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HasBaHa camas 60nbiwas yrpo3a Ans MUPOBOIi SKOHOMUKM

Camast 60JIbIIIas1 yTPO3a IJISI MEPOBOM 9KOHOMUKHU COCTOUT B IPEISATCTBUAX TOprosie. O6 aToM 3asBuIa Oymy-
LU IpefcenaTeIb EBpomeiickoro meHTpaabHoro 6anka Kpucrun Jlarapn, nepegaer Reuters.

ITo ee cnoBam, KpymnHeiias skonoMuka Mupa — CIITA ocTaercs B xoporeM cocTostHUH. «OHa B 09€Hb XOPOIIIeM
CoCTOsIHUM», — 3axmodmia Jlarapz. Io ee mpornosam, nmomumHsl, BBefeHHbIe CIITA 1 Kutaem Bo BpeMsi TOProBOro
TIPOTUBOCTOSIHUS, IPUBEMYT K TOMY, 9T0 B 2020 TO/ly TeMIIbI POCTa MUPOBOI 9KOHOMUKH cHu3sATCA Ha 0,8%.

B mHauase aBrycra Bloomberg 3aiIioqmI, 9TO BepOSITHOCTD peliecCHy (3aMeIJIeHUs] TeMIIOB POCTa 9KOHOMUKH)
B CIITA B OIIDKAHIINIA TO], yBeIMIIIACh U Tellepb PaBHsETCs 35%. AHAUTUKY CIUTAIOT, YTO AMEPUKAHCKAst 9KOHOMH-
Ka BBIpacTeT Ha 2,3% 3a 9TOT T'Of, XOTsI ellle B HI0oJIe ObLIX HACTPOEHBI ONTUMUCTHYHEE U Ha3bIBAIX UMDY B 2,5%.

Toprosast BoitHa Mexny CIIA u KuraemM HIpomo/DKaeTcs IMOJNTOpa rofa. BaIIMHITOH XO4YeT HOOUTHCS
ot ITexuna 6oJ1ee CIIpaBeInBOrO TOPTOBOTO COMIAIICHNS C IOMOIIBIO TOPrOBBIX 6apbepoB. CTOPOHBI He Pa3 [aBa-
JIM HaJIe)KIy Ha IIpeKpallieHrne KOH(INKTa, HO 3aTeM OOBHHSIIM APYT APYyTa B HeBBIIOIHEHHN 0053aTeIbCTB.

2 VcrouHuk

Bnactu PO ncyepnanu MHCTPYMEHTDbI ANA YCKOPeHNUA SKOHOMUKK, Kpome HapallBaHUA rocpacxonos

JeduuuT JacTHHIX HHBECTUINI Ha (OHE IJIOXOr0 MHBECTKINMATA, OTPAHUICHHBIN CHIDKEHIEM JOXONOB Ha-
cesteHUst CIabbIi MOTPEOUTENILCKIIT CIIPOC U OTCYTCTBHE PeOpM He OCTABJISIOT POCCHUIICKAM BJIACTSIM IPYTOTO
BBIOOpA, KPOMe HAPAIIMBAHUS TOCYIAPCTBEHHBIX PACXO/IOB, YTOOBI IPUOIN3UTHCS K LIeJIN Ipe3uieHnTa Biagumupa
IlyTuHa 1 HOACTETHYTh 9KOHOMUYECKUU POCT, TOBOPAT 9KOHOMUCTBL.

OpHako BHEIIHNE U BHYTPEHHUE OTPAHUYEHHSI MOTYT CHU3UTH 9 (PeKT rocpacxoioB Ha 9KOHOMUKY, YKa3bl-
BalOT OHU.

B moucke MHCTPYMEHTOB /IJIsI YCKOPEHUSI 9KOHOMUKH YNHOBHUKK (DUHAHCOBO-9KOHOMHUYECKOTO 6JIOKa I1pa-
BHTEJICTBA BCE Yallle CHOPST 00 aJbTepPHATUBHBIX JpaliBepax, IepeKIabIBas [PyT Ha [pyTa OTBETCTBEHHOCTD 3a
BsUIBIN pocT. EfiBa 3aTUXHYBIIAst IyOIMYHASI AUCKYCCHS O BIMSHUM [TOTPEOUTEIHCKOTO KPEIUTOBAHNS HA 9KOHO-
MUKy CMEHUJIACh HOBOH — TPAaTUTDb UJIU He TPATUTDb Pe3epBbl, U €CIH 1a, TO KaK.

Ha crapre o4epeqHOro mpe3uneHTCKOro cpoka IIyTuH Impu3bIBal K TeXHOJIOTHYECKOMY IIPOPBIBY U BBIBOLY
Poccuu B Ton-5 KpynHeRmnx S5KOHOMHUK MUpa.

Poccuiickne ByacTi KIyT, 9TO pOCChiicKas 9KOHOMHKA BbIpacteT B 2019 roay Ha 1,3% mo cpaBHeHuIo ¢ 2,3%
B 2018 roxy. I[Tporunos Ha 2020 rox ObL1 HelaBHO CHIDKEH 110 1,7% ¢ 2,0% panee.

«Y Hac 9KOHOMHYECKas IIOJIUTUKA — 3TO UCKYCCTBO BO3MOKHOTO. IIOHATHO, 4TO B TaKUX YCJIOBUSX, IIPHU Ta-
KOM HMHBECTKIUMATe 3aIlyCTUTh WHBECTULMOHHYIO MOJIEJIb POCTa MOKHO TOJIBKO B PeKUMe PYYHOIO yIIpaBJIeHHUS,
TOJIBKO 3a CUeT ToczieHer», — cka3an Kupnir Tpemacos u3 «Jloko-MHBecT», KOTOPBIi paHee BO3MIABIISUI MAKPO3d-
KOHOMMYECKHUU JellapTaMeHT MUHOKOHOMPa3BUTHUA.

BHeHsisi KOHBIOHKTYpa 100aBJIsSIeT HEraTHBa B BH/E CAHKIIHIT, TOPTOBBIX CIIOPOB U PUCKOB 3aMEJIICHISI TeM-
II0B pOCTa MUPOBOM 9KOHOMUKU BILIOTH [O PELleCCUH, YTO IPUBOAUT K OTTOKY CPe[ICTB HHBECTOPOB C Pa3BUBAIO-
IIUXCSI PHIHKOB.

«Y KOMITaHHUIl HET CTUMYJIA YBEJININBATh NHBECTUIINU U OPATh IOIIOJHUTEIbHbIE KPEIUTHI B GaHKAX, IOTOMY
YTO OHH He BUAAT IIOTEHIaJ POCTa CIIPOca Ha Ty IPOAYKIUIO U yCIYTH, KOTOPble OHU MOL'YT IIOCTaBJIATh. B aTOM
CUTYallUH YBEJIMYUTH TEMIIBI POCTA WX IBUHYTH 9KOHOMUKY MOJKET, II0 CYTH, TOJIBKO TOCYIAPCTBO», — CYUTAET
rinaBHbIN 9KoHOMUCT BKC Brragumup Tuxomupos.

BiracTu pacCYUTBHIBAIOT, YTO TOTIOK D9KOHOMHYECKOMY POCTY IpHUAAAyT 12 HaIIIPOEKTOB U IUIAaH MOIEpPHU3a-
1uu nHQPPACTPYKTYPhI, KOTOPBIE BBITEKAIOT 3 OYEPEIHOTO MAICKOTO yKa3a Ipe3nsieHTa. FIX CTOMMOCTb OIleHNBa-
ercst B 13,1 TpiH py6ieit no 2024 ropa.

OpHaKo UX BJIMSIHUE HAa POCT ITOKA OTPAaHIYEHO HEOCTATOYHOM IPOPabOTKOI HAI[IIPOEKTOB, HEXBATKOM U/Iei
IJISL MACCOBO¥I 3aCTPONKHU U TPAJUIIOHHOI IIpo6sieMoit HeadPEeKTUBHOCTH HCIOTb30BAHIS CPEIICTB, YKAa3bIBAIOT
9KOHOMHMCTBI.

ITo omenxe CYeTHO HajaTel, B IEPBOM IIOJIYTOJUHM HAIlMOHAJIbHbBIC IIPOEKTHI ObUIM MPOGUHAHCHPOBAHBI
Ha 32% ot royoBoro 1wiana — 560 mipa us 1,8 Tpiu py6ieit. Ha cepenuny ceHTs0pst MuHQHH OlleHIBaeT Kacco-
BO€ HCIIOJIHEHHE HAIIIPOEKTOB B 47%.
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Llenbl Ha MOAYNU NaMATY nepecTanu Nafaatb, a Adjiblue rpaaeT noAopoXKaHue

KOHTpaKTHbIe IIE€HbI MO,[LY)Ieﬁ IIaMATH 010 [IK CTa6I/IJII/ISI/IpOBaJII/ICb, COO6I.I1£1€T AHATUTUYECCKAasd KOMIIQaHM

TrendForce. CoInacHO CBe)XeMy OTUeTy, CpelHsis IieHa Moxyiaeii DRAM o6bemom 8 I'6afiT cocTaBmIa B aBrycTe
$25,5, 1 9TO POBHO CTOJIBKO ke, CKOJIBKO TaKasl IIaMsATh CTOMJIA MecsiiieM paHee. 11, 10 MHEHUIO aHaTUTHKOB, IeHbI
B CEHTOpe Ha MOMIY/IU IIAMSTH TOXKe He JeMOHCTPUPYIOT HUKAKUX IPU3HAKOB H3MEHEHISL.

VIHBIME CJI0OBaMH, PHIHOK MOJyJIell TaMsTH, KOTOPOMY B IIOCJIefIHee BpeMsi ObLIO CBOMCTBEHHO BecbMa OypHOe
IIOBeJIeHIe, BOLIIe B IepHof 3acTosL. Ho 9T0 JINIID HavaIo: IIIaHChl BO30OHOBIICHMS [TaIeH s IIeH Ha [IaMsITh IIPaK-
TUYeCKU CBeleHbl K Hyio. bosee Toro, nagee mporHo3upyercs HOBOE IOJOPO’KaHUE YUIIOB U Moxmyneir DRAM,
KOTOPOE MOKET Pa3BEPHYTLCS B IIOJIHYIO CHIIY BO BTOPOII IIOJIOBHHE CJIETYIOIIETO TOMIa.

B mpexpaiieHun IPOJOJIKABIIETOCs JIONArOe BpeMsl CHIJKEHUS LIeH Ha IIaMATh IOBHHHO CpPa3y HECKOJBbKO
(akTopoB. Bo-IIepBBIX, CBOIO POJIb ChIrpajla HAIPSDKEHHOCTh Mexay Snonueit u IOxuoi Kopeeit, B pesyiabraTe
KOTOPOII BeflylIye IPOU3BOAUTENN YUI0B DRAM MOIIH JINIIUTHCSI HeOOXONUMBIX MaTePUaJIOB AJISI IOJIYIPOBO-
IHUKOBOTO IIPOU3BONCTBA. HecMOTps Ha TO, YTO CHUTYaIlHsl Pa3pellnIach U SIIOHCKOe IPaBUTEIbCTBO OLOOPHIO
HOCTaBKH (OTOPE3UCTOB U PTOPUCTOTO BOAOPOIA KOPEHCKIM H3TOTOBHUTEIISIM YUIIOB, BOSHUKINNE TPEHH 3aCTa-
B OEM-npousBonuTesieil 3alyMaThCsl O MUHIMHU3AaLUU PUCKOB, YBEJIMIUTD 3aKYIIKU U CPOPMUPOBATH 3aIIac
Mmonyieir DRAM Ha cBoux ckiragax. KpoMe TOro, Ce30HHBIN POCT CIIPOCa ObLI TOIOTHUTEIBHO YCUICH OIIACeHMUsI-
MU II0 ITOBOJly BO3HUKHOBEHHS 04€PeJHOTrO payH/ia IIOBbIIIeHNs BBO3HBIX romauH B CIIA, 4To moTeHnuanibHO
MOKET 3aTPOHYTh U IIaMsATh. B KOHEYHOM MTOTe CIIPOC Ha IaMATh OKa3aJICs BbIIIIE IIEPBOHAYATBHBIX OKUITAHUI,
9TO ¥ IIO3BOJINJIO ITOCTABIIUKAM He CHIKATh IeHbl Mopysieii DRAM B TedeHMe TpeThero KBapTaia.

