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PE®EPAT / ABSTRACT

[TosicHroBanbHa 3amucka Mictuth: 69 c¢., 71 pwumc., 0 Tabm., 10 mxepen.

PO3I'TH, BOJIBTAX, YACTOTH, OBEPKJIOKIHI, BIHHIHI, CHJIIKOHOBA
JIOTEPEA, BIOC, OITEPATUBHA ITAM’ATb, TECTYBAHHAL.

O0’eKTOM JTOCHIJIKEHHS € Cy4YacHI IMPOLIECOPH, METOJM iX PO3rOHY, a TaKOXK
BILIVB MIPUCKOPEHHS Ha MPOYKTUBHICTh 1 eHeproeeKTUBHICTb.
MeTtoto pobOTH € aHaNi3 BIUIMBY METOAIB PO3TOHY MPOLIECOPIB HA X MPOAYKTUBHICTH 1
CTaOUTbHICTh POOOTH, a TaKOX JOCHIKCHHS HaWe(PEeKTUBHIMNX MiIXOMIB JO
M IBUILICHHSA YaCTOTH Ta onTuMizarii rapaMeTpiB JKUBJICHHS.
Merogamu po3poOKu € eMIipuyHl JOCHIKeHHs, Mo0yJ0Ba MaTeMAaTUYHUX MO/IETIEH,
TECTyBaHHS 3a JIOMIOMOTOIO CIEIlai30BaHUX OCHYMApKIB, a TaK0X BUKOPUCTAHHS
PO3pO0IICHUX CKPHIITIB TUTS OITIHKHU CTaO1ILHOCTI pPO3roHy.
VY pesynbrari poboTH OYJIO MPOBENECHO MOPIBHSHHS PI3HUX MPOIECOPIB, BUSBICHO
BILJIUB 3MIHU HAINpPYTU KUBIICHHS Ta YaCTOTH sapa Ha eHEeproeeKTHUBHICTh, CTBOPEHO
rpadiky 3aJIeKHOCTI TPOJYKTUBHOCTI BiJl YACTOTH Ta BOJIbTAXY, a TAKOXK PO3POOJIEHO
peKOMEHaIli JJIT JOCSITHEHHS ONTHMAJbHOTO CIIBBIIHOIICHHS CTaOUTBHOCTI Ta

MPOTyKTUBHOCTI.

OVERCLOCKING, VOLTAGE, FREQUENCY, BINNING, SILICON LOTTERY,
BIOS, RAM, TESTING.

The object of research is modern processors, overclocking methods, and the
impact of  acceleration on  performance and energy efficiency.
The purpose of the work is to analyze the impact of processor overclocking methods on
their performance and stability, as well as to study the most efficient approaches to
increasing clock speed and optimizing power parameters.

The development methods include empirical research, mathematical modeling, testing
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using specialized benchmarks, and utilizing custom scripts for evaluating overclocking
stability.

As a result of the work, various processors were compared, the impact of
changing core voltage and frequency on energy efficiency was identified, dependency
graphs of performance on frequency and voltage were created, and recommendations

were developed for achieving an optimal balance between stability and performance.
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mo OyJe mpeAcTaBlie€Ha B €K3aMEHAIIHY KOMICIIO Il MyOJIIYHOTO 3aXHUCTY,
BUKOHAHA CaMOCTIWHO, B Hiil HE MICTIThCS €JIIEMEHTH ILIariaTy 1 BOHa MOXe OyTu
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BCTYII

CyyacHi TeHIEHINT y Taly31 KOMI'IOTEPHUX TEXHOJOTH BUMAaraiTh MOCTIHHOTO
NIJBULIEHHS MPOAYKTUBHOCTI Ta €HEpProe(eKTUBHOCTI KOMI'IOTEPHUX CHUCTEM.
30kpema, 0coOIMBa yBara MpUIUISETHCS ONTUMI3allli poOOTH IIEHTPATBLHUX MPOIECOPIB,
Kl € KIIOYOBUMHU KOMIIOHEHTaMU Oyab-sIKOT OOYHMCIIOBaIbHOI cUcTeMU. B yMoBax
3pOCTalOYMX  OOYMCIIOBAJIbHUX  HAaBaHTaXeHb 1  MOTpeOM y  3HIKEHHI
€HEPrOCTIOKMBAHHS JOCIIKEHHSI METOIB MPUCKOPEHHSI poOOTH MpoiiecopiB HabyBae
BCe OUIBIIOI aKTyaJlbHOCTI. Pi3HOMaHITHI MAXOAW, TaKi SIK PO3TiH, aJanTHBHE
YOPABIIHHS KUBJICHHSIM Ta ONTUMI3AIlis apXITEKTypH MPOIECOPa, TO3BOJSIOTh TOCATTH
3HAYHUX PE3YJIbTaTIB y MiABUIIEHHI e(peKTUBHOCTI. BUBUCHHS IMX METOIB Ta IXHHOTO
BIUIUBY Ha MPOAYKTHUBHICTH 1 €HEpProe(eKTUBHICTh JAa€ 3MOTY Kpalle 3pO3YMITH, 5K

CTBOPIOBATH BUCOKOMPOIYKTHUBHI i EKOHOMIYHI CUCTEMHU.



1 AHAJII3 IPEJIMETHOI TAJTY31 1 IOCTAHOBKA 3AJIAUI

1.1 AKTyanpHICTB 1 OOTpYHTYBaHHS AOCTIIKEHHS

CyyacHi npoLecopH € CKJIaJHUMU TEXHOJOTTYHUMH MPUCTPOSMHU, pO3pOOJIEHUMU
TUTst 0OpOOKHM BETMKHUX OOCSTIB IAaHUX 13 MAKCHMAIBHOIO MIBUAKICTIO Ta €(DEKTUBHICTIO.
B ymoBax, kommu 3pocTtae mnorpeba y BHCOKONPOAYKTMBHMX CHUCTEMax Ul TaKHX
oOnacTeil, SIK IITYYHUH I1HTENEKT, OOpOOKa BEJIMKUX JAaHUX 1 BUCOKOMPOAYKTHBHI

OOYMCIICHHSI, ONITUMI3AIlisl POOOTH MPOIECOPIB HAOYBAE CTPATETIYHOTO 3HAYCHHS.

MeToau TpHUCKOPEHHS MPOIECOpiB, Taki SIK PO3TiH, ONTHUMI3allisl YIpPaBIiHHSA
CHEPrOCIIOKUBAaHHAM [1], TOKpaImIeHHsI apXiTeKTYpPHHUX pillleHb, JO3BOJSIOTH 3HAYHO
iABUINUTH iX TPOAYKTHUBHICTh. BojHOYac BaXJIMBO BPaxOBYBAaTH EHEPTETUUHY
e(eKTUBHICTh, OCKUIBKU 3POCTAHHS CIOKMBAHHS €HEPrii MPU3BOAUTH M0 30UTBIICHHS

TEIUTOBUIIICHHSI 1 3MEHILIEHHS JIOBTOBIYHOCTI MIPUCTPOIB.

AKTYyaJIbHICTh JTOCTI/DKEHHS TIOJIATa€ y BU3HAUYCHHI ONTUMAJIBLHUX ITIXOIIB JI0
MPUCKOPEHHSI pOOOTH MPOLIECOPIB, K1 3a0€3MeUyI0Th OalaHC MIXK POIYKTUBHICTIO Ta

CHCPIrOCIIOKUBAHHAM.

1.2 ITocTanoBka 3agaqi

Ha ocHoBi anamizy mnpoOGiemMHOi o0jacTi chOpMYJIIOEMO OCHOBHI 3adadl Jyis
MIPOBEJICHHS TOCITIKCHHS:

BusHauuT OCHOBHI METOJIM TPHUCKOPEHHsS POOOTH MpoIecopiB (PO3TiH,
YIPABIIIHHS 4aCTOTOO Ta HaIpyTrolo, ONTHUMI3aLlis apXITEKTYpH);
po3poOUTH KpUTepli OIIHKM BIUIMBY PI3HUX METOMIB Ha NPOAYKTUBHICTH 1

eHEepProe(PeKTUBHICTD;
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[IpoBecTn ekcrnepUMeHTaIbHI JOCTIKEHHS OOpaHWX METOJIB Ha TECTOBHUX
3pa3kax MIPOILIECOPIB;

CTBOPHUTH MOJICNIh MOPIBHSAHHS €()eKTUBHOCTI METOIIB HA OCHOBI 310paHMX JaHUX;

Po3pobutn  pexkomeHmamii MO0 MPAKTUYHOTO  3aCTOCYBaHHS  METOJIIB

IMPUCKOPCHH:A B 3aJ1€)KHOCTI BiI[ THUITY 3aBJ4dHb.

1.3 Bubip ekcriepuMeHTIbHUX METOTIB

Jyist mpoBeICHHS EKCTIEPUMEHTY 00paHO TaKi METOIH:

Po3rin mporiecopiB NUISIXOM TIABHMINEHHS MHOXXHHKa a00 0a30BOi 4YacTOTH;
OLIIHKA BIUIMBY Ha €HEProCHOKMBAHHS 32 JOMOMOIOIO CIEllaJi30BaHUX 1HCTPYMEHTIB
MoHiTopuHTy (Hanmpukiaa, HWMonitor abo AIDA64);

TecTtyBaHHS CTaOUIBHOCTI POOOTHM TpU 3OUIBIIEHIM YacTOTI 3a JOMOMOTOKO
nporpam Prime95, Cinebench tomio;

[TopiBHSIHHA  pe3ynbTaTiB 13  BUKOPUCTAHHAM  KOHTPOJIBHHX  TECTIB

npoayktuBHocTi (PassMark, SPEC CPU).
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2 OTJISIJ] 1 AHAJII3 JIITEPATYPHUX, HAYKOBUX JKEPEJI

2.1 Meroau mpucKOpeHHs! poOOTH MPOLIECOPIB

Metoau mpuUCKOpeHHsI poOOTH MPOLECOPIB IIUPOKO BUCBITIIOIOTHCS Y HAYKOBHX
1 TEXHIYHUX JKepenax [2]. OcHOBHUMU 3 HUX €:
Posrin  mpouecopiB. lleit Metron mependadae 301LIbIIEHHS Ppo0OOYOi YaCTOTH
HEHTPAJILHOIO Tpollecopa NUISIXOM TIJBUIICHHS MHOXXHUKa a00 0a30BOi 4acTOTH
(BCLK). Moro ocHOBHHMH mepeBaraMi € IIBUIKE 3POCTAHHS MPOAYKTUBHOCTI 0e3
3HAYHUX BUTpaAT, MPOTE BiH BUMArae peTeIbHOr0 HANAMITYyBaHHS ITapaMeTPiB KUBICHHS
Ta OXOJIOJKECHHS JUISL 3a0€3IeUeHHS CTabUTBHOCTI poOOTH.
OnTumizallisi eHeprocrnoxuBaHHA. Bkiodae 3meHmieHHs Hanpyru (undervolting) i
YVOPABIIHHS YacTOTaMHM B 3aJIEKHOCTI BiJ HaBaHTaxeHHS. lle crnpuse 3HUKEHHIO
TETIOBUIICHHS i IT1IBUIIICHHIO eHEepProe(eKTUBHOCTI.
BukopucranHs creniaiizoBaHUX aJTOPUTMIB 1 apXiTEKTypHUX pimieHb. Hampukman,
TEXHOJIOT1i  OaraTosiiepHOCTI Ta  0aratomoTOYHOCTI  JO3BOJSIOTH  30LIBLINTH
OOYHMCITIOBATIbHY TOTYXHICTh TMPOIECOPIB, PO3MOAUISIOYN 3aBIAaHHS MK SIpPaMH.
Kpim Toro, y Oaratbox mxepenax [3] pO3TIsgacTbCsi BIUIMB BUKOPUCTAHHS
CTeliali30BaHUX MPOTPAMHUX PIlLIEHb AJI1 MOHITOPUHTY Ta HaJIAIITYBaHHS MPOLECOPIB.
Hampuknazn, nporpamu MSI Afterburner, Intel Extreme Tuning Utility (XTU), Ryzen

Master Toro.

2.2 BB MeTO/11B MPUCKOPEHHS Ha MPOAYKTHUBHICTD 1 eHeproe)eKTUBHICTh

[linm dvac aHamizy HayKOBHX CTaTedl Ta TEXHIYHOI JOKyMeHTalii Oyyo
BCTAHOBJICHO, 1110 METOAM MPHUCKOPEHHS MalOTh PI3HUN BIUIMB HA MPOAYKTHBHICTH 1

eHeproe)eKTHUBHICTb:

Po3rin mporiecopiB 3HaYyHO 30UIBIINY€E MIBUAKOIII0, OCOOJIUBO Yy 3aBIAaHHSAX, €

BUKOPUCTOBYETHCSI OJTHAKOBUI HAO1p 1HCTPYKIIiH, TAKUX K PeHACPUHT 4H irpu. OHaK,
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MiABUINEHHS  YacTOTH  poOOTHM  Tpolecopa  MOXKE  3HAYHO  301UIbIIyBaTH
CHEepProCIOKUBAHHSA, 110 BUMArae MOKPaIeHNX CUCTEM OXOJIOKECHHS.

