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I. OEl!Wl XAPAKTEPHCTHKA PAEOTl:l 

AKTY:am.HOCTb npo6Jrew. MaJro:HyKJiomme llCCJI8.I(OBaHIDl HaxO,ltllTCJI Ha 
nepe.noBHX py6eJtax COBpeMeHBol ~SKKll: Ilepll0,ll.1A8CKR pas B ,ItBa ro;na 
npoBO,nRTCJI Melt,eyHapo,ttHHe KO$peimm no CBOICTBaM M8JIO:HyKJIOHHHX 
H,ttep. Jiel"mimme JJ)ij)a BH;D;e~eHH npocTOTOI CTPYKTYJ)H ll pe,ItKOCTHOff BOS­
MOlltHOCTI,I) 6e3ID.I(6Jll,HOI'O pac'leTa CBOffcTB, llCXO,ltll BS nepBFDmX HyRJIOH­
:HyKJIOHHHX BSaEMO.rteffcTBHI. K HaCT0.111116~ BpeMeHll plI,lt TeopeTll'leCKRX MB­
TO.I(OB, TaIO!X KaK Bap:HaIJ,HOHHH!, K-rapMOHllK, ypaBHeH:HI ~eeBa ll He­
KOTOPH8 .m>YI']!Ie, pa8BHT HacTOJibKO, 'ITO C lIX llOM:>lllblO, llCllOJibsyJl pea­
JlllCT:H'leCKRe Jl.I(6pHHe CJIJil,I, MOlltHO pacc'l:HTHBaTb 8Hepr:H:H CBSlSll JI,IJ;ep, 
cpe,103:eRBa.u;paTK'll:lue pa,nHyci:l, sapll,ltoBue qiopMlJaxTopH, ~ B <pa3H 
paccesnnm, BepoJITHocTH BJieKTpoM8I'HlITHSX nepexo.noB 11 ceqemm p8,ItlffiUH­
oHHoro sanaTa HelTpoHoB B ;u;pyrmc pe~. 3Kcnep:HMeHTam,HHe aHa'le­
mm COOTB6TCTBYJlltl'IX B6JllllmH JlBJIRDTCJI npo6mn.m KaMHJIMH Teopn. Mx 
yTo'lHeHHe, Jm6o pacDIHpeH:He llX Kpyra sa ~'leT HOBHX, paHee He onpe.ne­
~eHHHX BeJIHlDIH, npe~CTaBJIJi6T BallOIYD 88.I(atJY B, H6COMH6HHO, 8KTY8JII,HO 
B cBeTe Ha6~aeMOro nporpecca Teopo. 

O.nHaKO, H8KOTOpH8 8Kcnepm.reHTaJII,HH8 B8Jlll'IHHH, xapaKTepl!8YJ)llllle 
CBO!cTBa MaJIO:HyKJIOHHHX CllCT8M B nponeccax BSal'l'.MO.rte!cTBHH C MBWteHHH­
MK He!TpoHrum,'Tpy,ItB:OHSMepKMH. K l!X 'llICJJYOTHOCJITCJl SHa'leHl!Jl ll 9Hep­
reTH'iecla!e aamtCJ1[},l)CTll ~qeff:HI paJJ,HaIJ,HOHHoro sanaTa HelTpoHOB .nelT­
poHru.m J!JJ)ij)SMH re.mm-3, ~ paccesnnm HelTpOHOB Ha TpeXHYKJIOHHHX 
JJ)ij)BX, llOJillpll8aIJ,ll'.OHHHe ce'lemm BSam.l).I(effcTmm HelTpOHOB C ~eI"mlDmMll 
JJJij>aMII. Jvm lUJX 8Kcnep1illtl3HTWil,H8Sl llHqx>pM!lllHJl llp8KTll'l8CKll OTCYTCTBO­
BaJia R ~LEHTY Ha'mJIB. .ItaHHOI'O llCCJI8.I(OBaH:HJl. Hsr..repeH:He,cooTBeTCTBYD­
DtHX BeJIHlDIH H .neTam,Hoe cpaBHeHHe pesym,TaToB axcnepmeHTa c TeopH­
el MaJIOll:yKJIOHHHX CllCT8M JlBJIIL1IOCb, TaK:HM o6pasoM, Hacylltllol sa.naqeff. 

Uem, pa6oTH cocToMa B TOM, 'lTo6H BcCJie.rtoBaTb CBo!cTBa MaJIOHYJ{­
~oHHHX Jl.It8PHHX CBCT8M B peaRUll/IX C HelTpOH8MK mmKHX aHeprll!; 
OCHOBHH8 ycJ!JIRII 6~ Hanpa.BJieHH Ha: 

I) CllCT8MaTll'l8CKOe ll3Y'l8Hlle ceqeff:HI p8.I(KaD,HOHHOro SaxBaTa HelT­
poHOB ~eI'1Ul!mln,m JJ)ij)a.MH: .neATpomu.m: H reJmeM-3; 

2) llSMepeHHe ,ItJUI MaJIOIJYMOHHHX JI,IJ;ep WIHH ,Paccemum HeffTpoHOB 
B COCTOJIHJmX C onpe.ne~emmM CilllHOMj 

3) B3Y'l8Hll8 oco6eHHOCTeA 9HepreTll'l8CKOA 88BllCIDNJCTll ce'leff:HI 
peaxud 3He( n , p )T n 6 Li ( n , n )61:,ItJUI 5-BMHoBsx HelTpoHoB; 

OcbECJ.lttiEHi'1..!;\ ~1HCT::; .r 
~CJ: t! t.'~,.,;·.: / .-'- , ••.. :.03.:.._:-:~~fl, 
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4) HcCJie.n;omume B036~emrux ypomrnil JieMaiiumx JI,Itep: remm-4, 
JIRTR!I-8; JIRTIDI-7 - B6JIR3H SHeprRR CBSISH HettTpOHa. 

Ea30B!Ie YCT8.HOBKlI lI aRcnep:m.mHTaJII,HHe MeTo,zgnrn. lfcCJie,ll;OBaHR!I 
BWIOJIHeHH Ha ymntaJll>HOil qill3ll'lecRott ycTaHOBKe - m.mym,cHOM peaKTOpe 
Ha 6HcTpwc HettTpoHax lffiP-30, r.mTO,ll;OM BpeMeHH npoJieTa C lICllOJll,SOBa­
HReM o6oHX pelmMOB pa6om aTOtt YCTaHOBRR: perutTOpHoro x6y6TepHoro 
B coqeTaHRR c ycKopirreJieM aJieKTpoHoB·JJY3..4o •. Mcnom,soBaHRe RMnYm,c-· 
Horo pe~TOpa .nrut ceJieKJ.l,lm HettTpoHOB no aHeprim: CTaJio·oripe.n;emrnlltlIM 
q>aKTOPOM B npeo.n;oJiemm MHormc' ·TPY.ItHOcTett ·RSyqeHmI pR,Ita pa.Hee He.n;o­
CTYJIHliX .nrut aKcnepRMeHTa npoueccoB. BTOpllM q>flltTopoM sm:wrac:& pe8Jlll-· 
sauim 01IT:m.ialu,HHX MeTo.n;mt·HsMepem ceqeHxil·paccemum H p~oH­
Horo Sa.xBaTa C llpRMeHeHReM OC060 'lHCTHX TBep,n;wc, ra30BHX lI KplIOI'ElH­
HWC HSOTOIIHWC MHl!.le'.Hett, a Ta!Olte ClleUl{am,Ho C03,ll;8.HHWC pa3JIR"lllllX, ,I(eTeK­
TOpOB HeilTpoHOB H raMM'l-JJY'Ieil. TpeT:&RM q,axTopoM 6liJio ripRMeHeHxe aB­
TOMaTHSRPOBaHHHX cpe.n;crn IIOJiyqemm H o6pa60TIW aKcnepRMeHTaJU,HOil 
ID-Iq>OPMaUHH, cos.n;amwx B·HsMepxTem,IioM ueHTpe Jia6opaTopRH Hei!TpoHHofi 

~ \I>H3HKH omrn. · 
HaV,HM HOBHSHa pa60TH. Eom,m:HHcTBO 8KCIIepmi:eHTaJI:&HWC peaym,Ta­

ToB'IIOJiyqeHo BnepBue, B KX 'lHCJie: ceqeHHe paccemnm TeIIJIOBWC HettTpo~ 
HOB H,IUJaMH 3He, 8HepreT1NeCK1Iil XO,ll; ceqeHHSI·paccemmst 6'1.(3He) B 
o6JiacTH aHeprxtt l KaB - 100 1<aB; noJIHoe cetieHRe __ 6'-t (3He} B_ .n;Hana­
s~He l KaB - rno KSB,. ce'leHHe Pa.n;HaUHOHHOro. sa.xBaTa bn/~e) .nrut 
aHeprmt B HHTepBaJie l - 70 KaB, 8HepreTR'l8CKrul SaBHCmtlCTL ceqeHHSI 
peaiaum 3He( 11.., p )T B .n;HanasoHe 25 ~ 150 KeB, aHepreTmecKM sa­
BHCHMOCTb cetJemm pacce.mum lleilTpOHOB -6n c6 Li) _B HHTepBaJie o,"7' -
so· KSB, IIOJmpHS~OHH08 ceqeIDie pacceSIHH.R: HSttTpOHOB H,!UlaMH -7 Li. -· • 1 _ 

WSH'leCKRS BliBO,Il;!:l O CBOftCTB8X MBJIOHYKJIOHHWC R,Itep, C0061ltaewe B pas­
,ll;SJie peaym,TaToB, .IIBJifmTCSI JIH6o HoBmm, JIH6o CYllleCTBellllo .n;onOJIHSIDT 
HSBSCTHHe pa.Hee SaKOHOMepHOCTH. HoBott HBJlfISTCSI llOCTSHOBKa s~aql{ OII­
pe,n;eJiemm .u,y6JieTHOtt H KBapTeTH0:11 KOMIIOHSHT (n.ct)-S~Ta C O~O,CHO~ 
BBHHSM 8KCII8pHMeHTa IIO HSmpemm RpyroBott llOJUIPH38UHH rru.!Ma-RB8HTOB 
p~oHHoro Sa.xBaTa llOJIIIPHSoBammx TeIIJioBwc 11ettTpoH011 JJ'APBMH He­
IIOJUIPHSOBaHHol MmlleHH .n;ettTep:wi:. 

Hav,Hast H IIpaKTJNSCKM UeHHOCTL. HSKClTOpHe H3. HSY;'IeHHHX npouec­
COB BSB.HMO.n;elcTBWI MS,ItJiemmx HelTpOHOB c JieI"lai!mm.m JJ'APaMH nrp8JOT 
60JI:&myJ> pcm, B IIpHRJia.ItHHX a~aqax. Pa.n;HaUHOHIWit 88XBaT HettTpOHOB 
.n;ettTpoHru.m CYlltSCTBeHeH MSI·Tm1teJI0Bo~

6
peaKTopo~. HettTpoHHHe ceqe­

mm Trumx peaitnltlt, KaK: ¾e( n., p )T, __ L~ ( h. , T)4He - BaJlHI:l 
.n,1III MHOrHX_IIpaKTll'lecKKX npHMeHeHHil, TaK KaK OTHOCSITCSI K 'IHCff'i CTaH­
.n;apTOB. Ceqemm B8alIMO)(ettcTB:wt HeilTpOHOB C H30TOllaMK SL· lI L: 
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lIMSJOT 60JI:&1110e 8HaqeHHe .nrut BOCIIp0lI8BO,ll;CTB8 TplIT:wt npn ynpaBJI!IeMOM 
TepmsmepHOM CHHTese ~ HclBue aKcnepRMe'HTaJihHHe )(amiue no ce'teHIDIM 
yKB.88.HHHX peaKUHfi, IIOJiyqeHHHe B_.n;HccepTauim, !IBJiffDTCSI OJipe.n;eJieHJilIM 
BRJIB,I{OM-B IIp06Jie~ !1,nepH0-4liSll'l8C~ KOHCTaHT, pemaerqIO MHOI'HMH KOJI­
JieKTRBaMPI c-rpaHii c uem,xi y)(emeBJieJ:IIDi nponsBo.n;CTBa R,ItepHoll'aHeprRR. 

