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The history of the Institute of Physics and Роwеr
Engineering (IPPE) dates back to December 19,

1945, when Laboratory "V" was established

Ьу а decree of the USSR Council of People's
Commissars as the country's first rеsеаrсh

organization for development of poweT reactors.

Laboratory "V" was incorporated into the First
General Office of the USSR Council of Ministers
tп |949 and was subordinated to the Ministry of
Medium Machine Building in 195З, keeping this

affiliation through all the later years and several

reforms of the Ministry. In 1960, the Laboratory
саmе to Ье referTed to as the Institute of Physics
and Роwеr Engineering, iп |994 its status was

changed to а State Scientific Centre, and in 1996

it was named afterA.I. Leypunsý.

Маiп buildiпg of the Iпstitute

Iп |949 through the early 1950s, A.I. Leyprnsky
organized initial calculations for reactd?s with
various соrе confi gurations, coolants, protection
features, etc., which largely shaped the plans fоr
subsequent development of the Institute and the

main line of its independent scientific activities

- the fast and intermediate neutron reactors.

As suggested Ьу I.V. Kurchatov, Laboratory
"V" was entrusted with the work on design of
the First Nuсlеаr Роwеr Plant uпdеr guidance

of Laboratory Director D.I. Blokhintsev. Thus,

in the first half of the 1950s, the efforts of
A.I. Leypunsky and D.I. Blokhintsev gave а

final fоrm to the Institute's lопg-tеrm research

рIоgrаm - which is valid to this day.

This long-telm рrоgrаm ofthe IPPE focused on

the following areas:

thermal neutron reactors for пuсlеаr роwеr
plants;

fast neutron rеасtоrs for пuсlеаr power
plants;
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reactors for nuclear роwеr systems of
submarines;

reactors fоr nuclear power systems of space

vehicles.

It was сlеаr that for the goals set to Ье attained,

the Institute needed strong experimental and

technological capabilities, and preparations to

this end were started in the early 1950s. А11 in
а11, the rigs it had and operated at IPPE included

7 research reactors апd22 critical facilities.

The АМ rеасtоr of the First NPP was one of
such experimental facilities, which served the

purposes of neutronic rеsеаrсh, studies in the

iolid-state physics, tests of fuel elements and

thermionic channels, isotope production, etc., to

the shutdown of the plant.

Owing to its unique experimental and

technological capabilities, the IppE succeeded

in guiding the design of mоrе than 120 various

reactor facilities, including the Амв rеасtоrs

of the Beloyarsk Npp, experimental fast rеасtоr

BR-10 (Obninsk), pilot fast reactor BOR-60
(Dimitrovgrad), the world's first fast роwеr
rеасtоr ВN-З50 (Aktau, Kazakhstan), fast reactor

BN-600 operating in the grid of the Urals, EGP-
6 reactors of the Bilibino nuclear co-generation

plant, pulsed fast rеасtоr IBR (Dubna), lead-

bismuth-cooled reactors for пuсlеаr submarines
(hulls 645 and 705), space thermionic conversion
reactors BUK and TOPAZ.
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Gепеrсt! t,iot rf BARS,6 (lhe cclres are Ьеhiпd а biologic:al
.yhielc])

The rеасlоr-апd-lа,sеr s|slепl of Rig В:
а lctser block raisecl; ь laser bloc:k loy,erec]

pttlse lllode

NumbeT of fissions pel рulsе in one core........< 2,10r'

NeutTot-t pulse duration .....,70...300 ps

Peak роl,п,еr.,.. < 10ll W

ЕffЪсtiче detayed пеutгоп fiaction .............. 0. 0069 [-,}.t1

Prornpt sшpercriticality .,... .....< 0.,l F.г-

Netlffon fluence irr the irradiation аrеа....< 2,10ra сm ]

Gаmmа dose in thе irTadiation аrеа ......,.....< 1000 Gy

Ganrma dose гаtе in the irradiation аrеа ,...< 10r Gy/s

slatic mclde

Por,ver"""""", ,S 10 kW

Neutron fluence in the irTadiation аrеа

очеr 100 min lvith operation at 1 kW..........-1Ora сm ]

curntllative dose in the in,adiation

аrеа реr shi1l (5 houTs) п,ith

opeтation at 1 kW.......... ...,..< 1000 Gy

Fast neutron fluх (>0. i МеV)
in the iгrаdiаtiоп аrеа with opelation

at 1 kW ..< 10|" crn :,s i
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BARS-6 core пlар.
1 .safetl,uпil; 2 сопlrоls; 3 ptlse rod; 4 shield,

