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POoTOHMKA: TeXHUKA YTOHHEHUA

A.B.Haymos. AO «OKE «Acmpon», 2. Jlsimkapuo, Mock. 064., Poccus

®OTOHMKA He MOXET CyLLecTBOBaTh 6€3 MUKPO3/IEKTPOHHbIX TEXHO/IOTUIA.
®DOTOHHbIE UHTErpaJsibHble CXeMbl OKa3asIuCb B LieHTpe BHUMaHUS
pa3paboTYMKOB M UHTErPaTOPOB CAMbIX PAa3HOO6pPasHbIX ONTUYECKUX CUCTEM
CBSI3M N CUCTEM CEHCOPUKU. OHAaKO CUCTEMbl ONTUYECKO 06paboTku
MHbopmaLmu (OnTUYecKue KOMMbIOTEPbl MK ONTUYECKUe HernpoceTH)

BCe eLle HaXoAATCS Ha CTaAumM 1abopaTopHbIX Ucc/iefoBaHU. Mpo6aembl
pasBUTUS COLMYMA, KOrAa OCHOBHOW MNOTOK MHGOPMaLIUM NpaKTU4eckn
MrHOBEHHO CTaHOBUTCS U3BECTEH JII060MY Y/ieHy 3TOro couunyma,

Ha COBpeMeHHOM 3Tane 06yc/i0B/ieHbl 3anasablBaHUEM COLMAIbHOMN
CTPYKTYpbl 32 TEXHUYECKUM NporpeccoMm. Mo3ToMy B Kpyry MHoroo6pasus
ONTUKO-3/1EKTPOHHbIX U POTOHHbIX YMEHUIN U KOMMNETEHLMA HE06X0ANMO
BbIA,/INTb KPUTUYECKU BaXKHbIe 33[,a4U A1 YCMELIHOro AOCTUXEHUS Lienen
CTpaTermm Hay4HO-TeXHOJI0OrM4eckoro passutms Poccuun. 3To nop cuny
TO/IbKO 06beANHEHHOMY COO6LLECTBY HAaYyKU U MHXXEHepUWn. 27 ceHTA6psa
2024 ropa B pamkax popyma «MuUKpo31eKTpoHUKa 2024» cocTosics
KPYI/bliA CTOJ1 O BOMPOCaM KOOPAUHALUU YCUIUIA NPU CO3AAHUN
AOPOXXHOWM KapTbl No poToHMKe. MoaepaTopoM Hay4YHOW BCTPEYU BbICTYNW
A.®$.-M.H. npodeccop «CkonTexa» Apkagu Bnagummposud LLnnynuvH.

B cTaTbe NpeAcTaB/ieHbl ero OTBETbI HA PSiA, BONPOCOB, NOAHSATbIX BO BpeMs
06Cy>XXaeHnM NIAHOB CO30aHUS A0POXXHOM KapThbl.

KntoyeBble cnoBa: GOTOHHbIE MHTErpasibHble CXeMbI, ONTUYECKNE CUCTEMbI CBS3W, YPOBHU FOTOBHOCTM TEXHOIOT NI
Cratbs noctynuna: 11.11.2024. Ctatbsa npuHATa:25.1.2024

Photonics: Refinement Technique

A.V.Naumov. JSC “Optical and Mechanical Design Bureau “Astrohn”, Lytkarino, Moscow region, Russia

Photonics cannot exist without microelectronic technologies. Photonic integrated circuits have become the
focus of attention for developers and integrators of a wide variety of optical communication systems and sensor
systems. However, optical information processing systems (optical computers or optical neural networks) are
still at the stage of laboratory research. The problems of the development of society, when the main flow of
information becomes almost instantly known to any member of this society, at the present stage are due to the
lag of the social structure behind technological progress. Therefore, among the variety of optoelectronic and
photonic skills and competencies, it is necessary to identify critical tasks for the successful achievement of the
goals of the Strategy of Scientific and Technological Development of Russia. Only the united community of science
and engineering can do this. On September 27, 2024, within the framework of the Microelectronics 2024 forum,

a round table was held on coordinating efforts in creating a photonics roadmap. The moderator of the scientific
meeting was Arkady Vladimirovich Shipulin, PhD, Professor of Skoltech. The article presents his answers to

a number of questions raised during the discussions on the plans to create a roadmap.

Keywords: Photonic Integrated Circuits, Optical Communication Systems, Technology Readiness Levels
Article received: 11.11.2024. Article accepted:25.11.2024
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ApKkagui BragiuMHUpPoOBHY, KaKHe MPHO0PBI

