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BBEAEHWE

Ha coBpemMeHHOM 3Tarne TeXHOJOTMYeCKOro pas3-
BUTUSI PEHTIEHOBCKasi MUKpOTOMOrpadus siBJIsieTcs
BOCTpEOOBAaHHBIM MHCTPYMEHTOM ISl IIIUPOKOTO
Kpyra Hay4YHbIX U MPUKJIAIHBIX UCCIEOOBaHU. BbI-
COKasi TIPOHMKAIOIIAs CIIOCOOHOCTb M3JIyYEeHUS
PEHTTeHOBCKOTO /Mafna3oHa IO3BOJISIET MPUMEHSTh
ToMorpaduiyeckre MeTOIbl IJIsi U3y4eHUsT MaTepura-
JIOB, CWJIbHO pa3jnMyarolliuxcs 1Mo KoahbdUuiueHTy
MOIJIOIIEHUS, BKJIIOUAsh MATKUE TKAHU U DJIEMEHTbI
CKeJIeTa XXMBOTHBIX 1 yeJioBeka [1, 2], uznenust me-
IUIHCKHUX TeXHOoJIorui [3], KepaMuku [4], MeTaLIbI
[5], uznenunsa MUKpO3JIeKTpOHUKH [6] u T.n. OTMeE-
TUM, YTO C TOYKHU 3PEHUS CYIIECTBYIOIIEH Kjiaccu-
¢duKalyu noa TEepMUHOM PEHTTEHOBCKAasi MUKPOTO-
Morpadusi OOBIYHO ITOHMMAIOT TOMOrpadudecKue
M3MEPEHUsI C pa3pelieHreM Ha ypoBHe oT 1 1o 50 MKMm
Ha o6pas3nax pazmepoM oT 1 mo 100 mm. Hamnydiiee
KauyeCTBO PEHTT€HOBCKUX MUKPOTOMOIrpaduyecKux
W3MEPEHU B HACTOSIIIEEe BPEMSI TOCTUTAETCST HA UC-
TOYHMKAX CUHXPOTPOHHOTO u3naydyeHus. biaromaps
BbICOKOI MHTEHCUBHOCTM U YHUKAJbHBIM XapaKTe-
pUCTUKAM ITy4yKa CUHXPOTPOHHBIE UCTOUYHUKU MO3-
BOJISIIOT peajiu30BaTh KakK MPOCTEMIINe ONTUYeCKUe
CX€MBbl, TaK 1 MCIIOJb30BaTh JOTMOJHUTENbHbIE ONTH -
YecKMe DJIEMEHTHI, TOBBIIIAIONINE pa3pelIeHue 10
CyOMUKPOHHOTO ypoBHsI. KpoMe 3TOro, MMEHHO Ha
CUHXPOTPOHHBIX MCTOYHMKAX CO3[AaHbl HAWIy4llIUe
yciaoBusl 1Jisi  (pa30KOHTPACTHOW PEHTIeHOBCKOM
MUKpotoMorpaduu [7].

Hapsiny ¢ ucrnonb3oBaHUEM CUHXPOTPOHHBIX UC-
TOYHMKOB BaXXHBIM HaIlpaBJI€eHUEM DPa3BUTUSI MPU-

GOpHOIT 6a3bl IJ1I MUKPOTOMOTpadrU B TEUSHHE TTO-
CIIeIHUX ACCATUIIETUI CTajo CO3daHue JIaboparop-
HBIX PEHTTEHOBCKMX MUKPOTOMOI'Pa OB, JOCTYITHBIX
IJIsI IIIAPOKOTO Kpyra mojib3oBaTeieii. Mcrnonb3oBa-
HUE€ MUKPOMOKYCHBIX ICTOYHUKOB PEHTTEHOBCKOTO
W3JIyYeHMsI TaKKe OeJIacT BO3MOXKHBIM I10JIy4YaTh pa-
30BBIIf KOHTPACT Hapsay ¢ abCOpOLUOHHBIM, IMPU
5TOM MO MMEIOIIVMMCS JAHHBIM OIITHUYECKOE pa3pe-
IIEHWE JYYIIUX JabOpaTOPHBIX MUKPOTOMOIpadoB
CTaHOBUTCSI COIIOCTABMMO C MUKpOTOMOTpadueil Ha
CUHXPOTPOHHEBIX CTAaHIUAX [8], B TOM 4uCIe, 32 CUET
MIPUMEHEHUSI COBPEMEHHbBIX HAHO(MOKYCHBIX PEHTTe-
HOBCKHUX UCTOYHUKOB € (DOKYCHBIM MSITHOM CYOMUK-
poHHoOTO pa3mepa [9, 10].