K cokaneHuro, ocTaHOBKa I1aJieHUs 1IeH — sIBJI€HHe OTHIONb He BpeMeHHoe. Kak roBopsT aHaJINTHUKH, Te-
nephb CieflyeT OKMIATh Pa3BopoTa TpeHna. Jley1o B TOM, 4TO BCe BefylIue MOCTABIIUKI YUIIOB MAMATH, BKIIOYas
Samsung, SK Hynix u Micron, CHU3M/IM KalluTaJIbHbIE BJIOKEHUA B PACIIMPeHNe IIPOU3BO/ICTBEHHBIX MOIITHOCTEMH
Ha CJIeYIOIINI Tojl B cpefiHeM Ha 10% OTHOCHTEIBHO TEKYIIHUX TpPaT.

Taxk, Samsung BooO1e He IUTAHUPYeET HapalluBaTh TpousBoncTBo DRAM B cirenyromem romy. XoTs BO BTOPOI
IIOJIOBHHE TOJja KOMIIAHUS JTOJDKHA 3aIlyCTHTh BTOPYIO (habpUKy B IIPOU3BONCTBEHHOM KOMILIEKce B IIXeHTX9Ke,
OHa OyJleT y4acTBOBATh B IIpOIiecce IepeBOa MOITHOCTEN KOMIIAHIH Ha COBPEMEHHBII TEXIIPOIecC ¢ HOPMaMH
1z HM, TO eCTh HUKAaKOTO BJIMSHHS Ha 00BbeMBbI IOCTAaBOK He oKakeT. HoBas dabpuka M16 xommanuu SK Hynix
Gyzet BBelleHa B CTpoil He paHee 2021 roza, a Ha jeiicTByromiein pabpuke M10 eMKOCTb IIPOM3BOCTBEHHBIX JIU-
HUH, OTBeIeHHBIX 1071 unutibl DRAM, HanpoTus, ©MeeT TeHIEHIINIO K YMEHbIIIEHHIO, IOCKOJIbKY 3TOT IIPOU3BOMIM-
TeJIb OT/IaeT IPUOPUTET IPYTUM THIIaM IPOAyKIuK. HakoHer, He CTOUT 0)KUJATh CYIIeCTBEHHOTO POCTA HOCTAaBOK
1 co cropoHbI Micron. XoTs 9Ta KOMIIAHUS JOCTPaMBaeT IIPOU3BOICTBEHHBIN 00BEeKT B XUpocuMe, OH OyzieT Hc-
TI0JIb30BAH JIJI1 OCBOEHUsI HOBOTO TeXIIpoIlecca 1z HM 1 TOKe He CMOYKET BHECTU BKJIAJ B yBeJIMYeHUeE ITOCTaBOK.
EnuHCTBeHHas HaJle)kIa MOKeT OBITH CBSI3aHA C HOBOH TaliBaHbCKOU (pabpuKoit Micron, 0flHaKO aHAJTUTUKU TOBO-
PAT, YTO TaM ceifidac UAyT Iy CKOHAJIAaIOYHbIe paOOTHI M MAJOBEPOSITHO, UTO €€ IPOAYKIIUS OKaKeT CyIIeCTBeHHOe
BJIHMSIHIE Ha 06beMBI IIPOU3BOMICTBA.
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Komanpa Foxconn, paspa6artbiBaBiias micro-LED, pacpopmupoBana

Komnianus cokpaiiaeT pacxo/bl.

ITo maHHBIM OTpacjeBBIX MCTOYHHKOB, MCCIEN0Ba-
TeJIbCKasl IPyIIa, B POIIJIOM rofly co3ganHas Foxconn
Electronics Ha Ipou3BOACTBeHHON 6a3e B IIIoHBbWKOHE
Ha lore Kurtas 1 3aHEMaBIIascst pa3paboOTKOU TeXHOJIO-
ru micro-LED, pacopmupoBaHa.

I'pymiie IpefcTosuIo paspaboTaTh AUCIUIEM MICro-
LED s «yMHBIX» 4acoB U cMapTdoHoB. IlepBoHa-

JaJIbHO KoMmaHusi Foxconn dunancuposara HAOKP
13 COOCTBEHHBIX CPEICTB, HO BIIOCJICICTBUAU IIPHUIILIOCH
IIOJIaTaThCsI Ha BHEIITHee pUHAHCHpOBaHKe. [TOCKOIBbKY B JOCTATOYHOM 00beMe ero 00eCIIeduTh He YAIOCh, TPYII-
Iy IPHUIIUIOCh PacOPMUPOBATE.

B 2017 roxy xommnanus Foxconn maBecTrpoBaia 0koio $10 MitH, 9T06b! Iprobpectu 45,5% aKmuii MOJIOAOM
aMepUKaHCKOI KoMITaHUU eLux, paspabarbiBarorieil TexHoxoruto micro-LED. Ho B mociensee Bpemst Foxconn
CTPEMMTCSI COKPATUTh OIIEPAITMOHHbIE PACXOIbI, 9TO U CTAJIO IPUYMHON MPEKpaIlleHNs HHBECTUIIAI B ACCIIeN0Ba-
Hus B obsactu micro-LED.

7 Vcrounuk

Batom rogy Ha Npou3BOACTBO NaMATU NpUAeTCA 43% KanutanoBnoXeHui
B ﬂOﬂYﬂpOBOAHMKOBOﬁ oTpacnun

Takoit mporuos maiot creruanucts IC Insights.

3aTpatsl, CBSI3aHHBIE C BBITYCKOM MHKPOCXeM IIaMSTH, B IOCIeIHIe TOIbL CTaIH IBIDKYIIEN CUIIOH OBICTPO-
IO POCTa KaIIUTAIOBIOKEHUH B IIOIYIPOBOIHUKOBOM OTpacan. OJHAKO K HACTOSIIIEMY MOMEHTY OOJIBIIIHCTBO
TIJIAHOB PacIIMPEHMs U MOJIEPHU3AIMHY YyKe 3aBEpIIIEHO MJIM BCTYIMIO B 3aBepIIAIONIYIO CTaguio. B pesymbrare
COOTBETCTBYIOINAsl BOJIHA PACXOZIOB IIOIIUIA Ha CIIafl. B 9ToM rogy Ha IpoM3BOACTBO MaMATH puieTcs 43% Kxamu-
TaJIOBJIOKEHHUH B IOTYIIPOBOAHUKOBOI OTpacin. TaKkoi IPOrHO3 JAalOT CHENUAINCTI aHATUTUIECKOH KOMITAHUHI
IC Insights.

st cpaBHeHus: B 2013 rofy KamBJIOXKeHHsS B IIPOM3BOACTBO IAMITH cocTaBmsuiu 27% ($14,7 muipn),
ax 2018 romy OHU yBeJIHYHINCH JO PEKOPIHO BHICOKOTO 3HaYeHMs 49% ($52,0 Mmurpx noutapos). IIpusenernoe pa-
Hee 3Ha4YeHHe 43% B a0COTIOTHOM BBIPQKEHUHU COOTBETCTBYeT $41,6 MiIpa noiutapos. OTo Ha $10,4 MiIpI MeHblIIe,
YeM B IIPOILIOM rogy. CokpallleHre KauTaIbHbIX 3aTpaT B cerMeHTax DRAM 1 ¢iIemn-maMsaTi IpOrHO3UPYeTCst
Ha ypoBHe 19 1 21% cOOTBETCTBEHHO.

MamATb - Aona B KanuTtanbHbIX pacxogax
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UcToHuuk: IC Insights

ITo mporuo3am aHaJIMTUKOB, COBOKYIIHbIE KallUTaJbHbIE 3aTPAThl Ha BBITYCK IOTYIPOBOHUKOBLIX U3JeTUI
B 2019 romy coxpatsTcs B neaoM Ha 8%, 1o $97,8 Mipa. B poIioM rogy Ux ypoBeHb 0Ka3aJIcsl PEKOPIHO BBICOK
— 6bLTa focTurHyta ormerka $105,9 mipa.

A VIcTOYHUK



https://www.ixbt.com/news/2019/09/24/foxconn-micro-led.html
https://www.ixbt.com/news/2019/09/11/v-jetom-godu-na-proizvodstvo-pamjati-pridetsja-43-kapitalovlozhenij-v-poluprovodnikovoj-otrasli.html
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bIHOK] Poccuiickuin pbivo

Kak 6ymyT ctpoutbca cetn 5G B Poccun

Tocnpennpustue «HaydHO-HCCIeIOBATeIbCKUI HHCTUTYT pannro» (HHUP) moaroToBUIO IPOEKT KOHIIEIIIAN
CTPOUTEIbCTBA B POccHU ceTell ClIefyIOIIero, IITOr0 IIOKOJIEHHUs COTOBOM cBsA3M (5G). [JOKyMeHT OIHUCBIBAET ITyTH
CTPOUTEIBCTBA CeTell 5G ¢ yueTOM Pa3IUIHbIX CIleHapUeB IPUMEHEeHUs OyIyIIIX TeXHOIOTHIA.

B cersix 5G mpefyCMOTPEHO TPU OCHOBHBIX CII€HApUsl IpUMeHeHHs. I1epBhlil U3 HUX — YCOBEPIICHCTBOBAH-
Hast noaBmwKHas cetb eMBB (Enhanced Mobile Broadband) — mpencraBisier co60ii pa3BUTHE TeXHOJIOTUI MO-
6unbHOro MHTepHeTA.

JlaHHAasI TeXHOJIOT Y IIPEIOCTABILIET YCIyTH, OPHEHTUPOBAaHHbIE Ha YeJI0OBEKa, U 00eCIIeYnBaeT TOCTYII K MYJIb-
tuMenuitHoMy KoHTeHTY: Ultra-HD, 3D-Buzieo, OHIaiH-UTrPbI, BUPTYaIbHAs U JOIOJIHEHHASI PeaJbHOCTD, PACIIIN-
PeHHbIe CepBHCHI COLIUATBHBIX CeTell, 0OIaYHbIe CEPBUCHI, My3bIKa B PeaIbHOM BpeMeHH, BellaHue. [t paboThl
eMBB Heo6X0IMMBI MyJIbTUTUTAOUTHBIE CKOPOCTH ITepefad NaHHBIX, 9HeProdaddeKTUBHOCTD U 9(PdeKTUBHOCTD
HCIIOJIb30BAHUS CIIEKTPA.

Jpyroii creHapuii — KpyIHOMAcIITabHbIe CUCTeMBbI MeKMAIINHHBIX KoMMyHuKanui (MIoT, Machine Type
Communication) — IpuMeHUM IJIs1 paGOTHI MHOMKECTBA MONKIIOYECHHBIX YCTPOUCTB, IIePeIalOIIIX OTHOCHTEIBHO
He6OJIBIIION 06'beM TAHHBIX, He CTOJIb IyBCTBUTEIBHBIX K 3aIepyKKaM

OH OyzeT IPUMEHATHCSI B 9HEPreTUKe, TPAHCIIOPTe, 3IPaBOOXPAHEHUH, TOPTroBye, OOLIeCTBeHHO! Oe30Iac-
HOCTH, TpoMbIuleHHOCTH, JKKX, 6eCIIMIOTHBIX TPAaHCIIOPTHBIX CHCTeMax. it pabOThI 9TOTO CLieHapusl Heo6X0-
I¥MMa HU3Kas CTOUMOCTh AOOHEHTCKUX YCTPOUCTB IIPH HOAIep>KKe OOJIBIION 30HBI OXBAaTa U IPONODKUTEIBHOTO
BpeMeHH (PYyHKIIMOHUPOBAHUS yCTPOUCTBA OT OaTapen.

Tpernit crieHapuit mpuMeHeHuUst ceteit 5G — CBepXHaeKHas llepeada JaHHbIX ¢ Masoit 3agepxkoit (URLLC,
Ultra-Reliableand Low Latency Communications). JJaHHBI ClleHapHUIl IPEbSBIISIET BHICOKHE TPeOOBAHUS K IIPO-
ITyCKHOM CIIOCOOHOCTH, 3a[lepPKKaM U TOTOBHOCTH.

OH OyJeT HCIOIB30BATHCA IJISI OECIPOBOINHOIO YIPABJICHUS IPOMBIIUICHHBIMH H IIPOU3BOICTBEHHBIMU
IIPOIIeCCaMH, B JUCTAHIIMOHHOU Me[UIMHE, aBTOMAaTU3aIIMU PaCIpeeNIeHUs] 9HEPTUH B «YMHBIX» JIEKTPOCETSX,
001IIIeCTBEHHOIT 6€30I1aCHOCTH, «YMHBIX» IOMaX U TOPOJaX, HHTEJIEKTYaIbHBIX TPAHCIIOPTHBIX CPEICTBAX U IIPU
BHEJ[PEHUH NHTEJUICKTYaJIbHOM NOPOXKHON HMHpacTpyKTypbl Ha 6aze V2X (Vehicletoeverything, nonxiouenue
aBTOMOOUJIS K JIFOOOMY OOBEKTY B CETH).

