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MOPIBHAHHA MONIIHTEPBAIIB TA ONTUMISALIA
B YMOBAX HEBM3HAYEHOCTI

B ctatbe BBE€OEHO NOHATMNE CpaBHEHUA NOJIMMHTEPBAroB, C Lienblo BblaeneHna O0nbLUEro n MeHbLLero
nonunHTepeana. HoBoe noHATME ocHOBaHO Ha I'IpVIHﬂTOl7I B VIHTepBaJ'IbHOVI mMarematuke mMetoguke
pacLUMpPeHnsT YACIIOBLIX onepauui Ha MHTepBanbl. [JokazaHa OCHOBHas Teopema, onpedensioLlas
HeobxoaMMble W OOCTaTOuYHble YCMOBUS CPaBHMMOCTU MonuuMHTepBanoB. [lpuBeneH npumep
MCMOoJ1Ib30BaHUA pe3yrbTaToB CTaTbW ANA NPUHATUAA ONTUMal1bHbIX peu.leHvu7| B 3KOHOMWUKE.
KnioueBble crnoBa: nonuMHTEpPBasbl, UX CPABHEHME, MAKCUMAIbHbIV

(MUHUManNbHLIN NONMMHTEPBAn).

The article introduces the concept of comparison of polyintervals for separating larger and smaller ones.
A new concept is based on the accepted in the interval mathematics methods for expansion of
numerical operations over intervals. The main theorem is proved. It defines the necessary and sufficient
conditions for the comparability of polyintervals. There is an example of using the results obtained for
making the best economic decisions.

Key words: polyintervals, their comparison, maximum

(minimum polyinterval).

Y craTtTi yBeAEHO MOHATTA MOPIBHSAHHA MoMiiHTepBaniB, 3 METOK BUAINEHHHA GiNbLUOrO i MEHLIoro
noniiHTepsarny. HoBe MOHATTA 3acHOBaHe Ha MNPUWHATIA B iHTepBanbHii MaTemaTtuui metoaui
PO3LLMPEHHS YNCIIOBMX OMnepaLin Ha iHTepBanu. [loBegeHa OCHOBHa Teopema, sika BU3Havae HeoOXigHi
i gocTtaTHi YMOBM MOPIBHAHHOCTI MorniiHTepBaniB. HaBeoeHWW npuknag BUKOPUCTaHHA pesyrnbTaTis
CTaTTi ANsa NPUAHATTS ONTUMAsbHUX PilleHb B EKOHOMILL.

KnroyoBi cnoBa: noniiHTepeanu, iX NOPIiBHAHHA, MakCMMaribHUM

(MiHiManbHUM noniiHTepsan).
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CpaBHeHI/Ie nonnnHTepBasnos 1 ONTUMU3aLMA B yCIOBUAX HEONpeaernneHHOCTU

BBepneHue

B nepuon Bropoii MHpOBOI BOWMHBI MOSIBHJIOCH MHOTO HOBBIX TE€XHOJIOTHI: OOHapy-
YKEHUE BO3IYIIHBIX LIEJIEH C MOMOILBIO PajiapoB, YIPaBJICHUE OTHEM 3€HUTHON apTHIUIEPUH,
mm(ppoBKa U AemudpoBka HHOOPMAIMK B CHCTEMaX CBS3H U T.1. Bee 3T TexHomornu Obutn
CBSI3aHbI C UCCJIEJOBAaHUEM HEOIIPENETICHHOCTH U MCIOJIb30BAaHUEM COOTBETCTBYIOIIMX MaTe-
MaTUYECKUX METOJIOB, IJIaBHBIM 00pa3oM, TeopuH BeposTHOCTel. [locne BoliHbI 3TH Hccie-
JOBaHUsl OBUIM TPOJOJDKEHBI M PACIPOCTPAHEHBI Ha TPaXkKJaHCKYI0 chepy — TEeXHHKY,
SKOHOMHUKY, couuyM. [Ipy 3TOM 101 HEOIIpe1eIEeHHOCThIO CTAIM MIOHUMATh HE TOJIBKO CITy-
YaifHOCTh BO3MOJKHBIX MCX0JI0OB, HO U MX HEEAMHCTBEHHOCTh WJIM HE3HaHMeE, Apeid mepe-
MEHHBIX, CEMaHTUUECKYIO HEOTIPE/ICIEHHOCTD 11eJIeH, MHOTOKPUTEPUAILHOCT NIPU MIPUHSATUN
pelleHnH, HEAO0ONPENETIeHHOCTh MOJEIN WM CTPYKTYphl M3Y4aeMOMl CHCTEMBI U T.A. DTH
HOBBIE TOJIXO/bl K OMNMCAHHMIO HEOIPEAETIEHHOCTH CUCTEM MPHUBEIM K CO3JaHUI0 HOBBIX
MaTeMaTHYECKUX METOJIOB MX M3YYEHHUS: TEOpHs HEYETKHX MHOKECTB [1], MHOro3HauHas u
HenpepbIBHAs JIOTHKA [2], Teopusi CBepXCciaydaiHbIX mporieccoB [3] u 1.4, OIHUM M3 TOITY-
JISIPHBIX METOJIOB CTajla TaKKe MHTEpBaJIbHAs MaTeMaTHKa, U3Yydarolllasi BEIMYMHbI, OIpeie-
JsIEMBIE C TOYHOCTBIO JI0 MHTEPBAIOB BO3MOXHBIX 3HaudeHwid [4], [5]. OmHako oauHOYHbIE
MHTEpBAJIbI, N3y4yaeMble B UHTEPBAJIbHON MaTeMaTUKe, HE OXBAaThIBAIOT BCEX MPAKTUYECKUX
cutyauni. Harmpumep, HeonpeaeneHHbId IEPHOT BPEMEHH, B TEYEHUE KOTOPOIO BO3MOXKHO
MIPOBE/ICHNE HEKOTOPOW BOEHHOW ONEpaIlK, MOKET COJAEpXaTh HECKOJIBbKO IMOCIIEI0BATENb-
HBIX BPEMEHHBIX HHTEPBAJIOB. DTH HOBBIE HEOIPEIeIEHHbIE 00bEKThI, MMEIOIIME BH/]I ITOCIIE-
JIOBATEIILHOCTEH MHTEPBAJIOB HEOIIPEACTICHHOCTH, ObLTH BBeneHbl B. WM. JleBuHbIM B paboTe
[6]  Ha3BaHbI TOMUHTEpBaTaMU. [loTMUHTEPBAIIBI SIBIISIOTCS paCIMPEHUEM HHTEPBATBLHON
MOJICNT! HEOMPEICICHHOCTH cucTteM. B pabore [6] OBLJIO MOCTPOECHO HMCUYUCIICHWE TOJH-
WHTEPBAJIOB, OCHOBHOE Ha OIEPALMAX HaJ IMOJMUHTEPBAIAMH, AHAJIOTHMYHBIX OIEpalysaM
HaJl UHTEpPBAJIaMH B MHTEPBAJIBHON MaTeMaTUKE. DTUMH ONEPALUSAMU SIBIISIFOTCS CIOKEHUE,
BBIYMTAHNE, YMHOXCHHE W JeneHue. JlaHHas cTaThs NOCBSILIEHA MOCTPOCHUIO U HCCIIE-
JIOBaHMIO JIPYrOM Ba)KHOM Ollepalyy HaJ MMOJMMHTEPBAIAMH — CPABHEHHUIO. JTa Oleparys
BBOJIUTCS HA OCHOBE TEOPUH CPABHEHUSI MHTEPBAJIOB [7] M MOXET ObITh UCHOJIb30BAHA IJIS
ONITUMU3AIMH [TOJUUHTEPBAIbHBIX BETUUMH U (DYHKITHIA

