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Abstract

This thesis deals with the use of Xays for nontumor therapy. It describes the
formation of X-rays, their effects on the human organismand its protection. It also
summarizes what diseasesan be treated with irradiation and on what principle
treatment is based.A part of the work is the design of thetransportable X-ray
station. This station is, in the next chaptercompared with the x-ray workplace in
Masaryk Memorial Cancer Institute with 10 years bexperience. In the next part |
deal with a measuring of Xray absorption with various materials, and a
description of the calibration of Xray systems.

Keywords

Calibration of X-ray systems, effects of ionizing radiation, irradiation >ay
workplace, nonrtumor therapy, X-ray tube.
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4. a

tZ¢t EF ®7Aa%e&teettZuftetr 'att eAe ...S"ZeandA ''Z1S7Z
e fe etvAece < — o $ett ‘RFATIeA EL FZ fet of co.. <o
Z'™ fe "tfe'ef 75 f..Sc<t f,Zt & ' eefeiezad f of 'f..c<tfe-
ct@EeteseA o o' — t37e—A& e—1"% f7% ,—1% tie—f—tf«ed 'aAeies:
e, ‘ezAidWac— of Zoet oA teAe «fe— 15 cec(intbhzitace TZZE "
eZte7 @t 1" . Fe "etgZfeirAcipoAose o f Acirzac— Efe -4 ..
EF o——0xd ‘o—f—oAS TR -Aed—HEfete'Zes2AD .S " feey..S
*d..Tead ‘Z<eZz-'"> eYmhoha,tharech a velikostech(viz obr. 12)
“3Ze+d EFSZfe"tad «—"flss3"3B AZIZf Ao NaocechdahwA &
—372f "'— ATZet ... S"feet ©Ze—3">4 ZoA% .o Tl .oop af- A—A'els AZ%Ce 2
f TfZ&KNE —ec...oy "t7e'e77 i0nfz—EBA.AA eZzateAddSiET '*“cof
dozimetry[20], [21],[22].

fZ%A o .‘._A CE:t e (_A nfT(La!yt_i._(~.@ig1nmém:_‘(-“.}
"fte " —fe—<TeA Z7—9e> @'Ge',—EA...A “feietee_"¢co...cAd > Ee—

et of ‘efa, f@3f efef. SAecAce—c e>eZAe—4 EF "flc, s
f«cote t8 f U ofeaAd I —' e70Z< —‘o—Rec PoAsaZ@LIATL f %o — E ]
et tefftcezZra ..t —"tffAte— '‘see'oefeAd <ofe of '‘se‘oeted
St efetTiZe3 TP~ UG fTAD <2< Tte—1 ot . +7> eefem Al
"t —eZec S5 '8¢ f —Ae f TlewBE@ovat S ‘e Ty o' ZFe—7Zfeci
‘— ATFEA of t17<TZ-> ef —teco— f ef&feco—A T —fe-

e feA SAWSA —>—' ZZ-—9e> “@fe of EA b 2FAA. A-fkkee>

' —Etet — "$ ' E" A S —eZeAAfE it AL T 2Z3A" 2ot —
A" ft " —ftemik BA—efoc ‘L of S—EA..Aec «A"—3a - —fea
<°f°—<~—GEA "fteezZ> Aft—Acd BN At fteificceedsEaA (
”f “Zefec te—ced te fZt eze efTe——'_EF T' ,—e3e4 o
TSt Z T ee RS S Zf o T SZeA of T S— efe "7es
fZ-fZ<...-2 SR REFRZ 3 T —et—EF T ,—Oesd ZefZc.. o3
"AA-teef '—et of EFUFHA«ZEET fEcee-3ef <« o'F.. «—fa

e tieA Et f TItEeZealdgizE Sc... o' — Z7-avermjenahiZeua

e~ f .[20k R1],[22].
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S. 2 RENTGENKY

K—%"f'cc of " 4enBBflE AL o—f..c'o2"eA fo't —of 56 ERYA.SS
o f'3—A(108 kV, 200 kV @ 225 kV). V ,feet "3’ & Z¢.of ...SZ®eA "fe—Y%0te"

f..""<ee—3 "' — AT z@@BOKVAentgenky, k' ee”+ —e3 t5f . ‘T“caéd fe 'Z”
— ATZ srre  KkV.tffwto 'Uf ... "<afES — —‘—< "> fTfe> <« Zcotz”

—")...SZ‘~f<<:t--e"z' -Z—:IZI:”@A ~Zf°—°‘°—< ’é_(—éif’—(—d\t‘.j's...éit — =<
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6. e 4

