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1. BBemenune. Heckombko jrler Ha3ag Ha HEHTPOH-
HOM BpeMsiposieTHoM criekrpomerpe I'HEJIC [1, 2], co-
3manHOM Ha 6aze cuaxpormkiaorpona CII-1000 ¢ suep-
rueit mpororos 1B B HUIL “KypuartoBckmit mHCTH-
ryr” — IINAD (r. Taruuna, Poccust), namu 6bl1a HauaTa
porpaMMa HUCCJIeIOBAHUI, HAIIPABJIEHHAA HA IOJIyde-
HUe HOBOI MH(MOPMAIUU O IIPOIECCe MIEJIEHUs A/IeD, WH-
JIyIIUPOBAHHOI'O HEATPOHAMY C SHEPIUSIMU OT HECKOJIb-
kux coreH k3B 1m0 500 M»B. Ha navajibHOM 3Tane Ha-
IIUX UCCJIEIOBAHMIT 0c000e BHUMAHNE OBLIO YIEIEHO yT-
JIOBBIM PACIIPEJIEJIEHUSIM OCKOJIKOB JIeJIEHUsI. DTO CBsI3a-
HO C TeM, YTO TaKas nH(OpMAaIUs OUYeHb BayKHa, JJIsl Be-
puduKanuu mapaMeTpoB MOJEJIEH, UCIOIb3yeMbIX JIJIst
aJIeKBATHOTO OIMCAHUS IIPOIECCA JICJIEHUS B INATIA30HE
sHepruil HeiiTpoHoB Bhile 20 MsB, Torna Kak nmeronu-
ecs B JINTEPATYPE IKCIIEPUMEHTAJbHBIE JTaHHBIE OYCHBb
cKyaHBbI. Tak2Ke CTOUT OTMETHUTD, 9TO BCe DOJIee TOTHBIE
JIAaHHBIE 110 JIeJIEHUIO s1JIep HEeOOXOIUMBI JIJIsi KOHCTPYU-
POBaHMSI COBPEMEHHbBIX 1 OY/YIIINX s/IEPHBIX PEAKTOPOB,
a TaK2Ke JJIsd IPOEKTUPOBAHUS YCTAHOBOK Ha 0a3e yCKO-
puresei (Accelerator-Driven Systems — ADS), B Tom
YUCJIE MOIHBIX UCTOYHUKOB HEATPOHOB.

B pesyabrare, Ha 1mepBoM 3Talie UCCIIEIOBAHUIl HA
HEHTPOHHOM BpeMsiposieTHoM crekrpomerpe T'HEVIC
OBLIM U3MEPEHBI YTJIOBBIE PACIIPEIEJIEHUsT OCKOJIKOB JIe-

De-mail: vorobyev _as@pnpi.nrcki.ru
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JeHns O MIIpOKoro Habopa saep: 252Th, 233U, 235U,
238U, 2391)117 2401)117 237Np7 natph i 209B; [3, 4] HpI/I
9TOM M3MEPEHNUsI IPOBOIUINCH C UCIIOJIH30BAHIEM OTHOMN
U TOI K€ IKCIEPUMEHTAJbHON YCTaHOBKH, YTO IOBBI-
MAET CTEIEHb JOCTOBEPHOCTH JAHHBIX. /s GobITUH-
CTBA UCCJIEOBAHHBIX si/Iep B 00JIACTH SHEPIUil HEHTPO-
uoB Bbirte 20 M3B yriioBbie pacrpesiesieHuss OCKOJIKOB
JleJileHusi ObLIM W3MepeHbl BHepBble. CpaBHEHUE I10JIy-
YEeHHBIX HAMM JIAHHBIX B 00JIACTU SHEPruil HEHTPOHOB
umzke 20 MsB ¢ pesysnpratamu paboT, BBIIOJIHEHHBIX Da-
Hee C UCIIOJIL30BAHUEM PA3JIMIHBIX IKCIIEPUMEHTATbHBIX
METOJ/IMK U UCTOYHUKOB HEATPOHOB, JEMOHCTPUPYET 00-
Iee COrJIacue JAHHBIX. DTO CBUIETEIbCTBYET O HAIEHK-
HOCTU UCIOJIb30BAHHOTO METO/1a M3MEPEHU U TIOJTy YeH-
HBIX PE3YJIbTATOB.

Jlyist ommcaHus MOJIYI€HHBIX TAHHBIX HAMU OBLT Pa3-
paboTaH TeOPEeTHIYECKUil TI0JIXOJI HA OCHOBE MOJEJIN
Xayzepa—Qerbaxa, MO3BOJILAIONNN PACCINTHIBATD yT-
JIOBBIE DACIIPE/IEJIEHUsI OCKOJKOB B IMMPOKOM JHAIla-
30He dHEepTuil BO30yK/IeHus ¢ MOMOIbIo Koma Talys 1.9
[5, 6]. nTepec K TakuM pacueTam 00yCJIOBJIEH TEM, UTO
COBMECTHBIIl AHAJN3 CEYCHUs JIEJIEHUsI U YIJIOBBIX Pac-
IIpeJIeJICHUl OCKOJIKOB PACIITUPSIET BO3MOXKHOCTH TIOJIY-
JeHusi HOBO#l mHbOpMaIuu 0 Oapbepax JIeJIeHUs], Xa-
PaKTEPUCTUKAX sep HAa Oapbepax W SHEPIUsSX Iepe-
xoaHbIX cocrogauit. [losTomy skcnepuMenTaabHas ycra-
HOBKa ObLTa MOJIEPHU3UPOBAHA TaKUM 0OPA30M, ITOOBI
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MOZKHO OBITIO TPOBOAUTH OJHOBPEMEHHLIC H3MEePeHNS Ce-
JeHMUil JIeJIeHNA 1 YIJIOBBIX PACIPEIe/IeHIi OCKOIKOB JIe-
JICHUS.