OnTuMizalliss Hampyrd JT03BOJISE 3HU3UTH TEIUIOBUIIJICHHS TpU 30epekeHHI
ctabuibHOCTI podoTH. [ocmixenHs nmokasanu, mo undervolting 3a6e3neuye 1o 20%
EKOHOMI1 eHeprii 6e3 CyTTEBOTO 3HWKEHHS MPOTyKTUBHOCTI.

baratosinepHi  mpouecopu  JEMOHCTPYIOTh  3HAauHy  €(QEKTUBHICT  IIpHU
0araTo3aJayHoCTI, NPOTE€ BUMAraroTh ONTHMI3alli MPOrpaMHOro 3a0e3MeyYeHHs s
e(eKTUBHOTO PO3MOITY HABAHTAKEHHS MIXK sJIpamMHu.

3i0paHi JaHl TIATBEPIXKYIOTh BAXKJIUBICTH MPABUIBLHOTO BUOOpY MeTony [4]
3aJIe)KHO BiJ TMOCTaBJICHHUX ILUJIEH: MaKCUMAaJbHOI MPOAYKTUBHOCTI YM MIHIMAJIBHOTO

CHCPIOCIIOKNBAHHI.
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3 TIOCTAHOBKA 3AJIAYI
3.1 IlyHKTH pO3p0OKHM

JUtst 1ocIiIKEHHsT METO/IIB MPUCKOPEHHSI POOOTH MPOIIECOPIB Ta iX BIUIMBY Ha

MPOAYKTUBHICTH 1  €HEpProeeKTHBHICT,  CHOPMYIHOBAHO  HACTYMHI  3ajadi:

[IpoBecTn aHami3 Ta OOpaTH OCHOBHI METOJIM MPUCKOPEHHS, SKI BKIIIOYAIOTh
PO3TiH MPOIECOPIB, ONTUMI3AIII0 €HEPrOCIIOKUBAHHS, BUKOPUCTAHHS 0AaraTosiIepHOCTI
Ta 1HII1 MIXOIH.

Po3pobutu mporpamy miisi aBTOMAaTH30BAaHOTO TECTYBAaHHS TPOIECOPIB, SKa
3a0€3MeUnTh:

- MEepeBIPKY MOYATKOBUX XapaKTEPUCTHK MPOLECOPIB (4acTOTa, TeMIlepaTypa,
HaIpyra Toulo);

- OATPUMKY BUKOHAHHS CIIEHapiiB pO3roHy;
30MpaHHs JaHUX JJIs OIIHKH MPOJYKTUBHOCTI 3a JOIIOMOT'0I0 O€HUYMAapPKIB;

- OWIHKY CTaOUIBHOCTI POOOTH Y€pE3 CTPEC-TECTH.

[IpoBecTn ekcrepuMeHTaNbHI JOCTIIHPKCHHS, BUKOPHCTOBYIOUHM PO3POOIICHY
nmporpamy, LTSI OILIHKHU:
OPUPOCTY MPOAYKTUBHOCTI B 3ajladyax pI3HOrO0 TUIY (IFCPOBHX, OOYMCIIOBaJIbHUX,
rpadgigHuXx);
3MiH eHeproe(peKTUBHOCTI MPU 3aCTOCYBAHHI PI3HUX METO/IIB ONTUMI3aIlii.

Po3pobutu  rpadiku, sKi  BIJOOpaXKAaTUMYTh  CHIBBIIHOUIEHHS  MIXK
MPOYKTUBHICTIO Ta €eHEProe(PEKTUBHICTIO JJIS PI3HUX PEXKUMIB POOOTH MPOIIECOPIB.

Ha ocHoBi oTpuMaHux pe3ynbTaTiB cPOopMyTIOBATH PEKOMEHIAIlIT 111010 BUOOPY
ONTUMAJIEHOTO TIPOIlecopa Ta CrmocoOy WOTro HaNAMTyBaHHS IS PIi3HUX CIICHApiiB
BUKOPHUCTAHHS.

Peanizanisi nux 3agad J03BOJIUTH OIIHUTH JIOUUIBHICTh 3aCTOCYBAaHHS THUX YU
IHITUX METOIB TPHCKOPECHHS B peajbHUX YMOBaxX, a TaKOX 3HAWTH OallaHC MIXK

HpO,IIYKTI/IBHiCTI-O Ta CHEPIrOCIIOKUBAHHAM.
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4 TEOPETUYHE JOCJ/IIIKEHHSA

4.1 Anani3 METO/IB MPUCKOPEHHS MPOLIECOPIB

Koxxen Meton mpucKOpeHHs POOOTH MPOLIECOPIB Ma€ CBOi OCOOJMBOCTI, K1
BIJIUBAIOTHh HA €(PEKTUBHICTH, CTAOUTbHICTh Ta €HEPrOe(HEKTUBHICTh CHCTEMH B IIJIOMY.
OCHOBHUMH METOIAMH MPUCKOPEHHS €:

Po3rin  (OBEpKIIOKIHT): 30UIBIIEHHS YacTOTH IIpoliecopa IOHAJ 3aBOJCHKI
HanamTyBaHHA. lle 103Bosie MiABUIIUTH NPOAYKTHBHICTb, ajlé MOXXE CIPUUMHHUTU
3pOCTaHHS TEMIEPATYPH 1 3MEHIIEHHS TEPMIHY CITy>KO0U Tpoliecopa.

Ontumizariss Hanpyru [5] (Undervolting): 3HmkeHHs poOo4oi Hampyrw s
3MEHILICHHS TETJIOBUAICHHS Ta €HEPrOCIIOKUBAHHS.

bararosgepHa ontuMizanis: BAKOPUCTAHHS BCIX siiep MpoLecopa Jjisi BAKOHAHHS
3aBJ/IaHb, IO J1I03BOJIsIE €hEKTUBHIIIE PO3MOAUIATH HABAHTAKECHHSI.

[IpodintoBanHs Ta aJanTUBHE HAJAIITYBAHHS: HANAIITYBaHHS POOOTH Mpolecopa
3aJIe)KHO BiJ TUIy 3a/adyi, HAIPHUKIA, 3MEHIICHHS E€HEPTrOCIIOXHUBAHHS ISl MPOCTUX
3as1a4 a00 MaKCHUMaJIbHA MPOAYKTUBHICTD JJI1 IHTCHCUBHUX.

KoxeH 13 ux MeToAiB MOKe BUKOPUCTOBYBATHUCSI OKpEMO abo B KOMOIHAIT AJist

JOCATHEHHS HAWKpanioro 6aiancy Mi>k IPOAYKTUBHICTIO Ta €HEPTrOCIIOKHUBAHHSIIM.

4.2 TlopiBHSIHHA METOIB HA MPUKJIaAl €KCIEPUMEHTAIBHUX JaHUX

PosrnsHemMo ekcriepuMeHTallbHI JlaHi, oTpuMaHi 1ist npoiecopa AMD Ryzen 7

4800H npu BHKOpUCTaHHI PI3HUX METOJIB MPUCKOPEHHS Ha pucyHKy 4.1 ta 4.2, sxi

OyJIM BUKOHAHO CAMOCTIMHO, SIK 1 BC1 1HII PUCYHKH OKPIM THX, IO B3STI 13 JKEPEIL.
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Pucynok 4.1 — Jlani npo nporiecop y AIDA64

Core 1:

Core 2:

APU: Ryzen 7 4800H with Radeon Graphics

Core 6:

Temperature: 37°C
Frequency: 2923MHz
Power Draw: 0,15W
Voltage: 836mV

O 0@ e H®KP

L3$ Logic
3% VDDM Power: 0,5W

Core 3:
Temperature: 37°C
Frequency: 2913MHz
Power Draw: 0,08W
Voltage: 831mV

&

Power Draw: 0,09W
Voltage: 836mV

Power: 0,33W

Core 4
Temperature: 37°C
Frequency: 2913MHz
Power Draw: 0,09W
Voltage: 833mV

Temperature: 37°C
Frequency: 2313MHz
Power Draw: 0,09W
Voltage: 830mV

13§ Temp:

Temperature: 37°C
Frequency: 2914MHz
Power Draw: 0,08W
Voltage: 830mV

37/38°C

13§ Clock: 2954/2944MHz

Core 7:
Temperature: 37°C
Frequency: 2908MHz
Power Draw: 0,08W
Voltage: 826mV

Core 8:
Temperature: 37°C
Frequency: 2927MHz
Power Draw: 0,12W
Voltage: 831mV

iGPU (Disabled):

Temperature: 37°C

Power Limits:

Power Limit 0: 65W
Power Limit 1: 85W
Power Limit 2: 85W

SoC:

RAM Clock: 1800MHz
Fabric Clock: 1800MHz
Uncore Clock: 1800MHz
Voltage: 887mV

Power Draw: 1,70W
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Pucynok 4.2 — JlaHi ipo BOJIbTaXK, EHEPTOCMOKUBAHHS Ta YaCTOTHU

MOPIBHSAHHS

po3riH 13

BUKOPHUCTAHO

30UIBIIICHHSM  HaIpyTH,

TpHU

CIieHapii:

CTaHJapTHI

BukopuctanHsaM Undervolting. [Ij1s bOro 3aCTOCY€EMO Miil 3aCTOCYHOK.

3aBOJICHKI

a TakoX omnruMizaiiga 3



B chUsers\edios\Desktop\net7.0nOpenTK Test.exe

Pucynok 4.3 — BruiiB pi3HUX METO/IB IPUCKOPEHHS HA MPOAYKTHUBHICTb 1

eHeprocroxupanHs. Yactora 2.91'rit

[N C:\Users\edios\Desktop\net7.0,OpenTKTest.exe

Pucynok 4.4 — BruiiB pi3HUX METO/IB IPUCKOPEHHS HA MPOAYKTUBHICTb 1

eHeprocroxuBaHHs. Hacrtora 4.11T

16
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W C:\Users\edios\Desktop\net7.0\OpenTK Test.exe

Pucynok 4.5 — BruiuB pi3HUX METO/IB IPUCKOPEHHS HA MPOAYKTHUBHICTb 1

eHeprocroxupanus. Yactora 4.2111

3 PpUCYHKIB BHJHO, IO PpO3TiH mpolecopa 3abe3reuye MaKCUMaJbHY
MPOIYKTUBHICTH [6], 48% mpuIIBUALICHHS Y TOpIBHIHHI pe3ynbTariB Nel Ta Ne2 aine
MPU3BOIUTH IO 3HAYHOTO 3pOCTaHHS CHEPrOCIIOKUBAHHS Ta TeMeparypu. Ha pucyHky
5 3acrocoBanmii Undervolting, ane #oro mopiBHsHHS 3 No2 yceoro 2% vy
MHOTOTOTOYHOMY TecTi Ta 0% y omHomoTouyHoMmy. OnTHMI3allisl HANPYTH T03BOJISIE
3HAYHO 3MEHIIUTH CHEPrOCIOKWBAHHS 3 MiHIMaJIbHUMHU BTpaTaMu MPOAYKTHBHOCTI,
ab0 y HamoMy BHWIAJKy 3aCTOCYBaTH 3a0MIa/DKCHHY HANpyry Ha MPHUIIBHUANICHHS

HaCToOT.



