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MOJIEJTIOBAHHSA ITPOIIECIB PO3MOBCIOI)KEHHSI THOOPMAIIII
HA OCHOBI JIJU®Y3IMHUX PIBHSHb 3 HEYITKUM OBJIKOM YACY

AHoTanisg. PosrmsgHyTo miaxim mo0 GOpMyNIIOBaHHA Ta 3HAXOKEHHS PO3B’S3KIB CKASPHUX
piBHsIHB 1u(yY3il 3 ypaXyBaHHSM HEYITKOIO CIPHHHATTS IUIMHY 4acy y IpoLecax MOIIMPEHHS
¢iznuHnx pedoBHH Ta iH(popMaiiifHkx noTokiB. Omuc HeTpaguiiiiHOro crocoly 00JiKy Teuil
4acy IPYHTYEThCS HA BHUKOPUCTAHHI HEYITKHX CTPYKTYpPOBAaHHMX YHCIOBHX MHOXHH, B OCHOBY
YOro TOKJIAJICHO HPHUHIMI (OPMYBAaHHS HEYITKOrO OPHIiHAIY 3 MOJAJIBIIOI PEILIKAIcl0 Horo
Ha 4MCIOBiH oci. dopmarizalis HEYITKOTO OpHUTiHANY IOJSArae y BU3HAUEHHI JBOX HapaMmeTpud-
HO 3amaHuX Ha Biapi3ky [0, 1] ¢yHKOiH, Mo BH3HAYAIOTH TeMN Cy0’€KTHBHOTO CIPUIHATTS
OJMHUILI Yacy. 3alpoIlOHOBAHO Ta MPOBEJCHO aHai3 piBHSHHS MUQY3ii, 10 OMHCY€E MOLIMPEH-
HA iH(opMmanii y comiampHOMY cepenoBuili. OTpUMaHO PO3B’S30K, KU BU3HAYa€ CTaH IMPOIC-
Cy PO3HOBCIO/DKEHHS 3 YPaxXyBaHHSIM «IIBUIKOTO» Ta IIOBUIBHOIO» IUIMHY 4acy. 3alpOoNOHOBa-
HA METOJMKa Hajgae 3Mory (opmanizyBaTH 3afady HEYIiTKOrO OMUCY Ta 00Ky Cy0’€KTHBHOIO
CHOPUIHATTS BIATIKY 4acy, po3B’sA3yIOUM Di3HI 3aBAaHHS JUHAMIKH.

KorouoBi cioBa: dopmanizaiis HewiTkoro o6iiky uacy, audy3iliHi PiBHSHHS, MOZAENTI PO3IOB-
CIOIKeHHS 1H(popMaLii.

BCTYII

[ToBeninka JIOOWHU Ta CIPHUHATTS HEIO 4Yacy CYTTEBO 3AJICKATh BiJl eMOILIHHOTO
crany. Emormii TOAWHM BHKOHYIOTH pOJb JIOKAJBHOTO KPUTEPIIO YIPABIIHHS
y BUNISAAI JEsSKOT 1IboBOT (YHKINT, sKa 3aJ€KUTh BiJi KOHKPETHHX YHHHHKIB
BIUTUBY Ha eMorlii. EMOIiiHUI cTaH crpusie «3amycky» CyO’€KTHBHOI TOBEIIHKH,
IO BI/IMOBiIa€ KOHKPETHIN CHTYyaIlii Ta BIUIMBAaE HA OOJIK BAXUJIMBUX (HAIPHKIA],
4yacoBUX) (akTopiB. [HmMMH cinoBamu, Cy0’€KTUBHUHA CTaH JIOAWHU BIUIMBAE Ha
CIIPUHHATTS TapaMeTPiB PeallbHOCTI, 110 MOTpedye BIAMOBIAHOI (opmaizariii.

O/HUM 3 BaXIIMBUX PECYPCiB, PO3MIISYBaHUM Y MPOIECax 3a y4acTHO JEOJWHH,
€ yac. TpuBaiicTh NPOMIDXKKY Yacy MOYKHA BU3HAYUTH Y BUTJISAL iHTepBaiB [ 1], TouHi
MEXKI SIKHX 3aJHIIAI0THCS HEBIJOMHMH 10 MOMEHTY HACTaHHS KOHKPETHOTO CTaHY
JMHAMIKH TIPOIeCy i MOKYTh OyTH HaOMIKEHO ONMCaHi 3 ypaxyBaHHSIM 0cOOIMBOC-
Tel IMHY 4Yacy. BUMiproBaHHsI 4aCOBUX MPOMIXKKIB MOYKHA MOJATH TaKOX Yy BUTIISAL
JIHTBICTUYHUX TEPMIB, sIKI BH3HAUalOTh IIBHJKICTh BiJUTIKY 4acOBOTO pecypcy, Ha-
MIPUKIIAM, «IIBUIKE pearyBaHHS», «3BHYaWHUN 4acOBHH BiIUTIK» a00 «IOBre OYIKY-
BaHHS». BinnmoBigHO, mif 9ac po3B’si3yBaHHSA 3a]ad, B SKUX BHHHUKAE HEOOXiTHICTH
BpaxyBaHHS BepOaJbHUX TEPMIB JJIsl OIKMCY YacOBOTO BIIIIKY, Tpeba HOCHIKyBaTh
BIUTUB HEPIBHOMIPHOCTI TUIMHY Yacy.

Ha cporozni € gexinbpka CrocoOiB OMKMCY HETOYHOCTI Ta HEBU3HAYCHOCTI B pe-
3yJIbTaTax IMPOIECIiB BUMIPIOBaHb Ta CIOCTEPEkKEHb. B OJJHOMY 3 HUX BHKOPHUCTOBY-
IOTh OCHOBH 3arajJibHOi TeOopii HeUiTKUX MHOXKHH, MaTeMAaTHYHE OOIPYHTYBaHHSI SIKOT
CTOCOBHO MOOY/IOBM HEYITKMX MHOXHH 1 BifHomeHb yBiB JI.A. 3age [2]. 3anpomnoHo-
BaHI O3HAYECHHS, OIeparil HajJ HEYITKUMH MHOXWUHAMH, BIOOpaKCHHSI HEYITKUX
MHOXKUH Ta IXHi BIaCTHBOCTI HAaJalOTh 3MOTY €(pEKTHBHO 3aCTOCOBYBATH IX Y 3a/1a4ax
ONNCY CHCTeM, SIKi (PYHKIIOHYIOTh 3 YpaxyBaHHSIM HEBHU3HAYCHOCTI.
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Crin 3a3HauuTH, O QyHAaMEHTaNbHE MPUITYILEHHS B TEOPii HEYITKUX MHOXHH
rmoJisirae 'y crocodi OmMCyBaHHS CyO €KTHBHOTO CIPUHHSATTS Ta OILIHIOBAHHS
Oyab-sikoro 00’€KTa 3a TiEr 1HPOPMAIIIEIO, SKa PO HBOTO € MOCTYITHOKW. BogHouac,
s iHdopmalist Moxe OyTH HEJOCTaTHBOKO Ui TOTO, MO0 TOYHO XapaKTepU3yBaTH
pO3TIIsiAyBaHUN 00’ €KT.

[Moganemmii pO3BUTOK Ta 3aCTOCYBaHHsI TEOpii HEUITKUX MHOKHH A MOX-
JUBICTh y3araJbHUTH PiBHI OMHCY HETOYHOCTI (HEBM3HAYEHOCTi) 3a IOMOMOTOIO
HEYITKUX MHOXXHH JIOBUIBHOTO CTyTIeHs iepapxii. OJIHUM 3 TaKHX MPEJICTABICHb € T10-
HATTS HEUITKOI MHOKHHH Jpyroro piBHs, copmyrnsoBane OpmoscekuM C.A. [3],
HEYiTKOT MHOKMHHU THITy 2 [4], a Takoxk 10o0pe BilloMe O3HaYCHHS HEBU3HAYCHUX
HEYiTKUX MHOXMH, 3amponoHoBane [IuteeBum FO.IL. [5].

