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Takum o6pa3oM, BBIOOD MeTOZia BU3ya/W3al[iMl JI0/DKEH OCHOBBIBATHCS Ha OaslaHCe MeXIy
TOYHOCTBK) aHaTOMUYECKON UAEeHTU(PUKALIMY U MUHUMH3aL1el 03MMeTpUUYeCKUX MOrPerIHOCTe!.
[TonmyueHHble pe3y/ibTaThbl  TOJYEPKUBAIOT HEOOXOAWMOCTb  Ja/MbHEHIINX  WCC/IeJ0BaHUH,
HarpaB/ieHHBbIX Ha Y/IydllleHHWe aJrOPUTMOB KOPPEKLUH apTe(akTOB M WHTErparuio rMOpUAHBIX
METOZI0B BU3yaTM3alu [Jisl ONITUMAIbHOTO I03UMEeTPHUUeCKOTo M/IaHHPOBaHUS.
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CPABHEHUWE CUCTEM “DELTA4 PHANTOM+” U “GAFCHROMIC EBT3” B
TOMOTEPAIINN

Jdocanbek Aiimar Mep6osaToBHa
aishat.duisenova@mail.ru
MarucTtpanT MexayHapoAHO# Kadepsl siiepHoi hHU3UKHU, HOBBIX MaTepHasioB U
TeXHOJIOT UM
EHY um. J.LH.I'ymuneBa, AcraHa, Kazaxcran
Hayunblii pykoBoguTesns — K.(.-M.H., Ph.D. A. A. BaparoBa

VoHusupytoiliee U3MyueHUe WCIONb3YyeTCs [Jis JieueHUs] paka yxe Oosee cTa JieT.
CriocobHOCTb MOHU3MPYIOIIEro U3MydeHUsi YHUUTOXKATh KIeTKU Oblia TpPU3HAHA CIYCTS /IBa TOZa
TI0C/ie OTKPBITUSI PEHTTeHOBCKUX yueit [1]. HoBetiitielt TexHo/ioryeli B TyueBOM Tepariu sIBASIETCS
TOMOTeparnus, KOTopasi OCYIIeCTB/sIeT AOCTaBKy WHTEHCHBHO-MO/Y/JMPOBAHHOTO W3Iy4YeHUs IO
cnupanbHOW Tpaektopuu [2]. TOUHOCTH [O3UMETPHUH WrpaeT KPUTHUECKYI0 pOb B ycrexe
pafiioTepaneBTUUECKOrO JieUeHHsl, TaK KakK HerpaBW/IbHas [JO3MPOBKA MOJKET TPUBECTU KaK K
HEeZI0CTaTOYHOMY OO/TyUeHUIO OIyXOJIeBbIX KJ/IETOK, TaK W K TIOBPEXEHHWIO 3/I0POBBIX TKaHeH.
OZHMM W3 K/IIOUeBbIX aCleKTOB YCIEIIHOTOo JieueHusl sIBJ/sSeTCs KOHTPO/Ib KauecTBa IJIAaHOB
obnyuenus. L{e/blo AaHHOM TIPOLIeyPhl AB/ISETCS 00ecreueHrue COOTBETCTBUSI (PaKTHUECKOW /I03bI
obsyueHusi TTaHUpyemMoMmy pacripefenennto [3]. [Insi 3Tol 3aauv TIPUMEHSIFOTCST  Pa3/IduHbIe
J03UMeTprUYecKre CUCTeMbI, Cpe/id KOTOpbIX BeigenstoTcs “Deltad” (ScandiDos) ¥ pafiioXpoMHbie
iéHky “GafChromic EBT3” (Ashland). O6e TeXHO/IOTHH UCIIO/IB3YIOTCS /71T U3MEPeHUsI 1030BbIX
pacripe/ie/ieHui, HO KaXk/lasi U3 HUX UMeeT CBOM 0COOEHHOCTH, MMperMyIllecTBa U orpaHuueHus [4].

