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Onucanmue MMPOECKTA

IIpeaMeT mpoeKkTa

Hpe,Z[JIO)KeHI/IH 3a4BUTCIIA, U3JI0KCHHBIC B HaHHOﬁ qYaCTu, JOJI2KHBI 6HTI> IIOJTHBIMU U JOCTATOYHBLIMHAU
JUISL IPOBEJICHHS] HAYYHO-TEXHUYECKOU 3KCIIEPTU3BI IIPOEKTA.

Ilpu onucaHuMu INPoOeKTa 3asABHUTE]L HE JA0JKEH HCIO0Jb30BATh MAaTEpHAJIbI,
COCTABJIAIOIINE F'OCYIAPCTBEHHYIO TAHHY.

HanmenoBanue npoekra
[Ipoext “Mukpocekynnnas Pentrenonorus’ (“MicroSecond Rentgenology”™).

3agBUTEND

000 “KYPC-ACI1”, Mocksa, Poccuiickas @enepanusi.

[lens mpoexra

ITpoekt “MukpocekyHaHass PeHTreHonoruss” mpeacTaBisieT PEeBOJIOLMOHHBIN
CKAaueK B JUArHOCTUYECKOW PEHTIE€HOJIOTMU U CIYXUT pPEIICHHEeM 3ajJiad, KakK B
MEJIUIIMHCKON JIMATHOCTUYECKON PEHTIE€HOJOTUH, TaK W B IPOMBIIIJIEHHBIX
PEHTIE€HOJIOTHYECKUX CHUCTEMax HEpa3pyIIaoNIero KOHTPOIs, M B CHUCTEMax
PEHTIE€HOBCKOTO JOCMOTpa U 0€30MacCHOCTH:

1. Cumwxenue Oonee yeM Ha mopsgok (B 20 pa3 u Oojee) MHTErpaibHOM
PEHTTEHOBCKOM J103bl U3Yy4YECHUS, IPUXOASAIICICS HA OAUH KaJAp CEPUUHOU
WIM OJMHOYHOM CBEMKH, B JIOOBIX CHCTEMaX JUArHOCTUYECKOU
PEHTIE€HOJIOTUH, TMOCTPOCHHBIX IO TEXHOJOTMU “MUKpOCEeKYHIHas
Pentrenonorus” — B cHCTEMaxX MEOULUHMHCKON PEHTIEHOJWATHOCTUKH, B
MIPOMBINLJIEHHBIX CUCTEMaX PEHTT€HOBCKOI'0 HEpa3pylIalomero KOHTPOJIs,
B MPOMBIIUICHHBIX PEHTIC€HOBCKUX KOMIIBIOTEPHBIX TOoMorpadax ©u B
CUCTEMAaX PEHTIEHOBCKOTO JOCMOTpa U 0€30MacHOCTH;

2. YBenudeHue oT 3-X 0 5-TH pa3 pa3pemiaronier crnocoOHOCTH MU(PPOBBIX
JMHAMHYECKUX H300pakeHuil, mpu yMmeHblieHHOM B 20 pa3 u Oolee
PEHTT€HOBCKOM J03€;

3. VBenuuenue B 3-pu pa3a (M BbIIIE) pa3peliaroniel CrocOOHOCTH
KOMIIBIOTEPHOU TOMOTrpaduu B MEIUIIMHE WU YMEHbIIIEHHE, OoJiee ueM Ha
MOPSIAOK, BPEMEHU CKAaHMPOBAHUS MJII MPOMBIILUICHHBIX KOMIIbIOTEPHBIX
TOMOTpadoB;

4. CHmxenue Oonee uem Ha mnopsgok (B 20 pa3 u Ooiiee) MOIIHOCTH
PEHTIEHOBCKOTO TeHepaTopa MpU OTCYTCTBHHM (DAKTHUECKOTO HarpeBa
aHO/ia PEHTT€HOBCKOM TPYOKHU B CaMbIX TSKEIBIX pEeKUMaX pabOThI;

5. YMeHbllI€HUE PEHTTEHOBCKUX HIYMOB, C OJIHOBPEMEHHBIM YIYUYIIEHUEM
YETKOCTH JMHAMUYECKUX U CTAaTUUYECKUX H300paxKeHUU CBEPXBBICOKOTO
paspelienusi, Uil JOCTOBEPHOW BH3yaldu3allMM pPEalbHOTO BPEMEHHU
JIMAarHOCTUYECKOTO Ka4eCTBa;

6. Ywmensbienue B 1.5-2.0 paza "CoBokynHoit Ctoumoctu Brnagenus" (TCO)
JTUArHOCTUYECKUMH PEHTI€HOBCKUMHU CUCTEMaMU, MOCTPOEHHBIMU MO 3TOM
TE€XHOJIOTUH, MIPU 3HAYUTEIILHOM POCTE UX BO3MOKHOCTEH.

Ctpanuna mnpoekta W TeXHOJOruM “MukpocekyHaHas PeHtrenosorusa” Ha
caiiTe opraHm3aiuu - paspadoruuka: http:// www.course-as.ru/dev rtxa3k30.html

AKTyaJqbHOCTh MPOOJIEMBI, IPEJIaraeéMoi K PEICHNIO B PaMKax MPOEKTa
(popmynupyemcs npobaema, Ha peuieHue KOMoOpou HayeieH npoeKn).



MeauiuHcKasi S5KCepTH3a MpoeKTa

JKCNepTHasA MeANIMHCKAas oneHka npoekta OO0 “KYPC-AC1”
“MuxkpocexkyHHas Penrrenonorns”

OnnuM u3 Hanbosee BIEYATIISIOMNX JTOCTHKEHUI COBPEMEHHOM KIMHUYECKON MeTUITMHbBI
ABIISICTCS pa3pabOTKa M BHEAPEHHE B MPAKTUKY TEXHOJOTHUHU TUCTAHIIMOHHBIX MAJIOMHBA3UBHBIX
BMEILATENBCTB, IPOU3BOIUMBIX I10]] KOHTPOJIEM PEHTIE€HOBCKOTO M3i1ydeHus. [IInpoko n3BecTHbI
MOJATBEPIUBINNE CBOIO 3()(EKTUBHOCTh BHYTPUCEPJCUYHBIE M BHYTPHCOCYIHCTBIE METObI
JIeUYEHHs] OCTPOro MH(ApKTa MHOKAp/Aa, OCTPOr0 HIIEMHYECKOTO HHCYJIbTa TOJOBHOTO MO3ra,
OpraHHBIX KpPOBOTEUEHHH, OIMyXOJeH, a Takke psAAa APYrHX TKENbIX 3a00J€BaHUN WM HUX
OCJIO’KHEHUH.

VYcenex u 0€30MacHOCTh 3THX BMEIIATEIbCTB, MOMUMO NpoQecCHOHaIM3Ma Bpaya H
CHELMAIBHOTO WHCTPYMEHTapHs, KapAWHAIbHO 3aBUCAT OT TEXHUYECKUX XapPAKTEPUCTUK H
HAJIeKHOCTH MCIIOJIb3YEMON PEHTTEHOBCKOM ammaparypsbl. [IpenrHasHadyeHHBIH Ul 3TUX LeEnei
PEHTIeHOBCKHUH amnmapar o01ajgaeT JOBOJIBHO CI0XKHOM KOHCTPYKIMEH U J0JKEH 00ecriednBaTh
¢dopmupoBaHre HM300paKEHUSI C BBICOKOW CTEMEHBIO pa3pelieHusi, NpU MHUHUMAIBHOU J103€
oOmydeHusi 00JIBHOTO U MEIUIMHCKOTO TepcoHana. [lociennee TpeboBaHre 0COOCHHO BaXKHO B
CBSI3M C TEM, YTO MHOTHE W3 O3THUX BMEIIATENIBCTB, TPEOYIOT JUIMTEIBHOTO BPEMEHH U
COIPOBOKJAIOTCS CEPhE3HOM JTydeBOM Harpy3koil Ha OOJBHOTO M IMEPCOHAJ, YYaCTBYIOLIUH B
oTepaluu.

B To ke Bpems1, cepa IPUMEHEHUS TAKMX METOJ0B B MEAULIMHE MOCTOSIHHO PACIINPSETCS,
U yXe TOHATHA LEeIeco00pa3HOCTh MX HCIOJb30BAHUS B YPE3BBIUANHBIX CUTYalMsX, MPH
TSKENBIX TPAaBMax IOCTPAAABIIMX M JaKE B BOCHHO-NOJIEBBIX YCIOBUAX. B cBA3M ¢ 3TuUM
BO3HUKACT IMOTPEOHOCTh B IMOPTATUBHBIX IEPEABMKHBIX armaparax, KOTOpble MOTYT OBITh
UCIOJIb30BaHbl KaK B JHMarHOCTHYECKUX LENISIX, TaK M JUISl COINPOBOXICHUS OTKPBITBHIX
XUPYPrU4eCKUX ONEPALMNA HA COCYIaX, PENO3ULUU KOCTHBIX OTJIIOMKOB, yJAJIEHHUS WHOPOIHBIX
T€N U T.IL.

KiroueBbIME 371eMEHTaMHU JIFOOBIX aIllapaToB MOA0OHOTO Ha3HAUCHHS SIBIISIOTCS HAACKHAS
PEHTIC€HOBCKasi TPyOKa ¢ BO3MOXHO MaJibiM (POKYCHBIM IIATHOM, pazMepoM 1o 0,3 MM u MeHee,
UMITYJbCHBIM TE€HEpPaTop MHUHMMAJIBbHO JOCTATOYHOM MOIIHOCTH, AWHAMHUYECKUH JETEKTOP
M300paKeHUsT pa3HBIX pPa3MEpPOB BBICOKOTO pa3peuieHHs, M YAOOHBIH MakKeT MpoTrpamm,
MO3BOJISIOIINN TPOU3BOIUTH HEOOX0AUMBIE TPe0OPa30BaHusl, BHIYUCICHUS  BU3YaTU3aIHUIO.

K coxayenuto, oTeyecTBEHHbIE AHTHOTpaUUeCKUe YCTAHOBKH COBPEMEHHOTO YPOBHS
1100 OTCYTCTBYIOT, JTM0OO UMEIOTCS B BUJIE €AMHUYHBIX 00pa3IIoB.

Hamu Obumi mpoaHaIM3UpOBaHBI MPEAOCTABICHHBIE MAaTEpUalbl C XapaKTepPUCTUKAMHU
NIEPCIIEKTUBHBIX  PEHTTEHOBCKUX CUCTEM B paMKax TEXHOJIOTMHM “MHKpOCeKyHAHas
Pentrenonorus” (nmanee «lIpoekT»), B KOTOpBIX aBTOpBI MpPEAJAraloT TpPU TJIABHBIX, C
MEIUIIMHCKON TOYKH 3pEHUs], KapJUHAJIbHBIX U3MEHEHUS B TEXHUKE MOJYyYEHHUS] PpEHTT€HOBCKHUX
JTMHAMUYECKUX N300paKeHUH TMarHOCTUYECKOTO KJlacca:

1) mpemnoxeHsl NPUHLUIINAIBHO HOBBIE JMHAMHYECKHE PEHTTEHOBCKUE JIETEKTOPBI
BBICOKOTO pazpemieHusi o0bemoM 9-12 wmerammkceneil (BMECTO CYIIECTBYIOIIMX HBIHE C
pasperieHreM B 1-2 Meramukcelns), YTO MO3BOJISET YMEHBIIUTH pa3Mepbl (OKYCHOTO IISITHA
PEHTIeHOBCKOM TpyOKH B 3-4 pasa, mpu TOil ke €€ MrHOBEHHOW MOIIHOCTH, U C(OPMHUPOBATH
PEHTIeHOBCKOE M300paskeHue 0oJiee BHICOKOTO paspereHus (B Te ke 3-4 pasa), o CpaBHEHMIO
CO CTaHJApTHBIMHU PEHTT€HOBCKUMU CUCTEMAMHU;

2) yMEHBIIICHUE CPEeIHEH MOIITHOCTH PEHTI€HOBCKOTO reHepaTropa 0oiee 4eM Ha MOPSI0K U
NPONOPIMOHATIEHOE 3TOMY YMEHBIIEHHE HarpeBa pEHTTEHOBCKOH TPYOKH, YTO CHHMMAaeT




OTpaHUYEHUS IUTEIBHOCTH OOCHeNOoBaHM, NpPOOIEeMbl HAASKHOCTH U JOJITOBEYHOCTH
TOPOTOCTOSIINX PEHTTEHOBCKUX TPYOOK;

3) cHW)KEHHUE J030BOW HArpy3KH Ha MalMeHTa U Ha MEeIUIIMHCKHNA mepcoHal 0ojiee ueM Ha
MOPSIIOK ~ ABJIIETCS UYPE3BbIYAMHO AaKTyalbHBIM M JUIMTEIBHBIX WJIM MHOTOKPATHBIX
HCCIIEA0BaHUN, a TAKXKE PEHTTEHOBCKOM ChbEMKH B YCIOBUAX XUPYPrUYECKON ONEPALIMOHHON MU
peaHMMAaIOHHON MajaThl, KOTJa BECbMa 3aTPYyAHUTEIBHO OTTPAaHUYUTh 3aLUTHBIMHU 3KpaHaMU
OCTAJIbHBIX MMALIUEHTOB U NEPCOHAJ, HAXOJAIIMICS B 3TUX MOMEILIEHUSX.

CouCIOJIHUTENIMI  aBTOPCKOTO  KoJulekTuBa IIpoekta paszpaboTaHbl U CepuitHO
BBIITYCKAIOTCSI ~ MEIULMHCKUE HMIIYJbCHBIE HAHOCEKYH/IHbIE  PEHTI€HOAMArHOCTUYECKUE
najaTHele amnmaparsl ¢ HanpsbkeHueM 110 kB ¢ DIOJIHOCTBIO TBEPAOTENBHOW CHCTEMOM
KOMMYTAallUH, MaKCUMaJIbHO JIOIIYCTUMOW KpaTKoBpeMeHHOW MoiuHocTbio 1500 Bt, ¢ yacroroit
clieIoBaHUsl UMITYNIbCOB 110 4 KI'11 1 Becom 45 kT, uto B 1,5-2 pasa jerde qy4mux 3apyOeKHbIX
aHasioroB. [lpm co3gaHMM 3TUX ammapaToB pelIeHa 3ajada pa3JelIeHUs BBICOKOBOJIBTHOTO
HAHOCEKYHJHOTO TeHeparopa Ha OJIOKM, YTO IO3BOJIIET YMEHBIIUTH BEC OJIOKAa H3ITy4eHUS.
OKCIepUMEHTATbHO ~ OBUIO  J0Ka3aHO, YTO MPH  HCIOJIb30BAaHMM  HAHOCEKYHIHBIX
JMAarHOCTHYECKUX allaparoB M CTaHIAPTHBIX (oTorpaduueckux NPUEMHHUKOB H3Iy4YeHUs,
NOTJIOLEHHAas Jo3a cHuxkaercd B 9 — 30 pa3, 0 CpaBHEHHUIO C anmnaparaMi, UCHOJIb3YHOIIMMHU
PEHTICHOBCKYIO TPYOKY IOCTOSIHHOTO TOKA.

Bce cymecTByromue NpUHLKIBI, KOTOpBIE IOJOXKEHBI B OCHOBY Hacrtosuero IIpoexra,
XOPOIIO M3BECTHBI M TEXHOJIOTUYECKH OTpabOTaHbl, HO MPUMEHSIOTCS TMOPO3Hb B PAa3HBIX
CErMEHTax OTPACIIH.

Tak BBICOKOBOJIIBTHBIE BBICOKOYACTOTHBIE TI'€HEPATOPBl PETYIUPYEMOTO IOCTOSHHOTO
HaNpsDKEHUS M PEHTI'CHOBCKUE W3Iy4aTeNu: TPYOKHM C BpallAIOIIMMCSA aHOIOM, C CETOYHBIM
YIpPaBICHUEM U KaTOJOM IPSIMOIO HakKaja, B3sThl U3 CTAaHIAPTHOW PEHTTE€HOJIOTUN.

Cuctema (POKYCHPOBKHM SJIEKTPOHHOTO ITy4Ka HA IMOBEPXHOCTh aHOAA JUISl TOJY4EHUS
MUKpO(doKyca — mpuMeHseTcs B MUKPO(POKYCHON pEHTTEHOJIOTHH.

MynbTUUMIOYIbCHBIM PEXUM pabOThl PEHTICHOBCKOTO M3JIyYEHHs Ui TOJY4EHUS
KaX/I0TO Kajzpa H300paXEHHsT CO 3HAYUTENIBHBIM YMEHBIICHHEM pPEHTI€HOBCKOW J03bI —
UCTIONB3yeTCs B TEXHUYECKOM  MEPEeKTOCKONMMM TpU  TMPOBEACHMM  HAHOCEKYHIHOM
pEeHTreHOTpadHH.

BwMmecte ¢ Tem aBTOph! [IpoekTa mpemnaratoT He TOJIBKO TEXHOJOTHIO OObEIMHEHUS, B3SB
JTyqlIge HapaOOTKU B OTPACiIM Ha CErOAHSAIIHMNA JeHb, HO U JOOABISAIOT K CHUCTEME HOBBIC
TeXHOJoruu. B uyacTHOCTH, JIMHAMUYECKHE PEHTTEHOBCKUE JETEKTOPbl CBEPXBBICOKOIO
paspelleHns, TOCTPOEHHbIE Ha YYBCTBUTEIBHBIX 31eMeHTax no CMOS TexHosoruu, KoTopsle
NPEJCTAaBISAIOT COOOM HOBBIM Imar B YK€ UW3BECTHOW TEXHOJOTMHM  HCHOJIb30BAHUS
MUKpPO(OKYyCHOTO  W3Iydarens M JeTekropa, moctpoeHHoro Ha CMOS  kamepe,
MIPOJEMOHCTPHPOBABIIECH BO3MOXXHOCTh YMEHBIIICHHSI PEHTI€HOBCKOM JI03bI Ha MOPSIIOK U Ooee
C OJTHOBPEMEHHBIM YBEJIIMYCHHUEM Pa3pelaroiiei CiocoOOHOCTH MOIydaeMbIX H300pakeHUi.

B wactu o0O0OpabGoTku modydyaeMbIx u300paxeHuid aBTOpbl I[IpoekTa mpemararot
KOHBEHEepHbIE MHOTOSJCpHbIE CUCTEMbl IU(PPOBONH O0OpPabOTKM M BHU3yalM3allUUd IOTOKA
M300pakeHNIl peabHOr0 BPEMEHHU C BBHIYMCIICHUEM XapaKTEPUCTHK MOITYYaeMbIX H300paKeHUN
B pEaJIbHOM BPEMEHM, C CUCTEMON M3MEPEHUIl BCEX NMapaMeTpOB M3IY4YEHHUs, C YINPABICHUEM
napaMeTpamMu H3JIydeHUs] B pEaJbHOM BpPEMEHM Ha OCHOBE pe3Yy/lbTaTOB BBIYMCIIEHUH,
MOJIy4EHHBIX OT TPEAbIAYIIUMX H300pakeHuid. DTa uacth [lpoexra sBiseTCS NaNbHEHIINM
pa3BUTHEM TEXHOJOTUU KOHBeiepHOH 2D 00paboTKM M BU3yaJHM3allMM pPEAbHOTO BPEMEHH
MOTOKA PEHTTEHOBCKUX N300paKEHUI BHICOKOTO pa3pelIeHHUs.

