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3a yuacrre B KOHKypca ca mpejcraBeHn 31 memaruvHo obennHeHn Hayaau crarun. OT TsxX
e |[K30] u [K31] ca yuacrBamm B komkypc 3a cr.u.c. Il cT., a octananmre He ca mpuaarann B

JAPYT KOHKYPC.

[IpencraBeruTe 3a ydacTrue B KOHKYpPCa CTATUU Ca PAa3JeJeHN B CJIEJHUTE TPU IPYIIH
1. Meroan 3a muHEHHN TapaMeTPUIHE 33089 C HHTEPBAJIHN JTaHHN

2. Nnreppasen codryep

3. Ilpnmoxenns

[Topaan ecrecTBOTO Ha MaTEeMaTHIECKOTO MOJeJUpane, obade, MHOTO OT CTATHHUTE ChIbprKaT
pesyaTaru U B TpuTe 00JIACTH.

1 MeTtoan 3a nnHeliHM NapaMeTpUYHK 3a4a4y C UHTEPBAJIHU AaHHU

Pasrexar ce cucremn JjmHeitHn anrebpuunu ypashenusi ot Buga A(p)z = b(p), kbgero eie-
MEHTHTe Ha MATpPUIlaTa M Ha BEKTOpA B JsSCHATA CTPAHA 3aBUCAT WU JINHEWHO WM HEJIWHENHO
OT MapaMeTpH Pi, ..., P, Bapupaliu B JaJeHI UHTEPBAJIU.

3a pas/mKa OT HellapaMeTPUYHUTE UHTEPBAJIHU JUHEHHN CUCTEMU, KOUTO Ca J00pe U3yUeHn,
3a CHUCTEMHU JIMHEWHU YpPaBHEHUS Ch/IbPKAIM WHTEPBAJTHU TIapaMeTpPu UMa MAaJKO PEe3yJITaTH,
TbHil KATO TEXHUTE MHOXKECTBa, OT PEIIeHUs Ca HeJWHeHHn B oOIMus Caydvail, Topu Ipu JIMHEHHI
3aBUCUMOCTH MexK Ty apamerpute. [lapamerpuanure quneiinu cucreMu, odbate, ca N3KII0TUTE/I-
HO BaXKHU U C€ TbpCAT eDEKTUBHU METOJU 3a TaKUBa 3aJ[add [IOPA/IU TOBA, Y€ IMPAKTHIECKUTE
3a/1a91 ChIbPKAT CJIOKHU 3aBUCUMOCTU MEYK/Iy HETOUHU IapaMeTpH.

B cexknum 1.1, 1.2 u 1.3 ce pasriexkjaa Taka-HAPEIEHOTO 00EINHEHO MHOXKECTBO OT PeIeHusT

Sh i = S(A(P), b(p), [p]) = {z € R | Ip € [p], A(p)x = b(p)}

U Ca MPEJICTABCHU HOBU WJIN OJ00PEHU CHIIECTBYBAIIU YUCICHI METOU, KOUTO HAMUPAT rapaH-
THPaHO' BBLHIIHO BKJIIOYBAHE 33 MHTEPBAJHATA OOBHBKA HA TOBA MAPAMETPHYHO MHOMKECTBO OT
PelLIeHNs U 3a KJacoBe 3a/1a9y CIOPEe] TUIlA Ha 3aBUCUMOCTHUTE MEXKJIy IapaMeTpUTE.

3a cucreMu ¢ JIMHEWHN 3aBUCUMOCTH, B CeKIUs 1.4 ca IpeCcTaBeHU pe3yJ/ITaTH CBbpP3aHU

ChC 3ajJladaTa 3a HaMHUPaHe Ha fABHO OIIMCaHUE Ha IIapaMETPUYIHN MHO2KECTBa OT PEHICHUA Ipe3

'Metomure ¢ apTOMaTHUHA BepUDUKAIN Ha PE3YITATa CA WHTEPBAJHE METOIH (OTYMTAIM TPEIIKATA OT Ipe-
K'bCBAHE HA MAaTEMATHUECKUs METOJ), 38 KOUTO Ca Cbh3aJEHH CIEIUAIHU AATOPUTME (OTIMTAINM PENIKUATE Ha
KOMITIOTbPHATA ADUTMETUKA B KpaifHa IPEIU3HOCT), U YUETO KOMIIOTHLPHO M3IILITHEHUE JABA WHTEPBAJICH PE3YJI-
tat, koitto 100% chbabprKa TOYHUS MATEMATUIECKU PE3YJITAT.



HepaBeHCTBa. B Ta31W CEKInAd Ca HpeﬂCTaBeHI/I n CTaTI/H/I7 B KOUTO 3a Hp"bB II'bT Ce pa3FJ‘[e)KILa eJI1H
MHOTI'O IIO-T'OJIAM U HO—O6H_[ KJiaC OT HapaMeTquHH MHO>KECTBa OT peH_[eHI/Iﬂ7 TaKa—HapequI/ITe
AE napamerpuunu MHOXKecTBa oT perrenns, 3a AUE = {1,... .k}, ANE =10,

She = S(A(pa,pe) b(paspe), [p)
= {z e R | (Ypa € [pa]) Fpe € [pe])(A(pa, pe)r = b(pa, pe))}-

3a AE mapaMerpudHM MHOYXKECTBA OT DEIeHNsT Ca HaMEpPEeHU SIBHU OIUCAHWS Ipe3 HEPABEHCTBA
1 ca yOJMKYyBaHU METO/M 33 HAMUPAHE HA BBLHIITHO BKJIIOYBAHE 33 PENIEHUETO.

1.1 JlunHeitnu cucremMm C JJUHENHU 3aBUCUMOCTU

MeTOﬂH 3a HaMUpaHe Ha rrapaHTHpPpaHO BBHIITHO W BbTPEIITHO BKJ/IIOUYBAHE 3a TOYHaTa MHTEPBaJIHA
O6BHBKa Ha O6e,ZLI/IHeHOTO MHOZKECTBO OT pEIICHUA Ha JuHeliHa cucTeMa C JIUHeHHN 3aBUCUMOCTI
MesKly HabOp OT MHTEpBAJHM IapameTpu ca mybsmkysanm B crarmmre: [K31], [29], [27], [23],
[16], [20], [15]. B [13] e myGuukyBam MeTon 3a BH3yaJH3allis Ha TPaHUIATA Ha 0OCIHHEHOTO
MHOYKECTBO OT PEITeHUs 38 Pa3TyIesKIAHNTE CHCTEMU yPaBHEHWS.

Ocuoen pesynrar B [K31] e Teopema 3, xbiero ce mpejjiara mapaMerpudHo o6oOIIeHIe
Ha KJIaCHYIeCKus Helapamerpuden muarepsasied Mmeron or tunl Gauss-Seidel. /lokaszsa ce, de 1o-

TSICHOTO BKJIIOUBAHE 33 00XBaTa’

Ha napaMerpuunus omeparop or tuil Gauss-Seidel ocurypsia
moJTy9aBaHe Ha TO-TECHU TPAHUIN 38 TapaMeTPUIHOTO MHOYKECTBO OT PEIIEeHUsT B CPABHEHNE C He-
apaMeTpUIHUs OlepaTop. Bbpxy mapaMerpudHa JIMHEHA CHCTeMa, MOJIyIeHa IIPU MOJIe/InpaHe
Ha enekrpudeckn Bepurn (Okomura’s example), e 7eMOHCTPHPAHO:

— IIPpUJIOZKEHUETO Ha IPEJJIOZKEeHUA HOB METO/M,

— MBI0JI3BAHETO Ha 0000IIeHa MHTEPBaJHA apUTMETHKa BbPXy COOCTBEHN U HeCOOCTBEHU WH-
TepBaJI¥ 38 TOYHO BBHIITHO U BLTPEITHO BKIIOYBAHE HA 00XBaTa HA MTAPAMETPUIHUS OTIEPATOD OT
tun Gauss-Seidel,

— MPENMYIIECTBATA Ha MPEJJIOKEHNsT HOB METOJ/ B CPABHEHHUE C €JIMHCTBEHUS TI0 TOBa BPEMe
mapaMeTrpudeH Meros Ha S. Rump 3a periaBane Ha apaMeTPUYIHU JIUHEHHU CUCTEMU.

B [27] e nedbunupano nonsiTreTo ‘cuiiHa peryisipHocT’ 3a nmapamerpudHu Marpunud. Jokasa-
HI Ca peJIiIa XapaKTepucTuaHu cBoiictsa Ha Takusa Marpury (Teopema 1). Teopema 2 nokassa,
Ye YCJIOBUETO 3a CUJIHA PETYJISPHOCT Ha MapaMeTpUIHa MATPUIA JaBa Mo-T00pa OleHKa 3a pe-
IYJISIDHOCTTA Ha €JIHa MapaMeTpUIHA MATPHUIA OTKOJKOTO YCIOBHETO 38 CHUJIHA PETYJISPHOCT Ha
3 memapameTpmuna MaTpuna. B ciydail Ha JIMHEHHE 3aBHCHMOCTH MEXKIy HapaMeT-
pute, TBbpaeausa 1 u 2 ¢bIbPKAT UIUUCIUTEICH AHAJOT Ha JIe(UHUIIMOHHOTO CBOWCTBO U Ha

CbOTBETHaTa

Teopema 2. Lenrpasien pesyarar B [27] e Teopema 3, KoATO ChbprKa KOMIIOTHPHO [IPOBEpsie-
MU JIOCTATBIHM YCJIOBUS 3 PETYIAPHOCT HA HApPaMETPUIHM MHTEPBAJHU MATPUIH. YCJIOBHATA
ca (bOpMyJH/IpaHI/I B TEpMUHHUTE Ha KOMIIIOTbPpHA apUTMETHUKa C HaCOYeHU 3aKPbIJIdABaHNA, KOETO
OCHTYpsIBa FapaHTUPAHO KOMITIOTHLPHO JOKA3aTEJICTBO Ha MATEMATUIECKOTO TBbpeHne. Teopema
4 cbhabpka apyra dpopmyaupoBka Ha Teopema 3.

