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ct>paHK H.M. P3 · 11824 
KpaTKHfi o6aop ttayqttoll aeHTenbHOCTH na6opaTopuu ttel!TpOHHOii 

¢tt3HKH B 1977 roay 
Pa6oTa SIBnlleTCH o6aopoM OCHOBHblX peaynbT8TOB Hayqttoll lleHTenbllOCTH 

na6opaTOPIIH HellTpOIIHOll ¢tt3HKH OIHIH B 1977 r. B o6naCTH Hllepttoll ¢113HKH, 
¢tt3HKH KOHlleHCHpOB8HHblX cpea, nayqeffttff CBOfiCTB ynbTpaxonoallblX ttel!Tpo
HOB, a TaK)Ke caollcTB nepexoattoro uanyqettnH H sq,¢eKTa Baaunoaa-4epettKo
Ba. Coo6maeTCSI O ¢11anqeCKOM nycKe HOBOro peaKTopa - HEP-2, 3To co6bl
Tlle, COCTOSIBll!eecg 30.11.77 r,. npOH/lnlOCTpHpOB8HO TpeMSI qlOTOrpaqil!SIMII. 
npHBOllSITCSI H 06Cy,Kll8IOTCSI peaynbT8Tbl nayqeffl!SI CilHHOBOfi 38BHCHMOCTII 
neiiTpOIIHLIX s¢¢eKTHBHblX ceqettnii peaK03eMenbffblX SlllCP, BLmonnettttoro 
C IlOMOll!blO nonSipH30B8HHblX nel!TpOHOB, Coo6maIOTCH peaynbT8Tbl 9KCnepn
MeHT8 no noncKy caepxnnoTHLIX gaep B nponecce 11ene11ug gaep MaTepnana 
8KTHBHOii 30Hbl peaKTOpa HEP-30 ll peaynbT8Tbl uccneaoBaHHSI noaeaeHIISI 
ynbTpaxonoaHblX Hel!TpOHOB B cocyaax C oqeHb qncTLIMH CTeHKBMII, no11po6-
HO, C np110neqen11eM pncyHKOB, attannanpyIOTCSI HToru pa6oT, IlOCBSlll!eHHblX 
CBOl!CTBaM qepeHKOBCKoro H nepexo1111oro K3nyqeHHll. Coo6maeTCH 06 HCilOilb-
30BaHHH paapa60Tattnoro B na6opaTOpHH CBepxnpOBOllHll!ero KBSHTOBOro IIHTep
¢epoMeTpa ans noncKa sneKTpnqecKoro 1111nonbttoro MOMenTa sneKTpona, 
DeMottcTpupyercg aanbHellmee pa3BHTHe Mero1100 Manoyrnoaoro pacceHHHH 
H 1111¢paKUHH Hel!TpOHOB Ha HMnynbCHOM HCToqunKe, 06aop coaep,KHT 06w11p
Hbul C!JHCoK ny_6n11Kan11ll pa6oT nHct> OHHl:1 a 1977 r, 

Cooomenue U6benuuennoi-o uncTnTyTa gaepHbIX uccnenoaanul\. Ily6na 1978 

Frank I,M. P3 - 11824 
Review of Scientific Activity of Neutron Physics 
Laboratory in 1977 

The main results of scientific activity of the JINR Neutron Physics 
Laboratory in 1977 are reviewed.They are in the fields of nuclear phy
sics, physics of condensed matter, ultracold neutron properties, and in 
the fields of transition radiation and the Vavilov-Cherenkov effect. The 
report is given on physical start up of new pulsed IBR--2 reactor, The re-

. suits of spin-dependence of neutron cross-sections study for the Rare 
Earth nuclei obtained in experiments with polarized neutrons and pola
rized nuclei are given. The results of the search for superdense nuclei 
in fission process in the IBR-30 reactor core are reported,as wellas 
ones for behaviour of ultracold neutrons in a container with very pure 
walls, The investigation of transition and the Vavilov-Cherenkov radia
tions are analyzed in detail. The report of the upper limit measurement 
of the Electron Electric Dipole moment (performed with the help of 
a quantum superconducting interferometers) is given. The further deve
lopment of small angle scattering and diffraction techniques at the pulsed 
source is demonstrated, The review contains an extensive list of 
publications of the Laboratory in 1977. 

The investigation has been performed at the Neutron Physics 
Laboratory, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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B MoeM 063ope o Hay'IHOH .I{eaTenLHOCTH IlH<I> 3a 
1976 ro.I{ OTMe'lanocb, 'ITO Ha'laBWHeca e 1970 ro.n;y CTPOH
TellbHble, a 3aTeM H 'MOHTa:>KHble pa60Tbl no HEP-2 BCTy
nHnll B 3aeepwa10myro 4>a3y111 . OHH 6blnH 3a1COH'1eHbl B 
1977 roAY, a 30 HOR6pa e 16 qacoe io MHHYT Ha peaKTope 
HEP-2 6bln enepeble ocymecTBneH He3aTyXalOIQHH uenHOH 
a.n;epHbIH npouecc *. 3To 6blno He npocTo po>1<.n;eHHe peaICTo
pa, HO Ha'lano nepeoro H coeepweHHO Heo6xo.I{HMoro 3Tana 
ero oceoeHHR - OH HOCHT Ha3BaHHe cl>H3H'leCKOrO nycKa. 
Ee3 4>a3aqec1Coro nycKa nocne.n;yromaii BBOA peaKTopa e 
3KCnnyaTaUHIO HeB03MO>KeH.TOllblCO Ha onblTe npoeepaeTCR 
aenH'IHHa KpHTH'leCKOH MaCCbl, y.n;a'IHOCTb ICOHCTPYKUHH CHC
TeM ynpaaneHHR a 3alQHTbl peaKTopa. )];na cTauaoHapHoro 
pe:>KHMa p~aKTop'a :Ha pa6oTa 6blna 3aKOH'leHa a .I{eKa6pe. 
Ha OCHOBaHHH ,l{aHHblX no cl>H3H'leCKOMY nycKy B pa3nH'IHble 
ioHcTpyKUHH cacTeM peaKTopa 6YAYT eHeceHbl Heo6xo.I{H

Mble YTO'IHeHHR H ICOppeKTHBbl. 
3To cymecTBeHHblH 3Tan pa6oTbl, ycnex _KoToporo 6bln 

o6ecne'leH ycHnHHMH CTPOHTeneii a. MOHTa>KHHICOB, MHOrHX 
npoeKTHblX HHCTHTYTOB H npe.n;npHRTHH aTOMHOH npOMblW
neHHOCTH, )];apeKUHH a pa3nH'IHblX cny>1<6 OHJIH a, xoHeq
HO, IConneKTHBa Ila6opaTopHH HeiiTpOHHOH 4>113HKH. B IlonL
CKOH Hapo.n;Hoii.Pecny6naKe H3roToaneHa 3neKTpOHHaHan
napaTypa CHCTeM ynpaeneHHR H 3aIQHTbl peaICTopa •. <l>H3H
qeCKOMY nycKy npe.I{WeCTBOBana cno>KHaH H Hanpa>KeHHaH 
no.I{rOTOBICa. KonneKTHBY na6opaTOpHH IIpHWllOCb B3HTb 

* Hcnonb30BaH TeKCT OT'leTHoro ,Il;OICna.n;a IlH<I>, npe.I{-
cTaeneHHOrO Ha XLIII CeccHH Y'leHoro coeeTa OHJIH 
11 aHeapa 1978 ro.I{a. 
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Ha ce6,r npenH3H0HHYIO pa6oTy no c6opxe xacceT H3 nnyTo

HHeBLIX 3JieMeHT0B, H3r0T0BJieHHLIX aTOMHOH np0MLIWJieH

H0CTLIO. Ka)KJ:taJI KaCceTa, KOHCTPYKnHJI KOTOpoii BHAHa 

Ha puc. 1, co,aep)KHT 7 IlJIYT0HHeBLIX 3JieMeHT0B. Bee CJI0>K

H0e o6opy,aoaaHHe peaxTopa HEP, xpoMe CHCTeMLI HaTpHe

aoro OXJia)KJ:teHHJI, 6LIJIO CM0HTHpoBaHo, HaJia>KeH0 H npowno 

Puc. 1. Kaccema peaKmopa HEP-2, cooepJ1Ca111aJ1 nAymoHuii. 

HCilLITaHHJI. Puc. 2 noKa3LIBaeT, KaK BLlrJIJIAHT nyJILT yn

paBJieHHJI HEP-2. Oco6euHo MHoro BHHMaHHJI 6wno y,aene

Ho Il0ABH>KH0MY 0Tpa>KaTeJIIO. '.3TO - CJI0>KHaJI BLIC0K0CK0-

pocTHaJI H 011eHL npenH3H0HHaJI MaWHHa, cnpoeKTHP0BaH

HaJI H H3r0T0BJieHHaJI Hay'IHO-HCCJie,aoBaTeJILCKHM H K0H

CTpyKT0JlCKHM HHCTHTYT0M 3HeproTeXHHKH 121 • Kax BLI 

3HaeTe, 0Ha HeCK0JILK0 JieT HCilLITLIBaJiaCL Ha cnenHaJILH0M 

CTeH,ae, 3aTeM 6LIJia nepeHeceHa Ha caoe pa6011ee MecTo 

y xopnyca peaKT0pa H CH0Ba AJIHTeJILHO HCilLITLIBaJiaCL. 
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27 OKTH6p,i: rocy,napCTBeHHaH KOMHCCHH no,n npe,nce
,naTenhCTBOM A.M.IleTpocLHHUa nocne TD.taTenLHOH npo
BepKH Bcex CHCTeM ynpaBneHHH H ,noKyMeHTaUHH no,nnH
cana pa3pemeHHe Ha'laTb (pH3H'leCKHH nycK H Mhl Ha11anH 
K HeMy roTOBHThCH. 14 HOH6p,i: IlPHCTYilHnH K KpHTH'leCKOH 
c6opKe peaKTopa. Ha puc. 3 noKa3aHa c6opKa aKTHBHOH 
3OHhl. B ,neKa6pe peaKTOP HiiP nycKanca. Heo,nHoKpaTHo. 
Iihlno npo,nenaHo 6om,moe KOnH11ecTBO pa3nH'IHoro po,na H3-
MepeHHH, B KOTOPhlX npoBep,i:nacb 3qJq)eKTHBHOCTh 6hlCT
poH H Me,nneHHOH aBapHHHOH 3aD.tHThl, neHHOCTh oTpa)Ka
TeneH, ynpaBnHIOD.tHX peaKTOJ)OM. Iihlna OTrpa,nyHpoBaHa 
a6conIOTHaH MOD.tHOCTh peaKTOpa, npH'leM OHa 6hlna or
paHH'leHa BenH'IHHOH OT 100 ,no 300 Bm, IlOCKOnhKY CHC
TeMa oxna)K,neHH~ peaKTopa eD.te He BBe,neHa B ,neHCTBHe. 
Pac11eThl, nerwHe B OCHOBY Bcex KOHCTPYKUHH, B o6D.teM 
Hennoxo pnpaB,nanHCh, HO Tenepb OHH HMeIOT ~e He 

Ka'leCTBeHHhlH, a CTporo KOilH'leCTBeHHhlH xapaKTep. IlpH
MepHO c 20 ,neKa6p,i: Ha11anach no.nroTOBKa K nycKy peaKTo
pa B HMnynhCHOM pe)KHMe. 3,nech TaK)Ke npe,ncTOHT * Bhl
nonHHTh 3Ha'IHT,en&HhlH KOMnneKC Hccne,noBaHHH /onpe,ne
neHHe ,nnHTenhHOCTH HeHTpOHHOH BCilhlllIKH, BenH'IHHhl qinyK
TyaUHH MOIUHOCTH H AP./, 3aBepllleHHe nporpaMMhl nna
HHpyeTCH Ha nepByro nonoBHHY 1978 ro,na. _3aTeM noTpe-
6yeTCH p,i:,n MecaneB ,nn,i: MOHTa)Ka HaTpHeBOH CHCTeMhl, 
OCBOeHHe KOTOpOH - TaK)Ke HenpocTaH 3a_naqa: AOCTaTO'IHO 
CK.a3aTh, 'ITO CHCTeMa AOR)l(Ha 6h1Th 3anonHe1Ia 6onee 11eM 
,necHThlO Ky6oMeTpaMH )KHAKOro HaTpHH. 3TOT HaTpHH H3 
TpaHCilOpTHhlX KOHTeHHepoB AOR)KeH 6h1Th neperHaHnyTeM 
AHCTHnnanHH C IlOMOD.thlO cnenHanhHhlX annapaTOB B CTaH
,napTHhle 6aKH, OTKy,na 6y,neT nocTynaTh B TexHonorH11ec
KHe CHCTeMbl peaKTopa. Ilocne 3aBeplll~HHH 3THX pa6oT 
COCTOHTCH 3HepreTH'leCKHH nycK peaKTopa C nocTeneHHLIM 
IlOBhlllleHHeM ero MOIUHOCTH ,no npoeKTHOH. ~n,i: peaKTopa 
C BhlCOKHM IlOTOKOM 3TO Bcer,na 3aHHMaeT 6onbllIOe BpeMH. 
BMeCTe C TeM, ,nn,i: 06ecne11eHHH (pH3H'leCKHX 3KcnepHMeH
TOB TaK)Ke npe,nCTOHT c,nenaTb eD.te MHOroe. CeH'laC 3a
BepmaeTCH CTpOHTenhCTBO naBHRhOHa ,nn,i: cneKTPOMeTpa 

