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EXECUTIVE SUMMARY

The Arctic Military Environmental Cooperation (AMEC) Principals approved the Project 1.5
Task Management Profile Plan “Co-operation in Radiation and Environmental Safety
(Advanced Technologies for Dose Assessment and Control, Environmental Monitoring,
Toxicology, Electromagnetic and Laser Emissions)” on 22 October 1997. The purpose of
this AMEC project was to actively co-operate in the improvement of environmental
monitoring, radiation dosimetry and radiation safety related to decommissioning of nuclear
powered submarines of the Ministry of Defence of Russia.

Early activities included site visits and the exchange of information on radiation safety best
practices. Over time, the scope was refined to focus on assisting the Russian Navy’s dose
monitoring program.  This assistance was first provided by transferring 106 U.S.
manufactured dosimeters that were excess to the needs of the U.S Department of Energy to
the Russian Navy in 1999. Next, the Kingdom of Norway purchased 100 Russian
manufactured dosimeters and a reader in 2002 for the Russian Navy for use in submarine
dismantlement activities and handling and treatment of radioactive waste at the Federal State
Unitary Enterprise Polyarninsky Shipyard (FSUE SRZ 10). Finally, following the receipt of
these dosimeters and their evaluation and use in radioactive waste management and
submarine dismantlement activities, the Russian Navy has reported the level of benefit
experienced through their use. This close-out report presents the achievements and lessons
learned during the implementation of this AMEC 1.5 project and constitutes the completion
of all activities under this project.



AMEC

BNL

FFI

FSUE

FSUE ICC NUKLID

FSUE 10 SRZ
Gosstandard
Metrology
IFE

LRW
MINATOM
NOR MOD
RF MOD
ROM

RW

SNF

TGG

TZ

U.S. DOD
U.S. DOE

ACRONYMS

Arctic Military Environmental Cooperation

Brookhaven National Laboratory

Norwegian Defence Research Establishment

Federal State Unitary Enterprise

Interdepartmental Coordination Science &

Technology Center for Nuclear Production

Federal State Unitary Enterprise Polyarninsky Shipyard 10
Russian Federation State Committee of Standardization and

Institute for Energy Technology
Liquid radioactive waste

Russian Ministry of Atomic Energy
Norwegian Ministry of Defence
Russian Federation Ministry of Defence
Record of Meeting

Radioactive waste

Spent nuclear fuel

Technical Guidance Group
Technicheskoye Zadaniye

U.S. Department of Defense

U.S. Department of Energy

Vi



TABLE OF CONTENTS

EXECUTIVE SUMMARY ..ot \Y
1 INTRODUCTION. ..ot s 1
2  PROJECT MANAGEMENT ... 1
3  LEGAL AGREEMENTS .....coii e 2
4  TECHNICAL APPROACH AND ACCOMPLISHMENTS.........ccooiiiiiii, 2

4.1 Initial Assessment and Project RefiNeMENL ..........uaeceoeeneerevssvericosssanssosssssressssssssssssnans 2

4.2 U.S. Provided DOSTHELEFS .......ueuueeveensueessunnsannssaesssnesssesssssssssssssessssssassssassssssssssssassssasssss 4

4.3  Purchase and employment of Russian Produced DOSimeLers.........eeeeeueereessverseossnnns 5
5 CONSIDERATIONS AND LESSONS LEARNED........cocooiiiiiiii, 8
6 CONCLUSIONS ... 8
7 REFERENCES......... o 9
APPENDIX 1 PROJECT MANAGEMENT PROFILE PLAN......cccccoiiiiiii e 10
APPENDIX 2 PROJECT OFFICERS AND TECHNICAL EXPERTS ... 11
APPENDIX 3 EXPENDITURES ... 12

Vil



viii



1 INTRODUCTION

The Arctic Military Environmental Cooperation (AMEC) was established to provide a forum
for Norway, Russia, and the United States to work together in addressing military-related
environmental problems in the arctic. In September 1996, the Norwegian Minister of
Defence, the Russian Minister of Defence, and the U.S. Secretary of Defense signed an
historic Declaration calling for cooperation among the parties to jointly address these
environmental concerns. In June 2003, the AMEC partners and the United Kingdom signed
an annex to the AMEC declaration, thus the UK joined the co-operation.® The primary
objectives of the AMEC Program are to: 1) share information on the impacts of military
activities on the arctic environment, 2) develop cooperative relationships among military
personnel in the participating countries, and 3) sponsor technical projects that assess the
environmental impacts of military activities in the arctic and develop action plans and
technologies for managing such impacts.

The AMEC Principals approved the Project 1.5 Task Management Profile Plan “Co-operation
in Radiation and Environmental Safety (Advanced Technologies for Dose Assessment and
Control, Environmental Monitoring, Toxicology, Electromagnetic and Laser Emissions)” on
22 October 1997 (Appendix 1). The purpose of this AMEC project was to actively co-operate
in the improvement of environmental monitoring, radiation dosimetry and radiation safety
related to decommissioning of nuclear powered submarines of the Russian Federation
Ministry of Defence (RF MOD).

2 PROJECT MANAGEMENT

This project was managed and controlled by the AMEC 1.5 Project Officers, appointed by the
U.S. Department of Defense (U.S. DOD), the Norwegian Ministry of Defence (NOR MOD)
and the RF MOD, respectively. All decisions were made trilaterally, based on consensus. The
Project Officers produced and signed a Record of Meeting (ROM) at each project officers
meeting to document key decisions, the project progress and as guidance to the contractors.
The ROM served as the project’s report to the AMEC Steering Group Co-chairs.

The U.S. DOD, RF MOD and NOR MOD, identified and approved contractors, which
initiated contracts for all work in this project. In addition, technical experts contributed with
technical advice and expertise in the course of this project.

The Prime Russian contractor, appointed by the RF MOD, was the Federal State Unitary
Enterprise “Interdepartmental Coordination Science & Technology Center for Nuclear
Production” (FSUE ICC Nuklid). At the behest of the US DOD, the U.S. Department of
Energy (U.S. DOE) acted as the lead federal agency and selected Brookhaven National
Laboratory (BNL) as its implementing contractor. The Norwegian contractor appointed by
the NOR MOD was the Norwegian Defence Research Establishment (FFI). The contractors
negotiated and signed fixed price contracts with clearly defined milestones, tasks, associated
deliverables and time schedule. Reports were distributed to all parties.

Appendix 2 gives a list of key project personnel involved in AMEC project 1.5.

! The UK was invited to participate as full partners, but decided to engage only in new projects started after June
2003, thus the UK did not participate in AMEC project 1.5.



3 LEGAL AGREEMENTS

A prerequisite for implementing AMEC projects is that the necessary governmental
agreements are in place. These agreements govern issues such as liability and exemption
from taxes and duties.

Throughout this project, the U.S. party has had legal coverage under the *“Agreement
Between the United States of America and the Russian Federation Concerning the Safe and
Secure Transportation, Storage and Destruction of Weapons and the Prevention of Weapons
Proliferation” dated 17 June 1992, as extended in the Protocol of 15/16June 1999, referred to
as the “Cooperative Threat Reduction Agreement.”

Norway signed its legal agreement with the Russian Federation on 26 May 1998, the
“Agreement between the Government of the Kingdom of Norway and the Government of the
Russian Federation on environmental co-operation in connection with the dismantling of
Russian nuclear powered submarines withdrawn from the Navy’s service in the northern
region, and the enhancement of nuclear and radiation safety,” with the note from the Ministry
of Foreign Affairs of the Russian Federation dated 16 February 2000 and the note from the
Norwegian Ministry of Foreign Affairs dated 8 October 2001, which formally included
AMEC Project 1.5 as a project to be supported with free technical assistance from the
Kingdom of Norway to the Russian Federation. Hence, the Norwegian party could not sign
any contracts with the Russian party until after that date, which delayed the purchase of
dosimeters using Norwegian funding by several years. The contractors initiated contract
negotiations in October 1998. The contract was signed 6 November 2001.

In order for Russian contractors to be granted tax exemption for all works and materials
under these contracts, the U.S. or Norwegian Embassies, issued letters to the Russian
contractor confirming that the given AMEC project and the particular contract are covered by
a governmental agreement, thus constituting gratuitous aid that was exempt from taxes and
duties under Russian Federation regulations.

4 TECHNICAL APPROACH AND ACCOMPLISHMENTS
4.1 Initial Assessment and Project Refinement

Project officers and technical experts exchanged ideas, visited facilities, and reached a joint
decision on project implementation during the initial project officers meetings held in:
Drgbak, Norway, 9-11 March 1998

Brookhaven National Laboratory, USA, 27 April - 1 May 1998

Moscow, Russia, 10 June 1998

Sgrmarka, Norway, 27-30 October 1998



\\w Sl

#

Figure 1. Visit of RF MOD and NOR MOD technical exprs to U.S. OE a
facilities in 1998.
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The Task Project Management Profile Plan (Appendix 1) approved by the AMEC Principals
outlined the following key steps:
e Identify equipment needed for dose assessment and control, environmental
monitoring, toxicology, electromagnetic and laser emissions
Assemble technical specifications
Transfer of and training on available radiation control (RADCON) equipment
Field testing and demonstration of sample equipment
Delivery of instruments and equipment

During the initial phase of the project, the Russian party specified equipment needed for
enhanced environmental monitoring, radiation dosimetry and radiation safety and provided a
list of items in May 1998. At the Sgrmarka meeting in October 1998, the Russian Project
Officer re-listed the items in order of priority.

