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umeem OOCMAMOYHO WUPOKULL KpYe UCNONb306AHUA U uspaem OONbUYI0 DONb 6 HAULell JHCUSHU.
OOHUM U3 NPUMEPOB €20 NPUMEHEHUsL ABTAEMCS PPAKMATbHOE KOOUPOBAHUE U300PAIHCEHU.

3uanue Oanmnoco MemoOa NO360IUM  CREYUATUCAM NO  DUUKO-MAMEMAMUYECKUX
CReYUATbHOCMAM NPUMEHAMb €20 NPU peuleHuU NPUKIAOHbIX 3a0a4, a Oyoyujue yuumens cMoeym
00BACHUMb YYEHUKAM MAmemMamuyecKutl annapam, Ha KOMOpOM NOCMPOEHbl CO8PEeMeHHble
MEXHONI02UU 80 MHOSUX OOJACHISAX ICUSHU.

Knioueswvie cnosa: memoo cocumaowux omoopasicenul, memoo umepayuil, pakmanbHvlil
colcamue  U300padceHull, HenoOBUICHASL MOYKA, MAMEMAMUKA, aleopumm @OpaKkmaibHO20
KOOUPOBAHUSL, (DUSUKO-MAMEMAMUYECKUL] haKyIbmem, CIyOeHmbl bLCUUX YYEOHBIX 3a6e0eHUll.

Lubenets Z., Martynenko O. Application of the method of compression mappings.

The article considered application of the method of compression mappings and the method
of successive approximation on the example fractal compression of images, a general algorithm
for fractal coding of images is indicated and its advantages and the importance of studying this
issue by students of higher educational institutions, in particular students of the physics and
mathematics faculties of pedagogical universities, is substantiated.

There are many problems in computational mathematics that can be reduced to finding a
fixed point of reflection. To do this, use the method of sequential approximations (method of
iterations), which is based on the principle of compression mappings. This principle is applied to
the proof of the theorems on the existence and uniqueness of solutions of certain types of
differential and integral equations; it also allows you to solve scientific problems in algebra,
geometry, physics, medicine, computer science, fractal theory, and more.

Among the advantages of the fractal image compression method are the following: it is able
to provide the best ratio of compression ratio and quality of the reconstructed image; has a short
unpacking time; provides the ability to restore only part of the image and any size; has a wide
range of compression options.

At the current stage, data compression is important for both transfer speed and storage
efficiency. It is used in medicine for the reconstruction of images in computed tomography, and in
addition to many commercial uses, compression technology is also important for military use. So,
compression mapping has a wide range of uses and plays a big role in our lives. One example of
its application is fractal image encoding.

Knowledge of this method will allow specialists in physical and mathematical specialties to
apply it when solving applied problems, and future teachers will be able to explain to students the
mathematical apparatus on which modern technologies in many branches of life are built.

Key words: the method of compression mappings, iteration method, fractal compression of
images, fixed point.mathematics, fractal coding algorithm, Faculty of Physics and Mathematics,
students of higher education institutions.
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AAPEPEHIIAJIBHI PIBHSIHHA HHEPINOI'O HOPSIAKY
AK MATEMATHUYHI MOJAEJIT PEAJIBHOI JIMCHOCTI

Y cmammi poszenanymo npukiaouwe 3HauenHs meopii oughepenyianibHux pieHAHbL NEpuLoco
HOPAOKY, 30KPeMa,0NUCaHo MamemMamuyHi mooeni O po38’sa3y6anHs 3a0a4y 3 Ximii, ¢hizuxu,
eKosloeii ma ekoHomiuHoi mooeni Eeanca 6cmanosnents pieHOBANCHOIL YiHU, NOKAZAHO 8ANCTUBICIND
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BUBYEHHS OAHOT meMu cmyOeHmamu Qi3uKo-mMamemMamuidHux cneyiaibHOCmel Y 6UWUX HA84aNbHUX
3aK1a0ax ma Y4HAMU, AKI YIKAGIAMbCA NPUPOOHUUUMU MA MAMEMAMUYHUMU HAYKAMU.

Hughepenyianvni pieusanus ma ix cucmemu € O00CUMb BANCIUBUMU NPU  OOCTIONCEHHI
Ximiunux npoyecie. Ilpu ix ananizi y XiMivHUX cucmemax 3ae24cou 8UX00ms 3 mMo2o, Wo KONCEeH
008IIbHULL NpoYec 30IUCHIOEMbCA 3A80AKU NeHitl pywitunit curi. Tax, oaa ougysii pywitinoio
CUNOIO € 2PAOIEHM KOHYeHmpayii, KOH8eKYii — epadicHm 2yCmuHu, nomokxy menia — epadieHm
memnepamypu mowo. Tooc, 00’ €KmuHull anariz OAHUX NPOYECi8 MONCIUSUL MITbKU NpU
3acmocy8anti OughepeHyianbHux pIHAHb, OCKIIbKU NOHAMMS 2padi€Hmy MICHO NOo8 s3aue 3
NOHAMMAM HOXIOHOL.

