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bubasoTeka ISl HHTePBaAbLHBIX BhIuHcaennii JInterval:
NPHHIHANB] OPTAHM3AIHH

M.B. [Janunocs, K.C. Jponos, C.H. Kunun, E.H. Tenuxun
Anml'Y, 2. bapuayn

CrHcoK CYINECTBYIOIIErO HHTEPBATBHOTO MPOrPaMMHONO o0ecTieyeH
[1] moBonEHO MKPOK, HEYKJIOHHO TIONONTHACTCA H BKIIIOYAET NPOTPaAMMHEIE
ApOAYKTH! Pa3HOTO YPOBHA K Ha3HAaU€HHA: OT MPOCTEHIUMX HMHTEPBATBHBIX
KAIbKYNATOPOB [0 CIECUHAIH3HPOBAHHBIX HHTEPBANbHBIX %3bIKOB MpO-
rpaMMHpOBaHHA. 3HAUMMOE MECTO B 3TOM pAAY 3aHHMAOT OUOIHOTEKH
MHTEPBaJIbHBIX TIGANPOrpaMM IJIA YHHBEPCATBHBIX A3BIKOB IPOrpaMMHpO-
BaHMA, [TOCKOJIBKY CNYXAT HHCTPYMEHTapHeM pa3paloTKH He TONBKO CHC-
TEM HayuyHbIX BLITHCAEHHH, HO H TIPHKIATHOrO NporpaMMHoro obecneue-
HHA Pa3IMYHOTO Ha3HAYEHHA.

HHTepBanbHbie GHOMMOTEKH AA TAKHX TPaJiHUHOHHBIX H3bIKOB Hayy-
HbIX BbruncneHu#l, kak C/C++ u Fortran, BecbMa MHOTOYHCNIEHHEI, a HEKO-
TOpBIC M3 HUX JaXe TIPETEHIYIOT Ha CTAaTyC CTaHAaPTHBIX KOMIIOHEHT A3bI-
. ka. He cronp 61aronoyyHo o6CTOMT CHTYaLHA CO CPEACTBAMH HHTEPBaIb-
HBIX BBIYHCIICHHMH A MPOYMX A3BIKOB NPOrpaMMHpOBaHuA. B yacTHocTH,
ApakTHYeckH 06oliTeH BHAMaHHeM HHTEPBaJbHOrO coolinecTBa A3biK Java
— OCHOB2 OZHOW U3 Haubonee HepCneKTUBHLIX TEXHONOTHI COZRAHNS KDYII-
- HOMACILITaOHBLIX CHCTEM pacnpeleNieHHbIX BBIYMCICHHH, B TOM uHCie, H
 Hay4HoTo Xapaxtepa. [Ipu3biBbI BHECTH HHTEPBANbHYO apHPMETHKY B
- CTAHAApT s3biKa Java [2] noka He ycnbllliaHbl, a peAKHE HMEOMHeCH Java-
6ubnnotexn — Java-XSC [3] n IA_math [4] - orpanK4eHs! yHKIMOHATBHO
H He oTNHYalTCH ObICTpoAeliCTBHEM, XOTA CKOPOCTHBIE XapaKTEPHCTHKH
COBPEMEHHBIX KOMIHNATOPOB M Java-MalllMH MO3BOJIAIOT HA PABHLIX KOH-

i xypupoeath ¢ C/C++ u Fortran-koMmunaropamu, TPaguuHOHHO ITHIM-

PYIOIMMHA B HAYYHOM KOMIIBIOTHHTE.
' HanoxeHnbie 00CTOATENBCTBA NOCTYXUIH NPHYMHOI 3aITyCKa H pasBH-
M Tipoexta pa3paboTku OTKpeiTON WHTEpBajbHOM Java-GHOmHOTEKH
JInterval. OCHOBHBIMH NPHHLHIAMY M YCTPEMIICHHAMH IIPOCKTA ABJIAIOTCS

— OTKPLITOCTb MPOEKTa;

— obecnedyeHne rHOKOCTH B BHIGOpE MPHOPHTETOB BBIYHCACHHH — BbI-.

COKaf CKOpOCTb HJIH BbICOKas TOYHOCTb;

 — paciuipeHHaA PYHKIMOHANBHOCTD.