Pucynok 4.6 — Miii pesynbrat y Tecti Cinebench R23

CINEBENCH R23

(VN T TV 12983 pts

AMD Ryzen 7 4BO0OH (BC/16T)
& with Radeon Graphics

16 GB DDR4, 14.86 GB active
86B, KLEVV HMA DJRSN-XN

AMD Radeor(TH)Graphlcs
[ Motherboard HP 8767
BIOS: F.18, 2 DIMM slots

=08
Build
File Integrity
() System Timers 8,759,842 timer calls
HPET HPET32, 14.32 MHz. 0,001 ms (Precise)
ACPIPM g

used by OPC)

[©] BenchMate : 2(Drwor 0.38)
Sensor Measurements 8in 07 s by HWINFO 7.31 (Driver: 10.72)

BENCHMATE
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Pucynok 4.7 — MakcumalibHHI pe3ysIbTaT [IbOTO MPOIECOPY B CBITI ( 32 JaHUMU

[7])

3poOuBIIM aHAII3 THTEPHET PO3TOHY caMe MOTO MPOLIECOpY, 5 TI3HABCS, 10 BiH

Moxke OyTu Ha 15% 3aBAsiku OLIBII PO3BUHEHUM METOAAaM PO3rOHY, 110 HE JOCTYIHI Ha
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MOeEMY HOYTOyIl. Ajie MO0 MOKa3aTh rapHi pe3ysibTaTH PO3rOHY s JIICTaB CTapui

KOMII FOTep 3 TApHUM MOTEHIIaJIOM PO3TOHY.

single-Core Score

3ystem manufacturer System Product
Jame

3ystem manufacturer System Product
Jame

Aulti-Core Score

3ystem manufacturer System Product
Jame

3ystem manufacturer System Product
dame

ystem Information

Jperating System

JAodel
Jrocessor

Jrocessor ID

System manufacturer
System Product Name

281

System manufacturer
System Product Name

Difference

339

G648

1009

Geekbench 6.3.0

System manufacturer System Product
Name

Microsoft Windows 10 Pro (64-bit)

System manufacturer System Product
Name

Intel Core 2 Quad Q6600 @ 2.40 GHz
1 Processor, 4 Cores

Genuinelntel Family 6 Model 15 Stepping

Geekbench 6.3.0

System manufacturer System Product
Name

Microsoft Windows 10 Pro (64-bit)

Systern manufacturer System Product
Name

Intel Core 2 Quad Q6600 @ 2.86 GHz
1 Processor, 4 Cores

Genuinelntel Family 6 Model 15 Stepping
1

Pucynok 4.8 — Pe3ynbpTaTy po3roHy cTaporo Ink

Ax BUIHO Ha pucyHKy 8, Ham npouecop q6600 mae vacrory 2.41ru, ta Mae 4

A1pa, MICIS PO3rOHy MO IIMHI MU oOTpuUManu dactoty 2.84Irm, mo Tex He €

MaKCHUMaJIbHUM Yy CBITi, ajle T€X HEMOraHud pe3yibTaT, o Aae pi3HUIO Y 21%

(848<1029), a6o 16% BiacTaBaHHS HAIIOTO HEPO3OTHAHOTO PE3YJbTATY Yy MOPIBHAHHI 3

PO30THAHHM.
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B E

@ T [ Gigabyte Technology Co. Ltd. E +
PU | Mairboard | Memory | SPD | Graphics | Bench | About | CPU | Mainboard Memary | 57D | Graphics | Bench | About |

G (o] ttps://browser.geakbench.com/v6/cpu/6249715 15 Processor General
Name Intel Core 2 Quad Q5600 /*‘U-l Type DDR3 Channel # Dual
Code Name Kentsfield (intel; ‘ Size & GBytes DCMode | Symmetric
dl Geekbench Browser Trimm Socket 775164 CORE'
Technology | 65nm Corevolsge | 1536V UL INUGEE
Timings
Spedification Intel® Core™2 Quad CPU Q6800 @ 2.406GHz DRAM Frequency | 670.4MHz
Result uploaded successfully Family |6 Model [ F Stepping | B FSEORAM =
Log into your Geekbench Browser account to manage this result. EFm | _E Ext.Model | F Revison | GO Cas¥Latency (CL) | 8.0docks
Instructions | MMX, SSE, SSE2, SSE3, SSSE3, EMB4T, VT-x RAS# to CAS# Delay (RCD) 7 docks
. ’ RAS# Precharge (RF) | 7cods
Clacks (Core #0) Cache Cycle Time (1RAS) 20 clocks
CoreSpeed | 3768.29MHz || LiData | 4x32KBytes | 8-way Row Refresh Cycle Time (RFC) | 60 docks
Multipler | x9.0(6.0-9.0) || Linst. | 4x32KBytes | 8-nay Command Rate (CR) o
Bus Speed 418.70 MHz Level 2 2x 4MBytes 16-way !

Rated FSB 1674.80 MHz @ s

Gigabyte Technology Co., Ltd. E . s e ¢ e - EZE o
Ver. 2.09.0.x64 Tools ~ Validate Close i -E ’\ 9 EB
+

CPU  GPU  Purchase Unlock  Help  Hews

Benchmark Upgrade Help

System Information

Single-Core Score Multi-Core Score Operating System: Micrasoft Windows 10 Pro (54-bit)
Model: Gigabyte Technology Co,, Ltd. EPAST-USB3P
i i Motherboard: Gigabyte Technology Co,, Ltd. EP4ST-USB3P
Geekbench 6.3.0 for Windows x86 (64-bit) valid
Memory: 8,00 GB DDR3 SDRAM

CPU Information
Name: Intel Core 2 Quad Q6600

1 Processor, 4 Cores

CPU Maboard |Memory | SPD | Graphics | Bench | Aout |
Motherboard

Manufacturer | Gigabyte Technology Co. Ltd.

benchs Model |EP45T-USB3P Codename: Kentsfield
Bus Specs. |PCI-Express 2.0 (5.0 GT/s) Package: Socket 773 LGA
Chipset | Intel P45/P43/G45/G43 Rev.[ A3 Base Frequency: 378 GHz

Southbridge Intel 82801JR (ICH10R) Rev.| 00 Maximum Frequency: 3767 MHz
B TE 18718

™ Gigabyte Technolog.. 1 E &a | B BenchMate 11.3.0 43 Geekbench 6 [ ,‘“a“c

~ ) 7z P 1629 B

Pucynok 4.9 — Ilpuknaa makcumanbHOTO po3rony q6600 ( 3a manumu [8])

SIk BUAHO Ha MaMOHKY 9, Haml 6a30BHM pe3ynbTar BiacTae Ha 55% (848 mportu
1320), ta Ha 28% Bix Hamoro He Jyxe rapHoro posrony (1029 mpotu 1320), mo
JIOKa3y€e HEOOXIJHICTh OUIBIIOI 1HBECTHIII B MAaT€PUHCHKY IUIATy Ta HaM’ STh 33U
nocsirHeHHsT 1.536 BOJBT 3371 JOCSITHEHHSI IUX PE3YJIbTaTiB. AJle MH MOXXEMO PaJiTH
THM, 1110 HAIll pO3TOH OYyB 3/1IMCHEHU 0€3 BEJIMKOr0 pOCTy eHeprocmnoxubaHHs [9-10].

[Ile ogHUM DOJATKOBUM ITYHKTOM PO3TOHY € PO3roH BieokapT. CEMaHTUYHO iX
TEX HA3MBAIOTh IpoIlecopamMu, aje rpadiyHUMHU, Ta MalOTh OUIBII 3PYYHHA METO/T

PO3TOHY uepe3 Mporpamu.
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Core Voltage (mV)

Power Limit (%)

Temp. Limit (°C)

Core Clock (MHz) +180

Memory Clock (MHz) +1000

Fan Speed (%)

Graphics Card: NVIDIA GeForce RTX 2060
Driver Version: 56603

TKEHHA ONepaTWBHOT naMATi, MB Min : 2867 CPU1 clock, My

Pucynok 4.10 — Ilporpama po3rony BijeoKapTu

Posron BimeokapT mojsrae y MiJBHINEHHI YacTOT MaM’sTI Ta sapa, BCE 1HIIE
TUIBKU 1CHY€E 311 cTalumizamii OUThIIMX YacTOT a00 3MEHIICHHS TeMmIepaTyp Ta

€HEeprocrokMBaHHs. Sl Oyny MOKa3yBaTH TUIbKM MIABUIIEHHS YacTOT y HACTYIHHX

JaHUuX.
System manufacturer System manufacturer
System Product Name System Product Name Difference
OpenCL Score 2125 1570

Name

System manufacturer System Product
Name

Geekbench 5.3.0 Geekbench 6.3.0

Pucynok 4.11 — Pe3ynbpTaTi po3roHy JUCKPETHOT BIICOKAPTH.
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OpencCL Information

Platform Vendor Advanced Micro Devices, Inc. Advanced Micro Devices, Inc.
Platform Name AMD Accelerated Parallel Processing AMD Accelerated Parallel Processing
Device Vendor Advanced Micro Devices, Inc. Advanced Micro Devices, Inc.
Device Name Turks Turks

Board Name AMD Radeon HD 6570 AMD Radeon HD 6570

Compute Units 6 6

Maximum Freqguency 880 MHz 650 MHz

Device Memory 1.00 GB 1.00 GB

Pucynok 4.12 — Indopmaris npo BieokapTy

Sx BUAHO, LeH KOMIIOHEHT KOMIT'IOT€pa € OJHHMM 13 HaWKpallux pPO3TrOHIB
MITOTOBJICHUX MHOW Jisg aeMoHctpaiii, hd6570. Mu otpumanu 35.4%! be3 BTpatu
eHeproeeKTUBHOCTI, 00 00uaABa pe3yJdbTaTH MAalTh OJHAKOBUU  BOJBTAXK
KOMITOHEHTIB. Takuil pe3yibTaT qy’Ke rapHUM, HaBITh HEIOBTOPHUM y Cy4YacHOMY CBITI
MOTAHUX PO3TOHIB HOBITHIX MK. AJie 1I€ HE € MPUYNHOIO TOKUHYTH PO3TOH, 00 3aBXKIU
OylyTh 1CHYBaTH KOMITOHEHTH, SIK1 3 3aBOJY MalOTh 3aHIKEHI cniendikariii, abo MaroTh

nepemory y Jlorepei CUIIKOHY Ta MOKYTh MaTH BEJIMKUN IPUPICT MPU PO3TOHI.

4.3 Pe3ynbpTaTd TEOPETUIHUX JTOCTIKEHb

[IpoBeaeHunil aHami3 MoKa3aB, O BUOIP METOJY HPUCKOPEHHS 3aJEKUTh BiJ
notped KopucTyBaya Ta TUIy 3a7ad. JlJis irpoBHX CHUCTEM JOIIILHO BUKOPUCTOBYBATU
PO3TriH 3 aKTUBHUM OXOJIOJKEHHSM. {7151 cepBepiB Ta poOOUYUX CTaHII ONTUMAIbHUM €
Undervolting, mo m03Bojisie €KOHOMHUTH eHeprito. [lms 3amad 3 6araTonoTOKOBHM
HaBAaHTA)KEHHSM BaXJIMBO 3a0€3MeYUTH €()EKTUBHE BUKOPUCTAHHs 0araTosiiepHOCTI.
[Tomanpmi ekcnepuMeHTaNIbHI AOCTIHPKEHHS! JOMOMOXYTh YTOYHUTH 1[I BUCHOBKH Ta

NEPEBIPUTH iX y peaTbHUX YMOBaX.
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5 OIINC EKCIIEPUMEHTAJIBHUX JOCJILI’KEHb

5.1 IliaroToBKa 0 MPOBEACHHS AOCTIKCHD

Bci Tectr mpoBOAMIIKCH 3 CHPaBXKHIMHU BIIEOKAapTaMH, MPOLECOPAMHU Ta MaM’sTI
JIOBTUH TIEp10/1 Jacy.

JIist cTBOpEHHSI IOTO MacHITaOHOTO EKCIEPUMEHTY 3aCTOCOBYBABCS BIIACHUMN
3aCTOCYHOK JJIsl 3HAXO/KEHHS CTaOLIbHMX YacTOT MpOLEecopy, UIA BigeoKapT
3actocoByBaBcs Unigine Heaven Benchmark 4.0, sxuii Takok 3acTocoByBaBCsS Ha
MOYATKOBIM cTajli CTBOpPEHHsS 1HMOPMALIMHOIO CHUCKY BIUIMBY Ha YacCTOTH MIX
PI3HUMU THUIIAMU, MTOKOJIIHHSAMHU Ta BOJBTAXY BI1JICOKApT, MPOIECOPIB Ta ONMEPATUBHOI
nam’ siTi.

Jlns ouiHku eeKTUBHOCTI PO3TOHY 3acTocoBYOThCs Heaven Benchmark 4 mis
BiJIeOKapT, Aki He miaTpumyroTh OpenCL, ane miarpumyroth DirectX 9c. Jlnms ycix
iHIUX BUKOpUCTOBYeThest GeekBench6 sikuii 103BOJIsI€ TOPIBHATH BIUTMB PO3TOHY MiXK
pizHuMH 3aga4amu nmpoayKTuBHOCTI 3 OpenCL Ta Vulkan. Vulkan Oubmn cyuacuuii API
KU Kpallle 3aCTOCOBYE MOKJIMBOCTI BIICOKAPTH Ta MOKAKE HAMYUCTIIINN pe3ybTaT
po3rony. Pe3ynbratu HE MOKHA MOPIBHIOBATH M) CO00I0, 00 TECTH MPOBOAWINCH Ha
pI3HUX HANAIITYBAaHHSIX Ta 3 PISHUMH CHCTEMaMHU JUIsI MAaKCUMAJIbHOTO HaBaHTa)KCHHS
BiJIeOKapTH. Takox pe3ynbTaTH 3aBaHTAXKYIOTHCA OHJIANH Y BUTBHOMY JIOCTYIII.

