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MukpocokycHas peHTreHOBCKas TpyOka ¢ BpallaloWmumMcs aHO40M

AHHOTAIMSA

PaccMoTpeHa KOHCTPYKIMS NEPBOIl OTEYeCTBEHHONH MUKPOGOKYCHOI PEHTIeHOBCKON TPyOKH C Bpalnarommmcs anoioM. [IpuBeneHbl

pe3yJIbTaThl UCIIBITAHUI ONBITHOrO 00pa3ia TpyOKH.

BeepneHune

Kak u3BecTHO, mpoiiecc (opMUPOBAHUS PEHTTEHOBCKOTO
N300paKeHHsT OMOJIOTHYECKHX OOBEKTOB UCTOYHUKAMH PEHT-
TEHOBCKOT'O M3ITy4eHHUs ¢ (HOKycHbIM IsATHOM Menee 0,1 MM
MMEET Psii 0COOCHHOCTE!, Oaromaps 4eMy peHTreHorpadus
C TMTOMOIIIBIO TAKUX UCTOUYHUKOB (MUKPO(OKYCHASI pEHTT€HO-
rpacdusi) o01agaeT MPUHIUITHATEHBIMY IIPEUMYIIECTBAMH 110
CPaBHEHHIO C IIMPOKO UCIOJIb3YEMON B HACTOSIIIIEE BPEeMSI TS
TeJieid MeMUITMHCKON JIMATHOCTUKH KIIACCUYECKOM (CTaHAapT-
HO¥) peHTreHoTpadueid, BRIIOTHAEMON UCTOYHUKAMHY H3ITY-
geHns ¢ GpoxycHbIM msATHOM okojo 1 mwm [1]-[3]. Hauboee
CYIIECTBEHHBIMH U3 3TUX MTPEUMYIIIECTB SIBJISIFOTCS CHYDKEHUE
9KCMO3UIMOHHOW JT03bl PEHTT€HOBCKOTO U3JIYYEHUS TIPH
MPOBEJIECHUN PEHTIEHOAUATHOCTUUECKUX UCCIICIOBAHUH, a
TaKKe MOBBIIICHAE Ka4ecTBa U MHHOPMATUBHOCTH TIOJIyYa-
e€MBIX PCHTTCHOBCKUX M300pakeHUH [4].

OaHAKO BaXHBIM HEJJOCTATKOM MUKPO(DOKYCHBIX UCTOY-
HUKOB PEHTTEHOBCKOTO M3JIyUYEHUS SIBJISICTCS HU3Kas UHTEH-
CHUBHOCTh T€HEPUPYEMOTO U3TyUYeHUs. B mpakTUueckux KOH-
CTPYKIMSIX UCTOUHUKOB U3TYUCHUS 3TO OOYCIIOBJIEHO (pr3u-
YECKUMH OTPAHUYCHUSMH MOIIHOCTH, TTOJIBOJMMOM K MHIIIE-
HU PEHTTCHOBCKON TPYOKH 3JIEKTPOHHBIM MYYKOM MAaJoro
nuaMeTpa. B Hacrosiee BpeMs Manasi MOIITHOCTh MUKPO(]o-
KYCHBIX PEHTT€HOBCKUX TPYOOK CYIIECTBEHHO CYXKaeT 00-
JIACTh TPUMEHEHUsI MUKPO(DOKYCHOU peHTTeHOTpaduu B Me-
JIUIIUHCKOW JMATHOCTHUKE.

LUenb n 3apaum nccnenoBaHus

Llenbro BBIMOTHEHHBIX MUCCIIEIOBAHNIA OBIJIO TTOBBIIICHUE
3NEKTPUYECKON MOILTHOCTH U COOTBETCTBEHHO WHTEHCHUBHO-
CTH T€HEPUPYEMOT0 U3ITy4eHHs] MUKPO(OKYCHBIX PEHTTE€HO-
BCKUX TPYOOK, 3a/layaMi — IMOUCK TEXHOJIOTMUYECKUX pellle-
HUH, pa3paboTKa KOHCTPYKIIMHM, U3TOTOBIIEHNE M UCIBITA-
HUS PEHTT€HOBCKOW TPYOKM MOBBIIIEHHON MOIIHOCTH ¢ (o-
KyCHBIM IIaTHOM MeHee 0,1 Mm.

