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INTRODUCTION
The Subcommittee for Reinvestigation of the Aircraft Accident presents the results of
investigations carried out in the case of the crash of the Tu-154M PLF101 aircraft of the Polish
Air Force on 10.04.2010 in Smolensk. The starting point of the Commission's work was the
analysis of the decision concerning the overhaul of Tu-154M and then the preparations for the
visit of the Polish delegation headed by President Lech Kaczynski in Katyn, the flight to
Smolensk, the activities of military and civil Polish and Russian services. The Commission
examined the history of the extraction and reading out of the conversations from the cockpit
(CVR) as well as the records of the flight parameters recorders and their reliability. It
reconstructed the trajectory of the flight, the impact on the ground according to MAK and
minister J. Miller's commission. The path of control approach and departure for the go-around
was examined regarding the Tu-154M pilots, which had not been done before because it was
assumed that investigating the events after a hypothetical hitting the birch-tree was of no
importance. Meanwhile, it was the last 20 seconds of the Tu-154M flight that decided about the
Smolensk tragedy. The commission reconstructed, in cooperation with NIAR - the National
Institute of Aviation Research in Wichita, USA, the Military University of Technology in
Warsaw, the Institute of Aviation in Warsaw, the Interdisciplinary Modelling Centre of the
University of Warsaw and the Cardinal Stefan Wyszyński University in Warsaw the structure of
the Tu-154M aircraft and simulated its flight and hitting the ground in accordance with the
parameters of MAK and Miller's Report as well as the experts of the Military Prosecutor's
Office in Warsaw. It also reconstructed the distribution of the plane's debris over the entire area
of its destruction and the distribution of bodies and fragments of the bodies of the deceased
passengers. An important part in the Commission's research was devoted to simulations and
reconstructions of the explosion in the left wing and in the centre-wing, reconstructions of the
disintegration of individual parts of the airplane, as well as pyrotechnical experiments. The
decision-making process on the investigation of the catastrophe and the proceedings of the
prosecutor's office and the aviation commissions were also analyzed. By order of the
Subcommittee, analyses and research were conducted in Poland and in the USA on the traces of
explosives on the wreckage of Tu-154M No 101 and in the plane Tu-154M No 102. Moreover,
calculations and analyses were made, among others in the field of physics and aerodynamics,
which would confirm or exclude possible hypotheses regarding the events of 10.04.2010. The
correlation of the results of all those investigations allowed answering what really happened
over Smolensk on 10.04.2010.
The Subcommittee appointed to re-examine the causes of the crash of Tu-154M on
10.04.2010 in Smoleńsk has no doubt that the tragedy consisted of a series of conscious
actions, both in the area of overhaul of the Tu-154M No. 101 plane, the way of preparation of
the official government delegation to Katyn, conscious, false bringing of the airplane to the
landing 1000 m before the airport by the Russian controllers, as well as the failure and
explosion which finally destroyed the Tupolev plane and led to the death of the President of the
Republic of Poland, the entire government delegation flying for the ceremony commemorating
the 70th anniversary of the genocide in Katyn in 1940 and the flight personnel.
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The research and experiments proved that the MAK theses (presented as the position of
the Russian Federation), copied by the Miller's commission have no scientific justification, and
the consent of Donald Tusk's government for rejecting the 1993 agreement with the Russian
Federation concerning the investigation of the crash and accepting the Chicago Convention and
Annex 13 as the basis for its work enabled the Russian side to make a number of falsifications,
impeding the attempts of the Polish to find the truth. Among these falsifications the most
significant were the interferences in the flight recorders' recordings, none of which was taken
up and read out together with the Polish side. Verification of these records, as well as of other
Russian actions, significantly contributed to establishing by the Subcommittee the actual course
of events and the cause of the Tu-154M crash on 10.04.2010.
In the course of its work, the Subcommittee collected documents concerning the course,
causes and circumstances of the aviation accident from, among others: Ministry of National
Defence, Military Police, Armament Inspectorate, 1st Base of Transport Aviation, Military
Institute of Aviation Medicine, Military Counterintelligence Service, Military Intelligence
Service, Internal Security Agency, Intelligence Agency, Government Protection Bureau (now
State Protection Service), Ministry of Internal Affairs and Administration, Ministry of
Infrastructure, Office of the Prime Minister, Office of the President of the Republic of Poland.
The Subcommittee also obtained access to 750 volumes of files from the investigation
of Investigation Team No. 1 of the National Prosecutor's Office1 and selected results of works
and analyses. However, the Prosecutor's Office, contrary to the provisions of the Agreement
between the Minister of National Defence and the Prosecutor General of 5 November 2014 and
contrary to the powers of the KBWL LP provided for in Article 136(1)(5), had not considered a
number of the Subcommittee's motions until the date of publication of this report.2
This report establishing the causes of the aviation incident of 10.04.2010, together with
recommendations and conclusions, was prepared in accordance with the legal acts binding for
in the process of investigation of aviation incidents with the participation of state aircraft:
1. Article 140 sec. 1a in connection with Article 1 sec. 4 of the Act of 3 July 2002. Aviation Law3,
Between 2010 and 2015, the proceedings were conducted by the Military Regional Prosecutor's Office in Warsaw.
The Subcommittee also made use of the achievements of the Parliamentary Group for the Investigation of the Causes of the
Catastrophe
Tu-154M z 10 kwietnia 2010 roku, Of the Smolensk Conference and materials published in the Smolensk Notebooks no 1–3:
– Biała Księga Smoleńskiej Tragedii, Zespołu Parlamentarnego ds. Zbadania Przyczyn Katastrofy Tu-154M z 10 April 2010
roku, Warszawa czerwiec – lipiec 2011 r.;
– 28 Miesięcy po Smoleńsku, Zespołu Parlamentarnego ds. Zbadania Przyczyn Katastrofy Tu-154M z 10 kwietnia 2010 roku,
Warsaw August 2012 r.;
– Smolensk report, state of research, wydanie II poprawione, Zespołu Parlamentarnego ds. Zbadania Przyczyn Katastrofy Tu154M z 10 April 2010 roku, Warsaw 10 May 2013 r.;
– Cztery lata po Smoleńsku, Jak zginął prezydent RP., Zespołu Parlamentarnego ds. Zbadania Przyczyn Katastrofy Tu-154M z
10 April 2010 roku, Warsaw 10 April 2014 r.
– Of the Smolensk Conference 22.10.2012 – Materiały konferencyjne, Warsaw 2013, Organizing Committee of the Smolensk
Conference;
– II Of the Smolensk Conference 21-22.10.2013 – Materiały Konferencyjne, Warsaw 2014, Organizing Committee of the
Smolensk Conference;
– III Of the Smolensk Conference 20.10.2014 - Materiały Konferencyjne, Warsaw 2015, Organizing Committee of the
Smolensk Conference;
– IV Of the Smolensk Conference 14.11.2015 – Program streszczenia referatów, 14.11.2015 Warsaw, Content produced by
Monika Arciszewska, Elżbieta Łusakowska, Andrzej Wawro, Piotr Witakowski
3 Dz. U. of 2020, item 1970 as amended.
1
2
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2. the Regulation of the Minister of National Defence of 14 June 2012 on the organisation
and operation of the State Aviation Accident Investigation Commission4,
3. the Flight Safety Manual of the Armed Forces of the Republic of Poland introduced for
use by Decision No. 67/MON of the Minister of National Defence of 9 March 2015.
In addition, the study applied as good practice selected recommended methods of Annex
13 to the Convention on International Civil Aviation "Investigation of Aircraft Accidents and
Incidents"5, Manual of Civil Aviation Medicine (Doc 8984); Manual on Accident and Incident
Investigation Policies and Procedures (Doc 9946), as well as Defence Standard NO-05-A001
based on STANAG 3101 (NATO) and Defence Standard NO-05-A005 based on STANAG
3531 (NATO)6.
1. FINDINGS
On 10.04.2010 at 6:41 UTC the plane Tu-154M Lux No. 101 of the Polish Air Force was
completely destroyed following an explosion. Its wreckage was scattered from about 900 m
before the threshold of the RWY26 runway of the Smolensk-North airport in the Smolensk
region of the Russian Federation over a distance of more than 500 m.

Fig. 1.1 The silhouette of the Tu-154M airplane and the position of its fragments in front of RWY26,
identified by the Subcommittee (orange points), on a satellite image from 10/04/2010.

Ninety-six people died as a result of the crash.
Wounds

Crew

Passangers

Others

Fatal

8

88

-

Heavy

-

-

-

Light

-

-

-

Dz. U. of 2017, item 717.
Edition 12, July 2020, being the Annex to the Notice No. 5 of the President of the Civil Aviation Authority of 30 March 2021
on the publication of the text of Annex 13 to the Convention on International Civil Aviation, executed in Chicago on 7
December 1944. (Dz.U. of 2021, item 15).
6 Version of 31.05.2021
4
5
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1.1 Information about the cabin crew and passengers
According to the order of the Commander of the 1st (Air) Squadron No. 69/2010 of
09.04.2010 confirmed in the daily order of the Commander of JW. 2139 no 69/10/101 the
following crew was designated for the scheduled departure to Smolensk of the Tu-154M No.
101 aircraft on 10.04.2010 (military ranks, names and duty assignments of persons on board the
aircraft):
a) ARKADIUSZ PROTASIUK captain of the aircraft:
- rank – captain pilot
- date of birth: 13.11.1974
- pilot class: I
- total flying experience: 3473 h 18 min.
b) ROBERT GRZYWNA co-pilot:
- rank - major pilot
- date of birth: 08.02.1974
- pilot class: I
- total flying experience: 1896 h 43 min.
c) ARTUR ZIETEK navigator:
- rank – lieutenant pilot
- date of birth: 12.10.1978
- pilot class: II
- total flying experience: 1600 h 37 min.
d) ANDRZEJ MICHALAK Flight Engineer
- rank - Ensign
- date of birth: 03.07.1973
- Flying experience: 330 h 06 min.
e) BARBARA MACIEJCZYK Chief Steward
- official position – flight attendant
- date of birth: 26.08.1981
f) JUSTYNA MONIUSZKO cabin crew member
- official position - flight attendant
- date of birth: 06.07.1985
g) NATALIA JANUSZKO cabin crew member
- official position - flight attendant
- date of birth: 27.07.1987
h) AGNIESZKA POGRÓDKA-WĘCŁAWEK cabin crew member
- rank - junior BOR ensign; flight attendant
- Date of birth 15.12.1975
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Passengers:
Lech KACZYŃSKI - President of the Republic of Poland;
Maria KACZYŃSKA, spouse of the President of the Republic of Poland;
Ryszard KACZOROWSKI - President of the Republic of Poland in Exile;
Joanna AGACKA-INDECKA - President of the Supreme Bar Council;
Ewa BĄKOWSKA - granddaughter of Brig. Gen. Mieczysław SMORAWIŃSKI, Katyn
Families Association;
Lieutenant General Andrzej BŁASIK - Commander of the Polish Air Force;
Krystyna BOCHENEK - Deputy Speaker of the Polish Senate;
Anna Maria BOROWSKA - Katyn Families Association;
Bartosz BOROWSKI - Katyn Families Association;
Major General Tadeusz BUK - Commander of the Polish Land Forces;
Brig. Gen. Miron CHODAKOWSKI - Orthodox Ordinary of the Polish Army;
Czesław CYWIŃSKI - President of the Board of Directors of the World Association of Home
Army Soldiers;
Leszek DEPTUŁA - Member of Parliament;
Lieutenant Colonel Zbigniew DĘBSKI - Knight of the Order of Virtuti Militari;
Grzegorz DOLNIAK - Member of Parliament of the Republic of Poland;
Katarzyna DORACZYŃSKA - Office of the President of the Republic of Poland;
Edward DUCHNOWSKI - Secretary General of the Association of Sybiraks (former Polish
exiles to Siberia);
Aleksander FEDOROWICZ - interpreter of the President of the Republic of Poland;
Janina FETLIŃSKA - Senator of the Republic of Poland;
Lt. Col. Jarosław FLORCZAK - BOR officer;
Ensign Artur FRANCUZ - BOR officer;
General Franciszek GĄGOR - Chief of General Staff of the Polish Armed Forces;
Grażyna GĘSICKA - Member of Parliament;
Brigadier General Kazimierz GILARSKI - Commander of Warsaw Garrison;
Przemysław GOSIEWSKI - Member of Parliament of the Republic of Poland;
Rev. Bronisław GOSTOMSKI - Chaplain of the Polish Veterans Association in Great Britain;
Mariusz HANDZLIK - Undersecretary of State in the Office of the President of Poland;
Rev. Roman INDRZEJCZYK - Chaplain to the President of the Republic of Poland;
Lieutenant Paweł JANECZEK - BOR officer;
Dariusz JANKOWSKI - Office of the President of the Republic of Poland;
Izabela JARUGA-NOWACKA - Member of Parliament of the Republic of Poland;
father Józef JONIEC - President of Parafiada Association;
Sebastian KARPINIUK - Member of Parliament of the Republic of Poland;
Vice Admiral Andrzej KARWETA - Commander of Polish Navy;
Mariusz KAZANA - Director of Diplomatic Protocol at the Ministry of Foreign Affairs;
Janusz KOCHANOWSKI - Ombudsman;
Brig. Gen. Stanisław KOMORNICKI - Member of the Chapter of the Order of Virtuti Militari;
Stanisław Jerzy KOMOROWSKI - Undersecretary of State in MON;
Ensign Paweł KRAJEWSKI - BOR officer;
Andrzej KREMER - Undersecretary of State in the Ministry of Foreign Affairs;
15

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Rev. Zdzisław KRÓL - Chaplain of Warsaw Katyn Family;
Janusz KRUPSKI - Head of the Office for War Veterans and Victims of Repression;
Janusz KURTYKA - President of the Institute of National Remembrance;
Rev. Andrzej KWAŚNIK - Chaplain of the Federation of Katyn Families;
Lieutenant General Bronisław KWIATKOWSKI - Operational Commander of Polish Armed
Forces;
Colonel Wojciech LUBIŃSKI - President's physician;
Tadeusz LUTOBORSKI - Katyn Families Association;
Barbara MAMIŃSKA - Office of the President of the Republic of Poland;
Zenona MAMONTOWICZ-ŁOJEK - Katyn Families Association;
Stefan MELAK - President of the Katyń Committee;
Tomasz MERTA - Undersecretary of State in the Ministry of Culture and National Heritage;
Capt. Dariusz MICHAŁOWSKI - BOR officer;
Stanisław MIKKE - Vice-Chairman of the CPRWiM;
Aleksandra NATALLI-ŚWIAT - Member of Parliament;
Janina NATUSIEWICZ-MIRER - social activist;
Lt. Piotr NOSEK - BOR officer;
Piotr NUROWSKI - Chief of PKOl;
Bronisława ORAWIEC-LÖFFLER - Katyn Families Association;
Rev. Lt. Col. Jan OSIŃSKI - Field Ordinary of the Polish Army
Rev. Col. Adam PILCH - Evangelical Field Chaplaincy;
Katarzyna PISKORSKA - Katyn Families Association;
Maciej PŁAŻYŃSKI - President of the Polish Community Association;
Msgr. Bishop Major General Tadeusz PLOSKI - Field Ordinary of the Polish Army
Maj. Gen. Włodzimierz POTASIŃSKI - Commander of Polish Special Forces
Andrzej PRZEWOŹNIK - Secretary of the CPRWiM;
Krzysztof PUTRA - Deputy Speaker of the Polish Parliament
Rev. Ryszard RUMIANEK - Rector of UKSW;
Arkadiusz RYBICKI - Member of Parliament of the Republic of Poland
Andrzej SARIUSZ-SKĄPSKI - President of the Federation of Katyn Families
Wojciech SEWERYN - Katyn Families Association;
Sławomir SKRZYPEK - President of the National Bank of Poland;
Leszek SOLSKI - Katyn Families Association;
Władysław STASIAK - Head of the Office of the President
Ensign Jacek SURÓWKA - BOR officer;
Aleksander SZCZYGŁO - Head of the National Security Agency;
Jerzy SZMAJDZIŃSKI - Deputy Speaker of the Sejm of the Republic of Poland;
Jolanta SZYMANEK-DERESZ - Member of Parliament of the Republic of Poland;
Izabela TOMASZEWSKA - Director of the Presidential Protocol Team
Ensign Marek ULERYK - BOR officer;
Anna WALENTYNOWICZ - activist of NSZZ “Solidarność”;
Teresa WALEWSKA-PRZYJAŁKOWSKA - Vice President of the Golgotha of the East
Foundation;
Zbigniew WASSERMANN - Member of Parliament of the Republic of Poland;
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Wiesław WODA - Member of Parliament of the Republic of Poland
Edward WOJTAS - Member of Parliament of the Republic of Poland;
Paweł WYPYCH - Secretary of State in the Office of the President of the Republic of Poland;
Stanisław ZAJĄC - Senator of the Republic of Poland;
Janusz ZAKRZEŃSKI - actor;
Gabriela ZYCH - Katyn Families Association.
1.2 Information on the aircraft

Fig. 1.2 Tu-154M No. 101 at the Okęcie Airport in Warsaw, photo by M. Leszczyński.

Aircraft Tu-154M LUX No. 101, serial number 90A837
Date of production: 29.06.1990
Last periodic inspection of airframe and engines: 23.03.2010
Aircraft service life: 5125 h 38 min.
Utilised service life after last overhaul: 121 h 44 min.
On the day of the accident the service life of SP and engines were not exceeded.
1.2.1. Basic technical data:
Wingspan
Length
Height
Max. fuselage diameter
Cross-section
Wing maximum surface
Horizontal flight control surface
Vertical flight control surface

17

37,55 m
47,9 m
11,4 m
3,8 m
11.4 m2
201.45 m2
40.55 m2
31.72 m2
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1.2.2. Aircraft weight:
Maximum Taxi Weight
Maximum Take-Off Weight
Maximum Landing Weight
Basic Empty Weight
Maximum Design Zero Fuel Weight
Maximum Commercial Load

100 500 kg
100 000 kg
80 000 kg
54 000 kg
74 000 kg
18 000 kg

The Tu-154M aircraft No. 101 was one of two airplanes of the Tu-154M type
operated by the Polish Air Force as a VIP transport. The airplane underwent numerous
modifications and retrofits.
It had the following radio-electronic equipment: 2 sets of FMS UNS-1D - s/n
1577 and 281 Universal Avionics Systems Corporation (UASC) (database supplemented
6.04.2010) and TAWS s/n 237 Universal Avionics Systems Corporation (UASC)
(database supplemented 6.04.2010.), MFD-640 multifunction display, Thrane&Thrane
AERO-HSD+ satellite communication system, Honeywell/Bendix King KLN-89B GPS
(not operational), Honeywell TCAS II, 2 Honeywell TRA67A transponders (Mode S),
Bendix King RDR-4B weather radar, VHF radio station "Bakłan", selective calling
system "SELCAL", radio station "Mikron", stationary emergency and rescue radio ARM406P (inoperative), portable emergency and rescue radio ARM-406 AC1. On the day of
the accident SP had the following configuration of the passenger cabin: cabin 1-4 seats,
cabin 2-8 seats, cabin 3-18 seats, passenger cabin - 70 seats (total: 100 seats). The cabin
no. 3 was reconfigured (from 8 to 18 seats) on 6 April 2010, before the flight of Prime
Minister Donald Tusk to Katyn.
1.2.3. Telecommunication and radio electronic equipment of the Tu-154M aircraft
 External comms:
UHF radio stations type ORŁAN-85ST (2 pieces), according to Miller's Commission
BAKŁAN 20D7; The list of equipment in the "technical kit" lists the BAKŁAN 20 radio
station N/O block; control panel PDU-46 and PDU-36 of the BAKŁAN 20 radio
station; control panel PDU-36 of the ORŁAN radio station.
KF radio stations type MIKRON 3W-01 (2 pcs.),
“SELCAL selective calling device with the possibility of cooperation with all on-board
radio stations” - Miller Commission report, SELCAL control panel over the head of 1P
is presented (but also BAKŁAN 20D desktops),
Satcomm set AERO-HSD+;
 Internal comms: SPU-7B and SGS-15 (loudspeaker);
 Radio navigation equipment:
RK-15M radio compass (2 pcs),
Landing navigation system KURS-MP70 (2 pcs),
engineer J. Michalak talks about ORŁAN-85ST, while the expert team adds: - the swap of the radio station occurred
in November 1999 in line with ICAO requirements (change of frequency separation from 25 kHz to 12,5 kHz).
7 k.19675,
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Radio altimeter RW-5M (2 pcs),
SD-75 range finder (2 pcs),
Weather radar RDR-4B,
DISS-013-3S cruise speed and drift angle meter,
Flight management system UNS-1D (2 sets) with GPS-1000 (3 pcs.),
Additional GPS KLN-89N;
 Warning equipment:
TAWS with MFD-640 display;
TCAS-II with TRA-67A transponders (2 pcs.);
 Emergency radio stations ARM-406P and ARM-406AC1;
 Flight recorders:
Sound recorder: MARS-BM,
Parameters recorders: digital: ATM-QAR and analogue: MŁP-14-5, KBN-1-1, K3-63.
1.3. Overhaul of Tu-154M8
On 27.09.2007 the Minister of National Defence Aleksander Szczygło signed the
decision “On equipping the Polish Armed Forces with new airplanes to carry important people
in the country” and on organizing a tender for the purchase of these airplanes, and in November
2007 he appointed the Tender Committee. Then, in November 2007, after taking power, Prime
Minister Donald Tusk announced that the most important people in the country would travel by
airliners. Subsequently, in December 2008, Deputy Minister of National Defense Z. KosiniakKamysz stated: the useful life of Tu-154M ends in 2014-2015 and for the time being there are
no reasons to withdraw them from service. In January 2009. MON stated: it was agreed that
due to the difficult budget situation of the state, the possibility of purchase according to the
current assumptions, i.e. purchase of three new aircraft with an option of four, is completely
eliminated. As a result of these arrangements, the management of the Ministry conducted
tender proceedings for the refurbishment of two Tupolevs from the 36th SPLT, despite the still
valid decision of Minister Aleksander Szczygło9.
In February 2009. The Ministry of Defense announced a tender for the overhaul of two
government Tu-154M aircraft. Two Polish companies, Metalexport-S and Bumar (which had
carried out all previous overhauls of the planes at the Moscow-Vnukovo10 aviation plant), took
part in the tender, but due to a decree issued by the President of the Russian Federation in
January 2009, prohibiting the conclusion of contracts with companies suspected of
collaboration with Georgia11, they were eliminated from the tender. At the same time the
Minister of National Defense Bogdan Klich was informed that the only Russian company
which has the permission to overhaul the governmental Tupolev planes is OAO Aviakor in
Samara, and the only possible intermediary for this overhaul of the Polish Tu-154M planes is
the consortium of MAW Telecom SA and Polit-Elektronik (in Russia a consortium
Polit-Elektronik-Aviakor has been formed). In this operation, as well as in the companies
Appendix to the Report: References for overhauling-154M.
It was not until 2.07.2009 that Minister of National Defence Bogdan Klich annulled the decision of Minister Aleksander
Szczygło: "Decision No. 427/MON of the Minister of National Defence of 21 September 2007 on equipping the Armed Forces
of the Republic of Poland with new aircraft for transporting important persons in the state is no longer valid".
10 The plant had the full overhaul documents of the Tu-154M.
11 Decree of the President of the Russian Federation Dmitry Medvedev No. 64s of 16 January 2009 on steps to ban the supply
of products for military use to Georgia.
8
9
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registered in Poland, participating in the overhaul, the key roles were played by secret
collaborators of the Board II of the State Security Service (SzG II), the Military Internal
Service (WSW), the Military Information Service (WSI) and people connected with the
Russian Federation12. The commission appointed in MON ordered the execution of the
overhaul to a consortium consisting of these very companies. The consortium of PolitElektronik and MAW Telecom represented the interests of the Russian company Aviakor in
Samara. The credibility of the Russian company was confirmed by the Polish military
intelligence, emphasizing its ties with Russian Prime Minister Vladimir Putin and its liquidity.
A representative of Aviakor's management board testified in the prosecutor's office after
10.04.2010 that the overhaul of both Tu-154M planes had been agreed with Polit-Elektronik
already at the end of 2008, that is before the announcement of the decisive tender.
It is worth noting that in September 2009, Undersecretary of State in the Ministry of
Defense Zenon Kosiniak-Kamysz, justifying the decision to choose Aviakor, informed the
Minister of National Defense that “the overhaul of Tu-154M aircraft is also supervised by the
Second Department of the Federal Service for Military-Technical Cooperation with Foreign
Countries of the Russian Federation, which agreed to overhaul the aircraft at OAO Aviakor
Samara”.
None of the Polish secret services questioned the credibility of the consortium of MAW
Telecom and Polit-Elektronik, despite the knowledge about the participation of persons
connected with the communist services. The only doubts were raised by the Military
Counterintelligence Service and, among politicians, by Minister Aleksander Grad, who warned
Minister Bogdan Klich that entrusting Aviakor with the overhaul “could lead to a catastrophe”.
A representative of the Polish side, who as an employee of the Ministry of Defense, Armament
Department in the rank of colonel issued an opinion on the offer of Polit-Elektronik and MAW
Telecom and participated in meetings of the tender commission deciding on the award of the
contract, was later given a high position in the management board of Polit-Elektronik.
Following the completion of the overhaul of Tu-154M No. 101, a number of faults and
failures occurred. These affected key avionics components, including the on-board ABSU
control system and slots, as well as satellite communication capabilities. Some of these defects
were removed by replacing these elements with parts from Tu-154M No 102 (the parts were
imported from Russia to Poland and installed in Poland). On this basis, the slots of the left wing
of the plane Tu-154M No 102 were replaced by Russians with the slots from Tu-154M No 101,
which was already at the disposal of the Russian party making the repair (in these very slots
traces of explosive materials were detected, the same as those which destroyed Tu-154M No
101). Other parts in which defects were found (among others, the air-conditioning of the left
side of the deck) were not repaired at all. The emergency-rescue radio station ARM-406P on
board of Tu-154M No 101, which would have made it possible to establish the time and place
of the accident by signalling the crash, was also switched off. The decision to switch it off was
made because it interfered with the work of the GPS1 and GPS2 receivers.
The company servicing some of the above-mentioned units of Tu-154M No. 101 was
located in Prague, but it used the services of Russian specialists from the Technical and
Commercial Centre (TKC). The overhaul was organised and carried out in Russia in a manner

Detailed analysis in the Appendix 32 to the Report: Dysfunctional informal ties in the defense and aviation industries on the
example of entities participating in the tender for the renovation of the Tu-154M in 2009.
12
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grossly violating the principles of safety, and the Ministry of Defence, responsible for it, did not
fulfil its obligations.
The overhaul of the Tu-154M aircraft, designed to transport the most important persons
in the country, was entrusted to a consortium of companies selected by the Russian side, MAW
Telecom and Polit-Elektronik, which cooperated with the Aviakor plant in Samara and was
directly supervised by the Federal Service for Military-Technical Cooperation (FSWTW),
which is headed by Russian special services officers. At this point, the choice of the contractor
was determined, as the consortium of MAW Telecom and Polit-Elektronik was the only one to
ensure the execution of the contract in the Russian Federation under the agreement concluded
already on 19.08.2008 with OAO Aviakor13. On 26.01.2009, the Russian plant confirmed the
overhaul periods for particular elements and subassemblies of the aircraft14. This proves that
Polit-Elektronik was sure of winning the order.
In this context the role of the Ministry of Defence management and special services15
was analysed. On this basis, the Subcommittee determined that the management of the Ministry
of Defence should have known that by selecting the consortium indicated by the Russian party,
it was giving the overhaul of the aircraft carrying the most important persons in the country into
the hands of the Russian special services.
Dariusz Kamiński's16 company, operating since 1993, was since 2002 the exclusive
representative in Poland of the Russian Aircraft Corporation "MiG", all shares of which are
owned by the Russian Federation.
In February 2009, i.e. at the time of the tender proceedings, the SKW was aware of
Polit-Elektronik's lobbying, which had an “undisclosed ratio” in the DZSZ MOD. The
Department Director at that time was General Sławomir Szczepaniak. In addition, General
Kaminski, regarded by some members of the military as the father17 of Polit-Elektronik boss
Dariusz Kaminski, had contacts in MON. The services obtained this information in March
2010.
Lobbying by military employees may also be indicated by the fact that one of those
involved in the preparation of the tender procedure, Col. Mirosław Dożynko, who worked at
the IWSZ and who also received the Tupolev overhaul, became vice-president of PolitElektronik's board of directors in 2011, after retiring. However, the relevant special services did
not collect information on such activities.
From the protocol of interrogation in the investigation initiated after the Smoleńsk
catastrophe it is known that Colonel Mirosław Dożynko since March 2007 served in the IWSZ
at the position of a senior specialist of the aircraft overhaul division of the Aviation Technology
Headquarters. He participated in the proceedings concerning the overhaul of Tu-154M aircraft
from the moment of preparation of specification of essential conditions of the order (SIWZ) to
the acceptance of Tupolew No. 101. During the activities connected with the overhaul of the
13 RTD

1094, p. 519.
1094, p. 527.
15 Appendix 31 to the Report: References for overhauling-154M; Appendix 33 to the Report: Activities of Special Services.
16 Dariusz Kamiński is a gardening technician by education. In 1988, he worked in the Youth Culture Agency, which was an
agency of the Association of the Polish Socialist Youth (ZSMP), an annex of the Polish United Labour Party (PZPR). In 1988,
the head of the ZSMP was one of the later MOD ministers, Jerzy Szmajdziński. In 2005, Dariusz Kamiński's Polit-Elektronik
received its first government order: the supply of electronic parts for MiG-29 fighters. Cf. Justyna Błażejowska, expert opinion
Dysfunctional informal links in the arms and aviation industry on the example of entities participating in the tender for the
overhaul of the Tu-154M in 2009.
17 Verification of personnel files does not confirm that information, ibidem.
14 RTD
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first aircraft he was several times on the premises of the plant in Samara in Russia. He also
participated on behalf of the central logistic body, i.e. the Aviation Technology Headquarters,
which is a part of the IWSZ RP, in the acceptance of the aircraft after its overhaul. Since 1 st
March 2010 he served in the Air Force Headquarters in Warsaw as a senior specialist of the
aviation technology branch of the Air Force Headquarters.
In 2012, the SKW noted that Polit-Elektronik was considered a representative of the
Russian side in Poland. It employed persons who were employees of the Ministry of Defence or
officers holding key positions in the Ministry of Defence structures. Such persons had a
network of contacts within the Ministry of Defence and its subordinate institutions, which they
could use to obtain information, including information sensitive to the Polish Armed Forces. In
connection with their connections with the Russian side, it should be assumed that such
information was used in the day-to-day operations of the business entity, but could also have
been accessed by special services of the Russian Federation (Appendices 33 and 39).
In 2012, Polit-Elektronik employees persuaded ITWL employees, who had access to the
SAMANTA system, to hand over data concerning the technical condition of MiGs and their
engines (overhauls, inspections, etc.). In this way, the Russian side could obtain information
which would make it possible to draw conclusions about the condition of the equipment and
weaponry in use and to influence overhauls and repairs, as well as to force, among other things,
their certification and additional payments.
Documentation of surveillance during overhaul is also an important part of the analysis.
In the agreement of 9.04.2009 concerning the overhaul of Tu-154M planes there were
provisions included, according to which, during the whole overhaul, a Polish representative of
the Ministry of National Defence was to be present on the premises of the plant. He had an
unlimited access to the results of works, rooms and documentation. The representative was to
be changed every 2 months and reports on the findings were to be submitted to the 36th SPLT
daily in the form of e-mails or by phone. It should be noted, however, that it was not possible
for a single representative to exercise control on a 24-hour basis. This means that the aircraft
remained most of the time without supervision from the Polish side.
Since the engine overhaul was carried out at the "Saturn" plant in Rybinsk, this part of
the overhaul was not inspected by Poland at all.
The analysis is supplemented by the detailed calendar of the tender procedure, which
presents the changeable positions regarding the selection of the place of the overhaul, its scope
(including modifications proposed by the Commander of the Air Force and finally rejected by
the Minister of National Defence) and the course of the key correspondence between the
organisational units of MON and the participants of the tender procedure, which is Appendix to
the Report.
1.4. Course of preparation to the visit of the President of Poland to Katyn
Analyzing the organization of the visit of the President of the Republic of Poland to
Smolensk, at least three important circumstances should be pointed out:
1. The awarding of the tender on 7.04.2009 and entrusting the overhaul of Tu-154M to
a consortium of companies MAW Telecom Intl. and Polit-Elektronik determined that the
Russian special services had full control over the fate of Tu-154M and the subsequent
investigation of the Smolensk catastrophe. Polit-Elektronik was a company that represented
Russian industry and was a de facto intermediary in supplying post-communist countries with
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Russian arms products, maintaining close contacts with the FSB. In turn, MAW Telecom was
headed by former secret collaborators of the communist military services. The transfer to those
companies of the agency in the overhaul was made on the demand of the Russian special
services, contrary to the earlier practice of overhauling the aircraft intended for VIP
transportation in the plant in Vnukovo, which had the full documentation of the Tupolev
overhaul. Thus, the overhaul of Tu-154M was entrusted to Aviakor aviation plant in Samara,
owned by Oleg Deripaska, a close associate of then Prime Minister of the Russian Federation
Vladimir Putin.
2. Entrusting the organization of the Polish President's visit to Tomasz Turowski, a
member of the communist secret services and a former officer of Department XIV of the
Security Service of the People's Republic of Poland, made it possible to keep secret all the
activities related to the preparation of the visit and to carry them out in violation of all legal and
organizational regulations. Turowski was hired by Minister Radosław Sikorski at the Ministry
of Foreign Affairs on 14.02.2010 and on the very next day went to Moscow, where he took the
post of the head of the political department of the Polish embassy. His main task was to
organize the ceremony in Katyn with the participation of the Polish President.18
3. Since September 2009, the government and administration of Prime Minister
Donald Tusk have been striving together with the Russian authorities to use the Katyń
anniversary celebrations to strengthen ties between Russia and Poland, particularly in the area
of common energy policy based on Russian raw materials, Poland's opening of borders to
Russian citizens (initially in areas bordering Russia), cooperation within the framework of the
Polish-Russian Group on Difficult Matters to change relations on historical policy, and in
particular Poland's renunciation of the Katyn massacre as a crime of genocide committed by the
Soviet Union. A specific context for this plan was Donald Tusk's conversation with Vladimir
Putin in February 2008, during which Putin offered to participate in the partition of Ukraine.
Prime Minister Tusk did not respond to the proposal, but did not reject it. The exchange of
correspondence between representatives of Polish diplomacy, heads of government of Poland
and Russia, officials of the Prime Minister's Office and the Russian embassy in Warsaw lasted
for many months. The latter played a special role in providing government politicians and
media with pretexts for the campaign of hatred against President Kaczynski. The result of these
actions was the acceptance of the position of the Prime Minister of the Russian Federation to
eliminate President Lech Kaczynski from the joint visit to Katyn.
Both Offices of Prime Ministers of Russia and Poland unequivocally declared
désintéressement of President Kaczynski's visit and ignored his decision, announced already in
January 2010, to attend the Katyn ceremony. At the same time, it was publicly maintained for a
very long time that it would be a joint visit of the president and prime minister. The
breakthrough moment was the media information about Prime Minister Putin's decision, who in
his conversation with D. Tusk on 7.02.2010 demanded the separation of the visits and the
organization of a separate meeting of the prime ministers of the Russian Federation and Poland
on 7.04.2010. Since then, the Ministry of Foreign Affairs and the Office of the Prime Minister
have openly created a number of obstacles to the organization of the President's visit,
withholding official diplomatic, administrative, logistical, and political notes, and above all, the
security services boycotted the organization of the Polish President's visit to Russia. The Head
T. Turowski was associated with the Foreign Intelligence Agency. The services supported the Russian side before and after
the crash, incl. the fact of the Russian falsification of ATM QAR entries (the so-called Polish black box) was hidden.
18

23

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

of the Office of the Prime Minister Tomasz Arabski was responsible not only for the
organization of the flight of President Lech Kaczyński's delegation but also for its political and
diplomatic aspect. His talks in Moscow on 17-18 March resulted, among others, in cancelling
the visit of Minister Mariusz Handzlik from the Office of the President and making it
impossible for the presidential centre to establish direct relations with the Russian side.
The government had information about problems with the preparation of Smolensk
airport and they did nothing to make this issue clear and orderly. The visit of the special
working group appointed by Minister Andrzej Przewoźnik to Smoleńsk to check the state of the
airport was postponed many times. Finally, when the visit took place, the group was not
allowed to enter the Severnyj airport and the Polish diplomatic and special services accepted
this state of affairs. These actions were aimed at discrediting President Lech Kaczyński,
belittling the importance of his visit in Katyń and as a result, caused a threat to the safety of the
most important person in the country.
There were also attempts to reduce the character of the President's visit to a private visit.
The Ministry of Foreign Affairs headed by R. Sikorski deliberately delayed the notification and
did not provide the Head of State's visit with a proper diplomatic status. The position of the
Ministry of Foreign Affairs of the Russian Federation was accepted that the Russian side would
not take care of the visit of the President of the Republic of Poland on 10 April.
The visit of Minister T. Arabski on 17-18.03.2010 and the one-on-one meeting in a
Moscow restaurant with Minister J. Ushakov, who was in charge of the Russian Federation's
armed forces ministries. There is no information note from this meeting. Deputy Prime Minister
Igor Sechin also joined the interlocutors. It was then that decisions were made that affected the
course of events19.
In any case, Minister Arabski, who was responsible for the organisation of the visits,
prepared the flights of Prime Minister Tusk according to the HEAD instructions, and ignored
and neglected the basic activities in the case of the flight Tu-154M with the President and the
accompanying delegation on 10.04.2010. The most drastic examples were: not preparing the
reserve plane, not checking the Severnyj airport and passing to the Moscow Headquarters other
alternative airports for the Presidential plane than the ones indicated by the pilots (without
informing the President's Chancellery). In case of the impossibility of landing at the Severnyj
airport, according to that decision, the Tu-154M was to fly to the Sheremetyevo or
Domodedovo airports near Moscow, over 300 km from Smolensk. The pilots were instructed to
land in such a situation in Vitebsk or Minsk, 10 to 30 minutes' flight away from Smolensk.

Neither was the Severnyj airport informed about the plane's departure from Warsaw on the
morning of 10.04.2010.
A schedule of preparations of the President’s visit to Katyn on 10.04.2010 can be found
in the Appendix 1 to the Report: Preparations for the celebration of the 70th anniversary of the
Katyn Massacre.

According to the report of the ambassador to Moscow, Jerzy Bahr (Appendix 39 to the Report), the Russian side was
instructed Prime Minister Vladimir Putin was to send the Tu-154M plane to another backup airport from which President Lech
Kaczyński would not be able to make it to the ceremonies in Katyn anymore. In turn, one of the closest associates Prime
Minister Donald Tusk said after the Smolensk tragedy: Preventing Kaczyński from flying anywhere - these were specific tasks
that Tusk had before his peoplehe bet each time (J. Palikot, Kulisy Platformy, Warsaw 2011).
19
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1.5. Information about the airport20

The airport Smolensk-North with code number XUBS in 2010 was an airport of the
Transport Aviation Forces of the Russian Federation, authorized for operation on the basis of
certificate No. 86 dated 25.05.2006 with validity until 01.12.2014. In the course of the ongoing
reorganization of the Russian Armed Forces WWS21 in the autumn of 2009, an airport
command post was created without continuous use by the aircraft of the state aviation of the
Russian Federation22, and the co-user of the airport continued to be Aviation and Experimental
Plant (Zakłady Lotniczo-Doświadczalne) in Smolensk.23
In connection with organizational changes three NOTAMs M-series were issued,
introducing changes to sets of aero-navigational information maintained by the Geenral Staff of
the Air Force of the RF, concerning organization of air traffic and airport equipment:
 M2113/09 - as of 6:00 a.m. on 15.10.2009, the equipment of the systems was
discontinued from service: RSBN-4N and PRMG and radio navigation and light protection in
the direction 79o was eliminated;
 M2157/09 - As of 6:00 a.m. on 20.10.2009, the following entrance/exit corridors were
closed:
No 1 AMDOR – AKATIOWO – SMOLENSK / SMOLENSK – AMDOR,
No 3 OGALI – SMOLENSK / SMOLENSK – OGALI,
No 5 ASKIL – SMOLENSK / SMOLEŃSK – ASKIL;
 M0044/10 - As of 00:00 on 20.01.2010 the airport was closed as an alternate for the
aircraft of the state aviation of the Russian Federation in the airspace protected by MCS
GCORL.
He reorganization was completed with the adoption on 21.12.2009 of a new Flight
Manual for the area of Smolensk Severnyj airport (IPP)24, clearly stating that the airport was
not approved for international flights in accordance with ICAO standards because:
Categorisation in accordance with ICAO standards was not carried out. According to the
content of NOTAM no M2113/09 entries regarding the RSBN system were removed from IPP
and two entry corridors remained, namely direction 326o (RALOT) and 184o (BIEŁYJ), as well
as exits to these nav points. The approach plate for landing from 259 o25 directions sets the only
binding approach system for the Smolensk-Severnyj airport acc. to ОСП РСП.

Appendix 3 to the Report: Tu-154M flight number 101 in space airborne of the Russian Federation. Evidence analysis.
As part of the reform, the structure based on air regiments was abandoned and replaced by air bases, four large air bases in
Tver, Taganrog, Orenburg and Pskov were placed under the command of the Transport Aviation Forces in Moscow. 6955 Tver
Air Base (JW21350 at Migalovo Airport) is classified 'I', meaning that it has subordinate operational airfields, including
Smolensk-Severnyi. The tasks of the Class I base include maintaining subordinate airfields in a serviceable condition.
22 The commander of the newly created Air Command JW06755 testified: (...) the purpose of the airport for receiving and
taking off aircraft has not changed. SMOLEŃSK-NORTH airfield received aircraft of military units of Transport Aviation
Forces of the Russian Federation, including military aircraft of internal, special and scheduled flights. In addition, receptions
and takeoffs of aircraft of the activities of the Joint Stock Company of the open type for "Smolensk Aviation Works" were
realized. The number of receptions and take-offs of special and scheduled flights increased.
23 The list of joint-base airports dated 17.08.2007. (Order of the Government of the Russian Federation of 10.08.2007 No.
1034-р) lists state aviation airports under the authority of the Ministry of Defense of the Russian Federation, including
Smolensk-North and Tver-Migalovo, among others, as joint-basing airports with other entities.
24 Binding as of 10.04.2010.
25 Appendix 18d to Flight Instruction Manual for the area of Smolensk-Severnyj.
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Fig. 1.3 Comparison of approach plates for the direction 259o of the Smolensk-North airfield: on the left
the obsolete plate in possession of the 36th SPLT, on the right the plate valid on 10.04.2010. The profile
contains the designation of the ВПР point, as well as mode of crew operation for the go-around26.

Organizational changes from 2009 did not release those using the airfield from the need
to maintain the airfield radio and navigational, lighting, objective air traffic control equipment
in the correct technical state, in line with requirements contained in FAP NGA GosA-2006 State
Aviation airport Operations Manual, FAP REA-2006 Federal Radiotechnical Equipment
Regulations Manual and Federal Aviation Regulations on the Organisation of Objective
Control in State Aviation. Accordingly, as of 21.12.2009, the Smolensk-North airfield with the
status of joint basing with the Smolensk Aviation and Experimental Plant carried out
operational tasks as an organizational structure of the state aviation of the Russian Federation.27
For the realization of the tasks set by the commander of JW 06755, the airfield is to receive and
take off with full radio navigation and light security only in the magnetic direction 259 o of Dcategory aircraft D (including Tu-154M), according to an approach scheme using two corridors
(from the magnetic direction 184o and 326o). However, Tu-154M no 101 on 10.04.2010 flying
to Smolensk with the Polish delegation headed by President of Poland Lech Kaczyński was
directed by Russians to corridor 5 ASKIL – SMOLENSK/SMOLENSK – ASKIL.
Height marker 200 m before the first turn means the declination of the go-around path below 1o.
At the Smolensk-North airport in 2010, 114 arrivals and 113 departures of aircraft were carried out (including 48 flight
operations in the period 26.03-20.04.2010), and in 2011 JW06755 controlled 78 arrivals and departures of aircraft.
26
27
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1.5.1 Securing air operations28
On 10.04.2010 the Polish Armed Forces aircraft Tu-154M No. 101 performed the flight
with HEAD status on the route Warsaw-Okęcie - Smolensk-North in the controlled airspace of
the Republic of Poland (to the navigation point RUDKA), then the flight control was performed
in accordance with the military or civil collection of flight information of a given state” 29, i.e. a
flight with a status “литерный A” assigned by the competent authorities of Belarus and Russia
in their controlled airspace were conducted under the civil aviation regime. The GCORL in
Moscow exercised oversight of the flight in accordance with the rules of the AIP of the Russian
Federation and the CIS, as well as due to the special “литерный A” status of the flight applied
flight safety restrictions stemming from WR instruction No 259. Direct instructions were given
by the Moscow Regional Dispatch Centre and the “Logika” Centre of the military transport
aviation commanded at the time by General Vladimir Benediktov; acting commander of the
military transport aviation. In the area of the navigation point ASKIL, the aircraft was outside
the controlled airspace of the Russian Federation, so its flight was carried out in accordance
with the rules mainly of FAP PP GosA, in force in the state aviation of the Russian Federation,
which has its own collection of aeronautical information maintained by the General Staff of the
Air Forces of the Russian Federation. The status “литерный A” of the Tu-154M no 101 flight
to be assigned to particularly important flights of special purpose aircraft to secure the flights of
President of the Russian Federation, Prime Minister of the Russian Federation, as well as
aircraft carrying foreign heads of state residing in the Russian Federation meant that the
aircraft and crew require special attention from air traffic management (control) authorities
and ground services to be applied to aircraft flights with the highest representatives of the
federal executive on board, regulated by the Federal Aviation Regulations for the Execution of
State Aviation Flights (Article 2 FAP PP GosA). The flight of Tu-154M No 101 was supervised
by GCORL and MCS GCORL, obligated inter alia to to analyse the actual and forecast
meteorological conditions with a view to making recommendations and issuing authorisations
to re-route [...] or divert aircraft to alternate airfields. The direct control of the flight of an
aircraft in the area of Smolensk-North airport was carried out by the Air Traffic Control Group
of the airport, acting solely on the basis of the rules of state aviation of the Russian Federation.
Aeronavigational data of the airport, including NOTAM messages of the "M" series, are
included in the aeronavigational information collection of the military aviation of the Russian
Federation – regulated access to collected data included an exception to the principle of

confidentiality for the flights of foreign aircraft, carried out on the orders of the General Staff of
the Russian Federation WWS.30

Appendix 3 to the Report: Tu-154M flight number 101 in space airborne of the Russian Federation. Evidence analysis.
Appendix 30 to the Report: TU 154 M ‘101’ ground and on-board recorders. Description of available evidence.
29 § 6 pt 1 Flight Manual for aircraft with HEAD status.
30 Instructions for securing aeronavigational information in state aviation adopted by order of the Minister of Defence of the
Russian Federation 29.05.2003.
28
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In connection with the content of the order of 13.03.2010. of the Chief of General Staff
of the WWS of the Russian Federation, preparations for the reception of flights of special
aircraft of the Polish Armed Forces at Smolensk-North airfield began. The commander of the
JW21350 appointed an official person to oversee the preparations and the Air Traffic Control
Group, by delegating as its member the Landing Zone Controller and an Assistant airport
Controller. The designation of an official person, which is regulated by Article 93 of the FAP
PP GosA, with the simultaneous imposition of tasks of an organisational nature on the
commander of the airfield command, indicates that the designated "official person" (ZDBL)
performing control tasks over GKL could also act as a person "substituting for the commander
of the military unit”.31 By his order no 86 of 9.04.2010. the commander of the JW06755
approved the personal composition of the GKL, supplemented by the airport Controller, in the
reduced composition as per air command, namely KL was at the same time KSB, being
supported by an Assistant KL. The full list of personnel involved in securing aircraft arrivals
included the KRL position, the flight safety and light and technical security group, the
meteorological group (two persons), the RSP service group (two persons), the gangway group
and the firefighting groups.
On the basis of the documentation provided to Poland on the training and professional
background of GLS personnel, only the qualifications of the KL and the Landing Zone
Controller can be assessed32. KL has a 20-year experience in controlling flight, from 2001 also
as an instructor, he also was certified to act as KSL and KSB. He was familiar with the airfield
specific features, as he was there XO of JW06755. KSL in 2007 was certified to control air
traffic as a KSL, since 2009 was KSB, and on 1.12.2009 was certified to work with WISP-75
indicator – he passed his last test in air control on the Tver airport on 10.02.2010 . He was KSL
for the first time at the Smolensk-North airport on 7.04.2010 . The documentation gathered
indicates that there were shortcomings of a formal and legal nature in the preparation of GKL
staff for their duties on 10.04.2010.
Adopted principles of air traffic service in the area of Smolensk-North airport in the part
concerning the limits of acceptance and handover of air traffic control33 provide that the control
of the aircraft is assumed by:
 KL, from the moment the aircraft reaches the point of making radio contact;
 KSL handed over from KL – within the landing zone with the beginning of the landing
course, or at the distance of 20 km in the sector ±25o and at the distance of 20 km from KTA;
 RCD from KL (KSB) – on the limit between inner and outer zone in the range of 4075 km at altitudes over 4200 m;
 KL from RCD – on the outer limit of the inner zone in the range of 75-40 km;
 RCD from KL – after the SP enters international air traffic zones according to its entry
corridor;
 KL from RCD during the exit of the SP from international air traffic zones according to
entry corridors.
Previously acting as commander of the military unit at Smolensk-North airport, he was the superior of KL.
Protocols of witness interviews conducted by the Investigative Committee of the Russian Federation contain information that
ZDBL had the privileges of Air Operations Controller, but did not have a current clearance to perform the duties of CL at
Smolensk-North airport. PKL as a pilot fulfilled formal requirements included in article 80 FAP PP GosA..
33 No outer zone has been defined for the airport; the established responsibility zones are in accordance with the requirements
contained in the FAP PP GosA.
31
32
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Fig. 1.4 The scheme of areas of responsibility of air traffic control bodies resulting from the content of
the Instruction on performing flights in the vicinity of Smoleńsk-Severnyj airport. The applicable entryexit corridors of the airport are marked by navigation points RALOT and BIEŁYJ.

