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Menuyna ¢isuka — cy4acHHWH cTaH, npodjemu, nuissxu po3BuTKy. HoBiTHI TexHoJiorii.
30ipHUK HAyKOBUX TNpamb 2-r0 MibKHapomaHOro cemiHapy, 27 - 28 BepecHs 2012 p., m. Kuis,
KuiBcbkuii HamioHasHUH yHiBepcuTeT iMeHi Tapaca [lleBuenka, 2012. — 192 c.

Cratti, mo nyOmiKylOTbCs, SBISIOTH COOOK0 MaTepiand JOMOBiAa4YiB Ta YYaCHUKIB 2-TO
MDKHApOJHOTO ceMiHapy ,,MeawuHa (i3uka — Ccy4acHUH CTaH, MPOOJIEMH, HUISIXH PO3BHUTKY.
HogitHi TexHoMOTI1”, Ta Bi10OpaXkaroTh HAYKOB1, METOAMYHI Ta PAKTUYHI PE3YJIbTATH JOCTIKECHb,
CIIPSIMOBaHMX Ha BJIOCKOHAJICHHS HUISAXIB PO3BUTKY MEIMYHOI (Di3MKM B KpaiHax MOCTPAASHCHKOTO
POCTOPY, MOJAIBLIONO MPOCYBAaHHS HOBITHIX TEXHOJIOTIH HA PUHKY MEIUYHUX MTOCIYT.

CeMiHap MPOBOIUTHCS 3a iHINIaTHBOIO KHWIBCHKOTO HAIIOHAIBHOTO YHiBepcuTeTy iMmeHi Tapaca
[lleBuenka ta [lIBencbkoro perymntorodoro oprany (SSM) 3a ydgacTio ¢axiBiiiB 3 TPOBIAHUX BHUIIMX
HAaBYALHUX 3aKJIa/iB, MCIUYHHUX, HAYKOBUX Ta PEryiorunx ycraHoB kpain €C, binopyci, Pocil,
VYkpainu, a TakoX MpeICcTaBHUKIB 3 MiHICTepCTBa OCBITHM 1 HAayKH, MOJOJI HayKH Ta CIIOPTY,
MinicrepcTBa OXOpoHH 3H0poB’s, Jlep)kaBHOI 1HCHEKIT SIIEPHOTO peryaloBaHHS YKpaiHH,
AkaneMii MeqUYHHUX HayK YKpainu, HalioHalIbHOTO 1HCTUTYTY CTpAaTETiYHHUX JOCTiIKeHb. MeToro
ceMiHapy € 00’ eTHaHHs 3yCHIIb MKHAPOAHOT CIIIJIBHOTH B Taily3i OCBITH, HAYKH, OXOPOHH 3JI0POB’SI
Ta SAEPHOTO PETYNIOBAaHHS AJisl €PEeKTUBHOT MIATOTOBKU (DaxiBIIiB 3 MEIUYHOI (I3UKH.

OpranizaTopu ceminapy:

KuiBchkuit HarionansHU yHiBepcuteT iMeHi Tapaca Illeuenka (KHY);

HaBuanbHO-HayKOBHIA IEHTp paniamiitHoi 6e3nexn KniBChbKOro HamioHATFHOTO YHIBEPCUTETY iMEHI
Tapaca IlleBuenka; llIBencekuii perysrorwounii oprad (SSM).

CeMiHap MpoBOOUTHCS B paMkax Mpoekty “Support to development of quality assurance and
quality control in medical radiology, phase 2”.

Cnoncop ceminapy: TJB «CeBepomoHenbkuii 3aBoj  XIMIYHOTO  HECTAHJIapTHU30BAHOTO
o0JIaTHAHHS».

Opranizaniiinnii KomiteT:

T'onosa I'yoepcokuii JI.B., akanemik HAH Ykpainu, a.¢.H., npod.
Mixcnapoonuti  Anenaitue Jl., mpod. KayHachbkoro TeXHOJIOTTYHOTO YHIBepCUTETY, JIuTBa
Ca6ons 1., mpod. Yechkoro Texniunoro yHiBepcurery B ITpasi, Uexis
Uepnsie A.IL., mpopekTop, mpod. MOCKOBCHKOTO JEpKaBHOTO YHIBEPCUTETY M.
M.B. JlomonocoBa, Pocis
KHY Amnicimos 1.O., 1.¢.-M.H., ipod.
Acnamosa JL.I., nupexrop HHL panianinoi 6e3neku, x.0.H., C.H.C.
bynasin JI.A., akanemik HAH Ykpainu, 1.¢.-m.H., podo.
Bmxsa C.A., mpopekTop 3 HAyKOBO1 poOOTH, MI.T.H., Ipod.
Kymim M.IL., unen-xkop. HAH VYkpaiau, 1.¢.-M.H., npod.
Makapens M.B., 1.¢.-M.H., npod.
Ocramuenko JI.1., 1.6.1H., mpod.
['paboBcbka €.B., k.¢.-M.H. — cekpeTap ceMiHapy.
SSM besipano I'., kepiBHHK MPOEKTY

Marepianu BiITBOpEHi 3 aBTOPCHKUX OPHUTiHAJIB, IIOAAHUX A0 OPTKOMITETY, B aBTOPCHKIN pemaKiIii.
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MeanuuHckasi GuU3NKa — COBpeMeHHOe COCTOsIHHe, NMpodjaeMbl, myTH pa3BuTusa. Hoseiimme
TexHoJ0ruu. COOpPHUK HAyYHBIX TPYIOB 2-TO MEXIYHAPOJAHOTO ceMuHapa, 27 - 28 centsops 2012
r., T. Kues, KueBckuii HarimoHansHbIi yHUBepcuTeT uMenu Tapaca [lleBuenko, 2012. — 192 c.

[TyObnukyemble CcTaThU MPEICTABISIIOT COOOW MaTrepuaibl JOKJIATYUKOB WM YYaCTHHKOB 2-TO
MEXYHApOJHOI0 ceMHHapa ,,MenunuHckas (Gu3nka — COBPEMEHHOE COCTOSHUE, ITPOOIEMBbI, ITyTH
pa3Butus. Hogeiimme TexHOIOTHMH’, U OTOOPaXalOT HAyYHBIE, METOIMYECKHE M MPAKTUYECKHE
pe3yJbTaThl  HCCIECIOBAHUM, HANpPABICHHBIX HAa  YCOBEPIICHCTBOBAHWE IIyT€H  PA3BUTHUSA
MEIUIUHCKON (PU3MKM HA TIOCTCOBETCKOM IMPOCTPAHCTBE, AAJBHEHUIIET0 MPOJBMKCHHUS HOBEHIINX
TEXHOJIOTHI Ha PbIHKE MEAUIIMHCKHUX YCIYT.

CemuHap npoBOAUTCS MO0 MHUIMATUBE KHEBCKOro HalMOHAIBHOIO yYHUBepcuTeTa umMeHu Tapaca
leBuenko u IlIBenckoro perynupyromero oprana (SSM) mpu ydacTuu CreUaTIuCTOB BEIYLIHX
BBICIIMX Y4EOHBIX 3aBeJICHUN, MEAUIIMHCKHUX, HAYUYHBIX U PETYIUpYIOUMX opranu3anuii crpad EC,
Benapycu, Poccun, Ykpaussl, a Takke npeiacraButenieii n3 MuHUCTEpCTBa 00pa3oBaHUs, HAYKH,
MOJIOJEKH U cropTa, MUHHUCTEPCTBA OXpaHbl 3J0POBbs, 1'0CYy1apCTBEHHON MHCHEKUUHU SACPHOIO
peryimpoBaHusa Y KpauHbl, AKaJeMHUU MEIMIMHCKUX HAyK YKpauHbl, HalHOHAIIBHOrO MHCTUTYyTa
CTpaTernueckux uccienaoBanuid. Llenbro ceMuHapa ectb 00bEAMHEHHE YCHIMN MEXIYHAPOIHOTO
coo01iecTBa B 00JaCTH MPOCBEIIECHUS, HAYKH, OXPaHbl 30POBbs U SIIEPHOIO PETYIUPOBAHMS IS
3¢ heKTUBHON MOATOTOBKY CHEIMAIMCTOB 110 MEAUIIMHCKON (DU3HKE.

OpraHu3aTopbl ceMHHapa:

Kuesckuit HarmonanbHbii yHuBepcuTeT nMeHU Tapaca llleBuenko (KHY);

Y4eOHO-Hay4HBIH LIEHTp paJualMoHHON Oe3omacHocTH KnueBCKOro HaloHaJIbHOTO YHUBEPCUTETA
umenu Tapaca llleBuenko; [1IBenckuii perynupyromnuii oprad (SSM).

CeMuHap mpoBOIUTCS B paMKax mpoekra “Support to development of quality assurance and
quality control in medical radiology, phase 2”.

Cnoncop cemuHapa: TJ/IB «CeBeponoHEUKHil 3aBOJ, XWMHUYHOIO HECTaHAAPTU3HPOBAHOIO
000py1I0BaHUS

Opranu3alMOHHBII KOMUTET:

T'onasa I'y6epckuii JI.B., akanemux HAH Ykpaunsl, a.¢.H., mpod.
Mescoynapoonwiti  Anenaitne J1., npod. KayHackoro TexHoinoruyeckoro ynuepcurera, JIntea
Ca6oms ., mpod. Yemckoro TexHuueckoro yausepcutera B Ipare, Uexus
Yepusies AL, mpopekrop, mpod. MOCKOBCKOTO TOCYAapCTBEHHOTO
yHuBepcutera uM. M.B. JIomoHocoBa, Poccust
KHY AnuncumoB U.0., 1.¢.-M.H., pod.
Acnamosa JI.W., nupexrop YHI] paguanuonnoii 6ezonacHocty, K.0.H., C.H.C.
bynasun JILA., akanemuk HAH Ykpaussl, 1.¢.-M.H.
BroxBa C.A., mpopekTop 1Mo Hay4yHOU padoTe, MI.T.H., Tpod.
Kynum H.I1., unen-kop. HAH Ykpaunsl, a.¢.-M.H., npog.
Makapen H.B., n.¢.-m.H., mpod.
Ocramuenko JIL.U., 1.6.H., mpod.
I'paboBcbka €.B., K.¢.-M.H. — cekpeTap ceMiHapy.
SSM besapano I'., pykoBoaurens npoekra

MaTepI/IaJ'ILI BOCIIPOM3BEACHBI U3 aBTOPCKUX OPUTHMHAJIOB, IPCABABICHHBIX B OPrKOMUTET, B aBTOpCKOﬁ peaaKuunu.



IMigroroBka MeanyHuXx Pi3vKiB BUINUMY HABYAJIbHUMHU 3aKJIAJAMU
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- Curriculums

- Clinical practice
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OPI'AHM3AIIUA TIOATI'OTOBKU ME/IMIIMHCKUX ®U3NKOB
B PECIIYBJIMKE BEJIAPYCbH

n.r. Tapmill, AN. TnMomemco2

1) I'V « PHIIL] onkonoeuu u meouyunckou paouonocuu um. H.H. Anexcanoposay
2) «Meoicoynapoonwiii 2ocyoapcmeentulil 9konocudeckull ynusepcumem um. A.J[. Caxaposay
2. Munck, benapyco

AnHoTamusl. B crathe TUpHBOAATCS MEpPONPUATHS 10 yTBepXkAeHUIO B PecnyOnuke Benapych
CIICNUAJIBHOCTH  «MCOULUMHCKAas (1)I/I3I/IK8,>> U I[OATOTOBKE IIPpOTpaMM O6y‘16HI/I$I Ha pa3JIMIHbIX
IMOCJICAOBATEIIBHBIX STalax IMOJYYEHHS CIICHUAJIbHOCTH. BI;I6paHI>I OCHOBHBIC 3aJa4Yu HpO(i)eCCHOHaHLHOﬁ
MOJTOTOBKY MEIUIIMHCKUX (DU3UKOB.

Abstract. The arrangements about organization of “medical physicist” speciality in Belarus are described.
The programs of different stage preparation are developed. The main tasks of physicists professional training
are discussed.

KarwueBrble cnoBa. benapych, METUIIMHCKUH (DHU3UK, OpraHU3aIHsl TOJITOTOBKH.
Keywords. Belarus, medical physicist, organization of studying.

Beenenune. CoBpeMeHHas JydeBas Tepamusi XapaKTepU3yeTCsl MHTEHCHUBHBIM BHEAPEHUEM
HOBBIX BBICOKO TEXHOJIOTMYHBIX METOJIOB 00JYUEHHUsI OHKOJIOIMUYECKMX OOJNBHBIX TJIaBHBIM 00pa3oM
Ha YCKOpHUTENSAX »dJeKTpoHOB. Cpenu TakWX METOAOB CJENYeT BBIACIUTh pPaJUOTEPaAIluI0 C
MOJyIUpPOBaHHON HHTEHCUBHOCTHIO (IMRT), oOnydeHue moj ympaBieHHEM pPEHTTEHOBCKHX
M300paXeHU MalMeHTOB HEMOCPEACTBEHHO HA YCKOpUTENEe Nepe] M BO BPEeMs SKCIO3UIIUH,
o0JlydeHHe, CHUHXPOHHM3MPOBAHHOE C [bIXaHUEM IMAIMEHTOB, CTEPEOTAKCHUECKOE OOJIydYeHHUe
NOJIIMU MallbIX pa3mepoB. [losSBUINCH YCKOPUTENH, OCYILECTBISIOUINE CIUpabHOE O0TydyeHHe
NalMEeHTOB, MOJOOHO CIMPAIbHOMY OOJYYEHHMIO B KOMIBIOTEPHBIX PEHTTE€HOBCKUX TOMOTIpadax.
O6opynoBaHue Ui IPOBEICHUS JIy4e€BOIM Tepanuu CTalo HOCUTh KOMIUIEKCHBIN xapaktep. Kpome
YCKOpUTENEH Ha JTale IpPOBEIEHUS MNOAIOTOBKM MMAIMEHTOB K TEpanmMM CTadd NPUMEHATHCS
CHeIMaIu3UpOBaHHbIE KOMIIbIOTEpHBbIE peHTreHoBckue u  MP-tomorpadsl, I[I9T-cuctemsl,
CJIO)KHEHIIINE KOMIBIOTEPHBbIE CHUCTEMbI IUIAHUPOBaHMS OOJIyUYeHHs W paclIMpeHHbIE HaOOPbI
JIO3UMETPUUIECKOTO KOHTpOoJIsl obnydenus. MudopmarmonHoe obecrieueHrne KOMIUIEKCOB MPUHSLIO
COBPEMEHHBI BHJ Ha OCHOBE CJOXHBIX TEXHOJIOIMH M CETEeBOro O0ECIeYeHHUs BCEro
TEXHOJIOTHYECKOT0 IIpolecca JTy4eBOil Tepamnui.

Jns Toro, uToOBl BeChb KOMILJIEKC Jy4€BOH Tepamuu OTBEYaJd TPEeOOBAaHUSAM KIMHHYECKHX
CHEIMAJIUCTOB MO0 TOYHOCTH pEaJu3allid PACCUUTAHHBIX YCIOBHM OONydeHHs, HEOOXOAUMO
BHEJ[pEHUE TPEIU3NOHHBIX METOJOB KOHTpPOJS KayecTBa pabOThl BCEX ammapaToB M MPHOOPOB,
HCIIOJIb3YEMBIX B TEXHOJIOTHYECKOM IIPOLIECCE JIYUEBOW TEPAIUU.



B cBs3u ¢ M310KEHHBIM, CTAaHOBUTCS SICHO, YTO KJIMHUYECKHM MEPCOHAT HE B COCTOSIHUM
CaMOCTOSTENIbHO MPHUMEHATh Ha MPAKTUKE HOBYIO TEXHHKY, HOBBIE METOABI pacyeTa J030BBIX
XapaKTEPUCTHK TOJIeH 00IydeHHs, a TAKXKEe KOHTPOJIb Ka4eCTBa MPUMEHAEMOro 000py10BaHUS.

[TosiBNieHHEe B KIMHUYECKUX OTACNEHUSX Jy4eBOW Tepanuu (U3MKOB CO CHEIHAIbHOM
MOJArOTOBKOM OKa3aJloCh 3aKOHOMEPHBIM M CBOEBPEMEHHBIM. DU3MKU WM MEIULIUHCKUE (HUNKU
YK€ JaBHO paboTaloT B PaJMOJIOTMYECKUX KIMHHUKAX W HE TOJBKO B JIy4€BOM Tepamuu, HO U B
JMAarHOCTUYECKON DPaJuOoJIOTUH U B siiepHOM MenuuuHe. ONHAKO B COBPEMEHHBIX YCIOBHAX
MPUMEHEHUS HOBOTO 00OPYIOBAaHMS B PaJAMALIMOHHONW MEAMIIMHE UX POJIb HEYKIIOHHO BO3PACTaeT.
OHM CTanM HEMOCPEACTBEHHO YYaCTBOBATh B KIMHHYECKUX MPOLEAYPaX MOATOTOBKUA U OOJIydSHHS
MalUEHTOB.

Ha wexayHapogHoM ypoBHE MEOUIIMHCKUE (U3UKK TMPU3HAIOTCS PaBHOIPABHBIMU
YYaCTHUKAaMHU IIPOLIECCOB pealn3aliy JIy4eBOW JUArHOCTUKH U JIy4eBOUW TE€paruu U HECYT PaBHYIO
C BpayaMH OTBETCTBEHHOCTD 32 PE3YJIbTAThl JICUEHUS NAllUEHTOB.

B  passbix crpanax EBpombl MenuuuHCKHME ~(QU3UKM  HA3bIBAIOTCS  [O-PAa3HOMY:
pamguoTepaneBTHIeCKue (GU3UKH, MEIUIUHCKHE (U3HKH, MEIUIMHCKUE (DH3UKM B JIy4eBOH
Tepanuu, WHKEHEPbl, WHXKEHEPbI-PAINOIOTH, TOCMUTANbHbIe (u3uku U T.. EBpomelickas
accolpanus TEpaleBTUYSCKUX PpPaauojoroB W oHKonmoroB B 2011 romy HacTOsTEILHO
PEKOMEHI0BaJIa BBECTU B cTpaHax EBpornbl yHuUIIMpoBaHHOE Ha3BaHUE «MeTUuIMHCKUN HUUK.

OcHoBHasi yactb. B Pecniy6nuke benapycs mo 2012 roga cnennaibHOCTh «MeaunmHCKas
¢usnka» orcyrcTBoBania. KimMHHMKaM pEeKOMEHIOBAJIOCH MPHUBIEKATh K PadOTaM B paguallOHHOM
MEIUIUHE CHEeHUATUCTOB  (U3UKOB, OMODU3UKOB, WHKEHEPOB-MEXAaHUKOB 10 PEMOHTY
o0opynoBaHus, MHKEHEPOB-PaUO0JIOT OB, HMHKEHEPOB-PaUOMETPHUCTOB, WMH>KEHEPOB-
panno(u3uKOB, WHXEHEPOB-PAAUODIICKTPOHUKOB. HO eciam 4acTh TakMX CHEIHaIMCTOB MOXKET
ObITh TpUBIIEYEHA K paboTam MO OOCITYXHBaHUIO OOOpPYIOBaHUS, MPUMEHSEMOrO0 B Iy4eBOI
JIMAarHOCTHUKE W JIy4eBOW Tepamuu, TO K padoTaM M0 IUIAHUPOBAHMIO YCIOBUH O0OIydeHus,
KOHTPOJIIO KayecTBa 000PYAOBAaHUS, JO3UMETPHUECKOMY OOECIEUeHHUI0, BKI0Yasi 000CHOBAHHYIO
OLICHKY /103 Ha NAIMEHTOB, PaJHAllMOHHOW O€30MacCHOCTH B MEIUIMHE, NEPEUYUCIIEHHBIX BBILIE
pabOTHUKOB MPUBIEKATh HENb3s U3-3a OTCYTCTBHUS CHEIHATbHOM MOATOTOBKH. MM He XBaTaer
3HaHUW MO KJIMHUYECKOW paguoOnOoJIOTUy, aHATOMUH, (PU3UOJIOTUHN, PEHTT€HOJIOTUH, OHKOJIOTUH U
Jy4eBOM Teparnuu U MHOTOTO JIPYToro, TO-eCTh TOTO, YTO OTIMYAET OT HUX MEAUIIMHCKUX (DU3HKOB.

Uewm ceifyac pacmojaraeT paauandoHHas MmenuinHa B PecnyOnuke bemapych M CKOIBKO
HY>KHO METUIIMHCKUX (PU3UKOB AJis pabOTHI B 3TOM 0o0nactu ceituac u k 2020 roxy?

Jlmarnoctuueckas paguoJIoTHs CTPAaHbI MCTONb3YeT B KIMHUKAX Oosee 2500 peHTreHOBCKUX
anmaparoB, okoJio 70 KOMIBIOTEPHBIX PEHTTEHOBCKUX ToMOrpadoB. SaepHas MeauIlMHa UMEET B
cBoeM pacrnopsbkeHuu 30 «aKkTUBHBIX» KOEK M 25 ramma-kamep, B OCHOBHOM IUIaHAapHBIX. B
JTy4yeBOW Tepanuu npumeHsitorcs 11 yckoputeneit, 18 ramma-TepaneBTHUYECKHX amnmapaTroB s
JTUCTAHIIMOHHOTO OOJy4YeHHUsT TAIMeHTOB, 17 ammapaToB I KOHTAaKTHOTO oOOJydeHus, 6
TornomMeTpuueckux Tomorpados, 10 cumynsatopoB, ©Oonee 30 cucTteM KOMIBIOTEPHOIO
IUTaHUpOBaHus o0myueHus. B paguannonnoit Megumuue B 2012 rogy pabotaer 106 nHx’eHepoB
NePEUHCIICHHBIX BBIIIE crienuaibHoCcTel. Yke ceiiuac 70 U3 HUX 1O BBINONHAEMON padoTe U mocie
HEOOJBIION MEepernoAroTOBKM U MepeaTTecTallid MOTyT ObITh  KJIAcCU(UIUPOBAaHbI  Kak
meaunuackue Gusuku. K 2020 rony nuaHupyeTcst 3HAUUTENBHOE YBEIMYCHUE TapKa anmnaparoB 1
npuOOpPOB B paAHallMOHHONW MEIUIIMHE, TOBBIIICHNE UX TEXHOJIOTMYHOCTH, CIOKHOCTH U KauecTBa,
4TO MOTPeOyeT yBeNMUeHUs Yrcia MeTUIIMHCKUX Gu3ukoB 10 200 yenoBek.

B naugane 2012 roga IlpaBurensctBo PecnyOnmku benapyck nmpuHsIO pemieHne O Havaie
MOJATOTOBKUA KAJPOB MO cHelualbHOCTH «MeaunuHackas ¢usuka». MM Obulo AaHO TOpydeHUe
MunucTtepcTBaM 00pa3oBaHus, 3IpaBOOXpPAaHEHUs, IO TPYAY U COLUATBLHOMY O0ECIIEUEeHNI0 BBECTH
B 00IIErOCyTapCTBEHHBIN KIAaCCH(PUKATOP CTPaHbI TOJDKHOCTh «MenuinHckas Gu3uka» U HadyaTh
MOJTOTOBKY CIIELUAINCTOB TEpBOM CTYyMEeHH BbIciIero oOpa3oBaHus «MeaunuHcKas (Quuka»
cpokoM 5 et mo ouHoi Qopme oOyueHus B ['YO «MexayHapoaHbI TOCyIapCTBEHHBIN
skonornuecknii yauepcuteT uM. A.Jl. CaxapoBay. MI'DV um. A.Jl.CaxapoBa Hakomw1 GOJIBIION



OTIBIT COTPYAHHYECTBA CIEIHAIMCTOB M3 PA3IMYHBIX OTpaciel, Mpexke BCero, paauoOuONIOTHH,
paauamOHHOW MEIUIIMHBI, C OJHOW CTOPOHBI, U SACPHON (DU3UKH, XUMUU U TEXHUKHU — C IPYTOM.

CeromHss BBIMYCKHHKH YHUBEPCHTETa, pPa0OTAIONME B OHKOJOTUYECKHX YUPEKICHUIX
pecryOJIMKY BBITIOJHAIOT HEKOTOphle (DYHKIMU MEIWUMHCKUX (GHU3MKOB. B TO ke BpeMs um
HEOOXOMUMO TIONY4YUTh OoJiee TIHyOOKME U CHCTEMHBIE TEOPETHUYECKHME 3HaHHWS Ha
COOTBETCTBYIOIIMX Kypcax MEpernoAroToBKH, JuOO B maructparype. B menuuuHckyro ¢usuky
TaKk)K€ MOTYT OBITh TPHUBIEYCHBI CIEIUATMCTBI C BBICIIAM (U3HYECKUM WIH TEXHHUYECKUM
o0Opa3oBaHneM, KOTOPBIM HEOOXOUMO JaTh, B MEPBYIO OYepeb, OCHOBbI MEIULIMHCKUX 3HAHUM, a
TaK)Ke Pa3BUTh M YIIIYOUTh UX 3HAHUS U HABBIKK B 00JIACTH COBPEMEHHON MEIUITMHCKOW TEXHUKH,
B KOTOPOH MPUMEHSIIOTCSI HCTOYHUKU HOHU3UPYIOLIETro n3nydeHus. [loatomy KoHLenuus co3aaHus
U Pa3BUTHS TOJTOTOBKM MEIUIMHCKHX (U3UKOB B PecrmyOnmuke bemapych BUIUTCS CIEAYIONTUM
00pazomM.

1 srtan. OTKpbITHE CHENUATBLHOCTH 1 CTymeHHW BhICIIETO O0pa3oBaHus «MenaulMHCKas
¢duzuka». Ha 310t cTynenu OyayT roTOBUTHCS CHEIUAIMCTHI Ha 0a3e 00IIEro CpefHero U CpeHero
CIEIMAILHOTO 00pa3zoBaHus. B TeueHue 5 JeT OHHM JOJDKHBI TOJNYYUTh 0a30BOe (U3HUECKOE
oOpa3oBaHHe, a TakKXKe HM3yYUTh CIEHUANbHbIE IMPEAMEThI, KOTOpbIe MPU3BaHBl CPOPMHUPOBATH
OCHOBHBIC MPOQECCHOHATBHBIC 3HAHWS M HABBIKM B oOyiacTh MeaunuHCKou (usuku. CeromgHs
MPUMEPHBIA epeYeHb ITUX AUCLUUIIIMH BUIUTCS CIEAYIONIMM 00pa3oM: aHaTOMHUs, HOpMalbHas U
naToJorudeckasi (GU3nO0JIOTHs YeJIOBeKa, OCHOBBI MEIUITUHCKON OMOXUMHUU, OCHOBBI MEIUIIMHCKOMN
reHeTuk, oOmas Ouoduzuka, OModH3MKA HEHOHUBHPYIOUIETO H3JYUYCHUS, PATAOXUMHUS,
paualnvoOHHAsl XUMHS, OCHOBBI YYCHHUS O BHYTPCHHHX OOJIC3HSX, OCHOBBI OHKOJIOTHH, BKITIOUAs
MOJICKYJISIPHYIO OHKOJIOTHIO, OMOJIOTHYECKOe JEWCTBUE HOHU3HMPYIOIIEr0 HU3Ty4YEHHs, OCHOBBI
WHTPOCKOTIMH,  MEIUITMHCKOEe  OO0NyueHue; Oe30MacHOCTh  JKU3HEICATCIIBHOCTH, OCHOBBI
paauanMoHHONW 0e30MacHOCTH, MEIUIIMHCKAs JJIEKTPOTEXHHKA M AJIEKTpoHHMKa W ap. [ng Toro,
yTOOBI OyayIIMEe MEIUIMHCKHE (DH3UKM MOTJIM paboTaTh B OO0JACTH SACPHOM MCIMIIMHBI, MM
HEOOXOJUMO OCBOHMTH OCHOBBI paguodapMareBTUKH. UTOObI OHM MOrJM paboTaTh B APYTrUX
obnacTsx mpuMeHeHHs (U3MKU B MEIUIIMHE, 00ydaeMbIM HEOOXOIMMO IMPOWTH KYpPChI OCHOB
Ja3epHON TEXHUKH, YIbTPa3BYKOBOW TEXHUKU W MAarHUTO-PE30HAHCHBIX METOJOB. TeopeTudeckoe
0o0ydeHHe JIOJDKHO COIMPOBOXKAATHCS COOTBETCTBYIOIIMM 3aKPEIVICHUEM HAaBBIKOB BO BpeMs
yueOHBIX W TMPOU3BOJCTBEHHBIX TNPAKTHK. Takum oOpa3oM, Yy4eOHBIM TMJIaH MOATOTOBKU
MEIUIIMHCKUX (PU3MKOB Ha 0aze cpeHero 00pa3oBaHUs MIPEACTABIISIETCS BEChbMa HAIPSKEHHBIM.

2 oran. OTKpbITHE TEPENOATOTOBKH MO chenuanbHOCTH «MeaunuHckas ¢usznkay. ITo
HEOOXOAMMO IS YJIOBJIETBOPEHMS] TEKYIIEH TMMOTPEOHOCTH CHCTEMBI 3PAaBOOXPAHCHHUS B
MEAUIMHCKUX (u3ukax. [lepenoaAroroBka MoKeT OBITh OTKPBITA ISl CHEIHATUCTOB, MMEIOIINX
BBICIIIEE 00pa30BaHUE 0 CIEIYIONTUM CIEIUATLHOCTSIM NIEPBOM CTYIICHHU:

1-31 04 01 «®wu3uka (1o HAIPABICHUSIM)»,

1-31 04 02 «Panunodusuka,

1-33 01 03 «PaguosKoiIoTHs»,

1-36 04 01 «DneKTPOHHO-ONTUYECKHE CUCTEMBI U TEXHOJIIOTUN,

1-36 04 02 «ITpoMbInIIeHHAS STICKTPOHUKAY,

1-100 01 01 «SnepHas u paguanoHHass 6€30MIACHOCTHY.

Jlns  cmenuanucToB, WMEIONIUX BBICIIEE OOpa30BaHHWE TEPBOM CTYMEHH M0 JaHHBIM
CTIEIUAIEHOCTSIM W YK€ TPHUBIICYCHHBIX K padoTe B cHCTeMe MHHHCTEPCTBA 37PaBOOXPaHCHHS
Pecniybnuku benapych, Obu10 OBl 1ieTeco0Opa3HO MPEAyCMOTPETh BO3MOXKHOCTh OpTaHU3alid
BeuepHeH, 00 3a04HOi hopM 00yueHuUs: 0 JaHHOW CHEHaIbHOCTH.

3 oran. OTKpBITHE TOJATOTOBKYA MarucTpoB (2 cTymeHb BhICIIEro oopazoBanus). B HacTosiee
BpeMss B PecmyOmmke bemapych co3maHbl mpaBOBBIE OCHOBBI JUIsi (DOPMHUPOBAHHS MPAKTUKO-
OPUEHTUPOBAHHBIX CIEIHAIBHOCTEH MarucTparypbl, Ha KOTOPBIX OYAET BECTHCH MOJTrOTOBKA
BBICOKOKBAJIM(DUIIMPOBAHHBIX CIEITHAMCTOB, CIIOCOOHBIX B OYIyIIEeM CTaTh JKCIIEPTaAMH B CBOSH
obnactu. OnHA U3 BOXHEHIINX 3a/1a4 dKCIEPTOB B 00JIACTH MEAMIIMHCKOW (Pu3uku — pazpaboTka
MPOTPaMMBbI JICHCTBUI 110 BBEJACHHUIO B SKCILTYyaTallMI0 NCTOYHUKOB MOHU3HPYIOIIECTO U3TydeHUS B
MEAWINHE, O0ecleueHne paaualliOHHON O€30MacHOCTH TMepcoHala H JOJDKHOTO KadyecTBa
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o0nyyenus: manueHToB. [loaToMy oOydeHHe B Marmcrparype Mo crenuaibHocTh «MeauImHCKas
¢u3nKa» HEOOXOIMMO BECTH TOJIBKO JJIsi CHEIMATMCTOB, IMOJIYYHUBIINX 0a30Boe 00Opa3oBaHUE
NEePBOM CTYNEHU B OOJACTH MEIUIIMHCKOW (DM3WKU WU MPOIMIEAIINX MEPEIOArOTOBKY B JaHHOU
obnactu. CoaepkaHue MOJArOTOBKM B MAarucTparype Mo crlenuagbHOoCTH «MenuuuHckas Qpuuka»
JIOJDKHO OBITh COCPEJOTOYCHO Ha BOIPOCAaX OOOCHOBAHHMS MEAUIMHCKOIO OOJIy4YCHUS H
obecrieueHus JOHKHOTO €ro KauecTBa, TEXHHUYECKUX M OPraHU3aIl[MOHHBIX CPEJCTBaX M METOAax
oOecrnieueHus pailalliOHHON 3alIUThl IEPCOHAIA U HACETICHMSL.

4 osran. llogroroBka B pecnyOiMKe CHIEHUATMCTOB — MEIUIUHCKUX (DU3UKOB BbICIICH
KB (DUKAIIHH.

B mHacrosimiee BpeMsi IepeyeHb OCHOBHBIX OOS3aHHOCTEM MEIUIMHCKUX  (DU3HKOB
COCpEIOTAauYMBACTCS, TJIABHBIM 00pa3oM, B 00JacTH MPUMEHEHUS HCTOYHHKOB HOHU3UPYIOIIETO
u3nydeHus. B cBs3u ¢ 3TUM npezacTaBisieTcs 1enecooOpa3HbIM Ha JaHHOM 3Tare COCPeIoTOUYUTHCS
Ha CIICAYIONUX OCHOBHBIX MPO(PECCHOHANBHBIX 3a/1a4aX MEAUIIMHCKUX (DU3UKOB:

Yyactue B IUIaHUPOBAHUU OOJTyUYEHHUS MAlIUEHTa;

TectupoBaHue U OpraHU3aIisa 0OCTY)KHBaHHSI IPUOOPOB U allapaToB;

TectupoBaHue MpU NpUEMKE B HIKCILTyaTaI[UI0 HOBOTO 000PYAOBaHNUS;

TecThl mpueMKH-ca91 000pYI0BaHUS TIOCIIE KPYITHOTO (TOJOBOT0) OOCITYKHBAHUS;

JlosumeTrpudeckue H3MEpeHUs, TEeXHHYecKas Bepuukanus U oOcHyKuBaHUHE MPUOOPOB,
anmapaToB U METOJIMK IMarHOCTHKU U JICUCHUSI, B TOM YHCIIEC:

KanubpoBka 103uMeTpoB (BKIItOUask JO3UMETPUUECKIE CITUUCHUS U1 KOHTPOJISI KaueCTBa);

KamuOpoBka ammaparoB JIydeBOW Tepanmuu U OpaxuTepanud, JO03UMETPUUYECKOTO
00opynoBaHus;

COop JMaHHBIX O TyYKaxX, TCHEPHUPYEMBIX HA YCKOPUTEISIX WIH PATUOHYKIUIHBIMU
MCTOYHUKAMHU, 711 BBO/IA B CUCTEMbI TUIAHUPOBAHUS 00TyUeHUS;

W3mepenus TiIyOMHHBIX pacripeae’IeHud OTJIOMEHHOHN 1035l U TPOQHIICH 10 YTBEPKICHHBIM
METOJMKaM U TPOTOKOJIaM;

Cozpnanue 1 COBEPIICHCTBOBAHUE JO3UMETPUUECKUX CUCTEM U IIPOTOKOJIOB;

Jo3umeTtpus 1pu 3aMEHEe UCTOYHUKOB;

W3mepenus pacupeeneHnil 1036l IpU BIOPaHHONM KOH(UTYpallii HCTOYHUKOB;

VYiydiieHue CUCTeMBI TI03UMETPHYECKOr0 KOHTPOJIS, BKIIt0Uask KOHTPOJIb (hOHA B OTACICHUY;

KoHTponib kauecTBa amnmapaToB COIVIACHO CYIIECTBYIOIIMM TIpaBUJaM M TMPOTOKOJIAM:
YCTPOMCTB, OTHOCSAIINXCS K TUATHOCTHKE, ICYCHUIO, TO3UMETPUHU U PAAUAIIMOHHON O€30MacHOCTH.

Opranu3anus IIaHOBOTO U BHEIJIAHOBOTO 0OCTY>KUBaHUS TPHUOOPOB U aniaparos;

TecTtupoBaHue annaparoB MOCIE NEPe3apsAKd UM PEMOHTA UCTOYHUKOB U IMOCJE T'OAOBOTO
00CITy>)KMUBaHUS;

PaguanvioHHblii U 103UMETPUYECKUN KOHTPOJIb TEpCOHAlla M TAIMEHTOB NpPHU BBEICHUU
pamuodapMIpenaparos;

Opranuzanys U KOHTPOIb PaJWAllMOHHOTO MOHUTOPWHTA MOMEIIEHUN OTIENEHHUs SIEPHOM
MEIUIIHHBL;

KonTpons obpamienus paanodapmipenapaTtoB B OTACICHUU.

CrnernuanpHble 33/1a4d O PAJUANMOHHON 3aIUTE MPH TMPOBEACHUHM BCEX BUIOB PAbOT C
MCTOYHUKAMHU MOHU3HPYIOIIETO U3ITYUYEHUS U PAJUOHYKIUIHBIMU MaTepHallaMu:

VYyacTue B IUTaHUPOBAHUH YCTAHOBKH HOBOT'O OOOPYAOBAHUS U HOBBIX METOAMK MPUMEHECHHS
panuodapMIpenaparos;

N3mepenne mapaMeTpoB paguallMOHHOW 3allUTHl TMPU MCIOJB30BAHUU TE€TEPOTCHHBIX
($haHTOMOB YeTIOBEKa C BBEJICHHBIMH HCTOYHUKAMHU U3JIyUYEHHUs B OpaxuTepanuu;

[ToaroToBKa HOBBIX M MOJEPHHU3AIINS CYIIECTBYIONIUX PYKOBOJACTB U TIPABHIT,

HNudopMupoBanre peryiupyoIIUX OPraHOB O JBIKEHUU DPAJIMOAKTUBHBIX MaTepUaloB B
OTJICTICHUU U YUPEKICHHH;

PazpaboTka MeponpusiTuii mo ocnabieHUI0 HETaTUBHBIX MOCIEACTBHI paJiialliOHHBIX aBapuil
C HWCTOYHHUKAMHU HMOHHM3UPYIOIIETO W3Iy4YeHHUs, BOCCTAHOBJICHHUIO KOHTPOJS HAJ HCTOYHHUKOM,
OCYIIECTBIICHUIO MEp paJHallMOHHOW 3alllUThl MPU NEPEeBO3KE MEIUIMHCKUX PaTUOAKTHBHBIX
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WMCTOYHHMKOB, YTWIM3aLUA M 3aXOPOHEHUU paJUOAKTHUBHBIX OTXOJOB, BO3HUKAIOIIUX B TMpHU
OKa3aHUU MEAUIUHCKHX YCIIYT;

Yyactue B paccleoBaHUM M aHAIM3E NMPUYUH HECYACTHBIX CIy4aeB U MPOGECCHOHATHHBIX
3a0oyieBaHuH, B pa3pabOTKe MEPONPUATHI MO MX MPEeAyNpPexJACHUI0, B IPOBEPKE 3HAHUM MpPaBUI
paaranuoOHHON 0E€30MaCHOCTH Y MePCOHANa OPraHU3aluy WA YIPEIKICHIS;

VYyactue B paboTe 1Mo aHAIKU3y NPUYMH BO3HUKHOBEHUS U MPEIYNPEXKICHUS YPE3BbIYAHBIX
CUTYaIMi C ICTOYHUKAMHU MOHU3UPYIOIIETO U3TyUCHNUS;

Yyactue B MpreMKe BHOBb MTOCTPOCHHBIX U PEKOHCTPYHPOBAHHBIX OOBEKTOB MEIUIIMHCKOTO
YUPEKIACHUS, UCIIOJIb3YIOIIETO UICTOYHUKN MOHU3UPYIOIIETO U3TyYEHUS;

Pa3paboTka MeponpusiTuii o yrnpaBieHUIO paJlalliOHHON 0€30MacHOCThI0 U 00ECHEUEHUIO
JIOJIKHOTO YPOBHS KYJIBTYpPhl 0€30IaCHOCTH B YUPEIKICHHH,

Pa3paboTka npeanokeHuil 1Mo COBEPIIEHCTBOBAHUIO CUCTEMBI PaJAMAlIMOHHON 0€30ImacHOCTH
B YUPEXKICHUU.

[TpoBeneHNe Hay4YHBIX HUCCIIEIOBAHUI MO OTJCNIBHBIM pa3fenaM (3TamaM, 3aJaHusIM) TEMBI B
Ka4eCTBE OTBETCTBEHHOI'O MCIIOJIHUTENS WA COBMECTHO C HAYYHBIM PYKOBOAUTEIIEM, B TOM YHUCIIE:

O06paboTka, aHANKU3 Pe3yIbTaTOB HAOIIOCHHUM U HKCIIEPUMEHTOB;

CocragieHHE TUTAHOB U TIPOTPaMM HCCIIE0BaHUN U pa3pabOTOK;

BripaboTka npakTHUECKUX PEKOMEHIAIUI M0 UCIOIb30BAaHUIO PE3YIbTATOB UCCIEAOBAHUN U
pa3paboToK.

[ToaroToBKa MHHOBALIMOHHBIX U YIPABJICHUYECKUX PELICHUHN.

3akiarouenue. PasButne Qusndeckoll HayKW, paclIMpEeHHUE NMPUMEHEHUH ¢ TOCTIKECHUH B
MEAMIMHE TOoTpeOyeT HalbHEWIIero paciiupeHusl 3ajad, CTOALUIUMX Tepel METUIMHCKUMU
¢usukamu. B 3TOM cirydae MOXHO OyJeT TOBOPHUTH O BBEJICHUHU B CIICIUATBHOCTH «MeIuInHCKAs
busnka» COOTBETCTBYIOIIMX crenuain3anuii. KoHKpeTHbI mMepeueHb ATHX CHelHalu3aluid U
00beM TOATOTOBKM MO HHUM OYyIyT ONpPENENsATbCS KAaK YPOBHEM pPa3BUTHS TEXHOJIOTHH, Tak
NOTPEOHOCTSIMU ~ CHUCTEMBl  37paBooxpaHeHus. VX jgeranuszamusi, a Takke YTOYHEHUE
POoPECCUOHANIBHBIX 00s13aHHOCTEH MEUIIMHCKUX (PU3UKOB MOTYT CTaTh HACYIIIHOU 3a7a4eil yKe B
OmKalIeM Oy TyIIeM.

B nanpueiimem Ha 4 sTame MOXHO Oy/IeT CTaBUTH BOIPOC O TOATOTOBKE B pecryOiuKe
CHEIHNAIMCTOB — MEAMIIMHCKHUX (PU3UKOB BBICIICH KBAIU(DUKAIIIH.

EDUCATION AND PROFESSIONAL DEVELOPMENT OF MEDICAL PHYSICISTS —
EUROPEAN RECOMMENDATIONS AND IMPLEMENTATION IN BULGARIA

J. Vassileva

National Centre of Radiobiology and Radiation Protection (NCRRP)
3, Georgi Sofijski str., Sofia 1606, Bulgaria;
+(359) (2) 9531733; j.vassileva@ncrrp.org

Abstract. The International Organization for Medical Physics (IOMP), the European Federation of
Organizations for Medical Physics (EFOMP) as well as a number of national organizations for Medical
Physics in different countries have a clear concept for the qualification levels of the medical physics
specialists, for the recognition scheme of their qualification and for the organization of the medical physics
activities in a clinical environment. The legal requirements for medical physics expert’s involvement in
medicine was introduced in Bulgaria with an Ordinance of the Ministry of Health for Radiation Protection of
Individuals at Medical Exposure. The paper presents the existing system for education, training, certification
and professional development of medical physicists in Bulgaria.

Key words: Medical Physicists, Education, Training, and Professional Development

Medical Physics and Medical Physicists. According to the definition given by the
International Organization for Medical Physics (IOMP), Medical Physics is a branch of Applied
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Physics, pursued by medical physicists, that uses physics principles, methods and techniques in
practice and research for the prevention, diagnosis and treatment of human diseases with a specific
goal of improving human health and well-being [1]. Medical physics may be classified into a
number of sub-fields: Radiation Oncology Physics; Medical Imaging Physics; Nuclear Medicine
Physics; Medical Health Physics (Radiation Protection in Medicine); Non-ionizing Medical
Radiation Physics; Physiological Measurement [1]. The occupation of ‘Medical Physicist’ has been
explicitly included for the first time in the latest version of the International Standard Classification
of Occupations (ISCO-08) under group 2111, ‘Physicists and Astronomers'.

Medical Physicists (MP) work in clinical, academic or research institutions. Those medical
physicists who work in clinical environment are health professionals, with education and specialist
training in the concepts and techniques of applying physics in medicine, competent to practice
independently in one or more of the subfields (specialties) of medical physics [1].

In the IOMP Policy statements 1 and 2 the key roles and responsibilities of medical physicists
are described in details, as well as requirements to their education, training and professional
certification [1, 2].

Medical Physics qualification leveles in Europe. European Federation of Organisations of
Medical Physics (EFOMP) is an umbrella organisation for national medical physics organisations,
with objective to harmonise and promote the best practice of medical physics within Europe. For
many years EFOMP releases Policy statements on the role of medical physicists, education, training
and professional qualification [3-7].

The EFOMP qualification scheme comprises four levels:

Entrance level — at least a Bachelors degree (B.Sc) in Physics or in other relevant topics in
Natural Sciences (for the last group an additional preparatory training shall be required);

First level — “Medical Physicist” — a physicist who passed a formal course of lectures,
seminars, tutorial work and practical work (at least 300-400 hours) — this level is equivalent to the
Master of Science degree in Medical physics obtained from an accreditated academic course. The
MP should be considered not to have sufficient training to work independently; he/she performs the
clinical job under the supervision of a medical physicist at senior level (specialist).

Second level — “Specialist in Medical Physics” or “Qualified Medical Physicist” — MP with at
least two years in-service training (practical clinical residency) in Medical Physics specialty,
performed in an acredited institution. The certificate issued gives rights to work independently.

Third level is an “Medical Physics Expert”. The term Medical Physics Expert (MPE) was
introduced in 1997 in the European Council Directive 97/43/Euratom on health protection of
individuals against the dangers of ionising radiation in relation to medical exposure [8]. This
Directive defines MPE as an expert in radiation physics or radiation technology applied to
exposure, within the scope of this Directive, whose training and competence to act is recognized by
the competent authorities; and who, as appropriate, acts or gives advice on patient dosimetry, on the
development and use of complex techniques and equipment, on optimization, on quality assurance,
including quality control, and on other matters relating to radiation protection, concerning exposure
within the scope of this Directive".

To respond to the Medical Exposure Directive (MED) 97/43/Euratom, EFOMP released
Policy Statement ‘“Radiation Protection of the Patient in Europe: The Training of the Medical
Physics Expert in Radiation Physics or Radiation Technology” [5]. In this document, EFOMP
presents its recommendations on the role and the competence requirements of the Medical Physics
Expert, as defined in this Directive, together with recommendations on education, training and
continuing professional development (CPD). EFOMP recommends that all medical physicists who
have completed their basic education and training should be actively involved in CPD to maintain
and increase competence and expertise after qualification. A five year cycle of re-certification and
re-recognition is recommended.

To facilitate the harmonisation of the MPE among the Member States aiming at their cross-
border mobility, the European Commission launched in 2010 a 2-year project, aimed at
development of European Guidance on the MPE containing appropriate recommendations on



harmonising education, training and recognition requirements for the MPE in the European Union
within the existing EU legislative network. This draft document is under final review by the
European Commission.

Medical Physics education and training in Bulgaria. In the early years, the physicists
entering the medical field should grow their knowledge and expertise mostly through self-learning.
To strengthen the clinical training of physicists working in the health care, the Bulgarian Society of
Biomedical Physics and Engineering (BSBPE) initiated in the early 80’s the introduction of formal
structured postgraduate courses in Medical Radiation Physics and Medical Hygiene Physics. The
society was also the engine for introduction of university education in Medical Physics in Bulgaria
in the 90’s.

The present scheme of education and training of medical physicists in Bulgaria is presented on
figure 1.

University Postgraduate Recognition
education training

B.Sc. M.Sc. Specialist Medical Physics Expert
in in in: only forionizing radiation
Physics or Medical Medical Radiological and separately for
Engine- Physics Physics or in Medical RT, NM and DR
S Sanitary Physics (Atleast 5 years clinical
(4years (1-2 years (3 yearsresidency in ERESIETCE N cqrrespondlng
basic specialized healthcare institution subspeclaity)
education) || theoretical under supervision;
and state exam)
practical
training) Syears cycle

Fig. 1. Present scheme of education and training of medical physicists in Bulgaria

University education. In 1992/93, the University of Shumen "Episkop Konstantin
Preslvaski” introduced "Medical Physics and Radioecology™ as a new specialization for physics
students, within the 5-years university study in Physics. Following the reforms in the university
education in Bulgaria, after 2001 two levels were introduced: 4-years B.Sc. program in general
Physics and M.Sc. program in Medical Physics and Radioecology comprising an additional study of
3 terms (1,5 academic years). This course was practically oriented to the application of ionizing
radiation in medicine, as well as to the health physics and radioecology. The curriculum balanced
efficiently theoretical and practical training and included courses on radiation dosimetry, radiation
protection, medical electronics, physics of radiotherapy, physics of medical imaging, radioecology,
non-ionizing physical factors, medical application of lasers, etc. Leading Bulgarian specialists from
the relevant fields of medical physics were invited to lecture. A big advantage of this course was the
close cooperation between the University and the Regional Hospital in Shumen providing a clinical
base for practical training. The duration of this course was 1,5 academic years organized in 2 terms
lectures and exams and 1 term practical training and preparation of M.Sc. thesis. For more than 10
years this program was the main supplier of the clinics with MPs. Unfortunately in 2008, the
University of Shumen temporarily lost the accreditation for education in M.Sc. programs in
Physics, and thus the Medical Physics education in the North East part of Bulgaria has been
blocked, leading to the notable shortage of MPs in this part of the country in past years.

The second M.Sc. course in Medical radiation physics and engineering was introduced in
1997 in the Inter-University Education Centre (IUC) in Plovdiv — the second biggest town in the
country. This center was created under the frame of an EC TEMPUS project. Consortium of six
universities was involved: three from Bulgaria (Medical University; Technical University and
University of Plovdiv), with the support of the King’s College London, University of Florence, and
the University of Dublin Trinity College. Curriculum was prepared in line with the best
international standards and following the IPEM criteria. In order to arrange the contribution of
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highly experienced lecturers from different universities, hospitals and research institutions to the
teaching process the course was developed as fully modularized. The course consisted of 12
modules, divided in two terms (one full academic year). The course syllabus was stressed mostly on
clinical radiation physics including also elements of medical radiation equipment engineering.
During the first five years the program run in English and was accredited by IPEM. Later after the
TEMPUS project finished, the training changed to Bulgarian language and few years later the M.Sc.
program in Medical Radiation Physics and Engineering moved under the umbrella of the Plovdiv
University “Paisii Hilendarski”.

The third university program in Medical physics was introduced in 1998 in the biggest
university in Bulgaria, Sofia University “St. Kliment Ohridski”. Initially it was designed as a
module in the Bc.S. degree, but soon later it was structured as a Mc.S. degree program with the
broadest curricula on different physics aspects applied to medicine and biology. This course covers
wide range of subjects like biophysics, biomechanics, optics and electro-optical methods in clinical
practice, medical application of lasers and acoustics, signal and image processing as well as the
radiation physics and physics of radiation therapy, nuclear medicine and medical imaging.
Nowadays this M.Sc. program is the main supplier of MPs for hospitals and other healthcare
institutions and research centers.

For four years Sofia University and Plovdiv University provide also 4-years Bachelor
program in Medical Physics.

Postgraduate education and training. In 1982 the Ministry of Health approved two
postgraduate courses for physicists working in the healthcare: Medical Radiological Physics for
physicists working in the radiological field and Medical Sanitary Physics for application of non-
ionizing radiation. Thus, the Medical Physics was recognized in the country as one of the important
paramedical specialities. These two courses still exist, being a part of the well established system of
postgraduate training of healthcare specialists. The training is performed under the umbrella of the
Medical University of Sofia. The admission to the training is given to physicists or engineers who
already work in the field and successfully passed an admission exam. The training program is based
on a 3 years residency under the supervision of experienced medical physicist, modules of lectures,
individual clinical training, several intermediate exams and final state exam. The trainee who
successfully completed the program gets a diploma of a Specialist in Medical Radiological Physics
or Medical Sanitary Physics correspondingly.

The training program in Medical Radiological Physics is provided for physicists working in
radiotherapy, nuclear medicine, diagnostic radiology and radiation protection. The curriculum is
composed of two parts: basic modules and specialised modules. Examples of basic modules are
biology, anatomy and physiology; Interactions of radiation with matter; lonising radiation in
medicine, and specialised modules are Radiometry and dosimetry; Radiation protection; Physics of
radiotherapy; Nuclear medicine; Medical imaging. For each trainee an individual training plan is
agreed and a personal supervisor is appointed. This plan includes training elements for each
module, its duration, and the institution where the training will be performed. The trainee keeps
records of the implemented practical tasks and the created portfolio is presented at the examination
board. Because of the insufficient number of supervisors, the training is performed only in few
institutions in Sofia. Only a holder of diploma of Specialist in Medical Radiological Physics can act
as a MPE according to the Bulgarian legislation. The number of trainees entering the postgraduate
program each year varies from 2 to 8, with a notable increase after the formal introduction in 2005
of the requirements for MPs involvement in radiological field.

The training program in Medical Sanitary Physics is run by the Laboratory of Physical
Factors incl. non-ionizing radiation at the National Centre of Public Health Protection (NCPHP).
The curriculum is also composed of two parts: basic modules and specialised modules. Examples of
basic modules are hygiene, biophysics, statistics, methodological aspects of investigation of the
biological effects of physical factors, quality politics, databases and specialised modules are
different physical agents (mechanical, climatic, optical, non-ionizing electromagnetic radiation, etc,



as well as training in measurements, norming and protection from physical agents. The individual
training program is adapted to the field of interest of every trainee.

Medical Physics Expert recognition. Bulgaria became a member of the European Union in
2007 and the national legislation was harmonised with the European by an Ordinance of the
Ministry of Health for protection of individuals at medical exposure, enforced in October 2005.
This regulation requires MPE to be recognised separately for Radiotherapy, Nuclear Medicine or
Diagnostic and Interventional Radiology, and defines the training requirements. To act as a MPE,
one should hold diploma of a Specialist in Medical Radiological Physics and should have at least 5
years clinical experience in the corresponding field. This recognition is not yet implemented in
practice but is foreseen to be given by the State examination body in Medical Radiological Physics
at the Ministry of Health on the basis of CPD system, which is under elaboration and discussion by
the BSBPE.
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PROGRAM FOR MEDICAL PHYSICISTS TRANING AT SROCKHOLM UNIVERSITY

. Toma-Dasu

Medical Radiation Physics, Department of Physics, Stockholm University,
Box 260 S-171 76 Stockholm Sweden,
+46-8-51774839, luliana.Livia.Dasu@ki.se

Abstract: Stockholm University is one of the four universities in Sweden offering a program for the
education of hospital physicists in Sweden. The program for obtaining a degree as hospital physicist
comprises five years of studies leading both to a Master in Science degree and a professional certification.
The accreditation as a hospital physicist in Sweden is based on this MSc and professional degree.

Key words: Education, hospital physics degree, accreditation, Stockholm University

Sweden is one of the countries where the profession of hospital physicist has a long history
and tradition. The use of ionising radiation for medical applications both in diagnostic imaging and
therapy has started very soon after the discovery of "a new kind of ray" on the 8th of November
1895 by Wilhelm Conrad Rontgen. Very few years after this major discovery, in 1899, the first
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patient was treated for cancer with radiation in Stockholm at the Stenbecks Institute. It became
evident at a rather early stage that there was an acute need for trained physicists to become involved
in the use of ionising radiation for medical purposes together with the clinical team. The first
experiments with radiation therapy and the dosimetry associated with them were based entirely on
empirical observations of reactions occurring after the treatment in skin, mucous membranes and
tumours. It was not until the physicists became involved that radiation dosimetry became a physical
science. The first physicist involved in this field in Sweden was Rolf Sievert in 1920. His main
duties were to keep a check on the radium supplies and the x-ray tube with respect to technical
maintenance and radiation dosimetry. The radiation physics laboratory gradually developed to
include the extensive research and control of the delivered dose. In 1941 Rolf Sievert was appointed
professor in Radiation Physics and head of the then newly opened Department of Radiation Physics,
at Karolinska Institutet. Since then, the field has gradually developed and the requirements for the
medical physicists have become more complex and with interdisciplinary character. In Stockholm,
Medical Radiation Physics education is now carried on within the Department of Physics at
Stockholm University in close collaboration with the Department of Oncology and Pathology at
Karolinka Institutet and Karolinska University Hospital.

The educational program for obtaining a Medical Physics Degree comprises five full years of
studies. A schematic illustration of the program is shown in figure 1.

The first two years of studies are common for all physics students at Stockholm University,
regardless their future specialization. They include studies in mathematics and general physics. The
third year of the program is dedicated to general courses in radiation physics, starting with two
courses in quantum mechanics. After these two courses the specific education in Medical Radiation
Physics begins with courses in radiation sources, including radioactive sources and accelerators,
interaction of ionizing radiation with matter, detectors and dosimetry. The last courses of the third
year are dedicated to radiation biology and radiation protection. Based on the three years of
education the students can leave the program being qualified to work in the radiation protection
area. The fourth year of studies starts with a course in anatomy, physiology and oncology, which is
supposed to ensure the medical orientation of the students. After this course, the fourth year of
studies is almost exclusively dedicated to courses related to the use of radiation for diagnostic
purposes including specific courses on diagnostic radiology, nuclear medicine and MRI (magnetic
resonance imaging) and two courses related to image analysis in general. During the clinical
courses on diagnostic radiology, nuclear medicine and MRI about one third of the course time is
dedicated to clinical training within the hospital. Finally, on the last year of studies, the students
dedicate their time to radiotherapy. The study of radiotherapy is divided into two main modules,
one having a more theoretical character and one comprising the clinical practice in the hospital. The
last term of the five years of studies is dedicated to the MSc thesis project. This project can be
performed at the university department, in a hospital or even at a company that is active in the
radiation physics area. The results of the project are reported both as oral presentation and as a
written report.
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AUTUMN SEMESTER SPRING SEMESTER

Math. Analysis 17.5p Math. Analysis IT 7.5p Mechanics | Experimental | Computers
12p methods 12p 6p
YEAR | Intro. Math 7.5p Linear algebra 17.5p
Math. Analysis III 7.5p Math. Analysis IV 7.5p Electro- Waves-optics Thermo.
YEAR 2 magnetism 10.5p 7.5p
Linear algebra 11 7.5p Num. Methods 7.5p 12p

Quantum Appl. Rad. Radiation Rad. Dosimetry Rad. Rad.
YEAR 3 | phys 7.5p | quantum | sources | interaction | Detectors Biology | Protect.
phys 6p 10p 7.5p 7.5p
7.5p
Anatomy | Imaging | Biostat. [BBJETGEE Magnetic Nuclear Imaging II
YEAR 4 | Phys.Onc. I 7.5p radiology Resonance Medicine 7.5p

7.5p 6p 10.5p Imaging. 10p I1p

Radiotherapy physics and Clinical MSe¢ THESIS
YEAR 5 biology Radiotherapy 30p

225 7.5

" Fig. 1 Schematic illustration of the medical physics program at Stockholm University

A more detailed description of the clinical courses, Diagnostic Radiology Physics, Magnetic
Resonance Imaging and Spectroscopy, Physics of Nuclear Medicine and Radiotherapy Physics and
Biology, is given below.

The course in Diagnostic Radiology Physics aims to give the students basic theoretical and
practical knowledge of the physics of diagnostic radiology imaging and to prepare the students for
working as medical physicists in diagnostic radiology. The course deals with the production of X
rays and the optimal beam quality for different types of diagnostic techniques. Methods to optimize
image quality, radiation dose for various detection methods and image processing are discussed in
detail. Special methods of examination, computed tomography and mammography are also
presented. An important part of the course is the radiation protection aspect, both for patients and
staff. Both legal and practical aspects are addressed. Some parts of the course involve work-based
education where students actively participate in the clinical hospital physical activity and implement
quality control on X-ray equipment. The course also includes the principles of generation and
detection of ultrasound technique. Different clinical applications of ultrasound in pulsed-
echometods, Doppler technology and quality controls are an important part of the course.

The course in Magnetic Resonance Imaging and Spectroscopy aims to give basic theoretical
and practical knowledge of the physics of magnetic resonance imaging and spectroscopy and to
prepare the student for working as a medical physicist in MRI. The course contains lectures on
basic NMR physics, spatial encoding, the k-space and image reconstruction, contrast media, basic
pulse sequences and pulse sequence parameters and artefacts. The course also contains lectures on
apparatus (magnets, coils, gradients), biological effects and safety in clinical studies, advanced MRI
(echo-planar imaging, diffusion weighted, flow imaging etc), NMR spectroscopy and quality
assurance.

The course in Physics of Nuclear Medicine aims to give basic theoretical and practical
knowledge on the physics of nuclear medicine, both diagnostic and therapeutic and to prepare the
students for working as medical physicists in nuclear medicine. The course includes lectures on
production of radionuclides, radiopharmacy and radiopharmacology, instrumentation (Gamma
camera and positron camera), imaging techniques (planar imaging and emission tomography),
reconstruction algorithms and correction algorithms, quality checks, calibration and optimization,
various imaging techniques and studies with multiple radionuclides, clinical applications in nuclear
medicine, internal dosimetry, MIRD-formalism, systemic radiotherapy with radionuclides,
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compartment analysis and kinetic models, body organs and phantom models and of course radiation
protection aspects related to nuclear medicine.

The course in Radiotherapy Physics and Biology aims to give basic theoretical and practical
knowledge of the physics and biology of radiation therapy and to prepare the student for working as
medical physicist in radiotherapy. The course covers the theoretical background of radiation physics
and radiobiological processes of interest for both external beam therapy and brachytherapy. The
following aspects are analyzed and studied: physical and dosimetric aspects of clinical radiation
field (external and brachy), commissioning, acceptance and calibration of accelerators for
radiotherapy and brachytherapy sources with the help of international recommendations and the
relevant dosimetric equipment, algorithms for dose calculation in treatment planning systems,
modelling aspects and limitations, quality assurance and quality control in radiotherapy and
verification of patient treatment, clinical radiation biology of the tumour and normal tissues, patient
and staff radiation protection under national and international regulations.

The overall aim of the education for hospital physicist in Stockholm is therefore the formation
of highly qualified professionals fulfilling the requirements of the Swedish National Board of
Health and Welfare which specify that the hospital physicists should be able to handle the radiation
protection issues for staff and patients, to perform the quality audit of the techniques and
equipment, to provide information to patients and relatives, to perform teaching for the staff and
students, ensure the quality control of the equipment and the methods, to introduce new diagnostic
and therapeutic methods, to participate in research and to provide emergency service at radiation
accidents. Furthermore, the aim of our education is to train medical physicists in all the clinical
fields in the hospitals, including diagnostic and therapy, to be able to work and to integrate in the
clinical team that puts above everything else the deep, compassionate and professional care for the
patients.

The help and contribution of Associate Professor Bo Nilsson is kindly acknowledged.

CTAH MEJINYHOI ®I3UKH B YKPAIHI

JI.I. Ac1amoBa

Hasuanvno-nayrxosuii yenmp paoiayiiinoi 6e3nexu, Kuigcokuii HayionansHuil yHigepcumem imeni
Tapaca lllesuenka, 8yn. Bonooumupcoxa, 64/13, m. Kuis, Ykpaina, 01601,
+(38)(044) 521 32 84; radbez@gmail.com

AHoTtanisi. Posrnsigaerscs craH meanuHoi ¢i3uku B YKpaiHi, a came - moTpeOu MEAMYHHX YCTaHOB Yy
crierfianicrax, MiArOTOBKA Ta IMiIBUINEHHS KBamiikarii Memnyanx ¢i3uKiB, pO3BUTOK HOPMAaTUBHO-TIPABOBOT
6asm.

AHHOTaIII/Iﬂ. PaCCManI/IBaCTCH COCTOsSIHUC MeL[HLII/IHCKOfI (I)I/I3I/IKI/I B YKpaI/IHe, a UMEHHO — HOTp€6HOCTI>
MCIUILUHCKUX OPT aHI/IBaLII/If/i B CII€nuaIucCTax, Hi}:LFOTOBKa W TIOBBIIICHUEC KBaJ'II/Iq)I/IKaI_[I/II/I MCEIUIMUHCKHUX
(hU3HKOB, pa3BUTHE HOPMATUBHO-TIPABOBOM 0a3bl.

Anotation. The present state of medical physics in Ukraine is discussed, namely, the needs of medical
organizations in specialists, education and professional development of medical physicists, evolution of
regulatory-law base.

Kurouogi ciioBa: meauuHa ¢i3uka, OCBiTa, HOPMAaTHBHO-IIPaBOBa Oa3a.
KiroueBnle ciioBa: MCOUIIMHCKAasA (1)i31/11<a, 06p8.30BaHI/I€, HOPMATHBHO-IIPpAaBOBasA Oa3sa.
Key words: medical physics, education, regulatory-low base.

AHali3 CydacHHMX TEHJEHIIIH pO3BUTKY Ta BIPOBA/HKCHHS 1HHOBAIIIMHUX TEXHOJIOTIN
JEMOHCTPYE IX 3pOCTaro4ye HAKOMWYEHHS Y HAI[lOHAJbHOMY MOTEHIanl OIbIIOCTI JAepiKaB.
Hacammnepen, 1ie HOBITHI MeauKO-(Di3WUHI TEXHOJIOTI, 110 MOKPAIIMIN AKICTh HAJTaHHSI MEIUYHHUX
MOCJIYT Ta CTBOPHJIM YMOBH JI0 TOSIBH HOBOi HAYKH Ta CHEIIaTbHOCTI — MEIUYHOT (Pi3UKH.
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Menuunuii Gi3uk mMae: iHTErpyBaTu (hi3UKO-MaTeMaTU4Hi, Paio0i0IOTIUHI, METUYHI 3HAHHS;
OpaT y4acTh y CTBOPEHHI i BUKOPHUCTaHHI BCIX MOMJIMBOCTEH CydacHOI HayKOMICTKOI MEIMYHOT
TEXHIKH;  PO3AULITH 3 JIKapeM BiANOBIIANBHICTh 3a SKICTh JIKYyBaHHS/OE3MEKYy IaIli€HTIB;
3a0e3reyyBaTd ONTHMI3allil0 J030BOT0 HABAaHTAXCHHS HA MAIlI€HTIB, 3aM00Iraroud HEBHUIIPABIaHE
nepeonpomineHHs [1,2]. Tomy 6e3 Mequuaux (i3UKIB Hapa3i HE MOXKE MOBHOIIIHHO (DYHKIIOHYBATH
YKOJTHHUIA MEIMYHUH 3aKial y €Bporri, AMepHIli Ta iHITMX BUCOKOPO3BUHEHUX KpaiHaxX CBITY.

Y JupektuBi EURATOM BcTaHOBIIEHO BUMOTH J0 MEIUYHHX (i3UKIB, 3MICTY Ta 3aBIaHb
iXHBOI IISUTBHOCTI, a came; ,,Menuunuii Ppi3uk — roJoBHUHN (axiBelp y ramxysi pagiamiiHoi Gpizuku
a00 TEXHOJOrii MEIMYHOIO OIPOMIHEHHS, SKUH BOJOJi€ KBali(ikali€ro, BH3HAHOK Y
BCTAaHOBJICHOMY 3aKOHOJABCTBOM TIOPSIIKY, Ta 3a0e3ledye JKyBaJbHUM TPOILEC HaJICKHOKO
JIO3UMETPI€I0, 3aCTOCOBYIOUM CKJIAJHI METOJAMKH W YCTaTKyBaHHS, ONTHMI3aIlil0 pasiariiHol
Oe3reku, 3a0e3Me4YeHHS SAKOCTi, B TOMY YHCII 1 3 IMUTaHb KOHTPOJIO SKOCTI, a TaKOX B 1HIIHX
obacTsax paaiariitHol Oe3nekH, B IKUX 3aCTOCOBYEThCS MeauvHe onpoMmineHus” [3].

bibmiicth peKoMeHAAI MIXKHAPOJIHUX OpraHizaliid MeauyHuX (i3UKIB TIOB’S3aHI came 3
pamiaiifHIMK TEXHOJIOTISIMU Ta pajialiifHO0 0e3MeKOr0 Py MiATrOTOBII, MiABUIICHHI KBTI (iKaIii
daxiBmiB 3 Mmeau4dHoi ¢izuku. [Ipore, IeBoBa yacTKa BHINMX HAaBYAIBHUX 3aKJIaIB PI3HUX JIEpP)KaB
npu (GopMyBaHHI HAI[IOHAJBLHUX OCBITHIX MpOrpaM BKIFOYae HaOIp MUCIUIUIIH, SKi MMOB’S3aHI 3
JIE0 K 10HI3YK0YOro, TaK 1 HEIOHI3YI0YOro BUIIPOMiHIOBaHHS [4-6].

[Tepenik Mi>KHAPOAHHUX OpraHi3aIiii MeIMIHUX (DI3UKIB:

American Association of Physicists in Medicine (AAPM)

American Board of Radiology (ABR)

American College of Medical Physics (ACMP)

American Society for Therapeutic Radiology And Oncology (ASTRO)

Association of physical scientists in medicine (APSM)

Association of physical scientists in medicine (APSM) (Ireland)

Australasian college of physical scientists and engineers in medicine (ACPSEM)

Australian and New Zealand Society of Nuclear Medicine (ANZSNM)

Canadian Organization of Medical Physicists (COMP)

European Federation of Organisations for Medical Physics (EFOMP)

Institute of Physics and Engineering in Medicine (IPEM)

International Organization for Medical Physics (IOMP)

International Society for Magnetic Resonance in Medicine (ISMRM)

Japan Society of Medical Physics (JSMP)

Radiological Society of North America (RSNA)

Spanish Nuclear Medicine Society (SNMS)

Swiss Society for Radiobiology and Medical Physics (SGSMP).

Haxanb, B HOpMaTHBHO-NIPAaBOBUX JIOKYMEHTax YKpaiHi  He BiOyBAa€TbCS HaJIEKHE
BiaTBOpeHHs1 pexomeHaanii J{upextusi EURATOM miono BuMor, 3MICTy Ta 3aBlaHb MEIUYHUX
¢i3ukiB. ToMy B Cy4acHHX yMOBax, 0COONMBOTO 3HadeHHs HaOyBae mpuiinatuit 31 cepmus 2011
poky Pagnoro ympasnstounx MATATE ,,Safety Requirements: Radiation Protection and Safety of
Radiation Sources: International Basic Safety Standards” [7] B sikomy:

- YITKO BU3HAYEHO BIJIMOBINAJBHICTE YPSAY IIOJAO CTBOPEHHS IMPABOBOI Ta PETYIIOIOYOI
OCHOBHU JJis 3a0€3MeUeHHsI 3aXUCTY Ta OE3MEKU B yCiX CUTYAIliSIX OMPOMIHEHHS;

- 3aIPOINIOHOBaHAa HOBA CUCTEMH IPOTUPAIIALIHOTO 3aXUCTY;

- ONTHMI3YBaTH CTaH 3aXMCTy Ta O€3MEKU HACEJIeHHs MPH 3aCTOCYBaHHI JKEpe 10HI3yI040ro
BUIIPOMIHIOBAaHHS B Tally3l OXOpPOHM 3J10poB’sl. Tomy, MOTpiOHO aKTHBI3yBaTH  MiATOTOBKY
YKpaiHChKUX (paxiBIIiB 3 MEIUYHOI (Di3UKHU 3 ypaXyBaHHSIM MIXKHAPOIHOTO JOCBITY.

3a indopmariiero JlepxkaromperyimoBanas B Ykpaidi cranoM Ha Il kBapran 2012 p. B gepxasi
BUKOPHUCTOBYIOThCS 11 MiHIHHUX MPUCKOPIOBAYiB, HAMOIMKYIM YacoM TJIAHYETHCS] BBEICHHS IIIe 6-
x. CtBopeno 2 PET uentpu - B KiiHIYHIN JnikapHi “@eodanis” ta KuiBcbkuit Michbkuit
OHKOJIOT1YHiHM JikapHi. ByaiBHMIITBO HOBOTO IIEHTpY 3aIlulaHoBaHO y JloHenbkoMy oOiacHOMY
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KIIIHIYHOMY TepUTOpiaIbHOMY MeTuYHOMY 00’ eqHaHHi. B IlenTpi oHKoorii 1 pagioxipyprii ,,Kidep
Krminika ChoixkeHka” BIAIO EKCIUIyaTYEThCS HOBITHS CHCTEMa CTEPEOTAKCHYHOI pasialliiHol
xipyprii ,,Kibep Hixx”. ToMy akTyanpHICTh 1 HOTpeba B MEAUYHUX (i3UKaX B IEpKaBi HE BUKIHMKAE
CYMHIB.

Anricrpamm
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vka), 64 w;
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Puc. 1. Bukopucranus /[IB B MenquuHuX 3akiiaiax YKpaiHu.

Hwi Hebezneuwi

3a manumu  Acoriamnii paaionoriB YKpaiHu, NIpeAcTaBICeHMMH Ha BHCTaBIi «OXopoHa
3popoB’st — 2011» B jepikaBi HIOPIYHO BUKOHYETHCS IMOHAK 20 MIIH. PEHTTEHOMIarHOCTUYHHX
nociimkenb Ta 20 MuH. npodinakTHYHUX (urooporpadii - y 3B’S3Ky 3 3arOCTPEHHSIM OCTaHHIM
4acoM MpoOJIeMH TYOEpKYIbO3y.

Tomy, nns e(peKTMBHOIO BHKOPUCTaHHS CY4YaCHOI HAayKOEMHOI MEIUYHOI TEXHIKH,
3a0e3MeyeHHs] CUCTEMH SKOCTI Ta KyJIbTYpH O€3MeKH NMpU HaJaHHI MEAMYHUX MOCITYT 3 JKepelaMu
10HI3yIOUOTO BUIIPOMIHEHHs, YKpaiHi moTpiOHI BucOKokBamidikoBaHi (axiBii — MeTu4Hi (i3UKH.
AuJe, Ha KaJb, MOYKHA KOHCTATyBaTH, 110 Ha CHOTOJIHI )KOJCH JIep)KaBHUN METUYHUH 3aKJIa/l HE Ma€e
B IITAaTHOMY PO3KJaxy Mocaiau ,,MeAudHUi ¢i3uk’. Xoda, 0€3yMOBHO NEBHA YacTKa MEIUYHOTO
NepCcoHally, B IEAKIM Mipl, BUKOHYE (YHKIIIT MEIUYHOTO (i3UKa.

Ha nymky aBTOpa 1151 CUTYallis € HACHiJIKOM:

1. BIICYTHOCTI B HalllOHAJIbHUX HOPMATHUBHO-IIPAaBOBUX JOKYMEHTaX BUMOTI /10 KBasigikarii
Ta POJIi METUYHOTO (i3HKa;

2. HEJOCTaTHBHOI rapMOHI3allli 3 MDKHAPOJHUMHU JTOKYMEHTAMU YKPaiHChKOi 3aKOHOJaBYO-
HOpPMAaTUBHOI 0a3y, 10710 3a0e3neueHHs pajialiifHOTO 3aXMCTy TMali€HTIB Ta MEPCOHAy NpHU
MOBOJIKEHHI 3 JUKEpeIaMH 10H13yI0UOr0 BUTIPOMIHEHHS

3. BIACYTHOCTI JepaBHOI OI[IHKY MOTPeO B MiArOTOBII HAIIOHAIBHUX METUYHUX (i3UKIB;

4. BIACYTHOCTI B HOMEHKJIAaTypi MIiHICTEpCTBA OXOPOHHU 3JI0pOB’Sl YKpaiHU BIJIOBIAHHUX
CreniaJbHOCTe! Ta 1moca;

5. HEIOCTAaTHHOTO PiBHSA (POPMYBAHHS 3B’ SI3KIB 3 HACEJIICHHSIM, IIIOJI0 HAyKOBO OOTPYHTOBAHOI
Mporaran Iy BIPOBaHKEHHS HOBITHIX TEXHOJOT1H 3 BuKopuctanusm J[1B.

JluHnamika po3BUTKY HOPMaTUBHO-TIPABOBOi 0a3M 3 MUTAaHb MIATOTOBKH (haxXiBIiB 3 MEIUYHOI
¢izuku B YkpaiHi:

- [locranoBa Kab6inery MinictpiB Ykpainu 24.05.1997 p. Ne 507, no HampsiMy HIATOTOBKH
umdp 0702 "llpuknanna ¢isuka" BBeAeHA CIeEialbHICTh "MenuuyHa ¢i3uka" 3a OCBITHBO-
kBamidikamiitaumu  piBHsiMu "OakanaBp" - 6.070200 ta "cmemiamict" - 7.070205 [[locmanosa
empamuia YuHHicmo,

- Haka3 MinictepctBa ocBiTH 1 Hayku Ykpainu 16.06.2005 p. Ne 363, n. 13 no Hampsamy
nigroroBku mudp 0702 "llpuknagHa ¢izuka" BBeleHa creniadbHICTh  "MenuyHa Qizuka" 3a
OCBITHRO-KBaJTiiKanifHIMK  piBHsAME "OakanmaBp" - 6.070200, "cremiamict" - 7.070205;
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- [locranoBa Kabinery MinictpiB Ykpaiau 27.08.2010 p. Ne 787, no HampsiMy MiATOTOBKHU
mudpp 0402 "dizuko-maTeMaTH4HI Haykd' BBEJEHA CHeMianbHICT, '"MemuuHa  ¢izuka" 3a
ocBiTHRO-KBalTi(pikaniitauMu piBHsMu "crierianict” - 7.04020406 ta marictp - 8.04020406;

- Haka3z MinicrepctBa ocBiTH 1 Hayku Ykpainu 16.06.2005 Ne 363 3apeectpoBaHo B
MinicrepctBi  roctumii Ykpainu 28 mumas 2005p. 3a Ne 816/11096 Ilpo 3arBepmkeHHs 3MiH J0
[lepemiky HampsiMiB Ta CHEIIaTbHOCTEH, 32 SKUMHU 3IIHCHIOETHCS MIATOTOBKA (DaxiBIiB Y BUIUX
HABYAJILHUX 3aKJIa/1aX 32 BIAMOBIIHUMHU OCBITHBO-KBATI(PIKAIIHHUMU PiBHIMH.;

- IlocranoBa KMY Bim 27 cepnus 2010 p. Ne 787 Ilpo 3aTBepmKEHHS TMEPEIiKy
CHEIIATBHOCTEH, 32 SKUMHU 3IHCHIOETHCS MiITOTOBKA (axXiBI[IB y BUIIMX HAaBYAIBHUX 3aKJIagax 3a
OCBITHBO-KBaTI(hiKAIITHUMU PIBHAMM CIIeIliaiicTa 1 Maricrpa. — YpsuoBuid kyp'ep . — 22.09.2010 -
Neo 175.

Tomy Ha moTtpeOy wacy, ykpaiHChbki Buim HaBuanbHI 3aKiaau, 30KpeMa XapKiBChKHMA
HarioHanepHU yHiBepcuteT iMeHi B.H. Kapaszina, KuiBchkuii HamioHaNbHHI YHIBEPCUTET iMeHI
Tapaca IlleBueHka, po3poOJIAIOTh HAaBYAJIbHI MPOrpamMH 3 MIATOTOBKM MEIWYHUX (i3UKIB 3a
OCBITHBO-KBaITI(DIKAI[IHHIMY PIBHSIMH 3T1JTHO BUMOT HaIliOHAIBHOI HOPMAaTUBHO-TIPABOBOI 0a3m Ta
3 ypaxyBaHHSM MID>KHAPOIHOTO JOCBINY.

B  KuiBchkomy HamionamsHOMY yHiBepcutTeTi imeHi Tapaca IlleBueHka 1uiaHyeThCs
cTBOpeHHs nudpoBoi pentrenorpadiunoi madoparopiit (X-ray unit) 3 MeTor0: HaBYaHHS MaricTpiB
3a CIEMIATBHICTIO ,,MeIUYHa (i3WKa”, MPOBEICHHS NMPAKTUYHUX, KYPCOBUX, JHUIIOMHHX POOIT;
MIJBUINCHHS KBamidikamii MemuuHux (axiBIliB, 1HXKEHEpPIB 3 IUTaHb pajialiifHOi Oe3MneKH;
PO3MOBCIOKEHHS YKPAaiHCHKUMH CITEI[ialliCTaMH  JIOCBiy (OTPHMMAHOrO B paMKax MiKHApPOJIHUX
MPOEKTIB) IOAO TMPOBEACHHS BUMIPIB, 3HIDKEHHS I[POMEHEBOIO HAaBaHTAXKEHHS Ha
MAli€HTIB/IIEPCOHANl PEHTICHOJIOTIYHUX BiJJIJICHb, IPOBEIACHHS HAyYKOBO-IOCIIJIHHX PpOOIT 3
pizHUMH (I3UKO-010J0TITYUHUMH 00’ €KTaMH 3a JOIMIOMOT'OI0 CY4acHOTO ITU(POBOTo 00Ia HAHHS.

be3yMOBHO 3aciayroBye yBard CTBOPCHHS CHCTEMH HETICPEPBHOI OCBITH Ta ITiIBUIICHHS
kBaiikamii ykpaiHChkuX (haxiBIiB, SKI BHUKOHYIOTh (GYHKIT MeanuHux (izukiB. Ha gymky
aBTOpA, 11 MOXKIIUBO MUISIXOM OpTaHi3arii:

- MDKpErioHaJbHUX KypCiB/CTaXXyBaHHS MeAMYHUX (I3UKIB 3 aKTyallbHUX MUTaHb (30Kpema
IIPU BIPOBAKEHH1 HOBITHIX TexHouorii 3 /{IB):

- CTBOpEHHS )KYpHAJiB 3 MeANYHOI (Pi3UKH;

- yTBOpeHHs Acomialnii MeAnyHuX (Pi3uKiB.

Takox, TapHUM MIATPYHTSAM AJI BHUPILIEHHS IIbOTO MUTAHHS, 3 OJHOTO OOKYy, MOXe OyTH
npoekt MAT'ATE 3 meauunoi ¢i3uku, mo craprye B Ykpaini 3 2012 p. 3 iHmoro 00Ky,
00’€IHaHHA 3yCUJIb LIEHTPAJIIbHUX OpPraHiB BUKOHABYOI Biaau — MiHICTEpPCTBA OXOPOHH 370POB s,
HepxatomperymntoBanHs Ykpainu, MiHicTepcTBa OCBITH 1 HayKH, MOJIOJII Ta criopty, HaiioHanbHOi
akajgemii MeOUYHUX Hayk Ykpainu, APY, Bummx HaBUadpbHUX 3aKjiajliB, MIMPOKOTO Koja
npogecioHais.

3Bakal0uM Ha AaKTYyaJbHICTh BIPOBA/KEHHS HOBITHIX TEXHOJOTIH B MEIUYHY IMPAKTHUKY,
HAyKOBO-JIOCIHY poOOTY BBa)Karo, IO MIATOTOBKA BHCOKOKBaNI(DIKOBAaHUX MEIUYHUX (H13UKIB
HAJACTh MOTYKHUN IMITYJIbC JJI1 PO3BUTKY BITUM3HIHOI HAYKU Ta MIABUIIEHHIO SKOCTI MiATOTOBKU
BHCOKOKBaJI1(h1IKOBAHUX KaJIPiB Ul YKPATHCHKOT IepKaBHU.

1. Materials of IAEA Seminar and Workshop “Synergy of nuclear sciences and medical
physics: Education and training of medical physicists in the Baltic States” // Medical Physics in the
Baltic States. — 2010. — Vol. 1. — P. 3—59.

2. IMununenxo M. I. Pons MmequuHoOro (hi3ka B CydacHii pamaionorii / Marepianu gomoBiei
1-ro mixkHapogHOTO ceMiHapy «MeanuHa (i3uka — CydyacHUM cTaH, MpoOJIeMH, HNUIIXU PO3BUTKY.
HosgitHi Texnomnorii”. — 2011. — C. 79—81.

3. EC Directive 1997/43/Euratom of 30 June 1997 on health protection of individuals against
the dangers of ionizing radiation in relation to medical exposure // Official Journal. — 1997. —
Vol. L 180. — P. 0022—0027.
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BUKOPUCTAHHS BIAKPUTHUX IVIAHYIOUUX CUCTEM JJI51 MMPOMEHEBOI
TEPAIIII (RTPS) IPU IIAT'OTOBUI MEJNYHUX ®I3UKIB BULLIUMHU
HABYAJIBHUMMU 3AKJIIAJJAMU

M.€. Anboxina™?, O.A. Besumiiko? ", 51.0. Be3mmiiko?, 0.0. lImrpm{

1) Meouuna kninixa «Innosayisy, Jlromeoic
2) Kuiscokuitl nayionanvnuil ynisepcumem imeni Tapaca Lllesuenxa

* m. Kuis, 03022, eéyn. Bacunvkiecoka 98a, +38(068)1177784, obezsh@gmail.com

AHoTtanisi: B po0oTi po3risiaeThecs poib MUIAHYIOYHX CUCTEM JUIS PO3PaxyHKY J03 B MPOMEHEBIH Teparlii,
iX OCHOBHI THIH Ta MOJENBHI MiIX0AU, OOTOBOPIOETHCS HEOOXITHICTH CTBOPEHHS BIIKPUTHX IUIAHYIOUHX
CUCTEM ]IS TTOTPeO SKICHOT MiITOTOBKU METUYHAX (PI3UKiB BUITMMH HABYAIIEHUMHU 3aKJIajaMHi Y KpaiHu.
Annoramusi: B pabore paccmarpuBacTcs pojib IUIAHUPYIOIIMX CHCTEM JUIS PAcueToB J03 B JIy4eBOM
Tepaniy, UX OCHOBHBIC THUIBI U MOJEIBHBIC MOIXOMBI, 00CYXKIAETCS HEOOXOJUMOCTh CO3IaHHUS OTKPBHITHIX
TUTAHUPYIONIMX CUCTEM JUIs OOECICUCHHs KAueCTBEHHON MOJTrOTOBKM MEIUIMHCKUAX (DU3UKOB BBHICIIUMHU
yueOHBIMU 3aBEICHUSIMU B Y KpauHe.

Abstract: The role of the radiation treatment planning systems (RTPS) for radiotherapy, types of RTPS,
model approaches are considered. Vital need of development free open RTPS for effective training of
medical physicists in Ukrainian universities is discussed.

Kurouogi cioBa: RTPS, mnanyroua cucrema
KroueBsle ciioBa: RTPS, mianupyromas cucrema
Key words: RTPS, radiation treatment planning system

ABTOMaTH30BaH1 KOMIT'IOTEPHI IUIAHYIOY1 CUCTEMH ISl TUTAaHYBaHHS J1030BUX HaBAaHTa)KEHb 1
pexuMiB poOOTH TepareBTHUHOTrO oOmagHanus (radiation treatment planning systems - RTPS) €
BO)XJIMBOIO JIAHKOIO TIPOIIECY ITUIAaHYBAHHS Ta TPOBEIEHHS Tepamii 3 BHKOPHCTAHHIM JDKEpen
10HI3yI0YOTr0 BUIPOMIHIOBAHHS NPHU JIIKYBaHHS OHKOJIOTIYHHX 3aXBOpIOBaHb. [Ipoliec miuaHyBaHHS
paaiamiifiHoOi Tepamii CKIaJaeThCs 13 LIJIOTO Psy KPOKIB — J1arHOCTYBaHHS, BU3HAYEHHS CTajii
PO3BUTKY XBOpPOOHM, OTPHUMAaHHsS JAIarHOCTHYHHMX 300pa)keHb [UIs TPOBEACHHS IUIAHYBAaHHS
TEpaneBTUYHUX MpoIeayp (B OCHOBHOMY PEHTTEHIBCbKa KOMII IOTEpHA ToMorpadis), JoKami3amis
oOnacTeil 3JIOSKICHUX YTBOpEHb Ta O0O0’€MIB 3/J0pOBHX TKaHHWH, IIONEPEIHE ONTUMAaJbHE
po3MimeHHsT 1 KOHQIrypallis IyYkiB Y JDKEpeNT 10HI3YI0YOro BHIIPOMIHIOBAHHS, CHMYJIALIIS
ONPOMIHEHHsI 1 TOCIJIOBHA ONTUMI3allisl PO3MIIIEHHS IYy4YKiB YH zpicepen (Tak 3BaHe mpsAMe
ianyBaHHs). B octanHi poku 3 po3ButkoM IMRT meTomuk, KOMIT'IOTEpHHUX MHOTYKHOCTEH 1
00YMCITIOBAILHUX aJITOPUTMIB BCe OLIBIY POJb BIAIrPatOTh METOIM IHBEPCHOI'O TUIAHYBAHHS, KON
[0 BHU3HAYEHHM IMPOMEHEBUM TEpPANeBTOM 130J03HUM pO3MOJijIaM CHCTeMa CaMOCTiiHO (Iif
KOHTPOJIEM BUCOKOKBaJIi()iKOBAHOT'O OllepaTopa — MEAUYHOro (i3uka) BU3HAYAE HEOOX1THI peKUMU
poboTu obsagHaHHsA (KOH(Irypamlilo MydYKiB 10HI3YIOUOTO BHUIIPOMIHIOBAaHHS NIpU HPOMEHEBIH
Tepamii 4M Jpkepen npu Opaxitepamii). Ilpu npomy npu miaHyBaHHI J1030BUX HaBAaHTaXEHb 1
KOH(Irypamiii pamiaifHUX MONIB 00’€éMH HaBaHTXXEHHS HAa MeAMYHUX (i3UKIB (KIIHIYHUX
JO3UMETPUCTIB) 3MEHIIYIOThCS, a BUMOTM J0 iX KBajigikamii 3MIIIYIOTBCS BiA PIBHA
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BUCOKOKBaJIi(hiKOBAaHOTO J1abOpaHTa 710 piBHSA HAyKOBL-(i3MKa 3 TITMOOKUMH 3HAHHAMHU (Pi3HUHUX
nporieciB pu (GopMyBaHHI 7103, JETAITBHOTO 3HAHHS CKJIQJHUX BUMAAKIB JI030BOTO TUIAHYBAaHHS B
CWJIBHO TETEPOrCHHHX CEPEJOBHINAX, 13 BPAaXyBaHHIM MEIUKO-010JIOTTYHUX OCOOIMBOCTEH ITHX
nporiecis. Lle moB’s13aHO 3 THM, 1110 IPOCTI PYTUHHI MPOLIECH IHBEPCHOT'O IJIaHYBAaHHs KOMIT FOTEpHI
CUCTeMH Bce Ounpine OepyTh Ha cebe, a MeauyHOMY (i3UKy (KJIIHIYHOMY JO3UMETPUCTY)
BIJIBOJUMETHCS POJIb KOHTpOJIEpa poOOTH KOMII'IOTEPHHMX AJITOPUTMIB Ta BH3HAYaK4a poJib IO
KOH(pirypamii pagiamiiiHUX TOMIB Yy CKIQJHUX BHIAJKaX, KOJM KOMIT'IOTEpHA CHCTEMa He
CIIPOMOYKHA 3pOOMTH OJHO3HAYHUN ONTHMAIbHHN BUOIp, a00 pOOUTH II€ JOCTATHHO HESAKICHO.
Tomy y HaHOIMKYiM NEPCHEKTUBI € aKTyalbHUM ITiIBULICHHS KBaTi(PiKAIIfHOTO PiBHSA MEAMYHHX
¢i3ukiB (0ocoOnMBO B 00JacTi IUIAHYBaHHS JIO3HUX PO3IMOIUIIB Ta BHOOPY ONTUMAIbHHUX
KOH(}irypariii pagianiiHuxX MoJiB) mpu iX HaB4YaHHI. B ymMoBax Hamoi KpaiHM — I JOCTaTHBO
CKJIaJIHa 1 BapTiCHA 3a/1a4a, siKa B OUIBIIOCTI BUIAKIB IEPETBOPIOETHCS B HEMITHOMHE 3aBIaHHs, B
nepmy d4epry mpu 0a30BOMY HaBYaHHI B BHINUX Y40OBHX 3akianax. KomepriliHi TUTaHyrOd9i
CHUCTEMHU IPOMEHEBOI MEAMLMHHU € YK€ BapTICHUM NPOTrpaMHUM 3a0e3Ne€4YeHHsM, OCOOJIMBO
CHUCTEMH 3 IHBEPCHUM IUIaHYBaHHAM, i3 3abe3neueHHsM ¢QyakmionyBanHs IMRT wmeronuk.
KinbkicTh KOMEpLIHUX cUCTeM BeHKa, B [1] MokHA 03HAOMUTHCS i3 CHIMCKOM, B SIKUil BXOJHTh
3HaYHa YaCTHMHA TaKUX HAWOLIBII TMOMyNsApHUX CUCTeM. YacTo BOHU MOCTaBISIFOTHCA 13
TepaneBTUYHUM anapaTHUM OOJaJHAaHHAM B KOMIUIEKCHHX CHCTEMax 3 BEJIMKOK BapTICTIO 1, Ha
Kallb, SIK TPaBWIO, BiACYTHI zemeBi a00 BUIbHI OMIIi BUKOPUCTaHHS TaKUX CUCTEM JUIS
HaBYAJIbHOT'O IPOLECY, OCOOJIMBO MPU I'PYNOBOMY CTYJAEHTCHKOMY HaBuaHHi. Tomy BuXoasuu i3
TaKOro CTaHy peueil € 0COOIMBO aKTyaJlbHUM pO3pOOKa BIAKPHUTOro (4d Xo4ya O BUIBHOTO JUIS
BUKOPUCTAHHS) MPOrpaMHOro 3a0e3ledyeHHsl CUCTeM IUIaHYBaHHS IPOMEHEBOI Teparii, 30Kpema
IUTAHYBAaHHS JO30BHUX HAaBaHTaXEHb 1 KoHQirypamii pamiamiiinux momiB. Llg mpoOmema €
aKTyaJbHOIO HaBITh Ul IOCTaTHHO 3a0€3MEUeHNX MaTepiajibHO 3aKOPJOHHUX HAaBYAJIbHUX 3aKJIa/liB
1 cipoOu CTBOPEHHS HaBiTh (PIHAHCYIOTHCS uepe3 rpanToBi cuctemu [2]. [lonepenHi mianu onHiel i3
TaKUX PO3pPOOOK MOXKHA OIHUTH B [3], HE 30BCIM 3pO3yMiNHii i cTaTyC BiIKPUTOCTI, 3a IJIAHOM
poboty Oynme 3akimueHo B 2013 pormi. Ha >xanb, KUTBKICTh BIIKPUTUX TUIAHYFOUHX CHUCTEM IS
IPOMEHEBOT Tepamii Jyxe oOMeKeHa, YaCTMHA TaKUX MPOEKTIB MICis MOYaTKy pOoOOTH HaJl HUMU 3
4acoOM 3rOpTar0Th CBOO JisUTBHICTH [4, 5].

SAx xomepiiini RTPS Tak 1 BiIKpUTI MPOEKTH MOXHA PO3IUIMTH HA JBa BETUKHUX KIACH 32
BUKOPHUCTAHHSAM THIIIB MOJENbHHUX MIAXOIB MPH PO3paxyHKy A03. Ilepiia rpymna anroputrmiB €
HaliBaHAJITHYHUMHU-HAMIBEMITIpUYHUMH  Tiaxonamu. Llsg rpyma HaiiOinemn mommpena 1 Oyna
OCHOBHOIO 0arato pokiB — pi3Hi MozenbHi migxomu (pencil beam moneni, pi3Hi BapiaHTH METO/IB
MIBUJKOTO MepeTBopeHHs Pypbe Ta IHIIMX MIJXOAIB JO CIPOILIEHOIO PO3B’S3KY IHTETrpaJbHHUX
PIBHSIHb NEPEHOCY 10HI3YIOUOr0 BUIIPOMIHIOBAHHS) PO3PI3HSUIMCSA B JETASAX, ajlé OCHOBHUMH IX
0COOJMBOCTSIMM € BIIHOCHO IIBHJKAa poOOTa adroOpuTMIB (IO J103BOJISIE OMEPATHBHO NMPOBOAUTH
IUTAaHYBaHHSl TEPaNeBTUYHUX OIMPOMIHEHb MAIlEHTIB) Ta OOMEXEHHS 10 TOYHOCTI Yy CKJIAaJHUX
BUMAJ/IKaX CHUJIBHO I'€TEPOr€HHUX CTPYKTYp 3 PI3KMMHU MepexoaMH IO T'yCTHHAM Ta CEepeIHbOMY
aTOMHOMY HOMepy peudoBuHHU. [pyruit kmac RTPS crimpaeTscst Ha TpUHIMIIOBO (Bi3WYHI IMIXOAH 3
BUKOPUCTaHHAM Metoay Monte Kapio Ta MakCMMalbHO TOYHHMX 3aJIEKHOCTEH B3aeMOIl
10HI3YFOUOT'0 BUIIPOMIHIOBaHHS 3 peyoBUHOIO [6]. Taki migxoau Bipi3HIIOTHCS BUCOKOIO TOYHICTIO
PO3paxyHKy 7103, ajie MpU LbOMY BUMAaraloTh BEJIMKHX OOYHMCIIOBAIBHUX PECYPCIB 1 IX aKTMBHUH
PO3BHUTOK 1 BUKOPUCTAHHS HA PEATbHUX TEPANICBTUYHHX CHUCTEMax IMOYABCS TUTBKH MPAaKTUYHO B
OCTaHHI POKH 13 JOCATHEHHSAM JOCTaTHBOI OOYMCIIIOBAJIBHOI MOTYKHOCTI POOOYMX CTaHLIN (KOJIU
yac 00paxyHKY CTaB HAOJMKEHO MPUIHATHUM JUIsl ONIEPATUBHUX PO3pPaxXyHKIB IJIaHIB JIKyBaHHS). |
Xo4a 1 3apa3 Taki CHCTEMH MAlOTh JOCTaTHbO JOBI1 YacHd OOpaxyHKy, ajieé HIBHJIKUNA PO3BUTOK
KOMIT FOTEPHOI TEXHIKH TapaHTy€ IIBUJKE BUTUCHEHHS B HAWOIMKUYOMY MalOyTHHOMY CHCTEM 3
HaMiBEeMIIIPUYHUMH TiIXOJaMH IUIAaHYIOUMMH CHUCTEeMaMH Ha OCHOBI Metoqy Monrte Kapro.
CyTTeBUi IMITYITEC IO TAKOTO MEPEXOy B OCTaHHI TPU POKH HAJAIH JOCITIDKCHHS BUKOPUCTAHHS
noTyxHocrei rpadigaux npouecopiB (GPU) mist HayKoBUX pO3paxyHKiB, IO MOTEHIIIHHO MOXeE
MPUCKOPUTH PO3paxyHKU Ha 2-3 mopsaxud. OCHOBHOIO MPOOJIEMOIO TYT € ajanTallis KJIACHYHHUX
QITOPUTMIB 1 MPOTPaMHUX KOZIB Ha ocHOBI Merony Moute Kapno no pospaxynkiB Ha GPU.
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BukopucranHs Takoro MiIXOAy € AyKe MEpPCIEeKTUBHUM JUIis po3poOku 1 Biakputux RTPS. I3
BIJIKDUTHX 1 BUIBHUX CHCTEM IUIaHYBaHHS, OLIBIIICTh SKUX CIUPAETHCS HA BUKOPUCTAHHS METOMIY
Monte Kapmo, moxna Bupimutu mnpoektr GATE [7], sikumii Ga3yerbcss Ha 1o0Ope BiZoMOMYy
nporpamaomy komi GEANT4 [8]. Takox [0CcTaTHRO MaBHIO ICTOPIF0 PO3BUTKY MA€ IMPOEKT
PLanUNC [9], sxwuii Bene cBiii mouatok Bix mpoekty GRATIS i 103Bosisie BUKOPUCTAHHS TIIBKH
JUIs mocigHunbKuX 1iaei. Ile onun npoekr, sikuii 6a3yerbes Ha Metoai Monte Kapimo — MMCTP
(McGill Monte Carlo Treatment Planning system) [10]. Takox € ceHC MO3HAHOMHUTHCS IIE 3 OAHHM
I[iKaBMM MPOEKTOM IUTaHy0401 cuctemu — Prism [11]. Ha »ainb, OCHOBHA #Oro 4acTHHA HalKCcaHa
Ha crienudivHid s izukiB MoBi LISP, 1m0 yCKIaJHIOE BHKOPUCTAHHS i, 0COOJIMBO, PO3BUTOK
CUCTEMH.

B 1minoMy MokHa 3pOOMTH BHCHOBOK, IIIO IIOKH IO BiJICYTHI BIAKPHUTI CUCTEMH ILUIAHYBaHHS
103 RTPS, ananorivai mo 3py4HOCTI 1 HAOIMKEHI 110 (YHKIIOHATBLHOCTI J0O KOMEPIIIHHUX CUCTEM 1
3ajJ]aya CTBOPEHHS (UM PO3BUTKY CTApUX) TAKUX CHUCTEM JUIS 3a0€3NCUYCHHS IOBHOIIIHHOTO
HaBYAJIBLHOTO MPOLIECY MEANYHHX (DI3UKIB IPOIOBKYE OYTH aKTyaJIbHOIO.

1. Pexxum noctymy: http://atc.wustl.edu/credentialing/atc_compliant_tps.html

2. Pexum pocrymy: http://www.researchgrantdatabase.com/g/5R25CA134307-02/CURRICULUM-AND-
MODULES-FOR-COMPUTER-BASED-INSTRUCTION-OF-MEDICAL-DOSIMETRY/

. Pexxum moctymy: http://dosimetrymodules.com/index.html

. Pexxum moctymy: http://gwsherouse.com/GWS/GRATIS/

. Griinwald O., Ostrowitzki S., Ruhlmann J., Haller C. and Buzug T. M. Development of a Radiation
Therapy Open-Source Platform // Proc. of the 2005 IEEE Engineering in Medicine and Biology 27th
Annual Conference/ - Shanghai, China, 2005. — P. 1887 - 1892.

. Pexxum moctymy: http://irs.inms.nrc.ca/software/egsnrc/

. Pexxum moctymy: http://www.opengatecollaboration.org/home

. Pexxum noctymy: http://geant4.cern.ch/

. Pexxum moctymy: http://planunc.radonc.unc.edu/

10. Pexxum moctymy: http://www.medphys.mcgill.ca/~mmctp/MMCTP/Welcome.html

11. Pexxum noctymy: http://faculty.washington.edu/ikalet/prism/
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BUKJIAJEHHS KYPCY «PAJIAIIIAHA BIO®I3UKA» JIJISI CTYJIEHTIB
CHEIIAJIBHOCTEN «MEJJUYHA ®I3UKA» TA «BIO®PI3UKA»

K.I. Boryuska, IO.1. IIpuaynbkuit

Kuiscoxuu nayionanonuu ynieepcumem imeni Tapaca lllesuenxa, Haguanvno-nayxkoeuti yenmp
«Incmumym 6ionoeziiy, 8yn. Bonooumupcoka, 64, m. Kuis, Ykpaina, 01601,

+(38) (044) 5213325; biophys@univ.kiev.ua

AHoTamisi: Posrnsjaiorecsl 3HadeHHs, MeTa i 3aBlaHHS Kypcy «Pamiamiiina Oiodisuka» sK BaXJIHMBOL
JUCLUIUTIHY JUIs HiATOTOBKY CTYIEHTIB 3a cnenianbHocTsIMu «Meanyna ¢izuka» ta «biodizukay.
AnHoTanus: PaccmarpuBaroTcs 3HaUeHHE, LIeTb U 3a/laHue Kypca «PainannonHas Onopusnka» Kak BaKHON
JUCIIMTUIMHBI JUTSL TIOJITOTOBKH CTYJICHTOB IO CHEeNUANbHOCTIM «MeaunuHckast puznkay u «buoduznkay.
Abstract: The value, purpose and task of «Radiation Biophysics» course as an important discipline for
training students in the field of «Medical Physics» and «Biophysics» are considered.

Karwuogi ciaoBa: Paniariiina 6iodi3zuka, Mennuna ¢i3uka, 6iodiznka, MeTo iKa BUkiaganas y BH3.
KaroueBble ciaoBa: PanuainmonHas Ouwodusuka, MeamuuHckas (¢Qu3nka, Ouodu3MKa, METOJIUKa
npenojaBanus B BY3e.

Key words: Radiation biophysics, medical physics, biophysics, teaching methodology.

Hapasi paniobionorisi ckimafaeTbCs 3 TaKUX YacTUH: pafiamiiiHa Oiodizuka, pajiaiiiiHa
Oloximisi, pamialiifHa MOJICKYJIApHa Ol0JIOTis, pajialiiHa TEeHETHKa, pajialiiiHa IUTOJIOTIs,
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pamiamiiiHa iMyHOJOTiS, pajianiiiHa BipycosioTid, panio0ioyoris pi3HUX THUIIB OPraHi3MiB,
pamiariiHa eKoJIoTis, KOCMIuHa pPaaio0iooris, MeAruYHa paaio0ioioris, pamio0ioyoris MyXJIuH,
pamiamiiina ~ MemOpaHOIOTis, KIITHHHA  pagiobiosoris, paniobionoris OIS,
CLIIbCBKOTOCTIOIapChKa pagiobiosoris Tormo [1].

Paoiayitina 6iogizuxa — e po3nin paaiodionorii, Mo BUBYAE MEXaHI3MHU 1 IPOSIB 010JI0TTYHOT
Jii  10HI3yIOUOrO0 BHIIPOMIHIOBAHHS Ha OCHOBI aHalmidy (i3MKO-XIMIYHUX MPOILECIB, SKI
BiZIOYBalOThCA NMPH I[bOMY Yy OIOMaKpoOMOJIEKYJi, KJIITHHI, TKaHWHI Ta Opra”i3mi 3araiom [2].
binbmiicTh HaABaroMimux JAOCATHEHb Y JOCTIIKEHHI CTPYKTYPHO-(PYHKI[IOHATHHUX BJIACTHBOCTEH
KHUBOI MaTepii OJepX,aHO caMe 3aBISKH IIMPOKOMY BHKOPHUCTaHHIO METOJIB pajiamiifHol
0i0¢i3uKH, 5Kl 6a3yIOThCA Ha (PI3MYHUX MPUHIIMIIAX Tepeaadi eHeprii BUIPOMIHIOBAHHS aTOMaM 1
MOJIEKYJIaM O10JIOTIYHUX CUCTEM 3 YpaxXyBaHHSIM O0COOIUBOCTEH iXHBOI B3aEMOJIII.

Kypc «Pamiamiiina 6iodizuka» sSK IUCHMIUIIHA Cremiamizaiii Mae BUKIAIaTUCh V
pPO3IIMPEHOMY BapiaHTi sl CTYACHTIB, ski HaBdaioTbcs 3a OKP OakamaBp abo marictp
crienianbHOCTEN «MennuHa ¢dizuka» Ta «biodizukay.

Axmyanvuicmes BUBYCHHS Kypcy «PamiamiitHa 6io¢i3uka» 3yMOBIIEHA TaKHMMH BaXKJIHBHUMH
dakTopaMu: Mmo-mepiie, yci )KUBi iCTOTH Ha 3eMIli 3HAXOAATHCA MiJ A1€10 MPUPOAHOTO PalialliiHOTO
¢oHy (KOCMIYHI TPOMEHI Ta BUIPOMIHIOBAHHS TNPHUPOJHUX PATI0AKTUBHHX EJIEMEHTIB 3€MHOI
KOpH); TO-Apyre, MpH CTBOPEHHI INTYYHUX JDKEpeNl 10HI3yrouoi paaiamii (sAepHi peakTopu,
NPUCKOPIOBaYi, PEHTTEHIBCHKI armapary TOIIO) Ta BIPOBAKEHHI Pali0AKTHBHOTO BUIIPOMiHIOBAHHS
y MeIWYHY NPaKTUKY BaXKJIMBOIO 3HaueHHs HaOyBae NOCIIIKEHHs i 103 BUIPOMIHIOBaHHA Y
3B’A3Ky 3 BHUKOPUCTAHHSAM 10HI3yIOUOI pajiamii sIK JIarHOCTMYHOTO 1 TEpanmeBTHYHOTO 3acO0iB;
HapellTi, MO-TpeTe, IHTEHCUBHUI PpO3BUTOK SJICPHOI EHEPreTHKH (SAepHUX TEXHOJIOrii) Ta
BUKOPUCTAHHS JDKEPEN 10HI3YI0YO0i pagiamii y TEXHIYHUX 1 HAyKOBUX IUISAX MOTpeOye BHPIMICHHS
I€ OJJHOTO MPAKTUYHOTO 3aBJaHHS — OLIHUTU CTYIMiHb PU3MKY JJS JIOAUHH 1 Olochepu 3araniom
HACIAKIB orpoMiHeHHA. [IpoxyKTH Moy pagioakTUBHUX SAEP, IO YTBOPIOIOTHCS TPU aBapisix Ha
AEC, pagioakTuBHI BIIXOAM MiABUINYIOTh 3arajibHUi ()OH OMPOMIHEHHS YCIX JKUBHUX OpPTraHi3MiB.
Lle BUMarae neTajdbHOrO BHBUCHHS MOXMIIMBUX BIJJIQJICHUX T'€HETHYHUX HACHIJIKIB, TOB’S3aHHUX 3
ornpoMiHeHHsIM. Po3poOka edekTHBHUX MeETOAIB TNPOMEHEBOi Tepamii MHyXJMH Ta IHIIMX
NATOJIOTIYHUX CTAaHIB HEMOKJIMBA 0e3 3ac00iB HANpaBiI€HOI 3MIHM YYTJIMBOCTI KJIITUH 1 TKAHUH J10
pajianiifHOTO BIUIHUBY.

Mema xypcy: o3HaloMHTH 3 (QyHAAMEHTATHPHUMHU 1 MPUKIATHUMU acleKTaMHU B3a€MOJIIT
10HI3yI0YOTO BHMIIPOMIHIOBaHHS 3 OI1OJOTiYHUMM OO’€KTaMH Ha pI3HUX PIBHAX iX opraizaiuii,
BKJIIOUYAIOYH MPOTIKAHHS 1 TOCTpaialliiHUuI Meplo.

[TinroToBKa CTYAEHTIB y raiy3i panianiiHoi 010()i3UKH € HEOOXiTHOI CKJIAJOBOIO SK IS
OuIbILI TIMOOKOTO PO3YMIHHS TUX YM IHIIMX 010()13MYHUX SBHIL, TAK 1 MPAKTUYHOI OLIIHKHU BILIUBY
paniailii Ha )KHB1 CHCTEMHU.

3aeoannamu Oucyunninu €. 1) ¢dopMyBaHHS YSABJIEHb MNPO Cy4YaCHUM CTaH MpoOIemM
panianiitHoi 010(i3uKu; 2) NOCTIKEHHS B3a€MO3B 3Ky BIUIMBY BUIIPOMIHIOBAaHHS Ha CTPYKTYpY 1
(GyHKIIIT OCHOBHHUX KOMIIOHEHTIB 010CHCTEM Ta MPOrHO3YBAHHS MOXJIMBHUX HACIHIJKIB Takoi Aii; 3) 3
METOI0 Mail0yTHROT (paxoBOi OpieHTAllil HA/TAaHHS CTYJ€HTaM 3HaHb I110/I0 CyYaCHUX MOKJIMBOCTEH 1
TEHJICHIIIH PO3BUTKY METOJIB pajiaiiiHoi Oio¢izuku. Takuii 00’e€M 3HaHb € HEOOXITHHM IS
IPYHTOBHOT'O aHali3y BIUIMBY paJiallifHOro ONMpOMiHEHHs Ha 061000°€KTH 1 MPOrHO3yBaHHS HOro
MOKJIMBHUX HACIIIKIB.

Bumoeu 1o piBHS 3aCBOEHHS KypCy: 3HATH BHJU 10HI3YIOYOTO BUIPOMIHIOBAHHS, MEXaHI3MHU
HOTO B3a€EMO/IIT 3 pEYOBHHOIO Ta O10JIOTIYHUMH 00’ €KTaMH, TO3UMETPUYHI METOAH TOIIIO.

Bumozu 00 3nanb ma éminb. 3aCBOEHHS 0a30BUX MOHATH 1 BU3HAYCHD pajialiiiHoi 6i0]i3ukH,
BMIHHS BUKOPHCTOBYBATH X Ha MPAKTHIll NMPH BUPINIEHHI KOHKPETHUX JOCHIIHULBKUX 3aBJaHb;
BMIHHS Ha HaJeKHOMY HAayKOBO-METOJAMYHOMY pIBHI OpraHi3oByBaTH CIOCTEpEXEHHS 3a
pajiallifHUMU TIpollecaMu 1 SIBUIIAMU SIK Yy JKMBI HpHUpOJl, Tak 1 B yMOBax JabopaTOpHOTo
eKCIEpUMEHTY; 3HaHHA OCHOBHHMX OJMHMIb BUMIPIOBAHHS EKCHO3MLINHOI Ta TMOTJIMHYTOI 103U
panialiifHOro ONpPOMIHEHHS; BMIHHSI PO3paxOBYBaTH €KBIBJIEHTHI JO3M ONPOMIHEHHSI; 3HAHHS
OCHOBHHMX MEXaHI3MIB MOJEKYISIpHUX NEpeTBOPEHb 3a [ii 10HI3YIOUOTO BHIIPOMIHIOBAHHS;
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CaMOCTiiiHe BMBYEHHS Ta aHali3 HAayKOBOI JIITEPAaTypH, IO MICTUTh Pe3ylbTaTH 3 paialiitHol
6io¢izuku [3-6].

AKTyanpHUMH TeMaMH MI0A0 3HayeHHA «Pamianiiinoi 6i0¢i3uku» SK HaBYAIBHOTO KYpCY €
PO3KPUTTS TIOJOXKEHb PO BUAM PaJiallifHOTO ONMPOMIHEHHS, HOTO JiKepena 1 MEXaHi3MH ii,
HACIIAKY pajialifHO-XIMIYHUX MOUIKO/HKEHb ISl )KMBHUX OPraHi3MiB, MPAaKTUYHE BUKOPUCTAHHS
paiaiifHOro ONPOMIHEHHS Ta OCHOBHI NPHUHIMIIN 3aXUCTYy HAaBKOJMIIHBOTO CEpelOBUILA BiJ
panioakTUBHOTO 3a0pyaHeHHs [7].

ITix yac BUKIaiaHHA KypCy pO3IJISAAI0ThCS OCHOBH B3a€MO/IIT 10HI3YI0UOTI0 BUIIPOMIHIOBaHHS
3 OlojoriyHMMH 00’€KTaMH Ha pI3HUX PIBHAX OpraHizamii >kuBoi Matepii: 1) B3aemonis 3
PEYOBHHOMO; 2) BB Ha ocHOBHI Oiomonexkymu (JAHK, Oinku, mimian); 3) peakiis onmpoMiHEHHX
KJIITHH Ta 0araTOKIITUHHHUX OpraHi3MiB; 4) paaio0ioJoris JIOAWHYU 1 TBAPUH; 5) paliOaKTUBHICTH 1
JOBKULIA (3aXUCT HABKOJUIITHBLOTO CEPEIOBHUINA BiJl PaaialliiHOTO 3a0py/IHEHHS).

VY xoji BUKIaIaHHS KypCy NMPOIOHYETHCS TAKUW MEpeiK TeM: «3arajbHi MUTAaHHS SACPHOI
¢bi3ukn», «OCHOBHI B1IOMOCTI 3 103UMETPii», «KiabKiCHI mapaMeTpy OIIHKU BILIMBY 10HI3YHOUOTO
BUIIPOMIHIOBaHHS Ha PEUOBHHY», «bioyoridyHa 1isi 10HI3yI0UOTO BHIIPOMiHIOBaHH:S», «Pamiamiiini
VIIKO/DKEHHSI OpraHi3My Ta MEXaHI3MHU MPOTUIIPOMEHEBOTO 3aXxucTy», «PamiamiiiHo-XiMiuHI i
panianiitHo-010XiMiYHI TIpOIleCH B ONPOMIHEHil KITHHI», «PEeHTreHiBCbKEe BUIPOMIHIOBAHHS,
«[IpakTuyHEe BHUKOPUCTAHHS paAioi30TOMIB y OloMenuuHux npociikeHHsx» 1 «[Ipupoana
PaMiOaKTHBHICTh JIOBKULISI Ta OCHOBHI TPHUHIIMIIK 3aXUCTy HABKOJHUIIHBOTO CEPEIOBUINA Bij
PaioaKTUBHOTO 3a0PYAHEHHSD.

Ha cywyacHomy erarti po3BHTKY Ii€i ramy3i HayKd iHTEHCHBHO PO3POOISIOTHCS TaKi HayKOBI
HaNpsIMKU: TKaHUHHO-EKBIBAJIEHTHA JO3UMETPIs s SAEPHOI MEeAULUUHH, (DOTOSIepHUH MeTo.
BUPOOHMIITBA MEIMYHUX I130TOMIB, CTPYKTypHa OioJoTisi TKaHWHU 3 BHUKOPUCTAHHIM
CUHXPOTPOHHOT'O BUIIPOMIHIOBaHHS €JIEKTPOHHMX MPUCKOPIOBAUiB, 3HWKEHHS €KCIO3ULIHHOT 103U
npu nudpoBomy arooporpadiyHOMY CKPUHIHTY, TO3UTPOHHO-eMiciiiHa ToMorpadist B OHKOJIOTIT
[8]. Llpbomy edexTuBHO cHpUs€ CTBOPEHHS BUCOKOTEXHOJOTIYHHX MEIUKO-010I0TTUHUX
pamialiiHUX IIEHTPiB, PO3pOOKa HOBUX MPHHUIMUIIB KEPYBaHHA paTiallifHUM 3aXHCTOM MpH
BUKOPUCTaHHI IITYYHUX JDKEped 10HI3yI0uOoro BMIIPOMIHIOBAHHS, 3a0€3MEeueHHs ITiBUIIEHHS
kBasTi(ikamii ¢axiBLiB 3 NUTaHb pajianiiHoi O6e3neku. JlaboparopisMu HAyKOBOTIO CHpPSIMYBaHHS
MPOBOASATHCS TOCTIPKEHHS MEXaHi3MiB JIii 10HI3yI0UOT0 BUIIPOMIHIOBaHHS Ha 010JI0Ti4HI 00’ €KTH,
BUBUYEHHS MEXaHI3MIB NPUPOJHOI Ta MOJAU(IKOBAHOI pPallOpPEe3UCTEHTHOCTI 01000’€KTIB IS
pO3poOKH 3ac00iB iX 3aXHUCTY B OMPOMiHEHHS.

Paniamiitna 6iogi3uka sIK OAMH 3 BAXJIMBUX PO3IUTiB 0610(pi3UKH € 0COOIMBO 3aTpeOyBaHOIO
npu po3podii Teopii 1 MPaKTUKKA 3aCTOCYBaHHS 10HI3yIOUOTO BHIIPOMIHIOBAHHS, 30KpeMa B
MEAMIIMHI 3 J1IarHOCTUYHOIO 1 JIKYBJIBHOIO METOI0 (METOIM padioHYKIiAHOI aiarHoctuku, [TET-
texHouorii, IMP-tomorpadisi, peatrrenorpadis tomio) [9-13].

CHHXpOTpPOHHE BUIPOMIHIOBAHHS 3apsA/UKEHMX YAaCTUHOK Yy MPHUCKOpIOBadax Hapasi
BUKOPUCTOBYIOTh JUIl IPOBEAEHHS BHCOKOSKICHOI pPEHTreHiBchbkoi Tomorpadii. besmeune ta
e(eKTUBHE BHUKOPUCTOBYBaHHS Y MEAWYHUX LUISIX PaJIOHYKIIJIB, paflollarHOCTUYHHUX ramma-
KaMep Ta pi3HOMaHITHUX arnapariB paaioTepartii, BKIIOYHO 3 TaK 3BaHUMH «KiOep-HOXKaMu», CTaio
MO>KJIUBUM 3aBJISIKA OCTAaHHIM JOCATHEHHSM B Tajy3l paaiamiitHoi Gpi3uKu.

Kypc «Papiamiitna 6io¢i3uka» BucTynae (GyHIaMEHTOM JUIsI Takoi MeIuKO-010JI0TidHOT
JTUCIUTUIIHY SIK, Hanpukian, «Pamiamiitna meaumuHay [13-16]. TyT nposBIsS€ThCs TICHUN 3B 30K 3
010XiMi€r0, MOJIEKYIISIPHOIO 01010Ti€0, MAaTO(i1310JI0Ti€0, KIIHIYHUMH TUCIUTUTIHAMH, PalialliiHO0
ririeHoro tomo. [Ipu KOMIJIEKCHOMY BHUBYEHHI LUX JUCHMIUIIH CTYAEHTH MarOTh OCMHCIUTH
B3a€MO3B’S30K MDK NEpBUHHHUMM  IOIIKO/DKYIOUMMM  MEXaHI3MaMu  Jii  10HI3yI04Oro
BUIIPOMIHIOBaHHS Ta (GOpMYBaHHSAM €(EKTIB y BUIISIAI MOTOYHUX (HAHONMKYMX) Ta BIIAAJICHUX
HACJIIKiB, MOLIYK CIIOCOOIB MOIMEPE/HKEHHS Ta HIBEJIIOBAHHS TAaKUX €(EKTiB 1, HAPEIITi, OLIHUTH
JOMYCTUMHM pPHU3UK 3a Jii TaKoro MOTYXHOro (I3MYHOTO YHMHHMKA, SKAM € 10HI3yloue
BUIIPOMIHIOBaHHSI.
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Amnoranis. [IpeacraBiena KOHIEMIIS MirOTOBKH MEAWMYHUX HA HOBI Kadenpi sjaepHoi Ta MennyHOi Qi3uku
XapkiBcbkoro yHiBepcutery. OOIpyHTOBaHI TOJOBHI PUCH IUIAHY MiITOTOBKY MAricTpiB 3 MEAHYHOT (i3UKH,
10 po3poOIsieThes Ha Kadeapi siiepHoi Ta MeANYHOT (Di3UKH.

AnnoTtauus. Ilpencrasnena KOHIENUS TOATOTOBKH MEIUIMHCKIX (PU3UKOB Ha HOBOH Kadenpe aaepHor U
MEIUIMHCKON (u3nkn XapbkoBcKoro yHuBepcutera. OOOCHOBAHBI TNIaBHBIE YEPThl IIaHA TOATOTOBKH
MarucTpoB, pa3pabaTbiBaeMOro Ha Kadenpe a1epHOi 1 MEAUINHCKON (PU3UKH.