[ToTpiOHO Big3HAYMTH, IO OCTAHHIMU POKAMHU TEOPis HEUITKUX MHOXHH Iepe-
TBOPIOETHCS HA JIETAIbHO BUBYCHUH 1HCTPYMEHT 3 IIMPOKHUM CIIEKTPOM 3ajad Mpakx-
TUYHOTO XapakTepy, B SKUX (POPMYIIOIOTHCS Ta 3aCTOCOBYIOTHCS TaKi HOBI TEpMiHH,
SIK «HEYiTKa Benm4yuHay (Brepine OyB chopmynboBanuii Kopmanom y [6]), «HediTke
gucno» [7] abo «ckianeHe abo CTPYKTypoBaHe HewiTke uucioy» [§]. BaxmuBum mo-
LITOBXOM y LBOMY IPOILECI € MOMIJIUBICTH KOHCTYKTHBHOTO ONKCY PI3HUX IOHSTH,
IO 32 CBOEIO CYTHICTIO MICTSTH YHMCJCHHI HEYITKOCTI Ta HEBH3HAYCHOCTI.

Le#t migxig gae 3MOry MOCHTIOBHO 3aCTOCOBYBATH IOHSTTS TEOPii HEUITKUX
MHOXKUH JUTs HOPMYBAHHS HEUYITKUAX aHAJIOTIB BiIOMUX MAaTeMAaTHYHHUX ITOHSATH, CTBO-
proBaTH HEOOXiTHUN (popMaNbHUIl anapaT il MOJICITIOBaHHS PI3HUX (I3UYHHUX, €KO-
HOMIYHHX Ta IHIIMX MPOLECIB, a TAKOXK MPOIIECiB, OB’ I3aHKUX 3 iHPOPMALIHHIUM PO3-
MOBCIOJKEHHSIM, BIUIMBOM iH(opMalii Ha (GopMyBaHHS COLIaJbHOTO CBITOIVIAAY Ta
BUHUKHEHHS TOJII Y CYy4acHOMY CYCIUIBCTBI.

VY cTarTi 3anponoOHOBAHO PO3MIISIHYTH MiAXiA A0 (JOPMYITIOBAaHHS Ta 3HAXOKEH-
Hsl PO3B’SI3KIB CKAISIPHUX PIBHSHb MUQYy3ii 3 ypaxyBaHHSIM HEUITKOTO CHPHUUHSTTS
IUTMHY Yacy y Tporiecax MOMHpPeHHs (Gi3HIHNX PEUOBUH Ta iHPOPMANIHHUX ITOTOKIB.
OnucyBaHHS HETPAAUIIIHHOTO croco0y oONiKy TEpMiHIB YacOBHX IHTEPBATIB IPYH-
TY€ThCSl HA BUKOPUCTAHHI HEUITKUX CTPYKTYPOBAHUX UYHCIIOBHX MHOXHH, B OCHOBY
9Oro TOKJIAJCHO IPUHOUI (GOPMYBAaHHS HEYITKOTO OPHTIHANY 3 IOJAIBIION0
peruTiKamiero Horo Ha YHCIOBIH OCi.

At MozenoBaHHs poueciB iHGOPMALIITHOrO MOMIMPEHHsI 3alPOIOHOBAHO 3a-
cToCyBaTu IUQy3iiiHe piBHSAHHS, SKE OMHCYE TMHAMIKY B 9aci 3 ypaxyBaHHSIM CITOC-
TEPEKEHB 32 IIBUJIKICTIO IUTHHY Jacy. Popmaitizamnito cyd’eKTHBHOTO CHPHUIHATTS Ja-
COBOro OOJIIKY 31MICHEHO Ha OCHOBI HEUITKOTrO TMOJAaHHSI KOXXHOTO OJIMHUYHOTO
iHTEepBaJy Yacy y BUIJIAII HEYITKOTO TPHKYTHOTO YHCIIA.

OTpuMaHO PO3B’SI3KH OJHOPINHOTO Ta TiOPHIHOTO 3a MPOCTOPOBOIO 3MIHHOIO
piBHAHB ITUQY3ii, AKi HAJAIOTh 3MOTY BU3HAUUTU CTaH Mpouecy iHdopmauiiHOro pos-
MIOBCIO/DKCHHS B COLIIATBHOMY CEPEIOBHII 3 ypaxXyBaHHIM Pi3HUX TEMITiB ILTHHY dacy.

HEUYITKI MHOXKHHHU TA YUCJA SIK CMIOCIB ®OPMAJIBALIN HEYITKOI'O OBJIKY YACY

Osuauennsi 1 [3]. Heuitkoro MHOXHHOKW A B YHIBEpCAJIILHOMY MPOCTOpi (MHO-
KuHI) X HasWBA€TbCs CyKymHiCTh map Burmsiny {(x, u;(x))}, e xeX, a
p g (x): X —[0,1] — dyHKIs HAIEKHOCTI HEUITKOI MHOXKHHH A.

BennunHa QyHKUii HAIEKHOCTI 1 7 (x) ISl AOBIUILHOTO eeMeHTa X € X BH3Ha-
4ae CTYNiHb HAJIEKHOCTI €NEMEHTAa X 10 HEYITKOi MHOKMHH A, a MHOJKHHY
xeX:uy y (x) > 0} Ha3UBaIOTH HOCIEM HEYITKOI MHOKWHHU A i nosuauarots supp 4.

HeuiTki BeTMYMHM K YaCTUHHHNA BUIAJ0K HEUITKUX MHOKHH MOKHA BU3HAUUTH
y pi3Hi criocobu. Y 3araJbHOMY BHIAIKY, HEUITKA BEIMYMHA — ue HEUiTKa MHOXKHHA
A, sika 3anaHa Ha YHIBepcallbHiil MHOXHHI JIICHUX 4yucen X = R\.Y NPUKJIATHAX 32-
Jnadax s 30UTbIIEHHST KOHCTPYKTUBHOCTI BHUKOPUCTOBYETHCS TMOHSTTS HEUYITKOTO
YHCIA, SKE TAKOXK IPYHTYETBbCS Ha KIACHYHOMY O3HAYCHHI HEUITKOI MHOMKHHHU.
VY upoMy BHUMAJKy HEUiTKa MHOXKHHA A micTuth CYKYIHICTb Tap, CKIAaJIEHHX 3 JIBOX
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CKAJSIPHUX 3HAYEHB X eR'ma u Z(x), npuuoMy (YHKILiSI HAJIEXKHOCTI HEUITKOT MHO-

xunn A € YHIMOJAJIBbHOIO. Y pa3i BUKOPUCTaHHA (PYHKIiH HaJeKHOCTI 3a1aHOTO BUT-
Ty (TPUKYTHOTO, TPAIEIiEBUAHOTO Ta iH.) TOBOPATH MPO BIAMOBIHI HEYITKI YHCIIA.
[Inpoko BiZOMHM € O3HAUEHHS TPUKYTHOTO HEUYITKOTO YHCIIA.

O3HavenHst 2 [9]. HeyiTKUM TPUKYTHHM YHCIIOM b HasMBaOTH YIOPSIKOBAHY
TPIMKY 4Yucen b= {(a,b,0)}, a<b< ¢, nng K01 BU3HAYCHO (YHKIIIO HAJIEKHOCTI
M (x) BUrIALY

w0 == x ela bls (0 =S xelb el up() =0 elael. ()

Heuitke TpukyTHEe umcio Buriasay (a, b, b), M0 HA3UBAETHCS JIBUM HEYITKUM
TPUKYTHUM YHCIOM [9], BH3HAYaeThCcAd (PYHKIIEIO HAJEKHOCTI BUTILITY

U7 (x)=0,x<a ,uz(x)=z_a,xe[a, bl; i (x)=1x>b, Q)
-a
a HEYITKe TPHUKyTHE 4uciio BUTIsAy (b, b, c), MO0 HA3MBAETHCS MPABHUM HEYITKUM
TPUKYTHUM YHUCIOM — (YHKII€I0 HAJICKHOCTI TAKOTO BUTILILY:
c—Xx
~(x)=Lx<b; uv(x)=——,x¢€[b,c]; u-(x)=0,x>c 3
@) Uz =" welbds 1z @) 3)

s HewiTkoro 4ucia b HOCiEM suppg ={xeX:u b~(x)>0} € inrepBan [2].

