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MaJbHO#M aBTOMATH3aLUNA TPOIECca M3MEPEHUs Ma-
PaMeTPOB NONAKANMMLIAPHONW ONITHKH.

Cnenyer OTMETHTB, YTO KaYECTBO IOJIMKAIAI-
JISIPHBIX CTPYKTYP IMOCTOSHHO BO3PACTAET B CBA3M C
COBEPIICHCTBOBAHAEM TEXHOJIOTHH IPOM3BOJCTBA.
IToaTomy TpebGyeTcst i 60J1€€ TOYHbIM KOHTPOJb Na-
pameTpoB nuH3. Bee 3To onsiTe-Taky TpeGyeT aBTO-
MaTH3UPOBAHHOTO MOAXOJA IO NPHYHHE OTPAHAYEH-
HOM TOYHOCTH W3MEPEHHII Ha OCHOBE NMpUOOpOB C
PYUHBIM NpHBOAOM. [Nl peanu3auyy NOBLILIEHHON
TOYHOCTH HEOOXOIUMO MICIIONL30BAHHE TIPEUHU3HOH-
HOTO TEXHMYECKOTO OCHALIEHMS, TEXHUYECKUX TIPH-
€MOB, METONOB M3MEPECHMI, METOJOB 0OpabOTKH pe-
3yJTbTATOB U3MEPEHUSL.

YOBNETBOPUTEL BLINIENIEPESUYHCICHHBIM TPeGOBa-
HsM OblTa Npu3BaHa pa3paboTKa aBTOMAaTH3WPOBaH-
HOIi CUCTEMBI KOHTPOJISI, RUATHOCTAKH W UCCIIEJOBAHHS
OK. CucreMma npegHa3zHaueHa Jiist TOUHbIX H3MEPEHUI
NapaMeTPOB ONTHUYCCKUX CHCTEM B IHEPrETHYECKOM
JMana3oHe CTAHAAPTHBIX PEHTTEHOBCKHX TPYOOK. M3-
MEpSIEMBbIMH TTAPAMETPAMM  SIBJLIOTCS: TPAHCMUCCHSI,
nepejiHee M 3agHee (DOKANLHBIE PAaCCTOSIHMS, pacipe-
JENCHAE MHTEHCHBHOCTH B (DOKAIILHOM IISTTHE JIMH3BI,
KO3((PHIMEHT YCUIICHUS JTUH3bI.

Cucrema co3pgaHa ¢ NPAMCHEHUEM BbICOKOTOYHO-
IO MEXaHWYECKOrO M 3JIEKTPOHHOIO O0OPYHOBAHHUS
¢upmrl Newport. DIEXTPOHHOE OCHALEHHE H MPO-
rpaMMHOe obecnedeHne, NO3BOJAIONEE ABTOMATH-
YECKHU YNPARJISTH IPOLECCAMHU H3MEPEHMS B 00pada-
ThIBAaTh PE3yNbTaThl U3MEPEHHUH ISl NIOJYYCHUs Ha
Bbixope napametpor OK, cospans! B IPO.

IToMuMO 4YHCTO TEXHONOTMYECKOro 3BEHA, OCY-
LIECTBIISIOUIEr0 KOHTPOJB IIapaMeTpoB, pa3pabo-
TaHHAasl CHCTEMAa MOXET YAOBJETBOPATh M HAYUHbLIM
TpeGoranusaM. Hay4ynsie nccnegoBaHus B 00xacTH
NONMKANMIIAPHONA ONTHKY WHTEHCHBHO NPOBOJSATCS
B PO. PazpaboTanHasi cucTeMa MOXET BBICTYNATh
B KAYECTBE IKCIEPHMMEHTANBHON YCTAHOBKHU B 3THX
uccnenosanusax. HeGonpmue mopudukanmy CTpyK-
TYphl ¥ HaOOpa KOMIIOHEHTOB TO3BOJSIOT MCCIENO-
BaTh MONUKAMUIISPHBIC JTUH3bI, NOJUKANAIIADSHI,
MOHOKANMJUISIPhl H PEHTTCHOBCKHE TPYOKH. Taxke
MOKHO NMPOW3BOAHUTEL IUHPOYAHIUMII CIIEKTP 3JKCIE-
PHMEHTOB C MCNOJNL30BAHHEM NPeoOpa3OBaHHOIO C
nomouapio OK BEICOKO3HEPreTHYECKOTO H3ITyYEHHUS
PEHTIEHOBCKUX TPYOOK, Hanpumep, chOKyCHPOBAH-
HOrO PEHTTEHOBCKOH IMH3OM.

