VK 004.31
J.C. ApamoBuy, C.b. Kaaunun

Cankrt-IlerepOyprckuii TOCyJapCTBEHHBIA ANEKTPOTEXHUYECKUN YHUBEPCUTET
«JIDTW» um. B.. Ynbsnosa, Cankrt-IletepOypr, Poccus

OCHOBHBIE UT'POKHM HA PBIHKE ITOJYITPOBOJHUKOBBIX
U3JIEJIUA

AHHoTamuss. AMD wu Intel — 1Be KOMIAHWU, KOTOpHIE SBISIOTCS
€IUHCTBEHHBIMU MOCTABLIIMKAMU TaK Ha3bIBAEMBIX IpoueccopoB x86. Jlonroe Bpems
yunsl Intel umenn penyramuto Oosee CTAaOMWIBHBIX U MPOCTHIX B HCIOJIb30BAHMH,
MOATOMY Ha pbIHKE MUKporponeccopoB AMD 6wuin Ha BTOpoM Mecte. Ho Bce
noMeHnsiocs B 2017 romy, xorma AMD BeimycTMna CBOM OYEHb YCHEHIHBIN
MuKpomnpoiieccop Ryzen, kotopsiii Opocun Bei30B ayuiiuMm yumam Intel. B paGote
OMKCBIBAIOTCA MPOOJIEMBI, C KOTOPBIMHU CTOJNKHYJCS Intel, cBA3aHHBIE ¢ 3aaepKKaMU
B pa3pabOTKe U BBIYCKE 00J€€ COBPEMEHHBIX MUKPOCXEM, a TAKKE MPEKPAILIEHUEM
coTpyaHudecTBa ¢ Apple, KOTOpbI pemuni BBITYCKaTh CBOM YHUIIBI COBMECTHO C
koMmmanneil TSMC. [ToMumMo 3TOro npuBoAATCS MPOrHO3bl HAa Oyaymiee At AMD u

Intel, koTopsIit OyneT NBITaATHCA BEPHYTH CBOU JIUIUPYIOIINE TTO3UIINH.
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MAIN PLAYERS IN THE MARKET OF SEMICONDUCTOR
PRODUCTS

Abstract. A comparison is made between CISC and RISC processor
microarchitectures, two technologies, the former of which has complex instructions
but uses fewer cycles with fewer or one instruction count. It describes a possible
rivalry between the ARM instruction set architecture and the RISC-V architecture
that emerged in 2010, the lead developer of which may be MIPS, which has changed

its business model. RISC-V is an open instruction set processor architecture that is
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free, simple, modular, and extensible compared to other architectures. The question is
also raised about replacing the x86 processor architecture with ARM, which is
supported by Apple and is expected to take a leading position. So Apple and
Microsoft are moving from Intel processor architecture to ARM-based PCs due to

lower costs and lower power requirements.

Keywords: Microprocessor, Intel, AMD, TSMC, ASML.

BBenenue

Korna nemo moxomut ao mokynku HoyTOyka win IIK Ha 6aze Windows,
MOTPEOUTENN CTAJIKUBAIOTCS TOJIKO C JIByMsl peajbHBIMH BapuaHTaMu BbIOOpa
npousBoauTens npoueccopa Intel mnu AMD. OGe komnanuu ObLIM OCHOBaHBI Oosiee
50 ner Hazag W C TeX MOpP OHU CTajlud SIPOCTHBIMU KOHKYPEHTaMHU, KOTOpPBIE
CONEPHUYAIOT APYT C APYTOM, UCIIOIB3Ys IPU TOM HOBEUIIINE TEXHOJIOTUH.

3a moJiBeKa HU OJMH JAPYroll KPyHHBIM UTPOK HE CMOT JOMHHUPOBAThH Ha
pPBIHKE MOJYMPOBOJHUKOB TaK, Kak 3TH ABe komnaHuu. AMD wu Intel sBusitoTcs
€UHCTBEHHBIMU TMOCTABIIMKAMH, TAaK HA3bIBAEMBIX, MPOLECCOPOB X80 — YUIIOB,
KOTOpBIE JIe)KaT B OCHOBE OOJIBIIMHCTBA MOPTATUBHBIX U HACTOJIbHBIX KOMITBIOTEPOB,

a TaKXX€ CEpBEPHBIX MAIWH.
AMD nporus Intel: kakue npoueccopsl gyuuie B 2021 roay?

