTep11ay-
. 10 

IOTCH 6onbllll!M aanpeTOM ( 6onee 10 ) no o·rHoll!eHl!IO K pan11a-

u110HHbIM nepexonaM. 

OTMe'IeHHbie CB0il:CTBa Henh3H o6nHCHl!Tb o6bI'IHbIMII npencTaB

nemrnMII 06 11a0Mep1111 a-rriMHbIX Hnep. Oa11, aepoHTHo, yKa3bIBaroT 

Ha Ka'IeCTBeHHO HOBb!il: Blfa np0HBnemrn 1130MepHbIX COCTOHHl!il: -

'11a0Mep1!10 qmpMbI" Hnpa • .Hnpa, HaxonHm11ecg B TaKIIX COCT0HHIIHX, 

non)l{Hbl l!MeTb CllnbH0 yBen11qeHHYIO paBH0BecHylO neqiopMaUIIIOo 

. BoaMO)l{HOe o6nHCHeHl!e "11a0Mep1111 qiOpMbI" CBH3bIBaeTCH C 

cymecTB0BaHl!eM nononHl!TenbH0I'O MIIHl!MyMa B noTeau11anbHOil: 

aaepr1111 TH)l{enhIX Hnep B cennoBoil: TO'IKe, anepBbie npencKaaaaao

ro pacq~TaMI! _B,M. CTPYTIIHCKoro
151 . ( Monenb nByropl5oro 6apbe

pa neneHl!H (p11c. 1)). 

B 3T0il: Monen11 nepBbiil:, 6onee rnyl5oKl!il: MIIHl!MyM 0TH0CIIT

CH K OCH0BHOMY C0CTOHHIIIO Hnpa. MaoMepaoe C0CT0HHl!e CBH3aHo 
,) 

C Hl!)l{HIIM ypoBHeM BO BTopoil: HMe. 

BayTpeHHl!il: 6apbep, paanenHIOml!il: ol5a C0CT0HHIIH, npengT

CTByeT y -nepexonaM 113 onaoil: HMbl B npyryro. OTHOCl!TenbHO 

Manbie Bb!COTa II lllllpl!Ha BHell!Hero 15apbepa cnocol5cTBYIOT yBe

nl!'IeHl!IO BepoHTHOCTII cnoaTaHHOI'O neneHl!H C 1130Mepaoro C0CT0-

HHl!Ho 

B rnaBe nepe'Il!CnHIOTCH II npyr11e aepoHTHbie np!!'IllHbl" 

B03HIIKHOBeHl!H nenHmllXCH 1130MepoB. 

3necb )l{e paccMaTp11aaeTCH pHn HBnemril:, npoHBnHrom11xcH 

B non15apbepaoil: 06nacT11 aHepr11il: HeKOTOpbxX Hnep, KaK, aanp11-
/6/ . 

Mep, MonynHUIIH nen11TenbHbIX peaoHaHC0B , yrnoBaH aH1!30TpO-
. /7/ 

n11H OCKonKOB np11 qioToneneHl!II , K0T0pb1e He yKnanbIBalOTCH 

6 

----:... 

U(x) 

LLA 
{:[ 

Us ,- I I 

I 
I 
I 

Urr i---=t-t-
I I I I I I I I 

I I 
Urf-"' I I I \ 

_.,,,.,-

I I I 
XR XII Xs X 

P11c. 1. CxeMa onHoMepaoro nayropl5oro 6apbepa neneH11H. 

U(x) - aHeprl!H ne¢opMau1111, x - napaMeTp ne¢opMau1111. 
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B paMKn ITpelKHnx ITpencTaBneHnfi o KaITenbH0M 6apbepe neneHnH 

n M0I'YT 6b!Tb T8K)Ke o6'hHCHeHbl Ha 0CH0Be .I'llITOTe3bl B.M. CTpy

/5/ 
TllHCK0I'0· 

Bo BTO0Oll rnaBe 0ITllCblB8IOTCH MeT0ilbl perncTpaunn CITOH..:· 

TaHHoro neneHnH Hnep c KopoTKnMn ITepnonaMn ITonypacITana 

ll paanll'IHbie BapnaHTbl 8KCITpecCHbIX MeTonnK, ITpnMeHHBWlleCH 

nnH ¢nKcnpoBaHnH ITponyKT0B pacITana nenHmnxcH naoMepoB B6nnan 

o6nyqaeMofi MnweHn. 

OcHOBHaH aanaqa 8KCITepnMeHT1:/CBOilllTcsi K T0My, 'IT06hI 

HaneJKH0 ycTaH0BllTb caM ¢aKT aaITaanhIBaJOmero neneHnH Ha 6onh

lll.0M ypoBHe ¢oHoBoft aKTllBHOCTn. 3To HaKnanhrnaeT oITpeneneHHhie 

Tpe6oB8HllH K IT0CT8H0BKe 0ilb!T0B ITO nccnenoBaHnlO CIT0HT8HH0 

nenHmnxoH naoMepoB. 