Hosusna Ilpoekra, paspadorannoro HIIIT “KYPC-AC1”, 3aknrodaercss B COBMEIICHUN B
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OJIHOM TEXHUYECKOW CHUCTEME, COCTOSILENH M3 YETBIPEX B3aUMOCBSI3aHHBIX KOMIIOHEHTOB —
PEHTICHOBCKOM  TpyOKHM, BBICOKOBOJBTHOTO T'€HEpPAaTopa, PpPEHTTEHOBCKOTO  JIETEKTOpa,
KOMIBIOTEPHBIX IMPOrpaMM OOpa0OTKM M BU3YaJU3aI[MM PEATLHOIO BPEMEHHU; TEXHOJIOTHH,
IPUMEHSEMBIX paHee B Pa3HbIX, HECOBMECTUMBIX MEXY COO0HM, PEHTT€HOBCKHX YCTPOUCTBAX, C
M3MEHEHHEM KOHCTPYKTHBHBIX, TEXHOJOTMYECKMX W YIpPaBICHUECKUX (YHKIHUH BO BCeX
KOMIIOHEHTAaX PEHTTeHOBCKOM CHCTEMBI, YTO W MPEACTaBIseT CO000M  TEXHOJIOTHIO
“MukpocexkyHaHas PentreHonorus”.

Astopam IIpoekTa yaasoch COBMECTUTh MX B €IMHOE IIEJ0€, A KOTOPOTo Tpedyercs
tosibko  HUOKP KOHCTpYKTOpCKOM pa3paboOTKH HEOOJBIION JIMHEHKH KOMIIOHEHTOB, Kak
CHCTEMOTEXHUYECKOTO KOHCTPYKTOpa, I CO3JaHHUA IU(PPOBBIX PEHTTCHOBCKUX CHUCTEM IS
JMAarHOCTHYECKOTO  PEHTTCHOJIOTMYECKOT0 OO0OpYyIOBaHUS, JJs TMPOMBIIIJICHHBIX CHCTEM
HEpa3pyLIAOIIEr0 PEHITEHOBCKOIO KOHTPOJII M CUCTEM PEHITEHOBCKOIO JIOCMOTpa U
0€30MaCHOCTH.

VYuuThiBasg BCE M3JI0KEHHOE BBIIIE, CYMTAEM HEOOXOJMMBIM mojanepxarb I[Ipoekt
"MuxkpocekyHHas Pentrenosiorus", peannsanusi KOTOPOi MO3BOJIUT CO3/1aTh HOBOE MOKOJIEHHE
PEHTTEHOBCKUX JMAarHOCTUYECKUX allapaToB M CTAHET CEpPbE3HBIM IIPOPHIBOM, KakK B
OTEYECTBEHHOM, TaK U B MUPOBOM JUArHOCTUYECKOW U HUHTEPBEHLIMOHHON PEHTI€HOJIOTHH.

Koxkos Jleonng Cepreesuu

3aBenyrouuii kagenpoit mydeBoit auarnoctuxu UI1O

[Tepsoro MI'MYVY um. U.M.CeuenoBa M3 P® (CeueHoBCcKkuil Y HUBEPCUTET),

PykoBoaurens otnena mydeBoit quarHoctuka HUW Ckopoit [Tomonm um. H.B.Cknudocosckoro
JlenapramenTa 31paBooxpaneHus r. MockBbl, wieH-KoppecnonieHT PAH, mpocdeccop,

JIOKTOP MEIUIIMHCKHUX HayK, Jaypeat [Ipemun [IpaBurensctsa PO B 001acTi HAyKH U TEXHUKH

Bonsiackuii FOpuii JloHoBu4
Bpau-peHTI€HOJIOT BhICIIEH KaTeropuu ¢ 60-1eTHUM OIBITOM pabOTHI B
PEHTI€HORHIOBACKYIIIPHON XUPYPIHH, JOKTOP MEIUIIMHCKUX HayK, podeccop Kadeapsl
"PeHTreH3H10BacKyIsIpHbIE METO/IbI TUATHOCTUKU U
nedenusa" PHUMY um. H.U. Iluporosa

04.03.2018r. r.Mocksa

24 wnosiOps 2017 roma Ha "IV Bcepoccuiickoii HayuHO-npaKkmuyeckou KoHgepenyuu
npouzeooumeneii penmeenosckoit mexnuku' B Cankr-IlerepOyprckom I'ocymapcTBeHHOM
Onexrporexunueckom YHuepcurere "JIETU" texumueckum mupexropom HIIIT "KYPC-AC1"
AsmapoBsiM E.M. nipodeccuonansHoMy cooOriecTBy Obliia MPOBEACHA MPE3eHTAINs TPOEKTa U
TexHosjoruu - "Mukpocekynonas Penmezenonozun'.

[Tpoext "MukpocekyHaHas PeHtreHosnorus", sBiseTcs KpyHHBIM HHPPACTPYKTYpHBIM U
COLIMANIBHBIM TPOEKTOM, KOTOPBIH OyAeT KOHIENTYalbHbBIM M TEXHHMYECKHMM IPOPHIBOM, B
00acTH  MEOUIIMHCKOM  JMarHOCTUYECKOH  pEHTIeHOJIOTUH, CHUCTEM  Hepa3pyLIarollero
PEHTI€HOBCKOTO KOHTPOJIS, CHCTEM M PEHTI'€HOBCKOTO OCMOTpa M OE€30MacHOCTH , T.K. OJIUH U3
TJIAaBHBIX TAPAaMETPOB PEHTI'€HOBCKOTO M3JIy4EHHUsI — PEHTTeHOBCKas J103a cHikaeTca B 20 pa3 u
6oJiee IpY YBEJIIMYECHUH B Pa3bl pazpemaronield CriocOOHOCTH MOTyYaeMbIX H300paKECHHIH.




Texauueckue npoOIeMbl TMATHOCTUUECKON PEHTI€HOJIOTHU:

1. IlpenenbHO-00NbIINE  PEHTTCHOBCKHE  JO3bl  MPHU  TMPOBEIACHUU
aHruorpauUecKux HCCIECIOBAaHUN M KOMIBIOTEpHOW TOMorpaduu s
B3POCIBIX, JOXOISAUIMX MPU OOCIIEIOBAHUU MAIUEHTOB A0 MpPEeAeIbHBIX
3HAQ4YEeHUI 3a roj, U MPOBOJSIINXCSA, TOJIBKO MO YPE3BBIUAMHO >KU3HEHHO
BOKHBIM TOKa3aHUsM, [IJIs JleTed wuiaamiero Bo3pacta. Hampumep:
MOBBIIIEHUE MOIIHOCTH HAa MEIUIIMHCKOM KOMIBIOTEPHOM Tomorpade ¢
50-60 kW no 100 kW He mpuBeno K yBEIWYEHHUIO Pa3pEIICHUs, KOTOPOE
octaetcsi Ha ypoBHe (0.5-0.25)mm B matpuie orobpaxkeHuss 512x512;
Ha aHTuorpauuecKoM KOMIUIEKCE MPU MOIIHOCTIX goxoasumx a0 (100-
120)kW pa3zpemienne He npessimaeT 1024x1024 npu 30 kagpax B CEKYHIY.

2. B o0mactu TEXHUYECKOW PEHTIEHOJIOTUA HEBO3MOXXHOCTh MOJHSITHUS
MOIITHOCTH M3Ty4eHUsI, OOYCIOBIEHHBIX TNPEACIbHBIMU MapameTpamMu
PEHTIE€HOBCKOTO u3iy4aTens (TpyOKH), 4TO MPUBOJUT K MHOTOKPATHOMY
YBEIIMYEHUIO BPEMEHU JIJIsl IOJy4eHUsI U300paKeHuM, 1, CIeA0BaTENbHO, K
HU3KOM TMPOU3BOAMUTENIILHOCTH PEHTTEHOBCKOTO ammapara, HamnpuMmep
npombinieHHoro KT ckanepa;

3. HeBO3MOXXHOCTh TOBBIIICHUS pa3peliaroe crnocoOHOCTH, OCOOEHHO
JTUHAMHYECKUX H300paKeHUM, CBsi3aHA C HEOOXOJMMOCTBHIO YBEIUYCHUS
PEHTIEHOBCKOM J03bI, MPUXOAIICHCS HA KaXIbIi MUKCEIh N300paXKEHUs,
HaxoJIsIIeicss B 00paTHO-KBaJAPATUYHON 3aBUCUMOCTH OT Pa3MepOB CaMOro
MUKCEJS, a CJIeI0BATENIbHO MOBBIIICHHUSI MOIITHOCTU PEHTIEHOBCKON TpyOKHU
Y TEHEePATOpa MO KBAAPATUYHON 3aBUCUMOCTH, YTO HEBO3MOKHO;

4. Tlpu 3HAUUTENLHOM HEA000pPE PEHTIC€HOBCKOW J03bI, MPUXOJAIICHCS Ha
KOKIbIA MHUKCENb M HEOOXOIUMOW ISl JUAarHOCTUYECKOW 3HAYMMOCTH
MOJIy4a€MOI'0 PEHTI€HOBCKOTO H300pakeHusi, OyJeT HMETh CHUJIbHbBIC
LIYMBI, KOTOPbIE HEBO3MOKHO HUBEJIUPOBATH METOAAMH MAaTEMAaTUYECKUMU
00paboTKH U300PAKEHHUIA;

5. JlocTurHyThle Ha CETOAHSIIHUN JI€Hb, MPU MJIUTEILHOM pEXUME padOThI
POTAIMOHHOM TPYOKH, 3HaUECHUSI MOIIIHOCTH He IpeBbImaoT 1-ro kW npu
pasmepe ¢dokycnoro nsatHa (0.10x0.10)mm, 4yTO HE MO3BOJISIET MOIY4YaATh
BbIcOKOE pasperieHne B 100mkm u MeHbIIIe, 0COOCHHO I TMHAMHUYECKUX
PEHTIEHOBCKUX M300pa)K€HUi, KOTOpoe He MOxkeT ObITh jyumie 0.75-0.50
oT pasmepa crtangapTHoro ¢okycHoro msitHa B (0.5-0.6)mm, ngaxe mpu
MPUMEHEHUN CaMOM KauecTBEHHOM 1U(poBoii 00pabOTKN N300pakKeHUH;

6. bonbiias MOIIHOCTh PEHTTEHOBCKOTO HW3JIy4eHUs, TpeOyemast st
MOJIYYEHUsS JUarHOCTUYECKH 3HAYUMBIX H300paK€HUM, MPUBOJUT K
MpeAeabHOMY TMEPErpeBy JOPOrOCTOAIIUNX PEHTITCHOBCKUX H3JIydaTelen,
YTO COKpAIlaeT CPOK UX CIY>KObI, Hampumep Uil KOMIBIOTEPHOU
tomorpaduu ~ lroa u nis anruorpaduu ~ 2roja;
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7. HeoOXxoaumo y4MTBIBaTh, 4YTO MOCJIEAHUE [Ba BUJA PEHTIE€HOBCKOTO
obopynoBanusi B PO He pazpabarbiBaiiCh U MAaKCUMyM COOUPAIOTCS W3
UMIIOPTHOM KOMIUIEKTAIIMH, TO3TOMY UMEIOT BBICOKYI0 CTOMMOCTb, 3aMEHa
KOMIUIEKTYIOLIUX y 3TOr0 00OpyAOBaHMS BECbMa JOPOrO€ yJIOBOJILCTBHE,
CUMTas U CPOKU IMPOCTOsI camMoro obopynoBaHus, nosdtomy "CoBOKyIHas
Croumocts Brnagenus" (TCO) pns 3Toil kateropum 0O0OpYIOBaHUS
3HAYUTENBHO MPEBBIIIAET 3aKYIOYHYI0 CTOUMOCTh annapara 1o UMIopTYy.

Onucanue 3aAa4, MpeAsiaraéMbIX K pEIICHUIO B paMKax MPOEKTa
(packpwisaemcs cooepicanue Hay4Ho-mexHU4ecKux uiu nPUKIaoHblx 3a0ay).

[Ipoext “MukpocexkyHanasi PeHTreHonorus” mpeaHa3HaueH Uis pa3paboTKw,
cepTupUKaLMKU M Hayajga CEpUHHOrO MPOU3BOJACTBA HU(PPOBBIX ITUHAMHYECKHUX
PEHTIEHOBCKUX CUCTEM CBEPXBBICOKOTO Pa3pELICHUS] PEAJTbHOTO BPEMEHU IS
ITIOCTPOEHMS KOHLIENTYAJIBHO HOBBIX PEHTI€HOBCKUX JUAarHOCTUYECKUX CUCTEM

- CUCTEM MEIULHUHCKON MUKPOCEKYHIHOU PEHTIC€HOBCKOW TUArHOCTUKHU,

- MUKPOCEKYH/IHBIX CUCTEM HEPa3pYIIAIOIIETO PEHTIEHOBCKOTO KOHTPOJIS,

- MUKPOCEKYHIHbIX CUCTEM PEHTT€HOBCKOr'0 JOCMOTpPA U 0€30MaCHOCTH,
CO3/1aBAEMBIX B paMKax TEXHOJIOTMH “MukpocexynaHas Pentrenomnorus’,
pa3pabOTaHHON »SKCIEepTaMu MO MEIULUHMHCKUM pPEHTTEHOBCKUM CHCTEMaM,
AJIIEKTPOHHBIM CHCTEMaM YIIPABIEHUS M MaTeMaTUYeCKOM 0OpabOTKM peansbHOro
BPEMEHHU, SABISAETCSA UHTEUIEKTyallbHON co0cTBeHHOCThI0 OO0 “KYPC-AC1™.

OCHOBHBIM pe3yibTaTOM IIPpH pCaln3ali 3TOro IHNpOCKTa, B OTIHYHU OT
CymEeCTBYIOIICTO PCHTICHOBCKOI'O AMArHOCTUICCKOTO O60py,HOBaHI/I$I, 6y,HCTI

1. KapaunanbHO€ COKpallleHHEe PEHTreHOBCKOM n03bl ¢ 20 paz! u 6Oonee
(BeITeKaeT U3 TexHoNoruu “MukpocexkyHaHass Pentrenonorus”) mpu
MOOBIX BHUAAX PEHTIEHOBCKUX HCCIENOBAaHUM, KaK MPU MEIUIIMHCKHUX
oOcneaoBaHMsIX, TaK M JJs CHUCTEM PEHTI€HOBCKOIO HEPa3pyLIAOLIEro
KOHTPOJI U CUCTEM PEHTIEHOBCKOTO JOCMOTPA;

2. YBenuuenue B 3-4 pasza pasperieHus ITUHAMHYECKUX H300paKeHHi,
OJTHOBPEMEHHO TPHU 3HAYUTEIHLHOM YMEHBIIEHUU PEHTIC€HOBCKOUW H03bI B
20 pa3 u Oonee, 3a cueT yMeHblleHus: ¢okycHoro nstHa a0 (0.15x0.15 /
0.10x0.10) mm npu 3HaYUTENBHOW MTHOBEHHOM MOUIHOCTH, HANpHUMEpP B
Meauiae 10 (100-:-50) mkm nipu pazpenienuu ot 9-12 mezanuxcenei npu
60 xaodpax 6 cexyndy u no 20-25 mezanuxceneti npu 30 xadpax 6 cexyHoy,
npotuB (400-200) mkm npu 1-m meranukcene npu 30 kaapax B CEKyHIY
JUISL BBIITYCKA€MbIX B HACTOSIIEE BpPEMS PEHTTEHOBCKUX CHUCTEM, YTO
noTpeOyeT CO3JaHMsl HOBBIX CTaHIAPTOB JAMArHOCTHMUYECKOTO Ipoliecca B
oOl1lleil PEHTreHOJIOTUU, MPHU AHTUOTPAPUUECKUX U MaMMmorpaduueckux
UCCIIEIOBAHUSIX W T.I.; NPONOPIMOHATBLHOE YBEJIMYEHHUE pa3peliaronien
CIIOCOOHOCTH JTMHAMUYECKUN M300pakeHUN ISl MPOMBIIIJICHHBIX CUCTEM
HEpa3pylIalollero KOHTPOJIA B JUana3oHax, MPUBSI3aHHBIX K pa3Mepam
PEHTIE€HOBCKOTO (DOKYCHOIO MSTHA;
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3. Ymenbiienue Oosiee yeM B 20 pa3 UHTErpajbHOM MOIIHOCTU MYJIbTH-
UMITYJIbCHOT'O M3JIYYEHHUS, HApUMep JJIsi MEAUIIMHCKOTO PEHTIEHOBCKOTO
BBICOKOBOJIbTHOrO  TeHeparopa ¢ (50-:-120)0kW  no (2-:-4)kW, mnpu
YMEHBIIIEHUM MTHOBEHHOW MOIIHOCTU PEHTTeHOBCKOM TpyOku c (40-:-
100)kW no (15-:-30)kW, obecrieyuT MpakTUYECKOE OTCYTCTBHE Harpena
PEHTIE€HOBCKUX TPYOOK PEHTTEHOBCKOIO TeHepaTopa, 4YTO MPHUBEIET K
MHOTOKPaTHOMY YBEIUYEHUIO UX KU3ZHEHHOTO LUKIA; ISl PEHTTEHOBCKOTO
MIPOMBIILJIEHHOT'O TeHepaTopa Takasi )K€ aHaJIOTUs;

4. YBenudeHHUE paspelraronieil crmocoOHOCTH MEIUIMHCKUX KOMITBIOTEPHBIX
ToMorpadoB co cTaHmapTHBIM paszpemnieHneM cpe3oB 10 (100-50)mkm B
Martpulie uzoopaxenui 1.5k*1.5k (npumeuanue - 1k = 1024) u Gonee, no
cpaBHeHHIO C¢ pazpemieHueM (250-500)mkm npu matpuile uU300pakeHUI
0.5k*0.5k, mnonydaemMbpiX B HACTOAIIEE BpeMs; [Jsi MPOMBIILICHHON
KOMITbIOTEpHOU TOMOrpaduu OyJ1eT UMETh MECTO YCKOpEHHEe 0oJiee 4eM Ha

MOPSZIOK TIpoIlecca CheMKH MPH Pa3pelICHUsIX B MaTPUIIE H300paKEeHHM 10
5.0k*5.0k;

5. VBenuueHue paspemarnieil CrnocoOOHOCTH U YETKOCTH MOJy4aeMbIX
n300pakeHud HEBO3MOXKHO 0e3 cucteMmbl [lomokosou Kongeiiepnou
Obpabomku u euzyanuzayuu Peanvnoco Bpemenu XaIpoB MOUIHOCTHIO
(540-1440)MB/s (merabaiiT B CeKyHY), KOTOpas CIYXKHUT JJIsl YMEHbILICHUS
PEHTIE€HOBCKUX IIIYMOB JMHAMHUYECKUX U300paKe€HUM, YACTUYHOIO
HUBEJIIMPOBAHUS BTOPUYHOTO PEHTTEHOBCKOIO M3JIyYeHUS] B OOBEKTE
WCCIIEIOBAHUS U JIJI YIYUIIEHUS MOTOKA UCXOHBIX H300paKeHUM;
cucteMa Oa3upyercsi Ha COOCTBEHHOM HWHCTPYMEHTApUU TMapaslielIbHBIX
BBIYMCIICHUN PEATBHOTO BPEMEHH, MIOCTPOEHHOM HA MPAMOM YHPABICHUEM
MHOTOSIIEPHON  BBIYKUCIMUTEIIBHOW  CUCTEMOW  CPEACTBAMHU  SA3bIKA
napaienbHoro nporpammupoBanusi CAPERS u texnonmorum [ubkozco

Aoanmusnoco Komneeiiepa 2D Obpabomku u Buzyanuzayuu Peanvnozco
Bpemenu, pazpabotanusix B OO0 “KYPC-ACI1” (2002-2017r.1.).