B macrosiee BpeMsi ¢ HCIOIb30BAHHEM MOJEPHH-
3UPOBAHO} YCTAHOBKH IPOBEJIEHbI OJHOBPEMEHHBIE M3~
MEDEeHHIs CeUeHHs IeJeHHS U YIVIOBBIX PacCIIpeleeHnit
OCKOJIKOB It caeytomux siaep: 250U [7], 238U (8] n
243 Am [9]. B nacrosmeii paboTe IPUBOJIATCS Pe3y IbTa-
THI H3MEPeHuil cedenns geaenus 2> Np(n, f).
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Puc. 1. (Igernoii onnaiin) O6muit Buy ycramosgu: PC —
IIK; PMT — crapr gerekrop, @Y, dopmupyrormiuii Tpur-
TEpHBIA CUIHAJ JJIsi CHCTEMBI cO0pa JaHHBIX KaXK/IbIi pas,
KOIJIa IIPOTOHBI cOPACHIBAIOTCS Ha HEHTPOHOOPA3YIOILYIO
CBUHIOBYIO MureHb crexrpomerpa ITHENC; FIC — nonn-
3aIMOHHAS KAMEDA, JIe/IeHHsI C MUIIEHSIMI 220 U [JIs1 OTHO-
CUTEJILHOT'O MOHHUTOPHWPOBAHUS IIOTOKA HEHTPOHOB; PA —
npenycunurenn; HV1, HV2, HV u HV FIC — ucrounuku
BBICOBOJIBTHOIO HamupsizkeHust; X1 u X2 — aHOABI JEeTEKTO-
poB MWPCs 1 u 2, orBeuaroiue 3a OIpejesieHe KOOp-
muHaTel z; Y1 u Y2 — anogwr gerekropoB MWPCs 1 u 2,
oTBevaloue 3a onpejesenune koopaunarsl y; Cl u C2 —
kaTonbl gerekTopoB MWPCs 1 u 2

2. DKCIEPUMEHT. JKCIepUMEHTAJbHAsl YCTAHOB-
K& U METO/IMKA IPOBEIECHUS OIHOBPEMEHHBIX H3Mepe-
HUI CeYeHUIl IeJIeHNUs 1 yIJIOBBIX PACIIPEIeSICHIA OCKOJI-
KOB JIeJIEHUsI ITOJIPOOHO OIUCAHBI B HAIIMX [TPEJIBLILY X
myOJIMKAIUAX, YKa3aHHbIX Bbime. OOmuil Bul yCTaHOB-
KU TpescTaBjien Ha puc. 1. OcTaHOBUMCST HA OCHOBHBIX
MOMEHTAX.

W3mepennsi mpoBoamanch Ha OPOJIETHON 0as3e
36.50(5) M myuka # 5 Ha BPEMSIIPOJETHOM CIIEKTDPO-
MeTpe T'HEIIC. Jas1 UCKJIFOYEHUSI PEIUKINIECKUX
HeiitpoHoB mcnosb3oBasicss Cd  buabtp  TOJIIUHON
0.5Mmm. Cewenme gemerma 22"Np(n, f)  m3Mmepsioch
OTHOCHUTENILHO cedenus jesenus 2>°U(n, f), TOCKOIBKY

ceuerme nesenus 2>°U(n, f) B ucciemyemoit obmactu
3Hepruii HeHTPOHOB HU3BECTHO C XOPOLIEH TOYHOCTLIO
U SBJISIETCS IPUHSATHIM MEXKJIYHAPOIHBIM CTaHIAPTOM
B obusractu suepruit 0.15-200 MsB [10], a B obiactu
sHepruit  200-1000 MsB  — pexomenjoBanabiM  [11]
JUIsT  WCIIOJIb30BaHUSI B W3MEPEHUsiX, II0J00HBIX Ha-
mM.  OCKOJIKM  JIeJIeHusI, WCIYyCKAEMble MUIIEHIMHI
2TNp u 23°U, perumcrpupoBasuch COOPKOH U3 JIBYX
[TO3UIMOHHO- 1y BCTBUTEJIbHBIX MHOT'OIIPOBOJIOYHBIX
[IPOTIOPIMOHAJIbHBIX ~CYETYNKOB HU3KOIO JIaBJIEHUSI
(MWPCs) pazmepom 140 x 140 mm?. [ls obecrievenns
UJIEHTUIHOCTYA U3MEPEHUIl MUIIEHN UCCJIELYEMBIX SJIED
pPasMema/iuCh Ha IPOTHUBOIIOJIOXKHBIX CTOPOHAX 3ITOMH
cOOPKU, W OCKOJIKH JIEJICHUs, UCIYCKAEMbIE STUMHU M-
IIEHSIMH, PETUCTPUPOBAJINCH B OJJHOM U TOM K€ CEAHCe
usMepenuii. DPEPEKTUBHOCTh PErUCTPAIUU  OCKOJIKOB
Jesenust coctapysana ~ 45 %. Ina toro, aTobsl onpee-
JINTDH BJIUSHUE HA M3MEPSEMO€e YIJIOBOE PACIIPEeICHIe
OCKOJIKOB HUMIIYJIbCa, IIePe/laBaeMoro IaJarolmM Heii-
TPOHOM JIEJIAIIECsT CUCTEME, M YIeCTh AHU30TPOIIUIO
OCKOJIKOB IIPU  OIPEJEJIEHNN CEYeHUl, W3MepPEeHUsI
[IPOBOJIMJINCH JIJIsI JIBYX OPUEHTAIMI yCTAHOBKH OTHO-
CUTEJIbHO HaIlpaBJjieHus HeTpOHHOro mydka. [Ipu sTom
diroeHC HEHTPOHOB OBLIT IPUMEPHO OJMHAKOB JJIst STHUX
JaByx opueHTanmii. OpueHTAIs W3MEHsJIaCh IIyTeM
IIOBOPOTa yCTaHOBKU Ha 180° BOKPYT OCH, MEePIEHINKY-
JAPHOI HAIIPDABJICHUIO NBUXKCHAA HEUTPOHOB B IIyYKe.
Takoe BpaleHHe MMO3BOJISET TAKXKE MUHUMU3UPOBATH
3¢ HeKTHI, CBsI3aHHBIE KaK C OCJaabJIeHrneM IIO0TOKa Hefi-
TpoHOB Ha muineHsix u koncrpyknmeit MWPC, rtak u
C AMEIONAMUCS HE3HAYUTEbHBIMU HEOIHOPOIHOCTSIMMU
TOJIIUHBI MUIIIEHEH U TTOTOKA HEATPOHOB.

