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1 Bsenenmue

B peasbHO# KU3HU, B OTJIUYUM OT TEOPETUUECKNX BBIKIAJIOK,
MBI He Bcerjla MoykKeM paboTaTb C TOYHBIMU 3HAYEHUSIMH HEo0-
XOJIMMBIX HaM BeqnduH. [[opoit n3BecTHRI JIMITH TPAHUIIEl UX W3-
MeHEHUs. JTO MOJABOIUT YeJI0BEKA K CO3TAHUI0 MAaTEMATIIECKOTO
ammapara Jj1d paboThl ¢ UHTepBaJIaMU, U UM CTaJl MHTePBaJILHBIII
aHaJIN3, BOSHUKIINNI B CepeJiiiHe IIPOIIJIOT0 CTOJIETHA.

Jts Hagasia MBI pazbepéM, UTO TaKoe MHTePBAJI I MHTEPBAJIb-
HBIH aHa M3, a TaKyKe KaK paboTaTh ¢ MHTEPBAJILHBIMU BEJINUN-
HaMHU B CUCTeMe KOMIIbloTepHoil maremaTuku Octave.,

laTepBas — 9TO 3aMKHYTBLIM OTPE30K BEIIECTBEHHOII ocu (B
KOMILIEKCHOM CJTydae KOHCTPYKIIHA CJI0KHEe), U, KaK y7Ke TOBO-
PUJIOCH, B KOHIIENINY WHTEPBAJIBLHOTO aHaIN3a MBI paboTaeM He ¢
BEITeCTBEHHBIMU (KOMIIJIEKCHBIMMT ) 9UCJIAMU, & C BEIeCTBEHHBIMU
(KOMIITEKCHBIMNI ) WHTEPBAJIAMH.

CrouT OTMETHUTH, YTO B Ipoliecce Bbluncaenuii Ha DBM Mbr
CTaJIKMBAEMCsI C IIOIpemHocThIo. [Ipu pabore ¢ nHTEpBaJIbHBIMU
TIepeMEeHHBIMI MbI 3HaeM 00JIaCTb M3MEHEHUsT PacCMaTpPUBAEMO
BeJIMINHBL. [Ipu BHITIOJTHEHMN HEKOTOPBHIX HEOOXOTMMBIX OIlepa-
U HaJ WHTEPBAJIOM MBI IIOJIy4YaeM, B KaKUX IIpejiesiax HaXo-
JINTCS MHTEPECYIOITasi HaC TlepeMeHHad. JTO aKTyaJabHO BO MHO-
X cepax IesTebHOCTU, HATTPUMED, B 3aJadaxX, CBI3aHHBIX C
JIOIYCTUMBIMHU Harpy3Kamu, rjae BaKHO 3HATh IIpUEMJIEMbIe OT-
KJIOHEHUA OIPeJICJIEHHBIX BEJIMYNH.

BoabmmM 1mocoM paboThl ¢ MHTEPBAJIAMU ABJIAETCA TO, 9TO

OIINOKA BBLIYNCJIEHUS HAKAILJINBAETCSI B CAMOM OTBETE. DTa 0CO-



OEHHOCTH MOXKET OBITH MCIOJIB30BaHA B TOJIL3Y MCCEI0BATEN.

GNU Octave — cBoboHO pacmpocTpaHseMast CUCTeMa JIJIs
MaTeMaTndecKux BblumciaeHuit. OHa mpejHa3HavdeHa, B MIePBYIO
ouepeib, I YMCJIEHHBIX PAacueTOB, HO TaKXKe XapaKTepu3yeT-
Csl MOIIIHBIM MaTeMaTUIeCKI OPUEeHTHPOBAHHBIM CUHTAKCHCOM CO
BCTPOEHHBIMU MHCTPYMEHTAMU BU3YAJIU3AINN U MaTEeMaTHIeCKO-
ro BuruncyaeHnd. OHa dBJIAeTCA TOMYJISPHOI cpeioil mporpaMMu-
POBAHUS CO CBOMM BBICOKOYPOBHEBBIM SI3BIKOM, OJIM3KUM K S3bI-
Ky MATLAB. Unrepsaibhbiii naker jjs Octave obecrednBa-
eT MHTepBaJbHOe pacimpenue cucreMbl. OH cozman OmBepoM
Xaitmmxom (Iepmanust) u mOMUMO COOCTBEHHO MHTEPBAILHOM
apuMeTUKN U dJIEMEHTAPHBIX NHTEPBAJbHBIX OIEPAaIil BKJIIO-
YaeT HEKOTOPhIE TPOIEAYPHI JIsd PEIleHnd PAa CTaHIapTHBIX
3a/1a9 WHTEPBAJIBLHOTO aHaju3a. PacrmpocTpaHsgeTcd CBOOOIHO 1
SIBJISIETCS OJHUM W3 MPOTPAMMHBIX CPEJICTB, YIOBIETBOPAIOIIINX
craggapty IEEE-1788 na mnrepsajbabie Bolunciennd Ha JBM.
A Takux cyimecTByeT He TaK MHOI'O Ha JaHHBII MOMEHT.

Pazpaborka maTepBasbHOrO nakera Octave Hadasach B CeH-
Tsi0pe 2014 roxa, u y:xe B ssuBape 2015 roga ObLI TOTOB HEPBLIi
BBIITYCK ITaKeTa, KOTOPBIA comep:KaJjl IOJIHbI Habop (MYHKIINIA,
Tpedyembix crangaproM. Cam ctangapt IEEE Std 1788-2015 6b1i
paspaboran B utosie 2014 roga u ObLI BHECEH Ha pacCMOTPEHHE.
1 yxe 11 mronsa 2014 roxa cranjgapT ObL1 yrBep:kaeH. Ceitgac
»Ke mHTepBaJbHBIN maker Octave dBisiercsd 3aKOHYEHHBIM IIPO-
JIYKTOM, KOTOPBIIl MOXKET OBITH MCIIOJIb30BaH JIJIsd TTPAKTUIECKIX
HY>KJI THTEPBaJIbHOIO aHAIN3A.

CymiecTByeT T0CTaTOYHO JIUTEpATYPhI 10 padbore B Octave, HO



Ha PYCCKOM SI3bIKE HET PYKOBOJCTBA I10 MCIIOJIL30BAHUIO €€ MH-
TEePBAJBLHOIO PACHINPEHNsI. DTO U BHI3BAJIO HEOOXOIMMOCTh MOEik
paboTHhL.

[lesibio Moeit pabOTHI SIBJIAETCS HAIICAHNE PYKOBO/ICTBA I10Ihb-
30BaTEJIs 110 UCIIOJIb30BAHIIO NHTePBaIbHOro pacimuperns: Octa-
ve. OHO OyIeT BKJIIOYATH OMHMCaHKe 0a30BOIl TeOpUU 10 MHTEP-
BaJILHOMY aHAJIN3Y, OCHOBHBIX IIPUHIUIIOB PAOOTHI ¢ MHTEPBAJIb-
HBIM TTAKETOM, & TaKyKe peaJu3allis HeKOTOPBHIX MHTePBaJIbHBIX

METOJI0B.



2 OcHoBHbIE IOHATHA NHTEPBAJHHOIO aHAJIN3A

uTepBast BENMEeCTBEHHOMN OCH |, Y| — 9TO MHOYKECTBO UHCEJT, PAC-
IOJIO?KEHHBIX MEZKJIy 3aJIaHHBIMKM YUCJAMU & U Y, BKJIOYad UX

caMux, I'Jle £ — JieBagd IpaHuUIla UHTEpBaJia, a iy — MIpaBad.

vyl ={{eR |z <<y}

B coorBercrBun co crammaprom IEEE-1788 unrepnasibr (uH-
TepBAJIbHBIE BEJTMINHDI ) BBIIEIAIOTCSI MATEMATHIECKIM YKIPHBIM
mpudTOM & = |, T|, IJie HIKHAST 9epTa HaJl UHTEPBAJIOM Oy/eT
0bo03HaYaTh €ro HUKHIOIO I'PAaHUILy, & BEPXHss, COOTBETCTBEHHO,
BepxHIOI0. B maspHeliem OygemM IpuaepKuBaThCsa STHX 0003Ha-
yeHnii. CTOUT OTMETUTH, ITO €CJIN JieBas U IpaBad I'PAHUIIbI TH-
TepBaJia COBIAJAIOT, TO €r0 Ha3bIBAIOT TOUEUHBIM (BBIPOXKJIEH-
HBIM ) WHTEPBAJIOM: & = [T, X].

IlaTepBaJl @& Has3blBaeTCd IIPaBWJIbHBIM, €ClId € > . Hcan
’)Ke T < @, TOTJla MHTepBaJ Ha3blBaeTCsd HellpaBUIbHBIM. B maH-
HOIT paboTe MBI pacCMaTPUBAEM TOJILKO IIPABUJIbHBIE, TTIOCKOJIBKY
TOJILKO OHM peasn3oBanbl B Octave. EcTb Teopun u apudmeTnku,
KOTOpbIe paboTaIOT TaK»Ke U ¢ HEMPaBUILHBIMU MHTEPBAIAMU, HO
X ONUICAHNE MBI OITYCTHM.

Beeném omepanuu HaJl MHTEpBaJIaMU, YTOOBI ONPeIeINTh MH-
TepBaJIbHYI0 apudMeTuKy Jijisd JajbHelneil ¢hopmaanzanum pa-
ooTbl ¢ mHTepBajamu. CyliecTByeT MHOIO crocoO0B BBeIE€HUA
omepanuii HaJl HHTepBaJaMi. B 3aBUCIMOCTH OT KOHKPETHOII 3a-
a9l CTOUT BBIOMPATH TOT, KOTOPBIN OOJIBIIIE COOTBETCTBYET €€

Hy>KgaM. MBI 2kKe pacCMOTPUM TTPOCTOH, eCTeCTBEeHHbIN MTPWHIINT



BBC€JICHUA OHGpaHI/Iﬁ HaJl UHTEPpBaJIaMN

rxy={r*xy|recxycy},

e x € {—I_a_?'a/}'

[TpuBeném pazBépHyTHIE (DOPMYJIBI Ollepallnii Hal MHTEepBaJIa-

MMN:
r+yY= :§+g,§+§],
r-y=|z-yT-7|,

x -y = |min{zy, 2y, yT,TY} , max {zy, ¢Y, yT,TY }| ,
l/x=[1/x,1/x|, eciu 0 ¢ x,

r/y=z-1/y.

Henenne omHoro WMHTEpBaJa Ha APYTOH HYJILCOAEPXKAITNAN H-
TepBaJI He onpejeaeHo. B manbHeileM Mbl OyaeM CTaJIKIBAThCA
¢ HEeOOXOAUMOCTbHIO BBIIIOJIHEHU 9TOT0 JeiicTBus. 1o bosbiomy
CUYETY M3-3a OJHOI TOYKU HYJIb B MHTEPBAJIE MbI HE MOXKEM BbI-
IIOJTHUTEL omepanuio. CHUMEM 3TO orpaHUYeHne, 4ToObl omIpejie-
JINTh TaK HA3bIBAEMYIO PACIIMPEHHYIO MHTEPBAJIbHYIO apudme-
tuky Kaxana < KhR,+,—, -, / >, ;gejenne B KOTOpOit ompejie-

JIIETCS CJIEIYIONINM 00pa30oM:



[i/g,oo], ecmmT < 0ny =0,
[—00,Z/Y| U [Z/y,00], ecnZT<0ny<0<7,
[—00, /Y], ecmxT < 0ny =0,
x/y =< [—00,+0], ecim & < 0 < @,
[—oo,g/y}, ecimx > 0uy =0,
[—o0,z/y| U[x/7,00], ccnz>0ny <0<y,

/Yy, 00], ecmax > 0ny=0.