H YCTPOKCTBA CIIOCOGCTBOBAIH JHHAMHYHOMY
pocTy pa3paboTok GOTOHHBIX HHTETPaTbHbIX CXeM?
Mel kuBeM B MHQOPMALIMOHHOM 0bIiecTBe, Iae 3a
cueT Iepefadyd HHGOPMALIMOHHBIX IIOTOKOB IIPO-
HMCXOOAT KOMMYHHUKAIIUKM MeXAy ero wWieHaMH.
B cucTeMax onTHUYeCKMX KOMMYHHUKAIHMH Yallle BCEro
HCIIOIB3YIOTCSL OIITO3/eKTPOHHBIe ITpeobpa3oBaTenu
(To ectp mpuboprl, mpeobpasyloliue ONTHUYECKHUH
CHUTHaJI B JIeKTPUYEeCKUH M HaobopoT, 3/1eKTpudUe-
CKHUH B OINTHYeCKHI). ITo 00yC/IOBIeHO TeM, 4TO
6e3 ONTHKH B COBPeMEHHBIX JIMHHUIX CBsI3U (oco-
OeHHO MarKcTpalbHBIX) IIOIPOCTY He 000MTUCh. ITO,
B CBOIO ouepelib, 06yC/I0B/IEHO TeM, UTO [1sl [lepefadn
n060r0 BEICOKOYACTOTHO MOAYIHMPOBAHHOIO CUIHAIA
(B aHAJIOrOBOM MM LKPpoBOM ¢opMmare) Heobxo-
OUMO, 4TOOBI HecyIlash 4acToTa OIOPHOIO CHIHAIa
Obl7Ia CyIIEeCTBEHHO BBIIIe YacTOThl MHQPOPMAIIHOH-
HOM MoAy/nsiuuu. Hecymas 4dacToTa cBeTa IpHOIH-
suTenbHo 10%° T'1i, 4acToThI ke I/IHC])OpMaLII/IOHHOI;I
Mopmynsiuuu (6e3 ydera MyIbTUILIEKCHPOBAHHS) He
npeBblaloT 10U T (3T0 Ha YeThIpe MOPSAKA HIDKE
CBETOBOK 4acTOThI). I103TOMY CBeT SIB/ISIETCS HIealb-
HOM HecCyllel C TOYKH 3peHHs IOBBILIEHHS eMKO-
CTH MHOOPMALIMOHHOIO IIOTOKAa. [eHepaTopoM CBe-
TOBOTO OIIOpPHOro curHaia (10 I'1) CIy>KUT 0O6BIYHO
nasep, a UHGOPMAILMOHHAs MOIY/SALMS OCYILeCcT-
B/IsieTcst IM60 IpSIMOM Momynsnyen nasepa (B ¢op-
MaTe aMIUIMTYAHOM MOIY/ISLIMU 10 YaCTOT IOpsiAKa
10'° I'r), 1160 € ITOMOIIBIO 37IeKTPOOIITHYECKOTO MOMY-
nsiTopa [y1st 6ojlee BHICOKHX YaCTOT U 6ojee CIOSKHBIX
dopmaToB MomyaalMH. [0 HACTOSIIEero BpeMeHHU
YaCTH ONTHYEeCKHX CHCTeM, OTBedalolllke 3a IIpe-
obpasoBaHHe W3 ONTHUKU B 3IeKTPUYECKUI CHUIHAI
(IeTeKTOphl W/IM IPHEMHHUKH) M U3 3JIeKTPHUUeCcTBA
B OITHKY (JIa3epbl U MOAY/STOPEL), ITOCTAB/ISIIHCH
OTAeNPHO M MOHTHUPOBAIHCh Ha IUIATHI B COOTBET-
CTBHHM C AW3aHHOM, pa3paboTaHHBIM [/l KOHKPeT-
HOI CHCTEMBI.

PaccMOTpUM, HaIpHMep, TPAaHCMUTTep (mepe-
OATYUK), [IPeobpasyIoIUi 31eKTPUYecKUI CHTHA
B ONTHYeCKUH. Kak MBI 3HaeM, OONBLUIMHCTBO COBpe-
MeHHBIX CHCTeM HCIONb3yeT LupoBOH GopmMaT
MOZIY/ISILIUH, TO eCThb “HYJIN» U “eIHHUIB» GOPMHUPY-
IOTCS B 3/IeKTPUYECKOH 0671aCTH U fajiee IePeHOCSTCS
B OITHKY. B K&XXKOOM KOHKPeTHOM BPeMeHHOM CJI0Te
bopMUpyeTcsl ONTUYECKHUM CHUTHAlI, B KOTOPOM yIa-
KOBAHBI “HYJIN» U “eIUHHUIIB?, [IepeHOCS e HHPOP-
Mal{io. B cOBpeMeHHBIX CHCTeMax CBSI3M MCIIONb-
3yI0TCSl C/IO>KHBIe pOpMaThl MOAY/ISILIMK, B KOTOPBIX
MHPOpMaLKg KOAUPYeTCs KaK B aMIUIATylde, TaK
U B dase ONTHYECKOro CHUrHaja. Takum obpasoM,
B OZHOM BpPeMEHHOM CJIOTé MOXKET OBITh YIIaKo-

BaHO He IIPOCTO OAWH €HOJb» HJIM OfHA “eNHUHMIA»,
a MHOTO «HyJIelN» U “eIUHHUI]» OfHOBpeMeHHO. KpoMe
TOTO, [JI1 MYJIbTUIIZIEKCHPOBAHUS HHQOPMALIHMOH-
HBIX IIOTOKOB HKCIIOJIB3YIOTCS pasHble IOJSpH3ALUU
CBETOBOIO IIOJISI, UTO II03BOJISIeT BABOE YBEeIHYHBATh
KOJIM4eCTBO IepelaBaeMOr MHPOPMALUK Ha OJHOU
JnuHe BOMHBI. Hy M HaKkoHel] TaKHUX OJIUH BOJIH
MOKET OBITh HECKOJIBKO COTeH. MITaK, MBI BUIHUM, YTO
IU1s1 IIpeobpa3oBaHUs 3/IeKTPUYECKOH [10CIel0BaTe b
HOCTH “HYJIEH» U “eAUHUI» B TPAHCMHUTTepe Heobxo-
OUMO HMMeTb BO3MOXKHOCTb MOZAYIHPOBATh aMIUIH-
TyAy 4 da3y CBeTOBOI'O CUTHaJIa H, KPOMe TOro, JelaTh
3TO Ha Pa3HBIX MOJSPU3ALUIX W Pa3HBIX [JIHHAX
BoJIH. OTCI0OZIa CTAHOBUTCS ITOHSTEH U B JOCTATOYHOH
CTelleHU oIpefeneH 6a30BBIM HH>KeHepPHBIH OOIHK
TaKOI'0 TPaHCMHTTepa. OH COCTOMT U3 HCTOYHHKOB
KOTepeHTHOI'0 H3/y4deHHUs (71a3epoB), MOIYISITOPOB
(coBpeMeHHBIe MOZY/ISTOPl MOTYT OJHOBPeMEHHO
MOZAY/JIHUPOBAaTh U aAMIUIMTYLy, U $a3y OINTHYeCKOro
CUTHaJIa), a TaKKe HeoOXOOMMBIX [IaCCUBHBIX OIITH-
YeCcKHX 3/IeMEeHTOB U 3JIeKTPOHUKH.

o mosiBneHus ®MC Bce 3TH KOMIIOHEHTHI ITOCTaB-
JISUTMCh 1 MOHTHPOBAIMCh pasfaenbHo. B cry4vae OHC
BCe 3TH KOMIIOHEHTBI M3TOTaBIHUBAIOTCS CPa3y B PaM-
Kax CJI0XKHOIO, MHOIOCTYIIEHYaTOro TeXHOJIOTHYe-
CKOrO IIpolecca.