HayqHrui: neHHocT:& RcCJie.n;oBaHHil, BHnOJIHeHHHX.no)( PYKOBo)(cTBOM 
'R IIPlI Heriocpe)(CTB8HHOM yqacTHH aBTopa, COCTORT 13'. ClICTeMaTmecKOM 
8ltCIIeplIM8HTaJI:&HOM HCCJie)(OBamm-:npoueccoB 133aHID)(eficTBM HellTpOHOB C 
Jiel"laJbum.m JI,ItpaMlI lI B YCT8.HOBJieHHH psma SaKOHOMepm:>cTeit BTlIX nponec-

. COB. llm~OKOe RCIIOJII,80B8.HH~ MeTO)(OB HeitTpOHHOi!.cneKTpoMeTpmi: .n,1III CHC­
TeMaTl1'lec1<0ro RcCJie)(oBa.HruI JieI"laiimHx smep c o6p81l(eHHeM·K npoueccaM, 
paHee He)(OCTYilHHM .n,1III RSMepeHM, npHBe~o K COS)(aHRIO HOBoro Hailpa.DJie­
HR!I Ha cTHK'e HeitTpoHHoit cneKTpocROIIRR smep H qiRSHKH MaJIOHYRJIOlillHX 
cncTeM. ,llOCTHrHYTHe pesyJI:&T8TH IIOKaSaJilI rrepcneRTRBHOCTL aToro HanpaB-

. JI8HHII HcCJie,!(OBaJIHil Ha HeitTpOHHHX cneKTpoMeTpax C lIMIJYJll,CHJlMlI peaKTO­
pru.m lffiP-30 lI lffiP-2 B KaqecTBe lICTOqJiliROB HeitTpOHOB. 

IloJIOJKeH:wt R pesym,Tam 1 BwteceHHHe Ha 88.lllR'lX 

I. lfclIOJI:&SOBaHRe :m.mym,cHoro peaKTOpa lffiP B co~eTamm C OilTlI­MaJI:&-. MeTO,n}ll{aMH H3MepeHmI napUH8JibHIDC HeitT}lOHHHX 'ce'lemrll H_BJmeT­
C.ll MOJll}lllM cpe)(CTBOM pa3BlITHl!. cBe.TOClJJil,HOft HeilTpOHHOil cne'K-rpoMeTplllI, 
itanp8BJ.lelllloit Ha nsyqeHHe c:aoi!cTB smep, npOJIBJIImll}IXCSI KaR B TPY;nHO­
.n;oc-rylIHHX, pe.n;KKX pearonmx, TaK·R B 8KCIIeplIM0HTax C MaJillMl'I :$I)eKTaMH. 

- . ... " ,. . .. 

2. E.lraro)(a,Pfl )(OCTllltltMOtl: TOJll,:\{O B MeTo.n;e BpeMeHH npOJieTa HCKJm­
'!HTem,Hott .n;eTaJI:&HOCTH HH!POPMaUHH O pas.niroiux'HeitTpoHHHX ceqeHH!lX, 
a, Tarote, -,6Jiai:o.n~ps( npmeqerom R aH8.1IlI3Y pesym,TaTOB 6oBpeMeHHOit 
Teepe MaJIOHYKJIOHHHX ·CRCTeM, 'aKcnepHMeHTH C Me,ItJieHHHMlI HettTpoHaMH 
)!.aJilI BaxHyJ) HH!POPMaIUm O CBOitcTBax ~erqattnmx smep. 

3. IlpoBe)(eHH BKcrrepHMeHTaJI:&HHe RCCJie)(OBaHIDI nponecCOB pa.n;H~­
OHHOrO saxBaTa HettTpoHoB )(el\TpoHaMH n smpaMPI remm-3. Te1IJI0Boe ceqe­
:ime 3axBaTa HeitTpOHOB )(eitTpOHaMH HSMepeHo C norpellIHOCT:&~ 4% Il,PSIMBM 
MeTO)(OM perRCTPaUHH raMMa-KBaHTOB pa.n;HaUHOHHoro SaxBaTa. IlpoaHaJIHSH­
poBaH8_B03MOJKHOCT:& onpe.n;e.ireHM ,Dy6JieTHoil"lI KBapTeTHott KOMilOH8HT 
( k. ~ )-sax:BaTa B OllHTe C lISMepelll-!eM KpyroBott IIOJIIIpHBaUHH rru.wa-Jryqett. 
lf3MepeHO ceqeJme pa.n;HaUHOHHOro SaxBaTa HeilTpoHOB JI,ItpaMH reJJlIJI-3 
B HHT,epBaJie aHeprail 0,025 aB - 70 KaB, R .n;a,HO 06'bllcHeHHe o6HaJ)YJteH-
HO:ll, SHepreTxqecKOit SaBlICHM:>CTlI. . 

• 4. YcTaHOBJieHH SaKOHOMepHOCTlI B pa.n;HaUHOHHOM Sa.xBaTe HeitTpOHOB 
Jier'!8.lmlm,m smpru.ru. PesKoe yMeH:&me:ime ceqeIDtfI npR nepexo.n;e OT npoToH-
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HOii MHllleIDI K 6oJiee CJIOlKHHM HJJ:PaM 06'I>JicHeHo npaBRJIOM OT6opa no CHM­
MeTpmr BO~OBUX qiy1uuntii a.n:ep, .neilCTBYJllllIM npH 3axBaTe HettTpOHa C 
HCIJYcKaHHeM rilli!M!l-H8JIY1!emm f.\YJII,THnOJII,HOC'l'lI MI. IIo.nyqeHH JK83a.Hl!II 
Ha CYll!eCTBeHJiyD pOJII, o6Memrux TOKOB B rrponeccax 3axBaTa HeilTpOHOB 
JieI'1mflnmMR .II,!Ula.MlI. 

5. HaR60JII,nntil IDITepec ,Il;1IfI Teop:im MBJIOIJYMOHHHX CHCTeM npe.ncTaB­
JiffiOT IIOJIY'leHHHe S8RJIIJ'lemut O BO~OBHX q,yHitnmIX OCHOBHHX COCTo.mmit 
a.n:ep 3iie H 4He. 1Ipm.rec1> COCTOJililJ.fI CMemaHHOil CRMMeTpmI B BOJIHOBOit 
~ a.n:pa 4He ycTaHOBJieHa Ha YPOBHe 0,14%. CTOJII, HeSHa'llITeJII,-
HaJI npru..ec:r, K rJiaBHOL\V S-cocTOJIBID) 4ire RrpaeT 60Jil,llijl) pOJII,, TaK 
KaK CIDIMaeT sanpeT IIO CHMMeTplIH BOJIHOBHX 4JYHJtnHii H Be,neT K 8KCIIepH­
MeHTaJII,HO Ha6mo.neHHOf.\Y sHa'lenmo ce'leHrut peaKnHH 3He( n. , t )4ire ,Il;1IfI 

$ -BOJIHOBHX Hei!TpoHOB. 

6. HsMepemi noJ11IpHSau;HOHHOe ce'leime pacce.llHIDI Hei!TpOHOB HJJ:PaMH 
JIHT.Kll-7, ce'lemm: paccemnm Hei!TpoHoB a.n:pru.m reJimI-4, JIHTmI-6 H JIH­
TM-7. 8KcnepRMeHTaJII,HO onpe,neJieHH H cpa:sHeHH c TeOpHeii ,Il;1IfI Jier'latt-. 
nmx a.n:ep ~H paccemnm Hei!TpOHOB B COCTClIDWllX C orrpe,neJieHHHM noJI­
mw cmmoM. YcTaHOBJiena ClIJII,HaJI OlllIHOBalI SaBHCH?NJCTI> ~ paocemnm 
)l;JifI noex HSY'IeHHHX a.n:ep. IIpH cpa:snelllllI noJzy'lemmx SHa'leHRit olllil'JieT­
Hoil H TpmJJieTHott·~ paccemnm neilTpoua Ha 3He o TeopeTR'leoIOIMH 
pac'leTru.m, HOIIOJII,3YJOOllIMK npooTei!Dme cenapa6eJil>lIH8 uyMOH-HYKJIOHHHe 
noTeime;BJIH B YPaBHemmx ~eeBa-.lIRy60BcKoro, IIOKaSaHa Heo6xO,ItmdOCTJ:, 
.JJ;a.Jll,Heflmero ooBepmeHoTBoBaHM no.no6mvc no.n;x:o,noB. 

7 • CynteoTBeHHo YTOtnl8HH HM8BmH8CJI 8KCIIepm.reHTaJII,HH8 .namme ,Il;1IfI 

oTKJioHemm aHepreTRtiecKoro xo.na ce'leHH!I peaKnHH 3He ( 11. , . p )T OT • 
SaKOHa I/,r , H o.neJiaH BHBO.JJ; 06 0.ll;H01l8.0TR'IHOM xapaKTepe nepBoro BOS-
6yz.neHHoro ypoBHII 4He, Hrp8lJ!tero p0JII, oTpm:(8.TeJII,Horo l?esoHaHca IIpH 
BSaRMO,IteilcTBHH HeiiTpoHOB o reJIHeM-3. Ce'leHRe pelllW;IOI '1Ie( 11. , p )T 
HSMepeHo .no aHeprltll: I50 KaB O TOtn!OCTl>I) 3% H p8KOl\llH,ltOB8HO B 
Ka'lecTBe CTSH,napTa ,Il;1IfI npaKTlI'leorotX npm.eHellllii. 

8. Ilo.nyqeHH 8KCII8pHM8HTaJII,HHe YKa3aHl!II Ha OTOYTCTBHe OTpm:(8.­
TeJII,Horo pesoHaHca B oe'lemmx BSaRM0,1teiioTBRII · s -BOJIHOBSX neilTpo­
HOB C" JIHTHeM-6 Borrpem 60JII,IIIOf.\Y SHa'lemm T8lIJIOBOro ce'lemm: peaKitHH 
S Li ( n , d... )T • 8-ry pemmmi )l;JifI S. -BOJIHOBHX HeiiTpOHOB o JIHT1Ie111-6 
M:>ZJio o67,HCHKT:& T IIPRMOil rrporteco, a 60JII,moe pa8JIH'IRe ~ paooea­
mm: Hei!Tpoua )l;JifI L: H 

7 Li B paaHHX ommonux cocTosnnmx - KaK oJie;­
oTBHe HaJllltJHll ypoBHel aHOMBJII,Hol (B TepMRHOJIOI'lIR o6oJIO)letmol MO.IteJIH) 
"l8THOOTR B oCIJiacm llOJIODTElJII,HHX aHeprltll:. YoTaHOBJieHH BOSMOlKHHe :xa­
paKT8pHOTJIKH T8Kl!IX ypoBHel 7 L· H 8 L: . 
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Anpo6amm pa60TH H ny6JIHKaµmt. PeayJII,TaTU HcCJie.JJ;OBaHHII .JJ;ORJia­
.JJ;HBBJIHOI> Ha BoecomaHHx KO~peHrnmx no HeilTpoHHoil qJHsHKe (K:0:eB, 
!977 H I980rr.). Ham M81tJtVHapo,ItHoil IIIKOJie no HeilTpoHHoil q>KsHKe 
(A.7lymTa, I978r.), M~apo,ItHOM CHMIIOS:eyMe no npo6JieMe HeCKOJil,RltX 
TeJI B a.n:epHOI q)HSHK8 (lfy6na, I979r.), M~Hap<;>,ItHOit KOHqJepemom no 
a.n:epHHM ce'leHrutM )l;JifI TeXHOJIOrmt (HOKOBWIJI, 1979), Melli,JG'Jiapo,ItHott KOH­
qiepeime;H no a.n:epHHM .JJ;aHHHM .lVIlI HayKH H TeXHOJIOrmI (AHTBepneH, I982r.). 

