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DAKTIA 3A PETVIOHA HA HOTOM3TOUHA EBPONA
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Countries in Western Europe with PT Centers (yellow, orange and red) and in SEE region
with no PT Centers (green).
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The South East European International Institute for Sustainable
Technologies (SEEIIST) proposed in late 2016 by Prof. Herwig Facility i Temonr Thexupy sl Ricscdical
Schopper, a former Director General of CERN and initiator of the Research with Protons and Heavier lons
international SESAME project in Jordan, received first official S [ [IISI . [ U
political support by the Government of Montenegro in March 2017.
After the signing of the Declaration of Intent in October 2017 at s E E I I ST
CERN, the Initiative was transformed into a Regional project WWW.SEEIIST.EU
gathering following Parties: Republic of Albania, Bosnia and South East European
Herzegovina, Republic of Bulgaria, Kosovo*, Republic of North International Institute for
Macedonia, Montenegro, Republic of Serbia and Republic of Sustainable Technologies
Slovenia.
The main Missions of the SEEIIST Project:

— Science for Peace

— Scientific Excellence

— International Collaboration

— Sustainable development of society

— Education

— Technology Transfer

— Development of powerful digital network

— High performance computing and Big Data handling
Initially, there were two project options: a ‘4th Generation
Synchrotron Light Source’ that would offer a broad spectrum of
research and industrial applications, and a state-of-the-art ‘Facility
for Hadron Tumour Therapy and Biomedical Research with protons
and heavier ions’. Concept Studies behind each proposal were
worked out by the two groups of the international experts.
At the second SEEIIST SC meeting, held on 30 March 2018 in
Tirana (Republic of Albania), SC members took an unanimous
decision to support the Hadron Cancer Therapy and Biomedical
Research with Protons and Heavy lons as the option for the
Institute. Moreover, SC reached an agreement on a Draft of the
Memorandum of Cooperation (MoC).

https://seeiist.eu/



https://seeiist.eu/
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KAKBO £ MATRAD "]

MatRad e komMntoTbpeH codTyep 3a NnaHnpaHe Ha Tepanus ¢ YecTuln, paspaboTeH oT HcTUTyTa DKFZ.
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Rad NaHHuTe Ha matRad cbabpxaT
| cnegHuTe nauneHTn:

I. TG 119 or C-phantom
II. Liver
lll. Head & Neck (H&N)




L. KAKBO ULE MPABVIM

.
1 3

LLle npoy4nm LLle npoy4nm Kakeu »
HeobxoanmnTe ca pyHKUMMTE Ha Bceku oT Bac e Moxe
ONpeAeNieHna 1 noBe4vyeTo OYTOHM B Oa Hanpaswu NnaH Ha
WHCTPYKUWUN 3a codoTyepa. Tepanusa ¢ YacTuum CbC
NHCTalInpaHe Ha cumyrnartopa.

MatRAD.



RSV

GTV = Gross Tumor Volume (6pyTteH obem Ha

TymMopa — ToBa, KOeTo 0BMKHOBEHO BWXAaMe npu
CKaHupaHe)

CTV = Clinical Target Volume (KnuHn4yeH uenesu
obem, T.e. 06eMbT, 3a KONTO NbYeTEPANEBTHLT NMA
NpeanonoXeHne, Ye CbabpKa pakoBU KNETKN, BbMNPEKM
Yye Te He ce BmKaaT Ha n3obpakeHneTo.

PTV = "Planning Target Volume®, T.e 06eMbT, KONTO

LLle ce obnbYyBa cnopen nnaHa 3a obnbyBaHe.

OAR = "Qrgan at risk", opraH, KOUTO € no-

YyYBCTBUTEJIEH KbM NOHW.

GTV,CTV, PTV

Gross tumour volume
Clinical target volume
Planning target volume



L.L.A PABHVIHW B TEOMETPUATA HATANOTO

Coronal plane —
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L. XAK W3TAEXJA = NPOTPAMATA MATRAD
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OTBOpeTe matRad.

LLle B ce nosBu naHen kaTto
Ha CHUMKaTa.

:

B TOo3n Knac e ce Hay4uTte
Oa nanonspare nporpamara
3a nnaHupaHe Ha
nbyeTepanus.




L. NAHVPAKE

Bixel width: ceuveHne.