* IIycK peaKTOpa B HMnynhCHOM pe)KHMe COCTOHnCH 
13 HHBap,i: 1978 r. 
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Puc. 3. C6opKa aKmueHou 30Hbl peaKmopa HEP-2. 
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,D;HH-:2, KOTopLiii coopy)KaeTca coeMecTHO c <l>B3BK0-3Hep
reTB•rncKBM BHCTBTYTOM. JI nonaraIO, 'ITO I() 979 rOAY OH 

. 6y.l{eT no,l{rOToimeH ,l{nJl Ha11ana . pa60TLI. H3.r0TaBnHea.eTca 
·ycTaHOBKa Ana pa6oT c· yn,1>TpaxonoAHLIMH HeiiTpoHaMH n 
. .l{IlJl H3MepeHH.H 3neKTpn11ecKoro ABnonLHOro MOMeHTaHeiiT-
poHa c noMOIQblO ynLTpaxonOAHLIX HeiiTpOHOB. 3Ha'IHTenL
HLIH 3a,l{en HMeeTCa no H3rOTOBneHHIO ycTaHOBKH ,l{nJl Mano
yrnoeoro pacceJIHHH H AHct,paKUHB HCHTPOBOB. O'ieHb 6onL
waJl 3aHHTepecoaaHHOC"TL co CTOPOHLI «l>H3HKOB CoBeTCKoro 
Co103a, IlonLwH H r ,D;P BMeeTCJl a peKoHCTPYKUBH ycTaHoe
KH K,lJ;COr. IlepeHCCCHHaJl Ha paCCTOHHBe 100 MOT peaK
TOpa, 3Ta ycTaHOBKa 6y.l{eT BMCTb peKOP.llHYIO BenH'IHHY 
pa3pewa10meii cnoco6HocTB. ,D;nJI 3Toro Heo6xoAHMo cTpoa
TenLCTBO naBHnbOHa 117 /2. 3TO - He6oiILwaa pa6oTa, HO 

. Bee )KC ee npe.l{CTOHT Ha'iaTL H KOH'IHTb. Bee. 3KCnepHMeH
TanbHLie ycTaHOBKH Tpe6y10T pa,llHKaJibHOro ycoaepweH
CTBOBaHHJl H3MepHTenbHOro ueHTpa na6opaTOpHH. Ha CMeHy 
ycTapeBWHM MHoroKaHanbHLIM BpeMeHHbIM aaanH3aTopaM 
THna 1:eH30p ,l{Oil)KHLI npHATH ManLie ynpaBnJ110IQHe MaWHHLI, 
YA06HO H onepaTBBHO CBH3aHHLie C 6onLWHM npoueccopoM 
B llBT A. IlnaH pa3BHTBJI H3Mep~TenLHOI".O _ueHTpa pa3pa6o
TaH H YTBep)K.l{eH AHPCKUHCH, HO ocymecTBneHBe ero no
Tpe6yeT eme 6onLWHX ycHnHii. K CO)KaneHHIO, HOBOe 3,1:{aHHe 
H3MepnTenLHoro UCHTpa HCAOCTpoeno, H MLI BLIHy)K.l{eHLI 
p8.3MCIQllTb o6opy.l{OBaHHC .B TO noMeIUCHHC, KOTOpoe He 
~O)KCT 06ecne11HTL AanLHeiiwee pa3BHTHe pa6oT. B CBH3H 
C 3THM OCTPO CTOHT BOJIPOC O 3aeepweHHB CTPOHTenbCTBa 
H3MepHTenLHOro UCHTpa. 

PeaKTOp HBP - 3TO TOnLKO 11acTL KOMnneKca HBP-2. 
l1To6LI 06ecne11HTL pa6oTy, Tpe6y10myro BLICoKoro pa3pe
weHHJ1 AnJl pe3oHaHCHLIX H 6LJCTpLIX HCHTJ)OHOB, He06XOAHM 
HH)KCKTOp llHY-3O. 3TO - TO)KC HOBaJl H YHHKanbHaa ycTa
HOBKa, KOTopag He nOBTOpJleT HU TO, '{TO cymecTByeT, HH 
.l{a)Ke TO, 'ITO npeAnonaraeTca ocymecTBHTb B APYrHx 
MecTax. Ceii11ac B MHpe HMeeTcJl ac11oe noHHMaHne, 'ITO 
CTaUHOHapHLie peaKTOpLI AOCTHrnH ceoero npaKTH'iecKoro 
npe.l{ena, H n03TOMY ,l{anbHeiiwee pa3BHTHe HCHTPOHHOH 
«l>H3HKH, TaK )KC KaK H B OHJIH, OpHeHTHpyeTCJl HB. HCnonL-
30BaHHe HMnynLCHbIX HCTO'IHHKOB HCHTPOHOB. 

IlepeXO)KY K KpaTKOMY 063opy Hay'IHLIX pa6oT' BLinon
HCHHbIX B na6opaTOPHH B ~977 ro,l{y. Ha11Hy C pa6oT ceK-
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Topa n.B.IlnKenLHepa H B.II.An«l>nMeHKoea c nom1pn3oeaH
HLIMH HeiiTpoHaMH Ha nom1pn3oeaHHLIX a.l{pax. Ecnn nona
pn3oBaHHLIMH HeiiTpOHaMH 06ny11aTb nonapH30BaHHble a,l{pa, 
TO MO)KHO B036y)K.l{aTb B OT,l{enbHOCTH Ka)KAYIO H3 ABYX ce
pnii pe30HaHCOB, 0Tnn11a10mnxca no cnHHY Ha e,l{HHHUY, 
B03HHKaIOIQHX npH nornomeHHH S -HeiiTpOHOB. Pa3HOCTb 
ce11e11nii nornomennii 11eiiTpo110B npn ABYX nonapn3aunax, 
ycpeAHCHHaa no MHOrHM pe3oHaHcaM,nponopunoHanLHa pa3-
HOCTH CHnOBLIX «l>YHKUHH ,l{nJI ABYX cnHHOBLIX COCTOJIHHH. 
IIOHJITHe cnnoaoii «l>YHKUHH, a CYIQHOCTH roBOPJI, Tpe6yeT 
YTO'IHeHHJl. Ee MO)KHO onpe,l{enHTb KaK eenH'IHHY cyMMap
HOH HeiiTpOHHOH WHPHHLI pe30HaHCOB, pacnono)KeHHblX Ha 
e,l{HHH'IHOM HHTepaane 3HeprHH HeiiTpOHOB. TaK KaK wn
pnHa HeiiTpOHHLIX pe3oHaHCOB H paCCTOJIHHe Me)KAY HHMH 
CHnbHO 4>nyKTYHPYIOT, TO 3Ta aenH'IHHa HenoCTOJIHHa. TaKHM 
o6pa30M, HY)KHO roaopHTb O HeKOTOpoii cpe.l{Heii aenH'IHHe, 
npH 3TOM B03HHKaeT eonpoc O TOM, B KaKOM HHTepaane 
3Heprnii Ha,D,o 6paTL 3TY cpe,D,HIOIO. O.D.HaKo ecnn npou3-
BO,I1.HTL H3MepeHHJI B WHPOKOM AHana30He 3HeprHH, TO 
TaKHe MeCTHLie Kone6aHHJI cnnoaoii «l>YHKUHH ,II.Oil)KHLI crna
)KHBaTbCH n 6y,D,eT BHAHO, cymecTBYIOT nH a cnnoaoii «l>YHK
UHH KaKHe -TO 3aKOHOMepHOCTH, 3aBHCJIIQHe OT cnnHa H 
3HeprHH. HMeHHO TaKHe 3KCnepnMeHTbl B HHTepaane 3Hep
rnii OT Ten.noBLIX ,II.O 100 K3B H 6LinH BLinonHeHbl ,D,nJI 
11eTLipex J1,I1.ep: npa3eo,nnMa, Tep6HJ1, ronLMHJI n TynnnH

131
. 

Ha puc. 4 noKa3aHa pa3HOCTL ce-ieHHii nornomeHHJI ,nnH ,nayx 
3HaKOB nonHpH3aUHH HeiiTpOHOB KaK «l>YHKUHJI 3HeprHH HeiiT
poHOB. BHAHO, 'ITO 3Ta 3aBHCHMOCTb HHAHBHAYanLHa ,nnH 
Ka)K_noro J1,npa, npn11eM nMeIOTCJI ,noaonLHO Me,nneHHLie ee 
H3MCHeHHJI. KoHe'IHO, H 3,necb CKa3bIBaeTCJI «l>nyKTyauna 
WHPHH OT,nenLHLIX pe30HaHCOB; ecnH npe.nnonO)KHTb, 'ITO 
3TH «I>nyKTyaUHH 'IHCTO CTaTHCTH'ieCKHe, TO 3TO yaenH'IHT 
OWH6Ky H3MepeHHH cnnoeoii «l>YHKUHH B Ka)K_nOii H3 TO'ieK. 
Pe3ynLTaT ,nna cnnoeoii «l>YHKUHH noKa3aH Ha puc. 5. 
BHAHO, 'ITO Ka'ieCTBeHHO KapTHHa He H3MeHHnacb H HMe
lOTCJI CHCTeMaTH'ieCKHe H3MeHeHHJI CHnOBOH «l>YHKUHH, 3a
BHCJIIQHe OT cnHHOB pe3oHaHCOB, npH'ieM, O'ieHb He6onL
wne, He BLIXOAJIIQHe 3a npe.nenLI lOo/o. H3 3THX pe3ynL
TaToB cne,nyIOT ,naa BbIBO,na. IlepBbIH: B cpe,nHeM cnnoBaJI 
«l>YHKUHH ,nnJI. ABYX CilHHOBLIX COCTOJIHHH O,I\HHaKOBa; BTO
poii: B oT,nenLHLIX y11acTKax 3uepreTH11ecKoro cneKTpa 
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Puc. 5. 
(PYHKf.lUU 
cmo.1111ui1 

Om11ocumellb1IQJI pa3HOCmb 11ei1mpo11HblX CUA06blX 
peoK03eMellbHblX .11oep 011.11 oeyx cnu11oeb1x co
l+, -I e 3aeucuMoc111u om 3Hepzuu 11ei1111po11oe. 
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npOHBilHIOTCH KaKue-TO oco6eHHOCTH CTpyKTYPhl HApa, Ja
BHCHl.l.lHe OT cnHHa. 

