
BIATyK OOIqIuHO|O OIOHEHTA

Aoxropa rexH irlHux Hay r(, rpo$ecopa IIAIIA| IHA B onoALIMI{pa B acurboeuqa

Ha AlrceprallifiHy po6ory MA3yPKA Baneurrua OleroBur{a

Ha reMy <<CreopeHuq :acoSiB 3axr4cry oneparlrBuoi nau'.sri eia araK rutly

RowHammen>, npeAcraBneHy ua :4o5yru HayKoBoro cryreH, AoKropa Sinoco$ii
: ra,ry:i 3HaHb 12 Iu$opuaqiiiHi rexsolorii

:a cnerriarrsicrro 125 l(iSepSesnexa ra 3axlrcr iu$opltaqii

Arcryanr,uicru reM u Auceprauil
y cyLracHr.rx yMoBax po3ranylKeHux iu$opuauiiiuux cnereM 3arpo3pI

rci5ep5e:neui Bce .racrirue BHXoAflTb 3a rr,rexi BI4KrroLIHo nporpaMHoro pieHx.

Icuyroui anaparui MeroAr.r 3axucry ei4 arax, 3oKpeMa Ha rtaM'.firu o5'IucJiloBanbHl{x

crlcreM, Lracro ue saSe:neqyrorE, rHyr{Kocri, ueoSxiAuoi Anr aAaurauii Ao HoBLix

111nis raM'rri, a5o narorb 3HarlHe eHeprocnoxr.rBaHHl. llporpauui pirueHHs, cBoeto

Lreproro, qacro [paq]o]orr i: :arpuMKaMH a6o He silnoBiAarorE, BI4MoraM peanbHoro

qacy. Yce ue crBoproe uorpe6y B HoBrrx niAxoAax, axi roeAHyrorb a[aparHy

roquicrs i: nporpaMHolo aAaIITaBrIicrro.

Vpa:laeicrn cyuacuoi oneparunuoi nav'lti Ao araK rt4rly RowHammer e

cepilo:uoro 3arpo3oro [nfl 6e:nexn o6.IHcrroBaJIbH14x cl{creM, oco6ruso 3

ypaxyBaHHflM crpiH,rroi uiHiarropu:auii xortnoneuriB Ta 3pocraHHfl ulil*rocri
po:nrirqeuHfl AaHr.ix y DRAM-.{inax. B yntonax, KoJ'II4 anaparui zacodv. He 3aBxAH

:Aarui :a5esne.{zru Heo6xiauuri pineun iso,'uuii uiN xonaipKaMl4 ilaM'flTi, noli6ui
araKu crarorb lelani pea,rr,Hiruul,ui i HeSesne.tHliMr{. Bosu :AarHi :MiHroearu sNaicr

ocepeAxin nar,r'qri 5e: [pflMoro Aocryny, uo oco5:rpieo KpHTrtIHo e xonrexcri

3axr4cry r<onsi4euuifrnoi inQopnauii, BI4KoHaHHfl npueineiioBaHoro xo,4Y a6o

rapaurifr rlinicnocri oS.racreHr. 3 ornflAy Ha Ire, 4ucepraqia, npl4cBrILIeHa

crBopeHHro ecpexrnBHr4x saco6ie BaTBIIeHHq ra 3aro6iraHHq RowHammer-araKaM,

Bilnoeiaae cylracHLIM Br'rKJ'II{Kau y c$epi xi6ep6e:reKL't.