3agayeil HacTosieit paboThl OBLIO CO3IaHUE
ONBITHOTO 00pa3lia IabopaTOPHOTO PEHTTEHOBCKOTO
MUKpoToMorpada ajisi IIpoBeaeHUs HayYHbIX UCCIIe-
noBaHuii. [1pu pa3zpaboTKe KOHCTPYKLIMY MUKPOTO-
Morpada Oblla B3sATa 3a OCHOBY KOHYCHO-JIy4YeBas
cxema ToMorpadun. B oTiamume oT ImapanieibHON
TOoMorpaguyeckoii cxemMbl, B KOTOPOI pa3pelieHue
oIpeleNnsieTcsl pa3MepoM IIMKCEIs CHUCTEMbl PErv-
crpauuu [11], KOHyCHO-JIydeBas cxema IT03BOJISICT
OCYIIECTBISITh ChEMKY UCCIIEAYyeMOro O0ObeKTa C He-
00XOIVMBIM IIPOEKIIMOHHBIM YBEJIMYCHUEM, UTO, B
CBOIO O4Yepelb, MOBHIIIACT pa3pelIeHUe CUCTEMBIL.
OrpaHunyeHUe MO pa3pelieHUI0 B KOHYCHO-JIyYeBO
CXeMe OIIpedesIsieTCsI, B IIEPBYIO O4epelb, pa3MepoM
WCTOYHMKA. B oTin4re oT MEAMIIMHCKONM TOMOIpa-
¢un, rae 00bEKT UCCISIOBAHNS HETTIOABUKEH B IIPO-
Iecce 3KCIIepMMEeHTa, B KOHCTPYKIIUM J1abopaTop-
HBIX TOMOTpad OB OOBITHO MCITOIB3YIOT CXeMY ITOJIY-
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Puc. 1. ®otorpadus (a) U NPUHLIMITHAIbHAS CXeMa PEHTTEHOOINTUYECKOM YacTu MukporoMorpada (0): / — peHTTeHOBCKHUM
MukpodokycHblit uctouHuk PAIT-100; 2 — kooparMHaTHO-TOHMOMeTpUYecKas raTdopMa JUIsl KperuieHusl UCCilelyeMoro oo-
pasiua; 3 — peHtreHoBckuii nerekTop XIMEA; 4 — y3es BoASIHOTO OxJ1aXXAeHUs] aHOIHOMU MPOJIETHOM TPYyObl PEHTI€HOBCKOM

TPYOKM C yCTAHOBJICHHBIM (DOKYCUPYIOIIUM MarHUTOM.

YEHUS TEHEBBIX MPOEKLMI, B KOTOPOU MCTOYHUK U
JIETEKTOp CTaTUYHBI, a UCCIeayeMblii obpasell Bpa-
maercsd. Takas cxeMa 3KCIIEpUMEHTAa JaeT BO3MOX-
HOCTb CYIIIECTBEHHO CHM3UTb 3aTpaThl HA MPOEKTU-
poOBaHUE U KOMIUICKTYIOIIME, YMEHBIINUTh TabapUThl
ToMorpadga, a Takxke 00eCIIeunTh HAWIYYIIIYIo MeXa-
HHUYECKYIO CTAaOMIILHOCTb.

