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I'naBubIE
rTexHoTpexHast 2018

B IT-pa3paboTkax fanbHenwee pa3BuTe TPAAULMOHHBIX KOMNbIOTEPHbIX TEXHONOTUA UFpaeT
BCEro AMLWb BCNOMOrartesibHy ponb. CKyccTBeHHbIN nHTenekT u UHTepHeT Belwei 3aaatoT
TOH Ha bamxaiiwee byayuee.

OT (hakT, 4YTO HaC OKPYKAIOT KOMITBIOTEPHI, @ Mbl TTIOCTOSIHHO

HaXOIMMCS Ha CBSI3U CO cMapT(dOHAaMM B pyKax, CETOIHS BOC-

MPUHUMAETCSI KaK HeuUTo caMo coboii pazymeronieecs. Hauano
Takoro cuMoOmo3a udesnoBeka, CeTn U KOMIbIOTepa 3HAMEHYEeT U3-
BecTHas pekiamHas BctaBka AOL ¢ Bopucom Bekkepom u ero «Ich
bin drin» («{ BHyTpM», «s B mene»). [Banuars et cirycts, B 2019-m,
CMBICIT COUETaHUST «OBITh BHYTPU» BOCIIPMHUMAETCST TIO-IPYTOMY.
Moxer ObITh, MCKyccTBeHHBII nHTE/UIeKT (M) u UHTepHeT Be-
et — 9To ABa MOHSATUS, KOTOPblE 03HAYAIOT [JIs1 MHOTHX YTO-TO
POKOBOE U JajieKoe, Kak elle rapy JIeT Ha3aa o0JauHble TEXHOIO0-
TMU, HO 32 HUMU CTOSIT MIEPEMEHBI, KOTOPbIE KPENKO OXBAThIBAIOT
TOBCETHEBHYIO XU3Hb.

WHTepHeT Bewieili — 3TO MUP CAaHTUMETPOBBIX YCTPOMUCTB,
00BEANHEHHBIX B CETh, COCTOSILIMUX U3 YUITOB, TaTYNKOB U OECTIpo-
BOMHOM cBsi3u. OHM BIIMTHI B ONEXKIY, BCTPOEHBI B aBTOMOOWIIH,
yaudHble (hDOHAPU, BMOHTUPOBAHBI B MECTA CTOSTHKM M COOMPAIOT
TIOTOKW NaHHBIX, KOTOPbIE, B CBOIO OYepelb, B OyOyIIeM CTaHyT
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00pabaThIBaTHCS HE MPOCTHIMU AJITOPUTMAMMU, a CAMOOOYUYAIOLITUMHU -
Csl CUCTEMaMMU, C KaX/IbIM MPUTOKOM MH(MOPMALIMK CTAHOBSIIIIMMUCS
BCe JIy4Ille ¥ OTKITMKAIOIIUMHKCS BCe OoJiee «MHTEIIEKTYaTbHO».

Ho arot yynecHbIit HOBBINT MUp HACTYIUT TOJIBKO TIPU YCIIO-
BUH, 4TO Oy/IeT coOTI0IeHa OCHOBHAsI KOHCTAHTA: YTOOBI TTOBBICUTH
9¢bGEeKTUBHOCTD BBHIYMCIEHUI KOMITHIOTEPOB, caMble MaJleHbKIE
BBIUMCIIUTEIbHBIC OJOKM — TPAH3UCTOPbI — JIOJDKHBI CTaTh ellie
Oosee kommnakTHbIMU. Ecnu emie 15 et Ha3am pa3mep TpaH3UCTO-
poB coctaisi 130 HM, UTO COMOCTAaBUMO C pa3MEpPOM BUpPYyca TPUII-
1a, TO CEro/IHsI yYEeHbIE JIOMAIOT TOJIOBY B MIOMCKAX COCO0a yMeHb-
LIXTh TPAH3UCTOPHI B OyayleM 10 auamerpa aroma (0,3 HM).

MuHuaTiOpU3aumna ona nporpecca

TpaH3ucTOpbl — 3TO MUHUATIOPHBIE JIEKTPOHHBIE TIEpeKIIIoYaTe-
Ju, npeacTasisiomme 3HadeHre ) win 1 6uHapHoro kona. YeM oHu
MEHBIIIE, TeM OBICTPEE KOMITBIOTEP MPOU3BONUT BBIYUCIEHNUS, €CIIN
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TOBOPUTH O TIPOU3BOIUTEIILHOCTH, U TeM 3HeprodddeKTuBHee OH
paboTaeT, ecr TOBOPUTH 00 OMTUMM3ALUKM SHEPTOTIOTPEOICHMS.
3HaMeHUTHIH 3aKoH Mypa, 03By4eHHBII TOIBEKA Ha3al, 3aKIoya-
€TCs B CJIEMYIONIeM: KOJIMYECTBO TPAH3UCTOPOB, pa3MeliaeMbIX Ha
OIHOW U TOM K€ IUIOLIAAN UHTETPaIbHOM CXeMbI, KaXAble MOJITOpa
rora yBeaIn4uuBaeTcs B IBa pa3a. Takoe yaBauBaHME O3HAYaeT IMO-
BbilieHue addexkTuBHocTr 10 40%. Bosnbliero mpous3BOAUTENN
MMKPOMPOLIECCOPOB HA CETOTHSIIHUI AeHb TOCTUYb HE B COCTOSI-
HHWU, TOCKOJbKY MCMONb3YeMble TEXHOJOTUM MPOU3BOIACTBA MU-
KPOCXeM JOIIUIH JIO MPENesIOB CBOUX BO3MOXKHOCTEI.

