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YIK 681.3.012

Illeawuu I.I., lIeawmenxo B.II., Isawenko O.B.

OCHOBI CXEM IIIIBUIIIEHOI'O ITOPAAKY TOYHOCTI
Hauionannna metanypriiina akagemis Ykpainu, M. JIninpo

CTaTTIO TIPUCBSIYEHO PO3MOJIJICHOMY MOJETIOBAHHIO Bi3yasizallii BEKTOPiB pPO3B’SI3KiB
MPUKJIAJIHUX 33]1a4 HA OCHOBI CXEM MiIBUILIEHOTO TIOPSIIKY TOUHOCTI. Bisiblll BUCOKe mpu-
CKOpPEHHsI O0YMCIIEHb TIOPIBHSIHO 3 KiHIIEBO-Pi3HUIIEBUM MiIXOIOM iLTIOCTPYETHCSI BUKO-
PUCTAHHSIM aHAJITUYHUX PO3B’SI3KiB, SIKi JO3BOJISIIOTH TTPOBOAUTH OOUMCIIEHHST OHOYAC-
HO Ta MapajejibHO 3a BCciMa YacoBUMU 1iapamu. [lokazaHo, 110 HalOUIbII TIEPCTIEKTUB-
HUM TTiIXOJIOM IO MaTeMaTUYHOTO MOJIETIOBAHHS TIPUKIIAAHUX 3a1a4 CJIii BBAXaTH TOM,
IO TPYHTYETHCSI HA YMCIIOBO-aHATITUYHUX PO3B’si3kaxX. BusiBieHo, 110 eeKTUBHUM 3a-
cOoOOM TIi/i Yyac omnpallfoBaHHSI MPUKIAIHUX 337ady B MeTalypriiHOMy BMPOOHUIITBI BBa-
JKalOTh 3aCTOCYBaHHSI TEXHOJIOTIM TapayieJIbHUX OOUMCIIEHb Ha PO3MOIIIEHUX CUCTeMax
KJIACTEPHOTO THUITY, 1110 MAOTh MOPIBHSIHO HEBEJMKY BapTICTh i JIOCUTH JIETKO MacllTady-
IOTBCS SIK 3a KiJIbKICTIO IPOIIECOPIB, TaK i 3a 00CITOM oIlepaTMBHOI mam’sTi. Po3risiHy-
TUI y JaHiii poOOTI MiIXim IO YMCI0BO-aHATITUYHOI KOHIIETIil Bi3yasi3allii BEKTOPIB Y
PO3B’sI3Kax MPUKIATHUX 3a7ad JT03BOJISIE OTPUMATU OyIb-sIKi HEOOXimHi maHi I 1o0y-
JIOBU Thaakux rpadikiB abo i30JiHiN Ha BiAMOBIAHMX ciTKaXx. MakcuMalbHi X Tapa-
JIeJbHI (hOpMM aJITOPUTMY CTAHOBJISITH MPEAMET OCOOJMBOTO iHTEpECy, OCKiIbKM BU3HA-
YaloTh MiHIMaJIbHO MOXJIMBUI 4ac peasizallii aJroputMmy Bidyauizauii. s mpoBeneHHSs
00UMCTIOBAJIBHUX €KCIIEPMMEHTIB Ha 0a3i 3acTocyBaHHS 0araTOIpPOIICCOPHOI OOUMCITIO-
BaJIbHOI CUCTEMU PO3POOJICHO TAaKeT MPUKJIAIHUX MPOTpaMm, 10 peasizye po3B’si30K KO-
edinieHTHUX 0oOepHEeHUX 3a7ay TerUIONPOBIAHOCTI METOIOM MaTeMaTUYHOIO MOJIEIIO-
BaHHs. [1akeT mpuKIIagHMX MporpamM po3podsIeHO 3 YpaxyBaHHSIM BUMOT 00’ €KTHO-Opi€H-
TOBAHOTO TIPOTpaMyBaHHSI.

Kimouosi cioBa: GararomporiecopHa oOYMCIIIOBaJIbHA CUCTEMa, MPUCKOPEHHSI, Bidyasli3a-

YUCEJIBHO-AHAJIITUYHA KOHUEIIIIA PO3B’A3KIB ITPUKJIATHUX 3AJIAY HA

11is, PO3MOJIiJIeHE MOJEIOBAHHS, YMCEIbHO-aHAIITUIHUI PO3B’SI30K.

Ilocmanoexa npobaemu

3HauyHe MPUCKOPEHHS OOYMCIeHb MPUKIIAL-
HMX 3aay 3a PaxyHOK KiHLEBO-Pi3HULIEBUX CXEM
JOCSITAETBCS 32 PAXyHOK e(eKTy po3rnapayetoBaH-
H4. [IpoTe Ha oKpeMy yBary 3acJyrOBYIOTb UMCEJb-
HO-aHAJIITUYHI aJITOPUTMHU PO3B’I3yBaHHS TPUKJIA/I-
HUX 3a7a4. Biablll BUCOKE MPUCKOPEHHST OOYKCICHb
MOPiBHSIHO 3 KiHIIEBO-PI3HULIEBUM MiIXOIOM MOXK-
Ha JO0CSATTU BUKOPUCTAHHSIM aHATITUYHUX PO3B’SI3-
KiB, SIKi JTO3BOJISIIOTh BUKOHYBAaTH OOYMCIEHHS OfI-
HOYACHO Ta MapajejbHO 3a BCiMa YaCOBMMM IlIa-
paMu Ta He BUKOPMCTOBYIOTb NP 11bOMY KOMOiHO-
BaHy IaM’STb.