OoHOBHUe MaT8PH8JIH .n:nocepTrunm OIJY6JIHKOBaHH B ne'laTIIHX pa6o­
Tax /1-21/. 

06w111 H CTWKTYPa pa6oTu • .Il;HcoepTa.n;rut COOTOHT HS BBe.neHltll, mec­
TH rJiaB, no,Iij)aS,IteJieHHUX Ha 31 naparpaqi, B KOTOPUX HSJIOl!teH OCHOBHOtt 
MaTepHaJI pa6am, SaKJDO~eHrut, crrHcKa JIHTepa'J'YpH H npHJIOJteHrut - Bcero 
Ha 23! CTpamme MamIDIOnHCHOro TeKoTa, BKJDO'laJI 58 PHCyHKOB, 23 Ta6-
Jmn(l H 6H6JIHorpaqimo HS I87HrumeHOBaimil. 

II. KPATKOE CO,uEPJKA.HHE ,IJJ!CCEPT.Alllll 

Bo BBeAemm Il0Ka3a.Ha aKTYaJil,HOCTJ:, HSY'feHIDI CBOi\OTB Ma./IOHyKJIOH­
HUX a.n:ep, o60CHOBa.Ha Heo6xo,n;HMOCTJ:, HCilOJII,30BaHIDI M8.IJ.]18HH!lX He:llTpOHOB 
,lVIlI 8TOI neJIH H onpe;zieJreHU sa,natnt .JJ;aHHaro HCCJie,ncrnamm, ,lla.Ha 061J1M 
xapaKTepnoTHKa 6asoBoil ycTaHOBKH H HCilOJII,SOBaHHHX 8KcnepllMeHTM1,HUX 
M8TO.ll;OB. KpaTKO nepe'lHCJieHH IlOJIY'leHHue 3KcnepHMeHTaJII,HHe pe3y~1,TaTu 
H BUBO.IJ;H, noKaaaHa HaY'IH'.l.'I HOB1'!8Ha pa60TH, OilHCa.Ha CTPYKTypa .nncoep­
TanHH. 

r~aBa I SIBJ11IeTCJI BBO,ItHO:ll B npo6~ef.\Y n COCTOHT HS IUITH naparpa­
q>OB, Il0CBR!l18HHUX TeopeTH'leCKHM rro.nxo.naM K npo6~eMe HecKOJII,KRX TeJI 
B a.n:epnoil q>HSHJ{e, poJIH Hei\TpoHOB B IlOJIY'lelllm 8Konepllll!eHTaJI1,H01l HH­
iI>oPMarnIB O CBOitCTBax Ma.lIOJJYKJIOHHHX OHCTeM, npHKJia,ItHOf.\Y 8Ha'leHIDO 
a.n:epHHX pea.ro:.tltl\ Ha ~eI"IaJ!nmx a.n:pax no.n .nettcTBHeM HettTpOHOB H aKTYaJII,­
HHM sa.na'laM B o6~aoTH HSY'leHltll CBOilCTB ~eI"laJ!nmx a.n:ep c IlOMOIJ1bD 
He!iTpOHOB. 

IIpOaHaJIHSHpOBaHH OCHOBHUe ~OOTID!temm: B pao'leTax MaJIOJJYKJIOHHHX 
CHOTeM Ha OCHOBe HHTerpam,HHx ypaBHeHHil ~eeBa-.fley60BOKOro, MeTo­
.JJ;aMH I'Hllepcqiepmei:KHX qiyHKnHil H BapHau;HOHHHM, ncnOJII,SYJ)lllHMH OOBpe­
M8HHHe pe8.7IHoTRtiecKHe IJYKJIOH-IJYKJIOHHUe IlOT8HIUiaJIU. HaJIOllteHH OCHOBH 
no.nxo.na K pao'leTY ce'leHHil paa,nnau;HoHHoro sanaTa Hei\TponoB MaJIOByK­
JIOHHUMH a.n:pru,m • 

C.neJiruumA KpaTKH:11 o6sop 8KonepRMeHTOB, BUIIOJIHBHHHX Ha JierKRX 
a.n:pax C nOMOilll>D HettTpOHOB, noKasaJI, 'lTO OHll MOryT ,naBaT:r. OYllleCTBeH­
HyJ) HHq>OPMl:I.IU!D O ~ax pacoemmsI HettTpOHOB, BepoSITHOCTJIX 8JI8KTpo­
MaI'HBTHUX nepexo.non H neJDitmHax oe'leHd pHJta nponecoon, xapaKTepHc-
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TmtaX B036Y,E,IteHHl:lX YPOBHett, HO 60JI:bllIHHCTBO llOJJY'lelillllX io HaCTosmtett 
pa60TH pesyJll,TaTOB OTHOCWIOCI, K ·llp0TOHaM, pexe - K ,nettTpOHaM, a .Ir,1IlI 

'!eTupe:XHYEJIOHHOil CHCTel,lli HettTpoHHHe ,!\aHHHe npH MaJ!llX SHeprru1X 0 llpa.K­
Tl!'lecKR OTCYTCTBOBaJIH. B 3TOtt CBJISH cqioprqJntpOBaHH OCHOBHHe 38,I(a'll! 
HCCJie,noBaHR!I MaJIOHYEJIOHHHX CHCTeM C llOMO~I,D Mewremmx HettTpOHOB. 

rJia:sa II co,nepl!tHT ormcrume o6opy,noBarum 11 armapaTYPH, ncnOJII,SO­
BaHHHX: B BKcnepRMeHTe. Coo6~eHH xpaTKHe CBe,nemm 06 HMilYJil>CHOM peaK­
TOpe HEP-30 c IDDEeKTOpoM-YCKOPHTeJieM SJieKTPOHOB JIY3-40 ItaK HCTO'!Hll­
Ke He!TPOHOB ,D;7m HCCJie,noBallllit M6TO,!\OM BpeMeHR npoJieTa, B TOM 'll'ICJie 
,!\aHHHe O HettTpOHHl:DC llOTbKaX. . . 

Ormcrum npmIUHII pa6oTH, KoHcTpyrunm n 1xapaKTep11cTRror 210-JntTpo­
Boro llW,IJ;ICOCTHOro CUHHTHJLIISDij!OHHOrO ,neTeKTopa HettTpOHOB, cos.nrumoro 
,D;7m onHTOB no nponycKBHmo o6pasuoB • .l{eTeKTop o6Jia,naeT HHSKOtt (MeHee 
O,I%) 1'.JyBCTBHTeJll,HOCTl>ll K raMMa-qioHy npH BHCOKott, 20-40%, nettTpoHHott 
SlfqieKTHllHOCTR B o6JiacTll aHeprlltt Hllllte 100 KSB. 

,nano ormcrum:e CUID!TR.1LIIffltllOHHOro ,neTeKTopa, npe,nHasHa'!eHHoro 
,Il;7m perHCTPaIOm paccerunmx HettTpOHOB np11 cneKTPOMeTplllI no BpeMeHH 
npoJieTa • .l{eTeKTop HaroToBJieH Ha ocHoBe CJioeB IIJieKcnrJiaca 11 cBeTo­
cocTa:sa inS(~) c 6opoM-IO. Ero @KTHBHOCTl> pa:sHa I-2% B ,!\llaIIaso­
He aHeprlltt I MaB - I KaB, TeJiecHHtt yroJI 3,211""" , BpeMfl lltHSHH HettTpo­
HOB B ,neTeKTope ~ 6 MKC. 

Coo6~eHH OCHOBHHe cBe,newm O npHMeHRBllillXC/1 CTaH,napTHHX raMMa­
cneKTpOMeTpax C KPHCTaJIJiaMR No.I (re) H Ge. (Li) 11 06 llCllOJI:b30BaB­
IIIHXC/I B 3KcrrepHMeHTax YCTaHOBKe ,D;7m llOJI/IpllSamm MewreHHHX HettTpo­
HOB 1*) ll YCTaHOBKe ,D;7Ifl llOJI.lIPHSamm smep: IlOJI/IpHSaTop, llPHHUHll ,nett­
CTBmI KOTOporo OCHOBaH Ha MeTo,ne 2*) rrponyc:KalIR/I HettTpoHOB '!epes ' 
llOJDlpHSOBBHHyl) npOTOHHYJ) MmUeHI,, o6ecne'll!Ba.JI llOJDipll38.U1nO HeilTpoHHoro 
llY'!Ka OKOJIO 55% B o6JiaCTH aiieprlltt l aB - 100 KaB, smpa llOJI!IPllSOBa­
JntCI, npH CBepXHH3KHX TeMITepaTYpax ~ 30 lt1R B KpllOCTaTe c· pacTBopeHHeM 
reJimI-3 B remm-4 ~). . · 

rJia:sa Ill nocrunneHa aKcnepHMeHTa.lll,HOf4Y H TeopeTR'!ecKOf4Y HSY'!eHHll 
nponecca Pa.nHauHoHHoro saxBaTa HettTpOHOB ,nettTponru.m: H SI,ll;PaMH reJimI-3. 
B BBO.!\HOM naparpaqie rJiaBH npoaHamISHl)OBaHH MeTo,Il;!l HSMepemm slfqieKTHB-

b) .A.rnfmMeHKOB B.II. ,_ AH;ux>coB A.B., ImaneHKO A.H., MapeeB Kl • .l{. 
OllHH 13-9396, .1T,y6Ha, I97o. · 

2*) Tapan Kl.B., lllamlpo ~:]. R3T~. 1963, T.44, c.2185. 

3*) .A.IIqmreHito~ B.II., Oll'IHHHHKOB O.H. Offill P8-9I68, .1T,y6Ha, 1975. 
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HWC ce'!eHHtt p8,I(H8Il;ll:OHHOI'O 3axBaTa H HeKOTOpHe pesyJil>TaTu: HSBecTHH 
.nBa llpsiM!lX H3Mepemm ( c noMOuu,10 NciJ (Te)· ,neTeKTopoB) pe8KUIDJ 
~ ( VL t )T c nponmope'!HBHMll 3Ha'!elilllIMH 350 n 600 MK6H ,D;7m BeJIHtilllW 
ceqe~ G'11r (t) H o,nHo coo6~eHHe c pesyJI:bTaToM 6'nf (3iie) = W :!: 
± 30 MK6H ,D;7m reJimI-3 6es WRSH'!ecKHX BHBo,noB. B HacTosmtett pa6oTe 
BHIIOJIHeHH nsMepemm ceqemm 6

11 
('1}) rrocpe,ncTB~M perncTpamm raMMa­

.n:yqett pB,I(llaUJ!OHHoro SaxBaTa He~poHoB Ge. (Li )-,neTeKTopoM B reoMeT­
pmI, llOKa38lIHOtt Ha pnc.I. 

f--
~•,c 
m Pb 

ou•, 

PHc.I. reor.teTplllI 11sr.repeHHtt cetJemm 
G v: I,2 - KOJIJmMa.TOpH HeilTpOHH0-

110 · 
ro IJY'IKa, 3 - o6paseu, 4 - ,neTeK-
Top B 3~HTe, 5 - KpHOCTaT ,neTeK­
Topa. 

BHcoitoe paspemeHHe cneKTpoMeTpa c Ge ( Li )-,neTeKTopoM cnoco6cTBOBa­
Jio npeo,noJieHl'!ll TPY.!\HOCTett, CMSaHHHX C H3MepeHHeM MaJIOro cetJeHHJI 
np11 Ha.JIH'lllJI qjoHoB. Ha6ml,neHHHil ra.MMa-rrepexo.n c aHeprnea E'.Z) = 6,26MaB 
(aHepl'HJl CM3H HettTpoHa B TPHTOHe), llOKasaH Ha pnc.2. 

