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ral numbers is related to the structure of elements of the vector of first terms. An
algorithm for finding prime numbers on segments of large dimensions with a
parallel calculation process has been built. The proposed algorithm is binary to
algorithms for sifting subsequences of natural numbers by prime divisors. In
these algorithms, it is not possible to parallelize the calculation process, since
screening procedure requires storing the numerical information from the preced-
ing steps (vector model of array processing).

The binary algorithm calculates compound numbers in each pair of
arithmetic progressions with symmetric first terms simultaneously, using
only vector of the first terms of arithmetic progressions, which makes pos-
sible processing of large-dimensional arrays.

Key words: matrix model, multiplicative basis, sparse matrix, connec-
tivity, smallest compound numbers.
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3ACTOCYBAHHA METOAY ABOBIYHUX HABNTMXXEHDb

[0 PO3B’A3AHHS NMEPLIOT KPAUOBOI 3A0AYI ANA

OAHOBUMIPHOIO PIBHAHHA TENNONPOBIAHOCTI
3 EKCMOHEHUIANbHO HENIHINHAM
KOE®ILIEHTOM TEMNNOMPOBIAHOCTI

3agava Mpo TEIUIONPOBIAHICTE 00 €KTIB Yy HETHIMHUX cepeno-
BUIIAX 3BOAUTHCS JI0 PO3B’SI3aHHS KpaiOBUX 33714 IS HENHIHHOTO
PIBHSHHS TEIUIONPOBITHOCTI, Ie KOe(illieHTH PiBHAHHS a00 QyHKIIis
MOTYXXHOCTI TEIUIOBUX JDKEpeN 3ajJeXaTh BiJ TeMIepaTypH 3a Je-
SKUM 3aKkoHOM. CepeJl YMCEeNbHUX METOMAIB PO3B’sS3aHHS 3a1ad Juls
HENIHIHHNIX PIBHSIHb MaTeMaTHYHO! (i3UKM MOXKHA BHIUJIMTH METO-
T CKIHYCHHUX Pi3HUIb, CKIHUCHHUX CJICMEHTIB, BapialliliHi Ta mpo-
eKIilHi, a TakoX iTepamniitHi Metoau. Cepell OCTaHHBOT TPYITH METO-
IIB HAHOUTHII MPUBAOIMBAM € METOJ TBOOIYHUX HAOKEHB 3aBIs-
K{ MOJTMBOCTI OTPHMATH 3pYYHY OIIHKY IS TOXUOKU HAOIKEHO-
TO pO3B’SI3KY 1 IOBECTH ICHYBaHHS pO3B 3Ky BUXITHOI 3a/1a4i.

Teopis niHIHUX HaMiBYMOPSIIKOBaHUX MPOCTOPiB Oyna moOymo-
Bana JI. B. KantopoBuuem y npyriit nonosusi 30-x pokis XX cr. Ilo-
JaNbLIN PO3BUTOK I1i€i Teopii moB’si3anmii 3 pobotamu M. A. Kpac-
Hocenbcbkoro, H. Amann’a, B. 1. Onoiinea, H. C. Kypnens,
B. A. IllyBapa, A.I. Konocosa Ta iHIIHX.

Mertoto crarTi € po3poOka MeTony ABOOIYHMX HAONMKEHb Ha
OCHOBI BUKOpHCTaHHA (hyHKIIH ['piHa 11 po3B’si3aHHS MEPIIoi Kpa-

© K. B. Bacunumus, 2024

19



MaTtemaTtunyHe Ta KOMI'I'}OTepHe MoAentoBaHHA

HOBOT 3a1a4i [T HEMHIIHOTO OTHOBHUMIPHOTO PIBHSHHS TEILIONPO-
BIIHOCTI 1 AOCTIPKEHHS HOro poOOTH Ipu po3B’s3aHHI TECTOBUX 3a-
nmay. st TOCSTHEHHS MOCTaBiieHOi MeTH Oyia MpoBeieHa 3aMiHa
HeBimomoi (yHKIT 1 kpaifoBa 3a1a4a 3Be[jeHa 1O iHTETPAILHOTO PiB-
HsHHS [amMepiuTeliHa, sike pO3MIIHYTO SK HENiHIHHE omepaTopHe
PIBHSIHHS y HaIliBYIIOpSAKOBaHOMY OaHaxoBoMy mpocTopi. OtpumMa-
HO YMOBH iCHYBaHHS €JIITHOTO JOJATHOTO PO3B’sI3Ky 33/1adi Ta YMOBU
JIBOOIYHOT 301KHOCTI IO HBOTO MOCIIIOBHUX HaOMmKeHb. Po3pobie-
HHI METOJ IIPOTrpaMHO PeaizoBaHO Ta JOCIIPKEHO IPH PO3B’I3aHH1
TECTOBUX 3afad. Pe3ynbTaTi 00UHCIIIOBAIBHOTO EKCIIEPUMEHTY TPO-
UTIOCTPOBAHO TpadivuHOIO Ta TAOIMYHOO iHGOpMAITISIMHL.