Cucrtema EBT3 sBisieTcss TpeTbUM MOKOJIEHMEM PaJUOXPOMHBIX TIJIEHOK, 3HAUWUTETbHO
yCOBepIIIeHCTBOBAaHHOE TI0 CPaBHEHUIO C TIPeAbIYIUMU MoAe/isiMu. [11eHKu TipeicTaBsIOT coboi
TacCUBHbIE [JO3UMETpHUYeCKHe YCTPOMCTBA, OCHOBaHHbIe HA M3MEHEHHH ONTUYeCKOW MIOTHOCTU B
3aBUCUMOCTH OT TOTyUeHHOMU i03bl. B oT/Muue OT peHTreHOBCKUX TIJIEeHOK Ha OCHOBE CepeOpsiHOTO
rajioreHu/ia, akTUBHBIM KOMIOHeHT ruieHKU EBT u3rotoBsieH U3 Marepuana C HU3KUM aTOMHBIM
HOMEpOM U UMeeT OLleHOUHOe 3(PPeKTUBHOe aTOMHOE UUC/O Zes paBHOe 6,98. ITO [enaeT MjieHKy
EBT BOJ03KBUBA/eHTHOM [i/Isl [O3UMETPUUYECKUX Liefieid, TOCKONbKY J/s1 BOZAbI 3(PQPeKTUBHOEe
aTOMHOe 4uc/Io coctasyister 7,3. CorjiacHO JaHHBIM MPOU3BO/JUTEIS], 3/IeMEHTHBIN COCTaB aKTUBHOTO
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CJ1051 TI/IEHKHM, HAaHECeHHBIX Ha I0/IM3CTEPOBYIO0 OCHOBY, C/IeAYIOLMM: yIiepog - 42,3 %, BOLOPOZ, -
39,7 %, kucnopop - 16,2 %, a3ot - 1,1 %, autuii - 0,3 % u x0p - 0,3 % [5].

TexHuueckue ocobeHHOCmu:

¢ Bricokoe npocTpaHCTBeHHOe paspelueHye (10 0,1 Mmm).

OTK/IMK He 3aBUCUT OT yIJ1a Ma/IeHNs U3Ty4YeHUsl.
[ToaxoauT /151 UCTIONB30BaHUS C BOAHBIM (PaHTOMOM.
[Mvpokuii Jyana3oH JMHEMHOCTH B 0TBeT Ha 03y (ot 0,1 go 10 I'p).
TpebyeT LrpoBOro CKaHUPOBaHUS /151 aHAJTH3a.
Ilpeumywecmsa:

B03MOXHOCTB aHa/IM3a C/I0XKHBIX METOO0B paauroTepPariiu.
Bricokas UYBCTBUTEJIBHOCTE U TOUHOCTG.
bosee BeICcOKOE pa3peinieHure U AeTa/in3alusa 4030BOro pacripeejeHusl.

Hedocmamku:

HeobxoaumocTh 1poBoii 06paboTku 300pa>keHuil.

Tpebyet Gosiee akKypaTHOM paboThI C JaHHBIMHU.

NlnurenbHOE BpeMsi MOATOTOBKY 1 aHaM3a (CKaHWpOBaHUe, KaInOpoBKa, 00paboTka).
3aBUCUMOCTb OT yCJIOBUM XpaHeHUs (UyBCTBUTETBHOCTh K BJIA)KHOCTH, TEMIIEPATYPE,
BpeMeHHU roce obyuenusi) [6].

