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Technological requirements and description of X-Ray Train Inspection Scanning
System

Locations
Chop Railway Checkpoint in Zakarpattia Oblast
Vadul-Siret Railway Checkpoint in Chernivtsi Oblast.

The stationary-type scanning system for railway wagons and containers (hereinafter referred to as the
scanning system) utilizes a vertical array of detectors, manufactured using a standard detector
housing, which is mounted on a metal supporting structure. The metal supporting structure must be
installed within a concrete detector tower, which should also ensure proper radiation protection.

For technical maintenance, access to the detector tower should be facilitated through an electrically
powered elevator.

Access to the source tower should be provided through a pre-existing commercial lifting mechanism
such as 'Genie' or an equivalent integrated into the main structure itself.

The source tower should be surrounded by a concrete labyrinth for primary radiation shielding.

The walls that shield scattering should extend both plus and minus ten meters from the central line of
X-ray emission from the source and at a distance of 2.5 meters from the center of the rail."

The detector tower must be enclosed by scattering-shielding walls that should extend both plus and
minus ten meters from the central line of X-ray emission at a distance of 3.1 meters from the center
of the rail.

Track sensors should be positioned at a distance of plus or minus fifty meters from the central line of
X-ray emission.

Additional track sensors should be placed at a distance of plus or minus five meters from the X-ray
central line."
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The office space for the scanning system is located outside the radiation-controlled area at a distance
not exceeding 80 meters from the main scanner.



The inspection volume should measure a minimum of 0.9 meters (lower height) to 5 meters (upper
height) by 4 meters (width).

The Linac bunker must be constructed with concrete walls that are 0.8 meters thick, while other
protective walls should be concrete with a thickness of 0.4 meters, all at a height of 3.5 meters above
ground level."

Shielding Structure

The source tower must be surrounded by a concrete labyrinth with the following wall thicknesses:
1. In front of Linac: 0.8 meters.
2. To the sides of Linac: 0.8 meters.
3. Behind Linac: 0.8 meters.

The labyrinth must extend from ground level to at least 3.5 meters above ground level. The labyrinth
must be equipped with doors (e.g., metal gates) that should be connected to the main interlocking
system. The area around the main beam, when it exits the source tower labyrinth, must be shielded
by side walls that are at least 0.4 meters thick and extend to a height of at least 3.5 meters above
ground level. Shielding wings must extend on both sides of the track at a distance of plus or minus
ten meters from the X-ray beamline. Shielding walls must have a thickness of no less than 0.4 meters
and a height of 3.5 meters.

Detector Tower

The detector tower must be cast from concrete and have external dimensions of at least 2500 mm x
2500 mm. The detector matrix must be installed in a recess in the front of the shield, which should
measure 750 mm (width) x 900 mm (depth). The detector tower must be raised to a height of 7000
mm above the support point. The detector box and the primary collimator must be integrated into a
frame that should be attached to the top of the tower and the base of the tower.

Radiation Protection Objective

The radiation protection objective for the scanning system should be to achieve a dose not exceeding
0.5 pSv per any one hour of operation at the edge of the enclosed area during the scanning of up to
five moving trains per hour.

Image Processing Efficiency
The scanning system is designed to obtain high-quality images of trains traveling at speeds ranging
from 1 km/h to 10 km/h. The scanning system must use a dual-energy linear accelerator and create
images with material differentiation. The scanning system should utilize a four-row matrix of X-ray
detectors with data accumulation without overlap. The scanning system should not employ
collimation from the detector side. The quality of the projected image should be as follows:

e Steel penetration: 310 mm;

e Grid resolution: 5 mm;

e 2 mm wire in air;

e 1% contrast at a steel thickness of 100 mm.
This image quality must remain consistent regardless of the train speed within an acceptable speed
range. The scanning system must be capable of producing images of trains moving in any direction
without cutting off angles for single-container cargo loads.