The handover of aircraft air traffic control shall be carried out using the following
means of communication:
 Between GKL personnel and the Air Security Group: hands-free and telephone
communications;
 Between GKL personnel and the mutually cooperating KPs, as well as the MCS
GCORL RCD: by radio via aircraft crews and telephones.
Established telephone communication channels enabled direct interaction between the
Air Operations Officer of the Smolensk-North airport and the radiolocation control dispatcher
of the Moscow Regional Dispatch Centre during the handover of aircraft between their areas of
responsibility. The telephone numbers, fax numbers, AFTN address of the Moscow RCD are
given in the AIP of the FR and CIS (GEN 3.3.8).
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Airport GKL personnel shall apply the rules contained in FAP PP GosA 34 (which do not
contain, inter alia, a definition of контролный заход), including the mode of approach and goaround set in IPP35:
98. The KL may change the established procedure and movement patterns of aircraft in
the airport area for crews carrying out emergency landings (in case of equipment damage,
changes in meteorological conditions and other abnormal situations). […]
99. KL should not follow the advice of official persons if this conflicts with the
requirements of the State Aviation Document and does not ensure flight safety. […]
403. airport area flights shall be conducted in the manner established in the IPP. Only
flight crew chiefs of aircraft approaching for an emergency landing (out of turn) are permitted
to change the manner of flight in the airport area as specified in the instructions.). […]
408. Departures from and approaches to airports at ZWA and TWA shall be in
accordance with the patterns established in the IPP (for departure/arrival patterns, see
Aeronavigational Information Documents). […]
462. Aircraft shall be permitted to land at airports only if the weather conditions at the
airport are such that the weather conditions at the airport comply with the weather minimums
for crew chiefs (not below the airport minimum). […]
554. The KL at the airport controls flights personally and through persons from GKL.
The control of flights takes place on the basis of visual observations of aircraft, with the help of
radio technical means and on the basis of reports of crews. […]
572. All persons in the GKL shall be required to perform flight controls in accordance
with the working methods and radio correspondence phraseology established for them and
shall be responsible for the safe flight of the crews of aircraft under their control, within the
scope of their functional responsibilities.
On 10.04.2010 twice during air control procedure by GKL for the approach of Ił-76 n
817 aircraft of the state aviation of the Russian Federation there was a dangerous incident36,
which should be investigated by the competent FR State aviation safety service. Despite the
occurrence of a threat to flight safety on the approach to landing strip DS26, in a situation of
rapidly deteriorating atmospheric conditions, the air traffic services of Smolensk-North airport
did not take measures to halt flight operations.
1.5.2. Technical equipment of the airport37
In accordance with the Instruction of Flight Execution in the area of Smoleńsk-North
airport, in force on 10.04.2010. According to the Instruction of Flight Execution in the area of
According to Article 553, during flight operations at the command and control point, in addition to the AIP, the Air Code of
the Russian Federation, the Federal Rules of Use of the Airspace of the Russian Federation, the Federal Rules of Flight in the
Airspace of the Russian Federation and other normative documents regulating state aviation activities should be present. No
indication of AIP FR and CIS aeronautical information collection.
35 Federal Rules of the RF Airspace: 63. Flights at the airport (airport hub) shall be conducted in accordance with the airport
(airport hub) flight manual or aeronavigational metric, the requirements of which shall be thoroughly known and strictly
followed by the crews of aircraft based at the airport and official persons organising and securing flights at the airport (airport
hub).
36 During the second incident, the aircraft, leaving with a significant lateral deviation from the axis of the DS26 runway, almost
hit the antenna of the flight control station. The IL-76 crew received the command to go around with a delay of about 20
seconds.
37 Appendix 3 to the Report: Tu-154M flight number 101 in space airborne of the Russian Federation. Evidence analysis.
Appendix 30 to the Report: TU 154 M ‘101’ ground and on-board recorders. Description of available evidence.
34
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Smoleńsk-North airport, the communication and radionavigation system of flight security at
Smoleńsk-North airport included:
 Outer NDB – DPRM (DRL) of PAR-10S type, with marker, callsign „OK”, frequency
f-310 kHz;
 Inner NDB – BPRM (BRL) of PAR-10S type, with marker, callsign „O”, frequency
f-640 kHz;
 Radiolocation Landing System– RSP-6M2 (RSL as a radionavigation system of OSP
with RSP [RSL, USL]), controlled the approach at the DS26 direction (magnetic course 259 o),
composed of:
- dispatch radiolocator DRŁ,
- landing radiolocator PRŁ,
- radio direction finder (ARP-11);
 Available equipment GKL:
- station markers for DRŁ and PRŁ, located in the RSP-6M2 station,
- movable indicators of the WISP-75T landing system at BSKL,
- main radio stations P-845M4 – 3 sets,
- backup radio stations P-862 – 2 sets,
- „Poliot-1M” radio station with automatic recording on tape recorder MS-61,
- shortwave radio station P-140,
- P-872 – 3 sets,
- P-880 – 2 sets,
- tape recorder P-500;

Fig. 1.5 Diagram of the distribution of communication and radio-technical means of the SmolenskNorth airfield.

 Lighting system of the airport set at the 259o direction:
- ŁUCZ-2MU visual navaids set up according to SSP-1 model,
- code neon beacon KNS-4U, located at BRL, red radiation color, in the flash mode of
30-60 flash/min.
- mobile reflectors APM-90– 2 sets,
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- fixed reflectors APM-90 P– 3 sets.

Fig. 1.6 Diagram of positioning visual navaids OMI (without approach lamp and light horizon at the
magnetic direction 79o) and SSP-1 (magnetic direction 259o).

 Ground recorders (OKL equipment), provided to record information38 in airborne radio
networks and GKL staff positions:
- P-500 and MS-61 tape recorders for recording radio station conversations (BSKL),
- MN-61 and MS-61 tape recorders,
- recording of the contents of the screens: PRŁ landing beacon heading and track
indicators (located at the RSP-6M2 station) and WISP-75 portable indicators (developed at the
BSKL) with the use of photo-adapters PAU-476, working in manual mode and video camera
with video cassette recorder in VHS format (real time recording),
- recording of the content of the screens: indicators of the DRŁ dispatcher's radiolocator
using photo-adapter PAU-476, working in automatic mode with an interval of 4 minutes during
photographing, as well as a video camera with a video recorder for VHS format cassette (real
time recording).
The collected evidence reveals the actual equipment of the Smolensk-North airport with
the following means of Objective Flight Control:
- Two P-500 tape recorders No. 08/806 and No. 19/608 located at BSKL;
Federal Aviation Regulations for the Execution of Flights of State Aviation of the Russian Federation: 564. radio
correspondence on air networks, conversations using hands-free communication systems of telephones of GKL persons and KP
personnel, as well as between GKL persons, radar information, issued by RSP operators at KP command points shall be
recorded by means of information recording at all times during the flight shift.
38
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- A tape recorder MS61 No 3/400 in the premises of BSKL;
- Three tape recorders MN-61 No. 24/013, No. 15/681, No. 465/18 placed on DSKL
and in the premises of RSP-6M2 and ARP-11;
- Two tape recorders P-503P No. 600058, No. 699140;
- Two photographic pickups PAU-476 No. 540116, No. 1522£1 located on BSKL;
- Photo attachment PAU-476-1A No. 1532K3 on RSP-6M2;
- Tape marking device UMŁ-1-400 No 089085;
- One Sony SLV-X711 VHS video set with camera placed on BSKL.
The provision of communications and navigational safety equipment at the airport, as
envisaged in the IPP, complied with the requirements of the Federal Aviation Regulations of the
State Registration of airports of the Russian Federation. Omissions in the field of securing the
exploitation materials of ground recorders and the correct use of the possessed equipment,
indicated in the report of the test flight from 25.03.2010, as well as revealed after the crash of
Tu-154M, made the Smoleńsk-North airport unfit for use (conducting air operations) on
10.04.2010.

1.6.

Meteorological information39

1) Weather forecast prepared by the meteorologist on duty at the airport (DML) of the 36th
SPLT for landing of Jak-40 and Tu-154M aircraft: clouds 3-4/8 by stratus clouds with bases
200-300 m and 5-7/8 by medium and high clouds, visibility 3000-5000 m
2) Weather forecast by the senior meteorologist of CHSZ RP:
a) for landing of Yak-40 plane: clouds 5-7/8 by stratus clouds with base 90-150 m,
visibility 600-1500 m with haze disappearing and heavy fog;
b) for the landing of the Tu-154M: cloud cover by stratus clouds with a base of 150 m
and visibility of 1000-3000 m with haze;
3) Weather forecast prepared at 01:30 a.m. at the meteorological office of the airbase
in Tver (synoptically protecting Smolensk-North airport): the lowest horizontal visibility
3000-4000 m, and the lowest cloud base 600-1000 m. At 05:15 hrs the forecast was
revised and the most unfavourable WA predicted low cloud base 150-200 m and
horizontal visibility at the ground 1500-2000 m;
4) Weather forecast for Smolensk-North airport for 10.04.2010 (from 09:00 to 18:00
Moscow time), communicated by the Main Aviation Meteorological Centre to the Flight
Director of the Regional Dispatch Centre at 08:55 Moscow time:
- light clouds, 4-7 degrees upwards, lowest cloud base 600-1000 m,
- visibility at the start of the period :3000-4000 m, over the day: 6000-10 000 m, wind 120140 degrees.
According to photographic materials and witness statements, from sunrise (i.e. 07:02) to
08:45 there was sunny weather in Smolensk40. Meanwhile, north of the city centre, in the
Zadneprovsky area, on top of the Pokrovka plateau (where Severnyj airport is located), at the
39

Appendix 2 to the Report: Meteorological information; Appendix 3 to the Report: Tu-154M flight number 101 in space airborne of the
Russian Federation. Evidence analysis.
40 Witness L.P., k. 11700; Witness B.W., k. 10665.
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point of approach of Tu-154M and in the area of the Kutuzov road and the "Novy" hotel, from
07:30 a.m. a very strong turbidity of the air41 – „opaque shroud”, which staed there until around
noon.
1.7.

Flight history42

On 10 April 2010, plane Tu-154M, side number 101, was flying between Warsaw
Okęcie and Smolensk Północny and Warsaw Okęcie. It was carrying a delegation of the
President of the Republic of Poland for the celebration of the 70th anniversary of the Katyn
massacre. There were 96 people on board, including 4 members of the crew, 4 members of the
cabin crew and 88 passengers.
The flight was organized by the Prime Minister's Office after receiving a request from
the Chancellery of the President of Poland.43
On 10.04.2010 the airplane performed a military flight under the order of the
Commander of the 36th SPLT No. 69/10/102 (301), which specified the performance of the
task in IFR, as for the precise approach ILS cat. I (WM 60x800 RVR550). The crew was finally
completed on 08.04.2010, when Major Arkadiusz Protasiuk was appointed in place of Colonel
B. Stroiński as the commander. The preliminary preparation for the flight was carried out by the
crew on 09.04.2010 and presented to the Regiment Commander and Squadron Commander.
The Commander of the Aircraft had a rest at home. He reported at the Military Unit of 36.
SPLT on 10.04.2010 at 03:25 UTC.

Fig. 1.7 Frame from the monitoring camera of the Warsaw Okęcie airport No. 11 of 10 April 2010 at
04.46.18 UTC.

Comment: The scale of negligence and conscious actions putting the airplane, the crew
and the delegation headed by the President of the Republic of Poland in danger was enormous44
41

Subcommittee hearing of TVP employees: G.B., 23.01.2019; M.W., 15.01.2019, k. 9694, k. 9755, k. 9767, k. 31555, k. 31759, k. 38186.
Appendix 1 to the Report: Preparations for the 70 th anniversary ceremony of the Katyn crime.
43 Appendix 1 to the Report: Preparations for the 70 th anniversary ceremony of the Katyn crime.
44 Appendix 31 to the Report: Source materials for the renovation of the Tu-154M.
42
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starting from the overhaul in Samara.45 The pilots had copies of the Russian approach cards
from 2009 provided by the Polish Embassy in Moscow. The cards informed that the final goaround should take place from the height of about 50 m above the airport level. Meanwhile, the
documentation from 2010 indicated 70 m as the height of the go-around. Weather information
indicated visibility of 4 km with haze. The flight plan assumed Vitebsk or Minsk as alternate
airports. On April 9, the Central Air Traffic Control Service of the Russian Federation indicated
to MZC and RCD Moscow of the Russian Federation other alternate airports for Tu-154M:
Domodedovo or Sheremetyevo near Moscow. The decision was then passed on to the GCORL.
The Polish pilots were not informed about it although, according to the Russians, the Warsaw
management knew about it. The controllers in Smoleńsk received that information only in the
last hour of the flight.

Fig. 1.8 Schematic of the connections between the Tu-154M guidance supervision centers at
Smolensk on 10/04/2010.

Comment: Since its entry into the airspace of the Russian Federation, the flight had
been supervised by the Main Center of the Integrated Air Traffic System of the Russian
Federation (GCORL), which had been monitoring it throughout the flight, making decisions
and passing them on through the Moscow Zone Center (MCS) and the RCD, the Center of the
Military Transport Aviation, codenamed “Logika”, and the dispatchers of the Smolensk South
Airport (GCORL, as a civilian organization, formally had no direct communication with the
Ibidem. Appendix 32 to the Report: Dysfunctional informal ties in the armaments and aviation industries on the example of entities
participating in the tender for the renovation of the Tu-154M in 2009
45
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military Smolensk North Airport). The course of the flight could have been influenced also by
the organs subordinate to the Strategic Command of the Air and Space Defence Forces, the
Command of the Special Forces and the Federal Air Transport Agency, to which all the
information was delivered on a current basis. Within the military structure, the Smolensk North
airfield was part of the Tver base commanded by Colonel N. Sypko, who was subordinate to
the “Logika” Center in Moscow commanded by General Vladimir Benediktov. “Logika”
Center formally, it was subordinate to GCORL during this flight, performing the functions of
the military section of the system control of flights, which was already closed before 2009. In
fact, however, GC “Logika” had a decisive position, as it was the officers of “Logika” who
made the final decisions.
Up to ASKIL point the flight was in ICAO classified space, after ASKIL point in
unclassified space. The destination was Smolensk North military airport, not mentioned in AIP
FR.

4.42.51 UTC46
At 4.42.51 UTC the first conversation, recorded from the BSKL, between Lt. Col.
Plusnin and Maj. Jurij Kurtinka, the operations officer of the “Logika” Center, on the
subject of guiding the aircraft of the delegation of President Kaczynski to Smolensk, begins47:
Lt. Col. Plusnin: Please tell me you have no information about the Poles?
Maj. Kurtiniec: No, just what we dug up yesterday.
Lieutenant Colonel Plusnin: Aha. So please write down this, [...].
This is the Main Air Traffic Management Center , there they should know took off or not
took off, there they know.
Maj. Kurtiniec: That's how I'll find out . Yes, okay.
4:45:44 UTC
Maj. Kurtinets to Lt. Col. Plusnin: So they haven't started yet. [...] But when they
start they will tell me. I will tell you... [...]
Lt. Col. Plusnin: Maybe true, maybe not.
4:46:45 UTC
Colonel Krasnokutski to Lt. Col. Plusnin: 8:33, Frolov from Vnukovo. (...)
4:49:33 UTC (8:46:54,5)48
Lt. Col. Plusnin: (Vital) So for now the information is that Il is flying. There is no other
information.
NN (Vitaliy Lyubiancev): At what time (this IL?)?
Lt. Col. Plusnin: Somewhere around twenty past nine. [...]
4:50:04 UTC
Lt. Col. Plusnin about President Lech Kaczyński: God knows (where he is?). Maybe
Copy of correspondence from the flight control tower at the Smolensk-Severny airfield recorded on a tape recorder P-500 on
April 10, 2010. In fact, there was no tower at the Smolensk-Severny airport, and the flights were managed by BSKL.
47 The 2016 "believes in flight guidance" mail reading begins earlier at 4:38:43,9 but does not have any caller information; only
from 4:39:38,1 some have been identified
46

48

Analysis of conversations from the tower by the ABW Criminal Control Bureau in 2016, supplementing the IES reading from 2011. Next,
ABW / IES time (local time Smolensk-Siewiernyj) marked in purple
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he overslept, after all today is Saturday.
As I thought, so I said.
An hour earlier, an hour later.... or maybe not at all.... [...]

4:50:58 UTC
Y, seventy-eight-eight-seventeen, reports "Corsage" [...]
Il. 76: Y. two-five-nine, I will establish communication in five minutes. [...]
4:52:35 UTC
Lt. Col. Plusnin: Well, I asked him, this... operative of "Logika" to call a Moscow
phone. And I don't know whether it's true or not. [...]
Col. Krasnokutski: Pavel Valerievich, in the fifty-fifth minute of ASKIL. First Pole zero
thirty-one PLF.

4:54:06 UTC
Lt. Col. Plusnin to Col. Krasnokutskiy: Nikolai Yevgenevich, "Logika" deceived,
information came via the ground line, saying that in the fifty-fifth minute passes ASKIL.
4:54:42 UTC
Lt. Col. Plusnin: Meteo [...]
The head of the meteorological station, a senior citizen, Radgovskiy.
Lt. Col. Plusnin: give the weather info! [...]
Head of the meteorological station Radgovsky: in ten hours we record three-tenths of
a high...y haze, smoke, visibility four kilometers. [...]
4:55:53 UTC
Yak-40: Y Moscow-Control PAPA-LIMA-FOX, y, zero - three - one, good morning,
descent , level three thousand three hundred meters , approaching ASKIL point. [...]
4:57:42 UTC
Il-76: seventy-eight-eight -seventeen I wrote down: landing course two half a hundred,
nine, pressure seven forty-five, passing level one thousand five hundred. TSO from RSP, to hear
from you.
Lt. Col. Plusnin: Y see you eight seventeen. And the approach will be after the Polish
plane. [...]
5:00:21 UTC
KL. Lt. Col. Plusniun to Krsnokutski: So the first will be Yak 40 and then ours [...]
5:06:07 UTC
Lt. Col. Plusniun: Shit, it's already foggy on "South" [...]
5:10:17 UTC
Lt. Col. Plusnin: visibility one thousand five hundred. One-five-zero-zero. [...]
5:11:07 UTC
IL-76: y eight seventeen, with a course to the radio beacon / to the leading one, I take
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three thousand. [...]

5:11:22 UTC
Yak-40: PAPA-LIMA-FOX tower, zero-three-one, cleared for landing approach. [...]
5:11:40 UTC
KL. Lt. Col. Plusnin: Permission granted.
5:15:09 UTC
Col. Krasnokutski: He told me Marczenko this evening: "We don't expect fog."
5:16:35 UTC
Lt. Col. Plusnin: two, on course, path [...]
One on the course, the path.
Lt. Col. Plusnin: I can't see, so far I can't see [...]

5:17:26 UTC
...it goes well.
5:17:30 UTC
Lt. Col. Plusnin: landing.
5:21:00 UTC
Lt. Col. Plusnin to IL-76: (eight seventeen) are you going to try to land?
5:21:02 UTC
IL-76: yes, yes with landing. [...]
5:21:29,3 UTC (9:21:07,5)
Colonel Krasnokutski: At 8.50 his landing, well in terms of the visibility, now it's
getting better, and yesterday Marchenko talked all day long, no one promised fog and in the
morning everything was normal, now at 9 it stopped, the visibility was somewhere around
1200. Well, he went normally. I think there is an instrumentation at his place, such a plane.
Well, in principle, he did it normally, they worked well. I was thinking, frankly speaking, go
around. I mean basically everything, and I'm thinking about 10.30 now ok so the temperature
will go, and in any case 1500 shouldn't be worse.
5:22:14 UTC
Colonel Krasnokutski to Colonel Sypko, Tver: ...according to, according to the plan
about now How forty landed , that is, a delegation of journalists. IL-76, our Frolov is now on
the approach, the president's cars will be there. At ten thirty landing of the main president.
Comment: Meanwhile pilot Frolov in his testimony at the prosecutor's office on
13.05.2010 when asked by the interrogator What cargo were you carrying from Moscow to
Smolensk? He answered: I was flying empty. There was no cargo on board.
According to Colonel Krasnokutskiy's testimony, Il 76 was supposed to pick up the cars
of President Kaczynski's delegation and transport FSB officers to Moscow after the ceremony
in Katyn. However, Frolov's main task was to check the operation of the aircraft guidance
38

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

system at the Smolensk Severnyj airport. This is clear from Frolov's conversation with flight
controller Plusnin during the approach of IL 76, which Frolov recounted during his
interrogation by the Russian Prosecutor's Office on 31 May 2010: During the flight, a request
came from the flight manager at Smolensk Severnyy Airport to assess the functioning of the
airport's radio technical equipment and light systems. After the approach, which was carried
out twice in such a way that landing turned out to be impossible and the plane was on the verge
of crashing, Frolov reports: from my side there were no remarks against given systems...and the
crew of our plane performed the flight on the basis of measuring instruments. In the meantime,
the plane did not turn far enough into the wing, and about the BSKL antenna and the ground,
and it was a few tens meters to the left of the airstrip. This meant that the import he had carried
out and that Frolov had called it correct was in fact a disaster.
5:27 UTC (7:27 Polish time)
The plane Tu 154 took off from the Warsaw Okecie airport to Smolensk. The flight was
performed at FL330 through the navigation points BAMSO, RUDKA and ASKIL.
5:39:15.8 UTC (9:38.54)49
KSL Plusnin to Frolov: Perform a go-around.
Comment: Il-76 commanded Major Frolov flying to Smolensk, after two failed
approaches to land, was sent back to Tver and then to Moscow.
5:41:36-5:42:01 UTC (9:40:05,1 – 9:40:52,6)
Colonel Krasnokutski: Well, the visibility is already 500 meters, even less, well, now
even 300 meters, well... Logika, is not to be expected any more, he has 20 tons left, he will
leave, I called Sypka in Tver. I have such a question, according to my data, the Polish plane is
leaving, they don't invite us, they're going alone, we have to tell them that we're covered. [...]
Well, so we have to look for a backup for him, that's one thing, if he's ready. Vnukovo maybe or
something like that.
5:41 UTC
According to Piotr Marciniak, deputy ambassador Jerzy Bahr in Moscow, an hour
before the landing of Tu-154M he received a call from the airport in Smolensk from the second
secretary of the embassy, G. Cyganowski, ordering him to go to Vnukovo airport, where due to
bad weather the plane carrying the President of Poland and the Polish delegation was to land.50
Comment: G. Cyganowski was supposed to get this information from FSO officers and
from Sergey Kudriavtsev, a representative of the Smolensk region authorities. They told him
that after the Tu-154M entered Russian airspace communication would be established with it
and it would be directed to an alternate airport near Moscow (Vnukovo). According to the
testimony of Smolensk governor Antufiev, it was supposed to happen after the Polish pilots
realized the control approach.
5:41:42 UTC (9:41:20.2)
Colonel Krasnokutski: All right, if he's flying, he'll make a test approach, just the issue
of fuel. Will he be able to land (fly away) after one approach? Where should we send him?
49
50

Speaking time according to the Institute's transcript of the court reports. Prof. Jan Sehn, reading of 2011. Next. Highlighted in blue.
Hearings of Piotr Marciniak conducted by the Subcommittee on September 27, 2016 and July 16, 2019.
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Lt. Col. Plusnin: I don't know Polish either, I guess so...
But trial.
Col. Krasnokutski: yes, Pasha, I'm going there to investigate the situation.
5:42:03,8 UTC (9:41:42.0)
Lt. Col. Plusnin: I mean, fifty I'll fucking trace. Immediately...who should tell us what
the fuck your...
Lt.. Col. Plusnin to Radgowski: And how long will the fog last?
Well, no, no, you just ask yourself what you...
Lt. Col. Plusnin: Yeah, and what's the use of that (sense)...
5:42:27.9 UTC (9:42:06.1)
Col. Krasnokutski: I understood you, we will agree with Moscow, agree with
Moscow...
Comment: After consultation with the “Logika” Center it was decided that Tu-154M
would make a controlled approach and then go to the Vnukovo alternate airport. Col. N.
Krasnokutski assumed that Tu-154M would be brought down to its minimum, i.e. to the height
of 60 meters above the airport level (such was the minimum of Tu 154; the departure altitude in
the documentation of the Smolensk Severnyy airport is 70 m, and Plusnin confirmed that he
would be able to guide [track] Tu-154M even to 50 m.). It was left to the GCORL to make the
final decision.
(This transcript read by IES/ABW 2016 shows that the Russian side was ready to
descend the control approach of Tu-154 to 50 meters as it was communicated to the prosecution
by Ensign R. Muś from Yak 40. The reading of the same conversation and recorded on tape
recorder P-500 on 10.04.2010 and referred to in Miller's Report sounds completely different:
Col. Krasnokutski: He'll probably make a controlled approach, no problem, to his
minimum....
Mjr. Kurtiniec: But it's below, all the same, the minimum of the airport.
Col. Krasnokutski: Of course. No, I mean to when we're going to bring it down, but to
what altitude.
Mjr. Kurtinets: Up to a hundred meters.
Col. Krasnokutski: Yes and according to the airport a hundred to one, below I can't.
Comment:You can see how Krasnokutski's statement in this transcript is adjusted to the
Russian version of the course of the catastrophe and it is also contrary to the official regulations
defining the height of the go-around as 70 m.
5:43:03.6 UTC (9:42:41.8)
Krasnokutski: Poles what are they planning? To us, the fuck?
Lt. Col. Plusnin: Yes, I told them
Comment: This statement suggests that Plusnin had contact with the Polish crew. It is
confirmed by the exchange of opinions of the Tu-154M crew at 10:04:14.8 about the weather
situation in Smoleńsk: It will be... macabre. Nothing will be visible.
5:46 UTC51
(MCS) Shevchenko to Mikhailov (GCORL): If he does not approach,
51

Recording of GCORL controllers' calls according to UTC time.
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understandable. To Sheremetyevo or to Domodedovo...he will make his own decision.
5:46:08,8 UTC (9:45:47)
Alexander Pozdnikov, RSP technician to Natasha BSKL telephonist about Il 76
approach: on the first approach at least I saw him, and his second approach...
Natasha: And the other one directly above the Start nearly hit into our antenna.
Pozdnikov: Seriously?
Natasha: Yeah, we were standing outside, waiting to see what happens next, laughing.
Pozdnikov: And so in general, as a rule of thumb, that kind of fog is the airport closes,
it is all shitty.
Natasha: Okay Sań. He's recording himself!
Pozdnikov: Aha, got it
Comment: this exchange between Natasha, who operates the BSKL telephone system,
and Alexander Pozdnikowa, the RSP technician, shows how dangerously low IL 76 was on the
second landing approach. It was then that the plane almost collided with the antenna, which
was later attributed to Tu-154 flying near the BRL. (Which, by the way, was not possible since,
as the controller from the BSKL testified, Tu-154 flew over the BRL from the left side). From
the exchange of opinions it seems that they were fully aware of the fact that GKL deliberately
did not close the airport, although it had such an obligation, which they wanted to conceal. This
suggests that the chaotic and illegal way of bringing Tu-154 in was a consciously prepared
operation.
5:47:20 UTC
According to information provided to GCORL by Smolensk Severnyy KRL dispatcher
A. Muraviev, the visibility over Smolensk at that time was 800 m and the lower edge of the
clouds was 80 m. In the conversation between GCORL and MCS it was agreed that in case of
departure to the reserve airport Tu-154M would be directed to one of Moscow airports:
Domodedovo or Sheremetyevo.
5:51:20.3 - 05:52:21.9 UTC (9:51:26.3 - 9:52:44.3)
Operations Officer of the Center “Logika” Maj. J. Kurtinets confirmed that it was
agreed with GCORL that Vnukovo is a backup airport for Tu-154M and told Lt. Col. P. Plusnin
that he had agreed with GCORL that Tu-154M would be taken to Vnukovo. Lt. Col. P. Plusnin
passed this information to Col. N. Krasnokutskiy. They both accepted the decision, stipulating
that they also take into account the control approach of Tu-154M to the Smolensk Severnyy
airport.
5:52:54-5:53:29 UTC
Maj. Kurtinets to Lt. Col. Plusnin: I contacted the main Center, they will take you to
Vnukovo.
Lt. Col. Plusnin: To Vnukovo, right?
Maj. Kurtinets: Aha.
Lt. Col. Plusnin to Col. Krasnokutski: the reserve airport Vnukovo.
Col. Krasnokutski: I understood. So in Vnukovo confirm… what he has to say residual
fuel [...]
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5:48 UTC
GCORL agreed with MCS: if the fog does not clear, you have to ... MCS ... it will come
or... GC and he will come look at Vnukovo ... this [Tu-154M] is to go to an alternate airport
5:54:59 UTC
Lt. Col. Plusnin to Maj. Kurtinets: We have to get through to the Main Center so that
the main Pole... could be informed, first of all, that he would prepare to leave for the reserve
one. Oh, and to specify how much fuel he has, because he understands practically nothing in
Russian.
6:00:00 UTC
GC: Grygoricz ... you know which Pole, he has a spare Domodedovo or Sheremetyevo
... as they were announced at home.
Comment: as you can see, the decision to send the plane to an alternate airport near
Moscow was prepared in advance and, according to Moscow, agreed with unidentified
authorities in Warsaw.
6.01.06 UTC
Lieutenant Colonel Plusnin: Oh, last time he flew to Minsk, then earlier, and now he
would land in Minsk, damn it.
Comment: As you can see, all the Russian decision-making structures had different
plans for the alternate airports: the GCORL directed Tu-154 to Moscow's Sheremetyevo or
Domodedovo airports, General Benediktov's “Logika” Center to Moscow's military airport
Vnukovo, and the Smolensk controllers to Minsk or Vitebsk. It should be remembered,
however, that the final decision was made by GCORL.
6:04:16 UTC (8.04.22)52
NN: Well, it's gonna be, it is going to be a macabre
6:05:01 UTC (10:04:39.2)
Head of the meteorological station Radgowski to KL. P. Plusnin: Now, y, I give
eighty out of eight hundred. Stormy weather
6:10:53.7 – 6:11:14 UTC (10:09:59.7)
Comments: The decision to determine the weather condition was made by RDC
Moscow after the Headquarters synoptician failed to provide a precise weather diagnosis during
the instruction.
Lt. Col. Plusnin, through the TransAreo plane and controllers from Minsk, reported
that the visibility over the Smolensk Severnyj airport was 400 metres. And, it means yes,
currently: fog, visibility about four hundred, [...] not more than four hundred meters.
Lt. Col. Plusnin: There are no conditions for admission. Pass on.
Comments: According to the testimony presented to the prosecutor, Lt Col Plusnin
deliberately lied to the crew not wanting to allow the approach to Smoleńsk airport. 53 In fact,
the visibility and cloud base were supposed to be 800 m by 80 m at that time. In his talks with
52

Transcript of CVR recordings (time difference from UTC 2:00:06). Next, marked in green.

53

[…] Having first connected to the Tu-154 aircraft, I understated my visibility to 400 m because I thought the crew would decide to go to an
alternate airport and that this visibility would make the aircraft feel alert, although this visibility was within 800 m. […]. Po. Śl. 54/10, t. 13, k.
2539.
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Col. N. Krasnokutskiy and Maj. J. Kurtince from the Center “Logika” the controller repeatedly
stressed wrongness of directing Tu-154M by GCORL and the Moscow Center on the controlled
approach, justifying it by the weather condition, and demanded from GCORL to send Tu-154M
back to the reserve airport as soon as possible, without the controlled approach.
6:11:05.9 UTC (8:11:11.9)
2P: No well, you can see the ground, you can see something there. Maybe it won't be a
tragedy.
6:14:19.5 UTC (8:14:25.5)
Tu-154M pilots confirmed receiving information from WM2 controller from Minsk
about 400 m visibility at Smolensk airport: Smolensk, e, visibility four, zero, zero meters, fog.
6:14:30.8 UTC (8.14.36.8): Four, zero, zero meter fog?
No.

6:15:31.3 UTC (8:15:37.3)
The navigator of the Tu-154M with the second pilot analyzed the possibility of leaving
for the second incident and waiting on the circle:
hey, it's not so much, huh?
2P: Well it will ... then, won't it?
Navigator: And do we have the fuel to hang around here?
2P: We have.
Comments: For the first time Polish pilots doubt the possibility of landing in Smolensk
due to bad weather at 8:04 am Polish time54, and later they repeat the plan of going around and
to the reserve airport many times.
6:20:13.8 – 6:21:14.6 UTC (10.19.52 – 10:20:52.8)
KL. Plusnin: Test approach. Wait a moment, he flies to us? Fuck, it's a plague, fuck...
6:22:14.8 UTC (10:21:53)
Lt. Col. Plusnin: Bierielom [Yuzhnyi], answer to Corsair.
Well from them for some reason the information came out that, that we are the ones to
admit him, fuck, well, fuck....
Col. Krasnokutski: No, but it has to be determined how much fuel it has. And a backup
airport....
6:21:22 UTC
Co-pilot to Navigator and then to Commander: You look at the direction...
Arek, shall I read you the height according to distance?
First Pilot: Yes, yes.
Comment: It can be seen that the decision to control the approach came from Moscow's
Flight Management Center, because the “Logika” Center had direct contact with the Severny
controllers, and the GCORL structures had to use Yuzhnyi.
6:22:31.9 UTC (8:22:37.9)
54

CVR reading.
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Tu-154M navigator to control Moscow: 3900 over ASKIL and we are ready for
further descent.
6:22:44.7 UTC
The RCD Moscow instructed to descend to 3600 m and then make contact with
Corsair.
6:22:47.7 UTC (10:22:25.9)
KL. Plusnin: Yeah, they're all making excuses, that's how I see it. And in “Logice”
they're sitting around, shit, they don't want to do a fucking thing.
Col. Krasnokutski: Like it's nothing. And here it covered the airport, what the hell.
Plusnin to Yuzhnyy: Good morning, I am calling from Severny. Under whose control is
the Polish plane flying now?
NN: Moscow, Moscow directs.
KL. Plusnin: Then tell Moscow yet-you have communications and we don't have
communications with them-I'll establish communications right away. If he doesn't know
Russian yet, well, that's going to be bad.
Col. Krasnokutski:...and let him give the answer, fuel reserve, ask a what airport
NN: Why do you need it? To Vnukovo.
Comment: The decisive controllers of Severny emphasize the mess and deliberate
reluctance responsibility of Moscow headquarters for the importation of Tu-154M. You can see
that they pass realized that Moscow's headquarters want to relinquish responsibility for the
course of events on Smolensk controllers. KL Plusnin's statement proves that there were
auditors aware that a prepared operation was underway on the Tu-154, and the apparent lack of
consistency Moscow headquarters resulted from deliberately conducted actions.
6:23:00 UTC
The Tu-154M, after entering the air zone of the Russian Federation, passed the ASKIL
point at an altitude of 3900 m. The RCD gave permission to descend to 3600 m and, giving the
communication code, advised to establish direct contact with GKL Smolensk Severnyj.
6:23:07.9 - 6:23:25.8 UTC (10:22:46.1 - 10:23:04)
Col. Krasnokutski to Lt. Col. Plusnin: Eleven tons is enough for Vnukovo, ask
an alternate airport.
6:23:27.1 UTC (8:23:33.1)
1P established communication with the GKL of Smolensk Severnyy Airport and
advised to continue the flight on a further heading with a descent to 3600 meters, and then
received clearance for a descent to 1500 meters, to 500 meters, and finally for a controlled
approach over Smolensk Severnyy Airport.
Comment: Colonel Krasnokutski's orders were carried out directly by flight controller
P. Plusnin, although he opposed them on several occasions. This situation makes it possible to
consider whether the critical position of Plusnin toward the bringing of Tu-154 was authentic or
just a demonstration, and to remove the responsibility for the events.

have?
44

6:23:50 UTC
Lt. Col. Plusnin: Y, PLF Foxtrot, y, one, zero, one, residual fuel, how much fuel do you

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

101: Remaining, y, eleven tons.
6:24:00.5 UTC (10:23:38.7)
D.: Vitebsk, Minsk.
6:24:02.1 UTC (10:23:40.3)
ZDBL: Vitebsk, Minsk.

6:24:05 UTC (10:23:43.2)
Lt. Col. Plusnin: And Vitebsk, Minsk properly?
6:24:07.3 UTC (10:23:45.5)
1P to Lt. Col. Plusnin: You understood correctly.
6:24:08.4 UTC (10:23:47.1)
Lt. Col. P. Plusnin to Col. N. Krasnokutskiy: He needs to be sent back. […]
Col. Krasnokutski to Lt. Col. Plusnin: so say, there are no conditions here...
6:24:09.9 UTC (10:23:48.1)
Comment: Lt. Col. P. Plusnin once again told the “Logika” Center to warn GCORL
that the Tu-154M must not be diverted to the Smolensk Severnyy airport because visibility is
below 400 m.
6:24:09,0 - 6:24:36.4 UTC (10:23:48.1 - 10:24:14.6)
KL. P. Plusnin: At Korsage, fog, visibility four hundred meters [...] No acceptable
conditions.
101: understood, please provide conditions y, meteo.
Lt. Col. Plusnin: On Corsair fog , visibility 400 meters ....
101: Please present temperature and pressure.
Lt. Col. Plusnin: Temperature plus two, pressure seven forty five, seven four Pie, no
landing conditions.
Comment: According to Russian regulations Lt. Col. Plusnin's position meant
preparation for sending Tu-154M back to the alternate airport. Here it is worth noting that after
1P made contact with the KL (flight controller), the controller did not immediately state the
weather and the lack of conditions to receive Tu-154M through Smolensk Severnyj airport. The
question was asked about fuel, about alternate airports and got answers to both questions and
then asked again: A, Vitebsk, Minsk, correct? Meanwhile, it was clear from earlier records of
conversations with the “Logika” Center that he knew about the arrangements, that these were to
be Moscow airports. And in his conversation with Tu-154M he did not question the position of
the Polish pilots. That's why 1P answered him at 6:24:07.3 UTC: you understood correctly.
6:24:57.4 UTC (8:25:03.4)
In response, the 1P asked KL Lt. Col. P. Plusnin: But if you can, we will try the
approach, but if there is no weather, then we will make a go-around.
6:25:26.5UTC (10:25:04.7)
NN: Altitude control. One hundred, then...
6:25:33.8 UTC (10:25:.12.0)
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there.

NN: ... for a hundred meters he went (on the second?). he. Benediktov said, how was he

6:25:54,4 UTC (10:25:32,6)
Col. Krasnokutski after making arrangements with General Benediktov from the
“Logika” Center, gave Plusnin and Yuzhny permission for the controlled approach and
subsequent departure of the Tu-154M to the alternate airport of Vitebsk or Minsk.
Col. Krasnokutski to Yuzhny: he's making a test approach, the commander's decision,
he's making a test approach to the height of decision. One hundred meters, departure, readiness
Minsk and Vitebsk, let them be backup.
6:26:05.3 UTC (10.25.43.5)
NN (KRL, Muraviev): Copy that
6:26:07.7 UTC (10:25:45,9)
Col. Krasnokutski: Understood?
6:26:08.8 UTC (10:25:47.0)
KRL, Muraviev: Yes, of course.
6:26:11 UTC (6:25:49.2)
Colonel Krasnokutski to Lt. Col. Plusnin: Pasha, you bring it down to a hundred
meters, a hundred meters without discussion. To the other circle and that's it.
Comment: The decision was made by the commander of the "Logika" Center, General
Benediktov. This key command of Colonel Krasnokutskiy meant the confirmation of the
agreement between the controllers and pilots of Tu-154M on the execution of the control
approach and the consent for the departure to the reserve airport to which the Poles wanted to
go, that is, to the airport in Vitebsk or Minsk. In spite of the Headquarters' constant pressure to
send Tu-154M back to Domodedovo or another Moscow airport, the Poles did not agree to it,
because in the flight plan the alternate airports were Vitebsk or Minsk.
6:26:21.6 UTC (8:26:27.6)
The commander of the plane informed the director of diplomatic protocol about the
difficult weather conditions that make landing impossible: We will try the approach, we will do
one activity, but probably nothing will come of it.
Comment: This was another confirmation that the pilots were planning to go to an
alternate airport and not to land at Smolensk Severnyy.
6:27:26 UTC
A dispatcher at Smolensk Severnyy airport told the GCORL that the Tu-154M was
requesting permission for a controlled approach, and at the same time declared the alternate
airports of Vitebsk and Minsk. After communicating with Colonel Krasnokutskiy, GCORL
agreed to the controlled approach and departure to the Minsk control area for landing at
Vitebsk. The Flight Director (KL) did not give the Tu-154M crew the guidance method (as he
had done earlier for IL 76), and the Polish pilots had no intention of landing so they did not ask
for permission to land.
Comment: The second key piece of information confirming that neither the pilots nor
the controllers planned to land the Tu-154M at Smolensk airport.
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6:28:00 UTC
A dispatcher at Smolensk Severnyy Airport informed GCORL that visibility was 600 m
and cloud base was 60 m.
6:30:08.8 UTC (8:30:14.8)
KL Lt. Col. Plusnin gave permission for descent to 500 m
6:31:26.2 UTC (10.31.04.4)
NN: He made a call somewhere about a flight corridor and only our man...who
basically has a GPS....
6:32:24 UTC
Dispatcher Smolensk Severnyy KRL A. Muraviev obtained permission from the
Moscow Zonal Center (MZC) to return the Tu-154M to an alternate airport in the Minsk
control zone.
KRL: He is on the circle , if he has an alternative, where to give him the command?
MZC: Is he going to depart for Vitebsk or Minsk?
KRL: Yes
MZC: Give him on ASKIL
KRL: On ASKIL and then you will give him where to report?
MZC: Switch to RCD and they will forward it to Minsk, anyway, if he makes a decision,
let me know.
KRL: Okay. Roger.
6:32:24 UTC (10:32:24)
KRL Muravyov to Col. N. Krasnokutskiy: in the final mode PLF 101 and departure
to the alternate airport, if, then on ASKIL communication with RDC, there they will tell him
either Vitebsk or Minsk.
Colonel Krasnokutski: well, Anatoly Ivanovich, I accepted ...
Comment: The dispatcher from Smolensk detailed the system of departure to the
alternate airport according to the will of the Polish pilots, indicating the direction of departure
to the ASKIL point on the Belarusian border and informing that the flight will be directed by
the Regional Center (RDC), where the pilots should establish communication. ASKIL on the
border with Belarus and informing that the flight will be then directed by the Regional Center
(RDC), with which the pilots should establish communication. The RDC Moscow was also
supposed to coordinate the landing of the Tu-154M with Minsk controllers and the Vitebsk
airport. Muravyov, having provided this information to Krasnokutskiy, stated that the RDC was
to send the Tu-154M back to Vitebsk or Minsk. However, the statements of the Moscow Zonal
Center suggest that it was planned to send Tu-154M to Minsk, i.e. to a distance equal to
Moscow airports.
6:32:51.4 UTC (8:32:57.4)
1P has established a procedure for departure: [...] in case of unsuccessful approach
depart in automatic mode (It’s about AT)55. Then, the flight engineer confirmed twice the
readiness to use the automatic departure system.
55

See Appendix 11 and appendix 13 to the Report.
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Comments: The above exchange of information and decisions between the crew
members confirms that the Tu-154M was fully prepared for automatic departure and flight to
the alternate airport.
6:33:23.3 UTC (10:33:01.5)
Lt. Col. Plusnin to Col. Krasnokutski: He [Radgovsky] now gives 800.
Col. Krasnokutski: what 800 [...]. Look there for sure some 200 [...].
Comment: This difference between the BSKL and the meteo station indicates a point of
fog accumulation, the meteo station is approximately 250 m from the BSKL.
6:33:47.6 UTC (10:32:25.8)
Col. Krasnokutski: PLF 101, to LPR (transponder close) already approaching.
6:35:08.3 UTC (10:34:46.5)
NN: Third- let him fly in the corridor
6:35:18.2 UTC (8:35:24.2)
Lt. Col. Plusnin gave the Tu-154M the command: A, Polish 101 and from 100 m be
ready to go around. The First Pilot confirmed the command by saying so smoothly.
Comments: The approach card from direction 259o from IPP provided for a departure
from 70 meters.
6:36:46 UTC (10:36:24.2)
Col. Krasnokutski: Oleg Nikolaevich [major Kriev Commander of Smolensk-Severnyy
Airport], on the fourth turn test approach and then departure, at the entrance to Minsk [...]
Minsk zone. Either Vitebsk or Minsk-we agree to it.
Comments: According to previous findings, Polish pilots confirmed their readiness to
take the go-around approach and to the alternate airport at a height of 100 m above the airport
level and did so. It is crucial that Russian air traffic management agree on the return (RDC and
MCS Moscow) to alternate airports in the Minsk area, both with Polish pilots and with the
Minsk controllers.
The descent of Tu-154M on the straight to the runway DS26 was conducted with
systematic misleading of the Polish pilots regarding the circle above the airport and, first of all,
by the KSL regarding the glide path. Above the airport, the controllers lost the marker of the
Polish plane twice from the radiolocator DRL screen on the RSP-6M2 station and on the
BSKL. The first time at 05:48, the second at 06.35: [...] Where the fuck is he now? I don't know.
He should be somewhere by now... I mean you don't see him, right? KL: Yes, he's gone. That's
how I see it. [...]
After the Tu-154M entered the approach path, controllers gave misleading information
about the distance of the aircraft from the airport runway. Before approaching the third turn of
the circle above the airport, the Tu-154M crew received a command from (the Flight Manager)
KL: 101 make the third turn, radial 19. This command was incorrect. The data from the MCS
radars show that the Polish crew executed the third turn correctly with the radial 22. Also, later
on the approach path the crew, in spite of the controllers' wrong commands or lack of
announced decisions, correctly executed the planned controlled approach and go-around.
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6:37:23.6 UTC (10:37:01.8)
Lt. Col. Plusnin: One hundred and one make the fourth.

6:37:38.4 UTC (10:37:16.6)
Col. Krasnokutski: First of all, send him to the other side. And still, well, to the other
circle and that's it, and then if he wants... he made his own decision, so let him fly himself.
Comment: This statement by Krasnokutski: He himself made a decision, so let him
alone. He is surprising, and he is impressed by the recording that makes a real conversation.
Firstly, after talking to the “Logika”, Krasnokutski decided on this matter at 5:40. Secondly, at
10:25:12, such an order was issued by gen. Benedict, the military commander. Transport,
personally monitoring the operation of the “Logiki” during the flight Tu-154. Thirdly, a few
minutes earlier Krasnocutski himself sets the departure from RDC Moscow and the KRL
Siewiernyj Tu-154 to the Minsk zone and details the actions that are being taken on this issue.
Position: Let them alone, not be possible in the flight management system of the aircraft being
brought, and would be a crime.
6:37:48.8 UTC (10:37:27)
NN: ...I don't see it, so far all (gone?)...And what difference does it make? ..Not even a
relapse...fuck....
6:38:20.5 UTC (10:37:58.7)
NN: On the third
6:38:20.6 UTC (10.37:58.8)
A little, a little early; no, not normally.
6:38:47.6 UTC (10:38:25.8)
Col. Krasnokutski to Col. Sypko: Valery [Vladimir?] Ivanovich, distance twelve...
6:39:05.7 UTC (8:39:11.7)
KSL reported that the Tu-154M was on a path 9 kilometers from the runway threshold,
although the aircraft was more than 10.3 kilometers from the RWY26 runway threshold: One
hundred and first, distance. 9, entrance to the track.
Comment: In case of Yak-40 and Il-76 KSL the entry to the path was given as ten on
course and track, which meant the distance of 10 km and the approach angle of 2.7 degrees,
while for the Tu-154M as nine on course and track, which meant the distance of 9 km and the
approach angle of 3.3 degrees. This and subsequent disinformation about the distance from the
threshold of the belt, if carried out by pilots, would cause the airplane to strike the ground about
1000 m ahead of the airport threshold. The Polish pilots carried out the flight plan according to
which, after the controlled approach, they started the go-around.
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Fig. 1.9 Visualization of the PRL landing radar indicators screens with the normative ones marked zones
of permissible (ЗДО; ZDO) and normal (ЗНО; ZNO) path and course deviations. The range of
deviations normal (ЗНО) is 1/3 of the permissible deviations (ЗДО) of the path and course.

06:39:27.1 UTC (8:39:33.1)
KSL again reported the aircraft's position: 101 distance 8 on course and path. In reality,
the plane was more than 8.5 km from the runway.
06:39:34.4 - 06:39.37.8 UTC (8:39:40.4 - 8:39:43.8)
Polish crew was cleared for approach by commands: Clear runway; Conditional
landing....
06:39:46.8 UTC (8:39:52.8)
The KSL transmitted the command on course and path distance 6. The command was
again false. The aircraft was still to the left and more than 6.8 km from the runway.
6:39:53.8 UTC (10:39:32)
NN: And he can see us?
6:39:55 UTC (10.39:33.2)
NN: One hundred and one...
6:39:56.5 UTC (10:39:34.7)
NN: Vanya, what's that for, make him go higher...
6:39:59.3 UTC (10:39:37.5)
NN: You reduce it a little bit so that...
6:40:05.6 UTC (10:39:43.8)
NN: Positioning in the direction of distance...
Comments: It meant that at the decision height the controller was obliged, depending
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on the conditions, either to send the plane to a go around or to allow landing. The pilot from
101 repeated once again his position on the readiness to make a decision at the altitude of 100
m, agreeing with the crew that the departure would take place automatically; the on-board
technician confirmed his readiness for such action twice. The GCORL, MCS and other
services, which monitored the plane's flight on radar screens, were informed about all the
arrangements on an ongoing basis. The mode of this action is referred to in his testimony by the
senior specialist of air traffic planning and time security Gordiyev. Speech there is about
providing information at 10:30, among others about the state of the weather and at 6:41
GCORL also receives information about the Tu-154M flight:
Full information received by me... was immediately passed to the Chief of Shift
Shevchenko V.G. who forwarded it immediately to the Head of the GCORL.
Comment: Thus, the Moscow Central, contrary to the testimony of its representatives,
during the flight of Tu-154, had full current information about the flight of the Polish aircraft.
6:40:10.4 UTC (8:40:16.4)
KSL transmitted another false command: Four on course, path. The Tu-154M was over
4.8 km away and on the left side of the runway.
6:40:23.7 UTC (8:40:29.7)
KSL issued a commend: Three on course, path, although the Tu-154M was 3.7 km and
to the left of the runway. There was still no KSL response correcting course and altitude.

6:40:25.5 UTC (10:40:03.7)
NN: The headlights are off?
6:40:35.6 UTC (8:40:41.6)
KSL gave another false distance command: Two on course path.
Comment: Meanwhile, the aircraft was over 2.7 km from the RWY26 runway
threshold.
6:40:45.9 UTC (8:40:51.9)
At the altitude of 100 meters, in spite of the lack of the flight controller's announced
decision, the commander gave a command to go around, which was repeated by the co-pilot.
The Tu-154M has been systematically slowing down the descent for a few seconds, raising the
nose of the plane and preparing the automatic departure56.
6:40:48.25 UTC (8:40:51)57
At 65.6 m the decision altitude bell sounded and the yoke was swung, without turning
off the autopilot starting the departure process.
Comment: After the bell sounded, the pilots began their departure in automatic mode.
They raised the elevator rudder and increased the pitch of the aircraft, which reduced the rate of
descent. This is indicated by the fuselage camber and overload data. Meanwhile, according to
the radio altitude records in the flight parameter recorders, the descent speed increases twice.
56

It is a departure at AT in the thrust machine. Preparation for go-around shows precisely the analysis Capt. J. Więckowski proving that before
disconnecting the ABSU (AT) the plane obtains a parallel position relative to the ground. See Appendix 13 to the Report.
57

MSRP Time (Time difference from UTC 2:00:02.75)
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The analysis of flight parameters, the operation of the control system and the comparison with
the control flight of Tu-154M No. 102 on 15.04.2011 (see chapter 2.3.3). indicates that the
radio altitude recordings in the flight data recorders in this part have been changed and the
plane was systematically decreasing the descending speed until the autopilot of the longitudinal
axis was disconnected.
6:40:49.3 - 6:40:51.6 UTC (8:40:55.3 - 8 40:57.6)
KL Smolensk commands: horizon, one hundred and one [...] altitude control. Horizon
[...] were delayed and erroneous.
6:40:52.35 UTC - 6:40:53.69 (8:40:55.1- 8.40:56.44)
After the longitudinal axis autopilot was disengaged and the engine power was switched
to go-around mode, the plane started to climb up and go around. After a while, the wing flaps
were switched to 28 deg. (see chapter 2.5).
6:40:55.85 UTC (8:41:01.85)
There was an explosion in the left wing tip. The sound of the explosion that occurred
outside the cockpit of the aircraft is heard in the CVR recording less than one second before the
aircraft reacts to the destruction of the left wing tip. It is followed by the shouts of the pilots
and passengers. The identification of the millisecond explosion sound is described in one of the
Chapter 2.3.3.

Comment: This fact is also shown in the flight data recordings and confirmed by a
senior flight dispatcher of Yuzhnyy airport who reported to the RDC Moscow that the Polish
pilots: They went to Burielom (the name of the Yuzhnyy airport). The dispatcher relayed to the
RDC that he heard the flight of the Polish plane at 1 km. from the airport: We heard it directly
at a distance of 1 km, I listened to them, they say that there is something, further on nothing can
be heard. (6:41:25 UTC) Also, the flight controller from Smolensk - Severnyy reporting to the
Headquarters the course of the catastrophe, said: he started to go around and fell down
(disappeared) (10:42:56).58
Members of the Air Management Group (GKL), followed by the MCS and GCORL,
testified that beginning with the go-around, communications with the Tu-154M were lost.
6:40:56.5 UTC (10:40:34.7)
Lt. Col. Plusnin: I don't have it with me (I don't see it on the screen).
The disappearance of the aircraft position marker from PRL radar.
Comments: Nearly 100 m before the birch tree on the Bodin plot, the aircraft was over
a terrain with no high obstacles. There was then a sudden increase in rotational angle speed. At
the same moment, the autopilot of the direction changed the position of the rudder and the right
aileron, putting the plane into the right glide. This behavior of the autopilot can only be
explained as a reaction to the loss of lift from the left side and an attempt to stop the aircraft
from tilting to the left. The cause of this sequence of events was an explosion that tore off the
left wing tip.59
58

Russian tower reading.

