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HNOJINIEHAN METOJ TOCJIJI)KEHHS CTIMKOCTI PO3B’SI3YBAHHS CUCTEM JITHIMHUX
AJITEBPATYHUX PIBHSHD

ITpoBe/eHnit OIS iCHYIOUMX METO/IB JOCIIKEHHS CTIMKOCTI pO3B’sI3KiB CHCTEM JiHIHHUX anrebpaidanx piBasHb (CJIAP), 1o 3aexaTs Bijt BXIIHUX
JTaHUX, TOOTO Bapiawiif mapamerpis. PO3rIsIHYTO METOIM OLIHKH CTIHKOCTI pO3B’s3yBaHHS CHCTEM JIHIHHMX anreOpaiuHHMX piBHSAHb, Taki SK 4HCIa
3yMOBJICHOCTI, MO/YJIbHI BU3HAYHUKM Ta 100Y/10Ba TaOJMIlI 3HAKIB 33 OPUIIHAIBHUM Ta MOJIMIICHUM METOAOM 100ynoBH. PeanizoBane nporpamue
3a0e3reueH s Ul OLIHKHU CTiMKOCTI CHCTEM JIHIMHHX anreOpaiyHHMX PiBHSHB 3a JOINOMOIOI0 YHCEeI OOYMOBIJICHOCTi, MOXYJIBHUX BH3HAUHHKIB Ta
1100y 10BH TaOJIMI 3HAKIB JUIS 3HAXO/DKEHHS TOYHUX OL[IHOK Bapiamiil po3B’s3KiB 3aIeKHUX Bif Bapiawiil mapamerpis CJIAP.
B po6oTi moka3aHo, 1o AOCIIHKEHHs CTIHKOCTI 32 YHCIaMi 00YMOBIICHOCTI JAal0Th AyXKe Ipy0y OLIHKY MOXKIUBHX MOXHOOK PO3B’SI3KiB, ajie BOHH €
npocTuMu B peanisanii, Ta 11 CJIAP MoxyTh oJpa3y mokasarty, Mo JAesKi CHCTEMH € IOTaHO 3yMOBJICHHMH, 110 3HAYHO €KOHOMHUTB Yac JIOCITiKEHH,
0co61mBo ko CJIAP MaroTh ay»e BEHKY pO3MIpHICTh. JOCII[DKeHHS CTIHKOCTI 32 MOYJIbHUMU BU3HAUHUKAMH ITOTPEOYIOTh BEIIMKUX PO3PAaXyHKIB,
ane MaloTh JOCUTh HAIIHY OLIHKY 3BEpXY IIOA0 MOXKIHBHX Bapialiii OKpeMHX KOMIIOHEHT PO3B’sI3KiB CHCTEM JiHIHIX anredpaiunux piBHsAHb. Lle €
JIy’Ke Ba)KITHBOIO OCOOJIMBICTIO METOJa TOMY, IO OKpEeMi KOMIOHEHTH PO3B’SI3Ky MOXYTh 3a3HAaBATH 3HAYHHX Bapiallii, 0 HE BPAaXOBYIOThCS MPH
JIOCIIDKEeHH] 3a YHcIaMy 00yMOBIICHOCTI. J[OCIIiKeHHSI CTIHKOCTI MOOYJ0BOIO TaOMHMIII 3HAKIB HAJAIOTh MOJMJIMBICTh 3HAWTH MaKCHMAJbHI Bapiarii
OKpPEMHX KOMITOHEHT PO3B’SI3KiB CHCTEMHU JIHIIHUX anreOpaidHuX piBHsHB, IO HACIPABAI MOXYTh OyTH 3HAYHO MEHIIHUMH, HDK BEPXHS OLIHKA
MOJKJIMBHX Bapialiif 3a METos0M MOIY/IbHUX BU3HAYHUKIB. B poOOTi 3ampornoHoBaHO MOTiMIIEHNH METo MoOy/10BY TabNIli 3HAKIB, 10 3HAXOAUTH
OiTBIIT TOYHHMIT Aiarla30H MOXKIIMBUX Bapialliif po3B’A3KiB CHCTEMH JIHIHNUX alreOpaiyHuX PiBHSHb.
ByB npoBenenuii NOpiBHIBHUI aHAJI3 MK TpaJULiHHUM METOJIOM 1OOYA0BH TaONuUIIl 3HAKIB 32 OKPEMUMHU BH3HAYHUKAMH Ta MOJIMIIEHUM METOI0M
1mo0y10BM TaOINMII 3HAKIB 3a MOXiTHUMH Bijl JUICHHS BU3HA4YHMKIB 3a (opmynoro Kpamepa. 3rigHo aramizy, mominmmernidi merox y 30% Bumakis
3HAaXOUTh Bapiamii, o B 1.3 pa3n GinbmIi HiX Bapiamii, 10 3HAXOANTH MOTMEPE/IHiiT MeTox, Ta y 5% BHMAJKIB IIi Bapiamii MepeBUITyOTh TTONepeHi y
2 abo Oimbire pasis. Lle roBOpUTH Mpo Te, MI0 TPATUIIHHIA METO y ACSIKAX BHUIAKaX HETOOIHIOBAB MOJKIIHBI BiIXMICHHS PO3B’SI3KIB, 110 3a71€KaTh
BiJ Bapiamiii BXITHUX JaHUX.

