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JOCJIZKEHHS IIBUKOCTI BAKOHAHHS OIEPALIIi IIIBUIEHO]
PO3PSIJTHOCTI B XO/I ITEPALIHOIO MOLIYKY PO3B’SI3KY CUCTEMHU
JITHIMTHUX PIBHSIHD

Pozensioaemvca  imepayitinuii  memoo po36’azanHs cucmem  JAIHIUHUX — ANeeOpaiyHux pieHsHD,
no6y008anull Ha 0CHOGI 0py2oeo memooy Jlanynosa. Jocniodceno 3anedxicHicmes yacy 0OYUCIeHb npu
BUKOPUCMANHI ApUBMemMUYHUX onepayili 3 Ni08UEHOI0 MOYHICIIO IO 3ACMOCO8AHOI PO3PAOHOCH
po3paxyukie. Buxopucmano aneopumm 006201 apupmemuxu, peanizosanuii y euensnoi kiacy C++ ons
00pobKU Dos2UX HUCe

IcHye BenMKa KiTBKICTP HAYKOBHX Ta TMPHKIAIHHUX 3a/1a4, IO 3BOJSATHCA JO UYUCEITHHOTO
PO3B'SI3aHHS CUCTEM JIIHIMHUX anreOpaldHuX piBHAHB. Teopis OTpUMaHHS TOYHHMX Ta HAOMMKEHUX
PO3B'SI3KIB CHCTEM JiHIMHUX anreOpaidHuX pPIBHSIHb € JIOCHTh CTapOl0 1 JOCIIHKEHOIO Taly33i0
obuncioBaIbHOI MaTreMaTUkH. ICHye oOmmpHa jdiTeparypa, HNPUCBSYEHA METOAAM IPHKIAIHOT
TiHIHOT anreOpw, a TPOrpaMHi MPOAYKTH, HIO peai3yloTh HAWOUIBII MOIMYJSApPHI alrOpUTMHU
00YMCITIOBAJIBHOI JIIHIAHOI anreOpH, CTalM HEBIA'€MHOI0 YAaCTHMHOIO IMPHKJIAIHOIO MPOrpaMHOI0
3a0e3neueH s, 30KpeMa, Cy4acCHUX MaTeMaTHUYHUX TTaKeTiB.

CyuacHuil OypxJIMBUH PO3BUTOK 1 PO3MOBCIOJUKEHHS OOYHUCIIIOBAJIBbHOI TEXHIKM Halae B
PO3TOPSAHKEHHS JIOCIITHUKA OOYHMCIIOBAIBbHI MOTYKHOCTI, IO JJO3BOJISIFOTh PO3B’A3yBaTH 3a/adi
BEJIMKUX PO3MIPHOCTEH; B TOW e 4Yac B MaTeMaTHYHOMY 3a0€3MEUeHHI CIIOCTEPIraeTbes psil
npobyieM, IO HE JO3BOJSIIOTH €(PEKTHBHO BHKOPHCTAaTH IIi MoOXJmBOCTi. Cepen TpyAHOILIB
MPAKTUYHOTO PO3B’SA3aHHS CUCTEM JHIHHUX anredpaiyHuX pIBHSAHb BEJIHUKOI PO3MIPHOCTI
Halimepiue ciif Bi3HAYUTH OOMEXeHIicTh omeparuBHOI mam'siti EOM Ta 3HauHy TpuUBamicTh
po3paxyHkiB. Po3aMipHICTh 3a7a4, a BiaTak i 00cAr JaHHUX, 10 HEOoOXiAHO 30epiratu Ta oOpoOUTH
Ipu iX poO3B’S3aHHI, 3pOCTAIOTh IIBUJIIE, HDK OOCAT ONEpaTHUBHOI MaM'ATi JIOCTYITHHUX
OOYHMCITIOBAIbHUX MAallWH, 1 MIBUALIE, HDK iX MIBUAKICHI XapakTepucTUKU. B 3HauHiil Mipi
0OMEXeHHS Ha PO3MIPHICTh CHCTEM MOKHa O OyJo 3HSTH, SKIIO0 BUKOPHCTOBYBATH /IS 30epiraHHs
€JIEMEHTIB MaTpHUILl 30BHILIHI 3amaM'sTOBYIOYl MpucTpoi. OgHaK MBUAKICT OOMIHY ITaHUMHU 3
HUMH HEBHCOKA, TOMY B IIbOMY BHIIQJIKy CYTTEBO 3POCTAIOTh SIK BUTPATH MAIIMHHOTO Yacy, TakK i
CKJIQ/IHICTh BiJMOBIHUX aJITOPUTMIB.