Onruueckast cxeMa CUCTEMbI COCTOUT M3 MCTOY-
HWKAQ PEHTICHOBCKOTO W3JIyUYCHMs, NEpKaTens ¢
PEHTTCHOONTHYECKAM NMpPeoOpa30BaTejeM Ha OCHO-
RE NOJIMKANMULIAPHON ONTHUKHU U OJIOKA JETEKTHPO-
BaHuA. CucTema BBINOJMHACT CIeAyromye (hyHKIH:

1. TpexmepHOE CKaHHPOBAaHUE NPOCTPAHCTBA IIe-
PER MMH30M (NEpPEMEINECHNE HCTOYHHKA U3JTYyUYEHUs),
MOUCK nmepenHero pokyca, MaKCUMyMa TIPOMYCKAHUS
OpH  pa3iMyHOM PACTIOJIOKEHHH PEHTICHOBCKOMU
TPYOKH OTHOCHTEJIBHO JIMH3BI U T.J. € NOCIEJYIOLINM
NEepEMELICHAEM B HAHIEHHOE TMOJIOXKEHHUE.
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2. TpexMepHOE CKaHMPOBAHHWE NMPOCTPAHCTBA 3a
NuH30# (TIepeMeeHne IPUEMHUKA U3TY4YEHNs), TT0-
HCK 3afHEro (PoKyca, MAaKCHMyMa HHTEHCHBHOCTH
TIPH Pa3INYHOM PACTIOJIOXKEHHH IETEKTOPA OTHOCH-
TENbLHO JIMH3BI, ONPEJENEHAE pa3Mepa (HOKANBLHOrO
ISTTHA U paclpeiesicHust B HEM HHTEHCUBHOCTH M T.J1.

3. AHanu3 1 NPE/ICTAaBJIEHUE HA 9KPAHE MOHHTOPA
KOMIILIOTEpa HEOOXOMMBIX MapaMeTpoB U U300pa-
SKEHHH.

Ha nepconansaom komnsrorepe (ITK) B cocrase as-
TOMATH3UPOBAHHOU CICTEMBI YCTAHABITMBACTCS HHTEP-
¢eiicuas nporpamma (MIT), nmpepocrasnstoLast noib-
30BATENIO BO3MOXKHOCTDb 3aJ1aBaTh MapaMeTPhl 3KCNe-
pumenTa. Ilo RS-munrepdericy ITK coemmmsercs ¢
3NEKTPOHHbLIMY Onokamu ynpasneHusi (OBY), xoto-
prie, oTpabateiBasg koMaHjbl MII, nogaroT nurato-
LIEE 1 YIIPaBISIOLICE HANPSPKEHUE Ha YIIPABJISIOLIAE
YCTPOMCTBA M JATYHKM (ABMTAaTENM NEPEMELICHUS,
GJIOK NMTAHUS PEHTTEHOBCKOI'0 HCTOYHUKA, OJIOK Je-
TekTHpoBaHus U Ap.). CurnHanbl C JaTYMKOB TaKXKe
ob6pabareiBarotcs ObY n nepepatoresa B [1K, rpe 3a-
NTOMUHAIOTCS U 06pabaThIBarOTCS B COOTBETCTBHHU C
3alauaMi SKCIEPUMEHTA.

ITpu 0OpabOTKE 3IKCNEPHUMEHTANLHBIX JNAHHBLIX
BAXKHYIO POJIb UTPAET HATJANHOCTH HPENCTABICHUS
napopmaunu [3]. Ilpn cosgannu cCACTEMBI JUIsL MC-
cinenoanust OK crano sicHo, YTO NpeAcTaBaCHNE pe-
3yJIbTaTOB IKCMEPHMEHTA B HATNSIAHOM U YROGHOM
A1l 3KCIEPEMEHTATOpPa (POPME € MCIONL30BAHWEM
aJNTOPUTMOB TPEXMEPHOM MaUIMHHON rpa(puku nos-
BOJIET TOYHEE OLEHUTH PE3yNbTaThl M NIPABHILHO
OTPENENUTE CTPATETHIO JATBHENILNX UCCIENOBAHW.

