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OIIPEJAE/IEHUE B/INAHUA PA3/IMYHBIX METO/JOB BU3YAJ/IM3ALINNA ITPA
JOSMMETPUYECKOM IVNIAHUPOBAHWUA JIEUEHUSA ITAIIMEHTOB C 3YBHBIMU
ITPOTE3AMM HA AIIITIAPATE TOMOTEPAIINNA.

BbucenranueBa Benepa CamaToBHa
v.bissengaliyeva@gmail.com
Maructpadt MexxayHapoZHou Kadeapbl sijepHoM (PU3KKH, HOBBIX MaTepyuasioB U
texHonorui EHY um. JI.H.I'ymuneBa, AcraHa, KazaxcraH
Hayumnsiii pykoBogutesns — K.I11. )Kymazaunos

C KaKObIM TOZOM YBEJHUUMBAETCS KOJUUYECTBO IAl[MEHTOB C HEChEMHBIMU 3YOHBIMU
TIpOTe3aMu, KOTOPBIM TpeOyeTcst IpoBe/ieHHe JTy4eBOM Tepanuu. PacueT 103UMeTPUUECKOro TlaHa
BBI3BbIBAET DsiJ| TPYAHOCTEH, B C/ydyae eC/M OIyXOJb pacriosiaraeTcsi psiioM C 3ybamu. 3yOHbie
TIPOTe3bl U3TrOTAB/IMBAIOTCS M3 MaTepUaoB C BBICOKHM aTOMHBIM HOMEpPOM, KOTOphbie BBI3BIBAIOT
cepbe3Hble apTedakThl, TaKMe KaK I10JIOCHI M Pa3MbITOCTh Ha M300paKEHHUSIX KHUJIOBOJbTHOU
KOMITbIOTePHOM ToMorpaduu. OTU apTedakThl MPENSTCTBYIOT TOUHOMY OIpe/ie/ieHHUI0 KOHTYPOB U
V3MEHSIFOT 3HaueHUsl TJIOTHOCTY U300pakeHUsl, HeoOX0AuMbIe ZI/isi TOUHOTO pacyeTa A03bl. [Tog60p
OTNITUMAJIBHOTO MeTOZia BU3ya/M3allud [yis [JO3UMeTPUYEeCKOro TIJIaHUPOBaHUS CIIOCOOCTBYeT
KaueCTBeHHOMY TTPOBe/IeHHIO JTyUeBOU Tepariu 1 0e30MacHOCTU TIAllUeHTa, U SIB/ISIeTCS aKTya/lbHOU
3a/1auei.

[uarHocTrueckasi BU3yasu3alysi B HACTOsIII[ee BPeMS BBITIOJTHSETCS C TIOMOIIBIO arrapaToB
KWJIOBOJILTHON KOMITBbIOTEPHOU ToMOrpaduu. KuioBo/bTHEIE CUCTEMbBI UCITO/Ib3YIOT PEHTTeHOBCKHE
JIYUM C OTHOCHTE/IbHO HU3KOU 3Hepruei (00buHO B Anana3oHe 120-140 kB), uto gemaeT ux 6osee
YYBCTBUTEJLHBIMU K MeTajuindeckum apTedaktaM. [Ipyd AaHHOM [Auaria3oHe SHepruii (HOTOHOB
nipeo61a/jatoT (HOTO3/IEKTPUUECKHE M KOMITTOHOBCKHE B3aMMO/IEHCTBHS C MaTepHA/IOM, 3aBUCSIIHE
OT ero aToMHOro HoMmepa (Z). MeTannueckre apredakTbl Ha u300pakenusix KT BO3HMKaIOT M3-3a
3HAUMTE/IbHOM Pa3HULIbI B IVIOTHOCTHU MEXK/Y METaJIJIOM U OKPY KaloI[UMH TKaHIMU. MeTasinueckye
00BEKTHI TIOT/IOIAIT PEHTTeHOBCKHME JIyud HAMHOTO CU/IbHEee, YeM TKaHU, UTO BbI3bIBAET CHUIbHOE
HCKa)KeHHe 1300pa’keHHi.