ITpn nay'IeHnn peaKunft c TennoBbIMll HeftTpoHaMn n y. -ny

'IaMn ITpnMeHHITCH MeTon aKTllBaunn. OH 38KITIO'I8eTCH B TOM, 

'ITO nccnenyeTCS! 0CK0IT0'IH8H 8KTllBH0CTb, HaBeneHH8H B CaMOll 

MnweHn. Ha-aa Manero BpeMeHn JKnaHn cnoHTaHHo nenHmnxcH 

naoMepoB B MeTone aKTnBaunn, KaK ITpaBnno, n:pn6eraIOT K ncnonh

aoBaHnIO nMnynbCH0I'0 IT0T0K8 6oM6apnnpyJOmnx 'I8CTnu. 3a BpeMH 

nMnynbca nponcxonnT HaKonneane Hnep-naoMepoB, B nayaax MeJKny 

l!MnynbC8Mll npoB0illlTCH K0HTponb 38 nx pacnanoM. 

8 Hawnx 8KCnepnMeHTaX neTeKT0p0M 0CK0ITK0B neneHnst cnyJKnn 

MHOI'OHllTeBOll l!CKPOBOll C'IeT'IllK. BnepBbie OH 6bm ITp!!MeHeH 

P 6 
/8/ • 

oaeH ITJOM0M . nnH cqeTa a -'IaCTIII!, a B nanhHenweM nc-

ITonbaoBancst II nnst perncTpaunn ocKonKoB ne.neHilst. 

MexaHil3M pa6oTbl IICKp0B0I'0 C'IeT'IllK8 eme He coBq_eM stceH, 

a ero cBoftcTBa aenocTaT0'IH0 I1ccnenoBaHb1; Ehma BhmonHeHa 

6 
/9/ • 

pa 0Ta • uenb!O K0T0pon S!BIIIT0Cb nay'IeHne HeK0T0pb!X xapaK-

TepncTnK c'IeT'IIIKa, cymecTBeHHhIX nnst ero ncITonhaoBaHilst B <>KcITe

pnMeHTax ITO nony'IeHnlO CITDHT8HH0 nenHmnxcst Il3oMepoB, a IIMeHHD 

oITpeneneHne a¢¢eKTIIBHOcTII perncTpaunII ocKonKDB neneaµst, Bpe-

M eHHbIX n nncKp!!MIIH!!pyIOmIIX CBDHCTB C'IeT'InKa ITpn HaITonHeHnII 

ero paann'IHhIMII cMecstMII raaoB. B nI1ccepTaUIII1 nMeeTcst oITncaHne 

K0HCTpyKunn neTeKTopa II MexaHil3M8 ero pa6oThI. B 3-5 rnaBax 

8 

I 
' .,l • 

paCCM8TpnBalOTCS! oco6eHHOCTII ITpnMeHeHnst ncKp0B0I'0 C'IeT'IIIK8 

n CITOC06bI Il3Mepeanst Bb!X0il0B 0CK0ITK0B B K8lKil0M K0HKpeTH0M 

cny'Iae. 

a_TpeTbefi I! 'IeTBepTOll I'Il8B8X 0ITnChIB8IOTCS! 8KCITepnMeHTbl 

ITO I1ccnenoBaHI110 ¢oTostnepHhIX peaKUIIH ( y, n ) , ITpnBonHIIlIIX 

K o6pa30B8HIIIO 

(3-H rnaBa) ii 

/IOI 
CIT0HT8HH0 nenHmnxcH naoMepoB 240 Am t 242 Am 
241 / 11/ • ) . 

Pu ( 4-H rnaBa • 

HcTO'IHl!KOM y -KB8HT0B cnylKIIIT0 T0pM03H0e Il3ITy'IeHne 

aneKTp0H0B. OITb!Tbl ITp0B0ilIIITnCb Ha MnKp0TpoHe HHcTnTyTa ¢nan-
•. I 12/ 

qecKnx ITpo6neM AH CCCP c 17 op6nTaMII • 

ITepBbie naMepeHnH c aMepnuI1eBbIMII MIIWeHHMII IToKaaanII, 

'ITO MeJKAy nMITynhcaMn MnKp0TPDH8 Ha6nJOnaeTCH 0CKDIT0'IH8H 

8KTl!BH0CTb, CITanaJOmaH co BpeMeHeM. 

HneHTI1¢11KaunH naoMepoB 240 Am n 241 Pu ITpoBonnnacb ITo 

IIX ITepI1onaM ITonypacITana ( CM, Ta6nI1uy· 1), a B cny'Iae 242 Am 

K0CBeHHbIM ITyTeM, 

Ha pnc, 2 nnH npnMepa ITpIIBeneHbI ITony'IeHHhie HaMn aKcITe

pI1MeHTanbHb1e 3H8'IeHIIH BbIX0il0B 38Il83ilblB8JOIIlero I! MI'H0BeHH0I'0 

neneHIIH Y(Eo) B 38BncnM0CTII OT 8HepI'IIII aneKTp0H0B nnH peaK-

Unil 242Pu+y 

ITono6Hblll Bnn. 