Hpeornoruen n0b0i HHTErPaJbHOM CXeMBl (371eK-
TPUYECKON HJIH QOTOHHOM) SIBISETCS yMeHBIIeHHe
Pa3sMepoB yCTPOMCTBA IIPH COXPaHEHHH OQYHKIIHO-
HaJIbHOCTH BCeX COCTaBHBIX 4acTeM. IIpH 3TOM, Kak
IIPaBHJIO, IIOBBINIAETCS CTAOMIBHOCTD QYHKLIHMOHU-
POBaHMS TaKoro YyCTPOMCTBa, a Takke yMeHbIA-
eTcs LleHa IPA YUIOBHHM MAacCCOBOIO ITPOM3BOJCTBA
KaK HMHTerpaJbHBIX CXeM, TaK M YCTPOHCTB Ha HX
OCHOBe.

XoTenock 6Bl CKa3aTh HECKOJBKO CJIOB O TOM, KaK
3JIeKTPOHHBIe MHHTerpanbHble cxembl (IUC) Kkaue-
CTBEHHO M3MeHHIH Hall MHP. SKC 103BOILET C 4yL0-
BUINHBIMH CKOPOCTSIMH IIPUHHMMATh, 0OpabaThiBaTh,
U OTIPaBAATh WHQOPMALlMOHHBIE 3JIeKTpPHUYeCKHe
curHasibl. Ilepexon Ha SHMC mpuUBes B IIPOILIOM BeKe
K CO3IaHUI0 WHGOPMAIIMOHHOIO 0bIIecTBa - COCTO-
SHUIO COLIMyMa, IZe OCHOBHOM ITOTOK HHOOpPMAaLIMHU
MNPaKTH4YeCKU MTHOBEHHO CTAaHOBHUTCS H3BeCTeH
noboMy UeHy 3TOro comdyma. B 6onbmion cre-
IIeHH IIpobieMBbl Pa3BUTHSI COLIMyMa Ha COBpPEMeH-
HOM 3Tame 06yCIOBIeHBl HECOOTBETCTBHEM CTPYK-
TYp IIOC/IeIHEero yCA0BHUIO MIHOBEHHOM JOCTYIIHOCTH
vuHbpopManuu. Takasg CUTyaldss B MCTOPHUHU - 3aIlas-
ObIBaHHE COLIMa/JIBHOM CTPYKTYPHl 33 TeXHHYeCKHM
IIPOTPecCcoM - IIPOMCXOIUT He B MepPBBIH U, HaZeloCh,
He B ITOCTIeAHUH pa3. K c0By, MOMBITKU KaK-TO Orpa-
HHUYKUBAaTh MHQPOPMALIMOHHbIE IIOTOKH IIpelIIpUHU-
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MaloTCs IIPaKTHYECKH BO BCEX COLIMaJIbHBIX CHCTeMaX
(MMeeTcs B BUAY KaK B 3allafiHBIX, TaK 1 He 3aIlaJHBIX
CHCTeMaX) M Ha BCeX YPOBHSX M BBIIVISAAT B 60b-
IIMHCTBE Cy4aeB AOCTAaTOYHO Hejero. Mubopmariuy-
OHHBIE KaHAJIBI CAMHU II0 cebe He eCTh YTO-TO ILIOXOe
HJIM 4TO-TO XOpOIllee — 3TO IIPOCTO aHAJIOT HEePBHOU
CHCTeMBI J11060ro opraHmsMa. I1o HUM MOTYT Ilepefa-
BaThCs JII0OBIe COOOIeHMSs 1I060ro colepskKaHUs, UTOo
U TOAJeP>KUBAeT SKU3HEeCIIOCOOHOCTh JaHHOTO Opra-
Hu3Ma. MckyccTBeHHas «UIbTpaLiUsa» KHGOPMALIUH
IIPUBOAUT K HCKa’KEHHIO eCTeCTBEHHOIO, 3BOJIIOLIK-
OHHOIO pa3sBUTHS. Hampumep, HCKYCCTBEHHOE Orpa-
HHYeHHe «IIJIOXON» HHOOPMALIUU IIPEIISITCTBYeT pas-
BUTHUIO MMMYHHTETa, UTO MBI U MOXKeM HabrogaTh
KaK B >KUBBIX OpPraHHM3Max (OTCyTCTBHE MMMYHHTeTa
B CJlydae «TeIUIMYHOIO» Pa3BUTHS), TaK U B COLHU-
yMax C >KeCTKMM KOHTpPojaeM HHOOPMaILIMOHHBIX
IIOTOKOB.

®HC B JaHHOM TeXHHUYECKOM KOHIIEIITe TakKe
IIpefCTaB/sieT U3 cebs aHATOTHUYHYIO (Kak U B CIydae
371eKTPOHHBIX HMHTErpPaJIbHBIX CXeM) IIOIBITKY Iepe-
HeCTH Ha ofHY ITaTdopMy Habop 371eMeHTOB ISl CO3-
JaHMS TOTO Ke QYHKIIMOHA/IA, KaK U B (JIydyae CUCTeM,
COOpaHHBIX U3 JUCKPETHBIX KOMIIOHEHT. OCHOBHBIM
IOpariBepoM HHTepeca K PHIC TakKe SB/IsieTCS IIpHUMe-
HeHMe IT0C/IeHUX B ONITHYECKUX MHGOPMAIIMOHHBIX
cucrtemax. Ilomumo storo, ®HC HaxXoOAT CBOE IIpUMe-
HeHHe B 00/1aCTH ONTHYeCKOM CeHCOPHKHU (BKIIIOYAs
JUIAPBL), ONTUYECKHUX BBIUYMCIEHUH, NPUMeHeHUSs
KBAaHTOBBIX TeXHOJIOTHM, PaAXOPOTOHHUKH H AP.