[MocTaHoBKa 3agauu

bazoit st vicuncieHus MONMUHTEPBATIOB [6] CIY>KUT UCUMCIICHUE HMHTEPBAJIOB, HA3bI-
BacMOe MHaue WHTEepPBaIbHOM MaTemaTukoit [4], [5]. HTepBaa BBOAUTCS KaK MHOKECTBO
BCEX BO3MOYKHBIX 3HAYCHHMH HENOJHOCTBIO OIPEACIECHHON BEIMYMHBI A, 3a1aBacMOM
JIMIIb ee HIKHEHW @; U BepXHeH a, rpanunamu. GopMaibHO, BETMYMHY & MOXKHO 3allu-

CaTb B BUJC CIICAYIOLICTO YHUCJIOBOTO MHOKECTBA — OI'PAHUYCHHOTO MHTCPBAJIa HCOIIPEAC-
JICHHOCTH

55[31’32]={a|a1333az}- 1)

CornacHo (1) HCHU3BCCTHOC MCTUHHOC 3HAUYCHHUC HeOHpeHCHCHHOﬁ BCIIMYHHBI 5 J0C-
TOBCPHO JIC)KUT B MIPCALCIaX UHTCpBAJla [al, az] , HC BbIXOIA 3a €0 I'PaHUIIbL al u a2 . HpI/I

O9TOM BCC 3HAYCHHA BCINYMUHBI 5B Mmpeaciax yKa3aHHOI'O MHTCpBajla CUHUTAKOTCA pPABHO-
BO3MOXXHBIMH B TOM CMBICJIC, YTO HCT HUKAKHUX OCHOBaHHUH npeanounTaTtb OAHO 3HAYCHUC
Apyromy. IlonsTue PaBHOBO3MOXHOCTH 34€Ch HC O3HAYACT 3aJdHUC PABHOMCPHOI'O BC-

~

POATHOCTHOTO WUJIN KaKOro-TH00 MHOTO PAaBHOMEPHOI'O pacHpeACIICHUSA BEIMUYMHBI d BHYTPpH
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yKkazaHHoro uHTepBasia. Haa nnrepBanamu Buaa (1) BBoAsTCS ajreOpanyeckue ornepaiu,
00001I1aI0Ie COOTBETCTBYIOIIME OTIEpALli Ha/l YMCIaMH. J{JIs 3TOr0 MCIOJb3yeTCs TEOPETUKO-
MHOECTBEHHAsI KOHCTPYKIUS

dob ={aeblacd,beb}, o-d={ealacal}. )

CoruacHo (2), mrobast oreparysl HaJ WHTEpBAJaMH o OMpeIeIseTcss Ha 0a3e CooT-
BCTCTBYIOHIeﬁ orncpanru Hadl TOYHbBIMH YUCIIAaMHA L2 IIpu yCJIOBUH, YTO KOHKPETHLIC 3HAYC-
HHUS 3TUX YUCECII HpO6€FaIOT BCC BO3MOKHBIC 3HAYCHUSA U3 COOTBCTCTB YIOIIIUX MHTCPBAJIOB.
W3 onpenenenus (2)cienyroT mpocThie MpaBuiia BHIMOJHEHUS OTIEpalluii HaJl MHTEpBaJIaMu:

[a;,a,]+[by,b]=[a; +by,a, +b, ] [ag,8,]-[b;,b,]=[a; —b,,a, —by];
klmﬁﬂ={$2ﬁ2{tzgg[mﬁﬂlmbﬂ=ﬁmwm~qu?@rmn; ®)
[a;,a,]1/[b;,b,]1=[3;,8,]-[1/b,,1/b,], mpu O ¢ [b,,b,].