ViKe ceromHst pa3BUTHE HOBOTO ITOKOJIEHUS TpeOyeT He OMHOTO
MWUIMapaa AoJiapoB. M3 nByX mecsiTKOB MPOW3BONUTENEH MHTE-
TpaJbHBIX MUKPOCXeM 3aKoHy Mypa ceifdac OTBeYaloT BCETO YeThl-
pe: Intel, Samsung, TSMC (Taiwan Semiconductor Manufacturing
Company) u GlobalFoundries, mocraBmuk unumos AMD. Iomy-
npoBonHUKOBbIe u3nenus TSMC ucnonb3yioT MHOTHE TTIPOU3BOIH -
Tenu cMapTdoHoB. Kpome Toro, 0603HaYeHNS pa3MepOB MOKOJICHUST
TPaH3UCTOPOB OOJIbIIIE HE COOTBETCTBYET (PAaKTUUECKUM pa3MepaM.
B Hacrosiiiee BpeMst Samsung ro3unimonupyeT cBoii Galaxy S8 kak
CMapT@OH C YUTIOM C JeCITUHAHOMETPOBBIMU TPAH3UCTOPAMU, HO
MO CYTM HUKAKUX TPAH3UCTOPOB pa3MepoM B 10 HM TaM HeT, a To,
yTo Samsung Ha3biBaeT «10 HaHOMeTpoB», s Intel u TSMC o3Ha-
YyaeT HEMHOTO Jipyroe (CM. cripaBa BHU3Y).

DTOT MOMEHT TaKXe CBsI3aH ¢ HoBoli cTpykTypoii FinFET, koto-
pyto Intel Bnepsble ucnonb3oBasia B 2012 romy. ['oBopsi mpocThiMU
CJIOBaMU, 3TU TPAH3UCTOPHI COCTOSIT U3 JIBYX KOHCTPYKTUBHBIX
9JIEMEHTOB: 3aTBOPOB 1 KaHAJIOB B BUJIE TUIABHUKOB WM pebep, Tre-
PEKPENIMBAIOIINXCS MEXITY COO0U 1 00pa3yIONIMX CETKY (CM. cripa-
Ba). 3aTBOp MPOITyCKaeT WM OJOKUPYET TOK, MPOTEKAIOMINII IO
TUIaBHUKY, O0ecIieurBasi TaKUM 00pa3oM MEPEKIIIOUEHUE 3HAYEHUSI €
0 Ha 1 1 Hao60poT. CpaBHUTH pa3Mephl IEMEHTOB CTPYKTYPhI pa3-
HBIX TMPOU3BOAUTENCH MUKDPOCXEM MOXKHO MO IBYM IapaMeTpam:
Contacted Poly Pitch — 1ar 3arBopos, 1 Minimum Metal Pitch —
pPacCTOSIHUE MEXIy KOHTAKTaMHU, KOTOPbIE HaXOISITCSl HETOCpEN-
CTBEHHO HaJl TPAH3UCTOPAMHU M 00ECTICUYMBAIOT TTOIavy TOKA.

be3 naTu ABeHafuaTh ANA 3aKOHa Mypa
[MpeumymectBa TpanzucropoB FinFET 3akitouatorcss B miaBHU-
Kax. 3aTBOp 00XBaTHIBAET KAHAJ-IIJIABHUK C TPEX CTOPOH, B PE3YITb-
TaTe Yero MoBbIIaeTcst 3(pHEeKTUBHOCTH YIIPABICHUST BKITIOYEHUEM
U OTKJIIOYeHUEM ToKa. Ho ueM MeHbIlle CTPYKTYphI, TEM CIIOXHEe
KOHTPOIMPOBATh MPOXOXKAEHNE ToKa. B pe3ynsraTe BO3HMKAET TOK
yTeuKH, MOBBIIIAETCS TETUIOOTAAYa U dHepronorpedienue. B mpo-
U3BOJCTBE MOJYNPOBOIHUKOBBIX TPUOOPOB CUUTAETCS, YTO MIPEAET
TexHosorun FinFET — cemb HaHoMeTpoB. Kommnanust TSMC Ha-
mepeHa K 2018 rony nepeiiTy Ha ceMb HaHOMETpOB 1151 iPhone ue-
pe3 OTHO MOKOJIEHUE, U 3TO OyIeT MOCIeIHUM MOKOJIEHUEM MUKPO-
MPOLIECCOPOB, BBIMYIIEHHBIX 10 CTAPO TEXHOJOTUM.

