MHUHUCTEPCTBO OBPA3OBAHUSA PECITYBJIMKU BEJIAPYCb

MEXJIYHAPOJHBIA TOCYJAPCTBEHHBIN SYKOJOI'MUECKHUM
HHCTUTYT UM. A.JI. CAXAPOBA BEJIOPYCCKOI'O
TOCYJAPCTBEHHOI'O YHUBEPCUTETA

®AKYJBTET MOHUTOPUHI' A OKPYKAIOIIEW CPEJIbI

Kadenpa o0ureit 1 MeIMIIUHCKOMH (PUUKHU

KEMEII EBrennit BuktopoBuy

PA3PABOTKA MOJEJIN ITYUYKA MEJAIIAHCKOI'O JINHEHXHOI'O
YCKOPHUTEJIS ELEKTA VERSA HD JIJIS INIAHUPYIOIENA CUCTEMBI
ECLIPSE V. 13.7

Mar HNCTCPCKAA AUuCCCpTalud

crienuanbHOCTh 1-31 80 22 «MeaurmHckas Gpu3uka»

HayuHble pykoBoOauTENN:

CemkoBckuit CTaHuCIaB
KoHcTanTnHOBHY

HaYaJIbHUK oTaena WHKEHEPHOTO
obecrieyeHus Ty4eBOU TepaIuu

3opun Brnagumup IletpoBuu

KaHUJIaT (bU3UKO-MaTEeMaTHIECKUX
HayK, JTOLUEHT

JlomyIeH k 3ammure
«  » 2023 r.
3aB. kadeapoit oot
Y MEIUIIMHCKON (DU3UKHU

H.A. CaBactenko
KaHJuaT PU3UKO-MaTEMAaTHYECKUX HAYK,
JOIIEHT

Munck 2023



OBIIAA XAPAKTEPUCTHUKA PABOTbI

JUCTAHIOMOHHAZA JIYUHEBAA TEPAIINA, NOHU3NPYIOIIEE
N3JIYYEHUE, JIMHEMHBLIMI VYCKOPUTEJI, PA3PABOTKA MOJIEJIN
ITYYKA JJUHEMHOI'O YCKOPUTEJISA, JO3VMETPHSL.

O06BbeM MarucTepckoi auccepranuu coctaBisieT 62 ctpaHulbl. CTpyKTypa
MarucTepcko JAuccepTallid COCTOMT H3 pasnenoB «Benenue», «OO0mas
XapaKTEepUCTUKa pabOThD», YETHIPEX TJIaB, pa3feioB «3akiatoueHue» U «CHucok
UCIIOJIb30BAHHBIX HMCTOYHHMKOBY». Marucrepckas auccepranus cojaepxkur 24
pUCyHKa, 2 TabnuIel, 1 npuioxenue, 23 UCTOYHUKA.

[lenpr0 MarucTepckoi AMCCEpTAIlUU SIBISETCS pa3paboTka MOJENTU Iydka
nunerHoro yckoputens Elekta Versa HD pns mmanupyromeit cucremsr Eclipse
(Varian), a Taxxe npoBepka ee 3p(HEKTUBHOCTH M MPAKTUYHOCTH HCIIOIb30BAHHS C
UCITOJIb30BAaHUEM COBPEMEHHBIX METOJIOB BEpH(UKAITUU U OLICHKHU IIJIAHOB JTy4eBOM
tepanuu. OOBEKT HCCIICIOBaHUS — JWCTAaHIIMOHHAs JydeBas Tepamnus. [Ipeamer
MCCIICJIOBAHNS — MPOTrpaMMHBIC BO3MOXKHOCTH ILIaHUpYyIomied cuctemsr Eclipse
v.13.7.