Bb3 ocHoBa Ha myGiauKyBaHuTe B [27| HOBU KOMIIOTHPHO IIPOBEPSIEMU JIOCTATHIHU YCJIOBUS
3a PeryJIsipHOCT Ha HAapaMeTPUYHH MHTEPBaJHU MaTpuiy, B [23| e 0600I1eH uTepalioneH MeTo/|
¢ apToMaTnIHa BepuduKanus Ha pesyaTrara, pazpaboren ot 3. Pywmr, 3a pemasane Ha napamer-
pUYHU HHTepBaJHU JuHeiHn cucreMu. OOOOIIEHUSIT METO T N3UCKBA TsICHO BKJIFOUBAHE 3a 00XBaTa
Ha ureparmonnara Marputa {I — RA(p) | p € [p]}, uma no-mmpoxa o6IacT Ha HPUJIOKEHUE H
IMOKPHUBA 3aJIa9H ¢ TaKa HapedeHnTe CThJI00BO 3aBUCUMU ITapaMeTPUIHI MATPUIIH, 38 PA3/INKa OT
OPIUHAJIHUST MeToJ Ha PyMI, KoiiTo M310J3Ba I0-IMpOKaTa Hermapamerpudaa marpuia A([p]).

2MHOXKECTBO OT CTOHHOCTH
3n0nyqua KaTO WHTEpBaJIHA OOBUBKA HA MapaMeTpPUYHATA MaTPHUIA



[TpeumytecTBaTa Ha 0000IECHUST METO/T 1 33 HAMUPAHE Ha, MO-TACHO BKJIIOUBAHE HA ITapaMeTPH-
HOTO MHOYKECTBO OT DEIeHUsI Ca JIEMOHCTPHPAHU BbPXY 4ncaoBu npumepu B 23|, [16] u Bbpxy
CHCTEMU ypaBHEHUsI MOJIY9IEHN IPU MOJEJIUPAHe Ha CTPOMTETHN KOoHCTpyKIiwu [24], [26], [28].

B [16], [29] e upexncraBena paspaboreHaTa METOJOJIOIHs 32 M3YUC/ISBAHE HA HOKOMIIOHEHT-
HO BBTPEIIHO BKIIOYBaHEe Ha WHTEPBaJHATA OOBUBKA Ha OOEIMHEHOTO MHOYKECTBO OT PEIIeHUs 34
crucTeMa MapaMeTPUYIHU WU HellapaMEeTPUIHN JIMHEHHY WHTEPBAIHU ypaBHEHUs. Ipe3 MOKOMIIO-
HEHTHO BBLTPENTHO BK/IIOYBAHE Ha MHTepBaJHaTa 0OBHBKa Ce OleHABa Kauecmeomo (Toanocrrat)
Ha HAMEPEHOTO peleHne (BbHIIHO BK/IIOYBAHE) 3a TaKWBa CUCTEeMH ypaBHeHust. Paspaborenara
METOJIOJIOTHs C€ OCHOBaBa Ha CBOWCTBA Ha ajiredpudHaTa CUCTeMa OT COOCTBEHH U HECOOCTBEHH
UHTEPBAIM U € PeaJu3nupaHa KaTo yHHUKaJHa (PYHKIMOHAJIHOCT B pejuia cobTYepHH CpeJCTBa
3a pelnaBane Ha HHTepBaJHn JuHeiinn cucremu, sk Cexrms 2.1 u [29], [25], [16], [3].

B [20] e nanpaseno 1oji00peHne B UTEpAIMOHEH METOJ| 3a DelllaBaHe Ha IIPEOIPEeIeIeHT 1
HEJIOOTpPEIC/ICHN JIMHEHHN CUCTEMU, K'bJeTO BXOJHUTE JIAHHU Ca HETOYHHW W Bapupar B JIaJIcHU
uaTepBasn. JIo TakuBa CHCTEMHU BOJISIT, HAIPUMED, 3a/a9i 3a uaeHTH(dUKAIMA Ha HapaMeTpH,
KbJIeTO NMa HETOYHOCTU KaKTO B U3XOJHUTE, TaKa U BbB BXOJIHUTE IIPOMEHJ/INBU. yC'bB'pr_IeHCT—
panuaT meton (Teopema 1 3a npeonpesenenn u Teopema 2 3a HeIOONPEICTICHN CHCTEME) KOMO-
HUPa UTEPAIMOHEH METOJ ¢ aBTOMATHYIHA BepUMUKAIMA HA PE3y/ITaTa ¢ MeTO 3a eJIMMUHUDPAHE
Ha UHTEPBAJIHU 3aBUCHUMOCTH U [IOCTUTA TIO-TOJIIMa TOYHOCT Ha WHTEPBAJIHOTO BKOUBaHe. Q-
CaH e peajM3alMoOHeH aJrOPUThM, KOWTO OTYMTA MapaMeTpUIHATa CTPYKTypa Ha pellaBaHuTe
JIMHEHH CUCTEMH, TIOPaJ KOeTO UMa Mo-100pa ePeKTUBHOCT KAKTO MO OTHOIIEHNE Ha TOYHOCT-
Ta Ha HAMEPEHOTO DeIleHHe, Taka W 110 OTHOIIEHHE Ha M3YUC/IMTEHATA CJIOXKHOCT. MeTomabr
e TPUJIOXKUM KaKTO KbM IIPEOIPEIEIeHN W HEeJ00NPEIe/IeH JIMHEHHN CUCTEMU C HE3aBUCUMU
CJIEMCHTH, TaKa W KbM IIpeoIIpe/ie/ieHn W HEeJOOIIPpeAe/ICHN CUCTEMU 3aBUCEI OT MHTEPpBaJIHN
rmapaMeTpu. YuCJIOBH PE3y/ITaTU, JIEMOHCTPUPAIIN IPEIUMCTBATA HA YCbBDLPIICHCTBAHUTE Me-
TOJM 3a pellaBaHe Ha HelapaMeTPUYHU U HapaMeTpPUYHU Ipe- W HeJI0O0IPeIeIeHn UHTePBaJIHI
JMHEHN cucTeMmu, ca myosaukysanu B [20].

B [15] e my6amkyBana MeTOOIOrHS 38 KOMIIOTHPHO YHCJICHO JOKA3ATEJCTBO HA CBOHCTBATA
MOHOTOHHOCT, M3II'bKHAJIOCT /BJTHLOHATOCT, Wi KOMOMHATOPHA WHTEPBATHA OOBUBKA 32 PEIICH-
eTo Ha IapaMeTpuyHa JIMHelHa cucTeMa ¢ HeTOYHW JaHHWU. JloKa3BaHeTO Ha TaKuBa CBONCTBA
IIO3BOJIZIBa HaMHUPaHe Ha TOYHU I'PaAHUII 3a MHOXKeCTBaTa OT DeEIlleHUd Ha JIMHETTHN ImapaMeTpuy-
HU 3aJ1a91 C HETOYHM JaHHu. [Ipe/ioxkeHaTa MeTOI00I s € MHOT'O TTO-TIPEIU3Ha U 110-eheKTUBHA,
B CpaBHEHHE C'bC CXOIHUsI 1Moax01 Ha J. Rohn 3a moka3zsane Ha MOHOTOHHOCT. ToBa e Taka, 3aI0To
ce perraBaT MmapaMeTPHYHI CHCTEeMH 3a MPOU3BOAHUTE (BMECTO HEMApaMeTPUYHK) U Ce OTYUTAT
3aBUCUMOCTUTE OT HaYaJIHOTO HpI/I6.TH/I)KeHI/Ie B JIFdCHaTa CTpaHa Ha CHUCTEeMHN 3a IIPOMU3BOJIHUTE;
YEeCTO KOraTo He MOXKE JIa Ce JOKayKe MOHOTOHHOCT Ha PEIICHUETO 110 JAJeHH [apaMeTpPH MOXKe
Jla ce JIOKazyke CBOMCTBOTO KOMOMHATOPHA MHTEpBaIHa 0OBUBKA 3a pelennero. JleMoncTpupano e
IpenMyeCcTBOTO Ha rrapaHTUPaHUTE YHUCJ/JIOBU JJOKa3aTeJICTBa MU3IIOJI3Ballll MHTEPpBaJIHU METOIN
U apuTMeTHKa C IIJlaBallla TOYKa B CPABHEHHE ¢ M3IOJI3BAHETO Ha TOYHA apUTMETHKA W aHa-
JIUTUYHY METOJM, KOUTO MMAT eKCIIOHEHIIMAJIHA CJIOXKHOCT, (BHK IuTupaHara B [15] crarus nHa
Ganesan et al [2]). B cpenara na cucremara 3a Texunaeckn npecmsranus Mathematica ca cb3ma-
JCHU ChOTBETHU CO(PTYEPHU CPEICTBA. BbPXY MHOXKECTBO HPUJIOXKHU 389U € JTeMOHCTPUPAHO
[IPEUMYIIECTBOTO HA TO3M MOIXO0] 38 FaPAHTUPAHO YHUCJIEHO JIOKA3aTEeJICTBO B CPABHEHUE C JIPYTH
METO/IU U IIpU aTaKyBaHE Ha MHOTI'O IIOBEYE KJIaCOBE OT JIMHeTHNI IHapaMeTpuIHU 3aJa91 C HETOYIHHU
mannn. Tosn moaxof e nsnosssan B paborute [19], [24], [26] u [28], kbaero ce Mmomenupar 3amatm
OT MeXaHmkKaTa Ha J1eOPMUPYEMOTO TBBLPIO TeAJIO, OMUCBAHU C T'PEIOBHU, IPHLTOBU U PAMKOBHU
PABHUHHU WJIM TPOCTPAHCTBEHN KPAilHU €JIEMEHTH.

