20 Onmuxo-d)uauqec;(ue uamepeHus

621,384

U3mepeHme napameTpoB (pOKYCHOro NATHa
PEeHTreHOBCKOM TPYOKHM C MCNONb30BaHKe ),

onTMkM Kymaxoea

A. 0. POMAHOB

Onucana memoduka onpedeneHus napamemposg (hoKycHO20 NAMHa PeHMzeHo8cKol mpy6Ku
Ha OCHOBe rnortyyeHus €20 usobpaxeHus ¢ nomowbio onmuku Kymaxoea. flony4exrHoe u3obpaxe-
Hue nossonsem onpedenums pasmepbi U hopMy 3ghgheKmUBHO20 (HOKYCHOZO MSIMHa. lMpueedeHsi

Pesynbmambt Uccnedos8aHus pasfiudHbIX PeHM2eHOBCKUX mpy6ok.

Kmioueerte cnoea: penmeeHosckas mpy6ka, ghokycHoe namHo, onmuka Kymaxoea.

.

The measurement technique of x-ray tube focal spot parameters on the basis of reception of

the spot image with the help of polycapillary structure of Kumakhov optics is described. The
obtained image allows to determine effective focal spot sizes and form. Research for various x-ray

tubes are resulted.

Key words:hx-ray tube, focal spot, Kumakhov optics.

Kak nasectHo [1, 2], BaxHehwUMm napameTpamu peHTreHo-
BCKoW Tpy6ku (PT) siBnsioTcst pasmepbl (hoKYCHOrO NSTHa M ero
®dopma. [laHHble reomeTpuyeckue napameTpbi doKycHoro naT-
Ha BaXKHbI, HANpuUMep, AN PEHTreHOBCKOM AedekTockonuu, roe
MMUK onpepensieTca pa3spelaiowas cnocobHOCTbL aHanmaa [1].
3HaHMe 3TUX NapaMeTpoB HEOBXOAMMO Taloke MPU UCMONb3O-
BaHUM PEHTTEHOBCKOI ONTUKU COBMECTHO C PeHTreHoBCKoM TPy6-
KOW, Hanpumep, Npn NPoBeAEHUN TECTUPOBAHMS peHTreHoon-
TUYeCKMX cucTem onTuku-Kymaxosa (OK): ans onpenenenus
TpaHcMmuceumn nuH3 Kymaxosa pasmep (hoKyCHOro nsitHa Tpybku
AomxeH 6bITb He Bornblue COOTBETCTBYIOLLETO ¢hokycHoro naTHa
NuH3bI [2, 3).

3Tu reomeTpuyeckiie NapameTpbl, a Talke pacrpeaeneHue
MHTEHCUBHOCTM NO NSATHY, O4EBMAHO, IErKO MOXHO ONpeaenuThL
13 pacnpeaesneHns MHTEHCUBHOCTW PEHTTEHOBCKOro ManyyeHus
(PY) no nnowaam dokycHoro nstHa. Ucnonbaosanne OK no-
3BOMSIET NONYy4MTb AaHHOe pacrnpeneneHne — peHTreHoBCKoe
nsobpaxeHne PokyCHOro nsTHa. i

Ontuka KymaxoBa npeacraensiet coboii pasnuuHble cucte-
Mbl U3 NObIX CTEKNAHHBIX TPy60K — Kanunnspos [5—7]. Mpuh-
uunom pabotel OK sensieTcs npeoGpasoBaHue nanyueHus no-
CPEeACTBOM MHOIOKPaTHbIX OTPaXEeHUN OT BHYTPEHHWUX CTeHOK
kanunnspos Noa ManeIM1 Yrnamm, He NpesbILAaoWUMU KPUTH-
4eckoro. Mpu ncnonb3oBaHWK YrNoBon GUNLTPaLMK Nonukanusn-
NAPHON CUCTEMON NOCPEeACTBOM MarnoyrfoBoOro oTpaXeHus
MOXHO Mnomy4nTb n3obpaxeHne GOKYCHOro MsiTHA PeHTreHo-
BCKOW TpyGku, 06pa3oBaHHOe kBasunapannenbHbIMU nyyamu.
AHanua gaHHoro u3o6paxeHus Aaer psfa Heo6XoaUMbIX napa-
MeTpoB (POKyCHOro NATHa. TakuM 0Bpa3oM, Ha OCHOBE NonuKa-
nMNRspHLIX CTpykTyp OK MOXHO peanuaoBath yAOBHYI0, TOUHYIO
W 3KCMPECCHYI0 METOAMKY OnpeAeneHuUs psaa napameTpos ¢o-
KyCHOro nsiTHa.