5 sLtpporl пЙе; б rеасliliП regttlctor: 7 fuel clisk,s
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Lclser opti сs,\.|,slепl :

l ехреriпlеttlа! laser сhспlпеl; 2 separute ALEL;
З, 1 clieleclric,-coalecl tttill,ors o,f the laser сhаппеl rеsопаtоr"

5 12 ctltпlliпtпtl-coalec] ,slt'il,el пlirrоr.с: l3, l4 dielectric-
cotlted split пirrors; ] 5 1Е caloriпlelers КDУt-З"
]9, 20 lelescope lепsеs: 2] calorittleter BKDjv[

conditions ofa subcritical laser block controlled
Ьу the driver rеасtоr neutron flux.

А multi-channel system was set up fоr recording
dynamic power and thermal characteristics of
test specimens.

Near-tetm activities include:

upgrading of the radiation monitofing system

of the reactor and laser соmрlех;

optimization of the OKUYAN mосkuр
optical system;

improvement of the system for measuring
therTnal and mechanical parameters of irradiated
specimens during pulsed variations of energy

releaSe:

Lctser block mар:

a'-] оLпег paralrtп-Jilled пeutroll rеflесltл,;
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i,. j j

о
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+
l
a

Kl О Ьох,-ц,ре ittпсt,г,_,l1е, lo;

provision of а working рlасе for life tests

of prospective neutron and gamma-quantum

diagnostic systems.

\.LADIMIR vLADlMIRo\/
Supetl,isor oJ' lhe rеасtоr-апс1-1аsеl,

сопэрlех Rig В
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Fах, (18139) 6-82-25
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of the critical assembly, while the АС
components take up one tube each. In response

to an emergency signal, the shim and АС
components exit frоm the critical assembly at

the maximum speed.

The designs of the ЕР, shim and АС components

сору that of а fuel assembly, with the only
difference that the tubes of the CPS components

ате longer and there аrе slugs оr tubes with
neutron аьsоrьеr (boron carbide, Ьоrоп carbide
plus polyethylene, europium dioxide) аьоче the

top end screen.

The BFS-1 facility was used for studying

models of fast reactors, such as IBR-2, BOR-60
and ВN-З50.

The facility fuel is а composition of slugs of
plutonium and/or uranium metal (with 36 and/or
-90 

% enrichment in ?З5U) with slugs of fertile

оr feed materials, such as thorium metal,

uranium andloT dioxide ofdepleted urапium and

neptunium dioxide.

The BFS-1 assembly can simulate fuel of metal,

oxide, monocarbide and, in а longer tetтn, nitride

varieties. The fissile material inventory is large

enough (- 8 t of highly enriched uranium and

plutonium) to allow building full-size models of
cores and blankets oflarge fast rеасtоrs,

Тhе аmрlе quantities of neptunium dioxide and

thorium metal make it possible to carTy out

experimental studies of reactor cores designed

foi burning (transmutation) of miпоr actinides

оr producing uranium-233.

when critical assemblies аrе studied, miniature

fission chambers moving with the help of а

measurement device, measure the neutron flux

distribution in the critical assembly volume,

Fоr such measurements, miniature fission

chambers are placed in the space between the

tubes of the core and screens. During activation

measurements, the irradiated indicators ате

found in fuel rods between disks of the materials

forming the composition of the critical assembly

соrе.

маiп аrýаý cf studies
The BFS-1 facility is used for:

studies to substantiate safe operation of
sodium- оr lead-cooled fast reactors and rеасtоrs

of the WER type;

development and introduction of new

techniques for determining the neutronic

characteristics of fast reactors and WERs;

experiments for verification of neutronic

analysis procedures and codes for fast reactors

andWERs.

А sресiпlеп ф'thе BFS,l |ilel rod
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developrTent and introductiot"t оГ new

techniques fоr determinirrg the пеutrоlliс
characteristics оf 1аrgе fast reactors cooled Ьу

sodium:

experiments fог чегifiсаtiоп of пеutrопiс
analysis procedures and codes tЬr large sodium-
cooled Гаst reactors.

