SODIUM HANDLING TECHNOLOGIES FOR FAST REACTOR DECOMMISSIONING: A REVIEW

https://doi.org/10.52676/1729-7885-2026-2-176-184
YOK 621.039.526

SODIUM HANDLING TECHNOLOGIES FOR FAST REACTOR DECOMMISSIONING: A REVIEW

K. O. Toleubekov’, N. E. Mukhamedov, A. S. Surayeyv, S. A. Dolzhikov

Institute of Atomic Energy NNC RK, 10 Beibyt atom st., 180010 Kurchatov, Kazakhstan

* E-mail for contacts: toleubekov@nnc.kz

Sodium fast neutron reactors currently demonstrate the highest technological readiness for industrial operation and
transition to a closed nuclear fuel cycle. At the same time, the expansion of the fleet of nuclear power plants with fast
sodium reactors in the future will inevitably lead to the need to solve the problems of their decommissioning. One of the
key challenges of this stage is the management of sodium as a coolant, which is due to its physicochemical properties.
These physical and chemical features significantly complicate the processes of dismantling and decontamination of reactor
plant equipment. In this regard, the accumulated experience in management of sodium during the decommissioning of
experimental demonstration fast sodium reactors is of particular value. Thus, this article provides an overview of current
and promising sodium management technologies at the stage of decommissioning sodium fast neutron reactors.
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1. INTRODUCTION

Fast neutron reactors are a key element in the
implementation of a closed nuclear fuel cycle, which
can significantly reduce the need for natural uranium and
involve significant reserves of depleted uranium in the
fuel cycle [1-2].

The first fast neutron reactors were commissioned in
the USA (Clementine, 1946) and the Soviet Union (BR-2,
1956). Mercury was used as a coolant, but subsequently
its use was abandoned due to unfavorable chemical,
thermophysical and corrosive properties [3-5].

Currently, sodium and lead [6-7], as well as sodium-
potassium [8] and lead-bismuth alloys [9] are used as
coolant in fast reactors. Sodium is the most common
coolant for fast reactors today. Sodium fast reactors
(SFR) have gone from experimental installations to
pilot demonstration nuclear power plants [10-11] and
are considered in the near future as the basis for serial
industrial implementation [12].

The development of the concept of decommissioning
SFR is getting particular relevance in preparation for their
industrial introduction. This stage is the final and one of
the most important in the life cycle of any nuclear power
plant, which necessitates its consideration already at the
design stage.

In general, the SFR decommissioning strategy is based
on the accumulated experience of thermal neutron reactor
decommissioning [13]. At the same time, the use of sodium
as a coolant significantly complicates the dismantling of
the main and auxiliary equipment due to its high chemical
activity in contact with water and air [14].

Under these conditions, the accumulated experience
of decommissioning pilot demonstration SFR serves as
a technological basis for effective and safe disposal of

sodium [15-19]. Analysis of the sodium management
technologies used in closed pilot experimental plants
allows us to form a reliable basis for developing an
effective strategy for decommissioning serial industrial
SFR. In this regard, this article provides an overview of
current sodium management technologies at the stage of
SFR decommissioning.

2. MAIN SODIUM MANAGEMENT TECHNOLOGIES DURING
SFR DECOMMISSIONING

Sodium is the most commonly used coolant in fast
reactors due to its thermophysical and neutron properties,
such as high thermal conductivity, low saturated vapor
pressure and weak neutron deceleration. These features
ensure efficient operation of the fast neutron reactor [20].

At the same time, the use of sodium leads to a number
of serious technological difficulties, including at the stage
of SFR decommissioning. The high chemical activity of
sodium, as well as the difficulty of cleaning equipment
from sodium, significantly complicate the dismantling
of main and auxiliary equipment. In this regard, the
completion of SFR decommissioning requires the
development of special technical solutions [21].