MaTtepuanbl U meToAbl

B xone HUP uccrnenoBanace 1 MOIEpHU3UPOBATIACh KOH-
CTPYKITHS KJIACCHUYECKOM PEHTTCHOBCKOM TPyOKH C Bpallaro-
mMcst aHonoM tuna 15-406J146-150 nmpousBojacrea 3A0
«CBetnana-Pentren». Icku3 TpyOKH IpeaCTaBiIcH Ha puc. 1.

Ee KOoHCTpyKIIMS BKITIOYAET B ce0s CTEKIISIHHBIN OajutoH 1,
KaTOHBIN y3el 2 ¢ IByMS MPSIMOHAKATIBHBIMH BOJIb(hpaMo-
BBIMHU KaTOAaMU U aHOJHBIN y3ell 3 ¢ IUCKOBOM BOJIb(ppam-
MOJIUOCHOBON MUIICHBIO 4. YTOJI HAKJIOHA K OCH MHIIICHU
cocrasisieT 14°. MakcuMaIlTbHBII TOK TPyOKH B peKUME KpaT-
KOBPEMEHHOTO BKJTIOUCHHS IIpH paboueM HanpspkeHnu 150 kB
Y CKOPOCTH BpallleH!s aHoza okoito 3 000 06/mMuH (yacToTa Bpa-
wenns 45...50 ¢!) ma manoro dokycHoro matha 0,6x0,6 MM
cocragysier 100 MA, st 6orbitioro okycHoro msitHa 1,2%x1,2 Mm
— 600 MA.

B pesynbrate MonepHU3aluu TPYOKU OBbLIIM BHECEHBI U3-
MEHEHHS B KOHCTPYKLIUHU KATOJHOTO Y3714, a TAKKe y3Jia Bpa-
LICHUs aHOAA. B KaTOIHOM y3Jie YyCTAHOBJIEH OAUH KATO[,
I 0oOecnedeHUsT BO3MOKHOCTH PETYIMPOBKH Pa3MepoB
(oxycHOTrO MIATHA 064 €T0 BBIBOJA IEKTPUIECKH H3OIUPO-
BaHBI OT (hOKyCHUpPYIOIIEro 3ekTpona [5]. B cocras y3na Bxo-
JAT: IepKaTenb KaTona 1, mpsMoHaKaJIbHBIA KaToa 2 U ¢o-
Kycupyroumii snextpon 3. Katon 2 BbIloiHEH B BUE BUH-
TOBOH CIIMpaIi, BBIBOJIBI KOTOPOH KpemsTcs B AepiKarene,
npudeM Ha o0a BBIBOAA HAIIPECCOBAHBI KEPAMUUYECKHE M30-
naropsl 4. Ha nepxatene katoma | 3akperieH Gpoxycupyro-
AN 37IEKTPOT 3.
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Puc. 1. Bckn3 peHTreHoBCKOM TPyOKM C BPaLLAIOWMMCSH aHOOOM
15-406046-150: 1 — cTeknsHHbIi GannoH; 2 — KaTOAHbIA Y3er;
3 — aHogHbIV y3en; 4 — anckoBas Bosibdpam-monnbaeHoBas
MULLEHb

Hnst perynmupoBkH pa3smMepoB (POKYCHOTO TSITHA TOIAET-
Csl yIpasJisifolee HanpsokeHue Uy, OTpULIATENbHON MOJIsp-
HOCTH MEXJy KaTOJIOM M (POKYCHPYIOIIUM 3IIEKTPOaOM. B
3aBHCUMOCTU OT BEIIMYMHBI 3TOTO HANPSIKEHUS pa3sMepbl
¢okycHoro msTHa U g, GyayT U3MEHSTBCSA OT MAKCUMAJIbHO-
ro sHaueHus (U gy = U gy vax) TPU YIPABISIOMWEM HANPsOKe-
HUUW, PAaBHOM HYIIIO, IO MUHIMAJIHHOTO 3HAUCHUS P HEKO-
TOPOM YIPABISIFOIIEM HApsDKeHUH Uy .