Mpunyun usmepeHus. PaccMoTpum duanyeckue ocHOBbI
METOAMKM, B KOTOPOM UCNONb3oBaHa BO3MOXHOCTbL 06pa3osa-
HWUA 1 NnepeaayYyn peHTreHoBCKOro N3o6paxeHns — NMOCKOCTHO-
ro pacnpeaeneHnss UHTEHCUBHOCTM M3NYYEHUS — Ha pPacCTos-

Hne ¢ nomoLubio OK [5—9). Kak yxe 6bino ckasaHo, OK npeg-
cTaBnseT coboi COBOKYNHOCTb TPYBOK, OBBLIYHO CTEKMSHHBIX,
COBPaHHbIX B NMy4YKM pa3nuuHbIX KOHurypauui [5—7]. OT euga
KOHGhUrypaLMm U 3aBUCAT OCHOBHbIE XapaKTepuCTUKK OCYLLECTB-
NA€MOro U3MeHeHusi pacnpocTpaHeHuss PU — nonyuyeHue cxo-
AALLMXCS, NapannentHbiX M pacXoAsLMXCs Nyykos. B aTom cny-
4aeé pacnpocTpaHeHWe 3NyYeHWUst OCHOBaHO Ha adhdekTe nof-
HOTO BHeLwHero oTpaxeHus (MBO), KOTOPbIA BO3HUKAET Npu
MarbIX yrnax ckonbxeHusi. B pesynsrare Takoro MHOFOKpATHOMO
ManoyrnoBsoro OTpaXeHMs Ha U30THYTOI NOBEPXHOCTH BHYTPEH-
HUX CTEHOK KanunnsipoB uanyyeHue pacnpocTpaHsieTcs no He-
obxogumomy HanpasneHuo. 3HaveHue Haubonbuiero yrna
Ckonb3swero napexus (8 paguanax), Npu KOTOPOM BO3HMKaeT
MBO (kpuTndeckoro yrna) Ans cTekna MOXHO OLEHWBATb NO
dopmyne

0, =30/E,

rae E — aHeprus PeHTreHoBCKOro KkeaHTa, 3B. Hanpumep,
ANA 3Hepruu xapakrepucrudeckoro n3nyuenus K-cepun meau
84 = 4 Mpaa. Takum o6pasom, yron 3axsara otaenbHbIM kanun-
NAPOM, paBHbIN, oveBugHo, ABYM KPUTUHECKUM yrna, O4eHb Man.
Ha Bbixone kanunnsipron CUCTeMbI Talke nonyvaemM Manyto pac-
XoAuMocTe nydka PU, sHaueHue KOTOPOW B pamkax reomeTpo-
onTuveckoro paccMmotpeHus pasHo KpuTudeckomy yrny, a B OT-
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Puc. 1. FeomeTpuueckas cxema KONNMMUpoBaHua otaenbHbIM Kanun-
nsipom:
1 — dchokycHoe nsTHO PEHTIeHOBCKON TPy6KW; 2 — CTEKNSIHHbIE
CTeHKKN
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Puc. 2. Cxema obpasosaHus 1 nepepnaun U3oBpaxkeHus nsaTHa nonwka-
MUNNSPHON CTPYITYpPOit:
1 — dhokycHoe naTHO; 2 — nonukanunnapHas crpyktypa; 3 — pe-
TekTop

A

AENbHBIX CNyyasX, OnNuCbIBAaEMbIX BOMHOBOM Teopuel, MoxeT
BbiTb AaXKe MeHbLUe KpuUTUYeckoro yrna [10].

