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1. OoII.J;ruI xapaKTepHCTHKa paoOTbl 

a eAb10 HaCTOHID:eII auccepmaV,UO'H,'H,OU pa6ombt JIBAJiemcJI: 

- pa3pa60TKa 3cpcpeKTIIBHoro 'IIICJieHHoro 11,enapaMempu'll.ec'l'.020 Me

To,n:a pememrn IIJIOXO o6ycJIOBJieHHhlX CIICTeM JIIIHe:0:HhlX arrre6paII'!eCKIIX 

ypaBHeHIIH Bn,n:a 

AZ=F, (1) 

r,n:e A = ( a;j) - KBa,n:paTHa.sr rrop.sr,n:Ka m IIJIII rrp.srMoyroJibHaH pa3MepHOCTII 

m x n BemecTBeHHa.sr MaTpIIn;a o6mero BII,n:a, i = 1, ... , m,j = 1, ... , n, Z = 
(z1, ... , znf - IICKOMbIH II F = (Ji, ... , fmf - 3a,n:aHHhlH n II m-MepHhle 

BeKTOpbI COOTBeTCTBeHHOj 

- pa3pa60TKa 3cpcpeKTIIBHhlX ymrnepcaJibHbIX arrropIITMOB II rrpo

rpaMM aBTOMaTII'leCKoro on:pe,n:eJieHIIH KOHCTaHT BemecTBeHHOH apIIq>Me

TIIKII 3BM; 

- co3,n:aHIIe Ha OCHOBe pa3pa6oTaHHbIX arrropIITMOB 3cpcpeKTIIBHoro rra

KeTa JINRLINPACK cTaH,n:apTHhIX rrporpaMM Ha <l>opTpaHe ,n:rr.sr 3BM mo-

6oro TIIIIa ,n:rr.sr pemeHIIH CIICTeM JIIIHeHHbIX arrre6paII'!eCKIIX ypaBHeHIIH. 

A 'l'.mya.11,b11,ocmb pa6ombt. IlocTaBJieHHa.sr 3a,n:ai:ia pemaeTc.sr ,n:ocTaTO'IHO 

rrpocTo, ecJIII MaTpIIn;a cIIcTeMhl xopomo o6ycrronrreHa II, crre,n:oBaTeJibHo, 

peIIIeHIIe CIICTeMbI ycTOH'IIIBO OTHOCIITeJibHO rrorpeIIIHOCTeu. B HaCTo.srm;ee 

BpeM.sr rrpo6JieMe pemeHIIH CIICTeM JIIIHeHHhlX arrre6paII'!eCKIIX ypaBHeHIIH 

II IICCJie,n:oBaHIIIO CBOHCTB MaTpIID; CIICTeMhl, a TaK2Ke pa3pa60TKe II OIIII

CaHIIIO rraKeTOB rrporpaMM y,n:eJieHO 6om,moe MeCTO B cpyH,n:aMeHTaJibHhlX 

MOHorpacpIIHX, o63opax, crrpaBO'IHIIKaX II MHOrO'IIICJieHHhlX opnrIIHaJibHhlX 

rry6JIIIKan;n.srx. qTO )Ke KacaeTCH arrropIITMOB aBTOMaTII'leCKoro norryi:ieHIIH 

KoHcTaHT BemecTBeHHOH apncpMeTIIKII 3BM, To 3Tou npo6rreMe y,n:erreHo 

MeHbIIIee BHIIMaHIIe B JIIITepaType. 

C yi:ieTOM CKa3aHHOro IIHTepec K IIOCTaBJieHHbIM B ,n:nccepTaD;IIOHHOH pa-

6oTe 3a,n:ai:iaM no-rrpe?IrneMy BeJIIIK, 'ITO o6ycrroBJieHo TaK2Ke crre,n:yIOID;IIMII 

o6CTOHTeJihCTBaMII: 

- 60-nepBbtX, npo6JieMa pemeHIIH CIICTeM JIIIHeHHhlX arrre6pani:iecKIIX 

ypaBHeHIIH (1) 3aHIIMaeT 0JJ:H0 II3 n;eHTpaJibHhlX MeCT B Bhl'IIICJIIITeJibHOH 

arrre6pe. IlpII 'IIICJieHHOM peIIIeHIIII 3TOH 3a,n:ai:in T0'IHhlMII no cyTII MeT0-

,n:aMII IIMeeTCH HeCKOJibKO IICTO'IHIIK0B II0HBJieHIIH norpeIIIH0CTII peIIIeHIIH. 

O,n:nH II3 HIIX o6ycJIOBJieH OKpyrrreHneM BemecTBeHHhlX 'IIICeJI B rrpon;ecce 

Bhl'IIIcrreHIIH Ha 3BM. BTopou - HeT0'IH0CTbIO 3a,n:aHn.sr caMnx ncxo,n:Hhlx 

,n:aHHhlX 3a,n:ai:in (1). Tpe'D;!_!=,·:?~6~~~~BeHHO MeTo,n:a, rrpnMeH.sr-
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eMoro ,IIJU£ pernemrn 3a,lla'l (1). Ilpu 3T0M K 'IIIcJieHHoMy MeTo.n:y rrpe,ll'.h-

5IBJI5IIOTC5I )KeCTKIIe Tpe6oBaHII5I K ycTOH'llIBOCTlI rrorry-qaeMoro IIM perne

HlI5I 0TH0CIITeJII,H0 yKa3aHHhIX rrorpeIIIHOCTeH. 

qlICJieHHOe perneHne CIICTeM ( 1) c IIJI0X0 o6ycJIOBJieHHhIMlI MaTpm1aMII 

CB0,lllITC5I, KaK lI3BeCTH0, K rrpo6JieMe ycTOH'llIBOro perneHIIH pe.n:ynupoBaH

HhlX CIICTeM BII,lla 

C3X = Y, 
C2X = Y, 

(2) 
(3) 

r.n:e C3 II C2 cooTBeTCTBeHH0 Tpex,n:naroHaJihHaH n ,llByx,n:uaroHaJihHa.a: Ma

TpIIIIhl 

ql r2 0 ql r2 0 

C3 = I P2 q2 C2 = 
q2 I, (4) 

' rm rm 
0 Pm qm 0 qm 

a X = (xi, x2, ... , Xm)T II X = (:i:1, :i:2, ... , Xm)T - lICK0Mhie, Y = 
(Y1,Y2,···,Ymf lI y = ('j)i,fh, ... ,i)mf - m-MepHbie BeKT0pbI, {qi}~1 -
,llIIaroHaJibHhle II {Pi, ri}~2 - rro.n:(Ha.n:).n:uaroHaJibHbie 3JieMeHThl MaTpHII 

C3 lI C2. 
- Bo-BmopuxJ Tpex.n:naroHaJII,Hhle MaTpHIIhl urpaIOT lI CaM0CT0HTeJib

HYIO ( BhI,lleJieHHYIO) p0JII, rrpu perneHHlI MHornx 3a,lla'l BhI'IIICJIIITeJibHOH 