OTXpBITOCTD [IPOEKTa NOJPa3yMEBAET BO3MOXHOCTh y4acTHs B MpoLec-
€& TIPMHATHA APXMTEKTYPHRIX ¥ TeXHWYECKHX pelIeHHH, a Takke B paspa-
Gotxe koMmoHeHT GubanoTeky MoObIX 3aHHTepecoBaHHEIX JHL. HMeHHO ¢
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OTKPBITOCTBIO NMPOEKTA CBA3aHbl HAJEXbl aBTOPOB Ha YCHELIHYI0 3BOJIHO-
UHIO CO31aBAEMOr0 NMPOrpaMMHOTO npoaykra. Hexonuste xoabl 6ubnnote-
KH (II0Ka janexHe oT CoBeplueHcTBa) cBob0aHO nocTynHbl B Hlurepher [5].
Jliobble npepnoxeHus ¥ coobpaxkeHHs o pa3BuTHiO Gubnuotekd Jinterval
npHHUMa0TCS ¢ 61arofapHOCTBIO.

OnHHM H3 OCHOBONONATAIOIMX YOekIeHHH aBTOPOB ABNAETCA YBEPEH-
HOCTh B HEOOXOIHMOCTH NPEAOCTaBATH MOJMBIOBATENMO GUONHOTEKH BO3-
MOKHOCTh BbIOHpaTh OPHOPUTETHL BHIYUCAEHHWH. B 3aBUCHMOCTH OT OCO-
GeHHocTel 3a7aud W Ueneil BHIYUCITUTENA 3TH NPHOPHTETHI MOTYT CYLIECT-
BEHHO pa3sHHTLCA. B ONHMX Cly4asx 3TO MOXeT OBITb BbICOKAf CKOPOCThb
NpH TOYHOCTH, ofecnedyuBaemoif CTaHIAPTHHIMU MEXaHHU3MAMH BBbIYHCIIE-
HHH ¢ niaparoIiel Touko# 6e3 crenMaibHBIX YCHIHH Mo y4eTy olIMGkk
OKpyrileHus. K TakuM cuUTyauusM MOXHO OTHECTH ObICTpble MPHUKHIOYHBIE
pacyeThl WIH BHIMHUCICHHA C IOBOJILHO UIMPOKHMH HHTepBanaMu. C apyro#
CTOPOHbI, HHTEpPBAIbHBIC BHIUMCIEHHA 3a4acTYI0O MCNIONB3YIOTCA Ans obec-
TICYECHNS J0Xa3aTENLHOCTH PacYeTOB H rApPaHTHPOBAHHOCTH pe3yibTaToB. B
TaKMX CNy4asx MPHUXOAMTCA XEPTBOBATh CKOPOCTHIO BBIMMCICHHH pafd HX
TOYHOCTH.

CospaBaemas Gubnuoreka Jinterval w3nawansHO OpHEHTHPOBaHA Ha
3G ¢$EKTHBHYIO peanH3allii0 BBIYMCICHHN [IPH KaXKIOM M3 YKa3aHHbIX, a
TAKXKE TPH HEKOTOPBHIX MPOMEKYTOUHbIX BAPHAHTaX PacCTAHOBKM NPHOPH-
TeToB. [Tonp3oBaTemo Ha BHIOODP MPENOCTABNAETCH HECKOJIBKO peanusauuii
THITA «HHTEPBAI» C COOTBETCTBYIOLIHMH apHGMETHUECKHUMH OMEPALMAMH,
Hanpumep, 118 CKOPOCTHBIX pacyeToB Lienecoofpa3HO HCNoRb30BaTh HH-
TepBan ¢ TPaHHLAMH NOAACPXKHUBAEMOr0 annapaTHo CTaHAAPTHOTO THIA
double u apumeTukoil 6e3 HanpaBiieHHbIX OKpyrIcHH#t. Jlns BeIYMCTE-
HEH ¢ rapaHTHPOBAHHOH TOYHOCTBIO B PacrOpSKEHHU MONb30BATENA HME-
eTCA MHTEpPBANbHBIH THN, C MPENCTABICHHEM IPaHHLl B BHAE JIMHHBIX YH-
cen tuna BigDecimal. B 3ToM ciydae TOYHOCTH BBIYHCICHHH MOMET
perynupoBaThcs HCXoAd M3 motpeGHoctell nonwiosatens. Ilpu atom Bce
peanulaiMy MakCuMasibHo Gan3ku B cBoelt cnetinduKayy ¥ TIO3TOMY Tie-
pexon ¢ ogHoro 6a3oBOro MHTEPBATIHLHOIO THNA HA NPYro# HE BBI3LIBAET
TPYIHOCTEH.