Pa3BuBas monsiTMe MHTEpBasa, B [6] ObUIO BBEIEHO MOHSATHE MOJTMHUHTEPBAIA KaK I10-
CJIEIOBATEIIbHOCTH HECKOJIBKHUX HEMEPECEKAIOMMNXCS OIMHOYHBIX HHTEPBAJIOB
A= (5,6,..., 5), 20e a, 6,..., d— OIMHOYHBIE MHTEPBAJBI Bua (1). 4)
B (4) cumraercs, 4TO KaXKAbIH CIEAYIONIUNA OJWHOYHBIA WHTEPBAJ CABHHYT BIIPABO
OT TIPEABIAYIIEr0 W HEe TepecekaeTcss ¢ HuM. Omneparuu Haja MOJUUHTEPBaIaMu ObUIH
BBEJICHBI B [6] aHAIOTUYHO OMEpaIysM HaJ WHTEpBAJAMH C MOMOIIBI TEOPETUKO-MHO-
YKECTBEHHOW KOHCTPYKITUH THTA (2)

AoB={aeblacAbeB}, oA={ealacA}. (5)

3nece A — monmuaTepBan Buaa (4), B — apyroit mojammHTEpBan TOro K€ BHIA, HO C
JPYTUMH COCTaBIISIIOIIMMHU €0 OJWHOYHBIMU MHTepBaaMu. Ha Ga3ze onpenenenus (5) ome-
paruii HaJ MMOJIMMHTEPBAIAaMHU B paboTe [6] ObLIM BBIBEICHBI MpaBujia KOHCTPYKTHBHOTO
BBITIOJIHEHUS CIEAYIOIINX alreOpanyecKuX Orepauuil ¢ MOJIUUHTEPBAIaMHU: CI0KEHUE, BbI-
YUTaHUE, YMHOKEHUE TOJMUHTEpBala Ha YUCIIO, YMHOKEHUE U JEJICHUE TIOJIMUHTEPBAJIOB.
3ajaya HACTOSILEH CTAaThbU 3aKIIIOYaeTCs B TOM, YTOObI Ha 0a3e TOro K€ OIpelesIeHUs
BBIBECTH MPABUJIO KOHCTPYKTUBHOT'O BBINOJIHEHUSI €Ille OJHOM, BECbMa Ba)KHOW OIeparuu
HaJ TOJMHHTEPBAJIAMH — OIpPE/EIeHNe MAaKCUMaJIbHOTO U MHUHHUMAJIbHOTO U3 JBYX MOJIH-
MHTEepBaIOB. BaXXHOCTH 3TOM omepaluu CBsI3aHa ¢ TEM, YTO K €€ BBIIOJIHEHHUIO (PaBHO KakK U
K BBITIOJIHEHUIO aHAJIOTHYHOMN OTepaliy HaJl OJMHOYHBIMUA UHTEpBaIaMU) CBOJSTCS MHOTHE
KJIaCChl 33/1a4 ONTUMAIILHOTO IJIAHUPOBAHUS Pa3HOOOPA3HBIX CUCTEM M MPOIECCOB, PyHK-
[MOHHUPYIOIIUX B YCIOBUAX HeompeneneHHocTH [8]. Ha 0asze »Toil omepamum Takxke
MOSIBJISIETCSI BOBMOYKHOCTh CPaBHEHHSI MHTEPBAJIOB U MX YHOPSIOYEHUS MO OTHOIICHHIM
«0OIIBIIIEY, KMEHBIIIE» U «PABHOM.

PeweHune 3agayun

Crnenys (6), OyzneM mpencTaBiIsITh MOJUUHTEPBATBI (4) B TEOPETHKO-MHOYKECTBEHHBIX
TEPMHUHAX CJIEAYIOIMIUM 00pa3oM:

A=aubu..ud. (6)
ITycts 3amansl ABa nonuuHTepBada A u B cienyromero Buma

A=UJa, B=Jp", ™

i=1 j=1
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CpaBHeHI/Ie nonnnHTepBasnos 1 ONTUMU3aLMA B yCIOBUAX HEONpeaernneHHOCTU

n

e a' =[a;,a}],i —1m u b’ :[bj,sz], j:ﬁ — OJIMHOYHBIE HMHTECPBAJIbI, B COBOKYII-

HocTH coctaBisitomiue A u B coorBerctBeHHO. Tpebyercst onpenenuTh MaKCUMaIbHBIN 1
MUHUMAJIBHBIN U3 9TUX HHTEPBAJIOB. JIpyriuMu ciioBamMu, TpeOyeTCsl BBITIOIHUTD ONEPAIlUH

C=AvB, D=AAB, (8)
I7€ v — olepauus B3ATHS MakCUMyMa, a A— onepauus B3sTUs MuHuMyMa, a Cu D -
MaKCUMAaJIbHBIA U MHUHUMAIIBHBIA WHTEPBAIBL. JTH JIBE ONEpAalMd MBI ONpenesum ¢op-
MaJbHO, KaKk U Jpyrue olepanuuu HaJl NOJUUHTEpBalaMH, BBEICHHbIE B [6] (cioxeHHeE,

BBIYMTAHNUE, YMHOXKEHUE), MPU MOMOILU TEOPETUKO-MHOKECTBEHHON KOHCTpYKIMH (5).
Takum oOpa3om, MaKCUMYM 1 MUHUMYM JIBYX MOJIMUHTEPBAJIOB ONPEAEISIOTCS B BUJIE

C=AvB={avb|lacAbeB} D=ArB={arblacAbecB}. (9)

To ecth onepanuu B3STHS MakCUMyMa (MUHUMYMa) JBYX MOJIMUHTEPBAJIOB ONPEACISIOTCS
Ha OCHOBE COOTBETCTBYIOIIMX ONEpaMil HaJ ABYMs TOYHO 33JaHHBIMHU BEIMYMHAMH IPH
YCIIOBUH, YTO KOHKpPETHBIE 3HAUEHUS STUX BEJIMYMH MPOOEraroT Bce BOZMOKHbBIE 3HAYCHUS
13 COOTBETCTBYIOIINX MOJUUHTEPBAJIOB.