Mcnonb3osas Yrnosyio punsrpaumio NONUKanuNnsapHoun cu-
CTEMOM NOCPEeACTBOM MarnoyrrioBOro OTPaXeHMs, nony4mm m3o6-
paxeHune hOKYCHOro NATHa PEHTrEeHOBCKOM Tpybku, obpasosan-
HOE KBasunapannenbHbIMM Ny4Yamu, UCXOASILLMMMU C NOBEPXHO-
CTW aHofa B MecTe B3aWMOAEWCTBUS C SMEKTPOHHLIM MYy4KOM,
NO VHTEpecyemMoMy Hanpaenenuio. [laHHas npoekuus msobpa-
XeHUA HasbiBaeTcs 3PDEKTUBHLIM (DOKYCHBIM NATHOM.

Kaxabi kanunnsp 3axeaTbiBaeT M3nydYeHre M3 marioro Te-
neckoro yrna nopsaka 20,, 1 Takum o6pa3om co3aaeT MuUHu-
MarnbHYI0 4acTb M306paxKeHns natHa — nukcens. VIHTeHcuB-
HOCTb M3Ny4YeHWsl, COOTBETCTBYIOLLAA AAHHOMY MUKCENIO Ha Bbl-
XoAe M3 Kanunnspa, NponopuuoHanbHa UHTEHCUBHOCTM M3ny-
YeHUs1 C COOTBETCTBYIOLEW nnowaan naTHa. FeomeTpuyeckas
cxema kanunnsapa npeacrtaeneHa Ha puc. 1. JIuHelHbI pasmep
NATHA, U3ny4yeHWe C KOTOporo nponaeT vyepes kanunnsap (3d-
dekTUBHBIA pa3Mep Kanunnspa), onpegenum no copmyne
D=2] tge,(p + d, roe | — paccTosiHue OT UCTOYHMKA M3Ny4YeHus Ao
BXoAa B Kanunnsp; 0,, = 4 - 1073 — KpuTMUYECKMit yron NosHoro
BHellHero oTpaxeHns CuK -uany4eHus; d — paccTosiHue Mex-
Ay cTeHkamu kanunnspa. Takum obpasom, npu paccTosHMM
! =0,5 MM achbchekTMBHBIA  pa3mep Kanunnspa cocTasnser
D=2-500-4-10"3+5=9 Mkm.

COBOKYNHOCTb CTPOrO COPUEHTUPOBAHHLIX U NIIOTHO ynako-
BaHHbIX KanunnspoB MONMKanNuNNsapHOA CTPYKTypbl No3sonset
nosyunTb NonHoe usobpaxeHue NATHa, COCTosiLLee U3 NuKce-
nex, obpasyembix OTAENbHLIMM Kanunnspamu (puc. 2). Ysenu-
UeHVe pasMepoB W3-3a HanuuWsa 3a30pa kak Mex|ly aHo4oM K
BXOOOM B KanWMnspHYIO CUCTEMY, Tak U MeXay BbIXOAOM Ka-
NUNNSPHON CUCTEMbI U ETEKTOPOM TaKKe NIErko BbiYUCINUTL
MCXOOA U3 KPUTUHECKOrO yrna — OHO PaBHO YrnoBoW npobaske
2196,y

PacnpeneneHue WHTEHCUBHOCTU M3Ny4eHUs, Nony4eHHoro
Takum 06pa3oM, a, crieAoBaTenbHoO, MCKOMbIE pasMepbl U ¢op-
Ma Npy AOCTATOYHOM perynsapHOCTY CTPYKTYpEl, XOpoLo corna-
CYITCS C COOTBETCTBYIOLMMMU XapaKTepUCTKaMu hokycHoro
NATHAa PEHTreHOBCKO TPyBKM. MTaK, OCHOBLIBAACH Ha onncan-
HbIX Bbile BO3MOXHOCTAX OK, MOXHO peanu3osaTtb NpocTyto,

HanEXHYIO 1 BKCMIPECCHYI0 METOAMKY aHanu3a hokycHoro nat-

1 2 3 4 S

Puc. 3. CTpykTypHasi cxema yCTaHOBKW:

1 — peHTreHoBckas Tpy6Ka; 2 — UMNMHAPMYECKas nonvkanunnapHan
cTpyKTypa (Konnumarop); 3 — TecT-06beKT; 4 — petektop u3o6pa-
XEHWs1; 5 — YCTPONCTBO aHanuaa u3obpaxeHuns

6—1260

HaupeHTreHOBCKOVI Tpy6Kv. MonukanunnspHas CTPYKTYpa B AaH-
HOM MeToauke wrpaeT porib KOMnMMaTopa, YTo sIBMsieTcs pas-
BUTUEM METOAMK M3MepeHnsi paamepos choKyCHOro NsTHa we-
TeBbIMU konnumatopamu [2, 11] B cTopoHy GonbLumx yao6cTaa,
TOYHOCTM U 3KCNPECCHOCTH.