6. YMEHBILIEHHE CTOUMOCTH PEHTIC€HOBCKOM TPYOKHM W PEHTI€HOBCKOTO
reHepaTopa, OTCYTCTBHE HarpeBa PEHTIEHOBCKOM TpPYOKM HpPHUBEAET K
JOJITOJIETHIO, W BCE BMeCTe K yMeHblIeHuo “CoBokynHoi CrommocTn
Bnanenus” (CTO) Bcero peHTreHOBCKOro komruiekca 10 50%.

KoneunbsimMu nensiMu npoekra “MukpocekyHiHasi PEHTreHOnorus™ sBIsSIOTCA

1. Pa3zpabotka, co3nmanue, amnpodaius U cepTUPUUUpPOBAHUE, U MOJITOTOBKA K
MEJIKOCEPUUHOMY MPOU3BOACTBY B Poccuiickon denepamun accopTUMEHTa
YETBhIPEX TJIABHBIX KOMIIOHEHTOB MHUKPOCEKYHJIHBIX PEHTT€HOBCKHX CHUCTEM,
KaK OCHOBHBIX (0a30BbIX) KOMIIOHEHTOB, HEOOXOJMMBIX MJIS MPOU3BOJICTBA
JUATHOCTUYECKOTO ~ MHUKPOCEKYHJHOTO  PEHTIEHOBCKOTO  000pYJI0BaHUS
CTOPOHHUMU TTPOU3BOIUTEIISIMHU:




a. MUKPOCEKYHJIHBIX PEHTI€HOBCKUX TPYOOK;

b. MUKPOCEKYHIHBIX BBICOKOBOJIbTHBIX T€HEPATOPOB ISl MUKPOCEKYHIHBIX
PEHTT€HOBCKHUX TPYOOK;

C. IPOU3BOJCTBO TMHAMHYECKUX MATPUUHBIX JETEKTOPOB CBEPXBBICOKOTO
paspenieHus AJi1 MUKPOCEKYHIHOW PEHTI€HOJOTUH;

d. mpou3BOACTBO CUCTEM yIpaBleHUs, OOpa0OTKU U BU3yaIU3aluu
peanbHOr0 BPEMEHH MMOTOKOB N300paKEHNI CBEPXBBICOKOTO pa3pelleHus;

2. Paszpabotka, cozmanue, anmpoOanus u cepTUGUIIMPOBAHKE, U TTOATOTOBKA, Ha
OCHOBE CO3/IJaHHBIX PAaHEE MUKPOCEKYHIHBIX PEHTI€HOBCKUX KOMIIOHEHTOB,
MEJIKOCEPUUHOTO Ipou3BoacTBa B Poccuiickon denepanuu:
Aneuoepaghuueckoul cucmemul c8epX8biCOK020 pazpeuletuus ¢ KOH8elepHOoU
2D obpabomxoil u susyanuzayueli peaibHo20 6PeMeHU ¢ UHMEeSPUPOBAHHBIM
KOMNbIOMEPHLIM MOMO2PADOM 8bICOKO20 PA3PEULCHUSL.

OreHKa BaKHOCTH pEIIaeMbIX B MPOEKTE 33/7a4 U 0OOCHOBAHHE IMOBBIIICHUS! YPOBHS OOETOTOBHOCTH
Boopyxennbsix Cun Poccuiickoit @enepaiiui, TOCyAapCTBEHHBIX CIYKO W 3KOHOMHKH CTpaHbI 0
2030 rosa 3a cyeT pealu3aluu pe3yabTaToB MpoekTa (Onucvieaemcs poiv u mMecmo pe3yibmamos
npoexkma 6 cucmeme odecneuenus 6e30nacHoCmu 20cyoapcmea, boe2omosHocmu Boopycennvix cui,
oaemcs OYeHKa 3HAYUMOCMU pPe3VIbMAmos GblNOJIHEHUs. Npoekma OJisl CO30aHUs HOBbIX KIACCO8
B00OPYIHCEHUS, Cpedcms obecneuerus 00e8blX Oelucmautl, NpoOYKYuU CHeYudibHo20 U O0BOUHO20
Haznauenus. Hayunvli ananus, npocHo3bl mexHoI02U4ecKko20 pa3eumusi)

[Ipoext "Mukpocekynanass Pentrenonorus", siBiasieTcs NpOPHIBHBIM B 00J1aCTH
MEIULIMHCKOW JUArHOCTUYECKOM PEHTICHOJIOTUH, CHUCTEM HEPA3pPYILIAIOLIETO
PEHTIE€HOBCKOTO KOHTPOJIE U PEHTIE€HOBCKOTO JOCMOTpa M 0€30MacHOCTH, T.K.
OJIMH W3 TJIABHBIX [MAPAMETPOB PEHTITE€HOBCKOI'O U3JIyUYECHUSI — PEHTT€HOBCKAs J103a
cumxkaercs B 20 pa3 u Oosiee MpU YBEIUYEHHH B pasbl pa3peliaronieit
CIIOCOOHOCTH MOJTYYAEMbIX TUHAMUYECKUX U300paKEHHI.

BBuay comumanbHOM M TEXHUYECKOW 3HAYMMOCTH, MPOEKTY "MUKpPOCEKYHIHAS
Pentrenosnorus" HEOOXOIUM 20CYO0apCcHEEeHHbLIL YPOBEHb 3AUiUmMbL NPOEKMA U
€20 20Cy0apCcmeeHHblil CIamyc.

IIpeanosiaraeMsblii CpoOK peann3aluy IIPOeKTa
[Ipoext "MukpocekyHHas PentreHonorus” uUMeeT Tpu dTana (C BPEMEHHBIM
MEePEKPHITUEM ATATOB):
. Crynens I “Muxpocekynanoit Pentrenonorun” - “MCP-Kommniekr”
10 CO3JJaHHIO KOMIIOHEHTOB “MuKpocekyH1HOM PeHTrenosorun’:

Oran 1:
a. Pa3paboTka u co3gaHue KOMIIOHEHTOB - 3 rogpa.
b. AnpoOarus u cepTuuIpoBaHue KOMIIOHEHTOB
“MukpocexynaHou Pentrenonornn™ - 1.5rona
Jran 2:

c. lloaroroBka Kk MENKOCEPUIHOMY ITPOU3BOACTBY
KOMITIOHEHTOB MUKPOCEKYHIHBIX PEHTIT€HOBCKUX CUCTEM
JUJI IPOU3BOAUTENIEN PEHTITEHOBCKOM anIapaTypbl
(co caBuromM Ha 3 rojia OT Hayaja MPOEKTa) - 2 roxga.




2. Crynens II “Muxkpocexkynnnon Pearrenonorun’” - “MCP-AnrnoKT”
M0 CO3/JaHU€ MUKPOCEKYHHON aHTHOTpapUUIECKON CUCTEMBI C
¢bynkuusimu KT Tomorpada (co caBUroM Ha roj OT Hauaja MPOeKTa):

Oran 1:
a. Pa3paboTka u cozmanue aHTHOrpapuueckoi CHCTEMBI - 2 roga.
b. Ampobanus u cepruduupoBaHue - 1.5 rona.
Jran 2:
c. IloaroroBka Kk MEIKOCEPUUHOMY IIPOU3BOACTBY - 1 ron.

Bcero nHa npoekt "Mukpocekynanas Pentrenonorust” TpedyeTcs S Jer.

OpueHTHPOBOYHAS CTOUMOCTh IIPOEKTA
OpueHTUPOBOYHAsA CTOMMOCTbD NPOEKT "MHUKpoceKyHaHas PeHTrenonorus’

I. Crynens I “Mukpocexkynnnoi Pentrenonorun” - “MCP-Komrmnekr”
M0 CO3/JaHUI0 KOMIIOHEHTOB PEHTT€HOBCKUX CUCTEM (B MUJUTMOHAX PYO.):

a. Oran 1. Pa3paboTka u co3maHne KOMIIOHEHTOB - 1788,8
b. Drtam 2. [logroToBka M/c TpoOU3BOACTBA - 6914
HToro co3ganue KOMIIOHEHTOB - 2480,2

2. Crynens II “Mukpocexynnnoi Pentrenonorun” - “MCP-AnrnoKT”
M0 CO3/JaHU€ MUKPOCEKYHTHON aHTUOTpaPpUUIECKON CUCTEMBI
(cCo caABUTOM Ha TOJI O3XKe):

a. Oran 1. Pa3paboTka u co3maHne KOMIIOHEHTOB - 8384

b. Drtam 2. [logroToBka M/c TpoOM3BOACTBA - 590.0
HToro co3nanue aHTHO-KOMILICKCA - 14284

Bcero npoekr “MukpocexkyHinas Penrrenonorus” - 3908,6

KonTakTHOE JIUOO OT 3asBUTCIIA

Texunueckuit gupekrop OO0 “KYPC-AC1” ABmapoB Esrenuii Muxaitnosuy,
(numioMupoBaHHbIN UHXeHep ¢pupMbl Siemens u General Electric).

['maBHBINA APXUTEKTOP U TEXHUUECKUN PYKOBOJUTEND NMPOEKTA “MUKPOCEKYHIHAS
Penrrenomorusa”, Tel: +79851531220 .

Site: http://www.course-as.ru

Email: ejen@course-as.com ejen@course-as.ru

Tel: +74995505096

CornacHel 11 Bbl Ha niepefauy 3asiBKU JPYTUM NIOTEHIIMAIBHBIM 3aKa34MKaM — HET.

KoHKVpEeHTHBIN aHAJIu3




10

Cy1miecTByIOIINE OTEYECTBEHHBIE U 3apyOeKHbIC UJIEH JUTSI pEILICHUS TPOOIEMBI.
CoBpeMeHHOE COCTOSTHIE UCCIICI0OBAaHUI 110 TAHHOMY HAIlPaBJICHUIO

[Ipoext "Mukpocekynanas Pentrenonorus", mocTpoeH Ha HOBBIX (PU3MYECKUX
MPUHIIMIIAX CO3/IaHUSI PEHTTEHOJOTHUYECKUX AUArHOCTUYECKUX CUCTEM, HE UMEET
HU 3apyO€XHBIX, HU OTE€UECTBEHHBIX aHAJIOTOB, U HE UMEET MPEANOCHUIOK IJI UX
BO3HUKHOBEHHUs B OyrpKailliem OyaymieM, T.K. COBPEMEHHOE pa3BUTHE HJIET B
CTOPOHY YBEJIMYEHUS MOIIHOCTH PEHTI€HOBCKOTO HW3JIYUYEHHUS, T.€. YBEIUUYECHUS
MOIITHOCTH PEHTI€HOBCKUX TPYOOK M PEHTTEHOBCKUX T'€HEPATOpPOB, OOphbda ke C
MepEerpeBOM PEHTIECHOBCKOTO H3JIydyaTeliss HAaXOJIWUTCS Ha Mpejiefie TEXHUUECKUX
BO3MOXKHOCTEM OXJIQXJEHUS aHOJAa PEHTICHOBCKOM TpPYOKH, PEHTIC€HOBCKHE
JNETEKTOPHBIE CUCTEMBbl TOJIYYEHHUS H300pKEHUN NpUOIMKAIOTCA K CBOEMY
npejeny YyBCTBUTEILHOCTH.

[IpoBeneHHBIE K HACTOSIIEMY BPEMEHHU M IUIAHUPYEMble Hay4HbIE UCCIEAOBAHUS B TaHHON 00JacTH,
OpraHusyeMble B CTpaHe M 3a pyOexxoM. KpaTkoe M3/105keHHEe OCHOBHBIX IMOJIyYEHHBIX Pe3yJIbTaTOB.
TpyaHOCTH, C KOTOPBIMH CTOJIKHYJIUCH pa3paOOTYMKHU MPU PEHICHUH MpoOJIeMbl MM aHAJIOTMYHOMN
3a/1a4, BO3MOYKHBIC IIYTU UX PELICHUS.

B 2016 rony B Cankr-IletepOyprckom I'ocyapcTBEHHOM DNEKTPOTEXHUYECKOM
Yuusepcurete "JIETN", cnenmanucramu HIIII “KYPC-AC1” coBmecTHO €
COTpyAHUKaMU Kadeapsl “IIEeKTPOHHBIX NPUOOPOB U YCTPOUCTB” (haKyIbTeTa
anexktpoHuku CII6 I'DOTY, na cozgannom ITAO “KpacHorBapaeen” crenjie, ObuIn
MPOBEICHBI SKCIIEPUMEHTAIBHBIE ChEMKHU CIIEIIUATIBHOIO PEHTITEHOBCKOIO TECTA
dbupmbl “Siemens” 11 TOATBEPKIASHHUS OTHOTO U3 0a3MCHBIX MOJI0KEHUM
TexHosuorun "MukpocekyHnHas PeHTreHonorus" — BO3MOKHOCTh YMEHBIICHUS
PEHTIEHOBCKOM J103bI HAa MOPSAJIOK U 00JIee C OJTHOBPEMEHHBIM YBEIUYCHUEM
paspemaronieil CocoOHOCTH MOIYYaeMbIX U300PaKEHHI.

CbeMKU MOATBEPIUIN BOZMOKHOCTD MOTYUYCHUS JUATHOCTUYECKH 3HAUYUMBIX
M300paKEHUI BBICOKOTO pa3pelieHus B 16-Th MEranukceneil ¢ UCIoiab30BaHuEM
MHUKPO(OKYCHOTO HU3IIyUaTens u JeTeKTopa, nocrpoeHHoro Ha CMOS kamepe,
MIpU YMEHBIIEHUH PEHTT€HOBCKOM 703kl B 20 pa3 mpu pazpemieHuun 10 SOmkm,
Jake Mpu MaclITabOMpoBaHUU 0OBEKTA B S-Thb pas.

B 2017 rony o pacueram HUM HIIO “JIYY” 'KO POCATOM Ha ocHOBaHWH
naHHbIX, npeactaBiaeHHbIX HII “KYPC-AC1”, 6bu1 IpoBeieH TETIOBOM pacyeT
JUIS MUKPOCEKYHTHOM PEHTT€HOBCKOM TPYOKH, KOTOPBIN ONpEAETIII MpeIebHbIE
TEXHUYECKUE TTapaMeTPhl IJI PeKUMa MYJIbTU-UMITYJILCHOU paOOThl TPYOKH U
CHUCTEMBI YIPABJICHHS U3ITyYCHUEM.

B 2015-2017 romax HIIII “KYPC-ACI1” mnpomgomkuiao paciiupeHue s3bIKa
napaienbHoro nporpammupoBanusi CAPER4 - 1o nipsiMoro ynpasieHus aapamu
MHOTOSIAEpHBIX TIporieccopoB cpeactBamu  si3bika (CAPERS), TectupoBanue
KOTOPOTr'0 MOKa3aJi0 BO3MOKHOCTh 3amycka Oosiee 1-ro MIUILTMOHA MapajlielbHbIX
nporeccoB sizbika CAPER Ha BocbMu siiepHOM mpolneccope mpu 00paboTke
MaccuBa M300pakeHUM, OH SBIsAETCS 0a30BbIM KOMIIOHEHTOM [JIi MOCTPOCHUS
KOHBEHEPHBIX MHOTOSIZIEPHBIX CHUCTEM OOpa0OTKM W BU3yaJIM3allUM TOTOKA
M300paXeHU CBEPXBBICOKOTO pa3pellIeHUs peaIbHOTO BPEMEHHU.

Pe3ynbTaThl SKCIEPUMEHTAIBHON CHEMKH, PE3YJIBTATHI TEILUIOBOTO pacyeTa
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MHUKPOCEKYHIHON PEHTT€HOBCKOW TPYOKHU U pe3yabTaThl TECTUPOBAHMUS SI3bIKA
CAPERS nernu B 0OCHOBY TexHOJIOTHH “MuKpoceKkyHaHas PeHTrenonorus’,
KoTopas Obuta npezactasnena 24 Hos6ps 2017 roga B Cankt-IletepOyprecxkom
I'ocynapctBeHHOM DnektporexHuueckoM Y HuBepcutete "JIETHU" va "IV-oii
Bcepoccuiickoit HayqyHO-TIpaKTUYeCKON KOH(EPEHIINHN MPON3BOIUTENICH
PEHTI€HOBCKOW TEXHUKH .

IIpenjaraemMoe peneHne NpoodaeMbl

HoBusHa wuaei M TEeXHMYECKUX pELICHU. PackpelThe CYyIIHOCTH HCIOJIB3YEMBIX WHHOBALUM,
M300peTeHuH, U IPYruX peuIeHu, JIeKaluX B OCHOBE MPOEKTA (npediazaemas uoes O0NHCHA Oblmb

HOBOU, @nepgvie COOPMYIUPOBAHHOLU, OO0JNCHLL ObIMb OMPANCEHbl HAYYHbIE UCCAe008AHUS,

pe3ylbmame Komopblx OHd 803HuKﬂa)Z

HoBu3na mnpoekra “MuxpocexkynaHas Pentrenonorus” 3axkimroyaercs B
COBMEIIEHNM B OJHOM CHUCTEME, COCTOSIIEHM M3 YETBIPEX B3aMMOCBSA3aHHBIX
KOMIIOHEHTOB — PEHTT€HOBCKOM TpYyOKH, BBICOKOBOJIBTHOIO T'€HEpaTopa,
PEHTI€HOBCKOr0 JIETEKTOpa U CUCTEMBI 00pabOTKH M BU3yaJIM3ALMH PEaTbHOTO
BPEMEHM, YAaCTH TEXHOJOTHMM, NPUMEHEHHBIX PAHEE B Pa3HBIX, HECOBMECTUMBIX
MEXAy COOOW, PEHTIeHOBCKUX CHUCTEMaX, C HM3MEHEHHEM KOHCTPYKTUBHBIX,
TEXHOJOTUYECKUX U YIPaBICHYECKUX (PYHKIUHA BO BCEX KOMIIOHEHTax
PEHTIE€HOBCKOM CHUCTEMBI, YTO M MpeAcTaBiseT coboil pazpaborannyro HIIII
“KYPC-AC1” texnonoruto “Mukpocekynanas Pentrenonorus’”.