BOO 

N 
600 

◄00 

200 
~~ 

D" 
0 

N 
1600 

1200 

BOO 

◄00 

0 
2◄00 2500 2600 2700 2600 . 2900 3000 31 00 

n 
PHc .2. Y'laCTOR cneKTpa rru.!MB.-HSJJY'lemm: B pea.ronm ~ ( YI, t )T 

B o6JiacTR aneprllil OKOJIO 6 MsB. BBep:xy - cneKTP ,D;7m o6pas­
ua 7:i20(¾0), BHH3Y - ~20(¾0 + Ne1..Ce ). 
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BKcnepH?,reHT Bllll0Jlll8H C THX8JIOit BO,D;Oit H :r.ETO,J:tHtl8CKH llOCTaBJI8H T8.KRM 
o6pasoM, no Il03BOJIHJI peaJIH30BaTl> H8,D;a.BHO B03mmmyD B03M)lm0CTJ, 
Hopr.mpoBKH Ha cetreHHe bnr ( ce ) .r.tJDI raMMa-nepexo,v;a B XJIOpe ~-c aHep­
r:a:eit 6,II MaB - otJ:eHl> 6JIH3Kott K Et{ - II TeM caMUM CHlI3lITl> BJm!IHHe 
cHcTeMaTHtJ:ecKHX norpenmocTeit. 

PesyJIDTaTH H3MepeHllit cetremm Gn,r<'n) pasJIH'llll:lMll llf3To,v;a.r.m 
(npmB:>ii - ,v;aHHas:i: pa6oTa) npHBe,v;eHH .r.tJDI cpaBHemm B Ta6.mme. 

Ta6.mma. PesyJIDTam H3MepeHHA r;;_ (~ ) 
paslWMH MeTO,D;aMH tty 

MeTO,D; Ilp!IMOit 

6 (~), MK6H 476 ± 20 
hf 

C,v;eJiaHH CJie.lJYllll}le mmo,D;H: 

.lLl$py3lIOH- AKTHBimwI 
HM ,It11lllla 

440 ± 45 .. 570 ± IO 
520 ± 9 

- aKTHB~OHHHit pe3yJibTaT 570 ± IO MK6H, llO-Bli.ln™Ol,\V, 3a.BUllleH; 
- OCT8Jil>Hll8 corJiacyx:iTCR .n;pyr C .n;pyroM B npe;u;eJiaX TOtrHOCTH lIX ll3Me-

pemm; Be~ 6hi' (7}) = 476 ± 20, Krut aaxo.wmlY]OCR nocepe;u;HHe, 
MOllHO peKOMeH;u;OBaTJ, ,IJ,]Ifl npaKTHtr8CKHX npnMeHeHllit; 

- B HacTOJilllee Bpem peaJIDHM norpenruocTl> aKcnepmvteHTaJIDHoro 3HatJ:eHIDI 
6 h( { '/:J ) COCTa.BJUl8T 4%; 

- 8Kcnep~HT8JibH08 3HatJ:eIDie corJiacyeTCR C TeopeTHtr8CKOit B8JIHtJ'.IDIOit 
6 Teop. = 520 ± 50 MK6H, pacctJ:HTaHHoit B pa.MKax MHKpocKonH'l'.ecitott 

TeoplIH C lICilOJib30B8HH8M cenapa6eJIJ,HHX HYKJIOH-HYKJIOHHHX llOT8HUH8JIOB 
npll pemeHHH BHTerpaJIDHOI'O ypaBHeHHR ~eeBa H YtJ'.8TOM M830HHHX 
06M8HHHX TOKOB (noCJie;u;HHe ;u;o6a.BJIIIIOT corJiacHO TeOplllI II5 MK6H); 
KOJilI'l'.8CTB8HH08 onpe;u;eJieHHe B~a 06MeHHllX TOKOB B C8'1'.8Hll8 bnJ' ( 'lJ ) 
no.IT,1IeJmT .D;aJIDHei!mer,w yTotrHemno. 

B .n;HccepT~OHHOit pa6oTe BllllOJIHBHO nepBoe B JIHTepaTYpe TeopeTlI­
t[8CKOe peme:ime sa;u;a'lll onpe;u;eJiemm BBJill'mHll cetJ:emm pa.n;H~OHHoro ~a­
XBaTa T8llJIOBllX HeitTpOHOB R;IJ;PaMll re.mm-3 H nepBoe ,D;BTaJIDHOe 8KcnepH­
M8HTaJIDHOe H3ytJ:eHlle 8TOI'O nponecca. B npe;u;nOJIOlltemm, '!'.TO 8TO -
npsn.«>l nponecc, cetJ'.eHHe ero Bll'llICJieHo no TeopHH B03LWJ!leHllit nocpe;u;cT­
BOM pactreTa MaTpllt[Horo aJie1<eHTa onepaTopa MaI'HlITHoro ;IJ;llllOJIDHoro 

MOM8HTa M1=[fr16: +}Ah Lb~ ] efi/!lMc . (3,v;ec1, )"p H /Att- - MaI'­

HHTHUe MOMeHTH npoToHa :e: HettTpoHa, 6:z .:. i -KOMIIOHBHTa MaTPHU IlayJIH) 

M8l[,Ily OCHOBHHM COCTOJ!HHeM R,D;Pa-npO,IJ;yKTa ½e H cocTommeM ( rt 3:He)­
ClICTeMl:l B HenpepuBHOM cneKTpe. BKJia;u; B cetJ:eHHe OT MB.TpHtJ'.Horo aJieMeH-
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Ta 60Jiee CJIOlltHoro, ~YX'laCTlNHoro onepaTopa M12 (o6MeHHHe TOKH), ue 
Y'I:e'.THB8JICR. C E'.CllOJib30BaHH8M rayccoBOro npH6Jllllltemm ,IJ,1Ifl SI -COCTOR­
Hllit CMemamtott ClIMMBTp:e:H - MaJIHX KOMIIOHBHT BOJIHOBllX cpyHKIOiit .Jt,Itep 3He 
H 4tte, aHTHCHMMeTpH'!Hl:DC npH nepecTaHOBKe npocTp8.HCTB8HllllX KOOp;u;HHaT -
.r.tJDI ce'!emm nOJiy'leHo BHpaxe:ime 3 =, 10 

6 (3H )- ~ ~ ( ~ EB d -l e ( s' p (s') ny e -(Mc1 }31dfic)' fp-rlt.) VEtt (ol2..+~t 1)1° °'He j "He 1 (I) 

B KOTOpOM E.i3 - aHepr.im CBJl3H uettTpoua B 4tte, El't. - KHHeTH'lecKaJI :mep­
r.wt HeitTpOHa, P(S') - Bee 5/ -COCTOJIHIDI B BOJIHOBOit qiyl{KUHH R,D;pa, 
d. Ht - E'.3B8CTHHe napaMeTpH:BeJIH'llIHH o6paTHHX ajxlleKTllBHHX paaMepoB 

R,D;ep 4tte H 3ire. IlOJIJ,3YJICl, qiopr,wJioti (I), MOlKHO ll3BJieKaTJ, 3Ha'!emm I . 
BKJia,ItOB $ -COCTORHHit, eCJin H3BecTHO 8KcnepHMeHT8Jil>Hoe 3Ha'!e:ime 
ce'!emm. 

H3M3peHHe ce'lemm 6tt¥ :::- ro-56H npn KomzypeHn:e:H ( n p )-npouecca 
c cetJ:e:imeM 6'.,p ~ rn46H - Tpy,v;mur sa,na'la. 011a 6wm pemeHa c nplIMe­
HeHHeM rasoBmc o6pasnoB H .I(eTeKTopa c KpncTaJIJIOM No I (Te) (paaMe­
pa.r.m ¢ IOO x IOO), Tll{aTeJibHo 3antmI1eHH03:o oT 4JOHOBHX HeltrpoHOB :e: 
rBMMa-JIY'Ieii. HsMepemm MeTO.I(OM BpeMeHH npo~eTa 6HJin BWIOJIHeHH He 
TOJIJ,KO B TellJIOBOit 06JIUCTH, HO II BnepBHe ,IJ,fill ueitTpOHOB c 3HeprHett 
I-70 KaB. B noCJie,D;HeM CJJY'lae 6HJia npHMeHeHa II30TOIIBM MHmeHI, llill,ll;­

KOro re.mm-3, npHrOTOB~eHHM C IlOM)lllJ,10 HM3KOTer.mepaTYpHoro KPIIOCTa­
Ta. J];1m KWI08JI8KTpoHBOJibTOBHX HettTpOHOB HCilOJib30BaHHe l!Ul'.;IJ;KOit, a He 
rasoBott MHl!IeHH neJiecoo6pasHee BBH;u;Y YMeHl>memm ce'!emui KOHKYPRJ>YD­
IIIBil pe~. 

3aXBaT HeitTpOHOB reJIHeM-3 conpoBOllt,ltaeTcst :e:cnyc:itrumeM raMMa-

KBaHTOB C aueprHeit Es = 20,5M3!KOTOPLIM cooTBeTcTByeT mm B annapa­

TYPHOM cneKTpe lIMIJYJibCOB f'/Cl T < re )-.I(eTeKTOpa (pHc.3)' UOJJY'leHHOM 
c MHmeHb11_3ire B nytJ'.Ke HeitTpoHoB. B cneKTpe c aKBHBaJieHTHHM pacceH­
BaTeJieM Ha MeCTe MHDieHH (KpecTIIKlI) llHK OTcyTCTByeT. PeayJII>TaTH .r.tJDI 

ceqe~ 6'nt (E) npe,v;cTa.BJieHH Ha pHc.4. Ha6JIJO.v;aeMM aHepreTH'lecKaJI 
3aB:e:CRMOCTl> ce'lemm no.'JY'll17Ia npocToe o6'Ll!cHeHHe: nepBoHa'IaJII,HOe 
yMemme:ime ceqemm 6t1,r C pOCTOM 3Hepnm HeitTpoHOB - 8TO H3BecT­
HHti SaKOH I/v ,IJ,]Ifl cetJ'.emm pe~. Bll3HBaeMott S -BOJIHOBHMll HeiiT­
pomu.m; nocJie,eyDJUtii pocT cetJ:emm BH3Ba.H p-BOJIHOBHMll HeitTpoHB.MH, 
,1.tJDI KOTOplil ou.n;aeTCR aHepreTlltJ'.8CKrul 3aBllCHMOCTJ, BH,D;a ~ IE;_ • 

· Cpa.BHeHHe aKcnepHMeHTaJil>Horo 3HatJ:emm ce'lemm Gt-tt C3ire) = 
= 27 ± 9 MK6H B TeIIJIOBOit TO'Ilte c pac'!eTOM no qx)pJ.VJie (I) ,D;8JIO (npH 
H3B8CTHOM 3Ha'leH:e:H I'3He ( $ / ) ~ 2%) 8KcnepHMeHT8JIJ,IIYX> oneHKY 

I 
P4tt/ $ ) ~ O,I4% (2) 
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PHc.4. ~KTHBHOe ce-JeHBe 611.j(¾e) (B MHKpo6apHax) B 3aBH-
CllMOCTR OT 3H6prIDI HettTpOHOB E (B a~eKTPOHBOJII,Tax). 
KpyxotJ:KR - R3MepeHHe, C rasOBOH MmIJeH:&IO; TO"IKR -
c Mm11eH1,10 XR,nKoro reJJIDl-3. 