4KO.J'IKO OJIM3KO € HaMEpPEHOTO BBbHIIMHO BKJIIOYBAaHE J0 TOYHaTa WMHTEpBaJIHa OOBUBKa HA MHOXKECTBOTO OT pe-
mMeHuA



Paspaboren e opruHajieH MeTO/ 3a BU3yajiu3uMpaHe IpaHUIlATa HA 00€eIUMHEHOTO
MHO2KECTBO OT PEeIIeHUsI HA CAUCTeMa JIMHENHU ypaBHEHUs Cb/bprKallla JUHEHN 3a-
BHCHMOCTH MeXK/Jy WHTepBajHu mapamerpu. B [13| e mpexacraBen moaxo, mpu KoOiTo
Brpajsienn rpadudnun yuknuu B copryepuute cucremu Mathematica m Maple morar mga 6baat
M3I0JI3BAHN 3a BU3yasu3allisi Ha €JIHO- U JIByIapaMeTPUIHU MHOXKeCTBa oT perienus. Hamnpasen
€ KPpUTHYEH aHAJIN3 Ha TO3W IOAXOM, rpu Koitro 2D n 3D mapamerpuvHn MHOYKECTBA OT pellre-
HUsl C€ BU3YAJU3UPAT UPE3 MapaMETPUYHU KPUBU, CHOTB. MOBbPXHUHU B MPEXKa, OT TOUYKU BHPXY
MHTepBaJINTe, KOUTO He ca napamerpu. lIpejjioykeH e HOB TOIXOJ 3a BHU3yaU3alldsl CaMO Ha
rparumara 0X.P Ha mapaMeTpUIHOTO MHOYKECTBO OT perreHus. [[eHTpasno MsacTo B Tasu cTaTust
zaemar Teopema 4.1 u Teopema 4.2, Kouto xapaxkrepusupar J>F dpes JacTu OT mapaMeTpUIHH
XUMEPIOBbPXHUHY, IIPEJICTABEHU YPe3 KOOPAMHATHU (DYHKIINU 3aBUCEIU OT He-TIoBeve OT n — 1
mapamMeTbpa. IIpeamoxkeHaTa HOBa METOIOJIOTUsI € pa3paboTeHa ¢ 1e epeKTUBHA BU3YaAIU3aIINS
Ha [apaMeTpUIHU MHOXKECTBa OT pEIeHHsT U MOXKe Ja O'bJjie peam3upaHa Ipe3 U3IM0JI3BaHe Ha
rpaduaan byHKIIE ToIIbPKaHT 0T codpryepauTte cucremu Mathematica m Maple. Tosa e edumc-
MBEHUAM TIOJIXOJL, IPE3 KOWTO MOTAT Jia Ce BU3YAM3UPAT IIPOEKIINN HA MHOYKECTBOTO OT PEITeHUsI
B HOJIIPOCTPAHCTBA € PA3MEPHOCT IMO-MaJjKa OT 7, WJIM KOTATO CaMOTO MHOXKECTBO OT PEICHUS
nMa [o-MaJjiKa pa3MepHOCT. Taka, eIMHCTBEHO MPEJIOKEHUSIT METO/[ TO3BOJISBA BU3YAJM3AIHST
Ha [apaMeTPUIHU MHOXKECTBA OT PEIIeHHs ¢ Pa3MEPHOCT IMO-TOJIgMa OT 3 Upe3 BU3YaIM3UpaHe
Ha TPOEKIUUTE UM B JIByMEPHH IOIIPOCTPAHCTBA. ToBa MPEMMYyIIeCTBO Ha METOIA € JIEMOHCT-
pupano B [13] Bbpxy mapaMeTprHdHN MHOXKECTBA OT DEIeHWs] Ha JIMHEHHN CHCTeMH TeHepUPAHU
[IpU MOJIEJIUPAHE HA eJIEKPUIECKU BEPUTH.

1.2 JIuHelinu cucreMu C HeJIMHENHU 3aBUCUMOCTU

Cucremu JTUHERHN ypaBHEHUS CbIbPKAIK HEJIMHEHHN 3aBUCUMOCTH MEKJy WHTEPBAJHU Tapa-
MeTpu ca pasmiexkaanu B [17], [17 a)], [11], [19], [8].

B [17], [17 a)| 3a 1pbB I'bT ca U3CIIEABAHN JTHHEHHN CHCTEMH, K'bJIETO €JIEMEHTHTE Ha MATPHI[A-
Ta U BEKTOPA B JISICHATA CTPaHa ca paroHa Hn byHKIUN Ha WHTepBaJIHu apamerpu. [Tokazano
e, 4e 0000IIeHNAT B [23| WTepallioHeH MeToJL 3a JIMHEHHN CUCTEMU Cb/UbDKAINU JTHHEHHN 3aBHU-
CHMOCTHU MEXKJIy MHTEPBAJHU TIapaMeTpU € MPUJIOKUM U 33 CUCTEeMU C HeJTUHENHN 3aBUCUMOCTH,
KaTO Ce M3UCKBA TSICHO BKJIIOUBAHE 33 MHTEPBAJHATA OOBUBKA HA BEKTOpPA Ha ocTaTbimTe Z(p) U
Ha urepanuonnara Marpuna C'(p), Kouto ca HesmHeRHN (parnuoHa nn) HOYHKINE Ha HHTEPBAJIHI-
re apamerpu. B [17], [17 a)| urepanuonausT MeTO € CHIETAH ¢ TEXHHUKA 33 TOYHO IPECMSATAHE
Ha ODXBATU Ha PAIMOHAJIHEU (PYHKIUH, KOITO ce Oas3mpa Ha CBOMCTBa Ha aJredpuIHaTa CHCTEMa
OT cOOCTBEHN U HECOOCTBEHHU MHTEpBaJH. |IpeamoKeHusT KOMOMHIPAH METOI € TIPEICTaBeH IO/I-
pobuo B [17 a)| 3aean0 ¢ HeroBara GOPMYIUPOBKA B KOMIIOTHPHA APUTMETHKA, AJTOPUTMUIHA
cXeMa U YUCJIOBU puMepn. KoMOMHUPAHUAT METO U HEroBaTa pPeau3alinust UMaT OOl XapakTep
— Te ca UPUJIOKKUMU 3a JIMHEHHU CUCTEMHU ChbJIbPKAIIU ITPOU3BOJIHU PAIMOHATHE 3aBUCUMOCTH.
Ba cera HsMa JPyr MeTOJ ¢ aBTOMATU4IHa BepudUKaIisd Ha Pe3yJTara, KOHTO MMa TaKbB 00
xapakrep. Merogbr e npmioxer B [17 a)| u [19] npu Mozesupane Ha CTPOUTETHN KOHCTPYKIHN
U € JIEMOHCTpUpaHa HeropaTa e(peKTUBHOCT.

B [11] ropausiT 06111 HTEpAIMOHEH METO/[ 3a IIApAMETPUIHHI JMHEHHN CUCTeMH € KOMOUHUPAH
¢ epeKTHBEH METOJ] 33 IpecMsATaHe Ha OOXBATH Ype3 Pa3BUTHE HA MHOIOMEDHE MOJUHOMH B T10-
suHomu Ha Bernstein. Ilesra e na ce moiydn mo-TSCHO BKJIIOYBAHE 38 MHOYXKECTBOTO OT DEIICHUST
KOTaTo 3aBUCUMOCTHUTE MEXKJy [apaMeTpuTe ca HOJMHOMUAJHU. Upe3 codryepHara peasnsa-
131, KOATO M3I0JI3Ba MWHOBATHBHA TEXHOJIOTUsI (BUXK ceknus 2.3) 3a BjaaraHe Ha BbHIIHE C+-+
nporpamu (mpecmsramy obxsarure) B Mathematica, ce ocTUTA CHIIECTBEHO YCKOPEHUE TIPU Pe-
[IABAHETO HA TE3U CJIOXKHU 3a/a4n. PaspaboreHusT moaxo (MeToaoorust, Xubpuien codryep u
6erumapk npumepn oT [19]) ce uznosssa cbimecTseno ot Koiaektusa Smith, Garloff, Werke npn



perraBaHe Ha MPAKTUYECKH 33124l OT MeXaHUKaTa, BUXK CTATUUTE Ha TO3U KOJIEKTUB ITATUPAIINA
17], [17 a)].

B [8] MeroabT 3a smHEHHN CHCTEME ChABPKAIM HEJTMHEHHN 3aBUCAMOCTU 1 Pa3pabOTeHUST
codTyep ca M3IOJI3BAHU 34 pelllaBaHe Ha JIMHEHHN CUCTEMU ChIbPKAIN JTHHEHHN 3aBUCUMOCTH
MEZK/1y KOMIJICKCHO-3HAYHU NHTEPBAJIHU ITIapaMeTPH IOy YeHH IIPU MO/IeJIMPaHe Ha eJIeKPUYCCKU
BEPUTH, BUXK T10-JI0JIY.

1.3 JluHeiliHu cucTeMHu C KOMILJIEKCHO-3HAYHHU IIapaMeTpu

Cucremu JIMHERHN YPABHEHUS Ch/IHPKAIINA KOMIUIEKCHO-3HAMHU TAPpAMETPU Ca PA3IVIEXK/IAHU B
[8] u [3]. B [8] ca npuioxkenn u cpaBHeHN JBa MOIX0/a 3a PelllaBaHe Ha JIUHEHHN CHCTEeMHU CbIbp-
JKAIIU JINHEHHN 3aBUCUMOCTH M€Ky KOMILIEKCHO-3HAYHI UHTEepBaJnu mapamerpu. [Ipu mbpsus
ITOJIXOJT, I3XO/[HATA JIMHEIHa CUCTeMa ce TpaHCHOPMEPa B JBOWHO O-TOJISIMA, KOSITO C'bIbprKa, JBa
I'bTU [IOBEYE PEAJTHO-3HAYHU [apaMeTPU, 3aBUCUMOCTUTE MEXK/Iy KOWTO, obade, ca HEJTMHEHHMU.
Tpanchopmupanara guHeiina cucTemMa ce periaBa ¢ MeTOIuTe u codpTyepa 3a HEeJTUHEHHN 3aBUCHU-
MocTH (Buk cekius 1.2). Bmecro peraBanero Ha JIBOWHO MO-TOJIEME 3391 C MHOT'O TI0-CJIOXKHI
3aBHCHMOCTH, B [8] e mpemoxkeHo oboOIIeHre Ha UTEPAIIOHHIS METOJ, 32 PEATHO-3HATHU I1a-
paMeTpu, KOEeTO HU3II0JI3Ba KOMIIJIEKCHa HWHTepBaJiHa apUTMETHUKa 3a IIpeCMdATaHe Ha O6XBa,TI/ITe
Ha KOMILIEKCHO-3HAYHYN WHTEPBAJIHU (DYHKIMH, U pelllaBa U3xXogHaTa Jjuneiina cucrema. [lopajm
JIUTICa Ha KOMILJICKCHA MHTepBajIHa apurMmetuka B Mathematica, cb3aaneHUAT TUIOTEH cODTyEp
€ XubpuJieH 1 M3M0JI3Ba KOMYHUKAIIMHEH TPOTOKOJI 3a Jia B0k C-XSC u3vuucjenns ¢ KOMILIEK-
CHa WHTepBaJiHa apuTMmeTruka B Mathematica, BuxK cexknus 2.3. B ciayuast koraro obxBaTuTe Ha
HesmHeiiHuTe GYHKIMKE Ce CMATAT TOYHO, JIBATA MOJIXOJA [POU3BEXKAT CPABHUMU 110 KAYECTBO
Ha BKJIIOYBAaHETO PE3yJ/ITaTh, HO BTOPUAT IIOAXO/ € HO—ereKTHBeH IO CKOPOCT Ha H3II'bJIHEHUE.
Barosa, B [3| e mpencraBen cb3manenns ontumusupan C-XSC Mmomys 3a peniaBaHe Ha JIMHEH-
HI CHCTEMH C KOMILJIEKCHO-3HAYHU MHTEpBaJIHU Hapamerpu. /Ipara mojuxona, anaausupanu B (8,
u codryepa mpeicraBeH B 3| ca mpmIoXKeHH KbM 3ajada 3a worst-case aHajan3 Ha MOJET Ha
eJIEKTPUYIECKa BEPUTa, OMUCAH C TAK'bB THUIl ITapAMETPUIHA JINHEHHA CUCTEMA.

