Fyedor Shapiro & Pulsed
Neutron Sources in Dubna

6 April 2015 - 42 years of memory
Past does not quit the stage...

Futhermore, it strides ahead of the
present...

The present follows in footsteps of the
Past...

No knowledges, no experience without the
Past...



From the IBR history

= AcTtopua Havanacb B
O6HuHcke B 1955 T,,
Ha ceMuHape, rae
O.U.bnoxunues
U3N0XWN CBOIO UAEID
NyNbCUPYIOLIErO
peakropa.

= Dmitry Blokhintsev
had proposed the
pulsed reactor idea




The BlokhintseVv’'s idea of the

ulsed reactor
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Comprehensive
theory of IBR was g%
developed by

Igor Bondarenko (1926—1964) Yury Stavissky (1927-2010)

MNonHas Teopua UBPa 6bina Bnepebie co3naHa B 1956
roay U.W. bonpapenko (1926-1964) w

I0.4. CraBucckum (1927-2010)

Opyrve Teopun (D.Judd, 1945 . 3y6apes, 1956) ucnons3osanu He
COBCEM afieKBaTHbIe NPUBAMIKEHUA.



1959-1960

F.L. Shapiro, being a scientific leader of
LNPh, attentively followed the course of
the start-up of the reactor. In the
meantime, he was maturing plans of how
to use this “baby-toy of Blokhintsev” for
scientific research more properly.



July 1959
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July 1959 , Dubna







Sofia Shapiro in her memories writes:
“F.L. brought from Geneva Conf. 1955 the
idea of pulsed reactor”, I think, memory
lets her down: probably, F.L. Shapiro got
information about pulsed neutron
source in Harwell, England. In there,
bunch of fast electrons from linear
accelerator kicked neutron producing
target installed inside subcritical assembly.



Control room of the IBR in 1960




In the control room, Stavissky, F.L.
Shapiro, Blokhintsev and I.M. Frank
discussed how to create on the base of
IBR a pulsed booster with multiplication of
100-200 instead of 10 in Harwell.

As a result, such pulsed booster was
created in 1964. Long duration of the IBR
| pulse was shortened down to 4 mksec.

This achievement was rewarded with the
State Prize of USSR , and F.L. Shapiro
was among the recipients.



Sketch of the pulsed booster in
LNPh , 1964




Ho MyapbiM reHuem Lanupo

bbin BUAEH AanbHUA FOPU3OHT,
[ne MeraBaTTHbIM MAaCTOAOHT

B ero Meytax BCTaBas Hag MUPOM.
Tak Hawwm cyabbbl Aep3KMn B3rnsa
Pewwnn 15 net Hazag.




We started it ourself!

It was 1964 when the work to formulate
basic principles for powerful pulsed reactor
for condensed matter researches began.
And F.L. Shapiro was an initiator of the
work.

Nevertheless, opinion exists that the
beginning of the project of IBR-2 was
ignited with SORA project which were
firstly announced by Prof. Kley in May
1965. I'll try to prove fallacy of this
opinion.



MNocrnenHwe cTpaHnlsl padodero xypHana E.01.
Labanvna 1963-1965 rr.
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Factual evidences of that

optimization of a powerful pulsed reactor had

been done in Dubna regardless of SORA

project:

= 1. Results were presented at the Conf. on
Research Reactors, Budapest, Nov. 1965 by
E. Shabalin (were published later on in

Kernenergie V 9, #12 1966 with reference
to the Budapest’s Conference) .

But the first talk on SORA project had taken
place in May 1965 (Prof. Klein)



CoBpeMEeHHbIE UCTOYHUKU AR
HEWTPOHHbLIX UCCnenoBaHun

Grenoble ISIS NbP-2M SNS 2008-2010
MoLyHocTb Tennosas 650 0.18 2 [ A =D
VBT 1500
[1noTHOCTL NoToKa 50 < 1.2 0.7 ~ 2 =4
XONOAHbIX
HENTPOHOB
H/c/cm? 1012
[loTOK XOnoaHbIX - <72 35 ~ 10 =15

HENTPOHOB Ha OAVH
nmnynec , 1012

(co Bcen noBepxHOCTH
3amegnurens )
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Bpy4eHne megann um. ®paxka
xexy KapnenTepy (eTopow cnpasa) v tOpuio
Craeuccrkomy (nepebiv cnpasa)
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C Cepeeem [loaurxanoevim Ha nepeomatcKou
demoncmpauuu. Mockea, 1948



s 1991, PANS-I, ly6bna
0.KapneHtep, 0. Crasucckum, P. JIoHr, B. AkceHos



Copok aem nyabCupyrouum peaxmopamn.
Ha mennoxode no Bonee.