KiouoBi cnoBa: wueniniina mennonpogionicmo, HeniHilHA
Kpatiosa 3a0aua, 000amuull po3s a30k, Qyukyia I pina, 0600iuHull
imepayiinuil Memoo, PiGHAHHA 3 I30MOHHUM ONepamopom, mame-
MamuiHe MOOen08aHHs.

Beryn. JlocnijpkeHHsT pi3HUX NMPUKIAAHUX 337a4, B SKUX (QIrypyroTh
(hizm4HI Ta XIMiIYHI 00’€KTH Ta TPOLECH HOTPeOyIOTh BUKOPUCTAHHS METO-
JliB MaTEMaTHYHOTO MOJICTIFOBAHHS Ta arapaTy oO04NCIIOBAIBEHOT MaTeMaTH-
ku. I1ixg yac mocImipKeHHsT HeNMIHIHNX CTAI[lOHAPHUX MPOIECIB 3a OMOMO-
TOI0 MAaTEMaTHYHOTO MOJICTIFOBAHHS BUHHKAE HEOOXIHICTh PO3pOOKH e(ek-
THBHHUX YHCENBHUX METOJIIB PO3B’sI3aHHA [TOYATKOBHX, KPaHOBUX Ta MOYAT-
KOBO-KpaioBHX 3a1ay Juisl KBa3UIHIHHUX AU(EpeHIialbHUX PIBHSIHB 3 KOe-
¢iieHTOM, HENHIKHO 3aJIe)KHUM Bija Temrieparypu [1-4]. B Ham vac icHye
6araTo METOJIIB YMCEIHHOTO aHaJli3y TaKoro TUITy 3a1a4. Cepen HUX MOKHA
BUJIUIUTH, 30KpeMa, METOJH Teopil moaiOHOCTI, METOJM CKIHYEHHHX pi3-
HHIb, CKIHUCHHHUX €JIEMEHTIB, TPAHUYHUX IHTErpalbHUX piBHSAHB [1, 5-8]
a00 TOCHiJOBHUX HAONIDKEHb 3 IBOOIYHMM XapakTepoM 30ikHOCTI [9, 10].
Meroan aBoGIUHHMX HAONMKEHb HAJIA0Th MOXIIMBICTH OyIlyBaTH JBI MOCITI-
JIOBHOCTI (DYHKIIIH, SIKI BIIIOBITHO 3HM3Y Ta 3BEPXY alPOKCHMYIOTh IIyKa-
HUI pO3B 30K 3a/1a4i. 3aBISIKH IIbOMY TIPH peatiallii IIMX METOJiB MH Ma-
TUMEMO 3py4YHY allOCTEePiOpHY OIIHKY MOXHOKH HAaOIMKEHb, a OTXKE, 1 3py-
YHUI KpHUTEpil 3akiHueHHs itepauiil. Lle Buiasie MeToa NBOOIYHMX HAOIIH-
JKCHb SIK HaHOIJbII MPUBAOIMBUI TOPIBHIHO 3 IHIIMMHU METOHaMH, SKi 3a-
CTOCOBYIOTBCS JUISI PO3B’SI3aHHS KpaloOBHX 3371ad sl CTAIl[iOHapHHUX piB-
HSHb. TEOopeTHYHNM MiATPYHTSIM METOMIB JBOOIYHHX HAaOIIDKEHb € Teopis
JHIHUX HaIBYIIOPSIKOBaHUX MPOCTOPIB, 1o Oyina nmodynosana JI. B. Ka-
HTOpOBHYEM Y npyriit nmonosuHi 30-x pokiB XX cromitrs [11]. [Nopanbmmii
po3BUTOK mi€i Teopii moB’s3aHmii 3 pobotamu M. A. KpacHocenbchko-
ro [12], H. Amann’a [13], B. I. Omnoiinesa [14], H. C. Kypnens, b. A. Iy-
Bapa [15], A. 1. Komocosa [16] Ta iHmImx.

