o npuemke pabor no moaepumsanmn UpKyTckoro pajapa HeKOrepeHTHOI0 paccesiHust

B COOTBETCTBHH C NPHKA30M JHpekTopa DeiepaibHOro rocy/1apCTBEHHOrO OIO/DKETHOIO YUPEHICHHUS
nayku Opziena Tpyznosoro Kpachoro 3namenn Mnctutyra coieyno-3eMHol husuku CuGHpCKoro o1/1e/ieHus
Poccuiickoii akazemun Hayk (MC3® CO PAH) ot 02.06.2022 r. Ne 98 komuccus B cocTase:
npezcearens XaxuHosa Butamis BHKTOpoBHYA, 3aMECTHTE)IS IMPEKTOPA 110 HaY4HO#H paboTe M HHHOBALIMOH-
Hoit gesrrenbrocTH UC3® CO PAH, k.¢.-m.H.
¥ WICHOB:

Kypkuna Bnamimupa MBaHoBHYA, 3aBeyIONIEr0O OT/IEIOM (DH3HKH OKOJIO3EMHOTO KOCMHYECKOIO MpOCTpaH-
crea UC3® CO PAH, n.¢p.-m.H.;

Jlorosekoro Anexcess CranucnaBoBuya, reiepaibHoro koHctpykropa OAO "PTHU um. akanemuka A.J1 Mun-
ma", .T.H.;

Munrapuesa Pammiza Kambaposuua, Hauanbauka otena texuuueckoro conposoxaenus (PJIK «Boponex»,
HUpkyrek) OAO "PTH um. akanemuxa A.J1 Munna";

Kymmnapesa JImurpus Cepreesuya, crapiiero sHayunoro cotpyannka MC3® CO PAH, k.¢.-M.H.;

Jlebenesa Banentuna [TaBnosuya, crapmero nayusoro corpyanuka UC3® CO PAH, k.¢.-M.H.;

3aBopuHa Anekcess BuamneeBuya, 3asejtyiomero obcepparopueii pamodu3nyeckoit MarHocTHkl arMmoceps!
UC3® CO PAH;

TpoBe/ia NpUeMKy paboT 1Mo MOJIEpHH3aIlMH YHHKaILHO#M Hay4HO# ycranoBku (YHY) MpkyTtckuii panap Heko-
repentHoro paccesus (MPHP).

Ilo pesyibraram NPHEMKH KOMHCCHS YCTAHOBHJIA CIIE/TyIONIIee.

1. MUpkyTekuii pajap HeKOrepeHTHOr0 paccestHus

WUPHP sBnsiercs eqmucrBenHoii B Poccnn YHY, co3nannoii na 6ase oGopyioBaHus pajMoIOKallHOHHOM
cradumn (PJIC) “Jlnenp”. UPHP npexacrasnsier coboit Monoctatuyeckyto, ummyibcHyio PJIC ¢ yacrotHbiM
ckanupoBaHueM. Jlnanaszon pabounx yactor pasapa: 154-162 MI'11, nukoBas MOIHOCTB, JOCTHraeMasi Ha JIByX
nepearyukax: 2.8 MBT, ;umTensHOCTS 30HMpYyonero uMmnyibea: ot 70 1o 900 Mkc, yacTtora ero clie0BaHus
24.4 'y, xoadduument ycunenus anTeHHsl okosio 35 ab. I nasuoe ommune UPHP ot apyrux panapos noxo6-
HOTO NpoQMIA 3aKoYaeTcss B 0COOEHHOCTAX KOHCTPYKIMH aHTEHHbI, MO3BOJIAIOLICH OJHOBPEMEHHO POBO-
JMTh M3MEPEHHsI HOHOCHEPHBIX MapaMeTpoB METOJIOM HekorepeHTHoro paccesuus (HP) u koopmMHaTHBIX 1
HEKOOP/IMHATHBIX XapaKTepPUCTHK KocMuuecknx oonektoB (KO).

B 2017 r. 6bu1 3aBepuieH oYepeHO#M JTan KOMIUIEKCHO#M MojepHu3aimi 6osbimucTBa cucrem MPHP,
MOATBEPIKACHHBIA COOTBETCTBYIOIINM AKTOM.