AxryatrlHicrb Aoc,'riAxreHHq raKox BH3Haqaerbcfl HeAocrarHbolo eQexrr.rnuicto

HaflBnr.{x 3axr.{cHr{x piueur, qKi .{acro 5a:yrcuca Ha cnpouleHux MoAenflx raM'flTi,

Marorb nagNaipui eHeprocnolnr4BaHH, ra 3arpI{MKI4. Po:podxa MeroAie AereKryBaHHq

araK Ha ocHoei MareMarurlHofo MoAeJIloBaHHr ra MaIUI{HHofo HaBrIaHHq, txi
npaurororb y peanbHoMy ,laci, Mae npaKTHr{Hy rliuHicrr Lnfl BnpoBaAxeHHfl y

cyuacrri xovn'rorepui apxirexrypu. Oco6,raeo BaxJILIBo, ulo AocliANeHus

opie uroeaue He JrHrue Ha 'reoperauni vo4e,ri, aJ'Ie iI Ha no6yloey recronol

nnarQopu H ra anpodauirc pe3ynbrarin y peanbHoMy cepeAoBuuli, uto niAalluye

Txnro rpHKnaAHy :uauyulicrt ra nepcneKrueHicrs Anfl noAarturoi iHrerpaqii y

npoMHCnoei piureuur.



Taxul,r qur{oM, aKryanbHicrr renru AlIceprarriiiHoi po6orn MA3yPKA B.O., y

nr<iii po3rn.fiHyro 3arpo3u i npa:rrzsocri y nau't'ri KoMr'rorepHux cHCreM,

npeAcTaBlesi lrerop.vra troAe:ri 3axucry nav'sri oSqlrcrrcBa,.IbHl4x cl4creM ni4 arax

Tl1rry RowHamffler, He BI4KJILiKae cynarriein.

Ouiurca o6rpyuroBaHocri HayKoBux

gocroniprrocri Ta HoBH3rI II

pe3y!'rbTaTrB Ar.rcepTaIIIl, rx

Hayrcoea HoBr{3Ha pesy,rrrarin Al4ceprauiiiuoro AocriAx<eHH.q rIoJIflrae B

r{acTyrIHoMy:

o Bnepue 3arrponoHoBaHo ra pea,ri:oBaHo MoAenb 3axucry DRAM-cHCTeM Ha

ocHosi nefrpouur.rx Mepex, 30KpeMa MLP, rKa :a6e:ne'lye BHflBJIeHH, araK

RowHammer y peNuui peanrHoro r{acy 3 BrlcoKorc roquicr}o, BI4Kopr.ICToBy}oqLI

:rora-rrrui oco6,rHsocri narepuie 4ocryrly Ao uatt'rri;
o Brepue po:po6neHo MoAeJrb 3axr4cry nau'.sri DRAM clicreM Ha ocuoei

,riqu:rsuurcin Aocryny, nrcwfi Br4KJrroqae upoS,tenty Hepieuor,tipHoro oHoBJreHH,

xonripox naM'rri, runonoi ,qn-a rpalrluifiunx NaeroAie Ha ocuoei nepio4rauHoro

oHoBrreHHr, i Ao:no,rqe BHsBJrrrH araKLI 3 BlrcoKoro ro.rHicto frpu 3HI4xeHoMy

Br.rKopr{crau r-r i pecypcin cucreur.t.

Po6ora r(oM[neKcuo nupiruye 3aAaqy BHrrBreHH, Ta 3arroSirauHq araKaM Turry

RowHammer qepe3 MoAenroBaHHt, pea,ri:aqiro ra recryBaHH, 3axl4cHux pirueur rt<
arraparHoro, TaK i nporpaMHoro piaru. 3orcpenaa yAocI(oHaneHo l,tero4ororiro

recryBaHHrr 3a AonoMororo nnarcpopuLr l.nfl nopinurnur pi:Hux Haexaui:uie :axracry

3 ypaxyBauHflM TaKlrx napan,terpie, rtK ro.IHicrs BI{qBJTeHHf,, fipoAyKTHnuic'rn,

croxr.{BaHHq pecypcin ra aAarrrr.{BHicrr Ao :uin y rono,rorii nalr'sti. Taxui.r ni4xil
ynepue :a5e:neuye sK ruyuxicrr, raK i nonuory 3axwe'ty, uo poSurr

3anporroHoBaHy crrcreMy trpHAarHo]o An, Br.rKopHcraHH.fl y BLICoKoHalilinax

oS.rucrroBarrbHr.rx cepeAoBr.rurax, BKJ'IroLIalollu cepBepl{, Aara-ueHTpI4 Ta o6'exru
Kpr.{rnLrHo eax,'rHsoi IT- i u $pacrpy Kry p t1 .

