
AKT
o npHCMKe pa6or no Mo/iepmoaumi HpKyrcKoro pajiapa HCKOI epenTHoi o pacceaiiHH

B cooTBercrBHH c iipHK330M ^HpcKTopa 4>e;iepajibHoro rocyaapcreeHHoro Sio/werHoro
HayKH Opnena Tpyaoaoro KpacHoro 3naMCHH HHcrmyra cojmeiHO-ieMHofi (J>H3HKH Cn6HpcKoro
POCCHHCKOH aKaaeMHH HayK (HC30 CO PAH) or 02.06.2022 r. X« 98 KOMHCCHJ. B coc-rare:
npeaceflareji* XaxHHOBa fimajim BHicropoBHHa, 3aMecrHrejw OTpeicropa no HaynHOH paGore H HKHOKUIHO
HOH .uejrrejibHOCTH HC3<D CO PAH. K.4).-M.H.
H MJICHOB:
KypKHHa Bjia^HMHpa HBanoBHMa, laBe^yiomero OTOCJIOM 4>H3HKH oKojioseMHoro KocMHHecKoro npocrpa
CTBa HC30> CO PAH, a.<J).-M.H.;
JloroBCKoro AneKcea CTaHHOiaBOBHMa, reHepa^bHoro KOHcrpyicropa OAO "PTH HM. axa^eMHKa A.J1 MH

ua", .H.T.H.;
MHHrapHCBa Paumaa KaM6apoBHMa, HaMa^bHHKa mjiena rexHHHecKoro conpoBowieHH» (HJIK «
MpKyrcK) OAO "PTH HM. aKaaeMHKa A.JT MHHua":
KyiimapeBa/lMHTpHJ! CepreeBHMa, crapmero HayHHoro corpy^HHKa HC3O CO PAH. K.<J).-M.H.;
Jle6eaeBa Ba^eHTHHa HaBJiOBHHa. crapiuero Hayniioro corpynnHKa HC3O CO PAI I. K.(J).-M.H.;
3aBopHHa AneKcea BfWHHeeBHHa, saBe^yiomero oScepBaiopHeH pa^HO(})H3HHecKOH AHaraocraKH aiMOC^epbi
HC3O CO PAH;
npoBCJia npHCMKy pa6oT no MoaepHHaanHH yHHicaJibHoft naynHOH ycraHOBKH (YHY) HpKyrcKHH paaap HCK«
repeHTHoro paccesHHH (HPHP).

Ho pesyjibtaraM npncMKH KOMHCCHJI ycraHOBHJia aie^yiomee.
1. HpnyrcKHH pu. i;ip HCKorepeiiTHoro pacceHHiin
HPHP HBJwerc* eaHHcrBeanoH B POCCHH YHY, COBJWHHOH Ha 6ase o6opyaoBaHH« pa^HOJioKanHOHHofi

craHUHH (PJ1C) "AHenp". MPHP npeacraBJwer coSofl MOHocraTHHecKyio. HMnyubcnyio PJIC c nacTorabiM
cKaHHpoBaHHCM. ̂ HanasoH paGonnx qacroT pa^apa: 154-162 MTu, nHKOBaa MOiunocrb, aocroraeMaji Ha ̂ Byx
nepeaaTMHKax: 2.8 MBr, AnHTejibHOcrb 30H4Hpyiomero HMnyjibca: or 70 of) 900 MKC, nacrora ero cJie^osaHHa
24.4 Tu, K03(J)4)HUHeHT ycH^eHH« aHTCHHbi OKOJio 35 aB. FjiaBHoe OTJIHHHC HPHP or npyrux paaapOB noao6-
Horo npo(J)HJW saKjnoHaercH B OCOOCHHOCTHX KOHcrpyicuHH aHTCHHbi. no3Bo^nomeH ounoBpeMeHHO npoBo-
/OHTb H3MCpeHH» HOHOC(J)epHbIX napaMCTpOB MCTOAOM HCKOrepeHTHOrO paCCCHHHJI (HP) H KOOpUHHaTHblX H

HeKoopaHnatHbix xapaKiepHciHK KOCMHMCCKHX o6teKTOB (KO).
B 2017 r. 6bui 3aBepuien onepenHOH -rran KOMiuieKCHOH MO,aepHH3auHH GojibiuHHCTBa CHCTCM HPHP.