BopHouac ans HewiTKOro TpuKyTHOro umcia b =(a, b, ¢) Hociem Oyne iHTepBal

(a, ¢), U IPaBOTO HEYITKOTO TPUKYTHOT'O — 1HTEPBA [b, ¢), VIS IIIBOTO HEYITKOTO
TPUKYTHOTO — iHTepBan (a, b].

VY pobori [10] 3anponoHOBaHO 03HAYEHHS HEUITKUX YNCIOBUX CTPYKTYPOBAHHX
MHOXKMH Ha OCHOBI TIOHSTTS HEYITKOTO YHUCIIOBOTO OpHUTIHAIY.

Osnauvenns 3 [10]. [{oBinbHE HEUiTKE TPUKYTHE YHCIIO E (u,v), HOCIEM SIKOTO

€ YMCIIOBUH iHTEpBaN (U, V), <V, HA3BEMO HEYITKMM OPHTIHAIIOM.

Heuitknii opwrinan £ (u,v] Ha3MBalOTh JiBUM, SKIIO HOCIH _BiANOBiJHOTO
HEYITKOTO YHCJIa 3a/Ia€ThCs IHTEPBAJIOM (1, V|, a HEUITKUi opuriHan £[u, v) — mpa-
BUM, SIKIIO HOCIH 3aJa€Thcs iHTEpBAJIOM [u, V).

Po3risi  cTpyKTypOBaHMX HEUITKHX YHCET, IO YTBOPIOIOTHCS 3 HEUITKOTO
OpHTiHATY, TaB MOXKJIMBICT (hPOpPMai3yBaTH ONMC HEBH3HAUEHOCTI y BUMIipIOBAHHI
BiJUIIKy 4acy. TpuBamicTh 4acOBHX IHTEpBaNiB, TUIOBO IMOJAHMX Yy JIHIBICTUYHIN
¢dbopMi, € BiTOOpaKEHHSIM OIIHKH Cy0’€KTOM BIJpPi3Ky 4acy 3 ypaxyBaHHSIM €MO-
IAHOTO BIUIMBY clielM(DIYHUX YMOB, TOB’S3aHUX 3 PEKHMOM CIIOCTEPEIKCHHS Yacy.
Bimomo, mo medinuT yacy, SIKW BHHUKAE y CHUTYalisiX ONEPAaTUBHOTO MPUHHSTTS
pillieHb, MIBUAKICHOTO TECTYBaHHS, 3MaraHb 3 OOMEXEHHSAM 4Yacy, NMPU3BOIUTH JI0
«IIPUCKOPEHHs» IUIMHY 4acy. BimoBinHO, 32 HasSBHOCTI HAUTUIIKY 4acy Ta BiICYT-
HOCTI IIPOIECiB, M0 HOTO «CHOXMBAIOTH» (B YMOBaxX OYIKYBaHHS MOAIH, TpHBAIOi
0e3IisUIPHOCTI TOWIO), TUIMH Yacy CIOBUIBHIOETHCA. |HIIMMHU CIIOBaMU, BUMIPIOBaHHS
BIJIUTIKY Yacy B Pi3HUX CHTYaIlisIX BUZHAYAETHCS CYO’ EKTHBHOIO OIIHKOIO, SIKY MOKHA
OIHCATH HEYITKOK BEIMYWHOIO TPUKYTHOTO BHIJISIY.

SIKIIO MPUIYCTUTH, IO BUMIPIOBAaHHS Yacy 3AiHCHIOETHCS 3a JOIOMOTrOI0 iHTEp-
BaJiB OJHIET TPHUBAJIOCTI (OIWHHMIL YacCy), CIIOCTEPE)KECHHS 3a HEYITKHM BIUTIKOM
9acy MOKHA IHTYITHBHO OLIHIOBATH ITPOMIXKKOM, SIKHH 3aJIMIIAETHCS IO 3aBEPIICHHS
KO)KHOTO 1HTEpBally 4acy abo MepeBUIIye HOro TPHUBANICTh. Y LbOMY BHIAAKY
«UIBHAKHUI TUIMH OAWHHII 9acy MOYKHA 33JIaTH MPABHUM HEUITKHM TPUKYTHHM YHC-
JIOM 3 HOCIEM, JIOBXKHHA SIKOTO MEHIIEC 3a TPUBAJICTh YacOBOI'O IHTEpBAIY,
a «MOBIIBHUI)» — TaKOTO CAMOTO BHUTJISZY HEUITKUM YUCIOM 3 HOCIEM, JIOBXKHHA SIKO-
ro OibIIa 3a TPUBAIICT iHTepBany. OYEeBHIIHO, MO TOJi, KOJH Yac «Teue» MPHUPOJI-
HUM YHHOM, BEIMYMHA HOCIS IIhOTO HEYITKOT'O YHCIA 32 JOBKHHOIO 30iraeThes 3
BEJIMYMHOK OJMHUYHOI'O YacOBOTO iHTEpBaIYy.
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Omke, MartOuH 3pa3oK BiUTIKYy BEMIpIOBAaHHS iHTEpBaTy Yacy y BHIJII IPABOTO TO-
YaTKOBOTO OpUTIHATY E [0,v), MO)KHA BH3HAYHMTH HEYITKY 7-KpAaTHY TOCIIJIOBHY KOITIFO
[10] Ha ¥ioro ocHOBI, sika Oyie ONIMCYBAaTH 3MiHM Yacy Ha 33/JaHOMY YaCOBOMY IIPOMDKKY.

Hexaii £ Q[O,v ©) — UpaBuil HEUITKHil OpHriHAN y (HOpPMI TPHKYTHOIO 4KCIA 3
JIHIMHOKO CMAAHOK (DYHKIIEI0 HAICKHOCTI, SIKUA BU3HAYAE «IIBUIKHID OJUHUIHUIN
MIPOMDKOK Yacy (o<1, a EP [0,v ) — aHAJOTIYHUI HEUITKHUI OpHUTIHAJ, IO BH3HA-

YA€ IOBUIBHHID) OMMHMYHMN MPOMIKOK (U p >1). OueBHaHO, WO HediTKa ngp-KpaTHa
n

TMIOCITiIOBHA KOIIisl OpPHUTiHATY E Q[O,UQ) BUTJISITY Cc9= U GIQ [siQ,s,-Q +1) OmIHCYE
ig=1 °

MPOIIEC «IIBUIKOI» 3MIHM 4Yacy Ha IMPOMIKKY [sl,an +1), a HediTKa np-KpaTHA

MOCJIIIOBHA KOIIisl OpUTIHATY EP [0,vp), sAKa QopMyeTbCs y pursini C 2 =

np
_ ~D . . .
= U CI_D [an +ip > Sng+ip +1), BHU3HAYa€E «IOBUIbHY» 3MiHY 4Yacy Ha IPOMIKKY

ip=1
[s s ). Tyt GQ[& S; +1) ip =Ln GD[S Sy i 41)
ng+1>®ng+np+1/- ip lo” ig+1/)> 0 RO ip, ©hotip” ng+ip+1l/>
ip =1, np, — Komii MpaBUX HEUITKHX OPUTiHANIB EQ[O,vQ)iED[O,v p ) BUIOBITHO

3 HOCISIMH, 33]JAHIMH YUCIIOBUMH 1HTEPBAIIAMH 33/IAHOI JIOBKUHH U 0 iv p. Tomi cTpykTy-

pOBaHa HEYiTKa 4MCIIOBa MHOXKMHA BUTIISLY C oucP Oyze omucyBaTH BIIIK Yacy Ha
MPOMIKKY 5], Sng+np+1 ]. Leit Bimmik ckmamaeThbest 3 1BOX (ha3: a3y MIBHIKOI 3MIHH Hacy

Ha TIPOMDKKY [s], Sng+1 ]1 noBinsHOT — Ha [an 15 Sng+np+1 ]. OgeBuHO, 1110, 3MiHIONO-

YM XapakTep BILTIKY Yacy Ha MPOMDKKAX Ta 00’€IHYIOUM OTpUMaHi HEJiTKi KOMii, MOKHA
(opMyBaTH HEUITKY YHCIOBY MHOKHHY, SIKa BiTOOpa’kKa€ HEUITKICTh CHPHUHHSTTS TEMIIIB
IUTMHY 4acy Ha JOBUIGHOMY YacOBOMY MPOMDXKKY. Jl0 TOTO 3, OTpUMaHy HEYiTKYy YHCIIOBY
MHOYKHHY MOYKHA JIOTIOBHUTH KOITIEI0 OTMHUYHOTO OPUTIHAITY E , sikuif Bu3HAuae cTaHmap-
THUN (PUPOJHMIA) BIUTIK Hacy.