BousinoBbie hopMBI CUTHAJIOB € aHOIOB W KAaTOJOB
kaxxoro MWPC u ¢ oTHOCHTEIbHOrO MOHUTOpPA Hefi-
TPOHHOTO IIyYKa — MOHU3AIMOHHON KAMepPbl ¢ MUIIEHS-
mu 238U (Fast Ionization Chamber — FIC), a rakxe
curnasn co craprt gerekropa (Photomultiplier Tube —
PMT) perucrpupoBauch AByMsi 8-Mu GUTOBBIME OLU(D-
POBIIIUKAMHA CUTHAJIOB ¢ dacToToil BbIOOpKH 500 MI'mt
(Acqgiris DC-270). OuudpoBIIuKn 3amycKaiuch CHH-
XPOHHO CUTHAJIOM OT CTapT JIETEKTOpa, PEruCcTPUpY-
IOIIErO 7Y-KBaHTBI W HEUTPOHBI, HUCIIyCKaeMble N3 Hel-
TPOHOOPA3YIOIIE CBUHIIOBOI MUINIEHU HEATPOHHOTO UC-
Tounuka crekrpomerpa I'HEVC. BpemenHoit naTepsas
It O POBKH CUTHAJIOB COCTABIIS 8 MKC, ITO COOT-
BETCTBYET dHeprusiM nasaromux Heiirporos ot (0.1 MsB
710 1I's9B. Ilosy4dennbie TaKuM 06pa30M BOJTHOBBIE (DOP-
Mbl cunTbiBaJuCh B Komibiorep (ITK) u coxpansaucs Ha
2KECTKOM JIUCKE.

Mumenu, conepzkamiue 23°U u 237 Np, 6bL1H H3roTOB-
sgeasl B AO “Pajgmessrit uacruryt um. B. I Xonuna”
(r. Cankr-Ilerepbypr, Poccusi) merTomoMm “HamasbiBa-
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HUST' Ha AJIOMUHUEBBIE TOTOXKKU TOIMIHON 0.1 MM.
Mumens, comepxamas 23'Np (NpOg) oboramenuem
99.999(1) % u Tommunoit 318(16) mxr/cm?, mpescras-
Jisita coboit Kpyr auamerpom 80 MM, a MUIIEHb, COIEP-
xkamag 239U (U30g) oboramenuem 99.992(1) % u Tos-
mnoit 203(11) Mxr/cm?, npescrasisiiia coboit mpsMo-
yroibauk co croporamu 50 u 100 mm. OmHOPOIHOCTD
AKTHBHOTO CJIOS cOCTaBIsIa okoso 10 %.

st obecrievuennsi WIEHTUIHBIX YCJIOBUI IIPU U3Me-
PEHUN CceveHHs nesieHnus 23’ ND OTHOCHTEJILHO CEUeHHsI
nenennst 23U Ha COOTBETCBYIOMIIX MHUIIEHSIX CO CTOPO-
HBI AKTUBHOTO CJIOST PA3MEIIAJIUCH OJIHHAKOBBIE KPYTJIbIe
“MacKu’, HEIIPO3PAYHBIE JIJIsl (--9aCTHUIL K OCKOJIKOB JIieJIe-
HUsI, U3 AJIIOMUHAEBOH (osibru Tosmuuoik 0.1 MM 1 aua-
merpoMm 48.0 mm. Macca ucciegyemoro uzoromna (dmc-
JIO si7iep) B BBIIEJIEHHON ¢ HOMOINBIO “Macku” obsiactu
MUIIIEHU OIPEJIEJIslIaCh HAMHU U3 MIOJIHON (-aKTUBHOCTH
MUIIEHEH ¢ HAJIO?KEHHOH HA HUX ‘MaCKO’, U3MEPEHHON
¢ TIOMOIIHI0O KPEMHHUEBBIX TIOJIYITPOBOJHUKOBLIX IETEK-
TOPOB B XOPOIIIO OIIpejeJIeHHOI reomerpun. Pacuer Te-
JIECHOTO YTJIa PErUCTPAIMKA OBbLJ BBIMOJHEH C UCIOJIb-
zoBarueMm Mmeroza Mounte-Kapio. Ilockosbky B Mure-

u 23"Np, KpoMe OCHOBHOI'O M30TOIA, HE ObLIO IPYIHX
npumecedi (oboramenue 99.999(1) %), cumranoch, 9ro
BeCch HAOJIIOIAEMbIil CYeT OOYCJIOBJIEH (-aKTUBHOCTHIO
23TNp, a ero nepuo/1 MoJIyPacIa,ia IPUHIMAJICS PABHBIM
2.144(7) x 10° [12]. B maHHOM SKCIIepHMEHTe, KaK 1 B
HAIIUX IpelpLayux padorax [7, 8, 9], upu nposejenun
H3MEpeHHit HCIOoTb30BaIaCh OIHA U Ta, JKe MUIIeHb 220 U
C HaJIOyKeHHOI “Mackoif”. M30TONHBII cocTaB MUIIEHU
235U u pesyabTaThl H3MEPEHHs YHUC/IA A1ep IPUBEICHBI
B pabore [7]. Oupenesentnoe Takum 06pa3OM OTHOIIIE-
uue N7/ N5 qucia siiep OCHOBHOI'O H30TOIA B MUIIIEHUSIX
Z"Np u 235U cocrasuio 1.630(22).