ANTOpUTMH, peali3oBaHi B 3rajJlaHOMy BHWIIE IMPOrpaMHOMY 3a0e3leueHHi, SK IpPaBUIIo,
BITHOCATHCA JI0 KJIacy alTOPUTMIB MPSIMOTO pPO3B’S3aHHA 3a/ayi, 1 OpPIEHTOBaHI Ha PO3B'SI3aHHS
CHCTEM JIIHIHHUX anreOpaidyHuX PIBHSIHb HEBEIMKUX UM CEPEIHIX PO3MIpiB (10 KiJIbKOX COTCHb YU
TUCSY PIBHSIHB), B TOHM Yac sIK CydacHI MPUKIIAJIHI 3a7a4l B pe3yJIbTaTi alpOKCUMAIIil HEMTEPEPBHOTO
(GYHKIIMHOTO PIBHSHHS KIHIEBO-PI3HUILIEBOIO 3a/1a4€l0 HEPIAKO MOPODKYIOTh CUCTEMH, Y SIKHX
KUTBKICTh PIBHAHb MOXE CKJIQJaTH COTHI THUCSY YHM HaBiTh MUIBOHH, 1 MOTPeOM TPaKTUKH B
PO3B's13aHHI 3a/1a4 BCe OO PO3MIPHOCTI 3pOCTAIOTh.

Bxkazani mpoTtupiu4si MOTUBYIOTH JTOCIAHUKIB TPOIIOHYBATH HOBI METOJIA PO3B’SI3aHHS TaKUX
3agad. Tak, Ans psily 4acTKOBHX BMIIAQJKIB CHUCTEM 3 PO3PLIKEHOI0 MAaTpULEI0 OyJI0 CTBOPEHO
€KOHOMHI TMpsiMi MeTosI po3B’s3aHHs [1, 2]. Byno Takoxx po3poOiaeHO psi ITepaTUBHUX METO/IIB;
30KpeMa, CYTTEBUM KPOKOM BIIEpe]l CTald MeToj mignpocropiB KpuioBa Ta iHmi mnofiOHi
I'PaJlIiEHTHO-OPIEHTOBAaHI METOAM, IO BHKOPHUCTOBYIOTH CHpspKeHI migmpoctopu [3, 4]. OmHak
3aJMIIAETBCA 1 pSAA HEBUpINIEHUX MpobieM. 30Kpema, OIBIIICTh 3alpolOHOBAaHMX METOJIIB
pPO3B’sI3aHHS TaKMX CHCTEM pPO3POOJICHO B MPHUMYIICHHI, IO MAaTPUISl CHCTEMH Ma€ CTPIYKOBY
CTPYKTYpY, IPUUOMY IIHMPHUHA CTPIYKH 3HAYHO MEHINA MOPSAKY Marpuui. OfHaK 1e IpUIyIIeHHS
BHKOHYETBCSI HE Il BCiX 3amad. Kpim TOro, 3amporoHOBaHI METOIW O3BOJISIOTH 301IBIITUTH
MOPSAIOK PO3B’SA3yBaHOT CHCTEMH JIMIIE 32 YMOBHU BIAMOBIZHOTO (32 TOPSIKOM BEIIUYMH)



HapOIIyBaHHs 00CITY pecypciB, 10 MatOTh OyTH BUKOPUCTaHI OOYMCIIIOBATILHOIO CUCTEMOO s 11
PO3B’sI3aHHA.