Ll]e 0o0na eany3v, saKa BUKOPUCIOBYE 3000ymMKU Meopii OudhepeHyialbHUX pPiHAHb 015 C8020
PO3BUMKY MA BOOCKOHANEHHS € eKo02ia. HAK 0cHO8HUUL 00’ ckm il 00CHIONHCEHHS PO32NA0aOmMb
esonoyito nonynayii ocusux opeauizmie. Onuwemo oupepenyianvui mooeni nonyiayiu, sKi
N0 A3aHI 3 POIMHONCEHHAM YU IX GUMUPAHHAM, A MAKONC i3 CNIBICHYBAHHAM PIZHUX UOI6 MBAPUH
¥V BUNAOKAX «XUNCAK — JCepmear.

Ane oKkpim pozensiHymux euuje npupoOHU4UX HAYK, OaHA Meopis MA€e 00CUMb WUPOKe
3acmocyeannsa i 6 imwux eanysax. Hanpuknao, ona exonomiku, Oe Hemodciuse 6yov-siKe
EKCNEPUMEHMYBANHS,  3AB0AKU  3ACMOCY8AHHIO  NOMYNHCHO20 — MAMEMAMUYHO20 — anapamy
Mamemamuyre MOOeN08aAH s € Halle(heKMUBSHIUUM Memooom O0isi QocaioxcenHs. Ilpuxknadamu
EKOHOMIUHUX MoOeell € MOOeli CRONHCUBYO20 BUOODY, MOOEN] eKOHOMIYHO20 3POCMAHHS, MOOe
PiBHO8a2U HA MOBAPHUX, (DAKMOPHUX T DIHAHCOBUX PUHKAX MOUO.

Kniouosi cnosa: ougepenyianvne pisHaHHA, MOOenb,  QOCHIOJNCYBAHUL 00 €Kkm,
0ocniddcysanuli npoyec, mamemamuyre MOOeN08AHHA, CMYOeHmuU 3aKnadie euujoi oceimu,
mMamemamuxa, Mamemamudri Mooei.

ITocTanoBka npo6Jemu. /locniakeHHs NPOIECIB y Pi3HUX 001aCTAX JOJACHKOI AISIIbHOCTI
noTpe0yBajo po3BUTKY MaTeMAaTUYHOTo anapaty. JloCUTh BeJlMKa KUIBbKICTh 3a/1a4, sIKi BUHUKAIN
nepes JOCIIAHUKAMHU 3BOJSATHCS A0 PO3B’sI3aHHA AU(EpEeHIIabHUX PIBHSIHb. XapakTep TaKuX
3aJa4 1 METO/IM iX pO3B’A3yBaHHS MOXHA CXEMaTHYHO ONMMCATH TaK: BITOYBA€ThCS AEIKHNA MpoIiec
(pi3uynmii, xiMiuHUNA abo O10JIOTIUHUM), MOTPIOHO omMcaTH (YHKI[IOHAIbHY 3aJEXKHICTh MIXK
oro KoMmoHeHTaMu. SIKIIO € JOCHTh TOBHa iHGoOpMaIlisi Tpo Mmepedir bOro Mpolecy, TO
JOIUTFHO CcrpoOyBaTH MOOyAyBaTH HOTO MaTeMaTUYHy MOJENb. Y 0araThOX BHUMAJKaX TaKOIO
MOJEIUTI0 M € JudepeHuiagbHe piBHSAHHS, OJWH 3 PO3B’SA3KIB SKOTO BIAINOBINAE IIyKaHUM
XapakTepucTHKaM mpotecy. JudepenuianbHe piBHIHHS MOJEIIOE MPOLIEC Y TOMY PO3YMIHHI, 110
BOHO OITUCY€ HOro €eBOJIIOILiI0, XapakTep 3MiH, fKi BiI0OYBalOThCSA 3 MaTepiallbHOI CHCTEMOIO,
MOJKJIMBI BaplaHTU LIMX 3MIH y 3aJIe)KHOCTI B1Jl MOYaTKOBOrO CTaHy cucTteMu. Pi3Hi 3a 3MicTOM
3aadi MPUBOAATH JIO OJHAKOBHX a00 CXOXKUX PIBHSHB, TOMY HEOOX1THO BUOKPEMHUTH NMPHHOMH
PO3B’sI3yBaHHs TaKuX KJIaClB PIBHSAHB JJIs BIIMOBIAHOTO TUIY 3a1a4 [S].