3. Obpaborka mauabix. OcobernHocTu paboThI He-
rekropa ockoikoB (MWPCs) u peasmszoBanHas mpo-
neaypa orbopa COOBITHl, aHAJIOIMYHASI TO, KOTOPAs
ONMCAHA B HAINX HPEAbLIYIuX padorax (CM., HapH-
mep, [13, 14]), nossosniu nanexuo (¢ adbdexkruBHo-
crio A 100 %) ormensiTh COOBITHS JesieHust OT (HOHO-
BBIX PeaKIWii, UHIYIUPOBAHHBIX HEHATPOHAMU B IIOJI-
JIOXKKE MUINEHW W Ha JIPYTUX MATEPUAJIAX JETEKTOPa,
a Tak¥Ke OT a-vJacTull u myma. Jljas npumepa Ha puc. 2
[IPEJICTABJIEHBI JIBy MEPHBIE PACIIPE/IE/IEHUS] 3aPErUCTPH-
POBAHHBIX COOBITHUIA JI0 U MOCJIE BBIJIEACHUS COOBITHIA J1e-
nerms 23"Np(n, f).

B nmammnoit pabore m3MepeHMsT OTHOINEHUS CEIEHUIH
nenennst spep 22°U u 23"Np npoBoauanch OmHOBpe-
MEHHO C WHCIIOJIb30BAHUEM OJIHON M TOW Ke 3KCIepH-
MEHTAJbHOI YCTAHOBKHU B OIMHAKOBOI reomerpuu. Ilo-
9TOMY Tpu 0OpabOTKe JAHHBIX HEOOXOIUMO WIEHTH-
¢unupoBaTh AEJANIYIOCS MUIIEHb, U3 KOTOPOR BbLje-
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Puc. 3.

ockoskos senenus 22> U (crpasa ot ~ 500 kanasa)

BpewmsnposieTnbiit - criekTp
u Z7Np
(cimeBa or ~ 500 KaHAJIA) JJIsT BBIIEJIEHHBIX YIJIOB MEXKILY

(IBetHo#t oHIAlH)

HAIPABJIEHUEM [IBUKEHHUsT OCKOJIKA JIEJIEHUS 1 HOPMAJIbIO
K 1tockocTu 3ekTpogoB MWPCs, nosyyennbiii B Tede-
HIe OJJHOTO M3MepuTeIbHOro cearca. [llupuna KaHnaza co-
crasyser 0.02 ue

TeJI 3aPEernCTPUPOBAHHBIN OCKOJIOK. [l1g Takoit njenTH-
dUKaIUU HCIOJIb30BAJIICh BPEMSIIIPOJIETHBIE CIEKTPHI
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OCKOJIKOB JleJIeHHsl, IIpeicTaBjIeHHble Ha PHC. 3, e 10-
Ka3aH Pe3y/bTaT H3MepeHUs BPeMeHH IIPOJIeTa OCKOJIKA
nenenns or Karoga MWPC2 no karoma MWPC1. Xo-
POIIO BUJHBI JIBE I'PYIIILI COOBITUI, KOTOPbIE COOTBET-
crytor aenermio 22 Np(n, f) u 235U(n, f).

IlpunuMas BO BHUMaHUE BCE BBIIIE CKA3AHHOE U TOT
daxr, aTo Mumenn uccmeLyeMbx sep (OTHOPOIHOCTD
aKTHBHOTO cJ1ost 10 %) IOJHOCTBIO HAXOAMJINCH B IIyd-
Ke HefITpOHOB (HEOIHOPOJHOCTL MOTOKA HEeHTPOHOB Ha
MHUIIIEHSIX ObLIa OKOJIO 7 %) U JI0JIs JENSIIUXCST Sep B
HUX, OTJWYHBIX OT OCHOBHOTO M30TOmNAa, Maja (He 6o-
see 0.008 %), oTHOIIEHNE CEUEHUH JIEJIEHUs MCCIIe/ye-
Meix siziep R = o(2*7"Np)/o(?35U) moxer 6bITh HaileHo
IIPU IOMOIIU CJIe/LyIOMEero BhLIPAYKeHUsL:

E,) N,
S7(En) N5 o

R(En) = Ss(E,) N7

(En), (1)
rae F,, — sHeprust HefiTPOHA, BHI3BIBAIOIIETO JAejieHne; St
i S5 — 3aperHCTPUPOBAHHBIE COOBITHA JeseHns 25’ Np u
235U coorsercrBenno; ' — HOIpaBKa HA AHU30TPOIIIIO
YIJIOBBIX PACIIPE/IEIEHUIl OCKOJIKOB JIEJIEHUS U OTPAaHU-
YeHHBIN TeJsiecHbIH yros perucrparuu (puc. 4); N7 /N5 —
HOPMUPOBOYHBIN MHOYKHUTEJIb (OTHOIIIEHUE YUCIIA SJIEP B
UCCIIEYEMbIX MUIIEHSX ).

ITonpaska C onpeensiach aHAJOTUIHO TOMY, KaK
970 GBLI0 onMcano B Hamteil pabore [7] ¢ ucnonab3oBaHu-
€M 3aBUCHMOCTE AaHM30TPOIINH OCKOJIKOB JIEJICHUS S/I€D
23TNp u 23U or sHeprum HefITPOHOB, MOJIYUICHHBIX Pa-
Hee [3]. BeamunHa 1aHHON MONPABKY B CPEJTHEM COCTAB-
asier ~ 1% u mocturaer ~ 4% B ob1acTu sHepruii Heli-
TponoB okoJio 0.6 MaB.