Abstract. The conception of medical physicists preparation at the new department of nuclear and medical
physics of Kharkiv university is declared. It is grounded the main features of master’s curriculum that is
preparing at the department of nuclear and medical physics.

Karouogi ciioBa: menuyuna ¢izuka, OakanaBp, CIIEIialiCT, MariCTp, HAaBYaIbHHIA TUIaH.
KaroueBsle cioBa: MequimHCKast pusrika, OakanaBp, CIICIIUAINCT, MATUCTP, YISOHBIHN TIIaH.
Key words: medical physics, bachelor, specialist, master, curriculum.

HaykoBi nmocmimkeHHs y ramy3i mMeanyHoi (i3MKd Ta OlOMEIUYHUX TEXHOJOTiH Oynu
po3Moyari B ceKTopi pasiamiiHoi 60i0¢hi3uku kadenpu eKCrepuMeHTIBHOI siiepHOoi Pi3uku (Hizuko-
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TeXHIYHOTO (akynpTeTy y 1972 poui. ['onoBHUMEU HampsMKamu 1i€i poOOTH OyI0 MOCIiIKEHHS
B3a€EMO/II €JIEKTPOMArHiTHUX TOJIB Ta YJIBTPAa3BYKOBUX XBWJIb 3 OIOJIOTIYHUMH CTPYKTypaMH Ta
piAMHAMH Ha OpPraHHOMY Ta KIITUHHOMY piBHAX. [3 myckoM Ha Kadempi eneKTpOHHUX
MPUCKOPIOBAYIB JOJABCS HAMPSMOK, MOB'I3aHUN 3 JOCIIKEHHSIM B3a€EMO/IIT MYyUKIB 3apsSIKEHUX
YAaCTUHOK 3 OIOJIOTIYHMMH O0’€KTaMu. 3 IepUIMX JHIB ICHYBaHHS CEKTOPY JO HOro poOoTH
3aITyqajiucs MPOBIAHI CHEIaliCTH sIK Kadeapu eKCclepuMeHTalbHOI saepHoi ¢izuku, Tak 1 HHII
VYkpainu «XapkiBChbKul (Di3UKO-TEXHIYHUA 1THCTHTYT». Y4YacTh Y poOOTI BHCOKOKBaTi(hiKOBaHMX
CHEIIaNICTIB J03BOJMIA 3aKJIACTH OCHOBY Uil (DyHIaMEHTAIbHHX Ta MPUKIAIHHUX JIOCIHIIKEHb,
30KpeMa, IPOBECTH CHUTBHO 3 [HCTUTYTOM Menuko-0iomorigaux mpobiem (M. Mocksa, Pocist) mukt
HIOJI0 PE30HAHCHOI il My4YKIB 3apsAKEHHX YAaCTHHOK Ta YJIbTPa3BYKOBUX XBHWJIb Ha HATHBHI
Oionoriuni o0’extu. IlmigHa cmoiBmpans 3 HaykoBO-IOCHITHUM IHCTUTYTOM PagiOTEXHIYHHX
BUMIpIOBaHb (M. XapkiB, YKpaiHa) MpHBeNa 10 po3poOKu (paxiBIIMU IILOTO IHCTUTYTY IEPIINX
BITYM3HSHUX YJIBTPA3BYKOBUX JIIATHOCTUYHUX KOMILIEKCIB.

Bucokuii piBeHb (yHIaMEHTAIbHHX JOCHIKEHb, IO BEJIUCA y CEKTOpi, 3alydeHHs 10
HAyKOBOI POOOTH CTYJICHTIB KapeApH EKCIEPUMEHTAIbHOI SACPHOI (i3MKH, CBITOBHMM JIOCBIJ Ta
00’ eKTHBHA HEOOXITHICTh Y (DaxiBIAX 3 raidy3i MeIu4IHOi (i3UKH 1, 30KpeMa, MEAUYHOI pajialliiHol
¢bizuku, mpuBesn a0 BiAkputTs y ymrHi 2001 poky kadenpu MequvHOI Gi3MKH Ha OCHOBI CEKTOpa
pamianiiiHoi Oiodisuku. IIpore HEBAOB31 HOBOCTBOpEHY Kadenapy o0’eqHanu 3 Kadeaporo
MOJICKYJISIPHOT Ta MPUKIAAHOT Oiodizuku pamiodizuyHoro ¢(akyibTeTy, B pe3yibTaTi 4Yoro
yTBOpHJIacsa MiX (hakylnbTeTchbka Kadeapa Oiosoriunoi Ta meaudnoi ¢isuku. Kadenpa posmodana
BUITYCK MeIUYHUX (Di3UKIB 32 OCBITHRO-KBaTi(iKaliiHUM piBHEM crieniaiicta y 2003 pori.

3MICT CHemiaJbHOCTI «MeaudHa (Pi3MKa» Ta BUMOTH JI0 iX MiATOTOBKHM BUKJIAJCHI y HH3II
€BPOTNEHUCHKHUX MPABOBUX Ta HOPMATUBHUX JOKYMEHTIB [1-3], 1110 MarOTh CIIyryBaTH HaIlilOHAJIBHUM
opraHaM BHKOHABYOI BJIaJIA JIJI PO3POOKH KOHIIEHIIIH TXHBOI MiArOoTOBKH. MeauuHi (i3uKu MaroTh
iHTerpyBatu (hi3uko-MareMaTudHi, Oi0JIOTIYHI, XIMIYHI 1 MEIWYHI 3HAHHS, Opath Oe3MmocepeHI0
y4acTh y CTBOPEHHI 1 CBIJJOMOMY BHMKOPHUCTAHHI BCIX MOXJIMBOCTEH CY4acHOI HAyKOEMHOIT
MEINYHOT TEXHIKH 1 PO3AUIATH TaKMM YWHOM 3 JIIKQpeM BIANOBIJAIBHICTh 3 SKICTh JIIKYBaHHS i
Oe3IeKy Mall€enTa.

He3Bakatoun Ha Te, 110 yHI1(IKOBaHOI HaBYAJIbHOI MPOTrpaMM MiArOTOBKU MEIUYHUX (PI3UKIB
HE iCHYE TakK caMo, 5K 1 YHi(iKOBaHOTO TepMiHy HaBYaHHs [4], aHai3 [MX JOKYMEHTIB J03BOJISIE
CTBEPPKYBATH, IO IS MDKIUCHHUIUIIHAPHA CIEHIAIbHICTh CKIAJAETHCA 3 UYOTHUPHOX BEIIUKHUX
yactuH. [lepmia 3 HUX — 1€ MeAWYHA pafianiiHa (i3vka Ta sAepHa MEIWIMHA, caMe 3 SKHX
ICTOPUYHO po3noyanacs MeAauyHa (i3MKa Ta IMIUIEMEHTAllsl CY4YaCHUX JAOCATHEHb (I3UKH Y
MeAUIHHY. [3 moganbummM po3BUTKOM LIBOTO MPOIIECY, PO3POOKOI0 Ta BIPOBAIKEHHAM Y KITIHIUYHY
MPaKTUKY CKIagHoro (izuyHoro obnamnanus — IMP tomorpadiB, HAyKOEMHOTO YIbTPa3BYKOBOTO
o0JaiHaHHA, MIKPOXBUIILOBHUX Ta YABTPa3BYKOBHX KOMIUJIEKCIB TiMepTepMii TOIIO, MeaudHa (pi3uka
HaOyna CyTTeBOI HesJepHOI ckianoBoi. Jlami, cTpIMKMII PO3BUTOK 1 JOCATHEHHS MOJIEKYIISIPHOT
Oiomorii Ta 6ioxiMii B MeAMIIMHI, 110 OyIr O HEMOKIUBUMU 0€3 3aCTOCYBaHHS CYYacHUX (DI3UUHUX
METO/IIB — €JIEKTPOHHO1, HEUTPOHHOI, TYHEJIbHOI Ta aTOMHOI CHJIOBOT MIKPOCKOITi, pEHTT€HIBCHKOTO
CTPYKTYpPHOTO aHali3y, Cy4daCHHX JIFOMIHECIIEHTHUX METOIB Ta iHIIWX, IPUBIB JJO TOSIBH TPETHOTO
po3auty — GiomenuyHi TexHosorii. HapemTi, mmpoke 3acTOCyBaHHS KOMIT IOTEPHUX TEXHOJIOTIN
00poOKHM CUTHaTIB Ta 300pa)K€Hb [O3BOJISIE BHUJUIMTH HAmpSAMOK MeEIUYHOi Bi3yamizamii Ta
KOMII IOTEPHOI MEAUIMHH.

3po3ymisio, MmO JUIsl MATOTOBKM BHCOKOKBaNi(hiKOBAHOTO CIHeIiallicTa y Taily3i MeauyHOi
¢G13MKM HaBYAJIbHUN IUIAaH iX MIJrOTOBKM Ma€ B JOCTaTHIM Mipi BigoOpaxaTu yci BuUIlle3a3HadyeHi
HanpssMku. L{g oOcTaBMHA 3 OUYEBHUIHICTIO CHPHUSE TAKOX TMOJATBIIOMY MpaIEBIANITYBAaHHIO
MoJiofioro creunianicta. Brim B Mexax MikgakynbTeTchkoi Kadeapu O10J0TiYHOI Ta MEIUYHOT
¢bi3uku O6yno po3pobIeHO Ta peanizoBaHO MPH MiArOTOBI MeIUnYHUX (Pi3UKiB HaBYAJIbHI TUTAHHU, SKi
HE B MOBHIN Mipi BIAMOBIAATN OMY KpuUTepito. 30Kkpema, y OakajaBpiB O HANPSAMKY MEIUYHOT
paniamiifHoi ¢i3uKu MOXXKHa OyJO BIJHECTH TIIBKM MBI CIHEIianbHI AUCHUIUIIHU — “B3aemoiro
BUNPOMIHIOBAaHHA 3 pedoBuHOW’ 1 “Pamiobionorio”. [pyruit HampsMOK MAKPITIISBCS
qucuuIutiHaMu “@i3M4yHI OCHOBM MeIUuHOi anapatypu”, “Beryn no ¢i3uku TBeproro Tina” Ta 10
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MEeBHOI Mipu JauciuiviinaMu “MenudHa 1 OiojoriyHa ¢izuka” 1 “Meroau MeauKo-010J0TIYHUX
JIOCJTIJDKEHb” 3 BIAMOBIIHUMH TMPAKTHKyMaMH, SKi 3HAYHOIO MIPOI0 TEPETHHAIHMCS 3 ITHUKJIOM
OloMeauuHKMX TexHousorid. OcTaHHIN e BKIIIOYaB B ceOe Ie i Takl QUCIUILIIHM, K “Di3ionoris”,
“Huronorisa”, “d@izuuna ximis”, “bioximisn”, “MomnekynspHa 6iojorist 1 reHeTuka”, “MaTemMaTH4YHA
Oiodizuka”, “biomexanika”, “JIFOMIHECIIEHTHI TEXHOJIOT1I B MeauIMHI 1 Oiosorii” Ta “CeHcopuka”.
Jlo cnmcKy IUCHMIUIIH 3 MEIMYHOI Bi3yasizamii Ta KOMIT IOTEPHHX TEXHOJIOTIH MOKHa OyIio
BigHectu “LludpoBy o00poOky nanux”, “Komm’rorepry rpadiky” Tta “EOM-excnepumeHt i
MalImHHy 00poOKy iHpopmartii”.

HaBuanpHmii TUTAH TIATOTOBKM B XapKiBCHBKOMY VHIBEpPCHTETI MeauyHuX (i3WKiB 3a
OCBITHBO-KBaTI(piKAIITHUM piBHEM CIIeliajlicTa BKJIOYaB B ce0Oe cCremialibHl JAUCIHUIUIIHA
“PentreniBcbka ToMorpadis” Ta “MeauuyHa Bi3yamizaiis’, IO BIJHOCATBCS JIO MEIUYHOL
Bi3yautizallii, a Takox ‘“Menuuni kpiorexnosorii”, “IlaTosoriuna i kiiHiuHa aiarHocTHKa”, “Di3uka
OiomoJieKy1” 3 IUKIY OIOMEIMYHHMX TEXHOJIOTIH. 3po3yMigo, IO HasBHAa 1-piuHa mporpama
MIJTOTOBKHM CIICIIaJIicTa HE Ja€ MOMKJIMBOCTI B MOBHIN Mipi 3a0e3meunTH BCEOIYHY IiATOTOBKY
BHCOKOKBaTI(hiKOBAaHOTO (haxiBIls, MPOTE SK Yy HABYAIHHOMY IUIaHI OakamaBpiB, Tak 1 y IUIaHi
MIJTOTOBKHU CIEIIAIICTIB BIAJA€ y OKO IMEpeBaKHA CIPSMOBaHICTh Ha OIOMEIHWYHI TEXHOJIOTI 3
eileMeHTaMu 0io(i3WKM Ta MEIWYHY Bi3yanizaliro. B Toi e Yac Taki BaKJIMBI PO3AUIH, SK
MeIuYHa pajiamniiaa Gi3zuka Ta HesAepHI METOIU MEANYHOI (DI3UKKM BUKIIAIAIOThCS 3aHAATO CTUCIIO.
ToMy B mojaiplmioMy B Iporpamy OakaaBpiB OyJIo BBEICHO NMpakTUKyMm “‘EnekTpoHHI Meromu
Gi3MYHMX BUMIpIOBaHbL” 3amicTh “biomexaHiku”, a y crmemiaiictiB 3amicTh “Tlatonoriuynoi i
KJIIHIYHOI AlarHoCcTUKK” 3’ siBuiiacs “KiriHiuHa qo3uMeTpis 1 paniariiiHa Oe3mneka’” 3 MpaKTHKYMOM,
Ky BEAYTh CICMiaTicTH pajmionord 3 [Hctutyry memuunoi pamionorii im. C.I1. I'puropseBa. [lo
HABYAJIILHOTO IUIaHy OakamaBpiB Jojanucs “BBeleHHS B KOMIT'IOTEpHE MOJCIIOBaHHS —Ta
“Apxirexkrypa [IEOM Ta onepariiini cucremu”

3 METOI0 MOJAIBIIOrO MiJCHICHHS TaKOTO BAKJIMBOTO HAIPSMKY ITiTOTOBKH, SK MEIMYHA
panmiamniiiHa ¢di3uka Ta sgepHa MmeaunuHa, 3 1 BepecHs 2012 poky posmouHe poOoTy kKadeapa
SIEPHOI Ta MeAWYHOT (i3MKH (DI3UKO-TEXHIYHOTO (DaKyIbTeTy XapKiBCHKOTO YHIBEPCHTETY, SKa
OpraHi3yeTbCs MUIAXOM 00’e¢qHaHHS KadeApu eKCIepUMEHTAIbHOI sAepHoi (i3uku  Ta
MeAUYHO(I3UYHOI YacTUHU Kadenpu OlosoriyHoi Ta MeauuHoi ¢izuku. Posmodaro poOoty 3
MiTOTOBKH OCBITHRO-TIPO(ECiifHOT TMporpamMu, OCBITHBbO-KBami(iKaliifHOT XapaKTepUCTHUKU Ta
HABYAIBHOTO IUIAHY MAariCTpiB 3 MeIu4HOI (i3WKH, PO3paxOBaHMX Ha 2 POKH HABUYAHHS, IO
JTO3BOJIUTH SIKICHO TOJIMIINTH MiATOTOBKY MeIu4YHUX (i3ukiB. [lepir 3a Bce 1€ CTOCYEThCSI TAKOTO
BaXUIMBOIO HAMpSMKY MIATOTOBKH, SIK MEAWYHA pajialiiHa ¢izuka, ¢axiBUiB 3 sKOi MOTpedye
cHUCTEMa OXOPOHHM 370pOB’sl YKpaiHHU.

3aBASKH TIOJIOBXKEHOMY TEpPMIHY IMIJITOTOBKM 1€ HE TPUBEAE N0 CKOPOUYCHHS IUKIIIB
JUCIUILIIH, IO BIAHOCATBHCS 10 PO3AiTy OlOMEIWYHUX TEXHOJIOTiH. Pa3zom i3 Tum, 3rigHO 13
BUPOOJIEHOT KOHIIENUIi Mporpama ImependayaruMe OUIbII IOTJIMOJEHE BHUBUEHHS MEIUYHHUX
pamialifHMX TEXHOJIOTiH, 110 MOBHICTIO BIAMOBiZac pexoMeHaamisM €Bpormeicskoro corsy [1],
€porneiicbkoi Qeneparii opranizamiii Menuuanx ¢i3ukiB (EFOMP) [2] Ta pexomenmarism
MATATE [3]. Tlonepeaniii MOCBiA MiATOTOBKHM Ta MpalleBiallTyBaHHS MEAMYHUX (I3MKIB Ha
(b13UKO-TeXHIYHOMY (aKyJIbTeTI MEPeKOHYe, M0 PO3AUT O0OB’S3KOBHX JIUCUUIUIIH MiATOTOBKU
TakuX (axiBIiB Ma€ OOOB’SI3KOBO BKJIIOUYATH B ceOe BCI TOJOBHI PO3AUIM Cy4acHOI MEIMYHOI
¢13uxku. Ha Hamr morunsn, okpiM 3a3Ha4eHHMX BHILE CHEUIaJbHUX JUCHMIUIIH 3 KypCy HiATOTOBKHU
CHEIliaicTiB, HOPMAaTHBHA YaCTHHA IJIaHY Ma€ J0JIaTKOBO BKIOYAaTH B ceOe “Di3uuHi MPUHIIUIN
pamioreparii’, “@i3U4HI METOAM MEIUYHOI MIarHOCTUKH , TPAKTHKYM 3 “MeToiB MpHUKIATHOT
paniamniiftHoi (i3uKu 1 panio6ioorii”. 3aBAsSKH MOJOBKEHOMY TEPMIHY MiATOTOBKU MOKIIUBE TAKOX
NepeHeceHHsT 3 0aKajgaBPChKOI MPOTpaMU TAKWUX JUCIUIUIIH, SK ‘“B3aemojis BUTIPOMIHIOBaHHS 3
pedoBHHOK”, ‘“MonekynsapHa Oiojoris Ta reHetuka” 1 “CeHcopuka”. Jlmsg migcuiaeHHS
KOMIT FOTEPHOI MiJrOTOBKA CTY/ICHTIB TUIAHYETHCS BBEJICHHS MUCHUILUIIH “O0UncitoBabHA TEXHIKA
B IHXKeHepHUX po3paxyHkax” 1 “Kommn’rotepHa ¢izuka’”. J1o TUCIUILIIH CAMOCTIHHOTO MOXKYTh OyTH
BlJTHECEH] “Hanomatepianu  Ta  HAHOTEXHOJOTIi, “PamiamiiftHe ~ MaTepiajJo3HABCTBO
“Kpiobiodizuka” Ta “KommnroTrepHe Moient0BaHHs B METUIIMHI 1 61010111 Ta 1HIII.
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OOpaHHs [IsI HOPMATHBHOI YaCTHHH IUIAHY IMiJTOTOBKY MaricTpiB 3 MEANYHOI (Di3UKH TAaKOTO
MIEPEITIKY CYTO CHEIlaTbHUX TUCIHUILIIIH MOSCHIOETHCS THM, 10 Ha (i3UKO-TEXHIYHOMY (DaKyJIbTeTi
TPaIUIIHHO CHJIBHOIO € MIArOTOBKA 13 3arajibHOi Ta TEOpPeTHYHOI (I3MKM HA TEPIIUX POKAX
HaByaHHS. ToMy HeMae OTpeOH BBOJIUTH IO HOPMATUBHOT YaCTHHU TaKi, HATPUKIIA, TUCIUILTIHH,
sk “@Di3uKa KOHACHCOBaHUX cepeaoBHin’”’. Texk K came BIIHOCHUTHCS JIO CICIIaIbHUX 010(i3HUIHUX
JUCIIUTLIIH, K1 H Hajgam OyayTh IPYHTOBHO BUKJIAIATUCA MEIUYHUM (hi3MKaM Ha eTarll MiArOTOBKH
OakanaBpiB. 3 1HIIOTO OOKY, BIZICYTHICTh Y HOPMATHUBHIM YAaCTHHI JUCIHILUIIH 3 HAPSIMKY MEIUIHOT
panmianiiiHoi (izuku abo T OOMEXKEHHS SKOIOCh OJHIEI0 JUCIMIUIIHOI O3Ha4YaTuMe (aKTHYHY
HEOOI3HAHICTh MeAWYHOro (¢i3WKa 13 CyYaCHUMH MEIUYHUMHU Ta SICPHO MEAUYHUMHU
TEXHOJIOTISIMU. 3arajoM TaKHi CTaH peved IIIKOM MPUITYCTUMHIA 3a YMOBH JI03BOJIy Ha TEBHY
Creriani3zaliio YKpaiHChKUX YHIBEPCUTETIB y Pi3HUX HanpsiMkax mMeanudHoi ¢izuku. [Ipore cBimomo
NPAIIOBaTH Y MEIUYHOMY 3aKJIaJi 31 CIEIiaIbHOK CYYaCHOK pPaioTepaneBTHYHOK araparyporo
abo HarIAmaTH, HANPUKIA, 32 pajialiifHOI0 OE3MeKOI0 MPH 3aCTOCYBaHHI METOJIB pajaialiiHOl
Tepanii TaKOMY CHEIlialicTy Oy1e BaKKO.

lomoBHa  imes  po3poOsieHoi B XapKiBCBbKOMY  HAIIOHATHBHOMY  YHIBEpCHUTETI
imeHi B.H. Kapa3zina koHneniii mosjsrae y HaMaraHHi TrOTYBaTH IIHPOKO OOiI3HAHWUX MEIUYHHX
GI3UKIB IS PI3HUX Tally3e KIIIHIYHOI MEAMIIMHU Ta HayKoBo-mocaigHux ycrtanoB HAH i AMH
VYkpainu. Hemae cymHiBIB, 110 IIbOMY CHOPHATHME TpaHT MiKHapOAHOI areHIii 3 aToMHOT eHeprii
UKR/6/010 “Developing and Implementing a National Quality Control System by Strengthening
the Knowledge and Capacity of Medical Physics at Radiotherapy Departments”, BUKOHaHHS SIKOTO
posnoyasiocss B [actutytn meauunoi pamionorii im. C.I1. I'puropreBa AMH Vkpaiau y 2012 pori.
CniBBUKOHABIEM IIbOTO MPOEKTY € XapKiBChbKUW YHIBEPCUTET, BIANOBIAANBHUN 3a PO3pOOKY
HABYAJILHUX TUIAHIB TMIATOTOBKM MEAMYHUX (Di3UKiB, [0 Y3TOIKYETHCS 3 €BPOINCHCHKUMU
NPaBOBUMH Ta HOPMAaTUBHUMHU JOKYMEHTAMH & TAKOX 13 CBITOBUM JIOCBIJIOM X ITiJITOTOBKHU.

1. EU, Council Directive 96/23/Euratom basic safety standards for the Protection of health workers and
general public against danger arising from ionizing radiation // Official Journal of the European
communities. — 1996. — No. L159. — P. 1 - 114.

2. EFOMP Policy Statement on Education and Training in Europe (Policy Statement 12), EFOMP
recommendations on education, training and CPD of Medical Physicists. — Vilnus: EFOMP, 2008.

3. International Atomic Energy Agency, International Basic Safety Standards for Protection against lonizing
Radiation and for Safety of Radiation Sources, Safety Series No. 116. — Vienna: IAEA, 1996.

4. Materials of TAEA Seminar&Workshop “Synergy of nuclear sciences and medical physics: Education
and training of medical physicists in the Baltic States” // Medical Physics in the Baltic States. — 2010. —
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PA3BUTHUE OBPA30OBATEJIBHBIX ITIPOT'PAMM B OBJIACTH JTYUYEBOUM TEPAIIUN
U AJAEPHOU MEJIUIMHBI B MOCKOBCKOM YHUBEPCUTETE

A.IL. YepnsieB, A.B. Bexnoycos, Y.A. ban3znwok, C.M. Bap3aps,
T.B. I'opanenko, A.C. Ocunos, B.B. Po3anos

MI'Y umenu M.B. Jlomonocosa, Poccusi;, kKfurim@rambler.ru
AHHOTaIII/Iﬂ. HaeTCH KpaTKI/If/i aHaJIn3 COCTOsAHUS B POCCI/II/I HpO6J'ICM U TCPCICKTHUB Pa3BUTUA
paavanuoHHON MeauuuHcKol (usuku. IIpuBoaurcs nHpopMmanus 00 yuyeOHBIX MpPOrpamMMmax IMOJIrOTOBKU
CTEIUAIMCTOB ¥ MarucTpoOB JJIsi MEUIIMHCKON (DPU3UKH U KPATKOCPOUYHBIX KYypCcax YCOBEPIICHCTBOBAaHUS B

MI'Y.

KiaroueBnle ciioBa: MEIUIIMHCKAaA (1)I/I3I/IKa, KYPChbl YCOBCPIHICHCTBOBAHM, o6pa303aTenLHa$[ nporpamma.
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MupoBO#l ONBIT MOKA3bIBAET, YTO MPHUMCHCHUE B MEAMIIMHE TOCTHIKCHHH SACPHOW (PU3MKH,
ANEPHBIX M JPYrUX HAYKOEMKHUX TEXHOJOTMH M METOJOB CIOCOOCTBYET CO3JaHUIO0 HOBBIX
3¢ (HEKTUBHBIX WHCTPYMEHTOB CHW)KCHHUS CMEPTHOCTH HaceneHus. DyHIaMEHTaIbHBIC 3HAHUS 00
MOHM3UPYIONINX H3ITYYCHHSIX, 3aKOHAX MX B3aUMOJIEUCTBHUS C BEUIECTBOM M JCHCTBHS Ha >KUBbHIE
OpPTaHW3MBbI MPUBETH K CO3/IaHUI0 HOBBIX TEXHOJOTHH JTUArHOCTUKU U Tepanuu 3a0oiieBaHul, Oe3
KOTOPBIX COBpPEMEHHAass MeAMIMHA Hembicauma. OcoOeHHO 3aMeTHa poJib SIAePHO-PU3NYECKUX
TEXHOJIOTHI B 00JIACTH OHKOJIOTHH.

B 2009 rony B P® craproBana HamumoHnanbHass OHKOJIOTMYECKas MpOrpamma, KOTopas
paccuntana 10 2015 roga u B 4mcie Opyrux 3a7a4 BKIIOYACT MOBBIIMICHUE YPOBHS OCHAIICHHOCTH
KJIMHUK BBICOKOTEXHOJOTHUYHBIMH CPEACTBAMU JUIsSl SIEPHOM MEAMIIMHBI M JIy4EeBOM Tepamuu,
OTBEYAIOIIUMHU COBPEMEHHBIM CTaHIapTaM.

[To namwum npanaeiM K 2012 rony B Poccum ycranoBineHo okoyio 130 MenMIIMHCKUX
yckoputenei, 150 ammaparoB mis OpaxuTepanuu, okojio 450 — KOMIBIOTEPHBIX TOMOrpadoB u
okosio 200 ramma-kamep, 2 ramma- u 4 kubep— Hoxa. [lo KaxxaoMy U3 ATUX TMoKazaTenei Poccus
OTCTaeT OT MoKa3zareneil pa3BuThix crpaH. Hampumep, B CIIA nelicTByeT OauH MEIMIIMHCKUAN
yckopurenb Ha 80 Toic. xutTenei, B EBpone - Ha 100 ThIC. yenoBek. B Poccuu oaun yckoputenb
npuxoautcs Ha 1.5 muH. xuteneil. B Mupe nydeByro tepanuio npoxoauT 70% OHKOJIOTHYECKHX
0OJBHBIX, B TOM uucie 25% - Ha Mydkax TsDKEJBbIX 3apshKeHHBIX yactuiiaM. B Poccum nydeByro
tepanuio npoxonar Jmiib 30% OO0NbHBIX, NMPUYEM B OOJBIIMHCTBE CIydaeB Ha KOOaJbTOBBIX
uctouyHukax. B EBporie cooTHolenre yckoputeneid u ko0anbTOBBIX HCTOUHUKOB — 2:1, a B Poccun
1:3.

BrinmonHeHHbIE OIEHKM MOKa3bIBAIOT, UTO JJISi JOCTIKEHHUS IOKaszarenei, OIM3KHX K
eBporeiickum, B Poccunm HE0OXOAMMO 4YHCIO YCKOpUTEICH »3JeKTpoHOB okono 1400, 30
YCKOpUTENeW AJii NMPOTOHHOM IyueBOMl Tepanmuu (st mpumepa B ['epMaHMM TakuxX LIEHTPOB
ctpoutcs 20). B muarHocTudeckoM 000pYIOBaHHH MOTPEOHOCTH COCTABJISIFOT: TaMMa — Kamep —
300, KT — 140, II9T — 100, MPT -1400.

OnHa U3 OCHOBHBIX ITPOOJIEM, HE TIO3BOJISIONINX PAa3BUBATHCS OOJBIIMMU TEMITAMH, CBSI3aHA C
HAJIMYUEM CIEIUAINCTOB, KOTOPbIE CMOTYT paboTaTh Ha MOCTaBIsieMOM 00opyIoBaHuH. B nepByro
odepesb peub UACT O MEAMIIMHCKUX (DU3MKax, 0€3 KOTOPhIX Bpad HE B COCTOSIHUM OOECTICUUTH
TpeOOBaHUSI TOYHOCTH MPHU MOABEACHUU JIEUYEOHON 03Bl pajHalliid K OMYyXOJH ¢ MHHHUMAJIbHBIM
MOPAKEHUEM COCEIHUX 37J0OPOBBIX TKaHEH, TapaHTHIO KayecTBa M 0€30MacHOCTh JIy4eBOTO JICUEHUSI.

Ceronus B 140 orneneHusx Jy4eBOW Tepamuy OHKOJOTHYECKHX KIMHUK Poccum mmeercs
TOJIBKO 0KOJIO 300 mMITaTHBIX COTPYAHHUKOB, UCIIONHSIOMUX OO0SI3aHHOCTH MEIUIIMHCKUX (DHU3UKOB,
U3 KOTOPBIX MEHEe MOJOBHHBI MOXHO CUUTATh KBaTU(UIIMPOBAHHBIMHU. BONBIIMHCTBO K€ ITHX
COTPYAHHUKOB, HE MUMEs ISl TOTO HU JOCTATOYHOW KBAIM(PUKALNK, HU KIUHUYECKOTO OIbITa, HU
HEOOXOJUMBIX COBPEMEHHBIX ammapaTHhIX cpeAcTB. [lo eBpomeiickuM MoKaszarensiM, Ha
MMEIOIIEECs] CEroJHs B HAIIMX OHKOJIOTMUECKUX KIMHUKAX OO0OpYy/IOBaHHE U KOJHUYECTBO
OCYIIECTBIISIEMBIX JIy4eBBIX mporenyp Heooxomumo 1500 kBanmuuUIMPOBAHHBIX MEIUITMHCKUX
¢u3uKoB, T.€. B 5 pa3 OobIie.

[Tonnmanue 5ToM TpoOIEMBI MMEETCSs U B MEAMIIMHCKHX, W HaydYHO-00pa30BaTEIbHBIX
kpyrax. B ynuBepcurerax Poccum B HacTosmiee BpeMs cymiecTBYOT okosio 30 kadenp
MEAWIIMHCKONW (DU3HMKHU, OJHAKO BO MHOTHX W3 HUX Jla)Ke TEOPETHUYECKasl MOATOTOBKA CTYACHTOB
OKa3bIBACTCSI HEAOCTATOYHOM /17151 OBICTPOTO Pa3BUTHS HaBBIKOB paOOTHI HA BEICOKOTEXHOJIOTHYHOM
KITMHUYECKOM 000pyI0BaHUU TIOCTE BY3a.

Jlunepamu MOATOTOBKH METUITMHCKUX (hU3UKOB B Poccuu sBisitoTcs pu3ndeckuid hakyiabTeT
MockoBckoro ynusepcutera 1 HUSAY MUOU, rae nenessie yueOHbIE MPOrpaMMBbl pa3BUBAIOTCS C
1990-p1X TOJIOB.

CrennanpHas moAarotoBka ctyaeHToB MI'Y ocymiecTBisiercs Ha AByX Kadenpax: kadeape
MeAUIMHCKONW QU3uKU U Kadeape U3k yckopuTeneil u paaunaunoHHon MeauiuHsl. Ha kadenpe
(bU3KUKYN yCKOpUTENEH U paualliOHHONW MEIUIIMHBI OHa HaYMHAeTCS B CEpeIUuHE TPEThEero Kypca u
pojiojbKaeTcss 3 roja B TedeHHWe 6 ceMecTpoB. B TedeHWe MEpBBIX ISITH W3 HUX CTYICHTHI
OCBaMBAIOT TEOPETUUECKUN MaTepuas, 3aHUMAlOTCA B CIELMAIBHOM MPAKTUKYME U BBINOJIHSIOT
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HAyYHO-UCCIIEIOBATENLCKYIO0 PaboTy, a B 3aKIIOYUTEIFHOM CEMECTPEe MOJHOCTHIO COCPEIOTOUCHBI
Ha HaANMCaHWW JWIUIOMHON paboThl. Paboume mimanbl kadenpsl BKIIOYAIOT 19 OpUTHHAIBHBIX
CHEUKYPCOB MO JUCHUIUIMHAM crHenuanu3aiuu. Yactb Ja0opaTOpHBIX 3aJaHUN  CTYIACHTHI
BBITMOJIHSIOT Ha IEHCTBYIOIIEM KIMHUYECKOM 000pY/I0BaHUU.

OTIHYUTENBHON YepToil y4eOHOTO TuTaHa Kadeaphl SBISICTCS JICTHSS y4eOHasi MPaKTUKA I10
MequiuHckor  (usuke. Ilpaktmka mpoBomutcs B TedeHue 14 nueit B JlyOHe Ha 0Oase
OOBeIMHEHHOTO MHCTUTYTA SEPHBIX UccienoBanuii u Gumuana HUMAD MI'Y. [Inan npakTtuku
COCTaBJIEH TakuM 00pa3oM, YTOOBI 3a BpeMsl €€ MPOXOXKICHHS CTYIACHTHI IMOJYYUIH Oa3oBbIC
3HAHUS 110 MEIUIMHCKON (M3HMKE M OBUTM TOJTOTOBIICHBI K M3yYEHUIO HA CTApIIMX Kypcax Oosee
CJIOXKHBIX JHUCUMIUIMH. Takke B XOJ€ NPAaKTUKU y CTYIAEHTOB €CTh YHUKAJIbHAs BO3MOXHOCTb
MOCETUTh HAay4YHBIC JIA0OPATOPUH, PEAKTOp, IMKIOTPOH, CHHXPO(DA30TpOH M BCE Apyrue
yckoputenu, padortaromue B JlyoHe. [lo utoram cTyneHTHl cHAlOT 3a4eT B BHJIE BBIMOJTHEHUS
KypcoBoil pabotel. JlumiomHble paboOThl CTyAeHTH Kadempsl BeimonHsioT B MIY u
HCCIIeIOBATENbCKUX IeHTpaX MockBbl U MOCKOBCKOW oOiacTu: ¢usnueckuii dakynpter MI'Y,
HUUAD MI'Y, ©OM MI'Y, UTDD, MHUOU um. I1.A.I'epuena, POHL] um. H.H.biioxuna, MMA
um.Ceuenoa, OUSIU, UDPBD (ITporsuno), 'HI «ucTutyT Onodusukny», PHIIPP u apyrux.

Ocenbto 2012 roma MockoBckuii yHuepcutrer coBmectHo MHUMOW um. I1.A.I'epuena
OTKPBIBAET KYpChI MOBBIIICHUS KBaTHPUKauu «Du3nuecKkre OCHOBHI JIy4€BOW TEpaNuU U A1EePHON
MeauIHb). OCHOBHOW IIEJIbI0 KYPCOB SIBIISIETCS CHCTEMAaTH3allMsl TECOPETUUYECKUX 3HAHUU H
COBEpIICHCTBOBAHUE MPAKTUYECKHX HABBIKOB, HEOOXOAMMBIX nJs 3¢ ¢deKTUBHONH padoThl Ha
BBICOKOTEXHOJIOTHYHOM MEIUIIMHCKOM O0OPYAOBAHUU M OOCCIeueHUs (PU3HKO-MAaTeMaTHIEeCKOTO,
TEXHUYECKOTO WM HMHXXEHEPHOI'O CONPOBOXKIEHUS METOJAOB MEAMIIMHCKON JUarHOCTUKH U
TEepanmuu, a TaKkKe Oonee TIyOOKOE OCBOCHUE TEOPETUYECKHX BOIPOCOB U  OBJAJICHUC
MPAKTUYECKUMH HABBIKAMU MO0 KOHKPETHBIM pa3jiesiaM MEeIUIUHCKON (PU3UKHU.

[Iporpamma mocTpoeHa 10 MOAYJABHOM cucreme. MoIynu OTpaxarwT CHenudUuKy
npo(ecCHOHANBHOM  JIeATENbHOCTH CHEIMATUCTOB B O0JACTH paJWallMOHHOW METUIMHBL:
«@PU3UYECKUE OCHOBBI JIy4E€BOM Tepalvu W SJICPHOM MEIMIMHBDY, «PU3UKAa MEAUIMHCKUX
yckoputenei» u «duznueckre OCHOBBI METOJIOB MEAMIIMHCKON BH3yanmu3anumn». O0beM Kakaoro
Moyt — 80 yacos.

s BBIIONIHEHUsT TPOTpaMMbl B Tpollecce OOYYeHHs] BKIIOYEHBI JIEKIUH, CEMHHApBI,
MPaKTUYECKHE 3aHATUS B yU4€OHBIX M HAYYHO-HCCIIEOBATEIBCKUX JTA00OPATOPHUSX, MPAKTUUECKHE
3aHIATHSI B KIMHUYECKHX OTHENEeHUAX u Jaboparopusix. lIpakTukym B y4eOHBIX M Hay4dHO-
MCCJIEIOBATENbCKUX JTa00OpaTOpUAX HANpPaBJICHBl Ha 3aKpeIyIeHHE TEOPETHYECKUX 3HAHUU 10
paszzienaM MporpaMMbl U YIIyOJIeHHOE OBIaJeHUE 0a30BBIMU MPEACTABICHUSIMHU O BO3MOKHOCTSIX
(bU3UYECKUX METOIOB ISl MEIUIMHBI [IpakTudeckue 3aHATUS B KIMHUYECKUX OTACIICHUSIX M
nabopaTopusx HaIpaBlICHbl HA OBJAJICHUE HABBIKAMHU IMPAKTUYECKOW pabOThl Ha JEHCTBYIOIIEM
BBICOKOTEXHOJIOTUYHOM  MEAMUIIMHCKOM OOOpYJOBaHUU. 3aHATHUS MPEAYyCMATPUBAIOT TaKXKe
03HAKOMJIEHHE C METOJaMHU aHaju3a MOJYYECHHBIX AAHHBIX C LEJIbI0 JUATHOCTUKU MATOJOTHUU U
TJIAHUPOBAHUS JICUCHUS.

Kypchl B iepByro ouepeib pacCuuTaHbl HA (PU3UKOB U MHKEHEPOB, KOTOPBIE YKe paboTaloT B
OHKOJIOTHYECKUX JAUCTIAHCEePaX, M XOUETCS HAACSIThCS, UTO OYIyT BOCTPEOOBAHBI UMH.

1. Yepnses A.Il, benoycos A.B., Bapzape C.M. TloaroroBka crenuagicToOB s MEIUIIMHCKON (BU3UKN Ha
kadeape (U3MKK YCKOpUTENIEH BBICOKMX JHEPrHMii MOCKOBCKOro yHuBepcutera. Marepuansr I
EBpasuiickoro koHrpecca rmo MEAUIMHCKON (u3nke U nmxeHepuu, Mocksa, 2010, T.2, ¢.176-179.

2. CraTyc ¥ NepCIeKTUBEI Pa3BUTHS SACPHOW MEIUIIMHBI U JIy4eBod Tepanuu B Poccuu Ha (hoHE MUPOBBIX
tenneHmi. O6mecTBenHas nanata Poccuiickoit penepaunu. Mocksa. 2008.
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HEOBXIJIHICTh B ICHYBAHHI OPTAHI3AIII MEJIUYHUX ®I3UKIB B YKPAIHI

C.M. JlyukoBcbknid

MI] «KibepKninixa Cnigicenxay
eyn. Paosincwka, 21, c. Kanimaniska, Kueeo-Ceamowuncoxuii pation, Yxpaina, 08112;
+(38) (044) 538 03 00; luchray@gmail.com

Anoranisa. O0’emHanas MennyHUX (I3UKIB YKpaiHU B €IUHY OpraHi3alfilo € HEeoOXiIHOI yMOBOIO IS
PO3BUTKY MeTUYHOI (DI3WKH 1 TiABHUINEHHS TOYHOCTI 1 SKOCTI JIKYBaHHS Ta JIarHOCTUKH TMAIi€HTIB B
KIIiHIKax Hamioi kpainu. OCHOBHOI METOK JaHOI OpraHi3allii MOBUHHO OYTH MiJBUIICHHS MPOQECIiHHOTO
piBHSI MeanyHUX (i3uKiB YKpaiHu.

AnHotanus. OObeguHEHNWE MEAWNUHCKAX (U3NKOB YKpawHbl B EOHHYIO OpPTaHH3aIHi0 SBISIETCS
HCO6XOHI/IMI)IM YCJIOBHUEM JJid PA3BUTUA MeI[I/IHI/IHCKOI\/'I (1)I/ISI/IKI/I U MMOBBIMNIEHUA TOYHOCTHU U Ka4yeCTBa JICUCHUSA
U JUArHOCTHUKHU IMallMEHTOB B KIIMHUKaX Hameu CTpaHBbI. OcHOBHOM J8(S)05310) I[aHHOfI OopraHusanvv JOJIZKHO
OBITH TIOBHIIIIEHUE MTPO(PECCHOHATHFHOTO YPOBHS MEAUIIMHCKUX (PU3UKOB Y KpanHe.

Abstract. Association of medical physicists of Ukraine into a single organization is essential for the
development of medical physics and to improve the accuracy and quality of treatment and diagnostics of
patients in the hospitals of our country. The main purpose of this organization shall be to improve the
professional level of medical physicists of Ukraine.

Karouosi ciioBa: menuuna isuka, acorianis MEIUIHUX Qi3UKiB, MEAUYHHUN (Bi3UK.
Karouesrple cioBa: MequnuHcKas GU3MKa, acCCOUANNS MEIUIMHCKUX (QU3UKOB, MEUIIMHCKUH (DU3UK.
Key words: medical physics, association of medical physics, medical physicist.

IcnyBanHs enuHOi opranizamii MeAWYHHX (i3UKIB € HAA3BUYAHO BaXIMBUM KPOKOM Ha
[UIAXY CTAHOBJCHHS Ta MOJANBIIOTO PO3BUTKY MeAMYHOI (I3MKM AK JUCHHUILTIHU B YKpaiHi.
Mertoro momiOHOI opraHizamii € maBHIIEHHS TPoheciiHOro piBHSA MEIUYHUX (I3UKIB 3ayIs
HaJaHHS Kpamoi JOMOMOTH IaIliEHTaM MEJAMYHUMH (i3MKaMyd B KIIHIYHIA NpPAKTHI, OCBITI,
IHAYCTpii Ta y pyHAAMEHTAIBbHUX JTOCI1KEHHSX.

Jns YyHUKHEHHS MOXIIMBUX HEMOPO3YyMiHb KOPOTKO BH3HAYMMO IIO BXOJUTH B TOHSTTS
MeaudHa (i3uKa i Ha sIKi pO3JIUTH BOHA MOAUISIETHCS. 3araJbHUM BU3HAYCHHSIM MEIMYHOI (Pi3HKH €
3aCTOCYBAaHHSI METO/IB, Teopli Ta 3aco0iB (13MKU B MEIULIMHI. [HIIIE BU3HAUEHHS METUYHOI (PI3UKH
- po3nin iszuku, sKuil HOKyCyeThCs Ha 3aCTOCYBaHHI (Pi3UKH B OXOPOHi 340poB's. ToOTo MennyHa
¢i13uka — 11e, B Mepury 4epry po3au (i3uku, M0 3aCTOCOBYE CBOI HampalloBaHHsS B MeAMIIMHI. B
chepy MeamuHoi (i3UKM BIIHOCATH Taki ramy3i: (i3uka ynbTpa3ByKy, ¢i3vKa MarHiTHOTO
pe3oHaHcy, (i3MKa KOMIT'IOTEpHOI Tomorpadii, ¢izuka mpoMeHeBoi Teparii, (pi3uka saepHOi
MeAWIMHM, (i3UKa PEHTTeHIBChKUX MpoMeHiB Tomo [1]. 3aramom Bci cdepu 3acTocyBaHHS
MEAMYHOI (PI3MKH MOXKHA MOAUTUTH HA JEKIJIbKa PO3JUIIB, ABA 13 SKUX € HAaHOUIbII MOIIHUPEHUMHU:
MeanuHi 300paskeHHs (abo AiarHocTUYHA MeanyHa (pi3uka) Ta JiKyBaHHS 3aXBOpIOBaHb. [lo 1HIIKMX
chep 3acTOCyBaHHS MOKHA BIAHECTH paJiallifiHUI 3axucT, (i310J0TIYHI METOIU BUMIPIOBAaHb
TOLIO.

TakuM 4MHOM, KOTO MOBHMHHA OO’€IHYBaTH OpraHizaiis mMenudyHux ¢i3ukis? €Bponeiicbka
denepanis opranizamiii menuuHoi ¢izuku (EFOMP) nae BignoBinp Ha maHe muTaHHS [2] - Beix
MeAUYHUX (I3MKIB, 110 NPALIOIOTh SK BHUKJIANadl B yHIBEpCUTETaX, AOCIIIHUKH B HAayKOBHUX Ta
MIPOMUCIIOBUX JIA0OPATOPIsX, a TAKOXK KIIiHIYHI (I3UKH B JTIKapHSIX.

[Tonpe e B pi3HUX KpaiHax moAiOHI 00'€IHaHHA MOXYTb BIAPI3HATHUCS OAMH BiJ OJHOTIO i
BKIIIOUATH 10 ce0e KpiM MeIuyHuX (Di3MKiB TaKOX OlOMEIWYHUX iHXeHepiB. Po3risHeMo neski i3
ICHYIOUMX Ta TMOMNEepeHIX opraHizauii MeIuyHuX (I3UKIB IHIIMX KpaiH cBiTy. Bmepmie roctpo
MUTaHHS PO 3ATY4YeHHS (PI3UKIB Y MEAUIIMHY TIOCTAI0 MPH BIAKPUTTI PEHTTEHIBCHKUX IIPOMEHIB Ta
panioakTUBHOCTI B KiHII 19 cT. — moyatky 20 CT., KOIM CTajlo 3pOo3yMilo, L0 JiKapi, HaBITh 13
(G13MYHOI0 OCBITOI0 HE MOXYTh BHPIIIUTH MPOOJIEMH, TMOB’sI3aHI 13 MEIUYHUM 3aCTOCYBaHHIM
ioHi3yro4oro BunpomintoBanus [2]. B 1897 pori B bpuranii 6ys10 crBopeno Roentgen Society [3],
ske 00’ eTHyBasIo (i3MKIB Ta JIIKAPiB, IO MPALIOBAJIH 13 pEHTTEHIBCbKUMH ITpoMeHsMu. B 1927 pori
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JlaHe TOBapuCTBO Oyno peopranizoBano B The British Insitute of Radiology (BIR). Onnak 3 yacom
BUHHKJIA HEOOXIIHICTh y ICHYBaHHI oOpraHizamii, ska Moryia 0 3aiiMaThcs MpoOJieMaMH JIHIIIE
meanunoi ¢izuku. Tomy B 1942 pomi Oyina ctBopena Hospital Physicists Association (HPA), sika
00’eqnana ¢izukiB bpuranii, mo npamroBanu B jikapHsax. [loniona g0 Hei opranizanis B CIIA Oyna
crBopena B 1958p. (The American Association of Physicists in Medicine — AAPM), sika icHye 10
IIOTO Yacy 1 € HaWBIUIMBOBIIIOK oOpraHizaiieo mMeauuHux (izukiB y cBiti. Y 1980 pori Oyna
cTtBopeHa €Bporelicbka (¢emepaiiisi opramizamiii meamunoi ¢isuxku (European Federation of
Organizations for Medical Physics - EFOMP) 3a ananorom MixkHapOAHOI opraHizamii MeIuYHOT
dizuxu (International Organization for Medical Physics — IOMP, ctBopena B 1963p.). Metoro
CTBOPEHHS opraHizailii 0yyio 00’enqHatu MeaudHux (Pi3ukiB €Bponu yepe3 HallloHaJIbHI OpraHi3allii
33711 BUPOOJICHHS PEKOMEHAIIN M0 3arajbHiil BIAMOBINATBHOCTI Ta POJI MEIUYHUX (i3HKIB,
MIPOBE/ICHHS €BPONEHCHKUX 3’13/11B MenuuHuX (izukiB [2]. OcTaHHI ABa JeCATUPIYYS OpraHizarlii
MeandHuX (Di3uKiB 00 €IHYIOTBCS pPa30oM 13 oOprasizamisMd OloMeAWYHUX iHXKeHepiB. MalOyTh
OJIHIEI0 3 TepIIMX MOAIOHMX oOpraHizamiii craB OpuTaHChKUN [HCTUTYT GI3MKHM Ta 1HXEHEpPIl y
menuiuai (Institute of Physics and Engineering in Medicine - IPEM), 3acuoBanuii B 1997, nuisxom
06’eqnanns HPA Tta TosapucrBa Giomoriunmx imxkenepiB (The Biological Engineers Society -
BES). Ha croroani B pi3HHX KpaiHax ICHYIOTh Oprasisailii, 0 BKJIIOYalOTh B ceOe 00’ €JHAHHS
mumie MenuuHux (isukiB (Hanpukian, CIHIA, Icmanis, Himeuuwna, ®pannis, Pocis, IToabmia
TOINO), TaK 1 CIUIbHI opraHi3amii (i3ukiB Ta iHXeHepiB (Hampukian, Bemuka bpuranis, kpainu
[Tpubantuxu, Cnosenis, Croauunna, Kinp, Cep0is, bonrapis ta iHmi).

B sikomy (hopmari moBMHHA iCHYBaTH MoAi0HA OopraHi3aiis B YKpaiHi € BIIKPUTHM IMATAHHSM.
OHO3HAYHO JIMIIIE MOXKHA BIJIMOBICTH, IO OpraHi3allis MeIuYHUX (i3UKIB MTOBHHHA ICHYBaTH 1
JOCATATH TOCTABICHUX TIEpe] HEI IUICH I MiABUINCHHS SIKOCTI HAJaHHA MEIUYHUX TOCITYT
narieHTaM Hamoi kpainu. Cepes; OCHOBHHUX ITijIeH oprasizaiii MeIMYHUX (i3UKIB MOKHA BHJIUIATH

O06’enHaHHs BCiX MeIUYHUX (Hi3UKIB YKpaiHH.

[TinTpumMka MeTUYHUX (i3HKIB:

AkaneMidyHa — TIPOBEICHHS IMICISAWINIOMHOTO HaB4YaHHS. Hampuknax, KypciB, IIKLI,
ceMiHapiB, a00 HAIPaBIIEHHS HA KYPCHU Yepe3 MIXKHAPOIHI TPaHTH TOIIIO;

[ndopmariiina — y3aranbHeHHs Ta MyOJiKallisl y JOCTYMHIM A BCiX wieHiB (a00 MOBHICTIO
BiJIKpHUTa) iH(pOopMallist Mpo pi3Hi 3aX0/H, MOil Ta HOBUHU B cpepi MEANUHOT (PI3UKH.

Opranizanisi MOPIYHUX HAYKOBO-TIPAKTHUHUX KOHQEpEeHLIH 13 mpoliemM MeauyHoi (i3UKU
3a171s TIABUIIICHHS HAYKOBOTO PiBHS MeIUYHO1 (Pi3uKu YKpaiHu, a TaKoXk Al OOMiHY TOCBIZIOM Ta
HanpalloBaHHAMH B cdepl MeIu4HOl (PI3MKM Ta CTUMYJALII HAyKOBHX JAociikeHb. ([any
KOH(EpEeHIIII0 MOXHa MPOBOAUTH CHUIBHO 13 1HIIMMH OpTaHi3alliiMU CYMIXHHUX JUCIMILIIH
(pamiamiifHOi OHKOJIOTiI, pamioiorii Tomo). fIK J0MaTOK A0 IBOTO € HEOOXINHICTh y BHJIaHHI
BJIACHOTO KypHally, /¢ OyayTh MyONiKyBaTHCS pe3yibTaTH HAYKOBUX IOCITIIKEHb, MPOTOKOIU
tomo. OAHUM 13 HepIIuX KPOKiB B LIbOMY HampsMi Moxke OyTH BIOKPHUTTS cekuii «®Pi3uka» B
ICHYIOUHX JKypHajax i3 paaiamiifHoi OHKOJOT11, J1arHOCTUKH.

Po3pobka HOpMATUBHHUX JOKYMEHTIB, PEKOMEHJAIll TOIO, IO CTOCYIOTHCS 3aCTOCYBAHHS
MeanuHoi ¢izuku. (o TakuxX MOKYMEHTIB BIIHOCSTBCS, CTaHAAPTH MO BU3HAYEHHIO MOTIUHYTOT
JI03H Y BO/Jl1, IPOTOKOJIHU MEPEBIPKU SKOCTI B pajialliiiHiil OHKOJIOTI] Ta pajioyorii).

Po3pobka pekoMeHIaIiiiHUX mporpaM HaBYaHHS MEAWYHMX (I3MKIB B YHIBEpCHUTETaxX
VYkpainu.

3acHyBaHHSI LIEHTpY-1aboparopii Afisi MPOBEACHHS ayauTy (0OOB’S3KOBOTO XapakTepy) 3
KaJiOpOBKHU amaparis 10 NorMHYTIH 1031, IMRT-aynuty Tomo.

KpiM Toro, ouH i3 BiAALIIB JAHOTO HEHTPY MOXKE 3aiiMaTHCS METPOJIOTIUHOIO MEPEBIPKOIO
MEIUIHOTO-I03UMETPUIHOTO 00JIaIHaHHS, TOOTO BUKOHYBAaTH (YHKIIIIO JabopaTopii BTOPUHHOTO
(yxe OakaHO) CTaHIAPTY.

1. Pexxum poctymy: http://www.medphys.ca/content.php?sec=1.

2. The European Federation of Organizations of Medical Physics. Policy Statement Nr.2. The roles,
responsebilities and  status of the clinical ~medical physicist.  Pexum  gocrymy:
http://efomp.org/images/docs/policy/policy2.html.
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3. J. S. Laughlin and P. N. Goodwin. History of the AAPM: 1958-1998 // Medical Physics. — 1998. — Vol.
25.—No. 7. — P. 1238-1243.

HCTOPUS U MEPCNEKTUBHI MEJIUIIMHCKON ®U3UKHW 1 BHOMEJUIIMHCKON
NH>KEHEPUU B YKPAUHE

B.2.0Opea

Hayuonanvnoiti uncmumym paka,
ya. Jlomornocosa, 33/43, Kues, Yxkpauna, 03022,
+38(044)2576068; v-orel@voliacable.com

AHHOTaIII/Iﬂ: HpI/IBCI[eH KpaTKI/II\/'I aHaJIu3 H CHUCTEMaTHu3alus I/IH(l)OpMaHI/II/I 00 HUCTOpUU U NCPCIICKTUBAX
paboThl MEAWIMHCKAX (DM3UKOB U OMOMEIMIIMHCKMX HHXXEHEpOB B YKpauHe. [lpennaraercsi BBecTH B
HOMCHKJIATYPY MI/IHI/ICTCpCTBa 3APaBOOXPAHCHUA YKpaI/IHLI COOTBCTCTBYHOIIYIO CIICIINAJIbHOCTD u
JOJDKHOCTh, a TakKe B TEPEYHE HAYYHBIX CIelHanbHOCcTell MuHHCTEpCTBa 00pa3oBaHUS W HAYKH,
MOJIOJICKH U CIIOPTa YKPauHbBI — «MEIUIIMHCKAs (PHU3HKay.

Abstract. The brief analysis and systematization of information about the history and perspectives of
medical physicists and biomedical engineers in Ukraine. It is proposed introduction to the nomenclature of
the Ministry of Health and the relevant specialty positions, in the list of scientific specialties, Ministry of
Education, Science, Youth and Sports of Ukraine — «Medical Physicsy.

KaroueBsble cioBa: MequimHCKast (pr3UKa, ICTOPHS, IEPCIIEKTHBBI, 00pa3oBaHUE.
Key words: medical physics, history, prospects, education.

Leab padorbl. AHamM3 U cucTeMaTusanus uHopManuu 00 HUCTOPUU U TEPCHEKTHUBAX
paboThl MEUIIMHCKUAX (PU3UKOB M OMOMEIUIIMHCKUX WHKEHEPOB B YKpanHe.

Martepuansl m Meroabl. V3ydeHbl apXuBHBIE Marepuaibl AKaJgeMuUu Hayk Yemickoi
pecny6nuku, HanmoHansHOro MHCTUTYTa paka, Marepuaibsl BeceMupHoro koHrpecca MeAMIIMHCKON
busuky U OMoMeTUIIMHCKOM OuonHxeHepun 2012r., TeXHHUECKHUE XapaKTePUCTUKNA 000PYIOBaAHUS
JUISL JIy4€BOM JMArHOCTHKM OTEUYECTBEHHBIX IPOM3BOAUTENEH W HH(OpMalMs O COCTOSHUU
00pa3oBaHUs MEIUIIUHCKUX (PU3UKOB U OMOMEIUIIMHCKUX MH)XKEHEPOB B YKpauHe.

PesyabraThl. OgHUM W3 MEpPBBIX OCHOBATENEH MEIMUMHCKON (U3MKH SIBISIETCS YYEHBIN
ykpauHckoro mpoucxoxaeHuss W.ITymroit (1845-1918rr.). B 1920 roxy Owin co3man KueBckwii
peHTreHoBCcKuid MHCTUTYT. [lepBeiM aupexktopoM wuHcTUTyTa ObLT U3k 0. II. Tecnenko.
PykoBogutensamu otaena (i1abopaTopun) MEAUIIMHCKONW (PU3MKKU U OMOMH)KEHEPUM HMHCTUTYTa B
pasusie ronbl Obimum  B. K. Pome, W. B. Jlomanckuii, b. P. Kupnunnckuii, A. W.Jlanunenko,
M. C.OBounukoB u b. K. Hukummz. B oTaene HaunHam CBOIO Hay4yHYIO JI€ATeIbHOCTh

A.1l. AnexkcanipoB, KOTOPbIH BIOCJIEICTBUU CTal aKaJIeMHKOM U MPE3UAECHTOM AKaaeMuu
Hayk CCCP. beumm  pa3paboTaHpl TepBbIi B YKpaWHE OJTallOH €IUHUIBI BHECHUCTEMHOMN
HKCMO3UIIMOHHON N103bl — peHTreH (P), ToTanbHbIN Qurooporpad, peHTTeHOBCKHIM KOMIBIOTEPHBIN
tomorpad 3-To TOKONEHUSs, amnmapaTHO-MporpaMHbiii kKomiuiekc «TPA-3» s perucrparnuu
MEXaHOOMHUCCUU KPOBHM, TEXHOJOTUs pPaJMOYaCTOTHOW THIEPTEPMUM C IOMOIIBIO  ammapara
«Marnurepm».

[lepcieKTUBHBIMH ~ COBPEMEHHBIMU  HANpPABJICHWSIMH B  MEIUIMHCKONM  (QU3MKe W
OMOMEUITMHCKOW WH)KEHEPHH  SBISIOTCS Pa3pa0OTKM  HAHOTEXHOJIOTUH ISl JUArHOCTUKH U
TEepanuu  3J0KAYECTBEHHBIX HOBOOOpPA30BaHMN C  HCMOJb30BAaHMEM HOHM3UPYIOIIETO U
HEUOHM3UPYIOLIETO W3JIyYeHUH, MYJbTUKOMIIBIOTEPHBIE TEXHOJIOTUM Jy4E€BOM JHUArHOCTHUKH,
IIPOTOHHAs TEPAIIUU OIIyXOJIEU U JIp.

B VkpauHe OTKpBIBaOTCSI HOBblE MEIUIIMHCKHE LIEHTPBI, MPUOOpETaeTcss NOpOrocTosiiee
MEIUIUHCKOE 000pYyI0BaHUE JUIsl Ty4eBOW AMArHOCTUKH U Tepanuu. [Ipu 3ToM ypoBeHb By30BCKOH
MOJATOTOBKU CHEIHATUCTOB, KOTOphle OyAyT paboTaTh Ha 3TOM BBICOKOTEXHOJIOIMYECKOM

29


mailto:vorel@voliacable.com
http://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%BD%D1%96%D1%81%D1%82%D0%B5%D1%80%D1%81%D1%82%D0%B2%D0%BE_%D0%BE%D1%81%D0%B2%D1%96%D1%82%D0%B8_%D1%96_%D0%BD%D0%B0%D1%83%D0%BA%D0%B8,_%D0%BC%D0%BE%D0%BB%D0%BE%D0%B4%D1%96_%D1%82%D0%B0_%D1%81%D0%BF%D0%BE%D1%80%D1%82%D1%83_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8
http://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%BD%D1%96%D1%81%D1%82%D0%B5%D1%80%D1%81%D1%82%D0%B2%D0%BE_%D0%BE%D1%81%D0%B2%D1%96%D1%82%D0%B8_%D1%96_%D0%BD%D0%B0%D1%83%D0%BA%D0%B8,_%D0%BC%D0%BE%D0%BB%D0%BE%D0%B4%D1%96_%D1%82%D0%B0_%D1%81%D0%BF%D0%BE%D1%80%D1%82%D1%83_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8

o0opy/lOBaHWU, HE COOTBETCTBYET COBPEMEHHBIM TpeboBaHusM. [loaTomMy HEoOXoauMMO
BKJIQJ[bIBaTh CPEJICTBA B 00pa3oBaHUE, MPEXKIE BCEro KIMHUYECKUX MEIUIIMHCKUX (U3UKOB U
OonouHxkeHepoB. OOECMEYCHUIO KIMHUK MEJAWIUHCKUMH (HU3UKaMU CEpbE3HO MPEMSTCTBYET
OTCYTCTBHE B HOMEHKJIaType MUHHUCTEpCTBA 3ApaBOOXPAHEHHUS YKpauHbl COOTBETCTBYIOLICH
CIEIHUAILHOCTH M JOJDKHOCTH, a Takke B IepeduHe MwuHuUCTepcTBa 00Opa3oBaHUS M HAYKH,
MOJIOJIEXKH U CIIOpTa Y KpauHbl — HAYYHOU CHEIUATILHOCTH «MEIUIUHCKAs (QU3HKaY.

BriBoabl.

1. VkpauHCcKkHe CIEeUUaTUCThl MEIUIMHCKOM (u3Mku U OMOMEIMIMHCKONW HHXKEHEpPUH,
UMEIOT s MPAKTUYCCKU PEATM30BAHHBIX Pa3pabOTOK COBPEMEHHOTO YPOBHS. DTO OTKPHIBACT
BO3MOXXHOCTH JUIS MParMaTHUYecKOl peanu3aliyd KOHKYPEHTHBIX HHHOBAllMOHHBIX Pa3palbOToK,
MPEKIEC BCETO B OTEYECTBEHHBIX MEAUIIMHCKUX YUPESIKICHUIX.

2. HeoOxomumo BBedeHHE B HOMEHKJIAaType MUHHCTEPCTBA 3ApPAaBOOXPAaHEHUS Y KPauHbI
COOTBETCTBYIOIIEH CIENUATHLHOCTH U JIOJDKHOCTH, & TaKKe B MEPEYHE HAyYHBIX CIICUATbHOCTEH
MunuctepctBa oOpa3oBaHUsI U HayKH, MOJIOACKHM U CHOpTAa YKpauHbl —  «MEAMUIMHCKAs
buzukar.
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AHoTanisA. Y naHiil cTaTTi pO3TISNAETHCS OCBITHE NMUTAHHS y KOHTEKCTI MEPEXOAY «BiJl YUCTOI HAYKU IO
MEINYHOI peanbHOCT». 30KpeMa, HABEIEHO MPHKIAAU 3aCTOCYBAHHS IHCTPYMEHTIB (yHAaMEHTaJIbHUX
JocmipkeHs ¢isuku Bucokux eHeprii y IIET nmiarHocTmi Ta JiKyBaHHI PakOBHUX 3aXBOPIOBaHb 3a
JIOTIOMOTOF0 Tepartii MPOTOHAMH (JIETKUMHU HOHAMHU).

AHHoOTauus. B nanHoii cTathke paccMaTpuBaeTcsi BONPOC 00pa30BaHMUs B KOHTEKCTE MEpexo/a «OT YUCTOH
HAYKH K MEJWIIMHCKOH pealbHOCTW». B 4acTHOCTH, MPUBOJSATCS MPUMEPHI MCIOIB30BAHUSI HHCTPYMEHTOB
(dbyHIaMeHTanbHUX rccienoBannii Gusnku Bucokux sHepruii (GBD) B [IET nuarnoctuke, a Takke JICYCHUH
PaKoBUX 3a00JI€BaHUH C TIOMOILIBIO TEPAUU IPOTOHAMH (JIESTKUMH HOHAMMU).

Abstract. This paper considers education as an instrument of transition “from pure science to medical
reality”. In particular, application of High Energy Physics (HEP) instruments in PET imagining and particle
therapy is discussed.

Karouosi ciioBa: ocsita, pynnamenranbHi gocmimkerns, [IET giarHocTrka, mpoTOHHA Tepartis.
KuoueBble ciioBa: education, fundamental research, PET imagining, proton therapy.
Key words: ocsita, pyraamenranbHi gocimpkenss, [IET giarHocTKa, IPOTOHHA Tepartisi.

Beryn. 3anmopykoro yCHIIIHOTO BIPOBAHKEHHS CYy9aCHUX HAYKOBHX JOCSTHEHB Y CTBOPEHHI
HOBITHIX TEXHOJIOTii JIarHOCTUKU Ta JIIKYBaHHS PAaKOBHUX 3aXBOPIOBaHb € B3a€EMOONOBHIOIOUA
3J1aro/KeHa B3aeMoJlis MIX (pyHAaMEHTaIbHUMH HAyKOBUMH JOCITIIKEHHAMH, iX Oe3mocepenHiM
MEIMYHUM 3aCTOCYBAHHSM Ta OCBITOIO, SIK HEOOX1HOIO Ta 000B’SI3KOBOIO YMOBOIO iX YCHIIIHOTO Ta
e(eKTUBHOIO B3a€EMOICHYBAHHS.

VYes ictopist po3BUTKY MeAWYHOI (Di3MKM CroBHEHA (DAHTACTUYHMMU Ta 3aXOIUTIOIOUYUMHU
HOOENIBCHKUMHU BIIKPUTTAMH, sIKi, O€3MEepeuHo, € pe3yIbTaTOM JOBrOTpUBAIUX (hyHIaMEHTAIbHUX
HAyKOBHUX JOCHi/DKeHb. OJHIEI 13 TEpIIMX ICTOPHUYHUX TIEPEeIyMOB PO3BUTKY pajialliiHOT
MeAULIMHU OYyJ10 BiAKpUTTA BibrensMom PeHTreHOM TaEMHUYMX PEHTTEHIBCHKUX IPOMEHIB y 1895
poui. BenuuesHowo mnomi€ro cTamo BiAKpUTTS pagioaktuBHOcTi ['eHpi bekkepeneMm, a Takox
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pe3ynbTaTé mojanbimmx pociuimxkers [I’epa ta Mapii K’'topi. ¥V 1911 pomi yropcekuii BUCHHIA
['eopr Xesemu Bmepiie 3amporOHYBaB TPEHCEPHHI MPUHITUI BHUKOPHCTAHHS MIUYEHUX 130TOIIIB.
IcTopist BiIKpUTTS NaHOTO MPHUHIMITY IOCHTh KyMeIHA. XEBEIId, MPAIIOI0Yd pa3oM 3 1HIIUMHU
BUJATHUMH BUeHUMHU y MaHuecTepcbKOMY MPOEKTI IO CTBOPEHHIO aTOMHOI 60MOU, 3ami03pUB, 1110
KyXOBapKka BHUKOPHUCTOBYE HEIOIICHE M SCO 31 CHIJAHKy JUIsl NPUTOTYBaHHA Bedepi. Taki
3BUHYBAYCHHS JIBYMHA PI3KO 3amepedyBajia 1 ToAl XeBelId MPOSBUB KMITIUBICTh Ta IMIJAKIAB Y
pPaHKOBY 1Ky TPOXH paJiOaKTHBHOTO TMpermapary. YBeuepi BUCHHUU NPHUHUIIOB 10 inaiabHI 3
JIETEKTOPOM Ta 3adiKCyBaB y DKI HasgBHICTh TOrO X TakW mpenapary. HuHI mpuHIUN MidEeHUX
130TOIIB TIMPOKO BUKOPUCTOBYETHCS Yy MEAWYHIA Tamy3i. Jlo momanpIMx HaWBa)XIJIUBIIIAX
ICTOpHUYHHUX TIOMIM BIAHOCATHCS BIOKpUTTA EpHcTOM JloypeHCOM IMKIOTPOHY, TOCIIKEHHS
HITYYHOI Pai0aKTUBHOCTI moaApyxxksaM JKomio-Kropi, Ta BIIKPUTTS MOALTY sSIEp.

CborogHi X NPOAOBKEHHS MPOBEIEHHS (PYHIAMEHTAIbHUX HOCHIDKEHb Yy BCIX Tally3sx
NepeoBoi HAYKW € HAJI3BUYAHO BaXKJIIMBHM, OCKUIBKM B MaHOyTHBROMY pE3YJbTAaTH JaHUX
JIOCJTIIJDKEHb HEOYIKYBaHO €(EKTHMBHO MOXYTh OyTH 3aCTOCOBaHI B HaWpi3HOMaHITHIMUX cdepax
JIIOJICHKOT'O YKHUTTS, B TOMY YHMCII 1 B MEIUIMHI. | OHIEI0 3 YMOB YCHIIIHOCTI TaKMX JOCIIIKCHb Ta
iX TapMOHIYHOTO METUYHOTO 3aCTOCYBaHHS, 0€3yMOBHO, € (yHIaMEHTalIbHA OCBITA.

Y naHoMy OISl MiTHIMAEThCS TMHTAHHS - SKAM YHHOM MH MOXEMO BHKOPHUCTOBYBATH
JOCATHEHHST (DyHIAMEHTaIbHUX AOCTIKEHb (DI3UKM BHUCOKHMX CHEpriii y meawuHii ramysi. Lle
IIPOJICMOHCTPOBAHO HA NPHKJIAAl 0araTooOIilso40oi OloMeaMYHOI 00JacTi JIarHOCTUKH Ta
JiKyBaHHS paky. 30Kpema, MpEeACTaBICHO OTrJs[ ChOTOJCHHS Ta MalOyTHBOTO MPOBITHHUX
TEXHOJIOTIH mo3uTpoHHO-eMiciitHoi ToMorpadii (IIET), a Takok IOCATHEHHS IHHOBAIIITHOTO
METOy Teparii IpoToHaMH (JIErKUMH HoHamu). [HII 00acTi MPOKIAAHUX 3aCTOCYBaHb, TAKUX K,
HANPUKJIA], TIPOMEHEeBa Tepamis (OTOHAMH, a TAKOX HAMIWHICTE Ta Oe3NeKa BUKOPUCTAHHS
IHCTpYMEHTIB Mean4HO1 (Di3uKH, He po3risiaaroThes. [lana indopmaris HaBeaeHa y [1].

®di3nKa BUCOKHX eHepriii Ta npoToHHo-eMiciiina Tomorpadisi. [IET — ogun 13 cyuacHux
PafiOHYKIIITHUX METO/IB SIEPHOI MEAMIIMHU, SIKUN J1a€ MOXJIMBICTH 32 JOTIOMOTOI0 CIIELialbHOTO
JETCKTOPHOTO OOJIATHAHHS BIJCTS)KYBATH B OPTraHi3Mi PO3MOJiiT 0i0JIOTIYHO aKTUBHUX CIIOIYK. A
npuiioB 'y meaununy npuHiun I[IET came 3aBnskm ¢daHTacTHUHUM (QyHIAMEHTATbHUM
JOCTIPKEHHAM Yy (i3Ulll BUCOKMX €Heprid. 3okpema, BHeplle JaHa MeTOoAuKa Oyja YCHIIIHO
npoaemorcTpoBana ¢isukamu L[EPHy, IleBimom Tayncengom (David Townsend) ta Ananom
EBancom (Alan Jeavons) [2], sxi y 1970-ti poku Buepiire orpumanu [IET 300paxkenHs muiii 3
BUKOPHUCTAHHSIM 18,

Cooroani kniHiy"e [IET obnagHaHHS MIKMPOKO BUKOPUCTOBYETHCS B AJIEPHIN MEIULIMHI JUIS
TIarHOCTUKM PaKOBHUX 3aXBOPIOBaHb Ta MOHITOPUHTY e(eKTHBHOCTI iX JiKyBaHHS. Mertoa
IPYHTY€ETBHCS HA peecTpallii mapy raMMa-KBaHTIB, SIKI BAHMKAIOTh M1/ Yac aHITUIALI] TO3UTPOHIB, 110
BUIIPOMIHIOIOThCS B -paioHykmizomM. Y AKOCTi pajgioHyKIija HaifyacTillle BUKOPHCTOBYIOTH BF,
KU CUHTE3YETHCS 3 TIIIOKO03010 ((TOpae30KCurioko3a). Jlanuii mpenapaTr BBOJAUTHCS B OpPTraHI3M
JIOUHU Ta KOHIIEHTPYETHCS B OOJIACTSAX MiABUIICHOI aKTUBHOCTI BUKOPHUCTAHHS TIIIOKO3H, IO
Moke OyTH 1HAMKATOpoM MeTaloniyHuX nopymeHs. [IET yacTto BUKOPUCTOBYIOTH Y TIO€JHAHHI 3
MarHiTHO-pe3oHaHCHOI Tomorpadicro (MPT), a Takox xomm roTepHoto ToMmorpadieto (KT), mo €
O11b1 1HGOPMATUBHOIO 1110/10 AHATOMIYHOI CTPYKTYpPHU OpraHiB.

[IET TakoX MPOJOBKYIOTh AaKTHBHO 3aCTOCOBYBaTH [UIsl TPOBEIEHHS  OIOMEIUYHUX
dbyHnameHTanbHl JochikeHb. OHaK, He3Ba)Kalouu Ha BEJMKY KIUIbKICTh IepeBar, CydYacHi
moskauBocTi [IET TexHomoriii MatoTh psifi oOMexxeHb. 30KkpeMa, Ha ChOTOAHIIIHINA JIeHb HallKparli
[IET cucremu, mpu3HAYEHI IJIs1 JOCIIDKEHHS OpPTaHi3MYy JIFOAMHU, 3/1aTHI 3a0€3MeYUTH TPOCTOPOBY
PO3AUIBEHY 3/1aTHICTh HE Kpamie 4 MM. Y TOH K€ 4Yac YyTIUBICTh HAWHNEPeNOBIMIUX CHCTEM, IO
BHU3HAUYAETHCS SIK BITHOLIEHHS KIJIbKOCT1 3apEECTPOBAHUX 301r1B 10 MOBHOI KUTBKOCTI aHITJISIIHHIX
MOJIIN, JIeXKUTh Yy Mexax 2-5%. Jlani ¢akTopu CIpUYHUHIOIOTH MEBHI OOMEKEHHS Ha 3aCTOCYBaHHS
I[IET meTomuku sK y MEIWIHMHI, TaK 1 y OIOMEIUYHUX eKCIepuMeHTax. ToMmy HaJa3BHYalHO
BOKJIMBUM € TPOBOJAUTH (PyHJIAMEHTAJbHI JOCIIPKEHHS y 1ii 00sacTi, abu 3HAWTH 1HHOBAIIiHHI
metoau nononanas O6ap’epiB IIET 3acrocyBanns. HeoOXimHO TakoK 3BEpHYTH yBary Ha Te, o0
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JlaHl HOBITHI TeXHOJOTil OynM BIIHOCHO JOCTYHHMMH 3 (DiHAHCOBOI TOYKH 30py, Ta JErKi Yy
OCBOEHHI KOPHUCTYBa4YeM.

[{ikaBo mpoaHai3yBaTH, HACKUIBKN €()EKTUBHO IHCTPYMEHTH (yHIAMEHTAIBHUX JAOCIIKEHb
GI3UKM BUCOKHMX €HEprid MOXYTh OyTH BHKOPHUCTAaHMMH y MEIUIIMHI. 30KpeMa, MOBa ije Ipo
3aCTOCYBaHHS HOBUX CIUHTHJIIOIOYHMX KPHCTAIiB Ta MaTepiaiiB juist peectpamii ¢otonis (The
Crystal Clear Collaboration: from L3 BGO and CMS PBO4 to the LuAp). Jleski HOBiTHI
aJbTCPHATHBHI BapiaHTH, K Hanpukiaaa piakuii kceHoH Ta MG-RPC’s , 3Haxomsarbest Ha crajii
nocmimkenns [3, 4]. Cuoig TakoX BIAMITUTH BHKOPHCTAHHS BHCOKOSIKICHHX (POTOITOMHOKYBAyiB,
mikpokananbaux 1wiactua (MCP, Micro Channel Plates), nasunnux doromionis (APD (Avalanche
Photo Diode), kpemuieBux ¢oro momuosxysauiB (SiPM, Silicon Photomultipliers), 3 nepemoBumu
XapaKTePUCTUKAMHU 111010 KOMITAKTHOCTI, KBAHTOBOI €()eKTHBHOCTI Ta CTa0LIBHOCTI.

BapTto 3BepHyTH yBary i Ha NHMTaHHS KOMII IOTEPHOIO MOJEIIOBAHHSA, SIKE CbOTOJHI €
HEBIJI'€EMHOIO0 YAaCTHHOIO JOCITIDKEHb Y (i3HIll BUCOKUX eHepriii. OQHUM i3 KOMIB, SKUW IIUPOKO
BUKOPUCTOBYEThCS i naHux e € kog GEANTA. V 1ol e 4ac MOJEIIOBaHHS TaKOX CTaJo
HA/[3BHYAITHO BAYKJIMBOIO YAaCTHHOIO JIOCIHIIPKEHb MEIMYHOI JIarHOCTHKH. 30KpeMa, po3po0JieHO
cnemianbHui iHTEepdelic 1o Toro x Taku kogxy GEANT4, mo Takok akTUBHO BUKOPHCTOBYETHCS B
mMeaumuHi [5].

HoBi TeXHOJOrIYHI PIIICHHS CIIOYATKy pPealli3yIOThCA Ta JOCTIIKYIOTHCS 3a JIOIMOMOTOIO
MPOTOTUITHAX BapiaHTiB OONATHAHHS, SKi PO3POOJISIOTHCS IITUMH KoJlaboparlisMu  (hi3uKiB-
EKCIIEPUMEHTATOPIB Ta B MOAAIBIIOMY MOXYTh HAOYTH IIMPOKOTO 3aCTOCYBAaHHS y O1OMEIMYHUX
raimy3sx. 30KpeMa, IiKaBO HaBECTH JAESAKi NMPHUKIAAN YCIIITHUX PE3YJbTaTiB TaKUX JOCIiIKEHb. A
came:

mikpokamepa [IET mns tBapun. lleit HeBenmmukmii mpuctpii miamerpom 20 c¢M IIUPOKO
BUKOPHCTOBYEThCS Y paaio ¢apmakoiorii [6, 7, 8];

npototunu kiaiHiuaux IIET ckanepiB s miarHoctuku mpocratd [9]  Ta momodnol
3ano3u [10]. ImauBigyanpHa TEXHOJIOTiS JaHMX IPHUCTPOIB JacTh MOJKIMBICTH MiHIMI3yBaTu
napanakc-e(peKT Ta JOCSATTH PO3AUIBHOI 37aTHOCTI | MM TIpH TiarHOCTUII TYyXJIMH MOJIOYHOI
3aJ103H;

HEN[o/IaBHO Oyno 3pobieHo crpobdu po3podku mporotuny I[IET Bucokoi po3maiibHOL
3natHOocTi Ha ocHOBI HekoHBeHIiWHOI [IET xondirypamii. [laHy MeTOAMKY TMIaHY€ThCS
3aCTOCOBYBATH JUIsl MOHITOPUHTY IpHU OIONCIi Ta pafio-XIpypriyHUX MpoIeaypax IMpH PaKOBUX
3aXBOPIOBAHHSIX MOJIOYHOI 3all03U, MEJTAaHOMH, TOJIOBH Ta IIHi, JIET€Hb, MiJANUTYHKOBOI 3aJI03U Ta
npocraru [11].

Benuka yBara TakoX NpUIUISETHCS OCIITKEHHSIM 3aCTOCYBaHHS METOJ] 4acy MpPOJIbOTY
(Time-of-Flight, ToF) npu IIET miarnoctumi. 3okpema, TOF BUMiproBaHHS BiJl aHITUISIIIHHAX
doroniB [1ET kamepu morno 6 3HaYHO MOKPAIIUTU PO3ALIBHY 3aTHICTh METOJY, @ TaKOX J1aio O
3MOTy 3MEHIIUTH (OHOBI €(PEeKTH BiJl BHUMAIKOBUX 30IriB Ta po3cisHuX (oToHiB. | Hapemri,
BUKOPHUCTAHHSA IIBUAKOI ENEeKTPOHIKM (I3MKM BHCOKHMX €HEpriii Morio O JaTu MOKIHBICTh
peanizyBatu 0OpoOKy Ta pEeKOHCTPYKIIIIO 300paxeHb y pekuMi peanbHOro yacy. CydacHl MeIH4H1
komepuiifai [TET kamepu 3 mepegoBO0 E€IEKTPOHIKOK al0Th MOKIMBOCTI BUKOHYBatu |OF
nocmimkenns Ha piBai 350-500 mc [12, 13]. BukopucTaHHs JaHOI METOIUKH A€ 3MOTY 3HAYHO
MOKPAIUTH SKICTh 300pakeHHs Ta 3MEHIIUTH 103y s mamieHTa. lle ocobmuBO BakIMBO Yy
BUIMAJKY JIIKYBaHHS MAIlEHTIB 3 BEJIMKOIO Barolo, 10 HETaTUBHO BIUIMBA€E HA SKICTb 300paKE€HHS.
[ToTeHmianbHi MOMXJIMBOCTI BUKOPUCTAHHS MIKOCEKYHAHUX [OF TEXHONOTiH, W0 aKTUBHO
PO3BUBAIOTHCS Y (D13UIl BUCOKUX €HEPTii, Y MOEAHAHHI 13 3aCTOCYBaHHSIM LaBr® KpHUCTaJIB — OCh
OJIWH 13 IIUIX1B iHHOBaliiiHOro nokpamieHus [IET meToguku.

JlikyBanHss nporoHamu (Jderkumm ioHamu). Ha cporoanimHii gaenp Outbm HiDK 50%
XBOPUX HA PaKOBi 3aXBOPIOBAHHS 3aCTOCOBYIOTH JUIS JIIKYBaHHS pajiioTeparnito, abo ii koMOiHaIio 3
IHIIMMH BHUJIaMU JIIKYBaHHS, TAKUMHU SIK XIpyprisg, abo ximiorepamis. ['0JOBHMM 3aBIaHHSM IpH
BUKOPHUCTaHHI pamioTepamnii € TIOBHE 3HUIICHHS 3JIOSKICHOT MYXJIMHU 13 MiHIMaJIbHUM
MOIIKO/DKCHHSIM 3710pOBHX TKaHWH. OJHAK, Y JACIKUX BUIAIKaX (HAPUKIAA, Y BHITAJIKy BHCOKOT
paliOpEe3UCTUBHOCTI PAKOBHX KJIITHH, IO 3HAXOJAThCS ONM3BKO JO OpraHiB pPHU3UKY),
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BUKOPHUCTAHHS Teparii 3 ONpOMiHEHHSM ramMma-kBaHTamMu (abo eNeKTpOoHaMH) HE MOXe OyTH
peamizoBane. lle Wacto € 0coOJMBO BaXJIMBO Yy BHUMNAAKY JIKYBaHHsS MJITEH, PICT SKUX 1IIe
MPOJIOBXKYETHCS 1 TOOIUHI €PeKTH BiJ] MPOMEHEBOI TepaIlii MOKYTh OYTH HaTO BETUKHUMHU.

Y Takux BHMaIKax s Mo)ke OYyTHM 3acTOCOBaHa aJpOHHA Tepamis, Mo Mnepeadayae
OTPOMIHEHHS TPOTOHAMHU (JETKHUMH i10HaMH), (i3M4yHI Ta PamioOiONOTIUHI BJIACTUBOCTI SKUX
JIO3BOJISIFOTH OOIWTH BHMIIE 3rajaHi mpobsieMu mpomeneBoi Teparmii [14]. TlepeBaru ompomiHeHHS
MPOTOHAMH TOJISITA€ B TOMY, IO MPAKTHYHY BCIO 103y BaXKKa 3apsHKCHA YaCTUHKA MepeIae BKIHIl
CBOTO NUIAXY (ZIeé crocTepiraeThCs Tak 3BaHuMM Tk bperra). Ile 3abe3nedye MiHIMalbHE
OTPOMIHEHHS 3/10poBUX TKaHWH. OJHaK MPOTOHHA Tepallis Nepeadadae HasBHICTh MPOTOHHOTO
IPUCKOPIOBAaYa, MHI0 € 3HAYHO JOPOXKYMM Ta CKIQJHINIUM, HDK Y BHUMIAAKY €JIEKTPOHHUX
npuckoproBauiB. A came, y 2006 pomi y CBIiTI aKTUBHO (DYHKI[IOHYBajIo OJIM3BKO 25 IEHTPIB
npotoHHOi Teparii. Ha modarok 2011 poky, KiIbKICTh TaKUX LIEHTPIB 3pocia 10 38, cepel SKux y
32-x niKyBaHHSI MPOBOAMTHCS 3 BUKOPHCTAHHSM IPOTOHIB, @ y PEIITH 6-TH — 3 ONPOMIHCHHSM
HoHamMu KapOOHy. BakJIMBO BIAMITHUTH, IO CHOTOMHI Ie 24 IMEHTPU 3HAXOMATHCA Ha CTafii
IJIaHyBaHHS a00 OC3MOCepeIHBOr0 CHOpYKeHHS. 3araaoM, Oym3bko 74,000 maiieHTiB Oyio
OMPOMIHEHO. 32 OCTaHH1 5 POKIB AyKe aKTUBI3yBaBCsS PO3BUTOK HOBUX MPUCKOPIOBAJIHLHUX CHUCTEM,
CUCTEM MOHITOPHHTY Ty4dka Ta J03. OCTaHHIM JOCSATHEHHSM Yy MPOTOHHIN Teparii BBaKAETHCS
«IPOTOHHOT'0» CKAaHYBaHHS, IO BIIKPHUBA€E HOBI MOKJIMBOCTI MMPOTOHHOI Teparlii 3 MOAYJIbOBaHOIO
inrencusHicTio (IMPT, intensity-modulated proton therapy) [15].

OcHOBHOIO MPOOIEMOIO TIPH AaHil Tepamii € Te, 0 MyXJIMHA — HE € «IIPOCTOI0 MIIIEHHIOY, a
YaCTHHOIO CKJIQJIHOTO OpraHizmy yoauHu. Came TOMy Mpolec JIKyBaHHS € KOMIUIGKCHUM 1
nependayvae CKIaHy CUCTEMY IUIAHYBaHHS Ta KOHTPOJIO ONMPOMiHEHHs. SIK OyTH BIEBHEHHUM, IO
J03a JOCTaBJICHA Y «IIpaBWIbHE» Micie? SIKk BpaxyBaTH pyX OprasiB IiJ 4ac onpoMiHeHHs? Ska
orpumana no3a? Lli nuranHs € pyHIaMEHTaTbHUMH JJIs 1aHOTO METOAY JiKyBaHHs. Ha chorosi,
HAIIPHUKJIA], MOJJIMBOCTI BHIMIPIOBaHHS OTPUMAHOI JI03W y PEXKUMI pPEabHOTO Yacy mIyxke
oOMexeni. Tomy, Haa3BMYallHO BAXKJIMBUM € TPOBEACHHS JIOCIIDKEHb Ta BIPOBAIKEHHS
IHHOBAIIIMHUX TEXHOJIOT1H JIarHOCTUKH Ta MOHITOPUHTY IAILIIEHTIB IiJ] Yac JIKyBaHHS.

BucHoBku. JlocsrHeHHs Ta O€3I[iHHUI TOCBiA (yHIAMEHTATBHUX HAYKOBHX JOCHIIXKEHb Y
NEepeIOBUX Taly3siX HaykKH, 0€3yMOBHO, MOXYTb OyTH €(eKTHBHO 3aCTOCOBAaHMMH Yy CTBOPEHHI
HOBITHIX METOMIB MEIWYHOI JIarHOCTUKHM Ta JIIKYBaHHS, a TaKOXX 3HAYHOMY ITOKpAIeHHI BKe
ICHYIOUHX KIJIIHIYHUX MeToAUuK. OfHaK, €peKTUBHICTh TAKUX BIPOBAXKEHb HAJ3BUYAITHO 3aJI€KUTh
KOMIUIEKCHOTO MiAXOY A0 HAYKOBUX JOCITIIKEHb HE JIUIIE SK 10 «YUCTOI HAyKu». A 1€, B MepIry
4yepry, moTtpedye KpEeaTHBHOTO TJIOOAJIBHOTO CMOCOO0Yy MHCIICHHS CaMUX HAyKOBIIIB, a TaKOX
HAsBHOCTI 00O0B’SI3KOBOi (PYyHJAMEHTANbHOI OCBITH THX, XTO BHKOPHUCTOBYE pE3yJIbTaTH LUX
HAyKOBIIIB IS BIIPOBA/DKEHHSI HOBITHIX TEXHOJOTIH y MemuuHid ramy3i. s mocsrHeHHs
B3a€MHOTO YCIiXy HAA3BUYAHO Ba)JIMBHM € TiAXiJ HE JHIIE SK KOPHCTyBaya, aje TaKoxkK
HasiBHICTh IJIMOOKOTO PO3yMIHHS (G13MYHUX TPUHIUIIB METOJUK Ta oOOJaJHaHHA, IO
BUKOPHUCTOBYeThbea. lle O 3a0e3meuniio B3a€MOAOIMOBHIOIOUY 37ArO/DKEHY B3AEMOJII0 Mk
HAayKOBHMH JOCIIJKEHHSIMH Ta iX MEIUYHUM 3aCTOCYBAHHSAM. A OJHIEIO 13 TPOMINKHHUX JIAHOK MIXK
HUMH € (pyHIaMeHTalIbHa OCBITA.

Pexxum noctymy: http://www.animma.org/

Pexxum noctymy: http://cerncourier.com/cws/article/cern/29359

Pexxum noctymy: - http://crystalclear.web.cern.ch/crystalclear/
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PO3BUTOK KHIBCHKOI IKOJIM MEJJMYHOI ®I3UKH 3A 170 POKIB (1841 — 2011)

O.B.Yaanii

Hayionanvuuii meouunuii ynisepcumem imeni O.0.bozomonvys
avchal@nmu.kiev.ua

AHoTanisi. Po3riisiHyTi TONOBHI icTOpHYHI eTanu po3BUTKY KuiBchkoi mikonmu Menudanoi ¢isuku 3a 170 pokis
— BiX 4aciB 3acHyBaHHA Menu4HOTo (hakymnbrery KuiBchkoro yHiBepcutery CBsaroro Bomomnmupa y 1841
polli Ta YTBOpPEHHS crierianizoBanoi kadeapu ¢izuku B KuiBcbkomy MeandHoMy iHCTHTYTI y 1920 pomui ao
HAIIIoro 4acy.

Karouosi cioBa: KuiBcbkuii yniBepcuter Csitoro Bonoanmupa, HamioHansHuiE MeAWYHHUN YHIBEPCHTET
imeni O.0.boromonbirs, MeauaHa ¢izuka.

[Tporsrom wmaitke 80 pOKiB 3 MOMEHTY BIOKPUTTS y BepecHi 1841 poky MemnuuHOro
¢dakynbrery B KuiBcbkoMy yHiBepcurteri Csitoro Boinogumupa 1 ax 1o kBiTHS 1920 poky, Konu
Ha 0a3i mMenuyHoro ¢akylnbTeTy YyHiBepcUTeTy OyB cTBOpeHMii KHWiBCHKHMII 1HCTHUTYT OXOPOHU
310poB'a, skui y rpynHi 1920 poky OyB peopranizoBaHuil B KHiBCbKY Jep:kaBHY MEIUUHY
akaJemilo, a ToTiM piBHO uepe3 pik B KuWiBCbkuil MeOUYHUN 1HCTUTYT, OKpeMoi kadeapu s
BUKJIaJIaHHs (PI3UKH CTyJIEHTaM-MeIMKaM He 1CHYBaJIO.

[Tepmium nexkTopom, 1o yuTaB y KuiBchkomy yHiBepcHUTETI Kypc (Gi3HKH ISl CTYIEHTIB-
menukiB, OyB B.I1. UexoBuu, sikmii 3aiimaB mocany mnpodecopa Ha kadenpi 3aranbHOi (Pi3uKu 110
1846 poky. IIpodecop B.I1. UexoBuu, reosor 3a 0CBITOI0, YATAB JIEKI] 3 (i3UKH B TOMY 00Cs31, B
SKOMY BOHA BUKJIaJajlacs B JyXOBHUX 3aKJiajiax, 1 He HIIOB Jayli NIMHA3UYHOIO KypCy.

Buknananus ¢i3UKH  JeMI0 TONIMIIMIOCS micls mnpuxoay B KwuiBckkwii yHiBepcuUTeT
npodecopa E.A. Kuoppa (1846-1858 pp.) i #ioro HactymHuka -mipodecopa M.I. Tammzina, 1o
3aBigyBaB kadeaporo ¢izuku 3 1858 p. mo 1865 p. 3 inmimiatuBu E.A. Kuoppa B 1856 p. mpu
yHiBepcuTeTi Oyna no0ynoBaHa METEOpOJIOTriuHa oOcepBaTopis, sika iICHYye 1 3apa3 B LeHTpi Kuesa,
Ha po3i Bynuilb BopoBckkoro ta O6cepBaTOpHOI.

[TouaTok cepilo3HUX HAYKOBUX JOCITiIKeHb Ha Kadenpi ¢izuku KuiBcbkoro yHiBepCUTETY, B
TOMY 4YHCIi 1 HA MeAuyHOMY (aKynbTeTi, MOB'SI3aHO 3 IM'IM  BiJOMOTO BYEHOTO 1 MEAarora,
dbyrmaropa mepmioi ¢izuuHoi mkoau Ha Ykpaini npodecopa M.II. Aenapiyca (7.09.1835 -
4.09.1895), sxuii ouomoBaB kadeapy ¢izuku Oing 25 pokiB, B mepiox 3 1865 p. mo 1890 p.
[Tpodecop M.II. ABeHapiyc OyB MIMPOKO OCBIYCHOIO JTHOAUHOI0. CBOEI0 HEBTOMHOIO TIEIarOT14HOIO
TSUTBHICTIO 1 YYJOBMMH HAyKOBUMHU JOCITIDKEHHSMHU BiH 3pOOUB BEIMKHUN BHECOK B PO3BHTOK
¢b131uHOT HayKH.
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[Tpotsirom 1873-1877pp. M.II. ABenapiycom i ioro y4asiMu Oynau OTpUMaHi TOYHI 3HAYCHHS
KPUTUYHUX TTapaMeTpiB JJig 0araThb0X peyoBHUH, SIK1 YBIUIIUIM B OCHOBHHUH (HOH[ (HDI3UIHUX BEITUYHH
1 JIOBro 3ajuinaiucs He3aMiHHEMH. Xoda npodecop M.II. ABeHapiyc Oe3nocepeHb0 HE 3aiiMaBCs
HAayKOBHUMH JIOCITI/DKCHHSIMH B 00J1aCTI MeTUYHO1 (Pi3MKH, 3 HOTO iHImiaThBU B 1873 p. CTBOPIOETHCS
nepma B KuiBChbKOMY YHIBEPCHTETI CHEIlialibHa JTabopaTopis MeIu4HOi (Pi3UKH, SKY OYOITIOBAB
noktop Memuiman A.C. HlkmapeBcbkuid. 3 1865 p. mo 1890 p. ovomoBaB kadenpy ¢hizuku
KuiBchkoro VYHiBepcurery, B ToMy uucii i Ha mMeaumuHomy ¢akynpreri. A.C. IIkaspeBcbkuit
CIeliai3yBaBcsi TOJIOBHUM YMHOM B 00J1acTi mMaTojoriyHoi (i3ioforii 1 maToJIOTi4HOI aHATOMII.
Bunas B 1881-1882 pp. "Jlekuii 3 meauunoi ¢izuku". Bunsguu 3 aHamizy cTaHy MEIUIIMHHU, BiH
IporaryBaB HEOOXiIHICTh BHUKJIamAaHHsA ¢i3uku s JikapiB. [lknspescekuit A.C. 3axucTuB
JUCEpTaIlil0 Ha 3100yTTS HAyKOBOTO CTYIEHS JAOKTOpa MeIuIuHU Ha Temy: " [Ipo mpoXxomkeHHs
O1TMX KPOB'SIHUX KYJbOK CKpi3bh KOJIOiMHI 000J0HKK". OCHOBHI POOOTH HPHCBSYEHI MpobaeMam
3amajgeHHs, TPOHUKHOCTI CyOWHHOI CTiHKHM, (i3ionorii kamiumspiB. [lepmmM 3acTocyBaB
eKCIICpUMEHTAIbHUM METO/I U aHaJli3y MeXaH13My eKCTpa-Ba3allii 1 Mirpaii JeHKOIHTIB.

Hacrynuukom mpodecopa M.II.ABeHapiyca Ha mocaai 3aBimyrouoro kadeapu (i3uku
Kuiscbkoro yriBepcutety CB. Bomomumupa npotsrom 13 poki (1890-1903pp.) 6yB mpodecop
MM. Iumnep (13.03.1848 - 23.11.1910), d¢axiBenp B 00JacTi TEPMOJUWHAMIKH Ta
eJIeKTPOAMHAMIKH, SIKHH OYOJIMB IepIly B YKpaiHi kadenpy TeopeTuunoi ¢izuku i Hanucas 0ins 90
HaykoBuUX poOit. HaykoBi po6orm M.M.IlIumiepa BiZHOCATBCA 10 Oaratbox pPO3AUIIB (Di3HUKH:
MEXaHIKM, TePMOJMHAMIKH, ONTHKH, MOJEKYIApHOi (i3uku Ta iH. Benuky momyisipHiCTh Maiu
HaykoBi gociipkenHs M.M.IIwmiepa TPHCBSYEHI CSKCIEPUMEHTATBHUM  OOIPYHTYBaHHIM
OCHOBHUX MOJIOKE€Hb OJHOTO 3 CAMUX BUIATHUX HAayKOBHUX JOcCsTHeHb XIX BiKy - eneKkTpoauHamik
x. Makcsenna.

[Ipodecop IMlmmrep Mukona MukonaiioBud o04YoOJOBaB Kadeapy TeopeTHdHOi (Di3uku
Kuiscbkoro yH-Ty 3 1890 1o 1903 p. 3akinunB MockoBchkuM yHiBepcuteT (1868 p.) B 1871 - 1874
npairoBaB B bepiincekomy yHiBepeuteTi. B 1896p. nmpu KuiBcbkoMy yHIBEpCUTETI Oys10 3aCHOBaHE
(hi3UKO-MEMYHE TOBAPUCTBO, METOI0 SKOrO Oyjo 30JMKCHHS MEIUIMHU Ta I1HIIMX Taly3eu
MPUPOIO3HABCTBA, IIMPOKE BUKOPHCTAHHSA pE3YyNbTaTiB (yHAaMEHTaIbHUA JOCTIKEHb B
Meau4HiN npakTuill. O4oIoBaB 1€ TOBAPUCTBO, K€ MPOICHYBajIo mpuoim3Ho 20 pokiB, 3aBigyBad
kadenpu mkipHux xBopoo, mpodecop M.I.Ctykosenko. LlikaBo 3a3HaunTH, 1m0 Maitke yepe3 100
POKIB TMicisi 3acHyBaHHS (DI3UKO-MEIMYHOrO TOBapHCTBa Horo poOora Oyia BIJHOBJIEHA B
KuiBcbkomy meanunomy iHCTUTYTI iMeH1 O.O.boroMonsb1is.

Axanemik Koconoros Mocun Mocumosna (31.03.1866 - 22.03.1922) ouomoBas kadenpy
¢i3uxku KuiBcbkoro yniBepcuteTy 3 1903 mo 1920 p. 3akinuuB KuiBcbkuii yH-T B 1889p. YueHn
M.II. ABenapiyca. 3 1903p. 1 1o 1920 p. kepyBaB kadeaporo ¢izuku KuiBCbKOro yHiBepCUTETY.
HaykoBi mpaili mpucBsYeHi JOCTIIKEHHIO eNeKTPUYHUX 1 onTuuHuX sBuml. B 1902 p. Bigkpus
ONITHYHUHN PE30HAHC B 00JIACTI BUIAWMHUX MPOMEHIB 1 UM SBUIIEM MOSCHUB MPUYHHY SCKPABOTO
KOJIbOPY HEOJHOPIAHHUX 3a CTPYKTYpOIO TiJ. Brepiie 3acTocyBaB yIbTpaMiKpOCKOI Jisi BUBYEHHS
SBH €JeKTpoi3y. BiH OyB TalaHOBUTUM €KCHEPUMEHTATOPOM 1 BUKOHAB Psi/i LIHHUX JOCIIIKEHb,
NPUCBSIYEHUX (Di3UIll TICTIeKTPUKIB, (DI3MYHIA ONTHIN Ta MEIKAM I1HIIMM IUTAaHHSM, TPHJILUISB
BEJIMKY YBary y/IOCKOHAICHHIO METOAMKA BUKIIA/IAHHs (DI3UKN SIK y BUILIH, TaK 1 B CEPE/HIM WIKOJIi.
Tpodecop .M. Koconoros ony6iikyBas psl MipydHHKIB i HABYANIBHUX MOCIOHHKIB 3 (Bi3HKH, B
TOMY YHCJIi KEPIBHUIITBO 3 (Pi3UKH JUISI CTY/ICHTIB YHIBEPCHTETIB.

[Tepmmm 3aBigyrounM kKadeaporo ¢izukun KHiBCbKOro MEIUYHOrO iHCTUTYTY OyB mpodecop
b.M. SukoBuu, sikuii kepyBaB Heto 3 1920 p. mo 1922 p. Yuenr H.1.LKoconorosa. Opraunizatop
nepmoro y KueBi peHTreHOAIarHOCTUYHOTO KaOiHeTy mpu (hakylabTeTChKiM XIpypriyHii KIiHiLi
npod. H.M. Bonkosuua (1914). TI'omoBa Coro3y MOJOAMIUX BHUKJIAIA4iB BHUIIUX HaBYAIHHUX
3aknaniB M. KueBa. HaykoBi mpaili MpUCBSYEHI TEOPETHYHIM MeXaHill. 3aralbHUA HAmpsSIMOK
BUKJIQIaHHS (13UKHU IS CTYACHTIB-MEIUKIB 1O CYTI HE 3MIHIOBABCS aXk /10 TOYaTKy 50-X poKiB.

Hacrynaukamu mpodecopa b.M. SukoBuua Oymm: mpodecop ['.C. Pynenko (3aBimyBaB
kadenporo B 1922-1925 pp.; 1929-1941 pp.; 1943-1948 pp.), mpodecop O.I'. T'onpaman (3aBigyBaB
kadeaporo B 1925-1929 pp.) ta nouent .M. TpyOuenko (3aBigyBaB kadeaporo B 1941-1943 pp;
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1948-1952 pp.). BoHW mnOpuaiLIsIu TOJNOBHY YyBary HaJIAaroKEHHIO MEAaroriyHOro IMpoIecy,
CTBOPCHHIO HaBYaJIbHUX Jsabopatopiii. CremianpbHa 3amada, Ky HEOOXiTHO OyJ0 BHPINIUTH,
moJisirajja B IIATOTOBIII MaMOyTHIX JiKapiB 10 OBOJOMIHHSA (I3MYHOIO amapaTyporo. Bemumke
3HAYCHHs y PO3B’s3aHHI 1€l 3amadyi Mamo oOpaHHsA Ha mocaay 3aBimyBada kadenpu ¢izuku KMI
akanemika [ompamana Onekcanapa ['enpixoBmua (3.11. 1884 - 30.12.1971), sxuii 3akiHYUB
Jletinmircekuii (1908) 1 KuiBcekuit (1909) yHiBepcureTH Ta SKHH OyB OJHOYACHO TEPIIUM
JUPEKTOPOM HaiOLIbII BioMoro B YKpaiHi HaykoBoro (ismunoro 3aknany - IHcTutyTy ¢izuku
HAH VYkpainu.

Tinpku Ha modatky 50-X pOKIB cTaja OYEBHIAHOK HEOOXIIHICTh MepeOyI0BH BUKIIAJAaHHS
Gbi3uKH cTyAeHTaM-MeauKaM. B 11eii mepio B CBITOBIM Haylll BiJOYBAJIUCS JAYXKE BaXKIUBI MPOIIECH,
a came: OiornoriuHa ¢i3uka 3poOuia pilrydnii KpoK Bia Oe3nmocepenHix (I3WYHHX METOMIB
JOCITIJDKEHHS 710 IIMPOKOIO TPAaKTyBaHHS (i310JOTIYHMX 1 MATOJOTIYHUX MPOIEciB 3 (i3HKO-
XIMIYHOI TOYKH 30py. BUHHKIH 1 MOYanu CTPIMKO PO3BUBATHUCS Ol0€HEPreTHKa, HEHPOKiOEpHETHKA,
MOJICKYJIIpHA TEHeTHKa, pPajio01oJioris, pamiofiorii, pasiamiiHoi TirieHW Ta 0araThOX 1HIIHUX.
TeopeTnuHa Ta eKCIICpUMEHTAIbHA (Di3MKa TOPOIMIIA TaKl HAYKOBI KOHIEMIT SK TiApOoAUHAMIYHA
Teopis KpOBOOOIry, penakcaiiiiHa Teopis CIyXy, paJuKajibHO-TAHIIOrOBa TEOpis MPOMEHEBUX
MOIIIKO/)KECHb, KBAHTOBI ySIBJICHHS B (hi310J10TIii.

L{i mocsATHEHHS 3HAMIILIN CBil Oe3mocepeHii MPosIB y BUKIIAMAIbKiH po0oTi Kadenpu dhizuku
KuiBCcbKkOro MeauM4HOTO I1HCTUTYTY (3apa3 — HamioHaJbHOrO MEIUYHOTO YHIBEPCHUTETY IMEHI
0.0.boromonbIis). 3a octaHHi pokd Ha Kadeapi MenuyHoi i Oionoriunoi (i3ukd MpPOBOAATHCS
aKTyaJlbHI HAyKOB1 JTOCIIJKCHHSI, SIKi JIO3BOJIJIM OTPHMATH HOBI I[IHHI HAyKOBI pe3yJbTaTH Yy
crmiBmpami 3 BYeHMMH Kadenp HarmionanpHOro wMemuyHoro yHiBepcuTeTy, KwuiBchbkoro
HaI[lOHATLHOTO yHiBepcuTeT iMeHi Tapaca llleBuenka, HamioHaaIpHOTO TEXHIYHOTO YHIBEPCUTETY
«KuiBchkuil momiTexXHIYHUI yHiBepcuTeT», psiay iHctuTyTiB HAH Vkpainu (Inctutyry ¢izukwy,
[acturyry sinepHoi ¢i3uku, [HCTUTYTY HamiBIPOBIAHWKIB, [HCTUTYTY (i3wdHOI Ximii, [HCTUTYTY
ximii moBepxHi, [HCTUTYTY (iziomorii, [HcTUTYTY MaTepiano3HaBcTBa, IHCTUTYTY KIOCpHETHKH Ta
iH.), HamionampHoro menmaroriyHoro yHiBepcutety imeni M.IL.JlparomanoBa, YHiBEpCHUTETIB M.
["anne 1 m. @paiibepra (Himeuunna).

Oco0nuBO TICHMI TBOpUYMHM 3B’S30K ICHYEe MIXK HAyKOBLSIMM 1 BUKJIaJadamMu Kadeapu
MeanuHoi 1 6iosoriunoi ¢pizuku HMY imeni O.0.boromornbiis Ta xadeapu MONeKyaspHOi (Hi3uKu
KHY imeni Tapaca llleBuenka. OcTaHHIM 4acoM MOCHUJIMIIMCA KOHTakTH MDK Kadenpor (izuku
HMY Tta lentpom pamiarniiinoi 6esnexu KHY.

Hemae cymHuiBy B Tomy, 1m0 B XXI| CTOIITTI JOCATHEHHS Cy4yacHOi MeANYHOI (Pi3uku OyaAyTh
MaTH 3pOCTAlOYMil BIUIMB HAa PO3BUTOK MEAMIIMHU, BU3HAYAIOYM THM CaMUM PiBEHBb MiATOTOBKU
BHUCOKOKBaJTI(IKOBAaHUX JIIKAapiB, $KI TaKk HEOOXITHI Ay 3a0e3leYeHHs] OXOpPOHU 3]I0pOB’s
HAacCeJICHHS YKpaiHHU.
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HOQMaTI/IBHO-HQaBOBi ACIIEKTH CVIIPOBOJKEHHA BUKOPUCTAHHA 1B A%
cg]gepi OXOpOHU 3AOQOB'H

- IMIuieMeHTanisgs Mi>KHApOAHUX BUMOT B HalliOHa/IbHE 3aKOHOJABCTBO
- BAOCKOHa/IeHHA aiMiHiCTPAaTUBHO-NIPaBOBOI0 pery/Jl0BaHHA
MOBO/KEHHA 3 JpKepeJslaMM i0Hi3yl04oro BUIIPOMiHIOBAaHHA y MeAUIMHI

Regulatory-law aspects of the ionizing radiation sources using in health care

- Implementation of international legal laws into national legislation

- Improvement of administrative and legal regulation of ionizing radiation sources
using in medicine

MPOBJIEMU CUCTEMATHU3ALIT SAEPHOTO 3AKOHOJABCTBA YKPATHU:
CbOT'OJEHHS TA MAMBYTHE

I'.1. Bamok

Kuiscokuii nayionanvnuu ynieepcumem imeni Tapaca lllesuenka
eyn. Bonooumupcwka, 60, m. Kuis, Ykpaina, 01601,
+38 (044) 239 31 67; : ekologichne_pravo@ukr.net

AHoTanisi. Po3kpuBaroThCs TpoOIEeMH CHCTEMaTH3allil SAepHOTO 3aKOHOMABCTBA YKpaiHH, MOXKIHBOCTI
BUKOPHUCTaHHS TaKuX (HOpPM HOTO cHCTeMaTH3allil K iHKOpIopalisi, KoHcomiaamis Ta kogudikamis. Bueceno
MPOMO3UIIiT 00 po3pOoOKK KOHIEMIIIT CHcTeMaTH3allii SepHOr0 3aKOHO/IaBCTBA.

AHHOTaIlI/Iﬂ. PaCKpLIBaIOTCH HpO6J’IeMLI CUCTEMATHU3allu  SJACPHOI0 3aKOHOJAATCIBCTBA YKpaI/IHBI,
BO3MO>KHOCTHU HCIIOJb30BAHHA TaKHX (1)OpM €ro CUCTEMATHU3alluU KaK HWHKOpIHoOpanusa, KOHCOJIWAaUUus U
KOﬂHQ}HKauI/m. BHecenbl mnpemsiokeHus 1O pa3pa60TKe KOHIICTIIIUY CHUCTEMATH3aUU  AOESPHOr0
3aKOHOJAaTCIbCTBA.

Abstract. The problems of systematization nuclear legislation of Ukraine, the possibility of using such forms
of systematization as incorporation, consolidation and codification are analyzed. The author provided the
ways of concept development of systematization nuclear legislation.

KuarouoBi ci1oBa: AACPHE 3aKOHOAABCTBO YKpa'fHI/I, CI/ICTeMaTI/IBaLIiH AACPHOr0 3aKOHOAaBCTBA.
KiroueBble cjioBa: AACPHOE 3aKOHOAATCILCTBO praI/IHLI, CUCTCMaTu3anus AA€pHOro 3aKOHOA4aTCJIbCTBA.
Key words: nuclear legislation of Ukraine, systematization nuclear legislation.

UuHHE 3aKOHOJIABCTBO YKpaiHM, B SKOMY BM3HAuUalOThCcs MpPaBoOBl 3acaau y cdepi
BUKOPDHUCTAHHA SIEPHOI eHeprii Ta 3a0e3meuyeHHs pafiariiiHoi Oe3meku, mepedyBae B CTaHi
MIOCTIHOTO PO3BUTKY, MTPOJOBXKYE TIEPEKUBATH TIEPI0] aKTHBHOTO ()OPMYBaHHS Ta BIOCKOHAICHHS
1 XapakTepu3yeTbCs THUM, IO PETyJIIOBaHHS BHUKOPHUCTaHHS SAEPHOI eHeprii Ta 3abe3neueHHs
panianiifiHOi Oe3neku 3A1MCHIOETbCA 3a JOMOMOIOI pi3HMX 3a (GOpMOI Ta Tally3eBOIO
CHPSMOBAHICTIO HOPMAaTHBHO-TIPAaBOBMX akTiB. [Ipo 3a3HaueHe CBIAYUTH JOCTaTHHO BEIUKA
KUIBKICTh 3aKOHOJIaBYMX aKTIB, Ce€pe]l AKUX 3aKOHU YKpaiHu: «IIpo BUKOpHCTAaHHSA siIepHOI eHeprii
Ta pamiamiiiny Oesneky» Big 8 motoro 1995 poky, «IIpo moBOMKEHHS 3 paAlOaKTUBHUMHU
Bimxomamuy Big 30 wepBHa 1995 poky, «IIpo BumoOyBaHHS 1 TIepepoOKy ypaHOBHX pya» Bim 19
muctonaga 1997 poky, «Ilpo 3axucCT MOIUHY Bij BIUIMBY 10HI3yIOUOTO BUIIPOMIHIOBaHHs» Bif 14
ciuast 1998 poky, «IIpo n03BUIBHY HiSUIBHICTH Y cdepl BUKOPHCTAaHHS sfAepHOI eHeprii» Big 11
ciuast 2000 poky, «IIpo @i3uyHMIl 3aXUCT SAAEPHUX YCTAHOBOK, SJIEPHUX MaTepiais,
pafioaKTUBHUX BIJIXO[IB, IHIIUX JKEpes 10HI3yI04YOoro BUIpPOMiHIOBaHHS» Bil 19 xoBTHa 2000
poky, «[Ipo HMBUIEHY BIAMOBIJANBHICTE 32 SAEPHY MIKOAY Ta ii iHaHCOBe 3a0e3meueHHs» Bia 13
rpyaass 2001 poky, «[Ipo mOpsaoK TPUAHATTSA PillleHh TPO PO3MIMICHHS, TMPOSKTYBAHHS
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OYIIBHUIITBO SIIEPHUX YCTAaHOBOK 1 OO0'€KTIB, MpU3HAUEHUX JUISI MOBOKEHHS 3 PaTi0OaKTUBHUMU
BIJIXO/IaMH, SIK1 MAlOTh 3araJIbHOJIEP’KaBHE 3HAYCHHS» Ta P 1HIITUX.

Ha namy nymky, cramis ¢opMyBaHHS SICPHOTO 3aKOHOIABCTBA B YKpaiHi, B OCHOBHOMY
3aBepIlIeHa 1 Ma€ PO3MOYATUCS HOBHI eTal HOoro BAOCKOHAJICHHS IUISIXOM CHCTeMaTH3allii.

OpHak aiisi AOCATHEHHSI TMO3UTUBHUX PE3YJIBTATIB MPOIECH CUCTEMATH3aIlil BiAMOBITHOTO
3aKOHO/ABCTBA TOBHHHI OyTH, Ha HaIly IyMKY, CKOOPJIMHOBaHI 3 HAayKOBHUM OCMHCICHHSIM
po0OJIeMH, IUIECIIPSIMOBAHUM TEOPETUIHUM OOTPYHTYBAHHSM, SIKE HaXKaJlbh Ha CHOTO/IHI BiJICYTHE.

[Toka3oBo, M0 MpakTHKa NPABOTBOPYOi ISIIBHOCTI CBIIYUTH NPO ITHOPYBaHHS OUIBII
JOCTYMHUX 1 MPOCTUX Ha cyd4acHOMy eTami (opm cucremarusarii, 30kpema oQ]iIio3HOi Ta
odiniifHOI 1HKOpIIOparllii, KOHCOoJiamii, B TOW Yac SK IMEpPCIEeKTUBAa 3aCTOCYBAaHHS HAWTIUONION
dbopMH BIOPSAKYBAHHS 1 PO3BUTKY SJICPHOTO 3aKOHOAABCTBA, 30KpeMa, Koaudikaiii y BHIJISIL
SAnepHoro kozekcy VYKpaiHHM, IO Ha CbOTOJHI IPOMOHYETHCSA 1 MependadyeHa JAOKyMEHTaMU
OPOTPAMHOTO  XapakTepy, 0e3 HayKOBOTO CEpHO3HOTO ONpAIfOBaHHA BKAa3aHOTO IHTAaHHS
OIATPUMKH  He oTpumaia. OdeBHAHO, OI0 TakWW MiAXiA 1O CcHCTeMaTu3aulii sSIepHOro
3aKOHOJIAaBCTBA, HAa HANly IYMKY, € CBIJUEHHSAM OOpaHHS HEBIAJOr0 NUISXY BIOCKOHAJICHHS
SJIEPHOTO 3aKOHO/IaBCTBA.

Oco0nmBoi akTyanpbHOCTI HAa I1bOMY (OHI HaOyBarOTh po3poOka HaykoBoi Kormemmii
CUCTEeMAaTH3alli] sIEpPHOTO 3aKOHOABCTBA Ta ii MPAKTHYHOTO 3aCTOCYBaHHS.

CucremaTtuszallis  SJICPHOTO  3aKOHOJIABCTBA YKpaiHM, Ha Hamy JyMKy, IOBHHHA
3M11ICHIOBATHCS Ha OCHOBI €JMHOI HAyKOBOi KOHIIEMIIii, OCHOBHI MOJIOKEHHS SKOi MOJSATaloTh Y
BU3HAUCHHI: MUJIH 1 3aBHaHh CHCTEMAaTH3alii JaHOI Tamy3i; KOMIUIEKCY BHXITHHUX YMOB
cucTeMaTu3arllii, a TakoX (akTopiB, IO BIUIMBAIOTh Ha (iKcallifo YMOB 1 MEX cHCTeMaTru3allii
SZIEPHOTO 3aKOHOJIABCTBA; (POPM CHCTEMAaTH3aIlii CTOCOBHO KOHKPETHOTO €TaIy PO3BHTKY SAEPHOTO
3aKOHOJIABCTBA, iX OCOOIMBOCTEH Yy 3B'A3KY 31 CHEIM(IKOK Cy4acHOTO CTaHy, TEHACHIIIHN 1 MpooieM
PO3BUTKY SIJIEPHOTO 3aKOHOJIABCTBA; KPUTEPIiB BIIOOPY CHCTEMATH3YIOUHX HOPMATHBHO-IIPABOBUX
akTiB mo/10 oOpaHux (opM cUcTeMaTH3allii; 0a30BUX IPaBOBUX OPIEHTHPIB 3aKOHOAABCTBA, IO
CUCTEMAaTHU3YEThCS (LILICH, 3aBAaHb, IPUHIIMITIB, CUCTEMH J1e(iHIMIIHOBAHUX ITPABOBUX MOHSITH).

3aranbpHa MeTa CUCTEMATH3AIIMHUX POOIT y raiysi siIepHOro 3aKOHOABCTBA MOJISATAE B TOMY,
00 TpaBOBE PETYNIIOBAHHS SIIEPHUX BITHOCHH CTal0 HAMOUIbII €()eKTUBHUM, BUCOKOSKICHUM 1
CTaOiTPHUM JJI1 BCTAHOBIJICHHS Ta 30€peXeHHS MPaBOMOPSAIKY B cdepi B3aEMOJIi CYCHiTbCTBA 1
IpUpOH, KU 3a0e3redyBaB O MpaBo KOXKHOTO Ha pajialiiiHO-0e3eyHe HaBKOJIUILIHE IPUPOIHE
cepenosuie. KiHIIeBUM pe3yJabTaToM LUX POOIT Mae CTaTH CTBOPEHHS €JUHOTO KOJM(IKOBAHOTO
aKTa ramy3l SK HalOLIbII MOBHOIO, BCEOXOIUIIOIOYOIO Y IPaBOBOMY pETYJIOBaHHI SIEPHUX
CYCIIJTBHUX BIIHOCHH aKTa — SaepHoro kojnekcy YKpainu.

JIist fOCATHEHHS 3a3HAYEeHOT METH HEOOXITHO BU3HAYUTH KOMILIEKC 3aBJaHbh CHCTEMaTH3AIlil
SJIEPHOTO 3aKOHO/IaBCTBA: MIPAKTUYHUX 1 HAYKOBUX.

[TpakTHYHUMH 3aBJAHHSAMH, Ha HaIly JYMKY, €. a) YCYHEHHS B SJICPHOMY 3aKOHOIABCTBI
KOMI3ii Ta MPOTaJMH TPAaBOBOTO pETYyIIOBaHHS, BCeOIUHE MiABUINEHHS SKOCTI HOTro 3MicTy
(BIOCKOHAJIGHHST TIOHATIHHOTO amapaTy, (OpMYJIOBaHb KOHKPETHHUX SACPHO-TIPABOBUX HOPM,
MEXaHi3MIB peaiizailii SAepHOT0 3aKOHOJABCTBA, OPIEHTAIlil HA Kpalll 3pa3kKd Takux Yy
3apyODKHOMY 3aKOHOJIAaBCTBI IPHU MOJKJIMBOCTI iX BHMKOPUCTAHHS, BIJNOBIAHICTb IPHUHLIUIIAM
MDKHAPOJHUX JOTOBOPIB 1 T.M.); 0) MiBUIIEHHS SKOCTI SAEPHOTO 3aKOHOJABCTBA 3 TOYKU 30Dy
BpaxyBaHHS B HbOMY JOCATHEHb IOPUJIMYHOI HAyKH; B) IHBEHTapU3allisl SJIEPHO-TIPABOBUX aKTIB,
BUXOJISTYM 13 CYTI PErylbOBaHUX BIHOCUH, B aCTEKTi BUSABJICHHS OOTPYHTOBAHOCTI HasBHOCTI abo
BIJICYTHOCTI B HHUX SJAEPHO-IIPABOBHX HOPM; I') BU3HAUEHHS HEOOXIJHOTO CTYIEHs JAeTami3amii
MIPABOBOTO PETYIIOBAHHS SEPHUX BIJHOCHH Ha 3aKOHOJABYOMY DiBHI; 1) BAKOPUCTAHHS aKTiB
CyIOBOi MPaKTUKH; €) 30€peKEeHHS IO3MIIIH, NOCATHYTUX Yy MPABOBOMY PETYIIOBAaHHI SIEPHUX
BiJTHOCHH.