The U.S. decided to transfer excess equipment for radiation control from the inventory of the
U.S. DOE. The first transfer in December 1999 was electronic dosimeters manufactured by
Eberline, which were to be employed at a Russian Naval site involved in decommissioning
and dismantlement of Russian nuclear powered submarines.

At the Sgrmarka meeting, Norway announced the decision to support procurement of new
Russian manufactured equipment within a financial limit of 50,000 US dollars. The Russian
party identified the individual dosimeter kit KID-08S, produced by the Mayak factory, as
their preference. Norwegian funding was available, and a joint decision was reached to
purchase, test and install the KID-08S dosimeter set at a Russian Naval site in the Arctic.



In addition, two Russian Naval officers visited the Halden Reactor in Norway, 2 - 4
September 1998 in order to discuss technical details concerning the automatic data collection
and monitoring system PICASSO, and its possible applications at Russian Naval sites
involved in decommissioning and dismantlement of Russian submarines. The software
program has been designed and developed at the Institute for Energy Technology (IFE),
OECD Halden Reactor Project. As a result of discussions and visits under AMEC project 1.5,
the AMEC Principals approved a new project in February 1999; the AMEC project 1.5-1:
Radioactive control at facilities - Application of the PICASSO system. Hence, the successful
development and installation of an automatic radiation monitoring system based on this
Norwegian software was pursued as a separate AMEC project. Subsequently, this system was
successfully installed and commissioned at the FSUE Atomflot, the main base of the nuclear
ice-breaker fleet near Murmansk, and is currently underway at the Naval shipyard in
Polyarny, Polyarninsky Shipyard (FSUE 10 SRZ). The two projects (1.5 and 1.5-1) were
closely coordinated and held joint project officers meetings throughout the entire
implementation period of the 1.5 project.

4.2 U.S. Provided Dosimeters

Following the approval of the AMEC Project 1.5 Task Management Profile Plan by the
AMEC Principals (Appendix 1) and the identification of Russian needs in this area, the U.S.
party hosted visits by the RF MOD and NOR MOD to DOE and DOD facilities in the U.S.
This visit was followed by an evaluation of government inventories of equipment that were
excess to U.S. needs, but matched the needs identified by the Russian party. Digital, self-
reading, electronic dosimeters (Eberline DD 100/200), compatible dosimeter readers
(Eberline DR 200), and the associated support computer tracking software was identified
from this evaluation as meeting the Russian needs.

In November 1999, the U.S., Russian, and Norwegian parties participated in training on the
U.S. dosimeter equipment at BNL. In addition, the multilateral team visited other facilities,
including the Health Physics Center at the U.S. Navy Bethesda Hospital.

Obtaining the U.S. technology export license for the dosimeter equipment proved to be a
major challenge, but it was obtained in December 1999 at which time 106 of the U.S.
dosimeters were delivered to the Russian party. Complications ensued over the import of the
U.S. dosimeter reader equipment by the RF (that was not shipped with the dosimeters
earlier), and their screening by RF authorities. Although the U.S. dosimeters were functional
without the dosimeter reader equipment, efforts to complete the reader equipment transfer to
the Russian Navy to improve the U.S. dosimeter functional capability continued, but in the
end were unsuccessful. These complications remained unresolved by the time the U.S.
technology export license for the equipment expired.
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Figure 2. Russian, Norwegian and U.S. technical experts meeting at BNL to receive training
in the operation and maintenance of U.S. supplied dosimeters.

Additionally, even though various RF MOD reports were received noting the employment of
the U.S. dosimeters by the Russian party (most recently in a 26 July 2004 letter from the
Russian AMEC Principal), the greatest value of the U.S. dosimeter portion of AMEC Project
1.5 was the realization of the great difficulty involved in transferring excess U.S. equipment
to the RF. It must also be noted that the radiation safety and environmental monitoring
dialog that occurred at the U.S. facilities visited and the resulting dialog coming out of this
project provided an excellent forum for training, learning, and experience building such that
the capabilities of all three parties benefited from the effort.

4.3 Purchase and employment of Russian Produced Dosimeters

The NOR and RF project officers agreed in October 1998 to purchase, test and install the
individual KID 08S dosimeter set at a selected Russian Naval facility in the Arctic using the
available Norwegian funds of 50,000 U.S. dollars. Legal experts from FFI and ICC Nuklid
immediately started to negotiate a draft contract. This draft was further refined pending
inclusion of the AMEC project 1.5 under the Russian-Norwegian Legal Framework
Agreement. The Russian party identified the Naval shipyard in Polyarny, the FSUE 10 SRZ,
to be the site to install the set of dosimeters, in conjunction with the implementation of other
AMEC projects (AMEC 1.3, 1.4, 1.5-1 and 1.9).

FSUE 10 SRZ is situated in Polyarny, a town of 25,000 inhabitants, northwest of Murmansk.
This Naval shipyard carries out maintenance work on laid up submarines and submarines in
service and dismantles general-purpose submarines. Solid radioactive waste is placed in
containers and stored in an open pad area, which is full. Liquid radioactive waste is stored in
floating tanks at the quay. The shipyard dismantles first generation nuclear submarines.



AMEC has established an integrated radioactive waste management complex at this shipyard
under AMEC projects 1.3, 1.4 and 1.9. The elements include the mobile pre-treatment facility
for solid radioactive waste, hydraulic metal cutting tools, containers for transport and storage
of solid waste, and a solid waste storage facility. The installation of an automated radiation
monitoring system based on the PICASSO software under AMEC project 1.5-1 is currently
underway at FSUE 10 SRZ.

The purpose of AMEC 1.5 efforts at FSUE 10 SRZ is to improve the shipyards ability to
protect its workers against radiation during potential radiation hazardous operations by
providing 100 personal dosimeters and a reader unit. The KID-08S personal thermo
luminescence dosimeter (TLD) Kit, from the Mayak factory in Kursk, is designed for
measuring gamma radiation absorbed by human soft tissues and absorbed beta radiation. The
measurement ranges of the absorbed dose are 0.05 — 1500 cGy for gamma-radiation and 10 —
3000 cGy for beta-radiation. The energy range is 0.08 — 1.3 MeV for gamma-radiation.

Figure 3 shows the power supply and reader unit (left) as depicted in the brochure from the
Mayak factory, and Figure 4 shows the reader unit mounted in the Radiation Safety Building
at FSUE 10 SRZ.
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Figure 3. The FSUE Mayak factory sales brochure, including a photograph of the KID 08S
dosimeter power supply and reader unit (left), technical specifications and equipment list.



Figure 4. KID-08S TLD reader unit mounted in the Nuclear Radiation Safety Service
Building at FSUE 10 SRZ.

On 6 November 2001, ICC Nuklid and FFI signed the contract entitled “Procurement,
delivery, installation, demonstration and testing operation of means of individual dosimetric
monitoring of personnel under the Arctic conditions”. The Russian Federation State
Committee of Standardization and Metrology (Gosstandard) has approved and certified the
KID 08S dosimeter set for use in Russia. ICC Nuklid provided a copy of this Certificate to
FFI as the first deliverable of the contract.

ICC Nuklid ordered the individual dosimeter kit KID-08S from the Mayak factory in
December 2001. The Mayak factory completed the manufacture of the dosimeters in May
2002. The dosimeters were shipped on 3 September 2002 to FSUE 10 SRZ. In November
2002, the Russian party reported that the input control, training and establishment of
procedures for dose registration had been completed and the dosimeters are now in use. The
reader unit and power supply were mounted in a laboratory in the Nuclear and Radiation
Safety Service Building. The phase 1 report included a copy of the Gosstandard Certificate,
and reports on input control, acceptance act, installation, training procedures and test
operation program. FFI accepted all works of phase 1 of the contract on 3 February 2003.

The KID 08S dosimeter set has been registered in the State Registry by the regional office of
the Ministry of State Property in St. Petersburg, and ownership has been transferred to FSUE
10 SRZ. The radiation safety personnel at FSUE 10 SRZ has developed new procedures for
registering and logging personal radiation doses, thereby tracking the dose history of its
personnel. All data are registered in a computer database on site.

Phase 2, operational testing at the FSUE 10 SRZ, lasted for eight months. The Russian party
produced and showed a video during the June 2003 project officers meeting, which



demonstrated the equipment installed and in use. The conclusions are that the dosimeters
work satisfactorily and were put into regular use at FSUE 10 SRZ. In November 2003, the
project officers and technical experts were given a thorough site tour at FSUE 10 SRZ,
including a visit to the Radiation Safety Building and an on-site demonstration of the KID
08S dosimeter set.

During the autumn of 2003, the Russian contractor, ICC Nuklid, failed to deliver the final
report, and by December 2003 it became clear that ICC Nuklid was no longer able to fulfill
its contractor obligations. After directions from the Norwegian and Russian AMEC Steering
Group Co-chairs, FFI terminated the contract with ICC Nuklid. The last payment of 10,000
U.S. dollars remained at this point, however every important milestone of the contract had
been reached at this point. Hence, terminating the contract at this point did not complicate
closure of the AMEC 1.5 project. The site visit and demonstration of the dosimeter
equipment in November 2003 proved to all parties that the dosimeters had been successfully
put into regular operation at FSUE 10 SRZ, thereby contributing to enhanced radiation
control and protection of the workers during handling of spent nuclear fuel and radioactive
waste.