JO 

·I 

" 

,lT,7Ill Beca COCTO.IIHlm npoMeJicy'TOtJ:HOfi CHMM6TpHlI B BOJIHOBOfi 4JY}IKUIDI su;pa 
4He. On;eHRa (2) cnpaBe.IT,IIHBa C TOtJ:HOCTb!O .IJ;O ~a:icTopa::- 2 H3-3a Heonpe­
,IJ;eJJeHHOCTH .IJ;PYI'HX napaMeTpOB B ~pr,wJie (I). {)Ha corJiacyeT011 c Teope­
Tl!'lecKofi H3 BapHaUIIOHIWX pac~eTOB C HCilOJII,30BaHHeM peaimcTHtJ:6CKlIX 

N N -noTeHUllaJIOB. 
HacTOSllllHe SKCllepm,mHTH H 60Jiee Il03,ItHee H3Mepeime B TelIJIOBOfi 

TotJ:Ke c peay.m.TaTOM 6' (3fle)= 60 ± I2 MK6H I:ie) HHHitBHpoBMII co3.IJ;aHHe 
2) nr · · 

TeopIDI * 1 B KOTOPYJO BKJIIO'l6Hl:l Me30HHI:le o6M6HHl:le TOKH, Ho H 3Ta Teo-
PWI He faJia O.ItH03HatJ:HOro peSyJII,TaTa, OITRCaB KaK 3Ha-1e1me 6113'3He) 
pa60TH 3£) C ITOMOII!l>IO OCJ:tMJifITOpHllX BOJIHOBHX 4JY}IKUI!tt, TaK R 

0

8Ha-JeHHe 
H8CTO.IIJilett pa6orn C ITOMOIIII,10 3KCilOHeHU118JII,HOfi BOJIHOBOi! tra'HKUlm He. 
T8RHM o6pasoM, TeopeTHtJ:ecKHe oueHKH cetJ:emm 6ttt ( ¾e) OCTaJmCI, 
npu6JrmteHHHMH. E:eJiaTeJieH 6oJice cTporn:i! pac'leT, Hanpm.mp, c ncnoJII,SO­
BaHBeM peaJIHcTHtJ:eCKHX . N N -noTeHUHaJIOB B MeTo,IJ;e HHTerpaJII,HllX ypaB­
HeHl!tt ~a.D;.IJ;eeBa-.f!ey60BCKOI.'O. 'C IlOJIBJieHHeM TaKOro pac'!eTa CTaHBT aK­
TYaJII,HHM ,IJ;aJII,Hefmlee YTOtJ:HeHBe 3KCII8pHM6HTaJII,HOrO 3H8'iellIDl 6 nr ( ¾e), 

B 3aKJIIO-JeHBe rJiaBH Ill npe,wmxelI H o6ocHOBaH sKcnepJIMeHT no onpe­
,IJ;eJieHIIIO ,uy6JieTHoii, 2 Gny , n KBapTeTHoil! 4 6nt , KOMllOHBHT ceqemm 
,Pa,nHa.UHOHHOro 38XBaTa TeITJIOBHX HeilTpOHOB .nefiTpOHa.Mll, 6,1t (1)) 

Gnr ('ll) = 
2 6n,r + 'i 6nK ~ 16n-r + ½ 6~.r. 

B srott ~pr,wJie El!°t - ce-JeHWI, co~TBeTcTBYJO!ltlle arurna~HHM cocTO.IIHIDIM 
(11.,J) -cxcTeMH c noJIHHM cIIHHOM cJ- = I ± !/2 ( I = -1. - cIIHH .IJ;e:i!T-

poHa) • TeopeTHtJ:ecKHe npe.D;cKaaaHIDI ,lT,7Ill oTHomemm X = 6 ;;r / 6 :t Jiexa­
JIH B ,IJ;HanaaoHe x = I - 20 B 3aBHcllMOCTH oT HcrroJII,3y°eMoro BapRaH­
Ta TeopmI, 3KcnepRMeHTaJII,HaJI HH~PMBUM no aTor,w Bonpocy noJIHOCTI>IO 
OTcyTcTByeT. 

B RatJ:ecTBe nepBoro SKcnepHMeHTa B pa6oTe npe,IVIOllteHo npoBeCTH 
OITHT no ~RYJISIPHOtt IlOMpH3~ raMMa-KBaJITOB 3axBaTa HenoMpH30BaH­
HOfi ,IJ;ettTpoirnon MmIIeHI,10 ITOMPH30B8HHWC TeilJIOBHX HefiTpOHOB. IloRaSaHO, 
'ITO B CJJYllae 1> ( 11. , 't )T pearo.um Heo6xo.IJ;HMO yq:HTHBaTI> HHTep:llepeH­
rum nepexo.noB CO~TBeTCTBYJ[lllHX CIIHHaM 'J .:! • B PBMKBX. ~pMaJmSMa CTaTHc­
THtJ:ecIGOC T6H30POB IlOJJY'l6HO CJie.JJYJJ!!lee BupaJJteHBe ,lT)Ill K031ppRJlH6HTa ~­
RYMpHoft ITOMPH38UJ{R 

pt =-l.i_co~9()(±2.vi-i-s)/(3x+l)
1 

( 3) 

IlOKa3llB8l'.llll6e, 'lTO npe,wiOJKeHHHft 3KcnepHMeHT onpe,neJIHT TOJil,KO HHTepBaJI 
sHatJ:eHd X • JJ.am,Hefmlee yTotJ:HeHBe oueHKH X noTpe6yeT BHIIOJIHe­
HM IlOJIHoro IIOMpli3auHOIDJOPO 3KcnepHMeHTa C IIOMpH30BaJIH02 .nettTpoH­
HOfi MHmeHI>IO. 

Ii5) Suffert rn. , Ber:ollet H. Nucl. Phys.A, 1979, v.)18, p,54, 

2;&) Towner r.s., Khanna .r'.C.. Hucl. Phys.A, 1981, v,356, p.445, 
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B rJia.Be lY IIOMell!ellll MaTepHaJll:l, CBSI8a.HHlle C llcCJie.I(OBaHlleM 'A,JilI 

MaJIOHYKJ.[OHHllX R,D;ep ,1T,7Illl{ paccemum HellTpOHOB QJ- B COCTommmc C 
onpe.I(eJieHilllM CillIHOM. ~u OCHOBillle COOTHOIIreHIDI JI ll8JIOlltellll HeKoTppue 
cBe.I(emm O MeTO,I(ax ll3Mepemm no.mmx, KorepeHTllllX lI noJUiplI3anHOHHHX 
ceqeHl'!il, Heo6xo,u;m.11lX WI!I aKcnepnMeHTaJII,Horo onpe.I(eJieHIDI WJIDI pacceH-. 
mm Q'J KJiaccH'lecKIIM cnoco6oM coBMecTBoro . pememm HecKOJII,KWC 
ypllllHeHmi. . 

.n,m JI.IU)a ¾e C KOMIJJieKCHOll CmirJieTHOil ,1T,ID!l{Oil paccemum ( C\ = 
= A - i B) npe.n.irOllteH MeTo.I( onpe.I(eJiemm a;,. no aHepreTmecKoil: aa.BH­
cHMocTR ceqeHIDI paccemlHII 6#1.. (E) B mnpOKOM, .I(O 100 KSB, HHTepBaJie 
8Heprnil: HeitTpOHOB. B HYJieBoM npn6JIRlltemra II_O SqxpeKTl!BHO!zy pa,w-cy 
B3anMO.I(eilcTBIDI o6ocHoBaHa napB.MeTpnaaurur ceqeimil BH.I(a 

A~ + B!- 3 A; 
6n (E) = rr [ (I+ IC B_ )L +K2A~ 1 +1<.l-A;], (4) 

6nr {E) :. 1f" I 1 + I< 5.)2.-t-Kz.A_2. 
(5) 

ncnom,aoBaHHM npn ~mcnepm.1eHTaJII,HoM oIIpe.I(eJiemm BSJmq}IH A_ = Re Qs 
11 A+ = a.i- (aHaqeHRe B _ = Im a

5 
pacc<mTruio no naBecrno1zy ce'lemm 

( 611,p )TeIIJI.> • 
I'eoMeTpIDI R3MepeHliii ceqemm paccemnm 6n ( 3i-re) B TeIIJioBoll 06-

JiacTR lI IIOJIY'leHHHe pesym,TaTH ( ~11.. = 3·,16 ± 0,20 6H) noKa3aHH 
Ha pllc.5. ll3Mepemm OCYJ!l8CTBJI8HH C TOHIUOOI rasoBHMlI o6pas~. '!T0-
6u npeo.I(OJISTb BJIRlllllie MOlllHOii KOHI<YpeH~ co CTOpOHH perommi norJIO-
lll8H1tff 3tte( n.. , p )T (ceqeHHe 6 11 p = 5327 6n). ll3Mepeno n ce11eime , 
pacceSIHIDI HeilTpOHOB .ff.lU)aMH re.mm-3 B o6JiaCTH aHeprnil I - I50 K8B,pe3yJII,­
Ta'1' ;ltJili ROToporo IIOKaSaH Ha pnc.6.ll3Mepemm npoBO,Il;IIJilICb Ha ra30BHX 
06pas1¥UC H30TOIIa 3i-re C npJIMeHeHR~M CI.J;JmTlIJJ'.1IlmHOHHOro .I(8T8KTOpa 
paccemmwc H8ilTpOHOB C 60JibnrnM ( ~ 3,211") TeJiecllllM yrJIOM. 3TaJIOHOM 
CJJYU.7Ill raaoBHe o6paa~ 4He, 82, C~ • 

Ha OCHOB8Hllll IIOJIY'leHHHX pesyJibTaTOB B COOTB8TCTBIIH C napaMeTpH­
sann:eii cetiemm B BH.I(e (4) onpe.I(eJieHH :mcIIepHMeHTaJII,HHe sHatiemm 
.n,JIHH ( rt. 3tte )-paccemnm: 

Rea.5 = A_ = 6,53 ± o,32 ~. a-t = A+ = 3,62 ± o,I5 ~ (6) 

IlpoBe.I(eHo cpaBHeHHe c TeopeTH'lecRHMH sHaqemmMu: 

Reus = 8,05 (9,42) •~u. C\= 3,08 (3,15) fu, 

paccqnTaHllllMll XapqeHKo n JieBamOBHM 1*) nocpe,ncTBOM pel!lemm yprome-

1*>xaptieHito B.~., JieBamoB B.II. lfM-.77-85P, KlrnB, 1977. 
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PKc.5. CxeMa 8KCII8p:HMeHTa H pesyJII,TaTH WilI IIOJIHOl'O cetiemm 
paccemom HelTpOHOB .ff,IU)ru.m"re.mm-3 B T8IIJIOBOI 06.nacTH 
8H8,Pl'J!I: I - He!TpOHOBO.I(, 2 - ltOJLIIJ![M8.TOPH IlytlKa, 

3 - SantRTa, 4 - reJIHeBH8·CtieT1mltH, 5 - lt8,ItMReBHI SRpaH, 
6-rasoBHI KOHTelHep. 