MaTeMaTHKH II MaTeMaTH'leCKOH q>H3HKH. B caM0M .n:erre, 'llICJieHH0e perne

HIIe KpaeBhlX 3a,lla'l MaTeMaTH'leCKOH q>lI3lIKlI CB0,IIHTC5I B o6IIIeM crry-qae K 

perneHHIO arrre6pan-qecKHX 3a,lla'l C Tpex,n:naroHaJibHhIMII, JieHT0'IHhIMII II 

6JIO'IHO-Tpex,n:naroHaJibHhIMH MaTpnnaMII. MeTo,llaM perneHH5I CHCTeM JIII

HeHHhIX arrre6paII'leCKIIX ypaBHeHIIH c Tpex,n:uaroHaJibHhIMII MaTpIIIIaMII 

II0CB5III!eHa o6rnnpHM JIHTepaTypa. 3nr MeT0,llI,I B 3Ha'IIITeJII,HOH CTerreHH 

CB5I3aHI,I C II0CTpoemreM 3K0H0MH'IHhIX arrropIITM0B ,IIJI5I xapaKTepHhlX TH

II0B CIICTeM, B03HHKaIOIIIHX rrpH perneHIIH 3a,lla'l MaTeMaTH'leCKOH q>H3HKII. 

OcHOBHa5I 3a,lla'la rrpu IIX pa3pa6oTKe 3aKJIIO'laeTC5I HJIH B MHHHMH3aIIHH 

'IHCJia apucpMeTH'leCKlIX ,lleHCTBHH C y'leT0M crrenIIq>lIKII ypaBHeHIIH, IIJIH 

B o6ecrre'leHIIH Ha,lle)KH0CTII, T .e. ycTOH'IHBOCTII K HaK0IIJieHIIIO rrorpeIIIH0-

CTeH 0KpyrrreHHH npII peaJIII3aIIIIII Ha 3BM. 

- B-mpembUX, rrpaKTII'leCK0e IICII0Jih30BaHIIe cyIIIeCTBYIOIIIIIX naKeT0B 

nporpaMM II cpaBHIITeJibHhIII aHaJIII3 pe3JJibTaT0B pac'leT0B Ha IIX 0CH0Be 

noKa3hlBaIOT [1], 'ITO B crry-qae nrroxon o6ycrroBJieHHocTII ( oco6eHHO na-

2 

Tarrorn'lecKn rrrroxmr o6ycrroBJieHHocTH cond(A) > l/c1, r.n:e E1 - oTHo

cnTeJihHa.a: rrorpeIIIH0CTI, Bhl'IIICJieHJIII C BeIIIeCTBeHHhIMII 'IHCJiaMII ,llaHHOII 

3BM) rrocTaBJieHHaH 3a,lla'la pa3pa6oTKII 3cpcpeKTIIBHoro rraKeTa rrporpaMM 

eIIIe He perneHa oKoH'laTeJihH0. He perneHa, rro-rrpe)KHeMy, TaK)Ke rrpo6rreMa 

pa3pa60TKII ymrnepcaJibHoro (:irnBapnaHTHoro 0TH0CIITeJibH0 pa3JIII'IHhIX 

TIIII0B 3BM) rraKeTa rrporpaMM. 

H ay~uaJI uoBu:ma. 

1. Pa3pa6oTaH 3cpcpeKTIIBHhIII MeT0,ll KpIITII'leCKIIX K0MII0HeHT perneHIIH 

rrrroxo o6ycrroBJieHHhIX (oco6eHHo rrpn cond(A) > l/c1) cncTeM mrnefr

HhIX arrre6pan'lecrrnx ypaBHemri"r. 

2. Pa3pa6oTaH Ha 0CH0Be MeT0,lla KpHTIPieCKIIX K0MII0HeHT arrropIITM 

pernemrn IIJI0X0 o6y~JIOBJieHHhIX CIICTeM JIIIHeIIHhIX arrre6pan'leCKIIX 

ypaBHemn1. 

3. Pa3pa6oTaH arrropIITM aBToMaTir'lecKoro orrpe.n:erremrn K0HCTaHT Ma

IIIIIHHOII apHcpMennrn 3BM, 06ecrre'l1maIOIIIIII°I yuuBepcaAbuocmb 

rrporpaMM Ha pa3JIIPIHhIX Timax 3BM. 

Ilpai,;mu~eC'IWJI 31la~UM,0Cmb HaCTOHIIIeII ,llIIccepTaIIIIOHHOJ°I pa6oTbI 

orrpe.n:errHeTCH C03,llaHHhIM [2] Ha OCH0Be HOBhIX pa3pa6oTaHHhlX a.rrropnT

M0B MaIIIHHHo-He3amrcnMhIM rraKeToM JINRLINPACK, BKJI101rnIOIIIIIM B ce6.a: 

nporpaMMHhie Mo.n:yrnr INIT _CONST, CHEXP, GTEXP, LinsysccmSol ver, 

Lin2dsysccmSolver, Lin3dsysccmSolver,PseudsysccmSolverHa cI>op

TpaHe 77. MHoro'IIICJieHHbie 3KCIIepnMeTI,I IIOKa3aJIII, 1 ITO HOBhIC rrpo

rpaMMhl o6Jia,llaIOT B cpe.n:HeM JIY,IIIIIIMII 0CHOBHbIMII IIOirn3aTeJIHl\III, 1 IeM 

IIO,ll06Hbie rrporpaMMhI II3 HaII6orree II3BeCTHbIX IIaKeTOB: 

CERNLIB - 6n6rnroTeKa rrporpaMM CERN; 

NAG - .rraKeT MaTeMaTIPiecKIIX rrporpaMM (Numerical Algorithms Group, 

Oxford); 

LIBJINR .- 6II6mroTeKa nporpaMM OlUIH; 

LINA - naKeT rrporpaMM. 