IIpoekr “MukpocexkyHnHass PeHTtreHonoruss” mnpeanara€T TEXHOJIOTHUIO
00beIMHEHUS, B3SIB JIydlllle HApaOOTKHU B OTPACIIM HA CETOHAIIHUN 1€Hb:

1. PenTreHoBckue wu3iIy4yaTeau: TPYyOKHM C BpallalOMIMMCSA aHOJOM, C
CETOYHBIM YNPABICHHEM M KAaTOAOM MPSIMOTO HaKajla — B3AThl U3
CTaHJAPTHOU PEHTIE€HOJIOTUY;

2. Cucrema (OKYCHPOBKH 3JIEKTPOHHOTO IMy4YKa Ha MOBEPXHOCTh aHOMAA IS
MOJTy4yeHus MUKPO(dOKyca — B3ATO U3 MUKPO(DOKYCHOU PEHTIE€HOIOTUH;

3. MynbTU-UMIOYJIbCHBIM PEXUM pPabOThl PEHTIEHOBCKOTO HW3JIYUYCHHUS IS
MOJIYYEHHUS KaX0T0 Kajpa u300pa>keHHs CO 3HAUUTEIbHBIM YMEHbBIIICHUEM
PEHTTEHOBCKOM J03bI, — B3ST U3 HAHOCEKYHIHOW PEHTI€HOJIOTUH;

4. JIlvHaMUYECKHE PEHTTE€HOBCKHE JETEKTOPBI CBEPXBBICOKOIO PA3PEIICHUS,
MMOCTPOEHHBIE HA YyBCTBUTENBHBIX 3eMeHTax o CMOS TtexHonoruy;

5. BBICOKOBOJIBTHBIE  BBICOKOYACTOTHBIE  TE€HEPATOPBI  PETYIUPYEMOrO
MOCTOSIHHOTO HANPSI)KEHUS, B3AThl U3 CTAHAAPTHOW PEHTT€HOJIOTHH;

6. KouBeilepHble MHOTOSIIEPHBIE CHUCTEMBbI O00paOOTKM U BHU3yalIU3alUU
MOTOKA U300paKEHUHN peaqbHOr0 BPEMEHH C BBIUUCICHHEM XapaKTePUCTUK
MOJIy4aeMbIX U300pakeHUM B peaJbHOM BPEMEHHU, C CUCTEMON M3MEpPEHUM
BCEX MApaMETPOB MU3IIYUYCHHS, C YIPABICHHUEM IapaMeTpaMH HU3ITyYCHHS
pEaIbHOTO BPEMEHH Ha OCHOBE PE3YJbTATOB BBIYMCIIEHUM, TOJYYEHHBIX OT
OPEABIIYIIUX U300paXEHUM, B3SITO U3 TEXHOJOTMU KOHBeWepHou 2D
00pabOTKU M BHU3yaJIU3allMU PEAJTbHOIO0 BPEMEHHM MOTOKAa HM300paKeHUI
BBICOKOTO pa3petienusi, pazpadorannoit HIII “KYPC-AC1”.

Onucanue CYHICCTBYIOIIUX ITPUHIIUIIOB N TCXHOHOFHﬁ, KOTOPBIC JIC)KAT B OCHOBC IMPOCKTA

6
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Bce cymiecTByronue NpuHIMIB U TEXHOJIOTUH, KOTOPbIE MOJ0KEHBI B OCHOBY
HACTOSIIEr0 MPOEKTa JaBHO M3BECTHBI U XOPOIIO TEXHOJOTMYECKH OTpabOTaHBI,
HO pabOoTarOT MOPO3Hb B PA3HBIX CETMEHTaX OTPACIIH.

Oxcnepram HIIIT “KYPC-AC1” yganochk, 3a c4eT HOBOTO KOHLENTYalbHOIO
MOoAX0Ja K MOCTPOEHUIO PEHTIEHOBCKUX CHCTEM, COBMECTUTh B €IMHOE IIEJI0€
HECOBMECTUMBIE paHee Takue TpeOoBaHUs, Kak yMeHblieHne B 4-5 pa3
(OKyCHOro TMATHAa MPU YBEIUYEHUU pPa3pelIeHUs BO CTOJBKO K€ pa3, MOpu
OJIHOBPEMEHHOM YMEHBIIEHUH PEHTT€HOBCKOM 7103kl B 20 pa3 u 6olee.

lMpo6nemsi X-Ray usobpaxeHull eLICOKO20 pa3pelleHus
@axmopkl snuUAOUUe Ha pa3peLiarouyro cnocobHocmes - .. e
@onyc X-Ray mpy6ku, Tok e mpybke, BpeMeHHkIe napaMempksl

CmaHndapmueie X-Ray mpy6ku
@okyc (0.5x0.5-:-1.2x1.2) mm
~JOK <= 200-:-500mA npu (1-:-10) mS YmeHbwerue

/Paspewerue He ny4we 250 mkm X-Ray 0o3bl

u MowHocmu

lMpeodnazaemcs Ho8bIl Kacc - eeHepamopa
MukpocekyHOHbIe X-Ray Cucmembi: e 20 pas!!

@okyc He 6onee 0.1x0.1 mm YeenuyeHue
Tok e umMnynesce | ~= 500 -:- 400 mA | duHamu4yeckozo
Bpems umnyneca t = 0.1-:-2.0 mkS paspeuleHus
HYacmoma umnynscoe f>= 25 kHz e 3-4 pazal!

Paspewierue He xyxe 50 mkm e e

HaHnocekyHdHeie X-Ray mpy6Ku
@okyc 1.5 x 1.5 mm He MeHee
Tok ~= 200-250 A npu 20 nS
Pa3peuweHue He nyywe 750 mkm
Ymenbswerue o3kl & 27-30 paz!!

““MuxpochokycHsie X-Ray mpy6ku
dokyc 0.1 x 0.1 mm u mMeHee

Tok HenpepbkigHbild =0.1 -:- 1.0mA
PaapeuweHue He xyxe 50 mkm

s sroro nmorpedyetcss HUOKP (koHCTpykTOpckas pa3zpaboTka) HEOOIbIION
JTUHENKA KOMIIOHEHTOB, KaK CUCTEMOTEXHHUECKOTO KOHCTPYKTOPA, JJIS CO3TaHuUs
IU(PPOBBIX PEHTICHOBCKUX CUCTEM JIJISI THATHOCTHYECKOTO PEHTICHOJIOTHYECKOTO
o0opyaOBaHUs, I TPOMBIIINICHHBIX CUCTEM HEpa3pyIIaoiero PeHTTeHOBCKOTO
KOHTPOJISI U CUCTEM PEHTTEHOBCKOTO IOCMOTPa U O€30MaCHOCTH.

CymiecTBylomue B HACTOSIIEE BpeMs apryMEHTHl IPOTHUB pPEUICHHS IOCTABJICHHOW MPOOIeMbl
MPEUIOKEHHBIM CIIOCOOOM, a TaKKe H3BECTHbIE M BO3MOXHBIC AIbTEPHATHBHBIC BapHAHTHI €€

EIIEeHN I

He n3BecTHEI

CymiecTByronue MPEnsTCTBUS OPraHU3allMOHHOTO M IOPUAMYECKOTO IJlaHAa Ha IYTH pPEIICHUs
npoOieMbl MpeasiaraéMbIM — CIOCOO0OM, HampuMep, CBEACHUS O BBINIOJHEHUM MPOEKTa WIH
aHAJIOTMYHBIX pa0boOT B pamMkax ¢eaepalbHBIX (BEIOMCTBEHHBIX WIJIM WHBIX) MPOTPAMM, MO 3aKa3am
uHBIX 3aka3unkoB (POVB), MexmyHapoJHbIE MATEHTHI, IPUHSITHIE B JTaHHOW OOJACTH METOJMKH U

MpaBujia u T.J.

\ He cymectByer
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HayuHo-TexHuueckuii 3ajie, UMEIOIIHICS y 3asiBUTENs 1 00eCIeYBaIOIIUN pelIeHNe MOCTaBICHHOM
poOJIEMBI

00O HIIII “KYPC-AC1” -
KonnenTtyanbHbli pa3paOOTYMK TEXHOJIOTUH U MPOrPAMMBI
"Mukpocekynonas Penmezenonozusn".
3apeructpupoano B 2002 B r. Mocksa, Poccuiickas ®@enepanus.
Hanpasnenne gestensHoctu HIIIT “KYPC-ACI1” — AnantuBHabie CUCTEMBI —
c(hoKycHpOBaHO HA pa3pabOTKE HOBBIX TEXHOJIOTUN U CUCTEM B 00JIACTSIX:
- O6paboTka N300pakeHNI BEICOKOTO pa3pelieHusl peaJbHOIO BpEeMEHHU.
- PenTreHoBckue cucTeMbl BHICOKOTO pa3pelieHus peabHOr0 BpEMEHHU.
- Ilpodeccuonansunie cucteMsl 2D O6padotku u Buzyanuzanuu DICOM
M300paxeHUN BHICOKOTO pa3pelieHus: peajJbHOTO BpEMEHHU.
- DICOM IlpunTtepsl npodecCuoHaIbHOTO Kilacca Ha OYMaKHOM HOCHUTEIIE.
- MHoromMaiivuHHble MHOTOSIIEPHBIE TTapaJUIeIbHbIE BEIYUCICHUS.

Ha 6a3e stux texnonoruit HIII “Kypc-AC1”’pa3zpaboTranbl U NPOU3BOASITCS:

- lludpossie Pentrenosckue Cucremsl Peansnoro Bpemenu - AS RTDR-
I1M30/60 “Michelangelo” niist 3axBata motoka 16-Tu OUTHBIX U300paAKEHUIM
dbopmarta 1k*1k npu 30/60fps ¢ morokoBoii 2D 06paboTKoil U BU3yanu3anuen,
BKrOUast DSA pexum.

- Inarnoctnueckue mynsrumonansueie DICOM cranmmu AS GSV
“Michelangelo” qyst 2D O6pabotku 1 Busyanuzanuu peaabHOro BpeMEH!
Meauimackux DICOM n3o0pakenuii i1 oO1Iei paanoaorui, MaMMOJIOTHH,
anruorpaduu, kommnbrotepHoit 1 AMP Tomorpadwuii u T.1.

- PACS cucremst “AS VIMeN-RT” ¢ DICOM Cepsepamu, paboTtaromiue B
pexume 7/24/365, macmtabupyembimu DICOM Xpanunuiamu noj
yrnpasienueM ['paduueckoit bazbl J[aHHBIX.

- DICOM npuHTepbl 3KCHEPTHOTO KJlacca JJis MevaTu Ha OyMaKHBIX HOCUTEISIX
no DICOM npoTokoily, OCHOBaHHBIX Ha TPO(PECCUOHATBLHBIX MPOMBIIIIEHHBIX
MPUHTEPaX IMArHOCTUYECKOTO KauecTRa.

annvie 06 ucnonvzyemovix u eneopaemvlx mexunonaozuax 000 “KYPC-ACI1”
HIIIT “KYPC-AC1” siBnsetcst pa3pab0OTUMKOM TEXHOJIOTUU KOHBeHepHoit 2D
00pabOTKU U BU3yaJIu3alluu PEalbHOTO BpEMEHU MEIUIIMHCKUX H300paKEeHUM
BBICOKOTO pa3zpetieHus. [lonyuen ceprtudukar o6 opunnanibHON perucTpanuu
Ne 2007613679 ot 28 aBrycra 2007 rona:
Paouonocuueckas PACS cucmema npuema, cxanuposanus, oyugposxku TV
CUSHANA 8bICOKO20 pA3peulenusl, CUCmeMamu3ayuu, Xparwenus, oopabomxu,
suzyanuzayuu u nevamu DICOM ¢aiinos meouyunckux uzoopasicenuii u
conpogsooumenvrvlx PDF doxymenmos — “Muxenanoxceno”.

J171st 00paboTKHU B peallbHOM BpEMEHU paciapayieIiBaeMbIX BIUUCIUTEIbHBIX
MPOIIECCOB MPOJIOHKAETCS pa3padoTKa U pean3aius si3bIka mapaeabHbIX
BblunciieHuii CAPERS - kak BBICOKOYPOBHEBOI'O MPOLIECCA YIIPABICHUS
MapajiyIeIbHBIMU BBIYMCICHUSIMU Ha MHOTOSIIEPHBIX MYJIbTUIIPOLIECCOPHBIX
BBIYMCIIUTENBHBIX MIIaTHopmMax:
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"CAPER" CPU & GPU Accelerated Technology for
MultiCore and Multiprocessor Parallel Computing.

VYBenuueHue CKOpOCTU BBIUMCIIEHHUS, IO CPABHEHUIO C JIYUIIUMU 3apyOeKHBIMU
S3bIKaMU MapaJuieabHOTo nporpammupoBanus (SystemC) nocturaet 4-x u 6oiie
pa3 — IPOBEPEHO HA APXUTEKTYPHOM MojaenupoBannu coBpemeHHbix CBUC.

Konunuectso napamiensasix CAPER-nipoiieccoB 6€3 npo0sieM MOXKET T10CTUTATh
00Jiee COTHU THICSY MPOIIECCOB HA KAXKJIOM MPOIECCOPHOM SIpE.

Koomneparus, HeoOXoauMasi Ui pemieHus MpoOIeMBbl (000CHOBbIBACTICS B03MONICHAS KOONepayls,
Heobxooumas 0 pearuzayuu NPoOeKma)

000 “KYPC-AC1”, Mockaa, pa3paboTKa 1 M/C POU3BOJICTBO.
KonnenTyanbHoe, CXeMOTEXHUYECKOE U MHKEHEPHOE MPOCKTUPOBAHUE
KOMITOHEHTOB ITpoeKTa “MukpocexkynaHas Pentrenonorus’:

- O011ee CUCTEMOTEXHUYECKOE U CXEMOTEXHUYECKOE PYKOBOJICTBO MPOEKTOM,
corjlacoBanue paboT sl TapTHEPOB MPOEKTA.
- KonseiiepHble MHOTOSIZIEpHBIE CUCTEMBI 00pa0OTKU U BU3Yyalu3aluu
MOTOKA M300paXKEHUN peaJbHOr0 BpEMEHU U U3MEPEHHUS UX MapaMeTpOB.
- CucteMbl U3MEpPEHUs TapaMeTPOB U3NYUYEHUSI PEATLHOTO BPEMEHHU.
- Cucrema yrnpaBlieHUE U3TYYEeHUEM PEabHOTO BPEMEHHU.
- CucteMbl yrpaBieHUs] KOMIIOHEHTAMU IITATUBHBIX YCTPOUCTB.
- MeaunuHckue mporpaMMHbIE MOJIYJIM IO MOJIAJIBHOCTSIM amapaToB.

HUUT®A, (I'K "POCATOM"), r.MockBa. pazpaboTka U M/C TPOU3BOJICTBO.
AJIMUHHCTPATUBHOE COMTPOBOXKICHHUE MTPOEKTA, CTEHIOBOE MPOCKTUPOBAHUE
Y MHXKEHEPHOE COMPOBOXKICHUE UCTIBITAHUN U cepTUPUKALIUS
pa3pabOTaHHBIX KOMIIOHEHTOB MpoekTa “MukpocekyHanas Pentrenonorus”,
unrerpatop II Crynenu npoekta - MCP-AuruoKT, ero ceprudukarms.

HHUUN Ckopoii ITomomn um. H.B.Cxiugocosckoro, r.Mockaa.
Anpobanus uzaenuii, pa3padoTaHHBIX B paMKax poekTa " MukpocekyHaHas
Pentrenonorus ", pa3pab0oTka HOBBIX MEIUIIMHCKUX METOJUK U JIOKYMEHTOB,
(HOpPMATHUBHBIX) JJIs1 AlllIapaTypbl, CO3AHHON MOJI STUAOU MPOEKTa.

HUUAD MI'Y, naboparopus “MeIulIHHCKHE KOMIILIOTEPHbIE CUCTEMbI”.
Pa3zpaboTka criennanu3upoBaHHBIX MEAUIIMHCKUX TPOTrPAMMHBIX MOAYJICH.

IMAO “KpacnorBapaeen”, C-I10, pa3pabotka ¢ HIIIT “KYPC-AC1”.
[Toxpasznenenue pa3pabOTKH U M/C IPOU3BOJICTBO MEIUITUHCKUX CUCTEM.
MuKpoCeKyHIHbIE TUHAMUYECKHUE PEHTTCHOBCKUE JIETEKTOPHI.

00O "BenallpoekT', Mocksa, pazpadotka ¢ HIIII “KYPC-AC1”.
[loapa3znenenue pa3pabOTKU U M/C TPOU3BOJICTBO.
DJEKTPOHHBIE KOMITOHEHTHI U3MEPEHUS U YIIPABICHUS MUKPOCEKYHIHBIMH
PEHTI€HOBCKUMU M3JIy4YaTeIs MU (TpyOKamu).
DJEKTPOHHBIE KOMIIOHEHTHI JIsl MUKPOCEKYHTHBIX THHAMHYECKUX
PEHTTCHOBCKHUX JETEKTOPOB W MOJYJIEH IMITATUBHBIX YCTPOICTB.
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®I'YII HUM HITO "JYY", ('K "POCATOM"), pa3zpaboTka COBMECTHO C
HIIII “KYPC-AC1”. Ilonpazaenenue pazpabotku X-Ray tpy6oxk
MuKpOCeKyHIHbIE METANIOKEPAMUYECKIE PEHTICHOBCKHE TPYOKH.

AO "Cgetnana-Pentren', C-I16, noapasaenenue npou3BoICTBA.
MUKpOCEKyHIHbIE PEHTIEHOBCKUE TPYOKHU (TPOU3BOJICTBO U TECTUPOBAHUE).

ITAO HITIO “Juepromonyib”’, Uebokcapsl, pazpadborka ¢ HIIIT “KYPC-AC1”.
[loapa3znenenue pa3pabOTKU U M/C TPOU3BOJICTBO.
WuTennekTyanbHble HHBEPTOPHBIC BHICOKOYACTOTHBIE MOJTYIIH JIJIS
MUKPOCEKYHIHBIX PEHTTEHOBCKHX T€HEPATOPOB.

000 “C.II I'eanuk”, MockBa, pazpadotka coBmectHo ¢ HIIIT “KYPC-AC1™.
[Moapaznenenue pazpadbotku X-Ray renepatopoB U M/C MpOU3BOACTBO.
MuUKpoCceKyH/IHbIE BBICOKOBOJIbTHBIE PEHTT€HOBCKHUE T€HEPATOPHI IS
MOHOOJIOYHOTO UCTIOJTHEHHS.

®I'VII BHUM ABtomatuku, ('K "POCATOM"), pazpabotka ¢ “KYPC-ACI1”.
[loapa3znenenue pa3paboTKu U M/C TPOU3BOACTBO X-Ray reneparopos.
MUKPOCEKYHIHBIE TPOMBIIUIEHHBIE PEHTT€HOBCKHE T€HEPATOPBI.