59

Appendix 11 to the Report: Analysis of the last seconds of the flight on the basis of recorders installed on the on board the Tu-154M
aircraft.
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6:40:57.25 UTC
Then, also before the Bodin birch, the recorders recorded strong changes in vertical
overload. About 2 seconds later, the Tu-154M lost part of the left wing slots and flaps, tilted
violently to the left wing, finally reaching a strong roll at the TAWS38 point (06:40:59 UTC),
which was associated with a significant change of the flight direction to the left (south).
6:40:57.5 UTC10. 40.35.7
Lt. Col. Plusnin (KSL?): All, he went to second.
6:40:57.8 UTC (8:41:00.55)
The pilots disconnected the transverse axis autopilot.
6:40:58.9 UTC (8:41:04.9)
KL gave the last go-around command 2.5 s. after the wingtip was destroyed.
6:40:59 UTC60
The TAWS system recorded a landing event (TAWS38 Landing), which cleared the
other alarms, so the PULL UP command was cut in half. In addition, the lack of connection to
the sensor located in the wing flaps (flap failure), hydraulic failure and altimeter radio were
recorded. The aircraft tilted abruptly to the left wing, (06:40:59 UTC), which was associated
with a significant change in flight direction to the left. This was followed at 06:41:02 by a
failure of the first engine, generator, landing gear, and a break in communication between the
first and second pilot's FMS.
06:41.02 UTC61
While the aircraft was still in the air, about 15 meters above the ground, the FMS
memory froze, the result of a complete power outage.
Comment: The final structural collapse of the Tu-154M was caused by an explosion in
the centreplane, in its left part, in the area of the third cabin, where the shock wave tore out the
left passenger door and slammed it into the ground to a depth of one metre.62 The explosion
occurred in the last second of the flight, while the machine was still in the air.
Final Comment:
The analysis of the course of the flight based on the records of GCORL and MCS
controllers, CVR MARS-BM and conversations and commands of the controllers from the
Smolensk airport shows chaos, mistakes and conscious transfer of false information. The
records also contain information on preparation for departure to an alternate airport in the
Minsk zone (Vitebsk, Minsk), departure of the self-flight into a go-around, and finally the
sound of an explosion in the wing and information about further failures preceding the
explosion in the center wing, which caused, among others, power outage 15 meters above the
ground. Until now, however, there was no desire to read and analyze these data.
At 06:15:44.8 UTC Lt. Col. P. Plusnin, at the request of RCD Moscow, provided the
TransAreo aircraft with false weather information (visibility of 400 m) instead of the actual
60

Ibidem.

61

Ibidem.

62

Chapter 2.10.9. Analysis of the left passenger door No. 823 of an airplane being driven into the ground using the mes method in the LSDYNA program
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weather condition, to which he himself admitted, while testifying before the prosecutor on
10.04.2010. (real visibility according to Lt. Col. P. Plusnin was 800 m). This disinformation
was repeated by the controllers in Minsk and MCS and by the pilots of Tu-154M. KL Plusnin
also falsely informed about the lack of knowledge of the Russian language by the Polish pilots.
At 04:47:21.3 and 04:47:49.3 UTC he was misleading by saying that there was no information
about the departure of Tu-154M and that the reason for the delay was the irresponsibility of the
President of the Republic of Poland, who allegedly overslept. The purpose of these actions, as
he explained, was to prevent the landing of Tu-154M at the airport in Smoleńsk.
However, the falsification of the evidence by the Russian side is of key importance. It is
proved by the falsification of information about the flight altitude of Tu-154M 101 on MCS
cards showing the course of the flight on the circle above the airport and on the approach path,
the falsification of the records of conversations of the flight controllers as well as the
manipulation of the data from the flight parameters recorders also in reference to the radio
altitude on the approach path63 and to the magnetic direction. It is essential to falsify the degree
of the wing flaps inclination on the wreckage in order to create the impression that they were
set in the landing position of 45 degrees, which was not the case.64

Meanwhile, there is no doubt that the pilots of Tu-154M did not want to land and
already around 06:00 UTC they were planning to go to the alternate airport in Vitebsk, after the
controlled approach. Col. Krasnokutski and Lt. Col. Plusnin, who were in charge of Air
Management Group, also appealed to GCORL to send Tu-154M to an alternative airport
because of bad weather, but they did not receive permission for a long time. They did, however,
agree with the Polish pilots to go to an alternate airport after a controlled approach. The false
data was transmitted by KSL Ryzhenko's Tu-154M in the last seconds of the controlled
approach. The Vitebsk airport given by the Polish pilots as a back-up was chosen in accordance
with the Tu-154M's flight plan.
The position of the Main Center (GCORL), which decided the course of the flight, was
different. GCORL and MCS systematically brought the Tu-154M plane as close to the airport
as possible, despite the fact that it should have been closed no later than after the departure of
Il-76, which failed to land due to bad weather. The GCORL, unlike the flight controllers and
the “Logika” Center, did not agree to land at the alternate airport in Vitebsk and sought to direct
the Tu-154M to one of the airports near Moscow. The GCORL stressed that it had been agreed
with Warsaw beforehand, although the Polish pilots repeated that Vitebsk was the reserve
airport. The decision about the controlled approach to Smolensk Severnyy airport was made by
Colonel Krasnokutski at 5:40 UTC in consultation with Major Kurtinets from the Logika center
and with the consent of the GCORL. At the same time, already at about 6:00 UTC, the deputy
ambassador of Poland, Mr Marciniak, was sent to Vnukovo airport to receive the President of
Poland and the whole delegation.65
Despite these contradictory behaviors of the Russian side, the Polish pilots, according to
the plan, decided to go-around at the decision height. Eventually, the plane started to fly away
63

Appendix 11 to the Report: Analysis of the last seconds of the flight on the basis of recorders installed on the on board the Tu-154M
aircraft.
64
65

Chepter 2.6 Flaps.
Appendix to Report Flight Documentation.
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at the altitude according to the instructions of Smoleńsk airport and the flight plan and agreed
with the controllers. The fact of the departure is confirmed by the analysis of the flight
parameters and also by the information of the senior dispatcher from the Yuzhny airport that the
pilots of the Tu-154M escaped to Burielom (it is the name of the Yuzhny airport) and the flight
controller from Smolensk who saw the plane start to leave and fall down. It was then that an
explosion occurred in the left wing and destroyed its tip, followed by an explosion in the
centerplane.
The Polish pilots did not land and the birch tree did not tear off the wing. The
pilots of the Tu-154M, at the right altitude, started the procedure of going around.
Moments later, the plane was destroyed first by an explosion in the left wing and then in
the left centerplane.
1.8. Fire
Local small area ground fire outbreaks occurred around the northern part of the main
aircraft debris field. They did not extend to large parts of the aircraft wreckage, including:
- the tail section of an aircraft, detached from the fuselage;
- the rear part of the fuselage;
- the front part of the airplane with crew cockpit and technical compartment;
- forward part of baggage compartment, with a portion of the side;
- a large section of the right wing;
- Left part of centre-wing with main undercarriage;
- Right part of the centre-wing with main undercarriage;
- fragments of the rear baggage compartment;
- vertical stabiliser with rudder and horizontal stabiliser;
- engines.
The main fuel sustaining the ground fires were flammable parts of the aircraft's
equipment, including the polyurethane foam aircraft seats, fragments of walls and partitions
made of plastics, fragments of the floor covering, and - partly - aviation fuel and other
flammable operating fluids or lubricants.
The temperature of the burning equipment and its exposure time of at least several
minutes was sufficient to melt and partially melt some fragments made of aluminum - including
the window panels in that area and structural elements of the aircraft seats.
Despite the large amount of aviation fuel in a much larger area than the occurrence of
local fires (which was confirmed by its presence on the corpses, located in almost the entire
area of the main debris field), there was no fire spread.
Even in the areas affected by the fire, some of the flammable objects and materials in
close proximity to the fire were not thermally damaged. The prevailing physical conditions
were not conducive to fire development, and the mere presence of jet fuel was not a sufficient
factor for fire spread. Physicochemical analyses of the aviation fuel, as well as a number of
experimental tests did not confirm its ability to ignite, let alone explode, under the
meteorological conditions of the Smolensk air crash, with the established configuration of the
collision with the ground.
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The extent and location of ground fires on the ground, in correlation with the remains of
the aircraft, its equipment, as well as with the remains of the victims and the burn injuries they
sustained, indicate unequivocally that the ground fires had no effect on the thermal damage
observed on some parts of the aircraft and on the burn injuries of the victims who were
outside the area of influence of the ground fire.

1.9.

Survival factors66

The fall of a part of the plane to the ground occurred after an earlier loss of a fragment of
the left wing. During the further flight, elements having significant influence on the
aerodynamics of the plane - fragments of wing flaps, slots, mechanisms of the control system
drive - were detaching from the left wing. As a consequence of the loss of the ability to
continue the flight and as a result of the damage to the left wing, the aircraft started to rotate in
the axis of the fuselage until the moment before the direct impact with the ground.
The rotation of the aircraft may have caused the first injuries to passengers. The explosion
in the centre-wing and the subsequent impact of part of the plane on the ground tore it apart and
caused the death of the passengers and crew. In this situation, the chances of survival were slim,
and the lack of rescue preparations and proper decisions on the Russian side added to the
drama.
To this day, the matter of the account of the survival of the three people who were to be
taken from the wreckage to one of the Smolensk hospitals has not been clarified. This news was
given by one of the Polish consuls and Tomasz Turowski, who was responsible for organising
the visit. One of the consuls was supposed to be obliged to check this information in the
Smolensk hospitals, which he failed to do.
1.10. Actions of first responders and firefighters
Although Tu-154M flight 101 had the status of a particularly important flight (in
Russian nomenclature "литерный (liternyj) A"), the security for its reception was not properly
implemented. The main rescue and firefighting teams, instead of at the airport, were located in
the vicinity of Kutuzov Road, away from the landing strip, but close to where the plane's
wreckage eventually fell after the explosion.
There was no doctor on site, only a feldsher, and one ambulance team, although it
was known that nearly 100 people were on the plane. There was also no equipment capable
of supporting a rescue operation in the event of the plane's collapse, and nearby hospitals did
not have places alternatived to hospitalize more injured people. It was effective in terms of
numbers and professionalism to prepare an operation to isolate the site of a possible crash.
Militia and OMON officers, in large numbers, surrounded the whole area around the
Smolensk-North airport from 08:00, and Spetsnaz units were on standby and arrived at the
scene of the tragedy forthwith.
On 10.04.2010, the security of the reception of the so-called especially important flight
"Litiernyj A", which was the arrival of the Polish delegation at the Smolensk-North airport, the
66

Appendix 6 to the Report: Pattern of injuries of passengers and crew of Tu-154 M No. 101
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MCzS of the Russian Federation, headed by Sergey Shoygu, entrusted Colonel Mikhail
Osipenko - the head of the newly established Centre for Management in Crisis Situations - of
the Main Bureau of the Ministry for Emergency Affairs of Russia of the Smolensk Region.
1.10.1. Assessment of the activities of (Russian) emergency services onsite67
The Subcommittee adopted the following legal bases for assessing the correctness of the
conduct of the Russian services at the scene:
- Aviation Code of the Russian Federation of 19 March 1997;
- Code of Criminal Procedure of the Russian Federation.
The Subcommittee's analysis showed that the Russian side did not respect any of the
provisions in these codes relating to the investigation of disasters. The most striking examples
of this were:
1. the destruction, concealment and manipulation of evidence prior to the arrival of the
Commission mandated to investigate the disaster;
2. declaring only about 40 minutes after the arrival of the rescue services that all the
passengers of Tu-154M had died and withdrawing the rescue teams, although over 90% of the
bodies had not yet been found, including the body of the President of the Republic of Poland
Lech Kaczyński;
3. taking over the wreckage of the plane and all its fragments by the authorities of the
Russian Federation as investigation material and not returning them to Poland until this day,
although the accusations do not justify it in any way.

1.11

Statements and testimony of eye witnesses

The subcommittee heard and collected the accounts of several hundred witnesses.
Several Polish and a dozen Russian witnesses saw the plane disintegrate in the air and
heard the sounds of detonation in the area of Smolensk-North airport at the time of the air
incident. Below are selected testimonies and accounts of people who were directly in the
area of the flight path of Tu-154M.
VLADIMIR A., driver

Fig. 1.10 Location of the witness, approximately 100 metres north of the flight path of Tu-154M.

67

Appendix 4 to the Report: Activities on the scene.
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It was foggy. I was driving carefully. Suddenly the landing gear, a wing and the outline
of the silhouette of some large aircraft emerged in the fog, in front just above me. It flew over
the road very quickly and before it disappeared in the fog, on the other side of the road, the
moment was visible when a large part of it fell off. I think it was the tail of the plane together
with the rudder, shaped like a 'T'. This rudder was immediately thrown downwards. I even
heard a crash, as if it bounced off a tree on that side of the road. I even wanted to stop to help
the people in the plane, but I thought it better to call the emergency services as soon as
possible. I did not have my mobile phone with me, so I immediately turned back home, to call
for help from home 68
Eng. EDUARD TCHARNOKNISHNIK, manager of an auto paint shop KIA Centrum

Fig. 1.11 Witness location, approximately 150 metres south of the flight path of the Tu-154M.

I arrived at work at 10:00 a.m. I went to the window and heard the sound of a plane.
Planes here in the summer season land several times every day and I know well the sound of a
plane landing. This was a different sound - not a buzz, but a swish with a creak. There was a
very dense fog. I did not see the plane circling over the airport. I looked out of the window and
I saw that the plane was falling - it was leaning to the left wing and with the nose down. It was
flying in the fog, clipping the tops of the trees. Before it went down, the tail section broke off.
Then it fell in the forest. There was a heavy rumble and a flash to the treetops. 69
IGOR V. FOMIN, workshop worker

68

Zbrodnia smoleńska. Anatomia zamachu. Collective work of independent authors, Wydawnictwo Antyk Marcin Dybowski, Warszawa 2011,
p. 759.
69 http:/www.novayagazeta.ru/politics/4024.html.
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On 10.04.2010 I was at my work place in the body repair shop. Around 11:00 a.m. I
went out of the hall into the street to smoke a cigarette together with another tinsmith named
Starostienko O. E. I would like to mention that next to our "Tech-centre" there is the airport
"Severnyj" in Smolensk. When I was in the street, I heard the noise of an aeroplane engine,
because aeroplanes often fly above the location of the "Tech-centre", and after a few seconds (I
heard) a loud explosion resembling the impact of thunder. From where I was, I could clearly
see that the plane, flying at a distance of 10-15 metres with its left wing clipped the top of a tree
and then started to disintegrate and catch fire, while, having hit the tree, it started to roll over
to the left side.70

SŁAWOMIR WIŚNIEWSKI, film editor TVP

Fig. 1.12 Witness location, approximately 400 metres south of the flight path of the Tu-154M.

After a while, I began to hear the sound of the aircraft's jet engines. In my opinion, as
far as I am able to judge, the sound was rather strange, that is, it sounded different from the
sound of landing aircraft that I had heard before. It was certainly louder and seemed to be
running at a higher rotation than the landing one. I would say that it was not the pure, steady
sound of a jet engine. The characteristic whistle of a jet engine could not be heard. The
impression was a bit like the sound was stifled, throttled. It is hard to describe, but I was
intrigued by the sound, so I looked out the window. I saw, more or less at the height of the road,
on the left, at a distance of about 400 m, the outline of the wing of an aeroplane inclined at an
angle of 45 degrees to the ground. You could say that the plane was flying sideways. In my
opinion, the wingtip was not scratching the ground, but was just above the surface. You could
hear a rasp and a noise. In addition, I later saw traces of sawdust and pieces of wood on the
road surface. The asphalt surface was not damaged. The outline of the wing disappeared
among the trees growing on the other side of the road. I heard the squeal of tyres of braking
cars. After a second, maybe two, I heard a loud bang - it was one thunder. I felt the blast of a
shock wave. A moment after that bang, I saw a small pillar of fire slightly to the left from where
my wing disappeared.71
70
71

Interrogation in RF Prosecutor’s Office, tome 153, k. 31444 and 31445.
Interrogation in Polish Prosecutor’s Office, 22.04.2010, k 1194.
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VYACHESLAV STAROVOYTOV, owner of an auto garage

Fig. 1.13 Witness location, approximately 400 metres north of the flight path of the Tu-154M.

In a short time I heard the approaching rumble of the plane's turbines, but I could not
see the plane itself because of the bad weather conditions. Then, from the direction from which
the plane was approaching, there came three crackling sounds, practically one after another,
and then everything went quiet [...] After the crackling sounds, which I heard, the bang of the
plane's turbines stopped, I can testify as follows, that the crackling sounds were clearly not
similar to the sounds of gunshots, because I went to a shooting range many times and I can
distinguish the sound of a gunshot from another sound. Moreover, the crackling was much
louder than the sounds of gunshots. The first two crackles were quieter than the last (third) one.
After the third crack, I did not hear any other sounds.72
MARIF IPATOW, owner of the garage no 329

Fig. 1.14 Witness location, approximately 50 metres south of the flight path of the Tu-154M.

I came here a little earlier. I saw the plane leave there. It was flying so low. I saw that
something serious was happening. It was shaking there, shaking. (He shows with his hand how
the plane was shaking). And there was such a noise, like a bomb.73
72

Interrogation in RF Prosecutor’s Office 21.04.2010 , k. 38129.
for Channel 2 of the RF state TV Vesty, 10.04.2010 http://www.vesti.ru/only_video.html?vid=267060

73 Relation
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Witness account given by some media of the Russian Federation and the Republic of
Poland the day after the event
I had been here about 15 minutes when I saw a plane flying low
and something serious was happening to it. It was cutting trees
TV FR 11.04.201074
with its wings and then I heard a big noise in the distance - as if
a bomb had exploded.
I arrived maybe 15 minutes before the event. I saw a plane that
was flying very low. Clearly there was something wrong. It
TVN 11.04.201075
started cutting the tops of the trees and there in the distance we
heard a big noise - like a bomb going off.
I had been here for 15 minutes when I saw a plane flying low.
POLSAT 11.04.201076 Something bad was happening. It was cutting down trees, then
you could hear a big bang, like a bomb going off.

www.youtube.com/watch?v=NpRKc6VjqwA
www.youtube.com/watch?v=30s4ipA-Hg
76 www.youtube.com/watch?v=uEgZ22VViWU
74
75
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ANALYSES

2.1. Psychological conditions of the Smolensk crash77
2.1.1. An analysis of the GKL decision-making process
On the basis of analyses of available documents, as well as listening to copies of
recordings of conversations, it was found that chaos and nervousness, bordering on panic,
prevailed in the GKL. The controllers used swear words. The state of heightened tension was
caused by the fact that an unauthorised person - Colonel Nikolai Krasnokutski - took control of
the bringing of the Polish plane, and ordered the controllers to bring the plane, despite the
worsening weather, to the area of the Smolensk-North airport. The controllers were aware that
the weather conditions did not guarantee a safe landing. However, the lack of an unambiguous
decision concerning the choice of an alternative airport on the part of the headquarters in
Moscow and the pressure of Col. Krasnokutski put them under the necessity of bringing the
Polish plane under control, which they wanted to avoid.
2.1.2. An analysis of the crew cooperation
The analysis was based on listening to the copies of recordings from the MARS-BM
recorder from the cockpit in Tu-154M. On the basis of the conducted research it may be stated
that:
- There is no evidence of increased tension in the cockpit during the flight, the only
signal can be heard in the final phase of the recording - a faster tempo of providing the altitude,
a raised tone of voice (at the moment when, having lost the wingtip, the pilots started to lose
control over the airplane); the crew's screams and the crackling of the airplane can be heard the
plane, the crew's screams and the crackling in the plane can be heard);
- During the whole flight, crew members exchange standard information about flight
parameters and weather conditions, cheerful utterances, laughter, which suggests that the
atmosphere in the cockpit was quite relaxed (but this did not adversely affect the flight);
- Mutual politeness is perceptible in the exchange of sentences, e.g. by ending
some commands with the word "please" (e.g. 8:35:42.8). Considering other examples of
mutual communication, e.g. the repeated question "Yes?" (Słucham?) (e.g. 8:08:46,0;
8:38:38,9) this should be considered as politeness and not as a perfunctory statement;
- mutual cordiality can also be felt, signalled e.g. by using diminutive forms of the first
names (eg. 2P: Areczku - 8:25:53,1; 8:36:01,4; N: Ej, Robercik – 8:30:26,1);
- the exchange of information on the flight is businesslike and calm, there is no fuss,
no interruptions, no shouting, and the listener can describe it in one word – quietude;
- individual commands are given and acknowledged by the relevant crew members
and minor deviations from the checklist reading procedure identified did not affect the flight;
everyone is in tune with each other and reacts to the instructions and commands of
the crew captain;
- in the cockpit, in the last phase of the flight, the crew is concentrating on their
activities (hence the silence in the cockpit).

77

Appendix 9 to the Report: Psychological conditions.
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The actions of the Polish crew, their calmness in the cockpit, their concentration on
activities at the key moment of the flight, are in contrast to the behaviour of the flight
controllers at the airport in Smolensk. On the basis of conversations we have heard, it can be
stated that chaos and nervousness reigned there, bordering on panic. The controllers use swear
words and speak in a raised tone, which shows that in the BSKL, during the bringing down of
Tu-154M, there was a huge increase of emotional tension.
Another element allowing to state that the Polish crew harmoniously co-operated is the
number of flights which individual members of the crew had made with each other in the past the captain with the co-pilot had 65 flights, the co-pilot with the flight engineer had 117 flights
in Tu-154M. It was not by chance that Captain Protasiuk indicated Lt. Ziętek as a navigator
because it was with him that he had flown during the visit of President Kaczyński in Georgia.
Each member of the crew knew his duties and knew what tasks pertained to them. The lack of
experience claimed in previous reports is not confirmed by the evidence (calmness in the
cockpit, no excessive explanation of tasks, commands given in accordance with procedures).
2.1.3. The influence of the Georgia incident on decisions made by the crew captain
during the flight of 10 April 2010.78
According to witnesses' testimonies, the incident in Georgia was certainly not erased
from the memory by the crew captain (which, by the way, is not possible from the point of view
of building life and work experience). However, the witnesses are not convinced that this
situation could have had a decisive influence on the actions taken by the captain during the
flight on 10.04.2010.
The very situation of refusal to execute the order was certainly a stressful situation, both
from the point of view of the function which the captain of 10.04.2010 performed during that
flight (the co-pilot), and also due to his lower professional experience. On the other hand, the
events after Georgia, especially the palpable support from other pilots and the Commander of
the Air Force, probably reinforced the Captain’s conviction that the decision to refuse the
landing was right from the point of view of maintaining safety. Witnesses say there was no fear
of retribution, which indeed did not happen afterwards.
The memory of that situation had a constructive influence on the decisions made on
10.04.2010, which is proven by the captain’s behaviour after receiving information about the
problems with the weather in Smolensk. In his conversation with 2P he said clearly, repeatedly,
that if there were no conditions for landing (they would fly and try to approach), they would fly
away to an alternate airport. The captain informed the director of diplomatic protocol of his
decision and asked for a decision as to which alternate airport they were to fly to depending on
the decision of the lead passenger. This shows clearly that he had an understanding of the
difficult conditions at Smolensk and, at the same time, that he was not afraid of their negative

78

On August 12, 2008, during a stopover of the plane carrying a delegation of presidents of Central Europe, together with the President Of the
Republic of Poland with Lech Kaczyński, in Simferopol, Capt. Grzegorz Pietruczuk refused to continue the flight to Tbilisi because of the
threat of military actions in Georgia. Capt. Pietruchuk decided to land in Ganja in Azerbaijan. Major Arkadiusz Protasiuk was the co-pilot
during this flight.
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reaction and put the safety of all passengers first. The crew carried out the flight according to
the accepted plan.
Summing up, it should be stated that the incident in Georgia had a positive influence on
decisions made by the captain of the Tu-154M crew in the flight on 10.04.2010. Those events
should be perceived as the experience of a difficult situation gained by the captain during his
service and as one of the elements of shaping his experience as a pilot and a captain of the
crew.
2.1.4. The influence of air traffic controllers in BSKL in Smolensk on the crash
The analysis of the activities of controllers at the Smolensk tower was prepared on the
basis of transcripts from conversations from the BSKL: IES transcripts - No. E. 1286/2011/KF,
IES opinion from 12.01.2015, transcription of CLKP (annex No. 7 to opinion No. E-fon-5/11
dated 16.01.2011, 10.03.2011), ABW (opinion BBK 1959/16/MAW dated 28.07.2016),
transcription of KBWL LP - copy of correspondence from the flight control BSKL at
Smolensk-North airport, recorded on tape recorder P-500 on 10.04.2010. (KBWL LP, SubAnnex 8.1.) and auto audio analysis.
After analysis, it should be noted that from the very beginning, there was a great deal of
nervousness in the Smolensk BSKL. The Russians working there used vulgar language (Lt.
Col. Plusnin was particularly nervous) and acted very chaotically. They had no information as
to whether the Tu-154M had taken off, where it was and where it was heading. Lt. Col. Plusnin
did not trust the information about the take-off of the Polish plane given to him by an
operations officer of the 'Logika' Centre in Moscow. There was an unauthorised person of the
ZDBL (Colonel Krasnokutski) in the BSKL, who gave orders to the controllers at key
moments. According to the transcripts of the conversations from the BSKL, Colonel
Krasnokutski led the controllers in bringing in all the planes that day. Taking into account the
fact that the BSKL staff was fully aware of difficult weather conditions which made landing
impossible, and in spite of that they did not decide to close the airport considering that it was
the responsibility of the Centre 'Logika' or GCORL which supervised the whole process of
bringing Tu-154M in, one may wonder what was its real role. A special role in the whole
process was played by Colonel Krasnokutski. It even came to a situation unprecedented in
aviation - Lt. Col. Plusnin purposely gave the Polish crew false data concerning visibility (400
m, although it was really 800 m, which was also reported by the meteo(rologist) of the
Smolensk-North airport, Radgowski, at that time) in order to - as he himself stated in his
testimony before the prosecutor - dissuade the Polish pilots from the approach to the Smolensk
airport.
The transcripts show that both Lieutenant Colonel Plusnin and Colonel Krasnokutski
contacted the "Logika" Centre in Moscow, with the operations officer Major Kurtinec, about
Tu-154M. Only Colonel Krasnokutski contacted the head of "Logika" - General Benediktov.
The analysis of the conversations of the controllers responsible for bringing the Polish Tu154M plane shows that Lt. Col. Plusnin was inclined to send Tu-154M to the alternate airport
without a trial approach. However, Colonel Krasnokutski ordered Lt. Col. Plusnin, after
consulting with "Logika" and GCORL, to bring the plane down to 100 m and then (if the
conditions do not improve) to send it back to the alternate airport. This decision made the
controllers in the BSKL more nervous.
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Of the Russians working on the BSKL, the least activity was shown by Ryzhenko,
whose statements were limited to giving the position of the plane on the glide path. Ryzhenko
should have known that Tu-154M was not on the course and path.
The nervousness of the controllers resulted also from the fact that there was no clear
decision, and the responsibility for it was shuffled between the "Logika" Centre and the
controllers in Smolensk, in the end, it was given only to the controllers.
Moscow delayed passing information about directing Tu-154M to a concrete alternate
airport, but the intention was that it should be an airport distant from Smolensk, preferably
Moscow
Conclusions:
1. There were people working on the BSKL on 10.04.2010 who did not perform their
duties properly. Their actions make an impression of being pretend and chaotic. The key role in
the operation of bringing Tu-154M to the Smolensk-North airport, despite the deteriorating WA
and the awareness of that fact among the crew working on the BSKL, was played by Colonel
Krasnokutski.
2. Col. Krasnokutski decided on the actions of the personnel working on the flight
control BSKL.
3. Chaos and panic during the controlling of Tu-154M were omnipresent, which may
prove the fear of opposing the superiors, even though the controllers knew what their actions
could lead to. One can get the impression, that the actions taken by GKL against the regulations
did not take into account the real weather situation, but were guided only by external decisions.
4. There is a visible difference in the amount of information given on WA and the way
of giving it to Il-76 and Tu-154M. It may be a proof of a pre-planned action towards Tu-154M,
carried out in accordance with the orders from the outside.
5. The conducted analyses show that the controllers must have been aware that their
actions could lead to a catastrophe.
2.1.5. Other psychological aspects
In the available documentation there is no evidence of the presence of the commander
of the Air Force in the cockpit. On the contrary, the analysis of the place of the fall of the body
of general Andrzej Błasik and other people proves that he was indeed not in the cockpit. The
thesis about his direct or indirect influence on decisions and actions of the Tu-154M crew
seems unjustified. The authors of the MAK report also claim that general Błasik was under the
influence of alcohol during the flight. This was a deliberate attack aimed at discrediting the
crew, Poland and its Armed Forces. This operation should be regarded as an element of hybrid
warfare.
The documentation available to the Subcommittee indicates that General Błasik did not
consume alcohol on 10.04.2010.

65

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

2.1.6. Conclusions from psychological analyses
1.

The pilots did not try to land, they started the manoeuvre of departure at a safe
height, which, for reasons beyond their control, turned out to be ineffective

2. One should not look for psychological reasons of the catastrophe in the personality of
pilots.
3. The actions taken by them during the flight of Tu-154M were correct and complied
with their knowledge, experience, training and personality traits.
2.
The Tu-154M crew was harmonious and understood one another. It is confirmed,
among others, by the number of their shared flights. The captain with the co-pilot had 65 joint
flights in the Tu-154M. The members of the crew knew their duties and knew what tasks they
had to perform. The alleged lack of experience of the crew members raised in the reports of the
MAK and KBWL LP is not confirmed by the evidence presented there. There was calmness in
the cockpit, there was no need to explain the tasks excessively, the commands were given
according to procedures, the pilots spoke Russian fluently and they answered the information
received from controllers concerning the distance from the airport by giving the height above
the runway level.
3.
This contrasted with the behaviour of Russian flight controllers at Smoleńsk
airport, where chaos reigned, as evidenced by conversations recorded at the flight control stand.
Analysis shows that they must have known that their actions could lead to disaster. The Russian
controllers were not carrying out their duties properly, but were following external orders.
6. At the post in Smolensk, the work of flight controllers was directed by Colonel
Nikolai Krasnokutski, and in Moscow, at the base codenamed "Logika", the decisions
concerningTu-154M were made by General Vladimir Benediktov, the deputy commander of the
Russian Transport Aviation. Final decisions were made by GCORL.
7. There was a significant variation in the number of flight commands and information
information about weather conditions given to the crews of Russian Il-76 and Polish Tu-154M
and the way they were given. It supports a thesis of a deliberate mistake of controlling the Tu154M approach and then leaving the Polish crew alone in the last, most difficult phase of the
flight (Col. Krasnokutski directly forbids Lt. Col. Plusnin to deal with Tu-154M in the last
phase of the flight: First of all, prepare it for the go-around . And... to the go-around and that’s
it. And then ... he made the decision himself, let him continue to hang...).
8. The causes of the catastrophe should be attributed to external factors.
2.2 Medical aspects. Damage to bodies of the crew and the passengers79
The examination of the remains of the victims at the scene was carried out by the
Russian side without the participation of representatives of the aviation commission. The Polish
side was not allowed to participate in these activities. The bodies of the victims (with the
exception of the remains of President Lech Kaczyński) were transported by the Russians to
Moscow without the consent of Poland and there they were subjected to identification and
autopsies.
79

Appendix 5 to the Report: Passengers and crew. Medical aspects and injuries.

66

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

The identification of the victims' remains was carried out by the Russian side, after
previous autopsies. The representatives of the Polish side - forensic experts - were not allowed
to take part in the autopsy.80 Some of the bodies were identified by families or people who
knew the victims. Due to very large injuries of the majority of victims, additional identification
of bodies and remaining remains was carried out on the basis of genetic tests conducted by the
Russian side.
Genetic expertise was performed on the basis of biological patterns obtained during
forensic-medical examination of the bodies and their fragments. The date of starting the first
expertise is 12.04.2010, and the date of its completion - 29.04.2010 81
The date of completion of the first genetic expertise shows that its results were known
only after all the autopsies of the corpses and remains of the victims had been performed, and
after their burials had taken place in Poland. The corpses and other human remains, prior to
establishing their exact identity and identification through genetic testing, were placed in
sealed metal inserts and in coffins, with the consequence that the remains of different victims
were deliberately mixed together. The families were forbidden to open the coffins after
transport to Poland.
The Russian side, not having at its disposal the results of genetic tests and, in
several cases, not having identified the corpses with the participation of the closest family,
deliberately allowed the swapping of bodies and other human remains placed in coffins.
It was possible because on 14.04.2010 the Polish side declared that it had no claims and
remarks towards the Russian side concerning the results of identification of the bodies.
Russians made the condition of concluding such an agreement. The agreement was reached at a
meeting on 14 April attended by the Head of the Office of the Prime Minister, Tomasz Arabski,
the Deputy Minister of Foreign Affairs, Jacek Najder, the Minister of Health, Ewa Kopacz,
Vladimir Titov and Tatiana Golikova.
The Parties agree that the remains, which may remain in the possession of the Russian
Party after the completion of all procedural steps, shall be transferred to the Polish Party in an
agreed manner.
The Parties undertake not to publish and make public the results of DNA testing without
mutual consent.
During the trial activities in the field of identification of remains, Poland did not raise
any claims and remarks towards the Russian Party concerning the conducted activities and
their results.82
On the Polish side, the signatories were: from the Ministry of Interior and
Administration - Piotr Stachańczyk and from the Ministry of Foreign Affairs - Jacek Najder, on
the Russian side: from the Ministry of Health and Social Development of the Russian
Federation - Tatiana A. Golikova, from the Ministry of Foreign Affairs of the Russian
Federation - Deputy Minister Vladimir G. Titov. From the Russian side: from the Ministry of
80 Subcommittee

comment: None of the Russian post-mortem and autopsy protocols noted the participation of representatives of the Polish side
in the activities. Their presence as observers of these activities was also not recorded. The autopsies were conducted before the arrival of the
Polish forensic team, which was recorded in the files of the case PoŚl 54/10, including information from the hearings of witnesses. PK III 1
Ds/1/2016 Tomy: XIII, XVIII, XXX. Compare Appendix 5 Passengers and benefit. Medical aspects and injuries, pp. 31 – 34.
81 Translation of the Expert's Decision (forensic medical examination of material evidence - genetic), No. 150, 153-248/2010 (PK III 1
Ds/1/2016 Volume: VII, Thread: 219. B.97.2.).
82 Протокол о некоторых вопросах опознания тел погибших в авиакатастрофе самолета Ту154 борт №101 10 апреля 2010 года,
prepared 15.04.2010, published 8.06.2017. https://www.wprost.pl/kraj/10059091/rosja-broni-sie-ws-identyfikacji-cial-ujawnia-protokolpodpisany-przez-polakow-a-rzecznik-msz-mija-sie-z-prawda.html
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Health and Social Development of the Russian Federation - Tatiana A. Golikova, from the
Ministry of Foreign Affairs of the Russian Federation - Deputy Minister Vladimir G. Titov.
The agreement was extremely unfavorable from the point of view of the provisions
contained therein, moreover, the signatories had no competence concerning "procedural
activities in the field of identification of bodies", and it violated the public interest and the
private interest of families.
The Polish side obtained information about the body swap in June 2010. But it
concealed this fact from the families of the victims and the public opinion, as well as the
agreement. Such state of affairs was possible thanks to the inter-ministerial agreement of
15.04.2010 in Moscow, called the Protocol on Certain Issues Related to the Identification of
the Bodies of the Victims of the Crash of Tu-154M Flight No. 101 on 10.04.2010, in which the
parties undertook not to publish and make public unilaterally the results in the field of
identification of the bodies.
2.2.1. Location of human remains
The area where the human remains were found covered approximately 1800 square
metres. Its length, measured along the assumed probable axis of travel of the aircraft, was 139
(+/- 1) m and its maximum width, measured across the axis of travel of the aircraft, was 42 (+/1) m, including a width north of the axis of 22.5 (+/- 0.5) m and south of the axis of 19.5 (+/0.5) m.
In sectors 12 and 11 there is a visible scattering of human remains, about 11 metres from
the axis of the moving aircraft towards the northern boundary of the main debris field and,
respectively, about 14 metres towards the southern boundary of the main debris field. This
indicates a violent rupture of the fuselage in this area, with simultaneous ejection of body
fragments to both sides of the aircraft.
In further sectors, starting from sector no. 10, there was a distinct, asymmetric in
relation to the trajectory83 axis of the plane, distribution of human remains, with a
predominance to the northern side of the main field of remains (max. 22.5 m). The shape of the
contour of the position of human remains does not correspond to their straight-line movement
(fig. 2.1).

83

Comment: The displacement axis of the aircraft (see Figure 2.1) was determined by analysing its trajectory. The white arrow with the solid
line indicates the most probable direction of the aircraft fuselage movement when it was still whole and when it was torn in the air. The dashed
line shows the vector of direction in which the remains of the aircraft should continue to move. This is a natural, physical extension of the first,
original direction vector.
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Fig. 2.1 Location of human remains in the area of the main aircraft debris field. Deviation of the
position of the remains from the plane's displacement axis. Red: remains identified during the
inspection. Green: remains found by Polish archaeologists84. 1 - Right main landing gear with a
fragment of the right centre panel. 2 - Left main landing gear with fragment of the left centrofoil. 3 Right wing. 4 - Forward baggage compartment with a fragment of the side. 5 - Crew cabin with
fragment of technical compartment and front undercarriage shin. 6 - Fragment of the underside of the
fuselage skin. 7 - fuselage skin fragment with windows. 8 - Tail section. 9 - fuselage fragment with rear
baggage compartment. 10 - Engine no. 3. 11 - Left wing skin fragment. 12 - Vertical stabiliser. 13 Right horizontal stabiliser.

84

The evidence shows that the main debris field had been subjected to prior reclamation and clearing. The analysis of the evidence shows that
the degree of displacement of the remains found by the archaeologists as a result of these activities was small and their original position has not
been significantly changed (analysis by comparing the fragments of the aircraft and other remains found with the original position of the main
parts of the wreckage and also the remains found during the Russian inspection). As the southern boundary of the debris field has not been
reclaimed with heavy equipment, the position of the tissue fragments found by the archaeologists must be considered to be the original
position.

69

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

In the picture of the location of human remains and corpses in the main debris field, a
clear variation in location can be seen. At least one of the body fragments of the crew members
was found at a distance of about 460 metres from the eastern threshold of the runway, i.e. about
57 metres earlier than the others. The locations occupied by the crew, and the locations of their
bodies and fragments are shown in Fig. 2.2 to Fig. 2.7.

Fig. 2.2 Crew places – diagram.

Fig. 2.3 Location of bodies and body parts belonging to the flight crew in the cockpit (applies to bodies
and parts for which a precise location has been established). Description as per fig. 2.1.
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Fig. 2.4 Location of the remains of the captain. No 22 - corpse, No 27 - body fragment.

Fig. 2.5 Location of the remains of the co-pilot. No. 7 - corpse. No. 158W and No. 43 - body fragments.
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Fig. 2.6 Location of navigator's remains. No. 35 - corpse. No. 278 - body fragment. A, B, C, D - areas
where other fragments of the navigator's body were found, but without establishing the precise location.

Fig. 2.7 The location of the flight engineer's corpse - No. 23. The corpse was found in the forward cargo
hold space.

The first fragment of the body of a crew member, occupying a seat just behind the crew
cabin, was found at a distance of about 449 metres from the eastern threshold of the runway,
and the corpse at a distance of about 379 metres (a few metres from the corpse of the
navigator).
The first fragment of the body of the passenger, the Air Force Commander, who in all
probability had been in cabin 1 immediately before the incident occupying a seat on the 3seater couch located on the right side of the cabin, was found near engine 3, at a distance of 464
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(+/- 1) metres from the eastern runway threshold. The corpse of this passenger was found at the
very end of the main debris field, at a distance of 363 (+/- 1) m from the eastern runway
threshold.
The location of the remains indicates that the movement of the body is consistent with
the elements of the structure and equipment of the right side of cabin 1, as well as the other
elements of the right side of the aircraft, located behind cabin 1.
The location of the presidential couple's bodies corresponds to the seats occupied in
cabin 1, on two separate seats on the left side of the cabin.
The positions occupied in the airplane and the location of the remains of the passengers
in the cabin 1 are presented on Fig. 2.8 and Fig. 2.9.

Fig. 2.8 Seats occupied by passengers in cabin 1 - diagram.

Fig. 2.9 Location of the remains of the bodies of the passengers of cabin 1. Point A - fragment of the
body of the Air Force Commander, point B - corpse of the Air Force Commander. Description as under
Fig. 2.1.

The seats occupied, and the location of bodies and body fragments of passengers
occupying seats on the left and right sides of cabin 3 are shown in Fig. 2.10 and Fig. 2.11.
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There is a very clear variation in the amount of human remains depending on the side of the
aircraft.

Fig. 2.10 Seats occupied by passengers in cabin 3, left side - diagram.

Fig. 2.11 Location of human remains belonging to passengers of cabin 3 occupying seats on the left side
of the cabin. Very large fragmentation visible. Description as under Fig. 2.1.

Fig. 2.12 Seats occupied by passengers in cabin 3, right side - diagram.
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Fig. 2.13 Location of human remains belonging to passengers occupying seats to the right of cabin 3.
Description as under Fig. 2.1.

Fig. 2.14 Summary listing of the location of human remains belonging to passengers in cabin 3
occupying seats on the right and left sides and stewardesses occupying seats at the main entrance to the
aircraft.

Bodies and body fragments of passengers travelling in the general passenger cabin were
found throughout the main debris field. A diagram of the distribution of passengers and the
locations of their bodies are shown in Fig. 2.15 and Fig. 2.16.
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Fig. 2.15 Seats occupied by passengers in the general passenger cabin - diagram.

Fig. 2.16 Location of human remains belonging to passengers occupying seats in the general passenger
cabin and BOR officers.

At the beginning of the main part of the wreckage (sectors 12 to 11), no whole
bodies were found, but only fragments belonging to 8 passengers whose identities had been
established - along with the seats they occupied on the aircraft - and numerous fragments
belonging to passengers whose identities were unknown.
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Fig. 2.17 Location of body fragments found in the 12th and 11th sectors.

Fig. 2.18 Location of identified passengers and crew members on the aircraft whose body parts were
found in sectors 12 and 11.

The first of the identified fragments belongs to the passenger occupying the seat in the last row
of seats of the general passenger cabin on the left. This fragment was found just beyond the
boundary between sectors 12 and 13, according to the description from the scene inspection
report: [...] 6 m from the western boundary of sector No. 12 with sector No. 13 in the
course of digging […]85.

85

PoŚl 54/10, t. 167, k. 34756. The revision of the evidence and the recognition that there was an error in the translation of the inspection
report indicates that the subject fragment of the body belonging to the victim could in fact be found closer to the western border of sector 12
with sector 11. However, due to the indicated inconsistencies in the description activities of the Russian side, as well as the documentation of
these activities inconsistent with their actual course, one can draw an unequivocal conclusion that the actual location of the part of the body
could be found in the area of "digging". However, it should be considered that the location is based on the translation of the protocol it may
differ by several, several dozen meters from the location described in the copies of the protocols made available to the Subcommittee in the
direction to the west.
Change of location of the above-mentioned fragment and shifting its position further, about 10–12 meters to the west, however, there is no
influence the conclusions of the Subcommittee with regard to the possibility of this fragment getting out of the aircraft.
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Fig. 2.19 Seat occupied by a passenger in the 24th row of seats on the left at the aisle - diagram.

Fig. 2.20 Location of the body and body fragments of the passenger occupying the seat in the last 24 th
row of the general cabin seats on the left side near the aisle. Description as under Figure 2.1.

The position occupied in the cabin and the location of the remains of this passenger are
shown in Fig. 2.19 and Fig. 2.20
Simulation of the fuselage destruction carried out by WAT, under conditions described
by MAK, and especially taking into account the aircraft's progress velocity given by MAK and
its descent velocity, shows that up to 250 ms of the simulation the fuselage fuselage skin is
practically not destroyed, although it is already in contact with the ground (Fig. 2.21 except for
section No. 5, which is still above the ground). The fuselage is also closed by pressure
bulkheads on both sides. Damage can be seen just beginning in the area of the main entrance
door no. 823. The door is still in place (Fig. 2.22).
At this point, the escape of human remains from the fuselage space, or objects
inside the passenger cabins, is completely impossible.
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Fig. 2.21 View of the aircraft fuselage skin in 250 ms of the WAT simulation.

Fig. 2.22 Appearance of damage in the area of door No. 823 in 250 ms of the WAT simulation. Minor
damage to fuselage skin in the area of the kitchen room and damage to door No. 823.

At that time, according to the simulation, the plane is in the area of sectors 12 and 11
(Fig. 2.23).
In this position and location and with such condition of the aircraft fuselage skin, the
location of human remains indicated in Fig. 2.23 and of door No. 823 would be impossible.
This applies especially to at least 3 fragments of the body of a crew member whose remains are
already on the ground or, together with the door No. 823, embedded in the ground, but also to
the first fragment of the body of a female passenger travelling on the 24th row seat.
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Fig. 2.23 Position of the aircraft according to the WAT simulation at 250 ms relative to the actual
position on the ground and in the ground of the identified human remains.

In the WAT simulation at 250 ms, the passenger cabin space, in the vicinity of rows 23
and 24, is only slightly dented on the roof side, and thus the chances of survival of the
passengers travelling there, at this point in the event simulation, are high.
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Fig. 2.24 Appearance of the passenger cabin area in the vicinity of the 23rd and 24th rows of seats in a
250 ms event according to the WAT simulation.

According to the WAT simulations, the integrity of the skin over the seat occupied by
the female passenger in row 24 would not have been compromised.
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Fig. 2.25 Intact passenger cabin fuselage skin (roof) in 250 ms of the WAT event simulation. View from
the ground.

In 250 ms of the WAT simulation, the space in the region of the last row of seats on
the left side remains almost intact, giving a chance of survival to the passengers travelling
there, whose bodies cannot be crushed at this point. There is also no crushing or
destruction of the floor, and no separation of structural elements from the skin, which
could affect the formation of injuries.
In the same area of sector 12, according to the descriptions from the protocols of
examination of the scene, and the photographic documentation, clothes and personal items of
the victims were found, including outerwear, which was most likely located in the area of the
rear passenger cabin - in the wardrobes in front of the toilets. Clothing and personal items
were scattered throughout sector 12.
The total amount of human remains found in the area of sectors 12-11 is not known.
During the field investigation carried out in this area by Polish archaeologists in October 2010
numerous fragments of bone tissue were found.
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2.2.2. Passenger injuries

Fig. 2.26 Location of bodies and human remains at the scene.

The passengers on the flight to Smolensk had all the features of injuries characteristic of
the impact of an explosion on bodies, including:

Flash burns;

burns at 39% of the victims (fig. 2.31), whose bodies were found outside the
area of localized ground fires – this is the proof that burns occurred in the airplane
before it crashed;

penetration of foreign bodies (shrapnel) which cannot be attributed to
secondary contamination of exposed tissues - small foreign bodies, including metallic
ones, penetrating tissues at high speed, causing damage of dynamic nature, also to bone
tissues;

beveling in bones (a characteristic feature of shrapnel interacting with bones
following an explosion)86;

the different directionality of movement of body parts, including movement
of small parts transverse to the direction of movement of the fuselage, in an axis
perpendicular to the path of movement of the fuselage87;

fragmentation of certain bodies inadequate for the condition of an air crash88 (

[…] bevelling – it’s a basic marker, consisting in a bevel-shaped damage to the bone caused by a passage of a foreign object at large
velocity, like a bullet or shrapnel. Such damage does not occur in any other circumstances […] – professor Jarosław Berent, Analiza
protokołów oględzin i otwarcia zwłok ofiar wypadku samolotu Tu 154M nr 101, s. 10 (bold by the Subcommitte).
87 It concerns the region in which, according to two simulations carried out (WAT and NIAR), there was no damage to the aircraft fuselage skin
in a way enabling the bodies to be released from the aircraft, let alone their fragments. The location of these fragments of bodies at a certain
distance from the simulated trajectory of the aircraft in the last phase of the flight denies a physical possibility that they could have been in the
regions of their finding. Thus, it indicates the influence of a force acting from the inside of the aircraft fuselage outwards, causing, on the one
hand, damage to the skin and, on the other hand, damage to the bodies and the ejection of their fragments in directions consistent with the
action of this force. In the case of the accident in question, these fragments were ejected in many different directions, similarly to the ejection
of other objects from the passenger cabin, as well as the ejection of the insulation of the aircraft fuselage in all directions, in the area where,
according to the simulation, the fuselage should be undamaged.
86
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Fig. 2.29 Body fragmentation.);

 location of very small fragments of bodies under the ground surface in the area where
the fuselage of the aircraft was still above the ground (beginning of sector No. 12, Fig.
2.27 );
 totally or partially ripped off clothing of 54% of victims (Fig. 2.30 );
 the most severe injuries were sustained by passengers occupying seats in the area of
structural damage to the aircraft, where traces of explosive residue were found, as
well as traces of thermal impact.

Fig. 2.27 The place where one of the body fragments was found on 13.04.2010 at the depth of about 3035 cm. Fragment of a photograph from the view board to the inspection protocol.

Fig. 2.28 shows the injury severity scale for passengers who were assigned to specific
seats on the aircraft based on unit identifications.
The injury severity scale was derived from a numerical assessment of the soft tissue and
bone injuries sustained for each victim. The full material and calculation methodology can be
found in the Appendix 5 to the Report: Passengers and crew. Medical aspects and injuries.

88 […]

fragmentation of the body inadequate for the conditions of an air crash – it is an auxillary marker, as an air crash itself may lead to a
substantial degree of body fragmentation, however an extreme fragmentation divergent from a degree of fragmentation of other victims is
seen rarely in such circumstances – professor Jarosław Berent, Analiza protokołów oględzin i otwarcia zwłok ofiar wypadku samolotu Tu
154M nr 101, s. 9 (bold by Subcommittee).
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Fig. 2.28 Diagram of the aircraft cabin. Injury severity scale for identified locations of 63 passengers. Injury dispersion.
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Fig. 2.29 Body fragmentation.

Fig. 2.30 Percentage of clothes ripped off.