OTHOCUTEIBHBIE OIIMOKY IOy YEHHOIO B HACTOSIIEN
paboTe oTHOMmeHns cedenuii geaenns 23’ Np u 23°U npu-
BemeHbl B Tabu1. 1. MOXKHO BUIETDH, YTO TOJIHAS CPEIHSAS
cucTeMaTH4YecKas omubKa u3Mepenuil cocrapiser 1.7 %
U B OCHOBHOM OIIPEJIEJISIETCsl HEOIIPEIEJICHHOCTBIO HOP-
MupoBouHOro Muoxuresst N7/ Ny — 1.4 %.

4. PesynpraTsl u obcyKkaenune. Ha cerogasmmanii
JIEHb BO BCEM MUP€ BBIIIOJIHEH OOJIBIIOH 00'beM IKCIIEpH-
MEHTAJbHBIX PAbOT 10 U3MEPEHUSM CEYCHUS eJICHUsT
Z7Np [15-35].

IIpu 3TOM WHCIOJIB30BAIUCH KAK MOHOSHEPreTHde-
ckue Heirponsl [15-17,19-31, 33, 35|, noaydenubie B
PA3JIMYHBIX DPEAKINAX HA YCKOPUTEJSX, TAK U IIyIKH
HeHTPOHOB C HEIPEePHIBHBIM CIeKTpoM [18, 32, 34].

B ykazanubix paborax Jijis perucTparuu OCKOJIKOB
JIeJIEHUsT WCIOJIb30BAJINCH PA3IMIHBbIE THUIBI JETEKTO-
POB: MOHHM3AIMOHHBIE KaMepsl [15,17,18,20-23, 25, 27—
31,34, 35|, Tpekosbie gerekTopbl (17, 24], mpoGoiinbie
cuerurku [19], nOBEPXHOCTHO-GAPBEPHBIE JIETEKTOPBI
[16, 26], wiockonapaJuie/bHbIe JABUHHBIE CIeTIUKH [32,
33]. udopmMarmio o JeTaisx mpoBeeHnsT IKCIePIMeH-
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O 1.00

0.98

0.96

0.1 1 10 100
Neutron energy (MeV)

Puc. 4. ITonpaska, yuuTsiBaomas aHU30TPONMIO YIIIOBBIX
pacIpeie/ieHuii OCKOJIKOB JeJIeHUsT

Ta6uuna 1. OTHOCUTEIBHBIE TIOIPEITHOCTH M3MEPEHUN OTHOIIIE-
Hus cedennii nemenns 23 Np u 235U

Crarncrudeckast 15—1.5% (0.3—1.0 MaB)

TOYHOCTH 1.5—1.0% (Bbrme 1.0 MsB)

Ocnabnenue menee 0.3 %

IOTOKa HEHTPOHOB

Anusorponus 0.6%

YucroTa MUIIEHEH <0.01%

Adbdexktusnoctr MWPCs | 0.3%

(reomerpudeckasi HeONpe-

JI€JIEHHOCTD )

HopMupoBouHbIit 1.4%

MHOkuTENb N7 /N5

TlonHasg MOrpemHocTsb 2.1%

Heonpenenennocrs 233U cranmapra [10, 11]

1.3—-1.5% (mmxke 20 MsB)

o (335U) 1.5—4.8% (20—200 MsB)
5—7% (Bbime 200 MsB)

TOB U Pe3yJIbTATHI H3MepeHuii B udpoBoii hopme MOK-
HO HAWTHU B MEXKIYyHAPOMHON OHOIMOTEKE SKCIEPUMEH-
TaJbHBIX siepHbIX naHHbx EXFOR [36].

Pesynbrarer uamepennii orromenust R cedennit me-
nenus auep 22"Np u 23°U, nosydennsle B HACTOSIIEH pa-
6oTe, IPUBEJIEHBI HA PUC. D BMECTE C OIEHKOi 13 6ubImo-
rexku JENDL-5 [37] u ¢ pesysnbraramu pabor [18, 21, 32],
B KOTOPBIX YKA3AHHOE OTHOIIEHNE OBLIIO N3MEPEHO B J10-
CTATOYHO IMIMPOKOM 00JacTh dHepruii HedTpoHOB. Jle-
TaJbHOE CPABHEHHE I10JIy YeHHOI'0 OTHOIIeHus R 1j1st 00-
sactu duepruii 1-17 MsB Boernosineno na puc. 6, rie Tak-
2Ke TIPUBEJIEHBI Pe3YJIbTaThl JIPYIruX paboT U OIEHKU U3
6ubsmorek JENDL-5, ENDF/B-VIIIL.0 [38] u CENDL-
3.2 [39]. B kauecTBe OIEHKH U3 COOTBETCTBYIOMIEH O1b-
JIMOTEKU Ha PUC. 5, 6 IPUBEIEHO OTHOIIIEHNE CEIeHUS JIe-
JICHUST 237Np(n7 f), B3dTOrO U3 yKa3aHHBIX GUOJINOTEK,
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u crangapra of(**°U) — cewenus memenna 23U [10],
KOTOpOe IPAKTUYECKH COBIIAJIA€T C CEUYEHUEM JIeJIEHUsI
25U(n, f) uz 6ubmmoreku ENDF/B-VIILO. Ormerum,
410 oneHku u3 6ubamorex JEFF-3.3 [40] 1 ROSFOND-
2010 [41] me npuBOAATCH, MOCKOJBLKY IEpBas IIOJIHO-
crbio uaenTnaHa onenke 3 ENDF/B-VIILO, a Bropast
B obOJiacTu SHEpruili HedTpoHOB HyKe u Bhime 14 MsB
HIpakTHIecKH coBraaaet ¢ onenkamMu ENDF /B-VIIL.O u
CENDL-3.2 coorBercrBeHHO. MexK 1y IpecTaB/I€HHbI-
MU OIIEHKAMU HAOJII0JaeTCsl HEKOTOPOE OTJIMYKE, COCTAB-
Jrommee B cpenneM 3—4 %, m mocruraromee HanGoIbIIE-
ro sHadennsa ~ 6 % mua onenku uz CENDL-3.2 B aua-
a30He Hepruit HeTpoHos 812 MsB.