KOHCTPYKIUA MUKPOTOMOI'PADA

dotorpadust ¥ MPUHLUIIMAILHAS CXeMa PEHTIe-
HOONTUYECKON YacTu MUKpoToMorpacda IpeacTaB-
JIeHBI Ha puc. 1. Bce a1eMeHTHI ONITUYECKOM CUCTEMBI
CMOHTHPOBAHBI Ha IIOBEPXHOCTU J1aOOPATOPHOIO
crosna. UcTouHMK, oOpa3el] U AeTeKTOp pacrojara-
FOTCSI Ha ONITUYECKO CKaMbe C BO3MOXHOCTbIO TTPO-
IIOJILHOTO IiepeMelleHns. MaKCUMaJIbHO BO3MOXK-
HOE€ pacCTOSIHME MEXIYy aHOIOM PEHTTeHOBCKOM
TPYOKHU M TIOCKOCTBIO IETEKTOpPA COCTaBISET 560 MM.
[IpoeknmnoHHOE yBeIMYEeHNE ONTHUYECKOM CHUCTEMBI
orpenenseTcs cootHoleHueM M = (R, + R,)/R,, tae
R, — paccTosiHUe MeXIy UCTOYHUKOM U 0OpaslioM,
R, — paccrosgHUe Mexay oOpa3loM U JEeTEKTOPOM
(puc. 16). DieMeHTbl PEeHTTeHOONTUYECKOM CHUCTe-
MBI YCTAHOBKHU 3aKPBITHI OMOJOTMYECKON 3alllUTOMN
Ha OCHOBe CBUHIIA ToMHON 3—4 MM. Takas 3aiiu-
Ta 3P (PeKTUBHO S3KpaHUPYET PEHTTEHOBCKOE U3JTy4de-
Hue ¢ sHeprueit 1o 80 kaB. I[IpexycMoTpeH gocTyIr K
PEHTTeHOONTUYECKUM BJIeMEHTaM MUKpoToMorpada
Jepe3 ABe OOKOBBIE IBEPIIbl IJISI HACTPOMKM DKCIe-
pumeHTa. Kpome 3Toro, mpenycMoTpeHO II0JIHOE aB-
TOMaTUYECKOE OTKUIBbIBAHME KOJIIMaka OuoJjiornye-
CKOI1 3aIlIUTHI ¢ IOMOIIBIO 3JEKTPUUECKOTO JIMHEI-
Horo 1ipuBoga. MJisT MPOKIAAKU YIIPaBJISIONINX
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KOMMYHUKAIIMI B KOpITyce OMOJIOTMYeCKOM 3aIliu-
TOM MPEAYCMOTPEHBI PEHTTE€HO3ALUTHBIC KaHAJIbI.