2. 3apaumn MoiepHH3ALHH

Pazsutne qmarnoctudeckux Bo3zmoxknHocteit UPHP B nepuon 2019-2021 rr. 6su10 cBsi3aHo ¢ Mo-
JiepHH3aIMeil yIpaBIIONIero U pUeMHo-perncTpupyiomero komiuiekca (YITPK), ¢ nembio noBbimenus
TOYHOCTHBIX XapaKTEPHCTHK M Haubosee NMOJTHOrO Menoab3oBanus noternuana UPHP. Ocuosroil 3aza-
yeil HOBOIO 3Tana MOAEpHU3alMK cTano obecneyeHue cieayomux so3moxuocteit UPHP:

1. TloBBlIeHHE TOYHOCTH M HAZIC)KHOCTH H3MEPEHHS KOOPIMHATHON M HEKOOPAMHATHON MH(pOpMa-
uuu Habmonaembix KO.

2. JleranbHblii anaau3 GOPMbI IPHHATOrO CHIHAIA B PealIbHOM MaciuTabe BpeMeHH B IKCTIEpPHMEH-
Tax 1o H3MepeHHIo napameTpoB nonochepsi meroziom HP u koutpomo KO.

3. OnepatuBHOE MOJyuYeHHE, OTOOpakeHHE M JaibHeiinas nepeaaya noTpebMUTENsM, KaKk MOHO-
cepusix napamerpos HP (Ne, Te/Ti), tak u napamerpoB KO B peanbnoM macurrabe BpeMeHH.
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Jlns peanuszauuu nocrasnerHoi 3anauu B YIIPK UPHP 6butn co3nanbt:

- HOBasi IPUEMHO-PErHCTPHPYIOLIAs CHCTEMA,

- IPOrpaMMHO-aNnapaTHbIi BEIYHCIHTEIbHBIH KOMIUICKC;

- cHcTeMa 0ToOpaXKeHu .

Co3naHHas MPHEMHO-PErHCTPHPYIOIAs CHCTEMA, B PaAMKaxX pelleHHUs 3aa4yy MOBBILIEHHS TOYHO-
CTH M3MEPEHHs KOOPAHHATHOH M HexoopauHaTHOH MHpopmauuu Habmoxaembix KO, obnanaor cieny-
IOIIMMH 0COOEHHOCTAMM:

e [loBbimnenue cTabMILHOCTH, HACHTHYHOCTH M HAJCKHOCTH GJIOKOB BXOJHOIO TpakTa, 3a CHeT
nepexo/ia Ha COBPEMEHHYIO 3IEMEHTHYIO 0a3y, corjiacoBaHue ¢ MPHEMHHKOM MPSIMOro npeobpasoBaHus
curiana (yxoa ot cynepreTepoAMHHON cxembl). OCHOBHBIE 0JIOKM HOBOIO IpHEMHHMKA — 2 KacKaja Mma-
JIOLIYMSIMX YCHJIMTENEH, M00COBbIC PUIBTPBI H KJIIOYH YIIPaBJICHHS, YTO JaJ0 BO3MOXKHOCTh obecne-
4yuTh HeoOXxomumyto popmy AUYX/OYUYX kananos, X HACHTHYHOCTH U CTAOMIILHOCTD.

e VYiydineHHas CHCTEMA 3alMThl BXOJHBIX IENCH OT MOIIHBIX BHICOKOYACTOTHBIX BXOJHBIX I10-
Mex, Ha O6ase cornacyomux [1-puiabTpoB, pa3psIHKMKOB H COBPEMEHHBIX PiNn-IAMO/I0B, TI03BOJIHIA HCKITIO-
YUThb BBIXOJ M3 CTPOs OJI0KOB YCHIIMTENEH.

e Cucrema ynpasiieHUs! TIPHEMHBIMH YCTPOHCTBAMH NO3BOJISET B pealbHOM BPEMEHH KOHTPOJIH-
poBaTh H (PHKCHPOBATh HX MapamMeTphbl (TOKH, HANPSHKEHHS, aBaPHU H TI1.).

o [lponoxena HoBas 4-X KaHaIbHas (QuaepHas JIMHUA C HU3KHM KOYPDHIIMEHTOM 3aTyXaHus — He
6onee 1.186 n1b/100m na gactore 200 M.