OTke, HaAWOINbII MEPCIEeKTUBHUM MiIXOA0M
JI0 MaTeMaTUYHOTO MOJEIIOBAHHS MPUKIAIHUX 3a-
Ja4 CJlifl BBaxkKaTH TOMA, 1110 TPYHTYETHCS HA YMCEb-
HO-aHAJTITUYHUX PO3B’sI3Kax.

EdexTuBHUM 3ac000M TIi Yyac OINpalloBaHHS

© HIsaunu I'.T"., IBamenko B.I1., Isamenko O.B., 2017

MNPUKJIAJIHUX 3a/1a4 B MEeTaIypriiHoMy BUPOOHUIITBI
BBaXkalOTh 3aCTOCYBaHHSI TEXHOJOTi MapajeIbHUX
00uMCIIeHb HA PO3MOIUIEHNX CUCTEMAaX KJIaCTepHOTO
TUMY, 1110 MalOTh MOPIBHSIHO HEBEJUKY BapTiCTb i
JIOCUTh JIETKO MAacCIITaOYyIOTbCSl K 3a KiJIbKIiCTIO
MPOLIECOPIB, TaK i 32 0OCSITOM OIePATUBHOIL IMaM’sI-
Ti [1,2].

OTxe, po3nojiijieHe MO/IeIIOBAHHSI Bidyastizallii
BEKTOPIB PO3B’SI3KiB MPUKIATHUX 3adad Ha OCHOBI
CXeM IMiIBUILIEHOTO MOPSIAKY TOUYHOCTI € 3amavyero
BaXJIMBOIO Ta aKTyaJbHOIO.

Ananiz ocmannix docaioncenv i nyOaikauyii

ITporecu, siki BimOyBaroTbCs B arperaTax Me-
TaJIypriiHOr0 BUPOOHMIITBA CJIiA PO3TISOATH SK
BeJqMKi cucremu [3—5]. BigzHauumo, 110 Ha CbO-
TOJIHi PO3B’sI3yBaHHS CKJIAJHUX, BEJUKUX 32 00Cs-
roM 3ajlady BUMMAara€e MOTYy>XXHUX KOMITIOTepiB i Xxa-
PaKTEPU3YETHCS CJIOBOM MapayieSibHuiA, TOOTO iCHY-
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[OThb MapajiejbHi KOMIT IOTEpU, OOUYMCITIOBAJIbHI CH-
CTeMH, mapajeilbHi OOYMCIIOBaJIbHI METOAM TOIIO
[6—8]. ¥V 1mmpokmii BXUTOK 1€l TEPMiH YBIlIIIOB
Maiike Bigpasy IMicJisl MOSIBU MepIINX KOMI I0TepiB,
a TOYHIIIIe, TICIS YCBIZOMJIEHHS Toro ¢axry, 110
CTBOPEHI KOMIT'IOTEpU HE B 3MO3i PO3B’s13aTH MPO-
TSTOM OINTHUMAJILHOTO TEPMiHY 0araTto akTyaJbHMX
s npakTuky 3agad. [1osiBy B 0OUMCITIOBAIbLHUX
cUCTeMax HOBUX i BUCOKOBAPTICHUX 3aCO0iB KOMY-
HiKallil, OLIBII JOCKOHAJIOI €JIeMEHTHOI 0a3u CTH-
MY/IIOBAaB PO3BUTOK BMCOKOIPOAYKTUBHUX OOUMC-
JIeHb Ha 0a3i 0araTompoLeCOPHUX OOYUCIIOBAJIb-
Hux cucteM [9,10].