HaykoBumu 3aBIaHHSMU IpU IIbOMY €: a) pOpMYyBaHHS HAyKOBHX OCHOB cHCTeMaTH3alli B
MeXax Taly3eBOi Haykd; O) BUPIIICHHS 3arajllbHOTEOPETHUYHUX MPOOJIeM CcucTemMarusallii Ta
YCYHEHHS 3arajlbHUX JIOTIYHMX MPOTHPIY Y MPOIIeCi rajy3eBoi CHCTeMaTu3allii; B) BCTAHOBJICHHS
KPUTEPIiB BKIFOYEHHS HOPMATHBHO-IIPABOBHX aKTIB Y CHCTEMY SIIEPHOTO 3aKOHO/ABCTBA, a TAaKOXK
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KpUTEpiiB OOTPYHTOBAHOCTI HOPMATHBHO-TIPABOBUX aKTIiB IHIIMX Tally3ell 3aKOHOJABCTBA;
) 3'ICyBaHHS 3HAYCHHS aKTIB CYyJOBOI MPaKTHUKUA Ui 3MIMCHEHHS CHCTeMaTH3allii saepHOro
3aKOHOJIABCTBA.

Jlo OCHOBHHMX yMOB NpPOBEJCHHS CHCTEMaTu3allii, 0 MaloTh 3a0e3NeYuTH ii MOBHOTY,
OOTPYHTOBAHICTh Ta 00'€KTUBHICTD, CIIIJ BITHECTH: a) BUXIJHE PO3YMIHHS SACPHOTO 3aKOHO/IaBCTBA
K KOMIUJIEKCHOI Tajly3l 3aKOHOJABCTBA, IO PEryNIO€ BITHOCUHU B c(hepl BUKOPUCTAHHS SJIEPHOL
eHeprii; 0) JOTpUMAaHHS ONTHMAIBHOTO CITIBBIHONIEHHS Ta OOTPYHTOBAHOI MOCIIJOBHOCTI ¥y
BUKOPHUCTAHHI PI3HUX (OpPM CHCTEMaTH3aIil SIEPHOTO 3aKOHOJABCTBA — IHKOpIIOpAIlii,
KOHCoJiamii, konugikamii — Ha KOXXHOMY KOHKPETHOMY €Talli iCHyBaHHS 1 PO3BHTKY SICPHOTO
3aKOHOJIAaBCTBA; B) CBOEYACHICTh 3JIIMCHEHHS KOMIUICKCHOI Koaudikaiii B ramgy3l SIEpHOTO
3aKOHOJIAaBCTBA — CTBOPEHHS SIIEPHOrO KOJIEKCY, SKa 3acBiAUyeThCs (DIKCAIEI0 CYKYITHOCTI
0COOJIMBHX TIEPEIYMOB 1 YMOB JIJIsl TAaKO1 KOaUDIKaIlii.

B skocti QakrTopiB, 10 BHU3HAYAIOTH YMOBH Ta MEXKI CHCTEMAaTH3alii sAECPHOTO
3aKOHOJABCTBa, BUAUIAIOThCA: KoHcTuTywist YKpaiHu; MiKHAPOIHI IOTOBOpU Y KpaiHU; TOKYMEHTHU
MixHapomauux opranizamii  (MAT'ATE, €Bpoarom); IOCBi MpaBOBOIO PETYJIIOBAaHHS Ta
cucTeMaTu3allii 3aKOHOJAABCTBA B cpepi BUKOPUCTAHHS SAEPHOI eHEeprii (IIepHOro 3aKOHO/1aBCTBA)
IHIIMX JepKaB; CYJOBa-IIPAKTUKA.

[akopmopartis, KoHcoyijalis 1 KoAWQiKamis sSJAepHOTO 3aKOHOAABCTBA, SIK (OPMH
cucTeMaTH3aiii, MaloTh OyTH 3aCTOCOBAHI 3 ypaxyBaHHSIM OCOOJIMBOCTEH JaHOTO €Taly PO3BUTKY
AJIEPHOTO 3aKOHO/IaBCTBA.

Ha cyuacHoMy erami pO3BHTKY SIIEPHOTO 3aKOHOAABCTBA YKpaiHH iCHye moTpeda
MIOCJTIJIOBHOTO BUKOPHMCTAHHS BCIX HasBHHX (opM cucremaru3anii. He ciin BigmaBaTu mepeBary
JUIIe 1HKopIopalii, KoHcomiaamii abo Tinbku komudikamii. OmHa hopma cucTeMaTH3allii MOXe 3
JacoM IepeTiKaTH B iHIITY.

[HKOpITIOpAIllis Ma€e IMUPOKI MOKITMBOCTI 3aCTOCYBAHHS B JIaHIH Tay3i 1 HaBITh JEsKi IIepeBaru
nepea iHmuMHA (GpopMaMu cucTeMaTu3arlii, OUTBIINK MOKAa3HUK 3aTpeOyBaHOCTI B aCIEKTI pealibHOI
BUJUMOCTI TEPMIiHIB 11 TIPOBEJCHHS, CIPHUSHHS IMONEPeTHOMY (TIepe]] BHKOPUCTAHHSIM IHIITHX
dopM cucTeMaTu3zallii) BU3HAYEHHIO KpPUTEPIiB BiOOpPY akTiB, YTOUHEHHIO MPABOBUX TIOHSTH,
HEOOX1THOCTI BHPOOJICHHS HAa OCHOBI IHKOpIOpalii MpaBOBOi Ta HAayKOBOI OCHOB MOJAJbIIOT
CUCTeMaTH3allil SJepHOTO 3aKOHOAABCTBA. Ha Tii MOCHTH BUCOKOTO TMOTEHIANy iHKOpIOparii
JIOBOJIMTHCS 3 KaAJIEM KOHCTATYBAaTH, 1O 3a1THAN BIH HE MOBHICTIO, OCKIJIbKH T'OJIOBHA OCOOJIUBICTD
cydacHOi 1HKOpmopalii B SJIEpHOMY 3aKOHOIABCTBI TMOJSITrae B TMEPEBAXHOMY BHKOPUCTaHHI
HeodimiifHOro i BuUIy. Y TOW K€ Yac HaWOUIhII e(QEeKTHBHI 3 TO3MINI IMiJBUIICHHS SKOCTI
MPABOBOTO pEryjlOBaHHSA SACPHUX BITHOCHMH BUAM 1HKOpmopamii (odimiiiHa 1 odimio3Ha,
CHUCTEMaTHU4Ha, CKJIAJHA) 3aJUIIAlOThCS HE3aMITHUMH. Taka CUTyallisi HE CIpHUs€E TMOJIMIICHHIO
CTaHy SIIEPHOTO 3aKOHOJIABCTBA, HE CTBOPIOE MEPEIYMOB MJs HWOTO PO3BUTKY, B TOMY YHCHI
Ko U dikartii.

Konconigariss Moke BHUKOPHUCTOBYBAaTUCS B CY4acHOMY SIIEPHOMY 3aKOHOAABCTBI y OLIBII
pIAKICHUX BUMaAKaXx. MOXJIHMBICTh 3aCTOCYBAaHHS KOHCOJIJAIli, sika mepeadadae BIOPSAKYBAHHS
BCi€l Tamy3i, YSABISETHCS HaM JUIIE TIMOTETUYHOI, pPeaJbHO MOXIJIHMBOI TUIBKH 32 TOBHOI
BIJICYTHOCTI MpPOTAJIMH Yy NMPAaBOBOMY PEryJlOBaHHI SAEpHUX BiTHOCHH. Pazom 3 TuM, B Mexax
YaCTKOBOI KOHCOJIJaIlii, 32 yMOBU POOOTH 3 JOCHUTh BY3bKUMH MUTAaHHSAMHU B cdepi iCHYHOUUX
CYCIJIBHUX BITHOCHH, KOHCOJIIAIlisl MOXe OyTH KOpUCHA 1 €peKTHUBHA B Psi/il CEKTOPIB MPaBOBOIO
pErytoBaHHS SIEPHUX BiTHOCHH JI0 MTOYATKY MIMPOKUX KOAU(IKaIHHUX POOIT.

B teopii mpaBa ckianocs cynepewinBe CTaBICHHS 10 KOHCOMIAAIi sk GopMH cUCTeMaTH3aIlii
3akoHOAaBcTBa. DopMyBaHHA Teopii cucTeMaTu3allii siIepHOro 3aKOHOJaBCTBA BUMAarae yTOUHEHHS
HAYKOBHUX TO3MIIIH MO0 Py MPUHITMIIOBUX MUTaHb. 30KpeMa, MOTPEOYIOTh YTOUHEHHS MEX1 MIXK
KOHCOJIIJIAIIEI0 Ta 1HKOPIOPAIi€l0, 1IEHTUYHUX 32 KOMIUIEKCOM [iH, M0 CKIAJar0Th 30BHIITHIO
MPaBKy HOPMATHUBHOTO MacuBy. BoHW BH3Ha4alOThCs (AKTHYHO JIMIIE OJHUM TIOKa3HUKOM —
KUTBKICTIO HOPMATHBHO-TIPABOBUX aKTiB y pe3ylnpTaTi MpoBeneHol cucremarusaii. [lpu
KOHCOJIiJIAIlil sIIEPHOTO 3aKOHOMABCTBA PE3yJbTAaT 3aBXIH OyJae BHUPAKECHUH B €IUHOMY
YKPYITHEHOMY aKTi, Y TOH 4ac SIK 1HKOPIIOpallis MOB'A3aHa 31 CTBOPEHHSIM 30ipHHMKAa HOPMAaTHUBHO-
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MPAaBOBHUX aKTiB, 110, TPUPOJIHO, Mependadae OimbpIne, HIXK OJAMH aKT B HhOMY. BBakaemo, 10 B
SIEPHOMY 3aKOHOJABCTBI KOHCOJIIJIOBAaHUM MOXK€ OyTH SK HOBHH aKT Ha OCHOBI JIEKIJIBKOX
CKaCOBYBaHMX, TaK 1 YNHHUI HA MOMEHT KOHCOJiAalii MeBHUI 0a30BHii aKT, SIKUI 301TBIIYETHCS 32
pPaxXyHOK IOJIOKEHb 1HIIUX aKTiB, 1[0 BTPAYalOTh YUHHICTb.

Koncomigamito Ta koaudikaimiio sISpPHOTO 3aKOHOJABCTBA CIIJI PO3PI3HATH 3a CTYINEHEM
00pOOKM KOMIUIEKCY HOPMATHBHO-TIPABOBUX aKTiB. SIKIIO KOHCOJIJAIlisd HE mepeadavac 3MiHH
3MICTY MPaBOBOTO PETYIIOBaHHS, TO KOAWQIKallis, HABIOAKW, SK TPaBHIJIO, 30pPIEHTOBaHA Ha
MIPUBHECEHHSI B HHOT'O HOBAIlIK 1 OOIPYHTOBAHUX 3MiH, YCYHEHHSI MPOTAJIUH, pO3pOOKY MEXaHI3MiB
peasizarii AepHO-IPaBOBUX HOPM.

TakuM 4yMHOM, KOHCOJiAAlisl JOULIbHA JIMIIE Y BUMAJAKY MOBHOTO BPETYJIIOBAHHSA OKPEMHUX
BUJIIB SJICPHUX CYCHUIBHHUX BIJTHOCHH, IPABOBUX IHCTUTYTIB 1 KOMILJICKCIB.

Komudikariist — 11e mepcrekTuBa po3BUTKY SAEPHOTO 3aKOoHOAABCTBA. [Ipu oMy HEOOXiTHO
BUJUIMTA P B3AEMOIIOB'SI3aHUX BUXIJHUX IIOJIOKEHb, IO MAalOTh BHU3HAYaTH 11 MO
HampsIMKH: a) Koaudikaiis sIepHOr0 3aKOHOJABCTBa — 3aKOHOMIpHa ¢opma Oe3nepepBHOTO
IIPOILIECY PO3BHTKY Ta BIOPSAJAKYBAaHHS 3aKOHOJABCTBa; 0) Koau(dikoBaHUK akT 30BCIM HE
000B'SI3KOBO € TOJIOBHUM B Tally3i IpaBa Ta 3aKOHOJABCTBA; B) CTBOPEHHS SIIepHOr0 KOJEKCY €
JIUIIIE OJTHUM 13 Pe3y/IbTaTiB KoAu(iKallii sIepHOro 3aKOHOAABCTBA; OCTAHHS SBJISIE COOOIO TTPABOBE
MOHSTTA 3 OUIBIIKUM 00'€MOM, HIXK MOHSATTS «CTBOPEHHS SJEPHOTO KOJCKCY.

B pe3ynbrari TOKIaMHOTO BUBYCHHS MUTAHHS PO (opMy KOIM(DIKOBAHOTO aKTy Taiysi, Ha
Hally JIyMKy, I[epeBary CIiJ BiJJIaTH KOAEKCY Ha OCHOBI PALYy TEOPETHYHUX 1 MPAKTUYHUX
noyiokeHb. CTBOpeHHs SIIepHOro KOACKCY pO3TIISIAEThCA HAMHM SK peajbHe MaWOyTHE raiysi
AJIEPHOTO 3aKOHOJABCTBA; MPOTE B JaHUA MOMEHT BIAMOBIIHI POOOTH XapaKTEPU3YIOTHCS SIK
nepeayacHi.

IcHyIOTh pUYKMHU 00'€KTUBHOTO XapakKTepy, Kl 3MYIIYIOTh BIIKIACTH IO 1€0 Ha MEBHUUN
Jac.

B sxocti mpoBigHOrO HampsMy poOIT MIOA0 MiATOTOBKM Ta 3JIMCHEHHS CHCTeMaTH3allii
SJICPHOTO 3aKOHOJABCTBA TPOTIOHYEMO KOJICKTHBHO PO3POOMTH METOJMKY HOTO KOMIUICKCHOI
koaudikarii, mo BkiIOYana 6 oOTpYHTYBaHHS CTPYKTYpHU Ta 3MICTY MPOEKTY SAepHOro Koaekcy
Vkpainu. [Ipu 11poMy HEOOXIAHMM € IUTaHYBaHHS MOTJIMOJEHOI pO3pOOKM 3arajbHOi YaCTUHU
SnepHOro KOAEKCy, MPaBOBI MOJOXKEHHS SKOI MarOTh MiJKPECIIOBATH BHYTPIIIHIN 3B'SI30K BCIX
HACTYITHUX IPABOBUX HOPM KOJM(DIKOBAHOTO aKTy, Mependavar JUIsl HUX ii YITKI IOpUAUYHI MEXI,
3YMOBIIOBAaTH 3MICT 1 CEHC BCIX HACTYMHUX PO3IUIIB 1 TJaB KOAEKCY, BH3HAYATH CTUJIb
3aKOHOJABYOr0 aKkTy. BuaiineHHs po3auniB ocoOMMBOT YaCTUHU SIAepHOr0 KOAEKCY MPOMOHYETHCS
MIPOBOAMTHU 3JIEKHO B cPOPMOBAHOTO MOALTY B MPABOBOMY PETyIIOBAHHI SIEPHUX CYCHIIBHUX
BIJIHOCHH; 3MICT TJlaB B MeXaxX IUX PO3JAUIIB 3YMOBIIOETHCA MOIIIBHICTIO 30€peKCHHS B
HEOOXiMHIM Mipi TOPAAKY pO3TalllyBaHHS HOPMATHBHOTO Marepially Yy BIAMOBITHOCTI 31
c(OpPMOBAHOK CTPYKTYPOIO YHHHUX TOJIOBHHX 3aKOHOJIABYMX aKTiB a00 CTBOPIOIOTHCS Y BUTIAIKY
HEJOCTaTHhOI PO3BUHEHOCTI KOMM(DIKOBAHOTO 3aKOHOJABCTBA BIAMOBIIHO [0 MPOIMO3UIIi
IPOBIJTHUX BUEHUX Ta MPAKTUKIB.

CBo€YacHiCTh pO3pOOKU MPOEKTY SnepHOro Koaekcy YKpaiHW BH3HAYAETHCS KOHCTATAIIIEO
Ha CTajli, U0 Mepenye 3aKOHONPOEKTHUM poOOTaM, CYKYIMHOCTI TaKHWX MEepeayMOB 1 YMOB, SKI,
B3ATI B €IHOCTI, IPU OJHOYACHOMY CBOEMY TpOsBi, OyayTh 3abe3meuyBaTH HEOOXiIHUN piBEHBb
MOBHOTH 1 IKOCTI MaltOyTHROTO aKkTa. [Ipo iX HasgBHICTH CB1AYATh: @) PaKT BIICYTHOCTI MOMJIMBOCTI
BUPIIICHHS 3aBJaHb PO3BUTKY 1 BIOCKOHAJIEHHS SEPHOTO 3aKOHOJABCTBA B MEKax OUITBII MPOCTHX
3aKOHOTBOPYUX MEXaHI3MIB (HEJOLLUIbHI po3po0OKa 1, TUM OuIbIIe, NPUHHATTS SaepHOro Koaekcy
JUIST BUPIIICHHS JIHIIE JAEIKUX IMOTOYHUX 3aBJaHb OHOBJICHHS Ta TMOTJIHOJIEHHS IPaBOBOTO
perymioBaHHs); 0) 3arajibHa Y3TOJDKEHICTh MaWOyTHHOTO KOJIM(DIKOBAHOTO aKTa SAEPHOTO
3aKOHOJIABCTBA 3 MO3UTUBHUMHU MPOIIECAMU PO3BUTKY BCi€i CHCTEMHU BITUM3HSIHOTO 3aKOHOJIABCTBA;
B) o(iliitHMIA AOCBIJ cucTeMaTH3allli sIEPHOTO 3aKOHO/IaBCTBA — y (opMax o¢ilio3Ho1, oPimiitHOi
IHKOpIopaIlii IIbOr0 3aKOHOJABCTBA, KOHCOMNIJAIIl y BCIX JOPEYHUX BHUITQJIKaxX; T) IIONEPEIHI
TEOPETUYHI JOCIIHPKCHHS 00 OCHOBHHUX ITOJIOXEHD 3arajbHOI YaCTHHH MaHOYTHBOTO MPOCKTY
SnepHoro Konaekcy, cepell SKUX MPIOPUTETHUM € YTBEPKEHHS CHUCTEMH OCHOBHHUX IMPABOBUX
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OpieHTHpIB Tamy3i (i, 3aBHaHHs, NPUHIWNH, AediHimiiioBaHI TpaBOBI MOHATTSA). Po3BuHEHa
CHUCTEMa KOPEKTHOTO BHKOPHUCTAaHHS HOPM IHIIMX Tramxy3edl yKpaiHCBKOrOo 3aKOHOJAaBCTBa,
JOCTIPKeHHS, 3aCHOBaHI Ha aHai3l 3apyOiKHOTO MOCBiAYy Komu(ikarii saepHOro 3aKOHOJIaBCTBA
BHUCTYIAIOTh B SKOCTI CyOCHIIapHMX YMOB, IO MIJKPECTIOTh HEOOXIAHICTh MOYATKy POOIT Hax
CTBOPEHHSAM I 1I€pHOr0O KOACKCY YKpaiHu.

REQUIREMENTS ON THE MEDICAL PHYSICIST IN A EUROPEAN/SWEDISH
PERSPECTIVE

G. Hellstrom

Swedish Radiation Safety Authority
gunilla.hellstrom@ssm.se

Abstract. There is a growing need of attendance of the medical physicist in most medical use of ionizing
radiation. Legal requirements have been developed in Europe during the last decades. Directives in the
European Union specify both in which activities the medical physicist shall be involved and which duties the
medical physicist should be responsible for. As a consequence of this also the demands on education and
certification of the medical physicist have been regulated and more detailed and specified in most countries.
In Sweden two authorities are responsible for requirements on the medical physicists. The Swedish Radiation
Safety Authority is responsible for regulations on the radiation protection issues, including requirements on
competence in radiation matters of the staff in radiological departments. The general requirements for
medical care are issued by the Swedish National Board of Health and Welfare. This authority is then
responsible for the educational requirements and individual authorization of different categories of
professionals like medical doctors, nurses and since 1999 the medical physicists.

Euratom BSS directive

In the European Union the basic requirements for radiation protection of workers, general
public and patients from ionising radiation are laid down in directives under the Euratom Treaty.
Negotiations of a revision of these directives have been going on in the Council since September
2011 and are expected not to be finished until next year, 2013, at the earliest. What was before
separate directives on protection of the workers and general public, patient protection, control of
high activity sealed sources, outside workers protection and the public information in case of
emergencies are now collected into one extensive directive, the Basic Safety Standards Directive,
BSS. This will broaden the perspective and remind the medical staffs that also the requirements for
workers and public safety are valid for medical practices. In the proposal for a new directive not so
many changes are foreseen for the medical sector. However, the importance of education and
training is pointed out as essential in good radiation safety culture and the general demands on
appropriate competence and specified competence for certain professionals are stressed in the
directive. The member states shall make arrangement for the education, training and retraining to
allow for the recognition of the radiation protection experts and the medical physics experts.

The directive also includes more specified requirements on the work tasks for the medical
physicist (MPE) as well as for the radiation protection expert (RPE) and radiation protection officer
(RPO). In radiotherapeutic procedures a medical physicist shall be closely involved and in
standardised therapeutical nuclear medicine procedures and other radiodiagnostic and interventional
radiological practices the medical physicist shall be involved. For other simple radiodiagnostic
procedures the medical physicist shall be involved as appropriate, for consultation and advice on
matters relating to radiation protection concerning medical exposure. The medical physics expert
shall take responsibility for patient dosimetry, including physical measurements for evaluation of
the dose delivered to the patient, give advice on medical equipment and contribute in the
optimization procedures including the use of the diagnostic reference levels, quality assurance,
technical specifications for installations and surveillance of the radiological equipment, training of
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practitioners and other staff in radiation protection and cooperate with the radiation protection
expert.

Swedish regulations

The Swedish radiation safety authority, former the Swedish radiation protection authority
(SSI) is responsible for issuing regulations, supervision and inspections of and licensing all
installations using ionizing radiation in Sweden. SSI transposed the former directive on patient
protection, the MED 97/43/Euratom directive, into Swedish regulations in 1999-2000. In those
regulations SSI gave very detailed requirements for radiotherapy, medical and dental x-ray
diagnostics and nuclear medicine. For every specialty the duties of the medical physicist is
specified. An example from the regulations on X-ray diagnostics is given here.

“The medical physicist and the person who holds the radiological leadership shall together
ensure that the radiation is used in an optimized way taking into account the medical objectives and
the radiation dose to the patient. The medical physicist shall be the licence-holder’s expert on issues
concerning radiation physics and radiation protection. The medical physicist shall co-ordinate the
radiation protection activities which imply that she/he shall:

1. have a clear insight into the radiological practices of the licence holder,

2. participate in the establishment and conduct of quality assurance programs for both
equipment and procedures,

3. ensure that new examination methods are evaluated from a radiation protection point of
view,

4. have a leading position in patient dose measurements and calculations,

5. have a leading position in how mandatory checks of equipment are performed,

6. participate in investigations of unplanned events that are of importance from a radiation
protection point of view,

7. participate in the purchasing process of equipment for radiological practices,

8. plan for and check the physical radiation protection when premises are new or rebuilt,

9. in consultation with the superiors of the personnel concerned and the person holding the
radiological leadership, participate in the education the personnel in matters of importance from a
radiation protection point of view,

10. have a leading position in the design of routines for individual dose monitoring of the
personnel.”

In the specific regulations for practices SSI stipulates that all persons involved in the work
shall have the education and training before work starts. The training shall be adapted to the specific
work and at least cover radiation risks, actual instructions for the work and the use of protective
equipment, measuring devices and the safety systems. Refresher courses must be planned for. The
planning of training for every employee shall be documented in the quality system.

Not many changes are expected to be necessary in Swedish regulations concerning the
medical physics expert in the transposal of the new directive. New paragraphs in the directive
concerning accidental and unintentional exposures and information procedures will call for that the
regulations will be revised and updated and maybe restructured in discussions with the stakeholders
.e. the users.

Recognition by the National Board of Social Health and Welfare

When transposing the MED directive into Swedish regulations in the end of 1990ies it was
necessary to have a system for formal recognition of professional qualifications of the physicists. It
was decided to apply the old system of licencing medical professionals like medical doctors,
dentists, nurses, pharmacists also to the medical physicists. This was decided in a regulation in 1999
and since then in Sweden, medical physicist is a protected professional title that may be used only
by those who hold a licence to practice.

The Swedish training to become a medical physicist consists of five years of higher education
at university which lead to a “Medical physicist diploma”. With that diploma the physicist can
apply to the Swedish national board of health and welfare for a licence to practice as medical
physicist. As a basis for the recognition procedure the authority uses legal documents with
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descriptions of competences for the profession. These descriptions are based on the EURATOM
directive and the regulations of SSI complemented with general demands on medical staff and
patient safety. The competence description is very comprehensive and describes duties not only for
the medical diagnostic and therapeutic activities with ionising radiation. The medical physicist shall
also have competence in magnetic resonance imaging and other non ionising techniques. The
description also covers skills for radiation protection comparable to the radiation protection experts
and it covers competence for acting as advisor in emergency preparedness for radiological
accidents. In addition to the theoretical exams the issuing of a licence to practice requires evidence
that you are of good character or repute and that your permission to pursue your profession has not
been revoked as a result of serious professional misconduct or a criminal offence.

For students outside Sweden it is possible to apply for a licence to practice after an
assessment based on the EC Directive for the mutual recognition of evidence of formal
qualifications. In the assessment, the professional activities and the level, length and content of the
training are compared to those in Sweden.

The National board of health and welfare has the possibility to revoke a licence after real
serious misconduct of the professional because this authority is responsible for all professionals and
general requirements on health and medical care in Sweden. The licencing, supervision and
inspections of radiation protection in the medical departments are performed by the Swedish
radiation safety authority. These two authorities have good cooperation in matters of competence
and quality assurance in medicine.

JOILJIBbHICTD BITOBPAKEHHS KOHLEMLIIT KYJbTYPU BE3IIEKHA Y BA3OBUX
HAINIOHAJIBHUX TJOKYMEHTAX 3 PAJIAIIIMHOI BE3IIEKHN

FO.M. Ckajaeubkuit

Hayionanvnuii incmumym cmpame2iunux 00ciiodiceHsb
eyn. Ilupocosa, 7a, m. Kuis, Yxpaina, 01030
+38(044) 245 88 59; skaletsky@niss.gov.ua

AHoTanis. Y crarTi HagaHi BapiaHTH YHOPMYBaHHsS KOHLENLIi KyJbTypH O€3NeKH SIK TIJ100aJbHOro
OpraHi3aIiifHoro NpUHIMITY 3a0e3TeueHHsl paaiaiifHol Oe3IeKH.

AHnHoTanus. B craThe npejcTaBieHsl BApHaHTHl YHOPMUPOBAHHS KOHIICTIIIMH KYJIBTYPhl 0€30IaCHOCTH Kak
I00ATBHOTO TPUHIIKAIIA 00CCTICUCHHST PaJHAIIMOHHON O€30MacHOCTH.

Abstract. This article provides options for regimentation of safety culture concept as a global organizational
principle of radiation safety.

KarwuoBi cnoBa: 0azoBuii cranmapt Oeslekd, HOPMH pajialiiiHoi Oe3nekn, HOpPMaTHBHI JIOKYMEHTH,
pajiamiiiHi TeXHOJIOTIi, MAIli€HTH, MEPCOHAN, KyJbTypa O€3MeKH.

KarwueBblie cioBa: 0a30BbIli CTaHAAPT OE30MACHOCTH, HOPMBI PAJHAIIMOHHON 0€301aCHOCTH, HOPMATHUBHE
JOKYMCHTBI, paiualluOHHBIC TEXHOJIOTWH, MMAIIMCHTHI, IIEPCOHAJ, KYJIbTypa 0€30MMacHOCTH.

Keywords: basic standard of safety, radiation safety norms, regulations, radiation technology, patients, staff,
safety culture

Beryn. V cBiTi Ta YKpaiHi MOMUPIOETHCS BUKOPUCTAHHS SASPHUX 1 paaiallifHUX TEXHOJOTIH.
3a TakMX YMOB y BUCOKOPO3BHHEHHMX KpaiHaXx MOOUTI3YIOTHCSI BCl MOXKJIMBOCTI JUIsl MiHIMI3alii 103
OTPOMIHEHHS MAaII€HTIB 1 MEAMYHOTO TTEPCOHATY.

Benuki Haii TYT MOKJIAQMal0THCSI HA KOHIICTIIIIIO KYJIbTYpH O€3IeKH, o Oyia 3alporoHOBaHa
criouatky MAT'ATE, a micna miarpumana MOIT, BOO3, MixkHapoaHOIO OpraHi3alli€ro MUBiIIbHOT
aianii  (IKAO), MixHapoaHow acoraimiero 3 pamiamiiHoro 3axucty (IRPA) Ta iHmumu
Oprafi3amisiMyd K TI00AIbHHUN OpraHi3aliiHUN TPUHIUI 3a0e3MeueHHs SAepHOi Ta padiariifHol
Oesreku. B skocTi  epeKTUBHOTO 1HCTPYMEHTY 3a0e3leueHHs Oe3MEKH KOHIICMIlis KYyJIbTYypH
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Oe3neku TOr 4u iHIIOK Mipot BukopucToByeThesi B HAEK «Eneproarom» 3a cnpusiaas ISP
VYkpainn, a Takosk y MHC Ykpaiau ta aBiarfiiinii ramysi.

Opnak, 3 6aratb0X IMPUYHH 1 TIEPIT 32 BCE Yepe3 HEIOCKOHATY HOPMATHBHY 0a3y IIMPOKOTO
MOIIMPEHHS KOHIICTIIIiS KyJIBTYpH O€3eKku B YKpaiHi J0C1 He 3HalILIA MATPUMKH.

IIasaxu yHOPMYBaHHS KOHLENIii KyJbTypH 0e3leKH SIK Irj100aJILHOr0 OpraHizaumiiHoro
NPUHIHMIY 3a0e3nedeHHs1 pagianiiinoi 6e3nexku. Ha choromni HaiOinbine npobiem 3 pamiamiitHol
Oe3neku € y cepl BUKOPUCTAHHS JHKepell 10HI3yF0UOro BUITPOMIHIOBAHHS Y MEIMYHIN PaKTHIIi. 3a
pesynpratamu  TJII-aynuty MAI'ATE/BO3 skocTi BiAlyCKy MNOMIMHYTOI JI03M Ha TraMma-
TEPaNeBTUYHUX anaparax y MEJIMYHUX yCTAaHOBAX PaaioforiyHOro mpodiaro YKpainu, sK i paHiie
ICHYIOTh BIIXHJICHHS IIbOTO TIOKA3HHWKA Ha 5 1 OUIBIIE BiJICOTKIB, IO TPAKTYETHCA SIK pajialiiiiHa
aBapis. CripoOu HAMaroAWTH TaKWid HallOHATBHUN ayauT He miarpumani MO3 Ykpainu. He kpama
cUTyarlisi 13 3a0e3leyeHHsAM paiamiiHoi Oe3nmeKkr NAaIli€HTIB 1 MEIUYHOTO TEepPCOHATY IpHU
MPOBEJICHHI PEHTICHOJIOTTYHUX JTOCII)KCHb.

Omnak MO3 VYkpaiHu He BXXKHMBAE 3aXOIB 13 3aIPOBAHKCHHSIM CYYacCHUX MiAXOIIB, IO
cupusui O TIOTIepe/KEHHIO aBapiil 1 3SMEHIIICHHIO /103 MEAMYHOTO OIMPOMIHCHHS, Hi SIK OTIepaTop, Hi
AK Jep’KaBHUN OpraH peryiroBaHHs pajianiiiHoi 6esmneku. Lle, mepin 3a Bce, CTOCYEThCS KOHLIETIIIT
KYJIbTypHU OE3IEKH.

Ha crorogai MAT'ATE Bunmano 6mm3bko 20 JOKYMEHTIB Pi3HOTO PiBHS, IO CTOCYIOTHCS
3aMmpoBa/DKEHHST Ta aHAJI3y CTaHy KyJbTypu OC3NEKH NMPH BHKOPUCTAHHI siepHOi eHeprii. Kpim
IHIIUX MDKHAPOJHMX opraHizamiii, 1o konuemnuiro suzHaau MOII, BOO3 i IRPA. € no3utuBHMiA
JIOCB1JT 3aCTOCYBaHHS KOHIICTIIi KyJbTypHd OC3MEKH B OKPEMHX Taly3siX BITYM3HSHOI €KOHOMIKH.
Pazom 3 Tum MO3 Vkpainu Bce Ie 3aJUIIa€ThCS OCTOPOHb BiJl IUX IMO3UTUBHHUX IHIMIATHB 1
MIPAKTHK.

KoHnemnmis kynbTypu O€3MeKd y pi3HHUX KpaiHax 1 OpraHi3amisx IMO-pi3HOMY Ha3HBAEThCS.
Tax, Kowmicis saepaoro perymosanas CIIIA (NRC) peanizye kynberypy Oe3mexu uepe3 «Poboue
CepeqoBHILEe YCBIIOMIIEHOT Oe3neku» (1ie cepeioBUIlle, B SIKOMY MPAI[iBHUKH 3a0XOYYIOTHCS 3a
BHUCOKHH pIBEHb TypOOTH Mpo Oe€3MeKy, BIIBHO MOPYIIYIOTh MHUTaHHS OE3MEKU Iepell CBOEID
anminictpamieto Ta NRC 06e3 crpaxy mokapaHHs, J€ TOpYIIEHI TMHTAaHHS OMEPaTHBHO
pO3IIIANAOTECS, iIM HAJAEThCSl HAJIEKHA MPIOPUTETHICTH 1 BOHU HAJIEKHUM YMHOM BHPILIYIOTHCS,
PO 1[0 CBOEYACHO TMOBIIOMIIIOTH THX, XTO IIi muTaHHS nopymryBaB), IKAO - uepe3 «KynbTypy
HEYIEepeKEHOCT» 3 (POPMYBAaHHSAM «HEKapaJbHOT0» BHUPOOHHYOTO CEpeOBHILNA, TOOTO TaKOro,
110 He Tepeadayae 000B’I3KOBOTO 3aCTOCYBAHHS CTATHEHHS /0 Jikepena iH(opmallii o0 CTany
6esnexku mnonboTiB, a IRPA — depe3 KyibTypy palialliiHOTO 3axucTy. AJle IpU3HAYEHHS
KOHIENI1 KyIbTypu O€3MeKH 3alHIIAEThCsl OHE 1 T€ k: HaBUUTU (DaxiBls, OYAb-SIKYy JTIOJUHY
BECTU ceOe MpaBWUJILHO HAaBITH TOI, KOJHU i HIXTO HE KOHTpOJo€e. ToOTO chopMoBaHa KyIbTypa
Oe3mneKH JIOANHH 11e 11 IHCIeKTOp 3 O€3MEeKH y BUTJISI BIACHUX MTEPEKOHAHD 1 COBICTI.

KynbpTypa Oe3neku 3Haiua BiqoOpakeHHsT Y A/IepHOMY 3aKOHOJIABCTB1 YKpaiHH, 30KpemMa y
Konsentiii mpo siaepHy 6e3mneky, patudikoBaniii 3akoHoM Ykpainu 1997 pori.

Konnemis KyapTypu Oesmeku y 1988 pori Bm3HaHa MATI'ATE rnobGansHum
opranizaniiauM mnpuHinom 3abesneueHHs Oesneku AEC (INSAG-3) [1], a B 1997 poui y
6azoBomy cranaapTi 3 6e3nexu (BSS-115) [2] posropHyTo chopmoBaHa MeTa i mepeBaru KOHIEIIT
KyJIbTypu Oe3meku s chepu 3axucTy 1 Oe3meku, sKi Iie OUTbII JeTali3oBaHi y HOBIM pemakiii
BOT0 JOKyMeHTa. IrHOopyBaHHs 1UX (akTiB mpU po3poOlll HAlllOHATBHUX HOPM 1 MpaBui y chepi
paniamiifHoi Oe3neku, Ha Hall MO, € HempurmycTuMuM. [Ipu mepeompairoBaHHI IUX HOPM i
NpaBWJI 3 YpaxyBaHHSIM METOIOJOTI] pajiamiifHol Oe3meKu, 3aKiIaeHoi y HOBil pemakiii BSS-115
[3], kynbpTypa Oe3neku Mae OyTH Jierani3oBaHa.

[Ilo crocyeTbest (hopMary OETAlbHOIO YHOPMYBAHHSI KOHLEMMII KyJAbTypu O€3MeKH TO e
CIIpaBa HETMPOCTa, OCKUIBKK HEAOCTAaTHHO JOCBiINY MiATOTOBKH JOKYMEHTIB, IIO PETIAMEHTYIOTh
MOpaIbHO-€THYHI TPOOIEMHU OE3MEKH.

[Toku mro OesycmimHOW 3anumaeTbest cnpodba ISP VYkpainum migroryBatu okpemuit
HOPMAaTUBHUM JOKYMEHT 3 KyJabTypu Oe3neku. Pazom 3 Tum ISP npuiinsia 3asBy npo MONITHKY Y
cdepi 3abe3neueHHs Oe3MeKH BUKOPUCTAHHS SAEpHOI eHeprii 1 popMyBaHHS KyIbTypu O€3IeKu.
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Oxpemi TONIOKEHHST KOHIIEMIIT KyIbTypu O€3MeKH BHKIAJIeHI B 0a30BHX JOKYMEHTaX 3 sIepHOI
Oesrexu 1 po3nopsipkeHHsM Kabinery MinictpiB Yipainu Ne 736-p Big 3.08.2011 p. 3arBepaxeHO
[Tnan 3axomiB  moxo 3a0e3MeUeHHs BIIKPUTOCTI 1 JocTymHOCTI iHpopmarlii, mMmos's3aHol 3
BUKOPUCTAHHAM SIICPHOI €HEprii, a TaKoXX MIABHUILEHHS PIBHSI KYJIbTYPH SJIEPHOI Oe3MeKu B
aToMHi# enepreruii [4].

Y BAT «Konuepn Poceneproatrom» NpUHHATO TaK 3BaHUN «KOACKC ETHUKH», SKUM
nepeadavyaeTbCsl TOTPUMAHHS MPUHIUIIB KyJIbTYpH O€3MEKH CHIBPOOITHUKAMHU Ta KEepiBHUKAMH
KoHIIepHY [5].

NRC mpotsarom 2003-2006 pokiB po3pobuia KepiBHHUITBO 13 BIPOBAKEHHS 1 MIATPHMaHHS
KYJIbTYPH OC3IEKH 1 MPOEKT iHCIEKIIHHUX IPOLIEAYP 3 OL[iHKH PiBHSA KyIbTypH Oc3meku [6].

OTxe B HOBIM pemakilii HAI[IOHATLHUX HOPM paJiamiifHOi Oe3MeKH KOHIEMIlis KYJIbTypu
Oe3nexkyd MOBHHHA OyTW MpeicTaBiieHa HainekHUM yuHOM. IIlo X cTOCYeThCS HOPMAaTHUBHUX
JOKYMEHTIB HM)KUOTO PIiBHS 3 KYJIbTYpH O€3IeKH, TO € JOCTaTHHO MPUKJIIA/IIB iX YKJIaJaHHS.

1. OcnosHble npuHyunsl be30nacHocmu amomMHuix saekmpocmanyuii. Cepus U3TaHUN 10 O6e30MmacHOCTH. Ne
75-INSAG-3. MexnyHapogHas KOHCYJNbTaTHBHAS TpyIIa IO sAepHOW Oe3omacHocTH. — BeHa:
MATATD, 1989

2. Meowcoynapoousie 0CHOGHbIE HOPMbL G€30nacHOCmU ONs 3AWUMbl OM UOHUSUPYIOWUX USTYYEHUU U
bezonacnozo obpawenus ¢ ucmoynukamu usnyyenus. Cepust 3gannii 6ezomacHoct, Ne 115. - Bena,
MATATD. - 1997. - 87 c.

3. International Basic Safety Standards 2011 Edition. Radiation Protection and Safety of Radiation
Sources. General Safety Requirements Part 3. Draft Safety Requirements DS379. Draft 5.0. March 2011.
Vienna: IAEA. — 2011.

4. [Ipo 3aTBep/pKEHHS IUIAaHY 3aXOJiB INOJAO 3a0e3Me4YeHHs BIIKPUTOCTI 1 JOCTYHMHOCTI  iHQopmamii,
TMOB'SI3aHO1 3 BUKOPUCTAHHAM SJIEPHOI €HEPrii, a TAKOXK MiABHUINEHHS PiBHS KYJIbTYypH SAEPHOI B aTOMHii
enepretumi. Posmopsmkenns Kabinety MinictpiB Ykpaian Bim 3 cepmasa 2011 p. N 736-p. Pexum
nmoctymy: http://zakon2.rada.gov.ua/laws/show/736-2011-%D1%80.

5. Pexxum noctymy: http://www.rosatom.ru/wps/wcm/connect/rosenergoatom/site/journalist/kodeks_etiki/

6. Pexxum noctymy: http://www.nrc.gov/about-nrc/regulatory/enforcement/safety-culture.html

MOHITOPHUHI SAK ®YHKIIA YIIPABJITHHA B COEPI IOBO/KEHHSI 3
PAJIOAKTUBHUMH BIAXOJAMH, IO CIIPAMOBAHA HA 3ABE3IIEYEHHA
PAJATAHINHOI BE3IIEKUM B YKPAIHI

0.10. Kponna

FOpuouunuii gpaxynemem Kuiscokozo nayionanvnozo yuisepcumemy imeni Tapaca Llleguenka,
8yn. Bonooumupcwka, 60, m. Kuis, Ykpaina, 01601,
men. +38 (044) 239-31-67; ekologichne_pravo@ukr.net

AHoTaniAa. Po3rnsHyTO MOHATTS MOHITOpUHTY sK (yHKUii ynopaBmiHHA B cdepi MOBOIKEHHA 3
pa}.‘[ioaKTI/IBHI/IMI/I BiI[XOI[aMI/I. 3aHp0HOHOBaHi KOHKpCTHi JOIIOBHCHHA A0 YMHHOI'O 3aKOHOAAaBCTBa praIHH
JUIL  3alpoBa/DKEHHST €(EKTHBHOTO Ta JOCKOHAJIOTO IPABOBOTO MEXaHi3My 3ale3reueHHs pajialiiftHol
Oe3meku B YKpaiHi.

AHHOTauus. PaccMOTpeHBl MOHATHS MOHHTOPHHra Kak ()yHKUMHM YIpaBieHusi B cdepe oOpalieHus c
paanOaKTUBHBIMU OTXOJaMHU. HpennomeHH KOHKPETHBLIC AOOIIOJIHCHUSA B JICI\/’ICTBYIOHICG 3aKOHOAAaTCIbCTBO
Vkpaunsl a1 BHeapeHHs 3((EKTHUBHOIO M COBEPIUICHHOI'O IIPaBOBOTO MEXaHHM3Ma O00eCIeUYeHUs
paI[I/IaI_II/IOHHoﬁ 0€30I1aCHOCTH B praI/IHe.

Abstract. It considers the concepts of monitoring as a function of the control in the sphere of radioactive
waste control. Proposed specific amendments to the effective legislation of Ukraine, which will ensure the
implementation of effective and perfect legal mechanisms for ensuring radiation safety in Ukraine.

Kro4oBi cj10Ba: MOHITOpHHT, pafialliiHUN MOHITOPUHT, pajialiiiHa Oe3nexa.
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Keywords: monitoring, radiation monitoring and radiation safety.

VYrpaBiaiHHA palialliiHOI Oe3MeK0I0 MoJiArae y 3a0e3rnedeHHl MpOoTUPaaialiiiHOTO 3aXHCTY,
SIKUH 0a3yeThCs Ha CYKYIHOCTI paliallifHO-TITIEHIYHUX, MPOCKTHO-KOHCTPYKTOPCHKUX, TEXHIYHUX
Ta OpraHi3alliiHUX 3aXO0JiB, COPSIMOBAHUX Ha JOTPUMAHHS BUMOT pajialliiHol Oe3MeKr B YacTHHI
0oOMEXEeHHS Ta MiHIMI3aIlil OMPOMIHEHHS JIFOIeH i pagioaKTUBHOTO 3a0pYAHEHHSI HaBKOJIUIITHHOTO
cepeioBUIla HeOE3MEYHUMH PEYOBHHAMH, B TOMY YHUCII 1 palloaKTUBHUMH BiJIXOJIaMH.

Crnig 3a3HauMTH, IO IO TAKUX OpraHi3alliiHUX 3aXOJliB, SIKI CIPSMOBAHI Ha IOTPUMAHHS
BUMOT pajiaiiiHoi Oe3MeKH, € MOHITOPUHT y c(epi MOBOIKEHHS 3 PaiOaKTUBHUMH B1IXOJaMH,
0 CHpPsSMOBAaHMK Ha 3a0e3NeUeHHS pajiamiiHoi Oe3neku B YKpaiHi. BiamosigHOo 10
4. 1 ct. 1 “IlonokeHHs mpo Jep)kKaBHY CHUCTEMY MOHITOpWUHTY HOBKiuuIs® [1], mo 3aTBepmkeHe
nocraHoBoro KabGinery MinictpiB Big 30 O6epesnst 1998 poky, nepkaBHa CHUCTEMa MOHITOPUHTY
JOBKULISL — II€ CHCTeMa CIOCTEepEeKeHb, 30MpaHHs, 0OpoOJIeHHs, TNepeaaBaHHs, 30epeKeHHS Ta
aHamizy iHdopmarii mpo cTaH IOBKLWISA, MPOTHO3YBAaHHS HMOTO 3MIiH 1 PO3pOOJICHHS HAYKOBO-
OOrpyHTOBAaHHMX PEKOMEHAAMIN I MPUUHATTS PIIICHh PO 3amoOiraHHsS HETaTMBHUM 3MiHAM
CTaHy JOBKULIS Ta TOTPUMAHHS BUMOT €KOJIOTT9HOT OC3TCKH.

Jlana cucreMa MOHITOPHHTY CIIPSIMOBaHa Ha IMiIBUILIEHHS PIBHS 3HAHb PO €KOJIOTTYHUN CTaH
JOBKIJUIS, TIABUIICHHS OIMIEPATUBHOCTI Ta SKOCTI iH(POPMAIIHTHOTO 00CITyroBYBaHHS KOPHCTYBadiB
Ha BCIX PIBHAX, MIJABUIICHHSA SIKOCTI OOIPYHTYBAaHHS IPUPOIOOXOPOHHUX 33aX0JliB Ta e(PEeKTUBHOCTI
X 3aificHEeHH .

OCHOBHMM 3aBJaHHSIM JIepPKaBHOI CHUCTEMH MOHITOPUHTY €, 30Kpema, iHdopMalliiine
00CITyrOBYBaHHSI OpraHiB JCp)KaBHOI BJIaJHM Ta OpPraHiB MICLIEBOIO CaMOBPSAYBAaHHS, a TaKOX
3a0e3MeueHHs €KOJIOTIYHO0 iH(OopMalli€ro HaceIeHHs KpaiHi Ta MiXKHApOIH1 opraHizairii.

Cripn BigmiTuTH, 0 B YKpaiHi micis katactpodu Ha HAEC 31ilCHIOETBCS PaliOCKOIOTIYHUI
MOHITOPHHI Ha PI3HUX TEPUTOPIAIbHUX PIBHIX, TOJOBHUM 3aBJAaHHSM SKOTO € KOMIIJIEKCHE
OI[IHIOBaHHS CTaHy €KOCHCTEMH, BKJIIOUAIOYH il JIiF0 Ha JIIOIUHY.

Jlo ronoBHUX 3aBAaHb PaAiOCKOJOTIYHOIO MOHITOPHHTY BITHOCATH: 1) cHOCTEpeKeHHS 1
KOHTPOJIb 3a CTaHOM 3a0pyIHEHOI paJlOHYKJIiAaMH 30HU BIIUYXKEHHS, OKpEMHUX, OCOOJIMBO
HeOe3MEeYHUX KOMIIOHEHTIB JIOBKILJIS, 1 po3po0Ka 3aX0/IiB MO0 3HIKEHHS IXHbOT HeOe3MeKu;

2) BUBYEHHS CcTaHy OO'€KTIB MPUPOAHOIO CEpPEAOBHINA, 3TITHO 3 MapaMeTpaMu, IIo
XapaKTepU3YIOTh pajialliiiHy CUTYyallilo y 3a0pyAHEHIi 30Hi 1 3a 11 MeKaMu;

3) BUSIBIICHHS TEHJEHILIN 3MiHM PIBHIB 3a0pyJHEHHS JOBKULISA B 3B'SI3KY 3 (YHKI[IOHYBaHHSIM
€KOJIOTIYHO HeOe3MeYHUX padialiiHo-sAepHuX OO0'€KTIB 1 Mix yac peanizaiii peaOimiTariitHux
3aX0/IiB Ha 3a0pyIHEHUX TEPUTOPINAX; 4) aHATI3 TEHICHIIIN 3MIHU MMOKA3HUKIB 3/J0POB's HACEJICHHS,
IO MPOKUBAE HA 3a0pYyAHEHUX PAMIOHYKIIIaMU TePUTOPisLX; 5) reoiHdopmarliiiine 3abe3neueHHs
IPOTHO3Y pajialiiiHOi cUTyallii y 30H1 BIAUYKE€HHS 1 B YKpaiHi B Lisiomy [2].

B HaykoBiil miTeparypi 3a3Ha4aeThCs, MO O HAMPSIMIB PaTiOCKOIOTIYHOTO MOHITOPHHTY
BITHOCUTbCSA pajialiiHo-siepHUil MoHITOpuHT [2]. [Ipore, B UYMHHOMY 3aKOHOJABCTBI HeE
BXKUBAETHCS TAKUW TEpMIH SIK “‘palialliiHO-SIIEPHUI MOHITOPUHI, a BXKHBAETbCSI TEPMiH
“pamianiiHuil  MoHiTOpuHT”. [liATpUMyHOYM TMO3MIII0 3aKOHOJABIS, 3YMUHUMOCH Ha TEPMiHI
“pamiaiiHuit MOHITOPUHT.

Bu3HaueHHsT pamiaifHOro MOHITOPUHTY JAa€ThCS B TIIYMAYHOMY CIIOBHHUKY YKPaiHCBKHX
TEPMiHIB, BIAMOBIHO 0 SKOTO MiJ paaialliiHUM MOHITOPHHTOM PO3YMIETHCS HEMIEPEPBHUN Yy yaci
a00 3 MaJIMM MepioJIOM KOHTPOJIb paiallifHIX XapaKTePUCTUK YCTAaHOBKH, IO KOHTPOIIOEThCS [3].

Cnin 3a3HaunTH, 1m0 B CaHiTapHUX MpaBuiax 3a0e3meueHHs pamiamiifHoi 0e3meku YKpaiHu
[4] Bix 2 mororo 2005 poky wimit 5 po3Ai MPUCBSYEHUNM CAaHITAPHOMY HArJsidy, paaialiifHOMy
KOHTPOJIIO Ta pajialiifHoMy MOHITOpUHTY. BinmoBigHo A0 4. 5 cT. 5 BUIIE3a3HAYCHUX MPABUI ]
MOHITOPHHI'OM PaJlialliiHOTO CTaHy PO3YMIETHCS BUMIPIOBAHHS aKTUBHOCTI YM BUIIPOMIHIOBAHHS 3
METOI0 BUBUYEHHSI, OLIIHKH, IIPOTHO3YBAHHSI PaJiallifHOl CUTYyaIlil, BUSBICHHS BUIAJIKIB MOPYIICHHS
CaHITApHOTO 3aKOHOJIAaBCTBA, PO3POOKH 3aXOiB, CHPSIMOBAaHUX Ha 3amo0iraHHs, yCyHEHHS abo
3MEHILIEHHS! MOKIIUBOTO HETaTUBHOTO BIUIMBY 10HI3YIOUOTO0 BUIIPOMIHIOBAHHS Ha 370POB'S JIIOIMHU
(HaceneHHs ).
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Jlo cucremu pamiaiidHOro MOHITOPUHTY BXOJSTH IYHKTH CIIOCTEPEXKEHb PI3HOTO
MpU3HAYeHHs (MICIl BUPOOHHMYOI ISIIBHOCTI TEpPCOHANy, JIaHAmadTHI TOJITOHH, TiIPOJIOTIdHI
CTBOpH, TYHKTH BimOOpy mpoO Mpu3eMHOro Imapy armochepu Ta TIIAHIIETH pPaJiOaKTUBHUX
BUITA/IIHb PAIIOHYKIIIIIB 3 aTMOC(HEPH TOIIO) Ta CIIOCTEPEIKHI CBEP/IJIOBUHHU.

[Tounnatoun 3 1992 poky MOHITOPUHT CTaHy MAOBKULIS 3uilicHioe LleHTp pamiamiiitHO-
€KOJIOTIYHOTO MOHITOpUHTYy 30HHM BiguyxkeHHs JICII HaykoBO-BHpOOHWYOrO MiAMPUEMCTBA
“HopHOOMIBCHKUI Pa/1iOeKOIOTTYHUH LIEHTP .

PoGotn 3 pagiosoriYHOrO0 MOHITOPHUHTY HaBKOJIMIIHHOTO CEPEIOBHUINA, BIAMOBIAHO 10
pernamenty [IPEM3B JICHBII “YopHOOMIbCHKUH paioeKOIOTIYHIN IEHTDP”’, BKIIIOYAIOTh B ceoe:

- KOHTPOJIb 1 OILIIHKY pajiallifHOTO CTaHy IPYHTY, IMOBITPS, MMOBEPXHEBUX 1 MiA3EMHUX BOJ Y
MeKaxX 30HU BIAUYKCHHS Ta MICISX MPOKUBAHHS MEPCOHANY HAa BaxTi; MPOAYKTIB XapuyBaHHS,
MUTHOI BOAM Ta IPYHTY y MICLSAX HECAHKI[IOHOBAHOTO MPOKUBAHHS;

- CIIOCTEPEXKCHHS 3a MITpalli€l0 PaiOHYKIIIIB y TPyHTI Ta naHamadTrax, pPOCIMHHUX
KOMILJIEKCaX, TOBEPXHEBHUX 1 IMIJI3EMHUX BOJAaX, MOBITPI 3 METOK NPOTHO3Y 3MiH paiialliiHOTro
CTaHy JOBKUUIA y 30HI BIAYYXEHHS, PO3POOKM Ta MPUHHATTA YIPABIIHCHKHX Ta 1H)KEHEPHO-
TEXHIYHUX PIIlICHb;

- KOHTPOJIb TEPUTOPIl HABKOJIO MiCIlb 3aXopoHeHHs PAB.

MiHiCTepCTBO HAJ3BHYAMHUX CHTYallli YKpaiHU BIAMOBIIHO JO TOKIAJICHUX Ha HHOTO
MMOBHOBKEHB 3IIMCHIOE MOHITOPHHT J103 TaMMa-pamiamiiaoi ekcno3uiii Ha 10 aBToMaTH30BaHUX
MyHKTaX MOOMU3y AaTOMHUX eNeKTpocTaHiiil. Y wexax 30-kiJIoMeTpoBOi 30HU HABKOJIO
YopaoOmnbebkoi AEC (30HEM BiguykeHHs1), MHC 31iliCHIOE CITOCTEpEKCHHS 332 KOHIICHTPAIIIEI0
PamioHYyKIIIIIB; PAaTIOHYKIiJaMH B aTMOC(HEpHHX ONaJax, a TaKoX KOHIEHTpalie ‘“rapsuux’
YaCTHHOK Y MOBITPI.

BapTto 3a3HaunTH, 1110 BCi BUIIIE MepepaxoBaHi BUIU MOHITOPUHTY € CKIJIaJOBUMHU 3arajibHOTO
€KOJIOT1YHOTO MOHITOPHHTY.

BinnmoBigHo mo cr.22 3akony VYkpainu “IIpo OXOpOHY HaBKOJHMIIHBOTO MPHPOIHOTO
cepenopuma” [5] ta m. 10 momoxkenHs “IIpo nepkaBHYy CHUCTEeMYy MOHITOPHHTY MOBKULIS’ [6]
MiIPUEMCTBA, YCTAHOBH, OpraHi3aiii, MisIBHICTh SKUX MPHU3BOAUTH a00 MOXE MPU3BECTH O
MIOTIPIICHHS CTaHy HABKOJIMITHLOTO TIPUPOTHOTO CEPEIOBHINA HE3aISKHO BiJT 1X IMiIMOPSIKYBAHHS
1 ¢popm BracHOCTI, 3000B’s13aH1 3/1IICHIOBATH €KOJOTIYHHI KOHTPOJIb 32 BUPOOHUYUMHU TpOLIecaMu
Ta CTaHOM IPOMHCIIOBHX 30H, 30upaTH, 30epiratd Ta O€30IUIaTHO TEpeaaBaTH BiJMOBIIHUM
JIEp>)KaBHUM OpraHaM aHaJiTHYHI MaTepialli CBOiX CIOCTEpPEKeHb, JaHI Ta Yy3arajibHEeHY
1H(dopMalio 1 T KOMIJIEKCHOTO 00pOOJIEHHS.

Taxum umHOM, AEC, nepskaBHI criemiaiizoBaHi MiJMPHEMCTBA Ta NP KaBHI ITiAMPUEMCTBA
3000B’43aH1 3/A1MCHIOBaTH paJilalliiHUNA MOHITOPUHI, IO BXOAWTH B CHCTEMY J€p>KaBHOIO
€KOJIOTTYHOTO MOHITOPHUHTY.

[Ipore, pyHKIIOHYBaHHSI €IMHOI CUCTEMH PaI0€KOJOTIYHOTO MOHITOPUHTY € HE JIOCTaTHbO
TIEBUM BHACHIIOK BIACYTHOCTI €IMHOI MEpeXi CIOCTEpeKEHb; 3acTapiioro TEXHIYHOTO 1
METOJUYHOIO 3a0e3MeUeHHsI CIOCTEPEXKEHb; BIACYTHOCTI CYYaCHOTO TEXHIYHOTO OCHAIEHHS
[EHTPIB CUCTEMH MOHITOPHHTY B OIJIBIIOCTI PETiOHIB; HEY3TOJIKEHOCTI OKPEMHX €JIEeMEHTIB
1H(OpMaLIMHUX TEXHOJIOT1H, 1110 BAKOPUCTOBYETHCS CY0’ €KTAMU CUCTEMH MOHITOPUHTY.

Ha mamy aymKky, HEOOXiIHO CTBOPHTH pPaJiOCKOJIOTIUHWUN OaHK JaHUX B YKpaiHi s
cucremarusanii Ta 30epiraHHg iHopMmallii, sSKa OTpUMaHa BHACIIOK  IPOBEICHHS
Pa/lioeKOJIOT1YHOTO MOHITOPUHTY.
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AJIMIHICTPATUBHO-IIPABOBE CYIIPOBO/[)KEHHS PEAJII3AIIL MIZKHAPO JHUX
30b0B’A3AHb ITPU BUKOPUCTAHHI /UKEPEJI IOHI3YIOYOI'O
BUITPOMIHIOBAHHA Y COEPI OXOPOHMU 310POB’A

A.O. CeceMKko

Kuiscokuii nayionanvnu ynieepcumem imeni Tapaca llleguenka,
arkadiys@ukr.net

Anotanis. [IpoananizoBaHo cTaH aJMiHICTPaTUBHO-TIPABOBHX ACIEKTIB IPABOBOTO 3aXHCTy MAIi€HTIB B
VYxpaiHi npu HaZaHHI MEJUYHHX MTOCTYT 3 BUKOPUCTAHHSIM JIKEpeIT i0HI3YI0U0ro BUIIPOMiHIOBaHHS.
AHHOTauus. B craTthe mpoaHalW3UpPOBAHO COCTOSIHME AAMUHUCTPATUBHO-IPABOBBIX ACIEKTOB IPAaBOBOM
3alIUThl IIAI[MCHTOB B YKpaI/IHe Ip1 OKa3aHWM MCIUIHUHCKHUX YCJIYyr' C HCIIOJIb30BaAHUEM HWCTOYHHUKOB
HNOHHU3UPYIOLICTO U3JIYUCHH.

Abstract. The article deals with the analysis of administrative, legal aspects of legal defence of patients of
Ukraine at providing of medical services with the use of sources of ionizing radiation.

Ki1r040Bi cJ10Ba: aMiHICTPAaTHBHO-IIPABOBE PETYIIIOBAHHS, IPABOBHIA 3aXKCT MAI[i€HTIB, MEIUYHA (Pi3UKa,
JOKEpesia 10HI3yI0U0TO BUIIPOMIHIOBAHHS.

KJ'[]O‘leBBIe c¢jioBa: AaJIMUHHUCTPATUBHO-IIPABOBOC PETYJIHNPOBAHUC, ImpaBoBasd 3alyTa I[alluCHTOB,
MCEOUIINMHCKAasA (I)I/BI/IKa, HUCTOYHUKU MOHU3UPYIOIICTO U3JTYyYCHUS.

Keywords: administrative legal adjusting, legal defences of patients, medical physics, sources of ionizing
radiation.

XapakTepucTuka aaMiHICTPAaTUBHO-TIPAaBOBUX HOBAaLlll Ha Cy4yaCHOMY eTall BU3HA4YaeTbCs
CTBOPEHHSM HOBOTO MEXaHI3My peaii3allii Ta 3aXUCTy mpaB, CBOOOJ Ta iHTepeciB 0codu, 30KpeMa
IIPU 3aCTOCYBaHHI JKepes 10HI13yI0UOro BUIPOMIHIOBAaHHS y chepi OXOPOHH 310pOB’sl HaCEJIEHHS.

BinmoBigHo 10 akTyanbHUX cdep AepKaBOTBOPEHHsI, TOBHOBAKEHD Ta 3aBJaHb [IEHTPAIbHUX
OpraHiB JIEp)KaBHOTO YIPABIIHHA iX IISUTBHICTH MO0 IMIUIEMEHTAIii MIXKHAPOJHUX CTaHIApPTIB
3a0e3mneueHHs] 0e3MeKH HaceJeHHs IMPHU BUKOPHUCTAHHI JKEpelsl 10HI3YI0UOro BUIPOMIHIOBAHHS Ta
MIPABOBOTO 3aXUCTy MAI€HTIB y cepi OXOpPOHU 3M0pOB’S TMOBHHHA BU3HAYATUCH HACTYIMTHUMHU
MPIOPUTETHUMH HATIPSIMAMU

- TapMOHi3allis BITYM3HSHOT HOPMATHBHOI Ta METOJOJIOTIYHOI 0a3u y cdepi BUKOPUCTAHHS
AJIEpHOI €Heprii 3 BpaxyBaHHSM peKkoMeHJaliid MikHapoaHux opranizauii (MAI'ATE, MKP3
TOIII0) Ta 3aKOHOaBCTBa €Bporneicbkoro Cor3y;

- opmyBanHs 6a3u HAYKOBUX PO3POOOK y raimy3i BUCOKHX TEXHOJIOTIH, paaiaiiiHol 6e3neKu;

- CIPUSIHHS BIIPOBA/DKEHHIO Y MPAKTUYHY JISIBHICTh PE3yNbTaTiB HAYKOBHUX JIOCIITKECHb 3
MOKpAIeHHsI  paiallifHOTO CTaHy CEepPeIOBHUINA JKUTTEIISIIBHOCTI JIIOJWHU, BKIIOYAIOYH
3aCTOCYBaHHS 3aMO01KHHUX 3aXO0/IiB Ta, B pa3i HEOOX1AHOCTI, BTpyYaHHS;

- MArOTOBKA (PaxiBIliB 3 MEAUYHOI (PI3UKH Ta pajialiifHOi OE3MEeKH;

- (dopmyBaHHA Ta MIATPUMKA BUCOKOMPO(ECIHHOrO, KOHKYPEHTHOTO EKCIIEPTHOIO
CepeoBHUINA /TSI IPOBEICHHS JIEPKaBHOT €KCIIEPTHU3H 3 SIACPHOI Ta pajIialiifHOl Oe3MeKH.
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Lle#t mepenik HampsMiB AISUTBHOCTI MOXke OYTH PO3LIMPEHO a0o0 JOMOBHEHO BIIMOBIAHO IO
aKTyaJbHUX 3aBJaHb MPAKTUYHOI MisTbHOCTI. Po30ymoBa cydacHO1 €IMHOI HAyKOBO-OCBITHBOI Ta
IHHOBAIIMHOI CHCTEMHM, 3a0e3NCUCHHs 1 BHUIICPEKAIBHOTO PO3BUTKY € BHU3HAYAJILHUMHU JIJIS
CTBOpPEHHS HEOOX1IHOT MepeyMOBH JIJIsl YCIIITHOTO CTapTy MOJEPHI3aliitHIX EPEeTBOPEHb KpaiHHu,
MOMIYKY e()eKTUBHUX IUISAXIB MOI0JIAHHS HETATUBHUX TCHJICHITIN.

Peanizaris BUIeBKa3aHUX 3aBllaHb JEP)KaBHOI IMOMITHKA OE3YMOBHO MOTPEOY€E CYTTEBOTO
Meperiisaay Ta PEryJIlOBaHHS aJMiHICTPAaTHBHO-IIPABOBMX B3a€MOBIJHOCHH B CHUCTEMI CyO’€KTIB
nyOJigyHOTO aAMIHICTpYBaHHSA y cdepi OXOpPOHH 370pOB’S, A0 SKUX BigHOCAThCA IIpesmmeHt
VYkpainu, BepxoBna Pana Ykpainu, KaGiner MinicTpiB Ykpainu, MiHICTEpCTBO OXOPOHH 3[I0POB’S
Ykpainu, iHIlIi OpraHy HEeHTPaIbHOI BUKOHABUOI BJIaJN Ta MICLIEBOTO CAMOBPSIyBaHHS.

AHai3 Cy4acHHX TEHJECHIIIM PO3BUTKY HAI[IOHATBLHOTO aJAMIHICTPATUBHOTO IpaBa Ta 3aXOiB
B YKpaiHi, OB’ s3aHUX 3 FapMOHI3AIIE€I0 €BPONEHCHKOr0 3aKOHO/IaBCTBA HAJIAE MIACTaBU 3pOOUTH
BHCHOBOK, II0 B CYY4aCHHUX YMOBax, OCOOJHMBOro 3HadeHHs HaOyBae mpuitHstuii 31 cepmus 2011
poky Pamoro ympasisrounx MAI'ATE ,,Safety Requirements: Radiation Protection and Safety of
Radiation Sources: International Basic Safety Standards” [1], e 3a3HadaeTbCs TIPO
BIJIMOBIAANBHICT, YPALy ULIOJ0 CTBOPEHHS TMPaBOBOi Ta pETyIIOIOYOl OCHOBH, MiIATPUMKHU
e()eKTUBHOI IPABOBOT OCHOBH 3a0€3IICUCHHS 3aXUCTY Ta OE3MEKH B YCIX CUTYAIlisIX OMIPOMIHCHHSI.

[Ipu umpomy, cHigq MaTu Ha yBas3i, MO TEPMiH ,,Ypsia’, 3TiHO BU3HAYEHHS B JAHOMY
nokymeHnTi MAT'ATE, cimi po3yMiTH B IMPOKOMY CEHCI, IK TOTOXKHUH 3 TEPMIHOM ,,JiepKaBa’.

3rigHo 3 ocHoBHUMH BUMoram MAT'ATE [1], BiAmoBiganbHICTh YPsiay HOUIMPIOETHCS TAKOXK
Ha CTBOPCHHS 1 3a0e3neueHHs €eKTUBHOIL MISTIBHOCTI AIMCHO HE3aJICKHOIO PEryJII0I0YOro OpraHy 3
KOHKPETHO BH3HAYEHUMHU OOOB'SI3KaMU Ta (YHKI[ISIMHU, 3IIACHEHHS PETYJIOI0YOro KOHTPOJIO 3a
YCTaHOBKAMH Ta JisUTbHICTIO, TIOB'SI3aHOI0 3 PalialliiHUMHU PU3HKAMHU.

BaxnuBuMm HampsMOM AiSUIBHOCTI  YpAoy 3alMIIA€Tbcs JTOTPUMAHHS MDKHAPOJHUX
3000B's13aHb, TIPUUHATTS HAJICKHUX 3aXOJIB 010 3a0€3MeUeHHs 3aXUCTy HUHINTHBOTO 1 MaOyTHIX
MOKOJIIHb HACEJIEHHS Ta OXOPOHHM HAaBKOJHIIHBOTO CEPeIOBHINA, pPO3poOka edEeKTUBHOTO
3aKOHOJABCTBA, sKE Oylo O CIOPOMOXHHM aaMiHICTPATUBHO-TIPABOBUM  PETYJIIOBAHHSIM
ONTHUMI3yBaTH CTaH 3aXHUCTy Ta OE3MEKH HACeNCeHHs MPHU 3acCTOCYBaHHI JKEpeN 10HI3yHUOro
BUITPOMIHIOBAHHS B Tajly31 OXOPOHHU 3/10pOB’Sl.

3 orngny Ha Te, O B HAI[lOHAIBHOMY MOTEHINall Jep>KaBU OCTaHHIM YacoOM TOCTIHHO
CIIOCTEPIraeThCsl MO3UTHBHE HAKONMWYEHHS HOBITHIX TEXHOJIOTIH MPHU JESIKOMY B1JICTaBaHHI TEMIIIB
1 MacmTabiB BIPOBADKEHHS pajlialliiHUX TEXHOJOTIH BiJ] 3arajlbHOCBITOBHUX TEHACHIIIN, CTAIOTh
OUYEBHUJHUMH HEBIAMNOBIIHICTh ICHYIOUOI CTPYKTYpU JI€p’KaBHHUX OpraHiB YIPaBJIiHHS Ta CTaHy
aJMIHICTPATUBHO-TIPABOBOTO PETYIIOBAaHHSA IX [ISUIBHOCTI, piBHS (iHAHCYBaHHS Ta CTaHy
KOOpJIMHAIlll HAayKOBUX MAOCHTIIKEHb, SKI HE CIPOMOXKHI 3a0€3MEeYUTH CIPUSTIUBUX YMOB JUIS
e(eKTUBHOIO 3/11iCHEHHs 1HHOBAIIfHUX MPOPUBIB y cepl BUKOPUCTAHHS JKEpes 10HI3YI04Oro
BUIPOMIHIOBaHHS B YKpaiHi [2 - 6].

VY ocrtaHHI AecATUPIYUS PO3MOBCIOKEHHSI HOBITHIX TEXHOJOTIH 3 BUKOPHCTAHHSAM JKEpel
10HI3yI0YOrO BUIIPOMIHIOBAHHS, SIK 332 KOPJAOHOM Tak 1 B YKpaiHi, MNpPHU3BEIO A0 3MIHU SKOCTI
HaJaHHS MEIWYHUX IOCIYr TaIlieHTaM, 30UIBIINIO MOMJIMBOCTI €(EKTHBHOI JIIarHOCTHUKH Ta
XIpypriYHOro BTpYUYaHHS, 10 CYTTEBO PO3LIMPUIIO MOXKIJIMBOCTI JIKYBaHHS OHKOJIOTIYHHX XBOPHUX
[7 - 10].

CamMe TOMy aKkTyaJIbHICTh MOJIEpHI3allil LEHTpaJIbHUX OPraHiB JAepaBHOI Biaau Ta ii BIUIUB
Ha PEeryJIrOBaHHs CYCIHIIbHUX BIIHOCHH IMPH 3aCTOCYBAaHHI JKEpEN 10HI3YI0YOro BUIIPOMIHIOBAHHS
y cdepi OXOPOHH 370pPOB’S, TPYHTYETHCS HA OCHOBHHX HaIpsMaxX PO3BUTKY CBITOBHX TEHICHIIIM
3aCTOCYBaHHS  IHHOBAllIMHUX  TEXHOJIOTIM TMpU  BUKOPUCTaHHI  JKEeped  10HI3yHUYOTo
BUIPOMIHIOBAHHS Ta B JIeAKid Mipl TOSCHIOETbCA  MIABUIIEHHAM  CYCHUIBHOI PO
aJMIHICTPATUBHOTO IpaBa B pPO3poOIi 1 BHOPOBAIKEHHI CY4acHOTO €(QEKTUBHOIO MEXaHI3My
IOPUIMYHOTO CYIPOBO/DKEHHS peajlizaiii IMepHioYeproBUX 3aBJlaHb Ta aKTyaJbHUX IHTaHb
JEP’KaBOTBOPEHHS B YKpaiHi.

BpaxoByoun BHWIIEBHKIAJICHE, O MEPIIOYEPrOBUX 3aBIaHb aJMiHICTPATHBHO-TIPABOBOTO
pEryJroBaHHsS CYCHUIBHUX BIJHOCHH IPU 3aCTOCYBaHHI JKEpes 10HI3YI0YOro BUIIPOMIHIOBAHHS y
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chepi OXOPOHM 370pOB s, HACAaMIIEPE ] BITHOCATHCSA PO3pPOOKa Ta BHECEHHS 3MIH 1 JOMIOBHEHB 0
HU3KW 3aKOHOJABYHMX 1 HOPMATUBHO-TIPABOBHX aKTIB BIJJOMYOTO XapaKTepy BIAMOBITHO IO BUMOT
MDKHAPOJHHUX CTAHIAPTIB Y IiK cepi CyCcHmiTbHUX BIIHOCHH, a CaMe:

- 3akoHy Ykpainu ,,[Ipo 3aXuCT JI0AUHM Bij BIUIMBY 10HI3yHOUOT0 BUIIPOMiHEHHS, 1998 pik;

- Hopw™m panianiiinoi 6e3neku Yipaiau (HPBY-97), 1997 pik;

- OCHOBHHMX CaHITapHUX MPaBUII 3a0e3IeueHHs paaiaiiinoi 6e3neku Ykpaiau, 2005 pik.
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IPABOBI 3ACAJIA 3IIMCHEHHS AEPKABHOTI'O HAT'VISIY Y COEPI
3ABE3NEYEHHS PATIAIIMHOI BE3NEKA
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men. +38 (097) 598-01-35; ekologichne_pravo@ukr.net

Anotamnis. [TpoaHanizoBaHa cucTeMa JIepKaBHHUX OpPraHiB, IO 3/AIHCHIOIOTH HAMISJ Y cdepi 3a0e3rmeueHHs
paniariitHoi 6e3reku Ta apryMeHTOBaHO HEeOoOXiHICTh (PYHKI[IOHYBaHHS JIMIIE OJHOTO OpPTraHy JEPKaBHOTO
HarsIny y uiit cgepi.

AnnoTtauus. IIpoanannzupoBaHa cucreMa roCyAapcTBEHHBIX OPraHOB, KOTOPBIE OCYLIECTBIISIIOT HAA30p B
chepe  oOecrieueHHss  paJAMAIMOHHON  0€30MACHOCTH W apryMEHTHPOBAaHHO  HEOOXOIMMOCTh
(yHKIMOHUPOBAaHHUS TOJIBKO OAHOTO OpraHa rocyJapCTBEHHOTO HaJ30pa B 3ToH cepe.

Abstract. The system of state bodies, which supervise control in the field of radiation safety and necessity
the function only one body of state control in this area.

Kurwu4osi ciioBa: paxiariitna 6e3mneka, aep kKaBHUH Harisy 3a 3a0e3MMeUeHHsIM paaiamiitHol 0e3meKu
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KiroueBble cjioBa: paaguanuoHHas O€30MaCHOCTh, TOCYJApPCTBEHHBIM HAI30p 110 OOECIICYCHHIO
paguaImoHHON 6€301MacHOCTH
Key words: radiation safety, state control over the provision of radiation safety

HisnbHICTh Y cdepi BUKOPUCTAHHS sIIEPHOT eHeprii Ta 3abe3nedeHHs paaiaimiitHoi 0e3neku, Ha
HaIly AYMKY, Ma€ 3I1HCHIOBATUCh TaKUM YHHOM, 1100 CIPUSATH 3HUKCHHIO PIBHS OMPOMIHECHHS
NePCOHANTY 1 HACeJIEeHHsI, PaJAl0aKTUBHOIO 3a0pyIHEHHS HAaBKOJIUIIHHOTO MPUPOAHOTO CEPEIOBUIIIA,
a 'y pasi X IEpeBUIICHHS BXXUBATH 3aX0/I 11010 HOpMaJIi3allii HeOe3meyHoi CUTYyallii, ska BUHHKJIA.
EdexkTuBHICTh Takoi IisJILHOCTI HEMOXJIMBA 0€3 3aCTOCYBaHHS 3aXOJiB JICPKABHOTO HATJSAAY Y
cdepi 3abe3neueHHs paaianiiHol Oe3MmeKH.

BiamoBimHo 10 monoxkeHb 3akoHy Ykpainm “IIpo BuUKOpuCTaHHS siiepHOi eHeprii Ta
panmianiiiny Oe3neky” Big 8 motoro 1995 poky (cr.22-25) Harism 3a pajialiifHOK OC3IEeKO €
OJIHHMM 13 BUIB JIsUTBHOCTI OpraHiB JAEP>KaBHOT'O PETYIIOBaHHS y cepi 3abe3nedeHHs paaiaiiHoi
Oe3mneku, M0 TMOB'I3aHUN 3 TEPeBipKaMU, METOK SKUX € 3IMCHEHHSI HAIJISy 3a JOTPUMaHHIM
HOPMAaTUBHUX BHMOI' Ta YMOB HaJaHUX [O03BOJIIB OpraHizauisM, MiJIpPUEMCTBAM Ta ocolaM, IO
BUKOPHUCTOBYIOTh  JDKEpeNla 10HI3YIOUOro BHIIPOMIHIOBAaHHS. Y pa3i BHSBJICHHS MOPYIICHBb
3aCTOCOBYIOTHCS aJMIHICTPATUBHI CaHKIIII J0 MEpCOHANy, MOCaA0BUX OCIO MiAMPUEMCTB, YCTaHOB
Ta Oprasi3aiiil 3riJHO 3 3aKOHOJABCTBOM. AJDKE MOPYIIEHHS BHMOT HOPM, MPAaBUJI, CTAHIAPTIB Y
chepl BUKOPUCTaHHS SIEPHOI €Heprii, HatMeHIIIe BIAXWICHHS Bl JMif0ounMX y cdepi 3a0e3reueHHs
pamiamiifHOi O€3MeKM MPABOBHX HOPM MOXKE CHPHYMHUTH  PATIOAKTHBHE 3a0pyIHEHHS
HABKOJIMIIIHBOTO MPUPOIHOIO CEPEeNOBHINA Ta 3aBAATH  IIKOAY JKUTTIO 1 370pOB’I0 JIOJUHHU
BHACJTIJIOK BIUTUBY HETATHBHOTO 10HI3YFOUOTO BUITPOMIHIOBAHHS.

VY cydacHuX yMoBax c(epa KOHTPOIIO 1 HArjsay 3a 3a0e3leueHHsIM pajialiifHoi O0e3neKku B
Vkpaidi po3mojijieHa BIANOBIZHO 10 TNOBHOBWKEHb MDK PpI3SHUMH OpraHaMH JCp>KaBHOIO
peryiaroBaHHs 3a0e3NedeHHs] pafialiiHoi  Oe3neku — Jlep)kaBHOIO 1HCIICKINIEID — SAEPHOTO
perynroBaHHS YKpaiHu, MiHICTEpCTBOM OXOPOHH 3/10pOB’s YKpaiHu Ta MiHICTEPCTBOM €KOJIOTii
Ta MIPUPOJHUX pecypciB YKpaiHH.

Cr. 25 3akony VYkpainu “TIpo BUKOpHCTaHHA siiepHOi eHeprii Ta pajiaiiiiHy Oe3meky”
nepeadayveHo, 1Mo OPraHu JIEPKABHOTO PEryTIOBaHHS SIEPHOT Ta paaialliiiHol O€3MeKH CTBOPIOIOTh
Jiep>KaBHI 1HCTICKIIIT, Ha K1 MOKJIAJAEThCS IePKaBHUM HATJIA/ 3a JOTPUMAHHSIM BUMOT pamiariiiHol
O0esnexku. Takumu cHeliaIbHUMU MIAPO3AUIAMH Yy CTPYKTYypl OpraHiB, IO 3A1MCHIOIOTh
KOHTPOJIbHO-HArsAA0BI (GYHKIIT Yy cdepi 3abe3nedeHHs paaiainiiiHoi Oesmeku, €  [lepkaBHa
perioHanbHa 1HCHEKIIS 3 SAepHOI Ta paalauniiiHoi Oesneku Jlep)kaBHOT 1HCHEKIIi  SAEPHOTO
perymoBanHs  Ykpainu([epxincnekiis), JlepkaBHa — caHiTapHO-eMieMioNoOriyHa  Ciyx0a
MiHicTepcTBa OXOpPOHM 370poB’s YKpaiHu, Jlep’kaBHa eKosioriyHa IHCHEKLis  YKpaiHM Ha
Jep>KaBHOMY KOpIoH1 Ykpainu Minnpupoau YKpainu.

BianosigHo no Hakaszy J[lepkaBHOi 1HCIEKINT sepHOTOo perymntoBaHHsS Ykpainum  “IIpo
3arBep/pkeHHs [lonmoxkeHHs  Mpo JAep:kaBHI perioHaNbHI IHCHEKIIl 3 sAepHOi Ta paaiamiiHoi
6esnexu [lepxatomperymtoBanHss Ykpainu” Bix 11 xoBTHA 2011 poky  OAHMM 3 OCHOBHHX
MOBHOBa)KeHb JleprKiHCIEKIii, BIAMOBITHO O BHUIIEHABEIEHOTO HOPMATHUBHO-TIPABOBOTO aKTy, €
3MIHCHEHHS JEP)KAaBHOTO HArJIsAy 3a JJOTPHUMAHHSM 3aKOHOJIAaBCTBA, HOPM, TPABHUJI 1 CTaHIAPTIB
3 siAepHOi Ta pamianiiHoi Oe3meku, (i3MYHOTO 3aXHCTy SAEPHHUX MaTrepialliB, paJioaKTUBHUX
BIIXO/IB,  IHIIMX JDKEpesl 10HI3YIOUOro BHUIIPOMIHIOBaHHS, OOJIKY Ta KOHTPOJIO SJAEPHUX
MaTepialiB Ta IHIIMX JDKEpeld 10HI3yIUOTO BHUIIPOMIHIOBAHHS Ta yYMOB BHJIaHUX JOKYMEHTIB
JO3BUIIBHOTO XapakTepy Ha 3IIHCHEHHS MISUIbHOCTI 3 BHUPOOHUITBA Ta BUKOPHUCTAHHS JKEpes
10HI3YIOUOTO BUIPOMIHIOBAHHS,  MEpPepoOKH ypaHOBUX pYA, NEPEBE3CHHS pPali0aKTHBHUX
MaTepiaiiB, IepepoOKu, 30epiraHHs paJliloaKTUBHUX BIAXO/AIB, HAa BUKOPHCTAaHHS 3e€Melb Ta
BOJIOIM, PO3TAIlIOBAaHUX Y CaHITAPHO-3aXUCHIM 30HI 00'€KTa, MPU3HAYEHOTO JJIS MOBOKEHHS
3 paJloaKTUBHUMHM BiJXOJaMH, ypaHOBOTO 00'€KTa

[Topsimok e 3A1CHEHHS AepKABHOTO HATJISAY 3a AOACpKaHHSIM BUMOT pajialfiiiHoi 6e3mexu
BU3HAUYAETHCSI BHYTPIMIHIM JAOKyMeHTOM - “IlopsiakoM 31iliCHEHHS JAep)KaBHOIO Hariasay 3a
JOJIep’)KaHHSIM BUMOT SIIEpHOI Ta pajiaiifiHoi Oe3neku Mpu BHUKOPUCTaHHI SEPHOI eHeprii”, 1o
3aTBEPDKEHUN Haka3oM Jlep:kaBHOTO KOMITETY SIACPHOTO peryitoBaHHs Ykpainu Big 19 nucromana
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2003 poky- JlepxaBHI 1HCHEKTOpPH sJepHOI 1 pamiamiiiHoi Oe3leKH y CBOId JisSUIBHOCTI
KOPUCTYIOThCSI TaKOXX Haka3oM Jlep»aBHOTO KOMITETY SAEPHOTO DPETYJIIOBaHHS YKpaiHu Bix 2
mucroniaga 2004 poky “Ilpo 3arBepmkenHs TuUoBoi mporpamu iHCHEKIIIH MiIPUEMCTB, YCTaHOB
Ta OpraHizallii, ki BAKOPUCTOBYIOTh JKEpEJIa 10HI3yFOUOTr0 BUIIPOMIHIOBAHHS .

[Topsimok >k BCTAHOBJICHHS PO3MIpiB Ta HaKJIaJACHHS mTpadiB HA MIAMPUEMCTBA, YCTAHOBH 1
opraHizarii, sKi 3IIHCHIOIOTh MiSUTBHICT Yy cdepi BHUKOPUCTAHHS sAEpHOi eHeprii, y pasi
MOPYIICHHS HUMH HOPM, INPaBHJI 1 CTaHAApTiB Oe3leku ad0 yMOB J03BOJIB Ha BEJCHHS pOOIT
BU3HAYaeThcs mocTaHoBoro Kabinery MinictpiB Ykpainu “IIpo 3arBepmxenHus [lomoxkeHHS Mpo
MOPSIOK BCTAHOBJICHHS PO3MIpPIB Ta HaKIaJeHHS ITpadiB HaA MiJIPUEMCTBA, YCTAaHOBU 1
opraHizarii, sKi 3IIHCHIOIOTh MiSUIBHICT Yy cdepi BHUKOPUCTAHHS sAEpHOi eHeprii, y pasi
MOPYIICHHS HUMU HOPM, IPaBHII 1 CTaHAapTIB Oe3reku abo yMOB J03BOJIIB Ha BEJICHHS POOIT” Bif
29 uepBHsa 1996 poky. BiamoBimHO 10 JaHOTO HOPMATHBHO-TIPABOBOTO AaKTy MOPYIICHHSIM €
HEBUKOHAHHS BHMOT HOPM, TMPaBWJI 1 CTaHAAPTIB 3 sAIEpHOI Ta pamiamiiHoi Oe3neku y cdepi
BUKOPHUCTAHHS SIIEPHOI eHeprii ab0 yMOB JI03BOJIIB HA BEICHHS poOIT, 3a3HAYCHUX Y CT. 28 3aKoHY
VYkpainu “Ilpo BukopucTaHHs siepHOI eHeprii Ta paniauiiiHy Oe3meky”. 3a 0a30BYy BEIMUYUHY
mrpady OepeThCs BEIWYMHA, IO JOPIBHIOE II'SITH THCSYaM HEOIMOJAaTKOBYBAHUX MIHIMYMIB
n0xoiB rpomMaasH. KoHKpeTHHI po3Mip mTpady 3alekuTh BiJ BUIY TiSJILHOCTI JIilIEH31aTa, piBHA
MOPYIICHHS, TPUBAJIOCTI pOOOTH 3 TOPYIISHHSM JO 1 Micisl HOTro BUSBICHHS Ta (PaKTOPIB IMOMPABKU
BeIMYMHU mTpady, M0 BIUIMBAIOTH Ha mopylieHHs. Hakazom Jlep>kaBHOrO KOMITETY SIEPHOTO
perymoBaHHsS YKpaiHu 3arBeppkeHa “‘Dopma  JOKYMEHTIB 3 MPOBADKEHHS CIpaB PO
aJIMIHICTpaTUBHI MpaBoONOpyLIeHHS Yy cepi saepHoi Ta pafdiaiiiinoi 6e3nexu’” Bia 19 tpaBusa 2004
POKY.

Cnin, Ha Halmly AYMKY, BIAMITHTH, L0 TOJOXKEHHS BUIICHABEACHUX IOKYMEHTIB, HIMPOKO
BUKOPHUCTOBYIOThCS (paxiBusimu JlepkaBHOI perioHaNbHOI IHCHEKIIi 3 siIepHOi Ta pamiamiiHol
Oe3reku YKpaiHW, SKi 3OIACHIOIOTH JISUIBHICT, 1O 3a0C3MEUEHHI0 JIEP)KaBHOTO HArjsaay 3a
panianiiiHol0 Oe3lekol, Xxo4ya W He 3apeectpoBadHi B Min’tocti Ykpainu.  Couparodyuch Ha
BUIICBUKJIAJICHE Ta 3 METOK O0’€JHaHHS YCiX MPAaBOBUX HOPM, IO PErYyIIOIOTH 3I1HCHEHHS
Harsay y cdepi 3abesneyeHHs pafialiiiHoi 0e3neku Ta BUKOPUCTaHHS SAEpHOI €Heprii, Ha Hally
OyMKy, Mae Oytu pospobnenuit “Ilopsmox 3mificHEHHsS OEp>KaBHOTO HATJISITY 3a JTOTPUMAaHHSIM
BUMOT 0O€3IeKH MpH BUKOPUCTAHHI SA€pHOI €Heprii” Ta 3aTBEpIKEHUH Ha pIBHI ITOCTaHOBU
KaGinery MiHicTpiB YKpaiHu, ik oprany, sKuil 301HCHIOE KOOPJIMHAIIIO AISUIBHOCTI yCiX OpraHiB
BUKOHABYOI Biaau. [IpUHAHSATTS Takoi MOCTAaHOBH TependayaeThCsi W BIAMOBILAHO 10 3aKOHIB
Vkpainu “IIpo BukopucTaHHs sIepHOi eHeprii Ta pamianidny Oesneky”’, “Ilpo H03BiIBbHY
JUSUTBHICTD Y cepl BUKOpUCTaHHS siepHOi eHeprii” Big 11 ciunsg 2000 poky.

HactymuuM opraHoM, sIKHi 371 CHIOE KOHTPOJBHO-HATIISIIOBY [ISIBHICTE y  cdepi
3a0e3neueHHsl paaianiiHoi Oesneku € JlepkaBHa caHITapHO-emijzeMionoriuia ciayx6a MO3
VYkpainu. Biamoimno no yka3y Ilpesunenta VYkpainu “Ilpo 3atBepmxenHs [lomoxeHHsS mpo
JlepxaBHy caHiTapHO-emiAeMionoriuny ciyx0y” Binx 6 kBiTHS 2011 poky BoHa BXOOUTH 10O
CUCTEeMH  OpraHiB BHUKOHAaBYOi BJIAAU Yy raiay3l OXOpOHH 3J0pOB'sl Ta YTBOPIOETbCA JUIS
3a0e3meueHHsl  peanmizamii JAep)KaBHOI TMOJITUKM Yy c@epi CaHITapHOIO Ta EMiJeMIYHOro
Oylaromoiyuusi HaceJleHHS. JlepikaBHa caHITapHO-EMiAEMIONIOTIYHA CiIy»0a CIPSMOBYE CBOIO
JUSUTBHICTD HA 3amo0iraHHs IIKIAJTMBOMY BIUIMBY Ha CTaH 370pOB'Sl 1 JKUTTSA JIOAUHU (DaKTOpiB
CEpeIOBUINA KUTTEIISTBHOCTI.

3 METOI0 JIep’KaBHOTO CaHITapHOIO HArJiiqy OpraHd CaHITapHO-EMiJeMIONIOTIUHOI CIIyXO0Hu,
BiIOB1THO 110 “ITonokeHHs Tpo JiepKaBHUN CaHITapHO-CITiIeMIOIOTIYHUN Harasaa’ Big 22 depBHS
1999 poxy (y penakuii nocranoBu KaGinery MinictpiB Ykpainu Big 19 cepmus 2002 poky),
Ha/iJIeHI TEBHUMH KOHTPOJLHUMHU TOBHOBRXCHHSIMH, B TOMY 4uCHi 1 y cdepi 3abe3meueHHS
paaiamiifHoi 6e3neKu, siKi, Ha Hally JyMKY, CJIIJT pPO3JAUIMTH Ha 3 TpyIu:

1) moBHOBa)KE€HHS 10]10 MoTNepeHKEHHS MOpYIIEeHb CaHITapHUX HOpM
paniamiifHoi 6e3meKku: a) 3A1MCHEHHS Harjasay 3a JOTPUMaHHSIM OpraHaMy BUKOHaBYOl BJiaau Ta
OpraHaMH MICIICBOTO CaMOBPSIIyBaHHs, MIAMPUEMCTBAMH, YCTAaHOBaMH, OpTaHi3allisiMd Ta
TPOMaITHAMH CaHITaPHOTO 3aKOHOJABCTBA, a TAKOXX KOHTPOJIIO 3a MPOBEJCHHSIM CaHITAPHUX Ta
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npoTueniieMiuaux (MpodiTakTUYHUX) 3aXOMdiB, BHUKOHAaHHSM  IPOTpPaM OXOPOHHU 3I0POB'S
HaceJIeHHs; 0) MPOBEICHHS MEPEBIPKU Ta BHUada BHCHOBKIB Ha BIJMOBITHICTh 00’ €KTIB 1 CHOPY/I,
10 BBOJATHCS B €KCILTyaTaIlilo, CAaHITApHUM HOPMaM.

2) TOBHOBAXEHHS IIOJI0 NMPUIUHEHHS TMOPYIICHb CaHITAPHUX HOPM paiialiiHoi Oe3neKu:
a)BHOCUTH OOOB’SI3KOBI JJIi BUKOHAHHS TPOIMO3HINI MIOJ0 YCYHEHHS BUSBICHUX MOPYIICHBb
CaHITapHOTO 3aKOHOJIAaBCTBA, 3/1IICHIOBATH B YCTAHOBJIEHOMY 3aKOHOM MOPSAKY IPOBAPKCHHS Yy
cIpaBax IpO MOPYIICHHS CaHITAPHOTO 3aKOHOJABCTBA; 0) BUJABAaTHU MOCTAHOBU PO THMYACOBY
3a00pOHY BUPOOHHMIITBA, 3200pPOHY BUKOPHUCTAHHS HKEPEs 10HI3YI0OUOTO BUIPOMIHIOBAHHS Y TOMY
pasi, Kol He 31MCHEHO X Tiri€HIYHY PEerIaMeHTAllil0 Ta JEp)KaBHY PEECTPAIliio, a TAKOK KOJH iX
BU3HAHO IIKIJJTMBUMH I 37J0pOB’S JIFOJICH; B) BHIIyYaTH 3 peaiizaiii(koHdickalliro) HeOe3neuHi
JUIS 30POB’Sl paAi0aKTUBHI PEYOBUHH Y MOPSAKY, 110 BCTAHOBIIOETHCS 3aKOHOJAaBCTBOM.

3) NMOBHOBaXEHHS IOAO PO3CIIAYBaHHS MOPYIICHb y cdepi 3abe3leueHHs pajialiiHoi
Oe3meKkd Ta 3aCTOCYBAaHHS AJMIHICTPATHBHHUX CAaHKINM: a) pO3CHIiIyBaTH NPUYUHH Ta YMOBHU
BUHUKHEHHS pajialliiHuX ypa)KeHb JI0Jieil; 0) BUAaBaTH MOCTAHOBU MPO HaKJIaJeHHS mTpady Ta y
nepe0aueHUX 3aKOHOM BHUIIQJIKaX 3aCTOCOBYBATH (DiHAHCOBI CAHKIIIT 3a MOPYIICHHS CAaHITAPHOTO
3aKOHO/IABCTBA; B) CKJIAJaTH aKTH 1 MPOTOKOJM MO MOPYIICHHS CaHITapHOTO 3aKOHOJIAaBCTBA Ta
BUJIaBATH TIPUITMCH, TIOCTAHOBH. “THCTPYKIliS MPO MOPSIIOK 3aCTOCYBAHHSI JICPKABHOIO CaHITAPHO-
emiZIeMIOJIOTIYHOI  CIY>K0010 YKpaiHM aaMiHICTPaTUBHO-3aMOODKHUX 3aXOAiB  (OOMEKEHHs,
TUM4YacoBa 3a00poHa, 3a00poHa, IPUIIMHEHHS], 3yIIMHEHHS)”, 3aTBepkeHa HakazoM MO3 Ykpainu
Bix 14 kBitHa 1995 poxy( B pemaxuii Bix 25 rpyaua 2011 poky) nepenbaydae, mo migcTaBor uis
3aCTOCYBaHHS aJMIiHICTPAaTUBHO-3aMO0DKHUX 3aXOJiB € MOPYILIEHHS CaHITapHOTO 3aKOHO/aBCTBA,
JI0 SIKOTO BiTHOCSATBHCSI TAKOXK 1 JepXaBHI CaHITapHI HOPMH, MpaBHJA 1 TICiEHIYHI HOPMATHBH Yy
chepi 3a0e3nevueHHS pajlialiiftHOl Oe3MeKH.

MO3 Vkpainu Ha ChOroaHi GOpMaIbHO 3IHCHIOE 1 KOOpJAMHALIID pPoOIT, IOB’A3aHUX 13
CTBOPEHHSIM Ta (YHKI[IOHYBAaHHSM €JUHOI JepKaBHOI CHCTEeMH KOHTpPOJIIO Ta OOJiKy
IHIUBIAyaJbHUX /103 ONPOMIHCHHS HACCJICHHS, 3TiAHO 3 BUMOraMu 3akoHy Ykpainu “TIpo 3axmct
JIIOJIMHU BiJl BIUIMBY 10HI3yHOUOT'O BUIIPOMIiHIOBaHHS Bif 14 ciuns 1998 poky Ta BIAMOBIAHO 10
nocraHoBu Kabinery MinictpiB VYkpainu “IIpo mHopsgoK CTBOpPEHHS €IUHOI Jep>KaBHOI
CHUCTEMH KOHTPOJIO Ta OOMIKY 1HAMBINYyaJbHHUX J03 ONPOMIHEHHS HaceleHHs Bifg 16 Oepesns
1999 poxky.

HactymuuM opranoMm, SKuil 37iHCHIOE KOHTPOJBHO-HATMSAIOBY [ISIBHICTE Y cdepi
3a0e3neueHHs pajialiiiHoi O0e3nexu, € Jlep>kaBHa eKoJIoTiyHa 1HCIIEKIisl Y KpaiHu, MOJI0KEHHS PO
Ky 3aTBep/pkeHo ykazom [lIpesumenta Ykpainu Big 13 xBitHs 2011 poky. [lepskexoiHCHEKIIis
VYkpainu, BIAMOBIIHO 10 MOKJIAJACHUX 3aBAaHb, 3M1MCHIOE JCp)KaBHUM Harjisg (KOHTPOJIb) 3a
JOJIep’KaHHSM LIEHTPAIbHUMU OpraHaMi BHUKOHABYOi BJIaAU Ta iX TEPUTOPIaIbHUMHU OpraHAMH,
MICIIEBUMH OpraHAMH BUKOHABYOi BIIQJHM, OpraHaMH MICIICBOTO CAMOBPSAYBaHHS B YacTHHI
3M1IICHEHHSl JIeJIeTOBaHUX iM MOBHOBA)KEHb OPTraHIB  BUKOHABYOi  BIAAHM, MIANPUEMCTBAMH,
yCTaHOBaMU Ta OpraHi3aliiMd HE3aJle)KHO Bl (QOpPMHU BIACHOCTI 1 rocrnojaprOBaHHS,
rpoMaJisiHaMu YKpaiHu, 1HO3EMIIMU Ta oco0amu 0e3 TpOMaAsSHCTBA, a TAKOX IOPUIUYHUMU
ocobamH - Hepe3HIeHTaMi BUMOT 3aKOHOJIaBCTBA IIPO €KOJIOTIUHY Ta pajialiiiHy Oe3meKy.

BigmoBigHo no “TlonmokeHHST MPO EKOJOTIYHMN KOHTPOJb y IYHKTax MPOMYyCKYy uepes
JIep>KaBHUN KOPJOH Ta B 30HI AISUIBHOCTI perioHalbHUX MUTHMIb 1 MUTHHIL BiJl 8 BepecHs 1999
poky (B pemakiii Bim 23 mwmcromama 2009 poky) OIHHUM 3 TOJOBHHX 3aBIaHb IiPO3ILIiB
TEPUTOPIAIBHUX OpraHiB MIHOpUPOAW, 110 3A1MCHIOIOTH E€KOJIOTIYHUI KOHTPOJb Y MYHKTax
MPOIYCKYy Yepe3 JepKaBHUW KOPJOH Ta B 30HI JISUIBHOCTI PEriOHaTIbHUX MUTHHIL 1 MUTHHIb €
TOTIepEKEHHST He3aKOHHOTO BBE3CHHS, BUBE3E€HHS a00 TPAaH3UTY TEPUTOPi€l0 YKpaiHW BaHTAXKIB,
10 MICTATh PaiOaKTHBHI U 1HINI HeOe3MmeuHi Ui HaBKOJMIIHBOTO MPHUPOIHOTO CEPeNOBHINA 1
3JI0pOB’sl JIIOJe peYOBHHHU Ta 3a0€3MEUEeHHS KOHTPOJIIO 32 MEePEBE3EHHAM PaJl0aKTUBHUX PEYOBUH
1 iAepHUX MaTepialliB Ta MPOBEJACHHIM XiMiKO-aHAIITUYHOTO KOHTPOJIO PEYOBHH.

Buxonsun 3 BHINEBUKIAJACHOTO TIOBHOBAaXXCHHS KOHTPOJIBHO-HATIIAOBOTO XapakKTepy
3MICHIOITH Jlep’kaBHa perioHalbHA 1HCHEKIlisS 3 sSAepHOI Ta paniamiiiHoi Oe3meku, Jlep:kaBHa
CaHITapHO-€MiJIeMioJIoTIvHa clyk0a, Jlep>kaBHa eKoJOriyHa I1HCIEKIisl YKpaiHW Ha JepKaBHOMY
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KOpJIOH1 YKpaiHu, O BXOMAATH O CKJIQAy PI3HUX OPraHiB JIep>KaBHOI BUKOHABYOI Biaau y cdepi
3a0e3neveHHS paJlialiifHOl Oe3MmeKH.

HeBu3HaueHICTh CTAaTyCy €IMHOTO OpraHy Jep:KaBHOTO Harisay y cdepl 3abe3meueHHs
pamiamiiiHoi Oe3NeKu, po3wieHyBaHHA (YHKIIA JIepkaBHOTO Harmiay y cdepi 3abe3reueHHs
pamiamiifHOi Oe3meKd MiX PI3HUMH CTPYKTYPHUMH TMiAPO3AiIaMU, OOMEXKEHHS MisIIbHOCTI,
CIIPSIMOBAHOI Ha JOTPUMAaHHS JIFOYMX HOPMATHUBHUX BHMOT y cdepi 3abe3rneueHHs paaiamiiitHol
0e3meKH, TUTbKM HarJIAJ0BUMHU (DYHKIISIMU MIPU3BOJUTH J0 HEY3TOMKEHOCTI il 1o 3a0e3MeueHHIO
pazaiaiiiHoi Oe3IeKH.

BumeBukiiagene, Ha Hally TyMKY, Ja€ 3MOTY TOBOPUTH IIPO HEOOXITHICTh (PYHKIIIOHYBaHHS
JUIIE €IUHOTO €(EeKTUBHOTO OpraHy JEp)KaBHOTO HArjsay y cdepi 3abesneueHHs pamiariiiHol
Oe3rneKky, IOPUAUYHI TTOBHOBAXCHHS Ta TEXHIYHA KOMIIETCHIIS SKOTO JO03BOJSATHME 3a0€3MeUnuTH
HajiiHe Ta Oe3rmeyHe BUKOPUCTAHHS SAECPHUX TEXHOJIOTIM Ta JDKEpesd  10HI3YHUYOro
BUIIPOMIHIOBAHHSI.
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IHHOBAaINiNHI TEXHOJIOTII B MeIUIIVHI
- [IpoMeHeBa AiarHOCTHKA

- Pagiorepamnia
- ApepHa MeauIIMHA
- ®yH1aMeHTaJIbHi JOCAIKEeHHA

Innovation Technologies in Medicine
- Radiodiagnostics

- Radiotherapy

- Nuclear medicine

- Fundamental research

ONTUUMIBALISA MAPAMETPIB /151 MIHIMI3ALII CHOTBOPEHB B MATHITO-
PE3OHAHCHUX CUCTEMAX 3 BEJIMKOIO IHAYKIIE€IO TOJIA

A.B. Anekceenko, C.II. Paguenko

Kageopa meouunoi padiogizuxu, Kuiscoxuii nayionanvnutl ynisepcumem imeni Tapaca [lleguenka
npocn. I'nywkosa, 41, m. Kuis, Ykpaina, 03022;
+38 (044) 526-10-73; alexrpd@univ.kiev.ua

AHorauis. [lomanpie MOKpamleHHS PO3ALIBHOI 3IAaTHOCTI Ta CKOPOYEHHS Yacy OOCTEKECHHS BHMAarae
nepexoay 1O BUKOPHCTaHHA MarHiTope3oHaHcHHX Tomorpadiunnx (MPT) cucteM 3 BENMKOIO iHIYKIIERO
Mar”iTHOro moms. Takuil mepexij BUMarae BpaxyBaHHS €(eKTiB, sSKi BHHHKAIOTh NMPU BUCOKUX IOJIX.
3aco0amMu MaTeMaTHYHOTO MOJENIOBAaHHA €(EeKTiB MPOBOANUTHCS MOLIYK ONTHMAIBHUX 3HAYEHb HapaMeTpiB
npoBeneHHss MPT ekcriepumenTy Uit MiHiMi3allii mosiBu apTedakTiB XiMIYHOTO 3CYBY Ta 3MiHH CTaJIUX 4acy
penakcariii.

Karouosi ciioBa: marematnune mozemoBanHs, MPT, apredakr xiMiyHOTO 3CyBY, piBHSIHHA brioxa

JocnimkeHHs BILIUBY €(eKTiB, MOB’I3aHUX 31 3017BIICHHAM iHIyKIil MATHITHOTO TMOJIs, OyIo
po3aiuieHo Ha JBi YacTUHU. [lepmry WacTWHY CHpSIMOBAaHO Ha BWSIBIICHHS BIUIMBY apTe(akTiB
XiMigHOTO 3CcyBYy. MojentoBaHHsl Oylio MPOBEACHO MPHU PI3HUX 3HAYCHHSIMU aMILTITYAH TPai€HTYy.
Ile BinmoBigae pi3HiN CHEKTpaJibHIA IMPHHI CUTHATY Ha OAMH MIKCEIb Ui CUCTEM 3 1HIYKIIIEIO
Mar"iTHoro mojss 1.5T ta 3 T. Jlng KUIbKICHOrO aHami3y OTPUMaHUX JaHUX Oyino oOpaHO
KOe(ILIEHT KOpemslii MK PEeKOHCTPYHOBaHMM 300pakeHHSM Ta ¢aHTOMOM. Jlpyra uacTuHa
poOOTH MICTUTh BHUSBJICHHS BIUTUBY 3MIHM 4YaciB penakcaiii Ha SKICTh PEKOHCTPYHOBaHHX
300paxens [1]. s mporo moOymaoBaHO 1 BUKOPUCTAHO TECTOBUH 3pa30k ((paHTOM), BUTIIAL SIKOTO
HaBeJIeHO Ha puc. 1.
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Mo T1. Mc

13 r 1200
1000
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600
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71 0 T

Puc. 1 TecroBuii 3pazok (paHTom).

st monst 1.5 T 9acTOTHHIA 3CyB MiXK PE30HAHCOM ITPOTOHIB BOJM Ta XKHUPIB CKIAIA€ OIHM3BKO
220 I't [2], TOMy 4acTOTHY CMYTY, IO BIAIOBITA€ OJHOMY ITIKCEII0, 0OMPaId HE MEHIIIOKO 3a JIaHe
3HaueHHs. [Ipy bOMy y BHITAJIKy 3BY)KCHHSI CMYTH MOYXHA OYIKYBAaTH CYTTEBE 3POCTAHHS IPOSIBY
aptedakTiB XiMiuHOTO 3CyBY. Ilpm oMy npuOIM3HO KOXHI 4.5 MC CITIHOBI 130XpoMartH, SKi
HAJIKaTh IMPOTOHAM JKHPIB Ta BOAH, c(ha3oByroTbes. B 3amexHocTi Bim 3HaueHHs Tg mnpu
MOJICJIIOBaHHI y TepuIiii 4YacThHi poOOTHM MM OTPUMYEMO pi3HI 3HaueHHs KoedilieHTa
Kopesii (puc. 2).

TE=3 mc TE=5 Mc

Puc. 2 PexkoncTpyiioBaHi 300pakeHHS aHTOMA IS PI3HUX 3HAYEHb Yacy BiTyHHS Tg.

Jlns MozentoBaHHsI MarHiTOPE30HAHCHOTO €KCTIepUMEHTY O0yno obpaHo mochigoBHicTh Echo
Planar Imaging (EPI), sixa BUKOpPHUCTOBYEThCS Ha MPAKTUI JAJS IIBUJKOIO OTPUMAaHHS JaHUX,
Hanpukiaj, GyHKIioHANBHUX HaHuX [3, 4]. ¥V sKkocti TecToBOro 3paska ((panroma) O6yno o6paHo
MOJiedb 13 JBOX LWJIIHJIPUYHUX OO0’€KTIB PI3HOrO AlaMeTpy. 3Hau€HHs NapameTpiB PEUYOBHUH B
yacTuHax 00’ekTa (crami uaciB penakcauii Ti, T, mpoToHHa ryctuHa Mg, ximiuHuit 3cyB [l)
BapifOBAITUCS B IIMPOKHX MEXkKax.

Tabmurs 1 XapakTepHi 3HaUEHHsI CTAJIMX YaciB penakcaiiii MarepiaiisB GpanToMa.

MarsiTHe 1oJe

Marepian | Crana yacy

15T 3T
T4, McC 1000 | 1350
OcHoBa
T,, Mc 50 45
Ti, Mmc 700 950
ITiaknanka

T,, Mc 80 70
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3 mpeAcTaBIEHUX HA PHUC. 3 KPUBHX MOKHA 3pOOUTH BHUCHOBOK, IO 30UIBIICHHS CMYTH
MIPOITYCKAHHS MTPU3BOIUTH 70 MOCcIabIeHHs apTedakTiB XIMIYHOTO 3CYBY, aJieé BUKIUKAE BIAMOBITHE
3MCHILICHHS CIIBBIJHOIICHHS] CUTHAN/IIyM. JJis 000X KPHBHUX XapakTEPHUM € HASBHICTh YiTKOTO
MaKCUMyMY, 110 BIJMOBIIa€ YaCTOTHIN CMYy3i, OJU3BKIA IO BEJIMYMHUA XIMIYHOTO 3CYBY MPH JaHIN
HAIPY>KCHOCTI MAarHiTHOTO MOJisI, a I CBIAYITH MPO HASBHICTh ONTHMAIBHUX IapameTpiB, IO
3a0e3nevyloTh MiHIMaJIbHUN XapakTep apTedakTiB XIMIYHOTO 3CYBY Ha PEKOHCTPYHOBAHHMX
300pakKeHHSIX.

Buj nanoi kpuBoi € pe3yabTaToM Jiii MPOIeciB peakcallii mpyu pi3HUX 3HAYCHHS CTAIUX Yacy
CHIH-CIIIHOBOI Ta CIIH-TPATKOBOI peiakcalii nmpyu 30UIbIIEeHH] iHAYKTHBHOCTI CTAJIOr0 MarHiTHOTO
TOJISI.

0,9
0,8
0,7
0,6
0,5

04
0 200 400 600 800 1000
Tu/mikcenn

Puc. 3 — 3anexxHicTh KoedillieHTa KOpesiilii peKOHCTPYHOBaHOTO 300paKeHHS 3pa3Ka
BiJ 9acToTHOI cMyTHy KoayBaHHs: a) 3 T, 0) 1,5 T (wac Bimmynns TE=10 mc).

1
0,9
0.8 0
07

0,6

0,5

04
0 10 20 30 40 50 60 70 80 90 100

Tk, Mc
Puc. 4 3anexHicts koedimienTa kopemsmnii Big yacy Tg: a) 3 T,06) 1,5 T
(CnexrtpanpHa mmpuHa Ha mikcens — 400 I'm).

Kpusi, HaBeneni Ha puc. 4, CBig4aTh, IO CKOPOUYCHHS 4Yacy BIIUIyHHS Tg € OJHHM 13
e(deKTUBHHUX CMOCOOIB MOKPALCHHS XapaKTEPUCTUK PEKOHCTPYHOBAaHMX 300pa)keHb Ta CIocoOoOM
3MEHIIEHHS BIUIMBY apTedakTiB XiMi4HOro 3cyBy. OJHaK 3HauHE 3MEHILIEHHS 3HAYEHHS JAAHOTO
napaMeTpy BUMarae 3aCTOCYBaHHSI BUCOKUX TpaficHTIB mous. [ligBUIIeHHs TpaJi€eHTiB MOXKe OyTH
MOB’S13aHO 31 30UIBIIEHHSAM TEXHIYHMX BUMOT 10 TOMOrpadiyHOro oOJaJHaHHA Ta HEraTHBHUX
BIUIMBIB, BUKIIMKAHUX 1HAYKIIHHUMHU CTpPYMaMHU B JOCIIDKYBAaHOMY 00’ €KTI.
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OIIEHKA BO3MOXXHOCTEM IIA®POBOI'O YBEJIUYEHUS KOHTPACTA
®JIIOPOTPA®UYECKHUX N30BPAKEHUN

JLH. Acaamora’, H.B. Meaenesckas™ , C.1. MI/IpOHIHI/I‘leHKOZ'3,
H.C. MupomiHu4eHKo L2, H.A. Pagbko’, E.B. T pflﬁOchm1

1) Kueeckuti hayuonanvhwlil ynusepcumem umenu Tapaca Lllesuenko
2) Hayuno-npouszeoocmeennoe obweounenue « Teneonmury
3) Accoyuayus paouonoeos YxpauHul
*Vuyebno-nayunsiii yenmp paouayuourou besonacnocmu, Kuesckuii HayuonanibHwlil yHuepcumem

umenu Tapaca Illesuenxo, yn. Braoumupckas, 64/13, e. Kues, 01601, Ykpauna,
m/¢gp +38(044) 521-32-84, radbez@gmail.com

AnnoTtanus. B pabote npeacTaBneHsl pe3yabTaThl CPABHEHUST BO3MOXKHOCTEH YBEIMUCHHUS KOHTPACTa TECT-
00BEKTOB Ha PEHTICHOBCKUX HM300paKCHHAX 32 CUET NMPHUMEHEHHS OTCEHMBAOIIETO pacTpa M mu(poBoit
o0paboTtku. [lokazana BO3MOXXHOCTH YMEHBIICHHS J[O30BOM HArpy3kum Ha TMalCHTOB BO BpeMs
(hmrooporpaduueckoro ckpuHuHra. ['pymHas KJIeTKa MalMeHTa MOJACIUPOBAIACH C IOMOIIBI0 BOJIHOTO
(hanTOMa W3MEHsIEMOW TONIIUHBL. KadecTBO CHUMKOB CpPaBHUBAJIOCH 0 KOHTPACTy H300paKeHUS TECT-
obbekTa. OrmpeseneHa IMIOTHOCTh MAIMEHTOB, JJISI KOTOPOW BO3MOKHA 3aMEHA OTCEHBAIOIICH PEIICTKH
UQpoBoii 06pabOTKOM PEHTTEHOBCKOTO N300paKEeHUSI.

Abstract. The contrast methods of X-ray test-objects digital images improvement were compared. The dose
exposure during the chest screening was generally significantly reduced by software digital processing. The
water phantom simulated a human chest with variable thicknesses. The image quality was estimated due to
the test-object contrast. The anti-scatter grid was shown to be replaced by digital processing for patient group
with determined chest thickness.

KaroueBnle cioBa: mudposas ¢urooporpadus, opraHbl IPYJIHON KJISTKH, J030Bas Harpyska, IugppoBas
00paboTKa H300pakeHNsI, OTCEHBAIOIIHNE PACTPHI.
Key words: digital chest screening, chest organs, dose exposure, digital image processing, anti-scatter grids.

BBenenne. OpHoii u3 mpolieM  €XKEroAHOro IJIaHOBOro  (uIrooporpagpuueckoro
oOciieZIoBaHUs SIBISIETCS 3HAUMTENbHAs J030Basi Harpyska, royiydaeMmasi HMalueHTaMH, OCOOCHHO
IPY UCTOJIb30BAHUH OTCEMBAIOLIUX PACTPOB. B CBA3M ¢ 3TUM, B mociegHee BpeMsl HAMEUEHBI yTH
CHIDKEHMS JIy4eBOM Harpy3kd Tpu paguorpaduueckux mporenypax. OHHM BKIIOYAOT B ceOs
UCTIONIb30BaHNE OT(HUIBTPOBAHHOTO PEHTTCHOBCKOTO TMydYKa (JOCTUTAeTCS MPHU HUCHOIB30BAaHUHU
ATIOMUHHMEBBIX (QWIBTPOB PA3IMUYHON TOMIMMHBI (OT 2MM)), CTPOrOo€ OTpaHUYCHHE pPa3MEpPOB
oOnydyaeMoil 00facTM Teja NAalMeHTa, TMOJEpKaHHe MAaKCHUMAaJbHOIO pAaCcCTOSIHUA MEXAY
PEHTTEHOBCKOM TPYOKOW WM ManueHToM. TakkKe peKOMEHIyeTCsl yCTaHOBKA HHU3KUX BEJHMYWH TOKa
TpyOKH, BbICOKMX 3HaueHud KVp (C ydeToM TOJIIUHBI Teja MAlMeHTa) U BO3MOXHBIH OTKa3 OT
UCTIONIB30BaHUsl  OTCeMBaOmMX pactpoB [l1]. Hmke paccMaTpuBarTCs yCIOBHS —3aMEHBI
UCTIONIb30BaHUs pacTpa Ha U poByro 00paboTKy ¢urooporpaduueckux n300pakeHUH.

Jlns anexkBaTHOM OLEHKHM J030BOM Harpy3ku mHpu Quirooporpaduyueckux HCCaea0BaHUIX
OpraHOB TPYAHOW KIETKH B KIMHMYECKON TMpaKTUKE HCIONB3yIOTcs ¢aHToMbl. CoriacHo
PEKOMEHAANUSAM PETYIHPYIONNX OpPraHW3alui, B OCHOBHOM HCIIOJIB3YIOT aHTPONOMOp(hHBIE
(haHTOMBI TPYIHOHN KJIETKH, KOHCTPYKIIUS KOTOPBIX Mog00Ha GaHToMy, paspaboranHoMy LlenTpom
[Tpubopos u Pagmonornueckoro 3noposbs (Center for Devices and Radiological Health) (CDRH
danTombl) [2]. Takue (aHTOMBI TPEACTABIAIOT co00i OOKCHl M0 25,4 cM 0OIIEel TONIINHBI,
conepxkame [3] cinoit momumermiMerakpwiata (PMMA) tommuuoi 7,6 cM, adtOMUHUEBYIO
IUTACTUHY TOMIMHOW 4,6 MM (CO CTOPOHBI BXOJa PEHTI'€HOBCKOrO Iydka), a Takxke 7,7 cM
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BO3JYITHOTO TPOMEXKYTKAa MEXKIY BBIXOJAHOH CTOPOHON (aHTOMa ¥ BXOJOM IIPUEMHHUKA
n3o0pakeHus. Takol TpymHOW ¢aHTOM (C BO3AYIIHBIM MPOMEXYTKOM) cooTBeTcTByeT 10,5 cM
TOJNIIMHBI CJIOS Boabl uiu 10 cM akpuiaa M CUHMTAETCsl IO PEHTICHOBCKOM IUIOTHOCTH
SKBUBAJICHTHBIM MMalMEHTy CPETHUX PA3MEPOB.

CoriacHO CaHUTApHO-TUTUEHUYECKUM HOpPMaM, ‘CTaHJapTHHIM® MAaIlMEHTOM CUHUTAETCA
B3pOCIIbIN YesioBek BecoM 71,1 kr, mpu pocte 174, ¢ pasMepoM Topca B nepeaHe-3aaHEN NPOCKIIUU
20 cM u GokoBoii - 40 cM. PekoMeHyeMblie mapaMeTphbl UCCIIEAOBAHNUS OPTaHOB TPYIHON KIETKU
BKJIFOYAIOT pa3Mep ucciemayeMoit obmactu 35x35 cM, pokycHoe paccrosaue 100 cMm, HanpsokeHHe
Ha TpyOke 80 kB, akcmosumuio 60 MAc, mpu dem pacderHas 3¢ (deKTHBHAsI 1032 COCTABISAET
800mk3B [4]. Takum oOpa3om, CpelHEMY IAIMEHTy C TOJIIMHOW TpyaHOH KieTku B 20 cwM,
OTBeuaeT BOJHBIN (paHTOM TONmuHOMK 10,5 cMm.