IIpoueccops! Intel

Intel mTpoU3BOAUT MHKPOMPOLIECCOPHI, HHTErPAIbHBIE CXEMbI, HaOOpbI
MUKPOCXEM MATEPUHCKUX IUIaT, KOHTPOJUIEPHI CETEBbIX UHTEP(PEHCOB, BCTPOCHHBIE
MPOIIECCOPBI, TpadruecKre YuMbl, GIII-MaMITh U JPyTrUe yCTPOUCTBA, CBSI3AHHBIE C
KOMMYHHKAIUSMHU U BBIYUCICHUSIMHU. ET0 MEUKpOTTPOIIECCOPBI UCTIONIB3YIOTCS TAKUMH

MPOU3BOJIUTENISIMU KOMITbIOTEpHBIX cucteM, kak HP, Dell u Lenovo. 3a npomenamnme



ronbl Intel mpuobpena McAfee, Infineon's Wireless Solutions, Fulcrum Microsystems
Inc, Omek Interactive, Indisys, Movidius, Mobileye u Nervana Systems [1].
ExxeronHo kommnanus mnpojgaeT 260 MUIJIMOHOB MHKpONpoIeccopoB. OHU
00aal0T XOpOIeld MPOU3BOAUTEILHOCTHIO, U MOYTH BCE€ MOCTaBisA0TCS ¢ iGPU
(unmezpuposannviM epaguueckum npoyeccopom). ITOT MPOLECCOP TaAKKE HUMEET
0oJiee BBICOKYIO TAaKTOBYIO YacTOTy, ueM mpoueccopsl AMD, 3a cuer Ooiee
BBICOKOTO AHEPronoTpeOIeHUs] U BpEMEHH aBTOHOMHOU paboThl. Takum oOpazowm,
JUI.  KOPOTKMX pPabouMxX Harpy3oK H OJHOSJEPHBIX YCKOPEHUU, MOMXKHO
UCIIOJIb30BaTh HOBbIE HOYTOyku Ha Oaze mporeccopoB Intel. Eciu roBoputh o
HACTOJIbHBIX KOMIBIOTEpPaX, U BaM HEOOXOJUMMa COBMECTUMOCThH MpOIleccopa,
MAaTepUHCKON TMaThl WM cokeTa, TO Intel mpemnaraer MeHblle BapUaHTOB MJist

3TOrO MO CPpaBHEHUIO ¢ mporeccopom AMD.

IIpoueccopst AMD

AMD - »3TO0 TpaHCHallMOHAJIbHA AaMEPUKAHCKas MOJYIMPOBOJHUKOBAS
KOMIIAHMS, KOTOpasi MPOU3BOAUT KOMIIBIOTEPHBIE MPOIECCOPHl U APYIYIO
aHAJIOTUYHYIO TEXHOJIOTHIO I OM3HEeca U MOTPEOUTENHCKOTO phiHKA. OCHOBHBIMU
npeiokenusimu - AMD  sBISITOTCST  cepBEpHbIE W BCTPOCHHBIE IPOIIECCOPHI,
JTUCKPETHBIE W WHTETPUPOBAHHBIE TIpadUyeCKUue MPOLECCOPhI, MMOTY-KaCTOMHBIE
npoayktel System-on-Chip (SoC), pabouue CTaHIIUU, YCIYTHd pa3paboTKu, HAOOPHI
MHUKPOCXEM, IIEHTPhl OOpaOOTKM [aHHBIX, MATEPUHCKUE IUIATHI, MEPCOHAIbHBIE
KoMmmbioTepbl. Ee  kiMeHTaMu — SBISIOTCA — npou3sooumenu  OpPUSUHANbHO20
obopyoosanusi (OEM), kxpylHbIe TOCTABUIUKHU OOIEIOCTYTHBIX 00JaYHBIX CEPBHUCOB,
npouzgooumenu opucuHaibHo2o ousatina (ODM) u He3aBUCUMBIE TUCTPUOBIOTOPHI
Ha BHYTPEHHEM M MEXIYHApoaHOM psiHKax [3]. AMD He wumeer cBoero
COOCTBEHHOI'0 MPOU3BOJICTBA, UM 3aHMMAaeTCA TaiBaHbckas koprnopamus TSMC,
KOTOpasi TO3UIIMOHHpPYET ce0si, kak (adpuka sl JIpYyrux TEXHOJIOTMYECKUX
KOMITaHUM.