~n~ 
5H 

0 
0,001 0,005 0.01 0,05 0.1 

PKo.6. CeqeHHe paccemnm He:l!:TponoB reJIHeM-3. l!epwe 'l'O'IIKH -
,I(aHHM pa6o'1'a, CIIJIOlllHM JIHHlm - pac'ieT IIO q>cpl,\YJI8 (4) 
c nap8M8TP8Ml!l (6). 
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Hml ~eeBa-futy6oBCKOro c cenapa6eALHHMH HYKJIOH-IJYKJIOHHHMH IlOT8HUl{­
MaMH C P8.3Jm'IHHM Bu6opoM <J?op)¢ait'l'OpoB : 8KCllOH8Hl.(HMLHIDII ( 3Ha'l8HlI8 
B CK06Ka.x) H IOKa.Bu. Eom,maJI B8JIR'IIDia CRHrAeTHoit ,IVmHll 06McHeHa B 
Teop:im npHTJII'RB8lOIIIRM xapaKTepoM BaanMo.nencTBIDI B no.ncncTeMe 11:s tJeTU­
pex HYKJIOHOB C H30TOCllHHOM T = 0 H CIIIDIOM 'J = o. 3RcnepHM8HTaJII,HUit 
Ha6op (6) no.nrnep,ItM aTo npe.ncK8.3aHHe H YR83M Ha npe.nnotJTHTem.Hoc'l'L 
HCll0n30Bamm B '1'80pe'l'1AeCIOIX pactJe_'l'ax <J?opMlJaKTOpa IOKa.Bu. JJJm 
IlOJIY1!8HHll JJYlill!8ro KOJmti8CTB8HHOro corAacrui: Tpe6yeTCJI COBepmeHCTBOBa­
HHe TeopeTR1I8CKRX M8TO,D;OB HCM8,llOBaHWI 'l8TUpe~omrnx CHCT8M H, 
B 'laCTHOCTH, npoBe.n;eHHe pactJeTOB C Y'J8TOM KYAOHOBCKoro"B3a.HMO,D;eitcTBrur. 

JJ;m 
7 L· H3YtJ:8H Bonpoc 06 auepreTHtJecKoM noBe,neHHR cmmoBoit aa­

BHCKMOCTH paccesmrur HeitTpOHOB, BWIOJIHeH 8KcnepHMeHT no nponycKaHmO 
llOJIIIpH30BaHHUX HeitTpOHOB C 8Heprnei1 .no I00 K3B 'lepea IlOJIIIpH30Ba.HHYl) 
MHIII8HL Jm'l'HJI-7. H,iu>a 7 Li: IlOJIIIpH30BMHCi MeTO,llOM "rpy6ott CMU" npH 
TeMIIepaTYpe ::,, 35..,,K BO BH81DH8M Mal'HHTHOM llOAe 15 KHJIOSpcTe,n. ,lLOCTHr­
HyTBJJ llpH 8TOM Bemt'!HHa IlOJIIIPH3al.(HH OKOAO 3% OKa3MacL .nocTaTO'lHOit 
,IVIll BWIOJIHeHIDI SKcnepHMeHTa BBH,Dy C~HO! CllHHOBOit 3aBHCID,!OCTH cetie-
HKII paccemum 6',.,_ ( 7 Li. ) , o6HapYJ!teHHott Bo BceM HCMe.noBaHHOM HHTep-
BMe 8H8prHft H8ftTpOHOB, 

PesyALTaTU ,IVIll IlOJIHOro H llOJIIIpH3~0HHOro ~PRC. 71 C8tJ8HHit 
( .,_ 7 L; )-paccesnOOI paBHH · 

I 

611. c7L· ) = 1,os ± o,03 6H, 6nM c7L· > = o,56 ± o,oa 6H 
I'\. 

H .IVIll ~ ·c n.?L, )-paccemnm, onpe.neAeHHUX CTaH,napTHUM cnoco6oM 
COBMeCTHOro pemeHrur H8CKOJII,KHX YPaBH8HH!, -

-t ) + ac 'J = 2 = -3,61 - o,o7 «M, 

6~0A 
1 
__ _ 

6 
1,0 

0.8 

0.6 i--,--,--___ _ 

0,4 

0,2 

10 

j t j 

- + . 
Q ( 1 = I) = 0,8 - 0,3 ~. 

I I I iiiit 

t di 
E. 3B 

PHc. 7. IlOJIJIPH38.IlHOHHOe C8'!8HHe paccemm,:r Hett'l'pOHOB ~THeM-7 
B 38l3HCJ!MOCTH OT 8Hepnm HeitTpoHOB. 

14 

KBHHT8TH8JI ~a pacceJIHH!l a_ (7 L- ) - O.u;HH HS H8MHOrHX H3B8CTHUX llpH­
MepOB 'c OTp:HnaTeJII,HHM 3HaKOt.fWI:HHH. EMU B c.nytiae ( h. p )-pacceJIHHll 
( <ls = -23, 75 w:) OTp:HnaTem.Hu! 3Ha.K BU3BaH OTCyTCTBHeM CBJISaHHoro 
CHHrA8THOro COCTOJIHHll ( n.p)-CHCT8Mli, TO OTpznaTem.HUit 3HaK KBHHT8T-
HOi1 ,ItJIHHU ( f1..?~i )-pacceJIHHJI MOJteT 6HTL o6'L!lcHeH c noMOUU,D Henocpe,ncT-
BeHHo HeHa6Jm.n;eHHoro WHPOKOro O,D;f{O'laCTHtJHOro pesoHaHCa S-BOJIHOBUX 
HeitTpOHOB B o6A8CTH 8Heprml: :::- 3 Me~. 

YTo'lliemndt Ha6op )t.7Illll pacceJIHHJI. llOJJY'IBH .IVm: zaoTona_ 6 Li , ,IVIll 

KOTOporo 6Hmt BWIOJIH8HH H3MepeHH!l C8'!8HH!l pacceJIHrur He!TpOHOB C 
aHeprneit ,no 80 KaB: · 

- - + . . + Q. ( J = 1/2) = (4,00 - 0,06)- 1. (0,53 - 0,02) <I>rvt 

Cl( f = 3/2) = (0,65 ± 0,03 )- i (0,07 ± 0,0I) ~ • 

Paccemme H8i1TpOHOB Ha ~ Li CHJil,HO 38l3HCHT OT IlOJIHOro CllHHa CKCT8Mli: 
Hei1TpOH + JI,IU)O-MIDII8HL, H B COCTOmmH C 'J= l/2 Be,neT ce6JI_KaK pac­
ceJIHHe OT HenpommaeMOtt cq>epH, a B COCTOJIHHH c ef = 3/2 no.n~eHO 
HHT8pql8P8lmHOHHHM B03,neitcTBH8M OT ,nMeKoro ypoBHJI llPH llOAOJltHT8Jll>HHX 
(no oTHomemno K Hei1TpoHHOlv\Y nopory) aHeprmoc. 

B rAaBe y o6o6meHH peay.m,TaTH BHnOJIH8HHHX HCM8,ll0BaHHi1 B036YJt­
.neHimx ypoBHeit MaJIOHyKJIOHHHX Jl,llep 4tte, 7 L,· H 8 Li B pea.RIJ;Wix Ha Me.Il­
AeHHHX H llPOM8JEY'l'O'll!HX HeitTpoHa.x C aHeprHeit .no H8CKMLKHX ~OT KHJI0-
8A8KTpOHBOALT. B BBO,nHOM rraparpaqie rAaBH .IlaHO H3JIOlt8HH8 OCHOBHHX 
8A8MeHTOB R -MaTplI'IHoro O,D;f{oypoBHeBoro <J?opMa1IlI3Ma, HCilOJll>ayeMWC 
,llM88 npH aHamt3e 8KcrrepHM8HTOB. B CBJISH C o6HOM8HH8M H pacnmpeHHeM 
8KCrrepHMeHTMLHHX_,llaHHUX OTM8'!8Ha 8KTYMLHOCTL llOBTopemm sapJI,llOBO­
HHBapHaHTHOro lp830BOro aHaAll:88 CBOitCTB 4-IJYMOHHOit CHCT8Mli, BWIOJIH8H-
HOro EapHTOM H CepreeB!-IM 1*). . 

,ll.aJree ormcaHH HsMepeHIDI rroJIHoro cetieHH!l, cetieHllit (np) -pe!lKlijlH 
n pacceJIHHJI HeitTpOHOB JI,IU)aMH reAHJI;-3, BWIOJIHemme BnepBue .IVm: aHep­
rltli .no I50 KaB. IlpRMeHJIJmcL raaoBue o6paanu HSOTona reAH!l-3, SKcne­
pKMeHTaJII,Hrut TO'lHOCTL cocTaJ3Ma: ,IVIll noJIHHX cetieHml I - 5% npn aHep­
rHJIX l - 100 KaB, ,IVIll ce11eHIDi pacceJIHH!l-. 3- 4% H ce11eHIDI pe!lKlijlH· 
_ (2 - 3)%. 3q:lpeKTHBHOe ce'!eHIIe pea.Kl.(HH ¾e( h. , p )T B T8IJJIOBoi1 TO'!Re 

6 ( T8llJI) = 5337 ± 8 6H 6UAO IlOJJY'l~HO HS OIWTOB no nponyclt8Hlil0 
o6pasuoB 3tte c pa3JllNHHM ~eHIIeM raaa, a ero aHatJ:eHH!l npH aHepI'HIIX 
l KaB - I50 K8B - C llOMOmLD HSMepeHIDI OTHOmeHIDI ceqeHHff peaxqwt 
3He( n.. , p )T H 6 L; ( 11.,, T )4tte H noMem'JJl!lero ncrronsoBamiR: ".zmTHe-

1*) EapHT H.R., CepreeB B,A. fl4), -1971, T.I3, c.1230. 
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Boro cTrumapTa" - npen;HsnoHHWC sHatJ:eHIDi ce-qemm 6',u (E)I.ii). 
B 8TlIX HSMepemmx lICITOJII,SOBaJiacL m.myJII,CHaJI HOHlISanROHHaJI K&repa 2*) 
co CJiom.m: JIHTIDI-6 .B BH,7J;e coe~eHIDI ' U2co-3 •. PesyJII,Tam npe;n;cTa.B­
~eHH Ha pnc.8, co;n;e!)llt8llleM n· ,tUJYrne ;n;amme, ITOJIY'lemme B ocHoBHOM 
KOCBeHHHMlI MeTo;n;ru.m: H c 6QJII,mett norpeIIIHOCTLD~ CIIJIOIIIHaJI R_PHBrut ;n;o 
aHeprnn IOO KaB Ha aToM pncyrrKe - pactJ:emoe cetJ:eHHe cor~acHo napa­
MeTpHsan;HH (4) wm ,nJIHlI pacceJIHIDI. HMeeT' M8CTO JIBHO BupBJteHHoe OT­
RJIOHeHHe cetJ:eHIDI peruanm 3He( h. , p )T OT SaKOHa I/'IJ" , o6HapyxeHHOe 
e111e B 50-e,ro;n;u A.A.EepI'Ma.HoM, A.H.HcaKOBHM, 10.II.IIonoBHM H ~.JI.Illa.Im­
po npn HSMepemm aHepreTHtJ:ecxo! Sa.BHCHMOCTH cetJ:eHIDI ;n;o 25 xaB 3*>x 
06'LSICHeHHoe CYIIleCTBOBaHHeM Bos6yx;n;eHHOI'O YJ)OBH!l re.mm-4 C aHeprnett 

20,5 MaB (pnc.9). 
Hs pacCMaTp:imaeMHX HSMepeHHtt B pacmnpeHHoM:;n;o I50 xaB HHTepBaJie 

aHep:rml.He!TpoHoB onpe;n;e~eHH YTOtJ:Hemme sHatJ:e:mm 

cl ~ (5,34 ± O',ll)•I0-2xaB-I/2 , f = (2,ll. ± 0,32)•ICJ3xaB-I 

napaMeTpoB napa6oJIH (I + d. VE + J, E), ormcUB8!llllei1 OTRJIOHeHHe cetJ:e­
:ium: ( n p )-peruanm OT SaKOHa 1/V- H IIOJJY'Iellll xapaxTeplICTHKH 

,r + : '2. 2.. .. _ 'J = 0 , El\ = 20,36 MaB, t-,,.= '/ p === 3,4 MaB, Rh.=- Rp = 3,5 ~. 

onpe;n;e~emm YKli3HB8Dlllie Ha o;n;rrotJ:acTiI'UtyX) npnpo,DY nepBoro· Bos6yx;n;eH­
Horo ypoBHJI SI.n;pa 'i!e. IIpoBe;n;e:eo cpa.BHeHHe c _ pac'l:eTru.m cBottcrn aTOro 
ypoBHJI no pasDtJ:HHM MO;D;eJll!M •. Il0Ka38HO, 'ITO TeopIDI He ;n;aeT y;n;oMeTBO­
PHTeJII,Horo COOTB8TCTBIDI BKcnepHMeHTaJII,HW,t ;D;ammM. 