Annapamypa. CTpykTypHas cxema YCTaHOBKW, Ha KOTOPOW
CnenyeT NpoBOAUTL M3MepeHusl, NpeacTaBneHa Ha puc. 3. [an-
Has cxema peanusoBaHa Ha 6ase aBTOMaTU3MPOBAHHOIO CTeH-
Aa Ana uccneposanus ontudeckux napametpos OK [3]. Monu-
KanunnapHelid konnmMaTop 2 pacnonaranu Ha cneuuansHoM
Aepxatene, KOTOpkIi MOr NepemeLLaTbCs B Tpex opToroHanb-
HBIX HanpaBneHsAX. 3T0 NO3BOMIANO OCYLUECTBUTL TOYHYIO OCTH-
POBKy KOMnvMaTopa OTHOCUTENLHO (hOKANLHOFO MATHA peHTre-
HOBCKOWN TpyokM 1.

Ana peanusauum metoauku mcnonb3osanm OAHY M3 cuc-
Tem OK: umnuHapuyeckyto nonukanunnsipHyto cTpykTypy (nonu-
KanunnspHeli cronbuk). Ctonbuk npeacraenseT coboit napan-
nernbHYyto cBopky NONMKaNUNNAPOB, COCTOALLMX, B CBOK O4EPEb,
13 KanunnspoB — NOSbIX CTEKNSHHBIX TPYGOK AMamMeTpoM 5 MkM.
lnuHa cton6uka 5 cm.

HeobxoanM nNuHeRHbIN Mo aMnnMTyae peHTreHOBCKUiA ae-
TeKTop M306paxeHus, a Taioke HU3Kas abeppauusi TpakTa ne-
peaaun nsobpaxeHus. Bbin Ucnonb3oBaH PeHTreHOBCKUIA BU-
3yanu3aTop Ha OCHOBE CLMHTUMNSILMOHHOIO 3KpaHa, CBETOBO-
Aa, 30MN u Tenekamepbl, CUrHan ¢ KOTOPOW nepeaaBancs Ha
komnbloTep. JIHeHoe paspelueHne Bu3yanusatopa B pa6o-
Yyem auanasoHe PU coctaensno nopsaka 20 MkM. MoxHo nubo
“cnonb3oBaTh KanMbpoBaHHbI BU3yanu3aTop, Nub6o Kanuépo-
BaTb CaMOCTOSTENbHO NOCPEACTBOM MOMNyYeHUs U3o6paxeHus
TecT-06bekTa C U3BECTHBIMU pa3MepamMiu.

lposedeHue usmeperul. Mepes aHOAOM Ha HEKOTOPOM
PaccTosiHUM yCTaHaBNMBaeM KanunnsipHyo CTPYKTYpY, Ha BbIXO-
[ie KOTOpOW noMellaeM AeTeKTUPYIOLLYI0 cucTeMy. B kauecTse
NeTeKTUPYIoLLe CUCTEMbI ANA IKCNPECCHOM OLEHKM Lienecoot-
pa3Heit BCero Mcnonb3oBaTh AETEKTOP U30GPAXKEHNUSI — peHTre-
HOBCKWiA BU3yanusaTop. ConoctaBneHue pasmepos nonyuae-
MOro 13obpaxeHus OKyCHOro nsTHa ¢ pasmepamu u3obpa-
EHWA KOHTPOMbHOro npeameta nNuMbo Mcnonb3osaHue Kanwo-
pOBaHHOro BU3yanuaatopa No3BONSET onpeaenuTs abconioT-
Hble pa3Mepbl NATHa.