KomaHObl BeTepaHoB, 1974







CTATEA B.M. MOHTEKOPBO

9 oxrabpsa 1970 r, @ N 282 (19060 immmam

Ha conckamie Locypapcrsennon npeMym

B I'/TYbH

BEII

B ObbeguncEsoM mECTHTYTE
ARCPHBIX HCCACROBARME BOT yaxe
10 xer paGoraer egmECTEERDEIE
B MupE mMUYAbCHuH, OnicTphIf
(1. e. paboraomuii \a OnIcTpRIX
HelfTpoHax) peaxTop OepUOKH~
HecKoro  peiicrens — WBP. C
€r0 HOMOMBIO YUEHLIE COLMANN-
CTHYECKAX CTPAH YCOEHO 110-
'CTHIKIOT 33KOHOMEPHOCTH CTPO-
CHIA BemecTsa.

Tpyaso uwepeolienuTs orpoM-

- BOE 3HAYeHme, KOTOPOE HMEIT
B COBpemennod husMke mceie-
NOBAHNS B3aMMOAEHCTERA Helir-

,\-goam KAk C OTACALHLIMY 9aCTh-

970, He HMes
EKTPHIECKOT0 3apsajia, Heiir-
\POH  JIeTKO [POHHKEET B T/Y6h
\JBfmecrsa.  Mzywas nobefenue

UTPOHOB, GoMOapaupyomux

HIICHb, MOMKHO OOJY9HTb HeH-
HEIC €BeJCHWA O CBOHCTBax Be-
(WECTBA MUMICEH, a  TaKske o
¢cBolicTBAX  camoro HeiiTpona.
Ecnu scrommuts, xpome Ttoro,
“4TO  BMEHHC  B3auMolelicTBue
ALep ¢ HEHTPORAME JeKUT B OC-

LIADA _ ararrorvsosam e -

bl

ECTBA

CHEKTPOCKONNH, B  peaxrope
VIBP, wacte Reasmerocs seme-

CTE3 BMOATHPOBAHA B {HICTPO -

Bpamaiomnica cTansHOl ZuCK.
Ucnonwsosanue atoro mpunnuma
GONY9eHNs HMOYJILCOB NO3BOJR-
70 YyCTPaHWTh REAOCTATKH, UpPH-
Cymize peakTopam <B3pLIBHOTO®
neiicrsus. UBP renepapyer um-
IyJIbCH  HEHTPOROE HPOAOMKH-
TEALHOCTRIO 110 40-—60 MUKDPO-
CeKYBA 70 30 pas B CEKYBAY; B
TE€ICHUE MHBOTUX JET OE CHOCO-
Gen paborats Ges aaMensr 3apa-
Aa s/epHOTe TOHNHEA. i

P— yaobamii v pafexnni |

HHCTDYMEHT [/ HCCACHOBRHUH
€ OOMOmbI0 melTpomor. Sro
AOKA3AHO JEecATKOM JeT Gea-
aBapuiinol v JemeBoii ero sxc-
DIYaTANME 4 MHOMXECTBOM SKC-
OCPHMEHTOB, BLINOJHEHHBIX B Ha-
Goparopun HeliTponuoi uzukn
ObneimEenaoro UHCTHTYTA
ANEPELX HBccrenoBanui, - Cpenn
CaMBIX CYMECTBEHANX B BAXHBIX
MOKHO YOOMARYTh HCCAEHOBA-
HAS, 3HATATENLHO PACHINPHBIIHE:
Hally 3nanAs; paboTH ¢ EOASPH-
S0BAHULIME HEHTPORAME OTHOCH-

BUH—WIDF OHJ CO3IaE Kax
HOBBHIH THO HACTOYHHKa [As
HeHTPOHEHX HCchefobanpii oo
METORy BDEMERY  HPOJETA.
Momane ncTOunNKE HEHTPOHOB
# paHee co3naBanuck Ha Hase
A0EPHBX peakTopos, Onpako
Gonsmne TPYAHOCTA 3aKAIOYA-
auck B paspabortke addexTus-
HOTO ciocofa smoAyAaunm HeiiT-
- pOBHOTO uoTOoKa. TpagunuonHas
YCTAHOBKA MeXaHHUeCKHxX npe-
pplBaTened HA CTANWOHAPHHX
(HEenpepHBARX) pEakTOpax, a
TAKXe HCHOAb30BaAHHE TaK Ha-
3LIBAEMHX <B3PHBAIMHXCAY
peakTopos (B TOM 4gHcAe =
ARCPHHX B3PHBOB), APaKTHKYe-
MBle 0 CHX 00Op, 0b6majgalor cy-
LIECTBEHHHBIME HENOCTATKAaMH,
Ha cranuomapsHz peakTopax

