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AHoTauis

AKTyanbHictb. loctaHoBka npobiemy. OcobnunBy posib B SIKICHIM YHIBEPCUTETCbKI EKOHOMIUHIN
OCBIiTi Bigirpae MaTemMaTuyHa niaroToBka. Y4Y4b6oBuIi MnaH €KOHOMIYHOrO Mpodinto CKNAAAETHCSA 3
ypaxyBaHHSM Cy4acHMUX MiXMNpeaMeTHUX 3B'A3KiB. EPEeKTMBHICTb 3aCBOEHHS 6yab SKOI AUCUMMNIHK
3HaA4YHO 3aNeXWUTb Bi4 BMiHHS neKkTopa il AOCTYNHO BMKNaAaTH, i 3auikaBUTn NnpeaMeToM, Big BMiHHS
rnokasaTn HeobXiAHICTb MOro BMBYEHHS AN ManbyTHbOi kKap’epu. lMpu BUKIagaHHI MaTeMaTUKu
MalnbyTHIM ekoHoMicTaM, diHaHCUCTaM, MeHedXepaM, ekosioraMm JekTopy cnig niabupatm Ta
MOCTIAHO MOMOBHIOBATM 3amnac eKOHOMIYHMX i eKOMOriYHWX Moaenen, 3aBAsSKU SIKUM abcTpakTHi
MaTeMaTUyHi  NOHATTA  (OPMYNIOTLCS  EKOHOMIYHOK  MOBOK, iNIOCTPyBaTM i MNOCTINHO
niaKpecntoBaTM MOryTHICTb MaTeMaTU4YHOI Teopii Npu poB’A3yBaHHI Ta aHanisi NpuknagHUX 3agad.
YHiBEpCUTETCbKA  OCBiTa  €KOHOMIKO-eKOMoriYyHoro  npodinto  Mae  3HauHi MOXJIMBOCTI
BJIOCKOHA/IEHHA EKOHOMIYHOI NiAroToBKM CTYAEHTIB, 30KpeMa LWAAXOM O3HaNOMMIeHHsa iX 3
NPpUPOAOIKD OCHOBHMX MATEMATUYHUX MOHATb, HEOOXIAHICTIO 3aMiHM IHTYITMBHMX MOHSATb TOYHUMM.
SIKiCTb TaKol MiAroToBKM NPAMO MponopLinHa SKOCTi HabyTUX 3HaHb Ta YMiHHIO iX 3aCTOCOBYBaTH Y
MPaKTUYHIN AiSNbHOCTI Npy  NobyAoBi MareMaTUYHUX MoAeNnen peanbHUX SBWLL | € akTyasbHOM
npob61emoto NocnifoBHOI MaTeEMaTUYHOI NiIArOTOBKM €KOHOMICTIB.

Meta gocnigxeHHs. CnpoLlleHi BepcCii peasbHOro XWTTS HasuBalTbCA MoaensMu. Mogenb, siK
npaswno, BkOYaE B cebe nNpocTip i 4yac, B SKMX BOHa nobyBana, OCHOBHi KOMMOHEHTW, SKi
BBaXaloTbCA ICTOTHUMM AN 3arasibHOro MyHKUiOHyBaHHA. [licna Toro, $K MW MpaBWIbHO
BM3HauYMAM npobnemy i BCTaHOBMAK 1i MeXi, MU BUCYBAEMO AOCTYNHY ANS il nepeBipky rinotesy um
cepito rinote3. [Jani aHanisylTbCa i BMBYAKOTLCA 3arporoHoBaHi rinotesu. [JaHa npaus Ma€E 3a
MeTy HaBeCTM MEeTOAWKY O3HaWOM/IeHHS 3 TEOpPeTUYHMMMK BiAOMOCTSAMM Ta NpPaKTUYHUMMK
npobnemamn nobynoBu Ta aHanisy MaTteMaTUUYHMX MoAenein, WO OnuUCYTbCS  NiHIMHUMK
avndepeHuianbHUMU PiBHAHHAMU MEpLUIOro Nopsaky.

