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Pegpepam

Co30aHue 8 2004 200y dH2u02paduyeckux KOMnNAeKCcos ¢
B03MOXKHOCMbIO 8bINOAHEHUSI NAOCKOOemeKmMopHoU
KomnbtomepHol momozpacuu (MAKT) u danbHelwee
pazsumue MAKT-mexHoAozul npou3seno pesoaoyur) 8
B03MOXKHOCMSIX 8U3YAAU3AUUL, NAHUPOBAHUS, Hasu2a-
YU, CAeXeHUsl, MOHUMOpUH24a U OUEHKU Henocpeo-
CMBeHHO20 0Meema Ha AeYeHuUe 8 PasAU4HbIX Hanpasne-
HUSIX UHMepBeHULUOHHOU paduonozuu (peHmaeHoxupyp-
2uu). CospemeHHbIl aHzuozpaguyeckull KOMNAeKc,
OCHauweHHbIt MAKT (MAKT Ha C-0yze), s8nsiemcsi e0uH-
CmeeHHoU cucmemol Ay4esol 8U3yaausduuu, No3eo-
AsiloLell 8 00HOU peHMzeHoNepauuoHHol U Ha 00HOM
0NepauUuoHHOM CMoAe 8bINOAHSIMb KK PEHM2eHOCKO-
nuw, peHmzeHoz2paguro, aHzuozpaduto, uupposyro cyo-
MPAKUUOHHYK aHz2uo2paguio, mak U KOMnbmepHyo
momo2paguio Npu Npo8eoeHuU pasAUu4HbIX 3H008ACKY -
ASIPHBIX, YpECKOXKHBIX, BHYMPUNPOCBEMHbIX U KOMOUHU-
POBAHHbIX 8MeLLIameAbCcma 8 eUHOM Cmepeomaxcuye-
CKOM npocmpaHcmee u 3D-pexxume peanbHo20 peme-
HU. 30 OMHOCUMeAbHO KOpOMmKUU nepuod epemeHu
MAKT Ha C-0yz2e u3 mMano Komy u3eecmHoz20 memooa
Ay4esol 8U3yaAu3auuu npespamuAdck 8 MOLWHbIL KOM-
NAEKC pasAu4HbIX 8U3YAAU3AUUOHHbIX U HABU2AUUOHHbIX

mexHonozu4veckux pELUEHUl], nossoAuslUx 3Ha4yumeAbHO

Abstract

The creation in 2004 of angiographic complexes
with the ability to perform flat-detector computed
tomography (FDCT) and the further development of
FDCT technologies revolutionized the possibilities of
visualization, planning, navigation, tracking, moni-
toring and evaluation of the immediate treatment
response in various areas of interventional radiology
(X-ray surgery). A modern angiographic complex
equipped with FDCT (C-arm CT) is the only system
of X-ray visualization that allows in one X-ray oper-
ating room and on one operating table to perform
fluoroscopy, radiography, angiography, digital sub-
traction angiography, as well as computed tomogra-
phy during various endovascular, percutaneous, in-
traluminal and combined interventions in a single
stereotactic space and 3D real-time mode. In a rela-
tively short period of time, C-arm CT has evolved
from a little-known method of X-ray visualization
into a powerful complex of various visualization and
navigation technology solutions that have signifi-
cantly increased safety and improved immediate and
long-term treatment results for patients with many
cardiovascular, oncological and other diseases. On

the other hand, the rapid development of FDCT has
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banaxHuH MN.B., Tapasos I.T., TiopuH W.E., Kanpasnos A.B., KypHocos N.A.

noebicuMb 6€30NAcHOCMb U YAYYWUMb HENOCPeACMBEeH-
Hble U 0mOdAeHHble pe3yAbmdambl Ae4eHust NauUeHmos ¢
MHO2UMU CepaevHO-CcoCyouCmbIMU, OHKOAOUYECKUMU U
dpyaumu 3abonresanusimu. C 0py20U CMOPOHbI, Cmpemu-
menbHoe passumue AKT npuseno K pa3pblay 8 3HaHUSX
MexKdy docmynHbIMU 0451 UCNOAb308aHus MAKT-mexHo-
A02USIMU, UHMEe2PUPOBAHHbIMU 8 COBPEMEHHbIE AH2L0-
2pacguyeckue KoMnAeKchl, U 0C8e00MAEHHOCMbIO 06
3MUX MexHoAO2USIX NPAKMUKYIOWUX 8payell omoeneHul
peHmzeHoXupypau4eckux Memooos ouazHOCMUKU U
AeveHus. Lleab cmambu — Kpamiko onucams GpyHOaMeH-
manbHble npuHuunbl pabomel MAKT Ha C-0yze, cospe-
MeHHble MKT-mexHonozuu, docmynHble 0As KAUHUYe-
CK020 UCN0Ab308AHUS, d MAKXKe nepcnekmuabl ux 0aAb-

Helwe20 passumusl.

Karouesblie cnoea:
nA0CKOOemeKmopHas KOMNbOMepHasi momozpagus,
MAKT, MAKT Ha C-0yze, UHMep8eHUUOHHAS

paouonoaus, peHmaeHoxupypausl

|. BBegeHue

MnockofeTekTopHas KoMmbioTepHas Tomorpadus (MAKT) -
3TO METOA, PEHTIEHOBCKOM KOMMbLIOTEPHOM BM3yanm3aLmu, B
KOTOPOM A/151 MOJIYYeHUS 0H6bEMHBIX U KPOCCEKLMOHHbIX
N3006paXKeHUM NCNONb3YeTCS PEHTIEHOBCKMIA My4OK MMpa-
MUAANbHOM DOPMbI, MPOELMpyeMbIA HAa MPSMOYIO/bHYHO
WAW KBAAPATHYKO MaTpuLy TBEpAOTe/IbHOro MJIOCKOro Ae-
TeKTopa B pexume poTaLMOHHOW peHTreHorpapun. B Ha-
crosuwee spemMs MAKT WMPOKO NCMOb3YeTCA B pa3/INYHbIX
crneumanm3npoBaHHbix amnarHoctudeckmx MAKT-ckaHepax
(Npexxae BCero B 4eNCTHO-/IULEBbLIX M OpTOMNeAMYeckmx
KOMMbIOTEPHbIX TOMOrpadax, KOMMbIOTEPHbLIX TOMOrpadax
015 MONOYHbIX XKesie3 U T.4.), NPUMeHsieTcs ANS BU3yanm3a-
UMM M HABUTALMW B TPABMATONOIMK, OPTONEANN U HENPO-
xmpypruuv (bnarogaps ee nHterpaumm B O-arm cuctembl), a
TAKXKe BXOAWT B COCTAB JIMHENHbIX yCKOPUTENen aas NaaHu-
POBaHVS U MOHUTOPMHra fnyyeson Tepanuu [1]. OgHako,
Hambosbliee pasBuTme TexHonorum MAKT nonyymnam B

MEAMLMHA BbICOKUX TEXHOJTOT U Ne2 (2025)

led to a knowledge gap between available FDCT
technologies integrated into modern angiographic
systems and the awareness of these technologies
among practicing physicians in departments of X-
ray surgical diagnostic and treatment methods. The
purpose of this article is to briefly describe the fun-
damental principles of C-arm CT operation, modern
FDCT technologies available for clinical use, and

prospects for their further development.

Key words:
flat-detector computed tomography, FDCT, C-arm

CT, interventional radiology, X-ray surgery

061acT MHTEPBEHLMOHHOW paauonormm bnarogaps mx
YAQYHOW MHTerpaLmm B MHOrOQYHKLMOHA/IbHbIE AHTMOrpa-
dnyeckme KOMNAeKcobI.

MepBble aHrnorpaduyeckme yCTaHOBKM C BO3MOXXHOCTbLIO Bbl-
nonHenms NAKT (NAKT Ha C-gyre) 6bian BbinyLeHbl HA pbl-
HOK B 2004 T. [2]. Mpw npoekTnpoBaHum MNAKT Ha C-gyre npo-
n3soamTenv obopyLoBaHus CTapaanch cobnoaaTh onpege-
JIEHHbIN KOMMPOMUCC MexXay kayecTBoM KT-Bmayanmsauumu,
CKOPOCTbIO PEKOHCTPYKLMM M306PaXKEHWI, pasyMHOM nyye-
BOW HArpy3kou W NpoCTOTOW MCMO/b30BaHWS annapaTtypbl B
peHTreHonepaunoHHbIX. B Havasne cBoero KJIMHNYeCKoro mnc-
nosb3osaHua MAKT Ha C-ayre no3svuMOHWMpOBasiacb Mpo-
N3BOAUTENIAIMM TOJIbKO KaK «MoJie3Has onuumsi», no3sosstoLLLas
noJy4aThb N306paXKeHNs «40CTAaTOYHOrO 415 NPOBeAEHUS Ne-
4ebHbIX BMeLlaTeNbCTB KayecTBa» M MOAHOCTLIO Monarar-
LLAACA HA AAHHbIE «KIACCUYECKMX TEXHOMIOTMI Iy4eBOM BU-
3yanmsagmnmy, Takmx kak MCKT, MPT, M3T-KT v ap. [3, 4]
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OAHako, B AanbHerweM CTano O4eBMAHO, 4YTO bnarogaps
O4€eHb BbICOKOMY NMPOCTPAHCTBEHHOMY pa3peLleHunto U BO3-
MOXHOCTW CeNeKTUBHOIrO BHYTPUAPTEPUAJIBHOMO (M APYTrnX
BMA0B) KOHTpacTuposaHus MNAKT Ha C-ayre meeT o4eBuf-
Hble MperMyLLEecTBa KAk CaMOCTOATE/bHbLIN METOA, AMArHO-
CTUKW, B HaCTHOCTM A19 BU3yanun3aLmm OKKYIbTHLIX MHTpaK-
paHMaIbHbIX AHEBPU3M, a TAKXKE OLLeHKM apTepuasibHOM r
BEHO3HOW aHAaTOMWK FONOBHOIO Mo3ra [5-7]. o Mepe ganb-
Heunwero passuTtna MAKT npoucxoanna MoAepHN3aLMS KAk
CaMUX MJIOCKMX [eTeKTOpOoB, Tak M MporpaMmHoro obec-
NeYeHus:, 1 BbIYUCINTENbHbLIX MOLLHOCTEN, a AAHHbIE KAWHN-
YeckKMx MUCCefoBaHUM NPOAOMKANU AEMOHCTPUPOBATb
o4yeBuaHble npenmyiectsa MNAKT He Tonbko AN gmnarHo-
CTUKW, HO 1 Ans 3PDEeKTUBHOIO eYeHns MHOTMX 3aboneBa-
HMW. Tak, B 2010 T. ). lwazawa et al. nokasanu, 4yto NAKT B
aptepumanbHyto ¢asy aptepuorenatnkorpadum (MAKT-ap-
TepuorenaTtmkorpadus) obnagaet B ABa pasa 60bLlIen HyB-
CTBUTENbHOCTLIO MO CPpaBHEHWMIO € MHOrodpasHom MCKT Ha
¢$OHe BHYTPMBEHHOIO KOHTPACTUPOBAHMA A5 AUATHOCTUKN
Y3108 renarouentongapHoro paka (FUP) anametpom meHee
10 MM [8]. B TOM >e 2010 roay IM.B. banaxHuH C COaBT. Npe-
CTaBWIV NPUHLMUNNANLHO HOBbLIWM METOZ, BU3yanm3aumm me-
TACTa30B KOJIOPeKTaNbHOro paka B MevyeHu, OCHOBAHHbIN Ha
BbINo/IHeHWW MAKT B kKanunngpHyto dasy MHPY3MOoHHOM ap-
Tepuorenatmukorpadum (BBefeHne KOHTpPAcTHOro npenapa-
Ta B 06LLYIO MeYeHOYHYIO apTepuio B TeYeHme 20 ¢, Havano
NAKT-ckaHMpoBaHMa Ha 22 €) [9]. DTOT MeToA NPOAEMOH-
CTPUPOBaAJT 3HAYUTENLHO BONbLIYKD YYBCTBUTENbHOCTL W
cneunduYHOCTb MO CpaBHeHUD ¢ MHorodasHom MCKT Ha
¢$OHe BHYTPMBEHHOIO KOHTPACTUPOBAHUA A5 AUATHOCTUKN
MeTacTa3oB KOJIOPeKTa/IbHOro paka B rnevyeHu AMAMETpOM
MeHee 20 MM U, B 0COBEHHOCTU, — ANAMETPOM MEHee 10 MM
[o, n].

CTaHoBNEHMe 1 pa3BuTUE NnevebHbIx TexHonormm MNAKT Ha
C-ayre HepaspbIBHO CBS3aHO C MOSIBGHNEM U BHEAPEHMEM
ABYX MPUHUMANANBLHO HOBbLIX TEXHOMOMMN YPECKOXHOM W
BHYTPWUCOCYAMCTON HaBUraLMm, OCHOBAHHbIX HA 06beamHe-
HUK (CAnsHUKM) TpexmepHon MAKT-BM3yanusaumm C ABy-
MEPHOW PEHTreHOCKOMNMeEN, — TaK Ha3blBaeMbIX TEXHOIOTUI
[LOMO/IHEHHOW peaNibHOCTN WUAM [LOMO/IHEHHOW PEeHTreHo-
ckonuu. B 2007 1. ).M. Racadio et al. BnepBble coobLmam 06
yCMeLHOM MUCMOAb30BAHNUM TEXHONOMMM YPECKOXHOM (CTe-
peoTakCcuU4yeckom) HaBMraLmmn B pexxmmMe peanbHOro BpemMe-
HW NpY NPOBEAEHNN PA3/INYHbIX NHTEPBEHLIMOHHO-PaANO0-
JNIOTMYeCcKMX BMeLLaTenbCTB [12]. MCcnonb3ys yHUKaAbHble
BO3MOXHOCTW MAKT-BM3yanm3aumm n ypeckoxxHon MAKT-
Hasuraumm M. Morimoto et al. y>xe B 2010 1. paspabotanm
MEeTOAMKY aHrmorpadmyeckm-acCMCTUPOBAHHOM YPECKOX-
HOWM MWKPOBOJIHOBOW abnaumm (MBA) runepBackynsipHbIX
y3noB 'LUP [13], a M.B. banaxHWH C COABT. B 2018 — METOAUKY
aHrnmorpaPpur4eckm-acCUCTUPOBAHHOM YPECKOXHOW KpUO-
abnaumm MeTacTasoB KOIOPEKTANIbHOrO paka B MevyeHu nog,
NAKT-KoHTponeM [14, 15]. Boicokas 3peKTUBHOCTL aHMMO-
rpadu4eckm-accUCTMPOBAHHOW YPECKOXHOW TepMoabns-
umm (MBA 1 kpnoabnsaumm) nog MNAKT-KoHTponemM B ganb-
Henwem 6blna NOATBEPXKAEHA N APYrMMK UCCefoBaTens-
MU, CAENABLUMMM BbIBOL O TOM, YTO AAHHbLIN METOL MOXeT

CTaTb CTAaHAAPTOM YPECKOXHOW NI0KaNbHOW Tepanuu nep-
BMYHBLIX M MEeTacTaTUYeckMx Onyxosien neveHun B 6amKam-
wem byayuiem [16,17]. B HacTosLLEe BPEMSI YPECKOXKHASA CTe-
peoTakcn4eckas HaBUraLms B pexxmme AONOSHEHHOM PeHT-
reHoCKONuM (peanbHOro BpeMeHW) LUMPOKO MCMONb3yeTcs
npu NposBefeHnn H60MbLIOro YMCAa KakK AMArHOCTUYECKMUX
(Hanpumep, YpeckoXkHas cTepeoTakcuyeckas broncms ony-
XONlen nerkux), Tak n nevyebHbix (HanpuMmep, YpeckoXKHas
3Mb0nm13aLma MecT yTevek MMebl) MHTEPBEHLMOHHO-pa-
Anosiornyeckmx npoueayp [18].

B 2010 . F. Deschamps et al. BnepBble npeacTaBuan TEXHO-
Jiornu onpegeneHnst NUTALWMX Onyxosb COCYAO0B U BHYT-
PUCOCYAUCTON CTepeoTakCM4eCKoM HaBUraLMW B pexunme
peanbHOro BpeMeHu (pexxmme AOMOHEHHOW PeHTreHOCKO-
nnKn) NpefHasHaAYeHHble ANS NpOBefeHUs CynepcenekTmB-
HOW KaTteTepu3auMm WU CynepceseKTMBHOW TpaHcapTepu-
aNbHOWM XMMKo3mbonmsaunn (cCTAX3) y3nos MLP [19]. Nc-
NoJIb30BaHMe 3TUX TEXHOAOMMN NPUHLMNMASIbHBIM 06pa3oM
MOBbICU/IO0 TOYHOCTb BbISIB/IEHUS MUTAKOLWMX Y3kl ILLP apTe-
pWI, CKOPOCTb UX KaTeTepu3aLm, paBHOMEPHOCTb SMBON-
3aumm n, Kak cneacteme 3ddeKTUBHOCTL CCTAXD, UTO Bblo
NOATBEPXAEHO PSAOM KPYMHBLIX UCCAefoBaHUNW [20, 21]. B
MeTaaHanuse 2024 r. 6b10 ybeanTeNnbHO NOKa3aHo, YTo 1C-
MoOJIb30BaHME 3TUX TEXHONOTMMA MPUBENIO K TPEXKPATHOMY
YBEeINYEHMIO ObLLen TpexneTHen BbKMBAEMOCTM MauMeH-
TOB, cTpagarowmx 'LLP, o cpaBHEHMIO C NauMeHTamu, nosy-
YarLWmMmMm cCTAXD TONbKO NoA KOHTponeM undpoBom cyb-
TpakuMoHHoM aHruorpadum (LLCA) [22]. AHaNOrmnyHble AaH-
Hble 6blIM NPOAEMOHCTPUPOBAHBLI M B a3MaTCKUX Fpynnax
naLMeHToB, NoJslydaBLUnx CCTAXS € UCnonb3oBaHvem u 6e3
MCMNONb30BAHUSA BU3YaNMN3aALUOHHBLIX U HABUTALMOHHbIX
NAKT-TexHONOrMn [23], @ TaKKe B psae 0TeYeCTBEHHbIX UC-
CNefoBaHUN [24, 25]. B HAaCTOSsILLLee BPEMS TEXHOIOTUN BHYT-
PUCOCYAUCTON HaBUrALWW U ApYrne TeXHONOMMN CAUSIHUS
n306paxkeHni 1 3D-poagMannmHra LWMpOKO NCMOAb3YIOTCS
TaKKe AN 3mbonmsaumm LOBpOKAYeCTBEHHbIX OMyxoneu
(Hanpumep, Ana nevyeHnss 4OOPOKAYECTBEHHOM runepnaa-
31K NpeacTaTeNbHOW XKenesbl), apTepUOBEHO3HbLIX Maslb-
dopmaumi, noncka apTepum, SIBASIOWMUXCS UCTOYHMKOM
KPOBOTEYeHMs, YCTAHOBKW CTeHT-rpadToBs, 3mbonaum3aumm
3HA0NKOB MOC/e CTEHTUPOBAHMUS U MHOMUX APYIUX Liefen
[26].

MO>HO roBOpuUTb O TOM, 4TO BHegpeHue MAKT Ha C-gyre
Npou3BeJI0 PeBO/IIOLMIO B BO3MOXHOCTSX BU3yanumsauumu,
NAAHNPOBAHUS, HABUraLMW, CIIEXEHWUSs, MOHUTOPUHIA W
OLIeHKM HenocpefcTBEHHOro OTBETa Ha JiedYeHWe BO BCeX
HanpaB/IeHUSIX MHTEPBEHLMOHHOW paAmnoiornMm 1 npexae
BCEro B WHTEPBEHLIMOHHOM OHKOMIOTMN N MHTEPBEHLMOH-
HOW Henpopagwnonormn [27, 28]. COBpeMeHHbIN aHrmorpa-
dnyeckmn KoMnaekc, oCHalleHHbIn MAKT, angeTcs eanH-
CTBEHHOM CUCTEMOW Jly4eBOW BM3yanm3aLMu, MO3BONSIO-
Lien B OAHOM peHTreHonepauoHHOW 1 Ha OAHOM onepa-
LMOHHOM CTO/1E BbIMOJIHATL KaK PEHTFeHOCKOMMUIO, peHTre-
Horpadwto, aHrmorpaduio, LCA, Tak 1 KOMMbIOTEPHYIO TO-
Morpaduio Npy NpoBeLeHUN Pa3INYHbLIX SHL0BACKYISPHbIX,
YPECKOXHbIX, BHYTPUMNPOCBETHbLIX U KOMOWHUPOBAHHbIX
BMeLIaTe/IbCTB B eMHOM CTepeoTakCM4eCKOM MpOCTpaH-
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cTBe M 3D-pexunme peanbHOro BpemeHu [29]. 3a OTHOCK-
TeNbHO KOPOTKNM nepuof sBpemenu MAKT Ha C-ayre 13 ma-
J10 KOMY M3BECTHOro MeTOAA JIy4eBOM BM3yanm3aumn npe-
BpaTWaaCb B MOLUHLIM KOMMIEKC pasnMyHbIX BU3yanmsa-
LMOHHbLIX M HaBUTALMOHHbLIX TEXHONOMMYECKUX peLleHunH,
MO3BO/IMBLUMX 3HAYUTENbLHO MOBLICUTL 6€30MacHOCTbL U
VAYYLWUTL HenocpeacTBeHHble U OTAAJIeHHble pe3ynbTaThl
JledyeHns nauMeHToB C MHOTMMW CepAeyHO-CoCyANCTbIMM,
OHKOJIOrM4eCKMMU 1 ApyrumMu 3abonesaHmsamu [30, 31).

B 2024 r. Kutanckas Konnernst MIHTEPBEHLNOHHBLIX pagno-
NIOroB ony6aMKoBana KOHCEHCYC, KOTOPbIM HACTOATeNbHO
pekomMeHayeT ncnonb3osatb MAKT-BM3yanmsaumo B KOM-
BMHALMN C TEXHONOMUSAMU BHYTPUCOCYANCTOM U YPECKOX-
HOWM HaBMrauMm nNpakTU4eckn Ha BCeX 3Tanax NpoBeAeHUs
npoueayp cCTAXD 1 YpecKOoXXHOW TepmMoabnaumm npu neve-
HUM PAHHUX 1N MPOMEXYTOYHbLIX cTagun FLUP [32]. B Hawen
CTpaHe mcnonb3oBaHwe MAKT TakXxe peKoMeHA0BaHO Mpwu
nNpoBeAeHUM NOKOPErMoHapHOW Tepanuu 3Toro 3abosesa-
HWS [33, 34]. O4eBMAHO, 4TO B ByayLlem NOTPebHOCTbL B UC-
nosib3oBaHuu MAKT-BU3yann3aumm 1 BbICOKO3IOPEKTUBHbLIX
NAKT-TexHoNorMm byaeT TONbKO YBEIMYMBATLCS. B CBS3N C
3TUM NOHUMaHME GYHAAMEHTANbHLIX MNPUHLMMNOB paboThl
MAKT, ocobeHHOCTen PeKOHCTPYKUMU U MCNONb30BAHMS
KPOCCEKLMOHHbIX M30H6paxkeHNI, MPUHLMMNOB U aArOpUTMOB
peanm3aumm pasnyHbIX NPOrpaMMHbIX MAKETOB, a TakXKe
MHGOPMUPOBAHHOCTL O MOIy4aEeMbIX MALMEHTOM WU Nepco-
HaJIOM [03aX MOHU3MPYIOLLEro U3/Tly4eHUs CTAHOBATCS CO-
BEPLUEHHO HeobXxoAMMbIMMU A1S Bpayeur, paboTawolmx B
Pa3/INYHbIX HANPAB/IEHUSAX MHTEPBEHLNOHHOW PAAMONOT NN,
B TO e Bpems B POCCMM HABNtO4AeTCS CyLLeCTBeHHbIN pa3-
PbIB B 3HAHWUAX MeXAy OOCTYMHbIMW A5 MCNO/b30BaHWUSA
MAKT-TeXHONOrUSAMU, UHTErPUPOBAHHbLIMU B COBPEMEHHble
aHrnorpadunyeckme KOMMIeKchbl, 1 0CBeAOMNEHHOCTbIO 06
3TUX TEXHONOrMAX MNPAKTUKYIOLNX Bpayer OTAeNeHUN
PEeHTreHOXMPYpPruyeckmux MeToLoB ANArHOCTUKM N IeYeHUs.
CBS3aHO 3TO C TeM, YTO cucTeMaTnyeckoe obyyeHne npo-
GUNbHBIX CNeLManncToB McnonbioBaHuo MAKT B Hawen
CTpaHe He NpOBOAMTCS, A y4ebHas 1 CNpaBoYHas IMTepary-
pa Ha pPyCCKOM $13blKe MpaKTUYeCkm NOSHOCTLIO OTCYTCTBYET.
Llenb cTaTby — KpaTKo onucatb GpyHAAMEHTasIbHbIE NMPUH-
umnbl pabotbl NAKT Ha C-ayre, coBpeMeHHble MAKT-TexHo-
JIOrVK, AOCTYNHbIe AN1S KJAWHUYECKOro MCMoJib30BaHus, a
TaK>Ke NepcnekTUBbLl X AASIbHENLLErO Pa3BUTUS.