In general, the concept of sodium management during
SFR decommissioning is as follows [22-23]:

1) Purification of sodium from radioactive
contamination;

2) Sodium drainage from main and auxiliary
equipment;

3) Treatment of internal surfaces of equipment from
sodium residues;

4) Reuse or processing of sodium for safe long-term
storage as radioactive waste.
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2.1. Purification of sodium from radioactive
contamination

The SFR use a three-loop coolant circulation system.
Liquid sodium is used in the first (primary sodium) and
second (secondary sodium) loops, while water is used in
the third loop. Consequently, the sodium in the first loop
is exposed to the highest level of radiation due to the
direct contact with the reactor core.

During SFR operation, neutron irradiation leads
to the formation of activation products in the primary
loop sodium and its impurities. The main contributors
to radioactivity are the isotopes Na-22 and Na-24 [24].
Additionally, during long-term operation of the SFR,
radioactive corrosion products (Mn-54, Co-58, Co-60)
and fission products from fuel rod leaks (Cs-134 and Cs-
137) accumulate in the sodium [25-26].

The experience of SFR operation shows that the main
radionuclides determining the primary sodium activity
are Cs-134 (T,, - 2.1 years) Na-22 (T ,— 2.6 years),
Co-60 (T,,— 5.3 years) and Cs-137 (T,,— 30 years).
The radioactivity of the secondary sodium is low and
rapidly decreases to a safe level after reactor shutdown.
At the same time, the activity of long-lived radionuclides
depends on the reactor’s operational duration and power,
the amount of sodium in the system, and previously
implemented measures to reduce activity [27-28].

Thus, the residual radioactivity of the primary sodium
after reactor shutdown poses several challenges for
ensuring radiation safety. Accordingly, the first step in
managing primary sodium during SFR decommissioning
is to reduce its radioactivity prior to drainage.

Initial storage of sodium reduces activity due to decay
of radionuclides such as Cs-134, Na-22, and Co-60. For
example, in 2001, the specific activity of radionuclides
in the primary sodium of the BN-350 reactor was studied
following its shutdown in 1999. The analysis showed that
the specific activity of radionuclides in the primary sodium
was less than 3% of the activity of Cs-137. The specific
activity of the primary sodium in 2003 was approximately
7.25 x 10® Bg/kg, with Cs-137 contributing more than
97% of the activity of the primary sodium [29].

Thus, as aresult of initial storage, the main radionuclide
contributing to nearly all of the primary sodium activity
is Cs-137. However, the specific activity of the primary
sodium remains high (shown in the example of the
BN-350 reactor). This poses risks to personnel and the
environment. Therefore, after initial storage, the primary
sodium must be purified from cesium before drainage.

Currently, the most commonly used and technically
proven method for removing radioactive cesium from
sodium is based on the principle of cesium sorption using
graphite materials [30]. The use of graphite materials to
remove radioactive cesium from sodium began in the
1970s. The need for such purification arose due to the
increase in the specific activity of cesium in sodium.
This led to an increase in the radiation background in

the reactor facilities. Sorption enabled the extraction
of radioactive cesium directly from sodium, thereby
reducing the accumulation of radiation on the surfaces of
equipment [31].

The BN-350 reactor primary sodium decontamination
system during it decommissioning is an example of the
use of this technology. It was developed on the basis of a
design that was previously successfully used in cleaning
the primary sodium of the EBR-II reactor [32].

The sodium purification system included seven
sequentially connected cesium traps. The cesium trap was
a steel vessel, inside which there was a graphite sorbent
in the form of stacked disks. Gridded vitreous carbon of
RVC grade was used as a sorbent. Figure 1 shows the
scheme of the cesium trap of the BN-350 reactor [33-34].

1 —shell; 2 — bottom plate; 3 — top plate; 4 — inlet pipe;
5 — outlet pipe; 6 — inlet nozzle; 7 — central inlet pipe;
8 — perforated plate; 9 — graphite; 10 — mesh filter,
11 — electrical support frame; 12 — electrical conduit support;
13 —label; 14 — support leg; 15 — thermal insulation.