BapuanT pa3BeprbiBanua cetu 5G/IMT-2020 B Poccun
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B 5G npenycMOTpeH bl Habop JOCTYIHBIX YaCTOTHBIX AHara3oHoB. YacToThl B fuamazone Hiwke 1 [T,
B 9acTHOCTH 694-790 MI'Li, 6yayT IpUMEHATHCS 3a IIpefie/laMi KPYIIHBIX TOPONOB 61arogapst 60JIbIION 30HE 0~
KpbITus. YacToTsl B fuamazoHax 1-6 I'Ti — B wactHOCTH 4,4-3,8, 4,4-4,99 u 5,9 I'Tw, — obecnedar MoKphITHE
KPYIIHBIX TOPOJIOB.

YacToThl B MUJUIMMETPOBOM nuanasoHe (Boimre 24 ITi) — 24-29,5, 30-55, 66—75, 81-86 [T — 6ynyT npu-
TOJIHBI [JIsI TOYEIHOTO ITOKPBITHSI B MECTaX HAUOOJIBIIIEr0 CKOIUICHUsI A00OHEHTOB, TAKUX KaK a9POIIOPTHI, BOK3AJIBI,
CTa/[MOHBI U T. [I.

B cersix 5G Oymer gocrymHa Texuonorust LAA (Licensed-Assisted Access) — HCIIOIb30BaHME YIaCTKOB HEJIN-
[EH3UPYEMOTO CIIEKTPa CO CBOOOTHBIM TOCTYIIOM IT0JIb30BaTENEN 1715t GOPMUPOBAHMSI BTOPUIHBIX arperupyeMbIX
Hecymux (SCC) B rpynImoBoM arperupyeMom Kanase. byaeT JoCTymHa arperamusi ¢ YaCTOTaMi B TUaIa30HaxX HIDKE
7 IT1, B TOM 9HCIIe C 9aCTOTaMH, KOTOPbIE CeiIac UCIOIb3YIOTCS Mis TexHomoruu Wi-Fi.

Taxke oxupmaercst npuMeneHue TexHoioruu LSA (Licensed Sharing Access), o6ecrieanBaroieii COBMeCTHOE
WCII0JIb30BAHUE YIaCTKOB JINI[EH3UPYEMOTO CIIEKTPa, BBIIEICHHBIX OIIEPATOPOM OJHOM UM PA3HBIX PAHOCITYXKO.
LSA obecnieqnt mpegocTaBieHre JOIOTHATEIHHOTO CIIEKTPAIBHOTO pecypca M0Ib30BATEISIM ITOBIDKHOM IITHPO-
KOIIOJIOCHOYI CBSI3U, €CJIU IIEPErpyNIUPOBKa CIIEKTPa HEBO3MOYKHA MU HeXKelaTeIbHa.

JoTIoTHUTEIbHBIE [IOTH30BATENIN MTOIYIAIOT pa3pelleHie 3a/IefiCTBOBATh CIIEKTP B COOTBETCTBHUHY C IIPABUJIA-
MU, BKJIFOYEHHBIMHU B UX [IPaBa Ha UCIIOJIb30BAHUE CIIEKTPA. DTO ITO3BOJISIET BCEM YIIOJIHOMOYEHHBIM II0JIb30BaTe-
JISIM, BKJIIOYAs TPAIUIIMOHHBIX, 00€CIIeYiBaTh OIpeeleHHOe KauecTBO oocyskuBanmst (QoS).

J7st o6ecriedeHrst BOSMOKHOCTH UCITOIb30BaHuUsI LSA B cetsix 5G OyneT mocTyIHa HOBasi PyHKIIMOHAIBHOCTD
— criekTpaibHbIi MeHemKep (HSM). OH 103BOIHUT paccMaTpUBaTh TOJIBKO T€ YaCTOTHBIE PeCypChl, KOTOPBIE [0~
CTYIIHBI JIJIsI HOBTOPHOTO IIPUMEHEHUS, ¥ PACIIPENEIUT UX MEKIYy BTOPUYHBIMHU II0JIb30BATEIISIMU YaCTOTHOTO pe-
cypca LSA. Ponp HSM MoskeT 6bITh OIpefiesieHa PerylIupyIoIiM OPraHOM, HE3aBUCUMOI JJOBEPEHHOI TpeThei
CTOPOHO¥ WIIN [Ja)Ke OJTHUM U3 BJIaJIeJIbIIeB JUICH3UN PAJHOIaCTOTHOTO CIIEKTPA.

OmnepaTopbl MOOMIIBHOI CBSI3U MOTYT JOCTUYb B3AMMHOTO COIIACHUS Yepes MeHemKepa ciektpa HSM mist toro,
4TOOBI UMETh OOILINIT Pecypc CIEKTPa, TOTIOJIHEHHBIH CIIeKTPAIbHBIMU PeCypcaMy KasKIOTO U3 OIIEPATOPOB H 10~
CTYIIHBII IS BCEX IIIEPUHTOBBIX ollepaTopoB. HemocraTkom mcronbp3oBaHus TexHoaoruu LSA B cetsix 5G siBiisteT-
CsI HAKOIIJICHUE 3aI€PIKKY IIPU NIPUHITUN PEIIeHNUs CIIEKTPAIbHBIM MEHEIKEPOM O BO3MOKHOCTU UCIIOJIb30BAHMUS
nosoc LSA 3a caer He0OXOIMMOCTH 0OpaIle s K Fe0IOKAIIMOHHOM 6a3e JaHHBIX, YTO [eJIaeT UX HeIIPUMEHIMBbI-
MU B OH3HEC-MOJIeJISIX KPUTHIECKUX yCIyT 5G.

CootBercTBeHHO, LSA 1 LAA 6yayT HOCTYIIHBI [JISl IBYX BO3MOXKHBIX CIIeHapHEB IIPUMEHEHUs ceTeit 5G —
MioT u eMBB, Ho He noctynasl mias URLCC. LAA 6yner noctymeH B quanasonax 694-870 MI'm, a taxke 3,4-3,8,
4,4-4,99, 24,25-29,5 u 30-55 I'Tu. LSA Oyzmer mocrymeH B puamazoHax 694-790 MI'n, a tawke 3,4-3,8, 4,4—4,99
u 5,9 I'T.

JI7st mperocTaBieHusI aOOHEHTY YCIYT OILPEeZieJIeHHOTO CeIMEeHTA IUTAHUPYETCsI 3a/IefiCTBOBATh CETEBOM CJIONM
cetr 5G, KOTOPBI BKJIIOYAET B CBOM COCTaB HEOOXOAUMBII HAOOp BUPTYalIbHbIX ceTeBbX QyHKIuil VNF. Onun
A0OHEHTCKUI TEPMUHAI MOXKET UCIIOIb30BATH 10 BOCBMHU TaKUX CETEBBIX C10eB. OCOOEHHOCTH COCTOUT B TOM, YTO
MOJIyJIb YIIPaBJIEHUS JOCTYIIOM U MOOMIBHOCTBIO AMF /10KeH OBITh OOIINM [IJIsI BCEX CEeTEBBIX CI0EB, 00CTY KU~
BAIOIINX A0OHEHTCKUI TePMUHAL

Kaskpprit cereBoit cioit xapakrepusyercs: napopmarueit S-NSSAI (Single Network Slice Selection Assistance
Information, ugeHTrHdUKATOP CETEBOro cermeHTa). MIHGOPMAIHs 0 HECKOJIBKIX CETEBBIX CIOSIX (0 BOCHMM) TPYII-
nupyercst B cBO60nHYI0 nH(MOpManuio o cereBbIx c0sx NSSAI (Network Slice Selection Assistance Information).
Csob6onnas nadopmanust NSSAI ¢popmupyercst pasnebHO I pasHbIX ceTeil MOOMIBHOM CBSI3U B 3aBUCUMOCTH
or upentuduraropa PLMN-id (Public Land Mobile Network Identifier, unenTrdgukarop HazeMHOI TOJBIKHOIM
ceTH 0OIIero MoabL30BaHUSA).

Nudopmarius o cereBom cinoe S-NSSAI onoproit cetu 5G Core cofiepyKUT KITI0OYeBOI ITapaMeTp: THII CETEBOTO
ciost/cepuca SST. [t eMBBB manubIil napamerp paseH «1», st URLCC — «2», g MIoT — «3». CereBrie
cion Ha 6a30BbIX cTaHIMIX gNB 1osBossior obecriednTs THOKOE pacIpeiesieHre YaCTOTHO-BPEMEHHbIX PecypPcoB
Me>1<;[[y CeTeBbIMU CJIOSIMHU, y‘-II/ITbIBaH OCO6€HHOCTI/I OpraHu3anuy 9aCTOTHO-TEPPUTOPUATIBHOTO ITIOKPBHITHUS.
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Kuraiickaa rockomnanua npuxogut B Poccuio, utobbi 3a6path «15% pbiHka», notecHuB Huawei u Cisco
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Beixopmsimiast Ha poccuiickuii IKT-pbIHOK kuTaiickas kommanus H3C HaMepeHa B TedeHHe OIIDKAMIIIX TPexX
JIeT 3aXBaTUTh Ha HeM JOJTIO B 15%, BOUIS B TPOMKY JIuepoB. Tak Iepenana IMepeBOAYHIIA C KAUTAMCKOTO CIOBA
rerepanbaoro nupexropa H3C Tonu [Oits (Tony Yu) u crapiero Bume-npe3usienTa koMnanuu I'apu Xyana (Gary
Huang).

ITo Bceit BUIUMOCTH, TOII-MeHeI)Kepbl OPTaHU3AL NI UMEIN B BULY BCe JKe He BeCh PHIHOK HH(OPMAIINOHHO-
TeJeKOMMYHHUKAIMOHHBIX T€XHOJIOTHH Hallledl CTPAHBI, a KJIOYeBOM IS Hee CerMEHT, OTHOCAIIUUCS B IIEPBYIO
oyepesib K pemeHusM s koprnoparuBHbIx ceteil u [IOJJos. Ha 910, B 9acTHOCTH, yKa3bIBaeT TO, YTO B YUCIE
CBOMX OCHOBHBIX KOHKYpPeHTOB B Poccun npencrasurenu H3C mazpanu Cisco u Huawei.

Kpome TOro, onmcpIBas IMOTEHIUAA CBOEH KOMIIAHMM, KOTOPBIN IIO3BOJIUT €il 3aKPEIHUTbCS B HAIEN CTpa-
He, 'opu XyaH yKaspIBaeT Ha ee JIMJiepCKHUe IO3UIUH Ha CeTeBOM pblHKe KuTas. B 4acTHOCTH, I10 COOCTBEHHBIM
IDaHHBIM KOMITAaHHH, B CETMEHTE «KOPIIOpPATHUBHAs CeTh» Ha Hee B ITomHeOeCHOU IpUXOAUTCS oyt B 37,5%,
a B CETMEHTE «KOPIIOpaTUBHAs 0eCIIPOBO/IHASI TOKAIbHASI CeTh» — 34%. Taxke KOMITaHUS CeOsI yBEPEHHO YYBCTBYET
B cermenTtax «kommyrtartopsl mist LIOdos» — 41,9%, «Blade-cepBepb» — 42,6%, «xpanmnuma all-flash» —
24,8%.

B Poccum xommaHust OyzieT IIpefCcTaBIeHa IOJTHOLEHHBIM (DIUINATIOM, KOTOPBII IUIAHUPYeTCS Pa3MeCTHTh
B «Mocksa-Cutu». ITo cioBam I'opu XyaHa, 9T0 OyzeT He IIPOCTO OQIUC, a MeCTHOe IodepHee mpepnpusTue. Ero
IOPJIMIIO Ha TaHHBIA MOMEHT HaXONUTCS B CTaUH O(POpMIIeHNUs

B Hameil cTpaHe KOMIIaHUS Oy[eT paboTaTh ¢ 3aKa3dMKaMU depe3 IIaPTHEPOB U yyKe ITOIIINCAIA COMIAIIeHIUs
C IBYMS JIECATKAMU TAaK Ha3bIBaeMbIX IIAPTHEPOB BTOPOTO YPOBHS, €llle C TAKUM K€ KOJIMIEeCTBOM BEeJlyTCA Iepe-
roBOpbL. UTO KacaeTcsi IapTHEPOB IIEPBOrO YPOBHS — HHCTPHOBIOTOPOB, To X y H3C npennonoxurensHo Oyner
Tpu. C IePBBIM 13 HUX, «MepIHOHOM», KOMIIAHUS JOJDKHA ObIIa 3aKJII0YNTH TOTOBOP 11 ceHTsiops 2019 roma.