1.4 4IBHO onmmcaHue Ha IIapaMeTPUYHU MHOXKECTBa OT PelleHus

HBHO OllMCaHMe Ha IIapaMeTpUYIHN MHOX2KECTBa OT pEIICHMHd 3a JIMHEUHU CHUCTEMU CbIbpzKallin
JIMHENHN 3aBICHMOCTH MeZK/ly MHTEepPBaJIHU apaMeTpu ce pasmiexkiaa B crarunte [K30], [9], [2],
[4]. flBHOTO OmMCAHMe HA €HO NApPaMETPUYHO MHOXKECTBO OT DEIeHHsl Upe3 HePaBEeHCTBA, KO-
UTO HE ChIIbPXKAT ITapaMeTpure, € QyHIaMeHTaIHa 3a/iada, KOITO € OT ChIIECTBEHO 3HAYCHUE
3a M3CJICIBAHE CBOMCTBATA HA MAPAMETPUYIHUTE MHOYKECTBA OT PENICHUS U, ChOTBETHO, 3a KOH-
CTpyupaHe Ha I10-J00pU YUCJACHN METO/M; 33 HaMHUpaHe Ha TOYHATa OOBHBKA HA MHOXKECTBOTO
OT DEITICHNST U CHOTBETHO MPHU TECTBAHE HA PA3JINTHU METOH. 3a/1ataTa ¢ BCEOOIO MpU3HaTa B
JIOTWKATA ¥ KOMITIOT'bPHATA ajredpa 3a MHOTO cjaoykHa. Enun oI 1o/1xo1 3a peraBaHe Ha Ta3u
zajsiatia e mpemokeHuaT or A. Tapekn MeTo 3a eTMMUHAIIST Ha KBAHTOPH. 1031 MOIX0/T € MHOTO
TEXK'bK, HE BUHAIU JIOCTHUTA JIO PEIIeHUe U € JIBOIHO eKCIIOHeHIIHAJIEH 10 OPOs Ha TeHEePUPAHUTE
HEPABEHCTBA. 3aTOBA, JUTEPATypaTa N300MICTBA OT CTATHH, KOUTO U3CJICIBAT TACTHH CIYIaAH C
IIOJIMHOMMAaJIHA CTEIIeH Ha Pa3SpelInMOCT.

B |K30] ca mokazanu HeoOGXOAUME W JOCTATHIHE YCJIOBHs, IIPH KOMTO WHTEPBATHATA OOBHB-
Ka Ha 00CMMHEHOTO MHOYKECTBO OT DEIICHUS Ha €JHa ITapaMeTPHUYIHA JINHEHHa CHCTeMa ChBIIA-
Jla ¢ OOBUBKAaTa Ha PENIEHHETO Ha ChOTBETHATA HellapaMeTPUYHA CHCTeMAa. 3a HellapaMeTPpUYHU
JueiiHn nHTEepBaJIHU CHUCTEMH, 068,“167 CbIIECTBYBAaT METO/U 3a HPECMsATaHE Ha HNHTEPpBaJIHATa
oboBuBKa. HaMepeH e jleceH n3duc/nTeNeH aHAIOI HA JIOKA3aHHUTE YCJIOBH:A. 3a PEJINIa YacTHU
ciydan (Hamp. inverse-stable MaTpuia) ca u3BEJEHU U JIECHO MPOBEPSEME JIOCTATHIHU YCJIOBUSI



3a CbBIAJIaHe HA WHTEPBAJHUTE OOBUBKM 3a JBaTa KJaca 3aJadu. B To3u ciiyvail uMaMe U SIBHO
IpeJicTaBsiHe Ha OOBUBKATa Ha IMapaMETPUIHOTO MHOYKECTBO OT PeIleHUsI.

B [9] e npemioxkena HOBa KiacuduKalis Ha HHTEPBATHATE APAMETPH yIACTBAIIN B CHCTE-
MU JIMHEHHN aJareOpudHy ypaBHeHus ¢ jnHejinu 3asucumoctu. B [9] u [2] e mokaszano, 4e Tasu
KytacuUKaIdsg € OT CbIIeCTBEHO 3HadeHme 3a Taka-Hap. Fourier-Motzkin mpomec Ha eanMmuHa-
s HA TIapaMeTpuTe. 3a CUCTEME, B KOUTO BCEKHU IIapaMeThbp Ce CPeIlla CaMoO B €/IHO yDABHEHHe
(He3aBHCHMO KOJIKO IT'bTH), € HAMEPEHA siBHA XapaKTepu3allds Ha HapaMeTPHIHOTO MHOXKECTBO
OT pelieHnsi. XapaKTepU3allnOHHIUTe HEPABEHCTBA 3a TO3M KJIAC 3aJladK ca MHOI'O CEMILIN U T0-
JI06HM Ha HepaBeHCTBaTa OoT u3BectHaTa Teopema na Oettly-Prager 3a nerrapamerpuann JuHeiHT
cucremu. JuC/IEHN PUMEPH W CpaBHEHHUE € XapaKTepU3allisl Ipe3 eJMMUHAIS Ha KBAHTOPHU B
KAC Mathematica ca npencrasenn B [9)].

Uscnenpanusita 3amounaru B [9] ca npobikeHn 1 06001IeHE B 2], K'bJIeTO € HallpaBeHa Cb-
ImecTBeHa MOoAnUKAaIIS Ha eJTNMUHAIMOHeH mporiec oT Tur Fourier-Motzkin, mospossiBalit siBHO
OIMCaHUe HAa MHOYXKECTBOTO OT DeIleHus Ha IapaMeTpUIHa WHTEpPBaJHa JIMHEHHa CUCTEMA UPe3
HepaBeHCTBa. Upe3 mopudunupanust esmmunaimonen mpoiec (Teopema 3.1) xapakrepusuparu-
Te HEPABEHCTBA Ca MHOIO IMO-MAaJIKO Ha OpOoil U mMaT OOINO IpEeJICTaBAHe, KOETO HE 3aBUCH OT
KOHKpeTeH opTaHT. /lokazano e, de eMMUHAIMATA Ha ITApaMETPHUTE CPEIIAIN Ce CaMO B €IHO
ypaBHEHNE He yBeIrndaBa Oposi Ha XapaKTepU3upalluTe HEpaBEeHCTBa U “KOMyTHpPa~ ¢ eJTUMUHAII-
siTa HA OCTAHAJIMTE TIapaMeTpU. 3a JByMEPHU CUCTEMHU C IIPU3BOJIEH OPOIl TapaMeTpu e JJ0Ka3aHo
KOW OT MeHEepUPAHHUTE XapaKTePU3AIMOHHN HEPABEHCTBA €A M3JIHIIHU (TOBTAPAT CE WJIM HE JOTI-
PHHACAT 3a ONMCBAaHE Ha I'PAHUIATA HA MHOXKECTBOTO OT pelleHus). BJiarojapenne Ha TOBa, €
[TOJIy9€HO MUHUMAJIHO SIBHO OIUCAHUE HA MHOXKECTBOTO OT PEIIeHUs 3a JIByMEPHU ITapaMeTPUIHH
smaeitan cucremu, Teopema 4.1. [Ipumepu 5.2 u 5.3 wiroctpupar npuiokennero na Teopema 4.1
[IpU eJTUMUHAINAST HA [apaMeTPU 3a CUCTEMHU C Pa3MEPHOCT IO-TOJISIMa OT JIBE.

B [4] ca zanounarn nscieBanust BbpXy MHOXKECTBA OT PeIlleHUs HA JUHENHN CUCTEMU
CbI'bP2KAIKU JIMHEWHN 3aBUCUMOCTHU MeXK/y MHTEPBAJHU IIapaMeTpu, K'bJIeTO Iapa-
METPUTE Ce ONNCBAT OCBEH C KBAHTOPA 32 ChINECTBYBaHE M C KBAHTOPA 3a OOIIHOCT.
Pasriexpar ce napaMeTpuIHN MHOXKECTBA OT PEIIEHUsI, B INETO OIMCaHUe BCUYKKA KBAHTOPH 34
OOIIHOCT MPEIIIECTBAT BCUIKN KBAHTOPHU 3a ChINEeCTByBaHe, Hapedenn AE mapamerpudnn mmHo-
»KecTBa OT pernenusi. Jlokazanun ca HEOOXOIUMU YCJIOBHS 38 C'hIECTBYBAHE HA HEIPa3HO MHOXKEC-
TBO OT PEIIEeHUs B TPYU €KBUBAJIEHTHH (DOPMU: TEOPETUKO-MHOXKECTBEHA, HHTEPBAJIHO BKJIIOUBAHE,
HepapeHcTBa. HamepeHO e sIBHO IipejicTaBsiHe Ha napamerpudnanTe AE MHOXKecTBa OT peleHwust
B YACTHUS CJIydYail 38 CHCTEMHU, K'bJIETO BCEKU IapaMeTbp yUIacTBa CAMO B €HO ypaBHEHHUE Ha
cucremarta. V3cienBann ca 9UCIOBA TPUMEPH, KOUTO UJIIOCTPUPAT TEOPETUIHUTE PE3YJITATH W
cBoficTBa Ha ALK mapamMeTpmyHH MHOXKECTBa OT peIleHusi. YIBHOTO OIHMCaHUEe Ha MMapaMeTpHut-
an AE mHOM)KecTBa OT pertieHnsi € 0000IIEHO U 3aBbPINEHO B CTATHATA |2] OT MbJIHUS CIUCHK C
yOJIMKAIAN, KOSITO € B IIPOIEC Ha PelleH3npaHe.

