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Menuuna ¢izuka — cydyacHuii cTraH, npodjaemMu, ujisixu po3BuTky. HoBiTHI TexHoJorii.
30ipauk Te3 5-1 mikHapomHoi koubepenrii, 24 - 25 Bepecus 2015 p., M. Kuis,
KuiBchkuii HamioHaapHuUN yHiBepeuTeT iMeHi Tapaca IlleBuenka, 2015. — 65 c.

Te3n, mo myOmiKyIOTECS, SBIAIOTE COOOI0 MaTepiajad [OTOBifadiB Ta YYaCHUKIB 5-1
MDKHapogHOI KoHQepeHHil ,Mennuna ¢i3uka — CydacHHH CTaH, NPOOJIEMH, IIJISXH
po3BuTKy. HOBiTHI TexHoJOTii”, Ta BigOOpa)karoTh HAyKOBi, METOAWYHI Ta NPaKTHYHI
pe3yNbTaTh JOCIHIIKEHb, CHPSMOBAaHUX Ha BJIOCKOHAIEHHS IIUIAXIB PO3BUTKY MEIUYHOI
¢i3ukM B KpaiHaX IOCTPAJSIHCHKOIO IPOCTOPY, MOJAJBIIOrO IPOCYBaHHS HOBITHIX
TEXHOJIOTIH Ha PUHKY MEIUYHUX MOCIYT.

Kondepenuiss nmpoBoautscs 3a iHiliaTHBOIO KHIBCHKOrO HaliOHAIBHOTO YHIBEPCHUTETY
imeni Tapaca IlleBuenka ta Bceykpaincpkoro 00’eqHaHHS MeAWIHHUX (Pi3UKIB Ta iHXKEHEPIB
3a ydacTi0 (axiBI[iB 3 MPOBITHUX BUIINX HABYANBHHUX 3aKJaJiB, MEIUYHHAX, HAYKOBUX Ta
PETYMIOIOYMX YCTAaHOB, a TAaKOXX IPEACTaBHUKIB 3 MiHICTEpCTBa OXOPOHH 3/I0pPOB’S,
JepxaBHOT IHCHEKIII] SAEPHOTO peTyIOBaHHS YKpaiHu, AKajeMii MEIUIHUX HayK YKpaiHd,
Tomo. MeToro KOH(epeHIii € 00’€IHaHHS 3YCHIb CIIJIBPHOTH B Taly3i OCBITH, HAayKH,
OXOpPOHH 3IIOPOB’sl Ta SOCPHOTO PETYNIOBaHHSA Ui €(pEeKTHBHOI MiATOTOBKH (axiBIiB 3
MEIUYHOT Pi3UKH.
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KuiBchkuii HanioHanpHui yHiBepcuteT iMeHi Tapaca [llepuerka (KHY);
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Marepianu BiqTBOpPEHi B aBTOPCHKiil pelakKilii 3 OpuUriHaiiB, HOJAaHUX 10 OPTKOMITETY.



HaByaHHs Ta NiAroToBKa MeAUYHUX Pi3vKiB
Education and training of medical physicists

Poab opraniB micueBoro caMmoBpsilyBaHHsl B OpraHi3aiii KOHTPOJIIO 3a
AOTPUMAHHAM 3aKOHO/IaBCTBA NIPY BUKOPUCTAHHI JzKepeJ1 i0HI3yI040ro
BUIIPOMiHIOBaHHS B c(pepi 0XOpoHU 310POB 5
Cecemxo A.O.

Buwuii aominicmpamuenuii cyo Yrpainu
arkadiys@ukr.net

3 yaciB karactpopu Ha YopHoOmnbchkiii AEC opraHu MicLEBOro CaMOBpSIIYBaHHS
NPUAUIAIOTE OCOOJIMBY yBara OpraHi3alii KOHTPOJIIO 3a JIOTPUMAaHHSIM 3aKOHOJABCTBA B
cdepi OXOpOHH 31IOPOB's, OCOOIMBO, B YACTHHI il 10HI3YFOUOTO BHUIPOMIHIOBAHHS Ha
3JI0POB’S JIFOJMHH. 3BaXKAIOYHM Ha Te, IO LIOPIYHO B YKpaiHi MPOBOJUTHCS Oiig 42 MIIH.
MEIWYHHUX TpoleAyp npu Bukopuctanui J[[IB, 3abe3medycHHs pamiallifiHOro 3axHCTy
JIOAWHU 1 JOBKUJUIA € TPIOPUTETHUM HAIPSMOM JEP>KaBHOTO PETYNIOBAHHS SIIEPHOI Ta
paniariitHoi Oe3meKu.

Hapasi BaxxiBa pojib BIABOJUTHCS OpraHaM MICIIEBOTO CaMOBPSAYBaHHS B OpraHizarlil
KOHTPOJIO 3a JOTPHMAHHSAM 3aKOHOJABCTBA 3 IIHTaHh OXOPOHH 3IIOPOB’S, 3aXHCTy
HACEJICHHS BiJl HETATHUBHUX TEXHOT'CHHUX BIUIMBIB, IOB’S3aHUX 13 MISUTGHICTIO SIEPHHUX
YCTaHOBOK, 00’€KTiB Ta BUKopucTaHHsIM J[IB Ha mimBimomumx teputopisfx. Tak, y ct. 20
3akony Ykpainu «IIpo BUKopUcTaHHs siiepHOT eHeprii Ta paxiauiiHy 0e3neKy» 3aKpiIieHo
NOBHOBA)XEHHST ~ MICLIEBUX OpraHiB BHKOHAaBYOl BJIAAM Ta OpraHiB  MICLEBOIO
CaMOBpSIIyBaHHsL, SIKI B MEXax CBO€I KOMIeTeHIii 3a0e31euyoTh iH)OpMYBaHHS HAaCEJICHHS
npo paiaiiiiHy 00CTaHOBKY; 3iHCHIOIOTh KOHTPOJIb 3a 3a0€3MCUCHHAM OC3MeKH HACCICHHS
i OXOPOHOI0 HABKOJMIIHLOTO MPUPOHOTO CEPEIOBHIIA HA CBOIN TEPUTOPIi, 32 TOTOBHICTIO
MiANPUEMCTB, YCTAHOB, OpraHi3alliii Ta TPOMaIsH 0 Ai Ha BHUNAJO0K padialliiHOi aBapil;
OepyTh y4acTh y JIKBiJamii HACTIIKIB paJiallifHIX aBapiil; 3MiHCHIOIOTH KOHTPOJIb 3TiTHO 3
MOBHOBKCHHSIMH, TIepel0adyeHIMH 3aKOHOJABCTBOM, 3a [iSUTBHICTIO IOPUAWYHHX 1
(ismgHEX 0Ci0, SIKi BHKOPHUCTOBYIOTH sIepHI ycTaHOBKH, 1B 1 simepHi Marepiaiu; TOTYIOTh
MPOTIO3HUIT MOI0 BUAIB, OOCSTIB, MKepen HaJaHHS COIialbHO-CKOHOMIYHOI KOMIICHCAIIil
PU3UKY JUISI HACEJNEHHS, SKE TMPOXKUBAE B 30HAX CHOCTepekeHHS. ToOTO B Wil cTarTi
BU3HAYCHO 3arajbHy KOMIIETEHI0 0e3 pO3MEeXKyBaHHS IOBHOBa)XEHb MIX MICIIEBUMH
OpraHaM# BUKOHABYOI BJIali Ta OPraHaMK MICIICBOI'O CAaMOBPSIIYBaHHsI B 3a3HAYCHIN cdepi.

Bopnowac y 3akoni VYkpainm «[Ipo MicueBe caMoBpsnyBaHHS B YKpaiHi»
BUIII€3a3HAYCHI TTOBHOBAKCHHS OPTaHIB MICI[EBOIO CAMOBPSAYBaHHS HE OYJM 3aKpillicHi.
BBaxaro 3a HeoOXimHe 3a3HAYWTH, MO CT.CT. 26, 33, 43 1poro 3aKOHY MICTATH JIHIIE
3arajbHi TIOJIOKEHHS, 30KpeMa IIMOJA0 HaJaHHA MICIIEBOIO pajiol0 BIAMOBITHO IO
3aKOHOJIABCTBA 3TOJ Ha PO3MIIICHHS HAa TEPHUTOPIi ceia, CeNUIa, MICTa HOBUX 00 €EKTIB,
chepa BIUIMBY [IiSUTBHOCTI SIKMX BKJIIOYA€ BIANOBIIHY TEPUTOPIIO; NPUHHATTI 3a
MPOTIO3UIIEI0 TEPUTOPIAIBHIX TpOMaJl PIMICHHS MIOJ0 IPOBEICHHS KOHCYIHTATUBHOTO
OIUTYBAHHS 3 TUTaHb, SIKI CTOCYIOThCS IXHIX CIIJIBHUX IHTEPECIB.



BpaxoBytoun eBpoiHTerpauiiHuii Kypc Iep)KaBH, BBAXKAl0 3a JOLIIGHE BHECTH 3rafaHi
3MiHM B 3akoHu Ykpainu «IIpo MicieBe camoBpsiyBaHHs B YKpaiHi», «IIpo BUkopucTaHHs
SIEPHOT eHeprii Ta pajialiiiny O0e3neKy».



Posib MequuHOro (pizuka npu 3acTOCyBaHHI ATbTEPHATHBHUX MeIMYHNX
TeXHOJIOTi B YKpaiHi
MakapoBchka O.A.l’z, Acnamosa J1.1.2¥, Kymia €.B.2‘3, Menenescoka H.B.2>3

1) Mixcnapooua azcenyis 3 amomHoi enepeemuxi,

2) Beceykpaincoke 00 €OHaHHA MEOUYHUX QI3UKI6 ma iHJiceHepis,
3) Kuiscoxuti nayionanvrutl yrieepcumem imeri Tapaca Illesuenka,
Hasuanvno-nayxosuti yenmp paodiayitinoi 6esnexu,
*radbez@gmail.com, vomfi.info@gmail.com

VYkpaina, sk uwieH MAI'ATE, noctynoBo BOpoBaKye MXKHAPOIHI CTaHAAPTH, 30KpeMa
Basic Safety Standards miomo miaroToBku Ta migBHIIEHHS KBadiikalil MeIUUHUX (Bi3UKiB.
3 2013 poky KuiBchkmii HamioHaIBHUN yHiBepcuTeT iMeHi Tapaca IlleBueHka, ¢akynpTeT
paniodi3uKu, eNeKTPOHIKN Ta KOMIT IOTEPHIX CHCTEM TOTYE MAriCTpiB 3a CIIEHiaIbHICTIO
,MeanJHa (i3uKa’.

OCHOBHI 03HaKH TPIOPHUTETY MEOMYHOTO (Pi3MKa MpH 3aCTOCYBaHHI aNbTEPHATHBHHUX
MEJIUYHHUX TEXHOJIOTIH B YKpaiHi:

- 3aMmiHa paJiOHYKIIIHOrO MEIWYHOro OOJNaJHAaHHA HAa HOBE YCTAaTKyBaHHS 3
TEHEPYIOYHMH JDKEpEJaMd 3 METOI0 3MEHILIECHHS HAKOMHMYEHHsS Ta PO3IOBCIODKEHHS P/H
Jokepen, 3a pesynbratamu Micii IRRS B Ykpainu BukopuctoByeTrbesi 72% 3actapiioro
00J1aTHaHHS,

- IHTGHCHBHE BIIPOBA/KCHHSAM HOBITHIX TEXHOJIOTiH, 30KpeMa BHUKOPUCTAaHHSI 23
JTHIHHUX TPHCKOPIOBaUiB, X04Ya 3a MDKHAPOAHUMH CTaHAApPTaMH HAaCEJCHHS JepXKaBU B
42miH 823 THC Mae moTpely B 85 JiHIHHMX NMpHCKOpIOBadax; II¢ BHCOKOTEXHOJOTIUHE
iHHOBaIliiiHe gJopore oOONagHAHHS HEMOXJIMBO BHKOPHCTOBYBAaTH 3a BIICYTHOCTI
KBaJi(piKOBaHUX MeIUIHUX (Di3HUKIiB Ta iIH)KECHEDIB;

- HeOOXiTHICTh TapaHTii Ta 3a0e3MeYeHHs SKOCTI MPHU MPOBEICHHI AiarHOCTHYHHUX Ta
TEeparneBTHYHUX MPOLEAYP, Mae MicCIle BiAXWICHHs OUThIN HiX y 125 pasiB Bix 103
OMPOMIHECHHS, IO JOBOJUTHCS IO MAIIE€HTA IMiJ] 9aC JIarHOCTUYHUX MPOIEayp B YKpaiHi.
BBaxkaemo, 110 BiJ PO3BUTKY MeauW4HOT (i3WKHM, a caMe, MiJATOTOBKH HAaIlliOHAJbHHUX
BUCOKOKBaJi(pikoBaHMX (haxiBIiB B Lii cepi 3aeKUTh CTaH 310POB’s HaLlil.

BpaxoByrour €BpoiHTerpaliiiHuii Kypc AepkaBu 1moao immiementanii JJUPEKTUBU
PAIN 2013/59€BPATOM HapuanbHo-HAyKOBUH IEHTP pafiamiinol 6e3neku KuiBchbkoro
HaIlIOHATFHOTO yHiBepcuTeTy iMeHi Tapaca IlleBueHka po3poOWB HMPOEKTHY MPOMO3HIIIIO
«Promotion of medical physicists role for implementation of medical alternative
technologies in Ukrainey, mo orpumana migrpuMky M3C Ykpainu Ta Oyae nmpencraBieHa B
IBOMY pOIIi Ha 3aciganHi Po6o4oi rpymu [Himiatueu ['pynmu Cemu «['mobansHe MapTHEPCTBO
NPOTH PO3IOBCIOJDKEHHST 30poi Ta MaTepialliB MacoBOTO 3HMILEHHS» I/l T'OJOBYBaHHSIM
Himeuunnn.

[IpoexT cnpsMOBaHMIM Ha WiABWINEHHSA PIBHA: paliallifHOr0 3aXHCTy MepCOHAITy,
HACEeJICHHS, Mali€HTIB Ta JOBKULIA BiINOBITHO IO CBITOBHUX Ta €BPONEHCHKUX CTAHIAPTIB;
ocBiTH MenmuHuX Gi3WKiB Ta KBamidikamii CHemiamicTiB, SKH BHKOHYIOTH (QYHKII{
MeIUYHUX (Pi3UKiB TOIIO.



Imaging System Model for Experimental Instruction of Medical
Physicists
Radchenko N. V.', Radchenko S. P.2, Sudakov O. 0.

Taras Shevchenko National University of Kyiv,
1) Training and Research Center for Radiation Safety, radchenko-n@ukr.net
2) Medical Radiophysics Department, spr@univ.kiev.ua, saa@univ.kiev.ua

Educational equipment on a par with curricula defines modernity and effectiveness of
the learning process. It becomes particularly important during the practical laboratory
sessions for professional training in coupling fields, such as biophysics, medical equipment
and especially in medical physics. Medical physicists (MP) typically deal with areas of
testing, optimization, and quality of diagnostic and physics of medical imaging such as
radiography, fluoroscopy, mammography, angiography, and computed tomography (CT,
PET, SPECT), as well as non-ionizing radiation modalities such as therapeutical and
surgical laser light systems, ultrasound introscopic imaging, and MRI. MP have to
contribute to maintaining and improving the quality, safety and effectiveness of healthcare
services through expert action, involvement or advice regarding the specification, selection,
acceptance testing, commissioning, quality assurance, control and optimized clinical use of
medical devices. All activities have been based on current best evidence or own experience,
knowledge of physical processes and functional principles of medical devices. So MP
training includes several stages of theoretical and experimental operations. Training process
should simulate conditions that occur in clinical healthcare facilities. Laboratory works on
medical imaging physics must reproduce the equipment conditions, characteristics of objects
as close to real physical experiment as well as to medical and biological situation.

Real medical imaging systems in medical departments and hospitals have high-usage by
routine diagnostics and are very expensive to use during laboratory training. Thus usage of
the clinical medical imaging systems recedes to the background and therefore the
development of the experimental model of imaging system is urgent and useful for
laboratory work. Model of CT for experimental instruction in medical imaging physics is
present. Laboratory model of imaging system is proposed as computer-aided measurement
system for the experimental investigation and based on digital X-ray system of Training and
Research Center for Radiation Safety. Reconstruction and image processing algorithms as
well as software are developed on Medical Radiophysics Department.



IHHOBaIiiHi TexXHoJI0rii B Me AMIIUHI
Innovation technologies in medicine

Ukrainian mHealth Application Designed to Manage Medical Data of
Patients with Cancer
Kravchuk V.V*, Kulikov VM, Dvorschenko OS, P'yatchanina TV

RE Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology,
National Academy Sciences of Ukraine (IEPOR) Kyiv, Ukraine

In Ukraine, mobile penetration (number of subscribers relative to the total population)
increased to 134% in 2014, the forecast for 2020 being 165%. According to Ericsson, the
volume of mobile traffic per Ukrainian subscriber will reach 2000 Mb/month by 2020.

With the ever growing mobile market, development of mobile technologies is a must.
One such technology is mHealth — an approach that ensures information support in the areas
of health care and medicine using mobile devices. An example of successful implementation
of this technology is the campaign entitled “measure up / pressure down”, which was
conducted by the American Medical Group Foundation and has already helped to improve
the detection and control of hypertension in 414,167 people. We at IEPOR are working on
our own mHealth application.

Objective: To develop a reference-information mHealth application for mobile devices
on the basis of Android platform, which would allow searching, classifying, and storing
information supplied to the patient with breast cancer (BC) during examination, treatment,
and rehabilitation.

The application is developed in Java and Android SDK using elements of object-oriented
programming. The visual part of the software is developed with the use of XML language.
Statechart diagrams are developed using UML language. The Integrated Development
Environment (IDE) is presented by Eclipse program with built-in Android SDK.

As of now, design has been developed, UML diagrams have been built, and a friendly
user interface has been developed. Currently, we are programming transitions and services
that will be provided to the user. Stages of development include testing and configuring the
application with the view of posting it to Google Play.

The application features the following services and components: "BC Guide"
(information and reference section: user-friendly brief information about the nature of breast
cancer, symptoms, treatment guidelines, etc.); "Case Record" (classified and stored
information received by the patient from their physician; it includes sections: "Your
diagnosis”, "Examinations”, "Subjective Feelings”, "Prescription” and "History of
Treatment"); "Ask Your Doctor" (contains several groups of standard questions doctors are
frequently asked; the users can add their own questions and type text or add an audio
record); "Your Doctor" (stores contact information of specialists, who comprise the medical
support group); "Guide" (includes a glossary and information on specialized oncological
institutions of Ukraine).



Oco00.1MBOCTI OL[IHIOBAHHS KOE(IUIEHTIB NPONMYCKAHHS TKAHUH 32
BHMIpPIOBAaHMMH /103aMH Ta 32 SICKPABICTIO 300paskeHHsI
MiponrHHYeHKO H.C.**", Menenescska H.B. Kymiu €.B.}, Xo6ra 10.B.2,
Mipomsnuenko C.1.2

1) Kuiscokuil nayionanvruil ynieepcumem imeni Tapaca [llesuenxa
2) Hayxoso-supobruue 06 ‘conanns « Teneonmuxy
* radbez@gmail.com

PentreniBcrka komm'rotrepHa tomorpadis (KT) € omHum 3 HalleeKTUBHININX METOMIB
Cy4acHOI J1arHOCTHKH, OCKUIBKM Ma€ BUCOKHH CTyMiHb iH()OPMATHBHOCTI OJEpKYyBaHUX
pesynbrariB. Pazom 3 THMM, Taka iH(GOPMATHBHICTH Ma€ TaKOXX BHCOKY IliHYy, sKa
BUPAXKAETHCS Y BApTOCTI 00NaAHAHHS Ta T030BUX HABAaHTAXKEHHSIX, SIKi Bi[UyBa€ MaIli€HT.

VY BigminHocti Bin KT, oxepxyBanuii nmpu peHTreHorpadii peHTreHIBCHKHH 3HIMOK,
SIBJIsIE COOOI0 MpOEKLiiHe 300pakeHHsI, HA SIKOMY BHJIHO HE OPraHW 1 TKaHWHU JIOJUHH, a
JUIIe 1X TiHI, M0 HAKIaJalOThCA OAMH Ha OMHOro. Takwif BHA MOCIIIKEHHS XOU 1 Ma€
MeHIy iH(OPMATHUBHICTh, OJHAK BOJIOJi€ HEBHCOKOIO BapTICTIO OOJIQJTHAHHS 1 HU3BKUMHU
JI030BMMH HaBaHTa)KCHHSAMH Ha Ialli€HTa.

B 3Bs13Ky 3 M, BUHHKAE 3aIMKJICHICTh BUKOPUCTATH IMMO3UTHBHI SKOCTI TeXHojorii KT
i peHTreHorpadii IS MiABUIEHHS AKOCTI JIarHOCTHKY Ta 3HIKESHHS JO30BHX HaBaHTAKCHb
Ha TaIfieHTa TopiBHSAHO 3 Tpaauiiitaum KT.

[TigBumeHHss 1HGOPMATUBHOCTI PEHTICHIBCHKUX 3pi3iB, OTPUMAHUX 3a JIOIIOMOTOIO
IU(POBUX PEHTTEHOAIATHOCTHYHUX KOMIUIEKCIB MOXKHA TI0YaTH 3 OTPUMAaHHs 3a0apBIeHUX
B aHATOMI4HI KOJBbOPU MABOMIpHHMX 300paxkeHb. [lpu npoMy chopMoBaHE ABOMipHE
300pa)KeHHsI MaTHMe 3BUYHY JUIsl JKapsi aHATOMIUHY PO3MaJibOBKY OpraHiB i TkaHuH. Lle
CYTTEBO MOJIETHINTH JUIA JIKapsi CHPUIMaHHSA TakUX 300pa)KeHb 1 MOCTAHOBKY IiarHO3y
TMAIi€HTOBI.

Komipae koxyBaHHS MOke OyTH BUKOHAHO Ha OCHOBI BiJIIIOBITHOCTI KOJHOPY TKAHHHHU
abo oprany #oro xoedimieHTy TmpoIycKaHHsA. Hampukinan, HasSBHICTE KHPOBOTO
IHQITBETpaTy B MEYiHII MOXKHA MIarHOCTYBATH, BUSBUBINK IIITHKY aHOMAaJbHO HH3BKOTO
MIPOIYCKaHH B MAPEHXiMi TICUiHKH.

ITpoBenenns takoi po6oTH HEOOXIHO MOYATH 3 BUBUCHHS XapaKTEPUCTHUK MPOIMYCKaHHS
B pi3HMX cepenoBuInax. IIpu I1bOMYy HEOOXiJJHO BH3HAYWTH YMOBH BIiIIOBIIHOCTI
KOC(QIIIEHTIB MPOMYCKAaHHS, MMEPEPaxOBaHUX 3a SICKPABOCTI 300paxkeHHs, i KOe(dilieHTiB
NPOITyCKaHHS, pO3paX0BaHUX HA OCHOBI BUMIPSIHB JI03UMETPOM.

VY npoBeneHii poOoTi OyJI0 TOCIIHKEHO KOe]ILiEHTH MPONYCKaHHS PI3HUX CEPEAOBHIL]
Ha TPUKIAJ ATOMIHIIO 1 Boau. [Ipu 1boMy 0yI10 3'1COBaHO, 110 KOSPIIiEHTH MPOMYCKaHHS,
pO3paxoBaHi Ha OCHOBI SICKPABOCTI 300pakKeHb, 3HAYHO BIIPI3HIAOTHCS Bil KOeDIilieHTIB
MPOITYyCKaHHS, NePepaxoBaHUX 3a JI03aMH, BUMIPSHHUX 3a JIOTIOMOTOI0 anaparypu. [loxubka
cknana 20 ... 30%, mo € HEenpUIYCTHMUM JJI1 MEAMYHOI MPAaKTUKH. Taka MOXuOKa MOXKe
NPUBECTH JI0 HENPABWIBHOTO KOJNIPHOTO KOJYBAaHHS 300pakeHHS 1 BIANOBITHO
CIOTBOPEHHS B IOCTAHOBIII 1iarHO3Y IMalli€HTOBI.

Kopeknis koedilieHTIB HpOITycKaHHS MOXe OyTH 3JiHCHEHa SK 3a JONOMOTOI0
KOPHUTYBAIbHUX Koe(ilieHTiB, TaK 1 amapaTHUMHU 3acob0aMu. ExcriepiMeHTalbHO 3HAWICHO,
110 TIPH JIOJIaBaHHi 710 CKJIay PEHTT€HIBCHKOTO TPAKTY aJIOMiHI€EBOTO (hiIbTpa TOBIIMHOIO 4
MM PO30DKHICTD KOeiIi€HTIB IPOIyCKaHHSA, PO3PaXOBAaHMUX 32 SICKPABOCTI 300pakeHHS 1 1O
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J103aM, BUMIPSIHUX araparypolo, icroTHo MeHmIe. Taka po30ixkHicTh He nepeBuuye 5%, 1o
BiJITIOBiZ]a€ MOMUJIIII BUMIPIOBAHHS, 1 3arajbHONPHUITHATA Y MEAUYHOT NpakTulli. JJonaBanHs
ANOMiHIEBOTO (IIBTPa JOJATKOBO BEIC O 3HIDKCHHS O3W, MOTJIHMHEHOI MAI[iEHTOM, IO
TaKOX MiATBEP/KYE PALiOHAIBHICTH BUKOPUCTAHHS 1OJaTKOBHUX (DiIbTPIB.