Kurodosi cioBa: riniiiHa anre6pa, 4icenbHi METOIH, CTIHKICTh, MATPHUILA, CHCTEMA JIIHIIHUX anreOpaldHuUX PiBHAHb, BU3HAYHNK, MOJYIbHUI
BHU3HAYHMK, TAOJIUIE 3HAKIB, YUCIO 0OYMOBJIEHOCTI
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VJYUYILIEHHBIN METO/{ HCCJIEJJOBAHHUSI YCTOMYMUBOCTH PELIEHU S CUCTEM
JIMHEMHBIX AJITEBPAUUYECKUX YPABHEHUI

IIpoBeneH 0030p CyLIECTBYIONIMX METO/IOB HCCIIEIOBAHHMS YCTOHYMBOCTH DEIICHUH CHUCTEM JIMHEHHbIX anreOpanueckux ypasHenuid (CJIAY),
3aBHCSMNIMX OT BXOAHBIX JAHHBIX, TO €CTh BapHalMii IapaMeTpPoB. PacCMOTPEHBI METOAbI OLEHKH YCTOMYHMBOCTH DEIICHHs] CHCTEM JIMHEHHBIX
anreOpandeckiX ypaBHEHHH, Takhe KaK Yrciia 00yCIIOBICHHOCTH, MOYIIbHBIC ONMPEICIUTENH U MOCTPOCHNE TaOINIBI 3HAKOB 110 OPUTHHATHEHOMY H
YIY4IICHHOMY METOZaM IOCTpoeHus. Peann3oBaHo mporpaMMHOe OOECHEUeHHE ISl OLEHKH YCTOHYMBOCTU CHUCTEM JIHHEWHBIX anreOpamdecKux
YpaBHEHHI C MOMOIIBIO YHCEN 00YCIOBICHHOCTH, MOMY/IBHBIX ONpPEACIUTENCH U TTOCTPOCHHS TAaOJHIbl 3HAKOB JUIS HAXOXJICHHS TOYHBIX OI[EHOK
BapHalui pelmeHuii 3aBUCUMBIX OT Bapuanuii napamerpos CJIAY.
B pabore mokas3aHO, 4TO HCCIECAOBAaHHE YCTOMYMBOCTH MO YHCIAM OOYCIOBICHHOCTH [AIOT O4YEeHb IPYOYIO OLEHKY BO3MOMKHBIX MOTPEIIHOCTeil
peleHnit, Ho OHM MPOCTHI B peamm3aruu, u 11 CJIAY MoryT cpasy moka3aThk, 4TO HEKOTOPBIE CHCTEMBI TIJIOXO 00YCIIOBICHHBIMH, YTO 3HAYNTEIBHO
SKOHOMHT BpeMsl uccienoBanusi, ocobeHno eciu CJIAY mmeroT odeHp Gonbinylo pasMepHOCTb. VcciienoBaHue YCTOWYHBOCTH IO MOIYJIBHBIM
OIpeeUTENIMU TPeOyIOT OOMBIINX PACUCTOB, HO JAIOT JOCTATOUHO HAJEKHYIO OLEHKY CBEpXY OTHOCHTEIHLHO BO3MOXKHBIX BapHAaIMil OTACIBHBIX
KOMITOHEHT PEIICHNI CHCTEM JIMHEHHBIX alre0pandeckiX ypaBHEHHH. DTO ABISETCS OYEHb BaKHOI OCOOCHHOCTBIO METO/Ia TIOTOMY, YTO OTAENBHBIE
KOMITIOHEHTBI PEIICHHH MOTYT HCIBITBIBATH 3HAYHMTENbHbIC BapUal[Md, KOTOPBIE HE YYHUTHIBAIOTCS IPU HCCICJOBAHHU IIPU ITOMOIIM YHCEI
oOycnoBiaeHHOCTH. VccnenoBanue yCTOIHYMBOCTU MPU TIOMOIIHM HOCTPOCHHUS TaOIHIBI 3HAKOB JaeT BO3MOJKHOCTb HAWTH MAKCHMAJbHBIC BAPUAILTHU
OT/ICNIBHBIX KOMITOHEHT PEIICHUH CHCTEMBI JIMHEHHBIX alreOpanvyeckuX ypaBHEHUH, KOTOpPbIe Ha CAMOM Jelie MOT'YT ObITh 3HAUHTEILHO MEHBIIE, YeM
BEPXHsA OLCHKA BO3MOXHBIX BapHaI[Hil METOIOM MOJYJBbHBIX Ompejenuteneid. B pabote mpeuioxkeH ymydIIeHHBIH METOJ MOCTPOCHUS TaOIMIIbI
3HAKOB, KOTOPBIN HAXOAUT OOJIee TOUYHBIN TMANa30H BO3MOXKHBIX BapUallUi PEIICHNI CUCTEMBI JIMHEHHBIX aNre0panyecKux ypaBHEHHH.
bbul TmpoBeNieH CpaBHHUTENBHBIA aHAIN3 MEXIY TPAJUIMOHHBIM METOAOM IIOCTPOCHMS TAONHIBI 3HAKOB IO OTACIBHBIM OINPEACIHTENSIMH H
YIy4IICHHBIM METO/IOM TIOCTPOEHHsS TAaOJMIIBI 3HAKOB 110 TPOM3BOAHBIM OT JIeleHus omnpenenuTencii mo gopmyne Kpamepa. CormacHo ananmsy,
yIydimeHHbIH MeToq B 30% ciyuaeB HAXOAUT BapHALUH, KOTOpLIe B 1.3 pa3a Gomblre ueM BapualHy, KOTOPbIe HAXOAUT NMPEABLAYIINNA MeTos, U B 5%
CllydaeB 3TH BapWallUM TIPEBBIIIAIOT MpEbIAyIIHe B 2 Wik Oojiee pa3. DTO TOBOPUT O TOM, YTO TPAJAMIHOHHBI METOX B HEKOTOPHIX CIydasx
HEJI0O0IIEHUBAJ BO3MOYKHBIC OTKJIOHEHHMS! PEIICHHH, 3aBUCSIINX OT BapHaIil BXOAHBIX JAHHBIX.