[IpuBemeT /1M MaccoBoe HcIIONAb30BaHHe OHC
K TaKOMYy >Ke KauyeCcTBeHHOMY CKauiKy, KOTOpoe
BBI3BaJIO B IIPOLIIOM BeKe BHeApeHHe DHC? [lymalo,
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Ia, ¥ 9To OyZeT CBSI3aHO Y>Ke He C CHCTeMaMH KOM-
MYHHKALlUK «4Ye/loBeK-4elloBeK», a Bce Oosblle
C KOMMYHUKALUHUAMU C CHCTEMAMHM HCKYCCTBEHHOIO
nHTesekTa (MH) TUNa «deloBeK-TaJKeT» U «TafiKeT-
rajpkeT»; B YaCTHOCTH, C npuMeHeHHeMm OUC mng
CHCTeM MCKYCCTBEHHOrO HHTEJIeKTA M CBI3aHHBIX
C HUM YIIOMSIHYTBIX HOBBIX TUIIOB MHPOPMaIMOHHBIX
II0OTOKOB. B OCHOBHOM >Xe mIpuMeHeHue PHC bynet
00yc/10B7IeHO BO3pacTaHHEeM KOJIHYecTBa TOYek Ilepe-
X0Jja 3/1eKTPHUYEeCTBO-ONTHKA U 0OpPaTHO B CHCTeMax
CBA3U CIeyIollero IokojeHHs 6G. B 3THX TouKax
Iepexofa U IpeariojaraeTcs Ucroib3oBanue OLC.

[IpuHIMNIHAABHEIM OoTIHYKMeM ®HC 0T 3/71eKTPoH-
HBIX aHaJIOTOB SBJISETCS OTCYTCTBHE [OCTYIIHOTO
$OTOHHOIrO TPaH3HMCTOPa, YTO He I03BOJISeT IIOCTPO-
WUTb IOJHOCTBIO OITHYECKYI0 CHCTEMY, OCHOBAHHYIO
Ha yIpaBJIeHHH CBeTa CcBeToM. Kpome Toro, «pas-
Mepb» GOTOHA HeE II03BOJISAIOT YMEHBIIATh ONTHYe-
CKHe BOJIHOBOABL M 3JIEMEHTHl Ha HMX OCHOBe MeHee
yeM npubnusutensHo Ha 200 HM (I1s I1aTGOpMBL
KHHU - KpeMHHH Ha H30/4TOpe), HHAYe OHU IIPOCTO
He CMOTYT IIPOBOJMTb CBET. DTO [103BOJISET CO3/4ABaTh
®MC Ha yCTaHOBKAaX C TEXHOJIOTMYeCKUMH HOPMaMH,
Hanpumep, 90 HM, Ja/bHelIIee YMeHbIIeHHe TeXHO-
JIOTUYeCKUX HOPM He SIBJIsIeTCS HeobXoAHMMBbIM. I103-
TOMY IIOSIBJISIIOIIMECS HHOIAA YTBEPXKIEHUS O TOM,
YTO, HaAIpUMep, OINTHYEeCKHUM KOMIIpIoTep OyneT
U MeHblIIe, U 6bICTpee, U 5HeprosdpdeKkTHBHee, U T. 1.,
c/efyeT BOCIIPMHMMATh He CJIHIIKOM OyKBaabHO.
MeHbllle OH TOYHO He OymeT, Ja U C SHeprospdex-
THBHOCTBIO He BCe TaK OJHO3HAYHO. YMeHBIIeHHe
Ha IIOPSAJOK Pa3sMepoOB COCTaBHBIX 37eMeHTOB OHC
(1 camort ®HC) BO3MOKHO IpHU Iepexofie C GOTOHOB
Ha IIJIA3MOHBI ~ KBAa3MYacTHULHL,
COCTOSAIIME M3 CBA3AHHBIX POTOHA
M 3JIeKTPOHA Ha IIOBEPXHOCTH pa3-
Jena [OH3JIeKTPUK-MeTa/Ul. 3Ta
TeMa 6bLIa JOCTAaTOUHO MOJHO
snet 10-15 Ha3ag, ogHAKO B UTOre
[I/IAHOB IPaKTUYeCKOM Ppeayu-
3alMM TaKOro IIOAXOoJa IIOKa
HeMHOro.

HHTepecHHIM MpHMeHeHHEeM
®MC mora 6Bl CTaTh peayn3alius
Ha UX OCHOBe HeLPOHHBIX CeTeH.
B HacTosInee BpeMs B MHpe Cylle-
CTBYIOT HECKOJIBKO CTapTaIloB,
peanu3ymoIuX MOPOAYKT HeHpo-
ceteri Ha ocHoBe OMC. BaskKHEIM
dakToM 31ech SIBIsIeTCS Heobxo-
OAUMOCTh HalU4YMs OITHYECKOIo
HeJIMHEHNHOI0 OTKIHKa B Hel-
ponax. ChemyeT OTMETHUTh, YTO
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Ha/IU4YHe HeTHHEHNHOI0 OTKIHKA
Heob6X0IUMO KaK B 3ajadye pOTOH-
HOT0 TPaH3HCTOpa (0OCHOBA 1F060r0
KOMIIBIOTepa), TaK M B 3ajade
OCTpOeHUsI QOTOHHOMW  HeU-
POHHON ceTH. OITHYecKass ke
HeJIMHEeHMHOCTh  MOXeT OBIThb
II0/TyYeHa TOJIbKO Ha OCHOBe HeJIH-
HEHHOTr0 OTKJIMKA Cpefibl: B OTJIH-
YyHe OT 3/eKTPOHOB, QOTOHBHI He
B3aHMOJEHCTBYIOT C 3JeKTpoMar-
HUTHBIMHU IIOTSMH K, COOTBET-
CTBEHHO, APYT C ApyroM. OmTH4e-
CKasi HeJTMHEHNHOCTh TpebyeT, KaK
IIPaBU/IO, CYIIeCTBEHHBIX OIITH-
YeCKHX MOIIHOCTeH, 4TO [enaeT
3ajavyy IOJyueHHUs TAaKOro pofja
3¢pdeKkTa (@ ¢ HEM M OMNTHYECKUX
KOMIIBIOTEPOB, U BBIYHCIUTE-
JeH Pa3HOro poja) AOCTATOYHO
npobieMaTUYHOM.

Bonee MpakTUYHOM M Pa3sBUTOH OONACTBIO SIBIISI-
ercs npuMeHeHue QLC B cucTemMax OIITHYECKOIO
MOHHUTOpHMHIa. B Takux cucremax OHC mpumeHs-
eTCsl B MHTeppOraTopax - YCTPOMCTBe OIpOCa OIITH-
YeCKUX CeHCOpPoB. MHTepecHBIM IIpUMeHeHHeM 6bL10
6Bl coueTaHHe HHTepporaTopa M HeHpOCeTeH s
obpaboTku monydyaemon HHbopMmauuu 6e3 Heobxo-
OVIMOCTH IIepexo/ia U3 OIITHYECKOM B 3JIeKTPUYECKYIO
0071aCTb.

