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Bpeaenne

B Brraucnurenenom uenTpe AH CCCP co3gan maxeT mpHKIagHsiX Npo-
rpamym JlumeiiHble o6blkHO8EHHble Kpaesvle 3adavu, mpeTHA3HAYEHHBI A
pellleHUA FBYXTOYEYHBIX HPaeBHX 3afad AiAA JIuHeHHBIX OGBIKHOBEHHBIX.
nnddepeHIMATBHENIX ¥ PABHOCTHHIX VDaBHEHHH, a TalKe CHCTEM TaKHUX
ypaBHeHnil. ITaxeT ABNAETCA YACTHI0O CHCTEMEl NTAKETOB IPHKIANHBIX TpO-
rpaMM IiA peajgu3aunuy o60MX METONOB BEIYMCIUTENBHOM MAaTeMATHKE
M BKIWOYeH B BEHUncHuTenbHE nommnerc CAOPA (em. [1]). Ilamer co-
CTOMT MB HBYX 4dacTeif: cucreMaTmsupoBaHHON OubGrnoTekM Ipolenyp
u nmporpamm c¢ uMeHeM LTPBVP (Linear Two Point Boundary Value
Problem) u markera SPARSE. Ilporpamwmsl narkera LTPBVP mammcambr
ua Aanke ®OPTPAH u AJIT'OJI. [Taker SPARSE — na astire ®OPTPAH.
Peanusauua nakxera npexycmorpena na 9BM B3CM-6.

B maker LTPBVP BHIl4YeHH KaK Merofbl OJIA DeELICHHA HKPaeBHX
nuddepentmanbHEX 3apad, T.e. 3afayd, CHopMYIUPOBAHHEIX B BMOE CHC-
TeMBbL JIUHEHHBIX 00bIKHOBEHHEIX HufidepeHIIHaTbHEIX YPaBHeHNt ¢ Koagidu-
OuenTaMm, 3afaHuBIME kKaxkumu-Inbo $opMynamMy, H COOTBETCTBYIOUIMX.
TPaHMYHEIX YCJIO0BM, TAK M JIA PElUeHHA PA3HOCTHLHIX KpaeBEIX 3ajnady,
chopMyNUPOBAHHBIX B BUJE CHCTEMLI JHMHellHMX anrefpanyecKEX ypasme-
Hult cmennaneHoro tHna, B markere LTPBVP peann3oBaHsl METOOBL AJIA
pellleHUA JBYXTOYEUHBIX KpaeBHIX 3ajay, 3aHad C YC0BHEM I€pHUONNY-
HOCTH U 0O6Iiell MBYXToYeyHolt samady C HepacmagaoluMiucH KDPAEBRIMH
yeinoBuAMu. Ilaker comep:RUT B BUOE OTHENBHEIX NPOLEXyp W IIOAIIpoT-
paMM IIOYTHM BCe MBBECTHHIE ABTOPAM BAaPHAHTh MeTONA INporouxn. Ilpo-
negypsl nakera LTPBVP cpaunsl B 'ocygapcrseHHBI dOHT anropurMoB
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u mporpamm npr BIl AH CCCP (TexcTHl MpOLEnYp, KOMMEHTADHH K BTHM
TEHCTAM U TecToBLIe Mpumepsl). B [25]-[40] mpuBementl KpaTKHe CBeenns
06 3THX MaTepuanax.

ITaker SPARSE mpenHasHavyeH MJA PEIUeHUA CHCTEM IUHEHHBIX aj-
re6panyecKUX YPAaBHEHMil € PaspeHEHHBIMU MaTpuuamu. Takue aamaun
BO3SHIKAIOT, HAIPHUMED, IPH PA3HOCTHON annpoxcumannu guddepeniyans-
HBIX KpaeBHX 3a4ay. Crmoco0bl NPenCcTaBIeHMA TaHHHBIX, CTPYKTYPA naKera
SPARSE u meTonsl pewieHus onucanel B [22], [23].