KiroueBble ciioBa: nuHeliHas anreOpa, YHCICHHBIE METOABI, HAJEeKHOCTh, MAaTpHUIA, CHCTEMa JIMHEHHBIX aareOpandecKUX ypaBHCHHI,
OIPECINTEIb, MOTYIbHbIN ONPEACINTENb, TA0INLA 3HAKOB, YHCIIO 00YCIIOBICHHOCTH.
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N. A. MARCHENKO, R. O. RUDENKO

IMPROVED METHOD FOR STABILITY RESEARCH OF SOLUTIONS OF SYSTEMS OF LINEAR
ALGEBRAIC EQUATIONS

A review of existing methods for stability research of solutions of systems of linear algebraic equations (SLAE) depending on the input data, that is,
parameter variations, have been carried out. Methods for stability research of solving systems of linear algebraic equations, such as condition numbers,
modular determinants and the construction of a table of signs using the original and improved construction methods, were considered. Software for
stability research of systems of linear algebraic equations have been developed. The software is using condition numbers, modular determinants, and
construction of table of signs to find accurate estimates of the variations of solutions of SLAEs that depend on parameters variations.

It is shown that stability research using condition numbers gives a very rough estimate of possible errors in solutions, but that research is simple to
implement, and for SLAEs it can immediately show that some systems are ill-conditioned, which saves research time, especially if SLAEs have a very
large dimensionality. The stability research using modular determinants requires large calculations, but they give a fairly reliable upper estimate with
respect to possible variations of individual components of solutions of systems of linear algebraic equations. This is a very important feature of the
method because the individual components of solutions may experience significant variations that are not taken into account in the research using
condition numbers. The study of stability by constructing a table of signs makes it possible to find the maximum variations of individual components of
solutions of a system of linear algebraic equations, which in fact can be significantly less than the upper estimate of possible variations found by method
of modular determinants. The paper proposes an improved method for constructing a table of signs, which finds a more accurate range of possible
variations of solutions of a system of linear algebraic equations.

A comparative analysis was conducted between the traditional method of constructing a table of signs using individual determinants and an improved
method of constructing a table of signs based on the derivatives of the division of determinants using the Cramer formula. According to the analysis, the
improved method in 30% of cases finds variations that are 1.3 times greater than the variations that the previous method finds, and in 5% of cases these
variations are 2 or more times greater than the previous ones. This suggests that the traditional method in some cases underestimated the possible

deviations of solutions that depend on variations of the input data.

Keywords: linear algebra, numerical methods, stability, reliability, matrix, system of linear algebraic equations, determinant, modular

determinant, signs table, condition number.