MeToaMKH ONPOMiHEHHSI MOJIOYHOI 32J1034 3 YPaXyBaHHAM
TOJICPAHTHOCTI HOPMAJILHUX TKAHMH 32 KPUTEPIsIMHU ricTorpamMu
«103A / OBCAT»

[.M.Penenrka, B.I.JIucak, O.B.I'opneesa, [.B.Mupomunuuenko, I'.FO
Yopnaii, I'.b.bepamreiin, A.b.Binauipka

Kninika ispainvcoroi onxonoeii JIICO/], m.Kuig
* lissod.com.ua

lopiuHo pak mosouHoi 3anmo3u (PM3)B Ykpaini nmiarHocTyrote Oau3pko 16,5 THC.
JKIHKaM, ,[TOJIOBHHA 3 HUX, XIHKH JITOPOJHOTO i mparie3aaTHoro Biky[1].

PM3 - rereporeHHe 3axBOPIOBaHHS 3 pI3HMMH BapiaHTaMH KIIHIYHOrO mepediry
MYXJIMHHOTO Tpoliecy. Y 3B'3Ky 3 MM BUHHUKA€E HEOOXIHICTh BUOOPY TAaKTHKH JIKyBaHHS 3
ypaxyBaHHIM HE TiJIbKU CTa il 3aXBOPIOBAaHHA, @ I OCHOBHHX ITPOTHOCTUYHUX (hakTOpiB.[5]

BpaxoByroun cydacHi TEHIEHIIIT B JIIKyBaHHI 3JIOSKICHUX TyXJIMH MOJIOYHOT 3aJ1031 Ha
MOJINIIEHHS SKOCTI XUTTSA TMALi€HTOK, NPOTSATOM OCTAaHHIX AECATWIITH CTaHAaPTOM B
nmikyBarHI PM3 ctamm oprano3Oepirarodi omepariii, a TakoX PEKOHCTPYKTHBHO-BiIHOBHI
onepallii 3 BAKOPUCTAHHSIM MiCIICBHX TKaHUH[5] .

PanoMi30BaHIMH TOCTIKEHHSMHE JOCTOBIPHO TOBEACHO, 1[0 IPOBEACHHS a/1'fOBaHTHOI
npomeneBoi Tepamii (IIT) mpu oprano3Oepiraroumx omnepauisx MiIBUILYE JOKAIbHUNA
KOHTpOJb B 3-4 pa3u[2].

Mertoro cyuacHoi [IT mpu oprano3odepirarouux oreparisx € JOCITHCHHS KOCMETHYHOIO
e(eKTy Ta 3MEHIICHH YCKJIaHEHb, 3yMOBIICHUX ONPOMIHEHHSIM.

B 3anexxHocTi Bij cTaiil, BUAYy paauKaibHOI onepariii, CTymneHs MOMKUPEeHHs MyXJIHHHOTO
mporiecy, KIiHig4HOI (GopMu, JIOKali3amii MyXJMHU, BIKy XBOPHX Ta IHmMHUX (daktopis, 70-
80% marieHToK 3 MyXJIMHAMH MOJIOYHOT 3371031 OTPUMYIOTH ax'toBanTHy I1T [6].

Merta Hamoi CTaTTi poO3MOBICTH NPO Cy4acHi METOJUKH OIPOMIHEHHSI MOJIOYHOT 3aJI03H
3 ypaxyBaHHSM TOJISPAHTHOCTI HOPMaJIbHUX TKaHWH 332 KPUTEPisAMH ricTorpam obcsr / 1o3a,
10 BUKOPHCTOBYIOTHCA B KiiHimi JIICO/.

B xminimi JIICOJ mpomeHeBa Teparmis MPOBOIUTHCS 3 BHUKOPUCTAHHSAM CYYacHOTO
pamioTepaneBTHYHOTO OOJaAHAHHSA, JO0 CKJIaay SKOTO BXOAATH: JIHIHHI NpPHUCKOprOBadvi
enekTpoHiB «Clinac 2100 DMC», «Clinac 600C», 3 eneprieto ¢otoHiB 6 1 15 MB i
CHepriero eneKkTpoHiB 4, 6, 9, 12, 15 MeB, 3 KOMI'IOTEPHOIO CHCTEMOIO YIPAaBIiHHS, 3
JMHAMIYHOI MHOTOIUIAcTiHYaToi aiapparmoro Millennium MLC i nakerom mporpam, 1o
JI03BOJISIE peaji3yBaTy HAWCY4acHII METOAMKH ONPOMiHEHHs (BiIOOpaKeHHS B PeaIbHOMY
qaci «Portal Visiony).

KondopmHe ompoMiHEHHS MPOBOAWUTHCS ITiJ] KOHTPOJEM IMOJOXKECHHS KOJNIMAaTOPOB i
pi3HUX OJOKIB 3a TOTIOMOTOI0 KOMITFOTEPHOTO YIIPABIIHHS MPU CTBOPEHHI (IrypHUX TOTIB
ckimanHoi koH¢irypauii. KoHdopMHe mnpoMeHeBe IJIiKyBaHHS BHMarae o00O0B'I3KOBOTO
3aCTOCYBaHHS TPUBUMIPHOTO TUIAHYBaHHS OIIPOMIHEHHSL.

HasiBHiCTP 0araTomnentocTKOBOTO KoJliMaropa 3 PyXJIMBUMU BY3bKUMH IIE€IIOCTKaMHU
JI03BOJISIE OJIOKYBAaTH YacTHHY pajiialiifHoOro Iydka i ¢opMyBaTH HeoOXinHe (irypHe moie
OTPOMiHEHHS, i YIIPaBIiHHAM KOMII'IOTEpa.

Jlo HAMIPOCTIMMX METOANK CTBOPEHHS KOH(GOPMHOTO JO3HOTO PO3MOIITY BiTHOCITHCS
METOJWKH OIPOMIHEHHS 3 BUKOPHCTAHHSIM BHUPIBHIOBAJBHHUX (UIBTPIB, OOIIOCOB Ta
iHAnBigyanpHUX hopmyrounx 61okiB. (Puc.1)
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Puc.1 BupiBHIOBasIbHI QiIETPU

BupiBHioBasbHI (inbTpH Bomocu InauBinyansHi

hopmyrodi OJI0KH

An’1oBaHTHa IPOMEHEBA Tepamis Ha MOJOYHY 3aJ103y MPOBOJMTHCS 32 HACTYITHUMH
METOJIMKAMU:

3BHyaiiHa (QpaxiioHawis: aaTOBaHTHAa INPOMEHEBa Teparlisi BCi€l MOJIOYHOI 3ajo3u
3a3BMYail 3IIHCHIOETBCS NpOTATOM 6-7 TwkHIB. [lepuiM erarnmoM ONpPOMIHIOETBCS BCS
MOJIOYHAI 3251033 Pa30BOI0 ocepeakoBoio 103010 (PI/I) 2 I'p moaus 5 pasiB Ha THXKAEHD 25
¢pakmiii (cymapHa BorHumesa no3a (CBJ/]) 50 I'p) 3 momanmpmuM momaBaHHAM OycTa Ha
JIO’Ke TYXJIMHU y BHTJISIII JoaTkoBuX 8 dpakmiit (16 I'p) [2,3,7].

Ipuknan: XBopa M.,36pokiB. JliarHo3 :IH}iITpaTHBHA MPOTOKOBA KapIIMHOMA MPaBOi
moutouHoi 3amo3u pT2(2,9cm)NO(0/2sn)MO G3, Ki67-70%, LO, VO, RO, ER-, PR-, Her2/neu
— Big’emue, 2A ct., 2 xiiH. Tp. CTaH Mmiciasl OHKOIUTACTUYHOI JIAMITEKTOMIi 3 IJIACTHKOIO
HIDKHIM JIocKyToM o Aubert + BCITVY.

PexoMeH0BaHO:

1An’oBanTHa ximioTeparnis o nporokony AC (4 mukinn) + Taxcon (12 moTHWXKHEBUX
BBEJICHB ).

2. An’roBaHTHa NpPOMEHEBa Teparis Ha o0jacTh ypakeHol MosioyHoi 3ano3u B CBJI
50I'p/25¢p + boost Ha nosxe myxmuau 161'p/8dp (hpoToHM abo eneKTpOHH).

[Ian ompomiHeHHsT TIpencTaBiieHuA Ha Prc.2

Puc.2 3puyaiina QpaxkiioHaris

Bcs monouna 3ano3za Byct ¢pororn Byct enexropuu
(1-mmii erarr) (nmepmmii BapiaHT) (npyruii BapiaHT)

BHyTpimHborpyaHi JimMQaTtuuHi By3aM BpakaroThesi npubimmszHo B 20% Bunanxis,
HalyacTime mpyu MeIialbHIH JoKai3amii myXIHHY.

Jns onmpomiHeHHsI napacTepHajlbHOI 30HM MM BHUKOPHCTOBYEMO HACTYIIHI METOIMKH
(Puc.3):

1. Tanrenmiiui nomns (PWT)



2. TexHuka ONpPOMIHEHHS MOJIOYHOI 3aJI03M Ta BHYTPIIIHIX TIPYIHUX JIMQOBY3IIB
(poronu / enexrponu (P / E)

3. CranpaptHuii Mmetoa 1o aotuuHii (ST)

Puc.3MeToinky onpoMiHEHHS MOJIOYHOT 3aJ1031 Ta BHYTPILIHIX IPyJHHX JTiM(OBY3IIiB

Tanrenuiiini nonst (PWT) ®otonu / enexrponu (P / E) CranpapTHUI MeTC
JIOTHYHIN

PWT TtexHuka HailOLnbll ONTUMalbHA TPH ONPOMIHEHHI BHYTPILIHBO I'PYJHHX JI/B 3
NPUIHATHOIO TOKCHUYHICTIO OpraHiB PU3UKY, OCOOJMBO ceplsi, Ta 3 J0OpUM 130JJ03HHM
PO3MOALIOM.

Kanancekuii mpotoxo [7]:

[TpomeHeBy Teparilo MOYMHAIOTH MNPOTATOM 8 TIXKHIB MiCisl XipypridyHOro eramy
nikyBaHHs1. [Ticist XimioTepanii onpoMiHEHHS PEKOMEHJOBAHO MOYATH SIK MiHIMYM 4epe3 2
THKHI TICJISI OCTaHHBOTO MUKy XiMiotepamii. CymapHa no3a 38,5 I'p 3a 10 ¢pakmiii - 1Bi
¢pakuii B nenp, koxkHa 1o 3,85 I'p, 3 iHTepBamoM 6romuH, 5 poOOYNX AHIB MOCHLTH (3
MTOHETIIKA 110 'ITHUITIO).

[amienTn, BimiOpaHi UIA MPOBEICHHS JIKyBaHHS 3a KaHAJICBKAM TPOTOKOJIOM MAarOTh
HACTYITHI XapaKTEPUCTHKH: CepenHiil Bik Oibie 60 poKiB; MaKCHMAaTbHAN pO3MIp IMTyXJINHU
<l cm; iHBa3WBHa ITPOTOKOBA KAapIMHOMA; MALllEHTKM B MOCTMEHONAY3i; PO3TallyBaHHS
ITyXJIMHU B BEPXHiil 30BHIIIHIA Ta BEpXHill IEHTPaIbHIN IUISHII MOJIOYHOT 3aJI03H.

YacTKkoBe OMPOMIHEHHSI MOJIOYHOT 3aJI03U 3 BUKOPUCTAHHAM TPUBUMIPHOI KOHPOPMHOM
JNUCTAHITIHOT MPOMEHEeBO1 Tepallii TEeXHIYHO 3JiMCHEHHa Ta TPOBOAMUTHCA 33 YMOBH
CyBOPOTO TOTPUMaHHS KpHUTepiiB no3umerpii (Puc4).

Puc.4 YacTkoBe ONpOMiHEHHS! MOJIOYHO] 3aJI03H.
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lNnodpakuionanis [4,7]: Meroauka an'toBaHTHOT IpoMeHeBO1 Tepariii paHHboro PM3 no
2,5 I'p Ha 00acTh BCi€l MOJIOUHOI 3aJ03M IIOJHS, 5 pa3iB Ha TXKACHb, 18 Qpakiiii, 3
NOAATBUIMM OYCTOM Ha JIOKE ITyXJINHH.

[TokazaHHSAMU Ui 3aCTOCYBaHHS JAHOTO pexuMmy ¢paknioHyBanus € T1-2 NO-1 MO
cramis PM3 micis mpoBeneHOT KOHCEPBATHBHOI — Xipyprii, NyXJuHAa Oyab-sKOTO
010JIOTIYHOTO MIATUITY 1 AU(PEPEHIIOBAaHHSI 3 BIICYTHICTIO TOKa3iB IS ONPOMIHCHHS
perioHapHUX JiM(OBY3IiB, Oymb-AKWI BIK MAIi€HTKH, Oe3 OOMEXKEHHS 3a pPO3MipoM
MOJIOYHOI 3JI03H.

[Toka3HWKM dYacTOTH 1 TEepMiHIB BHHHKHEHHS MICIICBUX pPEHUANBIB, 3araibHOT
BIDKUBAHOCTI, YACTOTH 1 TSHKKOCTI KapJIioJIOTiYHOT TOKCUYHOCTI Ta KOCMETHYHOTO e(eKTy
NpU ONpPOMiHEHHI MoJ04HOI 3an03u PBJl 2,5 I'p HiuMM He BiApI3HsUTHCS BiJ Pe3yJbTaTiB
ONPOMIHEHHSI B peXuMi kiacuyHoro ¢pakuionyBanns PBJ[ 2 I'p. YV psai Bumaaxis
KOCMETHYHUI e(eKT HaBiTh Kpallle, HX NpU KIaCHYHOMY (paKiiOHyBaHHI, MMOKa3HUKU
JIOKJILHOTO KOHTPOJIIO B IpyIii 2,5 I'p BUSIBUIIKCS KpaIMHU.

Opranu pu3UKy i JOMYCTHMI 3HAU€HHS JO3UMETPUYHUX MapameTpiB 103a / o0csr ams
OpraHiB pU3MKY i HOPMaJIbHUX TKAHWH MPU KOHPOPMHOMY ONPOMIHEHHI OKOHTYPIOIOTHCS
Ta BU3HAYAIOTHCS JIIKapsMH.

OpranamMn pHu3MKYy JUIsl JJaHOI aHaTOMI4HOi OOJacTi € CIIMHHUM MO30K, JIETeHi, ceple,
TUIEKCHUT, CTPaBOXiJ, HAOpsIK pyKH (IIpH ONMPOMiHEHHI 11/ y).

Jlerens : npu onpominenHi V20 .> 20% BUHUKAE CUMITOMATHYHUN ITHEBMOHIT

[TyapMOHITH 3 KIIHIYHMMH TpOsBaMHM BHSBIAIOTECT Yy 1% -1,3% xBopux mnpu
MOCJITOBHOMY XiMiOIIPOMEHEBOMY JIIKYBaHHI; PU OMPOMIHCHHI HAIKIIOYHYHOTO IOJIS-Y
3%; B 8,8% - mpu ogrouacHiit XJIT (Lingos T., Recht A., Vicini F.,1991)

Cepane: MakcumainbHa 103a 5S5I'p Ha 1/3 00’ emy.

Kapmianeri yckimanHerHa (imemiuHa xBopoba cepr, iH(apkTw) - OibIl BHpaXkeHi y
XBOPHX 3 JIIBOCTOPOHHBO] JIOKAJIi3aIli€l0, IPX OMPOMiHEHHI TapacTepHAIbHOM 0071acTi, KON
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B 30HY ONPOMIHCHHS BKIIOYAETHCs Benukuid obcsr miokapaa (Rutgvist L. et al., 1990;
Paszat L. et al., 1998).

HaOpsik pykm - micna xipypriunoro JikyBaHHs - 2% -10%, mnpoBeneHHs
micisonepauiitHoro onpomineHHsi 30inbinye #oro wacroty mo 13-18% (Meek A., 1998;
Larson D. et al., 1986).

OCHOBHUMH 3aBJaHHSIMU MeIUYHOTo (pi3nka MpH po3podli IUIaHy MPOMEHEBOI Tepartii

JOCSATHEHHS OJHOPIIHOTO PO3MOILIY J03M B KIiHiYHOMY 00csa3i ompominenHs (clinical
target volume, CTV) i mianoBanomy o6c¢s3i onpominenns (planning target volume, PTV);

He mepeBuIeHHSA TONEpPaHTHUX CYMapHHX 103 HAa KPUTHYHI OpPraHH 3a KPUTEPiIMU
rictorpaM «o0csr-g03a». Pucs.

Puc.5. I'ucrorpama «o0csr-mpozay.

BucHoBku:

1.IlpomeHeBa Teparis € eheKTUBHUM METOJIOM JIIKyBaHHS PaKy MOJOYHOI 3aJI03H.

2.IcHye Oe3mid METOIWK , MO MO3BOJLIIOTH 3MCHIIUTH MPOMEHEBI peakiii B XO.Ii
JKyBaHHA 1 MiCIs HHOTO.

3.IIpodecionaniam nikaps, Hopsax 3 poOOTOI MEAUYHOTO (Di3HKA, TPa€e BaXKIHUBY POJIb B
e(pEKTHBHOCTI JIIKYBaHHS 1 3aXUCTy OPTaHiB PH3HKY.

4.BiK i iHMBiAyanbHA CIPUHHSTIMBICTD IO IPOMEHEBOT Teparii naiieHTa Ma€e BIUIMB Ha
pe3yIBTaTUBHICTD JIKyBaHHS (BUOIp MPOTOKOIY ONMPOMIHEHHS).

Jliteparypa:

[1]. ®enopenko 3.I1.Pak B Ykpaini 2011.-Ne2.-C.73-74

[2]A Guide for Delineation of Lymph Nodal Clinical Target Volume in Radiation Therapy.
Giampiero Ausili Cefaro , Carlos A. Perez , Domenico Genovesi, Annamaria Vinciguerra
(Eds.). -2008-

[3]Handbook of Evidence-Based Radiation Oncology, 2nd Edition, Eric K. Hansen, Mack
Roach, I11. 2010

[4]Handbook of Radiation Oncology . Bruce G. Haffty, Lynn D. Wilsson. 2009

[5].Outcome of different timing of radiotherapy in implant-based breast reconstruction ,

M. Nava, A. Penatti at all// Plastic and reconstructive surgery.-2011.-Vol.128-P.353-359
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[6]Radiotherapy in practice: external beam therapy. Peter Hoskin. 2006

[7]Radiation Oncology An Evidence-Based Approach. J. J. Lu -

TNM Classification of Malignant Tumours - 7th edition

L. W. Brady. 2008
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IHigroroBka njiany NnpoMeHeBOro JiKyBaHHSI ME€TOI0M IPOMeEHEBOI
Tepamii 3 moayasuiero intencuBHocti (IMRT)
P.M. 3enincpkuit

Meouunuii yenmp «Kibep Kninixa Cnigicenxa», Kuis
* zelinskyi.ruslan@cyberclinika.com

Berym:  mpomeneBa Tepamisi 3 Mopayismiero inteHcuBHOCTi  (Intensity-modulated
radiation therapy (IMRT)) — me Meroa BHCOKOTOYHOI MPOMEHEBOI Tepamii, SKHId,
BUKOPHCTOBYIOYH  IIPHCKOPIOBaui €JIEMEHTapHUX YacTHHOK IiJi KOHTPOJEM CKJIQJHUX
KOMIT FOTEPHUX AJITOPUTMIB, JJO3BOJISIE 3MiHIOBaTH (JOPMY Ta IHTEHCHUBHICTh pajiallifHOTO
BHUIIPOMIHIOBAHHS Ta JOCTABIATH HOrO B HEOOXIAHIM KiTBKOCTI M0 BU3HAYCHUX 00’ €MiB
OyZmp-SKOTO pO3TAaIlyBaHHS, PO3MIpiB Ta (OpPMH, TPH IHOMY HE IEPEBUIIYIOUYH
TOJIEPAHTHHX 103 OPTaHiB PU3HUKY.

IMoxazamu 10 BukopuctanHsa Metony IMRT € Onum3bke po3TanTyBaHHS KPUTHYHHX
OpraHiB, cKiajHa (GopMa 30HH OMPOMIHEHHS, HEOOXITHICTh BHUKOPHCTAHHS IIiJIBHIICHUX
Pa30BUX YU CyMapHHX 103 Ta iH.

Mera: BH3HaueHHs OCOOJMBOCTEH IUIaHYBaHHs Ta BepUdikalii IJIaHIB, a TaKOX
ONTHMI3allisl Mpolecy JKyBaHHS 3 BHKOPUCTAHHAM METOJMKH IPOMEHEBOI Teparii 3
Mopaysitieto inreHcuBHicTiO (IMRT) B po0GoTi MeanuHoOTO i3MKa.

Meroau Ta Mmatepianu: Ui NPOBEJCHHS  MPOMEHEBOi Teparii BUKOPHCTOBYETHCS
niniitanit npuckoptoBau Elekta Synergy ta mmamyroua cuctema XiO 3 ommiero IMRT.
Brepiie mianyBaHHs Ta JiikyBaHHsS XBoporo B pexxuMmi IMRT Oyno mpoBeneHO B TpaBHi
2012.

3 ciunsg 2012 mo Bepecus 2015 B MI] «Kibep Kiinika CribkeHKa» paaioTeparneBTHIHE
JMKyBaHHS NPOBOIIIOCE 726 xBopuM. 353 (48,6%) XBOpHMX NpPOWIUIA TIPOMEHEBE
JiKyBaHHS 3 BUKOpucTaHHsIM metony IMRT.

ITpouec mpoBeneHHS TO3UMETPUYHNX PO3PAXYHKIB MEIUYHUM (Hi3UKOM 3a JOMOMOTOIO0
JIAaHOTO METOJIy Ma€ psj ocoOauMBocTel. 30KpeMa, Ha BiMIHY BiJl MOMEPEIHIX METOJMIB 3
BUKOPHCTAHHSIM MPSMOTO IJIAHYBaHHS MIISIXOM «CIPOO Ta MOMHIIOK», i€ BHKOPHUCTaHHS
IHBEPCHOTO TUIAHYBaHHS, MPH SKOMY 3a[al0ThCs KIIIHIUHI LI, a MaTeMaTH4YHI alIrOPUTMHU
PO3paxoByIOTh HEOOXI/IHI F€OMETPUYHI Ta TO3UMETPHYHI TapaMeTpH.

B mmanyrouiii cucremi XiO mporiec IUTaHYBaHHS MOMHA PO3IUIHTH Ha JEKibKa
OCHOBHHX KPOKIB:

Po3ramyBaHHs niKyBalbHUX MYYKIB.

3amaHHs KIIHIYHAX UIEH.

BusHadyeHHS TapaMeTpiB ONTHMI3aIlil.

OnTrMi3amis iIHTEHCUBHOCTI ITY4KiB.

CermeHTallis My4KiB.

BusHauyeHHs TapamMeTpiB ONTHMi3allii IHTEHCUBHOCTI CETMEHTIB.

OnTuMi3anis iHTEeHCUBHOCTI CETMEHTIB.

diHanbHa OIIHKA TUIAHY.

Koxen IMRT-mian motpebye perensHOi BepudiKallil MIIIXoM MOPiBHAHHS TEOPETHIHO
PO3paxoBaHoOi JJ03M B IJIAHYIOUil CUCTEMI 3 MPAKTHYHO BUMIPSHOIO 32 JIOMOMOTO10 (paHToMa
Ta J03UMETPUYHHMX JAETEKTOpiB. Y BHIIQJKy BUSIBICHHS MOXHUOOK, SIKI MEPEBHIIYIOTH
JIONYCKH, HEOOX1/THO BU3HAUYUTH 1X MOXKJIMBI IPUYMHMU Ta MPOBECTH [TOBTOPHE IJIAHYBaHHS.
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BinmoBiganeHUM 3a TIpolieC IUIAHYBaHHS Ta Bepudikaiii € MenuuHuil (i3uk, sSKAd
3a0e3neuye TOUHE Ta SKICHE JIIKYBaHHS KO)KHOTO TMalli€HTa.