Hcmounuk penmeenosckozo uznyverus. J1nst reHe-
paluy peHTITeHOBCKOTO U3JTyuyeHUsI BbIOpaH BbICOKO-
BOJIBTHBIN ncTOUYHUK PAII-100 (mpom3BoncTtBa 3A0
“OJITEX-Men”, r. Cankr-IlerepOypr) ¢ mmamaso-
HOM ycKopstionux HanpsokeHuit 30—80 kB. B uctou-
HUKE YCTaHOBJIEHAa MUKPO(OKyCHasi peHTITeHOBCKas
Tpyoka BC6 (mpousBomctBa AO “CBETJIAHA-
PEHTIEH”, r. Caukr-IlerepOypr) ¢ aHOmoM IIpo-
cTpesibHOTO TUIa. s TmoaydeHusT HeoOXOIMMOTO
CMEeKTpa 30HAUPYIOIIETO M3JYyYCHUSI €CTh BO3MOXK-
HOCTb IIPUMEHSITh JaHHbIE TPYOKU C aHOAAMU U3 Ta-
K1X MaTeprajaoB, KaK Melb, MOJINOACH JTMOO PECHUIA.
st crabuiausauuy TeMmIlepaTypbl aHOIHOIO Yy3Jia
TPpyOKM B KOHCTPYKIIUM MCTOYHUKA HCIIOJb3yeTCs
MPUHYIUTENBHOE BOMASHOE OXJaXJIeHUEe aHOAHOM
MpoJieTHOI TpyOHhl (4 Ha puc. 1a). [laHHast Mepa 103-
BOJISIET UCKJTIOYUTh BO3MOXHbIE U3MEHEHUS JIMHEN -
HBIX Pa3MepOB MPOJIETHON TPYObI BCJIEACTBUE TEMIIE-
paTypHOTo paclIMpeHus], a TakKKe IMOBBICUTb MOIII-
HOCTb Ha MUILIEHU aHoAa. MaKcuMaibHasi MOILIIHOCTh
TPYOKM B HEMIPEPHIBHOM pEXKMME PAOOTHI C CCTEMOiA
BOJSTHOTO OXJIaXAeHUsI cocTaBisieT 8 BT. BaxkHbIM
napamMeTpoM, obecrieunuBaloIIUM pa3pellieHue B KO-
HYCHO-JIyu€BOIi cxeMe, sIBJsieTcs pa3Mep hOKYCHOTo
nsiTHa ucTouHuka. 1o olleHKaM, MpeaCTaBIeHHBIM B
pa6ote [12], MUHUMAaJbHBII JIMHEWHBII pasMep a
3JIEMEHTOB, OOHAPYKMBAEMBIX B CTPYKType OOBEKTA,
MPUMEPHO paBeH MOJOBUHE pa3Mepa s (POKYyCHOTO
MSTHA MCTOYHMWKA (a = s/2). dnsa tpy6ok BC6, 1o
JIaHHBIM 3aBOJA-U3TOTOBUTENSI, HOMUHAJIbHBIN pa3-
Mep pokycHoro nsitHa coctasiseT 100 mxM. ITpu mc-
MOJIb30BAHUM JOIOJHUTEIbHON MarHuTHON (oKy-
CUPOBKHU pa3Mep (POKYCHOTO MsATHA MOXHO YMEHb-
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mmTh 10 20 MKM. B koHCcTpyKIin ncrounuka PATT-100
MarHUTHasl (POKYyCUPOBKA pean30BaHa C TOMOIIIbIO
MoCcTosIHHOTO MarHuta (4 Ha puc. la). Hactpoiika
¢ OKyCHOTO TIITHA TPYOKU IIPOBOIUTCS TIOCPEICTBOM
U3MEHEHUs TIOJIOKEeHUSI TTOCTOSTHHOTO MarHuTa Ha
OCHU TIPOJIETHOM TpyObl. OTMETUM, 4TO 3(PhEeKTUB-
HBII pasMep (POKYCHOTO MSATHA UCTOYHUKA OymeT
6oJbllle, YeM pa3Mep IydKa 3JeKTpPOHOB Ha aHome
TpyOKM BcitencTBue aud@y3HOTO paccessHUsT DJIeK-
TPOHOB B MaTepHajie MullieHU. [1omans Bo3oyxe-
HUSI pEHTTEHOBCKOTO U3JIyYeHUSI TAKXKE OyIIeT yBEJIH -
YMBAThCS IIPU YBEIUYCHUM YCKOPSIOILIETO HAIIPSKE-
Hug Tpyoku [13]. B mHacrogmeit paborte musd
n3MepeHuss 3(p@PeKTUBHOro pasMepa (POKYyCHOro
MSITHA UCTOYHMKA MCIIOJIb30BaIM METOAUKY KOCBEH-
HBIX U3MEPEHUI, NU3BECTHYIO B IMTEpaType, KakK “Me-
TOom Kpast”. MeToauKa OoCHOBaHa Ha OIIpeaeIeHUU
BEJIMYMHEI TeOMETPUIECKOI HepPEe3KOCTU N300paxe-
HUWS Ha TpaHUWIe TecToBOro oowekTa [14, 15]. beim
MNpOBEICHBI M3MEpEHUsI pa3MepoB 3PEHEKTUBHOTO
¢GOKYCHOTO IISITHA MCTOYHMKA BO BCEM AuAalla30OHE
YCKOPSIIOIIVX HANPsDKeHW. Pe3ymbTaTel U3MepeHmii
npencrasiieHbl Ha puc. 2. CornacHo MOoJy4eHHO 3a-
BUCHMOCTH JIMHEHHbIE pa3Mepbl (DOKYCHOIO IISITHA
TTOCTEIIEHHO yBeamumBaloTed ¢ 17.5 mo 23.5 MKM 110
Mepe POCTa YCKOPSIIOIIETO HATIPSIKSHMUSI.

Xapakmepucmuku demekmopa peHMeeH08CK020
uzayuenus. J1as peructpallud peHTIeHOBCKOIO U3-
JIydeHMSI B KOHCTPYKLMKM MHUKpoToMorpada wuc-
nonp3oBaH neTtektop XIMEA MH110XC-KK-FA
(https://www.ximea.com) ¢ pa3MepoM MUKCEs
9 MKM ¥ ntoJieM 3peHus 36 X 24 mm2. JluanazoH pabo-
yux BSHepruil merekropa cocrasisier 7—100 k>B.
B nerextope ycraHoBieHa 11 MerammKcelrbHast
CCD-matpuua monenu KAIO11002 pazmepom 4032 X
X 2688 nukc?. 115t oXJ1aKAEHUSI MATPULLBI UCITIONb3Y-
ercst aiemeHT IlenbThe. MpOHTATBHBIM YYyBCTBU-
TEJIbHBIM 3JIEMEHTOM JIEeTEKTOpa SIBJISIETCSI CIIMHTIII-
gsarop GadOx:Eu TommmHoi 22 MKM U pa3MepoM
3epHa 2.5 MKM, KOTOpBIil IIpeo0pa3yeT peHTIeHOB-
CKUe KBaHTBI B BUOIMMBIN CBeT. MaKkcuMaibHas 4a-
CTOTa KaapoB AeTekTopa cocraniseT 2.1 kanp/c. [Toxa-
KIIIOYEHHUE JETEKTOPa K KOMITbIOTEPY OCYIIIECTBIISIETCS
¢ momortiwio untepdeiica IEEE1394A Firewire.