[Toeananus Teopii AuQepeHiiaIbHUX PIBHAHb 1 MaTEMAaTUYHOTO MOJIEIIOBAHHS JI03BOJISE
PO3B’SI3aTH TOCUTH MIMPOKHU KIIAC 3ajad, 0 B CBOIO YEPTy, 3yMOBIIIOE BHPIIICHHS HaralbHUX
npo0JIeM Cy4acHOCTI.

AHaJi3 aKTyaJbHHUX Aoc]HigxkeHb. Teopis audepeHUiabHUX PIBHSAHB IOCIA€ YiJIbHE
Miclle cepel IHIIMX MaTeMaTHUYHUX JAWUCHUIUIIH, $AKi BHMBYAIOTHCS CTYJEHTaMHU (i3uKO-
MaTeMaTHYHUX CIIEHiaTbHOCTEH Yy BHIMX HAaBYAILHUX 3akianax. BoHa m03Bojsie po3B’s3yBaTu
3aja4i MPaKTUYHOTO 3MiCTy. BUHUKHEHHS udepeHIialbHIX PIBHIHD OB’ I3YI0Th 3 iM’siM Icaaka
HeroToHa, skuil y BUIUIAOl aHarpaMu 3amM@pyBaB JyKe BaXJIMBY 1HQOpMAIIO: «3aKOHU
OPUPOIM BUpAXKAIOThCs AM(epeHuiaIbHUMU piBHAHHAMI». CaMe BiH y3arajJbHUB OiHOM Ha
BUITAJIOK paIliOHATBHUX IMOKA3HUKIB, IO MPUBEIIO HOTO 10 YHUCIOBUX PSAIIB; CKJIAB TaOJIHUIlO
NEpPBICHUX, SIKA MaiXKe 1ICHTUYHA CyYacHIH.

Teopist mHIAHUX cUcTeM TudEpeHIIabHUX PIBHAHBb OyJia PO3BUHYTA y HAYKOBUX IpaIsix
Eitnepa ta Jlarpanxka, skux BBakaroThb HacTynHukamu Heiotona. ¥ XVIII cromiTti 3 6aratbox
poOIT y MaTeMaTuIll BUAUISIOTHCS caMe iX JTOCTIHKCHHS.

Baromuii BHECOK y CTaHOBJIEHHS Teopii AudepeHuiadbHUX piBHAHb Oyln0 3po0JIeHO
Ortocrenom Jlyi Komri, #oro 3amaya (3amada Komri) 1 chOoromHi CiIyrye Juisi 3HAXOJDKEHHS
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YaCTUHHOTO pO3B’sI3Ky JAu(epeHIiabHuX piBHAHb. HoOBHIT eram po3BUTKY JaHOI Teopii
MOYMHAETHCS 3 poOIT AHpi [lyankape, cTBOpeHa HUM «sKiCHA Teopist qudepeHIiaTbHUX PIBHIHDY
pa3oM 3 Teopi€r0 PYHKIN KOMITJICKCHUX 3MIHHHX TPUBENIa 10 BAHUKHEHHS CY9acHOI TOIOJIOT].

Teopis audepeHiiaabHUX PIBHAHB 3apa3 PO3BUBAETHCS JOCUTH AKTUBHO 1 Ma€ MIMPOKE KOJIO
3aCTOCYBaHb Yy pi3HUX c(epax, OCKUIbKU JU(epeHIiaabHi PIBHAHHS CIYyTYIOTh MaTeMaTHYHUMH
MoOJIeTsIMU Il 0araThboX 3a/lad peanbHOi AiiicHOCTI. Bee e 3yMOBIIOE Ba)KJIMBICTH BUBUEHHS
nuQepeHIiaTbHIX PIBHAHB MEPIIOTro MOPAAKY, SK MaTeMaTHUYHUX MOJENed MpOLEeCiB pealbHOl
JIACHOCTI CTyIeHTaMH (p13MKO-MAaTEeMaTHYHHX CIICHIaIbHOCTEH MeJaroriYHiX YHIBEPCUTETIB.