Hcxona u3 onpeneneHuil onepanuy B3sTUS MAakCHMyMa MU MHUHMMYMa JBYX IIOJIH-
UHTEPBAIIOB (9), HETPYAHO YCTAaHOBUTH GOPMYIY JUIsl KOHCTPYKTUBHOTO BBITIOJTHEHUS 3TUX
onepanuil. [ 3TOro MCHoib3yeM Cieayromyo 0a30Byl0 (OpMyIy, MO3BOJISIONIYIO BbI-

TIOJIHUTH MPOM3BOJIBHYIO ONEPALMIO © Haj STMMH nojuuHTepBaramu A u B B Buze
CYTIEPIIO3HIIMH STOH OTEPalMy Hajl OAMHOYHBIMK HHTEpBanamMu a ' , b, cocrapnstonmmu
AuB [6]

n

U (3' ob }) unm B passepHyTOM BUTIE SERE UEJ =UU(5i°5j) (10)
' i e i1 1

Ao

T CB

HOLLCTaBn;I;I terepb B Gopmyiny (10) BMECTO oKOHKpETHbIE ONEpalud VvV U A,
MOJIyYUM HE0OX0oJuMble (POPMYIIBI Al KOHCTPYKTUBHOI'O BBITIOJHEHHS OTEpaIuil B3ATUS
MakKCHUMyMa U MUHUMYyMa JIByX MOJIMUHTEPBAJIOB

Av I§= LnJ (' vb') umu B pasBepHYTOM BHC Lmjﬁi Ub =LmJLnJ @' vbl). (11)
i-1 j-1 i-1 =1 i-1 j1

AAB = LmJLnJ (8" Ab 1) unn B passepHyTOM BHE LmJ Ub =LmJLnJ @' AbT). (12)
i=1 j=1 i=1 j=1

(DopMyJILI (11), (12) cBOAT BBHIYMCIIEHE MAKCUMyMa 1 MUHUMYMa JIBYX TOJIMHHTEP-
anos A u B K Borumcienmio MAaKCHMYMOB ¥ MHHMMYMOB BCEX T1ap OJIMHOYHBIX MHTEPBA-
noB (@', b 1), cocTaBmsomux AuB. OpaHako HEMOCPEACTBEHHOE HCIOIb30BAHUE ITUX

dbopMyn ISl BEIUMCICHHUS] MaKCUMaIbHOTO(MUHUMANBHOTO) U3 MOJIHMHHTEPBAJIOB AuB
HEe Bcerja yA00HO, TaKk Kak, BO-TIEPBBIX, 3TO TpeOyeT BBIYHCIEHHE MaKCUMyma (MHHH-

MyMa) Ui KaKJOW Mapbl OJMHOYHBIX HHTEPBAJIOB (Ei . b j), i=1m, j=1n, a, BO-BTO-

PBIX He JUTS KaXI0W maphl monuuHTepBaioB A u B cymecTByer MakcMManbHBINA (MHHH-
ManbHbIN) nonuuHTepBai. [loaTOMyY ropa3ao nmpakTuyHee cHavajga YCTAaHOBUTH CYIIECTBO-
BaHUE MAaKCUMAJIBHOTO (MHHMMAJIBHOTO) U3 JIBYX 33/IaHHBIX MOJMMHTEPBAJIOB, HCIIOIB3YS
MOAXOJAIIUN KPUTEPUM CYIIECTBOBAHUS, U TOJIBKO IIOCJIE OTOTO YCTAHABJIMBATh MAaKCH-
MaJIbHBI U MUHUMAQJIbHBIA MOJMUHTEPBAI. [IpOCTOM KpUTEpUHU CyILECTBOBAaHUS MaKCHU-
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MaabHOTO (MHHHUMAJIBHOTO) M3 JBYX 3aJaHHBIX MOJMHHTEPBAIOB JACT HUKECIICIYIOIIast
teopema. OHa e cpa3y yCTaHAaBIHMBACT, KAKOW W3 TOJIUHHTCPBAJIOB SIBIISCTCS MAKCH-
MaJIbHBIM, a KAKOM — MUHHUMAaJIbHBIN.

B pabote [7] ObLIM BBeICHBI OTHOIICHUS MEXIYy WHTEPBAIAMH HA OCHOBE TCOPHH
MHOeCTB. IIpy 9TOM [UIst JTF00BIX ABYX MHTEpBAJIOB a =[a,,a,], b= [b;,b,] o ompene-
JICHUIO TIPUHAMAETCSI:

d=b,ecm a, =b, a,=h,, (13)
d>b,ectu Avb =43, 3Ab =b, (14)
a He cpaBHMMO b ,ecrm a #b, anwe>b, bue>a, (15)

Ha ocnoBanuu onpenenenuii (13) — (15) 6pu10 nokazano [7], uto 1) ayis Toro, 4To0bI
WHTEPBAIBI A U b HAXOAW/IACH B OTHOWIEHHA 3 > , He0GXOAUMO 1 AOCTATOYHO, YTOGEI
BBIIOJHSUTCH yCIIoBUs @, >b,, a, >b,; 2) mia Toro 4robbl WHTEpBAIBl A H b Gbim
HECPAaBHUMBI, HEOOXOAMMO U JOCTAaTOYHO, YTOOBI BBIMOIHSINCE yciaoBus @, <b,, a, > b,
wm b, <a;, b, >a,. lpyrumu cioBamH, Uil BBIIIOJHEHHS] OTHOIICHHS A > b Tpebyercs,

4TOOBI MHTEPBAN A ObLI CABMHYT OTHOCHTENLHO MHTEPBANa b BIpaBo 00EMMH CBOUMH
rpaHvunaMv, a IJjid HECPaAaBHUMOCTU OJTHX HHTCPBAJIOB Tpe6yeTC$[, qTOOBI OJUH U3 HUX
(6e3pa3IMYHO KaKo#) MOJTHOCTHIO HAKPHIBA IPYrOH.