Kpim Toro, Big3dHaunMo, 110 Kjac 3agad, sSIKi
pO3IIISIAAETHCS B AaHil poOOTi, SIK MPaBWIO, PO3-
B’SI3YETHCSl HA OCHOBI 3aCTOCYBaHHSI ariapara pi3Hu-
LIEBUX PiBHSIHb, CYTh SIKOTO TOJISITAE B TOMY, IO
3MIMCHIOETHCS 3aMiHa IIOXIIHUX Pi3HUIEBUMU
criBBigHOLLIEHHSIMU. [Tpu 11IbOMY 3 TOUKHU 30py UK-
CEJIbHOTO aJITOPUTMY PO3B’SI30K Pi3HUIIEBUX PiBHSIHb
PO3MNOMIISETLCS Ha SIBHI Ta HesiBHi cxemu [11]. ¥V
SIBHIM cXeMi 3HaueHHs 1IyKaHoi (DyHKIIil BU3Haua-
I0ThCS TOC/iIOBHO, 11ap 3a 1iapoM. IIpoTe, He3Ba-
JKAlOUM Ha OYEBUAHY IPOCTOTY Ta 3PYYHICTH 00-
YHMCJIEHb, TaKa CXeMa Ma€ OAWH ICTOTHUI HEIOJIK.
AK10 po3Mipu CiTKM [ > /;, TO IOXUOKU OKPYTJIEH-
HSI MOXYTh CTaTA HACTUIBKM BEIMKUMM, 110 OTPU-
MaHUI PO3B’SI30K BTpavae ceHc. Bimomo, 1o mis
3aCTOCYBaHHS SIBHOI CXeMU IIOBMHHA BMKOHYBaTH-
cd ymoBa: [/ h2§0,5. AJle crnpaBeIMBUM BUSIB-
JISETHCS TaKe eMITipUYHE MPaBUJIO: SIKIIO 3MEHIIY-
BaTU BEJIMYMHU [ 1 /, TO TOXMOKA armpoKCHUMalil
YACTUHHUX MOXiTHMX KiHIEBO-Pi3HUIEBUMM II0-
XiTHUMHU TeX 3MeHIIyBaTuMmeTbcs. Ilpore, uyum
JIpiOHillIO Oy/e ciTKa, TUM 1iie Oijibllie 00UMCIeHb
HEOOXiTHO 3po0UTH, a 1ie O3HAYAE, 1110 TUM OLTbIIIN-
MU OynyTh MoxuOku okpyrjieHHs. HesBHi cxemm
JIO3BOJISIIOTh BECTU OOYUCICHHS 3 BEJIUKUM KpPO-
KOM 0€3 iCTOTHOrO MOTiplIeHHSI TOYHOCTI, ajie Ta-
KM TOXig BUMAarae OUTBIIIOro oO0CSATy OOYMCIIEHb.

PosrngnyTnii aHaimi3 1mokasye, 1o METOIM
pPO3B’SI3KY JaHOTO KJlacy 3ajay MamTh OyTW He
TIIBKMA PI3HOMAHITHUMM, aje U IOENHYBaTH
KiJIBKiCHI OLIIHIOBAHHSI 3 MOXJIMBOCTSIMM SIKICHOTO
ananizy. Ha choromHi HaMiTUIMCS EBHI TEHICHIIil
B PO3po0Ili YMCEIbHO-aHATMITUUHNUX METOMIB i3
CKJIQJTHOIO JIOTIUHOIO CTPYKTYpOlO, ajleé BOHU Ma-
[OTb TOPIBHSHO 3 KyCKOBO-PIi3HUILIEBUMU METOIa-
MU BUIIUI TTOPSITOK TOUHOCTI ¥ MOKJIMBICTD TOOY-
JIOBU aJITOPUTMIB 3 ajanTalli€lo 3a MOpsSaKaMy all-
poxcumanii [12,13]. 3 morisigy oOYMCIeHHS et
MiIXiT BiAPi3HIETHCS ASSIKOIO TPOMI3IKICTIO, ajie BiH
MMOKA3y€ CBOEPIMHUN €TaJlOH IJIs ITOPIBHSHHS 3
IHIIMMM TIPaKTUYHUMHM MeTojamMu. PaszoMm 3 TuM,

3BaKalOuM Ha Te, 110 OOUYMCIIOBAJIbHUN eKCIepu-
MEHT 3IilICHIOETbCSI HA 0AraToIpOLIECOPHill cucTemi,
MOXHa CTBEep/KyBaTH, 110 OOCTaBMHA, sKa CTpU-
MyBajia pPO3BUTOK UYMCEIbHO-aHAJTITUYHOIO ITiIXO-
Iy, Terep BTpaya€ CBOKO aKTYyaJIbHICTh. ¥ 3B’SI3KY 3
MM Y JIaHiil poOOTi HaOy/Ia MOJAIBIIOIO PO3BUTKY
ifess po3poOKU CXeM TMiABUILEHOIO TOPSIKY TOY-
HOCTi Ha OCHOBi UMCEJIbHO-aHAJITUYHOIO MiIXO1y
JI0 OOUMCIIeHb LLIMPOKOTO KJ1acy MOCTiIKYBaHUX 3a-
Jad.