Ilepexo)Ky K Apyroii pa6oTe. B nocneAHee BpeMn aK
THBHO o6CY)KAaeTCH Bonpoc O B03MO)KHOCTH Cyl.l.leCTBOBa
HHH HAeP B ceepxnnOTHOM COCTOHHHH. Bo3M0)KHO 3TO HilH HeT, 

B KOHeqHOM HTOre peIIIHT 3KCnepHMeHT. B CBH3H C 3THM 
npeAcTaBnneT HHTepec pa6oTa, npoBeAeHHan B 1977 roAy 
B.r .HHKOileHKO, A.E.IlonOBhlM, r .C.CaMOCBaTOM H XBaH 
qep ry 141 no o6Hapy)KeHHIO CBepxnnoTHhlX . HAep, KOTOphle 

MoryT B03HHKaTh B npouecce AeneHHH HAep. liAeH 3Ta He 
HOBa, 6hlilH y)Ke CAenaHhl 3KCIIepHMeHTailhHhie nonhITKH 

o6Hapy)KHTh CBepxnnOTHhle HApa B 3TOM npouecce, HO 
T011HOCTh HX He eenHKa. PeaKTOP HEP-3O nenneTcn 011eHh 
YA06HhlM o6'beKTOM AilH TaKoro POAa 3KcnepHMeHTOB. Ma
TepHanoM, B KOTOpOM MoryT npoBOAHThCH noHCKH ceepx
nnOTHhlX HAep, HBilHeTCH BCH aKTHBHan 30Ha peaKTOpa 
HEP-3O, T.e. OKOilO 20 KHnorpaMMOB nnyTOHHH H 4 KHno

rpaMMOB ypaHa-235.EcnH B npouecce AeneHHH 06pa3yeTcn 
ceepxnnoTHhlH OCKOilOK, TO MO)KHO O)KHAaTh 60ilhIIIOro 

BhlAeneHHH 3HeprHH, a 3TO npHBeAeT K TOMY, .11TO HeiiTpOHhl 
AeneHHH 6YAYT HMeTh 3HeprHIO nopHAKa AeCHTKOB M3B. 
KpoMe Toro, ecnH TaKHe ceepxnnoTHhle HApa cyiuecTBYIOT 
CTa6HilhHO B nnyTOHHH, ypaHe HilH OKpy)KaIOI.QHX HX KOH
CTPYKUHOHHhlX MaTepuanax, TO npH 3axBaTe HeiiTpOHOB 
TaK)Ke AOil)KHa BhlAeilHThCH 6oilhIIIan. 3HeprHn H AOil)KHhl 
noHBilHThCH raMMa- ny11H C 3Heprueii AeCHTKH MHililHOHOB 
3IleKTpOHBOilhT. MeTOAOM BpeMeHH nponeTa noKaJaHo OT
cyTCTBHe 011eHh 6hlCTphlx HeiiTpOHOB C 3HeprHeii 

40+200 M3B /puc. 6/. OTCIOAa 6wna CAenaHa oueHKa, 11To 

BhlXOA cBepxnnOTHhlX HAeP Ha OAHH aKT AeneHHH He npe
BhlIIIaeT 10-6 . He npHBeilH K nOilO)KHTeilhHhlM pe3yilhTa

TaM H noHCKH )KeCTKHX raMMa-ny11eii / puc. 7/. Ha PHCYHKe 
BepXHHH KPHBaH nony11eHa npH nopore AeTeKTopa 10 M3B. 
XopOIIIO BHAHa BCnhlIIIKa peaKTOpa. Ha HH)KHeii KpHBOH -

nopor 30 M3B, H BHAHO, 11TO c11eT He BhlXOAHT 3a npeAeilhl 
4'0Ha. Ha OCHOBaHHH 3TOrO MO)KHO YTBep)l(AaTh, 11TO aTOM
Hhle KOHUeHTpaUHH CBepxnnOTHhlX HAep He npeBhlIIIaIOT 
2 -10- 12 B BOAHHOM 3aMeAilHTene, 2 .10-·8 B BOilh4'paMe H 

5.10-
7 

B caMOM AeilHl.l.leMCH MaTepuane. lf3 OTPHUaTenh

Horo pe3ynLTaTa 3TOro onwTa, paJyMeeTcn, He cneAYeT, 
11TO cyiuecTBOBaHHe CBepxnnOTHhlX HAep HeB03MO)KH0, CKO-
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Puc. 6. CneK111Pbl 6&1c111p&rx HeumpoHoe c)eAeHuJi e 3aeucu
. MOC111U 0111 epeMeHU npoAema npu HU3KOM /a/ U 8blCOKOM 
/6/ nopozax l!ezuc111pa11uu. , 
pee M0)KH0 YTBep)KAaTh, qTo HX cneAyeT HCKaTh He TaKHM 
MeT0A0M HilH B APYrHX 3IleMeHTax. Mo)KeT cny11HThCH, 
qT0 0HH o6Hapy)KaTCH He B JeMHhlX o6'heKTax, a B ceepx

nn0THhlX 3Be3AHhlX o6pa3oBaHHHX. 
TpaAHUH0HHhlM AilH na6opaT0PHH HBilHeTCH HJy11eHHe 

ner11aiiIIIHX HAep. illHpOKOH HJBeCTH0CThlO nOilh3YIOTC.R Teo
peTH11eCKHe pa60Thl B.H.ElliHMOBa no B3aHMOAeHCTBHIO HeiiT
poH0B c AeiiToHaMH 151 . B ceoe epeMH rpynnoii <l>.Jl.illanu
po C ucn0ilh30BaHHeM nonnpH30BaHHhlX HeHTPOHOB H no

IlHPH30BaHHhlX HAef AeiiTepHH 6hlnH onpeAeneHhl AilHHhl 
nd -pacceHHHH 16 . ,IJ;pyrHM o6'heKTOM H3y11eHHH HBilHeT

CH B3aHMOAeiicniHe HeiiTp0H0B C HAP0M renun-3. 3AeCh 
TaK)Ke HMeIOTCH H3BeCTHhle pa60Thl <l>.Jl.illanHpo 171 . Hc
cneAOBaHHe pacceHHHH TennoBhlX HeHTPOHOB B renuu-3 -
011eHh TPYAHaH 3aAa11a, nocK0ilhKY OCH0BHhlM npoueccoM 
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Puc. 7. CneKmpbl 2QMMa-Ay'leii 80 apeMJI UMnyAbCQ M0UJ
uocmu peaKmopa HEP-3O, U3Mepe1111bie c nopo20M 10 M3B 
/a/ u 30 M3B /6/. . 

HBmieTCH nornomenHe, HMe10mee otJ:eHL 6onLwoe cetJ:eHHe. 
TeM He MeHee :na. pa6oTa BhIIIOJIHeHa no HHHUHaTHBe 

3.0.Illapanoaa, H H o neii y)Ke BKpaTue ynoMHHan B npow

JIOM rOAY 
181 

- B MHHYBWeM rOAY H3MepeHO noJIHOe ce -
tJ:eHHe pacceHHHH B WHPOKOM HHTepBaJie 3HeprHii, a TaK)Ke 
cetJ:eHHe nornomeHHH. 03 HHX nonytJ:eHo cnHH-HeKorepenT
noe cetJ:eHHe .Ha puc. 8 eMy COOTBeTCTByeT npHMaH c Ko
PHAOPOM OWH60K, a cetJ:eHHIO pacceHHHH TenJIOBhIX HeiiT
pOHOB - OKpy)KHOCTh. ~anee rpa$HtJ:eCKHM MeTOAOM, KaK 

nepecetJ:eHHe OKPY)KHOCTH H npHMOH, MO)KHO onpeAeJIHTh 
o6e AJIHHhl pacceHHHH - CHHrJieTHYIO H TpHnJieTHYIO /OHH 
B onpeAeJieHHOM MaCWTa6e OTJIO)KeHLI no OCHM KOOPAHHaT 
Ha puc. 8/. Ha pHCYHKe HMeeTCH ell\e npHMaH a c, KOTOpaH 
npoXOAHT npaKTHtJ:eCKH 'lepe3 TY )Ke TO'IKY nepecetJ:eHHH. 
Ona nocTpOeHa Ha OCHOBaHHH H3MepeHHH KorepeHTHOro 
pacceHHHH B renHH-3, npoBeAeHHoro B I'peno6ne. ~aHHLie 
cymecTBOBaJIH H panee, HO 6LIJIH HeTO'IHhlMH, H B 1977 rOAY 
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Puc. 8. CoaoKynuocmb pe3yAbmamoa 0AJI mpunAemuoii at u 
oeiicmaumeAbH~ii <1acmu cu112Aem11oii a's OAUH pacceJIHUJI 
11eiimpo11a ua He: x x - pac<1em 2pynnb1 Hucmumyma meope
mu<1ecKoii ifju3uKu /Kuea/; an - noAuoe ce<1e11ue pacceJIHUJI 
menA0BblX 11eiimpo11oa, ac - Ko2epe11m11aJ1 0Auua, ainc -
cnu11-11eK02epe11m11oe ce<1e11ue. 

cneuHaJILHO yTOtJ:HeHhl AJIH conocTaBJieHHH C TeM, 'ITO no
JiytJ:eHO B p,y6He. 03 aceii COBOKynHOCTH AaHHhlX 6LIJIO 

noJiytJ:eHO /g; : 

a ,.,3,2±0,54>M, a ==(7,5±0,7)-i4,45<PM. 
t s 

3TOT pe3yJILTaT aKTHBHO H3y'laeTCH TeopeTHKaMH. ~aHHLie 

TeopeTH'leCKHX pactJ:eTOB, nony'leHHLie B KHeBe B.<l>.Xap
tJ:eHKO 1101 AJIH ABYX pa3HLIX BHAOB noTeHUHana, noKa3aHLI 

Ha rpa$HKe KpeCTHKaMH. 0AHH H3 HHX AJIH noTeHuHaJia 
C $OPM$aKTOpOM IOKaBhl xopowo coanaAaeT C 3KcnepH-

MeHTOM. 
IlpOAOJI)KaJIHCh 3KCnepHMeHThl C YJILTpaxoJIOAHhIMH HeiiT-

poHaMH. B COBMeCTHOH pa6oTe Jia6opaTOpHH HeiiTpOHHOH 
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qJH3HKH H HHHAP B ,ll;HMHTPOBrpaAe HCCJieAOBaJIOCL BpeM.H 

xpa}\1,H.H HeHTpOHOB B COCYAe c oqeHL qHCThlMH CTeHKa

MH · 3To AOCTHraJIOCL pacnwJieHHeM B BaKyyMe Hc

CJieAyeMoro MaTepHaJia Ha CTeHKH COCYAa, npHTOM TaK, 

qTo nocJie 3TOH npoueAYPLI H AO HanoJIHeHH.H ero YJILTpa

XOJIOAHhlMH HeHTpOHaMH JIOBYWKa He coo6waJiaCL c a TMO

cqiepou. OKa3aJIOCL, qTo BpeM.H xpaHeHH.H HeHTpOHOB B ca

MOM AeJie yJiyqwHJIOCL no cpaBHeHHIO C TeMH JIOBYWKaMH, 

KOTOphle HCnOJIL30BaJIHCL paHee HAO HanoJIHeHH.H HeHTpo

HaMH coo6waJIHCL C B03AYXOM. OAHaKo OHO OKa3aJIOCL 

Bee )Ke MeHLwe pacqeTHoro, Aa)Ke npu xpaHeHHH YXH 
HenocpeACTBeHHO nocJie HanLIJieHH.H. reoMeTpH.H JIOBYWKH 

o6ecneqHeaJia HaH6oJiee 6JiaronpH.HTHLie ycJIOBH.H xpaHe

HH.H B Heu HeHTpOHOB. CxeMa ycTaHOBKH noKa3aHa Ha 

puc. 9. BHAHO, B qacTHOCTH, qTo HeHTPOHhl He MoryT 

L_ , :M ~ E .,.-•,n 
=. - --r-- ?11"' - :-! t - 7-f, - - )Ot 
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Puc. 9. CxeMa 31<cnepuMe11ma u ycma11oe1<u OAJI U3Mepe11uJ1 
epeMe11u xpa11e11uJ1 YXH. 
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"AonphlrHyTL" AO BepxHeH CTeHKH JIOBYWKH. TaKHM Me

TOAOM 6hlJIO noJiyqeHO peKOPAHO_e BpeM.H xpaHeHH.H HeHT

POHOB B JIOBYWKe H3 6epHJIJIH.H, paBHOe 645 C /puc. 10/. 
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Puc. 10. Pe3y.ll&mam&i U3Mepe11uJ1 epeMeH xpa11e11uJ1 yA&mpa
xo.1Zo011&1x 11eiimpo11oe /YXH/ e cocyc)ax U3 pa3AU'lHblX Ma
mepuaAoe. 

B 3TOM BpeMeHH OCHOBHYIO POJIL HrpaeT ecTeCTBeHHLIH. 

f-3 -pacnaA HeHTPOHa. CywecTBeHHO, qTo B 3THX 3KCnepH

MeHTaX YAaJIOCL cpaBHHTL BpeM.H xpaHeHH.H HeHTPOHOB 

B JIOBYIIIKax H3 pa3HLIX MaTepHaJIOB, H3rOTOBJieHHLIX 

no OAHHaKOBOH TeXHOJIOrHH, HMeIOWHX OAHY H TY )Ke reo

MeTpHIO H HanOJIH.HeMLIX YXH C OAHHaKOBLIM cneKTPOM. 