ITepamiiiHi METOAM 3aCTOCOBYIOTH T'OJIOBHUM YHHOM JUIS PO3B’S3aHHSA 3a1a4 BEJHMKOi
PO3MIpHOCTI, KOJIM BUKOPUCTAHHS MPSMHUX METOAIB HEMOXKJIMBE Yepe3 Ha3BaH! BUILE OOMEKEHH:.
He Bmaerpcst 1m0 TakuWx 3aaad 3acTOCYBaTH 1 METOIM 3 BHUKIIOYEHHSM, OCKUIBKH TIPH IX
BUKOPUCTAHHI BEJHMKE YHUCIO HYJIBOBHUX €JIEMEHTIB NEPETBOPIOETHCS HA HEHYJIbOBI 1 MaTpHLs
BTpayae BJIACTHBICTH PO3PiHKEHOCTI. Ba)XIMBOIO miepeBaroo irtepamniiHuX METOIIB € Te, IO B X0
iTepaliifHoro mporecy MaTpull HE MIHSAETbCA, 1 BOHA, MPUPOIHO, 3aJMIIAETHCS PO3PIAKEHOIO.
Benmka eQeKTHBHICTD iTepalliifHUX METO/IB B MOPIBHAHHI 3 MPSIMUMHU METOAAMH TiCHO TIOB’s13aHa 3
MOJKJIMBICTIO ICTOTHOTO BUKOPHUCTaHHS PO3PIIKEHOCTI MaTpHilb. Mo)KHa 3pOOUTH BHCHOBOK, LIO
aKTyaJbHHUM € TIOIIYK HOBHX ITEPallifHNX METOJIB PO3B’SI3aHHS HAa3BAHMX 3aJad, OPIEHTOBAHHUX HA
poOOTy 3 CUCTEMaMu piBHSAHb BETUKOI po3MipHOCTi. [lepcreKTHBHUM HampsSMKOM TaKOI'o MOIIYKY
BUTJISIZIA€ 3acTOCyBaHHS Meroay ¢yHkmiid JlsmynoBa. Teopis mepmmoro Ta Apyroro MeETOIIB
JIsmyHOBa MpPO/IOBXKY€E aKTHBHO PO3BUBATHUCS, 30KpeMa B 3aCTOCYBAaHHSX 10 PO3B’S3aHHS 3a/1ady, B
SIKMX OMUCYETHCS UM BU3HAYAETHCS MOBEIIHKA CUCTEM 3 PO3MOIIICHUMH MTapaMeTpaMHu.

B cucremax 3 BeNIHMKOIO KUIBKICTIO €IEMEHTIB 3B’S3KM MDK €lleMEHTaMH HaiJacTime €
JOKaJbHHUMH, 1, BIATIOBITHO, MAaTPHIll CUCTEM JIIHIHHUX anreOpaidHuX piBHSIHb, IO OMHCYIOTHh TaKi
CUCTEMH, HalfyacTillle € po3piKeHUMH. TOMY € MOXKIIMBICTD 32 PaXyHOK pallioHAJIbHOT OpraHi3arii
O0YHCITIOBAJIEHOTO TIPOLIECY TOOUTHCS 3HAYHOTO 3MEHIICHHS MOTpPe0 y OnepaTWBHIN mam’sTi s
30epiraHHsa JaHHUX, OCKUIbKM HEMae MOoTpeOu 30epiraT B MaM’sTi HYJIbOBI €NEMEHTH (SKHX Y
PO3pIDKEHIN MaTpHIll TepeBakHA OiIBIICTh), & TAKOX 3MCHIICHHS TPUBAIOCTI OOYHCICHb —
3aBJIKM TOMY, L0 HEMae MOTpeOM BUKOHYBAaTH HaJ HYJIbOBUMH €JI€MEHTaMH apu(pMeTHdHi Aii,
Pe3yNIbTAT SKUX 3a3JaJICTiab BiIOMUH.