[l. DyHpaMeHTanbHble NPUHLUMDI
pa6otbl MAKT Ha C-gyre

1. KOHCTPYKLMA NNOCKUX J,eTEeKTOPOB

MoapobHO NCTOPUS CO3AaHUS MepPBbIX AHMMOrpaduHecKmnx
CUCTEM, OCHALLLeHHbIX TexHonormen MAKT, paBHO Kak M 0CO-
H6EeHHOCTW MCMO/Ib30BAHMS PEHTIEHOBCKMX MYYKOB BEEPHOMN,
KOHWUYECKOM M nupammansHor GopMbl Mpy NpoBeaeHUM
PEHTFEeHOBCKOW KOMMbOTEPHOM ToMorpadum 6biam pac-
CMOTpPEHbLI HAMKM paHee B Apyron paborTe [2]. 34ech Xe cne-
OyeT OTMETUTD, YTO NPaKTUYECKM BO BCEX COBPEMEHHbIX aH-
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rmorpaduyeckmx KoMmnaeKkcax B HacTosiLee Bpems UCnosb-
3yl0TCa Nnockue LmMdpoBble AeTeKTOpbl MepBoro nokone-
HWS, NpeACTaBAaWME COBON ABYXCOMHbIE TBEPAOTE/b-
Hble MI0CKMEe NaHeNu C HenpsiMbIM (4BYXYPOBHEBbLIM) MPO-
L,eccomM NpeobpasoBaHNS PEHTFEHOBCKMX JIyHel B 31eKTpu-
YeCKM cuUrHan [35]. MepBbin CLMHTUAASLMOHHBIA C10M Na-
Hen COCTOUT U3 TOHKUX (AMAMETPOM 5-10 MKM) Uroab4ya-
TbIX KOHYCOBUAHbIX KPUCTANIOB MOAMAA LLe3US TIerMpoBaH-
Horo Tannmem (Csl:Tl), npeobpasyoLmx NpoxXoasLmne yepes
HWX PEHTFeHOBCKME KBAHTbI B CBeT. CTPYKTYpa KPUCTAN/I0B B
dopme urn gencTeyeT Kak CBETOBOW HamnpasuTenb, 6aaro-
naps yemy cGoKyCMpoBaHHbIM CBET TOYHO NOMageT Ha pac-
MOJIOXKEHHYIO MOA, KKAbIM KPUCTA/IIOM S4elrKy, Coaepyka-
LUy CIOM aMOpHHOro rMAPUPOBAHHOIO KpeMHUs (a-Si:H),
ABNSIOLLEroCs MUKPOCKONMYecknmM GOTOKATOAOM, FreHepu-
PYIOLLMM 3/IEKTPUYECKUI CUTHAN. [Py TOM, YTO GOTOKATOS,
3aHUMAET TO/IbKO 60—70% NAOLWAAN KaxXaon s4enkmn (MnK-
censt), NOrNOLWeHMNe PEHTIEHOBCKOr0 N3/1y4eHNst CO CpeaHen
3Heprmen 53 K3B gaeT BO3MOXHOCTbL reHepmpoBaTb 3/1eK-
TPUYECKUI CUTHAS, COCTOSILLMIN M3 800-1000 3/IEKTPOHOB
[36]. Kaxxabi poTOKATOA, B CBOKO O4Yepefb HenmocpeaCTBeH-
HO CBSI3aH C TOHKOMJIEHOYHbIM TpaH3ucTtopoM (thin-film
transistor, TFT), yCUIMBAKOLWNM 3N1EKTPUHECKUIN CUTHAN U
nepegavoWmMM ero (Kak CUrHana oT AUCKPETHOro Mukcens)
Ans nocneayrowen o6paboTkm B KOMMNbOTEP [37].

rNpuMeHseMbin B HaCTOSLLEee BpeMs 415 NpOoV3BOACTBA Ae-
TEKTOpPOB Ha ocHoBe a-Si:H n Csl:Tl (a-Si:H/Csl:Tl) meTog
NJ1a3MeHHOr0 OCAXKAEHWSI MO3BOAISIET CO34aBaTb aKTUBHbIE
pabouve MaTpuLbl pasMepammn 40X30 CM U JaXKe 41X41 CM,
COCTOSILME M3 HECKOJIbKMX MUIJIMOHOB MUKCenen pasme-
pPOM OT 154 10 200 MKM (B 3aBUCUMOCTU OT NPONU3BOAMUTENS)
KKAbIN. TTO3TOMY 3TN AeTeKTOpbl OKa3aancb NOAXOANLLN-
MU AJ19 UCNONb30BaHUS B 061aCTV MHTEPBEHLNOHHOM Hen-
popaamoNiorMm N NMHTEPBEHLIMOHHOM OHKOMOMUK, rae Tpe-
byeTcs CkaHMpOoBaHWe HOMbLINX 061aCTeN, TakMX KaK roio-
Ba, /Ierkme unu neyenb [2]. Kak 66110 NokasaHo B psage muc-
CNefoBaHUN, yBEIMYEHNE TONIWMHBI KpucTanaos Csl:Tl 60-
Jiee 200 MKM y/yyliaeT KBAHTOBYHO 3GdeKTUBHOCTL AeTeK-
Topa 3a c4eT Hosiee NOAHOrO NOMOLWEHUS IHEPTUN, YTO MO-
BbILLAET ero 4yBCTBUTE/IbHOCTb. HO 37O, K COXaNeHWUIo, pes-
KO YMeHbLUAeT NPOCTPaHCTBEHHOE pa3pelleHne 13-3a on-
Tnyeckon anddysnm pazmbiTns [35-37]. Naockme geTekTo-
pbl -Si:H/Csl: Tl MetloT A0CTAaTOYHO BbICOKOE KOHTPACTHOE
paspelleHne 1 60bLIOV AMHAMUYECKNI AMANAa30H, M03BO-
NAWMA B HacTosLLee Bpemsi NMPOBOAUTbL POTALMOHHYIO
peHTreHorpaduto ¢ nonydeHem NAKT-AaHHbIX OT KKAOrO
NMKCenst MaTpuLbl C HacTOTOM 7,5 KALAPOB B CeK. B TO e Bpe-
M$1 CYLLLeCTBEHHbIM HeAOCTaTKOM a-Si:H aBnseTca OTHOCU-
TeNbHO MeANeHHAst CKOPOCTb pa3psifia TPAH3UCTOPHbLIX 3ne-
MEHTOB, & 3TO NPUBOAMUT K TOMY, YTO HEKOTOpasi 4acTb CUT-
Hana, HaKoM/IeHHast B OAHOM KaZpe MOXET bbiTb cHMTaHa B
nocnegyowmx Kagpax, obycnaenveas TeM cambiM Tak Ha-
3blBaeMbl 3P deKT BpeMeHHOro 3anasabiBaHns. ELle ogHON
NPUYMHOWN 3anasfblBaHMS cHMTaeTCsa nocnecseyeHme Csl:Tl,
O4HAKO 3TO BAMSIET Ha paboTy AeTekTopa B 3HAYMTE/IbHO
MeHbLUen cTeneHn. Kpome TOro, BCe eLle CyLecTBYT Npo-
671eMbl CO CKOPOCTLIO Mepefadn MHGOpMauUmM OT Kax4oro
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NUKCens B KOMMbIOTEP, a TAKXKe C BbIYUCAUTENbHBLIMU MOLL, -
HOCTAMW CaMUX KOMMbIOTEPOB aHrMorpapuyeckmx ycraHo-
BOK, YTO Takxke 3amepgnsieT obuwyto paboty cuctembl. Mo-
CKOMbKY CKAHMPOBAHWE AOJIKHO BbITb MaKCMManbHO BbICT-
PbIM, @ CKOPOCTb PEKOHCTPYKLUMN U30OPaXKEHNN B UHTEp-
BEHLMOHHOM PaAMonornm He A0/1KHA NpeBbiwaTh HECKOb-
KUX CEKYHA (B OTAMYME OT AMArHOCTUYECKMX CUCTEM, MpaK-
TUYECKN He OrpaHNYeHHbLIX BpeMeHeM PeKOHCTPYKLMN) As
onepaTuBHOrO noayyveHns 3D-n306paxkeHnt B 6ONbLUVH-
CTBE C/Iy4aeB MPUXOAMUTCS KepTBOBATbL APYrMMK NapameT-
pamu BM3yanm3aumn. B 4acTHOCTM, ANS NOBbILLEHNS KOHT-
pacTHOro paspeLleHms He06X0AMMO NOoyYeHMe Kak MOXKHO
60MbLIero YMcaa NpoOeKLMOHHBLIX M306pakeHn Ans Yero
TpebyeTcs yBeanm4eHne CKOPOCTU PEeHTFeHOBCKOW CheMKM
[10 30 1 gaxke 60 KaApOB B CeKyHAy. (AN COXpaHeHus npu-
eM/IeMOro BpeMeHU CKaHWPOBaHUs). B CBA3M C orpaHmye-
HUSIMU MPOMYCKHOWM CMOCOBHOCTM KaHaNoB nepefayn faH-
HbIX, He MO3BONAIOWMX B HACTOslLlee BpeMs nepefasBaTtb
CUrHaN OT BCeX MUKCeNen C TakoW 4acTOTOW KaapoBs, Mpu
YBE/IMYEHNN CKOPOCTU CbeMKM TpebyeTcs obbeauHeHune
HEeCKONbKMX COCEAHUX MUKCENEN B OAMH B PEXMUME 2X2 MUK-
Ccens UNu 4x4 Nnkcens (pexxmm BUHHWHIA NnuKcenen). 370 B
CBOIO 04epefb, MPorpeccMBHO CHMXKAET MPOCTPAHCTBEHHOE
paspelueHue MAKT. Takum 06pa3omM KOHCTPYKLMS MCMOb-
3yeMbIX B HACTOsLLLEee BpeMsi NI0CKMX AeTEeKTOPOB HA OCHOBE
a-Si:H/Csl:TI sBnsieTcs KOMMNPOMMUCCOM MeXay Heobxoam-
MbIM nosnem o63opa (field of view, FOV), a Takxke NpoCcTpaH-
CTBEHHbIM, KOHTPACTHbIM W BPeMEeHHbIM pa3peLleHnemMm c
npenMyLLecTBEHHbIM aKLEHTOM Ha MPOCTPAHCTBEHHOE pas-
peLleHme Npu 3KBMBANEHTHOM N3/ly4aeMom f03e [3, 4, 35-37].
HeobxoaMMO OTMeTUTb, YTO BCE MPOM3BOAUTENN MOCTO-
SIHHO OCYLLECTBASAKT «40PaboTKy» MNOCKMX AETEKTOPOB Ha
ocHoBe a-Si:H/CsI:Tl, yBennymBas nponyckHyK Cnocob-
HOCTb Kabenen u rybuHy 06paboTKM AAHHbIX, YTO NMPUBO-
ANT K MOCTENeHHOMY YyYLIEeHWIO KavecTBa MOojyvaembix
M306paXKeHnNn.

Tak, OOHUM K3 NepBbIX MNIOCKMX AETEKTOPOB, WMPOKO WUC-
M0/1Ib30BaBLUMXCS B aHrMorpadmnyeckmx yCTaHOBKax B 2000-
e rr. bbin getekTop Pixium 4700 NpOM3BOACTBA KOMMAAHUN
Trixell (MyapaH, ®paHums), COCTOAWMN N3 2480%1910 MUK-
Cenen C LWaroM B 154 MKM, aKTUBHOW MaTpuLLen pasmepamm
382x294 MM, 14-O6UTHbIM aHaNoroBo-LUMPpPoBLIM Npeobpa-
3oBaTteneM (ALLIM) 1 KaApOBOWM 4acTOTOM 7,5 KAAPOB B CEKYH-
Ay Npy BUHHWHIE 1X1 1 30 KaAPOB B CeKyHAY NPy BUHHUHIe
2x2. VIHTErpnpoBaHHbLIV B aHrMorpaduyeckyto yCTaHOBKY
Artis zee (Siemens Healthineers, lfepmaHuna) AaHHbLIA NAOC-
KU fetekTop (KoMmmepyeckoe 0603HaveHne - as40) obna-
[an KBAHTOBOM 3G(EKTUBHOCTLIO 73%, CEPOLUKAbHbIM
AManasoHoM B 16384 OTTEHKOB CEPOro M MPOCTPAHCTBEH-
HbIM paspelueHnem 3,25 Ip/mm (lines per millimeter, nnHKI
Ha MUIUMETP), AOCTAaTOYHbIM ANS BU3yanm3aumm CocyaoB
AMamMeTpoM [0 0,3 MM [35]. MoAepHN3MPOBAHHbIN HECKO/Tb-
KO NeT CnyCTs OEeTeKTop TOW e KOMMAHUK, NOAYYUBLLIUIA
Ha3BaHue Pixium 3040CV, Bbl1 OCHALLEH yXe 16-6UTHbIM
ALLM 1 ynyylWeHHOW CXeMOM CYMTbIBaHUS, 6arogapst yemy
06n1aaan KBAaHTOBOW 3QHEKTUBHOCTBLIO 77%, CEPOLLKAbHbLIM
[Mana3oHoM B 65536 OTTEHKOB Ceporo (B 4 pasa Bbille, Yem

B MepBON MOAENN) N YNyYLLIEHHbIM COOTHOLIEHMEM CUrHaN
LUYM NpW NPOCTPAHCTBEHHOM paspeLueHnm B 2,9 Ip/mm. Nc-
NnoJib30BaHMe 3TOro 06HOBIEHHOIO AETEKTOPA C paclUMpeH-
HbIM AWMHAMWYEeCKUM AMana3oHoM (rnof KOMMepyeckum
0603HaveHnem as4o0HDR) komnaHwen Siemens Healthi-
neers (fepMaHms) B aHrmorpadumyeckmnx yctaHoBkax Artis Q,
a nosgHee n B Artis zee cpasy CyLLECTBEHHO yAyYLLWAO BU-
3yann3aumio MArkmx TKaHen Npy HU3KMX KOHTpacTax 1 pac-
LIMPWUNO KNMHKMYeCcKmne Bo3MoXXHoCTU MAKT ans kayectBeH-
HOW BM3yanmn3aum HU3KOKOHTPACTHbIX CTPYKTYP, B MEPBYIO
o4epefb TAKMX KaK NapeHxmma rojIoBHOro Mo3ra v napeH-
XMMaA MeYveHun [35].

2. MpOCTpaHCTBEHHOE paspeLueHue

BbICOKOE NpOCTPpaHCTBEHHOE pa3peLleHye SABSeTCs Koye-
BOW CWJIbHOW cTopoHou MAKT, 6narogaps KOTopon foCTu-
raeTcs yeTkas BM3yanmsaums CoCyLoB AMAMETPOM 250—-300
MKM (0,25-0,30 MM) npu npoBegeHun MAKT-apTepuorpa-
dunm (pnc. 1). Takoe BbiCOKOe paspelueHue MAKT no3sonser

Puc.1(a-r) . LlepebpansHas MNAKT-apTtepmorpadusa baccemHa
npaBou 0bLLen COHHOWM apTepum, AEMOHCTPUPYIOLLAS
BO3MOXHOCTb BU3yann3aLmm apTepum AMameTpoM 0,5 MM: a.
PeKOHCTPYKLMS BCEro apTepmanbHOro pycaa nocsie NnpoBeaeHus
NAKT B pexxume 20sDCT Head (Siemens Healthineers, lrepmanms)
C BBeAeHVeM 60 MJ1 KOHTPACTHOro npenapata co CKOPOCTbIO 2
MA/c (B Te4eHKne 30 C) 1 3a4ePXKKOM CKAHMPOBaHMS 10 C; 6.
Bu13yanmsaumsa npaBon LeHTpanbHOM apTepum CeTHaTKM rnasa
OVamMeTpoM 0,5 MM B pexkme MIP (ToHKme cpe3sbl) y TOro Xe
naumneHTa; B, . Busyanmsaums TomM ke apTepun 1 ApeHnpyoLWwmx
BEH B KOCbIX Npoekumax (MIP) c ncnonb3oBaHnem 6osee TONCTbIX
Cpe3os.

OCYLLECTBAATb MPELMU3NOHHBIA 3D-KOHTPO/b YCTAaHOBKM
CTEHTOB, MWKPOKATETEPOB, TOHKMX MYHKLMOHHbIX UM W
[pYruX yCTPOMCTB HEMOCPEACTBEHHO B pEHTreHoMnepaLMoH-
HOM (pwcC. 2). MpOCTPaHCTBEHHOE pa3peLleHe XapaKTepuay-
€T TOYHOCTb BOCMPOU3BEAEHMUS MaSlbiX CTPYKTYP B U3OLLEHT-
pe 1 3aBUCUT OT pada $GakTopoB, TakMxX Kak Lar MuKcens,
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Puc. 2. IHTpaHopanbHas naxosas MAKT-numbarrnorpadms c
nocneayoLwen Y4peCckoXHOM NyHKUMen nuMmdonceBa0aHeBPU3MbI
(ToncTas kpacHasa cTpenka) urnom 25 G (0,5 MM) (TOHKMeE XenTble
CTPenKkn) C Lenbko 3MboAM3aLNN MACCUBHOM Noc/eonepaLnoHHom
TasoBoW Mumbopeu (ANMHHAa cnHas ctpenka): NAKT no3sonset
OTHET/IMBO BM3YaNnN3MpOBaTb MYHKUMOHHYIO U1y Ha
PEeKOHCTPYMPOBAHHbIX M306paKEHMAX U TOYHO ONpPeaennTb
nono)xkeHne ee ANCTa/IbHOM HYacCTwW.

naowaib CUMHTUANATOPA, pasMep GoKabHOro NATHA, reo-
MeTpuyeckoe yBesnyeHme, CTabnabHOCTb CUCTEMbI BO Bpe-
MS CKAQHMPOBaHMS, a Talkoke NUCNOoNb3yeMbiX GUALTPOB pe-
KOHCTPYKLMK. Kak y>ke Bbl10 0TMEeYeHO, MpUMeHsieMble B
HacToswee Bpemst a-Si:H/Csl:TI MAKT-geTekTopbl MMeoT
BbICOKME YACTOTHO-KOHTPACTHbIE XapaKTepUCTUKKM, Baaro-
[aps KOHYCOBUAHOMY Harpas/eHWMIO CBeTa K KaKAoMY $o-
Toamopay. bonee TonCTbin ciom Csl yaydllaeT NOroLLeHme,
HO yBe/MYMBaeT BOKOBOE pasMbiTWe, CHMXKAKOLLee KOHT-
PacTHOCTb, MO3TOMY TO/NLMHA WU pasmMep NUKCenst onTMMm-
3MpYIOTCA COBMECTHO [3, 4]. MpOCTpaHCTBEHHOE paspelle-
HVE HaMpsaMyto 3aBUCUT OT PeXmmMa CYUTLIBAHWUS OAHHbIX:
npn ob6bveanHeHUn (BUHHKHIE) NUKCeNnen, HanpaBieHHOM
Ha CHUXKeHWe LLYMa M MOBbILLEeHMe KOHTPACTHOCTM Mosyyae-
MbIX M306paXkeHMn, MPOCTPAHCTBEHHOE pa3peLleHne npo-
rPeCcCMBHO CHXKAeTcs [35]. Kak 66110 MoKasaHo B Uccneno-
BaHMAX Ha PaHTOMAax, aHrmorpadumyeckas ycrtaHoska Artis
zee (Siemens Healthineers, lfepmanuna) npu dyHKUUKM nepe-
nadun mogynaumm (modulation transfer functions, MTF) B
10% [0CTUraeT MpoOCTPaHCTBEHHOro paspelleHus B 3,0
[p/mm npy HAaTMBHOM CYMTLIBAHUK (1xX1) 1 1,5 Ip/mm npu
BUHHWHIe 2x2, YTO MPEBOCXOAUT paspeLuaroLlyto Cnocob-
HOCTb MCKT (1,2-1,4 Ip/mm B peXnmax BbICOKOro paspelue-
HMA) [1, 35]. Npy NCNONL30BaHWK BCEX MUKCenen 6e3 nx obs-
eANHEHNS pa3peLleHme MOXeT 4OoCTUraTb MOYTH 4,0 Ip/mm,
YTO COOTBETCTBYET BO3MOXHOCTM PaCNO3HABAHUS BbICOKO-
KOHTPACTHbIX AeTaner TONWMHON 130 MKM (0,13 MM) [35].
Mepexoa Ha BUHHWHE 2x2 yaBanBaeT pasmep 3bdeKTUBHOro
nuKcens ¢ 154 MKM A0 308 MKM, cHmKass MTF 10% BABOe€, HO
NOBLILLIAA KAAPOBYIO HACTOTY A0 30 KaAPOB B CEKYHAY U MU -
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HUMU3NPYS LIYM. [pU BUHHUHTE 4x4 (pa3mep 3O dEeKTUBHO-
ro NuKcens 616 MKM) paspelleHue nagaet 4o 1,0 Ip/mm, o4-
HaKOo BO3pOcCLUas CKOPOCTb CbEMKM (60 KA pOB B CEKYHAY) U
6osibllee 4MCI0 NpoeKLMIM coKpallaeT apTedakTbl ABMKe-
HWSA M yay4LlaeT KOHTPACTHOE paspeLleHne, YTo Yalle BCero
NCMONb3yeTCs NPy BU3yanmn3aLmMm OpraHoB 6poLLHOM MO0-
CTW 1 MaJIoro Tasa [35].

MpocTtpaHcTBeHHOe paspelleHue MAKT HanpsaMyto 3aBUCUT
OT Yr/1a KOHMYEeCKOro Ny4Ka v yri0Bom BbLIGOPKX — Npu oTAa-
JIEHUU OT LLeHTPasIbHOM OCK CKAHMPOBAHMS OHO CHUXKAETCs
3a cyeT «geduumnTa AaHHbIX», YTO MO CYTU, SBASeTCs GyHAA-
MeHTa/IbHOW NPO6AeMOn KOHNYECKNX PEHTIEHOBCKMX MyY-
KoB B LenioM un MAKT Ha C-ayre, B 4acTHOCTU (puc. 3). Mpun
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Puc. 3. CxemaTmnyeckas B13yanmsaums 0LHOM 13 OCHOBHbIX
NPUYNH HeLOCTAaTO4HOM BbIBOPKM AAHHbIX MPW NPOBeLEeHNN
CKAHMPOBAHMS C UCMOb30BaHWEM MUPAMUAANLHON GOPMbI
n37y4eHuns: npobaema 3ak/it4HaeTcs B CUIbHOM PacXoXAeHUM
Nly4en Npu Ux CNefoBaHUM OT PEHTIeHOBCKOM TPYBKM K MA0CKOMY
[EeTeKTOpyY; O4EBUAHO, YTO Cpe3 A, MpOXoAsLLNI Yepe3 06beKT
NCCNefoBaHMA 1 pacrnonararoLmmncs 6amxe BCero K MCTOYHUKY,
«cobupaeT» ropasfo 60nbLue «wiyder Ha BOKCeb» (M3MepseTcs Ha
OTAeNbHbIX MUKCeNsX AeTeKTopa), YemM cpe3 B, KOTOpbI HAX0AUTCS
61dKe BCEro K AeTeKTopy; Takum 06pa3om obLiee KONNYeCcTBO
«ly4en Ha BOKCeNb» IMHENMHO YMeHbLUAeTCs C yaaNeHnemM Cpe3oB
OT UCTOYHMKA M31ydHeHns (aAanTUPOBaHO M3 [51]).

3TOM BbIGOP TPAEKTOpPUM CKAHWPOBAHUSA U S4pa PEKOH-
CTPYKLUMW onpefensieT, HACKoJIbKO XOPOLLO BbICOKOYACTOT-
Hble JeTann COXpaHaKTCs BO BCeM obbeMme [37]. Moandu-
LMPOBAHHbIE a/ITOPUTMbl POTALMKN CUCTEMbI «UCTOYHUK-Ae-
TeKTop» (HanpuMep, CMHYCOMAANbHAA TPAEKTOPUS CKaHU-
POBaHMS) NMOBbLILLIAOT OAHOPOAHOCTbL BbIOOPKM M MOMOTratoT
COXPaHUTbL BbICOKYIO AeTaNM3aLMio B TPEXMEPHOM 06bEME
[38, 39] /to6ble ABMKEHMS BO BPEMS CKAHVMPOBAHUS B BUAE
[ObIXaHWS NauMeHTa, CoKpalleHuin cepaLa, nyabcaumm cocy-
[10B, ApOXaHunst C-ayru nam cTona, NporpeccMBHO CHUXKAIOT
YaCTOTHO-KOHTYPHYIO XapaKTepuUcTUKy M NpUBOASAT K pes-
KOMY YXYALUEHWIO KQYecTBa BMU3yanmsaLumm (40, 41].

BaxHom ocobeHHoCTbIO MAKT aBaseTcs To, YTO OHA He Tpe-
byeT BO BpeMs peKOHCTPYKLMM M306padkeHNn MCMONb30Ba-
HWS ANTOPUTMOB Z-UHTEPNONSALUN, HEOBXOANMOW MPU NPO-
BeAeHn MCKT, ncnosnb3sytoLLen «CnmpanbHoe» CKaHMpOoBa-
HuWe. B CBSI3W C 3TUM PEKOHCTPYMPOBAHHbLIM 06bem MAKT-
[aHHbIX SIBISETCS UCTUHHO BOMOMETPUYECKMM, TO eCTb CO-
CTOSILLMM M3 BOKCeNen npasuibHON GopMbl B BMae Ky6oB
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(BCe CTOPOHbI BOKCENS PaBHbI), @ He NMPSAMOYTObHbLIX Napai-
nenennnenos. 3TO NO3BOJIAET C OAMHAKOBO BbICOKUM pas-
pelleHMeM npocMaTpuBaTb PeKOHCTpyMpoBaHHbie [TAKT-
n3o06paxkeHns B Nt0H6OM MAOCKOCTW, B TO BpemMs Kak npo-
CTpaHcTBeHHOoe paspelleHne MCKT-4aHHbIX Npy NpOCMOT-
pe B KOPOHApHbIX M CaruTTaIbHbIX MPOEKLMAX MOXKET CyLLe-
CTBEHHO OT/INYaTLCA B XYALLUYKO CTOPOHY OT MPOCTPAHCTBEH -
HOTO pa3speLueHmns Ha aKCUaJIbHbIX «Cpe3ax» [3, 4, 37, 40].

3. KOHTpacTHOe pa3peLueHune

KoHTpacTHoe paspeweHune (low-contrast detectability,
LCD) onpegensetr MUHUMANbHYO Pa3HULY PEeHTreHOBCKOM
NAOTHOCTN (M3MepsieMOr B eauHuuax XayHcounga, HU)
npw U3BECTHOM pa3mMepe 06beKTa, KOTOPYK c1McTema Cno-
CcobHa HaAEXHO pasNNYUTL HA OAHOM M TOM XKe YPOBHE LUy -
Ma. Mpun 3TOM 4em MeHbLLe 06beKT, TeM 60/blias pa3HOCTb
KOHTPacTMpOBaHMS Heobxoamma Aas ero obHapyxeHus. B
npakTuyeckon paboTe 3TO 03HaYaeT BO3MOXHOCTb U He-
BO3MOXHOCTb BM3yanm3aunm «CBEXMX» KPOBOU3IUSHUN B
napeHxMme ron0BHOr0 MO3ra, MesiKUX TMMOoBaCKY/ISAPHBLIX
MeTacTasoB B NeYeHU UK 30H abAauum B MoyKe nocne npo-
BeeHUS JI0KaNbHOW TepMOAeCTPYKLUMU. KOHTpacTHOe pas-
peweHune NAKT orpaHMyMBaeTCs raBHbIM 06pa3oM BbICO-
KMM KBAHTOBbLIM LUYMOM W paccesiHMemM PeHTreHOBCKOro
M3/1y4eHUs, KOTopble 0CnabnstoT HU3KOYACTOTHBLIN KOHT-
pacT 1 NpUBOAAT K apTedakTam B BUAE «Kynoaan 1 «noaocy.
371K apTedaKkTbl PEKOHCTPYKLMM XapaKTepHbl TAKXKe 1 A8
MCKT, NCnonb3yowen nyyYkn Kak BeepHOM, Tak U NMpamm-
AansHon Gopmbl, HO Npu MAKT OHW BbIpaXKeHbl 3HAYNTESTb-
HO CUJIbHee 13-3a H0/bLUEro yraa peHTreHOBCKOro 13syye-
HMSA M WKpOKoro nonst o63opa. B 1o Bpemsa kak MCKT cka-
Hepbl (256- 1 320-CPe30Bble) C YCEXOM MCMOJb3YIOT aHTW-
paccemBaroLLe peleTkn Mexay oTaebHbIMU psaaamMmn fe-
TEKTOPOB, YTO B 3HAYMTENLHOW CTeneHu pellaet npobaemy
KBAHTOBOIO LIYMa, aHTU-paccemBarolme pelleTku Aas
MAKT paneku OT COBEpPLUEHCTBA W 3HAYUTE/IbHO YBEINYN-
BalOT 403y 06/1y4eHua [3, 4, 35-37]. B CBSA3M C 3TUM COOTHO-
LIeHMe pacCcestHHOro MU3/y4eHns K NepBUYHOMY Ha NoBepx-
HOCTM MJIOCKMX AETeKTOpOB MOXEeT COCTaB/ATb 3,0 ANA
MNAKT no cpaBHEHMIO MPUMEPHO € 0,2 A1 MCKT, 4To 1 06b-
ACHsIeT H60M1bLUYIO YaCTb Pa3NYMA B KOHTPACTHOCTU 1306-
paXKeHuK, HabagaeMbIx Mexay AByMS MeTodaMu Busya-
n3aumn [3, 4, 35-37]. PaccesiHHasa paguaums, bonee HM3Kas
KBaHTOBas 3PHEKTUBHOCTL M BONee HU3KUK AMHAMUYe-
CKM AMAaNa3oH NI0CKMX AeTeKTopoB m3 Csl SsBagioTCs npu-
YMHOW TOrO, YTO KOHTPACTHOe pa3pelwenune MAKT Ha paH-
HWX 3Tanax pa3BUTUSE TEXHOIOTMK (NPU CONOCTaBUMOW NN
faxe 6onee HM3KOWM Sly4eBOM HArpyske) NOYTK B ABa pasa
yCTynano KOHTpacTHoMy paspewleHnio MCKT: pasHuua 3a-
TyxaHus coctasmna 5 HU/5 mm npotme 3 HU/5 MM, cooTBeT-
CTBEHHO [3, 4, 35-37]. 2TK ocobeHHocTM MAKT He BAMAIOT Ha
KayeCTBO BM3yasnM3auMm BbICOKOKOHTPACTHBLIX CTPYKTYP
(apTepuu, cogepskallime KOHTPACTHbIM nNpenapart, Tpabeky-
NSIpHble CTPYKTYPbl KOCTEN U T.4.), HO UX HEOBXOAMMO y4u-
TbIBaTb NpY pa3paboTke peXXMMOB KOHTPACTUPOBAHUS MSIT-
KUX TKAHeN 1 MapeHXUMaTo3HbIX OPraHoB.