Mera crarti. JlocmiauTH Ha KOHKPETHHUX MPHUKIAAAX MOXKIMBOCTI BHUKOPHUCTAHHS
nudepeHIiaTbHUX PIBHSAHB SK OJIHOTO 13 3ac0o0iB peaiizallii MaTeMaTHYHOTO MOJICTIOBaHHS B
PI3HUX TaTy3sX JIOACHKOI JisUIbHOCTI (XiMii, exosorii, ekoHoMiKkH, (izuku). [IpogemMoncTpyBaTH,
110 3BHYaiiH1 AudepeHIianbHl PiBHAHHSA, 30KpeMa MEepIIOro MOPSAKY, CIYTyIOTb OCHOBOIO JJIs
JIOCUTh TPYHTOBHHUX JOCITIDKEHb Ta IMOKA3aTH BAXKJIMBICTH BUBUCHHS JIaHOT TEMH CTYJICHTAMH
BUIINX HABYAJILHUX 3aKJIa/1iB 3 TOYKH 30pY i1 MPUKIAAHOTO CIPSIMYBaHHS.

Bukiaaa ocHoBHOro martepiamy. /ludepeHmianbHi piBHIHHA Ta IX CHCTEMH € JIOCHUTH
BYUIMBUMHU MIPH JOCTIIKEHH] XiMiyHUX TporeciB. [Ipu ix aHamizi y XiMIYHHX cHCTEMaX 3aBiKIU
BUXOJIATh 3 TOTO, IO KOKEH JOBUIBHHIA MPOIIEC 3AIHCHIOETHCS 3aBISKH TEBHIN PYIIIHHIN CHUIL.
Tak, mis audysii pymriHOW CHIIOK € TPaJieHT KOHIEHTpallii, KOHBEKIii — IpaJi€eHT T'YyCTHHH,
MOTOKY TeIUla — TPAJIEHT TemrepaTypu Tomo. Toxk, 00 €KTUBHUN aHANI3 JaHUX MPOIECIB
MO>KJIMBUH TUIBKH MPH 3aCTOCYBaHHI JU(EpeHIiaTbHUX PIBHSAHB, OCKUIBKH MOHSITTS TPai€HTY
TICHO ITOB’S13aHE 3 TIOHATTSM ITOX1THOI.

[lepexin Bia cioBecHOTO GOpMYIIOBaHHS YMOB 33/ayi J0 il MaTeMaTUYHOI MOJENi JOCUTh
4acTO MPHUBOJAUTH N0 JAudepeHIiabHOi MOCI BIAMOBITHOTO Tporecy. Bimomo, mo mBHIKICTH
BUTPAUCHHSl pPEareHTy € TMPOIMOPIIHHOI HOro MOTOYHIA KOHIEHTpalii, ToMy mpouec i
3HAXOJKEHHS OIUCYEThCS PIBHAHHSM:

d—C:—ka
dt

PO3B’A3KOM SIKOTO TpPHU 33JaHUX MOYAaTKOBUX yMoOBax (BUXIiOHIM koHueHTpamii peareHTy Co) €
B1IOM€E KIHETHYHE PIBHAHHSA peaKilii mepmoro nopsaky C =Ce™

3 pe3ynbTaTiB JOCTIKEHHs BIAMOBIIHOI Ju(epeHIiabHOI MOJiesli MOXKHA MPOTHO3YBaTH
X1 KIHETUYHOI KpUBOi peareHTy y uyaci. IloTpiOHO BCTaHOBUTH, UM BIANOBIJAE JaHA peakiis
KIHETUYHUM 3aKOHOMIPHOCTSIM MEPUIOro MOPSJIKY 1 3pOOMTH MEBHI BUCHOBKHM PO MEXaHi3M ii
nepe0iry [1].

[Ile oxHa ramy3b, sika BUKOPUCTOBYE 3100yTKH Teopii JudepeHIiaTbHUX PIBHAHD Ul CBOTO
PO3BHUTKY Ta BIOCKOHAJICHHS € €KOJIOTis. SIK OCHOBHHMI 00’€KT 11 JOCHIDKEHHS PO3TIISIAIOTH
€BOJIIOLIS MOMYJIALIT KUBUX OpranizMmiB. OnumiemMo TudepeHIialbHl MOJENl MOMyJIALin, SKi
MOB’sI3aH1 3 PO3MHOKEHHSIM YU 1X BUMUPAHHSM, a TAaKOX 13 CIIIBICHYBaHHSAM PI3HUX BHU/IB TBapUH
y BHUIAJKaX «XMKAK — KEPTBaY.

