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AHoTanisi. Y poOOTi po3risimaeThcs iHTENEKTyallbHa CHCTeMa KOMII'IOTepHOI MaTeMaTtuku InparSolver, sika
MPH3HAYCHA JUIS aBTOMAaTHYHOTO JOCII/DKCHHS Ta PO3B’sA3yBaHHSI OCHOBHMX KIJIACiB 3a/lad OOYMCIIIOBAIBbHOI MaTeMa-
THKH Ha 0araTosiiepHUX KOMIT'IOTepax 3 rpadiuHUMH NpHCKoproBadaMHu. OKpecieHO MpoOIeMH JOCTOBIPHOCTI pe-
3yJIbTATiB PO3B’s3aHHSI 33/ 13 HAONMMKeHUMH AaHuME. [IpoaHanizoBaHO OCOOIMBOCTI BUKOPUCTAHHS iICHYFOUHMX CHC-
TEM KOMII ‘FOTEPHOI MATEMAaTHKH, BUSBIICHO iX Hemouiku. OnucyoThest GyHKIoOHATBHI MOuBocTi InparSolver, neski
IHHOBAIIFHI MIAXOAU 100 peati3allii e)eKTUBHOIO PO3B’sI3yBaHHs 3a1a4 Ha riOpuHii apxiTektypi. HaBeaeHno mpuk-
naau 3actocyBaHHs InparSolver y MaTeMaTHYHOMY MOJIENTIOBaHHI MPOLECIB y PI3HUX MPEJAMETHHUX 00JacTAX. Y Hall
yac, y 0araTthboX MpEAMETHHX O0NacTiX (sSAepHA CHEpreTHKa, MEXaHika, XiMis, MOJEKYJsIpHA Oi0JOris, METUIIMHA
TOII0) MOCTIHO BUHUKAIOTH HOBI, OLITBII CKJIaHI 00 €KTH Ta SIBHIIA, IO IiUIAral0Th MATEMATHYHOMY JOCIIIKCHHIO
Ha KoM 'foTepi. Lle crioHykae 10 po3poOKM HOBUX YHCENFHUX METOIB Ta TEXHOJOTIH MaTEMAaTHIHOTO MOJICIIOBAHHS,
a TaKOX J0 CTBOPEHHS OLIBII MOTYXHHUX KOMITFOTEpiB UL iX peaiizamii. I3 mosBOrO Ta MOCTIHHMM pPO3BHHEHHSIM
CYIIEpKOMIT FOTEPIB Pi3HOI apXiTEKTYpH, Ty’Ke BEIUKOI aKTyaIbHOCTI HaOyBaIOTh MPOOIeMH iX e(heKTHBHOTO BUKOPHC-
TaHHsI, PO3IIMPEHHS KOJla 33/1a4, sSIKi HeOOXiJHO PO3B’sA3yBaTH, 3a0€3IIeUeHHS JOCTOBIPHOCTI KOMIT IOTEpPHHX Pe3yJibTa-
TIiB Ta MiJBHUIICHHS PiBHA IHTEICKTYaIBHOT iHPOPMAIIIHOT MIATPUMKH KOPUCTYBaviB — (haxiBIiB y Pi3HUX IPEIMETHUX
obmactsax. [IuTaHHSAM BUPIMIEHHS IUX MPOOJIEM MPHUIUIIETHECS HA CHOTO/IHI 0COOIMBA yBara 0araTboxX CIICIIANICTIB y
rany3sx iHpopMaliiHUX TEXHOJIOTIH Ta napajieabHOro porpaMyBanHs. HaliBuaaTHili B CBiTi BYEHI B rajry3i KOMIT 10-
TEPHUX TEXHOJIOTIN BHpILIEHHs MpPOOJieM e(EeKTHBHOrO BHKOPHCTAHHS CY4YacHHX CYNEPKOMIT'IOTEpiB BOAYaloTh y
CTBOPEHHI aJITOPUTMIYHO-IIPOTPAMHOT0 320€3MeUEHHSI, SIKE JIETKO aJIaNTYEThCs JI0 PI3HUX KOMIT IOTEPHHUX apXiTeKTyp 3
PI3HUMH BUJIaMHU IIaM’SIT1 Ta CHiBIOPOLECOpPaMH, NATpUMY€E eDeKTUBHUI Mapayielli3M Ha MiIbiioHax sijiep Toio. Kpim
TOTO, MiJBHIIEHHS e(pEeKTHBHOCTI peajizallii BUCOKOINPOAYKTUBHUX OOYMCIICHb Ha CYYacCHHUX CYNEpKOMII'IoTepax
nepeadavacThCs UUIAXOM IX IHTEIEKTyalli3alil, epeialou KOMIT I0Tepy JJisl CAMOCTIHHOTO BUKOHAHHS 3HAUHY YaCTH-
Hy (GYHKIIH (CHMBOJIBHI MOBH JUI KOMIT' IOTEPHOI NTOCTAHOBKH 3a/]adi, JOCII/PKCHHS BJIACTHBOCTEH MaTeMaTHYHHX
MoJIeTIeld, Bi3yalli3allisi Ta aHaji3 pe3yNbTaTiB PO3B’sS3yBaHHS 3aqad TOWIO). [HAYCTpist po3poOKH Ta BUKOPHUCTAHHS
IHTEJIEKTyaIbHUX KOMII TOTEPHHUX TEXHOJIOTiM € OJHMM i3 OCHOBHHX HAlpSMKIB PO3BUTKY HayKd Ta TEXHOJOTIH y
CYy4aCHOMY CYCITiJIbCTBI.

Kunro4doBi ciioBa: iHTeneKkTyalbHa CHCTEMa KOMIT FOTEpHOI MaTeMaTHKK; MaTeMaTHYHE MOJCIIOBaHHS; Ha0Iu-
JKEHI1 J]aHi; 3acCO0M IITYYHOTO 1HTEJEKTY.

Abstract. The paper considers the intellectual computer mathematics system InparSolver, which is designed to
automatically explore and solve basic classes of computational mathematics problems on multi-core computers with
graphics accelerators. The problems of results reliability of solving problems with approximate input data are outlined.
The features of the use of existing computer mathematics systems are analyzed, their weaknesses are found. The func-
tionality of InparSolver, some innovative approaches to the implementation of effective solutions to problems in a hyb-
rid architecture are described. Examples of applied usage of InparSolver for processes mathematical modeling in va-
rious subject areas are given. Nowadays, new more complex objects and phenomena in many subject areas (nuclear
energy, mechanics, chemistry, molecular biology, medicine, etc.) are constantly emerging, which are subject to mathe-
matical research on a computer. This encourages the development of new numerical methods and technologies of ma-
thematical modeling, as well as the creation of more powerful computers for their implementation. With the advent and
constant development of supercomputers of various architectures, the problems of their effective use, expansion of
tasks range should be solved, ensuring the reliability of computer results and increasing the level of intellectual infor-
mation support for users — specialists in various fields. Today, the issues of solving these problems are given special
attention by many specialists in the fields of information technology and parallel programming. The world's leading
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scientists in the field of computer technology see the solution to the problems of efficient usage of modern supercom-
puters in algorithmic software creation that easily adapts to different computer architectures with different types of me-
mory and coprocessors, supports efficient parallelism on millions of cores etc. In addition, improving the efficiency of
high-performance computing on modern supercomputers is provided by their intellectualization, transferring to the
computer to perform a significant part of the functions (symbolic languages for computer problem statement, research
of mathematical models properties, visualization and analysis of tasks results, etc.). The industry of development and
usage of intelligent computer technologies is one of the main directions of science and technology development in

modern society.

Keywords: intelligent system of computer mathematics; mathematical modeling; approximate data; artificial

intelligence tools.