HoBbIII MaIIIHHHo-He3ami:cnMhIII rraKeT nporpaMM JINRLINPACK TCCTII

pOBaH II rrocTaBJieH [3] B 6u6mrnTeKy LIBJINR 6a30BhIX 3BM JIHT 
OH5IH. EMy rrpnCBoeH HH,lleKc F499 no Krraccncpmmnmr CERN. cI>op

TpaHHhIII TeKcT Bcex rrporpaMM rraKeTa JINRLINPACK Haxo.IIIITCH D 

cpai"me f499. f Ha cepBepe Convex II .IIOCTyrreH 11epe3 'vVWW no a.IIpecy 

http://www.jinr.ru/~tsap/Koi/jinrlib. 
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B1,rc0Krur ::icpcpeKTIIBHOCTb rrporpaMM naKeTa JINRLINPACK. no.ri:TBep-
2K.ll:eHa [11] npII 'llICJieHHOM pememrn nnoxo o6ycnoBJieHHbIX CIICTeM JIII
HeHHbIX anre6paI:PleCKlIX ypaBHeHIIH B 3a.ri:a'le pacce.srnmc C BapIIaIIIIOHHbIM 

cpyHKIIIIOHanoM IIImrnrepa. 
Anpo6a14u.JI pa6ombz. OcHOBHhle pe3yn1,TaTbI .ri:IIccepTaIIIIII .ri:oKna.ri:OBa

JIIICb Ha HaJ'IHbIX ceMIIHapax: no MeTO.ll:aM BbI'llICJIIITeJibHOII II npIIKJia.ll:HOII 

MaTeMaTIIKII JIBTA (JIMT), no npIIMeHemno BbI'IIICJIIITeJibHOII TeXHIIKII B 
Hay'IHbIX nccne.ri:OBaHirnx JIBTA (JIMT) 0!151!1, a TaK2Ke Ha Me2K.ri:yHapo.ri:
HbIX KOHq>epeHIIIrnx: "t.JIIcneHHOe Mo.ri:ennpoBaHIIe II BbI'llICJieHII.SC B q>II3IIKe" 

(CMCP-96, Ily6Ha, 16-21 ceHT.sc6p.sc 1996 r.), "AKTyamHhle npo6neMbI Bhl
'IIICJIIITeJibHOH q>II3IIKII" (MTCP-98, Ily6Ha, 15-20 IIIOH.SC 1998 r.), "AKTY
anbHbie npo6neMbI Bhl'IIICJIIITeJibHon: q>II3IIKII" (MTCP-2000, Ily6Ha, 24-30 
IIIOn.sc 2000 r.), III Hay'IHa.sc KoHcpepeHIIII.SC Mono.ri:1,rx y'leHhlX II cneuIIanII
CTOB (Ily6Ha, 15-19 cpeBparr.sc 1999 r.), Ha ceMrrnape I1HCTIITyTa BbI'IIICJIII
TeJibHOH MaTeMaTIIKII PAH (MocKBa, 17 anpen.sc 2001 r.). 

Ily611,m:,;a14uu. IIo TeMe .ri:IIccepTaIIIIII ony6nIIKOBaHo 10 pa6oT [1-10]. !13 
HIIX B mrccepTaIIIIIO BOillJIII JIIIillb HeKOTOphle II3 pe3JJibTaTOB pa6oT [1-10]. 

Cmpyx:mypa u nocmpoe11,ue auccepma14uu. lIIIccepTaIIII.SC cocToIIT II3 3 

rnaB, 33 pIICJHKOB II 30 Ta6m1u. 
B .ll:IICcepTaIIIIII npIIH.SCTa cne.ri:y10ma.sc TpeX3Ha'IHa.sc HyMepaIIII.SC (a.6.B) 

cpopMyn, neMM, TeopeM, 3aMe'laHnn:, cne.ri:cTBIIII II npe.ri:cTaBneHnn:, r.ri:e a 
- HOMep rnaBbI, 6 - HOMep naparpacpa, B - HOMep COOTBeTCTBJIOIIIIIX 
cpopMyn, neMM, TeopeM, 3aMe'laHnn:, cne.ri:cTBIIII II npe.ri:cTaBneHIIH B 3TOM 
naparpacpe. HanpIIMep, TeopeMa 3.2.1 ecTb rrepBrur TeopeMa BToporo na

parpacpa TpeTbeII rnaBbI .ll:IICcepTaIIIIII. 
llu'<t'H,bZU BX:Aao aBmopa. ABTop .ri:IIccepTaIIIIII, pa6oTa.sc B KonneKTIIBe 

coaBTopoB, ofo,e.ri:1rn.sc10mIIx coTpy.ri:mrKoB JIBTA (JIMT) 0!151!1, !151<1> AH 
PY (r. TamKeHT), BMK MI'Y (r. MocKBa), ymrnepcIITeT "Ily6Ha" BHec 
6oJibillOH BKna.ri: B pa3pa6omx;y a11,2opumM06 Ha OCH0Be MeTo.ri:a KpIITII'le

CKlIX KOMIIOHeHT .ri:n.sc pemeHII.SC nnoxo o6ycnoBneHHbIX CIICTeM JIIIHeHHbIX 

anre6paII'leCKIIX ypaBHeHIIH, B pa3pa6oTKY anropIITMOB rrony'leHII.SC KOH

CTaHT BemecTBeHHOH apnq>MeTIIKII 8BM, a TaK2Ke B C03,D;aHIIe OCHOBHbIX 
Mo,n;ynen: HOBoro MamIIHHO-He3aBIICIIMoro naKeTa JINRLINPACK. 
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2. Co.n;ep2KaH0:e .D;llCCepTaIUUI 

Bo BBeae11,uu 06cy2K.ri:aeTc.sc co.ri:ep2KaHIIe rrpe.ri:MeTa IIccne.ri:OBaHIIn:, 060-
CHOBhlBaeTc.sc lIX aKTyanbHOCTI, II rrpIIBO.ll:IITC.SC KpaTKIIH aHaJIII3 COCTO.SCHII.SC 

rrpo6neMhl. CcpopMynIIpOBaHa TaK2Ke IIeJib, Hay'IHaJI HOBII3Ha II rrpaKTII'Ie
CKaJI 3Ha'IIIMOCTb pa60TbI. YKa3aHhl OCHOBHhle pe3JJibTaThl, BhlHOCIIMhle 

Ha 3aIIIIITJ. 
IlepBaJI 211,aBa, cocTo.scmrur II3 Tpex naparpacpoB, rrocB.scmeHa orrIIca

HIIIO pa3pa6oTaHHhlX B [1; 4 - 6] 'IIICJieHHhlX MeTO.D;OB pemeHII.SC IIJIOXO 
o6ycnoBJieHHhlX CIICTeM JIIIHeHHbIX anre6paII'IeCKIIX ypaBHeHIIH. IlpII

BO.ll:.SCTC.SC TaK2Ke pe3JJibTaThl IIccne.ri:OBaHII.SC CTPYKTYPhl rrpe.ri:cTaBneHIIH 
Tpex(.ri:Byx).ri:IIaroHaJibHbIX II IIM o6paTHhlX MaTpIIII. Iln.sc pemeHII.SC rrnoxo 
o6ycnoBJieHHhlX CIICTeM C Tpex(,n;Byx).n;11aroHaJiblihIMII MaTpIIIIaMII rrpIIMe
HeH MeTo.n; OIITIIMaJibHoro anaJIII3a CTPYKTJpbI II IlOCTpoeHII.SC o6paTIIhlX 

MaTpIIII K Tpex(.ri:Byx).ri:naroHaJiblibIM. B OCHOBe rrpIIBO.D;IIMhlX B rnaBe 1 
.n;nccepTaIIIIII 'IIICJieHHhlX MeTO.ll:OB ne2KaT pe3JJibTaThl OIITIIMaJibHOro Bhl

'IIICJieHII.SC Be.ll:yrIIIIX BepXHIIX (HII2KIIIIX) yrnoBbIX MIIHOpOB Tpex.n;naroHaJib
HhlX MaTpIIII. 