Marucrepckas qucceprauus IBJIIETCS aKTyaJlbHOM, MOCKOJIBbKY MOJYYEHHBIE
PE3yNIbTaThl MOKHO HMCIOJB30BaTh ISl OIEHKH 3()(PEKTUBHOCTU pabOTHl MOJIETU
nydka JuHeHoro yckopurens Elekta Versa HD B mmanupyromieit cucreme Varian
Eclipse B 1mensix 000CHOBaHMIA 3aKyTOK HOBBIX JJUHEHHBIX YCKOPUTENEH OT OJHOTO
IPOU3BOAUTENS B JIEMCTBYIOIIUX OHKOJIOTMYECKUX LEHTpax. Takxke MOoJydeHHBIE
pE3yNbTAaThl  MPEJOCTABISIOT BO3MOXKHOCTh HCIIOJB30BaHUS pa3paboTaHHOMN
MOJIETM B KadeCcTBE BPEMEHHOI'O pEIICHUs JJs COBMECTHOM paboThl JBYX
OHKOJIOTUYECKUX IUEHTPOB, TMpU JOJITOBPEMEHHBIX TIOJIOMKAX JIMHEWHBIX
yckoputenen B PHIIL[ oHkomormu © MEIMUMHCKOM  PaJUOJIOTHH  HM.
H.H. AnekcanapoBa. JIaHHBIX MOIX0/1 MTO3BOJIUT U30€KaTh MPOCTOSI COTPYIHUKAM
n3 PHIILl wuMm. AnexcannpoBa u cmocoOctByer Oonee 3¢ dexTuBHONU pabdoTe
MEIUIIMHCKUX  (GU3UKOB W3  MUHCKOTO  TOpPOJCKOTO  KIMHHYECKOTO
OHKOJIOTMYECKOT0 IIEHTPA, 3a cYeT Oosiee CTaOMIBHOTO MOTOKA MAIUEHTOB.

Brnepsrie B PecniyOnuke benapycs Obiia pazpaboTana MoOJeb MyYKa SHEPTUU
6 MB mwmneitHoro yckoputens Elekta Versa HD ¢ MHorosenecTkoBbIM
kosumumaTtopom Agility mts murarupyromeit cucremsr Eclipse. TTosrydeHHbIe qaHHBIC
Bepu(UKAINI CO3TaHHBIX IJIAHOB JIYY€BOU TEpPAUH JIJIsl IPOBEPKU pa3paboTaHHOM
MOJICIM TOKa3aJid PabOTOCIIOCOOHOCTh MOJIEIM C TaMMma OIMHOKOW, He
npeBbimatomed 1,5% npu yCTaHOBIEHHBIX MMapaMeTpax TOYHOCTU Y-aHAJIM3a:
pasHocTh 103 3%, KpuUTepuid paccTosiHust 3 MM, mnoporoBas no3a 15 %. Bcee
pacCcuMTaHHbIE TUJIAaHBI JIY4YEBOM TEpanuy MPOIUIM OLEHKY MO YCTAHOBJIEHHOMY
3HAYEHUIO raMMa-uHjieKca B 95%.



GENERAL DESCRIPTION OF WORK

BEAM THERAPY, IONIZING RADIATION, LINEAR ACCELERATOR,
LINEAR ACCELERATOR BEAM MODEL DEVELOPMENT, DOSIMETRY.

The volume of the master's thesis is 62 pages. The structure of the master's
thesis consists of sections "Introduction”, "General characteristics of the work™, four
chapters, sections "Conclusion™ and "List of sources used". Master's thesis contains
24 figures, 2 tables, 1 appendix, 23 sources.

The aim of the master's thesis is to develop a beam model of the Elekta Versa
HD linear accelerator for the Eclipse (Varian) planning system, as well as to test its
effectiveness and practicality of use using modern methods for verifying and
evaluating radiation therapy plans. The object of the study is external beam radiation
therapy. The subject of the study is the software capabilities of the planning system
Eclipse v. 13.7.

The master's thesis is relevant, since the results obtained can be used to evaluate
the efficiency of the Elekta Versa HD linac beam model in the Varian Eclipse
planning system in order to justify the purchase of new linacs from one manufacturer
in existing cancer centers. Also, the results obtained provide the possibility of using
the developed model as a temporary solution for the joint operation of two
oncological centers, in case of long-term breakdowns of linear accelerators in the N.
N. Alexandrov National Cancer Centre of Belarus. This approach will help avoid
downtime for employees from the N. N. Alexandrov National Cancer Centre of
Belarus and contributes to more efficient work of medical physicists from the Minsk
City Clinical Cancer Center, due to a more stable flow of patients.

For the first time in the Republic of Belarus, a model of the 6 MV energy beam
of the Elekta Versa HD linear accelerator with the Agility multileaf collimator for
the Eclipse planning system was developed. The obtained data of verifications of the
created plans of radiation therapy to test the developed model showed the
performance of the model with a gamma error not exceeding 1.5% with the
established accuracy parameters of the y-analysis: dose difference 3%, distance
criterion 3 mm, threshold dose 15%. All calculated radiotherapy plans were
evaluated against a set gamma index value of 95%.