OtHONIeHNs MCXKIY NOJIMUHTEPBAIaMH MBI BBCJAEM TCIICPh aHAJIOTUYHO OTHOIIICHHIO

MEXIy MHTepBasaMu. VIMEHHO, /IS JTIFOOBIX ABYX MOJHMHHTEPBAJIOB AwuB Buaa (7) 1o
OTIPENICIICHUIO IPUHIMAEM

A=B ,ectu m=n, a* =b', 3?2 =b?,...a"=b",

A>B,eciu AvB=A, AAB

A ne CPaBHUMO B eciu A=B, Ane>

Teopema 1. Jly11 TOro 4T00BI JiBa MONIMMHTEpBANIA A u B Buga (7) ObLIu cpaBHHMBI

¥ HAXOJWIHCH B OTHOIICHHU A> B HEOOXOJMMO M JIOCTATOYHO, 4YTOOBI BXOJSIIMN B

coctaB A  MHHHMATBHBI OI[I/IHO‘IHBII/I vHTEpBAI 4 U onzumu/m B cocras B
MaKCUMAaJIbHBIA OJTAHOYHBIA HHTEPBAI b" HaXOAWIHCH B OTHOLICHUH a > b "

OTPEICICHUIO TMOJHUHTEPBAIOB, UIA BCEX | J CHPABE/UTHBO HEPABEHCTBO a' >bJ

Otcrozia cleyer, 4To Juist BCeX i, | uMeeM a vbJ a', a' Abl =b . Takum obpasom,
o ¢popmynam (11), (12) nomygaem

AvB=

1C-
88

=,&, ;&/\g:o bl =B
i1

I[Ba HOCJ'IC,Z[HI/IX COOTHOIICHUA, COTJIACHO onpeneneHI/I}o (17) O3Ha4YaroT, 4TO ITOJIHU-

MHTEPBAIIBI AuB CPaBHUMBI M HaXOJATCS B OTHOIIEHUH A>B. Yro u TpeGoBaIOCH
JI0Ka3aTh.

Heo6xoaumocts. Ilycts nBa momuuntepBana A u B cpasuumbl u maxonarcs B

otnomenun A > B . Torma, B coorBercTBHM ¢ ompenenenueM 3toro oTtHomeHus (17),
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n

BepHBI cieayromue a8a papenctea Av B =A, AA B =B . Beipaxkas B Hux onepanuu V

u A 1o popmynam (11), (12), a nonuuatepBansr A, é o gopmynam (7), mepenuiieM
WX B BUJIC

m m n -

OU(&WEJ’):U&MUU(&MbJ’):CjEi.

i=1 j=1 i=1 i=1 j=1

B IICPBOM BBIITMCAHHOM PAaBCHCTBE IIpaBasd 4aCTb 3aBUCUT TOJIBKO OT MHTCPBAJIOB 5i )

I =1,m, mo3TOMY, 4TOOBI UMEJIO MECTO PABEHCTBO, €r0 JIeBask 4acTh TAKXKe JOJDKHA 3aBU-
CETh TOJILKO OT MHTEPBATIOB &', i =1,M, a 3T0 BO3MOKHO TOJBLKO MPHU BBITNOTHEHHHU YCIOBHUS

a'>b’' nns Beex |, j. AHAOTHYHO BBIBOJMTCS BBITIOJHEHUE DTOTO YCIOBHS M3 BTOPOTO
BBINMCAHHOTO PABCHCTBA. BBIMOIHEHUE JAHHOTO YCIOBHS O3HAYaeT, YTO JIFOOOH OTHMHOY-

HBIil HHTEpBaN &', BXOJAIIMI B COCTAaB MONMUHTEpBana A , HAXOJUTCSA B OTHOLIGHHH > K
M000My OJIMHOYHOMY MHTepBaldy b, Bxoasmemy B cocraB nomuunTepsana B . B uact-

HOCTH, CIIpaBeLTMBO OTHOLIEHKE 4 > b ", uTo u TpeGoBaIOCh JOKA3aTh.

®opmynst (11), (12) garoT HaM KOHCTPYKTHUBHBIC MPABHJIA BBIJEICHUS OOJIBIIETO U
MEHBIIETO W3 JBYX UMEIONIUXCS TMOJUUHTEPBAJIOB JIUIS TE€X CIIy4aeB, KOT/Ia OHU CYIIECT-
ByIOT. Teopema 1 maet mpocToe MpaBuiIo TPOBEPKU CYIIECTBOBAHUS OOJIBIIIETO W MEHBIIIETO
U3 JIByX HMMEIOLIUXCA TMOJIMUHTEPBAIOB. Tenepb alrOpuTM peIIeHUs Pa3INYHbIX 3a7ad
HCCJIEIOBAHUSI CUCTEM C IMOJIMMHTEPBAIBHBIMHU XapaKTEpPUCTUKaMH, TPEOYIOIIHUX CpaBHeE-
HUS TOJIMUHTEPBAJIOB, MOKHO MPEACTaBUThH CIAEAYIOLUIUM 00pa3oM.