B METOAMKE BPEMEHH OpPOJETa

[101€3HHY [I0TOK HEHUTPOHOB CO-
CTaBnfgeT AMMIb [EcATHE AOIH
OPOLEHTZ  OT BCErO OOTOKA
BCICACTEME ODHUMEHEHHS Bpa-
‘OIalmeroca mpepuBarend. Biaa-
rofapd HMIYABCHOMY XapakTe-
py paborn WIBP ero MOMHOCTE
ECHOJb3yerca MEOro atdexTus-
Bee. OTOT MajeHsKHMH no pas-
Mepy # npocToif B obcaymxusa~
HAW DEAKTOD C TEOJO0BOH MO~
HOCTEI0 BCero 20 RHICBATT 3K-
BABRJACHTEH (B MCCAENOBAREUAX
¢ MCRNeHHBIMH HeliTpoRaMu me-
TONOM BDEMEBHM MpOJETa) pe-
aRTOPY-THT2HTY  CTRIHMOHAPHO-
ro AcHCTBHA MOIMHOCTBIC B je-
CHTKH MeraBarT,
AMEDEKAHCKAE  HMOYABCHHE
peaxropsi, paboramomue Ha
OPUENHUIEC TENAOBOTO CaMorame-
HHA OemHo# peaknuM, remepu-
PYRT aMOVAbRCH HelTpoHos mHE
game 2—3 paz B =ac. Ota
<B3pLIBAIOMUECH> PeaxTopH
nMeloT HeGonsmOoR CPOK CAYK-
05 ©3-33 BHCOKHX MexXaHuue-
CKUX HATPY30K HA KOBCTDYKLUE
BO BDEMA BCIMIIK® H He rogsr-
€1 gaa  menet meltrpomzoi

tvay © A yunC ublJdd UCYLLCCE- ¥

BAacHa COBMecTHasa pafora aByx
AlepHBIX yCTaHOBOK — HIBP =
2JIEKTPOHHOIO yCKOpUTEAS
{MUKpPOTpOHA), CHenHanbHO CO-
3namBoro gas atoi uesan. Cus-
T€3 ABYX YCTDOUCTBE OO3BOJARA

‘Gonee wem B 10 paa coxpaTuTh

BJAUTCABEOCTE HEUTPOHHON
BCORIHMIKA H TEM CaMblM YBEIH-
9HTE TOYHOCT H3MEPEHHA CKO-
poctelt mefiTpona. .

Beon B pgeiicrene UBP 1 cu-
CTEME <WIBP 4- MEEpOTpPORS,
ycneiias — geMOHCTpanus WX
BO3MOXKHOCTEH B SKCNEpHEMEH-
TaNbHOH $u3uKe BH3BAIH Mmu-
poroe oficyxiieEre B HaydHOM
MHpE [EPCNEKTHE UPHMEHEeHHA
HMOYJABCHWX PEaKTOPOB (B TOM
sucae paloTaXIHX COBMCCTHG
¢ ycxopurenem). Pe3yasTaToM
AUCKYCCHR HBWJIOCH NOSBACEHE
¥ Hac H 33 pydexoM paia opo-
EKTOB  MOMHHX HAMOVALCHEX
peakToOpPoB Ba BHICTPHIX HeliTpo-
HAX OEPHCAUICCKOTC JeiicTBug,
caegyiomux cxeme FMBP =nm
<WBP -+ mukporpons. Jeno B
TOM, 9TO COBDEMEHHHIE CTANMHO-
HADHBIE HCCASNOBATENLCKHE pe-
&KTCPE! YyiKe UpubIH3NIACE K
OPaxTHIECKOMY <NOTONKY>
HeHATPOEROTO 1OTOKA, 0GYycaos-
JICHROMY OBICTPHIM BHITODaHHEM
ANEPHOTC TOIIMBA # TEXHOJAC-
[UYECKAMNA  TPYAEOCTSMY  OX-
naxzpenns, Byiymue mMmyisce
HBIE DEAKTOPH OO3BONAT MPe-
OZ0JETh 9TOT <UOTOJNOK,