Beryn

OpHUM 3 IEPCTIIEKTUBHUX IIIISIXIB BUKO-
PHUCTaHHS BUCOKOMPOIAYKTUBHHUX KOMII IOTe-
piB IIpY MaTeMaTHYHOMY MOJEJIOBaHHI IMpO-
1IECIB 3 BEIMKUMH 00CSATaMU JaHUX B HAYIl Ta
IHKeHepil Ha ChOTO/HIIIHIN J€Hb € BUKOPHC-
TaHHS KOMIT'FOTEpIiB TIOPHIHOI apXiTEKTYpH,
ske moennye MIMD-apxitekrypy (Oarato-
npouecopHi, Oaratosaepui CPU) ta xomrt’to-
Tepu 13 SIMD-apxiTekTyporo rpagiuHux Mpu-
ckoptroBadiB (GPU), — ribpumHi KoMIT tOTepH.
[pote, pu BUKOPUCTaHHI X KOMII IOTEPIB
y MaTeMaTHYHOMY MOJICITIOBAHHI BHHUKAIOTh
npoOieMu epeKTUBHOTO BUKOPUCTAHHS JBOX
PI3HUX KOMIT IOTEPHUX apXIiTEKTYP.

SIk BiAMiYaroTh Oaratro CIIEIialiCTiB,
JIOCUTh BENUKHUM Hallp 1CHYIOHOro mporpam-
HOro 3a0e3MedYeHHs JUII MaTeMaTHYHOTO MO-
JIETIOBAHHS, SIK TPABUIJIO HE BPaXxOBYE MOXHO-
KU BUXIJTHUX JJAHUX PO3B’s3yBaHOi 3a1adi [1—
11]. IIpore, matemaTnyni Mojaeni (Gi3MUYHUX
HpOLECIB, SIKI ONHUCYIOThCS IHUepeHIiaTbHU-
MU Ta IHTETpaTbHUMHU PIBHIHHAMH a0o0 Bapia-
MIAHUMH 337]a4aM#, MOXKYTb MaTH TPHPOIHI
320KpYTJIEHHSI B pe3yJbTaTi BUMIPIOBaHb, CIO-
CTepEeXEeHb, IPUITYIIEHb, TII0Te3 1 T. M. Y 1O~
My BUMAJIKy BHXiJHI JaHI € JEIKUM HaOIu-
KEHHSM JI0 TOUHHX JITAaHWUX 33/1a4i.

Hamami, mpu muckpermzarii Marema-
TUYHOI MOJIeNI, Il TOXUOKU TpaHC(HOPMYIOTh-
csl y TOXUOKU KOe(iIlieHTIB piBHAHB, SIK1 MiJI-
JATaloTh po3B’sa3yBaHHIO. KpiMm Toro, BUXinHI
JaHI MaTeMaTHYHUX MOJIENIell MOXYTh OyTH
3aJjaHi TOYHO B YHCJIOBOMY BUTJISII abo
MpEeJCTaBIeHl MaTeMaTUYHUMHU (OpMYJIaMH,
ayie 3a0KpYIJICHHS TpW BBEJCHHI YMCENl B
KOMIT'toTep Ta OO0YMCIeHHS (OpPMYT TaKOXK
NPU3BOJUTH JI0 KOMIT IOTEPHUX Mojened 3
Habmmxenumu ganumu [8, 10, 12, 13].

[TpoGnemMu AOCTOBIPHOCTI KOMIT IOTEP-
HUX pe3yJbTaTiB PO3B’SI3yBaHHS 3ajay 3 Ha-

OMKEeHUMH TaHUMHU MOXYTh OyTH BUpIlIEH1
B TOMY BHUIAJKYy, SIKIIO B KOMII IOTEPHOMY
CEPEIOBUII JIOCTIIMTH MaTeMaTH4YHI BJac-
THBOCTI KOMIT FOTEPHOI MOJIEITi 33/1a4i Ta PO3-
B’513aTH aJITOPUTMOM Y BIJMOBIIHOCTI A0 ITUX
BJIACTHBOCTEH 3 aHaJi30M JOCTOBIPHOCTI
OTPUMAaHHX PE3yJIbTaTiB, BPAXOBYIOUH apXi-
TEKTypHI Ta TEXHOJIOTIYHI OCOOJHMBOCTI
kom rorepa [10].

CamocriiiHe  BUpILIEHHS  BKa3aHUX
npo0iieM MaTeMaTHUYHOTO MOJICTIOBAHHS Ha
riOpuIHUX  KOMIT'IOTepax BUMArae  BiJl
KOPUCTYBaYiB-CHELIANICTIB 3 PI3HUX Tpel-
METHUX O00OJIacTell BIINOBIIHUX 3HAHb B 00-
JacTi OOYHMCIIIOBAIILHOI MaTEeMaTHKH, apXi-
TEKTYPHUX OCOOJIMBOCTEN KOMII I0TepiB, Ha-
BUKIB BUKOPHCTaHHS PI3HUX TEXHOJIOTiN ma-
paJIeIbHOrO MPOrpaMyBaHHS 1 T. [I.

N [actuTyTi KiOepHEeTHKHU
imeni B. M. I'mymkoBa HAH Vkpainu ctBo-
PEHO IHTEJIEKTYaJIbHy CHUCTEMY KOMII IOoTep-
Hoi Mmatematuku (ICKM) InparSolver mist aB-
TOMATHYHOTO BUKOHAHHS Ha TOPUIHUX KOM-
m’roTepax JAOCIIKCHHS Ta pO3B’sa3yBaHHSA (3
rapaHTiero JOCTOBIPHOCTI pe3y/bTaTiB) 3a/1a4
00YHUCITIOBAIBHOI MaTeMaTHKH 3 HAaOIMKeHN-
MU JaHUMHU, sIKi BHHUKAIOTh IPU MaTeMaTHu4-
HOMY MOJIETIOBaHHI CKJIaJHUX TMPOIECIB Ta
SBUII Yy HayKOBUX Ta IHXEHEPHUX J0-
CIIJDKEHHSX, a caMe. CUCTEMU JIHIMHUX all-
reOpaluHuX piBHSHB, anreOpaiyHa mpodiema
BJIACHUX 3HA4€Hb, CUCTEMHU HENIHIMHUX piB-
HsHB, 3afaul Komn ais cucteMm 3BUYAWHUX
TudepeHIiaTbHIX PIBHSIHD 3 HAOMMKEHUMHU
naHuMu. [Ipy 1IbOMYy aBTOMAaTHYHO BHKOHY-
€TbCS po3napaliesieHHs 004YMCIIeHb Ta JTaHUX
npu e(peKTUBHOMY BUKOPHCTaHHI OOYHUCIIO-
BAIBHUX PECYpCiB TiOPUIHOTO KOMII IOTEpa.
[aTenexryanbHmii iHTEpEHC HATAE MOMKIIU-
BICTh BBOJIMTH JIaH1 3a/1a4l HA MOBI MPEIMET-
HOT 00JIaCTi Ta OTPUMYBATH PE3YJIBTATH PO3-
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B’SI3YBaHHS 3 JICTAILHUM TOSCHEHHSIM IPO-
1ecy JOCHIDKEHHS 3amadi. TakuM YuHOM,
InparSolver 3abe3neuye poboTy KOpUCTyBaya
Ha KOMIT FOTEpI 31 CKJIaJHOIO TiIOpUIHOI ap-
XITEKTYpOIO SIK Ha KOMIT IOTEpl OJHOIpPOIIE-
COPHO{ apXiTEeKTYypH.

Tyr mu Oynemo po3risigatéd yHiBep-
canpHi  (DyHKITIOHANBHI MOXIUBOCTI Inpar-
Solver Ha kiaci 3amay — CUCTEMHU JIIHIMHUX
anredpaiuynux piBHsHb (CJIAP).

