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Abstract. It is now widely used two types of tissue-equivalent phantoms: Solid and water. Water is the "gold
standard" in accordance with the recommendations of the IAEA as a medium for measurements of absorbed
dose for both photon and electron beams for, as the water has the most similar to human tissue characteristics.
However, from a practical standpoint, water phantom is not always convenient to use, because it requires much
time for preparation work. The output in such a situation would be to use a solid-state phantom with coefficients

that take into account the difference between the electronic and physical material density against distilled water.

BBenenue. B Hacrosmiee Bpems IIMPOKO HCHONB3YIOTCS [1BA BHJA TKAHEIKBHBAJICHTHBIX (DaHTOMOB:
TBEPAOTENbHBIA U BOAHBIN. Bona sBisieTcsl «30J0ThIM CTaHIAPTOM» cOrJlacHO pekoMeHaaumsM MAT'ATO B
Ka4yecTBE CPEMbl Ui M3MECPEHHU MOTJIONICHHOW JO03bI, KaK JUIs (DOTOHHBIX, TAK W JJIS 3JICKTPOHHBIX MYYKOB,
MMOCKOJIBKY BOJIa 00JIaIaeT MaKCUMAJIbHO CX0KHMH C YEJIOBEUCCKHMU TKaHSAMH Xapakrepuctukamiu [1]. OmHako
C TPaKTUYECKON TOUKHM 3pEeHUS BOAHBIA (DAaHTOM HE BCerna SBISIETCS yIOOHBIM B NPUMEHEHHH, ITOCKOJIBKY
TpeOyeT OOIBIIOTO BPEMEHH MOATOTOBKH K paboTe. BRIXOIOM B Takoi CHTyallMd MOKET CTaTh MCIIOJIBE30BaHHE
TBEPIOTEIBHOTO (paHTOMA BMECTE ¢ KOX(pHUIHEHTaMH, KOTOPbIE YUYUTHIBAIOT PAa3HUILy MEXAY JIEKTPOHHOU H
(hHM3MUeCKOl TNIOTHOCTBHIO MaTepHala OTHOCUTEIHHO JUCTHIUTMPOBAHHON BOJIBI.

enpto naHHOW PabOTHI SBISACTCSA IKCICPHUMEHTAIBHOE MOATBEPKICHUE BO3MOYKHOCTH HCIIOJIB30BAHHUS
TBEPJIOTEIBHOTO TKAHCIKBUBAJICHTHOTO (PaHTOMA JIJIsi OPTOBOJIBTHOTO PEHTTCHOBCKOTO M3Iy4eHHUs. [10CKOIbKY
10 JAaHHBIM TPOU3BOAUTENSA NOMOOHBI Marepuan (AaHTOM MOXET HCIIONB30BaThCs IS a0CONIOTHOW H
OTHOCHUTEJIHOM J03MMETPUM B Jauana3oHe sHepruil ¢oronHoro mamyuenus or 1,25 MaB npo 50 MaB u
3JIEKTPOHHOTO M3IydeHus oT 4 MaB 1o 50 M»aB.

Marepuajibl 1 MeTOAbI HccaeT0BaHusA. J[1 MOATBEPXKACHNS JAHHON TUTIOTE3bl OB TPOBEICHBI ST
SKCIEPUMEHTOB W KOMITBIOTEPHOTO MOJCIUPOBAHUS TI0 TIIYOMHHOMY PACIpeNeNICHHIO 1036l BHYTPH (haHTOMOB.
M3mepeHust orIoneHHON 036l IPOBOAMIIOCH KaK B BOJAHOM (haHTOME, TaK U B TBEPIOTEIHLHOM (aHTOME TpH
OJIMHAKOBOM PACCTOSIHUM MCTOYHHMK — MOBEPXHOCTH JJII BCEX BO3MOXKHBIX pa3MepoB mojeil. Monuzanuonnas

Kamepa oOxryyanach npu HanpspkeHun Tpyoku: 100, 120, 150, 180, 200, 250, 300 kB.
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B mnepBylo ouepexb ObUIM NPOU3BEIECHH W3MEPEHHUS TIIyOMHHbIE H3MEPEHHUsl J03bl B BOJHOM U
TBEpAOTEIbHOM (haHTOMax Ha Tramma-TepaneBTnueckoM ammapare TheratronEquinox 100. TI'amma-
TepaneBTiyeckuii anmapat TheratronEquinox 100 - 3T0 BHewIHsIsI cUCTeMa, [TPeAHA3HAYCHHAS JJIsI IPOBEICHUS
aydeBoil Tepanun. Theratron mpenHazHaueH il TOCTABKM HA3HAYCHHOMN [103bI pagyallid Ha ONpPEICICHHBIN
YYacTOK TeJla ¥ 3alaHHBIM CIIOcO00M ((PUKCHPOBAHHOE JICUEHHE WIIH JICUYCHUE C NEePEeMENIAIoIMCs ITyYKOM, C
MCTIONIb30BAHUEM YCTPOMCTB MOAMDHKAINK MyCKa niK 0e3 HuX U T.1.). B kauecTBe ncrounmnka soictynaer °Co.
Hcnonbzosanue *°Co B 3kcriepumMeHTe 00yCIIOBIEHO TEM, UTO IpuMeHeHne pantoma SP34 B jaHHOM JManasoHe

SHEPruil He BBI3BIBAET COMHEHUH [2].