Onu nemieBine mpoieccopoB Intel B aHamoruyHoMm auamna3oHe U SIBISIOTCS

s pexkTuBHEee mo cpaBHeHUIO ¢ cepueid Core Tekyiero nokosneHus. HoytOyku c
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nponeccopamu Ryzen yacTto uMmerT OoJjiee HM3KYHO TAaKTOBYIO 4YacTOTY U MEHEe
arpecCHMBHBI 1O CpaBHEHUIO C HOyTOykamu Ha Oaze Intel, Taxxke oHM MeHbIe
HArpeBarOTCS U JOJIbIIE JEPKAT 3apsl.

Ha npotspkenun Oosbiiet yactu cBoedd uctopuu AMD Oblia mMOCTOSIHHBIM
HeynauHukoMm Intel B o6nactu monynpoBogHukoB. Intel wumena TeHAeHUUIO
JTOMHUHUPOBATH BO BCEX CEKTOpax phIHKa mpoueccopoB. AMD cocpenorounnach Ha
OoJiee NIEIIeBBIX U HEIOPOTHX HAOOpax MUKPOCXEM CPEAHEro M HU3KOTO ypoBHA. B
TeUeHHE MHOTUX JeT yutbl Intel umenu penyranuio 6osee cTaOUIBbHBIX U MPOCTHIX B
ucnosib3oBaHuu. lloaToMy Kkazanoch, 4TO Ha pBIHKE MHKpompoueccopos AMD
CyXJeHo ObITh Ha BTOpoM MecTe mocie Intel. Ilpumepno go 2016 roma AMD
KOHTPOJUpPOBajia OKOJIO YETBEPTH pPBhIHKA MPOIECCOPOB, B TO Bpems Kkak Intel

3anuMalia 6omnee 70%.

AMD Bnepsbie 3a 15 jer o0ronsietr Intel mo goJ1e pbiHKa pPoLECCOPOB IS

HACTOABHBIX IIK

B wmapre 2017 roma AMD BemmycTMIA CBOM OY€Hb YCHEHIHBIN
MuKporponeccop Ryzen, mpencraBids ero kak Oosiee TOCTYNHYIO aJlbTEPHATHUBY
BBICOKOITPOU3BOAUTENBHBIM MpOLIECCOPaM U MPOAYKT, CIIOCOOHBI OpOCUTH BBI3OB
nyumuMm  yunaMm  Intel. Mukponporieccop Ryzen Obl1  cOBEpIIEHHO HOBOU
KOHCTPYKIIMH, CHOCOOHOM TOOUTh pEeKOpAbl pa3roHa, IpPU HSTOM OCTaBasCh
JOCTYIHBIM JJIsl 5KOHOMHOTO TTOTpeouTens [2].

BeicTpBIll M BRICOKONPOU3BOAUTENBbHBIN Ryzen yBennuun npoxaxu AMD. B
2019 rogy AMD 3anumana 23% pbIHKa NPOLIECCOPOB, a K TpeTheMy KBaptairy 2021
roga y komnanuu 0suto noutu 40% ot obuiero peiHka npoieccopoB. UTo kacaercs
HACTOJIbHBIX KOMIbIOTEPOB, TO B 2019 romy y AMD 6puto 32% peiHKa, a 10
coctogamio Ha 2021 rox pons peika mexay Intel 1 AMD coctaBaser 50/50. Xots
AMD no-npexxHemy orcraer oT Intel, mpoaykius KoMImaHuM HaOMPAET JOJIIO PhIHKA.