B pa6orte [3] 66110 Mccie0BaHbl 0COOEHHOCTH U BOSMOXKHOCTH TaKOT'O MeTOZia BU3yaIu3al[ui
KaK MeraBOJIbTHBIA KoMITbloTepHBIH Tomorpad (MVCT), rae Oblia BhIsIBJIeHa ero CroCOOHOCTB
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BU3ya/M3UpOBaTh MeTal/Ibl ¥ MIPUIeTaroliie TKaHU OpraHrn3Ma. MeraBosibTHbIE CUCTeMBbI paboTaroT
Ha Oosiee BBICOKHMX 3HEpPrusix (mpumMepHo ot 1 10 6 M3B), uTo momoraet CHMXaTh UHTEHCUBHOCTD
MeTa/uinyeckux apTedakroB. OgHako HAa MVCT Takue apTeakTbl BCEé paBHO MPUCYTCTBYIOT, HO UX
XapaKTep U CTeNeHb MOTYT ObITh pa3nmuuHbIMU 110 cpaBHeHUI0 ¢ kKVCT. MVCT uMeet 3HaunTebHO
Oosiee HU3KWI MacCOBBIN KO3(GUIMEHT 3aTyXaHus J/Isl MaTePHasIoB C BBICOKUM Z TI0 CPaBHEHHIO C
kVCT wu3-3a mnpeobnasanus 3¢pdexta KomnToHa u obOpa3oBaHus map. Takum obOpa3sowm,
MeTaimyeckue apredakTbl Npyu ckaHupoBaHUM MVCT 3HauuTe/nbHO yMeHbLIAtOTCsl. OTCyTCTBUE
pa3bpoca TO3BOJIieT BH3yaaM3MpOBaTb MSTKWe TKAaHM BOKPYT MeTaljla, YTO OTKpbIBaeT
BO3MOXXHOCTU [y ucnosb3oBaHuss MVCT B KauecTBe AMAarHOCTUYECKOIO MeTOZa IIPU OLeHKe
npo6sieM, CBSI3aHHBIX C MeTal/IMYeCKUMH ITPOTe3aMH.

Ocob6enHocteio cuctembl TomoTherapy HD sBnisieTcss coueTtaHue Jjy4eBOM Teparuul C
MO/ly/IMPOBAaHHOM MHTEHCUBHOCTBIO U JTyYeBOH Teparu 110/, BU3yaabHbIM KOHTPOJIEM, PeaTu3yeMon
MI0CPe/iICTBOM BCTPOEHHOI'0 MeraBO/IbTHOIO KOMITbloTepHOro ToMorpada (MVCT). PagualiioHHbIM
MYYOK, UCMOb3yeMbli /1 BU3yanusaluy Ha yctpoiictBe TomoTherapy, reHepupyeTcs TeM e
JTMHEMHBIM yCKOpPUTesIeM, KOTODBIM HCIIO/B3yeTcsl i TeHepaluy JiedeOHOro MydKa. JHeprus
neuebHoro myuka — 6 MsB, KT — 3,5 M3B. B Hacrosiiee Bpemss MVCT wucrnonb3yercst s
perucTpanyy n300pa’keHnH MalfieHTa repes Jje4eHreM /ijsi Oosiee TOUHOM JOCTaBKU 03B

Llesnbto paboThl sIB/ISIeTCS OTpejie/ieHre BAMSHUSL Pa3/MUHBbIX BapUaHTOB BU3yaiu3allud U
Hanbosiee 3QPeKTUBHON CTpaTeruu BU3ya/iu3allud MPU TUIAHUPOBAaHUM JieUeHUsl Tal[UeHTOB C
3yOHBIMM ITPOTE3aMHU.