LlnH npyrnx peaKUilll 8Tll 38BllCllM0CTn nMeJOT 

ITpn T0pM0JKeHnn aneKTP0HDB, K8K naBeCTHo, o6paayeTcH He-

ITpepbIBHblll CITeKTp y -KB8HT0B, Ha6nJOnaeMblll BblX0il 0CK0ITK0B 

neneHIIH ( MI'H0BeHHbIX IIITII 38IT83ilbIB8JOIIlnx) CBH38H C Ce'IeHI1eM 

peaKUllII C00TH0WeHileM: 

Eo 

y ( E o ) k J a ( E ) <Ii (E , E 
0

) d E y , 
E y y 

n 

( 1) 

rne E o aHeprnH aneKTpoHoB, En, a ( E y) - ITopor n ce'Ie-

Hne peaKunn, ¢ (E y• E o ) - TOpM03HOll CITeKTp y -KB8HT0B, ITpll

'IeM 

E 
O 

<S_ Ey <_ E O , 

k - Koa#nuneHT, CBH38HHhlll C reoMeTpneft 0ITbITa ll K0ITll'IecT

B0M BemecTBa o6nyqaeMofi MnweHn, 

g 
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PHc. 2. 3aaHCHMOCTh ao1xoaa ocKonKOB MrHoBeHHoro i H aanaanbrnaromero I nenemrn Y 
OT rpaHH"tJHOH aHeprHH E1 ( RnH aaepr1rn .aneK,:poHoB E O ) a peaKunu

242 Pu + Y 1 - pac-
Ct:ilt:TaHHBSI KpHaasr npH T = 115 M .aa H aHeprHH nopo:ra En = 9, 1 Mas. 
2,3 - rrpn T = 1,5 Msio, En = 8,3 M9B (2) H 9,5 M9B (3). 
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B 4 -iI ( H '!aCTH'IHO B 5-oiI) rnaBe rronpo6ao o6Cy)KJ:la!OTCSI Me TO

A bl o6pa60TKH ·peaynbTaTOB HaMepeHHH rrpn <pOTosrnepHbIX peaKUHSIX, 

ITpenno)KeH HHTerpanbHb!H crroco6 HaXO)KJ:leHl!SI Bb!XOAOB peaKUl!H 

Y ( E O) no !IX H3BeCTHb!M Ce'!eHl!SIM, 

Hcrronbaysr cooTHO111ea1Ie ( 1), Mb! "'rrpo1IHTerp1IpoBann"' qiyaK

UIIIO Boa6y)KneHIISI a 1 ( Eo ) <poToneneansr 
241 

Am , onpeneneaayID 
/13/ 

B onb1Tax Kaua II np. , ITonyqeaaasr KplIBasr xopo111O cornacyeT-

csr C 3KCIIep1IMeHTanbHbIMII TO'!KaMII aaBIICIIMOCTII Bb!XOJ:la yf ( E o ) 

ocKonKoB MI'HOBeaaoro neneH1Isr nnsr Toro )Ke srnpa. 

AaanoI'II'IHbIM cnoco6oM "'rrpo!!HTerp1IpOBaHbl"' II <pyHKUIIII 

Boa6y)KneH1ISI a 1 (E 0 ) peaKUIIiI, nny1111Ix c 06paaoBaH1IeM crroHTaH

Ho nem11111Ixcsr naoMepoB 240Am , 242 Am II 20 Pu 

¢opMa KpHBOH <pyHKUHH Boa6y)KJ:leHIISI B6n11a1I rropora peaKUIIH 

OITIICbIBaeTCSI Bb!pa)KeHIIeM, nony'!eHHbIM H3 CTaTIICTII'JeCKOH TeOplIH 

srnepHbIX peaKUIIH rrplIMeHHTenbHO K al {Eo) 

-""'-E/T 
al ar f\ /rr 1/ I (1 - e ) ( 2) 

3necb · a 1 - cooTBeTcTBYIDlllee ce'!eHIIe <poToneneHIIsr, r n n r 1 -

HeHTpOHHbie n ne·nlITenbHbie lll!!plIHbl, 71 1 - BepoSITHOCTb o6paao

BaHl!SI 1!3OMepHOI'O COCTOSIHIISI, ""'- E - 9HepI'HSI B036y)KJ:leHIISI srnpa, 

OTC'IIITbJBaeMaS! OT rropora peaKU!!II, T S!Aepaasr TeMrrepaTypa. 

B pac'!eTax ncnonbaoBan1ICb aaa'!eHIIS! T = 0, 7 II 1,5 M sB ; paa

nlI'!IIe rrony'!eHHbIX KplIBbIX YI ( E o ) HeBenl!KO, 

B cnyqae 
241 Am 1IcrronbaoBan1ICb aaa'!eHIISI ceqeHIIH a r 

/13/ 
rrpnBeneHHbie B ; nng ~43 Am OTHOCHTenbHoe 11aMeaeH1Ie ar 

C sHeprneiI rrony'!eHO l!3 aa6n10naeMOI'O HaMH Bb!XOJ:la OCKOnKOB 

{ 10/ 
MI'HOBeHHOI'O neneHHSI y (E . Ce'!eHIIe MI'HoBeHHOI'O neneHIIS! 

· f 0 

peaKUIIII 242 Pu + y paccqlITbIBanocb II3 Yr (E
0

) MeTonoM "'paa-

HO,CTII <pOTOHOB"', 3TH CBeAeHIIS! IIO. a f nnsr 243Am n 242 Pu 

B naMepsreMoM A1IarraaoHe E . 
y B nnTepaType OTCyTCTBOBanlI. 

CoBMemaS! orrpeneneHHbie TaKIIM o6pa30M aaBIICIIMOCTII Bbl

XOAOB OCKOnKOB aarra3J:lbIBa!Omero J:1eneH1ISI OT 3HepI'IIII y -KBaHTOB 

11 



C SKcnepnMeHT8nbHbIMll A8HHb!Mll
0 

11.nH Tpex 51Aep (ann 51AP8 
241 Pu 

CM, p!!C, 2), MO)KHO ycTaHOBIITb nopOI'll peaKunii, np!!BOAHillllX 

K cnoHT8HHO. aenHilll!MC51 !130MepaM, 

3Tll noporl! OK838Ill!Cb paBHb!Mll: 

9,85.:t_0,15 Msa ann peaKU!!ll 
241

Am(y,n) 
24

omrAm 

9,45;t_0,15MsB - " - 243 Am(y,n) 242 mfAm 

9, 10.:t_O, 15 Msa 24:.Pu (y,n) 241m1Pu·. 