Figure 1. The scheme of the cesium trap of the BN-350 reactor

The principle of operation of the primary sodium
purification system is based on the forced circulation
of sodium through cesium traps. Sodium enters the trap
through the central inlet pipe (pos. 7), after which, by
changing the flow direction and reducing the speed, it
passes through the sorbent layer (pos. 9). After passing
through the sorbent, sodium passes through a mesh filter
(pos. 10). The filter is designed to retain possible sorbent
particles in sodium. The purified sodium is then passed to
the next trap for further purification and finally returned
to the primary system.
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The principle of purification of sodium from
radioactive cesium used in the decommissioning of the
British PFR reactor is largely similar to that previously
described. At the same time, unlike the technologies used
in the BN-350 and EBR-II reactors, the purification of
sodium from radioactive cesium was carried out after its
drainage and chemical neutralization [35].

The method is based on draining sodium from the
reactor vessel and other systems. Subsequently, the sodium
reacts with a large amount of water. A controlled reaction
produces an aqueous solution of sodium hydroxide. This
reaction is known as the NOAH process (see Section 2.3
of this article). The aqueous sodium hydroxide solution
is then neutralized with hydrochloric acid to form an
aqueous sodium chloride solution.

The resulting sodium chloride solution was purified
of Cs-137 using an ion exchange method with selective
sorbents. The central component of this method is special
ion-exchange columns through which the sodium chloride
solution is passed. The columns are filled with specialized
resins that selectively capture cesium ions.

2.2. Sodium drainage

Sodium draining is the next important stage in the
decommissioning of SFR. It is necessary to enable
the subsequent dismantling of the main and auxiliary
equipment. The sodium draining methodologies applied
in different SFR decommissioning projects are largely
identical in most aspects, taking into account only the
design features of specific facilities [36].

Creation of conditions for sodium draining

Sodium draining is a complex engineering task. The
complexity of sodium draining is due to its high chemical
activity, as well as the need to maintain sodium in a
liquid state. Maintaining the sodium temperature above
its melting point is necessary to ensure that the metal
remains liquid and flowable (typically 120-150 °C). This
enables the safe and efficient draining of sodium from
pipelines, heat exchangers, and equipment. Draining of
highly chemically active sodium is made possible by
establishing an inert atmosphere (most commonly using
argon). The free volumes above the sodium are filled with
argon, which prevents contact with air and moisture and
thereby reduces the risk of ignition or explosion.

Draining of the main volume of sodium

Drainage of sodium from the reactor vessel, the
primary and secondary circuit systems is carried out
through standard or specially created drainage systems.
The sodium is drained either by gravity or using drainage
pumps. To increase the efficiency of drainage, additional
purging with an inert gas is applied. This allows
displacing additional volumes of sodium from pipelines
and equipment.

Draining sodium from the primary and secondary
circuits is generally similar to each other. The design
of the primary and secondary circuits allows for almost
complete removal of sodium through the combined use

of inert gas purging and maintaining the equipment
temperature above the melting point of sodium. At the
same time, the complex geometry of the reactor vessel’s
internal area leads to the formation of sodium pockets that
cannot be drained or displaced by purging.

A complicating factor is that the sodium in the reactor
vessel is radioactive, although its activity has been reduced
as a result of purification from Cs-137. This significantly
limits the possibility of physical access and makes the
complete removal of sodium potentially hazardous for
personnel. Therefore, ensuring the full removal of sodium
from reactor systems requires the use of specialized
methods for handling and removing residual sodium,
taking into account both the radiological conditions and
the high chemical activity of sodium.

In this regard, additional methods such as drilling and
laser cutting of the internal components of the reactor
vessel have been developed to facilitate the drainage of
residual sodium [37]. The decommissioning of the BN-
350 [38], PFR [39], and Superphénix [40] reactors serves
as an example of the application of these methods.

1— drainage collector, 2, 3 — pipeline; 4 - pressure sensor;

5 — reactor vessel water seal; 6 —valve; 7 — drainage tank;
8 — flow meter; 9 — drainage channel; 10 — throttle sleeve;
11 — reflector; 12 — boundary of the designed drainage system;
13 — induction pumps

Figure 2. The scheme of sodium drainage in the reactor vessel
of the BN-350 reactor
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A distinctive feature of sodium drainage in the BN-
350 reactor was the presence of a large volume of sodium
below the level of the pressure pipelines. To achieve
complete drainage, a drilling device was developed that
could reach the bottom of the reactor. The system included
a drainage pipe in the central channel, a drainage tank,
and pipelines connecting the device to storage containers.
A key challenge of the process was drilling inside the
reactor containing liquid sodium at ~ 300 °C at a depth
of more than 13 m. Figure 2 shows the scheme of the
drainage system of the BN-350 reactor.