Security Systems
The scanning system must be equipped with at least 5 E-Stop systems positioned as follows:
1. E-Stop along the left shielding wall of the source.
2. E-Stop along the right shielding wall on the source side.
3. E-Stop along the left shielding wall of the detector.
4. E-Stop along the right shielding wall on the detector side.
5. An E-Stop button at the operator's workstation for the system.



Additional emergency stop buttons may be installed as needed (e.g., on the electrical panel in the
electrical enclosure or at the base of the alert tower).

The scanning system must be equipped with a locking button on the doors at the entrance to the source
tower.

The scanning system must be equipped with a locking button near the alert tower to prevent
unexpected exposure of service personnel during work with the detector array.

The scanning system should be supplied with video surveillance cameras, with infrared illumination,
one at each of the four corners of the enclosed radiation control zone. Four cameras should be directed
toward the center of the facility and provide coverage of all three other tower cameras in the line of
sight.

Additional Security Systems

In addition to these four fixed cameras, two pan-tilt-zoom (PTZ) cameras should be installed and
secured on opposite corner brackets of the camera. A mouse or other device for adjusting PTZ camera
settings should be provided to the system operator for control.

Two additional fixed surveillance cameras should be installed near each set of track sensors at plus
and minus fifty meters from the central beamline. These cameras should provide online monitoring
of the sensors for safety purposes.

The system operator should be provided with a split-screen display with eight cameras, allowing the
operator to switch between a view of one, four, or all eight cameras.

To activate X-ray irradiation, the following sensors should be placed near the track, one set for each
scanning direction:

Axle counter.

Photoelectric sensor (lower).

Photoelectric sensor (upper).

Linear scanning camera (left).

Linear scanning camera (right).

[llumination tower (right).

[llumination tower (left).

X-ray axle counter.
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Linear scanning cameras should be connected to separate servers, running software for automatic
recognition of wagon/container numbers.

Axle counters should be connected through the appropriate interface panel to the system controller.
The system controller should process events from all track sensors and automatically determine when

the X-ray radiation source should be turned on and off. The system controller must operate with an
accuracy of up to one microsecond. It should only scan container cargo.



General System Overview

1.

2
3.
4.
5

Containerized office.

Territory fencing line.

Built-in protective walls.

Bunker for the linear accelerator with energies of 6 MeV or 9 MeV.
Controlled safety zone with a closed-circuit television system.




6. System for speed determination, direction, and wagon/container recognition for safe
automated cargo scanning.

7. Detector tower.

8. Only recognized cargo is scanned.

9. Scanning speed up to 60 km/h.

10. Full automation of the scanning process, operating 24 hours a day.

11. Corner panel in a vertical column.

12. X-ray beam tunnel.

13. Two-way scanning capability.

Indopmaniitna 1oBigKa 010 CKAHYIOYOI CHUCTEMH CTAIOHAPHOTO THILY JJIs
3aJIi3HMYHMX 3arOHIB Ta KOHTeiiHepiB

CkaHyrooua cHUCTeMa CTAIIOHAPHOTO THUITY JJIs 3aJi3HMYHUX 3aroHIB Ta KOHTEWHepIB (mami —
CKaHyl04a CHCTeMa) BUKOPUCTOBYE BEPTUKAIbHY MATPHIIIO IETEKTOP1B, BATOTOBJIEHY 3a JOTIOMOT OO0
CTaHJApTHOI JIETEKTOPHOI KOPOOKH, SKa 3aKpIIUIIOEThCS B METAJIEBIH OMOPHIA KOHCTPYKIII.
MertaieBa ornopHa KOHCTPYKIlisi TOBUHHA BCTAHOBIIOETHCS B OETOHHY BEXKY JETEKTOPA, sIKa TAKOX
MOBHHHA 3a0€31eYyBaTH HAICKHHUNA paiallifHAN 3aXUCT.

Jlyis TexHIYHOrO OOCIyroBYyBaHHS, AOCTYN A0 OamTH AETEKTOpa MOBHHEH 3I1HCHIOBATUCS
gepe3 MiIHOMHUK 3 eJIEeKTPHYHUM IIPHBOIOM.