B y371e Bpamenust aHoma AT YMEHBIIEHNS PaAUAIbHOTO
«00s» ObLIa MCHOJIB30BAHA IAPUKOMOIIINITHUKOBAs Oopa
C TEPMOKOMIIEHCHUPOBAaHHBIM 3a30poM Tuna ZYS99 (puc. 2).
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Puc. 2. Sckn3 waprkonoALMMHUKOBOW onopbl Tuna ZYS99

VMenblienne «00s» B y3J1€ BpallICHHA ITO3BOJISACT obec-
MeYUTh 0o0jIee CTAOUIBbHOE TMOJIOKEHHE (I)OKyCHOI‘O IIsITHa
OTHOCHUTEILHO O00BEKTa JUAarHoOCTUKH U TEM CaMbIM YMCHb-
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Tabmuya 1

BosibTamnepHas xapakTepucTuKa PeHTreHOBCKOW TPyGku npu pasnuuHbix Tokax Hakana Iy, Uy, = 0 B

It =4,0-2 lf=4,1-2 lf=4,2-2 Iy =4,3-2 Iy =4,4-2 I = 4,52
U, kB la MA U, kB la, MA U, kB la MA U, kB la MA U, kB la, MA U, kB la MA
19,5 3 18,8 4,8 18,8 5,2 19,8 7 18,8 8 18,2 8
29,2 4 35,2 5 36 7 35,5 10 34,3 12 35,2 14
36,6 4 51,3 5,2 51,9 8 51 11 51,5 15 49,7 18
46,5 4 58,9 5,2 57,8 8,2 57,4 11 62,9 17 62,9 21
52,6 4 65,7 55 63,5 10 62,9 12 69,9 18 70,1 22
59,4 5 - - 69 10 69 12 - - - -
Tabnuya 2
BonbTaMnepHasi xapakTepucTuka PeHTreHOBCKOW TPYOKM NpW pa3nuyHbiX TOKax Hakana /g, Uynp =-55B
li=4,0A li=41A =42 A =43 A =44 A li=4,5A
U, kB la MA U, kB la MA U, kB la MA U, kB la MA U, kB la MA U, kB la MA
21,1 1 19,5 1,6 19 2 19,5 2,5 19 2,5 19 2,7
38,3 2 37,2 3 34,3 4 36 5 32,6 7 36,6 10
53,2 2,5 53,7 3,5 53 5 50,6 8 52,1 11 51,5 14
- - 62,4 4 64 5 67,9 10 69 12 69,9 18

UTH ero 3 ¢eKTUBHBIE pa3Mephl. BenmnunHa paauaabHOTO
«bos» B TpyOke 15-40BJ146-150 cocrammnsiet 45...47 MKM u
com3MeprMa ¢ pa3Mepamu Tpedbyemoro nsaTHa. KoHcTpykinst
OTIOPBI TTO3BOJISIET YMEHBIIINTH PAIUAIBHBINA 3a30p B pado-
YeM peXHMME BPAIIeHUs aHOJa MOICPHU3NPOBAHHOHN TPYO-
KU TMOYTH B JIBa pa3a — J0 25 MKM.