[Io mepe Toro, kak TecTUpyeTcs OOJbIlE CUCTEM, 3TH HU(PBI 00sA3aTEIHLHO

MU3MEHSATCS, TO3TOMY €€ HEU3BECTHO, cMOXKeET 11 AMD nponomxuTs CBOM poCT, HO,



yuuThIBas TpyaHoctu Intel ¢ mepeBoOM CBOMX MPOIIECCOPOB HA 7-HM apXUTEKTYPY,

AMD, noxoxe, UMeeT IOBOJIBHO YETKUM MyTh K odee.

daxkTopsbl, cnocodcTBoBaBmKeE Najgennio Intel ¢ Bepmun

B nocnennee Bpems Intel cronknynach ¢ MHOkecTBOM mpobiem. Kommnanus,
MBITAsACh PEIIUTh POU3BOJCTBEHHBIE U KOHCTPYKTOPCKHE 3aJauM, OTCTajlla OT
KOHKYpPEHTOB B pa3paboTke Oojee COBEpPIICHHBIX MUKpocxeM. [Ipoucxonunu
HEOJHOKpATHBIE 3aJIEP’KKU C BBIIIYCKOM Ha pPBIHOK 4YHWIIOB HbIHEIIHEro 10-HM
MOKOJICHUS.

N3HavanpHO mIaHUpoBanoch B KoHIE 2021 roga 3amyCcTUuTh 7-HM IPOLECCOP.
DTO SBISJIOCH BAXKHOU 4acThlo cTpareruu Intel mo BO30OHOBIEHUIO MTPOU3BOJICTBA U
MOMNBITKE JIOTHATh CBOMX KOHKYPEHTOB, HO BBIIIYCK OBLI OTJIOXEH A0 Havana 2023
rojaa. OTo CHIbHO KOHTpactupyer ¢ AMD, kotopast coBmectHo ¢ TSMC, BeitycTHIIa
cBOM nepBbid 7-HM unn B 2019 rony.

Takum 00pa3oM, U3-3a MPOJOJDKAIOIMIMXCS 3aJEePKEK C MEPEX0JI0M Ha HOBBIMH,
MEHBIIINI MO pa3Mepy TPaH3UCTOPHBIN mporeccop, akinuu Intel 3a rox ymanu Ha
20%, Tak KaK B YUIIaX MPOTrPECC CBOJIUTCS K pasMepy, U3MEPSIEMOMY B HAHOMETpaXx,
MeNbYalIliuX MpUpaIICHUsIX.

OpmHako, XOTs KOMITAHUSI CHJIBHO OTCTajla B CBOEH JIOPOKHOM KapTe MPOayKTa,
MHOTHE OTpacieBble JKCIEepThl OTMeuarT, 4To 10-uHM mnpoxyktel Intel He
3HAYUTENBHO OTCTAOT. C TEXHUYECKOW TOYKH 3pEHUS, OHU UMEIOT IPUMEPHO TAKOE
€ KOJIMYECTBO TPAH3UCTOPOB, Kak 1 7-HM npoaykTel TSMC. [3].

Hpyroit mpobiemoii, ¢ koTopoi ctoikuyics Intel, Obut0 TO, yTo B 2020 romy
Apple oObsBuUIa, YTO €€ HOBBIE HACTOJbHBIE KOMIIBIOTEPHI U HOYTOYKH Mac OoJbliie
He OynyT mosaratbcsi Ha mpoiieccopsl Intel. BMecto storo mpousBonutens iPhone
Oyler WHCHoJIb30BaTh 4N COOCTBEHHOW pa3pabOTKH, MPOU3BEACHHBIM Ha
npeanpustusx TSMC. Ho nepexon Ha uunsl ARM 6buT He POCTO OOBSABICHUEM O
ToM, 4TOo Apple ycran ot 3anepxkek Intel — 3T0 ObUTIO 3asiBIeHHE MUpPY, OAHON U3
CaMbIX BJIMSITEIBHBIX TEXHOJOTMUECKUX KOMIIAHWH, O TOM, uTO 4unbl Intel mpocto

OoJibllle HE TOTOBBI K UCHONIb30BaHuto. [ Apple oTka3 ot Intel Ob11 HEOOXOIUMBIM
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BBIOOpOM, TO3BOJISIIOIIMM Mac caenaTh pbhIBOK Briepen. M meiicTBUTENbHO, TIEpBbIe
yunbl M1 mnpeB3omuiM OXWJIaHUS BO BCEX OTHOUICHHSX, IEPEBEPHYB HAILY

KOHIIETIUIO MPOU3BOJUTEILHOCTH HOYTOYKOB [4].