IIpouenypsl u mognporpammil raxeToB LTPBVE u SPARSE ucmons-
30BAJIMCE AAA PEIleHHA PasHooO0pasHBEIX TECTOBHX 3apmay. B nacrosamee
BpeMA IMAKETHl YCNEmHO HCHONb3YIOTCA NIA PELIeHAA PAasiu4HbX NPH-
KIagHBIX 3apmad.

1. ITaker LTPBVP

1.1. Pearm3opannsie MeToael. Meronnl, ncnonb3osannsle B nakere LTPBVE,
MOM{HO YCIOBHO PAa3NEeNnuTh Ha ABe I'PYIIEL:

(a) KmaccuIecKHe IPOTOHLY, BRIIOUAA KIACCHYeCKYIo muddepennnans-
HY10 TPOTOHKY, HOTOKOBYIO IIPOrOHKY M KIACCHYECKYIO IIPOTOHKY ¢ yclo-
BMEM IEPHOZHWYHOCTH, 4 TaKAe UX PABHOCTHLIC AHAJIOTH;

(6) OPTOrOHAIIbHEIE IIPOTOHKH.
1A pemeEMA OTHOTO YDABHEHMA BTOPOT0 NOPANKA (CAMOCONpPAMEH-
Had KpaeBafd 3ajmava)

(P(m)?/')’_‘Q(w)'y =f(z), a<ow<xb,
ay(@) +5.y (@) = y1y  ay(B)+F.y'(B) = ya,

rioe ¥ — BellecTBEHHAA NnepeMeRHad, p(x), q(x), f(x) — samannsle Ha [a, b]
BellecToenHble (yHROWA, «a, f;, ¥; — BEIUECTBEHHbIE uucia, o+ B #0,
IpeRyCMOTPEHH CllegyIoIIve BAPHMAHTH METOHA NPOTOHKH:

— KIaccHYeCKU# BapuaHT MeToma NMporoHKu (em. [21-[6], [25]);

— TIOTOKOBBIH BAPWAHT METOXA NPOTOHKU NIA CIydas, HoTRa p(z) =
= 1/o(®@) u o(a) >0 (cw. [6], [26]);

~ IUKINYCCKAS NMPOTOHKA IJA CIYYaA 3agadyu ¢ TPAHUYHBIMU YCJI0-
BUAMH NepuomguyHocTy (cM. [7], [25]).

Jaa pemenus ofmelt gByXToUeuroil 3amaun ¢ pacHagalonMMuCA rpa-
HBUYHBIMA YCIOBHAME JJIA OJHOTO YPaBHEHHMA BTOPOro NMOpAAKA

y'+p@)y +e@)y =flz), a<a<b,
aly(a’)-l_ﬂly,(a’) = Y1 ey (b) + B2y (B) = s,

roe ¢ — BelleCTBEHHAA NepeMeHHad, p (@), ¢(x), f(x) — HenpepHBHHE HA
[a,b] ¢ymwiwn, e, f;, y; —uncna, |o;®+|6;|* =1, npuMensiorcd [Ba
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aJIrOpHUTMa OPTOTOHAIBHON IIPOTOHKH : BAPMAHT OPTOT'OHAILHOTO IEPEHO0Ca
rPAHNYHAEX YCIOBUA [JIA 8aja9d C BeINECTBEHHHMM Kod(purmenTaMu
(em. [8], [27]) n ero MomuuUKAEA RIA 32294 C KOMIIEXCHEMU Ko3dPu-
muentamMu (em. [9], [27]).