MeTtogosoris. Yy npoueci BWKOHaHHA [OCNiAXEHb, wo OMUCYTbCA NiHIMHUMK
andepeHuianbHMMKM  piBHAHHAMKM  Ta iX cucTeMaMn, nNpu  po3B’A3yBaHHI  3agadi  Kouwi
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BWKOPWUCTOBYETLCSA METOJ, iHTErpyBasibHOro MHOXHWKa Elinepa. Lle gacTb MOXAMBICTb CTyAeHTaMm

Kpawle 3po3yMiTh i rnmblue 3acBoiTK Len MeToA NMpu po3B’A3yBaHHI CkNagHiWMX aAndepeHuianbHnX
PiBHSIHb, SIKi 3BOASATbCS A0 PiBHSIHb B MOBHWUX AndepeHuianax. Pe3ysibTatamMu AOCHILXEHb € OMUC
npouecy, po3B’A3yBaHHS MNPUKNaAHMX 3ajad, SKi MOAENIKTbCHA JiHIMHMMKU AndepeHLuianibHUMn
PIBHAHHAMW NepLlworo nopsaky, 3acTocyBaHHSA MeToay Ehnepa ana poB’s3yBaHHS BKa3aHMX
pPiBHSIHb Ta HEPIBHOCTEWN.

lpakTnuyHe 3HadyeHHs.. KopucTyuucb O064YMCNIOBaNbHOK MAWMHOK Ta MaTeMaTUYHUM
MOAENIOBAHHAM, TOW XTO 3HAE 3aKOHW MPUPOAM, LLO siexaTb B OCHOBI AeAKOro npouecy Yun ssulla,
MOXE€ pO3paxoByBaTW iX MOBEAIHKY, 3p0O3yMiTU HanpsMKM iX PO3BUTKY, CTabinbHiCTb npouecy ,
TOLWoO.

llepcriekTuBa rnojanblunx AOC/HifKeHb. Tenep MaTeMaTUyHa €eKOsoris, eKoHOoMika Ta
MeHeaXMeHT MaloTb TeHAEHLIi0 pO3WMPEHHS BUKOPUCTaAHHA Komn'toTepa ANS pO3B'A3Ky 3ajad i3
CBOiX npeameTHuUx obnacrten. ToMmy Tpeba dopMmyBaTM Yy CTYAEHTIB HaBUM4YKM  Ta MNpUAOMMK
po3B’A3yBaHHs 3aaay Ha 6asi iHpopMaUiltHO-NOriYHOro MoAeNtoBaHHA 3 BUKOPUCTAHHSAM CyYacHUX
iHdopMaUiiHMX TEXHONOTIN.

Knwo4osi _cnoBa: maTemMaTuyHa MoAenb, NiHiMHI gudepeHuianbHi piBHAHHSA, MeToA

Ennepa, piBHAHHSA 3 Apo60oBOO NOXiaAHOW, 3aaa4a Kouwi.
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Iryna Drin, Candidate of Physical and Mathematical Sciences,
Associate Professor,

https://orcid.org/0000-0002-0258-7007

Chernivtsi Institute of Trade and Economic of KNTEU,

Chernivtsi

Svitlana Drin, Candidate of Physical and Mathematical Sciences,
https://orcid.org/0000-0002-5576-3756

National University of Kyiv-Mohyla Academy,

Kyiv

ON MATHEMATICAL MODELING OF LINEAR SYSTEMS AND PROCESSES

Summary

Mathematical training plays a special role in high-quality university economic education. The
economic curriculum is developed with a due regard to modern interdisciplinary ties. The
effectiveness of learning any discipline depends on the lecturer’s ability to teach it in an
accessible and interesting way, as well as on his ability to show the necessity of learning the
subject for students’ future careers. When teaching Mathematics to future economists, financiers,
managers, and ecologists, the lecturer should select and constantly replenish the stock of
economic and environmental models, due to which the abstract mathematical concepts are
conveyed in economic language. He should also illustrate and permanently emphasize the power
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of mathematical theory in solving and analyzing the applied problems. The university education in
economics and ecology has significant opportunities for to improving students’ economic training,
in particular by introducing them to the nature of basic mathematical concepts and the necessity
to replace intuitive concepts with accurate ones. The quality of such training is closely associated
with the quality of the acquired knowledge and the ability to apply it practically, in constructing
the mathematical models of real phenomena. In addition, it is a crucial issue of consistent
mathematical training of economists.