B kiIMHMYECKON pPEHTIeHOJOTHMH AaKTyallbHBIM SBJSETCS OajaHC MEXIy MOJydyeHUEeM
Ka4eCTBEHHOTO M300paKeHUS, UMEIOLIET0 JOCTATOUYHbIN I 0OHApY>KEHHsI MMaTOJIOTHH 33JaHHOTO
pa3Mepa KOHTPAcT, APKOCTh U YETKOCTh, U MaKCHMaJbHBIM CHUXEHHEM JI030BOM Harpy3kou Ha
NanueHTa MNpu [POBEIEHUM UCCIeAOBaHMU. [l MalMeHTOB C MHAEKCOM MacChl Tena,
MPEBBIIIAIOIIMM CTaHJAPTHYIO BEIMYMHY (TOJIIMHY TOopca B OOJIACTH TPYAHOH KIETKU Ooiee
20cMm), mpobremMa MONYYCHHsI MOBBIICHHON JIydeBOM HArpy3Ku CTOUT O0COOCHHO ocTpo. Ilpm mx
o0cie10BaHUH MPUMEHSIOT OTCEUBAIOILIUE PACTPHI (PELIETKH), YTO COMPOBOXKIACTCS YBEIHMUCHUEM
JI030BOM HArpy3kd Ha marueHta B kodddumuent byku (tummuno B 2-4 pasa). Kak mokazaHo B
pabote [5] mpu Takux OOCIENOBaHMSAX BAXKHO ONTHMH3UPOBATH BHIOOD HANpPSOKEHUS Ha
PEHTIC€HOBCKOM TpyOKe, TaK KaK KBAaHThl C HU3KOW SHEPTrUeH MOTJIOMIAIOTCS TEJIOM MallUeHTa U
0ecrone3Ho yBENWYHMBAIOT MOTJIOIIEHHYIO 103y, a KBAaHTBbl C BBICOKOM D3Hepruei HaoOOpoT,
o0agaroT OONBIIONW TMPOHUKAIOMIEH CIOCOOHOCTHIO W MajbIM morjomeHueM. K coxanenuio, B
MOCIIEAHEM Cllydae 3HAUUTEIbHO CHUYKAETCS] KOHTPACT MOJIy4eHHOro cHUMKa. OTHOIIEHHE CUTHAJI-
IIyM IpU U300pakKeHUU OJHOPOAHOIO OOBEKTa Ha OJHOPOAHOM (DOHE ONMUCHIBAIOT C IOMOIIbIO
monenn Poze [6]. JlanHas wMonenb omnpenenseT W3MEHEHHE IUIOTHOCTH CpeAbl C  Y4eTOM
3aBUCUMOCTH KO3 (HUIMEHTA IOTJIOIMICHHS OT SHEPIHHM ramMma-kBaHToB. Hampumep, B padote [7]
OBLJIO TMOKa3aHO, 4YTO MpPH YCIOBUHM (PUKCUPOBAHHOM JIO3bI, KOTOPYIO TMOXy4aeT (aHToM,
3aBUCUMOCTD CUTHAJI-IIIYM OT YHEPTHU UMEET YETKO BBIPAKEHHBIH MakcuMyM. Cre10BaTeNbHO, IS
KOKJIOTO pa3Mepa NalMEHTa CYIIECTBYET ONTUMAajbHAs SHEPIrHsl KBAHTOB, YBEIMYECHHE WIIU
YMEHBIIIEHUE KOTOPOH MPUBOIUT K YXYAIICHUIO KayecTBa H300pa)KEHUsI WM HEOIpaBIaHHOM
JI030BOM HarpyskKe.

B npuBeneHHBIX HUXKE pe3ynbTarax HCCIEAOBAHUNM MOJenupyercss oOcielnoBaHuE Kak
“cTaHIapTHHIX’ MAlMEHTOB [§], TaK M NAMEHTOB MOBBIIIEHHON MJIIOTHOCTH, JIsI KOTOPBIX OTKa3 OT
MCIIOJIb30BaHUsI OTCEUBAIOIUX PACTPOB 0CO00 aKTyaseH.

Martepuanbl U MeToabl. VccrnenoBaHus BBIMOTHEHBI Ha CaMO3AIIMIIEHHON IU(GPOBOI
PEHTI€HOBCKON  ycTaHOBKe B  Jaboparopuu  HayyHO-poM3BOACTBEHHOTO  OOBEIUHEHMS
«Teneontuk», 1. Kue, Ykpanna. OcCHOBHOW 1enpi0 Oblla MpPOBEpKa BO3MOKHOCTH 3aMEHBI
OTCeHBaloIIeH pemeTk u(poBoit 00padOTKON N300pa)KEHUN ¢ TOMOIIBIO CIIEIUATU3UPOBAHHOTO
naketa nmporpamm ContextVision CVIE - Teleoptic -XR2 — AD.

B skcriepuMeHTe HCIOb30BATUCh PEHTIEHOBCKHIA reHepatop ¢upmbl Listem. PentrenoBckue
U3JIYyYCHHE TEHEPUPOBAIOCH C MOMOIIBI PEHTICHOBCKOWM TpyOku ¢upmbl Toshiba. M3mepenus
MIPOBOJIUJIUCh TIPH TIOCTOSIHHOM HampspkeHuu Ha Tpyoke 81 kBT, paccrostHMe (QoKyc-HCTOUHUK
cocraBnsio 125 cm. Ucnonb3oBanmack otceuBaromas pemierka ¢upmel SOYEE 11104 ¢
otHouienueM 10:1, yactoroit 51 nunus/cM, pokycHbIM paccTtossHreM 120 cMm. CHUMKHY NOTy4Yallu Ha
uppoom npueMuuke (IONA — R-4000) nmpouzsoactsa HITO «Teneontuky.

[Tpu uccrnenoBanusix B KauecTBe kputepus 3¢dekTuBHOCTH npeoOpa3zoBaHUs W300paxKeHUs
MPUHUMAJIOCH YBEJIMYEHHE KOHTpacTa TecT-00bheKTa B BHJAE altoMuHHUeBOro mucka (Puc.l)
tomuuHoM 0,5MM wm gmamerpom 15 mMm. ['pynHas KieTka mnamueHTa B 3KCHEPUMEHTaX
UMUTHpPOBanach BOAHBIM (aHnTomMoM TommuHOM 3-21 cm Bomel. Kaxmas cepus wusMepeHuit
MIPOBOJIUJIACH C IIaroM B 3 CM YTOJIIECHHS CJIOS BOABI B (hanTOoMe. DaHTOM MepeKphIBal BXOIHYIO
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IJIOCKOCTb PCHTICHOBCKOI'O TMPUCMHHUKA, a QJIOMHUHHCBLIC JUCKH YCTAHABJIMWBAJINCHL IICPCH
(haHTOMOM CO CTOPOHBI PEHTT€HOBCKOW TPYOKH.

0Ll Pl Ao Hogiooden noveswug
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@

&

Lrmn a2

Torm afuekmy

Puc.1. Cxema 3KCIEpUMEHTAIbHON YCTAHOBKHU.

DKCIO3UIMOHHAs 1033 U3MepsIachk ¢ momomnsio gosumerpa (Radcal Corporation, tum 2026
Radiation Monitor), nonusanuontas kamepa (20X-60) koToporo pacrosaranach mnepes GaHToMoM
U M3Mepsuia 03y Ha TOBEpXHOCTH (aHTOoMa. JlelicTBHME PEHTTEHOBCKOTO JKCIIOHOMETpa B
JIMarHOCTHYECKOM YCTAHOBKE MMHUTHPOBAIOCH CTAOMIIM3AIUCH SIPKOCTH IOJIy4aeMOro HHQPOBOro
HU300paKCHHS ITyTEM M3MEHEHHS TOKAa TPYOKHM W BPEMEHH DKCIO3UIMU. B sKcnepuMeHTax spKoCTh
crabunn3upoBagach Ha ypoBHe 0koJi0 2000 e uHUII MIKaJIbI SIPKOCTH.

Pacuers Benmnuunbl kodddunmenta koutpacta K nposogunucs mo gopmyse:

K'=(Bos - By)/( By - Br),

rae: Bos — cpenssist sipkocTh 00beKTa Ha M300paxkeHuu; By - cpenHss spkocte (poHa Ha
n3o0paxxkennn; B, — cpemusis spkocTh (poHa Ha M300paKEHHH, TOJYYCHHOM NPHU OTKIFOYCHHOU
PEHTI€HOBCKON TpyOKe

B skcnepumenTax m3mepeHHoe 3HaueHue B; coctaBnsio 1000 egunui. fpkocts ¢oHa Ha
U300paKeHUH ONpEeNsIach MyTeM U3MEpEeHUs 3HaYeHUH ApKOCTH (OHA BO BCEX TOUKAX, KOTOPbIE
Haxoauiuch Konblie (Puc. 2) Bokpyr m3o0paxeHusl alllOMMHHEBOTO JucKa ToiamuHoi 0,5 mm, ¢
JAJIBHENUIINM YCPEIHEHUEM 3HAUCHU.

Bo6

By

Puc. 2. Kounblo uzmepenus sipkocTu GoHa H KPYT — IPKOCTH 00BEKTA.

SIpkocTh 00BEKTa HAa M300pAKEHUH OINpeAeIIach MMyTeM U3MEPEHHS 3HAYCHHH SPKOCTH BO
BCEX TOYKaX, KOTOPbIE HAXOAMIUCH B KPyre Ha N300paKEHUH aFOMUHHUEBOTO JHUCKA C JATbHEUIITUM
YCPEIHEHHEM 3HAYCHUH.

[Ipu mpoBeAeHHH SKCIEPUMEHTAIBHBIX HWCCIEIOBAaHUN ObBUIM BBIOPAHBI THIUYHOE IS
CKPUHHMHTOBBIX 00CIIeTOBAaHWN «CTaHIAPTHOTO» MarueHTa HanpsbkeHne Ha Tpyoke U,=81 kB. Tok
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TPYOKHM M BpEMs SKCIO3WIIMHA PErYIHPOBAINCH B 3aBHCHUMOCTH OT TOJIIUHBI BOJHOTO (haHTOMA
TakuM 00pa3oM, uTOOBI MOJAEPKUBAIACh IOCTOSHHAS SPKOCTh BBIXOJHOTO PEHTIE€HOBCKOIO
M300paXeHHs B OMTOPHOM 00J1acTH (Ha BXOJIE IU(PPOBOT0 MPUEMHHUKA) C MOTPEIIHOCTHIO + 5%.

O6cyxaenune pe3ybTaToB. [IpoBefcHHE SKCIIEPUMEHTOB B CaMO3AlIUIICHHOW ITU(GPOBOM
PEHTIC€HOBCKOM YCTaHOBKE C MCIOJIb30BAHUEM JTUCTAHIIMOHHOTO YIIPABICHUS HM3MEPUTEIbHBIM
KOMIUIEKCOM ~ TO3BOJIWJIO  HMCKJIIOYUTH  ONAaCHOCTb OOJY4YEHHs] OSKCIEPUMEHTATOPOB  JIaXe
HE3HAYUTEIbHBIMH ~ PEHTTEHOBCKUMHU  TOTOKamMu. OJHOBPEMEHHO, Hamuuue IU(POBOTrO
PEHTTEHOBCKOTO MMPHEMHHMKA J1al0 BO3MOXXHOCTb OOECHEYUTh BBICOKYIO MPOH3BOAUTEIHLHOCTh
HKCIIEPUMEHTANIbHBIX pa0d0T — 10 2-X U3BMEPEHU B MUHYTY.

[IpumeneHne KOJIbLIEBON 30HBI yCpPEeIHEHUs SPKOCTU (hOHA BOKPYT TECT-OOBEKTA, a TaKKe
Kpyra yCpeIHEHHUs Ha TeCT-OOBEKTE IMO3BOJIMIO YMEHBIIUTH OMMOKY M3MepeHus koddduimenrta
KOHTpacTa 70 BenuyuHbl MeHee 0,5%. DTo 1ano BO3MOXKHOCTh M3MEPATh KOHTPACT TECT-00BhEKTa
Ha ¢oHEe BogHOrO (hantomMa TOMmMUHON 21 cm. Benmnumna ko3dduimenra kKoHTpacTa majaana Jao
BennurHbl MeHee 1%. BusyanbHo TecT-00beKT Ha U300paskeHnU He HaOIroAacs.

Tabmuma 1. [lapameTpsl U3Ty4eHUS M pE3yIbTaThl U3MEPEHUN

Croit Paspe- K%
e U g t, MC | BOJBI Jlosa LIeHHe K% | mudposas Yenosia K
m/n | kB | MA ’ mP HUCIIBITAHUI Byt
cM TLJI./MM 00paboTka

1. 8l | 63 25 0 6,47 4,0 5,9 13,9 Bona

2. 81| 80 32 0 10,89 4,0 55 13,1 Boa u pemnierka 1,7
3. 81 | 63 50 3 14,19 3,7 2,9 8,8 Bogaa

4, 81 | 160 | 50 3 36,0 3,7 4,2 10,5 Boga u pemnierka 2,5
5. 81 | 160 | 100 12 84,3 3,1 15 4,1 Bona

6. 81 | 320 | 160 12 270 3,1 2,6 7,5 Bogna u pemnierka 3,2
7. 81| 320 | 80 15 139 3,1 0,9 2,8 Bona

8. 81 | 320 | 250 15 432 3,1 2,0 6,2 Bona u penietka 3,1
9. 81 | 500 | 80 18 | 226,5 2,7 0,5 2,0 Bogaa

10. | 81 | 400 | 400 18 823 2,7 1,5 4.8 Bopa u pemerka 3,6
11. | 81 | 500 | 160 21 481 2,5 0,5 1,0 Bona

12. | 81 | 320 | 800 21 1536 2,5 1,6 3,2 Bopna u penerka 3,2

be3 mnpumeHeHuss Kakux-IMOO CPEJICTB MOBBIIMIEHUS KOHTpPAcTa TeCT-OObEKTa BBEJCHHE
BOJHOrO (aHTomMa TOMMMHON 3 CM YyMeHbIIaeT KOHTpacT ¢ 6% (xopomias BH3yaJabHas
Habmomaemocts) A0 3% (cmabo BumeH). Ilpu ganpHeiieM yBEIHMYEHUU TOINIIMHBI BOJHOTO
(danTOMa 00BEKT TepsieTcsl U3 BUAYy (KOHTpacT MeHee 1%). [Ipumenenue uudpoBoit 06pabOTKU
n3o0paxenuit (kpuBas 2) 3¢¢deKTUBHO Ha BCEX TONIMIMHAX (aHTOMa M pacmmpseT rpanuny 1%
KOHTpacTa ¢ 15 cM ciost Boasl 10 21 cMm.

[To pe3ynbraraM S5KCIIEPUMEHTOB, HCIOJB30BAHUE OTCEHMBAIOILErO pacTpa (PElIETKH) Kak
CPEJICTBA IMOBBILLIEHUSI KOHTpAcTa TeCT-00bekTa MeHee I(P(EeKTUBHO, YeEM IpHUMEHEHue Lu(pPOoBOI
00paboTKK M300pakeHu# g (GaHTOMOB TONHIMHOM MeHee 20 cM. DTO COOTBETCTBYET TOJILIMHE
TPYAHOM KJIETKHU NaleHTa opueHTUpoBouHO 40 cMm. OmnpeneneHo, 4to Uil MOJdydeHHs CTaOMIbHON
SAPKOCTU TIPU HCIIOJIB30BAHUM pACTpa HEOOXOIUMO YBEIMYUTH J03y Ha KOXe MalleHTa B
koaurment byku Kgyy = 1,7...4,0 pa3 (cMm. mocnennuii cronoern tadm.1).

Crnenyer 0co00 OTMETHUTh, YTO OJAHOBPEMEHHOE HCIOJIb30BAHHWE OTCEUBAIOIIETO pacTpa U
1 poBoit 00pabOTKU N300paKeHU JaJlo HAaUTy4IlIie pe3yJIbTaThl IPU BCEX TOMIIMHAX (PaHTOMOB.
[TosTOMy, MpUMEHEHHE OTCEUBAIOIIEH PELIETKH MTPH TOJIIIMHE TPYAHOM KJIeTKH naiuenTta oosee 40
CM WIHM HaOIIoieHHe 0co00 ciadblX MO KOHTPACTy MaTOJIOTMM OMpaBAaHO, XOTS M HPUBOIUT K
3HAYUTEIHHOMY YBEIMUEHHIO JI03bI HA MAIEHTA.

[To pe3ynpTatam 3KCIIEpPUMEHTA MPU YBEITWYEHUHN TONIIUHBI BOJHOTO (panToMa oT 3 110 21 cm
3HaueHue kodddummenta byku Bospactamo ot 1,7 mo 3,6, a paspemiaromias CroOCOOHOCTb
peHTreHorpaguueckoi cucremsl cHwkaitach ¢ 4,0 ma/mm go 2,5 mu./mm. Hcnonb3oBaHue
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OTCEUBAIOIIEro pacTtpa W MmUPPOBO 00pabOTKM H300paKEeHUsT MPAKTUYECKH HE W3MEHSIN
paspemaronieii CmocCOOHOCTH CUCTEMBI.

BbIBoaBI. Pe3ynbTaThl HCCIIeIOBaHU MOKA3BIBAIOT, YTO MIPH YBEIMYCHUHU TOJIIMHBI (haHTOMA
10 21 cM KOHTpacT U300paKeHUs TeCT-00beKTa mamaer ¢ 6% mo0 BenuuuHbl MeHee 1%. Pemerka
YBEJIMYUBAET KOHTPACT 00BEKTa Ha M300PAKEHUU, OJAHAKO MPHU HCIOIB30BAHUU PEHTTCHOBCKOTO
9KCTIOHOMETpPa, IPUMEHEHHUE PEIICTKH BIHYKIAET YBEIMUYUBATH IKCIIO3UIIMOHHYIO 103y B 1,7 — 3,6
pasa.

[Hudposas obpaboTka 11 BOJHOTO (aHTOMA TOMIMUHON 10 20 CM TO3BOJISET JOCTHTaTh
OOJBIIMX KOHTPACTOB, YeM MPUMEHEHHE OTCEUBAIONINX pPAcTpOB O€3 YBETWUYCHHUS BXOIHOMN
MTOBEPXHOCTHOM JI03BI.

[Tpu yBenmu4eHHH TONIMMHBI BOAHOTO (haHToMa oT 3 1o 21 cM paszpemaromias CHOCOOHOCTh
peHTreHorpaguyeckoi cucrempl cHwkanacb ¢ 4,0 ma/mm mo 2,5 ma/mm. Hcnonws3oBanue
OTCEUBAOIEr0 pacTtpa W MHU(PpPoBO 00pabOTKM H300paKEeHUs NPAKTUYECKH HE W3MEHSIIN
pasperniaronieil CmocCOOHOCTH CUCTEMBI.

Takum 00pa3oM, MCIOJBb30BaHUE HU(PPOBOKH 00pabOTKH HM300pa)KCHUM J1aeT BO3MOXKHOCTH
OTKa3aThCsl OT IMPUMEHEHUS OTCEHMBAIOIIEIO PacTpa BO BpeMs OOCIIECIOBAHHMS OPraHOB TI'PYIHOU
KJICTKH TAIMEHTOB, SKBHBAJICHTHBIX 10 INIOTHOCTH BOXHOMY (haHTomMy 10 20 cM, 3a CUET Yero
YMEHBIIIUTH JO30BYIO HATPY3KY Il INIOTHBIX ManueHToB B 1,7...3,6 paza.
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HOBI METO/H YJbTPA3BYKOBOI EJJACTOIPA®II M’IKUX TKAHUH

€.0. bapannux™, I.B. CkpecanoBa

Xapxkiscokuu nayionanvuuu ynieepcumem imeni B.H.Kapasina
* na. Ceoboou,4, m. Xapkie, Yrpaina, 01001,
+(38) (066) 2420190; evgenij.a.barannik@univer.kharkov.ua

AHoTanisi. Po3risHyTi HOBI METOIM yIBTPa3ByKOBOI JIarHOCTHKH NPY>KHUX BIACTUBOCTEH M’SIKMX TKaHUH
Ta MPOBEJICHO 1X MOPIBHSIBHUI aHalli3, 30KpeMa, 32 TOUHICTIO BUMIPIOBaHHS IepeMillleHb. 3arpOOHOBAaHO
HOBUH aJTOPUTM BUHAWJCHHS MPYKHOCTI Ta 1HII HOBI METOJIH, IO CTOCYIOTHCSI MEXaHIYHUX BIACTUBOCTEH
M’S[30BUX TKAHHMH Ta M’SIKHX TKaHUH MPH TilepTepMii.
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AHHoTanus. PaccMOTpeHbl HOBbIE METO/IbI YIIBTPa3BYKOBOUW JMArHOCTUKU YIPYTUX CBOMCTB MATKUX TKaHEH
Y TIPOBEJIEH MX CPaBHUTEIbHBIA aHAIN3, B YACTHOCTH, [0 TOYHOCTH U3MEpeHUs nepemenieHuit. [Ipegnoxen
HOBBIN AITOPUTM HAXOXACHUA YHOPYrOCTH MW APYIUE€ HOBBIC MCETOJbI, OTHOCAIIMUECA K MCEXAaHWYCCKUM
CBOMCTBAM MBIIIEYHBLIX TKaHEH U MITKHUX TKaHel IIpU TUIICPTCPMUU.

Abstract. New ultrasonic diagnostic methods of elastic properties of soft tissues were considered.
Comparative analysis of these methods in terms of accuracy of displacement measurements was carried out.
New algorithm of elasticity estimation and other methods concerning mechanical properties of soft tissues
during hyperthermia and muscle tissue were proposed.

KurouoBi ciioBa: enactorpadist, MOIyIb 3CYBY, 3CYBHI XBHJIi, TONIUIEPIBCbKI BUMIPIOBAHHS, TillepTEPMIisl.
KiaroueBble cJioBa: SHaCTOFpa(bI/Iﬂ, MOAYJb CJABUTrAa, CABHUIOBBLIC BOJIHBI, AOOIIJICPOBCKHUEC HU3MCPCHUS,
TUIIEPTEPMHUSL.

Key words: elastography, shear modulus, shear waves, Doppler measurements, hyperthermia.

HeoOximHiCTh CTBOPEHHS HOBHMX METOMIB JIarHOCTUKH IIOB’s3aHa 13 THM, IO TPaJMINIHI
yiabTpa3BykoBi (Y3) Meroan OOCTEKEHHS BHYTPIIIHIX OPraHiB JIIOAWHU 3aCHOBaHI Ha MMOOYHOBI
300pak€Hb Yy BIJMOBIIHOCTI J0 MPOCTOPOBOTO PO3MOJIIY B M’SKHX TKaHMHAX HEOIHOPITHOCTEH
TYCTUHU Ta 00’ €MHOT CTUCIIMBOCTI. Pi3HHIIS B IIUX Mmapamerpax Uil BCiX M’ SIKHUX TKaHWH, BKIIFOUYHO
13 MaToJOTIYHO 3MIHCHMMHM, HE IEPEBHUINYE IEKUIBKOX BiJCOTKIB. L1 oOcraBMHa 00’€KTHBHO
00MeXye YyTIHMBICTh 3BHYAHOI Y3 MIarHOCTUKHA TPH BUSBJICHHI HU3KU TATOJOTIYHHUX 3MiH
(myxnuHU, HAOPsIKKU, UdY31HHI TPOLIECH 1 TaK Jai).

Ha meii wac po3poOieHO [eKilbka HOBHX MEIUYHHUX e1acTOrpadidyHuX METOMIB IS
OTpUMaHHS 1HGOpPMAIIil 100 MPYKHUX BIACTUBOCTEH M’ SIKWX TKaHWH. CHUTBHUM JUIS YCIX IMX
METO/IB € BUMIpIOBaHHS Jaedopmallii TKaHWH BHACIIAOK CTBOPCHOTO TUM YH I1HIIUM (Di3MYHUM
3ac000M HABAaHTAXXEHHS C IMOJATBIIOI PEKOHCTPYKIIEK MPYKHUX MapamMeTpiB. Y HaHOUIbII
MIPOCTOMY 3 HUX BHUKOPHUCTOBYETHCS CTATHYHE 30BHIIIHE HABAHTAXKCHHS, a BeNMYMHA jaedopmarii
BU3HAYAETHCSA 3a JIONMOMOTOK Y3 30HAYBaHHS. 3OBHIIIHA Jisl MOKe OYTH SK CTaTHYHOI — IIe
emacrorpadis [1], Tak 1 awHAaMiuyHOIO. 30KpeMa, MpH COHO- Ta BiOpoemactorpadii [2] y
JIOCTiPKYyBaHUX M’ SIKMUX TKaHWHAX 30ypIOIOThCS HU3bKOYACTOTHI BiOparliiiHi KoJuBaHHS, 3a
XapaKTEPHCTUKAMHM SKUX BU3HAYAKOTHLCA MPYXKHI BIACTMBOCTI — MOAyJIb 3CyBy A Ta IOmnra E .

HenonikoM muxX METOMIB € HEBU3HAYEHICTH JIOKATHHUX HANpPYXeHb 1 JedopMariiid, 1o
BUHHMKAIOTh B TKAHWHAX TPH Jii HaBaHTaXEHHS 3 MoBepxHI. ToMy Oylo po3pobiieHO NeKUIbKa
METO/[IIB, IO JO3BOJISIOTH CTBOPIOBATH y TKaHMHAX JIOKAJIbHI HampyKeHHs Ta aedopmariii 3a
JIOTIOMOTOI0 CHJIM pajiallifHOro TUCKY c(OKycoBaHOTO yibTpa3ByKy. [lis pamiamiiiHOro THUCKY Y
[OMY BHUMAJKy OOMexxeHa (OKaIbHOI 00JIACTIO, 110 JO3BOJISE Ka3aTH MPO CBOEPIAHY BipTyalbHY
aKyCTUYHY TaJbMaIliio. 3aCTOCYBaHHS IMITYJIbCHOI BIJJAJICHOI aKyCTHYHOI MajbMalli, cxema siKoi
noka3ana Ha Puc.l, mo3Bonse 30yproBatu 3cyBHI Aedopmariii i XBuii 6€3MocepeHb0 Y TKaHUHAX.
o MeToiB, 110 BUHUKJIM Ha 11 0CHOBI, BiiHOCAThCs Shear Wave Elasticity Imaging (SWEI) [3],
Acoustic Radiation Force Imaging (ARFI) [4], Super Shear Imaging (SSI) [5] Ta 3cyBHOXBUJIbOBa
nomruiepiBebka enactorpadis (3E) [6].

B mexxax ARFI BennumHOM, 110 pEECTPYETHCS 1 aHANI3YETHCS, € IHAYKOBAHUN pajlialliiiHO0
CHJIOI0 3CYB YAaCTMHOK TKaHMHH y (okanpHiK oOmacti. Metonun SWEI, SSI ta 3/IE 3acHoBaHi Ha
peecTpalii nepeminieHb y 30ypeHii 3cyBHIM XBHII, JHKEPEJIOM SIKOi € IMITYJIbCHA CHJIa pajialliifHOro
THCKY B (pOoKanpHil 00IAcTi, Ta BU3HAYEHHI HA LM OCHOBI INBMIKOCTI ii PO3MOBCIOMKEHHS C, .
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Puc.1 Cxema meToniB, 3aCHOBaHAX Ha aKyCTHYHIH masbramii

.

PeanpHicTh nporo migxoay Oyia Boepiue npoaeMoHCTpoBaHa B [6] B mexax metoay 3/1E, sk i
3aJIC)KHICTh BEJIMYMHA 1HIYKOBAHUX 3CYBIB 3aJICKUTH BiJl B’SI3KOCTI TKaHUH [7,8].
BunaiiT MOIysib 3CyBY MOHa 0€3I10CEPEHBO 3 XBHIILOBOTO PIBHSHHS 3CYBHHX XBHIIb, SIK
ne nependadarore mMeroan SWEI ta SSI. Huninapudni 3CyBHI XBHIJII PO3XOAATHCS Bin Bici Z
MOTYXXKHOTO COKycoBaHOTO Y3 Iyuka, sIK II€ CXeMaTHYHO Noka3aHo Ha Puc.l, y HampsMky X.
PiBHSIHHS, SIKOMY 33/I0BOJIBHSIE MTPOIIEC PO3IIOBCIOKEHHS 3CYBHUX XBUJIb, MA€ BUTJISI
2 —
0 U(r , t) 2 0 _
T—(Ct +Va)ALU(r,t):O, (1)
e U(F,t) - scyBHe mepemimenns B30BK HAIPAMKY Z B MOMeHT 4acy t, v =77/ p - xinemarnuna

3CyBHA B’SI3KICTh TKaHUH, 7] - JIMHAMiuyHa B’SI3KICTb, A | - oneparop Jlannaca B miomuni (X, Z) ,
noka3anoi Ha Puc.1.

Monyne 3cyBy 4 BH3Hauya€ MIBUJKICTh 3CYBHMX XBUILC, = ./l / L, I BUHAUACHHS AKOI

BHUKOPHCTOBYETbCS yacoBe nepeTBopeHHss Pyp’e piBHsHHSA (1). B pe3ynbrari oTpuMyeMO piBHSHHS,
SIKE MIOB’S3Y€ CHEKTPaIbHI XapaKTePUCTUKH YaCOBUX 1 MPOCTOPOBUX MOXITHUX MEPEMIIICHb:

— 2 - —
o’U(w,F)+(c,” —iov)A u(w,F)=0 )
ne - 4vactoTa. HexTyrouu BIUIMBOM B’SI3KOCTI, PO3B’A30K PIBHSHHS (2) Ma€e BUIJISA
2 a)zu(F, a))
t - — l
A u(r, m)

110 Ja€ 3MOT'Y OLIIHUTH HIBUJKICTh 3CYBHUX XBHJIb 1 MOJYJIb 3CYBY.
Pipusiaast (1) — (7) cripaBeanuBi Al 3CYyBHUX XBUIIb, SIKI PO3MOBCIOKYIOTHCS Y OYAb-SIKOMY
HarnpsiMKy. B Toif ke yac mpu 3acToCcyBaHHI BIJIAJICHOT aKyCTUYHO1 MaJIbIIallii MICIIe 3HAXOJKEHHS
JDKepenia 3CYBHHX XBWJIb Ta HANpPSMKY iX PO3MOBCIOKEHHS X 3aBKAM BiJJOMO, IO JO3BOJISIE

3HaYHO CIPOCTUTH XBHJIOBE PIBHSHHS (2) s CIEKTPAIbHUX XapaKTEPUCTHK 3CYBHHX
nepemimieHs. B oMy BUMaaky piBHAHHS (2) cTae OLIbII TPOCTUM:

a)u(a),F)+—iw/(Ct2 —ia)v)%u(a),?):o. (4)

Sk 1 (2), e piBHAHHA J103BOJISIE BU3HAYATH MIBUAKICTh 3CYBHUX XBHJIb Y M SIKUX TKaHHHaX Ta
iXHIO TUHAMIYHYy B’S3KIiCTh. PiBHSHHS (4) neuTh B OCHOBI anroputmiB 3/[E Bu3HaueHHS B’S3KO-
NPYKHUX XapaKTEPUCTUK M SIKUX TKaHHWH. 3aCTOCYBaHHS MPH OOpaxyHKaxX MEpUINX MPOCTOPOBUX
MOX1THUX 3aMICTh JAPYTUX JA03BOJISIE 3SMEHIITUTH MOXUOKH, 00YMOBJIECH] IITyMaMH Ta MEPENTKOIaMHU.

B metomax SWEI, ARFI ta SSI ans BumiproBaHHS MepeMIlIeHHS TKAHUH BUKOPUCTOBYETHCS
QITOPUTM  CIEKJI-TPEKIHTY, fAKHI rmepenbadyae oOOYMCIEHHS Kpoc-KopensuiiHoi  (yHKii
BHCOKOYACTOTHUX CHUTHANIB Y3 BIATYKY BiJl CYMDKHHUX IMITyJbCIB 30HIyBaHHS 1 BHU3HAUYCHHS
4acoBOro 3CyBy curHamiB. lle mae MOXIJIMBICT, BHHAWTH BEIMYMHY IEPEMIIICHHS Bi0HMBaviB

(3)
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yIbTPa3ByKy MiX TOCTiJOBHHMH 30HIyBaHHsAMHU. B meromi 3/IE peamizoBanuii opuriHaIbHUN
BapiaHT (a30BOro METOAY BUMIPIOBaHb, IPU IKOMY CHHTE3Y€ThCS HU3bKOUACTOTHUN KOMIUIEKCHUN
CUTHATY JIONILICPIBCHKOTO BIATYKY 3 MOJANBIIMM OOYHCICHHSM HOTr0 aBTOKOPEISALIMHOT (DYHKIIT 1
BU3HAUYCHHSAM Ha I[ii OCHOBI pi3HUINl (a3 CUTHAJIB Ta BEIWYUHHU IEPEMIlIEHHS BiIOMBaYiB
yapTpasByky [9]. Moro mepesaroio € Te, 110 0GUMCIIIOBATbHA TPYAOMICTKICTh IBOTO CIOCOOY Y
MOPIBHSIHHI 3 KpOCC-KOpENAIinHUM Habararo MeHma. B mporeci po6otu 0yino ekcrepuMeHTaIbHO
JOBEJICHO, M0 MPU ONTHUMAIBLHOMY BHOOpI mapaMmeTpiB 30HAYBaHHs (Da30BHiA TOMIIIEPIBCHKUN
METO/I HE TMOCTYMAETHCS AITOPUTMY CIICKJI-TPEKIHTY 1 3a0e31edye TOUHICTh BUMIPIOBaHb Y JICKIJIbKA
JECATHX MIKPOHY.

Jns mpaktuuHOi peanizauii (a3oBOro ajiropuTMy BHMIPIOBaHb BaXKIMBOIO 337aueio €
BU3HAUCHHS BIUIMBY IMapaMeTpiB 30HAYBAaHHS Ta JIOKATBHOCTI (POPMYBAHHS JIOMIUIEPIBCHKOTO
BIIF'YKY Ha WOTO CHEKTp. 3 I[IEI0 METOI y paMKax 3arajibHoi cxemu Y3 ToMorpadii po3BUHECHHIA
TEOPETUYHHI MMiX1J1 JO aHATI3y JOMIUIEPIBCHKUX CIEKTpiB [9-12] 1 oTpuMaHo , 30Kpema, BUpa3 Jyis
MIOBHOTO CIIEKTPY MOTYXHOCTI, IK Dyp’e 00pazy aBTOKopenﬂuiﬁHoi' (byHKui'l':

S(@) =k*| %c(q,w [el G (r)d°F| = j 2 ) (@, a))\e(q+2k)\

ne k- xsumsose umcmo, C((,®)- mnpocroposmii Ta wacoBumii ®Dyp’e-006pa3 KopemsaTopy
¢urykTyaniii BinOMBauiB yJIbTPa3BYKY, G;(f)- GyHKIIS 9yTIMBOCTI CKaHepy 10 Y3 momst. 3a

Gi3uyHMM 3MicTOM BUpa3 (5) gae HAWOUIbII 3aralbHUM 3B'S30K MK MOBHUM JOMNILICPIBCHKUM
CHEKTPOM TMOTY>KHOCTI, CIIEKTPAJIbHAMHU XapaKTEPUCTUKAMHU (IIYKTYaIliil TYCTHHH Ta CTHUCIUBOCTI,

110 PO3CiOIOTH YJIBTPa3ByK, Ta mpocTopoBumu kommonentamu G({ + 2K) dynxuii gyTausocTi.

B mexax 1mporo miaxomy Oyiu JOCTIIKEHI JOMIUIEPIBChKI CHEKTPH BIATYKY JIiHIT TOKY IS
HerepepBHUX He(okycoBaHMX 1 c(OKycoBaHMX mNy4ykiB Y3 XBHIJIb, JIOBEJCHA I1HBApiaHTHICThH
HIMPUHU CIEKTPY JOMIUIEPIBCHKOrO BIATYKy. [l akcialbHO-CUMETPUYHHMX TOTOKIB Ta TMpHU
JIOBUIBHOMY CITIBBIIHOIIEHHI MK IIMPUHOIO MYYKIB 1 HOTOKY OTPUMaHI 1 MpoaHalli30BaHl BUPA3H
JUTSL TIOBHOTO JIOMIUIEPIBCHKOTO criekTpy. JlochimkeHi Ta mMpoMOJIenboBaHi JOMIUIEPIBChKI CIIEKTPU
IpH IMIYJIBCHOMY 30HyBaHHI He()OKYCOBaHUMH Ta CPOKYCOBAHUMHU ITyYKaMH XBWJIb Ta JJOBEJIEHA
HE3aJIeKHICTh Bil TVIMOMHU 30HAYBaHHS IIMPUHU TIOBHOTO CIIEKTpa 1 #Oro MoAanbHOI
nomruiepiBebkoi yactotu [10]. Lleit edexT pasom 13 MpoBEACHUM aHATI30M IIOJI0 ONTHUMI3allii
napaMmeTpiB 30HAyBaHHs [11] 3abe3meuye cTabiNbHICTH CHEKTPIB 1 JOCTOBIPHICTH KITBKICHUX
OILIIHOK XapaKTEpUCTUK PyXy 3 BUKOPUCTAHHSM JIOMIUIEPIBCBKUX CUTHAIIB B Mexkax merony 3/IE.
Hapemrti, oTpuMani BUpa3u AN KOPENSAUIHHUX (QYHKIH Ta CIEKTPiB JOMIUIEPIBCHKOTO BIATYKY
OlonoriyHMX OO €KTIB 3 pI3HMMU (I3SUMHMMHK BJIACTMBOCTAMHU 1 mapaMmerpamu pyxy [12].
Jocnimkeno, 30KkpemMa, BIUTMB MpoleciB audy3ii, kopemsmii pyxy, HOro HecTalliOHapHOCTI, SK IIe
Ma€ Miclie IIpH pyci 3 IPUCKOPEHHAM a0o mpH BiOpoenactorpadii, Towo.

AKyCTHYHA mManblalis MOXe MaTH W IHII MeAW4YHI 3acTOCyBaHHS, 30Kpema, npu Y3
rineprepmii 3J105KICHUX HOBOYTBOPEHbD, JI€ OJIHIEIO 3 aKTyaJbHUX 33Ja4 € KOHTPOJb CTaHy M’ SIKUX
TKaHWH B peajbHOMYy dYaci. Tomy CHymIHOIO € ifesi HeIHBa3MBHOTO KOHTPOJIO Timeprepmii 3a
nornomororo meroay 3/1E He3zaneXHO BiJ TOro, SKMM YMHOM peaii3yeTbcs cama TePMOJECTPYKIIiS.
binpmr 3a Te, mpu Y3 rinmepTepmii 30HU JIOKAJIBHOTO TIEPErpiBy CTBOPIOIOTH 3a JOIOMOIOIO
MOTY)XHUX C(OKYCOBaHMX Iy4YKiB, aje TaKe caMe BHUIPOMIHIOBAHHS 3aCTOCOBYE 1 aKyCTHYHA
nanbnanisi. 3B1JICH 1/1e BUKOPUCTAaHHS OJHOTO M TOTO X IMydKa SK JJIs TePMOJECTPYKIIi, TaK 1 JIst
TIarHOCTUKHW cTaHy TkaHuH. OOuABI 11 iaei Oynu anmpoOoBaHi €KCIIEPUMEHTAIBLHO 1 JOBETU CBOIO
nparne3natHicTs [ 13]. Haperti, 3a 1omomMoroto po3po0iaeHoro Mperu3iitHoro METo1y BUMIPIOBaHHS
nepeMilieHs OyJo BIEpIle JOCHTIIKEHO CHEKTPalbHI XapaKTePUCTUKH JIOKAIBHUX 130METPUYHUX
CKOpOYEHb CKEJIETHUX M’S30BHUX TKaHHH IN Vivo [14].

Bukonani B Mexax po3poOkm merony 3JIE pobotm Oyiau mpoBeaeHi 3a JIOIMOMOTOKO
€KCIIEpUMEHTAJILHOTO JOIMIIepiBcbkoro obnaananus (Puc.2), po3pobieHoro cniibHO 3 (axiBUIMU
HaykxoBo-gocnigHoro iHCTUTYTY paaioTexHiuHux BumiproBanb (HIIPB, Xapkis). Ile obnagHanHs
CIYTyBaJiO TPOTOTHUIIOM Uil BITYM3HAHMX Y3 miarHocTmuHHMX ckaHepax cepii ULTIMA, mo
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Puc. 2 ExcrieprMeHTanpHe yIbTPa3ByKOBE JOMITIEPiBCbKE 00IaHAHHS

cepiitHo BumyckaroThes Gipmoro «Paamip» JII H/IPB (Vkpaina) i marwots pexum 3]IE.
AHaJIOTIYHMI PEXUM Bi3yanlizaiii HasBHUN Hapasi Tiibku B amapartax Aixplorer ¢ipmu
SuperSonicVision (®paniis), B sAkux Gi3WYHI NPUHIUIA PEKOHCTPYKINI MPYKHOCTI Ta
BUMIpIOBaHHS NiepeMilieHs 0azyroTbes Ha TexHonoriasx SWEI ta SSI.
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AHoTtanisi. B po6oTi po3risaaeTses CydyacHUi cTaH pO3BUTKY HOBITHIX (DOTOJIETEKTOPHUX CHCTEM Ha OCHOBI
KpEMHi€BUX (POTOIMMOMHOXKYBaiB Ta X BUKOPUCTaHHS A7 MOoKpainanHs xapaktepuctuk [IET ckanepis.
AnHoTamusi. B pabote paccMaTpuBaeTcss COBPEMEHHOE COCTOSHHUE PAa3BUTHS HOBEUITHX (hOTOAETCKTOPHIX
CHUCTEM Ha OCHOBC KPEMHHEBBIX (I)OTOYMHO)I(I/ITCHeﬁ 1 WX UCIIOJIb30BAHUC JIA YJIYUYIICHHSA XapaKTEPUCTHUK
TI9T ckanepos.

Abstract. New types of photodetectors on the base of silicon photomultiplier (SiPM) are considered. Their
using for design of PET scanners with advanced characteristics is discussed.

Kurouosi ciioBa: kpemHieBuit poronmomuoxysadu, SiPM, TTET
KuiroueBble ciioBa: KpeMHHUEBbII (hoToymMHOXHTENb, SIPM, T13T.
Key words: silicon photomultiplier, SiPM, PET.

[Mosutponno-emiciitna tomorpadis (ITET) 3a ocranHi aecsaTh-II’SITHAAUATh POKIB CTajia
OJIHAM 3 HAWBaKIWBIIMIMX IIarHOCTHYHUX 3aCO0IB IMPHU JIIKYBaHHI OHKOJIOTIYHHMX 3aXBOPIOBAHb.
Cyts [IET niarHOCTHMKH B TOMY, IO SApa MO3UTPOH BUIIPOMIHIOIOYOTO 130TONY HAKOMUYYIOTHCS B
MICISIX YTBOPEHHSI 3JIOSKICHUX MyXJIMH. [103UTpOHU, SIKi BUIIPOMIHIOIOTHCS TIC/IS TalbMyBaHHS B
TUIl TAIll€EHTa aHITUTIOIOTH 3 €JIEKTPOHAMH PEYOBHMHU. B pe3ynabTaTi yTBOPIOIOTHCA JBa TaMma-
KBAaHTH 3 OJIHAKOBOIO eHeprieio 511 keB KoxkHWMA, K1 pO3TITAIOTHCS B MPOTUIICKHI OOKH (ITiJ] KyTOM
180° OJIMH BIMHOCHO iHIIOro). HaBkoJO TmalmieHTa IO KONy 3HAaXOJWTHCA MaTpUIS 3
CUMHTWIALIMHUX JIE€TEKTOPIB, B SKUX PEECTPYEThCS €HEpris raMma KBaHTIB Ta 4ac ix nosisu. [Ipu
CIiBMAaJaHHI CHTHATIB Bifl IBOX JETEKTOPIB MAaTPHUIll BU3HAYAETHCS MpsMa (TI0O JBOM «TOUYKAM»-
JIETEKTOpaM), Ha SIKiii 3HaXOJUTHCS KEPEIO BUIIPOMIHIOBAHHS, @ TOUKU MEPETUHY KIJTbKOX TaKUX
MPSIMHUX JIO3BOJISIFOTH BU3HAUUTH MiCIle BUIIPOMiHIOBaHHS MO3UTPOHIB. Peectpartist ckinaaHoi moii —
CIIBMA/IaHHS B 4Yacl 3 TOYHICTIO KiJIbKa HAHOCEKYHJ| IBOX CUTHAIIB BiJl pI3HUX JIETEKTOPIB, MpsMa,
IO MPOXOJUThH Yepe3 HUX OOOB’S3KOBO MOBHMHHA MEPETUHATH 30HY MOCIIHKEHHS TiNa MaljieHTa i
€Heprii IKUX CUTHATIB 13 CUUHTWIALIMHUX AETEKTOpPiB BianoBigaroTh ¢oTomniky 511 keB — Bce 1e
MO’K€ CYTTEBO MOAABUTH (POHOBI CHTHAIH 1 3a0€3MEYUTH OTPUMAHHS BHUCOKOUYYTIUBOTO SIKICHOTO
JiarHocTH4oro 3o00paxeHHda. lle imeanbHMIl po3risg, B pealibHUX CHUCTEMax 13-3a pI3HUX
3aBakarounx e(eKTiB Mepepo3CiTHHS Ta BUIAIKOBUX HAKIIAJaHb BiJHOLIECHHS CUTHAI-(OH CYTTEBO
noripuyerbes (AuB. puc. 1).

3061TH 3 5 . —
PO3CITHUM KBaHTOM o R

Puc. 1

BuxopucTaHHs 4acoNpoIbOTHOTO METOAY J03BOJSE CYTTEBO 3MEHIIUTH (DOH, OCKIIBKH Y
BUITAQJIKy ICTUHHHX 30IriB € 4iTKO BU3HAYCHE CITIBBITHOIICHHS MK YacaMH PyXy KOXKHOTO ramma-
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KBaHTA, a BUTIA/IKOBI 1 pO3CIisiHI KBAaHTH, 1 KBAHTH BiJI CYCIIHIX /K CYTTEBO BHUITAAIOTh 13 IIbOTO
criBBigHOMmEHHS (nuB. puc. 2) [1]. Take mokpamanns meroawku [IET miarHoCTyBaHHS MOXe
30UTBIIIATH CIIBBITHONICHHS CUTHAI-(OH Ha TIOPSIOK.

Puc.2. a) crannapthwmii [1IET ckanep — BHecok curaiiB Bix iHmmx mxepen; b) TIET ckanep 3
BUKOPUCTAaHHIM 4aCOMPOIBOTHOI METOAMKH, KPYT HABKOJIO OCHOBHOTO JKEpella 03HAYAE 30HY, KOO
00MeXYETHCSI MOYKITBA TOYKA BUIPOMIHIOBAHHS aHITUIAIIHHIX KBAHTIB, 1 1HIII JKepena
B [[LOMY BHUMAJIKy HE 301IBIIYIOTH (OH.

Jis  BUKOPUCTaHHS 4YacONPOJIBOTHOI METOJUKH HEOOXIJTHO BUKOPUCTOBYBATH INIBHIKI
CIUMHTHIIATOPU 1 (pOTOENEKTPOHHI MOMHOXKYBaui. Ha momady 10 >KOPCTKHMX YMOB MO PO3JAUTBHIN
€HEepPreTUYHIN 1 TPOCTOPOBIN 3aTHOCTI 1€ MPU3BOJAUTH IO BHCOKOI BAPTOCTI CHCTEMH, 1 HE JYKe
BHCOKI{ MPOCTOPOBIi TPaHyISIPHOCTI, OCKIIBKU B AKOCTI ()OTOMOMHOKYBAYiB 10 OCTAHHBOT'O Yacy
BUKOpHUCTOBYBaycs BakyyMHi DEII, ge mpakTH9HO HEMOKIIMBO OTPUMATH MAJIUNA PO3MIp MIKCETIO
300pakeHHSI 1 € OOMEXEHHS I10 4YacoBid pO3AUIbHIA 3JaTHOCTI 13-3a BEIUKHX PO3MIpiB
1ICUITIOIOYHX CUCTEM.

3a ocraHHI pPOKM OYpXJMBO TOYalla pO3BUBATUCS OOJNACTh KPEMHIEBUX JIABUHHUX
OaratomikcelbHUX (OTOAETEKTOPIB, SKI MPAIfOI0Th B pekuMi JiumiabHuKa [eiirepa [2]. Taxki
boTOAETEeKTOPH TOKAa3yIOTh BXKE 3apa3 Kpalll XapaKTepUCTHKU MO OUIBIIOCTI MapameTpiB B
nopiBHsHHI 3 BakyymMHUMH DEIl 1 ckimagatrote cepiiosHy koHkypeHuito @PFEIl Ha ocHOBI
MIKpOKaHAIbHUX MIacTUH. [IpW 1mbOMy B Hemanekid MEepCrneKTHBi, BUXOASYM 13 CTaHIAPTHUX
TEXHOJIOT1! BUTOTOBJIEHHSI HAMIBIIPOBIIHUKOBUX €JIEMEHTIB MO)KHA OYIKYBaTH PI3KOI'0 3HUKEHHS
I[iH Ha Taki cucteMH. Takox Taki (POTOAETEKTOPH KOHCTPYKTHBHO Habarato OUTBIN 3pydHi, HiXk
BakyymHi ®DEIl. IX po3BMTOK BHABHBCS IyXK€ BYaCHMM [ €()EKTUBHOIO BHUKOPUCTAHHS B
gacomnponsotaux OEIT (TOF PET) [2].

JlaBuHH1 (DOTOETEKTOPHM HAa OCHOBI KPEMHIIO BiJOMI JIOCUTh JABHO 1 JOCTaTHbO LIUPOKO
BUKOPHCTOBYIOTHCSI, BOHM MalOTh Majlil KOe(II[ieHT MiJCUJICHHS 1 He MpUIATHI AN peecTpaiii
onHopoTtoHHUX curHaiiB. Ille B 60-T1 poku MHHYNOro crtopiuus Oyjo po3poOJeHO JIaBUHHI
doTomeTekTOpH, SAKi TpalfoBaan B pexxumi ['eitrepa — Bure Hanpyru mnpoboro (IJIDJ) [3]. Takxi
CHUCTEMH BU3HAYAIOTh TIIbKH (DaKT HAABHOCTI TOMAJaHHS KBAHTIB CBITJAa, HE BH3HAYAIOYM iX
KUIbKICTh. CHCTEMH MalOTh BUCOKHMIA IIYMOBUH (DOH, JOCTATHHO BEIMKHI MEPTBUH Yac, 1110 pa3oM 3
BEIUKUM (POHOM OJIOKYE JETEeKT g Ounbiry yacTuHy vacy. Jlig 3meHIIeHHs (OHY OeTeKTOpiB
IUIOILEI0, TOMITHO OUIBIIOI0 32 MM HEOOXIJTHO iX OXOJIOAKYBaTH, 800 BUKOPHCTOBYBATH «aKTUBHE
raciHHs». BupimeHHs BCiX IUX MpoOJIeM BHSBHIOCS IOCTATHHO NMPOCTHM (ayie HE OYECBHIHHM).
HeobxigHo poszminutu I'JI®J] Ha Gararo maneHpkux komipok (menme 100 mikpomerpiB), siKi
3’€JIHaH1 MapajeabHO 1 MAIOTh KOXHA OKPEMO CBiM pe3ucTop AJis raciHHs po3psiay. Taki cucteMu
BUSIBIIIUCS Ty’ke €(pEeKTUBHUMHU 1 Malli BEJIMKHIA TIOTEHIIal PO3BUTKY. Briepiie iX 3ampornoHyBamu
pociiicbki Bueri [4]. ITicast mporo modyaBcst OypXJIMBUM TEpioj] IX PO3BUTKY, BOHH BHITYCKAIOThCS
i pi3HUMH Ha3BaMu (B 3alIe)KHOCTI Bijx BupoOHuka) - MRS APD, MAPD, SiPM, SSPM, SPM, G-
APD, MPPC, PPD, DAPD. Jlani no Tekcty Mu Oyaemo BuKopucToByBatd HazBy SiPM (silicon
photomultiplier). CyrTeBi 0COONMMBOCTI TaKMX aHAJIOTOBHX CHUCTEM — KOXKHA KOMipKa CIIPallbOBYE
OKpeMO MpH TomnajaHHl B Hei (OTOHA, MPH CHpaLOBaHHI KUJIbKOX KOMIPOK CHUTHall CyMYEThCH,
MOMAaIaHHsl KUTbKOX (POTOHIB B OJHY KOMIPKY BH3HMBA€ TUIBKM OJHE ii CIpAI[fOBaHHS, PO3PSI
KOMIPKH TaCHUTBCS OKPEMHMH PE3UCTOpaMu (CBiMl Il KOXKHOI KOMIPKH), TICIS CIPAIFOBaHHS
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HAIpyTa B KOMIpIIi Majiae g0 Hanpyru mpo0oro Vy i micis [-Or0 BOHO BiTHOBIIIOETHCS 3 TIOCTIHHOIO
RC, ne C — eMHiCTh KOMIpKH, R — pe3ucTop raciHHs po3psay B KOMIpIli, CUTHAI BiJ OJTHI€T KOMIPKH
nponopuiiauil 3apsaay Q, skuii gopiBaioe Q=C*(V-V,), V — Hampyra Ha KoMipili, HMOBIpHICTb
peecTpaitii GOTOHA MPSMO MPOIOPIIiiiHA aKTUBHIHN TUTONTI KOMIPKH 1 pOCTE 13 301JIBIICHHSIM HANPYTH
V. SIPM moxyTh eheKTHBHO peecTpyBaTd OAHO(MOTOHHI CHUTHAIM 1 100pe pOo3pi3HATH (GopMy
CUTHAIB JUIsl Pi3HOI KiIbKOCTI (poTOHIB. X0o4ya KOXKHA KOMipKa BHJIA€ CTAaHIAPTHHUHN MO aMILTITY/II
CUTHAJ K BIATYK Ha (OTOH, i3-32 MAJCHBKOTO PO3Mipy KOMIPKH (IECATKH MIKPOMETpIB) pi3Hi
KBaHTH CBITJIa BiJl Cajlaxy CIMHTHJIAIII MpHU TOMAJaHHI 10HI3YI0UOl YACTHHKH B CIUHTHIISATOP
MOMAIyTh B Pi3HI KOMIPKH 1 CUTHAJ BiJ] KOKHOT MPOCYMY€EThCS B OJMH CUTHAI, 3apsiji IKOro Oyne
MIPOMOPIIHHNN KUIBKOCT1 (JOTOHIB, a OTXKE 1 eHeprii 10HI3yro4oi YacTHHKUA. PPOHTH HApOCTaHHS
SiPM MmeHIIIe 0o/iHIET HAHOCEKYH/IH, 1110 JI03BOJISE 3a0€3MEeYUTH YHIKAIbHI YaCOBI XapaKTCPUCTHKH
JUISL 9aCOIPOJIBOTHUX CHCTEM IMO3UTPOHHO-EMICIHHOT ToMorpadii — po3IiIbHUN Yac 301riB BiJl TIBOX
AHITUIALIMHAX TaMMa-KBaHTIB HA MIBUIKUX CHUHTHIATOPAX TPOXH MEPEBHIIYE COTHIO MKOCEKYH]I,
o oOMexye MpPOCTOPOBY (DOHOBY CKIIAIOBY KiJIbKOMa CaHTHUMETpPaMH BiJl ICTUHHOTO JDKepela.
BykBanbHO B ocTaHHI Kijibka pokiB SIPM ¢oTo1eTeKTOpr OTpUMaii HOBUH TOIITOBX Y PO3BUTKY —
cTBopeHo 1udposi cucremu - dSIPM [5]. B takux crcremMax 3aMicTh OMOpPY U1 TAaCiHHS B KOKHIN
KOMIPIIi CTABUTHCS AKTHBHA CXEMa YITPABIIHHS PO3PSAOM 1 3HITTS CUTHAITY, a TAKOK BOYIOBYETHCS
nudposa cxema ASIC nns aHamizy CHUTHANIB BiJl KOKHOI KOMIPKHM 3 ypaxyBaHHSM iX YacCOBHX
criBBifHOIIEeHb. Taka MOJICpHI3allis IPUHIIUIIOBO PO3IIUPIOE MOXKIUBOCTI SIPM cuctem i 103BosIsIE
OTPUMYBATH HOBI ITOKPAIIIEHI BIACTUBOCTI IS IIPUIA/iB B PI3HUX HANPSIMKaX HAyKH i TexHikH [6],
B TOMY YHCJI 151 po3BUTKY mokparienux cuctem [IET miarnoctuku [7]. Taki cucteMu 103BOJISIOTH
OTPUMYBATH MIiCIIE PEeeECTpallii B CHUHTUIIATOPI K MO IUIOMMKHI (oToaeTeKTopa (baraTomikceabHa
CTPYKTypa) Tak 1 mo mmbuni cruaTHsTopy (iHpopmamis depth-of-interaction (DOI)), mio
JI03BOJISIE CYTTEBO CITPOIYBATH JETEKTOPHI CUCTEMH (3MEHIIICHHS KIJTLKOCTI 1 301JIBIIIEHHS pO3MipiB
CIMHTHJIATOPIB) 1 MOKpAIIyBaTH PO3AUIBHY 3JaTHICTH IMPOCTOPOBOTO BU3HAYCHHS ITO3MUTPOHHOTO
mkepena. Cydacui dSiPM maroTs po3mipu CTOpPiH HOPAAKY 3 ¢M (3arajbHa IUIOIa po30MBa€ThCS HA
MiKCeIH, 3 po3MipaMH CTOpPiH B KUIbKa MM), pO3Mipu KOMipok mopsaky 20 — 60 mikpomerTpiB i
KUTBKICTh KOMIPOK Ha MiKCeNl KilbKa TUCSAY, e(DEeKTHBHICTh NeTeKTyBaHHS (OTOHIB gocsrae 30 -
40% 3 moTeHLiaJoM AOCATTH B Haillommxdomy MmanOytHeomy 60 -70 %, BHYTpilIHS dYacoBa
pO3AibHA 3/IaTHICTH (3 TPUTEpYyBAaHHSM BiJl JA3€PHOTO IMITYNIbCY) — MOPSAKY KUTBKOX JECSATKIB
MIKOCeKYHI. JIOCTIKYIOThCS 11I€ MUTAHHA TEeMIIepaTypHOI 1 IOBFOTOPUBAJIOi CTa0lILHOCTI, LIE €
TEMHU N7l PO3BUTKY B HANpPSMKY 3MEHIICHHsS IHTEHCHBHOCTI IIIYMOBHMX CHTHANIB, aje BXKE 3apa3s
nepeBar 1 TEPCIEKTHBHICTh (OTOJACTEKTOPHUX CUCTeM 3 BHKopucTanHsM SiPM  (dSiPM)
OUEBHU/IHI.
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18 PRODUCTION FOR PET IMAGING
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Abstract. The paper considers fluorine-18 production for PET imaging. The dependence of *®F produced
activity on irradiation time was studied by using Siemens medical cyclotron Eclipse RD. The results of
calculated saturation activity and yield are presented. Gamma spectrum of produced *®F is obtained with the
help of Nal(TI) scintillator.

Key words: PET, fluorine production, cyclotron, saturation activity, gamma spectrum of *°F.

Introduction. PET (positron-emission tomography) is one of the most accurate methods of
cancer diagnostics, that is based on annihilation gamma rays detection. The spots of positron-
electron annihilation events determine the distribution of radioactive tracer (injected to the patient)
and that emits positrons. Thus, administrating B*-radioactive source and ensuring its accumulation
in a tumour provide information about the location of a neoplasm. For PET performance special
medical cyclotrons, that produce short-lived radionuclides, such as *°0, ©*N, **C, *®F are used.

All-Ukrainian Center for Radiosurgery of the Clinical Hospital “Feofania” includes a
radiopharmaceutical production department, where a Siemens medical cyclotron Eclipse RD for ®F
production via **0(p,n)*®F nuclear reaction with the proton energy 11 MeV is installed. Fluorine-
18 is commonly used isotope in PET diagnostics due to its optimal parameters (in Fig.1 the °F
decay scheme is presented). Firstly, the mean energy of positrons is relatively low and equals
250 keV. The low positron energy ensures higher resolution and lower radiation dose to the

1.6554 1*

ot

180
Fig.1. *®F decay scheme

patient. Secondly, the half-life of *°F is 109.7 m, which is enough for patient scanning and for tracer
transportation to hospitals, equipped with PET scanners. On the other hand, it is sufficiently short
period and after 24-hours the activity decreases almost 10.000 times.

Medical cyclotron Eclipse RD. Radiopharmaceutical production department performs
preparation of fluorodeoxyglucose (FDG), that contains *F. For fluorine-18 production a Siemens
medical cyclotron Eclipse RD is used. The tracer production is based on the following principles:
the negative ions of hydrogen accelerate in a cyclotron tank along the spiral orbits. At the end of
their trajectory special carbon extractor (7 micron thickness) is located, which removes two
electrons. Thus, the proton beam is obtained behind the carbon extractor instead of the hydrogen
ions. At the place of beam extraction a target is installed, that has 8 positions: one of them is
Faraday cup and others are used for isotope production (Fig.2). A target turning allows to install the
required position under the beam. For *8F production the enriched water with *20 98% enrichment
and 1.2 ml volume is loaded to a target. Then irradiation of enriched water by protons is carried out.
Due to ®0(p,n)*®F nuclear reaction isotope *°F is produced. For radiation safety a cyclotron has a
self-shielding, consisting of concrete, borated polyethylene and lead.
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Fig.2. A cyclotron target with 8 positions.

One of the most important parameters of a cyclotron is the proton beam current. The
maximum value of the proton beam current on a target window is 40 pA and it can be changed by
extractor position according to the incident ion current. The relation between proton beam current
on a target window and ion current on an extractor varies from 0.73 to 0.85. For heat removal from
a target the helium cooling system is applied. A tank of cyclotron is provided with high vacuum,
which is obtained by using one mechanical and three diffusion pumps, and it reaches the value
1.5-107" torr. When the beam is running, the vacuum decreases to the value 5-107 torr.

Fluorine production. The fluorine-18 activity during production can be described by the
expression:

A=Npl,omd-e), (1)

where Nyg and I, are the amount of 80 nuclei and the proton flux density respectively; O(p,n)— Cross
section of ®0(p,n)*®F nuclear reaction; (1-¢™) — factor, that describes “®F decay. While the
irradiation time does not exceed two half-life of *°F, the produced activity increases nearly linearly.
In this period production is most efficient. When the irradiation time reaches the 4 half-life,
saturation arises: the amount of **F nuclei, that are produced equal to the amount of nuclei, which
decay. In these conditions the activity is the highest one, that can be produced with specified
parameters. The ratio of saturation activity SA to the proton beam current | determines the saturation
yield SY:

SA A
sY="", SA=—_. @)
I 1—-e ™
In Fig.3 dependence between *®F produced activity and irradiation time is st ‘he proton beam

current was 40 pA and the activity was measured by radiation detector subsystem in Explora FDG 4
module, installed in a lab for fluorine synthesis with glucose. The modules of synthesis are enclosed
in the lead sells 7.5 cm thick. The tracer delivery from a cyclotron target to the modules of synthesis
is performed through the special capillar with the help of gas argon. The time of tracer delivery
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(4 min) from a cyclotron target to the modules of synthesis was taken into account during ‘°F
activity measurements.

Fig.3. Dependence between *F produced activity and irradiation time

On the graph linear dependence is observed due to the studied irradiation time period, which ranged
from 10 to 45 min. The saturation activity and yield were calculated from experimental data using
equations (2). The results are shown in table 1:

Table 1. Saturation activity (SA) and yield (SY)
SA, Ci SY, mCi/uA
3.705+0.069 92.625+1.725

After synthesis of fluorine with glucose the sample of synthesized FDG goes to a quality control lab
for radionuclide purity testing. A bottle with FDG is placed in a hole of scintillator Nal (Tl) having
the size of 117 mm X @ 62 mm, surrounded by 20 mm lead shielding. The energy resolution for
622 keV gamma line of **’Cs is 7 %. On the measured spectrum (Fig.4), apart from photoabsorption
peak with the energy 511 keV, another two peaks can be observed: one of them is backscattering
peak and the other is caused by the detection of two annihilation gamma-rays (1022 keV).
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Fig.4. Gamma spectrum of *°F.

After all quality control stages, that include both radionuclide and chemical quality testing, the
tracer goes to the PET-CT (combined positron-emission tomography/computed tomography)
department for diagnostics performance. The tracer activity, to be injected to the patient depends on
a weight of body and varies from 230 to 540 MBq. Taking into account ‘®F yield after synthesis
(=50%) and its own decay when the quality control is carried out (1.5 hour), required irradiation
time for 7-10 patients is about 45 min, during which produced activity can reach the value 31-
33 GBaq.

Conclusions. The fluorine-18 production technology was implemented, using a Siemens
cyclotron Eclipse RD. Dependence between *®F produced activity and irradiation time was obtained
in the range from 10 to 45 min. (with step in 5 min), where nearly linear activity increase is
observed. The irradiation time period, on which the study was performed, is determined by the
number of patients (maximum 10 patients per day). The saturation activity and yield were
calculated from experimental data. Radionuclide purity of fluorodeoxyglucose was controlled with
the help of scintillator Nal(TI). The increase of patient capacity is expected, which will lead to the
longest irradiation time.
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Annotanus. Ilpernnaraerca MOJEKYJSPHBIM MEXaHU3M 3JEKTPOCBAapKH >KMBHX TkaHed. IlokazaHo, uTO
CBapUBaeMble TKaHH COEIUHSIOTCS Ojaromapst oOpa3oBaHHMIO KoOJUIareHoBOH ceTku. OOpa3zoBaHHE CETKH
sBIsieTcs Gpa3zoBbIM nepexoaoM. [locTpoeHa dazoBas nuarpaMma, OMHCHIBAIOIIAS ATOT TEPEXO.

Abstract. The molecular mechanism of the electric welding of the alive tissues is proposed. It is shown the
welding tissues are joined due to forming the collagen net. The forming of the net is the phase diagram
describing this transition is constructed.

KJ’IlO‘leB])Ie cJIioBa: )KI/IBaﬂ TKaHb, 3JICKTPOCBApKa, MOHeKyHHpHLIﬁ MEXaHU3M, KOJIlIar¢HoBas CC€TKa,
(ha30BbIii IEPEXO/T.
Key words: Alive tissue, electric welding, molecular mechanism, collagen net, phase transition.

MeTon eNeKTpO3BapIOBAHHS M SKHX OIOJOTIYHMX TKaHWH, po3poOieHuid B [HCTHTYTI
enektpo3BapioBanHg HAH Ykpainu im.€.0.I1aToHa, mUPOKO MOMMUPEHHUH B XIPYpPTiuyHii MPaKTHIILI.
OcoOnMBICT LIBOIO METOAY MOJISITa€ B TOMY, IO 3 €QHAHHS M SIKUX OlOJIOTIYHUX TKAHUH
JIOCATAETHCSl LUIAXOM MPONYCKAaHHS CTpyMy uYepe3 MpPUTUCHEHI OJHA JO0 OAHOI JiIIbHMII
3’€IHYBaHUX TKAHHH.

Ha neil yac akTyanbHUM € MUTaHHS PO PEKHUMH €IEKTPO3BAPIOBAHHS JAHOTO BHUJLy TKaHHH.
Joci 11 pexXxuMH BU3HAYAIUCh eMITIPUYHUM [UIixoM. OdeBHIHA HEOOXITHICTh PO3POOKHU 3rajjaHuX
PEXUMIB Ha OCHOBI MOJICKYJISIPHOI MOJIEJII.

[TpoGnema aii eleKTpUYHOTO MOJsI Ha O10JOTIYHI TKAaHWHU HE € HOBOK. JlocmimkyBaBcs
BIUTMB I[bOTO TIOJISI HA KIIITHHHI CTPYKTYpHU. Bylio BCTaHOBIEHO, IO MpH il €IEKTPUIHOTO OIS,
BiIOYBa€ThCSl pyHHYBaHHS LUX CTPYKTYp. CHOPUUYUHSIOTH Take PYWHYBaHHS OMIYHUN HarpiB Ta
MEXaHIuHl HalpyxXeHHs. Po3rnsganuck pi3HI MOXIMBI MEXaHI3MH pYHHYBaHHSA KJIITHHHOI
CTPYKTYpU : pyHHyBaHHS MeMOpaH BHACIIJIOK YTBOpPEHHs IOp Ta iX eJekTponaedopMaliifHoOro
CTHUCKY, pyHHYBaHHS KJIITHH 3aBAsIKHU Aedopmariisiv, 10 BUKJIMKaH1 €IeKTPUYHUM TI0JIEM Ta 1H.

OpHak, SK BiAOMO aBTOpaM, MOJIEKYJISAPHUM MeXaHi3M eJeKTPO3BapIOBaHHS TKAaHUH B
JiTepaTypi A0Ci HE PO3TJIsIIaBCs.

Harmma 3agaya, sik 11e 3aekiIapoBaHO B 3ar0JIOBKY CTaTTi, MOJSATA€ B MOOYIAOBI MOJei, sika 0
orucasna MOJEKYJISIpHI IpolecH, 00yMOBIIEHI eeKTpo3BaproBaHHAM. OIHaK CTpyKTypa 010J10T1YHOI
TKaHUHM HAJATO BXE CKIaJHA, IMI00 y MeXaX OJHI€l CTaTTi 3alpolOHYBaTH MOENb, sika 0
BioOpakana yci 0e3 BUHATKY 3MIHM CTPYKTYPH TKaHMH TIIpHU iX €JIEKTpO3BaploBaHHI. MoOBa,
3BHUAITHO. MOXKE ITH JIHIIIe PO ESAKY CIIPOIIEHY MOJIENb.

PazoM 3 TUM Ham MOTpiOHA AOCUTH 3arajbHa MoOJeNb, sika O J03BOJIAIA 3pO3yMITH (i3UYHI
NPUHIUIH, 3T1IHO 3 SKMMU CIIiJ] PO3PaX0OBYBATH PEXKUMHU €JIEKTPO3BAPIOBAHHS.

Axuit ke 13 (I3UYHUX AacMeKTIB  eJNEeKTPO3BaplOBaHHSA Ol0JIOTIYHUX TKAHMH BBa)KaTu
Haloibm cyTTeBUM? BianoBiap Ha 1€ 3alMTaHHS HOCUTh, B 3HAYHIN Mipi, Cy0 €KTUBHHIA XapaKTep
1, B IPUHIMIIL, MOXe OyTu pizHoro. Ha Hamy gymKy, nmepiu 3a Bce, ciiff 3p03yMiTH, YOMY B MOMEHT
BUKJIIOYEHHSI €JIEKTPUYHOTO TOJs 3BapiOBaHI TKAaHUHM HE PO3’€IHYIOTbCSA, a 3aJIMLIAI0THCS
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3YCTUUICHUMH, IIPUJIHIIAIOTHY OJIHA IO OAHOI. [HIIMMU ClIOBaMu, B MEPILy Yepry, HEOOXiTHO 3HANTH
BIJINOB1/Ib HA MUTAHHS, K1 CTPYKTYpPHI 3MiHH 3a0€3Me4yI0Th 3rajilane 34yeruieHHs. Ha Hamy nymky,
1€ TUTAHHS € KJIIOYOBUM B YCHbOMY MOJICKYJISIPHOMY MEXaHi13Mi €JICKTPO3BAPIOBAHHS TKAHUH.

Sk Bimomo, OiojoriyHa TKaHWMHA € CYKYIHICTIO PI3HOMAHITHUX KIITHH, OTOYCHHUX
MDKKJIITHHHOIO PEYOBHHOI0. OCTaHHS CKIAAA€ThCS 13 TaK 3BaHOI OCHOBHOI aMOP(HOI pEYOBUHH Ta
BOJIOKOH : KOJIAreHOBHUX Ta eNacTMHOBHX. KojareHoBi BOJOKHAa YTBOPIOIOTH CITKY. MIIHICTh
TKQaHUHU BU3HAYA€THCS, B OCHOBHOMY, MIIIHICTIO TaKOi CITKH.

OueBuHO, IO 1 MIIHICTH 3BAPHOTO IIBA TAKOXK OyAyTh 3a0e3MeuyBaTH KOJareHOB1 BOJIOKHA.
Lle no3Boisie CTBEpIKYBaTH, IO Came KOJIareH BiJAIrpa€ TOJOBHY pOJb B YTBOPEHHI 3BApHOTO
3’¢qHaHHA.

Buxoasiun 13 OCTaHHBOI TE3W, BBEAEMO Yy PO3TJSLA CHPOIICHY MOJENh TKAaHWHH, IO
CKJIQIA€ThCS 3 JIBOX KOMIIOHEHT : KOJIareHy Ta MaTpHlli, B CKJaJ AKOi BXOJAATH KJIITHHU, OCHOBHA
amop(Ha peuyoBUHA Ta €TACTHHOBI BOJOKHA. [{t0 HaOmmkeHy Moens O10J0TI9YHOI TKAHUHU JIOT1YHO
HA3BaTU JBOXKOMIIOHEHTHOIO.

[Tepmuii KPOK A0 PO3YMIHHS MEXaHi3My €JICKTPO3BapIOBaHHS TKAHWH, SIK BIJIOMO aBTOPaM,
Oymo 3pobsieHo B ctarTi [1], A€ BUKOpHCTOBYBajach 3rajiaHa JBOXKOMIIOHCHTHA MOJENb. Byio
MOKAa3aHO, 10 3MiHA CTPYKTYPH KOJIATCHOBHX KOMITOHEHT IIPH €JICKTPO3BAPIOBAHHI BiJOYBAETHCS
B JIBa €Taly : CIIOYaTKy PYHHYIOThCS KOJAreHOB1 CITKM 000X 3’€QHYBaHUX TKaHUH, a TOTIM
YTBOPIOETHCS HOBA CiTKAa KOJAreHOBHX JIAHIIOTIB — CIIUJIbHA JUISI 000X TKAaHMH, sKa 3’€QHYe iX 1
3aKJ1aJIa€ OCHOBY JUIS MIOCTYIOBOTO BIAPOKEHHS TKAHUHU B 00J1aCTi 3BApPHOTO IIBa. TaKUM YHHOM,
B ctarTi [1] BiAmOBigs Ha MOCTABJICHE BMINE KIOYOBE IMUTAHHS 3BYYHTh TAK : ITICIIS BHKIIOYEHHS
€JIEKTPUYHOTO MOJIs BiAOYBaIOTHCA MPOIIECH BIAHOBICHHS CTPYKTYPH, K KOJIAreHOBOi (YTBOPEHHS
CHUTBHOI JUII 000X TKAHWH CITKH) TaK 1 MAaTPUIHOI KOMITIOHCHTH; MIBUIKICTh YTBOPCHHS CITUTEHOL
CITKM HabaraTo MepeBUIly€E MIBUIKICTh BIIPOKEHHS CTPYKTYPH MATpHIl; IS CiTKa 1 3a0e3nedye
«TPUIHITAHHS 000X 3’€IHYBAaHUX TKAHWH MPAKTHYHO B MOMEHT BUKITFOUCHHSI ITOJISL.

OueBuaHa BiAMIHHICTE cTarTi [1] Bij momepenHix BUIE 3raaHUX poOIT, A¢ BUBYAIACH JIis
SJICKTPUYHOTO TIOJIsT Ha OIlOJIOTIYHI TKAaHWHH : B IOMNEPEIHIX poOOTax BU3HAYAIWCHL 3MIHHU B
CTPYKTYpl KIITHH, B  poOoTi >k [l] BCio yBary 30cepekeHO Ha TMOBEAIHII KOJareHOBOl
KOMITOHCHTH.

Jlana cTaTTs B ieHOMY IUIaHi € MPOAOBKEHHIM poboTH [1].

Sk BiIOMO, MOJIMEpPHA CITKAa € CYKYIHICTIO JIAHIIOTIB ( B HAIIOMY BMIAJIKy KOJAareHOBHX),
3’€JTHAaHUX MIDXK COOOI0 B TOYKAaX KOHTAKTY, II0 HA3MBAIOTHCS BYy3JIaMU, MPHUUOMY BIJICTAaHb MiXk
By3JaMM 3HAayHO TIEpEBUIIYe po3Mip TMoJIMEpHOi JiaHku. Ilpu po3puBi By3diB ciTKa
MEPETBOPIOETHCS HA CYKYITHICTh OKPEMHUX , HE 3’ €JHAHUX MK COOOI0 JIaHIIIOTIB.

3 TOYKM 30pY BHUKOPHUCTOBYBAHOI JBOXKOMIIOHEHTHOI MOjeNi B OI0JOTIYHIA TKaHUHI
MO>KJIMBE ICHYBaHHS TPbOX THUIIIB CTPYKTYPH :

1) xoymareHoBa CiTKa IUIFOC HE3PYWHOBaHA MAaTPUYHA KOMIIOHEHTA ; IEH THI CTPYKTYpH
peali3yeThCsl B TKAHUHI JI0 3BapIOBaHHS ; TO3HAYATUMEMO HOTO JIITEPOIO A;

2) OKpeMl KOJIar€HOBI JIAHLIOTU B OTOYEHHI €JIEMEHTIB 3pyHHOBAaHOI MaTPUYHOI KOMIIOHEHTH
; lIeW TUT CTPYKTYPH BHHHUKAE MPH JIii €JISKTPUYHOTO TOJIA ; TO3HAYaTUMEMO HOTO JIiTeporo B ;

3) KomareHoBa CiTKa IUIIOC 3pyHHOBaHa MAaTpUYHA KOMIIOHEHTa ; L€l TUIl CTPYKTypHU
peanizyeTbCsi B TKAHHMHI B TEPIIMA MOMEHT TIiC/is BUKIIOUEHHS TIOJsI, KOJM 1€ HE BCTHUIJIA
BiJTHOBUTH CBOIO BHXIJHY CTPYKTYypy MAaTpHUYHA KOMIIOHCHTAa; ITO3HAYaTHMEMO I THII JITEPOIO
C.

OueBugHo, mo crpykrypa C € MeractabiipHOI, 00 BOHAa CAaMOBUIHPHO 4Yepe3 NMEBHHUM dYac
MEPETBOPIOETHCST B CTPYKTYpPY A. CTabilbHUMHU B TPUBEIECHOMY Tepeiky € CTpykTypu A i B.
Pizka sikicHa BIAMIHHICTP OCTaHHIX JIO3BOJIE€ PO3MVBIATH iX SK PI3HI TEepMOAWHAMIuHI (asw.
[ammMu crioBamu, B 010JI0T14HIN TKAaHWHI MOKYTh iCHYBaTH /1B1 a3u : A i B.

3aranbHUM BUTIIAL (Pa3oBOi AiarpaM s CUCTEMH, 1€ MOXYThb IcHyBaTH 1Bl azu (
0€3BiITHOCHO BiJI TOTO, HAETHCS MPO OI0JOTIYHY CUCTEMY UM iHIIY), 300pakeHo Ha puc.l, ne uepes
p mo3HaueHO THCK, a uepe3 T — temmeparypy. Touka Ha muiommHi p-T BiANOBiTa€E MEBHOMY
piBHOBakHOMY cTaHOBi cucrtemu. Jlinis CD — me minig ¢a3oBoi piBHoBaru. Paza B 3a cBoim
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3MICTOM € BHCOKOTEMIIEpaTypHOIO ()a300,TO X i BIAMOBIAAIOTH TOYKH, IO JICKATH HIXKYE BiJ
niHii ¢azoBoi piBHOBaru. Touku BuIle Bija 3rafaHoi JiHil BiamoBigamTh (a3l A. CyTTeBo, MO JiHIs
CD yrtBOproe roctpuii kyr i3 Biccto T : 30UIbIICHHS THUCKY NPU3BOJIUTH JO 30UTBIICHHS
TeMIIepaTypH, TIPH AKii 00uBI (ha3u 3HAXOAATHCS B PIBHOBA3I.

D
| R
1 N /’—.S

Py | . My Q
Py t----- M|/P
ch
Ta T1 T

Puc. 1. AHaniz MOXJIMBHUX PEKUMIB €IEKTPO3BAPIOBAHHS 3a JOMOMOTOIO (ha30BOi Jiarpamu.

3rigHo 13 puc.l mpoliecu, IO MPOTIKAIOTh B TKAHWHAX MPHU iX 3’€JHAHHI 3a JIOTIOMOTOIO
€JICKTPO3BaAPIOBAHH, 3BOJATHCS 10 (ha30BHX IEPeXodiB : mpsamoro A—B Ta o6epHeHoro B— A.

[TpoTikaHHS Mpolecy BUAUICHHS TEIUIA, IO CYIPOBOJIKYE TIPOXOHKCHHS CTPYMY, Ta IIPOIECy
TEIUIONPOBIIHOCTI MPU3BOAUTH O BUHHKHEHHS TEMIIEpaTypHOro Mojsi B TKaHUHI. CHpollyrodu
CHUTYaIlio, OyZIeMo XxapakTepu3yBaTH 3TrafiaHe IoJje ASIKOI CEPeaHbOI0 TeMIepaTyporo T.

OxkpiM TeMmmeparypu, MpH €JNEeKTPO3BAapIOBaHHI Ha TKAHMHU M€ J€ CTajla CUiIa — aJkKe
3’€IHyBaHI TKAHUHU MPHUTHUCKAIOTHCS OJHA 10 onxHoi. Lle cTan mpocroro crucky. HampyxeHHs G
HaIpaBJICHI TIEPIICHANKYISPHO TIOBEPXHI TKaHWH. ['1IpOCTaTUIHMIA TUCK, 110 BUHUKAE TIPH I[LOMY,
p=ocl3.

Otxe, maemo nBa mapameTrpa : p 1 T, Akl MpH eNEeKTPO3BAPIOBAHHI BU3HAYAIOTH IO
30BHINIHIX ()aKTOPIB HA TKAHWHH. 3BAXKUBIITN Ha 11€H (aKT, MOKHA JIaTH Take BUSHAUYCHHS TEPMIHY
«PeXHM EIIEKTPO3BAPIOBAHHS» ( KWW , HA HANIy JYMKY, 3aJHUIIAETHCS JCIIO HEBU3HAYCHUM) :
3aJ1aTh PEKUM EJIEKTPO3BAPIOBAHHS O3HAYA€E 33aTh BUIIIsA 3anexHocteit p(t)i 7'(t) Bimuyacyt.

[Tapametpu p i T — me sikpa3 Ti KOOpAMHATH, B SKUX MOOyAOBaHa ¢a3zoBa miarpama (IuB.
puc.1). Orxe, da3oBa mgiarpama HampsMy MOB’S3aHa 3 MapaMmeTpamH, 10 BU3HAYAIOTH PEKUMU
€JIEKTPO3BAPIOBAHHSL.

3po3ymisio, mo BUMILL 000X ¢yHkiiin i p(t), 1 T(t) mMu Moxkemo 3HaHTH, 0A3yIHOUKCH, SIK
YK€ 3raJyBajioch, BUKJIIIOUHO Ha HAIIOMY 3HAaHHI MOJEKYISAPHUX MpolleciB. BUXiTHUM MyHKTOM
npu pO3B’s3KOBI 1€l 3amadi € 3HaHHSA (a3oBoi miarpamu. KOHKpPETHOrO BWIISINY 3TaJlaHUX
GyHKIIIA, aHATI3YIOUH ITI0 JlarpaMy 3BUYaiiHO, MU HE OJICPKUMO — 1€ TIOTpeOyBaTHUME MOJATBIIIO]
KpomiTkoi poOoTu. PazoM 3 TUM Jeski NPUHIMIOBI MUTaHHS — IIOAO CIIBBITHOIICHHS MK
3ralaHMMH  (YHKIISIMH, IXHBOTO 3arajbHOr0 XapakTepy — Maloyd B CBOEMY pPO3MOPSIKEHHI
dazoBy niarpaMy, MO>KHA BUSICHUTH.

CrpoOyeMo, HAIPHUKITAJl, 3HAWTH BIAMOBIH HA 3aIIUTAHHS , SIK MPUKIIAJAATH TEMIIEpaTypHE Ta
MeXaHiuHe 1o ( MOJaBaTH ENEeKTPUYHY HAMPYry Ta MPUTHUCKATH TKAaHWHU)— OJHOYACHO YU
IIOCITOBHO.

[To3nauumo uepe3 p,Ta T, TUCK 1 TeMIIepaTypy TKaHUH 0 3BaploBaHHsA (Touka M Ha puc.l ).

[Ipy omHOUacHOMY BKJIIOUEHHI O0OX MONIB  3MiHa 000X MapameTpiB OMUCYETHCS JIHIEIO
MNRS . Touka S 3 koopauHatamu p, Ta 7, BiANOBiga€ KiHIIEBOMY CTAHOBI CHCTEMH — CTaHOBI,

IpU SIKOMY BiIOYBA€ThCS OCTaTOYHE pyHHYBaHHS CITKH. [lpu oxosno/keHH1 (3HATTI €NeKTPUYHOT
Hanpyru) i 30epexeHHi NPUTUCKY TKAaHWH CHCTEMa MOBEPTAETHCS y CTaH, IO XapPaKTEPU3YETHCS
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CHUTBHOIO 1 000X TKAaHHWH KOJIAT€HOBOIO CiTKOO (Touka M), mo minii SRNM — mo Tiit ke minii
MNRS, ane y 3BOpOTHOMY HampsiMKY.

Posrnssmemo gpyrmii i3 3rajaHux BapiaHTiB. Hexail HarpiBaHHs BinOyBaeTbcs NpHU
HE3HAYHOMY IIPUTHUCKOBI TKAaHUH, SKOMY BIANOBIAA€ TUCK p, << p; , HEOOX1AHUHN mume i

(ikcalii B3a€MHOI'0 MTOJIOKEHHsI 000X TKAHMH. 3HAYCHHS K p, MPHUKIATAETHCS, KOJIU TeMIleparypa

nocsirae 3HadeHHs 7. Jlns nporo BapiaHTa HarpiBy Bianosiaae jdiHist MM1PQS, a oxonomkenHto —

muig SRNM{ M.
[TopiBHSIEMO 00MIBa BapiaHTH, CKOPUCTABIIUCH TEOPi€r0 (Pa30BUX MEPETBOPEHH (IUB., HATP.,
[8] Ta in.). 3risHO 3 Hi€0 TEOPi€IO MIBUAKICTH (PA30BOTO MEPexoay J BU3HAYAETHCSA (OPMYIIO0

J= const*exp(—i AU + bra) N,
KT, 3 &(Tm —Tl)

, 1)

ne k—crama Bompnmana, T — Temmeparypa, NpH sKiii BigOyBaerbcs mepexim, AU —
EHEPreTHYHUN Oap’ep, MO JOJAETHCS YACTHHKOIO TPU €IEMEHTAPHOMY IMEepPEeMIlIeHHl, V — 00’eM
YAaCTUHKH, O — KOe(DIIIEHT MOBEPXHEBOI'0 HATATY HA MOBEPXHI po3airy o00ox ¢a3, A — cxoBaHa
TeruioTa (pa3oBoro mepexojy, BiIHECEHA 10 OAHIET YACTUHKH, | — TeMIeparypa, MpH gKiil oOuaBi
(a3u 3HAXOIATHCS B PIBHOBA3I.

3rigHo 3 puc.l ansg mepuioro i3 po3risHYTHX BapiaHTiB T =T, a mist apyrorolym = Tp,

NPUYOMY CIPaBeJINBa HEPIBHICTh
T, >T, . @)
[To3naunmo uepe3 Jr Ta Jp MBHAKOCTI (a3zoBoro nepexony A—B st mepmroro i apyroro
BapiaHTiB BiAMOBiIHO. BpaxoBytoun HepiBHICTS (2), 13 popmynu (1) oTpumyemo
Jo <Jp @)
OcranHiil BUpa3 03Hayae, 110 IPH 3aCTOCYBAHHI JIPYroro BapiaHTa pyWHYBaHHS KOJareHOBOL

CITKM BiIOyBaeThbCsA WIBUAIIE, 1 CHUCTEMa MPHU EIEeKTPO3BAPIOBaHHI MepeOyBae TMiJ HAMpyroro
MeHmui yac. Lle 3MeHITye 3aranpbHUN yac XipypriuHoi omeparii. Tomy mepeBary ciij BianaTu

JpyroMmy BapiaHTy.

1. llamown b.€., Bynasin JLA., Axman O.FO., 3abawma FO.®. ma in., CTpyKTYpHI IEPETBOPECHHS KOJIATCHY
IpU eJeKTPO3BaploBaHHI M’ kX Oloyoriunux TkanuH // Jonosigi HAH Ykpainu, 2010, Ne2, 94.

OIBUYHI NOWKO/)KEHHSA EJIEKTPOTPAHCIIOPTHOI'O JIAHIIOT'A
MITOXOH/IPIA KJITUH EJEKTPOMATIHITHUM BUITPOMIHIOBAHHSM
HAJIBUCOKOYACTOTHOI'O AIAITA3OHY

A.IL Bypaaka', I.C. Craguux®

1) Incmumym excnepumenmanvHoi namonoeii, onkonoeii i padiobionoeii im.P. €. Kageyvkozo
HAH Ykpainu, m. Kuis
2) Kuiscokuii Hayionanvuull yHieepcumem imeni Tapaca lllesuenxa, gizuunuii paxyromem,
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AnoTtanisi. JlociipkeHHsI TpOBOAMIOCH Ha IIypax, siki 3a3Hain HBY onmpomiHeHHs HETEIUIOBOTo Aiana3oHy
3 IMITyJIbCHOIO Ta Oe3MepepBHOI0 MOAYIIsLi€0. Pe3ynbTaTn BKa3yroTh Ha momkopKkyrounii s EMB HBY
Ha EJIEKTPOHTPAHCIIOPTHY CUCTEMY MITOXOHJpil, 301JbIICHHS IIBUAKOCTI T€HEPYBAaHHS CYIEPOKCHIHUX
paavKais.
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AnHoTanus. VMccnemoBanust IpOBOAMINCE Ha KpbIcax, KOTOphIe ObUIH 00iydeHsl OMU CBY HeTerioBoro
JMara3oHa ¢ UMITYJbCHBIM M OCCIPEPHIBHBIM BMSHHEM. Pe3y/IbTaThl yKa3bIBalOT HAa HAPYIICHUS B CBS3H C
BausiHueM OMU CBY Ha 531I€KTPOHTPAaHCHOPTHYIO CHCTEMY MHTOXOHAPUN M YBEIWYEHHE CKOPOCTH
reHepanru CyrepoKCHIHUX paJuKaaoB.

Abstract. Researches were spent on rats who have been irradiated EMR SHF not thermal range with pulse
and continuous influence. Results specify in infringements in connection with influence EMR SHF on
electron transport system mitochondrions and increase in speed of generation superoxide radicals.

KuaiouoBi cjioBa: enekTpoMarHiTHe BHIIPOMIHIOBAHHS HAJBHCOKOYACTOTHOTO [Iialla30HY, EJIIEKTPOHHUH
napamaraiTanii pezonanc (EIIP), enexrpontpancnoptauit nanmor (ETJI) miToxoHapil KITTHH, TEYiHKa,
ceplie, aopra.

KaoueBbie ciaoBa: 3IEKTPOMarHUTHOE HM3Iy4YeHE CBEpXBBICOKOW 4acToTel (OMU CBY), snekTpoHHBIN
napamMarauTHeI pe3oHanc (OI1P), smexrpontpancmoptHas mernb (OTIl) MHTOXOHIpPHWIA KIIETOK, ICUCHB,
cepJue, aopra.

Key words: electromagnetic radiation of superhigh frequency (EMR SHF), electronic paramagnetic
resonance (EPR), electron transport chain (ETC) mitochondrions cages, liver, heart, aorta.

Bimomo, mo 0araTto maTOJOTIYHHMX MPOIECiB (OPMYEThCS Ha T MOPYIICHHS KIITHHHOTO
€HeprooOMiHy, SKE€ NPHU3BOJIUTH JO PO3BUTKY MITOXOHpiaapHOI HemoctatHocTi (MH). ILle
3YMOBJICHO THIM, IO MITOXOHAPIi TPHCYTHI y BCIX KIITHHAX, 32 BUKIIOYCHHSIM CPUTPOLMUTIB, 1
TOMY XBOpOOHM OKHCHOTO (hochepUITIOBaHHS MOXKYTh BUKJIMKATH CUMIITOMH B OYyIb-IKOMY Oprasi
a00 TKaHWHI, 30KpeMa B CEPIICBO-CYIMHHINA CUCTEMI.

MeToro mociiKeHHs OyJI0 BUBUUTH HACIIIKH BIUIMBY €JIEKTPOMArHiTHOrO BUIIPOMIHIOBAHHS
HaJBHCOKoYacToTHOro miana3ony (EMB HBY) Ha cuctemMy €IEKTPOHTPAHCIIOPTHOIO JIAHIIOTa
(ETJI) mitoxonnpiéi xmituH. JlocaimpkeHHS MpoBOaMIoCh Ha 80 CTaTeBO3PUIMX IIypax-CaMIIsX
nopoau Wistar, siki 3HaXOAMINCh HA 3BHYAHOMY PaIlioOHi BiBapiro, CEpeaHs Maca TBapHUH CKIIajgaia
0,20+0,02 kr. Tapunu Oynu noxineni Ha 3 rpynu. TBapunau I ta II rpynu (mo 40 mypiB) 3a3Hanu
totanbHoro HBY ompomiHeHHs HeTemioBoro miama3oHy. Ilpu mpomy tBapuau | rpynu Oyiwm
OTPOMIHEH] eKCIEPUMEHTAIbHUM TeHepaTopoM «BomHay 3 IMIMYyIbCHOIO MOAYJISIIEI0: TPUBATICTh
IMITyIIbCy - 2 Mc, MiKiMIynbcHHMA iHTepBan — 10 mc; Hecyua vactota - 0,465 I'T'm; TpuBamicts
ceaHcy BIUIMBY - 17,5 XB, IIUIBHICTh MOTOKY €Heprii - 6+2.4 MBr/em’. Tapunu Il rpynu Oynu
OTIPOMIHEH] eKCHepUMEHTaNbHUM TreHepaTopoM <«JIyu-11» 3 Hecydoro uyactororo 2,45 1T,
TPUBAIICTIO 15 XB, IIUIBHICT MOTOKY eHeprii — 6+2.4 MBr/em®. Omixe, ONPOMIHEHHS IIypiB
nepeadayvano piBHOCHEPreTUYHICTh BILMBY EMB 3 pisHMMH HecydyuMu 4acToTamu. TpeTio rpymy
ckinand 10 1HTaKTHUX TBapuH (Tpyna KOHTpoJito). CTaH KOMIIOHEHTIB €JIEKTPOHTPAHCIOPTHOIO
JIAHITIOTa MITOXOHJPIHA y TEYiHIll, Ceplli Ta aopTi OliHIOBaIu 4epe3 1, 7 ta 28 mi0 3 MOMEHTY
onpominioBanHss EMB HBY 3a HacTynmHuMu mapaMarHiTHUMH HeHTpamu: 13 g-dakrtopamu 1,94 —
inTeHcuBHICTH curHanmy EIIP, skwuif xapakrepusye cran FeS-6inka N2 ETJI mitoxonapiii; 2,00 —
piBeHb BMicTy yoOicemixiHoHy (YCX) B ETJI mitoxonapiii; 2,03 — BMICT KOMILJIEKCIB HET€MOBUX
NO-FeS-6inkis B ETJI mitoxouapiit; 2,07 — 3minu ctpykrypu ETJI mitoxormpii[1].

BceranoBneHo, 10 B eKCIEpUMEHTAIbHIA TpyIli TBapHH, $KI 3a3HATU IMIYJIbCHOI'O
MOJIyJIbOBAHOTO eNeKTpoMarHiTHoro ompomineHHss HBY mae miciie iCTOTHE 3HMKEHHSI CHTHATIB
EIIP 3 g-hakropamu 1,94; 2,00 Ta 2,03 ETJI MiTOXOH/pIii KJIITUH MEYIHKH.

3 mepmoi a00u cmocrepekeHHs iHTeHCHBHicTh curHany EINP FeS-6inka N2 ETJI
MITOXOH/IPIM KIIITUH MEYIHKU MOCTYINOBO 3MEHIIYBaBCS Ta Ha JIBAJLATh BOCbMY /100y OyB BIBIUl
MEHIIUH 3a MOKa3HUK KoHTpousro (BiamosigHo 1,43+0,02 B.o. B mepmry o0y, 1,27+0,07 B.o. — Ha
ceomy Ta 0,86+0,13 B.0. Ha ABaAIATH BOochbMy 100y mpotH 1,73+0,01 B.o. koHTpOI0; P<0,005).

PiBens BmicTy YCX KIITHH TEYiHKH TaKOXX 3HU3HMBCS B MepIIly 00y Micis OMPOMIHEHHS
(1,34+0,01 B.0.), HA cboMy m00y ctaHoBuB 1,214+0,28 B.0, Ha nBaausATh BochMy — 0,52+0,02 B.0.,
10 Maike BTpUYl HUXKYE 32 KOHTPOJIbHUH piBeHs (1,52+0,06 B.o.); P<0,05.

[Tpu anami3i pe3yabTarTiB, OTPUMAHUX MPH JAOCHTIHKEHHI BMicTy KoMIiekciB HereMoBux NO-
FeS-6inkiB B ETJI miToxoHmpiit 3BepTac Ha ceOe yBary pi3ke 301TbIICHHS IHTEHCUBHOCTI CUTHAY
EIIP B mepmry no6y (0,79+0,12 B.o. mpotu 0,41+0,01 B.0. KOHTPOJIIO) 3 HACTYIIHUM 3HHUKEHHSIM
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IHTEHCUBHOCTI CUTHAIIY B ChOMY Ta IBAIATh BOCBMY M00y criocTepexkeHHs (Bignosigno 0,54+0,04
B.0. Ta 0,52+0,01 B.0.).

AHanizyroun faHi pe3ynbrariB criekTpiB EIIP TkaHMHM TIE4iHKY, BHSIBJIICHO MOSBY CUTHAITY 3
0=2,07, mo xapakTepu3ye BUHUKHEHHs CTPYKTYPHOI 1epeOyI0BU eIeKTPOTPAaHCIOPTHOIO JIAHIIIOTa
MITOXOHJIPiil renaTOHUTIB.

Ile no3Bosise HaM 3pOOUTH BHCHOBOK MPO TE, IO BIUIMB IMIYJIBCHOTO MOJIYJIbOBAHOTO
BUITPOMIHIOBAHHS HAJBUCOKOI YaCTOTH BWKJIMKAB IOPYIICHHS, 3aJ€KHO BiJ 4acy, B MeXaHi3Mi
€JIEKTPOHHOT'O TPAHCIIOPTY €JEKTPOHIB B TUXATbHOMY JIAHIIFOKKY MITOXOHAPIN KIITHH MEYiHKU.

B mnepmy 00y cmnocrepekeHHs iHTeHCHBHICT, curHany EIIP FeS-6inka N2 ETJI
MITOXOHJIpIi  KJITHH  ceplsd  MICAS  ONPOMIHEHHS  IMITYJIbCHUM  €JIEKTPOMAarHiTHUM
BHUIIPOMIHIOBAHHSIM HaJBHUCOKOYACTOTHOTO Jiama3oHy 30UIbIIMJIAch Ta BXKE HAa ChbOMY JI00Yy
CIIOCTEPEKEHHS BIiAMOBiAaIa BUX1THOMY piBHIO. Ha aBamisaTe BocbMy 100y aHi HE BIAPI3HSIUCH
BiJl KoHTpoIto (Bignosimuo 2,14+0,31 B.o., 1,81+£0,08 B.0. Ta 1,77+0,04 B.0. mpotu 1,78+0,01 B.0.
koHTpoJt0; P<0,005).

PiBenpb BMicTy YCX KIIITUH cepiisi HE3HAYHO IMiIBULIUBCS B MEPIILY 00y Mics OMpOMiHEHHS
(1,58+0,01 B.0.), Ha cbomy 00y ctanoBuB 1,49+0,04 B.0, Ha nBaausTh BocbMy — 1,57+0,03 B.0.,
10 NMPAaKTHYHO BiANOBigae BuxigHoMy piHto (1,56+0,02 B.0.); P<0,05.

AHai3yuH pe3ynbTaTd  BMicTy KoMmiuiekciB HeremoBux NO-FeS-0inkie B ETJI
MITOXOHJIpiii 3BepTae Ha cebe yBary 30UIbIIeHHS IHTeHCHBHOCTI curHamy EIIP B mepmy moOy
(0,72+0,11 B.o. mpotu 0,67+0,01 B.0. KOHTPOIIIO) 3 HACTYITHUM 3HIDKEHHSIM 1HTEHCHUBHOCTI CUTHAITY
Ha ChOMY Ta JBaJLATh BOCBMY JI00Y CIIOCTEPEKCHHS HH)KYE BHXIJIHOTO PIBHIO (BIAMOBIIHO
0,59+0,08 B.0. Ta 0,60+0,02 B.0.; P<0,05).

BupakeHi 3MiHN IHTEHCUBHOCTI curHaiiB criekTpiB EIIP BusBiaeH1 mpu gocaipkeHH] TKaHUHA
aoptu mypis [ rpymu.

BcranoBinieHo, 110 y TBapuH, sIKi 3a3HAJIM IMITYJIbCHOTO MOJYJIbOBAHOTO €JIEKTPOMArHiTHOTO
onpominernass HBY wmae wmicne icrotHe 3HWkeHHs curHaniB EIIP 3 g-dakropamu 1,94 ETJI
MITOXOH/IPii KJIITUH aOpPTH.

3 mepmoi mo0m crmocTepexeHHs IHTeHCUBHICTH curHamy EITP FeS-6inka N2 ETJI
MITOXOHJIPif KJIITUH aOpTH MOCTYIMOBO 3MEHIIYBaBCsS Ta Ha JBAISATh BOCbMY 00y OyB B ISITh
pa3iB HIDKYKH 3a MOKa3HUK KOHTpoto (BiamosigHo 0,44+0,04 B.0. B mepury 100y, 0,43+0,03 B.0. —
Ha ceomy Ta 0,23+0,03 B.0. Ha IBaALATE BOCbMY 100y mpotu 1,43+0,01 B.0. KoHTpOITI0; P<0,005).

PiBens BmicTy YCX KIIITUH a0pTH 30UTbIIKBCA B nepiry 100y micist onpoMinenHs (0,31+0,02
B.0.), Ha cboMy 100y crtanHoBuB 0,52+0,03 B.o, Ha nmBamuaTe BocbMy — 0,30+£0,02 B.0., mpu
BuxijgHOMy 3HaueHHi 0,28+0,01 B.o.; P<0,05.

[Tpu anami3i pe3ynbTaTiB, OTPUMAHKX MPHU JTOCIIHKEHHI BMiCTy KOMIUIeKciB HeremoBux NO-
FeS-6inkis B ETJI MiToxoHIpili aopTh 3BepTae Ha cebe yBary pi3ke 30UIbIICHHS IHTEHCHUBHOCTI
curnany EIIP na chomy n00y cnocrepexkenns (0,77+0,08 B.o. mpotu 0,28+0,01 B.0. KOHTPOJIO) 3
HACTYITHUM 3HWKEHHSIM 1HTEHCUBHOCTI CUTHAITY J10 IBaJLSATh BOochbMoi 100w (Bignosiaxo 0,3140,03
B.0. P<0,05).

AHnanmizyroun naHi pe3ynabrariB crnekTpiB EIIP TkaHuHM aopTu, BUSABICHO BUHUKHEHHS
CTPYKTYpHOI TepeOyq0BH eNeKTPOTPAHCIIOPTHOTO JIAHIFOTa MITOXOHAPIA aopTH (TOsBa CUTHAIY
g=2,07).

Ha cnextpax EIIP TkaHuHM mediHKH LIypiB micis Oe3nepepBHOro onpominenHs EMB HBY.
BUSIBJIEHO MPOTrPECyroue 3HMKEHHS 1HTEHCHUBHOCTI curHainy ¢=1,94 y mopiBHSHHI 13 TKaHUHOIO
iHTaKkTHOI TBapuHM (Bignosimano 1,52+0,02 B.o., 1,48+0,01 B.0. Ta 1,43+0,02 B.0. mpotu 1,73+0,01
B.0. KOHTpout0; P<0,005).

Pienp BMicTy YCX B ETJI mitoxonapiii meuinku tBapuH Il rpynu Takox MOCTYMOBO
3meHmryBaBcs (Bigmoinuo 1,344+0,03 B.o., 1,3140,01 B.0. Ta 0,58+0,02 B.0. mpotn 1,50+0,01 B.O.
KoHTpouo; P<0,05).

Awmrmnityna curnany EITP cnektpy 3 g-dakropom 2,03 y AOCHIKYBaHUX TKaHWHAX MEYIHKU
II rpynu 3011bIIKIACH B MEpIIy J0OY CIIOCTEPEKEHHS Ta 10 ABAALSTH BOCKMOI 100M BiTHOBHJIACH
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110 BUXigHOTO piBHIO (BiamoBigHo 0,63+0,02 B.0., 0,54+0,02 B.0. Ta 0,41+£0,02 B.0. mpotu 0,41+0,01
koHTpoo; P<0,05). 3’sBuBcs curaan g=2,07.

B TkaHuHI cepis micas OMPOMiHEHHS O€3MEPEepPBHUM €JIEKTPOMArHITHIM BHIIPOMIHIOBAHHSIM
HAJBUCOKOYACTOTHOTO Jiama3oHy TBapuH Il rpymu ammiityga curdany Q-gakropa 1,94
30uIbIIMIack 3 mepmoi o chbomoi aoou (1,81+0,02 B.o. Ta 1,88+0,01 B.0. mpotu 1,78 B.O.
KOHTPOJIIO) Ta Ha ABAIATH BOCbMY J00Y 3apeeCTPOBAaHO 3HIKECHHS Mmoka3Huka a0 1,71+0,02 B.o. .

Awmrmmityna curHany 0=2,00 B cepui tBapuH Il rpymm 306imbnmiack B mepmry o0y
CIIOCTEPE)KEHHS 3 HACTYMHHUM 3HIKEHHSM 110 ABAALSTH BOCHMOI J00M, ajie BUXIIHOTO PIBHIO HE
nocsrina (BiamoBigHo 2,344+0,03 B.0., 2,28+0,02 B.0. Ta 1,97+0,02 B.0. MpoTHm 1,56+0,02 B.O.
KoHTpoIto; P<0,05).

[Tpu anamizi pe3ynbTaTiB, curaan g-gakropy 2,03 EIIP cnektpy cepus urypis Il rpynu gemro
30UTBIIUBCS HA ChOMY J100Y CITOCTEPEIKEHHS Ta J0 KIHIIS CTIOCTEPEKEHHS BiIMOBIIaB KOHTPOJIbHUM
3HaueHHsM (BignoBimao 0,63+0,02 B.o., 0,77+0,02 B.0. Ta 0,69+£0,02 mpotu 0,67+0,01 B.o.
KoHTpoIt0; P<0,05).

IarencuBHicTh curHany EITP 3 g=2,03 aoptu mpu ompomiHeHHi O6e3nepepsanM EMB HBY
nianazoHy TBapuH Il rpymu B mepury noOy miciiss OnpOMiHEHHS! 3HU3WIACh Maibke B UOTHPHU pa3u
(0,36+0,13 B.0. mpotu 1,43+0,01 KOHTpOIIO), 1O CHOMOI JOOU 3HMXKCHHS AMIUTYTYAH CUTHATY
nocsrino 0,24+0,07 B.0., HACTYITHUM TEPIOJ] CIOCTEPEIKEHHS CIIOCTEPIraioCh JESKE IiIBUIICHHS
s3naueHHs (0,29+0,04 B.o.; P<0,005).

Pieenp YCX B gaHMX 3pa3kax TaK0XX CYTTEBO 3MEHILIUBCS MPOTATOM IEPIOY CIIOCTEPEHKEHHS
Ta HE BIIHOBHMBCA J0 ABAALAThL BocbMOi jgo0m (Biamosimuo 0,12+0,04 B.0., 0,09+0,02 B.0. Ta
0,19+0,02 B.0. mpotu 0,28+0,01 B.0. kouTpOIKO; P<0,05-0,005).

Bwmict kommiekciB HeremoBux NO-FeS-0inkiB B ETJI MiToXOHIpili aopTH 3MEHIIUBCS 3
nepmroi go6m (0,21+0,02 B.0.) Ta Ha choMmy 00y ctanoBmia 0,05+0,03 B.o., Ha IBaIUATH BOCHBMY
no0y mocimipkeHHs amIutitTyga curHany ckimas 0,174+0,02 B.o. mpotu 0,28+0,01 B.0. KOHTPOIIO;
P<0,005 .

Y TBapuH BUSBJICHO MOPYIICHHS YTBOPSHHS KOMIUICKCIB 3 T'€MOBHMH Ta HETYMOBUMH
3a1i30BMICHUMH O1JIKaMU TKAaHWH TEYiHKH, CEplisd Ta aoOpTH, 3MiHWIACh aMmIiIiTyna curnanis EITP
komruiekciB FeS-0inka N2, YCX ta xommuiekciB HereMoBux NO-FeS-6inkiB B ETJI miToXOHpIiA,
peectpyBanace aedopmaris curHamis EIIP 3 g=2,07. 3MiHM He BIJHOBWIUCH 3a TeEpioa
CrocTepekeHHs. Pe3ynbratu AOCHiIKeHHST BKa3yloTh Ha nomkopkyrounid BmiauB EMB HBY Ha
€JIEKTPOHTPAHCIIOPTHY CHCTEMY MITOXOHJAPIM Ta 30UIbLIEHHS MIBUAKOCTI TI'eHEpPYBaHHS
CYNEPOKCHIHUX PAJUKATIB.
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INVESTIGATION OF THE KINETICS OF PHOTOINDUCED ELECTRONIC
TRANSITIONS IN NANOSTRUCTURES OF BACTERIAL REACTION CENTERS

M.A.Drapikovskyi*, M.A. Zabolotny, Y.M. Barabash, M.P. Kulish, O.P. Dmytrenko

National Taras Shevchenko University of Kyiv
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Anoranis. CtaH cydacHOI MEAWIIMHU TOTPeOYe MOCTIHHOTO PO3BUTKY OiOMEIMYHOTO HAHOEIEKTPOHHOTO
ycratkyBaHHs. CaMe ToMy BHBYEHHsI ()OTOMPOIIECIB Y OiONIOTIYHMX CHUCTEMax € aKTyaJbHHUM Ha ChOTOIHI.
Bucoka edektuBHicTh peakmii (orocTumynboBaHoro mnepeHecenHs enektpona (IIE) y OGionoriuynmx
CUCTEMaX, Y TOMY YHCII B CTPYKTYPi peakKIiifHUX IICHTPiB, MPUBEPTAE yBary 0araThoX JAOCIITHUKIB, AHATI3
OCHOBHUX YMHHHWKIB, III0 BU3HAYA€ MIBHIKICTb TAKWX pEaKIlii, BAXKIMBHUH K y (pyHAaMEHTAIBHOMY IUIaHI,
TakK i 3 TOUKU 30pY CTBOPEHHS MITyYHUX CUCTEM HAKOMMYEHHS i IEPETBOPEHHS €HEPTii.

Annorauus. CocTosiHHE COBPEMEHHONH MEIMLUHBI HYXXIACTCS MOCTOSHHOTO Pa3BUTHA OMOMEIMLIMHCKOTO
HAHOBJICKTPOHHOTO 000pyAoBaHus. MMEHHO mMO3TOMy u3ydeHHe (OTOMPOIECCOB B OHONIOTHYCCKUX
CUCTEMaxX SIBJSICTCS aKTYalbHBIM Ha CerofHs. Bbpicokas 3(QEeKTHBHOCTh peakiuid (GOTOCTUMYIUPYEMOTO
nepenoca aiekrpona (I1E) B OnonoHndeckux cucTtemMax, B TOM YHCJE B CTPYKTYPE PEaKIMOHHBIX [IEHTPOB,
NpUBJIEKaeT BHUMaHUE MHOTHX HCCIIEAOoBaTeNeld. AHaIN3 OCHOBHBIX (DaKTOPOB, ONPEACISIOINN CKOPOCTD
TaKUX PEaKIi, BAXKCH KaK B (YHJIaMEHTAIBHOM IUIAHE, TAK U C TOYKH 3PCHUS CO3JIaHHS MCKYCCTBEHHBIX
CHUCTCM HAKOIUICHUA U MPEBpAalICHUA SHCPTrUH.

Abstract. The high efficiency of electron transfer reactions of Photo-stimulated (ET) in biological systems,
including the structure of reaction centers attracted attention of many researchers. Analysis of the main
factors determining the speed of such reactions is important both in fundamental terms, and in terms of
creating artificial systems, storage and energy conversion. Found that ET in biological systems occurs as
series of ET in the structure of proteins between the metal centers or organic donor-acceptor groups at a
distance of 5-25 A. In this regard, series of experiments related to TE in the structure of proteins.

KarouoBi ciioBa: peakuiiiHuii IEHTp, €NEKTPOHHUH TPAHCIIOPT, BEHBIIET-IIEPETBOPCHHSI.
KuroueBble ¢j10Ba: peakIIMOHHBIN IEHTP, JIEKTPOHHBIN TPAHCIIOPT, BEUBJICT-TIPEBPAIIICHNE.
Key words: reaction center, electron transport, the wavelet-transform.

The state of modern medicine requires constant development of nanoelectronic biomedical
equipment. That’s why the study of photo processes in biological systems is important nowadays.

The aim of the work was to study and analyze the structural changes that accompanied the
kinetics of electron transport in complex systems photo excitation chlorophyll membrane proteins
of photosynthetic reaction centers of Rhodobacter sphaeroides (RS).[1] The task is to study the
kinetics of the slow response of isolated RS complexes that occurs under the influence of light.

High Efficiency of Photo-stimulated electron transfer reactions (TE) in biological systems,
including also the structure reactive centers attracts many researchers. Analysis of key factors,
determinating the speed of reactions, is important in fundamental terms, and in terms of creating
artificial systems of accumulation and transformation of energy. Found that TE in biological
systems occurs in the form of consistent TE in the structure of proteins between the metal centers or
organic donor-acceptor groups at a distance of 5-25 A.[2] The study of reactions of TE in the
structure of proteins, especially created by nature in evolution to implement this function may be
more informative than the study of any other molecular or nano systems, as in proteins relative
position of donor-acceptor centers and their molecular surroundings is completely identical, it is
difficult to ensure in the case of artificial molecular systems. Rapid molecular development of
biochemical and genetic techniques allows purposeful modification of proteins change the chemical
structure of donor-acceptor transitions and their oxidizable-recovery potential,in order to
accomplish a modification of amino acid residues in the way of transfer or surrounded by donor-
acceptor centers, which affects most physical factors that determine the Speed TE.[4]

We know many photosynthetic organisms. However, bacteria are of particular interest, they
have a relatively simple photosynthetic apparatus. Purple bacteria are not the only living organisms
except plants that can absorb light energy and transform it into other forms, store and transmit it at
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very large distances practically without loss. Purple bacteria has been studying over 40 years.[10]
They define the processes of photosynthesis in all Biostructures. They also allows separation of
photogenerated charge carriers pairs with a probability close to 1. Therefore, they are used in solar
and nanoelectronics. Determining cascade in bacterial photosynthetic processes is the primary
processes: absorption of a photon, energy migration in light collapsible complex charge separation
in photo reactionary center, electron transport, conjugate with it suffered protons and other ions
across the membrane.

The system of primary processes is a crucial feature that distinguishes it from other biological
systems. The "include™ light, can be tested using the delta-like (laser flash) or rectangular (including
constant light) pulses. Important is the fact that the chromatophore cell of photosynthetic bacteria
can be identified by biochemical methods separate part - bacterial reaction centers (RS), and the
selected part of photo system retains the ability to light absorption and charge light-induced
separation. Emerson and Arnold said about such a complex in 1932 for the first time. Dyuyzens in
1952 gave spectral evidence of its presence in bacteria.

Clayton formulated the idea that the primary electron donor is a part of the special pigment-
protein complex (PPC) called the "reaction center" of photosynthesis and provides the primary
process of photosynthesis. What has been confirmed by experiments Reed and Clayton using
biochemical selection PPC RSs from cells of photosynthetic bacteria. In the late 80's to early. 90th
crystals were obtained from a number of RS photosynthetic bacteria, and X-ray analysis showed
that the protein RS determines the spatial arrangement of pigment molecules and electron acceptors
that is necessary for the efficient separation and charge stabilization of RS.[9]

At present we know several types of RS differing nature and spectral properties of the
primary electron donor and the nature of the secondary electron donor and acceptor. The first such
complex was isolated in the early 70's with the purple photosynthetic bacteria species Rhodobacter
sphaeroides. The enhanced study of the structure, the nature of the reaction centers using
biochemical and biophysical techniques used to obtain information on the operation of centers and
their structural and dynamic properties. The first protein membrane structure which was determined
with a resolution of 2.9 A, and later with a resolution of 2.3 A, was a reaction center Rhodobacter
viridis, for which J.Deisenhofer, R.Huber, H.Michel in 1988 received the Nobel Prize in Chemistry
[ 6]. Later studied crystal reaction center of Rhodobacter sphaeroides resolution of 2.8 A.

There have been a number of studies in which RS were overexposed then watched state
recovery. Sequence of direct electron transfer reactions between components RC was established by
spectral effects, because its the reverse light absorption spectrum changes that characterize the
oxidized state of pigment and restore states cofactors. The obtained relaxation curves were checked
using wavelet analysis[20]

Following conclusions from the research:

1. Kinetics micro speed electron of the transfer from the donor to the acceptor and donor
acceptor solutions at RS Rhodobacter sphaeroides, depends on the time and intensity of light. With
increasing time or intensity reduction processes are slower, which may indicate the influence of
polarization effects on the processes of intramolecular electron transport.

2. The received subordinations of optical absorption and quantitative parameters of the
kinetics of the oxidation reaction centers at different modes of photo excitation allowed to divide
the kinetics of optical absorption into two parts: slow and fast. Fast Kinetics characterizes electron
transport and slow one - electron transport and slow conformational change RSs.

3. Wavelet analysis learn features of experimental curves of reloksations, depending on the
intensity and exposure time. It shows that the restoration and acquisition solutions RS is non-
stationary of time process. That is, we make the assumption that the exponent in the relaxation
curves do not act simultaneously and are included in sequence.[17]

4. With the exclusion of light exiting the optical absorption of the solution returned in original
condition, which proves that the photo induced changes in the molecular complex RS are reversible.
Measurement of the refractive index of the solution by holographic interferometry shows that the
change in volume of the molecular complex RS, with its light, is 0.1% -1%. This change in volume
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of the RS can be caused by a change in the angle between the bonds M, L, H RC globules that are
most labile.

5. Qualitative coincidence of oxidation kinetics of recovery with phytospectrums RS in their
light, confirming the relationship between electron transport and conformational changes in EC.

Thus high efficiency reaction Photo-stimulated electron transfer in biological systems,
including the structure of the reaction centers enables you to understand and learn to use Photo
processes.

Analysis of the main factors that determine the rate of such reactions is important as a
fundamental and from the point of view of creating artificial systems of conservation and
transformation of energy, enabling the improvement and creation of new medical nanoelectronics.
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Abstract. There is a great variety of chemical elements which have both kinds of stable isotopes,
nonmagnetic and magnetic. The question arises of whether the living cell can perceive the difference
between the magnetic and non-magnetic nuclei? In this regard, magnesium is of particular interest as Mg**
ions serve obligatory cofactors of many enzyme processes, the most important of which is synthesis of
adenosine triphosphate (ATP). Among three stable isotopes, **Mg, Mg and Mg with natural abundance
approximately 79, 10 and 11 %, only Mg has nuclear spin (I = 5/2) and, hence after, the nuclear magnetic
moment. Two other nuclei, *Mg, and *®Mg, have no spin (I=0) and, hence after, no magnetic moment. In
experiments with Escherichia coli, we have revealed that the adaptation period of the cells to the liquid
media supplied with magnetic Mg was found to be shorter than the adaptation period to the media supplied
with nonmagnetic **Mg or **Mg. In experiments with Saccharomyces cerevisiae, we have revealed that the
magnetic *>Mg, by comparison to the nonmagnetic Mg, more effectively stimulates recovery processes in
the yeast cells after UV irradiation. The rate constant of the post-radiation recovery was twice higher for the
cells enriched with the magnetic isotope of magnesium than for the cells enriched with the nonmagnetic
isotope of magnesium. Besides, there is the evidence that the nuclear spin of Mg exerts the preventive
antioxidant effect, prophylaxis, against production of active free radicals in the living cells. Thus, we have
every reason to believe that, with the magnetic isotope, the biopolymer nanoreactors operate not only more
effective but more reliable too, in comparison with their operation on the nonmagnetic isotopes. These
findings open up the way to the development of new preventive radiation medicine, based on the stable
magnetic isotopes, including novel radiation protectors.

Key words: stable isotopes, magnetic isotope effect, radiation medicine.

Apart from the energy control (the law of conservation of energy), any processes in Nature
are governed by the law of conservation of angular momentum. In the case of chemical or
biochemical reactions, the total spin of reaction products must be identical to the total spin of
reactants. To lift the ban, the spin state of the reactants must be changed. Magnetic fields are the
only means which are able to change the spin states, be it external magnetic fields or magnetic
fields of the magnetic nuclei. The last case is known as the “magnetic-isotope effect” (MIE): the
reaction shows different reaction rates and different yields of products according to whether the
reagents contain magnetic or nonmagnetic isotopes [1]. The question arises of whether living cells
can perceive the difference between magnetic and non-magnetic nuclei of the same element?

In this regard, magnesium is of particular interest. There are three stable isotopes of
magnesium, ?*Mg, Mg and ®Mg with natural abundance about 79, 10 and 11 %. Among them,
only >®Mg has the nuclear spin (1=5/2) that produces the magnetic field. Two other isotopes are
spinless (1=0) and, hence, produce no magnetic fields [2]. As the most abundant intracellular
divalent cation, Mg®" is essential to regulate numerous cellular functions and enzymes. lons of Mg?*
serve as obligatory cofactors in catalytic centers of many enzymes including ATP-synthase as the
primary producer of ATP in mitochondria, chloroplasts, bacteria and archaea [3]. Besides, the
difference in masses between the isotopes of magnesium is much less than that for the isotopes of
carbon, for example, thereby minimizing the classical mass-isotope effect.

In searching any isotope effects, including possible distinctions between the effects of
magnetic and nonmagnetic isotopes, the very first step should be preparation of the isotope-
enriched cells. With this aim, we used the commonly accepted cell models, E. coli and S. cerevisiae,
and growth media of the same identical chemical composition but supplemented with different
isotopes of magnesium, namely, magnetic or nonmagnetic, as MgSO., “*MgSO,4 or *®MgSO, [4-
6].
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The pioneering studies have been done in Institute of Problems of Chemical Physics, RAS,
with bacteria E. coli, strain BB. The striking effect of the magnetic isotope, >>Mg, has been detected
when tallying up the colony forming units (CFU). The amount of CFU formed by the bacteria,
which were previously grown on magnetic Mg, has turned out to be about 40 percent higher in
comparison with the bacteria, which were previously grown on nonmagnetic Mg [4]. Thus, the
cells which have been previously enriched with the magnetic isotope of magnesium demonstrate the
essentially higher viability in comparison to the cells enriched with the nonmagnetic isotope.
Another striking effect of the magnetic isotope of magnesium has been detected when measuring
activity of superoxide dismutase (SOD), the main antioxidant enzyme of the cells. The cells
enriched with Mg demonstrate the reduced activity of SOD, about 40 percent, when compared to
the cells enriched with **Mg [4]. It is commonly known that SOD catalyzes the reaction of
dismutation of superoxide radicals, O,*", into hydrogen peroxide (H,O;) and oxygen, thus
protecting cell structures from O,* and its toxic chemical products [3]. The level of the SOD
activity is adjusted to the intracellular level of O,*". If SOD activity decreases or increases, it
normally reflects the relevant decrease or increase in the production of O,*~ as faulty by-products
of the electron-transport nanoreactors of oxidative phosphorylation [3, 7]. Hence, the lower level of
SOD activity testifies the lower production of O,*". Thus, downgrading production of O,*", the
magnetic isotope produces, actually, a preventive antioxidant effect.