[ToTpeOHOCTH B OpraHU3aIu MEeKIYHAPOIHOTO COTPYAHUYECTBA IS pEIIeHUs POOIEeMBbI
MPEANOJaraeMbIM CIIOCO00M

| He tpebyercs

HayuyHo-TexHH4YeCKas 4YacTh MPOEKTA

Onucanne 0XUAAEMOT0 HAYYHO-TEXHHUYECKOTO Pe3yibTara MPOEKTa ((hopmyaupyomes cozoasaemvle
8 pamxax npoekma oopasyvi, 0eMOHCMpamopwl. [laemcs onucanue oiCUOAeMvlX XapaKmepucmux
€030a8aemblx 00pa3y08, HOBbIX GUOO8 UL KAYECBEHHO20 USMEHeHUs. NPOOVKYUU, NOAGIAIOUUXCS 8
pe3yibmame peanuzayuu npoexmad. Jlaemcsi OyeHKa B03MONCHOCHU OOCHMUIICEHUS KA4eCMBEeHHO
HOBbIX (NPOPBIBHBIX) Pe3yIbmamos 8 chepax: B0eHHO-MEeXHUUECKOU, MEeXHOL0SULEeCKOLl, COYUATbHO-
9KOHOMUUECKOLL)

HayuyHno-TexHnuecknil pe3yapTat npoekra “MukpocekynaHas PeHtrenonorus’:
I. Co3panune mejkocepuiiHOro npou3BoacTBa B Poccuiickoii @enepaunm:
Accopmumenma KOMHOHEHN 08 MUKPOCEKYHOHBIX PEHM2EHO6CKUX CUCHIEM
0114 npou3e00cmea (cOOpKU) OUAZHOCMUYECKO20 MUKDPOCEKYHOHO20
PEHM2EH08CKO20 000py006aHUs CMOPOHHUMU npou3zeodumenamu “MCP-
Komnonenm?”:

A. [Ipou3BoicTBa MUKPOCEKYHIHBIX PEHTTEHOBCKUX TPYOOK:
- MUKPO(DOKYCHOU HU3KOBOJIHTHOM:

U, =50 kV, Foc = (0.10%0.10) mm (12°), tigteg/fr = (0.1-20)ms,
Nimp= 12.5 kW, Nipeq <= 0.62 kW,

- MUKPO(DOKYCHOU CPeTHEBOJIBTOBOM:
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U, <=125 kV, Foc = (0.10%0.10) mm (12°), tipeg/fr = (0.1-20)ms,
Nimp= 15 kW, Nipteg <= 0.75 kW,

- MUKPO(OKYCHOU BHICOKOBOJIbTHOM C AMHAMUYECKUM (DOKYCOM:
U, <=150kV, Foc = (0.10*0.10)/(0.15*%0.15) mm (12°),
Nimp = 15/30 KW, Niyteg <= 0.75/1.5 KW, tipteg/fr = (0.1-20)ms,

B. Ilpou3BoacTBa MUKPOCEKYHIHBIX PEHTTE€HOBCKUX T€HEPATOPOB:
- mayoid MOmHOCTH: Uy <=125 KV, Njpp= 15 KW, Njpeg= 1.0 kKW,
- Oonbmoi MmomHocTh: Uy <=150 KV, Njpp = 30 KW, Njyteg = 2.0 KW,

C. HpOI/ISBOI[CTBa JAUHAMHYCCKUX MATPUYHBIX JCTCKTOPOB CBCPXBBICOKOI'O
paspCuiCHus A4 MHKpOCCKYHI[HOﬁ PCHTIICHOJIOT M

- lunamuueckuii PentrenoBckuii Jlerekrop 75/50 mkm ¢ pa3zpemennem

10/2.5 Mpix mipu 15/30 kaap/cek. (1o 300 MB/s) ¢ 2-Ms nepexiIoyaeMbIMU

dhopMaTamMu KaJpoB:

@opmam 75/150 mkm - aktuBHas 30Ha 285*195 mm (127°x8”):
(15/30) fps @ (3800*2600 / 1900*1300), 12bit, (10 / 2.5) Mpix,
75/150 mkm, (6.5 /3.2) Ip/mm, M = (1:1/ 1:2);

@opmam 50/100 mkm - aktuBHas 30Ha 190Mm*130mMm (87x5”):
(15/30) fps @ (3800*2600 / 1900*1300), 12bit, (10 / 2.5) Mpix,
50/100 mkm, (10 /5.0) Ip/mm, M = (1:1/1:2).

- lunamuueckuii Pentrenosckuii Jletekrop S0 mkm ¢ paspenieHuem
20.0/5.0Mpix nopu 30/60xaap/cek. (10 1200 MB/s):

@opmam 50/100mkm - aktuBHas 30Ha 250mMm*190MmMm (107°x8”):
30/60 fps @ (5000*3800 / 2500*1900), 12bit, 20/5.0Mpix,

50/100 mkm, (10/5.0) Ip/mm, M = (1:1 / 1:2), anmapatHblii OUHHUHT

@opmam 100mkm - aktuBHas 30Ha 250MmM*190MmMm (107x8”):
30fps @ 2500*1900, 14bit, 5.0Mpix, M = 1:2,
100mkm, 5.0 Ip/mm, nporpaMmMHbIii OUHHUHT.

- Iunamuueckuii Pentrenosckuii Jlerekrop 100 mkm ¢ paspenieHuem
20.0/5.0Mpix nopu 30/60xanp/cek. (10 1200 MB/s):

@opmam 1007200 mkm - axtuBHas 30Ha SO00MM*380mm (177°x17”):
30/60 fps @ (5000*3800 / 2500*1900), 12bit/14bit, (20/5.0)Mpix,
1007200 mkm, (5.0 / 2.5) Ip/mm, M = (1:1 / 1:2), annapaTHblii

OWHHMHT;

@opmam 200 mkm - axtuHas 30Ha S00Mm*380mm (177°x177):
30fps @ 2500*1900, 14bit, 5.0Mpix;

200 mkm, 2.5 lp/mm, M = 1:2 nporpaMMHbIii OUHHUHT;

9
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- Iunamuueckuii Pentrenosckuii Jletektop 100mkm ¢ paspemienunem
12/3Mpix npu 60/240 kaap/cex. (10 1440 MB/s) c 4-Ms nepexI0OuYaeMbIMU
dbopmaTaMu KaJpoB:

@opmam 100mkm - aktuBHas 30Ha 400MmM*300MMm (167x127):
60 (75) fps @ 4000%*3000, 12bit, (12Mpix),
100 mkm, 5.0 Ip/mm, M = 1:1;
@opmam 100mkm - axtuBHas nieHTpanabHas 30Ha 200Mm*150MmM (87x67):
240(300) fps @ 2000*1500, 12bit, 3.0Mpix,
100 mkm, 5.0 Ip/mm, M = 1:1;
@opmam 200mkm - aktuHas 30Ha 400MmM*300MmMm (167x127):
240(300) fps @ 2000*1500, 12bit (3.0Mpix),
200 mkm, 2.5 lp/mm, M = 1:2, annapaTHblii ONHHUHT;
@opmam 200mkm - axktuHas 30Ha 400MmM*300MMm (167x127):
60 (75) fps @ 2000*1500, 14bit (3.0Mpix),
200 mkm, 2.5 lp/mm, M = 1:2, nporpaMMHbIii OWUHHUHT .

D. [IpousBojcTBa cucteM 00pabOTKU peaibHOr0 BPEMEHH U BU3yallU3alluU
MMOTOKOB PEHTI€HOBCKUX U300paKEHUN CBEPXBBICOKOTO Pa3peIIeHUs:

1. Koneseiiep nomoxkosou 2D Obpabomku u Buzyanuzayuu Peanvnozo Bpemenu
- 2D Real Time Stream Processing and Visualization Medical Images —

1.1. ®ynkuuu koHBeliepHo 2D 06pabOTKH pealbHOTO BPEMEHH:

- Pexxumbl iudpoBoii cyOTpakIIMOHHOM aHTHUOrpaduu peaabHOrO BpEeMEHU
(Digital Subtraction Angiographic - DSA);

- lludbposas norokoBasi B3BelIeHHAs (DUIBTPALIMS PEATLHOTO BPEMEHU
(10 4-x 16-T1 OUTHBIX MATPUYHBIX (PUIBTPOB MOCIIEIOBATENBHO, BKITIOYAs
OJIUH CJIOXHO - COCTaBHOU QUIBTD);

- lludbposas norokoBasi HenuHEWHasT QUIBTPALIMS C U3MEHIEMBIMU
rapaMeTpaMH peaqbHOTro BpeMeHH (10 2-X 16-TH OMTHBIX HeTMHEHHBIX
LUT mpeoOpa3zoBaHuii mocinea0BaTesbHO — JOTapu(MUIECKOTo U S-
00pa3Horo);

- Beibop 3onbl MHTEpECca 1 TpUMEHEHHE CIEKTPAILHOIO aHAJIN3a B 30HE Ha
KaX7oM I1are kouseriepa 2D 06paboTKu pealbHOTO BpeMeHH (4-¢ Buaa
paboThI C 30HOM);

- MacmrabupoBanue n3o00paxeHuid BBICOKOTO pa3penieHus ¢ GyHKIUSIMU
“mporpaMMHOr0 OMHHUHTA” I MAKCUMAJIbHO KaueCTBEHHOMU
BU3yaJIM3allNH, BKIIIOYasi MHOTOKaJIPOBBIE CEPUH.

Texanueckre Bo3MoXHOCTH 16-Tu 6utHOTO KoHBeiepa 2D O0padoTKu:
Images format 5 (not less) 4096 * 3072 (12 Mpix) @ 30fps;
Images format 4 (not less) 4096 * 4096 (16 Mpix) @ 30fps;
Images format 3 (not less) 3072 * 3072 (9 Mpix) @ 60fps;
Images format 2 (not less) 2048 * 2048 (4 Mpix) @ 120fps;
Images format 1 (not less) 1536 * 1536 (2 Mpix) @ 2401ps;.
Images format 0 (not less) 1024 * 1024 (1 Mpix) @ 480fps;
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1.2. ®@ynxnnn notokoso 2D Buzyanusanun:

- lludposas norokoBast HenuHEWHas QUIBTPALIUS C PETYIUPYEMBIMU
napameTpaMH peajJbHOro0 BpEMEHH, allapaTHO peaanu3yeTcs
rpauyecKuM aganTepom, IsaTh 8-Tu OUTHBIX PyHKIMNH HenmuHeHbIX LUT
npeoOpa3oBaHUil C COXpaHEHUEM NTaPaMETPOB;

- Buzyanuszanus napamienbHas IpoLUeayp Ha HECKOJIBKO MOHUTOPOB
onHoBpeMeHHO (popmaTtom 2k*2k ¢ Tekymumu napamerpaMmu padOThI);

- Buzyanuzanus B nonnoM paspemiennn 12Mpix (4k*3k) na 15-tu
METaMUKCETbHBIX MOHUTOPAX B MOJHOM Pa3pelIeHUN.

- MynbTU-KaapOBBIN BBIBOJI HA MOHUTOPHI CBEPXBBICOKOTO Pa3peIICHHUS.

Odynkuuonaneubie 3neMenThl (FE) Konseliepa 2D O6paboTku:
Multiple 16b Mathematical Operations on frames or parts of frames;
Programmable sequential 16b Transformation of the Spectrum;
Programmable sequential up to four 16b Weighted Matrix Filters;
Programmable sequential 16b Nonlinear Conversion Functions.

2. Meouyunckue Texnonoeuu 6 2D Kousetiepa Oopabomku Peanvnoco Bpemenu

2.1. PeHTreHOBCKOE M3JIyY€HHE BO BCEX PEKUMaX HAXOIUTCSA B
MultiPulsed mode, gactoToit 1o 601ps.

2.2. ABTOMAaTHYECKOE BBIYUCIICHUE MMAPAMETPOB U3IYUEHUS 110
M3MEPEHHBIM MapaMeTpaM KaJpoB.

2.3. Pexxum [1naBHoro MacmrabupoBanusi Smooth Zooming npu
BU3yaJIM3alMH C BO3MOXKHOCThIO JUHAMHUYECKOTO U3MEHEHHUS TTO3ULIUH
& macmTabupoBaHus YacTel Kajpa Ipu OTOOPaKeHUU:

ot 2048 x 2048 (4 Mpix) Zoom=0.5-:-2.0u
10 4096 x 4096 (16 Mpix) Zoom = 0.25 -:- 4.0

2.4. Pexxum CyOTpakunonnoid Auruorpaduu Peansnoro Bpemenu -
Digital Subtraction Angiography (DSA) cBepX BBICOKOT'O pa3perieHus
12Mpix / 301fps uiu 3Mpix / 601ps.

2.5. Pexxum Portanmonnoit Auruorpaduu Rotational Angiography (RA)
CBepX BbICOKOTO paspemienus 16Mpix at 30fps, Bkimtouas DSA pexum.

2.6. Pexum Real Time X-Ray Stereo — Ha OCHOBE JIBYX JIy4€BOM
MukpocekynaHoit X-Ray TpyOku ¢ pa3HeceHHbIMU (hOKyCaMH.

2.7. Pexum Stereo-Visualization (post-processing) B popmaTe BEICOKOTO
paszpemenus 12Mpix/60fps ipu poTarlMOHHON ChEMKE, T.€. I KaXI0H
npoekuuu o 12Mpix/30fps, unu o pesynsratam CT-cepun.

2.8. Pexxum Dynamic Dual Energy (DDE) B popmare Bricokoro
paszpemenus 12Mpix/60fps — cheMKa mocie1oBaTeIbHBIX KaapoB Ha
JIBYX 3HAUEHUSX kV — (60-:-70) kV u (120-:-140) kV.

2.9. Pexxum Tomosynthesis (TS) B popmare cBEpXBBICOKOTO pa3peiieHust
1o 16Mpix/60fps nst TuHEHHON U POTAIITMOHHOM ToOMOTrpaduu.

2.10.Pexxum HR-CT mode 151 3D-peKOHCTPYKIMH CBEPXBBICOKOTO
pa3pellieHrs] Ha OCHOBAaHUU POTAI[MOHHOM CEpUU, MaTpuUlla
pexkonctpykiuu ao 1.5k*1.5k u Gonee " mpotus TEKYIIEr0 3HAYCHUS
0.5k*0.5k (1k=1024).
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II.

% Cosoanue 3D PEKOHCMPYKYULL BbICOKO20 PA3PEUleHUsl, Ha OCHO8E PEKOHCMPYKYUU OAHHDIX,
NOJYYEHHBIX OM MAMPUYHBIX OEMEKMOPO8 CePXBbICOK020 paspewienus Ha baze X-Ray Panel
Detector-oe (XPD), cmanoapmuoii memoouku cvemku no oyee 180°, muxpoghoxycuoii mpyoru ¢
pasmepom pokyca 6 npedenax 0.15-:-0.10 mm, mpedyem co30anusi HOBbIX PUIUKO-
Mamemamuieckux Mooeiuell u aieoOpummos peKOHCMpPYKYuu, 0isi CPe308 C8ePXEbICOKO20
paspewerusi ¢ CT cepuu u cozdanus 3D uzobpasxcenuii ¢ paspewenuem 1.5k*1.5k u 6onee.

Co3nanue MeJikocepuiiHOro mpou3Bo/icTBa B Poccuiickoii @enepanuu:
Anzuozpaguueckoil cucmemol c6epxXeviCOK020 pa3peuieHus ¢ KOH8elepHou
2D obpabomkoit u eusyanuzayueil peaibHo20 6peMeHU U

UHMEZPUPOBAHHBIM KOMNbIOMEPHLIM HOMOZPAPOM 8bICOKO20 PaA3peuleHUA
“MCP-AncuoKT”:

CylecTBEHHOE YCIIOKHEHUE B TOCIEAHUAE TOIbI MEAUIIMHCKAX TEXHOJIOTUI
MPUBEJIO K 3HAYUTEIBHOMY MPEBOCXOJICTBY CTOUMOCTH UHTEIIICKTYAJIbHOU
YaCTU aHTUOrpauuecKoro KOMIUIeKca HaJl CyMMapHOW CTOUMOCTBIO
amnmapaTHBIX YacTel KoMIUIeKca (3JIEKTPOHHOU U MEXaHUYECKOM ).
CooTHomIEeHUE MPOrpaMMHOM U alllapaTHOW 4acTel JOCTUTAET 3HAYEHUS OT
1:1 o 2:1 u Gonee!

AHruorpaguyeckre KOMIIEKChI, IOCTPOEHHBIE HA CEPUNHO TPOU3BOIUMBIX
MOYJAX (KOMIUIEKTYIOUIUX ), UCIIOJIB3YIOIINX CAMYIO COBPEMEHHYIO
anmnapaTHYIO 3JIEMEHTHYIO 0a3y, MPUBOAUT K BO3MOXKHOCTHU OBICTPOTO
BHEJIPEHUSI HOBBIX TEXHOJIOTUI 32 CYET YHU(PHUKAIUHU, TPU THOKOCTH
KOMIUIEKTAllUA U MEAUIIUHCKOTO HAMIOJTHEHUSI KOMILJIEKCOB.

Pe3ynbpTaToOM peanu3anuu BCETo MPOEKTa CTAHET CYIIECTBEHHOE
YMEHBIIEHUE CTOUMOCTHU Pa3pabOTKH, COKPALIEHUE CPOKOB CO3aHNUs
aHruorpauuecKux KOMIUIEKCOB, CYIIIECTBEHHO YMEHbIIIEHHE CTOMMOCTH
aHTuorpaUUeCcKuX CUCTEM, MOCTABIISIEMbIX 3aKa3YUKY MPU
Oecrpene/IEcHTHOM KaueCTBE BU3yalIu3alli TOHYANIIINX aHATOMUYECKUX
CTPYKTYP.

VYHudukanus 1acT BO3MOXKHOCTb CO3/IaHUSI MOJIETILHOTO Psijia Kak
aHTuorpaUUeCcKUX CUCTEM JIJIsl IIUPOKOTO Jrana3zoHa MEeIUIIMHCKUX
MPUJIOKEHUH, a TaK K€ MOJIETBLHOTO psijia HU(PPOBBIX PEHTIT€HOBCKUX CUCTEM,
KaK OCHOBBI JIJISI OCHAIIICHUS WU MOJAEPHU3AINHI PEHTTE€HOBCKUX
JMAarHOCTUYECKUX aIlapaToB.

[entpanpHas (Beaylas) 4acTh pa3padaTbiBAEMOT0 aHTHOTpaPUUIEeCcKOro
KOMILIEeKca — U poBasi MUKPOCEKYH/IHASI PEHTT€HOJOTHYECKasi CUCTEMA
peaIbHOTO BpEMEHH, IPU HEKOTOPOM COKpAIIEHUHU MPOrpaMMHO-aINMapaTHbIX
BO3MOKHOCTEH, MOKET UCTIOJIb30BATHCS B JJaJbHEUIIIEM B PEHTT€HOJIOTHH JJIsI
CO3/JJaHUSI TUATHOCTUYECKUX ITU(POBBIX PEHTT€HOBCKHUX aIapaToB JIJIs:

- YHUBEpPCAJIbHBIX AIMapaToB OOIIEH PEHTIE€HOJIOTUU C HA0OPOM (PYHKIIHIMA
JTUHAMHYECKUX UCCIEAOBAaHUN BBICOKOTO pa3pelieHus,

- auruorpadUUeCKUX UccieaoBannii ¢ ucnonp3zoBanueMm KT texHomorui
BBICOKOT'O pa3pelieHus,

- MaMMorpaduyecKuX TMHAMUYECKUX UCCIIeIOBAaHUM,
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- PEHTT€HOJIOTUYECKUX UCCIEAOBAHUMN JJIsl IEPUHATATIBHON MEIUIIUHBI,

- MOJIEpHU3AIIMU YCTAPEBIINUX HU(PPOBBIX CUCTEM, KaK aHTHOTpadUueCKuX
KOMIUIEKCOB, TaK U CYHIECTBYIOIIETO MAPKa PEHTT€HOAUArHOCTUYECKHUX
arrmapaToB U CUCTEM.