[LONONHNTENbHO MOBbLICUTbL KOHTPACTHOE paspeLleHne Msr-
KUX TKAHeW nyTem yay4LleHns COOTHOLIEHWS KOHTPACT/LLyM
(contrast noise ratio, CNR) BO3MOXHO nyTemM yBe/IN4eHUS
3KCNO3MLMN PEHTFEeHOBCKOrO W3ydYeHWUsl, MpUBOAALLEN K
YBEINYEHMIO A03bl, YTO B HACTOSILLEE BPEMS CHUTALTCS He-
LenecoobpasHbiM [42-45]. bonee nepcnekTVBHLIM BapUaH-
TOM MNpeAcTaBaseTcss UCNoNb30BaHWe O/ PEKOHCTPYKLUNK
N306paXKeHM HOBbLIX MAaTeMATMYeCKMX aITOPUTMOB Ha OC-
HOBe WCKYCCTBEHHOro MHTennekta (M) n rnybokoro ma-
LWMHHOIO 0ByYyeHus, KOTOpble yXKe CerofHs Mo3BO/SIOT B
3HAYUTENLHO CTeMneHW HUBENMPOBATb PasHULY Mexay
KOHTpacTHbIM paspetwleHuem MAKT n MCKT npu conocra-
BMMOM f03e 06/1y4eHus. B HacTosLwee Bpems MAKT B pexxu-
Me «abJ0oMUHaNbHOro» BUHHUHIA 4%4 MO3BOJISIET CO 100%
BEPOSATHOCTLIO OBHApY>XKMBaTb 06PA30BAHNS AMAMETPOM 5
MM C pa3HULLEen KOHTPACTMPOBaHMs B 10 HU 1 AamMeTpomM 10
MM C pasHuLeN KOHTpPacTMpoBaHua B 5 HU, To eCTb gocTa-
TOYHO MeJIKMe CTPYKTYpbl AMAMETPOM 10 MM BCEro Ha 0,5%
OT/IMYAIOLLMECS NO CBOEM KOHTPACTHOCTM OT GOHa [3, 4, 35-
37]. OAHAKO NpUHUMAManbHOE yy4ylleHe KOHTPACTHOM BU-
3yanusaumm MAKT B 6yayuiem, 601bLINHCTBO UCCIe0BaTe-
Nnein CBs3bIBAET C CO34aHMEM NIOCKMX NaHenen HoOBOro no-
KOMIeHWNS,, OCHOBaHHbIX Ha ABYX3HEpreTm4yeCckoM MpuHLMMe
CKAHVWPOBaHUSI WX MPSAMOM (GOTOHHOM CYUTLIBAHUW, HYTO
ByaeT pacCMOTPEHO HMXKE.

4. BpemeHHoOe pa3pelueHue

BpemeHHoe paspelueHmne MAKT oTpa)kaeT, HACKO/IbKO XOpO-
O CUCTeMA «3aMOPAXMBAET» aHATOMMUYECKME CTPYKTYpbI
BO BPeMS pOTaLMOHHOIO CKaHMPOBaHMs. OHO onpepenseT-
CS BPeMeHeM 3KCMO3ULMM Ha NpoeKkumio (LWMPUHOM NUM-
nynbca), YacTOTOM M KOJIMYECTBOM MPOEKLUUI, a TakKe 06-
WM BpeMEHeM BpalleHUs TFeHTpu. DTWU napameTpbl
OorpaHuyeHbl MexaHukon C-ayru, CBOMCTBAMUM AeTeKTopa,
COOTHOLUEHNEM [03bl M KBAHTOBOrO LWyMa M YUC/IOM He-
06X0ANMbIX AN19 PEKOHCTPYKLMKM NpoeKkLmMiA. bonee BbicOKas
4acToTa MMMYAbCOB M MPOEKUMA YMEHbLUAET Pa3MbITOCTb
M306paXKeHUn NpU OBUXKEHWW, HO YBEMYMBAET YPOBEHb
LIYyMa, MO3TOMY COBPEMEHHbIE MPOTOKO/Ibl CKAHWPOBAHMS
obecneynBatoT 6anaHC Mexay BbICOKMM BPEMEHHbIM pas-
pelueHnemM C OAHOW CTOPOHbI U Ka4eCTBOM M306paxkeHuns n
L0301 C Apyrown [3, 37, 42]. OCHOBHbIM YCOBMEM MOYHEHUS
KavectBeHHon TMAKT-BM3yanmsaumm saBnsieTcs obecnede-
HWe MaKCUMaNbHO BO3MOXHOW HEMOABMXKHOCTU CKAHWUpYe-
MbIX CTPYKTYP, MO3TOMY ASIUTENbHOCTb CKAHUPOBAHUS MMe-
eT KPUTUYECKM-BAXKHOE 3HAYeHMe: 3aA4epXKKa AblIXxaHMs na-
LMEHTOM B TeYeHMe 3 C MepeHOCUTCS 3HAYMTENbHO ferye,
Yyem 3aJepKKa AbIXxaHWsl B Te4eHue 20 C. BpeMeHHoe paspe-
LEeHWe WUrpaeT KJIKYEBYK pOJib MpU CKAHUMPOBAHUM MO-
[ABUXKHbIX OPraHOB, TAKMX KaK Nerkmue Uam neveHb, Tak Kak
HEKOHTPOJIPpYEMOe AbIXaHWe NaLMeHTa SBASETCS KpUTHYe-
CKUM PaKTOPOM, YXYALLAIOLWMM Ka4ecTBO BM3yanm3aumm 3a
CYeT NOoSIBIEHUS pa3MbITOCTU 1 Nonoc (puc. 4). CepaeyHble
[ABWKEHNSI BO BPEMS CKAHMPOBAHMS TaKXKe CHUXKAKT BM3ya-
NN3aLMI0 HU3KOKOHTPACTHBIX AeTaslel U UMEHHO 3TUM 06b-
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banaxHuH MN.B., Tapasos I.T., TiopuH W.E., Kanpasnos A.B., KypHocos N.A.

Puc. 4 (a-6) . Mpumep, AEMOHCTPUPYIOLLMI BbIPAXKEHHbIE
apTedakTbl ABVKEHWS, CBA3AHHbIE C AbIXaHWeM Npyv NpoBeAeHu
MAKT y naymeHTa Cc Nogo3peHnemM Ha MeTacTasbl
KONOPEKTaNbHOro paka B nedveHu: a. NMAKT B kanunngpHyo dasy
apTepuorenartmkorpadum (BBefieHme 40 MJ1 KOHTPACTHOrO
npenapara B 06LLyt0 NeYeHOHHYIO apTepmIO CO CKOPOCTbLIO 2 M/1/C
1 Ha4aNo CKaHMPOBAHMS Ha 22 C B pexxnme 6sDCTBody (Siemens
Healthineers, fepMaHm4)) BbINO/HEHO Ha PpOHe HerlyboKoro BAoxa
— BU3Ya/I3NPYIOTCA MHOXECTBEHHble apTedaKTbl ABUXXEHNS B
BU/E NOJI0C M pa3MbITOCTV KOHTYPOB, MeTacTasbl B NeYeHu
OTYeTIMBO He onpeaensaTcs; 6. noBTopHoe MAKT-cKaHMpOoBaHMe
BbIMO/IHEHO B TOM K€ peXXnme Yepes Tpy MUHYTbI NOC/Ie NepBoro ¢
MOJIHOW 33[,ep>KKOM AbIXaHWS NaumMeHToM (Mocsie MpOBeAeHNs ero
[ONONHNTENLHOrO 06yYeHms) — B nogamadparmanbHbIx oTAenax
neYyeHn OTHETINBO BU3ya/IU3MPYETCS MeTacTas Ko10peKTaibHOro
paka AMamMeTpoM 9 MM C XapaKTepHbIM NepUTyMOpasibHbIM
KOHTpacTMpoBaHneMm no nepudepun; aptedakTbl ABUKEHNS B
30He MHTepeca OTCYTCTBYIOT, O[JHAKO COXPaHAOTCS apTedaKTbl
[ABWKEHWS, CBA3AHHbIE C NyAbcaumen aopTbl (B BUAE PAa3MbITOCTH
KOHTYPOB aHrnorpapu4eckoro Katetepa).

SACHSETCS XyALLAs BbISBASEMOCTb OMyXONen neyeHu, noka-
JIN3YIOLLMXCS BO 2 U 3 CErMeHTax NnevyeHun, TeCHO npunexa-
LLMX K cepauy. HeobxoAnMmMo OTMEeTUTD, YTO BCe MPON3BOAN -
Te/IN HernpepbIBHO CHUXKAKOT A/INTENbHOCTL BpemeHun MAKT-
poTaumK, 3a CYET Y/YYLIEHMS KOHTPACTHOrO paspelleHus
[eTeKTopoB, ONTUMM3ALMN AJITOPUTMOB CKAHMPOBAHMS U
PEeKOHCTPYKLMK, a TaKXKe paCLUMPeHns KaHa/oB nepeaaym
[JAHHbIX M CKOPOCTU BblYMCNEHUI. TaK, eC/I1 B NepBOM MoAe-
v aHrmnorpada Artis zee (Siemens Healthineers, lrepmanus)
CKAHMPOBaHWe rofI0BHOMO MO3ra 3aHMMasno 20 ¢, C NoJy4e-
HMEM 500 MPOEKLMOHHbIX M30HPaXKeHUN, TO y>Ke B HOBOW
cmucteme ARTIS icono (Siemens Healthineers, lfepmanms) sto
BpeMsi COKpaLLeHo A0 8 C C COXpPaHEeHMeM TOro e KoJinye-
CTBa M300paXKEHMI N YAyYLLIEHHbIM Ka4eCTBOM BM3yasim3a-
LMW MHTPAKPAHNANbHbLIX CTPYKTYP. CyLLeCTBEHHbIN BKNAZ B
YXYALIeHWe KayecTBa BM3yanm3aLumm MOXeT BHOCUTb TakxKe
nynbcaums aptepumn (puc. 5). Tak Kak ocywectensaTb MAKT-
CKAHWPOBaHMe C CyBCeKyHOAHOW CKOPOCTbK MPaKTUYeCKM
HEBO3MOXHO, A5t YCTPaHEeHNst NOA06HbIX apTedakToB ABK-
XKEHUS B HaCTOALLLEee BpeMs WUCMOJb3yioTCa LOMNONHUTE Tb-
Hble aNrOpUTMbl PEKOHCTPYKLMKM, MOAYYMBLUME HA3BaHMe
ANrOpUTMOB «KOPPEKLMM OBUXKEHUS HA OCHOBE MOAenu»
[46]. AnbTepHaTMBOM B ByayLLEM MOXET CTaTb MCMO/b30Ba-
Hue 4D-BuHHWHra (Hanpumep, pecnvpatopHou @asbl),
YAYYLLIAKOLLEro BPEMEHHYIO TOYHOCTb 3a CYET PeKOHCTPYK-
LMY NOAMHOXECTBA NPOeKLMI, NoNy4aeMbix 6e3 3a4epXKKn
VAN YaCTUYHOW 3a4epXKKM AblXaHUSA MauMeHTa, Y4To byaeT
06CyXKAEeHO HMXKe.

BTOPbIM BaXKHbIM BPEMEHHbLIM NapaMeTpoM SIBASIETCS CKO-
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Puc. 5. MprMep, AeMOHCTPUPYIOLLMIA apTedaKTbl ABMKEH NS,
CBSI3aHHbIe C Ny/bcalmen apTepun n cepauebrenvem npu
nposefeHnn MNAKT y nauneHTa C renatoLe/UItoASapHbIM PaKOM:
HabtoAATCA BbIpaXXeHHble apTedakTbl ABUXKEHMS B BUAE NON0C
1 pa3MbITOCTN KOHTYPOB JIEBOW MNEYEHOYHOW apTepumn, CBSI3aHHbIe
KaK nynbcaumen camomn apTepun, Tak 1 C ABUKEHUSIMU IEBOM
[ONV NeYveHn, 06yCNIOBNEHHbIMIW COKPALLEHUAMM CEPALA,;
BM3yanmsaums NpaBov Ne4eHOYHOM apTepumn He M3MeHeHa.

POCTb PEKOHCTPYKLMM M306paxkKeHMin, KOTOpasi B OT/INYME OT
ONArHOCTUYECKMX MCCNedOBaHUM He A0/KHA MpeBbIwaTb
HeCKOIbKUX CekyHA. POCT Nnpon3BOAUTENIbHOCTU KOMMbIOTE-
pOB y>Xe CerogHs CyLeCcTBEHHO COKpaTW/l BpemMs peKOH-
CTPYKLWK, OA4HAKO HEOHXOAMMO MOHUMATbL, YTO 3TO BpeMs
ABJISE€TCSA KOMMPOMUCCOM MeXAY COBPEMEHHbIMU BO3MOXK-
HOCTSIMW BbIYUCINTENbHBIX aITOPUTMOB (B TOM YMC/e airo-
PUTMOB KOppeKkuun apTedakToB), MPOU3BOLCTBEHHOM
MOLLHOCTbIO KOMMbIOTEPOB, UX LLEHOW U pellaemMbIiMy K-
HUYyeCckKMMK 3agavamMmun. VIHbIMM C/1oBaMK, UCMNOJIb30BaHMe
CNOXHbIX MaTeMATUYECKMX aNrOPUTMOB CMOCOBHO yxKe ce-
roAHa Ha nopsgoK MOBbICUTb Ka4yeCTBO PEKOHCTPYKLUM
MAKT-1306paXkeHnI, 04HAKO MOAO6HbLIE BbIYMCIEHMS NOKA
elle TpebyoT MHOMMX 4acoB paboTbl 3/IEKTPOHHO-BbIYUC/IN-
TeNbHbIX MawWwWH (3BM), 4TO HenpuemieMo BO BpeMsi Mpo-
BeleHNs WHTEepBEHLMOHHO-paAMOo/IorMyeckux BMella-
TesNbCTB.

5. Mopsapok npoeepeHuns MNAKT-ckaHUpoBaHUs

Ha Bcex aHrmorpadpuyeckmx KoMnaekcax naoCkum geTekTop
3akpenneH Ha C-ayre 1 pacnonoXeH HaNpOTUB PeHTreHoB-
CKOW TpYybKMW, ABNSIOLLENCS WUCTOYHUKOM PEHTTeHOBCKOro
n3nyyveHus (puc. 6). Takast KOHCTPYKLMUS, B OTINYME OT reHT-
py MCKT, He orpaHuyuBaeT JOCTYN K NauMeHTy npu npose-
OEeHUN 3HO0BACKYISIPHbIX, YPECKOXHbIX, BHYTPUMPOCBETHbIX
N KOMBVHMPOBAHHbLIX PEHTFEHOXMPYPrn4yeckmx Bmella-
TeNbCTB KaK CO CTOPOHbI XMPYPra, TaK M CO CTOPOHbLI aHecTe-
3nonornyeckon bpuragbi.
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Puc. 6. CoBpeMEHHbLIN Hano/IbHbIM aHrMorpaduyeckmin KOMNaeKc
Artis Zee Floor (Siemens Healthineers, fepmManus), yCTAHOBNEHHbIN
B peHTreHonepaumoHHon OPXMAn/1 ®IBY «HMUL, oHkonorum
M. H.H. MeTposa» M3 P®. AHrnorpadunyeckmin KOMnaekc
OCHalLLeH NJoCK1UM feTektopoM as40HDR pasmepamu 40X30 CM,
4YTO AaeT BO3MOXHOCTb BbINONHATL ABYxdasHyto MAKT
HernocpeaCcTBEHHO BO BPeMSi PEHTIEHOXMPYPrnyeckmx
BMeLLATEeNIbCTB C NPUMEHEHNEM KaK BHYTPMapTepnanbHOro, Tak 1
BHYTPMBEHHOIO KOHTPACTUPOBaHMs. NporpamMmmMHbIn nakeT iGuide
Needle Guidance (Siemens Healthineers, lfepmaHus) 1 nasepHas
NoACBETKA NO3BOJISKOT UCMONb30BATL TPEXMEPHYHO YPECKOXKHYIO
HaBMIaLMIO B peXXMMe peasibHoro BpeMeHW Npy NpoBeAeHnn
YPECKOXKHOW BMONCUM, HPECKOXXHOM 3HepreTnyeckon abaaumnm,
YPECKOXHOrO APEHMPOBAHUS N APYTUX YPECKOXKHbIX
BMeLLaTeNbCTB. MporpaMmHbIn nakeT Embolisation Guidance
(Siemens Healthineers, lfepmaHuns) No3BoOASET UCNOJIb30BATb
TPEXMEPHYH BHYTPUCOCYAMCTYIO HABMIALLMIO B peXMMe
peasbHOro BpeMeHu Npu NpoBeAeHNIN CynepcenekTUBHOM
KaTeTepmsaumnm 1 3mM60AM3aLMN/XMMMO3IMO0M3aLMM apTepun,
MUTAKOLLMX OMYXO/IM MEYEHWN 1 ONYXOAW APYrnX NoKanM3aumnn, a
TaKXe A5 aBTOMATMYECKOro NONCKA apTEPUIA, SBNISIOLLUXCS
WNCTOYHNKOM KpoBOTeYeHums. MporpaMmMHbIn nakeTt 3D/3D Fusion
(Siemens Healthineers, lepmaHnsa) N03BOASET BbINOAHATb CIUSHWE
3D-MaccnBOB AaHHbIX, MOMYYEHHbIX MOCPEACTBOM BbINOHEHWS
NAKT kak ¢ 3D-maccmamm apyrmux MAKT-nccnefoBaHmm
(BbINMOMIHEHHbIX HA Pa3HbIX 3Tanax BMeLlaTebCTBa, Hanpumep, 40
1 nocsie NpoBeAeHns MUKPOBOHOBOM abndumm), Tak u ¢ 3D-
MaccmMBaMm NOB6bLIX APYrMX MOAANIbHOCTEN ly4eBOV
BM3yanmsauum, B Tom yucie MPT, MCKT, M3T-KT v ap.

MNAKT-ckaHnMpoBaHMe ocyLLecTBAsSeTCs nyTem nosopoTa C-
[yrv BOKpYr Tena naumeHTa Ha 1800 + Yrosl PeHTreHOBCKOro
ny4ka (06bIYHO COCTABASIOLLEINr0 200) CO CKOPOCTbLIO peHTre-
HOBCKOM CbeMKM OT 7,5 10 60 KafpOB B CEKYH/Y, YTO MO3BO-
NseT noayyaTb A0 500 2D-MpOEKUMOHHbLIX M306paxeHnn,
MNCNONb3yeMbIX A5t MOCNefYIOLLeN PEKOHCTPYKLMN AAHHDBIX.
Bpems ckaHupoBaHua (nosopoTta C-Ayrn) MOXeT npo-
MN3BOJIbHO MEHSITLCS OT 3 40 20 C, YTO BAMUSIET HA YNC/IO NO-
NIYYEHHbIX MPOEKUMOHHbLIX 2D-1306paXKeHnin 1, COOTBeT-
CTBEHHO, Ha KOHTPACTHOe M MPOCTPAHCTBEHHOe paspelue-
HWe PEKOHCTPYMPYEMbIX AaHHbIX. OT ANUTENbHOCTU CKAHN-
pPOBaHMS W 4YUCA MPOEKUMM TaKXKe HanpsMyko 3aBUCUT
Ny4eBas Harpyska v BbIpadkeHHOCTb apTedaKToB ABUXKEHMS,
no3TOMy Bcerga cieflyeT UckaTb KOMMPOMUCC Mexay A0-
CTaTOYHLIM KOHTPACTHbIM, ONTUMANbHbIM MPOCTPAHCTBEH-
HbIM 1 MUHUManbHLIM BPEMEHHbIM pa3peLleHmeM, a Takxke
L0301 M3/1Iy4eHus), Noy4aeMom NaLnNeHTOM.

Hy>XHO MOMHUTbL O TOM, YTO MasienLLee ABMXKEHNE UIU [bl-
XaHwe nauyMeHTa BO BpeMsi CKaHMpoBaHus (nosopoTta C-ay-
M) MPUBOAMUT K KAaTaCTPODMUYECKOMY YXYALLUEHNIO KayecTBa
PEeKOHCTPYMpYyEMbIX M306padkeHnin (pUC. 4). B CBA3M € 3TUM
naumeHTam, HaxoasaLWMMCS B CO3HAHUN HYXHO OBBACHATb
BKHOCTb COBMOAEHMS HEMOABMIKHOCTU U 3a4,€PXKKU [bIXa-
HUS B MOMEHT cbopa AaHHbIX. [MaumeHTam, Haxoaswmmes
Ha VIBJ1, HEO6XOAMMO OCTaHABAMBATL AbIXaHME C UCKJIKoYe-
HMeM BO3MOXHOCTUM ero CMOHTAHHOIO BO30BHOBNEHMS.

Mpw nposeaeHuu MAKT makcumanbHoe none o63opa (field
of view, FOV) HanpsiMyto 3aBUCUT OT Pa3MepoB MAOCKOrO
[leTeKTopa, COCTaBAAS 25X25X18 CM A1 AeTEeKTOPOB pa3me-
pamMu 40X30 CM U 25X25X25 CM AJ19 AeTeKTOpOoB pa3mepamu
41X41 CM. OTO He0H6X0AMMO MMeTb B BUAY M pacnonaraTb na-
LUMEeHTa Ha ONepaLMoHHOM CTOJie TakMMm 06pasom, 4TobbI
30Ha MHTepeca Bceraa Haxoamnach B LeHTpe FOV, To ecTb B
LeHTpe BpalleHns C-ayru. Npun 3TOM CKaHMPOBaHWe rooB-
HOrO MO3ra Wau NpeacTaTenbHOM Xenesbl He NpeacTaBaseT
TPpYyAHOCTEN, OAHAKO ANS UCCIef0BAHNS OPraHoB, CMeLLeH-
HbIX BMPaBO WM BAEBO (HanpumMep, NeveHn nam ceneseHku),
TpebyeTcs onpefeneHHbIV HaBbIK MPaBU/ILHOMO pasmellie-
HUS NaumeHTa Ha aHrnorpadmyeckom ctone. KOHTpoab no-
3MLMOHNPOBAHMS OCYLLLECTBSETCS MNMyTemM TeCTOBOro Bpa-
weHns C-ayrv nepej, HavanoM CKaHMPOBaHWA C BMU3yann3a-
LMen LeneBoro opraHa B peHTreHOCKOMMYeckoM pexxmnme B
npsiMmon 1 60KoBOM Npoekumax (puc. 7 A, b). TeCTOBbLIV NpO-
FOH HeoHX0AMM TaKXKe A1 UCKTIOYEHUS CTONKHOBeHNs C-
Ayrn C TesIoM NauMeHTa, OnepauyOHHbIM CTOAOM W/Uan
OoKpy>atoLLien annapaTypon. KpaTkoBpeMeHHoe BK/toYeHme
peHTreHockonun nepep 3anyckom MAKT (puc. 7 B) Heobxo-
ANMO AN MHUUMANM3ALMK aBTOMATUYECKOro KOHTPO/S
3KCNO3MLMN, KOTOPbI NOAAEPXKMNBAET GUKCUMPOBAHHOE Ha-
npskKeHne Ha Ny4yeBou TpybKe, MOAYANPYS TONbKO CUY TO-
Ka BO BpeMs NpoBeAeHus ckaHupoBaHus (puc. 7 ). MocTto-

Puc. 7 (a-r) . OTanbl NOArOTOBKM annapaTypbl K NPOBeAeHNIO
MNAKT-ckaHMpoBaHMA (06bACHEHNS B TEKCTE).
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SIHHOE HanpsikeHWe HeobxoAMMO AAs MpefoTBpaLLeHUs
NO6bLIX KONebaHMM SHeprun ay4a, KOTOpble NPUBOAST K
NPOTMBOPEYMBBLIM [AHHLIM OLEHKM 3aTyXaHWs 1 UCKaxKe-
HUSIM n306paxkeHns [3, 37]. Mpy CKaHMPOBAHWW OPraHoOB
HPIOLLHON NMOIOCTM pyKM NaLMeHTa HeobxoAmMMo pacnona-
raTb 3a FO0BOW A/ CHUXKEHMS JTy4eBOM HArpy3ku, yMeHb-
LUEHMS YPOBHS PacCesHHOW paamaLmy 1 yaydLLeHUS KOHT-
pacTHOro paspeLleHms noayvaemMbix M30bpaxxeHunm (puc. 8).

Puc. 8. MNpaBusibHOe N KOMBOPTHOE PacnosioXKeHWe naLmeHTa Ha
aHrnorpadu4eckoM CTone, a Takxe nposeeHue NHCTPYKTaxa no
3a1ep>KKe [AbIXaHUs SABASIOTCA BaXKHbIMW 3Tanamm NoAroToBKM K
NpoBeAeHUIO MHTEPBEHLIMOHHO-PAANON0rMHECKNX BMeLlaTeNbCT
C ncnonb3oBaHnem MAKT-TexHonornn (06 bSCHEHUS B TEKCTE).

6. PEKOHCTPYKLUS U306paXKeHU

ANTOpUTMbI PEKOHCTPYKUMIA TTAKT-13006paXkeHnn nctopm-
Yecku passBMBaNMCL MO ABYM Mapasn/iefibHbiM Hanpasne-
HUSM — aHAUTUYeCKoW peKkoHCTpyKkumn (filter-back-pro-
jection, FBP) 1 nTepaTMBHOM peKOHCTPyKuUuMK (iterative re-
construction, IR). OgHako cieayeT OTMETUTD, YTO B MOCNeL -
HWe rofbl K HUM 06aBUACA M TaK HA3bIBAEMbIN «TMOPUAHDBIN
MeTOA C ry6OKNUM MALLMHHbLIM 0By4YeHnem» [3, 4, 37, 40]. Oc-
HOBOW PEKOHCTPYKLNN M306padKeHMI, NOAYHAEMbIX C TOMO-
wbto MAKT TpaAMLMOHHO ABNSETCA MAaTEMATUYECKNIA anro-
putMm ®enbakamna-Aisuca-Kpecca (PAK), peannsoBaHHbLIN
B Buae GopMynbl CBEPTKM M 0HpaTHOro MpoeLmMpOoBaHUS
MHOXeCTBa [BYXMEPHbIX MPOeKuMr AAS NPSIMON PeKOH-
CTPYKLMU TPEXMEPHOM QYHKLIMM MAOTHOCTU, MO3BONSIOLLMMN
nosy4aTb TpexmMepHble n3o06paxkeHnst 601bWOoro obvema u
XOpOLLUEero KayecTsa C UCMOb30BAHNEM LUMPOKOrO peHTre-
HOBCKOTrO Jly4a nupamuaanbHor GOopMbl 38 OAMH MOBOPOT
CKAHWPYIOLLEN CUCTEMbI, COCTOSILLLEN M3 OAHOIO MCTOYHMKA
N3Iy4eHNst M OLHOMO MJIOCKOro AeTtekTopa [2]. YcoBepLueH-
CTBOBAHHLIM MeTog, 06paTHOM npoekunn C GunbTpaumen
NAKT-n306paxkeHnn B HACTOsILLLee BpeMsl 3aKk/4aeTcs B
npeaBapuTensHon norapnbmmyeckon obpabotke 2D-npo-
eKuMM C KoppeKkLunen HefoCTaTKOB AeTeKTOopPa, MNOBbILEeHN-
€M KECTKOCTM MyYKa N KOMMeHcaLen paccesHns, a Takke B
NCNO/Ib30BaHMM PUALTPA BEPXHUX YACTOT U B3BELUMBAHUMU
KOPOTKMX CKAaHMPOBaHMI C MOC/eaAyHoLLEeN TPEXMEPHOM 06-
paTHOM NpoeKkLMen Ha AeKapTOBOM CUCTEME KOOPAMHAT [3,
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4, 37, 40]. DTOT aNrOPUTM NIEXXUT B OCHOBE NMOAAB/SIOLLErO
b6onbwmHcTBa MAKT-nccnenoBaHmin, MOCKOAbKY OH BbICTp 1
HaAéXeH AN NOMHOCTLIO ANCKPETU3MPOBAHHbLIX KPYrOBbIX
Pa3BEPTOK, MOYyHAEMbIX MPU NCMOJIb30BAHMM KPYTrOBbLIX OP-
B6UT CKAaHMPOBAHMS.