OuinuMoO BUTpall, OTPUMAHUI BiJl BIAKUAAHHA HYJTBOBUX €IIEMEHTIB MAJS /m-JiarOHAIbHOT
MaTpuli po3mipHocTi N (Tak, HampWKIAA, IS KJIACHYHOI DPI3HHMIIEBOI CXeMH, M0 HaOJIIKye
nudepeHiiiine piBHIHHS APYTOro MopsaAKy oo GyHKIii oaHie€l koopauHatu, m=3, a N BiNoBigae
KUTBKOCTI BY3JiB CITKH.) Y TOJIOBHIM diaroHajii Matpuii (1[0 MICTUTh HEHYJIbOBI EIEMEHTH)
MICTHTBCS N €JIEMEHTIB, a iHmIi (m—1) aiaroHasnei 3 HeHyJIbOBUMH €JIEMEHTAMU MICTSITh Ha OJTUH YU
JeKinbKka eneMeHTiB MeHmre. OMIHUMO KUTbKICTh €JIEMEHTIB B IMX JIarOHasIX 3BEPXYy TaKOX
BeTMYUHOIO N . TakuM YMHOM, BCHOTO y MATPHIIl € MEHIIE HIXK m XN €JIeMEHTIB, 110 HE € 3aBiI0MO
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3ajad, /1 3B’S13KM MK €JeMEHTaMHM JIOKalbHI, € HEBEJIMKUM 4HciIoM. Po3aMipHicThk 3aaaui N Moxe
CsITaTH COTEHb THCAY 1 MUJIBOHIB, OT)KE, BHJIHO, III0 palioHali3alis 004YNCIeHb TPUHOCUTD 3HAYHY
ekoHoMito. [lo mporo cmia gomaTH, Mo, SKIIO B 3ajadi 3a/JaHO KpaioBl 3HAYEHHS, TO 1 B
«HEHYJLOBHX» JIIarOHAJISAX YaCTHHA €JIEMEHTIB MOXYTh BUSBHUTHCH HYJIHOBUMH, OCKIIBKHA KPaioBi
3HAa4YEeHHS BPAXOBYIOThCS y MOCTIHHOMY BEKTOP1 PaBUX YaCTHH.

[Ipu cipoGax BUKOPUCTAHHS HEMPSIMOKYTHUX CITOK Ta CITOK, T€OMETpis SKUX HE BiJIIOBiJIA€
¢dbopmi 06’ €kTiB, OyJI0 BiI3HAYEHO TaKi mpoduemu [5]:

1. ¥V Bumaaxky HEBIAMOBIIHOCTI MiX CITKOIO Ta TPAHHICI0 KPOKHU-«CXOIWHKW» Ha MOl
I'paHULll TPUBOJATH 10 3pOCTaHHS MOMWIOK B PIIIEHHSIX, OCOOJUBO KOJH CITKa Ma€ BEJITUKUI KPOK.
Jlnisi KpUBOJIHIMHAX TPaHWIp YHUKHYTH TaKOi HEBIIMOBIIHOCTI MPAaKTUYHO HEMOXKIMBO Yepes
(yHIaMeHTalbHE MPOTUPIYYS MDK HENEpPEepBHICTIO KPUBUX, IO YTBOPIOIOTH TIPAaHHUIIO, Ta
JTUCKPETHICTIO CITKHU.

2. CxylafiHiCcTh peaizalii alropuTMiB po3paxyHKy. KilbKicTh By3iiB (TOYOK) CITKU y OJHOMY
pAOKY HE TOCTiiHA, 1 Ile BUMarae abo 3acTOCyBaHHS HeEMpsMOi ajapecarii, abo BBEICHHA
JIOTATKOBOTO MAacCHBY, SIKHMH OOMEXye jiama3oH IHJIEKCIB B KOXHOMY psanaky. Ilpu 1mpomy kop
MporpaMu, IMOBIPHO, TOBEAETHCS 3MIHIOBATH JIJIsl KOSKHOT HOBOI 3aj1a4i.

3. YpaxyBaHHA I'paHUYHUX YMOB BUMarae ocoOJIMBOi yBar.



HacTynmHuM KpoKOM 710 3MEHIIIEHHS anlapaTHUX BUMOT € 3aCTOCYBAHHS iT€paliiHUX METO/IB
pO3B’s3aHHSA 3aMICThb MNpsAMHX. Po3rissHEMO 3adayy MOLIYKY pO3B’SI3Ky CHUCTEMM JHIMHUX
anreOpaiyHUX PiBHSHB, 3aIMCAHOI Y BEKTOPHO-MATPUIHIN HOpMi K

AX=B (1)

ne A — 3ajaHa MmocTiiHa MaTpuIs, B — 3aJaHuil TOCTIHUI BEKTOp MPaBHX YaCTUH PIiBHAHB, X —
BEKTOP PO3B’S3KiB, SIKUH HEOOXITHO 3HAUTH.
106 3acTocyBartu npyruii Mmetoa JIsmyHoBa, BA3HAYUMO CKAISAPHY JONIOMIXHY (YHKIIIO