Bucnosku: meroq IMRT mae cyTTeBi BiAMIHHOCTI B Tpoleci IUTaHYBaHHS y TOPiBHSAHHI
3 IHIIUMH MeToAaMH. SIKiCHHI O3UMETPUYHUH PO3PAXYHOK, SIKMH BUKOHYETHCS MEIMYHUM
(hi3uKOM, € OTHUM 3 OCHOBHHX (paKTOpPIB yCIIIIHOTO JIIKYBaHHS MALlIEHTIB 3 BUKOPUCTaHHIM
JTAHOTO METOY.
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TomoTherapy. At last in Ukraine
Synchuk D.*, Gumeniuk M., Zinvaliuk.O., Gumeniuk K

Ukrainian Center of TomoTherapy
* D.Sinchuk@tomocenter.com.ua, N.Gumenyuk@tomocenter.com.ua,
A.Zinvalyuk@tomocenter.com.ua, E.Gumenyuk@tomocenter.com.ua

TomoTherapy® HD (Helical & Direct) is a new system for radiation therapy treatment,
which is specially designed for precise IMRT delivery. The beam is generated by a 6 MV
linear accelerator that is mounted on a slip ring gantry. The beam passes through a primary
collimator and is further collimated into a fan-beam shape by an adjustable jaw. The fan
beam has an extension of 40 cm in the lateral (x) direction at isocenter. In the superior-
inferior, or y-direction, the beam is collimated by an adjustable jaw that havean extension of
1.0, 2.5, and 5.0 cm at isocenter in the y-direction.

For further collimation, a binary 64 leaf multileaf collimator (MLC) is used to divide the
fan beam in the x-direction. The MLC leaves travel in the y-direction. The MLC is
pneumatically driven (rapid transitioning, ~20 ms) and each MLC leaf is either closed or
open and intensity modulation is achieved via leaf specific opening times. A beamlet is
defined as the part of the treatment beam that one MLC leaf covers. The y-dimension of
each beamlet at the isocenter depends on the y-jaw setting; the size of each beamlet in the x-
direction is 0.625 cm. For the purpose of treatment planning each rotation is divided into 51
sections. These are called projections. For each projection, each MLC leaf has an unique
opening time.

During treatment, the ring gantry continuously rotates (helical mode) or fixed (direct
mode).while the patient is continuously translated through the beam plane.

The ring gantry also contains a detector system that is mounted opposite the accelerator
and is used to collect data for MVCT acquisition. In this case nominal beam energy is
lowered to 3.5 MeV. This feature allows us to provide image-guided radiation therapy
(IGRT) and adaptive radiation therapy.

The TomoTherapy units do not have field flattening filters. TomoTherapy is ready to
deliver SRS-SBRT treatment. A beam stopper is used to reduce room-shielding
requirements.

Today this new type of radiation therapy, which provides high-precision and optimal
treatment, is available in the "Ukrainian Center of TomoTherapy". TomoTherapy HD excels
at treatment delivery for: head & neck cancers, whole brain cancers (wide spread primary &
metastatic intracranial tumors), thoracic cancers, spinal lesions, prostate cancers, breast
cancer, bone lesions, bone marrow indications (total marrow irradiation), many additional
indications & diagnoses. TomoTherapy is superior in conformity and homogeneity indexes,
normal tissue sparing which consequently increase the quality of life of patients undergoing
radiotherapy treatment.

Capelle L., Mackenzie M., Field C. et al. Adaptive radiotherapy using helical
tomotherapy for head and neck cancer in definitive and postoperative settings: initial results.
Clinical Oncology 24 (2012) p. 208-215

Langen K., Papanikolaou N., Balog J. et al. QA for helical tomotherapy: Report of the
AAPM Task Group 148. Med. Phys. 37 (9), September 2010, p. 4817-4853.

Van Gestel D., van Vliet-Vroegindeweij C., Van den Heuvel F. et al. RapidArc,
SmartArc and TomoHD compared with classical step and shoot and sliding window
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Po3paxyHok 1034 y (paHTOMAX Ta B MAIlIEHTAX 32 J0NMOMOI0K0
OCTAVIUS 4D 6e3 Bmcoll)HCTaHHﬂ AAHHUX IVIAHYI0Y0I CHCTeMH
B. Allgaier’, E. Schiile’, J. Wiirfel*

IMepexnan: Tumenko K. A2 Tanpuenxo O. 0.2
VYkpainceka pemakiis: [Tigmyona T. I A

1) PTW-Freiburg Physikalisch-Technische Werkstdtten Dr. Pychlau GmbH
Lorracher Strafse 7, 79115 Freiburg, Germany 1.
2) TOB «Kanbeppa Iaxxapoy
3) Hayionanvona meouuna axademis nicisouniomnol ocgimu im. I1. JI. Illynuxa
4) Kniniuna nixapua « @eoganisny, Beeykpaincovkuii yenmp paoioxipypeii

Cyuacui Meroau npoMeHeBoi Teparii, Taki sk IMRT ta VMAT, BuMararmTh CKIaJIHUX
METO/IiB IJIaHyBaHHS ONMPOMIHEHHS, Ba)KJIMBOIO CKJIAJJOBOIO SIKUX € TMPOBEICHHS KOHTPOJIIO
SIKOCTI OonpoMiHeHHs. He3aje)xHUMH IHCTPYMEHTaMU KOHTPOJIIO SIKOCTI OyJM NpU3HaHI Ti,
0 He MNoTpedyrTh MJaHMX TPO J03y B CHCTEMH IUIAHYBaHHS JIIKyBaHHS JUIs
PEKOHCTPYKIli TPUBUMIPHOTO PO3MOALIY A03H. B CTAaTTi HABOAATHCSA OMMCAHHS Cy4acHOI
HE3aJISKHOT CUCTeMH i1 Bepudikarii 1uraniB mpomeneBoi tepamii OCTAVIUS 4D,
aJTOPUTMHU PEKOHCTPYKIIT 103 Y (aHTOMI Ta B TiJIi MAI[iEHTAa, OIliIHKA TOYHOCTI CHCTEMH,
mo Oyna mpoBeeHa AEKIIBKOMa METOJaMH.

1. Beryn

IIpomeneBa Tepamis 3 moxymsmiero iHTeHcuBHOCTI (IMRT) Ta 00'eMHO MOmynhoBaHA
apkoBa Teparist (VMAT) e Ha qaHHU MOMEHT HAiCy4acHIIIMMH METOJaMH OTPOMIHCHHS
JUTS TOCTABKK JTO3M BHCOKO KOH(DOPMHUMH pajialliiHUMH MOJIIMHU 10 00’emy Mirneni. Lli
METOIM BUMAraloTh SIK CKIAaJHHUX AJITOPUTMIB KOMII IOTEPHOI CHCTEMHU J03UMETPUYHOTO
ranyBanns (KC/IT), tak 1 ckiagHux MeTOAMK onpomiHeHHs. CaMe TOMY, BUKOPHCTaHHS
IHCTPYMEHTIB rapaHTii skocTi 1yisi Bepudikalii 3a1uiaHOBaHOTO JO3HOTO PO3IMOJTY Mepes
MOYAaTKOM ONPOMIHHS Malli€HTa CTajla CTaHIaPTHOIO MPOLEAYPOIO B KIIIHIUHIHM MpaKTHIL.

Haiimpocrimmmu  iHCTpyMeHTaMH [T KOHTpoIto sikocTi (QA) € mBoBUMIpHI pUCTPOi
Ha OCHOBI CTaliOHAPHHUX IUIAaCKUX Marpumb nerekropis [1], [2], [3], [4], [5]. Boum
JTO3BOJISFOTh BIMIpPIOBATH 3HAYCHHS J103 B OJHIH IUTONIHMHI U TOTO, MO0 MOPIBHATH HOTO 3
BiINOBITHAMH 3HAYCHHSIMH Y IUIONIVMHI, po3paxoBaHuMmH 3a gormomororo KCHII. Jeski 3
OUX IHCTPYMEHTIB MarOTh OOMEKEHHs MIOAO0 KyTa MaJalodoro Iydka depe3 KyTOBY
3aJIEKHICTh TMaHedi JeTekropa [4], o BHMarae TMPOBOJUTH TaK 3BaHI pyHHIBHI
BUMIPIOBaHHS MydYKa, MiJi 4ac SKWX TaHTpi TEPameBTUYHOro ammaparty QikcyeTbcs Ha
neBHUM KyT. [HII 3acoOu /103BOJIAIOTH BepH(IKOBYBATH CKJIAIHUI IJIaH ONPOMIHEHHS
LIISIXOM KOpeKIii KyTOBOI 3aJIe)KHOCTI 13 3aCTOCYBaHHSAM NONpaBO4HUX KoediuieHTiB [1],
[5] abo 3a momomororo danToMiB BignOBigHOI hopmu [3].

Uepes ckmamgny 00'eMHy (opMy BUCOKOKOH(GOPMHHUX TIOJIIB BBAXKAETHCS HEHOTIKOM
00ME)XyBaTHCh OJHIIO IUIOLIMHOIO JJIsI BUMIpIOBaHHA. B inearni, HEOOXiTHUM € OTpUMaHHS
noBHOT1 3D no3Hoi maTpumi. Ha TemepimHiii geHs, equHO0 peanictuunoro 3D cucremoro
JUIl I03UMETpii € reneBa JO3MMeETpis [6], aje, Ha JKajb, ICHYIOTb OOMEXEHHS Y
BUKOPHCTaHHI TaKMX CHCTEM B IKJIHIYHIA IpaKTHIi, Taki SK JOCTYIHICTh TeliB 3
BIZITBOPIOBAaHUMH BJIACTHBOCTSIMH, TEMIIEpaTypHa 3aJIeKHICTh, 3MiHA 00’ €MY OIPOMIHEHOTO
TeJI0 3 YacoM, a TaKoX MoTpeda y CKIaJHIH amapaTypi Ui OL[IHKM 3pa3KiB ONPOMIHEHUX
TreJiB.
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B sKoCTI aibTepHATHBH pEATBHUM TPHUBHMIPHHM paJialliiHUM JETEKTOpaMm JUis
BUMIPIOBaHHS 03 MOXYThb OyTH BHKOpucTaHi 2D Marpuui JeTeKTOpiB y IO€AHAHHI 3
METOAAMHU PEKOHCTPYKIIT J03H, MPHU SKUX BU3HAYAETHCS 3HAYCHHS J03U B TPUBHUMIPHOMY
00’emi. Taki 2D netekropu noctymHi a00 y BUMISI TIOCKOT maHemi aerekropis [7], [8], [9],
abo sk moBepxHs mwiriHapa [10]. Bei 1i cucteMyu BUMIPIOIOTh TO3HWHM PO3MOALT y 4aci B
MEBHUX TOYKaX 1 peKOHCTPYIOI0Th 3D 3HaueHs 103 B moBHOMY 00’eMi. B oli yac sk mesiki
cuctemu [7], [9] BHUKOHYIOTH II¢ 3aBHaHHS B SKOCTI HE3AICKHUX BHUMIPIOBAIHLHUX
IHCTpyMeHTiB, iHmm cuctemu [8], [10] BuMararoTh BHECEHHS 3Ha4YCHb TO3HOTO PO3IMOALTY,
mo pospaxoBani KCII, mrs momanpimoi peKOHCTPYKINT 1o3u. barato MenuuHux (i3uKiB
HAJalOTh TEpeBary iHCTPYMEHTaM KOHTPOJIO SKOCTi, fAKi € He3aJIeKHUMH Bill 00'€KTy
nepeBipku. Tomy OCTAVIUS 4D GyB po3poOiieHU# K MIHCHO HE3aJle)KHHH THCTPYMEHT
OpPOIEypH KOHTPOJIO SIKOCTI Tepej JiKyBaHHAM. LIS cTarTs omucye ainroputMu, sKi
3acTocoBaHi Ay pekoHCTpykKiii mo3u cucremoro OCTAVIUS 4D y danromi i B Timi
naunienra. KpiM Toro, npeacrasieHi Aeski pe3yabTaTH HEPEBIPKH CHCTEMHU.

2. Metonu 3D pekoHcTpykii 1031

2.1 MeTtou, o 3anexats Bix ganux KCJIIT

OmHUM 3 TPHUKIALIB CUCTEMH KOHTPOIIIO SIKOCTI JUIsi BUMIPIB TPUBHMIPHOTO ITO3HOTO
posnoxiny € ArcCHECK 3 ommiero 3DVH [10]. Herekropu ArcCHECK posmimeni mo
MOBEPXHI, KA YTBOPIOE MWIIHAP, IO JO3BOJIIE pPadiallifHOMY ITy4Ky OIPOMIHIOBATH
HNEHTPAIbHI JETEKTOPH MMJA TPSIMHM KyTOM TIpH OyAb-SKOMY KyTi TOBOPOTY TaHTPI.
PeKoHCTPYKIiST JO3HOTO PO3MOAUTY B 00’eMi muitiHApa 6a3yeThest Ha Moaudikarii mo3HO01
Matpuii, oopaxoBanoi y KCJII. Orxe, nepen tum sk ArcCCHECK BusHauuth 00’eMHY
JIO3HY CITKY, IJIaH JIIKYBaHHS i3 3HAYCHHSIMU J03U Ma€ OyTH 3aBaHTAKCHUN B MPOrpaMHe
3abe3neueHns ArcCHECK. TIlorim pmani i3 KC/II “kopekTyloTbesi” 3a JOIOMOTOO
BUMIPSIHUX 3HAUeHb 1 BIJIKOPEKTOBaHI JaHI CUCTEMH IUIAHYBaHHS IPEICTaBIISIOTBHCS SIK
pesynbrar BuMipiB ArcCHECK. Ileii wMerom HasuBaeThes “CIlaHOBaHa J030Ba
neptypb6auiss ArcCHECK” (ACPDP) [10]. Koediuientn mMacmTabyBaHHs Ajsl epTypOaii
IUIaHy IHTEPIIONIIOIOTHCS 13 BUMIPSHHMX BXIJHMX 1 BHUXIJIHMX 3HaueHb Ha (aHTOM, B
pe3yJibTaTi 4oro, Ha BiIMIHY Bij pocToi nepeHopMaizaliii, Bi0yBaeThCs “riepeTBOpeHHs”
JO3HOT CITKU. {7 BWU3HAYEHHS PO3MONUTY JO3M B TMAIEHTI MOMPaBOYHI KOe(IIiEHTH,
oTpumaHi Juis (paHTOMa, HAMNpsIMy BHUKOPHCTOBYIOTHCSI JJIsi PO3PAaXOBAHOIO IUIAHY
OTIPOMIHCHHA, He Oepydi 10 yBarm po3mip Ta cTpykTypy mamienra [10]. Takum uymrHOM,
meton ArcCHECK mis pexoHCTpykmii mo3u 0a3yeThCs Ha pPO3paXOBaHMUX IUIAHAX
onpoMminHs s ¢antoma i st mamienta. ArcCCHECK ne moske pospaxysatu 3D nosny
ciTKy 0e3 iMmopTy manux go3Horo posmoaity i3 KCJII. Takum ununom, metoq ArcCHECK
HE MOJKE BBAKATUCSI HE3aJICKHHUM BiJ[ IJIAHY OMPOMIHEHHSI, 1110 Ma€ OyTH NEPEBIPEHUIA.

AwuanoriyauM duHOM, JUts Bu3HaueHHs 3D mosHoi citku cucrema Delta-4 [8] motpebye
BBesieHHs iH(opMarii mo3uoro posmoainy i3 KCAIL. Delta-4 3miHioe mian onpoMiHEHHS
noxi6uo 1o ArcCHECK.

2.2 He3anexxHi MeToIn

HezanexxHi 1HCTpyMEHTH KOHTPOJIO SIKOCTI HE BHKOPHCTOBYIOTH JO30BY CiTKY,
pO3paxoBaHy CHCTEMOIO JIO3UMETPHYHOTO IUIAHYBaHHS, JUISI BHU3HAYEHHS J[O3HOTO
po3noziny y ¢anToMi abo B mami€eHTi, BOHA NOTPeOy0Th 030BY citky KC/II Timbku mms
MOPIBHSHHSA 3 BUMIpaMH.

[puxnagamu wezanexuux cucreM € COMPASS [9] i OCTAVIUS 4D [7], [12]. ¥V Toit
yac sk anroputMm COMPASS € Ol CKITagHUM, 1 IO CYTi, € CUCTEMOIO TO3UMETPHIHOTO
wianyBanus [11], amropurm OCTAVIUS 4D nyxe CHOpOIIEHHA 1 BHMAara€ HEBEIUKY
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KUTBKICTh ()yHJAMEHTAILHUX BXIJHUX JAaHUX, TOOTO KPUBHX IMPOICHTHUX TIMOMHHUX 103
(IIC1) o1 moutiB pi3HUX PO3MIPIB.

bazosa Bepcis OCTAVIUS 4D pekoncrpyroe n030Bi ciTku y ¢anromi. JJonarkoBuid
anroput™ "DVH 4D" no3Boisie po3paxoByBaTH B HALlIEHTI ricTOrpamMu 103a-00’eM.

3. Pexonctpykiris no3u cucremoro OCTAVIUS 4D

3.1 O6pobka manux 3a gomomororo OCTAVIUS 4D

®antom OCTAVIUS 4D (man.1) obepTaerbcss CHHXPOHHO 3 TaHTPI TEPareBTHYHOTO
amapary, 3a0e3leuyrour BHMIpH JIO3M 3 ypaxyBaHHAM dYacy Ta KyTa Haxwiy TaHTpi. B
pe3ysbTaTi BHUMIpIB Bech 00’€M (aHTOMa ITOKPHBAETHCS BHUMIPSHHUMHU TOYKamH. B
3aJIe)KHOCTI BiJ 3aCTOCYBaHHS, 3 pOTAliHHUM (DaHTOMOM MO’KHa BUKOPHCTOBYBATH MATPHII
JIETEKTOPIB  pi3HOI  pPO3MNBHOI  3mMaTHOCTI. HampsMok mamiHHA Iydka  3aBXKIU
NEePHEeHANKYJISIPHUN /10 TIOBEPXHI MAaTpUIll AETEKTOPIB, L€ JO3BOJISIE YHUKHYTH BBEICHHS
KyTOBHX NONPaBOYHUX KoedimieHTiB. JlaHi 30MpalOThCS Ta OLIHIOIOTHCS 3a JIOTIOMOIOO
nporpamuoro 3abesneuenns VeriSoft, skuii € vactunoro cuctemu OCTAVIUS 4D.

Jani BuMipOOTECS Ta 30epiraroTbess uepes iHTepBanmu dacy 200 wmc. Lleit
BUMIPDIOBJIbHUH I1HTEpBAJl BBAKAETHCS HAMKpAIIMM KOMIIPOMICOM ISl  OTPUMAaHHs
HaHOIIBII TOYHHUX JO3HHMX JAaHHX, T4 € ONTUMAIBHUM JIsS KOPEJSIil MiXK 3HAYCHHSAMH 03U
Ta KyTa Haxuiy rantpi. Pesymbrarom 300py nanux uepe3 200 MC € JOCTATHHO BHCOKE
CHIBBIIHOIIEHHS CHTHAJ-UIIYM 1 Te, MO0 PE3yabTaTH HE MOTPEOYIOTh IMOJAIBIIOTO
3TIQDKYyBaHHsS. Y IIbOMY KOHTEKCTi, BHKOPHCTAaHHS I1OHI3alliHHUX KaMep 3aMiCTh
KPEMHIEBUX TIOJIB € OLTBI ONTUMAILHAM, OCKUJTBKH KaMepH, K MPaBHII0, KOHCTPYKTHUBHO
MaloTh Ha BHXOJI Kpamie CHiBBITHOIIEHHS CHUTHAJI-IIyM. 3 iHIOIOro OOKy, iHTepBai
BuMiproBarHs y 200 Mc 3a0e3neduye XOpoIry KOPeJAIilo MK JaHUMH J03H 1 3HAYCHHIMH
KyTiB raHTpi. BBakarouu, 1110 Ha ChOTOJHI HaWBHIA MIBUAKICTH 0OepTaHHs raHTpi € 360°
Ha XBWJIHMHY, HEBMU3HA4YCHHICTh KyTa TaHTpi NpH iHTepBajax BuMiptoBaHHi 200 mc
cranoButuMe £ 0,6°. B noeHaHHI 3 BIACTHBOI0 HEBU3HAYCHHICTIO BUMIPIB YKJIIOHOMIpOM +
1° moBHa HEBM3HAYEHICTh KyTa ranTpi Ui 3D aaroputMiB peKOHCTPYKIii 1031 CTAHOBUTD =+
1,2° mpu mBuakocti obepranHs 360° 3a xBuinHy. PapmiosioriuHi TecTH TOYHOCTI
YKJIOHOMIpa MOKHA 3HaWTH B jiteparypi [7], [12].

[ix gac TumoBoro suMiproBanus it VMAT 3a 2 xpumian OCTAVIUS 4D npoBoauth
IpsiMi BUMiproBaHHA 1034 y Oumbin Hik 400,000 Toukax, po3mogiUIeHNX B MIIIHIAPHIHOMY
00’eMi (aHTOMA.

3.2 Beenenns OCTAVIUS 4D B ekciuryaTaiiiro
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Anroputm OCTAVIUS 4D ocHoBaHuii Ha BUMIpPIOBAaHHI JI03M Ha NEBHIH IIMOMHI B
¢anToMi 1 Ha KpHMBMUX INIMOMHHOrO posnonity npo3 y Bigcorokax (IIT[D), ski
BUKOPHCTOBYIOThCS JJIsl BIJTHOBJICHHSI 3HAYEHHS JO3W B3JOBXK JIHIA MaiHHS Iy4KiB, LI0
3'€IHYIOTh BIAIIOBIIHI JETEKTOPH Ta GOKyC Mmydka. SIk HaciiOK, BBEACHHS B €KCIUTyaTalilo
OCTAVIUS 4D e mpocroro mnpoueaypor i oOMexyeTbcs BuMmiptoBanHsmu [ITJ] i
nepeBipkoro rycturu dantoma y KCJIIT.

Jist BBEICHHS B €KCIUTyaTallilo y BomHoMy (aHToMmi MaroTh Oytu BuMipsHi I1T']] Ha
BizicTaHi mkepeno-moBepxus 85 cm. I mis po3mipiB mossg 4 x 4 ecm 2, 10 x 10 cm 2126 X
26 cM ? € 00OB'SI3KOBUMH,a JTOJATKOBI PO3MIPH TONIB MOXKYTh TPOXH MOJIMIIUTH TOYHICTh
aNTOPUTMIB PEKOHCTPYKIITil.

Enextponna ryctuna ¢antoma OCTAVIUS 4D mo BimHOIIEHHIO 10 BOAW Mae OyTH
BcraHoBieHa y KCHII sk 1,016. Skmo ns QyHKOis HE MIATPUMYETHCS CHUCTEMOIO
JIO3MMETPUYHOTO IUIAHYBaHHsS, TyCTMHA Marepiana ¢aHTomMa a0o BIAMOBIAHI OJMHUIL
XayHcoinma, mo BukopuctoByerbess KCJII, maroTe OyTH CKOpPHIOBaHi BiJIOBIAHO IO
METOJIMKH, 3alpONOHOBaHOI BUpoOHHMKOM [13]. daHToM MoXxe OyTH IMIOPTOBaHMH a0
KCAII 3a momomororo imtyuHoro ¢aiina ganux KT, mo mocTaBiseTbess 3 CHUCTEMOIO
OCTAVIUS 4D, abo uuisixoM MpoBeleHHs KoMl 'toTepHoi Tomorpadii 6e3 marpwuii
JIETCKTOPIB Ha MICIIi.

3.3 Posnoxin mo3u y ¢pantomi OCTAVIUS 4D

Cucrema OCTAVIUS 4D i3 sBigmoBimuuMm mnporpamHuM 3a0esmedcHHsM VeriSoft
MpU3HAYCHa IS BUMIPIOBAHHS Ta PEKOHCTPYKIi TPUBHMIPHOI CITKH PO3MOILTY H03H 0e3
BUKOPHCTAHHS iHpOpMAIii I0J0 03M i3 CHCTEMH JO3MMETPHYHOTO IUIaHyBaHHS. Takum
YMHOM, pE3yJBTaTH BUMIPIOBaHHS IMM I1HCTPYMEHTOM KOHTPOJIO SIKOCTI MOBHICTIO
He3a3aJIexkKHi BiJl JaHUX IUIaHy onpoMiHeHHs. OcHOBH 3D-anropuTMmy peKOHCTPYKLII 1031
HPOCTI ISl PO3YMIiHHS:

[TeperBopenns I1I'/1, BumipsiHUX y BOJI IpH BBEACHHI B exciuryarauito, y [1I'/] pantoma
OCTAVIUS 4D, BUKOpPHCTOBYIOUYH BiIOME CIiBBIJHOIIEHHSI €IEKTPOHHUX I'YCTHH BOJH 1
Mmarepiany ¢paHroma.

IIpn nanomy KyTi raHtpi (ZaHWil 4ac) pO3MISJAETHCS OJIUH JIETEKTOp Ha MAaTpHIl
neTeKkTopiB ("MoTOYHMIA geTeKTop").

Bumiproetses no3a DDet B I'p B naniii Toui.

BynyeTbest niHist mafiHAS MyYKa Yepe3 MOTOYHUH IeTeKTOp 10 GoKyca IydKa.

BuzHauaeThCst MOTOYHUI PO3MIp OIS [UIsl ONPOMIHEHUX I€TEKTOPIB.