Zf eAe "AAetete —t (EP i shA—<— "te—%ote "t f.. “c@-3 t°

koncept 'at~cef— ‘T freztra o—1"2 "' — AKEZ tedotFE St SZfe—
"Ate—@ze Z[BEHE 3 —feo > of —' TFZ%odoAye "f.. Hhye-3+4
St >Z' o' ek ofeetZcaT s A ' — <—A ddingch,gre séniorynebo
voblastech, kde “cet2Z tk‘etE 2« e Ae2f ... "«EBLtHKae "“1Zibdef
37" "f ‘"cm—3 EF of ‘,"4 sta

6.1 Konstrukce

Mistnot na elektroinstalaci

1 1 ] | 1
| :
Cm H 1
H -1
Pracovni mistnost Ozafovaci mistnost
Obr.12: e7ceef o'o—1@Ee+" "+S* ""*"$tteA ‘cefa "f[3BAS ""f.. "ca-3
Legenda:
1 ceBAe3 f ee@AOBAZ—atee—"A
2 «—'Z>5 VUV L TeAes
3 VN zdroj rentgenky
4 W SZftc« "Fe—%otee>
5 ‘fo—_Ae3et o"5_A of 176
6 postel pro pacienta
7  "Fe—%ote @ ote_"'ZeA Efte'—of
8 ‘Z'"3ex tTtat
9 Tte—"e+ 17 jelektreinstalaci
10 ~..S't"+ t7tat
11 efef"f of "fo0'"t” ZeA "f..cte—f
Kontejnerje ‘e t3Z%e of T 3@ t-nalevdjeprac' " <ae—3 """ "ftcf«eA
"fo e NAAeZ —pafef LA sAe—ete— of t7Zte_"'coo—fZAf0j. < %otetf
... SZ f aytt’A— Snipravo,je Z& +* "' ' f ..remtggn s200kV rentgenkou.
Podle standartu ISO’”* "y"', — «‘'e—1 @metVbdali " ce  3Kontejneru

12,2x2,44x2,90( T+ Zxfee A&eFyee)f fe' of—1"<27 of et E«fe-3Ec '*—
P‘— <GE‘L’E@I)¢‘...1‘Z ¢ 7' —eBe—dtvmeaS‘e ... S-37¢ "y foees ce A «—

/

g

ete_FEet"—4 «'SZ¢ Hdudl@ab.28A->7" > —' fZF ee'Ste eFeZfte3

f eZ' «—3@EeA of """itieAd EiZce' of SZceAe @' f-23 "fa—
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7 f Sy Ay, 17 7S et E BT WA GLETE e A (T Zete—c
fortTefe—ca  —TF —fet e——et "MTHe_ TS PN

cocoY%o— of ‘Te—"fe3eA "4 A R[AE(Y.ASAd«'medHe—ACA
mm olova [29],[30].

Tab.2: > *«A—fet Se

—efe—c oot Eet"— ""[36].1Z f SZ<eAs
ocel [kg] dural [kg]
efa " f..A cAe—ete_ 'AC —7'—@&..F " 6 420 5089
"f.."eA «Ae_emm) rav 2273 782
TZe' 77 Set—ete 8 692 5870

Pro "...3't t* ‘fAa' " f..A eAe—e'e_c  Adt TV LREk-> ‘Z'"
S-Z'—eeéleva-5mm. "tAIEe' — of—" @c<"'exd ..' —eswdfeSeA 75 .
“§>”2<~y’_f_s<j;._~¢a¢.*”3”_1“_ eBB\f—,,—T‘Nf-)'/ Jfe fete—eA oA
Lt E1S st r—edfTat AT GETE o —e—<— "fe—Y%feefa
‘Z'"3ey .. S tTtaA ,—1tt ‘2732 ®2"—,304

te—"Zf f..cte—f ,—Tt cef@Eca-3ef ofef""

y. .)._i.:t.é
Z273ex eeZ'a C @ESZE «fe-Ye<'atTs > o 182

teett-a
6.2 Rentgenka
Vi feer "f'— 7 f Eeo'— ¢ —F7f <

ct@E''— A"POOKE & A trre
"te_%oteer o7Yec ST etTYec sAcTefec 203 58T EA of otezt

1M

CC UrTe "te—Y%ofe..f oF ‘etceteA fe'iZeAePe&FEA, PRE - — C
focte—f Zi'eeA o 'Z<— —F"f'<¢ Z<oti"eAe —7> . S7' " f«tea
c8c eze of ' "4 STA