\

CTOUT OTMETHUTh, YTO €CTh Pas3Hbie apUPMETUKHI 1T PabOTH
c uHrepBaJbHbIMU BesmauHamu. [lockosibky B Octave peasinzo-
BaHa apudmernka Kaxaxa (X0Tb U ¢ HEKOTOPBIMHU MOMPABKAMI,
0 KOTOpBIX B pazzese «CooTBeTCTBUE CTAHIAPTY» ), Jajee Oyaer
TOBOPUTLCA PO HEE.

I ompe1eIEHHOCTI UMEET CMBIC/ BBIITUCATD, KaK MIPaBUIBLHO

pa6OTaTb ¢ OECKOHEUYHBIMU U HOJIY6€CKOH€‘IHBIMI/I MHTEPBaJIaMMN:

[z, T] + [—00, Y] = [-00, T + 7],
[z, 7] + |y, 00| = [z +y, 0],
[z, Z] + [—00, 00] = [—00, o0]
@, T| — [—00, 00] = [—00, 00]
@, T| — [—00,y] = [ — Y, 00|,

[z, 7] — [y,00] = |00, T —y] .

Onepanun yMHOYXKEHUSI U JIeJIEHUA C HUMU OCYIIEeCTBJIAIOTCS
HEYIACTO, IIO9TOMY Pe3yJIbTAThI PAOOTHI C HUMU He OBLIN OIUCAHBDI.

Pa,CCMO’I‘pI/IM7 KaKNMH 2KE XapPaKTECPUCTUKaMI MOXKHO OIIMCBI-



BaTb MHTEPBaJIbHbIEC BCJINYKNHLI. I/IHTepBaH MOKeT OBITH 3aJlaH
ITOJIHOCTBIO €TI0 KOHIIaMM!. Takxke JJIAd €0 OIINCaHUA MOXKHO BBE-

CTH CJIEYIOe XapaKTePUCTUKU:

1
mid = 5(@ + &) — cepennHa WHTEpBAJA,
L_
rad ¢ = 5(33 — &) — pajuyc HHTEepBAaJa,
wid @ = T — & — mupuHa UHTEPBAJA.

Takoke BBeZieM TOHATUST MATHUTY/BI (MOJIYJIsI) U MUTHUTY/IBI
nHTepBaJa. Maruurynga — 9To HauboJIblllee U3 3HAUEHUI UHTEP-
BaJIA:

|| = max {[a| | a € a} = max{[a],|a|}.

A MUTHWUTYJIa — 9TO HAUMeHbIee U3 abCOJIOTHBIX 3HAYEHU TO-
YeK MHTepBaJa:
, max {|x|, ||}, ecmn 0 ¢ x,
() :=min{|z| |z € x} =
0, ecsim 0 € .
PaccMoTpuM BceM W3BeCTHBIN IUCTPUOYTUBHBLIN 3aKOH IS
CJIOXKeHUs U yMHOXKeHus x(y—+2) = xy—+xz Jjist 100bIX T, Y, 2 €
R. OjHako B MHTEPBaJbHOM aHAJU3€ C BBEJEHHBIMU HAMU OIl€e-
palusiMi B o011eM cjiydae oH He BhInoJiHsgeTcd. Ho cripaBegnBo
BKJIIOUEHWE, KOTOPOe Ha3bIBAETCA 3aKOHOM CyOANCTPUOYTUBHO-
CTH

r(y+z) Cxy+xz.

OTMeTHM, YTO UHTEPBAJIbI — 3TO MHOXKECTBA, II09TOMY Ollepa-

4 BKJIIOYEHNA IIOHMMACTCA B TECOPETUKO-MHOXKECTBEHHOM CMbBIC-



JIe.
E1me oHO TpaBmio He pacnpoCTpaHdeTcsd Ha WHTePBAJIbHYIO

apudmernky. B gannoit Teopun
x —x # 0.

OTO IMPOUCXOINT U3-33 TOIO, YTO NP BBHIYUTAHUM PACCUUTHI-
BaeTCd MHTEPBAJI, COAEPXKAIIUIT PA3HOCTh MKy BCEMU BO3MOXK-
HbIMU Pe3yJbTaTaMU JIBYX HE3aBUCUMBbIX HUCEJI, JIeXKAIIUX BHYT-
pU @, & HE PA3HOCTb MEXKJIy JBYMd OJIMHAKOBbIMU YMCJIAMU.

BarKHBIM pe3y/IbTaTOM B HHTEPBAJILHOM aHAJM3e ABIAETCI OC-

HOBHAs TeopeMa MHTEPBAJIbHON apudMeTHKN.

Teopema 1 . ITycmo f(x1,...,T,) — PAUUONGALHAA GEULECTI-
GEHMAA PYHKUUA AP2YMEHMOB X1, . .., T, U 048 HeE onpedesen
pesynvmam f(xy,...,T,) NOICMANOBKY BMECMO AP2YMEHIMOE
UHMEPBANOE UL USMEHEHUS T, . . . , Ly € IR u 6vinosnenuti ecex

deticmeuts Had HUMU NO NPAGUAAM UHMEPBANLHOT APUDMEMUKL.
Tozda

{ flxy,...;z0) | m1 €Exyy .oy €y} C f(@y,. .. @),

mo ecmo f (x1,...,&,) codepocum MHONACECNEO 3HAMEHUT
dynruuu f(x1,...,T,) na (1, ..., 2,). Beau svpascenue daa
f(x1,...,x,) codepoicum ne bosee uem no 00HoMY GLONHCIEHUIO

Karcdotl nep@./\/L@HHOYj 6 nepem’l cmenernu, mo BMEeECno 6RANOYEHUA

GUNONAHAEITNCA TNOYHOE PAGEHCINGO.

Temnepb 1epeiiieM K pacCMOTPEHUIO MOHATHI MHTEPBaJIbHbIX

BEKTOPOB U MaTPHII.



Ecm aq, ..., a, — 3T0 UHTEpBaJbI, TO BEKTOP-CTOJIOIIOM OY-

(04\

as

Y

1 COOTBETCTBEHHO BEKTOP-CTPOKOI

eM Ha3bIBaTh

a=(ay,...,a,),

Ije ai, ..., Q, SBJIII0TCAd KOMIIOHEHTaAMU BEKTOPA.

uTepBasibable BEKTOPa reOMETPUYIEeCKI MOXKHO MHTEPIIPETHU-
POBATh KaK MPsAMOYTOJIbHbBIE TIaPaJLIEIHIIIEbl CO CTOPOHAMU, I1a-
paJIIeIbHBIMU OCAM KOOpAWHAT. B jajbHelinmeM Mbl ux Oynem
Ha3bIBaThH OpycaMu.

Ecou S — nemycToe orpanmvenHoe MHOXKecTBO B R", To ero
MHTepBaJIbHON 000J104KOI [1S Ha3bIBaeTCAd HAMMEHbLIN 110 BKJIIO-
YEHHUIO0 MHTEePBaJIbHBIN BEKTOD, coiepxKamuii S, To ectb S —
9TO IIepecedeHre BCeX NHTEPBAJIbHBIX BEKTOPOB, COAEPXKAIINX S.
MokHO cKazaTb, YTO OHA ABJISIETCS MHTEPBAJBHBIM O0BHEKTOM,
HAMJIYYITIM 00Pa30M BHEIIHE PUOINKAIONINN 3aJaHHOEe MHO-
YKECTBO.

[Tepeiiném K paccMOTpPEHNIO MHTEPBAJbLHBIX MaTpuil. HTep-
BaJIbHON MaTpullell Ha3blBaeTCA IPAMOYTOJbHAS MaTPHUIla, KOM-

IIOHEHTaMU KOTOpOfI ABJIAOTCA NHTEPBAJIBI:

10



( a;; apq ain \

as; Qas . asy,

\ am1 Ap2 S Qi )
Obo3HaYaThCs OHU Oy/IyT Ciemyiomum obpasom A = (a;;).
Mo:KHO cKa3aTh, UTO UHTEPBAJbLHBIE BEKTOPHI SIBJISIIOTCS MH-

TepBaJbHBIMU MaTpUllaMu pa3Mmepa . X 1 uwam 1 X n.
Heocobennoit maTepBaibHON Marpuileil A Has3bIBaeTCsl KBa/l-

paTHas NHTepBaJibHas Marpuia, Takas 910 VA € A det A #£ 0.
Takwe omeparmu kak wid (A), rad (A) u mid (A) npumens-

FOTCS K MATPHUIE TOKOMIIOHEHTHO. Terepnb ompeaenM CI0KeHNne,

BBLIUUTAHIE W YMHOMKEHUS.

B ogHOMepHOM cilyuae MHTEpPBAJIOB TPOU3BEIECHUE OTPeIeIs-
JIOCh KaK MHOYKECTBO BCEBO3MOYKHBIX MPOM3BEIEHIE MEXKIY TO-
JEeYHBIMU [IPEJICTABUTEIAME (TOTKAME BEIeCTBEHHOM ocn). B cu-
JIy BBIYKC/IATENbHBIX TPYIHOCTEH yMHOXKEHHE B MHOTOMEPHOM
CJIydae BBIIOJIHATE OIEPAI0 MEXKTy KayKIbIM TOUETIHBIM IIPe]l-
CTABUTEJISIM sIBJISIETCA BEChMa TPYI0EMKOM 3agadeii.

[TosTomy BBEeIEM orepalny MexKIy MaTPUIIAMU IPYTIM 00Pa30oM:
AxB=0{AxB| A€ A B ¢c B},

rae x € {+,—,-}. Vcexoag u3 91010, BHIMUIIEM OTE€pAI HaJl
BEKTOPAMM U MaTPUILAMU.
CymMa (pasHOCTb) JBYX MHTEPBAJBHBIX MATPHIL OJTHOTO pa3-

MEpa €CTb MaTpHulla TOT'O K€ pa3MeEpa, IMOJIYyIEHHad ITO3JIEMEHT-

11



HBIM CJIOXKeHHeM (BbIYUTaHUEM) OIepaHJIOB:

( a1 by ap+b ... a,, by, \

ar; by asptb ... @9, £ by,

A+ B — 21 = Doy @y £ by 2 2
\amlibml amgﬂ:bmg Cl,mn:tbmn

Ecim A = (a;;) € KhR™ ! u B = (b;;) € KhR™" 0 npo-
u3Besienrie matpul, A nu B ects marpuia C = (¢;;) € KhR™*",

Takasg ITo ,
Cij = E @by
k=1

To/IbKO JIJIsT OTHOT'O YaCTHOTO Cydasd IPOU3BeeHIe MaTPHUIL
SIBJITETCST MHOYKECTBOM BCEBO3MOKHBIX TOUEUHBIX MPONU3BEIEHII
npejcTaBUTeNel, Koria unrepsasipHas Marpuna A € KhR™X

yMHOXKaeTcs Ha BekTop b € R!:
Ab={Ab| Ae A}.