Jis mopiBHsSHHS mnponecopiB 3actocoByeTbest GeekBench6 ¢dyHkuis ominku
MPOLIECOPY fKa TOMIISAETHCA Ha HIMUX 16 pI3HUX THUMIB MPOMYKTUBHHUX 3aJad MIXK
OJTHOSIZICPHUM Ta 0araTosIepHUM PEKUMOM.

JUIsl OLIHKM TPUCKOPEHHSI ONEpPaTMBHOI Mam’ATi OyJ0 3acCTOCOBAHO (DYHKIIIIO
BUMIpIOBaHHs MBHUAKOCTI mam’ati y AIDA64. Ileii TecTt mokaszye OaraTorpaHHiCTh
OTEpaTHBHOI MaM’STI Ta CETMEHTOBAHWU BIUIMB HAJNAINTYBaHb PO3TOHY, IO Oyne
BIJTUBATH HA MIPOYKTUBHICTH MO PIZHOMY.

TectyBanHs npoBoAMIIOCH Ha pizHUX KoHGIrypamisx. Sk Core 2 Duo E8400, I5-
3470, R7-3800X, R7-4800H.

5.2 TlpoBeneHHs eKCTIEpUMEHTIB 3 BijeokapTtamu y Heaven Benchmark 4
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[Tepmioro BieoKapTOIO PE3yIbTaTH PO3TOHY SIKO1 Oyje MPOJIEeMOHCTPOBAHO OyIe
RX 570 4GB, nns Hei OyB 3aCTOCOBAaHMM MOMIpHE MiABUILIECHHS BONbTaXy Ha 100mV,
IO JI03BOJIMJIO OTpUMatu 4YactoTy sapa 1480Mhz. Takox Oyyio po3IrHAHO YacTOTYy
nam’siTi 10 2160Mhz. 1le mo3Bonmino orpuMatu Kparie pe3yiabTaT y Tecti. 1648 npotu

1431, wo € nokpanieHHaM y 15.1%. ["apHuii mouaTok

Unigine Heaven Benchmark 4.0

FPS: 56.8
Score: 1431
Min FPS: 17.7
Max FPS: 121.5

System

3359MHZ) x4

Pucynok 5.1 — Pe3ynbraT oTpuManuii 10 po3rony RX 570 4GB

Unigine Heaven Benchmark 4.0

FPS: 65.4
Score: 1648
Min FPS: 13.2
Max FPS: 141.0

System

Settings

Pucynok 5.2 — Pe3ynpTaT oTpuManuii micis po3rony RX 570 4GB



25
Hacrynna Bimeokapra € RX 580 8GB, nHa Bimminy Bim RX 570 Bona Oyna
po3irHaHa 0e3 JOJaTKOBOTO BOJBTaxy, yactoTa smapa 1470, wacrora mam’sari 2275. V

niacymky 1680 mpotu 1482, npupict Big posrony 13.3%

Unigine Heaven Benchmark 4.0

FPS: 58.9
Score: 1482

Min FPS: 15.3
Max FPS: 127.3

Intel(R) HD Graphics 10.18.10.5161/ASUS Radeon RX 580 Series 31.0.21912.14 (4095MB) x1
Settings

Pucynok 5.3 — Pe3ynbraT orprmanuii 1o po3rony RX 580 8GB

Unigine Heaven Benchmark 4.0

FPS: 66.7
Score: 1680
Min FPS: 17.2
Max FPS: 146.5

System

Windows NT 6.2 (build 9200) 64bit

Intel(R) Core(TM) i5-3470 CPU @ 3 20GHz (3359MHz) x4
Intel(R) HD Graphics 10.18.10.5161/ASUS Radeon RX 580 Series 31.0.21912.14 (4095MB) X1

Settings

Pucynox 5.4 — Pe3ynbrar orpumanuii micis po3rony RX 580 8GB
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Ham itne Bineoanantep HD 5450 1GB DDR?2. Bona mae xaxiauBuii BigeoOydep
3 JTyXe MOBUILHOIO TaM’sSITTIO, ajie PO3TOH II€ BUIIPABUTH, YyacToTa siapa 840, mam’sTi

460. 834 npoTu 566 GaniB, mpupict y miux 47.3%! HeitmoBipHUIT MOKa3HUK PO3TOHY.

Unigine Heaven Benchmark 4.0

FPS: 22.5
Score: 566
Min FPS: 15.2
Max FPS: 53.9

System
Windows NT 6.2 (build 9200) 64bit

Intel(R) Core(TM)2 Duo CPU E8400 @ 3.00GHz (3779MHz) x2

| GPU model:|AMD Radeon HD 5450 15.200.1062.1004 (1024MB) x1
Settings

Tessellation

Pucynok 5.5 — Pe3ynbTaT otpumanuii 10 posrony HD 5450 1GB DDR2

Unigine Heaven Benchmark 4.0

FPS: 33.1
Score: 834
Min FPS: 17.9
Max FPS: 79.2

System
Windows NT 6.2 (build 9200) 64bit

ntel(R) Core(TM)2 Duo CPU E8400 @ 3.00GHZ (3383MHz) x2

AMD Radeon HD 5450 15.200.1062.1004 (1024MB) x1

Settings

Pucynok 5.6 — Pe3synbpraT orpuManuii micist posrony HD 5450 1GB DDR2
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Jami iige BimeoaganTep 3 OUTBIN MpaBUILHOI KOoHGIrypariiet mam’sti HD 6570

1GB. Yacrota posrony siapa 870, mam’sti 1260. 2591 npotu 1762 Ganu, mpupict y
47%.

Unigine Heaven Benchmark 4.0

FPS: 69.9
Score: 1762
Min FPS: 21.4
Max FPS: 153.9

System

Intel(R) Core(TM)2 Duo CPU E8400 @ 3.00GHz (3599MHz) x2

Disabled

Pucynok 5.7 — Pe3ynbraT orpumanuii 1o posrony HD 6570 1GB

Unigine Heaven Benchmark 4.0

FPS: 102.9
Score: 2591
Min FPS: 23.0

Max FPS: 180.8

System

Windows NT 6.2 (build 9200) 64bit

:|ntel(R) core(Tm)2 Du 8400 @ 3.00GHz (3599MHz) X2
AMD Radeon HD 6570 15.200.1062.1004 (1024MB) x1

Settings

Pucynok 5.8 — Pesynbrar orpumanuii micis posrony HD 6570 1GB
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Tenep 61nb11 irpoBa Bigeokapta, HD 6670 1GB. Po3ron yactoTu sijpa Ta mam’sTi
HeBimomuii. 770 mpotm 704 OGamm, mpupict y 9.3%, HemoraHui, ane HE 3IpKOBUU

ITIOKa3HHK.

Unigine Heaven Benchmark 4.0

FPS: 28.0
Score: 704
Min FPS: 7.8
Max FPS: 55.1

System
Windows NT 6.2 (build 9200) 64bit

Iniel(R) Core(TM) i5-3470 CPU @ 3 20GHz (3359MHz) x4

GPU model: | AMD Radeon HD 6670 15.200.1062.1004 (1024MB) x1
Settings

Tessellation

Pucynok 5.9 — Pe3ynbraT oTpuManuii 10 porony HD 6670 1GB

Unigine Heaven Benchmark 4.0

FPS: 30.5
Score: 770
Min FPS: 19.9
Max FPS: 60.8

System

Windows NT 6.2 (build 9200) 64bit
Intel(R) Core(TM) i5-3470 CPL 20GHz (3359MHz) x4

GPU model:| AMD Radeon HD 6670 15.200.1062.1004 (1024MB) x1
Settings

:
W

u
Disabled

Pucynok 5.10 — Pe3ynbTat oTpumanuii nicis posrony HD 6670 1GB
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[Tepeiinemo mo mepmioi BimeokapTu Big NVIDIA y npomy crucky, 9500 GT
DDR2 1GB. Isg Bimeokapta Mae aomaTtkoBy 4acTtoTy shader, BIuMB sikoi s Tak 1 He
3HAMIIOB, ajie TeX po3irHaB a0 1450, sapo go 600 Ta mam’sate 10 450. 337 ipotu 273

0anu, 23.4% npupocry.

Unigine Heaven Benchmark 4.0

FPS:10.8
Score: 273
Min FPS: 7.6

Max FPS: 18.0

System
Windows NT 6.2 (build 9200) 64Dbit

ntel(R) Core(TM) i5-3470 Hz (3359MHz) x4
1024MB) x1

Pucynok 5.11 — Pe3ynberar orpumanuii 1o posrony 9500 GT DDR2 1GB

Unigine Heaven Benchmark 4.0

FPS: 13.4
Score: 337
Min FPS: 9.3

Max FPS: 23.8

System
Windows NT 6.2 (build 9200) 64bit

CPU model: | Intel(R) Core(TM) i5-3470 CP! GHz (3359MHZ) x4
GPU model: | NVIDIA GeForce 9500 GT 9.18.13.4174 (1024MB) x1

Settings
d

1680x1050 fullscreen

Pucynox 5.12 — PesynbTaT oTpumanuii micis posrony 9500 GT DDR2 1GB
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[lle omna Bimeokapra, aje kpaile 3a nomnepeaHto. 9800 GT 512MB. Posron
nielepy AOCTYIHUH, aje npoirHopoBaHuil. Yactora siapa 730, yactora mam’siti 1160.

1132 npotu 956 6anu, npupict 18.4%.

Unigine Heaven Benchmark 4.0

FPS: 37.9
Score: 956
Min FPS: 21.8
Max FPS: 57.6

Pucynok 5.13 — Pe3ynbTaTt orpumanuii o posrony 9800 GT 512MB

Unigine Heaven Benchmark 4.0

FPS: 45.0
Score: 1132
Min FPS: 22.9
Max FPS: 70.9

Pucynox 5.14 — PesynbTaT oTpumanuii micis posrony 9800 GT 512MB
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Hacrynnuit Bigeoanantep, GT 240 1GB DDR3. B ui€i nam’sTh Bxke Kpaiiie, ajie
30BCIM He MIBUAKOI, po3roHumo ii! Yactora siapa 600, mam’sti 900. 629 npotu 414
6amu, 51.9% mnpupocty. baunmo Ttpens toro, mo DDR mnam’sTe mnoBuUibHa, aie

HiI[I[aGTBCSI PO3roHy 3 BCJIMKUM BIIJIMBOM Ha HpOI[y'KTI/IBHiCTB.

Unigine Heaven Benchmark 4.0

FPS: 16.4
Score: 414
Min FPS: 10.9
Max FPS: 29.9

System

ntel(R) Core(TM) i5-3470 CPU @ 3.20GHz (3359MHz) x4
I |NVIDIA GeForce GT 240 9.18.13.4174 (1024MB) x1

Settings

Tessellation

Pucynok 5.15 — PesynbraTt orpumanuii o pozrony GT 240 1GB DDR3

Unigine Heaven Benchmark 4.0

FPS: 25.0
Score: 629
Min FPS: 16.5
Max FPS: 41.4

System

c Infel(R) Core(TM) i5-3470 CPU @ 3.20GHz (3359MHz) x4
GPU model: | NVIDIA GeForce GT 240 9.16.13.4174 (1024MB) x1

Settings

Tessellation:

Pucynok 5.16 — PesynbraTt orpumanuii nicis posrony GT 240 1GB DDR3
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IIss Bimeokapta mnoBuHHa Oyna Oytu mnpotectoBaHa y GeekBench6, aine
pesynbTatu 175 Toro Tecty Oymu BrpadeHi. GTX 760 4GB. YacTtotn po3rony HEBiIOMI.

974 npotu 862 Ganu, npupict 13%.