Thereafter, in cooperation with the microbiologists of Orenburg State University, using
another strain of E. coli, K12TG1, the amount of CFU formed by the bacteria previously grown on
magnetic Mg, was found to be almost twice higher in comparison with the bacteria which were
previously grown on nonmagnetic **Mg and **Mg [5]. No significant difference between
nonmagnetic Mg and ®Myg in their effects on CFU was found. It gives evidence that there is the
magnetic isotope effect of Mg rather than a classical mass-dependent isotope effect of the
magnesium isotopes. In addition, kinetics of the cell growth was hourly monitored in the cited
experiments. The Kinetic curves of cell biomass growth were typical for the bacterial growth
involving slow adaptation period (“lag-phase”) followed by exponential growth (“log-phase”) when
the cell mass quickly doubled and the stationary phase when the cell growth completed because of
lack of the substrates (primarily, glucose). The striking observation of these experiments was that
length of the lag-phase has turned out to be essentially shorter in the case when the cells were
transferred on the media with magnetic isotope of >Mg in comparison with nonmagnetic **Mg and
Mg, while the nonmagnetic isotopes, **Mg and 2*Mg, were not differentiated by their effects on
the lag-phase length. No isotope effect has been detected in the exponential phase of the cell
growth: the rate constants for all three isotopes of magnesium have turned out to be approximately
the same [5]. The cited experimental results indicate that the adaptation of cells to the new growth
media is limited by some enzymatic processes, efficiency of which is increased by magnetic nuclei
of Mg, unlike the exponential phase of growth.

Of special interest are searches for magnetic-isotope effects in the processes of recovery of
cells from radiation injuries. The reason is that any factor, capable to influence on efficiency and
reliability of cell nanoreactors, shows up itself most vividly under drastic conditions of post-
radiation recovery [8]. We undertook the investigation of effects of magnetic and nonmagnetic
isotopes of magnesium on post-radiation recovery of S. cerevisiae, diploid strain, cultivated on the
standard nutrient liquid media M3 supplemented with **MgSO. or MgSO, [6]. After three days of
the cultivation under aerobic conditions at 30 °C, the cells were washed from the nutrient liquid and
suspended in nutrient-free (“fasting”) media, i.e., sterile phosphate buffer. Then, the cells were
irradiated by the short-wave ultraviolet light, whereupon they were left in the nutrient-free water at
30 °C (with shaking) to study kinetics of the post-radiation recovery of the cells. For this kinetics
study, the aliquots of the cells were periodically seeded on the standard nutrient and the cell
survival was monitored by the standard CFU technique. The survival of cells transferred to agar
immediately after irradiation was not more than a few percent (Fig. 1). In this case the injured
genetic structures in most of the cells could not be repaired before the onset of mitosis, and
nonviable daughter cells were produced. Incubation in nutrient-free water, in which the cells do not
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divide, provides sufficient time for repair processes and leads to a corresponding increase in
survival. From the kinetics curves represented on this figure we notice that the cells enriched with
magnetic isotope of magnesium, Mg, are recovered essentially more effectively than the cell
enriched with the nonmagnetic **Mg. From these experiments it was calculated that the value of the
rate constant /3 of the post-radiation recovery was twice higher for the cells enriched with Mg than
for the cells enriched with ?*Mg. This is the decisive evidence that the magnetic isotope of
magnesium essentially more effectively promotes the recovery of cells from radiation damages [6].

—-—24Mg
—0—25Mg
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Figure 1. The difference in effects of magnetic and non magnetic isotopes of magnesium on post-radiation
recovery of S. cerevisiae, diploid yeast cells. The cells enriched with magnetic Mg or nonmagnetic *Mg
were irradiated by the short-wave UV light (1 = 240-260). Survival of cells was estimated as their ability to
form colonies on the nutrition agar: 1 - recovery of the cells enriched with **Mg;
2 — recovery of the cells enriched with *Mg [6].

Thus, our data have documented, for the first time, the magnetic-isotope effect of magnesium-
25 in vivo. Factual evidence of MIE, on its own, indicates that there is a spin-selective “bottle-neck”
of the process under investigation. lons of Mg?* perform not only the cofactor functions in synthesis
and hydrolysis of ATP. In addition, they have the impact on the structure-functional properties of
RNA, RNA-polymerase, ribonuclease, on the specialized proteins which regulate homeostasis and
transport of Mg in living cells, and so on [9]. Up to date, however, there are strong grounds for
believing that magnetic isotope, Mg, more effectively performs the Mg®* cofactor functions for
oxidative phosphorylation in comparison to Mg or Mg [10-11]. Indeed, adaptation of cells to
novel growth conditions requires a large variety of stress proteins to be synthesized and ATP, as the
main source of energy in microbial cells, is most likely to be the limiting substrate for the
adaptation metabolic processes. Similarly, a large variety of biosynthesis is required for recovery of
cells from radiation injuries. It is reasonable to suggest that the kinetics of post-radiation recovery is
also limited by spin-selective synthesis of ATP as the “bottleneck”.

A.L. Buchachenko and his co-workers have suggested that a reversible transfer of electron
density in the active center of ATP-synthase from the terminal anion phosphate group of ADP to
Mg?**-cation produces a virtual ion-radical pair, Mg*-adenosine phosphate radical in the singlet spin
state [10]. Due to the hyperfine interaction of the unpaired electron with the nuclear spin of Mg,
the state of this virtual pair is converted from the short-lived singlet (total electron spin of the pair, S
= 0) into the long-lived triplet (S = 1) in which the yield of the reaction of the ATP synthesis
correspondingly increases [10]. It should be mentioned that the hypothesis about a possible key-role
of such virtual ion-radical pairs in oxidative phosphorylation and energy transformation processes
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has long been stated [12]. Within the context of modern bioenergetics, it is reasonably to suggest
that the proton electrochemical gradient poses conformational pressure in the catalytic center of
ATP-synthase, generating electronic-conformational excitation in the ADP-Mg?* complex. This
would essentially increase reactivity of the adenine base of ADP to phosphate. The nuclear spin of
Mg provokes the transition of the exited ADP-Mg** complex from the singlet state to the triplet
state the lifespan of which is longer, thereby providing more time for the reaction of the ATP
synthesis from ADP and P; [11].

Our experimental data have documented, for the first time, the beneficial magnetic-isotope
effects of Mg in vivo. Although the detailed mechanisms of the ability of the living cell to
perceive magnetic properties of the atomic nuclei require further investigations, the “nuclear spin
catalysis”, as such, always and unambiguously indicates that the reaction under study is a spin-
selective process with participation of paramagnetic intermediates, such as free radical pair, ion-
radical pair or triplet state that undergo the spin conversion. Along this line the general principles of
spin chemistry, amongst them — control of biochemical reactivity in living cells by the selective
modification with stable magnetic isotopes, hold considerable promise. In part, the discovery of the
magnetic-isotope effect of Mg in radiation biology opens the ways toward the novel anti-stress
and anti-radiation protectors enriched with the magnetic-isotope.

In living Nature, besides Mg, there is a great variety of other chemical elements which have
stable magnetic isotopes, among them — *H and 2D, *C, N, 'O, #Na, *!P, *K and *K, *Ca, etc.
Since the nuclear magnetic resonances can be observed for each of them, it makes possible the
technological innovations, based on the magnetic isotopy, to exert control over efficiency and
reliability of biomolecular nanoreactors with the help of relevant radiofrequencies at the external
magnetic fields.

Financial support from Russian Foundation for Fundamental Investigations, project no. 10-
03-01203a, is greatly acknowledged.

1. Buchachenko A.L. Magnetic Isotope Effect in Chemistry and Biochemistry. — New York: Nova Science
Publishing, 2009.

2. Grant D.M., Harris R.K. Encyclopedia of Nuclear Magnetic Resonance. — Chichester: Wiley, 1996.

3. Nelson D.L., Cox M.M. Lehninger Principles of Biochemistry. — New York: Freeman, 2008.

4. Bogatyrenko T.N., Kudryashova E.A., Tumanova L.V., Koltover V.K. Influence of different isotopes of
magnesium on SOD activity level in the study of kinetics of growth of E. coli // Proc. of the V
International congress on Low and Superlow Fields and Radiations in Biology and Medicine. — St.
Petersburg, 2009. — P. 92.

5. Koltover V.K., Shevchenko U.G., Avdeeva L.V., Royba E.A., Berdinsky V.L., Kudryashova E.A. Magnetic
isotope effect of magnesium in the living cell // Doklady Biochemistry and Biophysics — 2012. — V. 442.
—No. 1-2. - P. 12-14.

6. Grodzinsky D.M., Evstyukhina T.A., Koltover V.K., Korolev V.G., Kutlakhmedov Y.A. Effect of the
magnetic isotope of magnesium, Mg, on post-radiation recovery of Saccharomyces cerevisiae // Reports
Nat. Acad. Sci. Ukraine — 2011. — No. 12. — P. 153-157 (Russ).

7. Koltover V.K. Antioxidant biomedicine: from free radical chemistry to systems biology mechanisms //
Russian Chemical Bulletin. — 2010. — V. 59. — No. 1. — P. 37-42.

8. Grodzinsky D.M., Vojtenko V.P., Kutlakhmedov Y.A., Koltover V.K. Reliability and Aging of Biological
Systems. — Kiev: Naukova Dumka, 1987. — 172 P.

9. Romani A.M.P. Cellular magnesium homeostasis // Arch. Biochem. Biophys. — 2011. — V. 512. — P. 1-23.

10. Buchachenko A.L., Kuznetsov D.A., Breslavskaya N.N. Chemistry of enzymatic ATP synthesis: an
insight through the isotope window // Chem. Rev. — 2012. — V. 112. — P. 2042—-2058.

11. Koltover V.K. Stable magnetic isotopes as a new trend in biomedicine // Biomedicine (Ed. C. Lin). —
Rijeka: InTech-Europe, 2012. — P. 105-122 (access: www.intechopen.com).

12. Blumenfeld L.A., Koltover V.K. Energy transformation and conformational transitions in
mitochondrial membranes as relaxation processes. // Mol. Biol. (Moscow). —1972. — V. 6. — P. 161-166.

86



MOJIUPIKALIA BIACTUBOCTEN OKCHUPE3BEPATPO.TY
Y BOAHOMY PO34YHUHI 3 ®YJIEPEHAMMU

M.O. Ky3bmenko®™ , M.A. 3a6ooruslii-, A.M. Momor', I'.I. JoGemxko °, E.IL. THaTiOK?,
I'.I. Coasinux’, JL.H. Kl/lpRI/IJIeBCKaﬂ4, O.11. I[MI/ITpeHK()l, H.IIL. Ky.]]l/lllll, A.B. COBFyTbl

1) Hayionanvnuii ynisepcumem imeni Tapaca Illesuenka
2) Incmumym ¢hizuxu HAHY
3) Incmumym excnepumenmanbHoi namono2ii, oHkono2ii i padiobionoaii im.. Kaseyvkoco
4) Kuiscokuii ynisepcumem YAHM
*eyi. Borooumupcka 64113, m. Kuis, Yrpaina, 01033;
+38(098) 826-31-72; kuzjamaryna@gmail.com

Anorania .IloOymoBani Ta onTUMi3oBaHi MoOJeNi MOJIEKYJIM CTHIBOCHIB MertomoMm Xaptpi-Doka 3a
JONOMOror nporpamuoro nakerom Gaussian 03. Po3paxoBaHi eHeprii OCHOBHOTO CTaHy Ta IUIIOJbHHI
MOoMeHT MeronoM (yHkiionana ryctuan (B3LYP).[lns monexymu okcupesBeparpony Bu3HaueHO YD-
cnekTp Ta cuekrp Y- mornmuuanna. IlokazaHa MOXXJIMBICTH YTBOPEHHS KOMIUIEKCY OKCHpe3BepaTpoia 3
¢dyneperom Cgo.

Annotanus.IlocTpoeHB! U ONTUMH3UPOBAHHBIE MOJIENA MOIIEKYINBI CTUIhOeHa MeTogoM Xaprpu-Doka c
HOMOIIBI0 TporpaMMHoro makera Gaussian 03. Paccuutanbl 3HEPrHH OCHOBHOTO COCTOSIHUSI M AUTIOJIBHBIN
MOMEHT MeToJoM (yHKunoHana riotHoctd (B3LYP). It monekynsl okcupesBepaTpoia onpeaencHsl Y -
cnektp u cnekrplK-nornomenns. [lokazana Bo3MOKXHOCTE 0Opa30BaHMs KOMIUIEKCA OKCHpE3BepaTpoia ¢
¢ymneperom C60.

Abstract. Model molecules stilbenes using Hartree-Fock method in software package Gaussian 03 are built
and optimized. Ground state energies and dipole are calculated using density functional method (B3LYP).
For molecules of oxyresveratrol UV spectrum and infrared absorption spectrum are defined. The possibility
of formation complex of oxyresverastrol with fullerenes C60 is shown.

Karwouosi cioBa: ctunsOeHn, okcupe3Beparpod, KoMmiuieke,dpyiepeH Ceo.
KuroueBsble ciioBa: cTuiibOeHBI, OKCHpPE3BepaTpoJi, kKoMiuiekce,pymieper Cep.
Key words: stilbens, oxyresveratrol, fullerene, complex.

Husbka cneuudiunicts hapMakoNIoridyHOi Iii MPOTHIMYXJIMHHUX MpenapaTiB Ta BHCOKa iXx
TOKCHUYHICTh IO BIJHOLIEHHIO O HOPMAaJbHUX OpPraHiB Ta TKAHWH OpPraHi3My TOCTPO CTaBHUTb
MUTaHHS MI0JI0 PO3POOKK HOBUX €(PEKTUBHUX MPOTHUIYXJIUHHUX 3aC00iB, CIPSIMOBAHUX, B MEPIIY
yepry, Ha IPUTHIYEHHS METacTa3yBaHHS, IK OCHOBHOI IPUUYMHU 3aru0eil OHKOJIOTTYHHUX XBOPHX.

Pocnuuu € TpaauuiifHUM JpKepenoM aKTUBHUX areHTIB, sIKI MPOSBISIOTH MPOTUMYXIHHHY
akTuBHICTh. Cepesl HUX BEJIUKY yBary B OCTaHHIN yac MPUBEPTAIOTh CTUILOEHH, SIKI BIIHOCSATHCS 10
nonieHoNnbHUX cronyk. Jlo oHUX 3 HAHOUIBII BiIOMUX y (apMaKoJorii CTUILOEHIB BIAHOCATHCS
pe3Beparpos Ta okcupeceparpoi. OKCupe3BepaTpoil XapaKTEPU3YEThCSI BUCOKOIO PO3YHHHICTIO Y
BOJIi, BUCOKOIO 010JJOCTYIMHICTIO Ta HU3bKOIO ITUTOTOKCUYHICTIO MO BiJHOLIECHHIO 10 HOPMAJIbHUX
TKaHUH, 10 HAaJla€ HOMY psiJI CYTTEBUX IIepeBar nepe pe3BepaTpoioM.

Taka crnernudika 010JIOT1YHOT aKTUBHOCTI OKCHPE3BEpaTpOIy MOXKE CYTTEBO BIUTMBATH Ha
e(eKTUBHICTh TMPOTHUNYXJIMHHOI Tepamii, 1i 3aJeXHICTh BiJl JO3M 1 CTABUTh IMHTAHHS OO
Moudikariii 610JIOT1UHUX BIACTUBOCTEH OKCHPE3BEPATPOITy, CIIPSIMOBAHOI Ha CTAOII3AIII0 UM TO
MPOOKCHJIAHTHUX, YM TO AHTHOKCHUJAHTHHUX MOro BiacTUBOCTeH. [lpm mpomy crabimizaris
MPOOKCUIAHTHUX BIACTUBOCTEH OKCHPE3BEPATPOITy MOKE 3a0€3MEeUUTH HOro 3/aTHICTh IHT10yBaTH
OyXJMHHUA ~TpOIleC 3a PaxyHOK (MPSAMOTO UM  OMOCEPEIKOBAHOTO 4Yepe3  PEeryIIsiiio
(GyHKITIOHaTBbHOI aKTUBHOCTI MakpodariB) MOTEHIIIOBAHHS METAa0OJIIYHOTO CTPECy B MYXJIMHHUX
KIIITHHAX. B IboMy BUTIQJKy OKCHpPE3BEpaTpoO Oyjie MPOSBIATH ceOe K MPOTUITYXTHHHUNA arcHT.
[Tpu crabimizallii aHTHOKCUJAHTHUX BIACTHBOCTEH OKCHPE3BEPaTPOIy BiH MOXKE PO3TISIATHCH SK
npenapar CympoBOIY JUIsl TIOJIOBXKEHHS TPUBAJIOCTI Ta TMOJIMIICHHS SIKOCT1 KUTTS OHKOJOTIYHUX
XBOPUX.

87



B ocCHOBI JIeKUTH TimoTre3a, IO B MYXJIMHHUX KIITHHAX, B CHJIYy IX HHU3bKOI 34aTHOCTI
e(heKTUBHO aJanTyBaTUCh JI0 META0OIYHOTO CTPECY, MOXKIIMBO 1HAYKYBATH iX 3aru0eib MUITXOM
CTBOpPEHHSI METa0OJIIYHOI KaTacTpodu, MpH SKid BUCOKA EHEPreTUYHa MoTpeda MyXJIMHHUX KIIITHH
He BiamoBimae piBHo mnpoxaykmii AT®. [1-3] po3paxoByrouM KpPUTHYHY POJb OKHCHO-
BiJTHOBJIFOBAIBHOTO TIOTEHIIAy MITOXOHJPI B EHEPreTUYHOMY TOMEOCTa3l MyXJIMH, MOXHa
OPUITYCTUTH, M0 CTaOumi3alisi MNPOOKCUAAHTHUX BJIACTHBOCTEH OKCHPE3BEpATpoily MOXKe
3a0e3MmeynuT  HWOro 3/JaTHICTh IHTiIOyBaTH NyXJIHMHHHA MPOIEC 3a paxyHOK (MPSAMOro 4Yu
OTIOCEPEIKOBAHOTO Yepe3 PErysliio (DYHKIIIOHATbHOI aKTUBHOCTI MakpodariB) MOTEHIIIFOBaHHS
METa0OIIYHOTO CTPECY B MyXJIMHHUX KIITHHAX. OJHUM 3 NUIAXiB MO (BIKaIil IPOTUITYXJIMHHOT 11T
OKCHPE3BEPATPOIIY € BYIJICLIEBl HAHOYACTUHKH.

Mera poOoru. BusHaueHHs KOHPOpPMAIIHHUX CTaHIB, ONTHUYHUX XapPAKTEPUCTHK
€JIEKTPOHHUX BJIACTHBOCTEH OKCHpECBEpaTpoily Ta Horo Moaudikailiid 3a AOMOMOrow QyiaepeHny
Ceo 11X 010JIOTIYHIN AKTUBHOCTI.

BukopucTtanss ynbTpaguCIepCUX YAaCTHHOK SIK HOCIiB O10aKTHBHMX IIpErapariB BiIKPHUBAE
HOBI MOXIIMBOCTI JUIsl TIABUIICHHS €QEKTUBHOCTI ixHBOI 1ii Ha Oionoriuni o00’extu. Lle
BIIOYBAETHCS TMEPEAYCIM YHACTIOK MPEIU31MHOI TOCTaBKH JIIKiB /10 OKPEMHX OpPraHiB 1 TKaHWH
JKUBOTO OpraHi3My, a TAKOX SK pe3ysIbTaT MOKPAIIEHHS PO3YMHHOCTI IMpenapariB y BOAI Ta iXHBOL
010CYMICHOCTI, TIJBUIIEHHS PIBHA OpraHizalii mpolecy I030BaHOIO0 U IPOJOHTOBAHOIO
BUBLJIBHEHHS JIIKApChKUX IpenapaTiB i3 MOBEPXHI HOCISA, a OT)KE 3MEHIICHHS iXHbOI TOKCHYHOCTI
HUISXOM 3HIKEHHS JI03U.

MexaHi3Mu 1 TpOIECH CTajii CEJNEKTUBHOI arperamii 1HTaKTHOI KIITHHH 3 YaCTHHKOIO
BiOyBarOThCS Ha OCHOBI Bizmomoi [4,5] Mojeni MOABIMHOIO €IEKTPHYHOrO MIapy >KUBOI KIIITHHH,
sKa MOOYJOBaHA Ha PO3TJSAL JIBOX HOTO TOJOBHHX MapaMETpPiB: PIBHOBAXKHOTO EJICKTPUIHOTO
noteHiiany W, skuii BHHHMKae B pe3ysbTaTi AuMcouiamii (YHKIIOHAJLHUX TPy HAa IMOBEPXHI
KJIITHHY, 1 HEPIBHOBAXHOTO IOTEHIIAY (), IO BUHUKAE BHACHIJOK aKTHBHOTO TPAHCIIOPTYBAHHS
MIPOTOHIB.

OnTtuyHi BUMIpIOBaHHSI Ta TeopeTH4HMii aHami3. [lpu mnpuroryBaHHi 3pa3kiB
BUKOPHCTOBYBAJIM OKCHpe3Beparpoll 95% YuCTOTH, SKUA 3MINIyBalH 3 AMCTEISTOM BOIH TPHU
T=60°C y mpornopitisx IMkr okcipe3Beparpony g0 0.1 mu Bomu. [lanuii po34MH HAHOCWIM Ha
30JI0Ty Ta KalblUK-GTOPOBY MIAKIAJIKY IBUTPUMYBAIU MiJ CBITJIOM 10 BUcuXaHHA. [Y crekTpu
NOTJIMHAHHSI OyiM 3apeecTpoBaHi 3a normomoroto [U-cnektpomerpa Bruker IFS (66) (I'epmanis) B
reoMeTpii Ha mpomyckanHs. Peectpartisi i 00poOKka CeKTpiB MPOBOAKIACH 32 IOTIOMOTOI0 TPOrpaMu
OPUS 5.5. YO - criektpu morivHaHHS Oy 3apeecTpoBaHi 3a jornomoror Y®- crekrpomerpa
Shimadzu UV-260.

Teoperuuni oOpaxyHku Oyiu 3/1iHCHEHHI 3a qormoMororo mporpamu Gaussian 03. Tlpu anamizi
BUKOPHCTOBYBAJAacs OMTHMI3alliss Monekyn MeronoMm Xaptpi-Doka 3 Habopom Oazucy 3-21G.
OOpaxoBaHa BeTMYMHA €HEPTii OCHOBHOI'O CTaHy MeTo/0M XapTpi-Doka Ta PpyHKII0HANIA I'YyCTUHU
3 Tibpuanum  ¢yukiionatoMm B3LYP Ta 6asucom 6-311G(2d,p). Hdus mobGyrnosu IU coektpy
paxyBaJKCsl 4YaCTOTH Ha ONTUMI3OBaHIA CTPYKTYpl paxyBaJIUCS YAaCTOTH THUM X CaMHUM 0a3ucoM,
10 BUKOPUCTOBYBaBCs Mpu omtumizarii. Jns moOymoBu Y®D-cnekTpy BHUKOPHUCTOBYBCS METO]
OTHOKpaTHHUX 30ymkeHnx kKoH(pirypamii(CIS) y sikoMy BpaxoByBaiucs IMEpEeXOIH €IEKTpOHA 3
3aHsTOl OpOiTaNi Ha BipTyansHy. [[J1st MOJenOBaHHS CONbBATAIlll, EHEPrETHUYHUX XapaKTEPUCTUK Ta
IU crnekTpy okcupesBepaTpoiia y BOJII BHKOPHCTOBYBCS METOJ CaMOY3TOKEHOTO pPEaKIiiHOTO
nossi( Self-Consistent Reaction Field) ta moxens IPCM(Isodensity Polarized Continuum model).

[TpoBeneH1 HaMU PO3paxyHKH TUIOJBHUX MOMEHTIB Ta €HEprii OCHOBHHMX CTaHIB MOJIEKYI
CTHJIbOEHIB MOKa3allu, [0 HAWOUIBIINN TUIOIFHII MOMEHT Ma€ MOJIEKYJia OKCUPE3BEPaTPOIly, 110
BKa3yBaJI0 HAa 3HAYHY WMOBIPHICTh YTBOPEHHS aJYKTIB 32 Y4acTIO LIUX MOJIEKYJ] 3a PaXyHOK CHJI
Ban nmep Baambca. 3a Takoro MexaHi3My YTBOPEHHS KOMILJIEKCIB 3a paxXyHOK CIa0KHX
MDKMOJIEKYJIIPHUX B3a€EMOJINH MOKYTh 3aJIMIIATHCS MPAaKTUYHO HE 3MiHEHHI ()13MYHI BIACTHBOCTI
MOJIEKYJI TIpU OAHOYACHIM Mojudikamii iX sK O010J0TiYHOI aKTUBHOCTI 3a paxyHOK 3MiHHU
KOH(OpMAIIHOTO CTaHy TakK 1 TPAHCIIOPTHHUX BJIACTUBOCTEW. BUIbII 3HAYHI 3MIHM BJIACTMBOCTEH
CTHJIbOEHIB MOKJIMBI MTPH BCTAHOBIIEHH1 OUTBII CHIIBHUX 3B’ S3KiB 3 MOIU(IKAIIIHHUMH TOMIIIKAMH.
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OmiHUTH MOXXJIUBICTh TaKOTO MPOLIECY MOXHA MPU BHUKOPHUCTAHHI €HEPreTUYHHUX XapaKTEPUCTHK
MOJIEKYJI CTUIILOCHIB, TIpeAcTaBieHH] y Taoum. 1

Tabnuus 1. EHeprist o0cHOBHOTO CTaHy Ta TMHOJBHUI MOMEHT CTHIIBOCHIB.

Hasga ctuiisbeny Enepris ocHoBHOro ctany, ( Xaprpi) | JAunonsnuit MomenT, ([ebait)
3,5-/lurinpokci-4-MeTOKCICTITLOCH -796,279905 4,944
TpumerunpesBepaTpos -873,903367 3,7147
ITinein (Piceid) -1361,423017 4,3248
PesBepartpon (Tpanc) -754,467515 3,7670
PesBeparpon (umc) -757,462734 4,5553
OxcupesBepaTpo(TpaHc) -831,910864 5,876
Oxcupe3BepaTposI(Luc) -836,92498 1,9464

Byna npoBeseHa onTuMizaiisi KOMIUIEKCY MOJICKYJIH (pyJepeHy 3 MOJICKYJIaMHU IIHC Ta TPaHC-
oKcupe3Beparpory. Puc. 1 imoctpye oTpumaHi pe3yinbTaTd BHKOHABIIM TEOpETHYHI OOpaxyHKH
yactoT IYU crekTpy MOMIMHAHHS JaHHUX KOMIUICKCIB, OyJ0 BIAMIYEHO, IO Y BHMAJKY KOMILIEKCY
TpaHC-OKCUpe3BepaTpol Ta Qynepeny (y 3o0paxkeHid koHpopMmarii Puc.l) HasSBHICTH YSIBHHX
YacTOT, 10 B CBOKO YEPr'y BKa3ye Ha HE CTAOLIbHICTh JIAHOTO KOMILICKCY.

Puc.1 xoMIuIekc TpaHC-OKCUpPE3BEpaTpoILy Ta Qynepeny

BucHoBku.

1 MeTtomamMu KBaHTOBOI XiMil 3a JoroMororo nmporpamu Gaussian 6yiu BU3Ha4YeHi POCTOPOBI
CTPYKTYPH OKCHUPE3BEPATPOITY Ta OOpaxOBaHI €HEPreTUYHI XapaKTEPUCTHKH TaKi K JAUMOIbHUN
MOMEHT Ta €HEprisi OCHOBHOT'O CTaHy.

2.I1obynoBani Y crnexTpu MOrauHaHHS OKCHUpe3BepaTpoily. Ta mpoBeAeHHN NMOPIBHSIIbHUIN
aHaJIi3 eKCIePUMEHTAIBHOTO Ta TEOPETUYHOTO 0OPAXyHKY.

3.IlokazaHa MOXJIMBICTb KOMIUIEKCOYTBOPEHHsI Ta OOyMOBJI€Ha HEI MOXIIMBICTb
Moaudikarii BIacTHBOCTEN OKcUpe3BepaTpoia 3 MoJekynorw dynepera(Cep).
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DIFFUSION MRI FOR ACUTE CIRCULATORY DISORDERS DETECTION IN BRAIN
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Abstract. Diffusion MRI allows the mapping of the diffusion process of molecules, mainly water, in
biological tissues, in vivo and non-invasively. This method greatly increases the diagnostic range in studies
of the brain, which allows to identify acute abnormalities in early stages. Selecting optimal parameters
protocol promotes improving visualization of the data, which, in turn, affects the accuracy of the diagnosis.

Key words: MRI, dMRI, ADC, brain imaging, ischemia

Introduction. Great development of technical innovations in the last quarter of the century
caused substantial progress in medical diagnosis. Today, one of the leading methods of modern
diagnosis is magnetic resonance imaging. Due to continuous improvements in hardware and
software, this method of visualization in most cases becomes the most informative. It has greatly
expanded the scope of MRI. Due to the rapid development of this diagnostic method it significantly
increased the number of settable parameters that affect the study and the method of constructing
more complex magnetic resonance (MR) images. Very important role in MRI plays the computer
processing output radio frequency (RF) receiver coils. In this regard, appeared variety set of
research protocols that define a set of parameters of pulse sequences and image reconstruction
providing visualization of a particular group of organs. Important for increasing the diagnostic
capabilities MRI is the development of techniques based on the use of new principles of natural
contrast of biological tissues. Widely used method for the detection of pathological changes in T2-
weighted images does not always allow to distinguish with sufficient reliability between the
affected area and area of a normal tissue. So, in T2-weighted images, areas of the brain matter
lesions often have a high signal and appear as brighter areas. A similar high signal has also a normal
spinal fluid, making it difficult to identify lesions, which are located near the space filled with this
liquid.

Methods. Although the widely used technique Fluid Attenuated Inversion Recovery allows
you to overcome this drawback and provides attenuation of floating cerebrospinal and other body
fluids while maintaining the base T2-weighted images, nevertheless diffusion and perfusion
magnetic resonance imaging methods have several advantages over this method, especially in
diagnosis of deep cortical and subcortical infarcts. The fundamentals of diffusion MRI are the fact
that there is a movement of water in tissues cell as well in the intercellular space [1]. However, in
real biological environments the movement of protons inhibits natural barriers like cell membranes
or large protein molecules, which causes shortness of diffusion. The diffusion coefficient is the
measurable characteristic determining common parameters of diffusion. To obtain the diffusion-
weighted MR tomograms the single-pulse technique of the echo-planar imaging without
suppressing of the signal from the free liquid (DWI-EPI) with two diffusion gradients of the same
amplitude is applied. Nevertheless the construction of parametric maps of the diffusion with color
conformity measured diffusion coefficient allows to quantitatively evaluating the properties of

90



water in the tissues that allows us to estimate the degree of edema in and identify the signs of
inflammation. Also, in order to improve information content MR images common to use diffusion-
tensor method which takes into account the dependence of the diffusion of molecules on the
direction. In the diffusion-tensor MRI by orientation of diffusion ellipsoids in voxels allows to
estimate the course of nerve fibers that form the nerve tracts connecting with each other
eigenvectors of the diffusion tensor. For construction of the compounds algorithm the calculation
methods based on structural modeling or methods of the integral transforms and spherical
harmonics are used. This method allows to visualize the course of the nerve tracts. In its simplest
form, the partial diffusion anisotropy are encoded by color, while visualization of the directions of
diffusive motion of water molecules in tissues by staining with a specific color of pixels, depending
on the orientation of the own vector. As with most other MR methods to obtain an image with the
optimal value of the coefficient of the signal-to-noise in diffusion method should be considered
such of the basic parameters as choice of thickness, the image matrix size, rectangulation ratio etc.
In conducting research using MRI Siemens Symphony 1.5T scanner standard protocol
which includes FLAIR technique was supplemented by diffusion method [2]. It was determined that
the optimal default values for brain imaging among the age group 45-55 years is the use of protocol
parameters values such as the time interval between two consecutive pulses is 3800 ms, echo time is
98 ms, slice thickness 5 mm, FOV-230mm and the matrix 128x112, the value of diffusion factor b
is 0, 500 and 1000 s/mm for all directions. Following each investigation, we have 5 series of images
of slices: one series of T2 - MRI, three - when applying diffusion gradients in each direction (X, v,
z,). And one combined to calculate the ADC. The average acquisition time for one value of b is 24.
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Fig 1. MRI scanning in FLAIR& dMRI mode.

Figure 1 shows typical MRI pictures of the consequences of insulite by ischemic type in
FLAIR mode (A) and using diffusion mode (B). In convexital parts of the posterior lobe of the
cerebellum by the right hemisphere area is determined by high signal intensity on FLAIR. Also
detected by increasing the signal from the identified areas on DWI with diffusion factor b of 0, 500,
a moderate increase in the MR signal for b equals 1000 whereas ADC-map signal hyperintensive.
So, it is the consequences of ischemia. The use of diffusion-tensor MRI is currently the best method
for detection of structural links between the parts of the brain, which is especially important in the
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bulk processes and diseases of distorting and destroying the anatomical structure of the brain. The
use of this algorithm can provide more precise information on the localization of pathology. This
allows planning of surgical intervention for removal of intracranial tumors to maximize resection of
the tumor and minimal postoperative complications.

MR diffusion method has a major role in clinical practice because decrease in the rate of
ADC in the tissues of the brain is a sensitive indicator of the onset of ischemic and after-effects of
ischemia [3]. To date, DWI - this is one of the most rapid and highly specific methods for diagnosis
of cerebral infarction in the early stages of development (up to 6 hours), when it is possible to repair
damaged brain tissue. Developing in the acute phase of cytotoxic edema leads to swelling of cells,
reducing the extracellular space and the severe limitations in the movement of water molecules
within the cell and the extracellular space. In addition, the concentration of water in the affected
area of the brain increases at 3-5 % [4]. All this leads to the fact that on DWI area of acute ischemia
has a very high MR signal compared to the rest of the brain. ADC in the area of acute ischemia
dramatically reduced in the color map is displayed in the form of an area darker than the brain. It
can be considered that DWI can see the changes in the ischemic area in the first hour after the onset
of insulite just as well, DWI MRI plays powerful role in the differential diagnosis of tumors.

Conclusions. In determining MR signs of cortical and subcortical infarcts using standard
protocols and application of the FLAIR method is insufficient because T2-weighted images, not
always haves sufficient reliability to distinguish between damage area. By using the spin-echo
effect the diffusion method MR image maps have estimation not only by quality of hypo/hyper
signal intensity but also by gaining quantitative information about the velocity of the protons. In the
study of 100 patients on the MR scanner with the value of the magnetic field equal to 1.5 T average
time to collect data for one value of the diffusion coefficient is 24 sec. In comparison with the
overall examination time short period of data collection for different values of diffusion coefficient
b allows to apply this technique to patients with high movement instability such as children or
patients with high pain syndrome.

1. Rinck P. Magnetic Resonance in Medicine. Blackwell Scientific Publications, 1993

2. Magnetom. Operating Instructions. Impact Expert/Impact Expert plus. Applications Guide VB33G.
Siemens AG, 2006.

3. Free content www.radiomed.ru

4. Free content http://neurology.mif-ua.com
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Annortanus. [Iposenen ananu3 3¢ GeKTUBHOCTH MUPPOBOH JIMHEHHOW TOMOTpaduu B pa3InIHbIX PEKUMaX
pa6OTBI. H3MepeHa 3aBUCUMOCTb OTHOCHUTCIIBHOT'O KOHTpAacTa 00BbEeKTa OT PACCTOAHUA 1O OCHU BpalllCHHS.
Abstract. The analysis of the efficiency of digital linear tomography in various operation modes was carried
out. The dependence of the relative contrast on the distance to the axis of rotation measured.

Karouesble cinoBa: Lludposas nuneliHas ToMmorpadusi, TOJIIKUHA Cpe3a, KOHTPAcT.
Key words: Digital linear tomography, slice thickness, contrast.

B coBpemeHHOI MeaMIMHE AJI1 TUarHOCTUKU CTPOCHMSI BHYTPEHHHX OPraHOB YEJIOBEKa BCE
0ojee UIMPOKO MPUMEHSIOTCS PEHTICHOBCKHE KOMIIbIOTepHble ToMorpadnl. CoBpeMEHHBII
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KOMIBIOTEPHBI TOMOTpad MO3BOJSET ONEPATUBHO IMOTYYaTh BHICOKOKAYECTBEHHBIE TPEXMEPHBIE
M300pakeHUs] BHYTPEHHUX OpraHoB. HemocTaTkoM CyIIeCTBYIOIIUX KOMIBIOTEPHBIX TOMOrpadoB
SIBJISICTCSI BBICOKAsl J1030Basi Harpy3ka Ha IMalMeHTa, KOTopas B JACCATKHU pa3 MPEBBIIIAET J1030BYIO
Harpy3Ky OTJEJIbHOI0 PEHTT€HOBCKOr0 CHUMKA [ 1].

HcTopudecku TEepBBIM BHIOM TOMOTpaduu ObUIa JIMHEHHas ToMmorpadus, KOTOPYIO eIle
Ha3bIBAIOT KJIACCHYEeCKOW ToMorpadueit wim namuHorpaduen [2]. Knmaccuyeckas Tomorpadus
npelcTaBisieT co00M  PEHTIeHOBCKHMI CHUMOK TPEXMEPHOTO OOBEKTa, BBIMOJIHEHHBIN IPU
B3aMMHOM IIE€PEMEIICHUH HWCTOYHUKA U KaCCEThl C IJIEHKONM OTHOCHUTEIbHO oOmieit ocu (puc. 1).
[Ipy TakoM mepeMenieHUN W300paKEHHE TUIOCKOCTH, KOTOpas COJCPKUT OCh BpalleHUs,
MOJIy4aeTCsl YeTKUM, a H300pakeHHe APYTruxX yacTeil 00beKTa cMa3bIBaeTCsl.

[ [—> ;
Puc. 1. Cxema kmaccuueckoii ToMmorpadpuu.

[ludpoBass nuHelHas Tomorpadus OCYIIECTBISETCS MPH PETUCTPAllMU H300paXKeHUs
UGPOBBIM NPUEMHHUKOM B peXuMe HHTerpupoBanus. Lludposas nuHeliHas Tomorpadus, Kak H
IUIGHOYHAsl, I103BOJIAET MOJYYUTh YETKOe H300pakeHHe ojHoro ceueHus. [IpenmymiecrBamu
UCTIOJIb30BaHUs IU(POBOTO MPHUEMHHUKA TIPU JIMHEHHON TOMOTpad Uy SBISIOTCS:

HU3Kas 71032, SKBUBAJICHTHAs! OJHOMY CHUMKY;

OTKa3 OT IJICHKH;

pacuMpeHre JMHaAMU4eCKOro Tuara3oHa;

BO3MOKHOCTH ITU(POBOM MOCTOOPAOOTKH PEHTTE€HOBCKOTO H300paXKEHHUS.

Llenpto naHHOM pPabOTHI SIBISETCS M3MEpEHHE XapaKTePUCTUK LHU(POBOM pPEHTTeHOBCKON
JUHENHON ToMorpaduu.

JUis  u3MepeHus XapaKTepUCTHK MCIOJIb30BaH CHENMaIbHO H3TOTOBICHHBIH (aHTOM,
COCTOSAIINIA U3 HaOOpa PEHTTC€HOBCKUX MUP, MPUKPEIUICHHBIX K TUIACTUHAM U3 oprcrekia (puc. 2,
ciesa). Pazmeps! panroma J1 x 111 x B cocrasnstor 100 x 100 x 35 mm.

Puc. 2. ®anToM A U3MepeHus napaMeTpoB HUPPOBOI TMHEHHOH TOMOTpaduu.

W3mepenuss npousBeAeHbl Ha LUGPOBOM PEHTITEHOBCKOM JIMHEHMHOM  ToMorpade
npousBojctBa HIIO «KBOMA» ¢ undpoBsiM peHTreHOBCKUM NpueMHUKOM mpousBojcTBa HITO
«TemeonTuk».

Tomorpad moxer paboTaTh mpu uyeThlpex yriax ckanupoBanus y: 40°, 30°, 20° u 8°, mpu
TPEX CKOPOCTSIX CKaHUPOBAHUS, MO3BOJISIIONIMX MOJYy4YUTh CHUMOK Ha 40° 3a 2,1 ¢, 1,7c u 1,3 c.
Pacctosnue ot mpuemHuka 10 Qokyca Tpyoku cocrasiser 1,00 m. Ilpu yBenmdenuu ckopoctu
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CKaHUPOBAHUS YBEIMUYMBAIOTCA BHUOpAIMM CHCTEMBI, YTO TMPUBOAUT K JIOTIOJHUTEIHLHOMY
CMa3bIBaHUIO M300pa)kKeHMsI, MO3TOMY BCE H3MEPEHMsI BBIIOJHEHBl HA MHHHMAJIbHOM CKOPOCTH
ckaHupoBaHus. TOk Ha TpyOke ObUT ycTaHoBieH B 20 MA, HampspbkeHHe cocTaBisuio 45 kB ms
yrioB 40° u 30°; 50 kB aia 20° u 60 kB ms 8°. [Ipumep n3obpaxeHus, Ha KOTOPOM OCh BpaIlICHHS
IPOXOJUT Yepe3 MIIOCKOCTh MUPBI, IIOKAa3aH Ha puC. 3.

Puc. 3. @pal"MeHT CHHUMKaA IIpH YIJIC CKaHUPOBAHUA 40° ¥ MUHUMAJIBHOM CKOPOCTU CKaHUPOBAHUA.

JIns u3MepeHHs XapakTePUCTHUK TOoMorpaduu IodydeH Ha0op CHUMKOB (haHTOMa B
Pa3IMYHBIX PEKUMAX padOTHI MPU PA3HOM ITOJIOKEHUHU OCH OTHOCHUTEILHO (panTOMAa. IlomydueHHBIH
HAa0Op CHUMKOB HCIIOJB30BaH ISl pacueTa OTHOCHUTEIHHOIO M3MEHEHUsS KOHTpacTa oOBEKTa Mpu

K_ Ioﬁbexm_ Id)ou I
nepeMenieHur ocu. [loJ KOHTpacTOM IOHUMAETCS BEIMYUHA = | , Toe lgou -
Gon

MHTCHCHUBHOCTH (1)0Ha, |05b€’<m - HWHTCHCHUBHOCTH OGLCKTa, o4 OTHOCHUTCJ/IbHBIM KOHTpPACTOM
K (2)=K2) ;
IIOHUMACTCA BCIMYHMHA omHu K (0) - OTHOHLICHHEC KOHTpacCTa O6’BeKTa Ha pacCTOAHUU oT

OCH K KOHTpacTy OOBEKTa, KOTOPBIN JIGKUT Ha OCH BpalieHus. Habop 3HaueHWH 3aBUCHMOCTH
OTHOCHUTEJIBHOI'O KOHTpacTa Kom(2) o1 paccTosiHus A0 OCH BpalleHUs amnlpoOKCUMHUPOBAJICA

JIOpEeHIIeBCKUMU THKamu (1) ¢ mapameTpaMu aMILIATY/IbI A | 6azosoii muann Yo u MOJTYIINPUHBI

HA [MOJIOBUHE BBICOTHI W :

v+ 2A W
y(X)— y0+ e 4X2+ wz . (1)

Pe3y.HBTaTLI AllIPOKCUMal U IMOKAa3aHbI HA pUC. 4,

1.1
Omuocumenvuulit I
konmpacm K A0S

omn

Yeon ckanuposanusn y

Paccmosnue
00 ocu, 7, MM

o A e ot B T

-30 -25 -20 -15 -10 -5 0 5 10

Puc. 4. Fpaq)mc 3aBUCUMOCTHU OTHOCHUTCIIBHOI'O KOHTPACTa OT PAaCCTOSAHUSA
J0 OCH IIPH pa3HbIX YIJIaX CKAHUPOBAHUS.
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Kak BunHO Ha puc. 4, majgeHne KOHTpacTa N300paKeHUs B JIBa pa3da — TOJNIIWHA YCIOBHOTO
cpe3a — COCTaBJsieT i yriia ckanupoBanus 40° 6 MM, it yriia ckanupoBanust 30° - 7 MM, s
yria ckanupoBanus 20° - 10 mm u 20 MM 7151 yrita cCKaHupoBaHus 8°.

Pa3pemaromnias cmocoOHOCTh Ha OCH BpallieHus: cocTaBiseT a0 2,0 map auHui Ha MM, U 10 1,1
nap JIMHUM Ha MM Ha PacCTOSIHUU 3 MM OT OCH BpaIllCHHUS.

BoiBoabl. Mcnonb3oBanue JuHEHHOM Tomorpaduu ¢ nu@poBBIM TPUEMHUKOM B peXHME
WHTETPUPOBAHUS TO3BOJIIET MOJy4aTh HHU3KOJ030BbIE CpPE3bl C TOJIIMHOM cpe3a A0 6 MM H
paspemaronieii crnocoOHocTei0 10 2,0 map JHMHWA Ha MM, YTO B IUIOCKOCTH, MHapayljieiIbHOU
NPUEMHHKY, TPEBBIIIACT PAa3pEHIAIONIYI0 CIIOCOOHOCTh aKCHAIBHBIX TOMOrpadoB, a B
HAIPAaBIICHUH, IEPICHAUKYIISIPHOM TUIOCKOCTH CEYEHHUS, YCTYAeT aKCHabHBIM TOMOrpadam.

JanbHelimee pazputue NU(POBON JTMHEHHON TOMOTpaduu 1eIeCO00pa3HO BBITIOTHUTH ITyTEM
NepeBojia PEHTIC€HOBCKOI0 I'eHepaTopa M MPUEMHHUKA B PEXUM HMITYJIbCHONW PEHTIEHOCKOIUU U
peanu3alnuu aIropuTMOB TOMOCHHTE3a. JTO MO3BOJUT IPHU TOM K€ J030BOM HArpy3Ke MOJy4YUTh
psia ToMorpaUuecKux ceuyeHu, napaiesbHbIX IOCKOCTH MPUEMHUKA.

1. Pexxum noctyma: http://ec.europa.eu/energy/nuclear/radioprotection/publication/doc/118_en.pdf
2. HbsiuxoBa C.4., HukonaeBckuii B.A. PeHTreHOKOHTpacTHble cpeacTtBa. — BopeHex.: Boponexckuit
yHuBepcutet, 2006. — 72 c.
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Annortanus. OJHIM U3 BO3MOXKHBIX BApHAHTOB MocTpoeHus 3D m300paxkeHuil B peHTreHorpaduu sBiseTcs
MMPUMCHCHUC aHaFHHq)quCKOFO METOJla KOAHUPOBAHUS CT€p60H306pa)I(€HHI>'I. Hcnonbp3oBanue JaHHOT'O
METOJla HE IMPUBOAUT K CHHMIXCHUIO pa3peliaromias CHOCO6HOCTI/I, KOHT‘paCTHOﬁ YYBCTBUTCIIBHOCTU U
JUHAMHUYCCKOr'o Iraria3oHa rnmoJiy4€HHbIX CHUMKOB.

Abstract. Application of anaglyphic method of encoding of stereo images is one of possible variants of
construction 3D images in radiography. Adaptation of this method doesn’t result in spatial resolution,
contrast sensitivity and dynamic range of received 3D images

KaoueBsie caoBa: 3D wusoOpaxeHus, crepeockonuueckuii 3ddekr, aHaraupuyeckuii MeETo.,
pa3pcuiaroiias CHOCO6HOCTB, KOHTpacTHasA 4yBCTBUTCIIbHOCTD, }:[I/IHaMI/I‘leCKI/Iﬁ Jualria3oH.

Key words: 3d images, stereoscopic effect, anaglyphic method, spatial resolution, contrast sensitivity,
dynamic range.

BBenenne. OddextuBHocTh npuMmeHeHus KT 1ng  pemeHuss 3agady  peHTI€HOBCKON
JTUArHOCTHKHU CBs3aHa C BO3MOXKHOCTBIO MOJIydeHHUs cpe3oB U 3D m300pakeHuid, T.e. U3yueHUus
o0BbeMHOM Gopmbl atosioruit. K coxanenuto, ucronszoBanue KT TpeGyeT 3HaUUTENbHOM J1030BOI
Harpy3Kku Ha nanuenTa. Jlaxke /uis coBpeMeHHbIX Manoo30BbiX KT addexTuBHas q03a cocraBiseT
okoso 1.5 m3B [1].

TpexmepHyto pekoHCTpykiHio 00bekToB mpu KT uccnenoBanuu mpoBOJAT MO MOTYYEHHBIM
cpe3aMm. B Toxke Bpemsi, BO3MOKHO MOJYYUTh OObEMHbIE M300paKeHHUs] MUHYS Cpe3bl METOJIOM
CTEpeOCKONMMM Ha 0Oojee pacHpoCTpaHEHHOW M HPOCTOM  LU(POBOM  PEHTTeHOBCKOM
JTUAarHOCTHYECKON TEXHUKE.
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Martepuansl W MeToAbl. JIJIsi pPEHTTEHOAMATHOCTUKH TMPEICTaBIAIOT uHTepec 3D
M300pakeHHUsT Kak cTaTudeckue (oObeMHas peHTreHorpadus) Tak M JUHAMHYecKue (oObeMHas
PEHTI€HOCKOIIHS).

®opmupoBanue cratudeckux 3D m3o0pakeHUid MOXKET ObITh MOJTYYEHO C HCIOJIb30BaHUEM
s deKTa cTepeoCKONuH, KOria ABa UCXOJHBIX CHUMKA OIHOTO M TOTO XK€ 00beKTa HaOII0JaloTCs
NOJ1 pa3IMYHbIMU yriaamu. Busyanuzanus 3D uzo0pakeHuid BO3MOXKHA IMyTeM HaJI0>KEHUS [IBETHBIX
M300paXCHU Ha JKpaHe MOHHUTOpa KOMIbIOTEpa [2] ¥ MpPOCMOTpa WX BpadyoM uepe3 OYKH,
UMEIOIINE KPACHBIN U CHHEe-3eJeHbI CBETOPHMIBTp s JIEBOI'O U MPABOTO Ijla3a COOTBETCTBEHHO.
Taxoit metox Ha3bIBatoT [3] aHarmuduaeckum. [pyroit myTh BU3yaJIM3alli COCTOUT B IPUMEHEHUN
OYKOB C JKHJAKOKpPUCTAUTMYeCKUMH 3aTBopamu [4]. IlepBblii myTh NIpakTUYECKH HE Tpedyer
nopabotku pabouero mecta Bpaua. OH OBUT IPUHSAT 32 OCHOBY B ITPOBEACHHOM HCCIICOBAHHH.

s moctpoeHust nquHamMudeckux 3D m300pakeHUN HMCIOJIB3yeTCs PEHTTEHOCKOIMYECKHM
BUJICOPSI/I, TIOJTYyYaeMbIi IPU BPAIICHUH PEHTTEHOBCKOTO MCTOYHMKA M MPUEMHUKA OTHOCUTEIBHO
oOnekTa uccienoBanus. [Ipu 3ToM 00JIbIIIOE KOJIMYECTBO PEHTICHOBCKHUX KaJpPOB MPHU HAKOIUIEHUU
U YCPEAHEHUH IIYMOB MPOTPAMMHBIMU CPEJICTBAMH WM B 3pPUTEIILHONW CHUCTEME OrepaTopa JaeT
BO3MO’KHOCTb UCIIOJIb30BaTh KaXK/blii U3 CHUMKOB C IOHUKEHHOM J1030BOM Harpy3KOu.

JIyist mpoBeICHUS SKCIIEPUMEHTOB ObLT HCIIOIH30BaH TTOBOPOTHBIM MITATHB C 3aKPETLICHHBIMU
Ha HEM PEHTIEHOBCKOW TPYOKOW W MaJioJ030BBIM HH(PPOBBIM INpUEeMHUKOM «Anbha-P-4000»
npoussojcTBa komnanuu «HIIO «Teneontux» puc. 1.

PEHTreHOBCKas
TpyOKa

HAO0II0/1aeMBbIH
00BEKT

nuhpoBoi
MPUEMHHK

Puc. 1. Vicnionb3oBanue 0a30B0i peHTreHOrpadhuIeCKON CHCTEMBI JIs TojyueHus 3D u300pakeHUiA.

[Ipu oOocHoBaHMM HaOOpa U3MEPSEMBIX IapaMeTpoB OblIa MOJIOKEHa MoanudUKaIMs
CTaHJApTHOMH CHCTEMbl OLIEHKM KauecTBa PEHTTEHOBCKUX H300pakeHWil: paszperiaromas
cnocobHocTh B 3D mpocTpaHCTBE, KOHTpAcTHAsh UYyBCTBUTEIBHOCTH C YYE€TOM OOBEMHOTO
HOJIOKEHHUS TECTOBOTO O0OBEKTa, AMHAMUYECKUN JHMara3oH CUCTEMbl, Haluyhe apTeakToB Ha
BOCCTaHOBJIEHHOM 3D n300pakeHnu, 00yCIOBICHHBIX HE HI€aTbHOCTBIO CUCTEMBI (HOPMUPOBAHUS
3D uzobpaxeHwus.

Vcronp30BaHue OMMCAHHOTO BBIMIE MOIXOA IMO3BOJIMIO TIOJXYYHT PSIIT AKCIIEPUMEHTATBHBIX
pe3yJbTATOB.

Pe3yabTaTsl. [IpoBeneHo n3MepeHne mapaMeTpoB Kak CTATHIECKUX CTEPEOCKOITUIECKUX, TaK
u guHamuueckux 3D peHTreHoBckux wu3oOpaxeHuid. Ilpu mnpoBeneHHH SKCIEPUMEHTOB Ha
N300paKEHNH 3HAYCHHE pa3pelialonieid CroCOOHOCTH W3MEpPSIIOCh C TIOMOIIBIO IITPHXOBOM
PEHTT€HOBCKOW MHpPBL. BOo (GpOHTAIBHON IUIOCKOCTH pa3pelaromias CHocoOHOCTh M300pakeHH
coctaBmia a0 4,0 /MM a pazpemaromias cnocodHoctu mo rayoune ot 0,17 go 3,0 ur/mm juist
CTaTUYECKUX U300paKeHU.

Jis  OLlEHKM KOHTPACTHOW YYBCTBUTEIBHOCTH HCIIOJIB30BAINCH ATFOMUHHUEBBIE JIUCKU
quamerpoM 15 MM u TommmuHOoM 0.5, 0.2 1 0.1 MM. YBEpeHHO HaAOJIOAAINCHh CTEPEOCKOIMMYESCKUE
n300paxeHus: 00bEKTOB ¢ KOHTpacToM 5, 2 u 1%, KOTOopble pacnoiarajiuch ¢ pa3IndHbIMU YTIaMu
B mpocTpaHcTBe. [lpu 3TOM CHI)KEHHE KOHTPACTHOW YYBCTBUTEIBHOCTH 110 CpPAaBHEHHIO C
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OT/ICTbHBIMU PEHTITC€HOBCKUMH CHUMKaMHU HE TIPOUCXOMIIO. 3HAUYCHNUE NTUHAMUYECKOTO JHarma3oHa
coctaBmiio 6osiee 150 u COOTBETCTBYET mapamMeTpaM MPUMEHSIEMOTO PEHTTC€HOBCKOTO MPUEMHUKA.
Hcxonapie n300pakeHUsT Jalld XOpOIIyro Bu3yanusanuio 3D oOpa3oB mpu chemke He Ooliee 4em
yepes 5°, mpU pacCTOSTHUU MEKy U3JTydaTesieM U AeTeKTOpoM B 1,2 M.

ApTedakTsl Ha CTEPEOCKONMUYECCKIX U300paKCHHSIX, B BUJIE TBOCHUS N300paKCHHIA, BHI3BAHBI
HEMNOJHBIM IO/IaBJIEHUEM CBETO(MUIBTPAMU COOTBETCTBYIOLIUX CIIEKTPOB IMPOIYCKaeMOT0 CBETa
(Tabm. 1).

Tabmuua 1. CooTHOIIEHUE CUTHAII/IIYM 11 CBETOQHUIBTPOB PA3IMUHBIX aHATTA(UIECKUX OUKOB.

Kpacusrit ceeTodmnetp | CuHE-3eeHbIH CBETOQMIIETP
1 oukn 19,78 nb 29,37 nb
2 OYKHU 16,15 nb 33,19 nb
3 ouku 17,54 nb 28.24 nb

OKCIIepUMEHTBl IOKa3ajld, YTO OCHOBHAs 4acTh IpOO0JieMbl BbI3BaHA HEKAYECTBEHHBIMHU
CBETO(PMIBTPAMH KPACHOTO IIBETA.

Jis nonmydyenus cratuueckux 3D u300pakeHUi 1030Basi Harpy3Ka Ha MalueHTa B J[Ba pasa
00JbIIIE YEM IPU BBIIOJHEHUU OJIHOTO PEHTIeHOrpauyeckoro CHUMKa. Tak A CTepeOCHUMKOB
OpPraHOB I'PYIHOM KIETKM TUNHM4Has fo3a coctaBuT 0,2 M3B. D10 HMXKE, yeM npu nposeneHun KT
Hccie0BaHus B 7,5 pas.

B cinyuae ¢ qunamuyeckumu 3D n3o0pakeHUsIMHU 1030Basi Harpy3ka BO MHOI'OM 3aBHCHUT OT
pa3pelaroneil CocoOHOCTH M YPOBHSI IIIyMOB M COOTBETCTBYET J030BbIM Harpy3kam I0Jy4aeMbIM
HAlMEeHTOM IPU UMIYJIbCHOM peHTreHockonuu. I103ToMy BakKHBIM aclieKTOM CTaHOBHUTCS BBIOOD
peKMMa PEHTICHOCKOIIMM M INPUMEHEHHE IOCTOOpaOOTKH MOJY4YEHHBIX CHUMKOB IIEpe]
dbopmupoBanrem 3D n3o0pakeHHIA.

[ToMrmoO BH3yalbHOTO aHaIW3a M300paKCHUN pa3padOTaHbl AJTOPUTMBI U3MEPEHUN JIHMH
OTPE3KOB HAa PEHTICHOBCKOM M300paxkeHnn B 3D oOveme. OHM TO3BONAIOT  J1aBaTh
MCYEPIBIBAIOITYI0 MHPOPMAIMIO O pa3Mepax MaToJIOrHi, YTO MOMOTaeT MpU aHaIU3€ AUHAMHUKHU
Pa3BUTHSI IATOJIOTUU U OLIEHKH 3((HEKTUBHOCTH JICUCHHUS.

BeiBoabl. Paccmotpennsie nmytu nonydenus 3D uzoOpaxenuii 0e3 nmoctpoenust KT cpesos
HO3BOJISIOT Ul MCCIEIOBAHUN OPraHOB TPYAHOM KIETKHM YMEHBUIMTH J030BYIO HArpy3ky Ha
namueHTa B 7,5 pas.

[IpennokeHHass cucTeMa KOJIMYECTBEHHBIX mapamerpoB 3D  ycTaHOBOK IO3BOJMIIA
IPOU3BECTH  H3MEpPEHUs KaKk OOBEMHBIX pEHTTeHOrpapuyeckux, TaKk U  O00BEMHBIX
PEHTI€HOCKONINYECKUX U300pakeHU .

Pa3zpemaromast cnocodHocts Ha 3D u300pakeHMSIX, KOHTpAcTHAas UYyBCTBUTEIBHOCTb U
JUHAMUYECKMH JMama3oH M0 pe3yiabTaTaM M3MEpeHMH He OTIMYAINCh OT aHAJOTHYHBIX
apaMeTpoB HHU(POBBIX PEHTIT€HOBCKUX IPUEMHUKOB.

Aptedaktel B BHae JBoeHHs Ha 3D wu300paxkeHHSX BbI3BaHBl B OCHOBHOM KpPaCHBIM
ceeTo@uibTpoM. MX 3HaueHHE COOTHOIIEHHS CUTHAJI/IIYM MEHBbIIE YeM Yy CHHE-3€JIeHbIX
CBETO(HIILTPOB.

B nocneayromem HEOOXOAMMO TNPOBEACHHE KIMHUYECKUX HCIBITAHUM, MO3BOJISIOMINX
OLIEHUTh JIMArHOCTUYECKYI0 HEHHOCTh 3D m300pakeHuii mpu aHaiau3e MaTOJOTHHl M ee CBA3b C
IIPEIIOKEHHOM crucTeMol rapameTpoB 3D ycTaHOBOK.

1. Denise R. Aberle, Amanda M. Adams, Christine D. Berg Reduced lung-cancer mortality with low-dose
computed tomographic screening// The New England Journal of Medicine, June 29 2011, p. 1-15

2. Poockos C.H., Oscannurxoea H.A. Crepeockonusi B KWHO-, G0TO-, BujeoTexauke. — M.: [lapaguz, 2003. —
136 c.

3. Banoc H.A., Crepeockonust. — M.: AH CCCP, 1962. — 379 c.

4. Pexxum noctyma: http://www.3dmasterkit.ru/articles/article_1-2/
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ELASTISITY-INELASTISITY PROPERTIES OF TI ALLOYS
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Abstract. Ti and its alloys, as one of the most biocompatible metals, are most widely used not only in
implantology, and also in prosthetics. Endoprosthetics became the basic method of treatment of pathology of
thurl, which allows to deliver a patient from pain, claudication and also to remove shortening of limbs.

Key words: biocompatible alloys, implantology, prosthetics, elastic module, mechanical treatment.

Multiple “in vitro” and “in vivo” experiments testify to biological compatibility of Ti and its
alloys with living fabric. Bone and soft fabrics easily grow to Ti alloys. Thin oxidic film, which
appears on the Ti surface and its alloys provides the complete corrosion protection of metal in many
environments including physiology. In such terms materials are indicated proof not only to general
but also to the different types of local corrosion. Ti has high specific strength and low elastic
module, which indicate that Ti is favourable material from the point of endoprosthetics view.

Ti is very little ionizes in physiological solutions, the products of its corrosion are not toxic, in
addition, they do not spread on all of organism, but concentrated nearby the implant. The high
degree of increase of bone fabrics to material attracts researchers which consider that hardness to
explain this Ti property only its sluggishness. For 50-years old practice of orthopaedy with the use
of Ti not a single case of tearing away of this alloy or appearance of allergic reactions, which are
typical for non-rusting steels or Co alloys is known.

Introduction. Even rather small strain o can deformed the real crystals, essentially changing
their elastic and inelastic characteristics. The strengthening of alloys is related to co-operating of
dislocations with point defects. The interaction between dislocations and impurities influences the
process of plastic deformation and thermoactive overcoming of stoppers at the dislocation motion.
The measuring of the amplitude dependence of internal friction (IF) allows to set the moment of a
separation of dislocation segments from stoppers. A non-destructive method for the technological
control of the structure defects by measuring the elastic module E and IF was developed. The
influencing of hydrogen H, temperature T, changing of defect nanostructure, ultrasonic deformation
¢ was simultaneously researched on the value of the elastic module E and IF Q" of TisAl alloy after
the mechanical cutting and polishing.

Experement. For measuring of the temperature dependences of elastic module E(T) and IF
Q(T) the methods of complete piezoelectric oscillator on frequency f ~ 117 kHz and resonance
vibrations on frequency f ~ 2 kHz during alternative deformation & ~ 10°® in vacuum P ~ 10 Pa
were used [1-3]. The measuring error of the elastic module relative changing was AE/Eq = 0,1%,
and measuring IF was AQY/Q™ ~ 10%.

Results and Discussion. The anharmonic effects are studied on measuring of elastic
characteristics descriptions of crystals, because elastic constants Cix is determined through the
second derived quantity from energy of co-operation between the atoms of crystalline grate on
deformation. As the variation of these effects is small, it is necessary to choose the high-fidelity
measuring methods, which would allow to find out these changes. The high measuring exactness of
integral elastic characteristic — elastic module E is taken into account by dynamic methods in this
work. At the dynamic methods of measuring adiabatic conditions are executed, that allows to
determine adiabatic elastic constants Ci. At small elastic deformations ¢ relative displacements of
neighbouring atoms & are about small as compared to distance between them. If to decompose
potential energy of crystal U in a row on the degrees of displacement of atoms & and to take into
account that at small displacements it is possible to ignore the members of decomposition higher
quadratic, potential energy can be considered a homogeneous quadratic function on displacements
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of atoms from position of equilibrium. At high temperatures and large elastic deformations the
displacements from position of equilibrium are already so great. That must be taken into account
the higher members of decomposition are in account of anharmonicity. The temperature
dependence IF Q™(T) and elastic module E(T) (directional surface of inelastic-elastic body) of
TizAl after cutting, polishing and hydrogen H during ty ~ 7200 sec and during toy ~ 14400 sec are
represented on fig. 1, fig. 2 and fig. 3 accordantly.

Q-1x103
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Fig. 1 Temperature dependence of elastic module E(T) and internal friction Q™(T) (indicatory surface of
elasticity-inelasticity body) TizAl alloy after mechanical treatment.

There was a high initial size of IF background Q™ =~ 7,6-10°. Considerable high initial IF
background Q% at the first heating comparing to the IF background Q™ at the repeated heating
testifies to the presence of the fields of stress o; in TizAl alloy, which arise up as a result of
mechanical treatment. Anomalous motion of IF background Q™ on fig.1 testifies to diminishing of
values of these tensions o; in the process of heating. Annealing of structural defects bends out of
shape the type of IF temperature spectrum. At annealing admixtures, vacancies V move.

There was the maximum IF Q'lMl in TisAl at Ty, = 400 K on fig. 1 with activation energy H;
= 0,77 + 0,1 eV, time relaxation constant of this maximum IF 1o, ~ 1,910 sec, relaxation
frequency factor fo ~ 5,310" Hz, probably conditioned by the relaxation mechanism caused by
reorientation interstitial hydrogen H - H atoms in dumbbell configurations at the ultrasonic
alternative deformation e. The maximum IF Q*y;, in TisAl at the temperature Ty, ~ 440 K is
discovered with the value of activation energy H, = 0,85 + 0,1 eV, time relaxation constant of this
maximum IF 1o, ~ 1,810 sec, relaxation frequency factor fo, ~ 5,510 Hz.

On elastic module TizAl alloy temperature dependence E(T) there was the relaxation of the
elastic module AE/E in the area of existence of IF maximum Ty =~ 400 K. There was the increasing
of absolute value of the elastic module E after annealing, that testified the strengthening of alloy.
On fig. 2 the temperature dependence of IF Q™ and elasticity module E (indicatory surface of
inelasticity-elasticity state) of TizAl alloy is resulted after hydrogen H during ty =~ 7200 sec.
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Fig. 2 Temperature dependence of elastic module E(T) and internal friction Q™(T) (indicatory surface of
inelasticity-elasticity body) TisAl alloy after hydrogen H during t, =~ 7200 sec.

The maximum IF Qs in TisAl at the temperature Tys ~ 530 K is discovered with the value of
activation energy Hz = 1,0 + 0,1 eV, time relaxation constant o3 ~ 3,110 sec, relaxation
frequency factor fo3 ~ 3,210 Hz.

By reason of induced hydrogen H no communicative plasticity is an enhance concentration of
conductivity electrons e — metallic character of atoms connections is increased hydrogen. The local
increasing of concentration of conductivity electrons e in hydrogen clouds round the dislocations
results in diminishing the shear module G and the tension of activating of dislocations sources op
i 2Gb

Op ~ L, , 1)
where G — shear module, b — Burgers vector, Ly — distance between fixing points of dislocations.
Hydrogen H strengthens metallic character of atoms connections, which can’t be reason of fragile
destruction. Diminishing of distance between dislocations Lp in accumulations due to hydrogen H
results in the increase of dislocations in its and to the increase of tension on leading dislocation op,
that is reason of the facilitated microcrack.
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Fig. 3 Temperature dependence of elastic module E(T) and internal friction Q™(T) (indicatory surface of
inelasticity-elasticity body) TisAl alloy after hydrogen H during ty ~ 14400 sec.

At the mechanical lading of the real crystal total deformation is consisted of elastic and inelastic

constituents ey = eg + . Inelastic deformation ¢ is conditioned the motion of dislocations [5,6]. The
elastic deformation &g takes a place “instantly”, and the inelastic deformation depends on temperature
gie(t). It cause the presence of relaxation times 1, which characterize motion of crystalline structure
defects. There are two maximum values of the elastic modules: inrelaxation elastic module Er and
relaxation elastic module Egr. At the appendix of external periodic tension o(®) with frequency ® the
experimental elastic module takes the intermediate value Er < E < Eg.
The relaxation of elastic module of AE/E = (E - Er)/ Er = A'1/(1 + ®*7?), where the maximal
defect of the elastic module A = (Er - Er)/Er, Eir - inrelaxation, Eg - relaxation elastic module. E g was
measured in time of appendix of tension o, when a inelastic contribution is to deformation g = 0; Er
measured after a time At » t, when inelastic deformation maximal &g = max.
The value of the maximal defect of the elastic module A is determined the amount of
microrelaxations of different type and them individual contribution to inelastic deformation at
temperature T. The holdings of different microrelaxations are summered X. At temperatures, when
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growth the defect of elastic module AE/E increases sharply, there are relaxation maximums IF Qly,
on temperature dependences Q}(T). A considerable width on the temperature of the elastic module
relaxation AE/E specifies distributing of activation energy H of the proper relaxation processes on
wide.

The diminishing of the elastic module E is conditioned reduce such values as start tension of
dislocation sources op, that easing dislocation reproduction under the action of the enclosed loading
in o; linear dislocation tension o, that raise their mobility; the distance between dislocations in the
accumulations hp, that results to the increase of dislocations number Np in the flat accumulation and
loading on leading dislocation op.

Conclusions. Thus, the relaxation of elastic module AE/E TiszAl alloy, looked at the same
temperature interval AT of existence of IF maximums Q™ testified to the relaxation process, linked,
presumably, with the reorientation of interstitial hydrogen atoms in dumbbell configurations H-H, the
vacancy - hydrogen V-H complexes, the vacancies complexes V-V-V excited at the change of number
under the variable ultrasonic deformation e. The measuring of IF background Q' after different heat
treatments gives information about the changes of the fields of thermoelastic strains o; in TisAl. The
growth of IF maximums Q! heights testifies the increasing of structural defects concentration, and the
spread of IF maximums AQ ™y here represents the relaxation process of structural defects new types.
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MEPEXIJ BIJ CTAHI[APT[IOT 2-DJ10 3-D KOH®OPMHOI IIPOMEHEBOI TEPAIII
TA IPOMEHEBOI TEPAIIII 3 MOJYJISINIEIO IHTEHCUBHOCTI
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AHortanisi. Y po6oti po3riasHyTo ocHOBHI acrektu 2-D, 3-D koHdopmHOI mpomeHeBoi Teparii Ta
MPOMEHEBOI Teparii 3 MOIYJIALIE IHTEHCUBHOCTI. IlpuBeneHi pexkoMmeHmali s BIOPOBAKEHHS B
oHkonoriyeid kiiHimi 3-D xondopmHOi mpoMeHeBoi Tepamii Ta NpoMeHeBOi Tepamii 3 MOAYJSIIERO
IHTEeHCUBHOCTI.

Annortanus. B pabore paccmorpensl ocHoBHBIE acnekTol 2-D, 3-D xondopmHO#i nmydeBoit Tepanmuu u
Jy4eBOH Tepanmuu C MOAYJSILUEeH HHTEHCHBHOCTH. [lpeacraBieHbl pEeKOMEHIALMM TIO0 BHEAPEHHIO B
oHKosornueckoii OosnpHUIE 3-D koHopMHON nydeBOH Tepanmuu M Jy4eBOH Tepamuyd C MOIYJISALUEH
WHTEHCUBHOCTH.

Abstract. The main aspects of 2-D, 3-D conformal radiation therapy and Intensity Modulated Radiation
Therapy techniques are reviewed in this work. The recommendations for implementation of 3-D conformal
and Intensity Modulated Radiation Therapy in oncology clinic are also derived.
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Kimouogi cioBa: 2-D npomeneBa tepamis (IIT), 3-D kondopmua npomenesa teparis (KIIT), npomenesa
Teparis 3 Moxyssiieto inTencuBHOCTI (ITTMI), miniitaMA puckoproBay enekTpoHiB (JIIIE).

KarwueBbie caoBa: 2-D nyueBas tepamus (JIT), 3-D kondpopmuas myueBas tepamusi (KJIT), myueBas
Tepanus ¢ Moaysinuero naTencuBHocTr (JITMU), nuHelinsiid yckopuTens 51eKkTpoHoB(JIY D).

Keywords: 2-D Radiotherapy (RT), 3-D Conformal Radiotherapy (CRT), Intensity Modulated Radiotherapy
(IMRT), Linear Accelerator (LA)

Ha croroani y cBiti 52% mnaii€eHTiB XBOPHUX Ha pak OTPUMYIOTh MpoMeHeBYy Teparmito [1]. 3i
301IBIIEHHSIM TOTPIOHOCTI MPOMEHEBOi Teparlii 3MIHMINCh METOJIM IUIaHYBAaHHS JIIKyBaHHS Ta
crocobu MiABENEHHS 03U 10 MyXJWHU. B IiKyBajgbHHUII mpoleCc MacoBO IOYalU 3ay4yaTHCh
JiHIMHI MPUCKOPIOBAYl €JIEKTPOHIB, SKI MarTh 1Bl eHeprii ¢oronHiB (6, 18 MV), ta nekinbka
eHepriii enekTpoHiB. BukopucroByroThcs Texnousorii 3-D koHdpopmHOI mpomeneBoi Teparii Ta
MIPOMEHEBO1 Teparii 3 MOIyJAIi€er0 1HTeHcHBHOCTI. Ha paHuii MomeHT B YKpaiHi CTpPIMKO
BIIPOBA/KYIOTBCS B JIIKYBIbHUN mporec naHi TexHojorii. Jlami B poOoTi OyayTh omnucasi
BIJIMIHHOCTI TEXHOJIOTiH, PO3KPHUTI OCOOJIMBOCTI Ta PEKOMEHHalii IO MpaKTHYHIA peaizarlii
TEXHOJIOTIH B KJIIHIII.

B 6u1b1IOCTI OHKOJIOTIYHUX HEHTPIB YKpaAiHU J10CI BUKOPUCTOBYIOTHCS MPOCTI METOAUKU
JiKyBaHHS paky 3 2-D mnamyBanusiM BpyuHy i 0e3 MeToxiB Bizyawmizamii. CTaHmapTHa mpoMeHeBa
Teparisi: TPaHMIl MyXJIUHU Ta KPUTUYHUX OPraHiB OKOHTYpPEHI HA OPTOTOHANBHUX CUMYIATOPHUX
pertrenorpammax abo Ha kinmbkox KT 3pizax; BukopucToByeThesi mpocte 2-D mmanyBanHS
JIKyBaHHS; MpOCTa YKIaJKa maiieHta 3 3 — 4 NOpSIMOKYTHUMHU TMOJSIMH OMNPOMIHEHHS; /1032
PO3pPaxOBYETHCS 32 OTHUM 3Pi30M.

Ha Biaminy Big cranmaptHoi 1T, mpu 3-D KIIT rpanumi nyxiuHu Ta KPUTHYHUX OpPraHiB
okoHTypeHi Ha Bcix KT a6o MPT 3pi3ax; ckinagHi ykiaaaku 3 4 — 6 MoJIsMU ONPOMiHEHHS, SIKI YITKO
npuiiMaoTh POpMy MYXJIHHH MIPU peTeNbHIM iMMo0iti3alii namienrta; 3-D — nnanyBanHs niKyBaHHS
3 3-D Bizyauizaii€ro Ta 6araroniibOBUMH 3acO0aMK aHami3y 1uiana [2].

[ITMI — nepenoBa texHonoris 3-D KIIT, ska BUKOpUCTOBYE Maiatouuii Ha Mali€eHTa My4oK 3
HEOJITHOPITHOIO 1HTEHCHUBHICTIO, BU3HAYEHHM 3a JOMOMOIOI0 PI3HUX METOAIB KOMII IOTEPHOT
ontumizartii [3]. OcuoBHi ocobmauBocti: IITMI nmae n0AaTKOBHMIA CTYIiHB BUIBHOCTI ISt
dbopmyBaHHS TONIsT onpoMiHeHHs B mopiBHsAHHI 3 3-D KIIT; iHTCHCHBHICTH BUIPOMIHIOBAHHS B
MeXax TOJIs OMPOMIHEHHSI 3MIHIOEThCS B 3aJ€KHOCTI BiJ HEOOXITHOCTI; JOJAaTKOBA CTYIiHB
BUIBHOCTI J103BOJIsI€ COPMYBATU KpaIIuil 130J103HUM PO3MOJLI, 1€ KPUTHUHI OpraHU OTPUMYIOTh
MEHIITY J103Y, & ONPOMIHIOIYHI 00’ €M HaOIMKAETHCs 10 MitreHi [3].

Ha Puc. 1 HaBenenuii npukiaz pisHUX TexHouoriii onpomineHHs. Ha Puc. 1 B) npencrasieno
I[TTMI, 100% no3u 3HaX0UTHCS B 00’ €Ml MyXJIMHU, Ha BiAMIHY Bix metoay 2-D IIT Tta 3-D KIIT ne
100% 103U pO3MOAIIIEHO JAJIeKO 3a MEXaMH MyXJIUHU. TakuM YHHOM BEJUKE J1030BE
HABAaHTA)XCHHSA OTPUMYIOTh KPUTHYHI OpraHH, fKi 3HAXOJAThCS OMU3BKO 10 MyXJH, B JAHOMY
BUMNAJKY — CIUHHUN MO30K.

Puc. 1 Texuomorii mpomenesoi Teparii: A) 2D IIT, b) 3D KIIT, B) ITTMI
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Jlnst BOpOBaDKEHHS B KIIIHIYHUMA TPOIEC JAHWUX TEXHOJIOTIH MOTPIOHO MPOWTH TaKl €Tarw:
nigoip obnagHaHHS, METOIH pimeHHs Ta 3abe3neueHHs 3-D KIIT ta ITTMI; mrarae 3abe3neueHHs
Ta KBamidikamiiHi BAMOTH 0 IIEPCOHANy, mporpama rapantii sxocti (I'51) [4].

Iin6ip o6aaanannsa. Komn’rorepauit Tomorpad (KT), KT cumynsarop. OcHoBHA BiIMIHHICT
niarHoctraHoro KT Bix KT nmist mpoMeneBoi Teparmii — CTUT JuIsl YKIAAKW TAIli€HTa, SKUH TTOBUHEH
Oyt ockum Ta TBepAnM. Takox KT misa IIT moBuHeH OyTH OcHamIeHMM JBOMa OOKOBHMH Ta
OJIHUM IPSIMUM JIa3epamHu, 1JIs PO3MITKH.

Komm’torepri cucremu 1utanyBanHs npomeneBoi Tepanii (KCIIIIT) moBuHHI BifmoBigatu
TaKUM BHMOTaM: pEECTpallis 300pakeHb Ta MOXKIHMBICTH CYMIIIEHHSI 300pa)keHb, €(PEeKTHBHE
OKOHTYPIOBaHHS CTPYKTYp 1 pekoHCTpyKlis B 3-D 06’eMm; 3acobu BuOOpy (HopMyrouux MpHCTPOIB
(mynsTuniemtoctkoBuit  kojimarop (MIIK), 6moku); Touni 3-D anroputmu po3paxyHKy 103H;
Bizyamizanis 3-D anaTomii Ta i3003HHUX PO3MOJLTIB; 3ac00M aHaANi3y IUIaHy (TicTOorpaMa jo3a —
00’eM); MepexeBe 3a0e3MeUeHHs Ta repeaava iHpopmarrii.

JliniiitHn# npuckoproBay enekTpoHiB 3 MIIK ta mopransHoto Bi3yamizamietro. JIIIE moBunen
MaTd JBi1 eHeprii (OTOHIB Ta JeKiIbKa EHepriii enekTpoHiB. Takok mOTpiOHE BIAIMOBIIHE
oOagHaHHA U151 103UMeTpii Ta Bepudikamii raHiB JIiKyBaHHS.

Metoau pimennss Ta 3a6e3nedyeHHss 3-D KIIT Ta IITMI. BBeaeHHs n0aaTKOBUX
npamiBaukiB g 3-D KIIT, 3 mimmo 30epexxenHs mpomecy cranmapTHoi [IT; akagemiuna Ta
MpPaKTUYHA MMiATOTOBKA MEePCOHANY; MIArOTOBKA crienudikailii, OTpUMaHHs Ta BBiJ B €KCILIyaTallilo
HeoOXigHoro moxatkoBoro obmamHanus it 3-D KIIT; Beemenns mporpamu 'Sl ms 3-D KIIT;
BBEJICHHS JIIKyBalbHUX MpoTokoiniB. [[ns 3a6e3neuenns [ITMI motpibHO, 1100 B JiKyBadbHOMY
nporeci KiIiHika Bxke npoBoamiack 3-D KIIT, HeoOXiqHO MaTH JOCTaTHIO KUIBKICTh XBOPHX, SIKi
nigxonats s IITMI, monepenniit nocin 1-2 poku podotu 3 3-D KIIT, npakTivHa miaroToBka.

IITaTHe 3a0e3neyeHHs Ta KBaJidikauiiini BUMoru 1o nepconasy. Panianiiitai oHKooOTHU:
po3yMinHg 3a1a4 1 mineit [1T B ananrtanii qo 3-D KIIT, snanns nponenyp KT mnst mnanysanns [T 1
MeTOAM IMMOOLTI3aIil Ipy Pi3HUX JOKATi3aIisaX, NPaKTUYHI HABUYKH B TOYHOMY OKOHTYPIOBAaHHI
CTPYKTYp, NPAaKTU4HI HaBUUKU y BukopuctanHi 3-D KIIT.

MenunuHi Qi3UKH MarOTh OUTBII BaroMe 3HaYeHHs 1 MaloTh OlbIlle 000B’A3KIB B IUIaHYBaHHI 1
nposeneHHi 3-D KIIT, ik npu cranaapthiid [IT. Bumoru: npakTuuHi HABUYKH y BUKOPUCTaHHI 3-
D KIIT npu po3paxyHKy 103 A5 pi3HUX GOPMYHOUMX MPUCTPOiB, Takux, sik MIIK, npu yxmanaui ta
iMMOOimi3amii mamnieHTiB; 3HaHHs npouenyp 1 HaBukiB B [l 3-D KIIT 1 xomMm’roTepHUX cHCTEM
KOHTPOJTIO.

Jlo3UMeTpUCTH MOBUMHHI MaTW XOpOUly MiATOTOBKY Ta JIOJATKOBI MPAaKTUYHI HABUYKU B
peamizanii 3-D KIIT. Bumoru: 3nansas metoziB immoOimizanii st 3-D KIIT; po3yminas crnoco0iB
dopMmyBaHHsS 703HOTO mojst 3a jpornomoro miuactuH MIIK; mpakTuyHi HaBUYKHM B OKOHTYPIOBaHHI
MillIeHel Ta KpUTUYHHUX OPTaHiB; MPaKTHYHI HaBUKH y BUKopuctanHi 3-D KIIT.

PentrennabopanTty, paniaiiiiHi TexHojaoru: 3HaHHsA npotokoniB KT mpu ckanyBaHHI Ui
wianyBanHs [IT; wmeroam imMmoOumi3alii Malli€HTIB; MOpTajJbHA Bi3yaiizalis 1 peecTparis
300pakeHb; IOAeHHUI KOHTpoub 1o nporpami ['S anst MITK abo popmyrounx Gokis [5].

IIporpama rapanrii sikocti Bcworo JikyBansHoro mnporecy 3-D KIIT ta IITMI Bix KT mo
OTIpOMiHEHHsI € 000B’s3k0BOI0. 'Sl siBIsie co0O0I0 cHuCTeMy 3aXO/iB HAIpaBleHY Ha 30epeskeHHs
gakocTi TexHojoriyHoro mpouecy IIT. B ymoBax 3actocyBanHss [Sl BHUKIIIOUHO BaXXJIIMBUM €
KOHTPOJb sIKOCTI ob6nmanHaHHs Juist IIT: miHIMHUX NPUCKOPIOBAdiB EJIEKTPOHIB, KOMIT IOTEPHHUX
CHCTEM IUIAaHYBaHHS, KOMII F0TepHUX ToMorpadis [6].

BucHoBok. 3-D KIIT € 6inbI ckIagHAM METOJIOM, SIK B IPOLEC] MiITOTOBKH, TakK i B IpoIeci
onpoMiHeHHs. Bumarae HeyXHJIbHOTO BUKOHAHHS BCIX MPOIENyp MiJl Yac MiATOTOBKHU 1 MPOBEIEHHS
3-D KIIT. BukoHnyeTbcst Ipu HasIBHOCT1 00JIaHAHHS U1 OTPUMaHHS Ta 00poOku 300paxkens 1 3-D
TUTaHYBaHHS, aBTOMATH30BaHUX TePANleBTHYHMX araparis i mporpamu [ 'S, skuii oxommoe BCi etanu
3-D KIIT. IToTpebye nmepcoHan BUCOKOI KBaTi(iKarlii.
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3anpoBamkenHs [ITMI He moBuHHe BruiBaTH Ha sikicTh [T, sik B 3aknafi, Tak i Ha piBHI BCi€l
nepkaBd. TibKHM 3aKiIaad 3 JOCTaTHIM JIOCBIIOM MOXyTh mepexoautu no I[ITMI. HaBuanus
MepcoHaly NOBUHHE NEpeayBaTH BIpoBakeHHI0 [ITMI.
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JTOCBILJI BTPOBAI)KEHHSI TIPOMEHEBOI TEPAIIIi 3 MOAYJIbOBAHOIO
IHTEHCHUBHICTIO B KVIIHIYHY ITPAKTUKY

T.I'. Hinayoua*, FO.B. Kicinib, B.B. Mamuyp, JI.O. Ilinropna

Kniniuna nixkapna « @eoghanisy, Beeykpaincokuil yenmp padioxipypeii
*gya. Axademika 3abonomnoeo, 21, m. Kuis, Yxpaina, 03680;
+38(044)259636; tpidlubna@ukr.net

Anoranis. [IpomeneBa Teparis 3 MogynboBaHowo iHTeHcuBHICTIO (IMRT) mmpoko BHKOPHCTOBYETHCS Y
CydJaCHHX paJioNoriyHuX BigmineHHsXx. lloprampHa mozumeTpis st Bepudikallii OB ONPOMIHEHHS €
YaCTHHOI NPOTrpaMH 3 KOHTPONIO sikocTi s peamizanii IMRT. Hama poGoTta mpucBsiueHa MPakKTUYHHM
MUTaHHSM 110 BripoBakeHHI0 IMRT B 11o/ieHHY pakTHKY pajioIOTiYHOIO BiIiIJICHHS.

AuHotauus. JlydeBas Tepanus ¢ MojeaupoBaHHOW WHTeHCHBHOCTHIO (IMRT) mmpoko wcmonb3yercs B
COBPEMCHHBIX pPaJUOJIOTMYCCKUX OTACIICHUAX. HOpTaHBHaH JO3UMETpUA  JJId BepI/I(bI/IKaIH/II/I noneun
o0JTydeHHst SIBJISETCS] YacThIO MPOTpaMMbl IO KOHTPOJIO KadectBa Juisi peanusanuu IMRT. Hama paGora
MOCBSIIIIEHA MPAKTHYECKUM BompocaM 1o BHenapeHuto IMRT B exxeqHEeBHYIO MPaKTUKY PaldOIOTHYECKOTO
OT/ICJICHUSI.

Abstract. Intensity Modulated Radiation Therapy (IMRT) is extensively used in the modern Radiology
Departments. Portal dosimetry for verification of radiation fields is the part of the Quality Control program
for the implementation of IMRT. Our work is concerned to practical issues on the implementation of IMRT
in the daily practice of radiology department.

Karwu4oBi cioBa: mpomeHeBa Tepariisi 3 MOAYJILOBaHOIO iIHTCHCUBHICTIO, TIOPTAJIbHA JO3UMETPIisi, KOHTPOJIb
SIKOCTI.

KnroueBble cioBa: nydeBas Tepamusi C MOJEIMPOBAHHOM HMHTEHCHUBHOCTBIO, MOpTalbHAas NO3UMETPUS,
KOHTPOJIb Ka4eCTBa.

Key words: Intensity Modulated Radiation Therapy, Portal Dosimetry, Quality Control.

[IpomeneBa Teparisi 3 MOAYILOBAHOK IHTEHCHBHICTIO — I1€ CyYaCHHUUW METOJ MPOMEHEBOI
Teparmii, 1[0 J03BOJIAE MiJBECTH BHUCOKY TOMOTE€HHY 03y [0 NYyXJIMHHU, MPH IBOMY CYTTEBO
3MEHIIYIOYH JI030Bi HABAaHTAXXCHHS Ha 3J0POBi OPTaHU Ta TKAaHWHH, 110 Ma€ 3HAYHI TIepeBaru nepes
3D koudopmHOIO MpoMeHeBoro Tepariero. Brposakenns IMRT B xniniuny npaktuky norpebye
peTeNbHOT MiITOTOBKH Ta NMEPEBIPKU HA KOXKHOMY €TaIll.

3riIHO 3 MKHAPOJHUMHU peKoMeHaamisamMu [1,2] HeoOXiqHO MPOBECTH TECTH KOMIT FOTEPHOT
CHUCTEMH IUIaHYBAaHHS, CTBOPUTH CTaHAAPTHI IUIaHM ONpPOMIHEHHsS Ta BepudikyBaTH iX 3a
JIOTIOMOTOI0 TIOPTaJbHOI Jo3uMeTpii, 2D mMatpuri gerexkropiB abo TuTiBKOBOI mo3umerpii. Jlis
peamizamii IMX peKOMEeHJAIlil MU MIIrOTYBaIM Ta BiJICKAHYBAJIM Ha KOMI IOTEPHOMY ToMmorpadi
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TUTACTUHYACTHIA BOJHOCKBIBAJCHTHHHM ()aHTOM 3 TUTHTOIO aJanTepoM IJis 10HI3aIliifHOI Kamepu Ta
IMRT ¢antom. Ha ocHOBI 1tux (paHTOMIB CTBOPWJIM Pi3HI IUIAHW OMPOMIHEHHS 3 aHATOMIYHHUMH
CTPYKTypaMu, TapaMeTpaMu Ta JIIMiTaMH, THIIOBUMU TIPH KIIiIHIYHOMY BUKOpucTanHi (Puc.1).

Puc 1. Ilpuknang IMRT miany onpoMiHEHHS Ta aHATOMIYHI CTPYKTYPH JUIS JIOKATi3allii TOJOBU-IIHI.

3HaueHHsT aOCONIOTHOT 03U TMEPEeBIpsUId B IUIACTHHYACTOMY (DaHTOMI 10HI3AIIHHOIO
KaMeporo 3 pobounm 06’emom 0.125 cm3, momst onpomiHeHHs: Oynu Bepu]ikoBaHI HA TOPTAIbHIN
matpuii aSil00 EPID 3 BukopucTaHHSIM NOPTaIbHOT 103UMETIi.

B pamkax mporeryp KOHTPOIIO SIKOCTI y BiUIUIEHH]I IPOMEHEBO1 Tepartii OyJin BIpOBaKeH1
TECTH JJIS NepeBipKu pyxy OararonemtoctkoBoro koiimatopa (MLC) [3]. IlepeBipstoThCs TOUHICTh
MO3HIIIFOBAHHS, IIBUKICTH, PIBHOMIPHICTH PYXY HEIIOCTKIB; OIIHIOIOTHCS PYX IIUIMHU MUPHHOO |
MM, 3 KPOKOM 3YIHHKHU 2 CM Ta PyX MOJIA 31 CIELiaJbHOI KOH(Irypali€r MeIrocTKIB KOIiMaTopa.
300pakeHHs OTPUMYIOThCS Ha mopTanbHid MaTpulli EPID (Puc.2). Lli Tect BX0OIATh B 000B’I3KOBI
PaHKOBI MPOIEAYPU MEPEBIPOK JTIHIHHIX MPUCKOPIOBAYIB.

Bci eranu muianyBaHHs, a caMe OKOHTYPIOBAaHHSI aHATOMIYHUX CTPYKTYp 3 MOMpPaBKaMH JJIs
IMRT, pos3MimeHHss MoJiB, ONTUMIi3allid IUIaHy, aHali3 JO3HOTO pO3MOAUTY MaloTh CBOI
ocobmmBocTi nopiBHAHO 3 3D koHopMHMM manoM onpomineHHs [4]. PospaxyHok IMRT mianiB
3MIIACHIOETHCS IIIXOM 1HBEPCHOIO IUIaHYBaHHS. BUKOPHCTOBYIOTBHCS TaKl MapaMeTpH, K HUKHIN
Ta BEPXHI JIMITH JO3M JAJs 3a/laBaHHs MiHIMAIIbHOI 103U Ha MIIlIEHb Ta BEPXHBOTO OOMEKEHHS T10
71031 HA CTPYKTYpH, IO J1a€ MOXKJIUBICTh 3a0€3MEYUTH TOMOTEHHHMM JO3HUU PO3MOJLT B MIIIEHI.
Takox Tpeba BU3HAYUTH MPIOPUTET IS KOXKHOI CTPYKTYPH, MapaMmeTp, SKHi BKa3ye BaXKJIHUBICTh
KOKHOT'O KpUTEPIIO AJIs ONTUMI3aliifHoro anroputmy. Ha etamni ontumizaiii 3a 10MOMOI 00 JO3HUX
TIMITIB MOXKHA 3a/laBaTd BUTIS TicTorpamMu no3a-o6’em (DVH) sikuii My odikyeMo OTpUMATH
micast oOpaxyHky no3u (Puc.3). B mpouec onTumizaiii MOXHa BKJIIOYUTH JO30BHHA PO3MOJLIT
nonepeansoro mwiany (He IMRT).
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Puc. 3. Bikno onrumizartii npu pospaxyuky IMRT tuiany B mianyrounii cucremi Eclipse: 1,2 — Bepxwiii Ta

HIDKHI JIIMITH Ha CTPYKTYPH; 3 — 3HAYEHHS [IPiOPUTETIB; 4 — MEHIO JUIsl BpaxyBaHHs TIONEPEAHBOTO TUIAHY.

s Beix IMRT mnaniB Mu poOMMO MepeBipKy po3paxyHKy abCONIOTHOI 103U Y HabipHOMY
danTomi Ta pamianiiauit Buxix (fluence) koxxunoro momst onpominenus (Puc.4). J{ns mporo mMu
BIPOBAIWIN MMOPTATIBHY JI03UMETpit0, BukoprcToByroun Matpuio aSil00 EPID [5,6]. Bei mons
Bepu(iKyIOThCS B mOJOXeHHI () TpaxyciB reHTpi JIHIHHOTO MPUCKOPIOBAdYa, BIACTAHb JKEPENO-
nerektop 100 cm. IlopiBHIOIOTBCS A03HI MPOdiai PO3paxOBAHOTO TOJS 3 PEATbHHM IOJIEM
OTIPOMIHEHHSI, 3 KPUTEPieEM 1O raMma iHjekcy v < 1.

Puc 4. Tlpuknax IMRT mnany, sikuii po3paxoBaHo Ha IDIACTUHYATOMY (aHTOMI, U IepeBipKH a0COTOTHOT

JI03M Ta pe3ynbTaT Bepu(ikalii IiaHy OIpOMiHEHHS 3a JOTIOMOTOI0 TIOPTAJIbHOI JO3UMETPIi.

Taxkum unnom y Kuiniuniii nikapHi «®eodanis» 6yi0 BIPOBaHKEHO TPOMEHEBY TEpaIiio 3
MOJ1yJIbOBAaHOIO 1HTEHCUBHICTIO Ta MOPTAJIbHY AO3UMETPIIO sl Bepu(ikallii MoJiiB ONPOMIHEHHS.
[Mounnaroun 3 cepmus 2011 poky y BiaaineHHI mnpoMeHeBoi Tepamii Oyau po3poOieHi Ta
Bepu(ikoBaH1 TIaHU ompoMiHeHHsS Uit 30 malieHTIB pi3HUX JIOKaJi3aliil, OUIBIIICTh 3 SKUX Le
NyXJIMHU TOJIOBH Ta INHWi, MEpPEeaMiXypoBoi 3amo3m, xpeOTa. Cimi 3a3HauuTH, IO MPOIEaypa
HiArOTOBKH, po3paxyHKy Ta Bepu¢ikauii IMRT mianiB 3aiimae Ginbiue yacy Ta morpebye BHUIIOT
kBasTi(ikalii nepcoHany HiX 3Bu4aitHa 3D koHpopmHa mpomeHeBa Teparnis. OcoOauBy yBary npu
peanizanii IMRT TpebGa 3BepHYTM Ha NpOLEAYPU KOHTPOJIO SKOCTI CHCTEMH KOMII IOTEPHOTO
MJIaHyBaHHS, Ha KOHTPOJb IapaMeTpiB 0araTomeTroCTKOBOTO KoJiMaTopa, KamiOpyBaHHS
HOPTAJIBHOI MATPHIIL.
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SPREAD OF SOME VIRUS DISEASES AMONG REPRESENTATIVES OF WILD FLORA
IN CHERNOBYL REGION
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1) Virology Department, Taras Shevchenko Kyiv National University
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Abstract. This works is focused on the evaluation of spread of some viral diseases among the representatives
of wild flora in Chernobyl zone. Serological and microscopical studies of plant samples with virus-like
symptoms collected in the locations of Chernobyl zone with different intensity of gamma radiation showed
rather wide spread of viruses with varying morphological and taxonomical properties among the wild-
growing plants. New tentative plant host for TMV has been revealed. We have demonstrated the need for
additional research on the influence of environmental physical stress factors on plant viruses and their basic
properties, especially in the context of evolution and epidemiology.

Key words: radiation, physical stress, environment, virus ecology, virus divergence, virus host.

Chemical stress factors including heavy metals and radionuclides may induce a number of
biologically significant phenomena in the course of plant virus infections. For instance, heavy
metals invoke the development of more pronounced visual symptoms on virus-infected plants
together with elevation of virus content in plant tissues indicating the stimulating influence of
chemical stress factors on the course of systemic virus infections [1]. In addition, the development
of virus infections in higher plants under effect of chronic radioactivity was shown to correlate with
atypical visual symptoms of the disease and possibly genetic changes of virus genome. However
speculative changes in the development and spread of virus diseases at the level of population
remain unknown. In recent years serious attention has been paid to virus infections of wild plants
[2] because they may be the reservoirs for viruses and due to the potential of virus genetic changes
invoked by continuous co-existence with atypical host [3].

The aim of this work was to evaluate natural spread of virus diseases among wild plants
growing under chronic effect of radioactivity of various intensity. Plants from different taxa were
sampled by visual virus-like symptoms (Fig.1, A) and have further been analyzed via transmission
electronic microscopy (TEM), bioassay and ELISA. In total, 22 plant samples were taken from the
areas differing in the intensity of radioactivity (Table 1).
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Fig.1. A: Virus-like symptoms on Lupinus perennis plants; B: Mosaic symptoms and leaf deformation on N.
tabacum plants inoculated with sap of Lupinus perennis

Table 1. Generated data on sampling sites, exposure doses and the outcomes of

virus diagnostics via TEM, bioassay and ELISA

B

Points Ne | Plants Results of TEM | Symptoms | ELISA | ELISA
on (wild (N.tabacum)
N.tabacum | plants)
The Road on |1 | Deschampsia bacteria
Chistogalovka ceaspitosa
2 | Convolvulus Spherical and | ++
arvensis rod-shaped
2,6 mR/hr particles
3 | Lupinus perensis | Rod-shaped ++ +++++ | ++
virus
4 Tanacetum
vulgare
5 | Viola Spherical
rhichenbachiana | particles
6 | Bromopsis
inermis
7 | Solidago +
virgaurea
8 | Artemisia
vulgaris
9 | Fragariavesca | Spherical and | ++ ++ ++
rod-shaped
particles
10 | Dactilis Spherical
glomerata particles
11 | Festuca Spherical +
pratensis particles
The Mouse | 12 | Melilotus albus
Volier 13 | Artemisia Bacillo- and | +
vulgaris rod-shaped
2,0 mR/hr particles
14 | Fragaria vesca ++ ++ ++
15 | Deschamcia
ceaspitosa
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Points Ne | Plants Results of TEM | Symptoms | ELISA | ELISA
on (wild (N.tabacum)
N.tabacum | plants)
16 | Festuca
pratensis
17 | Calamagrostis ++
epigeos
18 | Tanacetum
vulgare
19 | Bromopsis
inermis
20 | Poa palustris
Chernobyl 21 | Dactilis
0,6 mR/hr glomerata
22 | Festuca Spherical ++
pratensis particles

TEM studies demonstrated occurrence of virus (or virus-like) particles of different
morphology (rod-shaped, filamentous, spherical, bacilli-like, etc.) in 8 samples. Bioassay
employing sap-inoculated Nicotiana tabacum cv. Samsun indicator plants showed virus-specific
symptoms on plants inoculated with sap from 10 samples in forms of leaf mosaics and deformation,
and enations (Fig.1, B). We should stress that TEM and bioassay outcomes here were nearly
complimentary. Indirect ELISA carried out with TMV-specific polyclonal antisera confirmed TMV
infection for 5 samples which is in agreement with previous results.

The highest TMV content was noted for Lupinus perennis plants (Fabaceae). However this
plant species has not been registered as TMV host [4]. Hypothetically, TMV adaptation to Lupinus
perennis plants may have been favoured also by chronic effect of radioactivity (both on the plant
and on the virus).

Therefore, initial virus screening of wild flora representatives growing in Chernobyl zone
shows rather wide spread of virus pathogens in anthropogenically influenced ‘natural’ ecosystems.
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4. Plant Viruses Online Descriptions and Lists from the VIDE Database// http://pvo.bio-
mirror.cn/descr803.htm#Range
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KOMIIBIOTEPHOE MOJAEJIUPOBAHUE MATHUTHOI'O U TEMIIEPATYPHOT' O
MOJIEN ITPU MATHUTHOM HAHOTEPAITAY 3JIOKAYECTBEHHBIX OITYXOJIEN
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AHHOTaIII/Iﬂ: HpOBCI{GHHBIfI KOMHI:IOTCpHLIfI pacueT HANPS’)KCHHOCTH MAarHMTHOTO U TCMIICPATYPHOI'O ITOJIA
JIA HeOI[HOpOI[HOP'I Cpe€abl npu MarHuTHOM HAaHOTCpaIiu 3JI0KAYC€CTBCHHBIX OHyXOJICP'I CBUACTCIILCTBYCT,
YTO C YBCIMYCHUEM PACCTOSAHUA OT alllJIMKaTopa HAIPsHKEHHOCTL MArHUTHOTO IIOJIA B OIIYXOJIH
3aKOHOMCPHO YMCHBIIACTCA. HpI/I 9TOM CYIIECTBCHHO MCHICTCSA U PACIIPCACIICHUC HM30JIMHAN MarHUTHOTO
I1O0JIA.

Abstract. Computer simulation of magnetic field and temperature pattern for inhomogeneous medium
during magnetic nanotherapy of malignant tumors shows that magnetic intensity in the tumor is reduced
appropriately with increase of the distance from the applicator. This distribution of magnetic field is
significantly changed too.

KiroueBble cji0Ba: MarouTHas HaHOTEpaIinsd, 3JI0Ka4€CTBECHHAA OITyXO0JIb, KOMIIBIOTEPHOE MOJACIIUMPOBAHUE.

[IpoBeneHHBIE  SKCIIEPUMEHTAIbHBIE M NHUJIOTHBIE  KJIMHUYECKHE  HCCIIEIOBaHUS
CBUJETEILCTBYIOT O TEPCHEKTUBE HCIOJIB30BAaHUS METOJa MAarHUTHOW HAHOTEpalnuu C
NpUMEHEeHHEeM HaHodacTull okcuja kene3a (Fe30Os) ¢ mpOTHBOOMYXONEBBIM AHTHUOMOTHKOM
AHTPALMKIMHOBOrO psna JokcopyouunHoMm (/IP) kak MarHMTOUYyBCTBUTEIBHOTO HaHOKOMILIEKCA
(MK) u nocnenyrouieit paguodactotrHoi runeprepmueit (PI'T) omyxomnu [1].

[lon peiicTBUEM BBICOKOYACTOTHOTrO 3jieKTpoMarHuTHoro mnoisisg (OMII) B TkaHu BO3HHMKAIOT
WHIYKIMOHHBbIE BUXPEBbIE TOKH, B PE3yJIbTATE YEro IPOUCXOAUT €€ HarpeBaHue. s oneHku
temneparypbl Bo Bpemst PI'T npu KOMIIJIEKCHOM JI€U€HUU OHKOJOTMYECKHX OOJBbHBIX HUCIIOJIB3YIOT
KOMITBIOTEPHBIN aHAJIW3 TEMIEPATYPHI U TEIJIOOT/IAYU B OMYXOJIEBBIX TKaHAX MallMEHTOB, KOTOPHIE
MOT'YT UMETh pa3Hble GU3NKO-XMMUYECKUE CBONCTBA B CMEKHBIX TKaHEBBIX MaTTepHaX [2].

OcHOBHbIE MPOOJIEMBI, KOTOPbIE TOPMO3AT IIMPOKOE BHEAPEHHE B KIMHUYECKYIO MPAKTUKY
KOMIUIEKCHOTO JIEYEHHUS] OHKOJIOTUYECKUX O0JIbHBIX ¢ ucnonb3oBanueM MK npu noxansnoit PI'T ¢
MOMOIIBIO HHAYKTOPOB HU3KHUX YAaCTOT MOTYT OBbITh CBEJCHBI K HIKENPUBEAeHHOMY niepeuHto: PI'T
MK B 3710KayeCTBEHHBIX OMYyXOJsX Ipu Temreparypax Beimie 41 °C MOXET cOmpoBOXKAATbCA
(dbopMHpOBaHHEM TEPMOTOJIEPAHTHOCTH (TEPMOPE3UCTEHTHOCTH) HA KJIETOYHOM YPOBHE BCJIE/ICTBHUE
VMHUIMAIMKY CUHTEe3a OEJIKOB TEIJIOBOTO HIOKA; 3aMeJIEHHE BHYTPHOITYXOJIEBOIO KPOBOTOKA MpHU
temneparypax Bbime 41 °C; BeposTHOE BO3HHMKHOBEHHE MOOOYHBIX 3((PEKTOB B CEpIEUHO-
COCYMCTON CUCTEME MAlMEHTOB B PE3YJbTAaTE€ OIPAHMYEHHOM MEpPEeHOCUMOCTH uMu ceanca PI'T
npu Temneparypax Bbie 41 °C; HeraTMBHOE BIIMSIHME CHJIBHBIX JJIEKTPOMATHUTHBIX IOJIEN
(4 kA/Mm, 100 k['), KOTOpBIE  OrPAaHUYMBAIOT  MPUMCHEHHE  KOMIUIEKCHOTO  JICUCHHSI
JMCCEMUHHPOBAHHBIX omyxoiiei [3]. Taxke ogHUM U3 POOJIEMHBIX BOIPOCOB MPH INIAHUPOBAHUU
PI'T sBnsiercss y4eT HEpaBHOMEPHOIO IOIJIOIIEHHUS U PAcCeUBAHMs AIIEKTPOMArHUTHBIX BOJIH B
HEOJTHOPO/HBIX IO 2JIEKTPUUECKUM U MarHUTHBIM CBOMCTBaM TKaHSIX OpraHU3Ma 4eJOBeKa.

JUis  mpeoposneHHs]  BBILENPUBEACHHBIX MpobjieM HaMu Obul  pa3paboTaH — ammapar
«Hanomaruurepm» (HWP, Vkpaumna), peanusyoummii MeTrox MarHuTHOH HaHOTepamnuu
3JI0Ka4ecTBeHHBIX omyxoiiel mpu ymepeHHou PI'T 38—40 °C. [TockosbKy ITyOHHA MPOHUKHOBCHHUS
JEKTPUYECKOTO TIOJII HEBENUKa, MpeArojaraeTcsi, 4YTro MaKCHMallbHas TeparneBTHYecKas
3¢ (EeKTUBHOCTh JEHCTBUSA 3EKTPOMArHUTHOTO IMOJIS TOCTUTAETCs, KOTJa OMyXOJib pa3MelleHa B
o0jacT MaKCHUMaJbHBIX 3HAYEHUH HANpPsDKEHHOCTH U TPajUeHTa W30JIMHMA MarHUTHOTO TOJIS
anIuIMKaTopa. 30Hbl IPOCTPAHCTBEHHON HeoHOPOoAHOCTH DOMII ABISAIOTCA aKTUBHBIM LIEHTpamH, B
KOTOPBIX MOJKET HWHHUIMHUPOBATHCS IEPEHOC AJIEKTPOHOB. VHMIMALUS MTPOTUBOOITYXOJIEBOIO
s¢¢ekxra ocHoBaHAa Ha peakuuun DEHTOHA, COrNIacHO KOoTopoi MOHBI xeine3a () oxucnsrores
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nepeKuchio Bogopona no uoHoB xkemeza (lll), a morom cHOBa, mox AecTBHEM TEPEKHCH,
npespamaroTcs B xene3o (I1):

Fe*" + H,0, — Fe*™ + OH- + OH~ (1)
Fe** + H,0, — Fe** + OOH: + H*

Uto kacaercs MHULMALMKM CEJICKTUBHOTO MEXaHW3Ma MPOTHUBOOIYXOJIEBOIO JACHCTBUS MHpU
PI'T onmyxonu mpocTpaHCTBEHHO-HEOJHOPOAHBIM MepeMeHHbIM OMII ¢ moBBIIIEHHONH MarHUTHOM
KOMIIOHEHTOM, TO  I0JIEé CHUMAaeT 3alpeThl Ha ONpEIEJCHHBIE AJIEKTPOHHBIE IEPEXOJbl B
Hanovactunax Fe30, (FeO-FepO3). ITlpm  peanmmszanuu  paboymx  PEeXMMOB  armapara
«HaHomarautepm» pacrpeneieHue 3JIEKTPOHOB IO OpOHTAIsIM MOXHO pa3leliuTh Ha JBa
coctossHus. [lepBbIi, BO30YXICHHBIM, BO3HHUKACT IPU OOJYYCHHMH HEOTHOPOAHBIM OMII —
15%2s% 2p®3s%3p°3d°4s'4p’. On nmeer mecTh HECIIAPEHHBIX YIIEKTPOHOB — YETHIPE HA BHYTPCHHEHT
3d obosouke W JBa Ha BHEIIHEM SHEPreTHUYECKOM YpoBHE. BTopoe crabmiibHOe cocrosiHue Oe3
BHEIIHero obuyderus — 15225 2p°3s23p®3d°4s? He uMeeT HECIAPEHHBIX YIEKTPOHOB HA BHEIIHEM
SHEPreTU4eckoM ypoBHe. Hanuuume HecmapeHHBIX OSJEKTPOHOB Ha BHEIIHEH opOuTanu B
HAaHOYACTHUIIAX OKCHJA »JKeJie3a YBEIMYMBACT BEPOSTHOCTh NpeoOpa3oBaHUS  BCIIEACTBUE
OKHUCJIUTEIIbHO-BOCCTAHOBUTENBHBIX ~ PEaKIUil  HEeUTpambHOM  (HOPMBI  MPOTHBOOMYXOJIEBOTO
npemnapara /[P B ceMUXMHOHHBIA aHUOH-paauKai. [Ipu 3TOM B KOMIUIEKCE MEXAY HaHOYACTULIAMU
marHetuta u JIP mon BAMSHUEM SIEKTPOMAarHUTHOTO IOJISI BO3HHMKAIOT MPOLECCHl IMEepeHoca
MeKTpoHOB. OJIHUM M3 MEXAaHU3MOB TIEPEHOCA JJICKTPOHOB SIBJISETCS BO3HUKHOBEHHE
HUPKYISIUOHHBIX  (BUXPEBBIX) TOKOB IPH  DIEKTPOMAarHUTHOM  OOMy4yeHUHM 3a  CYET
HEPaBHOMEPHOTO HaMarHnuuBanus Mmarepuaia MK.

MexaHu3m mHUTOTOKCHMYeckoro gaeiicteus MK mpu  ydacTud HOHOB — JKeje3a U
npotuBoornyxosiesoro npenapata JIP (C27H29NO11HCI) u paarodyacToTHOM 00Jy4eHHH OCHOBAH
Ha aKTUBAllMM THJIPOKCHIBHBIX DPaJMKANOB, paspymaroummx naunuabl, Oenku, JHK u apyrue
KOMITOHEHTBI M CTPYKTYPBI OMYXOJIEBBIX KJIETOK, YTO MHUIMUPYET MPOIECCHI aloITo3a U HEKpo3a
OITYXOJIEBBIX KJIETOK U TOPMO3HT MX POCT. be3 3eKTpoOMarHuTHOro O0Iy4€HHUS MOHBI IEPEXOIHBIX
METaJUIOB B HAHOYACTHUIIE HAXOIATCS B BOCCTAaHOBJICHHOW (opme, B vacTHOCTH, MOHBI Fe2+
0o0nafal0T  aHTHUOKCUJAHTHBIMU  cBoiicTBamu. [locie  MpoOBEAEHHOrO  JTOKOPETHOHAPHOTO
AJIEKTPOMArHUTHOTO 0O0mydeHus omnyxoau MK, Haxonmsch B Tene mamueHTa, 3aXBaThIBAaeT
CBOOOAHBIE pAJAMKANbl U CHI)KA€T TOKCUYHOCTh, YTO NPHUBOJUT K YMEHBIICHHIO MOOOYHBIX
a¢dexroB geueHus [4].

[enbto paboThl OBLIO MPOBEACHHE KOMIIBIOTEPHOTO pacueTa HampsKeHHOCTH MAarHUTHOTO U
TEMIIEpAaTypHOTO TIOJIEH MJIS HEOJAHOPOJHOW CpEeIbl, YTO TMO3BOJHUT MOBBICUTH 3(PHEKTHBHOCTH
MarHUTHON HaHOTEPAIUU 3JI0KaUeCTBEHHBIX OMYXOJIEH.

N3BecTHO, 4TO 3710KaY€CTBEHHBIE TKAHU T€TepOTreHHbI. [[03TOMY paccMOTpUM HEOTHOPOIHYIO
Cpely, COCTOSIIIYI0O U3 N CMEXHBIX CIIOEB C Pa3IMYHBIMH JHMHEHHBIMU KO3PPUIIEHTaMU
MOTJIOIIECHHS SHEPTHH MAarHUTHOT'O TOJIS T)j © MAaTHUTHBIMH [TPOHHIIAEMOCTAMH Wi, I =1, ..., N.

Hcxons w3 KOHCTPYKTHBHBIX OCOOEHHOCTEW HCMOJIb3YeMOTo amnIuIuKaTopa, MpH pacueTe
HaIpPSHKEHHOCTH MarHUTHOTO TIOJIsE OBLIM CIeaHbl CeNyIomue AonyiieHus. bepsi Bo BHUMaHWS,
4TO JUaMeTp TPOBOJHMKA HAMHOTO MEHBIIMHA JIMHEWHBIX pPa3MepOB allUIMKaTOpa, TOJIIMHON
MPOBOJIHUKA amNIuIMKaTtopa mnpeHeOperanu. I[lockoibKy HaiaWHA AJIEKTPOMArHUTHBIX — BOJIH,
U3ITy4aeMbIX alIJIUKaTOpoOM, OblJJa HaMHOTO Oouibllie JWHEHHBIX pa3MepoB aMIIUKATOPA,
paccMaTpuBaIM KBAa3UCTAI[MOHAPHYIO 3a/1ady.

HanpsikeHHOCTh H MarHuTHOTO MOJTS, CO37]aBA€MOT0 KOHTYPOM, OTPEAEIISLTN 0 (hopMyIie

1
H=-—"—"rotA, 2)
HE
rac BCKTOpHBIﬁ MAarHATHBINA IIOTCHII AT A JIAHEUHOT'O TOKa | OMpPCACIIAIN KaK CYHNCPHO3HUIUIO
BEKTOPHBIX MMOTEHITNATIOB A, i=1,....n JJIEMEHTAPHBIX TOKOB, COCTaBJISIIONINX KOHTYD:
n
A=DA,. 3)
i=1
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BekropHblii MOTEHIMAT MarHUTHOrO TMoJs A,, CO3JaHHBI MOCTOSHHBIM TOKOM |,
NPOTEKAOIIUH 110 3JIEMEHTY JIMHEHHOTO MPOBOAHKKA JTHHOM |; ortpenensercs mo Gpopmyie
“HOI l; Mg Ri /2 (4)
A =""""le ™M
4nR
1 m
Nogi = Eznihi

i j=1

rae Rj — paccrosHEe OT I-ro 3JeMeHTa amIMKaTopa 10 TOYKH, B KOTOPOW PpacCUMTHIBACTCS
. _ -7

MarHuTHOE MOJI€, [l — OTHOCUTEIbHAs MarHWTHAs! IPOHUIIAEMOCTh B 3TOM Touke, o = 4-107 I'n/m —
MR 12 VN
MarHUTHAs IIOCTOSHHAS, MHOXHUTEIb € ' ~OoTBed4aeT 3a MOMIOIIEHHE B MHOTOCIOWHOM
HEOJIHOPOJHOM CPeNE, MNspi — 2O DEKTUBHBIN KOIDPUIIMEHT NOITIOIEHUS YHEPTHA MAarHUTHOT'O M1OJIS

Ha IYTH OT i-T0 CErMEHTA aIllIMKaTopa 0 TOYKH B IPOCTpaHCTBe, Nj, j =1, ..., M — TonmuHa j-ro
cnost, Mj, j = 1, ..., M — xoadunuent nornomenust IMII B j-m cnoe [5].
VY 1enpHYyI0 TOTTONIeHHYI0 MOIIHOCTD (SAR) B TKaHM paccUuTHIBaIM 110 GopmyIie:
| (®)
SAR =1,
p
1
roe | = 5 HHo 42 hnorrocts motoka SHEPTrU¥ MarHUTHOTO MOJISI, P — INIOTHOCTh TKAHH.
€€
0

I[JI?I pacucTa TCIJIOBBIX IIPOLCCCOB B TKAHAX HCIIOJIB30BAJIM YPABHCHHC HCCTaIII/IOHapHOI\/JI
TCILIOIIPOBOJHOCTH:

V-(kVT)+Q:pCa;, ©)

rae T — TepMoauHaMuYecKas Temreparypa, K — KoahGHUIMEeHT TEeIUIONPOBOAHOCTH, P — IUIOTHOCTD
Tkanu, C — ynenbHas TemioeMKocTh, Q = p-SAR — UHTEHCUBHOCTh BHYTPEHHETO TETUIOBBIICICHHUS
B €IMHUIIE 00bEMa MO/ IeHCTBUEM dIIEKTPOMAarHUTHOTO 00myueHus [6].

PaccmarpuBaniu  1ByXMepHyI0 3ajady IS Cpe3a, HaXOMSIIEToCs BHYTPH TKaHU
napajieJIbHO K IUIOCKOCTH amrjukaropa. HadanbHas Temmeparypa OnmyXoiM M OKPYKAOIIUX €€
HOPMaJIbHBIX TKaHEW NMpUHUMAaJach paBHOW HopMaibHOW Temmeparypsl Tena 37 °C. I'paHudHbIe
YCIJIOBHSI ONIPEAEISUINCh COOTHOILIEHUEM

o ()
—ko =T,

rne Ty — Temmeparypa oOkpyxkarouied HopMmanbHON Tkanu (37°C), M — eIMHUYHBIA BEKTOP
BHEIIHEW HOpMaJH K TPaHUIIe UCCIeI0BaHHONW 007acTH, o0 — KOA(Q(ULIUEHT TETJI00TAAYH.

Tabmuna 1. [MapameTpsl KOMIBIOTEPHOH MOJIEIIH.

Pu3HUYEeCKHil TapaMeTp 3HaueHue
MarsuTHasi IpOHUIIAEMOCTh HOPMAJIIBHOW TKAaHH, |, OTH.E]I. 1
MarnuTHas npoHULAEMOCTh onyxoneBoi Tkauu ¢ MK, u, oTH.ex. 10
Kosddurment nornomenus saeprun IMII B HOPMaTbHBIX TKAHAX 1), M - 0,005
Kosddurment nornomenus saeprun IMII B omyxoneBbix Tkasax ¢ MK 1, m 0,05
II10THOCTH P, KT/M 1045,5
Koadpdunuent remnonposoaroctu K, B1/(m-K) 1,1

VY nenbnas TeruioeMkocTsb C, kJx/(kr-K) 3,8
KosdduimenT Ternooriaun Ha rpanuie odmactu o, Br/(mM*K) 20
Hauanpnas remneparypa Ty, °C 37

[Ipy KOMIBIOTEPHOM pacyeTe MArHUTHOTO IIOJIS B OIYXOJIM MpeArojaraiach, YTo
HOpMaslbHasl TKaHb pacroyiaranack Ha paccTosHud 0,5 CM OT MJIOCKOCTH amrinkaropa. Pazmepsl
amumkaropa — 3x5cMm. Ammmukarop ObuT corHyT (paamyc u3rmba 2,3 cM) Ui JTyYIIero
doxycupoBanust OMII u obecriedenust ero Ooublell MPOCTPAHCTBEHHONH HEOMHOPOIHOCTH.
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Onyxoip HaX0AWJIaCh BHYTPU HOPMAIBHOM TKaHU M MOJEIMPOBAIAch IapoM paauyca 1 cMm, HeHTp
KOTOpPOM HaxoAWJICS Ha paccTOSSHUHU 1,2 cM OT KOXH. PU3HYECKHE XAPAKTEPUCTUKU B Mpenesiax
KKJIOTO TUINA TKAaHW CUYHUTAIUCHh OJHOPOJHBIMU. BBIXOJHBIE MapaMeTphl JUIsi KOMIBIOTEPHBIX
pacyeToB MpUBEICHHBI B Ta0imie 1.

Ha puc. 1 u3o0paxkeHo pacyeTHOE pacipe/eiecHne HAMPS)KEHHOCTH MarHUTHOTO moyst H Ha
pa3HBIX PacCTOSHUSAX OT IUIOCKOCTH alIUIMKATOpa AJI OMYXOJU U OKPYKAIOUIMX €€ HOPMaJlbHBIX

TKAHCH.
CM CM CM
H] H] H]
W 100120 Afm W 54 — 60 Al W 36 - 40 Al
//5\ [ 30 - 100 Afm W48 - 54 Afm W 32 - 36 Afm
i [ 60 — 80 Afm [ W42 - 48 Al [ W 28 - 32 Afm
K/ 40 - 60 Afm 36 — 42 Afm 24 - 28 Afm
020 — 40 Afm O30 - 36 Afm 020 - 24 Am
4 010 - 20 Adm 4 D24 - 30 Afm 4 D16 - 20 Afm
\/ \ k/ 018 - 24 Am \ 012 -16 Afm
3 3 1218 Afm 3 8- 12 A
O6-12 Al 4 -8 aiu
7 el B W B
1 1 1
4 -2 0 2 4 4 -2 0 2 4 4 -2 0 2 4
Ch CM CM
a o 8

Puc. 1. Pactipenienienue HanpsbKeHHOCTH MarHuTHOTO ot H Ha paccrostauu 1,1 em (a), 1,7 em (6) u 2,3 cm
(8) ot amuTHKaTopa.