Marepuasibl 1 MeTOAbI

Onsa  uccnepoBanust OblM  Mcrmonb3oBaHbl  KT-u3o00pakeHWss [JBYX TALMEHTOB  CO
3/10KaueCTBeHHbIMM 00pa30BaHUsSIMH 00/1aCTH TOJIOBBI U IIIeM, Yy KOTOPBIX HMeITCsl 3yOHbIe
uMIIaHTel. Oba mMarueHTa TPOLUTM Kypc JjydeBod Tepanuu Ha armapare TomoTherapy c
NpUMeHeHWeM CUMYJ/IbTaHHOTO MHTerpupoBaHHOro Oycra (SIB).

B mnpouecce npepnyueBod MNOATrOTOBKA nanueHTbl npouuid KT-cumynsaumio. Hanmuwe
OospIioro  KomMyecTBa apTeakToOB OT MeTa/UTMUeCKHX TPOTe30B OYeHb 3aTPyJHWU/IO TPOLIeCC
OKOHTYDMBAHUSI MUILEHM M OpraHOB pHUCKa. Takke TalueHTbl ObLIM OTCKAaHUPOBAHbI Ha
MeraBoJIbTHOM KOMITbIOTePHOM ToMorpade Ha armapare TomoTherapy HD.

[o3umeTpuyeckre TUIaHbI JieueHHs] ObUIM pacCUMTAHbI C HWCIIO/Ib30BaHUEM IPOTPAMMHOIO
obecrieuenusi Accuray Precision® Treatment Planning System, KoTOopoe WUCIIO/b3yeT
3amaTeHTOBAHHBIA aArOpUTM ONTHUMM3ALMM O00paTHOro IUlaHWpOBaHUs. PacrpesieneHue [103bl
paccuMThiBaeTCsl Ha OCHOBe MpeANMCaHHOM [03bl Ha MHIIEeHb, OPraHOB DHUCKAa U IapaMeTpoB
TJIaHUPOBaHUS, CrIeL(UYHBIX JI/Is1 CUCTEMbI TOMOTepanuy.

Beii mccriejoBaHbl M CPaBHEHbI pacCUMTaHHBIE pacripejiesieHys 03kl /s KaKAoro Habopa
n3006pakennid. [TosyueHHble rucTorpaMmbl 06vema 10361 (DVH) a1 Kax0ro TuiaHa ieueHust ObUd
TIPOaHa/TM3UPOBaHbI, YTOOBI OIJeHUTh KOHTPOJIb Haf, PTV 1 103y Ha KpUTHUYeCKre OpraHbl, TAKMX Kak
OKOJIOYILIHBIE JKeJle3bl, KaHa/l CIIMHHOI'O MO3ra, Y/IUTKHU.

s pacCUMTaHHBIX [IO3UMETPUYECKMX IJIAHOB Oblla TPOBeJeHa TMpoliefypa KOHTPOJIS
KauecTBa C romoltipio gantoma Scandidos Deltad. [Jo3umeTprueckue mjiaHbl ObITA PACCUUTAHBI HA
(aHTOMe /11 CpaBHEHUs 3al/IaHMPOBAHHOTO pacripefie/ieHusi 103bl U TI0y4YeHHOro, ToC/e 4ero
nipoBefieHo 00ydyeHue Ha anmnapate TomoTherapy.

Pe3ynbTaThl

Pe3ynbTarth! 03MMeTPHUUECKOro IJIAaHUPOBaHUS alMeHTOB [/ ABYX MeTOJ0B BU3yaIu3aLun
n300pa)keHUH oKa3aHel B Tabsuile 2. Bbiny olleHeHbI 03bl HA MUIIIEHb U Ha TaKye OpraHbl pUcKa
KaK OKOJIOYIIHble C/IIOHHbIE JKene3bl M CIHUHOM MO3T, TaK KaK OHH MMeIT OO0JbIIyIo
PaZiMOuyBCTBUTE/BLHOCTE. B 1iesioM, f03bl Ha wiaHax MVCT He CW/IbHO OT/IMYarOTCA OT IU/IAHOB
kVCT.
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O0cyxpaeHue