Hua pelieHNA KPaeBHIX 3amad A CHCTEM BTOPOro IOPANKA BUIA

y'—Px)y =f(=), a<wo<b,
A,y(a)+Byy'(a) = O, Ay (b)+ Byy'(b) = Cy,

rge & — BelleCTBeHHaA mnepemensaf, P(x) — sapmanman ua [a, b] ¢$yn-
KIMA — KBAafPATHAA Marpulla DopAnka 4, 4;, B; — KBagpaTHEeE Ma-
TPUIE TOPARKA %, f(®) — 3amanHaA Ha [@, b] dYyHRumA—CcTONGEL BHICOTHI
n, Oy, Oy — CTONOGULI BLICOTHL 7, UCNIONBIYIOTCA CHeNyIOMMUE METOJIh:

— MAaTpuYHAsA HIaccmdeckad panddepeHnManbHasg INPOrOHKA MANA
3afay ¢ JeilcTBUTENbHEIMH Kod(pduuuenramu mpu B; = B, = F (cm. [13],
[10], [28]);

— JABa METOoxa OPTOTOHANBHON IPOTOHKUM [IIA CcaMOCONpAMKEHHO
samaan: P = P%, A, B} = B, A}, A,B} = B, A} (em. [11], [29] nna sagaun
¢ pgefictBuTenbHBIME Koafipunuentamu n [12], [30] amA 3agauu ¢ KOMILIEK-
CHEIMH KO3(PunuentTamu). .

JnAa pelleHHd BelleCTBeHHBIX KpaeBHIX 3agay [IfA CHCTEM IIEPBOrO
mopsnKa BHAA

yl"‘P(w)y =f(93)7 a<s<a<h,
Yy (a) = g0y WY (D) = G,

rone P(x) — HenpephiBuag Ha [a,)] KBagparHas MaTpulla TMOPANKAZ 4,
Sf(#) — nenpepriBubIil na [a@, b] cToabew BHCOTH #, ¥, — MaTPULla pasMepa
kX #n, y, —MvaTpuna pasmepa (n—£k) X n, g4, Jy — CTONOIULI BBICOTHL COOT-
BeTcTBeHHo k& ¥ #—Fk, NPUMENANTCA Clegylollie METOMH:

— KIACCMYECHHN Bapmant Mmeroma mporomrm (cm. [13], [14], [31]);

— TPH Pa3IMYHBIX METOXNA OpPTOTOHanbHON mporoukm (cm. [15], [5],
[16], [32], [33], [34]);

— pnpdepeHunanbHan DPOTOHKA C IPOMEIKYTOYHONM OPTOTOHAIINBA-
nuelt n HOpMupoBKo#t Gasmcuex pemennmit (em. [17], [35]).

Jiia pewmicHnA MBYXTOYEUHBIX KpAeBBHIX 3amay AJIA CHCTEM JINHEWHBIX
00LIRIIOBEHHBIX JU{PepeHUNANBHLIX YDPAaBHEHNH € HepacnanaoLnMucs
rPpaHHYHLIMI YCIOBHAMH, T.e. 34734 BHIA

y'—=P)y =f(#), ae<o<b,
Ay(a)+By(d) =0,

roe P(x), A, B — HBagpaTHBle MATpUUBl IopAaxa =, f(#), ¢ — cTonOus
BBICOTHI 11, NCIIOJB3YETCA XOPOII0 M3BECTHHIN IIpHEM, KOTOPEI CBOAUT 9Ty

30 — Banach Center t. XIII
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samady K sajave BrBoe Oolbliedl pa3MepPHOCTH ¢ PACHABIUMMHCA I'DaHn-
guEMM yeaosuamu (em. [18], [36]). IIpuem cocrouT B cnenylomem. Beenem

1=[ V@ e - [FRLY ,

y(a-+b—m) 0 —Pla+b—uw)
_ . Q=IE |-E], R=I[4 B].

i [_f(a+b_w) Q=17 |-1) (4] B]

Torga monyuum sagagy
h—Pi@)y, =f, a<o<(a+bd)2,

Ry(a) = C, Qyif(a+d)/2) =0.

JInA pemenus 9Tolt 3agayM B IIaKeTe MCIOIB3YETCA METON OPTOTOHAIE-
HOT0 IePeHoca TPAHHNYHBIX YCIOBUH.