[1] e mbpBaTa myGiauKaIys B HHTEpPBAJIHATA JTUTEPATYPA, KbIETO Ce Ipe/jIaraT u aHaJIu3upaT
TPH TIOJXO/IA 38 HAMUPAHE HA GBHULHA OUEHKA (6BUHO UNMEPBANHO BKANYUBAHE) 30 HENPA3HO U
oepanueno napamempuuno AE muooicecmeo om pewenua 6 nati-o6w, eud. Ilpn mbpBus MeTO/,
mapaMerpuIHOTO AE MHOXKeCTBO OT peIlieHusl ce MpeJICTaBsl KaTo CeveHrne Ha 0OeIMHEHU Iapa-
METPUYHI MHOYKECTBA OT PENIeHUs BbB BCEBb3MOXKHUTE KPAWIIA HA UHTEPBAJIUTE 33 apaMeTpPU-
Te ONMCBAHU ¢ KBaHTOPa 3a obiHocT (A-mapamerpu), Teopema 1. OT TyK ciieiBa Bb3MOKHOCTTA
Jla ce HAMEPH BBHINHA WM BHTPEIIHA OlleHKa (BKJIOYBaHe) 3a napamerpuanoro AE muoxkect-
BO OT peIlleHrsT Ipe3 cevueHne Ha ChOTBETHUTE OIEHKN 3a OOeIMHEHM IMapaMeTpUIHN MHOMXKECTBA
OT pellleHrsI BbB BCEBBb3MOXKHUTE Kpaullla Ha mHTepBajuTe 3a A-napamerpure. [Ipemioxkeno e
napamerpuano AE-o6o6mmenne B 18e dopmu (Teopema 3 u Teopema 4) na meron, napeden Bauer-
Skeel, u pasryiexkJias Ipej TOBa CaMO 3a IMapaMeTPUIHE 00eIMHEHN MHOXKECTBa OT PEIIeHUsI U
3a Hemapamerpuunn AE-mmoxkectBa ot permenust. [Ibpsara dopma mHa mapamerpuanust Bauer-



Skeel AE-Meros moTBbp2KIaBa pe3y/ITATUTE 38 HAMUDAHE Ha BHHIIMHO BKJIIOUBAHE UPE3 IIbPBUS
pasriiexan noaxon, Cnencrsue 4. Bbe Bropara nHamepena dopma (Teopema 4), napamerpud-
nusar Bauer-Skeel AE-MeTos1 e eIHOCTBIKOB METO/[ ¢ MOJUHOMEAJHA CJI0KHOCT. [Ipusioxkenuero,
cBoiicTBaTa 1 ePEKTUBHOCTTA Ha JBATA MOAXO07a (110 OTHOIIEHNE HA U3YUCIUTETHA CJIOKHOCT U
Ka4ecTBO Ha HaMepeHaTa BbHINHA OIEeHKA) Ca aHAJU3UPAHU M CDABHEHU BHPXY JBaTa Hali-u4ecTo
U3II0/I3BaHN KJIACOBE OT pellieHusi (T.HAP. TOJEPAHCHU U YIPAB/ISEMHU MHOYKECTBA OT DEIICHMUs )
upe3 pefuna aucyaoBu npumepu u Teoperndno (Tebpmenne 1). Cekrus 6 wa [1] memoncrpupa
IIPUJIO2KECHUETO Ha METOJUTE Ha JIMTHEITHOTO nporpamMmupane 3a HaMHpaHe Ha BBbHITHO BKJIIOYBaHe
38 MapaMeTpPUYHOTO TOJEPAHCHO MHOYKECTBO OT PeIlleHus M Kora olleHKaTa e ontuMasHa. Cra-
tusTa [1] cbrbpika jgocra m0JApobeH aHaJIN3 Ha CBOJCTBATA Ha [IPEJJIaraHUTe METOIU W HACOKU
3a Obemu n3caeaBanns. Ouaksa ce pesynararute B [4], 06obmennero |2, OT IbIHAS COIUCHK| 1
[1] na crumynupar uscsieaBanusi BbpXy MeToau 3a napamerpuunn AE-muoxecrBa or perenns,
KOUTO MMaT MHOTO IIOBeYC IIPUJIO2KCHMH OT MEeTOJUTEe 3a HellapaMeTPpHUYIHHN AE—MHO}KeCTBa oT
pelienusi, Thit KaTo MPUIOKHATE 3aa9U 10 CBOETO €CTECTBO Ca ITapaMETPUIHU.

2 VlnTepBaneH codpryep

Cb3maBaHeTo Ha CIENUAIN3UpaH cOPTyep € JacT OT IPOoIeca Ha MAaTEeMATHIeCKO MOIETHpAHe.
PemaBaHeTo Ha IIPpaKTUIE€CKU 3a/a91, NI JOPU U3BHPHIBAHETO CaMO Ha YNCJIOBU €KCIIEPUMEHTH,
€ HEeBB3MOKHO 0e3 CHhOTBETEH COdTyep.

2.1 CodryepHu cpejicTBa 3a pelllaBaHe HA JIMHEHU MapaMeTPUYHU CUCTEMU
C UHTEPBAJIHU JAaHHU

B [29] e npescraBen cb3aagenusT nporpamen momaya ParLinSys kbm 6ubmorekara C-XSCP,
KoiiTo pasmmupssa 6ubmmorexara CToolbox® cbe cpencrsa 3a pemrabane Ha mapaMeTpHYHE HH-
TepBaJiHU JiuHeHN cuctemu. Cb3IaeHusaT MIPpOrpaMeH MOJYJ € IIbPBUSIT, KONTO peajm3npa 001
METO/I ¢ aBTOMATUYHA BepupUKAIUs Ha Pe3yJiTaTa 3a pellaBaHe Ha MapaMeTPUIHU WHTEPBAJIHI
JIMHEHHN CHCTEMH B €3WKOBa Cpejia W Upe3 W3IS0 YNCIOBO MPEJICTABAHE Ha BXOJHUTE JAHHU.
C mskJiroUeHne Ha onucanusi 1o-aosy Mathematica codryep, ToBa € €UHCTBEHUSIT HHTEPBAJIEH
codpTyep B e3UKOBa cpefia, KOWTO MpecMsiTa He caMO BLHIMHA OIEHKa Ha WHTEPBATHATA OOBUBKA
Ha PEIIeHUeTo, HO U 9pe3 OPIUHAIHO paspaboTeHa METOJOJIOTUS MPECMsITa ChOTBETHA BhTPEI-
Ha OIEHKA, KOETO TIO3BOJISIBA JIa Ce OTPEIETH KadeCTBOTO Ha HaMepeHaTa BbLHIMHA orenka. Crer
pasmmupsiBaneTo Ha 6ubmorekara C-XSC ¢ TUIIOBe JaHHU TOTHPIKAIIM Pa3pejieHn (sparse) BeK-
TOPHU M MaTPUIM ¥ HOBO CKaJapHO npousseenne ¢ npomensma (K-fold) mpenmsnoct (abmknma
Ha MAHTHCATA), € Cb3JaJIeHa HoBa onTuMusnpana peanusanust Ha C-XSC mojysure 3a JuHERHNT
napaMeTpUYHE CHCTeMH, npeacrasera B [3|. [IBara HoBU mporpaMum Moy/Ia 3a JIUHEHHE CUCTEMI
C JIUHENHN 3aBUCUMOCTU MeEXK/1y

(a) peaJiHO-3HAUHMU, WJIH

(6) KOMIIEKCHO-3HAYHN MHTEPBAJHI [apaMeTPH
MOIbPKAT BCUYKH YHUKAJTHU (DYHKIIMOHAJHI OCOOCHOCTH Ha, IIbPBOHAYAIHUAS MOIYJI 32 PEAJTHI
MHTEpBAJIHN TapaMeTpu. HoBaTta onmTuMusnpana peaan3ariyst N3M0I3Ba;

— BJIOXKeHH noaxosAnm dbyukiuu or oudanorekure BLAS/LAPACK,

— ckastapHo npoussesienne ¢ npomensmba (K-fold) mbikuna na manrucara,

PC-XSC e 6ubnunorexa or C-++ kaacose 3a mayunu uzuncienus (eXtended Scientific Computations) mozasp-
JKallla TUIIOBE JAHHU U3I0/I3BAHU B YUCJIEHUTE METO/U U OCUTY PSIBAIIA U3BbPIIBAHE HA U3UUCJICHUS] C ABTOMATUIHA,
Bepud UKL HA PE3yITaTa.

66ubImoTeKA OT IPOrPAMHN MOJYJIN 32 PelllaBaHe Ha CTAHJAPTHU 3a/[a49i OT YKC/IEHHs AHAJNS C ABTOMATHIHA,
BepudUKaIus Ha Pe3y/ITaTa.



— ePeKTUBHO IPEJICTABIHE HA PA3PEIeHU BXOIHU JTAHHMU,

— CIenpaIHa Peaji3alis 3a MHOOKOPOBA HJIM MHOTOIIPOIIECOPHA Xap/yepHa Cpe/a.
Hopara peajmsanysi 1103BOJIsSIBA MHOTO 10-e(DEKTUBHO (KAKTO [0 BpeMe, Taka U 110 M3I0JI3BaHA
olepaTHBHa IIaMeT) pelllaBaHe Ha JIMHEHM [apaMeTPUYHH CHCTEME, KOETO € JEeMOHCTPUPAHO B
[3] ¢ umcenn excriepuMenTH.