TToporn peaKUllllo aeaymnx K o6pa30B8Hll!O OCHOBHOI'O COCTOHH!IH 

240 , 242 Am !I 241 Pu , coarraaaroT, oqeanaHo, c sHepr!!HM!I 

CB513ll neiiTpOl!OB AmI HAep-M!!IIIel!eii, KOTOpbie ll3BeCTHbl, 

"' 

Pa31ll!UY rroporoa, MO)Kl!O, no-BIIJ:ll!MOMY, paccM aTp1!B8Tb KaK 

sneprllro aoa6y)KJ:1emrn 

caeael!bI B Ta6n11uy 2, 

E* 
I 1130MepHbIX ypoBHeii. PeaynbTaTbl 

Ta6n11ua 2 

HaoMep neplloa rrony- 3HepI'l!H ll30MepHOI'O PeaKU!IH 

pacrraaa ypoBHH, MsB 

240 m 1\.m 0,9 MCeK 3, 15.:t_O, 25 241 Am (y • n ) 

3, 15.:t_O, 25 241 Pu ( p, 2n )/14/ 
242 mfAm 14 MCeK 3, 20.:t_O, 20 243 Am ( y • n ) 

2,90.:t_0,40 243 Am (n,2n/15/ 

241 mfpu 25 MKceK 
xi 

2,90.:t_O, 15 2"2. Pu (a, i'1.) 

Ha· Ta6nl!Ubl BIIAHO, qTo Halli!! peaynbTaTbl !IO E * J:{IlH 
240 

'
242 Am 

I 

COBII8J:{8!0T C aaHHbIMll APYI'l!X pa6oT, 

Benl!ql!Ha E * an£ 
I 

24 lpu orrpeaeneHa arrepBbie, '·. 

Bb16op STOI'O ll30TOIIa o6'beKTOM l!allll!X l!CcneaoBaHl!ll Ile 6bm 

cnyqalHhlM, B nape 
241 Pu 

na6nroaaeTc51 ll30Mepnoe cocTOHl!lle, 
141 

pacrraaaromeecn nyTeM aenenl!H , !I nponanneTcH qeTKaH KapT11na 

xi 141 
Halli!! aaHl!hie - T 1/ 2 = 23.:t_l MKCeK, aanHhie 27 MKCeK, 

B Ta6nl!ue np!!BOA!ITCH cpeanee anaqenne, 

12 

l 

1-
l1 

I 
( 
f 

~ 

l 

'.{ 

I 

( 

6 161 u . 
aenl!Tenhl!hIX rroa apbepl!hlX peaoHancoB , nHTeprrpeT!!py51 o6a 

naneH!l51 na ocnoae Moaenll aayrop6oro 6apbepa aenenll51, MO)Kl!O 

ouenl!Tb OAl!ll !I Te )Ke napaMeTpbI TaKoro 6apbepa, Cpaanenl!e 

ST!IX ouel!OK npOBOJ:lllTC51 B rnaBe 6. 

B onb1Tax C y -KBal!TaMll Ob!Illl onpeaeneHhI OTl!oIIIel!l!H 

ceqenllii o6paaoBal!llH !130Mepnoro !I OCl!OBHOI'O COCTOHl!lll 

( rrapullanhnoe naoMepnoe oTnoIIIenl!e) ,. a TBK)Ke 
Uf 

UI 

-~ u 
"' nony-

qel!bI a6conroTl!hie anaqenn51 ceqenllii u i ann aayx peaKullii, 3Tl! 

caeaenl!51 paaMemel!bI B Ta6nl!ue 3, B cnyqae 243 Am ( y, n) 242 mrAm 

TaK!le aal!l!bie ne npeacTaBnel!bl !13-38 OTCyTCTBll51 a6conroTl!b!X 
[' 