1. IlocranoBka 3aaaui. Po3rsinatumemo 3agauy 3HaXOMKEHHS 10-
JIATHOTO PO3B’SI3Ky HEJHIHHOT KpaioBoi 3a1a4i BUIIISALY
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_i(e‘m d_ujz,ley“, o<x<lI, 1)
dx dx
u(0)=u(l) =0. 2

3amaua (1), (2) € MaTeMaTHYHOIO MOJEIUTIO MPOIECY TEIUIONPOBI THO-
CTi y BHNAAKy, KOJMH KO€(ii€HT TeIIOMpPOBITHOCTI EKCIIOHEHIIaIEHO
3aNexuTh BiJ Temreparypu i komu Ha (0,]) HasBHI mIKkepena TEIUTOBUII-
JIEHHs PO3MOJIINEHI 38 €KCTOHEHIiaNbHUM 3akoHoM T (U) = Ae” (mapa-
MeTp A XapakTepu3sye iX MOTY>KHICTB).

Jana po6oTa MpoJOBXKYeE HOCIIHKeHHs, po3mnoyaTi y [16-19].

2. Merox po3p’szanns. Y 3amadi (1), (2) 3pobumo 3amiHy

u =§Inv , e V=V(X) — HoBa HeBigoma ¢yHkuis. Tomi mist GyHKIHl V

OTPUMAEMO KpailoBy 3aauy
dz _é/lvé O<x<lI, 3)
dx?
v(0)=v(l)=1. 4)
Kpaiioi ymoBH (4) He € OTHOPIIHUMH, TOMY pOoOUMO 3amiHy V=1+6,
ne 6 =6(X) —HoBa HeBioMa BYHKIIIS, i OTPHEMYEMO KpaoBy 3a1auy

_M_51(1+6?)5 O<x<l,
dx?

6(0)=6()=0,
a6o (micisl mepero3HaueHHs MapaMeTpiB o = % >0 1 u=0l= —/1 >0)

OTPUMYEMO KpaoBY 33124y
2
“80_ Lavey, 0<x<l, ©)
dx?
6(0)=6(1)=0, (6)
s po3B’sizanns 3amadi (5), (6) 3aCTOCYEMO METOM JABOOIYHHMX Ha-

OmKeHb Ha OCHOBI BukopuctanHs QyHkiii ['pina [10, 17-19].
3anmaua (5), (6) exBiBaJIeHTHA IHTErpAILHOMY PiBHSHHIO ['aMmepruTeiina

O(x) = yje(x, s)(1+6(s))%ds , (7
0

x(I-s), 0<x<s, o 4 Toi . N
— ¢ynkuis Ipina neprioi kpaioBoi
Is(l-%), s<x<I, Y P P P
2
3amadi 11 onepaTopa —d— Ha Bimpizky [0, 1].
X

ae G(x,s)=- {

2
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VY3aranpHeHUM po3B’s3KOM  3amadi  (5), (6) Ha3zBemo (YHKIIiO
0" €C[0,1], sixa € po3s’szkom pisnsHHS (7). Tomi po3B’s3koM (y3araibHe-
o . | "
HKUM) BuXinHoi 3a1au4i (1), (2) BBaxkaTuMeMo QyHKIN0 U = r Inl+867).
Omneparop T, 10 BU3HAYAETHCS MPABOK YaCTHHOIO IHTEIPAILHOTO
pieusians (7), mie y mpoctopi C[O0, 1] 3a npaBunom

|
T(O)(X) = u j G(x, S)(1+6(s))? ds
0

1 € OUIKOM HETIEpEePBHUM i30TOHHHM OIIEPATOPOM.
V xonyci K, mHeBin’emuux ¢ynkmiit 3 C[0,|] Buaimumo inBapianT-

Huil 17151 omepatopa T KOHYCHHMH BilIpi3ok < Vy, W, > yMOBaMHU

|
u j G(X, S)(AL+V,(5))7 ds = Vo (x) mms Beix X [0, 17,
0

|
u j G(X, S)(A+ W, (8))° ds < Wy (x) s Beix x [0, 1].
0

IHBapiaHTHICTE KOHYCHOTO BifIpi3ka < Vy, W, > 03Ha4ae, 10
T (< Vg, Wy >) S<Vg, Wy >.
Mosmaunmo F(0) = p(1+6)° . Ockimekn F(0) = 1> 0, 1o 3a3HaueHmit
IHBapiaHTHUI KOHYCHMH BiIpi30K MOXKHA IIYKAaTH y BHINISIL < Vp, Wy >=
=<0, #>. Toxi HepiBHOCTI, 10 HOTO BU3HAYAIOTH, HAOYBAIOTh BUIJISLY

|
,ujG(X, s)ds > 0 m Beix x [0, 1],
0

I
ul+ ,B)"IG(X, s)ds < 8 s Beix x [0, 1].
0

[Nepma 3 nux HEpiBHOCTEH 3aBXKIM BUKOHYETHCS, a APYry MOXKHA 3a-
MHCATH Y BUTIISI