Mema Odocaidxucenns

Merta nocniaKeHHsT noJisira€ B po3po0ili umnc-
JIOBOTO PO3B’SI3KY 3ajiaui MeTalypriiiHoi Teraodizu-
KM Ha OCHOBi 3aCTOCyBaHHSI 0araTorpolieCOPHUX
cucteM. OKpeMy yBary HEOOXiTHO MNPUIUIUTUA YM-
CeJIbHO-aHaiITUIHUM aJrOpMTMaM PO3B’sI3yBaHHS
MOCTaBJIeHUX 3ajay. bijiblll BUCOKE TMPUCKOPEHHS
0o04YKCIeHb MOPIBHAHO 3 KiHIIEBO-Pi3HUIIEBUM
MiIX0A0M BUKOHATH 3a paxyHOK 3aCTOCYBaHHS aHa-
JIITUYHUX PO3B’SI3KiB, SIKi TO3BOJISIOTH IIPOBOIUTHU
OOUYMCJIEHHSI OJIHOYACHO Ta MapajieJibHO 3a BciMa
YacOBUMU 1lIapaMu 0e3 BUKOPUCTOBYBAaHHSI KOMOi-
HOBaHO1 mam’sTi. JIJIsi BUKOHAHHSI OOUYMCIIIOBAJIb-
HUX €KCIIEpUMEHTIB Ha OCHOBI 3aCTOCYBaHHS Oara-
TOIPOLIECOPHOI OOUMCIIIOBAIbHOI CUCTEMU 3arpo-
MOHYBaTH MakeT npukiaaHux rnporpam (ITITIT), mo
peatidye po3B’sI30K KOe(MIlliEHTHNX OOEpHEHUX 3a-
Jlay TEIUIOMPOBIIHOCTI METOJAOM MaTeMaTUYHOTO
monemoBaHHs. TIITIT po3pobutu 3 ypaxyBaHHSIM
BUMOT 00’€KTHO-OPiEHTOBAHOTO IIPOTPaMyBaHHSI.
ITpu 1boMy po3B’sI30K KOoeilliEHTHUX 3aaay 3BO-
IVTH JI0 3a7a4 ONTUMATBLHOTO KePYBaHHS, aJlTOPUT-
MU OOYMCIIIOBaHHS SIKMX 3aKjacTu B nakeTi. Ta-
kox TITTIT moBuHeH BKIHOYATU OJIOK Bi3yasizallii
JaHUX.

OcHosHi pezyabmamu 00cAi0HceHHs

Posrnsinaerbest po3B’s130K KpaiioBoi 3a1avi 11st
PiBHSIHHS TeruionpoBiaHocTi. Hexait motpibHo 3Haii-
TU (PYHKIIiO, SIKA OMUCYETHCSI PIBHSHHSIM BUIJISILY:

oo
o g2’ ()
[P LILOMY

u(O,x)zO, u(t,O)zl, u(t,2):1. (2)

IToOynyeMo piBHOMIpHY CiTKy, KPOK SIKOi
BiIMOBIiIHO:
Dx1=0,01;, Dt1=0,001. (3)

Hexaii mocnigoBHUiA aJlrOpuT™M peayli3yeThCs
3a HESIBHOIO CXEMOIO METOJIOM MPOTrOHKU. Toi micst

Shvachych G.G., Ivaschenko V.P., Ivaschenko O.V.
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nuckpeTtusanii piBHsHHS (1) oTrpumytors CJIAP
BUTJISIAY:

Dil
Up1=U0p; = %le aUpH,l tUp-11 = 2Up,1] , (4)
X

npu 1IbOMY HOMEpPU BHYTPIIIIHIX CITKOBUX BY3JiB
BIINOBiNAIOTE BUpPa3y: p=12m—1;IyKaHi CiTKOBi
bynkuii Up ;=1 Uy ;=1 U, ;; 3HaueHHs BeIu-
yuH U0,; OepyTbCcs 3 MONEPEIHBOIO YaCOBOTO
mapy.

Cucrema JIiHIMHUX aareOpaiyHUX PiBHSIHbL BUILY
(4) mae TpuaiaroHajabHYy CTPYKTYpy, a came:

CoUpi1 ~Up1 +DUp11=1p, (5)

TpA 1IBOMY
Dt1/Dx 12 0
Cp =B, = t1/Dx A 0
‘1+Dt1/Dx1 ’ E 6)
_ —U0p1 |:|
- O

Sp ~5), Ko p =12m -1
h+Dt1/Dx1 ) N

HJocuTh MpOCTUM Ta 3pyYyHUI TOCHiITOBHMIA
crocid po3B’sI3Ky pi3HMUILIEBOI KpaitoBoi 3a1ayi (4)—
(6) siBi1sIE COOOIO ONMH i3 BapiaHTIB METOAY BUKIIIO-
YeHHsI HeBioMuXx 3a cxemoro layca i mMae Ha3By
METOAYy MPOroHKU. Maje yucio apupMeTUIHUX
orepalliii, a TaKoX JOCUTbH cJlabKa YyTJIMBICTb IO
00UMCITIOBAILHUX MOXMOOK POOJISIT MMPOTOHKY AYXe
3pYYHUM 3aCO00M UIST peajtidallil ITOCaigOBHIX 00-
YUCJIIOBAJbHUX aJlTOPUTMIB.