B pmaHHOM McCiiefoBaHMY Tpe/iCTaB/ieHbl pe3yJbTaTbl PacueToB J03MMeTPUYeCKHUX IIJIaHOB
nauyedToB. lLlenbio wccnemoBaHusi OBIIO  OMpefesieHVWe BAWSHUS PA3/MUHBIX  BapHaHTOB
BU3ya/M3aluu U Haubosiee 3((GeKTUBHONW CTpaTerMy BU3ya/lU3alliy TIPU TUIAHUPOBAHWUM JIeUeHUsT
NalMeHToB ¢ 3yOHbIMU rpoTe3aMu. [103TOMy pacueTsl J03UMeTPUUeCKUX TJIaHOB ObI/TU BLITTOTHEHbI
Ha N300paXeHUsIX KMJIOBOJIbTHOM Y METaBOJIbTHOM KOMITBFOTEPHOM TOMOTpaguy.

B 3aBHCHMMOCTH OT MCTOYHMKA HM300pa’keHUM, UCTO/Ib3yeMbIX i pacyeTa MJlaHOB JIeUeHusl,
WCTI0/Tb30Ba/TMCh pa3nuHble KamubpoBouHble kpuBble IVDT gs mpeobpa3oBanus 3HaueHunii HU
n300pakeHUsT B 37IeKTPOHHYIO TIJIOTHOCTH AJIsi pacueTa JjiedeHus. [IBe KaiuOpOBOUHBbIe KpDUBBIE
noxoxku npu Hu3Kkux 3HaueHusix HU ot —1000 go O (paBHBbIX IJIOTHOCTA BO3[lyXa W BOJbI
COOTBETCTBEHHO), HO 3HAUMTE/IbHO PAa3/INYalOTCs TIPHU pacCMOTpPeHUH 0o/binX 3HaueHuit HU.

[TonyuenHble  pe3ynbTaThl  nofTBepkAaloT, urto KkVCT  obecrieumBaer  syuriee
TIPOCTPAHCTBEHHOE pa3pelieHre U 0osee ZeTaTM3UPOBAHHYI0 BU3Yya/M3aldi0 MSATKUX TKaHeW, 4To
Ba)KHO [I/I1 TOYHOTO KOHTYPUPOBAHMs IL[eJieBbIX 00BEMOB M KPUTHMUECKMX OpraHoB. OfHaKO
CyLLleCTBEHHBIM He[JOCTaTKOM MeTo/ia SIB/SIOTCS apTeakThl OT MeTa/UIMYeCKUX MPOTe30B, KOTOpbIe
MOTYT TIPUBOJUTH K UCK)XEHUIO JJAHHBIX, 0COOEHHO B 00/1aCTH TPaHML] MUILIEHU U TIPUTIETAOIINX
TKaHel. DTO MOXKeT CyIL|eCTBEHHO MOBJIUATh Ha PacueT J03bl U yBeJIUUUTh HEOllpe/ie/IeHHOCTH TIpU
TIJIAHWUPOBAHUU JIeUeHUsl.