5 CONSIDERATIONS AND LESSONS LEARNED

The AMEC 1.5 project opened the AMEC program to co-operation within the area of
radiation safety and environmental monitoring. Even though the efforts under this particular
project were relatively modest, it enabled discussions and exchange of best practice for
radiation control and protection of personnel in addition to equipment deliveries. Also, it
birthed an important new AMEC initiative, the AMEC 1.5-1 project (Radiation control at
facilities — Application of the PICASSO system). Project 1.5 and 1.5-1 subsequently held
joint project meetings, which saved time, efforts and travel costs for all parties.

A recommendation from the Project 1.5 experience is to avoid the transfer of technology
subject to export control because of the great difficulty in obtaining the technology export
and because of the barriers to the technology acceptance in the Russian Federation. The
advantages of buying Russian produced equipment include also warrantee and maintenance
agreements with the vendors, and easier access to spare parts and less time-consuming and
costly procedures for certification and acceptance of equipment. This important lesson
learned was followed through in the AMEC 1.5-1 project, in which all sensors and computers
of the PICASSO automated radiation monitoring system installations at both FSUE 10 SRZ
and FSUE Atomflot were of Russian manufacture.

6 CONCLUSIONS

Early activities included site visits and the exchange of information on radiation safety best
practices. The scope was further refined to focus on assisting the Russian Navy’s dose
monitoring program. This assistance was first provided by transferring 106 dosimeters that
were excess to the needs of the U.S Department of Energy to the Russian Navy in 1999.
Next, Norway purchased 100 Russian manufactured dosimeters and a reader unit in 2002 for
the Russian Navy for use in submarine dismantlement activities at the Naval shipyard in
Polyarny (FSUE 10 SRZ). The Russian Navy has reported that the receipt of these
dosimeters and their evaluation and use in radioactive waste management and submarine



dismantlement activities, have proven beneficial for workers engaged in potential radiation
hazardous activities and contributed to enhanced radiation safety.
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APPENDIX 1 PROJECT MANAGEMENT PROFILE PLAN

Project Plan No 1.5 AMEC Task Management Profile Plan
Planned Tasks (Phase 1) Lead Country | Proposed Deliverable | Target Dates Proposed Estimated Labor and other Estimated cost (3US)
Institute/Agency costs (staff month) (thousands)

USA NOR RUS USA NOR RUS

Identify Equipment Needed Russia Equipment List Feb 98 Nuklid 1
for dose assessment and
control, environmental
monitoring, toxicology,
electromagnetic and laser

emissions

Assemble Technical US/Norway Technical May 98 DOE/BNL .50 .50 .50

Specifications of Equipment specifications IFE/FFI

Transfer of and Training on US/Norway Selection, training ASAP DOE 4 12 6
Available RADCON and transfer

Equipment

Field Testing/Demonstration Russia Test results May 98/May Nuklid 3 3 12 74 37
of Sample Equipment 99

Miscellaneous Expenses for 25 25

Russian Foreign Travel,
Translators, etc

Phase Il: Full-Scale Delivery | US/Norway Equipment delivery Summer 99 BNL/IFE ? ? ?

of Instruments and

Equipment

Phase | totals 75 35 135 211 68

Notes: DOE-U.S. Department of Energy
BNL - Brookhaven National Laboratory
IFE - Institutt for Energiteknikk (Norwegian Institute for Energy Technology)

FFI — Forsvarets forskningsinstitutt (Norwegian Defence Research Establishment)
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APPENDIX 2

PROJECT OFFICERS AND TECHNICAL EXPERTS

Project Officers

Technical Experts

Dr. Monica Endregard

Norwegian Defence Research Establishment
P.O. Box 25

NO-2027 Kjeller, Norway

Dr. Rajdeep Sidhu

Institute for Energy Technology
P.O. Box 40

NO-2027 Kjeller, Norway

Mr. Andrew R. Griffith

U.S. Department of Energy/NE-20
1000 Independence Avenue, SW
Washington, DC 20585, USA

Mr. Paul Moskowitz
Brookhaven National Laboratory
Upton, New York, USA 11973

Captain 1st Rank Viktor Bursuk

Main Technical Directorate of the Navy
Russian Federation Ministry of Defence
Moscow, Russia

Mr Lev Mikhailovich Tchernaenko
FSUE ICC Nuklid

Lesnoy Prospekt 64

194100, Saint Petersburg, Russia

Mr Vadim Kuzmin

Federal State Unitary Enterprise Polyarninsky
Shipyard 10

Polyarny, Russia
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APPENDIX 3 EXPENDITURES

Party Description Costs (U.S. dollars)

u.S. Transfer and testing of Eberline electronic 18,000
dosimeters from the U.S. to the Russian Navy

Norway Delivery of KID 08S dosimeters to FSUE 10 40,000
SRZ, Norwegian portion of the funding*

Russia Delivery of KID 08S dosimeters to FSUE 10 25,000
SRZ, Russian portion of the funding

Total expenditures 83,000

*The fixed price contract between ICC Nuklid and FFI (total cost of 50,000 U.S. dollars) was
terminated before the last payment of 10,000 U.S. dollars had been made, thus the total

Norwegian expenditures were 40,000 U.S. dollars. This did not affect the quality of the work
and the closure of Project 1.5.

The listed expenditures ONLY include costs under contracts.
Expenditures not included in the above table are:

Labor for Norwegian and U.S. project officers and technical experts
Costs associated with arranging meetings

Travel and accommodation for Russian participants to meetings
Technical support not specifically for development work
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KPATKOE U3JTOXEHHE

22 oxts0ps 1997 r. Jupekropat IlporpamMMbl cOTpyIHHYECTBA B BOCHHOW 00JacTu MO
BompocaMm okpykatomei cpeaslt B Apktuke (AMEC) yrBepaun dopmymsap Ilpoekra 1.5
AMEC “CotpynHuYecTBO B 00JacTH paJMallMOHHOW M HKOJIOTHYECKOH 0e30MmacHOCTH
(ITepenoBble TEXHOJNOTMM OLIGHKHM M KOHTPOJS J03, OKOJOIMYECKUH MOHHUTOPHHT,
TOKCUKOJIOTHSI, AJIEKTPOMArHUTHBIE M Ja3epHble u3iydeHus)”. Llenpro NaHHOro IpoekTa
AMEC 06bUI0 aKTUBHOE COTPYJHHMYECTBO IO YJIYYIICHHUIO SKOJOTHUYECKOTO MOHUTOPHWHTA,
paiMaliOHHON JO3MMETPUH U PATUAIMOHHON O€30MacHOCTH B CBS3W C yTHIM3AIMEH
ATOMHBIX TIOJIBOJHBIX JIOJIOK, NpHHAIISKAMMX MuHUCTEPCTBY 000poHBI Poccuiickoit
denepauuu.

Ha pannei#i ctaauu npoekrta MpoBOAMIMCH MOCEIIEHUST 00BEKTOB U 0OMEeH MH(pOpManuei mo
JTy4IIAM TIPAKTUKaM paJranroHHon 6e3omacHocT. C TedeHneM BpeMeHH 00beM paboT ObLT
IIEPECMOTPEH U COCPENOTOYEH HA COACHCTBMM NpOrpaMMe IO MOHUTOPUHIY 3a J103aMHU
o6nydennss B BM® Poccun. IlepBbiM miarom crana mepenada BoeHHo-mMopckomy (uioTy
Poccun 106 nozumerpos mnpousBoactBa CIIIA, HeHyxHbIX JlenmapTaMeHTy SHEPreTHKU
CIIOA. 3arem KoponesctBo Hoperus 3akynmwio 100 A03MMETpPOB  pPOCCHIICKOTO
IIPOM3BOJCTBA U OJHO cuuThIBaromiee ycrpoicTBo B 2002 r. ansa ucnonb3oBanus ux BM®
Poccuu npu yrunuzanum nojioiok, oOpaiieHuu 1 nepepaboTke paJioaKTUBHBIX OTXO0B Ha
denepanbHOM roCy1apCTBEHHOM YHUTApHOM NpEAIPUATHA «ITonsspHUHCKUI
cynopemonTHbIi 3aBos» (DI'VII 10 CP3). o3umerpsl OBLIM TOJYyYEHBI, H3yYCHBI H
WCTOJIb30BaHbl NMPH OOpAIICHUH C PATUOAKTUBHBIMU OTXOJaMHM M YTHJIM3ALUH TOIJIOJOK,
nocie yero BoenHno-mopckoi ¢aot Poccun oTumTancs o CTENEHU yAOBIETBOPEHHOCTH WX
UCIOJIb30BaHNEM. JIaHHBIM 3aKIIOUYUTENBHBIM OTYET MPEACTABIAET JOCTHIKEHUS U YPOKH,
u3BIeUeHHbIe BO BpeMs peanusauuu [Ipoekta AMEC 15. u 3HaMeHyeT OKOHYaHHE BCEX
MEPOIPHUATHIA B paMKax TaHHOTO MPOEKTA.
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1 BBEJIEHHE

[Iporpamma coTpyaHHUYECTBa B BOCHHOW 00JacTW MO BOIMpPOCaM OKpYXKarolled cpeisl B
Apktuke (AMEC) Oplna mHUIIMUPOBaHA C TeM, 4ToObI TpeaocTaButh HopBeruu, Poccuu u
CoenunennpiM  Iltaram Amepuku QopymM [Uis  COBMECTHOTO IIOMCKAa  pELICHUN
AKOJIOTHYECKUX TPOOJIEM, CBA3aHHBIX C BOSCHHOH JESITEIBHOCTHIO B ApKTHKEe. B ceHTa0pe
1996 r. munuctpsl o6oponsl Hopseruu, Poccun u cexperapp oboponsl CIIIA moanucanu
uctopuieckyro Jlekmapanuio, NPU3BaBIIYI0 CTOPOHBI COOOIA pemaTh 3KOJOTHYECKUE
npo6iemsl. B utone 2003 r. [TaptHeps no AMEC u Coennrennoe KoponeBcTBo moamnucanu
nonosHeHue K Jlexnmapauuu o BcrymieHuu B I[Iporpammy CoenriHEHHOTO KOpOJ‘IeBCTBal.
OcnoBubiMu nensimu IIporpammer AMEC sBnstotest: 1) pacnpocTtpanenue uHGOpMaIyu o
BJIUSTHUM OOOPOHHOM AEsATeNbHOCTH Ha apKTUYECKYIO Cpely; 2) pa3BUTHE COTPYAHHMYECTBA
MEXJy JUYHBIM COCTaBOM CTpaH-y4acTHHUI U 3) (puHAHCHPOBAHME TEXHHUUYECKUX MPOEKTOB,
OLICHMBAIOIIMX BJIUSHUE OOOPOHHOW JIEATENbHOCTH B ApKTHKE, pa3paboTKa IIaHOB
JNEWCTBUN U TEXHOJIOTHUM JJI YIIPABJICHUS TAKUM BIUSHUEM.