B Hameit crpane H3C BupnT cBouMu 6ynyInuMu KINEHTaMHU OPTaHU3AINH U3 TeJIeKOMa, TOCCEeKTOpa, (PrHaH-
COB, 9HEPIreTUKY, TPAHCIOPTA, MEAUIMHEL, 06pa3oBaHus. B 4acTHOCTH, yxKe BemyTcs meperosopsl ¢ MTC, «buiraii-
HOM» U «Mera®oHOM».

Kax MOKHO 3aKII09MTD U3 npe3eHTanun ['opu XyaHa, nsHavanbHo H3C HamMepeHa IpesijIoKUTh POCCUICKAM
3aKa34YMKaM BCEro YeThIpe KaTerOPHH CBOUX IIPOIYKTOB: KJIACT€PHbIE MapIIPYTH3aTOPBI, KOMMYTATOPBI, TOYKH
TOCTYIIa U PeIlleHre IJIsl CO3/IaHNUsI 00JIaYHON BBIYUCIUTEIBHOM cpenbl. I103Ke ToI-MeHepKep MOSCHIUII, 9TO KOM-
TIaHMA pelnia CHavaja MpeiCTaBUTh CaMyIO 3PeJTyIo CBOIO ITPOIKIIMIO, «<HO 9TO He 3HAYMT, YTO IT03Ke IPeIo-
JKeHHe He OyIeT pacIIupeHo».

Ha paHHBI MOMEHT UCTOPHS KOMIIAHUY HACYUTHIBAET CBbIIIE 30 JIeT, OTMEYaIOT B OPTaHU3aIUH, He yKa3bIBas,
OT KaKOIl IMEHHO OTIIPAaBHOM TOYKH BenyT oTcueT. CoBmecTHOE mpepnpuarue Huawei u 3Com 1oy 9TUM Ha3BaHM-
eM (06pasoBaHO OT HePBBIX OYKB M CUMBOJIOB «POIHTEIIE») OSIBUIOCH B 2003 Tomy.
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«POGI‘IeKTpOHMKa» NoCTaBUT /1IEKTPOHHDbIE KOMMNOHEHTDbI Ha ceBepoamepuKchKuﬁ PbIHOK

XonpuHar «PocanexTpoHuKa» TOCKOpIIOpauu
«Pocrex» HauMHAET IOCTABKU MarHUTOYIIPaBJIsie-
MBIX FepMeTH3UPOBAHHBIX KOHTAKTOB (FepKOHOB)
Ha CeBepPOAMEpPUKAHCKUI PBIHOK Il IpUOGOPOB
ydeTa 9J1eKTpOSHEepPIuH, ra3a, BOgbl U Tema. [lia-
HUPYETCsI, 9TO0 06'beM IEePBBIX IIOCTABOK COCTABUT
1,2 MJIH U3[Ie TN B T'O/I.

Psasanckuii 3aBoj, MeTaJUIOKEPAMUIECKUX IIPU-
60poB (BxomuUT B «POCIJIEKTPOHUKY») YCIEIIHO

IIPOLIIeJI BHEIITHHI ayJUT Ha COOTBETCTBUE TPe6oBa-
HISM K IIOCTaBIIKaM 3JIEKTPOHHBIX KOMIIOHEHTOB
TpaHcHanuoHaIbHONI Kommanuu ITRON INC,, uro mopTBep;KiaeT COOTBETCTBUE IPOAYKIINH 3aBOMIA BBICOKAM MEKITY -
HaponubM craHgapTaM. ITRON INC. cnenuanusupyeTcs Ha pa3paboTKe U IPOU3BOICTBE IPUOOPOB M CUCTEM ydeTa
JIEKTPOIHEPIHY, Ia3a, BOIBL, a TAKKe Ha PEIH3aINH KPYITHBIX HH(MPACTPYKTYPHBIX IIPOEKTOB.

['epKOHBI IMUPOKO IPUMEHSIOTCS B OBITOBOM TeXHHUKE, aBTOMOOMIBHOM, MEIUIIMHCKOM U TeIeKOMMYHUKAIIH~
OHHOM aIllaparype, CACTeMaX aBTOMAaTHKH 1 0€30II1aCHOCTH.

«B 2018 roy OCHOBHBIM PBIHKOM COBITA IJISI HAC OCTaBajIcs Kurail — B pesy/bTaTe CTPOUTEIBHOTO OyMa BBIPOC
CIIPOC Ha OBITOBYIO TeXHHKY, OCHAIIICHHYIO TePKOHOBBIMU IAaTYMKAMU, KOTOPYIO JKUTEJIN CTPAHBI 3aKYIIAIOT B HOBBIE
KBAapTHPBL — paccKasaiu B «PocasiekTpoHuKe». — Ha ceromHsIIIHmII IeHb MBI IIOCTaBJIsIeM 060pyIoBaHHe Oolee 4eM
B 50 crpan mupa, B ToM uucie crpaabl CHI, Asun, Bimokaero Boctoka u EBpomnbl. COTpyJHIYIECTBO ¢ KOMITAHHEH
ITRON INC. oTKpbIBaeT HOBbIE BOSMOKHOCTH JIJIs1 YKPEIUIEHHS MO3UITHIT HAIIIEro IPeIIPUATHS HA MUPOBOM PBIHKE».

PsizaHCKuit 3aBoj MeTaioKepaMudeckux npu6opos (AO «P3MKII») sSBiIsieTCsl eqUHCTBEHHBIM H3TOTOBHTE-
neM TepkoHOB B Poccum. [IpennpusaTre BXOOUT B TPOMKY KPYIHEHIIIMX IPOU3BOHUTENEN TEPKOHOB C I0JIe MUPO-
BOI'O pPbIHKA OKOJIO 14%.

Mpepckasanbl cpoku noTepu pa6oTbi poccusiHamm us-3a po6oToB

KoMIeTeHINM IIOYTH IIOJIOBUHBI POCCHSH
(45,5%) oxaxxyTcsi HeBOCTpe6OBaHHBIME K 2030
rony, 06 atoM nurryT «M3BecTus» o CChUIKOI Ha
ucciaenosanue PAHXul'C.

ABTOMATH3aIMU OKA3aIHCh IIOJIBEPTHYTHI
20,1 MuIH YeJIOBeK, IIPU 3TOM pedb MIET TOJIbKO
06 ouIHaIbHO TPYJOYCTPOEHHBIX PAOOTHUKAX.
«Ho TO, 4TO TBI IOABEPIKEH (TO €CTh IOTEHIIU-
QJIbHO MOXKEIIb OBITh 3aMEHEH C Y4eTOM TeXHO-
JIOTHUI1), HU B KOEHl Mepe He O3HAYaeT, 4TO TeOs

3aMeHAT 3aBTpa. [Ipolecc CHIBHO pacTSHYT BO
BPEMEHU, €CTh BO3MOXKHOCTD IIePEyIUThCS], IIOMe-
HSTH CBOU (PYHKIIUN», — O0OBSICHIII aBTOP paboThl CTernaH 3eMI[0B.

OpnHako, 10 ero ci1oBaMm, mocie 2025 roga CKOPOCTh aBTOMATH3AIMK OyIeT BBIIIIE, B CBS3H C YeM MHOTHE POC-
CHsIHE He YCIICIOT «aJaliTHPOBATHCS, TOJIYIUTh HOBYIO TPO(ECCHI0, OTKPBITh CBOE JIEJI0, KYIIUTh po60oTa». 3eMII0B
HOIYEePKHYJI, 9TO 9TO HpUBeeT K (POPMUPOBAHHIO «<9KOHOMHUKH HE3HAHUS».

I7st Toro 4T06BI N36€XaTh 6e3pabOTHIIBI, NCCICIOBATENH [IPEITIAraloT BBECTH HAJIOT HA POOOTOB, @ BBIPYUEH-
HbIE CPE/ICTBA HAIIPABUTH HA COIMAJIBHYIO IIOMOIIIb. JIpyToii IOAXO0/ pe/oIaraeT CoKpalieHne paboInx 4acos
WK BBeleHue 0e3yCJIOBHOTO JI0XO/a, OMHAKO OTMEYAeTCsl, 9YTO COOTBETCTBYIOIME OKCIIEPUMEHTHI He JI0Ka3ain
9 HeKTUBHOCTD TAKOI ITO/IEPIKKH HACEIICHHUSL.

DKCIepThI BBISICHUIIH, YTO B TAKUX OTPACIISX, KAaK TOCTHHUYHBIN M PeCTOpPaHHBIN 6u3Hec, 06padaThIBaoIue
[IPOU3BOICTBA, CEJIbCKOE U JIECHOE XO3SNCTBO, POZHIIHAS TOPTOBJIS U OOBIYA MTOJIE3HBIX NCKOITaeMbIx 6oiee 50%
paboThI MOYKHO OY/IeT ITOPYIUTh POOOTAM.

B mapre uccenosanne PAHXuI'C mokasaio, uto 42,13 mMitH 4enoBek (49,3%) MOTyT ObITh 3aMeHEHBI poOoTa-
MU U JINIIATHCS pabOTHI M3-3a aBTOMATH3AINH IPOU3BOACTB. Kak mosicHsieTcst B paboTe, HEIIOCPEICTBEHHO aBTO-
MaTH3aIUsl IPOU3BOJICTB HE BEZIEeT K POCTY [OJITOCPOYHOI 6e3paboTHIIbI, OJHAKO OHA ITOBBIIIAET HEOOXOUMOCTD
[TOCTOSTHHO OOHOBJISITH 3HAHUSI U COBEPIIIEHCTBOBATH HABBIKU.

A VlcTouHUK
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[lecaTb TeXHONOTHiA, CNOCOGHDBIX KApAMHANBHO U3MEHUTb Gu3Hec yxe B 2020 ropy

B navasne KaKIoro rofia mosaBIAI0OTCA MHOTOYHCIEHHbBIE IIPOTHO3BI O TOM, KaKU€ TEXHOJIOTUU «B3OPBYT» Ou3HeC B

TEKYILIEM Irofly, a Ha9HasA ¢ CEPEIUHDbI — KaKHUE€ HEIIPEMEHHO CACJIAIOT 3TO B CIIEAYIOILIEM. HoBuukwu He Tak YK 9acTo

IIPOPBIBAIOTCA B 3TU CIIMCKU, HO JIS TOTO, 9TOOBI B HAX YIOEPIKATHCA, TEXHOJIOTHUAM HalO CYIIECTBEHHO HpI/I6aBI/ITb 3a

rox. CNews Analytics u3yqu nepsble Ipefckasanus Ha 2020~ ¥ BBIIEIMI IeCSITOK HaHOOJIee YacTO YIIOMHHAEMBIX

TEXHOJIOTUU U METOJI0JIOTUA, KOTOPBIM B CJIEAYIOIIEM IOy IIPpOYaT BAOKHYIO POJIb B npeo6pasoBaHI/I51x 6usHeca.

1.

HckyccrBennsprii nHTe/UIeKT. M cTOMT Ha mepBBIX MecTax NMPaKTUYECKH BO BCeX IIporHosax. HecMmorpst Ha
OITaceHMs], YTO MAIIMHBI OTHUMYT pabodue MecTa y JIHOMIEN, II0Ka 61arofapst eMy KOMIIbIOTEpPhI CTaIH BBIIOJ-
HATH 32 JIIOIEN IIHPOKUIT ClieKTp pabotr. MM -pelreHnst CHOCOOHBI M aBTOMATHYECKH CO3/IaBaTh MeTa/laHHbIE
IUIS1 3BYKO3AIKCEN ¢ BOBMOKHOCTBIO [TOVCKA IO HIM, 1 00ecIiednBaTh Ku6ep6e3omacHOCTh, aHAUIU3UPYSI B pe-
QIBHOM BPEMEeHH MacCHUBBI IAHHBIX O ITOBEJICHNN KOMIIOHEHTOB KOPIIOPATUBHOM CEeTH U BbIIaBast PeKOMEH/Ia~
AU 110 PEIIICHUI0 BO3HUKAIOIIUX IIPOOIIEM.