Bo Bcex nopghporpamMmax, Kar IPaBuio, AuA pemenua sagay Hommn
npumenserca MeTond Pynre-Hyrtra ¢ aBTomMarmyeckuM BbIGopoM wiara,

Jlna peureHuA pasHOCTHLIX KPAEBHIX 3amad IMPUMEHFAIOTCA Clepylolue
PAaBHOCTHEIE TIPOTOHKH:

— TpexTodeuHad CKRampHAA OporoHka (cM. [2], [3], [19], [37]);

— TpeXTOYeYHAS IOTOKOBaA MporoHka (cm. [20], [38]);

— TpeXToyeuHafd CKalAgpHAfA IIPOTOHKA C YCIOBHEM HEPUOTHYHOCTH
(ca. [T, [391);

'— MHOTOTOYEYHAS CHAIAPHAA nmporonuxa (cm. [217, [407);

— TpexTodyedHaA MATpHMuHAA Nporomka (cMm. [2], [19], [37]).

Jl1a pelleHdsd BOSHMUKAIOIIMX BCIOMOTATENLHREIX JHHEUHEIX anreGpayn-
9eCKUX ypaBHeHHH npuMeHserca Mmeron I'aycca ¢ BnI6OpoM TIaBHOTO
SIIeMEenTA.

1.2. O paGore mpomemyp. IIpm pelmreHUM KOHKPETHEIX 3a7a¥ BOBHUKAET
BOIIPOC, KAKHM MMEHHO METOJOM Lelecoo0pasHo BoCIONb3oBaThCA, s or-
METIBHBIX THIIOB 3a7a4 MOKHO OTAATE IPEeAIOYTeHUE OTHIM METONAM Iepex
npyrumvu. Opmuako uyacTo 3apanee TPYXHO uTO-Mu6G0 CKA3aTh O HYIKHEX
cBoifcTBax 3ayay. Xopolulo o6YCAOBIEHHAA 3amaua He BCErHa MOMKET OLITH
pellleHa KIacCHUeCKUMM MeTofaMi mporonxu. ( ,rapantucii” atum MeTONLE
NPUBEAYT K MOITOMUTENBHOMY Pe3yILTATy JIHUUIL IIPU BLITOJIHEHUU mOCTa-
TOYHBIX YCI0BHil, HAllaraeMbIX HA pelaeMylo 3agavy. XOpolIo H3BECTHO,
HalIPUMEP, YTO TAKHUM TOCTATOYHEIM YCIOBUEM OIA KIaCCHYCCKOil NPOTOHKI
B clIy4Yae OQHOTO YDABHEHHs BTOPOTO IOPAAKA ABJIAIOTCA YCIOBHUA P(z) =
ZPo> 0, ¢(z) > g, > 0 ¥ HEOTPUIATEIILHOCTD YUCE — ay, By, G 1 f,. 103~
TOMY B DPAINE HPOUENYP, KOTOPHE PeanmsayioT ,HeoOmmue” MeTONHl NPO-
TOHKM, NpefyCMaTpUBAETCA BEIXOJ HA METHY, KOTOPAA IOKa3bLIBAET, YTO
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JNAHHEIT METOX He MONXONMT HIA PemeHAdA sapadu. B 3Tom ciiydae pexo-
MeHOYeTCA IPUMEHATh Kako#-Tu6o BapMaHT OPTOTOHANBHON NIPOTOHKA.
C mpyroit CTOPOHEI, peilaeMan 3amadya MOKeT OKA3aThCA IIOXO o6YCiIoB-
nennoil. IlosToMy BO BceX moamporpaMMax makKeTa NpeRycMaTpHBAaeTCA
BHIXOJ HA COOTBETCTBYINYIO METHY, €CIM pellaeMas 3afauda OKaBHIBAETCH
¢ 3aJaHHOH TOYHOCTBIO NI0X0 06ycroBieHHOI.