B OTJIHqHe OT MOHX npeAIIIeCTBYIOWHX o630pOB .H XOTeJI 

6w yAeJIHTL HeKoTopoe BpeM.H paccKa3y o pa6oTax 

Ha 3JieKTpocTaTHqecKOM reHepaTope, XOT.H 3Ta ycTaHOBKa 

He .HBJI.HeTC.H 6a30BOH AJI.H Haweu Jia6opaTOPHH H 3aTpaThl 

Ha ee 3KCnJiyaTaUHIO COCTaBJI.HIOT MeHee npoueHTa OT 

6IOA)KeTa JIH<l>. MHpOBOH onLIT HCnOJIL30BaHH.H 3JieKTpo

CTaTHqeCKHX reHepaTopoB noKa3LIBaeT, qTo OHH qpe3Bhl-
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'laiiHO none3Hhl ARH peweHHH npHKilaAHhIX 3aAa'I, a B He

KOTOpbIX cny'laHX He3aMeHHMbl H ARH pa6oT 6onLworo 

IlPHHUHilHanLHOro 3Ha'leHHH. 3neKTpOCTaTH'leCKHH reHe

paTop none3eH, B 'laCTHOCTH, npH peweHHH MHOrO'IHCileH

HhIX 3aAa'I no onpeAeneHHIO 3neMeHTHoro cocTaBa B no

BepxHOCTHOM cnoe pa3IlH'IHhIX MaTepHanoe, Heo6XOAHMOCTb 

B KOTOP0M B03HHKaeT O'leHb 'laCTO. 3AeCh cyiuecTBYIOT 

ABa B3aHMHO AOilOilHHIOIUHX APYr APYra MeTOAa. OAHH -

o6paTHOe pacceHHHe npOTOHOB H HOHOB renHH - 3 OT no

BepXHOCTH MaTepuana - oco6eHHO YA06eH B Tex cnyqaHx, 

KOrAa BeAeTCH IlOHCK TH)KeilbIX npHMeceii B nerKHX 3ne
MeHTax. Jia6opaTOpHeii HeiiTpOHHOH $H3HKH 3TOT MeTOA 

HCilOilh3yeTCH AaBHO, B TOM 'IHcne npH peweHHH 3aAa'I 

APYrHx na6opa TOpHii HHCTHTyTa
112 

,'. ,D;pyroii Me TOA -

O'leHh nepcneKTHBHhIH ARH o6Hapy)KeHHH 3IleMeHTOB cpeA

Hero H TH)Kenoro Beca - ycnewHo pa3BHBancH B HCTeK

weM rOAY B JIH<I>. 3TO - MeTOA peHTreHOillOMHHecueHTHOro 

aHanH3a, B KOTOPOM xapaKTepHCTH'leCKHe peHTreHOBCKHe 

IlY'IH B036Y)KAaIOTCH IlY'IKOM, naAaIOIUHM Ha Il0BepXH0CTb 

HCCileAyeMoro Beil{eCTBa. Hcnonh30BaHHe np0T0HOB no cpaB

HeHHIO C 3IleKTpOHaMH HMeeT TO npeHMyil{eCTB0, 'ITO 0T

CYTCTByeT $OH, C03AaBaeMbIH T0pM03HblM H3Ily'leHHeM. 

Ha puc. 11 noKa3aH pe3yilhTaT HCCileA0BaHHH 3arpH3HeHHH 

B03AYXa B OAH0M H3 IlOMeil{eHHH na6opaTOpHH, 0Ca)KAeHHhIX 

Ha $HilhTpe B pe3ynLTaTe npoKa'IKH qepe3 Hero B03Ayxa. 

KonuqecTBO 3arpH3HeHHH, K0T0pble MoryT 6b1Tb o6Hapy

)KeHbl TaKHM o6pa30M, - Il0PHAKa 10-9 2. Ha puc. 11 
BBepxy IlOKa3aHhl pe3yilLTaThl aHanH3a npHMeceii B o6bl'IHOH 

BOAOilpOBOAHOH BOAe, TaK)Ke nponyiueHHOH qepe3 $HilbTp. 

BHAHO, 'ITO MLI AhIWHM C0BCeM He 'IHCThlM B03AYX0M H 

IlbeM BOAY, B KOTOpoii COAep)KHTCH MHoro npHMeceii. 3THM 

MeT0A0M MO)KHO onpeAeilHTh HanH'IHe MHKP03IleMeHT0B Ha 

O'leHb MailbIX yqacTKax Il0BepXH0CTH. B PHAe cnyqaeB 

3TO Heo6XOAHMO. 

PaccKa)Ky BKpaTue 0 pa6oTax, KOT0phie IlP0A0il)KalOTCH 

B Te'leHHe PHAa neT IlOA M0HM PYKOBOACTB0M, HO 0 K0T0pbIX 

B o63opax pa6oT na6opaTopHH He coo6iuanocL. Pe'IL HAeT 

06 H3y'leHHH TaK Ha3hIBaeMoro nepeX0AH0ro H3Ily'leHHH H 

34iilieKTa BaBHilOBa- qepeHKOBa~ Xopowo H3BeCTH0, 'ITO qe -

peHKOBCKHe C'leT'IHKH WHP0K0 npHMeHHIOTCH B $H3HKe BbI

C0KHX 3Hepruii. B nocneAHee BpeMH BCe 6onbWHe HaAe)KAbl 

ts 

\ 

~II 
'J 
i1 
1 

~\ 
111 

' 

•102 
.. T - - ·- ---,------~ 

15 

10 

5 

xfo3 

t 
E 15. 
!: 
0 

•::s 
:0 
:,: 
-0 

" EfO 
:, 
'-' 
0 
l: 

E 
0 

5 

H,,1Ca 
3,65 

1<,,1X 

I 

1<,,1 Cl 
2,7\ 

.J,3 

1<,,1K 
3,3 

100 

,c.__ ___ ...,__ 
100 

H,,1Cu 

7,9 

HpCu 
H.1Zn 
:a,,s z 

Hp n 
~5 

200 

80J9'1• 
Nuchpore fitter 

H,J.Zn 
,tel 8,55 

J. 

H,,1Fe 

HpZn 

200 KOHOl1 

Puc. 11. Pe111112e110A10Mu11ec11e1111mble cneK111pb1 3azp.11311e11uu 
800bl /eeepxy/ U 803oyxa /eHU3y/, noAy'leHHble C nOMOUlblO 
npo11101111020 ny'lKa ycKopu111eA.11 3I'- 5. 
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B03naraIOTCa Ha HCITOnL30BaHHe Ana_ 3TOH )Ke uenH nepe
XOAHOrO H3nyqeHHa. TeopHa 3Toro aBneHHa 6hlnapa3BHTa 

B.JI.rHH36yproM H MHOIO CBhlWe 30 neT TOMY Ha3aA, OA
HaKO B TeqeHHe paAa nocneAyIOl.l.{HX neT BHHMaHHa 3KCnepH
MeHTaTopoB 3TO aBneHHe He npHBneKano. TonLKO B 1959 r. 
6hlna ony6nHKOBaHa pa6oTa rayACMHTa H ,Il;)KennH 1131 , 

B KOTOPOH OHH Ha6nroAanH BHAHMoe· CBeqeHHe ITOBepx
HOCTH MeTannoB, 6oM6apAHpyeMOH 6LICTphlMH npoTOHaMH. 
OHH CBa3hlBanH 3TO CBeqeHHe C npeACKa3aHHhlM HaMH 
nepeXOAHhlM H3nyqeHHeM. OAHaKo reoMeTpHa OilhlTa B 3TOH 
pa6oTe 6hlna HaCTOnLKO HeyAaqHa, qTo, HeCMOTpa Ha Ka
qecTBeHHOe cornacHe c TeopHeH, yTBep)l(AeHHe o Ha6nro-
AeHHH HMeHHO nepeXOAHOro 
Ae:>KHO. TenepL oqeBHAHO, 
npoTOHOB Ann o6Hapy)KeHHa 

H3nyqeHHa He BITOnHe Ha
qTo 6hln HeyAaqeH H Bhl6op 
3Toro H3nyqeHHa. KaK npeA~ 

CKa3hlBaeT TeOpHa, BLIXOA H3nyqeHHa nponopuHoHaneHKBaA
paTy CKOpOCTH qacTHUhl H KBaApaTy 3apaAa qacTHULI. To, 
qTo Ha6nIOAaeTca C npoTOHaMH npH 3HeprHH 1850 K3B, 

AOn)KHO Ha6nIOAaTLCa· C nyqKoM 3neKTpOHOB Bcero npH 

3HeprHH OAHH KHnOBOnLT. IIepBhlMH 3KCnepHMeHTaMH C 
3neKTpoHaMH, AOKa3aBWHMH, qTo nocne,IlHHe B caMOM Aene 

B036Y)KAaIOT nepeXOAHOe H3nyqeHHe' no-BHAHMOMY' 6LmH 
OilhlThl nonLCKoro 4>H3HKa CTaHHCnaBa MHxanaKa, BLrnon
HeHHhle HM B MocKOBCKOM YHHBepcHTeTe11~ 1 OAHaKO AHC
cepTauua MHxanaKa He 6Lma ony6nHKOBaHa, H nepBOH 
ny6nHKaUHeH 6hlna pa6oTa 4>H3HKOB H3 3anaAHOro EepnHHa 
Eepwa H AP- 115 : Ilocne 3THX pa6oT y:>Ke He 6hlnO COMHe-

HHa B TOM, qTo 6LICTpaa 3apa)KeHHaa qacniua, nepece
KaIOll\aa rpaHHUY BaKyyM-MeTann, B MoMeHT ee nepeceqe
HHa HcnycKa.eT CBeT, KOTOphlH H npeACTaBnaeT co6oH 
nepeXOAHOe H3nyqeHHe. bhlnH onaceHHa, qTo Ha6nIOAaTL 
3TO aBneHHe ITOMewaeT TOPM03HOe H3nyqeHHe, TaK)Ke B03-
HHKaIOl.l.{ee B MeTanne npH IlOilaAaHHH B Hero 6hlCTporo 
3neKTpOHa. OAHaKO 3AeCL peqL HAeT O BHAHMOH qacTH 
cneKTpa H3nyqeHHa, a B TOPM03HOM H3nyqeHHH ee Mano. 
IlpH 3TOM OHO B03HHKaeT B TOnll.{e MeTanna H noqTH non
HOCTLIO nornoll.{aeTca. Ilo-BHAHMOMY, ero Aa:>Ke MeHLWe, 
qeM npeACKa3hlBaeT TeOpHa. Ilo 3TOH npHqHHe nepeXOAHOe 
H3nyqeHHe Ha6nIOAaeTca npaKTHqecKH B qHCTOM BHAe. Ilep

_Baa nocTaBneHHaa HaMH 3aAaqa cocToana B onpeAeneHHH 
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Toro, qTO ecnH 3TO B caMOM Aene nepeXOAHOe H3nyqeHHe, 
TO OHO AOn)KHO 6LITL OAHHaKOBO Ana npOTOHOB H 3neKTpOHOB 
npH OAHHaKOBhlX HX CKOpOCTax H, CTano 6LITL, npH 3Hep
ruax, OTnHqaIOII\HXCa noqTH B ABe TLICalfH pa3. II03TOMY 
TaKHe 3KCnepHMeHTLI npoBOAHnHCL C OAHHMH H TeMH :>Ke 
MHWeHaMH B OAHHaKOBOH reoMeTpHH, HO C HCTOqHHKOM 
npOTOHOB, nonyqaeMLIX OT 3r' H 3neKTpOHOB, YCKOpaeMLIX 

6 - - p / 16/ OT He onLWOH BLICOKOBOnLTHOH YCTaHOBKH. e3ynLTaThl 
npeACTaBneHhl Ha cneAYIOII\HX pHCYHKax. Ha puc. 12 no
Ka3aH. ·BLIXOA nonapH30BaHHOH qacTH CBeTOBoro H3nyqeHHa 
/TeopeTHqecKH nepeXOAHOe H3nyqeHHe AOn)KHO 6LITL non-

~~! a= ~~1 · ·J 
6 ,, 

E w 
6 I J3 1i; 
~4 
f 
.:!. 
~ 

'lL I . 4 
~ 

. 
I 

0 5 fO f5 
E[KJ8} 

Puc. 12. 3aaucuMocmu xapa1<mepucmu1< nepexocmozo U3Ay<1e
HUJ1 I 0 = 60°/ om 3Hepzuu 3Ae1<mpo11oa: 1 - cmeneHb 
nOAJIPU3QflUU, 2 - pac<1emHaJ1 UHmeHCUBHOCmb, 3 - BblXOO 
nOA.RpU30BQHHOii 'lacmu U3Ay'leHUJI, 4 - BblXOO HenoAJ1pu30-
BQHHOii KOMnOHeHmbl. 
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HOCTLIO non.apH30BaHO, O,[I.HaKO npaKTH'leCKH BCer.u.a HMe

eTC.H He6on1,wa.a npuMe CL Henon.apu3 oBaHHoro cBeTa/. IlpR -

MLie Ha puc. 12 noKa3LIBaioT 3aBHCHMOCTL TeopeTH'leCKH 

O)f(H,U.aeMOH HHTeHCHBHOCTH H3Ily'leHHR OT 3Hepruu 3IleKTPO -

HOB. Pacxo:iK.neHHR c 3KcnepuMeHTOM ne)KaT B npe,u.enax 10'10. 