e Jlns perucTpainuu NPHHUMAEMbIX CHTHAJIOB HCIOJb30BaHbI M(POBBIE MHOrOKAHAIBHBIE TTPH-
eMHbIe ycTpoiicTa npsamoro npeobpasosanus (DDC4) pupmbl AO «MuCuc», KOTOpPBIE MO3BOJIAIOT pe-
rucTpHpoBaTh curHanel Ha Hecymmx dacrorax MPHP (154—162 MI'n). OcuoBubie napametpsi DDC4
npuseziensl B Tabiune 1. [lpuemunkn DDC4 noctpoens! Ha 6a3ze MHKpOCXeM NPOrpaMMHpPYeMOil JIOTHKH
(FPGA) n umeeT mMpoKHe BO3MOXKHOCTH I10 NEPENpPOrpaMMHPOBAHHIO H HACTPOMKH MO/ 3a/1a4M ClIELM-
AJTM3UPOBAHHBIX IKCTIEPUMEHTOB. -

o Paspaforana u ucnbiTaHa neppas o4epe/ib CHCTEMbl KATHOPOBKH M3JIy4aeMbIX PaJHOJIOKAIIMOH-
HBIX CHIHAJIOB, M03BOJIAIONIAA KaIMOPOBaTh HHCTPYMEHTAILHBIE 3a/I€PXKKH U pasHOCTH (a3 MekK1y KaHa-
namu B Macitabe peasibHOrO BPEMEHH B ClICLMAIH3HPOBAHHBIX YKCIIepUMeHTax 1o Habmoaenunio KO.

e Hoseie DDC4 umeror pacmmpennyio nosocy npuema (1o 10 MI'n) u Bo3mMoxHOCTb perucrpa-
IIMM HEeNPEepBIBHLIX (JUIMHHBIX) Pa3BEPTOK CHIHANA B CHICIMAIN3UPOBAHHBIX IKCIICPUMEHTAX, YTO 03BO-
€T MPOBOAKTE OoJiee eTanbHbli aHaIH3 POPMBI IPUHATOrO CHrHasa, Hanpumep JIYM-Moaynsiny wim
KOpoTKHX HMnysbcoB. Jlns npuemunka DDC4 paspaGoran HoBbiii 610k onopHoro curaana 200 Ml
MO3BOJISAIOLIMI CYIIECTBEHHO MOBBICHTH KAYeCTBO CUrHaia tTaktupoBanus juis AL

e JlonONHUTENBHBIH KOMIUIEKT MPHEMHO-PErHCTPUpYIOIIEro o60pyIoBaHUs MOAKIIOYEHHBIH K
BTOpOMY BbIXOay aHTeHHO#H cucteMbl MPHP (10xkHbIH KOHEI) NO3BOJIMT yBEJIHYHTh CEKTOP CKaHMpPOBa-
uus UPHP B cnenmanu3upoBaHHbIX IKCIIEPUMEHTAX.

Tabmmua 1. ITapamerpsl cucteMsl mudposoro npuema DDC4

ITapamerp 3nauenne
Yucno kananos ALI e 4, He3aBHCHMBbIE
Yucno kananos DDC 4
Pazpsanocts AL 16 6ut
Twun mukpocxembl DDC | FPGA
CucremMHas MHa R PCle 8x
YacToTHbIH AHANa30H BXOAHbIX CHIHAJIOB 210 200 MI'u
MakcumanbHas yacTora Auckpetusaumu AL 250 MI'n
BxosaHoe conpoTuBieHue 50 Om
Jlunamuueckuii aAnanazon cBoboaHbIH OT napasutHbix coctasisiomwnx (SFDR), aus 121 Ml 'y 84 a1b
Otnowenne curHan/uwym (SNR), ans 121 Ml 70 ab
BxoaHo# ananasoH +0.65 B £10%
BHelwnui crapT U CHHXpOHM3aLMs eCTh
[Moanepxka OC Windows, Linux




Co3nanHblit IporpaMMHO-annapaTHblii BIMMCIHTENbHbIH KOMILJIEKC 1103BOJISET:

- PErHCTPHPOBATh U XPaHUTh OOJbITHE 0OBEMbI NEPBHYHBIX JAHHBIX;