CloKeHne — 39TO acCOoIMaTUBHAs M KOMMYTATHBHAA Olepa-
11sl, HO YMHOYXKeHIEe TaKOBOI He saBjsgercd. lloaromy mpm ymHO-
YKEHIUN MATPUIL HY?KHO YINTHIBATH ITOPAI0K PACCTAHOBKU CKODOK
comaoxkuteseit. Ho HekoToprie mosesnble paKThl IPO YacTHBIE

CJIyd9an YMHOZKCHWA MblI MOZKEM CKa3aTbhb.

1. Ecm A = (CLZ']') c KhRle, B = (bZJ> c Rle, C = (Cij) c
Rlxn7 TO

A(BC) C (AB)C:
2. Ecom A = (az-j) c Rle, B = (b2J> c KthXk, C = (Cz’j) c

12



]Rlxn7 TO

(AB)C = A(BO).

[Tepeiiném K paccMOTPEHHUIO0 MHTEPBAJIbHOI 00paTHOI MaTpH-
111, CyIecTByeT HECKOJIbKO CITOCOOOB €€ BBeJeHUsd. B HemHTep-
BaJIbHOM CJIydae I10J1, 00paTHOM MaTpHUleil 4acTO MOHUMAIOT MaT-
purty A~! Taxyto, uro AA™! = I, rne I — enuHNYHAS MaTpHIA.
Ho mepenoxuth 3To omnpejesienre Ha HHTEPBAJIbHBIN caydaiil Oy-
JIeT He COBCEM pa3yMHOI mJeeil, OCKOJIbKY BO BBEIEHHON HaMuU
apudMeTuKe He JefiCTBYeT NMpaBUJIO acCoIuaTUBHOCTHU. [lo3To-
MY, HallpuMep, MpU pereHnn JUHEHHON crucTeMbl MTHTEPBAJIbHBIX
VDABHEHU CJieiyolue BeIKIa KU HeBepHbl (I — nHTepBasibHASL

eIMHIIHAS MAaTPUIIA):

Axr=0>
A (Ax)=A"'b
(A'A)z=A""b
Ir=A"
r=A"b

[IpemgioxkuM caemyromee omnpeaeaeHne o0paTHO! HHTepPBaIb-
HOI MATPHIIBL, U, KAK B TOUETHOM CIydae, I HeOCOOEHHBIX MaT-
putt. s marpunsl A € KhIR™ obparHoit nHTEpBaIbHON MaTp-

1eit OymeM Ha3bIBaTh
At =0{A1|Ac A}

[Torygaercs, aTo obpaTHas MaTpuIla dBJIA€TCA HHTEPBAJILHOI

000JI0YKOI MHOXKECTBO OOPATHBIX JjI TOUEIHBIX MATPHIL, COIEP-
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»Kammxesa B A.

Mpr paccmaTpuBaeM TOJIBLKO BeIIeCTBEHHBIH CiIydaii MHTepBa-
JIOB, HO CYIIECTBYeT TaK>Ke U KOMILJIEKCHBIH. 3/1eCh y2Ke HHTePBaJI
ABJIAETCA ABYMEPHBIM, IIPEACTABIECHHBIN CBOEN eCTBUTEILHON
1 MHUMOI 4aCTbIO.

CyIIecTBYIOT HECKOJILKO CIIOCODOOB JJId IPEeJACTABICHUA KOM-
TIJIEKCHBIX WHTEPBaJoB. JacTo paccMaTpUBAIOTCS JIBa: B BUJE
MPSIMOYTOJILHUKOB U B BUJIe KPYToB. [IPAMOYTroIbHBIM KOMIIIEKC-
HbIM nHTepBaJioM a+1b, e a, b € KR, HasbiBaeTcsa MHOXKECTBO

KOMILJIEKCHON IIJIOCKOCTHU
{z=a+ibeC|aca,becb}.

KpyrosbiM KoMILIEKCHBIM HHTepBaJioM < ¢,7 >, c € C,r € R

nr > O, Ha3bIBACTCA MHOXKECTBO KOMIIJIEKCHOI TIJIOCKOCTH

{zeCl|l|z—¢| <r}.

4 Im

Re a Re
Puc. 1: Kpyrosoit koMmIiLjieKcHbIi Puc. 2: IlpsimoyroJibHbIil KOM-
NHTEPBAJ MIJIEKCHBINT THTEePBAJT

B Octave KoMILIeKCHBIE MTHTEPBAJIbI HE PEAIM30BaHbI, TI03TOMY

OI'paHUYIUMCA JIMIIb UX YIIOMWHAHUEM.
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3 Octave

3.1 Hauamao pabotbl

Octave sBjsgeTcs CBOOOIHO PACIPOCTPAHAEMBIM ITPOrPaMMHBIM

obecrieuenueM. Ha oduimanbHoMm caiiTe
https://www.gnu.org/software/octave/download.html,

IJIe ero MOKHO cKadaTh B 3aBucuMocTu or OC, KoTopoit Bbl moJib-
syetech (OS Linux, OS Windows), a Takke BLIOpATH BCe HYKHbBIE
JIJIsT TTOJIb30BaHUSI IIaKeThl. B JaHHOI paboTe HaC HHTEpecyeT Iia-
KeT MHTepBajabHOIl apudmeruku. [Ipu Kaxkmom 3amycke Octave
HEOOXOIMMO TMOATPY3UTh MHTEPBAJILHBIN TAKeT CJIEIYIOIIIM 00-

pasoM
>> pkg load interval

mm ke MOXKHO TIpoTcaTh 3arpy3Ky IMakeTa B CIeHApUW Ha-
JaJIbHOI KOH(MUIypamyuy, 9To0bl KaxKIblil pa3 He MHUCaTh 3Ty KO-
many. [lpm HeobxommmocTm MOXKHO BBI3BIBATH KOMaH/y help,
YTOOBI T10/IpOOHEE y3HATH O BO3MOXKHOCTSX, apryMeHTax U JPY-

I'IX 0CODEHHOCTSIX PabOTHI ¢ MHTepecyoleil Hac (DyHKITUEI.

>> help infsupdec
>> help wid

Bam mpenocrabisieTcst B BCTpOEHHasl MH(POPMAIUs O BBe-
TEHHOI BaMu (PYHKIINN, & TaK»Ke CCHIJIKU, TJIe HaXOIUTCA ITOAP00-
HOCTU PabOTHI C Heil.

OnuimeM yHIaMeHTAJIbHY0 KOHIEIINI0 THTEPBAJIBLHOIO I1a-
KeTa.
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1. InTepBasibl — 3aMKHYThIE CBsI3HBIE MOAMHOXKecTBa R. OHn
MOTYT OBITH OTPAHUYEHBI WM HEOTPAHUUEHBI, a TaKXKe ITy-
crbiMu. —inf m —+inf gBagOTCI COOTBETCTBEHHO JIEBOM WM

[IpaBoOil rpaHuleil HeOrPAHNYEHHOTO0 UHTEePBAaJIA.

2. Onpejsenenbl PYHKIIMN OT HHTEPBAJIa CIELYIOMIEM CIIOCODOM:
pe3yabTaT PYHKIME B 00IIEM CIydae sIBJIAeTCs HHTEPBAJIOM,
CoZIepzKallleM BCe 3HaYeHUsI COOTBETCTBYIOIIEN €l TOUeYHOI

byHKIMH, TIe 0HA OIpeesIeHa.

3. He peanuzoBana pabora ¢ myabTumHTepBa1amMu. [Ipo sTo mo-

npobHee B CJIEIYIOIIEM PasJielie.

4. Peaym30oBaHbl BLICOKOYPOBHEBbIE (DYHKIINH 11 PAOOTHI C NH-

TEPBaJIbHBIMI BEJIMYNHAMMN.

3.2 Ocobennoctu apudmMeTuKn

CkarkeM TIPO CYIIEeCTBOBaHIE WHTEPBaJbHONI apudmeTnku Ka-
yxepa, KoTopasi OblLjla II0JIydeHa IIyTeM BBeJeHusi 0OpaTHBIX II0
CJIOKeHNIO 1 yMHOXKeHnto. OHa siBiigercs ajredbpamdecKu I10Ji-
Hoii. Ho He Karkmast apudmernka 00/1a1aeT «XOPOIIUM» CBOII-
CTBOM aJireOpanvdecKoil MOJTHOTHI, KOTOPOe TO3BOJISIET HaM CBO-
bomHO paboTaTh B Heil. BoobIme ropopst, A1 OOJIBITHHCTBA TTPaK-
TUYECKUX 334 MMOJHOTON apudMeTUKN MOXKHO ITpeHeOpeyb.

B ogHOM M3 mpenpIAyIINX pa3iesoB s ONucajia TaK HasbIBa-
eMyI0 PaCIIMPEHHYI0 MHTEPBaJIbHYIO apudMETUKY, KOTOpasd HO-
cut nmd Kaxana. Ona peannsoBana Ha Octave B yceu€éHHOM BH-
ne. [Ipu nenennn Ha UHTEPBAJ, COJAEPKAIIUI HYJIb, 10 IIPABILIAM
apudMerukn KaxaHna Mbl JOJKHBI HOJIYUUTH TaK Ha3bIBAEMBIil
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MYJIBTHUHTEPBA (00beINHEHe HECKOJbKIX HEMepeceKaommX-
cst uHTepBaIoB). Ho pn paceMoTpeHnn moc/ieIyoImero npuMepa

MbI BUJIWM, 9TO 3TO HE TaK:

>> pkg load interval
>> a=infsup(1);

>> b=infsup(-1,1);
>> a/b

ans=[Entire]

[Iog Entire 3/1ech moHUMaETCs BCs BellecTBeHHas och R.

Kax BbI MOIJIN y2Ke 3aMETUTh, TPY BHITIOJTHEHUN Ollepallnii, Cu-
cTeMa BbIJIaeT HaM e€ pe3y/bTar. Ecin »ke MBI XOTHM €0 CKPBITh,
TO HEOOXOJIMMO CTaBUTDb «;» B KOHIIE KOMAH/JIbI.

g mpocToThl B nHTepBaJibHOM mnakeTe Octave He OblLita pe-
ann30BaHa paboTa ¢ MyJbTHMHTepBaJaMu. MyJIbTUHHTEPBAIOM
Ha3bIBAETCA KOHEYHOe 00beINHEHNe HelepeceKaronnxcs MHTep-
BaJIoB. B paccmaTpuBaemMom mpuMepe Mbl yOeIMINCH, 9TO MHTEP-
Bas | — 1, +1[ (rme «obpaTHbiey CKOOKH 03HAYAIOT, UTO I'DAHUIA
MHTEPBAJIA HE TPUHAJJIEXKUT €My ), KOTODPbIi J0JI?KEeH OBbITh HC-
KJIIOYEH 13 PacCMOTPEHUA, MbI BKJIIOYaeM B OTBET.