Cpok neiictBust 3akoHa Mypa MOKHBI TIPOIUTUTH BE HOBUHKM.
B mepByto ouepens — ncmoab30BaHNEe HOBOTO METO/Ia SKCTIOHUPOBA-
Hus. [Ipon3BonuTeIN MHTETPATBHBIX MUKPOCXEM TIO-TIPEKHEMY TTPU-
MEHSTIOT UMMEPCUOHHYIO JInTorpacduio st GOpMUPOBAHUST KPEeM-
HMEBBIX CTPYKTYP IPU TTOMOIIIN J1a3epa, N3TyJalollero CBET C JTMHOMN
BOJHBI 193 HM. YTOOBI BBIpACTUTH CTPYKTYpPBI, pa3Mep KOTOPBIX
MEHbIIIE JUIMHBI BOJIHBI, MAT€pUal MHOTOKPATHO 9KCITIOHUPYETCS Ue-
pe3 MaTpulbl. B Oymyiiem OyaeT ucnosb3oBaThest (hoToauTorpacdust
B m1y6okoMm yibsrpaduonere (EUV) — nazep Oyner nsiyyatb BOJTHBI
uiHoM Beero 13,5 HM. TIpuMeHeHue BOJH Takoii JUIMHBI TpeOyeT
rnepemMelleHus MoJTyIPOBOAHUKOBBIX IJIACTUH 4epe3 psill yCTaHO-
BOK, TIPMYEM B BaKyyMe, UTO IPENCTaBJIsIeT COO0N TeXHUIECKHe
cnoxHoctu. Hunepnannckas komnanust ASML yxe npousBoauT Te-

croBble EUV-nutorpadbl, 13 KOTOPBIX 14 CUCTEM yKe UCTIONb3YIOTCS -
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TpaH3ucTopsbl
FinFET Ha pbiHke
¢ 2012 ropa. OHu
COCTOAT U3 iBYX
KOHCTPYKTUBHbIX
3/1eMeHTOB: KaHa-
NOB-NNABHUKOB U
3arsopos. Hanpsa-
YeHue Ha 3aTBO-
pe nepeknio4yaer
TpaH3ucTop

MnaBHUK

3artBop

,U,Ba napaMmeTpa onpenendatoT Npou3BOAUTENBHOCTb
Yem meHbLwe TpaH3ucTopbl FinFET, TeM Bbilie NPOM3BOAUTENIBHOCTD YM-
na. OnpepenALWMUMN ABNAIOTCA ABa NapameTpa: war 3atBopos (CPP) u
paccTosiHMe MeX /Ay KOHTaKTaMu, KoTopbie nopaiot Tok (MMP)
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Contacted Poly Pitch (CPP)

Pa3mepbl TPaH3UCTOPOB: MAPKETUHT U PEabHOCTb

0603HaYeHns pa3MepoB NPOU3BOAUTENEH MUKPOCXEM HE COOTBETCTBY-
10T fecTBUTeNbHOCTU. TaKKe HeACHO, yaacTcsa im um ¢ 2018 roaa Ha-
NaAuTb cepuinHoe NpoM3BOACTBO ¢ nomoubio EUV-nutorpacdun
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[lns noKoneHms YunoB pasme-
pom 7 HM 6yAYT MCNoNb30-
BaTbCsA HAHOMPOBOAHbIE TPaH-
3UCTOPbI, B KOTOPbIX 3aTBOP
NoJIHOCTbI0 06XBaTbIBaET
nnaBHuK. CnpaBa — nporo-
TUN, pa3paboTaHHblii B Mccne-
poBaTenbckom ueHTpe IMEC

BoicokonpounssogutenbHblit K pa3mepom ¢ nagoHb

KomnaHua AMD npepctaBuna mopenb npoueccopa EHP. Bce komnoHeH-
Tbl Pa3MelLaloTCA Ha KPeMHUEBOWN NOAJIOXKKE U CO@AUHAIOTCA NPU NOMO-
LM THICAY TUHUIA B UHTEpRO3epe

1
1 WHTepnose
Appa LN P P

1 1
Namate HBM Ipadnyeckue appa

Y35nb1l HeMPOHHOM ceTH

Y3nbl (HeNpPOHbI) HENPOHHOI CETU PACMONOXKEHbI CNIOAMM, KX bl y3en BbiNos-
HAIET NPOCTbIe BbIYUCAEHNSA. B uTOre pe3ynbrathl pasHbiX psAoB HEipOHOB
CBEPAIOTCA U CETb BbIJAET BEPOATHOCTHbIN pe3ynbTat. Ha pucyHke nokasaHa
HellpoHHas CeTb, pacno3Halollas n306paxeHns.