3acTOCOBYETBCS  KOPEKIlisl JuUId  BigHOIIeHb TKaHWHa-paHToM (TPR)  B370BXK
HeLEHTpaJIbHOT Oci BiANOBIAHO 110 [14] y BUNaaKy My4KiB 3 BAKOPUCTAHHSM BHPIBHIOIOYOTO
¢binbrpa, abo BimnosinHo 1o [15] y Bunaaky myukis 6e3 BupiBHIOIOUOTO dinbTpa (FFF).

Bcepenuni danrtoma, BianosinHo mo III'/] aist naHoro po3mipy modisi, po3paxoBYEThCS
sHaueHHs no3u D(r) B I'p Ha BijcTaHi I BiJ MOTOYHOrO JETEKTOPA B3JOBXK JiHII MaJiHHsI
Iy9Ka 3TigHO i3 piBHAHHM (1).

s mpoueypa MOBTOPIOETHCS IS BCi€T MAaTPHIL IETEKTOPIB.

L5 mponienypa BUKOHY€ETBCS JJIs BCIX KyTiB HAXHITY TaHTPI.

BukopucToByrous JiHIHHY 1HTEpPITOJISALII0 BCi 3HAYESHHS /1031, 1110 OYJIM OTPUMaHi TAKUM
YHHOM, IIEPETBOPIOIOTHCS Y BOKCeli 2.5X2.5X2.5 MM? (MOke 3MiHIOBaTHCH KOPHUCTYBAYEM).

Jus matpumi Detector 729, Bin 30BHINTHBOT 000JIOHKH (haHTOMA BHIAISETHCS MPOIIAPOK
TOBIIMHOIO 3 CM, 00 OTpUMATH JO3HY CITKY B IMJIH/API JiaMeTpoM 26 CM Ta JOBKHHOIO
26 cm. [ns Detectorl000 SRS nwmitinap pekoHcTpyKuii craHoBuTh 11 cM B miamerpi ta 11
CM Yy JIOBXKHHY.
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Hosza D(r) B3gomx JiHil mydka po3paxoByerbcs i3 mo3u DDet(0), mo BuUMIpHOETBCS

MOTOYHUM JIETEKTOPOM, 3a CIIiBBIJHOILCHHSM:
FDD(r)

D(r) = Dee: (705000 @

ne PDD(r) ta PDD(0) € 3HaueHHAMH TJIMOMHHOIO PO3MOALIY O3M y BiJCOTKAX Ha
BiJICTaHi I' BiJl MOTOYHOTO JAETEKTOPA Ha MO3MIIiT IIbOTO JETEKTOpa.

3oBHIIHSA 000JI0HKa (h)aHTOMA BUJAIAETHCS 3 BITHOBICHHUX IaHUX, TOMY IO AETEKTOPH
B Il oOmacti BiAcyTHi. Po3cisHe BHUIPOMIHIOBaHHS BPAaXOBYETHCS ICTEKTOpPaMH, IO
OTOYYIOTh TMOTOYHHK JneTektop. Jlnsg TumoBoro tuiany VMAT TakuM MeToaoM
PO3pPaxoBYIOThCS NPUOIH3HO 1,1 MiTbOHIB BOKCENIB (JO3HUX TOYOK). Yac, HEOOXiTHUHN IS
pexorcTpykii mo3u cucremoro OCTAVIUS 4D, ckmagae mpuban3HO 25 ceKyHI.

3.4 Po3noin 1034 y Tiji mamieHTa

st po3paxyHky 3D mosHoro posmnonuny B Tini marienTa, gani KT, mo mictsaTe rycTuny
CTPYKTYp, MaroTh Oyt iMmoptoBani mo VeriSoft. PekoHcTpykilis 1034 B Tini maiieHTa
NIPOXOIMTH KPOKH, onucaHi B naparpadi 3.3, npoTe Ha eramni () BUKOHYIOThCS iHIm nii. Ha
BIIMIHY BiJ (hpaHTOMA TIJIO MALIE€HTA HE € OJHOPOIHUAM B3IOBXK JIiHII MATIHHSI MyYKa, a MAE
CTPYKTYpH 3 Pi3HOIO T'ycTHHOIO. KpiM TOro, BifcTaHb IKEepeNo-TIOBEPXHS BiIpi3HAETHCS
Yyepe3 HEeTpaBWIbHY POPMY KOHTYPIB Tija marienTa. Lls cutyaris 300paxena Ha Mai. 2.

Focus

Mari. 2 ®antom OCTAVIUS 4D 3 miniero naginas (3), mo mpoxoauTs depe3 oKy Imydka Ta
MOTOYHHUI JeTeKTop (2), 6e3 MacmradyBanHsa. KoHTyp (4) € moBepxHero Tina namienTa 3a ganumu KT
300pakenHs. [loTounuii gerekrop BuMiproe 103y Dpe Ha exBiBaneHTHi A0 BOIU TIHOWHI Zphantom-
ANTOpUTM PEeKOHCTPYIO€ 103y Dcr mist moToynoro Bokcenst (1) Ha eKBiBaJCHTHINM 1O BOIU TIIHOWHI
Zct Ha KT 300pakeHHi. ape; Ta 8cT € TCOMETPUUHUMH BiJICTaHSIMHU BiJ (OKYCY MydYKa JI0, BiMOBIIHO,
IMMOTOYHOI'O ACTEKTOPA Ta IOTOYHOI'O BOKCEJIA.

Jis BU3HAYEHHS [03M MAIliEHTa B TOYI[ HAa JIiHIi MaJiHHS ITy4Ka, BCTAHOBIIOETHCS
3aJIeXKHICTD M)XK 703010, 1110 BUMipeHa B paHTOMI MOTOYHMM JeTekTopoM, DDet Ta 103010 B
TouIi Ha JiHiT maxinHs my4ka Ha KT 300pakenni DCT. Etanamu anropurmy €:

IeperBopenns [1I'/] 3rigHo BigHoLIeHb TKaHHHA-(aHTOM (TPRS).

Oo6wupaerncest Touka (“moToYHuil BOKcesb”) Ha JIiHii, o Oyia npoBeeHa Ha erarri d).

B3morx niHii magiaHg myyka oanHUNi XayHcdinma 3a manumu KT nmepepaxoByroTecs B
€JIeKTPOHHY T'ycTHHY [16].
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[IpoBoanTbCS PO3pPaxyHOK BOJHO-EKBIBAIEHTHOI TMIMOMHM IOTOYHOIO [ETEKTOpa B
¢anromi zDet nuIsiXoM MHOXKEHHS T€OMETPHYHOI ITIMOMHM Ha KOE(DILEHT eJICKTPOHHOI
ryCTHHH (PaHTOMHOT'O MaTepiaiy BiTHOCHO BOJIH.

[IpoBoanTbCS PpPO3paxyHOK BOJHO-CKBIBAIECHTHOI TIJTMOMHM IIOTOYHOTO BOKCENS Y
namienta, ZCT, BianoBigHo 10 piBHIHHSA (3)

BuzHauaroTh reoMeTpuyHi BifcTaHi MK (OKycoM i moTouHMM BokceneM, aCT, Ta Mix
(oxycom i motournM gerexkropom, aDET.

IIpoBomuThCcs po3paxyHOoK mo3u B Timi mamieHtra DCT sk OTOYHOTO BeKcels
BiJIMTOBIAHO 10 piBHIHHS (2)

s mpomerypa BUKOHYETBCS U BCiX BOKCEJIB B3IOBXK JiHIl MafgiHHA IydKa B MeEXax
KOHTYypa TiJla MaIieHTa.

Pekonctpykuis no3u B Tini namienTta (a6o Ha KT 300paxkeHHi) B3HOBXK JiHIT mamiHs
NpOMeEHs Yepe3 TOTOUYHHH JeTeKTOp 1 JOKyC MydKa BUKOHYETHCS 32 JIOIIOMOTOI0 PIBHSIHHS
(2). 3HaueHHs CHMBOJIIB HOSICHIOIOTHCS BUILIE.

-

_ TPR(Zcr)  @pery2
Der = Do rontzry Cans) @)

Ilepmia wactuHa QopMynn (2) OmUCye pi3HI TOBIIMHH MaTrepially IMOBEpXHI Hepen
MMOTOYHHUM JICTEKTOPOM y (haHTOMI Ta IMepeT IMOTOYHUM BOKceneM y Tiii narienta (abo KT).
Bonno-eksiBasnienTHy TauOnHY ZCT mOTOYHOTO BOKCENs Y TAI€HTI OTPHUMYIOTH i3

50

. geo ..
T€OMETPHUYIHO1 FJ'II/I6I/IHI/I ECT Ta CJICKTPOHUX I'YCTHUH 3aJIy4YCHUX MaTCp1aIlB:
1 A=y POTLL

— ®)

Jie N — 11 KUTbKICTh BOKCEJIIB B3IOBXK JIHIT Ma{iHHSI MPOMEHS BiJl IOTOYHOTO BOKCEIIS 10
NOBEepXHi Tija marienta, pWater — Iie eneKTpOHHa IineHiCTE Boaum, a p CT i €
EIIEKTPOHHOIO MIiNbHICTIO Bokcenst | (i=1, 2, ..., n).

Hpyra gactmHa ¢Qopmynu (2) omucye pi3HUOIO Yy BigctaHi 10 (OKycy ITydka
BUKOPHCTOBYIOUH O0EpHEHY KBaIpaTHUHY 3aJICKHICTb.

TPR y dopmymi (2) po3paxoByrotses i3 BuMipsHuX [1I']] BUKOPUCTOBYIOUH OOEpHEHY
KBaJIpaTHUHY 3aliexHIcTh 3riHo 3 BJR 11 [17].

Lle#t anropuTM HEB3MO3i BpaxyBaTH BIUIMB PO3CITHOTO BHUIPOMIHIOBAHHS, OCKLIBKH
CTPYKTYpH, Uepe3 siKi IPOBeIeHa JIiHis MaJiHHS MTy4YKa, MalOTh Pi3HY T'YCTHHY.

Yac, sikuit motpiden cucremi OCTAVIUS 4D st po3paxynky 3D no3Horo posnoziny B
TLJTi TIAI[iEHTA, CTAHOBUTD, SIK MIPABUIIO, OJIN3bKO TBOX XBUJIHH.
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————— VeriSoft
TPS

DVH

Volume[%]

Dose [Gy]

Man. 3 Ticrorpamm mo3a-o6’em B Timi mamieHTa, pospaxoani OCTAVIUS 4D
(myHKTHHI JTiHIT) Ta IUIAHYIOY0I0 CHCTEMOIO (CYLibHI JTiHiT)

Sk mpaBmITO, TO3HUI PO3MOALT B TLMII MAI[IEHTA BI3yalli3ye€ThCs 3a JOMOMOTO0 TiCTOrpam
no3a-00’em  (DVHS). 3assuuaii, DVHS npencrasneni He it BCbOTO MAali€HTa, ajue s
PI3HHX CTPYKTYp, TAKHX SK OPraHH pU3MKy abo MimieHb. J{i1g Toro, mo6 Busnauntu DVHS B
nporpamaomy 3abesneueni  VeriSoft, i3 KCJIII HeoOXimHO IMIOPTYBAaTH TEOMETPIlO
cTpyKTyp mairienta. Anroput™M DVH BHKOpHCTOBYE pe3ynbrati po3paxyHkis 3D posmominy
03 Y TUTI TAIlieHTa 1 PEeKOHCTPYIOE TiCTOTpaMM i3 3HAYeHb JI03 BCEPEIHHI CTPYKTYP.
VeriSoft posrimsmae TIIBKM  CTPYKTYPH, SKi IOBHICTIO 3HAXOOATHCS  BCEPEAMHI
BuMiproBasibHOro 00'eMy OCTAVIUS 4D. fAxmo KCJII no3sonse excnioptyBatn DVH
KpHBIi, TO iX MOKHa TOPIBHATH 3 aHanoriuauMu DVH kpuBHMU, BU3BHAYEHUMH CHCTEMOIO
OCTAVIUS 4D, sk nokazano Ha Maur. 3.

4. To4HICTh PEKOHCTPYKIIIT

4.1 Meroau nepeBipku

AbcomotHy TouHicTh cuctem, momiouux mo OCTAVIUS 4D, Baxko BU3HAYUTH IS
BCIX KJIIHIYHMX cHuTyauiii. KpiM iHIIMX mapamerpiB TOUYHICTh 3aJI€KHUTh BiJ| CKJIaIHOCTI
IUIaHY ONPOMIHEHHS, BiJl HAsIBHOCTI I'PAJIIEHTIB JJO3U Ta PErioHIB i3 HU3BKOI T'yCTHHOIO, BiJl
PO3IUIBHOT 3/]aTHOCTI MaTPHIll IETEKTOPIB, SIKa BUKOPUCTOBYETHCS ISl BUMIPIOBaHb. Y IIiif
CTaTTi JJIS OI[IHKM TOYHOCTI BHMIpPSHOTO O3HOTO PO3MOALTY B (paHTOMi Oynm oOpaHi aBa
METOIW: TOPIBHSIHHSA pE3YNbTATiB CTATUYHHUX IIONIB 13 pO3paxyHKaMH KOMIT IOTEPHOL
CHUCTEMH JO3MMETPUYHOTO IUlaHyBaHHSA (maparpad 4.2), Ta TOPIBHAHHA CKIAQIHUX
krmiHivEEX IMRT 1 VMAT mnaniB ompominenHs 3 pesymbratamu KCJ/III, a takox 3
pe3ysbTataMi BHMIPIOBaHb, OTPUMAaHHUX 3a JOTOMOror crarioHapuoi cucremu Octavius 1l
(maparpad 4.3).

Tounicte riTorpam pgoza-obem (DVH) Takox Oyma mepeBipeHa IBoMa pi3HUMH
MeTtogamu. [lepmmii — peKOHCTPYHOBAaHMH MaKCHMYM JO3U B MAali€HTI OyB MOPIBHIHMH 13
po3paxyakoMm no3u y KCAII. [Ipyruwii — mpoBeeHO MOPIBHSAHHS ramMma aHalli3y BChOTO
00’eMy PEKOHCTPYHOBAHOTO JIO3HOTO PO3MOLTY 3 IJIAaHOM onpoMiHeHHs (maparpad 4.4).

Ilepen mouyarkoMm BuMmipiB Ta aHamizy ganux cucrema OCTAVIUS 4D Oyna kopekTHO
BBEJICHA B €KCILIyaTallito, ik onucaHo B maparpadi 3.2. OcobnuBy yBary Oyno MpUaiIEHO
NPaBWJILHOMY HAJIAIITYBAHHIO BiIMOBIIHOCTI €IEKTPOHHOI TYCTHHH ()aHTOMY B CHCTEMI
JIO3UMETPUYHOTO TUIaHyBaHHS.
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Slkmio He BKa3aHO iHIIE, BCI MOPIBHAHHS PO3MOILIIB /103 OyIH 3pO0JICHI Y IPOrpaMHOMY
3abe3neueHni  VeriSoft 6.0 y dopmi TpUBHMIpHOro ramMMa aHamidy 3 JIOKalIbHHM raMma
kpurepieM 3% / 3 MM, 3200pOHOIO 3HaUCHb 703U, HWKYe 10% Bix MakcUMalIbHOT 103H, Ta 3
aktuBoBanoto ommiero ‘“2nd and 3rd pass” [18]. Hamaui, BiIHOCHE YHCJIO BOKCEINIB, SIKi
BIJIMIOBIZIAOTh I[LOMY T'aMMa KPHUTCPi0, HA3UBAIOTh "BIICOTOK MPOXOJKCHHA", i BOHO
CIIy)KHTb MIpOIO JUISl IPUHHATTSL PEKOHCTPYHOBAHOTO JI0O3HOTO PO3MO/ALTY.

BumiproBanus Oyiam 3pobieni Ha JiHiiHOMY mnpuckoproBaui Varian Clinac iX i
HOpPIBHAHI i3 IUIaHaMH ompoMiHeHHs, po3pobnenumu y KCIII Varian Eclipse V10.
PesynbTaT KOMIUTEKCHOI mepeBipku cuctemu Octavius 4D mpexcrasnewi y sitepatypi [7],
[12].

4.2 TTopiBHSHHS 13 CTATHIHUMH TTOJISIMH

[Ipoctum crocoGOM OTpHMAaTH YSBIICHHS PO TOYHICTH PEaji30BAHOTO alTrOPUTMY €
3actocyBanHsi cratnuHoro moiisi uit OCTAVIUS 4D Ta nopiBHSAHHS pEeKOHCTPYHOBaHUX
HoNepeyHux MNpodiaiB i PEeKOHCTPYHOBAaHOTO TIMOMHHOTO MPOQiI0 3 BiMOBITHUMHU
npodinsamu, orpumanumu i3 KCIII. Moxna BBaxaru, mo Tounicte KCJII mns takoi
MpOCTOI TeoMeTpil TOCUTh Xopoia, mobd Oytu pedepentHor. Ha man. 4 - 6 BimoOpaxkeHi
pe3ynbTatd [y craTudHoro mydka 10 x 10 cm?, skuii OyB OOUYMCICHHI 3a HOIIOMOTOIO
OCTAVIUS 4D. Sk Bugao 3 Man. 4, Ha craHaapTHii mademi merekrtopis (Detector 729)
mpodisi MOKa3yroTh BIIXWJICHHS B perioHax MiBTiHI Yepe3 Te, IO pO3JiIbHA 3JaTHICThH
MAaTpHII TEeTEKTOPiB cTaHOBUTEL 10 MM. ITpoTe I BIAXHIICHHS CTAfOTh MEHII BRXKJIMBI MIPH
obepTaHHi My4Ka, BOHU YCEPEIHIOIOThCS MPOTATOM BUMIPIOBAaHHS Ha 0araTbox KyTax Ta
PO3MUBAIOTEH €(EKT BiJ po3aiIbHOT 30aTHOCTI. L{e Oyi10 MpoIeMOHCTPOBAHO BUMIPIOBAHHSIM
Py OMPOMIHEHHI MOBHOK apKOI 3 BHKOPUCTAHHSM TOTO K TOJIs, B PE3yJbTATi 40TrO
MUTIHAPHYHUI PO3MOMALT 03M BiINOBiTaB po3moAainy, imo OyB pospaxoanuit KCHII 3
BiZIcOTKOM Tpoxo/keHHs 99,8% y nopiBHsHHI 13 83,3% A7 CTATUYHOTO MOJISL.

[Tpu BUKOpHUCTaHHI MAaTPUIIl AETEKTOPIB 3 OLIBII BUCOKOIO PO3ALIEHOIO 3AaTHICTIO, TAKOT
sk OCTAVIUS Detector 1000 SRS, edexT Bin po3aiabHOI 31aTHOCTI MaiKe IMOBHICTIO
YCYBa€ThCsl HABITh JUIsl CTATHYHUX My4KiB. Po3iIbHA 3/1aTHICTE B IEHTpalIbHIN obnacri (5,5
X 5,5 cM ?) wmi€l MaTpuili CTAaHOBHUTH 2,5 MM, a OTPUMAaHMI BIJICOTOK IPOXOJKEHHS CKJIaB
100%. B pesynbrari, BuUMipsHi nmpodini gyxe noodpe BignosiasioTs npodimam KCAIT (mair.
5).

Man. 6 BimoOpakae KpWBY TIHOMHHOTO po3momimy no3m 6 MV, orpumany 3a
nmoromororo OCTAVIUS 4D i3 marpuniero netekropi Detector 729, npu crarnaromy 10 x
10 cm 2 momi. BimmoBigHicTsk i3 mpodimem 3 KCAII nyxe nobpa.

Gy

f =

o \
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-120 -80 -40 o 40 80 120 160
mm
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Mai. 4 Craruyne none 10 x 10 cm 2, ¢poHTanbHa IUIOMIKHA, 130LEHTPUYHUI TONEpedHHN
mpodine: OCTAVIUS 4D 3 marpurero nerekropiB Detector 729 (po3ainbha 3natHICTE 10 MM, 3eneHa
kpuBa) B nopiBHsaHHI 3 manumu KCJII (>koBTa kpuBa). BimcoTOk NpoXopKeHHS HO BCiif INIOIIMHI
cta"HoBUTh 83,3%.

I 08

/ 0.6 I
i |

0.2+
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-120 -80 -40 0 40 80 120 160
mm

Man. 5 Cratnyne none, 10 x 10 cm?, ¢poHTaNIbHA TUIONIMHA, 130ICHTPUYHUN MOTIEPCYHUN
npo¢ine: OCTAVIUS 4D 3 matpunero nerexropis Detector 1000 SRS (po3aineHa 3qaTHicTh 2,5 MM,
3eneHa KpuBa) B mopiBHsAHHI 3 manmMu KC/III (>koBTa kpuBa). BimcOTOK MPOXOIKEHHS MO BCii
wromuHi ctanoBUTh 100% (95,5% mpu 1% / 1 mm).

-160 -120 -80 -40 0 40 80 120
mm

Mai. 6 Cratuune moisie 10 x 10 cM 2, monepedHa IUIOMKHA: TIMOMHHUEN PO3MOIUT 03U
B3JI0BX LeHTpaibHOI oci, orpumannii Ha OCTAVIUS 4D 3 marpunero nerexropis Detector
729 (3enena xpusa) y nopiBasHHI 3 ganumu KCIIT (>xoBTa kpuBa). BiicoTok mpoxopKeHHS
10 BCiH IJIOIMHI CTAHOBHUTH 88,3% .

4.3 TlopiBHSAHHS 13 CTAI[IOHAPHOIO MATPHUIICIO eTeKTopiB Ta faHHnMHU KC/II

26



Binbm peamictuyanm tectrom € nopiBHsHHA OCTAVIUS 4D i3 cucremoro, sika
BHKOPHCTOBYE CTalllOHapHY IIaHEJb JICTEKTOPIB Ipyu 3actocyBaHHi miany IMRT abo mnany
porauiiinoro onpominenus. Jlns nsoro cuctemy OCTAVIUS |l, mo cknapaerscs i3
CTaIllOHAPHOTO BOCBMHUKYTHOTO (aHToMa 1 Marpuui i3 729 nereKkTopiB, ONPOMIHIOBAIN
srigao mwiany IMRT g smokamizamii romoBa-miusi, skuii MaB 11 momiB. ®poHTanbHA
IUIOIIMHA, [0 BH3HAYEHAa HA MATPHI JETEKTOpiB, Oyja OIliHEHAa 3a JOMOMOTOI0
nporpamMHoro 3abesnedends VeriSoft. [ToTiM Toii ke Mm1aH OMPOMiHEHHS OYB peali3oBaHmii
Ha cucremi Octavius 4D, i Ti cami ¢poHTanbHI mIomuHM Oynu oTpuMani i3 3D mo3Hoi
citrkm. Ha man. 7 BimoOpaxeHo mopiBHAHHS 000X BuMmiproBanb i3 KCJII. Bimcortok
mpoxomkerHs mt OCTAVIUS |1 6yB 99,8%, Tomi sx mms OCTAVIUS 4D BiH ckiaB
99,2%.
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Mau. 7 TlopiBHSHHS JaHUX PO3MOIiTY 703U Y (POHTAJIBHIH IUIOLIMHI, OTPUMAHUX 33 JOIIOMOTOI0
crauionapHoi cucremu OCTAVIUS |l (BepxHniii rpadix) i cucremu OCTAVIUS 4D (nwkHii rpadix).
[Tnan ompoMiHEHHS IUIS TOJOBU Ta IIHi, ckiagaerbest 3 11 momiB. Bimcotku mpoxomkenHs 99,8% i
99,2%, BiAIIOBIIHO.

[Toxi6ue nopiBHAHHS Oyi0 mpoBeneHo Mixk cuctemamu OCTAVIUS 111 OCTAVIUS 4D
JUIS TITIaHy OTIPOMIHEHHS JIETeHb 13 JiMbaTnIHuMH By3iaamMu MetofoM RapidArc. BiacoTku
npoxomkenHs cranosmwi 100% mms OCTAVIUS 111 99,6% nns OCTAVIUS 4D.

3pemToro, 3a moromororo OCTAVIUS 4D 3 matpuIisiMu JeTeKTOPiB Pi3HOI pO3IiITBHOT
31aTHOCTI OyB BUMIPSHUH KITIHIYHUH IJIaH ONPOMIHEHHS TepeaMixypoBoi 3amo3u. Ha man.
8 BimoOpaxkeHO pe3ynbTaTu JuId MaTpull AetekTopiB Detector 729 3 po3aiibHOO 31aTHICTIO
10 MM i ams maTpuni gerekropis Detector 1000SRS 3 posainsHOrO 3matHicTIO 2,5 MM. Jls
kpurepito 3% / 3 MM BifgcoTku npoxokeHHs: craHoBuwiIM 100%, ToMy BiH OyB 3MiHEHUI Ha
2% /2 MM. BincoTku npoxomKeHHs BiAOBiAHO cTaHOBUIN 95% 1 98,5%.
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mm
Ma. 8 BruB npocTopoBoi po3aiibHOT 31aTHOCTI MaTpulli Aetekropi. Ha nepuiomy rpadiky
BioOpakeHo TPodins y (QPOHTANBHIN IUIOMIMHI OTPUMaHHH 3a JOTMOMOTOI0 MAaTpHIl JETEKTOPIiB
Detector 729, npyruii rpadik Bimobpaxye aHanoriuHuid npodins, oTpuManuii 3a fonomororo Detector

1000%RS. O6ungi MaTpHI[i JeTEeKTOpiB Oyau BHUKOpHCTaHi i3 cucremoro Octavius 4D. Biamosinui
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npocdini KC/II moka3aHi »XOBTUM KOJbOPOM. BincoTku mpoxo/mkeHHs MO BCii IJIONHMHI i3 raMma-
kputepieM 2% / 2 mm cranoBmim 95% 1 98,5% BinmoBimHO.