aenl!ql!I! uf !I 
rn + rf 

llnn cpaanel!l!H B Ta6nnue npI1aeaenh1 peaynh'i'aThI no apyrl!M 

peaKU!IHM, B!!Al!O, qTo ll30Mepnoe OTl!Olllel!ne ne aaBIIC!IT OT Bl!O

Cl!MOI'O YI'ilOBOI'O MOMel!Ta, 3To, IIO-Bl!J:{IIMOMY, yKa3bIBaeT Ila TO, 

qTo Mexal!ll3M o6paaoBal!llH ll30Mepnoro COCT0511!l!H He qyBCTBll-
1191 

Tenen K C!Illl!Y COCTaBl!OI'O 51):{pa 

TTH'l'_/lSI _rnaBa coaep)K!!T onl!caH!!e onbITOB no na6moaennro 

aen5lllll!XCH ll30MepoB 242 Am II 244 Am O o6paayJOillllXCH B peaKU!!HX 

paallaUl!Olll!OI'O aaxBaTa TennoBhIX neiiTpOHOB, 

1, 3Tl! pea.KU!!!! yab6HbI ann anannaa, KaK rrpaB!lno, ·sHeprlln, 

cnnH n apyrl!e xapaKTepllCTllKll o6paayrolllllXC51 ypOBHel B COC_TaB

HOM nape ll3BeCTHbl, 

2, Ba)Kf!O 6hmo npocneanTh Koppen£unro Me)Kay npoueccaM!I 

o6paaoBaHll51 ll30MepoB ll BhlHY)l{AeHHblM aeneHlleM, 

3. TTpeacTaBnHnOCb IIHTepeCHbIM cpaBHllTb ceqef!l!H o6pa3oBaHll51 

CIIOHTaHl!O aenHillllXC51 ll30MepoB !Ip!! aaxBaTe nelTpOHOB Ha cqc

TC51HllH C paannqHb!Mll aenl!TenbHbIMll IllllpllHaM!I, 
242 244 

YpoBl!ll B napax Am n Am , aoa6y)KaaeMb1e npll aa-

xBaTe TeIInOBbIX HeiiTpOHOB, ne)KaT Ila "" 0,9 Msa l!l!)Ke 6apbepa 

aenennn, llMe!OT OJ:{llHaKOBbie cnl!Hbl !! qeTHOCTll ( 2- !!ml 3-), HO 

CllilbHO !Ip!! STOM OTill!q8JQTCH no [' 
f 

TTepBbie onhITbl c TennoBh!Mll nelTpOHaM!I 6b!Illl nocTaBneHbl 
1201 

B 1965 roay c uenhro. nonyqnTh 242 mr Am . 3Kcnep11MeHTh1 He 
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TaOJil'!Ua 3 

PeaKUl'lll 3Heprl'IJI Cp.MOMeH:r, CetteHl'!e MsouepHoe 

¼ (ac:r,u, BHOCID.(liH oOpa30BaHl'!ll o:rHomemre 
M3B B JIJtpo, I(ti.) l'!30Mepa o/E ot 

'cM22 s, 
238u ( IIB, oC.3n)242mMm 60 IS 6.I0-32 ( 4, 3;tI, 5). I0-4/I6/ 

24~(n , 2n) II I4 6,0 r,s.ro-28 ~ 4.I0-4 /I7/ 

24:/1111( n tr) II r,o o,s r,_s.ro-29 ~ 2.I0-4 /I8/ (2+0,3).ro-5 
' :;: I 

(I,3;t0,4).I0-3 24?1bcr,n) 242mi.Jbn I2,5 I,0 - -
2414ntcr. rt ) 240mJAm. I3,0 I,0 r,s.ro-28 (5+I,2).ro-4 (I,0;t0,25).I0-3 

242PuCr,n) 24Imfpu. I2,5 I,0 s,4.10-28 (9;t3). ro-4 (2,s1o,s).ro-3 



nam1 rrpHMh!X yKa3aH11li Ha o6pa30BaH11e 113oMepa, 6bma n11111b oue

HeHa BepxHHH rpaH11ua ceqeH11li, 113 KOTopoli cnenoBano, qTo 1130-

-7 
MepHoe OTHOlll6Hlle a I /a= < 5• 10 I T.e. Ha Tpll rropH.t1Ka M6Hbllle, 

qeM B peaKUIIHX Ha .6b!CTpb!X qacT11uax. 

Eonee 1103.t(Hlle IIOllbITKII npyr11x aBTOpOB CIIHT6311pOBaTb 
242011 

Am oKa3an11cb 6e3yc11ell!Hb1M 11. 

Halllll Ollb!Tbl C 6onee IIHTeHCIIBHb!MII IIOTOKaM11. TerrnoBbIX 
/21 22/ 

HeliTpOHOB 6binll rrponomKeHbl B 1968-69 r.r. · ' • BrrepBbie 6bm 
/21/ /22/ 

qeTKO 3a!pllKC_llpOBaH pacrran 1130Mepa aMepllUIIH-242 • B 

8 
nng rronyqeHIIH rrynhc11py10mero ?YqKa HeliTpoHoB ( "" 10 

n 
-- 2 ) 

ceK. CM -
11crronh30Bancg 1130XpOHHbili UIIKnoTpOH na6opaTOpllll H.t1epHbIX peaK -

u11li. 3aMenneHne aeliTpOHOB 11po11cxon11no B rrapacpnaoBoM 6noKe 

rrepeMeHHOli TOnIUllHbI, qTo I103BOmmo MeHHTb ,rnepreT11qecK11li crreKTp 

qacTnu. Bb1.t1enea11e yqacTKa crreKTpa TerrnoBhIX aeliTpoHoB rrpoBo-
/ 22/ 

.t111noch C IIOMOll!blO cpllnbTpOB ll3 Ka.t(MIIH. 3KcrrepllM0HTbl TaKJKe 

nMenn uenblO rronyqeane nenHIUIIXCH ll30MepoB 242 Am 11 244 Am B pe

aKUIIHX c 6bICTpbiMII HeliTpOHaMII. 

Pe3ynbTaTbl naHbl B Ta6n11ue 4. TTpnBeneHHbie ceqeang I10Ka-

3b!BalOT KOppenHUlllO M6lK.t1Y. MrHOB6HHb!M nenea11eM (a,) 11 o6pa3o

B8Hll6M 113oMepaoro cocToHHIIH (a
1
). 06a rrpouecca Ha6n10.t1an11cb nnH 

H.t1pa 2 41 Am II He o6HapyJK0Hbl ('11MeeTCH OUSHKa BepXHllX rpaHllU) 

nng 243 Am rrpn o6nyqeHllll IIX TerrnoBbIMJI HeliTpOH8Mll. Ilpn 3TOM 

B cnyqae 242 Am nen11TenbHaH lllllpnHa r "" 2• 10:-4 3B ( rrpn 3a-
1 

xBaTe HeliTpoHa), B cnyqae 244Am - r 1 < 10-
5 

aB. 