O,u.HaKO HM HeilL3R npu,u.aBaTL 3Ha'leHHR, IlOCKOilLKY a6co

IllOTHLie BeilH'lHHLI BLIXO,[l.a He MoryT 6LITL paCC'lHTaHLI 

c 6on1,weii TO'lHOCTLIO. Ka'leCTBeHHOe cornacue ,[I.OCTaTO'l

HO xopowee. O6pall\aeT Ha ce6R BHHMaHHe TO, 'lTO 3TO 

cornacue xopowee TaK)Ke B o6nacTH 3Hepruu HH)Ke KHno

BOilLTa, r.u.e npe,u.cKa3aHHR Teopuu, B CYU\HOCTH, y)Ke He

,[1.0CTaTO'lHO Ha,U.e)KHLI. Ha puc. 13 noKa3aHa aHanorH'lHaR 

,,,08· 

2, .... ~-
113 I /: ,,... 

·1 /JL:-· 
.... 
i 
Ei: D 
c., Ae 

I 6 l' .....-, · I ~ 11 7 
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<: 0 
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D 2 4 £{H38} 

Puc. 13. 3Hepz.emu~ecKaR 3aeUCUMOCmb noARpU308aHHOU 
KOMnOHeHmbl nepeXOOH020 U3Ay~eHUR OAR npomoHOB /mo~KU/, 
3AeKmpoH08 /cnAOUlHaR npRMaR/. IlyHKmUpHble npRMble -
pac~em. 
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3aBHClfMOCTL ,[I.IlR npOTOHOB. BH.[I.HO, 'lTO H 3,[l.eCL nonyqaeT

CR TaKoe )Ke xopowee cornacue c Teopueii, KaK u y 3neKT

poHOB. TaKHM o6pa3oM, KaK u O)KH,U.anoc1,,nepexo,u.Hoe 

H3Ily'leHHe He 3aBHCHT OT Toro, KaKaR qaCTHJ~a ,[I.BH)KeTCR, 

OHO onpe,u.enReTCR TOilLKO ee CKOpOCTLIO H BeilH'lHHOH 3a

pg,u.a. 

Cne,u.y101.QaR pa6oTa, o KoTopoii R xoTen CKa3aTL,Kaca

eTCR O,[I.HOBpeMeHHO H H3Ily'leHHR BaBHilOBa- qepeHKOBa, 

u nepexo,u.Horo H3Ily'leHHR. Ilepexo,u.Hoe u3ny'leHue Ha6n10-

,u.aeTCR npH n106oii CKOPOCTH 'laCTHULI, B TO BpeMR KaK 

H3Ily'leHHe BaBHilOBa-qepeHKOBa Tpe6yeT, 'lT06LI CKOpOCTL 

61,rna BLIWe HeKOTopoii noporoBOH. EcnH OITLITLI npoH3BO

,[I.HTh C TOHKOH npo3pa'lHOH MHWeHLIO, HanpHMep co CillO

,[I.OH, TO npH 3HeprHH 3IleKTpOHOB HH)Ke -100 K3B Ha6IllO

,[l.aIOTCR TOilhKO nepeXO,[I.Hbie H3Ily'leHHR, a npH E > 150 K3B 
o6a 3TH RBileHHR B03HHKaIOT 0,[I.HOBpeMeHHO. KaK H3BeCT

HO, ,[I.IlR H3Ily'leHHR BaBHilOBa-qepeHKOBa xapaKTepHa Ha

npaBneHHOCTh no.u. BnonHe onpe,u.eneHHLIMyrnoM, y,u.oBneT

BOPRIOIQHM COOTHOWeHHIO 

1 
cosO,,. "jin. 

O.l).HaKO C caMoro Ha'lana pa3BHTHR TeopHH 3Toro RBneHHR 

6wno H3BeCTHO, 'lTO OCTpaR HanpaBneHHOCTL ,[I.Oil)KHa npo

RBilRTbCR TOJ!hKO npH ,[I.OCTaTO'lHO 6onLWOM npo6ere B HC

cne,u.yeMOM BeIQeCTBe. EcnH TOill.QHHa MHWeHH cpaBHHMa 

C ,[I.IlHHOH BOilHhl, TO OCTpaR HanpaBneHHOCTL npeBpaIQaeTCR 

B wHpoKoe yrnoBoe pacnpe,u.eneHHe H MaKCHMYM ero, B npHH

UHne, MO)KeT He COBna,u.aTb C () H3 npHBe,U.eHHOH 3,[l.eCL 

BCeM H3BeCTHOH cpopMyilhl. KaK HH CTpaHHO, 3TH 3IleMeHTap

Hbie coo6pa)KeHHR 3a 40 neT nocne IlORBneHHR TeOpHH TaK 

H He no,u.BeprnHCb 3KCilepuMeHTailhHOMY HCCile,[I.OBaHHIO. 3To 

6wno c,u.enaHo TOilhKO B 1977 ro,u.y B pa6ore A.Il.Ko63e

Ba!171, HCilOilL30BaBwero B Ka'leCTBe MHWeHH Cill0,[1.y TOilIQH

HOH -2,5 ,[I.IlHH BOilH CBeTa. Ha puc. 14 IlOKa3aHo yrnoBoe 

pacnpe,u.eneHHe ,[I.IlR pa3HblX 3HeprHii 3IleKTpOHOB H Ha puc. 15 -
Ha6n10,u.aeMoe IlOilO)KeHue MaKCHMyMa. Bu,u.Ho, 'lTO 3IleMeH

TapHaR cpopMyna 3,[l.eCL npOCTO He npHMeHHMa. ,D;aneKO He 

Bee npocTO ,[I.IlR 3IleKTpOHOB H B cnyqae TOilll\HHLI MHWeHH 

MHoro 6on1,we ,u.nHHLI BOnHLI, Kor.u.a cTaHOBHTC.H CYU\eCTBeH

HhlM MHoroKpaTHOe pacceRHHe 3IleKTpOHOB. 
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Puc. 14. YzAoaoe pacnpeoeAeHue U3Ay11eHUJ1 BaauAoaa
qepeHKoaa 6 1/IOHKOU CAIOOJIHOU MUWeHU OAJI pa3HblX 3Hep
zuii 3AeKmpoHoa. 
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Puc. 15. 3aaUCUMOC1/lb noAoJICeHUJI MQKCUMyMa Y2A06020 
pacnpeoeAeHUJI BaauAoaa- qepeHKoaa om 3Hepzuu 3AeKmpo
Hoa: 1/IO'IKU - 3KCnepuMeHm, nyHKmupHaJI U cnAOWHQJI Kpu-
6ble - pac11em no 3AeMeHmap11oii u mo1111oii ¢opMyAaM. 
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B 1977 rOAY JaKoHqHnHCh 3KcnepHMeHTLI, uenLIOKOTO

PLIX 6LJna IlOilLITKa 06Hapy)KHTL 3neKTpHqecKHH AHITOnLHLIH 

MOMeHT 3neKTpoHa C Il0MOll\hlO MaKpOCKOITHqecKoro 0ilbITa. 

TaKOH MOMeHT Y 3neKTPOHa B03MO)KeH npH HecoxpaHeHHH 

npocTpaHCTBeHHOH H BpeMeHHOH HHBapHaHTHOCTH. 3TOT Bo

npoc, KaK H3BeCTHO, oqeHL aKTyaneH. B npoBeAeHHOM OilLJ

Te HCCneAyeMoe Bell\eCTBO, COAep)Kall\ee 'aTOMLI C Hecna

peHHLIMH 3neKTpOHaMH, IlOMell\anocL B CHnLHOe 3neKTpH

qecKoe none. EcnH y aTOMOB o6paJua cyll\eCTByeT 3,D;M, 

TO 'oHH AOil:>KHLI BhlCTpaHBaTLCH BAOnL HanpaaneHHH npHno

)KeHHoro non,r, a BMeCTe C HHMH AOil:>KHLI BLICTpaHBaTLCH H 

HanpaaneHHH HX CilHHOB. B peJynLTaTe 3Toro AOil:>KeH HJ

MeHHTLCH MarHHTHLIH IlOTOK B 06pa3ue. 3TOT OilhlT YAanOCb 

ocyll\eCTBHTL 6nar0Aap11 pa3pa60TKe E.B.BacHnLeBhIM B 

JIH<I> BLICOKoqyaCTBHTenLHOro KBaHTOBoro CBepxnpoBOAH -

11\ero HHTep~epoMeTpa. qyBCTBHTenLHOCTh 3Toro npH6opa 

npH AOCTaToqHo 6onLIIIOM BpeMeHH H3MepeHHH - npHMepHO 

3· 10-
11 re. O6paJeu npeACTaan,rn co6oii Ta6neTKY HHKenL

UHHKoaoro ~eppHTa, MarHHTHaH BOCilpHHMqHBOCTh KOToporo 

npH renHeBOH TeMnepaType OKaJanacL YAOBneTBOPHIOll\eH 

Tpe6oBaHHHM 3KCnepHMeHTa. OKoHqaTenLHhIH peJynhTa/
181 

noKa3LJBaeT' qTo 3,IJ;M 3neKTPOHa 

-22 
d < 10 -e •CM. e ;, 

3TO xopoIIIaH TOqHOCTL, HO OHa Bee )Ke Ha TPH nopHAKa 

MeHhIIIe, qeM XOTenocb 6LI TeopeTHKaM. 

,IJ;pyrHM 3KcnepHMeHTOM, JaBepIIIeHHhlM B 1977 rOAY, 

6bma npoBepKa c IlOMOll\hlO KBaHTOBoro HHTep~epoMeTpa 

OAHOro HJ BhIBOAOB 0611\eH TeopHH OTHOCHTenLHOCTH1191 • 

3KcnepHMeHT OCHOBaH Ha TOM, qTo ypaBHeHHH 3neKTpo

AHHaMHKH.BHAOH3MeHHIOTCH IlpH HanHqHH rpaBHTaUHOHHOro 

non,r apall\alOll\HXCH Ten. B npHCYTCTBHH 3neKTpHqecKoro 

non,r 3TO AOil:>KHO npHBOAHTL K B03HHKHOBeHHIO MarHHTHOH 

HHAYKUHH. 3TOT 3~eKT MO)KeT 6LITL H3MepeH C IlOMOll\hlO 

pa3pa6oTaHHoro npH6opa B 3neKTpHqecKHX non,rx He cnnIII

KOM 6onLIIIOH Hanp11)KeHHOCTH, ecnH HCTOqHHKOM rpaBHTa

UHOHHoro non,r cny)KHT Bpall\eHne ranaKTHKH. 113 TeOpHH 

cneAyeT, OAHaKo, qTo CB060AHOe ABH)KeHHe na6opaTOpHH 

BMeCTe c 3eMneii a rpaBHTaUHOHHOM none ranaKTHKH AOil:>K

HO npHBOAHTh K ncqeJH0BeHHIO 3TOro 3~~eKTa. OnhIT no

KaJan, qTo ecnn 6LI HapyIIIeHHe 3TOH KOMileHcaunn COCTaB-
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mmo aenH'IHHY, 6onLwyro, 11eM ,nec.RTa.R .non.fl nponeuTa, 
TO OHO 6LinO 6LI 3KCnepHMeHTanLHO o6Hapy)KeHO. Pa3pa- . 
6oTaHHLIH KBaHTOBLIH caepxnpOBO.I{.Rl.QHH. HHTepl}iepoMeTp 
O11eHL nepcneKTHBeH H ,nn.R p.R,na pa6oT npHKna,nHoro xapaK