Kax otmeuanock, 601bIUHHCTBO MHTEpBaIBHBIX OUOAHOTEK MpPEAOCTaB-
JAIOT BEChbMa OTpaHMYCHHBIH YHKIMOHAN, KaK MPaBHNO, CBOJAMIMIACA K
peanu3alUny KNacCHYECKON HHTEPBAILHOM apUYMETHKH H HMHTEPBANBHBIX
aneMeHTapHelX Qynxuuii. Jinterval sanymana kak nmomHoQyHKUHOHaALHAA
onbnnoreka, obecneynBArOILAN MONL3OBATENS KaK eMeHTapHBIMH HHTEp-
BANbHBIMH BLIYHCITHTEBHBIMH CPEOCTBAMH, TAK H BLICOKOYPOBHEBBIMH
METOIaMH HHTepBanbHore aHanusa. CTpykrypHo 6ubnuoTexa pasienesa Ha
yeTbIpe GYHKIHOHANBHBIX CHOA:

CEKLWI - 4. HHOOPMALIMOHHBIE CUCTEMBI 67

— 3JIEMEHTApPHbIC HHTEPBANbHBIE apHPMETHYECKHE ONEPALIHH;

~ 3NIEMEHTApHbIE HHTEPBalbHbIE GYHKIIMH;

— HHTEPBAJIbHBIE BEKTOPHE, MaTPHLBI K ONIEpPALIMM Hal HUMH,

— BbICOKOYPOBHEBBIE HHTEPBAJIbHAIE METOABI.

B HacTosmHA MOMEHT B paMkaxX IEPBOTO CJAOA PEATH30BaHbl TPALHLIHK-~
OHHas KJIacEHYeCKas HHTEPBabHasA apu(MeTHKA, a TAKXKe NoJiHaA apudme-
THka Kayxepa, oTkpbIBaiomas BO3MOXXHOCTH BOIUIOIEHHSA MHOTHX 3dek-
THBHBIX METOXOB, B YaCTHOCTH, METOAOB PEIUCHUA 33121 JIMHEAHOH anred-
pbl B MHTEpBANLHON NMocranoske. [loBepx kaxnoi u3 apudMeTHK HaaCTpO-
€H Ccno#, BroYaroliKi B ceba HHTEpBanbHbIE deMeHTapHble apudMeTHde-
CKHE, TPHFOHOMETPHYECKHE M TEOPETHKO-MHO)XecTBeHHble (yHxumun. Ha
TPEThEM YPOBHE pEai30BaHA NOAIEPKKA MHTEPBAIbHBIX BEKTOPOB H MaT-
pHII ¥ OCHOBHbIE OTIEPALH Haj Humu. YeTBepThiit cnoit noka nmpencrasieH
nuiie cybauddepenumansubiM MeTonoM HetoTona moMcka dopmansHOTo
pewenns HCJIAY {8].

OyHkuHOHANBHOe HanosiHeHHWe Gubnuorexu Jinterval npogomxaetcs.
OnHako yxke€ B HbIHEIIHEM COCTOSHHH OHa crnocofHa KOHKYpPHPOBATh C CY-
imecTByromHMY Java-6ubnnoTekaMu, kak no oorarcTBy yHKUMOHANA, Tak
H 110 CKOPOCTH BBIYHCIIEHHH, O 9EM CBHAETENLCTBYIOT NEPBbLIE CPaBHHTEINb-
aeie TecTol JInterval ¢ Java-XSC, 1A_math, a Takxke ¢ C++-6ubanorekoit
filib++,

bubanorpaguyeckHil cricok

1. Interval and Related Software [Jnektponumii pecypc] / Pen.
Kreinovich V. — Onexrpon. zan. — El Paso, 2009. — Pexum nectyma:
http://www.cs.utep.edu/ interval-comp/intsoft.html, cBoSoansiii. — 3arn. ¢
3KpaHa.

2. Let's Add Intervals to Java (a Proposal) [QnekrponHsiit pecypc} / Pen.
Kreinovich V. — Onektpon. aan. — El Paso, 2009. — PexuM nocryna:
http://www.cs.utep.edu/interval-comp/java.htmi, cBoboaubIit. — 3ara. ¢ 3k-
paHa.

3. Interval Computations with Java-XSC [OnextpoHHsi#f pecypc] /
Ferreira R., Fernandes B., Bezerra E. Campos M. — DnexTpoH. aan. — Santo
Amaro, 2005. - Pexum  pgoctyma:  http://www.sbmac.org.br
/eventos/cnmac/cd_xxviii_cnmac/resumos%20estendidos/marcilia_campos
_ST4.pdf, ceoboansiil. — 3ar. ¢ 3kpaHa.

4, 1A_math [Dnextpounnsi#t pecype] / Hickey T., Qiu Z., van Emden
MH. - 2008. - Pewxum goctyna: htip://interval.sourceforge.net
/interval/java/ia_math/ README.html, cBoGonHsIfi. — 3ar)1. ¢ 3kpaHa.