Hexaii x(t) — uncno ocobun y momyJsmii B MoMenT dacy t. Toxi sxmo A — uucio ocobun y

HOHy.HSII.[ﬁ, HapOPKCHUX B OJUHIIO Hacy, a B — gucio OCO6I/IH, ImoMepjaux 3a OAUHII0 9acCy, TO €

MO>KHa CTBEPIKYBATH, IO MIBUIKICTh 3MIHM BEIMYWHU TTOMYJIALIT 3 9aCOM 3a/1a€ThCs (POPMYIIOr0
dx
—=A-B
dt
3aBgaHHs TOJSATAE B TOMY IOO OMHUCATH 3aJeXKHICTH A 1 B Bim X. Hadlmpoctimmm €

BHITIaJI0K, KOJIN
A =ax; B =Dhx,
ne a i b — xoedimieHTH HAPOIKYBAHOCTI 1 CMEPTHOCTI OCOOMH B OJMHHMIIIO 4Yacy BiAMOBITHO. 3

ypaxyBaHHSIM IMONEPEAHbOI PIBHOCTI, MU(eEpeHIlialbHe PIBHSIHHS %: A— B MNepenuuerses y
t

HACTYITHOMY BUTJISIL:

dx
— =(a-Db)x
g~ @D
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IIpumnyckatouy, Mo B MOMEHT 4acy t =1 uyucno ocobuH y nomynsmii cTaHOBUTh X=X, 13

OTPUMAHOTO PIBHSHHS 3HAXOIUMO X(t):
x(t)= xoe(a ~bJt-t) .
3 mporo ciiaye, mo ko a>b, o npu t — 0 yncino 0coduH X —»oo. 3 IHIIOrO OOKY, 3a
yMmoBH a <b, Maemo mo X — 0 npu { — 0 1 monysALis cTae BAMHPAIOYOO.
Xoua HaBeJIeHa MOJIEJNb € CIPOILICHHIO, TPOTE BOHA B HU3ILII BUIA/IKIB BIAMOBIAA€ AIMCHOCTI.
HacmipaBai >k, BCi Mojemi, IO ONUCYIOTh pealibHI SBHUINA 1 IPOLIECH, HENiHINHI, 1 3aMiCTh
PO3MIIIHYTOTO JU(EPEHITIaTbHOTO PIBHSHHS CJIiJ] BAKOPUCTATH PIBHSHHS BUTJISTY

% =f (X), ne f (X) — HeniHIiHA QYHKIS, HAaIPHUKIaa, PIBHIHHS
%: f(x)=ax—bx*, e a>0, b>0

BBaxaroun, mo B MOMEHT dacy [, 4mcio ocoOMH y momyssimii CTaHOBUTH X,, TOAL 3

OCTaHHBOT' O piBHﬂHHfI 3HAaxXogAnumo
a
on

x(t) =

x0+[%—xo]e‘a(t‘t0)
. a .
3Bigcu BUAHO, WO mpu t —> 00 urcno 0coOUH y momyJIsii X(t)—) 5 [Ipy LOMY MOMKIIMBI
JBAa BUITAAKHN:

a a
—> X, abo B<xo.

b

Pi3HuI0 M)k HUIMH HA0YHO MO’KHa MOOa4uTH Ha rpadiky, MO BiOOpakae 3aleKHICTh
3MIHM YUCJIa OCOOMH B MOMYJIALIT BifJ 4acy:

xh Za>.2:a
%
~“-*-.—
0 <
Fa
Puc. 1

BiamiTumo, 110 1aHe CIiBBIIHONIICHHS OMHCY€ MOMYJSIiT (PYKTOBUX IIKITHUKIB 1 AEIKUX
BUJIIB OakTepiit [2].

Anie OKpiM pO3TIIIHYTHX BHIIE MPUPOJHUYMX HAyK, JaHA TEOpPisl Ma€ JIOCHTHh MIMPOKE
3aCTOCYBaHHs 1 B IHIMX Taimy3sx. Hampukmanm, s €KOHOMIKH, JI€ HEMOXJIUBE OyIb-sKe
EKCIIEPUMEHTYBaHHS, 3aBJISKH 3aCTOCYBAaHHIO TIOTYKHOTO MaTEMaTHYHOTO anapary MaTeMaTHYHe
MOJICIIIOBAHHS € HaWe(PEeKTHUBHIIIMM METOAOM IS JOCHiDKeHHA. [IpukiagamMu €KOHOMIYHUX
MoJieNiell € MoJIelNi CIOKUBYOTO BHOOPY, MOZEII €KOHOMIYHOTO 3pOCTaHHS, MOJIENI PIBHOBAru Ha
TOBapHUX, PaKTOPHUX 1 (PIHAHCOBUX PUHKAX TOILIO.