PazpaboTaHHOE IPOrpaMMHOE OOECTIEYEHHE Bbl-
DOHAET (PYHKUMH KaK YIpaBjeHus1 paboTol JKcne-
PUMEHTANLHOA YCTAHOBKHU, TaK M 00paGOTKH M MH-
TePAaKTHBHON BU3yan3aLyK pe3yapTaToB. B 3aBucu-
MOCTH OT TpeOyeMoil CTeneHu aBTOMAaTH3aLHA
3KCNEPUMEHTA, IPOTPAaMMHOE O00ecreYeHHe Nnpepo-
CTABJSIET IKCNEPUMEHTATOPY BO3MOKHOCTD OCYyIIE-
CTBJSITH YIIPABJIEHNE YCTAHOBKOH IO PA3JIMIHBIM Ba-
PHAHTaM: NPSIMOE AWCTAHIIMOHHOE YNpaBJIEHHUE, MO-
HUTOPHHT COCTOSIHMS, NPOTPaAaMMHOE YTPABJICHHE,
KOHTPOJIBHOE YIIPaBJIEHHE.

DKCnepuMEHTaTbHbIE JAHHBIE TIPEICTABIISIOT CO-
0ol OTHO-, ABYX- WM TPEXMEPHBbIE MACCHBbLI 3HAYE-
HUH c4eTa JeTEKTOopa, OTPAXKAIOIHUE U3MEHEHHUE MH-
TEHCUBHOCTH H3J1Y4CHUL.

AnroputMbl 00pabOTKH U BU3YAIN3aLHH PE3YJIb-
TATOB CKAHUPOBAHHS PEANMU3YIOTCS KAaK B COCTaBe
IpOrpamMm yIpaBICHHS 3IKCIICPUMEHTANBHOH yCTa-
HOBKOM, TaK U OTAEJBLHO.

Busyanuzanyuss nOny4eHHBIX TOCIE INpPENBapH-
TeNbHOU 00pabOTKH MAacCHBOB BBLIMOJHSAETCS C WC-
nons3oeanueM 6ubmuorexn OpenGL. Mopens n306-
paxKaeTcs Ha IKPAHE B COOTBETCTBHMU C BbIOPAHHBIM
BapUAHTOM NpeICTaBICHUA.
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Ta6mma 1. TpancMuccHa M IapaMeTphl PEHTTEHOBCKHX JIMH3 KyMaxoBa

Ne Di,mm | D2mMm L, MM Fl,mm | F2,mm | Ql, Mpan | 02, Mpan | E, xaB 11, % T2, %
1 5.2 6.7 265 93 178 0.056 0.038 AgK, 22.1 17.3
2 4.6 7.0 285 85 208 0.054 0.034 Ag K, 283 19.9
3 53 43 312 179 85 0.030 0.051 30 15.3 12.6
4 4.8 5.8 123 160 500 0.030 0.012 30 222 -

Tadauua 2. TpaHcMuCCHA NOMMKATWISPOB B % B 3aBHCUMOCTH OT aHeprun PU
Howmep nonukanuiagpa
E, k3B
1 2 3 4 ) 6 7 8
30 45.8 39.6 459 40.8 40.7 36.0 33.0 33.0
50 17.4 15.9 17.3 16.3 11.1 12.9 13.2 10.2
60 9.4 8.2 10.0 10.9 .7 6.2 85 5.3
70 6.9 7.8 59 6.7 3.8 37 5:1 39

O xapakTepe pacnpenciaeHus: INIOTHOCTH M3Nyde-
HUSI B IPOCTPAHCTBE HA BBIXOME W3 JIMH3bI MOXHO Cy-
[HTH IO IAHHBIM, IOTYYEHHbIM B PE3YJIbTATE CKAaHUPO-
BAHWS JETEKTOPOM C YCTAHOBJIEHHOH HA €ro BXOTHOM
okHe auacpparmoit. Ha puc. 3 npepcrapieHsl faHHbIC,
NIOJyYEHHbIE B PE3YJbTATE TAKOro CKaHMPOBAHMA (C
uenblo 1ocTuposku). Micnons3osancs pasmep auadpar-
Mbl, CDABHUMBIH C pazMepoM (POKYCHOTO NATHA.