Vzen kpennenus uccaedyemoco obpaszya. ns
KperieHusT obpasiia pa3padboTraHa aBTOMaTU3MPO-
BaHHasi KOOpPAMHATHO-TOHMOMETpHUYEecKas IiaT-
¢opma (KT'II) (2 Ha puc. 1). Mccnenyembiii oOpaselr
YCTAaHABJIMBAETCS HA TOHUOMETPUUECKOE YCTPOIMCTBO
KTITI, xoTopoe obecriedrBaeT BpalleHe BOKPYT Bep-
TUKAJIbHOM ocH B quara3oHe 360°. [TosunmoHmnpona-
HUE TOHMOMETPUYECKOro YCTPOCTBA B INIOCKOCTH,
MEePIEeHANKYISIPHOI ONTUYECKON OCU My4yKa, OCy-
ILECTBIISIETCSI C MOMOIIBIO TOPU3OHTAILHOIO U BEp-
TUKaJbHOTO TiepeMmeniennii. B xkoncTtpykomm KI'TI
YCTAHOBJICHBI TPU LLIATOBBIX ABUTATENsI, oOecIeyrBa-
IOLLIMX TUCKPETHOCTD BpaleHusi ronnomMetpa 0.01° u
JIUCKPETHOCTh BEPTUKAJIBHOTO W TOPU3OHTAJIBHOIO
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Puc. 2. 3aBucumMocTb pa3mMepoB 3D deKTUBHOTO HOKyC-
HOTO TISITHA MCTOYHMKA OT YCKOPSIIOIIETO HAMPSIKEHUS:
1 — BepTUKaJIbHOE HampapjeHue; 2 — FOPU3OHTAIbHOE
HanpasieHue. Mi3amMepeHust mpoBeaeHbl Ha TPYOKe C Mel-
HBIM aHOJIOM.

nepemernenunit 0.0025 mM. 111 coBMeIeHUS CCIIe-
JyeMoro ooOpaslia C OCbI0 BpallleHMs Ha BepXHeu
IUIOCKOCTY TOHMOMETPUYECKOr0 YCTpOiicTBa ycTa-
HOBJICHBI IBA B3aMMHO TEePIIEHANKYISIPHBIX JTIMHEN-
HBIX IIepeMeIaTes.

Cucmema asmomamusayuu MuKpomomozpaga.
st mpoBeaeHUsI SKCIIEpUMEHTOB pa3paboTaHa IMmoJ-
HOCTBIO aBTOMATU3MPOBaHHAsI CUCTEMA YIIPABICHUS
MmukporoMorpadom. C ee ITOMOIIBI0O BO3MOXHO 3a-
JaBaThb IapaMeTpbl 3KCIEPUMEHTAa, OCYILIECTBISITh
CKaHUPOBAHWE KCCIEAYeMOro obpasia U MOHUTO-
PUHT B IIpolecce 3KCIeprUMeHTa, IIPOBOIUTH cOOp 1
XpaHeHUEe MEPBUYHBIX TOMOTpadUUECKUX JaHHBIX.
IMonab3oBaTenbckuii MHTEpdEiic cucTeMBl yIpasie-
HUSI peaJin30BaH B BUIE MHTEPHET-CTPAHULIBI, pac-
MOJIOXKEHHO Ha OCHOBHOM TOMOTpa(UIYeCcKOM cep-
Bepe ®HMUII “Kpwucramnorpaduss u ¢oroHHKa”
PAH. ITogkimroueHrEe MOXKET OCYIIISCTBISITHCS KaK U3
JIOKQJILHOI CeTH, TaK U Yyepe3 ceTh MHTepHeT.