Gantry and couch angles (rnv Ha reHTPUTO U
Ha Macara). 3agaBaTt ce ABOMKU bINu. AKo 3a
reHTPUTO ca n3bpaHu 5 brona, ToraBa 3a
Macara cbLllyo TpAbBa aa 6baaT nsdbpaHu 5
‘brbna. brnure morart ga 6baaT ot 0° go 359°.
Radiation mode (peXXum Ha nbyeHue):
n3bepeTte KakbB BUA NbYeHMe UCKaTe Oa
u3nonssare.

Isocenter: NpoBepeTe ganu N30LEHTLPBLT €
HaCTPOEH Ha true.

Fractions: ®pakunmn e 6podaT Ha cpe3oBeTe, C
kouTo we 6vae onucana 3D rpadukarta..

Run sequencing: ce 13nonsea 3a KonmMmmpaHe
Ha nbya.

Collimator

Coach support

Image intensifier

Centre of support



LINAC (NVAKEEH YCKOPUTEN) - TERTPW




KonumaTtopbT Ce CbCTOU OT
MeXaHU4YHU nperpagu
(onoBHM nno4Ym), KoOuUTo
cayxaTt 3a opopMsiHE Ha
reomMeTpuaTa Ha nAbyYa OT
yacTtuum, 3a pa
CbOTBETCTBA Ha NJlaHUpPaHuUA
uenesm obem (PTV).

IXIIXIIXIIXIIXIIXIIXIIXIIXIIXIIXIIZIIXIIXIIXIIXI IXIIXIIXIIZIIXIIZIIXIIXI (IXIIXIIXIIXIIXIIXIIXI, XXX
BN MXNNNEN N XXXXXEEE, XX X 5 XXEXXEXXX



L. TEHTPY W IPOMERJIAB B

Collimator (C)

Isocenter

Table (T) (patient support assembly)

Nentpun (G) e ypeabT KOUTO MOXe Ja ce
BbpPTWU OKOMO MauMEHTBLT KOWMTO NeXu Ha
macara (T) 3a paguoTepanus.

U3oueHTbp (03HavyeH B MatRAD c X)
(isocenter) ce Hapuya To4kaTa, npes KoSATo
MMWHaBa LeHTpanHarta Toyka Ha cHona oT
NBbYX NN YacTulun.

3a ga ce onpoctn npobnema, brbAbT Ha
MacaTta B codTyepa € (puKcmpaH n camo
FEHTPUTO MOXE Aa ce BLbPTWU.



)., DETYAVIPAE HA VI30UEHTHRA (X)

OnnTtanTte ce fAa
NOCTaBUTE WU3OLUEHTBHPA
(X) Ha dokyc, KaTo
MECTUTEe Nnab3raya uau
KNIWKHETE BbBPXY
6yTOHUTE, KOUTO
npemMecTBaT NaHena 3a
BU3yanu3ayus.
KnukanTte, pokaTo
BUANTE USANOTO
KpbCTYe.
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). WORKFLOW HACTPOVKA

Heobxoaumo e na nsbepete
NpaBUNHO PYHKUMNTE B

WORKFLOW, 3a ga
N3BBLPLUNTE CUMyNnaunsaTa.




J. JANOUHETE JLA PABOTUTE B WORKFLOW

L oad *.mat data: 3apexaa faHHUTe, CbADBPKALLUM Ce BbB BCEKM eANH
cnyyaii. Tol uma MHpopMaLma 3a TbKaHTa, KOATO TPA6Ba Aa ce 06/1buM,
KaKTO M 33 OKOJIHATa 34paBa TbKaH, MOKPMBaLla "roffama YyacT oT TAN0To".
LLle BUAMTE M306pPaXKEHUETO Ha 3apeaeHus dalin B roemus naHen B
[SICHaTa YacT Ha eKpaHa 3a BMU3yann3aLuus.




J. CAEABAWA CTBIKA B PABOTHUA NPOLEC - VYUCNERNE

Calc. influence Mx: ToBa € kOMaHaa 3a U34YMUCNEHMEHA MaTpuLuaTa Ha
Bb3aencTene (Ha nNbyeHneTo).