A. Onucanue npoaykra v TexHoJorui npoexkra “MCP-AurnoKT”.

AHruorpaguyeckuii KOMIUIeKC ¢ HUGPOBOA MUKPOCEKYHIHOM
PEHTI€HOBCKOM CUCTEMOM PEAIILHOIO BPEMEHU, IOCTPOEHHOM, HA
IIPEACTABICHHBIX BBIIIE KOMIIOHEHTAX “MukpocekyHaHON PenTrenonorun”,
00bEIMHEHHBIX €IUHON THOKON CUCTEMBI YIIPABICHUS U KOHTPOJIS
rapaMeTpoB CUCTEMBbI, BKJIIOUYas MapaMmeTpbl U POpMy PEHTI€HOBCKOTO
m3nydenus (kV, mA u mS) st Kaxa0ro Kajpa B OTAEIbHOCTH.

DTO CyIIECTBEHHO YIPOUIAET KaK MPOUEaypY aJanTallluK K pa3HbIM MOJYJISIM
CUCTEMBbI, aBTOMATHU3AIIMIO TIpollecca HaJaJKi U CepBUCA aHTUOTpapUIecKoro
KOMILJIEKCA, a TaK k€ paboTy KOMIUIEKCA B AKCKJIFO3UBHBIX THATHOCTHYECKUX
pexuMax.

CucTtema KOHTPOJIA U YIIPaBICHUs] 00€CIICYNBAET:

a. YrmpaBieHue B peallbHOM BPEMEHU JABYX MOTOKOB 16-TH OUTHBIX IaHHBIX:
- [Torokom 1 pOBIX MapaiIeabHbIX KAaHAJIOB BBO/IA, OOPa0OTKHU U

Bu3yanuzanuu 12/14/16-tu GUTHBIX KaapoB U300pakeHuit hopMarom 10
4k*3k (4k*4k B mpenene) co CKOpOCThIO He MeHee 60 KaapoB/CeK., UIN
dhopmatom 2.0k*1.5k B co ckopocThio 10 240 KaapoB/ceK.

- ITorokoM 1GPOBIX MapaANIETBHBIX IAHHBIX COCTOSHUS U YITPABICHUS
BCET0 PEHTI€HOBCKOI'0 aHTHOrpaduuecKoro KOMIUIEKCA U €T0
anmapaTHbIX MOJYJEH - U3MEPEHHE BCeX MapaMeTPUUECKUX TAaHHBIX B
peaJbHOM BPEMEHM U YIIPABJICHUE PEAIbHOTO BPEMEHU UCXO/I Ha
OCHOBE ITUX U3MEPEHUI U aIrOPUTMOB YIIPABICHUS.

b. 3axBaT u ynpaBlieHHE TPOrpaMMHO-ANMAPATHBIM 16-TH OUTHBIM
KOHBEHEPOM TMOMHUKCETbHON HOpMaIU3alluu PeaibHOTO BPEMEHH
MUKPOCEKYHIHOTO
PEHTIE€HOBCKOrO jJeTekTopa no cranaapry “Cameralink” wim “PCl-e”.

c. Yrpapnenue napamerpamu 16-Tu OUTHOTO KOHBEWepa MOTOKOBOM 2D
00pabOTKH U BU3yaJu3alluu PeaibHOTO BpeMEHHU, OPTaHU30BAHHOIO HA
MHOTOSIZIEPHBIX aJanTepax ¢ UCIOJIb30BaHUEM CIICIIUATU3UPOBAHHBIX
MyJIbTOB anmnapaTHOIO yIpaBleHUs mapameTpaMu 00paboTKH.

Pabota B pa3HbIX AMArHOCTHUYECKUX PEKUMAX - CKOMTUU, KHHOCHEMKH,
nepudepuueckoil ChbeMKH, a TaKKe CheMKH OJJMHOYHBIX KaJIpOB, BO3MOXKHA
JUTSL CIEAYIOIINX PEKUMOB paOOThl aHTHOTpahUUIECKOTO KOMILIEKCA,
o0ecrnieunBaeTCs MyJbTH-UMITYJIbCHBIM PEKUMOM pabOThl pEHTT€HOBCKOIO
reHeparopa:

a. CpemMKa uim MpoCMOTP € UCTIOJIB30BAaHUEM B3BEIIEHHOIO PEKYPCHUBHOIO

(¢bunpTpa AMHAMUYECKOTO UTYMOTIOIABICHUS C MPOCTPAHCTBEHHBIM
(GUIBTPOM KOMIIEHCAIIUU JIBHXKECHUS.
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b. BBICOKOKOHTpacTHOM Ch€MKH Ha MOHMKEHHBIX 3HAUCHHUAX KV ¢
OeccTyneHYaThIM PETyIUPOBAaHUEM BHYTPU Pa3pelieHHOrO JUana3oHa
[apaMeTpoB.

¢. Hu3ko-1030B0OM ChEMKH KaXXJ0ro 2-10, 3-10, 4-r10, ... 30-r0, ..., 120-T0
KaJipa MpY HETPEPHIBHON BU3yaIU3alMKU U3 KaJpoBoro 0ydepa.

d. CnennanbHoro pexxuma “JIBoitHoi DHepreTuueckuit J{namazon kV”
(Dual Energy) nns cepualibHON U MO KaJPOBOU ChEMKHU.

€. MynbTU-MOHUTOPHOM cUCTEMOM 0TOOpakeHus ¢ paspemenuem 4k*2k B
MpoIIeAYPHOM KaOMHETE, U HAa MOHUTOpPaX ¢ pa3pemieHueM Sk*3k (BriBox
nukceneit 1:1) B kabuHeTax Bpaya u MyJIbTOBOM.

Pabora anruorpaduueckoro KoMIuiekca B pexxume udpoBoi
cyOTpakimonHoit anruorpaduu (DSA) B pexxume peaibHOr0 BPEMEHU:
a. BBICOKOKOHTpPACTHBIN, HOPMAJIBHBIN WX HU3KO-1030BbId DSA pexum.

b. DSA pexum ¢ HanoxxeHuem (0e3 HaJ0KEeHUS ) UCXOIHBIX N300pakeHU .
c. Poranimonnas anruorpadusi ¢ DSA pexumom.

d. Poranimonnas auruorpadus ¢ 3D pekoHCTpyKIIMElN pealbHOTO BPEMEHH.
e. Oynknus “RoadMapping” peanbHOTO BpeMEHHU.

f. TlanopamHasi pekoHCTpyKIUs nepudepuueckoit cheMku DSA.

g. llondyukuuu DSA noctobpaboTku:
- Cteno3s cocynoB (QCA — Quantitative Coronary Arteriography),
- ®Oynkuus nesoro xemygouka (LVA — Left Ventricular Analysis).

B. IlocTnponeccuur uupoBoii cUCTEMBI CBEPXBbICOKOI0 pa3penieHnst
a. O0paboTka peaJbHOr0 BpeMEHHU HaJl TOTOKOM BHEO JAHHBIX B MOJHOM
OUTHOCTH UCXOJHBIX n300paxkenuit (12, 14 wnu 16) 6ut, BKItoUas CbeMKyY
C HAKOIUICHHEM B PEKUME UHTETPALUH KaJPOB BILIOTH 10 32
OUT/IMKCEID.

b. CoxpaHeHue CHATBIX CEPUI U KaJIpOB BbICOKOTO pa3penieHus B LossLess
dbopmare (cxatue 6e3 noreps) o crangapty DICOM.

c. JlonroBpemMeHHasi NaMATh Ha )KECTKUX HOCUTENSAX OOJIBIIOro 00beMa
Xpanunuina DICOM cepuii (¢aitnos) ot 16TB (32TB B RAID10) na
1,000,000 xagpoB dhopmatom 4k*3k, unu Ha 4,000,000 kagpoB popmaTom
2.0k*1.5k, Ha xaxxnoit “mammnne xpanenus” . TexHonorus
MaciTadupyeMoil MHOTOMAIIMHHON CUCTEMbI XPaHWIHUI]
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IIpe1yCMaTpUBAET yBEIMUEHUE 00beMa XpaHEHUs! J0OABIEHUEM B
CUCTEMY “MAllIMH XpaHEHUS .

d. Berpoennsiit DICOM CepBep 1151 TOTHOLIEHHOW HHTETPALIU B
undpoByro kmuHuueckyto / paguonorudeckyro (HIS/RIS)
UHPPACTPYKTYPY KIMHUKH, TOAICP>KUBAIOIIECH CTaHAAPT MPEICTABICHUS
U Tiepelauu MEUIMHCKUX n300paxeHuit u 1okymenTos - DICOM 3.0.

e. MuorokaapoBas neyaTh 00paOOTaHHBIX KaJpOB U300paKeHU Ha
npo¢eCCUOHANIBHBIX TPUHTEPAX BHICOKOTO paspemienus u/uinn Ha DICOM
npuntepax (DICOM Print) npu npou3BOJILHOM PACIOJIOKEHUH,
oOpe3aHuu, MacITaOMPOBAHUY U TIEPEKPHITUU KAIPOB N300paKEHHUIA.

f. BeICTpBIi TOUCK M CKOPOCTHOM NOCTYI MPHU BU3yaIM3alluM, Ojaroaapst
rcnosib3oBaHuio I'paduueckoit basel Jlanubix nanuenToB — ['padudeckoit
HUCTOPHUM OOJIE3HU MAIMEHTOB.

g. ABTOMaTu4ecKasi KaIMOpoBKa peHTT€HOBCKOU TPYOKU COBMECTHO C
PEHTI'EH T€HEPATOPOM IO U3MEPEHHBIM MapaMeTpaM U3TYyUEHUS C
MEPUOANYHOCTHIO, 3a/1aBAEMbIM ITEPCOHATIOM.

1. ABTOMaTtn4deckas KaauOpoBKa HUPPOBOTO TpaKTa ¢ MUKCETbHON
KOppeKiLuei mapameTpoB Iu(poOBOro IETEKTOpa U BCero MuppoBoro
TpakTa U300paKeHUH B LIETIOM.

Takum oOpa3zom, ¢ 100aBIECHUEM CHUCTEMBI IOCTPOEHUS B peAIbHOM
BPEMEHU TPEXMEPHBIX U300PAKEHHUIA COCYIUCTON CUCTEMBI BBICOKOTO
pasperieHus, ¥ He TOIbKO, aHTHOTpaGUIECKU KOMIUIEKC PUOOPETAIOT
(YHKIIMU KOMITBIOTEPHOT'0 TOMOTrpada BICOKOTO pa3peIieHusl.

CoBwMmerieHue B OJJHOM KOMILIEKCe (PYHKIIUU cpasy 2-X anmnapaTroB
BBICOKOT'O pa3pellieHusi, O3BOJUT HE MepeMeNiaTh NalMeHTa Mo KabuHeTaM,
CYILIECTBEHHO COKPATUT BpeMs UCCIEIOBaHUS U (PMHAHCOBBIEC CPENICTBA, &
TaK)K€ YMEHBIIUT BO3/ICMCTBHUE TAKOTO BpeAHOTO (hakTopa, Kak
PEHTT€HOBCKOE U3JIyYCHHUE.

B tabnuie, npeacTaBieHHON HUXKE, TOKa3aHbl OCHOBHBIE MEANKO-TEXHUYECKHE
XapaKTepucTUKH aHruo-komiuiekca “MCP-AurnoKT”, kotopsie OynyT
pesynbraToM peanuzaunu Crynenu Il mpoekra “MukpocexkynaHas
Pentrenonorus”.
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AHruorpaguyeckasi CucTeMa CBEpXBbICOKOTO pa3pellieHus: ¢ KOHBEHepHOI
2D 00pa0oTKOM 1 BU3yaIU3allell pealbHOTO BPEMEHU U UHTErPUPOBAHHBIM
KOMITBIOTEPHBIM TOMOTpadom Bbicokoro pazpemierus: “MCP-AuruoKT”.

MukpoceKyHOHblIL peHm2eno8CKUIL 0emeKmop

Interface Detector connection PClI-e v.2.0

Active Pixel Area 400mm(h) x 300mm(v) (16”x12”)
Pixel matrix 4000(h) x 3000(v)

Pixel Pitch 100 mkm * 100 mkm

Limiting resolution

~= 5.0 Ip/mm @ 60 FPS ( binning 1x1)
~= 2.5 Ip/mm @ 240 FPS ( binning 2x2)

Maximal Acquisition Frames
Fluoro, Cine/DA, DSA

60 FPS @ 4000x3000x12b (binning 1x1) = 12Mp
240 FPS @ 2000x1500x12b (binning 2x2) = 3Mp
60 FPS @ 2000x1500x14b (binning 2x2) = 3Mp

Minimal Acquisition Frames

0.25 FPS

Dynamic Range Fluoro Mode

From 4000 (12bit) up to 16000 (14bit) in to 16b

Dynamic Range X-Ray Frame & DSA

Up to 16000 (14bit) in to 16b (64000)

Energy Range. Work Temperature Range.

(20 — 160) KV. (0 — 40)C°

Size X-Ray Detector

380mm x 460mm x 360mm

MuKkpoceKyHOHblIL PEHM2EHO8CKUIL 2eHePaAmop

High voltage, Power imp., Power integ.

40 — 150 kV, 15/30kW, 0.75/1.5kW

Focus, duty cycle

0.10x0.10 / 0.15x0.15 / 0.30x0.30 mm, >=20:1

Stereo Fluoro, Cine

Dual cathode mode of operation

Real Time Video Processor

MSR-12M60 “COURSE-AS1”
19” 4U Sixteen Core/ 64GB RAM/
2 x 4GB Video Memory

Real Time Conveyor Video Processing &
Visualization

- Size frames of RT Processing

- Size frames of RT Visualization

16b Real Time Video Processing & Visualization

<= 4000 x 3000 pixels (12.0 Mpix)
<= 2666 x 2000 pixels (4.0 Mpix)

DSA acquisition mode (max)

60 FPS @ 4000 x 3000 ( binning 1x1) =12 Mp
240 FPS @ 2000 x 1500 ( binning 2x2) =3 Mp

Operation Video Memory Ring Buffer
Fluoro, Cine
DA & DSA

Up to 16 GB RAM
Up to 8 GB RAM

Operation Images Storage Buffer

PCI-e SSD RAID 2000GB (1.5 GB/s)

X-Ray Generator Impulse Control

for Fluoro & Cine (1ms -:- 40ms)
for DA & DSA (4ms -:- 0.25s)

X-Ray Generator kV & mA Control

Video Monitor for 2 or 1 images
MonuTop n300paxkeHus Ha 2 Kaapa

DICOM Diagnostic monitor
36” 4096x2160x10b (8.8Mpix)

DICOM Image Monitors:
! for 1 images ! 4000 x 3000, zoom = ~1:1
! for 2 images ! 2000 x 1500, zoom = ~1:2

Interface — (HDMI or DPort)/monitor
27” DICOM monitor 5120 x 2880 pix (15Mp)
31.5” DICOM monitor 3840 x 2160 pix (8.3Mp)

Control Monitor

24” DICOM monitor 1920 x 1200 pix (2.3Mp) DVI,
DP, HDMI 1.4.

DICOM Standard

DICOM 3.0

DICOM Server Data Base

In Firebird 2.0 Client-Server DB

DICOM Server Storage

(16 -:- 24)TB in RAID 60 HDD
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Ha3znauenue unm 061acTh UCTIONIB30BAHUS pe3yibTaTa pealn3aliy MpoeKTa
[TpoekT “MukpocekynaHas PeHTrenonorus’” npeiHa3Ha4eH IS
1. MenunumHCKON QUarHOCTUYECKON PEHTI€HOJIOTHH;
2. IIpOMBIIIIEHHBIX CUCTEM HEPA3PYIIAKOMIETO PEHTTEHOBCKOTO KOHTPOJIS;
3. TIpoMBIIIIEHHBIX PEHTTE€HOBCKUX KOMITBIOTEPHBIX TOMOTPa(oB;
4. CucteM peHTr€HOBCKOT0 KOHTPOJIA U JOCMOTpA.

OCHOBHBIE TNPEHMYILECTBA CO3/1aBAEMBIX OOpPA3IOB IO CPABHEHUIO C JIYYIIMMU POCCUHCKUMH U
3apyO0eKHBIMH AHAIOTAMHU (7100MBEEPAHCOAIOMCS CPABHEHUEM YUCIO0BbIX NAPAMEMPO8 N0 KIHUe8blM
noxkazamensimM, — Xapakmepuzyrowum — C8OUCMBA  CPABHUBAEMbIX  00pA3yos8,  PeKOMeHOYemcs
npedcmasiaime OaHHvle 8 madauynou gopme. Ilpu omcymcmeuu aHanio2o08 O0aemcsi cpasHenue ¢
AIbMEePHaAMUSHLIMU PeueHUsMU npoobaeMbl)

[{udpoBbie peHTI€HOBCKHE CUCTEMbI B CPABHEHUH

OcHOBHbIE TapaMeTpPbl CrangapTHas, MukpocekyHHas
MukpodokycHas u Pentrenonorus
HanocekyHaHasi.
Pentrenosckas no3a Ha kagp | HomunaneHoe 3HaueHue Ro | Ro:20 uiu menbie!
®okycHOe MATHO/ CrangapTHas: MukpocekyHaHasi:

MrHoBeHHast MOLTHOCTb/
WuTerpanbHast MOITHOCTH/
JITMTENEHOCTh UMITYJTBCA

0.5Smm/40kW/_/10mS
0.3mm/8kW/_/6mS
CunibHblil HarpeB!
MukpodokycHas:
0.1mm/1kW/_/4mS
CunibHblil HarpeB!
Hanocexkynanas:
1.5mm/40kW/4kW/20nS
o 0.5-1.0My1H HUMIYJIbCOB

0.10mm/15kW/0.75kW
0.15mm/30kW/1.5kW up to
(0.30mm/60kW/3.0kW)
CxBaxnocts 20:1 u 6oitee
2.0 mkS -:-20mS

Her narpeBa TpyOkm mnpmu
HenpepbIBHON cheMKke!

JIOCTKMMO€E TUHAMHUUYECKOE CrangapTHas: MukpocekyHaHas:
pentrenoBckoe paspemenne | (1k*1k/ 0.5k*0.5k) / (4k*3k / 2k*1.5k) /
H*V / Fr per sec. / Pixel (30/60) fps / (60/240) fps /
(1k=1024) (200-400) mkm (50/75/100) mkm
MukpodokycHas:
(Bk*3k) / (0.1) fps /
(50-100) mkm
Hanocexkynanas:
(2k*2k) / (0.5) fps /
(400-800) mkm
Huunamuueckas H*V / FPS Monutop (1k*1Kk) / 30fps (2k*2Kk) / 60fps
Buzyanuzanus (4k*3Kk) / 60fps
Paspemenne CT cpe3on / CrannapTHasi: (1.5k*1.5k) /
TOJIIIMHA cpe3a / (0.5k*0.5k) / Up to (0.10-0.05)mm /
KOJI-BO KaJIpOB (0.5-:-0.125)mm / Up to 20000
(H*V) /d mm / Nfr Up to 4000
Pazpemiennie 3D H*V*Z 0.5k*0.5k*2.0k 1.5k*1.5k*6.0k

Busyanusanuu CT cpe3oB

Bo3MoxxHocTH KOHBelepa 1k*1k*16b / 30fps Up to 4k*4k*16b / 30fps
obpabotku H*V*b / FPS

Crepeo-ckonusi, CTEPEO- Her Ectp

KHHO, cTepeo-DSA.