Rentgenku tedy ce™‘Z AssH(E « "208KY o o—f ... <'* 7"« Aa qhidzerpu
vodoud tZ«cs!

o"5— "fe_%ofee> eoiteecA‘™HomZA €I MSV/h) bude
[ J— _"%Ooioo_ CE:::&_3 T‘Tf—fXngéTJ-—A"‘)(—é o_¢"y .’Z‘A S)%O(
eiTey 1M Zi'fé"i ’”‘.A_-é-:u:TA’.a.f”f.i_”i---Stab..&%oi..)N
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Tab. 3: Parametry 225kV rentgenky MXR-225/22 |[27] |

o:to‘N(_i of’3_A

225 kV

yo'e 640 W/ 3000 W
Secee' "7 “0t7Z%e'e— ""t7% stwvu d=1mm/5,5 mm
Secee'"7 "2tzZ%«'lEC ‘tZ1% 0,4 mm/3,0 mm
Proud katodou, max 4, 1A/ 4,2 A
f'3—A of of—"t3 3V/I55V
Zfe—oA "<Z-"f.. % 0,8 +0,1mm Be
f—17"<27 fe'tT> W
>oefa' " f...A IStz trt
fT(f«-A ey A vrl
lece' "+ @e78Ft*A4 'ac «f34 cef—-A f<A "f "ot 10 mSv/h
Hmotnost 11 kg

Typ konektoru R24

6.3 Elektroinstalace
Kt 72 «+ ~rentgenky,je po—atkf Aapojittyto eZeZ+tt—EA...A oo’ efe_;

~). . .f13él~y

—feses tMefz_imm

o7+ «t"' E
as‘e—"'7Z«A @it Kréntgence povedt «f , 3Z&dfe i® ‘c2fa'"f..

A

o f 2 ESZAe T A

vo_o‘

e oA Y- ‘Te—Ae3e o”s_te o SuffIVBE " <coo—fZf..FT EL of

"$7Ze% " it teA tZfe—""coe—fZf...F EF of ‘.74 SV [ swa
Obr.13: ...Sxtef $Zte—"'coe—fZf  fE@FtaY%oL Ty o o' «1}26P
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Obr.14: e7c0esf T Zte—""ceosgnigfncet «f'"f"" —fee of o3e et E€a «fZ2t""
..SZfoeteA f -od¥sA &k " nakabely|[36]

Obr.15: > ftfez of ,$ 2% ea%ofe.. T4 —sAs—3et of " "C[B6]tAe o Efe—
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6.4 é¢~‘CE o‘o_:tCEo:I:”_

at’”f Kontejneru ,> o 7 TZT3Zf tet . A e fBU’ie—povolena

cfEcot 7oA Setsete ot TF"s afecte @ "AAT3e yr ——ed —TA >
efe_FEet” ...f o cJAAIELLSDke oF ">Se—7¢ ' —A Amotrist ‘At f 3¢
kamionu se pohybuje okolo 10 tun. Kontejnéd 'a< '*— <—-A ‘... fZ<¢ ,—tt
iSe‘e’tete_s —Tec—8 —fe—x Sr ——ed , T LAYZ AT FE T3 @A
L Zxerd

65 te'"% fefZycef " Ete——
to "2 fefZyomfliecefSfta Efe +2+72f16 oof f-1"<2Z2&4 —fe
E L TeAera fte =7+ 18ft> Eefrd VoFfwhe F7e7y TSf1

0’7 T oee3e A ""TeAS "fe_%ote TSy EF Y e STAW <78 ‘" —e4
Tab.4: 0t St "yt f Gaddvearé [[36] ]

frE™Mf" " e7eZf 1>

Rentgenka COMET 225kV S XWY Wr
Kryt rentgenky twr rrr
‘RO A ere_te ofe’ 77" XIr rrr
Elektroinstalace Szr rrr
‘JcoF—""5 o "<7="> UWTF rrr
“Z27tf.. A —7- twr rrr
Kontejner yrorrr
—Ae3e A Xrrorrr
sc—8eA 7' FeA ote_tEF"— UWr rrr
87 " f..<te—f twr rrr
foe'fwe'e—sA 'e” S, Srrrrr
772" A ®1"E UWT rrr
L.S't> 2 @it f...AZ @cof UWTF rrr
Kamery yr rrr
Celkem W Vty wrr

Tab.5:0tSft "ytfES [BF | cet>

ZeZft> ef '"Z..< f s&t>

Elektro viw Xrr
Mechanika S txr zvr
Software {wy xrr
Foe'fae'e— L F"—<"cof ..} YXX rzr
fe—7 XUzZ VvVrr
Celkem vV rvz wtr
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/. KALIBRACERTG