B TO >ke BpeMs A9 yMeHbLUEHWS HeJOCTaTKOB PeHTreHOB-
CKMX MY4KOB NMpamMmpaansHom GopMbl B NociefHne rofbl
6b1IM NpeaIodKeHbl Tak Ha3blBaeMble HEKPYTrOBble TpaekTo-
PVW CKAHNMPOBAHMS, B YACTHOCTU peasiM30BaHHast KOMMNaHW-
en Siemens Healthineers (fepmaHms) TeXHONOMMSt CKAHUPO-
BaHMSA MO CUHyCcOMAanbLHOM TpaekTopum (Sine Spin), yay4-
LuaroLLLas oxBaT 3D-4acToT M yMeHbLuatoLas apTedakThbl, Xa-
paKkTepHble A5 KPyroBow opbuTbl BpaweHus C-gyrun. B
[AHHOM Cay4ae Ans noayyYeHust n3obpaxkeHun Heobxoanm
MOAMPUUMPOBaHHBLIM anroputM ®K ¢ mcnonb3oBaHMeM
PEKOHCTPYKLMM C yH4ETOM BbIOOPKM, NP KOTOPOM NMPOEKTU -
pOBaHMe TpaekTOpMM 1 B3BELLMBAHNE ONTUMMU3UPYIOTCS CO-
BMECTHO C NPOBeAEHNEM PEKOHCTPYKLNN [38, 39, 47].

[ns nosblweHnst 3GGEKTUBHOCTU A03bl U KOHTPOAS apTe-
$akToB B MoC/aeAHMe roabl bbinn BHeApeHbl TakxKe ntepa-
LMOHHbIE WU perynspm3oBaHHbIE METOAbl MaTeMaTU4eCKOM
06paboTKM NosTyHaeMbIX MACCMBOB AAHHLIX. Perynapusaums
C UCMONb30BaHMEM LWTpapHOro npasgonofobus n TV-no-
[0BHOro MeToAa NOAABASET LWYM U MOOChI B PA3peXKeHHbIX
M HU3KOCKOPOCTHbIX MPOTOKOaX, 06ecneynsas nyydLlyo oc-
HOBY A1 KOMMYeCTBEHHbIX 33[ay, TakMx Kak napeHxmma-
TO3HOEe KOHTPaCTUPOBaHME N KapTUpoBaHue nepepysnm (Ha-
npuMep, «BUPTYaNbHOM NApeHXMMATO3HOM nepdy3nm») [48,
49]. JlononHUTeNbHOe LWYMOMNOAAB/IEHME HA OCHOBE ry60-
KOro MalUMHHOro 0byyeHns BCe Yalle coyeTaeTcs C utepa-
TUBHbIMM  KOHBeMepamu,  yay4ywas  COOTHOLWeHue
curHan/wym npm 6onee HM3KoM fo3e [50].

Ha nepBbix aHrMorpaduyeckmx yCTaHOBKAX, OCHALLEHHbIX
MNAKT, peKOHCTPYKLMS M306padKeHNIN 3aHMMANA HECKOJTbKO
MUWHYT, 3 B HACTOSsILLLee BpeMS OCYLLLEeCTBASETCS NOYTU MIHO-
BEHHO. PEKOHCTPYMPOBaHHbIe N306paXkeHNs B BUAE Pe3y/ib-
TUpytoLLLero Habopa BoKcener MoryT 6biTb BM3yamn3MpoBa-
Hbl 160 B BMAE KPOCCEKLMOHHBIX Cpe3oB, Mbo B Buae 3D-
N306paXKEHN C NPUMEHeHMEM /HoBbIX MPOCMOTPOBLIX pe-
XKMMOB UCMOMb3YEMBIX B KIMHUYECKOW peHTreHonornm (MIP,
MPR, MinIP, VRT, SSD, BupTyanbHasa 3HAOCKONNS, 0630pHas
peHTreHorpadus, poTauMoHHas peHTreHorpadus, peHTtre-
HOBCKas Tomorpadmsa u T.4.), Kak HenmocpeACTBEHHO B PEHT-
reHonepaLMoHHOW, TaK 1N Ha OTAe/bHOM paboyen CTaHUMM
aHrnorpadmyeckon yctaHoBKkuM (puc. 9 A). Kpome TOro, € uc-
NoMb30BaHNEM MPOrpaMMHbLIX MAKeTOB A/151 YUPECKOXHOW U
BHYTPUCOCYAMCTON CTEpPeoTakCU4eCckom HaBUraumm, 4acTb
PEKOHCTPYMPOBAHHOW MHPOPMALIMM MOXET BbITh NnepegaHa
B CTepeoTakcMyeckoe MPOCTPAHCTBO aHrmorpadmuyeckon
yCTaHoBKM (puc. 9 b. B). Mpu 3ToM oHa byaeT oTobpaXkaTbest
Ha PEHTreHOCKOMMYECKMX MOHUTOPaX peHTreHomepaunoH-
HOW B peXmnmMe peanbHOro BpeMeHU, HAKNaAbIBasICh HA «KM-
BOe» PeHTreHOCKOMnyeckoe n3obpaxeHue (pexknm [omnos-
HEHHOW PEeHTreHOCKOMUM), YTO ABASETCS OYeHb MOEe3HbIM
npv NPOBeAEHUU MHOTUX YPECKOXKHbIX, IHA0BACKYSPHLIX U
BHYTPUMNPOCBETHLIX  PEHTrEHOXUPYPrUyeckmMx BMmeLla-
TeNbCTB, YTO ByaeT 06Cy>KaAeHO HMKe (puc. 9 ).
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Puc. 9 (a-r) . OTanbl peKOHCTPYKLMM 1 UCMONb30BaHWUs MAKT-
n3obpaxxeHu u NAKT-HaBMraymm B peHTreHonepaLoHHON
(0bbACHeHNs B TekcTe).

7. AptedakTbl MAKT 1 ux ycTpaHeHume

ApTedakTamu B KOMMbIOTEPHOW TOMOrpadun NpUHATO Ha-
3bIBaTb HeCyLlecTBylOWMEe B peasnbHOCTX, HO BUAUMbIE HA
PEKOHCTPYMPOBAHHbLIX KPOCCEKLMOHHBLIX M306paXKeHnsx
aHOMaNIMM BM3yanmM3auMmM TKaHeW, KoTopble MOryT 6biTb
CBsi3aHbl IMB0O C CaMoW TeXHONOTMen CKaHMpoBaHMS (0COo-
6eHHOCTAMM annapaTypbl U reOMeTpMen peHTreHOBCKOro
nyyKka), IM60 CO CBOMCTBAMM CKAHWMPYEMbIX MaTepuasnos
(HanpumMep, MeTannoB, He NPOMYCKAIOLWNX PeHTreHOBCKMe
ny4m). B ocHOBe 60/1bLINMHCTBA apTedaKTOB NEXUT HECOBEp-
LLIEHCTBO AAHHDIX, MOCTYMNAKLWMX B &JITOPUTM PEKOHCTPYK-
UMM TaKMX KaK MOJUXPOMATUYHOCTb PEHTreHOBCKOro W3-
Ny4eHus1, paccesiHme, Hanmnyne gedeKTHbIX NUKcenen B ae-
TeKTope 1 ABMXKeHWe nauneHTa.

Mockonbky anroput™ OAK asaserca nmwb 6a3oBbiM (rpy-
6bIM) aNITOPUTMOM PEeKOHCTPYKLMK, MPpU ero MCnosb3oBa-
HUW B M306paKEHMM BO3HMKAET AOCTATOYHO H0/IbLLIOE YNC-
NO pasHoob6pasHbIX apTedakToB, 06YC/IOBAEHHbLIX KaK ar-
NPOKCMMALIMEN [AAHHbLIX, TaK U PUINYECKUMM acnekTaMm
nonyyeHuns MAKT-n306paxkeHnn C UCMONb30BAHNEM PEHT-
reHOBCKOro Myyka nMpamuaanbHor GopMbl. boabLLOW yron
PaCXOXAeHUS Jlyder NMpamMuaanbHoM GOpMbl U CUJTbHOE
paccesiHMe NoAaBASIKOT HU3KOYACTOTHbLIA CUTHAN U NMPUBO-
[OAT K 3aTeHeHWIo/BbleMKe 1 MO0I0CaM, a MOBbILLIEHWNE KE-
CTKOCTU My4YKa AOMOSHUTENIbHO MCKAXKaeT 3aTyxaHue, 0Co-
6eHHO B6M3N «MOTHBLIX» MaTePUANoB, TAKMX KAk KOCTWU OC-
HOBaHMA Yyepena wan mMetasindeckre UMNAAHTbI [37, 40].
Kak 6bin0 Ckas3aHo paHee, NpWM MUCMONb30BAHUM KPYroBOM
opbutbl MAKT-CKaHMPOBAHUSA aKCMaNnbHasa AeTanm3aums
YXYALIAeTCS B HanpaBieHWUW OT CpefHen MIOCKOCTW, YTO
NPUBOANT K XapakTepHoMy pa3MbiTuio MAKT-m3obpaxe-
HWW, KOTOPOe TakXe YBeNN4MBaeTCs C yBenMYeHneM pac-

CTOSIHMS OT M3oLeHTpa K nepudepunn B CBSA3N C HEAOCTATOY-
HOW yrnoBOW guckpetusaunen (puc. 3) [3, 4]. AptedakTbl,
HemnocpeaCTBEHHO CBAI3aHHbIE C KOHCTPYKLUMEN AeTeKTOPOB,
BK/TO4AIOT BPEMEHHOE 3ana3fbiBaHue, NosiB/IeHME OPEOSIOB,
a TaKXXe HeoAHOPOAHOCTb YCUeHNs nukcenen n aedexT-
Hble 3/1eMeHTbI, NPOSIBASIOLLMECS B BUAE NEPCUCTUPYIOLLNX
NnoJs10C M KoJiew, Npu OTCYTCTBUW KOPpeKuum (MatemaTunye-
CKOrO yAaneHus) 3Tnx AedeKTHbIX 3/IEMEHTOB 13 MaTpMLb
[4, 51]. YceyeHVe aHaTOMWYECKMX CTPYKTYp 3a npefenammu
nons 3peHuns (B CBSA3M C OrpaHnYeHHbIM FOV) NpmBOAUT K
3aTEHEHMIO IPKMX/TEMHbIX FPaHULL, 1 BU3yanm3aLmm nonoc B
PeKOHCTPYMPOBAHHOM 06beMe [51]. [IBUXKEeHMS nauneHTa BO
BpeMsi CKaHMPOBaHWMS, @ TaKXKe AbIxaHue, cepauebrierHne n
nynbcauns apTepmin (B 0CO6EHHOCTM NpY BMeLLaTebCTBAX
Ha ne4veHn) NpMBOAST K NOSIBIEHWIO apTedaKTOB ABMKEHUS
B BMAE PA3MbITOCTVM M306paXKeHU U xapaKTepHbIX Moa0C
(puc. 4, puc. 5) [40, 41].

Ha coBpemeHHbIX aHrmorpadumyeckmx ycTaHoBKax Koppek-
uMs aptTedakToB PEKOHCTPYKUMWM npwu nposedeHun MAKT
HaYMHAEeTCs elwé A0 MonyveHUs obpaTHbIX Mpoekunn. Ka-
NMBpOoBKa AETEKTOPA B BUAE CO34aHUS KapT yCuaeHus/cme-
LLLeHNs, KOMMNeHcaumsa 3a4epXKy, 0bHapyxXeHue u «wygane-
Hue» (MaTeMaTudeckoe) AedeKTHbIX MUKCENeN, a TaKxKe
npeagaputenbHas obpaboTtka norapudMUYecknx AaHHbIX
YMEHbLUAOT HEOAHOPOAHOCTb GUKCMPOBAHHOIO LWAab0HA U
0peoibl, KOTOPble B MPOTUBHOM Cy4ae NPUBOAST K NosBe-
HWIO KOJieL, U MoJIoC B PEKOHCTPYMpPYeMbIX obbemax [4, 51].
MpaBuAbHbIA BbIBOP TOFO UAM MHOFO NPOTOKOAA CKAHUPO-
BaHMS TalkOKe ONTUMU3MPYET KAYeCTBO MOAy4aeMblX M306-
POKEHUIN NMyTEM YCTAHOBKM pexxnmMa GuasLTpaLnm, WUpUHbI
MMMySIbca U MA, HacTpamBaembIX A5 YydLLeHUs rnepsBuy-
HOW MAOTHOCTW MOTOKA M ONTUMM3ALMUM OTHOLLIEHWUS CUr-
Han/Wwym B npegenax AONyCTUMOW A03bl A1 KKAOWN OT-
[eIbHO B3STOM 06/1aCTW CKAHMPOBAHMS (FON0BA, MPYAb, XKK-
BOT, Manbliv Ta3, KOHEYHOCTW) [42, 45]. [OBbILLEHME XKECTKO-
CTW Ny4Ka KOMMNeHcupyeTcs GmUsnyeckKuMm nam NoOANHOMM-
ANIbHBLIMW KOPPEKLMAMU, MPpUMeEHSeMbIMU K HeobpaboTaH-
HbIM WX NOraprudMUYecKMM AAHHBLIM, YTO YMEHbLUAET «Bbl-
NSYMBAHMEN U «NONOChI» BEAN3N 06HEKTOB C BbICOKOW PEHT-
reHOBCKOW MNOTHOCTbIO (Hanpumep, MeTasInyeckmnx crnm-
paneuv UanM MeTanInyeckmx UMnIAHToB). OLLeHKA M KOMMeH-
caums paccesiHUst 4OMNOJIHUTENbHO BOCCTAHABMBAKOT HU3-
KOYaCTOTHBLIN KOHTPACT, KOTOPbIA «TepseTcsa» n3-3a 60/b-
LUMX NONen CKAHNPOBAHMS 1 HOMIBLUMX YI/IOB PEHTITEHOBCKO-
ro ny4ka no ocu Z [37, 40]. Koppekuust paccesHms 1 KECTKO-
CTW NyYKa OCYLLLECTBASETCS NyTeM npeaBapuTe/ibHOM fora-
prUdMMYECKON KanMbpOBKM, a TAKXKE MCNOb30BaAHMS NON-
HOMMWA/bHbIX aITOPUTMOB U aNOAM3UPOBAHHBLIX GUILTPOB
KOTOpble CYLLEeCTBEHHO YMEHbLUIAKOT 3aTeHeHre 1 NoaoChl B
peKkoHCTpympyeMbix MAKT-n306paxkeHunsax [37]. Koppekuus
yCeYeHUS yYMUTbIBAET aHATOMMYECKNEe CTPYKTYpPbl, BbIXOAS-
LMe 3a npefenbl AeTeKTopa, CTabuamsnpyst UHTEHCUMBHOCTb
NOrPaHNYHbIX YH4ACTKOB U KOHTPOIMPYS pacrnpocTpaHeHue
JINHEeMHbIX apTedakToB B 06bEME [37, 51].

Taknm 06pa3om Ans ycTpaHeHns apTedakToB, XapaKTepHbIX
ans NAKT, noM1UMOo perynsipHon KannbpoBKM CUCTEM W Bbl-
60pa oNTUMANbLHLIX PEXUMOB UMMYJSIbCHOW PEHTIEHOBCKOM
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CbeMKM BO BpeMsi poTaumu, B HACTOsLLLee BpeMs npume-
HSAKOTCA MHOTMOYMC/IEHHbIE MaTemMaTu4eckue BblYUCIeHUS,
KOTOpble MOCTOSIHHO COBEPLUEHCTBYHOTCS, YTO CNOCO6CTBYET
NnocTerneHHOMY HUBEIMPOBaHUIO HepgocTaTkoB MAKT-cka-
HUPOBAaHUS 1 yny4dLleHuto kavectea MNAKT-sr3yanmsaumn. B
4YaCTHOCTW, COBCEM HeAABHO B NMpaKTUYeckyto paboTy bbinu
WHTErpupoBaHbl HOBble TEXHOMIOTMN UTEPATUBHOW U pery-
NIPU30BAHHOM PEKOHCTPYKLMM U LLYMOMNOAABAEHMS HA OC-
HOBe MaLLMHHOro 06y4eHns 1 NI, No3BoNsoLLME LONONHN-
TeNbHO VYAy4YWaTb OTHOLUEHME CUrHan/WyMm U noaaBasTb
JINHEeMHble apTedakTbl NpM bonee HU3KOM A03e 06yHeHNs
[50]. HoBble cTpaTernn, y4mTbiBatOLWME ABUXKEHNE, B YaCT-
HOCTM TaKMe KaK «BUHHUHI AbIXaTe/IbHOM Pasbin N «<KOppeK-
LUMs Ha OCHOBE MOAE/NM», CMOCOBOHbI 3HAYNTENbHO YMEHb-
WNTb apTedaKkTbl ABMXKEHUS (B 0COBEHHOCTY NpU BbINOAHE-
HUM NOKT neyeHn), 9BASIOLLNMECS Cepbe3HOM npobiemon
npv NpoBeAeHNN MHOTUX MHTEPBEHLMOHHO-Ppaanoaormye-
CKNX BMeLLaTebCTB [46, 52].

Ha cerogHsIlWHWA [eHb B 3KCMepUMEHTaNbHbLIX MOAENSX
pa3paboTaHbl OYeHb C/IOXKHbIe MaTemMaTuyeckme Gopmysbl,
KOTOpble MO3BOJISIHOT MOHOCTLIO HUBEIMPOBATL NPaKTUYe-
CKM BCe apTedakTbl peKOHCTpyKkuun MAKT-n3obpaxeHun,
XapaKkTepHble A5t PEHTIeHOBCKMX Jly4en KOHNYeCKOM U Mu-
pamuganbHoM GOpMbl, HO MX MpaKTUYeckas peannsaums B
HacTosiLLee BpeMs OrpaHMYBaeTCs TOJIbKO OAHUM — HeLo-
CTaTOYHOM BbLIYUCNTENBHOM MOLLHOCTbIO COBPEMEHHbLIX
SBM [46].

B TO e BpeMsi He06X0AMMO OTMETUTD, YTO TOLKO UCMOb-
30BaHMe HEeKPYroBbiX OPHUT CKAHMPOBAHUS C Y4E€TOM Bbl-
60pKKM 3a NpegenamMmu CTaHAAPTHOMO Kpyra (Hanpumep, cu-
HyconaasibHOe BpaLleHre 1 HOBble ONTUMU3MPOBAHHbIE 3a-
[a4eopUeHTUPOBAHHbIE TPAeKTOPUM pOTaLMK CUCTEM UC-
TOYHUK-[ETeKTOp) MoXeT obecrneynTb paBHOMepHOe Tpex-
MepHOe 4YaCcTOTHOE MOKPbITUE, YTO CMOCOBHO He MaTeMaTm-
YeCkn HMBENMPOBATDb, @ PeasibHO CYLLECTBEHHO YMEHbLINTb
4ncno aptedaxkTos, xapakTepHbix ans MAKT, nHTerpmpo-
BaAHHOM B aHrnorpapumyeckme KOMNIeKchl [38, 39, 47].

8. HekpyroBble op61Tbl CKAHMPOBaHUS

B HacTosuiee BpemMs OCHOBHOW «paboyert NOLIALKON»
MNAKT-BM3yanmsaumMm B WHTEPBEHLMOHHOM PaanNON0rnug,
KaK y>ke BbINo OTMEeYeHO, SIBISETCS M30LEHTpMYEeCcKas Kpy-
roBasi opbmuTa «KOPOTKOIrO CKAHMPOBAHMSI», 3aK/THOHAOLLASA -
Ca B BbINOSIHEHMWN 0AHOro obopoTta C-Ayrn Ha 180° nitoc
Yroa My4Kka peHTreHOBCKOro M3sydeHus (Yalie BCero 200),
NO3BOASIOWLAS MOJIy4aTb NpeAcKasyembi HAabop AAHHbIX,
Heobxoanmbix ana MAKT-BM3yanm3aumm Ha OCHOBe Obl-
CTPOW aHANUTMYECKON PeKOHCTPYKLNM C UCMOb30BaAHNEM
®AK-anropyTtMa. 3TOT CNOCO6 CKAHWMPOBAHUSI SIBASIETCS
Hanbonee NPOCTbIM C Y4ETOM 06BLEKTUBHBLIX MEXAHNYECKMX
OrpaHMYeHMN BO3MOXHOCTeW BpalleHua C-gyrn. Tem He
MeHee Kpyroeas opbuTa, XoTsi M NO3BOASIET NO/Iy4aTb 06beM
[OAHHbIX, COOTBETCTBYIOLLMX YC/IOBUIO JOCTATOYHOCTM Tuy, B
HacTosLLee BpeMsi He MOJIHOCTLIO YAOBJIETBOPSIET COBpe-
MEHHble NOTPeBHOCTU MHTEPBEHLIMOHHOW paanonormnm 38,
39, 47].CBSI3aHO 3TO Npexae BCEero C HefoCTaTKOM noayvae-
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MbIX JAHHbLIX BHE MpeAesioB M30LeHTpa CKAHUMPOBAHUS, YTO
NPUBOAUT K CAOXHOCTSM BM3yanm3auum npu peLleHumn
MHOMUX KJMHUYECKMX 33434 W MPOsIBASETCS, HanpuMep, B
OTCYTCTBMM Ka4eCTBEHHOW BM3yanun3aumm CTPYKTYp 3a4Hen
YepenHom SMKK B CBSA3M C HanMYMeM apTedakToB YCUIEHNS
Jlyda OT KOCTeW OCHOBAHMS Yyepena [39].

KnHemaTnka CoOBpeMEHHbIX HamoJIbHbIX M MOTONOYHbLIX aH-
rmorpadu4eckmx yCTaHOBOK MO3BOSIET CMeLWATb OCb WUC-
TOYHUK-[ETeKTOp M3 MJI0CKOCTU BPALLEHUS N TeM CaMbIM
«A0bMpaTby HegoCTaloLLMe NPOeKLMM MO 0CK Z. Vicnonb3ys
3TV BO3MOXHOCTW HEAABHO Obl1v pa3paboTaHbl M BHeAPEHb
B K/IMHMYECKYIO NPAKTUKY TaK Ha3biBaeMble HEKPYroBble Uaun
[BYXOCHbIE TPAeKTOpPUM CKAHMPOBAHMUA, CO34aHHble As
yAy4LleHns oxeata 3D-4acToT M yMeHbLUeHNs apTedakToB
NMpamMuAaanbHOro nyyka nsnyveHuns. B yactHocTw, npeano-
XKEHHbIM KOMMNaHWen Siemens Healthineers (Ffepmanua) pe-
XKMM CKaHMPpOBaHMA «Sine-Spin» npegnoaaraeT npy npose-
[eHUn poTaumMm AONOAHUTENbHbLIN KPaHWO-KayAaNbHbIN
HaKNOH FeHTPW, KOTOPbLIN U3MEHSIeTCS CUHYCOMAANBHO BO
Bpems BpalleHus, oboraias BbI6opky no ocn Z (Z-cemnim-
POBaHME) U yMeHbLUas PasMbITOCTb M306paXKeHUM BHE
cpegHer MOCKOCTM M306paXkeHus, He OTKasbiBasiCb Npwu
3TOM OT paboyero npowecca ¢ O4HOM pa3BepTkou [39]. Ta-
KM 06pa3oM «4BOMHAS 06BA3KA TPAEKTOPUM» YAOBAETBO-
pSieT YCUNEHHOMY YCNOoBUIO Tuy AaxKe npu CKaHWMPOBaHUMK
CTPYKTYP, pacrnonaratoLLmxcs B OCHOBaHMM Yepena, 4To No3-
BO/ISIET YCTPAaHUTL apTedakTbl nosoc Ha MAKT-mn3obpaxe-
HUsIX. NpOBeAEHHbIe UCCNeA0BAHMUS MOKA3AIM 3HAYUTENb-
HOe y/ydlleHre BM3yanumsaumm CTPYKTYp 3aHen YepenHom
AMKW (B NepByto 04epefb 061acTen KpOBOU3IUAHUIA NOC/1e
WHCY/IbTA) BO BpeMsi NPOBEeAEHUS UHTEPBEHLIMOHHBIX HEn-
pPOpaAMOIOrMYeckKmnxX BMeLIATeNbCTB Ha 3TOW 061acTu C Uc-
NoJ1b30BaHMEM [IByXOCEBbIX TPAEKTOPUIN CKAHMPOBaHUS (39,
53]. Takum 06pa3om Ha NepBOM 3Tane [4BYXOCeBble OPHUTHI,
peann3oBaHHble B MpaKTUKe, AOKAa3anW, YTO «1Erkas He-
NJI0CKOCTbY BpaLeHns C-Ayrn cnocobHa NoYTY NOTHOCTbLIO
YCTPAHUTL K/IKOYEBble OrPaHNYEHUS «KOPOTKOro KpYyroBoro
CKAHMPOBAHMS», 2 UMEHHO HEMOHbLINM OxBaT 061acTn nC-
CNef0BaHMS U CBA3AHHbBIE C 3TUM apTedakTbl MOA0C U apTe-
daKTbl YyNNOTHEeHWUs lyya (B NepBYIO o4epeb «MeTaninye-
ckune apTedakTbi» M apTedakTbl OT KOCTen OCHOBAHMS Yepe-
na). OcobeHHO NepcnekTUBHLIM ABASETCS MCMONb30BaHME
HeKpyroBbIX TPAeKTOPUM CKaHMPOBaHMS, Ha 6ase poboTu-
3MPOBaHHbIX aHrMOrpaduyeckmx yCTaHOBOK HOBOFO MOKO-
NleHns, 061a4aoLWwMx NPakTUYeCck HeOrpaHNUYeHHOM cTene-
HbIO CBOBOAbI ABUKEHUN.