Orxe, B Ar.rceprauifruifi poSori nocraBrTeHe HayKoBe 3aBAaHH.f, Br.rKoHaHo

noeHicrro, :4o6ynaq noBHoro n,tiporo oeoroAie MeroAoJrroriero uayxosoi Aiqm,uocri.

Ouirrma snricry Ar.rceprauii, ii 3aBepueuicrr ra AorprrMaHHr npnurlunia
Slts4gN{itr rroi 4o6po.recnocri

3a csoiN,r :H,ricroH,r 4uceprauiilHa poSora :Eo6yaaua Masypxa Bareuruua

O,reroen..ra noeuicrrc ei"qnosilae Craurapry Bl4utoi oceiru :i cneqiarrHocri 125

KiSep6e:reKa ra 3axucr iu$opmauii ra HarrprMaM AocritrNesr eiAuoeiAuo Ao

ocnirurol rrporpaMr4 Ki6ep6e:ileKa.

fluceprauifrua po6ora e 3aBepueHoro HayKoBoIo ilpaqerc i csiA.{urr rpo
I-IAflBHICTb

rexuo,rorii.
oco6ucroro BLrecKy :goSynaua y uayxoeuii HanpflM In$opvauiilui



po:r:uuyeruu :sir uoaiSuocri 3a pe3ynbraraMl4 nepeeipxu Al4cepralrifisoT

podorra Ha teKcroei cniena4iuur, MoxHa :po6raru BtlcHoBoK, IfIo AHCepraIIifiHa

po6ora Ma:ypxa Bareurr.tua O,Terosur-ra e pe3ynbraroM caMocrifiuux AocliA>xeur

:4o5yeaua i ue r,ticrurr, elevenrin $a,rscra$ixauii,

Ta 3ailo3r4r,reHb. BuxopucraHi i.qei, pe3ynbrarl'I

uarextui noct4JIat-IHs Ha siAnoeiAue Axepeno'

Mosa ra crl'lJlL BI{KJ'IaAeIrrItl pe3y'[brarlB

!ucepraqiff na po5ora H arrr4car-ra yxpaincbKoro i asr,rifr clKolo MoBaMI4.

po6ora Halr{caHa 3 Aorpr4MaHHrrM arcaAelaiquoro crl{"rro ra 3 BHKOpHCTaHH,IM

repn,,iuin, npnfrHrrux y cy.racHiil rcoun'rorepuifi iuNeuepii ra inQoprrlauifiuiii

6e:neui. Crq1t BL{K1aAeHHq cnpp1ae He ,Trrue cnprafrurrrto, a ff rpllrur{HoMy auani:y

3anpotroHoBaHux piurenl.

firacepraqir cKJraAaerbcfl : ncryny, 4 po:Iinin, aacHosxie Ta Cn]ICKy

nireparypu. 3ara,rtnuii o6cnf AHceprauii 208 c'ropiuox, y roMy quc,ri 167 cropinox

ocHoBHOfO Tel(cTy.

V ecmyni poSomu o6rpyuroByerbcrr aKryanbHicrt renn Al4cepralliilHoi poSoru,

uaseAeuuir ofnflA [oTOqHOfO CTaHy upoSrer',1u aTaK Ha o[epaT[BHy [aM'fTb,

npoAeMoHcrpoBaHo iJ eaNrr.{nicrn e I(oHreKcri po:nurxy iu$opr'raqifrHux cHCreM,

Br43HaqeHo Mery poSoru, 3aAa.{y AocltiAxteuus, 3B'q3oK poSoru 3 HayKoBIIMH

[porpaMaMr.r, Mery Aoc,riANeHHr, HayKoBy HoBI4:uy po6oru i upaxrnl{He 3HaqeHHt 1l

pe3ynbTarlB.