22 oxts0ps 1997 r. Jupekropat IlporpamMMbl cOTpyIHHYECTBA B BOECHHOW 00JacTu MO
BorpocaMm okpyxkatomei cpeasl B Apktuke (AMEC) yrBepaun dopmymsap Ilpoekra 1.5
AMEC “CotpynHuYecTBO B 00JacTH paJMalMOHHOW M HSKOJIOTHYECKOH 0e30MmacHOCTH
(ITepenoBble  TEXHOJIOTMM OLEHKM M KOHTPOJIS 103, OKOJOTHYECKUH MOHHUTOPUHT,
TOKCUKOJIOTHSI, 3JIEKTPOMAarHuTHele M jasepHble usnydeHus)” (IIpunoxenue 1). Llensro
nanHoro npoekta AMEC 0b1710 akTHBHOE COTPYIHUYECTBO IO YIYUIICHUIO YKOJIOTHIECKOTO
MOHUTOPHHTA, PaJWAIMOHHON JO3UMETPUH M paJUAIMOHHONW OE30MacHOCTH B CBSA3H C
yTUIM3alMed aTOMHBIX HOJBOJHBIX JIOJOK, NpUHAIekKaUX MHUHHUCTEPCTBY OOOpOHBI
Poccuiickoit ®eneparuu (MO PO).

2  YHPABJIEHHUE ITPOEKTOM

VYipaBineHue ¥ KOHTPOJIb 3a IPOEKTOM OCYIIECTBIUICA pykoBoaurenssMu IIpoekra 1.5,
HazHaueHHbIMU /IO CHIA n MO Hopserun u Poccum coorBercTBeHHO. Bcee pemenus
MPUHUMAJIUCh TPEXCTOPOHHUM KOHCEHCYCOM. JIyis O3ByuYMBaHUSl KIIIOUEBBIX pEILICHUH,
IIPOJBMIKECHMSI ITPOEKTA U B KAUECTBE MHCTPYKLUUU MOAPSIIYMKAM PYKOBOAUTENIH ITPOEKTA Ha
KOKJIOM BCTpEYE COCTaBISIM W TOANMUCHIBAM TpoTOoKoibl BcTpeu (I1B), koTopeie
HCIIOJIb30BAJIMCh JIUIsl OTYETHOCTH Iepen conpeacenarensmu Cekperapuara.

JO CHIA, MO Hopserun u Poccum omnpenensnv M HazHa4dald NOIAPSIAYUKOB, KOTOPHIE
3aKJIIOYaI KOHTPAaKThl Ha Bce BUABI paboT mo mnpoekrty. Kpome TOro, TeXHUYECKUMU
KOHCYJIBTallMSIMU M DKCIEPTHU30M B XOJ€ IMPOEKTa BKJIAaJ B HETO BHOCHIM TEXHUYECKUE
JKCIIEPTHI.

I'enepanbHbIM pOCCUICKUM MoOApsAIYUKOM 110 aAekadps 2003 r. Obu1 «MexoTpacieBoi
KOOPJMHAIIMOHHBIM HAay4YHO-TEXHUYECKUN LEeHTp HykIugHou mnpoxykuuu» (PI'YIT MKI]
«Hyxmun»), a ¢ nexkadbpsa 2003 r. — MHCTUTYT G€30MacHOCTH pa3BUTHSI aTOMHOW SHEPTUU
Poccuiickoii akanemun Hayk (MBPAD PAH). Ilogpsnuukom CIHA Obina BpykxeBeHckas
HarmoHanbHas Jyaboparopust (BNL), Hoperuu — MHCTUTYT OOOpOHHBIX HCCIICIOBAHUHN
(FFI). Ioapsauuky MpoOBOAMIM MEPETOBOPHI M 3aKII0YaIM KOHTPAKThl HAa TBEPJbIE LIEHBI C

' Coenunennoe KoponeBcTBO GBLIO NPUINIAIEHO NPHCOSTHHUTECS K IIporpaMMe B KauecTBe TOJTHONPABHOIO
YlleHa, HO pPEIIMIO YYacTBOBATh TOJBKO B MpoekTaxX, HadaThix mocie wmioHA 2003 1. Takmm oOpaszom,
Coennnennoe KoponeBcTBo He mpuHUMANO yyacTus B peanm3anuu [Ipoekre AMEC 1.5.



SICHO OIpEAeNCHHBIMUA 3aJayaMd W OTYETHBIMH MaTepuajamMu B ¢GopMe OTYETOB U
noceneHuii 00bekToB. OTYEThl PACHPOCTPAHSUICh MEXKAY BCEMH CTOPOHAaMH, a OIulaTa
OCYILECTBIISIACH MTOCJIE TPEXCTOPOHHETO COTIaCOBaHUSI.

ITpunoxxenne 1 conepkUT cIMCOK OCHOBHBIX ydacTHUKOB [Ipoekta AMEC 1.5.

3 IOPUINYECKUE COTJTAIIEHUA

[Ipeanoceuikoit  ocymectBienuss npoekToB AMEC  sBnsercs Hanmuune HEOOXOIUMBIX
MEXKITPABUTEIbCTBEHHBIX COTJIAIICHUH, PETYIMPYIOIUX OTBETCTBEHHOCTh M OCBOOOXKICHHE
OT yIUIaThl HAJIOTOB U COOPOB.

Ha BceM mpoTsDKeHMM OCYIIECTBIEHHMS MPOEKTAa ydacTHEe AaAMEPUKAHCKOH CTOPOHBI
nokpsiBanock «CornamenueM mexny CoennHenHeiMu LlltaramMmn Amepuxu u Poccuiickoin
@enepanyeil  OTHOCUTENBHO O€30MAaCHBIX M HAJEKHBIX IIEPEBO3KE, XPAaHEHUIO U
YHUUTOKEHUIO OPYXKHs U IPEJOTBPAIEHUN PaCIPOCTPAHEHUS OpYykUs» oT 17 uronst 1992 r.,
pacmupenHoro IIporokosnom ot 15-16 urons 1999 r., B nanpneitmeM - «CorjamieHue o
COBMECTHOM YMEHBUIEHUH YTPO3bD».

Hopserus noanucana ropuaudeckoe cornamenue ¢ Poccuniickoit @enepanueit 26 mast 1998 r.
- «Cormamenue Mexnay mnpaBurenascTBoM KoponesctBa Hoperus um INpaBUTEIBCTBOM
Poccuiickoii @denepannu 0 COTpYITHUUECTBE B 00JIACTH OXPaHbl OKPYIKAIOIIEH Cpebl B CBA3U
C yTUJIM3allMeld aTOMHBIX MOJIBOJHBIX JIOJOK, BBIBEACHHBIX M3 coctaBa BM® B ceBepHOM
peruoHe, U MOBBILICHUS SACPHON U paJuallMOHHON 0e30MacHOCTH», a HoTa MHHHCTEpCTBa
nHOCTpaHHBIX fen PO ot 16 depans 2000 r. 1 HoTa MUHHCTEPCTBa MHOCTPAHHBIX €I
Hopserun ot 8 okta6ps 2001 r. okonuatensHo oOo3Haumiu Ilpoexr AMEC 1.5-1 kak
0e3B0O3ME3THYI0 TeXHHYEeCKyro momornis KoponeBctBa Hopserust Poccuiickoit @eneparum.
D10 o03Hayaer, 4yro A0 OKTAOps 2001 r. HOpBEXCKas CTOpPOHA HE MOIJIa 3aKI0YaTh
KOHTPAKTOB C POCCHUHCKOW CTOPOHOM, YTO OJIHAKO HE MPHUBEIO K  JOMOJHUTEIbHBIM
3aJlep)KKaM B BBINIOJIHEHUM O3TOTO0 IPOEKTa, IOCKOJBKY aMEpPUKAaHCKas CTOPOHAa HMela
IOPUINYECKOE OCHOBAHKE U BBIJCIICHHOE (PHHAHCHPOBAHNE.