nozuBepKaenHbrii cooTBercTByiouiHM ah-roM.
2. SajiaMH MoaepHHiauHM
PasBH-rae OTarHOCTHMecKHX BO3MO5KHOcreH HPHP B nepHOfl 201 9-: 1 rr. 6w^o CBjmHo c MO-

4epHH3auHeH ynpas^fliomero H npHCMHO-perHCTpHpyiotuero KOMruieKca (YHPK), c nejibio noBbiuieHHfl
TOHHOCTHblX XapaKTCpHCTHK H H3H6oJiee nOJlHOFO HCnOJlb30BaHH» nOTCHUHajia HPHP. OCHOBHOH 33Jia-

HCH HOBOFO 3rana MO.aepHH3au.HH cxajio oSeciieneHHe c^eayiomHX BO3MO*HocTeH HPHP:
1. HoBbiiueHHe TOHHOCTH H HaaoKHoc™ H3MepeHHfl Koop^HHarnoH H HeKoopjinnaTHOH HH^opMa-

UHH Ha6jiioaaeMbix KO.
2. flerajibHbiH anaiH3 (J)opMbi npHnaroro cnrna^a B peajibHOM MacmraGe speMenH B 3KcnepHMen-

rax no H3Mepemuo napaMcrpOB HOHOC^PW MCTO^OM HP H Kompojiio KO.
3. OnepatHBHoe no^yneHHe. oTo6pa>KeHHe H .aa^bHCHitiaji nepeaana norpe6HTejiflM, Kax HOHO-

c(J)epHbix napaMerpoB HP (Ne, TV/77), raK H napaMcrpos KO B pea^bHOM Macmra6c
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B VIIPK HPHP

KOMH^CKC;

flsi peajiH33UHH nocT3BJieiiHOH
• H O K U M npHCMHO-p
• nporpaMMHO-annapaTHbiH
• CHCTCM3 OTO6pa>KeHHH.

Co3,aaHHafl npHCMHo-perHcrpHpyiomafl cncxeivia, B paMKax peuieHHH 3a.aaHH noBbiujeHHa XOHHO-
CTH H3MepeHHH Koop^HnaxHOH H HCKOopAHHaTHOH Hii(})opManHH Ha6iHo^aeMbix KO, oGjiajiaioT cnejiy-
lOlUHMH OCOGeHHOCTHMH:

• HOBblllieHHe CTa6HJIbHOCTH, HJICHXHMHOCXH H Ha^OKHOCXH 6jIOKOB BXOflHOfO XpaKX3, 33 CHCT

nepexona na coBpeMCHHyio sjieMeHXHyio 6a3y. coniacoBaHHC c HPHCMUHKOM upsMoro npeo6pa3OBaHH»
cnrnajia (yxofl ox cyneprexepoOTHHOH cxeMbi). OCHOBHUC GJIOKH HOBOPO npHCMHHKa - 2 KacKaaa Ma-
jiouiyMHiuHX ycHJiHxejieH, noiiocoBbie (j)HJibxpbi H KJIIOHH ynpaBjieHHH, HXO aajio B03Mo>KHOcxb oGecne-
HHXb Heo6xo^HMyK) 4>opMV AMX/OMX KanajioB, HX HAeHXHMnocrb H cxa6HJibnocxb.

• YjiyHmeHHaH cHcrewia lamHTbi Bxo^nbix nenefi ox MOIUHMX BwcoKOHacroxHwx Bxo^Hbix no-
MCX, na Gaae cor^acyiomnx n-cjwjibxpoB, pa3p»^HHKOB H coBpeMCHHbix pin-AHoaoB, no3BOJiHjia HCKJIIO-
HHXb BblXOfl H3 CXpOfl 6JIOKOB yCHJlMXCJieH.

• CHCxeivia ynpaBJieHHfl npHCMHbiMH ycxpoficxBaMH nosBOJiaex B peajibHOM apeMetiH KonxpojiH-
poBaxb H (J)HKCHpoBaxfa HX napaMexpw (XOKH, Hanpa>KeHHH, asapHH H x^.)-

• npojioxena Hosaa 4-x KaHajibnaa ^"^P11351 JIHHHK c HHSKHM KO3(})4)HUHeHxoM 3axyxaHHs - HC
6o^ee 1.186 aB/100M na nacxoxe 200 Mfu.