Hagenenuit cmocid6 Gopmaiizanii BUKOPUCTAHO Y JOCTIJDKEHHI pPO3B’SA3KIB
ONTUMI3AIIHAX 3aj]a4, 110 BUHUKAIOTH MiJ Yac (OpMyBaHHS IOCIIIOBHOCTI BUKO-
HaHHS CYKYIHOCTI 3aBJaHb Y MeXax 3aJlaHOr0 4acOBOTO MPOMIKKY 3 ypaxXyBaHHSAM
abo 0e3 ypaxyBaHHs JONATKOBHX OOMEXEHb Ha MPOLEC BUKOHAHHS Ta 3 ypaxyBaH-
HSM pI3HUX TEeMINB Bimmiky dacy [8, 10].

®OPMAJIBALIS CIIOCOBY TMOBYJIOBA YHCJIOBUX ®YHKIA

BIJJ HEYITKHX API'YMEHTIB

JA1sl KOHCTPYKTHBHOTO BHUKOPHCTAHHS PO3IJIIHYTOTO CHOCOOY OIMUCY HEYITKOTO CIPHA-
HATTA IUIMHY 4acy PO3IVISIHEMO AabTEPHATUBHHUI CIIOCIO OMMCY HEYIiTKOTO 4YHMCIa.

Osnavennss 4 [11]. HeuiTkum uuciom b Ha3MBaIOTH BIIOPSZKOBAHYy Iapy

bynaxuit (u(r),v(r)), r €[0,1], sKi 3aJOBOJBHIIOTH TaKi YMOBH:

1. u(r) — oOmexxeHa, HemepepBHa 37iBa, HecrmagHa QyHKiis Ha [0,1];

2. v(r) — oOMmexeHa, HETepepBHa 37iBa, He3pocTatoya ¢yHkuis Ha [0, 1]; 4)
3. u(r)2 v(r), rel0,1], u(l)=v()=>.

Tyt Bennuunna mapametpa r €[0, 1] 3a1ae piBeHb MIpH HAICKHOCTI, a 3HAYCHHS
v(r)— u(r) BU3HA4Yae po3Mmip MHOXHHH piBHA 7 €[0,1] HewiTKOro Ymcma i mMO3HA-
yaetses b, = {x eX:,ul;(x) >r}.

3po3yMiso, o Oyab-Ke YiTKE YHCIO a IMOJAETHCS 3a LM O3HAYEHHSIM y BHU-
nisl BropsinkoBanoi mapu GymKuid (u(r),v(r)), MIS SKMX BUKOHYETbCS u(r) =
=v(r)=a, re[0,1], a ;g HOBUILHUX HEUITKUX yucel b = (a, b, ¢) TPUKYTHOTO BUT-
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TSIy MOXHA MOKIJIACTH, o GyHKUii u(r) 1a v(r), r €[0,1], € miHIAHAMHA, ANS TKUX
cnpaBeanuBuM € criBBigHomenHs u(1) = v (1) = b. 3a aHaNOri€IO0 3 TIBUMHU Ta IPABUMU
TPUKYTHHUMHU HEYITKUMH YUCIIAMH MOYKHA TOBOPHUTHU MPO BEPXHE Ta HUIKHE TPUKYTHE
MO/IaHHSI HEYITKOTO YKCIIa BIIOPSIKOBAHUMU mapamu (GyHKIIH BianoBigHo. [Ipu 1po-
My IpaBi TPUKYTHI HEYITKi Yucia b= (b, b, ) nogaroTh y BUIISA TapH QPYHKIIH, 115
SIKHX BHKOHYIOThCSI yMoBU u(r)=b<v(r), re[0,1], v(0)=c, (BepxHE TPUKyTHE
MOJJaHHA), a JIiBI TPUKYTHI HEYIiTKi Yucia b= (a, b, b) — y Burmnani napu QyHKUIH,
JUISL SIKUX € cripaBeuymBuMHA yMoBH u(r) < v(r)=b, r €[0,1], u(0) = a (HmxHE TpH-
KyTHE TIOJaHHs). BWKOPHCTOBYBaTH MOHSATTS HEYITKOINO TPUKYTHOIO YHCIA 32
OyIlb-SKUM O3HAUCHHSIM MO)Ke OyTH 3pYYHO JIMIIE JUIsl y3arallbHEHOTO OIUCY IMOJIN Ta
(baxTiB, sIKi HEYITKO a00 HETOYHO BU3HAYCHI. BaXUTMBUM NMUTAHHSIM € PO3MIIsiL Ta (op-
MaJizaiist To0yJJ0BH YMCIOBUX (PYHKLIH (4iTKMX a00 HEYITKHX) Bil HEUITKUX YMCIOBHX
aprymeHTiB. BogHo4ac noTpiOHO 3ayBaKuTH, 1110 TUIIOBE TPAKTYBaHHS TaKMX (YHKIIH €
(dopMalti3oBaHUM 1 IPYHTYEThCSI Ha 3araJlbHOMY TPHHIIMIN y3arajibHEHHs [3, 6].
PosrnsiHemo cnoci6 3amaHHs Ta MOOYIOBH MHOXHHHU 3HAYECHb YiTKOI YHCIOBOL
(YHKIIT Bil HEUITKOTO CKAJSIPHOTO apTyMEHTY 3 YPaXyBaHHSIM YBEICHHX O3HAUCHb
HEYIiTKOTO 4ucna. TpajguiiiiHe MOHATTS YHCIOBOI (YHKIIT TOB’S3aHE 3 PO3TISIOM
JIBOX YHCJIOBUX YHIBepcalbHUX MHOKHUH X 1Y . 0OBOPATH, 110 HA YUCIOBI MHOKHUHI
X 3amaHo HenepepBHY QyHKUiI0 y= f(x) 3 obnacTio Bu3HaueHHs D(f) c X i 3Ha-
YEHHSIMH y YHCIIOBIM MHOXUHI E(f) C Y, SKIIO B CHITy J€SIKOTO 3aKOHY [ KOKHOMY
enieMeHTy x € D(f) Bianosiaae enement y € E(f) . ®ynkuis f (x) Bu3Hayae BimooOpa-
xeHHs f: X — Y MHOXuHH X y MHOXUHY Y. BonHovac 3HaueHHs f'(x) €Y, sikoro
¢yHKIist HaOyBae Ha eJIEMEHTI X € X, HA3UBAIOTh 00Pa30M eleMeHTa x € X, a 3HaueH-
HS f_1 (y)eX — mnpoobpa3om enemeHTa y€Y. AHAJIOri4YHO, MHOXHHY

f(A)=B c Y enemeHnriB 3 Y, siki € 00pa3aMu eIeMEHTIB MHOXXUHU 4 C X y BUMIAJIKy
9iTKOTO BimoOpaskeHHs f: X — Y, Ha3WBalOTh 00pa3oM MHOXHHH A4, a MHOXHHY
f_1 (B) c X — mpoobpazom MHO¥UHU B = [ (A).

Y BUIAJKy HEUiTKOI YHCIOBOI MHOKHHH A IPOIEIypa MOGYIOBH HEUITKOI MHO-
JKUHH 00pasiB 3a/1aHoi 4iTKOi HerepepBHOi (GyHKLIT f (A) 3a CYTTIO € CIOCOGOM BH-
3HaUeHHS (QDYHKIIT HAJICKHOCTI U ) (»):Y —>[0,1], me HeuiTKa MHOXXHHA A anana

Ha YHIBepCaIbHIN YHCIOBIH MHOXHHI X . OOnacTh BU3Ha4YeHHS QyHKIIT D(f') MOXHa
3aJ]aTh SIK JIOBIJIbHY MHOXKUHY, 5IKa, BOYCBHU/Ib, € ITIIMHOXHHOK YHIBEpPCAJIbHOT MHO-
KUHI X 1 MOYKe TOBHICTIO MICTHTH HOCIH MHOXKHHH A, supp A, a6o OyTH Horo yactu-
Hoto. BonmHouac (yHKINiSE HaJEXKHOCTI HEUITKOI MHOXWHU f (Z ) BH3HAYAETHCS 3i
CITIBBI/IHOIIICHHS

/uf(g) = su? [Ltg(x) > (5)

xef ()

ne y=f(x)eY, a BenmmunHa sup  OOYMCIIOETHCS 3a BCiMa mpooOpazamu ene-
MEHTa . xe/ ()

VY Bunanky, koiu HerepepBHa QyHKIis y= f(x), € CTpOro MOHOTOHHOIO Ha 00-
MACTi CBOrO BH3HAYCHHS, @ HEWiTKA 4MCIOBA MHOXHHA A TOJAETHCS y BUTISAL
HEUITKOTO YHCHa, TO IS (pyHKIii HaJIeKHOCTI HEUITKOI MHOXHMHE 00pasiB, OTpHMa-
HUX 3a JOMOMOTOI YiTKoi (yHKIIT f (Z ), Oynemo maru

,uf(z)(y)=,u2(x) JUIS BCIX xesuppZ, yesuppf(Z): y=f(x).