IIporuo3sl Ha Oyayiee Ajs1 npoueccopos AMD

AHQIUTUKUA OXHAAIOT, 4yTO B Ommkaiimme nBa roma AMD Oynmer pactu
osicTpee, yem Intel. B tabnuue 1 mpuBeseH BO3MOXKHBIA (DMHAHCOBBIA POCT AJIS

AMD wu Intel na 2021/2022 ronsi [5].

Ta6nuna 1 — Bo3amoxnsiil punancoBsiil poct st AMD u Intel na 2021/2022 roast

[5]

AMD | AMD | Intel Intel
2021r. | 2022r. [ 2021 .| 2021 1.

Poct BeIpyuKH 60% 16% 5% 1%
Poct EPS (otHomenune uucroit npulbuin K | 93% 23% 10% 7%
CPEIHEroJ0BOMY  YHCIy  OOBIKHOBEHHBIX

aKIui)

K 3TuM OoneHKaM CTOUT OTHOCUTBCS € AOJIEW CKENTULN3Ma, HO OHU OTPAXKaIOT
TEeKyILIyl0 Momlb OuzHeca AMD 1no mnpou3BOJCTBY MPOLIECCOPOB U TIpaPUUECKUX
IIPOLIECCOPOB, BBICOKME O0O0BEMBI MNPOAAXK CHEUUATU3UPOBAHHBIX TMOPHUIHBIX
IIPOLIECCOPOB ISl UTPOBBIX KOHCOJIEH U COKpallleHue A0iau npoaax Intel Ha priHKax
HACTOJIbHBIX KOMIIBIOTEPOB, HOYTOyKOB U cepBepoB. llpuObuib Intel Ttaxxe,
BEPOSITHO,  CHM3UTCS, TIOCKOJIBKY OHa  pacIIUpsSeT CBOM  BHYTPECHHHE
MIPOU3BOACTBEHHBIE MOITHOCTH U Pa3padaThIBAET HOBbIE MUKPOCXEMBI.

TpynHo ckazath, yTo mpousoitaeT nocie 2022 rona. Intel moxetr HEe nOCTHYBL
CBOMX COOCTBEHHBIX LI€JIEH, UTO MPUBEJET K OONbIIEH MOTEpe AOJIU PHIHKA, UJIM OHA
MOKET BBIIOJHUTh CBOM IOCTABJIEHHBIE 3a7a4d M HAHECTH OTBETHBIM ynap Oosee
MOIIHBIMU YUIIAMHU.

Ecnu Intel norepnut Heynauy u ee poct A0 2025 roga mpekpaTHTCs, BbICOKa
BEPOSITHOCTh TOro, 4To pocT AMD yckopurcs, ee akuuu yBenuyarcss 0oyiee 4em

BJIBOE, a €€ PhIHOYHAS KalUTalu3alus 3aTMUT PhIHOYHYIO KanuTanu3anuto Intel. Ho




eciu iaHsl Intel Mo BOCCTaHOBIEHUIO OKYMSTCSA, €€ aKIIMU MOTYT BBIPAacTH M CHOBA
cAenaTh UX HaMHOro Oosiee 1ieHHbIMU, yeM AMD [5].

OpnHako, HECMOTPsL Ha BCE CBOM YCIIEXH, B IIPOU3BOACTBE CBOMX 4nnoB AMD
3aBUCUT OT KommnaHuu Taiwan Semiconductor. B ycioBusix rio0aabHON HEXBATKU
MHKpOCXeM 3TO cTaBUT AMD B 3aBUCMMOCTBH OT MPOU3BOJACTBEHHBIX OTPAHUYEHUN
TSMC, ocobenHo mnotomy, uyTo TaliBaHbCcKasi Kopropanus TakKe MPOU3BOAUT
MHKPOCXEMBI JIJII MHOTUX JAPYTUX KOMIAHUM [6].