OBPABOTKA TOMOTPAOUYECKOI'O
OKCITEPUMEHTA

B niponecce MukpoToMorpamuiecKoro 3KCrepu-
MEHTa coOMparoTcsd TpM Habopa JaHHBIX. Bo-1ep-
BBIX, PETUCTPUPYIOTCS IPOEKIIMU “TEMHOBOIO TOKa”
nerekropa Iparx — CUTHAJT NETEKTOpa B OTCYTCTBUE
PEHTIeHOBCKOTO M3IIy4eHUs, OOYCIOBIIEHHBIN TeI-
JIOBOI reHepalueit 3apsjaa B MOJYIIPOBOAHUKOBOI
MaTpulle. Bo-BTOpbIX, TPOBOAUTCSI UBMEPEHME MTPO-
KN 30HIMPYIOMIETO IydKa [pypry B OTCYTCTBHE
oOpa3sia, I 4ero odpasel BBIABUTaeTCs M3 I10JIS
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Puc. 3. [IByMepHast IpOEKIIMs 30JI0TOI CETKH C pa3MePOM CTEHKHU 6 MKM U ITEPUOIOM 12 MKM: U3MEPEHHUE C ITTOMOIIBIO OTITH-
YecKOro MMKpOCKOIIa (a); u3MepeHne Ha MUKpoTomorpade (6) (MaTtepuan aHona Re, yckopsioiee HarpsikeHue 35 KB, mipo-
eKLIMOHHOE yBeandeHue M = 25.6); npodujib UHTEHCUBHOCTH BIOJIb JTUHUU 1 (B).

3peHus AeTekTopa. [lajiee MpoBOIUTCI CheMKa TEHE-
BBIX IIPOEKIIMI HCCIIeAyeMOoro obpasua Ipys B I1Ha-
na3oHe yriaoB 0—360° ¢ marom 0.5°. CtaHmapTHBINI
pacyeT HOPMUPOBAHHBIX MPOEKILIMI MTPOBOAUIINA CO-
IJIACHO BBIPAXKEHUIO

[NORM = (IDATA - [DARK)/(]EMPTY - ]DARK)'

Ha cnenytoiiieMm sTtane npenBapuTeabHON obOpa-
OOTKM TaHHBIX BBIMOJIHSIU MPOBEPKY U KOPPEKIINIO
WHBapuaHTa PagoHa MeTomoM, onmucaHHBIM B [16].
YcnoBre KOPPEeKLIUU 3aKII0YaJIOCh B TOM, YTO UHTE-
rpajibHasi ”YHTEHCUBHOCTb HOPMUPOBAHHOMI U JioTa-
puMHUPOBAHHON MNPOEKIIUU TOJKHA COXPaHSIThCS
IUJISI BCEX YIVIOBBIX TIOJIOKEHUIT 00beKTa (BBIMTOJHE-
HUE PaJOHOBCKOTO MHBapuaHTa). Janee nmpoBoauiu
MOMCK OCHM BpallleHUSI 00bEeKTa, a TakKKe IMPOBEPKY
YIJIOBOTO OTKJIOHEHMST OCU BpallleH!sI OT BEpTUKAIU
B TJIOCKOCTH, MEPIEHAUKYISIPHOMN ONMTUYECKOI OCH.
Tomorpaduyeckyto peKOHCTPYKIIUIO BBITIOJHSJIN C
nomoiteo antropurmMa FDK [17] ¢ ucnons3oBaHreM
nporpamMmmHoro 1maketa “ASTRA-TOOLBOX” [18].

ITPUMEPDBHI TECTOBBIX SKCITEPUMEHTOB

C 1eplo IMPOBEPKHU padOTHI CO3TAaHHOTO MUKPO-
ToMorpadgda MpoBeJn U3MepPeHUsT Pa3InUHbIX TECTO-
BBIX 00pa3iioB. B mepByro ouepenb s OIIEHKU pa3-
pelIeHnsT peHTTEHOONITUIECKON CUCTEMBI MUKPOTO-
Morpada Obla MccleqoBaHa peryjsipHas ceTKa u3
30J10Ta C pa3MepoOM CTEHOK B IIJIOCKOCTU OOBEKTa
6 MKkM U nepuogoMm 12 mxkm. Ha puc. 3a nmokaszaHo
U300paxkeHue CEeTKU, MOJYyYeHHOEe C TMOMOIIbIO OIl-
Tyeckoro Mukpockorra LOMO BHUOJIAM M-1.
IMpoekims ceTku, M3MepEeHHAasI ¢ TOMOIIBIO MUKPO-
ToMorpada, npeacrapieHa Ha puc. 36. Ha ocHoBe
W3MepeHHOM ToMorpadmyecKoil MPOEeKIINH BBIYHC-
JISUTH pa3Mep TeperopooK CETKHU, ISl 3TOTO CTPOM-
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JIU IPOMPWIbL UX MHTEHCUBHOCTH, KaK IMMOKAa3aHO Ha
puc. 3B. 3a pa3Mep MepPeropoaKu MpUHUMAIU 3HaYE -
HUE LIMPUHBI e¢ MPOdUIIST Ha MOJTYBBICOTE, yCpel-
HEHHOE 10 HECKOJILKMM M3MepeHusiM. PasMep nepero-
POIKHM 30JI0TOI CETKM, M3MEPEHHbII TAKUM 00pa3oM,
cocraBui 6.1 MkM. Ha ocHOBaHMM TIpOBEIEHHBIX U3-
MepeHUil 30J10TOi CETKM MOXHO CUMTATh, UTO Mpe-
JIeJIbHO BO3MOXKHOE pa3pelleHre ONTUIEeCKOM CUCTE-
Mbl CO3IaHHOTO MMKpoTOMorpada HaXOAUTCS Ha
YPOBHE 6 MKM.