Podle «faAceteA sd2—eA Taft ' Eftie —Eftoo it f-
et —fey "fe—Y%ote"y ANCCE S B E A feRacamefoc
e'—ae'— TZ2'—8't',+ o—f <Z<—> f ocee‘—aePokud RTGsAec -
"AA T c—bee'—aefec «indb@Eanitnebyly provedeny, *3fZoef —fe'"y
"AAe—" E —AATAEf .. A e —ah> 'ttt KBt — f —' 'Ac
aeZeZFtex coo—fZf..c o« " +S AAAA"(EHTEAf @A .. A'<%sf

”””” @A —2Z & Ft"—S> [ - BEAMA" «A f aATA Ec« "f.."
nemocnice.Nakonec ces‘—aeef 1Z2'—S't' £ e—f «Zc—> of """ tTA Ette

fAATA B¢ "1 2 Bk, ™. $R4ET f S e in & "8 Zaes .. S
Zka t+ oee'—ae> of "iti tle—edespA. FaoWLkA7 &alibraci
"feO%ote Ty .S ere—ted of " e3a—ET ot [BEARINZ-ZEt—EA...
1. o7, Tfez tz27ef T "1 Fe«eAs 1134 T foee> T} e
AZte ee'—ae> EF ‘"38teA f o L TfHecthTe, T34 feo' "1 1"t ec
T et T f —@®F CZfefUfZEZeA <fecfasA oot f —eAe_3e7 o

fantomu. "¢ e "foee> —1'f't——c.ooft S — AY Lt "teweA f'Zcez-""
0783 — u ..o f foteads <o~ fe.t t “etzZiee— @t E}F
"f..c<te—f tr..ed &c¢ —‘e—' ofe—_f"teA4d of '*— <—A srr oo

, °3Zf Y= TZ7of of "+ " 1" v «ovha 1, Gy K> *«A—2¢A $& >
— ATz "RLLLE

8 L/ UGg 00,5 UG & (7.1)
kde M @1 ‘t1oe™f T oecet—"c..o+8 NopejetkfZ <, df@sA "fo'"
P et " otS WSi_tFTe "t " 13 @IALeA "1 1 te«sAS o°f
[GY/Cl, kg *“"Tewe A "foe—'" of tef"YpeZ e oaxamficsAkipbprava f
of S—e—'—— "t—..S—ovhictRAK £t 7+ at, —ETet Etee—-3 of
Scterss frief_"fe f —f'Ze3"fe _ "t f"teceAS’ T4

Ga L L Ui (7.2)

kdetap Ee‘— —t'Z—f [ f-Hfe 28c.o>gt=AA
3ateA of fe—EE —Ace"I— " @t .. Se> oo,V ffERLA 2 Fee>

S'te'— of —foe—' "5 «A-Z TITof >éf«SEfiEE> oF a@ufddee
protokolu.

2. Lo, Tfez tzTef T Ui fteweAe T34 oTfoee> ‘T WV e

SateA Ef -1 @&#ta EfeA fackeB t' yWw-Ae "'etAZtcd f of Ej

CENETEeqeA ['Zodot" ' (EE SI WP .8 . @fet "t iecsA '
" (ETF . >Z«<et"<...e7 (‘°<wf«°A oot fa "% SZ'—,...f t ..o
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3. ‘'Z'-Z'“fa@®foe+d
Zttzet —fo'" ' — —Z'—e— SZcoAe'Tye-$"7< LR Pt "% xo AT A
napolovinu. S‘te'— c‘ecorfaeA o' ¢'"— —eAe_Aet wr ..o ‘Tt c€t”" EH1
e—fe'"Aet ‘fThpemE <A AA “"e_">A ‘—* 'AceZZztZef t' e"foee— SZce
tZ2'—S'a f &% S'te'—f ‘tfe™ <eceeff«®X 'See'f>Sédeed Tt
e—AeA LA “me—"ra 3afeA " "ifie: " “miasSer «fAsKdferBot
"«Z-"04
4, ‘e Y%ote<—f "ft<f«eAS' "'Z%
Act-obe'—ebcemt ‘"3A<—a etf Ef 'ZF S'e'%otecAd 3AA oFf o°f
‘o Yofec—f EF ‘o3 ofEcoeilwpechzlowANsZfo—¢ "fT<f«eAS" 7%
JZfes Ef T4 <o "Zef 412t —f,—Ze