Emie Oosnbiie onmacHocTeld ycyryounsieT To, yTo Kutali HemaBHO MOJATBEPIUI
CBOM JIaBHUE aMOWIIMU MO MOrjoileHnto TaiiBaHs, Tlie pacmnoioXeHO OOJbIIUHCTBO
3aBoI0B TSMC. Xora Kwutaih HUKOTrZa HE pPEaau30BBIBAI 3Ty YIpo3y, Takas
reonoJIuTUUecKas HanpsskeHHocTh Morja noOyaute Cenat CIIA  yrtBepauTh
cyocuanu AJisi HA3eMHBIX TPOU3BOIUTENICH MUKPOCXEM.

[Tockonbky Intel He TONBKO sIBAsSIETCS pPa3pabOTYMKOM, HO UM HMEET
cobcTtBeHHOE Tpom3BOACTBO cBomx uunoB B CIIIA, Takoe BiIMBaHWE KamuTala
YBEJIMYMBAET IIAHCHI HA TO, 4TO Intel cMoXeT HalTH croco0d 3aKphITh TEXHUYECKOE

JTUJIEPCTBO, KOTOPOE B HacTosee BpeMs npuHaane:xxut AMD u TSMC.

CTpaTeI‘I/IH Intel pas BO3Bpalll€cHUA B JUACPDbI HA PBIHKCE IIPOLECCOPOB

Jlnst Toro 4yToOBl YKPENUTh CBOU MO3UIIMU U BEPHYTHCS B JUIEPHl HA PHIHKE
MPOLIECCOPOB TOCJE TOrO Kak KOMIIAHWS HE CyMela BOBPEMSI OCBOUTH IEPEIIOBBIC
TEXHOJIOTUU TPOM3BOACTBA U 3ajiepKajia BBIMYCK MNpoaykuuu, Intel mmanupyer B
2023 rogy HanaguTh BBITYCK CBOETO MEPBOro 3-HM IMpOoLEccopa.

Kak ynomunanocr panee, Intel — oaHa U3 HEMHOTMX OCTaBIIUXCS
MOJTYTIPOBOJTHUKOBBIX KOMIIAHUN, KOTOPhIE BCE €Ille pa3paldaThIBalOT U MPOU3BOIST
cobctBeHHble MHKpocxembl. Ho mepexon ¢ 10-HM Ha 3-HM KOMIIaHHMSI caMa HE
CMOXET  OCYILIECTBUThb, MO3TOMY MNPUAETCA  IOJaratbCsi HAa  CTOPOHHHX
MPOU3BOJIUTENICH, YTOOBI BBIBECTU MPOAYKTHl HAa PHIHOK B HYKHOE BpEMS U IO
HYXHOU 1ieHe. Mcxons u3 3Toro, ObUIO MPUHATO pelieHue o0benunuThess ¢ TSMC,
TaBaHBCKUM MPOU3BOJUTEIEM MHUKPOCXEM, B YHCIO KIMEHTOB KOTOPOTO BXOJIST

KOHKYpeHTHI Intel.



[To nanubeiM CNews, koTopble ObUTH OnyOnrKoBaHbl B MapTe 2021 roga, Apple
coBMectHO ¢ TSMC 3aHumaercs pa3paOOTKOW yke 2-HM TexIpollecca,
MPOU3BOJCTBO KOTOPOTO MPEABAPUTEIBHO Ha3HaueHO Ha 2023 roa. D10, BO3MOXKHO,
MO3BOJINT KOMIIAHUM Apple oka3aTbcsi B UHCIE€ TMEPBBIX WJIM BOBCE 3aHSTh
nuaupytone no3uiuu. Intel sxe coOupaercs OCBOUTH 2-HM YHIBI TOJbKO B 2027
roay, a 1,4-am B 2029 roay. IIpu 3tom B mae 2021 roma TSMC yxe ynomMuHaia npo
| HaHOMETp, HO peUb O 3aIyCKE€ B MACCOBOE MPOU3BOJICTBO TAKUX MUKPOCXEM IOKa

He uzaert [7].