IloCJie;n;HHe ;n;aa naparpaqia r~a.BH Y co;n;e~aT ormcaHHe nsMepeHHtt 
ce-.ie1ma pacceJIH:im HettTpoHoB wm nsoTonoB Lt i 7 l.· H cooTBeTCTBYJOlltKX 
pesy.in.TaTOB. Kalt H B CJIY'lae re.mm-3 ce'l:eHIDI HSMepJIJmcL C IlOMJIIIDD • 
Clij!HTlIJL1ISin;HOHROI'O ;n;eTeKTopa pacceJIHHHx HettTpOHOB, reOMeTpIDI KOTOporo 
noxasaHa Ha pHc.IO. 06pas~ - nsoToIIHHe MmIIeHH 6L.· n 7 L,· - 6wm 
M8T_BJIJIH11ecKlIMlI. B CBJISH C BHCOKOit xm.mtJ:ecxoa aKTlIBHOCTLD o6pas~OB 
~ MelCalm'le9xM o6pa6oT:ita H ynaxoBxa B KOHTelblepH c ~BBCaHOBHMH 
cTeHKaMH nponsBo~acL B 6oxce c HHepmott aTMocqiepott. 06pas~ 6wm 
Toman.m: ( 11.6"~.oi) wm na;n;8lllllero ny'l:Ka. HsMepeHIDI BHITMHeHH wm 
7 L, - omocnTeJII,HO paccemms:i: Ha yr~epo;n;e H wm 6 L,· - oTHocnTeJII,Ho 
7 U • TotJ:HocTL onpe;n;e~eHHJI cetJ:eHHA cocTBBMa 2-3% ( CTaH,IJ;apTHrut 

I*) Gayther D.B. Annals of Nucl. Energy, 1977, v.4, p. 515. 

2H) ){Me~ R., Mane~ X., CTBMIIHHLCKH M. Omli 3-81-459, 
.IJy6Ha, 1981 • 

3*) B KH.: )!Irumpo ~.JI. Co6paH1Ie Tpy;n;oB, 'I.I ltiRSlIKa HelTpOHOB. 
M., Hayxa , 19?6, c. 2II. 
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PHc.IO. reoMeTpltll ;neTettTopa pacceJmHHX·HelTpoHoB: 
I - ctiHHTJL1WlIOIOHBHEl 6JIOKH, 2 - q>oTOYMHODTeJm, 
3 - ;ne.1mTeJ1B HanpmiteHltll ,ll1m <tlaY, 4 - npe,nycBJIHT8JIB. 

OIDH6tta). Pesy.m,TaT ,ll1m JmTltll-6 Il0Ka88H Ha pJic.II (11epBHe TO'IJIGI ;no 
9H8prD 80 K9B). 

SHepreTJAecm xo.:n HelTpoHH~ ce11eHJII JmTltll B o6JiacTJI .no 300 xeB 
He o6Hapyn.n HHOI p880HaHCHOI CTPYKTYPH, .Iq>OMe JISB8CTHHX p-peSOH8HCOB 
JIBTltll-6 JI JIBTltll-7 B6JIBSJI 250 K9B. ,IJ.im JisytieHltll eHepreTJAecxoro noBe­
;nemui: S -BoJIHoBoro ce11emui: Tpe6oB8JIOCI>, . oco6eHHo B CJIY'lae 6 L, , Ha­
;nem10 BH,iteJIJITI, BI<Jia..nli p-peSOH8HCOB. ,IJ.im &Toro B 8H8JIK8 6wm Bltl[l)qeBH, 
IlOMIIMO Il0Jzy''ll8HHHX, M>YI'JI8 JI8B8CTHEre ;naHHHe B 06JiaCTJI 8Hepml O,I­
-0,8 MeB, JIM811111!8 TO'IIHOCTI, 2..:.:3%. PesOH8HCH08 p-BOJIHOB08 ce11eHJie Oill'I-
CHBaJIOCI, B pllMltaX O,nHoypoBHeBoro . 4lOPM8JIJIBMa, a S-BOJIHOB08 ce11e-
HJ[8 - g}eHOMeHOJIOrl'I'lleCKJI B BJJ,Jte: 6',i(E) = (0,'72 + 6"-E) 6H, 6o1.(E) = 
= (149,5/ VI03E - 0,005 - ..f VE) 6H. 3Ha11eHK11 napB.MeTpoB p-BOJIHoBoro 
peSOHaHCB. 250 K9B JI S -BOJlHOBHX ceqeHJ!I onpe,lleJI8HH paBHYMH: 
i! = 9ao±6 xeB, t! = 22,3±o,3 xeB, R,.,_ = 4,00 w, R,L= 4,4 w; 
o = (..J,8 ± 0,2)•IO~eir1 , f> = (-2,2 ± 0,2)•ID-3xeB-172: . 

Ilo,nroHKa, COOTB8TCBYJIIIWI 9TJ!M napaMeT~aM, Il0Ka38Ha Ha pJic.II B p:a:c.12 
xpool I. 0TltlloHeHHe ce11emm pe~. Li ( H , cJ.. )T ,ll1m s.-BOJIHOBHX 
HelTpoH0B OKllll8.JIOCI> 011em. MWIHM B npoT1tBOnoJIOEHoro B cpaBHemm c ¾e 
SHaKa. 

Taxol &HepreTJI'llecKBI xo.tt ce11eHK11 pe~ 6 l,· ( h.. , o( )T, eHep­
reTJAecKd xo.:n ~ -BOJlHOBOro C8'118Hlm pacceJmK.11 6 l./ ( 1-"l ' 1-1. ) 6 L,· 
a Tane .:namme no cnHHoBol SaBBCDIJcTJI ,MBJI ( J1. ,

6 U )-paccemum 
6B.D lmT8pIIpe'l'llp0Ba.HH B HaCTO.Rlllel pa60T8 BB8,Jt8Hll8M B pSMKaX R, -MB.T­
pliAH0I'O q>opMaJIBSJla YJ)OBHel Sll0MaJil,H0I (B T8pMiIHax 060JIO'll8'11HOI IK>,JteJlH) 
'118TH0CTB KOMIIayH.Jt-ff,lijla ?[i II~B 8H8J)I'l!SIX

0

Bl:llll8 HelTp0HHOro nopora 
B = 7 ,25 MaB B JJ.ItP8-IlpoJIYKTe Li (pzc.13). ,IJ.im &TU ypoBHel Ha oCHo­
Be R. -MaTpJ[q]loro BllSJDISa onpe,neJ.r:eHH sHa11eHJU1 aHeprd El\, npne;neH­
mtt B81TIJ0HHBX DPliIH 'l( ~ II IIpne,tteHHHX ~-'llaCft'IIHHX IIDIPBH t!i_ 
(DPJIH 6 L ( ·\'\. , J.. )-peamnm). CyniecTBoBrume oTpBQaTeJ.11,Horo pesoHSHca -
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PHc.13. CxeMa. HH3ROJieJK811lHX 
ypoBHett JJ.!U)a 7Li . 

-yponru.r llOJIOl!WTeJILHOll qeTHOCTH 
(E ,._ = 6,5 MsB, 'Jrr = 1/2+), 
Bno.u;immeroCSI B psme pa6oT 'AJif[ 06~­
JICHelmSI 60JII,lliOro 3HaqeHHJI T6°IJJIO­
BOro ceqeHHJI pearonm 6 Lt ( h , o( )T, 
He IlO,I(TBe.[llmeHo BWIOnHeHHUM aHa­
nH30M. Cor.nacHo nocne.IOIHM nHTepa­
TYPHHM ,I(aHHHM, 8TOT ypoBeHL He 
Ha6JIIO,I(eH H B o6paTHOil pe~ 
½e(T, h. )6 it· , H 'AJif[ 06MCHemm 
6oJII,moro TeIJJioBoro ceqeHHJI norno­
meHHH HellTpOHOB JIHTHeM-6 B TeOpHH 
npe'AROJKeH H o6ocHOBaH MBXaHH3M 
IlpJIMOtt pe~. 

B rnBBe YI o6o6mruoTCSI peayJII,TaTH HCc.iie,I(OBaHHtt OCHOBHHX 3aROHO­
MepHOCTett H oco6eHHOCTett B38HMO.I(ettcTBHJl Me'AneHHUX HelTpOHOB B nerqatt­
mmm JJ.!Ula.MH • B HX ~one : CHRLHM CilHHOBasI 38BHCHMOCTL pacceJIHlm , 
OIIpe.I(eJiffillllasI pOJII, B Pa.ztHaUHOHHOM SaXBaTe npaBMa OT6opa no cHMMeTpHH 
BOJIHOBWC iJ,ymmmt Jiel'ltHX smep, 60JII,lliHe Mesomme sqxlleRTH B MBX8JllI3Me 
3axBaTa HeATpOHOB, OTRJIOHeHHJI OT YHHBepcaJILHOro 38ROHa 1/,r B aHep­
reTR"!ecKOA saBHcHMOcTH ceqelll'Itt nornomeHHJI HettTpoHoB, Boa6yz.neHHe 
HelTpOHaMH smepHWC ypOBHett 8HOM8JII,HOtt qeTHOCTH, YRa3aHHJl Ha Hapyme­
HHe SapH,ItOBOtt mmapHaHTHOCTH H,ItepHWC ORJI B MaJIOHYltJIOHHHX CHCTeMa.X. , 

B·llpBJIOJKeHHH llOMemeHH Ta6Jnm;ll acf4}eKTHBHWC ceqeurui BS!UIMO.I(eilcTBim 
HelTpoHoB_c nerttru!mm.m JJ.!UlaMR 3iie, 6L, , 7L,, H3Mepemme B .I(aHHott 
pa6oTe. 

B 38RJil)qeHHH Ha OCHOBaHJm Bcex npHBe,I(eHHHX B 'AHCcepTamm MaTepHaJIOB 
C,I(eJiaHH CJie.uyDlllie OCHOBHHe BHBO,IJ,H: 

l. Pea.mtSOBaH pH,It 3RcnepHMeHTaJILHWC MeTO,I(OB cBeTOCHRLHott HettTpOH­
HOI cneRTpoCKOilHH B coqeTaHHH C m,myJILCHHM peaRTOpoM HBP-30, OKa88B7 
mHXCSI llJIO,I(OTBOpllllMH 'A,)If[ HSyqeHHJI CBOilCTB JieMa.flnm:X smep. 

2. BHilOJIH8Hll H3Mepelll'IJl TPYf.0,I(OCTYIIHllX aqx}jeRTHBHWC ceqeHHtt B3a­
HMO,I(8:ltCTBHH HellTpOHOB C JJ.!Ul8MH H (pa,tttt~oHHHll 3axBaT) H 3iie (pac­

, C8Jllll'I8 lI pa,tttt~OHHHit 3axBaT) • 

3. 0CYm8CTBJieHH npeURSHOHHlle HSMepeHHJI HettTpOHHHX ceqetmll B 
o6Jiacrn aHeprd oT 0,025 8B 'A<> ~IOO 1tsB .lJ,7JH smep 3iie (ce'!JeHHe peaR­
umt 3iie ( n. , p )T H nOJIHoe ceqeHHe) , 6 Li H 7 Li ( ceqeHHe pacceJIH:rur), 
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Hrp8IOlltlIX BaJKHY10 poJIL B npa1tTmecKHX npHJiollteHHJIX. 