The simplified versions of real life are referred to as models. The model usually includes the
space and time it has arisen from, which are regarded as the components essential for their
overall functioning. Once we have correctly identified the problem and set its boundaries, we put
forward a hypothesis or a series of hypotheses to test the former. Next, the proposed hypotheses
are analyzed and studied. This paper aims to provide the methods of introducing theoretical
information and practical problems of constructing and analyzing the mathematical models
described by linear differential equations of the first order.

In the course of the investigation, described by linear differential equations and their systems,
the method of Euler's integrating factor is used for solving the Cauchy problem. This will enable
the students to better understand and master this method when solving more complex
differential equations, which come down to the equations in complete differentials. The results of
the research are the description of the process, the solution of the applied problems, modeled by
linear differential equations of the first order, as well as the application of Euler's method for
solving these equations and inequalities.

Using a computer and mathematical modeling, those who know the laws of nature underlying
any process or phenomenon, can predict their behavior, understand the directions of their
development, the stability of the process, etc.

Today, Mathematical Ecology, Economics, and Management tend to expand the use of
computers for solving the problems in their subject areas. Therefore, it is important to develop
students' skills and techniques in this field, relying on information-logical modelling, with the use
of modern information technologies.

Keywords: mathematical model, linear differential equations, the Method of Euler,
equations with a fractional derivative, the Cauchy problem.
Number of sources: 17; formulas: 6.

MocraHoBka npo6nemu. MogenoBaHHA - L€ YHiBepcanbHUA MeTo4
HayKoOBOro ni3HaHHSA, wWo 6a3yeTrbca Ha nobyanoBi, AocnigXeHHi Ta
BUKOPUCTaHHI Moaenei o6’ekTiB i sBuw,. Cneuianictn pisHUX rany3en NOBUHHI
rMi3HaBaTW OTOYYIOUY peasibHiCTb 3a AOMNOMOro MaTeMaTUYHOIrO MOAENtOBaHHS.
B ocTaHHi poku, BHacNigoK LWMPOKOro BNpPOBaAXXeHHS 06UMCAOBaIbHOI TEXHIKN
M BignosigHOro nporpaMHoro 3abe3neyeHHs, a 0cobaMBO NEepPCOHaNbHUX
KOMM'toTEpPiB, METOAM MAaTEMATMUYHOIO MOoAEeNtoBaHHSA Habyan HOBOro PoO3BUTKY i
CTann LWUNPOKO BUKOPUCTOBYBATUCA Yy MNOBCAKAEHHIN npakTtuui. BoHu panu
MOXNMBICTb opMmanizyBaTth Ti chepu 3HaHHA, Ae MPSAMUA eKCNepUMEHT, LWo
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003BOJISE 3i6paTv NOBHY iHMOpMauilo Npo 06’€eKT, NMPakKTUYHO HEMOXIMBUINA.
30KpeMa, €eKOHOMiKOo-MaTeMaTU4YHEe MOAENBaHHA € OAHWUM i3 Cy4dacHUX
nigxo4iB ANs aHanisy po3BUTKY HApPOAHOro rocrnogapcrBa, WMOro ranysewn,
nigNpUEMCTB.

BuBuyeHHs HaBegeHux TyT Mogenen, sdKi  nNpuBoAsaTb A0  MiHIMHUX
andepeHuianbHUX piBHSHb, BapTO po3rasgatv SK Mo4YaTKoBi  KpPOKM B
MaTeMaTUYHOMY MOAENOBAHHI.