Ilar 1. [ToctpoeHne aGCTPaKTHOW MAaTEeMaTHYECKON MOJIENH, MPEACTABISAIONIEH pe-
IIEHUE 3374l KaK MOMapHOE CpaBHEHUE HEKOTOPOrO YHCIIA MOJIUUHTEPBAIOB, SBISIOMINXCS
YHUCJIOBBIMH 3HAYCHUSMU XapaKTEPUCTHK H3y4aeMOW CHUCTEMBI B YCJIOBHUSAX HeEOIpese-
JIEHHOCTH, C IIEJIbIO TMOCIEAYIOUIEr0 BBIJACICHUS MOJUUHTEPBAIOB, SBISIOUINXCS pelle-
HUEM 3aJ1auu.

Hlar 2. AHanu3 noAjexalux CpaBHEHUIO Nap MOJMUHTEPBAJIOB, C LIEIbIO BBISBIIE-
HUS Tap CPaBHUMBIX M HECPABHUMBIX MOJIMUHTEPBAJIOB. AHAINU3 MPOBOJUTCS C MOMOIIBIO
ycinosuit (16) — (18). Ilpu 3TOM mapel, yaoBiaeTBopstomue yciaoBuio (16) (paBHbIE MOJH-
HMHTEPBAIBI) WK yciaoBHIO (17) (MOTMUHTEPBAIIBI, HAXOISAIIUECS B OTHOIIEHUH > ), OTHOCHM K
rapaM CpaBHHUMBIX MTOJMUHTEPBAJIOB, a Mapbl, YAOBIETBOPSIONINE ycinoButo (18) — k mapam
HECPaBHUMBIX MMOJTMUHTEPBAJIOB.

Hlar 3. [TocTpoeHue CTPYKTYpHOM MaTeMaTHYEeCKONW MOJENW pelleHHs 3aauyd B
BHJIE YaCTUYHO OPUEHTHPOBAHHOTO Tpacda, ¢ UCmoib30BaHUEeM Inaros 1,2. Bepuinnamu
rpada SBISIOTCS MOJMUHTEPBAJIBI, BbIICJICHHBIC HA mIare 1, ero peOpamMu — TUHUH, COEIU-
HSIIOIIKE BEPILUHBI PAaBHBIX MOJIMUHTEPBAJIOB, €T0 IyraMu (OpUEHTUPOBAHHBIMU peOpamMu) —
JIMHUY, COSAMHSIIONINE BEPIITNHBI HEPABHBIX MOJUHMHTEPBAIOB B HANIPABIEHUH OT MEHBIITNX
MOJIMUHTEPBAIOB K OonbiiuM. [Ipu 3TOM BepIIMHBI, OTBEYAIOIINE HECPABHUMBIM IOJIH-
WHTEpBaJlaM, HE COEIUHSIOTCS HUKAaKUMU JIUHUAMU. [Ipu moctpoeHun rpad-monaenu uc-
MOJIL3YFOTCS TTaphl PaBHBIX MOJIMUHTEPBAJIOB, ITAphl MOJIMUHTEPBAJIOB C OTHOLICHHEM = |
napbl HECPAaBHUMBIX MOJIMMHTEPBATIOB, MOTYYECHHBIE Ha [Iare 2.

lar 4. Beruncnenue mo CTPpyKTYpHOU Ipad-MOJeTu BEPIIUHBI, COOTBETCTBYIOIICH
MOJIMMHTEPBAITY, TIPEACTaBISIONIEMY co00i perieHre 3aaa4yn. Yaiie Bcero B Ka4eCTBe TaKOro
MOJIMMHTEpBAIa OEepeTCsl IKCTPEMATbHBIH — MAaKCHUMAIIbHBIH WM MUHUMAJIbHBIN TOJH-
uHTepBasl. HO BO3MOXKHBI U IpyTHe BapUaHTHL.
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Hpumep. [Ipu noctymieHnn Ha ciryx0y pabOTHUK BbIOMpaeT mexay pupmamu A,
Bu C. ®upma A mpemiaraet eMy MECSUHYIO 3apIniaTy (B 3aBUCHMOCTH OT 3aKa30B (PUPMBI)
B pazmepe 10000+ 2000 py6. mmu 15000+ 2000 py6., ananoruyno ¢pupma B — B pasmepe
500041000 py6. wmm 8000+1000 py6., a pupma C — B pazmepe 6000+1000 py6. wim
900041000 py6. PaGoTHUKY HY>KHO BEIOpaTh GUPMY C MAKCHMAITLHOM 3aPILIATOM.

Pemenne. [llaz 1. B pupme A mepByro 3apabOTHYIO IJIaTy pabOTHHUKA MOYKHO TIPE/I-
CTaBHUTH B BUJIC MHTEPBAJIa

[a},a;] =[8000,12000],
2-10 — KaKk uHTEpBan [a’,a’]=[13000,17000]. Ananornyso, B pupme B 1-ro0 3apmiary
paboTHHKA MOYKHO MPEJCTaBUTE B BHjle MHTepBana [b,bl] =[4000,6000], a 2-to — B BHIe
unrepsana [b,b7]=[7000,9000], a B ¢pupme C 1-10 3apmiaTy MOXKHO NPEACTABHTH B BUJIE
untepsana [c},c;]=[5000,8000], a 2-t0o — B BHMae uHTepBama [C,C5]=[8000,10000].
Wrak, mecsunyto 3apruiaty pabotHuka B pupmax A, B u C MOXHO NpencTaBUTh COOTBET-
CTBEHHO CJIEIYOIIMMHU TOJHMUHTEPBATIAMU

L 2 . . fad 2 . .
A=|JIa},a}]=[8000,12000] U [1300,17000], B = | J[b/, b’ ]=[4000,6000] L [7000,9000],
i-1 j=1

- 2
C= U[clJ ,€,]=[5000,7000] w[8000,10000].
j=1
AOcTpakTHas MaTeMaTU4YecKasi MOJIEb PEIICHUS 3a/1a4d TPEICTaBIsIeT cOO0H COBO-