4.4 Tlepesipka Tounocti DVH

TouHicTh TicTorpamu no3a-odem, mo Oymu otpumani OCTAVIUS 4D, omiHroBamwich
nopiBHsAHHAM 13 DVH, 1mo Oynu excropToBaHi i3 CHCTEMH JIO3MMETPHUYHOTO IIaHYBaHHS.
Bynu BU3HAa4eHi BiIMIHHOCTI MiX pPEKOHCTpyHOBaHMMHM aaHuMu Ta jganumu KCHTII, i
po3paxoBaHi iX cepeaHi 3HaucHHA. HeBu3HaueHicTh MakcumanbHOi no3u DVH, BumipsHOl
Octavius 4D, cranoBuna + 2% [uisi BITHOCHO OJHOPOAHHX IUIaHIB 1 + 6% IS TUIaHIB
OTPOMIHCHHS nereHb. 1[I HEBH3HAYCHOCTI NPUOTU3HO B JBa pa3d BUINE, HIK
HeBusHaueHocTi it DVH pospaxoanux y KCIII.

Jlst GimbI TIMOOKOTO aHali3y TOYHOCTI peKoHCTpyHoBaHoro 3D mo3HOro po3mominy y
TN mamiedTa, KomepuiiiHa Bepcis VeriSoft Oyma MmommdixkoBaHa, IO I03BOJIAIO
TOPiBHAHHS PEKOHCTPYHOBAHUX JO3HUX TUIOINIMH y TiJIi TAIliEHTa 3 TUMH, 10 OTPUMaHI Bif
KCAII. Ha man. 9 moka3zaHWil pe3ysNbTaT TaKOrO TaMMa aHali3y IUIAaHY OIPOMiHEHHS
mamicHra.

Man. 9 lo3uwmii maH y reometpii nmamieHta, nopiBHsHES mannx OCTAVIUS 4D ta KCAIL
YepBoHI TOYKHM 3HU3Y BiIOOpaXarOTh TOW (haKT, MO aJTOPUTM PEKOHCTPYKII BpaxOBYBaB MOBITPSA
MK mamientoM i kymetkoro, tomi sk y KCJHIT me He BpaxoBano. s 1mporo ramma-aHamizy
KOMeplliiiHa Bepcis mporpamu VeriSoft Gyna moaudikoBana i pe3ysipTaTu Oy MOPIiBHSHI 3 TaHUMH
CHCTeMH IUTaHyBaHHs JikyBaHHs Pinnacle. Bincotok mnpoxomkeHHst st kputepito 2% / 2 MM
ctaHoBuB 93,3%.

Jist Toro, mo0 OIHWTH MOMHJIKH B JI031 NMPHU PEKOHCTPYKINI B TiJIi MaIlieHTa, Oyia
NpoBeJIeHa cepis raMMa aHali3iB y MOBHOMY 00’€Mi LUISIXOM 3MIHM KPUTEPIIO J03H NpH
30epexeHHI KpUTEPilo 1Mo BiACTaHi y 2 MM. 3 OTPUMAHOTO CIiBBiHOMIEHHS MK KpUTEpieM
JIO3H 1 BIJICOTKOM TIPOXO/’KEHHSI MOKHA TI00QUHTH, 110 BiJICOTOK MPOXOIKEHHS ISl OJTHOTO
cTaHaapTHOro BimxwieHHs (k = 1) BimmoBigae moxwOii y m03i mpubauszno = 2% st
BiJIHOCHO OJHOPOJHUWX TaHiB i £ 5,5% nns minaHiB onpoMiHEHHS JeTeHb. lle MoBHICTIO
BIANIOBiJa€ TUM PO3OKHOCTSAM, 110 OyJIM BUSIBJICHI P MOPIBHSHHI JO3HIUX MaKCUMYMIB, SIK
OIMCAHO BUIIIE.

5. O6roBopeHHs

AnroputMu, siki  BukopuctoBylothess B OCTAVIUS 4D, € mnpoctumu, BOHH
BUKOPHCTOBYIOTh JJO30BI MaTpHIli MEBHHUX IIOJIOXKEHb T'aHTpi 1 Jyke oOMexeHWH Habip
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JIOJTATKOBUX JTAHWX, HAJAHUX KOPHUCTYBa4yeM IpPU BBEACHHI CHCTEMH B €KCIUTyartarito. J{is
po3MoiTy 1034 B (haHTOMI J10JIaTKOBI JaHi ckianatorees 3 [1I'/] st pisHuX po3mipiB HOMiB
1 eneKkTpoHHOi rycTuHu ¢anTtoMy. [lns po3moaily J03W B OpraHi3mi HallieHTa TaKOoX
HeoOxinHa iH(pOpMalis PO TEOMETPil0 CTPYKTyp malieHta i iX ryctuHy. BigcyTHicts
BukopuctanHs iHpopmauii Bin KCIAII mist BiATBOpEeHHS BHUMIpSHOTO JO3HOTO PO3MOILTY
pobuts cucremy OCTAVIUS 4D niiicHO He3aJIe)KHUM IHCTPYMEHTOM KOHTPOJIIO SIKOCTI.

Hati6inmpmi po36ixkuaocTi Mik manumu OCTAVIUS 4D i KCAIT BusBnsAtoThCS s
ronepeyHnx npodiniB, BuMipsaux 3 Detector 729 mns cratmunux mnoniB (Man. 4). Ile €
PE3yJITATOM TOPIBHAHO HHU3BKOI PO3MIIBHOI 3aTHOCTI JETEKTOpHOI maHeni. JleTekropw,
KOXeH 3 skux Mae po3Mip 0,5 x 0,5 x 0,5 cm?, BiactosaTs Ha 10 MM BiJ EHTPY IO LIEHTPY.
Toit ¢akr, mo (aHTOM 3a3BUYAR 00EPTAETHCSA 3 IMYYKOM, BUKIHKAE eDEeKT po3Ma3yBaHHS
PO3MLIBHOT 3[]ATHOCTI HA BEJIMKUX KyTaX, IO 30UIBIIYE BiICOTOK MPOXOKCHHS B ILIOIIHHI,
SIKMIA OIIHIOETHCS Bif 83,3% mo 99,8%. KpiM TOro, BUKOpPHUCTaHHS MAaTpPHUIl JICTEKTOPIB 3
OLUTBIII BUCOKOIO PO3AUIHHOIO 3JATHICTIO MOKPALIYE Pe3yabTaTh (Mal. 5).

BuMiproBaHHs CTaTHYHOI KPUBOI TJTHOWHHOI JTO3M MOKa3ye IYyXKE TapHE Y3rODKCHHS 3
nmauaumu KCIT (man. 6). OnHak, BiZICOTOK MpoXokeHHs 88,3% i monepevHOT IIOIHHY,
0 OIHIOETHCS, € BITHOCHO HU3bKHUM. Lle € OYeBHIHMM, OCKUIBKH aHai3 ramMma iHIeKCy
OXOIUTIOE HE TiJIFKHU IICHTPAJIbHY BiCh, IOKAa3aHY Ha Maj. 6, aie i OBHE IOJIe, IO BKIIOYAE
miBTiHI. 3HOBY XX Taku, 0OMeKkeHa po3AiTbHa 3naTHiCTs MaTpumi Detector 729 Biamosinae 3a
e eeKT.

Ha wman. 7 mopiBHIOIOTBCSA A03HHMH posmofil, pekoHctpyihoBanuii OCTAVIUS 4D i
BHMIpSHUN Oe3MocepeIHhO CTAIIOHAPHOI0 MATPHUICI0 JIETEKTOPIiB 0€3 BHKOPHUCTAHHS
aJTOPHUTMIB PEKOHCTPYKINi no3u. Skmo cramionapHa cuctema OCTAVIUS Il Tinbku
OLIIHIOE TaMMa 3HAYeHHsS JUIA KOXKHOTO JIETEKTOpa Ha MAaTpHLli, poTaliifiHa cucTema
OCTAVIUS 4D po3paxoBye ramMma 3HAUCHHs JJIS BCIX BIJHOBJICHHUX BOKCEJICH Yy BCHOMY
00'eMi. PekoHCTpyKIist BOKCEIIB 0a3yeThes Ha JIIHIHHIN IHTEPIOALIT MiXK AETEKTOpaMHU, 1110
NPU3BOJNTH JI0 HEBEJIHMKHX HEBH3HAueHOCTeil. B pe3ynbraTi, BiICOTOK MPOXODKEHHS LIS
OCTAVIUS 4D 3 marpuueto Detector 729 e tpoxu Hmwkumm, HiX y OCTAVIUS I,
0COOJIMBO B 00JIACTSIX 13 MOXHMIIMM TPAJIEHTOM JI03H.

Hopisasaas OCTAVIUS 4D mns muaHiB onmpoMiHeHs TojoBH i mwi s 50 marieHTiB
npencrasieHo B cratti [12]. CepenHiit BimcoTok mpoxomkeHHs ctaHoBHB (99.2 £ 0.8)%.
BuMipu npoBOIMIHCE ISl MYYKiB BECOKOI MOTY>KHOCTI 403U 0€3 BHUPIBHIOIOYOTO (QiIbTpy
(FFF). Lle o3nauae, 1o axroputm pekoHctpykiii OCTAVIUS 4D nilicuuii [uist 3riakeHux
1 He3rIa/PKEHUX MYYKiB.

Jani Ha Mayu. 8 SCHO JAEMOHCTPYIOTh TOW (PaKT, MO0 BIACOTOK MPOXOPKECHHS IS
KJIIHIYHUX IUIaHIB JIIKyBaHHS 3poCTae i3 30UIbIICHHSM pO3JUIBHOT 3JaTHOCTI MaTpHIl
JIETEKTOPIB.

HesBaxarouu Ha Te, 0 npobiieMa 3HaYHO 3MEHINEHA 3a paXyHOK o0epTaHHs (aHTOMa,
po3ainbHa 3natHicTh B 10 MM ans matpuili getektopiB Detector 729 i1 anropuTm JiHIHHOT
iHTEepHoALii BHOCATh HEBEIHNKY, OJHAK MOMITHY MOXMOKy B rama anami3. OmHaK, BapTo
BIJI3HAYMTH, [0 AHAJIOTIYHI MPHUCTPOI MawTh NoAiOHI oOMexenus. Hampuknan, Delta-4
TaKOX BHMKOPUCTOBYE aIropuTM JiHidHOT iHTepnomauii [8], a ArcCHECK Bumarae
Y3rODKEHHSI MK BUMIpaMH 1 TUIAHOM JIiKyBaHHS npuOimu3Ho 10 10%, s toro, mob MaTh
MOXJIMBICTh HaJlI{HO KOPUT'YBaTH PO3paxOBaHMI MO3HMHN po3nozin aus nauienra [10]. s
cucremun COMPAS 6ynu 3apeectpoBani noxuoku 1o 17% [9].

3pemiToro, caMi CUCTEMH JO3UMETPHYHOTO TUIAaHYBAaHHS HE T030aBlieHI MOMIIOK. bymun
3apeecTpoBaHi MOMIIKK B miamazoHi 1% - 3% [19], [20], [21]. IIpu HasBHOCTI 00'emiB
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noBiTpst (yiereHi) HerouHocTi po3paxyHkiB KCJII moxyrp OyTu HaBiTh BUL 3
koediuientom 3 - 5 [19], [20], [21].

HeBusnauenicts y po3paxynky DVHS y namienTi noxoauTh BiJl OXMOOK BUMIpIOBaHHS
1 HETOYHOCTEH anropuT™My peKoHCTpyKuii, sikuii BukopucroByerscss OCTAVIUS 4D. Yum
OiIBII OMHOPINHI CTPYKTYpW TMAaIlieHTa B 30HI I[IKaBOCTi, THM Kpalla TOYHICTb
pekoHcTpyiioBaHoro DVH. HeBu3Ha4yeHiCTh PEKOHCTPYHOBAHHMX JO3HUX MAaKCHMYyMIiB B
DVHs xommBaeThcst B Mexkax =+ 2% s BiZTHOCHO OJHOPIMHUX IUIaHIB 1 £ 6% 11 TUTaHiB
OTIpOMiHEHHSI JIeTeHb. Llei pe3ynbTar € JOCHTh HENOTaHWUM, BPaxOBYIOUH TOH (akT, IO B
ANTOPUTMI PEKOHCTPYKIii HE BUKOPUCTOBYETHCS iH(OpMAIS PO PO3MOALT HO3U Bix
KCAIIL.

6. BucHOBKH

Bynu omucaHi anropuT™Mu peKOHCTPYKIiT TPUBUMIPHUX JTO3HUX PO3MOJUIIB Yy (aHTOMI 1
B marienTi cuctemoro OCTAVIUS 4D. AnroputMu € MOBHICTIO HE3aJICKHUMHE BiJl JO30BOT
iHpopMauii, o0 po3paxoBaHa y CUCTEMI JO3UMETPUYHOTO IUIAaHYBaHHSI, 1 BOHH OTPE0YIOTh
HEe3Ha4Hy KiJbKicTh 0a30BMX JaHMX Ul BBEIEHHS B eKcIUTyarauilo. Bynm mpencraBieHi
Pi3HI IpoLIeAYpH NMEPEBIPKH 1 pe3ysIbTaTH, 110 JOBOATH npuaaTHicTh cuctemu OCTAVIUS
4D nyis KIIHIYHOTO BUKOPUCTAHHS MPH Ipoleaypax KoHTporo skocti IMRT 1 VMAT. Jlani
PO TMEPEeBIpKYy CHCTEMHU A BUKOopucTaHHS 3 FFF mydkamu mpeacTaBiieHi B JliTeparypi
[12]. TouHicTh H03M AJIs TiCTOrpaM J03a - 00’€M JI03W B TEOMETpIi Malli€HTa, 3a Pi3HUMHU
OIliHKaMH, BapitoeTbes Bim £ 2% 10 + 6% B 3aJEKHOCTI Bi 3MiHM 3HaY€Hb TYCTHHH
CTPYKTYp B TiJli marieHTta. TOYHICTh CHUCTEMH MOKEe OYTH TMOJINIIEHA 33 PaxyHOK
BUKOPHCTaHHS MaTPHLb JACTEKTOPIB 3 BHCOKOK PO3MIIBHOIO 3[aTHICTIO, TakuX sk Detector
1000SRS.
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ExcnepumenTajibHe cTepeo peHTreHiBCbKe BUMiPIOBAHHA TPUBUMIPHHUX
00’€KTIB
Bonkos E.B. "*, Mipomnnuenko C.1.

1) Hayionanwnuii Asiayiiinuii Ynieepcumem
2) TOB «HBO Teneonmuxy
* eugenewolf507@gmail.com

TpuBUMIpHI PEHTTEHIBCHKI CTEPE0300paKeHHS MOXYTh OYTH OTpPHMaHi i3 MEHIINM
JI030BMM HaBaHTa)KEHHSM HDK IpH KOMII'I0TepHi ToMorpadii abo TomocuHTre3y. A came 3a
JIOTIOMOT 010 cTepeoedeKTy, KoM ABa 300pakeHHs BUKOHYIOTHCS i3 JIGSIKUM HapajiakKCoM.
Pesynbryrounii 3HIMOK MEpEriiAgaeThCsl i3 BUKOPUCTAHHSIM CHCIIaJbHHUX OKYJIAPIB, SKi
PO3AUIAIOTE TEPETIIsi CTepeornapy Uisl MEeperisaay BiAMOBIIHOTO 300pakKeHHS OKPEMHUM
OKOM. TOJIOBHHM HEIOJIKOM TaKOTO MiAXOXy € BIACYTHICTH MOXMIIMBOCTI IPOBEICHHS
BUMIpIOBaHHS 00 €KTY.

Mu npomoHyeMO CHHTE3YBaTH CTEpPEeO Kypcop Ha CTEepeo300pakeHi 3a TI€I X
TEXHOJIOTIEI0 32 SKOK C(OPMOBAHE OCHOBHE CTEpPe0300pakeHHs. Moro mosmmis y 06’emi
MDK OIEepaTopoM i eKpaHOM MOHITOpPY BiINOBIiaTUME NMEBHUM KOOPAMHATaM Y MPOCTOPI
MDK PpEHTIeHIBCHKOIO TPYOKOIO 1 JETEKTOpOM. 3MIHIOIOYHM TO3UIII0 Kypcopy Ha
300pa)XCHHSX cTepeonapy Mi 3MIHIOEMO HOTO TOJIOKEHHS y ITPOCTOpi. 3HaYeHHS KOOPHHAT
PO3PaxOBYETHCS KOJM OMEPaTOp CHIBCTABILSIE CTEPEO Kypcop Ha TPUBUMIPHOMY 300pakeHHI
i3 TOYKOIO 00’€KTy. BuMIpIOBaHHS T€OMETPHYHHX PO3MIpIB JOCIIHKYBAaHOTO OO0’ €KTY
MPOBOJIUTHCS HA OCHOBI JEKUIbKOX BU3HAYCHNX 3HAYCHHSIX KOOPAMHAT.

Hamu Oyno cTBOpEHO JBa TECTOBHX 00’€KTH 1 BUMIPSIHO 1X TIMOWHY (IOBKHHY B3I0BXK
Bici Z). mepiivM 00’€KTOM € MPAMOKYTHHH Tapajielerninea. A IpyruM - aHaTOMIYHHHA TECT
00’€KT, 10 MOJICITIOE TPYANHY JIIOTUHU: pedpa, XpedeT 1 Ta30By KICTKY.

[I’sTHagusTh  omepaTopiB  TPOBOAWIM  BUMIPIOBaHHA 1O  PEHTTCHIBCHKUM
cTepeo300pakeHHsIM. BUMiproBaHHS MPSIMOKYTHOTO MapaieiorpamMmy CTaHOBHTB 237,8 MM i3
noBipunM iHTEepBasioM 4,3 MM. | BigHOCHOIO TOXHOKOKO 1,8%. JI7151 aHATOMIYHOTO TECTOBOTO
00’exTy oOpano naBi Toukun. OpmHy Ha KicTHi i1 OAHY Ha PEHTTEHIBCBHKiM Mipi, IO
po3TarIoBaHa BCepeArHI TECTOBOTO 00’ €KTy. BijicTaHp Mik TOYKaMH BH3HaYeHa piBHOIO 50
MM i3 BiTHOCHHM iHTepBajioM 7,3 MM. BinHocHa nmoxubka piBaa 14,5 %. Buine 3HaueHHS
BiIHOCHOT TMOXHOKH OOYMOBIIOETHCSI OCOOJIMBOCTSIMH aHAaTOMIUHUX CTPYKTYp, a came
3a0KpyIJIeHHsIMH 1 Tu1aBHUMHU (opmamu. [IpoTe oueBHIHO, 1IO TOYHICTH BUMIPIOBaHb IO
CTepe0300pakeHHSIM BHUIIIE 32 TOYHICTh MPH BUKOPUCTAHHI 3BUYaWHUX PEHTTEHOTPaMM.
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Po3paxyHok ¢ppakuioHyBaHHSI B KOHBeHUIHiH nMpoMeHeBiii Tepamii
Bamumun B.I1.

MI] “Kibep Kninixa Cnixcenxa”

B Ginmbimocti BUMAIKiB MPOMEHEBOI Teparii mepel TeparneBTOM CTOITh 3ajada BHOOPY
MDK PI3HUMH CTaHIApPTHUMH cXeMaMHd (pakIioHyBaHHS. 3aJeXKHO BijJ BIKy ITaIli€HTa,
3arajikHOTO CTaHy, CYITyTHIX MATOJIOTiH, KOHKYPEHTHOI XimioTeparii Ta iH. Jikap migoupae
ONTUMAIIEHUH PEKUM ITO1adi JO3H.

AJe TIpakTUIli B MPOMEHEBiM Tepamii 4acTO JOBOJMUTHCS BIABATHCS O BiIXWICHb Bif
3aIUIaHOBAHOI CXEeMH JIiKyBaHHS. [IpUYMHOI0 IIHOTO MOXYTh OYTH: HEMOXIIHBICTh
BUKOPUCTAHHS CTaHIAPTHUX pPEXHMIB Yepe3 aHATOMIUHI OCOOJMBOCTI pPO3MIIIICHHS
MYXJMHY, BUMYIICHI 3yNUHKK B JIIKyBaHHI Iali€HTa 4epe3 MOTIpIICHHS HOro cTaHy,
MOJIOMKH JIIKYBQJIbHOTO arapary, Ha/J3BHYaiiHi CTaHW, NMPHUPOJAHI KaTakiai3Mu Ta iH. Taki
BIJIXMJICHHS MPHU3BOATH 10 HEMOXJIMBOCTI BUKOPHUCTAHHS CTAaHIAPTHHUX MPHUIUCAHHUX 103
Ha MyXJIMHY, & TAKOK BUKOPUCTAHHS Ta0JIMYHUX 0OMEKEHb Ha 3JJ0POBi OPI'aHU Ta TKAHUHH.

Jlyist momyky BHXOJY 3 TaKMX CHUTYyallill Ta 0OpaXyHKOM HEOOXiJHOT paJuKaibHOI 103H
Ta 3HAXOJPKCHHS T'PaHMIN JOMYyCTUMHUX 103 Ha 3[0POBI OpraHH HEOOXiJTHO 3BEPTATHCS IO
CTAaTUCTHYHO-MaTEMaTHIHUX MoJieniel. B pamio6iomorii Ha JaHW MOMEHT iCHYE JIUIIIEC OJHA
poboya MOzenb, IO aJeKBATHO OMHUCYE BIUIMB Pi3HUX 1103 10HI3YIOUOTO BUIIPOMIHIOBAHHSI
Ha KJIITHHH — JIIHIHHO-KBaAPaTUIHA MOJICIIb.

Jlinitino-kBaapatuyaa wMojaens (JIKM) BHKOPHCTOBYEThCS ISl  ONMUCY  KPHUBOI
BIDKMBAHOCTI KJIITHH Ta KIJBKICHOT OIIIHKK paiallifHOTO BIDIMBY Ha HHX. Mexi
BUKOPUCTAHHSA JaHOI MOJENI JOBOJI pPO3MHUTI. Ii HemoorinoBamn B bOMY IUIaHI
NPUIHCYIOYH MEXI Pa30BUX 103 B IKUX BoHa mparitoe Big 0,5 no SI'p 3a dpakuiro. HexasHi
EKCIIepUMEHTANIbHI pe3yJbTaTH MOKa3ajid, IO BOHA mpaloe mpu nosax no 200p, mo nae
MOJKJIMBICTh BUKOPHCTOBYBATH 1i TAKOXK B paaioXipyprii.

ITpore Mojenb MiIAETBCS TOCTPIA KPUTHUII Maibke BiJ vacy il CTBOpEeHHS, HesiKi
napaMeTpy BH3HAYAIOTHCS EKCIICPUMEHTAIBHO 3 TIOXUOKOIO B JICCSATKH BiJICOTKIB, IO MiIa€
CYMHIBY 11 KOPHCHICTP Ta 3IaTHICTh JAaBaTH X0 SKICh pe3yibTaTH. IIpoTe Ha JaHOMY eTarmi
PO3BUTKY MpPOMEHEBOI Tepamii B MHUIOMY Ta pagio0iONOTiYHMX MOJENeH 30KpemMa,
aNTbTEPHATHBHHUX MOJIEJICH, 10 HAOIIKaIKCs O TI0 TOYHOCTI JI0 JaHOT MOJIeINi HEMaE.

OmHa 3 MOXIHMBHX HpoOJeM - Iie 3aKOPEHIUTICTh ITIXOMIiB IO NMPOMEHEBOI Tepamii, €
HaTpaIboBaHI CTaHOAPTH, SIKi HIXTO HE XO04Ye NOPYIIyBaTH, 0O BOHH CTATHCTUYHO
MparoTh. AJle TepcoHi(diKallis JIKyBaHHS € OJHOIO i3 TOJIOBHUX 3aBJaHb Paaiojorii, i
caMe MaTeMaTH4HI MOJeNi, M0 OYAyTh MiIKPIILIFOBATHCh EKCICPUMEHTOM IaayTh 3MOTY
1poro fAocsartu. JIKM — siBiisie€Thes, 10 CyTi, MOYATKOM IIISXY CTBOPCHHS 1HAMBITyalbHUX
pexnuMiB (QpaxIioHyBaHHS 1 JTa€ 3MOTY 3 AOCTaTHBOIO CTATHCTUYHOIO JOCTOBIPHICTIO BXKE
3apa3 CTBOPIOBATH THYYKi pEKUMH JIIKyBaHHS.
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Determination of kernel functions for scattering estimation in X-ray
im*aging
Danyk A.Y. , Sudakov O.0.