AHani3 oCHOBHMX pochnig)xeHb i nybnikayii. CyyacHa eKOHOMIYHa HaykKa
MicTUTb 6arato npaub 3apybidXHUX | BITYMBHAHUX YUYEHUX MPUCBAYEHUX
npobnemMamMm MogentoBaHHS €KOHOMiKM Ta ii cTanoro po3BUTKY. MaTeMaTuyHe
MOAENBaHHA eKOHOMIiKW, rany3b HayKOBOro nowyky, wo nepeabavae onuc
E€KOHOMIYHUX SBULY | nNpoueciB 3a AOMNOMOro MaTeMaTUYHUX Moaenen, ix
pO3BUTKY, aHania Ta apjanTaudito [o peanisauii 3acobaMm  CcyyacHuUX
cheuianisoBaHuUx npuknagHux nporpam [1, 2]. MaTtematuuHi Mogeni
€KOoorivYHnx Ta 6ionoriyHnx rnpowecis OMUCYTbCS CKTaAHNUMM
andepeHuianbHUMK PiBHAHHAMM, WO MicTATb 6araTto napameTpiB, SKi MOXYTb
3MiHIOBATUCA Yy MNEBHMX Mexax. [Nns AoCNiAXEeHHS 4acTo BUKOPUCTOBYETLCSH
MeTo4 JAeKoMno3uuii — po3kiag BuxigHOI 3adadi Ha psaa OKpeMux 3ajad.
BUKOPUCTOBYETLCA TaKOX MeTo4 arperyBaHHa — 3amiHa rpynu 3MiHHWUX, SKi
OMUCYIOTb CTaH CUCTEMMU, SKa HA3NBAETbLCS arperaTom.

Hannepwum o6’ekToM MateMaTU4YHOro MogentoBaHHs B 6ionorii Ta ekonorii
6yna nonynauia. Y 1202 y npaui «KHura abaka» JleoHapao [lizaHCbKui
(PiboHauui) gocnifXye po3BUTOK igeanizoBaHoi nonynauii kponukie ( AKUMX Ha
noyaTtky 6yna napa HOBOHapoOAXEHUX — CaMelb Ta CaMKa i Ki He NnoMupatoTb),

KiNbKICTb AKUX E Ha KiHeub N-ro MicAus BMPAXXAETbCA CNiBBIAHOWEHHAM

F,=F ,+F

., n>2 npu sigpomux F,, n=1,2. Ynucna F, Epyapaom Jliokoto
6ynun Ha3BaHi uncnamm diboHauui [9].

Tenep MaTeMaTuyHa ekosioris Ta 6Gionoria MalTb BENMKWUIA apceHan ans
A0CNiAXeHb YaCcoBMX 3aKOHOMIPHOCTEN Ta UMK/IYHOCTEX B cuctemax [3].

MocraHoBka 3apavi. 3apgauva 1.[16] [daHo pe3sepByap ob’emy V, wo
MiCTUTb cyMmiw coni i Bogn. lpunycTtuMo, WO PO34YMH 3 KOHLUEHTpaUiEl C;
(ingekc j o3Ha4vaE€ input) rpamiB coni Ha NiTp po34YnHY BIMBAETLCSA Yy pe3epByap
3i cTanow weuakicTio r; (iHAeKC i TakKoXX O3Hayae jinput) NiTpiB 3@ CEKyHAY i
o po34YMH B pe3epsyapi oapasy 3MIWYETbCHA, MPUYOMY BIATIK MaE cTany
WwBMAaKicTtb rp (iHoekc O o3Hauyae onput) niTpiB 3a cekyHay. Tpeba 3HanTu
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KinbKicTb coni x(t) B AaHMKN MOMeHT 4yacy t>0, 3Hawuu Kinbkictb x(0)=Xp B
MOMEHT yvacy t=0.

CknagaeMo MaTeMaTUyHy Mogesnb 3agadi. QiKCyeMo t i 0BUYMCTIIOEMO 3MiHY
AX NMpOTAroM KOpPOTKOro iHTepBany 4vacy [t, t+At]. KinbKicTe coni y po34uHi,

O B/MBAETbCA B pe3epByap MpoTAroM uacy At ceKyHA [AOpiBHIOE r1.cAt

rpamiB. KinbKiCTb cONi y pO34uHi, WO BUTIKAE y pe3epByap MpPOTAroM TOro X
iHTepBany 4yacy 3alexuTb Big 3MiHHOI Co(t) KOHUEeHTpauii cosi y po3uunHi B

x(t
MOMEHT uacy t: Co(t):% ae V(t) - 06’eM po3unHy B MOMEHT 4acy t. Akuwo
t
v(0)=V,, 1o
V(t)=V0+(rl.—r0)t,t>O
Toni KiNbKiCTb coni, o BUTIKAE  AOPIBHIOE rp  Co(t)At, a
Ax (1) =reAt—ryc, (1) At