Bce xontpaktel no Ilpoexty AMEC 1.5-1, takke xak u mno japyrum npoektam AMEC,
CCBUIAIOTCS HA OTH IOpUIMYEecKHe cornameHus. J[as ocBOOOXIEHUS POCCUHCKUX
MOAPSATYUKOB OT YIUIaThl HAJIOTOB Ha BCE BUJIBI pa0OT M MAaTEPHUAJIOB T10 JAHHBIM KOHTPAKTaM
nocosbetBa CIIIA um Hopermum B P® oTmpaBisiii UM IUChbMa, MOATBEPKIAIOIIME, YTO
MPOCKT U JIaHHBICE KOHTPAKTHI TOMAMANAIOT TIOJA JACHCTBHE MEXKIIPABUTEIHCTBEHHBIX
COTMAIllleHU#, T. €. SBJAOTCS Oe3Bo3me3qHoN momoribio Poccuiickoit denepanuu u
MOJIe’KAT OCBOOOKACHHUIO OT YILJIAThl HAJIOTOB U COOPOB.

4 TEXHWYECKHWI NOJIXO/ Yl JOCTUKEHUSA
4.1 HepBOHa‘laﬂbHaﬂ OIICHKA U YTOYHCHUE MTPOCKTA
PYKOBO,HI/ITGJII/I U TCXHHUYCCKUC OSKCICPTHI IIPOCKTA O6MCHI/IB8.J'II/ICL nacsiAMHu, IMnoCCIiajIn
O6HI€KTI)I nu HpI/IHI/IMaJ'II/I COBMCCTHBEIC peHIeHPISI (0] peamxlsaul/n/l HpOCKTa Ha HCpBBIX BCTpC‘IaX

PYKOBOJIUTENEH MPOEKTOB, MPOBOIUBIIUXCS B:
e Jlpébake, Hopserus, 9-11 mapra 1998 r.;



e bpykxeBeHckol HanMoHanbHOH abopatopun, CLIA, 27 anpens - 1 mast 1998 r.;
e Mockse, P®, 10 urons 1998 r.;
e Cépmapke, Hopserus, 27-30 okts16ps 1998 1.
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®oto 1. ITocemenne oobexToB /1D u JIO CIIIA TeI/I‘leCKI/IMI/I JKCTIEpTaMHU MO
Hopgeruu B 1998 r.

:
-
o 4

PD u MO

B ytBepxxnernom [{upexroparom I[Iporpammer AMEC ®@opmyssipe npoekra (IIpunosxenue 1)
OIIpEAEIICHBI CIIEIYIOIINE TPOCKTHBIE 3TAIIbIL:

e CocraBneHue TIepeyHss OOOpYJIOBaHUS, HEOOXOIUMOIro [UIs M3MEpPEeHHs 103
oOJlydeHUsI ¥  KOHTpPOJIA,  DKOJOTHYECKOTO  MOHHTOPWHTA, TOKCHUKOJIOTHH,
ANEKTPOMArHUTHOTO U JIA3E€PHOTO U3IIy4YCHMUS;

e [loaroroBka TEXHUYECKUX XapaKTEPUCTUK 0OOPYOBAHUS;

e [lepenaua nmeromerocss B HAIMYUHA 000PYAOBAHUS IS JO3UMETPUUIECKOTO KOHTPOJIS
(RADCON) wu o0yueHue paboTe Ha HEM;

e [IpoBeneHue 1eMOHCTPALMOHHBIX UCIIBITAHUN B PA0OUYMX YCIOBUSX;

[TocTaBka mpuOOpPOB U 0OOPYIOBAHMS.

Bo BpeMs nmepBoro starna BBINOJIHEHUS MPOEKTa pOCCUICKAsi CTOPOHA OIpeenia epeueHb
o0opysoBaHusl, HEOOXOAMMOTO Ui  yIy4YIIEHUS  OKOJOTUYECKOTO0  MOHHUTOPHHTA,
paguaIMOHHON JO3MMETPHH W 0€30MMacHOCTH, KOTOPBIM mpemocTtaBmwia B mMae 1998 r. Ha
BcTpeue B Cépmapke B OokTsOpe 1998 1. poccuiickuii pyKOBOAUTENh MPOEKTA OMPEICITHAI
MIPUOPUTETHOCTh 00OPYIOBAHMUSI, COAEPKAILETOCs B IEpEeyHe.

AMepuKaHCKas CTOpOHA pelruia nepeaaTh POCCHICKON CTOPOHE H3IHUITHEEe 000pyJAOBaHUE
Ui paAvallMOHHOro KOHTpojs, mnpuHamiexkamee JO CIIA. TlepBoil mnocTaBKOH,
OCYIIECTBIIEHHOM B gekadbpe 1999 r., cranu 31eKTpOHHBIE JO3UMETPHI MPOU3BOICTBA (DUPMBI



«Eberline», koTOpbIe TOIKHBI OBLITH UCIIOJIB30BAThCA HA OAHOM M3 00bekTOB BM® Poccun,
3aHUMAIOIIEMCS BEIBOJIOM M3 SKCIUTyaTalluy U YTUJIM3AIUCH aTOMHBIX ITOABOIHBIX JIOJOK.

Ha Bctpeue B Cépmapke HOpBEXCKash CTOpOHa OOBSIBWJIA O CBOEM pELICHUU
npodpuHancupoBath Ha cymmy S50 Thicsu nosmapoB CIIIA mokynky HOBOTO pOCCHICKOTO
obopynoBanus. Poccuiickas cropona BeiOpana wHAMBUAyasbHbIe Ao3umeTpsl KMJ[-08C,
BBIITyCKaeMbIX 3aBOJIOM «Masik». HopBexxckoe puHaHcHpoBaHUE OBLJIO OTHYIIEHO, CTOPOHBI
MPUHSUIM COBMECTHOE PEUIEHHE O 3aKyNKe, UCIBITAHUU U pa3MelneHuu ao3umerpoB KU /I-
08C na onHOM U3 apKkTUYecKuX 00bekToB BM® Poccum.

Kpome toro, 2-4 cenrsaops 1998 r. nBa poccHiickMX BOEHHO-MOPCKHX OQHIlepa MOCETUIN
XanIeHCKU peakTop C LENbi0 00CYAMTh TEXHMYECKHE AETaTd MO aBTOMATU3HMPOBAHHOMY
coopy manubIXx U cucteme MoHuTOpuHTa «I[IMKACCO», ee BO3MOXKHOM NMPUMEHEHHH Ha
o0bekTax BM®, 3aHMMarOmmXcs BBIBOJAOM W3 JKCIUTyaTalldd W yTHJIM3AIMEHd aTOMHBIX
MOJBOJHBIX JIOJOK. DTO MPOrpaMMHOE OOECIEYeHHE CIPOEKTUPOBAHO M pa3paboTaHO
HNuctutryTom sHepretuueckux TexHosnoruit (IFE) B pamkxax mpoexkra ODCP XanmeHckuit
peaktop. Ha ocHOBaHuM mNpoBeAEHHBIX OOCYXAEeHUI W mocemieHUd B pamkax IIpoekra
AMEC 1.5 Hupexropatr AMEC B deBpane 1999 r. yrBepawi HoBbIi 1poekT, [Ipoekt AMEC
1.5-1 «Pammanmonusiii koHTpolb Ha oOBekTax: [Ipumenenue cucrembr «I[TMKACCOy.
Takum o0paszom, ycmemiHele pa3paboTka U pa3MelleHHEe aBTOMATHU3HPOBAHHOW CHCTEMBI
paanalOHHOTO MOHHUTOPHHTA, Oasupyrorieiics Ha HopBexckoM [10, ObUTH BBIIEICHBI B
otnenbHbIN TpoekT AMEC. 3aTem cucreMa Obla yCTaHOBJICHA M 3aITyIIeHa B SKCIUTyaTaIlHIo
Ha OI'YII «ATomMbI0T» - OCHOBHOI 0a3e aTOMHBIX JIEOKOIOB B MypMaHCKe, U B HACTOSIIEE
BpeMs yCTaHABIMBAeTCA Ha CyIopeMOHTHOM 3aBoje B T. [lomspaom (PI'YIT 10 CP3).
OcymiecTBieHne 00OMX TMPOEKTOB IIJIO IMPH KX TECHOM COIJIACOBAaHMU, B XOJE BCETrO
BbINOJHEHH [IpoekTa 1.5 mpoBOAMIMCE COBMECTHBIE BCTPEUU PYKOBOJUTENEH MPOEKTOB.

4.2 Jlo3umetpsl, npenocraBiaennsie CIIA

[Tocne ytBepxknenuss Dopmymnsipa [Ipoekra AMEC 1.5 [upexropatom [Iporpammer
(ITpunoxenue 1) u ompeneneHuss pOCCUUCKUX MOTpeOHOCTEH B ATOW cdepe amepuKaHcKas
ctopoHa npuriacuia MO P® u Hopseruu nocetutrs o0wvextsl 1D u JIO CILA. Ilocne
moceleHus: Obula cAenaHa OllEHKa TOCyAapCTBEHHOIO MMYyIIecTBa, okaszaBiierocs B CIHIA
U3JIUIIHUM U YJIOBJIETBOPSIIOIIETO MOTPEOHOCTH, KOTOPBIE ONPEAETNIa POCCUICKasl CTOPOHA.
B pesynbrare omeHku ObUT caenaH BBIBOJ, 4YTO POCCUICKas CTOPOHA HCIIBITHIBAET
MoTPeOHOCTh B IM(POBBIX IEKTPOHHBIX JIO3UMETpax ¢ OTCUETHBIM ycTpoiictBoMm (Eberline
DD 100/200), coBmectumMbix ¢ HMUMH cuuTbiBatomux ycTtpoiictB (Eberline DR 200) u
KOMITBIOTEPHOM TPEKMHTOBOM IPOTrPpaMMHOM 00€CIIEUEHUH I UX 00CITy >KUBaHMUS.

