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Simulation of physical processes and fields is related
to solution of differential equations with partial
derivatives with initial and boundary conditions. It is
known that numerical methods of solution of boundary
value problems require fulfilment of a large number of
computerized calculating operations.

At present, analytic and numerical analytic methods of
solution of nonlinear boundary value problems are
underdeveloped and require further research.

Analysis of recent researches and publications showed
that analytic and numerical analytic methods of solution
of boundary value problems are based on integral and
differential transformations of mathematical models of
physical processes and fields. Use of different methods of
integral transformations is principally limited by the study
of linear mathematical models.

It is offered to increase the accuracy of simulation
of physical processes and fields by using a system of
direct and inverse differential spectra with a limited
number of increments.

The purpose of the research is to use a system
of direct and inverse differential spectra for simulation
of the thermal field of a rod with d diameter and reduction
of simulation error as compared to the accurate solution
of the problem.

The work examines the problem of simulation of the
thermal field of a rod, which reduces to a boundary value
problem with initial and boundary conditions. Simulation
method is based on the use of a system of direct and
inverse differential spectra. To solve the ill-conditioned
problem arising in the solution process, it is suggested to
transfer initial and boundary conditions into the range of
differential representations.

The paper describes the example of simulation of the
thermal field of a rod based on the systems of direct and
inverse differential spectra. Analytic solution of the
boundary value ill-conditioned p
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HaBegeHo npuknag MojenoBaHHA TersoBoro nons
CTEP>KHA Ha OCHOBI CUCTEMU MNPSAMUX i 3BOPOTHUX
AndbepeHuianbHMX CNEeKTPiB. BMKOHAHO OLiHKY Benu-
YMHU MOXUOKMN MOAENOBAHHS.

Kntouyosi cnoBa  AudepeHuianbHi nepeTBOPEHHS, Mopge-
NIOBaHHSA, NPsSMi | 3BOPOTHI AndepeHLiasibHi CMEKTpKW, nouvar-
KOBI i FpaHUYHi YMOBW, NOX1OKa MOLEHOBaHHS.

1TMocTaHoBKa Npo6semu

MogentoBaHHA (i3MYHUX NPOLLECiB i NONiB NOB’A3aHe
3 pO3B’A3aHHAM AudepeHLUianbHUX PiBHSAHb 3 YaCTUH-
HAMW MOXIgHMMU 3 MOYATKOBUMMW | FPaHUYHUMMK YMO-
Bamu. Bigomo, Lo YmcenbHi MeToAM PO3B’A3aHHS Kpaiio-
BUX 3agay MOTPebyloTb BWKOHAHHSA 3HAYHOTO 06’eMy
o6umncneHb Ha EOM [1-2].

Y BMMagKy BWKOPUCTaHHA MaTeMaTUYHWMX Mogeneit
(i3MYHMX NPOLECIB | MONIB 3 METOHO YNPaBNiHHA 06’€KTaMu
3 po3nofifieHMn napameTpamn BUHWKaE HEOOXiAHICTb
MOZE/NI0BaHHsA B peasibHOMYy abo MPUCKOpeHOMY 4aci ang
KOHTPOSIKO 3a AMHAMIKOI 3MiHU hiuuHoro npotecy. Ang
LUBMAKOM/IMHHMX (I3NYHNX NPOLECIB BUMOTa MOAEHOBaHHS
B peaslbHOMY Yaci MoXe 6yT1 BUKOHaHa LLISXOM 3HUKEHHS
06’eMy 064MCNEHb METOAAMM aHaNiTUYHOIO abo YNCENbHO-
aHaniTMYHOro MoAentoBaHHA Ha EOM.

CbOroAHHI aHaniTUYHI | YncenbHO-aHaNiTUYHI MeToaN
PO3B’i3aHHSA HeNiHIMHMX KpainoBuX 3afavy HeaoCTaTHbO
PO3BUHEHI | BUMaratoTb NoAasbLUMX JOCNIAXEHb.

[l. AHasi3 OCTaHHIX AOCNIOKEHb
i nyénikawiin
AHani3 ocTaHHiX focnigpkeHb i ny6nikauin [1-4]
MokasaB, WO aHaNiTUYHI i YMCeNbHO-aHaNITUYHI MeToaN
PO3B’A3aHHs KpalioBMX 3a4a4 IPYHTYIOTLCA Ha IHTerpanb-
HUX ab0 AudepeHLUialbHUX NEPETBOPEHHSAX MaTemaTuy-
HMX Mogenen (isnyHnX NpoLecis i NoniB.
3acTocyBaHHA Pi3HUX METOAIB iHTErpanbHUX nepe-
TBOPEHb OOMEXYETHCS B OCHOBHOMY AOCAILKEHHAM fi-
HIiHUX MaTeMaTUYHUX Mogdeneil. MoaentoBaHHA HeniHil-
HUX (i3NYHMX npoueciB MOXe 6yTW BMKOHaHO B aHasi-
TUYHOMY ab0 YMcenbHO-aHaNITUUHOMY BUTNALI Ha OCHOBI
BUKOPUCTAHHA OAHOMIpPHUX AM(epeHLiaflbHUX NepeTso-
peHb [4]. Hefonik umX METOAIB NONArae B 3a1€XHOCTI
CKNaAHOCTI aHaniTMYHOro onucy (isMyHOro npotecy B
06nacTi 306paxeHb Bif MOXWMOKM MOAentoBaHHA (i3ny-
HOro npouecy B 06nacTi opuriHanis.
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MaTemaTnyHa Mofenb (hisMYHOro nmpouecy B obnacTi
OudepeHLianbHUX MEepeTBOpeHb Mae BUrNAaL  AudepeH-
LianbHOro CnekTpy, Bif KinbKOCTi AWCKpeT siKoro 6e3no-
cepeaHbO 3aneXuTb MOXMOKa MOAEeNtoBaHHA (i3UYHOro
npotiecy B 06nacti opuriHanis [6].