JliticHo, sIKIIO MOKJIacTH (BiJl CYNPOTUBHOTO), IO JIJISl JICSIKOTO 3HAueHHS y €Y
icHye nBa mpoobpasu xi,X, € D(f): y=f(x;), y=/f(xp), TO OTpUMy€EMO TIpO-
TUPIYYS 3 MPUITYIIEHHSIM [OJI0 CTPOroi MOHOTOHHOCTI 3a/1aHO01 HenepepBHOT (PYHKITIT
y=f(x). [HIUMHU CcIIOBaMH, y BUIAJKy BiOOpa)KCHHS HEUITKOTO CKAISPHOTO apry-
MeHTY (X, ug(x)) y HeuiTke 3HadeHHS (), U ) (), y=f(x), 4iTKa CTPOro MOHO-
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TOHHa HemepepBHa (QyHKUiA f (x) 3 007acTIO BU3HAYEHHS, SIKA € YACTHHOIO HOCIA
HEUiTKOTo uncia 4 abo MOBHICTIO MICTHTBH LW HOCIH, 30epirae BETHUHHY CTYTICHS
HAJICKHOCTI €NIEMEHTIB X esupp 4.

[punycrumo, mo GyHKUis f(x) € cTPOro 3pocTardoro, a 00JacTh BU3HAUCHHS
OGYHKIIT MMOTAaHO NPAaBUMH TPUKYTHHUMH HEUYITKUMH YHCIaMH. BUKOpPHCTOByIOUM
O3HAYCHHS 4, KOKHE HEdiTKe uncino b = (b, b, ¢) onucyemo maporo GyHKIIH u(r) Ta
v(r), rel0,1], u(r)=b<v(r), r€[0,1], v(0) = c. Toai cpasemBuM Oye HOAAHHA
HEYiTKOro o0pasy f(b) HEUITKOro apryMeHTy b y BUTIANI mapu (QyHKIIH
U @), V(r),rel01], neU(r) = f(u(r) ralV(r)=f(v(r),U(r)=f(b)=B <V (r),
rel0,1], V(0)= f(c), V(1) = B. Omxe, MaeMO BEpXHE TPUKYTHE TOJaHHS HEUITKOTO
o0pa3y, BH3HaueHOro Ha Bifpisky 7 €[0,1].

Ha ocHoBi 3amponoHoBaHoi ¢opmaiizalii HEeUiTKOro IUIMHY Yacy i3 3aCTOCyBaH-
HSIM TIPaBHX HEYITKUX TPUKYTHUX YHCEIN 3 JIHIHHOK (YHKIIEH HAIEKHOCTI CKOPHUC-
TAEMOCh OTPUMAaHHM TIOJIaHHSM JUIS OMKUCY KOHCTPYKTUBHOTO CHOCOOY (OpMyBaHHS
MHOKHHH 00pa3y HEUiTKOTO YKcia y MOJIETSIX, CTaHH B SIKUX 3aJIeKaTh Bij 4acy.

JU®Y3IAHE PIBHSHHS 3 HEUYITKMM BUMIPIOBAHHSIM YACY

OpHi€0 3 KIACHYHUX MOJeNeH, sIKi BUKOPHCTOBYIOTh JUIA (hOopMaizariii JHHAMIKH
MpoIIeciB y Yaci, € MaTeMaTU4Ha MOJENb AU(Y31HHOTO PO3MOBCIOMKEHHS PEYOBUH
abo Temyia B 3a/laHUX MeXax JAesikoi iHImoi cyOcTtaHIii ad0 reoMeTprUYHO BH3HAUe-
HUX po3MipiB Tima. Ili Moneni 3amucyroTh y BUNIAA audy3iiiHOTO piBHAHHS (200
PIBHSIHHS TEIUIONPOBITHOCTI), SKE€ PO3MIIAJAIOTh HA 3aJaHOMY YacOBOMY IHTEpBai
t €[0, 7] 3 ypaxyBaHHAM T'paHUYHHX Ta MOYATKOBHX YMOB.

PosrnstHemo st mpuKIiaay piBHSHHS qudy3ii, ke 3a1a€ThCsl OHOPIIHUM CKa-
JSIpHUM PIiBHAHHSM [12] BHTIARY

aw(x, t) - k(D) 62w(x, 1) (6)

3 TO4YaTKoBOIO YMOBOIO Ww(x,0)=g(x)>0, 0<x <1, Ta KpallOBUMH yMOBaMH
w,(0,8)=wy 20, w.(L,t)=w; 20, t €[0,T], ne k(t), k(¢)>0, — xoedinient nu-
¢ysii, g(x) — 3amaHa movarkoBa (YHKIIS.

SIKicHa 3aJIeXKHICTh PIBHS PO3MOBCIOJDKEHHS BiJ TEMIIEPATypH € 3pO3yMLIO0
3 ¢i3n9HEX MipKyBaHb. [1icIs MOYAaTKOBOTO MEPEXiTHOTO MEPIOAy OUIKY€EThCS 3POCTAHHS
PiBHSA y Yaci st KOXKHOI TOUYKH TpocTopy. OTKe, po3B’sI30K LLOrO PIBHSAHHS Y BHUIJISIL
GbyHKIIT W= w(x, f) HaJae 3MOry OTPHUMATH YUCIIOBHH TOKA3HWK PIBHSA KOHIICHTpAILIii
y JOBUTBHIH TOYII (X, ¢) MPOCTOPOBO-4ACOBOT TUIOMMHH 3 1IeHTpoM y Toutti (0, 0).

Buxonsuu 13 3arasieHOi Teopii apyroro 3akony Qika [13] Ta BpaxoByroun edexr co-
pOIIii, BBAXKAEMO, M0 KoedimieHT mudys3ii € crnagHow (QYHKINEW y Yaci, a caM YacOBHH
iHTepBa [0, 7] ckiajgaeThcs 13 3a7aHOI KUIBKOCTI OJMHHIIL Yacy, IO Ja€ MOXKJIMBICTH
JIOCITI/DKYBATH AMHAMIKY TIpoLiecy IuQy3il B yMOBaX 3BUYAHHOTO PUTMY BUMIPIOBaHHS 4acy.

3 ypaxyBaHHSM LUX MPHITYIICHb PO3B’S30K pIiBHSHHS (6) OyaeMo IIyKaTd y
BHUTJISII

wix, 1) = w(x) +af (1), ™

ne f(t) — 3amana 3pocratoya ynkuis, f(¢) >0, ¢ €[0,T], f(0)=0, noxigna Bix
skoi f'(t) € cmamHoto (yHKIiEO, g >0 — mesika KOHCTaHTa, a HeBimoMa (YHKIIis
w(x) 3 ypaxyBaHHSM 3pOCTaHHS KOHICHTpALlii PEYOBHHH, IO PO3MOBCIOIKYETHCS,
3aMKHCY€ThCsl Yy BUIIBLIL x
w(x) = j R(s)ds, 8)
0

3 mrykaHow QyHkuiero R(s), se€[0,1].

3a HaBeJeHUX BuUIlEe yMOB audysiiiHe piBHSHHS (6) 3BOAWUTHCS A0 BUIIIALY

af" (t) = =k(DR' (x) (€)
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3 TIOYaTKOBOIO YMOBOWO Ww(x)=g(x)>0, 0<x<1, Ta KpailloBUMH yMOBAMH
RO)=wy 20, RN =w; 20, t€[0,T].