C ppyroii croponsl, MVCT paeMoHCTpUpyeT 3HauMTeNbHYIO YCTOMUMBOCTH K apTredakTram
MeTasula 3a cyeT 0cobeHHOCTel B3aUMO/IeHCTBUS BbICOKOIHEPTreTHUeCKOT0 U3/TyueHHsl C TKaHsIMH U
VHOPO/IHBIMU BK/ItOUeHusiMU. OHako AaHHbIi MeTo/ ycrynaeT KVCT B OTHOLLIEHMM KOHTPACTHOCTU
MSTKMX TKaHeld W TIPOCTPAHCTBEHHOTO paspellleHus, 4YTO MOJXKeT 3aTpPyJHSTb TOYHOe
KOHTYPUPOBaHHe aHaTOMUUECKHX CTPYKTyp. TeM He MeHee, cHI>KeHUe apTedakToB JenaeTr MVCT
MepPCreKTUBHBIM HWHCTPYMEHTOM i C/lydaeB, [[ie Haauuyhe MeTa/UVIMYeCKUX KOHCTPYKLUH
CYIIIeCTBEHHO B/IMSIET Ha KaueCTBO M300pakeHus. [ToMMMO 3TOro, OrpaHMYeHHEM HCIT0/Ib30BaHMUS
«tonbKo MVCT» /g pacyeToB Ij1aHa JleyeHUs SIB/ISeTCSl OrPaHUYEHHOe I10JIe 3PeHUs 3TUX
n3obpaxennii (FOV). MVCT obecrnieuriBaeT 4eTKyI0 BU3yaIM3aL{Mi0 aHATOMHUU T'OJIOBBI U I1I€U TIPH
Ha/MuuK 3yOHBIX TPOTE30B, HO TPU OAHOBPEMEHHOM O0O0/yueHWHd perdoHapHbIX JUM(OY3I0B
(HaIKJTFOUMYHBIE U TIO/IK/TFOUMYHBIE) 00JIaCThb TJIeU He MOKET OBbITh MOJTHOCTBIO BU3Ya/IM3UPOBAHa,
Kak npu kVCT.

V300pakeHUsi MeraBOJIbTHOW KOMITbIOTEPHOM ToMorpaduu MOTYT MCIOIb30BaThCsl Kak
BCIIOMOTaTe/IbHbIM METOJ, BU3yajau3aluu [Jis TalUeHTOB C MeTa//IMUeCKUMU KOHCTPYKLUSIMHU.
N306paxkerrss MVCT Mo3Bo/SIOT TOUHEe OIpe/le/TMTh KOHTYPhI OPraHOB PHCKA, PACIIONIOXKEHHBIX B
HETI0Cpe/ICTBEHHOM 6/TM30CTH K apTedakTaMm, a Tak ke orpeenuTh 3HaueHus HU B 3Toit o6smacTy.

Takum 06pa3oM, BEIOOD MeTOZa BU3ya/Tu3al[iM JJ0/KEH 3aBUCETh OT KIIMHUUECKOTO CLieHapHsl.
B cnyuasix, Korja KpUTHUeCKH Ba)KHO TOUHOe KOHTYpHMpOBaHWe aHaTOMHUeCKux CTpyKTyp, kVCT
0CTaeTCst MPeANOUTHTe/TbHBIM METO/IOM, HECMOTPSI Ha HeOOXOIUMOCTh [IOTIO/THUTE/TbHBIX CTPAaTerui
JJ1s1 KOppeKLru apTeakToB. B cuTyanusx, rje MeTaaioMHAyLIMPOBaHHbIe apTe(aKThl CyII|eCTBEHHO
B/IMSIIOT Ha TOYHOCTH J03UMETPUYeCKHX pacueToB, ucrnosnb3oBaHne MVCT moxkeT ObITh Oomee
OIpaB/,aHHbIM.

3aK/IloueHue

B xope uccieoBaHys MpoBe/jeH CPaBHUTE/TbHBIN aHa/Iu3 BO3MOXKHOCTeM KUloBo/bTHOMU (KV)
u MeraBoibTHOM (MV) kommbrorepHod Tomorpaduu (CT) mpy Bu3yanu3aluu MeTauTMuecKHUX
3yOHBIX TIPOTE30B B KOHTEKCTe MJIaHUPOBaHUsI JyueBoi Tepanuu. Pe3ysibTaThl nokasanu, uro kVCT
obecrieuriBaeT H60siee BbICOKOE TIPOCTPAHCTBEHHOE pa3pellieHre U Jiyulliee KaueCTBO MATKOTKaHeBOU
nvddepeHIMalMK, HO TIOIBEP)KeHa 3HaUWTeTbHLIM apTedakTaM OT MeTa/UTMueCKUX BK/IHOUeHUM. B
cBoto ouepesib, MVCT aeMoHCTpUpyeT YCTOMUMBOCTbH K TaKUM apTedakTam, OJHAKO yCTyIaeT B
JleTann3alyyd aHaTOMUYeCKHUX CTPYKTYP.
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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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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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