L. CAEZLBAWLA CTHIKA B PABOTHWA NPOUEC - ONTUMM3AUNA

Optimize: Otknousa ce cnep 3aBbplUBaHE HA s e
npeaMiuHaTa cTbhKa. TyK nporpamata e Thpcu -
MMUHUMaNHWA PaAMaLMOHEH NOTOK NO
nukcenn.Cnea KaTo KAMKHeTe, e BuauTe f ¢
eKCnoHeHumManHa popma

Progress of IPOPT Optimization

File Edit View Insert Tools Desktop
D& d e [2)ofE]s]E




L. EKCNORERUMANRO PASNPEAENERNE

‘fso0e@® Progress of IPOPT Optimization
File Edit WView Insert Tools Desktop Window Help N

S Y EEE

+/-§ VOlname J VOItype ﬁ Function p il Parameters

Core OAR  ~ Squared Overdosing ~ § 300 25
OuterTarget §TAR... ~ . Squared Deviation  ~ § 1000
BODY JOAR v Squared Overdosing v || 100

Care

LlennTte 1 orpaHnyeHmsTa BKAOYBAT 06eKTn Hanp. Lien,
KaKTO M PUCKOBM OpraHu (Hanp. 110, A4P0 U T.H.),
33 KOUTO MCKame Aa usberHem nosiy4aBaHETO Ha NO-BMCOKa A03a.



] 3ANOMHETE OAVINIOBETE OT PABOTHIA MPOUEC B GUT

3anasBaHe B GUI: Tasu komaHAa e 3anOMHM BaluMTe HACTPOMKU U Wwe BM nomMonu aa aagete UME
Ha cpanna. Ta3um cTbKa e MHOroO BaXHa, 3a la MOXeTe cnea ToBa Aa nonyyute DVH.

Provide result name




L. BUSYANM3AUMA- DVH /(1

Show DVH/QI: Noka3Ba xMctorpamara Ha go3arta no o6em u Tabnuuara Ha JO3UTe NO OpraH

[ JON Figure 2

File Edit View Insert Tools Desktop Window Help
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0 0.5 1 1.5 2 2.8
Dose [Gy]
mean | std | max min D_
Core 1.0579 0.2180 1.3596 0.2355 1
OuterTarget 1.5867 0.1577 1.8604 1.0830 1
BODY 0.1357 0.4039 23732 0 1




] KAK JLA SATOMHWTE OAVNIA 3A BCEKW CNIYYAWA

File

oa)s ne
*

100
= 80 File name: | Photons
b
g 60 Save as type: | MATLAB Figure (*fig)
2 MATLAB Figure (*fig)
S 40 Bitmap file (*.bmp)

~ Hide Folders EPS file (*.eps)
20 Enhanced metafile (*.emf)
0

Paintbrush 24-bit file (*.pcx)
Portable Bitmap file (*.,pbm)
Dose [Gy)] Portable Document Format (*.pdf)
Portable Graymap file (*.pgm)

max min mean Portable Network Graphics file (*.png)
GIV 1634 1373 14T A Portable Pixmap file (*ppm)

Kidney R $ g g Scalable Vector Graphics file (*.svg)
K: ° ] 0 ; o
;:x: ° 0 0 TIFF image (*.tif)
Sm‘allsawel 0 ] 0 TIFF no compression image (*.tif)
LargeBowel o 0 ]
Celiac ° 0 [
Liver 2633 (] 02547
Heart 16705 0 00370
SpinalCord 00383 (] 0.0053
Arcdanem [) 0 [
< >

KnukHeTte “Save As” 1 we ce oTBOpM NPO30peL.



[IPELNONCERNA 30 UMERA HA OAVNOBE

[lanTte Ha dhavna noaxodswo MMe, KOeTo CbAbpXa OaHHUTE 3a nauueHta unm
daHToma (C), BMaa Ha nbumnte (poToHUTE) U BpPoda Ha brnmTe Ta reHTpuTo (1) un
noctaBeTe MMETO Ha MHCTUTyuusaTa B kpasi, Hanpumep NAOP. N3bepeTe ga ce
3anomum kato JPEG.