Tepa. 
3KcnepuMeHTLI no l}iH3HKe KOH.I{eHCHPOBaHHLIX cpe.n B 

3Ha11HTenLHOH CTeneHH 6LinH CB.R3aHLI C no.nroTOBKOH K 3K
cnepHMeHTaM Ha peaKTope HEP- 2. B Te11euue 1977 ro.na 
npo_nofl)KanocL pa3BHTHe 3KcnepHMeHTanLHoii annapaTypLI 
H MeTO.I{HKH uccne,noaaHH.R Manoyrnoaoro ,nu4><liy3uoro pac
ce.RHH.R HeiiTpOHOB no MeTo,ny apeMeHH nponeTa. HoBLIM 
waroM 6Lino CO3,naHHe H OCBOeHHe MHOrOHHTeBoro KOnL
neaoro ,neTeKTopa, uanonHeHHoro renueM-3

120
~ cxeMa Ko

Toporo noKa3aHa Ha puc. 16. Ilp.RMOH ny11OK HeiiTpouoa 

3 4 5 6 

7 

8 

9 

Puc. 16. MHozoHumeeoii KOAbijeeoii oemeKmop HeiimpoHoe 
OAR UCCAeooeaHUR MaAOYZA060ZO pacceaHua HeiimpOH06 no 
Memooy epeMeHu npoAema. 
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npoxo,nHT 11epe3 oTaepcTHe B neHTpe ,neTeKTopa, a aKcuanL
Ho-cHMMeTpH11Ha.R KapTHHa pacce.RHH.R /rano B CBeTOBOH 
onTHKe/ perHCTpHpyeTC.R C noMOlQLIO BOCLMH He3aBHCHMLIX 
o6'LeMOB, HMeIOlQHX Ka)K.I{LIH l}iopMy KOnLna. B 3TOH ycTa
HOBKe BLIHrpLiw B CBeTOCHne, no cpaBHeHHIO C nepBOHa11an:L
HLIM aapHaHTOM, .I{OCTHr npHMepuo 20. IlOMHMO MeTO,nH
qecKHX pa3pa60TOK npOBO.I{HilHCL uccne,noBaHH.R HeKOTOPLIX 
6enKOB, B 11acTHOCTH Hccne,noaanc.R paCTBOp 6enKa rHCTH
,nHH- ,neKap6oKCHna3LI /r ,D;K/1211 . H3MepeHH.R npOBO.I{HilHCL 
npH pa3HLIX KOHUeHTpauH.RX CMeCH T.fl)Kenoe: H nerKOH Bo
.I{LI /puc. 17/. Pe3ynLTaTLI H3Mepeuuii HeiiTpoHorpal}iu11ec-

I r--.:-----.--r--,---.----.--.---,--....---, 
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Puc. 17. 3aeUCUMocmu UH1/leHCU6HOcmu MaAOYZA060ZO pac
ceaHua HeiimpoHoe om Keaopama nepeoaHHozo uMnyAbca, 
noAy1.feHHble e pacmeopax c pa3AU1.fHblM cooepxaHueM H 2 0 
u D2 0. O6pa3e11 - pacmeop 6eAKa zucmuouHoeKap6oKcu
Aa3bl /I' ,l(K/ U3 Micrococcus s.p.n. Pa3AU1.fHblii HaKAOH 
cea3a11 c U3MeHeHueM "paouyca uHep11uu" 6eAKa e pacm
eopax C pa3AU1.fllblM KOHmpacmoM. 
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Koro pa,nuyca HHepuuu / puc. 18/ xapaKTepH3YIOT npocTpaH
CTBeHHYIO CTpyKTYPY 6enKa. OHH npe,ncTaBnHIOT HHTepec 
,nilH 6uonoroB H noKa3hlBalOT nepcneKTHBHOCTh 3Toro Me
TO,na, oco6eHHO B coqeTaHHH c peaKTOpOM MliP-2. 

l:i°(A") 

700 

600 

-100 0 100• 10n}15 

i.lo-. 
Puc. 18. 3aaucuMocm& Kaaopama ueil111pouo2pa(Ju11ecK020 pa
ouyca uuep11uu 0111 06pa111uoil aeAu11uu&1 KoHmpacma OAJI r ,l(K. 

,D.anbHeiiwee pa3BHTHe nony11un \ H MeTo,n ,nu4JpaKUHH 
He:e:TpoHoB. IIpoBe,neHhl npo6Hhle 3KcnepHMeHThl no uccne
,noBaHHIO ,noMeHHOH CTPYKTYPhl cerHeTo3neKTPHKa! 221 . Pe-
3ynhTa Thl npo,neMOHCTPHpoBanH npeBMYuteCTBO HeHTPOHo
rpa4JHH no MeTo,ny BpeMeHH nponeTa. 3KcnepuMeHThI Bhlnon
HeHhl .nnH .nuru,npo - ,neii:Tepo4Joccl>a Ta KanHH B napa - / T = 
= 293 K/ H cerHeTO / T = 77 K/ 3IleKTPH'leCKHX 4Ja3ax. Ha 
puc.19 no ocu a6cuucc OTno:>KeHa .nnuHa BonHhl. Bu,nHo, 111'0 
B cerHeT03IleKTpH'leCKOH 4Ja3e .nu4JpaKI.(HOHHhlH _nHK pacuten
nHeTCH, BenH'IHHa pacutenneHHH B HHTeHCHBHOCTh KOMno
HeHT no3BOilHIOT c.nenaTb BhlBO,n O ,noMeHHOH CTpyKType 
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(040) T=293K 

2,55 2.51 2.59 261 263 

I 

/040} T-71K 

2,51 2,53 2,55 2,51 259 2,61 2,63 

i\.A 
Puc. 19. HeilmpouozpaMMbl OAJI oeu111epo(Joc(Ja111a KaAUJI 
a napa-/aaepxy/ u ce2ue11103AeK111pu11ecKou /auuay/ (Jaaax, 
noAy'leHH&ie Me111000M ou(JpaK11uu no apeMeHu npoAema. 

iJ 

KpHcTannoa. B MeTo,nu11ecKOM nnaHe nponon:>Kanach pa6o-
/23/ Ta no co3,naHH10 TpexocHoro roHHOMeTpa ,nnH ycTaHoB-

KB Ha peaKTOpe Mli p - 2, Beno Cb npoeKTHPOBaHHe H H3ro -
TOBneHHe MeCTO'IYBCTBHTenbHOro ,neTeKTOpa. 

B uenoM 3KCnepHMeHThl, BhlnOnHeHHhle Ha peaKTope 
MliP-3O, caMblM TeCHhlM o6pa30M CBH3aHhl C pa3BHTHeM 
MeTo,noB, KOTOpble 6y,nyT HCnonb30BaHhl Ha 6y,nylI.(eM peaK
Tope MliP-2. 

ABTOp 6naro,napeH 3.M.IllapanoBy 3a p.H,n 3aMe'laHHH 
H noMOII.(h B no,nrOTOBKe PYKOnHCH K ne11aTH. 

29 



JIHTBPATYPA 

1. <PpaHK H.M. KpamKuii o63op Hay•-moii oe.Rmem,Hocmu 
Jia6opamopuu neiimpoHHoii rjju3UKU a 1976 z. Coo6u,e
nue OHJIH, P3-10924, ,l(y6na, 1977. 

2. Mopoxoe H.,l(. 25-11emue Hay•-mo-ucc11eooeame11bcKozo 
U KOHCmpyKmopCKOZO UHCmumyma 3HepzomexHUKU. 
AmoMHa.R 3Hepzu.R, 1978, 44, c.273. 

3. AKon.RH r.r •• Allr/iUMeHKOB B.II., .Sop3aK06 c • .s., 
Bex6u1,1Ku JI., HeaneHKO A.H., JiacoHb JI.,· Mape
ee IO.,[(., Oe'IUHHUKOB O.H., IIuKeAbHep JI • .S., 
l/lapanoe 3.H. CnUHOBa.R 3aBUCUMOCmb nollHOZO ce
'leHU.R 69 Tm u 141Pr a 0611acmu 3Hepzuii HeiimpoHoe 
oo 100 K3B. Coo6u,eHue OHJIH, P3-10835, ,l(y6Ha, 
1977. 

4. HuKO/leHKO B.r •• IIonoe A . .S., CaMoceam r.c., XBaH 
qep I'y. IIoUCKU ceepxn11omHblX .ROep 6 aK1IIUBHOii 30He 
peaKmopa. IIpenpunm OHJIH, P6-11030, ,l(y6Ha, 1977. 

5. Br/iUMOB B.H. K meopuu pacce.RHU.R HeiimpOHOB Ha oeii
moHax. Aemoperjjepam ouccep111a1,1uu Ha coucKanue y11eHoii 
cmenenu Kanouoama rjju3. - Mam. nayK. JIH<P OlllIH, 2816, 
,l(y6Ha, 1966. 
Br/iUMOB B.H., l/lyllbtl r. Mooe/lb zpaHU'IHblX yc11oeuii 
a 3ac)a11e oeyx u mpex 11acmu1,1. 3qA.H, 1976, 7, c.875. 

6. Alfimenkov V.P., Luschikov V.I.~ Nikolenko N.G., 
Taran Yu. V., Shapiro F.L. Choice of the Proper 
Set of Neutron-Deuteron Scattering Lengths ... " 
Phys.Lett., 1967, 24B, p.151. 

7. .SepzMaH A.A., HcaKoB A.H., IIonoe, IO.II., l/lanupo <P.JI. 
H3MepeHU.R C HeiimpoHHblM cneK1IIPOMe111poM no eper,eHU 
3aMeo11enu.R a ceuH1,1e. Bo36yJ1CoeHHb1ii ypoeeHb He·. 
)K3T<P, 1957, 33, c.9. 

8. Allr/iUMeHKOB B.II., AKon.RH r.r.. BeJ1C6Ut1KU .H., ro
eopoe A.M., IIuKellbHep A.~., l/lapanoe 3.H. ,llAUHbl 
pacce.RHU.R HeiimpoHa Ha .Rope He . .H<P, 1977,25, c.1145. 

9. l/lapanoe 3.H. H3y'leHue 'le111blpeXHYKIIOHHOii cucmeMbl 
a peaKl,IU.RX c neiimpoHaMu npu HU3KUX 3Hepzu.Rx.Ma111e
pua11b1 I I I IIlKOAbl no HeiimpoHHoii rjju3uKe. OHJIH, 
,[(3- 11787, ,l(y6Ha, 1978. 

10. Xap11eHKo B.<P., Jieeawee B.II. Hcc11eooeaHue ceoiicme 
cucmeMbl 11emb1pex HYKAOHOB C cenapa6e/lbHblMU HYKIIOH
HYKIIOHHblMU no111eH1,1ua11aMu. HT<P, 77-85P, Kuee, 1977. 

11. KoceuH1,1ee IO.IO., KywHup IO.A., Mopo3oe B.H., 
CmoiiKa A.,[(., C111pe11Koe A.B. XpaHeHue y11b111paxo1100-
HblX HeiimpOHOB HU3KUX 3Hepzuii 6 cocyoax C KOHOeHcu
poeaHHblMU Mema/l/lU'leCKUMU cmeHKaMU. IIpenpuHm 
OH.RH, P3-11594, ,l(y6Ha, 1978. 

12. .Syx IO., .Sa11a11b1KUH II.H., OcemuHcKuii r.M., BaH 

30 

CblH CJ.aH . MuKpOXUMU'leCKUii ailaAU3 1IIOHKUX nlleHOK 
MemoooM ynpyzozo pacce.RHU.R. IIT3, 1977, J{g5, c.60. 

13. Goldsmith P., Jelley J. V. optical Transition Radia
tion from Proton Entering Metal Surfaces. Phil. 
Mag., 1959, 4, p.836. 

14. Muxa11.RK C. 3KcnepuMeHma/lbHoe ucc11eooeaHue nepe
xooHozo u311y11eHu.R . .H<P, 1966, 3, c.89. 

15. Boersch H., Radeloff C., Sauerbrey G. Uber die 
an Metallen durch Elektronen ausgeloste sichtbare 
und ultraviolette strahlung. Zeitschrift fur Physik., 
1961,' 165, p:464. 