Y nepwouy posdini ducepntatlii' cucreMarl{3oBaHe 3HaHHfl flpo o[eparl4BHy

naM,rrTb rrK npeAMeT Anrr aTaK, AeTaJ'IbHo orttlcaHo apxirexrypy nau';tri, ltexaui:lrt{

o6po6r<u AaHtrx i ponl Ke[u-raM'rri pi:ulrx pinnie, 3oxpeua, po3Kpl4ro [pIiHIII4|IH

KerrryBaHHt, lorlcHeHo pi:uaqro naiN BnyLIaHHflM i nporuaxov tro KeUry, U]o e

BaxJIttBHM gph aua,ri:i uoseAiuxu RowHammer-aTaKH, A TaKoxt BBCACHO

MareMargqHy MoAeJ'Irr, flr(a Ao3BoJIre orucart4 npoqecu Aocryrly Ao uau'lti

rfoprvra,uuo. Aa,qi, po3rnaHyro ocuosHi HanprlMKI4 araK Ha DRAM, CepeA 
'KI4X

oKpeMa yBara npu4iuerrct RowHammer, rtK nafr6intru ue6esue'IHoMy rH[y.

Flanpuxir-rqi uaseAeHo cylracHi treroAu 3axucry 
- 

qK anaparui (E,CC, niAelauleHHtl

Lracrorrj oHoBreHr{q, iri.rH,'IrHLixll aocryny), TaK i nporpavui. y BHCHoBKy

[poAeMoHcrpoBaHo, uo ui niAxoAlr Ma]orb sHa.{ui o6naeNeuul, i ToMy KruorloBoro

Meroro HoBr4x pirueHr, e pospo6xa nteroAie cBoer{acHoro BHqBreHHfl araK4 Ao

MoMel{ry tlolu KoAXeHHfl AaHUX.

f,pyeuil posdin ilprrcBrqeHo [paKTHqHoMy acneKry BI4tIBreHHfl. BpA3n4eocrefi

DITAM Ao araK r11ry RowHammer. OuucaHo crBopeHHfl recroBoi nlar$opMl4 Ha

ocHoei FpGA, rrKa Ao3Bonae ropyruyBaru craHAaprui rafinaiuru ra KoMaHAIT DRAM

Eiln BVfl,BrreHHq He 3aAoKyMeHToBaHL{x peaKuii;i uixpocxeM nau'sri. Taxufi niaxia

xoNrnirruii, $adpraxauii, nlartarY

i rexcru iuutrzx anroPin Mator[,



3a6e3rtelrr4B rHyqr(e ceper{oBr.iue Anq AocniAxeHHrr HecraHAaprHoi TIoBeAiHKH

MoAyliB, ulo HeMolr(JrliBo peani:ynarw 3a AonoMororc :stlqafrH[IX KoHTporepin.

flpe4cranJ'reHo pe3ynbrarr.r MacoBoro recryBaHHfl 253 qinis DRAM eia

nponi4Hux nupo6uuxie, Ae rpoAeMoHcrpoBauo pieeHb Bpa3n14Bocri r,ro4yniB DDR3,

DDR4 i DDR5 ra ocHosui BeKropr4 araK Eilr urlx. Hanpuxiuqi po:giry Syno

npoBeAeHo npaKTr{qJr,vir recr ra aua,ri: uail6inrm rrolxrpeHux anaparHl{x lteroAis

3axncry ECC i :5inrureHH.fl qacroru oHoBJIeHHr. BuflereHo ixni rexni.IHi

odnexeuur, 3oKpeMa HecnpoMo>xuicrl BHTBJIflTLI cneuaQiuui narepHu araK a6o

3yrHr{rrrri lanuuui :HriHu, u1o ni4rcpecnrce norpe6y B HoBHx niAxoAax Ao 3axl{cry

naM'qri.