Oyukusa KT Beicokoro Her Ectb

paspereHus
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ObocHoBaHue BbIOOpa TEXHUYECKUX PEHICHUH (IPUHIMUIOB, MOAXOOB), 3asBICHHBIX MapaMeTpOB,
TEXHUYECKUX XapaKTEPUCTUK CO3/IaBaeMbIX 00pa3lloB/TEeXHOJIOI W, 00€CIIEUNBAIOIINX TPEUMYIIIECTBA
[Iepel AHAJIOraMU WIK AJITEPHATUBHBIMU PEILCHUSAMMU:

TexHuueckue perieHus, 00ecrneynBaroue rI00aIbHOE TPEUMYIIECTBO

TeXHOJIOrUN “MukpocekynaHas Pentrenonorus’:

1. BO3MOXXHOCTh YMEHBIIEHHS PEHTTEHOBCKOW J103bI O0Jiee YeM Ha MOPAIOK,
NPUXOASAIIEICS Ha Kaap TMHAMHUYECKOr0 U300pakKeHH sl, 3aJ105)K€Ha U3HAYAIbHO
B TeXHOJIOrMH “HaHOCeKyHIHas pEHTI€HONOTHS .

2. BO3MOKHOCTb JTOITOJTHUTEIBHOTO YMEHBIIEHUS PEHTIEHOBCKOM 103bI HA KaIp
noaTBepxkaaetcs rpadpukamu KantoBoit Dpdextunoctr DQE(0) hbupmbl
DALSA B nuana3oHe MaJibIX 103, IOATBEPKAAETCS CO3/IAHUEM PEHTTE€HOBCKUX
JNETEKTOPOB BBICOKOTO pazpemenus mo CMOS TtexHonorum.

X-Ray Detector DQE(0) @ RQAS
0.7 - —
_.-"'-F S ..--""""_'-_:-____ - e il e e f_d___,_.-:'___:_:_‘_:_
o / /a—r’.-—._
r ]
]
Is CMNICAL RANGE CBCT
) L | / [POST-PATIENT)
S I P4
CUNICAL RANGE PAN /
(POST-PATIENT)
v 7 o Teledyne DALSA Had-o-Box 2820
/ mmTeledyne DALSA Xineos-1313
: //' —— a-5e Flat Panel
,// e Typic:al TFT Flat Panel
’// _,--—f”"-f = =jpigh-end 12inch IKCCD
; 'I.D 1I;'D Iﬂ:Dﬁ 1U'II30CI
X-RAY DOSE/FRAME [nGy]

[Monynpo3paunas 006JacTh PEHTTEHOBCKHX AETEKTOpOB "MuKpoceKyHaHOI PenTrenonorun".

3. OcHOBHas BO3MOKHOCTb YBEJIMUEHHUS peajbHON pa3penaronieil CnocoOHOCTH
PEHTIEHOBCKUX U300pakKeHUH, 3aJI05K€Ha B TEXHOJI0TUM “MukpodokycHas
PEHTIEHOJIOTHUS”, IPU UCTIOJIB30BaHUU (POKYCHOTO MATHA pa3MepoM MOpsiaKa
(0.1*0.1) mm, Bm1oTh 10 pazMepoB pokycHoro natHa B (30-50) mkm.

4. YMEHbIICHHE UHTETPATIBHON MOITHOCTH PEHTI€HOBCKOT'O BEICOKOBOJIBTHOTO
reHepaTopa 0osiee 4eM Ha MOPSIA0K, aBTOMATUUYECKH BBITEKAET KaK CJIECICTBUE
CYIIECTBEHHOI'0 YMEHBIIIEHUS PEHTI€HOBCKOMU /103bl, YKA3aHHOTO B IIEPBOM
IIyHKTE HACTOSIIETO MOAPA3AETA.

5. Bo3MOHOCTh MaTeMaTU4eCKOU 00pabOTKH MOITHOTO MOTOKA N300paXeHUM
BBICOKOT'O pa3pellieHus] pealbHOM BPEMEHH, HEOOXOAUMOM 1Sl YMEHBIIICHUS
PEHTIE€HOBCKOTO ITyMa U yJIy4IIeHUs! YeTKOCTH U300paKeHH, onrpaeTcs Ha
KOHIIENTYAJIbHBIX BO3MOKHOCTSIX SA3bIKA NAPaJJIEIbHOI0 IPOrPAMMHUPOBAHUS
CAPER - nHCTpyMEHTA YIIPABIECHHUS] MHOTOIIPOLECCOPHBIMU MHOTOSIIEPHBIMHU
anmnapaTHbBIMU YCTPOUCTBAMH, MPU 3TOM HUCKITIOYAIOTCS CEPhE3HbIE MPOOIEMBI
Hed(pPEeKTUBHOTO pacnapaieIMBaHUs BEIYUCICHUN KaK ONepaluOHHbIMU
CHUCTEMaMHM, TaK 1 CTOPOHHUMH SI3bIKAMH NAPAJIIETBHOTO TPOrPAMMHUPOBAHUS.
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O>xupaeMple pe3yapTaThl peaji3ally IPOEKTa ¢ yKa3aHUEM IPOTHO3UPYEMBIX
XAPAaKTEPUCTHUK CO3/1aBAEMOI0 MPOLYKTA

['maBHBIE XapaKTePUCTUKH KOMIIOHEHTOB MUKPOCEKYHTHON PEHTTEHOJIOTHH:

1. PeHTreHOBCKHE MUKPOCEKYH/IHBIE TPYOKH Ha MTHOBEHHYIO MOIITHOCTh
30/15kW u uHTErpaibHON MOIIHOCTBIO B Mauke UMIyJIbcoB 1.5/0.75kW,
¢ hokycom 0.15/0.10mm, BkiIIOUYas CTEPEO TPYOKH.

2. PeHTreHOBCKHE MUKPOCEKYHIHBIC BEICOKOBOJIBTHBIE TEHEPATOPHI
MomtHOoCThIO 3.0/1.5kW na Hanpsokxenue 50/75/150kV.

3. PeHTreHoBckHne MUKPOCEKYHIHBIC TUHAMHYECKHE JETEKTOPHI C
paspemenrem 12/20Mpix npu 60/30 kagpax B CEKyHIY.

4. Cucrtema u3MepeHus, ynpaBieHuUs, 3axBaTa, 00padOTKu U BU3yaJIU3alUU
noTtoka u3o0paxeHuit 10 1500 merabait B ceKyHAYy.

OCHOBHBIE OTJIMYUTENIbHBIE XapaKTEPUCTUKH MUKPOCEKYHIHOU aHTuorpaduu ¢
¢ynkusmu KT Tomorpada:

1. T'mobanbHOE yMeHblieHue (6onee yeM B 20-Th pa3) peHTIT€HOBCKOU J103bI U
MHTErpaIbHON MOIIIHOCTH PEHTTEHOBCKOTO reHeparopa (Mpu OTCYTCTBUU
HarpeBa MUKpPOCEKYHIHON PEHTT€HOBCKOU TPYOKH) JJIsl JIFOOBIX BUJIOB
MCCIIeIOBAaHUM, MPOBEICHHBIX HA MUKPOCEKYHAHOU aHTHorpadudeckoit
PEHTIE€HOBCKOM.

2. VYBenuyeHuUe pazpeliaronieil CiocOOHOCTH AMHAMUYECKUX U300parkeHUM:
12Mpix - (4k*3k)*12b*60fps / 3Mpix - (2k*1.5k)*12b/14b*240/601ps, unu
20Mpix - (5k*3.75k)*12b*30fps / SMpix - (2.5k*1.88k)*12/14b*60/301ps
npotuB popmara 1Mpix (1k*1k)*12b*30/60fps B HacTosI1IEE BpEMSI.

3. VYBemuuenue pazpemaroniei cnocooHoctu KT nzobpaxkeHuid:

s popmarta cpesa - 1.5*1.5k (0.15mm) mpotus 0.5*0.5k (0.5mm),
st TomuHoi cpe3a — (0.05-0.10)mm npotus (0.50-0.25)mm,
JUIs1 TpeXMepHbIX n300paxkenutt - 1.5*1.5k*8.0k npotus 0.5*0.5k*2.0k.

Bueapenue npoexkra

Hamuune B pa3paboTKe »IEMEHTOB HWHTEIUIEKTYyalbHOM COOCTBEHHOCTH, 0O€3 3HaHUS KOTOPBIX
HEBO3MOXKHO HJIU 3aTPYJHUTEIBHO HECAHKIIMOHUPOBAHHOE MCIIOJIb30BAHUE MTPOCKTA

DNEeMEHTbl UHTEIJIEKTYaIbHOW COOCTBEHHOCTH aBTOPOB MPOEKTA U TEXHOJIOTUHU
“Mukpocexynnnas Penrrenonorus’”:

1. KonuenryanbHble 0COOCHHOCTH, MEXAHUYECKHUE XapAaKTEPUCTUKU U
ANEKTPUUYECKUE TapaMeTPhl MUKPOCEKYH/IHBIX PEHTI€HOBCKUX TPYOOK.

2. DAEKTPOTEXHUYECKHUE U CXEMOTEXHUYECKUE OCOOEHHOCTH MOCTPOCHUS
MHKPOCEKYHIHOTO PEHTIT€HOBCKOI'0 BEICOKOBOJILTHOI'O T€HEPATOPA.

3. KOHCTpYKTUBHBIE U CXEMOTEXHUUECKHUE OCOOCHHOCTH MUKPOCEKYHIHOTO
JTWHAMAYECKOTO PEHTTE€HOBCKOTO JIETEKTOPA CBEPXBBICOKOTO pa3pelICHHUS.

4. IIporpammuas peanuszanus Ha s3piIke CAPER 5 cucteMsl ynpaBiieHus
napasuieIbHbIMU BBIYMCICHUSIMUA U pa00TON anmapaTHO-MPOrPaMMHOIO
KOHBelepa 00pabOTKH U BU3Yyalu3alluy PealbHOTO BPEMEHU MOTOKA
1M300paXeHnl CBEPXBBICOKOTO pa3pelICHUs.
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CBenenust o mareHTHOM noucke B Poccuiickoit @enepanuu u 3a pyOeXoM € yKa3aHHEM TIIyOMHBI
MIOMCKA (YKa3b16A10MCsl KOHKpEemHble AHAI02U)

Ilatenta M aHajgora, OJM3KOro K KOHIIEIIIIMM U TE€XHOJIOTHH, 3aJ0KEHHBIX B
MPOEKTE U TEXHOJOTUM “MukpocexkyHaHas PenTrenonorus’”, He HAUJEHO.

Bo3MoxxHOCTE W 11€71ecO00pa3HOCTh MPAKTHYECKOTO TMPUMEHEHHUS (BHEOPEHUs) O0KHUJaeMbIX
pe3yiabTaToB B HMHTEpecax OOOpOHBI CTpaHbl U Oe3omacHocTH rocymapcTBa. CBeneHue o
MOTEHIHAIBHBIX MOTPEOUTENAX PEe3yabTaTOB MPOEKTAa C yKa3aHMEM BHUJOB U poJoB BoopykeHHBIX
Cun Poccuiickoit @eneparuu, BoiickoBbix noapasaeneuuii, BBCT, cTpykryp u/uimm 00beKTOB, HHBIX
®OMB). OneHka nNpuemMIEMOCTH IPENTIOKEHHOIO PELIEHUS 3aJayd JUlsl CYyHIECTBYIOIIUX YCIOBUMN
JKCILTyaTalu1

[enecooOpa3zHOCTh MPUMEHEHHS] KOMIIOHEHTOB 10 MPOEKTY U TEXHOJIOTUU
“MukpocexyHaHasi PeHTreHosnorus” B uHTepecax 000pOHbI M O€30MaCHOCTHU
- TPU CO3/IaHUU TPOMBIIIJIEHHBIX KOMIIBIOTEPHBIX TOMOTPadoOB,
- TpPH CO3[IaHUU MPOMBIIIJIEHHBIX CUCTEM HEPA3PYLIAIOIIEr0 KOHTPOJIA,
- TpU CO3IaHUU CUCTEM PEHTTEHOBCKOTO JJOCMOTpA JJI CUCTEMbI O€30MaCHOCTH,
- TOpHU KOMIUIEKTAIMU MIEPEABUKHBIX U CTAIMOHAPHBIX BOCHHBIX TOCHUTAJICH
U(PPOBBIMU MUKPOCEKYHIHBIMA PEHTT€HOBCKUMHU CHCTEMAMHM.
Co3naHue NpuIOKEHU BOEHHOTO Ha3HaueHUs ¢ npumeHeHueM s3bika CAPERS
JUISL YIIPABIICHUS M YCKOPEHHUSI BBIYMCIICHUN B CUCTEMAaX PEaJIbHOIO BPEMEHH.

[ToTpebHOCTH B poBecHNH coriacoBanmii U yrouneHui TTX uznenuii ¢ noTeHIMATBHBIM
OTpeOuTENIeM

JUI1 peHTTeHOJIOTMYECKUX CUCTEM MPOMBIIIJIEHHOTO Ha3HA4YEeHUs MOTpeOyeTcs
COTJIACOBAHME MMAPAMETPOB, IS CO3JAHUs ONTUMAIBHONW JTUHENKN KOMIIOHEHTOB,
BBIITOJIHEHHBIX 110 TEXHONOTUH “MukpocekyHHas PeHtrenonorns’.

Onenka nocaeAcTBUNA MPaKTUYECKOr0 IPUMEHEHUS (BHEAPEHUS) PE3yJIbTaTOB IPOEKTA B
apUPOBAaHUM YIPo3 Oe30MACHOCTH rOCy1apCTBa

Co3nanne ¢akTUYeCKd HOBOM OTpaciud MalluHOCTpoeHusi B Poccuiickoii
Qenepauu — JAUATHOCTUYECKOW MHUKPOCEKYHIHOW PEHTTEHOJIOTHMM — KakK s
CHUCTEMBI 3JIPABOOXPAHEHUs, TaK U JJISI PEHTTE€HOJOTMYECKUX IPOMBIIUIEHHBIX
CUCTEM JIJIsl POU3BOJICTBA U PEHTTC€HOJOTMYECKUX CUCTEM OE€30MaCHOCTH.

Hanee mnotpeOyeTcsi 3aMeHa MOpAJIbHO YCTapeBAIOLIEr0 PEHTIE€HOBCKOTO
o0opynoBaHusl (HE MyTaTh ¢ UMIOPTO3aMEIIEHUEM) Ha BBICOKOTEXHOJIOTUYHOE,
OTEUECTBEHHON pa3pabOTKU M MPOU3BOJCTBA, BBIMOJIHEHHOE IO TEXHOJOTUH
“MukpocekyHaHas PeHTreHomorus’, TEXHHKO-DKOHOMUYECKHE IapaMeTPhI
KOTOPOT'0 Ha MOPSAOK MPEBBICAT JyUlllie 3apyOeKHbIEC aHAJIOTH.

IIpr 3TOM CylIECTBYIOIIME HA CErOAHAIIHUN JE€Hb CUCTEMBl CTaHAAPTHOMU
JUArHOCTUYECKOM  PEHTT€HOJIOTMH, MHUKPO(OKYCHOH W HaHOCEKYHIHOM
PEHTI€HOJIOTUI CTaHYT HE aKTyaJbHbl I CO BpeMEHEM OyayT 3aMEHEHBI, 110 Mepe
(bMHAaHCOBBIX BO3MOKHOCTEN NOTPEOUTENEH.

CymiecTByeT TakKe BO3MOXKHOCTh YAaCTUYHOM 3aMeHbl cTapoil Hu@poBoii
PEHTI€HOBCKOM CUCTEMBI Ha IU(PPOBYIO CUCTEMY, BBIMOJIHEHHYIO MO TEXHOJIOTUU
“MuxpocexynHas Penrrenonorus’”.
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CTpYKTYpPA HEHbI HPOEKTA

ITpoeKT COCTOUT U3 2-X CTYIECHEN:
Cmynens I — co3ganne KOMIOHEHTOB TEXHOJIOTUU “MukpocekyHaHas Pentrenonorus™
B JIBa ATara:
Oran-1 - pazpaboTka ¥ CO3/1aHUE OIMBITHBIX 00Pa3IOB OA30BBIX KOMIIOHEHTOB
npoekTa “Mukpocekynanas PeHrrenonorus”,
Jrtan-2 - NOAroTOBKa K MEJIKOCEPUMHOMY MPOU3BOJICTBY KOMIIOHEHTOB ITPOEKTA
“MukpocexynaHas Pentrenonorus’.
Cmynens Il — co3nanue aHruorpapuyecKor CUCTEMbI CBEPXBBICOKOTO pa3pelIeHUsI
¢ ¢pyukuusmu KT BbICOKOTO paspelieHusi, ¢ UCMOIb30BaHuEM Habopa
KOMIIOHEHTOB, CO3/IaHHBIX Ha MEPBOM CTYIIEHHU ITPOEKTA, B JBA dTAIla:
Ortan-1 — pa3zpaboTka U co3/1aHKe OMBITHOIO 00pa3iia annapaTHO-MPOrPAMMHOIO
Anruno-KT xomrekca, pazpadoTka METUIIMHCKUX MTPOTPAMMHBIX MOJYJIEH,
anpoOanus u cepTuUKaIrsg KOMIUIEKCA;
Jrtan-2 — NoAroToBKa K MEJIKOCEPUHHOMY Npon3BoIcTBY AHrno-KT komruiekca.

Crynens I-A npoexkra “Mukpocekynanas Penrrenosorus” = MSR_X-Tube:

PazpaboTka TUHEHKH MUKPOCEKYHIHBIX PEHTT€HOBCKUX TPYOOK (M3rOTOBIICHHUE MO 3 KOMIUIEKTA):

a.  Nimp = 12.5kW, Ninteg <= 0.62kW, U, = 15-50kV, Foc = (0.10%0.10) mm. (MmamMmorpadus)

b.  Nimp = 15kW, Nineeg <= 0.75kW, U, = 20-125kV, Foc = (0.10%0.10) mm, MOHOGJIOK.

C.  Nimp = (30/15)kW, Ninteg <= (1.5/0.75)kW, U, = 150kV, Foc = (0.15%0.15/0.10%*0.10) mm ,
MOHOOJIOK, CTEPEeO, ¢ 2-Ms KATOAAMH C DJIEKTPOHHON JMHAMHUYECKOU MepedOKyCHPOBKOM.