Beryn. 3a omiHKaMH BYCHHX YHCENIbHI METOIH
po3B’s3yBaHHs CJIAP 3acTOCOBYIOTBCS OULTBIN HIX Y ITO-
JIOBUHI PO3PaXyHKOBHX MaremMatuuHux 3ama4 [1-9]. Tpa-
IUIIAHI METOAM PO3PaxyHKY CTIMKOCTI pO3B’SI3yBaHHS
CHCTEM JIHINHNX anreOpaiYHuX PiBHSIHD HE NAIOTh HaMTii-
nux pe3ynbraris [10, 11]. Oxni€ero 3 NpUYKMH HEHAAIWHOCTI
pPO3paxyHKIiB € HETOYHOCTI B 3aBIaHHI KOeQiIlieHTIB
piBHsAHB. [l peasbHUX 00 €KTIB 1i Koe]illieHTH HE MO-
XKYTh TOYHO BIJINOBIJAaTH 3HAYCHHSM, 33J]aHUM IIPH IPO-
eKTYBaHHI, KpiM TOro, B XOJi eKCIulyaTauii mapamerpu
00’€KTa MOXYTh 3a3HAaBaTH 3MiH, 10 BIUIMBAIOTh Ha
po3B’si3ku. [Ipu Aeskux yMOBaxX HaBITh HEBEJIHKI 3MUHU B
rnapamMerpax MOXYThb NPUBECTH A0 3HAYHUX 3MiH Yy
pO3B’s3KaX, 1 BIAMOBIMHO A0 3HAYHUX 3MiH Yy TOBEMiHII
00’€KTiB.

VY naHiil poOOTi yBara MpUIUIAETHCS TOTPIITHOCTIM
PO3B’S3KiB, 0 BUHUKAIOTh Yepe3 Bapiamii BXiTHAX TaHUX
PO3paxyHKiB.

Hopma matpuui, unciaa 3ymoBJjenocri. Knacuunum
METOJIOM OIIIHKH CTIHKOCTI pO3B’3KYy CHCTEMH JIiHIHHUX
anrebpalyHUX piBHAHB € uncia 3ymoBienocti [1, 2, 10—
13]. fxio po3riasaaeThCs CUCTEMA JTIHIMHUX PIBHAHB, KA
3aIMCY€EThCS B MATPUUHOMY BHUIJISIAI SIK

Ax = b, 1)

ne A —wmatpuns CJIAP;

X — HEB1IOMUI1 BEKTOD, 110 € PO3B’I3KOM CHUCTEMH;

b — 3aganuii BexTOp MpaBUX YaCTHH.

Tomi YWCIOM 3yMOBIEHOCTI HAa3WBAIOTh JOOYTOK
HOopMH MaTpuili A Ha HopMmy obepHenoi Mmatpumi. Ilpn
IIbOMY YHCJIO 3yMOBJICHOCTI CHCTEMH JiHIHHUX PIBHSIHD
IIOB’s13y€ BIACTHBOCTI MATPHUIll CUCTEMHU PIBHSHB 3 MOXH-
OKOI0 pO3B’SI3Ky CHCTEMH JIiHIMHMX DiBHAHb. B HaWTip-
LIOMY BHIIQJKy BiJJHOCHa HEBH3HAYECHICTh PO3B’S3KY X
Oylle MepeBHIYBAaTH BiJHOCHY HEBH3HAYECHICTh BXITHUX
JaHUX Y KUIBKICTB pa3iB.

HaBite Mani umcna 3yMOBJIEHOCTI MaTpuii He €
HAQ/IIHHUM TTOKAa3HUKOM CTIHKOCTI OTPUMAHUX PO3B’SI3KIB.
Ile moB’s;3aHO 3 THM, IO YHCIA 3YMOBJICHOCTi JIWIIIE

rapaHTyiOTh ACSKHHA Jiama30H 3HAUYCHb MIPU BEKTOPY
PO3B’SA3KYy X, HAIPUKIAMA, HOTO MOBKUHH, ajie¢ HE MAaIOTh
BiTHOIICHHS 10 OKPEMHUX CKJIAIOBHX PO3B’S3KY X;, IO B
JESIKUX BHITAKaX MOXXYTh HaBITh 3MIHIOBATH 3HAK IpH
JIOCTATHBO HEBEIHUKHUX 3HAYCHHAX YUCIIA 3yMOBIICHOCTI.

[lepeBaroro BHKOPHCTaHHS YHCEN 3YMOBICHOCTI €
MPOCTOTa BUKOPHCTAHHS Ta Majia KUIBKICTh HEOOXITHHX
00YHCITIOBaHb.

Ouinka noxuoKu 3a MOAYJIbHUMH BU3HAYHUKAMHU.
B po6orax [10, 11] sx meroam pO3paxyHKY CTiHKOCTi
JIOJTATKOBO  MPOIOHYETHCSI  BUKOPUCTOBYBATH  OLIHKU
MOXUOKH 32 MOIYJIbHUMHU BU3HAYHUKAMH Ta 33 TAOJIUIICIO
X 3HaKiB.

MonynbHI BH3HAYHHKH JTO3BOJLSIFOTH JATH OIIHKY
MaKCHUMallbHO MOXIMBOI HEBU3HAYCHOCTI BH3HAYHHKIB
CHUCTEMH IIIHIHHUX anreOpaidYHuX PiBHAHB, SKIIO BigoMa
HEBU3HAUYCHICTD BXITHHUX MaHUX. MOIYIBHUIA BU3HAYHUK
PO3pPaXOBYEThCA aHAIOTIYHO N0 PO3PAaXyHKY BH3HAYHHUKA
MAaTpHIIi, ajie yCci CKIaJoBi OepyThCs 32 MOAYJIEM Ta yci
3HAKH «MIHYyC» y (opMyii 3aMiHIOIOTBCS Ha 3HAKU
«ILITFOCH.