Puc. 1 I'amma-mepanesmuueckuii annapam TheratronEquinox

CyTb DKCHEPHMEHTa 3aKI04ajach B TOM, YTO HCIOJB3Ys pasjIMYHbIe MOJA JUIl M3MEPEHHS BHYTDPb
(anTOMa, Ha pa3HbIC TIYOMHBI MOMEMIACTCS INUIMHApPHYEcKas HOHM3annoHHas kamepa FC65-G, xotopoii
CHUMAIOTCS 3HAUCHUS NOJIyYeHHOTO 3apsija. [laHHbIe 3HAUCHHUS 3apsia MEPECUHTHIBAIOT B IIOTJIOMICHHYIO 103y
IIPY HOMOILM ClIeAyIomel GopMyIbl:

Dygo=M=*N3,, .

rae M — CKOppEeKTUPOBAaHHOE 3HAYCHHUE 3apsijia, M3MEPEHHOE B TOUKE Ha MIyOUHE dmax (dmax — TIyOHHA

B (haHTOME, Ha KOTOPOH PACIIONIOKEH MAKCUMYM JIO3HOI0 pacnpeznenenus), Ki;
N

— KaJMOpOBOYHBIH KOI((GHUUMEHT Ui MOHW3ALMOHHOW KaMephl, MCIOJIb30BAaHHOW B M3MEPEHUSX, B
cily4yae, €clii KIMHHYECKHE YCJIOBUS, NMPH KOTOPHIX MPOBOAMIACH JO3UMETPHs, OTIMYAIOTCS OT CTaHIAPTHBIX
JTa00PaTOPHBIX YCIOBUM, IPH KOTOPBIX KaIMOpoBaach JaHHAs HOHU3AIIMOHHAs KaMepa, OTH. eI

Jnst TBepaOTeNbHOTo (haHTOMA JOIOIHUTENBHO HEOOXOIUMO IPOM3BECTH IEpecdeT NO3bI IPH HOMOLIH
clenyromnei GopMyIIsl:

- W
D _ Hen
water = Umea *

med

—\W
rae (uﬂ) - OTHOILLICHUE ycpe,I[HéHHLIX MAacCCOBBIX OHEPT€TUICCKUX KOB(I)(I)I/ILII/IGHTOB TIOTJIOINCHUA AJIsI BOJABI U
med

Juist Matepuana panToma [3].
Iocne mnpoBemeHUss OKCIEPUMEHTa © O0OpabOTKM MOJYYEHHBIX JAHHBIX OBUIO  MPOHM3BEICHO

MOJIETMPOBAaHKE IITyOMHHOTO pacrpejiesieHns 1036l BHYTpH GanToma B nporpamma PCLab. Jlannas nporpamma
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NpeaHa3HayeHa Julsl MOJEJIMpoBaHUs MeronoM MonTe-Kapino mnpoueccoB pacnpocTpaHEHHs 3JIEKTPOHOB,
MIO3UTPOHOB, (DOTOHOB ¥ NMPOTOHOB B BEIIECTBE, BU3yaJIM3alMsl STUX MPOLECCOB PACHPOCTPAHEHUs Ha HKpaHe
IUCIIesT M TIONMyYEeHHE YHCIICHHBIX PEe3yNIbTaTOB B3aMMOJEHCTBHA (Hampumep, ambOeno, Kod(pQHUIHEHTOB
MIPOMYCKAaHUS YaCTHI, PHEPTETHYECKNX M YIJIOBBIX pPACIpEleieHNA YacTHUI], paclpeneiIeHuil MOTIOMEeHHON
SHEPIHUH B BEIIECTBE, JO3BI 32 3aIIUTON U T. I.).