CyMMHUDPYys BblIIeCKa3saHHOe, MOIY CKa3aTbk, YTO
OCHOBHBIM fApariBepoM HHTepeca K PHC B HacTosIIee
BpeMs SIB/ISIeTCS ONTHYeCKHe CHCTeMbI CBS3H B pas-
HBIX BapHaHTaX M CHCTEeMBI CEHCOPHUKH. CHCTeMBI
>Ke ONTHYecKoM obpaboTku nHOopmManuu (6yas TO
ONTUYeCKHe KOMIIBIOTEPhl KM OINTHYeCKHe HeHpo-
CeTH) IIO0KA YTO He BBIIUIM U3 CTAJUM J1abOPATOPHBIX
UCCIeOBAHUI.

Kakne nperMymecTBa BbigesitoT PHC Ha ¢poHe
PpaHee HCIIONb3yeMBbIX 37IeMEeHTOB I/151 MOAY/ISILIHH,
yCH/IeHHs, 06paboTKH H QHIBTPALIHH ONITHYECKHX
CHUTHaJIOB?

OcHOBHBIM ImpeuMyuecTBoM ®PHC 1o CpaBHEHHIO
¢ HabopoMm JUCKpPETHBIX 3/1€MEHTOB SBSETCS KOM-
MaKTHOCTh. CefCcTBMeM KOMIIAKTHOCTH SIBJISI€TCS
Gonpmas cTabUIBHOCTD TAaKUX CHCTEM, UTO Ype3BbI-
YalHO BKHO, K IIPUMepy, OIS yCTPOMCTB, KCIIOJb-
3yI0IIMX $a3y OITHYECKOIo CMTHajla. KoMIakTHOCTD
[103BOJIsIeT HaflesIThCsl Ha HCIO/Ib30BaHHEe GOTOHHBIX
TeXHOJIOTHH B Pa3JIM4YHBIX TafpkeTax, 4TO MU SBJIS-
eTCs pellaloIlMM [l PHIHOYHBIX JPalBepoB BCeH
3TOM HCTOpHUHU. HeobXoAMMO MOHHMMATh, YTO JTHIIb
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PBIHOK pellaeT, 6ymeT Ta MM MHas TeXHOIOTHS pas-
BUBATbCS MJIM HET, IIpHYeM 3[eCh HMeeTCs B BULYy He
TOJIbKO KOMMEePYeCKHUH PHIHOK, HO M PBIHOK TOCyAap-
CTBeHHBIX 3aKa3oB. IIpHM Ha/JMYMM CIIPOCa TEXHOJIO-
rus 6ymeT pasBUBATHCS U OyZeT CTApaThCs yIoOBIEeTBO-
PSITB CIIPOC He3aBHUCHMO OT YPOBHS 9TOH TeXHOJOTHH
B JAHHBIN MOMeHT. M HaobopoT, Aaske IIPU yCIOBUH
[IOJIHOKM TOTOBHOCTH TeXHOJIOIHH, IIPH OTCYTCTBHH
PBIHOYHOIO CIIPOCa TeXHOJIOTHSI He OyneT mepemaHa
B MHJYCTPHIO U He CTAaHET BOCTPebOBAaHHOM.

HeobxoquMmo Takke IOHUMATh, YTO AJIsl PhIHKA He
KMMeeT 3HaueHHe [IOHATHE “MHHOBAaLlMH», TO eCTh CTe-
[leHb HOBM3HBI CaMOrO pelleHMs. MMeeT 3HaueHHe
JUIIb JOCTHKHMOCTh HEOOXOAMMBIX TeXHHUYeCKHX
IIapaMeTpPoB IIPH MHHHMAJIBHON Ceb6eCTOMMOCTH.
Ecniy 3TOTO CcoYeTaHMs IIpoOlle OOCTHYL IIPU Cylle-
CTByIOIIleM Habope TeXHOIOTUM (HAaIIpUMep, HCIIOJIb-
30BaTh JHUCKpeTHBIe KOMIIOHeHTHl BMecTo PHC), To
HOBbIe TeXHOJIOTHHU (B JaHHOM ci1ydae PHC) ppIHKOM
IoAxBavueHHl He 6yayT.