B cpenara Ha cucremara 3a Texundecku npecmsitanusa Mathematica ca cb3maeHT MHOXKECTBO
GYHKINN, KOUTO Peau3upar IPeJICcTaBeHuTe B CeKIus 1 HOBH METOIU U aJrOPUTMUIHHI IOIXO/IM,
KOWTO Ca U3IOJI3BAHU IIPU aHAJIM3a Ha ONICAHUTE B CEKIUs 3 IPUIOXKHYM MOJIe/n. Peajmsupannre
PYHKIMU ce pa3auyaBaT KaKTO II0 THIIA Ha CUCTEMUTE 33 YMEeTO PellaBaHe ca IpeIHA3HAYCHU —
[IpeOIpeIe/IeHN WU HeI0O0IpeIeIeHr, HellapaMeTPUIHY HJIH IapaMeTPHIHI, TaKa U 10 METOINTE
KOUTO Ca U3IO0JI3BAHU, BUZK [25]. Cuopes, Tuiia Ha 3aJa4ara U BXOIHUTE JaHHU HOBOCH3/IaCHITE
Mathematica dyHKIUN pelaBaT CJIeIHATE TUIOBE MHTEPBAIHU JTUHEHHN CUCTEMU:

® HellapaMeTPpUIHN WHTePpBaJTHI JUHEHHN CUCTEeMH

* * *

KBa/JI[paTHU Ipeorpejie/ieHn HeJI00IpeIe/IEHN

* fopaBene ¢ IUI'bTHU WU Pa3PeIeHn MaTPUI

® [TapaMETPUYIHU MHTEPBAJIHN JUHENHN CHUCTEMU CbIbpzKalin JUHENHN 3aBUCAMOCTH

* * *

KBaJIpaTHU Ipeolpe/ie/IeHn He00IIpeIeIeHN

* GopaBeHe ¢ IUI'BTHU WU PA3PeIeH MaTPUIH

e I1apaMeTPUYHU WHTEPBAJHU JIMTHEHHN CUCTEMU C'hIbPKAIIN PAITMOHAHI 3aBUCUMOCTU MEYK-
Jy apaMeTpure

* * *

KBa/JIpaTHU Ipeolpe/ie/IeHn He00IIpe/IeIeHN

* GopaBeHe ¢ IUI'BTHU WU PA3PeIeH MaTPUIH

Paspaborenure dyHnkiun ca cuabIeHn ¢ peuiia ONINOHHN TapaMeTPH, KOUTO KOHTPOJIUPAT U3~
YUCTUTETHUS [IPOTIEC WM M3XOJAHUTE pe3yarard, Bk |25]|. HucoBn pesysraTu mosydeHn gpes3
paspaborenure codryepHu cpeicTBa ca ybiukysanu B [28], [26], [24], [20], [19], [17], [17 a)],[15],
[12], [11], [8], [7]-

2.2 Veb-m0oCTbITHU MHTEPAKTUBHU M3YNCJIeHUS U rpadpuka

OcHoBapaiiku ce Ha WHOBaImoHHa webMathematica TeXHOIOTHsI, KOSITO UHTEIPUPa CHCTEMATa
Mathematica B yeb cbpBbD 1 MIO3BOJIsIBA TeHepUPaHe Ha JUHAMUYIHE yeO-I0CTBIIHA U3YUCIEHUS,
e pazpaboren yeb 1mopTaj OCUTypsABall, JOCTHII 710 Ye6-T0CTbIHA NHTEPAKTUBHU MaTeMaTH-
4ecKM U3YmncjieHus u rpaduka.
B [18] e npezcraBena KoHenwsTa n 00IaTa paMka Ha yed ChbPBbD
http://cose.math.bas.bg/webComputing /
[peJIaraiy OTAaIedeH JOCTbIL:

® JIMPEKTHO JI0 U3YUCIUTETHUTE pecypcu Ha ¢bpBbpa — Haup. Mathematica u C++ codryep
3a vHaunn uzuncienusi: C-XSC, CToolbox, filib++,

® /10 MHOYKECTBO PA3HOOOPA3HU YCJIYTU CBbP3aHU C IMHAMUYIHI U HHTEPAKTUBHU yeO-TOCT bITHH
U3YUC/ICHUA U rpadpudHa BU3YyaATU3AIINA,

® JI0 PeCcypCH 32 JINCTAHIIMOHHO O0yYeHHe U 3a pa3paboTKa HA WHTEPAKTUBHU W JINHAMUYHU
CpeJiCTBa 3a JUCTAHIMOHHO O0y'eHmne
http://biocose.math.bas.bg/webMathematica/



[IpenmaranuTe OTAAIEUICHO PECYPCU U YCIYTU Ca IPEIHA3HAYECHN KAKTO 38 MACOBO IOTpebJICHIE
OT HECIICIMAJIUCTH, 33 00PA30BATE/IHU II€/IM, TaKa U 3a U3BLPIIBAHE HA YHUKAJIHU CIEIAATU3U-
pann uzunciaenus. Pazpaborerunre yed muarepdeiicn KbM IUHAMAYHA U3YUC/ICHUS U rpaduka ca
3aMUCJICHU Ja 6’bILaT MHOFObeHKL[I/IOHaJIHI/I KaTO OCUTYPABAT KaKTO U3YUC/TIUTE/ITHA MOII, TaKa U
MHTEepaKTUBHA obpasoBaTesHa cpeja. Hsakoit BaxkHu ocobeHOCTH Ha MHTEpPdENca KbM UUCIOBH
[IPECMSITAHUS C€ ChCTOST B U3IPAINAHETO BbPXY ChbPBbPa Ha rojieMu (ailjioBe ¢ JaHHU B Pa3JIn-
o GOPMATH U MOy YaBAHETO BbPXY MAIIMHATA Ha KJIHEHTa I'eHEPUPAHUTE YUCIOBU, AaHAJTUTHIHN
WiIn TpadUIHA Pe3yJITaThH ChIO B pa3zHooOpasue oT daitaoBu hopMarTn.

B [22] ca npencraBenn BB3MOXKHOCTHTE Ha pa3paboTeHus yeb mopTas

http://cose.math.bas.bg/Sci_Visualization/

3a JIMHAMUYHO TeHepupaHe U JocTaBKa na rpaduann yeayru. [lpegocrasenu ca mosetue ot 20 yebd
CTPAHUIM TTO3BOJIIBAINN UHTEPAKTUBHO T'eHepupaHe Ha rpaduka Ha QYyHKIUA, TAHHU U CIICIH-
aJTHu 00eKTHU. Ycjayrara e mpegHas3HadeHa 3a IMUPOK KPbI' MOTPEONTENN, KAKTO U 38 HYKIUTE Ha
00pa30BAHIETO.

3a s1a 6bJaT MOMYJISIPU3UPAHT pa3pabOTeHNTe HOBU METOAM U COPTYEPHH CPeICTBa, KAKTO W
3a J1a Ce OCUTYPH MIUPOK CBOOOJEH JIOCTBHII HA YUCHW M HHZKEHEPH (KOUTO HE Ca CIEIUAIINCTH B
UHTEPBAJHU METOJIN) JI0 T€3U CPEJICTBA, € Ch3/iajieH yeb uarepdeiic kbm Mathematica byHKIMITE
3a pellaBaHe Ha MapaMETPUYHU WHTEPBAJIHU JUHEHHU cucTeMu. Yebd MOpTaIbT 3a J0CTaBKa Ha
MHTEPAKTUBHU JUHAMUYHU MaTEMaTHUYCCKU yCJIyTu webComputing e pasmupeH ¢ peaula HOBU
GyHKIIMOHATIHI Bb3MOKHOCTH 3a Bu3yasnsupane na 2D n 3D napamerpuyiu u HenapaMeTpudHu
MHOXKECTBa OT PEIICHUsl, KAKTO U CbhC CICHUAJU3NPAH YCIYTU 3a pellaBane Ha napaMeTpUdHNi
nHTepBaJiny JuHeiinu cucremu. MnrepdeiichbT e pasnimpen cbhe cpeicTBa 3a 00paboTKa Ha NOJIEME
110 O6eM JaHH 1 CbXPaHsgABaHE Ha YUCJIOBU U I‘paCbI/I‘IHI/I pe3yTaTu. TO3I/I HOB KJIaC JUHaAMWYIHN
yeb ycayru e npejicraseH B [21].

2.3 KomyHukalus m B3anMoOdeiicTBUe Ha MHTEpBaJieH codTyep

B [14], [10] e mpemiozKeHO N3I0I3BAHETO HA HOB METOI0JIOTUY€EH II0AX0/, IpU pa3paborBaHe
U TecTBaHe HA MHTepBaJieH codTyep — MOAXO0[ OCHOBAH HA MHTErPUPAaHE WM B3aWMO-
JelicTBUE Ha ChIMECTBYBAIl] MHTEPBAJIEH cOPTyep Ype3 KOMYHUKAITMOHHU ITPOTOKOJIH.
Hamnpagen e anain3 Ha HSIKOU aCIIeKTH [IPU OCHINECTBSIBaAHe Ha OOMEH MeXK Iy WHTepBaJieH copTy-
ep pa3paboTBaH B pa3JIWdHU MporpaMun cpean. [lpegcraBena e TEXHOMIOTHUSITA OCHITECTBIBAIIA
B3aumoeiicreue Ha Mathematica ¢ BbHIIeH nHTEpBajcH CODTyEP IPE3 KOMYHUKAIMOHHUS TPOTO-
kost MathLink. Ycranosena e komyHukarus Mex 1y Mathematica n BbHIIeHn nnTepBasien coryep
B KOMIIMJIATOPEH €3UK, B 9acTHOCT ¢be C++ 6ubimoreknte C-XSC [14] n £11ib++ [10] upes komy-
auKaruouHus mporokos MathLink. OcbimecTBeHnTe 00N M3CIEIBAHAS BbPXY KOMYHUKAITHS Ha
YUCJIOBU MHTEPBAJM JEMOHCTPUPAT: PA3IMUpPeHn (PyHKIMOHATHE Bb3MOXKHOCTH, ChBMECTUMOCT
Ha WHTEPBAJHATE MPEJICTABIHNS, PA3ITHPEHN BBH3MOXKHOCTH 3a CPABHEHUE W TECTBAHE, JIOCTbII-
HOCT OT MHOTO TIO-TOJIsiM Opoit morpebutenn. [lokazamo e MpemMyIecTBOTO TPU B3aNMOIeficTBIE
MEKJLY KOMITIOTbPHO-AJreOpudHa CUCTEMA W BHHINEH KOMIIMJIUPAH copTyep: IbPBATE Pa3IIUps-
BaT PYHKIMOHATHUTE CH BbH3MOKHOCTH W TIOBUIIABAT TTPOM3BOJUTEIHOCTTA, JOKATO BHHITHIAT
codTyep ce 0bJIaroIeTeICTBA OT CUMBOJTHUTE MAHUITY/IAINN, MOIITHATE TPaApUIHA Bb3MOKHOCTH,
nraTepdeficHn U IPyTH acleKTH Ha KOMITIOTHPHO-AITeOPUIHITE CUCTEMH.