Posrnsinemo modenv Esanca écmanoénenus pieHogaxchoi yinu, K MPHUKIAJ 3aCTOCYBAaHHS
Teopli nudepeHIialbHUX PIBHSIHb NEPLIOrO MOPSAKY B HEMEpEepBHUX MOJENSAX €KOHOMIKH, /i€
HE3aJIe)KHOI0 3MIHHOIO € Yac.

VY miit Mozeni po3rasaaloTh PUHOK OJTHOTO TOBApy, HEMEPEPBHO 3ajeKHUM Bia yacy. Hexai
Q(t),S(t),P(t) —BimmoBinHO momuT, IMPOMO3MLIA 1 LiHa HEOrO TOBAapy y MOMEHT Yacy t. Bymemo
BB)KATH, 11O 1 IMOTUT, 1 TPOTIO3MIIis JTIHINHI (GyHKIIIT BiJ I[IHU, TOOTO

Q(t)=a-bP(t), a,b>0, oueBuano 1O i3 3pOCTAHHAM LIiHM MOIHUT CHAJAE),

St)=a—pP(t), a,f>0 — i3 3pocraHHAM IiHM IPOMO3UILIA 3pOCTAE, IPHIOMY a >
(11 HYJHOBOI LIHU IMOMMT TEPEBHILYE MPOIO3UIIiI0, TOOTO ToBap OaxaHuil crokuBauy). [Ipu

28



AKmyaavHi numaHHA npupodHu4o-mamemamu4Hoi oceimu. 2019. Bunyck 1(13)

[[bOMYy, TOJOBHHM TNPHUIYIICHHIM € Te, o 30iutbmeHHs wind AP npsMo mpormopitiiine
MIEPEBUIIICHHIO MOMUTY HaJI MPOomo3uIliero 3a yac At , Tooto

Ap:}/(Q—S)At, Ac 7/>0,a60 ((jj_I:ZJ/(Q_S)

[TizcTaBuBIIM y 11€ PIBHSAHHS JiHIIHI 3aJI€)KHOCTI MOMHUTY 1 MPOMO3HLIT BiJl I[IHHU, OJEPKUMO
JiHIHE HeOaHOpIIHEe qUudepeHITiaTbHe PIBHAHHS 3 TTOYaTKOBOK YMOBOIO:

e yb-pP+ra-a), PO-P,

P03B'130K piBHSHHS, Ma€ BUTIIS:

pt)=pe 7O+ AN +a_—“(1—e‘7(b+ﬂ)tj,

b+ p
3BIJIKU
pty=pe 7O+ AN +P*(1—e_7(b+ﬂ)tj, e Pr=2"%
b+ p
Touxa P =2-% 50 ¢ crauionaproro: lim P(t)=P", 6o it P, <P’
+p t—> o0

PiBHOBaXHY 1IIHY MOXHAa TaKOX 3HAUTH rpadivyHo:

uiHa

o4

pisHoBarA

]

i
o'

L S Sam
:g T

=] ST

"

KinbKiCT
Puc. 2. Ilina Ta noBeiiHka pUHKY

3 rpadika BuaHO, o niHa g0 P, 3pocraroun, a mis P> P" nina, criajarouu, TeX IpsIMye
no P”. Cama nina P ¢ piBHoBaxkHom0 mina — misg vei Q(P7) =S(PY) [3].

[Tpuxnaaym npakTUYHOTO 3aCTOCYBaHHS Teopil AUdepeHIialbHUX PIBHSIHb MOXHA 3yCTPITH
y ¢izuii. 30kpema, po3risHEMO 3a/1a4y PO MOJIT Tijia, KHHYTOTO MiJ KyTOM JI0 TOPU30HTY.

Hexaii Ti10 KUHYTE T KyTOM « 10 TOPU30HTY 3 MOYATKOBOIO MIBUJKICTIO U, . HeobxigHO

BUBECTH PIBHSIHHS PyXy TiJIa, HEXTYIOUU CHUIIAMHU OTIOPY.
O6epemo 0ocl KOOPIUHAT TaK, K MTOKAa3aHO HAa PUCYHKY 3.

z

Puc. 3. Tijio KHHyTe MiJ KyTOM /10 TOPU30HTY

OueBuHO, 10 Y TOBUTLHOMY TIOJIOKEeHHI M Ha Tijio Mmacoro M i€ Juie oHa cuiia — Horo
Bara P=mg. Tomy y BimnosigHocti gm0 apyroro 3akoHy HbioToHa mudepeHIlianbHi piBHSIHHS
2 2
X d
—0;mEY o