Ilosgcuum crasanHoe HA npumepe. ITockonbky KIaccudecKUil BapmaHT
MeTORA NPOTOHKM XOPOILIO M3BECTEH, TO OCTAHOBMMCA HA PEIIEKNM BTHM
MEeTOHOM OJHOT0 YPAaBHEHNMA BTOPOro IMOPAOKa. Bce ocrambHble npole-
OYPH ¥ NOANPOTPaMMHL IIAKeTA IMOCTPOEHHI M0 TOMY 7Ke IPMHIUILY.

Ofpamenne K mpolemype MMEET BUL:

. clod(a, b, m, ml, ua, ub, v, y1, pqaf, eps,im, Ip).
Wma mpouenypsl — clod — ycmoneayer GYKBBH! CTIOB:

clagsical (Kmaccudeckas IPOTOHRA),

one (INA ONHOTO yPaBHEHHA),

differential (zudepennnansHEll BapHaHT).
3mechb:

a, b — KORIE MHTEDBAaNa MHTETPHPOBAHUA, He 00A3aTENBHO @ < b;

m — Yejloe YMCI0, HA 71 dUacTelt pasfmBaeTcA uHTepBan [a, b], sua-
ueHHA ¥ () m ¥'(x) BHUMCAAIOTCA B m+1 Tourax &; = a+14 X -—(Em—a)- ’
1 =0,1,..., m

ml = 2% (0 < k — nenoe yuen0) — UETOYMCIEHHBI NapaMerp, KOTO-
pHf 3amaeT HadYANBHEII Luar uaTerpupoBaHna h = (b—a)/(m Xml) nus
pemenya safgaunm Homwu (3mauerMA m ¥ ml He BIRAIT HA KOHEYHBIHA
pesyabTaT, HO YHAyHEIH BHIOOpP 2THX BeIMYMH MOMET CYUECTBEHHO CO-
KPATHTh BpeMA CYeTa pellaeMoil 3apadn);

ua[l:3], #b[1l:3] — wmaccmBE, 3apawiuue TpPaBUYHBIE YCJIIOBHA;

ual[l] = a;, wuaf[2) =py, ua[3] =y, ub[l]l =0y ub[2] =f,,
ub[3] = y;

y[0:m], y1[0:m] — maccHBH 3HadeHHMH ¥(z) M ¥'(z) B TOUKAX &;;

paf — mpomenypa, onpenendomas KodPPUIIMEHTH YpaBHEHHA ;

eps — sajanHan a6CcoNOTHAA TOYHOCTh BEIYHCIIEHUH miua ¥ (z) u ' (x),
HHTerpupoBanne 3amay Homy Ha ONMHE IIAT TPOU3BOXMTCH C TOYHOCTHIO

eps  eps
mxml  (b—a)/h’

epsl =

Im — MeTka, Ha KOTOpYIO IepefaeTCA YIpaBJIEHHe B ciayyae, KOTHa
TMAHHBIH MeTOR He TIOAXOMUT ANA DElleHMA HCXOAHOH 3amaum, a UMeHHO,
rorma (b—a)/h > 10'% rge I — 3HadYeHME WWIAra WHTErPUPOBaHHA, MOIY-
YeHHOE K MOMEHTY BBIXOXa Ha MeTHY Im;

lp — MeTka, Ha KOTOpYIO IepemaeTcA yOpaBjleHHue B cilyvae, Korpa
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MCXONHAA B8amaua INIoXo o0ycioBieHa, 4 MMEHHO, KOIAa ONpPEeNeluTeNnb
anreGpandecKoil CHCTEMEI BTOPOro MOPAMKA, BOBHMKAIIIMIL OCIe OPAMOiL
NPOTOHKYM, MEHBIIE eps.