CepefHs WBWMAKICTb 3MiHM KiSIbKOCTI CONi x(t) 3a 4Yac At BM3Ha4aeTbcs

HabIMXKEeHO pIiBHICTIO
Ax
v ric; —1,¢, (1), >0
t
Skwo yci yHKUii € HenepepBHUMK, a Xx(t) - AndepeHuitoBHa, TO npu
At — 0 noxubka ui€ei anpokcuMalii HabMXAETbCSA A0 HYNSA | NepenloBWn 40

rpanuui npu At — 0 oTpUMyeMo AndepeHUianbHe PiBHAHHS
dx(t) o
=rc, — x(1),t>0 (1)
dt V(1) ©

SIKe € NiHiINHMM gndepeHLUiaibHUM PiBHSHHSM NEepWoro nopsaky.

3ayBaxuMo, WO 7, C; 7, MOXYTb BiJOMUM YMHOM 3anexatu Bij t.

3apaua 2. [3,4] 3akoH OXONIOAXEHHS, BCTAHOBJEHUA HbLIOTOHOM,

0]

dOpMYNIOETLCA  TakK: LWBUAKICTb 3MiHM TeMmnepaTypu u(t) Tina

nponopuivHa pisHuui u(t) Ta TeMNepaTypol HaBKOJIMLWIHBLOIO CepefoBuLLa A,
TO6TO
du(t)
dt

=—k(u—A),oek >0 - cmana (2)
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3apava 3. [16] Mopenb 3pocCTaHHs HaceneHHsa. Po3rnaHeMo Mopenb
3pOCTaHHS HacefNleHHs, sika BpPaxOBYE 3MiHW MOKa3HUKIB HapOAXYBAHOCTI Ta
CMepTHOCTI. ®PyHKUiA P(t), 6yne HenepepBHOW anpokcumaulielo dakTUYHOI
UMCENbHOCTI HacCeneHHs, fKa 3BUMYaNHO, 3MIHIOETbCA He HenepepBHO, a
cTpnbkamm, ocKinbku ii NpMpocTamu € uini uncna.

MpunNyCcTMMO, WO YUCENbHICTb HAaCeNeHHs1 3MIHIOETbCA TifIbKM B pe3yfbTaTi
HapoAXXeHb Ta BWUMagkKiB CcMepTi, a emirpauito BpaxoByBaTu He 6yaemo.
3aranbHOMNPUNHATHUM € OUIHIOBaTU MNPUPICT Ta 3MEHLWEHHSA HaceneHHd 3a
AonoMorot @yHkuUii — koedilieHTa HapoAXXyBaHOCTI Ta NOKa3HWKa CMEPTHOCTI,

BM3HAYEHUX TakK: ﬁ(t) — KifIbKiCTb HapoAXXeHb Ha OAMHWLIIO HaceneHHs 3a
OAMHMLIO 4Yacy B MOMEHT vacy t; 6(t) - KiNbKiCTb BMNaAKiB CMepTi Ha

OAMHWULIO HaceneHHsd 3a oauHuulo vacy t>0. Toai 3MiHa 4MCenbHOCTI

HaceneHHsa AP npoTAroM 4acoBoro iHTepBany [t,t+At] OOBXUHOWO  Af

OOPIBHIOE
AP~ B(t)P(t)At—6(t)P(t)At,1>0
Ta
AP
—= -o(t)|P(t),t>0
—=[B(1)-5(1)]P(1).1>
3BiAKM MOXeMO 3anucatn audepeHuianbHe piBHAHHSA
P
dTEt):(ﬁ—é)P,»O (3)

PiBHSIHHA (3) € 3arafibHUM PIiBHSIHHS YUMCENbHOCTI HaceneHHs. fAkwo [ Ta

8 € cTanumu, To piBHAHHSA (3) 3BOASATb [0 PiIBHAHHA NPUPOAHOIO 3POCTaHHSA

dP(t
dar() ):kP(t),
dt
ne k=(B—3). Voro we HasmsaTb Moaensio ManbTyca. BiaoMuM dakTom