VX) = (AX-B)' Q(AX-B) , )

ne () — cuMeTpuyHa BaroBa marpuis. PosrimsHemMo BekTop X sk BekTop-pyHKIiI0 yacy X(7), i
OpraHi3y€eMo iTepaiiifHuil mporec Tak, o0 3HaAYSHHS CXOAMINCS 10 TOYHOTO PO3B’SI3KY CHCTEMH
(1). Hexaii 3axoH 3aracanusi 1omoMikHO1 QyHKIII1 (2) B 9aci 3a7jaHO piBHSIHHIM

VeV =0 (3)

JIe ¢ — Jesika IOCTiHHA BeNWYMHA, 3HAYCHHS SKOi MOXKEMO OOpaTH JOBUIBHO, TaKHMM YHHOM
BU3HAYAIOYM IIBUKICTh CIIaJJaHHs HOPMH HEeB’s13ku. Hexall Takox 3a/1aHO 3aKOH pyxy X :
- oV
X=-k— , 4)
oX
ne k — nesika mocTiiiHa (He JOB1IbHA) BEJIMUMHA.
BukopucroBytoun BuzHaueHHs (2), (3) Ta BU3Ha4yarouu KoedillieHT &k 3a yMOBaMH 3ajadi,

. . . . . V
OTPUMA€EMO Ha OCHOBI (4) HeoOXiaHe AudepeHLiiiHe PIBHAHHA, Y SKOMY IMOXiJHA x 3aJjaHa B

cuiy cuctemu (1), a mpaBa yacTUHA HE MICTUTh HEBIJJOMUX BEJIMYHH.

[Ipu po3B’si3aHHI MPUKIAIHOL 33724l 32 TAKUM METOJIOM € MPAKTHYHO BAXKIUBOIO MpodiiemMa
3HAXO/KEHHS KOMIIPOMICY MK PO3MIPHICTIO CHUCTEMH, ialma30HOM MPEJCTaBICHHS BEIWYHUH 1
TOYHICTIO OOumcleHb. Brammiil abo HeBpamuii BHOIp TaKOro KOMIIPOMICY BiIOWBa€eThCS Ha
JOCTOBIPHOCTI OTPUMaHMX pilieHb. HepocTaTHs TOYHICTh 00UKCIIEHb NPU3BOAUTE 10 HAKOTIMYEHHS
MOMWJIOK TPH BHKOHAHHI OOYMCIIOBaNBHHUX orepanid. Ha nmaHwii yac 3araapbHONPUAHATAM
CTaHJApTOM JJIs TIPEJICTaBJIEHHS Yucea y (popMarti 3 IJIaBalovyol0 KParkow 1 BUKOHAHHS onepaiii
Haja HuMmu € cranaapt IEEE 754 [6]. OnHak B miTepaTypi HEOJAHOPA30BO IMiTHIMANIOCS MUTAHHS TIPO
TE, 110 BUKOPUCTaHHA CYYaCHUX MiAXOJIB 1O MPEACTaBIECHHS IIHCHUX 4YHCed HPUBOAUTH [0
HEpaliOHATBHUX BUTPAT OOUYMCIIOBAIBHUX PECYpPCiB; HEAOCTATHBOI JTOCTOBIPHOCTI PE3yJIbTATIB
CKIaJHUX MAaTeMaTUYHUX pO3PaXyHKiB, OCOOJIMBO 3 HAKOMMYCHHSIM IOMMJIKH; MOTaHOl
BIJIMOBIAHOCTI MOJIENI MPEACTABICHHS NIMCHUX YUCEN PealbHUM NOoTpebaM pi3HUX raixysel 3HaHb.

3po3yMii0, 110 HE BAACTHCA JOCAITU aJE€KBAaTHOCTI MAaTEMATUYHOI MOJIENi B TOMY BHUIAJIKY,
SIKILIO HE BAAETHCSI KOHTPOJIBIOBATH MOTPIIIHOCTI O0UHCIICHD. Y 3B'SI3KY 3 LIUM € aKTyaJIbHUM IMOLITYK
NUISIXIB [T BU3HaueHHs eQeKTHBHUX (opMaTiB MaANIMHHOTO TMPEACTaBICHHS 3HA4YEHB, IO
BUHUKAIOTh NP PO3B’A3KY 3a]adi, Ta €PEeKTUBHUX CIIOCOOIB BUKOHAHHS OIepalliil HaJ HUMH.