5. Hpoekt Jinterval [Onektponmsiif pecypcl} / Haunnes M.B., JlpoHos
K.C., wmn CH., Tenuxkun EH., Antl'Y. — Baprayn, 2009. — Pexum



68

moctyma:  http://code.google.com/p/javaintervalmathasu/source/checkout,
cBoOoAHbI. — 3aril. ¢ 3Kpana.

6. lllapeiii C.I1. KoneyHoMepHEBIH HHTEPBAILHBIH aHANK3 [DeKTpOH-
Hetit pecype] / C.I1. Wlapsrit, UBT CO PAH. — HoBocubupck, 2009. Pexkim
gocTyna: http://www.nsc.nv/interval/Library/InteBooks/SharyBook pdf,
cBOGOnHBIH. — 3ariL. ¢ 3KpaHa.

MoOHHNTOPHHT BEpTHKAILHBIX MOABHKEK
H2 CAMOT/IOPCKOM re0IHHAMHYIECKOM IIOJIHIOHE
MeTOI0M paJapHoH HHTep(epOMeTPHHA

A.B. Eermioumikun, A.B. @unamos
FOHHH HT, 2. Xanmot-Mancuiick

D¢ (pexTHBHBIM METOAOM, HO3BOJAIOIAM NOTYHaTh TUIOWAAHbIE OLEHKH
BEPTHKANBHBIX M ILIAHOBBIX CMeELICHHH 3eMHOH MOBEPXHOCTH, ABNAETCH
CIyTHHKOBAS pajapHad WHTeppepoMeTpua. PaflonoKaTops! ¢ CHHTE3HpO-
BaHHOM anepTypoil aHTEHHBI CIOCOOHBI MOJy4HaTh H300paKeHHe 3eMHOI
MOBEPXHOCTH He3aBHCHMO OT BPEMEHH CYTOK H MOrofHsIx yciouil. Obny-
4as 3eMHYI0 [IOBEPXHOCTE IASKTPOMArHATHCH 80nHOH cnpefenerscH Anu-
mel (X, C, S, L — nnana3on), npufop 3anucbiBaeT B KOMILUIEKCHOM BHAE
OTP@XEHHBIH CHCHAL, 4TC MO3BOJIAET BOCCTAHOBHTH, aMIUIHTYRY ¥ dazy.
s vHTepdepomerputeckoit 06paboTKN HCIONBIYIOTCH BA ¥ DoJee H30-
Opaxenus, NoNy4eHHbIE CEHCOPOM NPH OBTOPHOM IpOJeTe CIYyTHHKA Haj
OZHOMH H TOH e TEPPHTOPHEN.

s ofecneyeHus reoJHHaMu4eckoil 6e30MacHOCTH OT BuAHHA HedTe-
Jo6BiYH Ha MpPHPOAHYIO TEOIKOJOTHYECKYIO CpEeAy, MPOMBILLIEHHbIE H
rpaXXIaHCKHE COOPYXXEHHA, MONajaloiie B WIomaas roproro orsoaa Ca-
MOTJIOPCKOTO MECTOPOXAEHHA, JanagHo-CHONPCKUM QHIHAIOM HHCTHTYTA
HedTerazoBoff reoJOrMH H reodU3HKM NMpoBoiaTcs paloThi NG [OpHO-
5KOJIOFHYECKOMY MOHHTOpPHHTY. Jng pemienusa takux 3agay B 2001 r. Ha
TEPPUTOPHH JHUEHIHOHHOTO YYacTKa CO3JaH reoAWHAMHYECKUH MMONHTOH,
cocroammit u3 85 rmy6uunbix penepo. KapTel, oTpakarillue COCTOAHHE
3eMHOH NOBEPXHOCTH MECTOPOXAEHHHN, CTPOATCA HAa OCHOBE aHAIM3a ¥ MH-
TEpPNpPETALHH Pe3yNbTAaTOB KOMIUIEKCA BBHICOKOTOYHBIX Ie0Je3HHeCKHX H3-
MepeHui Ha nmyrkTax CaMOTIOpPCKero reCAHHAMHYECKOro nosuroxa. s
Ha0niofeHNd 3a JMHAMMKOH MyJb/bl ocefarud, ofpasyroueiicad B pe3ysib-
T4Te HW3BJIECYEHHA YINCBOACPOJOB, H3MEPEHHMA He00XO0I¥MO NPOBOAUTH
€XET0/IH0, a JUI HEKOTOpLIX ofnacTed MECTOPOXKIEHHUA HECKOJbKO pa3 B
rod. K ToMy Xe TakoH noaxon Mo3BOJAET MOMYYaTh BEJIHHHHbI CMELLEHHIH