®anrtom Deltad nipecTaBnsieT co60i CUCTEMY, COCTOSIIYIO M3 KDEMHHUEBBIX JUO/I0B P-THIIA,
pacrosioXKeHHbIX B  TIePIeHJUKY/ISIPHbIX TJIOCKOCTSX U TO3BOJISIIOIIUX — PEruCTPUPOBaTh
JIOCTaB/IeHHYO /103y B TPEX H3MepeHUsiX. MaTepuasn p-TUrla MeHee TOJBepP>XeH paJual[iOHHOMY
TIOBPEXXJEHUI0, TI03TOMY HWMEHHO OH WCIo/ib3yeTcsi B Jo3uMeTpud. KpeMmHueBasi TOJI0XKa
ngerupyercss n-turnoM. Ilpu o6ayueHuM AWoAoB 00pa3yrOTCsS Tapbl  «3/IEKTPOH—ABIPKa»,
TiepeMeIraroIecs: B 00/1aCTb UCTOIIEHUS 1071 IeHCTBUEM 3JIEKTPUUECKOTO TI0JIsI, Co3/aBasi TOK. Ero
Be/TMUMHA JTMHEeWHO 3aBUCHUT OT /103bI U TT03BOJISIET T10/TyYaTh OHJIaiH-JaHHbIe 06 061yueHuu [7].
TexHuueckue ocobeHHOCmU:
¢ [lwmngpuyeckas popma (220 mm B aiuameTpe, 400 MM B /TUHY).
¢ U3rotosneH u3 noaumeTunMeTtakpuiata (PMMA), 5KBUBa/IeHTHOT'O MATKUM TKaHSIM
yesioBeKa.
* BhICOKOe TIPOCTPAaHCTBEHHOE pa3pellieHue Oarofiapsi /ABYM TepeceKarouuMCs
TIJIOCKOCTSIM C JIeTeKTOpaMU.
¢ Bo03MOXHOCTh TIPOBE/IEHUS] U3MepPeHU B peajibHOM BpeMeHu 0e3 HeoOXOoJUMOCTH

1ocToOpaboTKMU.
Ilpeumywecmsa:
e ABTOMaTU3UpOBaHHasi 00pabOTKa /IaHHBIX M HEMe/JleHHasi BU3yan3alysi J030BOTO
pacripe/ieieHusl.

e JlpsiMmoe corocTaBleHHe C pPacCUMTaHHOM [030HM, YTO YIpOILaeT BepU(UKALMIO
TJIaHOB 00/TyYeHus!.
¢ Bricokasi BOCTIPOU3BOJUMOCTh U MUHUMH3aLUsi OIIIMOOK oriepaTopa.
* ABTOMaTUYeCcKOoe BbIpaBHMBAHKe MOJI0XKeHUs (paHTOMa.
* He3aBUCUMOCTb OT CBOMCTB Cpe/ibl (Ba)KHOCTH, TeMITepPaTyphbl, AaBJIeHus).
Hedocmamku:
® BhbIiCOKasi CTOMMOCTb CUCTEMBI U 00C/TyKUBaHUS.
¢ OrpaHuYeHHbI! pa3Mep 30Hbl U3MepeHHUs.
* MeHee TOUHbIe U3MeDPEHUs Ha IPaHULIAX T10Jiel 00TydeHust h3-3a MPOCTPAaHCTBEHHOTO
paspeliieHusi ceHCOpoB [8].
Tabmua 1 CpaBHUTenbHas Tabmumia xapakrepuctuk Deltad u EBT3

ITapamerp Deltad EBT3
[IpocTpaHCcTBeHHas Boicokas (5 MM B Ouenb BBICOKAas
paspeliaolasi CrocoOHOCTh | IIeHTpe, 10 MM Ha | (TouHocTb 710 0,1 MM)
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niepudepun)
3aBUCUMOCTb OT yIJa
[TpucyrcTtByeT OTcyTCcTByeT
W3/TyYeHust
HnHamuueckoe
Ha Het
r3MepeHue
[TosHOCTRIO Tpebyet YHOU
ABTOMaTH3aLMsA peby py
AaBTOMAaTHU3UPOBAHO 00paboTKu
Bricokue
3aTpaTbl BpeMeH! MuHrMasbHbIe
(cKaHHMpOBaHMe U aHa/IU3)
Moxet
BocriponssBoaumMocTs
N Bricokas BapbUPOBAThCs (3aBUCUT OT
H3MepeHUu o
YC/I0BUM CKAHUPOBAHMS)
Bricokas
UyBCTBUTEIBHOCTb K
Huzkas (BMaXKHOCTb, TeMmmeparypa,
BHELLIHUM YC/IOBUSIM
CBeT)
CroumocTh Bricokas Huskas