AHaJti3 npo0;1eM BUKOPUCTAHHSA iCHY-
I0YHX CHCTEM KOMIT IOTEPHOI MATEMATHKH

VY Hamn yac BeJMKa yBara MpHIUIIETHCS
PO3pO01Ii Ta BUKOPUCTAHHIO CUCTEM KOMII 0~
tepHoi Marematuku (CKM). Ile mnonsTTs
BKJIFOYA€ CYKYIHICTh SIK TEOPETHYHHUX Ta
TEXHOJIOTIYHMX 3aco0iB, TaK 1 Cy4aCHHX
MIPOTPAMHUX H amapaTHUX 3aco0iB, IO Ha/IA-
I0Th MOKJIMBICTB: (DOPMYITFOBATH 3aBIAaHHS
3a JOTIOMOT'OK0 CHEIIaJIbHOT CUMBOJILHOT MO-
BU B TEPMiHAX MaTEMAaTHUKH, aBTOMaTU3YBaTH
BUKOHAHHS SIK YUCEIIBbHUX, TaK 1 aHAIITHYHUX
00YHMCIICHb, PO3POOISATH CKIAAHI OOYHCIIIO-
BaJIbHI aJITOPUTMH ISl PO3B’SI3yBaHHS 33]1a4;
3aCTOCOBYBATH 3aco0M Bi3yaslizallli IpoOIECiB
Ta JaHux oo [14].

Haii6inpiy nmonynspHiCTh MalOTh Taki
CKM: MathCAD, Maple, Mathematica,
Matlab. Ili mporpamui 3aco0u HalgacTiie
BUKOPUCTOBYIOTBCSI JIJII PO3B’SI3aHHS Ha-
BYANIbHUX, 1HKEHEPHHUX, HAYKOBO-IOCIITHUX
3a[a4 y Pi3HUX Taly3aX MPUPOJHUYUX HAYK.
Cepen negomikis mux CKM kopucrtyBadi Bif-
MIYaroTh, IO peaji3alis YHCEIbHHX ajro-
PUTMIB (HaIllpUKIakd, pO3B’I3yBaHHS HEJIHIMN-
HUX a00 audepeHIliaIbHUX PIBHSIHB) B HUX
Oa3yeTbcs Ha TOYHO 3afaHuX manux [11, 15].
Tomy € BUMaIKK OTPUMaHHS HEMPABHIIBHUX
pe3ynbTaTIB PO3B’S3YBaHHS, HE HAMTAETHCS
iH(poOpMaIIisg, SKHM METOJOM PO3B’s3yBayacs
3agada. JlokymMeHTaIis 171 KOPUCTYBaYiB JI0-
CUTh BeJHKa (HApHUKIaJ, 00cAT TOKyMEHTa-
mii Matlab gocsrae maiike 5 THC. CTOpIHOK,
[0 POOHTH I Ba)KKO JOCTYIIHOIO IIJISL OTJISA-
ny). CnemmdivHi peakTopyd KOy Iporpam
TaKOX YCKJIQJHIOIOTH poboTy 3 CKM.

3a gecATHpIYYS BUKOPUCTAHHS KOM-
I’ FOTEPIB TSl PO3B’AI3yBaHHS IIUPOKOTO KOJIa
PI3HOMaHITHUX MPUKIATHUX 337a4 CTBOPEHO
BEJIMKY KUTBbKICTh MPOOJIEMHO OPi€EHTOBAHHUX
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MPOrpaMHUX TakeTiB, Hampukian, ANSYS,
NASTRAN Ta ixmi. B nepeBaxHiii 6inpimoc-
Ti Ll MPOTpaMHi 3acO0M NMPU3HAUCHO IS O]
HOIIPOLIECOPHUX KoMIT 1oTepiB. [l edek-
TUBHOTO BUKOPHUCTAHHSI Ha CYIEPKOMII IOTe-
pax, sSK BiamiuaroTh crerianictu [1, 2, 5-9],
BOHHU TNOTPEOYIOTh CYTTEBOI IHTENEKTYyasi3a-
11ii — CTBOPEHHs 3aCO0iB aBTOMaTHYHOTO Ha-
JAIITYBAaHHS Ha apXiTEKTypy KOMII I0Tepa Ta
aBTOMAaTUYHOI OOYJ0BU MaTeMaTHYHUX MO-
JIeNiel 1 BIIMOBITHUX MapaebHUX aJrOPHUT-
MIB X JTOCTIDKEHHS, a TaKOX PO3POOKH iH-
TepdeiciB IS CIUIKyBaHHS 3 KOPHCTyBaya-
MH Ha MOBI IIPEAMETHOT 001aCTi.

Takum ywmHoMm, ctBOpeHHs ICKM 3
(GYHKIISIME aBTOMAaTHUYHOTO JIOCHI/DKEHHS Ta
PO3B’s3yBaHHS 3a7a4 OOYUCITIOBATIBHOI MaTe-
MaTHUK{ Ta TapaHTI€I0 JOCTOBIPHOCTI pe3yiib-
TaTIB € aKTYaJIbHOIO POOOTOIO.

I'iopuani anropuTvMu AJsl JOCITIKEH-
Hs1 Ta po3B’si3yBanHs CJIAP B InparSolver

Jis mocmipkeHHs ¥ po3B’I3yBaHHS Jii-
HIHUX CHCTeM Ha TiOpHIHHMX KOMIT FOTEpax
CTBOPCHO HU3KY HOBHX IapajielIbHUX ajro-
PUTMIB BIJOMHX TMPSMUX METOMIB IS IITb-
HUX Ta PO3PIHKEHUX MATPUIlh PI3HOT CTPYK-
Typu Ha ocHobi LU, LLT Ta SVD-po3BuHeHs
marpuilb [10, 16, 17]. Takox mpeacTaBieHo
HOBI T1OpHUJIHI aITOPUTMH Ta MpOrpamu iTe-
pauiiiHux MertoniB po3B’sizyBaHHs CJIAP 3
PO3PIKEHUMH  MAaTPUISIMU  HEPETYISIPHOL
CTPYKTYpH Ta HaOIWKEHUMMHU JaHUMU Ha

OCHOBI ~ METOJly  BEpPXHBOi  penakcarii,
MOTIEPEMIHHO TPUKYTHOTO METOAY TOIIO
[18, 19].

I3 MeTor0 migBUIIEHHS €(EeKTUBHOCTI
PO3B’sI3yBaHHs 3ajau JiHIIHOT anreOpu s
PO3PIIKEHUX MaTpHLlb HEPETYJISPHOI CTPYK-
TYpH BEJHKHX PO3MIpiB BHKOPHUCTAHO 1]I€H0
TIOTIEPETHBOTO 1X 3BEACHHS 3a JIOTMIOMOTOO
METOAY MapalieIbHuX Mepepi3iB 10 OJI0YHO
JiaroHaJIbHOT MatpuIl 3 oOpamieHHsM [17].
Take mpeacTaBICHHS PO3PIIKEHOT MaTpHIli
Jla€ MO>KJIMBICTh 3MEHIIYBaTh OOCAT JaHHUX
3a7a4 Ta OUTbII €(peKTUBHO BUKOHYBATU PO3-
napasnenenns oounciens sk Ha CPU, Tak 1 Ha
GPU.

KoxeH riOpuHUi alropuT™ 3A1HCHIOE
JIOCITIKEHHS 0ro BiMOBIIHOCTI MaTeMaTHy-
HuM BractuBocTsiM CJIAP 3 naGmmxeHHMU
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JAHUMH, SIKI BUSIBIISIIOTHCSI B KOMIT FOTEpI, Ta
PO3B’s13yBaHH HA e(hEeKTUBHIN TOMOJIOTIT KOM-
’I0Tepa 3 ONTUMAJBHOI KUJIBKOCTI MPOIIECcO-
pie CPU Ta Bimnosimaux GPU. Ilponecopu
GPU, 31e0ip110r0, BUKOPUCTOBYIOTHCS JIJIS
0araTonmoTouyHOr0  BUKOHAHHS  MAaTpUYHO-
MATPUYHUX Ta MaTPUYHO-BEKTOPHUX OIlepa-
il IPY aCHHXPOHHOMY KOITIFOBaHHI1 HEOOXi/1-
HUX »aHux Beimkux ooOcsariB Mixx CPU Ta
GPU.