National Taras Shevchenko University of Kyiv,
Faculty of Radiophysics, Electronics and Computer Systems,
*AntonDanik@gmail.com , sudakov.oleksandr@gmail.com

Abstract: Practically efficient method for obtaining the optimal number of convolution
(superpaosition) kernels in X-ray imaging scatter estimation is proposed, implemented and
tested. Proposed method is based on realistic Monte-Carlo simulation using Zubal phantom
and clustering analysis. Five kernels is proved to be the optimal number for interior chest
imaging using conventional X-ray imaging systems at 75 keVP.

Introduction

Sensed by X-ray scanner detecting system radiation consists of the initial or primary
radiation and radiation that was scattered. The primary X-rays passed straight through the
object contains useful information for the physician but the scattered radiation reduces
image contrast.

According to scatter kernel superposition method the scattered radiation is defined
through the operation of general linear combination of primary radiation with scatter kernel
functions. Investigated object is split into multiple homogeneous regions each of which is
represented by one scatter kernel. Splitting of the object is performed in accordance to
available calculated scatter kernels and statistical characteristics of the measured radiation.

The required scatter kernels may be calculated by Monte Carlo simulation using X-ray
pencil beams and different types of objects. In this case the scatter radiation will be equal to
scatter kernel for pencil beam application point scaled by primary photons number.

Reducing the number of kernels will result in degradation of scattering estimation
precision, but also dramatically increase efficiency. We suggest determination of optimal
scattering kernels number through clustering of calculated scatter kernels by their statistical
moments: maximum and minimum values; mass center; mean and tensor of inertia elements.

Testing

Scatter kernels were calculated by Gate software for Zubal realistic human body
phantom on the computing cluster of National Taras Shevchenko University. In total 625
scattering functions with spatial resolution of 1.3 cm were obtained. Each simulation was
performed using 25 000 000 photons taking into account Photo-effect, Brehmshtrattlung,
Compton and Rayleigh scattering. Then statistical moments described above were calculated
for each kernel. Clustering was performed by several clustering techniques using
programming language for statistical computing R. Optimal number determined by
comparing of inter-cluster and intra-cluster distances is 5 that corresponds to air, lungs, soft
tissues, left and right edges of body.

Conclusions

The Gate software has proved to be good during testing and recommended both as
resource of educational material and as scientific instrument. Optimal number of scattered
kernels for chest X-ray images is 5, that corresponds to air, lungs, soft tissues, left and right
edges of the body. Proposed method may be used for procession of medical diagnostic
images.
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IHokpamena JgokaJizaiisi aAKTUBHOCTI FOJIOBHOTI'0 32 eJleKTpoeHuedaJio-
rpaivHUMH i MAarHiTHO-PEe30HAHCHUMH TOMOTpa(iYHUMH JaHUX
Bopob6eii /1. M., Jleprepor O. O., Paguenko C. II.

Kuiscokuii nayionanvnuil ynieepcumem imeni Tapaca llleguenka, kagheopa
meouunoi padiogizuxu, dimonc7@gmail.com, sanich_lef@list.ru, spr@univ.kiev.ua

CBo€yacHe AiarHOCTYBAHHS I1AaTOJIOTIi TOJIOBHOTO MO3KY OYJIO 1 3aJIMIIAETHCS OJHIEIO 3
HaWOIIBII BaXJIMBUX 337ad B KIIHIYHIA HEBPOJOTii. AKTyaJbHICTh 3yMOBJIEHa BEJIMKOIO
KIJIBKICTIO TaKMX 3aXBOPIOBaHb Ta IX HaciigkamMu. Ha BUSIBIEHHS Narojorid rOJIOBHOTO
MO3KYy CHpsIMOBaHi pi3Hi (i3W4YHI METOAM MIarHOCTYBaHHS: aHriorpadis, KOMII IOTepHA
tomorpadis (KT) 1 wmarmitHo-pe3onancHa Tomorpadis (MPT) TOI0OBHOTO MO3KY,
enektpoeHnedanorpadis (EEI). IMoemnanus mpocTtopoBoi ToMorpadiuHoi iHpopMartii i
(YHKITIOHATLHUX JTaHUX JO3BOJMIO O CYTTEBO PO3MIUPHUTHU IarHOCTUYHY iH()OPMATHBHICTh
MetozniB. Takor cmpobOo0 € pO3BHTOK MeToauk MP-300paxeHp, 3BaKEHHX II0
HEOJHOPITHOCTI  MAarHiTHOrO  IIOJIA, SAKi  JO3BOJIIIOTH  OTPUMYBAaTH  300paKCHHs
KOHTPAaCTOBaHI 32 MarHiTHOI CIIPUUHATIMBICTIO TKAHWH. AJie B X OCHOBI JIeXKAaTh CKJIAJIHI
MeTonuKH (inbTpanii curHaigiB. OZHUM 13 MOXKIHMBHUX PO3B’S3KIB 3a/adi € MOKpAaIICHHS
JIOKaJTizalil akTUBHOCTI TOJIOBHOTO MO3KY 3a elleKTpoeHLedanorpagiyHuMi CUTHATaMU 3
BUKOPHCTaHHSIM MarHiTHO-PE30HAHCHUX TOMOTPaivHUX JIaHHUX, 3BRKCHHX 32 3HAYCHHSIMH
cTasiof yacy CIiH-TPpaTKOBOI peakcarii.

B po6oTi mpoBecHO BHUBYCHHS T'EMOJAWHAMIYHHX 3MIH MO3KY MiJ] 4ac EJICKTPHUYHOL
aKTUBHOCTI, 30KpeMa BCTAHOBJICHO Yy3araJlbHEHY 3aJIKHICTh MDK EJICKTPUYHOIO
MIPOBIAHICTIO 1 pEeNaKCAlifHUMHU XapaKTepPUCTHKaMH TKaHWH TOJIOBHOTO MO3Ky. Ha ocHOBI
OTPUMAHUX PETPecifHIX 3aJeKHOCTSIX PO3POOIICHO i 3alPOMOHOBAHO METOAMKY 3MIIIaHOT
Heliposizyamizamii 32 MPT manmmu. [ kapTyBaHHS XapaKTEPHUCTHK aKTUBHOCTI MO3KY 3a
EET" curHanamu BHKOPHUCTOBYIOTBCS CerMeHTOBaHI 7ij-3BaskeHi MP-TOMOrpaMu romoBHOTO
MO3Ky. ANTOPUTM CETMEHTalii Pi3HUX TKAaHWH TOJIOBHOTO MO3KY BPaxOBYE€ IPOCTOPOBE
po3TaiyBaHHs ~ OJHOTMITHMX TKaHMH 32 JIOIIOMOTOK  aHajl3y BCIX TOMOrpam
(Tromorpadiunux nepepiziB). [lapamerpu poOotu anroputmy OyiaM ONTHMI30BaHI s
CTaOlIbHOTO BUJALIEHHS 10 9 oOiacTedl 3a NOINEepeYHHMH TOMOTrpadiuHHMHU Iepepizamu
TOJIOBHOTO MO3KY.

MerojaMu MaTeMaTHYHOTO MOJEIIOBaHHS IMOKa3aHO, MO pO3po0JieHa MeETOAnKa
PEKOHCTPYKIIi1 JO3BOJISIE MOKPAIIUTH POCTOPOBY PO3MITBHY 3IaTHICTH KapT €NCKTPUIHOT
aKTUBHOCTI, pekoHcTpyioBaHux 3a EEI' maHumm, ski XapaKTepH3yIOThb CTaHH MO3KY 3
BHCOKOIO YaCOBOIO PO3ITFHOIO 3[aTHICTIO.
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PagianiiHuM 3aXuCT
Radiation protection

IIpo6JieMmn momMpeHHs KYyJIbTYPHU 0e31eKH B YKpaiHi
O.Hacsit 1), 10.Ckaneupkuni

1) Hayionanerutl incmumym cmpame2iyHux 00Ci0NceHb
2) Hayionanvna xomicis 3 padiayitinozo 3axucmy HacejenHs Yxpainu
nasvit@niss.gov.ua

HaBuanpHOo-HaykoBMI LeHTp paniauniiHoi Oe3nexkn KuWiBCbKOro HallioHaJIbHOTO
yHiBepcuteTy imeni Tapaca llleBueHka Bxke MPOTATOM DSy POKIB 3HAWOMHUTBH CIIyXadiB
KypCiB MiIBHUILEHHS KBajidikauii mepcoHaiy, sSKMH Ipaioe 3 JHKEpelaMH iOHI3yH4Ooro
BunpominoBanHs (nam — JIIB), 3 ocHOBaMu KynbTypu Oe3neku mnpu Bukopuctandi 1B B
mpoMucioBocTi Ta MeamnuHi (nami — KB). 3a ocrtanHi miBTOpa poky 3 ocHoBamu Kb
osHafiomyieHi Oimsa 200 cayxauiB 31 110 opranizamiit. bimsg uBepTi ciyxadiB CKJIanaloTh
kopucTyBadi /IIB B mpoMucioBocTi, pemTa — B MEAWIHUX ycTaHoBax. Ciif 3a3HAYHUTH, IO
abcoroTHa OIMBINICTh CIyXadiB KypCiB BiJl MCIMYHUX YCTaHOB MpodeciiHO MoB’sA3aHa 3
BUKOpHUCTaHHAM J[IB 3 MiarHOCTUYHOIO METOIO 1 JIMIIe OJWHHUII — 3 BUKOopUcTaHHSIM [[IB B
Teparmii. PeanbpHo x 6e31eKoBi MpoOIeMu MOXKYTh BUHHUKATH NEPEBAKHO NPH BUKOPUCTAHHI
JIB B Tepamii, Ae 103K ONPOMIHEHHS 1 MOTYXXHICTh JDKEpeN IiCTOTHO OuIbII, HIXK B
IarHOCTHILI.

3HaKOBUM € Te, IO 1O 3aHATh HAa Kypcax ciyxadi B3araji He Oynum 3HaioMi 3i
CJIOBOCTIONIYYEHHSM «KyJIbTypa Oe3mekn». BUHATOK CKiIajaloTh ciiyxadi, a Takux Oynu
OJIVHUIIl, TPEJCTaBHUKM OpraHi3aliil SKUX paHille BXX€ NPOXOAWIN HAaBYaHHS Ha IHX
Kypcax. Ha Hamry nymKy, 1ie 3acBiguye, 3 0JHOTO OOKY, BUHSTKOBO Ba)IIMBY POJIb KYpCiB y
MOUIMPEeHHI KynbTypu Oe3rekn B YKpaiHi, a 3 iHOIOrO — KaTacTpodiuHuii ctaH i3 1l
MOIMIMPEHHAM B YKpaiHi.

Kynbrypa Oe3meku Mae IBa CTPYKTYpHUX KOMIOHEHTH. [lepmmmii MicTUTh HEOOXimHi
pobouyi yMOBM B Oprasizamii, BKJIIOYa€ TNPUXWIBHICTE KYyIbTypi Oe3meku Ha
JIep’KaBHOMY/TIOITHIHOMY PiBHI M Ha piBHI KEpIBHHIITBA YCTAHOBH/3aKJIaMy, HAICKHUTH JI0
BIAMOBIJAJILHOCTI yNpaBisitouoi iepapxii Ta € BU3HA4YaIbHUM. J[pyruii KOMIIOHEHT — e
TO3UIIisl IEPCOHATY Ha BCIX PIBHSX SIK PeaKilis Ha Il yMOBH 1 pe3yJIbTaT I[UX YMOB.

Ha »anb, B YkpaiHi uuMajno MpuKiIajiB [iif mocanoBuX ocCi0 pi3HUX PIBHIB, sKi
cynepeuyath NpPUHLIMIAM KyJIbTypu Oe3neku. Hepinmko Ha KepiBHI Iocajud B OpraHax
JIEP)KaBHOTO YNpaBiiHHA y cdepi BUKOPUCTAaHHS sAEPHOI eHeprii i TOBO/DKEHHS 3
paliOaKTUBHUMH BIIXOJaMH MPU3HAYAIOTHCS OCOOH, SKi HE MarTh HEOOXiTHOI OCBITH,
3HaHb 1 JJOCBITY.

B nonoBiai po3risgaoThCsl YUHHUKH, SIKI CHPUSIOTH YM MEPENIKOKAIOTh ITOIIHPEHHIO
KyJIbTypH Oe3reku B YKpaiHi.
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be3neka namieHTIiB B OHKOPAaXioJ10rii: MeIUKO-COLIaJIbHI CTIEKTH
IIununenko M.I.l, CragHuk H.H.Z, Puran M.M.?, Ckaneuskuii 10.M.*,
Ilanbona 0.10.2

1) Xapxiscokuii nayionanvruii meouunuil ynisepcumem, pilip_nicholas@ukr.net,
2) AV «lncmumym meouunoi padionoeii im. C.I1. I'pueop ’esa HAMH Yxpainuy,
Lstadnyk@ukr.net
3) «Kninixa cyuacnoi opmonediiy, mrigan@i.ua
4) Hayionanoha KoMicisi 3 padiayitino2o 3axucmy naceients Ykpainu,
syn1953@yandex.ru

[IpoGiema 3 AOBENEHHAM JO3H J0 MYXJIMHU-MIMICH] PO3TIAIAETHCS 3HAYHOIO MIpOO K
TeXHiYHa 3 opieHTaniero Ha ixeonorito MKP3, HKJIAP, MATATE, i 3 mons 3opy
BUIIaJal0Th MEIMKO-COLliaJIbHI aCIIeKTH Takoi NpoOJieMH, 1aHi MMpo siKi MOTJIM O IPUBEPHYTH
OipLIy yBary a0 Hel IpOMaJICBKOCTI Ta BIIa Iy.

[Mounnarouu 3 2002 poxy BOO3 akTuBHO peaitizye caMOCTiiHY MOJITHKY 3 MiJBHICHHS
Oesneky marieHTiB. Bennka yBara NpUALISETbCS MONEPEKEHHIO Je(QEKTIB MeIUYHOI
JTOTIOMOTH, JI0 SIKMX HaJeKaTh 1 MPOOJIeMHU PO3PaXyHKY 03U B OHKOPAIi0JIOTii.

3a pesynpTaTaMy aHami3y HaHUX MikHapomHoro TJI/l-ayauty sikocTi mo3umeTpii B
Iponeci MpPOBEIACHHS  NpoLenyp Ha KOOAJIbTOBHX TeleramMma-anaparax B YKpaiHi
BCTaHOBJICHO, 1110 B 1998, 2000, 2002, 2007, 2008, 2009, 2011 i B 2013 pokax y OiJbII HixX
30 % amapatiB aucTaHIifHOI TamMa-Tepamii, 1o mmiarany TJIJ[-aynauTy, TOYHICTH
BIIYCKY MOTIHHYTOI T03M NepeBuinyBaia £5%, a 8 2005 ta 2006 pokax Taki BiIXWICHHI
Manu micte y 50 % aHaNOTiYHUX amaparis.

VY cepennbomy x 3a 15 pokiB y mepiog 3 1998 mo 2014 pik HEBiINOBITHICTH
panianiiHOro BMXOJY amapariB AMCTAHLIHHOI MPOMEHEBOI Teparii 3aBJaHuM IapaMeTpam
cnocrepiranacek y 32,6 % Bumaxis.

Bepyun 10 yBaru, mo po3paxyHOK JO3W — IIe Jidiie oauH 3 19 eTamiB mpoMeHeBOi
Teparnii, Ha KOXXHOMY 3 SIKHX MOXe OyTH JONyIleHa IMOMHIIKA, MOXKHA CTBEPXKYBaTH, IO
3HAYHI BIAXWJCHHS B PO3PaxyHKY 1 JOBEJEHHI IMOIVMHYTOI J03M 10 IMyXJWHH-MilIeH]
MOXYTh MaTH Miclle B ITIOJIOBUHHM JUCTaHLIHHMX raMMa-TEpaleBTUYHHMX arapaTiB, SK 1€
BigmiueHo y 2005 1 2006 pokax.

3 orysgy Ha Te, IO Ha TeJleraMMa-TEPaNeBTUYHUX araparax MIOpiYHO MPOTIKOBYETHCS
6mu3pko 30 000 ocib, TO, BpaxoBYIOYH BHINE3a3Ha4deHi pe3yiapratd TJI/-aymuty nmx
amnapariB, JOCHTh IPOCTO BU3HAYMTH KiJTBbKICTh XBOPHX, Y SKHX NpOMEHeBa Teparis Oyne
Hee(heKTHBHOIO.

3a onrumictuyauM BapiantoM (32,6 % TereramMma-anapatis 3 HE3aI0BUIbHHUMHU
pesynbratamu  TJIJ[-aynuty) mMu  oTpumaemo Oimsbko 10 000 oHKOXBOopuX, a 3a
necuMicTuaHUM (32,6 % Tenmeramma-amapaTiB 3 He3aJOBIIBHMMHU pe3yipraTamu TJIJI-
aymuty) — n0 15000 oHKOXBOpHMX BIONOBIZHO, IS SKUX HpPOMEHEBa Teparis Oyne
HeeEeKTHBHOIO.
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HInsixu po3BUTKY CMCTEeMU paaialliiiHOTO 3aXUCTy B YKpaiHu
[TaBnenko T.O.

’

Y "Incmumym eicienu ma meouurnoi exonoeii im. O.M. Mapzecea HAMH Ykpainu'
tpavlenko@ukr.net

TapMoHi3ariss yKpaiHCBKOTO 3aKOHOJAaBCTBa 3 JlMpeKkTHBaMH «EBpOATOMYy» BHMAarae
MeperisiAy BiTYM3HSHOI HOPMATHBHOI 0a3W Ta PO3POOKH OKPEMHX PErJIaMEHTIB [UIA THUX
CIIEHApIisSIX ONMPOMIHEHHS, SIKi OyIyTh BIIEPIIIE 3aCTOCOBaHI B YKpaiHi.

JlomoBigs TpUCBSYEHA BHUMOTaM MDKHAPOIHUX TOKYMEHTIB MO0 OOMEKEHHS
OTIPOMIHEHHSI B MEIUIIMHI Ta ONPOMIHCHHS TEXHOTESHHO-IIIICHICHUMH JDKEeperIaMu
TOPUPOAHOTO ToXokeHHs. Li n1Ba ciieHapis OMpOMiHEHHs ChOT0JHI 00yMOBIIOI0TH 80-90%
CyMapHOT 1031 OMPOMIHEHHS HaceleHHs. 3a BUMoraMu «OCHOBHUX CTaHIAPTIB pajiamiiHol
6esnexkn» MAT'ATE (2013) Bci kpaiHM MaroTh 3alpOBaJUTH HAIIOHAJBbHI «IUIAHU Jii»
II0/I0 3MCHIIICHHS BIUIUBY LIUX JDKEPETL.

Oxpemo Oyze HamaHa iHpopmartis npo myomikamii MKP3 ta permamentu MAT'ATE, siki
BUHIIUIH 338 OCTaHHIN PiK.
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MeToan4Hi MiIX01M 10 OLiHKH /103 MAI€EHTIB NPHU (PIHOOPOCKOMIYHUX
AOCTIIKEHHSIX
Cragauk JI.JI., Hocuk O.B., lIlamroma O.1O.

Y «lncmumym meduunoi padionozii im. C.I1. I'pueop’esa HAMH Yxpainuy

3a 4acToTOI MJOCHIKEHb Ta BHECKOM Yy KOJIGKTUBHY [03y HAaCEJICHHS
VYkpaiau ¢aroopocKoInisi pi3HUX Opra”iB 3aiiMae Japyre Micie cepen
PEHTICHOAIarHOCTHYHHUX JIOCITI/DKEHb Micis peHTreHorpadii. 3riiHo JaHux
JiTepaTypHu 1HIUBINyaIbHI €(EeKTUBHI J03U TPH (PIIFOOPOCKOITT Ha MOPSII0K
BUIE, HDK B peHTreHorpadii, Ta KonmBawoTbcs B Mexax 6,0-25,0 M3B
(Joxmam €C Ne 154 European Guidance on Estimating Population Doses
from Medical X-Ray Procedures). Mix Tum, B YKpaiHi HE MPOBOIHUTHCS
MOHUTOPUHI 103 THAIll€HTIB, @ B MPOTOKOJAaX JOCHIIKEHb BKa3YHOTbCS
3HaueHHS e(DeKTHBHUX JI03 MAIIEHTIB y BIAMOBIIHOCTI A0 TAOIHMYHUX JAHUX
srinHo 3 Hakazom MO3 Vkpainu Big 18.07.2001 p. Ne 295. Bkazani
TaONMM4YHI 3HA4YeHHS e€()EeKTHBHUX 03 HE BIAMOBINAIOTH PEATHHUM PIBHSAM
OTPOMIHEHHSI TAIIEHTIB, OCKUIbKM HE BPaXOBYIOTh YMOBH IPOBEICHHS
JOCIIKEHHS Ta pajialliifHi XapaKTepUCTUKH PEHTI€HIBCHKUX aIapaTiB.
@Dr00pOCKOMNis € TMHAMIYHUM JTOCTIIKEHHSIM, TOMY JJIs1 MOHITOPHHTY 7103
MAII€HTIB JOIUIFHO BUKOPHCTOBYBATH JO3HUMETPUYHY BEITMUMHY — JOOYTOK
noza-moma (JAJII1), mo 1o3Boisie OOYMCIUTH IHTErpaibHy 03y 3a BECh
nepiof  BUKOHAHHS  JIOCHIDKEHHS 3 ypaxyBaHHSAM 3MiHM  00JacTi
ONPOMIHEHHsI MAIlleHTa Ta pPeXHMIB pPOOOTH amapary. 3TiJHO BUMOT
craunaptis.  MAT'ATE Ta [upextuBu 2013/59/€BpatoM  KOXHUI
GIIOOpPOCKOMIYHUM  amapaT MOBMHEH OyTH OOJIafHAHUN  MPOXITHOIO
Kameporo, sika no3Bojsie BumiproBatu JIJII1 mpu KoXHOMY TOCIHIJIKEHHI.
Haxanb, B VYkpaiHi (aroopockomiuHi amapaTd He OCHAIlEeHi
JO3UMETpaMu 3 TPOXIJHUMHU 10HI3AIIMHUMH KamMepaMH I BH3HAYEHHS
JI030BUX HaBaHTA)XEHb TMAIlIEHTIB, a /A OUIBLIOCTI amapaTiB CTapux
Mojiesiel BIZCYTHS MOKJIMBICTH ii pO3MIIIEHHS Ha BUXOJAl PEHTI€HIBCHKOI
TPYOKH.
VY poboTi mpoBeneHO BUBYEHHS J03 MAalll€HTIB MpU (DIOOPOCKOMIUHUX
JOCHIJUKEHHSAX K TNPSAMUM MeToaoM ao3umetpii (BumiproBanus /11T
10HI3amiitHOT Kamepoi Oe3mocepeaHbO T Yac MPOBEACHHS TOCIIKEHb
MAIi€HTiB), Tak 1 HempsMUM MetogoM — ouinka JIJIIT 3a pesynabTatamu
BHUMIPIOBAHHS TOTY)KHOCT1 TMOBITPSIHOI KEpMHM TpU TMEBHUM Hampys3i Ta
BUKOPHCTAaHHI JAHUX PO YMOBH MTPOBEACHOTO JOCIIKSHHSI.
BcranosieHo, 1o npu ¢GuroopocKorii opratiB TpyAHOT KIITKU CepeiHi 103U
namieHTiB kKonuBanucs Big 2,0 1o 6,8 I'p-cM2, mpu ¢uroopockorii opraHiB
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[IUTYHKOBO-KHIIIKOBOTO TPakTy — Bix 3,6 mo 163,1 I'p-cM2, mipu ipurockorii —
Bin 7,90 mo 124,3 I'p:cm2. ToOTO pO3KMI OTPUMAHHMX 3HAYEHb JOOYTKY
J03a-TUIOIA JUISi OJHOTO BHIY IOCTI/DKCHHS MOXE CKJIaJaTH Maibke
JEKiTTbKa MOPSIKIB, 110 TOTPEOy€E MOAATBIIOT ONTHMI3AIli].

[Ipu 3icraBnenni 3HaueHb JJIII, sxi Oymo BUMIpsHI IiJ 4ac MPOBEACHHS
pi3HUX BUAIB (PIIOOPOCKOMIYHUX OCHIKEHb, T4 PO3PAaXOBAaHUX 3HAYEHBb
JJIT 3a pe3yiabTaraMd BHMIPIOBAHHS IOTY)KHOCTI TIOBITPSIHOT KEpMHU
KoedilieHT Kopensmii 3HadeHb ckimagaB R =0,81- 1,00, a koedimieHT
perpecii piBHsHB JiHIMHHOT 3anmexHOocTi a = 0,79 — 1,20. ToO6TO po3paxyHKOBE
snayenHa JJII1 ¢axTuyHO AOPIBHIOBAJIO BHUMIPSHOMY 1OHI3aliiHUM

METOJIOM 3 MOXUOKOI0 BUMIprOBaHHs He OubIie + 20 %.