MonynpHHMI BU3HAYHUK YHCEIHHO OB’ SI3y€ BJIACTH-
BOCTI BXiJHUX JaHHUX 3 MipOIO BiTHOCHOI HEBU3HAYEHOCTI
BH3HAYHHKIB MaTPHIII.

CrpaBXHe 3HAYCHHS BH3HAYHMKA det MOXHA OLli-
HUTH 32 JTIOTIOMOTOI0 (DOPMYIIH:

detyoy — nedetygy < det < detyoy + nedetyoy,  (2)

ne  detyoy — BU3HAYHUK MATPUIN, OOYMCIICHUH 32 CTaH-
JIapTHOIO (POPMYJIOIO;

detyy — MOZYNbHUI BUSHAYHUK MATpPHIII;

det — cripaByxHe 3HAUCHHS BU3HAYHMKA MATPHILi;

N — MOPSJIOK MAaTPHIII,

€ — MOXITMBA BIJJHOCHA ITOXHOKA B BU3HAYCHHI Mapa-
METpPiB MaTpHIL.

Buxopsuu 3 Toro, mo ¢opmyna Bigoma Kpamepa mo-
3BOJISIE OTPUMATHU 3HAYCHHS PO3B’SI3KIB X; CUCTEMHU JiHIil-
HUX anreOpaiyHuX piBHAHB SK IIJICHHS BU3HAYHHKIB, Ta
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BIZIOMOCTEll PO HEBH3HAYEHICTh BHM3HAYHHKIB CHUCTEMH

JMHIHHUX anreOpaidyHuX PIBHSAHB MOXEMO JaTH BEPXHIO

OLIIHKY HEBU3HAYEHOCTI OKPEMHUX CKJIAJIOBUX PO3B’SI3KY X;.
BukopucroByroun ¢popmyiy Kpamepa

D<i>

Xi = f (3)

D

ne  x; —i-Ta KomroHeHTa po3B’s3Ky CJIAP;

D — Buznaunuk CJIAP, mo nocmimKyeTbes;

D<'> _ Bu3HAYHWK, OTpHMaHHil i3 D 3aMiHOI0 i-TO
CcTOBOLII Ha cTOBOenb BiNbHUX uieHiB CJIAP, MOXIHBO
OLIIHUTHU Bapiamnii po3B’sI3Ky X; NPU BIIHOCHHUX Bapiamisx
KoeQiIieHTiB te:

D<i> i D<i>
min max' (4)

xl-<

Dmax Dmin

Jie x; — [-Ta KoMrnoHeHTa po3B’s3Ky CJIAP;

Dmin 1 Dmax — BIANOBIZHO MIHIMQJIBHO 1 MaKCH-
MaJIbHO MOXJIMBE 3Ha4eHHs Bu3HauHuKa CJIAP, orpumane
3a popmyroro (3);

D<min i max — BINMOBITHO MiHIMATBHO i
MakKCHMaJbHO MOXJIMBE 3HAYCHHS BH3HA4YHHKA D <%,
oTpumase 3a Gpopmyoro (3).

[TepeBaroro BUKOPHCTaHHSI MOJYJIbHUX BU3HAYHHKIB
€ BIJIHOCHA IIPOCTOTa BUKOPUCTAHHS (TIOPIBHSIHO JI0 METO-
Iy TOOYZOBU TaOJMII 3HAKIB) Ta MOKJIMBICTE OTPUMAHHS
BEPXHBOI T'PaHUIII HEBH3HAYCHOCTI PO3B’S3KIB.

T'onoBHUMH HENONIKAMH BUKOPUCTAHHS MOIYJIBHHX
BM3HAYHUKIB € 3HAYHA KUIBKICTP HEOOXITHUX OOYHCIIIO-
BaHb Ul MAaTPUIb BEJIUKOI PO3MIPHOCTI, Ta Te, WO MO-
JlyJIbHI BU3HAYHUKH 3a3BHYail IAIOTh 3aBHLICHI 3HAYCHHS
HEBU3HAYEHOCTI, SIKi He MOXYTh OyTH Hocsruenni [10, 11].
Jist Oinbur TOYHOT OIHKKM HEOOXiJHO KOPHUCTYBATHCS
MeTOZIOM MOOYyI0BH TaONUIl 3HAKiB Ta PO3paXxOBYBAaTH
MaKCHMaJIbHi 1 MiHIMaJIbHI 3HAUSHHS PO3B’SI3KIB X;.