VY pa3i HeoOXiTHOCTI YTOYHEHHS pe-
3yJIBTATIB PO3B’I3yBaHHS, IPOLIEC OOYHCICHB
ABTOMATUYHO BUKOHYETHCS 3 IiJBUIIECHOIO
KOMIT FOTEpHOIO po3psyaHicTio. [1o 3akiH4YeH-
HIO OOYHMCIIOBAILHOTO TMPOIECY BHUIAETHCS
PO3B’SI30K 3a/iadi 3 OI[IHKaMHU TOYHOCTI abo
MOSICHEHHSI IIPUYMHU HEMOXKIIUBOCTI OTPHMa-
THU PO3B’SI30K.

OpnHa 13 BaXIIMBHX MPOOJIEM, sIKa BUHH-
Ka€ MpU PO3B’S3aHHI MPAKTUYHUX 3a7ad 3
PO3PILKEHUMH MaTPULIIMU anpiopi HE BU3-
HAUYEHOI CTPYKTYpH, MoJjsirae y BUOOpi edek-
tuBHOro anroputmy. ¥ ICKM nns 3amau 3
PO3PIIKEHUMI MATPHUIISIMUA BEITHKUX OOCSTIB
peaiizoBaHO 3a JIOMOMOIOI0 METOJIB IITYY-
HUX HEHPOHHHUX MEpEK aBTOMATUYHE PO3IIi3-
HaBaHHS CTPYKTYpU MaTpHIlb Ta BHOIp Haii-
e(EeKTUBHIIIOro TiOpUIHOTO AITOPUTMY PO3-
B’sI3yBaHHsI 32 Takoro cxemoro [20]:

e Bi3yai3alis MaTpULi Ha OCHOBI Ki1acudi-
Kailii 00’ €KTIB;
BU3HAYEHHS TUITY («IIOPTPETY») MaTPUIL;
BU3HAUEHHS HEOOX1HOTO aJITOPUTMY PO3-
B’SI3yBaHHSA JJIs1 TUITY MaTpPHULIL;

e JIOCIIDKEHHSI Ta PO3B’sI3aHHSI 3a7adi Bia-
MOBIHUM T1OpUIHUM aJITOPUTMOM.

Taxuii miaxix 10 CTBOPEHHS T10pUIHUX
aIropuTMiB 3ale3rnedye oro macmraboBa-
HICTh, e€(eKTHBHE BUKOPUCTAHHS OOUYHUCIIO-
BAIBHUX PECypCiB Ta 4Yacy pO3B’SI3yBaHHS,
rapaHTye JOCTOBIPHICTb Pe3yJbTaTiB po3B’s-
3yBaHHSI.

Komn’oTepHe qociigxeHHs1 MaTemMa-
THyHuX Bjaactusocteil CJIAP 3 nHaGamaxke-
HHUMH JTaHUMH

KopoTko onuiemMo MeTo00Tii0 KOM-
ITFOTEPHOTO  JOCHTI/DKCHHS ~MaTeMaTHUYHHUX
BinactuBocteil CJIAP 3 HaGmmkeHUMH 1aHU-
mu B InparSolver [8, 10].

Po3B’sizyBanns cymicnux CJIAP

AX=b 1),
Jie, B 3arajlbHOMY BUNAJIKY, A — NPSIMOKYTHa
MaTpHIls po3Mipy MxN; b — marpurst mpasoi
YaCTUHH pOo3Mipy MxQ (M-MipHHH BEKTOp),
3BOJIUTHCS JI0 3HAXOKEHHS TAKOTO PO3B’s3-
Ky x (Marpuiii po3mipy Nxq, N-MipHOTO BEK-
Topa), mo0b piBHsAHHSA (1) EepeTBOprOBAIOCS B
TOTOXHICTh. Bigomo, sikmo marpuus 4 cuc-
TEMH KBaJ[paTHa, HEBUPOJpKEHa, (ToOTO ii

BU3HAYHHUK |A| =det(A)#0), To po3B’sa30K

CJIAP (1) icHye it equHMIA.

HecymicHi cuctemMu KIACHYHOTO PO3-
B’SI3Ky HE MaoTh, IIPOTE, B LIbOMY BHIIAJKY,
MOXXHA 3HAUTH TaKUW PO3B’SI30K X, SIKHHA Mi-
HiMi3y€ €BKJIIOBY HOpMY ||AX — b|| . Bextop x

Ha3MBAETbCA PO3B’SI3KOM 32 METOAOM Haii-
MEHIIMX KBaJpaTiB a00 y3araJlbHEHUM pO3-
B’si3koM CJIAP. V 3aranpHoMy BUTIAAKY iC-
Hy€ HECKIHYCHHa MHOXKMHA Yy3araJlbHEHUX
po3B’s3KiB. PO3B’S130K, SIKMiI Mae HalMEHIIY

HOpMY ||X||, €IMHUI 1 HA3UBAETHCS HOPMAJTh-

HUM Yy3arajJbHEHHM pO3B’3KOM abo HOp-
MaJbHUM TICEBIOPO3B’SA3KOM. [HO/I CTaBUTH-
csl 3ajjauya BU3HAYEHHS CTINKOI MpoeKiii Ha
HIANPOCTIP, YTBOPEHUN CHHTYJISIPHUMH BEK-
TOopaMu MaTpuii A.

Sk BXKe 3a3Havyanocs, MpU PO3B’A3Y-
BaHHI NPUKIAIHUX 33Ja4y PiIKO BHUHUKAIOThH
CJIAP 3 TouHUMH JTaHUMU

AX=b. (2)
Haii0inp1m THMoBa € mocraHoBka 3anaui (1)
pa3oM 13 3aJlaHHAM BIJNOBIAHUX MOXHUOOK Y
BUXIJTHUX JaHUX:

| A= A= [ar] <ea|A|

b b| = o] < o]

[pu 1boMy mepeadavaeThesi, MO CTPYKTYpa
MaTpUIll BUXiHOI 3a1aui (2) Ta 30ypeHoi 3a-
naui (1), (3) He 3MIHIOETBCSI, TOOTO, SKIIIO BH-
XiJTHA MATPHIls € CHMETPUYHA, TO i 30ypeHa
3QIUIIAETHCSA TAKOX CHMETPUYHOIO, SIKIIO
BUXilHA — CTpiyKoBa, TO W 30ypeHa —
CTpIUKOBa, 1 T. 1.

Tyr MU pO3IJISIIAEMO BHIIAJIOK, KOJIU
A — KBajpaTHa MaTpHISI PO3MIpy NXxN;
b — Bextop mpaBoi yactuuu CJIAP po3mipy
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N; X — po3B’s30K (BEKTOp po3Mipy N); €p,
€p— MAaKCHUMaJIbHI BIJTHOCHI HMOXHOKH ere-

MEHTIB MaTpUIli 1 IPaBOi YaCTUHHU.
Po3p’sizytoun CJIAP 13 HabGnmxeHUMU
JAHUMH, HEOOX1THO pO3IIIAIATH IIIMH KIlac
cucreM piBHAHB (1), (3), M0 Mae TOCUTH TIIH-
POKY MHOXHUHY (OpMambHO JOIMYyCTUMHUX
po3B’si3kiB. Tomy, po3s’s3aBmm 3amaqy (1),
HEOOX1HO OLIHUTH 30ypeHHsI PO3B’SI3KY, B
3aJIKHOCTI BiJl 30ypeHHS BUXIJIHUX JTaHUX
(3). He 3aBkam CXOXKICTh €I€MEHTIB MaTPHIIb

A i A tanpasux wactun b i b 3a6esmeuye
JIOCTaTHIO CXOXICTh PO3B’s3KiB. Harpukias,
pu JAeIKOMY 30ypeHHI B MeXax TOYHOCTI 3a-
JIAHHS CJIEMEHTIB Matpull i/abo mpaBoi yac-
TUHU HECYMICHOi, TOYHO 3aJaHOl CHUCTEMH
(2), orprmana B KoMIT'10TEpi 30ypeHa cucre-
ma (1), (3) MOXe BHSBHTHCS CYMICHOIO W
HaBraku — cymicHa CJIAP mosxe neperBopu-
TUCs B HecyMicHy [10].