- pwibTpoBath nanubie HP ot BHemmux nomex n KO;

- B IPAKTHYECKH peajbHOM MaciiTabe BpemenH (¢ HakonaenueMm 10-15 MuH) noaydats noHochep-
Hble napametpsl HP (mpoduns 31ekTpoHHO# KOHIEHTpaIlMK, TEMIIEPaTyphl MIEKTPOHOB H HOHOB);

- obpabareiBate PJI curasnml, nojyyarb KOOpAMHATHYIO M HEKOOpAMHaATHYIO HHpopmaimio KO,
NPOBO/INTH MACHTH(HKALMIO pe3ybTaToB H3MepeHui 1o sokanbHoi Gaze KO B peanbHom maciutabe
BPEMEHH C MCIIOJIb30BAaHUEM AITOPHTMOB NnapauienbHoi o6pabotku na GPU;

- PacCYMTBLIBATh W YYMTHIBATh MOHOC(EPHBIE U TPONoOc(EpHBIE MONPABKH K HU3MEPSEeMOil KOOp/iu-
HATHOM U HeKoOpAMHaTHOH uHpopMmauuu Habmonaembix KO;

- OTHpaB/ATE HHPOpMaLHIO 0 conpoBokaaembix KO BHEIHUM noTpeGUTEISIM B peajlbHOM BpeMe-
HH;

- MPOBOJIUThH MACCHBHBbIC HAOMIONEHHS 32 KOCMHYECKHMH PaJIMOMCTOYHMKAMH B ABTOMATHYECKOM
pexume. .

[Ipumenenne GPU B HOBOM nmporpaMMHO-annapaTHOM KOMIUIEKCE MO3BOJHIO YCKOPHTDH allrOPHTM
obpabotku npuHATHIX PJI CHrHAIOB M MOBBICHTH €r0 NOMEX03alMIIEHHOCT. B pe3yibrare 3Ha4HTEILHO
YBETHYHIIHCE: KoM4ecTBO Habmonaembix KO, JUIHTENBHOCTE MX CONMPOBOX/ICHHS H TOYHOCTh H3MEPEH-
HBIX TTapaMeTpoB.

B Bcex sxcnepumentax Ha MPHP tpefyercs onepatuBroe otobpaxkenue napamerpos obopypoBa-
Hus pajapa, Tekymux nanueix HP u KO. Jlns pemenus 37oii 3anaun Gbuia co3jlana cucrema otobpake-
HHS, KOTOpas COCTOMT M3 6 MOHMTOPOB M MHKpOKOMIbIOTepoB Ha Oa3e Raspberry Pi ¢ ycraHoBieHHO#M
OC Linux u 6pay3zepom. Kaxiblif U3 3THX LIECTH 3KPAHOB BBIBOJIUT OIPEIC/ICHHbINH BUI HHOpMaIIHK:

e KoOHTposb 32 TEXHHYECKHM COCTOSHHEM H NapamMeTpaMHM OCHOBHBIX GJIOKOB pajiapa nos3soJjisieT
BBIBOJMTH TEKYLIHH PEXHM M MOILIHOCTb NEpPeAaTyHKOB, paboTOCHOCOOHOCT W aBapHH IMPHEMHbBIX
ycrpoiicte U Gnoka npusssku GPS, koapduument koppensuun mexay nonypynopamu UPHP, cocros-
HHE JIMCKOBOIO MaccHBa H METEOYCJIOBHSL.

e OtobpaxeHHe TEKYIIMX napameTpoB HOHOC(Epsl: NMpoduiIs MOIIHOCTH U Ne, OTHOIIEHHS CHI-
Han/myMm, reMmneparyp 7e n 7i.

e Otobpaxenune cnyTHUKOBOH MH(opmauuu: pacnucanus KO, BbIBOJ KOOPJMHATHBIX U HEKOOP-
JIMHATHBIX NapamMeTpoB (AaJbHOCTh, YIibl, aMIUIMTYAa ¥ TA.) Habmonaembix KO B peanbHOM BpemeHH,
napamMeTpoB ONITHYECKHX CPEJICTB B COBMECTHBIX IKCIIEPUMEHTAX.