Oninka noxuOKH 32 TAa0JHIEI0 3HaKiB A
BM3HAYHHUKIB. MeTo OIIHKH 3a JOIOMOTOK «TaOJIHIi
3HAKiB» TIPYHTYETbCA Ha NOOYIOBI Takoro MNpPUKIALy
MOKJIUBOTO BiIXMJICHHS, 10 IPU3BOAUTE 0 MAaKCHMAJIbHO
MOXUIMBHX 3MiH 3HadeHHS pO3B’s3KiB X;. IloOymoma
NPUKIIAAY BiIXWIEHHS, K 1 y HONEpeTHbOMY METOJli, BU-
kopucroBye dopmyny Kpamepa (3) six popmyiny npsimMoro
3HAXOJKEHHS PO3B’SI3KIB X;

Po3risiHeMO BU3HAUHHK N-TO TOPSAKY

D<i>

ayq €104 Qin T €1n045
D = : " : ,
anl i 8?’11 a'ﬂ.l aTlTl i Ennann

®)

AK QYHKLIIO 712 3MIHHMX BEJIMYMH €; j- BUIIMIIEMO TOJIOBHY
JHIHHY YaCTHHY NMPUPOCTY 1iel QyHKIIT:

— n n
A= X1y Zj:l a;jA;;Ag;,

Jie N — MOPSI0K MaTpHIL,
@;j — €JIEMEHT BU3HAYHHKA 3 KoOpauHaTaMu (L,));
Ayj
Ag;; — MoxiuBa BigHOoCHAa moOXHMOKa B BH3HA4YEHHI
enementa a;;, i =1,2,..,n, j=1,2,..,n
Koxxen enemeHT Tabmuui 3HaAKIB («+» abo «—»)
CriBIanac 3i 3HaKOM N0OyTKy a;;4;;.

(6)

— anreOpaivHe TOTIOBHEHHS €JNEMEHTA Q;j;

AHaJIOTIYHO HONEepPeIHbOMY METONy 3a (opMyJaMu
(3) i (4) ouinHroroTECS Bapialii po3B’s3Ky X;, ajie 3aBISKH
3HAXO/PKEHHIO KOHKPETHOTO MpHKIIANy Bapialii BU3HAY-
HUKIB L5l OIIHKa Oy/Jle TOYHIIIOO 33 IOIEPEHIO.

JlonaTkoBi CKIIQHOCTI BHOCUTH HASBHICTH CIUTBHHX
Koe]ilieHTiB BU3HAYHUKIB Y YHCEIFHUKY Ta 3HAMCHHHKY,
a came, n — 1 cToBmmiB y Bu3HauHEKax D Ta D<*>, 36ira-
10ThCs. 1le IpU3BOANTE A0 CYNEPEWINBUX 3MiH PO3B’SA3KiB
X;, 1[0 HE JI03BOJISIE 3HANTH MAaKCUMaJIbHO MOJKIIUBE BiJ-
XHUJICHHS PO3B’A3KiB MPH 3MiHI KOe]IilieHTIB €; j» IO 32110~
BOJILHSAIOTh HEPIBHOCTI |£ij| < &g, JI€ € — 3a/laHa MaKCHU-
MaJIbHO MOJKJIMBA BiJIHOCHAa MOXMOKAa B BHM3HAUCHHI eJie-
MEHTIB @;;.

Hoainuenuii MeToa mMo0y10BH Tad UL 3HAKIB.

Posrasnemo po3B’sS30K Xy

D<k>

xk — —
Ay k€101, -+ bytpby A EERa,
An i €n1an1 bn i unbn Ann i Ennlnn

A1 T €11ay1 0 A L€y Qpp T €Ay
Ank t Enklnk

an1 t €n1ln1 " Ann + Ennlnn

nek=1,2,..,n;
Wi, ., Ky — MOXKIIMBI BiTHOCHI TOXHOKH B BU3HAYCHHI1
€JIEMEHTIB by, ..., by,.
3ammmremo hopMyny Ans QYHKIIT X, MO 3aJCKUTH
k
BiZ[ Sij:
<k> <k> <k>
D (Sij) _ Sija,-]-A +D
D(sij) Ei]-al-in]- +D
nei=12,...,n, j=1,2,..,n, Ta 3HaliieMO 4aCTKOBY
TIOXiJIHY PO3B’SI3KY Xj 32 3MIHHOIO €;;!
<k> <k>
aijA UD - ai]'AijD

(eijai Ay + D)’

. (M

x () =

®)

xk(sij)’ =

l'osioBHa JiHINHA YacTHHA TIPUPOCTY PO3B’SI3KY Xj B
Touri g;; = 0 (¥oro moBHik mudepentian) 6e3 ypaxyBaHHs
croBnus j = k Oyzne popiBHIOBATH:

n

n
<k> P _ A p<k>
A<k>— ;A" D — a;jA;; D
IiH T D2

i=1 j=1, j#k

: AE,:]', (9)

ne Ag;; — mpupicT 3MiHHOI €;;. BBaxkarouw, six i panime, mo
JUIs BCIX i Ta j, j # K NOTPUMYETHCS HEpiBHICTh |sl-j| < g,
OTpUMaEMoO, [0 HaKOUIbIIe 30UIBIIEHHS PO3B’SI3KY B
JiHIHHOMY HaOWDKeHHI Oyzae mpH |sl~j| =&y, 1 BOHO
JIOPIBHIOE

n n
<k> —
AJ‘[iH Makc E E

i=1 j=1,j%k

<k>
|ai]-A L]D_ al-jA
DZ

<k>|

D
2 £o- (10)