KoHcTpyKiHs OnopsI MO3BOJISET TAKIKE YMEHBIIUTD aKy-
CTUYECKHE ITyMBI TpyOKU npu pabote, TpeOOBaHUS K BEJIU-
YHHE KOTOPBIX HEMTPEPHIBHO Y)KECTOUAIOTCS [6], M YBEITHMUNUTH
CKOpOCTH BpameHus: anoga. CiiefyeT OTMETUTh, UTO yBEIH-
YeHHE CKOPOCTH BPAIICHHS aHOAA MPU KPATKOBPEMEHHOM
BKJTIOYEHUHU TPYOKH MO3BOJISET MOBBICUTD €€ MOIIIHOCTh TP
Tex ke pa3Mepax okycHoro nisitHa B K pa3 [7]:

K= &,
n
IZie 1} — CKOPOCTb BpAIIIEHUs aHO/la B PEHTT€HOBCKOM TpyO-
ke 15-40b/146-150; n, — ckopocTh BpallleHusl aHOJla B MO-
JIEPHU3UPOBAHHON PEHTTEHOBCKOHN TpyOKe.

Pe3ynbtatbl n o6cyxaeHne

WcmbrTanms nefCTBYIONIET0 MaKeTa MOIEPHIU3NPOBAHHON
TpyOKH MTPOBOAMIIMCH B [IBA JTAlA.

Ha nepBoM 3Tare B Xo[ie CTATUYECKUX MCIBITAHUN (IIpU
HETOABM)XHOM aHO/Ie) OBbLIM OIpeie]IeHbl MAKCUMAIIBHOE pa-
Oouee HANPSDKEHUE, & TAK)KE PEHTTEHOONTHYECKUE U IMHC-
CHOHHBIE XapaKTEepPUCTUKH TpyOKu. [1pn mpoBeneHny MCTIbI-
TaHW TpyOKa ObLTa TTOMeIeHa HETTOCPEACTBEHHO B MaCIs-
HYIO BaHHY.

MakcumanpHOe pabouee HampsbkeHHe TPyOKH cOCTaBH-
7o 150 xB.

B manpHEMIINX CTaTUYECKUX MCIIBITAHUSAX IJIs UCKITIOUe-
HUS TIepeTpeBa M MOJIUIABICHHUS! MUIIEHN aHOTHOE HAIps-
KeHre OblTo orpaHmdeHHO 80 kB.

Ouenka pazmepoB (POKYCHOTO IITHA IIPOBOAMIACH C I1O-
MOIIIBIO JIOX-KaMephbl, TyTEM €ro MPSIMOI CheMKH Yepe3 CBHH-
oByto quagparmy ¢ quamerpom orsepcrus 0,03 mm. Munu-
MaJibHBIe pa3Mepsl GokycHoro matHa — 0,1%0,15 MM — ObutH
TOJIyYCHBI TIPY YIIPaBJISIOEeM HanpspkeHun U, -55 B

(puc. 3).

ip0 =

a) 0)

Puc. 3. PeHTreHOBCKMiA CHMUMOK (DOKYCHOIo NsiTHa MOOEPHU3NPO-
BAHHOW PEHTreHOBCKOM TpyOku: a) Uy, = 0 B; 6) Uy, = -55 B

Pe3ynbTaThl M3MEpEeHM SMUCCHOHHBIX XapaKTePUCTHK
(BONMBTAMIIEPHBIX XapaKTEPUCTHUK) TPYOKH MPH HYJICBOM
YIIPABISIIOIIEM HANIPSHKECHUH U TTPU HATIPSDKEHUN CMEIICHMSI,
COOTBETCTBYIONIEM MHUHUMAIIBHBIM pa3MepaM (POKYCHOTO
MTHA, IPUBEICHBI B mab. | u 2.

Ha BTOpOM 3Tare ucnsITaHui ObLT ompeneNieH TOK TPyO-
KM B AMHaMH4yeckoM pexkume. C 3Toil Lenpio TpyOka Oblia
ycraHoBlieHa B m3nmydateiae MPI[-46 cranimoHapHOTO PEHT-
TeHOIMAarHOCTHYecKoro anmaparta cemeiictBa «MEJJUKC»
npousBoicTBa 3A0 «AMuko» (puc. 4). MakcuManbHas Be-
JIMYMHA TOKAa MpH HampsbkeHuu anona 150 kB, ympasisio-

Puc. 4. BHewnwnin Bup, nanyyatens UPO-46
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weM HanpsbkeHun Uy, = —55 B 1 ckopocTi BpaleHus aHo-
nma 3000 o6/mMuH coctaBwia 14 MA.