Kakuve mapaMeTpsl MOTYT OBITH JOCTHUTHYTEHI
€ ntoMowb0 TexHonoruu ®HC U HeJOCTHMKUMMBL IIPH
HCII0/Ib30BAHUK [JUCKPEeTHBIX KOMIIOHEHT?! Kak ysKe
OBLTIO CKAa3aHO BhIIIE, KOMIIAKTHOCTb U CTAOM/IBHOCTb.
LleHa >ke MOXKeT ObITb HHKe TOJIBKO IIPU YCIOBUH
MacCOBOrO ITPOM3BOACTBA, TO eCTb OOJIBLIOM eMKO-
CTH, COOTBETCTBYIOLIEL DPHIHOYHOM HMIIM, KOTOpas
B HACTOAIIMI MOMEHT JIUIIb popMmupyercs. ITo3Tomy
maccoBoe npousBonctso ®HC B HacTodllee BpeMs
B JII000M C/Iy4ae He OKYIIHUTCS, UTO U IOATBep>KIaeT
aHajaM3 3alaJHOTO PBIHKA: IIOKa YTO IIPOM3BOZ-
cTBo ®HIC 1 yCTPOMCTB Ha MX OCHOBe 35KOHOMHYeCKH
HEBBITOJHO.
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34ech CTOMT BCIIOMHHTH MCTOPUIO C Pa3sBUTHEM
TeXHOJIOTHMH YU PpbIHKa DUC (371eKTPOHHBIX HHTe-
rpanbpHBIX cxeM). CoBepIIeHCTBOBAaHHE TeXHOJOTHH
IIJI0 110 IIYTH YMeHbIIeHMs TeXHOJIOTHYeCKHUX HOPM,
410 6bUIO HEeOOXOAMMO MJIsi HOBBIIEHHS ObICTpPO-
IOeMCTBUS U sl pa3MelleHHs: OOJbIIero Koluue-
CTBa 3/eKTPOHHBEIX YCTPOHCTB B OJHOM TrajKeTe.
ITpx 5TOM BO3HHMKaja CHUTyallys, KOTJa 3aKyIlJIeH-
Hble TeXHOJIOTHH M TeXHOJIOTH4YecKoe 06opymoBaHHe
TOBOMBHO OBICTPO yCTapeBalo: JOCTATOYHO BCIIOM-
HUTb, KaK OBICTPO OBLI IPOMAEH IyTh OT IIE€PBBIX
MOOHUJIBHBIX TeepOHOB [0 COBPEMEHHBIX CMapTdo-
HOB. ®UPMBI, BBIIIYCKAWOIIHE 3JIeKTPOHHBIE YHIIH,
BBIHYK/I€HBI OBIIM Iepuofguuecku 3To obopymoBa-
HHe MeHSTb. B To >ke BpeMs cTapoe obopymoBaHHe
OKa3bIBaJIOCh HUKOMY He HY>KHBIM M B JIy4IlIeM CJIy-
4Jae I1eperpoaaBaaoch APYTHM y4aCcTHHKAM pBIHKA
HJIH IIPOCTO CKJIaJHPOBAIOCh/BBIOPACEIBAIOCK.
V3BeCTHBI UCTOPUHU, KOrja obopymoBaHUe yCIIeBaJIo
ycTapeBaTh 3a BpeMs IIOCTaBKM H Jake He pac-
IIaKOBBIBAOCh. B ciydyae ®MC TeXHOIOTHH TaKXKe
pa3BHBAIOTCSI, HO, B OTJIMYMeE OT CHUTYyallUU C 3JIeK-
TPOHHBIMH YHIIAMH, HeT HeOOXOAHMMOCTH B YJIyd-
IIeHWU TeXHOJOTHMYeCKUX HOpPM, a, BO-BTOPHIX,
B HaCTosilllee BpeMsi OTCYTCTBYeT HacyIlllHasl IoTpeb-
HOCTh phIHKa. TeM He MeHee, B 3THX YCIOBHAX
3aKylaeMble TeXHOJIOTMH U 00OpyZOBaHHeE TaKxKe
MOTYT IIPOCTO yCTapeTh 3a BpemMs GOPMHPOBAHHSA
IIPOM3BOJCTBEHHOM LIeMIOYKH. B HacToslee BpeMs
bosee ompaBmaHo 6bLIO 6B COCPeSOTOYUTBCS Ha
pa3paboTKke TexXHOJOIHM, a He Ha MacCOBOM IIpoO-
H3BOJCTBe, M He OTCTaTh OT TeKYUIHUX TeHJeHLHH
pasButusi ®HC. TakKke XOTenoch Obl MOAUEPKHYTH,
YTO Ppa3paboTka H/UIH COBEpIIEHCTBOBAHHE Tex-
HOJIOTHUM W MaCCOBOe IPOM3BOJCTBO II0 TaKOM Tex-
HOJIOTMHK — 3TO JBa JOCTAaTOYHO pasHBIX IIpoliecca,
KOTOpble, KaK IIPaBMUJ/IO, He COCPeJOTOYeHBl B paM-
Kax ofgHOH GHUPMBI, 3a HCKIKYeHHeM THIaHTOB
tuna INTEL u TSMC. B npoTuBHOM ciy4ae dpabprka
PHCKyeT 0Ka3aThCsd B CUTYalLlMH, Korjga BeITycK OHC
Ha TeXHOJIOTMYeCcKHd yCTapeBIIeM 060pyIOBaHHU
OKa>KeTCsl HeBOCTPeOOBAHHBIM, KaK 3TO YK€ ITPOMC-
xonuiio B cinydae JHC,

B CIIA u cTpaHax 3amafHoMN EBpPOIBI IIPOM3BOA-
ctBo OMIC B HacToslllee BpeMs COCPefOTOYEeHO Ha
¢upmax, KOTOphIe Pa3BUBAJIMCh B TECHOM KOHTaKTe
C YHUBepCHUTeTaMH (TO eCcTb HaUMHAJMUCh KaK CTap-
TaIlbl 1P YHUBepCUTeTax). B Hugepnanmax ¢upma
110 mpou3BoACTBY OHC BO3HUKIIA [IPU YHUBEPCUTETE
SHMHIXO0BeHa, a B 'epMaHUM 3Ta TeXHOJIOTHS pas-
BMBajachb Ha 0a3e OJHOro M3 HMHCTUTYTOB coobie-
cTBa ®payHrodepa B BepnuHe. B nr060Mm ciydae, And
BBIXOZA Ha PeXHUM paboThl OMBITHOTO IIPOH3BOJ-

596 POTOHUKA TOM 18 N2 8 2024

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
KOH®EPEHLU UMW, BbICTABKN, CEMUHAPDI I
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

cTBa moTpeboBasioch mopsaka 10-15 jeT U MHBeCTH-
LMK B pasmMepax MHJ/UIMAPAO0B L0J/JIapoB. [l TOro,
4TOOBI IOCTPOUTH OINBITHOE IIPOM3BOACTBO C HYJIS,
B HacTosiIee BpeMsi HeobxoarMo: a) obopymoBaHUe
C TeXHOJIOTHYeCKMMH HOpPMaMH He XyxXe 90 HM,
6) OmBITHBIe HMH>KEHephbl, YacThb M3 KOTOPHIX (XOTs
6Bl OAMH) ykKe OIHAXKIBl IIpOIIes IOAOOHBIN IIYTh
CO3JaHMsl TaKOIO MpPOM3BOACTBa. Torga BpeMs OT
Hadasna co3fgaHus ¢abpuku bymeT He MeHee 5 jeT
1,0 BBIIIYCKa OMBITHBIX 00pa3lioB, IIPHU 3TOM pa3Mep
MHBEeCTHLIMH TeM He MeHee H3MepSeTcs B CYMMY
IOpsAKa MU/ITHAPAA H0/IAPOB.

Kakue 3aa4H CTOAT epes HH>KeHepaMH

B TeKyILIHE MMepHOJ, Pa3BUTHS TeXHOJIOTHH
npou3sBoacTBa PHC?