CKnafHICTb aHaNiTUYHOro ONuUcy AMCKPeT AudepeH-
LlianbHOrO CMEeKTpy 3pocTae i3 30iMblUEHHAM HoMepa
auckpeTn. ToMy MOAENtoBaHHA (isMYHUX NPOLECIB B
aHaniTUYHOMY BUINSALI BUMKOHYKOTb 3 BWMKOPUCTAHHSM
[EKINbKOX MO4YaTKOBMX AMCKpeT AaudiepeHLianbHOro
CMEKTPY, a Le 0OMEXY€e TOYHICTb MOAENHOBAHHS HENiHil-
HUX (hi3MYHMX MpoLeciB B 061acTi opuriHanis.

B 3B’A3KY 3 LIMM BUHMKaE NpobieMa 3HMKEHHS NMOXUOKM
MOZE/NOBaHHA (Di3MYHMX NpoueciB i MONiB 'y BUNAAKY
BUKOPUCTaHHA OOMEXEHOT KiNbKOCTi AUCKPeT AudepeH-
UiasibHOro cnekTpy. [pOMOHYETbCS MNiABMLLMTW TOYHICTb
MOZENOBAHHA (Pi3NYHMX MPOLECIB i NOMIB LUMAXOM BUKO-
PUCTaHHA CUCTEMW NPAMUX i 3BOPOTHMX AuepeHLianbHNX
CMEKTPIB i3 0OMEXEHOI0 KifbKICTIO AUCKpeT [4].

M. OcHoBHa YacTuHa

MeTa pocnif)XeHb nonsrae B 3aCTOCYBaHHi CUCTEMM
NpsMUX | 3BOPOTHUX AndepeHLianbHUX CNeKTpiB Ans
MO/ENtoBaHHS! TEM/IOBOr0 MOMS CTEPXKHS AiaMeTpoMm i 3
METOI0 3HWKEHHA MOXUOKN MOLEMOBAHHA Ta MOPIBHAHHI
i3 TOYHUM POB’A3KOM 3ajaui.

PO3rnsHyTO 3afavy MOZENoBaHHSA TernaoBOro nons
CTEPXXHS AiameTpom ¢/ [6]. BoHa 3BOAMTLCA O PO3B'A3KY
KpaiioBoT 3afavi:
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Bigomunii TOUHMIA aHaNiTUYHWIA PO3BA30K LIIET 3aaaui:
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MpONoHYETLCA BUKOHATW MOAENOBaHHA PIBHAHHSA (1)
3rigHo andepeHuianbHMX nepeTsopeHsb (5), (6) [4]:
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,°0; HX=HX - pgosinbHa fgojarHa crang;

OTxe, OTPpUMaHo aHaniTUYHWIA onNuC TEMI0BOro npo-
Lecy y thopmi

n (y,t) =u0+ CleH*cos x + C2eP2*cos

a

x, (7)

B oTpumaHomy po3B'A3ky (7) 3anmwanocs BU3HaUUTU
HEeBiAOMi KOHCTaHTW iHTerpyBaHHa C{ i C2. Lle Heko-

pekTHa 3agaya. [inqa Ti po3s’a3aHHA BUKOHYBa/IM MOLENIO-
BaHHA 3a (5) He caMoro piBHAHSA, a MoYaTKOBUX YMOB (2).

Po3B'30K B 06nacTi X¢€ d,
IM*m

OTe, OTpUMaHO pPO3BSA30K KpaiioBoi 3agadi (1) B
aHanituyHomy Burnagi (7), (8) i npu ubomy noxmbka
MOZENOBaHHA He nepeBuiLye 1%, NOPIBHAHO 3 BiZOMUM
TOYHUM PO3B’A3KOM.

BucHOBOK

HasefieHo npuknag MOAeNt0BaHHA TenaoBOro Moss
CTEPXHAI Ha OCHOBI CUCTEM MPAMUX i 3BOPOTHUX Aude-
peHuianbHUX cnekTpis. OTpUMaHO aHaniTUYHWIA po3B’A-
30K 3aa4i Ta BUKOHAHO aHasi3 MoXn6KN MOJE0BaHHA Y
MOPIBHSAHHI 3 BIJOMUM PO3B’A3KOM.
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