HaBeneMo nesiki acmekTu OOYMCIIOBAIbLHOTO
XapakTepy pu KOMIT I0TepHOMY MozemoBaHHi. [1pu
pO3B’sI3yBaHHI HECTalliOHAPHUX 3agay 3a JOTIOMO-
roro HessBHUX (a00 SIBHUX) METOMAIB PO3PaxyHKU
3aBXIW BEIyThCS 3a YACOBUMU 1lIapaMy TOCiI0B-
Ho. AKio Bcs iHdopMallisi mpo CyCifaHil map ro-
MIIIA€ETBCS B OIMEPaTUBHY I1aM’sITb, TO OCOOJUBUX
YCKJIaIHEHb HE BUHMKAE. AJie, SIKILO 3ajaya € Ha-
CTUTBKI BEJIMKOIO, 1110 HE BIANOBIITa€ BUKITAJICHIN
paHillie yMOBi, TO TOBOAUTHCS KOPUCTYBATHUCSI KOM-
OiHoBaHOIO Tam’sTTi0. Yac mepeHeceHHs iH(Op-
Malii 3 MOBUIbHOI MaM’sITi B ONEpaTUBHY € IMpoO-
MOPLIiHHUM 4YKCITy TOYOK Y 1api. Yac 3HaXoMKeH-
Hsl PO3B’sI3Ky 3a/laui Ha YeproBOMY IlIapi TaKoX €
NPOMNOPLIAHUI YUCTY TOYOK Y Iapi. Aje mepion
BUKOHAHHSI OAHIEI omepallii 3HaYHO MEHIIUI Bif
CepeIHbOrO 3HAUEHHS Yyacy MnepecuaaHHs OJWHULIL
iH(opMallil 3 MOBIJbHOI MaM’sITi B ONEpaTUuBHY.
Tomy npu noaibHOMY OOUYMCIIEHHI BeJIMKa YacThHA
yacy OyJie BiIBOAMTHUCS Ha OpraHisallito nepecuiaHb,

TOOTO BUTpavyaTUCh HEMPOAYKTUBHO. OTXe, BUHU-
Ka€ Take MUTAHHS: YM MOXHa SIKUMOCb YMHOM
MiIBAIIATA €(EKTUBHICTh BUKOPUCTAHHSI KOMIT 10-
TepHOI MaM’sTi Npu PO3B’sI3yBaHHI 3a3HAUYEHOTO
Kjnacy 3agad? A gKIIO € MOXJIUBICTH, TO SK?
BinnoBini Ha 3amuTaHHS MOXHa OTpUMATU MpPU
OiNbII AeTAIBHOMY BUBUYEHHI rpada aaroputMy po3-
B’SI3KY MOCTaBJIeHOI 3amayi. [lo-Tepiie, oueBUIHO,
1110 Taky MpoOJieMy MOXHa BUPIILIUTH 32 PaXyHOK
MapaiebHOro npouecopa. A rno-apyre, 0COOIMBOCTI
po3Iapaie/IloBaHHs 3agadyi MOBUHHI OyTH TaKUMU,
11100 Yac BiIMOBIAHUX OOYMCIEHb i 0OpOOKa JaHUX
B OINEpaTUBHiN mam’sTi Oyau 6 OiIbIIMMM 3a 4ac,
SIKUW BiIBOIMTBCS Ha mepecwiaHHs naHux. Ha-
peluTi, AJisi Toro, 11100 Mo30yTUCS Bill BAKOPUCTAH-
Hs1 KOMOiHOBaHOI MaM’sITi Mpu PO3B’siI3yBaHHi 3a-
nadi (1), HeoOXiTHO 3aCTOCYBATH JI0 TAKOTO PiBHSIH-
Hs a00 YMCeIbHO-aHAITUIHMI TTiaXia, a00 oauH i3
METO/IiB MaTeMaTU4HO1 (Pi3UKU, HANpUKIIad, iHTer-
pajbHe TepeTBopeHHs Jlaruiaca 3a yacom.

3rigHoO 3 YMCENbHO-aHATUYHUM ITIXOI0M Y
KOXHOMY By3Jli (X=X, ) CITKOBOI 00JIacTi pO3B’si-
30K 3aJJaHOTO PiBHSIHHS LIYKAEThCS B KJjaci aHai-
TUYHUX (DYHKIIIH, SKi JOMYCKalTh MOTO MOAAHHS Y
Bursiai psaay Teiimopa, TOOTO:

g
T
up+gx’1 (f,X) - i g)lc/lup,n+l (t) s
n=0

(7)

Mnpu 1IbOMY HOPMOBaHa 3MiHHa:

eo= P gl

Xp+ " Xp

(8)
HeBiJOMi TeNHJIOpiBCbKi KOMITOHEHTM IIYKaHOI
(yHKIIII U BU3HAYAIOTHCS TAKUM YMHOM:

(xp+1 _xp)n 0"u

n! " ‘x:x

U p i1 (1) = 9)

)4

ITicns nmincraHoBKu psany (9) y cniBBiAHOILLIEH-
Hs (7), BUKOPUCTOBYIOUM METOJ HEBU3HAYEHUX
Koe(DillieEHTIB, OJEPXKUMO CcUCTeMY AudepeHLiaib-
HUX HACJiAKIB y hOopMi cucTeMM 3BUYAHMX ave-
peHuianbHux piBHSAHb (C3/P). Posrnsnarouu ot-
pUMaHe CITiBBIIHOLIEHHS K PEKYpPEHTHE 3a BeJiu-
YMHOIO N, MOXEMO 3alucaTy BiIMOBiIHI HACTIIKMN.
Toni 3araapHUil po3B’s130K piBHSAHHSA (1) HaOyBae
BUTJISIAY:
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Gy 1 (1) + O
Upte,, (x,0) =0 f,i, 5)%” (Dxlz " an”p,l(l)E'_
S [ 2n)! a ot" 5
Dup () + O
- L yh el o m&p,z% (10)
= n:0(2n+l)! a Fa4 &