ASML — ¢upma nocraBiasomas 000py10oBaHNe U, UTPANIIAS KIKYEBYIO

pPoOJb B MI/IKpOZ)JIEKTpOHHOﬁ IMPOMBIINIJICHHOCTH

['oBopss 0 MHKpOCcXeMmMax, CTOUT OTMETUTb, YTO JUIsi HUX MPOU3BOJICTBA
HE00X0AMMO crennanbHoe obopynoBaHue. ASML — Benymuid MOCTaBIIUK CHCTEM
dboronutorpadun, KOTOpPhIE HCHOJB3YIOTCS JJISI TPABJICHUS CXEM Ha KPEMHHUEBBIX
MJaCTUHAX. OJTO €JAWHCTBEHHass B Mupe Qupma, CHocoOHass MPOU3BOAUTH
BBICOKOKadecTBeHHbIe  cuctemMbl EUV  (9kcTpemanbHOro  yapTpaduomnera),
HEO0OXOIUMBbIE JIJIsl TPOU3BOJICTBA CAMbIX MAJICHBKHX B MUPE MUKpPOCXeM [8].

Otn mamuael EUV, crouMocthio 0kosio 140 MUIIIMOHOB JOJUIApOB Kaxkaas,
MPOJAIOTCA HECKOJIBKUM THUTaHTaM-IIPOU3BOJUTENISIM MUKpocxeM, BkItouas TSMC,
Samsung u Intel. Mamuubl HanpaBiSIIOT HCKIIOYMUTENIBHO Y3KHE Jy4H CBETa Ha
KpPEMHUEBbIE IJIACTUHBI, 00pabOTaHHbIE XUMUUECKUMHU BEIIECTBAMU U3 (POTOPE3UCTA.
Ha miactune co3naroTces 3aMbICIOBaThIE Y30Pbl, B KOTOPBIX CBET BCTYMAET B KOHTAKT
C XMMUYECKUMHU BEIIECTBAMU, KOTOPBIE 3apaHee TIHIATEIbHO BBIKJIAJIBIBAIOTCA. JTOT
MPOIECC, KOTOPBIM MNPUBOAUT K (HOPMUPOBAHHUIO BaXKHEHIIUX TPAH3UCTOPOB,
M3BEeCTeH Kak Jutorpadusi. TpaH3UCTOpPHI SBISIOTCS OJHUMU M3 OCHOBHBIX
CTPOUTENIbHBIX  OJOKOB  COBPEMEHHOM  3JIEKTPOHMKH, OHU  MO3BOJISIOT
ANEKTPUYECKOMY TOKY Teub Mo uenu. B oOiiem, yem OoJbllle TpaH3UCTOPOB BbI
MIOMECTUTE B MUKPOCXEMY, TeM MoI[Hee U dpPekTrBHEe oHa OyaeT [9].

Jomunupytomee mnonoxkenne ASML Bemer 3a co0oil  MOIUTHYECKUE

npobsembl. Tak Kutalt HaxoauTcs Ha MyTH CO3[IaHUSI KOMIAHUM JJIsl pa3paOOTKU U
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MPOU3BOJICTBA CBOMX COOCTBEHHBIX MEPEAOBBIX YMMOB. JJisl ’TOT0 UM HEOOXOIUMBI
noctaBku obOopynoBanusi ¢ TexHosmoruen EUV. ASML saBasercs ¢upmoit
MonononuctoMm U CIIIA oka3ano naBieHue Ha npaBUTENLCTBO Humepinanmaos, 4ToOb
OHO MPEKPATUIIO MPOAAXKY MAIIUH KUTAUCKUM KIMeHTaM. B pesynbrare kurtaiickue
KOMIaHUU HE MOTYT MPOU3BOJIUTH MUKPOCXEMBI Ha COBPEMEHHOM YPOBHE M BBIUTHU
HAa MUPOBOM PBIHOK.