€ Te, WO nNo Mipi 3poOCTaHHA 4YMCENbHOCTI HaceneHHa KoedilieHT
HapOAXXyBaHOCTi 3MEHLWYETbCS. [pnnycTtnmo, Wwo KoediluieHT HapoaXXyBaHOCTI -
NiHiNHa @YHKUIiA, WO 3alexXuTb Bi4 YMCENbHOCTI HaceneHHs P Tak, wWo

B=pB,-BP(t), ne B, Ta P, - noAaTHi KOHCTAHTU. SIKWO MOKA3HMK

CMepTHOCTI 6 =0, 3aNULIAETLCSA CTaUM, TO PiBHAHHS (3) Mae BUrNsA
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dP(t)
Cdr

ne a=pP,-96,,b=p,. Akwo koediuieHTn a Ta b AoAaTHi, TO PiBHAHHA (3)

= aP(1)-bP (1),

HasnBawTb JIOMCTUYHUM PIBHAHHAM, SKe He € NiHinHUM aundepeHuianbHUM
PiBHAHHAM 1-ro nopsaky.

3apaua 4. Yacrto cknagHun npouec abo cncreMmy MoxHa po3bmuTtm Ha 6inbu
npocTi nigcuctemn abo 4acTuHU, AKi MOXYTb 6yTM npoaHani3oBaHi OKpeMo.
IHoai TpannsaeTbCsA, WO KOXHY OKpeMy niACUCTEMY MOXHAa ONucaTM OAHUM
AndepeHLUianbHUM pPIBHAHHAM, TOAI MoAenb BCi€i di3nUYHOi cuctemm moxe 6yTu
nogaHa cucteMmow AudepeHuianbHUX piBHAHb. NPpOCTUM MpUKNanoM € cMcTeMa
3 TpbOMa Kackagamu [16].

PosrnaHemo Tpu 6aku i3 cymiwamu. Hexalh cymiw — ue cymiw coni Ta Boawu.
KoxeH 6ak mictnte V;,V, Ta V3 niTpiB cymiwi BignosigHo. B 6ak 1 BnmMBaEeTbcH
npicHa BoAda, NepeMillaHnMin po34mMH BUANBAETLCA 3 Haka 1 B 6ak 2, 3 baky 2 y

6ak 3 Ta BuTikae 3 6aky 3. Mo3HaunMo uepes x, () KinbKicTb (B Kinorpamax)

coni y baky i B MOMeHT yacy t gnsa i=1,2,3. Skwo B KoXeH 6ak BMMBAETbCS Ta
BWINBAETbLCS I NiTPIB Ha XBUMHY, TO MAaEMO CUCTEMY MEPLUOro Nopsaaky

x(t)=—hx /(1)
x5 (1) =hx, ()= hyx, (2),
x5 (1) = hyx, (1) —hyx, (1)

ne h=—,i=1,2,3,t>0

r
4
Po3rngaHeMo «3aMKHEHy» CUCTEMY, LWO CKIagaeTbcsa 3 Tpbox 6akiB 3
o6’emamu V,;,V, Ta V3 BigMiHHICTb Ui€i cnctemm Big nonepeaHboi B TOMY, WO
BOAa, sika BMAMBAETbCA 3 baky 3, BnmBaeTbcs B H6ak 1. Todi cmctema niHinHMX
andepeHuianbHUX PiBHAHb, WO OMUCYE L0 CUCTEMY Ma€E TakKUn BUINNAA:

x (1) =—hx (t)+hx, (1)
x5 (1) =hx (1) —hyx, (t) ,
x5 (1) = hyx, (¢) = hyxy (¢)

ne h=—,i=1,2,3,>0

N~
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Buknaa ocCHOBHOro Mmartepiany. JliHiiHi piBHAHHSA. MeToa Eitnepa.
PiBHAHHA BUrnaay

y(x)l+p(x)y(x)=g(x),xe(a,b) 4
ae p(x), g(x) — BIiAOMi yHKLUii, Ha3MBaETbCS NiHINHKMM. SKWO
g(x) =0,x¢e (a,b)

TO pPiBHAHHA (4) Ha3MBa€ETbCA NiHINHUM OAHOPIAHMM, @ BUXiAHE PIBHAHHSA -
NiHINHUM HEOAHOPIAHUM.