Ha puc. 2 n300paxkeHO pacueTHOE paclipe/lelIeHue TeMIEepaTyphbl B ONYXOJIU U OKPYXKArOIIUX
€€ HOpMAJIbHBIX TKaHsIX B quHamuke yepe3 10, 15 u 20 muH nociie Hayana o0aydyeHUs AJs cpe3a Ha
paccTosHuu 1,7 ¢M OT MJIOCKOCTH alIIMKATOPa, IPOXOIAIIETO Yepe3 LIEHTP OIyXOJIH.

[s3 4 [s3 4 [s3 4
8 8 8
W 39.7 —40°C W 39.7 —40°C W 39.7 —40°C
M39.4-397°C M39.4-397°C M39.4-397°C
M391-394°C M391-394°C M391-394°C
E3s8-391°C E3s8-391°C E3s8-391°C
[d385-388°C [d385-388°C [d385-388°C
[O382-385°C [O382-385°C [O382-385°C
[O379-382°C [O379-382°C [O379-382°C
O376-376°C O376-376°C O376-376°C
[1373-376°C [1373-376°C O [1373-376°C
e 4 |d37-373°C e 4 |d37-373°C e 4 |d37-373°C
o |0367-37°C o |0367-37°C o |0367-37°C
a 0 8

Puc. 2. PactipeienieHue TeMIepaTyphbl B OIYXOJIH M OKPYKAIOIIUX €€ HOPMaIbHBIX TKaHAX yepe3 10 muH (a),
15 muH (6) u 20 MuH (8) ociie Hadana o0IydeHHs I Cpe3a Ha pacCTOSHUU 1,7 CM OT TUIOCKOCTH
anmIuKaTopa.

AHanu3upys IpHUBEIECHHBIE JJTaHHBIE, CIEYyeT OTMETUTh, YTO C YBEJIMUYEHUEM PACCTOSIHUS OT
anIuIMKaTopa HalpsHKEHHOCTh MATHUTHOTO TOJIS B OIYXOJIM 3aKOHOMEPHO yMeHbaeTcs. [Ipu atom
CYILIECTBEHHO HM3MEHATCS U paclpelieleHre M30JIMHUNA MarHUTHOIO MOJs B IUIOCKOCTH cCpe3a U
IPOMCXOIUT (POKYCHUPOBKAa MAarHUTHOTO MOJS B LEHTpaidbHOH 30He. C TedyeHUEM BpPEMEHH
MPOUCXOIUT HEPAaBHOMEPHBIN HArpeB B 30HE OMYXOJIH.

Takum  o6pazom, JUIs  TOBBIIIEHHUA S()(HEKTUBHOCTH MArHUTHOM  HAHOTEpaNUH
OHKOJIOTUYECKUX OOJIbHBIX, HEOOXOAUMO MPOBOAMTH KOMIIBIOTEPHOE IUIAHUPOBAHHE, YUUTHIBAS
pacrpeneieHue  HaNpsHKEHHOCTM  MAarHUTHOIO M TEMIIEPaTypHOrO TOJ€H Ha  OCHOBE
MpeIBAPUTENHBHO MOTYYEHHOTO IU(PPOBOr0 MEAULUHCKOTO N300paKeHHs 30Hbl TUArHOCTHUECKOTO
UHTEpECca.
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STUDY OF THE BIOMOLECULAR STRUCTURE IN WATER BY MOLECULAR
SIMULATION

N. Atamas

Department of Physics, Kiev Taras Shevchenko University
6 Glushkov prospect, Kiev, Ukraine, 040127; atamasphys@mail.univ.kiev.ua

Alcohols are the amphiphile-like molecules capable of hydrogen bounding. The amphiphilic
character of alcohols as solutes has been observed to affect both the structure of the surrounding
water and to promote their aggregation in aqueous. As prototype hydrogen-bonding molecules,
water and alcohols (ethanol and propanol) both hold special status. The molecular dynamics (MD)
and Monte Carlo (MC) simulations have been used as methodologies to obtain information about
the behaviour of molecular liquids.

The physical properties of the aqueous solution of alcohol are characterized by nonlinear
concentration dependence, first of all in the environment of small concentrations. Experimental
studies [1-4] showed existence of the anomalous thermodynamic properties of the aqueous
solutions of alcohols in the dependence on the temperature and concentrations of the introduced
substance. X-ray diffraction experiment [‘] showed existences of heterogeneous structure in the
environments of the anomalous behavior of the thermodynamic parameters of liquid. But neutron
scattering experiment does not give the possibility to find out accurately at atomic level which
interaction lead to the appearance of these anomalies. The study of the hydration processes in the
solutions is related to the studies of structure, macroscopic behavior and thermodynamic properties
of solutions. Therefore there is important to investigate at the molecular level and to determine the
dependence between the structure and the thermodynamic properties of the aqueous solutions of
alcohols at different fractions of alcohol in the water using Monte Carlo method.

Monte Carlo has been performed for the aqueous solution of ethanol at different
concentrations for determining the concentration regions, where of the local structure of the solution
occurs. From the analysis of interaction energies, radial distribution functions, and the numbers of
nearest neighbours it is found out that at the concentrations lower than 0.04 the alcohol molecules
does not influence the properties of water in water-alcohol solution. It was figured out the region of
concentrations where alcohol micelles are formed. The role of fluctuations in forming clusters of
alcohol molecules at concentration (0.18-0.22) and rebuilding ethanol clusters to micelles from
ethanol molecules in the concentration range ~(0,3+0,38).

1. Fioretto D., Marini A.. Dielectric Relaxation in water-tert-butanol mixtures. The water rich region / D.
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3. Venables D.S. Spectroscopy and dynamics of mixtures of water with acetone and methanol / D.S.
Venables //Journal of Chemical Physics. —2000. — V.113, Ne 24, — P. 11222-11236.

4, Takamuku T.,.Saiso K. X-ray diffraction studies on methanol, ethanol-water and 2-propanol — water
mixtures at low temperatures / T.Takamuku, K.Saiso // J.Mol.Liquids. — 2005. — V.119. —P. 133-146.
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DOSE ESTIMATION FROM DIFFERENT IMAGE-GUIDED RADIOTHERAPY
TECHNIQUES

D.S. Sinchuk, S.P. Radchenko, M.V. Kononov
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4G, Acad. Glushkov Ave., Kyiv, Ukraine, 03127;
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Abstract. Effective dose estimations from different image-guided radiotherapy modalities based on standard
radiotherapy techniques and an average patient size are derived in this work. Also the way to evaluate the
added risk from imaging exposures during radiotherapy is submitted.

Key words: Effective dose, radiotherapy, image-guidance.

Introduction. Nowadays focus in positioning during radiation therapy (RT) is shifted from
the precise patient positioning, utilizing various immobilizing devices and poor image guidance, to
the accurate target position determination, using different sophisticated image-guided radiotherapy
(IGRT) techniques. Widely varied in modality and method, all radiographic guidance techniques
have one thing in common—they can give a significant radiation dose to the patient. The general
approach to all medical uses of ionizing radiation is that this exposure should be carefully managed.
The philosophy for dose management adopted by diagnostic imaging community is summarized by
the acronym ALARA, i.e., as low as reasonably practicable [1]. But unlike the general situation
with diagnostic imaging and image-guided surgery, IGRT adds the imaging dose to the already high
level of therapeutic radiation. There is a furthermore interplay between the increased imaging and
improved therapeutic dose conformity that suggests the possibility of optimizing rather than simply
minimizing the imaging dose. For this reason, the estimation of imaging dose during radiotherapy
differs from its estimation during routine diagnostic or image-guided surgical procedures.

Conversion of imaging dose to effective dose. The only dose quantity that allows any
intercomparison of stochastic risk between the different imaging scenarios described in this paper is
effective dose, which combines the quality and distribution of radiation throughout the body with its
effect on a number of specific organs. It is distinguished from equivalent dose, which is a local
measure of biological effect obtained by multiplying local absorbed dose at a point in a specific
organ by a biological weighting factor. Effective dose is computed by weighting the equivalent dose
values for various organs by the organ weighting factors and then it is summed over the exposed
volume to obtain an equivalent whole-body dose. It is therefore actually an expression of integral
dose rather than local dose deposition. The precise effective dose depends on the imaging modality,
the energy of radiation, the age and sex of the patient, and anatomical particulars of the exam. The
effective dose is obtained from the absorbed dose D (mGy) via a semiempirical conversion factor F
(mSv per mGy) such as E = D - F[mSv/ mGy] [2]. It can be expressed in terms of dose-to-air (i.e.,

absorbed dose measured with an ionization chamber in a phantom, with scatter included) or dose-
free-in-air (i.e., dose-to-air without a phantom and thus with no scatter). This distinction is
important when analyzing CT doses.

Conversion factors and effective doses for different IGRT modalities. Kilovoltage (kV)
Planar imaging. The effective dose for planar projection radiography is mostly obtained directly
from the dose-area product (entrance skin dose in mGy to the exposed area). Le Heron [3]
computed a table of conversion factors for AP and lateral radiographs of different anatomical sites
as a function of x-ray energy spectrum, organized by tube voltage and filtration thickness. A subset
of these conversion factors is presented in Table 1.

Table 1. Conversion coefficients to give effective dose (mSv) from dose-area product of entrance skin dose
(mGy cm?) for AP and lateral projections. The total filtration is in millimeters of aluminum. All conversion
coefficients are mSv/mGy cm?x 10~
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) AP (10”) Lateral (10”
kVp Filter Lumbar . Lumbar
(mmAl) | Head Chest Spi Abdomen | Pelvis Head Chest :
pine Spine
80 2 3,0 21,5 18,9 16,8 20,0 2,9 8,3 8,1
4 4,1 26,9 24,9 22,2 25,2 4,0 10,9 11,0
100 2 4,1 25,5 24,0 21,5 24,3 3,9 10,6 11,0
4 5,3 31,0 30,2 27,2 29,6 5 13,3 14,2
120 2 4,9 28,9 28,0 25,2 21,7 4,7 12,5 13,5
4 6,1 33,9 33,8 30,5 32,6 5,8 15,0 16,7

The effective dose can also be obtained from entrance surface dose. As an example, we
calculate the conversion factor from entrance dose (mGy) to effective dose (mSv) for AP
projections of the chest using a circularly collimated field 30 cm in diameter at the patient. For 100
kVp and 2 mm filtration, we multiply 25,5x10° mSv/mGy cm? by the 706,5 cm? area of the
exposed surface of the patient to get the conversion coefficient of 0,18 mSv/mGy.

kV Fan-beam CT. CT’s biological impact on individual organs differs significantly from the
dose from planar imaging, because CT, unlike planar radiography, delivers a uniform amount of
radiation throughout the imaged volume. Furthermore, the internal dose from CT is orders of
magnitude higher than for planar radiography. Therefore to make a meaningful comparison between
planar and CT dose, one must convert CTDlIy; to effective dose. This conversion must account for
variations in biological effect to different organs and additional factors to accommodate scan length,
beam quality, etc. All of these effects are combined into a conversion factor F (mSv/mGy) to give

an effective dose for comparison to other radiographic procedures: E = CTDI gj, - F[mSv/mGy].

A detailed evaluation of the overall conversion factor F depends on the scan length and is
therefore developed by summing contributions along the length of the scan using a factor f(z) per
1 cm of slice thickness. Table 2 summarizes typical doses in air, effective dose conversion factors,
and effective doses for several exam types [4].

Table 2. Typical values of the conversion factor F from CTDlI,; (in mGy) to effective dose E (in mSv) for
adult patients for recent routine CT exams.

Examination | Scan Length (cm) | Pitch | Factor F | CTDI,;, (mGy) | E (mSv)
Head 12,0 1,0 0,023 81 1,9
C-spine 18,0 1,2 | 0,044 55 2,4
Chest 27,0 1,3 0,136 47 6,4
Abdomen 42,0 1,3 0,239 54 12,9
L-spine 6,0 1,1 0,029 100 2,9
Pelvis (male) 24.0 1,2 0,137 60 8,2

kV Cone-beam CT. Endo et al. [5] made dosimetry measurements for a kilovoltage cone-
beam CT system that utilized a 45 cmx60 cm fluorescent screen coupled to a large aperture
aspherical lens and a charge coupled device video camera. The imaging plane was so oriented that
its long axis was parallel to the patient’s cranial/caudal axis. They measured mean and maximum
entrance skin dose as well as organ dose, from which they calculated effective doses for a head and
a chest exam. The results are summarized in Table 3. The effective dose conversion factor
(effective dose divided by mean skin dose, divided by detector area) of 6 x 10> mSv/mGy cm? for
cone-beam head exams is about 25% greater than the factor for planar diagnostic head exams
(Table 1). The cone-beam conversion factor for a chest exam is about 25% less than for planar
diagnostic imaging. When compared to fan-beam CT, the cone-beam conversion factor is about the
same for the chest and about 40% higher for the head, when corrected for scan length and axial
pitch.

The measurements by Islam et al. [6] for the Elekta kVV cone-beam system are also given in
Table 3. Note that as the detector’s longitudinal dimension is less than the system measured by
Endo [5] the dose linear product (DLP) and consequently the effective dose are less as well.
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Table 3. Dose from kV cone-beam CT and Elekta XVI kV cone-beam CT.

Parameter kV cone beam CT | Elekta XVI kV cone-beam CT
Head Chest Head Chest
Maximum skin dose (MGy) 100,5 85,1 - -
Mean skin dose (mGy) 68,5 57,0 30 23
Mean dose at center (mGy) - - 29 16
Effective dose (mSv) 10,9 24,6 3,0 8,1
Conversion Factor (mSv/mGy cm?) | 6:10° | 16-10™ 6:107° 16-10™

Portal imaging. The dose from portal imaging contributes direct dose to the target volume
and concomitant exposure elsewhere, with an additional component of direct dose outside the target
cross section due to the uncollimated/unblocked field of exposure. The direct target dose should be
included in the planned therapeutic dose. Waddington and MacKenzie [7] made an approximate
conversion of portal imaging dose to effective dose for various treatment sites. This evaluation is
based on the anatomy of an adult of average height and weight. Effective dose will vary from
patient to patient because it is calculated from the distribution of radiation among organs of variable
risk, but the average scenario presented here should suffice for a factor of 2 level of accuracy.
Table 4 summarizes the results of Waddington and MacKenzie for a 6 MV extended field
(18 cmx15,6 cm) at an SSD=88 cm.

Table 4. Effective dose E from 6 MV portal images 18 cmx 15,6 cm taken at SSD=88 cm.

Port View Gender Effective Dose E (mMSv/MU)

AP pelvis Male 0,34
P Female 0,52
Lateral pelvis Male 0,32
Female 0,7

Male 1,74

AP chest Female 1,8
Male 2,56

Lateral chest Female 223
Lateral neck N/A 0,12

MV cone-beam imaging. MV radiation has a relatively small attenuation gradient through the
anatomy, in contrast to the steep gradient for diagnostic energy radiation. Therefore it can be
assumed that, to the first approximation, the effective dose for MV cone-beam imaging can be
estimated by summing the individual doses from each gantry angle using for each projection the
portal imaging conversion factor of Table 4 for the examination site. The summation should be an
AP/lateral average weighted by the angular position of each image acquisition, because of the
difference between AP and lateral doses.

Examples of cumulative imaging dose and stochastic risk. The most recent ICRP
coefficient to estimate the lifetime probability of the induced fatal cancer from a single radiographic
exposure is 5,5x10° per mSv of effective dose. For image-guided radiotherapy the estimate is
overly simplistic, as it neglects details such as the time period over which the dose is delivered, as
well as the age and sex of the patient. But it provides a starting point to evaluate the added risk from
imaging exposures during radiotherapy. We use this simple estimate in the following examples of
image-guided radiotherapy scenarios.

Consider a prostate treatment routine that involves a conventional fan-beam CT for planning
(60 mGy, 8,2 mSv, from Table 2) followed by 30 daily portal image pairs at 2 MU each
(30x 1,32 mSv, from Table 4). This delivers a total effective imaging dose of 47,8 mSv. Using the
ICRP-coefficient there is an estimated probability of 0,2 % of radiation-induced cancer in the
patient’s lifetime.

Total effective imaging doses from different IGRT techniques and corresponding probabilities
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of the induced fatal cancer are summarized in Table 5. In case of respiration correlated 4D CT, the
dose in Table 5 is delivered during maintaining of a diagnostic data and it must be added to the dose
from chosen imaging modality instead of conventional CT dose (Table 2).

Table 5. Total effective imaging doses and estimated risks for different IGRT modalities in case of 30 daily
exposures.
Portal imaging MV CBCT kv CBCT in-room CT 4D CT
Total Risk, Total Risk, Total Risk, Total Risk, Total Risk,
Dose, mSv| % |Dose,mSv| % |Dose,mSv| % |Dose, mSv| % |Dose, mSv| %
Chest| 264,4 1,45 666,4 3,67 243 1,34 198,4 1,09 66,56 0,37
Pelvis 47,8 0,26 206,2 1,13 254,2 1,398

Organ

Conclusions. Based on standard radiotherapy techniques and an average patient size, the table of
total effective doses from different IGRT modalities is produced (Table 5). It is difficult to know
how to evaluate added cancer risk in patients that already have cancer, it remains true that some of
the added risk is negotiable, in the sense that added imaging can improve the therapeutic ratio for
the primary disease, but the simplistic way for estimating the lifetime probability of inducing a fatal
cancer is proposed. It was found that the most dose burden technique is MV CBCT of the chest, it
resulted in 3,67 % risk for 30 daily patient/target positioning checks. Other techniques resulted in
lesser then 1,5 % probability of radiation induced cancer for the same checks frequency.

The clinicians should not be held to strictly defined limits on radiographic exposure to
patients but should be aware that, when their exams significantly exceed a typical or reference dose
level as represented by an agreed upon “reference value” for that category of exam, the clinician
should take steps to reduce the exposure levels.
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AHOTa].IiSI. BCTaHOBJ’IeHO, o0 B yMOBax HepOKCI/I,I[-iHI[YKOBaHOI‘O TOIIKOXKCHHA KIIITUH TI/IMOI_II/ITiB BILIIMB

€JIEKTPOMArHITHOTO TIOJNS HAJHHU3bKOI YacTOTH Ha CYCIICH31l0 THMOIWTIB IMPH3BOAHUTH IO 301UIBIICHHS
3arajibHOI KiJIbKOCTI aroNTyIOYHX KIITHH B OCHOBHOMY 32 PaxyHOK KJIITHH 3 KOHJICHCOBaHUM XPOMATHHOM.
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IIpu HasBHOCTI MeJaHIHY KUTBKICTh KIIITHH, IO THHYTH IUIIXOM aroITo3y, TOCTOBIPHO 3MEHITYETHCS, aje
BIUTUB €JICKTPOMATHITHOTO TOJIS MOIU(DIKY€E MPOTEKTOPHY aKTUBHICTB I11€1 PEUOBHHHU.

AHHOTaIII/Iﬂ. YCTaHOBJ'ICHO, 4TO B YCIOBUAX MNCPOKCUIA-UHAYLHHUPOBAHHOTO TOBPCIKACHUA KIIECTOK
BO3H€I>'ICTBI/IG QJICKTPOMArouTHOI'O IIOJIA KpaﬁHe HU3KOM YacTOTHl Ha CYCIICH3UIO TUMOIIMTOB NPHUBOAUT K
YBEIIMNYCHUIO 0611161“0 KOJIMYECTBA aIllONTHYCCKUX KJICTOK B OCHOBHOM 3a CUET KJIIETOK C KOHACHCHUPOBAHHBIM
XpOMaTHUHOM. HpI/I HaAJIMYUU MCJIaHNHA KOJIMYCCTBO KIICTOK, HOFI/I63.IOH_II/IX IMyTEM aroIro3a, A10CTOBEPHO
YMCHBIIACTCA, HO BJIMAHUC SJICKTPOMATIHHUTHOI'O IIOJIA MOI[I/I(I)I/IHI/IpyeT OPOTCKTOPHYIO AKTUBHOCTH 3TOTI'O
BCIICCTBA.

Abstract. It was found that the exposure of the suspension of thymocytes to electromagnetic fields of low
frequencies combined with the action of hydrogen peroxide leaded to the increased number of apoptic cells
mainly due to cells with condensed chromatin. In the presence of melanin cells apoptosis was significantly
decreased, but the influence of the electromagnetic field modifies the protective activity of this substance.

KiarodoBi cioBa: alloITo3, eJ'IeKTpOMaFHiTHe I10JI€ HaI[HHSI)KOT qaCTOTH, MeHaHiH, KOHILCHCOBaHI/Iﬁ
XpOMAaTuH, q)paFMCHTOBaHe AApo, aIoNTHUYHI TiJILIISI, NEPOKCHU BOAHIO.

KiwoueBble cioBa: anomnro3, 3JIEKTPOMarHUTHOE TIOJie KpaHe HU3KOM 4YacTOThl, MEJaHUH,
KOHJICHCHPOBAaHHBIA XpOMAaTHH, (pparMeHTUPOBAHHOE SAPO, ANONITUIECKHE TENbIIA, IIEPOKCH] BOJIOPOIA.
Key words: apoptosis, electromagnetic fields of low frequencies, melanin, condensed chromatin, nucleus
fragmentation, apoptic bodies, hydrogen peroxide.

Beryn. MenaHiH, SKuUH CHHTE3yeThCS OaraThbMa KIIITHHAMH, BHKOHYE pI3HOMaHITHI
¢izionoriuni  GyHkiii. BiH € BaxiauBHUM (OTONPOTEKTOPHUM (HAKTOPOM, IO IOTJIMHAE
yabTpadioNieTOBe BUIPOMIHIOBaHHS. LIS peyoBMHA TaKOX JEMOHCTPYE aHTHOKcHaaHTHI [1,2],
imynomoaymoroui [3,4], antukanueporenni [3,5] ta crpec-mporekropHi [6,7] BaacTHBOCTI, IO
JI03BOJISIE BUKOPUCTOBYBATH HOTO B CydacHii MeauiuHi [8].

EnexrpomarniTHu#l ()OH NPUPOAHOTO Ta TEXHOTEHHOTO MOXOKEHHSI B Jlialia30H1 HAJHU3bKUX
4acTOT € BaXUJIMBUM (PAaKTOPOM HABKOJUIIIHBOTO CEPEIOBUINA. 3 IHIIOTO OOKY €JICKTPOMArHiTHI
MOJIsE JOCTaTHBO IIUPOKO BUKOPHCTOBYIOTHCS B MEAMYHIA MPAKTHUI [ TEpaneBTUYHHUX 1
JIarHOCTUYHUX Iiie. BogHodac 3 muM BilOMO, IO €NEKTPOMArHITHI XBWJII 3/1aTHI BUKIMKATH
pisHOMaHITHI 6iosoriuni epexTr [9], cepen AKUX OKPEMUil iHTEpeC BUKIMKAE TX MOXIIUBHUIA BILIHB
Ha 3amporpamoBany 3armbens kmituH  [10,11].  [ocmimkeHHS KOMOIHOBaHMX  BIUIMBIB
HU3bKOYACTOTHOTO €JNEeKTPOMArHiTHOIO BHUIIPOMIHIOBAHHS B TOEJHAHHI 3 PI3HUMHU XIMIYHMMU
(dakTopaMu, 30KpemMa TaKUMH, SIK MeJIaHIH a00 MEePOKCH/I BOAHIO, IPECTABIIAIOTh 3HAUHUIN 1HTEpEC,
TOMY III0 B pEAIbHUX YMOBaX B HaBKOJMIIHBOMY CEpEJOBHINA >KMBI OpPraHi3MU MiAJAI0THCS
JEKIJbKa BIJIMBAM OJHOYacHO. Y 3B’S3Ky 3 LHMM METOK poOOTH OyJio [OCHIIUTH PIBEHb
JKUTTE3AATHOCTI, paHHI MOP(OIOTIYHI 3MIHH CTPYKTYPH XpPOMATHHY TUMOIUTIB Ta OIL[IHUTH PiBEHb
¢parmenTanii JJHK npu aii MenaHiHy, NEpOKCHy BOJHIO Ta 3MIHHOT'O €JIE€KTPOMArHiTHOTO MO
HagHU3bKO1 yactoty (EMIT HHY) nipu pizHOoMy KOMOiHYBaHHI BIUIMBIB 1 PU PI3HUX €KCIO3UITISX.

Marepiaaun Tta meroam. Monemmo s gocnmimkenHs BBy EMIT HHY wa mporecw,
CIIPUYUHEH] JII€I0 MENaHiHy, SIK MPOTEKTOpa, Ta MEePOKCHAY BOIHIO, K MOIIKOHKYI0YOro (hakTopa,
OyJ10 0OpaHO CYCHEH3110 130Jb0BAHUX THMOIIHTIB.

[akyOariito TUMOITUTIB (2-4><106 KJI/MJI) 3A1MCHIOBAIM Y BOAHOMY TepMoctari mpu 37°C B
crarfionapHoMy cepenoBuili RPMI-1640. Taky0arrist mpoBoauiacs MpoTroM 3 ToJInH.

Knituau y BUTISAL cycrieHsii miagaBaiy il TOCTIKYBaHUX YMHHUKIB — MIEPOKCUAY BOJIHIO,
menaniny, EMIT HHY Ta ix xomOinanii. [Ticist oqHO- @60 TphOXTOJMHHOI €KCIIO3HULIT CriocTepirain
MOp(}OJIOTiUHI 3MiHH, BHSIBICHI METOJIOM TOJBIHHOTO MPUKHUTTEBOTO (hapOyBaHHS KIITUH 3a
nonomMororo ¢uyopecueHTHux 0apBauKiB (Hoechst-33258, mponiniym ionum) [12,13].

OKHUCHUH CTpeC € OJHHMM 3 THIIOBHX MEXaHI3MIB MOIIKOJDKEHHS KJIITHH HMUISIXOM 1HTYKIIi1
HEKpo3y Ta amonTo3y. B HamoMy ekcnepuMeHTI B poji (akTopy OKHCHOIO CTPeCcy BHUCTYIaB
MEPOKCU]T BOJHIO B KiHIEBii koHneHTtpamii 0,1MM [14]. MenaHiH BUKOPUCTOBYBAJIM B SIKOCTI
AHTUOKCHJIAaHTY B PO3paxyHKy 5 MKT Ha 1 mur KmiTHHHOI cycriensii. [15,16,]. TIpenapar MenaHiHy
(momidpeHonKapOOKCUIBPHIN KOMITJIEKC AHTAapKTUYHHMX YOpHUX IpiKIKIB «Nadsoniella nigray)
BUpoOsieHo komnaniero «Yara» (Ykpaina) 3 apixmaxkiB Nadsoniella nigra mram X-1.
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Kunitunni cycnensii mignaBanu BrumBy EMIT HHY, sike cTBOproBayin 3a TOMIOMOTOIO KiJIelb
['enbmrombia. IMmynscu Oynu IpsIMOKYTHOI (popMu Ta pi3HOI mossipHOCTI. YacToTa MarHiTHoro 8
I'u i ingykiis 25 mxTan nosst BuOpaHi Ha OCHOBI i1 GioJOTiYHOT 1 eKooriuHoi 3Havymocti [9,17].
BekTop 1HAYKIIIT CTBOPIOBAHOTO MarHiTHOTO 10JIsA OyB MapajeIbHUM BEKTOPY T'€OMarHiTHOTO MOJIS.
JociipKyBaHi 3pa3ky OyJId MOMIIICHI B KUIBIS [ 'eIbMroJibIia.

PesyabTaTn Ta ix oOrosopenHsi. B pesymbpTaTi mnpoBeneHHs cepii  €KCIIEPUMEHTIB
HEKPOTUYHI 1 amoNTW4HI KIITHHU Oylno po3aiuieHo Ta kiacu]ikoBaHO 3a MOPQOIOTIYHUMHU
O3HaKaMU B pe3yJbTaTi NPWKUATTEBOrO ¢apOyBaHHS KIITHH 13 3aCTOCYBaHHSM  JBOX
¢yopucuentaux 6apsuukis [10,12,13].
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B) aloONTUYHI KJIITUHU
Puc.1. XKurrezaaruicts kiaitus. 1) koutposs; 2) EMIT HHY; 3) H,0,; 4) EMIT HHU+H,0,; 5)
Mernanin; 6) menanin+EMIT HHY; 7) menanin+H,0,; 8) menanin+EMIT HHU+H,0,. [Tpumitka: * - p <
0,05 BimHOCHO KOHTPOIIO; ** - p < (0,05 BIAHOCHO MEPEKMCHOTO MOIIKODKEHHS; N = 6.

Hani, HaBeneni Ha puc.la, cBimuaTh, mo B 000X ekcmosumisx mpu Bl EMIT HHY
KUTBKICTh JKUTTE3AATHUX KIITHUH JOCTOBIpHO He 3MiHIOoeThecs. llpu BmmuBi HyO; KinmbKicTh
JKUTTE3IATHUX KIITUH 3MeHmyeTbess Ha 11,8% (p<0.05) ta 23,5% (p<0.05) BigmoBigHO Yy
MOPIBHSIHHI 3 KOHTpoJieM, a mpu komOiHoBaHoMy BruiMBi 3 EMIT HHY KinmbKicTh KHTT€3MATHUX
KJIITHH 3MEHINYeThCS BianmoBiauo Ha 14,7% (p<0.05) Ta 28% (p<0.05) y mopiBHSHHI 3 KOHTPOJIEM.
[Ipu roawnHIN ekcrno3uilii menaniny 3 H,O; KUIBKICTh XKUTTE3ATHUX KIITHH 3poctae Ha 8,1%
(p<0.05) y nopiBustHHI 3 BrutuBoM Jsniire H,O,, a mpu komOiHOBaHOMY BILIHBI Menaniny 3 H,O; ta
EMIT HHY ixnst kinbkicTs 3poctae Ha 8,9% (p<0.05) y nopiBHsiHHI 3 BrutuBoM juiie HoO, Ta EMIT
HHUY. Tlpu tproxrogunHiii ekcnio3uilii Mmenaniny 3 HoO; KITBKICTh JKUTTE3IaTHUX KIITHH 3POCTAE
Ha 11% (p<0.05) y nopiBHsHHI 3 BruuBoM Juiie H,O,, a mpu komOiHoBaHil Ai1 Menaniny 3 H,O; ta
EMIIT HHY ixHs kinbkicts 3poctae Ha 9,1% (p<0.05) y nopiBusiHHI 3 BrutuBoM suine H,0, Ta EMIT
HHY. KinbkicTh HEKpOTUYHUX KIIITUH BIJHOCHO KOHTPOJIO JOCTOBIPHO HE 3MiHIOETHCSA (puc.10).

120



Sk BUIHO 3 JaHUX, IPEJCTaBIeHUX Ha puc. 1B, npu Brumsi H,O, Ta komGiHOBaHOMY BrutuBi HyO; it
EMIT HHY kinbKicTh anmonTHYHUX KITHH 30iUtbinyethes Ha 10,9% (p<0.05) Ta 14,2% (p<0.05)
BIJITIOBITHO TMiCJIsi TOJMHHOT €KCIIO3UIIIT Y MOPIBHSAHHI 3 KOHTpoJsieM Ta Ha 22,2% (p<0.05) i 26,9%
(p<0.05) BiamOBIAHO MICIIsA TPHOXTOAMHHOI €KCITO3HIIIT Y MOPIBHSAHHI 3 KOHTPOJIEM, 1[0 MOKE
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B) allONTUYHI TUIBIIS
Puc.2. AnonTuyHi KIITHHY y BiICOTKaX Bij 3arajibHOI KUTbKOCTI KiIiThH. 1) KoHTpois; 2) EMIT HHY,
3) H,O,; 4) EMII HHUY+H,0,; 5) menanin; 6) menania+EMII HHY; 7) menanin+H,0,; 8) menmanin+EMII
HHY-+H,0,. IIpumitka: * - p < 0,05 BiAHOCHO KOHTPOJIO; ** - p < 0,05 BiIHOCHO IEPEKUCHOTO
MOMIKO/UKEHHS; N = 6.

BKazyBaTh Ha BaxiauBy poiab EMII HHY B imimiamii kackaaiB 3aXMCHUX MEXaHI3MIB KJIITHHH, a
TaKOX Ha 3MIHY 1HIIMX (i3iog0riyHUX QyHKLIH, o cnpuunHioeTbest EMIT HHY came y BinnoBiab
Ha TOWIKOKYI0Ul (aktopu. [Ipu HassBHOCTI MeNaHIHY y CyCHEeH3ii KUTbKICTh alONTUYHHUX KIITHH
3HAYHO 3HIKYETHhCS. TaK, MICIs TOAWHHOI €KCMOo3uIilii mpu BIUMBI MemaHiHy 3 HpOp KiTbKICTh
aroONTHYHUX KJIITHH 3MeHInyeThest Ha 7,8% (p<0.05) y mopiBHsiHHI 3 BiumBoM nuiire H,O», a mpu
KoMOiHOBaHOMY BIIuBI MenaHiny 3 HpO, ta EMII HHY ixHs kinbkicTh 3MeHIIyeTbes Ha 8,6%
(p<0.05) y mopiBusHHI 3 BiumBoM Jjuiie HoO, ta EMIT HHY. Ilicns TphOXTOAWHHOI €KCIIO3HUITT
CIIOCTEPITratoThCsl OIBII BUPAXKEH1 aHAJIOTTUHI 3MIHH.

OCHOBHOIO MOP(OJIOTIYHOI O3HAKOI aIloNTO3y THMOIUTIB, cIpu4yuHEHOro naiero HpO; y
BIJIMOBI/IHIM KOHIIEHTpAIIi1, € 30UTBIICHHS] KUTBKOCTI KJIITHH 13 KOHACHCOBAaHUM XpomMatuHoMm [10].
AHaJOTIYHY KapTUHY MM CIOCTEpIraiu i B HANIOMY €KCIIEPUMEHTi, KOJIHU KUIbKICTh almONTHUYHHIX
KJIITUH 301IBIITYETHCS B OCHOBHOMY 32 PaXyHOK KIIITHH 3 KOHJIEHCOBAHUM XPOMAaTUHOM (pHC. 2a).

IIpu BmuBi H»O, Ta komOinoBanoMy BiuiuBi H>O, 1 EMIT HHY kimbKiCTh anmonTHYHHX
KIITUH 3 KOHICHCOBAaHUM XpOMaTWHOM 30umbInyeThes Ha 6,5% (p<0,05) ta 10,5% (p<0,05)
BiJIMOBIAHO TICIIA TOAMHHOI €KCMO3UIIT Y TOPIBHSAHHI 3 KOHTposieM Ta Ha 13,9% (p<0,05) 1 19,5%
(p<0,05) BiAMOBIMHO TiCIs TPHOXTOJAMHHOI €KCIO3HUIli Yy TOpIBHSHHI 3 KOHTposieM. llpu
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KoMOiHOBaHOMY BIUTUBI MenaHiny 3 HpO, ta EMII HHY ixHsa kinbkicTh 3MeHIIyeTbes Ha 5,8%
(p<0,05) micast TPHOXTOIMHHOI €KCIIO3HIIIT y TOPiBHAHHI 3 BItuBoM Jjmie H,O, Ta EMIT HHY.

KinbKicTh amonTUYHUX KITHH 3 (ParMEHTOBAHUM SAPOM Ta AMONTHYHUMHU TIIBISIMU
BIJIHOCHO KOHTPOJIIO JOCTOBIPHO HE 3MIHIOEThCS (pHC.20,B).

3 OTpUMaHHX PE3YJbTATIB MOXKHA 3pOOMTH BUCHOBOK, 1o BB EMII HHY B neBHii mipi
aKTHBYE 3aITyCK MEXaHI3MIB allONTO3y, OCKIJIBKH IMICIs TPHOXTOJMHHOT €KCITO3UIIT TUMOIIUTIB TIPH
koMOiHoBaHoMy BiumBI HO, 1 EMII HHY KiIbKiCTh amONTHYHUX KIITHH JIOCTOBIPHO
301bIIyeThest Ha 5% (p<0,05) MOpIBHAHO 3 KUIBKICTIO aONTUYHUX KIITHUH MICIS TPbOXTOJUHHIN
eKCIO3uIlii TUMOIMUTIB npHu BrumBl Tubku Hy0,. Sk 1 mepembavaiiocs, MenaHiH 3iHCHIOE
AQHTUOKCHJIAaHTHUI BIUIMB Ha KJIITMHA THUMOILMTIB, MiJIBUIIYIOUM iXHIO JKUTTE3JATHICTh Ta
3HIDKYIOYH KUTBKICTh YITKO/KEHUX KIITHH. AJle, SIK CBiT4aTh pe3yiabTaTH, B yMoBax BIuBy EMII
HHY 3axuchHmii edekT MenaHiHy HE MPOSBIAETHCA B IMOBHIM Mipi. Y 3B’SI3Ky 3 IIMM MOXKHA
OPUITYCTUTH, 10 MEXaHI3MH Jii €JICKTPOMArHiTHOTO IOJsl HAJHU3BKUX YacTOT MOXYTh OyTH
MOB’sI3aHI HE TUIBKM 3 iX BIUIMBOM Ha IMPOLECH BIUIbHOPAAUKAIBHOTO MOLIKOHKEHHS, IO
TAIBMYIOTBCSI MEJIAaHIHOM, SIK IMOTYXKHUM aHTHOKCHIAHTOM. I[HIII MeXaHi3MH MOXYTh IOB’s3aHi 3
IHIUMHU (PI3UKO-XIMIYHUMH SIBUIIIAMU, HANIPUKJIIA, TAKUMH, K 3MiHU TiApodUIbHO-TiApodhoOHOTOo
OaslaHCy 1 PO3YMHHOCTI PEYOBHH B KOJIOTTHHUX cUcTeMax [18], a Takok 3MiHU CIIOPITHEHOCTI OLIKIB
1 HYKJIETHOBUX KHUCJIOT JI0 10HIB Ca® i Mgz+ [19], o y cBOIO Yepry Mo)ke COPUYMHATH aKTHBAIIi0
ATBTePHATHBHUX NULIXiB armmonTo3y. OTpuMaHi JaHi MarOTh OpaTHCS 0 yBard NMpH BUKOPUCTaHHI
MEJaHIHy y SKOCTI XapyoBHUX J00ABOK 1 MEIWYHUX IIpernapariB, a TaKoX IIPpH yMOBax
KOMOIHOBAHOT'0 BUKOPHCTAHHS MEJIaHIHY 1 €JICKTPOMArHiTHHX IOJIIB SIK TePaleBTUYHUX arcHTIB.

BucnoBku: Ilpu aii nepokcuay BOIHIO CIIOCTEPITa€ThCs 301IBIICHHS KUTBKOCTI alONTYOYHX
KIIITHH y TOPIBHSHHI 3 KOHTpOJeM, a npu kombOinoBaHomy BmuuBi 3 EMII HHY meit edekr
MOCUITIOEThCS.  30UIBIICHHS KUIBKOCTI amoNTYIOUMX KIITHH MPH BIUTUBI MEPOKCUAY BOAHIO Ta
koMOiHOBaHOMYy BrumBi 3 EMII HHY BigOyBaeThcss B OCHOBHOMY 3a pPAaxXyHOK KIITHH 3
KOHJCHCOBAaHUM XPOMATHHOM, I110, WMOBIPHO, CBIIYUTH MPO TMOCHJICHHS aKTHBAIlil MeXaHi3MiB
iHimianii armonto3y npu Buei EMIT HHY B npucyTHOCTI niepokcuty BoaHO. [1o BigHOIIICHHIO 110
MEPOKCUI-IHAYKOBAHOTO YIIKOJKEHHSI TUMOIIMTIB MEJaHIH JIEMOHCTPYE MPOTEKTOPHY Mif0, sKa
NPOSIBIISETHCS HE B MOBHIN Mipi B ymoBax BrmuBy EMIT HHY.
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W3MEHEHMSI CTEIIEHA OKUCJIEHUA AKTOMHUO3UHA CKEJIETHBIX MBI A
IHOKA3ATEJIEA JIMIIMTHOT'O OBMEHA IIJIA3MbI KPOBH KPbIC B YCJIOBUAX
XPOHUYECKOM AJTKOT OJIU3AIINN

FO.B. Leiicaep, O.H. Iloagnasaosa, H.E. Hypumenko, JI.U. I1eaiox, B.C. MapTbiHIOK

OHL] «"ncmumym ouonoeuuy, Kuesckuil nayuonanohnwiti ynueepcumem umenu Tapaca [llesuenxo
ya. Braoumupckas, 64, 2. Kues, Yxpauna, 01601;
men.: (044) 526-21-39; yuliya.tseysler@gmail.com, olgapodpalova@gmail.com

AHOTaI.II(lﬂ: OI_IeHI/IBaJ'II/I YPOBCHb OKHUCJIICHHUA AaKTOMHO3MHA U IMOKA3aTCJIN JIMIIUIHOTO oOmeHa KPBIC IIPU UX
2-X-, 4-x- m 6-MecsuHON ankoronu3anuu. KoimyecTBO KapOOHWJIBHUX TPYI MO MEpe AIKOTOIU3AIHN
BO3pacTacrT. CoaepmaHHe 06HII/IX JIMIIUA0B YBCIIMYUBACTCA IMOYTH HE3aBUCUMO OT JJIUTCIIBHOCTU IIpUCMa
39TaHOJIa. YPOBeHL MPpOAYKTOB T1OJI mna3Mel KpOBHU IOKaszajJ, 4YTO COACPIKAHHUC AHWCHOBBIX KOHBIOI'aTOB
JIMHEWHO CHHIKACTCA, a KOJIMYECCTBO KETOHOB HaO60pOT BO3pacCTacT 110 MEPE aJIKOroJInM3alu.

Abstract. The level of actomyosin oxidation and lipid metabolism in rats with their 2, 4 and 6-month alcohol
abuse was evaluated. Number of carbonyl groups in protein complex increases with the term of
alcoholization. The lipid content rises almost regardless of ethanol receiving duration. The level of plasma
lipid peroxidation products showed that the content of diene conjugates decreases linearly while the content
of ketones conversely increases with the period of alcoholization.

KaroueBble cioBa: AJIKOI'OJIN3alusd, Kap6OHI/IJ'II>HLIe I'pymibl, iadMa KpOBH, AKTOMHO3UH, JII/IHI/I,I[HI:Iﬁ
O6MCH, MPOAYKTEI IIEPEKMCHOT'O OKUCIICHUA JIMITUIO0B.
Key words: alcoholism, carbonyl group, blood plasma, actomyosin, lipid metabolism, lipid peroxidation.

AJNKOroNu3M TpU3HAH MHUPOBOM OOIIECTBEHHOCTbIO B KayecTBE MEIUKO-COLIMATIBHON
npobeMbl, KoTopasi TpedyeT 0co00ro moaxoAa B CUiIy cBOed crenn(UIHOCTH U KOMIIJIEKCHOCTH
nopakeHusi opraHusMma. 3aboyieBaHME OTIMYAETCS HapacTarolled CUMITOMATHKON IMCUXHYECKUX
HapylmIeHUH M CHeHU(PHUUECKUX  aJKOTOJbHBIX  IMOPAXEHWH  BHYTPEHHUX  OPraHoOB.
[TaToreneTnyeckne MEXaHU3Mbl BO3IEHCTBHSI AIKOTOJIS HA OPTaHU3M OIOCPENOBAHBI HECKOJIBKUMHA
TUIIAMM JEUCTBUs HTAHOJA HA JXUBBIC TKAaHU M OpPraHU3M 4YelloBeKa B LenoMm. Ilpu okuciieHun
aJKOroJii B OpraHu3sMe oOpa3yercs psAJ TOKCHYHBIX TPOAYKTOB, BBI3BIBAIOIIUX pPa3BUTHE
XPOHUYECKOH HMHTOKCUKALlMM OpPraHu3Ma Ha pPa3HbIX YPOBHSIX OpraHM3alMH. AJIKOTOJIM3M Kak
MIATOJIOTUSl MPOXOAUT HECKOJIBKO 3TallOB Pa3BHUTHs, KOTOPBIE XAPAKTEPU3YIOTCS MOCTEIICHHBIM
HAaKOIIJICHUEM TOKCHMHOB M YCYTyOJI€HHEM MaTOJIOIMYECKHX COCTOSHHUM. B CBA3M ¢ 3TUM 0COOBIi
MHTEPEC NPEACTABIAECT U3YyYEHUE PA3BUTHUSA MATOJIOIMYECKHX IPOLIECCOB B OpraHU3Me IO Mepe
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XpOHM3ALUHU alKoroiau3anuu. [lopaxkeHne CKelIeTHBIX MBIIII] BCTpedaeTcs npuoau3nutensHo y 60%
QJIIKOTOJIMKOB M, TakKUM oOpa3oMm, sBiseTcs Aaxe Oojiee pacnpoCTpaHEHHOW MAaToJIOTHEH, 4YeM
UPpO3 NeueHH. MexXaHU3M BIMSHHUS STaHOIA M €ro METAa0OJIMTOB Ha MBIIIIBI KOMIUIEKCHBIH,
CBSI3aHHBI B 3HAYUTENILHOIN CTENEHU C HapyIIEHHEM B CHCTEME IPO/aHTUOKCUAAHTOB. OpHaKo,
U3MEHEHHS B COKPATHTENBHBIX O€JKaxX MOJ BIMSHUEM XPOHHYECKOW aJIKOTOJIM3ALUN HE U3yUYCHBI.
Wtak, 1enpo uccienoBaHus ObUIO U3yYeHHE CTENEHb OKHCIECHUS aKTOMHO3UHA CKEJIETHBIX MBIIII]
U TOKa3aTeNel JTUIMUAHOr0 oOMeHa IuIa3Mbl KPOBH XPOHHUYECKH AIKOTOJIM3UPOBAHHBIX KPBIC VIS
OLICHKH JIECTPYKTUBHBIX HAPYIICHU B OpraHu3Me.

MaTtepuajibl 1 MeTOAbI HccaenoBanus. VccnenoBanre npoBoAMiIM Ha GeNbIX OECIIOPOTHBIX
KpbIcax-camiiax mMaccoil tena 150-200 r. ANKoroau3anuio KUBOTHBIX OCYIIECTBIISUIA IO METOJUKE
[1] B aBTOpCKON MOaudHKanyy. JKHBOTHBIX OTOMpAIM HA OCHOBE UX WHAMBUIYAIbHON CKIIOHHOCTH
K MOTPEOJICHUIO pacTBOpa STUJIOBOTO CIHPTA, OLEHUBAs €XeTHEBHOE MoTpediienne 5%-Horo
pacTBopa anKoroyii B TEYCHHWE [JIBYX Henenb. Ha ocHoBaHWM HAOmIOIEHWA OTOMpanu
9KCIIEPUMEHTAIIBHYIO TPy, KOTOPYIO COCTaBJISUIM KPBICHI, MPEANOYUTAIONINE PACTBOP AIKOTOJIS
C MEpBOTro JIHA TecTUpoBaHUs B oObeMe oT 15 mi. [locne TectupoBanust Ui SKCIIEPUMEHTAIbHBIX
YKUBOTHBIX CJIEYIOIIKE JIBE HEACIN KOHIIEHTPAIMIO STHJIOBOTO CIIMPTA MOCTENEHHO MOBBIIIAIN OT
5 no 36% (c marom B 10%) u B panpHelIIeM HE MEHSJIM. XPOHUYECKYIO aJIKOTOJIM3alUI0
JKUBOTHBIX OCYILECTBIISLIM B TeueHue 2, 4, u 6 Mecsues.

JI1st KaXK0M M3 SKCIEPUMEHTAILHON TPYIIBI ObLJIa CBOSI KOHTPOJIbHAS TPYIINa, COCTOSIIAs U3
JKUBOTHBIX, KOTOpBIC JIEMOHCTPUPOBAJIM TMOJHBIM OTKa3 OT TOTPeOJICHUS aJaKoroisl |
COJIEP’KaBIIUECS B AaHAJIOTUYHBIX YCJIIOBUSAX BUBApUsI B TEUEHHE CPOKA SKCIIEPUMEHTA.

AKTOMHO3UH Il HCCIICOBAHUS BhLICISUTA M3 Mkl plantaris kpeic mo meroauke Ileppu,
onucaHHoi B pabore TaprakoBchkoro [2]. OmpeneneHne KOHICHTPAIIMN aKTOMHO3HHA TTPOBOIHIIN
1o OMypeTOBOM peaklnu, KOTopas Hanbojee ONTHUMalbHA B IaHHOM JUAaNa30He KOHIEHTPALUH OT
0,5 no 10 mr/ma [3]. CreneHb OKuCIIEHUs Oelika OLEHUBAJIU M0 YPOBHIO KapOOHWIIBHBIX TPYIII,
KOTOPBI OMpeNesuld IO COJAEpKaHUI0 2,4-TUHUTPOPEHUITHAPA30HOB, 00pa30BaBUINXCS MPU
B3aMMOJIEMCTBUM OKHMCJIEHHBIX aMUHOKHUCIIOTHBIX OCTaTKOB ¢ 2,4-IMHUTPOPEHUITHAPAZUHOM.
OnTHYECKYIO TIOTHOCTD 2,4-AMHUTPOPEHUITHIPA30HOB PETUCTPUPOBAIIN Ha JTHHE BOIHBI A=370
HM [4] Ha criekTpodoTomeTpe «CD-26».

s momyudeHus: oOpas3IoB IJIa3Mbl TeMAPUHU3UPOBAHHYIO KPOBb LEHTPU(PYTHPOBAIM Ha
cTa"apTHoi abopatopHoil nenTpudyre npu 3000 o6/MuH B Teuenue 5 muH. [1nazmy otnensim ot
SPUTPOLIUTAPHON MACCBHI.

OnpeneneHre KOHIEHTpPAlMM JUNHAOB B IJJa3M€ KPOBU KpBIC OCYIIECTBISUIM IO
OOLIENPUHATON KJIaCCUYECKOW MeToauKe [5], KoTopas 3akirodaiach B BBIIAPUBAHUH 3 MII
TE€KCAaHOBOT'O JKCTpaKTa JIMMHAOB M J00aBieHHH 5 Mi 2%-0ro pacTBopa XpPOMOBOM CMECH C
nocienyromei nHkybamnueid B TedeHue 30 MHH Ha Kumsimed BoAsHON OaHe. K oxJjaXIeHHBIM
oOpasmamM OCTOpPOXXKHO J00aBISUIM 1O 6 MJ JUCTUJUIMPOBAHHOW BOJIbI, BHOBb OXJQXIald H
kanopuMerpupoBanu Ha KOK-2 npu anune BonHel A=590 HM. CTaHIapTHBIA pacTBOp JUMUIO0B (25
MI' XOJIECTEpUHA M 25 MI' MaJIbMUTHHOBOW KUCIOTHI B 50 MJI rekcaHa) CTaBWJIM MapajuieNIbHO C
OTIBITHBIMU TIPOOAMH.

Pacyer KOHILIEHTpaLIUK JIUITUOB OCYIIECTBIISUIN 1O hopmyie:

C,=(1MrxDgp)/(Derx V), Mr/mi,
rae 1 Mr - cogepskanue MUIUAOB B 1 MiI ctaHgapTHOro pactBopa; Dys, - onTHdeckas IIOTHOCTB
uccienyemoro obpasia mpu A=590 M (e.0.m.) D, - onTudeckas IMIOTHOCTh CTaHIAPTHOTO
pactBopa ipu A = 590 aM (€.0.11.); V - 00beM reKCaHOBOT'O IKCTPAKTA (MJI).

Omnpenenenns npoaykroB [1OJI ocymiecTBisiin Ha OCHOBe Kilaccuueckoro merona Z. Placer
[6] B aBTOpCcKO# Momupukanuu. [Tpu s3Tom oréupanu 0.4 M mIa3Mbl KPOBH W J00ABISIIA 8 MIT
TEKCaH-U30MPONAHOIbHON cMecH (COOTHOIIEHHE 1:1) mpu BCTpAXMBAaHUM C TOCIEAYIOIIEH
unkyOamueii B teuenue 30 muH. [Tocae sroro mobasmsumu mo 2 mu 0.1 H HCl npu uaTeHCHBHOM
BCTPSXMBAHUU C TOCIeqyrole 2-uacoBoil nukyOanuei. Ilocne pasneneHus peakMOHHON cMmecu
Ha aBe (pakmuu w3 BepxHeW ¢pakuuu Opasd mo 1 MJI TeKCAaHOBOTO SKCTpaKTa JUMHUIOB U
perucTpupoBainy crektp mnoriomeHus Ha BioSpik-mini (Shimadzu Corporation, Snonus) B
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nuanazoHe A=220-300 am. YpoBens npoaykroB [1OJI paccunThiBaiv B yCIOBHBIX €IMHUIAX HA |
MT JIUITU0B F€KCAaHOBOM 3KCTPAKTE Mo GpopMmyIie:

[MOJI=E/ (1 mx x Cy), y.e/ mr,
rae E - SKCTHHIMSA TeKCaHOBOTO AKCTpakTa Mpu A=233 HM (I THEHOBBIX KOHBIOTaTOB) U A=272
HM (17151 KeTOHOB), C;; - KOHIIEHTPAIUS JTUIHI0B B TEKCAHOBOM 3KCTPAKTE, MT / MIL

CraTucTuyecKkyo 00paboTKy pe3ysIbTaTOB SKCIEPHUMEHTOB MPOBOAWIMA B mporpamme Origin
8.0 (OriginLab Corporation, CIIIA) ¢ ucnosnb3oBanuem t-kputepus Ctorogenta (p <0.05 cuuranoch
CTaTHUCTUYECKHU JOCTOBEPHBIM).

Pe3ysabTaThl M uX o0cy:kaeHue. Pe3ynbraThl 1O M3YYCHHIO COJEpXKAHHS KapOOHHMIBHBIX
IpyNI aKTOMHUO3WHA CKEJIETHBIX MBIIII] CBHUJIETENbCTBYIOT (pUC. 1), YTO JaHHBIN IOKa3aTesb
MOBBIINIACTCA Y KUBOTHBIX BO BCEX JKCIIEPHUMEHTANBHBIX Tpynmax. Uepes /Ba M 4eThlpe Mecsla
PEryJpHOTO YIOTPEOICHHS aJKOToJIsl POCT KOJMYeCTBa KapOOHMIBHBIX TPYII ObUT HA OJIM3KOM
ypoBHE U coctaBisin 55.2% u 54.2% coorBercTBeHHO. llecTuMmecsunas aakoroiau3anusi NPUBOANUT
K PE3KOMY YBEIMYEHUIO JaHHOro mokaszatens Ha 568.8 %. Jlanublii dakt cBUAETENHCTBYET 00
OKHCITUTEIILHOM TOBPEXKICHUHN OETKOBOW MOJIEKYIIBI, YTO HanOoJiee CHIIBHO HAOIIOAAeTCs mocie
MOJIYTOJI0BOM XPOHUYECKOM aJTKOTOJIU3AIIHH.
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Puc. 1. I3menenus conepkanus KapOOHUIBHBIX Tpyni (%) B YCIOBUAX XPOHHUECKOH aJIKOTOMU3alliy Ha
NpOTSHKEHHUH 2, 4 U 6 MECSIIIeB OTHOCUTENIBLHO KOHTpOIIs (N=47).
*- I0CTOBEPHBIE OTJIMYNS OTHOCUTEIBHO KOHTPOJIBHOM TPYIIIBI JKUBOTHBIX, p<0,05.

s Ooisiee TiIyOOKOro IMOHUMAaHHUS MEXAaHHW3MOB JIECTPYKTHUBHBIX HApYHIIEHUH TKaHEBBIX
3JIEMEHTOB HaMU OBIJIM HCCIJIEOBaHbl MOKA3aTENIN JUIMUAHOTO OOMeHa. Pe3ynbraTsl Hccie0BaHus
roKasaresnel JUMUIHOTO OOMEeHa CBHJETENbCTBYIOT O TOM, UYTO PETYJISpHOE MPUMEHEHHE 3TaHOoJa
CHOCOOCTBYET M3MEHEHHUIO OOIIEero conxepkaHust TunuaoB U npoaykroB ITOJI mia3msl kpoBu. Bo
BCEX AJIKOTOJIM3UPOBAHHBIX IPYIIAX KMBOTHBIX HAOIIOJAETCs YBETUUECHNUE COJIEPKaHUs JTUIHIOB B
ia3Me Kposu (puc. 2 A). [Ipuuem BenrmunHa U3MEHEHHH c1a0o 3aBucena OT ATUTETLHOCTH ITpHeMa
JKUBOTHBIMU 3TaHoJa, U cocTaBisieT 31.2%, 30.8% u 37.4% oTHOCHTENBHO KOHTPOJIS TToce 2, 4 1 6
MECSIIEB AJIKOTOJHM3AIlMM COOTBETCTBEHHO. [loBbIlIeHHE copep)kaHUs OOIIUX JIMIHUIOB IJIa3Mbl
KpPOBH CUTHAJIM3UPYET O HAPYLIECHUH JUIHIHOTO 0OMEHa B OpraHu3Me, CHUKEHUH WHTEHCUBHOCTHU
YTUIM3AlMU JUIUI0B, BO3MOXHO, BCIEACTBUE HapylleHus (GyHKIMH nedeHu. [lodutu oauHakoBas
BEJIMYMHA pPOCTa JAHHOIO TIOKa3aTessd Yy JKUBOTHBIX C Pa3sHOW MPOAOIKUTEIBHOCTBIO
QJIIKOTOJIN3ALIMN WUTKOCTPUPYET TO, YTO OPraHU3M HE MOXET aJalTUPOBAThCS U OTKOPPEKTUPOBATH
MPOLIECCHI JIUMHUIHOTO OOMEHA JaXke MPH JUTUTEILHOM YIOTpeOIeHUH 3TaHoJIa.

Pesynbrarel ananmsa npoaykroB [IOJI miasmel KpoBM mNOKa3ald pa3HOHANPABICHHBIN
XapakTep W3MEHEHUH alMITHApOoINepeKuceil (IUEHOBBIX KOHBIOTaTOB) W KeTOHOB. Mrak
COJIep’KaHUE IUEHOBBIX KOHBIOTATOB IOYTH JIMHEHHO CHMIKAETCS IPH alKoroiusauuu Ha 7.9%,
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18.8% u 22.0% OTHOCUTENBHO KOHTPOJIA Tociie 2, 4 1 6 MecCsIeB aIKOroJIM3alui COOTBETCTBEHHO
(p<0,05) (puc. 2 b). Torga kak KOJIWYECTBO KETOHOB B IUIa3Me KpOBH HA0OOPOT BO3pacTaeT Ha
12.5%, 28% u 40% 10 OTHOIIEHUIO K KOHTPOJIIO mociie 2, 4 u 6 MecsleB ymoTpeOIeHHs dTaHOa
cootBercTBeHHO (p<0,05) (puc. 2 b). IIpoTHBOMOIOKHO HaMpaBIICHHBIE W3MEHECHHS IPOJYKTOB
I[IOJI B mna3Me KpOBH B YCIOBHUSIX XPOHHUYECKOTO YIOTPEOJCHHS AalIKOTOJIsl, HA HAIl B3I,
CBUJIETEIBCTBYIOT O TOM, YTO B TKaHSX B 3aBUCHMOCTH OT JJIUTEIBHOCTH YHNOTpEOJIeHUsl dTaHoja
YCWJIMBAETCSI MHTEHCUBHOCTh OKHUCJICHHS MEepBUUHBIX MPoayKTOB [1OJI (queHOBBIX KOHBIOTATOB),
YTO MPHUBOJUT K HHTEHCUBHOMY OOpa3oBaHUIO 0oJjiee OKHUCIEHHBIX HPOAYKTOB - KETOHOB H
aJbJACTUIOB.

Xapakrep usmMeHeHuit coaepxkanus npoaykroB [1OJI mo mepe XpoHU3aUUKU AJIIKOTOJM3Ma, Ha
HaIl B3IJIAJ, CBUACTEIHCTBYET 00 YCHIIEHUH CBOOOJIHOPAIUKAIBLHOTO OKHCICHUS JHIHIOB M
CHI)KEHUU pPabOThl AHTHOKCHIAHTHOM CHUCTEMBbI, B YAaCTHOCTH TJIYyTaTHOHPEAYKTAa3HOTO 3BEHA,
KOTOpOE€ JIOJDKHO AaKTUBHO YTHJIM3UPOBATh THAPONEPEKUCH, TPEIOTBpalllas HX JalibHeiIee
okucienue. [loBbllieHHas MPOIYKIUS CBOOOJHBIX PpAAMKAIOB MPUBOAUT K TOBPEKICHUIO
AKTOMHUO3MHOBOTO  KOMILJIEKCA  CKEJETHBIX MBI,  YUWUTHIBasg  OMNPEICNSIONYI0  POJIb
COKPATUTENIbHBIX OEJIKOB B MEXaHM3ME MBIIICYHOTO COKPAIIEHUS MOXKHO MPEINOJI0XKUTh, YTO B
MOPAKEHUU CKEJIETHBIX MBIIIIL MPY aJIKOTOJIM3ME Hapsiy C HapyIIEHUEM PEeryJsiTOPHBIX ITPOLIECCOB
MPOUCXOIUT TMPSMOE  TMOBPEXKICHHE AaKTOMHO3MHA CBOOOJHBIMU paguKaIaMH, KOTOpbIE B
MOBBIIIIEHHOM KOJIMYECTBE MPOYLIUPYIOTCS MO BIUSHUEM 3TaHOJIA

A b
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= 40 5 40 .
= o
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, ¥k
g 30 ) 2 sl [}
=} = 10 1
= 25 = ,
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o 20 5
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o 15 5 ,
2 2 -20 s
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=} -30

% 0 ) ~ i g | Ankoronb2 | Ankoronb4 ‘ ANKoronb6 |
g | Ankoronb2 | Ankoronb4 | Ankoronb6 | & |mAK | 79 | 188 | 22,0
Q‘IHMHMAM 31,2 30,8 { 37,4 g KeToHu 12,5 28 \ 40

Puc. 2. 3menenwus conepkanust oomux mununoB (A) u nmpoaykros [1OJI (JIK — nneHOBBIE KOHBIOTATHI,
ketoHsl) (b) B mna3me kpoBu Kpsbic (%) B YCIOBHUAX XPOHUYECKOH aJIKOTOJIM3ALMN HA POTSKEHNH 2, 4 1 6
MECSIIEB OTHOCHTEIILHO KOHTpOJIs (N=47).

*- IOCTOBEpHBIE OTINYHNS OTHOCUTENBHO KOHTPOIBHOM IPyIIIbI )KUBOTHBIX, p<0,05.

BriBojbI.
1. CTeneHb OKHCIUTEIBHOTO MOBPEXKICHHUSI aKTOMHO3MHA CKEJIETHBIX MBIIIL] BO3pAcTaeT Mo Mepe
QJIKOTOJIN3ALMM KMBOTHBIX M JIOCTUIaeT CBOMX MAaKCHUMAJBHBIX 3HAYEHMM K ILIECTH Mecslam
ynoTpeOaeHus 3TaHoIa.
2. Ilpomecc XpOHHUYECKOH alKOTOJM3AlUK TMPHUBOAUT K POCTY COJEpX aHHUA OOIIMX JIMIHIOB
11a3Mbl KpoBU 0K0JI0 30 %, UTO SIBISIFOTCS pe3y/IbTaTOM HapyILICHUN JTUMHIHOTO 0OMEeHa, KOTOPbII
Pa3BUBAIOTCS JIOCTaTOYHO OBICTPO M COXPAHSIOTCA JUIMTEIBHOE BpEMsl BHE 3aBHCHUMOCTH OT
CTENEeHH U MPOAOKUTEIHHOCTH aJIKOTOJTU3aIUH.
3. U3menenus conepkanus npoaykroB I1OJI ykas3piBalOT Ha yCHIIEHHE IPOLIECCOB NEPEKUCHOTO
OKHCJIEHHS ¢ o0pa3oBaHHeM OoJyiee OKHCIEHHBIX MPOAYKTOB, MPUYEM MHTEHCUBHOCTH M3MEHEHH
HOYTH JIMHEHHO 3aBUCHUT OT JUIUTENILHOCTH YIOTPEOIEHHs 3TaHOA.
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®U3NYECKHE CBOVICTBA BOJbI U BUOJIOT'MYECKOE IIPUMEHEHHUE
AKTUBUPOBAHHOMU (OBJIYYEHHOMN) BO/bI

B.NA. BbICOHKHﬁl'*, A.A. Kopmumlsa2

1) Kuesckuui nayuonanohuwiii ynusepcumem um. T.11lesuenko, Ykpauna
2) Mockosackuti cocyoapcmeennwiti yHugepcumem um. M.B.Jlomonocosa, Poccus
*vivysotskii@gmail.com

AnHoTauusi. CraTbsd CONEPKUT aHAIU3 CTPYKTYpbl M MAaMSITH BOJbI, OMNHCAHHE SKCIEPUMEHTOB IO
HU3YUCHUIO JBJICKTPOAMHAMUYCCKHX, OINTUYECKUX M MCXaHHYCCKHX MapaMETpOB aKTHBHpOBaHHOﬁ BOJFbI.
Boapl Obuta akTHBHpPOBaHAa BO3JCHCTBHEM C1a0Or0 HHM3KOYACTOTHOI'O MArHUTHOTO moust. M3moskeHa
METOAHUKAa u PE3YIbTAThI I/ICCJ'IGI[OBaHI/Iﬁ HCﬁCTBHﬂ aKTI/IBI/IpOBaHHoﬁ BOJbI Ha pacTcHu,
MI/IKpO6I/IOJ'IOFI/I‘ISCKI/IC KYJBbTYPbI U UX aCCOLIMAIINU, a TAKIKE Ha )XKUBOTHBIX.

Abstract. In the article the analysis of structure and memory of water, analysis of electrodynamic, optical
and mechanical parameters of activated water are presented. The water was activated by action of weak low-
frequency magnetic field. The experimental methods and results of researches of action of activated water on
plants, microbiological cultures and their associations, and also on animals are described.

KiaroueBsble c10Ba. AKTUBHPOBAHHAS BOJIA, IAMSTH BOJIbI, 0AKTEPUOCTATUYECKOE JICUCTBUE U JICUCHUE.
Key words. The activated water, memory of water, bacteriostatic action and treatment.

Beenenne. B mpoiecce XuU3HEIEATEIBHOCTH J1H000r0 Omosiornyeckoro o0ObekTa Hauboiee
BaXHBIM XMMHYECKHM COEMHEHHUEM SIBIIsieTCS Boja. Boia - 01HO U3 caMBbIX 3araIoqHbIX OOBHEKTOB.
Jo cux mop HET OJHO3HAYHOTO OTBETAa HA BOMPOC O NPOCTPAHCTBEHHOW CTPYKTYpE BOJABI Ha
HAJMOJEKYIIpHOM ypoBHE. Oco00 OoIbIINe CIOphl BO3HUKAIOT BOKPYT BOMpOca O "MaMsATH BOABI'",
T.€. 0 TOM, MOKHO JIU KaKMM-TUO0 00pa3oM M3MEHATH CBOICTBa YMCTON BOJIbI (0€3 U3MEHEHUS €€
XUMHUYECKOTO U M30TOIMHOTO COCTaBa) W COXPAaHATh 3TU M3MEHEHHs JJIHTEeNbHOe BpeMs. Llenbro
MCCJIeIOBaHMM ObUIO M3ydeHHEe "MamsaTH BOJBI" W CBOMCTB BOJBI MPU €€ aKTUBAIUU. AKTHUBAIIMS
BOJIBI OCYIIIECTBIISIACH OUYEHB CIa0bIM MMepEMEHHBIM MAarHUTHBIM TIOJIEM C aMIUTUTYAON ~1 apcTen u
yactoro 7.2-8.2 T'u, coorBercTtByromieil "pesoHancy Illymana" (Moae 3JI€KTPOMAarHUTHBIX
KoJIeOaHHI €CTECTBEHHOTO PEe30HATOpa, 00Pa30BaHHOTO IMTOBEPXHOCTHIO 3eMJIN 1 HOHOC(hE PO ).

1. U3yuenme (u3dNyUecKHX XapaKTepUCTHK AKTHBHPOBAHHOW BoAbl. B mpoiecce
MIPOBEICHHBIX JKCIEPUMEHTOB HaMU OBLJIO TMOKA3aHO, YTO aKTHUBAIUS BOJIBI MPHBOJUT K OYEHBb
CYIIIECTBEHHBIM M3MEHEHHSIM €€ DJIEKTPOJIMHAMUYECKIX M MEXaHHYEeCKHX CBOMCTB. OOHapyKeHO,
YTO aHOMAaJIbHBIE CBOWCTBAa BOJBI MPU TEMIIEpaType, HEMHOTO BBIIIE 3aMEpP3aHHs, MOTYT
COXpaHATHCS B TEUYEHHE MHOTMX JHEHW, HeAellb W JlaXke MecsleB. Pe3ynbTaTbl HEKOTOPBIX U3
AKCIIEPUMEHTOB MPECTaBICHBI HIKE, a TIOJTHOE OMHUCAHKUE COAEPKUTCS B [1].

Ha Puc.1 npencraBieHbl pe3yiabTaThl WU3MEPEHHUIN AMAIEKTPUUYECKONM NPOHUILIAEMOCTU €' U
MPOBOAMMOCTH G BOJBI B 00JIACTH HU3KUX U CBEPXHU3KUX YACTOT MPHU Pa3HOM BPEMEHH aKTUBAI[UU
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U MPU pa3HOM TeMIepaType XpaHEHHS BOJIbI Mocie akTuBanuu. OOO0OICHHE dTUX PE3yJbTaTOB B
dbopMe  anmpOKCUMHUPYIOMIEH  3aBUCUMOCTH  JICMCTBUTEIBHOM  YaCTH  JUAJICKTPUYCCKOM
nponunaemMoctd  &'(o,t)~e'(w,0)+Ae'(o)[1-exp(-t/Tw)] or BpemeHu Ha uactote =101
npeacraBieno Ha Puc.2. ITlpu Hu3koi Temmeparype (mpu SOC) BpeMsl penakcanuuu T,
JTUAJICKTPUYECKON TIPOHUIIAEMOCTH aKTHBUPOBAHHOW BOJBI (JUIMTEIBLHOCTh '"MAMSATH BOIBI")
CTaHOBUTCS O4YEeHb 0OJbIINM (HEe MeHee Twx5-7 nHell). C yBenMueHUEM TeMIEpaTypbl XpaHEHUS
3TO BpeMsi ObIcTpo yMmeHsbInaercs. [Ipu Temmeparype 20°C BpeMs penakcanmu paBHo Tw~10-15
4acoB, a MpU TeMIepaType 36.6°C cocraisier Ty~4-6 4acos.
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Puc 1. MHccnenoBanue TpPOBOIUMOCTH U JAMAJICKTPUYECKON TMPOHUIIAEMOCTH BOJIBI,
aKTUBUPOBaHHOW B TedeHHe 30 MHUHYT M XpaHALIEHCS pa3HOE BpeMsl NPH TeMIepaTrype 20° C
(cmeBa) n 40° C (cipaBa).
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Puc. 2. 3aBUCUMOCTh 3aKOHa peJakcaluu N
N Puc 3. Bs3KOCTP HEaKTUBUPOBAHHOH W
JUBJIEKTPUUECKOU MIPOHUIIAEMOCTHU

. YyeThIpex (Ppakiuii aKTUBUPOBAaHHOM BOJBI 1| B
aKTHBUpPOBaHHOH Boxbl €'(®,t) Ha wactore 10 I’y pex (pai P JBI T
o0iacTd  MalblIX  BEJIMYMH  CJIBUTOBOTO
OT BpPEMEHM XpaHEHUs I0CIe aKTHBaUuu. TpH 36.6° C
KPUBBIE  COOTBETCTBYIOT  TPEM  3HAYCHHIM HANPADKCHIA T IPH TEMICPATYPE I0. )

TeMIIepaTypbl XpaHEHHsI BOJIBI

Ha Puc.3 npexacrtaBieHbl pe3ysbTaThl W3MEHEHHMS BS3KOCTHM AKTHBHUPOBAHHOW BOJBI B
3aBUCHUMOCTHU OT CABUTOBOTO HampspkeHUs. M3 MomydeHHBIX JTaHHBIA BUIHO, YTO B 00JACTH MAaJIbIX
CIBUTOBBIX HAIPSKEHUH, KOTOPBIM COOTBETCTBYET MaJias (Ha ypOBHE HECKOJIBKHX CM/C) CKOPOCTh
JBUKEHHUS, BI3KOCTh ""00BIYHON" (HEaKTUBUPOBAHHOI) BOJIBI OUYE€Hb PE3KO BO3pacTaeT. ITa XOpoIIo
M3BECTHAs 3aKOHOMEPHOCTh CBSI3aHA C YCHUJIGHHEM MOJICKYJSPHBIX CBS3€d MpPU YMEHBIIECHUU
CKOpPOCTH JBWKEHHUA. JlJI1 aKTUBUPOBAHHOW BOJABI MPHU ITUX K€ YCIOBUAX BA3BKOCTH OCTAETCA
OYCHb MaJIOM M BO3pacTaeT HAMHOTO MeJIeHHee. B 4acTHOCTH 171 BOJbI, aKTHBHPOBAHHOW B
teyenue 30 u 6oee MUHYT, KOOPPUITUEHT BA3KOCTH MIPH Malloil ckopocTH aBrkeHus B 50-300 pas
MeHbIe, 4yeM Yy "oOwbruHON" Bomoi! Takas Boma oOnagaeT CBOWCTBaMH, OJIM3KUMH K
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cBepxTekydectu! OdYeBHIHO, YTO OSTH H3MEHEHHS HMEIOT OYCeHb OOJNBIIOE 3HAYCHUE IJIs
OMOJIOTHYECKUX CHCTEM, JIJIs KOTOPBIX XapaKTepHA TaKas e CKOPOCTh MEPEMEIICHUS )KHUIKOCTH 110
KammuisipaM U APYTUM TPAHCIIOPTHBIM MYTSIM.

W3 mosydeHHBIX NaHHBIX CIEAyeT, YTO aHOMAJIbHBbIC CBOMCTBAa BOJbI MOTYT COXPaHSATHCS
OYCHb JIOJIr0. B YacTHOCTH, B aKTUBHPOBAaHHOH Boje, XxpaHsuieicsa npu 4°C, Mbl HaOIOAAIH
n3MeHeHus napameTpa pH B TeueHue 6 MecsieB (Janbiie U3MEpeHUs He POBOIUIINCH).

OOHapyXeHHbIE  aHOMaIWKM  (U3WYECKUX  XAPAKTEPUCTUK  AKTUBUPOBAHHOW  BOJBI
CBHUJICTEIILCTBYIOT O HAJIMYUM JOJTOBPEMEHHOW IMaMATH BOJbI W JIOJDKHBI OKa3bIBaTh OYCHB
CYIIIECTBEHHO BIUSIOT HA OMOJIOrHYECKUE TIPOIECCHI, YTO MPOUUTFOCTPUPOBAHO HIIKE.

2. BiuusiHMe AaKTHUBHPOBAHHOM BOJAbLI HA pa3BUTHe OHOJOTHYECKHX O00bHEKTOB.
AKTHBUpPOBaHHAs BOJA OKa3bIBACT OYCHb CHIBHOE BIIMSHHUE HAa POCT OMOJOTHYECKUX OOBEKTOB.
Takast Boga o4eHb CHJIBHO (B COTHHM Pa3) TOPMO3HT POCT KAJIVCHbIX MKaHell, TPEACTABISIONIUX
CTaHJapPTHBINA IPUMEpP Heclen(PUIECKoro pocta pacreHuid. Takue xanychvie mxkany TOTYYarOT TPU
BO3JICCTBMM Ha PACTUTEIBHBIE CETMEHTHI ONPEICICHHBIX XHWMHUYECKHX TpPEernapaToB, dYTO
CTUMYJIHpYET Hecrennuuecknii (He 3aBUCAIIUN OT KOHKPETHOTO PACTEHHSI) POCT STUX CETMEHTOB.
OTu pe3yabTaThl NpeAcTaBieHbl Ha cepun (oTtorpaduii yamek [leTpu ¢ akTHBUPOBaHHOM CpenoH,
chororpadupoBaHHbIX ¢ HHTepBagoM B 2 Henmeau (Puc.4). BuaHo, 4TO mpolecc aKTHUBALUH
OPUBOJUT K OYECHb PE3KOMY TOPMOKEHHIO HECTEeIM(PHUECKOr0 POCTa CErMEHTOB CTeds. DTo
HEOPIMHAPHBIN pe3yabTaT MO3BOJSET MIPOTrHO3UPOBATH BO3MOKHOCTh MCIOJb30BAaHUSI TAKOW BOJIbI
JUTSL ICUeHUs psiia 3a0051eBaHUi (B YaCTHOCTH, TICOPHA3a).

Control

-

Puc.4. CermenTsI cTEONS KanycHubix mrkareti B 4amikax [leTpu ¢ pa3HbIM BpeMeHeM aKTHUBaIluu
JKUJKOCTH (BEPXHHU Pl - UICXOAHBIE (PparMeHThI), HKHUHN - BUJ Yepe3 2 HEACIIH.

JletanbHble UCCIEN0BaHMs TOKAa3aJld, YTO B ONPENIEIECHHBIX YCIOBHUAX aKTMBHPOBAaHHAs BOJAA
o0ajaeT O4YeHb CWIBHBIM OaKTEpUOCTATHMUYECKUM JIEHCTBHEM M MOXKET B JIECATKH M COTHM pa3
TOPMO3HTh Pa3BUTHE MMATOTCHHBIX MUKPOOHOJIIOTHYECKUX KYJIbTYp Ha CTaJIUU JEICHUS.

ITpumep Takoro BIusiHUS Ha KyabTypy Staphylococcus aureus npencrasies Ha Puc.5S.
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Control tace = 30 min taee= 60 Min

Puc.5. BunusHue akTHBalMM BOJHOW CpeAbl HAa Pa3MHOXKEHHE KOJIOHMM  KYJIbTYpbl
Staphylococcus aureus B teuenue 24 yacoB. HauanbHas KOHIIEHTpalus KJIETOK KYJIbTYypbl BO BCEX
yamkax [lerpu Obuta oguHaKoBOM U paBHOM Ng = 1000 K1eTOK/MII.

B npouecce uccnenoBanuii MpoBEAEHO AETAIBHOE N3YyYEHUE BIUSAHUS aKTUBUPOBAHHOW BOJIbI
KaKk Ha "4uCThle" MHKPOOHOJIOTMYECKHE KYJIbTYPhl, TAK M HA HMX CCTCCTBEHHBIC aCCOIUAIWH,
BKIIIOUAIOLIUE OYEHb OOJBIIOE YWCIO Pa3HBIX THUIIOB KYJIbTYp, HAXOIALIUXCA B COCTOSHUH
MHOTO()YHKIIMOHAJIBHBIX CBSI3eH THma cumMOmMo3a. Takas Boja pPEe3KO IOBBIIIAECT PEAYKTa3HYIO
AKTUBHOCTh MUKPOOHBIX CUHTPO(]HBIX acCOMAIUN B aHA3POOHBIX YCIOBHSX.

B mponecce uccnenoBannii ObUI0 0OHAPY)KEHO, YTO MPHUMEHEHHE BOJIbI, aKTHBHPOBAHHOW B
ONpENIETICHHBIX PEXKUMaX, OYEHb CYILIECTBEHHO U3MEHSET XapaKTEPUCTUKU JIEUCTBHS Pa3HbIX TUIIOB
AHTUOMOTHKOB HA MHUKPOOPTaHU3MBI - B YACTHOCTH, YBEIWYMBACT YYBCTBUTEIBHOCTH KYJIBTYPHI
Escherichia coli k amnuyununy na 230% u ymenbinaet B 19 pas k xzopomuyumny.

Hamu moka3ano, 4TO akTHBalMs BOJBI CYIIECTBEHHO BIUSET HA JICUEHHWE OHKOJIOTHYECKUX
3a0oneBanuii. Ha Puc. 6 mpencraBieHbl NaHHBIE UcCCleqoBaHUM [1] MpOAOIKUTETLHOCTH KU3HH
MBILIEH-OIYXOHOCHTENCH ¢ KapyuHomot Opauxa TPpU TPOPHUIAKTHUYECKOM U TEPaleBTHYECKOM
peKUMax MPUMEHEHUs! aKTUBUPOBAHHOM BOJbI ("'MpoduiakTuka" - MBIIIN MHIA TaKyi0 BOIY 110 U
1ocJie MPUBUBKY OIYyXOJIH, "Tepanust" - MBIIIH [N 3Ty BOAY TOJBKO MOCIIE MPUBUBKHU OITYXOJIH).

WHpekc yBeanueHus POJOIDKUTEIEHOCTH KU3HHU 110 OTHOIICHHIO K
60 KOHTpOJBHOI Tpymme, K,%

15 30 45 60 30 15 30 45 60 30
"Old water' "Old water"
Pexum "TIpodmnakrrka” 1 Pexxum "Tepanust”
1

Puc.6. V3MmeHeHwe MNPOAOHKUTEIBHOCTA JKU3HU MBIMIEH C KapyuHomou Opauxa Tpu
npOo(QUTAKTUIECKOM U TEPANEBTHUUECKOM PEKUMaX MPUMEHEHUS] aKTUBUPOBAaHHOUN Bonbl. [ludpsr
OKOJIO TMarpaMM COOTBETCTBYIOT JUTMTEIBHOCTH aKTHUBAIMK BOJbl B MuHyTax. "Old water" - Boma
XpaHUJIach 2 HENEIH.

N3 3TuX JaHHBIX BHJIHO, YTO NPHEM BOJbI, aKTUBUPOBAHHOMW B TEUEHHUE OIPEICICHHOTO
BPEMEHH, PE3KO TOPMO3HUT pa3BUTHE OIyXOJIeH y MPHUBUTBHIX MBIIMIEH W OYEHb CYIIECTBEHHO
YBEJIMYUBAET MPOIOJDKUTENLHOCTD JKU3HHU OOJBHBIX )KUBOTHBIX.

BoiBoasl. [IpoBeeHHbIe NeTanbHBIE HCCIETOBaHUS (PU3UKO-MOJICKYISIPHBIX XapaKTePUCTHK
AKTUBHPOBAHHOW BOJbI HATJISIIHO TMOKA3ajM, YTO TakKas BoJa 0OJagaeT psSIOM OCOOBIX WM JIae

130



AHOMANBHBIX (PM3MYECKHX U OMOPH3UIECKUX XAPAKTEPUCTHK IO OTHOIICHUIO K aHAIOTHYHOU, HO
HEAKTUBUPOBAHHOW BOJE C TEM K€ XMMHYECKHM cocTaBoM [l]. OHa OKa3bIBaeT CYIIECTBEHHOE
BIIMSTHUE Ha TPOIECCHl KJIETOYHOTO JICJICHHS, HA HOHHBIA TPAHCIIOPT, Ha B3aUMOJICHCTBUE MEXKIY
OMOJIOTUYECKMMH MaKpOMOJICKYJIAMH, KJIETKaMH, BUPYCaMH, JICHMKOIUTAMHU M JIp., IOBBIIIAET
PENYKTa3HYIO0 aKTUBHOCTh MHUKPOOHBIX CHHTPO(HBIX aCCOINMANNN B aHAPOOHBIX YCIOBUSIX, PE3KO
u3MeHseT AS(PQPEKTUBHOCTh JEHCTBUS aHTHOMOTHKOB. OHa OKa3blBaeT OaKTEPHOCTATHYECKOE
JNEHCTBHE HAa MHKPOKYJIBTYPBI, PAacTyliue B a’dpOOHBIX YCIOBUAX. [IpuMEHEHHE ONTHMAaTbHON
AKTUBUPOBAHHON BOJBI OKa3blBa€T OYCHb CYIIECTBEHHOE TIOJOXKHTEIbHOE BJIHMSHHAE Ha
npOo(UIAKTUKY M JICYCHHE OIMyXOJIEBOTO MpOIlecca B OPraHM3ME JKUBOTHBIX (€€ 3(h(HEeKTHBHOCTh
COIIOCTaBUMa C XMMHUOTEparnuei 0e3 OTPHUIIATEIbHBIX MIOO0YHBIX (PAKTOPOB, MPUCYIIUX MOCIICIHEH ).

1. Vysotskii V.I., Kornilova A.A., Smirnov 1.V. Applied Biophysics of Activated Water: the physical
properties, biological effects and medical applications of MRET activated water. — World Scientific
Publishing, 2009. — 317 p.

YHNPABJIEHUE KOH®OPMALMOHHBIM COCTOAHUEM MOJIEKYJI NADH B
BOJHOM PACTBOPE 2JIEKTPOMATI'HUTHBIM OBJIYYEHUEM

M.A.3200/10THBI, A.I/I.KOCTnHa*, H.II. Kyium, O.I1. imutpenko, A.. Momot

Kuesckuil nayuonanvhvii ynusepcumem umenu Tapaca Lllesuenko, ghusuueckuii paxyromem,
Kagheopa pusuxu GyHKYUOHATLHBLIX MAMEPUALOs,
npocn. I nywxoea 4,2.Kues, Yxkpauna,
*anka-pmt@yandex.ru

AHHOTaIlI/Iﬂ. B pa60Te HCCICAYCTCA HCTCIIJIOBOC BO3,I[€I>'ICTBHG QJICKTPOMATrHUTHOI'O H3JIYUCHHSA Ha
pEoJIOTHYECKHEe CBOMCTBA MPUIIOBEPXHOCTHBIX ciioeB BogHOro pactsopa NADH. Jlns usmepeHus criektpa
KalmnJIJIAPHBIX KOJ'Ie6aHI/II71 IIPUITOBEPXHOCTHBIX BOJIH 6LIJ] MIPpUMCHCH METO/ OIITHYCCKOI'O
TreTCpOANHHUPOBAHN, KOTOpLIﬁ IMO3BOJIWJT BBIAABUTH MU3MCHCHUSA XAPAKTCPUCTUK BOJIH, JISI MOACIUPOBAHUA
KOTOPBIX Oblla MCIIOJIb30BaHA cucTeMa ypaBHeHM Hapbe-CTOKCa M HENPEPHIBHOCTH. DKCIIEPUMEHTAIBHO
3apErUCTPUPOBAHO HETEIUIOBOC PEBEPCHUBHOE BIIMSHUC OOJYYCHHS JJIEKTPOMATHMTHBIMH BOJIHAMHU Ha
BS3KOCTh BOnbl W BogHOro pactBopa NADH. ITlpum o0mydeHuu BSI3KOCTh MPHUIIOBEPXHOCTHOTO CIIOS
JTUCTHIUISITAa BOJBI Bo3pacTaerT, a pactBopa NADH - cHmkaercs.

Abstract. The no thermal electromagnetic radiation influence on the rheologic properties of aqueous NADH
solutions was studied. For this purpose the free solution surface thermal fluctuation (capillary waves)
spectrum was measured using the optical heterodyne method. It allowed detecting the frequency changes of
the light scattered by the surface waves. The amplitude of these waves, normally, is less than 1 nm. A model
of the viscous in compressive liquid, described by the Navier-Stokes and continuity equations was chosen as
a theoretical model of the aqueous solution. The conditions of the viscous liquid adhesion to the solid wall
and the absence of outer forces (except the surface tension) were used as the boundary conditions. This
system of equations is the system of the first order equations with the constant coefficients.

Karouesbie cnoBa: NADH, kondopmarust, o0iryueHne, BI3KOCTh
Key Words: NADH, conformation, irradiation.

IIpobnema co3gaHuss MOJEKYJISPHBIX M OHOJOIMYECKHMX TECTOB B HACTOSIIEE BpeMs
JIOCTAaTOYHO aKTyaJibHa. BOCTpeOOBAaHHOCTh TECTHUPYIOIIMX TEXHOJIOTHH oOycioBieHa: 1)
pa3sHOOOpa3HBIM TEXHOT€HHBIM (B TOM YHCIIE M 3JIEKTPOMAarHUTHBIM) 3arpsi3HEHUEM OKpYXKarolei
Cpelbl W BBI3BAHHOW 3TUM HEOOXOJUMOCTHIO OINEPATUBHOIO KOHTPOJS MapaMeTpoB Cpenbl, 2)
pa3sBUTHEM HOBBIX (hapMalleBTUYECKHX, MOJIEKYJISPHBIX W HAHOTEXHOJOTMH, IOBBIIICHUEM
TpeOOBaHUI K XMMHYECKOM YHCTOTE W CTPYKTYPHOM OJHOPOJHOCTH CO3JaBAaEMbIX W3JIEIHI.
[lepceKTUBHBIMH B O3TOM HAalpaBIEHUH T[OKa3alnu ceOs TEXHOJOTMH, OCHOBAHHbIE Ha
UCMOJIb30BaHUN OHOJOIMYECKMX MOJIEKYN, CEJIEKTUBHOCTh AKTUBHOCTU KOTOPBIX I03BOJISET
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UCIIONIb30BaTh UX B KAUECTBE MEPBUYHBIX PELENITOPOB M3MEHEHUN KOHTPOIUPYEMBIX MapaMeTPOB.
OmHa W3 BO3MOXHBIX pealHM3alliid TaKoro IMOAXoja Oa3upyercs Ha HCIONIB30BAHUHU MOJICKYII
NADH, ctpykrypHas ¢popMyia KOTOpOro mpuBeeHa Ha puc. 1.

[IpoBeneHHbIe SKCIEPUMEHTANIbHBIE UcciienoBanus [1, 2, 3, 4] mo3BoIWIM caeiaaTh BBIBO O
CYIIECTBEHHOW 3aBUCHMOCTH PEaKIIMOHHBIX, JIIOMHUHECIIEHTHBIX ¥ TPAHCIIOPTHBIX CBOKWCTB MOJICKYJI
NADH ot ux xoH(})OpMaImOHHOTO COCTOSHUSA.

NH2
H H 9

HCJN - | (”3
W CH OH OH ‘ —NH2Z
| | .

o CH2-0—P—0_—p_0o—CH2 N
| | O
O O

HO - OH HO OH

Puc.1 Ctpykryphast opmyia HukoTHHaMuaaauHykieotuaa (NADH).

B wHeltpanbHbix  BogHbIX  pactBopax NADH  oOpazyer kak MHUHUMYM JiBa
KOH(OPMALMOHHBIX cOCTOssHUA. OHa U3 KOH(pOopMalui MOJIEKYJIbl SBISETCS OTKPBITON (CM. puc.
1), e€ ckener (pmbo3a-mudocdar-pndo3a) BHITAHYT, apyras KOH(OpManus — 3aKPBITOH (CKeleT
CBEpHYT, a JIBa IeTepOLUKIIa, aJCHUHOBBIH U HUKOTHHAMHJHBINA, PACIOJIOKEHbI MapajuleIbHO U
B3aMMOJEHCTBYIOT Jpyr ¢ JApyroMm) [3]. B 3aBucumocTH OT KOHKPETHOIO THIA IIpolecca
OIpeNieNAoIuUM sABseTca Hanuuue U koHueHtpauuss NADH toro mim nHOro KoHGOpMamoHHOTO
coctosiHusl. Tak, MpH CBA3BIBAHUU B HYKJICOTHIHOM WHTHOMTOPHOM LIEHTpE TIeKoTreH(podopuazsl
npuHuMaroT yyactue MonekynsINADH  3akpeiToit  (cBepHyTOi) KOH(popmanmu [4]. Ilpu
csa3piBanun  Mosiekynbl  NADH — waGmromaercss  He3HauuTenbHOE — JTeOpMUpOBaHHE €€
KOH(OPMALIMOHHOTO COCTOSIHUS — MPH COXPAaHEHUM CBEPHYTOH (OPMBI TeTepOLUKINYECKHE
OCHOBaHHUSl NEPECTaloT ObITh KOMIUIAaHAPHBIMH. [IJIOCKOCTHM TeTepOLUKINYECKMX OCHOBAaHUI
cBsizaHHOW B uHruoutopHoMm nentpe NADH, cocraBmsior yron 98°. OcoOeHHOCTH MPOLECCOB
KoH(popManmoHHbIX TiepexoAoB B Mosiekynax NADH, naxonsmuxcsi B pacTBOpe, CYIIECTBEHHO
3aBUCAT OT XapaKTEPUCTUK PACTBOPUTENS (B Cllyyae BOJbl — OT KHUCIOTHOCTH, KOHLIEHTPALUH U
THUIIA PACTBOPEHHOTO rasa, TeMIEepaTyphl, HAIUYHUS CHIIOBBIX HOJIEH).

M3BecTHO, 4TO CBOMCTBA BO/BI B MaJbIX 00beMax (TO €CTh B MPUCYTCTBUU CHUJIOBBIX IOJIEH,
CO3/1aBa€MbIX MOJIEKYJIAMH OTPAHUYUBAIOIIUX >KUJIKOCTh CTEHOK) CYIIECTBEHHO OTIMYAIOTCS OT
CBOWCTB OOBEMOB BOJbl, HAXOJMIIMXCS BJIAIM OT MOBEpXHOcTel (a3oBoro pasaena Inpu
HEU3MEHHBIX JaBjeHUH U Temieparype. OTmeruM, uTO (YHKIMOHHPOBAHHE OMOMOJIEKYI
peanu3yeTcsl Jalle BCEro B MaJlblIX oObeMax — Mopsjika OMokiIeTKH. Bo3MOXKHOCTE onpeaeneHus
BJIMSTHUSL DJIEKTPOMArHUTHOTO M3JIy4eHHUs (B TOM 4YHCIIE€ MUJUIMMETPOBOIO Juamna3oHa, ciado
HOTJIOIIAIOIIEerocss BOoi) Ha KoHpopmaunonHoe coctosiHue NADH oTkpbiBaeT BO3MOKHOCTh
ucnonszoBanue NADH B kauyecTBe JIIOMHHECHIEHTHBIX JAaTYMKOB MpepakoBbix maronoruit [2]. C
JPYroil CTOPOHBI, MCCIEIOBAHNUE BIUSHUS JIEKTPOMArHUTHOTO M3JIyUY€HHUs] Ha UyBCTBHUTEJbHbIE K
Hemy Mmodekynbsl NADH mnoszBomsier paspabaTbiBaTh METOAMKHM MHHMMM3AIUHM JECTPYKTHUBHBIX
NOCIIEACTBUM o0ryueHwus. Taxum obpazom, UCCIIEJOBaHUE 3aKOHOMEPHOCTEN
(GOTOCTUMYITMPOBAHHBIX KOH(POPMAIMOHHBIX TiepexoaoB mosiekyn NADH mnpencraBiser kak
TeopeTudeckuii [5, 6] Tak M NpuUKIaAHON HHTEpec. M3ydeHuro 3TOro Bompoca IOCBSILIEHA
HacTosAmas paboTa, OKCIEpUMEHTalbHAs YacTh KOTOPOH OCHOBaHAa Ha UCIOJIb30BaHUU
3aBHCUMOCTH PEOJIOTUUYECKUX XapaKTEPUCTUK JKUJIKOM Cpelibl, coAaepkalleil paCTBOPEHHbIE B HEl
TBEp/AbIE  HAHOYACTUIBI  (UKCHpOBaHHOrO oObeMa OT ¢opMbl OuoHaHOUacTUl  [4].
OKcriepuMeHTalnbHass UHpoOpManus 00 OCOOEHHOCTSX JAWHAMHUKH PEOJIOTUYECKUX IapaMeTpoB
BoaHBIX pacTBopoB NADH Obuta mosiydeHa ¢ MOMOIIBIO HCCIICIOBAHUS 3aBUCUMOCTH YaCTOTHI
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KoJIeOAaHUH OT 3HAYCHHMs BOJIHOBOTO BEKTOpAa KaNWUIAPHBIX BOJH Ha CBOOOIHONM MOBEPXHOCTH
oOpa3ua. Takoil MeToJ NaeT BO3MOXHOCTb OMpPENENSITh 3HAYEHHS! BSI3KOCTH U MOBEPXHOCTHOTO
HATSDKEHHSI TPU Pa3IMYHBIX BeJIWYMHAX HPQPEKTHBHOTO oOBema (T.e. OOJIACTH JIOKAIHU3aLUU
HENPEPBIBHBIX JIMHUK ToKa wyactun) [5] nedopmupyemoii cpenasl. Yactora KoneOaHMiA
KaIWJUISIPHBIX BOJIH OIIPEAENIACh C HIOMOIIbIO METOJJa ONITUYECKOIO FeTepoiuHupoBanus [7, 8].
JluHamuka CBOOOJHOI  TMOBEPXHOCTH KUAKOCTU  OmpeAensercs  (IIyKTyallHOHHO-
JUCCUIATUBHBIMM  TipoueccaMu  [9]. OHM  OpUBOAST K  BO3HMKHOBEHUIO  TEIUIOBBIX
ruipoarHaMudeckux (aykryanuit ¢GopMbl CBOOOJHON MOBEPXHOCTH >KUIKOCTH, 3aBUCSIIUX OT
CBOICTB cpeibl (B pacCMAaTpUBAaEMOM CJIy4yae — pacTBOpa HAHOYACTUIL B OJIHOPOAHOM >KUJIKOCTH).
Boznukaronue QuaykTyanuoHHsle gedopManuu  CBOOOAHONW MOBEPXHOCTH 00pas3lia MOXKHO
paccmatpuBath [10] kak pe3yapTaT CyNneprno3ulud PaCIpOCTPAHSIONIUXCS 110 HEM MOBEPXHOCTHBIX
KanWJUIIpHBIX BOJIH. JluHamuka BOJIH JocTaroyHO Xopomo [9, 11] onwuceiBaeTcsa cucTeMOMH
ypaBHeHnii HaBbe—CTOKCa U HENPEPHIBHOCTH, KOTOPYIO B CIy4ae MajbIX U MOJIOTUX JAehopMariuii
CBOOOIHOW IMOBEPXHOCTH CJIO0S JKUAKOCTH (amruimryma aedopmanuii (h) HaMHOro MeHbIIe
IIPOCTPAHCTBEHHOM JIIMHBI BOJIHBI (L)) U IBYMEPHOTI'O IBHKEHUSI MOKHO MPEACTaBUTH B BUjiE [11]:

ov, (x.y.t) 1 opx,y,t) n
v AV, (x,y,1) 1)
v, (x,y,t) 1 ap(x,y,t
yTz—E-%+g-Avy(x,y,t) )
8VX(X,y,t)+aVy(X,y,t):o (3)
oX oy ’

31ech MCIONB30BaHbI cleayomue o0o3HadeHus: Vy (X, Y, t), Vy (X, Y, t)— KOMIIOHEHTHI BEeKTOpa
CKOPOCTH YaCTHIL JKUIAKOCTH B TOYKE C KOOpAMHATAMHU X, Y B MOMEHT BpemeHu t, p (X, Y, t) —
TUAPOIMHAMUYECKOE JaBJICHHE; 1| — JMHAMUYECKasl BA3KOCTb JKUJKOCTH, p — €€ IIIOTHOCTh, 0ch OY
HarpaBjeHa 10 HOpPMaJdu K CBOOOJHOW TMOBEpXHOCTH aedopmMupyeMoit cpenbl, a ocb OX —
pacrmosoXeHa Ha ee CBOOOIHOM MOBEPXHOCTH.

B kauecTBe rpaHHMYHBIX YCIOBHUI HCTIONB3YIOTCS:

ov, (X, y,t ov, (x,y,t)
STy)/y—h(x,t)'i_ya—X/y—h(x,t) =0 4)
P / 2 aVY(X’y’t)/ 82h(xit)
(X,y,t) y=h(x,t) = 'H'T y=h(x) T Tm .63)(—2:0 )
h(x,t):(})v (x,y=0,t)dt, (6)

y

Tv — ko3 uieHT noBepxHocTHOTO HampspkeHus. [lpu gopmynuposke 3aaauu (1)—(6) yureno,
YTO pa3Mephl MPOCTPAHCTBEHHBIX HEOJHOPOIHOCTEH, ompenensemble pazmepamu Monekya NADH,
HAMHOTO MeEHbIIe A. DTO TMO3BOJSET HCHOJIb30BaTh JJIS OMHCAHHUSI OCOOEHHOCTEM KUHETHKHU
KallWJUISIPHBIX BOJH YCPEIHEHHYIO JIOKAJbHYIO BSI3KOCTh, KOTOpas B Cly4ae peaau3alnuu
HBIOTOHOBCKOM JKUIKOCTH B BHUJE CYCIEH3UHU, CYIIECTBEHHO 3aBHCHT OT ()OpPMbI B3BEILIEHHBIX
gacTui [9]

B xone skcrnepuMeHTa HMCCIeI0BAINCh CHEKTPhl KAUJUISIPHBIX BOJH JUCTHIUISATA BOJBI U
BonHOro pactBopa NADH, ux nuHamMuka moa BO3AEHCTBHEM 3JIEKTPOMATHUTHOTO HU3IY4YEHUS
MUJJIMMETPOBOTO 1Marna3oHa. Pe3ynbpTaTsl MCCI€J0BAaHUN TPUBEIEHBI HA PUC. 2.

[TosryueHHbIe pe3yabTaThl JAJIM BOZMOKHOCTh ClI€IaTh CIEAYIOUINE BHIBOIbL:

1. Cpennee 3HaueHUE BA3KOCTH €0 JUCTHIUIATA BOJBI, PACIIOIOKEHHOTO y TPAHULIBI C BO31YILHON
cpenoil, B nuanazone TommuH cios 0,034—0,020 cM 3aBUCHT OT 3HA4YEHHS] TOJUIUMHBI CIIOA,
YMEHBILASACH IPU €r0 YMEHBILIECHUU.
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2. BozneicTBre 3JIEKTPOMAarHUTHOTO M3JIy4eHHs (MOIIHOCTh 10 BT/CMZ) YBEJIMYCHUIO 3HAYCHHI
CpeaHEN BSI3KOCTH MPHUIIOBEPXHOCTHOTO CJIOS, PACIIOI0KEHHOTO Y TPAHUIBI C BO3IYIITHON CPEIOM.
W3menenus 3Ha4eHUI BSI3KOCTU ATOTO CJIOS M MIOBEPXHOCTHOT'O HATSXKEHUS PACTBOPOB 3aBUCHUT OT
MPOCTPAHCTBEHHOM YaCTOThI KAMMJUISIPHBIX BOJIH.
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Puc. 2. 3aBUCUMOCTD aMITUTY bl KAMWUISPHBIX BOJH HA MOBEPXHOCTH TUCTUILISATA BOJBI OT YACTOTHI
kosieOanuit st qyx anuH BoiH (0,034 cm —kpusas a, 0,029 cm — 6) npu t — 20°C.

3.Iloxa3aHa BO3MOYKHOCTb YIpaBi€HHUs] KOH(OpMalUMOHHBIM cocTosHueM Mmojekynl NADH,
HaxXOJAIIMXCS B TpaHUYAlllUX C BO3AYUIHOW CpENOH CIIOSX IJUCTWLIATA BOABI C IIOMOIIBIO
AJIEKTPOMAarHUTHOTO WU3JIy4y€HUs, YTO AT BO3MOKHOCTh U3MEHATH ONTUYECKUE U OMOJIOTUYECKUE
xapaktepuctuku moinekyin NADH.

4. B paMkax Mojenu clIa0OBSI3KOM HECKUMAEMOW HBIOTOHOBCKOM JKUAKOCTU C YYETOM JBYX
MOPSIIKOB MAJIOCTH TOJYYEHO JAUCIIEPCUOHHOE YPaBHEHUE, ONPEICIISAIONIEE CBSI3b MEKIY 4acTOTON
KaIWJUISIPHBIX BOJIH M UX JIJTMHOW BOJIHBI.
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BILIMB HU3bKO EHEPTETUYHOTI' O PAIAIIIMHOT O ONPOMIHEHHSA HA
BJIACTUBOCTI BOJHHUX PO3YHUHIB KOHIYMA

3a6oaoTHuii M.A., Kyaimm MLIL., [Imutpenko O.II., Cosryrts /I.B.,
Ky3bmenko M.O., ®y3ik K.B.*

Kuiscoxuit nayionanvrut ynieepcumem imeni Tapaca llleeuenka
Bonooumupcora 64, Kuis, Yxpaina, 01033;
* fuzia_ket@ukr.net

Anoranis. Jlocmimkeno [Y ta KP cnexkTtpum NpOTHIyXJIMHHOTO Tpenapary KOHiyM. 3a JOMOMOTOIO
MOJICTIOBAaHHS BW3HAYEHI CTidKi KoH(ipMmamiifHi craHM mnpenapary. Po3paxoBaHwii eHEpreTHYHI,
TCOMETPHYHI Ta MAarHiTHI XapaKTePUCTHKHU alKajoifiB. JoBeJeHa MOXKIUBICTh KOMILICKCOYTBOPEHHES Y-
KOHII[iTHY, 1110 BXOAMTH A0 Ckiany KoHiymy 3 Cg. Bu3HaueHi mapameTpu MOJICKYJISPHUX KOMIUICKCIB Y-
xoHiTH+ Cgp.

KawuoBi ciaoBa: ankanoix, KoHiyMm, QynepeH, KoH}ipMaliifHWN cTaH, TPOTUNYXJIMHHUM mpenapar,
€JIEKTPOHHI CHIEKTPH, KOMIUIEKC.

B ychomy CBITI Ha CBHOTOJNHINIHIA JCHH CIIOCTEPIra€ThCsl CTiMiKa TEHACHINS JI0
IHaWBiAyami3amii JIIKyBaHHS OHKO3aXBOPIOBaHb, OCKIJIbKM KOXXHHUM JIFOJICBKUH OpraHizm €
VHIKQTBbHUM. BIiTYW3HSHA TpaKTHYHA OHKOJOTIS Jla€ MOXJIMBICTH BH3HAYATH MOJICKYJSIPHY
CTPYKTYpY IMYXJIMHHOT KIITUHUA KOXKHOT'O XBOPOTO, 3T1THO YOMY 1 Ma€ MpU3HaYaTUCS 1HIMBITyaabHa
MPOTUIYXJIMHHA Teparis. Takuil miaxig BCTyNae B MPOTHPIYYS 3 JIIOYMMH CTaHIApPTaMHU JIIKYBaHHS
paKy, 3TiIHO SKUM JIKyBaHHS OHKOXBOPHUX IIPOBOAMTHCA TPU JIOMOMO31 MEBHHX KYpCiB
ximioTepamii, skl TependadaroTh BUKOPHUCTAaHHS TOKCHYHHMX mpernapatiB [1]. Cranmaprusaris
pouLeayp 3aTpyAHsE€ BpaxyBaHHs 1HAWBIAYyalbHOT YyTJIMBOCTI XBOPHX J0 TEPAEBTUYHUX 3aCO01B.
Ille onHi€r0 HaA3BUYAHHO CEPHO3HOIO MPOOJIEMOIO JIIKYBaHHS € (hOPMYBaHHS PE3UCTCHTHOCTI 0
mikapchkux 3aco0iB. Skmo 40 pokiB Hazaa, KOJIM MOYHHAIOCS 3acCTOCYyBaHHS I1HTEHCHBHOI
INPOTUIYXJIMHHOI XiMioTepamii, 4yTiauBUMHU a0 Hei Oynmu wmaibke 80% xBopux, a 20% - He
YYTJIMBUMH, TO CbOTOAHI MU(PPU MOMIHSIIUCA MICIIMU — MEPBUHHO YYTIMBUMU O XiMmioTeparii €
10 — 20%, a micns 3- 4 xypcy i Ti He uymmmBi. lle nani, ompwiomHeHi AMEpUKaHCHKUM
IPOTHPAKOBUM TOBapUCTBOM. IIpoGieMa CTBOPEHHS HOBHX HMPOTHUITYXJIMHHHUX 3aC00IB € OJHIEIO 3
HaANOUIbII aKTyaJbHUX Y Cy4YacHii oHKoJjorii. BincyTHicTh BUOIPKOBOCTI Ji1 BIIOMUX Ipenaparis, a
TaKOX 3arajibHa iX TOKCHYHICTh OOYMOBIIOE SK TMOJANBIIMA TOIIYK HOBUX CIONYK, TaK 1
YIOCKOHAJIEHHSI ICHYIOUMX JIIKAPChKUX IHpernapariB 3 METOK MIJABUIIEHHA iX e(QEeKTUBHOCTI,
CEJIEKTHBHOCTI Ta Oe3neyHocTi. CydacHi METOAM paaialiiHol MEAUIIMHY 1 HAHO(DI3UKU B MPUHITUIIL
JIO3BOJIAIOTh BUPIIIMTH HE TUIBKK I MpoOsieMu, ane W 3adisiTH CEHEepreTUyHI MeXaHi3MU
MPOTUIYXJIMHHOI A1 oHKOMiKiB. [Ti7 mieto pamiamiifHOro onpoMiHeHHs BiIOYBa€ThCS K CTPYKTYpHA
Moaudikallisi CKIaI0BUX, TaK 1 IEpeBeACHHS iX B 30y/KEHHI CTaH, 10 CIpHsI€ 3MiHI XIMIYHOI Ta
Oilonoriynoi aktuBHOCTI. llle ogHMM yHIKaTBbHUM HACTIAKOM [ii paaialliiHOTO OMPOMIHEHHS €
YTBOPEHHS B BOJHUX PO3YMHAX CTPYKTYPHHX HAHOITYCTOT, TOBEPXHS SKUX YTBOPEHA IOJBIIHO
3apsHKCHUM EIeKTPUYHHUM IIapoM, 10 3alIOBHEHI HACHYCHUMH MapaMy OTOYYIOYOrO CEpeOBHINA
(6abctoniB) [2]. JochimkeHHS TOKa3adu CYTTEBHM BIUTMB 0aOCTOHIB Ha BJIACTHUBOCTI MpH
MOBEPXHEBUX MOJIEKYN JIKapChbKUX TMpenapaTiB opraHiyHoro mnoxomxkenHs [3, 4] .Ilupoki
MOXJIUBOCTI KEpyBaHHS TapameTpamu 0aOCTOHIB Ta iX KJIacTepaMd HaJga€ BUKOPHUCTAHHS
€JIEKTPOMArHiTHOTO OIPOMIHEHHS, iK€ 0OYMOBIIIOE MOSIBY HECTaO1IbHOCTI 0a0CTOHIB CIIPHUMHEHE
BIUTMBOM €JIEKTPOKANUISIpHOTrO e€¢ekTy. 3MiHa TeOMETPUYHUX, E€HEPreTHUHUX, MOJISpU3aLiiHIX
XapakTEepUCTHK OaOCTOHIB Ta CTBOPEHMX MPH IX KOArymsmii KiactepiB OOyMOBIIOE 3MiHY
PEOJIOTIYHHUX TapaMeTpiB BOJU Ta BOJHUX PO3UMHIB

Metoro  pobGoTu  Oyno  JOCHIDKEHHS  BIUIMBY  €IIEKTPOMATHITHOTO  OMPOMiHEHHS
MUTIMETPOBOTO Jlana3oHy Ha PEOoJIOTIYHI XapaKTEPUCTUKU MPHU MOBEPXHEBUX LIApPIB O1AUCTUIIATY
BOJIM Ta BOJHOTO PO34MHY npernapaty koHiyM (¢pipmu Weleda).
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B’s3kicTh Ta MOBEPXHEBUN HATAT HA MEXI PO3JALTY JOCTIKYBAIHUCS 32 JOTIOMOTOK BUMIPIB
CIIEKTPIB KaNUJISIPHUX XBWJIb Ha IOBEPXHI JOCTIDKYBaHOI pimuHH. bynemMo BpaxoByBaTH, MO
JUHAMiKa BUIbHOT MOBEPXHI PIIMHU BHU3HAYAETHCS (IYKTYaI[liHO-TUCUTIATHBHUME TIPOIICCAMH.
BoHu mnpu3BOASATH 10 BHHMKHEHHS TEIUIOBHX TiIpOJWHAMIYHHMX (QUIyKTyalliid ¢GopMH BUIBHOI
MOBEPXHI PIIMHU, IO 3aJeKaTh BiJl BIACTHBOCTEH CEpeNOBUINA (B JAaHOMY BHUIIAIKY - PO3YUHY
06abCTOHIB B OJTHOPIAHIN pinuHi). BuHukaroul ¢aykTyamiitHi gedopmariii BiIbHOT MOBEPXHI 3pa3Ka
MOKHA PO3TJSAATH SK PE3yJdbTaT CYNEPIIO3UIlii TMMOBEPXHEBUX KaMJISPHUX XBWIb, IO
MOLIMPIOIOTECS 1O Hil. J[MHAMiKa XBWJIb JOCHUTH TOOpE OMHCYETHCS CUCTEMOIO piBHSHb Hag'e -
Crokca i HEmepepBHOCTI

.avx +V ,avx:_i.@_FQ.AVx, (1)

“ox 7 oy p OX p
ov

ov ov
y+VX-—y+Vy-—y=—£'@+Q'AVy, ©)
ot OX oy poy p

ov

M Zroo, )
ox oy
Ta TpaHUYHUMHU YMOBAMH Ha FpaHI/II_Ii pO3I[iJ'Iy
ov ov,
v . 0 h(x, t)
P/y=h(x,t)_Z'W'Ey/y:h(x,tﬁ-r .8x2( )=0 (6)

a(h(x, 1)

+( ox )2

Tyr Vi(x,y,1), Vy(X,y,t) - KOMIIOHEHTH BEKTOpa IIBUAKOCTI YAaCTHHOK piauHu, P -
TiApOAMHAMIYHHIA THCK, #j- JMHAMIYHA B’SI3KiCTh, p - ryctHHa, T - edeKTHBHMIl KoedimieHT
MOBEPXHEBOT0 HATATY [5], BelNMUMHA SIKOTO 3alieXXHTh BiJ XapakTepy aedopMarlii MOBEpXHi Ta
PO3MOAITY €ICKTPUYHOTO 3apsiay, h —amriiTyaa kamimspHoi XxBwii, Bick OV crnpsiMoBaHa IO
HOpMaJTi 0 BUIbHOI MOBEpXHI cepenoBuia ToBHIMHOW d. Po3B’s3yroun cucreMy 3a JOTMOMOTOIO
Teopii 30ypens (Manuii napametp hk, ne K- mpocTopoBuii BEKTOp MOBEPXHEBOT KAIISIPHOT XBHIII)
OJIEPXKYEMO JIUCIIEpCiiHE PIBHSIHHS, IO 3B’s3y€ dYacToTy XBWii (®) 1 K., mapamerpu sKoro

Bi3HauaoTs 3anesxsocti N(K) i T (K) BuMipy mapameTpiB KamiIsSpHEX XBHIb JOCTIHKYBAIACS 3a
JIOTIOMOTOK0 METOJy ONTHYHOTO TeTepOJUHYBAaHHS IPU BHUKOPUCTAHHI Ja3epHUX ONTHYHHX
IIPOMEHIB Ta €JEKTPOMArHiTHUX XBHWJIb MUIIMETPOBOIO JAiana3oHy Majloi IHTEHCUBHOCTI . B dxocrti
JDKepesa eJIeKTPOMAarHiTHOrO BUIIPOMIHIOBAHHS BHUKOPUCTOBYBalu reHepaTop [-142 3 rHyukum
nienekTpuyHuM xBuieBogoM 1 He - Ne nazep, 3 MOTYXHICTIO BUIIpOMiHIOBaHHS 15 MBT.
[ToTyXHICTh BUIPOMIHIOBaHHS Ha BHXOJi XBWieBoAay craHoBmwia 1 MBtT Ha wactroti 60 ITT,
XBUJIEBOJ BCTAaHOBIIOBaBCs Ha BiAcTaHi 0,5 - 1 cM BiJ MOBEpXHI 3pa3ka, TPUBAIICTh ONPOMIHEHHS
cranoBmia 1 — 10 XBUIMH.

Pesynbratu excnepumeHTiB mtocTpytoTh Puc.l ta Puc.2. Ha Puc.l nHaBeneno rpadiku
3aJISKHOCTI 1) O1AUCTHIIATY BiJl TOBKMHHU XBUIIL A JI0 1 MiCTIsl €KCIIOHYBaHHS MPOTAToM 10 XBHITUH.
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Puc. 1. 3anexHicTh B'I3KOCTI BiJl JOBKUHH KalliJSIPHOT XBHJTI HA TIOBEPXHI TUCTUIIATY BOIH 10 (KpuBa - b) i
micist (8) eKCIIOHYBaHHS 3pa3Ka.

3 HaBeneHuX Ha Puc. 1. JaHuX BUAHO, IO B'A3KICTh MPHUIIOBEPXHEBOIO MIApy (3 TOBIIMHOIO
om3bko 0,015 - 0,05 cM) TUCTUIIATY BOIM MM i€ €ICKTPOMArHITHOTO ONMPOMIHEHHS 3pOCTaE Ha
BeIMUMHY MOPSAKY 3%. OCKUIBKY 10 CKIIaAy OiTICTHIIATY BOIM MOXKYTh BXOIWTH TUTbKA 0a0CTOHU
3 BMICTOM BOJIHOI MMapu Ta PO3UYMHEHUX ra3iB, MOKHA 3pOOUTH MPUIYIIEHHS MPO 3MiHY reoMeTpii
0abcToHIB 200 1X KIIACTEPHOI CTPYKTYPH.

Pesynbratu nii onpoMiHEHHS M1UIIMETPOBUMH XBUJISIMU BOJHOTO PO3UMHY Iperapary KOHiyM
npezcrasieHi Ha Puc. 2.

n (cIlyas)
1,80 ~
1,75 4
1,70 4 —

1,65 - . . ¢
1,60 4 e

1,55 -
1,50 -
1,45 +4
1,40
1,35 4
130 -
125 -

120 T T T T T T ](‘.) (Chi)
0010 0015 002 0025 0030 0035 0040 0045

Puc. 2. 3anexHicTh B'SI3KOCTI Bi JOBXHMHU KamiJsIPHOI XBWJII HA MIOBEPXHi BOJHOTO PO3YMHY KOHIYMY
(0,2%) o (xpuBa - b) i micins (&) ekcrioHyBaHHS 3pa3Ka.

3 nmaHuxX HaBedeHUX Ha Puc. 2. MaHMX BUAHO, MIO B'SI3KICTh MPHUIIOBEPXHEBOTO Iapy (3
toBmmHOIO Onmm3pko 0,015 - 0,05 cm) BomHoro posuumHy koniymy (0,2%) mig miero
€JIeKTPOMArHiTHOTO OMpoMiHeHHs Ha mpoTs3i 20 xB cmamae. BimMiThmo, 1o 3MiHa JOKalbHOT
B’SI3KOCTI PO3UMHY MOX€ OOYMOBJIIOBATH 3MIHY BIAMOBIIHOTO KoedimieHTy nudy3ii. OCKUIbKU A0
CKJIa/1y 3pa3Ka BXOJSATH JIUIIE JUCTUIIST BOJH, 0a0CTOHU Ta G10MOJIEKYIH KOHIYMY, TO MOPiBHIOIOYN
HaBeZieH1 JaHl 3 rpadikamu Puc.l. MoXHA OPUIYCTHTH, IO 3MiHA PEOJIOTIYHUX MapaMeTpiB
MIPUIIOBEPXHEBUX IAPIB PO3YHHY BiAOYBAETHCS a00 3a paxyHOK 3MiHM KOH(OpMAIifHOTO CTaHy
aJKaJoiMiB, MO0 BXOMATHh A0 CKJIamay OlOMOJEKYN KOHIyMy a00 OoOyMOBIEHI iX KiacTepu3alli€lo,
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IHIIIHOBAHOK EJIEKTPOMArHiTHUM ONpOMiHEHHSIM. OOWIBI MOMJIMBOCTI MAlOTh MPUBOAUTH JO
Moaudikarlii 610J0T1YHOT aKTUBHOCTI MEIMYHOTO TIpemapary.

Jlnst mosicHeHHs KiacTtepu3aiii 0abCTOHIB, 1HINIIOBAHOT €IEKTPOMATrHITHUM BUIIPOMIHEHHSIM
Oyna BUKOpPUCTaHA MOJIEIb MpoIecy, moOyaoBaHa Ha AOMYIICHHI AU(y31HHOTO XapakTepy 3MiHU
reoMeTpii 0aOCTOHIB Ta BpaxyBaHHI BIUIUBY €JIEKTPOMArHITHOIO ONpPOMIHEHHS Ha YMOBHU
HECTaOLIBbHOCTI EJIEKTPUYHO 3apsAHKEHUX IehOpMpBiaHUX MTOBEPXOHB PiJIMH.

BucHoBKkH.

1. BusHaueHO BIUIMB HHU3bKOCHEPre€TUYHOTO EJIEKTPOMArHIiTHOTO BHUIIPOMIHIOBAHHS
(motyxkuicts 10” Br/em?, wacrora 60 I'Tw, mporsiroM 5 - 20 XB) Ha B’S3KiCTH Ta KoedilieHT
MOBEPXHEBOr0 HATATy OIAUCTWIATY BOAM Ta BOJHOTO pO34YMHY BcTaHOBIEHO, IO B’SA3KICTh
MPHUITIOBEPXHEBOTO Mapy (PO3TAaIOBAHOTO OiJisl TPAHUIIL 3 MOBITPSIHAM CEPEOBHINEM, 3 TOBIIUHOIO
o6m3eko 0,015 — 0,05 cM) AUCTIIIATY BOAM Ta BOAHOTO PO3UYMHY KOHIyMY ITiJT JII€I0 ONMPOMIHEHHS
3pocTae Ha BeMUYUHY Topsanaky 3%. Takuit xapakTep MOBEAIHKM B’SI3KOCTI BUKIIOYAE MOXKIIUBICTh
TEIUIOBOTO Pe3yibTaTy J1ii BUIIPOMIHIOBAHHS.

2.HasBHICTh HETPUBIATHHOIO 3AJICKHOCTI B'SI3KOCTI JUCTUJIATY BOAH BiJ TPUBAIOCTI BIUTHUBY
Ta IHTEHCUBHOCTI MIJTIMETPOBOTO BHIIPOMIHIOBAHHS CBIIYUTH 200 MPO BIUIMB BUIIPOMIHIOBaHHS HA
GyKTyariifHi IpoIecH, Mo BH3HAYAOTH BIACTUBOCTI KAMUISIPHUX XBHIIb, 00 TIPO KOAryJsIii Hi
MIPOIIECH 3a y4acT0 0aOCTOHIB Ta iX KJIacTepiB.