Unigine Heaven Benchmark 4.0

FPS: 34.2
Score: 862
Min FPS: 17.9
Max FPS: 81.4

System
Windows NT 6.2 (build 9200) 64bit

CPU model: |AMD Ryzen 7 3800X 8-Core Processor (3892MHz) x8
GPU model: |[NVIDIA GeForce GTX 760 30.0.14.7514 (4095MB) x1

Settings

Pucynok 5.17 — PesynbraTt otpumanuii 1o posrony GTX 760 4GB

Unigine Heaven Benchmark 4.0

FPS: 38.7
Score: 974
Min FPS: 20.2
Max FPS: 89.9

System

Windows NT 6.2 (build 9200) 64bit
| CPU model. |AMD Ryzen 7 3800X 8-Core Processor (3892MHz) x8

GPU model: |NVIDIA GeForce GTX 760 30.0.14.7514 (4095MB) x1

Settings

Tessellation:

Pucynok 5.18 — Pe3ynbTat oTpumanuii nicis posrony GTX 760 4GB
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He3Buuyna HOBMHKaA y cnMCKy Ta octaHHii y Hbomy, Intel HD Graphics 2500.
Bineokapra BOymoBaHa y mporiecop, MpH 30LIBIICHHI BOJBTAXY OYyJIO JOCATHYTO
qacTOTy Bimeosimpa y 1550, Ta TpoxXu pO3irHaHO OINEPATHBHY TaM’STh SKy BOHA
3aCTOCOBYE€ 3aMicTh BOy10BaHOi 10 840. 368 npotu 262 6anu, 40.4% npucKOpeHHS BiA

PO3TOHY.

Unigine Heaven Benchmark 4.0

FPS: 10.4
Score: 262
Min FPS: 7.3

Max FPS: 22.7

Pucynok 5.19 — Pe3ynbTat oTpumanuii 10 posrony Intel HD Graphics 2500

Unigine Heaven Benchmark 4.0

FPS: 14.6
Score: 368
Min FPS: 10.4
Max FPS: 32.2

System
Windows NT 6.2 (build 9200) 64bit

ntel(R) Core(TM) i5-3470 CPU @ 3.20GHz (3359MHz) x4
GPU model: | Intel(R) HD Graphics 10.18.10.5161 (3072MB) x1

Settings

:
:

Direct3D9

Pucynok 5.20 — Pe3ynpraT oTpumManuii micns posrony Intel HD Graphics 2500



34

5.3 IIpoBenenHs excriepuMeHTiB 3 Bigeokaptamu y GeekBench6 OpenCL

Lle#i TecT mojsrae y MpOXO/KEHHI 8 HaBaHTa)XEHb Ta IMOPIBHSHHI PE3yJIbTaTiB
MDX B1JICOKapTOIO 0€3 pO3TOHY Ta 3 PO3TOHOM.

[lepma y cnucky, RTX 3070 TI 8GB, us Bigeokapra MOXXe HOCHUTH TapHO
PEHJIEpUTH TPOMEHI, ajie 3aJyisi PIBHOTO Ta MEHII (parMEHTOBAHOTO HAaBaHTAKEHHS
BOHa Oyne npoxoautu HaBaHTaxxeHHs OpenCL. Ilicns aye neTaabHOro po3roHy sIKUi
g ONMUCYBaB y CBoOid myOumikaiii, Mu orpumanu +135Mhz Ha BepuimHi YacCTOTHO
BOJIBTQXKHOI KPHUBOI JI€ 3a3BUYall 3HaXoJsATbcs HaBaHTaxeHHs GeekBench6 Ta

+1500Mhz o gacroti mam’siti. [Ipupict Bix posrony 11.1%.

OpenCL Performance

ASUS System Product ASUS System Product
Hame Hame Difference

OpenCL Score 161060 144957 1M1.1%

ASUS System Product Name

ASUS System Product Name

Background Blur 57854 53520 107.5%

ASUS System Product Mame
ASUS System Product Mame

Face Detection 46291 42749 108.3%

ASUS System Product Mame
ASUS System Product Name
Horizon Detection 247454 224583 110.2%

ASUS System Product Mame

ASUS System Product Name

Edge Detection 280995 257165 109.3%

ASUS System Product Mame
ASUS System Product Mame
Gaussian Blur 174459 1589378 108.5%

ASUS System Product Name

ASUS System Product Mame

Feature Matching 36426 32798

ASUS System Product Mame
ASUS System Product Mame
Stereo Matching 769030 645702 119.1%

ASUS System Product Mame

ASUS System Product Name
Particle Physics 497552 434663 114.5%

ASUS System Product Mame

ASUS System Product Name

Pucynok 5.21 — Pe3ynbrar otpumanuii micist pozrony RTX 3070 TI 8GB
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Hacrynna no mBuakocti 3Buyaitna RTX 2060 6GB, yactoTu po3roHy HEBiJIOMi.
Posron nmaB 6.3% mnpupocty y 1boMy TecTi 0€3 J0JAaTKOBOTO E€HEPTOCTOKHWBAHHSI.

Takox BUIHO HC3HAYHY IIOMHUIIKY BaMipiB, aJIc PO3TOH HC MOXKC 3MCHIIYBATH

POTYKTUBHICTD.
OpenCL Performance
ASUS System Product ASUS System Product
Mame MName Difference
OpenCL Score 33535 33355 106.3%
stz

ASUS System Product Mame

Background Blur

ASUS System Product Hame
ASUS System Product Mame
Face Detection

ASUS System Product Name
ASUS System Product Hame
Horizon Detection

ASUS System Product Mame
ASUS System Product Name
Edge Detection

ASUS System Product Hame
ASUS System Product Mame
‘Gausgsian Blur

ASUS System Product Name
ASUS System Product Hame
Feature Matching

ASUS System Product Mame
ASUS System Product Name
Stereo Matching

ASUS System Product Hame
ASUS System Product Mame
Particle Physics

ASUS System Product Name

ASUS System Product Hame

43018 40872 105.0%

28454 27619 106.8%

112458 103234 108.9%

119938 109453 109.6%

104710 99707 105.0%

26563 25126 105.7%

297167 314248 94.6%

268251 231465 115.9%

Pucynok 5.22 — PesynbTat oTpumanuit micis posrony RTX 2060 6GB



RTX 2060 pozirnana 3 nogaTkoBuM BojibTaxkeM. 13.1% npupocrty.

OpenCL Performance

ASUS System Product ASUS System Product
MName Name Difference

OpenCL Score 94241 83355 113.1%

ASUS System Product Hame

ASUS System Product Hame
Background Blur 41774 40972 102.0%

ASUS System Product Mame

ASUS System Product Hame

Face Detection 29646 27619 107.3%

ASUS System Product Mame
ASUS System Product Mame
Horizon Detection 113431 103234 109.9%

ASUS System Product Mame

ASUS System Product Mame

Edge Detection 122130 108453 111.6%

ASUS System Product Hame
ASUS System Product Mame
Gaussian Blur 104098 99707 104.4%

ASUS System Product Mame

ASUS System Product Mame

Feature Matching 27634 25126 110.0%

ASUS Systemn Product Hame
ASUS System Product Mame
Sterec Matching 458649 314249 146.0%

ASUS Systemn Product Hame

ASUS System Product Hame

Particle Physics 274560 231465 118.7%

ASUS System Product Mame

ASUS System Product Mame

Pucynok 5.23 — Pe3ynbrar oTpumanuii micist pozrony RTX 2060 3

J0JaTKOBOIO HAIIPYTOIO
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s Bimeokapra Tex RTX 2060 6GB, ame moOuibHa, IO O3HAYa€ 3MEHIIEHI

YaCTOTH Ta €HEProCHOXXUBaHHSA. PO3roH NpUHOCHTH Oljibllie pe3yJbTaTiB came Mpu

Takux ymoBax. Tomy Gaunmo npupict y 12% npu yacrorax +150 no saapy ta +1220 o

aMm’ sTl.

OpenCL Performance

OpenCL Score
LENOWO 8281

LENOWO 8281

Background Blur
LENOWO 82B1
LENOWG 82B1
Face Detection
LENOWG 82B1
LENOWO 82B1
Horizon Detection
LEMOWO 82B1
LENOWG 82B1
Edge Detection
LENOWG 82B1
LEMOWO 82B1
Gaussian Blur
LENOWO 82B1
LENOWG 82B1
Feature Matching
LEMOWO 82B1
LENOWO 8281
Stereo Matching
LENOWO 82B1
LEMOWO 82B1
Particle Physics
LEMOWO 82B1

LENOWO 8281

LENOVO 8281 LENOVO 8281 Difference

34749 75720 111.9%

39169 35462 110.5%

27000 24335 110.5%

109690 95678 114.6%

120760 102737 117.5%

105339 96103 109.6%

27238 24661 110.4%

264729 262630 100.8%

25011 204654 122.2%

Pucynok 5.24 — Pe3ynbTat oTpumanui micis posrony RTX 2060 6GB
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Hacrynna Bimeokapra me GTX 1070 8GB, sxa Bxe He MOXe IOKa3yBaTH
MIPOMEHI, aJie BCE I MOXKE TTOKa3aTu po3roH. B pe3ynbsTaTi oTpumyeMo 8.6%, He qyxKe

Oarato, ajie O€3KOIITOBHO.

OpenCL Performance

ASUS System Product ASUS System Product
Mame Mame Difference

OpenCL Score 55335 50853 108.6%

ASUS System Product Name

ASUS System Product Mame

Background Elur H0e 31798 97.5%

ASUS System Product Name
ASUS System Product Name

Face Detection 20314 18767 108.2%

ASUS System Product Name
ASUS System Product Name

Horizon Detection 7632 69567 111.1%

ASUS System Product Name
ASUS System Product Mame
Edge Detection 95841 87369 109.7%

ASUS System Product Name

ASUS System Product Name
Gaussian Blur 91343 73041 117.0%

ASUS System Product Name

ASUS System Product Name
Feature Matching 7886 7226 109.1%

ASUS System Product Name

ASUS System Product Name

Stereo Matching 210483 195395 107.7%

ASUS System Product Name
ASUS System Product Name

Particle Physics 123680 113181 109.3%

ASUS System Product Name

ASUS System Product Name

Pucynox 5.25 — PesynbTat oTpumanuii micis posrony GTX 1070 8GB



39

Hacrynna Bigeokapra. GTX 1070 8GB? Tak, 1e iHI1a MOAEIb IO S PO3raHsB, B

SIKOT B)Ke BUUTIUIM HabaraTo kparii yactotu Ta nmpupict y 11.7%. Illo nokasye npasuiio
CHJIIKOHOBOI JIOTEpei, X04 1 KUIbKICTh OJHAKOBUX BIJIEOKAPT y CHUCKY TIUIBKH 2, 1€

JIETKO ITO0AYUTH.

OpenCL Performance

OpenCL Score
ASUS System Product Name

ASUS System Product Name

Background Blur

ASUS System Product Hame
ASUS System Product Hame
Face Detection

ASUS System Product Mame
ASUS System Product Mame
Horizon Detection

ASUS System Product Hame
ASUS System Product Mame
Edge Detection

ASUS System Product Mame
ASUS System Product Mame
Gaussian Blur

ASUS System Product Hame
ASUS System Product Mame
Feature Matching

ASUS System Product Mame
ASUS System Product Mame
Stereo Matching

ASUS System Product Hame
ASUS System Product Mame
Particle Physics

ASUS System Product Mame

ASUS System Product Mame

Pucynoxk 5.26 — PesynbTat oTpumanuii micis posrony GTX 1070 8GB

ASUS System Product ASUS System Product
Mame Mame Difference

56257 50353 111.7%

36067 32587 110.7%

21434 18001 112.8%

76662 63044 1M12.7%

ar492 77094 113.5%

205235 158287 109.0%

121268 112696 107.6%
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Jam Bxe #ae Bimeokapta Binm AMD, nayxke rapsua R9 390X. Haiiripma
BiJleOKapTa A TOTro, 0O posraHaTH. lif Bke Tpeba undervolt, a0 mpaBHILHO
3MEHIIEHHUN BOJbTaX, 10 HEOJMIHHO 3MEHIIWUTh €HEProCIOXMBAHHS 3a HE3HAYHE
3MEHILEHHS MPOAYKTHBHOCTI. AJie TYT TUIBKA PO3TOH 1 MU oTpumyemo 5.7%

MPUIIBUAIICHHA.

OpenCL Performance

ASUS System Product ASUS System Product

MName Mame Difference
OpenCL Score 45994 44452 105.7%
ASUS System Product Name
ASUS Systemn Product Mame
Background Blur 22989 21968 104.69

ASUS System Product Name
ASUS System Product Name
Face Detection 17037 16104 105.8%
ASUS System Product Name

ASUS System Product Name

a
=
=
La

]

Horizon Detection 58073 55069

ASUS System Product Name

ASUS System Product Name

=
=]
&

Edge Detection 105741
ASUS System Product Name
ASUS System Product Name

Gaussian Blur

ﬁ

g

=

=

F 5
e

2 =

ASUS System Product Name
ASUS System Product Name

TIi7 105.1%

g

Feature Matching

ASUS System Product Name
ASUS System Product Name
Stereo Matching 143463 142744 104.0%

ASUS System Product Name

ASUS System Product Name
Particle Physics 146590 138286 106.0%

ASUS System Product Name

ASUS System Product Name

Pucynok 5.27 — PesynbTat oTpumanuii micis posrony R9 390X



41

Tenep Oinpin xosiogHa Bimeokapra, RX 580 2048sp 8GB. Ils Ha3Ba xoBae 3a
coboro yun Big MeHI mpoaykKTuBHOT RX 570 mig HOBOIO OOOJIOHKOIO TPOXU BHIIUX
4acTOT Ta €HeprocroxkuBanHsi. He3pakaroun Ha Ha3BY, PO3TIH JA€ PE3YNbTATH y LIITUX

11.8% npuckopenHs.