Teopema: Akwo p(x), g(x) e Henepepsrumu ans x €(a,b), To piBHAHHS
(4) Mae eanHuit poss’sizok y=y(x),x€(a,b) Akt 3a40BONbHSIE NOYATKOBY

ymMoBY y =y, npu x=x,, ae x€(a,b),yell - posinbHe.
3aranbHun po3B’a30K PiBHAHHSA (4) MOXHA WyKaTn y BUrNaai 4obyTKy ABOX
dyHkuinu(x)v(x) Ta meToaoM Bapiauii cTanoi, akuii HanexuTb JlarpaHxy [4].

A Ennep 3anponoHyBaB MeTon iHTerpasnbHOro MHOXHMKA

,u(x):exp{_[p(x)dx} [8]. lomHoxMMO (4) Ha (x) i AicTaHeMO piBHSIHHS

y(x)’ exp{_[p(x)dx} +p(x)y(x)exp{jp(x)dx} :g(x)exp{_[p(x)dx} ,
niBa 4acTuHa $KOro € TOYHa noxigHa BiA QYHKLUI y(x)exp{_[p(x)dx} ,

To6TO piBHSAHHSA (4) Habyae Burnaay

i[y(x)exp{jp(x)dxﬂ =g(x)€xz9{jp(x)dx}

dx

3 OCTaHHbLOro PiBHAHHA 3HaxX0AMMO 3arajibHUi pPO3B’A30K
y(x) = exp{—jp(x) dx} [C+Ig(x)exp{jp(x)dx}dx} . (5)
3ayBaxeHHa 1. Y dopmyni (5) MoxHa 3aMiHUTUM HeBU3Ha4eHi iHTerpanu

BM3HAUYEHMMU iHTEerpanamu 3i 3MiHHOIO BEPXHbOK MeXel iHTerpyBaHH4A. Toai
OTPUMAEMO, LLO

y(x)=exp{—rp(r)dr}[yo +£;g(§)exp“é p(T)dT}d(g}, (6)

Xo R

ne x,€(a,b),a y(x))=y,
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3ayBaxeHHs 2. dopmyna (6) nokasye, wo npu HenepepBHUx p(x) i g(x),

x €[] , po3B’S30K € HenepepBHO AUMEPEHLINOBHMUM Yy BCil nnowmHi [ %, To6To
iHTerpasbHa KpvBa, WO MPOXOAWTbL Yepe3 [AOBiSIbHY TOUKY X,, ), € r1aAKo

KpuBOK ANns umx xell .
®opmyny (6) MOXHa NoaaTn y BUrNSAAI

y(X)=yoexp{—f;P(f)dT}+ng(€)exp{—fgp(r)dr}d§ .
Ninilini HepiBHocTi. Hexait y(7)>0, abcomoTHO HerepepBHa dyHKLUis,

sKa Mamnxe Aang BCiX [ € [O, T] 33a[10BOJIbHAE HEPIBHICTb

dyT(tf) <Oy +C(0),

ne C,>0,i=1,2 - cymosHi Ha [0, T] dyHkuii. Toai
y(t)Sepoq (T)dr}{y(O)—k‘:[Cz((S)exp{—jq (f)df}dg}s
SeXp{ICI (T)dey(o)+jc2 (T)df}

t
Ons poBeneHHS AOMHOXYEMO BUXiAHY HEPIBHICTb Ha exp{—J-C1 (r)dr} i
0

OTPUMYEMO HEpPIBHICTb

%{y(t)exp{—‘:[q (T)des Cz(t)exp{—j;Cl (T)df}

aKy iHTerpyemo Big 0 go t.

OCHOBHMUI BUCHOBOK - PO3B’S30K y(t) € CTiIIKMM 3a JaHVMMK 3ajaui y(O) Ta

C, (t), amxe ix ManuM 3MiHaM BiAMOBIAAE Mana 3MiHa PO3B'sI3KY.