3.P0o3po06iieHO METOAMKY KepyBaHHS KOH(MOPMALIMHKUM CTaHOM Ta O10aKTHBHICTIO MOJICKYII
KOHIyMY B IIPUIIOBEPXHEBUX IIapaxX BOJHHUX PO3UMHIB 32 JJOMOMOTOI0 CJIa0KOr0 eJIeKTPOMArHiTHOrO
OTIPOMIHEHHSI MIJTIMETPOBOTO Jliama3oHy.
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EFFECT PHOTOIRRADIATION THE PROPERTIES OF THIN LAYERS OF ORGANIC
POLYMER NANOCOMPOSITES

M.A. Zabolotnyy, N.P. Kulish, O.P. Dmytrenko, P.J. Kobzar", D.V. Sovgut

Taras Shevchenko Kyiv National University,
Volodymyrska str, 64, Kyiv, 01033;
*spiritofspirt@gmail.com

Abstract. In determining the capabilities photodynamic therapy is a crucial understanding of the
photoprocesses in molecules of organic and bioorganic polymer molecules. Relatively more studies of the
transport of nonequilibrium charge carriers in systems bioorganic polymers revealed that they can be
described by Marcus model [1] or its modifications [2,3]. Processes own photogeneration of nonequilibrium
charge carriers is investigated much less, due to a significantly heterogeneous structure of the polymers and
the multistage nature of the photogeneration process [4] Taking into account the mentioned factors leads to
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complex multi parameterization representations for the quantum yield of photogeneration of charge carriers.
Even less studied is the photo-induced processes in organic polymers doped carbon nanostructures.

The aim of study was to determine the structural dependence of the quantum yield of photogeneration of
carriers of electric charge in disordered organic polymeric media containing carbon nanostructures, which
are in external electric fields, and develop an adequate mathematical model. The study of dependence of the
guantum yield of photogeneration we conducted using model systems based on carbazole polymers, doped
fullerene C60.

Key words: photoirradiation, quantum yield of photogeneration, photocurrent, temperature transition in
viscous flowing state

Introduction. One of the important characteristics photoprocesses is the quantum yield of
photogeneration, which strongly depends on the molecular composition, structure of matter, as well
as the temperature and the nature of external force fields. In organic polymer roomy media course
photogeneration process depends on the structural features of the local environment center
photogeneration of charges. It is believed that the charges are free at distances of a few nanometers
of photogeneration. Experimental quantum yield of photogeneration study by analyzing the
characteristics of photocurrents.

Photocurrent in a layer of non-blocking contacts. Photocurrent in layers of PPS (polymeric
photosensitive semiconductor) gives information on the quantum vyield. For this method the
necessary conditions: 1) the drift of small charge (field volumetric charge carriers is much less
intensity of external electric field), 2) blocking nature of conductive contact layers PPS, 3) a small
contribution thermoactivation processes of generation and recombination of charges of phenomena
in which the density through the current layer.

In the case of weak absorption ad <<1, where a- absorption coefficient of the material and d-
thickness. OY — parallel to E. Then the stationary distribution of concentration rips (p(y)) and
electrons (n(y)) inside the layer model with its constant uniform illumination can be defined as
follows:

0=G+Gmwﬂ“MW'NW+MrEQ%2 (1)
0=G+Gmmvhmw-mw—mf59£? )

Boundary conditions are considered out of charge carriers in the volume and PPS are as
follows:
Py =0) = po 3)
n(y=d)=no (4)
G - efficiency of photogeneration of charge carriers per unit of time, G,,, - efficiency thermofield
photogeneration of charge carriers. ng (po) — the concentration of electrons (rips) near the contact
zone near the injection contact, determining the value of injection current. p,, p, — electron
mobility, rips, y — constant pair recombination of charge carriers, which determines the intensity of
recombination processes and causes non-linear nature of transport processes.
The magnitude of photocurrent density which passes through the sample without illumination
(jaark) 1IN low impact recombination processes can be defined as follows
jdark:e':up'E'p0+e':un'E.nO+EGdarkd )
e - elementary electric charge. jgark — amount of injection current and current which is determined
thermofield photo generation of charge carriers.
When switched off the light of current density (jlight) has the form

g = = [ Ly - E- POY) + 41, - E-(y)]dy (6)

From the above equations implies
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jlight ~€Gd + ] gan (10)
According to a current through the sample PPS at its light is the sum of current and injection

current, which is determined by processes thermofield generation and photogeneration of carriers
of electric charge.

Measurements of the photocurrent in carbon containing nanocomposites. Results of
measurements illustrate the bondage j,,,,(E) for PEPK (polyepoxypropylcarbazole) +0,7% Cqo at

room temperature (300 K) (Fig.1) which shows that the dependence In(j,ight(\/E)) can be
considered linear with a slope that lies within (3,15 — 3,21) 10™.
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Fig.1. Experimental dependence In(j,ight(\/E)) (point) sample PEPC +0,7% Csgy at
d = 1,2 mcm and their linear approximation (solid line).

Dependence similar to shown in Fig.1 (remained linear dependence, but changing the angle)
were obtained for other values of concentration Cgo.Analysis of the data showed that the

: .1 . . 1
extrapolation of the dependences j“ght(?) for different values of E intersect at —, ne To —
0
characteristic temperature, value is almost the same as the value in composite transition in viscous
flowing state. To explain this dependence was the model of photogeneration of charge carriers in
organic fullerene intensive environments, that takes into account both the motion of electrons

(holes) and positively (negatively) charged ions. The scheme of this process is shown in Fig. 2.
E —>

Fig. 2. Model positive ion and electron under the influence of quantum light. n, (t)(n, (t)) - probability of
finding an electron (positive ion) in place of its location at the end of thermalization (in center 0" i 07)
n; (t)(n; (t)) - probability of finding an electron (positive ion) of trapped 1" (1*) after the first transition.
Wijf (WJ) - probability per unit time of transition of an electron (positive ion) change from state “i” in state
””. Switching carriers is possible with traps 1" and 1" with probability W™ and W" per unit time.
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) w0 - W +w ) i 1), (12)
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IO -\ e (1) = W W) -nz (). (14)

v — rate of recombination of electron-ion pairs. The initial conditions
o (0)=ng (0) =1,

(15)
n; (0)=n; (0) =0;
The system (11) - (15) was solved using perturbation theory under the assumption dominate the
recombination process of electron-ion pairs.

A Analysis of the resulting allowed to explain the closeness of values of the characteristic
temperature of the process of photogeneration of charge carriers and the transition temperature in
viscous flowing state in organic polymer nano roomy composites - C60.

Conclusions.

1. Dependences of the photocurrent density in roomy composites PEPK + C g at high (before the
break) values of the electric field and room temperature.

2. Suggested model of dissociation geminalic electron - ion pairs in organic media, which explains
the closeness of values of the characteristic temperature of the process of photogeneration of charge
carriers and the transition temperature in viscous flowing state in organic nano roomy polymer
composites — Cgp .

3. The proposed model explains the dependence photoprocesses in organic nanocomposites
polymer - fullerene conformational state of the polymer molecules.
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Nanomaterials, Nanotechnologies, 2008, Tom.6, Ned, C.1043 — 1057
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AHHoTanus. B HacTosiee BpeMsi yCKOPUTENU MIUPOKO MUCIOJIB3YIOTCS KaK B HAYUHBIX UCCIEOBAHMSIX, TaK
1 B IPUKJIaJHBIX 00J1aCTIX — B CEIILCKOM XO3IMCTBE U 61/IOJIOFI/II/I, XHUMHH U 5KOJIOTNH. I_[enme HaIrpaBJICHUA B
MCIUIUMHE W MPOMBIINUICHHOCTU: CTCpUJIM3alusd MOPOAYKTOB IMUTaHHUA W MCIUIIMHCKOTO HWHCTPYMCHTA,
JIeUeHHE OHKOJIOTMYECKUX 3a00jieBaHUM H paanoauarnoCTuka, a TakK K& ):[e(beKTOCKOHI/I}l n CHIIMBaHUC
MONTUMEPOB 0A3UPYIOTCS HA MPUMEHEHUH yCKopuTenel. B ctathe coOpaHbl paHHUE M COBPEMEHHBIE TaHHBIE
00 YCKOPUTEIAX, UCTIOJIB3YEMBIX B PA3JIMYHBIX OTPAC/IIX, HA OCHOBAHUHN aHaIN3a KOJIMYECTBCHHBIX JaHHBIX
MMPEAJIOKCH MMPOTrHO3 pa3BUTHUA ITPOU3BOJACTBA YCKOpI/ITCJleP'I B MHpPCE.

Abstract. In recent years, accelerators are widely used in scientific research and in many branches of applied
sciences — agriculture, biology, chemistry and ecology. Whole areas in medicine and industry: sterilization of
food and medical devices, medical radiation treatment (radiotherapy) and radiodiagnostics, defect detection
and linking of polymers based on the application of accelerators. In this article the authors collected recent
data on the accelerators that are used in various industries. The author also gives an analysis of the present
situation concerning the development of production of accelerators in the world.

K.]'llO‘leBLIe cJIoBa: YCKOpUTECIIb, MCAUIIMHA, AACpHasd MEAWLMHA, PaAUOJIOTUSA, DSJICKTPOHBLI, MNPOTOHLI,
(hOTOHBI, CcTepeoTakcHyecKass XUPYprus, IJydeBas Teparus, OHKOJOTWYecKhe 3a0oieBaHus, SAEpHO-
(hr3uuecKkne TEXHOJOTUH, W30TOIbI, MOHU3UPYIONINE W3ITy4YeHUs, KOOAIbTOBBIC YCTAaHOBKH, JIMHEHHBIE
YCKOPHUTEIIHN.

Key words: Accelerator, medicine, nuclear medicine, radiology, electrons, protons, photons, stereotaxic
surgery, radiation therapy, oncology, nuclear-physical technology, isotope, ionizing radiation, cobalt
installation, linear accelerator.

B wmupe obimiee KOTMYECTBO YCKOpPUTENEW NEHCTBYIOIIMX B HAayKe, MPOMBIIUIEHHOCTH M
meauimae K koHy 2011 roga cocraBmisuio npumepro 34540 enuHuil. ITO YKUCIO HE BKIIOYACT B
cebsi YCKOpHUTEIHM, WCIONb3yeMble B 3aKpBITBIX padoTax, B YacTHOCTH, B OOOpPOHHOMN
MPOMBINIJICHHOCTH, a TaK € OJJICKTPOHHBIE MHKPOCKONBL. B HaydHBIX JlabopaTopusix u
YCKOPUTENBHBIX IIEHTPaX MPHU UCCIECTOBAHUSIX B siIepHON Qu3uke U PU3UKE FTEeMEHTAPHBIX YaCTHUI]
nerictByeT okoso 1200 yckopuTenel, 4TO COCTaBiseT MpUMEpHO 3%  BCEX CYMIECTBYIOIIHUX
yckopuTeneid. B mpomelinenHocty pyHkimonupyet npumepHo 21350 (62%), B meaunune — 11990
(35%). Uto xacaercs Poccuu, TO pacnpeneneHue MEXIy dTUMU OTPACISIMU CHUIIBHO OTJIMYAETCH.
Tak, B Hayke 3a/ieiicTBOBaHO 0K0JI0 20% paboTaromux B CTpaHe YCKOPUTENEH, B TPOMBIIIIIEHHOCTH
— 30%, a B meauuune - 50%. 3HauuTenbHas yacTh nociaeAHux (86%) MCHOIB3YyeTCsl B JTy4eBOM
Tepanuu, OCTalbHble — s snepHON MenuiuHe. Ha rpaduxe (Puc.l) oTpakeHa nuHammka pocrta
KOJIMYECTBA yCKOPHUTEIICH B MEIUIIMHE, TIPOMBIIIUICHHOCTH U Hayke 3a 50 JeT.

Yckoputenu B mupe.
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Puc.1 Yckoputenu B MenuiuHe, MpoMbIIIIeHHOCTH 1 Hayke, 1970-2020.

B Ttabnmme 1 mpuBeneHbl [AaHHBIE, COOpaHHBIE W3 PA3IUYHBIX HMCTOYHMKOB O Pa3BUTUHU
yCKOpHUTENIbHOU TexHuku 3a 40 net [1,2].
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Ta6mmma 1. Yckopurenu B MupeE.

Fox 1070 | 1989 | 1994 | 1998 | 2006 | 2007 | 2010 | 2012
Ounen. | IIpor.

MNPOMBIINJIEHHOCTD 19850 | 21350 | 21660

PajiuanuoHHoe NpOU3BOACTBO 694 1500 | 1500 | 1500 | 2000 2340 2560

VIOHHBIE MMIUTAHTAHTBI

(B T. W. JNA CO3MAHUS DIEKTPOCXEM 3000 | 2000 | 6000 | 7000 | 9500 10660 | 10700

KOMITBIOTEPHBIX YUIIOB)

JlyueBas cBapka, pe3ka u T. . 4500 4500 4500

Hepaspymaromuii anamms 650 650 700

HoHHbII aHanu3 200 200 200

CmuBka TpyO, TpPOBOIOB, Kabenei;
OTBEPKIEHHE KPACOK; MPOHM3BOJICTBO
TEPMOYCAI0YHBIX IJICHOK; 2000 2000 2000
BYJKaHM3alMs ~ KOMIIOHEHTOB  IIHH;
TEXHUHUYECKOE 0OCIYKUBAHHE

TeHepaTopbl HEUTPOHOB 1000 1000 1000
OYHJAMEHTAJIBHBIE
HUCCIEJOBAHUSA 1200 1200
E>11»B
BT u: 112 112 110 260

83 260
UCTOYHUKM CUHXD. H3JTy4eHHUS] 50 83 70 10
KoJUIalaepbl
Hpyrue  nuHeWHBIE ©W  KOJBIEBHIC
YCKOPHUTEIH 940 940
MEJIUIIUHA 4200 | 4700 | 5200 | 9650 11990 | 13100
JlyueBas Tepanust 306 | 2500 | 4000 | 4500 | 5000 | 9100 11440 | 12500
PaguonykaugHast JTHArHOCTHKA "
Tepamas 200 200 200 550 550 600
BCETO 34540 | 35960

N3 11990 yckoputeneil, UCnoyib3yeMblx B MeauuuHe, okono 11440 ycraHoBOK — 3TO
YCKOPHTEIH DJIEKTPOHOB. B 11emomM, poct ymcna mocienHux B Mupe ¢ 60-x romoB, Mo Hammm
OLIEHKaM, MOJUMHSETCS 3aBUCHUMOCTH TpeTbel cremeHu. Ecnum Takas TeHaeHuus Oyner
HaOmOaThCs W B JajibHeWmeMm, To, K mnpumepy, K 2021 roay KOJIMYECTBO YCKOpHUTENEH
JIEKTPOHOB, IPUMEHSEMBIX B MEIULIMHE, MOXKET JOCTUTHYTh ouTu 21000 equuun. B Poccun neno
00CTOUT HEMHOTI'O MO-/IPYTOMY — YHUCIIO MEIMLUHCKUX YCKOpUTENEH pacTeT JinHelHo. Eciu ceifuac
ucronb3yercs: okosno 125 yckopureneil, To k 2021 UX KOJUYECTBO MOKET BO3PACTH MOYTHU BCETO
mumb B 2 pasza — g0 240. Ha ceromHss COOTHOIIEHHWE MEXKIY KOJUYECTBOM MEIUIIMHCKUX
yCKOpHTeNIel U KoOaJIbTOBBIX HCTOYHHUKOB B MUpE OIleHHBaeTcs Kak 8:1, B To BpeMs kak B Poccum —
1:2. Tem HEe MeHee, MOKHO TOBOPUTH O TOM, YTO Halla CTpaHa HAXOJAUTCA HA MYTH BBIXOJA U3
CIIOXKHBIIEHCS CUTYAIH, T. K. CII¢ Napy JeT Ha3aJl HCTOYHHKOB y-u3nyderns Co® 6bUI0 B 3 pasa
0oJbIIe YeM MEIUIIMHCKUX YCKOpHUTeNed. OTH MoKa3aTelu CyIECTBEHHO ynydmuiauch B 2000-
2011 rr., B pa3Hbie ropoaa Poccun Ob110 ycTanoeneHno 6osee 35 yckopureneit pupm Varian, Elekta
u Siemens.

B nyueBoil Tepanuu MCHONB3YIOTCSI B OCHOBHOM JIMHEHHBIE YCKOPUTEIH, B sIEPHOMU
MEAMIMHE — IUKIOTPOHBI U peakTopbl. Okosno 98% Bcex MEIUIIMHCKUX YCKOpHUTeNel NeHCTBYET B
CHIA, ctpanax Epomnsl, Anonuu, Kutae, Uuauu u Poccun.

B CIIA, nampumep, (GyHKIMOHHPYET OIUH ycKopuTelb Ha 70 ThIC. XKUTeNeH, a BCEro
ucnonb3yercs okono 4400 enunuil. B EBpone, B cpeaHem, oauH yckoputenb npuxoaurtcs Ha 100
TBIC. YEJIOBEK, MpHU 3ToM padoraer okoyio 3200 yckoputeneir. I[Ipumepno 910 yckoputeneit
npuUMeHsieTcs B Menuiuae B Slnonuu, ObicTpo pacteT ux uucio B Kurae u Unaun. Okono 1000
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yckopuTenel ceituac pabotaer B menuimHe B Kurae u 520 — B Uuaun. JlydeByio Tepanuio B MUpe
poxoaaT 70% OHKOJOTHYECKHX OOJBbHBIX, B TOM uucie 25% - Ha My4yKax TsDKEJBbIX 3apsDKEHHBIX
yacTuiaM, B Poccuu jieueHue ¢ MCIoIb30BaHUEM yCKOpHUTee moiaydaeT 30% 3a00ieBIInX.

CeronHss JOCTHXKEHHUS COBPEMEHHOM (HM3UMKH IIMPOKO HCIOJB3YIOTCS B MEIULUHCKON
TexHuke. Kpome yckopuTenel 3TO KOOAJIbTOBBIC YCTAaHOBKH, KHOEp- W ramMma-HOXH, raMMa
kamepbl 1 ODDKT, kommnbroTepHbie ToMorpadsl, MPT-Tomorpadsr, [I9T-Tomorpadsr u ckaneps! —
Bcero Oomee 103000 ycrpoiicTB, He BKIIOYAs JJIEKTPOHHBIE MHUKPOCKONBI U PEHTICHOBCKHE
anmapatel. B Tabnume 2 npuBEACHO CPaBHEHHE KOJUYECTBA TEXHUKU U MEAMIIMHCKHX LIEHTPOB,
JelcTBYIOIKX B Poccuun n mupe.

Ta6mmma 2. KomndecTBO METUITMHCKON TEXHUKH U IICHTPOB B MUPE.

TexHuka B Poccun | B mupe
Y cKopuTenH 3JIEKTPOHOB ~125 ~ 11 440
Hcrounnku ramma-usinydenust Co-60 ~270 ~ 1500
I"amma-kamepsl + OOOKT ~200 ~ 17 000
Kommbrorepasie Tomorpadbl ~450 ~ 40 000
MPT ~ 100 ~ 30 000
I19T - ckanepsl 22 ~ 2500
[1OT-nieHTpHI 7 ~ 550
L{eHTpbI paAMOHYKIMIHON TMAarHOCTUKU U Tepanuu | 5 >1000

Y CTaHOBKM CTEpEOTaKCUUECKOHN pagloXUpypruu 6 ~510
LleaTpsl Opaxutepanuu >10 ~ 800
LleHTpBI aAPOHHOI Tepanuu, 5 >33

BT. 4:

1 )eHTpBI MPOTOHHOW TEepanuu 3+1 ~30
2)UEHTpHI JIy4€BOM Tepalluy Ha IyYKe yriepoja 1 3
I{eHTpbl HEUTPOHHOH Tepanuu 4 ~ 20

Jns nmoctukeHHs TMOKaszareneil, ONMM3KUX K cpeaHeeBpomeiickuM, Poccum HeoOxoanmo
YBEJIMYUTh KOJIMYECTBO ycKopuTenen 3iekTpoHoB 10 1400 (munumym no 400, coxpansas 200
rcrounnko Co’), KOTMYECTBO LEHTPOB C YCKOPHTEIAMHE JUIsi TIPOTOHHOM JTydeBOH TEparii XOTs
661 10 30 (mpu umeroumxcs cemu). s npumepa, B ['epMaHuu Takux IEHTPOB ceilyac CTPOUTCS
okoJ10 20.

Jis TUarHOCTHKU M JIEYEHUS OHKOJIOTMYECKUX 3a00JIeBaHMM MEPCIEKTUBHBIM SIBIISETCS
UCIIOJIb30BaHUE YCKOPUTENEH MPOTOHOB (LMKIOTPOHOB), YCTAHABIMBAEMBIX B IIEHTPAX MO3UTPOHHO
— smuccuonHoi Tomorpadpuu (I19T). B mupe padoraer okono 550 uentpos, B Poccun ux 7, mist
obecrnieueHns MOTpeOHOCTH HaceleHuss HeoOxomumo uMeTh XoTs Obl 100, nampumep, B CIILIA
¢yukuuonupyer ©O6onee 300 I[I9T-uentpoB. Ilepsbiii  mpombiuuieHHsit  [19T-Tomorpad
poccHiickoro mpou3BoJCTBa co3/iaH U padotaeT uB Cankt-IlerepOypre.

B nocnennee BpeMsi OOJbIIYIO MOMYJISIPHOCTh MPH JICUEHUH OHKOJIOTUYECKUX 3a00JeBaHUI
npruoOpeTaeT cTepeoTakCudeckas paguoXUpyprus, KoTopas Mo3BoysgeT u30exaTh XUPYpPruuecKoro
BMEIIATeIbCTBA M MOCIEAYIOIEH ATUTENbHON peabunuTanuu nanueHTa. [l ocyiiecTBiIeHHs
9TOrO0 METOla B MHUpPE HCHOJNB3YIOTCS YCTaHOBKM THuma [amma-Hok, Kubep-Hox u
moudunmpoannbie uHeHHBIe yekoputenu LINAC. Mamma-HOX ObIT co3man B 1968 romy, HO
MIOHAYaJIy MCIOJB30BAJICS A PEIIECHUs Y3KOCHEIUaIn3UpoBaHHBIX 3anad. Ilocne mpoBeneHus
KJIMHUYECKUX MCCIEAOBAaHUA W pa3padOTKM METOJOB TPUMEHEHHUS JIaHHBIX YCTPOMNCTB
o0OpyOBaHHE ISl CTEPEOTAKCUYECKOH paJMOXUPYPrHMM CTajlo0 IIMPOKO TPUMEHATHCS B
MEIMIIMHCKUX IIeHTpax 1o Bcemy Mupy. Ha ceromus ¢yHkumonupyer 266 I'amma-HOXEH n 252
KubGep-noxa (Tabn. 3), mpuuem Oojblie MNOJOBHHBI YCTaHOBOK mpuxoautrcs Ha CIIA u
Snonuto|3,4].
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Ta6mmma 3. Pacnpenenenne ['amma- m Knbep HOXKEl 110 cTpaHaM M 9acTsSIM CBETa

Crtpana I'amma-nHox | Kubep-Hox
CIIA 107 144
SAnonus 48 23
Kuraii 16 10
Poccust 2 4
Espomna (He BkiIro4as Poccuio) 37 44
Asus (He Bximroudas Kurait u SInoHuro) 36 20
Cesepnast Amepuka (He Brmovast CIITA) | 10 4
HOxHas Amepuka 7 3
Adpuka 3 -
Bcero 266 252

B Poccun B Hactosiee Bpemst GyHKIMOHUpYeT aBa ['lamma-Hoxka — B HUU Helipoxupypruu
uM. H. H. Bypnenko (MockBa) 1 MexyHapOJHOM UHCTUTYTE OMONOrHYeckux cuctem um. C. M.
bepesuna (C.-IlerepOypr), u uetbipe Kubep-noxka — B8 HUU neitpoxupyprum um H. H. Bypnenko
(r. MockBa), ®MBIl um. A. W. bypnazsna (r. Mockpa), MexXayHapOoJIHOM HHCTHTYTE
ounonornuecknx cucreM uMm. C. M. bepesuna (r. C.-lIlerepOypr) m UYenssOuHCKOM 00JaCTHOM
KIIMHUYECKOM OHKOJIOTHYecKoM aucnaHcepe (r. YensaOuHck).

Takum o0pazom, B Hadane 21-ro BeKa »aMETWINChH CIEAYIONIME TEHACHIUH pPa3BHTHUS
YCKOPUTEIBHON TEXHUKU B MEUIIMHE:

OBICTPBIN POCT KOJIMYECTBA IMHEUHBIX YCKOPUTEIIEH JIEKTPOHOB ¢ 3Hepruei 3 — 25 MaB mis
Jy4eBOU Teparnuu;

pa3BUTHE YCKOPUTEIbHONM TEXHUKHU JUIsl CTEPEOTAKCUYECKOM XUPYpruu (yMEHbLIEHHE HX
pa3MepoB, Beca M YBEIHUEHHE MOILITHOCTH MTy4Ka);

CTPOUTENILCTBO KOJIBLEBBIX YCKOPHUTENEH pa3IUMYHbIX THUIOB I SACPHOM MEAMIIMHBI
(pou3BOACTBO U30TOMOB /1715 paguorepanuu, quarHoctuku [19T u ODIKT);

[lepcrieKTUBHBIM HaNpPaBIEHUEM sBJISIETCSI CO3JJaHUE U IPUMEHEHUE KOMITAKTHBIX Pa3pe3HbIX
MUKPOTPOHOB, KOTOPBIE 3(PPEKTUBHO MOTYT OBITH MCIOJIB30BAHBI HE TOJIHKO B MPOMBIIIIEHHOCTH,
HO U B MEJMIIMHE 3a CYET CBOMX MaJICHbKUX Pa3MEPOB U HEBBICOKOM IICHBI.

TeMmmbl cTpoOMTENbCTBA MEIULMUHCKUX YyCKOpUTENel seluku - okojo 500-700 ycTaHOBOK
exeroiHo. CyllecTBEHHYIO 4acTh OI0JKeTa KPYIHBIX CTpPaH, BBIIEISEMOro Ha 3JpaBOOXPAHEHUE,
U KOpHOpalMid, 3aMHTEPECOBAHHBIX B MPUMEHEHUU JIAHHBIX YCTPOWCTB, COCTaBISIIOT CPEICTBA,
BbIIETISIEMblE Ha NpPUOOpETEeHHWE W CO3/laHue YycKopuTene. PazMepsl M BeCc MEIUIMHCKHUX
YCKOPUTEJIEW YMEHBIIAIOTCS, CHEKTP NPUMEHEHUsI paclIMpsAeTrcs, a HaJeXKHOCTb NpH
UCIIOJIb30BaHUHU, KauecTBO BO3JCHCTBUS Bo3pacTatoT. IIponeHTHas Joias MEIULIUHCKUX
ycKopuTenel B o0uieM umcie yckoputeneil Oyner yBenuuusarbes, oT 30% ceroans 1o 50% k 2030
rojy.

1. Yepnses A. I1. Beenenne B Gpu3uky yckoputeneil. Yuebnoe mocodue. — M.: M3a-Bo Mock. yH-Ta, 2009. —
384 c.

2. Chernyaev A. P., Nuclear Physics Based Technologies in Medicine // Physics of Particles and Nuclei /

2012, Vol. 43, No. 2, pp. 262-272.

CyberKnife: http://www.cyberknife.com/

4. Gamma Knife radiosurgery for Patient Resource Center: http://www.gammaknife.com/

w
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AnHoTtanusi. C TOMOIIBIO METOAA UCTIAPSIIOIICHCS KaIlTH HCCIIEAYETCS IIPOLIECC MTOJIUMEPU3ALINHT ¢dbubpuna.
HOJ’Iy‘ICHH SKCIICPUMCHTAJIbHBIE 3aBUCUMOCTH, OIPEACTIAIOIINE KHMHETUKY 3TOr'0 IIpo1ecca. CuenaH BBIBO,
4TO MMOJIMMEpU3ali (1)H6pI/IHa MMPOUCXOJUT B JIBA 3Talla: Ha IICPBOM 3TallC 06pa3yeTca TOHKas TpéXMepHaH
CCTh U3 HpOTO(bI/I6pI/IHJ'I, a Ha BTOpPOM - HNPOUCXOAUT YTOJIILCHHUC e¢é 3BCHBLEB BCJICACTBHEC naTepaﬂLHoﬁ
acCOoITMAITNHN CO CBOOOTHBIMHE MTPOTOGHOPIITIAMHU U3 PAaCTBOPA M MPEBpaIeHus IpoTOGUOPHILT B PHOPHILIEL.
Abstract. By the evaporating drop method the fibrin polymerization is investigated. The experimental
dependences, which determine the kinetics of this process are obtained. The fibrin polymerization occurs
during two stages is made the conclusion. During the first stage thin three-dimensional network from the
protos-fibril is formed. During the second stage its sectional thickening occurs. As a result of this process is
the lateral association with the free protos-fibril from the solution and the transformation of protos-fibril into
the fibrils.

KuaroueBsle cnoBa: monumvepusans, GuOpmuiel, GUOpUHOTEH, UCTIApEHUE
Key words: polymerization, fibrils, protos-fibril, evaporation

IIponiecc cBEpTHIBaHMSA KpPOBHM IPOUCXOAUT BCIEACTBUE NpEBpaleHUs «(HUOPHUHOIEH-
GubpuH» 1Mo IeHCTBHEM TPOMOMHA W MOJMMepu3anuu (uOpuHa ¢ 00pa3oBaHUEM TPEXMEPHON
cetu [1]. DubpuHoreH mpeacraBiser coOOH TUMEpHBIM O€JOK, BKIOUYamImmhd 2964
aMUHOKHUCIIOTHBIX OcTaTkoB. I[Ipomecc mnpespamienust ¢uOpuHOreHa B (QUOPUH  aKTUBUPYETCS
TPOMOHMHOM, KOTOPBIH 00pa3yeTcs MpU aKTUBALIMM CUCTEMBI CBEPTHIBAHUS KPOBU.

Bhauane ormeruisitorest puOpunonentuabl A, u GubpuHOoreH npesparnaercs B des AA
(GuOpHH, U3 KOTOPOrO CTPOSTCA MPOMEXYTOUHbIE MOJIMMEpPbl pUOpHHA - TPOTOGUOPHILIBL. 3aTeM
TpoMOHMH oTmierisieT oT des AA ¢ubpuHa, BXOIAIIEr0 B COCTaB MOJMMEpPHOro (GuOpWHA, JBa
¢udbpunonentuna B u npespamiaer des AA ¢udpun B des AABB - GpubprH, yBennumBas CKOpOCTbh
JmaTepalbHOM acconuanuu npotodubpuwin u Gubpuui. Ha 3aBepimiaromeM sTtane mepexonaa
«hubpunoren-pudbpun» obpazyercs TpEéXxMepHas ceTb (UOpPHHA, KOTOpas SBISETCS KapKacoM
TpoMba.

B Hacrosimiee Bpemsi Mpeasio’KeHbl JIBE BO3MOXKHBIE CXE€Mbl IMPOTEKAHUS MOJIMMEPU3ALUU
¢ubpuna [2,3]. CornacHo mepBOil cxemMe BHaudaje MPOUCXOIUT OO0BeAMHEHHE MpoToGulOpmmI B
(GuOpHILIBI, KOTOpBIE 3aTeM, JaTepallbHO acCOLMHPYs, 00pa3zyroT TpEXMmepHyr ceTb. CoriacHo
BTOpOIl cxemMe BHayaje oOpa3yeTcss TOHKas CeTb M3 NpoToPUOpHILI, a 3aTeM NPOUCXOJIUT
paszpacTtanue npoTopuOpHILT B GUOPUILIBL.

Ilenp pa®OTBI COCTOMT B TOM, YTOOBI BBISICHUTH Kakash M3 J3THX CXEM COOTBETCTBYET
peaIbHOCTH.

Jlnist oTBEeTa Ha ATOT BONPOC OBLT MCIIOIH30BAH SKCIIEPUMEHTAITLHBIA METOJ UCTIAPSIOIICHCS
karu [4,5].

HccnenoBanoch ucmapeHne Karik OyQepHOro pacTBopa B KOHTPOJE ¥ Kaluld TOTO JKE
pacTBOpa, B KOTOPOH MpPOUCXOAWUT mMonuMmepusauus ¢uOpuHa B peakuuu QGuOpUHOreHa C
TPOMOMHOM IPU KOHEYHBIX KOHIEHTpauusx (pudpuHorena u tpomobuna 0,4 mr/ma u 0,54 NIH/mn
COOTBETCTBEHHO.

BHemHuit BUJ AKCIEPUMEHTAIBHOM YCTaHOBKHM JUIS MCCIIEOBAaHUS IpoIlecca MCHapeHHs
Karuiv oKa3aH Ha puc. 1.
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Puc.1. Bremnuii Buj sKCcriepuMeHTAIBHON YCTaHOBKU

Ha puc. 2 npuBeIeHbl BPEMEHHBIE 3aBUCUMOCTH & ('[), rae & - OTHOIIEHHE TUIOIA/H KaIUh
B HAuaJIbHBIH MOMEHT BpeMeHHM lp K muomaam Karmmum B MOMeHT BpemeHn . DkcmepumeHt

MIPOBOJIAJICS TIPH MOCTOSIHHOM Temneparype 293 K.

1,18
1,10
1,058
1,00
0,95
0,580
0,85
0,80

= 0,75
0,70
0,865
0,60
0,55
0,50
0,45
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Puc.2. BpemeHHas 3aBUCHMOCTb OTHOCHTEIBHOIO U3MEHEHHMS TIIo1Iaau Karm (1- karis 0ydepHoro
pacTBopa, 2 — Karuig 0y(epHOro pacTBopa, B KOTOPOH MPOUCXOANT OTUMepHU3aIus GuopuHa)

Kak BugHO M3 pHc. 2 Ha KpUBOW 2 TO CpaBHEHMIO ¢ KpuBoil 1 Habmomaercs nBe
ocobenHoctu. IlepBas cocTouT B TOM, YTO B HMHTEpBajie BpeMeHU 2-4 MUHYTHl HCHApeHUe
NPaKTUYECKH He MPOMCXOIUT. BTOpas 0cOOEHHOCTh COCTOUT B TOM, YTO CKOPOCTh HCHApEHHs
Karuid MPEBOCXOIUT CKOPOCTh UCTIapeHust 0yGepHOro pacTBopa.

VYKazaHHble OCOOCHHOCTH HWHTEPIPETHPYIOTCS CleaylouM obpazoM. Bo BpemeHHOM
uHTepBajie 2 MHUH — 4 MHMH [pOUCXOIUT (GOPMUPOBAHHE TPEXMEPHONM CETH M3 TOHKHX
npoTOGUOPHILI, TPOMEKYTKH MEXKITYy KOTOPBIMH 3allOJTHEHbI MOJIEKYJIaMH BOJbl. YacTh 3TON BOABI
obpaszyer ruapaTtHeie  000J0YkH TPOTOGUOPWILI, a JApyras 4YacTh HAxXOJIUTCS B CBOOOIHOM
cocrossHuHU. IlockonbKy 3HauMTENbHASI YacTh BOABI HAXOAUTCS B CBA3AaHHOM COCTOSIHMM, TO 3TO
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NPUBOJUT K CYIIECTBEHHOMY YMEHBIICHHIO CKOpOCTH HcnapeHus. Ilocie ObicTporo oOpa3oBaHUs
TOHKOH TPEXMEPHOW CETKH M3 MPOTO(GUOPUIII, MPOUCXOAUT YTONIIIECHHE €€ 3BEHHEB BCIICICTBUEC
JaTepaJbHOM acCOIMalUU CO CBOOOJHBIMH MPOTO(GUOpMIIIaMH W3 pacTBOpa U INPEBPALICHUS
npotodpudpwT B ¢GuOpmiiel. B pesymprare 3TOTO IMpolecca BBICBOOOXKIACTCS OMpeeEHHOe
KOJIMYECTBO MOJIEKYJ BOJBI, KOTOPHIE paHee 00pa3oBBIBAIN THAPATHBIE 000I0YKH MPOTOPHOPHILIL
OTH MOJICKYIIbI BRITAJIKUBAIOTCS U3 CETKH, B PE3yJIbTAaTE YETr0 BO3PACTAET CKOPOCTh HCIIAPCHUSI.

Takum 00pa3oM, pe3ynbTaThl, MOJIYYECHHBIE C MOMOLIBIO METO/a MCHIAPSIOLICHCs KaIuly,
MO3BOJISIFOT  YTBEPXKJAaTh, YTO B JCUCTBUTEIBHOCTH PEATM3yeTCsl BTOpas CXema MOCTPOCHHS
TpéxMepHOU ceTH (uOpHHA, IPH KOTOPO BHavaje (GOPMHUPYETCS TOHKash TPEXMEpHas CeTKa U3
poToGUOPHUILI, KOTOPHIE 3aTEM aCCOIUUPYIOT B (PUOPHILIIBI.

B nanpHeiimeM mniaHupyeTCs NPOBECTH HCCIENOBAHUS IO BIMAHUIO OONy4YeHHS Ha
npoiiecc nepexona GudpuHOTreH-PUOPHH, METOOM HUCIIAPSIOMICHCS KaTUTH.

1. Blomback B., Hanson L.A. Plasma proteins. Fibrinogen and fibrin formation.-New York.Brisbane.
Toronto: Jonh Wiley and Sons, 1979, p.223-253.

2. Baraset T.C., Haselgrove J.C., Weisel J.W. Biophys.J., 1995, 68, p.1551.

3. Hantgan R.R., Hermans J. J.Biol.Chem., 1979, 254 (22), p.11272.

4. Jlywnukoe A.A., 3aeaiinos B.A., Hysicnouii B.M. ®u3uka aspo3sodneii, 2001, ¢.7.

5. bynasun JL.A., Bepounckas I'.H., Hyxcuwiti B.M. KuneTrka ucriapeHus Karemb )KHIKOCTH B TTapO-Ta30BOH
cpene. — Kues: Kuesckuii yausepcuret, 2003-48c.

148



PagianiiiHa 6e3neka
- 3abe3ne4YeHHs Ta KOHTPOJIb IKOCTI B pajioJiorii

- PagioTepaneBTHYHI pU3MKH Ta pajianiiHi aBapii B paaioJiorii
- Opranisanisa Ta ynpaB/iHHA pajialiiHOI0 6e31eKol0

Radiation Safety

- Quality assurance and quality control in medical radiology
- Radiotherapeutic risks and radiation accident in radiology
- Organization and management of radiation safety

AKTHUBAIIA MOBITPA TA EJJEMEHTIB KOHCTPYKIII ITPA POBOTI
MEJIUYHOI'O IPUCKOPIOBAYA EJIEKTPOHIB
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AHoTanisi. B po0oTi po3risgaroThCsl OCHOBHI NUISXM aKTHUBAllii KOMIIOHCHTIB CEpEeJOBHINA Ta MaTepiajiB
npd poOOTI MEIWYHOTO JIHIMHOTO TPUCKOPIOBayYa EJIEKTPOHIB Ta OCHOBHI OCOOJHMBOCTI 3abe3redeHHs
pamiamniiiHoi Oe3reKn epCoHay.

AnnoTtanus. B pabore paccMaTpuBaOTCS OCHOBHBIE IYTH aKTHBAIIMA KOMITOHEHTOB CpPEJIbl U MaTEepHAaIOB
npu paboTe MEAMIMHCKOTO JIMHEWHOTO YCKOPUTENS JJIEKTPOHOB, a TakXKe OCHOBHBIE OCOOEHHOCTH
oOecrieueHust paHHaHHOHHOﬁ 0€e30I1aCHOCTH nepcoHaza.

Abstract. Main pathways of air and accelerator materials activation during the work of medical linear
accelerator are considered, main features of radiation safety are discussed.

KuarouoBi ciioBaniHIHHWH IPUCKOPIOBAY, aKTHBAIIIS, pajialliiiHa Oe3nexa.
KaoueBble c10Ba: IMHEWHBINA YCKOPUTEb, aKTHBAILIS, PaUAllMOHHAs 0€30MaCHOCTb.
Keywords: linear accelerator, activation, radiation safety.

Pak 3aiiMae ojHEe 3 TPOBIIHUX MICIh Cepell 3aXBOPIOBAHb HACEICHHS OUIBIIOCTI eKOHOMIYHO
PO3BHUHYTHUX KpaiH cBITy. He3Bakaroun Ha MO3WUTUBHI TEHJAEHIli, paKk — Yy BCIX HOro mnposiBax —
MPOJIOBXKYE MiIpUBaTH TI00anbHy OxopoHy 310poB’s. B 2008 pomi 6yno 12700 Tucsy HOBHX
BUIIAQ/IKIB 3aXBOPIHHS Ha pak Ta 7,6 MiIbOHA BUMAIKIB CMEPTi B BiAmoBigHocTi 3 American Cancer
Society (ACS) [1]. o 2030 poxy BcecBiTHsi oprasizaiiiss OXOPOHU 370pPOB’Sl MPOTHO3YE. IO MU
CTHKHEMOCS 3 OUThII HiK 21 MiThbOHOM HOBUX BHITAJKiB 3aXBOPIOBaHHS Ha pak Ta 13 MinboHaMH
BUMNAJKIB cMepTi B pik. Lle oOyMOBIIIO€ aKTyalmbHICTh 1 B@KJIMBICTH IOIIYKY HOBHUX METOJIIB
JIKYBaHHS OHKOJIOTTYHHX 3aXBOPIOBAHb.

JliHiitHI TpUCKOpIOBaYl eNeKTPOHIB HAOYIU IMIUPOKOTO BUKOPUCTAHHS B MPOMEHEBIH Teparii
IpHU JIIKyBaHHI TMAIll€eHTIB XBOpPUX Ha pak. [lin yac mpoBeneHHs JIKyBaJdbHOI MpOLENypU 3
BUKOPHUCTAHHAM JIHIHOTO MPHCKOpIOBaYa OKPIM OMPOMIHEHHS CaMmoro MaIllieHTa BiAOyBaeTbCs
ONPOMIHEHHSI CTOBINA MOBITPS MIXK XBOPUM 1 NPUCKOPIOBAYEM Ta KOHCTPYKILIHHUX €JIEMEHTIB
roJIOBU TpUCKOproBava Ta nporenypuoi. [Ipu Bukopucranui mis onpoMiHeHHs BUCOKMX eHepriii
ramma-kBaHTiB (Bumie 10 MeB) okpiM yTBOpeHHST 030HY BiAOYBA€ThCS TaKOX aKTUBAIlis
KOMIIOHEHTIB CEpelloBHUIla Ta MaTepialiB (MOXYTb BiIOYBaTUCh peaklii 3 YTBOPEHHSIM PI3HUX
paliOaKTUBHUX 130TOMIB, SKI CTBOPIOIOTH JOAATKOBY [03y B MPHUMILICHHI, 1€ HPOBOIUTHCA
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JIKyBaHHS) 1 SIK HACIIJOK iCHye HeOe3neKa OMPOMiHEHHS TIEPCOHAY, B TOMY YHCIi BHYTPIIIHBOTO
OTIPOMIHEHHS 32 PaXYHOK aKTHBAIlii KOMIIOHEHTIB ITOBITPA.

[Tpu anamizi MOXKJIMBOI aKTUBAIIT IOBITPS 10 PO3IIISIAY Opaiucs HACTYITHI XIMIYHI eIEMEHTH:
N2, Oy, Ar, CO,, Ne, He, CH4, Hy, Kr, SO, MacoBuii Ta 00’eMHUI BMICT SKHX B IIOBITP1 HaBEJIEHO
B Tabmui 1 [2].

Ta6mums 1. Ckiag moBiTpsl.

KommoneHnT 0O0’emunii BMict% Macosuii smict %

N, 78,09 75,50

0, 20,95 23,15

Ar 0,933 1,292
co, 0,03 0,046

Ne 1,810° 1,410°
He 4,610* 6,4 10°
CH, 1,52 10 8,4 10°
Kr 1,14 10* 310*

H, 510° 810°
N,O 510° 810°

Xe 8,6 10° 410°

0, 3107-310° 5107-510°
RN 61018 4510"

Haii0inpi iMOBIpHI peakxiiii, o MOKYTh MaTH MiCIle IIpH poOOTi JIIHIHHOrO MpHCKOpIOBaya
€JICKTPOHIB B PEXXHMMI reHepallii raMMa-KBaHTIB 3 eHepriero 18 MeB — 1ie peakmii 3 BiIUICHHAM
oHOro abo  JBOX HYKJIOHIB, Taki sK: (y,n), (v,2n), (v,p), (v,2p), (y,np) Ta peaxiiii 3 BUIHOTOM
anb(a yacTuHKU. Tak A HaWOLIBIINX 32 MACOBOIO YAaCTKOIO CKJIAOBUX MOBITPS TaKUX 5K a30T Ta
KHCEHb TIOPOTH peakiiid 3 BIUIUIEHHSM OJHOro HedTpoHa craHoBiATh 10,6 MeB Tta 15,7 MeB
BiamosinHo [3]. IlpoaykT peakiiii 3 BHIBLOTOM JBOX HEHUTPOHIB HAa OCHOBHHX KOMIIOHEHTaX
HOBITPA € a00 cTabUIBHUMU 130TONaMH, ab0 K MaroTh AyKe MaJIMil Mepio/ HamiBpo3naay (IeCSITKU
cexynn) B nopisasiagi 3 N ta 0, sixi € npoaykramu peaxuiit “*N(y,n) **N Ta **O(y,n)**0 i matots
nepioau HamiBpo3many Onm3bko 10 Ta 2 XBuimH BiAmoBigHo. [lepepisu 1ux peakiiid 3rigHo [4]
cranoBusiTh 2-3 MGapHa s peakuii “N(y,n) N ta o 5 mGapm mis peaxuii °O(y,n)*O.
[IponykTH siaepHUX peakiiil 3 BUWJILOTOM alb(a-dyaCTUHKH MPU B3a€MOJIi raMMa-KBaHTIB 3 sJIpaMH
MOBITPA TaKOXK € a00 cTabiIbHUMU 130TONaMH, ab0 K MarOTh QyXKe Majuil epio] HaMmiBpo3maay, a
Taki sk “*C, mo € mpoxykroM peakiii “O(y,a) *C mae nepiox HaniBposnaxy 5700 pokis.

SnepHi peakmii mia Ji€r0 TaMMa-KBAaHTIB TaKOXX MOXYTh B1IOYBaTHCS Ha CKJIQJOBHX ITHITY,
KM CKITaaaeThest 3 - opraniunux cnoiayk(Hz, Na, Oz, F, S), kBapiy (SiO,), kap6onartie (CaCOgz)
[5]. 3rimHo caniTapHuX npaBui Ykpainu, 3HaueHHs ['JIK nms melTpanmpHOro muiy, 1o HE Mae
OTpYWHHUI BJIacCTUBOCTEH, HE MOBUHHO NepeBuiyBatu 10 mr/m® [5]. Sk Bimomo, 1 M HOBITPS MIPH
HOpPMaJTbHUX yMOBax BaxuTh 1,29 kr. TakuM UYMHOM KIJIBKICTH Sifep NHJIY B TOPIBHSHHI 3
KUIBKICTIO si/iep KMCHIO Ta a30Ty B MOBITP1 HE MOXKE JJaTH ICTOTHOT'O BHECKY B aKTUBAIIIO MOBITPS.

KonrnenTpariiito pagioakTUBHOTO TOBITPS B 30HI OMPOMIHEHHS MiJ Yac poOOTH MEAMYHOTO
NPHUCKOPIOBaYa MOKHA pO3paxyBaTH 3a opmyitoro [6]:

C, E,-1-d-K 1_e_[K+OT,693]

1/2

06%) \/

K+

1/2

ne Cop — cTana MWBUIKOCTI YTBOPEHHS paaioakTUBHOrO raszy B nosiTpi (Kiopi/rog.-MeB-Am), Tz —
nepioj] HamiBpO3Maay paaioi3oTomy, SIKUWA yTBOpHUBCS, Eo — eHepris enektpoHiB B MeB, K —
KpaTHICTb MOBITPOOOMIHY B 30H1 onpoMiHeHHsI, K — KpaTHICTh MOBITpOOOMiHY B poboUiii kamepi, |
— ctpyM, V — 00’€M KaMepu MpHCKoproBaya, d — BiJCTaHb BiJl BXiJHOTO BiKHA MPHCKOPIOBayYa JI0
MIIIIEHI.
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Tak mpu BUCOKHX €HEPTisiX rajibMiBHUX I'aMMa-KBAaHTIB IPH PO3PaxyHKY 3a00pOHEHOTO Yacy
HEOOXIJTHO BpaxOBYBaTH HE TIIbKH YTBOPCHHS O30HY, a i HAKONMWYEHHS PaliOaKTHBHUX Ta3iB B
NPUMIIIEHH] TPUCKOPIOBAYA.

Tako MOKHA IPOBOJMTH PO3PAXyHKH aKTHBAIIil MOBITps 3rigHo [7].

Byno npoBeacHO BUMIpH PO3MOJLTY 3aJIMIIKOBOI 03U B Yaci miciis Haoopy 300 MOHITOPHUX
omuuuib 3a 30 cexyna Ha npuckoproBaui Varian CLINAC B BeceykpaiHcbkoMy LEHTpI paaialiiiiHol
xipyprii kininigHOo1 nikapHi «@eodanis». Pesynpratn BUMipiB HaBeneHo Ha Puc.1.

D,mk3B/roa

10 -

900409 ,0,00%00500

N T N T T I T I N T N I T I N I T 1
0 200 400 600 800 1000 1200 1400 1600 1800
t.c

Puc.1. 3anexxHicTh MOTYKHOCTI JIO3W BiJI 4acy MicIisl KiHIIS OPOMiHEHHs. 3aloBHEHI YOpHi KBaIpaTH —
BUMIpH COCHO ITy4Ka, Cipi KOJIa — BUMIpH 11032 30HOI0 MyYKa.

Jlnst poBe/ieHHsT BUMIpIB BUKOPUCTOBYBANMCS 1Ba oxHakoBux nosumerpu Red Eye G-10.
Gamma Survery Meter SN. Bumipu npoBOIHIIMCS COOCHO OCi ITyYKa MPUCKOPIOBaya Ta 103a 30HO0
Ii€1 oci, K MPH BIAKPUTHUX IIENETNax, Tak 1 P 3aKPUTHX IIeJernax.

[leBHUIT BHECOK B 3arajibHy 3aJMINKOBY 103y MOXE JaBaTH aKTHBAIlil KOHCTPYKIIHHUX
€JIEMEHTIB TOJIOBU MpHUCKoproBaua. [IpoaykT (hoTosaepHuX peakiliii 3 BUIbOTOM OJHOTO abo ABOX
HYKJIOHIB Ha 130TONAax CBUHIIO, BOJIb(paMy, 3a1i3a, MiJi 1 T. 1H. HE BCl € CTAOUILHUMH, a JAEsKl 3
HUX MaroTh KUTbKaXBUJIMHHI MEPIOM HaMiBPO3Maay, IOPOTH TaKUX peakiliii meHmi 3a 18 MeB, a
nepepizu CTaHOBJIATH COTHI MULTiOapH. ToMy Tpeba BpaxoByBaTH, L0 HANPHUKIHII poOOYOro THS
(THKHS) B IPUMIILIEHHI JIIHIHHOTO MPUCKOpPIOBayYa J03a ACNI0 301TbIIYETHCS 3a PAaXYHOK aKTHBAIl]
KOHCTPYKI[IHHUX €JIEMEHTIB.

Cancer prevention outlook. The prevention agenda S2 // Nature.- vol 471.- 24 march 2011.

Pexxum moctymy: http://chemistry.narod.ru/tablici/vozduh.htm

Pexxum noctymy: http://cdfe.sinp.msu.ru.

Pexxum noctymy: http://www-nds.iaea.org/exfor/exfor.htm

OcHoBHI caHiTapHi paBuia 3abe3neueHHs panianiinoi 6esneku Ykpainun OCITY (LCII 6.177-2005-09-

02).

6. CanurapHble TIpaBIiia pa3MeIeHHs] M SKCILTyaTallid YCKOPUTEIIeH dIIEKTPOHOB ¢ 3Heprueii g0 100 M»aB.-
Ne1858-78.- 1978.

7. Radiation Protection for Particlt Accelerator Facilities /NCRP Report Ne144.- 2003.- P.499.
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AHoTanisi: B po0OTi po3risiialoThCsi OCHOBHI (Pi3MUHI MPUHLIUIM MO3UTPOHHO-eMiciliHOi ToMorpadii (ITET)
Ta OCHOBHI 0coOJHMBOCTI 3a0e3medeHHs pamialiiHoi Oe3meku i rapantii SIKOCTI yChbOTO TEXHOJIOTiYHOTO
nanmokka [IET-giaraoctukm.

AnHoTtanus: B pabore paccMarpuBarOTCs OCHOBHbBIC (pU3MYECKHE TPUHIUIBI TO3UTPOHHO-IMHCCHOHHON
tomorpaduu (II9T), a Takke OCHOBHBIE OCOOCHHOCTH OOCCICUEHHS paJMAlMOHHON O€30MacHOCTH W
rapaHTHM KauyecTBa Bcell TexHomornyeckou nenouku [I19T-nuarnoctuku.

Abstract: The main physics fundamentals of positron emission tomography (PET) and most important
features of radiation safety and quality assurance for technology chain of PET diagnostics are considered.

Karwuosi ciaosa: [1ET, no3urpoHHo-eMiciitHa Tomorpadis, pagiamiiina 6e3neka, TapanTist sIKOCTi
Karouessle caoBa: [I9T, mozutpoHHO-3MHCCHOHHAS TOMOTpadus, pagnannoHHas 0€301acHOCTh, TapaHTHUs
KayecTBa.

Keywords: PET, positron emission tomography, radiation safety, Quality Assurance.

Beryn. IlosurpoHHO-eMiciiiHa ToMorpadis 3a OCTaHHI JECSTh-II ATHAAISTh POKIB CTaja
OJIHMM 3 HAWBaJIMBIMIUX JIarHOCTHYHHUX 3aCO0IB IPH JIIKYBaHHI OHKOJIOT1YHHMX 3aXBOPIOBAHb.
OcHoBHa TiepeBara i YHIKQIBHICTh I[LOTO METOAYy B TOMY, IO BiH JIO3BOJSE 3HAXOIUTH 1
imenTH(diKyBaTH 3JO0SKICHI YTBOPEHHS HEBEIMKHX pO3MIpiB (MeTacTa3Hi yTBOPEHHS MEHIIE
CaHTHUMETPY), SIKI 3HAXOJSATHCS B CTaJil aKTUBHOTO PO3BUTKY, MOCHI/DKYBaTH aKTHBHICTH MyXJIMH,
YiTKO BU3HAYATH CTAJiI0 PO3BUTKY XBOPOOH, MPOTHO3YBaTH €(EKTUBHICTh JTIKYBAaHHS Ta BU3HAYATH
AKICTh JIKYBaJIbHOIO TpOIECY B MiciaATepaneBTHUHUN mnepioa. OCTaHHIM dYacoM MpPOXOAUTH
akTUBHUN po3BUTOK HOBUX I[IET mMeToauk, MBHAKMMH TeMIIaMU MOKPAIIYIOTHCS XapaKTePUCTHKU
oO0JlaTHaHHS Ta aHaII3yIuoro MnporpamMHoro 3abesnedeHHs. [loeHaHHS MO3UTPOHHO-EMICIHHOTO
TomMorpada 3 KOMII'IOTEPHHUM PEHTIeHIBCBKUM TOMOrpadoM B OJMH TaHAEM HAaJgalo CYTTEBI
nepeBaru 1 MOKpAIIaHHA XapaKTEpUCTUK CKaHepiB JJsl MO3UTPOHHO-EMICIHOiI Tomorpadii 1 Ha
JAHOMY €Tami pPO3BUTKY MPAKTUYHO BCi TaKi CHCTEMH BUIYCKAIOTHCS B Mapi 3 KOMII IOTEPHUM
tomorpadom, ToMy 1 Ha3zBa ix Moaudikyerbcs 1o IIET/KT ckanepu (um IIET/KT tomorpadm).
BykBanbHO OCTaHHI KibKa POKIB 3 TOSIBOK €(PEKTUBHUX HAIIBIPOBIIHUKOBUX EIEKTPOHHHUX
noMHOKyBa4iB (SIPM), siki Maj0 4yTJIMBI O MarHITHOTO TOJIS, 3’ IBJASETHCSA TCHCHIS CYMIIIEHHS
[TIET ckanepa 3 Mar"iTo-pe3oHaHCHUM TOMOrpadoM, HOBI YacOMPOIHOTHI METOAUKH J03BOJISIOTH
CYTTEBO MOKPANTUTH (D)OHOBI YMOBH JIJIsi OTPUMAHHS SKICHUX JIIaTHOCTHYHUX CKaHIB.

OcHoBHi ¢izuko-6ionoriuni npunnunu ITET tomorpadii. llle Ha nmowarky 30-X pokiB
MHUHYJIOTO CTOJITTS OyJ0 TOMIYEHO, IO 3HAaYHA YaCTUHA 3JI0AKICHUX YTBOPEHb BIAPIZHAETHCA
MiJBUIICHUM PIBHEM CIIOKHBAHHS TIIOKO3U. Lle MOB’sS3aHO TOJIOBHUM YHMHOM 3 THM, IO PaKOBi
KJIITUHYU IIBUJIKO POCTYTh 1 PO3MHOXKYIOTHCS, 1[0 MPU TaKOMY MeTaboIi3M1 BUMarae CrioKMBaHHS
BEJIMKOI KUTBKOCTI OY/iBEIbHO-EHEPTETHUHUX PECYPCIB, OJHUM 13 BOXKIUBUX 3 SIKUX € TIII0K03a. B
CEMHUJIECATUX pOKax OyJI0 3ampONMOHOBAHO BUKOPHCTOBYBATH MIU€HI AHAJIOTH TJIOKO3W IS
BHUBUEHHS MeTa0oIi3My B OpraHi3mi moauHH. [Ipu 1bOMy BHUKOPHCTOBYBAIIMCH DPaiOaKTUBHUI
BYIJICIb, alieé OCOOJIMBO IMHUPOKOTO PO3MOBCIO/DKEHHS HAOYJI0 BHKOPHCTaHHS Palli0aKTHBHOTO
13otony ¢ropy 18 y pedoBHHI (propae3okcurirokosa (OJIIN), ska € aHaIorom IIIFOKO3HM Ha KiTbKOX
etanax ii Metabomni3Mmy, ajne Ha BiAMIHY Bix Hei, merabonizm @JII" 3akiHUyeThCsl mepeaqacHo 1 ii
OPOAYKT 3 PaTiOaKTUBHOI MITKOIO (TOpYy HAKONMMYYeETbCS B TKAaHWHAX. SIKIO BHU3HAYUTH
KOHIIeHTpaIliio GTopy-18 B TKaHWHAX, TO MO BiIMOBITHOMY BUCOKOMY PIBHIO METa0O0JI3My MOXKHA
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JIOKali3yBaTh 3 HEMOTaHOK TOYHICTIO 1 BHUCOKUM pIiBHEM WMOBIPHOCTI HASBHICTh CKYITY€HBb
3M0sIKICHUX MyXJinH. [liIBUIIEHHM piBHEM METa00J113MYy BiJ3HAYAIOTHCS JICSIKI Ba)KJIMB1 OpraHM Tijia
(HampHKIaa MO30K, CEpIle), IO YCKIATHIOE B ACAKIN Mipi BU3HAUCHHS 3JI0SAKICHUX ITYXJUH B TaKUX
30HaX, aje MpH LBOMY 1€ JI03BOJISIE JOCHIKYBATH MO3KOBY 1 CEpLEBY [IISJIBHICTH MPSIMO B
JUHAMIII, 110 € YK€ BaKJIHMBHUM IS BIIIOBIIHUX HAIpsAMKIB MeauuuHu. SAapo ¢ropa-18 mpu
pO3Ma/ii BUIPOMIHIOE TO3UTPOHH JOCTATHHO HU3BKOI €HEPrii, 110 JA03BOJISE 3 HEMOTAaHOK TOYHICTIO
1 HU3bKUM (DOHOM BU3HAYATH TOYKY (M1 KOHKPETHOTO SiApa BH3HAYAETHCS HAIMPSIMOK, Ha SKOMY
NeXUTh 1 AApo), Ae posmanocs sapo. disuka mporecy Buriagac Tak. Komm B pesymbraTi B
po3maay BUIITA€E MO3UTPOH 3 eHeprieto He Outbmie 0.63 MeB, BiH 3arajapMOBYETHCS B PEUOBHUHI Tia
1 TIpU JOCATHEHHI KIHETHYHOI eHeprii, OJM3bKOi 1O HY/IS aHITUTIOE 3 OJAHUM 13 €JEKTPOHIB
cepenoBuIna. B pe3ynbTaTi yTBOPIOIOTHCSA JBa IaMMa-KBaHTH 3 OJHAKOBOIO eHepriero 511 xeB
KOYKHUH, K1 PO3IITAIOTHCS B IPOTUIICKH] OOKH (TIi KyTOM 180° oxuu BigHOCHO iHmoro). Haskoso
MaIieHTa Mo KONy 3HAXOIUTHCS MATPULS 3 CUMHTWISLIMHUX JETEKTOPIB, B SKUX PEECTPYETHCS
EHepris raMMa KBaHTIB Ta 4ac iX mosiBu. [Ipu crmiBnagaHHi CUTHAJIB BiJ ABOX JACTCKTOPIB MATPHIIL
BU3HAYAETHCS TpsMa (IO JBOM «TOYKAM»-JACTEKTOpaM), Ha SKiid 3HAXOAUTHCA JHKEPENo
BUIIPOMIHIOBAHHS, @ TOYKM NEPETUHY KUIbKOX TaKHX MPSIMHUX JO3BOJSIIOTH BU3HAYUTH MICIE
BUIIPOMIHIOBaHHS NTO3UTPOHIB.

Hns cunresy D/, sxkuii BBOJATH BHYTPINIHBO TAIlIEHTaM, IOTPIOHE HaIpaIfOBaHHs
pamioakTUBHOIO (Topy-18 KOXKHOTO JHS, HEOOXIqHI aKTUBHOCTI MOPSJIKY KiJIbKOX Kropi, OCKIIbKH
nepiol  HamiBpO3IMaIy BE  Gnusbko T1»=110 xBuanH, TOOTO 130TON JOCTATHHO IIIBHIKO
po3namaerscsi. OcTaHHS XapaKTEPUCTUKA 3 OJHOTO OOKY i3-32 KOPOTKOTO Yacy *KHUTTS MPU3BOIUTH
JI0 BITHOCHOI Oe€3MeyHOoCTi i30Tomy (3a OJAMH — TPH JHI HE 3QJIMINAETHCA 1 CIAYy BiI sAOEp
pamioakTuBHOrO (GTopy-18), 3 IHIIOr0o OOKY OOMEKYE MOKJIMBOCTI BHKOpPHUCTaHHS (ropy-18 i3
OJIHOTO CIICIiaIi30BaHOTO IIEHTPY (HE MOKHA JIOBE3TH BYACHO 130TOIT Ha JAJICKi BiJICTaH1) 1 BUMArae
BUPOOHUIITBO 8F 1a @®/II" Ha 1OTO OCHOBI MaKCUMAJIbHO HAOIFIKYBATH J0 MICIb iX BUKOPHCTAHHS
(B Mekax OIHIEI-ABOX TOAMH IEpPECyBaHHS TPAHCIIOPTOM). ToMy aJis BUPOOHHMIITBA 18 OyIyrOTh
MEJUYHI IIUKJIIOTPOHU Ta aBTOMarn3oBaHi cucremu cuHte3y DI, sik mpaBmiio, Ha 6asi OJHOTO i3
BEIMKUX KIHIYHUX 3akmaniB. OJuH 13 HAWOUIBII TOIMMPEHHX CIOCOOIB OTpPUMaHHS =
ONPOMIHEHHSI BHCOKOEHepreTMuHuMHU (mopsiiky 15 MeB) npotonamu sinep 0. sk IIPaBUJIO,
OTIPOMIHIOIOTH BOJY, 30araueHy cTabiIbHUM 130TOMOM — O 110 BenuyuH, Oinbine 90% 36araueHHs y
MOPIBHSIHHI C 130TOINOM %0. B pe3ynbTari peaxuii p+180 — n+'°F YTBOPIOETHCS HEOOX1THUI
13oTon (ropy, aie mpU IBOMY SIK MOOIYHMI IIKIUTMBUIA TPOIEC YTBOPIOETHCS 3HAYHUN TOTIK
HEUTPOHIB, sIK1 Tpeba BpaxOBYBaTH INpH 3abe3neueHH! pajianiiHoi 6e3neku. Jlani Boga 3 gpTopom-
18 mepeTucKyeThCs B ccTeMy aBTOMaTu3oBaHoro cuntesy @/, ne Bci mpoliecu OYUCTKH PEYOBHH
1 cuHTe3y ¢apmmpenapary HpoXoAsTh 0e3 ydacTi JIOAWHM B aBTOMAaTHUYHOMY pexuMi. [licis
MEePEeBIPKH SIKOCTI MiATOTOBJICHOTO MpenapaTy, BiH GacyeTbcs A7l BUKOPUCTAHHS B TOMY CaMOMY
MenugHoMy 3aknani, n1e @JII" 6yno BUroTOBIEHO, a00 ISl TIEPEBE3CHHS B 1HIIN MEIUYHI 3aKJIa/IH,
aki BUKOpUCTOBYIOTh I[IET-ckanepum mans niarHoctuku. [lamieHTy 3a IOMOMOToI0 IINpuUiia
BKOJII0I0Th D" 1151 epeKTUBHOTO PO3MOBCIOKEHHSI IO KPOBOHOCHIHM CHCTEMI 1 Yepe3 HEBETUKUN
qac (20-40 XBUIIMH IS TOCSITHEHHS BiJIMOBIAHUX CTaliii MeTab0Ii3My) MPOBOUTHCS A1arHOCTHYHE
ckanyBanHs Ha [IET (IIET/KT) ckanepi. YBech TEXHOJIOTIUHHUN JIAHITFOKOK OTPUMAaHHS SIKICHOTO
niarnoctruaHoro I1IET 300pakeHHs HOCTaTHBO CKIIAJHUK 1 Ma€ CYTTEBI BIAMIHHOCTI Bij IPOIIECIiB
OTPUMAaHHS PEHTT€HO/11arHOCTUYHHUX 300pakeHb HE TUIbKU B 0a30BUX (DI3MUHUX MPHUHIIMIIAX, ale 1
B IMUTAHHSX paaiariiHol 0e31eKn Ta PO3BUTKY CUCTEM YIPABIIHHS SKICTIO IIPOIIECIB.

IIntanus pagiauiiinoi Oe3nexu NpuU NpoBeJeHHI MO3UTPOHHO-eMiciiiHoOT ToMorpadii. [Ipu
MIPOBE/ICHHI 3aX0JiB 3 pamiamiiiHoi Oe3mneku, MoB’s3aHuX 3 mpoBencHHIM [IET miarHocTHYHHMX
JIOCJTIJDKE€Hb, BUHUKAE LUTUN Pl BAKIUBUX OCOOIMBOCTEH, SIKI CTABJISITh CYTTEBO OLIBIN KOPCTKI
BUMOTH JO0 TMPOEKTYBaHHs MPHUMIIIEHb TeXHONOriuHoro nanitoxkka [IET nmiarHoctuku, 3aco0iB
MEepIOIMYHOTO KOHTPOJII0 Ta TMOCTIHHOTO PaaialliftHOTO MOHITOPUHTY, pajialliifHOTO 3aXHUCTy
MEepPCOHAy Ta TOMEpPEeKEHHSI TMOTCHIIMHUX aBapiiHUX BHKUAIB B artMmocdepy. I3 Takux
0COOIMBOCTEN HEOOX1THO BUIUIMTH MEPI 3a BCE TaKi:
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OCHOBHHUII BHECOK B paJiOaKTHBHE OINPOMIHEHHS BiJ 130TOMIB, $IKi BHUIIPOMIHIOIOTH
MMO3UTPOHM, TAFOTh aHITUIAIINHI TaMMa-KBaHTH, eHepris skux (511 keB) cyrreBo Buma 3a
3BHYHI BEJWYMHU I PEHTICHIBCBKOTO BHUIIPOMIHIOBAHHS MOJABIIAIOYOI OUIBIIOCTI
PEHTICHO/IIarHOCTUYHMUX arapaTiB 1 MOMITHO BHIA 3a €HEPTil0 OCHOBHUX 130TOIIB
sIepHOT MeAMIMHE (TakuX, sk "'TC). Jins Takoi eHeprii BHecOK Bix doroedexTy mpu
NOIVIMHAHHI TaMMa-TIPOMEHIB HE € BXK€ BU3HAYaJIbHUM, K JUI1 PEHTTE€HOJIarHOCTUYHOI
obnacTi 4M poO3paxyHKy 3axXMCTy BIJ TeXHemiro. ToMy 3BUYHI MJI CIICHIaiCTIB 3
pamiariiiHoi Oe3MeKr B PeHTTeHOMIarHOCTUYHIN 00J1aCTi CHIIBHI 3aJI€KHOCTI IMOTJIMHAHHS
BiJl aTOMHOTO HOMEpY Marepiaiay Aisi €Hepril TaJbMiBHHX TaMMa-KBaHTIB MPAKTUYHO
BIJICYTHI. | B IbOMY BHUIaJ Ky MaTepiajau TUIIy CBUHIIO Y1 OApUTOBOI IITYKaTypKH BXKE HE
€ epekTBHUMMU JUTA 3axXUCTy. Hanpukiaza, Ans CBHHLIIO MIap IECATHUKPATHOTO OCIA0ICHHS
JUIS BUTIPOMIHIOBAHHS ®mTe cknagae 0.9 MM, a IJIg raabMIBHUX raMMa KBaHTIB =
HOPS/IKY MIBTOPa CAaHTUMETPH, MPH TOMY, IO Ui BUIIPOMIHIOBAHHS BiJl pEHTTE€HIBCHKOT
TpyOkH 3 aHojgHOW Hampyrow 100 kB, necstukpaTHe ocnaOneHHS AOCSITAETbCs LIAPOM
CBUHIIIO, He OipmuM 3a 0.25 MM (micis nonepeaaboi GiapTparii 2 MM MIapoM alFOMIHIIO)
ToMy siIK BUCHOBKH 3 LIbOTO:

a. HalleQeKTHBHIIIMHA 3aXHCT BiJ TaJbMIBHUX I'aMMa-KBaHTIB — CTiHU 3 O€TOHY, a
roJIOBHE — 301JBIIIEHHS BiJICTaHI JI0 JDKepena, 10 € HAHONTUMAIBHIIIMM 3 TOYKH
30py CIiBBiIHOMIEHHS (DI3MYHOI Ta €EKOHOMIYHOT €()eKTUBHOCTI.

0. YCKIQIHIOIOTHCSA 3aXOJu 13 pajianiiHoi Oe3NeKr MEIUYHOTO MEepCOHAIy, SKHi
BBOJIUTH IINpHUIIaMH (papMIpenapaT B KPOB MALi€HTa, 3aXUCHI YOXJIH i3 CBUHIIIO 1
HaBITh 3 BOJIb()paMy He BHPILIYIOTH MOBHICTIO MpoOJIeMHU (MpU IBOMY CYTTEBO
YCKJIAIHIOKYHA POOOTH 1i3-32 CBOET BEIIMKOI MacHW), Ha TMepIie Micle s
3MEHIIEHHS OTPMMaHOi J03M IEepCOHaly B paioHI HaibLiB 1 KHUCTEH pyk
BHCYBA€ETHCS MiHIMI3allisl 4acy BBEACHHS (papMmmpernapary.

B. 3 TOYKH 30py pajianiiiHoi HeOe3meku SK A1 CaMUX HAIll€HTiB, TaK 1 Ui
OTOUYYIOUMX JIIOJIEH, XO4ya MOTYXKHICTh JO3U BiJ] MO3UTPOH BHIIPOMIHIOIOYHX
130TONIB Maiike Ha MOPSJOK BMIA 3a TaKy * BEIMUMHY JAJS TEXHELIo, aje 3a
paxyHOK KOpOTKOro mnepiofy HamiBposnany (6musbko 110 xBunmuH) 3arajibHa
KyMyJISTHBHA 1038 JUTSL TTAIEHTa OIHOTO TIOPSIKY 3 103010 Big " Tc.

JleTanpHO 3 MUTaHHSAMU NMOOYAOBH pa/lialliiHOTO 3aXUCTY 1 pajianiiHoi Oe3reku mpu

nposesenni nporenyp [IET miarHOCTHKH MOKHA o3HaiomuTucs B [1, 2].

Slkmo s oTpuMaHHs 8¢ BUKOPUCTOBYEThCSI PEAKI[is 13 3aMillleHHAM HeHTpoHa
IIPOTOHOM B p+20 — n+®F YTBOPIOETHCSI  IHTEHCHBHUM TOTIK  JIOCTaTHbHO
BHCOKOEHEPreTUYHUX HEHTPOHIB, IPU BUPOOJIEHHI aKTUBHOCTEH (PTOPY Ha PIBHI KUIBKOX
KIOpi TIOTIK HEHTPOHIB Moxe mocsraté BemmuwmH 10'2 3a cexymmy B TimecHuil KyT 4m.
[Ticnst TepMmamizamii Ha €JIeMEHTax KOHCTPYKIIi LMKIOTPOHY Ta CTIHKax 3aXHCHOIO
OyHKEpy YTBOPIOETHCSI IHTEHCUBHHUI MOTIK TEIUIOBUX Ta PE30HAHCHUX HEUTpoHiB. B
pe3ynbTari 1HTEHCHMBHO NPOXOASATh peakiii 3axOIUIeHHS HEHUTPOHIB. 3a paxyHOK
BHUCOKOEHEpPreTHYHUX HEHUTPOHIB MPOXOAATH 1HINI SAEpHI peakiii 3 HelTpoHamu. Bee e
NPU3BOAUTH JI0 JOCUTH BEIMKOrO pajianiiHoro ¢GoHy HaBeNeHOI pajiaiii, 3 SKUM
HEOOXiJTHO OOpOTHUCS 1 BpPaXOBYBAaTH IPH PO3paxyHKax pajialiifHOToO 3axucTy i 3aco0iB
MOHITOPHUHTY. JI7 3MEHIIEHHS aKTHBalll KOHCTPYKLIMHHUX MarepiajliB BUPOOHUKHU
IUKJIOTPOHIB BUKOPUCTOBYIOTH B O0JIACTI MiIlIEHI MaTepiaju 3 HEBEIMKHUMHU IepepizaMu
B3a€MOJII 3 HEWTpoHaMu, a00 Taki €JeMEeHTH, aKTUBalllsi SKUX (OpPMYye paTl0aKTHUBHI
130TOMM 3 MajguM 4YacoM HamiBpo3many. Jlias 1ukiaoTpoHiB 6e3 BOYyIOBaHOTO
NPOTHHEHTPOHHOTO 3aXUCTy KOPUCTYBa4aM HEOOXIJIHO YHHKATH pO3TallyBaHHSI B
OyHKepi UKIOTPOHY ( OCOOJMBO B pailOHI MillleH1) PEYOBHH 3 BEIMKUMHU IepepizaMu
3aXOIJIEHHS TEIJIOBUX HeWTpoHiB. [Ipu akTuBaIiil MOBITPs HaOLIBII CyTTEBA MpobdIeMa
3aXOIUICHHS aprOHOM HEHTPOHIB 1 YTBOPEHHS pa/liOakKTHMBHOIO aprony-41 3 mepiogom
HamiBposnaay Maibke aBi roauHu [3]. 3 1muM epEeKTHBHO MOXKJIMBO OOPOTHCS IBOMA
nusixamMu. HaiOunem ehekTUBHUI — BUKOPUCTaHHS BHYTPIIIHBOTO KOMOIHOBaHOT'O



BOYZOBAaHOTO 3aXMCTy BiJ] HEHTPOHIB. B IIbOMYy BHUMNAIKy OMPOMIHIOETHCS HEBEIHMKA
00J1aCTh 3 TMOBITPSIM B PaiiOHI MilIeHI (JIECSITKH JITPIB) 1 1€ TOBITPS PO30ABIAETHCS 110
JOMYCTUMHX BEJIIMYMH HABEACHWX AaKTHBHOCTEH Tmepen BHUKUIOM B atMmochepy mpu
BEHTWIALII. SIKII0 BOYIOBaHUH 3aXUCT BIICYTHIN, 00’ €M aKTHBOBAHOTO MOBITPSI OYHKEPY
MOXE CKJIQJaTH JECATKH KyOOMETpiB 1 HOro po30aBieHHS A0 JIOIMYCTUMUX HOPM
3aJIMIIKOBOI aKTHUBHOCTI mpobiematuyHe. B 11boMy BHIagKy MPOBOISTH BEHTUIIALIIIO
UKJIOTPOHHUX CHCTEM 0e3 BUKHIY MOBITPA B aTMoc(epy, IO 3aKiHYeHH]1 HAIpaIIOBaHH
dTopy-18 akTHBOBaHE MOBITPS 3aKAYYETHCS B OAJOHM MiJ BEJIMKAM TUCKOM (IIPH IIbLOMY
00’eM OalOHIB Ma€e PO3yMHO HEBEJIMKY BEIWYHMHY) 1 MICISI BUYIKYBAaHHS (SIK MPaBHIO B
MeXax OJHi€l 700u1) I po3naay aprony-41 BUKMAAEThCs B aTMOc(epy MpH MOCTIHHOMY
paniaiiifHoMy MOHITOPHHTY.

3. B mporeci BupoOHuUIITBA (hapmipernapaTiB Ha OCHOBI TO3UTPOHHO BHITPOMIHIOIOUYHX
130TONIB, OCOONMBO MpPH BHUKOPHCTAaHHI JIETKO JIETIOYMX UM Ta30BHX KOMIIOHEHTIB
(0co0sMBO 11€ BITHOCHTHCS 10 KapOoHy-11) € pu3uK BUTOKY PaliOaKTUBHUX KOMITOHEHTIB
B BEHTWUALINHI cucTeMH (IO MOXE IPHU3BECTH 1O iX BHUKUAY B arMmocdepy) 1 y
BHYTPIIIHIA MPOCTIp MPHUMIIIEHh TEXHOJOrUYHOro JaHmoxKy IIET-mgiarHoctuku [4].
Tomy HeoOXigHu Oe3repepBHII MOHITOPHHT PIBHIB paiamii y BEHTHISALIHHAX KaHaIax
1 IPUMIIICHHSIX 13 aBTOMAaTHYHUMHU CHCTEMaMH OJIOKYBaHHS BEHTUJIAIII Ta CIOBILICHHS
NepcoHaly Mpo apapidHui BukuA. lle AoCTaTHRO CKIaJHA 3a7ava, OCKIIBKHA TIpU
KOHIEHTPAIIAX PaTI0aKTUBHOCTEH, OJIM3BKUX N0 AOMYCTUMHUX, NpPSIME BHUMIPIOBAHHS
JNETeKTOPHUMH  cucTeMamMu  0e3  KOHLEHTPYBAaHHS  paliOaKTHBHHUX  130TOHIB
npobOieMarnyne [5].

3ade3nevyenns rapaTii sxocti npu [MET-giarnoctumi. OCKiTbKU METOAMKA TTO3UTPOHHO-
eMiciifHoi Tomorpadii JOCTaTHBO CKJIaJHA 1 TEXHOJOTIYHWUK PIBE€Hb CKJIAJOBHX BHUCOKHH, IS
rapaHTyBaHHS BHCOKOTO PIBHS SIKOCTI BHKOHAaHHSA Bcix mpouenyp IIET nanioxky HeoOXimHe
BUKOHAHHS ITIJIOTO PsAY YITKO BU3HAYEHUX JMii K npu GopmyBanHi BigaiiaeHs [TET-giarHocTukwy,
TaK 1 MPU MOTOYHOMY BUKOHAHHI KOHTPOJIO Ta HAIAIMTYBAHHIO allapaTHO-IIPOTPAMHHUX CHUCTEM.
PisHuME opraHizamisiMd po3poOJIeHO ITy HHU3KY MPOrpaMHUX 1 TEXHIYHUX JOKYMEHTIB IS
npoBeJeHHs Takux mnpoueayp. HaiGunbm Bimomi cepen Hux gokymeHTH MAI'ATE (manmpuxian
[6,7]), akpeaurartiiini mporenypr AMeprukaHchkoro kosemky pamionorii (ACR accreditation, [8])
ta NEMA cranmaptu 2001 ta 2007 poxie (NEMA standards for positron emission tomography,
[9D).

HNET-aiarnocTuka y BeeykpaincbkoMmy 1HeHTpi paaianiiinoi xipyprii kiainiunoi jgikaphi
«®eodanisi». B pamkxax BceykpaiHcbkoro HeHTpY paaiaimiifHoi Xipyprii KIiHIYHOI JiKapHi
«®Deodanis» y Kuesi Bxe Ourpiie poky ¢yHkuioHye migposnin [IET-niarHoctuku 3 moBHUM
TEXHOJIOTIYHUM JIAaHI[FO’)KKOM BiJl HANpalfoBaHHs Ha MUKJIOTPOHI (propy-18 i Burorosnenus POII
1o ckanyBanHs Ha [IET/KT Tomorpadi. [{ukioTpon mae BiacHuil BOy1I0BaHHM 3aXUCT, IO CYTTEBO
MOKpAIIy€ 1 CIPOIILYE MOBHU i 3a0e3MeueHHs] BUCOKOTO piBHS pajianiiinoi 6esmexu. [Ipu po3poOiri
IPOIIETyp BpPaxOBYIOTHCS BCi HACTAHOBH HE TIIBKM YKPATHCHKOTO 3aKOHOIABUOTO IOJIS, aje i
OCHOBHHMX AaBTOPHTETHHX OpraHizamid B mid oOmacti [5-8]. ns TomorpadiuHOro ckaHyBaHHs
sukopucroByethes [TET/KT tomorpad Biograph 64 TruePoint ¢pipmu Siemens, B pamkax cuctemMu
yIpaBJiHHS sKicTIO migpo3ain BukopuctoBye ¢anrtom NEMA [EC Body phantom 3rigHo
craumapty NEMA NU2-2007, ACR ¢antom «Flangeless Deluxe ECT Phantomy 3rigHo
akpemuTaniinoi nmporpamu ACR 3 snepHoi MenunmHu, 103HUi Kamioparop Atomlab™ 500 Dose
Calibrator (Biodex) ta iniie HOBITHE 0018 THAHHS.
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AHoTanisi. J[oTOBigs MPHUCBSIYEHA BHCBITICHHIO aKTyaJlbHUX MPOOIEM IHIMBIIYalbHOTO JO3MMETPHIHOTO
KOHTPOJIIO MPOo(eciiHOro OMpPOMIHCHHS B MEIUIIMHI, a caMe — OIlHII e()EeKTHBHOI J03M 30BHIIIHBOTIO
OTIPOMIHEHHS TIPM BHMKOPUCTAaHHI 3aXHUCHHUX OOJagyHKiB, IO3MMETpii KIHI[IBOK Ta KpHUINTAIUKA OKa,
JIO3UMETPii HEUTPOHHOTO BUITPOMIHIOBAHHS IS IEPCOHATY IPUCKOPIOBAYIB.

AnHoTanus. JIokiaa MOCBAIIEH OCBEIICHHUIO aKTYalbHBIX MPOOJIEM HHIAMBHIYAILHOTO JO3UMETPHUYECKOTO
KOHTPOJIS MPO(eCCHOHATBHOTO 00IyUeHHsI B MEIUIIMHE, @ UMEHHO — OlleHKe 3()()eKTUBHOM J103bI BHEIIIHETO
o0JydeHHs] TPU WCIOJB30BAHUH 3AIUTHOTO CHAPSDKEHUS, JO3UMETPUU KOHEUHOCTEH M XPYyCTalluKa,
JIO3UMETPUH HEUTPOHHOTO M3ITYUYCHUS TS IEPCOHANA YCKOPUTEIICH.

Abstract. The presentation is devoted to discussion of the significant problems of individual dosimetric
monitoring of occupational exposure in medicine, specifically — assessment of effective dose of external
exposure in case of use of protective gear, dosimetry of extremities and lens, neutron dosimetry for
accelerator operators.

Karwouosi ciioBa: 1o3umeTpis, J03UMETPUYHINA KOHTPOIIb, MPOQeciiiHe ONpOMiHEHHS, METUYHUH MEPCOHAIL.
KiroueBble cjoBa: J03MMETpHSA, JO3MMETPUYECKHH KOHTPOJIb, MNPOQPECCHOHANIBHOE O0OIydYeHue,
MEIUIMHCKAHN MepCOHa.

Key words: dosimetry, dosimetric monitoring, occupational exposure, medical staff.

Beryn. Jlenani mmmpiine BUKOPUCTaHHS HOBITHIX paiallifHUX TEXHOJIOTIH B MEIUIUHI
(intepBentiitna pamiosnorisi, [IET Tomorpadisi, mprckoproBaui eIEKTPOHIB Ta Ba)KKHX 10HIB TOIIO)
BUCYBa€ HOBI 3aBIaHHs B Taly3l IHOUBiIyanbHOro jgo3uMeTpuuHoro koutpoiw (IIK)
npodeciiinoro onpominenHs. [lommpeni B Ykpaini 3acobu it meroau [JIK Bxke He BIIIOBIIAIOTH
Cy4acHHMM BHMOTaM, 3a0e3Me4yroud, y KpamoMy BHUIAJIKy, KOHTPOJb raMMa/peHTTeHiBCHKOTO
OIIPOMIHEHHSI BCHOTO Tila B JJOCUTH BY3bKOMY CHEPIe€TUYHOMY Jiamma3oHi (JecsTKU-cOoTHI KeB).
@dakTudHO 0€3 KOHTPOJIIO 3AIUIIAIOTHCSA 03U Ha KIHIIBKMA (Ja0OpaHTIB Ta MaHIMyIAI[IHHAX
MeJcecTep, o npairoroTh 3 /IIB, a Tako iHTEepBEHUIHHUX PaJioNoriB), 103M Ha KPUIITAIUK OKa,
JI03M HEUTPOHHOTO BUIPOMIHIOBAHHS IEPCOHANY, IO BUKOPHUCTOBYE NPHUCKOPIOBAYl 3 €HEPTri€ro
esnlekTpoHiB Buiie 8 MeB. Okpemoro mpo0OiaeMor0 € KOpPeKTHE BHU3HA4YEeHHS €QEeKTHBHOI J03U
IHTEPBEHLIMHUX paaloNoriB, fAKI MpamiolTh y Oe3nocepeaniil OMM3BKOCTI 10  JKepen
PEHTTEHIBCHKOTO BHIIPOMIHIOBAaHHS Ta BHKOPHUCTOBYIOTH 3axHCHUH onsar ((apryxu, Komipw,
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crigHuIi). BiZICyTHICT KOHTPOJIIO HE O3HAYA€ BIJCYTHOCTI MPOOJIEMU — YacTO PiBHI OMPOMIHCHHS
OKpPEMHUX OpraHiB MOXXYTh HAOJMKATUCS Ta ¥ HaBITh MEPEBUIINYBATH JIIMITH J03W, BCTAHOBIICHI
HPBVY-97 [1]. T'ocTpoTu mipobsieMi KOHTPOIIO 03 KPUINTAIMKA OKa HAWOIMKYIUM 4acOM JOJIACTh
neperyisi (3HWKEHHS y 7.5 pasu) JIMITY 034 JUIsl IIbOTO OpTany, sike Oyio iHiniioBane MKP3 Ta
norpanwio 10 HoBoi penakiii OcHoBHux HOpM Oe3neku MATATE. CopoGyemo y 1iii poOoTi
KJacuikyBaTH METOAMYHI MPOOIEMH T03UMETPii MPodeCiiHOTO OMPOMIHEHHS MPHU BUKOPUCTaHHI
HOBITHIX MEIMYHHUX TEXHOJIOTIH Ta OIIHUTH CYYaCHHH CTaH METOJUYHOTO Ta TEXHIYHOIO
3abe3nevenHs [JIK mennanoro nepconany B YkpaiHi i CBiTI.

KonuentyanbHi mnpo0JieMd KOHTPOJIO 103 ONPOMiHEHHSI MeIUYHHMX TNpaliBHHUKIB.
["'0710BHOIO KOHIIENTYaIbHOIO MEPEMOHOI0 I 0e3M0cepeIHhOT0 BUKOPUCTAHHS JaHUX BUMIPIOBAHb
IHIUBIIyaJIbHUX JI03 € T¢, 10 BEIWYMHH, Y SIKUX 3IHCHIOETHCS HOPMYBAaHHS OC3IICUHUX PIBHIB
OTNPOMIHEHHS TepcoHary (e()eKTUBHA /1032, €KBIBaJCHTHI JI03M Ha OKPEMi OpraHU Ta TKAaHWHH) €
MPUHIIMIIOBO TaKUMU, IO iX HEMOXJIHMBO BUMIpATH. Tak, epeKTHBHA 1033 € 3BaXKCHOI CYMOIO
€KBiBaJICHTHUX 703 Ha opranu (12 opranis, 3riguo 3 Ily6mikamiero 60 MKP3 [2] uu HPBY-97 [1]
abo 14, 3rigao 3 HOBOW (2007 pik) Ilyomikamiero 103 MKP3 [3]) i3 BiaNOBIIHUMH BaroBUMH
MHOKHHKaMmH. EKBIBaJIeHTHI JJO3M Ha 111 OPTraHu, a TAKOX Ha OPTaHu, IJis SKHUX BCTAaHOBJICHI OKpeMi
HOPMAaTUBU — JIMITH 103 (KPUINTAJUK, IIKipa, KACTI Ta CTOMH) HANpPSIMY HEMOXKJIUBO BUMIDPSTH,
OCKUIBKM IS IOTO TOTPIOHO Oyno O pO3MICTUTH TKAaHWHOCKBIBaJICHTHI (sic!) merekTopu
JO3UMETPIB Yy MICHSX PO3TAIIyBaHHS BiINOBIAHMX oOpradiB. Ti K JO3MMETPUYHI BEIIMYUHH, SKi
MOKHa (DI3MYHO CTPOTO BUMIPSTH (HAIPUKIIAJ, TMOTJIMHEHA J03a Yy MOBITpi) HE MAalOTh MPSMOTO
3B‘SI3KY 13 JI03aMH y TePMiHAX SKHX BCTAHOBJICHI HOPMAaTHBHU.

MKPO ta MKP3 niponoHytoTs KOMIIPOMICHE PILIICHHS y BUTJIS1 BBEICHHS Ta BUKOPUCTaHHS
T.3B. ONEpaliiHUX (POOOYMX) BEIMUYUH SIKi O, 3 OTHOTO OOKY, MOYKHA OYJI0 MPAKTUYHO BUMIPSTH Ta
saKi 0, 3 IHIIOro OOKy, HaONIKyBadu (3a TMEBHUX, YITKO BH3HAYCHUX, YMOB) BEIWYUHU MJIS
HOpPMYBaHHS. Y KOHTEKCTI JO3UMETPHYHOTO KOHTPOJIO OINPOMIHCHHS JIIOAWHH, SK TakKy
orepaliiiHy BeTUYHHY 3allPOIIOHOBAHO BUKOPHCTOBYBATH MEPCOHAIBHUI ekBiBajeHT 103U, Hp(d) —
EKBIBAJICHTHY 103y Ha IMIMOMHI d MM I 3aJlaHOX0 TOYKOK Ha Till JIIOAWHHU. BigmoBigHo, B
3QJIGKHOCTI Bij TmOWHM d, 1S omepariiiHa BelIWYWHA Mae HAOJNMKYyBaTH Pi3HI BEIMYWHH, SKI €
BaXUIMBUMHM 3 TOUkH 30py HopmyBaHHs: Hp(10) — edexruBny nosy E, Hp(3) — exBiBajieHTHY 103y
kpumranuka, Hp(0.07) — exBiBasieHTHY 103y 1mKipu (70 MKM — MIMOMHA 3ajIsITaHHS paliovdyTIMBOIO
0a3anbHOrO APy LIKIPH).

Xoua Takuil MiAXif (BUKOPUCTAHHS OMEpAIlifHUX BENUYHMH SIK CyporaTy BEJIWYHUH, IO
HOPMYIOThCSI) Ha ChOTOAHI € 3aranbHOBU3HaHMM Ta npuiiHATHE MKP3 Ta MAT'ATE (OcHOBHI
npaBuia Oesmeku — BSS-115 [4]), #oro BuKoOpuCTaHHS Mae€ 3AIMCHIOBAaTHCH 13 TIEBHUMHU
3aCTEPEKEHHSAMH Ta 13 YITKUM YCBIJJOMJIEHHSIM MexX 3acTocyBaHHA. Tak, BukopuctanHs Hp(10) sx
Mipu e(hEeKTUBHOI J103M HEMOXXIIMBE Y CHUIBHO HEOJHOPIAHMX (YaCTKOBE OMPOMIHEHHS Tija) 4u
aHI30TPONHMUX paJiallifHUX TMOJIAX, a TaKOXX IPU BUKOPUCTAHHI 1HJMBIIYaJbHUX 3aXHCHUX
o0nanyHkiB (¢papTyxiB, KOMIpiB, CIIJHUIE). Y PEIITI BHUIAJKIB 3arajJbHOCBITOBOIO MPAKTUKOK €
BHUMIPIOBAHHS OIEpAIlifHUX BEIWYMH 32 JIOTIOMOTOI OCOOJMBHM YHWHOM CIIPOCKTOBAHHX Ta
BiJIKaiOpOBaHUX JO3UMETPIB Ta Oe3mocepenHe BHUKOPUCTAHHS LUX pPe3yabTaTiB (y OJUHHUIILX
orepanifHUX BETUYMH) AJIs OLIHKHM 103, B TepMiHAX SKHUX BCTAHOBJIEHI HOpMaTHBHU (e(peKTHBHA
J103a, CKBIBAJICHTHI O3 Ha IIEBHI OpraHu).

IIpodaemu npuiaanosoro 3adesnedyenns: I/IK B cyuacuiii meanuniii nmpakrtuui. OgHa 3
OCHOBHHUX TIPO0OJIeM MpHUIa0BOro 3abe3mneueHHs, 0COOIMBO Ha TepeHax YKpaiHW, BUILIUBAE 3 TOTO,
10 HalOIBII po3noBciokeHi npuianu (cucremu) I[JIK Oynu po3pobieni me no npuiinarrs MKP3
ta MKPO xonmenmii onepariiinux BenudyuH (BigOymocs 1e Ha modatky 1990-x pokiB). Jleski
cuctemu [JIK B3aram pospaxoBaHi Ha KaniOpyBaHHS y TEpMIHAX IppesIeBaHTHUX OJUHUIIb,
HANIPUKIIA]], €KCTIO3UINIHIN /1031, KA 32 BU3HAUEHHSIM XapaKTepHU3ye 10HI3aIlil0 CyXOTo MOBITPs 1 HE
Ma€ BIJHOIICHHS J0 TMOTJIWHEHOI YW EKBIBAJICHTHOI 103W. BiAmoBimHO, HAWOUIBII MOIIMPEHI B
npaktuii [JIK menuunoro nepconany Ykpainu qozumerpu cuctemu JTY-01 (T.3. ,,uepenamka’ uu
,00%a KOpiBKa™) 37aTHI BUMIPIOBATH J03Y BChOTO Tia (IpH neBHOMY KaniopysanHi — Hp(10), ane
TUTBKH A1 (DOTOHHOTO BMIIPOMIHIOBAHHS JUIS JIOCUTh BY3bKOI'O Jlialla3oHy €HEprii Ta KyTiB
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NaJiHHg BHUIPOMIHIOBaHHs). BojaHoYac, BOHM B IPHUHIMIII HE CIPOMOXKHI BH3HAYATH JIO3H
HEUTPOHHOTO BUIPOMIHIOBAHHS, JI03M Ha KpPUINTAIUK YW IIKIPy, TOOTO OUIBIIICTH BHUIIB
OTPOMIHEHHSI Ta opraHiB, st skux HPBY-97 BcraHoBmIO€ MiMITH 103 Ta sIKi Jealli 4acTilie
3YCTPIYAaIOThCSA NMPU BUKOPHUCTAHHI CYYacHMX paialliiHUX TEXHOJOTiM B MemunuHi. Takox, I
JO3UMETPHU, HE TpPHU3HAYCHI JJII BUKOPHCTAHHS B YMOBAX ONPOMIHEHHS JIIOJUHH IIiJl PI3HUMH,
3a37aJIeTiIb HEBIJOMHUMH, KyTaMH — IXHI KYTOBI 3aJIe)KHOCTI YYTJIMBOCTI € CHJIBHO BUPKEHUMH 1
CYTTEBO TOCTYMAOTHhCS OUThIN cydacHUM cuctemam. Lli Baam, ski Oynu mMmiaATBEpIKEHI
pe3ynbTaTaMu MDKHAPOJIHMX 1HTepKamiOpyBaHsb [5], cyTTeBo 0OMexyroTh Bukopuctanus [TY-01 B
YMOBaX Cy4aCHOI MEIMYHOI ITPAKTUKH.

[Hmoro mpoGiaemMor0 € oOMexeHa CIPOMOXKHICTh BHUMIPIOBATH YBECh PEJIEBAaHTHHMA HaOIp
onepaniiaux BenmuuuH: Hp(10) doToHHOrO (raMmMa Ta PEHTTEHIBCHKOTO pPI3HMX CEHEprii) Ta
HelTpoHHoro BumpomiHtoBanHsA, Hp(3) Ta Hp(0.07) peHTreHiBCbKOTO Ta M‘SIKOr0 ramMma
BUITPOMIHIOBAHHS, /103 HA KIHIIBKU (y MEpIIy 4Yepry — Mmaiblli Ta KUCTI pyk). Ha choromni ms
npoOjeMa HE Mae YHIBEPCAJIbHOT'O PO3B‘S3KY — BIJJOMI CyYacHl JMO3UMETPUYHI CHCTEMH 3/aTHI
BHUMIPIOBATH OKpeMO (aje He BOJHOYAC!) BCi MeperideHi BEMUYMHHM Ta X OOMexeHi KoMOiHallii,
BHUOIp Bapianty go3umerpa (Hanpukiaaa Hp(10) ramma + mediTtporHoro a6o »x Hp(10) ramma +
Hp(3) + Hp(0.07) To1110) 3a1€KUTH BiJ] OYiKyBaHMX YMOB OMPOMIHEHHS 0COOH.

Jocuth cyTTeBa mpoOiemMa IMOCTae 4yepe3 BBEACHHS HOBOIO HOPMATHBY MAJI KPHUINTAIHKA
oka — 20 M3B Ha pik 3amicTh 150 M3B, K BCTaHOBJICHO HMHI. J[0 CHX mip 3arajJbHO BU3HABAJIOCh,
110 HEMepeBUIIECHHS JIMITY 1034 Ha Bce Tijo (20 M3B) Ta Ha mkipy (500 m3B) rapantye nmus 1iei
0CcOo0M HEMepeBHINEHHs JIMITY s kpuinranuka (150 mM3B) 1 Tomy 6e3mocepelHbOMY KOHTPOJIO
JI03W Ha KPUINTAIUK NPUILIAIOCh MeHmle yBard. llepernsan y OiK 3HMDKCHHS JIMITY JIO3M Ha
KPHUINTAJIUK BUBOJHUTH IMPOOJIEMY KOHTPOJIIO IIi€i 03K HA mepinii TuiaH. [IpobieMa ycKiiaqHIOEThCs
BIJIMIHHICTIO JIOKaJIi3allii 1o3uMeTpa (3a3BUuail — Ha piBHI IPYACH) Ta 0Ka, a TaKOK MOAU(IKYIOUUM
BIUTMBOM 33aXUCHHX OKYJISIPIB Ha JI03y HAa KPHUINTAIUK. 3apa3 3a KOPJOHOM BEIEThCS PO3pOoOKa
HoBUX jao3umeTpiB Hp(3), ki OyayTh mo30aBieHI IIUX Bajl.

Ile omuiero mpoodiemoro npuiagoBoro 3ade3neueHHs IJIK B Ykpaini € Te, 110 BUIle3raaaHi
cuctemu JITY-01, 3a 1onomMoror sKux 3apa3 3AiHCHIOETHCSI MOHITOPUHT OJH3bKO 98% MenuuyHuX
NpAaliBHUKIB, € PyYHUMU TNpHIaJaMH, SIKI HE MalOTh aBTOMaTH3allli BUMIPIOBaHb Ta, TOJIOBHE, HE
30epiraroTh MEpBUHHI pe3yIbTaTH BUMIPIOBAaHb (NTOKa3aHHS MPUIAAY 3YUTYETHCS 3 TaOIO Ta BPYUHY
3aHOCHUTHCSI OINEPATOPOM JIO KypHAJTy BHMIPIOBAaHb) 1, BIJIMOBIIHO, HEMA€E >KOTHOI MOXKJIMBOCTI
MOBEPHYTHUCA JI0 PE3yJbTaTiB 3UMTYBAaHHS J03UMETpa Ta MOBTOPHO iX MpoaHali3yBaTu. Tak caMo
BIJICYTHS MOXJIMBICTh apXiBallli MEPBUHHUX JaHUX (SIK Le Oyno, HalpHUKiaa, MPU BUMIPIOBAHHAX
IUTIBKOBUMHU JIO3UMETpaMu), siki 0 Mamu oQimiiiHy CHIy Ha BHIAJOK TMEperisay CHipHUX
pesyabtatiB [AK. Leit nemomnik icayrounx TJIJ] cuctem crae nemaini OUIbIN aKTyaIbHUM 3 OTJISAY HA
CYBOpi1 BUMOTH 3aKOHOJIaBCTBa YKpaiHU B Taiy3i pajialiifHOTO 3aXUCTy Ta BiAMIKOIYBaHHS IIIKOIU
NP TIEPEONTPOMIHEHHI.

IIpodaemun metrposioriunoro 3ade3nevenHss IJIK. KaniGpyBanus iHAMBIAyalbHUX
JIO3UMETPIB B TEpMIHAX OINEpaliiiHMX BEIUYMH BHMAara€ BUKOPHCTAHHS BIJIIMOBIJHUX €TaJOHIB
(kamOpoBaHUX JKEpeN BUIPOMIHIOBAHHS) Ta 3aCTOCYBAHHS HEOOXITHUX TaONUIh KOHBEPCIMHUX
koedimienTiB. OcTaHHINA acmekT 100pe OmparbOBaHUM Ta BKIIOUCHHUH 0 BIAMOBITHUX MyOTiKaIlii
Mixnapoanoi opranizamii cranaaptiB (MOC-ISO) [6], ogHak mpu mpoBeeHHI KamiOpyBaHHS CIil
CYBOPO KEpPyBATHUCS OMHUCAHUMHU y IHX IMYOJIKAIIIX MpoIeaypaMu Ta Koe]illleHTaMd — BHMOTa,
sIKa, Ha Kallb, HE 3aBXK/IU BUKOHYETHCS.

binpm cknagHo0 € mpobiieMa BIICYTHOCTI Yy LEHTpPAax METPOJIOrii yCiX HEOOXITHUX
KamiOpoBaHUX JDKepeNl BUIpOMiHIOBaHHS. Jlo Takux BIJHOCATBCS CTaHOApTHI JDKepena
PEHTTEHIBCHKOTO Ta TraMMa BUIIPOMIHIOBaHHS pI3HUX €Heprid, Oera-Tkepena, €TaJOHU
HEHUTPOHHOTO BUMPOMiHIOBaHHS. He 3aBkau B METPOJOTIYHHMX JTa0OpaTopisx HasBHI HEOOXigH1
JoKepena, a 1edKl 3 eTaJIOHIB MOKYTh OyTH BIICYTHIMM # y 1Tl neprxkasi. JlocBi mokasye, 1o Taki
npo0OJieMH 0 IEBHOT Mipy MOXKYTh BUPIIITYBATUCh 32 PAXYHOK MIXKHAPOAHOTO CIIBPOOITHUIITBA.

3anopykolo yCIHiXy TpU pO3B‘s3aHHI TpoOsieM MeTposoriyHoro 3aodesneueHHs [JIK e
NOCTIHMIA KOHTAKT (haxiBILiB B rajy3i METpOJIOTii Ta mpakTHYHOI Ao3uMeTpii. OjnHiero 3 ranysei
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TaKOro CIIBPOOITHUIITBA € TIPOBEJACHHS iHTepKaniOpyBaHb cuctem IJIK, sike siBisie coboro crinuit
TECT, NPH SKOMY JO3UMETPH JIabOpaTOpiii-ydyacHUIIP OMPOMIHIOIOTHCS Yy HEBIIOMHUX IJIsi HUX
yMOBax (BUOW Ta €HEPrii BUIPOMIHIOBAHHS, KYTH OIPOMIHEHHS, BEIMYMHA JO3HM), a IOTIM
BH3HAUEHI 32 IONIOMOT'0I0 3BUYAMHUX MPOLEAYp HAKOMUYEH] J03H MOPIBHIOIOTHCSA 3 HOMIHAIbHUMU
(3amaHMMH TIPH  ONMPOMIHEHHI) 3HAYEHHSAMHU. baratopiuHuii JOCBII MPOBENEHHS TaKUX
MDKHApOJHHUX Ta HAIIOHAJBHUX 1HTEPKaTiOpyBaHb MOKa3aB iXHIO HA/3BUYAHY €()EKTHUBHICTH Ta
JIIE€BICTH B IUIAHI MIJBUIICHHS SKOCTI BUMIPIOBAHb.

IIpo6aemn iHTepnperanii pe3y/jbTaTiB BUMipIOBaHb Ta OWIHKH 103. PO3BUTOK HOBITHIX
pamiamiifHUX TEXHOJOTIH B MEIUIIMHI 3HAYHO PO3MIMPIOE CHEKTP YMOB OMNPOMIHEHHS Ta BHUIIB
BUIIPOMIHIOBAHHS, L0 AIIOTh Ha JIOAMHY. Halimepmum 3aBHaHHsAM IpH IJIaHYBaHHI IPOrpamMu
JO3UMETPUYHOTO KOHTPOIIO MPOQECIHHOIO OMPOMIHEHHS MEIUYHOTO IEePCOHANY € PEeTelbHUN
aHaji3 BIpOTIAHUX YMOB OINPOMIHEHHS, BHJIB BUIIPOMIHIOBAHHS, SIKI BIUTMBATUMYTh Ha JIFOAUHY,
BU3HAUCHHSI OPTraHiB, IO OMPOMIHIOIOTHCS Ta BHUIIB KOHTPOIO. YacTo BUHATKOBOTO KOHTPOJIIO
(OTOHHOTO ONMPOMIHEHHS BCHOTO TiJla HEJOCTATHBO JJII KOHTPOJIIO BCIX 103, mis skux HPBY-97
BCTAHOBIIIOE JMITH. Tak, mMOpy4 3 KOHTPOJEM JO3MMETPaMH BChOrO Tija OyBa€ HEOOXIJIHHUM
KOHTPOJIIOBATH OMPOMIHEHHSI PYK, HIKIpH 4M KpHUIUTanuka. Jlemam dacTilie BUKOPHUCTOBYIOTHCS
BUCOKO CHEPreTUYHI TPUCKOPIOBAYi, BHUKOPUCTAHHS SKUX  CYIPOBOJKYETHCS  IOSBOIO
doTonelTpoHiB. TakuM ynHOM, IpH MaHyBaHHI [JIK moBHHHI BpaxoBYBaTHCh BCl 3HAUYII IUIIXH
OTPOMIHEHHS TIEPCOHATY Ta 3a0e3MeTyBaTUCh HEOOXIJHHMI KOHTPOJIh YCiX PEJICBAHTHUX OPTaHIB Ta
BiJI HasBHUX BHUJIB BHIPOMIHIOBaHHA. KpiM TOro, mpu 3acToCyBaHHI JO3UMETPIB HEOOXiTHO
BIJICTC)KYBAaTH BIJIOBIIHICTH YMOB OINPOMIHCHHS (BHJ BUIIPOMIHIOBAHHS, CHEPris, KyT MaiHHS
MIPOMIHHS) XapaKTEPUCTUKAM JO3UMETPa Ta YMOBaM HOTO KaniOpyBaHHS.

Bak/IMBOIO MPAaKTHYHOIO IIPOOJIEMOI0 € BUOIP MICIsl HOCIHHS Jo3UMeTpa (1e came Ha TyJyOi
JIOJIMHU, Ha SKOMY MaJIbIi UM 3am‘sSICTi TOIIO) Ta, 32 HEOOXiAHOCTI, BU3HAUYEHHS KOHBEPCIHHOTO
KOoeQIIli€HTY IEPEXO0Ty 10 BEIIWIMHH, Y SIKIH 3IHCHIOETHCSI HOPMYBaHHS.

Oxkpemoro, A0Ci He 0 KiHIIS BUPIMICHOIO MPOOJIEMOI0 € BU3HAYEHHS e(DEeKTUBHOI 103U MPHU
BUKOPHUCTAHHI TMEPCOHAIOM 3aXUCHHX OOJAJYHKIB. 3araJbHUMA MiIXi[ TMOJATAE Y OJHOYACHOMY
BUKOPHUCTAaHHI JBOX JO3MMETpPIB (Haa Ta MiJ 3aXWCHUM (apTyxoM), OJHAK aNTOPHUTMH OIIHKU
e(eKTUBHOI J03M Ta W HaBITh MICI pO3TAllyBaHHS JO3MMETPIB MOKU IO HOTPeOyroTh
OoOTpyHTYBaHHS Ta CTaHAApTH3ALIII.

BucnoBku. Ilpy mnoszipHiii HpocTOTI 1HAMBIAYAJIBHOTO JO3UMETPUYHOTO KOHTPOJIIO 3a
JOTIOMOTOI0  1HAMBIAYaJIbHUX JIO3UMETPIB KOPEKTHA OILlIHKAa 103, fKi MalTh KOHTPOJIOBATUCS
srigHo Bumor HPBY-97 € nocuth HeTpuBianbHUM 3aBIaHHAM. J[OCSATHEHHS HAaJEXKHOTO pPIBHSA
KOHTPOJTIO TIOB‘SI3aHE 3 PO3B‘S3aHHSAM IIJIOTO KOMIUIEKCY HaYKOBO-METOAMYHUX Ta OpraHi3aiifHux
npobnem. YactuHa 3 mmMx mnpodlieM € MPUTAMAHHOKO JIMINE HAllii Jep)KaBl Ta MOXe OyTu
po3B‘s3aHor0 yepe3 mpuBeneHHS [JIK y BiAMOBIAHICTH O Kpalor CBITOBOi MPAKTUKH, JEAKi 3
npo0JieM J0Cl HE MaloTh PO3B 3Ky aje HajJ HUMHU MPalIOIOTh BUEHI PI3HUX KpaiH y MIKHAPOJHIN
Koormeparilii. MoxkHa 3 BIIEBHEHICTIO CKa3aTH, IO MEPUIUM 1 TOJOBHUM KPOKOM Y HAJIONYKEHI [UX
po0JIeM € YCBIIOMJICHHS iX HASBHOCTI Ta BOJISI 10 TIOJIOJIAHHS BITOMHUX HEJIOJIIKIB.
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Abstract. The article describes the attitude of The State Nuclear Regulatory Inspectorate of Ukraine on
medical physicist's work for radiation safety of patients in therapy and diagnostic.
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Jlep’aBHa IHCIIEKIIisl SAEPHOTO PETyJIOBaHHS YKpaiHU € TOJOBHUM LIEHTPAJIbHUM OPIaHOM
BUKOHaBUOi BiaauM 3 (OpMyBaHHS Ta peamizalii Jep’kaBHOi HOMITUKH Yy cdepi Oe3nexu
BUKOPUCTAHHS SICPHOI €HEpTii, a TakoX 3IMCHEHHS JepKaBHOTO PETYJIIOBAaHHS SACPHOI Ta
paniamiiiHoi Oe3neKku, OCHOBHMM NPUHIMIIOM $KOI €: TPIOPUTET 3aXUCTy JIOAMHU Ta
HABKOJIMILIHBOTO MPUPOJHOTO CEPEOBHINA BiJl BIUIMBY 10HI3YIOUOTO BUITPOMIHIOBAHHS.

JlepxaBHe peryiroBaHHs O€3MeKd JpKepeNl 10Hi3yrouoro BuUMpoMiHIoBaHHA (mami — JIIB)
3a0e3neuyeTbesi  JlepkaromperyintoBaHHs YKpaiHM Ta i  TEpUTOpPIAIbBHUMHU OpraHaMu —
JIepKaBHUMHU 1HCHEKIISIMM 3 sJepHOi Ta pajiaiiiiHoi Oe3nmeku Yy BIAMOBIAHOCTI A0 YKazy
[Ipesunenta Ykpainu Bix 06.04.2011 Ne 403/2011 «IIpo 3arBepmxenHst IlonmoxkeHHs  mpo
Jlep>kaBHY 1HCHEKIIiIO SEPHOTO PEryilioBaHHA YKpaiHu» Ta 3akoHy Ykpainu «lIpo m03BUIBHY
JUSUTBHICTD B c(pepl BUKOPUCTAHHS SEPHOT €HEePrii».

OcHOBHOIO MeTOI0 AisuibHOCTI JlepakaromperynoBanHs YKpaiHu € 3a0e3neueHHs epeKTUBHOI
peaunizanii AepaBHOI MOMITHKU y cepl BUKOPUCTAHHS SIIEPHOI €HEeprii, JepKaBHOrO Harjisay 3a
JOTPUMAHHSIM HOPM Ta MPaBUJI 3 pajialiitHoi 6e3neku npu Bukopuctanti J{1B.

OpHuM 13 HaNpsAMKIB AisIbHOCTI JlepkaBHOI 1HCHEKIIT SAEPHOTO pEeryiroBaHHS YKpaiHH €
JI03BUIbHA Ta HAIJIAI0BA JAisUIbHICTH B cepi BUkopuctanus 1B y MmeaunuHi.

3Bakarouu Ha Te, M0 Ha ChOTOAHI B YKpaiHI CIOCTEPITaeThbCsl TEHMACHINS J0 301TbIICHHS
KUJIBKOCTI TPOBEJIEHUX PaAioJIOTIYHUX JOCIKEHb y MEIWYHMX 3aKiafax (4acTka peHTTeHO-
JIaTHOCTHKW Yy 3arajibHi KIJIBKOCTI PaioNIOTIYHUX JOCTipKeHb mepeBuirye 60%), MoxHa
CTBEpKYBAaTH, L0 Mai’ke KOXHA JIIOJUHA TiJJA€ThCS ONPOMIHEHHIO MiJ Yac MPOBEICHHS
MEIUYHUX MPOLEAYp, OB’ A3aHUX 3 BUKopucTaHHaMm [[IB.

CratucTuka TOBOPUTH Mpo Te, 1o 3a octaHHi 100 pokiB MO piBHIO 3aXBOPIOBAHOCTI Ta
CMEPTEJIbHUX BUMAJKIB Y CBITI OHKOIATOJIOTIA epemMictuiiacs 3 10-ro Ha 2-e MicIie, TOCTYNalunch
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auie XxBopobam cepreBo-CyaAuHHOI cuctemu. 3a ganumMu BOO3, koxeH pik ¢ikcyerses 10 MiH.
HOBUX BHUIIAJIKIB 3aXBOPIOBaHb Ha pak. B YkpaiHi mopoky peecTpyroTh 165 THCSAY HOBUX BUTIAIKIB
3axBOpIOBaHb Ha pak. OnHUM 3 3ac00iB OOPOTHOM 3 PaKOM 3aJHUILAETHCS MPOMEHEBA Teparis, y
3B’SI3KY 3 UMM 30UIBIIYETHCS YHCEIBHICTh BIIBEICHUX MIPOIIETYP OHKOJIOTTYHIUM XBOPHM.

I3 3actocyBannsm J[IB B MenumuHi MOCTIHHO 3pOCTAlOTh KOJEKTHUBHI E€(PEKTHBHI 103U
HACeJICHHS BiJ JIarHOCTUYHUX OOCTEXKEHBb, TPAIUISIOTHCS BAXKKI pajialliifHi aBapii NMpu JIIKyBaHHI,
NOB’s13aH1 3 HCHABMUCHUM 200 BUIIaJKOBUM OIPOMIHEHHSM XBOPHX.

3 pPO3BUTKOM Ta IMONIMPECHHSIM I1HHOBAIlIMHMX TEXHOJIOTIM B MEIWIIMHI CTa€ BCE OUIBII
TOCTPUM THTAHHA €(PEKTHBHOTO BUKOPUCTAHHS MEIWYHUM ITIEPCOHAIIOM IHOTO OOJIAJHAHHS Ta
3a0e3nevYeHHS HAJIC)KHOT palialiitHoi Oe3MneKHy.

Ane 3a0e3nedyeHHs1 paaiallifHOrO 3axXHCTy SIK MEPCOHANy TakK 1 MAalie€HTIB HEoOXigHe Ta
BOKJIMBE HE TIIBKM B CyYaCHMX MEIMYHHX YCTAaHOBAaX, ail B MEIMYHUX 3aKiajax 3 3acTapiiuM
00JIaTHAHHSM.

s 3a0e3meyueHHsT HAJIC)KHOTO TPOIECy TIarHOCTHKHU Ta JIKYBaHHS, a TaKOXX pPaJlialliifHOTo
3aXUCTy TAII€HTIB, MEAUYHUM 3aKiIaJaM HeOoOXiHAa HAsBHICTh MEPCOHANY, KU Ma€ HAICKHY
ocBiTY, mpodeciiHy MIArOTOBKY, KBamiikamilo Ta JOCBiA, JOCTaTHI s MPOBEICHHS
JMIarHOCTUYHUX Ta/ab0 TepalmeBTHYHHX Npolenyp 1 3abe3meueHHs e(QeKTHBHUX Hid y pasi
HEHaBMHCHOTO a00 BUMAJAKOBOTO MEIUYHOTO OMPOMIHECHHS, TOOTO HAsSBHICTh TAKWUX CIEIIAJICTIB,
SIK MEITUYIHI Qi3UKH.

MenuyHi Gi3MKA MalOTh BOJIOAITH 3HAHHAMH (Bi3MKH, MEAWIIMHHU Ta 010JI0Tii, 110 JO3BOJIMTH
BUKOPHCTOBYBaTH BCI MOMJIMBOCTI Cy4aCHOrO MEAWYHOTO OOJIaAHAHHS IS JIarHOCTHKH Ta
JIKyBaHHS.

HasiBHicTh  BHCOKOKBami(iKOBaHHMX  CHELIATICTIB  MiABUIIUTH  SIKICTh  JIIKYBajbHO-
JTIarHOCTUYHOTO TPOIECY Ta 3a0e3NMeUYUTh TMOKPAIICHHS paiallifHOr0 3aXMCTy Malli€eHTa Tpu
MEAMYHOMY OIPOMIHEHHI.

3aBmaHHsIM MEIUUHUX (DI3HKIB €, Iepes yciM, y4acTb B JIIKYBaJIbHO-AIarHOCTUYHOMY IpOIieci
(Y4acTh CHUIBHO 3 MEIUYHUM MEPCOHANIOM Yy IJIaHYBaHHI, OpTaHi3allii Ta MpoBEJICHHI JIarHOCTUKU
Ta JIIKYBaHHS), BU3HAUCHHS BIJMOBIIHUX TOKa3aHb JJII BUKOPUCTAHHS paJialliiHUX TEXHOJOT1H
npu OyAb-sIKUX 0OCTaBMHAX JUIS HEAOMYIIEHHS OTPUMaHHA HeOe3MeuHOol O3 MallieHTOM, TOOTO
3a0e3MeueHHsl paaialiifHOTO 3aXUCTy JIIOJUHU BiJl JIOJIATKOBOTO OMNPOMIHEHHS Ta HEAOIMYIIEHHS
HEOOIPYHTOBAHOTO ii MOBTOPHOT'O MEAMYHOTO OMPOMiHEHHS.

Big memnunux (i3uKiB 3aJ€XKUTh 3a0€3MEUEHHS SIKOCTI TMPOBEIEHHS SK JIarHOCTUYHUX
IpoIelyp, TaK 1 JIIKYBaHHS B LILJIOMY.

Kosxen menuunuii 3akiag Mae OyTu 3a0e3reueHnid BUCOKO KBaTI(IKAIITHUMU CIIenialicTaMu
TUTst 3a0e3MmeueHHs IKICHOTO JIIKYBaJIbHO-IarHOCTUYHOTO TPOIIECy.

IlinroroBKa TakMX CHELIATICTIB Ma€ 3A1MCHIOBATHCH BHINUMH HABYAILHUMH 3aKJIaJaMUA
VYkpainu 3a MIATPUMKH JAEpKaBH 32 €IHHOK (CTaHIAPTHOIO) MPOTPamMoOl0 HaBUaHHS MEIUYHHX
¢13uKiB, fKa BiANOBiAaTa O MDKHApOJHUM CTaHJapTaM Ta MporpamaMm IHIIHUX Jep)KaB, Ta
HalllOHAJILHUM NTOTpedam.
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Abstract. The aim of this work was to adopt and to implement an independent dose calculation algorithm for
dose verification in HDR brachytherapy. Brachytherapy test plans were created using standard dose planning
system and verified using chosen independent calculation algorithm. It was found that the dose values
obtained using different calculation tools were in good agreement. The identified dose differences varied
within the range of 3 % which is recommended to assure quality of the brachytherapy treatment. Performed
investigation showed the relevance of the proposed independent algorithm for the estimation of possible dose
calculation errors in HDR brachytherapy. Further steps of its implementation in clinical practice are
discussed.

Key words: HDR brachytherapy, treatment planning, dose calculation, independent algorithm and dose
verification.

Introduction. The main task applying radiotherapy treatment for cancer patients is to spare
critical organs, do not exceeding the tolerance dose level, and at the same time do not decreasing
the maximum dose to the tumour. That is why today different modern radiotherapy techniques and
3D planning systems are used to ensure an accurate and safe dose delivery to a target volume,
avoiding unnecessary irradiation of the healthy tissues. The high dose rate (HDR) brachytherapy is
a promising method in this frame, being cost effective, corresponding to more localised high dose
delivery to the target volume, reducing the radiation exposure to the surrounding healthy tissues,
and being suitable for a wide range of different anatomical sites [1-2]. Nevertheless, being an
advantageous method, brachytherapy treatment also contains a risk [3]: heterogeneities related to
biological tissue differences, or introduced due to the usage of applicators, can significantly affect
dose distributions in patient. Due to this reason verification of different technological methods or
techniques used in clinical practice; especially methods related to dose and dose distribution
measurements, aimed to correctly reflect the accuracy of the dose delivery to the target during the
clinical radiation treatment is always an intrigue issue and is a complicated step in a medical
physicist’s practice. Treatment planning system provides a lot of different dose optimization
abilities [4], that make dose planning very complicated and opened for any unexpected errors
(software bugs, dosimetry errors, etc.) [5]. Application of the independent dose calculation
algorithm for dose verification is especially useful under these circumstances. Dose verification in
brachytherapy let detect significant errors, so ensuring that the correct source is used, that initial
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source data has not been modified, that correct source activity, treatment date, decay parameters are
used. [5-7].

The aim of this work was to adopt and to use an independent dose calculation algorithm for
the dose verification in pre-treatment stage of the HDR brachytherapy.