Jis 1oCHipKEeHHST BIUTMBY JIMHAMIKH IUTMHY 4Yacy Ha PO3B’S30K piBHAHHS (6)
3 ypaxyBaHHSIM C(OPMyIBOBAaHUX MPHITYIIEHh OyJEMO BBaKATH, IO HA KOXHOMY
OIMHUYHOMY YaCOBOMY iHTEpBaJli 0OJIK CIPUUHATTA 4acy MoXe OyTH MPUCKOPEHUN
a00 YMOBIIbHEHU BHACIIIOK BIUTMBY JCSIKUX 30BHINIHIX il 800 00CcTaBUH.

MOIIYK PO3B’SI3KY JIUMY3IMHOIO PIBHSIHHS 3 YPAXYBAHHSIM HEYITKOI'O TUTMHY YACY

[Tpunyctumo, mo auHamiky Iudy3iiiHOro mpouecy B yaci MokHa (opmalizyBaTu
3 ypaxyBaHHSM CIIOCTEPEXKEHb 3a LIBHIKICTIO IUIMHY dYacy. llogamo HeBU3Ha-
YEHICTh y CIPHUHATTI YacOBOTO OOJIKY Ha OCHOBI HEWITKOTO IPEACTABICHHS KOX-
HOTO iHTEpBally 4Yacy y BHIJIAAI BEPXHBOTO TPUKYTHOTO HEWITKOTO YHCIa, 3aaHO-
ro BIOPSKOBAHOI Taporo JiHiMHUX (yHKuid (u(r), v(r)), r €[0,1].

3po3yMijo, 110 HEeUiTKe MOJAHHS TPUBAJIOCTI YacOBOI'O MPOMIKKY 3aJIe)KaTHME
maie Big Burnsny ¢yskmii v(r), » €[0,1]. Jns AOBINBHOTO 3HAYEHHS TPUBAIOCTI
onuHMLI Yacy At i Oynp-sikoro mMomeHty t €[0, 7] Oyzemo BBaxartu, mo u(r)=t,
v(r)=t+p(l-r), p>0,re[0,1]. Toxai mnust p> At MaeMO CIIOBIIBHEHHUH IIJIMH OJIU-
HUYHOTO YaCOBOTO MPOMIKKY, /Ui p = At — TPUPOJHUI TEeMI TUIMHY 4acy, a Jyis
p< At — #oro npuckopene cpuiHATTA. OTKe, BpaxoByHOUd c(HOpMYIbOBaHI YMOBH
criafganHs QyHKii koedimienta qudysii k(¢) Ta 3poctanns QyHKHil f(¢) y po3B’si3-
Ky (7), MOXKHa OTpUMATH PO3B’SA30K, KUH BU3HAYAE CTAH MIPOLECY PO3IIOBCIOKEHHS
Ha OCHOBI JU(Y31HHOTO PIBHAHHS 3 ypaxXyBaHHSM «IIBHIKOTO» Ta «IOBIIHHOTO»
IUIMHY Yacy.

[epenuimemo piBHsAHHS (9) y BUTISII

R (x)=—af"(t)/ k(t).

Po3B’s13yr0un 11e piBHSAHHS, OTPUMYEMO HEUITKHH pO3B’ 30K w(x, ¢) Burisiay (7),
10 BU3HAYAETHCS SK YiTKa (DYHKINS Bil HEUITKUX YHCEN, 32 JOMOMOTOK SKHX (op-
MaJi3yeThCsl HEUITKE TOJAHHS HE3aJIeKHOI 3MIHHOI / Ha KOXXHOMY OJMHHYHOMY
4acOBOMY IHTEpBaJIi.

3 iHmoro OOKy, pO3B’S30K Mae OyTH YITKOKW (YHKIN€H 3a IPOCTOPOBOIO
3MiHHOMK X. [[yis 3a0e3neueHHs i€l yMOBH MOYKHA MPHITYCTUTH, IO KOe]imieHT Tu-
¢ysii € mponopuiinum [’ (¢), Todto k(¢)=puf"(¢), u>0.

VY pesympraTi MaeMo 3BHYAaliHE NU(EPCHIIaTbHE PIBHSIHHS

R (x)=—alu, (10)

a KpailoBl yMOBHM HaOyBaroTb BUrisiny wy =R(0)=a/u, wy =R(1)=0.
IaTerpyroun, oTpuMyeMo po3B’s30K audepeHniitHoro piBHsHHA (10) y BTN

a .. . . .
R(x)=—(-x), sAkuil BigNOBiJa€ rpaHUUYHUM yMoBaM. Tojai GyHKIiS w(x) Mae
u

BHTIISIT ax
wx)=—@2-x), 0<x<1. (11)
2u

OTxe, OCTATOYHO MAEMO HEUITKHH 32 9acOM po3B’s30K (7) au¢y3iiHHOTO piBHIH-
HA (6) 3 4iTKO BHU3HA4eHOW (yHKHieo w(x) Burisay (11) Ta 3pocTarodoro YiTKOIO
(dbyHKIII0 HewiTKOro aprymeHTy f (¢). Y pa3i BUKOHAaHHs HAaBEJCHHMX BHUIIE IMOYATKO-
BHX Ta KpPallOBUX YMOB IIe¥ PO3B’SI30K Jla€ 3MOT'Y OIHCATH piBeHb Audy3iiHOrO po3-
MTOBCIOJDKCHHSI B MEXKaX 1HTEPBaly BU3HAYEHHS MPOCTOPOBOI 3MIHHOI B KOXKHUH IMO-
TOYHUH MOMeHT vacy ¢, ¢ €[0, T']. Ins MogentoBaHHA TUHAMIKK TUdy3iiiHOro mpore-
Cy 3 ypaxyBaHHSIM MNIBHAKOCTI IUTHHY 9acy MO)KHA MOOYAyBaTH MHOXKHHHU PIBHS
OTPUMAHOTO HEUITKOTO PO3B’S3Ky Ha YaCOBOMY IMPOMIKKY [Z, 4+ At] y NOBiUIbHIM
touni 0 < x <1 3 BuKopucTaHHsM mnapametpa 7 €[0,1]:

W, (x, t)=%(2—x)+af(t+p(l—r)). (12)
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Oyukuis v(r)=t+ p(1—r), r€[0,1], i3 3amaHuM p Ja€ 3MOTy OOYHCITIOBATH
IUTMH 9acy B MEXaX MPOMDKKY Af, 3abe3nedyioun (opmaizamio HEIiTKOTO CIpHii-
HSTTSl TPUBAJIOCTI ONMHUII 4Yacy. Toji, 32 YMOBU «IIBUAKOTO» IUIMHY 4acy, B JH-
HaMilli 1udy3iHHOTO MPOIeCy HAKOMUYYEThCSI HEBUKOPUCTAHWH 3AJIMIIOK Yacy i3 3a-
nanoro iHTepsany [0, 7] i HaBImaky, y pas3i HOro «IOBITHFHOTO» TEMITy YacOBHH iHTEp-
BaJl MOJICIIIOBAHHS Mpolecy Audy3il 3aBepuIyeTbcs A0 (PaKTUUHOTO JIOCSTHEHHS
BenuuuHY 7. 32 HAsIBHOCTI HEBUKOPUCTAHOTO YaCOBOTO 3ANHUINKY TPUBAJIICTh MPOILIe-
cy mugysii Oyae MpoJOBKEHA JIO KIHI IHTEpBAIY CIOCTCPSIKCHHS, a Y BHIAIKY
nedimury gacy Ha mpoMiKKy [0, 7'] andy3iiHuHA TpoIiec 3aBepIIy€eThCS TOCTPOKOBO.