Fig. 2.31 Percentage of burns by ground fire zone.
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Conclusions on the basis of the analyses carried out

The bodies of those travelling in cabin 3 left side had been dismembered and torn
into small fragments, some of which were located at the very beginning of the main debris
field (sectors 12-11). No major body fragment was found in this area, and the tissue fragments
came from a variety of body sites - ranging from skin flaps of the head, to internal organs, to
fragments of upper and lower limbs.
Some fragments of the bodies were found under the surface of the ground, and in
the case of one of the crew members - in the construction of a door, driven 1 metre into the
ground. According to WAT simulations, there was no possibility that some of the remains,
found in sector no. 12, could have been found there.
The body fragments of the female passenger occupying the seat at the very end of the
passenger cabin were found at the beginning of the main debris field. This location indicates
that the fragments were ejected from the fuselage of the aircraft at a time when the skin
had already been torn, but the aircraft was still in the air. Otherwise, it would not have been
possible for the body fragments of this female passenger to be in such a location. According to
the WAT simulation based on the MAK data, in the place where the body fragment was found,
the fuselage structure and its fuselage skin over the passenger's place of travel had not lost its
integrity.
The scatter of remains of the passengers of cabin 3 coincides with the damage to the
aircraft. Indeed, the greatest damage occurred in the area of cabin 3 and the adjacent kitchen,
whose equipment was scattered over a very large area of the main debris field. The mechanical
and thermal damage to the kitchen equipment, especially the catering cabinets, located on
the left side of the kitchen area near the main entrance door, correlates with the
occurrence of massive injuries to the passengers occupying the seats on the left side of
cabin 3, as well as to the stewardess occupying the seat just outside the main entrance
door.
It was also in this area that the structure of the aircraft was most severely damaged, and
the fragmentation of structural elements and skin was the greatest, together with the occurrence
of characteristic post-blast curls.
The floor in this area was destroyed.
The possibility of injuries resulting in fragmentation and fuselage rupture due to
the impact of ground obstacles in the form of trees in the area of sector 12 should be
completely excluded. In this area, at the point of fuselage movement over the ground, there
was no vegetation influencing the destruction of the aircraft, let alone injuries to passengers.
The passengers' wardrobe was thrown from inside the aircraft, as well as virtually all of
the thermal insulation of the fuselage, the partially burnt fragments of which were also found
on the southern boundary of sectors 12 and 11, thus outside the fuselage movement area. Such
partially burnt fragments of fibreglass thermal insulation were also found in the hair of one
of the victims, whose corpse was found outside the area of the ground fire.89

89

A detailed case study can be found in the Appendix 8 to the Report: Trace No. 19 disclosed in the hair of the victim of the air incident on
April 10, 2010
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This confirms the thesis of a sudden fuselage rupture in the air as a result of very
high internal pressure. It is also evidenced by the fact that, according to the reconstruction of
the aircraft skin, there was a concentration of post-blast curls in the roof section of the tail area.
Victims displayed the characteristic markers indicative of an explosion. Particularly
important here are: fragmentation of bodies, burns and impact of debris, which occurrence
together should be treated as an unambiguous signature of the explosion.
During the autopsy conducted in Poland, the experts indicated that due to such a large
fragmentation, the impact of high-energy materials could not be excluded.90 They formulated
this assessment in only one case, although it is clear - as is evident from the injuries to many
other bodies - that several passengers suffered analogous, critically severe injuries.
Analysis of some of the burn cases has shown a significant temporal correlation
between sustaining a burn injury and sustaining other injuries and damage to clothing.
From a point of view of material evidence it should be assumed that in the case of an explosion,
the radiation-type burns from the heat of the blast itself should occur first, followed by further
injuries, as well as ruptured or torn clothing, due to the impact of the shock wave. This is
especially true for victims who were some distance away from the blast centre and whose
bodies were not torn.
This has been established for at least two victims. The first passenger suffered burns
to the front of his neck and chest before his clothes were torn off. The burns did not extend to
the area of the body where the shirt collar and tie were. The tearing off of this part of the
clothing took place a moment after the thermal agent stopped affecting the body, resulting in a
clear fragment of undamaged skin in the form of the shirt collar, which clearly demonstrates the
short but intensive effect of a very high temperature, and then - after it had subsided - the effect
of the mechanical agent which caused the clothing to be ripped off.
The second passenger suffered burns to the right side of his abdomen including charring
of some tissues. His body was found, admittedly, in an area where there was a ground fire,
which might suggest that the burns occurred already on the ground, but this is contradicted by
the condition of his clothing. The corpse was found with all layers of clothing rolled up to his
shoulders and his abdomen exposed. However, when the clothing was removed, Russian
experts found that it had been burned through in all layers in exactly the same place where the
burn had occurred. It follows that the burn must have occurred when the clothing was still
unrolled under the shoulders, with the conclusion that the burn occurred before the passenger's
corpse was on the ground. The passenger was seated in an area of concentrated post-blast curls
of the roof sheathing.
The occurrence of the impact of shrapnel on bodies has been unequivocally
confirmed. One case in particular clearly proves that there was a penetration at a very high
speed of a small, several-millimeter steel ball bearing in the area of the victim's knee joint,
causing a puncture and damage to the joint. The important point here is that for such
penetration to have occurred at all, the element had to have previously been separated from the
small steel bearing, which is by definition compact and strong and subject to high mechanical
loads, and then the element had to have been given a velocity high enough to penetrate the
tissues. It has been established that the only likely aircraft equipment where ball bearings with
90

Cf. PK III 1 Ds 1.2016 Volume: VI, Thread: 97. B.36.2. card 1138 (Original spelling) [...] Referring directly to the questions contained in the
content of the decision of the National Public Prosecutor's Office, it should, however, be stated that the degree of dismemberment of the body as
well as the presence of foreign bodies within the exhumed remains described in a separate protocol makes it impossible, based only on the
assessment of the injuries sustained, to unequivocally exclude the hypothesis of a violent release of energy of an explosive nature. […].

88

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

balls of that size are present are the caster wheels of the catering trolleys, located in the kitchen
room. These trolleys were completely destroyed. The passenger was travelling in a cabin
separated by many partitions from this area.
In at least one of the victims, moreover, bevelling was detected in the skull bone,
which also clearly indicates that there was dynamic penetration at this point by a shrapnel
moving at very high speed.
In addition, debris of a penetrating nature, including fragments of rivets, skin and
other small parts of the aircraft, was found in the bodies of many victims.
2.2.3. Wounds to the crew members
The position of the Russian side is based on mutually exclusive expert opinions the descriptions of the mechanism of injury contained in these opinions are contradictory. The
analysis of the MAK in the scope of interpretation of behaviour and actions of pilots directly
before and at the moment of the incident is a deliberate distortion of expert opinions, aimed at
“adjusting” the behaviour and actions of the crew to the theses preconceived by MAK, which
are not confirmed by the evidence gathered.
Furthermore, this evidence shows that MAK representatives did not participate in the
activities related to the examination of the victims' bodies at the scene. Thus, they could
not, in accordance with ICAO recommendations, rely on their own observations of the location
of the bodies of the crew, nor assess the injuries at the scene, nor assess other debris, which
could have assisted in the analysis.
On the basis of the collected evidence in the form of protocols of inspection of the scene
of the incident, collected photographic and medical documentation, the Subcommittee found
that:
 Bodies of the crew members who were in the cockpit at the time of the incident
were ejected from it in a single line in the area of sectors 1 and 2 and beyond (the
final part of the debris field).
 The first small fragments of the crew's bodies were found in the central region of the
main debris field, indicating that before this point the continuity of the cockpit
skin had been torn in its upper part, corresponding to the inverted position of the
aircraft, without crushing or crumpling the structure.
 One crew member sustained thermal injuries in the form of wounds with charred
edges, indicative of exposure to direct fire or contact with flaming objects moving
at high speed, further causing mechanical traumatization of tissues. The corpse of
this crew member was found outside the area of exposure to open flames from
ground fire outbreaks. The thermal injuries sustained indicate that they occurred at
the time of the incident while the crew member was still in the aircraft. Russian
experts described burn injuries on one of the crew members - there was no
interpretation of the mechanism of their occurrence, and this thread was omitted in
the MAK report.
 The nature of injuries, especially their scale and characteristics, as compared to
injuries sustained by other passengers, proves that the crew in the cockpit did not
sustain injuries as a result of a massive crushing of the cockpit part of the airplane,
which would have had to occur in the configuration of the plane established by MAK
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and KBWL LP - the bodies were not trapped in the cockpit and were not crushed the injuries (described by the experts) indicate that the injuries occurred as a result of
impact, shock and slide.
The crew were not under the influence of alcohol or drugs or sleeping pills at the
time of the incident.

The synthesis of the collected evidence, based on the analyses made by the
Subcommittee, concerning the injuries of passengers, crew, the location of their bodies, as
well as the analyses of the crash site, reconstructions and simulations unambiguously
indicate that there was an explosion on board the aircraft, which caused some of the
characteristic injuries, clearly differing from the mechanical injuries due to impact with
the ground or ground fires.91
Conclusions from the available evidence
The analysis of available evidence indicates that the first sectors (12 and 11) of the
wreckage from the side of the incoming aircraft contained only fragments of the upper parts of
bodies, amputated parts of limbs as well as internal organs of victims, who during the flight Tu154M No. 101 occupied places in the middle and rear parts of the aircraft (kitchen room, cabin
No. 3 and passenger compartment). The internal organs92 described in medical reports
identified at the beginning of the wreckage, taking into account the time of the beginning of the
process of the destruction of bodies preceding the moment of the contact of body fragments
with the ground surface as a function of the location, geometry and speed of the movement of
the aircraft, do not show signs of injuries typical for communication incidents.
The first body was found in sector 10, and the second of the identified fragments of
crew members' bodies was found in sector 6. The bodies of crew members were found in
sectors 3, 2 and 1. The bodies of passengers occupying seats in the rear passenger compartment
were subjected to relatively least destruction. It is also characteristic that the scale of
fragmentation of the bodies of persons occupying seats in the front part of the SP (cockpit
together with cabins 1 and 2) is by far smaller than that of those sitting in the area of the centrewing. The biggest fragmentation of passengers bodies was found in the kitchen area and in the
cabin 3 (from nineteen to one body fragment per person).

91

Appendix 5 to the Report: Passengers and crew. Medical aspects and injuries; Appendix 6 to the Report: Pattern of injuries of passengers and
crew of Tu-154M No. 101; Appendix 7 to the Report: Falsification of the thesis about possibility being in the cockpit of a bystander at the time
of the air incident in Smolensk on April 10, 2010; Appendix 8 to the Report: Trace No. 19 disclosed in the hair of the victim of the air incident
on April 10, 2010
92 The audit of the KMS UW in Wrocław refers to the descriptions of the fragments of bodies from sector 12/2 (bag no. 6): 1. the tongue (its
part), the muscles of the oral diaphragm, the hyoid bone, the larynx, the trachea with fragments of bronchi, as well as a large part of the
oesophagus, parts of large vessels of the neck are visible, the hyoid bone and the larynx are broken; [...] 3. in the form of a piece of small
intestine with shreds of mesentery; 4. in the form of a section of fat and muscle tissue of irregular striped shape with haemorrhages; 5. a small
fragment of bone resembling a fragment of clavicle with shreds of soft tissue; 6. left femur with patella and a fragment of pelvic bone. The
muscles are crushed, torn at different heights with blood veins. Skin is preserved in limited sections. Lower part of the knee joint in fragments,
Files of Po.Śl. 54/10, vol. 716, k. 140888.
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Table 2.1 Average fragmentation of bodies of occupants in different parts of the aircraft.
Number
of
people

Largest

Smallest

Average

Cockpit

4

9

1

4.75

1

cabin 1

2

5

1

3

1

cabin 2

7

3

1

1.4

5

cabin 3

18

19

1

7.1

6

Kitchen

2

15

6

10.5

0

Passenger cabin

63

14

1

2

43

Fragmentation

No
fragmentation

The degree of fragmentation of the bodies and the distribution of the remains of persons
occupying the seats in the central part of the fuselage is incomparable to injuries of persons
from other parts of the plane. The location of victims' bodies, the degree of fragmentation of
bodies, especially of those occupying positions in the central part of Tu-154M No. 101, and the
occurrence of the phenomenon of “insiding out” of victims' bodies found in initial sectors of
the wreckage prove that the process of destroying the fuselage does not correspond to the lowenergy mechanism of aircraft impact with the ground surface. Thus, it constitutes further
evidence confirming that Tu-154M No. 101 was destroyed by an explosion in the fuselage.
2.2.4. General Andrzej Błasik93
The Subcommittee found that the location of General Błasik's body generally correlates
with the location of the remains of the right side of cabin 1, in which Polish President Lech
Kaczyński and his wife were also travelling.

93

Appendix 7 to the Report: Falsification of the thesis on the possibility of a bystander staying in the cockpit at the time of an air incident in
Smolensk on April 10, 2010; Appendix 10 to the Report: Lot Tu 154 M a DSP. Evidence analysis.
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Fig. 2.32 Location of Gen. Andrzej Błasik's body parts and elements from the area of cabin 1 in the
main debris field. A. armrest of the sofa of cabin No. 1 - right side of the cabin, B. fragment of the right
side of cabin No. 1, C. backrest of the sofa of cabin No. 1 - right side of the cabin, D. upholstery and
second armrest of the sofa of cabin No. 1 - right side of the cabin, E. fragment of the toilet mirror near
cabin No. 1 - right side of the cabin, F. fragment of the inner partition of the right side of cabin No. 1 right side of the cabin.

We should exclude the possibility that Gen. Błasik was in the cockpit at the time of the
incident in the cockpit. This is contradicted, first of all, by the direction of movement of the
body from the moment when the left arm is mutilated and lost. The body of General Błasik
moves in the direction of the right side of the cabin 1, while the cockpit, with the crew still
inside, moves with a slight deviation to the north and only just before the stoppage the bodies
of the crew are thrown out.
The most important element which could suggest that Gen. Błasik was in the
cockpit was the false location of his body near the front of the plane, next to the
navigator's corpse. The actual location of both bodies was different (Fig. 2.33), and Gen.
Błasik's body was not near the front of the plane.
A further part of the MAK's narrative boiled down to strengthening this thesis by
unauthorised and false conclusions concerning the alleged recording of General Błasik's voice,
the nature of injuries, the possibility of not fastening the safety belt, or a curious attempt to
“prove” how the body instinctively behaves at the moment when the airplane collides with the
ground. All these claims of the Russian side must be considered false and unsupported by
evidence.

92

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Fig. 2.33 Location of bodies of gen. Andrzej Błasik and of the navigator Artur Ziętek.

The theses and opinions referred to in the reports of the MAK and KBWL LP
concerning the presence of the Commander of the Air Force in the cockpit are assessed by
the Subcommittee as unauthorised and intentionally falsifying the real course of events in
this matter.
2.3. In-flight recorders
The Tu-154M No. 101 aircraft was equipped with the following devices recording flight
parameters transmitted by the MSRP-64 system:
 MŁP-14-5 no 9096994, a Russian-made crash parametric tape recorder, installed in the
tail section of the SP in the direct vicinity of the CVR recorder (both recorders were
found on the wreckage in close proximity to each other).
 KBN-1-1 No. 390130, a Russian-made operational parametric recorder consisting of a
BLM-1-1 cassette tensioning mechanism and a KS-13 cassette No. 461195, installed in
the SP cockpit - was found a few metres to the north from the site of the damaged
cockpit structure95.
 ATM-QAR/R128ENC no 0112/95, Polish-made operational parametric recorder,
installed in the left wall of the cockpit. Digital recording was performed on removable
ATM-MEM15 memory cassettes. There is no photographic documentation of the
mechanical condition of the found device and its cassette 0158/9196. Also unknown is
the date on which it was found by the Russian side, which reported it on the morning of
13 April. The Russians promised to send the ATM back to Poland for joint examination.
94

As it results from the Official Note of WPO from 15.04.2010, the serial number of the recorder MŁP-14-5 was written down in Moscow "as
is", without verification of its designation in the documentation of JW2139, and then it was transferred by phone to Poland.
95 11.04.2010 09:00-15:30, the protocol of additional inspection of the scene of the incident from sector 2 revealed the protection of the
tensioning mechanism of the cassette BLM-1-1 together with the cassette KC-13 marked on the photos as object No. 7. The numbers of the
recorder and the cassette are clearly visible on the attached photos.
96 12.04.2010 10:30-18:00, sector 2 accident scene inspection protocol. During the cockpit inspection an ATM-QAR flight information recorder
of Polish-American manufacture was found packed in bag no. 16. No photos of the found recorder were attached to the protocol.
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On 15 April, instead of ATM, TAWS was sent in a sealed package marked ATM, with
the stamps of Polish and Russian representatives. The ATM was not sent back until
April 16, 2010.
Moreover the aircraft was equipped with the following recorders:
 MARS-BM no 32302597, a crash Russian-made CVR recorder for recording cockpit
conversations, installed in the tail section of the SP. The MARS-BM was identified,
together with the recorder MŁP-14-5, in the initial eastern edge of the wreckage in the
photographs taken immediately after the crash, and also in a film made by a TVP editor
around 11 a.m. MARS-BM was identified, together with the recorder MŁP-14-5, in the
initial eastern edge of the wreckage on photographs taken immediately after the crash,
as well as on a film by a TVP editor around 11:00 Moscow time. The official securing
of both devices was performed by the Russian side twice, each time in a different way in
the afternoon and in the evening, and extensive photographic documentation of these
activities was made.98
 K3-63, an automatically switched operational Russian-made overload recorder,
recording the main parameters on a film tape with a stylus, installed in the floor part of
the cabin No. 3. The Russian side stated that the K3-63 recorder was the only one that
had not been found, suggesting that it had been completely destroyed in the crash. The
subcommittee identified on the photos from 10.04.2010 an intact fragment of the floor
from the place where this recorder was built in, and the K3-63 housing
 TAWS (Terrain Awareness and Warning System) serial number 237, device warning
pilots about ground proximity, produced by American Universal Avionics Systems
Corporation.

97

According to the Official Note of the WPO of 15.04.2010, the serial number of block 70A-11 of the MARS-BM recorder was written down
"as is" in Moscow, without verification of this designation in the documentation of JW2139, and then transmitted by telephone to Poland.
98 10.04.2010 14:30-20:55, the inspection protocol of the scene of the incident from sector 12 reveals the securing of two recorders: MŁP-14-5
(marked as object no. 6) and MARS-BM (object no. 7).
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Fig. 2.34 Tu-154M 101 Black Box locations.
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The attempts made by the Polish side to secure the found recorders against unauthorized
access of unauthorized persons failed. The Russian officer in charge of search activities refused
a BOR officer (sent for this purpose by Minister Bogdan Klich) to participate in securing the
found black boxes. The Polish side did not intervene further. From the information given to the
media on 10.04.2010 in the afternoon by the Minister for Emergency Situations Sergey Shoygu,
who was in charge of the Russian side activities at the scene of the crash, it results that already
then, that is before the representatives of the Polish prosecution and the Polish commission
investigating the reasons for the crash arrived at the scene of the crash, so without their
participation, the Russian side proceeded to read out and analyze recordings of the found
recorders, including MARS-BM. This was confirmed on 10 April at an evening meeting with
Putin by Transport Minister Igor Levitin, who supervised the procedures of the commission
investigating the disaster.
Representatives of the Polish side were presented in the evening hours of 10.04.2010 in
sector 12, the crash recorders (MŁP-14-5 and MARS-BM). The consent for taking the black
boxes was given to the Russian side by Edmund Klich, who did not have any authorization to
represent the Polish side. Two Polish specialists indicated by Edmund Klich, accompanied by a
prosecutor of the WPO, participated in their transportation to the Moscow headquarters of
MAK.99 In the case of the KBN-1-1 recorder, according to the MAK, it was sent to Moscow
without the participation of the Polish side, whose representatives initially claimed that on
10.04.2010 they had secured the transport of the recorders; these contradictory relations are
included in the files of the WPO100, which was verified during the hearings101. The MARS-BM
recorder was officially opened and read out in Moscow, in the MAK headquarters on the
morning of 11.04.2010. One Polish specialist took part in it directly, and he stated that after it
was opened, the process of copying it to a digital medium started. The sound was switched on
from time to time during the copying, but the whole tape was not listened to. The Polish
prosecutor and the second specialist were to observe these activities from the next room. The
Russian side prepared documentation (video recording) which was never handed over to
Poland, even as a copy. None of the representatives of the of the Polish side made a protocol or
a note describing the opening and burning of the CVR, nor did they have the opportunity to
listen to the original CVR tape.
The ATM-QAR recorder was found by the Russian side without the participation of the
Polish side, probably before 13.04.2010. On that day, during a morning meeting of General
Sergey Baynetov (the chairman of the Russian military commission until 13.04.2010) with
representatives of the Polish group which was to investigate the crash, they were shown the
ATM-QAR type recorder lying on the table and asked to identify it. 102 At the same time, it was
decided that the reading out and decryption of the recorded parameters would be performed in
Poland by a joint Polish-Russian group - until then it was to be kept by the Russian side.
99

According to the witness heard by the Subcommittee, upon arrival in Moscow, representatives of the Polish side went to spend the night at
the embassy, instead of participating in activities to properly secure the shipment in the MAK headquarters.
100 Following a request for legal assistance from the Investigative Committee of the Russian Federation, prosecutors of the WPO in 2012
questioned two people who spoke about the transport of the KBN-1-1 recorder from Smolensk to Moscow on 10.04.2010.

According to the witness heard by the Subcommittee, upon arrival in Moscow on the morning of 11.04.2010, he observed
the process of replacing the damaged cassette case KS-13. The second witness denied that he was present at the transport and
readings of the recorder KBN-1-1.
101

102

Dispatch from 13.04.2010, 10:15 a.m.: After greeting and taking our seats, general Baynietov said that from the wreckage of the plane there
was recovered an apparatus (lying on the table, which I noticed after entering the room), which is not known to the Russian specialists, and
then he asked about its purpose and whether the manufacturer of the plane gave his consent to install it on the plane - the aggregate was an
ATM-QAR (operational) recorder, recovered from the scene of the incident without the presence of the representatives of the Polish side.
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However, when on 15 April the ATM-QAR was brought to Poland, packed in a cardboard box
sealed and signed by Polish officials, it turned out that it contained an American TAWS device.
The ATM-QAR recorder finally arrived in Poland only on 16 April.103
The American TAWS and FMS (Flight Management System - integrated with the autopilot and
navigation systems and the flight control system of the captain and co-pilot) devices installed
on board were found on the wreckage and transported to the MAK without the participation of
the Polish side. The Russian side decided to cooperate directly with the American side.104
During the reading by the manufacturer's experts, a member of KBWL LP was an observer.
The Subcommittee is in possession of several digital, non-uniform copies of the tape
from the crash voice recorder produced by the Russian company MARS-BM, made in Moscow
in the years 2010-2011 and in 2014.
The Subcommittee holds five differing copies of the ATM-QAR parametric recorders
(dated April 2010, July 2010, February 2011, August 2016 and January 2018) and two copies
each of the Russian KBN-1-1 and MŁP-14-5 recorders. The Subcommittee also holds several
differing copies of recordings of conversations from the Smolensk-North flight control tower.
The analysis of the copies of the records in the possession of the Subcommittee revealed
manipulative activities of the Russian side, as a result of which they have limited credibility.
Therefore, they require each time a verification in order to distinguish between reliable and
manipulated records.
2.3.1. MARS-BM recorder. Phonoscopic analyses105
Premises pointing at tampering with the magnetic tape recording
Computer technology and digital sound editors make it possible to perform intricate
manipulations on tape recordings. Their essence comes down to: copying the original recording
into digital form, then making the desired manipulations using computer sound editors and
finally transferring the thus modified recording onto the old magnetic tape or a new one.
While on magnetic tape the recording tracks are closely related to each other by the
mechanical cohesion of the tape, in the digital form in computer memory they become separate
entities (Fig. 2.35 ).

103

According to information available to the Subcommittee, this was an operation by Russian special services to falsify ATM-QAR. This
information was not provided to KBWL LP or the Prosecutor's Office.
104 Before being sent to the USA, on 15.04.2010 the TAWS device was sent in a parcel to Warsaw, instead of the ATM-QAR recorder. On
16.04.2010 TAWS was sent back to Moscow and from there handed over to the USA.
105 Appendix 12 to the Raport Phonoscopic analysis - catastrophe recorders and Tu-154M navigation devices.
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Fig. 2.35 Illustration of the difference in recording on a tape and in computer memory.

This gives the possibility to edit each track separately, as well as in pairs, threes, etc.,
and perform on them the operations of cutting out and cutting off fragments, digital "splicing",
adding, "patching the holes produced" with neutral material, filtering, etc., and finally putting
them together in the desired chronology of events. It is precisely the use of a computer sound
editor that allows fragmentation of recordings and their digital, "seamless splicing". It should
be noted that in order to change the chronology of events it is not at all necessary to modify the
track of time markers; it is enough to move the tracks with microphone recordings in relation to
it. A recording manipulated in this way and transferred onto tape can already be presented as
"original", because with "digital seamless splicing" the magneto-optical visualization of the
tape tracks will show the continuity of recording expected by the tamperers. The above reveals,
however, that such visualization of the continuity of magnetic tracks on the tape does not
necessarily mean that the continuity of the previously recorded process and the real
chronology of events is palternatived.
Observation 1: The magneto-optical sensor system (MOSES II) used by IES is a useful tool
for reading and verifying magnetic registrations in relation to digitally-coded records. On the
other hand, for signals of a random nature, which do not have an organized, amplitude and time
structure, such as: speech, noises, hums, etc., the magneto-optical sensor system does not give
the possibility of either reading the content of words or determining the frequency
composition of recorded sounds. Thus, it is possible to substitute the content or modify the
microphone track recordings (channels K-1, K-2 and K-3), which cannot be detected and
identified by the magneto-optical sensor system. Therefore, examining and positively verifying
only the continuity of the time-coded channel recordings (K-4) does not constitute adequate
evidence as to the absence of interference in the microphone signal recordings, i.e. in channels:
K-1, K-2 and K-3.
For the detection of tampering with microphone recordings of tape tracks, however,
advanced analytical methods based on the study of the evolutionary-frequency composition of
the recorded signals are useful. An example of such a research tool (used by the Subcommittee)
is the SpectraLayers Pro spectral analyzer-editor of sound recordings. It is also equipped with a
very useful spectrum layering function, i.e. zooming in the selected frequency range, e.g. for
98

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

tracking significant frequencies of the drive engine hum of a recorder or power hum of aircraft
generators.
It should be emphasized that apart from microphone signals (speech, noise, alarms,
noises, etc.), the soundtrack of a tape recorder also records power hum, originating from
internal systems of MARS-BM recorder. All in all, they constitute background mains hum,
characteristic for these internal systems of the recorder and the power source. These signals are
well determined as a function of time and in a spectral analysis are revealed as spectral bars,
extending across the entire spectrum of the recorded audio signal. In the case of tape recorders
with constant tape speed, they have the form of horizontal straight lines. In the case of tape
recorders with variable tape speed, such as MARS-BM, the arrangement of the bars is
significant for the ratio of the playing speed Vp to the recording speed Vr. When Vp ≠ Vr a
time-frequency transformation of the recorded signals takes place. Disturbances in their
temporal course will therefore be an expression of: either a defect in the device, or disturbances
in the power supply system, or tampering - made in the recording post factum. Particularly
significant in this respect are changes of abrupt character, revealing discontinuities of recording
on a tape.

Fig. 2.36 Circuit diagram of the MARS-BM recorder.
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During the auto-reverse, the erasing and recording heads are switched according to the
change of the tape direction. The recorder is powered from the on-board power supply with the
frequency fsp = 400 (+/-8) Hz. The spool, driven by an electric motor M, rotates with a constant
angular velocity ω. The constancy of the angular velocity of the spool is guaranteed by a
stabilized pulse voltage system with frequency fus =1760 Hz. Both of the above frequencies and
their harmonics are revealed in the frequency spectrum of the CVR recording, in the form of a
hum. As a consequence of keeping the angular velocity ω constant, the tape moving speed V
varies and is proportional to the radius R, determined by the variable size of the tape winding
disc: V = ω x R
The sets of erasing heads operate alternately according to the direction of tape
movement. An analogous switch is used in the combined recording head module.
In order to track the tampering, it is particularly useful to hear the hum of the stabilized
impulse voltage of 1760 Hz, supplied to the electric motor M. The impulse nature of this
voltage means that the tape recording will also include a number of its superharmonics with
frequencies: 2 x 1760 Hz, 3 x 1760 Hz, 4 x 1760 Hz, etc. The MARS - BM recorder, however,
has a rather unique construction compared to classical tape recorders. Its motor-spring drive
(M, S) of tape reels results in the lack of symmetry in the speed of travel, for reverse directions
of tape rewinding. Instead, the rotational speed of the driven spool is kept constant, resulting in
a uniformly variable, linear tape speed in front of the recorder heads. This construction does not
have any drive and pressure rolls of the tape, thanks to which the possibility of the so called
"drawing the tape in by the pinch roller" has been eliminated. This solution makes MARS-BM
a highly reliable recorder that guarantees continuous recording of conversations in the cockpit.
The same drive mechanism is used in the MARS-NW, Fig. 2.37, which is a ground-based tape
recorder designed to play the tape from the MARS-BM crash recorder. In practice, however - in
this type of systems - the recording and playing speeds of the tape always differ to some extent.
For this reason, the MARS-NW was equipped with a knob for smoothly changing the rotational
speed of the spools, causing a smooth change in the linear speed of tape travel. Thus, for
example, it was used in Moscow by A. Artymovicz to produce double copies by playing back
the tape with the MARS 31 at two different speed settings, which is reflected in the markers
"V1" and "V2" added to the names of the digital file copies.

Fig. 2.37 MARS-NW - a ground tape recorder designed to play a tape from the MARS-BM crash
recorder.
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Thus, this knob can be used both to achieve the state of quasi-synchronization of the
speed of playing back Vp with the Vr recording speed, and to intentionally make analyses and
evaluations of magnetic tape recordings (or their digital copies) more difficult by significantly
desynchronizing these speeds. In the case of desynchronization the well-known effect of
frequency transformation of signals recorded on magnetic tape takes place. Naturally, we find
this effect in digital copies. Finally, due to the above specified specificity of MARS devices, in
the digital copy of tape recording, instead of the hum with constant frequency of 1760 Hz (and
its harmonics), we find their transformations with uniformly variable frequencies, conditioned
by ad hoc ratio of tape playing speed Vp to the speed Vr , with which recording on the plane
took place, which is illustrated in Fig. 2.38.

Fig. 2.38 Transformation effect of the fixed frequency f = 1760 Hz according to the mutual relations of
Vp and Vr .

Therefore, if some tampering with an audio editor takes place, e.g. cutting out an
undesired part of the recording and "splicing" the edges together, then in the spectrogram of the
digital copy, at the point of "splicing" there will be an abrupt change in this characteristic
frequency of the recorder (Fig. 2.39 ).

Fig. 2.39 The abrupt change of the frequency of the transformed signal as an indicator of a tampering: a)
the transformed signal during ripping with Vp ˃ Vr, b) the gap after removing a fragment of the
recording, c) the abrupt change after splicing, i.e. digital "gluing" of the edges of the recording.

101

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Precisely such abrupt changes for the hum signal, coming from the stabilized power
supply system of the recorder drive, were identified in the digital copies of the "black box"
MARS-BM of the Tu-154M plane No. 101. They are an indication of tampering, because at
that time there was neither a defect in the device nor a disturbance in the power supply of the
recorder. The size of the abrupt change depends here on two factors: on the size of the cut-out
fragment and on the degree of slope of signal characteristics resulting from the difference
between the speeds Vp and Vr. These effects are even more pronounced for superharmonics.
Analogous faults will occur when, instead of "gluing" the edges together, the gap is
filled with a signal with a content-neutral message, i.e. noise from the cockpit from another part
of the recording (recorded, after all, at a different speed). It is the same when, in order to make
a chronological change, one moves a fragment between sides "A" and "B" of the recording. The
above effect would not occur in the case of tape ripping with fully synchronized speeds Vp and
Vr.
An additional consequence of the operation of deleting fragment "c" is the shift of the
recording on the time axis, i.e. a chronological change in the recording of sound events.
It should also be emphasized that at the moment of auto reversal there is also an
analogous abrupt change in the frequency of the signal in question. Here, however, it is fully
justified - it does not result from manipulation, but from the abrupt change of tape speed,
caused by the asymmetry of the spring-motor drive system of the recorder spool (auto reversal
effect of changing the roles of the spring S and the motor M in the drive system of the
recorder).
The magneto-optical visualization method does not detect the above described
spike changes as an effect of the tampering with the recording, because it does not provide
information about the frequency composition of the recorded signals. (This conclusion was
confirmed by MATESY company, i.e. the producer of magneto-optical visualizers MOSES II).
However, these effects can be detected using advanced spectroscopic methods, which were
used in the Subcommittee’s research.
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The figures below illustrate the fragments of the April copy which prove that the black
box recording was tampered with.

Fig. 2.40 Spectrogram in the range between 3700 Hz ÷ 3900 Hz, covering the second harmonic of the
recorder spool drive system, channel K-2, April copy (tampering visible as light green area of the graph
23.8 s wide). The slanted course of the second harmonic characteristic is symptomatic of the frequency
transformation caused by the desynchronization of the speeds Vp and Vr .

Fig. 2.41 – shows a fragment of the spectrogram from Fig. 2.40, in the range 3600 Hz ÷ 3900

Hz.

Fig. 2.41 A spike in the second harmonic of the recorder spool drive system.

Apart from the spike in the second harmonic of the recorder's spool drive system, a strongly
increased signal intensity in the above-mentioned part of the recording is an additional
indicator of the tampering made here.
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Fig. 2.42 End of side B; start of side A.

The tampering was detected in the April copy dated 12.04.2010.

Fig. 2.43 Spectrogram in the range 0 ÷ 220 Hz, highlighting an interjected signal fragment. K-1, April
copy.
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In the marked area, a number of discrete components appear with the following
frequencies: 52.8 Hz; 60 Hz; 105.4 Hz; 109.5 Hz; 116 Hz; 126.2 Hz; 147.6 Hz; 168.7 Hz;
179.5 Hz, absent from the rest of the spectral structure.
In addition to these new discrete components (horizontal lines), a very significant
difference in noise levels is visible (compare the brightness of the fields in the yellow
rectangles a, b, c).

Fig. 2.44 Spectrogram of an inserted fragment between 0 Hz ÷ 220 Hz. Channels K-1, K-2 and K-3,
April copy.

Observation 2: the above spectrogram proves that the tampering with the recording affected all
three audio channels, i.e. those that had recorded microphone signals.
Observation 3: symptoms of tampering masking
The following figures illustrate the relevant portions of the recording on side "A",
channel K-1 (the aircraft captain’s radio channel) in the April and June copies.
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Fig. 2.45 Initial portions of the transcript on side "A", channel K-1 (radio conversations of the aircraft
captain).

After the signals have been synchronised, the zoom function highlights the difference in
the recordings between the April and June copies. The aforementioned 23.8-second fragment of
the April copy, with a spike in the noise level, was modified with an approximately 45-second
recording with a gradual (step) change. The pulse of discontinuities in the recording was also
"cleaned". In spectral dimension the same fragments are illustrated in Fig. 2.46.

Fig. 2.46 Spectrogram of the recordings in Fig. 2.45, in the range between 0 Hz ÷ 250 Hz.

Comparison of spectrograms of the June and April copies (Fig. 2.45) leads to the
following conclusion: as a result of tampering, made in relation to the original recording,
discrete frequencies in the range marked with red border were introduced in the April digital
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copy. They are a form of ad hoc hum (probably caused by the laboratory equipment used) and
are a proof of discontinuity of the recording, and thus a proof of the tampering.
The tampering was invisible at "normal" inspection of the amplitude waveform of the
signal. The tampering in the recording can only be detected by methods of advanced spectral
analysis. And this effect must have been noticed by the Russians in time since, while preparing
the June copy, they resorted to removing these discrete components. What would be the logical
course of action in such an attempt is the addition of intense broad-band noise, in an extended
time interval, causing "whitening" of the spectral image at the place of the previous presence of
horizontal lines, expressing spectral bars (compare brightness of fields in yellow squares).
Observation 4: Fig. 2.45 and Fig. 2.46, show the effect of masking actions of a previous
tampering with the record.
Observation 5: The evidential June copy is a "glued" recording from a MARS-BM
magnetic tape
The May copy, produced on 31 May 2010, was the first copy provided to Poland and
proved to be faulty. According to ad hoc evaluations, 17.5 seconds of recording were missing.
As a consequence, the next copy, produced on 9 June 2010, was handed over to Poland as the
second one. It should be noted here that the above mentioned April copy, dated 12.04.2010,
although produced earlier than the May and June copies, was handed over to the Polish side on
the request of the NPW only in December 2010.
The discontinuity effects shown in Fig. 2.47 and Fig. 2.48 prove that the June copy
is not an integral recording of sound events, recorded on the magnetic tape of the MARSBM flight recorder.
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Fig. 2.47 Spectrograms of channel three, side "B", in the frequency range 40 Hz ÷ 200 Hz. The bottom
spectrogram shows the symptoms of overdubbing (editing) marked with yellow arrows in the June copy.

The way the June copy was edited, as indicated above, is also confirmed by spikes in the
harmonics of the recorder spool drive system.

Fig. 2.48 A spike in the second harmonic of the recorder spool drive system.

Observation 6: Tampering with the recording of the magnetic tape of MARS-BM recorder is
also confirmed by the valuable observation made in Moscow in August 2010 during the
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inspection of the tape in connection with the discovered defect of the recording, concerning the
so-called folding of the tape Fig. 2.49.

Fig. 2.49 A photograph of a piece of the tape with a folding defect (8:39:42).

This effect is very surprising, because the construction of MARS-BM recorder does not
allow for the possibility of such tape folding, due to the lack of drive and pressure rollers,
which can cause such deformations in tape recorders with constant tape speed.
The essence of the observations by D. Majewski and J. Niczyj is not only the detection
of tape folding, but also the observation that its specific "seals" (weaker and weaker imprints)
are repeated every 41 cm. And since this distance is the length of the circumference of the disc
of the wound tape, this fact is inconsistent with the small diameter of the MARS-BM recorder
spools. This proves that the deformation of the tape fold and its subsequent imprints were
produced on a completely different device. Unfortunately, during the several inspections of
the recorders, no more precise identification studies of the tape, including its thickness, were
carried out. By the way, in the Artymowicz report there is a clear indication that the tape with
the recording of the flight from 10.04.2010 was not in accordance with the specification of the
producer of the magnetic recorder (the inadequacy of the arrangement of the active and passive
side of the magnetic tape was also noticed there). From the information obtained it appears that
the tape was installed by Russians during the overhaul of the plane in Samara106, without
indicating whether it was duly marked.107

In the Okęcie base, the Subcommittee obtained information that the tape of the voice recorder was stamped in the Okęcie
base with the so-called identification emblem, whereas the IES report shows that no such emblem was identified on the
examined tape.
107 Copies of the recordings:
1. May copy (technically defective) - produced and handed over on 31.05.2010, in Moscow,
2. June copy - evidential, created on 09.06.2010, in Moscow, in the form of 8 files,
3. April copy - created on 12.04.2010 in Moscow, but submitted to NPW only in December 2010, in the form of 4 files (i.e. not
in accordance with the structure of the black box recording),
The comparison of the transcriptions made by the MAK, ABW, CLKP, IES, ZB NPW and the Subcommission allowed to
indicate chief manipulations in the readings from the copies of the recordings (Appendix to the Report). An example of such
manipulation are changes of utterances in the transcript prepared by ZB NPW, headed by A. Artymowicz; we can find there
several utterances which do not have any sound-meaning relation to any of the transcripts, prepared by other research centres,
106
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2.3.2. Synchronization of recordings with the distance from the beginning of
RWY26108
The crash and operational recorders recorded the time from one common clock, whereas
the TAWS and FMS devices recorded the UTC universal time, so it was necessary to find
differences between particular recordings and synchronize them. This was done relative to UTC
universal time.
The time recorded in the MŁP, ATM and KBN recorders is consistent and will be
referred to hereafter as the FPR (Flight Parameter Recorders) time. Because it is set by the
navigator before the aircraft takes off, it differs from the UTC universal time recorded in the
TAWS and FMS instruments. The difference between these times was determined based on
radio altitudes recorded from the same source in both the TAWS alarms and the ATM, ILP and
NSC recorders. The difference between UTC time and Central European Time (CEST) was
taken into account.
The best correlation between records and UTC time is provided by moving the RPL
time back 2.75 s.

Fig. 2.50 Mean value of radio altitude difference and standard deviation between radio altitude records
from ATM, MLP, KBN and TAWS recorders depending on the time difference between these records.

even to the smallest degree, in the time coordinates locating them. Instead, they have a meaningful, subjective overtone,
allegedly indicating the attitude of the crew of the Tu-154M plane No 101. Such statements include:
● we don’t have to precisely (nie musimy dokładnie) – no speaker identified,
● you’ll squeeze right it! (zmieścisz się śmiało) – attributed to the Air Force commander, whose presence in the cockpit is not
confirmed by: IES, CLKP and the Subcommitte: likewise Dr. Demenko (no unambiguity),
● we’ll approach till 20 (do 20-tu (podejdziemy) – no speaker identified,
● dare devils (narwańcy) – no speaker identified,
● approach more slowly (dochodź wolniej) – an order attributed to 2P.
Despite the controversial nature of the statements quoted here, not a single one of them was indicated by the ZB NPW group
for verification by the laboratory method used by Dr. G. Demenko, who cooperates with the ZB NPW group.
108 Appendix 11 to the Report: Analysis of the last seconds of the flight on the basis of recorders installed on the on board the
Tu-154M aircraft.
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During the analysis, it became apparent that the copy time from the CVR recording was
not the same as the RPL time, despite the source being the same clock. It was therefore
necessary to compare the time of the CVR recording with the ATM, M£P and NSC recordings.
The radio correspondence between 1P and the tower in Smolensk, recorded in these sources,
was used for this purpose. The flight data recorders recorded the time the radio was turned on,
while the sound of the switch activating the radio correspondence was identified in the CVR
recording. The average shift was calculated for 18 connections and is 2.97 s with a standard
deviation of 0.33 s. For further calculations, 3 s was assumed.
Time synchronization between TAWS, FMS, ILP, NSC, ATM and MARS allows for full
analysis of both events and parameters recorded in the recorders.
A correlation was also made between UTC time and distance from the beginning of the
RWY26 runway.
In order to determine the airport traffic circuit, which Tu-154M circled on 10.04.2010,
Russian maps from the Moscow Zone Center were used. 109

Fig. 2.51 airport traffic circuit, determined from radar screen shots at the Moscow Zone Center.

The presented figure shows that before the flight to the third turn of the circle above the
airfield, the command of the Flight Manager (KL) received by the Tu-154M crew: 101, execute
the third turn, radial 19, was incorrect. MCS radar data shows that the Polish crew executed the
third turn correctly - with a radial of 22 km.
The relation between time and distance in the last seconds of the flight was helped by a
very high resolution satellite picture of the Smolensk airport in possession of the

Appendix 11 to the Report: Analysis of the last seconds of the flight on the basis of recorders installed on the on board the
Tu-154M aircraft.
109
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Subcommittee, taken on 10.04.2010, together with the terrain profile from NASA SRTM1 base
(Shuttle Radar Topography Mission) and the data from TAWS and FMS.
Distances between particular TAWS and FMS points can be calculated directly from the
geographical positions given in these records, and the distance between the birch tree and
TAWS 38 from the scaled satellite photo with perspective correction (Fig. 2.52). The fact that
the distances between TAWS 38 - FMS 2a - FMS 2b - determined from the geographical
position and from the photo - overlap with accuracy of a dozen or so centimeters proves the
accuracy of the photo's calibration.

Fig. 2.52 The distances between the birch tree on the Bodin plot, TAWS 38, FMS 2a and FMS 2b are
marked on the background of the satellite image from 10/04/2010. The end of recordings of individual
recorders is marked in yellow.

The time in TAWS and FMS devices is the universal time recorded with 1s accuracy. At
the same time the speed of the plane relative to the ground calculated by FMS is recorded.
These data (distance and speed) make it possible to count the time of flight between the
determined points with an accuracy greater than 1s, including the calculation of the distance
between the place where the birch grew on the Bodin plot and those places where the flight
parameter indications showed the time of destruction of the wing by the explosion, as well as
the time of the explosion sound recorded in the CVR. The distance the airplane traveled
between the point where its destroyed wing was over the birch tree and TAWS 38 should be
measured between the positions of its cockpit, over which the GPS antennas were located that
determined its geographic position. As shown in Table 2.2, this distance was 120.5 m.
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Table 2.2 The time of flight between the birch tree and the TAWS and FMS points was determined
based on distance and speed relative to the ground.

Points

Velocity [m/s]

Distance [m]

Flight time[s]

Birch tree - TAWS 38

74.659

120.5

1.614

TAWS 38 – FMS 2a

71.609

142.6

1.991

FMS 2a - FMS 2b

71.636

43.6

0.609

306.7

4.214

Total

Average velocity between the birch and FMS 2b relative to the ground = 72.781 m/s
(262.012 km/h)110. The velocities between the episodes were used in the calculations.
The last data at the time of the FMS memory stop was recorded with the same time UTC 6:41:02. 3 seconds lasted between TAWS 38 and FMS 2b. The last recorded second must
have changed at the latest at FMS 2b. Let's take it as a basis for further calculations, since we
will determine the limiting time when the left, damaged wing could have been in the position of
the birch tree. The results of the calculations are presented in the table below.
Table 2.3 UTC-time-synchronized flight time from birch to last FMS recording.

Point

Distance to FMS 2b [m]

Flight time to FMS 2b [s]

UTC time

FMS 2b

0

0

6:41:02

FMS 2a

43.6

0.609

6:41:01.391

TAWS 38

186.2

2.600

6:40:59.400

Birch tree

306.7

4.214

6:40:57.786

Thus, the earliest time at which the destroyed wing could have been in the designated
birch position is 6:40:57.786 with an estimated accuracy of 0.1 s. This time was one of the
main bases for the analyses presented in the next subsection. It is of key importance
because it allowed to precisely locate the pilots' actions and the plane's reactions during
the departure, and most of all, to locate the place of the wing's destruction by the
explosion about 100 m before the birch tree.

110

The average speed of the flight between birch and FMS 2b, calculated from the data in the MAK and KBWL LP reports, is approximately
212 km / h. It is contrary to the provisions of TAWS, FMS - average speed 262,012 km / h and flight recorders - average speed 267,222 km / h
and lower than the minimum speed of Tu-154M, which is 230 km / h (80 t, flaps 45 degrees). When the speed drops below the minimum speed,
the angle of attack and overload measurement system (AUASP-12KR) should activate an alarm to warn pilots about the possibility of
collapsing. The flight data recorders recorded no such alarm. This difference in both reports between the average speeds and those recorded in
Universal Avionics recorders and devices is the result of manipulation of event times to justify the loss of a wing tip in a collision with a birch
tree.
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Having determined the position of the birch tree in relation to the beginning of the RWY26
runway, as well as the time relation between the records of the MŁP, KBN, ATM, CVR, TAWS
and FMS recorders and the plane flight over the birch tree (fig. 2.53 green rectangle), it was
possible to start the analysis of the last seconds of the flight.

2.3.3. Analysis of last 17 seconds of flight111
Using the results of the above presented synchronization of recorders' logs, it is possible
to show on one chart the main events, failures and alarms recorded
- in the ATM and M³P flight recorders,
- CVR cockpit recordings
- TAWS and FMS devices in the last 17 seconds of the flight, which were decisive for
the course of the catastrophe.
The aircraft trajectory was determined using terrain profile data from the NASA SRTM1
database and radio altitude from the flight data recorders, which was corrected as a result of the
analysis.
Since only copies of the recordings were analyzed and not the unavailable originals,
the reliability of these copies also had to be checked during the research. The more so because
the readouts of the flight recorders presented in the MAK report are shifted by more than 0.5 s
in relation to the copies received from the Russians and the readout of the Polish ATM box.
In the course of analysis traces of interference in the recordings were detected.

111

Appendix 11 to the Report: Analysis of the last seconds of the flight on the basis of recorders installed on the on board the Tu-154M
aircraft.
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Fig. 2.53 Chart of events and selected flight parameters during the last 17 seconds recorded in the CVR
MARS-BM cockpit recordings, ATM-QAR and M£P-14-5 recorders, and TAWS and FMS equipment.
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Already at an altitude of 100 m, when the command “go-around” was given, the pilots
began preparations for departure, systematically reducing the aircraft's rate of descent.
At a radio altitude of 65.5 m, when the signal indicating that the decision altitude had
been reached was sounded, the pilot initiated the automatic departure procedure, correcting the
position of the elevator rudder with slight movements of the yoke (blue line on fig. 2.54) to
change the inclination of the airplane (maroon line). Raising the front of the airplane resulted in
a twofold decrease in the rate of descent. The subsequent pattern of change in descent speed
was challenged by a comparison between the 10/04/2010 flight and the 15/04/2011 check
flight.
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Fig. 2.54 Comparison of departure records 10.04.2010. (left chart) with the record of departure
15.04.2011. (right graph). On 10/04/2010 after the descent speed decreased from 9.4 m/s to 4.2 m/s it
increased again to 9.4 m/s and remained until the autopilot (ABSU) longitudinal axis was
disengaged. During this time the inclination of the plane did not change. On the right graph: the
plane Tu-154M No. 102 during the control flight on 15.04.2011, with the same actions of the pilots,
the speed decreased from 8.5 m/s to 2.4 m/s and remained until the autopilot of the longitudinal axis
was disengaged. As can be seen on the left graph (dashed line), if the plane had continued the flight
as it did on 15.04.2011, it would have gone about 11 m higher than indicated by the copies of the
flight data recorders' records.

The irregularity of the 10/04/2010 radio altitude recording is also confirmed by the
vertical overload curve (fig. 2.54, green line), which in both cases indicates a slowing of
descent, not an increase of it. This is also indicated by copies of the CVR recording in which
radio altitudes read by the navigator can be heard. From an altitude of 100 m, according to the
instructions, the navigator gave the altitude every 10 m. From 20 m onwards he was required to
give altitude every 5 m. The last given altitude was 20 m, further readings of 15 and 10, which
should have been given if the plane had descended to 6 m even before the Bodin plot, as
recorded in the flight data recorders, are not heard. The aircraft was fully operational at the time
and was over terrain without a forest.
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From the analysis of the flight parameters and readouts from the CVR copy, a
fundamental conclusion emerges, that the plane flew over the birch tree on the Bodin plot at the
height above 18 m above the ground.112
The chart below shows the recorders recording after passing the closer radio beacon.
Having the previously established time of the plane flight over the birch tree and the
speed of the plane, it can be counted that almost 100 m before the birch tree (fig. 2.55, grey
rectangle) a sudden increase of the rotational angular velocity was noticed in the flight
parameters recordings (fig. 2.55, blue line). There were no terrain obstacles at this location.
At the same time, without any delay, as shown below (fig. 2.55), only the spoiler on the
right wing was lifted (orange line, left spoiler - red line). Only the autopilot can control the
right and left spoilers independently. The pilot can only lift them together. At the same time, the
directional autopilot (green line) changed the position of the rudder, causing the aircraft to slide
to the right. Such behavior of the autopilot can be explained only as a reaction to the loss of
lifting force on the left side and an attempt to stop the aircraft from leaning to the left. From
these records, there is an unambiguous conclusion that the destruction of the left wing took
place about 100 m before the birch tree.

112

The impact of the wing on the birch tree is also contradicted by the analysis of the folding of the upper and the lower part of the birch tree
trunk in the place of its break, made in Moscow in 2012 by the experts of the Polish prosecutor's office. The photos, which were made then (the
Appendix to the Report), exclude the possibility of the birch-trunk breaking through the plane's wing.
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Fig. 2.55 The time and location of the autopilot response to loss of lift from the left side.
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The conclusion presented about braking by the autopilot the aircraft rotation to the left
about 100 meters before the birch tree was confirmed during tests of the Tu-154M model in the
scale 1:14 in the wind tunnel.113 The experiment proved that the biggest influence on the
braking of the plane's rotation has its introduction into the glide.

Fig. 2.56 Coordinate system of the model tested in the wind tunnel (left side) and its photo in the tunnel
(right side).

113

Appendix 11 to the Report: Analysis of the last seconds of the flight on the basis of recorders installed on the on board the Tu-154M
aircraft; Appendix 26 to the Report: Development of a technology for recreating the external geometry and the internal structure of large
airplanes for the purposes of building numerical models, codenamed LARE. Design carried out by the Military University of Technology
in Warsaw at the request of the Subcommittee for re-examination Air accident. Findings.
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A similar result was obtained during a controlled flight of a 1:10 scale model of Tu-154M.114

Fig. 2.57 Model of Tu-154M airplane in 1:10 scale (left photo). The moment of losing the left wingtip
during the flight (right photo).