B Hos6pe 1999 r. amepukaHCKasi, pOCCHHCKasi W HOPBEXKCKas CTOPOHBI Y4YacTBOBAIM B
00y4YeHMH MO HCIOJIb30BAHUIO aMEPUKAHCKOro Jo3MMeTpuyeckoro obopynosanus B BHIL.
Kpome Ttoro, onm mnocerunu u jApyrue OOBEKThl, B TOM uucie DUINYECKUN LEHTp
3npaBooxpaHenus B rocnutaie BMC CIIA Bberecna.

OcHoBHasi mpoOiemMa CcocCTOsUIa B TONYYEHHUH MM JIO3UMETPUUYECKOTO O0O0pYyIOBaHUS
aMEpUKaHCKOM JIMIICH3WX Ha BBIBO3 TEXHOJIOTMH, KOTOpas Obia mosiydeHa B fekadbpe 1999 r.
Torma xe 106 W3 aMEpUKAaHCKUX JO3UMETPOB OBLIM IEpelaHbl POCCHICKONH CTOpOHE.
CHoXXHOCTh MPEACTABISI U BBO3 B PD aMepuKaHCKUX CUYHTHIBAIONINX YCTPOUCTB (KOTOpPHIE
He OBLIM OTIpaBJICHBI paHEe BMECTE C CAMHMH JIO3UMETpPaMH), a TaKKe MNpOIEIyphl Ha
poccuiickoii TamokHe. HecMoTpsi Ha TO, 9TO TO3WMETPHI BIIOJIHE MOTJIM WCIOJIB30BATHCSA U



0€e3 CUMTHIBAIOIINX YCTPOUCTB, MONBITKY Nepenats BM® Poccuu cunthiBaromue ycTpoiicTa
C TeM, 4TOOBl aMEpPUKAHCKOE OOOpYyJOBaHHME HCIIONB30BaAIOCH Oosiee 3 HEKTUBHO,
MIPOIOJDKAIIUCH, XOTS U Oe3ycrnemHo. K MOMEHTY MCTeueHHs CpoKa JeHCTBUS JIMLEH3UN Ha
BBIBO3 000opyaoBanus u3 CIIA »Tu npo6iemsbl Tak 1 He OB PEIICHBI.

®orto 2. Berpeua rexunueckux skcneptoB Poccun, Hopserun u CLIA B BHJI aiig 06yuenus
HKCIUTyaTalluy U MO IEP’KaHHIO B paboueM COCTOSHUM JJO3UEMTPOB, noctaBieHHbIX CIIA.

Cnenyer OTMEMTUTB, YTO XOTd B paszauuHbix oTdyetax MO P®, B pasHOW CBA3U
YIIOMUHAIOMUX 00 HCIMOJIb30BAaHUM AMEPUKAHCKUX JTO3UMETPOB POCCHUUCKOM CTOPOHOMU
(mocneHUM SABISETCS MUCBMO poccuiickoro copupekTopa [Iporpammer ot 26 urons 2004 r.),
cambiM OonpmuM Bkiagom CIIIA B [lpoekt 1.5 cramo pemieHme cepbe3HBIX HpoOIeM,
CBSI3aHHBIX C Hepeaayeil usnuiHero oobopynosanus u3 CILIA B P®. Kpome Toro, auanor no
BOIPOCaM paJuallMOHHON 0€30MaCHOCTH M 3KOJIOTMYECKOr0 MOHUTOPUHTA, HAYaBIIUNCS TIPU
MIOCEIIEHUN aMEPUKAHCKUX OOBEKTOB, M JMAJIOr, KOTOPBIH BEJICA B XOJ€ BBIOJHEHHUS
MPOEKTa, CTald NMPEKpacHbIM (OpyMOM JUIsi OOydeHHs, TPEHWHIa M TOCTPOEHUS OIbITa,
YKPENUBUIMM BO3MOYKHOCTH BCEX TPEX CTOPOH.

4.3 3akynka U npuMeHeHHe J03MMeTPOB POCCUIICKOI0 POU3BOACTBA

B okrsa6pe 1998 r. pykoBoaurenu mnpoekra Hopeermnm u Poccum pemmim 3aKynuTh,
WCIIBITaTh M Pa3MECTUTh HAa OJHOM M3 apKTUuecKnXx 00bekToB BM® Poccum koMIuiekT
uHauBUAYyanbHbIX  po3uMerpoB  KMJI-08C  3a  cueT  BBIIEGIEHHOTO  HOPBEXCKOTO
¢unancupoBanus B 50 teicsy goutapoB CHIA. FOpuanueckue sxcneptsl FFI u ®I'VIT MKI]
«Hyxnumy cpaszy npucTynuian K oOCYXKIEHHUIO MPOEKTa KOHTpakTa. B manbpHelineM oH ObuT
yAydIlleH, HO MOT OBITh TMOANWCAaH Tpu yciaoBuu BimodeHus [Ipoekta 1.5 B
MexnpaBuTenbCTBEHHOE paMOYHOe coramenue Mexxay Poccuent u Hopseruen. Pocculickas



cropoHa onpeaemwia OI'YII 10 CP3 B kauectBe 00BEKTa, Ha KOTOpOM Oyzer
HCTOJIb30BAaThCSl KOMIUIEKT JO3UMETPOB MNP BBINOJHEHUHW TaM Jpyrux npoektoB AMEC
(ITpoextril.3, 1.4, 1.5-1 u 1.9).

OI'VII 10 CP3 pacnionoxeHn B r. IlonspHblil, rae npoxuBaer 25 ThICAY YEIOBEK, K CEBEPO-
3amany oT MypmaHcka. 3aBoj BeAET TEKYLIMH PEMOHT IOCTABJIEHHBIX B JIOK MOAJIOJIOK U
NEUCTBYIOIMX MOJIONOK, a TaKXe YTWIM3UPYET MHOIOLEIEBBIE IOABOJHBIE JIOJKH.
TBepable pagvoakTHBHBIE OTXOABI XPAHATCA B KOTEHHEpPAaxX Ha OTKPBITOM IUIOINAIKE, yXKe
3aII0JIHEHHOM 110 0TKa3a. JKuakue paguoakTUBHBIE OTXO/Ibl XPAHATCA B IJIABYUUX EMKOCTAX Y
npuyana. 3aBoj] yTHIN3UPYET MOIBOIHBIE JIOAKH IIEPBOT0O MOKOJICHHUS.

B pamkax IIpoektoB AMEC 1.3, 1.4 u 1.9 Ha 3aBoge pa3mecTuiCcd MHTErPUPOBAHHBIN
KOMIUJICKC IO YTPAaBJICHHUIO paJHOAKTUBHBIMHU OTXOAdaMU, B KOTOprﬁ BXOIAT MECPCABUIKHAA
yCTaHOBKA IO TpeaBapuTenbHON mnepepadborke TPO, ruapaBiudeckue MHCTPYMEHTHI IS
pPEe3KU MeTajljla, KOHTEHHEpHI Ul NEPEBO3KU U XPAHEHHs TBEPABIX OTXOJO0B, XPAHWIHILE
TPO. B nacrosimiee Bpemsa B pamkax IIpoekta AMEC 1.5 wa ®I'VII 10 CP3 Benercs
pasMelleHre aBTOMAaTU3MPOBAHHON CHCTEMBl PaHallMOHHOTO MOHHMTOpMHra Ha 0Oaze I1O
«ITUKACCO».

enbto [Ipoekta AMEC 1.5 na ®I'VII 10 CP3 sBnsercs yiydlieHHE Ha 3aBOJE 3alUTHI
MepcoHaNia OT paJMallid BO BPEMs BBIMOJHEHHUS MOTEHIMAIBHO OMACHBIX pPa0OT MyTeM
nepenauyn Ha 3aBoJ 100 HO3WMETPOB M OJIHOTO CYUTHIBAIOIIETO yCTpoiicTBa. KomriuiekT
WHJIUBUTyaIbHBIX TEpMO-TIOMUHHUCIEHTHBIX ao3umeTpoB (TJI) KU-08C mpousBoacTBa
Kypckoro 3aBoma «Masik» mpeaHa3HAYeH I W3MEPEHUs MOTJIONIEHHOW [03bl TaMMa-
W3IyYeHUs] MATKAMU TKaHSIMH YeJOBEKa, a TakKe MOTJIOUICHHOW 03Bl OeTa-U3IydeHUs.
JlnanazoH WM3MEpEeHHs TOTJOMIEHHON 103kl ramma-mzinydeHus - 0.05 — 1500 cGy, Gera-
nznydenus - 10 — 3000 cGy. Jlnanazon 3Hepruu ramma-nsiydenus - 0.08 — 1.3 MeV.

Ha ®oto 3 cneBa mnpuBoauTCS H300pakeHHWE HCTOYHHMKA IMUTAHUS M CUYUTHIBAIOILIETO
ycTpoiictBa u3 Opomrtopel 3aBoja «Masiky. Ha ®oto 4 — cuuThIBaromiee yCTPOWUCTBO,
pacmoyiokeHHOe Ha 37aHuM, rae pasmemaercs Cryx0a saepHOR W paaMallMOHHOU
6e3onacuoctu GI'VII 10 CP3.
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®oto 3. Uctounuk nuranus no3umeTpoB KNJI-08C u cuutsiBaromee ycTpoicTBo (ciesa),
TEXHHUYECKHE XapaKTePUCTUKH U MePEUeHb BHIMTYCKaeMOro o00pyA0BaHuUs U3 PEKIAMHOMN
opomrtoper OI'YIT «Mastk»

®oto 4. Tepmo-nmomunuceHTHOE cunThiBaroliee ycrpoiictso KMJI-08C, pacnionoxxeHHoe B
3nanun CiryKObI siIepHOM 1 paguanmonHon 6ezonacuocty Ha OIYIT 10 CP3.