Kpome Toro, 1 — 0CHOBa TEKCTOBBIX M TOJOCOBBIX YaT-00TOB, IMOJIB3YIOIINXCS TEXHOJIOTHSMEI 00paboT-
KH €CTeCTBEHHOTO SI3bIKa M aHAJIN3a TOHAIBHOCTH BBICKAa3bIBAaHUSI, KOTOPBIE, ITO IIPOTHO3aM 9KCIEPTOB, YKe B
9TOM rofiy 6yzmyT BHenpeHsb! 40% KOMITaHU CEPBUCHOI OTPAC/IX. BbICOKHE TeMIIbI Pa3BUTHUS TEXHOJIOTHIT CHH-
Te3a M MOHUMAHMSI PEeYU HEJABHO IIPOIEMOHCTPUPOBAI roI0coBoi accucTeHT Google Duplex, cobecennuku
KOTOPOTO He IIOHSIIN, 9YTO UMEIOT JIeJIO C MAIIIIHOM.

B ToM e psiay CToSIT cpencTBa poborusanun 6usHec-mpoieccos (Robotic Process Automation, RPA), koTopble
MTO3BOJISIIOT aBTOMATHU3UPOBATh ITOBTOPSIOIINECS] NEMCTBHS IOJIb30BaTene. [Ipudem ecau IepBOHAYaIbHO
[IPE/IIIOIArasioch, 9YTO OHU OYyT HesaTh MCKIIOYUTEIFHO «MEXaHUIECKY0» paboTy — CKaKeM, IePEeHOCHTD
IaHHBIE U3 OTHOM TaGIUIBI B IPYTYIO, — TO B ITOCJIE/IHEE BPEMsI OHU OY€Hb OBICTPO «YMHEIOT» U TOTOBBI BbI-
HOJTHSTH KOHTPOJIbHBIE (QYHKINU U JTaKe pasfaBaTh IPOCThIE, IOBTOPSIONINECs 3aqaHus. HeynuBuTenbHo,
4T0, 110 oIeHKe Gartner, COOTBETCTBYIOIINIT CETMEHT PhIHKa KopriopaTuBHOTO 1O pacreT 0ueHb OBICTPO — 3a
IIPOIIUIBIA TOJ OH YBETHIMICS Ha 63% 110 $846 MIIH, a B 9TOM rOJIy, KaK O’KUIaeTcst, focTUraeT $1,3 Mmuipa.
Metopornoruto Agile, M3Ha4YaJIbHO HCIIOJIB30BABIIYIOCS paspaborunkamu 10, mepeHMMaroT U OusHec-
CTPYKTYpbI. B3ammopeiictBue B reorpadudecK pacHpeieJIeHHbIX KOMaH/aX 00eCIednBaeTcs CpelcTBaMU
KOH(QepeHII-CBsI3H, KOTOpast Iepe)KUBaeT HOBbII ogbeM. He Tak JaBHO creruaguctsl MaccadyceTCKOTo TexX-
HOJIOTMYIECKOTO MHCTUTYTA IIPOBEJIN OIIPOC TPIMEPHO B TPEX COTHSIX KOMIAHHI, BBISCHIS, KaKHe TeXHIIeCKIe
CpelICTBa IIOMOTAIOT CO3/IaBaTh HAMJIYYININE YCIOBUS pabOThI COTPYJHUKOB, U Ha IIEPBOE MECTO CPEIA OTBETOB
HEO)KU/JAHHO BBIIILIO BU/ICO: MHBECTHUIINH B BU/ICOTEXHOIOTUH CIIOCOOCTBYIOT HHHOBAIINHY, CJIAKEHHOMY B3au-
MOJIEHICTBHIO X POCTY MPOAYKTUBHOCTH.

Taroke cpeny BIMATEIBHBIX TeXHOJOTHIECKUX TE€UEHHUI IKCIepThl ynoMuHAOT DataOps. Cam TOT TepMuH
BIIEpBbIe ObUI IIPE/ITIOKEH BCETOo IISITh JIeT TOMY Hasaj B 6;1ore IBM, U cerofiHs 1o HUM IMOHIMAIOT IIPOLIECCHO-
OPUEHTUPOBAHHYIO METOJOJIOTHIO OPTaHU3AINH PAaOOThI TPYIII aHATUTUKOB U HCCIeoBaTeIel TaHHBIX, Ha-
TIPaBJIEHHYIO Ha IOBBINIEHHE KadeCTBA AHUINTUIECKUX CBEJEHUI M yCKOpeHHe WX IonydeHus. Ilommmo
NIPUHIMIIOB OPTaHM3ALUU NESITEJIbHOCTH, depraromux ugen us Agile-paspaborku, DataOps onupaercs Ha
yIIpaBJieHHe JaHHBIMH IIPU IIOMOIIM CPEJICTB MAIIIMHHOTO OOYYeHHs M MCKYCCTBEHHOTO nHTesUIeKkTa. Ha ce-
roziHs, o JaHHBIM Gartner, DataOps BHempruin MeHbIIIe 1% yIacTHUKOB aipecyeMOoro pbIHKa, HO aHATUTHKI
yOEXKIEeHBI, YTO 9TUM OPTAaHU3AIUSIM raPAaHTHPOBAHO OOJIBIIIOE KOHKYPEHTHOE IIPEUMYIIIECTBO.

Boxpyr cereit 5G pasmyTa Gosbliiast ITyMIXa, HA HUX BO3JIAraloTCsi GOJIBIIIIE HA/IEXK/IbI, XOTsI paboTa Hall CTaH-
IapTaMU ellle He 3aBepIlieHa, U 0 PasBePThIBAHUS CeTell B OOIIEroCylapCTBEHHBIX MacIiTabax eIne MOryT
MIPOUTH TOfibl. TeM He MeHee B OT/IeTbHBIX OPTaHU3AIUAX yrKe IUTAHUPYIOT CTPaTeTUN BHEIPEHUS CUCTeM CBSI3U
5G, KoTOpBIe 06€IIA0T Hepenady K aDOHEHTY U OT Hero Ha ckopoctu 1o 20 I'éut/c u no 10 I'6ut/c coorser-

CTBEHHO, a TAaK)Ke BO3MOKHOCTb COXPAHEHUS COeUHEHNUS TP IepeIBIVKEHUH CO CKOPOCTHIO 10 500 KM/4.
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7. Cranpaprusanust 5G cyJIuT pocT npuMeHeHus cucreM «/HTepHeTa Belei» i mepruepHitHbIX BBIYHCICHU 1 CO-
OTBETCTBYIOLIee Pe3KOe BO3pACTaHUe IOCTYIIHBIX 171 AHAJIM3a IIOTOKOB TAHHBIX, K 9eMy IPEAIPUATUIM IPUIETCS
IIOZITOTOBUTHCSI ITyTeM Pa3BePThIBAHUS HAIEKHBIX APXUTEKTYP OTOYHOM 06paborku. ITo nHbopMaruu acconua-
nun CompTIA, IpHOIU3UTENIBPHO B TPETU KOMITAHUI YBePEHbI, YTO CTpaTeruu B 06actu « IHTepHeTa Beler» CIio-
COOHBI 06ECIIeIUTH POCT BHIPYIKH 32 CIET yBEIMIeHHsI 00bEMOB IIPOU3BOJICTBA, MOHETH3AINH JAHHBIX 1 IPOIAKA
IIPOJYKTOB B BHJIE CEPBUCOB.

8. Pacrer mHTepec K KOHTeHEpAaM U MHUKPOCEPBHCAM KaK K TEXHOJIOTHSIM, O3BOJISIIOIIIM OBICTPO pasdpabarsi-
BaTh BBICOKOMACIITAOUPyeMble IIPOrPAMMHbIE CHCTEMbI, B 0COOeHHOCTH 06JIauHble U [IpeHa3HAYeHHbIE IS
pereHuit Ha 6ase «HTEepHeTa Beweil». B wacraocry, mmpoko BHexgpsiercst Kubernetes — crcrema ¢ OTKPBITHIM
KOJIOM, TI03BOJISIIOIIASI aBTOMATH3HPOBATH Pa3BepPThIBAHNE KOHTEHHEPOB U yIIPABICHHE HMIL.

9. Ompocel, mpoBeneHHbIe Gartner B 9TOM rOLY, CBUIETEIbCTBYIOT O HadaJle ITHPOKOTrO IIPUMEHEHHUS «IU(DPOBBIX
IBOWHHMKOB» — IIPOIYKTOB, IIPOLECCOB U CHUCTEM, [TO3BOJISIONINX KOHTPOIUPOBATH COCTOSIHIE <ACXOIHBIX»
(busngecknx 0OBEKTOB U IIPEJCKAa3bIBATh BO3ZMOKHBIE IIPOGJIEMBI IO TOrO, KAK OHM BOZHHUKHYT. I1o obmemy
MHEHHUIO, B OJIFDKaiIye Tobl HAYHYT MOSIBISITHCS MU(POBbIe GJIM3HENbI OPraHU3AIHIl, KOTOPbIE TI03BOJISIT
BeCTH MOHUTOPHHT KOMIIAHHIA B IIEJIOM, d HE MX OTHEIbHBIX CUCTEM.

10. M HakoHer, 9TO KacaeTcst GJIOKYeiiHa, BOKPYT KOTOPOTO TOXKe HEMayo IIyMma. BoamokHOCTeil 3apaborarsh
Ha [epBUYHBIX Ipetokenmsix MoHer (ICO) Bce MeHbIIe, HO IIMPUTCS IIPEMEHEHNE PACIpee/IeHHbIX pee-
CTPOB B IIEIIOYKE [TOCTABOK, (DUHAHCOBOJ OTPACIIH M He TOJIBKO, B TOM YHCIIe Ha 6ase m1aTdopM ¢ OTKPHITHIM
KO1OM, Takux kKak Hyperledger Fabric.

A IMoppobuee

Ousuku nocrpounnu MI/IKPOBOJIHOBbIﬁ anon

®usuku u3 Kuras n KaHame! mocrpouy IpocToi, HO ad-
(beKTUBHBII «IUOMY IJIT MUKPOBOJIH, KOTOPBII CBOOOIHO IPO-
ITyCKaeT BOJIHBI B ONHOM HAIIPABJICHUH U B THICSTY Pa3 OCIA0II-
er 0OpaTHbIe BOJHBL YTOOBI TOOUTHCS TAKOTO 3(peKTa, yaeHbIe
TIOMECTHJIM HaJ] BOIHOBOIOM HebobItryto KT -cdepy, Marao-

HBI KOTOPOIl B3aMMOJIEHCTBOBAIN C MUKPOBOJHAMU. ABTOPBI

MOMIEPKHUBAIOT, YTO TPEUIOKEHHBII CII0COO JIETKO MOKHO HC-

OJIb30BATh B CYIIECTBYIOIINX MUKPOBOJIHOBBIX YCTPOMCTBAX, HAIIPIMED, B KBAHTOBBIX KOMIIBIOTEPAX Ha OCHOBE CBEPX-
IIPOBOLIIINX KyouToB. CTaThst omyOimkoBaHa B Physical Review Letters, kpaTko o Heit coo6raer Physics.

OnHUM U3 OCHOBHBIX IPUHIIUIIOB JIEKTPOJNHAMIKHY SIBJISIETCS IIPHHIIUI B3AUMHOCTH, CBSI3BIBAIOIIHIT HCTOY-
HUK U TI0JIe, KOTOPO€E OH CO3IaeT. Y CJIOBHO TOBOPSI, 9TOT MPHUHIUII YTBEPIKIAET, YTO OTHOIIEHIE MEXIY Iepe-
MEHHBIM TOKOM U CO3[aBa€MbIM UM 3JIEKTPOMArHUTHBIM ITOJIEM HEe U3MEHUTCS, eCIM TOMEHATh MeCTaMU UCTOY-
HUK I0JIsL ¥ IPUOOP, KOTOPHI ero uaMepsieT. Ha mpakTuke 9T0 03HAYAET, YTO 9JIEKTPOMArHUTHBIE BOJIHBI BHYTPU
YCTPOKCTB — HampuMep, BHYTPU BOJIHOBOIA — OJMHAKOBO PACIIPOCTPAHSIOTCS BO BCeX HampasieHUsx. Kpome
TOT0, U3 IPUHIINIIA B3AUMHOCTH MOMEHTAJIBHO CJIENyeT PABEHCTBO B3AMMHBIX WHAYKIUI IBYX BUTKOB C TOKOM.
[ToppoGHee 06 9TOM MPUHIIVIIE MBI YIKe ITHCAIIH.