In the case of decommissioning the British PFR,
during sodium removal a significant portion of the sodium
remained inside the reactor vessel, the primary circuit,
and the core support plate. As a result, a special drilling
machine was developed to drill through the upper plate
of the core support structure and the thermal insulation in
order to release the trapped sodium, as well as equalize
the sodium level between the inner and outer pools. A
specific feature of the process was that the drilling was
carried out inside the reactor filled with liquid sodium at
a depth of 14 m.

A pipe-piercing machine was also developed. It was
used to facilitate the removal of residual sodium from the
core support plate and from the primary sodium pump
discharge lines. The machine destroyed sodium pipelines
inside the reactor using a hydraulic press. At the same
time, it could be installed only after the sodium level in the
reactor dropped enough to open the pump outlet channels
and the operator could control the direction of the press.
Figure 3 shows the general scheme and appearance of the
pipe-piercing machine.

Figure 3. The scheme and appearance of the pipe-piercing
machine

During the decommissioning of the Superphénix
reactor, the presence of significant volumes of residual
sodium retained in the pipelines of the primary circuit was
revealed. The «Charli» remotely operated robotic system
was developed to solve this issue. The robot was equipped
with a manipulator with a laser cutting head.

It was introduced into the reactor vessel and moved
along the internal structures to the areas where sodium
was retained. Laser cutting of the elements that retained
residual sodium allowed it to flow into the lower part of
the reactor vessel. Thus, sodium could be removed and
processed. Figure 4 shows the appearance of the «Charli»
robot [41].

Figure 4. The appearance of the « Charli» robotic system

Chemical neutralization of sodium residues

As aresult of draining and the application of additional
technical solutions, the bulk of the sodium can be removed
from the reactor systems. At the same time, part of the
sodium inevitably remains in the systems in the form of
films and local accumulations. In this regard, prior to the
start of subsequent stages of SFR decommissioning, it
is necessary to neutralize the residual sodium to ensure
safety.

The most well-developed method for handling
residual sodium is chemical neutralization. Chemical
neutralization methods are based on converting residual
metallic sodium into a chemically more stable and safer-
to-handle form. This makes it possible to ensure its safe
removal [42].

At present, several methods of chemical neutralization
of residual sodium are known, which have been applied
during the decommissioning of SFRs:

1. Hydrocarbonation method

In the context of residual sodium passivation during
the decommissioning of SFRs, the hydrocarbonation
(carbonation, passivation) method is considered one of the
most widely used and preferred approaches. It has been
applied during the decommissioning of the EBR-II [43],
BN-350 [44], Phénix, and Superphénix reactors [45].

The physico-chemical basis of the hydrocarbonation
method is the interaction of humidified carbon dioxide
(CO2) with sodium. The presence of water vapor in CO:
leads to the formation of a sodium carbonate (Na:COs)
layer and the release of hydrogen (H):
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2Na + 2CO: + 2H.0 — 2NaHCO:s + H-
2Na+2H,0—2NaOH+H,

NaHCOs + NaOH — Na.COs + H.0
2Na + CO2 + H20 — Na.COs + Ha

It has been established that the hydrocarbonation
process using humidified CO: proceeds effectively in
sodium layers up to 20 cm thick. If the sodium layer
exceeds this thickness, the unreacted sodium becomes
covered with a dry carbonate layer, forming a protective
film. The concentration of the generated hydrogen can be
maintained at a safe level by controlling the humidity of
the gas mixture [46].

Thus, the reaction results in the formation of a solid,
chemically inert Na.COs layer, which is safe for storage
and prevents uncontrolled chemical reactions. Depending
on the chosen sodium management strategy, the carbonate
can either be removed from the reactor systems (e.g., by
gas purging or water washing) or left in situ inside the
reactor, as it is already chemically safe [47].