9. P060TM3UpOBaHHbIE aHrUOrpapuueckue
YCTaHOBKM

PaspaboTka B 2007 T. MPUHLMMMANBHO HOBOW HaMoJ/bHOM
aHrmorpadmyeckom yctaHoBkM Artis zeego (Siemens
Healthineers, l'epmaHns) Ha 6aze CeMMOCEBOro MPOMbILL-
neHHoro pobota KUKA LWR 11l (KUKA Systems, FepmaHus)
03HaMeHOBaNa nepexoj OT KNaCCMYeckom aHrmorpadpuye-
CKOW YCTaHOBKM K MOMHOCTbIO PO6OTM3MPOBAHHOW MAaT-
dopMe AN NpoBeAeHUS CIOXKHbLIX AMArHOCTUYECKUX U Ne-
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4yebHbIX PEHTIEHOXUPYPrMYECKMX BMELLIATENbCTB. 3a/10XKEeH-
Has KMHeMaTMKa Aana onepaTopy LWecTb CTerneHen cBo60Ab
[ABWXKEHWI BOKPYr MAUMEHTA, NO3BOJIAS CMeLLaTh «/T0KOTb»
6e3 M3MEeHEeHNsI MOIOXEHWNSI PEHTIFeHOBCKOro ny4yka. Mepe-
Xof4 B 2016 1. kK nnatpopme ARTIS pheno (Siemens Healthi-
neers, lrepmaHns) Ha 6ase po6ota KR QUANTEC (KUKA Sys-
tems, TepmMaHns) COXpPaHWI HanoibHOEe WCMO/HEHWe, HO
KapAWHanbHO OBHOBMA MexaHuKy (puc. 10). B 4acTHOCTW,
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Puc. 10. Po60Tn3MpoBaHHas HanobHas aHrmorpadumyeckas
ycTaHoBka ARTIS pheno (Siemens Healthineers, lfepmanus).
MPUHLMNNANLHBIMW OTANYUAMUN JAHHOW CUCTEMbI OT YCTAHOBKM
Artis Zee aBnatoTca: 1. pob0TM3MpOBaHHas (Ha 6ase poboTa KR
QUANTEC, komnaHum KUKA Systems, lepmanums) C-ayra C WecTbio
0CSAIMU BpaLLEHWNS AN TOYHOMO NMO3ULMOHMPOBAHMS; 2. O4eHb
6bICTpbIN NOBOPOT C-/lyrn BO BpeMs CKaHMPOBaHMS (900/cek),
YTO AaeT BO3IMOXHOCTb BbINo/IHATL MAKT B TeyeHue 3 cek; 3.
yCOBEPLUEHCTBOBAHHbIV MI0CKMI AeTeKTOP C 16-61TOBOM
MaTpuLLEen NO3BOASET NOAYyYaTb TOMOrpaMMbl CO 3HAYUTEbHO
60/1e€e BbICOKMM KOHTPACTHbLIM Pa3peLLeHUEeM, YTO SBNSETCS
KpanHe BaXKHbIM AN MSTKOTKAHHOW BU3yann3aumm; 4.
yBennYyeHHOoe A0 130 CM pacCTOsHME Mexay Sly4eBon TpybKron 1
NMIOCKNM LETEeKTOPOM, CYLLLEeCTBEHHO obaeryaeT oCTyn K
NaumneHTy; 5. BO3MOXHOCTb CKaHMPOBAHMS C NOJIHbIM BpaLLeHnem
C-Ayru Ha 3600 No3BonseT 06cneoBaTh Cpasy BCHO HPHOLLHYIO
NonoCTb NauymeHTa (MacCmMB AaHHbLIX B BUAE LMAVMHAPA AMAMETPOM
32,0 CM W AJIMHOM 23,5 CM); 6. BO3MOXHOCTb BbiNoHeHus MAKT
Mob0oM HacTv Tena Npy NO6OM MNONOXKEHUM NALMEHTA; 7. HAInYmne
rMBKOro N3oueHTpa; 8. 6eCLLOBHbLIE FepMeTUYHbIe MOBEPXHOCTY,
obnervatowme fesvHOeKLmo; 9. BOSMOXHOCTL Jle4eHus
nauMeHToB C Maccom Tena Ao 280 Kr (potorpadus c
0dULNANBLHOMO MHTEpPHET-canTa komnaHmm Siemens Healthineers
(FTepmanus) (https://www.siemens-
healthineers.com/ru/angio/artis-interventional-angiography-
systems/artis-pheno, 04.12.2025)).

nerkomarHmesbln U-06pasHbii WTaTMB MO3BOAMA paclum-
PUTb KPAHNOKAYAAJIbHbIM HAK/OH A0 +25°, @ MaKCUManbHas
CKOpOCTb BpalleHus C-Ayrn oCTuUrna 45 °/c, 4To No3Boau-
210 NoNly4aTh 397 NMPOEKL MM BCEero 3a 5 € B CTaHAAPTHOM Npo-
Tokonie DynaCT Body (Siemens Healthineers, FepmaHus).
[aHHas aHrvorpadumyeckas cmctema crtasa OCHOBOW Afisl
pa3paboTkm N BHeAPEHUS NMPUHLNMNANLHO HOBbIX HEKPYIO-
BbIX opouT MAKT-CKAaHMPOBAHMSA B MHTEPBEHLMOHHOM pa-
anonorum [s4].

CerogHs pob0TU3MPOBAHHbIE aHIMorpaduyeckmne yCTaHoB-
KU coyeTaroT B cebe C-ayry C NnporpaMMmnpyemMbiM U30LEHT-
pUYeCKUM ABUXKEHMeM, YTo obecrneynBaeT BOCMPON3BOAN -
Mble TpaekTopuun MAKT 1 ToYHOE NO3ULIMOHNPOBAHNE M-
LIEHW B M30LEHTPe. PaHHWE ONMCaHNS pO6OTU3MPOBAHHbBIX
aHrnorpapudeckmx MAKT-cucteMm nNpoaeMOHCTPUPOBANU
BO3MOXHOCTW paclwMpeHnst AmvanasoHa Mo3snLMOHMpoBa-

HVS U TOYHbIe, NOBTOPSieMble TPAeKTOPUW BpaLLeHus, Noa-
xogasuwpe ang nonyyvenus MAKT-n3obpaxeHuin, npakTmye-
CKM HELOCTYMHbLIX A1 HAMOJIbHBLIX M MOTO/IOYHbLIX AHMMOrpa-
duryecKmx yCTaHOBOK [4, 54]. Hekpyrosble TpaekTopuu po-
60TN3MPOBAHHOIO CKAHWMPOBAHWUSA CyLLECTBEHHO obora-
LWAKOT Z-CeMNIMPOBaHME N YMEHbLUAIOT apTedaKTbl «kkOPOT-
KUX KPYroBbIX OPOUT» 1 NMPaAMMUAANLHOMO NMy4Ka, 6a3mpysch
B TO XXKe BpemMs Ha «knaccuyeckom» ans NAKT paboyem npo-
Lecce C ogHOW pasBepTKoM [38, 39]. B HacToswee Bpems
NpakTM4yeckor peanunsaumen «poboTmsmpoBaHHom MAKT» ¢
MCNOMb30BaHMEM aHrmorpadmyeckom yctaHoBKkM ARTIS
pheno (Siemens Healthineers, TepmaHunsl) B KANHMYECKOMN
NPaKTUKe ABASETCS BO3MOXXHOCTb BbIMOJIHEHUS ABYX HOBbIX
BMOOB HEKPYroBOro CKaHMpOBaHMS, a TO4YHee CKaHWpOoBa-
HWS C «pa3OpPBAHHOM TpaeKTopmen»: 1. ogHObA3HOe CKaHN-
pOBaHMe C MOBOPOTOM FeHTPU Ha 365° U OAHOBPEMEHHbIM
cMeleHmneM C-ayrmn BAosb ocu Z (pexxmum DynaCT 360), nos3-
BOASIIOLLEE MOMYYUTb LWMPOKMM FOV pasmepamu 32X32x24
CM; 2. ABYXda3HOe CKaHMPOBaHME C MOBOPOTOM FeHTPU Ha
220° B KaXkA0M 13 a3 CKAHUPOBAHMUS N CMELLLEHNEM FEHTPU
BLOJIb OCU Z MeXAY ABYMSI POTALMOHHbLIMY ChbemMKaMu (pe-
KM DynaCT Large Volume) ¢ panbHenwen «CKIenKom»
n306paxkeHni, No3BoNAKOLLLEe MOJTyYaTb MACCUBBLI AAHHBIX
60/bLWOro 06bema BbITAHYTOM dopMbl ¢ FOV pasmepamu
43%43x18 cM. Obe opbUTbl MPOAEMOHCTPUPOBAIM TAKXKE Bbi-
paXKeHHOe yMeHbLleHWe apTedakToB OT MeTa/INIOKOHCTPYK-
LM NO CPABHEHWIO C KJTACCMYECKMM KPYroBbiM CKAaHMpPOBa-
HVEeM, MO3BOJISIA CYLLeCTBEHHO YAYYLWUTL BM3yaam3aumio
KOPTUKANbHbLIX KOCTHLIX CTPYKTYP M MATKUX TKAHeW BOKPYT
YCTAHOBJ/IEHHbIX META/INYECKMX WUMMJIAHTOB [55, 56].

Ha ocHoBe pob60TM3MPOBaHHbLIX YCTAHOBOK B HacTosiLiee
Bpemsi pa3pabarbiBatoTCa TalkKe MNPUHLMNMANIBHO HOBbIE
TpaekTopum MNAKT-CKaHMpOBaHMS B BUAE OPOUT, OPUEHTU-
POBaHHbIX Ha 3a4a4y (M1 3a4a4€0pUEHTUPOBAHHbIE OPHU-
Tbl) KOTOpble B HeganekoMm byayuiem no3BoasST AOMOHU-
TesIbHO Yy4WnTbL Kavectso MAKT-BM3yanmsaumy BO MHO-
TUX CNIOXHbIX KJAMHUYECKUX CUTyaumsax [55, 56]. B pamkax
3TUX pa3paboTok opbuTa CKaHMpPOBaHWUS 6OMblUe He aB-
nseTcs GUKCMPOBAHHOM OKPYXXHOCTLIO, HO MporpaMmmupye-
MOW TPaeKTopuen, onpesenseMon No4 KIMHNYECKyHo 3a4a-
4y, OrpaHMYeHnss MOMELLEeHNsT M pacCTaHOBKY 0bopyaoBa-
HUS. TIpY 3TOM KaXKaas opbuTa CKkaHMpPOBaHWS NAAHUPYeTCs
W peannsyeTcs C MOMOLLbIO PO6OTU3NPOBAHHOW KMHEMATN -
KW, B TO BpeMs Kak Knaccu4yeckme npuHumnsl MAKT-pekoH-
CTPYKUWU B BUAE NpeaBapuUTensHon 06paboTku, dunstpa-
UMM 1 B3BELUMBAHWUS MO-MpeXHeMy OCTatoTCs BblYUCIN-
Te/IbHOW OCHOBOW [4, 37, 55, 56].

10. JlyyeBas Harpy3Kka Ha naLuueHTa u nepcoHan

B paHHMX 3KCneprMeHTax bbI10 NOKa3aHo, YTO Mpu NpoBse-
[EeHUN BbICOKOKOHTPACTHbIX MCCef0BaHMUM, TakMX Kak
MNAKT-aHrorpadust CoHHbIX apTepunt unu NAKT rpygHoun
KneTkn, 3pdekTrnBHaa (NOrNoLeHHas) 4033 CYLLECTBEHHO
HUXXe Tor, KoTopast GUKCUpyeTCcst Npy BbinoaHeHU MCKT
TOW e 30Hbl. B TO Xe BpeMs BbIMO/IHEHWE HU3KOKOHTPACT-
HbIX MCCNefoBaHMM, Takmx kak MAKT opraHoB HptolwHOM
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NONOCTU NPUBOAUT K MONYHEHMIO NALMEHTOM COMOCTaBU-
Mon ¢ MCKT 3¢ddekTrBHON [03bl 06aydYeHns [43-45]. Mo-
CKONbKY MHTEPBEHLMOHHAA PaaMonorusa (PeHTreHoXmpyp-
rvs) No onpefeneHuto SBASETCS HanpaBaeHMeM C BbICOKM-
MU fo3amMu 06/y4eHMs OHa B CBoer paboTe BCerga pyko-
BOACTBYETCS MPUHLMMNOM MWHMMANbHOM [LOCTAaTOYHOCTH
o06ny4eHna ALARA («As Low As Reasonably Achievable», nnm
«Kak MOXHO HWKe, HACKO/IbKO 3TO Pa3yMHO AOCTUXMMON)
[57. 58]. cxops w3 sToro, MAKT uenecoobpasHo NCnonb3o-
BaTb BO BCEX C/Iy4asX, KOrga ee npumMeHeHme (3a CHET CHU-
XKEHUSI BPEMEHW PEHTreHOCKONUU, WUAN UCKAKYEHUs He-
06X0AMMOCTM BbIMONHEHMS MOBTOPHbLIX cepuit LICA) no3Bo-
NFEeT CHU3UTbL CYMMAaPHYHO Iy4eBYHO HArpy3Ky Ha naLmeHTa 1
nepcoHan. Kpome Toro, ncnonb3osanue MAKT npeacras-
NnseTcs 060CHOBAHHLIM B Tex Cy4asX, rAe OHO CHWXKaeT
PUCKWN Pa3BUTUSA Cepbe3HbIX OC/IOXKHEHUI, & TaKKe MOXeT
N3MEHUTb MNaH neveHns Ha 6onee 3PdeKTUBHbLIN.

PagmaumoHHoe Bo3genctame npu MAKT xapakTepusyeTtcs C
NMOMOLLLIO NPOM3BeAeHMS A03bl HA nowaab (DAP) n pede-
PEHTHOM BO34YLIHOW KepMbl B KOHTPOJIbHOM TOYKE UHTEp-
BeHUMM, a He CTDI [57]. 2Tn nokasatenm 6osee TOYHO OTpa-
MKAKOT JIYYEBYIO HArpysky npuv MCNOb30BAHWUN LUIMPOKOro
PEHTFeHOBCKOro Ny4ka nupamuaanbHoM GOpMbl U U3MeH-
YMBYIO FEOMETPUIO OBIYYEHNS, XapaKTepHY0 ANS aHrmo-
rpadunyeckmx yCTaHoBOK. [lo3a 06/1y4eHns naumeHTa 3aBm-
CUT OT MHOTMX MapamMeTpoB, B TOM YMC/ie NoTeHunana Tpy6-
KW, AAUTENLHOCTM UMMYAbCA WU CUAbl TOKa (MA) Ha npo-
eKLMI0, YaCTOTbl KAAPOB, KOJIMYECTBa MpoeKLNI, O06aBAEH-
HOM dUALTPaLMK (HanpUMep, NPU UCNOb30BAHUN MEeAHOrO
dnnLTpa), pacCTOAHMS OT UCTOYHMKA 4,0 U306paXKeHNS 1 NC-
No/ib3yeMOou KOAMMALMK, @ TaKXKe OT AMHbI M TUNa Tpaek-
TOPWUW BPaLLEHMS MpU NPOBEAEHUN CKAHNMPOBaHWS. Hampu-
Mep, Npy BpalLeHm peHTreHOBCKOW TPYyBKM BO BpeMs poTa-
LMOHHOW peHTreHorpadmm 3a CNMHOW NauMeHTa, Harpyska
Ha XpyCTaSIMKK r1a3 BO MHOTO pa3 HUXe, YeM Npu BpaLLeHum
TOW e TPybKM CO CTOPOHbLI XKMBOTA [37, 42, 57]. CpaBHUTENb-
Hble UCCefoBaHMA NOKasblBAKT, YTO ogHoKpaTHoe MAKT-
CKAHWPOBaHME MOXEeT BbITb CONOCTaBMMO MO A03e C He-
ckonbkumMm LICA-cepmsiMm 06LLEeN NPOAOIKUTENBHOCTbLIO
NPUMEPHO 20 C, U C O4HOW MUHYTOW MMMYNLCHOW peHTre-
HOCKOMUW [43, 44, 45]. HY>XHO Takoke MOMHWTb, YTO pacnpe-
[eneHne 003 3aBUCUT OT NOAs 3peHus, GunsTpaumm u Ha-
CTPOEK 3KCMO3MLMKM, NO3TOMY TLLATebHAs HACTPOMKA Wan
BbI6Op MapamMeTpoB (4ANTENbHOCTb UMMYALCA, MAC, PULT-
paums) MOXET CyLLEeCTBEHHO CHU3UTb 403y 06/1ydeHns 6e3
ywepba gnsg kadectsa MAKT-BM3yanmsaumm [43-45]. Kak
nokasasam MHOrOYMC/IeHHbIE UCCIeA0BaHMS, NPy Nposeae-
HUW CNOXHbIX 3HA0BACKYASAPHBLIX BMeLLATeNbCTB (Mpexae
BCEro Ha CoCyAax rofI0OBHOrO Mo3ra 1 neyeHun) o60CHOBaH-
Hoe BbinosHeHne MAKT ¢ KOHTpaCTHbIM yCUNeHWeM 3ame-
HSIeT HeCKOJ1bKO cepuit LLCA, NOTEHLMANBbHO CHXKAs O6LLYIO
[03y 06/y4eHNs naumeHTa 1 yay4ilas obHapy>xeHune uene-
BbIX 04aroB W NUTAKOLWMX UX apTepuin [27, 59]. B HeaaBHMX
ny6MKaumax Taikke 6bi10 MOKa3aHo, YTO COBPEMEHHbIE MH-
CTpyMeHTbl MAKT-naaHupoBaHms 1 BupTyanbHow MAKT-
aHrnorpadunmn NO3BONSIOT AONOJHUTENBHO COKPATUTL YUC-
JIO peanbHbIX aHrMorpapuyeckmx WCCaefoBaHUM, Takxe
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CHUXAs CYMMApHyK A03y obny4veHus [23, 60]. CornacHo
ONyb6/IMKOBAHHbLIM [AaHHbIM, YXKe CerofHsi MCnonb3oBaHue
mMeToaoB M 1 rybuHHOro MalMHHOrO 0byyeHus no3Bo-
NSeT COKPaTUTL 403y 06/1y4eHns NpUMEpPHO Ha 30% 6e3 no-
Tepu KayecTea n3obpaxeHun [40, 50, 51].

BaXKHO OTMETUTDL, YTO KOHTPO/Ib ABUXKEHWUI MaumeHTa (He-
noABMXKHOE KOMGMOPTHOE MOJIOXEHWE, 334ePXKKa AbIXaHUS U
[p.) BO BpeMs CKaHMPOBAHWS NpeaoTBpallaeT Heobxoam-
MOCTb NpOBeAeHUs NOBTOPHLIX MAKT-CKaHMPOBAHUM, YTO
TaKoKe CHMDKAET 0bLLYIO IyYeByto Harpy3Kky [41]. B coBpemeH-
HbIX 0630pax 0Co60e BHUMaHMe yaenseTcs nepcnekTUBHbLIM
NpoTOKO/IaM CKaHWPOBAaHUSA, OPUEHTUPOBAHHbLIM Ha Leslb
(ueneopneHTUpoBaHHbIE OPHUTLI), @ TAKKE BO3MOXKHOCTAM
ntepatuBHoro M-accuctMpoBaHHOro LWymMonoaassieHns ¢
Lies1bio MOTYYEeHMS «[0CTATO4HbIX» (415 NPOBeAeHNs feveb-
HbIX BMELLATeNbCTB) MO KAYeCTBY M306paXKeHmn npu cyLe-
CTBEHHO MeHbLUer 3KCNo3u1Lmu A03bl [50, 61].

1. TepmuHonorus

B nuTepatype 3a 20 neT 6bI/10 NpeaoXeHO MHOXECTBO Ha-
3BaHuKM MAKT, ncnonb3yemom B 06/1aCTM MHTEPBEHLNOHHOM
paAuoNornn, OoTpaXkaroLMX 3Tarbl PasBUTUS TEXHOIOMUM,
KOHCTPYKLMIO NMIOCKOr0 AeTeKTOpa, FeOMeTPUI0 peHTreHOB-
CKOrO MyyKa, a Takke 061aCTU KAMHUYECKOrO NPUMEHEHMS.
Ha paHHWX 3Tanax pasBUTMS B aHMOSA3bIYHOW nMTepaType
ncnonb3osancs TepMuH «Flat-Panel Volume Computed To-
mography» («Mnocko-MaHensHass ObbeMHass KomnbioTep-
Has Tomorpadusa») OTpaXKaloLLMA BOSMOXKHOCTb MOYyHeHNS
TpexmMepHbIX 06beMHbIX M306paXKeHWI C MOMOLLbIO LMdpo-
BOW «MJIOCKOW MaHenm». 3Ta GopmMynmposKa 6blaa pacnpo-
CTpaHeHa B OCHOBOMOJIAratoLWmx ONUCaAHUAX OUBUYECKMX
NPUHLMNOB U KOHCTPYKLMOHHBLIX OCOBEeHHOCTen MnepBbIX
NNOCKOAETEKTOPHbIX CUCTEM [4]. B 3HA0BACKYIIPHOM XMPYP-
rMK, HA HAYa/lbHbIX 3Tanax, MCnoJib3oBancs TepMuH «3D Ro-
tational Angiography», nnn «3D RA» («3D PoTaumMoHHas AH-
rmorpadusn) OTPAKAMOLLMA UCTOPUYECKMI acnekT GopMun-
POBaHWMSI HaMpaB/eHUs N CNOCOH MpoBeAeHNst CKaHMpOBa-
HWUS [43, 44]. B HacTosWwee BpemMs CIOBOCOYETaHME «poTa-
LMOHHAs peHTreHorpadua» C Halen TOYKM 3peHust, 4ony-
CTUMO MCNOb30BaTb TO/IbKO /18 ONMCAHMS CNocoba CKaHu-
POBaHMS, YTO M BbII0 OTPAXKEHO B Havase paboTbl Npu onpe-
penedumn noHatusa MNAKT. B To »ke BpeMsl HOBble HeKpyroBble
OpbUTbI CKAHNPOBAaHWSA C PA30PBAHHOM TPAEKTOPWEN, B TOM
ymcne MNAKT-ckaHMpOBaHWe, BbIMOJHSAEMOe MO TEXHOJIOrUN
TOMOCMHTE33, YK He MOXKET BbITb ONMCAHO 3TUM TEPMUHOM,
4YTO HEOobXoAMMO y4uTLIBATL B ByaAyLEeM MNpy BHEApPeHUU
3TUX TEXHONOTMI B KJIMHNYECKYHO NPaKTUKY [47, 55, 56].

Mpou3BoAnTENN aHTMOrpaAPUIECKMX YCTAHOBOK MPU BbIMyC-
K& KOMMEepPYeCKkm-L0CTYMHbIX CMCTEM C BO3MOXXHOCTbIO Bbl-
nonHenus NAKT B 2004-2005 IT. Takke 406aBUAN NyTaHU-
Lbl Ha3biBasi OAHY W Ty e TexHosoruto NAKT-ckaHuMpoBa-
HWSA PasIVYHBLIMW KOMMEPYECKUMU Ha3BaHUSIMWU, TakMMU
kak «DynaCT» y KomnaHun Siemens Healthineers (fepma-
HMs), «XperCT» y Philips (fTonnanamns), «innovazb» u «Inno-
vaCT» y GE (CLLUA). Mo3ToMy eAMHOro Ha3BaHMS AAHHOM
TEXHONOrnKY, NpUMeHsieMon B 06/1aCTV MHTEPBEHLIMOHHON
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paavonoruu, B MMpoBOW nnUTepaTtype A0 CMX MOp He cylue-
CTBYeT.

O4eHb pacrnpoCTPaHEeHHbLIM B AHI/IOA3bIYHOW NMTepaType
ABNISIeTCS CNoBOCOYeTaHWe «Cone Beam Computed Tomog-
raphy», «Cone Beam CT» nan «CBCT» («KOHycHO-Jly4eBas
KomnbtoTepHast Tomorpadus» nam «K1KT») xapakTepusyto-
Llee reoOMeTpuI0 PEHTIeHOBCKOro ny4yka. OAHaKo, KoHuYe-
CKMIM MYYOK PEHTreHOBCKOro U3ny4eHmns bosee xapakTepeH
ANs npefblayLiero (NepBoro) NoKOJIeHUS CKAHUPYIOLWMX CU-
cTeM Ha 6asze C-Ayr C 3N1eKTPOHHO-0NTUYeCK1UM npeobpaso-
Batenem (30T[1) BMeCTO MJIOCKMX AeTeKTOPOB, YTO NOAPO6-
HO 6bI10 06CYXAEHO HAMK paHee B npeablaywen pabote
(puc. 1) [2]. YunTbiBas TOT PaKT, YTO B MJIOCKOAETEKTOPHbIX

dokyc Py

Yron pacxoxjeHus
KOHYCHOro nyya 16°

wap AvameTpom
18 cm \

XRIl gnameTp 35,5

Puc. 11. CxemaTtunyHoe 1306padkeHmne KOHUYeCkoro siyya C
60/1bLLIVMM YIIOM PACXOXAEHMS, NPUMEHSEMOrO NPW NPOBeAeHU
KOHYCHO-/1y4€BOW KOMMbIOTEPHOW TOMOrpaduu ¢
MNCNOMb30BaHNEM 3N1EKTPOHHO-0MTUYeCKOro npeobpasosarens
(30M, nnum XRIl) arameTpom 24 Aomma (35,5 cM) [2].

CUCTeMax reoMeTpusi PeHTreHOBCKOro nyyka 6onee cooT-
BETCTBYET NMpammugansHon dopme (puc. 12), CI0BOCOYETA-
HMEe «KOHYCHO-/Iy4€eBast KOMMbOTEPHAs TOMOrpadus» Heslb-
34 CYMTATb ONTUMasbHbIM A4 onncaHma MAKT n ee npo-
N3BOOHDbIX.

doryc

yron “BeepHoro”
pacxoxpaeHus 20°

unanHap
AnamMeTpom 24 cm
1 pnnHon 18 cm

yron “nupamugansHoro”
pacxoxpeHus 16,4°

40 cm 30 m
MHoropsagHbin getekTop
1536 pagos
2048 anemeHTOB B pagy

Puc. 12. CxemaTnyHoe 13o6paxkeHne NMpaMmmaasibHoro ayya,
npumeHsiemoro npw nposegexHuu NMNAKT ¢ ncnonb3oBaHmem
NJI0CKOro AeTeKkTopa pasMepamu 30X40 CM CO 1536 psiaamum
MUKCE/bHbIX 3/1EMEHTOB [2].

Tak>ke MONyASPHbIM B aHI10513bI4HOM InTepaType siBAsieT-
ca cnoBocoyeTtaHme «C-arm Cone-Beam CT», «C-arm CTy,
nnn «CACT» («KomnbtoTepHas Tomorpadusa Ha C-gyren,
«KT Ha C-gyre»), nCNosib3oBaBLUeecs B PaHHMX paboTax
NO YPEeCKOXKHOM HaBUrauum 1 YpeCcKoXKHOW 3HepreTuye-
ckor abnsumn ang obo3HayveHMs «0H6bLEMHOM KOMIMbIO-
TepHoW Tomorpadum», Noay4aemMou C MCMOAb30BaAHNEM
C-ayrn, a He reHTpn MCKT-cKkaHepa [13, 62]. OgHaKo, yuu-
TbiBasi 6ypHOe pa3BuTMe pOBOTU3MPOBAHHBLIX CUCTEM W
MMes B BUAY, YTO Y>Ke CerofHs B KIMHUYECKOM NPaKTUKe
AOCTYMHbI AMArHOCTMYeCKne peHTreHOBCKMe annaparthbl,
CNOCOBHbIe BbINOAHATL MAKT-CcKaHMpOBaHME C MUCMOMb-
30BaHMEeM [BYX HE3aBNCUMbIX POHOTU3NPOBAHHbIX FEHTPU
NOTO/IOYHOrO TUNA K OAHOM U3 KOTOPbIX KPENUTCS PeHT-
reHoBCKasi TpybKa, a K A4pyrov N1oCKMn AeTtekTop (Hanpu-
Mep, pO60TM3NPOBAHHbIN PEHTIEHOBCKMIA KOoMMiekc Mul-
titom Rax (Siemens Healthineers, FepmaHus), MOXHO
NpeanosioXnUTb, YTO KOHCTPYKLMA aHrmorpapmyeckmx
yCTaHOBOK B ByayLLEeM TakKe MOXeT YUTK OT UCMOJIb30Ba-
Hus C-Ayrv Kak eqUHCTBEHHOro BapMaHTa reHTpu. B cBa-
31 C 3TUM, NO Hallemy MHeHuto, TexHonoruwo MAKT, mnc-
NO/b3yeMYI0 B UHTEPBEHLMOHHOM PaANONOrnm He cneay-
eT orpaHmMymBaTb KOHCTpyKuuen C-gyru. Kpome TOTrO,
TepMuH «C-arm CT» Bnepsble 6bla1 MCNOAb30BaH A5 ONK-
CaHUS CKAHUPYIOLWKMX CUCTEM Ha ocHoBe DOI (ewe a0
n3obpeTteHns NJOCKUX AeTEeKTOPOB) B CBSA3M C YEM OH He
BMOJIHE TOYHO OTPAXKAET pacCMaTpMBAEMYIO B AAHHOM pa-
60Te TeEXHONOTUIO.