Lake Crest: ynn Intel gns sBbluncnenuit A

Mukpocxema Lake Crest coaeput 12 knactepoB AN HEPOHOB, KOTO-
pble GYAYT XpaHUTL AaHHbIEe B cTeKax namatu HBM (nponyckHas cno-
co6HocTb 1 TouT/c). Knactepbl coeaAuHAOTCA C APYrUMM YUNAMKU Yepes
KaHaJibl C NPONYCKHOI cnoco6HocTbio a0 100 M6ut/c
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Il utepdeiic PCle [ Kanansl coepurenns ¢ uunamu [l Boiuncautenshbiii knactep
[7103Y tuna High Bandwidth Memory
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o Bcemy mupy. [1o Bceit Bunumoctu, K 2019 romy ASML cospeer st
cepuiiHoro rnpousBoacTBa EUV-ycTaHOBOK.

K 2020-my mosgBUTCS TTOKOJIeHHE TIITUHAHOMETPOBBIX TPaH-
3UCTOPOB C HOBOU CTPYKTYpOil. B HAHOMIPOBOMHBIX TPAH3UCTOPAX
3aTBOP MOJHOCTBIO 0OXBATHIBAET TUIABHUK, UTO MTO3BOJISIET KOHTPO-
JnmpoBath ToK Jy4iie, yeM FinFET. Jletom 2016 rona MexyHuUBEp-
CUTETCKMI LIEHTP MUKPOSJIEKTPOHUKU, OAUH W3 KPYMHEUIINUX
Hay4YHO-UCCIEI0BATENbCKUX LIEHTPOB B 00JIACTM MUKPO- U HAHO-
3JIEKTPOHMKHU, PACIIONOXKEHHBIN B O6enbruiickoM ropone JleBeHe u
HAaCYUTHIBAIOIINI OKOJIO JBYX THICSY COTPYIHUKOB, IMPENCTaBUII
MPOTOTHII TAKOTO YCTPOICTBA B BOCEMb HAHOMETPOB B TIOTIEPEYHM -
ke. CrienMaancTbl CYUTAIOT, YTO HAHOIPOBOIA MOXHO MCITOJIb30-
BaTh BIIOTH JI0 TPEXHAHOMETPOBOTO TTOKOJICHMSI, & TTOTOM TTPUIIETCST
OTKa3aThCsl OT KPEMHUSI B Ka4eCTBe MaTepuaia it TPaH3UCTOPOB.

BbICOKOCKOPOCTHbIe BblUMCIUTEJIbHDbIE AAPa ANA KOM=
nbloTepos 6yayuero

‘YMeHbllIeHHe pa3MepoB TPaH3MCTOPOB MO3BOJUT pa3padboTaTh HO-
Bble hopM-pakTopsl foMaiiHux [TK B Oyayiiem. Kak oHu MOTyT BbI-
ISIAETh, HelaBHO Mokazana AMD, nponuB cBeT Ha auU3aiiH CBOETO
HOBOT'O MPOLIeCCopa C FeTepOreHHOI apXUTEKTYPOit IK3a(IONICHOTrO
kinacca (EHP) ¢ BbIcOKOIT BBIUMCIUTENBHON MOIIHOCTHIO. MUKpO-
cxema EHP Bximiouaer Bce ocHoBHBIe KoMITOHEHTHI [TK: LeHTpaib-
HbII 1 TpadryecKuil MpoLeccopsl, MaMsTb. MHOTHME LUEHTPAbHbIE
MPOLECCOPbl YXKE€ CETrofAHs HapsiAy C BbIYUCIUTEIbHBIMU SAPAMU
LIITY conepxat rpacdudeckoe siapo — ero XxBaTaeT Ha IeKOAMpPOBaHUE
BUII€O, HO JUUIs1 UTp OHO ciaboBaTo. B pamkax EHP xe nmonpasymena-
eTcs BbIIeIeHUE TpapuiecKoMy SApPY J0CTATOYHOTO KOJIMUYECTBA Me-
CTa Ha KpUCTaJJIe IIJIsl OCYILECTBICHMST BHICOKOIIPOU3BOIUTEIBHBIX
BBIYMCIICHUI (CM. CXeMy CITpaBa).

KoMnoHeHTbI OynyT cBs3aHbI C ITOMOIIBIO MHTepro3epa —
KPEMHUEBOI MOMIOXKKHA C MPOTPABIEHHBIMU B HEll ThICSIUaMU JIv-
HMI1, Gy1arogapsi YeMy oOMeH JaHHBIMU MPOUCXONUT B HECKOJIBKO pa3
obicTpee. PsimoM ¢ rpacuueckrMu siipaMu pacrojiaraetcst rnamsiTh
tuna High Bandwidth Memory. [Tpeumyniectso HBM niepen momy-
agmu DDR RAM 3akimouaercs B pacrolioXEeHUU sUeeK CTeKaMu,
YTO TAKXE YCKOPSIET Mnepenavy JaHHbIX (32 CUET HIMPOKOW IIMHBI) U
IJIOTHOCTh XpaHEHUsI TaHHBIX. [13-3a BEICOKOTO HarpeBa pa3sMeCcTUTh
MaMSITh HETIOCPEICTBEHHO B MPOIIECCOPE CETOMHS HE TIPEICTaBISIeT-
¢ BO3MOXHBIM — MMKPOCXeMa MpOCcTo meperpeetcs. st aToro
KOHIIETITa TPEOYIOTCS TPAH3UCTOPHI €1lIe MEHBIIIETO pa3Mepa ¢ HU3-
KMM 3HEProroTpedaeHueM U BEICOKOM MPOU3BOAUTEIbHOCTEIO.