Kax yxe ObI0 0TMEYeHO, BCE MPOLERYPH U NORANPOTPAMMYI NlaKera
VCTpoeHH cXomubM o6pazom. Ilpm sTom mna ymoGerBa HCIONMB3OBAHmA
NOPANOK Tepeurcienna (GopMalbHBIX IapaMeTpOB B KarKIOH Ipollemype
H WX CMBICI ONMHAKOB BO BCeX IpolLegypax.

2. Maker SPARSE

IMaxer SPARSE mnpepnHasHadyeH A PeUIEHMA CUCTEM JIMNEANEBIX anred-
panuecKuX ypaBHenuit ¢ paspemenuniMu Marpuuamu na 3BM BICM-6
B cucteme @Doprpau-Hy6ra (cm. [41]).

B narxere SPARSE paspeieHHOCTb MATPHIl YYMTHIBACTCA CIEUUANlb-
HBME CHOCo0aMM IPefiCTABICHUA NAHHBIX, MCKIIOYAIOMIMX XPaHEHMEe HY-
JIEBBIX 37eMeHTOB MaTpul, B kavecTBe cmocofa peineHHs HCIONB3YETCA
monuduxanua meroma I'aycea (em. [23]). Bee omepaumm npomasoparca
TOJBKO C HEHYJIEBBIMU 3IIEMEHTAMI HMCXONHLIX, NMPOMEKYTOUHBIX M KOHeY-
HBIX MaTpul. IQ)QeKTUBHBIM CPENCTBOM ONTHMU3ALUNN BHIMUCICHUN CIYHUT
TAKMKE IpegBapuTenbHasg 06paGoTHa CTPYKTYPH MATPHIL 34 CUET Iepecra-
HOBKN €¢ CTPOK M CTon6LoB (cM. [427]). COBOKYNMHOCTEL 3TMX Mep I03BOJIALT
CYLIeCTBEHHO YMEHBINUTE BPeMsA cueTa H TpelyeMmylo OTEPATHBHYIO NaMATh
9BM.

JInA yMeHDLIUEHNA BIUAHUA HOTPeIlHOCTeH BHIYMCICHHA IIperycMoT-
PeHEBl Cllenylolnye JONOIHUTENbHbIE BOBMOHHOCTH :

1. macmrabuposanue CTPOK U CTOICIOB MATPuUUIBl M NMPAaBRIX vacrelf
CHCTEMEI,

2. MacmtaGupoBaHie BefYNINX 3JIEMCHTOB HCKIIOUEHMS,

3. pasmuunbic BaDMAHTHL HCKIIOYEHMs CTPOK U BhIGopa BejyILero
DIEMeHTA.

IMarer SPARSE Brmioouaer B ceGf BHYTPEHHIOID CUCTEMY OTIANKH,
¢ TMOMOIILI0 KOTOPOH o6pabaThBalOTCA BCe NPOrpaMMHBIE IpepPHBAaHIIA,
BOBHMKAIOIIME IIPH BLINOJNHEHHN CYeTHBIX MOAyneit, B maxere HMEIOTCH
OpOrpamMMBl MHATHOCTHKH JAJIA YCTAHOBIIEHUA MecTa M IPUYHHBI TIPEphbI-
BaunA. [lombsoBaTensr MOMeT 3afaBaTh TaKoHM pPexuM PAGOTHI NMAKETA,
IpI KOTOPOM TOCHE NPEPBIBAHUA BHYHUCIEHNUA MOTYT OLITH ITPOHOIIHICHD
¢ myuoro mecra. Iua aTHX nenelt creumanbuble IPOTPAMMLL KOHTPOIH-
pPY10T paGoTy CcUGTHHIX MORYyTelt M, WBMEHAA YNPABIAIOLIHE NApPAMeTpH,
B0306HOBJAIOT paloTy makera. JTH MOANPOrpamMMuLl MOTYT IMOIIOIHATLCA
IIOJIb3OBATENAMN C YYETOM CHeUH(MKU peliaeMbIX 3anady.