114

Appendix 11 to Report: Analysis of the last seconds of the flight on the basis of recorders installed on the on board the Tu-154M aircraft;
Appendix 26 to the Report: Development of a technology for recreating the external geometry and the internal structure of large airplanes for
the purposes of building numerical models, codenamed LARE. Design carried out by the Military University of Technology in Warsaw at the
request of the Subcommittee for re-examination Air accident. Findings.
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The autopilot response, which in effect put the plane into a glide, was the result of an
event recorded more than 100 meters before the birch tree. At this point the CVR recorder
recorded the sound of a muffled explosion.115

Fig. 2.58 Fragment of the copy of the 09.06.2010 CVR recording containing a millisecond long intense
sound marked with a red rectangle. The red arrow marks the place where between the birch tree and
TAWS 38 the signal was muted.

In order to identify this millisecond sound, an analysis of recordings of possible sources
of such a short impulse was conducted. Since at that moment neither the flight recorders nor the
pilots' reactions indicated any extraordinary events during the flight, it was primarily assumed
that it was the sound of a collision between different objects (e.g. metal, wood). Explosions are
also characterized by such a short, millisecond signal. Therefore, for comparison, recordings of
explosions of various explosive materials during experiments conducted by the Subcommittee
in the airplane fuselage model and the wing tank caisson were selected.
The results obtained from comparing these signals ruled out all collisions between
different objects except the metal-to-metal collision and the explosions in the fuselage and
caisson. Since the metal-to-metal collision is 14 times shorter than the CVR recording, it may
have a similar origin as one of the sequence of acoustic events that make up the sound recorded
in the CVR116.
2.4. Information about debris, wreckage parts, and crash site
2.4.1. Damage to the aircraft
The main cause of the total destruction of the airframe were the explosions, located
successively in the left wing and in the centerwing.
2.4.2. Information about the wreckage
The identification of the location of debris and parts of the Tu-154M wreckage was
made primarily on the basis of photographic and film materials taken directly in the first hours

115
116

Appendix 11 to Report: Audio file from a copy of the MARS-BM recording.
Appendix 30 to Report: Ground recorders and on-board recorders Tu 154 M "101". Description available evidence.
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after the air crash. Iconographic materials from subsequent days supplemented the basic
material.
Most of the identified pieces of Tu-154M were located in sectors from no. 1 to no. 15,
set by Russians on 10.04.2010.
Sectors No. 1 - No. 12 were determined in the main debris field - the area where the
largest parts of the wreckage of the aircraft fell, starting with the right and left parts of the torn
centrewing and ending with the right part of the horizontal stabilizer.
Sector no. 13 was located between Sector no.12 and the axis of Kutuzov road.
Sector No. 14 was located between the axis of Kutuzov road and the axis of Gubienko
Street.
Sector No. 15 stretched east from the axis of Gubienko Street to the area closer to the
radio beacon.
In order to evaluate the structural destruction, the aircraft fuselage was divided into the
following sections according to Table 2.4.
Table 2.4
Sections Functional description

Frames

1

Cockpit, crew toilet, first and second technical compartments

1-14

2

First cabin toilet, first cabin and part of second cabin, front
landing gear compartment

14-22

3

Part of second cabin, kitchen, part of third cabin, first baggage
compartment
Part of third cabin, part of passenger compartment, third
technical compartment
Part of passenger compartment, passenger toilets, fourth
technical compartment, second baggage compartment
Tail section with engine no.2, fifth technical compartment

22-40

4
5
6

40-49
49-66
66-83

The crew and passengers were located in sections from no. 1 to no. 5. The list (Fig. 2.59
- 2.71) includes the list of identified pieces of debris of the structure and the fuselage in
particular sections, correlated with the sectors located in the area of the wreck of Tu-154M.
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S1-1.1
S1-2.3
S1-3.3
S1-4.3
S1-5.4
S1-6.4
S1-7.4
S1-8.3
S1-8.4

section
SECTOR NO. 1
nd
Left side. Cockpit – plating of the 2 technical compartment
1
Right side with windows and left part of the doorframe no. 824
3
(galley)
Left side. Plating of the 1st baggage compartment and the 3rd technical
3
compartment
Roof and the left side above the windows with part of the letters “ A
3
POLSK” – 2nd saloon
Wreckage of the right part of the central wing section with the right
4
side lower plating, lower emergency door frame no. 826 and 828 and
with fuselage underside plating – 3rd saloon, aircraft cabin
Wreckage of the left part of the central wing section with the left side
4
lower plating, lower and right emergency door frame no. 827 – 3rd
saloon, aircraft cabin
Construction element of the knot that joins fuselage frame no. 41,
4
center wing section spar no. 1, center wing section rib no. 3P and outer
plating of the left center wing section – 3rd saloon
Roof and left side above the windows with part of the letters “TA” –
3
2nd saloon
Roof above the 2nd saloon and galley
3

Fig. 2.59 Sector 1.
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frames
6-11
32-39
36-41
26-30
41-49
41-49
41
25-26
24-30
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S2-1.1
S2-2.1
S2-3.1
S2-4.1
S2-5.1
S2-6.2
S2-7.2
S2-8.2
S2-9.2-3
S2-10.2
S2-11.2
S2-12.2
S2-13.3
S2-14.3
S2-15.2
S2-16.3
S2-17.2

section
SECTOR NO. 2
Left side. Cockpit – plating with an emblem image - cockpit
1
Underside plating of the 2nd technical compartment
1
Left side. Lower doorframe no. 821 – cabin crew
1
Right side. Lower part of the 2nd technical compartment plating and
1
front wheels landing gear trunk
Right side. Lower part of the cockpit plating and 2nd technical
1
compartment
Roof above the 1st saloon
2
st
Right side. Plating with windows of the 1 saloon
2
Right side. Above-window plating of the 1st saloon with the “LA”
2
letters
Wreckage with the fuselage underside plating of the 1st baggage
2-3
st
nd
compartment and right side of the 1 and 2 saloons
Left side. Sill plating of the aisle and the 1st saloon
2
Left side. Plating of the 1st baggage compartment and front landing
2
gear struts trunk
Left side. Plating with the 1st saloon windows
2
Right side. Plating of the 1st baggae compartment
3
Left side. Plating with the 1st and 2nd saloons windows
3
Right side. Blinded door no. 822 – 1st saloon
2
Left side. Plating with the left lower part of the doorframe no. 823
3
Right side. Sill plating with the right part of the doorframe no. 822
2

Fig. 2.60 Sector 2.
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frames
5-7
5-14
12-15
12-19
7-14
19-22
15-18
18-19
18-41
14-19
14-19
19-22
32-34
22-26
19-21
33-34
18-19
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SECTOR NO. 3

section

S3-1.3

Left side. Plating of the 3rd technical compartment

3

40-41

S3-2.4

Left side. Lower part of the emergency door no. 827 of the aircraft
cabin
Left side. Upper right part of the emergency door no. 827 of the
aircraft cabin
Left side. Lower part of the emergency door no. 825 of the aircraft
cabin
Roof of the left side 2nd saloon and galley
Left side. Sill plating of the 1st saloon

4

47-48

4

47-48

4

44-45

3
2

27-31
17-19

S3-3.4
S3-4.4
S3-5.3
S3-6.2

Fig. 2.61 Sector 3.

126

frames
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S4-1.1
S4-2.3
S4-4.4

SECTOR NO. 4
Left side. Central part of the door no. 821 – cabin crew
Right side. Door no. 824 – galley
Left side with windows, upper emergency doorframe no. 825 and
aircraft cabin roof

Fig. 2.62 Sector 4.

127

section
1
3
4

frames
13-14
31-33
41-49
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S5-1.1-2
S5-2.4
S5-3.3
S5-4.3
S5-5.4
S5-6.3
S5-7.1
S5-8.2
S5-9.1

SECTOR NO. 5
Roof above the aisle between cockpit and the 1st saloon
Left side. Upper part of the emergency door no. 825 of the aircraft
cabin
Roof above the galley with ventilator
Roof above the right side – the 2nd saloon
Left side. Upper emergency doorframe no. 827
Roof above the 1st saloon
Roof above the cockpit
Left side. Plating above the 1st saloon windows
Left side on the level of stringer no. 6

Fig. 2.63 Sector 5.
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section
1-2
4

frames
12-15
44-45

3
3
4
3
1
2
1

31-33
29-30
47-48
22-24
8-9
18-19
10-11
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S6-1.4
S6-2.3-4
S6-3.4
S6-4.6

SECTOR NO. 6
Right side. Plating between windows and floor of the 3rd saloon
Left side – windows
Roof above the 3rd saloon
Right flap of the compartment in the middle engine no. 2

Fig. 2.64 Sector 6.
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section
4
3-4
4
6

frames
41-42
39-40
41-43
78-83
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S7-1.1
S7-2.2
S7-3.2
S7-4.2
S7-5.3
S7-6.3
S7-7.6
S7-8.3
S7-9.5
S7-10.6
S7-11.6
S7-12.6
S7-13.6
S7-14.6
S7-15.6
S7-16.6
S7-17.5
S7-18.4
S7-19.3
S7-20.6

SECTOR NO. 7
Left side. Lower part of the door no. 821 – cabin crew
Left side. Frame with plating – aisle between cockpit and the 1st saloon
Left side. Plating with the window and part of the “E” letter – 1st saloon
Roof above the left side 1st saloon with part of the “ZPOS” letters
Roof above the galley with part of the “K” letter
Left side. Sille plating of the 2nd saloon and 1st baggage compartment
Tail part with the engine no. 2 and fixing of the engines no. 1 and 2
Left side – windows
Front part of the pylon nacelle with the front flap of the left engine no. 1
Steering wheel rim of the low compression in the left engine no. 1
Steering wheel of the low compression in the left engine no. 1
Steering apparatus and low compression impeller of the left engine no. 1
Low compression impeller of the left engine no. 1
Casing of the steering apparatus of the low compression impeller of the left
engine no. 1
Low compression impeller of the left engine no. 1
Left engine no. 1 with back part of the nacelle and flaps
Overhead compartment board between rows 15 and 18
Left side. Emergency door no. 825
Left side. Plating under the doorframe no. 823
Left flap of the compartment in the middle engine no. 2

Fig. 2.65 Sector 7.
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section
1
2
2
2
3
3
6
3
5
6
6
6
6
6

frames
12-14
17
18-19
19-22
30-31
24-28
67-84
28-30
64-66
-

6
6
5
4
4
6

54-59
44-45
35-36
78-83
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SECTOR NO. 8
Right side. Cockpit – plating with an emblem image – cockpit
Right side. Cockpit – upper part of the plating
Roof and the right side. Cockpit – upper part of the plating
Right side. Cockpit – upper part ofn the plating
Roof above the right side – saloon no. 1 and 2
Right side. Plating between roof and windows of the 3 rd saloon
Wreckage of the underside plating of the 2nd baggage compartment with right
side with aircraft cabin roof turned outwards and left side with aircraft cabin
roof turned outwards. The roof above right side contained upper emergency
doorframes no. 825 and 827
S8-8.4
Right side. Emergency door no. 828 – aircraft compartment
S8-9.2
Roof above the right side – 1st saloon
S8-10.5
Air inlet casing of the right engine no. 3
S8-11.5
Air inlet casing of the left engine no. 1
S8-12.5
Pylon with the inner flap of the left engine no. 1
S8-13.5
Left side of the air inlet casing of the engine no. 2
S8-14.6
Steering apparatus nosecap attached to engine no. 3
S8-15.6
Left side plating
S8-16.6
Left side plating
S8-17.6
Steering wheel of the low compression in the left engine no. 1
S8-18.2
Roof above the aisle between cockpit and 1st saloon
S8-19.1
Roof above the left side and window of the 1st pilot
S8-20.3-4 Right side. Plating above the windows of the 3rd saloon
S8-1.1
S8-2.1
S8-3.1
S8-4.1
S8-5.2-3
S8-6.4
S8-7.4-5

Fig. 2.66 Sector 8.
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section
1
1
1
1
2-3
4
4-5

Frames
5-7
8-15
7-13
8-11
20-24
41-43
43-66

4
2
5
5
5
5
6
6
6
6
2
1
3-4

47-48
20-21
62-64
62-64
64-66
62-64
64
67-71
69-72
16-18
6-7
39-41
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S9-1.3-4
S9-2.3
S9-3.3-4
S9-4.3
S9-5.2-3
S9-6.4
S9-7.4
S9-8.4
S9-9.4
S9-10.1
S9-11.4

SECTOR NO. 9
Roof above the right side – 3rd saloon
Roof above the right side – galley and 3rd saloon
Right side. Plating with 3rd saloon windows
Roof above the passengers door no. 823
Left side. Sill plating of the 1st and 2nd saloons and of the 1st baggage
compartment
Roof above the aircraft cabin
Right side. Emergency door no. 826 – aircraft cabin
Left side. Part of the rib no 3P of the central wing section
Left side. Rib no. 3P of the central wing section between 1 and 2 spars
Right side. Cockpit – upper part of the plating
Right side. Plating with windows

Fig. 2.67 Sector 9.
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section
3-4
3
3-4
3
2-3

Frames
38-42
31-38
39-41
34-36
19-25

4
4
4
4
1
4

46-48
44-45
41-42
41-46
7-9
41-42
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SECTOR NO. 10
S10-1.2 Right side. Plating above the window – wardrobe between crew
toilet and 1st saloon toilet
S10-2.3 Roof above the galley
S10-3.5 Roof above the right side – aircraft cabin, toilet
S10-4.5 Right side with the emergency door no. 830 – aircraft cabin, toilet
S10-5.4 Roof above the public aircraft cabin
S10-6.3 Left side. Plating of the 1st baggage compartment with the lower
doorframe no. 823 – aircraft cabin
S10-7.3 Left side. Sill plating of the 2nd saloon and galley
S10-8.5 Front part of the pylon nacelle with the flaps of the right ngine no. 2
S10-9.6 Engine no. 3 fixed to the fuselage (section 6)
S10-10.5 Roof above the right side – aircraft cabin
Fig. 2.68 Sector 10.
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section
2

Frames
15-17

3
5
5
4
3

30-32
61-66
60-66
42-43
31-37

3
5
6
5

27-33
64-66
64-75
61-62
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S11-1.3
S11-3.4
S11-4.4
S11-5.5
S11-6.5
S11-11.6
S11-12.6
S11-13.6
S11-10.4
S11-11.2

SECTOR NO. 11
Right side. Plating with galley windows, 2nd saloon and right galley
doorframe no. 824
Right side. Plating with aircraft cabin windows
Roof above the aircraft cabin
Right side. Plating of the engine no. 2 air inlet
Left side. Plating of the engine no. 3 air inlet
Hydraulic system radiator in the air inlet of the engine no. 2
Hydraulic system radiator in the air inlet of the engine no. 2
Hydraulic system radiator in the air inlet of the engine no. 2
Roof above the 3rd saloon and aircraft cabin
Left side. Plating with 1st saloon window

Fig. 2.69 Sector 11.
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section Frames
3
28-31
4
4
5
5
6
6
6
4
2

42-44
46-50
61-68
61-67
67-70
67-70
67-70
41-44
19-20
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Fig. 2.70 Sector 12.
SECTOR NO. 12
S12-1.3
Roof above the 2nd saloon right side with fragments the “IC” letters
S12-2.3
Left side. Upper doorframe no. 823 - passengers
S12-3.3
Left side. Door no. 823 – passenegers
S12-4.3
Left side. Plating along the right doorframe no. 823 – under the windows
S12-4.4
Left side. Lower emergency doorframe no. 825 – aircraft cabin
S12-5.4-5 Left side. Part of the window plating – aircraft cabin
S12-6.4
Left side. Upper part of the emergency door no. 827 – aircraft cabin
S12-7.5
Right side. Air inlet plating of the engine no. 2
S12-8.5
Right side. Air inlet plating of the engine no. 2
S12-9.5
Right side. Air inlet plating of the engine no. 2
S12-10.5 Right side. Air inlet plating of the engine no. 2
S12-11.5 Left side. Air inlet plating of the engine no. 2
S12-12.5 Left side. Air inlet plating of the engine no. 2
S12-13.5 Left side. Air inlet plating of the engine no. 2
S12-14.5 Roof above the aircraft cabin
S12-15.5 Roof above the aircraft cabin
S12-16.5 Roof above the aircraft cabin
S12-17.5 Left side. Plating of the technical compartment with recorders
S12-18.5 Roof above the left side of the aircraft cabin
S12-19.5 Hydraulic system radiator in the air inlet of the engine no. 2
S12-20.6 Central part of the pylon nacelle of the right engine no. 3
S12-21.6 Back flaps of the pylon nacelle of the right engine no. 3
S12-22.6 Underside of the back part of the engine no. 3 nacelle
S12-23.6 MŁP-14-S recorder
S12-24.6 MARS BM recorder
S12-25.6 Right side of the engine no. 2 bay with a part of frame from bulkhead no. 67
S12-26.6 Fragment of central inner part of nacelle of the right engine no. 3
S12-27.6 Fragment of the first pylon casing of the right engine no. 3
S12-28.5 Roof above the right side of the aircraft cabin
S12-29.4 Roof above the right side of the public aircraft cabin
S12-30.6 Hydraulic system radiator
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Fig. 2.71 Fuselage debris in sectors 1-12.
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2.5. Engine condition117

About 1 to 1.5 s before the fall, while the airplane was still in the air, the left engine
failed; that is, the left engine had zero thrust and RPM during the fall. The other two engines thrust less than 16,000 kG.
The left engine was the most severely damaged. The entire low-pressure compressor
was destroyed and torn out of the engine, the rotor blades were bent or torn out. The rotor of the
first fan was in the best condition - only one blade was torn out, all others were significantly
bent out of shape. This rotor is made of titanium, the others of dural. The blades were also
destroyed, and the engine’s body was torn and thrown away from where the left motor fell. The
left engine was torn away from the tail at the point where the pylons connect to the nacelle. The
pylons come out of the attachment nodes on force frames 67 and 71 of the fuselage (which
were not destroyed) and reach the nacelle frames and the engine suspension force structure
through special rods - thus connecting the tail to the nacelle. The front mount is two brackets
located on the engine body cover separating the low and high pressure compressor. The rear
suspension is located on top of the rear body belt in the region of the low and high pressure
turbines. Both belts are made of titanium.

Fig. 2.72 Left engine

117

Appendix 14 to the Report: Engine condition; Annex 16 to the Report: Expertise of the operation and destruction of engines
D-30KU-154 series II.
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..
Fig. 2.73 Internal damage to the left engine.

The right engine still had a near nominal RPM in the last phase of flight and detached
from the tail earlier, probably in the air. It is confirmed by the recorders in the final phase of the
flight, by numerous photos from the wreckage, not analyzed by the previous Commissions, and
by the testimonies of the witnesses discussed in another part of the report. The uncontrolled
flight in the final phase and the explosion-induced rapid evolution of the detached tail section
with the engines, combined with angular changes of the axis of the rotating engine part, caused
the occurrence of large gyroscopic moments from the rotation.
Gyroscopic moments were largely an additional cause of the detachment of the right
engine from its mountings in the nacelle and its fall earlier than the fall of the tail section with
the left and middle engines.
The middle engine was in the best condition. The outer engine nacelle was replaced by a
stronger structure - the fuselage of the tail section, more protective for the engine, in addition, it
was further away from the explosion sites and protected by a decompression shield. On the
basis of the photos taken by the team of Polish specialists already on the crash site, before the
wreck was turned from the upside down position, it can be stated that it was neither dirty nor
deformed to the same extent as the other ones. Endoscopic observations detected a white
coating, which is the residue of melted aluminum, similar to other engines. Russian experts
detected a "piece of sheathing" inside the middle engine (WNA region).
Thus, the destruction of the engines, caused by the explosions, which began just behind
the BRL, contributed to the destruction of the entire aircraft and the death of all passengers,
although this was not the primary cause of the tragedy. The main cause was a series of
explosions, including - the last one, tearing the plane apart in mid-air over the beginning of the
later wreckage.
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Fig. 2.74 „White coating”.

2.5.1. Forces separating the tail from the rear fuselage118
During the last seconds of the flight of Tu-154M at the height of 15-10 m above the
ground, with a velocity of ca. 260 km/h, the speed of descent of ca. 12 m/s and the inclination
of the flight path in relation to the ground of ca. 6-10 degrees, there was another explosion in
the plane of enormous force, destroying the plane already in the air just before the fall.
The effect of this explosion were: death of passengers and crew, dismemberment of the plane,
scattering the debris on the wreck site and tearing the tail off the fuselage.
Decompression chamber design and tasks
The basic strength elements of the fuselage are the frames, stringers, longitudinal
beams, front landing gear compartment and sheathing.

Fig. 2.75 Lay out the frames along the fuselage of the aircraft.

The fuselage of Tu-154M is divided into three basic parts. The front part - up to frame
19, the middle part - between frames 19 and 66, the tail part - from frame 66 to the end. Here
we will concentrate on the tail section.
The position of frames 66, 67, 67a and 73 is important. The tail section can be
considered as the one beginning with frame 66. The first three listed here are close to each
other and frames 67 and 67a are practically in one section. Frame 67a is actually the
decompression shield. Behind it the pressure in the fuselage is the same as the surrounding
118

Appendix 15 to the Report: Forces pulling the tail of the airplane off the rear fuselage.
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pressure. In front of it, up to the area of frame 4, the pressure necessary for passengers and
crew is maintained.
These frames which transmit loads from the mid-plane, i.e. the lifting force of the aircraft,
up to the engine suspension starting at frame 66, as well as loads from the tail-plane and engine
thrust. These are force frames, carrying high loads, specially reinforced. Therefore it is strange
that the tail was cut off from the fuselage at frame 66 before hitting the ground. The explanation
why this happened and what forces caused it is crucial for the assessment of the course of
events.

Fig. 2.76 Diagram showing fuselage skin thickness with framing locations marked. In the drawing Д16
means duralumin material of which fuselage skin, frames and stringers are made.

Some of the frames in the series are of particular importance - frames 67, 67a, 71 are the
most heavily loaded with load in the tail section.

Fig. 2.77 Construction of the tail section of the aircraft fuselage. No. 28 is the decompression bulkhead
of round and convex shape, made of duralumin with rivets. This bulkhead is considered as frame 67a.
Frame 67 (marked with indicator 29) is reinforced in the center by a crossbeam to which the forward
nodes of the side engine mounts (No. 25) are attached. Similar is the rear side engine mount (node 21)
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associated with frame 71. Frame 66 is indicated by No. 30. No. 17 indicates the pylon, No. 27 the shield
profile, and 27 are the stringers, No. 9 is the rudder and elevator mount base structure.

Fig. 2.78 Frame 67 - final frame of passenger cabin pressure area. 1 - frame flange (wall), 2 - side
engine mounting node, 3 - frame flange, 4 - forged node, 5 - horizontal beam.

The tail of an aircraft consists of the decompression portion of the fuselage and the vertical
and horizontal tailplane.

Fig. 2.79 The tail of Tu-154M no. 101, 10.04.2010, Okęcie airport, just before the departure to
Smolensk.

The decompression plate (not visible here) in the tail is just behind the engine intakes
and rear emergency exits.
The middle engine S2 is built in the decompression part, and pylons holding the left
engine S1 and the right engine S3 are located on the sides. The tail is separated from the
passenger cabin by a decompression plate (pressure bulkhead) installed in frame 67a. Frame 67
and 67a in a way overlap each other in one plane, perpendicularly to the fuselage axis. Between
the mid-engine and the decompression plate there is still a rear technical compartment where
various units are mounted, including the auxiliary engine TA-6A. The side engines weigh 3190
kg each and the middle engine 2785 kg. The tail without the tailplane weighs over 12 tons in
total, and is 545 cm long.
The rear of the fuselage is approximately 380 cm diameter measured at the
decompression frame. The decompression plate protects the rear passenger cabin and pilots
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from pressure drop when the aircraft is airborne. The aircraft, flying at an altitude of more than
10 km, is in a highly diluted atmosphere with a pressure close to 0.15 atm. It is assumed that
the difference in air pressure inside the cabin and outside the aircraft at this altitude can reach
0.8 at.
The decompression plate must therefore protect the space where people are present from
the low ambient pressure, i.e. transfer the force p x F. With a fuselage diameter of 380 cm, its
cross section F = (π x D2) / 4 = 113 411 cm2. With a pressure difference of 0.8 at, it thus
transmits a force of 90,683 kg, or more than 90 tons. In aeronautical structures, safety
coefficients are used, which significantly deviate from the strength of the structure. Thus, the
structure should withstand the pressure difference between the passenger cabin and the
environment at altitudes at which the aircraft can fly safely. Thus, the decompression plate
should be able to withstand loads well over 90 tons.
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Fig. 2.80 Three rows of rivets on the fuselage skin transitioning to the tail, i.e., on frame 66. The front of
the aircraft is on the left and the rear is on the right. Right: fixing the number of rivets on the tail
perimeter of Tu-154M No. 102, 10.11.2016.

The antenna is just forward of frame 66. The skin construction uses semi-curved and
countersunk rivets. Semi-circular-headed rivets hold the skin tighter, which is a factor in the
design, although they do increase the aerodynamic drag of the fuselage.
After removing the heat shield we could see the structure of the airframe from the
inside, it is shown in the next pictures. The fuselage skin is also fixed with stringers, which
significantly increases the force needed to cut the rivets holding the skin, as it just happened in
the Smolensk crash.
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Fig. 2.81 After removing the covers on Tu-154M No. 102, the construction of frame 66 and the pressure
bulk can be seen.
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Fig. 2.82 Right side of frames 66 and 67. Frames in the Tu-154M are mostly placed every 50 cm, here
the distance between frames 66 and 67 is shorter.
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Stringers attached to frame 66 by steel screws come out of that frame. These short stringers
are connected by six rivets to the sheathing attachment stringers. The rivets connecting the
stringers are larger in diameter than rivets binding the skin. Also, the stringers are much thicker
than the sheathing. The short stringers protruded from frame 66, as can clearly be seen in fig.
2.83, 2.84, 2.85.
On the other side of frame 66 there are short stringers connecting it to frame 67.

Fig. 2.83 The short stringer coming from frame 66, connected to it with two screws, is connected with 6
rivets to the long stringer going to frame 65. Those rivets have diameters of 6,5 mm and 5 mm.

Fig. 2.84 Frame 67a – in the case of short stringers the first and last rivets are smaller in diameter than
the middle ones.
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Fig. 2.85 Measurements of the short stringer coming out of frame 66 for initial determination of rivet
diameters.

Situation on the crash site
Simulation performed by NIAR presents a situation essentially different from the situation
on the crash site. One can say that it describes a completely different catastrophe than it was in
MAK and Miller's reports. These differences concern not only the destruction of the plane's tail,
but also detachment of both side engines from the tail much earlier than it is visible on the
crash site. The left engine broke away first, and the middle engine swung out of the hatch
almost 90 degrees.
Data on materials used in the construction of the aircraft skin
In the construction of the airframe of the Tu-154M aircraft, aluminum alloys (D16, B 95,
AK6 and Aλ19), magnesium alloys (Mλ5 and MA8) and steel (30HGSA and 30HGSNA)
were used.
D16 is a duralumin (2XXX group alloy) containing alloying additives: Cu 3.8-4.9%, Mg
1.2-1.8% and Mn 0.3-0.9%. Its Polish equivalent is PA7.
It was determined for the calculations that the number of rivets attaching the skin to
frame 66 was in successive rows as in Table 2.5 below:
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Row
1
2
3
total

At a section
10.85cm
5
8
9

of Distance between rivets
cm
2,17
1,36
1,21

Number of rivets
circumference in a row
Pcs.
550
880
990
2420

per

After more detailed measurements, it was determined that these rivets have shank
diameters of 4.5 mm, so the rivet cross section is π x d2 / 4 = 15.904 mm2. The shear force on
the rivet at Kt = 290 MPa is F = Kt x Sn = 290 x 15.90 x 10-6 = 4612 newton, or 470.16 kG.
With the calculated number of rivets being 2420, it is 1,138,170 kG, which in terms of
pressure is 10.036 at. 1 MPa = 1 N/mm2
In addition, considerable force was required to cut rivets of the stringers protruding
from frame 66. These had 6 rivets each connecting them to another stringer in the shape of an
bevel to which the cover was riveted. The rivets in these stringers were of two sizes, the outer
ones had a shank diameter of 5.0 mm and the inner ones 6.5 mm. They were more difficult to
cut, but there were far fewer of them. Based on the visual inspection of the Tu-154M No. 102
the number of rivets was established at 64. The calculations were made using the same method
and the results of both lists are given in Table 2.5.
A force of 1,463 Tons is required to detach the tail. Let us compare this to the maximum
take-off thrust developed by three engines, equal to 31.5 tons. Such a force could be provided
neither by aerodynamic disturbances, nor by moments of inertia or gyroscopic moments, nor by
overloads caused by the fall on the ground. And this is only the mass of the tail and without the
right engine. And this is the minimum force needed to cut the tail off from the fuselage - in
reality it could be much higher. Only another source of energy can be considered here. This is
undeniable evidence of a high-energy charge explosion in the aircraft..
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Table 2.6 Results of calculations of the minimum force causing the tail to be cut off from the
fuselage

Number
rivets

of

Crossɸ rivet section

Kt End.

Shear force

Shearing
force

MPa

N

kG

D of the
fuselage pressure
cm

at kG/cm2

szt
Cover

mm

mm2

2420
Stringers

4,5

15,9043 290

11161637,30 1138170,24 380

10,03577

128

5

19,6349 290

728848,88

74321,90

380

0,65533

33,1830 290

2463509,21

251208,03

380

2,215016

3192358,09

325529,93

256
6,5
Total
from
stringers
Total
from
stringers and
cover

14353995,40 1463700,16

2,870346

12,90611

Analyses
This calculated pressure could have torn the fuselage along its axis, as just observed in the
wreckage.
Tearing strength of duralumin D16 is 441 - 481 MPa.
The 1.5 mm thick covering has a cross-sectional area around the circumference of the
fuselage of 179.07 cm2.
The tearing force across the fuselage would therefore be 441 x 106 [N/m2] x 17907 [mm2] =
441 x [N/m2] x 7,896,987 [mm2] = 7.896.987 newtons, or 805.268 kG - almost twice the force
required to tear off the tail calculated above.
However, pressure tanks tear along the axis of the tank to the sides because there the
strength is twice as low. With this thickness of skin and no skin reinforcing elements against
longitudinal tearing, it should occur first, before transverse tearing.
The calculations given here support the possibility that the tail may have detached due to
blast pressure, as observed at the crash site.
Those calculations also confirm the possibility of fuselage rupture along its axis.
Both of these destructions occurred in reality and were observed and documented, as
evidenced by the fuselage destruction condition. Thus, it was the internal explosion in the
fuselage that destroyed the Tu-154M and caused the deaths of those flying the aircraft.
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Fig. 2.86 Tail section on wreckage with fasteners torn out at frame.

2.6. Flaps
From the evidence available to the Subcommittee, it appears that the wing flaps,
located on both wings, between the fuselage and the left main landing gear hatch, were in
a 36 degree angle setting, while the wing flap sections, located immediately behind the
main landing gear hatch, on the detachable part of the right and left wings, were in a 28
degree angle setting.
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Fig. 2.87 Flight Control System Tu-154M.
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Positioning of left wing flaps

Fig. 2.88 Arrangement of the centerwing flaps and left wing flaps on 12.04.2010. Photo on the left Russian materials, and an enlargement of a fragment of a KBWL LP photo (on the right), with uneven
position of two flap sections on the left wing and the centrewing, marked by the Subcommittee. The
variation in the angle of deflection can be seen.

By measuring the lengths of the flap drive bolts (fig. 2.89), on the twin Tupolev No.
102, in individual locking positions, the Subcommittee determined that the first, left flap
section, located between the main landing gear hatch and the fuselage of the airplane was set in
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the locking position of 36 degrees, while the second section located behind the main landing
gear hatch, toward the detachable part of the wing, was set in the locking position of 28 degrees
(fig. 2.88).

Fig. 2.89 Lengths of the flap drive screws with the number of visible coils, corresponding to particular
angles of the flaps setting in the Tu-154M airplane. Subcommittee photo.

The subcommittee determined that the 28-degree angle for the flap located in the
detachable portion of the left wing was set even before the left wing tip was torn off.
The first part of the damaged, end screw of the left flap section was found in the area in
front of Gubienko Street, at a distance of 838 meters from the eastern threshold of the runway
of the Severny airport in Smolensk and 53 meters from its axis, and at a distance of 26.5 meters
from the broken birch tree in the Bodin plot, in the direction to the right of the flight path of the
aircraft (fig. 2.90).

Fig. 2.90 Location of the fragment of the last screw of the left flap section at the site of the crash on
10.04.2010.

The photographic documentation, taken by Russian services during the inspection of the
scene, is shown Fig. 2.91.
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Fig. 2.91 10.04.2010 evening hours (left), and 11.04.2010. (on the right). Photo: The Prosecutor's
Office of Russia.

In the available photographic documentation, the location and appearance of the screw
has not been modified, and the counted number of visible coils is 20. The other part of the left
flap section from the same location is at the detached left wing tip. The measured number of
coils of the left flap section propeller fragment remaining at the left wing tip is 40 (Fig. 2.92).

Fig. 2.92 Measuring the number of propeller turns of the left flap section. A frame from the Military
Prosecutor’s office photo.

Hence the total number of propeller coils, on both portions of the propeller, is 60, which
corresponds to an angle of 28 degrees for the left flap section on the detachable part of the
left wing.
Right wing flap position
The subcommittee determined that the repositioning of the right wing flap, on the right
centrewing, located between the fuselage and the hatch of the right main landing gear, occurred
on 11/04/2010.
This element on 10/04/2010 and the morning of 11/04/2010 was at 36 degrees (Fig
2.93).
On 11/04/2010, the position of the flaps was changed by turning the flapper drive screw
and setting it to a 45 degree angle (Fig. 2.94)
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The change of the angle to the "landing" position (45 degrees) was not justified due to
reasons of analysis and finding corpses on the right centerwing (On 10 April the corpse of one
of the passengers was removed from the space between the flap and the wing. During this
operation the position of the flap on the right centerwing was not changed).

Fig. 2.93 Right flap before repositioning, position 36 degrees. Photo: Prosecutor's Office of the Russian
Federation.
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Fig. 2.94 Russian servicemen during repositioning of the right centerwing flaps on 11.04.2010 and the
right centerwing flap after repositioning - position 45 degrees. Photo: the Prosecutor's Office of the
Russian Federation.

The picture from 12.04.2010, i.e. after the Russians had repositioned the first section of
the right wing flaps, shows a difference in the position angles of both sections of the right wing
flaps (Fig. 2.95). This indicates that the second section was set at an angle not only less than
45 degrees, but less than 36 degrees.
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Fig. 2.95 Positioning of both sections of the right wing flaps on 12/04/2010.
Confirmation of the angular position of the second section of the right wing flaps is provided by
photographic evidence, taken by KBWL LP on 12.04.2010; the photo shows a trace on the screw after
its unscrewing on 11.04.2010 by the Russians to obtain a different angle of the flaps (the screw in this
place has a darker shade from fresh grease). The remaining part of the screw before it was unscrewed
had 60 coils, which corresponds to an angle of 28 degrees (Fig. 2.96, Fig. 2.97).

The removal of the screw did not cause an angle adjustment of this fragment of the
second flap section of the right wing, but, due to the flap damage, only its deflection, which is
clearly indicated by the difference in the size of the gap between the flap surface, in the place
near the left main landing gear hatch, and the gap between the flap surface, in the place of the
flap guide fairing.

Fig. 2.96 Second section of the right wing flaps. Location of the flap drive screw and the bend of the
flap after turning the screw by Russians. Photo: KBWL LP, 12.04.2010.
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Fig. 2.97 Number of coils of the propeller of the second section of the flaps of the right wing, including
the fragment removed by Russians on 11.04.2010. Frame from photo by KBWL LP.

Additional evidence confirming the setting of the flap angle of the second section of the
right wing at 28 degrees is the length of the propeller of this flap section, visible on the
detached left wing. This element was also photographed on 12.04.2010. Due to the damage to
the wing, the position of this propeller remained intact. The number of visible coils
corresponds to an angle of 28 degrees (Fig. 2.98, Fig. 2.99).

Fig. 2.98 Photographs by KBWL LP showing the right wing with the screw marked.
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Fig. 2.99 The flap drive bolt for the second section of the right wing. Fot. KBWL LP.

Manipulation of flap position indicators
The Subcommittee found that there had been a manual repositioning of the flap position
indicators, including an indication of the position of both the left and right flap sections. In the
photograph, dated 12/04/2010, the left wing flap position indicator shows the number 30, and
the right wing indicator is below this number. The photo, dated 21/09/2011, shows signs of
tampering and a change in the position of the indicators (Fig. 2.100).

Fig. 2.100 Position of the flap position indicators 12.04.2010. (photo on the left) and 21.09.2012. (photo
on the right) - Russian materials.

Conclusions
1. The fixed position of the flap drive mechanism of the second section, located on
the detachable parts of the right and left wings, is 28 degrees, and the first
section of both wings is 36 degrees (Fig. 2.101).
2. The Russian side, prior to the arrival of the commission to investigate the air
accident, adjusted the first section of the right wing flaps. The flap position
indicators were also changed..
3. No documentation confirming the original location of the first section of flaps
(between the main landing gear hatch and the fuselage) on both wings
4. The setting of the flaps to an angle of 28 degrees occurred before the left wing
ending broke off, during flight.
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Fig. 2.101 The position of the flaps on the wreckage determined by the Subcommittee

2.7. Explosives on aircraft wreckage
Tests carried out in Polish, British and American laboratories proved the presence of
explosives on the wreckage of the Tu-154M plane No 101 and on the parts of the Tu-154M
plane No 102. It also concerns the presence of explosives on the fragments of the plane
identified by the Subcommittee as those which were in the center of the explosion. The
presence of RDX (hexogen), PNT (pentrite), TNT (TNT) was established. The research was
conducted on samples collected in 2011-2012 by a team of Polish and Russian experts under
the leadership of the Prosecutor's Office.
These results are one of the essential proofs, determining the characteristics of the
catastrophe of Tu-154M on 10.04.2010. At the same time it was stated unequivocally that in the
ground of the wreckage there were no traces of explosives which could have come from the
military actions which had taken place earlier. It is also impossible that the traces of explosives
were the result of transporting soldiers who took part in battles or military exercises because
their presence would have to be proven by pyrotechnic checks carried out before each VIP
flight.
The presence of explosives on the wreckage of Tu-154M, both on the seats and the
aircraft's skin, was confirmed by detailed analyses of the reports of the Central Police Forensic
Laboratory made by the Subcommittee. Also the laboratory in Kent subordinated to the
Ministry of Defence of the Great Britain confirmed the presence of explosive materials on the
fragments of the aircraft’s fuselage. On the order of the National Prosecutor’s Office, the
evidence taken by prosecutors in Smolensk was examined there. The results were unequivocal:
traces of TNT (TNT), as well as hexogen (RDX) and pentrite (PNT), materials used in the
construction of explosive charges, were found on the remains of Tu-154M.
The subcommittee checked whether explosives had been detected on any of the parts of
the plane that were destroyed by the explosion during scientific investigations. Special attention
was paid to the explosion in the centerwing and left cabin side. The test results were analyzed
and cross-referenced with the swab information and verified the sample numbers from the
analytical work, starting from September 2012 in Smolensk, to the recent tests in the
laboratories of our NATO allies. The presence of one of the most dangerous explosives used by
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terrorists, i.e. hexogen, was confirmed on the remains of the fragment of the left side behind
door number 823, where the Subcommittee had earlier located the explosion, and also on the
fragment of the middle part of the left side of the cockpit. In both cases the Polish and NATO
laboratories confirmed the presence of RDX on the internal surfaces of the examined fragments
of the Tu-154M No 101 aircraft.
Separate tests were conducted on the basis of swabs taken by the Smoleńsk
Subcommittee from parts of the airplane which were exchanged by Russian technicians
between Tu-154M No. 101 and Tu-154M No. 102 in 2009 during the overhaul. In this case, a
laboratory in the USA detected the presence of TNT apart from hexogen. It should be added
that this was a part which, apart from the renovators of the plane, no one had unscrewed –
traces of TNT were found inside it.

Fig. 2.102 Traces of explosives (RDX) found on the inner surfaces of two skin fragments of the left
fuselage skin of Tu-154M No. 101, examined by Polish specialists and confirmed by the laboratory in
Kent.
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2.7.1. Explosive experiments119

The subcommittee conducted a number of research experiments with the use of explosives.
Particularly important were experiments on 1:1 scale models of a wing fragment with
simulation of aerodynamic forces and 1:1 scale models of the passenger part of the Tu-154M
airplane. All this to understand the mechanism of the structure destruction.
 Research on the explosive properties of jet fuel and explosives in the centrewing
included a number of works with the participation of experts and institutions (e.g. the
Main School of Fire Service - Department of Combustion and Explosion Processes
Theory, Military University of Technology, Scientific and Research Centre for Fire
Protection, Military Institute of Armour and Automotive Technology, Central Mining
Institute) in the field of research on the explosive properties of Jet A1 jet fuel and
explosive conditions. The research on the explosion of the fuel-air charge of 1.5 dm3 in
the object imitating the passenger space of the airplane leads to the general conclusion
that the damage to the airframe structure observed in Smolensk could not have been the
result of the explosion of the airplane fuel.
 Subsequent experiments - thermobaric explosions in an object imitating the passenger
space, carried out by the Subcommittee on a 1:1 scale model of the passenger part of the
Tu-154M airplane, show that a disintegration like the one observed in Smoleńsk can be
the effect of detonation of explosive charges. The whole construction works on the
model were realized by Military Aviation Works No. 1 in Lódź, with the use of
materials and construction solutions, which faithfully reflect the cross-section of the
fuselage (a part of the passenger space) over the centrewing of Tu-154M. The
detonation of a thermobaric charge placed in the object imitating the passenger space of
the Tu-154M caused a total destruction of the structure and the fuselage skin. At the
same time it created debris of different sizes and scattered at different distances (the
detailed distribution of the debris is contained in a separate report - report from the
examination, which is an appendix 27 to this Report). Some of the debris were rammed
into the ground, which indicates a high energy and falling speed (the measurement of
the speed of debris is described in a separate report). Despite the magnitude of the
phenomenon, the recording with a high-speed camera made it possible to conclude, in
accordance with the theory of the course of the thermobaric charge explosion, the
generation of a long-lasting pressure wave of moderate intensity. It can propagate along
long and closed structural elements, as evidenced in the case of the experiment by the
overall ejection of the rear vertical wall of the object, similar to the ejected tail section
in the Smolensk case. The floor of the facility was fragmented with damage to the steel
frame. The seats were torn from their structural attachment and moved into the tail
section, and the seats were destroyed. There were also observed elements of the
fuselage skin completely devoid of rivets attaching the sheet metal to the frames and
stringers, corrugation of the sheet metal of the skin and a characteristic effect of tearing
off the connection of the stringers between the frames, found in the tail section of the
Tu-154M No. 101 airplane on the photos from the wreckage.

119

Extension in the Appendix 27 to the Report: Explosives on Tu-154M No. 101. Studies, experiments, analyzes

162

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Fig. 2.103 Thermobaric charge explosion in a model of the passenger section of an aircraft.

Experiments on 1:1 scale models of the wing fragment with simulation of aerodynamic
forces were an important area of research. The aim of the research was to determine the
possibility of placing a linear explosive in an object imitating a fragment of the left
wing caisson of the Tu-154M aircraft. The objective was also to observe the effects of
detonation of the charge in the fuel. For the purpose of the research, a model was
constructed in 1:1 scale, which is a part of the left wing tank caisson, reproduced from
Tu-154M No 102. The object was constructed at the aviation plant from materials and
according to procedures used in the aviation industry. The applied linear explosive
charge with simulation of aerodynamic forces made a complete cutting of the object
into two parts. At the same time, fuel ignition, but not detonation, was observed, and the
remaining fire foci after detonation were related to the ignition of residual fuel and
internal sealant and left small traces of drenching. The post-detonation model
breakthrough exhibits features characteristic of explosive detonation, including irregular
curved edges in the direction of the shock wave action, so-called post-detonation curls.
Studies have shown that the explosive used can be concealed and masked by a sealing
agent, protecting it from the fuel and making it difficult to detect. Detonation can be
initiated by an explosive external to the caisson's interior space. Experimental tests on a
model of a tank caisson allowed to observe characteristic traces of explosive activity
visible also in the Smolensk case. In addition, after the explosion, tests were carried out
using explosive trace detection equipment, which showed the presence of explosives RDX and PETN - on fragments of the model.
 The analyses concerning human remains were based on experimental studies on the
effects of detonation of different explosives in different environmental conditions on the
human body, using models of ballistic soap blocks, ballistic gel, bone models, and
mannequins, conducted with forensic medicine experts from the Medical University of
Lodz. The experiments produced a very diverse picture of the effects, sometimes no
changes were observed at all, sometimes they were intensified. It was confirmed that
the closer to the explosion site, the more extensive and more numerous the post
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traumatic changes are. Post-traumatic changes were also confirmed to occur as a result
of each of the mechanisms (post-traumatic changes can be caused by: blast wave,
shrapnel, body displacement and secondary impacts, fireball effect), although they
usually occur rather in single cases in a particular explosion.
All the work described above was carried out in cooperation with Polish scientific institutions,
European experts and leading global research institutions. Detailed research results can be
found in separate reports included in the appendices to the Report: Explosives on Tu-154M No.
101. Studies, experiments, analyzes.
2.7.2. Simulation of the explosion in the wing
The purpose of this study was to approximately recreate the experimental explosion in a
mock-up of a wing fragment. The physical properties of this mock-up are known, as are the
properties of the explosives used. The main tool of the study was the Finite Element Method.
We had to deal with two explosives: a strip of material placed inside the mock-up along with a
residue of jet fuel, which under certain conditions can behave like a "fuel bomb". The authors
of the experiment tried to avoid detonation and to maintain conditions conducive to
deflagration (slower burning) of the fuel. Under these circumstances, it is difficult to say in
advance which of the two materials contributed more to the decay than the other.
Model with fuel only
The results of the explosive decay should, if possible, give a similar result to the
experiment. To approach this goal, we first estimate the effects of the fuel itself, initiated by a
small explosion. We assume that deflagration rather than detonation of the fuel will take place.
The effects of such an explosion can be modified either by the initial pressure or by the
assumed energy content of a unit volume of fuel.

Fig. 2.104 All walls (final ribs and beams) and cover are destroyed. Bottom cover separated from the
rest. The blue plate symbolizes fuel.
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Comprehensive solution
The ALE method was used as the one giving more realistic results than the Lagrange method. It
is then necessary to create a lump of air meshed in a manner consistent with the meshing of the
explosive.

Fig. 2.105 Rectangular representation of an explosive strip against a fuel plate background.

Fig. 2.106 Advanced stage of destruction in the presence of high tensile forces.

Summary
The simulation performed showed general agreement with the results of the physical
experiment. As usual in such cases, there are significant local differences.
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2.7.3. Hypothesis of the course of the explosion in Tu-154M

In September 2017, during the reconnaissance of the twin Tupolev at the military unit in
Minsk Mazowiecki, a possible scenario of planting a bomb (explosive device) in the wing was
outlined.
In the place of the breakthrough (rupture) on the underside of the left wing, a hatch is
locted, the opening of which requires to unscrew four screws with a flathead screwdriver (this
activity takes several dozen seconds). After opening, it was assessed that there was enough
space to place the parts of the explosive device, i.e.: the power supply module, the executive
module and the initiating module (electric detonator with an indirect detonator transmitting the
explosive reaction through the aluminum sheet to the material placed in the tank caisson of the
wing). This was a significant breakthrough because until then the option of an entire bomb in
the wing's tank caisson had been considered, which seemed extremely difficult to accomplish
and inefficient from the beginning. How to place a bomb six months before detonation inside
the wing, with unfavorable environmental conditions? Moreover the time from the planting to
the explosive charge, to the actual explosion would require the use of a power source of large
dimensions. The above solution would mean a risk of revealing such a device during
inspection.
The variant of the bomb consisting of two separate parts (the explosive material
installed half a year earlier during the overhaul in Samara, a separate device initiating the
explosive reaction placed not long before the flight to Smolensk) was in our opinion unusual
and innovative but the most effective and probable. It remained only to prove the theses with
thorougly documented experiments.
Experiments on detaching the wing with an explosive material, faithfully reproducing
the damage found at the crash site, took half a year and were finally successful. It was proved
that it is possible to place an explosive in the wing in such a way that it is invisible and at the
same time effective (it reacts fully in case of an explosion) and stable in time (it could be
successfully planted in Samara and sealed inside the wing for months without reacting with the
aviation fuel). What is extremely important, it was also possible to transfer the explosive
reaction to the material without contact, i.e. the explosive material closed inside the wing could
be triggered from the outside by using a small-sized indirect detonator directly on the structure.
The results of the expertise carried out by the Team, which consisted in checking if the
explosion of the explosive in the way described above could have been the cause of the part of
the left wing falling off just before the catastrophe, will be difficult to question. This is because
there is no other physical phenomenon which could cause a similar destruction of the tested
object. At present, the bomb explosion is the only and most probable cause of the destruction of
the left wing of the Tu-154M in Smoleńsk.
Damages in the fuselage of the plane have a similar character. The conducted
experiments and the analysis of pieces and deformations of the Tupolev's structure point to the
second explosive device placed in the ballast caisson. This bomb caused the most damage.
From a bomb constructor's point of view, the ballast caisson is a problematic place if the
planned explosion is to take place in a few months, but at the same time it is beneficial because
it is impossible to reveal the device during the inspections.
The most reliable solution is to prepare a simple and effective device that is able to
survive for a long period of time in a "stand-by" mode. Considering those conditions, it would
be optimal to use an electrolytic capacitor as a power source. The execution module
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(responsible for transferring the electrical impulse to the detonator) could be a tilting element.
This design provides very high efficiency and resistance to external conditions. In order to
cause an explosion, it is necessary to force the aircraft to tilt in its axis at an appropriate angle.
The detachment of the left wing is closely connected with the explosion in the passenger
space. The cause-and-effect sequence looked as follows: half a year before the crash, during the
overhaul, an explosive material was installed inside the left wing of the Tupolev. Just before the
flight to Smoleńsk, the second part of the bomb was placed in the space under the hatch
described above. At a planned time and place, via a coded radio transmission path, the
explosion of the left wing of Tu-154M was caused. The plane, losing its lifting force on the left
side, began to rotate around its own axis, which in due time led to the explosion of the device
placed in the ballast caisson, causing the main destruction of the aircraft.120
2.8. Reconstruction of the Tu-154M plane destruction

Fig. 2.107 Reconstruction of the plane's flight line based on the location of debris from the area in front
of the birch tree in Bodin's plot to the airport.

Contrary to the opinion by MAK and Miller's report, the Tu-154M No. 101 did not hit
the so-called Bodin birch with its left wing, but lost the tip of the left wing about 100 meters
before it as a result of an explosion in the left wing. Shrapnel from the left wing tip destroyed a
number of trees and bushes in the area north of the Bodin birch, which proves that the plane
flew further north than the trajectories described in the MAK and Miller reports indicate. The
subcommittee concluded beyond reasonable doubt that the birch in Bodin's plot had no effect
on the damage to the Tu-154M's left wing.
This conclusion is confirmed by the wind tunnel experiments conducted by the
scientists from the Institute of Aviation and by the experimental flight of the Tu-154M model in
the scale 1:10 built by the scientists from the WAT, during which 1/3 of the left wing was torn
off. The experiment showed that the detachment of only 1/3 of the left wing would be
insufficient to cause the loss of flight control and rotation of the airplane around its axis.
The analysis of the NIAR simulation assuming that the wing hit the birch tree at the
height of 6 m 75 cm above the ground proves that if the wing had hit the birch tree, the birch
would have been cut with a big dynamic loss at the point of contact, the upper part of the tree
would have been carried several meters forward by the wing and the wing would not have been
destroyed.
120 Opinion
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The detached tip of the detachable part of the left wing has visible characteristic features
of an explosion (post-explosion curls). This fragment of the wing is an indisputable proof of the
destruction caused by the explosion.121

Fig. 2.108 The deformation of the underside skin in the NIAR simulation is opposite to the
actual deformation of that part of the skin seen on the left wing tip. The actual deformations
were caused by the internal pressure in the wing, not by the impact.