S/ n'tpembo.My posdini ducepmatlii' po3rnf,Aalorbcfl rpLI niAxoAa Ao

AereKryBalHfl, ra [porr.rlii araxaM Triry RowHammer: MeroA Blr[aAxonoi ara6ipxu

pa4r<in, sacoSn MauHHHoro HaBLIaHHT ra BHKopLICTaHH, LlacrorHofo MachBy. y
niapo:li,ri 3.1 npoaHarisosauo MeroA nu6ipxr.r prgrie, B rKoMy aKTI4BoBauafi pxAox

3 Maroro fil,ronipnicrro p rrorpaflnae Ao rourporrHol nraSipxu. 3anponouoBaHo

MareMarr4qnufr niaxia lo yror'rHeHHfl KJrroLIoBoro [apaMerpa p, uo zazswtaia, e

Heror{HrrM i npn:no4lrrb Ao 3HH]KeHHq pinua 3axl{cry, a rar(ox BBeAeHo IloHflTTtl

pa4iyca Aii araxra Anq roqHoi,rora,li:aqii arpect4BHoro BnnHBy.

y ni4po:4ini 3.2 3anponoHoBaHo iunosauifiHlifi niaxia is BI4KopHCraHHflM

iuoAelefr Maur.rr{Horo HaBLraHHr Anrr auani:y uraS,rouis Aocryny Ao uaM'-f,ri.

Buxopucrauo rpu apxirer<rypa: LSTM, MLP i CNN. Pe:ylnraru recryBaHHfl

[or(a3aJ.rr.], u1o eci uoAeri Aocrrnr.r noHa.q 99o/o to,ruocri, a uafrxpauly eQexrueuicrb

npoAeMoHcrpyBaB Sararopienenrzff repuenrpoH (MLP) 
- 99,7Y0 ro.IHocri npu

ruBr4AKocri ea.rrnreHux 6,9 Mr(e, ulo ceiA.Iurs npo BLicoKy npal(TlrrlHy npu4aruicrs

nlo.qe,r i.
y ni4po:4i,ri 3.3 onucaHo niaxia i: BLlr(opHCraHHflM qacrorHoro MacHBy,

3acHoBaHoro Ha ,[i.ru-[nuHKax ar{Tr{Bauii prarcis DRAM. Xoqa raxi u.icreMu Malorb

Br.rcoKy ro.ruicrr (ao 99,8o ), BoHr{ 3aJte)Karb eia Kopel(THoro HanarxryBaHHfl

napaMerpa Lracroru :anurie KoHTponepa nalr'rti i cltrxpouisaqii quxrie oHoBJreHH.rI

nanr'sri. Ey,ro rrpo.qeMoHCTpoBaHo, rrlo Haeirr HeserHKi .racoei 3cyBI{ Moxyrb

3HaLrHo 3Hr4xyBarra pieeHr AereKTyBaHHrr araK. Tuu ue MeHUr, [pr4 npaBl{nbHoMy

Ha,raurynauui napaHrerpin, MeroA 3aJ'ILruaerL,cr oAHHM i: Hai.re$exrueuiruux

:aco6ia BHTTBJTeHHfl ra nporuAii ararar,r RowHammer.

V Posdini 4 npegcraBJ'reHo rpaKrur{Hy peani:aqiro ra recryBaHH, 3axI4cHLIx

nrexauisN{ip flporr4 RowHarnmer-araK y peanbHr4x yMoBax. Ha uoqarxy pos4iny

aKueHToBaHo yBafy Ha eraSopi KoM[r'IeKTyror{HX recronoi cHCTeMI4, ulo oAHotIacHo

Mo)r(e auani:ynaru orprauaui pe3ynbrarlr recryBaHHfl DRAM. 3oxpevra BLlcoKa

qacro'ra Aocryry tlll i oSpo6xa AaHHx Ao3Borae e$exrunuo nepenipllui poSory

3a[ponoHoBaHux vexaHi:uis gaxucry B yMoBax, ua5luxeHux Ao peanbH]4x.