YMHoOe annapaTtHoe obecneyeHue

Konuent EHP moxHo agantuposats non I1K, Ho oH He coznaBa-
csl CrelMalIbHO 7151 HUX. TOMUYKM K TEXHUYECKOMY MTPOPBIBY MCXO-
JISIT OTHIOABL He oT cepBepoB, I1K wiu cmaprgonoB. Kakum Oynet
KOMIIbIOTEP OyIylIero, OonpeesstoT ABa Apyrux dakropa: uckyc-
ctBeHHbIi nHTEWeKT (M) u UaTepHeT Bemeit, To ecTh 00benu-
HEeHUe TaTIYNKOB U YCTPOICTB B €AMHYIO CETh.

Camoobyualowmecs cMcTembl

TepMUH «MCKYCCTBEHHBIN MHTE/UIEKT» — HeyIadHbIil, COBPEMEH-
Hbiit MU maso o0111ero MMeeT ¢ TeM, YTO OOBIYHO MoApa3yMeBaeTCs
IO/, CJIOBOM «MHTeJUIeKT». M, KOTOpbIi MOJOOHO YeOBEKY aHa-
JIM3UpPYeT HelpeacKa3yeMble CUTYyalluu, OyIeT Co3qaH elle HECKOPO.
Ceifyac B paMKax KOHIEIIIMN UCKYCCTBEHHOTO MHTEJIEKTA BhIYMC-
JICHUSI TIPOM3BOIUT HEIIPOHHAS CeTh, KOTOpasl peliaeT crenuduae-
CKUe 3a71auH, a JI0 3TOTO IIPOXOAUT oOydeHrne. HekoTopsle cucTeMbI
MPOOJIKAIOT 00yJYaThCsI U COBEPIIIEHCTBOBATHLCS U TIOCTIE 3aBepIIie-
HUSI TIONTOTOBKU, UCITOIb3ysd OOPAaTHYIO CBS3b.
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HeiipoHHbIE ceTH COCTOSIT M3 MHOXKECTBA y3JIOB, KOTOPBIE TTPO-
W3BOMST IMapauIeNIbHbIe BRIUMCIIEHNS (CM. OJ10K ciieBa). Pazpaborun-
ku UM ucnomnwsytor Bupeokaptel Tua GeForce GTX 1080 — oHa
conepxxut 2560 apupmerrko-nornueckux omoka (ALU). Ho ato He
0oJiee YeM BpeMEHHOe pellieHue: 6oJbiinas yacth ALU Hepenko He
3a/IeMiCTBYETCS, MTOCKOIBKY HEMPOHHOI CETU He TpeOyeTcs Tapaiie-
JM3anys B Takux maciuradax. KpoMe Toro, HelipOHHOI ceTU HY>KHO
TIOCTOSIHHO TePeaBaTh B MaMsITh U MOJIyYaTh U3 Hee OO0JIbIIoe KO-
YeCcTBO JJaHHBIX — B 3TOM oTHolleHur HBM 6bita Ob1 mOOBICTpEE,
yeM GDDRSX na GTX 1080. Bo BTOpOii MojioBMHE rojfia Ha phIHKE
OXUIAETCST TIOSIBJICHUE YCKOPUTENsSI BBIYUCICHUU ITON Ha3BaHUEM
Lake Crest, mpenHazHayeHHoro s noctpoeHuss MU, kotopwlit
aHoHcupoBaina Intel. Mukpocxema Lake Crest Oyner Hectu 12 BbI-
YUCIIUTETBHBIX Y3JI0B, KOTOphIe Intel Ha3pIBaeT Kitactepamu, a Kax-
NIbIi KJ1acTtep ApoOUTcs Ha HecKoinbko ALU, cBsa3anHbix ¢ HBM.