HeoOxinHO Big3HAUMUTH, 110 OOYMCIIIOBaJbHA
CHUCTEMa MOX€E BUKOPUCTOBYBATUCH 1 /ISl 3011bIIEH-
H$1 00CSITY AOCTYITHOI omnepaTuBHOI mam’sTi. Tak, i3
30inbpmeHHsIM B N paziB yuMcia OpoOLEcOopiB, y
CTUIbKM K 30UJIBIIYETHCSI M OOCSIT OOCTYIHOI OIle-
patuBHOI am’sTi. L{s1 oOcTaBUHA cTa€ BeJIbMU CYyT-
TEBOIO T Yac PO3B’sI3Ky OaraToBUMIipHUX 3ajady,
KOJIU BUHUKAIOTh MPOOJIeMU 3 MaM’ITTIO OOUMCITIO-
BaJIbLHOTO cepedoBHUIlia (CBOMIHT Ta iH.). ToMy mis
OiJbII MOBHOrO aHali3y e(eKTUBHOCTI po3poobiie-
HOI 0araToIpoILECOPHOI CUCTEMU OYJI0 3AiCHEHI
00YMCITIOBAJIbHI €KCTIEPUMEHTH TMPU MOJETIOBaHHI
OaraToBUMIipHUX 3aaady.

PosrisiHeMo 0coOJMBICTH KOHCTPYIOBAaHHS
CXeM PO3IICTUIEHHS s PO3MOIiIeHOr0 MOAEIO-
BaHHS MPUKIaaAHUX 3aaad. s Toro, 11100 3’siBuia-
CSI MOXJIMBICTD IEPEXOAy 0 CYTTEBO OLIbII CKJIAMI-
HUX aJITOPUTMiB, HEOOXiIHO pO3pO0JIEHY METOI0-
JIOTiIO MOCTaBUTU Ha (PyHAAMEHTAIbHY TEOPETUUHY
OCHOBY. /151 IbOTO MOXXHAa BUKOPUCTATU Pi3HUILIEBI
CXeMHM PO3IIEIUICHHS SIK OIWH i3 HalOUIbII BaXKJIU-
BUX 3aC00iB MOJIEJTIIOBAaHHS 0araTOBUMipHUX HecTa-
LIIOHApHMX 3a/1a4 MaTeMaTU4YHOI (izuku. PizHulesi
CXeMM PO3ILUEIUIEHHs — 1Ie¢ OAMH 3 BaXJIMBUX 3a-
CO0IB po3paxyHKy 0araToOBUMipHUX HECTALliOHAPHUX
3a/a4 MareMaTU4Hoi (i3uku. Piv y TiM, 1110 pi3HU-
LIEBi CXeMH, B SKUX YUCAO apuPMETUUYHUX i,
MOTPiOHUX [JI1 MEPEXOAY MiX YaCOBMMMU IIapamu,
MPONOPIIiiiHe YMCTY HEeBIIOMUX 3HAYEHb LIYKAHUX
(GYHKIIA, OpUNHITO Ha3MBaTU €KOHOMIYHMMHU.
Binomo, 1110 o0urcieHHd 32 SBHUMM CXEMAMU JIyKe
npocTi. SKicTb apupMeTUUHUX Iiil Y HUX HE Miaisi-
rae ynockoHajieHH10. [TpoTe, Oynyyn eKOHOMIYHOIO,
sIBHA CXE€Ma € CTIMKOIO TUIBKM MpPU KOPCTKOMY i
00MeXXEeHHI Ha KpOK CiTKM y 4Yaci. Pi3zHuIeBi cxemMun
PO3IIEIUIEHHSI Ha OCHOBI CYKYITHOCTI ITPOITO3MIIIiA,
He 30BCiM €KBiBaJIEHTHUX OJHA OJHIil, aje TaKuXx,
110 MalOTh CTEPEOTUITHY METY 3BECTM 3a7ady TpH-
BUMIipHOro MOILIMPEHHS 00JacTi 3aJeXHOCTI 10
MOCJIiIOBHOCTI CXeM, BKJIIOYAIOTh HEBiJOMi BeIM-
YWUHU, SKi JiI0Th TTONEPEMIHHO 3a KOOPAUHATHUMU

HanpsIMKaMU i 3BOIATh PO3B’SI30K TakKuX 3aaay 10
CKaJISIPHUX MTPOroHoK. ToMy pi3HULIEBa cxema po3-
LIETUIEHHS BBAXKAEThCS €KOHOMIYHOIO i, Oe3ymMOB-
HO, CTiliKOI0, TOOTO HiOM IMOEAHYE B CODI mepeBaru
SIBHOI 1 HESIBHOI CXEM.