• J\nn perncxpanHH npHHHMaeMbix cHPHajioB Hcno^b3OBanbi uHcj)pOBbie MiioroKaHajibnue ripn-
eMHbie ycxpOHCXBa npxMoro iipeo6pa3OBaHH» (DDC4) 4)HpMbi AO «HHCHC», Koxopbie no3BOJiaiox pe-
rHcxpHpOBaxb CHPHaribi Ha necyiuHx Hacroxax MPHP (154 — 162 MFn). OCHOBHWC napaMexpbi DDC4
npHBe^enbi B xa6;iHue 1. FlpHCMUHKH DDC4 nocxpoenu na 6a3e MHKPOCXCM nporpaMMHpyeMOH JIOTHKH
(FPGA) H HMeer uiHpoKHe BOSMOJKHOCXH no nepenporpaMMHpoBaHHio H HacrpoHKH no<a 3aaaHH CIICUH-
aiIH3HpOBaHHbIX 3KCnepHMCHXOB.

• Pa3pa6oxaHa H ncnbixana nepsaa oHepe/ib CHCXCMW KannGpoBKH H3JiyMaeMbix pajino;iOKauHOH-
HWX cHrHanoB, no3BOJT«K)iuafl KajiwSpoBaxb HHcxpyMenxa^buwe 3a^ep>KKH H pa3nocxH $33 Mcxtay Kana-
jiaMH B MacuixaGe peajibHoro BPCMCHH B cneuHa;iH3HpoBaHHbix jKciiepHMcuxax no Ha6jiiofleHHK) KO.

• HoBbie DDC4 HMCJOX pacmnpeHHyio nojiocy npneivia (AO 10 MFu) H BO3MO>KHocxb perHcxpa-
UHH HenpepwBHbix (zuiHHHbix) pa3BepxoK CHrnana B cneuHajiH3HpoBanHbix 3KcnepHMeHxax, HXO no3Bo-
jiaex npOBOAHXb 6o^ee ^exanbHbiH 3H3JIH3 (j>opMbi npHHaxoro CHrnsjia, nanpHMep jmM-MojtyjuiuHH HJIH
KOPOXKHX HMnyjibcoB. Jinn npneMHHKa DDC4 paspaGoxan noBbin GJIOK onopHoro cnrna^a 200 MFu,
no3BOJiflioiHHH cymecxaeHHO noBbicnxb Kanecxso cnrHajia xaKxnpoBaHHH ;yia A.L(Il.

• /^OHOJlHHXeJlbHblH KOMFIJICKX npHCMHO-pCrHCXpHpyiOmerO o6opyaOBaHHH nOAKJUOHCHKblH K

BxopoMy Bbixo^y anxeHHOH CHCXCMW HPHP (KWKHWH KOHCH) no3Bo;iHx ysejiHHHXb ceKxop CKaHHpoBa-
HHH HPHP B CneUH3JlH3HpOBaHHbIX 3KCnepHMeHX3X.

Ta6jiHua 1 . FlapaMerpbi CHCXCMM uH^poBoro npneMa DDC4
HapaiMerp

HHCJIO KaHanoB AIoTl
H HC.TIO KananoB DDC
PaspaflHocxb A Lin
THH MHKpocxeivibi DDC .
CHCTCMHaa uiHHa
HacTOTHwfi /iHanasoH axoaHbix CHrHajioa
MaKCHMajibHan Hacrora AHCKperH3auHH AUH
Bxo^Hoe conpoTHBjieHHe
/^HHaMMHCCKHH flHari33OH CBo6oflHblH OT napa3HTHbix cocxaBJiflKDiuHx (SFDR), ajm 121 MTu
OrHoiueHHC cHPHaji/ujyM (SNR), ana 121 MPu
BXOAHOH /(HanaaoH
BHCUIHHH cTapT H cHHxpoHHsauna
floaaepHcica OC

3naneHHe
4, HC3aBHCHMbie

4
166HT

FPGA
PCIe 8x

ao 200 MFu
250 MFu

50 OM
84flB
70 46

±0.65 B ±10%
ecTb

Windows, Linux



Co3ji3HHbiH nporpaMMHo-aniiaparnbiH BbiHHCJinxejibHbiH KOMnjieKc no3BOJiHer:
- perHCXpHpOB3Xb H XpaHHTb GojlblUHC oGtCMbl nepBHHHblX 43HHbIX;