WcKyccTBEHHDI MHTENIEKT B MACChl

OntumusupoBaHHoe non MW anmapaTHoe obecrieueHue yxke Mac-
COBO BBIMYCKAETCS: HATpUMeEpP, HEKOTOpble cMapT(GOHBI paboOTaIOT
Ha HoBoM uune Qualcomm Snapdragon 835, conepkaliem, MOMU-
mo LIT u rpaduyeckoro siapa, Leablid psia ClEHMATIbHBIX MUKPO-
CXeM, OIHY M3 KOTOPBIX IMPOU3BOAMTENb MPEIHA3HAYMI JIJIST TTOJI-
NEPKKW TeXHOJIOrMu MamurHHoOro oodyuyeHusi Google TensorFlow.
ITpu nmomomniu TensorFlow cKopocTh BBIMIOJIHEHUS OMEepaluil Mo
cpaBHeHuto ¢ LITTY noBeimaercst B 25 pa3, a o cpaBHEHUIO C Ipa-
duyeckuM aapomM — B BoceMb pa3. Google oTKpbLIa OMOIUOTEKY
TensorFlow misg pa3paboT4nKoB IMTPUMEpPHO TOI Ha3al, a ¢ Havajia
2017 rona oHa momaepxkuBaetcs Windows.

Wcnonp3oBaTh ONTMMU3MPOBAHHOE Moa BbluuciaeHus MU
«XKeJe30» MOXHO 1 B IHTepHeTe Bellleil — 3To yke MpoIiynai aMme-
pukaHckuii ctapran CubeWorks. B pamkax npoekra Micro Mote
pa3pabaTbIBalOTCsI KOMITbIOTEPHI 00BEMOM B KyOMYECKUI MUMJIIU-
METp, KOTOPbIE MOXHO JOOCHACTUTh MUKPOKaMepOii WU JaTyuKa-
MM IBIDKEHUST WM TeMIiepaTtypbl. HemaBHO pa3paboTyuMKu mpen-
CTaBUJIM KPOIIEYHBII KOMITBIOTEp, paboTaloNIMii Ha MpoIeccope ¢
noanepxkoit MU, ¢ motpedaenuem Bcero 300 MxBT. YcTpoiictBo
MOXET, HallpuMep, OTPEeNeINTh, YeM BBbI3BaH IIyM 32 OKHOM —
MPUOTVKEHUEM 3JIOYMBIIIICHHUKA WJIN BETPOM.

ITpucyTcTBHE MCKYCCTBEHHOTO MHTEJIJICKTa B HAIlleil TTOBCE-
HEBHOM JXW3HU TTOAKPETUISIET HE TOJbKO ONTUMM3AIINS aIlllapaTHO-
ro ob6ecrieueHus. HekoTopbie BBIYMCICHUS MOXHO ITPOIOJIKATh
OINTUMU3UPOBATh ToJbKO Mpu moMoutn MU. Tak, B Hosiope Google
pacckasaja 0 HOBOM aJITOPUTME, MpeIHa3HAYCHHOM JIJIsl YBEIUYe-
Hus paspeleHust uzoopaxkeHuii. Texnonoruss RAISR («GbicTphiit 1
TOYHBII 00pa3 B CBEpXpa3pelieHUM» ) UCMOJIb3yeT HEPOHHYIO CETh
U YMEET U3MEHSTh pa3Mepbl U300paXkeHUs JIydllle J00ro u3 pas-
paboTaHHBIX YeJTOBeKOM (UILTPOB. Pa3paboTKu 1o MCIOJIb30Ba-
HUIO HEHPOHHBIX ceTell B KONMPOBAHWUM BMICO yXe B XOmMy —
B Google MoHBIM X0IOM UIIET pa3paboTKa COOCTBEHHOI'O BUIEOKO-
nexka VP10. Ecnmu xoHBepTHpoBaTh QWIBMBI C WCITONB30BaHUEM
HEMPOHHBIX CETe, TEOPETUYCCKHU IMOBLICUTCS KAUueCTBO Ha BBIXO-
Iie, TIOCKOJIBKY TIPY CXKaTWU BUACO TVIABHAS 3a1ada 3aKJII04aeTcs B
WIEeHTU(UKAIIMYA OMMHAKOBBIX 3HAYCHUI IIBETA U SIPKOCTU B pas-
HBIX Kaapax. DTO yMEIOT JIejaTh U CIOXHbIe anroputMbl, Ho MW
MOT Obl TOMTOJIHUTEJILHO ONTUMU3UPOBATh MOMCK OMMHAKOBBIX 3HA-
YEHMI1 MO YCIOBUS ONPEeIEHHOTO (hrbMa.

Yenoseueckue cnaboctun KomMnbioTEpa B COI.I,VIaﬂbHOﬁ
aAunnemme

MoryT 11 KoMIbloTephl BpaTh? Bo Bpemst 00yyeHUs reHepaTUBHbBIX
coctsa3atesibHbIX ceteit (GAN) OHU HE TO YTO MOTYT, OHU JTOJIKHBIL:

GAN — 3T0 cBOEro poja BoifHa IBYyX HEMPOHHBIX CeTeil, Tae OmHa -
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Sony Xperia XZ
Premium — cmapt-
¢oH Ha npoueccope
Qualcomm c nog-
aepxkon UU
Snapdragon 835

Micro Mote — Kkom-
nbloTep 06Lemom B
1 Ky6uyeckmii mun-
NUMeTp C co6CTBeH-
HbIM UW, KoTopbiit
yMewaeTca Ha pebpe
MOHEeTbI