Brpouem, XOTsI IPUHIMIT B3AUMHOCTH U BCTPEYAETCS B IIPHPOJIE OBCEMECTHO, €r0 MOKHO HAPYIIHTH, 10-
6aBJsis B CHCTEeMy HEIMHEHHOCTH. B 9TOM ciiydae ypaBHEHNE NBIDKEHHs BOJH YCJIOKHHUTCS U [P MPABHIBHO
no106paHHBIX MTapaMeTpax ImoTepsieT 0OPaTUMOCT BO BPEMEHN: CIIeNOBATEIBHO, ONUChIBAeMbIe UM BOJIHBI OYIyT
[10-Pa3HOMY PaCIPOCTPAHSITHCS B IPOTUBOIIONIOXKHBIX HAIIPABJIEHUIX. BoJee TOro, 17151 HEKOTOPBIX TyBCTBUTENb-
HBIX YCTPOWICTB, HAIIPIMeP KBAHTOBBIX KOMIIBIOTEPOB, TAKOE HAPYIIIeHNEe HEOOXOIMMO. B TacTHOCTH, € IIOMOIIIBIO
HEB3aMMHOTO ITpr6Opa MOKHO M3MEPHUTh KBAHTOBOE COCTOSIHHE CHCTEMBI, He paspyluas ero. K coxarenuio, Ha
[IPaKTHKe CO3[aTh HeOOPATUMBIE YCTPOMCTBA OY€Hb CIIOXKHO: OOBITHO TaKye IPUOOPHI MOTYIAIOTCS GONIBIIIUMI U
HeyIOOGHBIMH, a CO30aBaeMbIil UMH 3P DEKT HEOOPATIMOCTH CPABHUTENHLHO HEBEIUK.

I'pynna ¢usuxos nox pykosoacrsoM Llans-Mun Xy (Can-Ming Hu) paspaborana npocroe u apdexruBHOE
YCTPOFKCTBO, KOTOPOE HAPYIIAeT MPUHIIII OOPATHMOCTH TSI MUKPOBOJH. [Ipoliie ToBopsi, yIeHbIe TOCTPOIIIN
MEKPOBOJHOBBII JHO/. B 0cHOBHOM pabora nuona o0ycioBieHa nHTepdepeHIreil MKy KOTePEeHTHOM M [HC-
CHIIATUBHOM CBS3BI0 MUKPOBOJIH, KOTOPBIe GETyT 110 BOJHOBOY, U MarHOHAMH, KOTOPbIe BO3OYKIAIOTCS B He-
60s1b111011 c(hepe BHYTPH BOTHOBOIA.

ABTOpBI CTaThH IIOAUEPKUBAIOT, YTO HPEIIOKEHHBIN UMH CIIOCO6 HAPYIIEHUS B3ANMHOCTH OY€Hb IIPOCTOIL:
IJIs1 ero paboThI IOCTATOTHO IIOMECTHUTD PSIIOM € BOTHOBOOM HebopIyio JKUT-cdepy. [Toatomy ero srerxo mc-
[T0Ib30BATH B CYIIECTBYIOIINX MUKPOBOJIHOBBIX YCTPOMCTBAX, HAPHMeP B UyBCTBUTENBHBIX JETEKTOPAX IUIM
KBAHTOBBIX KOMIIBIOTEPAX Ha OCHOBE CBEPXIIPOBOSIINX KyOHUTOB.

2 Ioppobuee



https://cnews.ru/link/a15954
https://nplus1.ru/news/2019/09/19/micro-reciprocity

72 TEXHONOTUU Centadpb 2019

PoccusiHe npuaymanu 3ameHy noaynpoBogHNKam, KOTopaa yCKOPUT KOMMbIOTePbl B AeCATKYN pa3

Yuensle u3 MHcTUTyTa GUKKHU TBepHOTo Texa Poccuiickol akagemMuu Hayk (MOTT PAH) paboTaioT Haz c03-
IaHHeM TeXHOJIOTHI, KOTOPbIE B JECSTKH Pa3 yBeJINIaT IIPOUSBOIUTEILHOCTD U IIOBBICSAT 9HEProadHeKTUBHOCTh
9JIEKTPOHHBIX YCTpoicTB. O6 aTOM coob1nmao undopmarentctso TACC.

Jo6UThCsI BHYIIUTEIBHOTO CKaUKa IIPOU3BOAUTEILHOCTH BBIYUCIUTEIbHOM TeXHUKU ITAHUPYETCS C IIOMO-
LIBI0 OCOOBIX KOMIIAKTHBIX 9JIEMEHTOB Ha OCHOBE CBEPXIIPOBOJHHUKOB (MaTepHAIOB, Ibe JJIEKTPUIECKOE COIIPO-
THBJICHHE PABHO HYIIIO ), KOTOPbIEe 3aMEHST TPAIUIIMOHHbIE IOTyIIPOBOIHUKH.

['maBHBIME IPo6JIeMaMu JAHHOTO HAIpaBJIeHUs], II0 CJIOBaM 3aBenyromiero gaboparopueit UOTT PAH, npo-
eccopa Banepust PsizaHoBa, Ha CETONHSIIHUN ICHD SIBJISIOTCSI, BO-IIEPBBIX, CIMIIKOM OOJIBIION pasMep UMEIOo-
LIUXCS 9JIEMEHTOB, He MO3BOJIAIONINI UCIIOIb30BATh X B KOMIIAKTHBIX YCTPOMCTBAX, 2 BO-BTOPBIX — OTCYTCTBUE
eMKo1 9HeproaheKTUBHOM MaTHUTHOM MaMSITH, COBMECTHMOI C CYIIeCTBYIOIIIMI CXeMaMU.

[TpercTaBUTh OIBITHBIE 0OPA3Ibl COOTBETCTBYOMINX AyeMeHTOB crenuanuctel UOTT PAH paccauThiBaoT
k 2021 roxy. Ux pa6ota mopepskana rpanToM Poccurickoro ¢porna GpyHmaMeHTaIbHbIX nccienoBanuit (PODU).

B coBpeMeHHBIX pelIeHHX B cdepe HUDPOBON ITEKTPOHUKH UCIONB3YIOTCSI CBEPXIIPOBOMSIIINE METAJUIBL,
paszeseHHbIe TOHKAM 6apbepOM U3 THIIEKTPHUKA (MaTepHall, He IPOBOISIINI 9JIeKTPHIECKUN TOK), depe3 KOTO-
PBIII IIPOTEKaeT CBEPXIIPOBOMSIIMIL TOK, OTMedaeT mpodeccop. Takoe coeIMHEHNe UMEHYeTCs IKO3e(COHCKUM
KOHTaKTOM B 4eCTh aHIIHIICKOro ¢usuka bpaitana [[xxosedcona (Brian Josephson).

B 97011 CXeMe pOCCHsIHEe 3aMeHIIIN TUIEKTPUK Ha heppOMarHeTrK (MaTepual, 06IafalonIiil HAMarHHYeHHO-
CTBIO IIPU OTCYTCTBHUU BHEIIIHETO MAarHUTHOTO IOJIS) ¥ TOOMIINCh YHUKAJIBHBIX CBOMCTB IIPOBOIHUKA: 6i1arogapst
HOBOMY COOTHOIIECHHIO MKy CBEPXIIPOBOMSIIMM TOKOM U (pa3oil Ha Iepexoie MOSIBUIACh BO3MOXKHOCTh MaHH-
IYJIHPOBATh 6apbepOM € IOMOIIBIO MaTHUTHOTO IIOJISI, TO €CTh CO3/IaTh MATHUTHYIO ITAMSTh.

Temephb B paMKax CBOeil pabOTHI yUeHBIe IIBITAIOTCSI CO3ATh HAHOCTPYKTYPBI CyOMHUKPOHHBIX Pa3MepPOB IS
IIPUMEHEHNUSI B MHHUATIOPHBIX JIOTHYECKUX YCTPOMCTBAX, TO €CTh PEIIUTh IIePBYIO IPO6aeMy U3 YnCIa 0603Ha-
YeHHBIX PA3aHOBBIM.

«DHeproaddeKTUBHOCTh CHCTEM Ha OCHOBE HAHOCTPYKTYP, KOTOPBIe MBI pa3pabaThIBaeM, Ha ILSITh IOPSIKOB
BBIIIIE, YeM Yy IIOJIYIIPOBOJHUKOBBIX CUCTEM, — OTMETHJI yYEeHBIH. — DTO 3HAYHT, YTO JaTa-CEPBEPHI U CEPBEPEI
MailHIHTOBBIX KOMIIAHUI, TOTPEOIISIOIINe HEBePOSTHBIE 00beMBbI 9HEPTHH, CTAHYT BO MHOTO Pa3 9KOHOMUIHEE.

72 Ioppobuee
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YueHble Bce 6n1Ke K CO3aHMI0 NONHOCTbIO ONTUYECKNX HEﬁPOHHbIX ceteit

HetipoHHBIE CeTH JIydYIlle BCEro
CIIPABIIAIOTCS C TAaKUMHU CJIOKHBIMU
3aJlayaMy, KaK paclHO3HABaHME JINI]
U TOJIOCA, HO UX peaydsallny Ha 6ase
KJIACCUYECKUX JJIEKTPOCXeM KpaiiHe
OIPaHUYECHBI B OBICTPONEHMCTBUH U
HMMEIOT OYeHb BBICOKOE 9HEPTOIOTpe-
61enne. TeopeTHIeCKH ONTHKA MO-
JKET PeIIUTh 3TU IIPOOJIEMBI, @ TaKKe
IIPEB30MTH JIEKTPOHHBIE AHAJIOTH B
MaTPUYHBIX BBIYHCIEHHAX, IIUPOKO
NIPUMEHSAEMBIX B HEPOHHBIX CETSX.
Tem He MeHee ee IIPUMEHEHUe OBLIO
OIPaHHYEHO U3-3a HECIOCOOHOCTH
BBIIOJIHATD HEKOTOPbIE  CJIOXKHBIE
BBIYUCIIEHUS, HO CefYac HOBBIE IKC-

MEPUMEHTHI ITOKAa3aIH, YTO ITOJIHO-
CTBIO OITHYECKHE HEMPOHHBIE CETH
BCe-TaK{ MOTYT CIIPaBUTHCS C 9TUMHU 3aladaMy, a 3HAYUT, IOSIBJIEHIE HOBBIX CBEPXOBICTPHIX ONTHYECKUX CHCTEM
HCKYCCTBEHHOTO MHTeJUIEKTa B GirpKariiiem OymyIieM CTAaHOBHUTCS BIIOJHE peaabHbIM. KitoueBast u Hambolee
MIpHUBJIEKATeIbHASI YePTa HEMPOHHBIX CETENl — OIPOMHOE KOJIMIEeCTBO B3aUMOCBsI3€H, KOTOpbIe 00pas3yioT HEeNpo-
HBI, IOTOOHO WX OMOJIOTUYECKAM aHAJIOTaM B YeJIOBEYECKOM MO3Te. OTH CBSI3U JIAIOT UM BBICOKYIO CIIOCOOHOCTD
K [IapaJUIEJIN3MY, YTO ITO3BOJISIET BBIIIOJIHSATH MHOYKECTBO OII€PAIUIl OJHOBPEMEHHO, [efIasi UX ropaszio 6oiee ag-
(bekTHBHBIMU B 3amavax IO PACIIO3HABAHUIO JIUIL WK TOJIOCA, Y€M TPaIUIIMOHHbIE KOMIIBIOTEPHbIE CHCTEMBbI, KO-
TOpBIE BBIIIOJIHSAIOT OHY WJIN HECKOJIBKO MHCTPYKIIMIL 3a pas.

CoBpeMeHHbIe JIEKTPOHHBIE HEMPOHHbIE CETH NOCTUTAIOT pasMepa 10 BOCbMU MIJIIMOHOB HEMPOHOB, HO UX
IaJbHerIIee IIPUMEHeHNE IJISI NCKYCCTBEHHOTO MHTEJUIEKTAa MOYKET OBITh OrPaHMYEHO M3-3a BBICOKOTO 9HEPro-
OTPeOIeHUS U OTPAHMYEHHOTO MapaJlIeIn3Ma B COEIUHEHNUSIX, B TO BpPeMsI KaK ONTHYECKUE COEIMHEHNUs depes
JIMHSBI 110 CBOEH CYyTH IapajuleJbHbl M3HAaYaIbHO. Hampumep, JHH3a B 4eJIOBEYECKOM ITTa3y (POKycupyer cpasdy
BeCh ITOCTYIAIOLINI CBET Ha CeTYATKy B 3aHEN YaCTH IJIa3a, IJie PACIIOI0KEeHO MHOMKECTBO JIE€TEKTUPYIOIINX CBET
HEePBHBIX KJIETOK. 3aTeM KaK[asi KJIeTKa HeIIPePBIBHO IIepeiaeT ONTHIECKUI CUTHAJI HeMPOHAM MO3Ta, KOTOPbIe HX
006pabaThIBAIOT, YTOOBI IIOKA3aTh HAM UTOTOBOE N300 paKEHHE.