Po:rnnuyro ArrcKpera:auiro [apaMerpie uacy, Ao3Borlfle HanalxryBarl{ cl{creMy

TaKHM r{HHoM, urod :a5esne.{urr4 MaKCUMarbHy eSexrtlnuicrl BI{sBrIeHH{ nppl

r,riuinra,rtHgx anaparHl{x Burparax. Onucauo pe3ynbrarl4 TecryBaHH.fl iurerpoeauux

3aXr.ICHI4X C6CTSM, 3OKpeMa HefrpOllepexeBax naOAe,reil Ta qaCTOTHOTO MaCIIBy, y

pi:uux xonrf i rypauiqx.

Y BucuoeKax [yleepraqiirHoi po6oru oliacaHo po:e'l:auy aKTyanbHy HayKoBo-

nprdKnaAHy 3aAaqy po:po5xu MeroAis 3axl.{cry oneparuBsoi uau'sri DRAM eia

cyqacHHx araK rHrty RowHammer. IIpoAeMoHcrpoBaHo cnpo6rz AereKryBaHHfl, UIo

:Aarui BAflBJI'|TI4 rc 99,8o/o aTaK Ha cy.lacui TI{IIH nau,gri DDR4 ra DDR5. TaxoN

onHcar{o orphMaHo rar<i uayxoei ra [paKTrr{Hi pe:ylrrarz.

fnceprauifina poSora oQopnareHa siAnoeilHo Ao BLIMof HaKa3y MOH Vxpaiuu

eia 12 ci.rufl 2011p. Nb 40 <IIpo 3arBeplxeHHfl Br.iMof 4o osoprraJleHHrl lucepraqii>'

o n purr rcAHerr H rr pe3yJr bTari n Aucepra ui fi n oi po6oru

Hayxoni pe3ynbrarr.r 4zcepraqii eucni'rreui y 4 HayKoBIzx ny6lixauilx

:4o5ynava, CepeA f,ttLIX 4 Crarri y HayKoBI'{X BHAaHHflx, BKJl}OqeHI{x Ha AaTy

ony6,rixyBaHHf Ao nepenixy nayxonnx SaxoBHX BHAanr Yxpainu.

Taxo>x pe3ynbraru 4uceprauii 6ylv anpo6oeaui Ha 5 uayxonux @axoerax

rouQepeHuinx.

Hayxoni ny6,rixauii :4odyea.ra ceiA.rarb rpo rlu6oxe po:yviuHq reMaruKl'I

Aoc,riANeHHt, flocriAoeuicrb HayKoBoro MHCJIeHHTI ra 3AarHicrr Ao Sopvyeauur

BJ'racHHX pltcuonxie. Y po6orax npocre)Kyerbcr ttoeAHaHHr reoperHi{Hllx rloroxeHb

is TTpaKTI4LIHI4MH pe3ynbTaTaMl4, UIo AeMoHcTpye c$opl'roeaHicrt' AocliAs[Ilbl(l4x

HaBuqoK. fliAroroe'11eHi varepialtl eiAnoniAarcrL' craHAapraM axaAeuiquoi

4oSpo.recHocri.
Taruu qr.rHoM, uayxoni pe3ynbrarr4, onucaui B AHCepraqifiuifr, po6ori

noeFIicrrc euceir,teHi y Hayxonux nySnixaui,Ix.:AoSyna'la'

Heto,rircu ra 3ayBa?I(eHrIfl Ao AHceprauiiluoi podoru

1. B rexcri Ar.{ceprauii uigcyrui nocu,rauH.fl Ha Aeqxi HaseAeHi n poSori p}rcyHK}i,

30KpeMa puc.1 .1,2.9,2.10 ra iu.