3. PesyabTarel moaepunsaunn UPHP
B Tabnuue 2 npuBe/eHbI OCHOBHBIC CPABHHTE/IBHBIC XAPAKTCPHUCTHKH MOJCPHU3HPOBAHHOIO
VTIPK u npeabiiyero BapuanTa KOMIUIEKca.
Tabsmua 2. Xapaktepuctuku Moaepuusupoantoro YITPK

npeabiaymmii YIIPK noBblii YIIPK
KoadduumeHT wyma nepsoro kackazaa npuemMHuka, 1b 0.53 0.45
3aryxauue puneproro tpakra, Ab/100m, Ha yactore 160 8 1186
MI'u '
Perucrpaums curuajia Ha Hecyllei yactore wer | €CTh
no 1200 B crannaptiom | a0 2000, B cneumnans-
PerucTpupyemas 1anbHOCTb BAOJb JTy4a, KM pexkume HP, no 4500 8 HbIX pexHUMax -
b CMELHAIbHBIX peRHMaX HENpepbIBHO
[Tonoca nponyckaHus aHaJOroBOH 4YacTH NPHEMHOro TpakTa 600 kI'u 10 MI'y
INonoca npomnyckaHus LMGPOBOro NpUEMHUKa AFONIONENL, 20 | PpossecEms, 10 10
MI'u MI 1
[Tonyuenne napamerpos KO B peasibHOM BpeMeHH € MOMO- - i
upio GPU
ITosyueHue napameTpoB HOHOCHEpPbI B peaibHOM BPEMEHH HeT ecTh
Cucrema oToOpaykeHHs COCTOSHMA pajiapa HaCTHYHO ecTb

ITporpaMmHas HacTpoOiKa napameTpoB NPHEMHHKA HaCTHYHO ecThb




4. [IppmepHas CTOMMOCTb YCTAHOBJEHHOr0 06opyAoBaHuS
TaGnuua 3. [lpuMepHas croumocts o6opynoBanus MoAepHH3upoBaHHoro YITPK

CTOMMOCTS,

ThIC. pyo.

AHanorossie 610KH HOBbIX MPHEMHBIX YCTPOHCTB 407,369

LludpoBsie npHeMHbIe yCTPOHCTBa 1 928,232
BoruncnurensHblii kommiexe u GPU 221,000
BY-dunep 4 xaHana 808,300
Cucrema oToOpaxkeHHs 114,097

HUroro: 3478,998

3AKJIIOYEHUE KOMHUCCHHU:

1. B pesynbrare nposeaeHHbIX pabot mo MoaepHusauuu YIIPK cymecTBeHHO BO3pOCHH AHArHO-
cruyeckue Bo3moxkHocty UPHP.

2. JIOCTHrHYTBIE IMArHOCTHYECKME BO3MOXHOCTH TO3BOJMIM pa3paboTaTh HOBBIE METOMIBI
HabmoeHMi ¥ METOAMKY H3MepeHHit HOHOC(HEPHBIX NapaMeTpoB U opOuTanbHBIX XapakTepucTHK KO.

3. AHTeHHas CHCTeMa H Nepelalollie yCTpoicTBa pajapa He TpeGyIOT MOAEPHH3ALMH H I03BO-
NAIOT yenewHo paboTaTh NpH NOCTOAHHON MPO(HIAKTHKE OTAENbHBIX HX GIIOKOB HJIM HX 3aMEHE u3je-
JIUSIMH, BBITYCKaeMbIMH OTE€YECTBEHHON IPOMBIIIIEHHOCTBIO.

4, O6beM paboT M JOCTHIHYTHIE XapaKTEPHCTHKH roBOPAT o riybokoi momeprusauuu WPHP.
O6BbeM H CTOMMOCTh YCTAHOBJIEHHOTO HOBBIX KOMIIIEKCOB, CHCTEM M YCTPOMCTB MO3BOJIAIOT OTCYHTATh
cpeznHuii Bo3pacT noporocrosiero o6opynosanus YHY UPHP ¢ 2021 roza.

[Ipencenarens KOMHCCHH %
s,

YneHb! KOMHCCHH: | “Kypxus B.A.
Jlorosekuit A.C.
}}t/ Munrapues P.K.