bruta coenana ToMorpadus TpeXMEpHOro MatT-
puKca u3 OmomerpagupyeMoro mojmmepa. JlaHHbIe
MaTPUKChl OTHOCSITCSI K KJIaCCy NMePCIeKTUBHBIX Ma-
TepUaJoB IJisl pellieHUs 3ama4 pereHepaTUBHOI Me-
muiMHBI. OHM HaxoOsAT IMAPOKOe IMMpUMEHEHUEe TIPU
BOCCTaHOBJIEHUH 1IEJIOCTHOCTU U (DYHKIIMI TKaHEN 1
OpraHoB C UCIIOJIb30BAHUEM OMOMCKYCCTBEHHBIX
TKaHEeMHXXeHEePHBIX KOHCTpyKuii. O6pa3el ObLT 13-
TOTOBJIEH METOJOM CBEPXKpPUTHUYECKOU daonaHoMn
mnactudpukanyu D, L-mmommnakTuma Mmapku Purasorb
PDL-05 u ero mocienyioiiero BCIIECHUBAaHUS B 11—
JUHApUYecKuX Tpecc-dpopmax [19]. OcobeHHOCTBIO
JTAaHHOTO O0pa3lia SIBISIeTCS HaJu4ue pa3BUTOM I10-
PUCTOI CTPYKTYPHI C pa3MepaMu II0p U ITIePEropoaoK
B IIMPOKOM JMana3oHe IIMH OT eIMHUL] MUKPOH 10
MUWUIIMETPOB. Pe3yibTarhl TOMoOrpaduu mojiuMepa
PDL-05 mpencraBnensl Ha puc. 4. bputa cmenana
OLIeHKa TOJIIIMH TOHKHX ITePEropoI0K MOJIUMEPHOTO
marpukca. JIjs 3Toro, Tak 3ke KakK OIMCaHO BHIIIIE, TI0
TOMOrpapruIecKoMy HM300pPaKeHUIO CTPOWIM IIPO-
Gunb neperopoaKy U U3MepSIJIv ero IUPUHY Ha I0-
JIyBeIcOTE. MI3MepeHHBIe TaKMM O00pa3oM TOJIIIUHEI
HECKOJIbKMX HanmOoJiee TOHKNX MePEeTOPOIOK OKa3a-
JIich B nuamna3oHe 8—11 MKM.

B xauecTBe OMoOrMYecKoro oopasiia ¢ OOJbIIUM
K03(hPUIIMEHTOM IIOTJIOICHUS ObLIa BEIOpaHa ILIe-
yeBast KOCTh MOHTOJIBCKOM nmecyaHK!. JJaHHBIN 00-



164 KPMBOHOCOB u np.

Puc. 4. TpexmepHoe ToMorpaduieckoe n300paxkeHue ¢ BbIpe3aHHBIM CETMEHTOM (a) U aKcualibHOe ToMorpaduyeckoe ceue-
Hue (6) obpaslia MOpUCTOro nojauiaakTuaHoro Marpukca PDL-05 (matepuan aHona Re, yckopsioliee HanpspkeHue 35 kB,

npoeKIIMoHHOe yBenumueHue M = 4.0).