Takum 00pa3oM, KOMIIAHMM TIPOU3BOJAIIME YHUIIBI CTadd 3aBUCUMBI OT
npoaykiuu ASMC, Takke CUIIbHO, KaK U BCSl TEXHOJOTUYECKAs UHYCTPUSI 3aBUCUT

oT ux npoaykuud [10].
3akio4eHue

Ha cerognsiinuii nenp mnponeccopsl ARM B nume Apple sBasitoTcs
ONPEEIICHHBIM JINIEPOM, HO YTBEPKIATh, YTO OHU CYMEIOT 3aMEHUTH MPOLECCOPHI
x86 ¢ 100% BEpOATHOCTBIO HEJNB3S AAXKE C YUYETOM HUX IUIAHOB II0 CO3JAHUIO 2-HM
npoiiecca, Kotopeiii ranupyercs Ha 2023 roa. He crout 3a0wiBath, uto AMD u
Intel — »3TO 1ABe NMAMpyOUIME KOMIIAHUHU, KOTOPBIE SIBISIIOTCA IMOCTaBUIMKAMHU
MPOIIECCOPOB X86 U, HECMOTPS HA UX COMEPHUYECTBO, HE COOMPAIOTCS CIaBaTh CBOMX
JUAIAPYIONIUX TTO3ULUHN.

Ha npotsokenun Heckonbkux jieT AMD cTaOunbHO 3aBOEBbIBaia PhIHOK, YEMY
CIOCOOCTBOBAJIM KaK HOBBIE MPOAYKTBI, TaK U 3aJEPKKH €O cTOpoHbl Intel B
yinyuiienun coero npousBoactBa. C 2017 ronma Intel Tepsier nomro Ha pbIHKE B
nosnb3y AMD u K 3TOMy NpUBOAUT PsIZL IPUYNH:

1. beIicTpoaeicTBHE — KOJIMYECTBO BBIYMCIUTENBHBIX ONEPALMN B CEKYHIY.
I'TaBHOM TEpEMEHHOW B NPOLIECCOPE SIBISAETCS KOJIMYECTBO TPaH3UCTOPOB. Uem
OyJlleT MEHbIIIE €T0 pa3Mep, TEM MOXKHO OYyJIeT pa3MECTUTh OOJIbIlle TPAH3UCTOPOB, a
3TO 3HAYUT, YTO CKOPOCTh U 00BEM BbIUMCIEHUN OyneT Oonbiue. Intel B oTnune ot
AMD ynycTuin BO3MOKHOCTh CBOEBPEMEHHOM MOCTaBKH OOCIIAHHBIX 7-HM U 10-HM
YUIIOB;

2. B wmapre 2017 roma AMD mnpencraBuiia CBOK BEChbMa YCIEHIHYIO

MUKPOTPOILIECCOPHYIO apXUTEKTYpy Ryzen, xotopas ObicTpo mpem3omwia Intel mo
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npojakaM B KayeCTBE JOCTYMHOW allbTEpPHATUBBI MpoleccopaMm 0ojee BBICOKOTO
YPOBHS,

3. Apple npexpatun corpyaHudectBo ¢ Intel nns co3zmanus COOCTBEHHBIX
YUIIOB.

Ceituac komnanus Intel, koTopast coxpanuna cBoe COOCTBEHHOE MPOU3BOJICTO,
mwiaHupyeT oobenunuThess ¢ TSMC u ctaBuT amoOuimo3ssie 1enu. OHa pacKpbiBaeT
HauOosnee NOAPOOHYIO TMOCIEAOBATEILHOCTh CBOMX JEUCTBUM U JaeT CMeJoe
oOelllanue clenarh mar BIepe U BEpHYTh ceOe JUAEPCTBO B 00JACTU MPOIIECCOPOB
Kk 2025 roxy, npu yCIOBUH, YTO YJACTCs M30€XaThb 3HAKOMBIX JIOBYIIEK IMPOIIIOrO
necatunerusi. Ecau npoekt Intel mpoBauThCs WM KOHKYPEHTBI YMEHBIIAT pa3Mep
TPAH3UCTOPOB OBICTPEE, TO TEXHOJIOTUUECKOE OTCTABAHUE YBEIIMUUTCS €llle OOJIbIIIe.

brnwxaifiirie oAbl CTaHYT PEIIAIOIIUM MOMEHTOM, KOTOPBIM JHUOO BEPHET
Kypc, 1160 yoepert Intel u3 ronku nuaepoB. OqHAKO 1711 TEXHOJIOTUYECKOTO TUTaHTa,
KOTOPBIM TOJlaMM WHBECTHUPOBAJ B BBINIOJTHEHHWE 3akoHa Mypa, BO3BpalleHUE HE

JOJDKHO OKa3aTbCs CIUMIITKOM TSAXKCIIBIM.
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