3acTocyBaHHS YMCIOBO-aHATITUYHUX PO3B 13-
KiB O3BOJISIE /151 KOXKHOTO YacOBOrO 1l1apy MPOBO-
JIUTU OOYMCIEHHS OAHOYACHO B OY/Ib-SIKMIT MOMEHT,
a, OTXXe, He BMMara€e oprasisallii repecuJiaHHs
iH(opMalii 3 MOBiIBHOI MaM’sITi B OMEpaTUBHY,
TOOTO BUKJIIOYAETHCS MIKIIPOLIECOPHMIA OOMIH 1a-
HUMU. LIUM i MOSICHIOETBCS CYTTEBE MPUCKOPEHHS
pPO3B’sI3yBaHHS TUX 3amady, SIKi MOJENIOBaaMCs 3a
JIOTIOMOTOI0 YMCEJIbHO-aHATITUYHUX METO/IiB.

Hwuni HaOyau 3HAYHOTO MOIUMPEHHS pi3Hi
MpOrpamMHi MPOAYKTH, SIKi YACTO HA3UBalOTh Make-
TaMy a00 KOMILJIEKCaMHU IporpaM. Y JaHiil poOoTi
WAeThCs MPo MakeT MPUKJIAIHUX Mporpam, npru3Ha-
YeHM 17151 00POOKHU TeII0(i3MYHUX EKCIIEPUMEHTIB
obepHeHUMU MeTogamu. OCHOBHAa MeTa CTBOPEH-
Hs IIIIIT — ue HagaHHS MPaKTUYHOI AOMOMOTU
JOCTiIHMKOBI Ha BCiX eTarax o0poOKHU Tertodizny-
HOTO €KCIePUMEHTY OOEpHEHMMU MEeTOJaMH 3a
JOTMOMOTOI0 TMEePCOHAJbHOTO O0YMCIIOBAIBLHOTO
kiactepa. ITI1IT BUKOpucTOBYEThCS TTpY IJTAaHYBaHHI
i1 0OpoOLIi pe3yabTaTiB Termno(pi3uYHOro eKCrepu-
MEHTYy OO0epHEeHUMU MeTogamu. Po3pobieHi anro-
putMmu, BukopucrtaHi B IIIIII, nocuts mpocto me-
peOyIOBYIOTECS Ha PO3B’A30K iHIIMX KOedillieHT-
Hux i rpaHnuHux O3T.

Bucnoexu

PosrnsgHyTuii y maniii poOOTI Miaxim 10 4u-
CEJIbHO-aHAJITUYHOI KOHIEMIIil Bi3yasi3allii BeK-
TOPiB Y pPO3B’sI3KaX JO3BOJISIE OTPUMATU OYab-sIKi
HEOOXiTHI AaHi 1151 MOOYIOBY AKX rpadikiB abo
i30JTiHI Ha BIAMOBIAHUX ciTKax. MakcUMaabHiI X
napajejbHi (OPMU AJITOPUTMY CTAHOBJISTH Tpel-
MET OCOOJIMBOTO iHTEpECY, OCKIJIbKM BU3HAYalOTh
MiHiMaJbHO MOXJIMBMI 4Yac peajli3allil aJropuTMy
Bi3yaJizariil.

s 3niiicHeHHST OOUYMCIIOBAIbHUX €KCIIepu-
MEHTIB Ha 0a3i 3aCTOCyBaHHs 0araTOIIPOILIECOPHOI
00YMCITIOBAJIBHOI CUCTEMM PO3PO0JIEHO TTaKeT Mpu-
KJIaHUX TIporpaM, 10 peaii3ye po3B’a30K Koedi-
LIIEHTHUX OOEPHEHMX 3a/1ay TeIJIOIPOBIIHOCTI Me-
TonoM MaTtemaTtuyHoro mogaentoBaHHs. TITITT pos-
po0JIeHO 3 ypaxyBaHHSIM BUMOI' 00’€KTHO-Opi€H-
TOBaHOro nporpamyBaHHs. [Ipu nbomMy obuMCaeH-
Hs1 KoeditieHTHUX O3T 3BoAUTHCA A0 3a1a4 OMNTHU-
MaJIbHOTO KepyBaHHsI, aJITOPUTMU PO3B’SI3KY SKMX
peanizoBaHo B ubomy II1I1. 3ayBaxkumo, 1o TTITTT
TaKOX BKJIIOYA€ OJIOK Bizyaizallii JaHUX.

Shvachych G.G., Ivaschenko V.P., Ivaschenko O.V.
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YNCJIEHHO-AHAJIMTUYECKAS KOHIEIIINA
PEINIEHWU ITPUKJIAJTHBIX 3AJAY HA OCHOBE CXEM
IOBBIIMIEHHOT'O ITOPAJKA TOYHOCTHU

Illeawun I.I., Heawenxo B.II1., Heawenxo E.B.