1.6r N

—~ 14' —
= - ]
S 1.2r 4
5 i

= LOf Vi dy
g 3 .
£ 08¢ » Behrens 1982 [18] 7
kot I = Meadows 1983 [21] 1
© 0.6f > Paradela 2010 [32] -

g I e Present data 1
~ 0.4- JENDL-5 )
0.2r N

1 10 100
Neutron energy (MeV)

Puc. 5. (Lgernoii onnaiin) OTHOIIEHNE CeYeHUN JeIeHus]
ZTNp u 35U (cpaBHeHHUE PE3YJILTATOB M3MEPEHUI HACTO-
siieit paboThl ¢ SKCIEPUMEHTAIBHBIMA JAHHBIMU JPYTUX
aBropos [18, 21, 32|, B3areiMu u3 Gubanoreku EXFOR
[36]). IIpuBenentble HAa pUCyHKe OMNOKY — IIOJIHbIE

====]JENDL-5
—— ENDF/B-VIILO
—-—CENDL-3.2

White 1967 [15]

Stein 1968 [16]
Behrens 1982 [18]
Varnagy 1982 [19]
Meadows 1983 [21]
Goverdovskii 1984 [22]
Goverdovskii 1985 [23]

Kanda 1986 [25] Present data
P T B S
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Neutron energy (MeV)

Manabe 1988 [28] !
Meadows 1988 [29]
Desdin 1989 [30]
Paradela 2010 [32]

Ratio 6(*'Np) / 6(**U)
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N

Puc. 6. (LigerHoit onnaiin) OTHOIIEHNE CevYeHU JeIeHNs]
2"Np u #3°U B obnacru smepruii HeiiTporos 1-17 MsB.
IIpuBenennble Ha pUCYHKE OIIMOKY — ITOJIHBIE

ITucbma B 2KOTP Tom 120 BRm.5-6 2024

Mo2KkHO BHIETH, 9YTO B 00OJIACTH SHEPIHUil HEUTPOHOB
ke 10 MsB B mpejesiax IOJIHONM HOTPEITHOCTU JKC-
[IEPUMEHTAJIbHBIX JIAHHBIX HAOJIFOIAEeTCsI COTJIacHe JIaH-
HBIX HacTodmeil paboThl Kak ¢ pe3ysibTaTaMu JPYTuX
asropos [15, 16, 21, 25, 34|, 3a uckirodenueMm pabor
[18, 22, 23, 32], tak u onenkn n3 ENDF/B-VIIL.O. Or-
MeTnM, i pabor [18], [22, 23] u [32] nabirogaemoe OT-
srane ot onenku n3 ENDF /B-VIIL.O naxonuTcs 3a npe-
JleJlaMu 3asIBJIEHHON aBTOPaMU HEOIIPEJIeJIEHHOCTH HOP-
MUPOBOYHOrO MHOXKHTenss 1, 2 u 4% cooTBercTBeHHO.
ITpu sueprun ueiirporos okoso 14.5 MsB pesysnbrar na-
cTosIIIEel pabOThI COTJIACYETCs B IIPEJIEIax SKCIEPUMEH-
TaJIbHBIX HEOIIPEIEJIEHHOCTEM CO BCEMU IIPE/ICTAB/IEHHbI-
MU 9KCIIEPUMEHTaIbHbIME JanabivMu [15, 19, 28-30, 32],
KpOMe JIaHHBIX [18].

Brermre 30 MsB B smmreparype MOXKHO HAWTU TOJIb-
Ko onuH Habop manHbIX [32]. Ho npu sTOM crout orme-
TUTH, YTO UMEETCsI TAKKe PsiJ] SKCIEPUMEHTAJIBHBIX Pa-
60T IO U3MEPEHUIO OTHOIIEHHUS cedenni nesenus 25’ Np
u 235U [42-44] B ob1acTu sHEpruii HEHITPOHOB BILIOTD 10
HECKOJIbKHUX coTeH M3B ¢ ucnosbp3oBanneM MeToia Bpe-
MEHHU MPOJIeTA, B KOTOPBIX HOPMUPOBOYHBINA MHOKUTEH
N7 /N5 He OIpeessiicsi 1 COTBETCTBYIOMIAsI IOIPABKA B
U3MEpEHHbIE OTHOIIEHWsI He BHOCUJIACH. 1losroMmy mpu
[PEJICTABJICHUN CBOWX JIAHHBIX aBTOPBI YKA3aHHBIX Pa-
00T BBIOJIHSJIA IPOU3BOJIbHYI0 HOPMUPOBKY U3MEDPEH-
HBIX oTHOIeHui. Tak, B padore [42] mosydeHHble OTHO-
reHust ObLIM HOPMUPOBAHbBI HA JIAHHBIE U3 paboTh [21] B
obusiactu suepruii Heiirporos 1-10 MaB. B patore [43],
TaK2Ke BBIITOJTHEHHOI Ha, CIEKTPOMETPE FHEI/“IC7 HOP-
MUPOBKa IIPOBOMIACE B obOstacTu suepruit 1.75-4.0 MsB
Ha OTHOIIeHHe cedennii nesrenus 2> Np u 239U, B3greix
u3 6ubsmorekn JENDL-3.2 [45], u B [44] — B obnacTu
suepruit okosio 14.8 MsB nHa oTHOIIeHUEe cedyeHuit jiesre-
Hust u3 6ubiamorekn ENDF/B-VII [46]. Ha pucynke 7
BBIIIOJIHEHO CPABHEHME 3TUX JAHHBIX C PE3yJIbTATaMU
Hacrosell paborel u [32], KOTOpbIE TaK¥Ke MOJIyYeHbI
B IIUPOKOM HHTEPBaJIe SHEPruili HEHTPOHOB C MCIOJIb-
30BaHWEM METOJIa BpEMEeHHU mpoJsieta. Buano, yro dop-
Ma KPHUBOI OTHOIIEHHs cedeHuii nestenus 25/ Np u 235U,
[OJIyYeHHAST HA PA3JIMIHBIX HUCTOYHUKAX HEHTPOHOB C
HEPEPBIBHBIM CIEKTPOM IIPU TIOMOIIH PA3HBIX IKCIIEPU-
MEHTaJIbHBIX YCTAHOBOK B ODIIEM COIVIACYETCsI BO BCEM
U3MEPEHHOM JIUAIIa30HE SHEPIUi.