3a co3jadie OpPUHNUNA WM
OyALCHOTO pEAaKTOP2 HepHOLn-
4eCKOro nefcTBHa B ero BomJjo-
medye rpyia yIeHsE B HHEKe-

HEDOB  BHIABHHYTA H3 COHMCKa- |

uue Tocygapcreennolf  npeMun

CCCP. Bez commenust, pabora

IO CO3XAHMIO H YCOBEPUIEHCTEO-

samuy VIBP 3acxyxuBaer ca-

MOH BHICOKOHM OIeHKH.

' Axafemux.
B, NOHTEKOPBO.
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UEHTPAJIBEN{ HAYYHO - WCCIEIOBATEABCKUA
VHCTUTYT TOCYIAPCTREHHO{ SKCUEPTHH

ODHAKTITOD

——

7. locKea, C e wooomIo7 .
BepemKOBCKAn Ha0.,18

IuperTopy OCBERMHEHHOTO
HHCTHTYTa AAePHHX HCCI8LOBAHUE
TOB. HKaplnoBCckoyy B.J.

Konnsas laGaanny E.l.,
Yafirney Bl.l.

Hacroguum cooluaw, 4ro EOPA KOHKYpCa [PeZJIOReHmi
N0CHCCOCY YNaKOBKA CTeHIARHO# TapH NpMCYAUI0 33ABKE COTRyA-~
HAKOB BameTo MHCTUTYTa T.T. WABANAHA E.Il. u YAAKAHA B.H.
BTOPY( [IPEMUN, lpomy cooOmATH JUHAHCOBHSE HOHASPIUSHIH BHUG-
YKa33aHHHX COTDPYAHMKOB A/ MepeCHIKW BOSHATDAaWAcHWA HE N037Ree

29-19 uspTa 1974 r.
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peaxkTopa sHauende B B NMPAKTHUECKH HHTEPECHLIX CIydasx BCEraa

Goapllie 2.
B = 8;{*/051[2 UT.

JHeprua umnynbca:

= 9 o~ 3,3 exp (—:— B) .

S ' ai/E Ua:nfz




Bexwu nctopumn NBP n UBP-30

[ara CoObITHE JIromu, KOJJIEKTUBBI [Tpum.
1955, ocenb. Poxnenue naeun J.W. broxuHnies
MYJIbCUPYIOIIETO PEaKTopa
1956, deB. — Teopus MyJIbCUPYIOIIETO peakTopa N.N. bongapeHko u IIpaBunbHas!
MapT 1O 4. CraBucckuii
1956, mait Havano npoextupoBanus bP OOU, [TUAM (I'.E. baoxun), HTHAN-
58 (I'pabun), «9»
(U.C.T'onnoBHUH)
1957, Becna Hauano crpoutenscTBa B JlyOHE C.K./Hukonaes u p.
1959 , nero Kpurcrenn B Jlyone, 3. 45 1O.4. v rp. ®OU, B.H. Jlepsirun u rp.
Mononexu JIHD
1959-1960, Bropoii kpurcreny Te xe Jlig yrouneHus
3uMa napamerpa ¢
1960, ®usnueckuii nyck UbPa Te xe 26 pabor g0 1961
23 uioHs (OTKPBITHIX)
? [Tonomka nopmunuauka OI13 Beenu nonosH.
MOJLIUITHUK
1963, neto Cuuxenue ckopoctu OII3 ¢ 5000 no W3-3a BeIyurBaHMS