Crin 3ayBaXkuTH, 110, BUXOAAYH 3 AU(Dy31HHOrO Xapakrepy MpoLeciB MOLIHPEH-
Hs iH(pOpMAIii, 3aIPOIIOHOBAHOI0 MAaTEMAaTHYHOIO MOJICIUTIO TIPOHUKHEHHS (Iudy3ii)
BUTISIAY (6) MOXKHA CKOPHUCTATHCS IS 3MIHCHEHHS aHANI3y Ta MOJAETIOBAHHS 3MiHH
piBHS iHPOPMALIITHOTO PO3NOBCIOPKEHHSI Ta BIUIMBY B LIJILOBUX COLAJIbHUX TPyIiax.
VY poborax [14, 15] HaBeneHO NMPUKIIAIN BUKOPUCTAHHS ITi€l Moneni O6e3 B3SATTS 10
yBar# HEYiTKOTO CIPHHUHATTS 4acOBOTO BimIiKy. OCOOIHMBICTIO 3a3HAUCHUX MOAEIEH
€ TaKOX Croci0 ypaxyBaHHS TWHAMIKH KUIbKICHOTO CKJIaay COLabHUX TPYII, IO 3Y-
MOBJIOE PO3IIISIT TIOPUIHUX AUQPY3IHHUX PIBHSHB.

PO3B’SI3YBAHHSI [BPUIHOIO JU®Y3IHHOIO PIBHSIHHA

3 HEYITKAM OBJIKOM YACY

3po3yMiNio, 10 sl JOCHIDKEHHS Ta peaiizalii MaTeMaTHYHHX MOJENEH pPO3IOB-
CIO/DKeHHS 1H(OpPMAaLiiiHUX MOTOKIB MOXKHA PO3IVISATH Pi3HI BapiaHTH Iudy3iiHMX
PiBHSHB, SIKI BH3HA4alOTh BIUIMB iH(OpMaLil Ha LNBbOBI COLiaNbHI TPYNH 3 ypaxy-
BaHHAM yacy Ta ixHboro obcsry. Cepen ocHOBHUX crocoOiB (opmanizauii iHpop-
MaIiifHUX TPOIECIB y JHTepaTypi YacTo pPO3MIISAA0Th OJHOPIIHI Ta HEOMAHOPIIHI
riopuaai moxem audysii [16]. Y riOpuaHUX MOJENsSX JOJATKOBO 3aCTOCOBYIOTH
OIMUC TUHAMIKK KUTBKICHOTO CKIQAy IIIBOBHX TPYI, B SKUX MPOBOJSTH CIIOCTEpE-
KEHHS 3a piBHEM MOMMpEHHs iHpopmarii. [ IXHEOro po3poOseHHS Ta peasizarii
MOYKHAa BHMKOPHUCTATH, HANpPHKIAJ, MEXaHICTUYHI aHaJOr'M MaTeMaTHYHUX MOJIEICH
JIMHAMIKA MEJIUKO-010JI0TTYHMX, XIMIYHMX Ta 1H(EKIIHHUX MPOLECIB.

Bynemo mopemoBatu 3MmiHy piBHA (KOHIEHTpalii) iHopmaiii B comianbHIA
rpyni 3a J0MoMorow piBHSHHS audysii (6), mpuycKarouu, o el Mmpoiec € aHa-
JIOTIYHUM HOUIMPEHHIO JAEAKOT0 €mileMiOJOriyHOro 3aXBOPIOBAHHSL.

VYV Mexkax [pOro MiJIXOAy PO3TIBLIAITE CKIIa ITbOBOT TPYIIH, KU (GOPMY€EThCsS 3
3-X miArpyn 3 OIITY Ha IXHE CIPUHHATTA iH(popManii. Buninsarors 9acTKy WieHiB rpy-
M, CIPUHHSTINBUX A0 BIUMBY iH(opMmarii y(¢), 4acTKy TUX ocib, mo Bxke nepely-
BAIOTh MiJ BINIMBOM iHdopMmamii ), (¢), 1 9acTKy Oaiimyxux no iH(popmauiitHOro
BILIUBY Y3 (7). Toxi 3a monomororo mozeni beitni [17] nmommpeHHs 3aXBOPIOBaHb BUTISATY

@ == @),
@)=y Oy @)= 1)), (13)

n () =y (0)

3 moyatkoBumu ymoBaMH y(0)=aq; 1, (0)=aq,; y3(0)=a3, a;+a, +asz =1,
MOYXHa OTPUMATH PO3B’SI3KH, SIKI BU3HAYAIOTH JHHAMIKY OOCSATIB OKPEMHX MiITrPYyIL.
SIkio BBaXkaTH, M0 CIIOCTEPEKEHHS 32 3MIHOIO YUCENILHOCTI MiJrpyI 31HCHIO-

I0Th 0€3 ypaxXyBaHHS IIBHIKOCTI IUIMHY 4acy, TO MaKCHMaJIbHE TPaHUYHE 3HAUCHHS
JACTKH CKJIaAy TpYIH, sSKa BiguyBae BILMB iHpopmarii, xp, 0 <xp(#) <1, Oyne
3MiHIOBAaTHCS y 4aci, ToOTo MaeMo 0 <x < xp (¢), xp (#) =y (1) + ¥, (¢) ne y (1),
¥, (t) — KOMIIOHEHTH PO3B’s3Ky cuctemu (13).

Mogemooun ANHAMIKY ITPOIECY PO3MOBCIODKEHHS iH(popMamnii y Tpymi 3a gormo-
Moroio piBHAHHS audysii (6) 3 ypaxyBaHHSAM TEMIIB IUIMHY 9acy, OTPHMAEMO
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HEYITKUN PO3B’SA30K PIBHSHHS 3 MapaMETPUYHO 3aJaHUMH MHOKHHAMH PiBHS y BH-
risal (12), B sKOMy JIOJIaTKOBO HAKJIAJCHO YMOBY Ha Jlialia30H 3MiHH MPOCTOPOBOI
3MiHHOT 0 < x < X (¢). OTXKe, y KOXEH NOTOYHMI MOMEHT dacy ¢, ¢ €[0, 7], orpu-
MY€EMO MOXJIMBICTh OOUHCIUTH PiBEHb iH()OPMALIITHOTO PO3MOBCIOKCHHS 32 YMOBH
00MEKCHOCTI iHTEpBaly BH3HAUCHHS IMIPOCTOPOBOI 3MIHHOI 3 ypaxyBaHHSIM IIBHJI-
KOCTI TUIMHY dYacy.

MPUKJIAJA 3ACTOCYBAHHS JTA®Y3IMHAX PIBHSHb .
JJIsA MOJEJIIOBAHHA NMPOLECIB IIOINUPEHHS THO®OPMAILIL

UwcenbHI po3paxyHKH PIBHS PO3NOBCIO/DKEHHS iH(OpMaIli Ha OCHOBI PO3B’S3KiB
mudy3iifHNX piBHAHE (6) 3 HEUITKMM OOJIKOM Yacy BHKOHAHO JJISI Pi3HUX Iapa-
METpIB MOJEII.

Sk ¢ynkuiro f(¢) >0 posrnsHyTo creneHeBy ¢yukuito f(1)=t%, 0<a<]l,
t €[0,1], anst K01 € crpaBeUIMBUMH BCl BUMOTH IOJIO 11 OBEIIHKH Ta MOBEIIHKH ii

a—1

noxigHoi. Y upomy BHUIaAKy Matumemo f'(¢)=at” ', a koediuieHT qudysii 3agamo

y BUDIISLII k() = !

, 3BLAKM U = . Jlng Bu3HayeHocti noknagemo o =0.5, a sk o1u-
HUYHHUN 9acoBHWH iHTepBas OyaeMo po3riinaté 3HaueHHs At =(0.1. Pesymsrat otpu-
MaHHX YHCENBHUX PO3PaXyHKIB WiTKOTO PO3B’SI3KY piBHAHHS anudysii (6) HaBeaeHO
Ha puc. 1 1 2.

3po3ymino, 1o po3B’si3kM 30iraroThes. IlinTBeppkeHHSM LBOro € rpadivxi
MpeJCTaBICHHSA. Y Pa3i BpaxyBaHHS TEMIIIB TUIMHY 4acy OTPUMAHO HEYITKi pO3B’s3-
ku. I'padiky muHAMIKE TUQY3IHHEX TPOIECIB I MHOKHHU PIiBHS W (X, ¢) HABEJCHO
Ha puc. 3 i 4. PeanbHa TpuBanicTh OJUHHMII Yacy Af y TEpIIOMY BUIIAJIKy NEPEBUILY€E
MaKCHMaJIbHHAN PO3Mip MHOXWHHU PIiBHS (BB)KAETHCS, IO BiAMOBIAHE 3HAYCHHS HE
3MIHIOETBCS JI0 TIOYATKy HACTYITHOTO MOMEHTY), a Y APYTOMY BHIIAJKy BOHA HAaBIAKH
€ MCHINIOI0 32 MaKCHMAaIbHHH pO3Mip MHOXXHHH piBHI. SIK HAaCIilOK, peaabHUil
MIPOMIXKOK 9acy 3aBEpUIyeThCS A 3HadeHHS 7 ~(.7.