Y mepury uepry, KOMII'IOTEPHE [0-
cimimkeraass CJIAP 3 HaOmmxeHUMHU TaHUMU
BU3HAYa€ ICHYBaHH Ta €IMHICTh KIIACHYHOTO
pO3B’sI3Ky, CyMICHICTh cuctemu. Kpim Toro,
JOCIIJKYETbCS KOPEKTHICTh MTOCTAaHOBKH 3a-
nagi (1), (3), BUpoKeHICTh 1/ab0 J0IaTHO
O3HAUEHICTh MATPHUIll CUCTEMH B MeXKax IO-
XUOKM BUX1OHUX maHux gociimkeHds CJIAP
3 HAOMKCHUMHU JTaHUMA. HEeBUPOHKEHOIO B
MeXXaxX TOYHOCTI 3aJaHHS BUXIAHUX JaHUX
BBA)KAETHCS MATPHIIA, IKA HE MOYKE CTATH BH-
pODKEeHO0 B 00macTi AA 3MIHM YHCIOBUX
3HAYeHb ii eIEMEHTIB 3 yMOBH (3).

MarmHHO HEBUPOIKEHOIO BBAKAETHCS
MaTpHII, SKa HE MOXKE CTaTH BHPOJHKCHOIO
IIPU 3MiHI YHUCJIOBUX 3HAYEHb ii €JIEMEHTIB Y
MeKaxX MalIMHHOI TOYHOCTI.

TeopeTHYHUM KpPUTEPIEM KOPEKTHOCTI
CJIAP (1), (3) 3 kBagpaTHOIO MaTPHIICIO Ta 3
HAOJIKEHUMH BUXIIHAMHA JaHUMH € BHUKO-
HaHHS YMOB:

det(A)#0,  [aA|[At<1

JUIs OBUTBHOTO 30ypeHHs AA B Mexax 3a
(3), skl rapaHTYIOTh ICHYBaHHS, €MHICTh Ta
CTIMKICTh KJIACHYHOTO PO3B’SI3KY 3a/1a4 B 00-
JacTi 3MiH BUXimHUX qanux 3agaqi (1), (3).
CucremMa 3 TPSIMOKYTHOIO MAaTPHUIIEIO
anpiopi BBAKAETbCS HEKOPEKTHOM. s cuc-
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TEM 3 IPSIMOKYTHUMH Ta BUPOPKCHUMH Mart-
pPHULIIMH  OOYMCITIOETHCS HOPMAaJIbHUH  y3a-
raJIbHEHUM PO3B’S30K, SIKHUM, K BKa3yBaJIOCs
BUILE, Y BUIIAJIKy CYMICHOI CUCTEMH CIIiBIIa-
Jla€ 13 KIITACUYHUM PO3B’SI3KOM 3 HAalIMEHILIO0
HOPMOIO.

Komm’rotepHe JOCHIPKEHHS KOPEKT-
HOCTi 3BOJAUTHCA 1O TEPEBIPKH JBOX CIIiB-
BITHOIIIEHD:

1.0+y=10, (AA||ADhA) <1, @)

ne h(A) — umcino oOyMOBICHOCTI MaTpHIL

CUCTEMH, Y = h_l(A). [Tepma ymoBa, sika BU-
KOHYETBHCSI B apu(METHIIl 13 TUIABAIOUOI0 KO-
MOIO, O3HA4ae, 1[0 MATPUISI HEBUPODKEHA B
MeXax MaIlMHHOI TOYHOCTI (MAalIMHHO HEBH-
pOJUKeHa), a Apyra — [0 BOHA HEBHPODKCHA
B MEXKaX TOYHOCTI 3a/IaHHS BUXITHHUX JIaHUX.

[Tpn BukoOHaHHI yMOB (4) pO3B’SI30K
KOMIT FOTEPHOI 33/1a4i iCHy€, €IMHUIA 1 CTiH-
kuil. Taky KoOMIT'IOTEpHY 3amady CIlig po3-
TJSIJaTH K KOPEKTHO ITOCTAaBJIEHY B MeEXKax
TOYHOCTI BBEJEHHS BHUXIOHMX HaHuX. Y 1H-
[IOMY BUTIAJIKy, MaTPHUIIsl CHCTEMU MOXKE BU-
SIBUTHCSI MAaTPHIICIO HETTOBHOTO PAaHTy i KOM-
m’rotepHy 3anaqy (1), (3) ciig po3risaaT sk
HEKOPEKTHO TIOCTaBJIEHY.

TakuM YMHOM, OCHOBHUM KpHUTEPIEM
st Bu3HaueHHs Biactusocrel CJIAP 3 He
BUPO/DKEHUMH MATPHISIMH, $IKi BIUTMBAIOThH
Ha JIOCTOBIPHICTh PO3B’SI3KY 33/ayi, € YUCII0
obymoBiieHocTi h(A) MaTpHIl CHCTEMH.

st obuncneHHs yncia 00yMOBIIEHOCTI
HEBUPO/DKEHUX MAaTpUIlb BHUKOPHCTOBYETHCS

o0epHeHa MaTpHIIS Al
h(A) = A |7 5)

Sxmo 3nauenHs h(A) y dopmyii (5) HeBe-
JIMKE, TO MAaTPHUIISI CHCTEMH Ha3UBAETHCS 100~
pe 00yMOBIIEHOIO, B 1HIIOMY BHUIAJKy — I1O-
rano oOymosieHor. [Ipote, B komI roTep-
HUX OOYMCIIEHHAX KpuTepiit 100poi abo mo-
raHoi 0OyYMOBJIEHOCTI MaTpHIli € BETUIMHOIO
BIJTHOCHOIO, TIOB’S13aHOI0 3 MaTeMaTUYHUMHU
MOXITUBOCTSIMA KOHKPETHOTO KOMII FOTepa,
MmoxuoKaMu maHux 3azaul Tomro. OmHa i Ta
cama MaTpHIsl Moxe KiacudikyBaTucs s
OJTHI€T TOBXKMHU MaHTUCH MAIIMHHOTO CJIOBa
SK MallMHHO NoOpe oOyMOBJeHa, a Jyisi iH-
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101 — SIK MAITUHHO TIOraHO 00YMOBJICHA.

[Torana «MammHHa OOYMOBIIEHICTBY»
TICHO TIOB’s13aHa 13 MaTeMaTHYHUMH MO>KITH-
BOCTSIMH KOHKPETHOTO KoM 'toTepa. 301i1b-
IIYIOYH JIOBXKHHY MAIIMHHOTO CJIOBA, MOXKHA
OJIepKaTH KOMIT IOTEPHUN PO3B’SA30K, SKHUH
Oyne MOoCUTh OJM3BKUM JI0 MaTEeMaTHYHOTO
PO3B’s3KY 3ajadi.

OO6uucieHHs 0O0epHEHOI MaTpuill Io-
TpeOye BENMKUX BUTpAT 4Yacy Ta I1am STl
Komir’rorepa, Tomy B InparSolver mms mo-
CITIJPKEHHS TOCTOBIPHOCTI OTPUMYBAaHUX PO3-
B’s3kiB CJIAP 3 HEBUPOIKCHUMU MATPHIIS-
MH BHUKOPHCTOBYETHCS OIlIHKa 4YHCiIa 00y-
MOBJIEHOCTI, MO3HaYuMO K CONdA, skxa 00-
YHCITIOETHCS 3HaYHO mpocTimie [10].