KyImHOCTh mosmuHTepBasioB A, B u C, momapHoe cpaBHEHHE KOTOPBIX IOJDKHO Ha CIIEIYIO-
IIMX [Iarax BbIIEIUTh MaKCUMAaJIbHBIH TMOJIMHHTEPBAJ, HBJ'ISIIOHH/II/ICH pelIeHreM 3a/1auH.

lae 2. TlonapHo CPaBHMBAEM MOJTHHHTEPBAIILI A B Cc > TIOMOTIIBIO ycaoswuit (16)-
(18) m TeOpeMBI 1. IMapa ( A B) CpaBHUB TOJMUHTECPBAJIBI A B ¢ TIOMOIIIBIO TEOPEMBI 1,
naxoquM a' =[8000,12000], b* =[7000,9000], 3mecs 8000 > 7000, 12000 >9000, u m0-

sTOoMy, cornacho (14), a' >b?, otkyma o Teopeme 1 A>B.

Iapa ( A .C ).
C moMmoIpl0 Tex ke ycioBHd HaxoauMm a' =[8000,12000], c? =[8000,10000],

3eck 8000 > 8000, 12000 >10000 u notomy cornacHo (14), a* > ¢?, otkyna 1o Teopeme 1
A>C.

Ilapa (B ,C).

C momoIpio Tex ke ycnosuii Haxomum b' =[4000,6000], c® =[8000,10000], 3mech
4000 <8000, 6000>10000 u motomy b'ue>c”, orkyma mo Teopeme I Bue> C.
Amnanornuno umeem c¢' =[5000,7000], b* =[7000,9000], rze 5000 < 7000, 7000 <9000,

nosTomy C'me>Db?, oTkyma mo Teopeme 1 Cue> B. C JpYroM CTOPOHBI, COTJIACHO

ycnosuto (16), B # C . Takum obpa3om, B cooTBeTcTBUH C (18) momuuHTEepBaIBI B, C He
CpaBHHUMBI.

Llae 3. Tlo pezynpTaTam maroB 1,2 moiydaeM CTPYKTYPHO-MaTE€MaTHYECKYIO MOJIENb
pelleHns 3aJaud B BUJE YaCTUYHO OpHEHTHpOoBaHHOTO Tpada (puc. 1). Bepmmuusl 3T0TO

rpada — HOJIMUHTEPBAIBI A B C €ro yrd OpUEHTHPOBAHBI B HAIPABJICHUN OT MEHb-
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CpaBHeHI/Ie nonnnHTepBasnos 1 ONTUMU3aLMA B yCIOBUAX HEONpeaernneHHOCTU

n

mmx BepmH B, C k Oosnbineit Bepmuae A, a ero pedpo He OPUCHTUPOBAHO U COCTUHSCT

HEeCpaBHUMBIE BepIIMHbI (oymuHTepBaibl) B, C.

Pucynox 1
llaz 4. Tlo ctpyktypHOU rpad-monenu (puc 1) HaxoIuM BEpLIMHY, COOTBET-
CTBYIOIIYIO MaKCHMAIbHOMY MONMuHTepBany. HemocpencTBenHo u3 puc. 1 BHAHO, UTO

9TOW BEPUIMHOMN SBIISETCS A T.K. COOTBETCTBYIOLIUIN MOJMUHTEPBAI A Gonbe JIpYTux
MOJINMHTEPBAJIOB BuC. O6paTI/IM BHUMaHME, YTO 00a NOJMHUHTEPBAJIA, HE SIBIIAIOLIUECS

MakcuManbHbIME — B u C — He CpPaBHHMBI MEXIYy COOOI, HO 3TO HE MOBJIMIIO Ha
pelieHre 3agadd. JTO peuieHHe — BbIOOp pPabOTHHMKOM, W3 TPEX MPEUIOKHUBIINX €My
paboty ¢upm A, B, C pupmbl A, Kak npeAnioKuBILIEH MaKCUMaIbHYIO 3apIUIaTy.

O6cyxaeHne

Kak mokazaHo B cTaTbe, JajbHEHWILIEE Pa3BUTHUE HM3BECTHOW OMEpaIMu CpPaBHEHHS
MHTEPBAJIOB HEONPECIEHHOCTH, C BbIJEIEHUEM MAaKCUMaJIbHOTO U MUHUMAJILHOTO UHTEP-
Basia [7], MpUBOOUT K HOBOM ONEpaluy CPaBHEHUS MOJUUHTEPBAJIOB , C BBIICICHUEM
MaKCHMaJbHOTO U MUHUMAJIbHOTO MOJMHUHTEpBaia. TakuM o0pa3oM, U Ijs Takoil Gosee
CIIOHOU 10 CPAaBHEHUIO C MOJIMMHTEPBAJIOM MOJIENU HEONPEAEICHHOCTH , KaK MOJIMHH-
TepBaJl, 0Ka3bIBAE€TCS BOZMOXKHBIM CPAaBHUBATh MOJIMUHTEPBAJIbI U BHIOMPATh MaKCUMalb-
HBIM (MUHUMANbHBIN) U3 HUX. DTO OTKPHIBAET BO3MOXKHOCTD PEIICHHUs 3a]ja4 ONTUMH 3alluN
JUIS HEOTIPEICIIEHHBIX CUCTEM U MPOLIECCOB C MOJIMHUHTEPBAIBHBIMU NapameTpamu. [lomnu-
MHTEpBaJIbHAs MOJIENIb HEONPEEIEHHOCTH sIBIIsIeTCsl OoJiee CIOXKHON, YeM MHTEepBaJIbHASL.
Omna BcTpeyaeTcst I0CTaTOYHO YacTO B BOEHHOM Jielie, SKOHOMHUKE, TEXHUKE, COIMAIbHOM
cdepe u ap. 00MaACTAX U MOITOMY 3aCTYKUBACT U3yUCHHS U pa3pabOTKU. DTO U3YYEHHUE U
pa3paboTKy MPUMEHUTENIBHO K MpoOiieMe ONTUMHU3AIMU €CTECTBEHHO OCYIIECTBIISTh, WC-
MOJIB3YySl TIOJXObl MHTEPBAJIbHON MaTEeMaTHKH K ONTUMH3ALWU [7] U pa3BUBas UX B Ha-
MIPaBJICHUH Yy4€Ta MHOTOMHTEPBAIBHOCTH. U 3/1eCh BBIABIIACTCS BaXKHBIN (haKT: CpaBHEHUE
JBYX TOJIMMHTEPBAJIOB, KaK MOKa3bIBaeT Teopema 1, CBOJUTCS K CPAaBHEHHUIO UX KPaHHUX
MHTEPBAJIOB, Onaroaapsi 3TOMY CIOKHOCTh PEIIeHUs MpoOJIeMbl ONTUMU3AIMH CUCTEM C
MOJIMMHTEPBAIILHBIMYE TIapaMeTpaMH Takasl ke, KaK U JUIsl CUCTeM C HHTEpBaJbHBIMU
rnapamerpamMu. JTO JelaeT 3aJayd ONTHUMHU3alUU CUCTEM C INOJHUHUHTEPBAIbHBIMU Mapa-
METpaMU peabHO pa3pelIMMbIMH.