RAISR: yBennyeHue 6e3 notepb

TexHonorusa Google RAISR, ucnonb3yiowasn HeiipoHHbIE CETU, HACTOJIbKO
XopoLwo yBennuuBaet dhotorpadum, 4to 3amMeHseT no6oii punbTp, me-
HAIOWUIA pasmep U3o6paxKeHnii

WU3meHeHUe pa3mepa C NOMOLLbIO CTAHAAPTHBLIX (UNBTPOB
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B urpe Wolfpack apym UN (kpacHble
TOYKM) NpepnaraerTca nomarb
Ro6blvy (CMHAA TOYKa). «Bonku»
MOTYT COTPYAHMYATb UM OXOTUTBCA
B OAUHOYKY, HO BO BTOPOM Clyyae

I  BepOoATHOCTb yCnexa Bblwe

TecTupoBaHue aByx MIWN: cotpyaHMYaTh CNoXHee

AHanu3 urpbl nokasbiBaet, 4to UM GbicTpee AOCTUrAIOT COBMECTHbIX pe-
LWEeHWii, eCAU UM NPe/OCTABAACTCA MHOFO BbIYNCANTENbHBIX PeCypCcoB

0,70 Ouenka urpbl Wolfpack

[leiicTBUA «BONIKA» B OQUHOUKY, %

0,40

Konuuectso KpyroB urpel - — - 5

@ HebobWwas BblYUCAUTENbHAS MOLWHOCTD
@ £0/1blUas BbIYUCAUTENBHAS MOLLHOCTb

KomMnaKTHbIN KapMaH-
HbIA AKKYMyNATOP

KomnaHusa Panasonic npea-
cTaBuna rubKui akKkymyns-
TOP, KOTOPbIA MOXKHO HOCUTb
Ha Tene

~

TeneBU3nMOHHbIN
Jucnnen Ha KBaHTo-
BbIX TOYKAX

Samsung npopaer TeneBu-

30pbl HA KBAHTOBbIX TOYKAX
nop Ha3saHuem QLED

KBaHTOBbIE TOYKU: BaXKEH KaXKbll aTOM

KBaHToBble TOUKU — 3TO HAaHOKPUCTaNJIbl, KOTOPblIe U3/1y4aloT CBET
OﬂpeAEHEHHOﬁ ANuHbL. LIBeT 3aBMCUT OT pa3mepa: CMHUE KBaHTOBbIe
TOYKU COCTOAT BCEro U3 HECKOJIbKUX aTOMOB

5HM 3,5Hum 2,5 Hm
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CEeThb MBITACTCSI OOMAHYTh IPYTYIO, TIPEIOCTABIISS eif U300paKeHMSI,
B TOM UHCJIe CTeHepMpPOBaHHbBIC, a 3aJada BTOPO — pacro3HaTh
ronneniky. O6e ceTH ToTyJaloT OTBET, yaaycs JJu ooMaH. Yem mosib-
11Ie OHU «COPEBHYIOTCST», TEM JIy4Ille yaaeTcsl OMHOI TeHeprupoBaTh,
a BTOPOi1 pacrio3HaBaTh IMOMIENbHBIC M300paxkeHus. B urore o6e
CeTU C MOMOIIIBIO TTOIJIOXHBIX CBEACHUI 00yJaloTcsl ObICTpee, YeM
C TIOMOIIIbIO TOJILKO HACTOSIIMX (hoTorpaduii.

Eme oguH croco6 MammHHOro oobydeHuss — reinforcement
learning (oOy4yeHUe C MOAKPEIJICHUEM) — CXOOUTCS K B3aUMOJAEH-
CTBUIO CUCTEMBbI C HEKOTOPOii cpenoii. 3anaya MU — camoctositesnb-
HO 00YYMThCS TIpaBUJIaM UTPHI B cBoeii cpene. KoMITbIoTepHBIe UTPBI
00eCTeunBalOT XOPOIlIe YCIOBUSI, KOTOPhIE TOBOJIBHO TIPOCTHI, HO
rpu 3ToM natoT MW oTKIIMK 00 YCIIENTHOCTH TIPUHSITBIX UM pellle-
nuit. [lompasnenenue Google DeepMind, 3aHmMarorieecss MCKyc-
CTBEHHBIM MHTEJIJICKTOM, PACKPYTUJIO KOHIIETIT €IIe JaJTbIIIe, YTOOBI
MOCMOTpPETh, Kak nBa MM OynyT BecTu cedsi B UTPOBOIi cpenie, KOTO-
past OyIeT OCHOBBIBAThCSI Ha COLIMATBHOI TUIIEMMe: TIPUBEIET JIU CO-
TPYOIHUYECTBO MM KOH(MpOHTALMS K ycrexy (cM. cieBa)? PesynabsraTt
OKazaJics CAeAYIOIIMM: COTPYIHUYECTBO — 0o0Jiee CIIOXKHBIN CleHa-
puii, mpeamnoararoumii 6oyiee IIUTEIbHBIN Mpoliecc ooydyeHus. Yem
0O0JIbIIIE PECYPCOB MPEIOCTABISIOCH B paclopsKeHKe, TeM yalie 06a
MU BbIOMpanu aTy cTpaTeruio.