PiBHAHHA 3 Ap0o60BOKO NOXIAHOM. SKWO sSKecb MNOHATTS Aobpe mpautoe
Mpu 3BMYAMHUX YMOBaxX, BMHUKAE GaxkaHHS pPO3MNOBCHAUTM WMOro Ha wWwuply
obnactb. Lle npu BM3Ha4deHHi noxigHuMx uinoro nopsaky HblTOH i JlehbHil
3aQyMyBanucs Haj BM3HadeHHSAM noxigHux apoboBoro nopsaky. HaeBeaemo
Taki MipKkyBaHHs. [Jobpe Bigoma ¢popmyna
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d" . T(k+1)

k—n

— X b
dx F(k—n+1)
AndepeHLiloBaHHa cTeneHeBoi QyHKUiT Moxe 6yTn BuUKOpuUCTaHa Ans

1
TAyMa4deHHs noxigHoi ApoboBOro Nopsaaky n :5 npu k=1 Cnpasgai, 3MiHMBLIN
. : : 1
y uit popmyni popManbHoO Line n Ha ApoboBe 4Yncno E , OTPUMAEMO, LLO

1
2x?

2 r(1+1 -1
dlx: ( 1 ) xl 2 =
de> T1-—+1 &
y ( 2 j
Toai piBHAHHS
1
2
dlx—2\/2:0
dx? 4

Ma€ po3B’A30K y=Xx.

CTpore oO3Ha4yeHHs Ta @i3MyHe TnyMadeHHs ApoboBMX MOXIAHMX Ta
iHTerpanis MoXHa 3HanTM B [17]. SAKWoO0 3anucaTtn

1 1

2 2 2
1= =d1(2-5]
dx? \ dx? dx? d

2
TO SICHO, WO d—1(2\/gj:1 i Le CTpOro AOBOAUTLCS.
dx? &

BucHoBKWU. CbOrogHi ekosorm, EKOHOMICTU, PiIHAHCUCTU, MEeHeaXepU MakTb
Yy CBOEMY PpO3MOpPSAAXEHHi [ABa iHCTPYMeHTW: obumcnioBanbHa MalMHa Ta
MaTeMaTmka. Kopuctyroumcb o064YMCIOBAsIbHOK MALWIMHOK, TOMW XTO 3HAE
3aKOHM NpUpoaM, WO NexaTb B OCHOBI LbOro npouecy 4uM gBulLa, MOXe
po3paxoByBaTu iX MOBeAiHKY. Ane HaBiTb NpocCTa MaTeMaTuKa MOXe AaTu
cnoxwuBauy b6inblie, HiXX YNCNOBI pe3ynbTaTh pO3paxXyHKiB Ha NMepcoHaNbHOMY
kKoMmn'toTepi. Lle Hacamnepen — poO3yMiHHA Mpouecy, HanpsM MOro po3BUTKY,
CcTabinbHiCTb Npouecy, ToLwo.

Mpautooun B ranysi OCBiTM, MU LIYKAEMO WNSAXU ePEKTUBHOINO PO3BUTKY Yy
CTYAEHTIB MiANPUEMHULUBKNX 34i6HOCTeN, ski nigrotyBanu 6 ix oo XWUTTa B
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cyyacHux ymoBax. Lli 3ai6HOCTi BkntouatloTb B cebe Taki ocobucTi akocTi Ta
HaBWKKW, KOTPi MNOB’SI3aHi 3 pPO3BUTKOM TBOPYOI AYMKM, iHILiaTUBU, BMiHHS
BMpiWyBaTu npobnemun, sKi NocralTb nNepea HUMKU, WBUAKY i Nerky agantauito
00 cuTyauii. € noTpeba Ha BCiX eTanax MaTeEMaTU4YHOI OCBITKM A6ATU HEe TiNbKW
npo Buknag &akTMYHOrO MaTepiany, a W npo T[PYHTOBHE pPO3KPUTTSH
METOAO0/I0MNYHMX NUTaHb MaTemaTuku [1, 2, 6, 10-16].

«[apHWIN eKOHOMICT € pPiAKICHMM NTaxoM...BiH NMoBWHeH GyTW MaTeMaTMKOM,
iCTOPMKOM, AepXaBHUM gisyeMm, dinocodom. BiH NOBUHEH PO3YMiTM CMMBOM i
roBopuTK cnosamm». [IxoH MenHapg KenHc [13].
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