Taxum obpazom B nHTEpBaIbHOM HakeTe Octave pean30BaHbI
He B TOYHOCTH pacliupeHHas apudmernka KaxaHa, a eé ypesaH-
Had Bepcud. HecMoTps Ha Bce 3TU JONYIEHNs, KacaeMble apud-
METHKHU, Mbl UMEEM TEeXHUYECKHil ammapar Ajsd IPaKTUIeCKIX

HY2KJ THTEPBAJIbHOT'O aHaJIN3a.
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3.3 Oxpyrienue

Mammauo npecraBumbie ducta Ha IBM (wucra ¢ miaBaromieit
3aIIATON) — 9TO BEIeCTBEHHbIE YHNC/Ia, KOTOPBIE B MAMATH KOM-
bIOTEPA MOTYT OBITH TPEJCTAaBIEHHBI C TTOMOIIBIO MAHTUCCHI 1
TOKA3aTe st CTEIEeHN ¢ ompeeénHoit Tounoctbio (float wiu doub-
le). Eciu paccMaTpuBaTh BENECTBEHHYIO MPAMYIO, TO Ha Hell UX
MOXKHO OTMeTuTh. Takyke ecTb 1 MAIIMHHO HEIIPEJICTaBUMbIE THC-
na. OKpyryeHne MMpoUCXOoAUT II0Cje KaXKJ0i olepamyi, TeEM Ca-
MBIM HaKallIiBad HEKOTOPYIO IOI'PEITHOCTb BblumcjeHus. [lpn
BBITTOJTHEHIA JIeMCTBUI HaJl MHTEpBaJaMU MbI II0JIy9aeM HOBBIE
nHTepBaJabl. VHTEpBaa MOXKHO 3a/laTh €ro KOHIIAMU, W MOYKET
0Ka3aThCd, YTO OHU He SIBJAIOTCA MAITUHHO ITPEICTaBUMBIMU THC-
namu. Torma CTOUT penuTh, B KaKyI0 «CTOPOHY» TTPOU3BOJNTH
okpyrienne. B Octave peajm3oBana TeXHOJOIMA BHEITHEI'O Ha-
IIPaBJIEHHOIO OKPYIJIEHHUSI, TO €CTh JIEBbIli KOHEI pe3y/JIbTUPYIO-
Iero MHTEPBaJIa, OKPYIJISETCsS 10 MAIIMHHO IIPEICTABIMOTO THC-
Jla B HaIIpaBJIEHNHN —00, & CJIydae MIpaBoOro KOHIA B HAIIpaBJIeHUH
+00. Takum 00pa3oM y HAC MPOUCXOIUT PACIIUpPEHe NHTEepPBaJIa,
YTO HETATUBHO CKa3bIBAETCA Ha TOYHOCTH TOJYUEHHBIX PE3Y/Ib-
TaToB. Ho ¢ npyroit cropoHbl Mbl n30eraemM cuTyaluu, KOrjaa Ipu
CY2KEeHNH MHTePBaJIa TepaeTcs KaKie-To 3HaueHns1, HeOOX0IMbIe
HaM. DTOT «ILJIOXOI» Cydail MOXKeT IPOM30UTHU P OKPYTJIEHNN
K OJmyKaiiieMy MaIluHHO IpeJicTaBUMoOMY uncity. Bee paccyx-
JIEHUST MOT'YT OBITH TIepeHeceHbl Ha CJIyYdail MHOTOMEPHBIX WHTEP-
BaJIOB, & TaK»Ke Ha KOMILJIEKCHBIN CJIyYall.

uTepBaJbHBII TTAKeT peann30BaH TaKUM 00Pa3oM, UTO TOU-

HOCTb BbIYHCJIEHUil BbIe, deM B sjpe camoit Octave. B cuy
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9TOT'0, MOZ2KHO PaCHUTBIBATH Ha ITOJIYHIEHUEC TOYHBIX aJC€KBATHBIX

pPE3YJILTATOB.

3.4 3agaHue MHTEPBAJIOB

[Tepen Tem Kak mpuUCTynaTh K paboTe, MBI OIPEILTINM, KaK MOXK-
HO 3a/1aBarh uHTepBaJbl B Octave. CyliecTByOT HECKOJIBKO CIIO-

co00OB 3aIINCHU MHTEPBaJIbHBIX BEJIMYMH:

1. Sajaaue JieBoil M IpaBoOii I'PaHUILI C IIOMOIIBLI0 KOHCTPYK-
Topa infsup n infsupdec. B kadecTBe mepBoro aprymenTa
3a/1a€TCA JeBad IPAHNIIA THTEPBAJIA, & B KAUECTBE BTOPOTO —
mpaBasi. Kean 9To BRIpOXKIEHHBIN NHTEPBaAJI, COBIAIAIONINI C

B€IIECTBCHHBIM YMCJIOM, IIPOIIUCBIBACTCA TOJIBKO 1 aPI'YMEHT.

>> infsupdec(0,1)

ans=[0,1] _com

>> infsup(1)
ans=[1,1]

2. 3ajmanue pajuyca (MepBbI apryMeHT) U CepeiuHbl (BTOPOIt

APTYMEHT) WHTEPBAJIA.

>>midrad (12, 3)

ans=[9, 15]_com

3. HanmMenbmmit mo BKIIOUEHWIO MHTEPBAJI, COMEPIXKAIINi TaH-

HBI{1 apTyMEHT.
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>>infsupdec ("1.1")
ans=[1.0999, 1.1001]_com

4. 3agaéTcd TaKoil HAMMEHBINHWI 110 BKJIIOUEHUIO MHTEPBAJI, B

KOTOPBIII BXOAAT BCE YUCJa, 3allUCAHHbIE B apryMeHTe,

>>hull (3, 42, "19.3", "-2.3")
ans=[-2.3001, +42]_com

[Ipu monbITKM BBECTH HelpaBUJIbHBIN MHTEpBaJ, cucTeMa Oy-
JIeT BBLJABATh OIIUOKY.

CTOUT OTMETUTD, YTO CUMBOJIbHbIE KOHCTAHTBI U YHCJIa C ILIa-
BaIOIIEll 3a4TOI B BBIIIEIIEPEUYNCICHHBIX TIPUMeEpPax MepeIatoTcsd
B KOHCTPYKTOD B BUJI€ CTPOKH (3aK/II0OUEHHBIE B JIBOWHBIE KABbIU-
k). [Ipu TakoM 3ajaHuM MBI HE TOJYYaeM ONMOKN Tpeodpas3o-
BaHWA, KOTOPbIE MOTYT TIPOU30MTH, KOTJA YNCJTOBON MHTEPBAJI
1Ipeobpasyercs B YUCJIO C ILIaBafolleil TOYKON /10 TOro, KaK OH
1oj1aéTcd B KOHCTPYKTOp infsupdec.

[lepBEIil BApHaHT 33 TaHUS:

infsupdec(0.3)
>>ans=[0.29999, 0.3]_com

Bropoii:

infsupdec("0.3")
>>ans=[0.29999, 0.30001]

['paHuIpl MHTEPBaJIa XpaHITCs B IBONYHOM popMaTe 1 mpeod-
pa3yioTcd B JecaTepudHbiii popMaT ¢ BO3MOXKHOM 110TEpeil ToY-
HocTu. Kax y»ke ObLI0 CKa3aHO, IIPU HETOYHBIX BXOIHBIX JaHHBIX
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I'PAHUIILI MHTEPBaJIa OKPYIJISIOTCA COIVIACHO OTOBOPEHHBIM IIpa-
BIJIaM OKpyTyieHus. [Ipn KoHCTpynmpoBaHMM MHTEpBaja MOXKHO
KOHTPOJINPOBATh TOYHOCTH 3aJlaHKd MHTEpPBaJia, KOIJa ero rpa-
HUIIBI SIBJIAIOTCA 9UCIAMU C ILIABAIOMIEN 3aIIATOl, C IIOMOIIBIO
dynknn output_precision(n), rae n — 3T0 KOJUIECTBO OTOD-

pazKa€MbIX 3HAKOB IIOCJIE 3aIIATOI.

>> output_precision(2)
>> infsupdec(1/7,1/3)
ans = [0.14, 0.34]_com

C nomomipio dpyHknun nextout(X), rime X — 3T0 MHTEPBAJI,
MOKHO «pPaCHINPUTh» €ro I'PAHUIBI B KaXKJIOM HAIPaBIEHUN JI0

CJICAYIOIIETO MallIMHHO IIPpEACTaBUMOI'O 9HCJIA.

>> x = infsup (1);
>> nextout (x) == infsup (1 - eps / 2, 1 + eps)

ans = 1

3.5 Omnepanuu n pyHKOUN HAJ WHTEPBAJaAMU

Han nnrepBajiaMyu MOXKHO BBIIIOJHATH apudMeTHIecKue orepa-
LU 110 OIPEJIeJIEHHBIM [IPaBUJIaM, OIIMCAHHBIM B IVIaBe IIPO WH-

TepBaJIbHYI0 apuMMETUKY.

>>a=infsupdec(0,1);
>>b=infsupdec(10,11);
>>a+b

ans = [10, 12]_com
>> a-b
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ans = [-11, -9]_com

>> axb

ans = [0, 11] _com

>> a/b

ans = [0, 0.10001] _com

uTepBabHBI MaKkeT HAaET BOBMOXKHOCTH BBIYMCIATH (DYHK-
U1 OT UHTEPBaJbHbBIX BeJIMYIuH. B O0JIbIINHCTBE C/1y4aeB UX Ha-
3BaHUS COBIIAJIAIOT C HA3BAHUAMH CTAHIAPTHBIMU (DYHKIIUSIMU
GNU Octave. C Toukn crucTeMbl HHTEPBAJIbI SABISIOTCA MHOXKe-
cTBaMU (TIOJIMHOYKECTBAMU BEIeCTBEHHO TPAMOii).

CTouT cKazaTh, YTO M3-33 HU3KOYPOBHEBOI TOIEP>KKI O1O-
JINOTEK U OTCYTCTBUHM ONTUMU3AIINN OTEPAIUN HaJ NHTEPBAJIb-
HbIMU (DYHKIIUSIMU OHU BBIIIOJIHSIOTCS MeJIJIeHHee, 9eM IIPU pa-
0oTe ¢ YncjaaMu C IJTaBaroIeil TOYKOI.

Tenepb 0bcynuM, KaK IOHUMAETCst (DYHKIUS B UHTEPBAJILHOM
nakete. Kak10it TouKe nHTEpBaJia CTABUTCA B COOTBETCTBUE 3HA-
YeHne TOYeYHON PYHKINN, TOTOM HaXOAUTCS NHTepBajbHas 000-
JIOUKA, TIOJIYUMBIIIEr0CsT MHOXKECTBA, KOTOPas M BHIBOAUTCS HaM B

Ka4deCTBe OTBETa.

>>sin(infsupdec (0.1,0.5))
ans=[0.099833, 0.47943] _com
>>pow(infsupdec(2,3), infsupdec(8,9))
ans = [256, 19683] _com

CymiecTByIOT TakxKe QPYHKIIUA OT UHTEPBAJIOB, PE3YJILTATOM
KOTOPBIX ABJIAETCSI He WHTEPBaJI, a IUc0. K TaKUM OTHOCATC

takue, kKak mid a, wid a, rad a.
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K wHTepBasaM MOXKHO TPUMEHATDH OYIeBCKIE OMepann <, >,
<, >, TO eCcThb MPOMW3BOJUTL WX CpaBHeHme. [[0CKOIBbKY WHTEp-
BaJIbl SIBJIAIOTCS ITOJMHOYKECTBAMU BEIECTBEHHOM OCH, TTO9TOMY
Ka K TyT0 TOYKY OJIHOT'O MHTEPBaJa MOKHO CDABHUBATD C KaXKJIOI
TOUKOW Apyroro mHTepBasia. Omepanuy CpaBHEHUS MTO3BOJITIOT
TTOJIYIUTh OTBET Ha CJEIYIONI BOIIPOC: s KaXKION JIM TOTKN
OJTHOTO MHTEPBAJIA CYIECTBYET TOUKA U3 APYTOr0 NHTEPBasa, KO-
TOpast JIeXKNT npasee (<), jeBee (>), mpasee win conajaaer (<),
jeBee uian copiagaer (>) ¢ meit. Onu sBisiiorcst OyJIeBCKUMU,

noromy BbIaéT 1 (neruna) nmm 0 (J10XKD).