B naparpacpe 1.1 npIIBe.ri:ena TeopeMa 1.1.1, .ri:oKa3aHHaJI B [l]. B 

Hen: ycTaHOBJieHo, 'ITO .n;n.sc BHe.ri:naroHaJibHhlX 3JieMeHTOB Bij o6paTIIOH 
MaTpIIIIbI B = C3

1, r.ri:e C3 - HeB1,1po2K.ri:eHHaJI Tpex.n;naroHaJibHa.sc 
MaTpIIIIa BII.ll:a (4), HeKOTOphle Be.ri:yrIIIIe yrnoBhle MIIIIOphl KOTOJ)OH o6pa

maIOTC.SC B HJJib (T.e. ~{ = 0 n/IIJIII ~j = o, .ri:n.sc mo6hlx i m 1 ::; i < m, 
II j II3 1 < j ::; m)' IIMeIOT MeCTO cne,n;yIOIIIIIe npe.ri:cTaBJieHII.SC: 

j 

wi TI f3{, ecn11 1 ::; j < i, 1 ::; i ::; m, 
{=j+l 

0 .n;n.sc Bcex i II3 j < i ::; m, ecnn Aj = 0, 

Bii = 
0 .n;n.sc Bcex j II3 1 ::; j < i, ecm1 Gi = 0, 

wi 6 !J{, ecnn 1 ::; i < j ::; m, 
{=•+r· 

(5) 

0 .n;n.sc Bcex i II3 1 ::; i < j, ecnn Gi = 0, 

0 .n;n.sc Bcex j II3 i < j ::; m, ecnn Ai= 0. 
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B;i = 

i 
IT c~wj, ecJIII 1 ::; j < i ::; m, 

~=j+l 
0 .n:mr ncex j II3 1 ::; j < i, ecrrrr G; = 0, 
0 .n:mr ncex i II3 j < i ::; m, ecrrrr Aj = 0, 

j . . 
IT c~wj, ecrrrr 1::; z < J::; m, 

~=i+l 
0 .n:mr ncex j II3 i < j ::; m, ecrrII A; = 0, 
0 .n:mr ncex i II3 1 ::; i < j, ecmr Gj = 0. 

(6) 

llHaroHam,Hhle 2Ke 3JieMeHThl B;; MaTpIIIII,I B, a TaK2Ke nemr'!IIHhI W; B 

(5)-(6) rrpe,n:CTaBIIMhI B BlI,n:e: 

11 - -1 0, ecrrII G1 = 0 II rrpII 3TOM w1 = (-r2P2) ; 
B 

- { Go1, eCJilI G1 i= 0, Go i= 0 II rrpII 3TOM W1 = B11, 

- -1 (A;+1 + G;-1 - q;) , ecJIII A; i= 0 i= G; II rrpII 3TOM W; = B;;, 

0, ecrrII A; = 0 II rrpII 3TOM 

B-· _ { Bi-li-1 = G;-1w;, B;+1i+1 = G;
1
, w; = (-p;r;)-

1
, 

" - 0, ecJIII G; = 0 II rrpII 3TOM 

Bi-li-1 = A;1, B;+1i+1 = A;+1W;, W; = (-r;+1P;+1t
1
, 

i = 2,3, ... ,m -1; 

B 
_ { A;;.~l, eCJIII Am f= 0,Am+l f= 0 II rrpH 3TOM Wm= Bmm, 

mm - ( )-1 0, eCJIII Am = 0 lI rrpII 3TOM Wm = -pmr m • 

B (5)-(7) 3JieMeHThI A; lI G; orrpe.n:emIIOTOI [1] KaK 

{ 

A;+1 = qi - p;A;1r;, A2 = q1, i = 2, ... , m, ecJIII A; i= 0 

.n:mr ncex 2 ::; i ::; m. 

Ecrrn A; = 0 .n:mr rrro6oro i II3 ( 2 ::; i ::; m), TO 

A;+1- Heorrpe.n:erreHo, Ho A;+2 = qi+l' A;A;+1 = -p;r;; 

l 
G;-1 = qi - r;+1 G;1P;+1, Gm-1 = qm, i = m - 1, ... , 1, 
ecJIII G; i= 0 .n:mr ncex 1 ::; i ::; m - 1. 
EcrrII G; = 0 .n:mr rrro6oro i II3 (1::; i::; m - 1), TO 

G;_1- Heorrpe.n:erreHo, HO G;-2 = q;_1, G;G;-1 = -r;+1P;+1. 

(7) 

(8) 

(9) 

IlpII 3TOM B (5)-(6) cTpyKTYPHhre 3JieMeHThl (3, fi, c, c II rrpoII3Be,n:eHHK 

IT /3(' IT A' IT c(' IT c( IIMeIOT BII,n:: 

{ 

-p;A;1, ecmr A; i= 0, 

/3; = -p;, ecrrII ~ = 0, rrp_II 

3TOM /3;+1 - -Pi+l W;, 
c; -{ 
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-A;1
r;, ecrrII A; i= 0, 

-r;, ecrrII A; = 0, rrpII (10) 
3TOM Ci+l = -w;ri+l i 

., 

{

-G;
1
P;+i, ecmr G; i= 0, {-r;+i G;1

, ecmr G; i= 0, 
C;+1= -P;+i, ecrr:r G; = 0, fi;+i= -r;+1, ecm: G; = 0, 

rrpn 3ToM C; = -W;P;i rrpn 3TOM (3; = -r;W;i 

(11) 

IT f3( = { /3; · · · /3j+1, ecm~ j ~ i, IT c( = { ci+l · · · cj, ecmr_ i < _j, (l2) 
(=j+l 1, ecmr J 2 Zi (=i+l 1, ecrrn z 2 Ji 

Ilfi(= {~i+1 ···~j, ecm~i <_j, Ile(= {c;•··ci+1, ecmr_j <_i, (l3) 
(=i+l 1, ecmr z 2 Ji (=i+l 1, ecmr J 2 z. 

Ilpe.n:cTaBrremre 3JieMeHTOB B;j o6paTHOII MaTpIIUhI B = C3
1, IIMeeT 

MeCTO KaK .D:JI5l BCeII MaTpIIUhI C3 (4), TaK II .D:JI5l JII06hIX ee IIO,n:MaTpIIU c; 
Toro )Ke nn.n:a. 