Y BHUKOHaHOMY JTOCJIIJPKEHHI 0YyJIO TPOBEICHO BUMIPIOBAHHS Yacy BUKOHAHHS apu(PMETHIHIX
orepauiid B mporieci po3B’si3aHHs cucTeMu (1) 3 BUKOPUCTaHHSM alTrOPUTMY JOBToi apu(pMETUKH,
o OyB peanizoBaHuil y BUTIAAL kiacy C++ miust 00poOku moBrux uucen. [lpukimaam pe3ynbTaTiB
BUMIpIOBaHHA 1ojiaHo Ha puc. 1. Ha ocsx aGcumce rpagikiB BiikIaaeHO JorapudM JOBKHHN YHCEN,
o oOpobmsmucs. Sk mokHa mo0OaunTH, B 000X BHITAIKaX NPHU HAPOIULyBaHHI PO3PSTHOCTI
3aJISKHICTh Yacy OOYMCICHb BiJ PO3PSIHOCTI HAaOIMXKAEThCS IO JHINHOI, B TOH Yac SK Ha
MMOYaTKOBOMY €Talll BUMIPIOBaHb (TIPU HEBEJIMKHUX PO3PSAAHOCTSIX) HAa TPUBAIICTh PO3PAXyHKIB
CTPAaBJISIIOTh NEPEeBAXHUN BIUIMB MOOIYHI, ICEBJOBUIAAKOBI (DAaKTOPH, OCKUJIBKM [JOJS BIAcHE
apudMETUYHUX OTepalliii mpu IbOMY HEBHCOKa.
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Puc. 1. Pe3ynpTatn 4rcenbHOTO EKCIIEPUMEHTY: @ — 3 BAKOPUCTAHHAM 010T10TeYHUX QYHKIIIN;
0 — 3 BUKOpHCTaHHsIM MeTOMiB kKiacy Longa.

BucHoBxku

Ha ocHoBi apyroro merony JlsmyHoBa Oyi0 3alpOIIOHOBAHO METOJ| OTPHMAHHS PO3B’SI3KY
CUCTeMH JiHIMHUX anreOpaiyHux piBHSIHb (1) sSK TpaHUI, A0 SKOI CXOAMTHCA MOCTIIOBHICTH
HaOMIKEHUX PO3B’SI3KiB AM(epeHLiiHOro PIBHAHHS IIOA0 BEKTOp-PyHKIIT X, sKe HE MICTHTh
IHIINX HEBIJOMUX BeJIHUuH. Lle piBHSHHSA MOKJIMBO PO3B’S3aTH LIUIAXOM YHCEIBHOTO IHTErpyBaHHs
Ha EOM 3a ogHMM 3 BiJOMHX METO[IiB, OOpaBIIM JesIKE IMOYaTKOBE HaOIMKeHHs Bekropa X. [lpu
LBOMY IIBHUJKICTH PYyXy [0 pO3B’A3KYy Ta TOYHICTb OTPUMAHUX pE3YyJbTaTiB BHU3HAYAETHCS
pO3psAAHICTIO 0o0uuciieHb. BWKOHaHO BHMIpIOBaHHA dYacy oOIepaiiid Haja 0aratopo3psIHUMH
YHCIaMH, SIKI € YACTUHOIO 1TepallifHOr0 IPOLECy PO3B’ 3Ky CUCTEMHU PIBHSHb.

BaxmBUM HampsIMKOM TOJAIBIIMX JOCTI/DKEHh € TOIIyK e(QEeKTHBHUX Ui JaHOTO
OOYHCITIOBAILHOTO ~ allTOPUTMY CHOCOOIB MamMHHOI 0OpOOKM JIHCHMX 4HCel, a TaKOX
BCTAHOBJICHHS 3aJIE)KHOCTI MK PO3PSAIHICTIO OOpOOKH MPOMIKHHX JaHHX (1 BiINOBITHO BUTPATOIO
4acy) 1 MBHUIAKICTIO CXOJAMMOCTI MPOIIECY MOIIYKY PO3B’s3KY, 1 3’SCyBaHHS yMOB, Ha OCHOBI SKHX
MO>KHA 00paTH 3aI0BITLHUI KOMITPOMIC Mi’K TOYHICTIO Ta MIBUIKICTIO.
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