pasell SIBJISIETCS TEPCIEKTUBHBIM OOBEKTOM IS
U3y4yeHUs BIUSHUS KOCMUYECKON HEBECOMOCTHU Ha
aeMeHTH ckeyieta aMmHuOT [20]. TpexmepHOe TO-
Morpaduueckoe mu300paxkeHUEe IUIEYECBOM KOCTU
npencrabjieHo Ha puc. 5. CieayeT OTMETUTh, YTO
MCTIOJIb30BaHUE TTOJUXPOMATUUECKOTO TOPMO3HO-
ro CeKTpa peHTTeHOBCKOTO U3JIYUYEHUSI U CUJIbHOE
MOMIOlIeHUe KOCTHOM TKaHU MPUBOJAT K “YXKeCTO-
YEeHUIO MydKa” I0 Mepe MPOXOXICHUS depe3 odpa-
3ell U HosBiIieHUIo “3ddexTa yamm” Ha BOCCTAHOB-
JIEHHBIX TOMoOrpadudeckux u3zoo0pakeHus x. s
KOMITeHcauuu “a¢ddexra yaim” B ONTUYECKYIO CXe-

Puc. 5. TpexmepHoe ToMorpaduyeckoe H3o0paxeHue
(caruTTajibHOE CceYeHHe) MPOKCUMAJIbHOM YacTH Iuieve-
BOI KOCTH MOHTOJILCKOM ITecyaHKM (MaTepuall aHona Re,
ycKopsItolliee HanpskeHre 65 KB, MpoeKIMoHHOe YBeIr-
yenue M = 4.6, Al-puisrp TommuuHoi 140 MKM).

MY TOTIOJTHUTEIBHO ycTaHaBIMBaIu Al-puiasTp TOJ-
mrHOoMi 140 MKM MeXIy UCTOUHUKOM U 00pa3lioM, a
TakXe BBIITOJHSUIM MPOLIEAYPY aBTOMATUYECKOM
KOpPpEeKILNU CUHOTPAMM I10 aJITOPUTMY, OITUCAHHOMY
B [21].

SAKJIIOYEHUE

OnucaHbl NepBble 3KCIEPUMEHTAJIbHbIE PE3yJib-
TaThl, IIOJIYYeHHBIE Ha ONBITHOM oOpasime Jrabopa-
TOPHOTO PEHTTeHOBCKOIO MUKpoToMmorpada, co-
3naHHoro B ®HHUII “Kpucramiorpadus u poToHU-
ka” PAH. Muxkporomorpagd padoTtaer B KOHYCHO-
JlydeBOit ToMorpacdudeckoit cxeme, aAuana3oH YCKO-
PpSIIOIIMX HaNpPSKEHUT MUKPO(hOKYCHOTO MCTOYHUKA
PEHTreHOBCKOro maiaydeHus: coctapisger 30—80 kB.
I1poBeneH MOJHBIN LIUKJII TOMOTpadUIeCcKOro IKCIIe-
puMeHTa, BKJIOUYasi MOJyYeHUe MEePBUYHBIX TOMO-
rpayecKuX TaHHBIX, MATEMAaTUIECKOE BOCCTAHOB-
JICHWE TPEXMEPHOTo N300pakeHUsI 00beKTa U BU3ya-
Juzalusl MOJYYeHHBIX pe3yiabTraTtoB. Ha psne
TECTOBBIX 0OBEKTOB ITPOAEMOHCTPUPOBAHO OIITHYEC-
CKoe paspelieHrue Mukporomorpaga MmeHee 10 MKM.

ABTopbnI BeIpaxaroT omaromapHocTs B.K. [Tonosy,
C.B. CasenweBy, B.1. T'yaumoBoii 3a o0Opa3slibl,
npenocTanieHHbIe 1151 usMepenuii, E.H. ITorpaxoBy —
3a KOHCYJIbTAIIUX TTPH BEITTIOJTHEHUN PaGOTHI.

PaGorta BbINoOJIHEHA MpU MoaaepkkKe MUHUCTEP-
CTBa HayKM M BBICIIErO0 oOpa3zoBaHUsI Poccuiickoii
Denepauny B paMKax BbIITOJIHEHU padboT no Tocy-
mapcrBeHHoMy 3amanuio PHUII “Kpucramiorpa-
¢usa u poronuka” PAH (1mo paboram “rmpoBeneHue
MUKpoTOMOTpadudecKux ucciaeaoBanuii”) u mo Co-
miameHuo Ne 075-15-2021-136 ot 12.10.2021 r. (mo
paboraM “KOHCTpyuMpoBaHHE MUKpoTOMorpada c
MUKPODOKYCHBIM UCTOYHUKOM ).
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