Ceuenne nenenus 2>"Np(n, f), noayuenHoe Hamu
KaK IPOU3BEJIEHNE U3MEPEHHOr0 OTHOIeHust R u cran-
napra o¢(?3°U) — ceuenns nenenus 235U(n, f), upu-
BEJIEHO Ha PHC.8 BMECTe € OIeHKaMu u3 OubJIMOTeK
ENDF/B-VIIL.0 u JENDL-5.

CpaBHeHMEe MOJIyYEeHHOTO HAMH CEUYEHUS JIeJICHUS
2TNp ¢ pesymbraTtamMu pabOT, BBINOJHEHHBIX DaHee

[17,19, 20,24, 26,27,31,33-35], mias obsactu sSHEpruii
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Puc. 7. (pernoii onnaiin) CpaBHeHHE KCIIEPUMEHTAIIb-
HBIX JIAHHBIX, [OJIYYEHHBIX C WCIOJIb30BAHUEM METOMa
BpeMeHHU mposeTa. lIpuBeneHHble HA PUCYHKE OIAOKU —
CTATHCTUYECKHUE, 38 HMCKIIOYeHneM paborel [42], B KOTO-
poit mHOpMAaIUs 00 HCTOYHUKE IPUBEIEHHBIX OIIHOOK
OTCYTCTBYyeT
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Puc. 8. (ITserroit ommaiin) Ceuenne nerenus 2> Np(n, f),
HOJIyY€HHOE B HACTOsIEH paboTe, B CPABHEHHU C OLIEH-
kamu u3 6ubimorek ENDF /B-VIIL.O u JENDL-5. IIpuse-
JICHHBIE HA PUCYHKE OIIMOKH — IOJIHbIE (HEOIIPEEJICHHOCTD
cranmapra — cedenus aenenns 2> U(n, f) — He yuuTwiBa-
ercsi)

ueiirponoB Beite 1 M3sB npezncrasieno ma puc.9. Bee
YIIOMSIHYThIe PAabOThI OBLIN BBIIOJHEHBI C UCIOJIH30Ba-
HUEM MOHOYHEPreTHYeCKUX HEUTPOHOB, IIOJIyYEeHHBIX B
PA3JIMYHBIX PEAKIUsX Ha yCKopuTessx. VIcKirodeHue
cocrasiisier [34], B KOTOPOii H3MepeHus IPOBOIUIIUCH HA
HEATPOHHOM IIyYKE C HEIPEPBIBHBIM CIIEKTPOM II0 Me-
TOJy BpeMmeHH mposiera. B paborax [27, 31| ucnoss3o-
BaJICAd NPAMOIl MeTOH M3MEPEHUII CeYeHUd MCJICHUA —
METOJ KOPPEJIUPOBAHHBIX BO BPEMEHU COITY TCTBYIOIIUX
vacru, a B [20, 35] juist onpesiesieHnst aGCOTIOTHOTO 110~

TOKa HEMTPOHOB UCIOJIb30BaJICHA B F3-CIeTInK ¢ XOPOIIO
OTIpEJICIEHHBIME XapaKTepUCTUKaMu. Bo Bcex ocTalib-
HBIX paboTax CcedeHHe JeJIEHUsI U3MEPSJIOCh OTHOCH-
TEJIHO CEYEHUs PEAKINH, M3BECTHOTO € OOJIBIION TOY-
nocreio (crammapra): 239Pu(n, f) [17], 55Fe(n, p)**Mn
[24], 27Al(n, a)?*Na [26], 238U(n, f) [19, 33, 34]. dna
mammerx [17] u [19, 33, 34] ceuenme mememms 237Np,
[IPEICTABJIEHHOE HA PUC. 9, OMPEIessIoch KaK MPOU3-
BeJICHIE U3MEPEHHOI'0 OTHOIIEHUS ¥ PEKOMEHIOBAHHOTO
cevenus 239Pu(n, f) u 238U(n, f) [10], coorsercTBemto.
Bce ocrasbable anHBIE TIPEACTABIEHBI 0€3 M3MEHEHNI,
TaK KaK OHM IPHUBEJICHBI B IIyOJIUKAIMAX aBTOPOB.

