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3a ocTaHHI KilbKa pPOKIB BHKOpHCTaHHA wTyyHOro inrenekty (ILI) 3mauno
MiABUIIMIOCH y BCiX cdepax BHUCOKOTEXHOJOTIYHOrO BHpoOHHHTBA. OOb1acTi
3aCTOCYBaHHS BapilOIOThCS BiX TeHepallii CKIaJHUX MYJIbTUMEIIMHUX 00’€KTiB 10
aBTOMAaTH3aLil pO3pOOKM MPOTPaMHUX Ta allapaTHUX CHCTeM. 30KpeMa, pO3pOOHUKU
cucreM aBromarmsoBaHoro npoekryBaHHs (EDA — Electronic Design Automation),
takux sk AMD/Xilinx Vivado, aktuBHO BHpoBamkytoTe amropurtmu I mis
Nepexoy BiJ TpyIoMicTKoro pyynoro HanamrysanHs napamerpis [IJIIC (FPGA) no
IHTENIeKTyalbHUX, MOBHICTIO aBTOMAaTH30BaHUX IporeciB. Lle 3HauHO monermurs
poboTy iHXKEHepiB HpU CTBOPEHHI HOBUX IPOEKTIB Ta ONTHMI3allil iCHYFOUHX
apXiTeKTyp, NPU3HAYCHUX IS 3aXUCTy pimenp y ramysi loT Ta xibepdizmunmx
CHCTEM.

OpnHuM 13 HallOLIBII EPCTIEKTHBHUAX HAMPSAMKIB € BUKOPUCTAHHSA T€HEPATUBHO-
3maranbHuX Mepek (GAN) mis apromarnuHoi reHepanii RTL-kxony abo Tomosorii
po3MileHHsT KoMIoHeHTiB. OgHak HpW TeHepallii BeJMKoi KUIBKOCTI BapiaHTIB
IM3aifHy TepeBipka KOJKHOTO 3 HHX Ha JKUTTE3JATHICTh CTa€ KPUTHYHUM «BY3bKUM
Micuem».

KoxkeH 3reHepoBaHUiI HEHPOHHOIO MEPEKEI0 BapiaHT HEOOXigHO TiIaTH
MpoIleypaM CHHTE3y, po3MinieHHs (placement) Ta TpacyBaHHA (routing). OCKITBKH
TPHUBATICTh HUX TporeciB y Vivado BapitoeThCs Bifl JEKITBKOX XBIIHH 0 IEKIIBKOX
TOJVH JUIS CKIaIHUX TPOEKTIB, 3araibHUN 4ac HaBYaHHS HEUPOHHOI Mepexki cTae
Iyxe BenmukuM. TpamumiliHe BUKopHcTaHHs rpadiunoro iHTepdeiicy (GUI) Vivado
HE J03BOJIsIE epEeKTHMBHO MacuITaOyBaTH LieH MPOIeC, OCKUIBKK BUMarac py4Horo
KepyBaHHsI Ta CIIOKUBA€E 3HAUHI PeCypCH CHCTEMH Ha Bi3yasti3ailo.

Jlnst mogonaHHs ONUcaHol MpoOIeMy IPOIIOHY€EThCSI BUKOPUCTAHHS CEPEIOBHILA
Jupyter Notebook ayst kepyBaHHs yciMa mpoiiecamu. Ha BiMiHy BiJ CTaHIApTHOTO
GUI, Jupyter mo3Boisisie peamizyBaTH MporpaMHe KepyBaHHS noxaTkoM Vivado y
pexumi batch mode 3a momomororo TCL-ckpumriB. Jupyter Notebook y mpomy
KOHTEKCTI BHCTYIIA€ HE MPOCTO SIK PEIAKTOP KOAY, a K IHTEPaKTHBHE CEPEeIOBHILE
JUIs LBHAKOIO HPOTOTHITYBAaHHA. MOro rojioBHa mepeBara Iojiarac y MOXIHBOCTI
PO3iIUTH Tpoliec Ha okpeMi 6110ku (cells), 1o 103BosIsIe 30epiraTu MPOMiXKHI CTaHH
obunciieHb 0e3 HeoOXITHOCTI TOBTOPHOTO 3aIyCKy BCHOTO CKPHUIITY.

VY cydacHux oOumcmoBanbHUX cucTeMax st EDA-3aBmaHp crocrepiraerbes
roctpa JAWCIPOIOPLIS MiX KiJIBKICTIO OOYHCIIOBANBHUX sAep Ipolecopa Ta
JOCTYITHHM 00’ €MOM HIBHJIKOI ONIEPATUBHOI ITaM’sITi. SIKII0 MpoIecopHi MOTYKHOCTI
y 2026 porti T03BOJISIFOTE JIETKO OmepyBatu 64 supamu Ta 128 motokamMu Ha OJHY
pobody cTaHLito, TO OHEepaTHBHA MaM'sITh IIEPETBOPUIACS HA OCHOBHUI 0OMeKyBau
MacmTabOBaHOCTI.