[uQop\aaUil, HaBeAeHa Ha AerlItHX pHcyHKaX He cuiauaAae [o :rrticry 3

,r3ualanruu ni4pncyHI{oBLIM IIoflcHeHHaM, HaIIpHKnaA ua pv,c.2.l2 ta ro'

Ilepurufr po:4in Ayceprarlii uepeuacuv,eL{wil HaBeAeHI4Nl auatrisoM, qacrl4Hy

,,,o.o 5e: nrparu qxocri po6oru MoxHa 5y,ro 6 nepenecrl4 B AoAarxu' Tax

caMo trc n.3.3.1 <Bu5ip uo4eni Maur4HHoro HaBqaHHrt)) Ha crop.l38 rraicrurs

rxr4poKo ni4orty or,lfl.[oBY iuQopvaUirc, a nyntepaUir Uboro ni4po:4iry

AyS,lroerscfl I-Ia croP.151 .

2.

1



4. B rperlouy po:4i,ri gr.rcepraqil HaeoAlirbct aHaJl3 MaITII{HHoro HaBqaHHrI 3

ni4xpinneHHrrM (crop. 142-143), a,re s po6o'ri 'raxvil niaxia He 3acrocoByerbcfl.

5. B po6ori po3rnrrAaerbcrr oSpoSxa AaHHx MeroAaMr{ Marrrr.rHHoro HaBr{aHH.f,.

1.

Pa:ou 3 urrM He onr4casufi naexaHi:nt :5opy AaHHx, ix o6car, npeupoqeciur

AaHux, nuSip o3HaK ra ix xi:rtxicrr, au6ip roJloBHtrx o3HaK, He onucaui
nHTaHHr 6a,raHcynaHHr Aat{r.rx rouo, u1o e BaxTIHBITMH [apaMerpaMl4 Anq
uo6yAoeu ,rroSoi flxicnoi uoleli.

B ra6,ruui 3.3. HaBoArrrbcfl Merpr4nu orplrMaHr{x nro4ereit, aJIe ni4cyrHifi
raxufi iurerpa,rrHuff noKa3HHK, flI( Merpnra fl, xxa uaitli,rsu o5'extunuo
oqiurce gxicrs orpuMaHI4x voAelei.r.

B rpemonry po:4ini 4ucepraqii HaBoArrbcr ,ricriurLr AIrfl rpbox uo4eleil
MauHHHoro HaBLraHur (,ricrinr 3.2-3.4), me He HaBoAlrrrcx o6rpyHTyBaHH.r ra
auali: nuSopy caMe raKr.rx crpyltryp uefrpouepeN, niA6ip ix rinepuaparaerpia,
xirl,xicrn ertox HaBLraHHr, aHari: [epeHaBLIaHH, uoAe"uefr Touro.

He HaeeAeHufi nopinHr,'rtuttit ana,ri: 3arrpo[oHoBaHux rrero4in 3 B]Ke

eiAoN{raN{ri pe3ynbraraMri rro AaHoMy HanpflMxy Aoc:riAxeHb, B ToMy .{Iacri

MeTOAaMr4 Ma[II4HHOfO HaBqaHHfl .

9. B rexcri Ar4ceprauii naseni Aesxi crvlic'ruqsi nouu,uxu.

Baaxarc, uo sacroereHi 3ayBax{eHHrt He 3MeHrlry}orb 3afanbHy HayKoBy

HoBrl3Hy ra npaKTulrHy cHaquNaicrb pe3ynbraris ra He B[JIHBarorb Ha no3LrrI4BHy

oqiuxy Aiiceprarriff uoi po6orr.i.