- (JmjibxpoBaxb aaHHbie HP ox BHCUJHHX noMex H KO;
- B npaKTHHecKH peanbHOM Macuixa6e BPCMCHH (c HaKoiuieHHCM 10-15 MHH) nojiynaxb Honoc(J)ep-

Hbie napaMexpbi HP (npo<J>HJib 3.neKxpoHHOH KOHU.eHxpau.HH, xeMnepsxypu 3JieKxpoHOB H HOHOB);
- o6pa6axbmaxb PJl CHraajibi, nojiynaxb KoopOTnaxnyio H neKoop^HH3XHyio HHCjwpMauHK) KO,

npoBOAHXb HaeHXHcJjHKauHK) pe3yjibxaxoB H3MepeHHH no jioKajibnoH 6a3e KO B peajibHOM MacmraOe
BpCMCHH C HCnOJIb3OBaHHeM ajTPOpHXMOB napailJiejlbHOH o6pa6oXKH H3 GPU;

- paccHHXbmaxb H yinxbiaaxb HOHOC(})epHbie H xponoc{|)epnbie nonpaBKH K H3Mep»eMOH KOOP/IH-
H3XHOH H HCKOOpJlHHaXHOH HHCJ)OpMa!JHH HaOJlKiaaCMblX KO;

- oxnpaBjiHXb HH(})opMauHio o conpOB05K43eMbix KO BiieuiHHM iioxpe6n xejiaM B peajibHOM
HH;

naccHBHbie HaGjmxnenHH 33 KOCMHHCCKHMH pa,'iHOHcroHHHK3MH B

GPU B HOBOM nporpaMMHO-amiapaxnoM KOMruieKce no3BOJiHJio ycxopHXb ajiropnxM
o6pa6oxKH npHHHXbix PJl CHraajioB H noBbicnxb ero noMexo3aiUHiuenHocxb. B pe3yjibxaxe snannxejibHo
yBCJlHHHJlHCb: KOJ1HMCCXBO HaG^KiflaeMblX KO, .ZUIHXCJIbHOCXb HX COnpOBO*4eHHH H TOHHOCXb H3MCpCH-

Hbix napaMcrpoB.
B BCCX 3KcnepHMCHxax na MPHP rpeGyexca onepaxHBHoe oxo6pa»enHe napaMcxpos o6opyaoBa-

HH» pa^apa, XCKVIUHX aannbix HP H KO. Jinn peuieHHH SXOH 3aaanH 6buia co3nana CHCXCMB oxo6pa>Ke-
HHH, KOTOpafl COCXOHX H3 6 MOHHXOpOB H MHKpOKOMriblOXepOB H3 6a36 Raspberry Pi C yCXaHOBJlCHHOH

OC Linux H 6pav3epoM. KaiKjibivi H3 SXHX UJCCXH 3KpaHOB BWBO^HX onpe/icJieHHbiH BH/I HHi{)opManHH:
• KOHXpO;ib 33 XCXHHHCCKHM COCTOHHH6M H n3p3MCXp3MH OCHOBHblX 6J1OKOB pajjapa nO3BO^flCX

BbiBOflHXb xeKyinHH pe>KHM H MouiHocxb nepcasxHHKOB, pa6oxocnoco6noc rb H asapHH npHCMHbix
ycxpoficxB H 6JTOK3 npHBH3KH GPS. K034)(J)HUHenx KoppeiiHUHH Mcxc^y nojiypynopaMH HPHP, COCTOJI-
HHe HHCKOBoro MaccHBa H Mereoyc^OBHa.

• Oxo6pa»reHHe xeKymnx napaMexpoB Honoc(J)epbi: npo4)HJi» MOIHHOCXH H Ne, oxHomeHHfl cHr-
, xeMnepaxyp Te H 77.
Oxo6pa>KeHHe cnyxHHKOBOH HHcjjopManHH: pacriHcaiiHa KO, BbiBOA Koop^HnaxHbix H HeKoop-

napaMexpoB (^anbHocxb, yr^bi, aMn^nxyaa H x#.) naGjiionaeMbix KO B peajibHOM BPCMCHH,
OnXHHCCKHX CpCflCXB B COBMCCXHblX 3KCnepHMCHXaX.

3. Pe3yjibT8Tbi MO u-piiii t a i i i i u HPHP
B taSjiHue 2 npHBe^cHw OCHOBHWC cpaBHHxe^ibHbie xap3KxepncxHKH MO4epHH3HpOB3HHoro
H npeabwyinero BapHanxa KOMnjieKca.