Tab. 6: Homogenita pole [[36] |

tZceto— «="%"...""2S" 7] FZcoto— TS et T fex
Mo F-2cm
>10 0,8°F
331‘A ””,,ASZ 13 N:t ~‘T.A.~§T1“_“ ‘.(@f«.A ofe Mt il.‘ai.i_

2cmpodSZftce'—&a f "te—%ofe oFf ofcee—fZ—ESL f'ZcoZ—"" Sr ..°
5. ‘Z'e—Ae "ftcf«eAS* "' 7%

T "etzZte'e— ot zrtZfootrf mete—"72Z¢Aeff ' vadtt— ‘Z1ta
"3A—ET of '—oehadl00kVose W ceZ—""Fe SI Sre ... ed Ac¢ —‘e—"
o3éioA GE:& o"_oA_ T:l::j:.‘_.‘y’oo”‘(EZ(&:tvoa

6. :l:’”‘T_o‘Nf_:l:Zo‘o_ f’2(0‘~foi TZ o>

Tt —e T f—tZete— f'Zcot " fex tTZzTe> of Stter— A Ttet A TfV(f«
s, podle rovnice 7.3

OL @AUA4F45° :JFs;2 ™. (7.3)
Proenergie do 75 kVet '*— A7 o‘ZceZ—'" * ""Fe3" — y ..o f tr ...*&
*33aA w3 "' tw f ws " srr a f7<f39 stahdvuje.. <o —

Z'Zfe [ fZEZeA o'e'">s —eAe_3e7 ApfaIOMbced ~' T
"t fet" %<t ‘t srroe ef ''— ATZ o'Zcez-'" sr cmeOdezvasee f W
*3AA —FTEEHE DM TdE8%T » &4 [ <fwoA o frediekH«ee > of

“Ajak o3 %
7. T3ateA SZ'— , '"y...S Ttz 7t

"Ctet"% <t O YW o of Tt ATZ e ZceF_cT f Ge3"__ y e f
«3aA "' wr 5 rmm, 10 mm, 20 mm.Stanovuje z'Zfe' f fZTZA, ‘'

— ¢ A e 29 fantomu s ef—1"<z2Z%tea

"t fef %<t ‘'t srr e ef ''— ATZ e'Zcez—'" Sr ..e SI .. f v
*33aA ’”* tw 10 Tm, 50 mm, 100 mm. Stanovuje z.>Z <ot ¢.. ek, o‘e'”)

_0A0_3oi N:t ~‘TOAo_‘._
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8. A TERAPEUTICK2
e 4

o' "e7e A (Eeofe ol"Fr, "Foe—3 of fef">e'73 ‘ee'7'%Na.ote jo—f
tomto "Fe—%ofe“xe 'Vf ... ‘“cam—« % ‘oefa-estimiy, kdlgna asldktyf —« A
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Obr.17: fe—Y%Fe *— Afey of fof”>e'73 ‘oot Z %[{35]{x e ie—f"—

Obr. 18: Rentgenka COMET MXR-226][24]
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Tab. 7: Parametry rentgenky COMET MXR-226|[24] |
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Secee' ™7 "@tzZte‘e— ""172%-12. sSXW N/A
Proud anodou, max 4.2 A
f'3—A of of—*t34 55V

Zfe—oA ~<Z-"f .. % rdéz - ras e f
f-37"<2Z fe'1> W
cefaf. A (817 201
fT(f«-A ey A vril

lece'"+ @2AtAd 'ac of38 ef-A t+A "1 "¢

10 mSv/h (225 kV; 13 mA)

Hmotnost 11 kg

Typ konektoru R24

‘7' teA " — o' TxSt of 17— 27ctc—FZex o7 — o5 1
fe—Ae3eA of’" — A AS' of t7— 5.5-6 mm

ot oA ofoe<”f ' —tXkebek Z 1.2 ml

Zdroj rentgenky E+ Sett “ttZ%

"te—% te—j osambcenoSZfaete]

VeAe_sidkam fZ1 oferYHA. S fecfld " f ... A shlesctek of *  S7ef-4
eI MEe'— tZSfles—3e3 of "W g . tfe—eet 75 of Ef etec—t""
kamerou. ‘t efet” ' — of of ...SZA o —@AF 1372 KAILAUS ... A

centrumijev sAe—efe—c "7 "7 f TeAesd T ef 'f..c<te— otecz" —(ETL4

"fe—%otfeefd cf AfEA f ‘—t"A"fEA T tata
att of tye ‘czateAe 'f..<te—fa
focEe— e—eA it fef— <eT et T fey o _S7Zfed
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o ZcoZ =" f "<Z=" of ‘T Z="'"70A 7 fBeofK Dotk T @ -pidlef
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