ATI'YJIbHASA XAPAKTAPBICTBIKA ITPAIIBI

JILICTAHIIBIMHA S [IPAMSIHEBAS TOPAIIIA, [MHI3YIOYAE
BEITIPAMEHBBAHHE, JIIHEWHBI TTACKAPAJIBHIK, PACIIPAIIOYKA
MAJIDJII ITYUKA JITHEMHAT A TIACKAPAJIBHIKY, TABIMETPBISL.

AG'éM wmaricTapckail awiceprainbli  ckiagae 62 craponki. CTpykTypa
Marictapckail JapicepTalbli CKiIaaaenia 3 pasazenay "YBoaziHel", "ArynbHas
XapaKTapbhICThIKa Mpallbl', 4aThIpOX YacTak, pazazenay "3akmousnae" 1 "Crmic
BBIKAPBICTAHbIX KpbIHIN". Marictapckas AbicepTalbld 3msiiuae 24 MantoHkKa, 2
Ta0minel, 1 qagatak, 23 KpbIHIIEL.

Mbraii maricTapckaid JpIicepTanbli 3'synsera pacrpaioyka Maadii Mmydka
niHeliHara mackapaibHika Elekta Versa HD mns manaBanbHait cictambl Eclipse
(Varian), a Takcama npaBepka sie¢ 3(eKTbIYHACI 1 TPAKThIYHACII BEIKAPHICTAHHS 3
BBIKAPHICTAHHEM CYYaCHBIX MeTajiay Bepbl(ikalbll 1 aA3HaKl TuIaHay mpamsiHEBa
Tparrii. AO'eKT macienaBaHHsS — JIBICTaHIIBIMHAS TMpaMsHEBas Toparmis. [Ipagmer
JaciielaBaHHs — IMparpaMHbIs MardbIMacili TuTaHaBaibHai cictaMbl Eclipse v. 13.7.

Marictapckasi JpIcepTallbls 3'yIIseriia aKkTyaJlbHal, MaKoJbKi aTpbIMaHBIS
BBIHIKI MOHa BBIKAPBICTOYBAIlL ISl allPHKI A(DEKTHIYHACIII Mpalbl MaadJIl Imydka
niHeliHara mackapaibHika Elekta Versa HD y mimanytrouaii cictame Varian Eclipse y
MAITax aOrpyHTaBaHHsS 3aKylMaK HOBBIX JIHEMHBIX MacKapajbHIKAY aJ aJHaro
BBITBOPIIBI ¥ 13€10YBIX aHKATAr1YHbIX IPHTpaxX. Takcama aTppIMaHblsd BBIHIKI JAIOLIb
MardbIMacilb BBIKAPBICTAHHS paclpaiiaBaHaid Majadji ¥ sSKacill yacoBara pairHHS
JUISL CyMecHal paboThl IBYX aHKaJariqHBIX I[PHTPAY, MPHI 10YTavyacoBBIX MaJTOMKaX
niHeWHbIX mackapanbHikay y PHIIL] ankamorii 1 MenpItibiHCKa# paapisiorii im. H.H.
Anskcanapasa. ['9Tel maaeIxoa 1a3BOMIIb a30€THYIb MTPACTOI0 CyIpaIloyHIKaM 3
PHIILI im. Ansikcanapaga 1 cajzeiiniuae 00 3(eKThIYHAN padoIie MEABIIILIHCKIX
¢izikay 3 MiHckara rapajckora KiiHIYHara aHkajarigsara IpHTpa, 3a KOIIT OOJIBIII
cTabuUTbHAra mMaToKy IMaibleHTay.

VYnepmbiaio ¥ PacnyOminel benapycsr Obina pacmpariaBaHa Maadib MydKa
sHeprii 6 MB nineitnara nackapanpHika Elekta Versa HD ca mmarmsinéctkaBsim
kamiMatapam Agility nus ruranyrouair cictambl Eclipse. ATpeiManbIs Jaa3eHbIS
BephI(iKalblii  CTBOpAaHBIX IUIAaHAY TpamMsHEBAa THpamii s TpaBepKi
pacmparaBaHail MaJdIIi maKa3aji mpara30IbHACIh MRl 3 TaMa TaMbLIKAM, sTKast
He mnepasbimae 1,5% mnpel ycramsBaHbIX MHapameTpax AakiaJHacll Y-aHami3y:
po3Hacib 103 3%, KpeITIp ajureriacili 3 MM, maporaas go3a 15%. Yce paszmivanbis
TJIaHBl TIPaMSHEBAM TIpamii Mpanmul aa3HAKy Ma YCTalasBaHBIM 3HAUDHHI rama-
1H19KCca ¥ 95%.
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