Buno, 4To cedenue gesienns 22! Np, mosrydeHHoe B
HACTOsAIell paboTe, COrIacyeTcsi B Ipeiesiax dKCIePH-
MEHTAJIbHBIX HEOPEIEJIEHHOCTEN ¢ PE3yIbTATAME BCEX
[PUBEJEHHBIX Ha puc. 9 pabor, 3a uckiouennem [26],
KOTOPOIl CedeHne JejIeHnsl CyNIeCTBEHHO HETO0OIEHNBA~
ercsa. Ornenbro Ha puc. 10 BBIMOJHEHO CpaBHEHUE JAH-
HBIX HACTOMAIIEH pabOThl € PE3YIbTATAMU HEKOTOPBIX
VIIOMSIHYTBIX BBIIIE PAOOT B 00JIaCTHA SHEPIHUil HEATPO-
unoB Hmke 1 MsB.

»  Kupriyanov 1978 [17]

—_ 2.5k » Varnagy 1982 [19] i
E . x  Cance 1982 [20]
s % Zasadny 1985 [24]
d O Gul 1986 [26] |
= I e Kalinin 1987 [27] LaT i—
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% . v Salvador-Castineira 2017 [35]
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Neutron energy (MeV)

Puc. 9. (Ilserroit omraitn) Ceuenne nenennus 25" Np(n, f),
[IOJIy9eHHOE B HACTOMAIIENl paboTe, B CDaBHEHUU C IKCIIe-
PUMEHTAJBHBIMA JAHHBIMU JPYTUX aBTOPOB ISl SHEPrUuit
ueiirponos Bbire 1 MaB. IlpuBeennbie Ha pucyHKe ommb-
KU — IIOJIHBIE

5. Bakmoyenue. Ha HefiTpOHHOM BpeMsmpoJseT-
roM crekrpomerpe THENC 8 HUIT “KypuaToBckuii mi-
crutyr’ — [TNA®D npoBeneHbl n3MepeHnUs] CEYeHUs JIe-
nenus 23"Np(n, f) B quanasone sHepruil HefiTPOHOB JI0
500 MsB.

Ceuenne sestenns 2>"Np(n, f) usMmepsioch oTHOCH-
TesbHO cedenus jesenus 220U(n, f), KoTopoe sBsieT-
Cs PEKOMEHIOBAHHBIM IIPU ITPOBEJICHUN MOJO0HBIX IKC-
mepuMeHTOB. HeompeneleHHOCTD TOJIyI€HHBIX JTAHHBIX
cocrasuia 2-3 %.
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Puc. 10. (IIsernoit onnaiin) Ceuenne nenermus 2> Np(n, f),
HOJIy9IeHHOEe B HACTOAmeH pafoTe, B CPABHEHHH C IKC-
[EePUMEHTANBHBIMA JIAHHBIMA JIPYTUX aBTOPOB Il SHEP-
ruii Hefitponos Huxke 1 MaB B nuneiinom (BBepxy) u aBa-
Kbl Jorapudmudeckom (BHU3y) macmrabe. [Ipusenen-
Hble HA PUCYHKE OIIMOKM — IOJIHBIE (HEOIPEIETeHHOCTD
cranmapra — cedenns gererust 2>°U(n, f) — He yauTHI-
BAETCs )

Dopma FHEPreTUIECKOl 3aBUCUMOCTH CEYEHUST JIeJIe-
HUsl, TIOJIyI€HHAs B JAHHON paboTe, B OCHOBHOM COTJIa~
CyeTcsi C pe3ysIbTaTaMU BCeX PabOT, BBITOJTHEHHBIX pPa-
Hee Ha JIpYI'UX BPEMSIIPOJIETHBIX YCTAHOBKAX C UCIOJIb-
30BaHUEM Pa3JINYHBIX UCTOYHUKOB HETPOHOB, a TaK¥Ke
c onerkoit u3 ENDF /B-VIIIL.0 B o6sactn sHepruit Huxe
20 M»sB u ¢ onenkoit u3 JENDL-5 — Brime 40 M3B.

Takxke B manHO# paboTe OBLIM U3MEPEHBI yIJIOBBIE
pacIpe/ie/IeHns OCKOJIKOB Jejlennss 2> Np B Hccierye-
MOM JIMalla30He SHepruii HeiTpoHOB. B HacTosiee Bpe-
Ms BeJeTCst 00pabOTKa JAHHBIX.

ABTOpBI BBIPAXKAIOT HCKPEHHIOK 0JIaroJapHOCTD
E.M.UBanoBy m BceMy M€PCOHAIY YCKOPUTEJIHHOTO
ornena HUIL “Kypuarockuit macruryr’ IINAD 3za
[IOCTOSIHHYIO JPYZKECKYIO IIOJJIEPXKKY U CTaOUJIbHYIO

IIucema B 2KOTP Tom 120 BRm.5-6 2024

paboTy CHHXPOIMKJIOTPOHA BO BpEMsi IIPOBEICHUS
a takxke JI.C.QaneBy 3a MOMOIID

SKCHepI/IMeHTaJIBHOﬁ YCTaHOBKU U

9KCIIEpUMEHTA,
[IPU  CO3JAHUU
BBITIOJTHEHUY SKCIIEPUMEHTA.

PdunancupoBanue pabdorbl. lannas pabora ¢u-
HAHCUPOBAJIACH 34 CUYEeT CpeJIcTB Oro/pKera Harmonasb-
HOTO mccieoBaTeabekoro mearpa “Kypaarosekuit mn-
crutyT’ — IlerepOyprekuit MHCTUTYT SaepHON (busnkm.
Hukakux 1010 IHUTE/IBHBIX TPAHTOB Ha, [IPOBEIEHUE WU
PYKOBOJICTBO JIAHHBIM KOHKPETHBIM UCCJIEJI0BAHUEM I10-
JIy9€HO He OBLIO.

KoudumukT nHTEpECcOB. ABTODHI JIaHHONH PabOTHI
3asBJISIIOT, YTO Y HUX HET KOH(JIMKTA MHTEPECOB.
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