Komynukanusra na dpyakiuonaainu uzpasu or cucremara Mathematica KbM WHTEpBaJIHA-
Ta 6ubsmorexka C-XSC e cbmecTBeHa CTBIKA 3a Cbh3aBaHe Ha 00T WHTEepQEHc MO3BOISTBAI
nm3mrbiaenne Ha C-XSC mporpavu ot cpemara vHa Mathematica. Twit-karo Becuuku C-XSC mpor-
paMHU MOJLyJIN 3a pelllaBane Ha 3aja4u ¢ neauneitan gyunkiun ndnosrssar Tpu C-XSC momyma 3a
apuT™MeTHKa ¢ aproMarndHo judepeniupane (AJl), oCbIIeCTBIBAHETO HA CHBMECTUMOCT MEYK-
ay OYHKIMOHAJIHE u3pasu 3agaaenn B Mathematica n criennduannTe OOEKTHH THUIIOBE JaHHU
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nm3noyizBanun o1 C-XSC momysmre 3a AJl e OCbIIeCTBEHO Upe3 CIEIUAHO Ch3JaJIeH copTyep,
napeden ADExpressions. Meromosorusita 3a JUHAMAYHA KOMYHUKAIAsT Ha (DYHKIIHOHAHE W3-
pasu u ocobenoctu npu peanmsarusaTa Ha ADExpressions ca npeacrasenn B [6]. Cb3mamenusr
codTyep e ¢ OTBOPEH KO U IyOJUIHO JOCTbIeH. Bbipeknu, ue usnonssa MathLink npoTokon
3a KOMyHUKaIus Ha GyHKunonaaauTe m3pasn, ADExpressions ne cbabpika QyHKIUM WHCTA-
qupyemu B Mathematica, a e IpeHa3HAYEH Ja yJIECHsIBa Ch3aaBaneTo Ha MathLink nmporpamn,
xouto uaTerpupar C-XSC mporpavun 3a A/l win nporpamu msnomssarmu C-XSC aputMeTnka-
ta 3a AJl. Kato mokazarencTBo 3a peanm3mpaHaTa KOHICNIINS W 34 Jia Ce WIIOCTPHUPA TPUIIO-
»kermeTo Ha codpryepa ADExpressions ca cb3magenn tpu MathLink-cbBMecTuMu nHTEPhERCHN
nporpamu (ddfAri, gradAri, hessAri), kouro Binarar B Mathematica cvorseraute C-XSC momy-
mun 3a AJl xkato Mathematica nakern, Bk [5]. Braranero B Mathematica na C-XSC momysure
3a pellaBaHe Ha HeJUHEHHM 3aja49u (M30JMpaHe HyJIMTe HA €JHO- U MHOTOMEDHHU HeJTMHEHH:!
dbyHKIMU, e1HO- ¥ MHOrOMEpHA IJIOOAJHA ONTUMU3AIMsI) € OCHIIECTBEHO YPe3 HOBOCH3JIAJIEHA
MathLinx-cbBMectuMma nHTepdeiicaa nporpama nlADproblems. Besika or ropuure MathLink-
CBbBMECTUMU TIPOIPAMU ChIbPXKa CJI0XKHO B3auMojieiicTere Mex 1y BbHITHES C-XSC KO, cod-
tyepa ADExpressions, KoiiTo KOMyHUKHpa (DYHKIIHOHAJIHN U3Pa3W, KOJa Ha HOBOCH3IAICHUTE
Mathematica makern u siaporo Ha Mathematica. Hakoit BayKHI peann3aliiOHHN KOHIIEIIITNN, KaK-
To u acriektu Ha MathLink Texunonorusra ca npejacrasenu B |5]. Beuuxku MathLink narepdeiicnu
IIPOrPaMU CBIIO Ca C OTBOPEH KO U JOoCTbIHU. JlucTpubynuara UM ChIbpKa JEMOHCTPAITHOHHN
Mathematica TOKyMEHTH WIIOCTPUPAIIH yIIOTpedbaTa UM M HAKOW CHEIUPUIHN OCOOEHOCTH.

IIpeynoxenusr B [14], [10], [6], |5] HoB moxXO 32 6BP30 ¢bh3AaBale Ha e(DEKTUBEH HHTEPBAJICH
codTyep e NPUIOKEH IIPH:

® [IMJIOTHO M3CJICJIBaHE BbPXY pPeEllaBaHE Ha JUHEHN CUCTEMH C KOMILJICKCHO-3HAYHU nHrTep-
BasIHU napamerpi [8] (Bmk cbino cexknust 1.3),

e IMJIOTHO M3CJIEIBaHe BbpPXy HOB IOJIXOJ 3a PEIlaBaHe Ha JTUHEHHU CHCTEMHU ChIbPIKAIIH
[OJIMHOMUAJIHY 3aBUCUMOCTH MKy uHTepBasHu napamerpu [11] (Bmxk cbio cexrumst 1.2)
U CBH3IQJEHUAT HOB M0-e(hbeKTUBEH MHTErpupan copTyep 3a pemasaHe Ha TAKHBA 3aJ1a4H,

e pelraBaHe HA MHOXKECTBO INPUJIOXKHU 3aJ@dd OT KOJIeKTUB ¢ pbKoBoguresn J. Garloff or
Yuus. B rp. Koncranmn, Iepmanust, BuK myOJuKaIuTe Ha TO3M KOJEKTHB ruTupariy [17]
(OT Hy6.HI/IKaL[I/II/ITe 3a KOHKpr&).

3  [lpunoxeHus

Mozenupanero Ha HPAKTHYIECKU HIPOIECH U sIBJIEHNs OOMKHOBEHO ChIbprKa HETOYHOCTH OT pas-
JIMYHO ecTecTBO, Bk Hanp. [28]. Koraro 3a nagena Beamdmua B MOJETa HAMA JOCTATHIHO HH-
dbopmanus 3a Ja ce U3MOJI3BA CTOXACTUYEH IMOJXOJ, TOraBa Ce U3IOJI3BAT UHTEPBAIHE METOIH.
I3n0/13BaHETO Ha HHTEPBAJIHE METO/IH HAPACTBA I IIOPA/IN HeOOXOUMOCTTA OT CUTYPHOCT (HAIID.
IIPH MOJIeINPAHe Ha CTPOUTEIHI KOHCTPYKIINH) MJIH KOTaTO TPsiOBa Ja ce B3eMaT KPUTUYHU pe-
IICHUsI B yCJIOBHSI HA HEOIPEIEJICHOCT.

ITpuoKeHns: Ha CbH3AAILEHI METOAU U COPTYEPHU CPEICTBA K'bM 3341 3a WOrst-case aHaJIns
Ha MOJe/IN Ha eJIeKTpudecku Bepurn ca nybsmkysamn B [K31|, [13], [8], [3] u npeacrasenu B
cekmun 1.1 u 1.3.

Co3aaBanero Ha eDeKTUBHI METOMH 3a PellaBaHe a MeXaHO-MaTeMATUYHH MOJEIN ¢ HETOU-
HOCTH B MOJICJHUTE XaPAKTEPUCTHKH € OT CBINECTBEHO 3HAYCHUE 33 WHYKEHEPHATA IIPAKTHKA.
Ypes chiueTaBane Ha KJIACHIECKH METOIHM OT M3YHC/IUTEIHATA MEXAHHKa C OOIIM METOIN Ha HH-
TepBasHus ananu3 B cratuure [19], [24], [26] u 28] e BbBeaeH eauH HOB HOAXO[ IIPH MOJEIApALE
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Ha KJIacoBe 3aJa9K 0T MeXaHuKaTa Ha J1epOPMUPYEMOTO TBLPIO TAJIO0. [Ipyu TO3M MOAX0 ce OT-
qHTa HEOLPEIEJIEHOCTTa B lIapaMeTpuTe Ha Mojesa (HeTOYHOCTTa Ha JAHHUTE) U 110 TO3U HAIMH
ce BHACsI MO-TOJISIM PEATU3bM U CUT'YPHOCT B IPOIECA HA MOJIETUPAHE.

B [28] e perrena 3ajada 3a KOMIO3BUTEH MaTepPHaJ C J(BA IIbJIHUTENA, KATO €JaCTUIHUTE
[okasaTe/ld Ha MaTpUIaTa W IIbJIHUTEUTE Ca HEeTOYHU, HO ONPAHUYEHH B JIQJIEHH WHTEPBAJIN.
CpaBHHBaHI/I Ca pa3/InYHU MHTEpBaJIHU METOJIM II0 OTHOHIICHHNE Ha KaveCTBOTO Ha HHTEpBaJIHA-
Ta OOBUBKA, KOSITO JIOCTABAT 3a MHOMKECTBOTO OT DEIleHHsl Ha pasryexkjIaHara lapaMeTpudHa
cucTeMa, MoJiydeHa cjejl KpaiHo-eJleMeHTHa JUCKpeTH3aius Ha Mojena. Hamupanero Ha MHO-
IO TECHU BKJIIOYBAHUS 38 BEKTOPA Ha IPEMECTBAHUSITA Ce MU3BbPINBA C MOMOIITA Ha XUOPUIEH
IIO/IXO/T, TIPU KOMTO Ce PeIaBaT MapaMeTPUIHU UHTEPBAJIHU JUHEHHU CUCTEMU BDLB (DUKCUPAHU
Kpauila Ha WHTEPBAJIUTE 3a [apaMeTpHUTe, 110 KOUTO PEIIeHNeTO € MOHOTOHHO. 1031 MeTo/10J10-
rust € paslIupeHa U IPIJIOKEHA 33 IbPBH BT B (28] u [24] 3a HaMupane Ha TOYHUS OOXBAT Ha
HAIIDE’KEHUsITa B eJIeMEeHTHTe Ha Mojesa. B [28] e npeiozken n HOB pobacTeH MOJXOJL 38 OIeHKa,
Ha HAIPEKEHUsITA BbB Bb3JIUTE Ha MOJIEJA.

B |26] e pemena 3amaua 3a gedopMupane Ha [UIMHAPUYHA KyXMHA B 3eMHA CpeJia C HEOI-
PEJIETIEHOCT B €JIACTUIHUTE MATEePHAJIHU XapaKTEPUCTUKK. | pAaHUYHUTE YCAOBUSI Ca MPUJIOKEHO
MHUT'HOBEHO HATOBapBaHe BbLPXY CTCHHUTE Ha KyXWHATA U HYJIEBO HaJisdrane Ha Oe3kpaitnoct. Tazu
3aj1ada CUMYJIUpa OleHKa Ha paslipejle/leHre Ha HAIPeKeHUATa U AeOpMaluuTe B OKOJTHOCT Ha
KyXHHa B CKaJlIeH MaCHB 3a KOITO ce opearnoJiara 9€ MaTepuaJlJHuUTe KOHCTaHTU BapupaT B J1a/J1eH
unarepsas. [lomyuennre narepsamnu pemenns ca cpasaenu ¢ qucpernoro (FE code MSC.MARC)
n aHaJIUTUIHOTO DPEIIeHUE Ha CbhlllaTa 3a/Ja4va B JCTCPMUHUCTUYIHA ITOCTAaHOBKA. I/I3B’prIeHI/I ca
MHOKECTBO YHCJIEHH eKCIIEPUMEHTH |pe3 Ipujiarane Meroja Ha S. Rump 3a pemasane Ha Ta-
paMeTPUYHU WHTEPBAJHU JIMHEHN cUCTeMH 1 Upe3 paspaborenus B [28] xubpujeH moaxom ocu-
rypsiBall Mo-100po KavuecTBO Ha HamepeHoTo perenne. OnucaH € OTrOBOPBT Ha MEXaHUYHATA
cucreMa B CJIydail Ha worst-case scenario npu BapupaHe Ha [IapaMeTpuTe Ha MojeJa.