OpenCL Performance

ASUS System Product ASUE System Product

MName Mame Difference
OpenCL Score 40646 36344 111.8%
ASUS System Product Name
ASUS System Product Name
Background Blur 14491 12969 111.7%

ASUS System Product Name
Face Detection

ASUS System Product Name
ASUS System Product Name
Horizon Detection

ASUS System Product Name
ASUS System Product Name
Edge Detection

ASUS System Product Name

ASUS Systemn Product Nams

10574 9454 111.8%

50178 44543 M2.7%

83587 T2 113.9%

Gaussian Blur 63626 57691 110.3%
ASUS System Product Name
ASUS System Product Name
Feature Matching 8595 7736 1M11.1%

ASUS System Product Name
ASUS System Product Name
Stereo Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Name

ASUS System Product Name

-
=1
=
=)
=]
&

160787 143766

-
=
=
Y
]
&

124398 M

Pucynok 5.28 — Pe3ynbrar otpumanuii micist po3rony RX 580 2048sp 8GB
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Crapa, ane He meptBa GTX 680 2GB. Bineokapta sika BparyBasia NVIDIA Bix
apxiTektypu Fermi, mo wmama myxe rapsdi Bimeokaptu. | sk ¢akT epeKTHUBHOTO
€HEPrOoCIOKMBAHHSI MU MOXEMO po3irHatu ii Ha +135 no sapy ta +550 mo mam’sTi, 110

nae mpupict y 13.2%. Jlyxe rapHo.

OpenCL Performance
ASUS System Product ASUS System Product
Mame Mame Difference
OpenCL Score 18627 16454 113.2%
G
ASUS System Product Name

Background Blur

ASUS System Product Name
ASUS System Product Name
Face Detection

ASUS System Product Mame

ASUS System Product Name

10663 9334 113.6%

81658 7143 114.3%

Horizon Detection 24077 21135 113.9%
ASUS System Product Name
ASUS System Product Name
Edge Detection 36634 32145 114.0%

ASUS Systern Product Hame
ASUS System Product Name
Gaussian Blur

ASUS System Product Name
ASUS System Product Name
Feature Matching

ASUS System Product Name
ASUS Systern Product Hame
Stereo Matching

ASUS System Product Name

ASUS System Product Name

-
w
b
e}
E

22885 20181

-
=]
in
=
B

3477 3148

=Y
r
e
-2
&

526844 47020

Particle Physics 44370 39510 113.6%
ASUS System Product Name

Pucynok 5.29 — Pe3ynbrar otpumanuii micis posrony GTX 680 2GB
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Hecnoniano GTX 670 2 GB. Bineokaprta sika xoue 0ytu sik 680, ajme He MOXKe
JOCATTH TaKOTO K po3rony sk 1 680, +75 mo saapy Ta +750 mo mam’ATi, U0 Ja€ TPUPICT

y 6.2% 06e3 3acTocyBaHHS JJ0JIaTKOBOI €JIEKTPOCHEPTTii.

OpenCL Performance
ASUS System Product ASUS System Product
Hame Mame Difference
OpenCL Score 17624 16599 106.2%
sosmese
ASUS System Product Name

Background Blur

10010 9448

-
=
&
=
]
&

ASUS System Product Name
ASUS System Product Name
Face Detection 7724 7219 107.0%
ASUS System Product Name
Horizon Detection 22539 21091 106.9%

ASUS System Product Name
Edge Detection
ASUS System Product Name

ASUS System Product Name

34138 31905

-
=
=)
=
]
E,

Gaussian Blur 21108 19996 105.6%
ASUS System Product Name
ASUS System Product Name
Feature Matching 3606 3395 106.2%

ASUS System Product Name

ASUS System Product Name
Stereo Matching 49363 46597 105.3%
ASUS System Product Name
Particle Physics 41635 39459 105.5%
ASUS System Product Name

Pucynok 5.30 — Pesynbrar otpumanuii micist posrony GTX 670 2 GB
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Bitaiite GTX 750 1GB, a6o Bigeokapty 1po siky yci 3a0ynau okpiMm NVIDIA, 1o

Il oTenep CTBOPIOE OHOBIIEHI JpaiiBepu A 1i€l Mano cipoMoxHOi Bigeokaptu. Lle
yepes Te, 110 1Ie HACTIpaB/il HOBIIIA M0 apXITEKTYpi BigeokapTa HiX yci iHm 3 700 cepii.
Xou O fK, s TYT TUIBKM 3apajd pO3roHy, 1 BOHa Tmoka3ye mnpupict y 11.5%

OPOAYKTUBHOCTI.

OpenCL Performance

ASUS System Product ASUS System Product
Mame Mame Difference

-
=
=
n
&

OpenCL Score 11968 10729

ASUS Systemn Product Mame

ASUS System Product Name

ey
=
=

Background Blur 7542 6309

ASUS System Product Name

ASUS System Product Name

=
I
=2

Face Detection 4808 4114

ASUS System Product Name

ASUS System Product Name

=
N
-]

Horizon Detection 15392 13677

ASUS System Product Name

ASUS System Product Name

=
4
=

Edge Detection 19611 17434

ASUS System Product Name

ASUS System Product Name

‘Gaussian Blur 15373 13793 111.5%
ASUS System Product Hame
ASUS System Product Name
Feature Matching 3008 2704 111.2%

ASUS System Product Name
ASUS System Product Name

39130

-
2
=
'*:

Stereo Matching
ASUS System Product Name
ASUS System Product Name

15009

%
=
e
]

Particle Physics
ASUS System Product Name

ASUS System Product Name

Pucynok 5.31 — Pe3ynbrar otpumanuii micis posrony GTX 750 1GB
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Big onniei mpobnemu no inmoi, GTX 570 1.25GB. Ilo xapakTepucTukam mayxe
cxoxa Ha gtx 480, mo Moke HaCTOPOKUTH, 00 Ta BifieokapTa Oyia ayxe rapsdoro. Ase
151 oMHuHYyJa npodsemu Fermi, 60 BoHa Ha apxitekTypi Fermi 2.0, oHOBJIeHa Ha Kpaliy
eHeproepektuBHicTh. Hy mo x, mobdaunmo y posroni. Yacrora sapa 800, yactora

nam’sti 2250. 9.1% npupocty 6e3 3MiHU BoJbTaxXy. OMUHYIH NEKEIbHE JIUXO.

OpenCL Performance

ASUS System Product ASUS System Product

Hame Hame Difference
OpenCL Score 15160 13894 109.1%
AU
ASUS System Product HName
Background Blur 9430 2600 109.7%

ASUS System Product Mame
ASUS System Product Mame
Face Detection

ASUS Syztem Product Name
ASUS System Product Name
Horizon Detection

ASUS System Product Mame
ASUS System Product Mame
Edge Detection

ASUS System Product Name
ASUS System Product Mame
Gaussian Blur

ASUS System Product Mame
ASUS System Product Name
Feature Matching

ASUS System Product Mame
ASUS System Product Mame
Stereo Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Mame

ASUS System Product Mame

| 3

B0TT 5563 109.2%

17453 16014 109.0%

26372 24073 108.5%

20651 18589 109.3%

4119 3793 108.6%

54652 50235 108.5%

22750 20920 108.7%

Pucynok 5.32 — Pesynbrar orpuManuii micis posrony GTX 570 1.25GB
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I 310BY 3ycTpivaiite, GTX 570 1.25GB. Ane 3 6ubmum BoibTaxkeM y 0.95V, 1o
JI03BOJIMJIO MIHATH YacToTy siipa 10 920. Mu He oMHHYNIH TEKJIO, 1€ AyXe rapsda Ta
ryyHa KoHQIryparis, ajge 3auisl IIBHIKOCTI Lie HeoOximHo. 28.8% mpupocty, Iyxe

rapHO JJIA rapsidoi BIIEOKAPTH, TyXKe, alle 1€ IEKETbHE JUXO.

OpenCL Performance
ASUS System Product ASUS System Product
Name Name Difference
OpenCL Score 17889 13894 128.8%
s
ASUS System Product Name
Background Blur 1115 3600 129.2%

ASUS System Product Name
ASUS System Product Name
Face Detection

ASUS System Product Name
ASUS System Product Name
Horizon Detection

ASUS System Product Name
ASUS System Product Name
Edge Detection

ASUS System Product Name

ASUS System Product Name

7116 5563 127.9%

20621 16014 128.8%

31055 24079 129.0%

Gaussian Blur 24628 18389 130.4%
ASUS System Product Name
Feature Matching 4397 3793 129.1%

ASUS System Product Name
ASUS System Product Name
Stereo Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Name

ASUS System Product Name

26314 20920 125.8%

Pucynok 5.33 — Pe3ynbrar otpumanuii micis posrony GTX 570 1.25GB 3

A0JaTKOBHUM CHCPIOCIIOKMBAHHAM
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[Tepeiinemo 1o goctaTHLO yHiKambHOro po3rony HD 5870 1GB. Ila Bineokaprta
Maike HiIK HEe po3irHaia mam’sth, ychoro 1275Mhz, ane rapHo posirHaia siapo 10
950, mo 103BOJIsE MOOAYUTH SIK TUIBKM YacTOTA siipa BIUIMBA€E HAa TECTHU, a caMe JyXKe
PIBHMI MPUPICT MK HaBaHTaKEHHAMU. B cepeqnbomy mipupict y 8.2%, HenoraHo Jist

(rarmaHCHKOT rapsivoi BiJI€OKapTH.

OpenCL Performance

ASUS System Product ASUS System Product
Mame Mame Difference
OpenCL Score 8200 7580 108.2%
ASUS System Product Name
ASUS System Product Name
Background Blur 6371 5890 108.2%
ASUS System Product Name
ASUS System Product Name
Face Detection 4095 3780 108.4%

ASUS System Product Name
ASUS System Product Hame
Horizon Detection

ASUS System Product Name
ASUS System Product Name
Edge Detection

ASUS System Product Hame
ASUS System Product Mame
Gaussian Blur

ASUS System Product Name
ASUS Systemn Product Name
Feature Matching

ASUS System Product Mame
ASUS System Product Name
Stereo Matching

ASUS System Product Hame
ASUS Systemn Product Name
Particle Physics

ASUS System Product Name

ASUS Systern Product Name

|

108.0%

g
g

16224 14931 108.3%

14836 13830 107.3%

1085 954 108.2%

202 16608 108.6%

17666 16287 108.5%

Pucynoxk 5.34 — PesynbTat otpumanuit micis posrony HD 5870 1GB



48

Ham iine HD 5770 1GB, sxa no cneuudikaiisM € MOJOBUHOK MOIEPETHbOT
BigeokapTu. B MeHe Oyna MOXIUBICTH po3irHaTH 1o BifeokapTy B CrossFire pasom 3
iHmow Bigeokaptoro HD 5750. I He pexkoMeHIyr0 IIbOTO POOUTH 1 pe3yJbTaTiB
NOJBIMHOI rpadiku HE MOKaxy. AJie s MOKaXy Pe3yJbTaTH PO3TOHY 1HAMBIAYaJTbHUX
BigeokapT. Hanpukiaz 1 BieokapTa 3MOria oTpuMaTH po3irHani yactotu siapa 910 ta

nam’siti 1300, o 3a6e3neunio npupict y 7.1%.

OpenCL Performance
ASUS System Product A5US System Product
Hame Mame Difference
OpenCL Score 4086 3316 107.1%
ssenronone [
ASUS System Product Name
Background Blur 3193 2092 106.9%

ASUS System Product Name

ASUS System Product Name

=
=
ha

]

Face Detection 2035 1398

ASUS System Product Name
ASUS System Product Name
Horizon Detection 4195 3921 107.0%

ASUS System Product Name

ASUS System Product Name

Edge Detection TG4 7137 107.4%

ASUS System Product Mame
ASUS System Product Name

Gaussian Blur 7T B706 106.9%

ASUS System Product Name
ASUS System Product Name

Feature Matching 613 569 107.7%

ASUS System Product Name
ASUS System Product Mame
Sterec Matching 9897 9294 106.5%

ASUS System Product Name

ASUS System Product Name

Particle Physics a5 7982 107.0%

ASUS System Product Name

ASUS System Product Name

Pucynox 5.35 — PesynbTar otpumanuii nicis posrony HD 5770 1GB
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Hami, HD 5770 1GB, 6yna po3irHana 3 OUIBIIUM BOJIbTaXEM MiAHATUM 10 1.3V,

mo gojano vactotu snapa no 1000, mo 3abe3nmednsio MpUpICT MPOIYKTHUBHOCTI Ha

17.4%.