>>infsupdec(0,2)<=infsupdec(1,5)

ans=1

K 6yneBckuM GyHKIINSAM HaJT THTEPBAJIAMI MOXKHO TaK>Ke OT-
HecTu subset, isempty, ismember u Apyrue, KOTOpble OYIYT I10-

JpobHee OIMCAHBI B ITPUIOXKEHIH.

3.6 CooTBeTcTBUE CTaHJAAPTY

[Tpu pabore ¢ Octave moxkHO 3aMeTuTh ciejyiotee. [locmorpes
Ha Pe3yJIbTaThl BBIIOJHEHUST KOMAH/I, Mbl MOXKEM 3aMETUTb TaK

Ha3bIBAEMBIE JEKOPATINH, IPUINCAHHbIE K HHTepBagaM (com, def
W JIpyTHe).

>> pkg load interval
>> infsupdec(0,1)

ans=[0,1] _com

>> infsupdec()
ans=[Empty] _trv
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OHU HECYT ONpeIeJIEHHBII CMBICJI JJIsI TTOJIb30BATEsI. JTO TO,
uyTo csa3biBaeT Octave co cTaHIapTOM Ha MHTEPBAJIbHBIE BHITUC-
nenns IEEE-1788. B xone npeobpazopanuii jekopamuu cobupa-
IOT JIOIOJTHUTEIbHYI0 NHMOPMAIUo 00 MHTEepBaIaX, SBJIATOITIX-
Csl BHEIITHUM OIleHMBaHUEM paccMarpuBaeMoit dpyukimn. Iloses-
HbI OHM TIPU JIOJITO M CJIOXKHOIT omerke (pynkmmit. Hampumep, ec-
Jn gexopalima def coxpangercd npu NpUMEeHEHUN JefCTBUl Ha/l
MHTEPBAJIOM U TEPEXOIUT B KOHEUHLIN pe3yJabTaT, TOTaa J0Ka3a-
HO, 4TO (pyHKIUSA ompejiesieHa (DaKTUIECKH JIJId BCeX 3HaUeHU
BXO/IHBIX JIAHHDIX.

HeobxoaumocTh gexkopanuil B HOJHOM Mepe MOXKeT OLIyIIaATh-
Cd TIPU BHYIIUTEIHHOM KOJIMYECTBE Ollepalliil, IepeMeHHbIX, KO-
/18 ITOJIb30BATEIO CJIOXKHO CJIEIUTH 3a OOJIBIIMM ITOTOKOM JIaH-
HBIX. boJtee moapoOHO ¢ HUMI MOYKHO 03HAKOMUTHCS, COOCTBEHHO
MIpoOYNTaB CTaHIAPT.

Ec/i mosb30BaTesio He HY2KHbI JaHHbIE TETH, TO MOXKHO pa-
ootarhb ¢ dynknueit infsup, a He ¢ infsupdec. Takke MOXKHO
HCII0JIb30BaTh (PYHKIMIO intervalpart, 9ToObI CHATH C UHTEp-

BaJla JEKOPAIHIO.

>> infsup(-1,1)
ans=[-1,1]

[Tpu pabore ¢ mHTEpBAJIBLHBIMU BEJITMIMHAMUI HYXKHO CJIEIUTD,
YTOOBI OHM OBLIM BCe JIMOO JEeKOPUPOBAHHBIMH, JITOO HEIEKOPH-
poOBaHHLIMU. Kcam 3To He JenaTb, TO cucreMa OyIeT BBIIABATH
OITNOKM.

Boobiie roBopst, B JIOKYMEHTAIIUM PEKOMEHIYETCsi PadOTaTh
BCEr/Ia C JEKOPaIlusiMHU.

24



Huke npuBegena Tadiuia ¢ onucaHue JeKOPaIluii.

Hexopanusa | Koporkoe | Onpenenenne
OILIMCAHIE
com common a — OrpaHMYeHHOEe HelyCcToe
romuoKectBo Dom(f), rue f
HelIpepbIBHA B KaXKJ0ll TOUKE @,
1 BBIIUCIEHHBIN nHTepBas f(X)
orpaHuYeH
dac defined and | @ — Hemycroe MOAMHOXKECTBO
continuous | Dom(f), u orpannuenne f Ha x
SIBJIIETCST HEIIPePhIBHBIM
def defined a — HEIyCToe I0JIMHOYKECTBO
Dom(f)
trv trivial BCET/Ia BEPHO (M0ITOMY He
JTaeT HUKAKoN uHMOpMannm)
ill ill-formed | He unrepsaJ, xors Obl ofguH

KOHCTPYKTOP MHTepBaJa He

yIaJicad B XOJie BhIUUCIEHUS

Kak u B cirydae ¢ nHTepBaJiaMid, HHTepBaJIbHbBIE MATPUIIHI 3a-

3.7 IlHTepBaJjibHble BEKTOPbI, MATPUIIbI 1 MAaCCUBBI

Octave mpeaycMmaTpuBaeT pabOTy ¢ MAaCCHUBAMU W MaTPHUIIAMHU.
[Tpy mOAKIIOUEHNN MHTEPBAJILHOTO ITaKeTa HaM IIPeI0CTaBISIeTCS

BOSMO2KHOCTDb pa6OTbI C MHTEPBAJIbHBIMKX MaTPUIIAMMU.

marTes ¢ momoreio gpyakimn infsupdec (infsup) wim midrad.

PaccMmorpuM moapobHee BO3MOXKHOCTH 3a,aHUS.
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1. C momombio KoHCTpyKTOpa infsupdec, y KOTOpoTo mepBhIit
apryMeHT — MaTpUIla JIEBbIX TPAHUI] MHTEPBAJIOB, KOTOPbLIE
ABJAIOTCA €€ 3JIeMEeHTaMU, & BTOPON apryMeHT — MaTpUIla

[IPaBbIX 'PAHUIl UHTEPBAJIOB.

>> a=[1 2:;3 4];

>> b=[2 3;4 5];

>> A=infsupdec(a,b)

A = 2x2 interval matrix
[1, 2] _com [2, 3]_com
[3, 4] _com [4, 5]_com

2. Ocy1ecTBiIgeTcd MOKOMIIOHEHTHAA 3aIIMCh MATPUIIBLL. DJjle-
MEHTHI MATPUIILl Pa3JIEISIOTCA 3alsaToil MJIM IpodeoM, a
[epexo]i Ha CJIEAYIONLYI0 CTPOKY HPOU3BOJUTCA C IOMOIIBIO

TOYKN C 3aIlIdTOI.

>>infsup("[1,2], 2, [3,4]; pi, e, 3")
ans = 2x3 1interval matrix
[1, 2] [2]  [3, 4]
[3.1415, 3.1416] [2.7182, 2.7183] [3]

3. C momoIpio KOHCTpYyKTOopa midrad, B KauecTBe apryMeHTOB
KOTOPOMY TIepefaeTcd MaTpulla CepeJind MHTEPBAJIOB U MaT-

pUIla ¢ COOTBETCTBYIOINMU PAINYCAMU.

>> m=[4 7;6 5];
>> r=[2 0;7 3];
>> midrad(m,r)
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ans = 2x2 interval matrix

[2, 6]_com [7] _com
[-1, +13]_com [2, 8]_com

4. JIns1 co3maHng BEKTOP CTOJIOIA CHaYaJIa 3aIal0TCA BCE JIeBbIe
I'PAHUIIBI UHTEPBAJIOB, a IIOTOM 4Yepe3 TOYKY C 3alldTON mpa-
Bble. com »Ke HY»KHO 3a/1aTh BEKTOP CTPOKY, TO BCE TOXKe

CaMOM, TOJIbKO pa3JiesideM 3aldTOM.

>>infsupdec ({"1.1",1,"e"};{"1.8",5.5,"e"})
ans = 1x3 interval vector

[1.0999, 1.8001] _com

[1, 5.5]_com

[2.7182, 2.7183] _com

5. Jlerko MOXKHO €O37aTh €INHUIHYIO MaTPHUILy HYKHOI pas-

MEPHOCTH.

>>infsupdec(ones(3))

ans = 3x3 1nterval matrix
[1]_com [1]_com [1]_com
[1]_com [1]_com [1]_com
[1]_com [1]_com [1]_com

6. /lmaronanbHas eIMHMYIHAA MaTpUIla HeoOXOAUMOI paszmep-

HOCTU 33JIa€TCsI CJIEIYIOIIUM 00Pa30M.

a=infsupdec(eye(3))
a = 3x3 1nterval matrix
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[1]_com [0]_com  [0]_com
[0]_com [1]_com  [0]_com
[0] _com [0] _com [1] _com

3.8 Omnepamnuu Haa MaTPUIlAMI 1 BEKTOPaMU

Tenepp nepeiiém K omnmcanuio (GYHKIUI HaJ HHTEPBaJbHBIMU

MaTpUIIAMU.

1. MoxkHO 3aMeHATH 3JIEMEHThI B MaTPHIIE.

>>A=infsupdec("[1,2], 2, [3,4]; pi, e, 3");
>>A(2,2)="[2,41]"
A = 2x3 interval matrix
[1, 2]_com [2] _com [3, 4]_com
[3.1415, 3.1416] _com [2, 41] _com [3] _com

2. YMmuoxeHne maTpuil. OHO BO3MOXKHO, KaK U3BECTHO, IIPU CO-

IJIaCOBAaHUU Pa3MEPOB.

>>A=infsupdec("1 2 3; 4 5 6");
>>B=infsupdec("1 2;3 4;5 6");
>> AxB
ans = 2x2 1interval matrix

[22] _com  [28]_com

[49] _com  [64]_com

3. Haxoxkenne obpaTHoit MaTpuripl (B JAHHOM IIPUMepE MOYKHO

TPOCJIE/INTH 38 U3MEHEHNEeM JIeKOPaIinii).
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>>A=infsupdec("1 [2,3]; pi, e");

>>B=inv (A)

B = 3x3 interval matrix

[-0.76254, -0.29604] _trv [0.41254, 0.56104] _trv
[0.34214, 0.88129] _trv [-0.28053, -0.1089]_trv

()TMGTI/IM7 qTo o6pameHI/Ie MOZKHO IIPOU3BOJUTL TOJIBKO JIJIA

HEOCOOEHHBIX MaTPUII,

>>A=infsupdec([1 0; 2 0]);

>> inv(A)

ans = 2x2 interval matrix
[Empty] _trv  [Emptyl]_trv
[Empty] _trv  [Empty]_trv

3.9 UHaTepBagabHblii MeTos; HhIOTOHA

nurepBanbabiit maker Octave 1mo3BoJIgeT MCKATh KOPHMU (DYHK-
1IN, WCIOJIL3Yd onepaTop fzero, ecin eil B KauecTBe apryMeH-
TOB TIepeJaTh paccMaTpUBaeMyio (DYHKIINIO, JAHHBII NHTEpPBAJI U
IIPOM3BOAHYIO Halleil pyukiun. PesyibraroM OyayT HHTEpPBAJIbI,
cojiepxkamie Hyau 9toit dpyukmuu. fzero B Octave peasmsyer
TaK Ha3blBaeMbIil MHTepPBaJbHLIN MeTo HbioToHa.