Skmio 3HayeHHs: CONdA B xomr ' roTepi
13 TJIaBaIOYOI0 KOMOIO 33/I0OBOJIbHSIE YMOBI:

1.0+1.0/condA=1.0, (6),

to Marpuit B InparSolver BBakaerbcsi BH-
POKEHOI0 B MEXKaxX MAIIMHHOI TOYHOCTI M
po3B’sizyBanHsi CJIAP aBTOMaTMyHO BUKOHY-
€TBCS Ha MJBUINCHIA PO3PSIHOCTI, Y BiAIO-
BIZTHOCTI 31 3HAUEHHSIM OIIHKHU Yrciia 00yMOB-
JICHOCTI MAaTpHUIli, a TaKOX OOUYUCIIOIOTHCS
OLIIHKM JIOCTOBIPHOCTI OTPUMAHOTO PO3B’SI3KY
[10].

Sxmo wmarpunst He KBamipiKyeThCs
3a(6) SK MalIMHHO BHUPOJDKEHa, aje
eaxcondA>1, to CJIAP 3 HabmmxeHHMHA

BUXIJHUMH JAHUMH, SIKY BBEJCHO B KOMII TO-
Tep, BBAKAETbCA HEKOPEKTHO MOCTABIEHOIO
OpU JaHii TOYHOCTI ENIEMEHTIB MaTpHIll
(iHaKIe Kakydd — BHPOKEHOI0 B MeEXax
TOYHOCTI 3a/IaHHA eJeMeHTIB marpwuiii). [o-
CTOBIPHICTh OOUHCIIEHOTO PO3B’A3KY HE MOX-
Ha rapaHTyBaTH.

Y oMy BHIAJKy KOPUCTYBA4 OTpPHU-
My€e KOMIT IOTePHUN Pe3yibTaT po3B’sI3yBaH-
HS 3a/1a4i 3 OLIIHKaMH HOTO JIOCTOBIPHOCTI Ha
OCHOBHIN PO3PS/THOCTI Ta BIAMOBITHE 3acTe-
pexkenHs. Kpim Toro, po3s’ssyBanns CJIAP
MIPOOBXKYETHCSA Ha TiIBUIICHIA PO3PSAHOC-
Ti, Y BIJIMOBITHOCTI 31 3HAUEHHSIM YKCIa 00Y-
MOBJIEHOCTI MaTpulli. OOUHUCTIOIOTHCS OIIiH-
KA JIOCTOBIPHOCTI KOMIT FOTEPHOTO PO3B’S3-
Ky. 30UIbIIYIOUM JAOBXHHY MAIIMHHOIO CJIO-
Ba, Y BIAMOBIIHOCTI JI0 OINIHKHM YHCIa 00Y-
MOBJICHOCTI MAaTpUIl, 3aBXKId MOXXHA OTpH-

MaTu KOMIT IOTepPHHUI pO3B’SI30K, SKUi Oyne
JIOCUTh ONMM3BKUM 10 MAaTeMaTUYHOTO PO3-
B’SI3KY 3a/1a4i.

st peamizamii o04KCIIEHb 3 JTOBLIb-
HOIO PO3PSAIHICTIO BHKOPUCTAHO O10IOTEKY
nporpam  GMP (GNU Multiple-Precision
Library) [21, 22]. Hmwxue HaBeaeHO MPUKIaL
nociimkenns CJIAP B InparSolver.

3amava. JlocmiguTu Ta po3B’s3aTH 3a
nomomororo InparSolver na CKIT-4 cucremy
JTHIAHUX anreOpaiyHuX piBHSAHB AX = b, e

A:(aij), i,j:l+n, n=3W+1,
w=12,..
aii=n—i, aij=n+l—maX(i;j).

OT)KG, MaTpulsa CUCTEMU Ma€ BUTTIA L

n-1 n-1 n-2 .. 2 1
n-1 n-2 n-2 .. 2 1

A n-2 n-2 n-3 .. 2 1
2 2 2 .. 1 1

1 1 1 .. 10

EnemenTu npaBoi yaCTWHU CHCTEMH OOYMC-
JIIOIOTHCH 3a (hopMyTiaMu:

b={bl{, b=n-i, axmo i<2;
b =n+1-1i,
[Mopsimok cucremu N = 1000.
TouHult po3B’A30K CUCTEMHU:

x=(0 10 .. 0of

HesBakaroun Ha Te, 110 €IEMEHTH MaTPHIl
Ta MPaBUX YaCTHH 3a7aHO TOYHO, MPU BBE-
JIEHH]1 iX B KOMIT'IOTEp 3IIACHIOETHCS 3a0K-
PYTJIEHHS 10 MaIlMHHOI TOYHOCTI Mmacheps
[10]. Ile BpaxoByeTbcs B Tpolieci Jo-
CIIpKEeHHS Takux 3aaad B InparSolver.

@parMeHT MNpPOTOKOIY pPO3B’SI3yBaHHSA
3amaui:

SIKIIO | > 2.

PROBLEM: solving of the linear algebraic
system with a symmetic
positive defined matrix

Process of investigating and solving
Double precision

METHOD: Choletsky decomposition
RESULTS:

THE MATRIX IS NOT POSITIVE DEFINED !!!

Number of processes: 1
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METHOD: Gauss decomposition
RESULTS:

THE MATRIX IS MACHINE-SINGULAR !!!
PRECISION: 128

SOLUTION

first 4 components of solution are:
0 1 0 0

Computational error in the solution:
0.00000e+00

The vecror of solution are successfully
stored in the file result.out

Number of processes: 2

3 MPOTOKONY BHIHO, IO, OCKLIBKH
MaTPUIIS CUCTEMH € CUMETPUIHOIO, TO TIPO0-
HUM aJITOPUTMOM JUIS JIOCITIPKEHHS 3a1a4i B
InparSolver  Bubpano  amroputm  LL'-
PO3BUHEHHS K HaWOULIBII E€KOHOMIYHUH 32
BUKOPUCTAHHSM OOYHCITIOBAILHUX PECYpCiB
Ta 9acy BUKOHAHHS JIJIS TaKuX mMarpuib. Of-
HaK, B TMPOIECI JOCITIHKCHHS UM aJTOPHT-
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moM Ha apxitektypi 1 CPU Ta 1 GPU matpu-
1151 BUSIBUJIACSI HEJIOJJATHRO O3HAYEHOIO W TMO-
Jajblie JOCHipKeHHs 3axadi B InparSolver
aBTOMAaTUYHO MPOJIOBKEHO anroputMom LU-
PO3BHHEHHSI.

VY npoueci gocmimkenas CJIAP anro-
put™MoM LU-po3BuHEHHS, MaTpuls BUsBHIIA-
¢ MallMHHOBUPOMKEHOW. Ilomanbiie pos-
B’SI3yBaHHA LIUM TOPUAHUM aJTOPUTMOM aB-
TOMAaTUYHO OyJ0 NPOJOBXKEHO HA PO3PAI-
HocTi 128. OTpuMaHO OYiKyBaHHM PO3B’SI30K
3ajadi, BUAAHO 4 KOHTPOJIBHHUX HOro 3Ha-
4yeHb. [lpuyomMy, s eQEeKTUBHOTO JO-
cmipkeHHs: CJIAP uuM anroputmoMm aBToma-
TUYHO OYJI0 BUOPAHO TOMOJIOTiIO TiOPUAHOTO
komm’'totepa 2 CPU + 2 GPU. Beck BekTop
pO3B’s13Ky 30epekeHo y daiii result.out.