6 Hos6ps 2001 r. ®I'YIT MKL «Hyknun» u FFI monnmucanu KoHTpakT Ha mpuoOpeTeHwue,
MOCTaBKy, YCTAaHOBKY, JEMOHCTPAlMI0O U TMPOOHO-OMBITHYIO 3KCIUTyaTalli0 CpPEeICTB
UHAVBUAYAIBHOIO J03MMETPUYECKOIO KOHTPOJII IEpPCOHANa B APKTUYECKUX YCIOBMSIX.
l'ocynapctBennbiii komuteT Poccuiickoit deneparuu 1Mo CTaHIapTU3AUUA W METPOJIOTUHU
(T'occranmapt) yTtBepaumn u cepTuduuupoBan KoMmiulekT go3uMerpoB KU-08C s
ucnonb3oBanus B Poccun. ®I'YIT MK «Hyxkmuay npenoctaBun kornuto ceptudukara FFI B
KauecTBE MEPBOr0 OTYETHOI'O MaTeprasa 1o KOHTPAKTy.

B nexa6pe 2001 r. ®I'YIT MKII «Hyxnumy 3akazan 3aBony «Masik» KOMIUIEKT T03UMETPOB
KW1JI-08C. 3aBox 3aBepmui mpou3BoACTBO go3umMeTpoB B mae 2002 1. 3 centsops 2002 r.
onu 6butn otnpasieHsl Ha GI'YIT 10 CP3. B Hos6pe 2002 1. poccuiickasi CTOpoHa T0JI0KHUIIA
O 3aBEPLICHUM INPOBEPKU MPH MOCTYIUICHUH, OOYyYEHHUS M YCTAaHOBJIEHUS MpOLEAyp IO
perucTpanu 103 OOJydYeHHs, a TaKke O BBOJE [O3MMETPOB B HKCIUIyaTaluIio.
CuuThiBaromee yCTPOWCTBO M MCTOYHMK NHTaHMs OBUIM YCTAHOBICHBI B J1a0OpaTOpHH,
pacriosioskeHHOH B 31aHuu CiyObl siIepHON M paguanMoHHON Oe3omacHocTu. B oTtder mo
sTany | BomwM komus cepTudukara ['occtangapra, OTYETHI IO NPOBEPKE MPHU MOCTYIIICHUH
no3uMeTpoB Ha CP3, akT crauu-npueMKH, ONMUCAaHKE MPOLEAYpP pa3MelleHusi, o0yueHus, a
TaKKe MporpaMma OmbITHOM 3kcruryatanuu. 3 deBpains 2003 r. FFI mpunsin Bce paboTsl mo
sramy 1.

Kommnekr mosumerpoB KUJI-08C Obln 3apeructpupoBaH B ['OoCynapcTBEHHOM peecTpe
PErHOHANILHOTO OTHAeNeHuss MUHHCTEPCTBA TOCYAapCTBEHHOM COOCTBEHHOCTH B CaHKT-
[TerepOypre, a mpaBo cobOctBeHHOCcTH OBUIO Tepenano PI'YIT 10 CP3. CorpynHuku 1o
paguarmonHoit 6e3onacHocTr PI'YII 10 CP3 pa3paboranu HOBBIE MPOIEAYPHI PETUCTPAITAN
W XpaHEeHUs 3amucedl 0 1o03ax OONMydeHHs MEpCOHalIa, YTO TIO3BOJISET OTCIICKUBATH
CTaTUCTUKY O HUX. Bce manHble XpaHsaTcs B 0a3e JaHHBIX Ha 00BEKTE.

Ortan 2 - ucneltanus B pabouux ycnousix Ha @I'YII 10 CP3 - nponomxaincs 8 mecaues. Ha
BCTpeue pykoBoautened mnpoekra B uwoHe 2003 1. poccuiickas CTOpOHa MoOKa3zaja
MOJITOTOBJICHHBIN BHICOPOJIMK 00 YCTAaHOBJICHHOM OOOPYIOBaHHHM W €T0 HCIIOJIb30BAHUU.
beut cienaH BBIBOX, YTO JO3UMETPHI pabOTAIOT YAOBIETBOPUTENBHO U HCIONB3YIOTCS Ha
OI'VIT 10 CP3 perynsipHo. B nHos0pe 2003 1. pyKOBOIUTENM MPOEKTAa U TEXHUUYECKHE
skcriepthl mocetunn OI'YIT 10 CP3, roe moapoOHO OCMOTpenu, B YacTHOCTH, 3/IaHUE
Ciy>x0bI sIIEpHON U paMalMOHHON 0€30MaCHOCTH U MCIIOJIB30BAHUE HA OOBEKTE KOMIUICKTA
nozumerpoB KMNJI-08C.

Ocenbto 2003 r. poccuiickuii noapsauuk OI'YII MKIL «Hyknun» nepecran npuceuiaTh
OTYeTHI, U K Jiekabpro 2003 r. cTano siCHO, 9YTO OH OOJIBIIE HE B COCTOSTHUH BBHITIOJIHATH CBOU
00s13aHHOCTH Tonpsaunka. [lo yka3aHMIO HOPBEKCKOTO U POCCHIMCKOrO colpeacenaTenei
Cexperapuara [lporpammer AMEC FFI annymupoBan cBoit kontpakt ¢ OI'YII MKI]
«Hyxmua». K 3ToMy MOMEHTy ocTaBajach HEBBIIJIaueHHOW cymMMma B 10 ThIcsiu J01apoB
CILIA, ogHako oueHb Ba)kHas BeXa B BBINOJHEHUM KOHTpaKTa ObUIa JAOCTUTHYTa. Takum
o0pa3oM, pacTOp)KEHHE KOHTpakTa He ocioxHwio 3akpeiTue IIpoekta AMEC 15.
[Mocemenne ®I'YIT 10 CP3 u nemMoHCcTpamms JO3UMETPUIECKOro 000pya0BaHUs B HOSIOpe
2003 r. mokazajJo BCEM CTOPOHAM, YTO PETYJSIPHOE HCIOJIb30BaHUE IO3HUMETPOB HJIET
YCHEIIHO, TEM CaMbIM YJIYyYIIUB paJMALMOHHBIA KOHTPOJIb U 3aLIUTYy IE€pCOHaia Mpu
oOpallleHuu ¢ 0TPadOTaBIIUM SACPHBIM TOTUIMBOM U PaJHOAKTUBHBIMU OTXOJaMHU.



S 3AMEYAHUA U U3BJIEYEHHBIE YPOKH

IMIpoekt AMEC 1.5 otkpeut Ilporpammy AMEC pans coTpyaHuyectBa B 00JIACTH
pazuanoHHOM 0€30MaCHOCTH M SKOJIOTMYECKOI0 MOHHUTOpUHIa. XOTS YCWIHS B paMKax
3TOTr0 MPOEKTa ObUTM CKPOMHBIMH, OH IOJIOKMJI HAa4aslo OOCYXICHHIO U OOMEHY JIy4IIUMH
IPAaKTUKaMU [0 PaJMalMOHHOMY KOHTPOJIO M 3alUTe IepcoHala, a TaKKe I[OCTaBKaM
obopynoBanusi. OH Takke nan Havano BaxHoM wuHunuatuee AMEC — Ilpoekry 1.5-1
(«PamnanioHHBIN KOHTPOJIL Ha 00bekTax: mpmioxeHue cuctemsl «[IMKACCOy). B pamkax
npoektoB 1.5 m 1.5-1 mnpoBoamnuch COBMECTHBIE BCTPEYM, 4YTO 3KOHOMMIO BpeMs,
TPYA03aTpaThl U TOPOKHBIE PACXOAbI BCEX CTOPOH.

N3 ompita Ilpoekta 1.5 MoxeT OBITH caenaTh BBIBOA O IEJIECOOOPA3HOCTH H30CKAHUS
nepenayn  TEXHOJOTMYECKOM TMPOMYKIIMU Ha OSKCIOPTHBIA KOHTPOJb H3-32 OOJBIIHX
TPYJAHOCTEN B TMOJYUYEHUH Pa3pEIICHUH HAa BBIBO3, a TAKXKE M3-3a OTPAHUYCHUH IO BBO3Y
texHonoruii B Poccuiickyro ®enepanmio. IlpenMyiiecTBamMu 3aKynku 00OPYHZOBaHHS
POCCHUHCKOTO  MPOU3BOJCTBA  SIBISIOTCS TapaHTUU M JOTOBOPHl O TEXHUYECKOM
00CITyXKMBAaHUM C TPOU3BOAMUTEISIMHU, JOCTYIIHOCTh 3allacHBIX YacTeil, Ooyiee OBICTpBIE U
SKOHOMUYHBIE MPOLEAYPHl CepTUDUKAIMKU U MPUEMKU O0OpYyHOBaHUS. DTOT U3BICUEHHBIN
YPOK UCIOJIb30BaJics B Xojie Bcero BeinoiHeHus [Ipoekra AMEC 1.5-1, korja Bce JaTuvMku U
KOMIBIOTEPHl aBTOMATU3UPOBAHHOMN cUCTEMBI paaunanoHHoro Monutopunra «[IMKACCO»
kak Ha ®I'YII 10 CP3, Tak u Ha PI'YII «AToMDI0T» OBUIH POCCHIICKOTO MPOU3BOACTBA.