OpenCL Performance

OpenCL Score

System manufacturer System Product
Name

System manufacturer System Product
Name

Background Blur

System manufacturer System Product
Name

System manufacturer System Product
Name

Face Detection

System manufacturer System Product
Name

System manufacturer System Product
Name

Horizon Detection

System manufacturer System Product
MName

System manufacturer System Product
MName

Edge Detection

System manufacturer System Product
Name

System manufacturer System Product
Name

Gaussian Blur

System manufacturer System Product
Name

System manufacturer System Product
Name

Feature Matching

System manufacturer System Product
MName

System manufacturer System Product
MName

Stereo Matching

System manufacturer System Product
Name

System manufacturer System Product
Name

Particle Physics

System manufacturer System Product
Name

System manufacturer System Product
Name

Sysztem manufacturer System manufacturer
System Product Name System Product Name Difference

4447 383 117.4%

&
g

E
g

4815 3929 117.5%

3428 7169 117.5%

TH36 LTETS 117.4%

674 574 117.4%

:

9327 117.6%

§
5

Pucynoxk 5.36 — PesynbTaT oTpumanuit micis posrony HD 5770 1GB 3

A0JaTKOBHUM CHCPIOCIIOKMBAHHAM
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Ham ine maiixe 5770, HD 5750 1GB, sxa Mae MeHII CTaHIapTHI YaCTOTH HIXK

5770, ane 3a AOMIOMOIOI0 PO3TOHY iX MOKHA JOCATTH 0€3 JOJAaTKOBOI €IEKTPOEHEPrii,

3aBISIKH TOMY, III0 BOHHM MaroTh ojaHakoBui din. SAapo 860, mam’sate 1300, 1o

3a0e3mneunsio rapuuii npupict y 22.8%

OpenCL Performance

OpenCL Score
ASUS System Product Mame

ASUS System Product Mame

Background Blur

ASUS System Product Namse
ASUS System Product Name
Face Detection

ASUS System Product Nams
ASUS System Product Name
Horizon Detection

ASUS System Product Name
ASUS System Product Hame
Edge Detection

ASUS System Product Name
ASUS System Product Namse
Gaussian Blur

ASUS System Product Nams
ASUS System Product Nams
Feature Matching

ASUS System Product Name
ASUS System Product Name
Stereo Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Namse

ASUS System Product Namse

ASUS System Product ASUS System Product
Mame Mame Difference

4
g
g

-
]
w
Y
]
B

2746 2278

1762

é
-
[x]
L]
=
o
&

-
[
1
m

]

3888 3170

-
M
[
=
]
&

-
e}
bl
)
]
S

6151 5010

-
[
K
in

']

571 456

| b

;
)
.
[
=]
:

@
&
-
5]
|
E

Pucynox 5.37 — PesynbTat otpumanuii nicis posrony HD 5750 1GB
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Ocranns Bigeokapta y cnucky OpenCL, HD 6570 1GB. Bona Bxe ¢irypysana y
tectax Heaven Benchmark 4, ane Tyt posron smpa Ha 880 Ta mam’sti Ha 1240 mae
npuckopeHHs y 33.8%, 110 € MeHuIe HiX y ToMy TecTi. Lle mokasye BIUIMB BUIY TECTY
Ha pe3yJIbTaTH, PI3HULA MK rpapiYHUM Ta CAHTETUYHUM HaBaHTaXXEHHSIM. AJie 00uiBa

HiATBEP/HKYIOTH 0 PO3TOH Ma€ MO3UTUBHUM €(DeKT y OUTBIIOCTI TECTIB BIICOKAPT.

OpenCL Performance

ASUS System Product ASUS System Product

MName Mame Difference
OpenCL Score 2100 1570 133.8%
s T
ASUS System Product Name
Background Blur 1752 1308 133.8%

ASUS System Product Hame
ASUS System Product Name

Face Detection 1088 813 133.8%

ASUS System Product Hame
ASUS System Product Name

Horizon Detection 2173 1624 133.8%

ASUS System Product Hame
ASUS System Product Name
Edge Detection 3805 2917 133.9%

ASUS System Product Hame

ASUS System Product Hame

Gaussian Blur 4081 3054 133.6%

ASUS System Product Hame
ASUS System Product Hame

Feature Matching 302 226 133.6%

ASUS System Product Name
ASUS System Product Hame

Stereo Matching 3584 2682 133.6%

ASUS Syztem Product Name
ASUS System Product Hame
Particle Physics 5290 3956 133.7%

ASUS System Product Name

ASUS System Product Hame

Pucynok 5.38 — Pe3ynpraT oTpumManuii micnsa posrony HD 6570 1GB
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5.4 IlpoBeneHHs excriepuMeHTiB 3 Bijieokaptamu y GeekBench6 Vulkan

Tex came, ane y Vulkan, pe3yapTaTi TpOXHu BIAPIZHSAIOTHCS, KUTBKICTh B1IEOKAPT
MeHa yepe3 norpedy miarpumku Vulkan API. Asne nelt Tect kpaine noka3ye npupicT

PO3TOHY.

3070 TI npupict 15%.

Vulkan Performance

ASUS System Product ASUS System Product

Hame Hame Difference
Vulkan Score 158873 133141 115.0%
SUOGGR  aa—
ASUS System Product Name
Background Blur 63700 62652 109.7%
ASUS System Product Name
Face Detection 56958 51066 111.5%
ASUS System Product Name
Horizon Detection 219876 205544 107.0%
ASUS System Product Name
Edge Detection 252528 237628 106.3%
ASUS System Product Name
Gaussian Blur 16179 140704 115.0%
ASUS System Product Name
ASUS System Product Name
Feature Matching 36392 26068 139.6%

ASUS System Product Name

Stereo Matching 773575 650232 118.3%

ASUS System Product Name

ASUS System Product Name
Particle Physics 408050 355820 115.0%

ASUS System Product Name

Pucynox 5.39 — PesynbraT oTpumanuii micis posrony 3070 TI



Vulkan Performance

Vulkan Score
ASUS System Product Name

ASUS System Product Name

Background Blur

ASUS System Product Name
ASUS System Product Mame
Face Detection

ASUS Systemn Product Name
ASUS System Product Hame
Horizon Detection

ASUS Systemn Product Name
ASUS System Product Name
Edge Detection

ASUS System Product Name
ASUS System Product Name
Gaussian Blur

ASUS System Product Name
ASUS System Product Mame
Feature Matching

ASUS System Product Name
ASUS Systemn Product Name
Stereo Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Name

ASUS System Product Hame

Pucynok 5.40 — Pesynbrat otpuManuii micis posrony RTX 2060

RTX 2060 Vulkan, npupict 6% 6€3 BOJIbTaxy.

ASUS System Product ASUS System Product
Mame Mame Difference

6597 81692 106.0%

44215 104.0%

:

105.8%

:
:

104274 95610 105.7%

113568 106314 106.8%

101602 105.1%

g

25147 107.6%

:

3To48T 103.5%

%

109.6%

:
:
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RTX 2060m, npupict Big po3rony 10.4%. BunHo HeBenukKy aHoMamiito y TecTi 7

Ta &.

Vulkan Performance

LENCVO 82B1 LENCVO 82B1 Difference

Vulkan Score 77996 70636 110.4%
oo E——

LENOVO 8281

Background Blur 41961 33509 109.0%
LENOVO 82B1

Face Detection 20130 26282 110.8%
LENOVO 3281

Horizon Detection 101358 22695 114.3%
LENOVO 8281

Edge Detection 113106 96781 116.9%
LENOVO 8281

Gaussian Blur 100823 92332 109.2%
LENOVO 8281

Feature Matching 23255 21697 107.2%
LENOVO 3281

Stereo Matching 305013 397871 T6.7%
LENOVO 2281

Particle Physics 136646 89493 152.7%
LENOVO 8281

Pucynok 5.41 — Pe3ynbrar oTpumanuii micist po3rony RTX 2060m



Vulkan Performance

Vulkan Score
ASUS System Product Hame

ASUS System Product Hame

Background Blur

ASUS System Product Name
ASUS System Product Name
Face Detection

ASUS System Product Name
ASUS System Product Name
Horizon Detection

ASUS System Product Name
ASUS System Product Name
Edge Detection

ASUS System Product Name
ASUS System Product Name
Gaussian Blur

ASUS System Product Name
ASUS System Product Name
Feature Matching

ASUS System Product Name
ASUS System Product Name
Sterec Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Name

ASUS System Product Mame

Pucynok 5.42 — Pesynbrar otpumanuii micis posrony GTX 1070

GTX 1070, mpupict Big po3rony 10.7%.

ASUS System Product ASUS System Product

57541 51974 110.7%

34118 108.9%

3
E

217 109.3%

:

78187 110.7%

:

116.2%

:
-

113.5%

;
:

14263 109.5%

:

207210 190787 108.6%

109.3%

:
:
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GTX 1070, mpupict Big po3rony 11.7%. Lle nokasye 1o pi3HULA BCE XK HE AyXkKe
BeJHKa, 1 mo tectu y OpenCL mokaszanu Ouiblie pi3HUIIO MK LIUMHU BiJIEOKapTaMu B

PO3TOHI.

OpenCL Performance

ASUS System Product ASUS System Product
Name MName Difference

OpenCL Score 56257 30353 M1.7%

ASUS System Product Name

ASUS System Product Name

Background Blur 36067 32587 110.7%

ASUS Sy=tem Product Name
ASUS Sy=tem Product Name

Face Detection 21434 19001 112.8%

ASUS System Product Name

ASUS System Product Name
Horizon Detection 76662 68044 1M2.7%

ASUS System Product Name

ASUS System Product Name

Edge Defection 96543 34185 114.7%

ASUS Sy=tem Product Name
ASUS Sy=tem Product Name

Gaussian Blur a7492 77094 113.5%

ASUS System Product Name
ASUS System Product Name
Feature Matching 5053 7122 13.1%

ASUS System Product Name

ASUS System Product Name
Sterec Matching 205235 138287 109.0%

ASUS System Product Name

ASUS Sy=tem Product Name

Particle Physics 121268 112696 107.6%

ASUS System Product Name

ASUS System Product Name

Pucynok 5.43 — Pesynbrar otpumanwuii micis posrony GTX 1070



Vulkan Performance

Vulkan Score
ASUS System Product Name

ASUS System Product Mame

Background Blur

ASUS System Product Name
ASUS System Product Name
Face Detection

ASUS System Product Mame
ASUS System Product Name
Horizon Detection

ASUS System Product Name
ASUS System Product Name
Edge Detection

ASUS System Product Name
ASUS System Product Name
Gaussian Blur

ASUS System Product Name
ASUS System Product Hame
Feature Matching

ASUS System Product Name
ASUS System Product Name
Stereo Matching

ASUS System Product Mame
ASUS System Product Name
Particle Physics

ASUS System Product Name

ASUS System Product Name

Pucynok 5.44 — PesynbTat oTpuManuii micis po3rony R9 390X

R9 390X, npupict Bix po3rony 5.9%.

ASUS System Product ASUS System Product

47695 45055 105.9%

27033 106.8%

:

18760 17651 106.3%

81660 74510 109.2%

103.6%

g
:

105.5%

5
:

9118 105.6%

i

105.5%

£
;

134747 104.6%

?E
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Vulkan Performance

Vulkan Score
ASUS System Product Mame

ASUS System Product Hame

Background Blur

ASUS System Product Name
ASUS System Product Name
Face Detection

ASUS System Product Name
ASUS System Product Name
Horizon Detection

ASUS System Product Name
ASUS System Product Name
Edge Detection

ASUS System Product Name
ASUS System Product Mame
Gaussian Blur

ASUS System Product Mame
ASUS System Product Name
Feature Matching

ASUS System Product Name
ASUS System Product Name
Stereo Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Name

ASUS System Product Name

Pucynok 5.45 — Pesynbrar otpumanuii micist posrony RX 580 2048SP

RX 580 2048SP, mpupict Bix po3rony 12.3%.