TaKIIM o6pa3oM, MOlKHO CKa3aTb, qTo qeM Bb!lll0 ceqeHne 

neneHllSl 3,TIIX H.t1ep, TeM C 6onbllleli BepoHTHOCTblO 06pa3yeTCH 

ll30Mep. Hnn, npyr11M11 cnoBaMn, nng 3aceneHnH n3oMepHoro coc

TOHHllH Heo6XO.t111MO B036y.t111Tb Kone6aTenbHbie CT6I10HII CB060.t1hl. 

CKa3aHHoe crrpaBennnBq, 110-Bn.t1nM0My, nng aHeprnli B036yJK.t1eHnH 

HllJKe 6apbepa neneHnH. 
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Ta6Jinna 4 

3Heprm1 24I.Jl-m + n 243.Jhn + tz. HSMTpOHOB 
(3B) 

~ Of 
Of 

(6apH) 
o, 

(:u:x6apH) ¾ fi-1-
0-f-

(6apH) 
-6, 

(:U:K6apH) 

<o,4 (I ,0,;!:0, 3). ro-4 3,I3x 300,:!:IO0 <o,osx <IO 

~106 co,2!0,05).10-4 I,2 24,:!:6 (0,3,;!:0,I).I0-4 I,4 42;!:IS 
'· 

;;; 

x) CeqeHHe ~Jifl :renJIOBHX Hell:rpoHOB 



B rnecTofi rnaBe caenaHa nonhITKa oue1111Tb HeKOTOpbie napa

MeTpbI AByrop6oro 6apbepa am1 Bbi6paHHblX Sl,Qep nnyTOHIISI II aMe

pl!UIIH, on11paS1Cb Ha A8HHbI8, nony'l8HHbl8 113 npl!B8A8HHbIX Bbllil8 

peaKUl!ll, 

1. 8Hepr11g 1!30MepHOI'O ypoBHSI pacCM8Tpl!B8eTCSI B Moaen11 

AByrop6oro 6apbepa KBK pa3HIIU8 no sHepr1111 nonOlK8HIISI BTOpOI'O 

MIIHl!MyMa noTeHu11anbHOfi Kpl!BOfi U ( x ) Han nepBbIM, B 0603-

H8'18HIISIX pl!C, STO 03H8'188T E ~ = U 
11 U I • 411cnoBbie 

3H8'18HIISI E i YK'838Hbl B Ta6n11ue 2, ilnH S!,Qpa 241 Pu , KBK 

1!3B8CTHO, E ~ = 2,9 M SB, AHan113 aen11TenbHbIX p830H8HCOB 

a TOM )1{8 Hape. Ilpl!BOAIIT K 3H8'18HIISIM u II - u I . = 1, 7 

2 1 M /6,23/ B 
, SB , bl'IIICneHl!SI 3,Q8Cb npoBOAl!nl!Cb 113 COOTHOlileHl!SI 

nnoTHOCTefi p II " p I ABYX KnaCCOB ypoBHefi BO BTopofi II nep-

BOfi noTeHUl!BnbHbIX SIM8X, 

flo IlOBOAY pa3nH'IIISI B Benl!'IIIH8X E f II U11-U1 MOlKHO 

BhICKa3aTb a Ba npeanonolKeH11H: n1160 Ha6moaaeMoe 1!3oMepnoe 

COCTOSIHll8 B 
241 Pu nelKl!T Bbilli8 (Ha "' 800 KSB) ana BTOpofi 

S!MbI, n1160 napaMeTp nnoTHOCTII ypOBHefi a anH c11nbHO ae~op-

M!!pOB8HHblX COCTOS!Hllfi l!MeeT 8HOM8~bHO 6onblII08 3H8'18Hl!e ("' 40). 

C apyrofi CTOpOHhI, MOlKST OK838TbCH, '!TO o6a HBneHl!SI 

IIMSIOT pa3nll'IHYIO np11poay 1 11n11 KapTIIH8 OAHOMepHOI'O AByrop6oro 

6apbepa HBnH8TC51 cnlllIIKOM np116n11lK8HHOll, 

2, B pgae pa6oT 113naraeTcg cnoco6 np.11MeHeH11g cTaTl!CTl!'!ecKofi 

Moaen11 ang on11caH11g npoueccoB, cB513BHHhIX c o6pa30BaH11eM ae

ngm11xcg l!30MepoB, Hcnonb30BaH11e TaKoro noaxoaa anH gaep, 

IIMS!OllillX AByrop6bill 6apbep aeneH1151, OCHOBBHO Ha TOM, '!TO npl! 