Crpykrypa InparSolver

Ha puc.1 npencraBieHo CTPyKTYypy
InparSolver:

Kopuerysau

[aTEeNeRTY ANBHMIA

> iHTepdetic <
baza pannx ANTOPUTMIYHO IPOTPaMHI basa
Ta OII0K <4 3ac00M JOCIITKEHHS Ta <+p 3HAHD

110ACHCHD

pO'BB"}I'S}'BEIHH}I 3a1avd

Puc. 1. Crpykrypa InparSolver

Ckianosi yactuam InparSolver:
e IHTEJIEKTYaJIIbHUH iHTepdec s crnuiky-
BaHHSA 3 KOPHCTyBayaMH Ha MOBI Tpen-
METHOI 00J1aCTi;

e (aza 3HaHb 3 MPEIMETHUX O0JacTeH, 10
PO3IIISAIAI0TECS, HA OCHOBI SIKUX 1MOOY/I0-
BaHO iX (hopManbHi MOJeII;
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e (0a3a maHuX, I0 IKOI BXOIATH BBEAEHI JaHi
Ta pe3yabTaTH JTOCIIIKEHb 33Ja4 B KOM-
'IOTEepi, 10 BUKOPUCTOBYIOTHCS ISt
a/IalITUBHOTO CTBOPEHHS T1OPUAHOrO ai-
TOPUTMY Ta CHHTE3Y BiJNOBIAHOI Mporpa-
MU pO3B’A3yBaHHS,

e OJIOK MOSICHEHb, B SIKOMY HaKOMHYYETHCS
iHpopMalig 1po Xig OOYMCITIOBATBHOTO
npolecy 3ajavi Ta pe3yabTaTh aHallizy
JOCTOBIPHOCTI OTPUMAaHMX PO3B’SI3KiB;

® ITOPUTMIYHO-TIPOTpaMHi 3aco0u, 3a J0-
MIOMOTOI0 SIKHX pealli3yeThbCsl aBTOMAaTH3a-
I1isl BCHOTO TMPOIIECY TOCIIKEHHS Ta PO3-
B’SI3yBaHHA 3aJadl Ha KOMIT'IOTepl Npu
BUKOPHCTAHHI T1IBUIIICHOT KOMIT FOTEPHOI
PO3PSIHOCTI [T 3a0€3MeUeHHS JI0CTOBIP-
HOCTI PO3B’SI3KYy 3ajadi, a TaKOXK 3aco0iB
HITYYHOTO 1HTENEKTY (HEHPOHHI Mepesxi)
JUIS aBTOMAaTUYHOTO PO3MI3HAHHS THUITY
PO3PIIKEHUX MATPHIIb.

3 Meroro moOymoBH 0a3w 3HAHb IS
KOXKHOT MpeIMEeTHOI 00JIacTi y BHUIISIL Bij-
NOBIAHUX (DOpMaTBHUX Mojenei Oyio mpo-
BEJICHO JTOCHI/IKEHHS, 1110 BKIIOYAE:

e BU3HAYEHHS THIIIB 3a]a4 3 YpaxyBaHHSIM
PI3HUX OOYHUCIIOBAIBHUX CXEM, PIZHHUX
CTPYKTYp JaHUX Ta IX BIaCTUBOCTEH;

e BCTAHOBJICHHS MapaMeTpPiB AJs KOXKHOI 3a-
Jadi, JTOCTATHIX JyIsS peaii3alii aBToma-
THYHOTO JOCIHIKEHHS 11 MaTeMaTHYHUX
BJIACTUBOCTEH Ta pO3B’SI3yBaHHS;

e aHa3 CKJIATy HEOOXIHUX AITOpUTMIB Ta
Tporpam Jijist po3B’sI3yBaHHS BU3HAYECHHX 3a-
Jad 3 ypaxXyBaHHSIM apXiTEKTYpHHX Ta TeX-
HOJIOTTYHUX OCOOJIMBOCTEH KOMIT 10Tepa;

® BU3HAYCHHS JIOTIYHHX 3B’S3KIB Ta MEPEX0-
IiB 3 METOI0 peaii3allii aBTOMaTHYHOTO
JOCTIDKEHHS Ta PO3B’sI3yBaHHS 3a7ad 3
HaOKEHUMHU JJAHUMU;

® aHaNi3 CUCTEMHUX KOMIIOHEHTIB (KOMLISITO-
piB, mporecopiB CPU ta GPU, omneparus-
HOI TIaM’sITi TOIO), HEOOXIAHUX JUIS Opra-
Hi3amii OOYMCITIOBAJIBHOTO TIPOIECYy Ha
TiOpUIHOMY KOMIT FOTEI.

Po3pobneHo iHTeNneKTyaJlbHUM 1HTEp-
deiic s COUIKYBaHHS  KOPUCTYBadiB 3
ICKM, sxwmii 3aT0BOJILHSIE TAKHM BAUMOTaM:

e IHTEpaKTHBHA MiITPUMKa Ha BCIX eTamax
pO3B’si3yBaHHS 3ajadi  0€3 JOAaTKOBOI
JIOKYMEHTAIIIi;

e BpaxyBaHHS Pi3HUX PIBHIB MiATOTOBKH KO-
pHCTYyBadiB Ta iX 3aBJaHb — Iepe0aYuTH
MOXITUBICTh BUKOPHCTaHHS B aBTOMATHY-
HOMY PEXHMI JOCITI/DKEHHS Ta PO3B’s3y-
BaHHA 3a/1a4i (0e3 BTpy4YaHHS KOPHCTYBa-
Yya) Ta B IHTEPAaKTUBHOMY PEXHUMi, HaJa-
1091 MOXKJIMBICTh KOpUCTyBauaM Ipuiima-
TH y4acTb Yy Ipoliecax AOCIIKEHHS 3a/1a-
4i, BHOOPY KUIBKOCTI IPOLIECOPIB TOIIIO;

® TIOCTIHWI KOHTPOJb Ta TMEpeBipKa HECY-
MIEPEUWIHBOCTI MPUHHITHX pillICHb
KOPUCTYBa4yeM;

e 3a0e3MeyeHHs PO3B’S3aHHS 3ajadvi Bij I10-
YaTKy JI0 KIHIIS 200 MOSICHEHHsI IPUYMH He-
MOKJIMBOCTI OOYHCITIOBAIILHOTO TIPOLIECY.

Jianor 3 xopucTyBaueM 3abe3neuye He
TUTBKY 3pYy4HI CIIOCOOH 3aJJaHHs JaHUX 3a/1ad,
iX po3B’si3yBaHHS Ta Bi3yalizallilo pe3ysbTa-
TiB 3amaui B InparSolver, ane Takox crpusie
MIOIIOBHEHHIO 3HaHb 3 OOUMCITIOBAIBHOI MaTe-
MaTHKH, TapajeIbHuX OOYUCIIeHh Ha TiOpHI-
HUX KOMIT'1oTepax. I3 1i€ro MeToro Ha/laeThes,
3a OakaHHSAM KOpHCTyBaya, JeTajabHa 1HQOp-
Mallisi PO TEXHOJOTII0 JTOCHIKEHHS 3a1ay 3
HaOMMKEHUMH JIaHUMHU Ta aHajli3y JI0CTOBIp-
HOCTI pe3yJbTaTiB, IJ0Capii TEpMiHIB 3 00-
YUCITIOBAJILHOT MaTEMaTHKH, HU3KY TPHKJIIAIIB
3a/IaHHS BX1THUX JaHHX.

Ha nporpamuomy pieni InparSolver —
1I€ CYKYIHICTh MPOTPaMHUX 3ac00IB B3a€MO-
Ii1 KOpHUCTYBada 3 KOMIT FOTEPOM, IO BKIIFO-
Yae Jia’oroBi 3aco0u, OJIOK TIaHYBaHHS Ta
VIPaBIIHHA OOYHUCIIIOBAJIbHUM  IPOIIECOM,
IpOrpaMHi KOMIIOHEHTH JJIsl BBO/Y JJaHUX 3a-
Jlad Ta BUBOJIY PE3YJIBTATIB TOIIIO.