Delta4 vaiile BCero MCIoJ/ib3yeTcsi B KTMHUUECKUX YCIOBUSX /1JIsl IPOBEPKU M/1aHOB JIeUeHUs],
TaK Kak cuctemMa obecrieurBaeT ObICTPbIE U TOUHbIE U3MepeHUs 6e3 He0OXOAMMOCTH JIJTUTETBHOTO
aHanm3a. Eé mpenMylijecTBa BK/IFOUAIOT OMepPaTUBHOCTh, aBTOMAaTU3UPOBaHHYIO 00pabOTKY JAaHHBIX
Y TIPOCTOTY UCI0/b30BaHus. OIHaKO cuCTeMa OrpaHruyeHa pa3MepaMu 30HbI U3MepPeHUs U He Bceria
MOKET TOYHO OTOOpakaTb TpaHUIlbl rosieli ob6iyueHus. CucteMa WJeasbHO TIOAXOAUT ISt
K/IMHUYeCKOM TIPAaKTUKH, I/ie Ba)KHA CKOPOCTh U aBTOMAaTU3UPOBaHHasi BepU(UKalus 0361 [9].

EBT3 ucnonb3yeTcsi B UCCIeOBAHUSX, TPeOYIOLMX BBICOKOW TOYHOCTH pacripefiesieHus
J103bl, 0COOEHHO B 00/1aCTH T'PaZieHTOB U CJIOXKHBIX aHATOMHUECKUX CTPYKTyp. OHa T03BOJISIeT
TIOJTY UM T JIeTa/IbHYI0 KapTUHY pacripefiesieHust 103bl, HO TpeOyeT 3HaunuTe/IbHbIX BDEMEeHHbBIX 3aTpaT
Ha aHa/IM3 U KOPPeKTHOe KamnOpoBouHoe ckaHupoBaHue [10].

O06e MeTOIUKK UMEIOT CBOM TIPEUMYIIIeCTBA U UCITOJ/Ib3YIOTCS B 3aBUCUMOCTH OT KOHKPETHBIX
3a7iau. BeiOOp MeTo/ja 3aBUCUT OT TpeOOBaHWI K TOUHOCTH, OTIEPATUBHOCTH M YCJIOBUH TIPOBE/IEHUS
M3MepeHui B KOHKPeTHOM JieueOHOM yupekiieHuH. Ba)KHO yuMThIBaTh CrieliuuKy MccieyeMoro
00BEKTa U [IOCTYITHbIE PECYPChI /11 KOPPEKTHOTO BbIOOpA 103UMETPUUECKON CUCTEMBI.
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METO/IbI CHVDKEHUS JTYYEBOM HATPY3KU ITPY MYJIbTU®A3HOM KT-
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Hayunbiii pykoBoguresns — XKymagunos K.I1I.

KowmrmnbiotepHasi ToMmorpaduueckass anruorpadust (KTA) siBasieTcss OJHUM W3 K/THOUYEBbIX
METO/I0B BU3ya/r3alid COCYAUCTOM CUCTEeMbI, ITUPOKO NMPUMEHSIEMbIM B JMAarHOCTUKE U JleueHUn
pas/UUHBbIX MaTosorvid. bnarogapsi BbICOKOW MNPOCTPAaHCTBEHHOW W BpPEMEHHOM paspellaroliei
cniocobHocT KTA m03BosisieT momydaTth JieTalbHble TpeXMepHble HM300pa)keHusi, UuTo [JesiaeT ee
TpeANoUTUTeIbHOW  a/IbTepHAaTMBOM  TPaJMLIMOHHOW  KaTeTepHOW aHruorpaduu. OjHakKo
VICII0/Ib30BaHHE WOHU3HPYIOLIET0 M3/IyuYeHWs U BBeJleHHe KOHTPACTHBIX Bel[eCTB HaK/aJbIBaroT
OrpaHUYEeHUs], CBSI3aHHbIE C PHUCKOM pafIMal[MOHHOTO O0/yueHUss U T000UHBIMU 3 deKTamu
KOHTPACTHBIX areHTOB, 0COOEeHHO Y MAal[eHTOB C XPOHUYECKHUMH 3a00/1eBaHUSIMH.