Bo3mOXHO Takke NpUMEHEHWe CKaHUPYIOLMX MEeTOL0B ANS
aHanusa pacnpeferneHnss MHTeHcMBHOCTU PU Ha Bbixoae u3
NONUKaNUNNAPHOW CTPYKTYpPbI, YTO MO3BONUT ONpeaenvuTb nu-
HelHble pa3Mepbl NATHA BAONb HanNpaBlEHWUst CKAHMPOBAHUA B
«MeToae Hoxa», Nubo, Npu ckaHWpoBaHuM Avadparmoii, nony-
YUTb ABYMEpHOe pacnpeferieHne WHTEHCUBHOCTU NO NSATHY C
TOYHOCTbIO, onpeaensemMon pasmepamu avadparmel [3).

Bbinu nccnenosaHbl PEHTFEHOBCKUE U3NyYaTenu ¢ pasnuy-
HbIMW pa3mepamu U chopmamu hokycHoro nsTHa. [ins aonon-
HUTENBbHON (HOKYCUPOBKA U U3MEHEHWUA POPMbI 3NEKTPOHHOrO
ny4yka NPUMEHANN MarHUTHbIE NUH3bI.

MpuMepb! 1306paxeHnn POKYCHOro NATHA MUKPOGOKYCHOM
PEHTFEHOBCKOW TPYOKW NpW pa3nuuHbIX 3HAYEHUAX YCTaHOBOY-
HbIX NapaMeTpoB, NONYYEHHbIX HA OCHOBE OMUCAHHON MEeTOAM-
K1, npuBeaeHsl Ha puc. 4. BapbupoBanuch 3HaueHua cnegyto-
LMX NapameTpoB: yckopsitollee Hanpsxenue U, Hanpsixe-
Hue cMelenua U, Hanpsikenue Hakana U,,,, TOK TpyBkn [,

Mpu ncnonb3oBaHuM BUAEOKAMEPLI MOXHO OCYLLECTBNATL
MOHWUTOPUHI U3MEHEHUIA n3obpaxeHns naTHa BO BPEMEHU B
3aBMCMMOCTW OT U3MEHSIeMbIX NapaMeTpoB.

Mocne nonyyeHus no6paxeHuit NposoannU HOTOMETPU-
Yyeckylo o6pabotky. KpuBassi pacnpepeneHvsi MHTEHCMBHOCTU
BAOSb OCK NATHA AAET BO3MOXHOCTb TOYHOIO KONUYECTBEHHOTO
onpeaeneHnsi HeobxoAMMbIX pa3mMepoB.
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Uyew = 30KB, Uy, = 0B

—

Uye, = 50XB. Ug,, = 0B

Uy = 10 KB, Uy, =90 B Uyey =20 KB, Uy, = 150 B

Puc. 4. Npumep n3mererus u306paxenus Kpyrnoro nsTHa MUKPOCHOKYCHOW PeHTreHoBCKOM
TPYOKi B 3aBUCMMOCTW OT YCTaHOBOUHBIX napameTtpos

Mpeumywecmea u moyHocms memoduku. B pesynbTarte Ma-
NoyrnoBow unLTPaLUUN NHTEHCUMBHOCTb Ha BbIXOAe Kanunnsp-
HOW CTPYKTYpbI 3HAYUTENLHO MEHbLLE NONHOrO noToka, UCXoas-
WEro ¢ NOBEPXHOCTU aHoaa. B HEKOTOPLIX Cryyasx aTo nonesHo,
TaK kak 0TnanaeT HeOBXOAMMOCTbL B YCTaHOBKe [OMONHUTEMb-
HbIX ocnabutenen PU Bo n3bexanue Neperpysku feTekTUpyto-
Lmx cuctem.