C Halen TOYKM 3peHuns Hanbonee NpaBUAbHLIM HA3BAH M-
eM TexHosnormn sensetcs «Flat-Detector Computed To-
mography» («FDCT») mnu «lnockogetektopHas Kom-
notoTepHas Tomorpadusa» («MAKT»), BnepBble npeano-
>KeHHOe co3aaTesieM CnUpanbHON KOMMbIOTEPHOW TOMO-
rpapmun m oLHUM M3 OCHOBOMOJIOXHMKOB MAKT Hemel-
KM nHXeHepoM W.A. Kalender B 2007 T. 3, 36]. B HacTos-
Lee BpeMs 3TOT TEPMUH NCMO/b3YeTCsi BO MHOTUX 3apy-
BEXHbIX TEXHUYECKUX U KIUHUYECKUX PYKOBOACTBAX, B
0COH6eHHOCTM B 061aCTU MHTEPBEHLMOHHOW Hempopa-
ANONIOTUK, @ TaKXKe MOJIY4YU LUIMPOKOe pacnpoCcTpaHeHue
B PYCCKOA3bIYHOW MeAVUMHCKOW nutepaType. Mpu 3TOM
MCnonb3oBaHuWe cnoeocoyeTanus «MNAKT Ha C-gyre» («C-
arm FDCT») mMoXeT 6biTb LenecoobpasHO TOAbKO Mpw
nepsBoM YNMOMUHAHUWN TEXHOIOTUW, YKa3biBasi ee NpuHag-
JIEXXHOCTb K aHrmorpadm4eckom yCcTaHOBKE, HO B Aallb-
HenwemM A0CTaTo4YHO abbpeBmatypbl «MAKT» («FDCTy),
TakK Kak Apyrvx BapuaHTOB KOMMbIOTEPHOM TOMOrpadum,
WHTErpupoBaHHOW B reHTpu C-Ayru B HACTOsLLEe BPEMS
He cyllecTByeT. BaxKHO, 4TO A4/ ONMcaHMs NAOCKUX Ae-
TEKTOPOB HOBOIO MOKO/IEHUS, HANpUMep, ABYX3HepreTu-
YeCKMX AeTeKTOPOB UK AeTeKTOPOoB NpsaMoro npeobpa-
30BaHMs, NpefHa3HAYeHHbIX A1 KOMMbIOTEPHOM TOMO-
rpaduu c nogcyetom GOTOHOB B ByayLLeM MOXHO byaeT
TakXe Mcnosb3osaTtb TepMuH MAKT, yTOYHAS KOHCTPYK-
Um0 getektopa (Hanpumep, AByxaHepreTnyeckas MAKT,
NAKT ¢ nogcyetom ¢oToHOB mMaum MNAKT npsamoro npe-
obpazoBaHus 1 1.4.) [63].
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l1l. 2pPektnsHbie MAKT-TexHONOrUN,
AOCTYMHbIE ANS KAUHUYECKOro
MCMONb30BaAHUS

1. TexHONOr MK CISHUS U306paxeHni (fusion)

Co3paHue MNAKT npeBpaTW/io peHTreHonepauMoHHY0 B MoJ-
HODOPMATHbLIN TMBpUA, BU3YATU3ALMOHHBLIX TEXHOJOrNM
61arogaps KOTOPOMY PeKOHCTPYMPOBAHHbIE 06beMbI MPOBe-
OEHHbIX paHee mnccnegoanmn (MCKT, MPT, M3T-KT v ap.)
BmecTe ¢ MAKT-mnccnefoBaHMsAMM, BbIMOSIHEHHLIMU BO BpeMS
PEHTreHOXMPYPrnyecKmx BMELIATEbCTB C MOMOLLLbIO TEXHO-
NIOTUn CAnsiHUS m3obpadkeHn (fusion) MOXHO «MPUHECTU
NPSIMO Ha OMepaLMOHHbIN CTO/T» HAJIOXKMB HA «KMBYHO PEHT-
FeHOCKONMMIO». DTO MO3BOINIIO MOHOCTLIO 0TKA3aThCst OT Tak
Ha3bIBAEMOW «MEHTA/IbHON TPUTOHOMETPUMY N «KOTHUTUB-
HOro dbroXKeHan, COKPATUTb Pacxos, KOHTPACTHLIX npenapa-
TOB 1 BPEMS PEHTIeHOCKOMMM, @ Takke HavaTb 3PDEeKTUBHO
BbINOJIHATL MHOTME BMeLLaTeNbCTBa, MPOBeAEeHME KOTOPbIX
paHee 6bI10 NPAKTUYECKN HEBO3MOXHO C MCMO/Ib30BaHNEM
TONbKO MNIOCKOCTHBIX M306padkeHnn (puc. 13). Mpouecc cans-
Hus (fusion) TpebyeT BbINOMHEHMS HECKOMBbKMX MOC/Ief0BaA-

Puc. 13 (a-r) . 3Tanbl pasnyHbLIX PEHTFeHOXMPYPTrUYecKnx
BMeLLATeNbCTB, MPOBefeHMe KOTOPbIX paHee Bbl10 HeBO3MOXHO Ha
aHrmorpadu4eckmx yCTaHoBKax, He ocHaLeHHbIX MAKT n onumamm
NAKT-HaBuraumm: a. Kpnoabnaums metacrtasa KonopekTasibHoro
paka B JIErKoM (3Tan BU3yanmsaLmm nesHoro wapa noce
nepBoro LMK/a 3aMOpaxKMBaHUS OMYXO/IN C UCMOb30BAHMEM [BYX
Kp1o30HAO0B); 6. Kproabnaums onyxonm Manoro Tasa (3tan
BM3yanm3aumm neAsHOro wapa nocie BTOporo Lmkia
3aMOPKMBAHNS ONYXOM C UCNOb30BAHMEM TPeX KPMO30H0B); B.
MnKpOBO/IHOBASA abAALMA y3/1a renaToLe/IItoNSpHOro paka
cTagnn BCLC A cpa3sy nocne BbINOIHEHMS ero CynepcenekTMBHOM
TpaHCcapTepnanbHOM XMMUO3IMb0M3aLmMK (3Tan B1U3yanm3aumm
30HbI A6/1LUMK, coAepKaLLen «NpmU3pak onyxoam» cpasy nocse
OKOHYaHMS NoAa4mM aHeprum); r. CtepeoTakcmyeckas broncms
OMyX0aun roN0BHOrO Mo3ra nog, NAKT-kKoHTposiem (3Tan KOHTPOAS
NONOXeHUS BUONCUNHON UMbl B ONYXOAW C UCMOb30BAHMEM
06beAnHeHHbIX (COBMeLLLeHHbIX) AaHHbIX: MAKT ans Bu3yanmsaumm
nrnbl  MPT Ans BU3yannsauum onyxonmn).
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TeNbHbLIX 3TAMNOB: MMMOPTA M CerMeHTauum M306paxkeHnin,
perncTpaumm ux C AAHHLIMK «Tekyliero» (aKTyaabHOro)
MAKT-nccnenoBaHnsa € UCMO/b30BAHMEM «PUTMAHbLIX» WU
«371aCTUYHbIX» 3D-3D NPOTOKON0B 06beAMHEHMS U306paxe-
HUKW, @ TaKke nepedadn (Mpy HeOHXOAUMOCTU) «pe3ybTh-
pYHOLLEN BMPTYasIbHOM MAcKu» B CTEPEOTAKCMYECKOe Mpo-
CTPAHCTBO, FAe OHA HAYMHAET «KUTb» B OBLLEN C PEHTIeHOo-
CKOMUYECKMM N306paxkeHneM CUCTEME KOOPAMHAT.

TexHONOrnM CAMSAHNS N306paXKeHNI, NCNoNb3ytowwmecs ce-
roAHs B MHTEPBEHLIMOHHOW PagMonornm LenecoobpasHo
pasfensdTtb Ha Tpu 6onbLuMe rpynmbl. [epeas nogpasymesaeT
CNsIHVE onpefesieHHOro MacCMBa AAHHBIX, MOSYYEHHOrO C
mcnonb3oBaHmem MAKT ¢ MacCMBOM AaHHbLIX OT «OMArHO-
CTUYECKMX MOAANLHOCTEMY, ANS KOTOPbIX NpearnosaraeTcs
60/blIas AMArHOCTMYECKas LEeHHOCTb B CBS3W NMpenmylLie-
CTBaAMW TOTO WM MHOMO MeTOoAa NUCC/ieJoBaHNs (Hanpumep,
cnvsHue NAKT/NIT-KT ans B3aTns 6Moncum n3 metabonm-
YeCcKM aKTMBHOM YacTW OMyXOAW Nerkoro). [as 3Toro ocy-
LWecTBaaoT obbegmnHeHue MAKT-mMaccrBa AaHHbIX C MAacCU-
BOM [aHHbIX AumarHoctuyeckon MCKT, MPT wam M3T-KT
dopmarte DICOM, a coBMeLleHHY MHOPMALMIO (Hanpu-
Mep, O pasMepax M NONOXKEeHWM MeTacTasa B nevyeHu) Hakia-
[bIBAKOT HA PEHTIEHOCKOMMIO B PEXMME peasibHOro BpemMeHu
C LleNblio NpoBefeHMst TapreTMpoBaHUs OMnyXo/an BO BpeMs
abnaumMmn nam B3aTmna bmoncum [13, 64]. OCHOBHbIM HeAOCTAT-
KOM TaKOro CIMSAHUS SIBASIETCS TO, YTO MHPOPpMaLMS OT pas-
HbIX MOAANLHOCTEN, KaK NMPaBW0, NOJy4aeTcs B pasHble da-
3bl 334ePXKKU AbIXaHWS NN MONOXEHWS Tesla NauyeHTa, YTo
[enaeT npoBefeHne TOYHOrO CAUSHUS TeXHUYECKM OYeHb
CNOXHbLIM NMB0 BOOOLLE HeoCyLLLEeCTBUMbIM. B byayLiem 3Tu
npobaemMbl BO3MOXHO 6yayT pelleHbl C UCMOAb30BaHUEM
MN-nporpamm, KOTOpble B HACTOSLLLEE BpEMS eLle He A0LWAn
[0 CTaAMv KOMMepYeckon peanusaumm. BTopbiM HegocTaT-
KOM C/IMSIHUS «Pa3HbIX MOAANbHOCTEM» IBNIIETCS «yCTapeBa-
Hue» MHPOpMaLMKM, MOlYYEHHOW HA AMArHOCTUYECKOM 3Ta-
ne. Tak, gaxxe npu canaHUM gaHHbix MPT namn MCKT ¢ gaH-
HboiMW MAKT, HecylmMm MHPOpMaLUMIO O pasmepe 1 noso-
SKEHUU OMYXONer roN0BHOrO Mo3ra (MON0XKEeHME U pa3mepbl
WMHTPaKpaHMaNbHbLIX 06Pa30BAHMNI HE 3aBUCAT OT AbIXaHUS U
[OBWXKEeHWS Tena naumeHTa) nepef nposefeHnemM ctepeoTak-
CMYyeckom bruoncnm, AaHHbIe, Moay4eHHbIe Ha AnarHoCTuYe-
CKOM 3Tane, 4YacTo pPacxXoAsTCs C AAHHLIMW MHTpanpoLeayp-
Hon MAKT-BM3yanmsaumm, Tak Kak ranmobaacTtombl MOryT
3HAYUTENBLHO YBEINYMBATLCS, @ IMMGOMbI HAO60POT YMEHb-
LwaTtbcst B 06beMe (Ha GoHe NpoBeaeHMs rOPMOHOTepanunm)
33 KOPOTKMIM MPOMEXYTOK BpeMeHW [65]. Takmm obpasom,
NCNONb30BaHNE MYNLTUMOAAILHOTO CIMAHNS U306paskeHni
(NAKT/MCKT, NAKT/MPT 1 gp.) B HacTOsLLee BPEMS MOXET
6bITb 3PDEKTUBHLIM NPU OCYLLECTBAEHUN BMeLLATeNbCTB
TOBbKO HA MAIONOABUXHBIX OpraHax (Hanpumep, Ha No3Bo-
HOYHWMKE) 1 TONbKO NPU MeAJ/IeHHO NPOrpeccupyoLmx 3a60-
JleBaHMsIX (HanpumMep, BO BpeMsl YCTAaHOBKM CTeHT-rpadTa B
A0pTYy A8 Je4eHUs aHeBpuM3Mbl). 0o3ToMy pacliMpeHue
BO3MOXXHOCTEM MHTpaonepaumoHHon MAKT-Bu3yanmsaumm
C MCnonb3oBaHMeM Hambonee 3GPEKTUBHLIX PeXUMOB
KOHTPaCTUPOBaHWNS ABASIETCS KPAeyrobHbIM KAaMHEM MOBbI-
LUeHMs AanbHenLen TOYHOCTU U 6e30MacHOCT NPpOBeAeHNS
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MHOIMMX PEHTTeHOXMPYPruYeckKmx BMeLaTenbCTs, B TOM YnC-
ne TMAKT-KOHTpOAMpyeMown CTepeoTakcuMyeckon buoncum
OMnyXoJer roI0BHOro Mo3ra [65].

bonee HafeXHbIM SIBASIETCS UCMO/b30BaHWeE MHTpaonepa-
LUMOHHOro cmsHma NAKT/MAKT MaccMBoB AaHHbLIX BO Bpe-
MS pAfa MHTEPBEHLIMOHHO-PAAMOIOrMYeckmnx npoueayp. B
KayecTBe npMmMepa MOXHO MPUBECTY BO3MOXHOCTb CMS-
HUA daHHbIX MAKT-apTeprorenatnkorpadumn, HecyLwem nH-
dopmMaLmIo 0 NOMOXKEHVM U pa3Mepax MeTacTasa B NeyeHu
C AaHHbIMK MAKT-apTepuorenatukorpadum nocie BbInoJsi-
HEeHUS YPEeCKOXKHOW SIHepreTuyeckon abaaumm aas noayde-
HUS MHbOpMauMKM 0 «kpae abasumm» (Mo aHANOrMM C Kpaem
pe3eKkuMn) C LieSIblo OLLEHKM TeXHUYeckon 3PPeKTUBHOCTM
NpoBefEeHHOro JieveHus (14, 24].

TpeTbMM BapUaHTOM C/IUSIHUS N306PaXKEHNIN SIBNSETCS Ha-
JNIOXKeHWe AaHHbIX, MOoJly4eHHbIX C MoMoLLbio MAKT-ckaHmnpo-
BaHWS (MM N306PDKEHNA APYTUX MOAANBHOCTEN) HA «KU-
BYIO PEHTFEHOCKOMMIO» MPU MPOBEAEHNN YPECKOXKHOW, BHYT-
PUCOCYANCTOM N BHYTPUMPOCBETHOW HaBUrALMK, 4TO BydeT
601ee NOAPOBGHO pacCMOTPEHO B CefytoLLeM pasgene.

2. TexHONOrMK AONOIHEHHOM peanbHOCTH

TexXHONOrMM [OMNONHEHHOW peanbHOCTU (JOMONHEHHOM
peHTreHockonun) Ha ocHose MAKT nogpasymeBatoT BO3-
MOXHOCTb NpOeLMpOBaHMS TpexMepHor nHdopmMaLmu, no-
JIY4EeHHOM € noMoLbio MAKT, HenoCpeACTBEHHO HA peHTre-
HOCKOMMYeCckne MOHUTOPbI B PEHTreHonepaLoHHON B pe-
>KMIMe peanbHOro BpeMeHW, YTO MO3BOJIsSIeT BUAETb aHaTo-
MUYeCKne CTPYKTYPbl 1 «MULLEHW» «Ha MECTe» BO BPEMS UC-
NO0/Ib30BaHMUS PEHTIEHOCKOMNUW. TUAMYHLINM pabo4vmi npo-
Lecc BkaoyaeT noayveHune NMAKT-1306padkeHNI, cermeHTa-
LMIO COCYLOB, LieneBbiXx 04aroB U APYrux HeobxoAuMbIX
CTPYKTYP, BbIYMCNEHME TPEXMEPHOW KapThbl U PErMCTPaLLMIO
3TOM MOAENM COBMECTHO C reomeTpumen C-ayru, 4Tobbl Ha-
JIOXKEHWE CUHXPOHM3MPOBAJIOCH C ABVKEHUSMU TeHTPU U
CTO/a B CTEpe0TakCMYeCKOM NPOCTPAHCTBE aHrmorpaduye-
CKOW YCTaHOBKM. DTa NapaAmMrma, 4acto HasbiBaemMas Takxe
«3D-KapTMpoOBaHMEM B peasibHOM BpeMeHu» amn «3D-poaa-
ManuHrom», LWMPOKO WCMOAb3yeTCs Kak MpaKTUYHbLIA Y
BbICTPbIN CNOCO6 NpeobpaszoBaHUs AAHHbLIX POTALMOHHOM
peHTreHorpadum B pyKOBOACTBO K AdsibHeNLLIeMy npoBeae-
HUIO PEHTFEHOXMPYPrMYeckKmnx BMeLaTenscTs [66, 67]. B Ha-
CTOsiLlee BpEMSI TEXHOJIOTMW [OMOSIHEHHOW peanbHOCTU
LIMPOKO MCMONb3YIOTCA ANS1 NPOBEAEHMS YPECKOXHOW, IH-
[OBACKYNSIPHOM M 3HA0OPOHXMANBHOM HaBUIaLUN.

2.1. YpecKoXXHas HaBurauums

CTaHAapTHLIM paboynii NpoLLEeCC HAYUHAETCS C BbINOIHEHNS
MNAKT 6e3 koHTpacTa (Hanpumep, 418 bruoncnum nnu abnsumm
Onyxoen Nerkmx) Uam C UCNoNb30BaHNEM BHYTpUapTepuasb-
Horo (Hanpumep, Ans abnauum y3nos M'UP B neyeHn), BHYTPU-
BEHHOro (Hanmpumep, Aas NpOBeAEeHUs KPUOHEeNpOoam3nca),
3HA0MMMATNYECKOTO AW APYTNX BULOB KOHTPACTMPOBAHMS
(puc. 14). Janee Ha paboyen CTaHUUW BLIMOAHAETCS MOAY-
aBTOMATUYECKas WM aBToMaTnyeckas cermeHTaums (Bblae-

Puc. 14 (a-r) . Icnonb3oBaHMe pas/inyHbIX BUAOB
KOHTPACTUPOBAHMS MPU BbIMOMHEHNUN HEKOTOPbIX JIe4eBOHbIX
YPECKOXHbIX PEHTFeHOXUPYPrUYeckmx BMeLLaTenbCTs nog,
KOHTpoiem MNAKT-HaBuraumm: a. KOHTpO/1b MOI0XKEHUS UTTbl B
OCTeO0/INTUYECKOM MeTacTase Tesa No3BOHKa rnepes NposefeHvem
BepTebponnactukm (MAKT 6e3 4ONONHUTENbHOTO
KOHTpacTUpoBaHus); 6. MoCTpoeHMe TpaeKTOpUM YCTaHOBKM
KPMO30HAA ANS MPOBeeHUS YPECKOXXHOW aproHO-resineBom
Kproabnsumm metactasa KonopekTasbHOro paka B neyeHu
(BHYTpMapTepumanbHOe KOHTPACTUPOBAHWE B BUAE KanuaasSpHOM
dasbl MAKT-apTepuorenatukorpapun); B. KOHTpOsIb MONOXKEHWS
KPMO30HAA Mepea, NpoBefeHNEM YPECKOXXHOMO KPUOHEeNpoamnsmca
YPEBHOrO CreTeHUs y naLmeHTa ¢ 60/1eBbIM CUHAPOMOM,
06yCNI0BNIEHHBLIM PAKOM FOJIOBKM NOAXKeNyA04YHOM skene3bl (MAKT
Ha PpOoHe BHYTPMBEHHOIO KOHTPACTMPOBAHUSA); I. [TOCTpoeHme
TPaeKTOpUKM YCTAHOBKM UMbl B MOIOCTb IMMbONCeBA0aHEBPU3MbI
3a6pIOLLIMHHOIO NPOCTPAHCTBA AJ151 BbINMO/HEHMS YPECKOXKHOM
3M60/M3aLMM MeCTa yTeYKM IMMEbI C Lies1blo JIe4eHUs MaCCUBHON
nocneonepaumoHHon numdopen (MAKT ¢ ncnonb3oBaHmeM
VIHTPaHO4aNbHOW NaxoBon AnmdaHrnorpadum).

NeHve) LLeNieBbIX U KPUTUYECKM BKHLIX CTPYKTYP, & TAKKE UH-
TepakTUBHOE MOCTpoeHWe 6e30MacHoON TPaeKTopuM Ypec-
KOXXHOrO TapreTpoBaHUs nyTemM yCTaHOBKM ABYX TOYeK, O4HA
13 KOTOPbIX pacnonaraeTcs B LLeIeBOV 30He, 2 BTOpasi — B TOY-
Ke BXOAa annaukaropa Ha Koxe. [lanee, B aBTOMaTN4eCKOM
pexxnme, OCyLLEeCTBIAETCSH NOCTPOEeHME TpacChl TapreTMpoBa-
HWS 1 NOCNe OLEHKM ee Be30MacHOCTU (M3beraHme KpymnHbIX
COCYANCTO-HEPBHbIX NMYYKOB, MO/bIX OPraHOB U Ap.) OHA peru-
CTpUpYeTCs B CTepeoTakCU4eCckoM MPOCTPaHCTBe («reomeT-
puny) C-ayrun Takum 06pasom, 4to 3D-KapTa HakaabIBaeTcs
Ha PeHTreHOCKoNMYeckoe 1306paxkeHre n 0bHOBASETCS BMe-
CTe C M3MEHeHMEM MOJIOKEHUSI TeHTPWU, YTO MO3BOJISIET CO-
BMeLLATb UMY UAM annankaTop C NPOrHO3MpYyeMon Lie/bio B
pexxmme peasibHOro BpeMeHu [62, 66]. lononHuTeIbHble on-
LMV HaBeAEeHWS UMb, TaKMe KaK 3axXBaT Lesn, NMoACBeynBa-
H/Ee OpTOrOHANbHBLIX (B3AWMHO-MEPNEeHANKYASPHbIX) NPO-
eKLMI C NOMOLLbH0 /1a3epa, MHPOPMUPOBaHKMe BpaYa O riybu-
He yCTaHOBKM anninmKatopa, nNpefHasHayeHbol Aas yMeHblue-
HWS YA OLLIMBOK M OYeHb MOMOTAKOT MpWY TapreTMpoBaHUn
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C UCMONb30BaHMEM CJIOKHBIX YI/I0B aTakK, a Takxke B Cyqasx
«AJINHHBIX TPAEKTOPUIAN, MPOXOAALLMX Yepe3 NMOABUKHbIe Op-
raHbl (puc. 15). Mpy NpoBeAeHUN 3HepreTuyeckon abasaumm,

Puc. 15. BBegeHWe aHTeHHbI AN MMKPOBOIHOBOW abnsiumm B
0onyxo/b nevyeHn nog KoHtponem MNAKT ¢ ncnosb3oBaHmeMm
LUTaTHOW Na3epHON NOACBETKM aHrMorpadu4eckoro KomMmnaekca
Artis Zee (Siemens Healthineers, lfepmaHus): nocne BbINOAHEHUS
NAKT-apTepuorenatnkorpadumn n onpeaeneHms 6esonacHom
TpaekTopuu TapreTupoBaHms C-ayra aHrnorpadpuyeckomn
YCTaHOBKM YCTaHaB/IMBAETCS B MOMOXKEHME «BUA CBEPXY», NOCNE
4yero aBTOMaTUYeCKN BKIIOHAETCS la3epHas NoAcCBeTKa,
no3sosiftoLlas 6e3 NCnosib30BaHMS PEHTTeHOCKONUY ONpeaennTb
TOYKY BXOAA annanmKaTopa Ha KOXe nauneHTa; npy npaBuibHOM
pacnoaoXeHUn annamMKaTopa, CorMacHoO 3anaaHMPOBaHHON
TPaeKTOpUM TapreTMpoBaHUS, BU3yanmn3npyeTcs nasepHas
NOACBETKA HA BCEM NPOTSKEHUM WwadTa aHTEHHbI A8
MUKPOBO/IHOBOM abnaumn B ABYX B3aMMHO-NEPReHANKYASAPHBIX
NpOoeKLMSX, YTO NO3BOJISET 6€3 BK/IYEHMS PEHTIeHOCKOMUU
TOYHO NPOBECTW aNMNAIMKATOP B TENIO NaLMeHTa Ha 3apaHee
onpenesieHHyto rybuHy.

6MONCUM N APYTUX YPECKOXKHbLIX BMeLLaTeIbCTB Nocae ycra-
HOBKM Wbl MAW annavMKaTopa B LesneByto 06/1acTb 0bsa3a-
TeNbHO npoBOAUTCA MoBTOpHOe [MAKT-ckaHMpoBaHWe Ans
NOATBEPXAEHNS aeKBAaTHOIrO PaCnoIoKeHMS YCTPONCTBA B
LeneBon 30He. PaHee BbiNO MOKa3aHO, YTO MCMOJIb30BaHME
TEXHO/IOMMM YPECKOXHOW CTepeoTakCMYeckon HaBuUraumm
3Ha4MTeNbHO Obneryaet NpoBefeHVEe YPEeCKOXHbLIX BMeELLa-
TeNbCTB, B 0CO6EHHOCTW MpU TapreTMpoBaHMM 06pa3oBaHUN
OMaMEeTPOM MeHee 10 MM, He BU3yanunsmpyembix npu Y3u, no-
BbILLAS TeXHMYECKYO 3PPEeKTUBHOCTL M 6e30MacHOCTbL psaa
npoueayp, B HAaCTHOCTM YPECKOXKHOW BLUOMNCKM OMyx0nen ner-
KX [18, 64]. bosiee TOro, BbINOHEHWE PA3/INYHbIX YPECKOXKHbLIX
PEHTIEeHOXMPYPrmyeckmx BMeLlaTenbCTB (broncus, ApeHnpo-
BaHue, abnsauma n 1.4.) nog, NMAKT-KOHTpOeM OCyLLLeCTBAsSeT-
€S 3HAUYNTENbHO ObICTpee, TOYHEe N TexHUYeckn 6onee 3d-
GEKTUBHO MO CPaBHEHWUIO C BLIMOJIHEHWEM Tex e BMeLla-
TeNbCTB NOA4 KOHTponemM MCKT, npu 3ToM 3¢ deKkTrBHas 403a
06/1y4eHMS Ha 13-42% MeHblue [68-71].