121

Source: memo from meeting with chairman of commission investigating causes of MH17 plane crash, expert report by Frank Taylor Fellow Member of The International Society of Air Safety Investigators (ISASI), Forensic Investigation of Explosions, Second Edition, red.
Alexander Beveridge, CRC Press Inc., 2011.
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2.8.1. Factual evidence from the edge of the skin from the detachable part of the
left wing resulting from an explosion

Fig. 2.109 Post-explosion curl view of the underside skin of the detached tip of the detachable portion
of the left wing.

Fig. 2.110 Scale 1:1. The effect of an experiment to cut a model wing with fuel using an explosive.

Macroscopic photographs of the edges of the top and bottom sheathing between the second and
third spars and between ribs No. 30 and No. 31 of the detached left wing OCK tip (Fig. 2.111),
show typical breakthroughs formed during violent tearing of the skin in the immediate area of
the explosion.
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Fig. 2.111 A place in the wing that was pointed out by the Prosecution's experts taking macroscopic
photos.
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Fig. 2.112 The red ellipses mark the photographed places of edge breaks of the top skin. The blue
ellipses mark the photographed places of edge breaks of the bottom skin.

During the violent tearing of the skin, not only curls or blast flakes form, but also
smooth areas of rapid metal breakage and paint cracking (Fig. 2.113)
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Fig. 2.113 Macroscopic photo of the edge of the top skin’s breakthrough with smooth areas of
breakthrough created by rapid metal tearing and a cracked paint and varnish coating peeling away from
the primer paint.

Other classic explosion marks were the alternating inclination of the breakthrough edge
at an angle of about 45 degrees (Fig. 2.114) and the spalling in the thickness of the
breakthrough caused by a strong shock wave acting on the plate (Fig. 2.115).122

122

A. Ziółkowski, O badaniach eksperckich metalowych elementów wraku samolotu Tu-154M, w: Materiały konferencyjne II Konferencji
Smoleńskiej, 21-22 października 2013, Komitet Organizacyjny Konferencji Smoleńskiej, Warszawa 2014, s. 61-74.
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Fig. 2.114 The red and blue arrows indicate alternate cracking of the break edge of the top skin.

Fig. 2.115 Spalling of the metal of the top skin. The arrows show the direction of the splinters.
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The macroscopic photographs documenting the typical destruction of the top-skin,
resulting from the explosion, were taken exactly at the point where numerous post-explosion
curls were present on the bottom-sheathing.
The presentation of explosive deformation of fuselage fractures should be supplemented
with examples of intentional destruction of the structure. One of these was the deliberate
cutting off a torn and externally turned outward section of the top skin of a detached OCzK tip
(Fig. 2.116). This piece was turned up exactly above the post-explosion curls of the bottom skin
and was evidence that a sudden high pressure inside the structure had been created in this
region.

Fig. 2.116 The section of top skin that turned outward from the structure was cut off in such a way as to
resemble a natural tear.
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2.8.2. Left wing tip debris scatter

Many fragments of the detachable part of the left wing in the area of the broken birch
tree in Bodin's plot were found in front of the tree, in an area from 41m north to 17m south ,
perpendicular to the direction of flight and up to 43 m east of the tree.123
Three fragments of the internal structure of the detachable part of the left wing were hanging
from the branches of Bodin's birch tree, which means that they must have been torn from the
inside of the wing at some distance in front of the tree (Fig. 2.117).

Fig. 2.117 Identified fragments of the detachable part of the left wing hanging on 10.04.2010 on the
branches of a birch tree in Bodin's plot.

123

Source: Opinion of the PSF expert group.
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Fig. 2.118 Separation locations of the tip of the detachable portion of the left wing. The red arrows
indicate the locations in the top and bottom skin that were turned outward.
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Fig. 2.119 Debris from stringers turned up on the outside of the structure.

Fig. 2.120 Fragments of top skin turned up on the outside of the structure.
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Fig. 2.121 Splinters of the bottom skin turned up on the outside of the structure.

Fig. 2.122 View of the ribs of the detachable part of the left wing according to the Subcommittee's
reconstruction based on film and photographic material.

178

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Fig. 2.123 View of spar No. 1 of the detachable part of the left wing according to the Subcommittee's
reconstruction based on film and photographic materials.

Fig. 2.124 View of spar No. 2 of the detachable part of the left wing according to the Subcommittee's
reconstruction based on film and photographic materials.
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Fig. 2.125 View of spar 3 of the detachable part of the left wing as reconstructed by the Subcommittee.

Fig. 2.126 Views of the same section of spar no.3. of the detachable left wing section at the main debris
field and debris storage site.
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Fig. 2.127 Nose splinter locations in the subtractive structure of the left wing section.
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Fig. 2.128 View of the site of hypothetical birch contact from Bodin's plot with the second
section of the left wing slot.
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Fig. 2.129 Reconstruction of the console of the detachable part of the left wing with elements
of the internal structure bearing traces of deformation by the action of high internal pressure,
the epicenter of which is located between ribs No. 27-32, according to the reconstruction of the
Subcommittee.

Fig. 2.130 Fragments of the second section of the slot moved under a birch tree in Bodin's plot and
swapped places.
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Fig. 2.131 Mock-up and location of identification of the flap components of the detachable wing
section.
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Fig. 2.132 View of the destroyed separation site of the tip of the detachable portion of the left wing.

Fig. 2.133 Scale 1:1. Effect of an experiment performed by the Subcommittee - cutting a model of a
wing with fuel using an explosive.
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Fig. 2.134 Effect of a 1:4 scale model wing cutting experiment with fuel using 6 g/m linear explosive.
Note the arrangement of the curls in the direction from the epicenter of the high internal pressureego.124

124

Appendix to the Report: Report on Fuel Explosivity Research, Volume 1, 2017; Report on Experimental Investigation of Destruction with
Explosives of a Structure Imitating Part of the Fuel Caisson in the Left Wing of Tu-154M Airplane, 2018; Doc No: PW/WB/GAJ-080717-01
Experiment of Cutting the Wing Model with a Linear Explosive Charge, 2017.
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2.8.3. Reconstruction of the movement of the vertical and horizontal stabilizer
and the left wing stump after TAWS 38

Fig. 2.135 Flight trajectory of the ballast structure from Kutuzov Road to the south furrow.
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Fig. 2.136 Photo from a DVD attached to the report on the inspection of the crash site on 10.04.2010.
The photograph was taken at 16:43:35 Moscow time in sector 13 by investigators of the Russian
Federation. The picture shows peeled paint and coating, located in the initial section of the so-called
southern furrow, probably coming from the horizontal stabilizer.
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Fig. 2.137 Position of the stabilizer structure at the time of impact with the southern furrow.

Fig. 2.138 Bush branches crushed to the west by the right side of the horizontal stabilizer.
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Fig. 2.139 The area of deposited debris from the left wing stump in front of the so-called northern
furrow, the beginning of which was created by the wing stump at an angle of ca. -90 degrees in relation
to the ground.
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Fig. 2.140 A view of the pitted section of bottom sheathing from the end of the left wing stump.

2.8.4.

Burnt aircraft debris between Kutuzov road and main debris field

During the field research, conducted by Polish archaeologists in Smolensk in October
2010 in sector 13 behind the Kutuzov road and in front of the main debris field, numerous
pieces of the plane were found. These pieces of debris, ranging in size from several to a dozen
or so square centimeters, bore traces of thermal and mechanical impact.
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Fig. 2.141 Area of debris occurrence behind Kutuzov Road on map excerpt from Archaeologists' Report
(Appendix 28 to the Report).
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Fig. 2.142 Some collected debris with traces of thermal impact.

Some of the debris also had traces (micro-craters) on the surface, corresponding in
shape and size to traces, which were formed on the debris after the pyrotechnical experiment
conducted by the Subcommittee. This feature is characteristic of the damage caused by the
explosion.
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Fig. 2.143 Comparison of micro0craters on the surface of debris found by archaeologists and debris
created after the pyrotechnic experiment conducted by the Subcommittee - Appendix to the Report:
Archaeologists' Report, self-analysis of images from the Subcommittee's resources.
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Passenger part of the fuselage

One of the most characteristic effects of the explosion in the fuselage was the tearing of
the roof strip along the 2L stringer of the passenger compartment between the centrewing and
the tail. The roof strip was also turned upwards, along with the left and right side, to the outside
of the structure (Fig. 2.144). Additional evidence of fuselage destruction due to sudden high
pressure inside the fuselage included numerous post-explosion curls (Fig. 2.145) and
recalibrated and cone-shaped holes in the fuselage skin created from rivet heads squeezing
through them.

Fig. 2.144 Torn along stringer 2L and the roof along with the left and right side of the passenger
compartment between the centrewing and the tail were turned outward from the structure.
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Fig. 2.145 Examples of post-explosion curls in areas of concentration of the high-pressure surge
wavefront.

2.8.6. Scattering of debris from the explosion in the centrewing
The explosion in the fuel tank No. 4 was the main cause of the Tu-154M fuselage
destruction, moments before landing. The explosion, which occurred in this place, tore the top
cover of the ballast tank at the left side of the fuselage. At the same time the first stringer,
fragments of the fuel tank's ribs no. 2 and the reduction mechanism of the transmission of the
drive shaft of the slots of the left part of the centerwing, attached to the first stringer, were
smeared, torn out and thrown away in the north-western direction at the distance of several
dozen meters. The subcommittee rules out that the smoldering was due to other causes.
The explosive waves blew apart the fuselage structure, especially the No. 3 cabin
partially above the centerwing, killing all its passengers and scattering their remains along the
entire length of the main debris field. Simultaneously, the explosive wave tore passenger door
No. 823 from the port side of the fuselage, which was driven 1 meter into the ground. The
galley room with its equipment was scattered into thousands of fragments and lay on 1/3 of the
main debris field. The front of the explosive waves, traveling toward the tail, ripped the roof
ridge along the stringer 2L of the passenger compartment located between the centre-wing and
the tail and caused the torn roof along with the port and starboard sides to extend outward from
the structure.
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Fig. 2.146 Effects of the explosion in the area of the fuel (ballast) tank No. 4. From left: graphic
showing the deposited debris of the kitchen equipment, door No. 823 driven into the ground, debris of
the left part of the centre-wing and passenger compartment and the location of the passengers' bodies.
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Fig. 2.147 Scatter-field of centerwing parts on the wreck site with distance and location of falling of
major parts.

The photos from the northern part of sectors 11-12 of the main debris field show trees
fallen in the direction of the plane's flight, while in sectors 8-10 and the southern part of sectors
11-12 tree branches are fallen radially or in the direction opposite to the flight path of Tu154M. This fact indicates the influence of the shock wave in these places.

Fig. 2.148 Photograph of the beginning of the primary debris field.

The explosion in the left part of the centrewing caused the destruction of the top skin of
the fuel (ballast) tank No. 4, spar No. 1 and the ribs of the fuel tank No. 2. Some of these
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elements bear clear traces of the impact of high temperature and the shock wave front caused
by detonation and explosions.

Fig. 2.149 Torn out spar No. 1 of tank caisson No. 4 and fuel tank ribs No. 2 of left centropanel bearing
signs of high temperature influence.

The Russian version of the explosion
Coinciding with the Subcommittee's findings, the destruction of the centrewing was
described by Russian experts who inspected the Tu-154M wreckage in September 2010 and
concluded that it had been destroyed by a hydraulic explosion. This description was included in
the Russian mechanoscopic-traseological opinion of the remains of Tu-154M made in 2012.
The damage to the fuel tanks has a common character: the top and front surfaces are
torn out, the edges of the rips are turned upwards. This can be explained by the fact that at the
moment of the aircraft contact with the ground there was a hydraulic impact combined with the
ejection of the fuel contained in the tanks. Taking into account the fact that the plane was
inverted, the hydraulic impact affected the upper front parts of the tanks[...].
As a result of the unbalanced moment of aerodynamic forces, which occurred during the
stage of uncontrollable flight after the loss of OCzK, the aircraft axis did not coincide with the
direction of motion and was deflected toward the right console, which produced a large
aerodynamic drag. Therefore, the right caisson received a hydraulic impact at an acute angle,
and as a result, the outer part of the caisson was damaged, while the inner compartments were
broken off and deformed in the direction of impact. The central and left caissons received the
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hydraulic impact practically perpendicular to the front edge and were torn along their entire
length[...].
The damage to the caissons, particularly as a result of the hydraulic impact, is
evidenced by the nature of the detachment of the stringer sheathing at the edge of the damaged
area. The stringers are bent outwards, the sheathing held by them has moved further away with
the detachment of the rivets from the stringers[...]. The nature of the damage to the caissons is
also explained by the fact that there was no heavy fire at the crash site. The ejection of fuel
from the tanks took place instantaneously at the moment when the plane collided with the
ground. This means that the main volume of fuel in the plane was spilled over a relatively small
area.125
An analogous description of the destruction of the main part of the centre-wing and the
wings was made by Russian prosecution experts in September 2010.

Fig. 2.150 [...] left central wing section with landing gear support. Tank - caisson destroyed, upper part
dented due to hydraulic fuel stroke126

Fig. 2.151 [...] part of the left wing console from the aerodynamic crest to the main landing gear
support127 In fact, the top skin comes from the right wing, and its post-explosion shape puts a question
mark over how the right wing was destroyed as well.

125 Mechanoscopic-thraseological
126
127

opinion, Dawidow, PK/Śl 54/10, vol. 482, pp. 104874 to 104876.
Russian expertise report of September 2010, Po Śl 54/10, vol. 209.

Therein.
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Fig. 2.152 Right wing bracket. Top and front cover broken off due to hydraulic fuel impact. Lower
cover very deformed with spars torn off. Caisson ribs deformed and detached. Flap section torn off the
guides128. According to the protocol of the inspection of the experts of the Russian Prosecutor's Office
performed on 17-20.09.2010, also the right wing was destroyed by the hydraulic impact.

128

Russian expertise report of September 2010, Po Śl. 54/10, vol. 209, p. 59 pdf, pp 50024.
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2.8.7.

Hydraulic impact

Thus, Russian experts have no doubt that the plane was destroyed by an explosion, and
although to hide the actual reason they attributed it to a hydraulic impact, both the MAK report
and the Miller report were silent about the results of the 2010 inspection of the wreckage and
the 2012 expert report, hiding the actual state of the plane’s wreckage. Meanwhile, attributing
the explosion to the hydraulic impact is an obvious absurdity.129
Hydraulic impact and the situation of Tu-154M
1. A hydraulic impact occurs in a line completely filled with "flowing" fluid. Fuel tanks
cannot be compared to lines with flowing fluid, i.e. pipes.
2. In Tu-154M we have 6 physically separate fuel tanks. These tanks have a maximum fuel
capacity of about 40 tons. At the departure from Okęcie airport there was about 18.6
tons of fuel. At the moment of the crash there was about 10.6 tons of fuel in all the
tanks, but very unevenly distributed - the average filling level was 26.5%. In the wing
tanks there were 1450 to 1300 kg of fuel. Working out about 8000 kg of fuel during the
flight and the imposed automatics of taking it mainly from tank no. 2 left it almost
empty, and in the detachable part of the wings there was about 650-725 kg of fuel each
(analyses for the flight before BRL).
3. There was no fuel in tanks No. 2 (left and right) as well as in No. 3 left, so no hydraulic
impact could have occurred. As for the others - in the No. 3 right tank the filling was
less than 27%, which rules out a hydraulic shock. As for the tanks in the fuselage - one
cannot find any support for Dawidow's expert's thesis either. The tanks were not there
"completely filled with fuel". In each tank there must be space for air and fuel vapors to
exclude spontaneous combustion of fuel. Additionally, these clearances are even at the
piping (called shunts) eliminating hydraulic impact - this is the design that is used at the
piping valves to protect them from the occurrence of hydraulic shock. The wing fuel
tanks are naturally vented, i.e. the vapor pressure of the fuel and air is virtually the same
as the surrounding atmosphere. This also eliminates the possibility of hydraulic impact.
4. Tanks are not pipes, there is no fluid flowing in them with sudden changes in the
velocity of that flow. Unlike pipes, in the case of tanks even when filled with liquid
there is no change in the pressure of the liquid because of the change from kinetic to
potential energy. If the inertia of the fluid were to create pressure even locally, the fluid
would have the ability to move into the area without the fluid, guided by any increase in
pressure.
5. In the case of the Smolensk crash there was no sudden stop of the liquid, because even
according to Davidov in the region of the birch tree on Bodin’s plot the speed of flight
did not decrease. In the flight duration from the first explosion in the left wing to the
129

A hydraulic impact is a sudden change in pressure in a pipe completely filled with liquid caused by a sudden change in velocity of the
flowing liquid. An increase in velocity, e.g. due to the opening of a valve, initially causes a pressure drop. This is called a negative hydraulic
stroke. Decreasing velocity, e.g., due to a valve closing, initially causes an increase in pressure. This is called positive displacement. The
pressure increase for both positive and negative water hammer is calculated from the formula first published by Zhukovsky in 1889 and Allievi
in 1913, in: P. Kowalski, Analysis of the damping capacity of the hydraulic impact on the steel pipe with a plastic siding, doctoral thesis,
Gdańsk University of Technology 2007; https://pbc.gda.pl/Content/3910/phd_kowalski_pawel.pdf.
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wreckage we have two cases to consider. In this section No. 101 it was rotating,
changing pitch and direction. This could have fundamentally affected the fuel content of
the tanks in the fuselage, namely tanks #1 and #4.
6. According to the work conducted in the Subcommittee, Tank 4 was empty at the time of
the explosion over the wreckage. There were no conditions for the hydraulic impact in
it. The considerations of the expert of the Russian Prosecutor's Office should therefore
be completely rejected.
7. A hydraulic impact in pipes could destroy even a pipe, but at one weakest point and then
the liquid would flow out through that crack. The pipe would not be able to disintegrate
into many small fragments with very jagged and sometimes gnarled edges in post-blast
curls. The hydraulic hammer phenomenon is caused by the sudden stopping of a
moving column of fluid. Generally speaking, the stopped liquid tends to burst the vessel
that restricts its movement. Except that it is generally broken into two parts, not dozens.
8. And one more fundamental difference between the actual effects of the crash of Tu154M and the effects of the hydraulic impact, which were indicated by analyzing the
destruction of the fuel tank. There were two zones of destruction in the fuel tank in the
centrewing: one at the front of the tank (front stringer), the other at the rear (rear
stringer). The holes in the rear stringer, which did occur, cannot in any way be
associated with a "hydraulic impact" as suggested by the Russian report. The reason is
simple: as a result of the aircraft hitting the ground and braking against the ground, the
fuel, due to its inertia, presses on the front wall, not on the rear wall.
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Fragments of the roof strip of Tu-154M indicating an explosion130

Fig. 2.153 The dorsal strip of the Tu-154M fuselage roof skin, with an area of 66 m², was divided into
12 zones, which were assigned letters from "A" to "L". Each zone covered an area of 5.4 m², contained
between 6 frames and 13 stringers.

130Forensic

Investigation of Explosions, Taylor and Francis Group 2011 Material Deformation Specification with the conclusion that if more
than two instances of any of the following damage descriptions can be identified in an aircraft event, they constitute evidence of an explosion
inside the aircraft.
1.
The larger the explosive used, the smaller the fragments, the greater their number, and the greater their initial velocity.
2.
Physical deformations and ruptures are signatures of explosive use, even if chemical traces of these charges cannot be found.
3.
The macroscopic signatures of explosive use are::
a.
Wrapping of the edges of cracks in the aircraft skin and structure called "post-explosive curls" caused by the rapid flow of gases.
b.
Detachment of airplane skin or structure components as a result of high internal pressure causing rivets to pass through the skin
material, producing a "crater" effect at rivet heads.
c.
Cracking of skin elongation of rivet holes under tensile stress, resulting in the formation of "barbed teeth" at the crack edge of a
given section.
d.
The formation of a fuselage crack along the fuselage axis under internal pressure in the tubular structure by twice the circumferential
stress of the axial stress.
e.
Local holes with metal flakes on the outside called "petaliforms".
f. Separation or detachment of skin from stringers and frames.
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Fig. 2.154 Reconstruction of the dorsal roof strip between frames No. 7 and No. 66.

On the ridge of the roof, reconstructed from identified debris, the locations where the
deformations characteristic of the explosion occurred were marked (Fig. 2.154).

Fig. 2.155 Zone "A" of the dorsal roof strip, located between frames 7-11.
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Fig. 2.156 Fragment of top skin with after-blast curl, located in zone "A" above the cockpit, between
frames 10-11 and stringers 4L-6L.
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Fig. 2.157 View of a triple curved post-explosion curl

207

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Fig. 2.158 A fragment of the top skin with two post-explosion curls located in the Tu-154M structure
above the cockpit, between frames 8-11 and stringers 2L-4P.
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Fig. 2.159 View of post-explosion curls and recalibrated holes from rivet pulls.
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Fig. 2.160 Fragment of the top skin with curls located in zone "A" above the cockpit, between frames
7-10 and stringers 4L-6L.
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Fig. 2.161 View of the double-twisted post-explosion curl and post- explosion flake.
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Fig. 2.162 View of a fragment of a smoldered shard. The lacquer coating has been partially flaked or
burned off due to heat exposure.
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Fig. 2.163 The "F" zone of the dorsal roof flange between frames 31-36 was above the kitchen room
with door No. 824, a coat closet, a utility closet, and a corridor at door No. 823 (for passengers).
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Fig. 2.164 A fragment of the top skin with an after-blast curl, located in the Tu-154M structure above
the kitchen room, between frames 32-33 and stringers 1P-3P.

The sheet metal that was destroyed by the explosion deformed into curled metal "flakes" that
formed on the side opposite where the explosive charge was placed.131

A. Ziółkowski, O badaniach eksperckich metalowych elementów wraku samolotu Tu-154M, op.cit., s.65, fot. za: V.
Ramachandran, A. C. Raghuram, R. V. Krishnan, S.K. Bhaumik, Failure Analysis of Engineering Structures Methodology and
Case Histories, ASM International, 2005.
131
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Fig. 2.165 A fragment of the top skin with an after-blast curl, located in the structure of Tu-154M
between frames 31-33 and stringers 1L-4P above the kitchen area.

The shock wave generated by the explosion causes thermo-mechanical shock loads on the
metal parts. When a fracture/rupture of the sheet is then caused, the free end of the metal
ribbon so formed is subjected to large inertial forces, while its other end is subjected to the
bonds of the main sheet. This results in the formation of tightly wound coils.132

132

Ibidem, s.66.
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Fig. 2.166 A fragment of top skin with an after-blast curl, located in zone "F" between frames 33-36 and
stringers 2L-3P, above the corridor at door No. 823.

Comparing the Subcommittee's model reconstruction of the "F" zone of the dorsal roof
strip with the NIAR Institute's simulation, one can see a different disintegration of Tu-154M’s
structure. The simulation-performed impact of the airframe roof with the ground did not cause
the structure to disintegrate into a large number of fragments and the formation of postexplosion curls (Fig. 2.167).
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Fig. 2.167 Comparison of dorsal roof strip sheathing damage in Subcommittee reconstruction and NIAR
simulation.
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Fig. 2.168 Zone "G" of the dorsal roof strip, located between frames 36-41 and above cabin 3.
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Fig. 2.169 A fragment of the surface skin with an after-blast curl, located in the structure of Tu-154M
between frames 37-42 and stringers 1P-9P, above cabin 3.
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Fig. 2.170 Zone "H" of the dorsal roof strip, located between frames 41-46 and above the front of the
general passenger compartment in the area of emergency doors 825 and 826.
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Fig. 2.171 A fragment of the top skin with an post-explosion curl, located in the structure of Tu-154M
between frames 43-46 and stringers 4P-7P, above the general passenger compartment.

Fig. 2.172 The result of the experiment of cutting a model wing with fuel using an explosive. Scale 1:1.
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Fig. 2.173 A fragment of the top skin with an after-blast curl, located in the Tu-154M structure between
frames 44-47 and stringers 0-2P, above the general-passenger compartment.
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Fig. 2.174 Fragment of top skin with after-blast curl, located in the "H" zone between frames
41-46 and stringers 4P-6P, above the general passenger compartment.
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Fig. 2.175 Zone "J" of the dorsal roof strip, located between frames 51-56 and above the center of the
general passenger compartment.
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Fig. 2.176 The fuselage roof was torn along the stringer 2L, between frames 53-57 and rolled up
together with the sides to the outside of the structure. On 11.04.2010 the torn roof over the port side
(marked red) was cut off and dismembered into smaller pieces. Top: View of the crash site.
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Fig. 2.177 The "K" zone of the dorsal roof strip, located between frames 56-61 and above the rear of the
general passenger compartment.
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Fig. 2.178 A fragment of the surface skin with an post-explosion curl, located in the structure of Tu154M structure between frames 59-61 and stringers 3P-7P, above the general-passenger compartment.
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Fig. 2.179 A fragment of the top skin with an after-blast curl, located in the Tu-154M structure between
frames 59-61 and stringers 0-5P, above the general-passenger compartment.

Fragments of zones: "F", "G", "H", the middle strip of the fuselage roof were identified
in the main debris field in two places about 30 meters apart.
Fragments of the roof over the port side were identified in sectors No. 3-6.
Fragments of the roof over the starboard side were identified in sectors No. 9-12.
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Fig. 2.180 Comparison of dorsal roof strip reconstruction with NIAR simulation.

In the simulation carried out by the Institute in Wichita the roof of the passenger
compartment between the centrewing and the tail is completely caved in. On the other hand, the
reconstruction of the dorsal strip of the Tu-154M roof made by the Sub-Committee shows that
during the incident on 10.04.2010 there was a breach in the skin between frames No. 56 and 64.
The debris from this breach had numerous post-explosion flakes and curls, spiked teeth as well
as decalibrated and torn holes created as a result of squeezing through them the heads of rivets
from torn off stringers and frames. These fuselage structural members were detached at right
angles to the skin, with a vector direction from the center of the structure outward (Fig. 2 .181).
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Fig. 2.181 Zone "L" of the dorsal roof strip, located between frames 61-66 and above the corridor with
emergency doors No. 829 and No. 830, closet closets, technical room, and restrooms.
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An example of the action of significant skin tearing forces is the fragment shown in
Figure 2.182. The free end of a fairly rigid ribbon of metal, riveted from two sheets of metal,
had maximum velocity - while its shaft was fixed in the main sheet. The result was the
formation of tightly coiled coils in the form of a double-twisted curl.

Fig. 2.182 Cut fragment of the top skin with a double-wrapped explosive curl, located in the structure of
Tu-154M between frames 63-66 and stringers 7L-7P, above the technical room and the toilet on the
starboard side and the pressure bulkhead.
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Fig. 2.183 A fragment of the top skin with three post-explosion curls, located in the structure of
Tu-154M between frames 61-64 and stringers 6L-3L, above the passage between the general-passenger
compartment and the emergency door No. 829 of the port side.
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Fig. 2.184 Details of a fragment of the top skin with three post-explosion curls.
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Fig. 2.185 Details of a fragment of the top skin with three post-explosion curls.

Fig. 2.186 Details of a fragment of the top skin with three post-explosion curls.
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Fig. 2.187 Details of a fragment of the top skin with three post-explosion curls.
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Fig. 2.188 A fragment of the top skin with two post-explosion curls, located in the Tu-154M structure
between frames 62a-63 and stringers 9L-6L, above the passageway between the passenger compartment
and the emergency door No. 829 of the port side.

Fig. 2.189 Detail of a fragment of top skin with two post-explosion curls.
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Fig. 2.190 A fragment of the "K" zone skin of the dorsal roof strip, located in the structure of Tu-154M
between frames 59-61 and stringers 0-5P, above the passenger compartment. There are numerous
calibrated and torn holes after the heads of rivets from torn off frames and stringers squeezed through
them.

Analogous damage and deformations were obtained by the Subcommittee during the
experiment of thermobaric charge explosion in a tubular structure made of material identical to
that of the Tu-154M fuselage (Fig. 2.191).

Fig. 2.191 Fragment of the side sheathing with recalibrated holes after the heads of rivets detached
from stringers and frames have been pulled through. This fragment comes from a detonated tubular
structure in an experiment conducted by the Subcommittee.
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Fig. 2.192 Zone "L" of the dorsal roof strip, located between frames 61-66 and above the corridor with
emergency doors No. 829 and No. 830, technical room, and restrooms.

Fig. 2.193 Severed fragment of the top skin with an post-explosive curl, located in the structure of Tu154M between frames 63-66 and stringers 7L-7P, above the technical room and the toilet.
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Fig. 2.194 A post-explosion curl, the outer part of which is bent by 180 degrees and the inner part is
curled by 360 degrees.

239

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Fig. 2.195 Locations of identified roof ridge debris in sectors 1-12 in the main debris field.

The largest amount of debris of the dorsal roof strip having curls and post-explosion
flakes was located in zone "A" over the cockpit (between frames 7-11), in zone "F" over the
galley (between frames 31-36), in zone "H" over the passenger compartment (between frames
41-46) and in zone "L" over the corridor with emergency doors No. 829 and No. 830, closets,
technical room and toilets (between frames 61-66).
In zone "J" above the passenger compartment, at the level of frames 53-56, due to the
explosion, the roof skin of the roof dorsal strip along the stringer 2L was torn and it was turned
180° outside the structure together with the sides.
The identified fragments of the roof ridge were in three groups. In sectors 10-12, debris
was identified from zones "K" and "L" (at the pressure bulkhead separating the passenger
section from the engine compartment).
The southern portion of Sectors 6-10 contained debris from the dorsal portion of the
roof over the starboard side (between the cockpit and the end of the centrewing). Fragments
from the dorsal portion of the roof and the roof over the port side were located in the northern
and central portions of Sectors 1-12 (Fig. 2.195).
The distribution of roof dorsal stripe debris shows that the roof fragments were in three
different, distant locations as the nose of the aircraft pointed towards the ground and the roof
rotated counterclockwise along the longitudinal axis of the fuselage.
The content of the full analysis of this material is included in the Appendix 17 to the
Report.
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Fig. 2.196 Locations of concentrations of identified post-explosion flakes and curls, as well as
roof rupture and upwelling outside the structure in the background of the Tu-154M silhouette.

Fig. 2.197 Places of detachment of the outer skin from stringers and frames based on reconstructed and
identified fragments of the roof dorsal flange.
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An important piece of information resulting from the reconstruction of shards with recalibrated
holes after the passage of rivet heads is their location in the skin of the dorsal roof strip. The
pieces of sheathing, from which the stringers broke off (requiring more force to break them
off), were located in the area of concentrations of after-blast flakes and curls. skin fragments
from which the frames had mostly detached were located outside of the areas of concentration
of after-blast flakes and curls (Fig. 2.197).
2.9.

Manipulations of services of the Russian Federation after the crash

The identification of fragments of the Tu-154M wreckage on the basis of an extensive
iconographic material proves that after the event there was a repeated and systematic
destruction of material evidence which indicated the real course of events.
Deformed fragments from critical parts of the aircraft were systematically cut, modified,
destroyed, moved to other places and hidden by the services of the Russian Federation from the
experts and investigators of the Republic of Poland, as well as from the public opinion.
These irrefutable evidences of the obfuscation of the experts and investigators of the
Russian Federation indicate that the materials provided by them to the Polish side, such as:
copies of digital recordings or examination and autopsy documentation of the victims could
also have been falsified in many places. Evidence of obfuscation by investigators and services
of the Russian Federation is shown in Fig. 2.198 - Fig. 2.204.
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Fig. 2.198 The debris No. 29, No. 30, and No. 31 from the right side of the horizontal and vertical
stabilizer, located south of the south furrow, photographed and marked by Russian investigators, was
omitted from the scene report and accompanying plan.
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Fig. 2.199 Bottom left: the moment of cutting off and cutting the roof by the services of the Russian
Federation over the left side of the fuselage, between the centrewing and the tail. Bottom right: the port
side after the roof was cut off.
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Fig. 2.200 Wreckage of the fuselage between the centrewing and the tail with the sides turned outwards.
Red color indicates the roof over the port side, cut off on the evening of 11.04.2010.
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Fig. 2.201 The cutting off of the roof over the left side seems to be not accidental. Both edges of the
roof over the left and right sides can be folded together, proving that the rupture of the fuselage structure
could only have occurred as a result of the sudden high pressure inside the fuselage.

246

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Fig. 2.202 Shrapnel of the third spar of the left wing stump, which was identified in the main debris
field and then dissected (following the line marked in red) into two pieces, between ribs No. 30 and
No. 31.
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Fig. 2.203 A fragment of the third spar identified in the main debris field is marked with a red line on
the skin of the left wing of Tu-154M No. 102.
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Fig. 2.204 The relocation of the tip of the left horizontal stabilizer is visible after comparing a satellite
photo taken on April 10, 2010, and a Russian photo taken during overflights of the crash site on April
12, 2010, included in the MAK Report.

Fig. 2.205 The central part of the left stabilizer was torn off. The services of the Russian Federation
moved the detached piece of debris several dozen meters in the direction of the main debris field. In the
final report of the MAK it appears under number 33 in the final location. On the left: a picture from
11.04.2010. - the place where the fragment of the left stabilizer part fell down. Right: Photo from
12.04.2010, included in the MAK report.
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2.9.1. Right wing fairing shrapnel transfer
In the main wreckage area, not all debris and fragments fell to the ground. One of them,
a fragment of sheet metal with a red paint and varnish coating, fell on the branches of a tree
growing outside the southern boundary of sector No. 7 (Fig. 2 .219). The fragment hovered on
the opposite side of the tree trunk compared to the aircraft's flight path at about 130 cm above
the ground.

Fig. 2.206 A frame from the film by Igor Fomin, at approximately 10:56 a.m., Moscow time. The circle
marks the debris hanging on the branches of the tree, on the opposite side of the trunk to the aircraft's
flight path.
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The debris was identified as a fragment of the red aerodynamic fairing of the right wing tip
(Fig. 2 .207). This position of the fairing indicated that the plane's right wing was not moving
on the ground, but was still airborne in sector 7.

Fig. 2.207 The fragment of the aerodynamic fairing, red in color, of the right wing, hanging from the
tree branches, came from the location marked by the white dashed ellipse.
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The area of the wing structure from which the debris was torn had a post-explosion curl,
double twisted outwards, and numerous tears and curls in the underside skin (Fig. 2.208).

Fig. 2.208 A post-explosion curl in the area where a fragment of the right wing tip aerodynamic
fairing of a Tu-154M was torn off.

Several hours after the event, the debris was removed from the branch and moved in the
direction north-east, closer to the main wreckage components (Fig. 2 .209).
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Fig. 2.209 Graphic illustrating the transfer of hanging debris to the ground, closer to the main elements
of the wreckage.

Subsequently, on the same day, a report on the examination of sector No. 7 was created
up by Russian experts, together with a diagram on which the shrapnel transferred to the ground
was marked (Fig. 2.210). In the protocol this debris was described as "a fragment of the
fuselage". Thus, the above actions bore the hallmarks of certifying something which was not
true.

Fig. 2.210 An excerpt from the Russian experts' report on the visual inspection of sector No. 7 with a
diagram.
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2.10. LS-DYNA simulation results (Subcommittee, NIAR, WAT)

The simulation results show that an aircraft hitting the ground according to MAK/Miller
parameters crashes completely differently than it does on the wreck site in Smoleńsk. The
results of the simulation made by the Subcommittee were confirmed by the work of NIAR,
analyzed by the Subcommittee, and by WAT simulations made on the basis of the FEM model
of Tu-154M prepared by NIAR.
2.10.1. Analysis with MES software and LS-Dyna. Subcommittee133
Tu-154M No. 101 aircraft hitting the ground in an inverted position
The main objective of the study presented below is to find out how an aircraft collapses
when hitting the ground. The essential data are the SP's velocity and its spatial angles, which in
total can be called the "initial state". The main tool of investigation here will be FEA, or Finite
Element Method, which is mostly used when physical experience is not a practical proposition.
In order to reconstruct the result of the fall, it is necessary to build a model of the
structure according to FEM, and to give it an initial state, according to the MAK and Miller
reports. After the simulation, it is necessary to compare its results with the actual crash that
took place in the area of the fall. In this way it can be determined whether the aircraft falling in
this initial state will crash in a manner similar to the actual crash as claimed by the MAK and
Miller reports.

Fig. 2.211 General view of the FEM model flying in its normal position. The trailing portions of the
wings, except for the rear spar, are not modeled, although their mass is included. The left wing is
shortened due to assumed previous damage.

133

Appendix 19 to Report: Report No. 1010; Appendix 20 to Report: Report No. 1020; Appendix 21 to Report: Report No. 1030; Appendix 22
to Report: Report No. 1001.
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The following analysis is based on a simplified model. Aircraft door hollows have solid
reinforcements at the edges to compensate for the loss in stiffness and strength caused by the
blanks. For this reason the blanks were not reproduced - they were replaced with covering in
the model. The window blanks were not modeled for the same reason. The cockpit windows,
on the other hand, were reproduced in quite some detail because they are in the impact zone, so
they may have affected the way the structure disintegrated. The left wing is shorter as a result
of previous damage.
It was assumed that the plane fell on a rigid surface, of the thick concrete slab type of
the airport. This approach is justified by time economics - modeling a sufficiently thick soil
layer increases the number of elements and significantly slows down the calculation process.
The analysis, in which the forest soil is replaced by a rigid surface, shows more structural
damage than would have been possible on the original soil (mainly this refers to local damage,
close to the point of impact).
The landing speed was assumed to be 74 m/s horizontally and 12 m/s vertically according to the last reading of the flight records.

Fig. 2.212 The stabilizer is the first to hit the ground, which is shown by the stress in the ballast (back
left). There is some minor erosion near the corner.

255

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Fig. 2.213 Then the left wing hooks (hits) into the ground, which again manifests as significant stresses
and erosion at the outer corner. For graphic clarity only, this plane is shown as a rectangle - it really
extends infinitely in all directions.

Fig. 2.214 In the further process of ground contact, the front of the fuselage (on the right side of the
figure) hits the ground and begins to "wear down". The line you see on the bottom is the Earth's surface.
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Fig. 2.215 After a short time, the front part of the fuselage (left) breaks off/bends away from the
rest. What is left of the tail is visible at the bottom right of the figure. The fuselage is seen from
the opposite side than in Fig. 2 .214.

Pic. 2.216 This is what the structure looks like at the end of the simulation time, moments later than
shown in Fig. 2.215. The front of the fuselage is clearly broken and eroded underneath (the underside in
this figure is the ceiling of the aircraft). Left wing (the further one) moderately eroded. Rear fairing
thoroughly bent.
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Fig. 2.217 View from the underside, or ground, toward the fuselage ceiling. The forward section of the
fuselage has a dented ceiling and bent frames. The segment that covers the centrewing is badly
damaged.

Fig. 2.218 This is what the deformed fuselage frames look like, more specifically the lower part of them
at the front and center of the fuselage, as seen from above. The covering of the centrewing is also
visible. The fuselage covering with stringers was removed from the drawing to make the fuselage
frames visible.

As the falling aircraft is momentarily supported by the tail in contact with the ground,
the nose section accelerates and reaches a speed of 24 m/s before hitting the ground. This is
twice the initial fall speed of 12 m/s.
258

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

The simulation was run until it reached 1000 milliseconds, or 1s, and during this time
the aircraft traveled 46.6 m. The forward velocity at this point dropped to about 20 m/s, and the
structural damage did not tend to get worse. Of course, there was still some slippage.
The fuselage skin is 1.5 mm thick. The fuselage stringers of omega cross-section,
modeled as lines, have a wall thickness of 2.0 mm.
The single fragments we see in the drawings appeared because of the destruction of the
elements connecting them to the rest of the structure. Elements that are destroyed (torn)
disappear from the rest of the calculation and from the screen. (In fact, such elements form the
torn edge of the remaining structure). Fragments from the destroyed fuselage are mostly
pressed inwards and are therefore invisible in the figures above.
The question is whether the visible detached elements are all that separated from the
aircraft. This is an incomplete picture, due in part to the finite resolution of the model (finer
meshing would yield more such fragments). If the fall took place on rigid ground, more
elements will be found, but they will be relatively small. With soft ground the number of found
fragments will be smaller, but their size will be bigger.
Global Acceleration
If we are talking about a solid object moving through space (an airplane, a car, or a
lump of concrete) and hitting an obstacle, we know that the result of that impact will be
accelerations (or decelerations) of that solid. These are global accelerations that will change
over time. What is most interesting is the maximum value of these accelerations. If the impact
force is recorded over time, it is easy to calculate the maximum acceleration by dividing the
maximum impact force by the weight of the lump. (You can also say that these are average
accelerations, looking along the length of the solid at a given point in time.)
Fig. 2.219 shows the horizontal force that brakes the airplane. If its peak value (18.1
6
x10 N) is divided by the weight of the airplane, we get the maximum value of horizontal
acceleration for this vehicle, as a whole.134
This value is significant. This is largely due to the fact that a large coefficient of friction
with the ground was assumed. It was partly motivated by desire to decelerate the aircraft as
quickly as possible, which shortens the analysis time, but also causes more damage. The real
coefficient of friction is not known for such conditions. However, for vertical acceleration
according to Fig. 2.233 it is: 7.81 x 106/(78,600 x 9.81) = 10.13 g.
Additional information135
The angular position of the aircraft axis at the beginning of the fall was given according
to Miller's report. Relative to the system describing perfectly horizontal and straight flight, the
angles were as follows: pitch: 6o (nose down), yaw 20o (nose left) and rotation: 150o (left wing
down). The initial state of the airplane, as defined by these angles and velocity, dictates the
order in which the various parts will attach to the ground. Previously, we defined global
accelerations, i.e., those that apply to the entire aircraft. At this point in time, as viewed along

13418.1

x 106/(78,600 x 9.81) = 23.47 g (9.81 m/s2 acceleration of gravity).
Properties of the aluminium alloys used in the construction of the model (yield stress, ultimate strength and maximum elongation):
2024-T3: Fy = 334 MPa, Fu = 448 MPa i e = 16%
7075-T6: Fy = 493 MPa, Fu = 545 MPa i e = 9% (stringers only)
They are analogous to the corresponding alloys used in the construction of the Tu-154M.
135
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the plane, the accelerations are greater at one location and less at another. These are the local
accelerations.
What is important, however, is not only the magnitude of the accelerations, but also the
duration of their action. In relation to bodily injury it is often said to act for one second. To
obtain an acceleration lasting for 1 s, this "spiked" graph as in Fig. 2.219 must be averaged, that
is, converted into a single number. In this case, 1 s is the entire observation time, i.e., averaging
will give us a very small number. If one approaches the matter differently, saying "0.1 s is
enough to do damage," then one averages the accelerations over a range of 0.1 s. Performing
this operation on the graph in Fig. 2.219, near the maximum, will give us about 11 G of
acceleration. These can then be compared with the associated physical damage to the
passengers, shown in the tables.
While the global acceleration (average in space) is fairly well determined for a vehicle
in a crash, the local acceleration can vary widely for different points. However, it is the latter
that determines occupant injuries. Conclusions like "the injuries of person X indicate an
acceleration of 200 G, i.e., the vehicle and all its contents were subjected to 200 G of
acceleration" are wrong because they confuse global and local accelerations.
This is best seen when there are hard edges in the aircraft cabin that can seriously injure
those inside the cabin. The classic case is the pilot's head hitting the instrument panel. But these
local accelerations have little to do with the overall acceleration and the local accelerations of
the rest of the aircraft.
The difference in local accelerations often determines the survival of the passengers. In
an airplane hitting an obstacle with its nose, the accelerations for the front of the craft will be
many times higher than those to which the rear is subjected.

Fig. 2.219 Horizontal reaction acting on the aircraft.
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Fig. 2.220 Vertical response of the ground.

Conclusions
1. A simulation of the plane crashing shows a completely different structural disintegration
than that found in the wreckage.
2. The initial condition of the downed aircraft was specified in the MAK and Miller
reports and confirmed in the supporting work136. Apparently, this condition was far
from the actual one, which caused the simulation to produce results different from
the actual one.
3. The MAK and Miller reports assume that a plane hitting the ground, as described,
should disintegrate into thousands of smaller and larger parts, according to what was
found in the wreckage. The simulation results show clear structural damage, yet the
plane remains whole.
4. The simulation results indicate that the statements in the above reports regarding
structural decay are incorrect.
5. If the disintegration of the plane was caused only by a collision with the ground, the
falling fragments should have been arranged in one elongated band. It is not possible
for the fragments to have been thrown away several dozen meters to the sides.
6. The assumption used here (for computational convenience) that the plane fell on a
concrete slab instead of soft ground may affect some of the details of the breakup,
but does not change its overall nature.
It may be added that preliminary simulations of internal explosions that tear the plane into
fragments just before falling to the ground, show that the plane falls to the ground roughly
divided into the same parts. Impact with the ground may cause additional bending, cracking,
and slippage, but the essential form of the cracked structure is clearly recognizable.

136

Opinion of the team of experts in the case PoŚl 54/10. Appendix 2.4 Mechanics of destruction of the aircraft Tu-154M No. 101. Part 2,
Warsaw 2014.
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2.10.2.

NIAR - methodology

Reverse engineering of Tu-154M aircraft
Detailed CAD, FEM and CFD models of the Tu-154M plane were necessary to conduct
a reconstruction analysis of the Tu-154M crash 101.Due to the unavailability of engineering
drawings, the National Institute for Aviation Research (NIAR) specified a reverse engineering
process to create representative 3D models in Computer Aided Design (CAD) versions in
CATIA, Computational Fluid Dynamics (CFD) for aerodynamic analysis using FLUENT, and
Finite Element Method (FEM) for nonlinear analysis using LS-DYNA 3D for the Tu-154M
aircraft (see Fig. 2.221 and Fig. 2.222).
In the past, NIAR performed reverse engineering of a narrow-body single-corridor
aircraft to perform a numerical reconstruction of the Turkish Airlines accident Flight 1951
(2009). The results of the virtual experiment using LS-DYNA of this accident showed a good
level of correlation when compared to the data of this accident. The same methodology was
used to perform the study described below.
The availability of the twin Tu-154M No. 102 aircraft in Poland allowed the NIAR,
WAT, and Subcommittee’s teams to use advanced 3D scanning methods and detailed hand
measurements to develop an accurate model of the Tu-154M aircraft.

Fig. 2.221 Reverse engineering process tasks for the Tu-154M aircraft.

Tu-154M reverse engineering process - CAD model definition and documentation
For organizational purposes, the aircraft was divided into manageable segments to
collect data and generate a 3D CAD model. Figure 2.221 shows the defined fuselage segments.
Subsequent segments were defined for the wing, tail, engines, landing gear, and interior. This
section provides a summary of the CAD model creation process.
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Fig. 2.222 Definition of cross sections of the Tu-154M aircraft for CAD generation.

Data collection
Once the cross section was defined, the next step in the reverse engineering process was
to collect data to generate the 3D model. Data was collected from Tu-154M No. 102 aircraft
using 3D scanning and manual measurements.
Technical Instructions
The technical manuals for the Tu-154M were provided by the Subcommittee. The
documents these documents also served as a guide for CAD generation. All instructions were in
Russian and therefore they were used mainly as an additional reference and to identify the
location of various systems of the aircraft.
3D scans

Fig. 2.223 3D external scan of Tu-154M no. 102 made by WAT.
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Before NIAR began the project, WAT produced a 3D scan of the exterior of Tu-154M
No. 102, shown in Fig. 2.223.This data was made available to NIAR and were used to create a
plan view of the exterior of the aircraft.
Manual measurements
It is not possible to scan the entire aircraft with 100% accuracy due to the interior
design, insulation and wiring. Therefore, in addition to the scans, it was necessary to take in
situ measurements of the parts to create a 3D model. Hand measurements were taken for each
section in many different forms. Most of the manual measurements were performed by WAT,
with the remainder performed by the Subcommittee's reverse engineering team. NIAR
representatives visited Poland in February 2018 and March 2019, during their stay, as a
verification of previously received data, additional measurements were made - however, they
were limited only to critical areas of analysis, such as the area of birch impact on the left wing
and main fuselage frames. More details can be found in the Appendix 23 to the Report: NIAR
research and Appendix 26 to Report: Develop technology for the restoration of external
geometry and internal structure of large aircraft for the construction of numerical models of
LARE. Project carried out by the Military Technical Academy in Warsaw on the order of the
Sub-Committee for re-entry. Air accident investigation. Test results

Fig. 2.224 Example of manual measurements in part of section six (a) and in section one (b).

Airframe CAD presentation
The 3D geometry for the Tu-154M aircraft was created using CATIA V5 R26 software.
Technical manuals, manual measurements, and 3D scans were used to recreate the parts. For
those parts that were not captured by scanning or manual measurements, assumptions based on
engineering judgment were made.
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Detailed 3D CAD models have been created for all major structural and interior
components. Examples are shown in Fig. 2.225, Fig. 2.226, Fig. 2.227, Fig. 2.228. Systems
components such as wiring, insulation, tanks, pressure vessels, valves, hydraulics, and
actuators were not modeled in 3D. They are shown as bulk components attached to where they
were in the aircraft structure. Rivets, bolts, and screws were also not modeled in 3D and were
represented by mass points and 1D Beam elements.

Fig. 2.225 View of the cross-section of the center of the 3D CAD model of Tu-154M.

Fig. 2.226 Cross-sectional view of the front of Tu-154M - 3D CAD model.
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Fig. 2.227 Cross section of the Tu-154M tail - 3D CAD model.

Fig. 2.228 View of Tu-154M wing parts - 3D CAD model.
Finite element model - discretization and property definition
The discretization phase first involves checking the CAD model to ensure that the
model is free of intersections and penetrations. Once the CAD model is verified, the crosssectional parts are discretized to get each part of the aircraft represented by a finite element
mesh. Since this is a large-scale airplane crash analysis, it was important to control the size of
the finite elements to limit the total number of elements in the entire model. In addition, the
computational time step is also a function of element size and therefore the element size
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(length) had to be tightly controlled. As a result, it was decided to keep the minimum element
length at 5mm. Figures 2.229 and 2.230 show a comparison of the actual plane in CAD and
FEA.

Fig. 2.229 Example of real vs CAD vs FEM cross section under a floor.

Fig. 2.230 Example of actual vs CAD vs FEM cross section above floor.

Finite Element Model - full aircraft model
After discretization, connections, application of materials and mass, the individual
sections were assembled into a full aircraft model. Four views of the assembled full aircraft
FEM are shown in Fig. 2.231.
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Fig. 2.231 Four views of the assembled full aircraft FEA system.

Summary
Fig. 2.232 shows the entire process of performing reverse engineering, material
characterization, and FEM modeling. Verification at each level ensures the accuracy of the
virtual experiment results at the whole aircraft level. In addition, a CFD analysis was performed
at the Institute of Aeronautics and by simulation with the FLUENT program.
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Fig. 2.232 A modular approach to whole aircraft verification.
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Trajectory

The flight trajectory according to MAK/Miller parameters would cause the Bodin shed
to be destroyed, the right wing to hit the ground and the plane to fall several meters further to
the northeast from the traces on the ground in a position almost perpendicular to the scattering
of debris. It means falsification of the theses of the MAK report and the report of the
commission headed by minister Miller.
The Institute of Aviation Research (NIAR) in Wichita, USA, has performed a numerical
reconstruction of Tu-154M No. 101 and a simulation in the LS-DYNA program of the
Smolensk crash according to the data contained in the report of the Russian and Polish
commissions of 2011. After reconstruction of the flight path according to the data from the
MAK, it turned out that the plane would have hit the ground with its wing just after the Bodin
birch, before that however it would have blown destroyed the wooden buildings located on this
plot, and then falling 10 m to the north-east behind the first traces on the wreckage, in a
position almost perpendicular to the direction of the on the wreckage.

Fig. 2.233 Position of the plane over the birch tree at the height of 5 m according to the flight
parameters given in the MAK Report according to NIAR calculations.
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Fig. 2.234 The exact position of the plane is consistent with the data given in the MAK report.

The Subcommittee's analysis of the NIAR simulation of the trajectory according to the
MAK report shows, however, that even if the airplane, flying 5 meters above the ground, had
reached the place of the catastrophe, it would have fallen in a completely different place than it
really happened. The MAK trajectory ends not in the place where the first traces of hitting the
ground begin, the so-called furrows, but many metres to the north-west and in the position
almost perpendicular to the direction of the scattering of the remains. The airplane flying
according to MAK trajectory after reaching the place of the incident could not have crashed as
it happened in reality, because it would not have been flying with its nose and cockpit to the
west but with its left wing, fuselage and vertical stabilizer.