ASUS System Product ASUS System Product
HName MName Difference

50876 45285 112.3%

29930 25559 1M7.1%

18386 16439 1M11.8%

74478 64625 115.2%

81144 67599 118.5%

B5905 TGT44 111.9%

11182 9860 113.4%

9305 G0434 111.0%

157329 157607 99.8%

58



Vulkan Performance

Vulkan Score
ASUS System Product Hame

ASUS System Product Mame

Background Blur

ASUS System Product Hame
ASUS Systemn Product Mame
Face Detection

ASUS System Product Hame
ASUS System Product Mame
Horizon Detection

ASUS Systemn Product Mame
ASUS System Product Mame
Edge Detection

ASUS System Product Mame
ASUS System Product Hame
Gaussian Blur

ASUS System Product Mame
ASUS System Product Hame
Feature Matching

ASUS System Product Hame
ASUS System Product Hame
Sterec Matching

ASUS System Product Mame
ASUS System Product Mame
Particle Physics

ASUS System Product Hame

ASUS Systemn Product Mame

Pucynok 5.46 — Pe3ynbTaT oTpumanuii micis posrony GTX 680

GTX 680 pesynbrar micas po3rony 13.2%.

ASUS System Product ASUS System Product
Mame MName Difference

20029 17693 113.2%

12802 11366 113.5%

8272 7130 116.0%

25202 24758 113.9%

34476 30629 1M11.8%

25151 22220 113.2%

4162 3739 111.3%

67401 59609 113.1%

35377 31374 112.8%

59
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GTX 670 pe3yabTaT miciast po3rony 5.7%.

ASUS System Product Name
ASUS System Product Name
Face Detection

ASUS System Product Name
ASUS System Product Name
Horizon Detection

ASUS System Product Name
ASUS System Product Mame
Edge Detection

ASUS System Product Name
ASUS System Product Name
Gaussian Blur

ASUS System Product Mame
ASUS System Product Name
Feature Matching

ASUS System Product Name
ASUS System Product Mame
Stereo Matching

ASUS System Product Mame
ASUS System Product Mame
Particle Physics

ASUS System Product Mame

ASUS System Product Name

Pucynoxk 5.47 — PesynbTat oTpumanuit micis posrony GTX 670

Vulkan Performance
ASUS System Product ASUS Sysiem Product
Name Name Difference
Vulkan Score 18587 17572 105.7%
R
meswmrs [
Background Blur 12004 11316 106.1%

106.4%

R
d

105.2%

{
-

:
:
ES

31709

22814 21740 104.9%

4103 105.7%

“E

:
B
&

61097

105.4%

:
:



Vulkan Performance

Vulkan Score
ASUS Systemn Product Name

ASUS System Product Name

Background Blur

ASUS System Product Mame
ASUS System Product Name
Face Detection

ASUS System Product Name
ASUS System Product Name
Horizon Detection

ASUS System Product Mame
ASUS System Product Name
Edge Detection

ASUS System Product Name
ASUS System Product Name
Gaussian Blur

ASUS System Product Mame
ASUS System Product Name
Feature Matching

ASUS System Product Name
ASUS System Product Name
Stereo Matching

ASUS System Product Name
ASUS System Product Name
Particle Physics

ASUS System Product Name

ASUS System Product Name

Pucynoxk 5.48 — PesynbTar oTpumanuii micis posrony GTX 750

GTX 750 pesyabrart nicas posrony 10.8%.

ASUS System Product ASUS System Product

10187 9198 110.8%

-
=
=
[
B

37 6574

-
=
I
=
#

4247

12157

%
-
=
=
[
B

g
=Y
=
==
=]
&

15183

;E:
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=
H
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&

11969

2757
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=
=
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#

31108
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5
&

14610 13203

61



62

5.5 IlpoBenenns ekcnepuMeHTiB 3 npouecopamu y GeekBench6

Hapemiri nepeiinemo miciisg 3Ha4HOTO CIUCKY 3 BiJIeOKapTaMu 110 mpoiecopiB. He
Oyny IeTaabHO MOSCHIOBATH YOMY TECTYBATH iX BaKue, K 1 PO3TaHATH, ajie CKaXKy 1110 3
UM MiHIMaJbHUM HAaO0OPOM BHJIHO, IO CYYacHI MPOIECOPH MAIOTh MEHIIE PO3TOH Y
MOPIBHSHHI 3 OLJIBII CTAPUMHU.

Pentium Dual Core E2160 ue OromxeTHul npouecop, abCoIIOTHO cepeHiii 1 Mae
BCHOTO 2 sijipa, ajne 3Mir otpuMatu 37.9% NpUIIBUAIICHHS y OJTHO MMOTOYHOMY TECTI Ta

36.8% y 6arato moTOYHOMY IMICIIsl PO3TOHY, IO € TAPHUM PE3YJIbTATOM.

System manufacturar System manufacturer
System Product Name System Product Mame Difference

Single-Core Score 280 203

Name

System manufacturer System Product
Name

Multi-Core Score 472 345

System manufacturer System Product
Name

System manufacturer System Product
Name

Geekbench 6.3.0 Geekbench 6.3.0

Pucynok 5.49 — Pesynbrar oTpumanuii micis pozrony Pentium Dual Core

E2160

[Tepeiinemo nmo 611k Garato moroyHoro Core 2 Quad Q6600 sikuit Bxke mae 4
spa. [x Bke Baxue PO3TaHATH IO CTapiii METOMOOTIT cTaTUYHOT YacTOTH. OTPpUMy€EMO
20.6% mnpupocTy y OJHO TOTOYHOMY TecTyBaHHI Ta 19% y Oararo MOTOYHOMY

TECTyBaHHI.
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System manufacturer Systern manufacturer
System Product Name System Product Name Difference
Single-Core Score 339 281 120.6%

System manufacturer System Product
Name

System manufacturer System Product
Name

Multi-Core Score 1009 843 119.0%

Systemn manufacturer System Product
Name

System manufacturer System Product
Name

Geekbench 6.3.0 Geekbench 6.3.0

Pucynox 5.50 — Pesynbrar otpumanwuii micist posrony Core 2 Quad Q6600

Hacrynnuii, Penttum D 945, nBa siapa moegHaHUX 4YINCETOM, AY>K€ Haraiye
Ryzen 9 y skomy neit dincer BOyaAOBaHMI Mopsia yuiuieTamu sajaep. Po3ron nas Ham
npupict y 24.6% y onHO mOTOYHOMY TecTyBaHHI Ta 24.9% y 6arato MOTOYHOMY

TEeCTyBaHHI.

Gigabyte Technology Gigabyte Technology
Co,, Ltd. G33-DS3R Co., Ltd. G33-D33R Difference

Single-Core Score 248 195 124.6%

Gigabyte Technology Co., Ltd. G33-
DS3R

Gigabyte Technology Co., Ltd. G33-
DS3R

Multi-Core Score 441 353 124.9%
Gigabyte Technology Co., Ltd. G33-
DS3R

Gigabyte Technology Co., Ltd. G33-
DS3R

Geekbench 6.3.0 Geekbench 6.3.0

Pucynok 5.51 — Pe3ynbrar otpumanuii micist po3rony Pentium D 945

Hacrtynuauit nponiecop 1ie miit Ryzen 7 3800X, sikuii 51 3apa3 BUKOPUCTOBYIO ISt

HaIlMUCaHHs KX cliB. BiH Mae 8 siep Ta Bxke HE MOKe OYTH pPO3ITrHAaHUM 3a JIOITOMOTOIO
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CTaporo METOJy CTaTUYHUX 4yacToT. Tomy Oyno Bukopuctano PBO Tta undervolt mms
NpUIIBUAIIEHHS. biibie mpo 11e y Moiii myOmikartii.

OnHo moTOYHI TeCTH OyB BUKOHAaHMM Ha 1.7% mBuaIie, Ta 6araTo NOTOYHI TECTH

Oynu BUKOHaHI Ha 16.7% mBuIIe.

ASUS System Product ASUS System Product
Name Name Difference

Single-Core Score 1876 1844 101.7%

ASUS System Product Name

Multi-Core Score 10359 8879

ASUS System Product Name

Geekbench 6.3.0 Geekbench 6.3.0

Pucynok 5.52 — Pe3ynbTar oTpumanuii micist po3rony Ryzen 7 3800X

Hacrynnuii, Ryzen 5 5500, yHikanbHUI THM, 110 S MaB YChOT'O JICHb Ha T€ 1100
oTpuMatu 1iei pe3ynabrar. | BiH He 3mauByBaB MeHe. ONHO TOTOYHI TECTH 3aiHSIIH
Bcboro Ha 4.4% mBuaie, Ta 6araTo moto4Hi Ha 3.8% mBualie. MOXKINBO 3 OLIBIINM
4acoM IIeil pe3yJIbTaT MIr OyTH MOKpalieHut, ane s 1 Tak 1aB +200Mhz no siapam yepes
AutoOverclock Feature Ta CO -30 Ha Bci siapa. SAkiio 1e Bce, TO 1€ TUTbKH 03HA4Yae

ripiie pe3yJbTar 00 Tpeda Ouiblie yacy.
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S0Y0 B450 S0OY0 B450 Difference
Single-Core Score 191 1830 104.4%
SOYO B450
Multi-Core Score 8152 7850 103.8%
SOYO B450

Geekbench 6.3.0 Geskbench 8.3.0

Pucynox 5.53 — PesynbTat oTpumanuii micist posrony Ryzen 5 5500

5.6 Anamnis.

besnepedHo po3roH Mae MO3WTHBHHUE BIUIMB Ha MPOAYKTHBHICTH, HaBiTh 0€3
JIOJIaTKOBOTO €HEPrOoCHOKMBaHHSA. BHIHO, 110 MIHIMAJIBHUN PO3TOH BiJIEOKAPTH
NpUHOCUTH 5% MPOAYKTHUBHOCTI, Ta B ce€pelHbOMY NpUHOCUTH 10% BiA J0JATKOBOIO

€HEProCIIOKUBAHHS.
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BUCHOBKH

Y naniii poOOTI MPOBENEHO OCHIIHKEHHS METOMIB MPUCKOPEHHS pPoOOTH
IPOLIECOPIB Ta iX BIUIMBY Ha MPOAYKTUBHICTH 1 e€HeproedeKkTUBHICTb. B pe3ynbrarti
BHUKOHAHO TaKl 3aBIaHHS SK:

[IpoBeaeHO orisia JTEpaTypHHUX JIKEpEl, 110 BHUCBITIIOIOTH Cy4YacHI METOIU
PO3roHY Ta ONTHUMI3allil pOOOTH MPOLIECOPIB.

Po3pobneno BiacHy mporpamy Jjisi aBTOMAaTH30BaHOI TMEPEBIPKU CTaOLIBHOCTI
IIPOLIECOPIB MICHs 3aCTOCYBaHHS PI3HUX METO/IIB IPUCKOPEHHSI.

BcraHnoBieHoO Ta omMcaHO OCHOBHI BIUTMBM METOJIIB PO3TOHY (OBEPKJIOKIHTY) Ta
ontumizanii Hanpyru (Undervolting) Ha OpOIYyKTUBHICTH, TeEMIEpaTypy Ta

CHCPIroCIOXXUBAHHA CUCTCMHU.

BukoHaHO ekcriepuMeHTalIbHE JOCIIIKEHHS, SIKe T0Ka3aJIo:

Posrin 3abe3nedye MIABHUILEHHS MNPOAYKTHBHOCTI, ajlé CYIPOBOKYETHCA
301TIBIIICHHSIM €HEPTrOCIIOKUBAHHS Ta HATPIBAHHSIM.

OnTuMizalliss Hamnpyrd J03BOJISIE 3HU3UTU EHEProCIOXKHBaHHSA, 30epirarouu

CTabUIBHICTh pOOOTH TIpOIIecopa.

Po3pobneno pekomenpgaiii 100 BHOOPY METOJIB MPUCKOPEHHS IS PI3HUX
CIICHapiiB BUKOPUCTAHHS MTPOIIECOPIB.

Pesynbrat po60TH MOXYTh OYyTH BUKOPHUCTAHI JJIs MOJATBIINX JOCIIKEHb Y
chepl onTUMI3alll EHEProClOXUBAaHHA KOMIT IOTEPHUX CHUCTEM, a TaKOoX JJId
MPAKTUYHOTO 3aCTOCYBaHHSA B TMOOY/IOBI BUCOKOC(HEKTHMBHUX POOOUMX CTaHIIA Ta
CepBepIB.

3aBIgKM BUKOHAHIA poOOTI 3p00JeHO BUCHOBOK, 110 30adaHCOBAHUM MiIXiA 10
MPUCKOPEHHSI TIPOLIECOPIB  JO3BOJISIE JIOCATTH ONTHUMAIbHUX pE3YJbTaTiB K Yy

MPOIYKTUBHOCTI, TaK 1 B €eHeProe(eKTUBHOCTI.
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