B npousBoacTBe ®UC 3a4elCTBOBAHBI HECKOIBKO
3TANoOB, KaXXKABIM K3 KOTOPBIX [JOCTATOYHO CIell-
udpuvyeH. B mepByro ouepensb HeobXO0OUMO CHeNaTh
nusanH ®UC, [gag 4dero HYKHBI CIeLHalH3UPO-
BaHHBIN CAIIP U HHXeHephl, yMelollHe C 3THM
CAIIPom pa60TaTb. COOTBETCTBEHHO, He0O0XOIHMMO
KaK 06y4aTh MHKeHepoB I paboThl Ha TaKOM CIIe-
nuanusuposanHoMm CAIIPe, Tak U CO3[aBaTh CBOM
oTeuecTBeHHBIN CAIIP (B HacTosliee BpeMs oTe-
YeCTBeHHBIM NPOrPaMMHBIN IPOAYKT Takoro pona
OTCYTCTBYET).

Hanee npnas mnpoussoacTBa OHC Heobxomuma
dabpuka HIM OMBITHOE IIPOU3BOACTBO. BOIpPOCEH
IIOCTAHOBKHM TaKOIr0 IIPOM3BOACTBA S OIIHCal
BBHILIE, 3[eCh JIMIIb XOUy elle pa3 HOAUYePKHYTh,
YTO B HaCTosilllee BpeMsl B POCCHH, C MOeH TOYKHU
3peHHUs, OIpaBAAHHBIMHU SBJISIOTCS HHBECTHLHUH
B OIIBITHOE IIPOM3BOJACTBO B TECHOM KOOIlepallhH
C YHUBEpCUTETaMH, a He CO3JaHHe KOMMepYecKH
OIIPaBIAHHOTO0 MAaCCOBOrO MPOU3BOACTBA. B m0boM
c1ydae, HeobXOOWMO pellaTh 3afadyM, CBsSI3aHHEIE
HMEHHO C TeXHOJIOTHeH co3maHusg OUC.

CrnenyoIyM 3TallOM SIBJSeTCS CTHIKOBKa M KOP-
nycupoBka rotoBeix @HC. CTBHIKOBKAa II03BOJSET
06beqUHSITH HEeCKOABKO YMIIOB B OJUH, HaIIpPHUMeP,
YHUII C Ja3epoOM C YHIIOM C MOAYISATOpPaMH H/HIHU
CIIeKTPOMETPAMHU U T. . TakKe HEOBXOOUMO UMETh
B IIOpTdesie TeXHOJIOTHIO CTBIKOBKHM C OIITHYe-
CKMMH BOJIOKHAaMH U 3JIeKTPHYECKUMH KOHTAK-
TaMHU. [anee [Jsi TeCTUPOBAHHUS KOO CO3mAHHUS
KOHEYHOI'0 YCTPOHCTBA Heo6X0quMO pa3pabaThBaTh
M M3rOTaB/JIMBAaTh IJIAThI, HAa KOTOpble bymeT ycra-
HaBnuBaTbcst PHUC. B maHHOM ciydyae Heob6XO0oHUMO
pellaTh BOIIPOCHl TeOMETPUUECKON COBMECTUMOCTH,
JOCTYIIHOCTH, TeIlJIOOTBOZA, a TaKkKe CTBIKOBKH
C 7eKTPUUYeCcKHMH KOHTaKTaMu. [locnenHue Heob-
XOAMMO CKOHCTPYHPOBATh TakKKM obpa3om, YTOOBI
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II0laBaeMBIM BBICOKOYACTOTHBIM CHUTHAJI (MIHMPHHA
onockl o 40 u Beime ITIH) coBmagan IO KMMIIe-
NAaHCy C IeKTpUYeCKMMHM KoHTakTamu QPHC. Ha
OAaHHON cTaniuu Heobxomuma paboTra Kak TexHO-
JIOrOB, TaK W JH3aHHEPOB BBICOKOYACTOTHOM 3J€K-
TPOHUKH, KOTOpPble OYAYT pellaTb I1epeuHrC/IeHHbIe
BBIIIIE 33/Ia4UH.