Koxxen enemeHT (OKpiM BHMIanKy j = k) MOBHO{
«TalNuIl  3HAKIB»  CHIBHAma€ 31 3HAKOM  BHpPa3y

<k> <k>
al-jA ’-JD - aiinjD .

3a ymoBu j = k BusHaunuku D<*> ta D mHe MaioTh
CHUIbHUX KOe(iLlieHTIB, TOMY MakcHMi3alist (MiHiMizaris)
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PO3B’SI3KYy Xj 32 Koe(illieHTaMu [l Ta €; MOXE IPOBO-
JINTHCS HE3aJIeKHO it Bu3HauHuKiB D <¥> ta D, arne ciix
BPaxoOBYBaTH 3HaKH BU3HAYHHUKIB.

3anmniemo ¢opmyiy st QyHKUIT X, IO 3aI€KHUTh
BiJl BMIHHHUX [l Ta Ej°

ukbiA<k>ik + D<k>
€Ay +D

xi (o) = (11)

3HaliieM0 YacTKOBY TMOXIAHY pO3B’SI3KY Xj 3a
3MIHHOIO [ TIpH €, = 0, BoHa Oyze nopiBHIOBATH:

0xy (Wpe,Eire) DAy

12
2 5 (12)

[onoBHa JiHiiiHA YacTHHA MMPUPOCTY PO3B’SI3KY X B
touri g =0, W, =0 (¥oro moBHUI nudepeHmiam) 3
ypaxyBaHHs JIMIIE CTOBIISA j = k OyzIe JOpiBHIOBATH:

<k> <k>
b A"y D

n
a5t = ) (Fa

i=1

Qi A g

D2 Asik > (13)

Mk —

ne Ay, — mpupicT 3MIiHHOT Ly;

Ag;;,— npupicT 3MIHHOT €; .

BBaxarouu, sk i panime, mo 11 Beix { Ta j (j = k)
JOTPUMYETHCS HEPIBHICTH |£L-j| < &y, OTPUMAEMO, IO
HaiOLIbIIe 301IBIICHHS PO3B’SI3Ky B JIHIHHOMY HaOJH-
XKeHH Oyze npu |$l-]-| = g;, 1 BOHO JIOPIBHIOE

n
la Ay D
A ake= Z Dt——Fr—

i=1

" €p- (14)

3BijICH OTPHMAEMO, 110 KOXKEH ENIEMEHT €;; Y BUIAJIKY
j =k moBHOI Tabmumi 3HaKiB («+» abo «—») Mae Impo-
TUJIEXKHUH 3HAK BiJl 3HAKy 10OYTKY a1 Ay D<*>, Ta Koxken
eneMeHT AL, Mae 3HaK, CHiBIagaro4uil 31 3HAKOM BUpa3y
biA<> g

~— > Ta 3HAKH JOPIBHIOIOTHh HYJIIO, SIKIO BiATIOBIIHI

BHpPa3H JOPIBHIOIOTH HYITIO.

IIporpamue 3a6e3neyeHHs JOCTiIZKEHHS CTIHKOCTI
po3p’sizkiB CJIAP. /Iyt MOIJIMBOCTI MOpIBHSIHHS pe-
3ynbTaTiB OyJ0 CTBOPEHO HpOrpaMHe 3a0e3redeHHs, 10
JI03BOJISIE KOPUCTYBaueBi JoCHiKyBath cTiiikicte CJIAP,
10 TpeACTaBiIeHi B MaTpuaHOMy Burisiai (1), imrepderic
SIKOTO 300pakeHo Ha puc. 1.

o -
Maro A Lo P bactor 8 Londd Vwetor
14 12 18
[ER T '
R
LY AutA) = 47, RIRRRINAT =i
Compabe ity o | Epudon naol

Aeenbhmonsn swilovirt pons’ sanis srmtree Alailime anealpaloies isnin *

At = &, 30

Puc. 1. BikHo nporpamu

KopucryBau mMoke BBECTH MAaTpUILI0 cucTeMu A Ta
BeKTOp mpaBux yactuH b. [Ipu 1bOMy BBECHHS MOXJIMBO
K 3 KJIaBiaTypW, TaKk W IIIXOM iX 3aBaHTaXXCHHS 3a
noromororo kHorok «Load Matrix» ta «Load Vector». B
HIDKHIH 4acTHHI BiKHA Iepea0adyeHo BHBEICHHS 3BITY 3
pe3yabTaTaMy JOCIIKSHHSAM CTiHKOCTI.
3BIT 3 JOCIIKEHHSIM CTIHKOCTI MICTUTD:
® DPO3B’S3KH CHCTEMH IHIHHHX anreOpaidHuX
PIiBHSHE;

e MOXUIMBI Bapiatii po3B’s3kiB CJIAP;

e MOXJIMBI Bapiaimii 3HaueHb BU3HAYHUKIB, SKi
BUKOPHCTOBYIOTBCS y PO3PaxyHKax;

e JleTanbHy iH(OpPMAli0 IION0 YMOB, HPH SKHUX
PO3B’sI3KM 200 BU3HAYHUKH 3MiHIOIOTh 3HAK.