3akno4yeHune

B Hacrosmeii cratbe C(I)OpMy.]'II/IpOBaHa 3a7a4a JajIbHEHIIIEro HU3YyUCHUA HOBOM MOJEIHN
HEONIPCACICHHOCTU — IIOJIMUHTCPBAJIA, 060611_[8.}01]_[61\/’1 HU3BCCTHYHO MOJCIIb HCOMPCACIICH-
HOCTU — UHTCPBAJl — Ha cnyqaﬁ 00JIaCTH 13 HECKOJBbKHX MOCJICA0OBATCIIbHBIX HHTCPBAJIOB
HCEONPCACICHHOCTH. C MOMOILIBIO U3BECTHOM M3 HHTCpBaHLHOﬁ MaTEMaTUuKu TCOPETUKO-
MHO>KECTBEHHOM KOHCTPYKIHUU, BBOJISIIIEH oncpalu HaJd HWHTCpBajlaMU, B TOM YHCIIC,
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omnepanuu B3ATUS MaKCUMyMa (MHHMMYMa), QHAJOTMYHBIM IIyT€M BBEJIEHA OIleparus
B3STHA MakCUMyMa (MUHUMYMa) JBYX MOJMUHTEPBAIOB. PazpaboTaHa MeTOMKa CBEICHHS
ornepanuy B3STHS MaKCUMyMa U MUHMMYyMa IOJIMUHTEPBAJIOB K aHAJIOTUYHBIM ONEPALIUAM
¢ uHrepBanamMu. C ee MOMOIIBIO J0Ka3aHa OCHOBHAs TEOPEMa, CBOJAIIASI CPABHEHUE JIBYX
MIOJINMHTEPBAJIOB, C BBIJEIEHUEM MAaKCUMAJIbHOTO U MUHUMAJIbHOIO U3 HUX, K CPAaBHEHUIO
JBYX MHTEpPBAJOB — KPaWHEro JIEBOrO0 MHTEpBaja OJHOIO IOJUUHTEpBajia U KpailHero
MpaBoOTrO MHTEpBajia apyroro. Ha mpuMepe u3 061acTh SKOHOMHUKHM TOKa3aHa MPaKTHYe-
CKasl 110J1b3a pa3paboTaHHON TEOPUH U METOJIOB.
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RESUME

V. I. Levin, E. A. Nemkova
Polyinterval and Optimization in Conditions of Uncertainty

Background. In recent decades, in the civil and military spheres new information
technologies are increasingly encountered based on new approaches to describing various
types of uncertainty. These technologies are widely used in engineering, economics, social
sphere. To support them, new fairly powerful mathematical models and methods are
needed. In this regard, this article devoted to the development of a new model of
uncertainty (polyinterval) and mathematical methods and models for its study with regard
to solving optimization problems under uncertainty is very relevant.

Materials and Methods of the article is to elaborate a new mathematical model of
uncertainty — a polyinterval which is a sequence of a finite number of independent intervals
of uncertainty in order to optimize various technical, economic, social and other systems
with polyinterval parameters. To achieve this goal, it is proposed to extend the method of
introducing operations on intervals in the form of a set-theoretical generalization of the
corresponding operations over real numbers to the study of optimal operations over
polyintervals.

Result. In the article a new mathematical model of non-definiteness is developed in
detail — polyinterval. The optimal operations (max, min) over the polyintervals have been
determined and the rules for their implementation have been derived. The necessary and
sufficient conditions for the existence of these operations are established, i.e. the
conditions for the comparability of polyintervals over the relations "more™ and "less”. An
example of using the results obtained for making the optimal economic decision on
choosing the best place of work by the criterion "the highest salary” is given. It is shown
that the polyinterval, which is a more complex model of uncertainty than the interval,
allows one to investigate uncertain systems with the same time costs.

Conclusions. The scientific novelty of this work consists in the proposed by the
author new mathematical model of uncertainty of various systems in the form of
polyintervals, in conjunction with a mathematical apparatus that allows performing optimal
operations on polyintervals and thereby enabling the optimization of technical, economic,
social and other systems with polyinterval parameters.

Cratbst noctynuna B pegakuuto 10.01.2017.
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