BucHosoK rpo Allceprauifi uy po6ory

3uicr Aaceprauii.troi po6oru MA3yPI{A BaleHruua O,reroeaqa Ha reMy

<Crnopeuus :acoSiB 3axr{cry oleparr4BHoi nanr'qri eia araK runy RowHammer) e

3aBeprxeHoro HayKoBo-Aoc,riAuoro rpauero, y sxifr orpi{MaHo uoei uayxoei

o6rpyHronaui pe3ynbrarr4. y AHceprauifiuifr poSori B.O.Ma:ypxa :AifrcueHo

ecediqHe Aoc:riAxeHHs npo6nevH 3axrlcry oneparunHoi nana'sri si.q araK rl4ny

RowHammer, po:po5,reno MareMaruqHy MoAenb naM'qti DRAM, tqo BpaxoBye

peanrHi Qi:nuHi xapar{rep}rcrr4Kn vixpocxeM, a raKo)r( crBopeHo e$exranui uero4u

AereKTyBaHH, arar( Ha ocHosi Ma[u.rHHoro HaBLraHHfl Ta o6,rir<y qacrorr4 Aocryny Ao

pr4xin nalr'sri. Anropou 3arporroHoBaHo nporpanui, anaparui ra xorirSiuosaui

sacoSu :axncry, rxi trpoAeMoHcrpyBanI4 BHCoKy roqsicrr, BHflBJIeHHa :arpo: 6e:

cyrreBoro B[nlrBy Ha rrpoAyr<raBsicm cHcreMH.

Bna>xaro, uro Ar4ceplar-liriua po6ora BHKoHaHa Ha Br4coKoMy HayKoBoMy pieui,

He nopyruye rrpr.i[{uHnie axaAer,riqHoi 4o6pouecuocri ra e saKiHLIeHI4M HayKoBIrM

AocliANeHHflM, cyrcynuicrr reoperuqHHX Ta rtpaKTutIHLlx pesy,'rtrarin flKoro

po:n'r:ye HayKoBe 3aBAaHHfl, Irlo Mae icrorue 3Har{eHH, Anfl rany:i 3HaHr, 12

<lucpopvauiiiui rexHoJ'rorii>. /\rzcepraqifrHa po6ora 3a aKryanruicrro, npaKrur{Horo

6.

B.



rliHuicrro ra HayKoBoro HoBr.r3Horo noeHicrrc eilnoeilae BIIMoraM qI4HHoro

3aKoHoAaBcrBa Yxpaiura, u-to nepe4Saueui B n.6 9 <Ilopx4xy rpacyAxeHH.f,

cryneHfl AoKropa $i:roco$ii ra cracyBaHH, pirueuul pa:onoi cneuia,lisoeaHoi Br{eHoi

palu 3aKnaAy erauloi oceirn, uayr<onoi yoraHoBl4 rtpo [pl4cyAxeHHfl cryneHq

AoKropa $i,,roco$iI>, :arnepAxeHoro flocrauonoro Ka6inery Miuicrpie Vxpainra eiA

12 ciqut 2022 p. N 44,a iT anrop MA3yPOK Ba,reHrHH O,'IeroBHrI 3acnyroBye Ha

rpncyAx{eHHr fionry HayKoBoro cryreHrt AoKropa Sinoco$ii s rany:i 3HaHb 12

<lu$opuaqifrui rexuo,roril> 3a cneuiarrHicrto 125 - <Ki6ep5e:nera ra 3axl4cr

iHSopuauii>.

O$iuifruuff ououeur:

:aei4yeau xaSe4pa poSororexu i'IHzx
i re.uexol,rynixaqifiul{x cplcreM ra xiSepSe3IIeKH I
Hepxacrxoro AepxaBHoro rexHonoriqHoro " I
yriu.p.rrery, A.r.H., npo$ecop ( A BoroAunrup fIAIAIIH

\-,/

flilnuc A.r.H., npo$ecopa

V.rer-rLifr ceKperap
Hepxacrxoro AepxaBHo
yHlBepclrTeTy, K.T.H., AOII
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