YnceJbHHH  eKCHEPHUMEHT 3 JAOCTiIKeHHSIM
NMOJINIIEeHoro MeToAy mo0yaoBu Tadauui 3HakiB. [lis
TOPIBHAHHSA PE3YNbTaTIB JOCTIHKEHHS CTIHKOCTI CHCTEM
TMHIHHNX anreOpaidHuX pIBHIHP METOIOM MOOYIOBU
TaONUII 3HAKIB 32 BU3HAYHHKAMHU Ta MOOYJOBH TaOJHII
3HAKIB 3a ITOXIMHMMH UJIEHHS IBOX BHU3HAYHHUKIB 3TiITHO
¢dopmymun Kpamepa Oynm mpoaHai30BaHi BHIAIKOBO
CTBOpEHI CHCTEMH JIIHIHHUX anreOpaiyHuX piBHSHB.

I'padix 3 MOpiBHAHHSIM PO3MOALTY BiHOCHHX Bij-
XHJICHb PO3B’S3KIB X;, IO 3QJICKATh Bl BIIHOCHUX BiIXHU-
JICHb NapaMeTpiB € 3a JBOMa METO/JaMH HaBeIeHHH Ha
puc. 2, Ta rpadik po3noJily YTOUHEHb OLIHOK 3a IOXiJ-
HUMH JiJICHHS ABOX BU3HAYHHUKIB 3rimHO (popmymn Kpa-
Mepa Il KOXKHOTO po3B’s3ky x; it CJIAP posmipHOcTi
n = 5 HaBeJeHUH Ha puC. 3.

01

- s Mloninwesns meTol
Tpaosmu v meTon

0.001

0.0001

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

Puc. 2. Po3mois BiJHOCHHUX BiJIXWJIEHL PO3B’A3KiB X;
p i

i8
i6
24
22
2
1.8
1.6
4 I
1.2
0.00%: 20.00% 40.007% OO0 BOLODOY 100,00 %

Puc. 3. Po3monin yTo4yHEeHb OI[IHOK

CTOCOBHO yTOYHEHb OL[IHOK KO>KHOTO OKPEMOTO PO3B’SI3KY
MOkeMo OaumtH, mo yrouHeHHS miust 50 % po3B’s3kiB He
nepeBuIyots 1.15 pasiB, yrounenHs mias 30 % po3B’sA3KiB
3HAXOAAThCs y miamasoHi Mix 1.15 Ta 1.46, yrounenns mis 15 %
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PO3B’sI3KiB 3HAXOIAThCA y AiamasoHi mik 1.46 ta 2.24, ta  14. Pynenko P. O. PospoGka nporpamnoro 3abesnedeHHs s

yTOUHeHH I8 5 % pO3B’A3KiB MepeBUIIyIOTH 2.24 pasi. JIOCIIIJIDKEHHS CTIHKOCTI YMCEIbHUX METOIB NiHiitHOT anrebpu. Tpyou
MakcnManbHe yTOUHeHHs IopiBHIoE 127.43, mo Moxe Gyt 23-20 midicHapooHo2o monodidicHo2o gopymy «Padioenexmponika
ma monoov y XXI cmonimmiy. T 9. Xapkis: XHYPE, 2019. C. 130—

KPUTHYIHHUM Y JESIKHX BHITAIKAX.

BucnoBku. B poboti OyB npoBeneHnii orysia iCHyIOUHX
METOMIB JOCIHiKEHHSI CTIHKOCTI PO3B’S3KiB CHCTEM JiHIHHX
anreGpaiuHuX PiBHAHB, IO 3a1KaTh Bil BXiTHUX gaHux, To6ro 1. Kutniv M. V. Chysel'ni metody [Numerical methods]. Lviv, Lviv
Bapiawiit mapamerpis CJIAP. Bymu peani3oBaHi METOAM OIiHKU Polytechnic National University Publ., 2008. 200 p.

e . . .. . 2. Shakhno S. M. Chysel'ni metody liniynoyi alhebry [Numerical
CTIMKOCTI cUCTeM JiHiHUX anreOpaiyHuX piBHSIHB 3a JOTIOMOTOI0 methods of linear algebra]. Lviv, VTS LNU im. I. Franko Publ., 2007.
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