YT0o0BI MOHATH, KAKIM 00pa3oM pabdoTaeT WHTEpPBaJIbLHBIN Me-
o HeloTona, Ha/i0 pa3obpaThed, 9TO TaKOe eCTeCTBEHHOe WH-
TepBaJbHOE PaCIIupeHne KJIaCCUIeCKOr0 MeTOIA.

EcTecTBeHHBIM MHTEPBAJILHBIM PACITUPEHNEM TOYEYHOTO Me-

TOLa Ha3bIBACTCA METOL, HOJIy‘—IeHHblf/’I 3aMEHOII BCeX BeJIMYMH B
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TOYETHOM MeTOJIe Ha MHTEePBaJIbHBIE U 3aMEHO oTlepalinii Ha oT1e-
panyuy NHTEPBAJIHLHON apndMETUKN.

Nureppasibhblit MeToi HbI0TOHA siBJisieTCsi eCTeCTBEHHbIM HH-
TepBaJIbHBIM PaCIIIPEeHeM KJiaccuaecKoro meroaa Herorona s
IIOMCKA KOPHA Ha OTPE3KE.

[Tycty maMm mana auddepenimpyemad GyHKIud f Ha UHTEP-
Basie X, y KOTOPO#t eCTh HYy/Ib £ Ha 3TOM WHTepBaJe. s ao0oii

Toukn r € X BepHa TeopeMma .Jlarpamxa

rae & — 9To Touka Mexkay T u x*. [lepenumem sty dpopmyrry

/(&)
fla.)

[Tycrs f/(X) — 9T0 nHTEpBaIbHAA OLEHKA TTPOU3BOIHOM DYHK-

=1 —

mmu f(x) na narepsase X, torna f'(§) € f(X). Takum obpa-

30M, MBI MOXKEM 3allnCaThb
r €T —

M Tepammonnblit mHTepBaIbLHBIN MeToa HrloToHa, peaan3oBaH-
HbIfT B mHTepBajbHOM Iakere Octave, Oyier CTpPOUTbCS Ha CJie-
JIYIOITEM COOTHOIIIEHNN

Loy = I,
f(mid (x,_1))
f/<wn—1)

PaccMoTpuM IpuMep UCIIOJIB30BAaHUS JaHHOTO MeToaa. Bo3b-

x, = | mid (x,_1) — N, 1.
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MEM B KadeCcTBe paccMaTpuUBaeMoil pyHKIINN

f(z) =z + (x+1)cos(x)

wa uareppase € = |0, 6]. [lepemamnv Bce HeoOXOAUMBIE apTyMeH-

ThI oriepaTopy fzero u mojyduM cjiejyrollee.

>>f = 0(x) sqrt(x)+(x+1) .*cos(x);
>>df=0(x) -(x + 1).*% sin(x)+cos(x)+1./(2 * sqrt (x));
>>fzero (f, infsup ("[0, 6]1"), df)
ans = 2x1 interval vector
[2.059, 2.0591]
[4.3107, 4.3108]

Ha cienyromniem rpaduke MOXKHO YBUJIETH PacCMaTPUBAEMYIO
yHKIINIO 1 BU3YaJIbHO YOEIUTHCA, 9TO HAMU OBLIM TIOJIYUEHBI

aILGKBaTHbIﬁ pe3yJbTaT.

10
8-

6

Puc. 3: I'pacduk dpyukmun f
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3.10 MHoxkecTBa pelnieHnuit THTEPBAJIbHBIX CUCTEM

JIMHENHBIX YPaBHEHU

DByneMm paccMaTpuBaTh CIIEAYIONIYIO CUCTEMY HHTEPBAJbHBIX YPaB-

HEeHUM

rje A= (az-j), ’L,] = 1,...,71.

Terepb 1mOMMEM, KaK MOXKHO OIPEIEJINTb MHOXKECTBO pellle-
auit g ICJIAY (uHTepBaTbHBIX CHCTEM JHHEHHBIX aiaredpar-
JecKnxX ypasuennit). Pazbepém HEKOTOpBIE MHOXKECTBA PEITEHUIT
JIJIsT CCTEM MHTEPBAJIbHBIX YPaBHEHMUIA.

HaunéM ¢ UHTYUTUBHO TIOHATHOTO OpeeseHIs pelleHus Ci-
crembl. PopMaJsIbHBIM pPeIIeHNEM HHTEPBAJIbHOIO CUCTEMbI YPaB-
HEHUU HA3bIBACTCA MHTEPBAJIbHBIN BEKTODP, KOTOPLIX TIOCJIE TO/I-
CTAHOBKH B CUCTEMY U BBIIIOJIHEHUIO BCEX OIlepaIluil 110 IIpaBuiam
MHTEePBaJIbHON apuPMEeTUKN 1 aHaJIn3a 00palaeT CUCTEMY B CH-
CTEMY PaBEHCTB.

O0beTMHEHHOE MHOXKECTBO PEIIeHNH AjId WHTEePBAJIbHON CH-

cTeMbl JINHEeHbIX ypaBHeHuili Ar = b HasbiBaercs
Zuni(Ab) ={r eR"| (JA€ A)(Fb € b)Az =b)}.

J1OTTyCKOBBIM MHOYKECTBOM PeIIeHnil IJisi WHTePBaJbLHON CH-

CTeMbI JINHEHHBIX ypaBHeHnit Ax = b HasbiBaeTcd
Zi(Ab) ={z e R" | (VA€ A)(Fb € b)(Ax =b)}.

YIpaBisieMbIM MHOYKECTBOM PEIIeHN /IId NHTePBAJIbHON CH-
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CTeMbI JINHEHHBIX ypaBHeHnit Ax = b HasbiBaeTcd
(A b)) ={r e R"| (Vbe b)(FJA € A)(Ax =1b)}

BobImuM HeJIOCTATKOM MHTEPBAJbLHOTO MTaKeTa SBJSeTCda To,
YTO OH HEe MMeeT BCTPOEHHBLIX (DYHKIMI JIJIsi HAXOXKJIEHUT J10-
MyCKOBOT'O, 00BEINHEHHOTO M YIPABIAEMOT0 MHOYKECTBa, pelTTe-
HUT 1719 CUCTEM WHTEPBAJIBHBIX YPABHEHNH, TAK KaK OHU UMEIOT
0oJIbINIOEe 3HAYEHNE B MHTEPBAJILHOM aHAJIU3E.

lHTepBaibHAA CUCTEMa MOXKET PacCMaTPUBATHCS KaK COBO-
KYIIHOCTb KJACCUYECKUX CUCTEM JIMHENHBIX YPaBHEHUN, KOTOPbIE
MOTYT OBITH PeIeHbl OHOBPEMEHHO. Kcan K mHTepBaIbHOI MaT-
puiie A 1 BekTOpy b npumeHuTh oneparuio A\b, Torma MbI I10-
JIYYUM BHEITHIOIO OIEHKY MHOXKECTBA PEIEeHUIl TOYEYHBIX CU-
CTEM JINHENHBIX YPABHEHUIT, TO €CTh BHEITHAS OIIEHKA MHOYKECTBA

{reR| (VA€ A)(VDeb)(Ax =b)}.

PaccMmoTpuM nipuMepbl UCIIOIB30BAHUS JaHHONH PYHKIUN.

>> A=infsupdec("1.0001 0.0001; 2.0001 0.0001");
>> b=infsupdec("4.0001; 8.0001");
>> A\Db
ans = 2x1 interval vector
[3.9999, 4.0001] _trv
[-3.0001, -2.9999] _trv

[Topaccy»kmaemM 0 TOM, KaK¥e BBIBOJIBI MBI MOXKEM CIIeJIaTh, ITO-
cmotpeB Ha perterus NCJTAY, moydeHHoe JJAHHON CTaHIapTHOM
dyuxiumeir A\b.

B HeKOTOpBIX ciaydasgx oJiHa W3 KOMIIOHEHT BeKTOpa pele-
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uus CJIAY Ax = b coBmajaer co Beeil BEIeCTBeHHON MpsaMoii
(HeorpaHUUeHa), HO TOBOPUTH MPO TO, UTO JMHEHHAS CUCTEMA
Az =0b (A € A, b € b) He omnpejieieHa, Mbl He MOXKeM. A BOT

oOpaTHOE BEPHO.

>> A=infsupdec([1 0; 2 0])

>> A\ [4;8]

ans = 2x1 interval vector
[4] _trv

[Entire] _trv

Tak»ke ObIBaIOT CcjIydam, KOrja XOoTd Obl OJHA M3 KOOPIUHAT
pemmenng NCJIAY Ax = b nycra, Torma Mbl MOXKeM CKa3aTh,
qTO JINHENHaA cucteMa Ax = b mepeonpejesieHa 1 He UMEET pe-
mennd. Oanako u3 Hemycroro pemtenus NCJIAY mbr He MoykeM

3aKJIIO9UTh, UMEHOT JIN JINHEIIHbIEe CUCTEMBbI pelmennue nujin HeET.

>> A=infsupdec([1 0; 2 0]);
>> A\ [3;0]
ans = 2x1 interval vector
[Empty]_trv
[Empty]_trv

Xo4ercss OTMETUTh, 9TO Pe3yJIbTATOM BBIIOJIHEHUS PYHKIUN
A\b He copmajaer c¢ pesyabraroMm inv(A)*b. Taxxke pemienune,
MOJIy9eHHOe NIPUMEHEHNeM JaHHON PYHKIMU, He SIBaIdeTcd (hop-
MaJIbHBIM.

B crnemyromux pasgenax CKOHIEHTPUpPyeMcd Ha 00beTuHEH-
HOM MHOXKECTBE PeIleHuil M PacCMOTPUM METO/bI JIJIS €ro Ha-
XOXKJIEHIs B CJIEIYIOIIIX pa3jiesiax.
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3.11 WurepBajabublii MeToa I'aycca

Kaccnaeckuit meton ['aycca gaBageTcss JTOCTATOYHO IMPOCTBIM B
peaJM3aluyl U IMOHUMAaHUU METOJOM JIJId PEIIeHUud CUCTEM JIH-
HeHbIX YPaBHEHUII, OCHOBAHHBIM Ha IIPUBEJIEHNN K CTYIIE€HYaTO-
My BHJIY HEOCOOEHHOI MaTpHIbl paBbIX dacTeil. OH cocTOuT 13
PAMOT0 1 0OpaTHOTO X0/a. Bo BpeMs iepBoro mocjie1oBaTe/IbHO
3aHYJIAI0TCA MO/ IuaroHaIbHble 3/1eMeHThI ¢ 1 J1o n—1 cTosibia, u
COOTBETCTBEHHO MEHsSIETCA BEKTOp IpaBbIX dacTeil. [Ipomexomut
IIpUBE/IeHNe MATPHUITBl K BEpXHETpeyroabHOMY BUAy. /lasee mpo-
N3BOJAUTCS 0OpaTHas IOJICTAHOBKA, B KOTOPOI ITOCIEI0BATEIHLHO
ITPOMCXOINT BBIYUCIISAIOTCA 3HAUEHNA C N-0i Hem3pecTHOiT. OTMe-
TUM, YTO €CJIM METOIY TJIe-TO BCTPETUIOCH JIeJIeHNe Ha HYJIb, TO
METO/T He MOYKET HUYero HaM CKa3aTh O PEINIeHNN.