B nocnenHve gecsiTuneTus OTMeUaeTCsl 3HaUMTEebHOE yBeTMYeHWe JyueBOM Harpy3Ku Ha
MalMeHTOB BC/eJCTBUe IIMpPoKoro npumeHeHusi KT, BKkaoyas TOBTOpHblIE M MHOTrO(asHble
vcoiefoBaHus. MexxyHapoJHble OpraHusaldy, Takue Kak MekayHapogHasi KOMMCCHS II0
paguonoruueckoi 3amure (MKP3) u MexayHapoZHOe areHTCTBO 110 aToMHOM 3Heprun (MAI'ATO),
PEKOMEH/IyIOT BHeJpeHre MEeTOJ0B ONTUMM3AaLMM [03bl, BK/IIOUash MCIO/Ib30BaHME ONTUMU3ALUI0
rapaMeTpoB  CKaHUpOBaHOWS, JByxsHepretnueckyto KT u  TexHo/soruu uWTepaTHBHOM
pPeKOHCTPYKIMU. TakKe aKTyaqbHbI pa3pabOTKW B 00/1aCTH WHAWBHZYaNIW3aldu TPOTOKOJIOB
BBe/IeHUsI KOHTPACTHBIX BeLeCTB, UTO M03BOJISIeT CHU3UTh UX 00beM 6e3 roTepu AUarHoCTUUeCcKoro
KauecTBa.

B panHOM paboTe paccMaTpHBalOTCS COBPEMEHHBIE CTpaTeruyd CHWDKeHMs J03bl mpu KT-
aHrvorpadvy opraHoB OpPIOIIHOW TIOJOCTH W 3a0pIOIIMHHOTO MPOCTPAHCTBA, BK/IFOYAs METO/bI
ONTHMMH3ALIMM TlapaMeTpOB CKaHUPOBaHUs, McMonb3oBaHue [AByxsHepretuuecko KT (DECT),
UTEpPaTUBHBIX AJTOPUTMOB DPEKOHCTPYKLIMK W300pakKeHUW W MepPCOHA/M3UPOBAaHHbBIE TTPOTOKOJIbI
KOHTPaCTUpOBaHWs. AHann3 [JOCTYITHOM JIMTepaTypbl U K/IMHUYECKUX HCCIeJOBaHUM I03BOJIUT
orpefieUTh Haubosee 3(pQeKTHBHbIE METOAUKM W WX BJMSHME Ha KaueCTBO AWArHOCTHKH M
6e30MacHOCTb TIAL{UEHTOB.

MeTo/pl CHY)KEeHHs Ty4eBOW Harpy3KHU:

1. OnTumwusaius napaMeTpoB CKAHUPOBAHUS
OpuuM U3 Haubonee 3(QQeKTUBHbIX METO/OB CHIKeHUs [03bl O0yueHUs SIBISIeTCS

ONTHMMH3alLMsl TapaMeTPOB CKAHHWPOBAHMS, BK/IOYas CHMWKEHUE HampsyKeHUs1 PEeHTTeHOBCKOU
TPyOKH, aBTOMaTHUUECKYH MOAYJISILIMIO TOKA U COKpallleHre KoruecTBa (a3 ucciiejoBaHus.

o CHmKeHHe HaNPsDKeHUs TPYOKM. Vcciej0BaHMS TTOKA3bIBAIOT, UTO MCIT0/Ib30BaHUe HU3KUX
3HaueHnii kB (70-100kB) B coueTaHuMM C UTepaTUBHBIMA MeETOZAMU DPEKOHCTPYKLIUU
TI03BOJISIET 3HAUWTEbHO CHU3WUTH [03y 0e3 yxyzuleHus KauecTBa H300paxkeHuss [1].
Hanpumep, B uccienoBanvu KeisukeMiyoshi u coaBTopos (2022) 66110 TIOKa3aHO, UTO TIPH
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