C_photons_1_NAOP.jpg
C_photons_5_NAOP.jpg
C_photons_7_NAOP.jpg

C_protons_1_NAOP.jpg
C_C-1ions_1_NAOP.jpg



L. KAK JLA SANOUREW!

LOAD *.mat data

N3b6epeTe
cnyyasi oT
[OCUETO Ha
nayuMeHTa

Optimize

Calc. Influence Mx

Show DVH/QI

MoBTOpeTe npoueaypaTa BCekU NbT, KOrato

NPOMeHUTe HacTpoukKaTta




3.1 OAHTOMBT - TGILY

TG119 unu C-haHToM (dbaHTOMBT BbB dhopmaTa Ha naTtuHckaTta 6ykBa "C" ce
n3paboTBa OT eKCrnepTu 3a NpoBepKa Ha U3NPaBHOCTTA Ha anapaTyparta, C KOATO ce
obnbyBaT naymeHTuTe. C-paHTOMBT € CbC CTaHAAPTHU pa3Mmepu (BMXK CHAMKATA).
Llenta e na abcopbupa paguaumsata B C- obnactra, HO HE U B LLEHTPASIHOTO

aapo (core).

Irradiation
N

'i

Avoiéd the core




3 L LYNPAXCHERWE- CAMYAAUMA 1: TGLET AR L

LOAD *.mat data

TG1l19.mat

Mnan 1
Nbun: ¢0T0HM

— =

Optimize

Calc Influence Mx

3anameTteTte cu hannbT Ha DESKTOP.

Mourpante cu ¢ Bb3MoxHocTUTe Ha Visualization Options




3.1 2VMPAXCHEHVE- CAMYDAUMA 1: TGLLT NAAK ]

3apgaBanTte bram ot 0° go 359° (360° = 0°).



3.1.3 TRAINING SIMULATION: TGLLT PLAN 3

Mnan 3
Nbun: hoTOHM
braun: 7

Optimize

Calc. Influence Mx

AKO KOMMIOTBLPBLT BM HAMa JocTtaTtbyHO RAM
(<8GB), Bawarta cumynauus we OTHEME MHOro
BpemMe. TeopeTMyHO moraT ga ce B3emart go 15
brbfa Ha reHTpu, KOeTo OTHEMa MHOro BpeMme.
[MoBeye RAM — no-6bp3 codpTyep.



3.1.3 CPABRERWE HA BCUUKW QOTOHHW NEYERNAS

1 brn (0°) 5 braum (n*72°) 7 brav (n*51.4°)
(0 72 144 214 288) (0O 51.4 102.8 154.2 205.6 257 308.6)

YepBeHa 30Ha - CWU/IHA paguauus Haii—-pobpu pesyntatu ce nonydvyaBaT C
CuHa 30Ha - cnaba papgunayus Bb3MOXHO HAaW—MHOINO Bbr/iu Ha FeHTpUTO.
Cuea 30Ha - 6e3 paguauusa NpenopbuuTenHo e pga usnpobeaTte

HeyeTeH 6pou brawm.



3.1 HAV- LOSPUAT TN, KOWTO HAKOTA CME NPABMAN

Nnan X
Nbun: GoToHM
brav: 15

15 b»ram, KpaTHO Ha 24° (camo c RAM
>=16 GB)

3abenexka: [lozaTa e nMoyYyTU U3UAIO
pasnpegeneHa B C-obpa3HaTa ¢dopma Ha
uenTta, KoeTo € ueneBusaT obewm.

R

International Particle
Physics Outreach Group



3. L TEPANVIA CHACTIAUW, TIPVINOACEHA KBM TGLLY




3.2 CPABHEHVIE HA MEYEHVIETO C BCVIUKMA BIAZLOBE TB4MA NPV TGLLY




b SHAYERWE HA COQTYERA 3A NAHVIPARETO

LlennaTt npouec Ha npoekTupaHe 1 npunaraHe Ha nnaH 3a
fle4YeHne He e TOJIKoBa NPOCT, KONMKOTO HAaTUCKaHETO Ha OYTOH.
[1o6poTO NnaHnpaHe n3nckea No3HaBaHe Ha TEOPEMU U
TEeopUn Ha BEPOATHOCTUTE, KOUTO Ce npunarart npu
NPOEKTUPAHETO Ha Te3n NnevyeHus.

N HaKkpas, OHeC BCUYKM paboTnm 3a obLa uers, KosTo e ga
crnacmMm Bb3MOXHO Hau-MHOTIO XXUBOTMU.




CETA MOJCETE JIA IPEMUHETE KDM
[IIARWPARE HA T10-CROXCA
Wl\lJ,/l[Hl/l

1) LIVER CASE
3) PROSTATE CASE
) HEAD _AND _NECK
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