B makere HCMONBAyeTCA AMHAMMYECKOE DACTDENeleNNe MAMSATH U ce

sammura. IlaKer mMomter GHITH JeTKo BKIIIOYEH B TOTOBLIE TporpaMMbl Ges
CYWECTBEHHBIX n3MeHeHul.
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Ilaker SPARSE MoHo mprcmocabamBaTh K pelleHHI0 3ajay ¢ aa-

NaHHO# CTPYKTypo# Marpuusl. IIpm atom aseKTHBHOCTEL pemeHMA cyuie-
CTBEHHO BO3pAacCTaerT.

ITaker SPARSE MOMHO MCIOIB30OBATH IJIA PENIEHHA CEPHH CHCTEM
¢ OJMHAKOBOM CTPYKTYPO#t MATpHIl M PasiM9HEIMH ITPABEIMM 9ACTAMI.

Ha Gase maxera SPARSE B macToAmee BpeMa paspaGoTaH NaxeT
SOLVER (cm. [24]) AnA pellleHHA CHCTEM HEIMHEHHEIX PYHHIMOHAIBHBIX
1 0GHIKHOBEHHBIX MAGPepeHInaIbHEX YPABHEHUT ¢ PABPEKEHHBIMU AKO-
fueBEIMH MATPHIAMH.

IlpuseneM mBa upUMepa HcooibsoBanuAa nawrera SPARSE. Hiuxe
B rtabnuue NPUBENEHBEl PESYIBTATH pEIUEHUA CHCTeMbI 66 HelUHeNHBX
¢yHHUHOHATBHEIX ypaBHeHRt F(z) = 0 (cm. [43]) meromom HeloTona.

Homep urepanum 1P () 2 Bpemsa, sarpaumBaeMoe
Ha HTepalmH (B CRM.)

1 2.98 x 10+7 569

2 2.02 x 10+4 67

3 2.83 ]

4 6.16 x 102 4

5 2.46 x 10— 5

6 4.73 x 1010 4

V3 »TMX mamHBIX BMJHO, 4YTO BpeMeHA cyeTa IIEpBOH 1 moclegnHei
wrepaudn pasnnvaorcA Gojee yeM Ha MOPAMOK, T.K. HA TOCIETHUX HTE-
pauusax B naxere SPARSE ncnonssyrorcs paHee NOIyYeHHEE IPOTOKOMB
HCHIIIOYEHHA.

IlpuseneM peaynbTaThi npumenenus mnakera SPARSE ® pacdyeram
KPYYEHHA CTEPHHA NPAMOYTOILHOTO CEYCHUA METONOM KOHEUHBIX 3ie-
MeHTOB (cM. [44]). IlopAmox cucreMbl — 674, YACIIO HEHYNEBEIX 3JIEMEHTOB
B Marpule — 4484, IOnyWHpHNa JEHTHl MCXOAHO} HCHOIR3yeMoi Mar-
puip — 253, mpoduns ucxoxuol MaTpHUL — 13795, mOMYMUPUHA IIEHTHL
TIocjle TepPEeCTAHOBKM CTPOK M CTONOHOB (3Ta [EPECTAHOBKA IPOMSROIUTCH
camuMm nareroM) — 30, mpoduan koneuroi maTpuin — 9318. Bpems pa-
GOTH TIpOTPAMMEl NIEPECTAHOBKM CTPOK M CTONOUOB — 35 CeRYHN, BpeMA
paBoTsl octambuoit yacTu makera SPARSE (pemenne CHCTCMbI IHMHEIHBIX
anre6panyecKHX ypaBHeuuit) — 37 CeKYHI.

JInTepaTypa

[1] M. M. Top6yron-Ilocamos, B. I, Kapnos, [I. A, KHoparum, B. B. Hpa-
coryenkxo, B. B. Mapruniok, Ilaxem npukaadnuz npozpaum CAPPA. Cuc-
memnoe nanoanerue, Ilpenpant Mu-ra npmux. marem. AH CCCP, 1977, M 86.
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