Ha rpagikax crmoctepiraeTbesi CyTTeBa OCOOIHMBICTH PO3B’S3KIB 3 ypaxyBaHHIM
IIBUJIKOCTI IUTHMHY 4acy. Ha puc. 3 € xapakTepHuid cTprOOK, OB’ sI3aHMI 3 OUiKyBaH-
HSM HaCTYITHOTO MOMEHTY 4acy, Ha pHc. 4 € 3710M, XapaKTepHUH ISt Iepexo/y Ha Ha-
CTYITHHI MOMEHT 4acy 10 3aBEpIICHHS ITOBHOI MHOXKHHH DiBHA 7 =1 JUI HEHITKO BHU-
3HAYEHOTO CIPHHHATTS 4acy Y BUTJIA/] IPABOrO HEUITKOTO TPHKYTHOTO YHCIIA.

0.18 7]

0.16
0.14
0.12
u(x,t) 01
0.08
0.06
0.04
0.02

DR

12
34
56
78
. 9

10 11

Puc. 1. TloBemiHka diTKOro po3B’s3Ky piBHSHHS Puc. 2. IloBemiHka 4YITKOTO pPO3B’SI3KY pIBHSHHS
mudysii (6) wia p =0.05 mudysii (6) ma p =015
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Puc.3. T'padiyne mogaHHS HewiTKOro po3B’s3ky i Puc.4. I'padiyHe mogaHHs HEUITKOTO PO3B’SA3KY JUIs
piBEsHHS audysii (6) Ha OPHUKIAAI MHOKMHHM PIiBHSA DIBHAHHA Audysii (6) Ha NMpUKIagi MHOKHHH PiBHS
w (x, 1) aa p=0.05 w (x, 1) o p =015

BUCHOBKHAN

VY crarti posrisHYTO MiAXia g0 (GopMyitoBaHHS Ta 3HAXO/DKEHHS PO3B’S3KIB CKa-
JSIPHUX OJHOPIAHUX MU(Y31HHUX PIBHAHB 3 ypaXyBaHHSAM Cy0O’€KTUBHOTO CIIPUHHAT-
TS IUIMHY Yacy y Mpolecax MOIIUPEeHHs (Di3UYHUX PEYOBHUH Ta IMOMIUPEHHS iH(ODP-
ManiifHuX 1moTokiB. Popmaiizarlifo HepiBHOMIPHOCTI YacOBOTO OOJIIKY 3HiHCHEHO Ha
OCHOBI HEYITKOTO TOJaHHS KOXKHOT'O OAMHUYHOTO IHTEpPBAaTy 4Hacy Yy BHIVIAL
HEYITKOTO TPUKYTHOTO ymcia. Lleit mimxin IpyHTYeThCSl HA BUKOPHUCTAHHI CICIiab-
HHUX HEYITKHX CTPYKTYpPOBAHUX YHCIOBHX MHOXHH 3TiJTHO 3 TPHHIMIIOM (OpMyBaH-
HSl HEYITKOTO OpHUTiHATY 3 MOAANBIIOI0 HOTO pEILTKAIl€l0 Ha YHCIOBIH OCI.

Jns MoJenmoBaHHS TPOIEeciB iH(OPMAIIHHOTO TTOMIMPEHHS BUKOPHUCTAHO CKa-
nsgpHe JudysiliHe pIBHSAHHA, SKE ONUCYE MUHAMIKY CTaHIB JOBUIBHOIO MHPOLECY
y 4aci 3 ypaxyBaHHSIM CIOCTEPEKEHb 3a IIBHJAKICTIO IUIMHY dacy. Po3pobnenwuit
IMAX1 32CTOCOBAHO JI0 JOCII/PKEHHSI TPOIIECiB MOMMPEeHHS 1H(opMaIlii y comiaabHO-
My cepenoBuili. PosrisHyTo TiOpuaHy 3a MPOCTOPOBOIO 3MIHHOK MOJAETH OJ-
HOpIHOTO AWQY3IHMHOrO PIBHSAHHSA 3 ypaXyBaHHSM pI3HHUX TEMIIB TUIMHY dYacy.

[IpoBeneHO YMCENnbHI CKCIIEPUMEHTH, B MEXKax SKUX OTPUMAHO PO3B’S3KH -
Gy3ifHAX piBHSAHBb O€3 ypaxyBaHHS Ta 3 ypaXxyBaHHSM HEPIBHOMIPHOCTI 4acOBOTO
nHy. BukoHaHOo IXHINM aHAami3, sSIKMH MiATBEpANB HEOOXITHICTH ypaxyBaHHS BIUIH-
BY HEUITKOT'O CHPUUHATTS YaCOBOTO OOJIIKY ITiJ] 4ac JOCIIJKEHHS JIMHAMIKH MTPOLECIB
y gaci. Y HaBeICHHX YHCEIFHUX PO3PAaXyHKax IPOAEMOHCTPOBAHO LiKaBi eheKTH MO-
JICJTFOBAHHS MPOIECiB 1HOOPMAIIITHOTO PO3MOBCIOJKCHHSI B COIIAIbHOMY Cepeso-
BUIIl 3 YpaxyBaHHJIM pI3HHX TEMIIiB IUIUHY dYacy.

3p0o3yMijIo, 110 3aPONOHOBAHUH MiAX11 NOTpeOye MOPIBHIAHHS 3 IHIIMMH CIIOCO-
0aMu Ta METOJlaMH BpaxyBaHHsS HEpiBHOMIpHOCTI 00Jiky 4acy. Ha »ainb, HUHI Hemae
IBTEPHATHB, SIKi O HAIaNN 3MOTY 3IHCHHUTH IIe TOPIBHSHHSA. ABTOPH BBa)KAIOTh, 1[0
3aIPOITIOHOBAHMHN TIIJIXi] € HOBATOPCHKUM Ta KOHCTPYKTHBHHM Ta MOTpeOye MOTTHO-
JIeHHA. 3alpONOHOBaHY METOJUKY MOOYJ0BH HEYITKOrO TPUKYTHOTO YHMCIA, IO JA€
MOXKJTHBICTh OIMCATH 3MIiHU TEMIIIB IUIMHY 4Yacy, HaJaJli MOKHa BHKOPHCTOBYBATH
JUTST IOCITIJDKEHHST TMHAMIKH MaTeMaTHYHUX MOJIeIIeH y 3a/1auax e()eKTHBHOTO OIiHFO-
BaHHS BIUIMBY HEYITKOTO TOJAHHS 4YaCOBOTO PECYpCy Ha MOBEAIHKY Pi3HUX (Pi3HUHUX
Ta COLiaJbHUX TPOIIECIB.
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E.V. Ivohin, O.F. Voloshyn, M.F. Makhno
SIMULATION OF INFORMATION DISSEMINATION PROCESSES
BASED ON DIFFUSION EQUATIONS WITH FUZZY TIME ACCOUNTING

Abstract. The paper considers an approach to formulating and finding solutions to scalar
diffusion equations taking into account the fuzzy perception of the flow of time in the processes
of propagation of physical substances and information flows. The description of an
unconventional method of accounting for the passage of time is based on the use of fuzzy
structured numerical sets, which is based on the principle of forming a fuzzy original with its
subsequent replication on the numerical axis. Formalization of the fuzzy original is to define two
functions, parametrically set on [0, 1], that determine the rate of subjective perception of a unit
of time. The diffusion equation describing the dissemination of information in the social
environment is proposed and analyzed. A solution was obtained that determines the state of the
propagation process taking into account the “fast” and “slow” flows of time. The proposed
methodology allows one to formalize the tasks of fuzzy description and taking into account the
subjective perception of time counting when solving various problems of dynamics.

Keywords: fuzzy time formalization, diffusion equations, information dissemination models.
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