16. Ko63ee A.II., Muxa11.RK C., PymKOBCKU B., <PpaHK H.M. 
Onmu11ecKoe u311y11eHue, .eo36yJ1CoaeMoe Hepe11.Rmueucm
CKUMU 3ap.RJ1CeHHb1Mu 11acmu1,1aMu Ha noeepxHocmu Me
ma1111oe. IIpenpuHm OH.RH, P4-5957, ,l(y6Ha, 1971; .H<P, 
1972, 15, c.326. 

17. Ko63ee A.II. K eonpocy o 11anpae11eHHocmu U3Ay'leHu.R 
Baeu11oea- qepeHKoea1 IIpenpuHm OH.RH, P 14-10925, 
,l(y6Ha, 1977; .H<P, 1978, 27, c.1256. 

18. Bacu11bee .S.B., Ko11b111eea E.B. H3MepeHue 311eKmpu-
11ecKozo. ounoAbHozo MOMeHma 311eKmpona c noMOU,b10 
KeaHmoeozo. ceepxnpoeoo.Ru,ezo unmeprjjepoMempa. IIpe
npuHm OHJIH, PB-10948, ,l(y6Ha, 1977. 

19. Bacu11bee E.B. 06 3KcnepuMeHmaAbHoii npoeepKe npuu-
1,1una omHocumellbHocmu. · IIpenpuHm OH.RH, PB- 9905, 
,l(y6Ha, 1976. 

20. AnaHbee .S.H., KyH'leHKo A . .S., Jia3un B.H., Ocmane
BU'I IO.M. Ko11b11eeoii MHOZOHumeeoii oemeKmop Meo-
11eHHblX neiimponoe c ze11ueM- 3. Coo6u,eHue OH.RH, 
3-11502, ,l(y6ua, 1978. 

21. I'11a0Kux H.A., KyH'leHKO A.E., OcmaHeBU'I IO.M., 
qep JI. Hcc11eooeaHue Ma11oyz11oeozo pacce.RHU.R neiim
POHOB 6 aKcuallbHO- CUMMempU'IHOii zeoMempuu. Coo6-
u,enue OH.RH. P3-11487, ,l(y6ua, 1978. 

22. Ea11azypoe A.M., I'eopzuy 3., ,l(amm H.,l(., ,Caeen
Ko E.H., l/lyea11oe JI.A. Memoo Ha61110i:JeHu.R ooMeHHoii 
cmpyKmypbi cezHemo311eKmpuKoe Ha HeiimpoHHOM ourjjpaK
moMempe no epeMeHu npo11ema. IIpenpuHm OH.RH, 
Pl4-12343, ,l(y6Ha, 1978. 

23. l/luMaHe q_, l/lyAbtl B., 0Hopeu11Ka K. I'oHuoMemp HI'- 3 
011.R neiimpoHHoii ourjjpaKmoMempuu c ynpae11eHueM 0111 
3BM. Coo6u,enue OH.JIH, 13-10931, ,l(y6Ha, 19 77. 

,l(OIIOJIHHTBJibHbIH CIIHCOK JIHTEPATYPbl 

1. IIonoe IO.II. 0 B03MOJICHOM BllU.RHuu oi:JH011acmu'IHblX 
6036yJICOeHUii Ha zaMMa- pacnao KOMnayHo- COC1!10.RHUii. 
Coo6u,eHue OH.RH, P14-10805, ,l(y6Ha, 1977. 

31 



2. B1111opuH B.A., IIonoe IO.II., Ca11a11Kuu B.H., Cyxo
eou A.M., XY)l',.3HXYY r. YcpeoHeHHble ce'leHUJI peaK
IJUU 147Sm(n,a)144Nd a 0611ac111u 3Hepzuu Heu111po
H0B 30 K3B. Coo6111eHue OHJIH, P3-1O733, ,l(y6Ha, 
1977. 

3. AH1110H08 A., Ea11a6aH08 H., r11eoeH08 IO.M., IIaK XoH 
qep, IIonoe IO.II. PeaKtJUJI (n ,a) u H0BaJI 0611ac111b 
a - pacnaoa KOMnayHo- COC1110JIHUU JI0ep. IIpenpUH111 

OHJ/H, P3-1O372, ,l(y6Ha, 1977. 
4. B11110puH B.A., IIonoe IO.II. CUAOBble ¢YHKIJUU y - nepe

xoooe MeJICOY KOMnayHo- COC1110JIHUJIMU U3 peaKijUU 
(n. ya) u (n. yf). Coo6rqeHue OHJIH, P3-1O775, 
,l(y6Ha, 1977. 

5. A11oea JI., Ee11eapx <I>., I'yuHx TxbioHz Xben, IIocnu
WUA C.,, Te11eJ1CHUK0B C.A. H3y'leHue cxeM ypoeHeu 
JIDep 17o • 177 Lu C noM0IUb10 peaKtJUU 
175 • 176 Lu( n, y) 176, 177 Lu. "Heu111poHHaJ1 ¢u3u-
Ka ". Ma111epua11b1 4- a Bceco103HOU KoH¢epeH11uu no 
Heu111pOHHOU <PU3UKe, '1.2. M., 1977, c.287. 

6. Alloea JI., Ee11eapx tP., I'oH3a111KO JI., Te11eJ1CHUKoe C.A. 
H3y'leHUe peaKtJUU 50 v(n. y ) 51 V Ha pe3oHaHCHblX 
Heu111p0Hax. TaM xe, c. 290. , 

7. IIonoe IO.II., Cyxoeou A.M., Xu111poe B.A., JI3eu11-
KUU IO. C. H3y'leHue pacnpeoe11eHu.J1 uH111eHcueHoc111eu 
e111opU'IHblX zaMMa- nepexoooe e peaK11uu ( n. y ) Ha 
pe3oHaHCHblX Heii111p0Hax. TaM JICe, c.281. 

8. AH1110Hoe A., Ea11a6aHoB H., I'11eoeHoe IO.M., IIaK XoH 
qep, IIonoe IO.II. IIoAHble a- WUPUHbl Heii111poHHblX 
pe3oHaHcoe 67 Zn , 95 Mo , ITTlRu, 101Ru. TaM xe, 
c. 305. 

9. Bep111e6HblU B.II., B11110puH B.A., ,[(011zoe B.A., 
KupUIZIOK A.JI., -"ft'¼OB IO.II.\l~eoopoea A.<l>. Hc_,c11eoo-
8aHUe peaK11uu Sm ( n. a J Nd Ha Heu111p0Hax 
c 3Hepzueu 2 K3B. TaM xe, c.3O9. 

10. B11110P,UH B.A., IIonoe IO.II. Ot1eHKa eepoJ1111Hocmu peaK-
11uu ( n, Y , f) Ha OCHOBe 3KCnepuMeHmaAbHblX oaHHblX 
0 paoUatJUOHHOU CUIZOBOU ¢YHKIJUU MJIZKUX Y - nepexo-
008. TaM xe, 'I. 3, c.268. 

11. Boumoe A.H., IIapxu11Kuu C.C., IIonoe IO.II., II0J1p
K0B B.A., CU308 H.B., CmpUJICaK B.H. HH111ep<fiepeH
tJUOHHble JIB/Zer:uJI 8 mopM03HOM cneKmpe Y - K8aH11108 
U3 peaKijUU 2 C ( p , y, p' ) 12 C . IIpenpUH111 OHJ/H, 
P15-111O1, ,l(y6Ha, 1977. 

12. Boumoe A.H., IIapxu11Kuu C.C., IIonoe IO.II., II0J1p
Koe B.A., Cu3oe H.B., CmpUJ1CaK B.H IIp.11Moii paoua-
11uoHHb1u 3axeam npomoHoe J1opaMu 12 c. · Coo6111eHue 
OHJIH, P15-11O87, ,l(y6Ha, 1977. 

13. Kpa¢m O.B., HayMoe IO.B., IIempoe E.<l>., IIapxu11-
KUU C.C., Cu3oe H.B. I'aMMa- pacnao pe3oHaHcoe 

32 

59 Cu. H3e. AH CCCP, cep. ¢u3., 1977, 41, Nd, 
c.82-87. 

14. Kpa¢111 O.B., HayM08 IO.B., IIapJICUIJKUU c.c., Ca-
11ex 3., CU308 H.B. YZA08ble pacnpeoe11eHUJI y-11y11eu, 
ucnycKaeMblX npu pacnaoe aHa11ozoe e 63 Cu. H3e. 
AHCCCP, cep. ¢u3., 1977, 41, N91, c.44-48. 

15. BaH CblH qaH, I'puoHee K.A., KaHzpono11b IO.B., Ma
~g.,, M., Oce111UHCKUU r.M. CnuH-tpAUn 8 peaKijUU 

Si(pp',y)28 Si a uH111epea11e 3Hepzuu 3,5-3,8 M3B. 
IIpenpuH111 OH.RH, P15-104Jf7, ,l(y6Ha, 1977. . 

16. BaH CblH qaH, KaHzponOllb IO.B., MaoeJI M., Oce
•UHCKUU I'.M, 311b-KaMxaeu A.A. CnuH-tpAun npu He
ynpyzoM pacceJ1Huu npo1110Hoe Ha 24 Mg a uH111epea11e 
3Hepzuu 2,9-3,7 M3B. Coo6111eHUe OlllIH, P15-10460, 
J(y6Ha, 1977. 

17. Ko63ee A.II., Py111KoecKu B. IIepexooHoe u311y11eHue 
'laC1/IUIJ. O630p. 
Acta Univers. Lodziensis, 1977, Ser. II, 12, p.15-33. 

18. Hapu111 H.JI., BblCOIJKUU I'.JI., Kpueonycmoe M.H., 
C11a6ocnu11Kuu P.II. II011J1pu3a11uoHHb1e J1e11eHuJ1 e J1oep
Hb1x peaKijUJIX. O63op. <l>U3UKa 3/ZeMeHmapHblX 11acmu11, 
1977, 8, 8bln. 6, C.129O-1337. 

19. BUAbZeAbMU 3., IIuompoecKu B., JDe¢11uHcKa r. 
Jlletp/ZUHCKU 3. Hcc11eooeaHUJI ClflPYKlflYPbl JI0pa 's 5 y Me-
1IIO0OM cneKmpocKonuu ycpeoHeHHblX pe3oHaHC08. Co-
06111eHUe OH.JIH, P 15-11026, ,l(y6Ha, 1977. 

20. HzHa•oeu11 B.K. Hepacn11b1ea10111uecJ1 eo11HOBb1e na1iemb1 
8 K8aH111080U MexaHUKe. IIpenpuHm OH.JIH, P4-10650, 
,l(y6Ha, 1977. " 

21. HzHa111oeu11 B.K., Tepexoe I'.H. Cma11uoHapHoe u He
c111a11uoHapHoe me11eHue za3a y11bmpaxo1100HblX Heumpo
HOB no HeiimpoHoeooaM e outfa/,y3UoHHOM npu611UJ1CeHuu. 
IIpenpuHm OHJIH, P4-.10548, ",l(y6Ha, 1977. 

22. HzHa11oeu11 B.K. PacceJIHUe BOAH u 11acmu11 Ha ooHo
MepHblX nepuoou11ecKux nomeH11ua11ax. IIpenpuHm OH.JIH, 
P4-10778, ,l(y6Ha, 1977. 

23. IIonoe A~K., KuM YH qaH, OMeAbJIHeHKO A.A., 
Co11oebee H.H., TuwuH B;I'., )KyKoe r.II., KoHcmaHmu
HOB B.H., HuK011aee . C.K. ·Pe11euHaJ1 cucmeMa tja3u
poeaHUJ1 epa111a10111ezocJ1 oucKoeozo ce11eK111opa c npu
eoooM 0111 acuHxpoHHozo 311eK111pooeuzame11J1. Coo6111e
HUe OHJIH, 13-10640, ,l(y6Ha, 1977. 

24. Mamopa H.M., MepKy11oe JI.A. OcecuMMempu11HaJ1 nyw
Ka Ha .3Hepzu,o 3/leKmpOHOB 300 K3B u 1110K 250 A 
c AaMUHapHblM nomoKOM. Coo6111eHUe OH.JIH, P9-10670, 
,l(y6Ha, 1977 • . 