Fig. 2.235 The place where the plane hit the ground according to the data recorded in the MAK report.

NIAR also reconstructed the course of the catastrophe according to the parameters
indicated in the Miller's report and the MAK, modifying, according to the assumptions of the
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prosecutors' experts, the flight path so that the plane hit the birch tree at a height of 6.75 m
above the ground, and then to fall in the place of the beginning of the furrows in an inverted
position by 150 degrees.
2.10.4. Vegetation in the main debris field and its effect on aircraft damage
On the basis of the available evidence, the Subcommittee concluded that the main debris field,
before the aviation event, was covered by deciduous, fast-growing vegetation with a
characteristic dense and spreading habit, corresponding to willow species (white willow, willow
iva, poplar, aspen) and birches. Willow species are characterized by an extensive root system
and vegetation and growth from root suckers, in the form of many branches and shoots,
growing out of ground level, with a bushy, dense, but relatively low habit.
The estimated age of the vegetation in the incident zone was no more than 13 years.
This is evidenced both by the thickness of trunks and branches observed at the scene, as well as
by comparative material, in the form of satellite and photographic documentation of the scene,
taken at different times.
The central part of the area of the accident, where the fuselage of the plane first made
contact with the ground surface, was overgrown with shrubby vegetation without any thick
trunks (there were no visible trunks with root systems after the area was cleared of fragments of
the plane). Only two palternatived clumps of vegetation - willow branch offshoots - are visible
in the marked area. At the border of sector 12, on the northern side, remnants of multi-stemmed
willow root suckers are visible. Due to the extensive canopy of such a tree, there were many
broken branches in this place. Such vegetation was not present at the site where the fuselage
was moved.
At the same southern boundary of sector 12, 4 fallen and uprooted trees were identified.
The habit of the stubby part indicated a willow species with small, up to 10-12 cm, diameter
branches (root suckers). Near the ground the branches were thicker, above they formed a very
spreading crown of much thinner branches, with large annual increments in length. The
diameter of the largest broken stems averaged about 10 cm.
In sector 12-11 (near the position of the vertical stabilizer) after the incident the area is
covered with numerous thin branches of poplar and willow. Between the branches, trunks of
several-year-old poplars and willows with a diameter not exceeding 10 cm are visible. The
branches and trunks are scattered chaotically in different directions. Fragments of the plane's
thermal insulation are visible between and on the branches. The different directionality of the
scattering of branches and the position of tree trunks is also visible in the further regions of the
site.
The thickest trees in the area of the plane's movement, after its first contact with the
sector No 9. According to the Subcommittee's findings, the first contact with these two trees
(multi-trunk willows) had the right wing of the airplane, which cut both trees without violating
the compactness of its structure, with a slight damage of the leading edge in two places, which
damage due to residual tree pulp and shape and size correspond to contact with objects (trees)
about 30 cm in diameter (Figure 2.236).
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Fig. 2.236 Tree contact sites - right wing.

The general picture of the scene, the condition and appearance of the wreckage, the
characteristics of the material damage, the reconstructed location of the identified fragments of
the plane, as well as the characteristics of the vegetation at the site of the first contact of the
plane with the ground surface, exclude the thesis that the rupture of the fuselage of the
plane occurred as a result of contact with vegetation and that the vegetation, at this stage
of the destruction of the plane, contributed to damage to the fuselage or to injuries to
passengers and crew.
2.10.5. Comparison of simulation results with the actual condition of the wreckage
The analysis of these simulations shows unequivocally that the airplane, hitting the
ground in an inverted position, crushes a part of the fuselage in front of the centrewing, but the
structure of its structure remains preserved: the cockpit moves on the ground with the greatest
speed to the west, behind it there is the centrewing, not broken in the vertical axis. The
centewing slows down much more than the cockpit, probably due to the deeper impact with the
ground, and the sides of the machine bend inwards, not outwards as at Smolensk. The
centrewing is not torn apart, although there are cracks on its left side. Also, the sides and the
roof of the fuselage behind the centrewing do not bend outwards, as in reality, but collapse
inwards.
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Fig. 2.237 Comparison of the rear part of the airplane fuselage on the wreckage (with the roof and sides
turned outwards) and in the NIAR simulation (bottom and front view with the roof and sides collapsed
inwards and not torn apart).

The passenger door of the left side was not rammed one meter into the ground, as it was
on the wreck site, but it was sliding further on the ground and crumpling. The simulation shows
the process of destruction of these doors, which after a moment of sliding on the ground bounce
back and fly in the air many times farther than the doors of Tu-154M. Already in an earlier
simulation done for the Subcommittee in 2018. NIAR showed that more than ten times the
vertical velocity of the aircraft was needed to drive them into the ground. Clearly, at the lower
speed, the doors would bounce off the ground instead of slamming into it.
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Fig. 2.238 The door, which bounced off the ground in the NIAR simulation and flew past the point
where it was driven into the ground at the wreckage.

The next difference we have is for the middle engine in the tail of the aircraft. In the
simulation this engine is torn out of its housing and pierces the tail of the plane. On the
wreckage, on the other hand, it is still in its place inside the tail.
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Fig. 2.239 Comparison of the aircraft tail with the No. 2 engine inside in the NIAR simulation and on
the wreckage.

The important elements of the presented examples are the vertical and horizontal
stabilizers. According to the simulation, these stabilizers detached from each other. The photos
from the wreck site clearly show that these two stabilizers, despite the damage, were still
connected.
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Fig. 2.240 Detached horizontal stabilizer from vertical stabilizer in NIAR simulation and combined
stabilizers on wreckage.

Another part of the aircraft is the pressure bulkhead. It allows the fuselage of the aircraft
to maintain a constant pressure and isolates it from the non-hermetic tail. During the
simulation, the tail of the plane breaks off from the bulkhead attached to the fuselage. On the
wreck site, the tail can be seen torn out together with the bulkhead connected to it. The front
part of the tail in the simulation is torn apart, while in reality on the wreck site, together with
the bulkhead, it is intact. In the simulation the passenger section No. 5 is closed with a pressure
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bulkhead, meanwhile during the crash fragments of the bulkhead and the bathroom from this
section were dented into the bulkhead near the tail.

Fig. 2.241 The rear part of the passenger section of the aircraft fuselage including the pressure bulkhead
in the NIAR simulation. In the wreckage, passenger section No. 5 is open to the space.
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Fig. 2.242 Torn tail of aircraft with ejected mid-engine in simulation and undamaged tail closed by
pressure bulkhead along with mid-engine inside at crash site.
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The vertical velocity during the fall has a decisive influence on the degree of fuselage
damage, and this translates directly into the survivability of the passengers shown in the figure.
NIAR in its simulation adopted the vertical velocity calculated from the trajectory determined
on the basis of data from the MAK and Miller reports. This amounted to -18 m/s. With the help
of the same FEM model the simulation was also carried out by WAT. This time the vertical
velocity recorded at the moment of freezing the MES of the co-pilot was assumed, i.e. -12 m/s.
With these two simulations, the effect of vertical velocity on fuselage failure can be seen. This
is shown in Fig. 2.243, where a cross section of section 5 of the fuselage can be seen at the
moment of impact with the ground (300 ms) in both simulations.

Fig. 2.243 Cross section of fuselage section 5 at 300 ms of WAT (vertical velocity -12 m/s) and NIAR
(vertical velocity -18 m/s) simulations.
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The simulations realized by NIAR show drastic discrepancies between the obtained
results and the disintegration of Tu-154 No. 101 and the scattering of its parts on the wreckage.
The results of the simulations could be precisely compared with the actual state of the
wreckage because the Subcommittee, on the basis of tens of thousands of photos, identified a
huge number of Tu-154M parts at the crash site, including all those indicating the real causes of
the plane's disintegration.
The conclusions of the NIAR research coincide with the results of Dr. Grzegorz
Szuladziński, a specialist in the finite element method, who carried out a simulation of such a
situation as part of the Subcommittee's work. In this case, it also turned out that the airplane
hitting the ground in such a way would neither disintegrate into several thousands of fragments,
nor would it experience damages which would cause particular parts of the airplane to be
scattered, as it can be seen on the wreck site.
NIAR and the University of Akron have also done a simulation showing that this wing
of the plane would have cut through the birch if such an impact had occurred at all.
NIAR's simulations of the destruction of the wreckage after impact with the ground
were confirmed by a parallel WAT study.
2.10.6. Comparison of simulation results with the scatter of the plane's debris at
the wreck site

Fig. 2.244 Division of the airplane fuselage into segments.
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Fig. 2.245 Comparison of NIAR simulations at 1075 ms with the distribution of major parts of the
wreckage in the main debris field.

Fig. 2.246 Original satellite photo of the main crash site from 10.04.2010.
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Fig. 2.247 Location of the main parts of the wreck extracted from the original satellite image.

Fig. 2.248 Location of the main parts of the wreckage distinguished on the basis of the Russian photo
from the overflights of the crash site on 12.04.2010.
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Fig. 2.249 Map of the found wreckage of the plane as a result of the prospecting carried out by Polish archaeologists in autumn 2010.
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Fig. 2.250 Summary comparison of identified aircraft debris (green) with NIAR simulation (yellow) at 1075 ms.
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2.10.7. MAK mistakes identified by NIAR

The height of the impact on the birch tree in Bodin's plot. According to the MAK
report, p.75, the left wing of the plane hit the birch tree at a height of 5 m above the ground.
With an impact height of 5 m, the wheels of the plane's right main landing gear would have had
to collide with Bodin's shed. However, photographs from the crash site show that Bodin's shed
was not destroyed by the plane.

No channels containing flight data as required by ICAO. On the basis of FDR data
analysis only 44 channels are available. The most important flight parameters necessary to
reconstruct the course of the crash, including vertical acceleration, ground speed, plane position
(GPS coordinates) and left aileron deflection are not available in the FDR. It is a violation of
the regulations contained in in chapter 6.3.1 of the ICAO Annex, which require these data to be
available in the FDR. The MAK report does not discuss this issue, nor does it explain why only
44 channels are available in the FDR.

Time difference between MAK data and FDR data. The data obtained from the
MAK report differ by 0.5 to 0.625 seconds from the data contained in the FDR. The procedure
for extracting the raw data from the FDR was not explained in the MAK report. Therefore, the
reasons for the time differences in the report are unknown.

Magnetic direction data. Magnetic direction data from FDR do not correspond to the
location of the beginnings of ground furrows and subsequent traces of the plane hitting the
ground. There is also no explanation in the MAK report why this has happened. Based on the
information contained in Annex 4 to Miller's report, the magnetic course of the airplane was
determined as 239 degrees at the moment of the collision with the ground. The last recorded
value of magnetic heading in the FDR is 216 degrees. Meanwhile, by linear extrapolation, the
magnetic heading at the time of the plane's impact with the ground is less than 200 degrees.
This value would mean that the plane would have collided with the ground sideways, and the
alignment of the debris at the crash site would look quite different from what can be observed
in the crash site photographs.

Terrain differences. MAK's reconstruction of the debris scatter contained a great deal
of incorrect information about the scatter that had a significant impact on the process of
determining the causes of the crash. A classic example is the transfer of part of the left
stabilizer, which in fact fell about 28 m before the first traces of impact with the ground - MAK
identified it in the initial part of the left furrow, carved in the ground.
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2.10.8. Visual inspection of door No. 823137
Video taken several minutes after the April 10 event shows the appearance of the area where
door No. 823 was driven into the ground - Figure 2.251 (a) and (b).138

Fig. 2.251 The area where door No. 823 was rammed into the ground immediately after the crash of Tu154M aircraft No. 101: (a) wide perspective, (b) close-up with the area of the driven-in door marked.
The orange ellipses indicate the area where the door was driven into the ground, and the blue arrows
indicate the direction of the aircraft.

The figure above (a) shows in perspective the flat terrain of where the door was rammed
into the ground; fig. 2.251 (b) shows a close-up of where the door was driven 1 meter deep. The
photo - a flat area with loosely imposed soil mixed with small branches and aircraft debris does not show the door, which is below the ground surface.

Appendix 17 to the Report: Reconstruction of the airplane Tu-154M; Appendix 24 to the Report: Works in sector 12 in the extraction of
doors No. 823 and participation of Poles.
138 Appendix 17 to the Report: Reconstruction of the airplane Tu-154M; Appendix 25 to the Report: Analysis of the left passenger door No. 823
rammed into the ground using the FEM method. in the LS-DYNA program.
137
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Pic. 2.252 The place where door 823 was driven into the ground with fragments of the door visible.
Photo taken by Russian services on 10.04.2010.

Fig. 2.253 (a) and (b) - a section of the lower strip of door panel #823, detached from the rest of the
panel. It is shown here from the cab side (a) with visible separation of the polymer layer from the metal
layer and smeared due to heat.

The fragment of the door panel shown above shows that the polymer layer covering this
panel on the passenger side bears traces of burn marks – Fig. 2.253 (a). As a result of the high
temperature, the polymer layer separated from the metal surface of the panel in places and lost
its flexibility, resulting in peeling. On the other side of this panel fragment – Fig. 2.253 (b)
there are no burns, only a discoloration of the paint caused by heat. There was no evidence of
fire on the ground at this location in the wreckage.
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The port side passenger door No. 823 was unearthed in sector 12 of the main field of
debris. They were driven into the ground to a depth of about 1 m, almost perpendicular to the
ground surface, with the longer edge seen from the cockpit side, transverse to the direction of
flight Tu-154M. Inspection of the doors showed that the greatest damage was on the leading
edge (driven into the ground).

Fig. 2.254 Destruction of door No. 823: (a) diagram of the door as seen from the inside, from
the NIAR report, (b) photo showing the orientation and depth of the door driven into the
ground at the scene.

Fig. 2.255 The actual damage to the unearthed door.
When the door was unearthed, human tissue was identified underneath the attached
cracked inner panel of the door, which had been injected into the structure. It must have gotten
there before, the door was ripped out of the aircraft structure. When the door was dug out, a
hand was found shot into the ground along with the door, and another human tissue was found
on the surface.
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The above-described condition of the remains indicates the action of high pressure and
high temperature, i.e. the explosion. The greatest fragmentation and dispersion of structural
fragments in the centerwing of the Tu-154M plane proves that the epicenter of detonation and
explosion, meaning the first phase of the explosion, was in the left front corner of the ballast
tank. Thus, one can correlate the fragmentation of the door with the activity of the shock wave
front. Ripping out the lower corner of the door No. 823 from the side of the centrewing and
tearing a fragment of the frame under this door depicts the action of the same shock wave - Fig.
2.256. It can be seen that the direction of deformations is consistent with the direction of the
frontal shock wave passing from the epicenter, which was located in the centrewing.

Fig. 2.256 Destruction of the skin at the lower corner of door 823 closer to the center panel and
its deformation.
First, the doors were destroyed by an explosion that ripped it from the fuselage
structure, and then it was destroyed by being driven into the ground. It is important to
distinguish between these two types of destruction. The numerical analysis methodology
described in Appendix139 focuses on mechanical damage when the doors are driven 1 m into the
ground.
An examination and reconstruction of door No. 823 and the identified fragments of
wreckage that were in its vicinity indicate the following sequence of events: (1) As a result of
the explosion in the center panel, the interior panel of the door was torn and human tissue was
forced inside the door structure. (2) The door was then torn out with part of the doorframe and
driven nearly perpendicularly into the ground to a depth of 1 m. (3) Fragments of the top and
side doorframe and a smeared section of the inner door panel fell in the same area. Nearby,
many other pieces of the port side sheathing were identified, as well as the top piece of
emergency door No. 827. These pieces of debris were covered with clods of earth and branches,
and there was another human tissue on top of them.
Appendix 25 to the Raport: 2.10.9. Analysis of the left passenger door No. 823 rammed into the ground using the FEM method
in the LS-DYNA program.
139
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2.10.9. Analysis of the left passenger door No. 823 rammed into the ground using
the FEM method in the LS-DYNA program
In order to investigate how passenger door No. 823 of Tu-154M Airplane No. 101 was
completely driven into the ground at the beginning of the wreckage, almost perpendicular to the
ground surface, a comprehensive analysis was conducted through detailed visual inspection of
the main debris field, identification of fragments of the aircraft wreckage, and numerical studies
using the nonlinear program LS-DYNA of the different ways in which the door was driven into
the ground. The dynamic behavior when the left door was driven into the ground was
determined using virtual experiments conducted by the Finite Element Method (FEM) to
estimate the structural failure of this door and to determine the mode of failure.
Three scenarios for this event were analyzed.140
Simulations were made of the door behaviour in the case of the whole plane falling to
the ground. The simulations were made under the conditions and in accordance with the
configuration considered appropriate in the Russian MAK report from 12.01.2011 and in the
Polish report from 29.07.2011. (Miller report). This configuration of the airplane with a -150
degree rotation around the longitudinal axis of the fuselage at an falling speed of about 18
m/s, with a horizontal speed of about 75 m/s, will hereafter be referred to as the MAK/Miller
configuration.
The simulation in the MAK/Miller configuration was done by the National Institute
for Aviation Research (NIAR). It showed that as a result of the plane falling to the ground in
this configuration, passenger door No. 823 did not slam into the ground as it did at Smolensk.
According to this virtual experiment, the door was twisted and crushed and bumped up above
the ground, resulting in it falling to the surface tens of meters farther than where the door was
driven into the ground in reality. The destruction of the door obtained from these experiments
is substantially different from the actual destruction of door No. 823.
As the research presented in this report has shown, the MAK/Miller configuration is
not factually correct because the Tu-154M aircraft was in a -90 degree configuration about the
longitudinal axis of the fuselage when it hit the ground with the stump of its left wing.
According to the collected evidence, the horizontal stabilizer along with a large part of the
vertical stabilizer broke away from the fuselage before the Kutuzov road. The airplane
without the horizontal stabilizer and a large part of the vertical stabilizer carved the so-called
northern furrow with the left wing stump. It is also important that the beginning of the socalled southern furrow was imprinted with the final right side of the broken stabilizer.
A series of tests were conducted to see if it was possible to obtain a perpendicular doorinto-ground position and door damage similar to the actual condition in some configuration by
pressing the door into the ground with the fuselage falling at 9 m/s to 27 m/s and moving
horizontally at 75 m/s to 76 m/s. These studies considered virtually all possible cases that could
occur assuming the aircraft fell to the ground. This analysis was based on many virtual
experiments using initial conditions most favorable to the possibility of the fuselage pressing
the door into the ground, perpendicular to the ground.

140

Ibidem.
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The results obtained did not agree with the actual destruction of the door. The end result
was completely different from reality - instead of being driven perpendicularly into the ground,
the door always ended up in a horizontal position parallel to the ground surface, regardless of
the assumed initial conditions.
The only possible method of driving the door perpendicularly into the ground and
receiving similar damage and deformation as in reality was to drive the door almost
perpendicularly to the ground surface at a vertical velocity greater than 125 m/s and a
horizontal velocity less than 30 m/s. These initial conditions established in a series of virtual
experiments performed by NIAR are characteristic of the velocities caused by the blast. These
studies have shown that the destruction of the door closest to the actual destruction is possible
provided that 100 times more kinetic energy is received than the energy generated by the
collapse of an aircraft flying at 12-27 m/s. Thus, driving the door 1 m deep into the ground,
perpendicular to the ground surface, was possible only as a result of the energy obtained from
the explosion.
Final conclusions
All the numerical tests showed unequivocally that the only possible case for passenger
door No. 823 to have been driven 1 m deep into the ground, in the position in which it was
unearthed at Smolensk, is for it to have been driven into the ground with a vertical velocity of
more than 125 m/s and a horizontal velocity of less than 30 m/s.
The doors could not have been pressed into the ground by the fuselage crushing them,
because in that case they would have remained on the surface of the ground or in a small
depression in a horizontal position parallel to the ground. Also, the result of the simulation
experiment in the MAK/Miller configuration, in which the entire fuselage fell to the ground,
was inconsistent with the facts - the doors were not driven into the ground, but moved around
the terrain.
Simulations performed by NIAR141 regarding the door's ground penetration gave the
closest-to-actual door destruction result (much greater destruction in the leading edge region).
The conclusions of the NIAR report on Door No. 823 are fully confirmed142, that the door was
shot into the ground at a velocity greater than 125 m/s - many times the falling speed of the
fuselage. The kinetic energy of the door required to produce this effect must have been at least
100 times greater than the kinetic energy of the door associated with the aircraft's falling speed.
The kinetic energy that caused the door to be completely driven a meter deep into the ground in
the documented position must have been provided by a violent, powerful pressure. It was
capable of pulling the door off the port side of the aircraft, which was still in the air and about
10 m above the ground. At this height the door had managed to rotate so that when it made
contact with the ground it was in a position almost perpendicular to the ground, with its longer
edge downwards. The loss of horizontal velocity of the door is largely attributable to the noseto-ground fuselage tilt such that the door pull-out velocity vector perpendicular to the fuselage
surface had a negative component parallel to the ground surface, reducing or even reversing the
direction of the door's motion relative to the direction of the aircraft's motion. Fuselage tilt

141
142

Appendix 23 to the Report: NIAR research.
Ibidem..
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angles ranging from -14 to -40 degrees resulted in a horizontal velocity of no more than 30 m/s
with a vertical velocity of more than 125 m/s.
Thus, the only possible way to drive the door No. 832 vertically to a depth of one meter
and to destroy it as it happened on 10.04.2010 in Smolensk, was to shoot it into the ground as a
result of an explosion in the fuselage's centrewing, which occurred in the air.143
2.11. Legal conditions of investigating the circumstances of the air accident of
10.04.2010 in the years 2010-2011
In international aviation law, we distinguish between two types of standards - those
valid in civil aviation and those valid in state aviation, including military aviation
Tu-154M was an aircraft belonging to the Polish Armed Forces, entered on 24.01.2005.
It was entered into the register of military aircraft maintained by the Minister of National
Defence under the number Sz-428 and its user was the 36th Special Transport Aviation
Regiment. On the day of the incident, the plane was performing a flight in state service, i.e. a
flight with the participation of the most important persons in the country, regulated by the
decision No. 184/MON of the Minister of Defence dated 9 June 2009 on the implementation of
the "Instruction for the organization of flights of aircraft with the HEAD status" (Journal of
Laws of the Ministry of National Defence No. 12, item 129) in the aviation of the Polish Armed
Forces.
The flight operator by Tu-154 M is therefore qualified as a state flight144.
An important agreement in the field of military aviation is the Agreement between the
Ministry of National Defence of the Republic of Poland and the Ministry of Defence of the
Russian Federation on the principles of the mutual air traffic of military aircraft of the Republic
of Poland and the Russian Federation in the airspace of both countries, signed in Moscow on 14
December 1993. The agreement is to be considered as significant in the present case, in view of
the content of Article 11(3) thereof, in which the parties have agreed:
The investigation of air incidents, accidents and disasters caused by Polish military
aircraft in the airspace of the Russian Federation or Russian military aircraft in the airspace of
the Republic of Poland will be carried out jointly by the competent Polish and Russian
authorities.
Taking into account the fact that the Tu-154M plane was a "military aircraft" within the
meaning of the cited provision, the Agreement of 1993 provided a legal basis for conducting a
joint investigation of the causes of the crash by competent Polish and Russian authorities. The
contractual provisions ensured access to the necessary documents in compliance with the
applicable rules for the protection of state secrets.
As of 10 April 2010, the Minister of National Defence was obliged to appoint the
Commission referred to in Article 140 Paragraph 1 of the Act of 3 July 2002 Aviation Law
(Journal of Laws from 2006 no. 100, pos. 696, in version binding from 10.04.2010, last change
in Journal of Laws from 2010 no. 47, pos. 278). According to § 6 sec. 2 of the Regulation of the
Minister of National Defence of 26.05.2004 on the organisation and functioning of the State
Appendix 25 to the Report: Analysis of the grounding of the left passenger door No. 823 of the Tu-154M aircraft into the ground using the
method FEM in the LS-DYNA 3D program
144 Appendix 36 to the Report: Analysis of the Legal Status of the Tu-154M Flight.
143

292

Ministry of National Defense
Report of the Subcommittee for Reinvestigation of the Aircraft Accident

Aviation Accident Investigation Commission145 the Commission carries out investigations of
air accidents that occurred outside the territory of the Republic of Poland, involving stateowned aviation aircraft. Tu-154M was a military aircraft, i.e. a state aircraft within the meaning
of Article 2.2.a of the Aviation Law - if international agreements or regulations so provide. The
agreement referred to in the provision is, in this case, the Agreement between the Ministry of
National Defence of the Republic of Poland and the Ministry of Defence of the Russian
Federation on the principles of the mutual air traffic of military aircraft of the Republic of
Poland and the Russian Federation in the airspace of both countries, concluded on 14
December 1993. The then minister of national defense Bogdan Klich did not appoint it until
15.04.2010. The Interdepartmental Team of the Council of Ministers headed by Donald Tusk
officially rejected the possibility of applying this agreement to the investigation of the
Smolensk catastrophe. This meant releasing the Russian commission from the obligation to
cooperate with its counterpart appointed by the authorities of the Republic of Poland to jointly
establish a commission to investigate the disaster.
It should be noted that in a similar situation in 2009, on the occasion of the accident of a
Belarusian fighter jet at the Radom Air Show, a practical method of establishing a relevant
commission was worked out. At that time, the Republic of Poland and the Republic of Belarus
were bound by an agreement almost identical to the 1993 Agreement between Poland and
Russia regulating military aviation issues. Belarus requested a joint investigation of a military
aircraft accident, as a result of which the Polish Minister of National Defence appointed a joint
Polish-Belarusian Aircraft Accident Investigation Commission.
In view of the fact that Article 11 of the Agreement did not define all the principles of
cooperation, modus operandi, the manner of taking decisions, their final or non-final nature,
etc., it was necessary to adopt, alternatively, per analogiam, the principle formulated in Annex
13 "Aircraft accident and incident investigation" to the Convention on International Civil
Aviation signed on 7 December 1944. (hereinafter: Annex 13), which sets out the recommended
methods and principles to be followed in connection with safety investigations of aircrafts146.
Contrary to the international bilateral agreement in force, the air incident was
investigated only on the basis of Annex 13. The situation created by Prime Minister Donald
Tusk in the first days after 10.04.2010 resulted in the fact that the content of the international
agreement on the investigation of the air incident is still unknown. Chronology and
circumstances of the meetings, conversations, events that could have influenced the content of
the agreement on the application of Annex 13 of the investigation of the air incident of
10.04.2010 constitute the Appendix 36 to the Report: Legal conditions for the investigation of
the smolensk disaster.
According to Polish law, the persons who can enter into international obligations are:
the President, the Prime Minister and the Minister of Foreign Affairs. The facts presented in the
Annex prove that the decision was made in the first days, probably already on 10.04.2010,
without the necessary analysis of the regulations and without taking into account the interest of
the Republic of Poland. In the decision-making process on the Polish side took part: the Prime
Minister Donald Tusk, the President of the Polish Commission On State Aircraft Accident
145

Journal of Laws No. 138, item 1464, version in force on 10.04.2010, i.e. on the date of the aviation incident..
The Republic of Poland presented ratification documents concerning accession to the Chicago Convention on 6.04.1945. It should be noted
that the Russian Federation is also a party to the Convention - in the framework of international legal succession - on the basis of accession to it
of the Union of Soviet Socialist Republics on 15.10.1970.
146
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Investigation Edmund Klich, the Minister of National Defence Bogdan Klich, the Minister of
Infrastructure Cezary Grabarczyk. A special role was played by the Minister of Foreign Affairs
Radoslaw Sikorski, who was constantly informed about the course of events by the apparatus
of Polish embassy, as well as by the Russian side. He was the first to receive information about
the catastrophe, and his spokesman relayed its false interpretation to the public media.
The decisive role was also played by Donald Tusk, who already during the first phone
conversation with the Prime Minister V. Putin on 10.04.2010 accepted that the catastrophe
would be investigated by the bodies dealing with civil aircraft crashes. As a result of this
conversation Russian Transport Minister Igor Levitin called Minister of Infrastructure Cezary
Grabarczyk around 11:00 a.m. and established the participation of the head of the Polish
Comission On State Aircraft Accident Investigaton Edmund Klich in investigation of the
Smolensk catastrophe. As a result of this conversation Alexei Morozov, the vice-chairman of
MAK, telephoned Edmund Klich around 12:00 and agreed that the most appropriate legal
procedure for investigating the Smolensk catastrophe would be basing on the Chicago
Convention and Annex 13. At the same time, after a telephone conversation with the President
of the Russian Federation Dmitry Medvedev, Donald Tusk ignored the proposal of creating a
joint commission for investigating the Smolensk catastrophe.
The international agreement between the governments of the Republic of Poland and the
Russian Federation on the use of Annex 13 was confirmed in the final report of the
Commission for Investigation of Aviation Accidents of the Interstate Aviation Committee (IAC)
on the investigation of the air incident [...] On 13 April 2010, by order of the Chairman of the
State Commission [Vladimir Putin - note by the author], the overall management of technical
research and coordination of cooperation of the involved Russian and foreign organizations
was delegated to the Chairman of the IAC [Tatiana Anodina - note by the author] - Deputy
Chairman of the State Commission. On the basis of this Order it was determined that the
investigation should be conducted in accordance with Annex 13 to the Convention on
International Civil Aviation (hereinafter Annex 13). This decision was approved by the Polish
government.147
The conclusion of the agreement by approval and joint action is also confirmed by the
head of the CPRM, Tomasz Arabski, in his answer to the interpellation of MP Tadeusz Wita
(interpellation number 20447, answer given on the authority of the Prime Minister): In
accordance with customary international law, consent to the application of these procedures
was expressed not in writing, but through a joint concerted action of the Polish and Russian
parties. Thus the expression of the parties' agreement on the manner of investigating the causes
of the catastrophe was their joint action according to the above-mentioned Convention.
An important document that speaks about the use of Annex 13 is the authorization No.
27 of the Ministry of Defense (granted on 15.04.2010 by the Minister of Defense to Edmund
Klich), which states that he is an accredited representative of Poland to the MAK commission
authorized to investigate the air incident.
However, of key importance is the decision of 16.04.2010. The Interdepartmental Team
of the Government of the Republic of Poland for coordination of activities undertaken in
connection with the tragic air accident at Smolensk, appointed on 11 April, consisted of the
147

Raport MAK, p. 12.; https://dlapilota.pl/files/upld/tlumaczenie_finalne_raportu_koncowego.pdf
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Presidium of the Government, including the ministers of foreign affairs, national defence,
internal affairs, infrastructure and justice, as well as representatives of special services. The task
of the Team was, among others, to supervise and coordinate actions taken in connection with
the tragic air accident near Smolensk, and the Chairman of the Team was Prime Minister
Donald Tusk. The April 16 decision stated: [...] the proper legal basis for the proceedings
conducted to determine the causes of the crash is the Chicago Convention and Annex 13. It also
stated that there was no advisability of undertaking the proceedings in the mode to be
established on the basis of the agreement between the Minister of National Defence of the
Republic of Poland and the Minister of National Defence of the Russian Federation of 7 July
1993.
The adoption of Annex 13 in relations with the Russian Federation, with the
simultaneous abandonment of guarantees arising from the Agreement of 1993, was the reason
for the lack of effectiveness of activities of the Polish administration. The Polish State
Commission on State Aircraft Accident Investigation was not treated as an equal partner for the
MAK, moreover, the report drawn up by it did not have the rank of an official report on the
investigation of the causes, but was only treated as an "internal report", as Alexei Morozov
emphasized in August 2011. It was a consequence of rejecting by the administration of Donald
Tusk the Agreement of 1993, because it was the only agreement which legalized the
investigation of the catastrophe outside Poland by the Polish State Commission on State
Aircraft Accident Investigation.
An equally serious consequence was the lack of possibility to question the report of the
Russian commission - the Interstate Aviation Committee - published in January 2011. Donald
Tusk, deciding to use Annex 13 to investigate the Smoleńsk catastrophe, had to know its
content and be aware that the provisions of the part entitled "Responsibility of the state
conducting the investigation. Consultation" does not stem from the obligation to take into
account the Polish side's remarks, and their inclusion in the report is merely optional. In
addition, it should be mentioned that the Polish comments were sent by the government only in
Polish and thus published in that form. The Prime Minister minimized in advance the
possibility of using them as an argument in discussions on the international forum.
All this led to a situation where the real possibility of initiating litigation before the
ICAO Council, which was guaranteed by Article 84 of the Chicago Convention, was
questioned. Besides, the Convention itself was not directly applicable to the investigation and
the presented report (the governments of Poland and Russia agreed only on the application of
Annex 13 to the Convention). Thus, Prime Minister Donald Tusk and Minister Radosław
Sikorski misled the Sejm and the society, assuring them of benefits resulting from the adopted
legal solutions.
On 2.08.2011 during the press conference after the publication of the report of the
Polish Commission on State Aircraft Accident Investigation, MAK Deputy Chairman Alexei
Morozov stressed with satisfaction that it was Donald Tusk who agreed that the catastrophe
should be explained on the basis of Annex 13 and stated: From the legal point of view, the
report has entered into force. According to the information from the Polish side in connection
with Annex 13, the Polish report is internal, and Annex 13 of the Chicago Convention does not
provide for the form of a joint report from the investigation148. The choice of such a legal basis
148
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made the document of the Russian commission the only internationally disseminated report. If
the 1993 agreement had been adopted as the legal basis, such a situation could not have taken
place, because the Russian commission would have been obliged to cooperate with the Polish
commission, and the content of the report would have had to be approved by both parties.
Another effect of the agreement concluded by the Prime Minister was depriving the
Polish side of the actual participation in the investigation of the causes of the catastrophe.
Already in the first hours after the catastrophe Russians read out the recorders making the
participation of Polish representatives in it impossible. They also made it difficult or impossible
for the Polish side to obtain basic evidence, including, among other things, visual inspection of
the crash site, questioning the flight controllers from the Smoleńsk-Sewiernyj airport, copying
in laboratory conditions the records of conversations from the flight control tower, obtaining a
copy of a tape from objective control of the steering position (the Russian side assured that
'there is no record on the tape and therefore it was passed for further processing', although the
manager of the landing system stated that the device was efficient and that he had turned it on,
so it should work)149 and participation in the overflight of the radio technical means of this
airport and obtaining correct protocols from this overflight. The autopsy was also performed
without waiting for the arrival of Polish pathomorphologists. The lack of a clear definition of
the legal state and the norms of behaviour caused that the work of the representatives of the
Polish working group was limited to collecting the materials made available by the Russian
side, which is confirmed by the note of colonel Mirosław Grochowski of 13 April 2010 and the
information systematically provided to the minister of national defence by the other members
of the group of military experts.
Falsifying and destroying evidence was also taking place: representatives of the Russian
Federation did not secure the area of the catastrophe, they allowed unauthorized persons to take
evidence lying there, to destroy wreckage, they also made it impossible to examine essential
fragments of the catastrophe site by laying a concrete road surface on them, and they did not
sift the top layer of soil at the site of the catastrophe, which was necessary in this situation.
They also induced the victims' families to agree to destroy clothing and other personal
items taken from the crash site.
Despite these apparent violations, the Prime Minister failed to take steps to ensure that
Poland would effectively enforce international law.
The failure to appoint on 10.04.2010 by the Minister of National Defence B. Klich of
the Commission for Investigation of Aviation Accidents of the State Aviation Authority, which
he was obliged to do by the act Aviation Law, had tragic consequences for the further fate of the
research into the catastrophe and made it easier for the Russian side to conceal and falsify the
evidence. It also led to legalisation of the informal entrusting of the investigation by Cezary
Grabarczyk to Edmund Klich - the chairman of the commission investigating civil aircraft
crashes. It opened the way for accepting the Chicago Convention as a legal basis and for
putting the whole investigation into Russian hands150.
It also had the practical effect of granting E. Klich the exclusive right to submit requests
for evidence and to decide on the examination of witnesses in the first days of the investigation
149

Colonel Krasnokutski testified similarly (card no. 41082 from the file materials of the Prosecutor's Office of the Russian Federation).
On April 23, E. Klich stated that the Chicago Convention made it impossible for Poland to investigate the disaster and made it dependent on
Moscow. However, he continued to defend the Russian side, attacking the Polish Air Force as guilty of the tragedy
150
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of the catastrophe. Meanwhile, E. Klich made his actions dependent on the position of the
Russian side. The consequence of this omission is, among the others, the situation in which
Poland has not got the complete evidence material till the present day. What is worse, it enabled
the Russian side to falsify systematically the appearance of the scene and the remains of the
airplane, the testimonies of witnesses, the reading of the recorders and also the places where the
bodies were actually found.
The signal for Prime Minister to take actions should be e.g. reports of Colonel Mirosław
Grochowski: […] Mr Klich's departure from Smoleńsk on 21.04.2010 Moreover, it made it
impossible to get acquainted with some organizational documents and to obtain materials
promised earlier by the Russian side: operational manual of the Smoleńsk Północny airport
which could be made available only at the airport without the possibility to make a photocopy
of selected fragments; protocols from interviews (questioning) of witnesses conducted together
with the Russian side as a result of the fact that Mr Klich did not sign them on 21.04.2010.
Moreover, on 21.04.2010 the Deputy Chairman of the Russian Commission Georgy Yachmenev
did not accept the set of questions and the list of needs of the Polish Commission on State
Aircraft Investigation in the scope of materials necessary to explain the causes of the
catastrophe. He stated that the only person who is authorized to transfer such documents to the
Russian side is Mr. E. Klich . After E. Klich left Smolensk for Warsaw on 20.04.2010, Polish
experts were not allowed to enter the area of the airport where the plane's debris was stored,
explaining that their presence was impossible without E. Klich.
Irreparable damage for the relatives of the catastrophe victims was the lack of
possibility to assist in closing the coffins in Moscow and to take part in their possible opening
in Warsaw. As a result, the substitution of bodies was concealed, which in some cases raises
doubts about the identification of the victims until today. It was a scandal that Polish experts
were not allowed to participate in the post-mortems - it allowed the Russian side to falsify the
results of the examinations. The Polish side and the families repeatedly demanded autopsy
protocols of the victims. The only exception was the autopsy of the corpse of President Lech
Kaczynski, although in this case, too, negligence was committed. Moreover, the Russian side
delayed realization of Polish requests for legal help, including handing over key evidence
materials, such as autopsy protocols of the victims' bodies, protocols of inspection of the crash
site, protocols of inspection of the wreckage and also, among others, documentation of the
airport and devices installed there.
2.11.1. Legal status of KBWL LP and MAK reports
A) Report and protocol of the Commission on State Aircraft Accident Investigation
The investigation of the air incident near Smolensk was resumed on 4.02.2016 on the
basis of par. 28 paragraph 2 of the Ordinance of the Minister of National Defence of 14 June
2012 on the organisation and operation of the Commission for Investigation of State Aviation
Accidents. The Technical Report issued by the Subcommittee showed that the findings of the
Miller's Commission proved, in the light of the conducted research, to be untrue, wrongly
indicating the causes of the catastrophe and repeating the untrue findings of the MAK
commission and based on falsified evidence.
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The Final Report from Investigation of Aviation Event No. 192/2010/11 of the Tu-154M
aircraft No. 101 occurring on 10 April 2010 in the area of Smoleńsk Północny Airport
(hereinafter: Report) and the protocol from 26 July 2011 from Investigation of Aviation Event
No. 192/2010/11 - severe accident (crash) of the Tu-154M aircraft No. 101, occurring at the
36th Special Transport Aviation Regiment from Warsaw, on 10 April 2010, on Saturday, at 6:41
UTC, on the day of IFR (hereinafter: Protocol) were cancelled and invalidated on 11.04.2018
by the document entitled Technical Report. Facts that determined the crash of Tu-154M aircraft
No. 101 occurring on 10 April 2010 in the area of Smolensk North airport.
B) MAK report
Final Report of the MAK Technical Commission on the crash of the aircraft Tu-154M,
side number 101, belonging to the Republic of Poland on 10 April at the Severnyj airport in
Smolensk (hereinafter: the IAC Report) is an internal document created on the basis of the
national law of the Russian Federation and does not have the rank of an international
document within the meaning of international aviation law.
Another indication of the internal nature of the ICAO report is the position of the ICAO.
In February 2012, representatives of the families of the Smolensk catastrophe victims met with
the Director of the ICAO Legal Office. The subject of the meeting were the irregularities and
negligence in the conduct of the investigation by the ICAO commission, as well as the
offensive and unprofessional character of the ICAO report, which does not meet the basic
requirements of Annex 13. In response, the ICAO representative stated that taking any position
on the Smolensk investigation conducted by the ICAO commission "lies beyond the
competence of the ICAO" because the plane that crashed in Smolensk was a state plane, not a
civilian one, and therefore the investigation of the Smolensk crash is not subject to the Chicago
Convention and is not within the jurisdiction of ICAO.151
The IAC report presents the position of the State Commission - a body of the
Russian Federation, designated by a decree of the President of the Russian Federation,
acting on the basis of internal law, and therefore cannot have any effect under
international law.
For a detailed legal analysis of this issue, see Appendix.152

151
https://wpolityce.pl/polityka/140635-tylko-u-nas-wazna-analiza-mec-szonert-biniendy-sledztwo-prowadzone-przez-komisje-mak-bylocalkowicie-poza-nawiasem-prawa, last accessed 03/04/2020.
152 Appendix 36 to the Report.
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CONCLUSIONS OF THE SUBCOMMITTEE
The analysis of the circumstances connected with the catastrophe indicates that the key
significance had the Tu-154M to be overhauled in Samara in the Aviakor plant owned at
that time by Oleg Deripaska, a Russian oligarch and a friend of the then Prime Minister of
the Russian Federation, V. V. Putin. This decision was enforced by the special services of
the Russian Federation, which controlled the whole overhaul process from the beginning. A
significant role was played by the fact that the Polish intelligence services and the Ministry
of National Defence gave a positive opinion about the company, despite official warnings
from a part of the government apparatus. This decision was influenced by the military men
and the Ministry of Defense officials who had been connected with the communist special
services in the past and trained in the USSR. But it would not have been possible without
the decision or at least the approval of Prime Minister Donald Tusk, who supervises the
services and is constitutionally responsible for them. As a result, Russian special services
took total control not only over the overhaul of Tu-154M No 101 and 102 but also over the
preparations for the President's visit in Katyn, the flight of Tu-154M No 101 to Smolensk
on 10 April, as well as the research of the catastrophe and the way it was presented by the
media in Poland and by important political and media centers in the world.
The consequence of this decision was, among other things, realization of repair of Tu154M, which after its return to service underwent numerous failures. Repair works often
consisted in replacing faulty parts of Tu-154M No. 102 by faulty parts of Tu-154M No.
101 and vice versa. An example of such actions was the replacement of the left wing slots
in Tu-154M No. 102, in which traces of explosives were found after the crash.
The supervision of the Russian services over the overhaul gave them the opportunity to
take uncontrolled actions that could pose a threat to the safety of passengers using the
overhauled aircraft in the future.
The reason for this state of affairs was the political direction of the administration of the
time, focused on rapprochement with Russia and conflict with the President of Poland and
his pro-independence political line. It resulted in cooperation with Russia in order to make
the visit to Smolensk on 10.04.2010 difficult.
In practice this meant:
a. agreeing to Prime Minister Putin's demand that the Prime Minister and President
separate visits to Katyn in April 2010.
b. delaying the MFA's decision to inform the Russian Federation about the President's
visit,
c. consent not to check the preparation of Smolensk airport to receive the President on
April 10 and the safety conditions at the airport by proper services,
d. approval for non-application of the basic requirements of the HAED Instruction by
Minister T. Arabski, Head of the Chancellery, including failure to prepare a reserve
plane, failure to check the failure rate of Tu-154M and failure to equip the plane with
the necessary devices to signal the crash,
e. change of alternative airports for Tu-154M, on the evening of 9 April agreed with
Moscow (GCORL), but without informing the Polish pilots and the President of
Poland about it,
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f. permission to divert Tu-154M No. 101 to the Smolensk landing corridor, which has
been closed for 6 months,
g. failure to inform Smolensk Airport about the departure from Warsaw of Tu-154M No.
101 on 10.04.2010
h. Failure to inform the President about Russian preparations to prevent the President's
participation in Katyn ceremonies on 10.04.2010.
i. undertaking by Minister T. Arabski secret talks with Russian Minister J. Ushakov,
who supervises the special services on behalf of Prime Minister Putin, including
secret arrangements concerning the organization of the visit of the President of
Poland,
j. disregarding Interpol's information about the terrorist threat to planes departing from
EU capitals towards Russia on 10.04.2010.
k. entrusting the preparations of the Katyn visit of the President of the Republic of
Poland to the former functionary of the Soviet intelligence service T. Turowski.
6. Without these decisions the Smoleńsk drama would not have happened. The consequence
of such attitude of the leadership of administration subordinated to Prime Minister Tusk
was a total disregard of all rules and regulations, including those defined by the HEAD
instruction of June 2009, guaranteeing the safety of the President, by the members of state
administration, officers of special services, the army and those responsible for the flights
with the HEAD status. As a result of such actions the course of the Tu-154M No 101 flight
was fully controlled by the Russian services.
7. The Polish pilots had been planning to go around and fly to the alternative airport in
Vitebsk or Minsk since they found out about the weather threatening the landing in
Smolensk at around 06:00 UTC. Meanwhile, the services (GCORL and the Center
"Logika") until the last minutes before the approach to the Smolensk airport did not agree
to it, indicating Sheremetyevo, Domodedovo or Vnukovo near Moscow as alternative
airports.
8. This issue was the cause of dispute between Smolensk controllers and Moscow centers,
which caused tension and chaos among representatives of Russian services.
9. The failures of the Smolensk systems which navigated the plane, the false bringing down
of Tu-154M on the descent path in such a way that it threatened to hit the ground a
kilometer before the airport strip and the lack of experience and competence of some
airport services were significant.
10. Contrary to the Russian side, the Polish pilots acted in accordance and consequently
according to the established plan, which assumed a controlled approach to the altitude of
100 m and going over to a go-around, and then directing the plane to the alternative airport
in Vitebsk.
11. This plan was carried out until the start of the go-around, when explosions occurred in the
left wing and then in the left centrewing that destroyed the aircraft and killed the
passengers and crew.
12. So the real cause of the Smolensk crash was two explosions in the final phase of the flight.
The first one took place over 100 metres before the place where the birch grew on the plot
of N. Bodin during the departure for the second incident. The pilots consistently, starting
from the first hour of the flight, announced the automatic departure in case of impossibility
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of landing due to bad weather. They started to realize their plan as they had agreed with the
Russian flight controllers before. False bringing down of the plane by Russian flight
controllers who in the last phase systematically gave false data concerning the distance
from the runway and the course surely made the pilots' work difficult. However, the pilots
did not make any mistake and in the right time they made a decision to go-around.
13. The explosion severed the nearly 6-metres long left wing tip, destroyed the No. 2/2 slot,
the upper skin of the detachable wing section, and severed the left wing flap attachment.
The ABSU put the plane into glide, allowing it to maintain correct flight position for about
1 second. Later, due to the extent of damage to the slot, wing flap and covering of the
removable part of the wing, the plane started to roll to the left. At the same time there were
other failures: the left engine and the landing gear - the flap at the left landing gear shank
broke off and the radio altimeter failed. The plane lost its vertical stabilizer, a part of the
left horizontal stabilizer was also torn off. .
14. The second explosion occurred several meters above the ground about 6 seconds after the
explosion in the wing, near the two furrows marking the first contact with the ground of
large parts of the aircraft. It took place in the left centre-wing, which was broken into two
parts, with the front stringer of the left part of the centre-wing being shot nearly 80 m to
the northeast. As a result of the explosion the tail of the aircraft was also blown off together
with the pressure bulkhead, and the rear part of the fuselage, after the roof was torn, fell in
an inverted position with the sides turned outwards. The left side near the passenger door
was also torn and destroyed, which caved in to the ground to a depth of over 1 m. The
cockpit of the aircraft was also almost completely destroyed.
15. The charge that led to the explosion contained hexogen (RDX) as well as pentrite and TNT.
The result of the explosion was the death of the passengers and the total destruction of the
aircraft.
16. The Smolensk catastrophe showed the full preparation of the Russian side, which was ready
to react to a catastrophe that would have happened a few hundred meters before the airport,
which was evidenced, among other things, by the deployment of rescue services in this
area.
17. Donald Tusk also acted consistently by agreeing to hand over the whole process of
investigating the event immediately after the catastrophe into the hands of Prime Minister
Putin and his subordinate services. This decision was made by Prime Minister Tusk during
a telephone conversation with Prime Minister Putin in the morning of 10.04.2010 after the
catastrophe. Shortly thereafter, Prime Minister Tusk ignored President Medvedev's
proposal for a joint investigation of the crash, as stipulated by the 1993 Polish-Russian
agreement.
18. As a result, at 11:00 the Minister of Transport of the Russian Federation I. Levitin, who
supervises the commission to investigate the crash on behalf of Prime Minister Putin,
called Polish Infrastructure Minister Cezary Grabarczyk and agreed that the crash would be
investigated under the direction of these two ministers supervising commissions
investigating crashes of civilian aircraft. A communiqué published after the conversation
announced the departure of PKBWL representatives to Smolensk.
19. On 10.04.2010 at about 12:00 a conversation took place between the representative of the
Interstate Aviation Committee of the Commission for Investigation of Aviation Accidents
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(IAC) Alexey Morozov and the chairman of the State Commission for Investigation of
Aviation Accidents Edmund Klich, during which it was accepted that the catastrophe will
be investigated on the basis of the provisions of the Chicago Convention and its Annex 13,
giving all the research and control over the evidence to Russian experts.
As a result of these actions, Edmund Klich, after his arrival in Smolensk, was recognized
by the Russian side as a representative of the Polish commission investigating the crash on
behalf of the Republic of Poland and, despite the lack of such competence, he agreed to
Russians taking over the black boxes and transporting them to Moscow in order to conduct
research.
That is why the Commission on State Aircraft Accident Investigation (KBWL LP) , the
only Polish institution authorized to investigate military plane crashes, was established
only on April 15, when its management was taken over by Edmund Klich and then by
Jerzy Miller, the minister of internal affairs and administration. Both heads of the KBWL
LP were guided in their actions by the guidelines of Donald Tusk, who chaired the
Interdepartmental Team of the RM supervising the investigation of the crash. Tusk's
guidelines focused, as the Prime Minister himself stated on 23 April, on actions aimed at
preventing the spread of Polish suspicions that the catastrophe had been caused by actions
of the Russian side.
In turn, the chairman of the KBWL LP Miller, taking the leadership of the Commission,
openly announced that its report must be consistent with the report of the Russian side,
because otherwise "we're going to crack the whip on our own backs”153.
The result of these actions was the seizure of all evidence materials by the Russian side and
taking comprehensive measures to falsify both recorders' records, fragments of the plane
bearing traces of explosion, the scattering of parts of the plane and the location and
identification of the bodies of the victims.
In these activities, the Russian side received full support of special services, commissions,
government media and the political leadership of Donald Tusk's government.
Such attitude resulted in two reports of MAK and KBWL LP presenting falsely the causes
of the Smoleńsk catastrophe, accusing the Polish pilots, general Błasik and first of all the
president L. Kaczyński of causing the catastrophe in which the Polish national elite was
killed. At the same time, the Russian side destroyed or seized a large part of the evidence,
and Donald Tusk's administration made it impossible to investigate the actual causes of the
crash.
On July 8, 2010, the Parliamentary Team for Investigating the Causes of the Catastrophe
was established Tu-154M on April 10, 2010 under the chairmanship of MP Antoni
Macierewicz. The team started publishing documents containing the results of their work
and findings: in June 2011, the White Book was published, in September 2012 a report was
published entitled 28 months after Smolensk, April 2013 - Smolensk report - research
status, April 10, 2014 - Four years in Smolensk. How the President of the Republic of
Poland died, December 5, 2014 - An investigation by the Russian government of Vladimir
Putin on the crash of the Polish government plane in Smolensk on April 10, 2010.
Establishing the causes of the Smolensk catastrophe was possible only thanks to the

Posiedzenie KBWL LP z 28.04.2010.
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change of government and appointment of the Subcommittee for Investigating the
Smolensk Catastrophe by the Minister of National Defence. Thanks to an extensive and
long-term research of the Subcommittee taking into account first of all the methodological
conditions resulting from the falsification and deprivation of Poland of the majority of
evidence. The separation of reliable sources from the existing materials required a special
effort, caution and factual knowledge, significantly exceeding the aviation issues. It was
possible also thanks to the cooperation of Polish and foreign scientific institutions whose
research and experiments finally falsified the theses of MAK and Miller's reports and
confirmed the destruction of the airplane by an explosion. Also of great importance were
the Report and Resolution of the Council of Europe of September 2018 responding to the
Subcommittee’s Technical Report and demanding that Russia immediately return the
wreckage of Tu-154M and the rest of the appropriated evidence.154
27. The main body of evidence was gathered through:
a. analysis of extracted reliable records of copies of flight parameters recorders and
CVR based on records of American TAWS and FMS systems. This determined the
time and location of the explosion in the wing nearly 100 m from the birch tree in
Bodin's plot, as well as the location of the explosion in the centroid at about 15-10 m
above the ground;
b. reconstruction of the damage to the left wing and other parts of the plane scattered on
the wreckage, including identification of explosion sites and numerous postexplosion curls of the left wing tip and fuselage and cockpit covering, which are
indisputable evidence of the explosion;
c. examination of door no. 823 driven 1 m deep into the ground as a result of the
explosion, along with fragments of the body of one of the victims;
d. analysis of forces in excess of 1430 T required to detach the tail of the aircraft from
the rear of the fuselage;
e. analysis of the scattering and destruction of the bodies of the victims of the
catastrophe, which preserved numerous traces of post-explosion injuries, among
others numerous and severe burns of 1/3 of the dead, scattering of the remains of the
bodies of the passengers of the 3rd saloon over the entire wreckage, i.e. over 100 m,
while small fragments of internal parts of the bodies lay at the very beginning of the
wreckage;
f. detrmining the presence of numerous fragments of bodies lying in places of the
wreckage before the first traces of impact of a part of the airplane fuselage (i.e. the
passenger part);
g. the presence of explosives found by Polish, British and American laboratories, which
identified traces of hexogen, pentrite and TNT on parts of the aircraft's skin,
including some identified by the Subcommittee as parts of the skin from the
explosion site;
h. simulations performed by the Subcommittee, Military Technical Academy and NIAR
Wichita State University on the model of Tu-154M airplane reconstructed with the
Finite Elements Method (the model has over 30 million points and is the largest such
model used so far for simulation analysis);

154

Appendix 38 to the Report: Resolution and Report of the Council of Europe.
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i. simulation of the impact with the ground according to the parameters accepted by
MAK and Miller's commission showing the essential difference of the destruction of
the airplane on the wreckage and the incompatibility of the scattering of the
fragments of the bodies of victims with the disintegration of the airplane and
according to the assumptions accepted by MAK/Miller reports. This conclusively
falsifies the MAK and Miller reports. Simulations show not only fundamental
differences of the plane's destruction, but also the fact that the plane hitting the birch
tree on the Bodin plot with its wing at the height of 5 m hits the ground afterwards in
a completely different place of the wreckage and in a different position than it
happened in reality.
28. Finally, it is worth recalling the evidence of experts of the Prosecutor's Office of the
Russian Federation stating unequivocally that both the fuselage of the plane and the wings
were destroyed by the explosion. The expertise prepared in 2012 is based on the inspection
carried out by these experts in September 2010. The photographic material attached to the
examination, including that showing the left part of the destroyed centrewing and the left
wingtip, fully confirms the thesis of the damage being the result of internal pressure.
Russian experts, aware of the consequences of their diagnosis, are trying to attribute the
explosion to a “hydraulic impact”, which is obviously absurd if one takes into account the
small amounts of fuel that could have been in the tank caissons at that moment, as well as
the shape of these caissons preventing the formation of a "hydraulic hammer". The heads
of the MAK and Miller commissions, aware of this situation, ignored this expertise
completely, resigning also from the analysis of the attached examination of the wreckage
and photos of the parts of the airplane showing the damages caused by the internal
pressure.
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REASONS
On 10.04.2010 at 6:41 UTC the plane Tu-154M No. 101 of the Polish Air Force was
completely destroyed by an explosion. Its wreckage was scattered at a distance of over
500 m from about 900 m before the threshold of the RWY26 runway of the Smolensk
North airport in the Smolensk region of the Russian Federation.
The Russian side's actions to prevent the landing at Smolensk Airport here-154M were
important, including the conversion of non-knowledge-free spare airports into the eve of
the day
Taking control of the overhaul gave the possibility of installing an explosive inside the
left wing. At the planned time and place by means of a coded radio transmission path it
was possible to cause the explosion of the left wing of the Tupolev. The aircraft, losing
the lifting force on the left side, started to rotate around its own axis, which in due time
led to the explosion of the device placed in the ballast tank, causing the main damage to
the aircraft.
The explosion in the ballast tank No. 4 was the main cause of the Tu-154M fuselage
destruction moments before touchdown. The explosion, which occurred in this place, tore
the top covering of the ballast tank in the centrewing, tore off the tail of the aircraft and
destroyed the fuselage covering.
The catastrophe involved a series of deliberate actions on the part of Russian flight
controllers who brought the Polish aircraft down by giving incorrect, false data to the
crew. The aircraft was brought to the landing about 1000 m before the airport.
The Georgian incident was important for the course of preparations for the act of
unlawful interference, as it allowed to check the reaction of political and media circles, as
well as special services to the threat to the life of President of the Republic of Poland.
The following groups of problems determined the course of the air incident over
Smolensk:
a) an act of unlawful interference directed against the President of the Republic of Poland,
who strove to guarantee Poland's energy independence, supported the strengthening of
sovereignty of Central and Eastern European countries and the admission of Ukraine
and Georgia to NATO;
b) undertaking by the perpetrators systematic actions in the area of Polish administration,
political structures and mass media aimed at ensuring full control by Russian special
services over both Tu-154M planes;
c) political decisions and actions of the then administration, i.a. lack of appropriate
supervision over the overhaul of Tu-154M planes, execution of overhauls in plants
controlled by Russian special services, then striving for separation of visits of the
President of the Republic of Poland and the Prime Minister of the Republic of Poland, a
number of negligence in organization of the visit;
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d) full acceptance by civilian and military decision-makers and special services of the
disregard for the rules and regulations governing preparations for a flight with HEAD
status, in particular flight safety regulations and the preparation of an airport and the
application of procedures relating to the preparation of aircraft for the most important
persons in the country and flight preparations.
e) tolerating and even supporting foreign special services and military institutions whose
activities were treated in advance as not subject to Polish control and verification155.