6 3AK/IIOYEHUME

Ha panHeii craguu npoekTa oCyIEeCTBISUIMCH MOCEUICHUsT 00BEKTOB, 00MeH MH(pOpMaLuei u
Jy4IIAMHA TIPaKTUKaMHU paguallioHHON Oe3omacHOCTH. B manmbHeiimeM paboTel ObUTH
COCpeNoTOUYEHBl Ha coxelcTBun nporpaMMmbl BM® P® no monutopunry nos. CHauvana B
1999 r. nst BM® PO 6butu nepeganst 106 uznumanx nozumetrpos /1D CIIA. 3arem B 2002
rojly HOpBeXCKasg cTopoHa 3akynwia it BM® P® 100 mo3umeTpoB pOCCHIUCKOTO
MIPOM3BOJCTBA M OJHO CYUTHIBAIOIIEE YCTPOMCTBO I WCIIOJIb30BAHUS TNPHU YTUIU3ALUU
noanoaok Ha OI'VII 10 CP3. BM® Poccun oruutancss o MOJYyYEHHH IO3HUMETPOB, UX
OLIEHKE M HCIONIb30BaHUU IpH obpameHun ¢ PAO, nmpoBeneHun padoT Mo yTUIM3ALUU
MOJIBOAHBIX JIOJOK, YTO IOJIOKUTEIBHO CKA3ajJoCh HAa NEPCOHANIE, BEAYILIEM MOTEHIUAIBHO
OIacHble pabOThl, U MOBBICWIIO paJHallMOHHYI0 0€30M1aCHOCTb.

7 CCBLUIKA

1. II. JI. Mockosun, P. Kamnbenn, A. benukos, H. fSInoBckass, M. Duaperapa u M.
KpoccxaBu. Ilporpamma coTpyaHudecTBa B BOEHHOM o00jacTM 1O BOMIpoOcam
okpy»katomiel cpenbl B Apktuke — [Ipoekt 1.5 «CoTpyAHHYECTBO MO PagUalliOHHOM
W 9Kolormdeckoi OeszomacHocTh». 4-1 MexayHaponHas KOH(QEpEHIHs 10
HKOJIOTUUECKOM palnoakTUBHOCTU B ApKTuKe. D1uHOypr, 20-23 centsops 1999 r.

2. Jx. IlomepBuinb, II. JI. MockoBuu, C. I'aBpunos, B. Kucenes, B. [lanunsn, A.
benukos, A. Eropkun, C. I'nnka, }0. Cokonosckuii, M. Duaperapa, M. Kpoccxash,
K.-B. Cyngmuar n X. ﬁOKCTan. «PannanmoHHbIi MOHHMTOPHHT, O€30MaCHOCTb
mepcoHaja | 9JKojormdeckas OezomacHOcTb». Pedeparsi Kondepenmun 1o
ynpasienuto orxogamu 2001. Tycon, Apuzona. @espanb 2001 r.



IMPUJIO)KEHUE 1 ®OPMYJISAP ITPOEKTA

ITnan Ilpoexma AMEC 1.5

IImanoBeIe 3a1aun

Benymas
CTpaHa

IIpennaraemslie
pe3yNbTaThl

IIpennaraemsle
naTbl

IIpennaraemsiii
WHCTHUTYT/OpraHU3aIust

OxunaemMble TpyA03aTpaThl U
JpyTHe 3aTpaThl (UIM)

OxuaeMas mosHas
CTOMMOCTb (TBIC. JTOJII.

CIIA)

CIIIA HOP PO

CIIIA

HOP

PO

Ornpenenenue
00opyIoBaHHUSA,
HEO0XOUMOTO JUTSE
JIO3UMETPHIECKOTO
KOHTPOJIS, ~ MOHHTOPHHIA
OKpYKaroIien Cpebl,
TOKCHKOJIOTHH,
ANIEKTPOMArHUTHOTO u
JIA3epHOr0 U3JIy4YEeHUH

Poccus

IIepeuens
00opyI0BaHUS

®espaib 98

Hyxnung

1

IToAroTOBKa TEXHUIECKHUX
XapaKTePUCTHK
000pyIOBaHUs

CIIIA/Hops

Texumueckue
XapaKTePUCTHKH

Maii 98

JID/BHIT
IFE /FFI

.50 .50 .50

12

Ilepenaua umeromierocs B
HaJIMYUH 000PYIOBAHUS
JUISL IO3UMETPHYECKOTO
KOHTpOJISl U 00y4eHHE
paboTe Ha HEM

CIIIA/Hops

ITon6op, oOyuenne u
nepejaya

Hes3amennu-
TEJBHO

Jite)

100

JleMoHCTpalMOHHbIE
HCTBITAHAS B Pa00OYIX
YCIIOBHSIX

Poccus

PesynbraTs!
HCIIBITAaHUN

Maii 98/Maii 99

Hyxnug

74

37

Pa3zHble pacxos! Ha
3apyOeKHBIC
KOMaHJUPOBKH
pOCCHiicKOTO MepcoHaa,
YCIIyTH NEePeBOYMKOB U
T

25

25

10




Bropoii srarr: CIIIA/Hops ITocraBka Jlero 99 BHJI/IFE
mosTHOMacInTabHast o0opyIoBaHuUS

MOCTaBKa NpUOOPOB U

000pyTOBaHUS

HWroro no nepsoii dhaze:

7.5

3.5

13.5

211

68

Crnpaska:

J9 — Jdenaprament snepreruxku CHIA

BHJI — bpyxkxeBelickas HallMOHAIbHAs J1ab0paTOPUS
IFE — HopBeXCKuif MHCTUTYT 3HEPrOTEXHOJIOT U
FFI — HopBexckuiit HHCTHTYT 00OPOHHBIX HCCIICIOBAHIHA
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IMPUJIOKEHHUE 2 PYKOBOJIUTEJIA ITPOEKTA U TEXHUYECKHUE
IKCIIEPTbBI

PykoBoauTe 1M poeKkTa

TexHuuyeckue IKCIEePThI

J-p Monuka Duaperapn

(Dr. Monica Endregard)
HopBexckuii ”HCTUTYT 0OOPOHHBIX
uccnenoanuii (FFI)

P.O. Box 25

NO-2027 Kjeller, Norway

H-p Pamxun Cunrx Cuaxy
(Dr. Rajdeep Singh Sidhu)
HNucturyt sneprernyeckux texnosnoruit (IFE)
P.O. Box 40

NO-2027 Kjeller, Norway

Ounpio P. I'puddur

(Andrew R. Griffith)
Henaprament sHepretuku CLIIA
U.S. Department of Energy/NE-20
1000 Independence Avenue, SW
Washington, DC 20585, USA

ITon /1. MockoBun

(Paul D. Moskowitz)

BpykxeBeHCKas HaMOHAIBHAS 1a00PaTOPHS
Brookhaven National Laboratory

Upton, New York, USA 11973

Kan. 1-ro panra Bukrop Bypcyk

I'maBHOE TexHMYeCcKoe ynpasiieHne BoeHHO-
Mopckoro (aota Poccuiickoii @enepanum,
MunncrepcTBo 000poHbI PO

Mocksa, Poccuiickas @enepanns

H-p JIeB UepHaenko

OI'VII MK «Hyxmum»

JlecHoii npocnexkr, 1. 64,

194100, Cankr-IlerepOypr, Poccus

Baagum Ky3pmun
dOI'VITI 10 CP3
I'. Ionspueii, Poccus
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IMPUJIO)KEHHUE 3 PACXO/bI

Crpana Onucanue Cymma (1oJu.
CHIA)

CIIA Ilepenaya u3 CLIA BM® Poccun 351€KTpOHHBIX 18,000
no3umeTpoB «Eberline» u ux ucneiranus

Hopserus HocraBka nozumetpoB KN/I1-08C na ®I'VII 10 40,000
CP3, nopBexckas 4yacTh (GMHAHCHPOBAHUS *

Poccus HocraBka nozumetpoB KN/I-08C na ®I'VII 10 25,000
CP3, poccuiickasi yacTh GPMHAHCHPOBAHUS

HTroro pacxonos 83,000

*Kontpakt Ha TBepayto 1ieny mexay OI'YIT MK «Hyxkmua» u FFI (Ha o6mryro cymmy 50

ThicsY 1ojutapoB CIIIA) Ol pacTOprHYT 10 epeBoAa nocienHeit omatsl B 10 ThicsY 0L,
T.€. PacXo/ibl HOPBEKCKON CTOPOHBI cOCTaBUIU 40 THIC. JOJUJT. DTO HE MOBJIMSAIO HA KA4E€CTBO
pabort u 3akpsitue [Ipoekra 1.5.

Ilepeuncnennsie pacxoas! BkiatouatoT TOJIBKO pacxoasl o KOHTpakTam.

Pacxoznpl, He BKIIIOUEHHBIE B TaOJIHLIBL:
e Pabota pykoBoauTeneil npoekra 1 TexHuueckux skcnepros u3 Hopeeruu u CIIA;
e Pacxobl Ha OpraHu3alMIo BCTPEY;
e Jlopo>kHBIE PACXObl M pa3MeIleHHe POCCUMCKUX YYaCTHUKOB BCTPEY;
e TexHuueckas MOAJEPHKKA, HE CBS3aHHAsI HAIPAMYIO C Pa3pabOTKOM MPOeKTa
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