B rraparpacpe 1.2 113JIO)KCHhI pe3yJihTaTI,I IICCJie,n:oBaHIIII, CB5l3aHHhIX C 

060CHOBaHIICM 3cpcpeKTIIBH~CTII rrpe.n:rrmKeHHoro B [1 ;4-6] rrpKMOro MeTo.n:a 

KplITII'leCKIIX KOMIIOHeHT .ll:JI5l peIIIeHII5l n1toxo 06yc1t061te1t1tbZX CIICTeM JIII

HCHHhIX arrre6paii"ICCKIIX ypaBHCHIIII (1). IloKa3aHo, 'ITO .D:JIK CIICTeM TIIIIa 

(1) ycTOII~IlIBhIII K rrorpeIIIHOCT5CM (h,0,£1,£0) MeTO.D: KpIITII'leCKIIX KOM-

IIOHeHT II03BOJI5leT ~nrcrreHHO Haxo,n:HTh e.n:IIHCTBeHHOe HOpMaJihHOe MIIHII

MaJihHOe ITO HOpMe peIIIeHIIe, o6ecrre'IIIBaIOIUee MIIHHMYM HOpMhl HCB5l3KII 

(Z+= A+ F): IIAz+_ FIi = infllAZ - FIi, IIZ4I = infllZII, 
ZEZA ZEZA 

r,n:e 'zA - COBOKYIIHOCTh BCCX peIIIeHIIII CHCTeMhl (1), a TaK2Ke C.ll:IIHCTBCH

HYIO MaTpHUY A+, y.n:onrreTBOpKIOIUYIO ycrroBIIKM 

IIA+A- Ell= inf II .4-1A- Ell, IIA4I = inf 11 .4-111,A+A = AA+, 
A- 1E!1 A- 1E!1 A A 

r.n:e E - e.n:nHII'IHaK MaTpnua II OA - conoKyrrHocTh ncex .4-1, "rrcen.n:o

o6paTHhlX" K A. Ilpn 3TOM ,n:a2Ke B crry'!ae cymecTBeHHO rmoxo{r o6ycrro

BJICHHocTn 3a,n:a'III ( 1) z+ II A+ ycTOH'IIIBhI K MaJihIM II3MCHemrnM BX0.D:HhIX 

,n:aHHhlX (A, F). 
IIp1rno,n:IIMaK n 3TOM rraparpacpe TeopeMa 1.2.1 06ocH0BhrnaeT [1] rro

rry'leHIIe ~rucJieHHO MCT0.ll:OM KpIITir~reCKIIX K0MIT0HCHT l\IIIHIIMaJihH0ro no 

H0pMe (llx+11 = min), e,n:HHCTBCHHoro peIIIeHirn X CIICTCUhI C;1X = Y, 
y.n:onrreTnopKIOIUero ycrronnro MIIHnMyMa HopMhl HeBK3KII (IIC:1X+ - f 11 = 
min), ycTOII'llIBOro K rrorpeIIIHOCT5CM (£1, co) BhI'IIICJieHIIII II K l\IaJihil\I II3-

MeHeHII5CM ( h, o) BX0;::(HhIX ,n:aHHhlX ( C 3, Y). 
HII2Ke rrpIIB0.D:HTC5l a1t2opumM MeTo.n:a KpIITII~recKIIX K0MII0HeHT, C.Tie.n:y

IOIUIIH II3 TCopeMhI. 
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H a'4.a11,o Bbt'4.uc11,e11,uu: 

k = 1,i = m; 
(1)0 lk = i; 

[k] tk [k] [k] 1 0, eem1 k = 1, 
(2)0 

X;= ~ Bif, YE,, !.p;= [k] + . 
f.-1 - B;1k r1k+1X1k+1, eemI k > 1, 

eerrII i = lk, To (5)0, IIHaqe (3}°; 
[k] 

(3)0 eeJIII I 1P; I< l/E1, TO (4) 0, IIHaqe k = k + 1 II (1)0; 

( )
0 . . [k] 

4 J=i+l,x 1k+1=0; 

{ 

[k] [k] [k] 
q> _ IYjl - IPi x j-1 +qj x j +rj+l x j+l I, rrpII IYjl ~ 1, 

j - [k] [k] [k] 
1 - IPj x j-1 +qj x j +rj+l x j+l 1/IYjl, rrpII IYjl > l; 

eeJIII l'1>jl ~ 2E1, TO (5) 0 , IIHaqe k = k + 1 II (1) 0; 

[k] [k] 
(5) 0 xt =xi+ <p;; 

eeJIII i = 1, TO KOHeII BI,IqIIeJieHIIII, :rrnaqe i = i - 1 II (2) 0; 

K 011,e14 Bbt'4.uc11,e11,uu. 

3.nee1,: 
[k] 
Bij (lk+l ~ i ~ lk, 1 ~ j ~ h II k = 1, 2, ... , n) - 3JieMeHTnI rro,nMaTpIIII 

[k] o o o 

B MaTpIIIInI B=C 31, o6paTHo:rr K xoporno 06yerroBJieHHof1 1>rnTpnn:e C3 
BII.JJ;a: 

r
l r2 j 
2 q~ -~3- =~ t n+l +1=1) 

Ptnql 0 

0 

C3= P13+l r~l3+1 r13+2 1 (2] I 1 
13+2q13+2r13+3 =C 1;+ 

......... 
P12 ql2 0 

⇒ (14) 

P12+l r~l2+l r12+2 j 
~12+1 _ l2+2ql2+2r12+3 

(11=m)- ........ . 

Pm q 
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1 
J 

\ 
.} 

r.ne 

ln+1+l=l Int 

"m 12 t l1=mt 

,:~iii- --;- I 
12_ I 

(1] 
B 

[k] 

0 

=B, 

ii1k+1 = qlk+l -p1k+1B 1k1krlk+1, k = 2, 3, .. , n 

~ ~ 

(15) 

(16) 

II It1k - noerre,nHIIe ,nIIaroHaJinHnie 3JieMeHThl no,nMaTpIIII B, KOTophle eo-

Bna,naIOT e noeJie,JJ;HIIMII .nnaroHaJII,HI,IMII 3JieMeHTaMII IIO,JJ;MaTpIIII, o6paT

% +1 
HhlX K xoporno o6yerroBJieHHhlM IIO,JJ;MaTpIIIIaM t.,,/+1 'Bhl,nemreMhlX MeTO-

k , 

[k] 
.noM, n - qnerro BnI,nemreMhlX no.nnpoeTpaHeTB. 3rreMeHThl Bij B1,1qnem1-

IOTeH [1] no q>opMyJiaM (5) IIJIII (6). 
B rraparpaq>e 1.3 paeeMaTpIIBaeTeH npo6JieMa IITepaIIIIOHHoro yToqHe

mrn pernemrn, rrorryqeHHOro MeTO,JJ;OM KpIITIIqeeKIIX KOMIIOHeHT. 