TouHOCTL METOAMKM U MUHMManbHas rpaHvua pasmepos
NATEH OrpaHW4MBaEeTCS pasMepoM 3neMeHTa nepenasaemoro
n306paxeHns — achthekTUBHBIM pasmepom kaHana, 7. e. pas-
PelatoLen cnocobHOCTLIO AAHHOM ONTUKY (cm. pue. 1)

Mpn MukpomeTpoBbIX pasmepax kaHana BO3HWKaKT TeXHO-
fiormyeckue TpYAHOCTY C NoAAEPXKaHUEM PEryNSIPHOCTY B CTpyK-
Type. HapylweHnus perynsapHOCTM 3HauMTensHo NOHMXAIOT ne-
PEAATO4HbIE DYHKUWMM AaHHBIX CTPYKTYP U, cnepfoBaTensHo,
YMEHbLUAKT YyBCTBMTENBHOCTL U TOYHOCTL MeToauku. MoaTomy
HeobxoanMMo ucnonb3oBaHve NPOBEPEHHbLIX, kannBpoBaHHbIX
KanUNNAPHLIX CTPYKTYP, YAOBNETBOPSIOLLNX BbICOKNAM TpeboBa-
HUAM K PaBHOMEPHOCTH NPOMYCKaHWs MO BXOAHOV nnowaau.

Takoe cBOICTBO cucTeM onTukm Kymaxosa, kak cenexTup-
HOCTb N0 3Hepruam [12], Take HaknagbisaeT HeKkoTopble orpa-
HU4eHWA. Beneacteue yMeHbWEHUS 3HaYeHus KPUTUYECKOro
yrna C yBenn4eHueM SHepmm usnydeHnsi npoucxoaut obpesa-
HNE BbICOKO3HEepreTMYecKoi YacTu cnektpa KanunnsapHeiMu
CTpykTypamu. Takoe obpesaHue npoucxoauT U n3-aa MeHbLuen
3t PeKTUBHOCTH CLMHTMNNATOPa Ha BLICOKUX IHEPrUsaX U, crie-
AOBATENbHO, AaHHasi NOrpeLHoCTb, BHOCUMAS KanunnsipHoi
CTPYKTYPOA, He OYEHb CyLLIeCTBEHHa.

Kpome Toro, BeicokoaHepreTuyeckue peHTreHoBckue KsaH-
Tbl GYAYT NPOXOAUTH Yepes CTEKNAHHbIE CTEHKY nonukanunnsp-
HOW CTPYKTYpBI, 13-3a Yero uaobpaxkenue dokycHoro nsaTHa Gy-
AET «pa3MasblBaTLCA», YTO OrPAHUUMBAET NpUMEHEeHUe AaH-
HOM METOAVKM NPY BbICOKUX HanpskeHnsx Tpy6ku [9]. Mpumep-
Hbli paboqnii auanason OK coctasnsier 1—100 kaB. Ans 6o-

~——

Iee EcTkoro Hanpskemus 1

5 200 e HEHUE MONMKANUINADHbI c Pebyercy MDuygg.
1 yKTYanOBb,LU
™ A HbIM CofiepXaHnem cammya g CTekne (g .
i Mpu npumeHeHuu PaCXos Uy, n‘
MUANSAPHBIX CUCTEM Boamox Onika.
Ha Deanuaa
Uyey = 40 KB, Up, =08 yBenuyeHus peHTreHoscmro ”3°5pameum
MATHA, YTO AAeT BOIMOXHOCTS, pac“’“pewﬂm
oo anasoHa uccnenyembix narey g CTopoky Meﬂt
wmx paamepos (8]. Mo AaHHbIM, MPHBengy,
’ B (8], BO3MOXHO nonyyenme N306paenyy; CC;Z
MUKPOMETPOBLIM paspeuseHyeny.

Upey = 20 48, Uy, = 300 B Takum oGpasom, npumerenue MONVKanyy,.
NAPHBIX CTPYKTYP onTuku Kymaxoga No3eonger
peanmsoBatkb TOYHYI0, HadexHyo 4 AKCnpece.
HYl0 METOAUKY onpegeneHus napametpog g,

KYCHOTO NATHa peHTreHoBCKoM TpyGku. MeTop ABNACTCA pagay.
TMeM MeToAa LLieneBbIX KONIMMaTopoB B CTOPOHY Gonbiveis o
HOCTW, MHPOPMATMBHOCTH 1 yao6cTea, AaHHas metoquka Mo-
KET HaliTh NpUMeHeHue, Kak y u3rotosuTeneit PeHTreHoaciyy

MCTOYHUKOB — AN TECTUpOBaHUs, TakK u Y nonb3osateneji —
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