2. Steam-Nitrogen and WVN Process

Alternative methods for removing residual sodium
involve the use of a nitrogen-steam mixture known as
the Steam-Nitrogen and WVN (water vapor-nitrogen)
processes. The Steam-Nitrogen process was applied
during the decommissioning of the Fermi-1 reactor [48].
The WVN process was used during the decommissioning
of the EBR-II [49] and PFR [50] reactors.

In the Steam-Nitrogen process, superheated steam
mixed with nitrogen (in a proportion of 20 to 80%) is in-
troduced into the system in order to convert the residual
sodium into sodium hydroxide (NaOH):

Na +H,0 — NaOH + 1/2 H,
NaOH + H,0 — NaOH - nH,0 (n= 1,2 u .1.)

In the Steam-Nitrogen process, metallic sodium re-
acts with steam to form sodium hydroxide and hydrogen.
It has been established that sodium hydroxide is hygro-
scopic and absorbs water to form hydrates of NaOH.
Pure NaOH melts at 318 °C, however sodium hydroxide
hydrates with n > 2 are liquid at room temperature. This
leads to difficulties in controlling the reactions to ensure
safety.

In the WVN process, a mixture of nitrogen and water
vapor (in a proportion of 1 to 60%) is introduced into the
system. Sodium reacts with a mixture of nitrogen and wa-
ter vapor to form NaOH, NaOH hydrates, and H2.

Unlike the Steam-Nitrogen process, the treatment of
residual sodium is carried out below the boiling point of
water and the melting point of sodium (typically in the

temperature range of 20-90 °C). A small amount of wa-
ter vapor provides a more controlled reaction between
sodium and steam. However, the rate of residual sodium
treatment becomes significantly lower compared to the
Steam-Nitrogen process.

Thus, as a result of treating residual sodium with a
nitrogen-steam mixture in these two processes, water-sol-
uble NaOH and NaOH hydrates are formed. They can be
removed from the sodium systems after the completion of
the process by washing with liquid water.

2.3. Processing of Sodium After Draining

After draining, sodium is stored in special drain tanks.
In the context of sodium management during the decom-
missioning of SFRs, it must be either processed or reused.
Sodium can be reused as a coolant in other SFRs, in re-
search programs, as well as in industry.

An example of this approach is the project for trans-
porting the secondary sodium from the BN-350 reactor to
the Ulba Metallurgical Plant for use in tantalum produc-
tion [51]. Another example is the canceled project for the
reuse of primary sodium from the Fermi-1 reactor in the
Clinch River experimental fast reactor [52].

However, opportunities for reuse are often limited due
to contamination of sodium with impurities, corrosion
and activation products, as well as the lack of end users
capable of accepting radioactive sodium. As a result, the
primary method of managing sodium after draining is its
processing followed by storage.

The widely used sodium processing technology is the
NOAH process, which is based on the continuous conver-
sion of sodium into sodium hydroxide. This technology
was developed for the treatment of primary sodium dur-
ing the decommissioning of the Rapsodie research reactor
[53]. At present, technology of the NOAH process was
chosen as the main method for sodium processing in al-
most all reactors under the decommissioning, including
Fermi-1, KNK-II, EBR-II, PFR, BN-350, Superphénix
and Phénix reactors [54].

1 —nozzle; 2 — reaction tank; 3 — heat exchanger;
4 — water-alkaline solution

Figure 5. The general scheme of sodium processing into an
alkaline solution
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The principle of the NOAH process is based on the
interaction of a small amount of liquid sodium with an
aqueous sodium hydroxide (NaOH) solution. The con-
centration of NaOH is controlled by adding water. Since
the chemical reaction is exothermic, continuous cooling
through a heat exchanger is required. The hydrogen gen-
erated during the reaction and other impurities, including
radioactive ones, are filtered, dried, and diluted with ni-
trogen before being released into the environment. Figure
5 shows the overall scheme of sodium processing into an
alkaline solution [55].