Mu+p) < B, ®)
I |2
ae M = xrl}g?f]jG(x, s)ds :§'

OCKiNIbKM  BeJIMYHMHA m[a)l(](W0 (X)-v°(x)) =B mae Gyrn sikomora
xe[0,

MEHIIO JUIst OUThII MIBHAKOI 30DKHOCTI iTepaliif, TO Nmpu NpakTHIHINA
22
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peamizamii iTepariifHOro mpouecy ciix B3ATH HaiiMeHme /[, IO 3a0BO-
JBHSIE HEPIBHICTH (8), TOOTO HaliMEHIINIT KOPiHb PiBHSIHHS

Mu+p)7 =p.

Cdhopmyemo mami iTepaniiHUI MpoIieC 3a CXEMOIO:

|

VD) = w6k )A+vO(e)7ds, k=012, (9)
0
|

WD () = 1[G (x, )+ W (5))7ds , k=0,1,2,..., (10)
0
VO =0, W ()= 5. (L)

30DKHICTh MOCIIIOBHUX HAOJIMKEHB, 110 (OPMYIOThCS 3a cxeMoro (9)-
(11), mo enuHOi Ha iHBapiaHTHOMY KOHYCHOMY Binpi3ky < 0, > Hepyxomoi

TOYKH Omeparopa | TapaHTye BHKOHAHHS I Beix 7 < (0,1) ymoBH Ug-
yeiraytocti [2] F(z6) > rF(6), sika y Hatiomy BUTIaaKy HaOyBa€ BUTIISLY
@+7wW)° > 7(1+w)° .

Orxe, 32 BUKOHAHH! IIepEIiueHHX YMOB CIIPaBEINBa Taka TEOpeMa.

Teopema. Hexaui <O, f> — insapianmnuii KoHycHui GiOpi30K 0.5
isomonno2o onepamopa T i euxonano ymogy Uy -ysicnymocmi. Tooi ime-
payitnuil npoyec (9)-(11) 36icacmocs y nopmi npocmopy C[0,1] do eou-
nozo na <0, B> nenepepenozo dodammnozo pose’sazky O Kpaiiosoi 3ada-
ui (5), (6), npuuoOMy BUKOHYEMBCS TAHYIO2 HEPIGHOCEU

0=vO <@ <. <vW< <o <..<w < <w® <w@ =5 (12

HepierocTi (12) xapakrepu3yroTh iTepariitauii npomec (9)-(11) sax me-
ToA MBOOIYHIX HaOmmkeHb. [lepeBaroro 1poro METoAy € Te, IO Ha KOXKHIH
K -i1 iTeparii s HAOIMKEHOTO PO3B’A3KY oM (x) = %(W(k) (x)+v® (X)) ma-

TUMEMO 3pPYYHY arloCTePiOpHY OLIHKY MOXHOKH:

u* _9<k)H < % Hw(k) _V<k)H _ % xren[g,)f](w(k) () -V (x)).

Tomi, skio 3amana TouHicts & >0, TO iTepamii ¢ IPOBOAWTH 10

BUKOHAHHSI HEPiBHOCTI rrEa)E](W(k) (x) —v(k)(x)) <2¢& 13 TOYHICTIO & MO-
x€[0,

kua BBakati, o 6" (X) ~ 0% (X) , a omxe, U*(X) ~ In(l+6% (X)) .

3. O0unca0BaTBHMI eKcriepuMeHT. [IpoBeieMo 0O0UKCTIOBANBEHIH
excriepuMeHT st 3anadi (5), (6), y sikiit moxnagemo A=1, =21 y=1.
YMoBH 301KHOCTI METOAY ABOOIYHMX HaONMKEHb MEPEBIpSIOThCs Oe3rno-
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cepenupo. Otpumano, mo [ =0,2651. 3amyctumo itepaniitHuii mporec

Buriay (9)-(11) i 3amamo To9HICTE & =107°.