BmopaJI 211,aBa ,nIIeeepTaIIIIII eoeToIIT II3 Tpex naparpaq>oB. B napa

rpaq>e 2.1 n3yqaroTe5l q>opMaThl npe,neTaBJieHII5l HOpMaJIII3OBaHHI,IX qneerr 

B naMHTII 3BM pa3JIIIqHoro TIIna. B rraparpaq>e 2.2 npIIBe,neH pa3pa6o

TaHHhlH B [7] arrropIITM Bhl'IIIeJieHII5l e,nIIHeTBeHHhlX 6a3IIeHhlX KOHeTaHT 

((3, t, l, u II Eoo, Eo, E1) BemeeTBeHHOH apIIq>MeTIIKII 3BM, oeHoBaHHhlli Ha 

rropa3p51,D;HOM IIeerre,nOBaHIIII q>opMaTa rrpe,neTaBJiemrn BemeeTBeHHhlX qu

een e nrraBa10me:rr ToqKofI B rraMHTII 3BM. 

IIyeTI, B q>opMaTe, HaIIpIIMep, II3 64 ,JJ;BOIIqHhlX pa3p51,D;OB rrpe,neTaBJieHo 

HOpMaJIII3OBaHHOe qIIeJio 'YI = (1.). Korn1pyeM 3TOT q>OpMaT B ,npyro:rr q>op

MaT T TaKo:rr 2Ke .JJ;JIIIHhl. Ilpe2K,ne qeM onneaTn ,nam,He:rrrnIIe marII arrro

pIITMa OTMeTIIM erre,nyromee. EerrII ,naHHaH 3BM pa6oTaeT npII oeHoBaHIIII 

(3 = 2, TO II3BeeTHO, qTO eo,nep2KIIMOe eTapmero 6IITa MaHTIIeehl MO2KeT 

xpaHIITI,e5£ II BHe cpopMaTa. 3To o6eerreqIIBaeT yBeJIII'IeHIIe ,JJ;JIIIHhl MaH

TIIeehl Ha o,nIIH pa3pH,n. Ilo3ToMy rrpII (3 = 2 B pa3pH,nax q>opMaTa, oTBe

,neHHnIX ,JJ;JI5l xpaHeHII5l MaHTIIeehl, B erry'Iae 'YI = (1.) 6y,nyT Bee HYJIII. 

IlpII (3 > 2 (II npII (3 = 2, eeJIII e,nIIHIIIIa MaHTIIeehl 'YI = (1.) xpa

HIITe5l B q>opMaTe) B pa3p5l,nax, OTBe,neHHhlX ,JJ;JI5[ xpaHeHII5l MaHTIIeChl 'III-
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crra ,1 = (1.) 6y.z:i;yT HYJIII II rr:iim1, o.z:i;Ha e.z:i;IIHIIU:a B cTapmeM /3-1PmoM 

pa3pH.z:i;e MaHTIICCbl. '.:ha e.z:i;IIHIIU:a HBJIHeTCH MaIDIIHHbIM rrpe.z:i;cTaBJieHIIeM 

'IIICJia 1 / /3. lirrH xpaHeHIIH mo6on 3Ha'lameir UIIq>phl oT O .z:i;o /3 - 1 ( rrpn 

OCHOBaHIIII /3) 6y,n;eT OTBO.ll;IITbCH nfl - .ll;BOII'IHbIX pa3pH.ll;OB q>Opl\rnTa. Crre

.D;OBa TeJibHO MaHTIICCa 'IIICJia 'YI = ( l.) 6y.z:i;eT xpaHIITbCH B BII.ll;e e.z:i;IIHIIUbI 

B MJia.z:i;meM II3 nfl - .ll;BOII'IHbIX pa3pH.ll;OB MaHTlICCbI qiopMaTa T. 

IIycTb MaHTIICCa m1 II nopH.ll;OK e1 'IIICJia 'YI = (1.) xpaHHTCH B rrpH

MOM KO,n;e*) B q>OpMaTe T B BII.ll;e .z:i;Byx e.z:i;IIHIIU B COOTBeTCTBYIOIUIIX pa3-

pH.z:i;ax. Bee OCTaJibHhle pa3pH.ll;bI q>opMaTa T 6y.z:i;yT rrpII 3TOM HyJieBhlMII. 

O6o3Ha'IIIM HOMepa .ll;BOlI'IHbIX pa3pH.ll;OB q>OpMaTa T, B KOTOpbIX xpaHHTCH 

e.z:i;IIHIIUbI, COOTBeTCTBeHHO µj II µj (cM. pIIC. 1). 

/1 = l,: ~---~'7'-----~'7'----------~ r 

Pnc. 1. 

Ilpn 3TOM .z:i;aJibHenmee OIIIICaHIIe arrropIITMa He 3aBIICIIT OT Toro HBJIHeTCH 

JIII i > j IIJIII Hao6opoT. Ilpn6aBIIM (1.)-e.z:i;IIHIIUY K 'IIIcrry ,1, T.e. rrorry'IIIM 

B q>OpMaTe T 'llICJIO ,2 = ('Y1 + l.). Tor.z:i;a, ecJIII OCHOBaHIIe /3 6hlJIO paBHO 

2, TO B qiopMaTe T, B KOTOpOM xpaHIITCH Terrepb 'llICJIO ,2 = 2., e.z:i;IIHIIU:a 

MaHTlICCbI OCTaHeTCH B rrpe2KHeM .ll;BOII'IHOM pa3pH.z:i;e µi, a e.z:i;IIHIIU:a rropH.z:i;Ka 

rrepeMecTIITCH B crre.z:i;yroJUIIH cTapmIIH pa3pH.z:i; µi+I· IlpII 3TOM B pa3pH.z:i;e 

µj 6y.z:i;eT O ( CM. pIIc. 2). 

,2=2.:I 1 1°1 111 Ir 
µj µ; 

Pnc. 2. 

3To o6ycJIOBJieHO TeM, 'ITO rrpII JII060M OCHOBaHIIII /3 B nfl - .ll;BOlI'IHbIX 

pa3pH.z:i;ax 6y.z:i;eT rrpe.z:i;cTaBIIMa e.ll;IIHIIUaMII (/3 - 1) - MaKCIIMaJibHaH 3Ha

'lamaH UIIq>pa. Ilo3TOMY 'IIICJIO /3 - OCHOBamre ClICTeMbI C'IIICJiemrn 6y.z:i;eT 

y2Ke .ll;BY3Ha'IHhlM II OHO rrpe.z:i;cTaBJIHeTCH B qiopMaTe e.ll;IIHIIUeII B pa3pH.z:i;ax 

MaHTIICCbI II .ll;BOHKOH B pa3pH.z:i;ax rropH.z:i;Ka. Crre.z:i;oBaTeJI1>Ho, ecrrII rrpoII3o

merr yKa3aHHhlH C.ll;BIIr e,n;IIHIIUbI B pa3pH.z:i;ax rropH.ll;Ka, TO OCHOBaHIIe /3 = 2 
Han.z:i;eHo. EcrrII yKa3aHHbIH c.z:i;BIIr rropH.z:i;Ka He rrpoII3omerr, To /3 > 2. Ho 

rrpII 3TOM e.z:i;IIHIIU:a MaHTHCChl rrepeMemaeTCH B crre.z:i;yIOJUIIH pa3pH.ll; µi+l 
(cM. pIIC. 3). 