JlocTyn 1o Bexi JpKepena Mae 3AiHCHIOBATHUCS 4Yepe3 TOTOBUN KOMEpILIWHUN MiaioMHU
Mexani3Mm «Geniey» ab0 aHaIOT, IHTETPOBAHUN Y cCaMy OCHOBHY KOHCTPYKIIIIO.

bamrra mxepena noBuHHa OyTH OTOYeHA OETOHHUM JIa0IpUHTOM JIJIsl IEPBUHHOTO PalialliifiHOTo
3aXHCTY.

CriHH, 10 €KPaHYIOTh PO3CiIOBaHHS, TOBUHHI MPOCTATATUCS HA ILTIOC 1 MIHYC J€CATh METPiB
o O0KaM BiJ] IEHTPAJIBHOI JIiHIT PEHTI€HIBCHKOTO BUIIPOMIHIOBaHHS JDKEpeia Ta Ha BiJICTaHi 2,5 M
BiJl IEHTPY KOIIii.

JlerekTopHa Beka MOBUHHA OyTH 0OMEKeHa CTIHAMU, 110 EKPaHyIOTh IPOTU PO3CIIOBAHHS, K1
MOBMHHI MPOCTATATUCS HA IUTIOC 1 MIHYC JECATh METPIB BiJ] LIEHTPAIbHOI JiHII pPEHTTE€HIBCHKOTO
BUIIPOMIHIOBAaHHS Ha BijicTaHi 3,1 M BiJl HEHTPY KOJIIi.

Komiitai gaTyuku moBUHHI OyTH pO3MIillleH] HA BIJACTaHI IJIIOC-MIHYC M'STAECAT METPIB BiJl
LEHTPAJIBHOI JI1HIT PEHTI€HIBCHKOTO BUIIPOMIHIOBAHHS.

JlonaTkoBi KOMMHI JaTYUKHU MOBUHHI OyTH pO3MIIIEH] Ha BIJICTaHI TUTIOC-MIHYC I'ATh METPIB
B1Jl PEHTI'€HIBCHKOI [IEHTPAJIbHO] JIiHI].
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OdicHe mnpuMiIlIeHHS CKaHyIO4Y0i CHCTEMH pO3TalloBaHE 3a MeXaMu paaiaiiHo
KOHTPOJIbOBAHOT 30HH Ha BiJCTaHi He Ounbie 80 MEeTpiB BiJf OCHOBHOTO CKaHEpa.



[HCTekmiitHmi 06’ €M Mae craHoBUTH MiHIMYM 0,9 M (HMDKHS BHCOTA) 710 5 M (BEpPXHsI BUCOTA)
Ha 4 M (1MpuHAa).

Bbynkep Linac mae Oytu copmoBanuii 3 6eToHy TOBIIUHOKO 0,8 M, TOJI SIK 1HIII 3aXUCHI CTIHU
MaroTh OyTr 6eTOHHUMH TOBIIMHOW 0,4 M, yci MatoTh OyTH Ha BUCOTI 3,5 M HaJ[ piBHEM 3eMJI1.

Expanyoua KOHCTPYKILis

bamra mxepena moBuHHA OyTH OTOYeHA OETOHHUM JIA0iPUHTOM 13 HACTYITHOIO TOBIIMHOIO CTiH:

1. ITepen Linac: 0,8 m.

2. Jlo ctopin Linac: 0,8 m.

3. 3a Linac: 0,8m.

JlaGipuHT Ma€e MpOCTATaTUCS Bij piBHS 3eMJII IOHAMMEHTIIIE 10 3,5 M Ha/l pIBHEM 3eMJIi.

JIaGipuHT MOBUHEH OyTH OCHAIIEHUI JBepuMa (HANpHUKIal, METAJIEBUMH BOPOTAMH), SIKi
MMOBHUHHI OyTH MIAKIIOYEH] 10 OCHOBHOT CXeMH OJIOKYBaHHS CHUCTEMH.