[lepeitéM Temepb K PaccMOTPEHNIO WHTEPBAJBHOTO METO/Ia

['aycca m cucTteMbl THTEPBAJIBHBIX YPaBHEHMIH

rie A = (a;j),4,7=1,...,n.

NuaTepBanbublit MmeTo ['aycca sIBIsieTca ecTeCTBEeHHBIM HHTED-
BaJIbHBIM paclIupeHneM TodedHoro meroga laycca. OH TakxKe
COCTOUT M3 IPSAMOIO XOJa U 00PATHOI IOICTAHOBKI.

TexcT mporpaMMbl, peaan3yonnit THTepBaJIbHBI MeTo [ayc-
ca B CKM Octave, npeicraBiieH B NPUIOYKEHNN JIJIsT O3HAKOMJIE-
LS.

MoxkHO I cKasaTh, 9TO MHTEPBaJbHBIN MeTos ['aycca B CiIy-

gae CBOEr0 YCIEITHOTO 3aBepIieHus (ec/n eMy He BCTPETUIOCH

35



JeJIeHNe Ha, HYJIbCOIEPIKATII HHTEPBAJ) BBLIAET NHTEPBAJIBHYIO
OILIEHKY JIJ1s1 00'be TMHEHHOTO MHOXKeCTBa, perntennii? OTBeT Ha 9TOT
BOIIPOC IIOJIO?KUTEIbHBIN B CIIy OCHOBHOI T€OPEeMbl NHTEPBAaJIb-
HO¥ aprdMeTuKy, IPUMEHEHHON K pPalMOHAIbHBIM (PYHKIUSIM,
KOTOPBIE BBLJIAIOT BIPAXKeHUsI J1JIsT KOMIIOHEHT BEKTOPa PelleHni
yepes ajeMeHTel A 1 b.

Ternepb pacCMOTPUM BOIIPOC O IPUMEHUMOCTHU JIAHHOI'O METO-
na. Cpa3y ckayKeM, 4TO OH He BCerJa NMPUMEHUM K CHUCTEMaM C
HEOCODEHHBIMU MATPUIIAMU, KaK €0 ToUedHbl anajor. Pacemor-

pUM TaK HasbiBaeMbIil mpuMep Paiixmana ¢ MaTpuileit

1 [0,0.62] [0,0.62]
A= 0,062 1 [0,0.62]
0,0.62] [0,0.62] 1

OTa MaTpulla dBjdeTcd HeocobeHnHoit. Ho npu 3amycke mpe-
JIO>KEHHO TPOrpaMMBbI ¢ JaHHOIM MaTpuiieit A 1 HEKOTOPBIM BEK-

TopoM b MBI BUJIIM, YTO METOJ| HEIIPUMEHIM.

>> aa=[1 0 0;0 1 0;0 0 171;
>> bb=[1 0.62 0.62; 0.62 1 0.62; 0.62 0.62 1],
>> A=infsupdec(aa,bb);
>> b=[infsupdec(l,2);infsupdec(1,2);infsupdec(1,2)];
>> IGauss(A,b)
ans = 3x1 interval vector
[Entire] _trv
[Entire] _trv

[Entire] trv

Kak 1 B HemHTepBaJbHOM CJIydae Mbl MOYKEM YJIYUIINATDb aJiro-
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PUTM BBLIOOPOM BEIYIIEro 3JIEMEHTa. JTO MOXKHO OCYIIECTBUTH,
eCJIN CTapPaThCA MAKCUMU3UPOBATH MUTHUTYLY BEYIIETO 3JIEMEH-
Ta.

Ho Bompoc 0 HeoOX0IMMOM YCJIOBUH ITPUMEHUMOM MHTEPBaAJIb-
HOTO MeTojza ['aycca ocraércs OTKPBITHIM B JAaHHON paboTe, I10-
CKOJIbKY TPeOyeT TeopeTuIeCKNX BLIKJIAI0K. OTBET Ha HET'O MOXK-

HO HaiiTh B KHUTe [].

3.12 UnuTtepBajgbHBIiT MeTo 1 I'aycca-3eiigess

noraa ObIBalOT CUTyalnn, B KOTOPHIX HAM M3BECTHO MHOYKECTBO
BHemHelt oneHKn perenns: CJIAY, HO oHO siBIsSeTCS 0YeHb IITH-
POKHUM U TpebyeT yTouHeHUs. B Takoii cuTyamm MOXKHO TTpUMe-
HUTH MHTEpPBaJIbHBIN MeTos ['aycca-3eftyens. Takke oH MoxKeT
ObITH IPUMEHEH JIJIsi HaXOXKJIeHUd BHEIIHeN OIeHKH JacTh MHO-
>KeCTBa PEIIeHn, OrpaHnYeHHONl HEKOTOPBIM OPYCOM.

CHoBa paccMaTpuBaeM WHTEPBAJLHYIO CUCTEMY JIMTHENHBIX
ypapHeHuit Ax = b ¢ HeoCOOEHHOI MHTepBAJILHOI MaTpuilei
npasbix 4dacreil. [lomoskum, uro B A = (@;;) 3/1€MeHTBI TyIaB-
HOII juaroHaJsin HenysieBble. Ilockosibky Marpuiia A HeocoOeH-
Hagd, STOMY YCJIOBHIO BCET/Ia MOXKHO YJIOBJIETBOPUTH II€PECTAHOB-
Kol cTpok. llycTh m3BecTeH HEKOTOPBI Opyc &, comeprKalluii
MHOXKeCTBO perternit =( A, b) uin ke HEKOTOPYIO €ro 9acTh, KO-
TOpasd UHTEpeCcyeT HaC M0 YCIOBUAM 3aJadn. Torma MOYKHO TTPH-
MEHUTH PacCMaTpUBaeMblil MeTo . OMYCTUM €r0 TeopeTUIecKuil
BBLIBOJI I TIPEJICTABUM TEKCT TOJILKO TTPOTPAMMBI, peau3yIonInii
ero. Ero MoxKHO HailTH B HMPUIOXKEHN.

B peanuzamun nnrepBabHOro MeToda ['aycca-3eiiiens BcTpe-
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TUTCA paHHee He BBeaéHHas pyHKIMs hdist (x,xx). OHa 1mo3Bo-
NsieT HAfTH paccTOosdHMe MeXKIY JBYMs MHTE€PBAJbLHBIMU 00heK-

TaMU U OILPEIeIdeTCd CJeAYIONIM 00pa3oM

hdist(z, y) = max {|Z — 7|, }g - g‘} :

Paccmorpum caemytontyio UCJTAY.

5,6 [-2,-1) [0
2,1 [4,6] T s

[TpoTecTupyem peanmszanmio Meroma ['aycca-3eiinesnsa Ha 3TOM

TIpUMEpE.

>> x=[5 -2:;-2 4];
>> y=[6 -1; 1 6];
>> A=infsupdec(x,y);
>> b=[0;8];
>> x=[infsupdec(-10,10) ;infsupdec(-10,10)];
>> IGausSeidel(A,b,x)
ans = 2x1 interval vector
[0.19444, 1.0001] _trv
[1.1666, 2.5001] _trv

3.13 Iloctpoenmne rpacdpukosn

Octave cHabxkeHa allllapaToM BHU3YaJU3aIUU, U OH II03BOJILET
cTpoutThb Kak 2D, Tak u 3D rpacdukm u Mozenn.
g mocTpoeHns: ABYMePHBIX IpadUKOB UCIIOIb3YyeTcsd (PyHK-

1us plot. Fcm eit mepenaTh B KavdecTBe apryMeHTa HHTEPBAJ Y,
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TO Ha Tpaduke OyaerT 0ToOparXkeHo MHOYKECTBO To4ek (1,y), Tie

yey.
JI1g TpPOPUCOBKM JIBYMEPHOT'O MHTEPBaJIa TaKKe HMCIIOJIb3Y-
eTcad PyHKIUA plot, n eil mepemaroTcd B KadecTBe 3HAUEHUN 2

MHTEPBaJIa, 13 KOTOPBIX COCTaBJIsIeTCs OPYyC.

>> g=infsupdec(-1,1); >> g=infsupdec(-1,1);
>> p]_ot(q) >> W=iIlfSllpdeC(3,5);
>> plot(q,w,gray)

05

0.5

-1
0.85

Puc. 4: OHoMepHbIil ©HTEPBAJI Puc. 5: /IBymepHblit unTepBaJ

[Tpn HEOOXOAUMOCTH MOYKHO MEHATH IBET T'paduKa, TUII TTPO-
PUCOBKU JINHUI U JPYTOe, T00aBIsdd B apryMeHT HEKOTOPHIE CIIe-
IaJIbHbIEe MapKephl. X cnmmcok MOXKHO YBUIAETH JIMOO TIPU BBO/IE
help plot B KOMaHIHOM OKHe, JIMOO HAWTH B JOKYMEHTAIINN.
[Tapamerpsl rpaduka TakzKe MOXKHO 33JjaBaTh CAMOCTOATETBHO,

HallpuMep, 1BET

blue = [38 139 210] ./ 255
shade = [238 232 213] ./ 255
gray = [165 165 165] ./255
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Oyakims mince(x,n) IeJUT paccMaTPUBAEMbIl UHTEPBAJ T
Ha 33JaHHOE YHMCJIO0 TOJANHTEPBAJIOB 1, KOTOPbIe MOTYT KCIIOJIb-
30BaTbCd JJId OIEHKU Juanas3oHa pyHKIuu. B pesyinbrare ecin
nepegaTh KOHCTPYKTOPY plot B KadecTBe apryMeToB paccMaTpu-
BaeMY0 (DYHKIIUIO Ha MHTepBaJie X 1 mince (x,n), To Ha rpaduke
MBI TIOJIYUMM Ha KarkKJIOM U3 MOIMHTEPBAJIOB BHEIIHIOIO OIEHKY
Halrel PyHKIINN, KOTOpad IMPecTaBaIdeT coO0il MPsiMOyTOIbHbIM
opyc.

B manHOM mpuMepe Mbl IPeJACTaBUIN UHTEPBAJIbHYIO U KJIac-
CHUYECKYIO IIPOPUCOBKH I'pPaduKa JJIi BO3MOXKHOCTU UX CpPaBHE-

HUA.

x = mince (2*infsup (0, "pi"), 20);

plot (x, cos (x), shade)

x = linspace (0, 2xpi, 20);

plot (x, cos (x), ’linewidth’, 2, ’color’, "k")

Puc. 6: nreppaJibHast npopucoBka rpaduka

Oynuknna meshgrid(X,Y,Z) mpegHasHavdeHa /I CO3TaHULI

CeTKHU JIJII TPEXMEPHOTO I'padrKa, KOTOpasd IIPEJICTABJIAET CODOI
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TPEXMEPHYIO MHTEPBAJLHYIO MaTpPHITly. B KadecTBe apryMeHTOB
eil mepeTaloTca BeKTOP-CTPOKHU MJIN BEKTOP-CTOJIOIBI, KOTOPHIE B
CBOIO OY€epe/ib IIPeodPasyoTcd B MaTPHILbI, COCTAB/IEHHBIE U3 HC-
XOJHBIX TIOBTOPSIONINXCA CTPOK MU CTOJ0MOB. Ecin Kakoii-To u3
apryMeHTOB OTCYTCTBYET, TOT/Ia 10 YMOJIYAHUIO CHUTAETCH, UYTO
00 pacCcMaTpUBaETCs JBYMEpHasl ceTKa, Jub0 KoopJauHaTa 7
COBIIQJIaET C Y.