The BFS-l and ВFS-2 сritiсаl tЪсllitiеs serve
for experilnental studies оrdеrеd Ьу: the USA
(studies оп models of geological гepositories
оf higlrly enriched urапium to investigate
thеiг safety in the event of wаtег iпgгеss),

China (studies on models of the CEFR rеасtоr

ц,,ith urапium oxide fuel), Коrеа (studies on

models of the KALIN4ER rеасtоr rvith urапium
oxide and uranium-piutonium metal fuel),

Frапсе (соmраrisоtl оf measurement methods,

experimental investigations into the рrоЬlеm of
burning miпоr transactinides in а fast rеасtоr),

Japan (studies on rnodels оГ fast reactors of tl, e

BN-800 type fЬrNРР), lndia and other соuпtгiеs.

The BFS-I and BFS-2 facilities r,чеrе usеd fоr
experimental studies of SVBR-100 and BN-800
rеасtоr models. The utilization factor of these

facilities approximates 0. 80.

The BN-800 and SVBR modeling is completed,

studies on the Коrеап rеасtоr model is in
progreSS.

Considering that the BFS facilities hаче been

in operation for about 50 years, it is planned to

upgrade their engineered systems and to рrосurе
new materials for соrе models and hardware for

research work. These objectives аrе included in
the Federal Targeted Рrоgrаm (FТР).

The FТР "Nuclear Power Technologies of а New
Generation for the Period of 2010-2015 and to

2020" envisages upgrading and retrofitting of the

соmрlех of 1аrgе physical facilities fоr modeling
fast reactors and their fuel cycles with the aim
of completing validation of the design features

and safety characteristics ofBN-800 reactor and

providing for experimental studies on models of
fast reactors BN-1200, ВRЕSТ-з00, SVBR-100,
MBIR and other prospective reactors being
designed fоr NPP.

In view of the above, the сurrепt plan is to

continue using ВFS-l till 2030 and BFS-2
tiп 2035.

PHYSICAL MODEL ОF SMALL
ТRДNSРОRТАВLЕ RЕАСТОR MATR-2
The critical facility MATR-2 (small-size
transportable nuclear reactor) is а high-
tеmреrаturе uranium-water physical model of
а small nuclear transporlable reactor. МАГR-2
rеасhеd first criticality on August 2, |96З.

The facility is intended for investigating the

temperature effects of reactivity of uranium-
water lattices of small power reactors and

regular lattices to assess the operational safety
of advanced VVER and to verifir the accuracy of
their physical characteristic calculations.

MATR-2 has undergone several upgrades. Its

service life is extended to FеЬruаry 22,20|4. Critica ! Jacility, MATR-2
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а central cavity measuring 200х320х500 mm
in the соrе, intended for accommodation of test
objects, and а side beryllium reflector containing
12 placed in а circle and equally spaced rоtаry
cps elements with neutron аьsоrьеr material.

The central caviф has а propylene shell located
on its boundary to set up an intermediate neutron
spectrum in the cavity volume.

The radial and axial peaking factors of the

cerlified neutron and gаmmа-rау fields in the

central сачiф аrе estimated at 1.02 and 1.05,
respectively.

The FS-lM facility allows conducting radiation
tests of products in the central cavity of the
critical assembly at power levels up to 200
W during time periods frоm several hours to
several days.

Experimental
The effects of special factors achieved at FS-l-
4.37.R critical assembly include: total пеutrоп
fluence - 1.З,1015 cm-2; fast neutron fluence

- 5.5,101а сm-2; absorbed dose of y-quanta -
6.2, |07 J/kg; temperature - no higher than 55 ОС.

The metrological and dosimetric support of
radiation tests is provided frоm the workstation
of the FS-lM facility:

the on-line mode involves fission chambers
KNTK-2, -5, -8 andKNK-56 (forneutronfluence
monitoring), gamma counters SI-29B, diamond
dosimeter DKDa-01 (fоr absorbed gаmmа dose
monitoring) and thermocouples KTKhS-I (for
temperature monitoring);

the off-line mode involves activation
detectors (gold and nickel foils) of neutron
fluence and absorbed gamma dose (special
qlartz glass).

FS-l МJасiliц: iп sесliоп:
] core: 2 t:епlrаl cayio," 3 (|PS пеmЬеr; 4 berylliutп
reflet:lor; 5 |А; 6-CPSс:htlппеl

,Ё€}уýк,ý

ý&€ fl**

apabilities

Up to 200 W

Height of the critical assembly соrе 7z10+10 mm

volume of the critical аssеmьly соrе 167 drn]

Critical load in 2з5U

Reactivity, highest possible

worth of cps rods

Reactivity of test objects, mах

Delayed neufion fraction, eff.
(calculated)
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