ITepauiitauii mpouec 30ircs i3 3aaHOI0 TOYHICTIO 0 PO3B’SI3KY BU-
ximHOT 3a7audi 3a 4 iteparii. Pe3ynbTaTn iTepamiii HaBeJeHO Ha puc. 11y
Tabmn. 1 ta 2.

@, wx)
gl
020

0.15

X

0.2 0.4 0.6 0.8 1.0

Puc. 1. I'papixu v“‘)(x) i W(k)(X) ,k=0,1234

Tabmus 1
3nauenns nabnusicenozo poss’asky u®(x)
X 0,0 0,1 0,2 0,3 0,4 0,5
u® (x) | 0,000000 | 0,046009 | 0,081907 | 0,107608 |0,123052 | 0,128204
X 0,6 0,7 0,8 0,9 1,0
u® (x) | 0,123052 | 0,107608 | 0,081907 | 0,046009 0,0000
Tabmurs 2
3nauenns nabnusicenozo poss’asky T (x)
X 0,0 0,1 0,2 0,3 0,4 0,5
T® (x) | 0,000000 | 0,044982 | 0,078725 | 0,102203 | 0,116050 | 0,120627
X 0,6 0,7 0,8 0,9 1,0
T (x) | 0,116050 | 0,102203 | 0,078725 | 0,044982 | 0,000000

BucHoBku. Y po6oTi Bhepiie 3amporOHOBAHO UYHCEIBHHH METOX
OTpUMaHHS JJOJATHOTO PO3B’SA3KYy MEepIIoi KpaioBO1 3a1adi sl OTHOBUMIi-
PHOTO PIBHSHHA TEIUIONIPOBITHOCTI 3 €KCIOHEHIIabHO HENiHIHHIM KOe-
(iliEHTOM TEIUIOMPOBIIHOCTI 3a JTOTIOMOTI'OI0 METOIy ABOOIYHUX HAOJIH-
JKeHb Ha OCHOBI BUKOpUCTaHHs QyHKuii ['piHa. 3a momomororo mporo me-
TOJYy MOXKHA IPOBOJUTH MaTeMaTHYHE MOJIENIOBAHHS PI3HUX HPOLECIB,
OB’ sI3aHUX 3 OYIBHUIITBOM, MEJUIIMHOIO, (Di3UKOI0, O10JIOTIEI0 TOMIO.
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nonlinear heat conductivity equation. Cucmemni Oocniodcenns ma
inghopmayitini mexnonoeii. 2021. Ne 4. C. 115-127.

APPLICATION OF THE METHOD OF TWO-SIDED
APPROXIMATIONS TO SOLVING THE FIRST BOUNDARY
VALUE PROBLEM FOR A ONE-DIMENSIONAL
NONLINEAR HEAT CONDUCTION EQUATION

The problem of heat conduction in nonlinear media reduces to solving
boundary value problems for nonlinear heat conduction equations, where the
coefficients of the equation or the function of the power of heat sources depend
on temperature according to some law. Among the numerical methods for solv-
ing problems for nonlinear equations of mathematical physics, one can distin-
guish finite difference methods, finite element methods, variational and projec-
tion methods, as well as iterative methods. Among the latter group, the two-
sided approximation method is particularly attractive due to its ability to pro-
vide a convenient estimate for the error of the approximate solution and to
prove the existence of a solution to the original problem.

The theory of linear partially ordered spaces was developed by
L. V. Kantorovich in the second half of the 1930s. Further development of
this theory is associated with the works of M. A. Krasnosel’skii,
H. Amann, V. I. Opojtsev, N. S. Kurpel, B. A. Shuvar, A. I. Kolosov etc.

The aim of this article is to develop a two-sided approximation method
based on the use of Green's functions for solving the first boundary value
problem for a one-dimensional nonlinear heat conduction equation and to
investigate its performance when solving test problems. To achieve this
goal, the unknown function was replaced, and the boundary value problem
was reduced to a Hammerstein integral equation, which was considered as
a nonlinear operator equation in a partially ordered Banach space. Condi-
tions for the existence of a unique positive solution to the problem and
conditions for two-sided convergence of successive approximations to it
were obtained. The developed method was implemented in software and
tested on solving test problems. The results of the computational experi-
ment are illustrated with graphical and tabular information.

Key words: nonlinear heat conduction, nonlinear boundary value
problem, positive solution, Green’s function, two-sided iterative method,
equation with isotone operator, mathematical modeling.

Otpumano: 01.09.2024
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