The resulting NaOH alkaline solution is immobilized
in solid form by cementation. The choice of cementation
technology depends on the approved decommissioning
strategy of the specific SFR. The solid cement blocks
are classified as low-level radioactive waste and are
suitable for long-term storage [56—57]. Figure 6 shows
cement blocks produced from processed sodium from the
Superphénix reactor [58].

3. CONCLUSION

The decommissioning of SFR is a complex
technological process. Sodium management during SFR
decommissioning is one of the most challenging and
important stages. The high chemical reactivity of sodium,
the presence of residual radioactivity, and the design
features of SFRs require a comprehensive and step-by-
step approach.

An analysis of dismantling experience from actual
SFR decommissioning projects shows that an effective
sodium management strategy includes several interrelated
stages: reduction of sodium radioactivity, draining of the
main volume, neutralization of residual sodium, and its
processing or reuse.

This review has shown that a number of sodium
management technologies have been developed and
successfully demonstrated, including:

Removal of radionuclides from sodium using sorbents;

Use of robotic systems and specialized devices for
draining operations;

Chemical neutralization of residual sodium by
hydrocarbonation methods and by treatment with a
mixture of water vapor and nitrogen;

Processing of sodium into an aqueous alkaline solution
followed by cementation.

One of the key challenges in sodium management is the
generation of large volumes of secondary solid and liquid
radioactive waste in the form of precipitates, solutions,
and contaminated structural materials. This necessitates
additional processing and storage stages [S9—60].

In this context, further improvement of sodium
management during SFR decommissioning remains a
relevant task. This may involve both optimization of
existing technologies and the development of alternative
approaches [61-62].

Figure 6. Appearance of concrete blocks produced from
processed sodium from the Superphénix reactor

Improving reactor operating conditions will help
minimize the accumulation of radionuclides. This
will reduce the need for sodium purification from
radionuclides, sodium processing, and its storage, and
consequently lead to a decrease in the generation of
radioactive waste [63—64].

Nevertheless, the accumulated experience and
existing sodium management technologies provide a
reliable foundation for developing strategies for the safe
and efficient decommissioning of future commercial SFR.

This research has been funded by the Science
Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No.
BR24993118)
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IIATIIAH HEUTPOHJBI PEAKTOPIBI HAWTAJTAHYIAH IIBIFAPY KE3IH/E
HATPUWMEH )KYMBIC ICTEY TEXHOJIOTHSLJIAPBI: IOJTY

K. O. Toaey6eko*, H. E.MyxamenoB, A. C. Cypaes, C. A. J10/:KUKOB
Amom snepzuscel uncmumymeotnviyy punuanst, Kypuamos, Kazaxcman

* batinanvic ywin E-mail: toleubekov@nnc.kz

Kazipri yakpITTa HaTpUMEH CAJKBIHAATHUIATHIH IIAIIIAH HEUTPOHIBI PEaKTOPIIap OHEPKACINTIK IKCIUTyaTaIisIFa eH
JKOFapBl TEXHOJOTHSIIBIK JAWBIHIBIKTEI KOPCETEll JKOHE KaOBIK SAPOIBIK OTHIH IHKIIIHE ©Tyre MyMKIiHIiK Oepemi. Con
yaKpITTa, OONAIIAKTa IIAIIIIaH HATPHHA PEaKTOpJIapbl Oap aToM JIEKTP CTaHIMUIAPBIHBIH MApKiH KEHEHTY OJapIIbiH
maiilaJaHydaH MIBIFAPBUTy MOCENEIepiH ey KaKeTTUTrH TyslHAaTanbl. OChl Ke3eHJeri 0acThl MoceNelepaiH
0ipi — CaNKBIHIOATKBIII PETIHAC HATPUHII KOJNIaHy, ce0eOl OHBIH (DHM3MKa-XUMISUIBIK KAacHeTTepi Oy mporectepi
KypaeneHaipeni. Ou3nKa-XUMIBUTBIK €PEKIICTIKTED PEaKTOPIBIK KOHIBIPFBUIAPABIH IEMOHTAKBI MCH JIC3aKTHBAIIHS-
CBIH eJIeyIi Typae KublHaaTanel. OcklFaH 0aiiIaHbICThI, TOKIPUOCTIK IEMOHCTPAISUIBIK IIAIIIIaH HATPUH PeaKTOpIapbiH
nmaiilaHyaHy/IaH IBIFapy Ke3iHIe HATPUHMEH JKYMBIC icTey TaxipuOeci epekiie monTe ne. COHIBIKTaH, OyJ1 MaKaaia
IaIIIaH HeUTPOHIBI peaKTOpIap bl Maki1aJanyIaH MBIFapy Ke3eHIHC HATPUIili OHICYIH Ka31pri ®KoHEe ePCIICKTHBAIIBIK
TEXHOJIOTHSUIAPBIHBIH MIOTYHI OCpisreH.