OO6nacTe HaBKOJIO OCHOBHOTO NPOMEHS, KOJM BiH BHXOJUTH 3 JIAOIpUHTY Oamitu JpKepena,
MOBUHHA OyTH 3axuIilieHa OIYHMMH CTIHKaMH, sKI MarTh OyTh He MeHme 0,4 M 3aBTOBIIKH 1
MPOCTATAaTHCA Ha BUCOTY IIOHAWMEHIIE 3,5 M BiJ PiBHS 3€MJIi.

Expanyroui kpuia moBUHHI OpocTsIratucs 3 000X O00KiB KOJii Ha BiICTaHb TUIFOC-MIHYC JI€CATh
METpIB BiJI JIiHiT pEHTT€HIBCHKOTO MTpOMeHsl. EkpaHyto4i CTiHM TOBUHHI MaTH TOBIIKMHY HE MeHIe 0,4
M i BucoTy 3,5 M.

JleTrekTopHa Beka MOBUHHA OYTH BIJUTHTA 3 OETOHY Ta MaTH 30BHIIIHI po3Mipu MiHIMyM 2500
MM x 2500 mm. JleTekTOopHa MaTpullsd MOBUHHA OyTH BCTAHOBJICHA B 3arTMOICHH] B IIepeIHiil YacTHHI
eKkpaHa, sike Mae Oytu 750 mm (ILI) x 900 MM (I'). Bamra nerexTopa MOBMHHA IMiTHIMATUCS HA BUCOTY
7000 MM HaJ1 OIIOPHOIO TOYKOIO.

KopobOka nerekropa Ta NEpBHHHUN KOJIMATOp IMOBHHEH OyTH BOYJOBaHMM B paMmy, sKa
MOBUHHA OyTH MPUKPYUYECHA JO BEPXHbOI YACTUHU BEXI1 Ta O OCHOBU BEXI.

[IpoekTHa MeTa 3aXKCTY BiJ BUIIPOMiHIOBAHHS CKAHYI04O01 CHCTEMH TOBHHHA MOJISITaTH B TOMY,
o0 oTpumaru 1103y, o He nepepuirye 0,5 Mk3B 3a Oyab-sKy OAHY TOJUHY POOOTH Ha Kparo
OTOPOJKEHOT 30HM ITiJ] YaC CKaHyBaHHSA 10 11’ ATH PyXOMHX CKJIAJIiB HA TOAUHY.

EdexTuBHicTh 00p0o0KH 300paikeHb

CkaHyroua cucTeMa NpU3HAa4YeHa sl OTPUMAaHHS BUCOKOSKICHMX 300paKeHb MOi3JiB, 11O
MIPOXOJIATH 31 MIBUAKICTIO B Jiama3oHi Bix 1 km/rox 1o 60 km/ro.

CkaHyrouya cucTeMa IOBMHHAa BHMKOPHCTOBYBAaTH IIOJBIMHUI €HEpreTMYHUN JiHIHHUN
MIPUCKOPIOBAY 1 CTBOPIOBATH 300pa)K€HHS 3 pO3UICHHAM MaTepialiB.

CkaHyroua cUCTeMa Ma€ BHMKOPHCTOBYBAaTH UOTHPHUPSAAHY MATPHUIIO PEHTTEHIBCHKUX
JIETEKTOPIB 13 HAKONMMYEHHSIM JaHUX 0€3 MepeKpUTTSl.

CkaHyroua cucTteMa He IMOBHHEHAa BUKOPHUCTOBYBATH KoJliMallilo 3 OOKy jaerekropa. SIKicTb
MMPOEKTOBAHOTO 300paKeHHs Ma€ OyTH:

- MPOHUKHEHHsI 1o ctami: 310 mMM;

- pO3/ITIbHA 3/IaTHICTh CITKHU: 5 MM;

- 2 MM JIpIT y MOBITPI;

- koHTpact 1% npu ToimuHI ctani 100 M.

L5 sxicTh 300pakeHHsT Ma€ OyTH HE3MIHHOIO HE3aJEKHO BiJ HIBHJKOCTI MOi3/1a, KOJIM MOi31
PYXa€EThCS B MEKaxX MPUITHATHOTO Jiana3oHy MIBUAKOCTI.