B ToM umncine o sTamnam
Bcero

Ne | HaumeHoBaHue craTel pacXxo10B (Thic. py6.) (ThIC. PYO.)
- BYO- 1 aran 2 stan
1 Marepuasb 60000 45000 15000
2 | Cneno6opynoBanue sl HaydHBIX 75000 75000 -—
(9KCIIepUMEHTAIBHBIX) PaboT
3 ®onp 3apabOTHOI MIaThI: 220000 151000 69000
3.1. | - ®onp 3apabOTHOM MIATHl PAOOTHUKOB 150000 105000 45000
nabopaTopuu
3.1.1. | pono 3apabommnoii nramei pabomHuxos, 140000 100000 40000
0QOpMAEHHBIX HA NOTHYIO CINABKY
3.1.2 | ¢pono 3apabommoii niamsl paboOmMHUKO8 10000 5000 5000
€ 3aHAMOCMbIO MeHee CIMABKU
3.2. | - IIpemupoBanue 1o 30% ot ¢ponga 42000 28000 14000

3apaboTHoii mnatel (m.3.1.1) 3a
KaueCTBEHHOE U CBOEBPEMEHHOE
BBITIOJIHEHUE padoT

3.3 | - ABTOpCKOE BO3HArpaxiacHue 3a 12000 8000 4000
coznanue P/ o 10% ot donna
3apaboTtHoii mnaTsl (1.3.1)

3.4. | - ®onp 3apabOTHOM MIATHl PAOOTHUKOB 16000 12000 4000
HcnonauTens, He BXOIAIIUX B COCTAaB
nabopaTopuu
4 OTtunclieHHs HAa COLIMANIbHBIC HYXIbI, B 65400 45700 19700

TOM YHCJIC:
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4.1. | WITaTHBIX COTPYAHUKOB 45300 31700 13600
(10 30.2% x m. 3.1.)
4.2. | (10 30.2% x . 3.2.) 12700 8500 4200
43. | (1027.3% kn.3.3.) 3300 2200 1100
44.4 (10 27.1% x 11. 3.4.) 4300 3300 1000
5 3arpatsl o paboTaMm, BHIOJIHAEMBIM 92000 68000 24000
COUCHOJHUTEISIMH
6 | IIpoune npsiMbIe 3aTPaThl 12600 5000 7600
7 | 3aTpaTsl Ui ONPEEIICHUS HAKIIa HbIX 358000 246700 111300
pacxoqoB (m.1 +m. 3 +n.4 +1.6)
8 Haknanueie pacxoast: (10 10 % x 11.7) 25000 18000 7000
9 | CebecTOUMOCTD 550000 407700 142300
10 | HAC 99000 73400 25600
11 | Llena 649000 481100 167900

Pazpabotka: AO "Csernana-Pentren", ®I'YII HUU HIIO "JIVY.

MenkocepuitHoe mponsoacTBo: AO "Csetiana-Pentren".
KonnenryansHas pa3paboTtka u pykoBoautens padot: OO0 “KYPC-AC1™.

Crynens I-B npoekra “Muxkpocexynanas Penrrenosnornsa” = MSR_X-Generator:

PazpaboTka TUHEHKH MUKPOCEKYHIHBIX PEHTT€HOBCKUX T'€HEPAaTOPOB (M3rOTOBJICHHE IO 3 KOMILIL. ):
a. Nimp = 15kW, Nineg = 1.0KW, U, = (15-50)kV.

b. Nimp = 15KW, Ninteg = 1.0KkW, U, = (20-125)kV, MoHOO10UHBII.
C. Nimp = 30kW, Ninteg = 2.0kW, U, = (40-150)kV, MOHOOIOYHBIII.

B B Tom uncne no 3ranam
Ne | HaumeHoBaHue cTarel pacxog0B cero (TBIC. PYO.)
(TBIC. pYO.)
1 aran 2 stan
1 Marepuasb 50000 30000 20000
2 | CnenobopynoBaHue [is HAyIHBIX 63000 63000 -
(9KCIIepUMEHTAIbHBIX) PadOT
3 ®onp 3apabOTHOI MIaThI: 163500 115000 48500
3.1. | - ®onp 3apabOTHOM MIATHl PAOOTHUKOB 116000 773000 38700
nabopaTopuu
3.1.1. | pono 3apabomnoii nramei pabomHuxos, 102000 67300 34700
0QOpMAEHHBIX HA NOTHYIO CINABKY
3.1.2 | ¢pono 3apabommoii niamsl paboOmMHUKO8 14000 11000 3000
€ 3aHAMOCMbIO MeHee CIMABKU
3.2. | IIpemupoBanue 10 30% ot Gouaa 34800 25900 8900
3apaboTHoii mnatel (m.3.1.1) 3a
KaueCTBEHHOE U CBOEBPEMEHHOE
BBITIOJIHEHUE padoT
3.3 | ABTOpCKOE BO3HArpaKICHUE 32 10500 6000 4500
coznanue P/ o 10% ot donna
3apaboTHoii maTsl (1.3.1)
3.4. | ®onp 3apaboTHOM MIaTHl PAOOTHUKOB 12000 9000 3000
WcnosHuTENS, HE BXOSIINX B COCTaB
nabopaTopuu
4 OTunClieHHs HAa COLIMANIbHBIC HYX b, B 51500 35100 16400
TOM YHCJIE:
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4.1. | WITaTHBIX COTPYAHUKOB 34800 23300 11500
(10 30.2% x m. 3.1.)
4.2. | (1030.2% k. 3.2.) 10500 7800 2700
43. | (1027.3% kn.3.3.) 2900 1600 1300
44.4 (10 27.1% x 11. 3.4.) 3300 2400 900
5 3arpatsl o paboTaMm, BHIOJIHAEMBIM 104000 68000 36000
COUCHOJHUTEISIMH
6 | IIpoune npsiMbIe 3aTPaThl 12600 5000 7600
7 | 3aTpaTsl Ui ONPEEIICHUS HAKIIa HbIX 277600 185100 92500
pacxonoB (m.1 +m.3 +n.4 +n.6)
8 Haknanueie pacxoast: (1o 10 % x 11.7) 24000 16000 8000
9 | CebecTOoUMOCTD 468600 332100 136500
10 | HAC 84400 59800 24600
11 | Lena 553000 391900 161100

Paspabotka u m/c mpousBoacteo: OO0 “C.IL I'enmuk”, ®I'YIT BHUU ABromarukw,
ITAO HIIO “Onepromoayns”’, OO0 “KYPC-AC1”.

KonnenryanbHas pa3paboTtka u pykoBoautens padot: OO0 “KYPC-AC1™.

Crynens I-C npoexkra “Mukpocexkynanas Pentrenosiorusi” = MSR_X-Detector:

PazpaboTka TUHEWKH JMHAMUYECKUX MUKPOCEKYHIHBIX PEHTI€HOBCKUX JETEKTOPOB (IO 2 KOMILL):

a. /JIByxmoasHoro 10 Mpix mukpocekyHanoro nerekropa = 10M15-BU ¢ popmaramu kaapa
285x195/190x130 mm, pazpemenue 75/50 mkm, (3.8k*2.6k/1.9k*1.3k)*12b*15/301ps.
b. Mammorpaduyeckoro 20Mpix MUKPOCEKYHJHOT'O PEHTT€HOBCKOTO aeTekTopa = 20M30-XPe,
dopmar 250x190 mm, 50 mkm, (5k*3.75k)*12b*30fps, no 1200MB/s.
c. Anruorpaduueckoro 12Mpix MHUKPOCEKYHIHOTO PEHTI€HOBCKOTO JeTekTopa = 12M60-XPe,
¢dopmat 410x307mm, 100 mkm, (4k*3k/2.0k*1.5k)*60/240fps*12b/14b, no 1440MB/s.
d. dunamuyeckoro 20Mpix MUKPOCEKYHJHOTO PEHTIeHOBCKOro aerekropa = 20M30-XPe,
opmat 510x375mm, 100mkm, (5k*3.75k/2.5k*1.88k)*30/60fps*12b/14b/16b, 1200MB}/s.
B B ToM uucne no sranam
Ne | HaumeHoBaHue cTarel pacxoio0B cero (TBIC. PYO.)
(TBIC. pYO.)
1 atan 2 3ran
1 Marepuainsl 72000 47000 25000
2 | CnenobopynoBaHue Jis HAydHBIX 32000 32000 -
(9KCIIepUMEHTAIbHBIX) PadOT
3 ®onp 3apabOTHOI MIaThI: 275000 185000 90000
3.1. | - ®onp 3apabOTHOM MIATHl PAOOTHUKOB 187500 125000 62500
nabopaTopuu
3.1.1. | pono 3apabomnoii nramei pabomuHuxos, 175500 121000 54500
oghopmaeHHbIX HA NOTIHYIO CIABKY
3.1.2 | ¢pono 3apabommoii niamsl paboOmMHUKO8 12000 4000 8000
C 3aHAMOCMbIO MeHee CMAasKu
3.2. | - IIpemupoBanue 1o 30% ot ¢ponga 56200 37500 18700
3apaboTHoii miatel (m.3.1.1) 3a
KaueCTBEHHOE U CBOEBPEMEHHOE
BBITIOJIHEHUE padoT
3.3 | - ABTOpCKOE BO3HArpaxiacHue 3a 15000 10000 5000
coznanue P/ o 10% ot donna
3apaboTHoii maTsl (1.3.1)
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3.4. | - ®onp 3apabOTHOM TUTATHI PAOOTHUKOB 12000 8000 4000
VcnionHuTens, He BXOISIINX B COCTAB
nabopaTopuu
4 OTunclieHHs Ha COLIMANIbHBIC HYX/IbI, B 81000 54000 27000
TOM YHCIIE:
4.1. | WITaTHBIX COTPYAHUKOB 56500 37700 18900
(10 30.2% k1. 3.1.)
4.2. | (1030.2% x n. 3.2.) 17000 11400 5600
4.3. | (10 27.3% x n. 3.3.) 4200 2800 1400
44.4 (10 27.1% x 11. 3.4.) 3300 2200 1100
5 3arpatsl o paboTaMm, BHIIOJIHAEMBIM 176000 118000 58000
COUCHOJHUTEISIMU
6 | IIpoune npsiMbIe 3aTPaThl 9000 6000 3000
7 | 3aTpaTsl 1Ji ONPEEIICHUS HAKIa HbIX 417000 272000 145000
pacxonoB (m.1+m. 3 + .4 +1.6)
8 Haknanueie pacxoast: (10 10 % x 11.7) 39000 26000 13000
9 | CebecTOUMOCTD 684000 468000 216000
10 | HAC 123100 84200 38900
11 | Llena 807100 552200 254900

Pa3zpabotka: OO0 “KYPC-AC1”,
Coucnonuutenu u m/c npousBoactBo: [TAO “KpacnorBapaeen”, OOO "Benallpoekt".
KonnenryanbHas pa3paboTtka u pykoBoautens padot: OO0 “KYPC-AC1™.

Crynens I-D npoexkra “Mukpocexkynanas Pentrenosorus” = MSR_X-Processing: (3 xomm.)

a. Pa3paboTka anmapaTHO-IIPOrpaMMHOM CUCTEMBI 3aXBaTa U COXpaHEHHs MOTOKa 16-Tu OUTHBIX
M300pakeHNI CBEpXBBICOKOTO pa3perieHus 10 12 meranukceneit mpu 60 kagpax B ceKyHAY (MIOTOK
1440MB/s) ¢ nonukcenbHOI HOpMaNKU3alUeil U IIyMOIIOIaBICHUEM PEaIbHOTO BPEMEHHU.

b. Pa3zpaboTka anmapaTHO-IIPOrpaMMHOTO KOMILIEKca KOHBeHepHoi 2D 00paboTku 1 BU3yanu3aluuu
peasbHOro BpeMeHH MOoToKa 16-Tu OUTHBIX N300paykeHUI CBEPXBBICOKOTO pa3pelieHus (MMOTOK 10
1500MB/s), mocTynaronmx OT CUCTEMbI 3aXBaTa U COXpPaHEHHsI MOTOKA KaJpOB.

B B Tom uncne no 3ranam
Ne | HaumeHoBaHue craTel pacXxo10B cero (TBIC. PYO.)
(TBIC. PYO.)
1 aran 2 stan
1 Marepuaiibt 65000 65000 -
2 | CnenobopynoBaHue Jis HAydHBIX 45000 45000 -
(9KCIIepUMEHTAIbHBIX) PadOT
3 ®oHp 3apabOTHOM TUIATHI: 149100 99400 49700
3.1. | - ®onp 3apabOTHOM MIATHl PAOOTHUKOB 84000 56000 28000
nabopaTopuu
3.1.1. | pono 3apabomnoii nramei pabomHuxos, 72000 48000 24000
0QOpMAEHHBIX HA NOTHYIO CINABKY
3.1.2 | ¢pono 3apabommoil niamsl paboOmMHUKO8 12000 8000 4000
€ 3aHAMOCMbIO MeHee CIMABKU
3.2. | IlpemupoBanue 10 30% ot pouma 21600 14400 7200
3apaboTHoii mnatel (m.3.1.1) 3a
KaueCTBEHHOE U CBOEBPEMEHHOE
BBITIOJIHEHUE paboT
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3.3 | ABTOpCKOE BO3HArpaKICHUE 32 7500 5000 2500
coznanue P/ o 10% ot donna
3apaboTHOi maTsl (1.3.1)
3.4. | ®onp 3apaboTHOI MIATHI PAOOTHUKOB 36000 24000 12000
VcnionHuTens, He BXOSIINUX B COCTaB
nabopaTopuu
4 OTunclieHHs Ha COLIMANIbHBIC HYX/IbI, B 43100 28700 14400
TOM YHCIIE:
4.1. | WITaTHBIX COTPYAHUKOB 24800 16500 8300
(10 30.2% k1. 3.1.)
4.2. | (10 30.2% x . 3.2.) 6500 4300 2200
4.3. | (10 27.3% x n. 3.3.) 2100 1400 700
44.4 (10 27.1% . 3.4.) 9700 6500 3200
5 3arpatsl o paboTaMm, BHIIIOJIHAEMBIM 64000 48000 16000
COUCHOJHUTEISIMU
6 | IIpoune npsiMbIe 3aTPaThl 9000 6000 3000
7 | 3aTpaTsl Ui ONPEEIICHUS HAKIIa HbIX 266200 199100 67100
pacxoqoB (m.1 +m. 3 + 1.4 +1.6)
8 Haknanueie pacxoast: (mo 10 % x 11.7) 24000 16000 00
9 | CebecTOUMOCTD 399200 308100 91100
10 | HAC 71900 55500 16400
11 | Lena 471100 363600 107500

Pazpabotka u npousBoacteo: OO0 “KYPC-AC1”.
Coucnomnurenu: OO0 "Benallpoekt".
KonnenryanbHas pa3paboTka u pykoBoautens padot: OO0 “KYPC-AC1™.

Crynens Il npoekra “Mukpocekynanasi Penrrenosiornsa” = MCP-AuruoKT: (2 komm.)

a. Pa3pabotka anruorpaduyeckoit MUKpOCEKYH/IHOM PEHTI€HOBCKOM CHCTEMBI CBEPXBBICOKOTO
pasperieHus ¢ QyHKIUSIMH KOMIIBIOTEPHOTO TOMOTrpada BEICOKOTO pa3perIeHusI.

b. Anpobarus u cepTuuIpoBaHNE aHTHOTPAPUIECKON MUKPOCEKYHTHONW PEHTI€HOBCKON CHCTEMBI.

c. IloaroToBka K MEJIKOCEpUITHOMY POU3BOJICTBY aHTHOTPA(YUIECKON MUKPOCEKYH/THOM CUCTEMBI.

B B Tom umucne no 3ranam
Ne | HaumeHoBaHue craTel pacXxo10B cero (ThIC. PYO.)
(TBIC. PYO.)
1 aran 2 stan
1 Marepuainsl 220000 150000 70000
2 | Cneno6opynoBaHue 1is HAydHBIX 151000 95000 56000
(9KCIIepUMEHTAIbHBIX) PadOT
3 ®onp 3apabOTHOI MaThI: 425000 245400 179600
3.1. | - ®onp 3apabOTHOM MIATHl PAOOTHUKOB 280000 168000 112000
nabopaTopuu
3.1.1. | pono 3apabomnoii nramei pabomHuxos, 250000 150000 100000
0QOpMAEHHBIX HA NOTHYIO CINABKY
3.1.2 | ¢pono 3apabommoii niamsl paboOmMHUKO8 30000 18000 12000
€ 3aHAMOCMbIO MeHee CIMABKU
3.2. | IlpemupoBanue 10 30% ot pouaa 84000 50400 33600
3apaboTHoii matel (m.3.1.1) 3a
Ka4eCTBEHHOE U CBOEBPEMEHHOE
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BBITIOJIHEHUE padoT

3.3 | ABTOpCKOE BO3HArpaXKICHUE 32 25000 15000 10000
coznanue P/ o 10% ot donna
3apaboTtHoii mnaTsl (1.3.1)
3.4. | ®onp 3apaboTHOI MIaTHI PAOOTHUKOB 36000 12000 24000
VicnionHuTens, He BXOSIINX B COCTaB
nabopaTopuu
4 OTunclieHHs Ha COLIMATIbHBIC HYX/IbI, B 126500 73300 53200
TOM YHCIIE:
4.1. | WITaTHBIX COTPYAHUKOB 84500 50700 33800
(10 30.2% k1. 3.1.)
4.2. | (1030.2% x n. 3.2.) 25400 15200 10200
4.3. | (10 27.3% x . 3.3.) 6800 4100 2700
44.4 (10 27.1% x 1. 3.4.) 9800 3300 6500
5 3arpatsl o paboTaMm, BHIOJIHAEMBIM 176000 92000 84000
COUCHOJHHUTEISIMU
6 | IIpoune npsiMbIe 3aTPaThl 36000 9000 27000
7 | 3aTpaTsl Ui ONPEEIICHUS HAKIa HbIX 807500 477700 329800
pacxonoB (m.1+m. 3 +n.4+n.6)
8 Haknansslie pacxoasl: (10 10 % k 11.7) 76000 45800 30200
9 CebecToOUMOCTbD 1210500 710500 500000
10 | HAC 217900 127900 90000
11 | Lena 1428400 838400 590000
Pazpabotuuk u pykoBoautens padot: OO0 “KYPC-AC1™.
Coucnonnurenu: OO0 "Benallpoekt", [IAO “Kpacuorsapaeen”, HUNT®A, HUN Cxnudocos.,

HUUAD MI'Y naboparopus “MennuHCKIEe KOMITBIOTEPHBIE CUCTEMBI .

Hroro iena npoekxra “Mukpocexkyaadas PeHTreHoI0rus’’ COCTABUT:
p p YH

B Tom unciie o »ramnam

Ne | HaumeHoBaH#e pacxo10B (TEE?II;;@) (TBIC. PYO.)
1 aran 2 sTan
I-a | Crynens I - MSR_X-Tube 649000 481100 167900
I-b | Crymens I - MSR_X-Generator 553000 391900 161100
I-c | Crynens I - MSR_X-Detector 807100 552200 254900
I-d | Crymens I - MSR_X-Processing 471100 363600 107500
I | Crynens I - MCP-KoMIuiekT UTOrO: 2480200 1788800 691400
II | Crynens II - MCP-AuruoKT wuroro: 1428400 838400 590000
Ilena Bcero mpoexTa: 3908600 2627200 1281400
26.02.2018r. TexHu4yecKud TUPEKTOP Asmapos E.M.

M.IL
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