AOCT8TO'IHOfi rny611He BToporo MIIHl!MyMa B H8M npoHBn51IOTC51 CIIC

TeMbl pa3nll'IHblX ypoBHefi, flpeanonaraeTcg T8KlK8, '!TO B gape, 

nonaBlil8M BO BTopyIO 51MY, ycTaHaBnl!B88TCg TepMOAIIH8Ml!'l8CK08 

paBHOB8Cl!e, 

B
124

•
251 

npl!B8,Q8Hbl Bb!palKeH1151, Il03BOn51IOlilll8 nony'll!Tb 

COOTHOlil8Hll8 M8lKAY C8'18Hll8M al o6pa30B8Hll51 1130M8pHOI'O coc-

T051Hl!SI II ce'l8Hl!51MII peaKUllfi, npl!BO,Q5llIIIIX 51.Qpo B OCHOBHoe coc-
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' i I 

T0S!Hlle (a,,) nnn K .QeneHmo (al ) • ITpnMeHnTenbHO K peaKUHS!M 
/10 11 22/ 

( n , y ) n ( y, n ) , nccne.QoBaHHbIM B aawnx pa6oTax ' ' , 

9TH C00TH0WeHHS! M0JKH0 aanncaTb B cne.QyJOWeM BH.Qe : 

a r p NA __ 1_ = -y-2 __ II 

~Na"" I u. Y' P, 

11nH peaKunn (n, y) 

( 3) 

a r 
_J..... = ----+:L (4) 

a 
rl2 I 

a, rn2 Pu NA 
-= -- ---

f 

ag rnl Pr NA+ NB ; 
( 5) 

/lnH peaKunn ( y • n) 
a; rn2 
- = -- ( 6) 
al r12 

B 9THX qiopMynax NA ll N B - 'IHCnO 0TKpblTblX KaHanoB .QnH .QaH

H0I'0 npouecca B npoMeJKyTKe OT BepwnHbI nepBoro (A) nnn BTopo

ro (B) 6apbepoB .Q0 BenH'IllHbl saeprnn B036YJK/leHHS! E* C0CTaB-

Horo H.Qpa, T,e. 
E*-UA 

NA =·f P (c) de 
0 "A 

n N 
B 

E*-u 8 
f p(c)dc, 

0 B 

r11e PA n Pa - nnoTH0CTll yp0BHefi npn .Qe<popMaUHHX, 0TBe-

'IBJOWHX pacnonoJKeHHIO 6apbepoB, 

llanee, p H p - ITn0TH0CTH YPOBHefi, C00TBeTCTBYIOWHe 
I II 

saeprllHM B036yJK.QeHHS!. 0TH0CHTenbH0 u I n u II ( pnc, 1); r yr • 

r y2 - pa.Qll8Ull0HHbie ll r 0 l , r 02 - HefiTp0HHb!e napUllltnhHbie 

wnpHHbl nepexo.Q0B S!.Qpa B nepByJO nnn BTopylO -HMY C00TBeTCTBeH

H0. Ha 0lib!Te 6bmll onpe.QeneHbl OT Ho We HHS! a 1 / a g n - a 1 / a 1 

( Ta6nnUbl 3 n 4), 0CTanhHble 'IneHbl <pOpMyn ( 3 )-( 6) Haxo11nnnch 
/25/ NA 

na pac'IeTa • BbI'IncneHHbre aHa'IeanH _N ___ N_ n r 12 
A+ B 

(11ennTenhHaH wnpnaa Bo BTopofi HMe) npnB011nnn K oueHKaM napa-

MeTpoB 6apbepoB! ITpnHHManocb, 'ITO 1i w A . = 1i WB 

18 

llnH peaKUllll pa11naun0HH0I'0 aaxBaTa HefiTpOHOB Bhl'IHCneHHS! 

YK83bIBaiin Ha Bb!C0Tbl U B BT0pb!X 6apbepoB 
242 

Am n 244 Am• 

6nnaKne K BenH'IHHaM saeprnfi CBS!3ll HefiTpOH0B B 9THX S!.Qpax. 

B no1106aofi cnTyaunn cne11yeT, no-Bn/lnMoMy, nonaraTh, 'ITO 

naBeCT!Ibie na sKcnepnMeHTa noporn 11eneanH onpe11enS110TCH BhI

coTaMn nepBbIX ( BHyTpeaanx) 6apbepo~, 

1laHHb1e na peaKunfi ( y, n ) .QaJOT cBe.QeHnH o 6apbepax .QnH 

H.Qep _241 -243 Am n 24l,242Pu • O6wnfi peaynhTaT TaKofi: npn 

0AH0M ll TOM JKe 3H8'IeHnll napaMeTpa ITn0THOCTH ypoBHefi ( a I =a "' 
-1 II 

= 28 MsB ) Benn'IHHbI o6onx 6apbepoa nony'IaJOTCH npnMepao 

onnHaK0Bb!Mll no Bb!C0Te. 

lJTo6bI cornacoBaTb 0?eHKll Bb!C0T BT0pblX 6apbepoB .QnH 

HApa 
242 

Am npn 38XBaTe Tenn0Bb!X HefiTpOHOB ll /:llISI 241 Pu 
/26/ 

B cnyqae nennTenhHbIX peaoHaHcoB HaM npnxonnTCH yBenn'In-

BaTb napaMeTp an AnH CHCTeMbl ypoBHefi BO BTopofi S!Me. 