TakuM 9UHOM, TTPH BiJICYTHOCTI MOXIIMBOCTI MIpsIMUX BEMiptoBanb JIJIT1 BIIpoBaKeHHS
HENPSIMOTO METOJIa JO3BOJUTH OILIHWUTH 3HAYCHHS N103 TAIlEHTIB MPU (HIFOOPOCKOMIYHUX
JOCII/DKCHHSIX 3 MPUAHATOI0 TOYHOCTIO, IO JIO3BOJIUTH MPOBOJUTH KOHTPOJIH KOXKHOTO
amapaty Ta Ta MOXe OyTM BHKOPHCTAHO JUIi BCTAHOBJICHHS JIarHOCTHYHHUX
PEKOMEH/IOBaHHX PIiBHIB Ipu (Iroopockorii B YKpaiHi.
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HeoO0xiqHicTh po3po0KH Ta BIPOBAIKEHHSI IPOrPaMM KOHTPOJIIO IKOCTI
B PEHTTe€HOAIarHOCTUYHMX BilILIEHHAX
Cragauk JI.JI., Hocuk O.B., lIlamroma O.1O.

Y «lncmumym meduunoi padionozii im. C.I1. I'pueop’esa HAMH Yxpainuy

3abe3neueHHsT BUCOKOI iH(GOPMATHBHOCTI PEHTICHIBCHKAX METOMIB JiarHOCTHKH TPH
MiHIMAJBbHUX [103aX ONMPOMIHEHHS MAIliEHTIB MOXJIMBO TPH BIPOBAKCHHI B MPAKTHKY
NpOrpaMHu KOHTPOJIIO SIKOCTI, IO 0a3yeThCsl Ha KOHTPOJI (DI3UKO-TEXHIYHHUX IapaMeTpiB
PEHTIeHIBCHKUX arapariB, OLIHKH /03 ONPOMIHEHHS MAlli€HTIB Ta SKOCTI OTPUMAaHOTrO
300pakeHHS .

Hacboroani B YkpaiHi KOHTpOJIb MapaMeTpiB PEeHTI'CHIBCHKOTO OOJIa[HAHHS Ta OILiHKa
SKOCTI NpHUHMadviB 300pa)KeHHs] PEHTI'CHIBCHKUX amnapariB IPaKTUYHO HE IMPOBOIMTHCS
TOMy, IO BIJCYTHE HEOOXiJHE JO3UMETPUYHE OCHAIIEHHS OOJacCHUX pPEHTICHO-
pamioNoTiyHuX BiAAiNEHs Ta HE po3pobIeHO HEOoOXigHAa HOPMATHBHO-METONWYHA 0aza 3
KOHTPOJTIO SIKOCTI.

B pamkax ykpaiHCHKO-IIBEICHKOTO TPOeKkTy «Cucrtema 3a0e3ledeHHs Ta KOHTPOIIIO
SIKOCTI B MEAWYHIN pamioyorii» OyJIo NMPOBEICHO CTaXXyBaHHA MEOUYHUX (i3ukiB 6
obnmactet Ykpainm B yHiBepcuteTi M. Mambmo (IlIBeris) Ta oTpuMaHO 5 KOMILICKTIB
00JIaIHAHHS JUTS IPOBEICHHS KOHTPOJIIO SIKOCTI B pEHTTEHO/IIarHOCTHIII Ta TIpXU Mamorpadii,
a came: yHiBepcanbHi nosumerpu Piranha, momens 657 (RTI, Hlsewis), TecTH-00’€KTH
FLURO Ta TkanuHoekBiBaneHTHI ¢antomu s Mamorpadii (CIRS, CILA), ski Oyno
nepesiaHo B 00JacHI PEHTreHO-poaaioNiorHiuHi BifmiieHHs 1a JIY «lHCTHTYT MemaudHOl
paniozorii im. C.I1. I'purop’eBa HAMH VYxkpainm».

B HactynHué 4Yac IHCTHTYTOM MpPOBOAUTHCS PO3POOKA METOMUYHUX JOKYMEHTIB IO
IpoueaAypaM KOHTPONIO SIKOCTI PEHTI€HOAIarHOCTHYHMX JIOCHTIDKEHb, B OCHOBY SIKHX
mokimageno BuMord MAI'ATE (Texuiunuii mokmang Ne 457 «Dosimetry in Diagnostic
Radiology: An International Code of Practice»), €spomeiicbkoi komicii (Kpurepii
npueMHOCTI MeaudaHoro obnanuanus - Criteria for Acceptability of Medical Radiological
Equipment used in Diagnostic Radiology, Nuclear Medicine and Radiotherapy), crangaptu
MEK Ta iam.

Po3pobsieHO  cxeMy TpOBEACHHS  KOHTPOJIO  SKOCTI  PEHTIEHOIIarHOCTUYHOIO
obOnasHaHHs Ta (OPMH TPOTOKOJIB KOHTPOJIO PEHTICHIBCHKOTO oONanHaHHs: (i3uKo-
TEXHIYHUX TapaMeTpiB 3 BHUKOPHCTaHHAM jgo3uMmerpy Piranha ta stkocti 300paskeHHs 3a
JIOTIOMOT'OI0 T€CT-00 €KTIB.

TecTy 3 KOHTPOIIO SIKOCTI, SIKI BKJIIOYAJIM BUMIPIOBaHHS OCHOBHUX J1030(OpPMYyBaIbHUX
rapaMeTpiB PEHTTeHIBCbKUX allapariB, KOHTPOJIb SIKOCTI 300pa)KeHHs Ta OLIHKY J03
«CTaHAApPTHUX» TAIEHTIB (BXilHA MMOBEpXHEBA [103a MPH peHTreHorpadii, JoOyTOK m03a-
wronta npu Qiroopockomii, cepeHs NOTIMHYTa 1032 Ha TPyAHY 3aJ103y NpH MaMorpadii),
Oy1o arpoboBaHo Ha 16 peHTreHorpadiunux, 10 ¢uoopockoniyHux Ta 5 MamorpadiqHux
amaparax. 3alpoIlOHOBAHO YacToTa Ta 00’iM IapaMeTpiB BHYTPIIIHHOTO (IIEPCOHAIOM
PEHTIeHIBCHKOro KabiHeTy) Ta 30BHIIIHBOI'O KOHTPOMIO ((axiBIsIMH OOJAacCHUX PEHTTEHO-
PaiONIOTIYHUX CITYXKO).

BucHoBkHu. BrpoBajykeHHS CHCTEMH KOHTPOJIO SIKOCTI PEHTICHOIarHOCTUYHOTO
obmamHaHHA  Ta  OMIHKM  JI03  «CTAaHAApPTHUX»  TMAI[i€HTIB Ha  KOXKHOMY
PEHTIeHONIarHOCTUYHOMY amapati IPpH TUIOBUX PEHTTEHONIarHOCTHYHUX JTOCIIIHKCHHAX
JTO3BOJINTH BYACHO BHSBHUTH IOPYIIEHHA B POOOTI PEHTIeHIBCHKOTO OOJagHaHHA, ab0 B
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00paHuX pEeKUMAX MPOBEICHHS AOCHTIHKeHHS. [IpoBesieHHs BIAMOBIIHUX KOPHUTYBAIbHUX
I 111 KOXKHOTO OKPEMOTO amapary JacTh MOXJIMBICTH 3HH3UTU KUIBKICTh BHITQJIKIB
OTPUMAaHHS HESKICHUX 300pakeHb Ta  IMOBTOPHOTO HEOOIPYHTOBAHOTO OIPOMIHCHHS
MAali€HTIB, oyne CIpUATHME M1 ABUIIEHHIO 1arHOCTUYHOT iH(pOPMATUBHOCTI
PEHTTCHOMIarHOCTHYHUX JOCIIPKEHb, 3HIDKCHHIO 1HIUBIIYyalbHUX Ta KOJCKTHBHHX J03
ONPOMIHEHHSI MALi€HTIB, i, BIANOBIAHO, 3MEHIICHHIO DPU3UKY JOJAaTKOBHX PaliOTC€HHUX
paxiB cepen HaceJICHHS YKpaiHH.
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Cucrema obecrieyeHUs1 paJUaAIMOHHOI 0€30MIACHOCTH B
OHKOJIOTHYeCKHX Aucnancepax Pecny0inkn Y30exkucran
H.A. 3apenunos, O.J1. Ten

TamKeHmCij uHcmumym ycosepmeucm@osauuﬂ 6paqeﬁ
zda@tipme.uz, ten@tipme.uz

Omnkonoruueckas — ciayx6a  PecryOomuku — Y36ekucran  (PY3)  mpencrasnena
PecniyOnnkaHckuM — OHKOJIOTHYECKMM JucnaHcepoM PecrnyOnmkn Kapakanmakcran, 9
00aCTHBIMU OHKOJIOTMYECKUMU JUCTIaHCepaMH, TamkeHTCKUM TOPOJCKUM
OHKOJIOTHYECKUM JHCIIaHCcepoM U PecryOnnkaHCKUM OHKOJIOTHYECKHM HAayYHBIM LIEHTPOM.

B Hacrosimiee Bpemst OHKoJIOTHYecKas ciryx0a rperepreBaeT KoJoccalbHble H3MEHEHHS,
TaKk, MHTEHCHBHO BeleTcs paboTa 1O MOJCPHM3AIMM PAANOIOTHYECKUX OTICICHUH H
MIEPEOCHAIIEHNE WX B COOTBETCTBUE C MPOCKTOM «MoOAEpHU3anusl OHKOJIOTHYECKUX
yapexaeHnit PY3y, mpuBiekatoTcs MpoeKTH TeXHUIecKoi koorepanun ¢ MATATD u ap.

B muane koHTponst pabOTHI OOBEKTOB INEPBOM KaTeropuu, ycwinss MUHHCTEpCTBa
3apaBooxpaHeHus (M3) HanpaBiieHb! Ha:

1. Beinauy pagualiiOHHO-TUTHEHUYECKHX MTaCIIOPTOB;

2. KoHTpOIIb BBITIOJIHEHUSI HOPM paIUalliOHHOM 0€3011acHOCTH;

3. KoHTpoJ1b KauecTBa TMarHoCTUYECKOTO U TeParieBTHYECKOT0 000pyJOBaHHUS;

4. InauBuAyanbHBIA 103UMETPHUUECKUI KOHTPOJIb IEPCOHANIA;

Panee ObLT IpOBEICH aHAIN3 CYLIECTBYIOIINX HEOCTATKOB OHKOJOTUYECKON CITYKOBI 1
OBUIH BBISIBJICHBI HIKECIIEAYIOIUE IPOOIIEMBIL:

1. HenocraTok KBaJIM(HUIIMPOBAHHBIX KaJIpOB.

2. Ycrapesiee 000pyIoBaHHE.

3. He pa3paboTaHbl HallMOHAIEHBIE METOANKH KaJTHOPOBKH 000PYIOBAaHHS.

4. Henoctatok METOAMYECKON JOKYMEHTALIMH.

B »3T0i1 CcBA3M TOCYHAapCTBOM CTalM NPEINPUHUMATHCS YCHIMH MO TOATAHOMY
UCTIPABIICHUIO NMEBIINXCS HEJJOCTATKOB.

Tak, HBIHE CyIIECTBYIOIIAasg 4YeTKas CHCTEMa 3aKOHOJATENIbHBIX W HOPMAaTHBHO-
IIPABOBBIX aKTOB MO3BOJISIIOT B JIOJDKHOM Mepe o0ecreduBaTh paJHaliOHHYIO
0€3011acHOCTL OOBLEKTOB, B MX YHUCIIE:

1. JlunensupoBanue Buma mestenbHOCTH (M3) H  JEATENBHOCTH, CBSI3aHHOW C
HCIIONB30BaHUEM HCTOYHHKOB HOHM3UpYromiero nanydenus (Kabunerom Munnctpos PVY3)
B cooTBeTcTBHE ¢ [locTanoBiennem Kabunera Mununctpos Pecrryonukn V3oekucran (IIKM
PVY3) Nelll «O0 yTBep:KIeHUH TIOJOXEHUS O JIICH3UPOBAHUN JESITEIHPHOCTH B 00JIacTH
000pOTa UCTOYHIUKOB HOHU3UPYIOIIETO UTydeHUs» oT 6 maprta 2004 T.

2. ®uznueckas 3amuTa 00bEKTOB MpoBOAUTCS B cooTBercTBHE C IlocTanosnennem I'M
«CanoatreokonrexHazopat» u M3 «O0 yrBepkaenun IlpaBuin ¢Gu3MYECKOl 3alIUTHI
paAnaOHHbIX UCTOYHUKOB, SIEPHBIX YCTAHOBOK, AJEPHBIX MaTE€PHUAJIOB, PaAHOAKTHBHBIX
BEIIECTB M ITyHKTOB xpaHeHms» 3a Ne01-1028 m Nel012-1/2304 ot 27.08.2008
COOTBETCTBEHHO.

3. IlocTosHHBIH y4YeT W KOHTPOJh WCTOYHHKOB HOHM3HMPYIOMIETO W3IyYCHUS B
cootBercTBHE ¢ [TIKM PV3 3a Ne98 ot 03.04.2009 «O06 yTBEp>KACHUH IPABWI OpPTraHU3ALNN
CHCTEMBI TOCYAapCTBEHHOTO yUeTa M KOHTPOJISI 32 000pPOTOM MCTOYHHKOB HOHH3UPYIOMIETO
menyueHus» u Ne231 or 13.08.2009 «OO6 yTBepkACHUW TIOJOXKEHHH O TOPSAKE
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TOCYIapCTBCHHOTO y4eTa M KOHTPOJs 3a OOOpPOTOM pPAJMOAKTHBHBIX BEIISCTB U
PaauoOaKTUBHBIX OTXO/O0B, a TAKXKE SJCPHBIX MAaTEPUATIOBY.

4. MopaepHu3anus, CTpOUTEILCTBO HOBBIX OTAENEHUH, TEXHUYECKOE MEPEOCHAILECHUE
OHKOJIOTUYECKUX TUCIAHCEpOB M TMepe3apsalika pPaJuoTepaneBTHUECKUX —amnnapaToB
MPOBOAMUTCS B COOTBETCTBUE C HHBECTHIIMOHHBIM MPOEKTOM Mexay llpaButenscTBOM
PecnyOnmkn  V30ekucran (I'ocymapcTBeHHBIH CeKkTop 3apaBooxpaHeHus) W Mciaamckum
6anxom pazButus (BP) «MoaepHU3aIus OHKOJOTHIECKUX YUPSKICHUH PY3y.

5. O0OyueHure W MOBBIICHUE KBATH(PHUKAIIIH MEAWIIMHCKIX W WHXCHEPHO-TEXHUUECKUX
KagpoB B cooTBeTcTBHE ¢ 3akoHOM «OO0 00pa3oBaHWW» U TIOJ3aKOHHBIMU aKTaMH
MPOBOOUTCS IO CIEAYIOMmed cxeme: OakajgaBpHaT — Marucrparypa WIH TIepBHYHAS
cnenuanm3anus — Kypc mo «OCHOBaM paIWalMOHHON O€30MacHOCTH» - TeMaTHIeCKHe
HallUOHAJIBHBIE M MEXIYHapOAHBIE YCOBEPIIEHCTBOBAaHUS. Takxke, B COOTBETCTBHE C
onmyOJIIMKOBAaHHBIM 0OOIMM  yBenomiieHueM 1o 3akynkam (GPN) B pamkax mpoekta
«MogepHuzanys OHKOJIOTUYECKUX yupexaeHudd PY3», mnpeanpuHumaeTcss MOIXOM
nostanHoro  oOyweHus: @Paza 1. OOyueHHEe TPEHEPOB B  COOTBETCTBYIOIIEM
CreMaIn3upoBaHHOM yyeOHOM 1eHTpe. Paza 2. TpeHepsl OyAyT NPOBOJAUTH AATbHEHITYIO
MOATOTOBKY KaJpOB, IPAKTUKYIOIINX B Y30eKHCTaHE.

6. BHeApSIOTCS anrOpUTMEI JICUSHHS MAIIIEHTOB U CTaHIAPTHI.

7. TpaHCIIOPTHPOBKA AaKTHBHBIX H OTPaOOTaHHBIX HWCTOYHHKOB TIPOM3BOIHNTCSI B
cootBerctBHe ¢ [IKM PVY3 Ne35 16.02.2011 «OO06 yTBep>KACHHU NpPaBWI TEPEBO3KU
OITaCHBIX TPY30B aBTOMOOMIIEHBIM TPAHCIIOPTOM B PVY3».

8. IlpemympexxneHne panualliOHHBIX aBaphUil W aBapHHBIX CHUTYaIlls, a TaK JKe
TOTOBHOCTh OT/CJICHMH K HUM omnpenenserca B coorBercTBue ¢ [IKM PVY3 Ne358 or
20.12.2012 «O6 ytBepxnaeHuu IlomoxeHus o0 eOMHOM TOCYZApCTBEHHOM cHcTeMe
MIPOTHO3UPOBAHUS, PAHHETO BBISABICHUS U pEarupOBaHUs Ha PaJUAllMOHHBIE aBApUN».

Pemennem npoGIIeMHBIX BOIIPOCOB BUIUTCS:

1. OrkpeiTe HampaBnenus «MenunuHckas ¢usuka» Ha 0aze HanmonansHOro
yHHBepcHuTeTa Y30ekucrtana uM. M. Yiyroeka.

2. Peamuzamus 1 stama 'ocynapcTBeHHO# nporpaMmel passutust Ha 2012-2016 rr. mo
3aMeHe BCEro MapKa JUAarHOCTUYECKOTO U TEPAleBTUIECKOTO 000PYIOBAHHS.

3. Ucnonp3oBanue pekomeHmannii MATATD u pa3paboTka HAIMOHAIBHBIX METOJIUK
KaJTHOPOBKU 000PYIOBAHUS.

4. IIpuBrieueHre MEKIYHAPOIHBIX M HAIMOHAIBHBEIX YKCIEPTOB K aHAIH3Y JATbHEHIITNX
MOTPEOHOCTEH CITYIKOBI.

5. OpraHuzanusi TEpPPUTOPHUAIBHBIX LEHTPOB MO OOECIEYEHUIO KOHTPOJIS KadecTBa
paboThI JMATHOCTHYECKOTO ¥ TEPANEBTHUECKOr0 000py/I0OBAHUS B PETHOHAX CTPAHBI.

6. Mertposornueckoe oOecreueHHe JUTUTUMHOCTH pabOoThl JHArHOCTUYECKOrO H
TEPaneBTHYECKOTO 000PYIOBAHUS U KAIMOPOBKA.

Kak moka3piBaeT npakTHka, TOJBKO KOMIUIEKCHBIN, MO3TANHbIA W LEJeHANPaBICHHBIH
MOAX0M, C JOCTaTOYHBI (H)MHAHCHPOBAHHEM, IO3BOJHUT JOJDKHBIM 00pa3soM pemuTh
poOJIEMHBIC BOIIPOCH H JaTh Pa3BUTHE OHKOJIOTUYECKOH ciryx0e, 9TO U MpeIIPUHIMACTCS
ceituac B Y30ekucraHe.
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BruiuB po34YMHHUKA HA BJACTHUBOCTI NPOTUILYXJIMHHOT0 AHTHOIOTHKA
Joxcopybiumn
M.A. 3abomoTHui 1, H.A. Tonysin 1*, I'.I. loBOemxko 2, M.H.Kyniml,
O.H.I[MI/ITpeHKol,MI/BHHKOB N., Ctpenbuyk B.B.?

1) Kuiscoxuii nayionanvnuii ynicepcumem in. Tapaca [llesuenxa
2) Incmumym ¢izuxu HAHY
3) Incmumym ¢hizuxu nanisnposionuxis im. B.€. Jlawkapvosa HAH Yxpainu
*poluyannadia@gmail.com

JlokcopyOIlMH TiIPOXJIOPHI — aHTUOIOTHK aHTPALMKIIIHOBOTO DAY, SKHH Mae BHCOKY
NPOTUIYXJIMHHY Ta TNPOTHJIEHKO3HY aKTHUBHICTh NPH HU3BKIM BHOIpKOBOCTI nii, IO
TOBOPHUTh TPO HeoOXimHicTh Moaudikauii mnpenapary, 3 METOI 3MEHIICHHS HOro
TOKCHYHOCTI Ta/a00 miBUINCHHS e()eKTUBHOCTI.

B ounmieHoMy BiZ TBEpAOTIIBHUX JAOMIIIOK 3pa3ky BoaHoro po3uuny NaCl, mpucytHi
ra3oBi YacTKH MiKpOHHOTO MacmTaby - 6abCToHH.  IX CTabinbHiCTH 06YMOBIICHA
ancopOIIi€ero Ha X MOBEPXHI 10HIB OJJHOTO 3HaKYy.[ 1]

MeToro poOOTH € BHBUYCHHS MEXaHi3My BIUIMBY 0aOCTOHIB Ha KOH(IpMamiiHUN CTaH
MOJIEKyNT AokcopyOinuay. s mporo Oymo 3HsATO [Y CHekTpw YHCTOro mpemapary Ta
3pa3KiB CyMilleil 3 HEONMPOMIHCHWM Ta ONMPOMIHEHHUM PO3YMHOM I 1H(Y3iH, B sSKOMY
nependavdaeTbcs YTBOPEHHS CTAaOUTBHUX Ta30BUX IOPOKHUH HAHOMETPOBHX PO3MIpIB.
Pesynbratu npeacrasieHi Ha Puc.1.

TeopernyHa uyacTMHa BHKOHaHOI poOOTH BKitouae B cebe pospaxyHok [Y crekTpi

MOJIEKYJTH JOKCOPYOIlMHY y mporpaMHomy nakeTi Gaussian merogom DFT B3LYP y 6asuci
6-31G.

Dox onpominenuii 10 kI'p

Dox+NaCl onpom. 10 kI'p

0,06 Dox+NaCl onpom. 40 kI'p

A Dox+NaCl onpom. 80 xI'p
Dox+NaCl

‘ 1324

0,03 \
I I

Koed. nornuuanss, B. 0.

2655

0,00

T T T T T T T T T T T
600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600

-1
XBHJIbOBE YHCIIO, CM

Puc. 1 TlopiBusHHA excnepumeHTanbHuUX [Y cnekTpiB po3umHiB JlokcopyOinnHy 3
(1310JIOTIYHAM PO3YMHOM, ONIPOMiIHEHNM enekTpoHamMu 3 E=1 MeB pisHuMu no3amu
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PesynbraTi po3paxyHKiB BKa3zylOTh Ha 3MiHYy KOH(OpMalii MOJIEKYIH JOKOpYyOIiluHY,
IOpyd  BpaxyBaHHI pPO3YMHHMKA B paMKax Moxesi (yHKUIOHamy TyCTHHH, IIO
HiATBEPKYETHCS, TIPH MOPIBHSAHHI 3 EKCIIEPUMEHTAILHUMH CIIEKTPAMH.

1. H.®.byukun, A.B.lkupun, B.A.Koznos, A.B.CrtapocBerckuii, II.C.Urnarbes,
KBasuctabunbHble KiIacTephl HAHOMY3BIPHKOB PACTBOPEHHOIO ra3a B BOJAE M BOJIHBIX
pacTBOpax 3JIEKTPOIUTOB.- HaHOoCcHcTeMH, HaHOMaTepianu, HanoTexHoorii 2011, 1. 9, Ne2,
cc. 499—504
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Unique properties of water: effects of low temperatures and
confinement, medical applications
A.V. Chalyi

Department of Medical and Biological Physics, Bogomolets National Medical
University, Kyiv

Problems going to be discussed are as follows:

Anomalous behavior of water at the temperature of the “no man’s land”
(® —45°C ).

Existence of two densities in a supercooled water with different behavior near
the low temperature of dynamic phase transition.

Effect of hydrophobic confinement in water to avoid freezing and vitrification.

Dimensional crossovers between 3D and 1D, 2D and 4D systems.

Physical properties of water and aqueous solutions, its medical and biophysical
applications.
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Biocompatible and absorption properties of SiO2, CaO and automated
systems of anisotropy processing
Onanko A., Kulish M., Prodayvoda G., Onanko Y., Dmitrenko O., Kovalova
D., Yakimchuk D.

Taras Shevchenko National University of Kyiv
onanko@univ.kiev.ua

Thin oxidic film, which appears on the alloys surface and its alloys provides the
complete corrosion protection of metal in many environments including physiology.
Endoprosthetics - are the basic method of treatment of pathology of thurl, which allows to
deliver a patient from claudication and pain.