155

Appendices: 33 i 39.
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5.

PREVENTIVE RECOMMENDATIONS

1. All issues described in this document were determined in 2010 by political conditions on the
one hand, and on the other hand by lack of technical solutions and provisions which would
force administration to respect regulations concerning safety of flights of the most important
persons in the country. Therefore, organizational, technical and legal solutions are of key
importance.
2. In view of the lapse of time since the Tu-154M No. 101 crash, the Subcommittee for
Reconsideration of Aviation Accidents of the KBWL LP, in formulating its
recommendations on flight safety, is obliged to take into account the current legal status and
the actual situation of the aviation of the Polish Armed Forces.
A) Preventive recommendations to the operator state
Based on the material gathered and in accordance with Article 140(1a) of the Act of 3 July
2002. - Aviation Law (i.e., Journal of Laws of 2020, item 1970, as amended), the Commission
proposes to introduce the following preventive recommendations with the indication of the
addressee:
Addressee

Recommendation
1.
Secure
and
supervise
on
a
continuous basis the overhaul of military
MOD
transport aircraft of the Armed Forces of the Republic of Poland;
Mil.Counterintel
2. Conduct a thorough pyrotechnic check after overhaul of military
.
transport aircraft of the Armed Forces of the Republic of Poland;
Mil.Intel.
3. Incorporate a pyrotechnic reconnaissance item into the overhaul
ISA
acceptance protocol. The acceptance committee should include
Intel.Agency
pyrotechnics specialists;
4. Carry out mandatory counterintelligence reconnaissance of the repair
site of military transport aircraft of the Armed Forces of the Republic
of Poland;
5. Provide counterintelligence protection to persons participating in
tenders for the repair or purchase of all aircraft of the Polish Armed
Forces;
6. Provide counterintelligence reconnaissance of the companies
participating in such tenders in order to detect potential infiltration of
these companies by intelligence of foreign special services;
State Protection 7. Expand the scope of pyrotechnic and radiological reconnaissance of
aircraft carrying the most important people in the country by checking
Bureau
the technical first aid kit and the cargo hold156
8. Introduce an obligation to carry out reconnaissance of the landing site
Chancellery of
of aircraft carrying the most important persons in the country at the
the Prime
156

Osoby wymienione w art. 1 ustawy z dnia 30 sierpnia 2019. o lotach najważniejszych osób w państwie (Dz. U. poz. 1967 z późn. zm.).
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stage of organization and on the day of arrival. This task is to be
performed by the State Protection Buraeu in cooperation with special
services;
9. Introduce the necessary procedures concerning the preparation of
foreign trips of the most important persons in the country in the areas
requiring arrangements and cooperation with other entities, including,
inter alia, in the field of obtaining permission for overflight and
landing and the organization of reconnaissance
10. Following reconnaissance, introduce the requirement to accept
conditions provided by the country of arrival, including medical
security;
11. Work out legal solutions enabling the presence of a Polish flight
controller in the body providing proximity control at the destination
airport of an aircraft carrying the most important persons in the state;

Chancellery of
the Prime
Minister
Chancellery of
the President
MOD
12. Establish a separate unit to coordinate the acquisition of information
MOD
and security of flights of the most important persons in the country,
Mil.Counterintel
including counterintelligence protection of crews, passengers,
.
accompanying persons, places of landing and stay, the entity that owns
MP
the aircraft, etc., with particular emphasis on the threat of an act of
unlawful interference;
13. Establish a separate unit to coordinate the acquisition of information
and security of flights of the most important persons in the country,
including counterintelligence protection of crews, passengers,
accompanying persons, places of landing and stay, the entity which
owns the aircraft, etc., with particular emphasis on the threat of an act
of unlawful interference;
14. The special services should obtain information and material that may
ISA
Intel.Agency
be relevant to the investigation of an aviation incident involving an
Mil.Counterintel
aircraft carrying the most important persons in the state or when third
.
parties are suspected and an act of unlawful interference has been
Mil.Intel.
committed.
15. Create in the structure of the Armed Forces a unit dealing exclusively
MOD
with the flights of the most important people in the country, with
specially trained personnel of all specialties related to aviation, from
legal, technical, to aviation, combat and safety of air operations;
16. Introduce the following technical solutions and equip transport
aircraft for the most important people in the country in:
- passive and active combat cover system;
- a cyber-warfare system;
- a system of constant communication control between the aircraft
carrying the most important people in the country and the unitdispatcher of the aircraft;
- Flight recorders (preferably duplicated) that continuously transmit flight
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MOD
Unit operating
the aircraft

Institutes
conducting
psychological
tests of pilots in
PAF, Military
Institute of
Aviation
Medicine

parameters to the unit that owns the aircraft;
- quick response sensors that permanently record maximum pressure in
the fuselage, wings and other critical structural areas of the aircraft;
17. Keep copies of the aircraft's maintenance checks and documents at the
unit that is the aircraft operator;
18. Ensure continuous, complete and continuously updated transmission
of all recordings of sensors installed on board transport aircraft of the
Armed Forces of the Republic of Poland and cockpit image-recording
devices to the unit being the operator of the aircraft157;
19. Prohibit the destruction of records relating to aircraft that have been
involved in an aircraft accident;
20. Introduce an obligation to immediately submit to KBWL LP a
certified copy of documentation concerning an aircraft of the Polish
Armed Forces which has suffered an accident or an air incident;
21. Systematically conduct psychological testing of pilots designated to
carry the most important people in the country;
22. Introduce regulations to prohibit the use of test results from prior
years as the basis for issuing airworthiness determinations;
23. Archive the results of aero-medical certificates in accordance with
applicable resolutions (appropriate retention time)along with tests and
test results;
24. Immediately make available to KBWL LP a certified copy of the
results of aero-medical examinations of the crew of an aircraft of the
Armed Forces of the Republic of Poland which was involved in an
aircraft accident or incident.

B) Preventive recommendations for the state of the accident
The Commission proposes to introduce preventive recommendations in the aviation of
the State of the site, the Russian Federation.
The Russian side, while commissioning to prepare a report of a technical nature, carried
out in accordance with the standards of civil aviation158 on the investigation of an air incident,
which occurred in the area of an airport of the state aviation of the Russian Federation, received
only general recommendations for improving the safety of flights related to the specificity of
the state aviation of the Russian Federation159. Similarly, the evidence provided by the
Investigative Committee of the Russian Federation does not indicate, apart from one case
157

Similar to the NASA system transmitting information from Apollo sensors to the Houston base.

158

MAK Report: Recommendation 4.3 To States: consider the desirability of amending national legislation to require that any international
flights carrying passengers, regardless of the type of aviation, be conducted only in accordance with the rules laid down in the Civil Aviation
Convention, its annexes and other documents, including the rules for the preparation of crew members and aircraft, as well as the issues of
insurance for passengers, crew and the carrier's liability, limited to aircrew and not including all air traffic services, poses a risk to flight
safety by the possibility of applying two different sets of rules to the same flight.
159 MAK report: Recommendation 4.5 to the Ministry of Defense of the Republic of Poland and the Ministry of Defense of the Russian
Federation: take measures to increase the role and effectiveness of state control of activities in the field of flight safety in state aviation and
eliminate the shortcomings mentioned in the report. At the same time, recommendation 4.1 is precisely addressed to the commander of the 36th
SPLT of the Polish Armed Forces.
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concerning the change of location of the airport meteorological station of Smolensk-North
airport, the recognition of the revealed irregularities with a recommendation to implement the
corrective procedure to improve safety in the state aviation of the Russian Federation. Taking
into account the overriding principle of air traffic safety, it was decided to formulate
recommendations based on the identified irregularities in the functioning of the state aviation of
the Russian Federation, contained in the evidence provided to the Polish side, mainly the WPO
in Warsaw until 2015.
1. conduct training for Transport Aviation flying personnel on
Air and Space
compliance with aircraft, pilot and airport regulations and technical
Forces of the
conditions of aircrafts on landing approaches;
Russian Federation
2. Conduct flight training of flight services on the threats of operating
inoperable equipment and the need for flight services to enforce the
obligation to provide necessary information to pilots of aircraft
approaching to land, taking into account applicable procedures;
3. Improve the flow of meteorological information in the network of
state aviation of the Russian Federation, also using SYNOP
dispatches issued by civil meteorological stations;
4. Introduce an obligation for the relevant Military Units to report
each time to the superior unit on:
a) the issuance of STORM alerts,
b) the order of the commander of the Military Unit regarding the
suspension of arrival and departure flight operations of aircraft at
airports for which the SZTORM warning has been issued;
5. Correct contradictory provisions in the Flight Manual for the area
of Smolensk-Severny airport;
6. Ensure that the equipment of the airport with communication
means and the location of the RSP-6M2 station comply with the
requirements contained in the Instruction on Operations at
Smolensk-Severtnyy Airport and other normative acts; ;
7. Conduct training for flight management services at SmolenskPółnocny airport on the principles of using OKL resources in
accordance with normative acts and securing media in the event of
an air incident;
8. Review procedures related to the performance of airport flyovers;
9. W związku ze stwierdzeniem licznych nieprawidłowości na
lotnisku
Smoleńsk-Północny
w
zakresie
wyposażenia
i wykorzystania środków OKL - przeprowadzić kontrolę
i monitorować przestrzeganie ustalonych standardów na
stanowiskach OKL lotnisk wykorzystywanych przez Lotnictwo
Transportowe WKS;
10. At airports used by the Transport Aviation, conduct flight
management training using the principles of air traffic organization
provided for in the relevant airport Flight Manual;
11. improve information sharing between the GCORL military sector
and subordinate military airports regarding information on irregular
international flights.
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C) Additional preventive recommendations to improve the aviation incident investigation
process
In the Polish system of air accident investigation there is no possibility to indicate an act
of unlawful interference as the cause of an event. As a consequence KBWL LP not only does
not take such circumstances into account, but also the persons prepared to perform the function
of members of the commission are not trained in this direction, do not know the history of the
acts of unlawful interference, the procedures of their investigation and the structure of
evidence. On the basis of its study, the Commission proposes to introduce additional preventive
recommendations with an addressee. They should:
MOD
Inspectorate for 1. implement systematic training of members of the KBWL LP in the
field of acts of unlawful interference, procedures for their
Flight Safety
investigation and analysis of evidence and include specialists in
aviation security in the composition of the commission;
2.

include an act of unlawful interference as one of the causes of an
aviation incident in the Aviation Safety Manual of the Armed Forces
of the Republic of Poland;

3.

include among the KBWL LP duties the performance of analyses
going beyond the readouts of flight data recorders and requiring the
use of state-of-the-art scientific methods for scientific verification of
final conclusions

4.

define a catalog of technical means necessary for the execution of
research (logistic, research, equipment facilities, including means of
communication, data processing and information exchange) and the
necessary IT facilities at the disposal of the research team, without the
necessity to conduct tender procedures for equipment in the course of
the research;

5. develop a list of research institutes that will remain on standby to
provide aviation accident investigation services.
MOD
National
Prosecutor’s
Office

6. Work out legal solutions to enforce the provisions of the Agreement of
5 November 2014 between the Minister of National Defence and the
Attorney General.
Proper cooperation between state institutions is in the organizational area
the most important factor in identifying possible threats to aviation
safety and their elimination as soon as possible;;
7. Define the catalog of activities carried out at the scene of the accident,
the appropriate procedures and test methods, based on international
standards, including the recommendations and manuals of ICAO and
Polish law. In the current legal system in Poland there is no such
regulation;
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8. define the competencies of the investigating authorities in a way that
obliges them to have parallel and full access to all evidence gathered
in the case. In the current legal system the competences are formulated
imprecisely, which leads to protraction of the investigation, disputes
over competences, and "rationing" of information
9. Define precisely the form of exchange of information without
additional formalities by the bodies investigating the accident and
conducting the investigation. In the current legal system, the exchange
of information takes place at the request of the institution concerned,
without its knowledge of the extent of the evidence collected by the
other institution..
10. Introduce a requirement for the Prosecutor's Office to implement the
requests of the LPSC and allow the LPSC to review case files, make
copies and photocopies under Article 156 of the Code of Criminal
Procedure as a party to criminal proceedings;
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11. Aviation law should be amended to equip KBWL LP with the
authority to enforce the right to cross-examine witnesses to an
aviation incident, including the procedure for summoning a witness
and the potential penalty for failure to appear;;
12. The amendment should unify the responsibilities and competences
of State Commision on Aircraft Accident Investigation and the
Comission on Aircraft Accident Investigation;
13. The investigation of an aircraft accident should be by law
classified.
14. To amend the procedure for granting consent for the release of
results of investigation into the circumstances and causes of air
accidents and incidents collected during the conduct of an air
accident investigation for purposes other than accident prevention
(Article 134.1a of Aviation Law) The release is to be decided by
the KBWL LP, which will conduct a risk assessment of the release
of materials, including witness interview reports, taking into
account the principle of Just Culture. The Military Regional Court
in Poznań, as an appellate body, would resolve disputes arising on
this ground.
15. Establish an entity to protect state aviation from acts of unlawful
interference.
16. In the event of an aviation incident involving the most important
persons in the state, the hypothesis of an act of unlawful
interference should be verified first and foremost. The person
supervising the investigation should immediately take action to
ensure that information is passed to the aviation security
authorities.
17. Amend the law on access to public information. Restrict access to
information related to the functioning of the NSC LP (research
results, staff composition, salaries, etc.).
18. Make the HEAD instruction the defining regulation for handling
the flights of the nation's most important people;
19. Introduce criminal, financial and service sanctions for noncompliance with instructions by administrative employees and the
Polish Armed Forces.
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The silhouette of the Tu-154M airplane and the position of its fragments in front of
RWY26, identified by the Subcommittee (orange points), on a satellite image from
10/04/2010
Tu-154M No. 101 at the Okęcie Airport in Warsaw, photo by M. Leszczyński
Comparison of approach plates for the direction 259o of the Smolensk-North
airfield: on the left the obsolete plate in possession of the 36th SPLT, on the right the
plate valid on 10.04.2010. The profile contains the designation of the ВПР point, as
well as mode of crew operation for the go-around
The scheme of areas of responsibility of air traffic control bodies resulting from the
content of the Instruction on performing flights in the vicinity of SmoleńskSevernyj aerodrome. The applicable entry-exit corridors of the aerodrome are
marked by navigation points RALOT and BIEŁYJ
Diagram of the distribution of communication and radio-technical means of the
Smolensk-North airfield
Diagram of positioning visual navaids OMI (without approach lamp and light
horizon at the magnetic direction 79o) and SSP-1 (magnetic direction 259o).
A frame from CCTV of Warszawa - Okęcie no 11 of 10.04.2010. 04:46:18 UTC
Scheme of connections between centres supervising the guidance of Tu-154M at
Smolensk on 10.04.2010
Visualization of the PRL landing radar indicators screens with the normative ones
marked zones of permissible (ЗДО; ZDO) and normal (ЗНО; ZNO) path and course
deviations. The range of deviations normal (ЗНО) is 1/3 of the permissible
deviations (ЗДО) of the path and course
Location of the witness, approximately 100 metres north of the flight path of Tu154M
Witness location, approximately 150 metres south of the flight path of the Tu-154M.
Witness location, approximately 400 metres south of the flight path of the Tu-154M.
Witness location, approximately 400 metres north of the flight path of the Tu-154M.
Witness location, approximately 50 metres south of the flight path of the Tu-154M.
Location of human remains in the area of the main aircraft debris field. Deviation of
the position of the remains from the plane's displacement axis. Red: remains
identified during the inspection. Green: remains found by Polish archaeologists. 1 Right main landing gear with a fragment of the right centre panel. 2 - Left main
landing gear with fragment of the left centrofoil. 3 - Right wing. 4 - Forward
baggage compartment with a fragment of the side. 5 - Crew cabin with fragment of
technical compartment and front undercarriage shin. 6 - Fragment of the underside
of the fuselage plating. 7 - Hull plating fragment with windows. 8 - Tail section. 9 Hull fragment with rear baggage compartment. 10 - Engine no. 3. 11 - Left wing
skin fragment. 12 - Vertical stabiliser. 13 - Right horizontal stabiliser.
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Crew places – diagram.
Location of bodies and body parts belonging to the flight crew in the cockpit
(applies to bodies and parts for which a precise location has been established).
Description as per fig. 2.1.
Location of the remains of the captain. No 22 - corpse, No 27 - body fragment.
Location of the remains of the co-pilot. No. 7 - corpse. No. 158W and No. 43 - body
fragments.
Location of navigator's remains. No. 35 - corpse. No. 278 - body fragment. A, B, C,
D - areas where other fragments of the navigator's body were found, but without
establishing the precise location.
The location of the flight engineer's corpse - No. 23. The corpse was found in the
forward cargo hold space.
Seats occupied by passengers in lounge 1 - diagram.
Location of the remains of the bodies of the passengers of lounge 1. Point A fragment of the body of the Air Force Commander, point B - corpse of the Air Force
Commander. Description as under Fig. 2.1.
Seats occupied by passengers in lounge 3, left side - diagram.
Location of human remains belonging to passengers of lounge 3 occupying seats on
the left side of the lounge. Very large fragmentation visible. Description as under
Fig. 2.1.
Seats occupied by passengers in lounge 3, right side - diagram.
Location of human remains belonging to passengers occupying seats to the right of
lounge 3. Description as under Fig. 2.1.
Summary listing of the location of human remains belonging to passengers in
lounge 3 occupying seats on the right and left sides and stewardesses occupying
seats at the main entrance to the aircraft.
Seats occupied by passengers in the general passenger lounge - diagram.
Location of human remains belonging to passengers occupying seats in the general
passenger lounge and BOR officers.
Location of body fragments found in the 12th and 11th sectors.
Location of identified passengers and crew members on the aircraft whose body
parts were found in sectors 12 and 11.
Seat occupied by a passenger in the 24th row of seats on the left at the aisle diagram.
Location of the body and body fragments of the passenger occupying the seat in the
last 24th row of the general lounge seats on the left side near the aisle. Description
as under Figure 2.1.
View of the aircraft hull plating in 250 ms of the WAT simulation.
Appearance of damage in the area of door No. 823 in 250 ms of the WAT
simulation. Minor damage to hull plating in the area of the kitchen room and
damage to door No. 823.
Position of the aircraft according to the WAT simulation at 250 ms relative to the
actual position on the ground and in the ground of the identified human remains.
Appearance of the passenger lounge area in the vicinity of the 23rd and 24th rows of
seats in a 250 ms event according to the WAT simulation.
Intact passenger lounge hull plating (roof) in 250 ms of the WAT event simulation.
View from the ground.
Location of bodies and human remains at the scene.
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The place where one of the body fragments was found on 13.04.2010 at the depth of
about 30-35 cm. Fragment of a photograph from the view board to the inspection
protocol.
Diagram of the aircraft cabin. Injury severity scale for identified locations of 63
passengers. Injury dispersion.
Body fragmentation.
Percentage of clothes ripped off.
Percentage of burns by ground fire zone.
Location of Gen. Andrzej Błasik's body parts and elements from the area of lounge
1 in the main debris field. A. armrest of the sofa of lounge No. 1 - right side of the
lounge, B. fragment of the right side of lounge No. 1, C. backrest of the sofa of
lounge No. 1 - right side of the lounge, D. upholstery and second armrest of the sofa
of lounge No. 1 - right side of the lounge, E. fragment of the toilet mirror near
lounge No. 1 - right side of the lounge, F. fragment of the inner partition of the right
side of lounge No. 1 - right side of the lounge.
Location of bodies of gen. Andrzej Błasik and of the navigator Artur Ziętek
Tu-154M 101 Black Box locations
Illustration of the difference in recording on a tape and in computer memory.
Circuit diagram of the MARS-BM recorder.
MARS-NW - a ground tape recorder designed to play a tape from the MARS-BM
crash recorder.
Transformation effect of the fixed frequency f = 1760 Hz according to the mutual
relations of Vp and Vr .
The abrupt change of the frequency of the transformed signal as an indicator of a
tampering: a) the transformed signal during ripping with Vp ˃ Vr, b) the gap after
removing a fragment of the recording, c) the abrupt change after splicing, i.e. digital
"gluing" of the edges of the recording.
Spectrogram in the range between 3700 Hz ÷ 3900 Hz, covering the second
harmonic of the recorder spool drive system, channel K-2, April copy (tampering
visible as light green area of the graph 23.8 s wide). The slanted course of the
second harmonic characteristic is symptomatic of the frequency transformation
caused by the desynchronization of the speeds Vp and Vr.
A spike in the second harmonic of the recorder spool drive system.
End of side B; start of side A.
Spectrogram in the range 0 ÷ 220 Hz, highlighting an interjected signal fragment.
K-1, April copy.
Spectrogram of an inserted fragment between 0 Hz ÷ 220 Hz. Channels K-1, K-2
and K-3, April copy
Initial portions of the transcript on side "A", channel K-1 (radio conversations of the
aircraft captain).
Spectrogram of the recordings in Fig. 2.44, in the range between 0 Hz ÷ 250 Hz.
Spectrograms of channel three, side "B", in the frequency range 40 Hz ÷ 200 Hz.
The bottom spectrogram shows the symptoms of overdubbing (editing) marked with
yellow arrows in the June copy.
A spike in the second harmonic of the recorder spool drive system.
A photograph of a piece of the tape with a folding defect (8:39:42).
Mean value of radio altitude difference and standard deviation between radio
altitude records from ATM, MLP, KBN and TAWS recorders depending on the time
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difference between these records.
airport traffic circuit, determined from radar screen shots at the Moscow Zone
Center.
The distances between the birch tree on the Bodin plot, TAWS 38, FMS 2a and
FMS 2b are marked on the background of the satellite image from 10/04/2010. The
end of recordings of individual recorders is marked in yellow.
Chart of events and selected flight parameters during the last 17 seconds recorded in
the CVR MARS-BM cockpit recordings, ATM-QAR and M£P-14-5 recorders, and
TAWS and FMS equipment.
Comparison of departure records 10.04.2010. (left chart) with the record of
departure 15.04.2011. (right graph). On 10.04.2010 after the descent speed
decreased from 9.4 m/s to 4.2 m/s it increased again to 9.4 m/s and remained until
the autopilot (ABSU) longitudinal axis was disengaged. During this time the
inclination of the plane did not change. On the right graph: the plane Tu-154M No.
102 during the control flight on 15.04.2011, with the same actions of the pilots, the
speed decreased from 8.5 m/s to 2.4 m/s and remained until the autopilot of the
longitudinal axis was disengaged. As can be seen on the left graph (dashed line), if
the plane had continued the flight as it did on 15.04.2011, it would have gone about
11 m higher than indicated by the copies of the flight data recorders' records.
The time and location of the autopilot response to loss of lift from the left side.
Coordinate system of the model tested in the wind tunnel (left side) and its photo in
the tunnel (right side).
Model of Tu-154M airplane in 1:10 scale (left photo). The moment of losing the left
wingtip during the flight (right photo).
Fragment of the copy of the 09.06.2010 CVR recording containing a millisecond
long intense sound marked with a red rectangle. The red arrow marks the place
where between the birch tree and TAWS 38 the signal was muted.
Sector 1.
Sector 2.
Sector 3.
Sector 4.
Sector 5.

Sector 6.
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124
125
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127
128
129
130
131
132
133
134
135
136
137
138
139
139

Sector 7.
Sector 8.
Sector 9.
Sector 10.
Sector 11.
Sector 12.
Fuselage debris in sectors 1-12.
Left engine.
Internal damage to the left engine.
„White coating”.
Lay out the frames along the fuselage of the aircraft.
Diagram showing hull plating thickness with framing locations marked. In the
drawing Д16 means duralumin material of which hull plating, frames and stringers
are made.
140
Construction of the tail section of the aircraft fuselage. No. 28 is the decompression
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bulkhead of round and convex shape, made of duralumin with rivets. This bulkhead
is considered as frame 67a. Frame 67 (marked with indicator 29) is reinforced in the
center by a crossbeam to which the forward nodes of the side engine mounts (No.
25) are attached. Similar is the rear side engine mount (node 21) associated with
frame 71. Frame 66 is indicated by No. 30. No. 17 indicates the pylon, No. 27 the
shield profile, and 27 are the stringers, No. 9 is the rudder and elevator mount base
structure.
Frame 67 - final frame of passenger cabin pressure area. 1 - frame flange (wall), 2 side engine mounting node, 3 - frame flange, 4 - forged node, 5 - horizontal beam.
The tail of Tu-154M no. 101, 10.04.2010, Okęcie airport, just before the departure
to Smolensk.
Three rows of rivets on the fuselage skin transitioning to the tail, i.e., on frame 66.
The front of the aircraft is on the left and the rear is on the right. Right: fixing the
number of rivets on the tail perimeter of Tu-154M No. 102, 10.11.2016.
After removing the covers on Tu-154M No. 102, the construction of frame 66 and
the pressure bulk can be seen.
Right side of frames 66 and 67. Frames in the Tu-154M are mostly placed every 50
cm, here the distance between frames 66 and 67 is shorter.
The short stringer coming from frame 66, connected to it with two screws, is
connected with 6 rivets to the long stringer going to frame 65. Those rivets have
diameters of 6,5 mm and 5 mm.
Frame 67a – in the case of short stringers the first and last rivets are smaller in
diameter than the middle ones.
Measurements of the short stringer coming out of frame 66 for initial determination
of rivet diameters.
Tail section on wreckage with fasteners torn out at frame.

Flight Control System Tu-154M
Arrangement of the centerwing flaps and left wing flaps on 12.04.2010. Photo on
the left - Russian materials, and an enlargement of a fragment of a KBWL LP photo
(on the right), with uneven position of two flap sections on the left wing and the
centrewing, marked by the Subcommittee. The variation in the angle of deflection
can be seen.
Lengths of the flap drive screws with the number of visible coils, corresponding to
particular angles of the flaps setting in the Tu-154M airplane. Subcommittee photo.
Location of the fragment of the last propeller screw of the left flap section at the
site of the crash on 10.04.2010.
10.04.2010 evening hours (left), and 11.04.2010. (on the right). Photo: The
Prosecutor's Office of Russia.
Measuring the number of propeller turns of the left flap section. A frame from the
Military Prosecutor’s office photo.
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Fig. 2.93

Right flap before repositioning, position 36 degrees. Photo: Prosecutor's
155
Office of the Russian Federation.

Fig. 2.94

Russian servicemen during repositioning of the right centerwing flaps on
11.04.2010 and the right centerwing flap after repositioning - position 45 degrees.
Photo: the Prosecutor's Office of the Russian Federation.
156
157
Positioning of both sections of the right wing flaps on 12.04.2010.
Second section of the right wing flaps. Location of the flap drive screw and the
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bend of the flap after turning the screw by Russians. Photo: KBWL LP, 12.04.2010.
Number of coils of the propeller of the second section of the flaps of the right wing,
including the fragment removed by Russians on 11.04.2010. Frame from photo by
KBWL LP.
Photographs by KBWL LP showing the right wing with the screw marked.
The flap drive bolt for the second section of the right wing. Fot. KBWL LP.
Position of the flap position indicators 12.04.2010. (photo on the left) and
21.09.2012. (photo on the right) - Russian materials.
The position of the flaps on the wreckage determined by the Subcommittee.
Traces of explosives (RDX) found on the inner surfaces of two fragments of the left
side plating of Tu-154M No. 101, examined by Polish specialists and confirmed by
the laboratory in Kent.
Thermobaric charge explosion in a model of the passenger section of an aircraft.
All walls (final ribs and beams) and cover are destroyed. Bottom cover separated
from the rest. The blue plate symbolizes fuel.
Rectangular representation of an explosive strip against a fuel plate background.
Advanced stage of destruction in the presence of high tensile forces.
Reconstruction of the plane's flight line based on the location of debris from the
area in front of the birch tree in Bodin's plot to the airport.
The deformation of the underside skin in the NIAR simulation is opposite to the
actual deformation of that part of the plating seen on the left wing tip. The actual
deformations were caused by the internal pressure in the wing, not by the impact.
Post-explosion curl view of the underside plating of the detached tip of the
detachable portion of the left wing.
Scale 1:1. The effect of an experiment to cut a model wing with fuel using an
explosive.
A place in the wing that was pointed out by the Prosecution's experts taking
macroscopic photos.
The red ellipses mark the photographed places of edge breaks of the top skin. The
blue ellipses mark the photographed places of edge breaks of the bottom skin.
Macroscopic photo of the edge of the top skin’s breakthrough with smooth areas of
breakthrough created by rapid metal tearing and a cracked paint and varnish coating
peeling away from the primer paint.
The red and blue arrows indicate alternate cracking of the break edge of the top
skin.
Spalling of the metal of the top skin. The arrows show the direction of the splinters.
The section of top skin that turned outward from the structure was cut off in such a
way as to resemble a natural tear.
Identified fragments of the detachable part of the left wing hanging on 10.04.2010
on the branches of a birch tree in Bodin's plot.
Separation locations of the tip of the detachable portion of the left wing. The red
arrows indicate the locations in the top and bottom plating that were turned
outward.
Debris from stringers turned up on the outside of the structure.
Fragments of top skin turned up on the outside of the structure.
Splinters of the bottom plating turned up on the outside of the structure.
View of the ribs of the detachable part of the left wing according to the
Subcommittee's reconstruction based on film and photographic material.
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View of spar No. 1 of the detachable part of the left wing according to the
Subcommittee's reconstruction based on film and photographic materials.
View of spar No. 2 of the detachable part of the left wing according to the
Subcommittee's reconstruction based on film and photographic materials.
View of spar 3 of the detachable part of the left wing as reconstructed by the
Subcommittee.
Views of the same section of spar no.3. of the detachable left wing section at the
main debris field and debris storage site.
Nose splinter locations in the subtractive structure of the left wing section.
View of the site of hypothetical birch contact from Bodin's plot with the second
section of the left wing slot.
Reconstruction of the console of the detachable part of the left wing with elements
of the internal structure bearing traces of deformation by the action of high internal
pressure, the epicenter of which is located between ribs No. 27-32, according to the
reconstruction of the Subcommittee.
Fragments of the second section of the slot moved under a birch tree in Bodin's plot
and swapped places.
Mock-up and location of identification of the flap components of the detachable
wing section.
View of the destroyed separation site of the tip of the detachable portion of the left
wing.
Scale 1:1. Effect of an experiment performed by the Subcommittee - cutting a
model of a wing with fuel using an explosive.
Effect of a 1:4 scale model wing cutting experiment with fuel using 6 g/m linear
explosive. Note the arrangement of the curls in the direction from the epicenter of
the high internal pressureego
Flight trajectory of the ballast structure from Kutuzov Road to the south furrow.
Photo from a DVD attached to the report on the inspection of the crash site on
10.04.2010. The photograph was taken at 16:43:35 Moscow time in sector 13 by
investigators of the Russian Federation. The picture shows peeled paint and coating,
located in the initial section of the so-called southern furrow, probably coming from
the horizontal stabilizer.
Position of the stabilizer structure at the time of impact with the southern furrow.
Bush branches crushed to the west by the right side of the horizontal stabilizer.
The area of deposited debris from the left wing stump in front of the so-called
northern furrow, the beginning of which was created by the wing stump at an angle
of ca. -90 degrees in relation to the ground.
A view of the pitted section of bottom sheathing from the end of the left wing
stump.
Area of debris occurrence behind Kutuzov Road on map excerpt from
Archaeologists' Report. Appendix to the Report.
Some collected debris with traces of thermal impact.
Comparison of micro0craters on the surface of debris found by archaeologists and
debris created after the pyrotechnic experiment conducted by the Subcommittee Appendix to the Report: Archaeologists' Report, self-analysis of images from the
Subcommittee's resources.
Torn along stringer 2L and the roof along with the left and right side of the
passenger compartment between the centrewing and the tail were turned outward
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from the structure.
Examples of post-explosion curls in areas of concentration of the high-pressure
surge wavefront.
Effects of the explosion in the area of the fuel (ballast) tank No. 4. From left:
graphic showing the deposited debris of the kitchen equipment, door No. 823 driven
into the ground, debris of the left part of the centroplane and passenger
compartment and the location of the passengers' bodies.
Scatter-field of centerwing parts on the wreck site with distance and location of
falling of major parts.
Zdjęcie początku głównego pola szczątków.
Torn out spar No. 1 of tank caisson No. 4 and fuel tank ribs No. 2 of left centropanel
bearing signs of high temperature influence.
...left central wing section with landing gear support. Tank - caisson destroyed,
upper part dented due to hydraulic fuel stroke
...part of the left wing console from the aerodynamic crest to the main landing gear
support (in fact, the top skin comes from the right wing, and its post-explosion
shape puts a question mark over how the right wing was destroyed as well).
Right wing bracket. Top and front cover broken off due to hydraulic fuel impact.
Lower cover very deformed with spars torn off. Caisson ribs deformed and
detached. Flap section torn off the guides. According to the protocol of the
inspection of the experts of the Russian Prosecutor's Office performed on 1720.09.2010, also the right wing was destroyed by the hydraulic impact.
The dorsal strip of the Tu-154M fuselage roof plating, with an area of 66 m², was
divided into 12 zones, which were assigned letters from "A" to "L". Each zone
covered an area of 5.4 m², contained between 6 frames and 13 stringers.
Reconstruction of the dorsal roof strip between frames no 7 and no 66.
Zone "A" of the dorsal roof strip, located between frames 7-11.
Fragment of top skin with after-blast curl, located in zone "A" above the cockpit,
between frames 10-11 and stringers 4L-6L.
View of a triple curved post-explosion curl
A fragment of the top skin with two post-explosion curls located in the Tu-154M
structure above the cockpit, between frames 8-11 and stringers 2L-4P.
View of post-explosion curls and recalibrated holes from rivet pulls.
Fragment of the top skin with curls located in zone "A" above the cockpit, between
frames 7-10 and stringers 4L-6L.
View of the double-twisted post-explosion curl and post- explosion flake.
View of a fragment of a smoldered shard. The lacquer coating has been partially
flaked or burned off due to heat exposure.
The "F" zone of the dorsal roof flange between frames 31-36 was above the kitchen
room with door No. 824, a coat closet, a utility closet, and a corridor at door No.
823 (for passengers).
A fragment of the top skin with an after-blast curl, located in the Tu-154M structure
above the kitchen room, between frames 32-33 and stringers 1P-3P.
A fragment of the top skin with an after-blast curl, located in the structure of Tu154M between frames 31-33 and stringers 1L-4P above the kitchen area.
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A fragment of top skin with an after-blast curl, located in zone "F" between
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Comparison of dorsal roof strip sheathing damage in Subcommittee reconstruction
and NIAR simulation.
Zone "G" of the dorsal roof strip, located between frames 36-41 and above lounge
3.
A fragment of the surface plating with an after-blast curl, located in the structure of
Tu-154M between frames 37-42 and stringers 1P-9P, above lounge 3.
Zone "H" of the dorsal roof strip, located between frames 41-46 and above the front
of the general passenger compartment in the area of emergency doors 825 and 826.
A fragment of the top plating with an post-explosion curl, located in the structure of
Tu-154M between frames 43-46 and stringers 4P-7P, above the general passenger
compartment.
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Fig. 2.172

The result of the experiment of cutting a model wing with fuel using an
221
explosive. Scale 1:1

Fig. 2.173

A fragment of the top plating with an after-blast curl, located in the Tu-154M
structure between frames 44-47 and stringers 0-2P, above the general-passenger
compartment.
Fragment of top skin with after-blast curl, located in the "H" zone between frames
41-46 and stringers 4P-6P, above the general passenger compartment.
Zone "J" of the dorsal roof strip, located between frames 51-56 and above the center
of the general passenger compartment.
The fuselage roof was torn along the stringer 2L, between frames 53-57 and rolled
up together with the sides to the outside of the structure. On 11.04.2010 the torn
roof over the port side (marked red) was cut off and dismembered into smaller
pieces. Top: View of the crash site.
The "K" zone of the dorsal roof strip, located between frames 56-61 and above the
rear of the general passenger compartment.
A fragment of the surface plating with an post-explosion curl, located in the
structure of Tu-154M structure between frames 59-61 and stringers 3P-7P, above
the general-passenger compartment.
A fragment of the top skin with an after-blast curl, located in the Tu-154M structure
between frames 59-61 and stringers 0-5P, above the general-passenger
compartment.
Comparison of dorsal roof strip reconstruction with NIAR simulation.
Zone "L" of the dorsal roof strip, located between frames 61-66 and above the
corridor with emergency doors No. 829 and No. 830, closet closets, technical room,
and restrooms.
Cut fragment of the top plating with a double-wrapped explosive curl, located in the
structure of Tu-154M between frames 63-66 and stringers 7L-7P, above the
technical room and the toilet on the starboard side and the pressure bulkhead.
A fragment of the top skin with three post-explosion curls, located in the structure
of Tu-154M between frames 61-64 and stringers 6L-3L, above the passage between
the general-passenger compartment and the emergency door No. 829 of the port
side.
Details of a fragment of the top skin with three post-explosion curls.
Details of a fragment of the top skin with three post-explosion curls.
Details of a fragment of the top skin with three post-explosion curls.
Details of a fragment of the top skin with three post-explosion curls.
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A fragment of the top skin with two post-explosion curls, located in the Tu-154M
structure between frames 62a-63 and stringers 9L-6L, above the passageway
between the passenger compartment and the emergency door No. 829 of the port
side.
Detail of a fragment of top skin with two post-explosion curls.
A fragment of the "K" zone skin of the dorsal roof strip, located in the structure of
Tu-154M between frames 59-61 and stringers 0-5P, above the passenger
compartment. There are numerous calibrated and torn holes after the heads of rivets
from torn off frames and stringers squeezed through them.
Fragment of the side sheathing with recalibrated holes after the heads of rivets
detached from stringers and frames have been pulled through. This fragment comes
from a detonated tubular structure in an experiment conducted by the
Subcommittee.
Zone "L" of the dorsal roof strip, located between frames 61-66 and above the
corridor with emergency doors No. 829 and No. 830, technical room, and
restrooms.
Severed fragment of the top plating with an post-explosive curl, located in the
structure of Tu-154M between frames 63-66 and stringers 7L-7P, above the
technical room and the toilet.
A post-explosion curl, the outer part of which is bent by 180 degrees and the inner
part is curled by 360 degrees.
Locations of identified roof ridge debris in sectors 1-12 in the main debris field.
Locations of concentrations of identified post-explosion flakes and curls, as well as
roof rupture and upwelling outside the structure in the background of the Tu-154M
silhouette.
Places of detachment of the outer skin from stringers and frames based on
reconstructed and identified fragments of the roof dorsal flange.
The debris No. 29, No. 30, and No. 31 from the right side of the horizontal and
vertical stabilizer, located south of the south furrow, photographed and marked by
Russian investigators, was omitted from the scene report and accompanying plan.
Bottom left: the moment of cutting off and cutting the roof by the services of the
Russian Federation over the left side of the fuselage, between the centrewing and
the tail. Bottom right: the port side after the roof was cut off.
Wreckage of the fuselage between the centrewing and the tail with the sides turned
outwards. Red color indicates the roof over the port side, cut off on the evening of
11.04.2010.
The cutting off of the roof over the left side seems to be not accidental. Both edges
of the roof over the left and right sides can be folded together, proving that the
rupture of the fuselage structure could only have occurred as a result of the sudden
high pressure inside the fuselage.
Shrapnel of the third spar of the left wing stump, which was identified in the main
debris field and then dissected (following the line marked in red) into two pieces,
between ribs No. 30 and No. 31.
A fragment of the third spar identified in the main debris field is marked with a red
line on the skin of the left wing of Tu-154M No. 102.
The relocation of the tip of the left horizontal stabilizer is visible after comparing a
satellite photo taken on 10.04.2010, and a Russian photo taken during overflights of
the crash site on 12.04.2010, included in the MAK Report.
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The central part of the left stabilizer was torn off. The services of the Russian
Federation moved the detached piece of debris several dozen meters in the direction
of the main debris field. In the final report of the MAK it appears under number 33
in the final location. On the left: a picture from 11.04.2010. - the place where the
fragment of the left stabilizer part fell down. Right: Photo from 12.04.2010,
included in the MAK report.
A frame from the film by Igor Fomin, at approximately 10:56 a.m., Moscow time.
The circle marks the debris hanging on the branches of the tree, on the opposite side
of the trunk to the aircraft's flight path.
The fragment of the aerodynamic fairing, red in color, of the right wing, hanging
from the tree branches, came from the location marked by the white dashed ellipse.
A post-explosion curl in the area where a fragment of the right wing tip
aerodynamic fairing of a Tu-154M was torn off.
Graphic illustrating the transfer of hanging debris to the ground, closer to the main
elements of the wreckage.
An excerpt from the Russian experts' report on the visual inspection of sector No. 7
with a diagram.
General view of the FEM model flying in its normal position. The trailing portions
of the wings, except for the tail spar, are not modeled, although their mass is
included. The left wing is shortened due to assumed previous damage.
The stabilizer is the first to hit the ground, which is shown by the stress in the
ballast (back left). There is some minor erosion near the corner.
Then the left wing hooks (hits) into the ground, which again manifests as significant
stresses and erosion at the outer corner. For graphic clarity only, this plane is shown
as a rectangle - it really extends infinitely in all directions.
In the further process of ground contact, the front of the fuselage (on the right side
of the figure) hits the ground and begins to "wear down". The line you see on the
bottom is the ground plane.
After a short time, the front part of the fuselage (left) breaks off/bends away from
the rest. What is left of the tail is visible at the bottom right of the figure. The
fuselage is seen from the opposite side than in Fig. 2.213.
This is what the structure looks like at the end of the simulation time, moments later
than shown in Fig. 2.214. The front of the fuselage is clearly broken and eroded
underneath (the underside in this figure is the ceiling of the aircraft). Left wing (the
further one) moderately eroded. Rear fairing thoroughly bent.
View from the underside, or ground, toward the fuselage ceiling. The forward
section of the fuselage has a dented ceiling and bent frames. The segment that
covers the centrewing is badly damaged.
This is what the deformed fuselage frames look like, more specifically the lower
part of them at the front and center of the fuselage, as seen from above. The
covering of the centrewing is also visible. The fuselage covering with stringers was
removed from the drawing to make the fuselage frames visible.
Horizontal reaction acting on the aircraft.
Vertical response of the ground.
Reverse engineering process tasks for the Tu-154M aircraft.
Definition of cross sections of the Tu-154M aircraft for CAD generation.
3D external scan of Tu-154M no. 102 made by WAT.
Example of manual measurements in part of section six (a) and in section one (b).
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View of the cross-section of the center of the 3D CAD model of Tu-154M.
Cross-sectional view of the front of Tu-154M - 3D CAD model.
Cross section of the Tu-154M tail - 3D CAD model.
View of Tu-154M wing parts - 3D CAD model.
Example of real vs CAD vs FEM cross section under a floor.
Example of actual vs CAD vs FEM cross section above floor.
Four views of the assembled full aircraft FEA system.
A modular approach to whole aircraft verification.
Position of the plane over the birch tree at the height of 5 m according to the flight
parameters given in the MAK Report according to NIAR calculations.
The exact position of the plane is consistent with the data given in the MAK report.
The place where the plane hit the ground according to the data recorded in the MAK
report.
Tree contact sites - right wing.
Comparison of the rear part of the airplane fuselage on the wreckage (with the roof
and sides turned outwards) and in the NIAR simulation (bottom and front view with
the roof and sides collapsed inwards and not torn apart).
The door, which bounced off the ground in the NIAR simulation and flew past the
point where it was driven into the ground at the wreckage.
Comparison of the aircraft tail with the No. 2 engine inside in the NIAR simulation
and on the wreckage.
Detached horizontal stabilizer from vertical stabilizer in NIAR simulation and
combined stabilizers on wreckage.
The rear part of the passenger section of the aircraft fuselage including the pressure
bulkhead in the NIAR simulation. In the wreckage, passenger section No. 5 is open
to the space.
Torn tail of aircraft with ejected mid-engine in simulation and undamaged tail
closed by pressure bulkhead along with mid-engine inside at crash site.
Cross section of fuselage section 5 at 300 ms of WAT (vertical velocity -12 m/s) and
NIAR (vertical velocity -18 m/s) simulations.
Division of the airplane fuselage into segments.
Comparison of NIAR simulations at 1075 ms with the distribution of major parts of
the wreckage in the main debris field.
Original satellite photo of the main crash site from 10.04.2010.
Location of the main parts of the wreck extracted from the original satellite image.
Location of the main parts of the wreckage distinguished on the basis of the Russian
photo from the overflights of the crash site on 12.04.2010.
Map of the found wreckage of the plane as a result of the prospecting carried out by
Polish archaeologists in autumn 2010.
Summary comparison of identified aircraft debris (green) with NIAR simulation
(yellow) at 1075 ms.
The area where door No. 823 was rammed into the ground immediately after the
crash of Tu-154M aircraft No. 101: (a) wide perspective, (b) close-up with the area
of the driven-in door marked. The orange ellipses indicate the area where the door
was driven into the ground, and the blue arrows indicate the direction of the aircraft.
The place where door No. 823 was driven into the ground with fragments of the
door visible. Photo taken by Russian services on 10.04.2010.
(a) and (b) - a section of the lower strip of door panel No. 823, detached from the
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rest of the panel. It is shown here from the cab side (a) with visible separation of the
polymer layer from the metal layer and smeared due to heat.
Destruction of door No. 823: (a) diagram of the door as seen from the inside, from
the NIAR report, (b) photo showing the orientation and depth of the door driven
into the ground at the scene.
The actual damage to the unearthed door.
Destruction of the skin at the lower corner of door 823 closer to the center panel and
its deformation.
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