HakoHell CKOHCTpPyHpPOBaHHbIe, H3TOTOB/IEHHBIE
1 3axkoprycupoBaHHble ®HC HeobXoAHMMO IIpoTe-
cTupoBaTh. TecThl roroBbix OHC mpoBomsaTCa Ha
HH3KHX HacToOTax (IIOTepH, CIIeKTPaJIbHBIe Xapak-
TePUCTUKHU, IIPONYCKaHHE MOJYJISATOPOB B 3aBHCH-
MOCTH OT IIOJaBaeMOro CHUTHala U T.ZH.), a TaKKe
Ha BBICOKMX YacTOTax IO CIlelHaJbHBIM IIPOTOKO-
JaM M MeTOJMKaM, IPUHSTHIMU K60 B TeleKoMe,
nubo B panuodoTOHHKe. B mocnegHeMm ciaydae
HeoOXOJHUMO NPOMEePSATh AMIUIUTYAHO-YaCTOTHYIO
1 $a30BO-4aCTOTHYIO XapaKTepUCTUKU (AUX u OUX),
KOTOpble U3MePSIIOTCS C IIOMOIIbI0 BEKTOPHOrO aHa-
nAu3aTopa, a TakKe TMHENHOCTh MOAYISILUU. B ciy-
4Jae TejlleKOMa JIMHEHMHOCTb MOZAYJISLIMU He IIpoBe-
psaetcs, a AUX 1 @UX MOKHO IIPOBOAUTH B KAUeCTBe
IIpelBapUTebHBIX TeCcTOoB. OCHOBHBIMH Ke
TecTaMU SIBJISIOTCS, TaK Ha3blBaeMble, TIJIa3KOBBIE
JUarpaMMBbl M TeCT Ha CKOPOCTb BO3HHUKHOBEHHS
omubok. [Iyisi 060KMX TeCTOB HY>KeH HCTOUYHHK CIIy-
YaHHBIX BBICOKOYACTOTHHIX IIOC/IeA0BaTeIbHOCTEH
nudposoro curuana (PRBS - Pseudo Random Bit
Sequence Generator), sl [JIa3KOBOM AHUArPaMMBL —
OpicTpBIE ocuIorpad (BO3MOXKHO CTPOb6OCKOIU-
YeCcKH), a /ISl TeCTOB Ha CKOPOCTh BO3HUKHOBEHU I
omubOK — CIIeLMAJIBHBIN AHATU3aTOP CKOPOCTH BO3-
HuKHOBeHHs omubok (BERT - Bit Error Rate Tester).
Bce Tpu 3THX mpubopa AOCTAaTOYHO CIIEIHMPUUHBI
KaK B CMBIC/Ie JOCTYIIHOCTH, TaK U B CMBIC/IE KOMIIe-
TeHUUH paboTsl ¢ HUMU. B mpuHnuIe, mogobHoro
poZa TecThl (T71a3KoBble AUArPaMMBbL U CKOPOCTBb BO3-
HHUKHOBEHHS OIIMNO0K) LOJIKHEI Jenathes 1 ¢ ®UC 1o
KOPIIyCHPOBKH, II0TOMY 4TO oTbpakoBaHHBle PHC
KOPIIyCUPOBAaTh, pasymeeTcs, He HyXHo. OnHaKO
TAaKOT0 POJa TeCTHl TPebyIT HAIHU4YHS B OLHOM
MecTe 30H[OBOM CTaHLMHU (YyCTaHOBKA, I103BOJISIO-
mas paboTaThk C He3aKOPITYCUPOBAHHBIMH YHUIIAMH)
KM BBICOKOYACTOTHOrO 000pynOBaHHS (BeKTOPHBIA
aHanu3aTop, 6bICcTphIk ocunorpad, PRBS u BERT).
B HacTosiIee BpeMs TaKoro poja a1abopaTopus MHe,
[0 KpalHe Mepe, HeH3BeCTHa. Ilocie KOpHycHpoO-
BaHUS HeobXOLUMOCTh B 30HAO0BOM CTAaHLIMK OTIIA-
IaeT, HO U IIPOCTO HaJM4YMe B OLHOM abopaTopuu
6LICTporo ocumyiorpada, PRBS u BERT mocTaTo4HO
HeTHUIIMYHO. 5 IyMalo, YTO OTCYTCTBHE KaK II0CIes-
HHUX ABYX IPUOOPOB, TaK U OMBITA paboThl C HUMU
SIBJISIETCS CJIeACTBUEM HeJOIIOHUMAaHHUS TOro PaKTa,

4TO M100ble PaboThl ¢ HHMGPOBON HHOOPpMALIKEH Tpe-
OyIOT MMEHHO TaKoro poJa NpUbOpoB U TeCTOB.

TakuM obpasom, HeobxomyMo ocHalleHHe 1abo-
patopuii, Kotopsle paboTator ¢ ®UC, MOCTAaTOUHO
cnenudryUecKUM 000pyLOBaHLEM.

IIpu 3ToM HeOob6XOZHMMO OISITh-TAKH Pa3[essiTh
Habop TecToBOro 060pymOBaHUS /IS ONBITHOIO IIPO-
HM3BOACTBA U ISl AU3aNH-IIeHTPOB. [lejio B TOM, UYTO
dabpuka cosgaer OHC mo AMU3aKHY, MONTyYeHHOMY
M3 JU3aMH-LeHTpa. 3afadell (abpUKU SBISETCS
co3gath ®UC, a He obecredyUTh ero GYHKIMOHATB-
HBle IapaMeTpel. Hampumep, 3amaver ¢abpuku
SIBJISIeTCSL CO34aTh CBETOBOA pasmepaMu 250 Ha 300
HAaHOMETPOB WU JJHMHOH 500 MHKpPOMETPOB, IIPHU
3ToM pabprKa rapaHTHUPyeT MMEHHO 3TH Pa3Mephl,
a He To, Kak II0 3TOMY CBeToBoAy bOymeT pacmpo-
CTPaHATHCS CBeT. To ecTh pabpuKa AOKHA IIpoBe-
PSITh COOTBETCTBHE Pa3MepOB U MaTepHaIoB (CTPYK-
TypHble IIapaMeTpHl), a He TO, KaK, COOCTBEHHO,
dyakunonupyer nanHaga QUC (PyHKIHOHAIbHBIE
mapameTpsl). IIpoBepKa IoOCAeJHHX eCThb 3afava
HMeHHO AH3alH-LleHTpa, KOTOPBIM M 3aKjlaJbIBajl
TOT UK UHOM QYHKUHOHAI B Au3auH OPUC. IIpose-
psAst GyHKIMOHAIbHBIE IAPAaMeTpPHl, OHU3aMH LeHTP
MOXKET BHOCHUTb B KOHCTPYKLIMIO M3MEHeHHUS [IJid
yiaydlieHHUs: QyHKIIMOHAJIA, PeajlM30BEIBASI TaKHUM
obpa3om ob6paTHyI0 CBSI3b. TecTHpoBaHHE QYHKIIM-
OHAJIbHBIX IIapaMeTpPoB B paMKaX IIPOM3BOJCTBA
(@a>ke OMBITHOIO) MMeeT CMBIC TOJIBKO B Cydae
Ha/lH4YHs CBOEro AH3aMH-LleHTpa. ECIM >Xe IpH-
HHMaTh BO BHUMaHHe CTPYKTYpy 3KocucTeMsl OHC,
TO Ha BecbMa OIPaHUYeHHOe KOIH4YecTBO Gabpux
IPUXOAUTCS OOJIbIIOe YKCI0 AU3ANH-LIeHTPOB, s
KOTOPBIX IIOKYIIKa COOCTBEHHOrO IapKa BBICOKOYA-
CTOTHOTrO 060PyINOBaHUS SIB/ISIETCS B OOJBIIMHCTBE
C/lydaeB HeMNOAbeMHOM 3ajader. [I03TOMy ONTH-
MaJIBHOM CTPYKTYypoM 6b110 6Bl CO3maHHe ITOMHMO
OU3ANH-LIIeHTPOB elle K TeCTOBBIX YCTaHOBOK
obmiero mosnbp3oBaHUs. [ 3TOT0 HYXKHBl KOMIIe-
TEeHTHBIe TeXHHKH - ONepaTopbl Takoro popaa o06o-
pyZIOBaHHS, IOJATOTOBKA KOTOPBHIX Takxke Tpebyer
OTZ,e/IbHOIO0 BHUMaHMUS.
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