Taxum oOpaszoM, Ha pa3pabOTAHHOM MaKeTe MOJECpPHU-
3UPOBAHHOM TPYOKM ObLIA MOJTy4eHa MOILIHOCTh B PEXHUME
KPaTKOBPEMEHHOTO BKIIIOUEHUs 0Koj10 2 kBT, uto B 100 pa3
00JITBIIIE MOIITHOCTH CEPUHHBIX OTEUECTBEHHBIX MUKPO(]OKYyC-
HBIX PEHTT€HOBCKHMX TPYOOK C IPOCTPENbHON MHUIIIEHBIO Ce-
metictBa BC-1 [8].

BbiBoapl

Pesyneratet HUP nokassiBatot, 4to pa3paboTaHHasi KOH-
CTPYKIHSI MaKeTa TPYOKH MOXET OBITh B3SITa 32 OCHOBY ITPH
nposeaeann OKP mo cozmanunio peHTTeHOBCKON TPYOKH C
BpaUIAIOIIUMCS aHOAOM U pazMepoM 3¢ heKTUBHOTO (PoKyc-
Horo nsitHa MeHee 0,1x0,1 mM.
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n nogomMmeTpumn

AHHOTAIHA

PaCCMOTpeHLI KOMIUIEKC OMOMEXaHUYECKUX TECTOB C AO3UPOBAHHBIM HArpy>XCHUEM CTOII, pBI‘I'd)KHBIﬁ TECT U TCCT ]_HTpI/ITepa JUIS
OLICHKU CTaTOI[I/IHaMI/I‘{eCKOﬁ q)yHKL[I/II/I cronbl. O00OCHOBaHA L[eJ'IeCOO6p’dSHOCTL NIPUMCHCHUS JAHHBIX TECTOB IIPpU O6CH€I[OBaHI/II/I nmanu-
CHTOB JId ITOBBIIIICHUS SQ)CI)GKTI/IBHOCTI/I UCIOJIb30BaHUA CYHICCTBYIOIINUX KOMIIIIEKCOB AJIA HHaHTOHOHOFpaCI)I/H/I.

BeepneHue

B Hacrosiee Bpems CyLIeCTBYET OOJBLIOE YHCIO METO-
JIOB, TIO3BOJISIIOIINX OIIEHNBATh aHATOMUYECKHE U (PyHKIIHO-
HallbHbIE XapaKTePHUCTUKU CTONHI uenoBeka. K HUM OoTHO-
CATCA: MUHAMOOAPOIIAHTOrpA(HS, BUICOAHATTN3, TOHIOMET-
pus, peatreHorpadus, mwiantorpadus, uXHorpadus u ap.

Hcmnonp3oBaHre COBpeMEHHOW BBIYUCIUTENBHON TEXHU-
KM J1aeT BO3MOXHOCTb CYIIECTBEHHO YIMPOCTUTH IPOIlecc
JMUATHOCTHKH, TOBBICUTH €TO JOKA3aTEIIBHOCTh U IOCTOBEP-
HOCTH pe3ynbTaToB. OTHAKO OCHOBHBIMHU ITPOOJIEMaMH Ta-
KHX METOJIOB SIBIISIFOTCS: CJIOKHOCTBH peasIM3allii armapar-
HOHM 4acTH HCHOJIb3yeMBIX KOMIUIEKCOB M, KaK CIIeICTBUE,
OTHOCHUTENbHAsI JOPOTOBU3HA METOMIOB; OOJbLIas MPOIOII-
JKUTETIBHOCTh 00CIe0BaHMS, YTOMIISIONIAs MallMeHTa; s
HEKOTOPBIX METOAOB — HEOE30MaCHOCTh MX MJIS MAalMeHTa
(mampumep, 3TO KacaeTcst peHTreHorpadun) [1].