Experimental results. The quasilongitudinal US velocity V[[[001] = 5270 m/sec was
2

. . . . E,,, = pV
determined from the oscilloscopegramma on fig. 6 elastic module % Plaoog = 7526
GPa; “fast” quasitransversal US velocity V-A{100] = 2740 m/sec, shear module

Gyoo = N oiogr .
100 = Ao — 18,84 GPa; after Puasson coefficient p = 0,2996, Debye temperature 6D =
267,0 K SiO2. Temperature-pressure dependence (directional surface of elastic body) of

1
pVJ.OOl2 3+72
1_(V||001J
Viooy SiO2 before and after the satiation
kg
of physiological solution NaCl pNaCl = 180 m3 are represented. The longitudinal US

2
velocity V|| [001] = 5270 m/sec, elastic module Bon=Vyooy — 75,26 GPa “fast” transversal

2
) E -
elastic module 001 p(ﬁ i -

2
US velocity V--1[100] = 2740 m/sec, shear module Guon =Mooy — 18,48 GPa, Puasson
coefficient p = 0,2996, Debye temperature 6D = 267,0 K of CaO are determined. The

s 2
longitudinal US velocity V||[001]S = 5845 m/sec, elastic module Boow = Aoy — 92,58

S 2
GPa, “fast” transversal US velocity V--1[100]S = 3200 m/sec, shear module Goy =Mooy =
27,75 GPa, Puasson coefficient uS = 0,2860, Debye temperature 6DS = 319,3 K of CaO

kg
after saturation pNaCl = 120 m3 are determined. The defect of internal friction (IF)
AQfl 7Q715—Q713k |g[i)
0! o : P :
% and US attenuation coefficient h were determined from the

oscilloscopegrammas of corresponding impulses polarization VP[001] in SiO2 before and
after the satiation VP[001]H, from In of amplitudes relationship Al, A2, (A0 — without

-1
specimen) Q 7 are represented.
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Conclusions. 1. The correlation between elastic module E, pressure P and temperature T
may be presented az surface (“directional surface of elasticity body”) before and after
satiation, which gives additional information about influence of the saturation of solution.

2. The measuring of internal friction background Q-10 after different heat, mechanical,
radiation treatments gives information about the changing of the thermoelastic strains fields
oi in Si02, CaO.

3. The growth of heights IF maximums QM-1 testifies the growth of structural defects
concentration, and the broadening of IF maximums AQM-1 here represents the relaxation
process of structural defects new types in SiO2, CaO.

4. The automated system of the numerical analysis of anisotropy parameters measurings
of ultrasound velocities are created, which provide the account of influence texture
structure. The automated system of ultrasound measuring of anisotropy parameters data of
velocities of elastic longitudinal,"rapid” and "slow" transversal waves are tested.
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Difractive-refractive microprisms for redusing chromatism area
Novikov P. K.

Faculty of Radiophysics, Electronics and Computer Systems,
Taras Shavchenko National University of Kyiv
novikovpk@gmail.com

Abstract: The ways of reducing chromatic abberations, the structure and surface relief of
diffractive-refractive antichromatic microprisms have been analyzed, optimal properties of
such devices have been calculated.

Chromaticism is unpleasant phenomenon since it reduces the visual acuity of the patient,
distorting the results of diagnostics and treatment. To reduce chromatic aberrations, first of
all, it is necessary to use materials with higher Abbe dispersion coefficient:

-1
K, =100 e D
Ny —Ne

Ne ny

where - refractive index of material for the green zone of the spectrum;

refractive index for the blue zone; Ne . refractive index for red zone [1]. The materials most

k, =58

frequently used for manufacturing are PMMA - polymethylmethacrylate ( ) or

plastic CR 39 (k - 58) instead of, for example, polycarbonate (kA - 32), polyurethane

(A k ) or polystyrene ( 30)

At the same time, there is a purely physical method of influencing the nature of
chromatic effects associated with the use of special refractive-diffractive microprisms with
double relief [2].

Scheme of refractive-diffractive antichromatic structure at normal angle of incidence of

beam of light on the refractive prism is shown in Figl, where W s step of microrelief, H.

nominal depth of relief, ar . refracting angle of prism, B reverse angle of prism, 0
angle of the beam declination on the refractive prism , D . step of microrelief, h- nominal

r-

depth of relief, % refracting angle and 04 - angle of refraction of the beam after the
diffraction grating.
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IIpecunanTHyHAa MOAYJIsilisl MpoleciB 30y/1KEHHSI TA TAJIbMYBAHHS B
IHTECTHHAJIBLHUX IVI1aJIeHbKUX M'sI3aX 32 /il HAHOPO3MipHOT0
marepiaay TiO;

Haymenko A.M.", IlumGamok O.B.%, Cxopuk M.AZ2, Hunopko 0101,
JlaBu10BChKa T.H.l, CKpHUILIeBCHKUI B.A!

1) Kuiscoruil nayionanvruil ynisepcumem imeni Tapaca Illesuenxa,
Inemumym sucokux mexuonoeiu
2)"Jlabopamopis (izuxo-xiMiuno2o ananizy Hanomamepianie" xomnanii
"HanoMeoTex"
e-mail: ganna.naumenko@gmail.com

VY pob6oti 6yno mocnimkeHo airo giokeuay Tutany (Ti02) y konuentparisx (10-6 - 10-3)
MI/MJT Ha BHKJIMKaHI TICTAMIHOM CKOPOYCHHS riiafeHbkoM 's130BuX cMyxok (I'MC) caecum.
Bcranorneno, mo TiO2 y xonuenrpanii 10-3 mr/miu 30iIbLIye BEIMYMHY CKOPOYEHHS
M’S30BHX MpenapariB , akTHBoBaHuX ricraminoMm (10-5 Monb/n), ane He BIUIMBaE Ha
BUKIHKaHe HIKOTHHOM (10-5 Mosb/m) Ha ¢oHi Ail rictamMiHy iX po3ciabiieHHs, BEIHYHHA
SIKOTO 3aJTMINANAch Ha piBHI KOHTpoutro. Beranosneno, mo TiO2 y koHmeHTpamii 10-3 mr/mir
MPU3BOANTE 10 3MEHIICHHS BeMWYMHHA CcKOpodeHHS [MC, BUKIMKaHOTO HIKOTHHOM Y
koHneHTpanii 10-7 Mons/1 Ha ¢oHi minBumeHoro ricramidoM (10-5 Moms/) M's;30BOTO
TOHYCY.

JocaimkyBanu TakoK KymyistuBHy nito TiO2 y konnentpariisx (10-6 - 10-4) mr/mir Ha
ricramin- (10-5 Monb/x), a Takox HikoTuH- (10-7 Mons/n) BukiukaHi Ha (OHI TicTamiHy
ckopoueHHs 'MC caecum. Yac amutikanii TiO2 y koxHiH 3 KOHIEHTpauiii ctaHOBUB 20 XB.
BcraHoBneHo, 1o y MOpiBHSHHI 3 KOHTposieM, noiaBaHHs TiO2 y 3a3HaYeHHX BHIIE
KOHLIEHTPALISIX CYMPOBOKYBAIOCH IPUTHIYEHHSM SIK TiCTaMiHOBOTO CKOPOYEHHS, Tak i
CKOpOYeHb TiazeHbkux M's3iB (M), onepkaHux y BIANOBIIb HA aruliKaliio HIKOTHHY Ha
¢oHi aii ricraminy.

Bymo nposeneno nocmimkerHs kymynatuBHOI i TiO2 (10-7-10-4) mMr/mit Ha TIIageHBKI
M’SI3U caecum, akTHBOBaHi aneTmixoniHoM (AX) y konnerntpamnii 10-5 Moms/1 Ta AX y
MoeqHaHHI 3 arutikamiero HikotuHy (10-7 Monp/m). Sk 1 y momepemHix mociigax, dac
arutikanii TiO2 y kokHIH 3 KoHIeHTpamid craHoBuB 20 xB. BcraHoBieHO, MmO 3a
npucytHocTi TiO2, BinOyBamock 3HauHEe 3MEHIICHHS (Pa3HOTO KOMIIOHEHTA aleTIIIXOJiH-
IHIYKOBaHUX CKOpoueHb ['M, Tomi sSK HOro BiAHOWIEHHS OO TOHIYHOTO KOMIIOHEHTa Yy
MOPIBHSIHHI 3 KOHTPOJIEM HE 3MIHIOBATIOCh. 3a IUX ke YMOB, (ha3HHIT KOMIIOHCHT CKOPOUYCHb
I'MC, ozxepkaHuX y BIAINOBIZb Ha AIUTIKAIIO alETUIXONIHY Ta HIKOTHHY TAKOX 3aJIUIIABCS
6e3 3MiH, TOJi K HOT0 BiTHOIICHHS IO TOHIYHOTO KOMITIOHEHTA y MOPIBHAHHI 3 KOHTPOJIEM
3HAYHO 301MBIIyBaNOCh 1 HaOyBasio HAWOUIBIIOTO 3HA4YEHHS IpH KoHMeHTtpaunii TiO2 10-4
MT/MIT.

JocnimkyBanu Takox kKymyssatuBHy miro TiO2 (10-6 - 10-4 mr/mi) Ha BHKIMKaHE
ricraminoM (10-5 Mounb/n) Ta HiKoTHHOM (10-7 Monb/a) ckopodeHHs KinbleBux ['M
LNUTYHKY [IypiB Ha ¢oHi nxii ricramiHy, a TakoXX Ha TilEpKali€eBy KOHTPaKkTypy Ta
ckopoueHHs, Burimkani AX (10-5 Momnb/m). BeranoBieHo, mo y KOHTpOJIi BEJIHYHHH
rictaMiH- Ta HIKOTHH-IHAYKOBaHHX ckopodeHb [MC NIIyHKY 3HAYHO NEpPEBUIYBaU
aHAJIOTIYHI CKOPOYCHHS TIAJACHBKHUX M’s3iB caeccum. JlocmipkeHHs mokaszano, mo TiO2 y
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3a3HAUYEHUX KOHIEHTpAUisiX BHUKIMKAB 3HA4YHE 3MEHLICHHS BEJIMYMHU CKOPOYCHB
IJIaICHBKUX M’sI31B, OJIEpKaHUX Y BIAMOBIAL HA aIlIiKalilo ricTaMiHy Ta HIKOTHHY Ha (oHi
Iii ricramiHy, a TaKOX 3MEHIIEHHS (pa3HUX KOMIOHEHTIB alleTUIIXOJIIHOBOTO CKOPOYCHHS Ta
rirnepkagieBoi KOHTPAKTYpH.
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A model of light-activated changes in reaction of purple bgcteria
M. A. Zabolotny*, M.P. Kulish®, M. A. Drapikovskyi'",
Y. M. Barabash?, L. Korobko®

1) National Taras Shevchenko University of Kyiv
2) Department of Physics of Biological Systems, Institute of Physics,
Natl. Acad. of Sci. of Ukraine.
* drapikovskyi.maksym@gmail.com

It is known that the absorption of a quantum of light in the reaction centers (RCs) of
purple bacteria Rb. sphaeroides R-26 causes the photooxidation of the primary donor of an
electron, a bacteriochlorophyll dimer (P). Thereafter the excited electron appears at the
primary (QA) quinone acceptor, passes through a number of intermediate carriers, and then
gets into the terminal quinone acceptor (QB) [1--3]. The process of localization of an
electron at quinone acceptors is defined by the state of intraprotein hydrogen bonds (which
are formed, in particular, with participation of water molecules of a solution) and the
protonation of the nearest amino acid residues by ionogenic groups and is accompanied by a
conformational rearrangement of the molecular complex of RC [2--5]. The information
about regularities defining the character of light-activated structural transitions of
biomolecules is of independent interest. The conformation determined the bioactivity of a
molecule, and the control over structural transitions opens a possibility to use them in
molecular electronics.

Despite the great number of publications devoted to the study of photoinduced processes
running in RCs, there are the great number of obscurities in their theoretical comprehension.
Far from being completed is the development of a model allowing the adequate description
of the intramolecular dynamics of an electron under the action of exciting light. The
complications arising in this case are caused by both the great number of stages of the
process of electron transfer inside the complex of RC and the variety of the transition
channels for an electron inside RC. In the simple case, it is considered that RC can be
represented in the form of a protein matrix containing some built-in molecules (redox-
cofactors) which manifest the donor—acceptor properties relative to the light-excited
electron. The electron leaves the donor, a bacteriochlorophyll dimer, appears at the primary
quinone QA, passes a distance of 30—40 E through a number of inremediate states, and is
stabilized at the secondary quinone-acceptor QB, by generating, in this case, the difference
of potentials on a photosynthetic membrane. The displacement of the electron induced by
exciting light can be described [5] in the frame of of the three-level model with the level of
acceptor QB which slowly varies in the process of electron transfer. A change of the energy
level of QB is defined by structural transitions in RC and polarization processes in its
environment. A change of the energy characteristics of RC must lead to a change of the rate
constants of photoinduced electron transitions. At the present time, the kinetics of these
most important characteristics of RC is studied slightly. The posed problem [2, 5]
concerning the electron transport in RC is complicated, and therefore the additional
simplifying assumptions are used in its analysis [2, 5]. Two of such assumptions are the
quasiequilibrium behavior of the ratio of the electron populations on quinones QA and QB
and the independence of this ratio on the intensity of exciting light. The conditions for these
assumptions to be valid require the additional analysis.
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The nature of interaction of copper nanoclasters with the antibiotics
D.O. Kovalova®’, O.P. Dmytrenko®, M.P. Kulish®, T.O. Busko®, O.L. Pavlenko',
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®Chuiko Institute of Surface Chemistry, NASU
*kovaloyvadaria@mail.ru

Ceftriaxone is one of the effective bactericidal antibiotics used in modern medicine. But
there is a tendency to reduce the effectiveness of Ceftriaxone therapy because of the
emergence of insensitive bacteria. There are evidences of the conjugation of drugs to
nanoparticles enhances their potency.

The interaction between copper nanoparticles and Conjugate of copper nanoparticles
with Ceftriaxone were investigated by the optical spectroscopy and quantum-chemical
calculations. Also we have investigated the interaction with peptides, lipids and
carbohydrate components of the bacteria cell wall.
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Fig.1. The UV-vis spectra of Conjugat of copper nanoparticles with Ceftriaxone (4) and
Conjugat of copper nanoparticles with Ceftriaxone with: Alanine (1),glycine (2), glutamic
acid (3), lysine (5)
Most probable that the antibacterial action of Conjugat of copper nanoparticles with
Ceftriaxone for the cell membrane occurs due to interaction with a glutamic acid and lysine.
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Magnetic Isotopes as New Trend in Anti-Radiation Defense: “Teaching

Comes from Kiev”
V.K. Koltover

Institute of Problems of Chemical Physics, Russian Academy of Sciences
* koltover@icp.ac.ru

It is well known that biological systems are constructs, i.e., structures designed with the
aim to perform predetermined functions. For example, a function of any enzyme as a
biomolecular construct is to catalyze the preset biochemical reaction. As devices with
dimensions of the order of tens angstroms, enzymes are assigned, in modern terminology, to
objects of “nanoengineering” — a catchall term for engineering devices sized between 1 and
100 billionths of a meter. As it is, it brings such devices down to intrinsic instability of their
functional parameters due to thermal, mechanic and other fluctuations. This inevitably
decreases reliability (“robustness”) of such a device, i.e. — its ability to perform the preset
function for the given time under the given conditions [1].

At the same time, all biomolecular nanoreactors, like other cell constructs, are composed
from atoms of chemical elements. Many of the chemical elements have magnetic and
nonmagnetic stable isotopes. Meanwhile, magnetic fields of atomic nuclei of some stable
isotopes produce intramolecular magnetic fields which are 10-100 times greater than
terrestrial. This raises the question of weather magnetic isotopes have influence on living
cells along with the question of whether the magnetic isotopes could be of practical use in
therapy. Of special interest is cation of magnesium, Mg2+, as obligatory cofactor of the
enzymes of ATP synthesis and hydrolysis, etc. This element has three stable isotopes,
24Mg, 25Mg and 26Mg, with natural abundance about 78.7, 10.13 and 11.17 %. Only 25Mg
is the magnetic isotope (huclear spin | = 5/2) producing the magnetic field, whereas 24Mg
and 26Mg are the nonmagnetic isotopes (spin-less, nuclear spin | = 0)

Here | present a mini-review of the recent works of our group in which we have
revealed, for the first time, the magnetic isotope effects of 25Mg (nuclear spin catalysis) in
vivo [2-5]. It has been revealed that 25Mg, by comparison with 24Mg or 26Mg, accelerates
adaptation of living cells to the stress conditions. The enrichment of yeast cells,
Saccharomyces cerevisiae, with 25Mg gives two-fold increase in the rate constant of post-
radiation recovery of the cells after irradiation when compared to the enrichment of the cells
with the nonmagnetic isotope. The beneficial effects of magnetic 25Mg were also detected
in experiments with another commonly accepted cell model, Escherichia coli. The bacterial
cells enriched with 25Mg adapt essentially faster to the novel growth media by comparison
to the cells enriched with nonmagnetic 24Mg or 26Mg.

The striking effect of the nuclear spin catalysis has been documented in the reaction
driven by one of the most important “molecular motors” of cell bioenergetics, myosin. In
cooperation with biochemists from Palladin Institute of Biochemistry, Kyiv, Ukraine, we
studied effects of the different magnesium isotopes, magnetic 25Mg and nonmagnetic 24Mg
and 26Mg, on Mg2+-dependent ATP hydrolase activity of the catalytic fragment
(subfragment-1) of myosin isolated from myometrium muscle. The enzymatic activity has
turned out to be 2-2.5 times higher in the presence of magnetic 25Mg than the activity of
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the same enzyme in the presence of the nonmagnetic isotopes or the activity with the natural
Mg (natural isotope abundance).

The discovery of the nuclear spin catalysis in living cells enables the potential
applications of the stable magnetic isotopes in biomedicine including synthesis of novel
anti-radiation (radioprotective) drugs, low toxic and, hence, suitable for long-term use as
nutrition additives.

Funding was provided by Russian Foundation for Basic Research (RFBR), project no.
14-04-00593a.
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The inhibition of proliferative activity of tumor cell lines LLC and LLC
/ R9 by modifying solvent of antitumor drugs
Kuzmenko M.0.", Kuzyura O.V.*,Solyanyk G.I.2, Zabolotnyi M.A.*, Dmetrenko
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Chemical synthesized antitumor drugs have a good bioavailability but high
toxic effects to normal tissues. On the other part, the natural drug has unstable
properties. It is know that the nanostructure modification of drugs can reduce
cytotoxic effects. In the recent years, oxyresveratrol has attracted
considerable interest for its beneficial effects for human health:
cardiovascular protective effects, anti-inflammatory properties, platelet anti-
aggregate and antitumor activity. However, the utilization of beneficial
effects of the oxyresveratrol is limited. This molecule is an easily oxidizable
and extremely photosensitive. The oxyresveratrol able to exhibit antioxidant
properties in a range of concentrations 1pM 20 uM relative to hydrogen
peroxide, and within 0.02-20.0 nM concentrations to detect superoxide
dismutase activity. Meanwhile, at higher concentrations (0.2-2.0 mM) he
shows prooxydative properties. The goal of the research is to study the
change of the conformation of the molecules under the influence of
irradiated solvent and the interaction between oxyresveratrol with free
radicals, reactive oxygen species and theirs metabolites. The solvent had
translated to excited metastable state under the influence-absorbed radiation.
It is explained the babstone existence (nanoscale air bubbles surrounded by a
double electric layer) in the irradiated solvent.

The saline was irradiated at a linear accelerator pulse (PLA-6) with
energy 2 MeV, absorbed dose was 10 Mrad. During the exposure of the
saline, his temperature increased to 25C°.

The cell lines were planted on 15,000 cells in 0.1 ml standard

environment in 96 well plates.

Assessed impact on oxyresveratrol in normal saline and irradiated saline for viability of
the cell lines LLC. There was a significant inhibition of cell proliferation activity using
irradiated saline.
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Electronic skin: determinant level of external STIMULI
Kratko S.A., lvanyuta O.M.
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Biological skin has no parallel in the world of today’s electronics skin (e-skin). The
prototype of biological skin can be e-skin. Its implementation will be a revolution in areas
such as robotics a rich sense of tactile presence and medicine, especially in the autonomous,
prosthetics and telemedicine. Most of these designs require a complicated maze of wiring,
each signal output to multiplexing arrays and the central digital processor must be diluted in
time and space. Although it is possible, and some methods of wireless communication, but
they are not included in the concept of e-skin. Practice e-skin requires a distributed set of
network hubs data for processing digital inputs sites sensors.

Recent noteworthy achievements in the use of functional materials and the optimization
of device design are convincing solutions to mimic the unique features of human skin. The
pressure sensitivity of sensors is dramatically enhanced with the use of transistors with
structured gate dielectrics, which enables the active matrix to reduce signal crosstalk
between pixels and promotes rapid addressing and low-power consumption. The fabrication
of multifunctional e-skins is an essential research goal to satisfy industry requirements for
various applications. Highly integrated electronics for the detection of multiple stimuli are
the subject of many investigations. With the aid of newly emerging technologies and the
preparation of ultrathin sensors, these efforts have received substantial attention in the field
of health monitoring and medical implant services.

The production of devices with low-power consumption or self-powering ability remains
a topic worthy of in-depth study. The different types of artificial smart e-skins are urgently
required for emerging fields in healthcare, including health monitoring, prosthesis
techniques, and clinical medicine. Similar to real human skin that can adjust and provide
feedback in real time according to the different types of external stimuli via the peripheral
nervous system, future e-skins will also intelligently respond to variations in the external
environment based on novel information transmission technology, which has a bright future
for the development of e-skins.
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Biochips: a tool for monitoring health
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Companies formerly occupied by developments in electronics and pharmaceutical
industry began to implement in practical medicine research and development in the field of
molecular medicine. They went beyond the formal diagnosis, and no reason to speculate on
the circumstantial evidence on the causes of the disease. Laboratory diagnosis of the XXI
century - a diagnosis of Hi-Tech, based on the latest achievements of molecular biology,
requires a minimum of material, a minimum of time, and gives the most reliable information
through a variety of microarray (biochips).

They allow you to find in a short time to identify thousands of different Genetic defects,
oncogenes, allergens, markers that correspond to specific diseases, certain viruses, bacteria,
cancer cells, and to identify a wide range of drugs, hormones, drugs, poisons, pesticides
almost any test material - blood, saliva, perspiration, water, food, air or soil samples. In the
near future biochips replace the entire diagnostic laboratories with their numerous staff and
cumbersome, often very expensive equipment thus will increase to thousands and tens of
thousands of times the performance of most diagnostic methods and to drastically reduce the
cost of testing.

Biochip is a solid support on which cells are applied sectional with a substance - reagent.
All reagents are arranged in a specific order and interact with the molecules of the test
sample as keys to locks. When applied to the biochip test sample (a drop of blood, saliva,
etc.) In place of the chip where there is a match (complementarities) between the analyzed
molecules and the probe molecules, a new product is formed, which is determined on the
basis of the analyzing equipment electrical phenomena.

Thus, there is every reason to hope that microarray technology will grow rapidly and,
quite possibly, any of us will soon be able to buy all the necessary equipment, "to at home to
dig into their own genome, looking for signs of disease or genetic predisposition to genius» .
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Collagen—hydroxyapatite composite scaffolds for tissue engineering
Kratko S.A., lvanyuta O.M.

National Taras Shevchenko University of Kiev
* segodnyal992@gmail.com

Biohydroxyapatite (bHA) of the apatite group, hydroxyl analogue Fluor and Hlor
appetites’. Is the main mineral component of bone (about 50 % of the total weight of the
bone) and the tooth (enamel 96 %) witch chemical radical to 2%. In medicine, synthetic
bHA is used as a filler, a replacement the lost the coating of implants facilitate the growth
new bone.

The ideal scaffolds should have an appropriate surface chemistry and
microstructures to facilitate cellular attachment, proliferation, and
differentiation. It should also possess adequate mechanical strength for
handling and a biodegradation rate without any undesirable by-products.
Both collagen and HA have been used in bone tissue engineering owing to
their excellent osteoconductive property to provide a relatively successful
means of augmenting bone growth. The composite scaffold of these two
natural materials has been proved to be more useful than a monolithic
component.. A strong potential to integrate architecture with surface
chemistry of the scaffolds has been shown. In vitro and in vivo performance
of collagen—-HA composite scaffold has been reported and discussed. It is
recommended that collagen-HA  composite scaffold used for
musculoskeletal tissue engineering should direct 3-D organization of cells in
vitro or in vivo. To achieve this, the structural properties of the collagen—-HA
scaffold should be refined in a way to provide a microenvironment that can
control the spatial organization of cells attachment, growth, and
differentiation. Such scaffolds will contribute to achievement of the goal of
musculoskeletal tissue engineering and regenerative medicine.

HA based composite will be promising biomaterial for bone tissue engineering. The
combination of bHA with polymer nanocomposites is best approach to construct artificial
bone. Combination of biopolymer with bHA can result in the expected 3D dimensional
scaffold as bone graft substitute with sufficient bone behavioral properties such as
mechanical strength. However, cell-material interaction, mechanical strength and biological
response of bHA based nanocomposites need to be analyzed in detail and further be
investigated for their biomedical significance. In addition, clinical studies are to be
performed on the bHA based composite biomaterial for the further biophysiochemical
implications.
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