[Tocne 3TOrO 3KCTIEpUMEHTANBHAS YacTh M MOJEIHPOBAaHUE TOBTOPSIOTCS HA PEHTTCHOBCKOM arapara
Xstrahl 300 B Tex jxe yCIIOBHH, YTO M B IIEPBOM 4yacTH dKkcnepuMeHTta. PeHtrenoBckuii anmapar Xstrahl 300 -
MOIITHOE PEHTTEeHOTEPANeBTUYECKOE YCTPOMCTBO IPEAHA3HAYCHHOE MUl JICYCHUS JOOPOKaYeCTBEHHBIX W
3JI0KaYE€CTBEHHBIX OIyXOJIEH C TIOMOIIBIO HAIlPaBIEHHOTO PEHTI€HOBCKOTO n3inydeHus. B anmapare Xstrahl 300
HCTIOJIB3YeTCs MEeTaJUIO-KepaMIUecKasl peHTTeHOBCKas TpyOka MeaumuHCcKoro HazHadyeHus Ha 300 kB.

[TomyueHHbIC TP MOJAENHPOBAHUH [AaHHBIC CPABHWBAEM C IIONyYCHHBIMH TAaHHBIMH B PeE3yJbTaTe
SKCIIEPUMEHTA.

Pesynbrarbl. [locie >Tama MONENHMpPOBaHHA B OKcrepuMmente ¢ ucrounmkoMm “Co crpomm rpadux
3aBUCHMOCTH TIOTJIOIICHHOW JO3BI OT TJIyOWMHBI (haHTOMa Al Kakaoro pasmepa monisi. Ha oxun rpadux
MOMEIAaeM PE3yJIbTaThl AKCIIEPUMEHTa U MOJICIMpOBaHus B BogHoM (antome. Ha npyroit rpadux nomemiaem
Pe3yJIbTaThl MOJICTUPOBAHUS U DKCIIEPUMEHTA B TBEPAOTEIEHOM (haHTOME C YUEeTOM M 0e3 yueTa ycpeIHEHHOTO
MacCOBOT'0 SHEPreTHYECKOro KO PHUIIMEHTA NOTJIOMICHHS.

W3 mony4eHHBIX TpadWKOB BHUAHO, YTO IAaHHBIE B HSKCIEPUMEHTE W MOACTHPOBAHWUHU MPAKTUICCKH
COBMAIAOT. DTO 3HAYUT, YTO JAaHHAS MporpaMMa IMPHUTOJHA IS MOJACIMPOBAHUS M MOXHO INPHUCTYNATh K
CIIEIYIOIIEeH YaCTH UCCIICIOBAHMS.

Ha cremyromem sTare npoaenpiBaeM HICHTUIHBIE JEHCTBUS A1l PEHTTEHOBCKOTO m3rydeHus. [lomygaem
OIMH TpaduK C pe3yabTaTaMu SKCIEPHMEHTAa M MOJAEIMPOBAHUS B BOJHOM (aHTOME M JApyroi rpaduk c
pe3ysbTaTaMM JKCIIEPUMEHTa M MOJICIMPOBAaHMS B TBEpAOTENbHOM (antoMe. U3 rpadukoB BHIHO, YTO
IIIyOMHHOE paclpeeicHnue J103bl, MOJY4YEHHOE NMPH MOJEIMPOBAHHUU IPAKTHYECKH COBMAJAET C INIyOMHHBIM
pacnpe/ieneHleM 0351, TI0JIyYeHHOM B 9KCIIEPHMEHTE.

[Tocme wero Ha OJHOM CpaBHUTEIHHOM TpaduKe IPUBOIUM JaHHBIC, MOIYYCHHBIE B pPE3yJbTaTe
SKCIIEpUMEHTa B BOJHOM (aHTOME W B TBEPHOTEIHHOM (haHTOME C ydeToM H 0e3 ydera YCpEeIHEHHOTO
MacCOBOTO SHEPIeTHIECKOTO KOd(HUIMEHTa ITepecdeTa 13 BoAsl B MaTtepran ¢panToma. CpaBHUBAS MTOTyICHHBIC
rpaKi MOKHO BUJEThb, YTO TJYOWHHBIE pacIpeAeieHUs J03bl B BOJHOM U TBEPAOTENBEHOM (C y4eToMm
koo dunmenra nepecuera) panToMax MpakTHYECKH MJICHTUYHBI, TO €CTh pa3HUIa He mpeBbiaeT 3%.

3akuriouenne. Ha ocHOBe NpUBEICHHBIX BBIILE PE3YIbTATOB UCCIIEJOBAHHS MOXKHO CJIEIIaTh BBIBOJ] O TOM, YTO
B KJIMHUYECKOH JIO3MMETPHUH Ha POBHE C BOAHBIM (PaHTOMOM (KOTOPBIH SIBISIETCS «30JI0TBIM CTaHapTOM)) BO3ZMOKHO

TIPUMEHEHHE TBepAoTebHOTO (hanToMa SP34 1715t OpTOBOJIFTHOTO PEHTTEHOBCKOTO M3ITyICHHS.
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