Enana nobpe n3BecTHA 1 IMIMPOKO-U3IOI3BAHA TEXHUKA IIPU MOJIeTUpaHe Ha CTPOUTETHH KOHC-
TPYKIIUH € Ipe3 MPEJCTABAHETO UM KATO JIByMEPHA WX TPUMEPHa (pepMa ChbCTaBeHa OT IPbTOBU
WJIN I'PEeJIOBU KPaHU eJIeMEHTH IIOJJIO?KEHH Ha CTATUYHU WM JIMHAMUYIHN HaToBapBaHus. B [17
a)|, [19], u [15] ca pasmrexganu pasHOOOpA3HN MOIEIHH 3aadl Ha CTPOUTENHH KOHCTPYKIAN.
Karo uarepBainu napaMerpu ca IpueTH 'eOMETPUYHN U MATCPUAIHI XapAKTEPUCTUKU HA MOJIC-
JIa: eJIaCTUIeH MOJLYJI, HHEPIMOHEH MOMEHT, IbJI?KUHA Ha eJIeMeHTa, OPUEHTAIls Ha eJleMeHTa U
narosapsate. [lesta nNpu pasrieskJIaHeTo Ha MOJIETHHUTE 33JIa9i € Ype3 KOMOUHAIUS OT METOH
Jla ce HaMepU TOoYHaTa OOBMBKA Ha MapaMeTPUYHOTO MHOYKECTBO OT PElIeHUs U Jla Ce U3CJIe/[Ba
IIPUJIOZKCHUETO Ha IIPEAJIOZKCHHUTE HOBU METOAHN 3a HaMHUpaHe Ha TACHO 'apaHTHUPaHO BKJ/IIOYBaHE
3a PeNeHnero.

HerounocTure B reOMETPUYHATE XapaKTEPUCTUKU Ha MOJIEJIa BOJST JIO IapaMeTpUYHa WHTeP-
BaJIHa& JIMHEHA CHUCTeMa, KOATO CbhbIAbpPiKa HeJNHENHN 3aBUCUMOCTI MeEKAY IapaMeTpuTe. TO3I/I
TUI 38J[a91 € MHOIO TPYJIEH W BCe-OIle HsIMa JOCTAThIHO JI00pe Pa3sBUTU MHTEPBATHHU METO/IN
U CcpejcTBa 3a TAXHOTO edeKTuBHO pernasaHe. Ero 3amo, B [17 a)] e uscienpano pemieHneTo
Ha emma benchmark 3amada’ Momenupaia eqHO-apKOBa MeTaJHa paMKa. llpuiarafikn mpemicra-
BeHUs B CEKIUA 1.2 METO/I 3a ITapaMeTpUIHN JIMHEITHU CUCTEMU C palnroHa/JITHU 3aBUCHUMOCTH U
npeJicTaBeHnst B cekips 1.1 MeTos| 3a KOMIIOTbPHO-ACUCTUPAHO JIOKA3aTEJICTBO, € JEeMOHCTPH-
pana no-rojigMaTa e(peKTUBHOCT Ha pa3spaboTeHuTe OT HAC METOJM [0 OTHOINEHNE TOYHOCTTA Ha
[OJIyYaBaHUTE PEIeHus .

B [19] cme cb3panum gBa coberBern benchmark npumvepa Ha snHeliHa cucTeMa ¢ PAIMOHATHI
3aBUCUMOCTU MEZKJ/Iy MOJC/JIHUTE ITapaMeTpHu, IIOJIYyYCHU IIPpU MOJAC/IMPpaHe Ha JIByeTaKHa CI'Da/la.

"Corliss, G., C. Foley, and R. B. Kearfott: Formulation for Reliable Analysis of Structural Frames. In
R. L. Muhanna and R. L. Mullen, editors, Proceedings of NSF workshop on Reliable Engineering Computing,
Savannah, Georgia, September 2004, USA.



12

JleMOHCTpUPAHO € TIPUIOKEHNETO Ha METOJIa 3a MapaMeTPUIHN JUHEHHN CUCTEMU C PAI[HOHATHH
3aBHCUMOCTH K'bM MPAKTUIECKH 3aJIa9M, K'bJIeTO HETOUHOCTUTE MPUCHCTBAT BbB BCUUIKHU I1apa-
METpU Ha MOJe/a W WHTEPBAJIHHUST METOJ He Ce BJMge OT HadWHa, 10 KONTO € KOHCTpyHpaHa
mapaMeTpudHaTa CHCTeMa. 3a Pas3/inKa OT JIPYTHU MOJAXOM, KbIETO Ce eKCIIOATHPa KOHKPETHA
CTPYKTypa Ha 3aBUCHMOCTHTE, ODODIIEHUAT UTEPAIMOHEH METO/, 38 JIUHEWHN U HeJIMHEHHN 3aBU-
CUMOCTH UMa, ODII XapakTep. XUOPUIHUAT MOAXO0I U TOoApa3e/dHe Ha WHTepBaaInTe, OCHOBAHO
Ha aHAJM3 Ha IyBCTBUTEIHOCTTA, IIO3BOJISBAT 3HAYUTE/HO IMOBHUIIEHUE Ha TOYHOCTTa Ha pPeIre-
Husita. B crpanunara Ha Yukunequs 3a "uarepsanun kpaitan enementu', Buk mmrar [63], ce
orbensasBa, de B craruara [19] "ca momydenn MHOTO MHTEpecHU pesyararn'.

Buonornunu mopenu. Vsciaenpaliky JIuHaMUYIHUTE CBOMCTBA Ha, UHCICHUTE METOIM 3a
O/1Y 0OGUKHOBEHO € TPY/JHO Ja ce DajlaHchpa MeKJy 3ala3BaHe CBONHCTBATA HA PEIIeHUsITa W
[OCTUTAHETO Ha IpocT uucieH Merora. B [12], [7] ca npencraBenn Haae:kaHn METOIHN 38 KOHCTPY-
npaHe U aHaJIn3 Ha YHUCJ/JIOBa JUCKPETHU3alllsd 3a HEIIPpEKbCHATU JUHAMWUYIHN CHUCTEMH. C’b‘leTaHI/I
ca JIBa MOJIXO0/a: METONBLT HA HECTAHJAPTHU KPailHU PA3JINKU U TapDAHTUPAHU YUCJIOBH IIPECMATA-
Hust. B [7] e mokazano JocTaTBIHO YCIOBHE 33 HECTAH/IAPTEH METOJ Ha KpailHu pasimku Ja Obie
TOIOJIOIMYHO U JUHAMUYHO CHbBMECTHM C €IHA JMHAMHYHA CACTEMA. IIPaKTUYECKOTO 3HAMCHHUE
HA TO3W Pe3y/ITaT e jeMoHcTpupano Bbpxy SEIR(->S) enugemuonoruuen Mosesr. 3a To3u MOJIE
€ KOHCTpyHupaHa 0e3yC/IOBHO CXOIAIIA U AUHAMHYHO CHBMECTHUMA YUCIOBA cxeMa. lIpeacrapenn
U aHAJIU3UPAHU Ca HEWHUTE cBOWcTBA. T'bil KATO CTPYKTYpHATA CTAOMIHOCT HA MUCKPETU3AIUSITA
Ha MOJEJIa He BJI€Ye YNCI0BA CTAOUIHOCT, 33 [1a €€ JOKAXKE MOCICIHOTO Ca M3MOJ3BAHN MHTEP-
BaiHn Meroqu. B [12], [7] e pasrmiexkiana JimHeliHATAa IapaMeTpUYHA CHCTEMa IOJIydeHa CJIe]|
CTPYKTYPHO cTabuaHaTa JUCKPETU3alisd Ha MOoJeja Ha pasupocTpaHeHne Ha WHMEKIno3Ha 60-
JIECT B AAJICHA IIOIyJIalysd. Upe3 METOAUTE 3a peHIaBaHe Ha JIMHEHHU CHUCTEMH C MHTEPBAJIHH
ITapaMeTpu € HallpaBCH aHaJ/JIN3 Ha YyCTBUTE/JIHOCTTa Ha KOMIIOHEHTHUTC Ha pPEHICHHeTO Ha CHC-
TeMaTa 0 OTHOIICHUE Ha M3MEHEHHH B CTOMHOCTUTE Ha IapaMETPUTE Ha Mojeaa. 103U aHaJn3
IIOTBbPZK/IaBa KOJIMIECTBECHO YHCJ/IOBaTa CTa6H.HHOCT Ha KOHCprI/IpaHaTa nrepanvuoHHa CXeMa.

TpsabBa ma momdepTaeM, Ue MPUIOKEHUETO Ha TPEICTABEHUTE B MPEIXOTHUTE CEKITUU Pe-
3YATATH HE Ce M3UEPIBA CAMO C IPUJIOKEHUATA HAPABEHN OT aBTOpa. VHTepBasnm mMeTtonn ce
M3TOI3BAT MHOTO YeCTO B U3CACABAHUS BDLPXY W U3MOI3BAINM PA3MUTH MHOXKECTBA, BUXK IIH-
tupamure crarun [5], [29], [92], [111], [123], [124], [139], [150]. Codryepbr 3a pernaBane Ha
apaMeTpuIHN JINHEHHN cucTeMu u yeO-mopTaabr webComputing ca ns3IoJsisBaHu ChIECTBEHO B
muruparmute cratun (93], [95] mpu Mogenupate Ha hapManeBTUTIHI IPOIECH, KakTo 1 ot [37]-[40],
[42]. TTopaau TaBa, ye jocTaBsi CBOOOSHO yeb-I0CTHIIHE U3UUCJICHUs U IpaduKa, yeb-1opTagrbT
webComputing mma MHOXKECTBO JPYTH He-TOKYMEHTHPAHN MPUIOKEHUS U3BHH HAMEPEHUTE I1-
taru [53]-[58].
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