PYXY B IIPOEKIISIX HA OC1 X Ta Y 3alUUIyThCS Y BUIJISIL: M pre pre

-mg .
CxopoTMo Ha M 00uBa PIBHSAHHS, OTPUMAEMO, 11O
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d’x d?
dt dt
Busnaunmo noyarkosi ymosu pyxy Tina: X=0; y=0; t=0.
dx _ dy .
= =p,c08; 2 =y,sina .
dt dt

[TpoiHTerpyBaBIly PIBHSIHHS PyXy B MPOEKIIISIX HA OCi X Ta Y, 3 ypaxyBaHHSIM MOYaTKOBUX

YMOB, 3HaX0JIUMO, 110
2
x = (v, cosa) t; y = (v, sina)- —%

OTpumaHi PIBHSHHS Jal0Th MOXJIMBICTH 3pOOMTH PsJT BUCHOBKIB TIPO XapakTep PyXy
KHHYTOTO Tijla. 30KpeMa, MOKHAa BCTAHOBUTH TPAEKTOPIIO MHOro MOJIBOTY, SKa 3aa€ThCS
napabosoro [4].

BucHOBKH Ta mepCHeKTHBH MOJAJBIIMX HAYKOBHX Ppo3Bitok. OTxe, B 0arathox
pealibHUX 3aJadyaX MU 3yCTpIYaEMOCS 3 CHUTYyali€lo, Koimu JudepeHiiadbHa MOAENb IIe He
HaBeJleHa B TOTOBOMY JUIS PO3B’SI3aHHS BUIIIAAL, 1 MOMEpenHbO MOTPIOHO cKiacTH. Moxe
CTaTHUCS, IO eTar Mo0y0BH MOJIeii Oy/ie HabaraTo CKJIaIHIIMM, HiXK O€3MocepeIHE PO3B’ sI3aHHS
KOHKPETHOTO JU(epeHIIAIbHOTO PiBHSAHHSA. [HOI MOKHA 3aCTOCYBATH TEBHI MAOIOHHI TT1IXO0IH.
AJne B mepeBa)kHIi OUIBIIOCTI MPUUTH A0 KOPEKTHOI MOJIEIII MOYKHA JIMIIE 32 YMOBHU JCTAIIBHOTO
aHami3y (Gi3UYHOI CyTi MPOIIECiB, BAKOPUCTAHHI CITIBBITHOIIEHh MAaTEPiaIbHOTO i €HEPreTUIHOTO
Oanancy.

BuBueHHs mudepeHIiaTbHUX PIBHSIHD MEPIIOTO MOPSAKY CTYACHTaMH BHIUX HAaBYAJIHHUX
3aKJ1a/liB € BAXKJIMBUM, OCKUIBKH JIaHA TeMa CIYTYe OCHOBOIO JJIsi IPOBEJCHHS IOCUTh IPYHTOBHUX
JOCTIPKEHb MPUKJIAJHOTO CHpAMYyBaHHA. TakoK, po3yMiHHS JTaHOI TEMH JTOTIOMOKE MalOyTHIM
BUYUTEISIM IIPHU POOOTI 3 YUHSIMH, K1 [IKABIATHCS MPUPOJHUUMMHU Ta MATEMAaTHYHUMH HAyKaMHU.
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Maprbinenko E. B., Mumenko U. B. Iuddepennuajibubie ypaBHeHHs IE€PBOro
NOPSAAKA KAaK MaTeMaTHYeCKUe MO/IeJTU PeaJibHOM 1eliCTBUTEIbLHOCTH.

B cmamve paccmompeno npuxnaounoe 3uauenue meopuu Ou@@epeHyuanvHblx ypasHeHull
nepeozo NopsoKd, 8 HACMHOCMU, ONUCAHbL MamemamuyecKue mooenu OJisi peulenus 3a0ay c
Xumuu, U3UKU, IKOIO2UU U IKOHOMUYECKOU MOOenu DEaHca YCMAHOBIEHUsI PABHOBECHOU YEHbl,
NOKA3AHO BANCHOCMb  U3YUEHUS OAHHOU MmemMbl CMYOeHmamu  QU3UKO-MAMeMamuidecKux
cneyuanbHocmel 6 GblCUUX YUeOHbIX 3A6e0eHUAX U YUEHUKAMU, KOMOopvle UHMepecyiomcs
eCmeCcmeeHHbIMU U MAMEeMAMU4ecKUMU HAYKamu.