OMNPEJE/IEHUE ITAPAMETPOB PJI U PIIK

Onpepnenenne Tpancmuceun PJI. TpancMmuccns
JIMH3 3aBHCUT OT 3HEPTHM, YINa 3aXBara, guaMeTpa
Kanuiuisipa, pagiuyca KpuBH3Hb! Kanunspa. s ag-
(bEXTUBHOH TPAHCMUCCHH PaJMyC KPHUBU3HBI KaHa-
JIOB MOJIXKEH ObITH 6OJIbIIE, YEM KPUTHYECKUI Pafiu-

4r
y¢ Ry, = —, rie r — paguyc KanwuIsipOB JIMH3bI,
Kp

= 30/E — KpUTHUECKHUH yroy JIsi JAHHbIX YCIIO-

25F

1

1
45
E, x3B

Puc. 6. 3aBUCHMOCTEL TPAHCMHCCHH HECKOTOPBIX JIHH3 OT
9HEPrHH PEHTIeHOBCKOTO H3JIyUCHHA.
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Buil, E — sneprust PU B kaB. Ouesnino, uem MeHbLIe
3HEPrust pEHTTCHOBCKOTO U3Jy4YEHHs, TEM JTerye Bhl-
TIOJIHSIETCS 3TO YCIOBHE, M 3aXBAT U3/1yYECHHs KaNKI-
JsipaMu nuH3 Oonee apdexTureH. C yBennueHneM
yria 3aXBaTa M Pajiiyca KPUBU3HBI KOJIYECTBO OT-
PaXKeHWil yBENTUYMBAETCS, COOTBETCTBEHHO, TPaHC-
MUCCHSI CHIKAETCS.

Ilepen m3MepeHHEM JIMH3a HACTPaMBAETCS OMNMM-~
CaHHbIM BBbIUIE CIOCOOOM HA MAKCUMYM H3J1y4EHUS
HCCIENYEMOr0 IHEPreTHIECKOro anana3oxa. [Tpons-
BOJTUTCSI M3MEPEHUE WHTEHCUBHOCTH 3TOTO H3Jyue-
HUS HA BBIXOJIC JIMH3bI, TIOCJIE YETO JIHH3A YaIseTCsl,
¥ U3MEPSETCS HHTCHCUBHOCTD H3JTYYCHHUs, IPOHUKA-
IOLIETO B AuaparMy, yCTAaHOBJICHHYIO HA BXOJIE Jie-
TekTOpa. Pasmeprr oTBepeThst gradparmel  paccTo-
SHUE MEKIY UCTOYHUKOM H3TYYCHHsSI H ICTCKTOPOM
NoAOHPaIOTCA TaKUM OOpPa3OM, YTOObLI BEJIMYHHA
CKOPOCTH CYETA JEeTEKTOpa OblJIa NIPAMEPHO OJHHA-
KOBA CO CKOPOCTBIO CUETA TIPU W3MEPEHUH C INH30M.
DTO OCYHIECTBIISIETCS 171 YMECHBIIICHUSI IIOTPELIHOC-
TH BCJIEACTBUE HEJIMHEHHOU 3aBUCUMOCTH CKOPOCTH
cyeTa oT 3arpy3ku. M3 pe3ynbTaToB 3THX H3MeEpe-
HUH C yYETOM TEOMETPHUH OMPERENACTCH TPAHCMHC-
cuda. OcoOblil HHTEpPEC MNPENCTABNAIOT 3HAUYEHAS
TpaHcMuccHu s 9Hepruit or AgK, u Bbiue [6].