•)Paccy)K,nemill, rro.no6rrb1e rrp11B0.n11MbIM Hl!)Ke, 11MeIOT MecTo II B cnyqae n106oro .npyroro Ko,na rrpe.n

cTaBneHJill H0pMan11,0BaHHblX q11cen. OTMeTIIM TaK)Ke, qTQ rrp11 n1060M 0CH0BaHIIII fl 6a3UCHblMU (,rra
qaIIJIIMII) umppaMII JIBnJIIOTCJI 0, 1, 2, ... , fl- 1. 
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,2=2.:I 111 11°1 Ir 
µj µ; 

Pnc. 3. 

B pa3pH.z:i;e µj 6y.z:i;eT 0, a emrnnn:a rropH.ll;Ka OCTaHeTCH B rrpe2KHeM .ll;BOII'l

HOM pa3pH.z:i;e µi . .Ilarree rrpu6aBJIHeM (1.)-emrnnn:y K 'lncrry ,2 = (2.), T.e . 

rrorry'lnM B qiop1mTe T 'IIICJio 13 = (3.). Tor.z:i;a, ecmr ocHoBamie /3 61,mo 

paBHO 3, TO B qiopMaTe T, B KOTOpOM xpaHIITCH Teuepb ".z:i;By3Ha'IHOe" 'IIICJIO 

'Y3 = 3., e.z:i;1rnnn:a MaHTIICCbI B03BpamaeTCH B pa3pH.ll; µi, pa3pH.z:i; µ;+1 6y.z:i;eT 

co.z:i;ep2KaT1> 0, a emrnun:a rropH.z:i;Ka rrepeMecTIITCH B crre.z:i;yromnn cTapmnir 

pa3pH.z:i; JLj+l ( CM. pnc. 4). 

,3=3.:I 11°1 111 Ir 
µj µ; 

Pile. 4. 

Ecrrn TaKOII C.ll;BIIr rropH.z:i;Ka He rrpmnornerr, TO /3 > 3 n arrropIITM IIOIICKa 

,L3 rrpo.z:i;orr2KaeTCH. lITaK, rrycTb /3 > 3. Tor.z:i;a B cooTBeTCTBIIII c Bhlme 

omrcaHHOH rrpon:e.z:i:ypoi'I 3aIIOJIHeHirn .ll;BOlI'IHbIX nfl - pa3pH.ll;OB pa6oTa aJI

ropIITMa IIOIICKa /3 rrpeKpamaeTCH KaK TOJibKO rrpoIICXO.ll;IIT rrepeMemem1e 

e.z:i;IIHIIUbI rropH.z:i;Ka lI3 pa3pH.z:i;a µj B .ll;BOII'IHhlII pa3pH.z:i; JLj+l· Ilpn 3TOM B nfl 

- .ll;BOll'-IHbIX pa3pH.z:i;ax MaHTIICCbI .ll;OJI)KHO 61,mo 61,r xpaHIITbCH (B .ll;BOil'IHOM 

Ko.n;e) 'IHCJIO /3, KOTopoe, KaK OTMe'leHO y2Ke BbIIIIe, HBJIHeTCH LJ:BY3Ha'IHhlM 

rrpn OCHOBaHIHI /3. Ilo3TOMY, KaK II rrpn OCHOBamrnx /3 = 2; 3, B l\IJia.n;IIIIIfI 

lI3 nfl - )];BOII'IHbIX pa3pH.n;OB IIepeMeCTIITCH 1, a OCTaJibHbie (n/3 - 1) -

CTapIIIIIX lI3 3TIIX )];BOIFIHbIX pa3pHLJ:OB 6y.n;yT HyJieBhlMII. TaKIIM o6pa30M, 

6y.n;eT HaII.ll;eHo 'IIICJIO nfl - )];BOII'IHbIX pa3pH.n;OB, B KOTOpbIX xpaHIITCH B 

)];BOWIHOM Ko.z:i;e (/3 - 1)-MaKCIIMaJibHaH II3 3Ha'laIUHX IIIIq>p 0, 1, ... , /3 - 1 

npII OCHOBaHIUI /3 B BII.n;e 

/3 - 1 = (µi+nrl = 1) · 2nrl + (µi+nµ-2) · 2nr2 + · · · + (JJ;+i) · 21 + (JJ-;) • 2°, 

r.n;e (µi+nµ-1), (µi+nµ-2), (µi+l), (µi) - co.n;ep2KIIMOe (1 IIJIII 0) yKa3aHHbIX 

)];BOlI'IHbIX pa3pH.ll;OB µi+n~-1,µi+nµ-2,Jli+l,µi, IlpII 3TOM 'Yk-1 = /J - 1 II 

'Yk = /3 xpaHHTCH B q>OpMaTe r B BII.ll;e (cM. pnc. 5). 

'YH =fl-i:I 111 1(/li+n,-i} ···{/li+I){/t.JI Ir 
µj 

'Yk =fl: I 11°1 1°1 °1 11 Ir 
µj /li+n~-1 /ti+I /li 

P11c. 5. 
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lITaK, 0CH0BaHIIe /3 II np-,ll;B0IIqHhlX pa3pH,ll;0B, B K0T0phlX xpaHHTCH 3Ha

qaIUIIe n;mpphl 0, 1, 2, ... , {3 - 1, Han:,zi;em,r. 

B naparpacpe 2.3 pa3pa6oTaHbI anropIITMhl ,zi;n.a: qIIcJieHHoro o6pamemrn 

MaTpIIU II pemeHirn CIICTeM JIIIHeHHhlX anre6pa11qecKIIX ypaBHeHIIII C IIJI0X0 

o6ycJIOBJieHHbIMII Ma TpIIn;aMII Ha 0CH0Be MeTO,!J;a KpIITIIqecKIIX K0MII0HeHT. 

IlpIIBe,!J;eHbI 6JIOK-cXeMbI nporpaMM. 

B mpembeU 2/ta6e npIIB0,!J;IITCH on11caH11e MaillIIHH0-He3aBIICIIM0ro na

KeTa nporpaMM JINRLINPACK [2] Ha <l>opTpaHe, B KoTopoM peaJIII30BaHhl 

113JI02KeHHbie B r JiaBe 2 anropIITMbI II KOTOpbIH IIOCTaBJieH [3] Ha 6a30BhlX 

3BM OII5III. B naKeT BXO,!J;HT nporpaMMbI: 

INIT _CONST - nonyqeHirn K0HCTaHT BemecTBeHHOH apnq>MeTIIKII 3BM; 
Lin2dsysccmSolver - pemeHIIH cncTeM JIIIHeHHbIX ypaBHeHIIH C2X = Y; 
Lin3dsysccmSolver - pemeHIIH c11cTeM mrneHHb1xypaBHeHIIH C3X = Y; 
LinsysccmSolver, PseudsysccmSolver - pemeHIIH cIIcTeM mrneHHhlX 

ypaBHeHIIH AX = Y. 