3000 06/MuH

MeMOpaHbI




Bexwu nctopumn NBP n UBP-30

1963, 3uma 3amena aucka OII3; 3amena BII3 B.I1. Boponkun, Kb JIH® (b.U.
Boponos, A.B. AHIpocoB u 11p.)
1964 VYiydieHue oXJIaxaeHus , OBBIIIICHUE B.Jl. Ananbes, B.T. Pynenko
cpeaHer MontHocTH 10 3 1 6 kBT
1964 Co3znmanue MUKpPOTPOHA N.M. Maropa, C.I1. Kanuna, P.B.
Xapbro30B
1965, nauaso 3anyck nepsoro B mupe umnyJascioro | .M. ,/P.B,, 10.4., B.JI., B.T., E.IL.
rojga oycrepa [[Ta6amuu
(MUBP + MUKpPOTPOH)
1965 JIMCTaHIIMOHHOE YIIPABIEHUE B.I1., Kb JIH®
ckopoctsimu OIT3 u BIT3
1966 Pexum nakera uMnyibcoB B.II. ITnactunun, E.I1.
1968 , neto PexxuM penkux UMITYIbCOB (5 CEKyHIT) B.T., E.IL
1968, Otkpeitue Y XH na bPe u 3aBepmienue | @.JI. [lanupo ¢ rpynmnoi
aBrycr pabotsr UBP-1
1969, Mycxk UBP-30 (20 kBT1) N.C. T'onosuus, B.T., B.1.
10 nronst KoHcTranTuHoB
1970, [Tyck ycxopurens JIY3-40
24 mapTa
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[MoABMXKHbBIM OTpaXkaTeNb
peLweTyaToro Tmna ass
NBP-2 n UBP-2M
(ycTtaHoBneH Ha VIBP-2 B
2004 r.)

KoHcTpykTOop - HUKUST







Bexu

ucropun 6P n UBP-30

1970

Havaino pa6orsr UBP-30
HONIEPEMEHHO B PEXXUME
peakropa u Oycrepa

1971

IIpucyxnena I'ocripemus
CCCP «3a coznanue 1bPa n
HbPa ¢ nHxkeKTOpOM»

1972,
HIOHb

SAnepunas aBapus na UbP-
30 B pexxnMe peaKux
HMITYJIbCOB

[Tyck UBP-30 nocne 3amMeHbl
MOJIOBUHBI 30HBI

Pasrepmernsanus TBaI1a
OKOJIO MUILIEHU

PexoncTpynpoBan
a MULICHb

1982

OTkppITHE HapyLIEHUS
IIPOCTPAHCTBEHHOU
YETHOCTH B HEUTPOHHBIX
pe3oHaHcax

JL.b. Ilukensuep, B.I1.
AnpuMEHKOB U 11p.

1987

Hauaino pa6orst UBP-30
TOJILKO B pexume Oycrepa,
10 kBt

Kaxk ciencrrue
UepHoObLIs

2001,
15 urons

Bruisog UBP-30 u3
IKCILTYyaTAIMH

1990

Hauvaino pa6or no HUBP
(MPEH)

IO II. ITonos, BT. Pynenko




= W3BeCTHO HEMaNo NPeanoXeHHbIX PasHbiX TUNOB
MOAYNALUMN PEAKTUBHOCTU U KOHCTPYKLMW
MOAYNATOPOB: NOABWXIHbLIE BKNAALIWW YpaHa
(UBP-1), ucnonb3oBaHue BNUAHUA MAarHUTHOIO
NONA Ha nepeHoc HeutpoHos (B.B. Opnos),
W3MEHEHWE CTENEeHU reTeporeHHOCTY aKTUBHOW
30Hbl, ABVMKEHWE YaCTen aKTUBHOW 30HLI NoA
NEUCTBMEM TENNOBbLIX YAAPOB, bbiCcTpoe
ABWOKEHUE «NYNb» U3 NNACTUKa CKBO3b pPeaKkTop

(YAYOI) v T.24.



s [pakTvuyeckn npyeMneMbiM MOAYNATOPOM
PEAKTUBHOCTU ANA UMNYNLCHOrO peaKkTopa Ha
BbICTPLIX HEUTPOHAX OKA3ANCA TO4BHIKHLIN
Bpalyarowmmca otpaxaress (MNO) ¢
rOpU3OHTaNbLHOW OCbIO Bpawenua. [.WU.
BnoxuHUEeB B CBOe BpeMA HAaCTOAN UMEHHO Ha
NPUHUMMNE BPALIEHWUA, @ He NOCTYNaTeNnbHOro
ABWOKEHWUA, U NPaBUNBHOCTbL TaKoro pelleHus
6bina noaTeepxaeHa 20-NeTHEW yCnewHoW
paboton peakrtopa UBP-2
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Diagram of the moveable reflector of the SORA
reactor: 1) Core; 2) Beryllium block (moveable
reflector proper); 3) Rotor; &) Coupling key.







LnumensHocmbe UMMYNsca:

_ [8In2-z 2(In2-6B)
", 3(n2-4B)

2w7iIn2

O, = 3arcsin(l—
0

AK

320 Mkc = 220 Mkc = 130 MKc (245 MKC)

[ OMOreHHbIe Tpesybel PelleTo4Hble
Ooro v Ano Aaro nonactn MP

|