2.2. 3Hp,OBaCKyJ1$IpHa$I HaBurauus
TexHOMOrMM BHYTPUCOCYANCTOM HAaBUraLMKM Ha ocHoBse MAKT

KOHPUIypMpYHOT MoslydeHHble Bo BpeMs MNOKT-apTepuorpa-
dUn N306padkeHns apTepUanbHOro pycsia B MHTEPAKTUBHYIO

m MEAMLMHA BbICOKUX TEXHOJTOT U Ne2 (2025)

COCYA00PUEHTMPOBAHHYIO OPOXHYIO KapTy, KOTOpas Takoke,
KaK 1 B NpeAblayLemM ciy4ae COBMELLAeTCsl, PermcTpupyeTcs
N CUHXPOHWM3MPYeTCs C Tekylen reomeTtpuen C-gyru. Mpu
3TOM BO3MOXHO MCMOJ/Ib30BaHWe AOMOJHUTE/bHbLIX Creum-
A/IbHbIX MPOrPpaMMHbIX NAKETOB, NpeAHA3HA4YeHHbIX ANs No-
JlyaBTOMATN4eCKOro WM aBTOMATUYeCKOro nomcka nmrako-
LUMX OMyX0/b apTepui [72]. Kak bbi1o NokasaHo paHee, AaH-
Hble MporpamMMbl MO3BOASIOT 3HAYUTEIbHO MOBLICUTL Bbl-
SIBNSIEMOCTb NMUTAKOLLMX OMyX0/ib apTepuK, Cokpallas obluee
Bpems npoueayp cCTAX3, 04HOBpPeMEHHO 3Ha4YMMO Yy/y4Llas
KaK TexHn4eckyro 3 eKTUBHOCTL BbINMOAHSEMbIX MPOLLeayp,
TaK 1 OTAANEeHHble pe3ynLTaThl NeveHns [73]. Mocne cermeH-
TaLMKM LeneBor ONyxo/iv U MOCTPOeHUs 3D -KapTbl BHYTPUCO-
CYAMCTOW HaBUraumm (B BMAE «NoACBEYEHHOW» BHYTPMUCOCY -
ANCTOWN TpaekTopunn) MHGOpMaLLMS NepeaaeTcs B CTepeoTak-
CMYecKoe MPOCTPAHCTBO, YTO MO3BONSET GLICTPO U MpeLuu-
3MOHHO NPOBECTU NPOBOAHUK N MUKPOKaTeTep BAO/b TPex-
MEPHbIX OCEBbIX TMHNIN NOA KOHTPOEM AOMNOSIHEHHOWN PEeHT-
FeHOCKOMMM HEeNnoCpeACTBEHHO K TOYKe MaaHnpyemon cCTA-
X2 6e3 mncnonb3oBaHma 3tanHon LICA. B ony6amnKoBaHHbIX
paboTax HoBast NapagmMrma Mcnonb3oBaHUS «3D-40POXKHOM
KapTbl B peasibHOM BPeMEeHM» ONNCLIBAETCS Kak MPaKTUYHbIN
N BbICOKO3DPEKTMBHbIV CNOCO6 Npeobpa3oBaHNst OTAE/bHO-
ro 3D-1306paxkeHMs B MONe3HOEe pyKOBOACTBO A5t 6e3onac-
HOW M MPEeUM3nOHHOM 3MBOAM3ALNN/XMMNOIMBONN3AL MM
[30, 66, 67]. bonee TOro, AAHHAA TEXHONOMMSI COKPALLIAET YnC-
N0 [OMNONHUTENbHbIX cepuin LICA, MpMBOAS K CHUKEHWIO
JIY4EBOM HArpy3KM Ha NaumMeHTa 1 nepcoHan [27].

2.3. DHA06POHXMANbHAA HABUTaLMS

TexHONorns, B 3HAYNTENbHOW CTEMEHN MOXOXas Ha Bbllle-
OMNUCaHHble, 3aK/IKOYAETCS B TOM, YTO MOCIe MpOBeLEeHUS
6eckoHTpacTHoro MAKT-CKaHMPOBAHMS OpPraHOB Tpy4AHOWN
NONOCTY, AbIXaTeNbHble NyTU CErMeHTUPYITCS U npeobpa-
3Yl0TCS B OCEBble NMHUM U LieneBble Mogenn. 3T MOAeNu
(Hanpumep, cerMeHTUpOBaHHasa nepudepmyeckas omnyxosb
JIerkoro) 3aTemM Hak/a1a4blBAOTCS HA PEHTreHOCKonMyeckoe
N306paxKeHne N NOCTOSIHHO OHBHOBASIOTCS C YHETOM [ABUXKE-
HWW TeHTPW W CTONQ, NpeBpaLlas efVHUYHYIO pa3BepTKy B
WMHTEpPaKTMBHOE PYyKOBOACTBO BMECTO CTATMYHOro Habopa
[OAHHbLIX. BHYTPWU AbIXaTeNbHbIX MyTeW UHTPATOMUHANbHAS
HaBMraums MoxeT 06beanHATb MAKT ¢ npegonepauiOHHOM
MCKT pnns cornacosaHus npeanpouenypHbiX LOPOXKHbIX
KapT C MHTpanpoueaypHown aHatoMmnen. Ob6beamHeHHas 3D-
MOAENb AbIXaTeNbHbIX NyTen perncTpupyetcs Ha C-gyre u
ncnonbsyetcs Ans obsierdyeHns nposefeHUs HpoHXockomna
(MM NpOBOAHUKOBOrO KaTeTepa) B pexmme AOMOJTHEHHOM
PEHTreHOCKONUM ANS BbINOJHEHUS TPAHCHPOHXMANLHOM
6roncmm, TPaHCOPOHXMATBHOM KpUOAbAsLMM UAM TpaHC-
H6pOHXMANBLHOM MUKPOBOIHOBOM abnisumm nepudepudeckmx
3/10Ka4eCTBEHHbIX HOBOOBPAa30BaHWM Nerkux [74-76].

3. TeXHONOrMK BUPTYanbHOM peanbHoCTH (BP)

Ecnn TexHonormm fonosHeHHOW peanbHOCTU MPUBHECIN B
OnepaLmMoHHYI0 «TpexMepHble MAKT-1306paXkeHnst B pexxm-
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Me peasibHOro BpeMeHM», TO pa3paboTka NporpaMmHbIX na-
KeTOB Ha OCHOBe BP cnocobHa npeBpatnTb 3K MAKT-1306-
PaKEHUS B «MHTEPAKTMBHYKO 3D-CLeHy», BHYTPU KOTOPOM
oneparop MOXeT CBOHOAHO «nepemeLLaThCsn, MIaHNPOBaTb
BapWaHTbl YPECKOXHOTO WM BHYTPUCOCYANCTOrO JieYeHus,
OLLeHMBATb ero «pesysbTaTtbi» a TakXKe y4UTbCS, He NoABep-
ras HW cebs,, HY nNaumeHTa AOMNOSHUTENIbLHOMY BBEAEHMIO
KOHTPACTHbIX NPenapaToB 1 AONOAHUTENIbHOM SIy4eBOM Ha-
rpyske. MIHbIMW C/IoBaMW, y>Ke CerofHsi coBpemMeHHble BP-
TEXHOJIOrMM MO3BONSOT UCMONbL30BaTb PEKOHCTPYMPOBAH-
Hble TAKT-n3006paXkeHNsa Kak «BUPTYyasibHbIM MOAMIOH» Ha
KOTOPOM MOXXHO TOYHO CMOAENNPOBATL pe3ynbraTbl U Mo-
CNnefCcTBUSA MPOBeAEeHUS TeX U UHbLIX YPECKOXKHbLIX Y 3HA,0-
BACKY/NIAPHbIX PEHTreHOXMPYPruyeckmx BMellaTesbCTB. B
HacTosLLee BpemMs LWMPOKO MCMOMb3YIOT TPYU KOMMEPYECKH
OOCTYMHbIE TEXHOIOTMW BUPTYaSIbHOTO MJIAaHWPOBAHUSA, Of-
HaKO B byayLiemM K HUM ByayT 406aBASTLCS ONUMM MOAENN -
poBaHuMS BCe 60MbLIEr0 U 6ObLIEro YACAA CIOXKHbLIX MHTEp-
BEHLMOHHO-PaAMOoIorn4eckmx npouenyp. B coBokynHocTr
3TWU BUPTYa/ibHble MHCTPYMEeHTbI Ha ocHoBe KT no3so-
NAT 06beauHUTL 3Tanbl NAAHMPOBAHUS, HaBUraumMm u
KOHTPONs 3hdeKTUBHOCTN psaa BMeLlaTeNbCTB B O4HOM
peHTreHonepaunoHHomn, genas MAKT npeackasyemom n 60-
nee «<3KOHOMWYHOM» C TOYKWN 3PEHUST UCMONb30BAHUS KOHT-
pacTta u 0bay4eHnst Mo CPABHEHWNIO C TPAAULMOHHBLIMU Me-
ToAaMM BU3yanM3aLmMm TakUMKU Kak peHTreHockonusa v LICA
[27, 60]. ONybAMKOBaH paA KAMHUYECKUX UCCef0BaHWUM,
CBUAETeNbCTBYIOWMX O TOM, YTO UCMONb30BaHWe BP-aHrno-
rpadun 1 BP-NNaHMPOBAHMS YPECKOXHOW abnauuu nam
CCTAXD MOBbILWAET TEXHUYECKYIO YCMeLwHOoCTb npoueaypbl,
COKpaLLasa Bpems ornepauum 1 CHUXKas y4eByto Harpysky
[60, 77]. MpepnonaraeTcs, YTO MO Mepe COBepLUEHCTBOBAHWS
rpaduyeckmx npoueccopos, 5G-CTPUMMHIA U «rOS0COBbIX
NN-accncteHToB» BP-TexHONOrMM Ha 6a3e MAKT B peHTre-
HOMepPaLMOHHOW MOIYT CTaTb CTOJb XK€ PYTUHHLIM UHCTPY-
MEHTOM UHTEPBEHLIMOHHOW PaAMOIOrK, Kak B HacTosLee
BpemMs cama MAKT 1 TeEXHONOrMm LOMNOHEHHOW PeasibHOCTH
Ha ee OcHoBe [78].

3.1. BupTyanbHas abnsuus

BupTyanbHas abnauma nogpasymeBaeT MCMOAb30BaHMe
cnewumanbHOro NporpaMMHoOro obecrnevyeHms, npespaLlato-
wero nHTpanpoueaypHyto MAKT B cpefy naaHMpoOBaHUA U
NMPOrHO3MPOBaHMS Pe3ynbTaTOB YPECKOXKHOW SHepreTuye-
CKOW JecTpykumm onyxonen [79-81. C MUCNOMb30OBaHMEM
JaHHbIX NMporpamMm Bpay MOXEeT CMOAEIMPOBaTb N «yBU-
OeTb» 30HY abasumm, a TaKXke Kpam abnauuu, pasmellas
OAMH W HECKOJIbKO BMPTYaslbHbIX anninkaTopos B Liefe-
BOM o4are. [1py 3TOM CMcTeMa aBTOMaTUYeCkn MporHo3mpy-
eT 30Hy abnsaunn B 3aBUCUMOCTU OT BUAA (KPUO3OHAbI, aH-
TeHHbI anst MBA, anekTpoabl Ans PYA v ap.), napameTtpos (B
3aBNCMMOCTWN OT MPOW3BOAMUTENS N KATA/OXKHOro HOMepa
KOHKPETHbIX YCTPOMCTB) M YMC/1a ann/IMKaTopoB. [MporHosm-
pyeMbii 06BEM abnauMmM 3aBUCUT TakXKe OT «reoMeTpum»
YCTAHOBKW ann/IMKaToOpOB M BbiBpaHHbLIX MapameTpoB Mo-
[a4vy 3Heprnm (MOLLHOCTb, BPEMS, CUHEpreTn4ecknn 3¢-

deKT 1 Aap.). Pe3ynbTnpytowas «BupTyasabHas 30Ha 06paboT-
Ku» oTobpaxaeTcst B 3D-pexurme Ha peHTreHOCKOMMYeCKmX
3KpaHax, Mo3BosAs onepaTopy OLeHUTbL 06nacTb abnsumm
nepez nogayen 3Heprum 1 CKOppPeKTMpOBaTb MNOMOXKEHME U
YUCO anNnANKATOPOB WX NPOAO/IKMTENbHOCTL BO34EN-
CTBMA ANa obecneveHmns TexHN4eckom 3pPeKTUBHOCTM Npo-
ueaypbl. Kputmnyeckme CTpyKTypbl (MOMble OpraHbl, apTepumn
W Ap.) MOTYT BbITb 4ONOMHUTENILHO CErMEHTUPOBAHbI 1 BMe-
CTe C TpaekTopwen TapreTMpoBaHusa nocne «ofobpeHus
naaHa» 3aperncTpupoBaHbl 415 AabHENLIero Mcnoab3oBa-
HUS B Mpouecce BMellaTenbcTaa [79]. MNocae 3aBeplueHus
npouenypbl KOHTponbHaa MMAKT c KoOHTpacTMpoBaHuem
«[JOKYMEHTUPYET» peasibHyto 30Hy abnsumm 1 nossonser
HanpsiIMyto CPaBHUTbL €€ C NPOrHO30M, Npeasiaras AOMoHN -
TeNlbHble «MepeKkpbiBAIOLLMEN CEAHCbI IHEPreTUYEeCKoro BO3-
[encTBuns B CJly4ae BbISIBNIEHUS HeA0CTaTOYHOro Kpas abnsi-
umu [80, 81]. NMpeagnonaraeTcs, 4To B Heganekom byayuiem
nosydeHHasa nocie abnsaumm nHdopmaumsa o pesynbratax
NnevyeHns MoxeT 6biTb BO3BpallleHa 06paTHO B Mporpammy
LNsi ee [OMOHNTENIbHOrO (MALUNMHHOI0) 0by4eHms, Koppek-
TUpYIOLLero npefayCTaHOB/IEHHbIE HACTPOWKM B COOTBET-
CTBUW C peanbHOW KIMHUYeCKOW NpakTUKon [79-81].

3.2. BupTyanbHas xummnoambonusauums

Kntoyesast GyHKLUMS NPOrpaMMHbIX NaKeTOB «BUPTYabHOM
MHbeKLMX (3MB0IM3aLMM)» 3aK/TOHAETCS B TOM, YTO NOY-
YeHHble ¢ nomolubio MAKT-apTepuorenatukorpapum aaH-
Hble MCNONb3YIOTCS A1 NPOrHO3MPOBaHUS pacrnpeesieHns
KOHTPACTHOro npenapata (a Takke XMMMosmbonumsarta) B
neyeH W CErMeHTMPOBAHHOM LLe/IeBOM OMyXOJIeBOM Y3/e
npW pacnonioXeHnn «BUPTYaSIbHOrO KaTeTepa» B 1t060M Ya-
CTW apTepmanbHOro pycna. Takum 06pasom, BMECTO NpoBe-
LeHust peanbHoW 3TanHon LICA (B 2D-pexunme) MeToaom
npo6 1 oWMBOK onepaTop BUPTYANIbHO «TECTUPYET» PA3nY-
Hble YPOBHW apTepuanbHOro AepeBa W BbiIGMpaeT onTu-
MaJIbHYIO TOYKY XMMMO3MOO0AM3ALNIM, NO3BOJISIOLLYIO NO-
HOCTbKO MepeKpbiTb apTepmasibHoe KPOBOCHAbXeHMe ony-
XONN C MUHUMaNbHbLIM NOBPEXAEHNEM 340POBOM NapeHXM-
Mbl MeYeHu. VICnonb3oBaHWe AaHHOro NPorpaMMHOro obec-
neyeHns No3BOISET CHU3UTb YMUCSIO AOMNONHUTENbHbIX LLCA-
cepui 1 3TanHbIX MAKT-CKaHMPOBAHMI, YTO CYLLECTBEHHO
CcoKpalllaeT pacxof, KOHTPACTHOro npenapara u Jiy4eByto
Harpy3sKky Ha nauveHTa v nepcoHas npuv CoOXpaHeHuu Kade-
CTBa NJIaHMPOBaHUS 1 NpoBefeHnst npouenyp ccTAX3 [30,
60, 67]. KonmyecTBeHHble ONUMW MPOrpaMMHbIX MaKeTOB
BKJIIO4AIOT B €65 TaKKe BO3MOXHOCTb OLEHKU «BUPTYailb-
HOW NapeHxMmaTo3Hon nepdy3um», bnarogapsa vemy nep-
®Y3MOHHbIE M3MEHEeHUS NoCae XMMNO3MBOoAM3aLnmn MoryT
6bITb CMOAENNPOBaHbI 3apaHee, YTO AOMNOSIHUTENLHO 0bJier-
YaeT MpaBW/bHbIN BbIGOP LLeNeBOro Cocyfa M OLLeHKY CO-
CTOSIHWUSI NAPeHXMMbI MeYeHr nocsie npoueaypbl [48, 49].

3.3. BUpTyanbHas ycTaHOBKa CTeHT-rpadTa

Mporpamma BUpTYasIbHOro CTEHTUPOBAHMA («BUPTYabHbIN
CTEHT-rpadT») BKIOYAET B Ce6S 3Tarbl NAAHUPOBAHNA U Ha-
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BeeHUs Mpu KOTOPbIX BUPTyasibHash MOAe/b CTeHT-rpadTa
nomeLlaeTcs B TPEXMEPHYI0 aHAaTOMWYeCKyto CTPYKTYpY,
noJiy4eHHyto ¢ nomolbio MAKT, n B nocnenyoLwemM npoeLu-
pyeTcs Ha peHTreHOCKOMMYeckoe n3obpaxeHne B pexmnme
peanbHOro BpeMeHu. lNocae poTauMOHHOIo CKaHMpOBaHWUA
C BHyTpUapTepunanbHbIM KOHTpacTMpOBaHMEM aopTa U Ma-
rMCTpasibHble apTepum CerMeHTUPYIOTCS, @ TalkoKe CO34atoT-
CA 0CeBble IMHUKM N KOHTYPbI apTepuanbHoro pycaa. lanee
MaKeT NpefAnonaraeMoro CTeHTa UAKW CTeHT-rpadTa noaro-
HAETCA NO pasmepam, NoJly4eHHbIM € momMoLLbio MAKT, 1 Bbl-
PaBHMBAETCS MO OCEBOWM AIMHWW. B panbHeunem 3aperu-
CTPMPOBaHHas MOAeNb BU3yann3mpyeTcs B BUAE TPEXMeEp-
HOW KapTbl, KOTOPAas OTC/IEXMBAET ABMXKEHME FeHTPU U CTO-
J1la BO BPEMS «KMBOW peHTreHockonum» [82]. Pabounin npo-
LeCcC OPMEHTUPOBAH HAa MHAMBWAYANbHLIM NOAGOP pasme-
poB rpadTa M TOYHOCTb €ro «MoCaAKM» AAs KKAOro KOH-
KPeTHOro nawmeHTa, Haxo4ALWerocs B peHTreHonepayyoH-
HowW. MapameTpbl AnameTpa v AJNHbI QHEBPU3MbI, U3MEPEH-
Hble Ha MAKT-n306paxkeHnn B peHTreHonepaLnoOHHOMN,
onpeaenstoT TOYHbLINM NoA60P UMMAAHTUPYEMbIX YCTPOMUCTB,
a COBMeLLEeHHOe HaNoXeHe No3BOJIsSieT onepatopy npose-
PUTb YCTbA, TOYKM Pa3BETBIEHNSA U 3aN1aHNPOBAHHbIE 30HbI
YCTAHOBKW B TOW NPOeKLMK, KOTopas byaeT MCnonb30BaThbCs
ON9 peanbHOM MMMAaHTauMn. NMoCcKoAbKyY «40POXHAs Kap-
Ta» COBMeLLleHa C reoMmeTpumen C-ayru (To eCTb Morpy>xeHa B
CTepeoTakcMyeckoe MpPOCTPAHCTBO aHrMorpapuyeckon
YCTAHOBKMW), TMPOBEPEeHHble BUPTYa/JibHO KOOPAWHATbI
OCTatOTCA HEM3MEHHbIMU Mpu BpaLleHun C-ayrn nan cme-
LLLeHUW CTONA, YTO MO3BONSAET MO3ULMOHMPOBATL NMPOBOL-
HUKM M KaTeTepbl, a Talkoke UMMJIAHTUPOBaTb CTEHT-rpadT
6e3 BbINOMHEHMS AOMNOAHUTENbHBLIX MAKT-CKaHMpOBaHMI
[67, 82].

IV. MepcnekTuBbI fanbHeNLero
passutusa MAKT n MAKT-TexHonornim

BHegpenue MAKT v psga MAKT-TEXHONOMMW, ONMUCAHHbBIX
BblLLE, Y>Ke CeroHs U3MeHUN0 TaKTUKY NPpOBeAeHUss MHOTUX
YPECKOXHbIX N 3HA0BACKYASPHbIX BMELATENbCTB [14, 24, 65].
JanbHenwee pasBuTMe 3TUX TEXHONOMMN BanKanLwme 5-10
net obellaeT HaM Nepexon Ha «HOBYH KBAHTOBYH CTYMeHb»
b6naroaapsa oXuaaembiM NpopbiBaM B KOHCTPYKLNW AeTek-
TOpOB, pa3paboTke po60TM3MPOBAHHBLIX OPBUT CKAHMPOBA-
HWS U COBepLUEHCTBOBaHUM N-anroputMoB. JanbHenwee
passutue MAKT-TexHONOrMn ByAeT CBA3AHO TaKXKe C yayy-
weHwvem MNAKT-BM3yanmsaumm C napannesnbHbiM CHUXEHWU-
€M JIy4eBOW Harpy3ku Ha naLmeHTa 1 nepcoHarsn, paspaboT-
KOW CUCTEM CUMHXPOHM3ALMM AbIXaHUS U ABUXKEHUIA NaLM-
eHTa BO BpeMs npoBefeHMs BMeLlaTebCTs, a TakKe C pas-
BUTMEM POBOTU3MPOBAHHBIX CUCTEM 415 BbINMOJHEH WS Ypec-
KOXHbIX M 3HA0BACKYNSAPHbLIX Se4ebHbIx npoueayp. Mo Bcen
BUAMMOCTN aHrMorpapuyeckmm KOMMNAekC C BO3MOX-
HOCTbIO BbIMoNHeHUs MAKT CTaHeT «TexXHOI0rMYeCcknm a4~
poOM» B KOTOPOE, MO Mepe pa3BUTUS TEXHONOTUI, ByayT NH-
TerpmpoBatbcst (CONpAraTbCs) BCE HOBbIE AOMNO/HUTE/bHbIE
CUCTEMbI HaBeLeHWs, ONTUYeCcKoro M 3/1eKTPOMarHUTHOro
CnexxeHns (HanpumMep, 418 OTCNEXMBAHUS AbIXaHUS), flyye-
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BOW BM3yanm3aumu (Hanpumep, ynbTpa3ByKoBble CKaHepbl),
a Taike (MO BCeM BUAMMOCTW) ronorpadpuyeckmn nHTep-
denc, N03BONALWMI «BUAETbY AHATOMUYECKNE CTPYKTYPbI
N NHCTPYMEHTbI He TONbKO Ha PEHTreHOBCKMX MOHUTOPAX,
HO M Yepe3 0YKM AOMOJIHEHHOW peanbHOCTH [29, 78].

1. HoBble KOHCTPYKLIMM NNOCKUX leTeKTOPOB

VIHHOBau MM B 06/1aCTV AeTeKTOPHbIX TexHonorum gns NMAKT
Ha C-ayre B HacToslLLLee BpeMs pasBmMBalOTCS Mo Tpem B3aum-
MOLOMOMHSOWMM HanpaBAeHUaM: 1. co3gaHuve 6onee
BbICTPbIX N «MANOLYMHbIX» AEeTEeKTOPOB Ha 0cHoBe CMOS-
TEXHOOMMK; 2. pa3paboTka pas/iNyHbIX BAPUAHTOB ABYX-
3HepreTnyeckoun MAKT; 3. KOHCTpyMpOBaHMe AeTeKTOPOB C
NpSMbIM Npeobpa3oBaHNEM PEHTFEHOBCKOrO WM3y4eHUs B
3NeKTPUYECKUIM CUrHan C BO3MOXHOCTbIO noacyeta GpoTo-
HOB. KaXk10€e 13 3TUX peLleHn HanpaBaeHOo Ha AOCTUXKEHME
OOHOIO M TOr0 Xe KAnHu4eckoro sddexta — 6onee BbICOKO-
ro MPOCTPAHCTBEHHOrO, BPeMEHHOro W, B OCOBEeHHOCTH,
KOHTPaCTHOro paspeLleHns Npu Kak MOXKHO MeHbLLUMX 033X
obnyyeHuns [1].

JeTekTopbl HA OCHOBE TexHoNorMmM CMOS (KomnaemeHTap-
HOro MeTanno-0KCUAHOro NoaynpoBoAHMKa (complemen-
tary metal-oxide semiconductor)) COXpaHstOT NpUHLMM He-
npamoro npeobpasoBaHuMs Ha ocHoBe Csl, 0AHAKO B HUKX
nognexawmm con a-Si 3aMeHeH Ha TaK Ha3biBaemyto
CMOS-N0oan0XKKy COCTOSALLYIO He 13 aMOpPdHOro, a U3 Kpu-
CTaNINYeCKOro KpemHus. He BaaBasch B NoAPOOHOCTUN He-
06X0AMMO OTMETUTL, YTO MpeuMyLLecTBaMM TaKOW KOH-
CTPyKLMU BNIeTCs 6osiee MeNkmiA pasmep nukcenen (oko-
J10 100 MKM), MEHbLUIMA 3NEKTPOHHLIN LUYM, YMEHbLLEHHASs
3aJepXKa nepegayun M306paXkeHnn 1 rmbkmm pexxmm pabo-
Tbl C MONIHbIM Habopom siveek (6e3 BUHHWHIA), YTO B COBO-
KyMmHOCTK obecne4ymBaeT MPOTOKO/bI C H60nee BbICOKUM
KOHTPACTHbIM W MPOCTPAHCTBEHHbLIM paspeLleHnem 1 bonee
CTabunbHyo BM3yanmsaLmo npy 6onee HU3KMX 403ax 06ny-
YyeHus. B HacTosLLee BpeMs KOMMepYeckoe 1Crnosib3oBaHme
3TUX CUCTEM B MHTEPBEHLMOHHOW PaanoIorMm CAepXmBa-
eTcsi Tak HasblBaeMbIM «pPagnaLMOHHBLIM CTapeHUeM nnKce-
Jilery», OrpaHMYeHHbIM HanpsbkeHvem (< 130 KB), a Takxe
CNOXHOCTbIO M BbICOKOM LieHoW npowssoactea CMOS-na-
Henew [1]. B TO ke Bpemsi npeaBapuTeNbHble CTeHA0BbIE UC-
nbiTaHus MAKT Ha ocHoBe CMOS-TexHoONOrMmM noAaTBep-
KOAKT BaXKHble MPenMyLLLeCcTBa OAHHbIX AEeTeKTOPOB, YTO
NO3BOJISIET HA4EATLCS HA UX BHeLpeHWe B MHTEPBEHLMOH-
HYHO PaAMONOrnIO B Heaanekom byayuem [83].