CrekJIsIHHBIE TMH3BI 00pabaThIBAIOT ONTHYECKUE CUTHAJBI IIyTeM (DOKYCHPOBKH CBETA, BBIIOJIHSISA CIOKHYIO
MaTeMaTHYeCKyIO Ollepallnio, HadblBaeMyto IpeobpasoBanueM Pypbe, KOTOpPOE IIOMOTaeT TPAHCIUPOBATh CUTHAI
73 aHAJIOTOBOTO Buzia B nudposoit. HanpuMep, onHUM 13 IpUMeHeHUiT peobpadoBanuii Pypbe SBIISETCS Ipe-
00pazoBaHUe BPeMEHHBIX H3MEHEHUII NHTEHCUBHOCTH CUT'HAJIA B TPAaUK 9acTOT, IPUCYTCTBYIOIINX B CUTHAJIE.
Boennble ncnonp3oBanu 91oT npueM B 1950-x rogax, 9To66! mpeobpazoBaTh He0OOpabOTaHHBIE PATMOIOKAI[NOH-
Hble CUTHAJIBI, 3aIFICAHHBIE JIETSAIINM CAMOJIETOM, B TPpexMepHoe n3obpaxenue maumadra. Ceromgss aTo mpeob-
pasoBanmue 6e3 Ipo6IieM OCyIIeCTBIISIETCSI COBPEMEHHBIMH KOMIIBIOTEPAMHU, @ BOT JIAMIIOBBbIE KOMITbIOTEPhI 1950-x
rO0B He CIPABJIAINCH C TAKOM 3a7avyeil.

I'pynma u3 [OHKOHICKOTO YHHBEpPCHTETA HAyKH M TEXHOJOTHH OITyOJIMKOBAIa HAyIHYIO PAabOTy B )KypHaie
Optica, e y4eHble OIICAIN, KaK UM yJaJ0Ch CO3/IaTh ITOJHOCTHIO ONTUYECKYI0 HEMPOHHYIO CeTh, OCHOBAHHYIO
yXXe Ha IpyroM (U3NIECKOM MPOIecCe — IEeKTPOMATHUTHO-MHIYIMPOBAHHON IIPO3pavdHoCcTH, addekTe, mpn
KOTOPOM CBeT BJIFSIET Ha TO, KAK aTOMBI ITePEMEIAIOTCSI MEKAY KBAHTOBO-MEXaHWIECKAMHE YPOBHSIME JHEPTHH.
«DTOT MPOIIECC SIBISETCS HEIMHENHBIM 1 MOKET ObITh MHUIIMUPOBAH OY€Hb CTAOBIMI CBETOBBIMU CUTHAIIAMI», —
o6bsicHser [Hlenrsanr [y (Shengwang Du), npodeccop ¢pusuku u coaBTop crarbu.

B cBoeM 9KCIepuMeHTe OHU ITOBEPIIN BO3AEMCTBUIO CBETa ATOMBI PyOUANsI, OXJIaKICHHbIE Ta3epaMu IpH-
MepHO 110 10 MUKpOKeJIbBUHOB (Ha 10 MUKPOTpayCcoB BbIIlle aOCOTIOTHOTO HYJIST). XOTSI METON MOJKET ITOKa3aThCs
HeOOBIUAITHO CIIOKHBIM, KaK yTBepxkaet Ly, JaHHas TeXHOJIOTHS SIBISIETCST HanboJIee IPOCTOI U JOCTYIIHON IS
UCIIONIb30BAHUS B JIAOOPATOPUU M3 TeX, YTO MOIJIM JATh KeJaeMblil apdexT. «Bymydn 9ucTo KBaHTOBOM aTOM-
HOM CHCTEMOI, OHa UIEAJbHO MOAXOAUT UL 9TOTO IKCIePUMEHTa, YTOOBI TOKa3aTh CaM IPUHIUI PabOThD», —
YTBEpPIKIAET OH.

72 Iloppobuee



https://3dnews.ru/993262

72 TEXHONOTUU Centadpb 2019

Globalfoundries npeacraBuna «nyuwmii 12-um Texnpouece» 12LP+ FinFET

OH obecriednBaeT yBeIHdIeHIE IIPOUSBONUTENb-
HocTy Ha 20% HIH CHIDKEHHE SHePromnoTpeOIeHIUs

Ha 40% 1o cpaBHenmIo ¢ 12LP.

_!iﬁ_ﬁt T

KOHTpaKTHBIN IPOU3BOIUTENb IIOJIYIIPOBOJHUI-

xoBoi1 npoxykiuu Globalfoundries (GF) npencraBui
texnponecc 12LP+. ITo croBam GF, on «mpemiaraer
pa3paboTIMKaM MUKPOCXeM JIydlllee B CBOeM KJIacce
CoYeTaHMe MPOU3BOUTENILHOCTH, MOIITHOCTH U IIJIO-
LAy, a TakoKe HAOOp HOBBIX KIIOUEBBIX (DYHKIIHI,
3PEJION 3KOCUCTEMBI IPOEKTUPOBAHUSA U IPOU3BOJI-
CTBa, 9KOHOMHUYECKH 3(DHEeKTUBHOM pa3pabOTKH U
OBICTPOrO BBIXOJA HA PBHIHOK IS OBICTPOPACTYIIIUX
IIpUJIOKeHHIT 061aka u nepudepuiinoro MI».

CosnanHas Ha OCHOBe cyIectByomieit 12-um wiardopmst GF (12LP), HoBast tatdopma 12LP+ obecrieqnBaer
110 CPaBHEHUIO C Hell TH60 yBeIndeHre IPOU3BONUTeIbHOCTH Ha 20%, 1160 CHIDKeHHe TPeOOBaHMI K IIMTAHUIO Ha
40%, a TaoKe yTydIlIeHHe UCIOIb30BAHMU IIIOIALH JOTUIeCKIMU eI IMU Ha 15%. BakHOI 0COOEHHOCTBIO SIB-
JISIETCS BBICOKOCKOPOCTHasI staetika SRAM ¢ HUSKUM aHepronorpebienneM (HanpspkeHue nutanus 0,5 B), koropas
HOJIIep>)KUBAeT OBICTPBIN U 9HepreTHIecku 9(PdeKTUBHBII 0OMEeH TaHHBIMU MEKIY IIPOIeCCOPAMHU U IIaMSTBIO.

[TaxkeT MHCTPYMEHTOB JUISI Pa3pabOTUNKOB, JKeTAIOIIUX UCIOIb30BaTh 12LP+, yke moctymen. ITepenada B mpo-
M3BOJICTBO IIEPBBIX IPOEKTOB OKU/AETCA BO BTOPOI moyosuHe 2020 rosia, a CEpUiHbINA BBIITYCK IPOAYKIIUN 3arljIa-
HuposaH Ha 2021 roxr. Ou Gynet ocsoen Ha Fab 8 B mrrate Hoto-Mopk.

A VIcTouHUK

B Poccum ycTaHoBNEH MUPOBOIl peKopA CKopocTH GecnpoBoAHOI Nepeaun AaHHbIX

DT0 NPOU3OILIO HE B CTONIHUIE, U HE B TEILIOH JIa-
6opatopuu, a Ha JaJIeKOM CHOMPCKOM CeBepe B paiio-
He He6ouIbIIIOro ropona Mrapka. 3mech 6bU1 IOCTPOEH
pe3epBHBLI OecipoBonHOM 40-I'6UT paguoMoCT, Iy~
6IMPYIOMINI ITePEeCEKAIOIIYI0 IO COCENCTBY IO THY
pexy Ennceir 40-I'6ut npoBonHyo HudpoBYIO Maru-
CTpab.

Iyt 4ero morpe6OBaIOCh CTPOUTEIBCTBO CTOJIb
CJIO)KHOHM CHCTEeMBI C pe3epBUpoBaHueM?! Hauynem
C TOro, 4TO HEJABHO IIOCTPOEHHYIO BOJOKOHHO-

onrtudeckyo auHuo cBsi3u (BOJIC) co ckopocThio 40
T'6ur/c sy Ha Taimblp K Hopribcky ot HoBoro YpeHros depes 6010Ta 1 HEIPOXOAUMBIE MECTHOCTH. YIIO-
SKUB IO JTHY OTPOMHO¥I CHOUPCKOI peKr KabelIbHYI0 JHMHHIO ¢ OTHOTO Oepera Ha IPYyTroi, POCCUICKUE CBS3HCTHI
MOHSUIH, 94TO 6e3 NyOIMpYIOIIero pafrokanaua He o60iTrch: EHNCel B IePHOJ JIeTOXO0MIa HellpencKasyeM, pUck
noBpexaernst BOJIC BecbMa BBICOK, @ PEMOHT MOYKET 3aTSIHYThCSI HAZIONTO. 3a/lada yCIOKHIIACh T€M, 9TO IIPO-
TSDKEHHOCTD YCTOMYMBOTO MOIIHOTO PagHOMOCTa JO/DKHA OblIa HOCTHraTh 11 KM, a 3aJlo)KeHHAasI B TeX3aJaHue
CKOPOCTH paBHsUIACh Bce TeM ke 40 T'6ut/c (kak y nmpoBogHoI truHuN). Kazanock 661, HACKOJIBKO MOIIHASI PeKIamMa
MoTJIa GBI TIOJIYYUTHCS IJIS1 Pa3HBIX UMEHHUTBIX MUPOBBIX OPEH/IOB, I OHU TOJDKHBI ObUIN BHICTPOUTHCS B OUepeb,
4T00BI TO6OPOTHCS 3a IPABO BIIUCATH CBOE MMsI B cTopuio. Ho He TyT-TO 6BLI0!

Kax BBISICHIIIOCH, HUKAaK1e H3BECTHbIE IPOU3BOIUTENN TEIEKOMMYHHUKAIIIOHHOTO 000PYI0BAHSI LISl PA/IHO-
repegady JaHHBIX B IPOEKTE Y9aCTBOBATh He PEIINJINCh, U Ha 3aIIPOCHI He OTBETUIN. [leJI0 B TOM, YTO POCCUIICKTE
CIICIIMAJIMCThI 3aX0TEJIN CIENATh TO, 9TO 32 PyOesKOoM JuIst CKopocTH B 40 TOMT/C ITOKa MOTYT peasn3oBaTh Ha Ky/a
60Jiee CKPOMHBIX PACCTOSIHUSIX U B OCHOBHOM B Jlaboparopusix. Tak, 3apuKcHpoBaHbI HeMEI[KHe PEKOP/bI YCTOM-
YUBOM Iepelavuy Ha JUCTAHIUIO Bcero B 1,4 kM co ckopoctsmu B 40 u 100 ['6ut/c Ha crienuajbHOM IIOJIUTOHE



http://www.russianelectronics.ru/leader-r/news/snabworldmarket/doc/8
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u amepukanckuit 20 I'éur/c Ha 13 kM. A HamuMm HyKHBI 6bUTH 40 I'6ut/c 1 Ha 11 kM! [la He Ha IOIUTOHE,
a B yCJIOBUSIX CeBEPHOI MECTHOCTH C 9KCTPeMaJIbHBIM KIMMATOM. 3a IeJI0 IIPUILIOCH B3AThCSI OT€UeCTBEHHOM KOM-
nannu «[JOK» us Canxr-Ilerep6ypra, KOTopas yKe TeCTUPOBajIa Ha CBOEM IIOJIUIOHEe PabOIyI0 MOZIeIb PaIHOMOCTa
Ha 40 I'6ut/c (cBsi3ka u3 4 mo 10 I'6ut/c) Ha 4 kM. 3aKa34UK ObLI yAUBIIEH, 9TO B Poccuu ecTh TaKue pelleHns MIPO-
BOTO YPOBHSI, U IJIsI HadajIa ObIJIO HAMEIeHO IIOCTPOUTH TeCTOBBIN 10-T'0UT paguomMoct Ha 11 KM, KOTOPBIIT ITOKa3aj
ObI HAISTHO, YTO y HAC YMEIOT CIIPABJIATHCS CO CIOKHEUIIIMME 3aadaM.