PaccyJKAeHn.H 0TH0CHTenhH0 CTPYKTypbl 6apbepa neneHHS! 

nMelOT S!BH0 npn6nnJKeHHblll n cxeMaTn'IHblll xapaKTep, 'ITO 06'bS!C

HS!eTCS! HeCoBepweHCTB0M cymecTBYJOWefi Teopnn n He.Q0CTaTK0M 

CBeneanfi ,o npnp9ne CIT0HTaHH0 nenHWHXCS! ll30MepoB, 

·OcHOBHbie peaynhT8Tbl 11nccepTaUHOHHOll pa60Tbl CB0.QS!TC.11 

K cne11y10meMy: 

1, CKOHCTpynpoBaH n ll3I'0T0BneH ncKp0B0H cqeT'IllK 0CKon

K0B nenean.11. PaccMoTpea MexaHnaM ero pa60Tb1, OnpeneneHa ero 

sqi<peKTHBHO~Th perncTpaunn 'I8CTHU, a TaKJKe H3y'IeHbl AllCKpllMHHH

PYIOWlle n BpeMeHl!b!e' CBOHCTBa, cymecTBeHHb!e nnH nay'IeHmr nenH

mnxc.11 naoMepoB. 

2. llmr nccne.QoBaHnH cnoHTaHH0 11en.11mnxcH naoll{epoB npnMe

HeHbI <p0To~nep11bre peaKunn Tnna ( Y, n) • TaKne peaKunn pacwnpHIOT 

Kpyr nayqaeMblX S!Aep ll lI03B0nHIOT· npoB0.QllTb Ha.QelKHYIO ·naTep

npeTaUHIO nony'IeHHb!X peaynhTaT0B, 

3. Ha peaKunfi c raMMa-KBaHTaMn nony'IeHbI cBe.QeHHH 06 

SHeprnn Boa6yJK.QeHirn ll30MepHblX COCTOS!Hllll B S!.Qpax240 Am , 242 Am 

n 241Pn , onpe11eneHbI naoMepHbie oTHoweanH, a TaKJKe naMepe-
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It 
it 

Hbl OTHOllISHIHI Ce'!SHIIli o5pa3oBaHIISI II30MepoB U I 

BblHYJK.ClSHHOrO neneHIIS! a, • ilnsi 240 m rAm II 

K ce'!SHIISIM 
241 

m.f Pu naHbl 

a5comoTHb18 3Ha'!SHIISI CS'ISHIIli a I • B peaKUIIS!X C Y -ny'la-

MII 3a<plIKCl!pOBaH MaKCIIManI,Hbili Bb!X on Cl10HTaHHO nensiumxcsi 

II30MepoB. 110 cpaBHSHIIIO c.npyrlIMII peaKUIIHMII. 

4. 113y'!eHbl peaKUIIII pan1IaU1IOHHOro 3axaaTa Tel1nOBblX HeliT

pOHOB, 11PIIBOAHIUII8 K o5pa3oBaHIIIO II30MepoB242
mf Am II 244

ml Am 

l13MepeHbl, CS'ISHIIH peaKUIIli U II OTHOllISHIIH CS'!SHIIli a / a 
· I I f 

11plI B3alIMoneliCTBIIII HASP MIIllISHeii KaK C Tel1nOBbIMII, TaK II 5b!CT-,. 

pbIMII HSliTpoHaMII. 

5. 3aMe'!eHa KoppenHUIIS! MSlKAY 11poueccaMII o5p830BaHIIH 

nenmu1IXCH II30MepoB II MrHoBeHHhIM neneH1IeM. ITp1I o5ny'!eHIIII 

HAep 
241 

Am II 
243 

Am Te11nOBbIMII HSliTpoHaMII o5a 11pouecca 

!ia5n10nan1ICb nnH HApa 242 Am II He o5HapylKSHbl B HApe 244Am 

6, ilnH sinpa 
242 Am 110Ka3aHo p83Ko·e OTnlI'!IIe B 110BeASHIIII 

OTHOllISHIIli a 1 /a" II al / a I B peaKUIIHX 11plI 11epexone OT 5b!CT

pb!X HeliTpOHOB ( 1 M:rn) ~ Te11noab1M, BenlI'IIIHa a 
1 

/ a 
I 

MeHSieTcH 

cna5o, B TO BpeMSI KaK II30M8pHoe OTHOllISHIIe a I a yMeHbllia-
1 g 

eTCH Ha TplI l10pHnKa. Pe3ynbTaTbl 9KCl1eplIM8HTOB o5cyJKAalOTCSI 

B paMKax Monen1I AByrop5oro 5apbepa neneHIIH, 

7. Ha ociioBe IIMS!OllllIXCSI naHHbIX O CBOltCTBax Cl10HTaHHO 

nensim1Ixcsi II30MepoB II 11pencTaBneH1Ili o MexaH113Me 3aceneH1IS1 

II30MepHblX ypOBHeli cnenaHbl 11p1I6n1IlKSHHbJe oueHKII 11apaMeTpOB 

neyrop5oro 5apbepa neneHIIH HSKOTOpbIX HAep, 

il1IccepTaU1IS1 Ha111IcaHa 110 MaTep1IanaM 011y6n1IK0BaHHhIX pa5oT 
/3,9-11, 19-22/ 

" 
0TnenbHbie pe3ynbTaTbl 1ICcneaoBaH1Ili AOKnanbIBanlICb Ha XIX 

II xx BceCOI03HbIX ·coBemaHIIHX 110 HAepHoli Cl1eKTpOCK0111II! II CTpyK

Type llt.pa ( r, EpeBaH, 1969 r., r, neHIIHrpan, 1970 r.) Ha XI CoBe

maHIIII 110 Hnepnoli Cl18KTPOCK0111III HeliTpOHOAS!plIUIITHbIX II30TOl10B 

II TeOplIII neqiopMl!pOBaHHbIX HASP ( ily5Ha, 1969 r.). 
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