Tyitin ce30ep. wanway Hetimpondwl peakmop, SFR, natioananyoan wwizapy, Hampuioi onoey, Hcadwlk AOPOLbIK OMbIH
YUKJIL.

TEXHOJIOI'MU OBPAIIIEHU S C HATPUEM ITPU BBIBOJAE
M3 DKCIIIYATAIIUU PEAKTOPA HA BBICTPBIX HEUTPOHAX: OB30P

K. O. Toaeyoexos’, H. E. Myxamenos, A. C. Cypaes, C. A. Jlo:xukoB
Qunuan «Mucmumym amomnoit s3nepzuuy PI'TI HAI] PK, Kypuamos, Kazaxcman

* E-mail ons xoumakmos: toleubekov@nnc.kz

PeakTops! Ha OBICTPHIX HEHTPOHAX C HATPHEBHIM TEINIOHOCHTEIEM B HACTOAIIEE BPEMS JeMOHCTPUPYIOT HAHOOJBIIYIO
TEXHOJIOTMUYECKYIO TOTOBHOCTD K IPOMBILIIEHHON KCIUTyaTalluy U IepeXoay K 3aMKHYTOMY SIIEPHOMY TOIUIMBHOMY LU~
Ki1y. B TO ke BpeMst paciivpeHne napka arOMHBIX CTAHITUH ¢ OBICTPHIMU HATPUEBLIMH PEAKTOPAMU B TIEPCIIEKTUBE HEM3-
0eXHO MPHUBEAET K HEOOXOMMMOCTH PEIICHNS 3a/1a4 MX BBIBOJA M3 AKCIITyaTtarui. OTHON U3 KITIOYEBBIX MPOOIeM JaH-
HOTO 3Tara sIBJISIETCS UCIOJIb30BaHUE HATPHs B KAUECTBE TEIUIOHOCHUTEIS, YTO OOYCIIOBJIEHO ero (PU3NKO-XUMHUUECKUMHU
CBOMCTBaMU. DTH (PUBUKO-XMMHUUECKUE 0COOCHHOCTH CYIIECTBEHHO YCIOXKHSIOT POLIECCHI ICMOHTaXKA U JIe3aKTHBAIINN
000py/IOBaHUS PEaKTOPHBIX YCTAaHOBOK. B CBA3M ¢ 3THM 0C0O0YI0 IEHHOCTh MPEACTABISIET HAKOTUICHHBII OMBIT 00parie-
HUS ¢ HATPUEM TIPU BBIBOJIEC U3 IKCIUTyaTalldH OTBITHO-JEMOHCTPAIIMOHHBIX OBICTPBIX HATPUEBBIX peakToOpoB. Takum
00pa3oMm, B HACTOSAIIEH CTaThe MPEACTABICH 0030p COBPEMEHHBIX U MEPCIEKTHBHBIX TEXHOJIOTHIT 00palieHus ¢ HaTpueM
Ha 3Tale BBIBOJA U3 DKCIUTyaTalll PEaKTOPOB Ha OBICTPHIX HEUTpOHAX.

Knrwouegwie cnosa: bvicmpuie nampuesvie peakmopul, SFR, 6b1600 u3 sxcniyamayuu, nepepabomra Hampus, 3aMKHYMblil
S0epHbILL MONIUBHBII YUKIL.
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