B naparpacpax 3.1 II ~-2 npIIBe,zi;eHbl TaK2Ke HeKOTOpble pe3yJibTaTbl Te

CT0BbIX pacqeTOB II npIIMepbl IICII0Jib30BaHIIH npo:rpaMM. B naparpacpe 3.3 
npIIBO,!J;HTCH pe3yJibTaThl qIIcJieHHhlX 3KcnepIIMeHTOB B cpaBHeHIIII C pe-

3YJibTaTaMII HaII6onee ll3BeCTHhlX nporpaMM II3 naKeTOB: 

CERNLIB - 6n6n110TeKa nporpaMM CERN; 

NAG - naKeT MaTeMaTnqecKIIX nporpaMM (Numerical Algorithms Group, 

Oxford); 

LIBJINR - 6n6n110TeKa nporpaMM OII5III; 
LINA - naKeT nporpaMM. 

Ilp11Be,!J;eH TaK2Ke KpaTKIIH aHaJIII3 nonyqeHHhlX q11cneHHbIX pe3yJibTaToB, 

II3 KOTOporo cne,zi;yeT, qTo MeTO,!J; KpIIT11qecKIIX KOMIIOHeHT HBJIHeTCH nyq

illIIM no CBOIIM KaqeCTBeHHbIM IIOKa3aTeJIHM II3 Han6onee II3BeCTHhlX Me

TO,!J;OB pemeHIIH nnoxo o6ycJIOBJieHHhlX CIICTeM JIIIHeHHhlX anre6panqecKIIX 

ypaBHeHIIH. 

B naparpacpe 3.4 npIIBO,!J;HTCH TeKCThl nporpaMM MamIIHHO - He3aBIICII

Moro naKeTa JINRLINPACK Ha <l>opTpaHe-77. 
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3. OcHOBHhie pe3yJihTaThl II BhIB0,lJ;hl 

1. IIonyqeHbl HOBbie TIIIlbl MYJibTIInJIIIKaTIIBHhlX II a,!J;,!J;IITIIBHO - MYJib

TIIITJIIIKaTIIBHhlX npe,zi;cTaBJieHIIH ,!J;JIH Tpex,zi;IIaroHaJibHhlX II.IIM o6paTHbIX 

MaTpIIU o6mero BII,!J;a, HeKOTOphle yrJIOBhle MIIHOphl KOTOphlX o6pamaIOTCH 

B HYJib ( IIJIII ":r..rnmIIHHbIH" HYJib). 

2. Pa3pa6oTaH HOBbIH 3q>q>eKTIIBHbIH MeTo,zi; pemeHIIH CIICTeM JIIIHeH

HbIX anre6panqecKIIX ypaBHeHIIII C Tpex,zi;11aroHaJibHhlMII ll ,zi;Byx,zi;IIaroHaJib

HhlMII MaTpIIn;aMII nonyq1rnmnn: Ha3BaHIIe [1;4-6] MeTo,zi;a KpIITIIqecKIIX 

KOMnOHeHT. 

3. lI3yqeHbl cpop!:viaTbl npe,zi;cTaBJieHirn HOpMaJIII30BaHHhlX qIIcen B na

MHTII 3BM pa3JIIIqHoro TIIna II nonyqeH anropIITM BhlqIIcJieHIIH e,zi;nH

CTBeHHbIX 6a3IICHbIX KOHCTa~T (/3, t, l, u II Eco, co, c1) BemecTBeHHOH apIIq>

MeTIIKII 3BM, ocHoBa~HbIII Ha 110pa3pH,ll;HOM IIccne,zi;oBaHIIII cpopMaToB 

npe,zi;cTaBnemrn BemecTBeHHhlX qIIcen c 1maBa10men: ToqKoII B naMHTII 

3BM. Pa3pa6oTaHhl anropIITMhl ,zi;n.a: qncneHHoro o6pameHIIH MaTpIIU II 

pemeHIIH CIICTeM mrneHHhlX anre6panqecKIIX ypaBHeHIIH c IIJIOXO o6ycno

BJieHHbIMII MaTpIIn;aMII Ha OCHOBe MeTO,!J;a KpIITIJqecKIIX KOMnoHeHT. IIpn

Be,zi;eHhl 6noK-CXeMhl rrporpaMM, peaJIII3YIOIUIIX anropIITMhl. 

4'. IlpIIBe,!J;eHO ~IIIICaHIIe II TeKCTbl rrporpaMM Ha <l>opTpaHe MamIIHHO

He3aBIICIIMoro rraKeTa JINRLINPACK, BKJI10qa10mero B ce6.a: Mo,zi;ynII 

INILC0NST (rronyqemie KOHCTaHT BemecTBeHHOH apIIq>MeTIIKII 3BM), 
Lin2dsysccmSolver (pemeHne cncTeM JIIIHeIIHbIX ypaBHeHIIH C2X = Y), 
Lin3dsysccmSol ver (pemeHIIe cncTeM JIIIHeHHhlX ypaBHeHIIII C3X = 
Y), LinsysccmSol ver, PseudsysccmSol ver (pemeHIIe CIICTeM JIIIHeHHhlX 

ypaBHeHIIH AX = Y). B naKeTe peann3oBaHbI anropIITMbI rnaBhl 1 II 2. 
IlaKeT nocTaBneH [3] Ha 6a3oBhlX 3BM OII5III. IlpIIBe,zi;eHhl HeKoTophle 

pe3yJibTaTbl TeCTOBhlX pacqeTOB, a TaK)Ke npIIMephl IICnOJib30BaHIIH npo

rpaMM. 

5. IlpIIBe~eHhl pe3yJibTaThl qIIcJieHHhlX 3KcrrepnMeHTOB no BhlqIICJieHIIIO 

OCHOBHhlX qIIcJieHHbIX xapaKTepIICTIIK pemeHIIH CIICTeM JIIIHeHHhlX anre-

6paIIqecKIIX ypaBHeHIIH. IlpIIBe,zi;eH TaK2Ke KpaTKIIH aHaJIII3 nonyqeHHhlX 

qncJieHHhlX pe3yJibTaTOB, II3 KOToporo cne,zi;yeT, qTo MeTO,!J; KpIITIIqecKIIX 

KOMnoHeHT HBJIHeTCH B cpe,zi;HeM nyqmIIM no CBOIIM KaqecTBeHHhlM noKa3a

TeJIHM II3 HaII6onee II3BeCTHhlX MeTO,ll;OB, peaJIII30BaHHbIX B naKeTaX NAG' 
CERNLIB, LIBJINR, LINA. 
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