Ckanyroua cuctemMa Mae OyTH CTBOPIOBATH 300payKeHHS MO13/1iB, 1110 PYXAIOThHCS B OyAb-IKOMY
HanpsIMKy, 63 BiJICIKaHHS KyTiB JJI OJIHOCKJIaIOBUX KOHTEHHEPHUX BaHTAXKIB.

Cucremu 0e3nexu
Ckanyroua cucTeMa TIOBUHHAa OyTM  OCHAIICHOI IIOHaiMeHIIe S5  CcHUCTeMaMu
E-Stops, po3TanmoBaHuM# TaKUM YUHOM:
1. E-Stop B310BX N1iBOT €KpaHyOUOi CTIHKH JKepena.
2. E-stop B310BX TIpaBoi €KpaHyOY0i CTIHKH 3 OOKY JKeperna.
3. E-stop y310Bx 1iBOi eKpaHy04O0i CTIHKU AETEKTOpa.
4. E-Stop y310BXK IpaBoi eKpaHy04y0i CTIHKH 3 OOKY JIeTEKTOpa.



5. Knomnka E-Stop Ha poGodomy MicIli oriepatopa CUCTEMH.

JlonaTKoBI KHOIIKM aBapiiiHOI 3yNMHKHA MOXYTh OyTH BCTAaHOBJICHI 3a IOTpeOH (HANpHUKIIa, Ha
EJICKTPUYHIN MaHeN B €JICKTPUYHOMY KOPITYCl 200 B OCHOBI OaIlTH CTOBIIIyBaya).

Ckanyroua cucTeMa IMoBMHHA OyTH OCHAILIEHOIO KHOIKOIO OJIOKYBaHHS Ha JBEPAX HA BXOJI B
Oamry maxepena.

Ckanyroua cucreMa NOBHHHA OyTH OCHAIIEHOI KHOIKOK OJIOKYBaHHS HOPYY i3 BEXEIO
CIOBIITyBayYa, 00 3armo0IirTH HEOYIKyBaHOMY OMPOMIHEHHIO 00CITYyTrOBYIOUOTO MEPCOHATY IiJT Yac
poOOTH 3 MACHBOM JIETEKTOPIB.

CkaHyrodya cucTeMa IIOBMHHA IIOCTayaTUCs 3 KaMmepaMmH BigeocnocTepexeHHs, 3 [U-
OCBITJICHHSIM, IO O/IHIH y KO)KHOMY 3 YOTUPbOX KYTiB OTOPOJKEHOT 30HH pajliallifHOro KOHTPOJIIO.
Yo1upu kaMepu MOBUHHI OyTH CIIPSAMOBAHI JI0 IICHTPY MaiIaHYMKa 1 TOBUHHI OTJISAATH BC1 TPH 1HII
BEXI1 KaMep B 30H1 MPSAMOi BUIHUMOCTI.

Ha pomatox g0 1mux 4oTUphOX (IKCOBAaHUX Kamep, JBI MOBOPOTHI KaMepH 3, HAXWJIOM 1
MacimTaOyBaHHSAM TOBMHHI OyTH TOCTaBJIEHI Ta 3aKpIIUICHI HAa MPOTWJICKHHX KyTOBHX MHIOTJIax
kamepu. CucreMHOMy onepaTopy Ajis KepyBaHHA Kamepamu PTZ HeoOximHO Hajgatu muiry abo
IHIIWH TPUCTPIH VIS HAJAIITYBaHHS.

JIBi nonaTkoBi (DiKCOBaHI KaMepu BiJIEOCIIOCTEPEKEHHS MOBHHHI OyTH BCTaHOBIEHI Oiis
KO)KHOTO Ha0Opy KOJIMHUX JaTYMKiB HA IUTIOC 1 MIHYC II'SITAECAT METPIB BiJ IEHTPAJIbHOI JIiHIT
npomens. L{i kamepu mnoBuHHI 3abe3medyBat ONline crocrepekeHHs 3a JATYMKAMH 3 METOIO
Oe3mnexu.