OnHuM U3 MyTeH pemeHus] JTaHHOW TTPOOJIeMbl SBIISETCS
pa3paboTka METOIOB, KOTOPbIE HE TPEOYIOT HAIMYMS arlra-
paTyphl CO CIOXHBIMU U JOPOTMMHU B M3TOTOBJIEHUH U 00-
CITy)KUBaHUH PErUCTPUPYIOIIUMU ycTpolictBamu. [1pumepa-
MU TaKHX METOJIOB SIBJISTIOTCS ITIAHTOTpadus ¥ TOJTOMETPHSI.

Panee mmantononorpadus ucnoab30Bagach TONBKO IS
OIICHKH (hOPMBI U AaHATOMHYECKUX pa3MepoB cTombl. OmHa-
KO C pa3BUTHEM TEXHUKH U MOSIBIIEHHEM HOBBIX TEXHOJIOTUI

BO3MOYKHOCTH KOMIIBIOTEPHOH TIaHTOMONOTpaduu paciu-
puiHch. Mcnonb3ys MporpaMMHO-anapaTHble KOMIUIEKCHI,
MOXHO TIOITy4aTh JJIEKTPOHHBIE KOITMN M300pakeHHH CTOTI,
MIPOBOJNUTH aBTOMAaTU3UPOBAHHBIN pACUET JUATHOCTUYECKUX
KPUTEPHUEB U aHAIU3UPOBATHh UX TUHAMUKY.

Bbrnaronapst MCIIOIB30BAHUIO COBPEMEHHBIX KOMILIEKCOB
JUTsl TIAaHTOMOAOrpaduy MOSBUIACH BOBMOXHOCTD 3-KOOP-
JUHATHOTO CKAHMPOBAHUS CTOI — IMOJIYYEHHS X U300paske-
HUH B CAaTUTTAJIbHOHN, GPOHTANBPHON M TOPU3OHTAIBHON
mIockocTsX. OgHAKO METOABI, TPUMEHSIEMbIE TIPH HCIIOb-
30BaHUM TaKMX KOMIUIEKCOB, IO CBOEH CYTH SIBJIAIOTCS CTa-
TUYECKUMHU U HE JAIOT PE3yIbTATOB, XapaKTePU3YIOLINX (PyHK-
LIMOHAJIBHOE COCTOSIHUE CTOII.

B cBs13u ¢ 3TUM Hamu Oblila TOCTaBIIEHA LIeNIb — pa3pado-
TaTh HA OCHOBE KOMIIBIOTEPHON MIIaHTOTpaduu U MOTOMET-
PYU METO[IbI OLIEHKH UMEHHO (PYHKIIMOHAIIBHOT'O COCTOSIHHSI
CTOII, TOBBINAIONIHE 3PHEKTUBHOCTD YK€ IPUMEHIEMBIX B
OPTOINEANHN KOMIIEKCOB.

151 aTOrO Mpexae Bcero A0DKHA OBITH pellleHa 3aaaua
10 TEOPETUYECKOMY OOOCHOBAHUIO JIETKO M OBICTPO BBINOJ-
HSIEMBIX TAIIMEHTOM (YHKIHMOHAITBHBIX ONMOMEXaHWYECKUX
P00, TMO3BOJISIONMINX MMOIYIUTh OMOMEIUIIMHCKYIO WH(pOP-
MAIINIO TS OLEHKH CTATOAMHAMUYECKOW (PYHKIIMH CTOIIBI,
a TakKe 3aaya pa3paboTKH aJropuTMa MHCTPYMEHTAIbHO-
ro MJIaHTONOAOTpauyeckoro 0OCIe10BaHUs MALUEHTOB C
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