Cmambsi nocesuyena pacnpedeseHHOMy MOOeAUPOBaAHUI0 6U-
3yanu3auul 6eKMopo8 peuieHull NPUKAAoHbIX 3a0au Ha OCHOBe CXeM
noeviueHH020 Nopsdka mouHocmu. Boicokoe yckopenue eviuuciaenuil
10 CPABHEHUIO ¢ KOHEYHO-PA3HOCHHBIM NOOXO00M UAACHPUPYEMCS.
UCNOAb308AHUEM AHAAUMUYECKUX DeleHUll, KOmopbvle NO360ASH0M
npoeodumy gbiuucaeHUe 00HOBPEMEHHO U NAPALAEAbHO NO 6CeM YaCO-
evim crosim. Tlokazano, umo naubosee nepcneKmMueHvIM n00X000M K
MAMeMamu4ecKkomy Mooeaupo8anuro NPUKAAOHbIX 3aday credyem
cuumams mom, KOMopblii OCHObIBACMCS. HA YUCACHHO-AHAAUMUYeC-
Kux pewenusix. Boiseaeno, umo sghghpekmuervim cpedcmeom peuleHus
NPUKAGOHBIX 3a0a4 6 Memaniypeuteckom npou3goocmee Cuumarom
npuMeHeHue MexHOA0UL NAPANIenbHbIX GbIMUCAIeHUN HA pacnpede-
JNeHHbIX CUCIEMAX KAGCMepHO20 MUNA, KOmopble UMErm CPAGHU-
MeabHO HeOOAbULYIO CIOUMOCHb U OOCAMOYHO Ne2K0 MACumaou-
DYIOMCs KaK nO KOAUYeCmey npoueccopos, mak u no odsemy onepa-
muerotl namamu. Paccmompennuiil 6 danHou pabome nooxoo K uuc-
JNeHHO-AHAAUMUYECKOU KOHUENYUY 8U3YAAU3AUUU eKNOPO8 6 pelie-
HUSX NPUKAAOHBIX 3a0a4 N0380Asem NoAYyHUMb AH0ble HeoOX00uMble
daHHble 0151 NOCMPOeHUsl 2NA0KUX PAPUKO8 UAU U30AUHULL HA COOM-
semcmeylouux cemkax. Maxcumanvhole dce naparienvhoie Gopmol
aneopumma npedcmasasiiom npedmem 0co0eHH020 UHmepeca, NOCKONb-
Ky 0npeoensiiom MUHUMAALHO 603MONCHOE 8DeMsl Peanu3auul dieo-
pumma guzyaausayuu. /ns nposedeHus 6biMUCAUMENbHbIX IKCNepU-
MeHmos Ha 6a3e NpUMeHeHUs MHOONPOUECCOPHOU BbIMUCAUMENbHOU
cucmembl paspabomarn naKem NPUKAAOHbIX NPOSPAMM, KOMOpbLil pe-
anusyem peuleHue KOIQPUUUEHMHBIX 00pamHbiX 3a0a4 menionpo-
600HOCMU MemoOamu Mamemamu4ecko2o modeauposarnus. Ilaxem
NPUKAGOHBIX NPOSPAMM PA3PAOOMAH ¢ y4emom mpeboeanuli 00sexm-
HO-0PUEHMUPOBAHHO20 NPOSPAMMUPOBAHUS.

KiroueBbie cJI0Ba: MHOTOIPOLIECCOPHAsT BHIYMCIIUTEIbHAS
cucTeMa, yCKOpeHUe, BU3yalu3alusi, paclpeaesieHHOe
MOJICJIUPOBAHME, YUCICHHO-aHAJIUTUYECKOE pellecHUE.

NUMERICAL-ANALYTICAL CONCEPTION OF
DECISIONS OF THE APPLIED TASKS BASED ON
CHARTS OF AN INCREASE ORDER OF EXACTNESS

Shvachych G.G., Ivaschenko V.P., Ivaschenko O.V.

The article is sanctified to the distributed modeling of visualization
of decisions vectors of the applied tasks based on charts of an increase
order of exactness. Higher acceleration of computation compared with
the finite difference approach is illustrated by the use of analytical
decisions that allow computation simultaneously and in parallel in all
time layers. It is shown that the most promising approach to the
mathematical modeling of applied tasks is one that is based on numerical-
analytic decisions. It has been found that the application of parallel
computing technologies in distributed cluster-type systems, having
relatively low cost and easily scaled both by the number of processors
and by the amount of RAM, is considered as an effective tool in the
processing of applied tasks in metallurgical production. The approach
considered in this work is the numerical-analytical concept of vectors
visualization in the decisions of applied tasks that allows obtaining any
necessary data for the construction of smooth charts or isolines on the
corresponding grids. The maximum parallel forms of the algorithm are
a subject of special interest, as they determine the minimum possible
implementation time of the visualization algorithm. For computing
experiments based on application of multiprocessor computing system
the package of applied programs was developed to implement the decision
of coefficient reverse tasks of heat-conduction by mathematical modeling
method. The application package was developed taking into account
the requirements of object-oriented programming.

Keywords: multiprocessor computer system, acceleration,
visualization, distributed modeling, numerical and analytical de-
cision.

Numerical-analytical conception of decisions of the applied tasks based on charts of an increase order of

exactness