Hexoropeie pesynbTaThbl NpegcTasieHbl B Taom. 1,
rae D1 u D2 — quaMeTpbl BXOHBIX OTBEPCTHI JIMH-
3bl, L — nnuHa nuH3bl, F1 u F2 — okycHbIE paccTos-
nus, Q1 m Q2 — yrubl 3axBaTa, £ — COOTBETCTBYIOLIAS
sHeprust PU, T1 u T2 — rpancMuccun.

Hcnons3oBanHas METOAMKA JlaeT 3HAYCHUS
TPaHCMHCCHHM, YCPEJHEHHOMN 110 BCEMY CEYEHHUIO JTHH-
3bl. B cuny pasznuyusi B TEXHOIOTHU H3TOTOBICHAS H
FEOMETPHHU JIMH3bI XapaKTCPU3YIOTCS JYULUINMHU MO~
Ka3aTeNsIMH NPOTYCKAHUs Ha Pa3HbIX SHEPrUsiX.

Pesynprarel onpejeneHuss 3aBUCUMOCTH TpPaHC-
MHCCUHU OT 9HEPrUM JUII HEKOTOPBIX JIMH3 PEJICTaB-
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OrneHka pacnpeneIeHusi HTHTEHCUBHOCTH TIPOM3BO-
[UTCA TaKKe MOCPeCTBOM Bu3yann3saTopa (puc. 9). Ha
puc. 10 mpepcraBiIeHO pacnpeneneHle HHTEHCUBHOCTA
Ha BbIXOJIE M3 JIHH3bI, TIONYYEHHOE C MOMOMIBIO BU3Ya-
M3aTopa. A TaKXKE BBIMTOJHEHO MPeoOpa3ORaHne 3TO-
ro IJIOCKOCTHOTO M300paxeHusi B Tpexmepuoe. Ha
PHUCYHKE XOpOILIO OTPa>kCHA BHYTPEHHSIS CTPYKTypa
JWH3bl U [AaETCA HATJIJHOE NMPEJCTARICHAE O MoJe
A3Ty4YEHIs.

3JTa METONNKA HE NMO3BOJSIET NONYYATH TOYHYIO
KApPTUHY pacupefeneHys B CUIly HENUMHEHHRIX HCKa-
SKEHUN HA PA3/JIMYHbIX TPAKTaX BU3yanu3auuu (BH-
JeokapTa KOMIIBIOTEPa, Bugeokamepa 1 ap.). Ho, Tem
HC MECHEE, €€ MUCIIOJIL30BaAHNC IICJICCOOGPaBHO IS 9KC-
MPECCHOM OLIEHKH pa3Mepa IsTTHA U Pacnipee IeHIs UH-
TEHCHBHOCTH B TISITHE.

3AKIIIOYEHUE

CoBpeMeHHBI YPOBEHb Pa3BUTHs IKCIEPUMEH-
TAJILHOHM TEXHUKHM ITO3BOJISICT ONPEJIENSTL TEXHOOIH-
YECKHME IapamMeTphl U IPOBOJUTE Oosee riryOoKue mc-
ciefoBanus copeMeHHoi OK ¢ ropazno mMensimmn

BPEMEHHBIMY 3aTpaTamu, 601bUIM yIOGCTBOM M TOY-
HOCTEIO, YEM IPEKHNE SKCNCPUMEHTATBHBIE CPECTBA.

Astopsl Onarogapst M.A. Kymaxoga, B.II. Ile-
TYXOBa 3a ICHHbIE 3aMevyanus, A.A. Mapkenosa 3a
NOMOUIb B CO3JAHMH MPOrPAMMHOIO OOECHeYeHsI,
Yepemucuna C.M. n T'opuikora [I.B. 3a auTepec x
padote m rexnonoruyecknit ornen MPO 3a npepo-
CTABJICHHBIC JIMH3bI U NOJTHKANUAIITAPBL Kymaxoaa.
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Experimental Investigation of Optical Properties of Kumakhov Polycapillary
Optics in a Power Range of X-ray Radiation 5-70 keV

A. Yu. Romanov, L. V. Dmitriev, A. Yu. Akulov

The state-of-the art in experimental researches of polycapillary optics is presented. The description of the cre-
ated automated stand, the software, techniques of alignment and researches is given. Results of definition of
key parameters of Kumakhov lenses and polycapillaries in a power range 5-70 keV are given.
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