25. AHaHbeB B.,a.. DIZOXUHijeB ,l(.H., EyAKUH IO.M., Ey
HUH H.H., Bopo6be8 B.,a., ,[(01111eJ1Ca/Zb H.A., Jly111u-

33 



Koe B.H.,. OcmaHeeu-. 10.M., CMUPHOe B. C., cJ>paHK H.M., 
Xp.J1cmoe H.A., Hla6aAUH B.II., Hlapanoe 3.H., .Haeu1r 
KUU 10.C. HliP-2 - UMnyAbCHblU peaKmop nepuoou-.ec
KOZO oeiicmeU.JI 0/1.JI HeiimpOHHblX UCCAeooeaHuii. Ilpe-
npuHm OH.RH, P3-10888, ,l!y6Ha, 1977. . · 

26. Mamopa H.M., · MepKyAoe JI.A. cJ>opMilpoeaHue AaMu
HapHozo·· nomoKa e 111peX3AeKmpooHoii cuAbHomo-.Hoii oce
CUMMempu-.Hoii 3/leKmpOHHoii nywKe. IlpenpuHm OH.RH, 
P9-10504, ,[!y6Ha, ]977. . 

27. Ildnoe·· A.K., Pozoe A.,l!. IlepexoOHb1e npo11eccbI uM
nyAbCHozo peaKmopa Ha ·6b1cmpbix HeiimpoHax /peayAb

. mambI Mooe11upoecJHi1.J1/; Coo6111eHue OH.RH, 3-10906, 
,l!y6Ha, 1977. 

28. ·Mam·opa· H.M., MepKy11oe JI.A'. B11u.J1Hue pacnpeoe11eHU.J1 
n11om1wcmu 3MUccuu Kamooa Ha xapaKmep nomoKa e 
CUllbHomo-.Hoii 3/leKmpoHHoii nywKe. Coo6111eHue OH.RH, 
P9--1O795, ,[!y6Ha, 1977. . 

29. AH11ynoe II.C., AHopocoe A.B., lioJKKoe B.M., Jib1-
K'oe B.H., }Kypae11ee B.B., 3a66apoe B.J;., K11a0Hu11-
Kuii B.C., KoMeHOaHmoe 10.H., Mamopa H.M., Mep
KyAoe JI.A., Meme11KUH 10.M., IlempeHKO 10.,l!., Cae
euH B.A., Cmpe11uHa O.A.,· Xapb10aoe P.B., Hlee11 B.A. 
3KcnepuMeHmaAbHa.JI 3AeKmpoHHa.JI nywKa 33II-2. 
Ilpenpumfl OH.RH, P9-1O999, ,[!y6Ha, 1977. 

30. lipaHbK06CKU E., E11uaapoe O.H., · )KyKoe i'~II., KuM 
EH HaM. K0Hmpo11Aep KapKaca e cma1ioapme KAMAK 
OIi.Ji C6.Jl3U c '3BM M-4OO. qacmb II. b/lOK OIi.Ji nepe
oa-. no Kaua11y np.J1Mozo oocmyna. Coo6111eHue OH.RH, 
10-10394, ,[!y6Ha, 1977. . . 

31. BAuaapoe O.H., Memeeea A., Ca11aMamuH H.M. Ilpo
zpaMMH0e o6ecne-.eHue HaKonumeA.JI Ha MazHumHoM ouc
Ke, noOK/11-0<ieHHOZO K 3BM TPA-1001- i . · Coo6111eHue 
OH.RH, PlO-10479, ,[!y6Ha, 1977. · 

32. JioooiicaM6a _ C. J;110K ~a.Jiau MeJKoy 3BM TPA-1,001-i 
u "MUHCK- 22_" e cmaHoapme KAMAK. Coo6111eHUe OH.RH, 
11-10840, ,[!y6H<:i, 1977. . . · . 

· 33. JiunnoAbO . Ii., M~lll B. Pa:,111en11e11ue ocHoeHo~o co
cmo.J1HU.J1 uoHa . Pr + _ noo oeucmeueM Kpucma1111u-.ecKo- · 
zo no11.J1 e Ky6u-.ecKoM uHmepMema1111u-.ecKoM coeouHe-
Huu PrMg. _- IlpenpuHm OH.RH , P14'- 10434, ,l!y6Ha, 
1977. . . . . ... 

34. liozaH'i .H., ,[!1-011au H.,. Haob A;, Ha3apcrn B.M., me.
pew 3., Ca6o A. Hcno11"i,aoeaHue peaK11uu B ( n, a) 7 L1 
OIi.Ji onpeoeAeHU.JI amoMoe 6opa e KpeMHUU. Coo6111eHue 
OH.RH, P3-1O777, ,[!y6Ha,' 1977. . 

35. Luschikov V.I. Ultracold Neutrons. Phys. Today, 
1977, 30, No. 6, p.42. 

36. Kosvintsev V.I., Kula.gin E.N., Kushnir Yu.A., Moro-

34 

zov V.I., Strelkov A. V.Extraction of UltracoldNeutrons 
from High Flux Reactor SM-2. Nucl. Instr. and Meth., 
1977, 143, P.133. 

37. Ilonoe A.I,., Ilwe11.J1K K., XeaH qep I'y. IlapaMempb1 
HeiimpoHHblX peaoHaHcoe na1111aou.J1. IlpenpuHm OH.RH, 
P3-11013, ,l!y6Ha, 1977. 

38. HeaHeHKO A.H. li110K K0Hmpo11.J1 u ynpae11eHu.J1 cneKmpo
MempoM no11.J1puaoea11HblX HeiimpoHoe u .JIOep. Coo6111eHue 

_ OH.RH, 13-11027, ,l!y6Ha, 1977. 
39. J;yHam.J1H r.r. K cmamucmu-.ecKoMy onucaHuro KoM

nayHo- cocmo.J1Huii .J10ep. IlpenpuHm OH.RH, P4-1O386, 
,l!y6Ha, 1977. 

40. liyHam.J1H r.r. MoMeHmb1 u11ep11uu u zupoMazHumHble 
omHOIUeHU.JI K0MnayHo- cocmO.JIHUU . .HcJJ, 1977, 26, c.44. 

41. liyHam.J1H r.r., Ilollb 10.C. Pacce.J111ue Meo11eHHb1x 
77 -Me3oHoe Ha .J1opax . .HcJ>, 1977, 25, ebin. 3. 

42. JiyHam.JIH I'.I'., IlO/lb JO.C. 3Hepzuu U IUUpUHbl co
cmO.JIHUU rr-amoMoe u pacnpeoe11eHue HYKAoHoe e .J10-
pax . .HcJJ, 1977, 26, c.827. 

43. bYHam.JIH I'.I'. 0 K6Q3UOUCKpemllblX COCm0.JIHU.JIX e KOMn
lleKCHOM nomeH11uaAe. IlpenpuHm OH.RH, P4-11OO4, 
,[!y6Ha, 1977. 

44. liyHam.J1H r.r. O60110-.e<iHble nonpaeKu K no11y3Mnupu
-.ecKuM ¢opMy/laM 0/1.JI Mace u cpeOHUX KeaopamU'iHblX 
paouycoe .JIOep. IlpenpuHm OH.RH, P4-11151, ,l!y6Ha, 
1977. 

45. J;yHam.JIH r.r. 0 cmamucmu-.ecKoM onucaHuu ceoiicme 
K0MnayHo-cocqo.J1Huii .JIOep. IlpenpuHm OH.RH, P4-11131, 
,f!y6Ha, 1977. '' 

46. BaCU/lbee J;.B., CepM.JIZUH A.B., CyxaHoe A.IO. au¢po
eoii cuHxpoHHblii oemeKmop OIi.Ji KeaHmoeozo ceepxnpo
eoo.J1111ezo UHmep¢epoMempa. Coo6111eHue OH.RH, 
P13-10949, ,[!y6Ha, 1977. 

47. Bacu11bee li.B., Kpueoii r. C. IlpuMeHeHue 3</xfJeKma 
,l!JKoae¢coHa OIi.Ji npeo6paaoeaHu.J1 e -.acmomy ceepx
MallblX Hanp.JIJKeHUU. qacmb I. cJ>uau-.ecKue OCH06bl 
Memooa. IlpenpuHm OH.RH, P13-1O941, ,l!y6Ha, 1977. 

48. BacUAbee li.B., Kpueoii r.c. IlpuMeHeHue 3</x/JeKma 
,l!JKoae¢coHa OIi.Ji npeo6paaoeaHu.J1 e -.acmomy ceepxMa
AblX Hanp.J1J1CeHuii. qacmb II. Mempo11ozu-.ecKue xapaK
mepucmuKu u 3KcnepuMeHm. IlpenpuHm OH.RH, P 13-10957, 
,[!y6Ha, 1977. 

49. Bacu11bee J;.B., Kpueoii r. C. CMeUleHue HU3Ko.-.acmom
HblX cu2Ha11oe Ha peaucmueHoM cKeuoe. IlpenpuHm OH.RH, 
P13-10958, ,l!y6Ha, 1977. _ 

50. BacUAbee li.B., I'opoe11uii B.H. HaMepeHue wyMoebIx 
napaMempoe ceepxnpoeoo.J1111ezo KeaHmoeozo uHmep¢e
poMempa. IlpenpuHm OH.RH, P13-11O48, ,l!y6Ha, 1977. 

35 



51. BacuAbee E.B., Hzilamoeu11 B.K., K0Ab111eea E.B. 31<
paHupoeaHue cAa6b1x MazHumHblX noAeii ceepxr,poeo
OJIIJIUMU o60AO'lKaMU. JipenpuHm OH.RH, P 13-11043, 
,[(y6Ha, 1977. 

52. KaoMeHc1<uii c.r., Pamuc JO.JI., Pb16a1< K.c:, <l>yp
MaH B.H. Bb16op 3,p,pe1<mueHozo e3auMooeiicmeu.11, 3aeu
CJ1U1ezo om nAomHocmu, u a - pacnao m.11J1CeAblX c,pepu-
11ec1<ux .11oep. IIpenpuHm OH.RH, P4-10469, ,[(y6Ha, 
1977. 

53. EaAazypoe A.M., ,[(Aoyza M., 3AoKa3oe B.E., Mupo
Hoea I'.M. 06pa6om1<a ou,ppaKIJUOHHblX cne1<mpoe, u3-
MepeHHblX Ha HeiimpoHHOM ou<fipa1<m0Mempe no epeMeuu 
npoAema. JipenpuHm OH.RH, Pl0-11107, ,[(y6Ha, 1977. 

54. MamlJ B. 0 npozpaMMax nouc1<a napaMempoe 1<pucmaA
Au11ec1<ozo noA.11 .OAJI uHmepnpema1Juii Heynpyzozo pac
ce.11HUJ1 menAOBblX HeiimpoHoe. Coo6U1eHue OH.RH, 
P 14-11111, ,[(y6Ha, 19 77. 

55. AHaHbeB E.H., EaAazypoe A.M., Eapa6aw H.II., I'eop
zuy 3., mu6aee B.,[(. HeiimpoHHblii ou,ppa1<m0Memp no 
epeMeHU npoAema OAJI UCCAeooeaHUJI MOHOKpucmaAAOB. 
JipenpuHm OH.RH, 13-11113, ,[(y6Ha, 1978. 

56. CmoiiKa A.,[(., CmpeAKOB A.B. IIpoxoJICOeHue YXH 11epe3 
moH1<ue oeuJ1CyU1uec.11 cmeHKU. IIpenpuHm OH.RH, 
P 3-11146, ,[(y6Ha, 19 77. . 

57. Popov Yu.P. Alpha-Decay of the Compowul States. 
Proc. Int. Con/. on Nucl. Struct., Tokyo, 1977, p. 740. 

58. I'Ae<leHoe JO.M., 1Ia1< XoH l/ep, Jlonoe JO.JI. II0AHb1e 
a - wupUHbl HeiimpoHHblX pe3oHaHcoe. AH CCCP. E10A
AemeHb 1'eHmpa no JIOepHblM OaHHblM JIH.Jl<l>, JleHUHzpaO, 
1977, Bbln. 4, C. 3. 

59. EaAazypoe A.M., ,[(Aoyza -M., 3AoKa3oe B.E., MupoHo
ea I'.M. MameMamu11ec1<oe 06ecne11eHue 31<cnepuMeH
moe Ha · HeiimpoHHOM ou,ppa1<m0Mempe no epeMeHu npo
Aema. Coo6U1eHUe OH.RH, Pl0-11106, ,[(y6Ha, 1977. 

36 

Py1<onucb nocmynuAa e u3oameAbc1<uii omoeA 
4 ceHm.116p.11 1978 zooa. 