4. IlOJJY'{eHH aKcnepHMeHTaJILHHe AB,HJllle o 'ARHHax pacceJIHHJI, ceqe­
HIDIX pa,ttttaUROHHoro SaxBaTa, napaMeTpax II CBOttcTBax B036YlK,ll;eHHWC 
ypoBHel nerlffiHIIIIDC ;r,n;ep, Heo6xo,Itll'.Mlle 'AJif[ paaBHTH.II coBpeMeHHott Teoplill 
MBJIOHYKJIOHHllX CHCT8M. 

5. 06HapyxeH H Hccne)ioBaH PH.It ~aROHOMBpHocTeii B38HMO.I(ettcTBHH 
HeitTpOHOB C JieRaibnm.m JJ.!Ula.MH, B TOM q}IQn8 CHRLHM cmmoBasI SaBHCH­
MOCTL 'ARHH pacceJIHl'IJl HeiiTpouoB, onpe.I(e.lllmlllrur poJII, B pa,nmu:tlioHHoM aax­
BaTe npaBHJia OT6opa no CHMMeTpmr BOJllIOBHX ~ MaJIOHYKJIOHHllX smep, 
6onwe M830Hl!lle sqxlleKTll npH SaxBaTe HeitTpOHOB. 

6. IlOJIY'I8Hll HOB~ ,I(amme 06 OTRJIOH8HHH 3HepreTHtiecKoro XO,I(a 
ceqeHHit perummt 3iie( 11. , p )T H 6 L; ( -11 , al.. )T OT aa1t0Ha 1/"IT , no.I(­
rnep.I(HBmHe cYmecTBOBaHHe nepBoro BOS6YlK,ll;eHHoro ypoBHJI JI,n;pa ½e, HO 
y1taaa.nnme Ha OTCYTCTBHe n·o.rto6Horo ypoBHJI B 7Li' ·npH aHepI'Hll HHllte 
HeitTpOHHoro nopora, qTo HaxO'AHTCSI B COOTBeTcTBmr C Brmo.n;ru.m: KJiaCTep­
HOii MO,I(8JIH. 

7. BnepBHe onpe.I(eneHHHit a1tcnepHMBHTaJILHHit Ha6op .ItJOOI paccemnm 
HeilTpOHOB Ha JJ.!U)ax 3iie IlO.I(TBep.I(HJI TeopeTmecKoe npe.I(cKaaaHHe o npe­
oOJI~aHHH pacceJIHIDI B CHHrJieTHOM KallaJie H YKa3aJI Ha He06XO,I(HMOCTL 
COBepmeHcTBOBaHIDI pacqeTOB no M8TOJIY HHTerpaJILHHX YP8BH8HHit ~ee­
Ba-fucy-60Bc1toro. 

8. KoMITJieKCHOe HCil0JII,30BaHHe M8TO,I(OB H8HTpOllHOit cneRTpOCKOllHH 
)J,1IfI CHcTeMa.TmecKoro HCCJie,I(OBaHIDI CBOHCTB MaJIOHyltJIOHHHX Jl,I(ep C o6pa­
meHHeM R nponeccaM, paHee He.I(ocTYIIHHM 'AJif[ H3MepeHIDI, npHBeJio K coa.I(a­
HHIO HOBOro Hanpannemm Ha CTHKe cBeTOCHRLHOit HeitTpOHHOii cneKTPOCKOllHH 
smep H ~sHKH MaJIOHYKJIOHHHX cHcTeM,HMeDl!ero nepcneKTHBY paaBHTHSI Ha 
BXO~ B. np;mnnzy HeitTpmmoro 8KCilepHMeHTa MO~ HMilYJII,CHHX HCToq­
HHKax HeitTpOHOB, TaKHX Kalt HMilYJil,CHHii peaRTOp llliP-2, npOTOHHHe (Ha 
3Heprmo ,I(O 1000 MaB) }I ,n;pyrne CR/ll,HOTOqwe yc1topHT8nH SapmiteHBWC 
qacTim. 

OcHOBHHe Ma.TepHaJill 'AHCCepTamm ony6JIHROBaHH B cneJIY)llllIX 
pa6oTax: 

l • .AJrqmeHROB B.II., AKoilHH r .r., Belt6mnat H., roBOpOB A.M., 
llimeJII,Hep JI.E., lllapanoB 3.H. JT.mnm pacceJIHlm He:ltTpoHa Ha JJ.!U)e 
3iie. - li.I(epHasI qJHSmta, !977, T. 25, BWI. 6, c. II45-II48. 

2. lllapanoB 3.H. Hayqelll'Ie qeTH!)eXHYKJIOlllIOil CHCT8Mli B peaRitWIX c 
neitTpoHa.MH npH HlISKHX imepl'HlIX. M9.Tep11aJIH m Mellt,eyllapo.I(Hol mKOJIH 

no HelTpOHHOil qJH31IK8. - OH!IH l{3-II?87, lt16Ha, 1978, c. 437-457. 
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3. A.7rqlRMeHROB B.n •• Eop3a.KOB C.E •• Bellt6mnut JI •• 0B'l!l!HlmKOB O.H.' 
IIJmeJll,Hep JI.E •• lllapanoB 3.H. Pa,Itlian;HOHH!ill 3ruCBaT HeilTpOHOB 
3He B HHTepBBJie a~epI'llil 1-70 mill. :.. IllleLMa B JK3T~, 1979, T. 29, 
Bim.l, e. 100-102. · . ,, 

4 • .A.7.lqm,eHROB B.II •• Eop3a.KOB C.E.' EyliaTHHT .r.' Bex6mnm H.' ' 
IlllKeJII,Hep JI.E., lllapanoB 3.H. Pea.rnmr 3lie( n.u, ~ ) R' eTPYKTYPa 
BOJIHOBUX <pyHimrui 3iie n ·4ile.-Mel!QlYHapo,ll;Hlltt ellMII03JlYM no npo6JieMe 
HeeROJII,lWX T6JI B H,ItepHoil ~3E:Re. owrn ){4-12366; JJy6Ha, 1979, e.106. 

5 • .AJ$1MeHROB B.II., E~p3a.KOB C.E., Bellt6llUIW ·JI., OeRneHRo E.II., 
· IlllKeJI1,Hep ir.E., · Tmmm B~r~, lllapanoB 3.li:. Pa,nmi.rr.Romm11 saxaaT 

TeIJJIOBHX HeilTpOHOB ;zteftTp_oHaMH. - owrn P3-12667, JJy6Ha, 1979·. - Be. 

6. Luschikov V.I.~ Pikelner L.B., Popov Yu.P., Frank I.M., 
Sharapov E. I., Yazvi tskii Yu. S. Selected Topics in Research 

Program on IBR-2. - In: Nuclear Cross Sections for Technology. 

(Proceed. of the Intern.··conf. ·, Knoxville, 22-26 oct.1979). 

NBS. Special Publication 594, Washington,· 1980, p.3s5:..393. 
7. Alfimenkov V.P., Borzakcv S.B., Wierzbicki J., Osipenko B;P., 

Pikelner L.B., Tishin Y.G.,_Sharapov E.I. R1;1dative Therytal Neutron 

Capture by Deuteron. - In: Program of the Intern. Conf~ on Nucle~r 
Cross Sections for Technology, Knoxville, _22-26 oct.1979. Bulletin 

of the American Phys. Soc., 1979,•v.24; p.873! , 
8 • .A.7.lqm,aHRoB B.II., Eopsa.KoB C.E., BaCRJII,eBa 3.B., Bo Broi TxyaH, 

OerieHRO E.II., IlllKeJI1,Hep JI.E., Tm!llm B.r., IllapanoB 3.H. 
Ilp.m.nre R3Mepemm aj:qleRTHBHOro eeqemm Pa.rtlianHOHHOr'o 3axBaTa 
TenitoBHX Hei!:Tpo110B ;zteilTpoHru.m:. - H;ztepHBJI qinsmta, 1980; T. 32, 
B!m. 6, e. ll87-Il9I. . . , . 

9 • .AJlg)m.eHJtoB B.II., Eopsa.KoB C.E., Bo_ BaH T:xyaH, IlllKeJI1,Hep'ir.E., 
IllapanoB 3.H. IlpJIWe ll3Mepemm T61JJIOBOro ee'!emisi'pa,Itli~OHHOro 
3aXBaTa HeilTpoHOB .;ztettTpomu.m:. B KH.: HettTpOHH8JI qM3RRa (MaTepRa­
JIH 5-oit Beeeo10sHoil xoH<I>epemnm, RReB, 1980). - M., · UHHlfaToMID$:ipM, 

1980, 'I. 2, e. 194-198. 
IO. IllapanoB 3.H •. K BOnpoey O ,Dy6JieTHoit R KBapTeTHOit KOM110H8HTax 

(nd) -sanaTa. - owm P3-80-534, JJy6Ha, 1980. "" 7e; 

II. .A.JiqJirMeHROB B.II.' Eop3a.KOB C.E.' IlyHaTJIH r .r.' Bellt6mtKH H.' 
IlmteJll,H8p JI.E., lllapanOB 1 3.H. P8.;ItllanHOHJiml 3aXBaT T81JJIOBUX HettT­
pOHOB' reJIReM-3. - H;ztepHruI ~3RRa, 1980, T. 31, BWI.l, e. 21-28. 

12. ~HRoB B.II., EopsaRoB·· C.E., Bex6mnm H., roBopoB A.M., 
IlllKeJI1,Hep 'JI.E., IllapanoB · 3 .H. 3HepreTR'!eeKBJI srumeJJMOeTI> noJIHoro 
ee'!emm B38l!MO;ztei1eTB:wt'HeilTpOHOB e Jl,IJJ)8Mll 3He B RHTepB8JI8 
0,025-250 aB. - OH!IB, P3-80-394, .Ify6Ha, 1980. - 4c. 
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13. A.rrq,HMeH!toB B.II., Eop3aKOB C.E., Bo BaH TxyaH, roBopoB.A.M., 

JiaeOHI, Ji •• IImte,ThHep JI.E.' lllapanoB 3.H. B3aI™O;ztei!eTBlle HeilTpOHOB 
IIpOMCJKYTO'IHUX aueprm't e 3He. - H;ztepHaJI ~3HKa, 1981, T. 33, 
BWI. 4, e. 891-899. 

14. IllaparroB 3.H. Pa;ItllaintOHlillit saxBaT HeltTpoHoii JieI"!afll!IHMR JI;Itpruim. 

- ~sllRa aJieMeHTapHHX qaeTim 11 aToMimro Jl,lij)a (Sl!Afl), 1981, 
BWI. 4, e. 962-IOOO. . • 

15. IIorroB Kl.II., IDaparroB 8.H. K Borrpoeyo BWioJIHeHmI np~a sapsmo­
Bofi 11HBapll8.HTHOeTll B fl.ItCPHHX B31mMo;ztei!eTB:wtX. B RH. : CHJII,HUe H 

CJia6ue YTBepxmemm B JI;ItepHoll enexTpoexomm 11 Teopmr JI,IJJ>a. - JI., 
Hayxa, JiemmrpMeime OT;zteJiem1e, 1981, e. 90-95 •. 

16. EopsaRoB C.E., MaJreltKll X., IlllReJI1,Hep JI.E., CTaMrr11meK11 M. ·, 
illa,PaIIOB 8.ll. Oeo6eHHOeTll OTKJIOHeHlll! OT 3aKOHa I/1T ee-qemm 
pearoum 3tte ( n. , f' )T. Bos6YE.nemmfi ypoBeHL JI,IJJ>a 4ile. - H;ztepHaJI 
qlll311Ka, 1982, T,35, BHII. 3, e. 532-541. 

17. MaJiaUR11 x., IlllReJll,Hep JI.E., Po,nnoHoB K.r., CaJiaMaTRH H.M., 
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TH lleitTpoHHOi! eneKTpoe1mmm • .;. OHHH {3-6609, .Ify6Ha, 1971. - 15e. 

18. EopsaxoB c.E., Bo BaH TxyaH, IllmeJI!,Hep JI.E., lllapanoB 3.H. 
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