Buxopucranns InparSolver

Po3pobnena iHTenekTyaabHa cHCTEMa
InparSolver ¢ynkuionye Ha riGpuaHOMY
komm 'totepi CKIT-4 ta Moke BUKOPUCTOBY-
BaTHUCS JUII MaTE€MaTUYHOI'O MOJIEIIIOBAHHS
(b13UKO-TEXHIYHUX IPOIIECIB JIOKAIbHO, B IH-
TepHeT abo B YKpailHCBKil akaJeMiuHii rpia-
cucTeMi.
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Tak, cucrema InparSolver Ta i okpemi
IpOrpamH, L0 peati3yloTh KOHKPETHI Ti0pua-
Hi aJroOpuT™MH, Oy BUKOPHCTaHI MPU MaTe-
MaTHYHOMY MOJICJTFOBAHHI TPOIIECIB B’S3KOTO
pYIHYBaHHSI TOBCTOCTIHHUX €JIEMEHTIB Tpy-
0ompoBoIiB 3 AeheKkTaMu 3HOMICHHS (CITLTEHO
3 [ncTuTyTOM €JIEKTPO3BapIOBAHHS
im. €. O. [larona HAH VYkpainn) [23]. Pe3yns-
TaTd MaTeMaTUYHOTO MOJENIOBAHHS HA/Ial0Th
MOXKJIMBICTh BU3HAYATH 3aIUIIKOBHI pecypc
BIIMOBIIAVIbHUX KOHCTPYKIIA Ta TpUAMAaTd
OOTPYHTOBAHI PIIICHHS IIOJ0 ITOJOBKCHHS
HOPMAaTUBHHUX TEPMiHIB iX O€3MEYHOI eKCILTy-
arauii. 3a3Ha4yeHri METOMOIOTTYHMI TIIXiA 10
YHCETIbHOTO MOJICNIOBAaHHS HE MAa€ CBITOBUX
AQHAIOTIB 1 BUKOPUCTOBYEThCA B IHCTUTYTI
enekrpo3BaproBands  iM. €.0. [Tatora HAH
VYkpainu s moTped aTOMHOI €HEPreTHKH, a
TaKOXK TpyOOIIPOBITHOTO TPAHCIIOPTY
YkpaiHu.

Takox aNropuTMIdHO-TIPOTPaMHi 3acO0U
InparSolver 6yo BUKOPHCTAaHO B MaTeMaTH4-
HOMY MOJICITIOBaHHI 3aadi CTIHKOCTI HOBHX
KOMITO3UTHUX MarepialiB i3 3acTOCYBaHHSAM
TPUBUMIPHOI MOJIEI «BOJIOKOH KIHIIEBUX PO3-
MipiB» TSt IncTuTyTy MEXaHIKH
imeni C. I1. Tumomenka HAH Vkpaiau [24—
26]. 3amaua 3BOAUTHCS IO PO3B’SI3yBaHHS 4acT-
KOBOI y3arajibHEHO! aireOpaidnoi mpobiemu
BJIACHUX 3HAYEHb IS PO3PILIKEHUX MaTpullb,
mo Oyna po3B’si3aHa HOBUMHU TIOpPUIHUMHU
aNropuTMaMy METOT iTepalliil Ha MiIpocTopi
[24, 25]. OGuucneni MiHIMaIbHI BJacHI 3Ha-
YeHHS JIal0Th MOXJIMBICTh BHU3HAYUTU BeEJIU-
YUHU KPUTMYHUX TapaMeTpiB  CTIMKOCTI
1apyBaTO-KOMIIO3UTHOTO ~ Marepiainy  Ipu
CTHUCHEHHI ITOBEPXHEBUM HABAHTA)KCHHSIM.

VY pe3ynbTaTi po3B’si3yBaHHsS BKa3aHUX
3a/1a4 3a JIOTIOMOTOI0 CTBOPEHHUX BHCOKOIIPO-
JTYKTUBHUX aJITOPUTMIYHO-TIPOTPAMHHUX 3aC0-
01B, oTpuMaHo npuckopenHs a0 60—-80 pa3 y
NOPIBHAHHI 3 pe3yJbTaTaMH pO3B’s3aHHS
TPaAUIIHHIMHU TIPOTPAMHUMH 3aco0amMy Ha
OJTHOIPOLIECOPHUX KOMIT FOTEPAX.

BucHoBku

3anporoHOBaHO I1HTENEKTYaJbHY CHC-
TEMy KOMII'IOTEPHOI MaTeMaTuKd sl J0-
CIII/DKEHHSI Ta PO3B’sI3yBaHHS 3a/1a4 OCHOB-
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HUX KJIaciB OOYHMCIIIOBAJIbHOI MaTeMaTUKU 3

TaKUMHU (PYHKIIOHATEHIMU MOXKJIMBOCTSIMU:

® [I0CTAHOBKa 337124 OOYKCIIIOBAJILHOI MaTe-
MaTHKH Ha MOBI ITPEIMETHO1 00J1acTi,

® 3BUIBHEHHSI KOPHUCTYBadyiB Bif poOOTH IO
JOCITI/PKEHHIO MAaTeMaTHYHHUX BJIACTHUBOC-
Tell 3a7a4 3 HAOMM>KEHUMH TaHUMH, CTBO-
PCHHIO BiJIOBITHUX TIOPUIHUX aJTOPUT-
MIB Ta MpOrpam, aHami3y JIOCTOBIpPHOCTI
pe3ybTaTIB, IO CYTTEBO IMiIBUIIYE eek-
TUBHICTh MAaTE€MaTHUYHOTO MOJICIIOBAHHS
(bi3UKO-TEXHIYHHX MPOIIECIB,;

e IHHOBAIINHI crIOcOOM iMeHTU(IKAIT TTOPT-
peTy pO3pIHKEHUX MaTpUllb Ha OCHOBI
HeMpoMepex, peryispusalii pi3sHUX CTPYyK-
TYp PO3PLIKEHUX JAaHUX JI0 CTaHAAPTHUX
BU/IB JUI1 €(EKTUBHOTO PpO3B’A3yBaHHs
3ajad;

® II/IBUIIIEHHS] TOYHOCTI KOMIT FOTEPHUX PO3-
B’S3KIB 3amad 3 HaOMMKEHMMH JaHUMU,
BUKOPHCTOBYIOUM Oararopo3psiany apud-
METHKY;

e aBTOMATH3AIlisl BCIX MPOIECIB po3Iapaie-
JIEHHS Ha TiOpHIHOMY KOMIT'IOTepl NHpH
e(peKTUBHOMY BUKOPUCTAHHI KOMII I0TEp-
HUX pecypciB;

e Bi3yami3alis Ta MOSCHEHHS pe3y/bTaTiB
PO3B’3yBaHHS.

3acTOCYBaHHS 1HTEJIEKTYAJIbHOI CUCTe-
mu InparSolver ta ii ckiagoBux y MaTeMa-

TUYHOMY MOJIENIOBaHHI MPUKIATHUX J0AAaT-

KiB, IO 3BOJATHCS JIO PO3B’SI3yBaHHS 33/1a4

00YHCITIOBANBHOT MaTeMaTHKH Ha T1OpHIHUX

KOMIT'FOTEpaX, JJa€ MOXJIUBICTh 1CTOTHO IIO-

KpAIllUTH Pe3yJbTaTH MOJENIOBaHHS, CKOPO-

TUATH Yac Ha WOTO peasi3allifo i, BIIMOBIIHO,

3a0MaJUTH KOIUTH Ha NPOBEAECHHS BHCOKO-

BapTICHUX HaTYpPHUX €KCIIEPUMEHTIB.

3abe3neuyeTscsi po3B’sI3yBaHHS NPUK-

JAJIHAX 3a/1a4 HaJIBEIMKOI PO3MIPHOCTI (70

JIECATKIB MJIH. CTYIIEHIB CBOOO/IM) 1 OTpUMaH-

HSl YUCENIbHUX Ppe3yJbTaTiB 3 OUIBIIOI J10-

CTOBIPHICTIO, 3aBJISIKH 3aCTOCYBaHHIO IiIBH-

IICHOI PO3PSAHOCTI JUIsl TTOTaHO OOYyMOBIIE-

HUX Ta BUPO/DKCHHUX 3aJad, B MEKaxX KOM-

1’ FOTEPHOI PO3PSITHOCTI.
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