[Tpu posnapanentoBanHi mporieciB HaBuanHs LI cmoxuBanHs RAM 3poctae
JIHIHHO BIJHOCHO KUIbKOCTI MOTOKIB. KoxeH mporec cHHTe3y Ul Cy4acHHX
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ckagHux cucteM Ha kpucrtaini (SoC) morpebye Bix 16 1o 48 I'b RAM. Takum unHOM,
JUIsl TIOBHOTO 3aBaHTAXEHHS MOTY>KHOTO MPOIIECOpa CHCTeMa MOBHHHA MaTH 00’eM
nam’sTi Bix 215 I'b go 512 I'b, mo BUBoaUTE 00JIaiHAHHS 3 PO3PSAY NEPCOHATBHUX
KOMIT'IOTEpiB Y pO3psA CepBepiB BUCOKOI IITBHOCTI.

Skmio mix vac miky xo4a 6 ogHOMY mporecy 3abpakne ¢isumynoi mam'sti, OC
akTuBye Swap-gain (migkadky Ha guck). OCKUIBKM IIBHAKICTH HABITh
HalicydacHIimuX NVMe-HakonuuayBadiB y 2026 pori Bce Iie Ha MOPSAKH HIDKYA 32
mBuakicte  DDR4/DDRS, mpomyKTUBHICTB yci€i CHCTeMH HaBYaHHS MHTTEBO
nerpanye. Lle siBumme otpumano Ha3By "Thrashing" — cTaH, koaM cucrema BUTpadae
90% uacy Ha HepeMillleHHs AaHWX MK IUCKOM 1 TaM’SITTIO, a He Ha peanbHi
00UHCTEeHHS.

ExoHoMmiunuit pakrop ta gediuut 2026 poky

BaxnmuBuM acmektoM € BapTicTh 3amiza. L{iHM Ha omepaTWBHY mam sTh 3
HabpanHsaM nomyssipHocTi 1T xyke cniibHO MiABUINMINCH, OCKUIBKH IyXe Oarato
KOMIIaHiil 3alydeHo y mporiec po3poOku pisHomaHiTHHX Mmoxened (LLM, GAN,
Diffusion). BupoOHukm mnam'sti mnpiopure3ytoTs Bumyck HBM-mam'sti mis
IIPUCKOPIOBAYIB, III0 CTBOPIOE AedinnT 3BUUaiHOi cepBepHOI RAM.

Jupyter Notebook 103BoJIsI€ pearni3yBaTH iHTENEKTYalbHi aNTOPUTMH YIIPaBITiHHSI
aM'sITTIO:

1) PecypcHuii MOHITOpPHHT: Tepen 3amyckoM yeproBoro makery (batch)
JAaHUX, CKPHUNT mepeBipsie noctynHy RAM uepe3 6i6miorexy psutil.
Skmo BinmbHUH 00'eM Menme 20%, 3amycK HOBUX IIPOIECIB
MIPU3YITHHSIETHCS.

2) Force Cleanup: micns 3aBepIlieHHs KOXKHOT iTepartii Jupyter mpuMycoBo
3aBepiye qo4ipHi nmporiecd Vivado Ta O4HIae CHCTEMHHIN Kelll.

BucHoBku. BmpoBamkenHs mnapanensHoro 3amycky depe3 TCL-ckpuntu
JIO3BOJISIE TOCATTH Maike JIHIHHOTO MPHCKOPEHHS NPOIIeCY HaBYaHHS Y MOPIBHIHHI
3 MOCTIIOBHOIO mepeBipkoro. Jupyter Notebook mo3Boise iHTErpyBaTH aHATITHKY
Oe3mocepeJHRO B TPOIEC HAaBYAHHA. [Ipn 3aBepIIeHHI IUKITy HABYAHHSA CHCTEMa
BUBOJUTD Pe3yJIbTaTH y BUMIIAI rpadikiB, ricTorpaM Ta TEIIOBHX KapT PO3MIlLEHHS
komIoHeHTiB. 11{o 3HaYHO cripolrye aHai3 pe3ynbTaTiB JUIsl KOPHCTyBaya.

Buxopucranns Jupyter Notebook y moennanni 3 TCL-aBromaTn3zaniero Vivado €
e(eKTUBHUM DILIEHHSM Ul HaBYaHHS CyYaCHUX T€HEepAaTHBHHMX Mojeseil y ramysi
mpoektyBanHs [UJIIC. Lle He Timbku 3MeHIIye dYac pPOOOTH 3a paxyHOK
po3maparnenroBaHHs OOYHCIICHb, aje i 3a0e3nedye MOBHY aBTOMATH3AIIO IHKITY
"reHeparis-nepeBipka-KopeKis”, Mo € KPUTHYHO BAKIMBAM IS CTBOPEHHS
iHTenexktyansHux cucreM EDA wmaitOyTHhOro. 3anmpomoHOBaHUM MiaXiy poOuTh
mpoIiec po3poOKH THYYKHAM, MACIITa0OBAaHMM Ta MiHIMI3ye BIUTUB JIFOACHKOTO
(akTopa Ha erari iTepaTHBHOI MEPEBIpKH TU3ANHY.

1. Vivado Design Suite User Guide: Tcl Command Reference Guide (UG835).
— San Jose: AMD/Xilinx, 2025. — 1340 p.

2. Goodfellow I., Bengio Y., Courville A. Generative Adversarial Networks:
Deep Learning Series. — MIT Press, 2020. — 800 p.

3. Smith J. The Economics of Semiconductor Memory in the Al Era. — Tech
Economic Review, 2026. — 45-52 c.

~363 ~