Ta6;iHua 2. XapaKxepncTHKH MO^epHH3HpoBaHHoro VFIPK

Ko3(j)(})HUHeHT ujyivta nepeoro KacKa/ia npHCMHHKa, n.E
3axyxaHHe (^naepnoro xpaKxa. aB/lOOvi. Ha nacxore 160
MFu
PerHCTpauM» cHPHana Ha HecyiueR nacroxe

PerHcxpHpyewaji aajibHocx'b Bflojib ^yna, KM
*

flo^oca nponycKaHMH aHajiorosoH HBCTH npneMHoro rpaKxa

Flcxnoca nponycKaHHH untJipoBoro ripHe.MHHKa

Flo^yHeHHe napaMerpoB KO B peanbHOM BpeMeHH c noMO-
UlbK) GPU

norvHeHHe napaMexpoe HOHoc^epjbi B peanbHOM BgevieHM
CHCTCMa oxo6pa>KeHH5i COCTO»HM» pa^apa
riporpaMMHafl HacxpofiKa napaMexpoB npHeMHHKa

npe^bî ymHii YIIPK
0.53

8

Hex
ao 1200 B cxan/iapxHOM
pe>KHMe UP, 40 4500 B
cneuuajibHbix poKHwax

600 Kfu
npOH3BO^bH3», JIO 1

Mfu

Hex

Hex
H3CXMHHO

nacxHMHO

HOBMH VIIPK
0.45

1.186

ecxb
0.0 2000. B cneuHanb-

HblX PC5KHM3X -

nenpepbiBHo
lOMFu

npoH^BOJibHaa, AO 10
MFu

ecxb

ecxb
ecxb
ecxb



4. ripl!MCplin» CTOHMOCTb \O Of)0p> JOBaiUIH

3, HpHMepHaa CTOHMOCTb o6opyflOBaHH« MO,gepHH3HpoBaHHoro YFIPK

AHanoroBbie GJIOKH HOBUX npHCMHbix ycrpoficTB
I4n(j)pOBbie npweMHbie ycrpoflcTBa
BblHHCJlHTejlbHblfi KOMOIieKC H GPU

BH-(j>Hflep 4 Kaaana
CHCTCMa OTo6paHC6HHH

HTOPO:

CTOHMOCTb,

Tbic. py6.
407,369

1 928,232
221,000
808,300
1 14,097

3 478,998

3AKJIIOHEHHE KOMHCCHH:
1. B peayjibTaTe nposefleHHbix pa6oT no MO.aepHH3au.HH YFIPK cymecTBCHHO soapoc^H

CTHHCCKHe B03MOHCHOCTH HPHP.

2. ^ocTHrnyrbie aHarnocTHHecKHe BOSMOHCHOCTH nosBonnjiH pa3pa6oT3Tb HO'BMC Meroflbi
HaSnroaeHHH H MBTO^HKH H3MepeHHfl Honoc^epHbix napaMCTpos H op6HTajibHbix xapaicrepHCTHK KO.

3. AHTCHHaa CHCTCMB H nepeaajoiHHe ycTpoRcTBa paaapa HC Tpe6yK>T MoaepHHsauHH H noaBO-
JISIOT ycneuiHO pa6oTaTb npn nocToaHHofi npo(J)HaaKTHKe OTfle/ibHbix HX GJIOKOB HJIH HX aaMene H3fle-
J1HHMH, BbinyCKaCMblMH OTCHeCTBeHHOH npOMbllllJieHHOCTbK).

4. OSieM pa6oT H AOCTHFHyrbie xapaicrepHCTHKH rosopaT o r;iy6oKOH MO.aepHH3au.HH HPHP.
06T>CM H CTOHMOCTb yCTaHOBJieHHOFO HOBblX KOMn^CKCOB, CHCTCM H yCTpOHCTB n03BOJIHK)T OTCHHTaTb

BoapacT aoporocToamero o6opy^OBaHHH YHY HPHP c 2021 ro^a.

KOMHCCHH

KOMHCCHH:

IXHHOB B.B.

KypKHH B.H.

JIOFOBCKHH A.C.

MHHrapneB P.K.

KyuiHapeB R.C.

aea B.H.

SaaopHH A.B.