[pyrvm nepcnekTMBHbIM Harpas/l€HNEM CYMTAETCS ABYX-
3HepreTuyeckoe CKaHMpOBaHMe, B MepBytO o4vepenb C UC-
NnoJIb30BaHMEM HOBbLIX MIOCKMX LEeTeKTOPOB, COAEep KALLMX
OBa CUMHTUANSALMOHHLIX cnost a-Si:H/Csl:Tl, pasgeneHHbix
TOHKUM C/10eM Meau U COEANHEHHBLIX C OTAE/IbHLbIMU 3/1eK-
TPOHHbIMU CHUTbIBaTENISIMU [84, 85]. Takas KOHCTpyKUuMs ae-
TeKTOPOB MO3BOJISIET pa3fe/lbHO PerncTpupoBaTth HNU3KO- U
BbICOKO3HEpreTnyeckme CUrHasbl B KaXAoW MpoeKkuunu,
obecneymBas HagexHoe CIMSHNE BUHAPHLIX AAHHBIX 1 3a-
LWMTY MX OT apTedaKkTOB ABUMXKEHWNS. DTO MO3BOJSIET MOJY-
YyaTb KapTbl pacrnpefeneHns noaa c pasgeneHmem Matepma-
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NOB M 06BEMBI C BbICOKOW CTENEHbIO XXECTKOCTM MyyKa Heno-
CpeACTBEHHO B pEHTreHonepauuoHHOW. SKCNepuMeHTaslb-
Hble 06pasubl ABYX3HEpreTmyeckmx AeTeKTOpPoB HeAaBHO
NpPOAEMOHCTPUPOBAIN BO3MOXHOCTL W MepCcrneKTUBHOCTb
MX MCMONb30BaHNSA B 061aCTN MHTEPBEHLMOHHOW PAAMO0-
rmn [84, 85]. C KAMHMYECKOW TOYKM 3peHus, bamkaniime
nepcrneKTUBbLI NCMNOMb30BAHNUS [ABYX3IHEPreTuyecknx naHe-
Nen BKAKYAKT B €e65 BO3MOXHOCTb MOAYYEHUSI MOMpoeK-
LMOHHbIX MOAHBIX KapT 415 NNAHUPOBAHUS U KOHTPOAS 3¢-
$eKTUBHOCTN CCTAXS, a TaKkxke ABYX3Hepretnyeckux «fo-
POXHbIX KapT», UCKIOYALWMX NMHENHbIe apTedaKkTbl BO-
KPYr MAOTHBLIX CTPYKTYp (Hanpmmep, yCTAHOBAEHHbLIX paHee
B apTepumu roJIOBHOr0 Mo3ra MeTa/IMYeCcKUX Cnmnpanen m
AP.) N «4030HENTPanbHbIX MPOTOKOIOBY, 3aAMEHSIOLLMX He-
CKONbKO aHrrorpaduryeckmx npouenyp oaHUM «CneKkTpasib-
HbIM BpalleHvemM». B [0/roCpo4HON nepcrnekTuBe AByX-
3HepreTmnyeckoe MAKT-ckaHMpoOBaHWe ByaeT coyeTaTbest C
ONTUMW3NPOBAHHLIMW AJ151 KOHKPETHbIX 33434 TPaeKTopus -
MUV 1 aBTOMATU3MPOBAHHbLIM MJAHNPOBAHMEM, YTOObI Criek-
TpanbHas WHGOpPMauUMs HanpsaMmyro KCnosnb3oBasachb As
npoBefeHUst PEHTFEHOXMPYPryeckKmx BMeLlaTesibCTB C BO3-
MOXHOCTbLIO OLEeHKM Nepdy3nm [84, 85].

Apyr1um BapuaHToOM NoJIyYeHUs ABYXIHEPreTuyeckmnx n3ob-
paXXeHUI ABASETCS ObICTPOe NepektoyeHne KB Ha peHTre-
HOBCKOW Tpybke BO Bpemsi MpoBeAeHUs POTaALWMOHHOM
CbeMKWN C WUCMOMb30BAHUEM «KMACCUYECKMUX» MNOCKUX Ae-
TeKTOpPOB MEepBOro MOKOJIeHMS. DTOT BapWUAHT SIBASIETCS
npuBaeKaTesbHbIM B CBS3M C OTHOCUTE/IbHOW MPOCTOTOM
ero peanmsaumu, a Takxke BbICOKOW YCTOMHYMBOCTLIO MOJTY-
YyaembiX M30O6PKEHUN K ABUXKEHUIO MaLMeHTa BO BpeMs
CKaHMpoBaHus [86]. bbiCTpoe nepek/toyeHme KB obecneyn-
BaeT He3aBMCMMbIA OT AEeTeKTopa Crnocob cnekTpanbHOro
pasfeneHus 3a c4eT WM3MeHeHWUs noTeHumana Tpyobku B
TeyeHne OoAHOro 0bopoTa. MoCcKoNbKY ABa CMeKTpa yepe-
[YIOTCS, @ He NOYHAKTCS B XOA e OTAE/NbHbLIX CKAHUPOBAHWUN,
MUHUMU3NPYETCS PUCK «HECOBMELLEHUS» M306paxKeHUN.
MpakTnyeckoe NpUMeHeHne TeXHOIOrMN 3aBUCUT OT TOY-
HOW CNeKTpanbHOW KaiMBbpOBKM M KOPPEKLMM paccesHus,
3aBUCALLErO OT MNOAS 3pEHUS N XKECTKOCTU nyyKa [86].
TpeTbMM MepcrekTUBHbIM HarpasB/ieHVEeM YyYLLeHNs Kadye-
cTBa BM3yanmsaumm MAKT-cuctem B Byayliem cymMTaeTcs
Co34aHue NPUHLMNUAIbHO HOBbIX MIOCKMX LeTEeKTOPOB rae
B Ka4yecTBe CUMHTUANATOPOB 6yAyT MCNONL30BaTLCS (Ha-
npumep) Kpuctanibl Tennypuaa kaamms (CdTe), obnagato-
LiMe CBOMCTBAMM MPSIMOro NpeobpasoBaHUs pPEHTreHOB-
CKUX Jly4en B 3NEeKTPUYECKMI CUTHAN C AUCKPUMUHALMEN NX
no 3Heprumn [63]. MepBble 1abopaTopHbie NCCIef0BAHMS Ta-
KUX [,eTeKTOpoB NPOAEMOHCTPUPOBAIN BO3MOXHOCTbL MO-
LLIAroBOro UM CErMEHTUPOBAHHOIO NOMYYeHUs n3obpaxe-
HWUW, MEHbLUYID BPEMEHHYI0 3a4epXKy MO CPaBHEHUIO C
KNacCcU4eckUMm eTekTopamMmm HenpsamMoro npeobpasobaHus
N yAyyLIEeHHOe 0TOBpaXKkeHMe HU3KOKOHTPACTHLIX AeTasen
6narogaps cnekTpanbHOMY BUHHUHIY. BCe 3TK o4eBuAHbIe
NPeMMyLLeCcTBa MOryT OTKPbITb MyTb K NOJIYYEHMIO BbICOKO-
Ka4eCTBeHHbIX HACTpanBaeMbix 1 40303PdeKTUBHbIX MAKT-
M306paXKEHNIN MpU BHEAPEHUM MX B NpakTuKy [63]. NAKT c
NoACY4ETOM (POTOHOB B MepCrnekTUBe MO3BOAUT MOJyYaThb

«MHOFOBUHOBbLIE» CMEeKTPasbHbIe AAHHbIE C MANOWN 3a4epXK-
KOW M yNyyLleHHOW AeTanm3aumnent npy HU3KOM KOHTpacTe,
4YTO MOXHO paccMaTpmBaThb Kak eCTeCcTBeHHOEe MpoAo/Ke-
HWe TexHonorum ApyxaHepretuyeckon MAKT B MHTEpPBEH-
LIMOHHO-PaAMOI0rM4eckon npakTumke [1, 63].

2. HoBble po60TU3MpOBaHHbIE OP6UTBI
CKaQHMPOBaHMS, OPUEHTUPOBaHHbIE Ha 3aJa4y

Kak 6b1710 NoKasaHo paHee, «KpyroBoe KOpPOTKOe CKaHMpO-
BaHMe» ocTaeTcs 6a30BbIM A5 AHANUTUYECKOW PEKOH-
CTPYKLUMK, HO ero BbIBopKa HeONTUMAaNbHA A5 AeTanen BHe
CpefHen NAOCKOCTU 1 YyBCTBUTEbHA K apTedakTam LMpo-
KOro yrna nsny4enHus [37, 38]. O630pbl, NOCBSILLEHHbIE Nep-
CNeKTMBaM MCMOAb30BAHWUS HOBbLIX POBOTU3MPOBAHHDLIX Lie-
NeOpPUEHTUPOBAHHbLIX OpBUT CKaHWMPOBAHWS, paccMaTpu-
BAOT byayLLMe OpOUTbI CKAHMPOBAHMS KaK HEYTO NMPOeKTU-
pyemoe /151 KOHKPeTHOro NopakeHusl, 3a4a4v 1 pasmepos
peHTreHONepaumoHHOM. B 3KCnepuMeHTaNnbHbIX UCCNefo-
BaHWSIX 3TO MO3BOJISIET MNepepacnpenensit Yriosyo BbI6Op-
Ky B CTOPOHY MaKkCKMManbHO MHOOPMATUBHbIX PAKYPCOB U
n3beratb MCNoOAb3oBaHME Mano3ddeKTUBHLIX Yr10B Bpa-
LLeHUs, OeMOHCTPUpYS MpenMyLLLecTsa B NMPON3BOAUTE b=
HOCTW MO CPABHEHUIO CO CTAHAAPTHbLIM KPYroM B YC/10BUSAX
PeanUCTUYHbIX OFPaHUYEHNI reHTpu [55, 56]. B 6onee wn-
POKOM CMbIc/1e, «DpernMBOPKM ONTUMMU3ALUN TPAEKTOPUMY
CTPOSIT OpOUTY KaK 3a4a4y yNpaBAeHUs C OrpaHNYeHnsIMN —
C Y4eTOM CTOJIKHOBEHWI, CKOPOCTU M NpeaenoB A03bl TAKUM
06pasom, 4TO MyTb UCTOYHUK-AETEKTOP MOXET b6biTb Ha-
CTPOEH B COOTBETCTBUM C 33[ia4el BU3yanmn3aunm 1 MexaHu-
YeCcKMMU XapakTepucTMKaMm poboTU3MPOBAHHOIO KOM-
nnekca [47] (puc. 16). POBOTU3NPOBaHHbIE aHrMorpaduye-

L Kpyrosas Tpaektopua C-pyru

O TpaekTopua

N

2 y

Pwnc.16. 3D-Bu3yanmsaumns tpaektopun MNMAKT-ckaHMpoOBaHWUS,
no3BosALWeN n3bexarb CTONKHOBEeHNSt C-Ayrn C OKPY>KAKOLLMM
obopyaoBaHnem (KpacHas CNaoLLIHAs MHUS) B CPAaBHEHWUN C
«KNACCMYECKOM» KOPOTKOW KpYyroBOW TpaeKkTopuen (YépHas
NYHKTUPHAsA TMHAUS) (2AANTUPOBAHO U3 [47]).

CKMe YCTPOWMCTBa 06eCMneYmBatoT TOUYHbIE, MOBTOPSEMble He-
KPYroBble Op6UTbI U N30LLEHTPUYECKOE NO3ULIMOHMPOBaHME,
yAEPXMBasa Lesb B LIEHTPE NpU peanmsaunm Heo6xoanmon
TpaekTopun. B nepcnekTuBe, OPUEHTUPOBAHHbIE Ha Liejb
0op6UTbI, ONTUMMU3NPOBAHHOE B3BELUNBAHWE U UTepaTUBHASA
N -peKkoHCTpyKLMA cMOryT o6ecrnednsaTb NOC1e40BaTE b-
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HbIW NYTb K NOBbILLEHWIO YETKOCTU U CHUDKEHUIO apTedaKToB
B paMKax OAHOro CKaHMpPOBaHMS, pa3paboTaHHOMo C y4ETOM
KAMHMYeCKOW 3agadn [47]. MMepcnekTuBHbIMK OpbuTamu,
OPUEHTMPOBAHHbLIMW Ha 33a4y KOTOPble NAaHMpyeTcs B by-
AyLWeM MHTerpupoBaTthb B KIMHUYECKYHO NPaKTUKY SBASIOTCS
cnepyoume: 1. opbuTbl ysenndenns FOV (prc. 17); 2. opouTl

3. JIHUA-INAUNC-NMHUA

A
;

1. HeckonbKo NapannenbHbix KpYroBbIX TPAEKTOpHik

2.06patHa cnupans
TPaeKTOpHA CKaHWPOBaHMA

~A Ay
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AHrvorpadueckwii cron

Puc. 17. Bo3aMoxHble BapunaHTbl MAKT-ckaHnpoBaHUs ¢
«33/1a4€0pUEHTMPOBAHHOM» OPOUTON, HAaNpaBAEHHOW Ha
yBe/inyeHve NpoAoJIbHOMO NoAs 3peHns (FOV): 1. C
MNCMOMb30BaHNEM HECKObKMX NapasiiesibHbIX KpyroBbixX
TpaeKkTopun; 2. C UICNO/Ib30BaHWEM TpaekTopun «obpaTHas
cnupanby; 3. C UCNoJIb30BaHWEM TPAEKTOPUMN WIUHUSA-3/IINMC-
NNHUAY (28aNTUPOBAHO U3 [47]).

MHOrodasHbIX MCCNeAOBaHUM (HanpuMmep, 418 U3yYeHWUs
napeHx1MmMaTo3Hom nepdy3nn); 3. opbUTbI U3beraHns CToNK-
HOBEHW (HanpuMep, C AbIXaTesbHOW annapaTypon); 4. op-
BUTLI CHUXKEHMS 03bl 06/1y4eHMs; 5. OpbUTbI NoAaBAEHMUS
MeTanan4eckmx aptedaktos (Hanpumep, ANS yAyYLIeHUs
MSAFKOTKAHHOW BU3yasiM3aumm NapeHxXmmMbl FOJI0OBHOMO M0O3-
ra nocne smbonunsaumm aHeBpusmM cnvpansmu). MNpegnona-
raetcs, 4To 6oMbLas YacTb OpbUT, OPUEHTMPOBAHHBLIX HA
3afadvy byaet «ctpomTCan C ucnonb3osaHmem VN Henocpeg-
CTBEHHO B peHTreHonepaLmnoHHoW 1Mbo nepes NpoBeaeHN-
em MAKT, nmbo HenocpeAcTBeHHO B npouecce MAKT-cka-
HMUPOBaHKA [47].

3. CoBepLueHcTBOBaHMe nporpamm UW u ray6okoro
MALLMHHOro 06y4YeHUs

MpeanonaraeTcs, YTO MHTerpaums TexHonormm N n ma-
WMHHOrO 0bydeHMs B nmpouecc nposeaeHus MAOKT byaoet
pa3BMBaTbLCA MO TPeM OCHOBHbLIM Hamnpas/eHUAM: 1. MOBbI-
LeHNe YPOBHS KOHTPOJIS TEKCTYpbl WyMa Npu Kak MOXHO
bonee HM3KOM A03e 06/1yHeHMST; 2. pa3paboTka TEXHONOMMI
PeKOHCTPYKUMM MAKT-1306paXKeHNN C YyH4ETOM LBUKEHWUI
(naumeHTa, OpraHoB, apTepun 1 T.4.), HUBEIMPYIOLLMX apTe-
daKTbl ABUXEHUS MPU MHOMOCEKYHAHbIX poTaLMsX; 3. CO-
BEpLUEHCTBOBaHME aNrOpuTMOB aBTOMATMYECKOW perncr-
pauuu 1 CerMeHTauum CamsaHUS n3obpadkeHnn (B 0cobeH-
HOCTWU MY/IbTUMOLA/IbHbIX) C NOC/eAYIOLLMM MCNOJIb30BaHU -
eM MX AN15 CTepeoTakCM4ecKoro HaBedeHUs 1 KOHTPOJIA.

Kak 6b110 nokaszaHo Bbiwe, NN 1 rybokoe MalmMHHOe 06-
YYeHMe yXKe CerofHs WCMoJb3ytoTcsa Kak 3dPeKTUBHbIe
BCrOMoOraTe/ibHble MHCTPYMEHTDI, LOMOJHSOWME PEeKOH-
CTPYKUMIO M306PaXKEHNI LLYMONOAAB/IEHNEM, aBTOMATU3U-
pytoLLME U3BJIEYEHNE AHATOMNYECKMX CTPYKTYP 1 CTabuam-
3UpytoLLMe HAJTOXKEeHWe N306paXkeHUIn BO BpeMS HaBUraLmm
[30, 87, 88] . Ha npakTunKke WymMonoaaB/ieHne Ha OCHOBe 06-
YYEHUS yy4LaeT COOTHOLUEHME KOHTPACTHOCTM U LyMa
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6e3 yBenmyeHms skcnosnummn, nomoras MAKT-mn3obpaxe-
HMAM COOTBETCTBOBATL 3a4aHHbIM TpeboBaHUSIM K Kaye-
cTBY. B byayuiem Takme metoabl 6yayT 4ONONAHUTENLHO CO-
BEpLUEHCTBOBATLCS Ans bonee 3ddPeKTMBHOM paboThbl CO-
BMECTHO C TEXHOJIOTUSIMU perynsipu3oBaHHOM peKOHCTPYK-
UMM 1 CNEKTPaNbHOW KOPPEKLUW B €ANHOM aHr1orpaduye-
CKOM MpOorpaMMHOM nakete [50].

JBv>KeHne nauueHTa Bo BpeMs nposegeHus MAKT-ckaHm-
POBAHWS NO-MNPEXHEMY OCTAETCsl HepeLLeHHOW Npobaemon.
34ech, Kak npegnonaraeTcs, metoabl MW 6yayT AONONHATL
CcTpaTerum, OCHOBAHHble Ha MoAensx. Yxe cerogHs 4D-
MAKT ¢ BUHHWMHIOM NO dase AbIXaHWSt N KOPPeKLMs ABMKe-
HWS C NOMOLLbLIO Ty6OKOro 0byyeHms NpoL4eMOHCTPUPOBA-
JIN CHUXKEHME Pa3MbITOCTU M HECOOTBETCTBUS M30OpadKeHNI
npwv cBOBGOAHOM AbIXaHUMU NN HEMOIHOLLEHHOM 3a4epyKKe
ObIXaHWS, yay4Lllas KayeCcTBO PEKOHCTPYMPOBAHHLIX M306-
PXKEHWI NeYeHN U rPyAHON KNIeTKM 6e3 CyLLeCTBEHHbIX 13-
MEHeHMN B MpoLecce NpPOBeAEHNs CKAaHMPOBAaHUS [41, 46,
52]. 3TV NOAX0Ab! SABASAOTCS eCTeCTBEHHLIMW KaHANAATAMM
ona 6onee TECHOM MHTErpaunmn B peKOHCTPYKLMIO, rae 13-
YYEHHble anpuOpHbLIE AAHHbIE MOryT YyNopsiao4nTbL paspe-
SKEHHbIE WV NCKAXKEHHbIE n306paxkeHns. N peKoHCTpyK-
LS HA OCHOBE TPAEeKTOPUM HEKPYrOBbLIX OpOUT, a TaKkKe on-
TUMm3aumsa u MIN-nnaHMpoBaHme 3TUX TpaekTopumn byaet
pa3BMBATbLCS Mapasie/ibHO C pasBUTUEM aLaNTUPOBAHHBLIX
MOZLeNen B3BELMBAHUS N Z-CeMMIMPOBAHMS, MO3BOJSO-
LLLMX AOMO/THUTENIbHO YMEHbLUNTL YNCI0 apTedakTos [38, 39,
47, 66, 87, 88]. [IPOrHO3MpOBaHMe Ha OCHOBE rly6oKOro Ma-
LWMHHOMO 0by4YeHns Takke byaeT COBepLUeHCTBOBATbLCS, BCE
6onee 3¢pPeKTUBHO peLlas pasnyHble 334a4M BUPTYA/bHO-
ro MoAenmMpoBaHus npoueayp. B nepcnekTvBe 3TM 610KM
MW byayT 06beanHeHbI C aBTOMATUKOM M pOBOTOTEXHUKOM,
6narogapsa Yyemy CvsHUe, ynpaBaeHne ABMXKEHUEM U MU-
HMMaNbHOEe MO [03e BbICOKOKAYeCTBEHHOE CKaHWPOBaHMe
CTaHYT O6bIYHbIM AEe/10M MpY NPOBEAEHNM PA3IMNYHbLIX WNH-
TepBEHLUMOHHO-paanonornyeckmx npoueayp [78, 89, 9o].

V. 3aK04yeHue

Cneflyet OTMETUTD, YTO 32 20 JIeT CBOEr0 KJIMHUYeCKOro nc-
nonb3oBaHua MAKT npowna nyTb OT «4OMOAHUTEIbHOW»
NN «BCNOMOraTe/IbHOM» Mano KOMY M3BECTHOW ONuuun A0
NPaKTU4eCKN He3aMEHUMOro KOMMIeKCa TEXHONOMMN BU-
3yanusaummn, NaaHMpOBaHUS, HaBUraLMM U OLLEHKM Hero-
CpefCTBEHHOrO OTBETA Ha JieyeHue npu npoBefeHn MHO-
TUX CJIOXHbIX PEHTreHOXMPYPruyeckmnx BMeLlaTesbCTs.
Ob6beanHMB NpemMmyLLecTBa peHTreHockonum, LICA 1 kom-
notoTepHon Tomorpadum, NMAKT npegonpegennna cosga-
HVe NMPUHLMMNNAJIBHO HOBbIX aJIFTOPUTMOB JIYEHUS, BKJTHO-
YarLwmx B Cebs eAnHbIV HeMpepbIBHLIN LMK/ «MJIaHUPOBA-
HWUSI-HABUTALNN-KOHTPOSI» 63 NOrnCcTUYeckmx nays v He-
06X0AMMOCTH NepemeLLeHns NaLMeHTOB N3 peHTreHonepa-
LMOHHOW B Apyrne noapasfeneHns n o6patHo. O4eBMHbI-
MU KIMHUYECKMMW BbIr0AaMKM OT TeCHOM MHTerpauum NAKT
n NAKT-TexHoNormmn B paboumimm npouecc yxxe CerogHs sB-
NIAKOTCS NOBbILWEHME TEXHUYECKOW U KJIMHUYEeCKOW ycneLl-
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HOCTW MpoLeayp, 3KOHOMUSI BPEMEHU WU KOHTPACTHbIX Mpe-
napartos, a TalkKe CHMKEHME Ny4eBON HArpy3KM Ha NaLmMeH-
Ta 1 nepcoHar.

MepcnekTuBbLl AanbHenwero passutua MAKT-TexHonorum
CBSA3aHbI npexae Bcero ¢ yaydweHnem MAKT-BM3yanmsa-
LMW C NapansienbHbIM CHYKEHNEM y4eBOV Harpy3ku, pas-
paboTKOM CUCTEM CUMHXPOHM3ALUN AbIXaHUS U ABUKEHUI
nauneHTa BO BpeMsi NpoBeAeHNs BMelLaTebCTs, a TakKe C
pasBuUTMEM pobOTUYECKMX YCTAHOBOK A5 MPOBeAEeHNs Kak
YPECKOXHbIX, TaK U 3HAO0BACKYAPHbIX npoueayp. AHIMMO-
rpaguyeckass yCTaHOBKA C BO3MOXHOCTbK BbINO/HEHWNS
NAKT CTaHOBMTCSA TakMM 06pa3oM «TEXHOIOrMYECKUM 54~
pOM» MHTEPBEHLMOHHbLIX Mpoueayp K KOTOpOMY, MO Mepe
pa3BUTUS TEXHONOMNI, ByAYT MHTErpupoBaThes (ConpsraTb-
Cs) LOMONHUTENbHbIE CUCTEMbI POBOTU3MPOBAHHOMO HaBe-
OEeHWNs, OMNTUYECKOro W 3JIeKTPOMArHUTHOIO C/IeXeHus,
YNbLTPa3BYKOBbIe CKAHepbl 1 Apyroe 060pyaoBaHMe, a Takxke
ronorpapuyeckmn mHTepdenc, KoTopbi MO3BOANT «BU-
[AeTb» aHAaTOMUYeCKMe CTPYKTYPbl U MHCTPYMEHTbI He TO/IbKO
Ha PeHTreHOBCKMX MOHUTOpPAX, HO M Yepes3 OYKM LOMOTHEeH-
HOW peanbHOCTU B peXXMMe peasibHOro BpeMeHMU.

Takum 0bpasom yxe cerogHa MAKT cTana obg3aTensHoun
COCTaBASAOLWEN NPOBEAEHNS MHOMMX NHTEPBEHLIMOHHO-Pa-

Jinteparypa:

1. Fahrig R, Jaffray D.A., Sechopoulos I, Stayman JW. Flat-panel
conebeam CT in the clinic: history and current state. ) Med Imaging
(Bellingham). 2021; 8(5): o52ms. doi: 10.1m7/1JMI.8.5.052115. Epub
2021 Oct 28.

2. banaxHwH T1.B., barHeHko C.C., benses A.M. lNMnockopeTekTopHas
KOMMbOTEpHast TOMOrpadusi B MHTEPBEHLIMOHHOM PaaMONoru:
MpeanochINKM NOSIBEHUS N UCTOPWS CO34aHMS. MeanumHa BbICO-
KX TEXHOMOTNIA. 2024; 2(1): 12-34.

3.Kalender W.A., Kyriakou Y. Flat-detector computed tomography (FD-
CT). Eur Radiol. 2007; 17(11): 2767-79. doi: 10.1007/500330-007-
0651-9. Epub 2007 Jun 23.

4. Gupta R, Cheung A.C,, Bartling S.H., Lisauskas J., Grasruck M., Lei-
decker C,, Schmidt B., Flohr T., Brady T). Flat-panel volume CT: Fun-
damental principles, technology, and applications. Radiographics.
2008; 28(7): 2009-22. doi: 10.1148/rg.287085004.

5. Rooij W), Sprengers M.E., Gast A.N., Peluso J.P.P, Sluzewski M. 3D ro-
tational angiography: the new gold standard in the detection of ad-
ditional intracranial aneurysms. AINR Am ] Neuroradiol. 2008;
29(5): 976-9. doi: 10.3174/ajnr.A0964. Epub 2008 Feb 7.

6. Raz E., Shapiro M., Shepherd T.M., Nossek E., Yaghi S., Gold D.M., Ishi-
da K., Rucker).C, Belinsky I., Kim E., Grory B.M., Mir O., Hagiwara M.,
Agarwal S., Young M.G,, Galetta S.L.,, Nelson P.K. Central Retinal Ar-
tery Visualization with Cone-Beam CT Angiography. Radiology.
2022; 302(2): 419-424. doi: 10.1148/radiol.2021210520. Epub 2021 Nov
16.

7. Hashimoto Y., Matsushige T.,, Ogawa T., Sakuragouchi H., Shimonaga
K. Takahashi H., Yoshiyama M., Ono C, Sakamoto S. Impact of
Cone-Beam Computed Tomography Angiography on Visualization
of Sylvian Veins. World Neurosurg. 2020: 143:€206-e214. doi:
10.1016/j.wneu.2020.07.118. Epub 2020 Jul 23.

8.lwazawa )., Ohue S., Hashimoto N., Abe H., Hamuro M., Mitani T. De-

AMONOTMYEeCKMX BMeLIATeNbCTB, a B 6amxanLime rogbl 380-
NIOLMOHVPYET B MHTENNeKTYyabHY0 NnatdopMy, rae Bm3ya-
msaums, nnaHMpoBaHue, HaBUrauus, iedeHme 1 oLeHka
ero 3bdeKTUBHOCTN COMLIOTCA B €AMHbLIN, CaMOHaCcTpau-
BAOLLMIMCS TEXHOSIOTUYECKUI LMK, HAMPAaB/IEHHBLIN HA TO,
YTOBbl BbLINOMHATL PEHTreHOXMpYpruyeckne BmeLlaTeslb-
CTBa elle bbICTpee, ToUHee K 6e3onacHee. [103TOMY 3HaHMe
GyHAAMEHTANbHbIX NPUHLMIOB paboTbl MAKT, a Takxke co-
BPEeMEHHbIX W AOCTYMHbIX A5 KJIMHUYECKOro MCMo/b30Ba-
Hua MAKT-TexHonormm p[oMKHO CTaTb HEeOoTbemJieMoun
4acTbio NOArOTOBKM BPa4en Mo CneLnanbHOCTU PEHTIEeH3H-
[OBACKY/SiPHbIE AMATHOCTUKA M fledeHure. BaxxHbIM s Poc-
CUM Warom B byayliee sBnseTCs Taikoke BraYeHne MAKT v
MHOTOYMCeHHbIX MAKT-TEXHONOMMIA B HOMEHKAATYpy Me-
ANUNHCKNX YCAYT U CTAHAAPTbI OKA3aHUst MegULMHCKOM NOo-
MOLLM B 061aCTV MHTEPBEHLMOHHOW HEeMpopagmoaoriu,
WHTEPBEHLIMOHHOM OHKOMOMMU U MHTEPBEHLMOHHOW Kap-
ANONOTUN.

bnarogapHOCTU: ABTOPbI BbIpXKaT 61arofapHOCTb Xy-
LOXHUKY-UAMOCTpaTopy banaxHnHown KceHnm MNMaBnosHe 3a
MOMOLLb B MOArOTOBKE MANKOCTPaLNN.
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