AKKYMYNATOPbl U KBAHTOBbIE TOYKU

s ViHTepHeTa Belleii KOMITAKTHBIC aKKYMYJISITOPbl — 3TO HE00-
XOIMMOCTh. KakrMu MOTYT ObITh MUHUATIOPHBIC 3JIEMEHTHI ITHUTa-
HUsI, MOXHO OBLIO YBUJIIETb Ha BBICTABKE MOTPEOUTETHCKON 3JIeK-
tpoHuku CES (cm. crmeBa). [mbOkwmit akkymynsitop ot Panasonic
tonmuuHoit Bcero 0,45 MM umeaabHO TOAXOOUT IJISI HOCUMBIX
ycTpoiicTB. UTOOBI 00€CeYnTh TaKy0 TMOKOCTh, KOMITAHUsI Tepe-
YIIOPsIIOYMIIa BHYTPEHHUE KOMITOHEHTbI JIMTUI-UOHHOTO aKKyMY-
JIITOpA, PACTIONIOXUB MPOTUBOIIOIOXHO 3apSIKEHHbIC JIEKTPOIIbI B
BHJIE TOHEHBKHUX CJIOEB ONMH HaJ IPYrMM. 3apseKaeTcst TaKOM 3Jie-
MEHT «I10 BO3IyXy». Panasonic ruiaHupyeT 3aIyCTUTh MacCOBOE TIPO-
MU3BOACTBO cBoeit «kpoxu» B 2018 romy. Enle onqHa BaxkHast o6iactb
HCCIIeNOBaHUl — pa3paboTKa TBepHbIX 3JeKTPOIUTOB. B coBpe-
MEHHBIX JINTU-MOHHBIX aKKyMYJIITOpaX B KaueCTBE BJIEKTPOJIMUTA
MCTIOJTb3YETCSl OpraHUYeCcKast SKUIIKOCTb, KOTOpasi Py CUJIbHOM Ha-
rpeBe HAUMHAET UCTAPSIThCSI, UTO B UTOTE Pa3phIBACT U CKUTAET aK-
KymyJisiTop. TBepblit ke 371eKTPOJIUT B 3HAUUTETBHON Mepe MOT Obl
MPEAOTBPATUTh KOPOTKOE 3aMbIKAHUE U CTOPaHUE.

TeneBusnoHHoe M306pameuue B YAUCTLIX LBeTax

Wnnyctpust paspieyeHMil TEeXHUYECKU TOXE OPUEHTHPOBaHAa Ha
YMEHBIIIEHHEe CTPYKTYpP. Samsung BHIBOIMT Ha PHIHOK HOBYIO JIMHEH -
KY TeJIEBU30POB C TUCILIESIMM Ha KBAaHTOBBIX TOYKAX ITOI HanMe-
HoBaHueM QLED. KBaHTOBbIE TOUKM — 3TO MOJTYIPOBOAHUKOBBIE
KPUCTAJUTBI U3 METAJUTMIECKOTO CITIaBa pa3MepOM BCETO B HECKOJIb-
KO HaHOMETPOB (CM. ClieBa), KOTOPbIe M3Ty9aloT SHEPTUIO B (hopme
CBeTa OTpeeIeHHON IUTMHBI BOJTHBI. TeXHOIOTHSI KBAHTOBBIX TOUEK
roapa3yMeBaeT mpeoopa3oBaHe CUHETO CBEYEHUST CBETOMMONOB B
KpPACHBII U 3eJIeHbIH 1IBeTa, 6Jarogapst 4eMy MpakTUIeCKu OThana-
eT He0OXOIMMOCTD B UcIojib3oBaHuu puiasrpa. QLED — 310 Beero
JIMIIb TIPOMEXYTOYHBIN 1l1ar Ha MyTH K HACTOSIIEMY AUCIUICIO Ha
KBAaHTOBBIX TOukaX. KoHeuHbIil 3Tamn npeanonaraeT Haauyrue KBaH-
TOBBIX TOUEK HE TOJIBKO JUIsSl KPACHOTO U 3€JIEHOT0, HO U JJISI CHHETO
cBeTa, OIHAKO TYT MPOU3BOMAMTEIM BBIHYKIEHBI UCKATh PEIICHHE
10 YBEJIMYEHMIO TOJITOBEYHOCTH MaTepuajia. B utore KBaHTOBBIC
TOYKM JTOJKHBI CAMU U3JTy9aTh CBET TTOJ] BO3IEWCTBAEM TOKA, M TOT-
la MOXXHO Oy/eT coBceM OTKaszarbest OT duibrpa. [1o mporHosam
Samsung, TeXHUYECKUii TPOPLIB BO3MOXeH He paHee 2019 roga. (3
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