[IpuBenémM mMHTepBaIbHOE U HEMHTEPBAJILHOE TIPEICTaBICHIE
IJI OJHOM M TOI 2Ke TPEXMEPHON PYHKIINH.

Paccmorpum wa mpumepe dyHKIMN
f=0(x,y)sin(sqrt(x."2+y."2)) ./sqrt(x. "2+y."2)

Crpapa npeacTaBaeH Ha0OP KOMaH/I JJIsT MHTePBaJIbHONI MPOo-

PUCOBKU HHTEpecyIoleit Hac PYHKINHU, & C/IeBa HEMHTEPBAJIbHOIM.

ran=mince (infsupdec(-8,8),41); ran=linspace(-8,8,41);

[X,Y]=meshgrid(ran,ran); [X,Y]=meshgrid(ran,ran);
Z=1f X, Y); z=1f X, Y);
surf (X, Y, Z); plot3(X, Y, 2);

® /i’ /2 /2 / .

Puc. 7: Knaccuuecknii TpéxmepHbIil rpaduk
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Puc. 8: nreppaJibHblil TpEXMepHBIH rpaduk

Kax Bbl BuiuTe TpEXMepHbBIe rpadUKN CO3IAI0TCA C IIOMOIIHIO
dynknun plot3. B kadecTBe apryMeHTOB eif mepemaércd 2 WH-
TepBaJia U3MEHEHUd 110 KOOpAWHATAM X Uy, cCaMa pPacCMaTpUBa-
eMad PYHKIUS, a TaK»Ke MOTYT IepelaBaThCsd ITapaMeTPhI IIBETa,

1 ITPOPUCOBKU JIMHU.

4 3SaKJo4YeHue

B zakiogenun paboThl X0UeTCs CKa3aTh, UYTO MHTEPBAJIbHBIIN T1a-
KeT MMeeT KaK CBOM ILIIOCH, TaK 1 MUHYChI. OH sIBJISIeTCs ¢CBOOO-
HO PACIIPOCTPAaHAEMbIM IIPOJLyKTOM, KOTOPBIIT MOXKET IIOMOYb HC-
CJIe0BATENI0 B 00/1aCTH NHTEPBAJILHOTO aHAJIN3a [T0JTyIaTh HEKO-
TOpbIE IPAaKTUYIeCKNe JaHHbIE, a TaKXKe B JaIbHelIIeM pa3BUBaTh
cou Teopun. OTMETHUM, ITO B HEM peasin30BaHbl HEe BCE BO3MOXK-
HOCTU PabOTHI ¢ MHTEPBAJIHLHBIMU BEJIUYMHAMUI, HO OH CHAOXKEH
OCHOBHBIMU OIEpaIusaIMi U (PYHKIUAMHU, C MOMOIIBIO KOTOPBIX
HCCJIEJIOBATE/Ib MOXKET ITOJIHOIIEHHO padoTaTh.

Takx>ke mHTEpBAJIbLHDIN [TAKET YIBOJETBOpsieT cTanaapTy IEEE-

1788 rma mHTEepBaIbHBIE BRIIUCIeHN Ha DBM, a0 saBigeTcs 60b-
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IITAM TIJTFOCOM.

B moeit paboTe mpejcTaBieHa BBOJHAsS YacTh, HEOOXOIMMAsI
JIUIsi IIOHMMAHKA, 9TO TaKoe MHTePBaJbHbINA aHam3. Jlajee omu-
CaHbl OCHOBHBIE olepalund 1 (PYHKIMU, Pean30BaHie B UHTEp-
BaJIbHOM IIaKeTe, IIPaBIIa BBOJA MHTEPBAJbHBIX BEJIUUNH, Pac-
CMOTPEHbI HEKOTOpble OCOOEHHOCTH MakeTa. Tak»ke pas3odpaHbl
U peaJiM3aHbl MHTepPBaJIbHBIE MeTOIbl [aycca, ['aycca-3eitmens n
HbioToHa [j1g TOrO, YTOOBI YNTATEIh CMOT YBUIIETH, KaKIM 00-
pa3oM OlMCaHHbIE B paboTe TeopeTudecKue 3HaHUs MOXKHO IIPU-

MEHATDH JId KOHKPETHBIX 3a/a4.
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5 llpunoxeunne

5.1 Ilpmaoxkenme A
Peaymmzanus nnrepBanbabIiil MeTos ['aycca B CKM Octave.

function x = IGauss(A,b)
/» TpoBepseM KOPPEKTHOCTb BXOIHHX ITAHHEX
m = size(A,1);
n = size(A,2);
if m!=n
error (’MaTpuna cucTeMs He KBaIpaTHAas’)
endif
1 = size(b,1);
if 1!=n
error (’Pa3MepHOCTL BEKTOpa ¥ MATPHUIR HE PABHEH’)
endif
JmpsMo#t xoxm MeToza Iaycca
for j=1:n-1
for 1=j+1:n
r(i,j)=A,7)/A0,3);
for k=j+1:n
A(1,k)=A(i,k)-r(i,j)*A(j,k);
endfor
b(i)=b(i)-r(i,j)*b(j);
endfor
endfor
x=infsupdec(zeros(n,1));

hobpaTHmil xom MeToma [aycca
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for i=n:(-1):1
summ=0;
for j=i:n
summ=summ+A (i, j)*x(j);
endfor
x(1)=(b(i)-summ)/A(i,1i);
endfor

endfunction
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5.2 Ilpuaoxkenune B

Peammzanus unrepBasibHbll MeTo ['aycca-3eitaens 8 CKM Octave.

function x = IGausSeidel(A,b,x)
s TpoBepKa HA KOPPEKTHOCTH BXOIHHX OAHHHX
m = size(A,1);
n = size(A,2);
if ( m!=n ) then
error (’MaTpuna He KBaIpaTHAas’)
endif
mb = size(b,1);
nb = size(b,2);
if ( mb!=m | nb>1 ) then
error (’HecooTBeTCcTBUE pasMepoB MaTp. U B-pa’)

endif

JPeanusamnusa MeTonma
Eps = 1.e-5;),monycTuMasl IOTPEWHOCTE
XX = X;
q=1000;
while (g>Eps)
for i=1:n
Summ=0;
summ=0;
for j=1:(i-1)
summ=summ+A (i, j)*xx(j) ;

endfor
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for j=i+l:n
Summ=Summ+A (i, j)*x(j);
endfor
xx(i)=intersect(x(i), (b(i)-summ-Summ)/A(i,1));
if isempty(xx(i))
error (’MHOXECTBO peWeHui He IepecexkaeT 6pyc’)
endif
endfor
g=hdist(x,xx);
disp(q);
X=XX;
endwhile

endfunction
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5.3 Ilpunoxenue B

Huke npegcrapiennbl (hyHKINH, IPeIHA3HATEHHDIE 11 PAOOTHI ¢
nHTepBaJibHbIM akeToM Octave, a Tak»Ke UX KpaTKOe OIUCAHNE
(qacTb IpPYTUX OMEpaTopoB OblIa PACCMOTpPEHA B TEKCTe Pado-
ThI). 3716Ch TPEJCTABICHBI CAMBIE YACTO BCTPEUAEMBIE, OCTAJIb-

HbIe MOYKHO HaMTU B JOKYMEHTAIINN.

YHapHble (DYHKITIH.

Haspanne | BoixoHble JaHHBIE

inf (x) JleBas rpaHmuila mHTEpBaJIa &

sup (x) [IpaBas rpanuna nHTEpBaAIA X
mid(x) CepennHa MHTepBaJIa, &

wid(x) [[Inpuna naTEpBaIa T

rad(x) Pagmyc naTepBaa

mag (x) MaranTtyna naTEpBaIA T

mig(x) MurnuTyna nHTEpBaJIa X

abs (x) BrergaéTr HeoTpHUIATE/IbHYIO 9aCThb

MHTEpBaJIa (MOIY/Ib HHTEPBAJIA)

floor(x) | Okpyryger rpaHuilbl HTepBaJja B

HallpaBJIEHUN —OO A0 HEJIO'0 9UCJIa

ceil(x) | Okpyrisger rpaHuIlbl UHTEPBAJIa B

HaIIpaBJEHNU 0O JI0 1EeJ0r0 YnCIa

urepBanbabie (DyHKIINN.
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HazBanue

BruixoiHble JTaHHDbIE

realsqrt(x) |/ s Becex T € x, x > 0

pown (x,n) " I BceX T € @

pow(x,y) Y ngnascexrex,yey, x>0, y>0
exp (x) e’ JJ1d BCeX & € T

pow2 (x) 2% njid Bcex T € T

log(x) In(x) mis Becex © € @

log2(x) loga(x) mis Bcex x € @

logl0(x) logro(x) mis Beex x € @

sin(x) sin(x) 17 Bcex & € @

cos (x) cos(x) mis Beex x € x

tan (x) tg(x) mis Beex x € @

asin(x) arcsin(z) g Beex ¢ € ¢, x € [—1, 1]
acos (x) arccos(x) niad Bcex x € &, x € [—1, 1]
atan(x) arctg(x) nasg Bcex x € @

sinh(x) sh(x) nns Beex x € @

cosh (x) ch(x) nns Bcex x € @

tanh (x) th(x) st Bcex © € @

asinh (x) arsh(x) nyis Bcex x € @

acosh (x) arch(zx) nusa Beex x € @

atanh (x) arth(x) st Bcex © € @

Bunapubie dyHKIINNT.
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Ha3zpanne BruixoHble JaHHbIE

intersect(x,y) | [lepeceuenue naTepBaaoB  u y.

union(x,y) aTepBaj, KOTOPHIH COOEPKAT

MHTEPBAJbl L U Y

min(x,y) Brerancisgercs mo dpopmyiie

min(z,y) = ((x +y) — abs(z — y))/2

max (x,y) Brerancisgercsa mo dpopmyiie

min(z, y) = ((x + y) + abs(xz — y))/2

ByneBckue gpyHKIINN.

Hazpanmue Bergaér uctuny (1), xorma
isempty (x) T ABJIAETCS IIYCThIM
isentire(x) x coBnagaer ¢ R

eq(x,y) T U Y COBMAIAIOT

subset (x,y)

& ABJIACTCA ITIOAMHOZKECTBOM Y

le(x,y)

& MeHbIIle NI PaBEH Y

precedes(x,y)

& MEeHbIIEe Y, UHTEPBaJbl MOT'YT

NMETDHb TOYKY II€EpeCceICHNA

interior(x,y)

Kaxkgad Touka nnTepnaJa @
COJIEPXKUTCS B Y, HO HE ABJISI€TCS

rpaHuIen y

1t(x,y)

T CTPOr0 MEHbIIIE Y

strictprecedes

T HAXOJUTCS CTPOI'O CJieBa OT Y

disjoint(x,y)

I U Y HE IIEPECCKAOTCA

iscommoninterval (x)

I ABJIACTCA O'PaHUYECHHbBIM K1

HEITyCTbhIM

ismember (a,x)

CoepKUT & TOUKY a
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QyHKINHN, CBA3aHHBIE C TEKOPAIITAMU.

Hazpanue Onucanue

newdec (x) [aéT nHTEpBaJIY TOIXOIAIIYIO
JIEKOPAIIIIO

intervalpart(x) Bosepalnaer HeaeKOpUpOBaHHLIM
MHTEPBAJI

decorationpart(x) | Bermaér mekoparuio mHTepBaJa

ol
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