Hupepenyuanvnvle ypagnenus u ux cucmemvl AGIANOMCA OOCMAMOYHO BANHCHIMU NPU
UCCTe008AHUU XUMUYECKUX npoyeccos. [Ipu ux ananuze 8 XumMudeckux cucmemax 6ce20a Ucxoosm
U3 mMoeo, YMo Kaxtcovlll NpOU36ONbHbIN Npoyecc ocyujecmensemcs 01a200aps OnpeoenenHou
osudicywel cune. Tak, 03 oughghysuu osudicyweil cunol A61aemcs cpaouenm KOHYeHmpayuu,
KOHBEKYUU — 2paoueHm RNJIOMHOCMU, NOMOKA Menia — 2paoueHm memMnepamypvl u momy
nooobnoe. I[losmomy, 00beKMUBHLIL AHATU3 OAHHBIX NPOYECCO8 BOZMONCEH MOAbKO NpU
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npumMerHenuu ouppepenyuanrbHulX ypasHeHul, NOCKONbKY NOHAMUE SPAOUEHMA MECHO CE:A3AHO C
NOHAMUEM NPOU3800HO.

Ewe oona ompacnv, komopas ucnoivzyem OOCMUMNCEHUs meopuu Oug@epeHyuanbhvix
VPaBHeHull Ol C80e20 pA3BUMUsl U COBEPUEHCMBO8AHUs selsemcs dkonocus. Kax ocnosnoil
00veKm ee Uccied08anUs pacCMampusalom 60110 YUI0 NORYIAYUL IHCUBLIX OpeaHu3mos. Onuuiem
ougpepenyuanvrvle Mooenu NONYIAYUL, CEA3AHHbIE C PASMHONCEHUEM UIU UX BbIMUPAHUEM, d
MAKdHce ¢ COCYWecmeo8aHuem paziuyHbiX U008 HCUBOMHBIX 8 CLYUAAX «XULYHUK — HCEPMBAY.

Ho Kkpome paccmompennvlx 6bluie ecmecmeeHHbIX HAYK, OAHHAs Meopus umeem
00CMamoyHo WUpoKoe npumeHneHue u 8 opyeux ompaciax. Hanpumep, ona sxonomuxu, 2oe
HEeBO3MOJICHO — Nl0b0e  9KCNEPUMEHMUPOBAHUs,  01a200apsi — NPUMEHEHUIO  MOWHO20
MamemMamuyeckoeo annapama MamemamuyecKkoe MOOeiuposanue ANAemcs PoekmusHbim
memoodom Onsi  uccrnedosanus. Illpumepamu SKOHOMUYECKUX MOOeNel AGIAOMC  MOoOenu
nompeodumenbeKo2o 8bl60pa, Mooeu IKOHOMUYECKO20 POCMA, MOOeIU PABHOBECUs HA MOBAPHYIX,
GakmopHwlx U UHAHCOBLIX PLIHKAX U MOMY NHOOOOHOE.

Kniouesvte cnosa: ouggepenyuanvhoe ypagHuenue, MO0eb, UCCIEOVeMblll 00beKm,
uccnedyemvlli  npoyecc, Mamemamuieckoe MoOeIUupoBaHue, CmyOeHmsl GblCUUX YUeOHbIX
3a6e0eHuil, Mamemamura, Mmamemamudeckue Mooeu.

Martynenko E. V., Mishchenko I. V. Differential equations of the first order as
mathematical models of reality.

The article considers the applied value of the theory of differential equations of the first
order, in particular, describes mathematical models for solving problems in chemistry, physics,
ecology and the economic model of Evans establishing an equilibrium price; The importance of
studying this topic by students of physical and mathematical specialties in higher educational
institutions and students who are interested in the natural and mathematical sciences is shown.

Differential equations and their systems are quite important in the study of chemical
processes. In their analysis in chemical systems, it is always assumed that every arbitrary process
is carried out by a certain driving force. Thus, for diffusion, the driving force is the concentration
gradient, convection is the density gradient, the heat flux is the temperature gradient, and so on.
Therefore, objective analysis of these processes is possible only when applying differential
equations, since the concept of gradient is closely related to the concept of a derivative.

Another area that uses the benefits of differential equation theory for its development and
improvement is ecology. As the main object of her research, they consider the evolution of the
population of living organisms. We describe differential population models that are associated
with reproduction or extinction, as well as with the coexistence of different animal species in
predator-prey cases.

But in addition to the natural sciences discussed above, this theory is quite widespread in
other fields. For example, for an economy where no experimentation is possible, mathematical
modeling is the most effective method for research through the use of a powerful mathematical
apparatus. Examples of economic models are consumer choice models, economic growth models,
equilibrium models in commodity, factor and financial markets and more.

Key words: differential equation, model, object under study, process under study,
mathematical modeling, students of higher education institutions, mathematics, mathematical
models.
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