Materials and methods. VariSource “GammaMed iX” (Varian Medical Systems) HDR
remote afterloading unit supported with 3D treatment planning system “BrachyVision” (Eclipse)
have been used in this investigation. “Acuros” algorithm of Varian Medical Systems was used for
dose planning. This algorithm is based on the solution of the linear Boltzmann transport equation
(LBTE). 15 different test plans were created using “Acuros” algorithm and verified using a
secondary point dose software program “HDR Physics Check (V.01)“ [9] (Fig.1). Verification was
aimed for the evaluation of possible treatment planning errors, such as inaccurate calculation of the
dose distribution around the source, inaccurate summation of primary and scatter dose components
[8]; and most common human errors, such as mistaken data entries, or incorrectly specified source
track lengths.

| %2 HDR_PhysCheck:

File Help
Patient Name : N1 I~ Source Geometry - Dwell Times Details
Patient ID - (1 r Ch#[Name  [Disteri|T (sec) [Xiem) Y (cm) [Z (cnii
~ Source Info
Sre. Serial Number : 02-01-0254-001-03030 - il 15000 186 000 000 @
Src. Calibration Date : =/9/2012 12:00:00 44 r —
Sic. cal. Activity : 10558.00 mCi r —
Treatment date - 4/20/2012 £:00:00 Pt I~ |
Src. Tx. Activity : 731984 mli r |
~Plan Info —
Treatment with?  |Cylinder VI r ] -
Plan Mame : 1 saltinis r <] | 3
Treatment site - 1 padstis r Update :: POl Geomety - Doge Calculation I
Total Dose Px. : 100 cGy in T fra r AR [Paints [TPS [o%Px  [calc[%dex |><(:m)ii
R R % 3 o R
Total Air Kerma - 250 59 chiy o’ r _ 1| R [ -118-1.08 00| 7525) 75 % 363119 % 1
2 BE0.0| B.5 % 237[1.82 % 1
Total Tx. Time : 10060 ] r |
DAR Ref. Points? [~ PxRel. Points 2~ |||
AE o
Sic. Wire digitized? [~ Ch. Length 130 cm? [~ — el 7525|247 % 3631119 %
tlin 7525|247 % 563119 %
Dose Distribution? [~ Step size 0.5 cm? [~ Bl Max 7525|247 % 363 1.19 %
Comments: —
Saved. Exported ? [ Lantis. Log Entry? [~ — _l;l
[« | »
Haanc:IX Planner: IJL Checker: IJL
§ Spindulinés terapijos skyrius 03-Jun-2012
Open Calc. View Calc. Exit K
s Check Report Details aunas 23:22:49

Fig. 1. Screenshot of “HDR PhysCheck (V.01)” window

Dose at the calculation point taking into account source dwell position and time, was
calculated as:

DT BB gk D) e ()

R-cm’
mCi-h
exposure dose [R] to the absorbed dose [cGyY]; t,., - dwell time [s]; r — distance from the source to

the calculation point [cm]; k, = 1.59; ky, = 1.23 scatter and absorption coefficients in a matter: x =

0.092 — attenuation coefficient.

Required input data (dwell position, calculation point coordinate, and dwell time at each
dwell position, as well as dose value at the point provided by TPS) for the independent calculation
were taken from the plan report, generated by treatment planning system.

The dosimetric performance and accuracy of algorithm “Acuros” was investigated in different
possible clinical geometries of catheters subsequently checking the results using secondary
independent calculation algorithm. Visualized geometrical positions of the source and planned 2D
and 3D dose distributions are presented in Figure 2 and Figure 3.

where: T'= 4.69 { }; A — source activity [mCi]; fmeq = 0.971 — conversion factor from the
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Fig. 2. Test plans pfepared by treatment

source; b) with one catheter and six dwell positions of the source

11 a : -
planning system: a) with one catheter and one dwell position of the

Fig. 3. Test plan prepared by reatment planning system: with 6 catheters and 34 dwell positions of the

source

Results and Discussion. In high dose rate (HDR) brachytherapy, heterogeneities introduced
by anatomical or catheter material differences, possible software bug and accuracy in treatment
planning can in some treatment sites significantly influence calculated dose and dose distribution.
In such cases, commissioning and quality assurance of the dose calculation systems is essential
ensuring an accurate dose delivery. For this reason independent dose calculation prior the radiation
treatment delivery is an important aspect of dosimetry quality assurance. Checking the calculated or
planned dose to the patient ensures the accuracy and safety of dose delivery during brachytherapy
treatments procedures [10-11].
Test plans were checked with an independent calculation algorithm and the dose deviations
were estimated as it is shown in Table 1.

Table 1. Comparison of dose values calculated using treatment planning

system and independent dose calculation algorithm

Pla . o Calculatetlal c(ijose, (jy Calculate? c(jjose, (jy
rescribe ndependent e ndependent -
Nno dose, Gy | 3D TPS | calculation Deviation, % 3D TPS calculation Deviation, %
' algorithm algorithm
1 0.50 0.52 0.51 1.92 0.54 0.53 1.85
2 1.00 0.99 1.00 -1.01 1.01 1.03 1.98
3 1.50 1.53 1.51 1.32 1.55 1.53 1.29
4 2.00 2.12 2.09 1.42 2.10 2.07 1.43
5 2.50 2.57 2.52 1.95 2.60 2.56 1.54
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This kind of dose verification is the fast and simple way to perform quality assurance checks
of treatment planning system. Deviations obtained comparing dose values calculated using TPS




“BrachyVision” and using independent calculation algorithm “HDR PhysCheck” were within
3.00%, and did not exceed the tolerance limits [5, 12].

Table 3. Comparison of dose values calculated using treatment planning system and independent dose
calculation algorithm: test plans with more then one catheter and more then one source dwell position

Test plan Prescribed Calculated dose, Gy Deviation. %
No. dose, Gy 3D TPS Independent calculation algorithm ’
11 2.50 2.49 2.53 -1.61
12 2.50 2.53 2.59 2.37
13 2.00 1.98 2.03 2.52
14 2.00 2.06 2.09 1.46
15 2.50 2.52 2.47 1.98

Recalculated test plans for 4 or 6 catheters and more than 20 different source dwell positions
indicated good agreement with the values obtained by independent dose calculation algorithm as
well. The relative dose deviation was higher than the tolerance limit (< 2.00 %) just in a few cases
(Table 3). Obtained results show possibility to use an adopted independent calculation algorithm
“HDR PhysCheck” as a secondary verification software tool for the dose calculations in different
practical cases ensuring the accuracy and precision of the calculations made by treatment planning
system.

Conclusions. The steep dose gradients, especially in brachytherapy may have significant
uncertainties in dose measurements and calculation. Due to this reason adoption of additional
secondary independent dose calculation algorithm is the way to follow operational reliability of
treatment planning system, any possible bugs of software, or/and any human related errors.

The obtained results are in good agreement within 3.00 % range. Independent verification of
the dose calculations performed by standard treatment planning system “BrachyVision” assures a
quality of radiation treatment in HDR brachytherapy.
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and physical aspects in the head and neck cancer brachytherapy” from the Research Council of
Lithuania.
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OCOBJIMBOCTI TJI I[O3I/I\’METPIi BUCOKOIHTEHCUUBHUX TAMMA-,
EJIEKTPOHUX TA HEMUTPOHHUX ITOJIIB B AAEPHIN ME/IULITNHI

B.T. Macmolcl‘*, T.0. OKyHCBal, LT. Mere.nal, SAM. Helcapz, B.A. l'lelcap2

1) Incmumym enexmponnoi gisuku HAH Ykpainu, m. Yoceopoo
2) TOB "Texnoxpucman-Kopyno", m. ¥Yaceopoo
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Anoranis. Jlocmimkeno ocobmmBocti TJI mo3mmerpii BHCOKOIHTEHCHBHUX IPHCKOPEHHUX EINEKTPOHHUX
MYYKiB, TAIbMiBHOI'O TaMMa-BUIIPOMiHIOBaHHS Ta HEUTPOHHOTO BHIIPOMIHIOBAHHS, [0 BUKOPUCTOBYIOTHCS B
MIPOMEHEBiH Tepartii Ta iHAUBITyaTbHOI JO3UMETPil MEMUYHOTO Ta TEXHIYHOTO TIEPCOHATY.

AnnoTtauus. Mccnenosano ocodennoctu TJI mo3uMeTpun BHICOKOMHTEHCUBHBIX YCKOPEHHBIX 3JIEKTPOHHBIX
IIY4YKOB, TOPMO3HOI'0 TraMa-U3JTy4YCHUA U HCﬁTpOHHOI‘O H3JIYYCHHA, KOTOPBLIC MCIIOJB3YIOTCA B JIy‘-IGBOﬁ
Tepanuu U UHAUBUIYaIbHON JO3UMETPUHA MEAUIIMHCKOTO U TEXHUYECKOIO IMEPCOHAaa.

Abstract. The features of TL dosimetry of high-accelerated electron beams, bremsstrahlung and neutron
radiation used in radiotherapy and individual dosimetry medical and technical personnel are investigated.

KarwuoBi ciaoBa: sgepHa MeAWIIMHA, BUCOKOIHTEHCHBHI [-, Y-TIYYKH, TEPMOJIIOMIHECIICHTHA JO3UMETPis,
dochopecuentis, LiF, Al,Os.

KirodeBble cioBa: sjepHas MEIMIMHA, BBHICOKOMHTCHCHBHBIC [-, Y-TIy4KH, TEPMOIIOMHHECIIEHTHAS
nosumerpusi, pocdopecuennus, LiF, Al,Os.

Key words: nuclear medicine, high-intensity -, y-beams, thermoluminescent dosimetry, phosphorescence,
LiF, Al,Os.

EnextponHi MPUCKOPIOBAYl 3 BHUCOKOIHTEHCUBHUMHU IIy4KaMH (iHIHMN
IPUCKOPIOBAY,MIKPOTPOH) IIMPOKO BUKOPHCTOBYIOTHCS B SII€PHIM MEIOUIMHI, 30Kpema, JUIs
HalpalfoBaHHs 130TONMHUX JDKEped 10HI3YI0UOro BHUIIPOMIHIOBAHHS Ta IPOMEHEBIH Tepamii
oHKOJNOTiYHUX XBopux [l]. OmHi€ero 3 CyTTEBUX MpPOOJIEM MPU TPOBEACHHI TAKUX POOIT €
3a0e3MeueHHs] aJEeKBaTHOIO JO3UMETPUYHOIO CYHNPOBOAY 3 METOI0 3MEHIIEHHS J030BHX
HAaBAaHTAXKEHb K XBOPHX, TaK 1 00CIyroByrodoro nepconainy. OcrtaHHIM 4acoMm 3po0JieHi cripoOu
BUKOPUCTaHHA s 1MX nijeil repmomominectientHoi (TJI) nosumertpii, sika mMae psaj mepeBar B
NOPIBHSIHHI 3 IHOIMMHM METOJaMHU: TPOCTOTa Yy BHUKOPHUCTaHHI, JOBroTpHUBalie 30epiraHHs
iHpOopMaIlii, a TakoK MOXIHMBICTH BUKOpucTaHHi TJI mozumerpiB mpu BuMiproBaHHsX in Situ. B
poGoTi [2] moBimomisieTbesi Mpo BUKOpucTaHHS TJI mo3umerpii MPUCKOPEHUX Ha HUKIOTPOHI
MYy4KiB IPOTOHIB JIOMOBHEHE METOAOM onTHuHOi cTuMysswii mominectenuii (OCJI). Metog OCJI
OCHOBaHUI Ha ONTUYHIN 10H13a1lli PIBHIB 3aXOIJIEHHS, SIK1 3aII0BHEH] IIPU OMPOMIHEHHI 10HI3YIOUHUM
BUIIPOMIHIOBAaHHAM Ta peecTpalii BTOPUHHOIO ONTUYHOTO BHUIPOMIHIOBAHHS, 3YMOBJIEHOTO
pexkoMOiHaIl€r0 3BUIBHEHUX HOCIIB Ta BHIPOMIHIOBAIBHUX IEeHTpax mroMidecteHIi. Buxig OCJI
BUSIBUBCS MPOTIOPLIIHUMA MOTIMHYTIHM 1031 Ta IHTEHCUBHOCTI ONIPOMiHEHHS [2].

Ha 6a31 enextpoHHOro mnpuckoptoBada MikpoTtpoHa M-30 IE® HAH Vkpainu Hamu
nposeneni Bumipu TJI kpucramiB LiF ta Al,O3 ompomiHeHux mnpu KiMHATHIH Temmeparypi
€JIEKTPOHAMH Ta TAIBMIBHUMH raMMa-KBaHTamMH B iHTepBaii 4-18 MeB pizHumu iHTerpambsHIMA
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dmoencamn 10 10" wact/cM? nmpu pi3HEX IHTEHCHBHOCTSAX OmpoMiHeHHs. Xapaktephi kpusi TJI
MIpUBEJICHI HA PUCYHKY 1.
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Puc. 1 Kpusi TJI Al,O3(a) ta LiF (6) onpominenux enextponamu 3 enepriero 12 MeB duroencom
5-10"° en/em’®

Sk mokasamu mpoBeaeHi mochifpkeHHs Buxia TJI BHSABHBCS JMHIHHO TpONMOPHIHHUN 1031
orpominenns 10 10%? en/em?. TIpu 1poMy 3HaiiEHO, 110 B MEKAX MOXHOKH 3aneKHicTh Buxoxy TJI
BiJl €Heprii Ta IHTEHCUBHOCTI OMPOMIHEHHS BiJACYTHSI.

BusiBunoce, mo Bimpasy Miciast ONMPOMIHEHHS JOCIHIIPKEHUX KPUCTAIB CIIOCTEPIraeThes
JOCTaTHbO JOBroTpuBaia Qocdopecieniliss npu KiMHaTHIA Temmeparypi [3], Buxig skoi
NPOTNOPLIHHUH SIK 1031 TaK 1 IHTEHCUBHOCTI OnpoMiHeHHs. Ha prcyHKy 2 moka3aHo KiHETHKY CHaay
dochopecuennii kpucrana LiF onmpominenoro enekrponamu 3 eHepriero 10 MeB B 3anexHOCTI Bij
IHTEeHCUBHOCTI () 1 1031 (0) ONpOMiHEHHSI.
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Puc. 2 Kinernka criany dhocdopecientiii kpuctana LiF onpoMiHEHOr0 eJeKTpOHaMHK 3 CHEPTi€er0
10 MeB B 3aeHOCTI BiJ] iIHTEHCUBHOCTI (2) 1 103U (0) ONPOMIHEHHS

Sk mokazaB uuMCIOBMM aHami3 BuUXiJ (ocdopecueHuii Hpu MOCTiIHHIA 1HTEHCUBHOCTI
ONPOMIHEHHS JIIHIHHO MNPOMOPIINHUI /1031 ONPOMIHEHHS, a MPU MOCTIMHIM 1031 OMPOMIHEHHS
JiHIMHO MponopuiiHUi 1HTeHCUBHOCTI. BpaxoBytoun, mo Buxia TJI npu npomMy He 3aleXHUTh BiJ
IHTEHCUBHOCTI OTNPOMIHEHHS, @ BW3HAYAETHCA TIIBKH 03010, CIIbHE BuMiproBaHHs TJI Ta
dochopecteHiii Jae 3MOry BU3HAYaTH IHTEHCUBHICTh OITPOMiHEHHS.

[lepcneKTHBHUM ISt JTO3UMETPUYHOTO CYMPOBOAY MEIMYHUX OIPOMIHIOBATBHUX POOIT €
TaKOX BUMIpPIOBaHHS 3MiHHM onTHyHOro mpomyckanus TJI kpuctaniB LiF ta Al,O3 B pesynbrari
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orpomiHeHHs. Ik mokazaHo B po0oti [4] Ha mpuknani kpucramiB LiF pesynbTaté BUMiprOBaHHS
ONTUYHOTO MPOMYCKaHHs 30UTBITYIOTh MEXK1 JJOCTOBIPHOT'O BUMIPIOBAHHS J103.

Takum unHOM, KOMIUIeKCHE BuMiproBanHsa TJI, ¢pocopecuentiii Ta ONTUYHOTO MPOMYCKAHHS
3 BukopuctanHsMm KkpuctamiB LiIF Ta Al,O3 € 3pydauM MeTomoOM JUIsi  MOHITOPHHIY
BUCOKOIHTEHCHBHUX MYYKiB €JIEKTPOHHUX MPUCKOPIOBAYIB.

Po6ota Bukonana npu miarpumii npoekty Ne X-1-257 (HHL XTI HAH V).
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HOBASI CUICTEMA ITPOTUBOPAIUAITMOHHOM 3AIIUTHI,
ITYTHU PEAJIM3ALIUU B YKPAUHE

T.A. I1aBiaenko

Y «Uncmumym cueuenvt u meouyunckou sxonoeuu um. A.H. Mapzeesa HAMH Yxpaunwly,
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AnHOTanmusi. B craTtee paccMOTpPEHBI OCHOBHBIE MPUHIIAIIEI HOBOW CHUCTEMBI PaJHAIlIOHHON 3aIUTHl B
KOHTEKCTe TpeOOBaHUI K IIAHUPYEMOU cUTyarmu oOiydeHus. PaccMOTpeHsl 0cOOEHHOCTH TpeOOBaHHUN K
OTPaHUYEHHIO MEIUITMTHCKOT0 001y4eHus. OnpeieneHbl OCHOBHbIE TIPOOJIEMH B 3TOH 001aCTH.

Abstract. The article includes basic principles of new radiation protection system in context requirements
for the planned exposure situations, some peculiarities of these requirements for medical exposure and main
problems in this area.

KiioueBnle ciioBa: panuamnuoHHas 3a1uTa, OIPaBIaHHOCTh, ONTUMU3ALUA, MEAUIIMHCKOE 06J1yqu1/1e
Key words: radiation protection, justification, optimization, medical exposure.

BBegenne. YkpanHckoil cucteMe pagualiioOHHON 0€30aCHOCTH MPUCYI «OKECTKUI
PETyIHPYIOMUH MOAX0/, KOTOPBIN MpeaycMaTprUBaeT pa3paboTKy U BHEJPEHUE HOPMATHBHO-
MIPABOBBIX aKTOB, COJEPKAIIMX MOAPOOHBIE TEXHUYECKUE TPEOOBAaHUS, KPUTEPUH U MTapaMeTphl.
[IpenmyniecTBOM TakOro NOAX0Aa ABJISETCSA YETKOCTh U OJHO3HAUYHOCTD, & HEJOCTATKOM -
ype3MepHas JeTajan3alus Ha YpOBHE HOPM U MPaBUil. DTO MPHUBOJIUT K POCTY OOIIETO KOJIMYECTBA
HOPMAaTHUBHO-IIPAaBOBBIX aKTOB, YTO YCJIOKHSAET MPOLIECC PETYINPOBAHUS U KOHTPOJIS YPOBHEN
00JIy4eHus Kak MepcoHalla, TaK U HACEIECHUS.

HoBas cucrema paaualiiOHHOM 0€30MacCHOCTH MCIONB3yeT Oosiee TMOKUN MOAXOA, MpH
KOTOPOM Ha YypPOBHE HOPM U TpaBHJ  OrOBapUBAIOTCA  (QyHJaMEHTAJIbHBIE MOJIOXKEHUS U
pedepentHeie ypoBHHM [1], KOTOpble He MNOTPeOyIOT YacToro mnepecMoTpa. TexXHHYecKHe u
paAMallMOHHO-TUTHEHUYECKHE TPEOOBAHUS MOTYT MEHSTHCS, HO IIPH ATOM UX COJIEpPKaHUE JTOJIKHO
COOTBETCTBOBATh (DyHIaMEHTAJIbHBIM TPEOOBAHUAM, a TEKYyLIHMEe H3MEHEHHsS IMEepPeHOCITCS B
JIOKYMEHTBI SKCILTyaTUPYIOIIUX OpraHu3aluid, KOMIaHui, 1abopaTopuil ¥ BHOCSTHCS HA CTaAUH
NOJIyYEHUS JINLIE3HUH.
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Kpome «kecTKoi» CUCTEMBI PEryIHpOBaHHUs, CETrOAHS CYIIECTBYIOT M Jpyrue MmpoOIeMBbl.
MHorue HOpPMaTHUBHO-IIPABOBBIE AKTHI, KOTOPBIE CErOJHS IEHUCTBYIOT B CTpaHe, NIPUHUMAIINCH B
pasHble nepuoabl BpeMeHH. Jlo cHX Mmop HEKOTOpPbIE BONMPOCH! peryaupyrorcs nokymentamu CCCP,
xoTs ¢ 1991 ropa nBaxbl GQyHJAMEHTAIBHO MEHSIACh CUCTEMAa MPOTUBOPAAMALIMOHHON 3aIlUTHI.
Kpome Toro, MHOTHE TOKYMEHTHI pa3padaTbIBAIMCh PA3HBIMH OpraHaMU rOCYJapCTBEHHOH BIACTH
U perynaropamMu 0e3 COOTBETCTBYIOIEH KOPPEKTHPOBKM M COINIACOBAHUSA JPYyr C JPYIOM.
Hekotopbie o0macTu peryiupoBaHHs, HalpUMep perjaMeHTAls HOBBIX MEIUIMHCKUX
TEXHOJIOTUH, YKPauHCKOW HOPMATUBHOW 0a30i MPaKTUUECKU HE PETyIUPYOTCSL.

OcHoBHble npuHIunbl. HoBasg cucrema paanosIOrMYECKOi 3allluThl pa3ieseT CUTyaluu
o0JIydeHusl Ha IJIaHUpYEMble, CYLIECTBYIOIIME M aBapuiiHbIE JUIsl TpeX CLEHapHeB OOJIydeHUs: B
IPOM3BOJICTBEHHBIX YCIOBUSX, 00JIy4YeHHE HACCIICHIE U MEAUIIMHCKOE o0ydeHue [ 2].

B ocHOBY coBpeMeHHOMN KiacCHU(pUKAIIMU 3aJI0)KEHO HOBoe moHsATHe "uctounuka [1]. Tlox
cinoBoM '"uctounuk" MKP3 cerogHs noHumaer Kak OJMHOYHBINA, MCTOYHHUK HOHU3UPYIOLIETO
U3IIy4eHHUs, TaK U TEXHOJIOTMYECKUE OIEPAallUU WU CJIOXKHBIE IPOU3BOACTBEHHBIE IIPOLECCHI.
Ornpenenenne "HCTOYHUKA" 3aBUCHUT OT KOHTEKCTa OIEHKM CHUTYyallMd OOJIydeHHs, BBIOOpa
CTpaTEeruy 3alllUThI, @ TAK)KE JOTOBOPEHHOCTEH ¢ PEryIISITOPOM O MPHEMIEMOCTH 3TOM cuctemsl [3].
W3 noHsTus “UCTOYHMK’ BBITEKAIOT U OCHOBHbBIE NPUHLMIBI HOBOM CHUCTEMbI PaJHOJIOTHYECKOM
3amuThl [2]:

OnpaBgaHHOCTh — "MHOOOE pelIeHHE, KOTOPOE MEHSET CYIIECTBYIOILYIO PpaJUallMOHHYIO
CUTYAIIHIO, JOJKHO MPUHOCHUTH OOJIbIIE MOJIBb3bI, YeM Bpeaa" ("MCTOYHHMK" B 3TOM Cilydae CBSI3bIBACT
TPUHIIUIT CO BCEMU CUTYaLUsIMU OOTydeHNS ).

OntuMmuszanus 3alUThl — "IpU BEPOSTHOCTU HOJBEPrHYTHCS OOIYYEHHUIO, KOJIUYECTBO
00Jy4EeHHBIX JIIOICH U BEJIMYMHA UX UHIMBUYAIbHBIX 103 JOJKHBI ObITH COXPAHEHBI HA CTOJIb HU3KOM
YPOBHE, KaK 3TO Pa3yMHO IOCTH)KMMO, IPUHMMas BO BHHMaHHME JKOHOMHYECKHE U COLMAJIbHbBIE
dakropel". (B STOM ciy4ae, "MCTOUHHK' TaKkKe CBS3BIBACT MPUHIUI CO BCEMH CHUTYaIHsIMHU
o0TyueHwUs).

Orpanndenre 10361 — ""cyMMapHasi 103a JF000r0 HHIUBUAYYMa OT PEryIHpPYEMbIX HCTOYHHKOB
JUISL 3aIlJIAaHUPOBAHHBIX CUTyalluil OOMydeHMs, MCKIIoYas MEAUIMHCKOE OOJydyeHHE MalMeHTOB, HE
JIOJKHA TIPEBBICUTh peepeHTHble YPOBHM W J103bl, pekoMmeHaoBaHHble MKP3" (3roT mnpuHimn
UHJMBUAYaJIE€H ¥ NPUMEHSETCS TOJIBKO JUIS 3aIUIaHMPOBAHHBIX CUTYallUi 00JIyueHMs).

PaccmotprM nanHBIE TPUHIUIIBI O0OJIEE IETATBHO.

OnpaBganHocTb. [IpyMHIMT ONPAaBIAHHOCTH O3HAYAET, YTO NPUBHECEHUE HOBOTO MCTOYHUKA
JIOJKHO TIPUHOCHUTH TaKyl0 BBITONly, KOTOpas Obl BOCIIOJHMJIA BPEJ OT OOMY4YEHUs W Ui OTAEIBHOIO
yesioBeKa, M Ui oOmiectBa B 1enoM. [Ipu aHanmMse onpaBJaHHOCTH PacCMaTpUBAIOTCS KakK MPsIMbIE
nocyeAcTBUs (anb(a - KOMIIOHEHTA), TaK U acleKThl MpOoOJeMbl, OTCTPAHEHHbIE OT PaJUallMOHHOTO
(akTopa, HO KOTOpbIE BKJIIOUYAIOT ONpEJIeJIeHHbIE 3aTpaThl U PUCKH, & TAKXK€ BBITOJbl OT pealn3aluu
JAHHOM "TIpakTh4ecKol aearenbHOCTH". Ecnmu  paHblle 5TOT MPUHIIUMI PACCMATPUBAJICS TOJIBKO JUIS
CHUTYyalluH "BMeIIaTeNIbcTBO" (CUTYallMH CYIIECTBYIOIIEr0 M aBApUIHOTO OOIyYeHus ), TO HOBasi CUCTEMa
WCTOJB3YET €ro sl BceX cuTyaruii oomydenus. [IpruemM COOTHOIIEHUE 3aTpaThl/Bpell, KaK MPaBUIIO,
HAIpsSMYIO 3aBUCAT OT BHIOOpA CTpaTEeTMH paJUallMOHHOM 3allUThl M CBSI3aHBl C IPOLEAYPAMH
ONITUMHU3ALHH.

Onrummsanms. [IpuHIMI ONTUMM3ALUKM - KPAEyroibHbI KaMEHb COBPEMEHHOM CHCTEMBI
MPOTUBOPAIUALIMOHHON 3allIUThI, U MPU3HAHKE, YTO BCE YPOBHU PAUALIMIOHHOTO OOIy4eHHs] HAHOCSAT
HEKOTOpBI Bpell 310poBbl0. TeM He MeHee, JOJDKEH ObITh pa3yMHBIN OalaHC MEXAY YPOBHAMU
PaIMAlMOHHOTO0 O0MydeHUs] (PMHAHCOBBIMU M COIMAIBHBIMH KOHTPMEpPAaMH MO MX YMEHBLICHHIO.
MKP3 B ny6mnukauuu 103 BBeno MOHATHS "KBOTHI J03bI M "OrpaHMuYEHHs] pUCKa', a TakKxke
3HaYeHUs] pe(epeHTHBIX YPOBHEW ISl peaiu3alldd  IpOoleayp ONTUMH3ALMU TapaHTUpPYs, 4YTO
npoleaypa ONTHMHU3AllMM HE MpPUBEAET K 'HPEAB3ATHIM W HECIPAaBEIJIMBBIM pe3ysbTaTam'.
[Ty6nmukanuu 103, 104 mnoayepKkuBalOT Ba)KHOCTh ONTHUMH3AIMM KOHTPMEp ISl BCEX CUTYaluil
o0JTyyeHus (3aIIaHMPOBAaHHbIH, CYIIECTBYIONIEH U aBapUitHOMN).

[IpuHumnsl 1 MeToabl OLEHKH 3¢ (eKTUBHOCTH KOHTpMep Ooisiee panHux IlyOnmxaruit
MKP3 ocrarores B cuiie (ICRP 1985 [4], 1988 [5], and 1991b [6]).
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OnHako, HOBBIE pPEKOMEHAAIUMH YTOYHSIOT cuctemy 1991 roma (Ilyon. 60) [7]
OTHOCUTENIbHO TPUMEHEHMs] TMpOoLEeayp ONTUMH3AlMM, TMpeajaras [Iuarna3oH  pa3iInyHbIX
MHCTPYMEHTOB U IPOLECCOB, KOTOPbIE MOT'YT MCIIOJIb30BaThCs ISl ONTUMM3ALMU, OJHOBPEMEHHO
IpU3HaBasi, YTO BHIOOpP MOJXOJa JOKEH COOTBETCTBOBATh MOTPEOHOCTAM peEIIaeMOil MPOOJIEMBI.
Hpyrumu crnoBamu, MKP3 momuepkuBaeT: "BaXHO, 4YTOOBI PECYpChl, H3PACXOIOBAHHBIC Ha
OINTHUMU3AIMIO, COOTBETCTBOBAJIM  MOTEHIMAJIbHBIM pe3yjbTaTaM, HalpaBJICHHbIM Ha COXpaHEHHE
3[I0pOBbsl, @ TaKXe, YTOObl BBIOPAHHBIE KOHTPMEpHI SBISUINCH JOCTYMHBIMH JUI BCEX TEX, KOTO
3arparuBaloT ero pe3yaptarhl'. MKP3 sacHo 3asBnser, yro "onmTUMH3alMs 3aMUTBI - 3TO HE
MHUHUMU3AIUS 10361" [2].

B HOBO# cucTeMe paAMallMOHHONM 3alIUThl MPOLECC ONTUMHU3ALMU BKJIIOYAET TOJBKO TE
3alllUTHBIE MEPOIPHUATHSI, KOTOpblE ONpaBaaHbl. B OCHOBY mpouenyp ONTHUMM3AlMM I10JIO0XKEHO
MOHSTHE WHAMBHIYAIBbHOHN NTO3BI, U €€ MPOLEAYPhl BKIIOYAIOT OLEHKY 103 OOJydeHUs IJs BceX
BO3MOXXHBIX CHUTyallUd OOJydyeHUs: 3allJIJaHUPOBAHHOW, aBapUMHONW M CylLIlecTBYOLIEH. ITOT
IOPUHLIMII CETOJHS TMPUMEHSETCS Ji1 IUIAHUPOBaHUS '"PAKTHUUECKOH JesiTenbHOCTH'", KOoraa
3alllMTHBIE MEPONPUSTHUS 3aKJIAAbIBAIOTCS Ha CTaJAuM IUlaHupoBaHus. HoBble pekoMeHIanuu
pacmpoCTPaHSIOT 3TOT MOJIXOJ U Ha ApPyrue cutyauuu oOnydeHus. OCHOBHBIMU HHCTPYMEHTAMHU
JUTSL JAHHBIX TIPOLIEAYD SABISIOTCS "KBOTHI 103" M peepeHTHBIE YPOBHH.

JlpyruMu cioBaMu, TpOLEAYpbl ONTHUMU3AIMK HAMPSAMYIO 3aBUCAT oT "uctouynuka'. [Ipu
9TOM 3alIUTHBIE MEPONPUATHUS JOJKHBI OBITh Pa3yMHO B3BELICHHBIMU M JlaBaTh BO3MOYHOCTb
YMEHBIIIUTh BEPOSITHOCTh PUCKA OOJIydeHHUs ISl OTAEIHHOTO MHAWBHIyyMa 0 BEIMYWH, HUXKE
COOTBETCTBYIOIMX 3HAYEHUH KBOT J03 W peepeHTHBIX YPOBHEH, YUHUTHIBAas BCE COLMAIBHBIC H
9KOHOMHUYECKHE acrekThl mpobiemsl (ITyos. 101) [8].

OnTumu3anus - 3T0 UTEPATUBHBIN MpoLlecC, KOTOPBIN MOCIEA0BATENbHO BKIIOYAET:

- OLIGHKY CUTYyalluH O0y4eHHUs 1 000CHOBaHHE HEOOXOIUMOCTH JACUCTBUN ((PaKTHUECKH
3Ta MpoIeIypa aHajIornyHa 000CHOBaHMO BMeniarenbctea HPBY-97);

- BBIOOP MOJXOMSIINX YPOBHEH I KBOT U pe()epeHTHBIX YPOBHEH;

- uHAe(UKAIMIO BO3MOXHBIX BapUAHTOB 3alIUTHI, KOTOPBIE MO3BOJST YAECPKUBATH
o0yyueHHe Tak HU3KO0, KaK 3TO Pa3yMHO JOCTHKHUMO;

- BBIOOp HAWJIYUYIIUX MEPONPHUATUNA JJii KOHKPETHBIX OOCTOATENHCTB, KBOT U
pedepeHTHBIX YpOBHEH;

- YTBEPXKJACHHUE MPOrPaMMbl ONTUMU3UPOBAHHBIX MEPOIIPUSITHI;

- CHUCTEMaTHYECKUM TEpPEeCMOTp 3alIUTHBIX MEPONPUATHM B  KOHTEKCTE HUX
3¢ PEKTUBHOCTHU TSI HOBBIX OOCTOSITEIHCTB;

- OLIEHKa CTENeHW NPEeNOoTBpPALICHUS aBAPUUHBIX CHUTyallud M MOTEHUIUAJIBHOTO
00Ty4eHHs! ISl 3aIUIAaHUPOBAHHBIX CUTYALIUH.

PekoMeHganuy MOTYEPKUBAIOT , UYTO HEKOTOPbIE HCTOYHUKU (TEXHOJOTMH) CIOCOOHBI
yCTaHABJIMBATh 3alUTy HA Pa3HbIX ypoBHAX Onaromosyuus. CrenoBareiabHO, ONTUMU3ALMS 1aeT
OTpesieNIeHHY0 CcBOOOJly B BbIOOpE MEpOIpHATHH, KOrja pedb HAEeT 00 OrpaHHYeHHH 103
oOiryuenus [2].

[lepBble Ba MpUHIUIIA SBJSIOTCS YHUBEPCAIBHBIMU U MPUMEHSIOTCS JUISl BCEX CUTYyalUil
obmydenust. TpeTudl TPUHIUIT — OTPAHWYCHHs] J103 OOJIy4eHHs, B HOBOM CHCTEME
MPOTUBOPATUALIMOHHON  3alUTHl MPUMEHSAETCA TOJIBKO JUIsl 3alUIaHUPOBAHHBIX CHUTYyalUl
00JTydeHus.

OrpannveHue MHAUBUAYAJIbHBIX 103 00ayuenus. [Ipenen m03bl - 310 "cymmapHas 1o3a
M000T0 MHAMBUAYYMa OT PETYIHPYEMbIX MCTOUHHUKOB JJIS 3aIlJIAHUPOBAHHBIX CUTYaIMH OOJTy4eHHs,
UCKJTIOYasi MEIUIMHCKOE OOJydYeHHE MAIMeHTOB, KOTOpas He JOJDKHA IPEBBICHTH pedepeHTHbIE
YPOBHH U J103bl, pekoMenoBanHbie MKP3" [2]. DT0 nonsTHe TpHUMEHsIeTcs IS 3aIlTaHUPOBAHHBIX
cuTyaluii 00JIydeHHs 1 OTPAKAET COBOKYITHBIE OTPaHUYEHHUS MPU MPOPECCUOHATIBHOM OOTy4eHUH UITH
00JTy4eHHs HaceJIeHUs OT BCEX PeryaHpyeMbIX HCTOYHHUKOB.

Jlns peanu3aiyy 3TOro MPHHIUIA MPOBOAUTCS OLIEHKA 03 OOMydeHHUs Al MHAUBUAYYMOB U
CpaBHMBaeTcsl ¢ mpenenamu 103, pekomenaoBanHbMu MKP3. [puuem, npenenst 3¢ GeKTUBHBIX 103
(O) siBnstrorcst cymmoit 31 OT HCTOUHMKOB BHELITHETO OOJTy4EHUs 32 O/IMH T0J1, @ TAK)Ke HAKOTUIEHHOM
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OJ] OT BHYTPEHHEro MOCTYIUICHUS PAAMOHYKIUAOB 3a 3TO mNepuof. Jljis B3pOCibIX, HAKOIUIEHHAsS
a¢deKTrBHAs 1032 pacCUUThIBaeTCs Ha repruo B 50 JIeT ¢ MOMEHTa OCTYIUICHHS PAAUOHYKIUIA, IS
nereii - 70 mer. s mpodecCHOHANBHOTO OOMYYeHHsS CYIIECTBYIOT JOIOJHHUTEILHOE YCIOBHE
(HanpuMep, aBapuiiHas cutyanus) - 3J1 He moypkHa rpeBbiaTh S0 M3B 3a OJTMH OTIEIBHO B3STHIN TOI.
CyIlecTBYIOT TaKXke JOTOJHUTENLHBIC OTPaHUYCHUs Ui OCpeMEHHBIX J>KeHIWH. ISl HaceneHus
MKP3 Taxxe nmpeaycMmaTprBaeT yciaoBus peanuzaiuu D/l — ee BeIMUMHA HE T0JHKHA MPEBBIIATHCS 3a
OJIMH OTJCTILHO B3SITHII T'OJ], IPU YCIIOBHH, YTO B TCUYCHUH 5 TIOCIEAYIOIIUX JIeT, D[] Oyner cocTaBisTh
He 6oitee 1 M3B B rog.

Hosble nonsitus. [Tousitre kBoThI 10361 ObUT0 TipemokeHo MKP3 B 1990 roay (ITy6s. 60) [7]
U JI0 HEIJaBHETO BPEMEHH MPUMEHSIIOCH MPH MPOBEICHUH NPOLIEAYP ONTUMHU3ALNY ISl IPAKTHUECKON
JesTenbHOCTH. 110 cyTH, KBOTa 03bI MU BHOBOM CHCTEME SIBJISIETCSI OTPAHUYECHUEM WHAWBHUIYAIbHON
JO3bl Uil TUIAHUPYKMOW JEATeNIbHOCTH OT MCTOYHMKA, KOTOpBIM ObUI ONTHUMHU3UMpOBaH. B
pekomermanusax 2007 roma MKP3 (ITy6n. 103) pacnpocTpaHsieT 3TO TOHSTHE HAa BCE CUTYallUd
oOmyuenus. Jlpyrumu cioBamu, KBOTHI J03 Ui IUIAHUPYEMbBIX CHUTYyalldd, [EpBOHAYAIBHO
paccMaTpUBAIIUCh TOJIBKO B KOHTEKCTE "TIPAKTHUECKOM JIesTeNbHOCTH". B HOBOM crcTeMe 3TO TIOHSTHE
pacnpocTpaHsiercs U A7l pepepeHTHBIX YPOBHEN aBapHiHON U CYIIECTBYIOIIMX CUTYallUi OOTy4YeHHs..

Ha crajuu nimaHupoBaHUsI, BApUAHT TPH KOTOPOM JI03bI OOJTYUSHHS TIPEBBIIAIOT pedepeHTHEIC
YPOBHH, allpUOpU CUUTaeTCs HempuemieMmbiM. B tabmuue 1 mpuBenensl pekomenaoBanHbie MKP3
pedepentHbie ypoBHH U KBOTHI 103 ([1y0n. 103) [2]. JlaHHbIE BENWYHMHBI SBISIOTCS BEPXHUMH
npeenaMu JJIsl aHaIu3a KOHTPMEpP TpU MPOBEICHUHN MPOLIEAYP ONTUMH3ALUN IPOTUBOPAIHAIIMOHHON
3alUTHl JUISL CIy4aeB, KOTJa MOXKET M3MEHUThCS  4HMCIO (haKTOPOB, KOTOpPHIE HEOOXOIMMO
MPOAHAIM3UPOBATh, BKIIIOYAs BCE BBITOJIBI JJIs1 OOIIECTBA OT aHAM3UPYEMOM AEATEIFHOCTH, B TaKXKe
CTOMMOCTB H 11€JIeCO00Pa3HOCTD 3AIMUTHBIX MEPOITPUSTHH.

[Ty6mukamms 104 MKP3 [], momyepkuBaeT, YTO HAIMOHAIbHBIC PETyISTOPHI JIOJDKHBI
00eCrneuuTh BEJTMYMHBI JUMHUTOB U KBOT JI03 JIJISl Pa3HBIX CUTYallMHd OOJIy4eHHUS Ha YPOBHE BHIIIE
BeJIM4rH, pekoMenaoBaHHbIx MKP3 (Tab6m.1).

Ta6muna 1. Pedepentarie ypoBHH 3()(EKTHBHBIX /103 OOTyUESHUSL.

YpPOBHM I'paHULl ONITUMHU3ALN XapakTeprcTHKa CUTYallK O0JTyIeHHs
(xBOT 103 ¥ pehepeHTHBIX

ypoBHEi# ) 17151 3P (PEKTUBHBIX 103,

ITpumep

KoTrJa Oy/ieT MPUCYTCTBOBATH BBITO/IA
JUIsl OOILECTBA, a HE OTIEJIIBHOTO
YeIIoBeKa

M3B
>20-100 OKcTpeMasbHbIe CUTYaIlnN Cutyanus aBapuitHOTO
Boicoke pedepeHTHbIe ypoBHy |  OOIYHCHIs, KOT/[a TPeOyrOTCs o0y ueHns
YCTAHABIIMBAKOTCS [T XOpOIIo | OOS3ATE/bHBIC 3ALLUTHBIC MCPbI
00y9IEeHHOT0 TIEPCOHAA, JUISL BCEX ITyTeit 001y deHus, a
KOTOPBIN pabOTaeT B aBaPUITHBIX HCTOTHUK SABJIACTCA
YCIIOBHSIX HEKOHTPOJIUPYEMBIM
>1-20 NuamuBrmyyM OOBIMHO MOYYaeT BHITOILY OT [Ipodeccronansaoe
JTAHHOU CUTYaIIUH. o0Jy4eHue Juist
3arra npuUMeHsIeTCst JIs BCEX TUTIOB | 3aTUTAaHMPOBAHHBIX CHTYAIHH,
00JTy4eHHs NI NCTOYHHUKOB. a TaKoKe IS
PpeadMITMTAIIMOHHBIX
MEPOIIPUATHUI TIOCIIE aBapHil.
CyliecTByIOIINE CUTYaIlUU
o0Iy4YeHHs
1 1 MeHee [TpumeHseTcs TOMBKO JUTSl CUTYaIlHi, OO6yueHe HaceIeHMsI IS

3aIIaHUPOBAHHBIX CUTYAIHH.

Eme oM HOBOBBeJIEHHEM SIBIISIETCS OHSTHE "peripe3eHTaTuBHOrO uenoseka'. MKP3 naer
CIIEIYIOIIEE ONPEICIIEHUE ITOMY TEPMHUHY: '"Penpe3eHTaTUBHBIA YENOBEK - 3TO HHAWBHIYYM,
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NOJYYaloIUil 103y 00ay4yeHus, Hanbosee MpeACTaBUTENbHYIO sl caMoi 00JyyaeMOi KaTeropuu
WHIUBUAYYMOB U3 HaceneHus" [2]. DTOT TepMHH - SKBHBAJICHTEH W 3aMEHSCT MOHATHE "CPETHETO
MHIMBHUyyMa KpuTtuueckoil rpynnsl". [loHsaTHe "perpe3eHTaTUBHOrO YenoBeKka'. He CleqyeT IyTaTh C
"pepepeHTHBIM  YenmoBeKOM', 3TO  MOHSTHE  UCMOJNb3YeTCs  JUIsl  CTaHJapTU3UPOBAHHBIX
MaTeMaTUYECKUX MOJIEIIeH P BBIYMCICHUH SKBUBAIICHTHOH U 3((EKTUBHOM 1035I1.

Konnermmu "kputrdecko. rpymmbl’ U "perpe3eHTaTHBHOIO YesioBeKa" OCOOCHHO BaKHBI JIS
IUTAHUPOBAHUSI COPOCOB-BHIOPOCOB B OKPYXKAIOLIYyI0 cpemy. B oToM ciiydae 103a WM PHUCK Uit
CPETHECTaTUCTUYECKOTO0 YENIOBEKa M3 KPUTUYECKOW TPYNIbl (WM PENpe3eHTaTUBHOIO YEIOBEKa)
CPaBHUBACTCSI CO CPEIHETOJIOBBIM MPEEIOM JI03bl WM COOTBETCTBYIOLIECH KBOTOHM JIO3BI/pPHUCKA IS
HaceneHusa. HoBble pexkoMeHAalu IpelyCMaTpUBalOT KCIONb30BAHUE IOHATHS '"penpe3eHTaTUBHBIN
YeJIoBeK'' TAKoKe JUIS CYLIECTBYIOIMX M aBAPHHHBIX CUTYaLMiA OOTydeHHS.

Bce npuBeneHHbIe TPUHLIMIIBI U MTOHITHUS UCIIOJB3YIOTCA IS BCEX CLIEHAPHEB OOJIy4eHUs,
BKJIIOYasi MEIUIIMHCKOE oOiydenue. [lanee mMbl Oojee moapoOHO OCTAHOBUMCS Ha OCOOEHHOCTSX
TpeOOBaHUIl K OTrpaHUYEHUI0 MEIUIMHCKOTO OOIY4YEeHHs, KOTOpbIe YXKE pealn30BaHbl B IS
npakTiuyeckoro npuMenenus B BSS [1].

Oco0eHHOCTH TPeOOBAHNH K OIPAHUYEHHUI0O MEIHMIHMHCKOr0 001y4yeHusi. MeauimHckomMy
obnyyennto MKP3 mocBaTHIO Lienblid psii MyOJMKaluii, HO OCHOBHbBIE TPEOOBaHUS W3JIOKEHBI B
[Ty6mukarpu 105 [9]. BonbiMHCTBO 3THX TpeOOBAHMI HAILLIM CBOE OTPa)KCHHE B peryiameHtax BSS
[1].

HoBas cucrema pagualiioHHON  0€30MacHOCTH  IJISl  MEIUIMHCKOTO  OO0JydeHus
paccMaTpuBaeT MEIUIMHCKOE OOJIy4eHHE KaK 3alllIaHMPOBAHHYIO CUTYalMIO0 OOJIy4EeHUS U HA HHX
pacmpoCTPaHSIOTCS BCE MPUHIMIBI , U3I0KeHHbIe Bhime. [lyOnukanus 104, a 3arem u BSS s
JAHHOHM CUTyallu OOJIyYeHUs IMPeIIojiaraloT BHEApEHHE TPeOOBAHUI PETYISTOPHOTO XapakTepa
(JTUIEeH3UPOBAHKE), BKIIIOYAs 00s13aTEIbHYIO ONTUMHU3AIIMIO 3aIIUTHI IEPCOHANA U TAI[UEHTOB.

B coorBerctBuM ¢ TpeboBanmsiMu BSS nmieH3upoBaHHIO MOANIEKAT METUIIMHCKOE
pazuosioruueckoe o0opyaoBaHHE (TeHepaTopbl W3IMyYEHUH, YCKOPUTEIH, HCTOYHHUKH, ramma-
KaMepbl, ToMorpadsl ¥ T.J1.) U IPOrpaMMHOE 0OecrieueHre, KOTOPOE MPUIIAraeTcsl K TEXHOJIOTHH U
MOXXET MOBJIMATh HA pacyeThl JO30BBIX HAarpy30K M HMX pealn3aluio Ha mnpaktuke. KoHTpomro
MOJJIEKUT TaKKE CUCTEMa IapaHTHI KauecTBa MEAUIIMHCKUX UCCIIEIOBaBHUM, KOTOpasi BKIIOYaeTcs
B JIMLIEH3UOHHBIE YCIIOBUA.

JIOKyMEeHT mpelycMaTpuBaeT cHenuduueckue TpeOOBaHUs KakK Ul JUAarHOCTHYECKOIO
o0opymoBaHusi, Tak W 1 OOOpPYIOBaHHMS U TEXHOJOTHH, KOTOpbIE HCIONb3yeTCs B
TEepaneBTUYECKHUX LETISX.

s 06oux HampaBiIeHH KOHEYHas IeNb (100 AMArHOCTHKA, TUOO JIeUYeHUE) OMpeesieT
NyTH PEATM3UIMU  TIPOLEAYyp ONTUMM3AIMK TMPOTHUBOPAIUANMOHHON 3amuThl. Hampumep,
UCIIONIb30BaHUE TeX WM MHBIX paguodapMIipenapaToB AJs TUATHOCTUKHU, JOJKHO OOECIeuynBaTh
HE TOJIbKO HY)KHOE pa3pelleHue i MOIyYeHHs] BU3YaIbHOIO 0TOOpaKeHUs OPraHOB U TKaHEW, HO
U o0ecreunBaTh HEMPHBBIIICHHE pPEPEPEHTHBIX YpPOBHEH OONydYeHHs KaKk MalUeHTa, TaKk |
nepconaina. B uaeanbHOM ciiydae, 1036l 00Ty4YeHUs JOKHBI ObITh MUHUMAJIBHBI.

B cnyuae TepameBTHYECKUX TPOIENyp, Leidb HPOTHBOPAAMAIIMOHHONW 3alluThl Oyner
HECKOJIbKO HMHHOH: JIeYeHHE JODKHO TapaHTHpOBaTh, YTO J03a OOJIydeHHs TMalueHTa OyneT
HACTOJIbKO HU3KOM, HACKOJIBKO 3TO MO3BOJISIET €r0 IMAarHO3 U MpeIucaHue jedailero Bpava. [lpu
3TOM, IO CYTH, IPOLIETYPhl ONTUMHU3ALUHU 3TO COTPYAHHUYECTBO HECKOJIbKUX CHEIMAIUCTOB: Bpaya -
paauoIiora, Bpaua-oHKOJIOTa, METUITMHCKOTO $u3nKa, (hapmarienra.

Oco0oe BHHMaHueE MpHU MPOBEACHUN MPOIeAyp ONTUMHU3ALNU YIENIIeTcs A03aM 00IydeHUs
JeTei, IpHu TMPOBEIECHUN CKPUHUHTOBBIX HCCIEIOBAHUIX (HAmpuMmep, AMCIaHCEpH3aIus), Korjaa
peyb UIeT O MOOpOBONBIAX TMPH MPOBEACHUW HAYYHBIX HMCCIEJOBAHWUN WIJIM KOT/Aa TAIlMEHTOM
SIBIISIETCS. OepeMeHHas WM KOPMSIIAasi TPY/IbI0 KEHIIUHA.

Kpome Toro, mpomenypsl ONTUMHU3ANUKA JOJDKHBI BKJIIOYATh M aHAJU3 aCMEKTOB, KOTOPHIS
KacaloTCs TEXHHYECKOro oOCTyXHBaHUS O00OpYAOBaHUsS, U B MEPBYIO OYepeab €ro KaarnOpOBKH,
obOecrieueHUsT CHUCTEMBl TapaHTUW KayecTBa WCCIICNOBAaHMM WM HM3MEPEHUH, BKIIOUas
00s3aTeNbHYI0  MHAMBHIYAIBHYIO JTO3UMETPUIO TEpCOHaNa W MalMeHTOB. Bce 3TM MOMEHTHI
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NPAaKTUYECKH OTCYTCTBYIOT B OT€UECTBEHHON HOPMATHBHOM 0a3ze M JOJDKHBI OBITH pa3zpaboTaHbl U
BHEJPEHBI B OirKaiiiiee Bpemsi.
BoiBoabl.

1. TpeGoBanusi AEWUCTBYIOUIMX B YKpauHe HOPMATHBHBIX JOKYMEHTOB JIMIIb YacCTHYHO
0o0ecreunBarOT HEOOXOAUMYIO PATUAIMOHHYIO 3alIUTY JJs MEIUIUHCKOro oOmydeHws. Ux
TpeOOBaHUS TPAJUIMOHHO OrPAaHUYMBAIOTCS perjiaMeHTaIueil 103 o0aydeHus mepcoHana,
BOnpocoB obpameHust ¢ PAO u pagroakTHUBHBIMU UCTOYKAHUMH U T.]I.

2. TIlpu wmonepumszarmun HPBY-97 wu npyrux HOpMaTHUBHBIX JOKYMEHTOB B 00JacTh
paauanuoHHONW O€30MaCHOCTH, MEIUIMHCKOMY OOJIYYEHHI0 HEOOXOIUMO YAEITUTh 0c000e
BHUMaHUeE.

3. BHenmpeHue HOBOW CHCTEMBl NPOTHBOPATUALMOHHON 3allUTHI, KOTOpas Oa3zupyercs Ha
MNPUHIIUIIE ONTHUMHU3ALNU, TPeOyeT YIeNUTh 0c000€ BHUMAHHUE IMOATOTOBKE METUIIMHCKUX
(U3UKOB.

4. B cCOOTBeTCTBMM C HOBOHl CHCTEMOHl NPOTHUBOPAAMALIMOHHONW 3alllUThl OrpaHUYCHHUE
MEAMIMHCKOTO O0JydyeHUsi MpeJIoyiaraeT BBEJICHUE JIMLIEH3UPOBAHUS OTAEJIbHBIX BHJOB
NEeSTENIbHOCTH U, COOTBETCTBEHHO, pa3paO0TKH JTUIICH3UOHHBIX YCIOBHUM U Jp. JOKYMEHTOB.
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TOYHOCTH INTAHUPOBAHUA JTYYEBOMN TEPAITUH —
I'APAHTUSA KAYECTBA ITPOBEJEHUSA JIEYEHUA

I0.H. CeanBpa

Jloneyxuii 0b1acmMHOU NPOMUBOONYXOIEBbLLL YEHMP
ya. Honoykas, 2a, 2. /{loneyk, Yxpauna, 83092,
selivra_yuliya@rambler.ru

AHHOTANUsI: BECOMOE 3HAYCHHE IPH HCIOJIB30BAHUM OOOPYAOBaHUSA [UIS TPEXMEPHOUW KOH(OPMHOM
Jy4eBOW Tepamuu HMMeeT TEXHUYECKHH YPOBEHb MepH(epuitHOro OOOpYIOBaHHA M aKCECCyapoB —
IJIAaHUPYIOLINE CHCTEMBI, CHUCTCMBbI BU3YyaJIM3aluu, HpI/ICHOCO6J'IeHI/I$I JIIA I/IMMO6I/IJ'II/IBaL[I/II/I nu
WHJIMBUTyalbHbIe QUKCHUPYIOIINE YCTPOHCTBA — TO, OT coBepIeHcTBa Yero Ha 70% 3aBucHt 3pPeKTUBHOCTD
JICUCHUHA.

Abstract: when using the equipment for three-dimensional conformal radiation therapy the technical level of
peripheral equipment and accessories - system planning, imaging systems, devices for immobilization and
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individual locking device has weighty significance. This is all whose perfection provides the effectiveness of
treatment by 70%.

KiaroueBble cjioBa: KOH(l)OpMHaﬂ JIyucBad TEpamnusd, TPEXMCPHOC IIJIAHUPOBAHUEC queBOfI TCpamuu,
TOYHOCTDb YKJIAAKH IMallMCHTA.
Key words: conformal radiation therapy, 3D treatment planning, the accuracy of position of the patient.

OpHO#l W3 aKTyalbHBIX HPOOJEM 3ApPaBOOXPAaHEHHs SIBISETCS pa3paboTKa M BHEAPEHHE
COBPEMEHHBIX TEXHOJIOTUH JICYCHHUS] OHKOJIOIMYECKUX OONbHBIX. [lepcrekTuBhI B 3TOM 00J1acTH BO
MHOTMX OTHOIIEHHSAX CBS3aHbl C JIOCTM)KEHUSIMU B JIy4eBOM TepamluH, KOTOpas Cpeau
CYILIECTBYIOIIHUX METOJIOB JICUEHUS M0 YAaCTOTE U IIMPOTE CHEKTpa MPUMEHEHUS 3aHUMAaeT BeayIlee
MECTO.

TexHuueckuii  mporpecc 3a TOCIETHHE MACCATHICTHS B OO0JIAaCTH JIy4eBOW TeparuH,
COBEpIICHCTBOBAHUE allllapaTtypbl Ui IUJIAHUPOBAHUS U TPOBENCHUS OONydyeHUs MpHUBEN K
CO3/1aHHUI0 HOBOI'O HAIpaBJIEHUS B PAJUOJOTUU — TPEXMEPHOIO KOMIIBIOTEPHOT'O INIAHUPOBAHUS U
npoBeJeHUsT OOJy4YeHHs, MPU KOTOPOM MAaKCUMyM (QOPMHUPYEMOro JI03HOTO paclpeaeacHus
HanboJiee TOYHO COOTBETCTBYET (opme MuiieHu. [Ipu 3TOM 1032 pe3Ko cramaeT 3a rpaHUIaMU
MUIIEHH, YTO TO3BOJISIET TPOBOAUTH OOIydeHHE HOBOOOPA30BAaHHM, HEMOCPEACTBEHHO
IPUIETalOIINUX K KPUTHUYECKUM PAaJUOYyBCTBUTEIbHBIM CTPYKTYpaM M opraHam. JlaHHas MeToauka
noJyynia Ha3BaHue KoH(GopMHOHN Tepanuu.[1]

[IpyMeHeHne TPEXMEPHOI0 KOMIIBIOTEPHOIO IUIAHUPOBAHUS IPENOCTABISIET BO3MOXHOCTh
KOHCTPYHPOBAHUSI TPEXMEPHOW MOJENM 3JI0KAYECTBEHHOIO HOBOOOPAa30BaHHsS C  LEJIbIO
YCTAHOBJICHHUSI €r0 TEOMETPUYECKHX pa3MepoB M KOHPHUTypanuu; OOBEMHOTO BBIIEICHUS
MPUIETalOIIUX KPUTHUECKUX OPTaHOB M CTPYKTYp; moadopa Haubonee 3pPeKTUBHBIX MO U 103
00JydeHus.

Pemenne Bompoca orpaHuueHusi OOITY4YEeHHS 3J0POBBIX OpPraHOB M TKAaHEW MAIMEHTOB IPH
Jy4eBOM TepanuM 3aKiIlo4aercs B pa3paOOTKE U COBEPIICHCTBOBAHUHU IIPOLECCOB BHIIOJHEHUS
KaX/I0r0 M3 3TAllOB KOMIUIEKCA MPOLEypP, BKIIOUCHHBIX B TEXHOJIOTHIO O0Iy4YEeHUs U MpeATydeBon
HNOArOTOBKU. Tako# moaxo/ MOJHOCTBIO COOTBETCTBYET 00ECIIEUEHUIO FrapaHTUU KayecTBa Jy4eBOi
TEPAINH.

W3nayanbHO 0a30BO€ 3HA4YeHHE B PaJAMOTEPANIEBTUYECKOM KOMIUIEKCE OTBOJMIOCH
o0JIydarolMM YCTaHOBKAaM, HO 3aT€M, C COBEPIIEHCTBOBAaHHEM TEXHOJOTHM, Bce Oouibliee
BHHMaHUE CTaJO YJIENSAThCS TOMY TEXHOJIOTMYECKOMY OOOpYJ0BaHUIO, KOTOPOE 3aJeiCTBOBAHO
IpU NPEUTy4eBOH IMOATrOTOBKE, IIAHUPOBAaHUM, AO3MMETpuM U T.1. [Ipm 3TOM HemooleHka
UCIIOJIb30BAaHUSl OTJAEIbHBIX JJIEMEHTOB NYCTh JaXe Ha TNEepBbIA B3IV BTOPOCTENEHHBIX
(HampuMep, (UKCHUPYIOIIMX NPUCIOCOONIEHUI) NMPUBOAUT K 3HAUMTENILHOW IMOTEepe KauecTBa M
COOTBETCTBEHHO CHUKEHHIO 3(PPEKTUBHOCTH JI€UEHUSI.

B Jlonenkom o006sacTHOM HOpOTHBOOIYX0JeBOM ILieHTpe B 2006 roxy ObUTM  BBEICHHI B
9KCIUTyaTaliio JBa JUHEWHbIX yckoputens ¢pupmbl Varian Medical Systems. CooTBeTCTBEHHO Ha
IPOTSKEHUH YK€ 6 JIET IPU IPOBEICHUH TUCTAHIIMOHHOW JTy4eBOW TEPANUU HApsILy C JIEYEHUEM Ha
KOOAJIbTOBBIX  pPAJAMOTEPANEBTUYECKUX YCTAHOBKAX MCHOJb3YyeTCd METOJUKA TPEXMEPHOIO
KOMITBIOTEPHOT'O IJIAHUPOBAHUS U KOH(OPMHOMH Teparuu.

3a 3TOT mepuoJ BpeMeHH B JloHenKoM o0O0JacTHOM NPOTHUBOOITYXOJIEBOM LIEHTpPE Ha
JUHEHHBIX YCKOPHUTENSAX OBUIO MpoJiedeHo Oojiee 5,5 ThICAY MAIMEHTOB M NpoBeneHo Oosee 70
ThICSIU ceaHCOB. Mccnenys pacrpeneneHue MPOJICYEHHBIX OOJIBHBIX MO JIOKAIM3ALMSIM, MOXXHO
OTMETHTb, YTO Yy HauOOJIBILIEro YKcia MalHeHTOB, MOTYYUBIINX KOH()OPMHYIO JIyUE€BYIO TEpPaIUIo,
M3HAYQJIbHO JUArHOCTHPOBAINUCH 3JI0OKAUECTBEHHbIE HOBOOOpa30BaHUS TOJIOBHOTO  MO3ra,
IIPEJICTATENbHOM JKEe3bl U )KEHCKUX MOJIOBBIX OPTaHOB.

VYuutsiBas OOMIMPHBIE BO3MOXKHOCTH W TNPEUMYIIECTBA JIMHEHHBIX YCKOpUTENeH, Bpauu-
PaMoJIOTH BMECTE C MH)KEHEPHOU CiTy’k00i 0c000e BHUMAaHUE YIENSIN U YACHSIOT TIIATEIbHOMY
IUTAHUPOBAHUIO O0JTyUEHUS.

B Hamem neHTpe MBI HCHOJB3YEM CIEAYIOLIYI IIOCIEN0BAaTEIbHOCTh METOAMYECKUX U
TEXHOJOTHYECKHX 3TAINOB MPU MOATOTOBKE K MPOBEICHUIO JICUEHUS:
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1) ykitagka mammeHTa;

2) nmpoBeAeHUE UMMOOMIIU3AIUS 00JIACTH, TIOIJICKAIICH 00TYyICHHIO;

3) BBHINOJTHEHWE KOMITBIOTEPHOTO TOMOTPA(pUYECKOrO HCCICIOBAHUS W BBEICHHE
TOMOrpauuecKrux cpe3oB B IpOrpaMmy IJIaHUPOBAHUS;

4) TpexMepHOE KOMITbIOTEPHOE IJIAHUPOBAHUE O0TyUCHNS;

5) cuMyssiius 1 BepudUKaIus 1iaHa o0aydeHus.

3aKTFOYUTEHHBIM U 00S13aTEIILHBIM 3TAIOM MPETYIeBOM MOATOTOBKY SIBIISIETCS TIPOBEICHHE
CHMYJISILIMY JIy4eBOH Teparuu, KOTOPYIO MbI IPOBOAMM Ha cUMYyJisiTope ACUity, BXOJISIIEM B COCTaB
pauoOTEePareBTUIECKOT0 KOMIUIEKCA U HAXOSIIECTOCs B JIOKATHHON CETH C pa0OYUMU CTAHIHSIMH H
JUHEHHBIMU ycKopuTensiMu. Bo Bpems [naHHONW mpoueAaypbl Mbl IPOU3BOIUM  (PHU3UUYECKOE
MOJICJIMPOBAHUE TEPANEBTUUECKOTO IydyKa H3IYYEHUS C IEJIbI0 OINPEICICHUS TOJOXKEHUS U
pa3MepoB palualluOHHbBIX MOJICH.

[Iporuiecc cumynsiuu HaYMHAIM ¢ TOYHOTO BOCIIPOU3BE/ICHUS YKJIAJKW MAllMEHTa Ha CTOJIE B
3aBHCHMOCTH OT JIOKaJIU3aluu mporecca. [lanee Mbl IpoBOININ KOPPEKTUPOBKY UHAUBUAYAIBHOTO
JUISE KaXIO0ro IMalMeHTa pa3pabOTaHHOTO IUIaHa JICYeHHWs. 3aKiIrodaiach 3Ta TNpoIeaypa B
CPaBHEHMHM PEKOHCTPYUPOBAHHBIX HHU(PPOBBIM CHOCOOOM CHUCTEMOW IJIAHHUPOBAHUS CHUMKOB
MalyeHTa IS KaKIOTo U3 ToJied 00MydeHUs ¢ M300paKeHUSIMH, MOTYYEHHBIMH HAa CUMYIISITOPE
JUISL COOTBETCTBYIOIIMX TIONiell B pexume peanbHOro BpemeHH. Ocoboe MecTo OTBOAMIU
MO3UITMOHUPOBAHUIO TIAIIMCHTA, OTPAHUYCHUIO JIBIYKEHUH M KOHTPOJTIO 32 CMEIICHUEM BHYTPEHHUX
opranoB. KoHe4yHbIi pe3ynbTaT Mbl OLIEHUBAIH IIyTEM CPaBHEHHsI TOTYYAIOUIErocs pacipeaeaeHus
036l ¢ (hOpPMOH TUIAHUPYEMOro O0bEeMa MHUIICHH W KPUTHYCCKHUX OpraHoB. JlOMOJHUTEIHHO
OTIpEeSIN TOJIOKEHUE HW30LEHTpa IMoJied OONydeHUsT OTHOCHUTEIbHO aHATOMHMM TalMeHTa,
KOOPJMHATBHl KOTOPOTO 3aT€M SKCIOPTUPOBAIM B CHCTEMY JIa3epHOM pa3meTku. Takxke B
00s3aTeNIbHOM TOPSAKE MBI MPOBOJWIM OLEHKY COOTBETCTBHUSI BBHIMIOJHEHHBIX KJIMHbEB. Bpau-
paauosior, yOeTUBIINCH B KOPPEKTHOCTH COCTaBICHHOTO IIaHA OOJIYYCHUS U B COOTBETCTBUHU
HEOOXOUMOT0 JO3HOTO pAacHpeieieHUs] HEMOCPEACTBEHHO Ha TeJe MAalleHTa, BBIMOIHSII
MapKkupoBKy. [lociie 3TOro oKOH4YaTEeNbHO YTBEPKIAJICS TJIaH JICUCHHUS.

[I1anupoBaHre  KOMIIBIOTEPHO-TOMOTPa)UUECKOTO  HCCIEAOBaHUS,  MPOCIUPOBAHUE
HapY>KHBIX TOJIeH OOJIy4eHHsSI BO BpeMs CUMYJISIIIUU, CEaHCHI JTyY€BOTO JICYCHUS OCYIIECTBIUINCH
CTpPOTO B OAHOW W TOH ke ykiaake. [Ipudyem yuuThiBaics TOT (PakT, 4TO YKIaJKa MAlMEHTa B
MaKCUMaJIbHO KOM(DOPTHOM ITOJIOKECHHUH ISl HETO MPHBOJIUT K JIOCTOBEPHOMY M CYIIECTBEHHOMY
CHI)KEHHIO OOIIEro KOMMYECTBAa CMEIICHUN Ja)ke MPU OTCYTCTBUU CIEUUATBHBIX (DPUKCHPYIOLINX
IPUCTIOCOOICHUH.

Br160p yCTpOHCTB MO3UIIMOHUPOBAHMS M MMMOOMIM3AIMUA TIPOUCXOUIT UHIUBUIYaTbHO B
COOTBETCTBUM C TMOTPEOHOCTAMM KaXaoro mnamueHTta. KpaiiHe BaXHO HCIIONIB30BaHUE
(bUKCUPYIONIUX YCTPOWUCTB MPHU MPOBEACHUU CUMYISIUU, a B JalbHEHWIIEM W KaXIOTro ceaHca
JIy4EBOM TEparuu AETSIM.

AHanu3upys BO3MOKHOCTH M Pe3yJbTaThl MPOBEACHHSI JIy4e€BOI Tepanuu Ha 00OpyI0BaHUU
pa3HOTO THIA, HEOOXOIUMO OTMETHTh, YTO JICUCHHE ITAIIMCHTOB Ha JIMHEHHBIX YCKOPHUTEISIX
MO3BOJIET MMPOBECTU KBATHM(PHUIIMPOBAHHOE TPEXMEPHOE KOH(DOPMHOE TIIaHUPOBAHKE, TIIATEIHHYIO
KOPPEKTUPOBKY IJIAHOB JICYCHUSI, BKIFOUAOINIYIO OICHKY JO3HOTO PACIPECIICHHS] OTHOCUTEIBHO
(dbopMBI TUTAHMPYEMOTO O0bEMa oyara M KPUTHYECKHUX OPraHOB M BU3YAIHM3AIUIO TOJOXKEHUS
M30IIEHTPAa OTHOCHUTEIHHO aHATOMHU TAIlME€HTa, TOYHOE BOCIPOM3BEICHHE MO3UIIMOHUPOBAHUS
MaIUeHTa Ha CToJie ¥ (pUKCAIMI0 00JIACTH, MOAIEKAIeH 00TYIeHHIO, YTO MO3BOJISET CBECTH HA HET
Jy4eBbIe PEAKIMA M OCJIOKHEHUS, MUHUMH3UPOBATh OOJIy4eHHE U TIepeoOTydeHHEe 30POBBIX
OpPraHOB M TKaHEW W HMCKIIOYUTH MHBAIUIAINIO O0NbHBIX. K0OambTOBBIE paiMoTEparieBTUYECKUE
YCTAaHOBKH HE MOTYT MPEJIOCTABUTH TAKMX BO3MOKHOCTEH.

1. Aeanos A.B., T'aescxuii B.H., I'ynuooé U.A. u op. Meroauka TpexmepHOW KOH(GOPMHOW NPOTOHHOM
nyueBoi Tepanuu // Ilucema B UASL. 2005. T.2, Ne6(129). C. 80-86
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IHOTPEINIHOCTH B OTIIYCKE J10O3bI B
POTAIITMOHHBLIX METOJIAX JIVYEBOM TEPAIINU.
IKCIIEPUMEHTAJIBHBIE UCCJIEJOBAHUSA BJAUAHUSA TIEPEXOJHBIX
XAPAKTEPUCTHUK IITATUBOB JUHEWHBLIX YCKOPUTEJEN

N.I'. Tapyrun, E.B. TuroBu4

'Y «PHIIL] onxonocuu u meduyunckou paouonocuu um. H.H. Anexcanoposay
2. Munck, benapyco

AHHoOTanus. B craThe npuBOAATCS pe3yNbTaThl MCCIEAOBAHUS PA3TOHHBIX M TOPMO3HBIX XapaKTEPUCTUK
IITaTUBOB JIMHEHHBIX ycKopuTened Qupmbl «BapwaH» ¥ WX BIUSHHUS Ha MOTPENTHOCTH OTITyCKa O3Bl B
AVMHAMHUYCCKHX PEXUMaX O6J‘Iy‘leHI/15{ ITaITUCHTOB.

Abstract. Results of dynamic characteristic of accelerators gantries investigation are represented. The speed
of gantries acceleration from zero angle to maximum 4.8%/s and hampering from maximum speed to stop are
different for three accelerators “Varian” company/ The errors in absorbed dose delivery are depend on speed,
and rotate sector size.

KaroueBsle cioBa. Yckopurenu, pa3sroHsl IITaTHBOB, IOTPEUTHOCTH B OTITYCKaeMOM J03¢€
Keywords. Accelerators, gantry acceleration, errors in dose delivery

Beenenue

CrpeMuTenbHOE pa3BUTHE METUIMHCKUX YCKOPUTENEH 3JIEKTPOHOB, HalIrojaromeecss B
NOCNIEAHUE TO/bl, IO3BOJWJIO pa3padoTaTb HOBBIE METOJUKU OOJIydYe€HUS OHKOJIOIMYECKUX
60onbHBIX. K TakuM MeToJquKaM OTHOCSTCS OOJIydeHHE € MOIYJIMPOBAHHOW HHTEHCHBHOCTBIO
m3nydenuss IMRT, noasuxHble (pOTallMOHHBIE) PEKUMBI OOIYYEHHS C M3MEHSIOUIMMUCS B
npoliecce BpalleHHsl IITaTUBOB YCKOPUTEIEH CKOPOCTH MX BpAIIEHUs, MOLUTHOCTH /103bI (POTOHHBIX
IYYKOB, pa3MepoB U KoHpurypaiuu nonei odnyuerus VMAT, RapidArc, cHHXpOHU3UPOBAHHOTO
C AbIXaHueM mnauueHToB 4D u T.1. B urore ynaercs cylmecTBEHHO YMEHBIIUTh 00bEMbI 00TydeHUs
HOPMAaJIbHBIX TKaHEH M KPUTHYECKHX OPTaHOB, OKPYKAIOUIMX MHIIEHb, U, TEM CAMbIM, CHU3UThH
TOKCUYHOCTh OOJIy4eHMs, YMEHBIIUTh JIydyeBble PEAKUUH U OCJIOXKHEHHS U  YIy4LIUThb
IPOJOKUTEIBLHOCTh U KAUE€CTBO JKU3HH MPOJICYCHHBIX MAIUEHTOB.

B To e Bpems nprUMeHEHHE BBICOKOTEXHOJIOTMYHBIX METOJOB OOJIY4YeHHUsI Ha COBPEMEHHBIX
YCKOpUTENSIX TpeOyeT peryisipHOil OIEHKM KadecTBa pabOoThl Kak ammapara B I€JIOM, Tak U
OTJeNbHBIX ero cucteM. C 3TOH 1enblo pa3padaThIBalOTCS HOBBIE MPOTOKOJBI KOHTPOJIS KayecTBa
anmapaTroB, a TaK)Ke CO3JA0TCSl HOBBIE KPUTEPUU OLIEHKM KauecTBa pEaJu3yeMbIX IUIaHOB
oOmydenus. Pa3paboTana cucreMa OLEHKH pacnpeeNeHU J03bl B MallMEHTax, Ha3bIBaeMasi raMMa-
MHJCKCOM, KOTOpasl OLIEHUBAET PACXOXJACHHE PeaTu3yeMbIX M CIUIAaHMPOBAHHBIX paclpeiesieHui
JI03bI IO TeoMeTpuH (He 6osee 3 MM) 1 1o 103¢e (He Ooiee 3%), a nHOTIa M TovHee [1].

Peanuzanus Takoll TOYHOCTH TpeOyeT BHUMATENIBHOIO aHallM3a BCEX IOrPEHIHOCTEH,
KOTOpbIE MOTYT BO3HUKaTh IPH BHINOJHEHWH IUIAHOB oOdydeHus. B  wmupe wusyqarorcs
XapaKTEPUCTHKH OTIENbHBIX CHCTEM YCKOPHUTEJEH, IJIaBHBIM 00pa3oM TeX, KOTOpbIe BIHSIOT Ha
TEOMETPUUYECKHE W JI030BBIE  pacmpenesneHuss B 00aydaeMblx oObekTax [2-4]. OcHOBHBIMHU
U3y4yaeMbIMH CUCTEMaMU YCKOPHUTEJEH SBISAIOTCS AMHAMHUYECKHUE MHOTOIUIACTUHYATHIE AUadparMbl
dMLC u cucteMsl perucTpaiuu nopTaabHbIX u3o0paxenuit EPID.
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[Mpu BHeApeHun moaBMWXKHOW jydeBoit Tepanuu VMAT wnu RapidArc, mpu KOTOphIX BCe
napaMeTpbl YCKOPUTENS] H3MEHSIOTCS HEMPEPBIBHO, Hapsiay ¢ KoHTpojeMm dMLC u MOITHOCTH 036l
(OTOHHOTO W3ITyYeHHUsl, BO3HUKAET HEOOXOAMMOCTH IIOCTOSTHHOTO KOHTPOJISI XapaKTePUCTHK
BpAILIAIOLIErocsl IITaTHBAa YCKOPUTENS: CKOPOCTH BpAIICHUS, PA3rOHOB M TOPMOXKEHHH IpHU
W3MEHEHUHU CKOPOCTH. B muTepaType TaHHBIX 00 U3YUEHUH ITHX XaPAKTEPUCTUK HE BBISIBJICHO.

Hamu Obiia mocTaBieHa 3ajjauya H3y4UTh XapaKTEPUCTUKH MEPEXOJHBIX IMPOILIECCOB IMPHU
JTUHAMHYECKOM M3MEHEHHH CKOPOCTH BPAIEHUS IITATUBOB YCKOPHUTENCH, B YACTHOCTH PA3rOHOB U
TOpMOXKEeHHH. MccnenoBanuch XapaKTepUCTUKU 3-X yckoputenei ¢upmel «Bapuan»: «Clinac-
2300», «Trilogy» wu «Unigue» B pexumax pa3roHa W TOPMOXKCHHUS IITATUBOB M OIICHEHBI
BO3HUKAIOIINE JTOMOJIHUTEIbHBIE MOTPEIIHOCTH B OTIYCKE J03bl B PA3IUYHBIX YITIOBBIX CEKTOpPax
00JTydeHus.

MeToauka npoBeaeHHs MCCAe0BAHUM

1. Meromuka W3MEpEHHUs CKOPOCTH IBWKCHHS INTATHBOB YCKOPHTENEH 3aKitoyanach B
U3MEPEHUAX CHUTHAJIOB TAXOMETPOB C IOMOIIBIO 3aroMuHaroIero ocimniorpada Tektronix TDS
2024 B”. BenuuuMHAa CHUTHAJIOB TaxOMETPOB JOJDKHA ObLa OBITH HPOIMOPIMOHAIBLHONH CKOPOCTH
BpallleHus1. MakcumallbHas CKOPOCTh BpallleHus ObL1a BeIOpaHa paBHOM 4,8 rpaayca B CEKYHAY, YTO
COOTBETCTBYET CKOPOCTH, Hanbojee mpuMeHseMoil B pexumax obnyuenus RapidArc u VMAT.
Pa3roHbl M3MeEpsUIMCh TP TTOJIOKEHUSAX INTAaTHBA 0° 90° 180° u 270° B oGomx HaIpaBJICHUAX
BpaIllCHUS.

2. MeToauka OLEHKHA TOTPEUIHOCTEH B OTIMYCKAaeMO# [03€, BO3HUKAIOIIMX IMPU pPa3rOHax
NITATUBOB YCKOPHUTENEH 3aKiIodaliach B pacdyeTe M3MEHEHHUsS JO03bl Ha CEKTOpE 3a CYeT pa3roHa
mTatuBoB. [IpuMeHsIOCH AoMylieHne MITHOBEHHOTO YCTAaHOBJICHHSI MOIIHOCTH JI03bI B CEKTOPE C
Havaja BpamieHus [5], XOTd 3TO JOMyIIeHHEe HYK/IaeTCs B IMOCIEAYIONmeH mpoBepke. /s pacaeToB
BbiGupanuch Tpu cexropa 48°, 24° u 12°. Bpemst Ipox oK IeHHs CEKTOpA IITATHBAMH YCKOPHTENICH
cocrasisuio 10c, 5¢ 1 2,5¢ IpH MaKCUMAIBHOI ckopocTH Bpauierus 4,8%/c. Bee KpHBbIe PasrOHOB B
MIEPBOM MPUOIMHKEHUN alllIPOKCUMUPOBAIIUCH MIPSIMBIMU JTMHUSIMH, XOTS Ha CaMOM JIeJie TAKOBBIMHU
He ABIsUTHCH. [[ist 6osiee TOYHOTO pacdera He0OXOIUMO IMPOBECTH B PAMKaX IMPOTOKOJIOB KOHTPOJIS
KauecTBa HEOHOKpPATHbIC TOBTOPHBIE U3MEPEHHUSI PA3TOHOB M TOPMOKEHH U B CITy4ae MOBTOPEHUS
(GOpPMBI KPUBBIX MPUMEHUTH AaHATUTUYCCKHUE WU YACICHHBIC METOJIBI pacdeTa OTITYIICHHOH 035l
Ha JTarax pasroHa.

OreHKa MOTPENIHOCTEH B J03€ MPU TOPMOKEHUHU INTATUBOB HE PACCUUTHIBANIACH, TaK KaK
u3nydyeHue (HOTOHOB MPU JOCTHKEHHUH KOHIIA CEKTOpPa BBIKIIOYAIOCHh MTHOBEHHO, M TOPMOXKEHUE
MPOXOAMIIO O€3 myJKa.

Pe3yabTarsl Hccae0BAHUA

Ha puc.1-8 u B Tabnuuax 1-4 npuBeaeHb! pe3ynbTaThl U3MEPEHUH.

5 - CKopocTh
Cropocts

rpag/cex 4 | Tpan/cek |
¢ Wf'g
3 /' 3 /
2 2

/ ,

0 T T T T !

0 0,1 0,2 0,3 0,4 0] 0,1 0,2 0,3 04
Bpenia, cex Bpemsa, cex
10 YaCOBOU CTPCJIIKC IpoOTHUB JacOBOM CTPCIIKN

Puc. 1. Pasrou mrarusa yckopurens «Clinac-2300» u3 nonoxenus 0° (Varian 1EC)
JI0 MAaKCUMaJIbHON CKOPOCTH BPAIICHUSI.

177



CKOpOCTh 5
rpag/cex CkopocTh

4 rpaz/ceK
3 e -
A 3
2

0 - T T T T T 0 - T T T T T
0 0,1 0,2 0,3 0,4 0,5 0 0,1 0,2 0,3 0,4 0,5 0,6
Bpema, cex
Bpewms, cex
10 YacOBOM cTpefke MIPOTHUB YAaCOBON CTPEJIKU

Puc. 2. Pasron mratnBa ycxopurens «Trilogy» u3 monoxerus 0° (Varian 1EC)
JI0 MAaKCHMAJIbHON CKOPOCTH BpaIeHuUs1/

> CKOpOCTh

2 CkopocTh 4 Ipaj/cex

/ [}
;| rpuex | 3 .
; pag

r" 0 - . . . . . . .

0 T T T T T T T 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
0 01 02 03 04 05 06 07

Bpema, cex
Bpen, cex
10 YaCOBOH CTpeIke MIPOTUB YaCOBON CTPEJIKH
Puc. 3. Pasron mrratisa yckopurens «Uniguey u3 monoxenus 0° (Varian 1EC)
JI0 MaKCHMaJIbHON CKOPOCTH BpAICHHUS.

5
('kopocThb F -l
az/cex
4 paj
3
2 I
[ Orpagycos
1 1 90 rpagycos
N 180 rpaaycos
| = = J70rpagycos
0 L
T T T T
0 0,1 0,2 0,3 04
Bpemai, cex

Puc. 4. Pasron mratusa yckopurenst «Clinac» 10 MakcuManbHOM CKOPOCTH BPaIEHUS
10 HAMPAaBJICHUIO TBUKEHUS YACOBOU CTPEINIKY MPU PANTUUHBIX YTIaX Hayana JBUKECHUS.
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CKOpPOCTh
rpaz/cex
4 ATd .
|
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A '\ "1 | 0 rpagycos
v EJ’-"' | 90 rpagycos
1 T e ' | 180 rpaasycos
. ! I = = 270rpagycos
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0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
Bpemai, cex

Puc. 5. Pasron mwtaruBa yckopurens «Trilogy» 10 MakcUManbHON CKOPOCTH BpAICHUS
10 HaNpaBJICHUIO ABMKEHUS YaCOBOM CTPENKH IPHU Pa3IMYHbIX YIilax Hayajaa JBIKCHHSL.

5
CKOPOCTB ""-1
rpaz/cex -
4 | ) il
ey !
3 e Vv \ I
- ]
Apad T |
) U
: l 0 rpagycos |
! 90 rpagycos |
11 p 180 rpaasycos 1
= = J270rpagycos [
0 T T T T T T T
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
Bpemai, cex

Puc. 6. Pasron mratuBa yckopurens «Unique» 10 MakCHMalbHONH CKOPOCTH BPAIIICHHS
0 HAIPABIICHUIO JIBIDKEHUS YaCOBOM CTPEJNIKH MPH PA3IMYHBIX YTIIaX Havasa [BUKCHHS.

Tabnuua 1. Bpemst pa3rona mraTtuBa JUHEHHBIX yCKOpUTENei 1o
C MaKCHMaJIbHOH CKOpPOCTH BpaieHus (ceK).

Vron navana apmwkenus | Clinac | Trilogy | Unique
0 rpamycoB 0,438 | 0,554 | 0,786
90 rpamycos 0,482 | 0,938 | 0,806
180 rpamycos 0,464 | 0,642 0,78
270 rpagycoB 0,184 | 0,592 | 0,812

Tabmuia 2. BenmnunHa cMeIieHNs MTAaTHBA OT yrila Havyajia JIBKEHUS He0OX0umMast sl IOCTUKCHHS UM
MaKCHMaJbHOW CKOPOCTH BpalieHus (Tpaj.).

VYron navana aewkenust | Clinac | Trilogy | Unique
0 rpamycoB 1,47 1,11 2,14
90 rpamycos 1,41 2,01 2,25
180 rpamycos 1,30 1,52 2,23
270 rpagycoB 0,54 1,42 2,13
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0 0,1 0,2 0,3 Bpervlg:a&elc 0,5 0,6 0,7

Puc. 7. CpaBHeHHE pa3TOHHBIX XapaKTEPUCTUK IITATUBOB TMHEWHBIX YCKOPHUTEIEH MTPH BPAIICHUH.

CropocTh
rpaz/cex

KAuHak

!
1 \ Tpunogmu
\‘ = OHWK
0

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
Bpemai, cex

Puc. 8. CpaBHEHHE TOPMO3HBIX XapaKTEPUCTHK IITATHBOB JIMHEHHBIX YCKOPUTENEH TIPH BPAIIICHHUH.

Tabmuna 3. BpeMst TOpMOXESHHS IO TOJHOM OCTAHOBKH ITAaTHBA JTMHEHHBIX YCKOPUTEIICH
C MaKCUMAIIbHOW CKOPOCTH BpaIeHUs (CEK).

Clinac | Trilogy | Unique
0,122 | 0,62 0,774

o 0
Tabnuna 4. ITorpemHoCTh B OTITyCKaeMOM J103€ 3a CUET pa3rOHOB IITATUBOB 110 4,8 */c Ha
0 540 0
cexTopax 487, 24" u 12

Vekopurens | 48°, % | 24°, % | 12°, %
Clinac 2,18 4,35 8,70
Trilogy 2,78 | 556 | 11,12
Unique 388 |776 |[1552

O0cy:kaeHne U BbIBOAbI

1. BCG YCKOPI/ITGJ'H/I UMCHKOT CBOH I/IH)II/IBI/I)IyaJ'IBHI)IC pe)KI/IMI)I pa3r0Ha Ha 3aJaHHBbIC CKOpOCTI/I
BpAIllEHUs U pa3HbIE B 3aBUCHMOCTH OT BEJIMYMHBI YTJIa Ha4ajia pa3roHa.

2. Bo Bcex citydasix TOTJIOIICHHAS /10332 B CEKTOPE BPAIICHUS YBEIMYUBACTCS 110 CPABHEHHUIO
C pacueTHOW Ha HaYallbHBIX YIJIaX CEKTOPOB, UYTO JIOJDKHO CKazaTbCsid Ha Pe3yIbTHPYIOIIMX
pactpeeIIeHUsX 0361,

3. [MorpemHocT OTMyCKa 03Bl BO3PACTAIOT C YMEHBIIEHUEM BETMYMHBI CEKTOpa BPAILICHUS
nu YBGJ'II/I‘-IGHI/UI CKOpOCTI/I BpaHIeHI/ISI mTaTuBa.

4. CKOpOCTh BpallleHUs IITaTHBA JIOJDKHA OBITH MaJION MpPH Majloi BEIWYHMHE CEKTOPOB H
MOJKET OBITh YBEJIMUEHA [P YBEIMUEHUU YIIIOBBIX Pa3MEPOB CEKTOPOB.

5. HeoOxoaumo HccaeaoBaTh XapaKTEPUCTUKH allllapaToB IO MOBEJICHHUIO MOITHOCTH JIO3HI B
nepBHe MOMCHTHBI ITIOCJIC BKJIFOUCHUSA I/ISHY‘IGHI/ISI " II0CJIE U3MCHCHHUs €€ BCIWYHUHBI B XOIE€
00Ty4YeHHs.
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6. HeoOxomuMo OICHUTH BIUSHHE TEPEXOAHBIX XAPAKTEPUCTHK YCKOPUTENEH Ha
PE3yNbTUPYIOLINE paclpeieseHus] A03bl MPU POTALMOHHBIX PEKUMaxX OOJIydeHHUs MalUeHTOB B
pexumax VMAT u RapidArc.

3akiiroueHue

HccnenoBanusi TEPEXOTHBIX XapaKTEPUCTUK CHCTEM YCKOPHUTENS TMPEACTaBISIOT CO00M
BaXHOE HANpaBJICHUE MCCIENIOBAHUN C TOYKHU 3pEHHUs KOHTPOJII KauecTBa pabOThl ammapara B
eJI0M pyd TPUMEHEHWHW HOBBIX  BBICOKOTEXHOJIOTHUYHBIX
MOJIBIKHBIX METOZ0B 00Jy4yeHHs manueHToB. PaboTel B 3TOM HampaBieHud B HameMm llentpe
OyIlyT MPOJOIIKEHBI.

1. Matuszak M.M. Clinical Application of VVolumetric Modulated Arc Therapy/ Matuszak M.M., Yan D.,
Grills 1., Martinez A.// Int. J. Radiation Oncology, Biology, Physics. — v.77- No.2, 2012 — p. 608 — 616.

2. Ling C.C. Commissioning and Quality Assurance of RapidArc Radiotherapy Delivery System/Ling C.C.,
Zhang P., Archambault Y. etc// Int. J. Radiation Oncology, Biology, Physics. — v.72, No. 2. — 2008. - p.
575-581.

3. Slosarek K.Beam rate influence on dose distribution and fluence map in IMRT dynamic technique/
Slosarek K., Gradziel A., Osewski W. etc.// Reports of practical oncology and radiology. v. 17, No.2. —
2012. —p. 97-103.

4. Chui C.S. Testing of dynamic multileaf collimation/Chui C.S., Spirou S., LoSasso T.// Medical Physics,
v.23, 1996. — p. 635-641.

5. Perfomance of an “off-the-shelf” clinical linac for radiation standards dosimetry, recent advances in
absorb dose standards/ McEven M.R., Ross S.K.//Proceedings of International workshop, 2003, Melbourn
(ARPANSA, Melbourn, 2003).

PA3PABOTKA U BHEAPEHUE CUCTEMbBI PEOEPEHTHBIX TMA'HOCTUYECKHX
YPOBHEU OBJIYYEHUA TIAIIMEHTOB B PEHTTEHOAUATHOCTHUKE B POCCHUH

A.B. Bogosaro, M.U. banounos, B.IO. I'oaukos, C.A. KanbHUIKHH

@BYVH nayuno-ucciredosamenbcKuii UHCIMUMYm
PaouayuoHHoU cucuenvl umeru npogeccopa I1.B.Pamsaesa
yi. Mupa, 0. 8, 2. Cankm-Ilemepbype, Poccus, 197101;
m/gp: +7 (812) 233-53-63; IRH@EK6663.spb.edu

AHHoTauus. [IpoBeeHO MHOTOIUIAHOBOE MCCIENOBAaHHE C IENbI0 Pa3pabOTKU CHCTEMBI pedepeHTHBIX
nuarnoctuueckux ypoBued (PJY) oOiydeHus NalMeHTOB MPH PEHTICHONIOIMYECKUX UCCIIeA0BaHusIX B PO,
B xozne BbimosnHeHHs pabOTBI paccMOTpeHbl pasinuHble acriekTsl PIY, paspabortana merononorus PIY,
coznana xonuenuusi PAY, Cankr-llerepOyprckum HUMPI' moaroroBneHbl U BHEAPEHBI PEryJHMpPYIOIIUE
JIOKYMEHTBHI.

Annotation. A multi-task study to develop a system of diagnostic reference levels (DRL) of patient’s
exposure in routine X-ray studies was performed. During the studies different aspects of DRLs were
evaluated; DRL methodology and conception were developed. Saint-Petersburg IRH prepared and
implemented the regulations.

KJIlO'-IeBLIe cJIoBa: MCIUIIMHCKOC 06nyquI/Ie, JyduyeBad JAUArdHoCTUKaA, IMAIUCHT, PCHTICHOJIOIMYCCKOC
HUCCIICIOBAaHUCEC, peHTFeHOBCKI/Iﬁ arrapar, paguaniioHHas  3alluTa, OIITUMU3al U, pe(bepeHTHin/'I
JIMarHOCTUYECKUN YPOBEHb, KBAaHTUIIb, BXO/IHAS 1034, IPOU3BE/ICHHUE 103bl HA TIONIA/b, B(b(i)eKTI/IBHas[ o3a
Key-words: medical exposure, radiology, patient, X-ray examination, X-ray unit, radiation protection,
optimization, diagnostic reference level (DRL), a quantile, entrance surface dose, dose area product,
effective dose

Pedepentarie quarnocruueckue ypoBHU (PIY) sSBASIOTCS HEOTHEMIEMON YacThIO CHCTEMBI
paaualMOHHOW 3alllUThl, @ UMEHHO HWHCTPYMEHTOM €€ ONTHUMH3AIMA U TIPEJCTaBISIOT COOOM
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YCTaHOBJICHHBIE YPOBHHU J103bI OOMy4YeHHS MAlMEHTOB B MEIUIIMHCKON MPAKTUKE MPU TUIIOBBIX
pentrenonornueckux wuccienoBanusx (PJIM) crangapTHRIX NalMEeHTOB C HCIOJIb30BAaHHEM
pacupoctpaneHHoro obopynoBanus [1]. PIY ycTaHaBiaumBalOTCS Ha PErMOHAIBLHOM YpoBHE [2].
Uucnennoe 3HaueHue PJIIY cocraBmser 75% KBaHTWJIb paclpelielieHUs] CTaHIAPTHBIX J103
MAIMEHTOB U CIIY’KaT CPEJICTBOM JIOCTIDKEHUS TIoKa3aTelieil 00pa3ioBOi MPAKTHKH.

B nepuoxa 2009-2012 rr. Cankr-IlerepOyprckum MHCTUTYTOM paaualiMOHHON TMTHEHBI Oblia
BBITIOJTHEHA HAYYHO-TIPAKTUYECKasi padoTa ¢ 1eIbl0 Pa3padOTKH U BHeApeHHs KoHenuu PIIY mpu
MEAMIIMHCKOM PEHTI€HOAMArHOCTUYECKOM OOJy4YeHHH NalueHToB. McciaenoBanus BKIHOYAIN
pa3paboTky wmetogonoruu PJIY Ha ocHOBe 3apy0exHOro OmbiTa € Y4eTOM OCOOEHHOCTEH
OTEYECTBEHHON MPAKTHUKHU.

3amagamu pabOThI SBISUIMCH: BBIOOP TAIMEHTOB M OOOPYIOBaHMS; BBHIOOP YCIOBUN U
PEKUMOB peHTreHojoruueckux uccienosanuii (PJIN); Beibop MeToma u cmocoba ompezaeneHus
JI03BI TAIIMEHTA; pa3pab0TKa HOPMATHBHBIX JOKYMEHTOB. B pa0oTe mpuHSIM ydacTue pa3inyuHbIC
OpraHM3aly 3/IpaBOOXPAHEHUS M CaHUTApHOU CiyXkObl. bbuln coOpaHbl Kak JaHHBIE O
CTaHJIAPTHBIX pexxuMax mporeayp (okoso 1000), Tak ¥ CTATUCTUKY 110 HHIAUBUIYAIBHBIM PEKUMAM
JUIST KaXJO0To IMallMeHTa B TOM cliydae, Korja ammapaTr padoTall Ha aBTOMAaTUYECKOM KOHTpOJIe
HKCIIO3UIMHU - TaKUX WHAUBUIYAJTbHBIX MAlMEeHTOB Obulo Takke okosio 1000. beumo obcnenoBano
160 pentrenoBckux amnmaparos B 100 JIITY.

B xome paboTbl ObUTH PACCMOTPEHBI U COMOCTABJICHBI PA3JIMUHbBIC TTOAXOABI B ONPEICICHUN
PJIY. B wyactHOcTH, Hamboliee MPOCTHIM MU AOCTYNHBIM Oa30BbIM 3JIEMEHTOM Oblla BbhIOpaHa
OT/ENbHAsT PEHTTCHOBCKAas MpOIEAypa, KOTOpas TMPEACTaBIseT EIUMHUYHOE pagualliOHHOE
BO3/ICIICTBIE Ha MAllMEHTA, MO0 KOTOPOM JIErKO OIpPEeNeiIuTh €ro J03y U BBHINOJIHHUTH 3allUTHHIE
MepornpuaTus. BbpUTn Takke COMOCTaBJICHBI pa3HbIE CIIOCOOBI OMPEIeTICHUs 103bI MAaIlMeHTa, CPean
HUX: TnpousBenaeHue a03bl Ha 1romanb (ITIT), Bxomuas (moBepxHoctHas) no3a (BM) u
s dextuBHas mo3za (DJ1). Okaszanoch, 4yTO, HECMOTPs Ha siBHbIe npeumyinectBa IIJII1, ToabkO
HEOOJIBIIIOE YUCIIO PEHTTEHOBCKUX ammMapaTtoB 00OPYIOBaHBI JO3MMETPAMH Ui €€ ONpPEeeNIeHuUs,
YTO 3HAYUTEIHFHO OTPAHUYMBAET MPUMEHEHUE JaHHON MeToauKu. [103TOMYy akieHT ObUT cliesaH Ha
B/l u O/1. Cpenu HuX mnpeanoutreHue ObLI0 oTaaHo D/ mo cienyromeil mpuyuHe: crnocod pacuera
OJ1 ycmemHO pa3paboTaH Ha OCHOBE HM3MEpPEHHUS PaJWallMOHHOTO BBIXOJA PEHTTEHOBCKOTO
amnmapaTa B paMKax IPOBEIECHHSI KOHTPOJISI €r0 SKCILTyaTallMOHHBIX apaMeTPOB B COOTBETCTBHUHU C
TpeOOBaHUSIMU CAaHUTAPHOTO 3aKOHOAaTeNbCcTBa [3,4]; D/ mHpoko mpuMeHseTCs B METUITUHCKOM
NpaKkTUKEe, B TOM YHCIIE€ JJs1 CpaBHEHHUsS 1103 OT pa3nuuHbix PJIM u pa3HbIX TexHOJIOTH B
pasznuusbix JIITY (pernonax) B paMkax eAMHOM cucTeMbl KOHTpois 103 nauuentos (ECKU) [5,6];
OJ1 cnenumanpHO CO3/1aHa, KaK JAO3UMETpPUYECKas BEIWYMHA, XapaKTepU3ylollas paJavalliOHHBINA
puck [7]. OJ] paccuuThiBanach Ajs BbIOpaHHOW MPOLEAYpbl U KOHKPETHOTO PEHTTEHOBCKOTO
anmapaTta Ha OCHOBE  CHEIHalbHON KommbploTepHOW mnporpammbl (EDEREX) ¢ momorisio
paaualMOHHOTO BBIXOJA W CPEIHHMX PEKUMOB IPOBEACHMS HCCIECIOBAHUS: HANpPSDKCHHUS Ha
PEHTTEHOBCKOM TpYOKe, SKCIO3UIINH, (PUIBTPALNN; KOXKHO-(DOKYCHOTO PACCTOSIHHSI pa3Mepa MoJs
obmyuenus [8,9].

B pesynpTaTe mpoBeneHHOW JaHHOW pabOTHI OBLIM OMpENENICHBI CpelHUE 03bI 00TydeHUS
nanenToB U PJ[Y mpu mpoBeneHWH OCHOBHBIX BHJIOB PEHTTEHOJIOTHYECKUX MPOIEAYp IS T.
Cankr-IlerepOypra (Tabm. 1).

Pazmuuus B nmo3ax B pasubix JIIIY B mpeAcTaBiICHHBIX TaHHBIX OOYCIIOBIICHBI TJIABHBIM
00pa3oM HCIOJIb30BAHMEM PA3JIMYHOTO PEHTTEHOBCKOTO OOOPYIOBAHMS, €ro TEXHUYECKUM
COCTOSIHHEM, a TakKKe YeJOBEYeCKUM (aKTOpOoM (OTCYTCTBUEM CTaHIAPTHU30BAHHBIX METOJIUK
PJIN).

B xope BrinonHeHus JaHHON paOoThI ObUT BBISBJIECH Psijl MPAKTUYECKUX MPOOIeM, TpeOyIOImux
0e30THaraTeabHOr0 PElIeHus, Cpeau HHUX: OTCYTCTBHE HEOOXOAMMOTO KOJIUYECTBA KIMHHUYECKUX
JIO3UMETPOB; OTCYTCTBUE CTaHAApPTHU30BaHHBIX MeTOAWMK  mnpoBeaeHus PJIM; HemoctaTouHOE
UCIIONIb30BaHUE 3€JICHOYYBCTBUTEIHHOW PEHTTEHOBCKOW IIJICHKH; OTCYTCTBHE HEOOXOIMMOro
TEXHUYECKOTO OOCITYKHUBaHMsI PEHTTCHOBCKUX ammapaToB; HEBBHICOKOE KAueCTBO PaIHAIlMOHHOTO
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KOHTPOJIE U KOHTPOJS AKCILTyaTallMOHHBIX MapaMeTpOB PEHTICHOBCKUX AallapaToB; YPEe3MEPHOE
HCIIOJIb30BaHUE PYYHOI MPOSIBKU PEHTTEHOBCKOM IIICHKH.

Tabmuua 1. Cpennue 10361 1 pedepeHTHBIe Auarnoctuaeckue yposau (PAY).
O6ayuenus nanuentos B JIITY CII6

Yepen ork | PP | yom TOIl [IOIT | Tas | BII
Ilokazartenn a

I13 b 311 b 113 113 b 113 b 113 b 3 | 113

Cpemnst | g 06 | 002 | 0,08 | 0,13 | 0,35 | 0,06 | 0,05 0,36 | 0,26 | 0,60 | 0,69 | 0,52 | 0,77
J03a, M3B

paAY,m38 |0,07|003| 01 (0,17 | 0,52 |0,08|0,05]|0,38]|0,33]|0,77 (0,87 | 0,69 | 0,88
*OI'K- opraner rpyaHoi kmetku, IIOIT — meinbiid otaen mo3soHouynumka, ['OIl — rpymHOW oTmen
nmo3BoHouHHKa, [IOIl — moscHUYHBIA OTHEeN MOo3BOHOYHHMKA, BII — Oprommas mosocts, 3I1 - 3amHee-
nepensis, b — 6okoras, [13 — nepeanee-3aaHsIsi MPOSKIIUK COOTBETCTBEHHO.

Ha ocHoBanuu mosiy4eHHBIX JaHHBIX ObUTH pa3paboTaHbl METOAMYECKHE pekoMmeHaauuun MP
2.6.1.0066.12 ot 23.07.2012 r. «lIpumeHeHne pedepeHTHBIX TUATHOCTHYECKUX YPOBHEH IS
ONTUMU3AIMH PAJAUAIIMOHHON 3aIUTHl MAIlMEHTa B PEHTIEHOJIOTHYECKUX HUCCIEIOBAHUAX OOIIETro
HazHayeHus». JlaHHbIE PEKOMEHJAIMHU SBJSIOTCS MEPBBIM JOKYMEHTOM MOJ0OHOrO poja B
Poccuiickoit @enepanun. JJOKyMEHT COAEPKHUT OOIMME MOJoKeHUs KoHuenmuu PJY, mertoauky
onpeneneHuss PJIY Ha OCHOBE Kak HM3MEpSAEMbIX, TaK U PACCUUTHIBAEMBIX IApaMETPOB H
PEKOMEHIallK IO UCIIOJIb30BaHuI0 PJIY 11 onTuMU3auny paJualliOHHON 3aIUThI TAlIUEHTA.

Ha xoner; 2012 r. Komuterom no 3apaBooxpanenuto r. Cankr-IlerepOypra 3amianupoBaHo
3aKOHOJATEIILHOE YTBEPKICHUE O00S3aTEIHLHOTO HMCIIOJIHCHUS METOJMYECKUX PEKOMEHIAIMA I10
PV B r. CIIG.

C yTBepxaeHHEM MeTONUKK HaunHaeTcs: BHeApenue PJIY B knmaukax r. Cankr-IlerepOypra
u bpsuckoit 06n. Ha ocHoBe coOpannbix nanubix JIITY momyuaror peanbHyro MHGOPMAIUIO IO
J03aM OOJTydEeHUs MAIMEHTOB; MPOBOJUTCA O0ydYe€HHE MEIUIIMHCKOTO PEHTI€HOBCKOTO MEepCcoHaIa
OCHOBaM paJuallMOHHOM 3allMThI, B TOM YHCIIe C ucnonb3oBanueM P/IY. B cioyuasx npeBbllieHus
7103 y manueHToB Haj 3HaueHusMmu PJIY Oyayr paccienoBaThesi mpuuuHbl npesbiieHus PIY c
MOCHEAYIOLIEH KOpPPEKIMEN PEXUMOB IPOBEICHUSA MPOLEAYP M HCHPABIEHUS TEXHUYECKUX
HEWCIIpaBHOCTEH B ammaparype. JlanHeie paboOThl OyayT TPOBOAMTHCS B MAPTHEPCTBE C
CEPBHUCHBIMH IIEHTPAMH U J1a00PaTOPUSIMH PAAHALMOHHOTO KOHTPOJISL.

Buenpenne xonuenumu PJIY 1O3BOMMT cO31aTh CHCTEMY pEryJupOBaHUs YpOBHEU
oOny4yeHHs TAI[MEHTOB B OTEYECTBEHHON PEHTIeHOAMArHOCTHMKE M 0€3 3HaYUTENbHBIX
JIOMTOJTHUTEBHBIX PACX0J0B ONTUMHU3UPOBATH J03bI MAIMEHTOB.
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2. Ilyomukanus MKP3 105. Pagmnanmonnas 3amura B Meaunuue. Pen. pycckoro nepeBoga M. .bamonos.
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9. Onpenenenue pauamoHHOTO BBIXO/1a PEHTTEHOBCKHUX n3Iydaresnei MEIUIIMHCKAX
PEHTTEHOJMAarHOCTUYECKUX  almaparoB.  MeToJuyecKue  PEeKOMEHJIaluH. OI'VH  HHUUPT
Pocniorpednanzop. M CII6. 2008.

10. INpumenenue pedepeHTHBIX AUATHOCTHMYECKHX YPOBHEH AJS ONTHMHU3ALMH PAaIUAlMOHHOW 3allIUThI
MAIeHTa B PEHTIeHOIIOTHIECKIX HCCIENOBAHMUAX OOIIeT0 Ha3HadeHUs. MeToandeckue peKoMEeHIAnn
MP 2.6.1.0066.12 (¢ neuamu).

KOHTPO.Ib IKOCTI TP BUKOPUCTAHHI METOJY IPOMEHEBOI TEPAIIII 3
MOAYJAINIEIO IHTEHCUBHOCTI ITYUYKA (IMRT)

P.M. 3esincLkuid

Meouunuti Llenmp «Kibep Kninika Cnisxxcenxay
eyn. Xapxiecoke wiocce, 1544, m. Kuis, Ykpaina, 02091,
+38(097) 691-11-34; zelinskyi.ruslan@gmail.com

Anoranis. IMRT — ne mMeron nmpoMeHeBol Teparii, IKWH JIMIIE HEIOAAaBHO OyB peallizoBaHuil B YKpaiHi.
Koxen IMRT-my4ok ckiamaeTbes 3 MiAMYYKiB Pi3HOI IHTEHCUBHOCTI. MeTOAM NepeBipKH JTOCTABKHU JTO3U Y
FOMY BHIIQJIKy IMOBWHHI BIAPI3HATHCS BiJ METOJiB, IO 3aCTOCOBYBAIWCH IS KOH(POPMHHX ITydKiB.
Cknannicte Merony IMRT BuMarae BUCOKOTO PiBHS KOHTPOJIO SIKOCTI JIIKYBaHHS JAJISl KOKHOTO IMaIli€eHTa
iHaUBiAyanpHO. Ll cTaTTsS BUCBITIIIOE, SIKI TOYKOBI JIETEKTOPH, MTIOIHI MATPUIl, IUTIBKA Ta METOAH aHATI3Y
JTIO30BHX PO3MOJILTIB BUKOPUCTOBYIOTHCS ¥ Kibep Kuminimi CrixkeHka.

Annorauus. IMRT — 310 MeTon My4eBoil Teparuu, KOTOPBIA TOJNBKO HEJaBHO ObLIT peaIn30BaH B YKpauHe.
Kaxnpiii IMRT-nyd cocTouT ¢ momtydeii pa3niuyHOW MHTEHCHBHOCTH. METOBI POBEPKHU JOCTABKU JO3bI
TaKUMH JIy4aMH JIOJDKHBI OTJIMYATHCS OT METOJIOB, KOTOPBIC HWCIOJL30BAIUCH JUIsI KOHOOPMHUX Jyd4eH.
Crnoxnoctb Mmetona IMRT TtpebyeT BBICOKOTO YpOBHSI KOHTPOJISI KauecTBa JICUSHHS ISl KaKIOTO TAIlFeHTa
HHANBUAYAJIBHO. DTta craTbsi IMOKAa3bIBACT, KAKHWC TOYCYHBLIC OCTCKTOPLI, AUMOAHBLIC MATpPUIlbl, IJICHKU U
METO/IbI aHAIIM3A JO3HBIX paclpeneieHnii ucnonb3yrres B Kubep Kinunnke CrimkeHka.

Abstract. IMRT is a new technique in the delivery of radiation therapy in Ukraine. Each IMRT beam is
composed of many beamlets with varying intensities, methods and practice used to verify delivered dose
from IMRT beams are also different from conformal treatment beams. The complexity of IMRT techniques
demands a high level of quality control in the delivery of treatment to individual patients. This paper
provides overview of what point detectors, arrays, film and dose distribution analysis techniques are used in
Cyber Clinic of Spizhenko.

KawuoBi ciaoBa: npomeHeBa Teparmisi 3 MOIYJSINE 1O IHTEHCHBHOCTI TPOMEHS, MPOMEHEeBa Teparis,
Bepudikalis, 1i0Ha MaTPUIld, i0HI3amiitHa kamepa, ramma aHani3, Kioep Kiinika CrixkeHka.

KuaroueBble ciioBa: jyueBas Tepanus ¢ MOIYJIAIUMCH 10 MHTCGHCUBHOCTH JIy4a, JiydeBas Teparivs, JUOIHA
MaTpuIla, HOHU3AIMOHHAs Kamepa, ramma ananmn3, Kubep Kimanka CrimkeHka.

Key words: IMRT, radiation therapy, verification, array, ionization chamber, gamma analysis, Cyber Clinic
of Spizhenko.

Y 2012 poui y Kibep Kuinimi ChikeHka crajiach MOAIS, fKa PO3IIMPHIIA MOMKJIMBOCTI
npoMeHeBOi Tepamii B YKpaiHi — peanizailisi MeTOAy MPOMEHEBOI Tepamii 3 MOMYJISIIE0
inTencuBHocTi mydka (IMRT). Lleit meton € OubII CKIAAHIMIK 3a Ti, IKi BUKOPHCTOBYBAIKCH B
VYkpaiHi panimie (3BuyaiiHa Ta KOH(OpPMHA IPOMEHEBa Teparisi) i BiH BUMarae CTBOPEHHS Mporpam
KOHTPOJTIO SIKOCTI IJIaH1B, CTBOPEHHUX 32 JI0IIOMOTOI0 HBOTO.

IMRT (Intensity-modulated radiation therapy) — mMeTon mpoMeHeBOi Teparii 3 MOIYJISIIIER
IHTEHCUBHOCTI TY4YKiB, fIKa JOCATA€TbCA IUIAXOM PO3OUTTS KOKHOTO 3 OCHOBHHUX ITYYKIB Ha
cerMeHTU. TakuM YHMHOM OTPHUMYETHCS Oarato CerMEHTIB Pi3HOI KOH]Irypaiii, KOXeH 3 SKUX
poOHTH CBIi BHECOK y JIOCTaBKY 3arajibHOI JO3W y OmnpomiHeHWH 00’eM. OCKUIbKH 3araJbHHM
MEPUMETP BCIX CETMEHTIB Pi3KO 30UIBIIYETHCS Y TMOPIBHSAHHI 3 KOH(DOPMHOIO TPOMEHEBOIO
Tepani€ro, TO TaK caMo 1 30UIbLIYETHCS BHECOK €(EeKTy HaIliBTiHI, PO3CISTHHS Ha Kpasx MeNFOCTKIB
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komimaropa i T.71. Lli epextu 3Moaenp0BaH1 y MIaHYIOUUX CHCTEMax JIUIIE Y IEBHOMY HaOJIMIKEHHI,
TOMY 1HKOJIM 130JI03HUN PO3MOJIII, BIIOOPAKEHUH y HHUX, MOXKE€ HE 30BCIM TOYHO BiJMOBITATH
pealbHOMY PO3MOJLTY, SKHi Oyne OTpUMaHWU TICHs ONMPOMIHEHHS marieHTa. J{ns Toro, mo0
KOHTPOJIIOBAaTH PIBEHb NMOXHUOOK, SIKW BUHUKAE BHACHIJIOK BHINE3raJaHUX e(EeKTiB HEoOXigHO
npoBoauTH Bepudikamiro koxxkaoro IMRT-muiany.

IIpu nposenenni Bepudikamii IMRT-maniB MOKHa BUKOPHUCTOBYBATH Pi3HI JO3UMETPHYHI
IPHUCTPOi — 10HI3aIiiHI KamepH, pagiorpadidni abo paioXpOMHI IUTiBKH, JI0HI MATPHIIi TOIIO.

loHizariifHi KaMepu — 1i¢ HAHONTUMAJIBHIIIMKA BapiaHT JJIsi BUMIPiB aOCOTIOTHOI 103U B TOYIII.
OcHoBHa BuMora a0 kamep npu Bepudikamii IMRT-mnaniB — ne ix 06’em. BiH moBuHeH OyTu
MiHIMaJIBHUM. [Ipr BUKOpHCTaHHI OaraToCerMeHTHUX IOJIiB YTBOPIOIOTHCS BUCOKI TPAJIIEHTH JTO3H 1
y BUIAJKy BUKOPHCTAHHS 1OHI3aI[IfHOI KamMepu 3 BIJHOCHO BEIMKHM 00’€éMOM MU Oymemo
OTPUMYBATH YCEPEIHEHY 103y, a IIe HE JAaCTh 3MOTH NpaBuWiIbHO OIiHWUTH Tutad. Cermentu IMRT-
MOJIIB K MPaBWJIO Majiol TUIONI 1 meld (akT MOXKe MPUBECTH M0 BIACYTHOCTI TOIMEPEYHOT
CJIIEKTPOHHOI piBHOBark. TOMy HaMH BHKOPHCTOBYIOTHCS ioHi3amiiini kamepu PTW PinPoint
06’emom 0.015 cm® (prc.1) y moeamanni 3 yHiBepcanbuuM akpunoBuM dantomom st IMRT-
Bepudikaii (puc.2).

Puc.1. lonizaniitna kamepa PTW PinPoint. Puc.2. Vuisepcansauit IMRT Phantom.

[Tporte, 06 orinuTH sikicth IMRT-mnany, BuMipiB 1031 y neBHii To4Ili (200 KITBKOX TOYKAX
3a HasIBHOCTI JEKUIbKOX 10HI3allIMHUX Kamep) HeJ0CTaTHhO. BuHUKae HEOOX1HICTh BUKOPUCTAHHS
JIBOXBUMIPHUX JTO3MMETPUYHMX 3aco0iB. [IpukmagamMu Takux € pagioXpoMHI Ta pajaiorpadiusi
TUTIBKY 1 MaTPHIIi 110/1iB 200 10HI3aI[IHHUX KaMep.

be3yMoBHUM TUTIOCOM pajiorpadiyHUX IUTIBOK € BUCOKA PO3JALTbHA 3[aTHICTh. AJle HU3bKUI
Jiana3oH BHUMIPIOBAaHMX /03 Ta BEJMKHUI yac aHamizy (y 3B’SI3Ky 3 HEOOXIJHICTIO IMPOSIBIECHHS
IUTIBKH 1 11 CKaHyBaHHsI) pOOUTH OB PUBAOIMBUMH 11 BAKOPUCTAHHS PaJioXpOMHI TUTiBKH [1].
VYV Kibep Kminimi ChoikeHka BUKOpHCTalOThesl pagioxpomui miiBkd GAFCHROMIC® EBT2
(Puc.3.). Bucoka po3ainpHa 31aTHICTh, IIUPOKUN iama3oH BuUMiproBaHHS Ao3u (Bix 1 cl'p mo
40 I'p), mBUAKWI aHami3 (y MOPIiBHAHHI 3 paniorpadiyHIMHA TUTIBKAMH ), MOKITUBICTh BUKOPHCTAHHS
Ipy KIMHaTHOMY CBITJIi — OJTHI 3 HAHOCHOBHIIIKX nepesar [1,2].
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Puc.3. Pagioxpomnua miisBka GAFCHROMIC® EBT2 micist onpoMiHEeHHS
0araTocerMeHTHHM I10J1eM. BUIHIA piBeHb MOTEMHIHHS TUTIBKH
BiAIOBigae O1IbIIIN IHTEHCUBHOCTI JTO3H.

He 3Ba)karoun Ha MOCTYIHICTH BCiX BHIIE HaBeIeHUX 3aco0iB, M Bepudikamii IMRT-mnanis
HaM{ Hal4acTillle BUKOPUCTOBYETHCS Ji0/iHa MaTpuisd. Takuii BuOip OyB 3po0ieHHI yepes3 Te, 110
JaHWI BapiaHT Ha HAI MOTJISA] € HAHOLIBII 3pyYHIAM Ta onTUMaTbHUM. OCHOBHI TepeBaru — I1e
MPOCTOTA YCTAHOBKH, IOCUTh XOPOIIIa PO3/UIbHA 3/1aTHICTh, IIMPOKUH Alama3oH BUMIPIOBAHUX /103,
OH-JIaliH aHaJi3, SKUH 1a€ MOXJIMBICTh OTPUMATH PE3yJIbTaT 32 MIHIMYM Yacy.

B Kibep Kuinini CridkeHKa BHKOPHCTOBYEThCs mioaHa marpuist MapCheck 2 xommnawii
SunNuclear (Puc.4.). Po3mipi matpuii — 32x26 cm. Ha 1wiii mromi po3ramosano 1527 neTexTopis,
K1 3a0e3MeuyroTh BHUMIPIOBAHHS J03M 3 BEJIMKOIO PO3JAUIBHOI 3/IaTHICTIO (BIACTaHb MIiX
nerekropamu 7,07 mm). BukopucroByrorecst SunPoint miogu n-tumy 06’emom 0.000019 oM®, siki
JIAI0Th 3MOT'y MPOBOJAUTH BUMIPH Y Jlalla30H1 €HEPTii eJIeKTPOHIB Bix 6 10 25 MeB Ta goToHiB Bif
1 1o 25 MeB [3]. JleTekTopHr TakoX XapaKTePU3YIOThCS XOPOIIOK CTa0LIbHICTIO. OIMPOMIHIOIYH
netektopu 15 pa3 migpsaa 3 BukopuctanHsaM 60 MU/ekcriosuiito Oyi0 BH3HAYEHO, IO MOXHOKa
3HaxoauThes y miana3zoHi +0,15%. JloBroctpokoBi »* BUMIpH, SKI TPOBOJWINCH HA TPOT31 9
Mics11iB, BioOpa3min moxuoky y miana3oni £0,2%. YyTiuBicTh aeTekTopiB cTanoButh 32 HK/I'p,
a 3MiHa YyTJIMBOCTI B 3aJIEXKHOCTI Bia HakomuueHoi 1o3u < 0.5 %/xI'p mis 6 MeB, <1.5 %/xI'p mis
10 MeB, 110 103B0JIsIE IPOBOANUTH KaTiOpyBaHHS OPI€EHTOBHO OJMH-IBa pa3u Ha pik [4, 5].

Puc.4. lionna matpuiss MapCheck 2.

Jani, BumipsiHi giogHoro marpuiiero MapCheck 2, aHami3yroThest Y -METOIOM 32 JJOITOMOTOI0
nporpamuoro 3abesnedenHs SNC Patient (Puc.5.).
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Puc.5. Bikno nporpamuoro 3a6e3neuenns SNC Patient, Ha skoMy Bi1oOpaKeHO BUMIpsIHY Ta
pO3paxoBaHy KapTy JO3W, PI3HUIFO MiXK HUMH Ta TPOQiJb.

y-aHaJi3 — 1€ METOJ TOPIBHSHHSA BUMIPSHHUX Ta CIUIAHOBAaHHUX  JI0O30BHUX  KaprT.
Buxopucrosyrouu neit metoq SNC Patient po3paxoBye 3HaueHHS 0€3pPO3MIPHOTO «Y-1HAEKCY» IS
KOXKHOT BUMIPSHOT TOYKH. Y-IHAEGKC — II€ Mipa CIBIAIIHHSA MK JIO30I0 y BHUMIpSHINA TOYIl Ta
BIJIIOBIIHIM 00JacTi muiaHy. SIKIo BiH JOpiBHIOE a00 MEHIIMK OJMHHIN, TO BiJIOBIJHA TOYKA
3a/I0BOJIbHSIE KpUTepii mepeBipku. JloCcTymHHMIT aHali3 y BIIHOCHUX Ta aOCOJNIOTHUX OIUMHHILIX.
Po3paxyHok y BUpa)kaeThCsl MapaMeTpaMu, sIKI BUKOPUCTOBYIOTHCS Y IPOrpaMHOMY 3a0€3I€UEeHHI,

HAaCTYITHUM YUHOM:
Y [Tm,n) = {min r [Tm,n ’ Tk,! )} v {Tk,t }’ (1)

e
[ofra = = _—
N [ - ) -
F[Tmnr Tk,!) - .l Adl o (2)
N M o

JUIS aHaJli3y y BIIHOCHUX OJMHUILIX, a00
= - A
4 s v Fmnrrl) . PDEL,
r(7, 7)) = [—mnlkl 2=
[ m,mn’ k,;) ‘\Il adly anedy (3)

B abcomoTHUX, i ge Ad,- kpurepiii Bixcrami, AD', - kpurepili pisHMII 103 i TOXMOOK

BuMiptoBanb, NDE, ; 1 PDE, ; — pi3HMLA Yy BIICOTKaX MDK CIJITAHOBAHOIO Ta BUMIPSHOI 103010 Y

MEBHIN TOYI JJIs aHAIli3y Y BIIHOCHUX Ta a0COIIOTHHUX OJUHHIISX BiAmOBiAHO [6,7].

Ha nanuii moment y Kibep Kninini CnikeHka Bxke OyJ0 IPOBEIEHO PETENbHY IMEPEBIPKY
6inpir HiX 53-x IMRT-mnaniB, a 11e 03Hayvae, 110 KOXKEH NallieHT Moke OyTH BIIEBHEHUI y SKOCTI
JTIKYBaHHS.
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