V3Hav9aIbHO BCe KXKETCSI HECTIOXKHO: ClIeJIaIH 4 ITapaUle/bHbIX PafUOKaHaIa U IOy IHIH HCKOMBIN CyMMap-
HBI [I0Ka3aTeIb. Ho Ha MpaKTHKe BO3HUKAIOT B3aUMHbIe IIOMEXH, BIIOTh IO TOTO, UTO CBSI3b HA PAfHOYACTOTE
BOOOIIIe IIepecTaHeT paboTaTh. [IJIs pagpelneHus Ipo6IeMbl OOBITHO Pa3HOCIT CUTHAJIBI II0 aCTOTE U IPUMEHSIOT
Pa3HyIO MOJISIPU3AIUIO CUTHAJIA — BCE 9TO HEIIPOCTO PEaIN30BaTh B «Keslede». [leTepOyprcKue CBSI3HUCTEI CLiesIaln
OPHUIMHAJIBHYIO CXeMOTEeXHHUKY Ha 6osbimx CBYU-MHKpocxeMax Ha OCHOBE apCeHHMIA TaJUIMS U OKA3aJIHCh IIpa-
BBL. YoKe B Hauaje yieta 2019 rofa mepBblil 6eCIIpOBOIHON KaHAJI YCIIEITHO IPOTeCTUPOBaIU Ha Geperax Enunces.
ITo uToraM MCIBITAaHHUI OBLI IIOCTPOCH IIOJIHOICHHBIH paguoMocT Ha 40 61T/, KOTOPBII B KOHIIE JleTa ObLT CHaH
3aKa34uuKy.

BoT Tak 0OBIYHAsI POCCUIICKAsI KOMIIAHUS CO3/IaJIa YHUKAJIBHBIN IPOEKT B chepe TeJIeKOMMYHUKAIIUI, 3HATH~
TeJIbHO IIePeKPBIB BCe CIEJIAHHBIE B TEIUINYHBIX YCJIOBUSIX PEKOPIBI CBOMX H3BECTHBIX 3aPyOe/KHBIX KOJIIET.

2 UcTtounuk

Co3paH KBaHTOBbIi1 KOMNbloTep «ANA GeHbIX», paboTalowWwuil NPy KOMHaTHOI TemnepaType

B HeM UCIIOIb3yeTcs CIUHTPOHUKA.

HccnenoBatenn HM3 yHHBEPCHTETOB 1OXOKY
u Ilepapio pa3paboTaad HETPALUIIMOHHYIO BBITHC-
JIUTETIbHYIO CXeMY, IIOCTPOCHHYIO Ha HCIIOIb30Ba-
HUU TEIUIOBBIX (MIYKTyaluil, U IPOLEMOHCTPUPO-
B PabOTOCIOCOOHOCTD OTOH KOHIEIIUU IS
BePOSTHOCTHBIX BBIYHCICHHIL.

BepOsITHOCTHBIE BBIYMCICHHUS — BBIYHACICHIHS
C TIIpUMEHEHHeM BEPOSTHOCTHBIX OHTOB, WK
P-OHTOB, COCTOSIHME KOTOPBIX KOJIEOIeTCsl BO Bpe-

MeHU Mexay «0» U «1». MO’KHO IPOBECTH aHAJIOTHIO
C KBAHTOBBIMH BBIYHCIICHUSIMU, B KOTOPBIX HCIOIB3YETCsI CYHNEePIIO3UINsI KBAHTOBBIX OUTOB MM (-OUTOB, IIPU-
HUMAOIUX 3Ha4eHUs «0» U «1» OTHOBPEeMEHHO (TOYHee, CIIOCOOHBIX HAXOAUTHCS B UX CYLEPIIO3UIIUN).

B co3maHHOM HCCIIeIOBATeISIME 3JIEMEHTAPHOM BEPOSTHOCTHOM KOMITBIOTEPE, OCHOBAHHOM Ha KOHIIEIIIIHIX
ACHHXPOHHBIX HEMPOHHBIX CeTeil, p-OUThI ObUIN peaTn30BaHbl B CTOXaCTUIECKOM MarHUTHOM TYHHEIHHOM Iiepe-
xoze (s-MTY). [Iyst meMoHCTpanuu OblTa BbIOpaHa IeJ09nciIeHHast GaKTOpU3aIusl KaK HaIJLSIHBINA IpUMep 3amad
OITUMUSAIIIH.

OskmaaeTcs, 9TO KBAaHTOBBIE BHIYHMCIICHUS TIOMOTYT PEIIUTh CIO’KHBIE 33/Ia4M, BKIIOYasi ONTUMHU3AINIO0, KOTO-
Ppble KITacCHYecKie KOMIIbIoTepbl 3G eKTUBHO pelnuTh He MOTYT. B TO BpeMst Kak 60JIbIINHCTBO q-6uTOB paboTa-
10T IIPU YPE3BBIYANTHO HU3KOI TeMIIepaType U 9acTO B3aUMOJEHCTBYIOT TOJIBKO C COCETHUMU q-OUTaMu, p-OUThI
CIIMHTPOHHUKH MOTYT HCIIOJIb30BAThCS KaK -OUTHI, HO pabOTAIOT IPU KOMHATHOM TeMIlepaType ¢ BO3MOKHOCTHIO
KOPPeJISIIUY 9JIEKTPUIECKUMU CPENCTBAMU C HECKOJIBKUMU P-OuTaMu nake Ha O60nbImx paccrosiHusx. Kpome
TOTO, p-OUTHI MOTYT OBITH PeaTM30BAHBI IyTeM HEOOIBIIOTO U3MEHEHHSI TEXHOJIOTHH MarHUTOPE3NCTUBHO I1a-
MSITH C IPOU3BOJIBHBIM HoCcTyIoM (MRAM).

[TponeMOHCTpUPOBAHHASI BBITUCIUTEIbHASI CXeMa, OCHOBAHHASI HA TEXHOJIOTUU CIIMHTPOHUKHU, 0COOEHHO IIpU-
BJIEKaTeJIbHA JIJISI OTIPEMIEJICHHBIX KIACCOB 3ajad, Ijie IpUeMyIeMbl IIPUOIIIKEHHbIE PEIIeHuUs, IIOTOMY YTO BEPO-
SITHOCTHBIF KOMITBIOTEP HCIOJIb3yeT eCTeCTBEHHYIO CTOXaCTHIHOCTh S-MT] BMeCTO MCKyCCTBEHHOTO BBEIEHUS ee
B IeTEPMUHUAPOBAHHBIN KOMIBbOTEP. [10 cCpaBHEHNIO ¢ KBAHTOBBIMHU KOMIIBIOTEPAMH BEPOSITHOCTHBIE KOMITBIOTE-
PBbI CIIMHTPOHUKH IIPUBJICKATEIbHBI C TOYKU 3PEHUSI PAOOTHI IIPU KOMHATHON TEeMIIEPAType, IIPOCTOTHI pean3a-
IIUY ¥ HaJIM9IHS XOPOIIIO OCBOCHHBIX TexHooruit MRAM.

A VcTouHUK
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ChipEXPO 2019 — Me)XTyHapOTHAsI BBICTABKA ITO 3JIEKTPOHHUKE, KOMIIOHEHTaM, 000PYTOBAHHIO U TEXHOJIOTHAM
16-18 oxrs16pst 2019 roma, Poccust, Mocksa, [IBK «DkcmomeHTp»

Global Sources Consumer Electronics Autumn 2019 — BbICTaBKa IIOTPeOHTEIbCKOM 3IEKTPOHUKH
11-14 oxrs16ps 2019 rona, I'orkonr, I'orkonr, AsiaWorld — Expo

«CunoBas 31eKTpoHnka — 2019» — MeXIyHapoJHasA BbICTaBKa KOMIIOHEHTOB M MOJIYJIeli CHUIOBOI 3/IEKTPOHUKHU
22-24 oxts6ps 2019 rona, Poccust, Mocksa, MBIT «Kpokyc Dkcmo»

Testing & Control 2019 — Me>xgyHapoIHasi BHICTABKA UCIBITATEIbHOTO H KOHTPOJIbHO-U3MEPUTEILHOTO

o6opynoBaHus
22-24 oxts6ps 2019 rona, Poccust, Mocksa, MBIT «Kpokyc Dxcro»
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W3meHeHus B TpyAoBOM 3aKoHopAaTenbcTBe ¢ 1 0KkTA6pA 2019 ropa

Ha pa6oToparesneit Bo3naraeTcst 00513aHHOCTh KOHTPOJIIMPOBATD [esTETbHOCTD U MTepeIBIKEHNEe HHOCTPAHHBIX
JIUII, IPUEXaBIINX K HUM Ha paboty B P®. PaboTomaTenb 0OTBeYaeT 3a TO, YTOOBI HHOCTPAHHOE JINIIO He 3aflepiKa-
JI0Ch B mpenenax PP mosbliie CpoKa, yCTaHOBIEHHOTO MATEHTOM UJIH paspelleHneM Ha pabory.

Ecnu ¢upma He 6yneT KOHTPOIUPOBATH IepeiBIKEHIe HHOCTPAHIIA, OHa Oy/IeT MpUBJIedeHa K aIMIHUACTPA-
THUBHO OTBETCTBEHHOCTH U omTpacdoBaHa.

Kpome Toro, orpaHrdeHa KBOTa Ha KOJMYECTBO MPUHMMAaeMbIX Ha paboTy MHOCTpaHIeB. B obiactu cTpon-
TeJIbCTBA pabOTOATENb UMEET IPAaBO HAHSATH He 6oiiee 80% MHOCTPAHIIEB OT OOIIEro YUCIa COTPY/IHUKOB. PaHee
KBOTBI He ObUIO, ¥ BCE COTPYAHUKU MOTJIU OBITh HHOCTPAHHBIMH TPaXKIaHAMH.

W3meHeHna B [paxpanckom kopekce PO: gorosopbi u uuppoBusaumua

C 1 oxrs16ps B I'K PO Oymer 3akpelieHO IOHITUS «IU(PPOBbIe IIpaBa IPaXKIaH», IO KOTOPbIMU IIOHUMAeTCsI
BO3MOKHOCTb PacIIOPsDKAThCS, IePeaBaTh, OTIABATh B 3aJI0T, 00PEeMEHITD IIPaBa IPaKIaH MOXKHO B paMKax Iud-
POBOII crCTeMbI 03 IOMOIIY TPeThUX Jiuil. KpoMe TOro, BBeIeHO IOHITHE «CAMOUCIIOIHIeMast CIeIKay.

DTO TOBOPHUT O TOM, YTO Telephb 3aKOHOAATEILHO 3aKpeIUIeHa CMapT-CleJKa — IPaKIaHUH IIOJIydYaeT BHUP-
TyaJIbHBII TOBAap aBTOMATHYECKU IIPU PealH3al[Ul 0OCTOATEIbCTB, YKa3aHHBIX B COMIALICHUH, TO €CTh IIPOIecC
UCIIOTHeHUSI COTJIAIIeHIS JIOXKUTCS Ha HH(POPMAIIMOHHYIO CUCTEMY.

B I'paxpmanckuit komekc PO Oyner BBenieHa HOBasi HOPMa, IIPeIyCMATPUBAIOLIAsl CTPOSHHE I0rOBOPa 00 OKa3aHUU
YCIIYT U IpefocTaBIeHuy nHGOpManuu. B [orosope 3akperuisieTcs: 00s3aHHOCTD JIMIA He COBEPIIATh IeHCTBHS, Ha-
IIpaBJIeHHbIe Ha PACKPBITHE TAHHBIX U KOH(GUICHIINATbHON HH(POPMAIIY TPeTbUM JINIaM. TaKkue H3MeHeHUsI IPOJIK-
TOBAHBI IIPOLIECCOM LITH(DPOBU3AIIIN, KOTOPBII 3aTParkuBaeT He TOJIbKO IIPOMBIIILICHHOCTD, IPOU3BOICTBO, IPOIAKIH,
HO U Bce chepbl JKU3HH 00IIIeCTBA, B TOM YHUCIIe CYJOIIPOU3BOICTBO, JOTOBOPHOE IIPABO.

Kontponb UnTepHeta

C 1 oxTs0ps TeKyIero roga OyzeT BBe[jeH HOBBII 3aKOH, HalleJIeHHBII Ha 0OecIedeHre 6e30IaCHOCTH B CETH
Hurepner.

Bcest modra, mepenucky, MUCbMa U BJIOKeHUsI OYIyT XPaHUTBCSI Ha CepBepe OPraHU3allny, IIPeJOCTaBIISIOIel
UHTepHeT-yCIYTU IpakaaHaM B TedeHue 30 nHeil. ExkeroqHo cpok 6yneT yBenuduBaThcs Ha 5%.

JlaHHOe HOBOBBEMICHUE ITO3BOJIUT COTPYIHUKAM CIELICTY>KO 6eCIIPeIIITCTBEHHO U B KOPOTKHE CPOKHU ITOTydaTh

AOCTYII K IIEPEIIUCKE U ITUCbMaM I'PaKIaH.