CuctemMHOMy oreparopy Mae OyTH HaJaHO 300pa)K€HHS 3 MOJAUJICHUMM €KPaHOM i3 BOCBMH
KaMep 13 MOJJIMBICTIO TO3BOJUTH ONEpPATOPy 3MIHIOBATH BHUIIIAJ €KpaHa 3 OAHI€i, YOTHPHOX abo
BOCbMHU KaMmep.

[I[06 yBIMKHYTH PEHTTEHIBCHKE OIMPOMIHEHHS, CIIiJI IIOCTABUTH HACTYITHI JaTUYHUKH OISt KOJil,
10 OIHOMY HAa0OpY AJIsl KOYKHOTI'O HANpPSIMKY CKaHYBaHHS:

1. JTiYMIBbHUK BXITHUX OCEM.

. DoToeneMeHT (HUXKHIN).

. @oToeneMeHT (BepxHiii).

. Kamepa niniiiHOro ckaHyBaHHS (JIiBOpYY).

. Kamepa niniliHOro ckaHyBaHHs (IIpaBopyY).
. OcBiTnIoBasbHA Bexa (IpaBoOpyY)

. OcBiTiIOBasIbHA BeXka (3711Ba)

. PEHTreHiBChbKUIl TUNIBHUK OCEH.

Kamepu niH1liHOrO CkaHyBaHHSI MOBMHHI OYTH MIJKIIIOYEHI 10 OKPEMMX CEpBEpiB, HA SKHUX
MOBUHHE TMpalioBaTH NporpaMHe 3a0e3NedeHHs JUIs aBTOMATHYHOTO PpO3MI3HABAaHHSI HOMEpY
BaroHy/KOHTEIHepY.

JliuunbHUKKA Ocel MOBUHHI OyTH MiJKIIOUEHI Yepe3 BIANOBIAHY MaHenb iHTepdeiicy 1o
CHCTEMHOTO KOHTpOJIEpa.

KonTtponep cucremu nMoBUHEH 00pOOIATH MOJIT Bi yCiX KOJIMHMX JAaTUYMKIB 1 aBTOMAaTHYHO
BHU3HAYaTH, KOJIH JHKEPEJIO PEHTI€HIBCHKOT0 BUITPOMIHIOBAHHS CJIiJ] YBIMKHYTH, @ KOJIM — BUMKHYTH.
CucteMHU KOHTpOJIEp Ma€ MpPAaLOBATH 3 TOYHICTIO IO OJHI€T MIKpOCeKyHIH. BiH ckaHye muie
KOHTEHHEepH1 BaHTaXI.

oONNNn Pk WwWN

3arajJbHUi BUIJISAI CHCTEMH
1. KonrelinepuzoBauuii odic.
2. JIiHis OTOPOJIKEHHS TEPUTOPII.
3. BOynoBaHi 3axHCHI CTiHH.
4. Bynkep niHiitHOTO TpHUCKOproBava 3 eHepriero 6 MeB un 9 MeB.
5. KonTposiboBaHa 30Ha 0e3MeKn 3aMKHYTOI TeJIeBi31iHOT cucTeMu
6. Cucrema BH3HAYEHHS IIBHIKOCTi, HANpsMKy Ta pO3Mi3HABAaHHS BAaroHy/KOHTEHHEPY IUIs
0€e31eYHOro aBTOMaTU30BaHOI'O CKAaHYBaHHS BaHTaXKy
7. Bexa nerekropa
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8. CkaHyIOTbhCS JIUIIE PO3IT3HAHI BAHTAXI.

9. llIBuakicTh ckanyBaHHs 10 60 KM/TOI.

10. [ToBHa aBTOMATH3AIlisl TPOIIECY CKAHYBAaHHS, 3 PSKUMOM poOOTH 24 TOIWHU Ha 100y .
11. KyToBa nanenb y BepTHKaIbHIN KOJIOHI.

12. TyHenb peHTr€HIBCHKOTO TIPOMEHS.



13. MOXXJIMBICTh IBOHAMPABIICHOTO CKAaHYBaHHSI.



