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APPLICATION OF THE SMALL PARAMETER METHOD IN THE SOLUTION OF
SYSTEMS OF DIFFERENTIAL EQUATIONS

Abstract. The article is devoted to the use of a small parameter for solving systems of differential
equations, namely: brief historical information on the history of the development of an asymptotic
method for solving systems of differential equations; the problem of infinite systems of differential
equations is considered and theorems on the existence of a formal solution for this problem are given.

Keywords: asymptotic methods, differential equations, small parameter, asymptotic solution.

Bikropis [LiacroBennb

PO JEAKI ITIPOBJIEMUA BUBYEHHS MATEMATHKH TA IIJISIXHA IX
BUPIINEHHA 111 YAC HABYHAHHS Y IIKOJII

AHoTaNifA. ¥V Oaniii cmammi 00CHONCEHO CMABNEHHA YYHIE 00 MAMEMAMUKU Md HAB0OAMbCS
pesyrvmamu Q0CHiONCEHHs. NPO PIBeHb 3HAHbL YUHI6 3 Mamemamuku. Po3ensnymo 0oCHO8HI npuyunu
BUHUKHEHHS NpobiemM Ni0 4ac eugueHHs mamemamuku y wkoni. Hasedeno Oesaxi natlechexmuguiuti i
AKMyanbHi nopaou wjooo euUpiuLeHHs yici npobiemu ma npeodcmasneHi nPUKiaou 00 HUX.

Kuarouosi cnoBa: mamemamuxa, docnioscenus PISA, npakmuyne 3acmocyganus, ekcnepumenm,
MOYHI HAYKU, MAMEMAMUYHA KOMNETEeHYI.

Ilocmanoska npobaemu. MatemMaTuka HOBUHHA OYTH B KHUTT1 KOXKHOI IUTUHH, JTHOOOB 10
Hei MoTpiOHO BUXOBYBATH 3 CaMOT0 JUTUHCTBA, 100 Hajami i Oysio Jeriie BUBYATH TOYHI
HayKd. AJDKe BMBUEHHsS MaTe€MaTUKU cHpuse (GOPMYBAaHHIO B YYHIB JIOTIYHOTO MMCJICHHS,
ysIBU, OXaWHOCTI, BUMUTh iX TIPaMOTHO QOpMyJIOBaTH 1 O(OpPMIIIOBaTH CBOi CYIKEHHS,
npuiiMaTH pILIEHHS B yMOBaxX HEMOBHOI, TOYHOI, HA/UIMIIIKOBOI Ta MMOBIpHICHOI 1H(OpMAILii.
ToMmy 3aumIaeThCs akTyaaIbHO0 Tpo0IeMa BUBUSHHS MATEMAaTHKH I1iJ] YaC HABYAHHS y IIIKOJTI.

Mema 1i€i cTaTTi NoOJsArae B TOMY, L[00 BUSBUTH OCHOBHI NPUYMHU BUHUKHEHHS
npo0JeM 13 BUBUCHHSIM MaTeMaTHKH Ta 3’sICYBaTH MOXKJIMBI IUISIXU 1X BUPIIICHHS.

Buknao ocnosnoeo mamepiany. Tlicns poXopKeHHS MEJAroriYHOT TPAKTUKH Y IIKOJI S
nobaumna, mo Ttk 10-15 % yuHiB 3 Kiacy OyiM 3allikaBjleHI MaTeMAaTUKOIO, MPUOIM3HO
30 % Hamaraguch IOCh 3pO3YMITH, a PEIITi OyJI0 30BCIM HE MiKaBo. MeHi CTaJio I[IKaBO YOMY
Tak BiAOyBaeThCs 1 BUSBWIOCH, LIO ISl MpoOJieMa € JTOCUTh MOIIMPEHOI MO BCIX Kiacax 1
HIKOJIaXx.

[Iopoxky iie TeHAEHIIs 10 TOTO, L0 CTA€ BCE MEHIIE 1 MEHIIIE AITeH, K1 3aXOIIIOI0ThHCS
MaTeMaTHUKoI0 y mkoii. Ha choronuinHiil aeus, B gociigxkenHi PISA B3siu yuacts 5998 yuHiB
BikoM 15-16,5 pokiB. PISA BcranoBitoe 6 piBHIB MaTeMaTH4HOI rpaMoTHOCTI. Ha HaiiBuiomy,
IIIOCTOMY, PiBHI Y4YHI 3/1aTHI y3arajJbHIOBaTH 1H(QOpMAIliI0 Ha OCHOBI BJIACHHX JOCIIKCHb,
MO/IEJIFOBATH CKJIA/IHI CUTYallii, po3pOo0IsATH HOBI MIJXOAU sl PO3B’I3yBaHHS HECTaHIApPTHUX
3a7ad. BoHM MOXyTh TOYHO ()OPMYITFOBAaTH CBOi BHCHOBKH Ta apryMEHTH, OOIPYHTOBYBATH
BiacHi Aii. Ha HaliHmwk4oMy, nepiiomMy, piBHI y4HI BiANOBIAAalOTH HA YITKO C(OPMYIIbOBaHI
3aBJIaHHs, B IKMX HaBEJECHO BCIO HEOOX1HY 1H(OpPMAILIiIO 1 sIKI CTOCYIOThCS J0Ope B1IOMUX iM
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KOHTEKCTIB. BOHM Takokx MOXYyTh BHUKOHYBAaTH [lii, SIKI € OYECBHJAHUMHU a00 MepeadadeHi
YiTKUMH IHCTPYKIisMH. [1]

Binomo, 1o 36% mKoJspiB HE TOCATIIM 0A30BOTO PIBHSA MAaTEMaTHYHOT KOMIETEHITI1, 3
HuX 15,6 % He mocsrnM HaBiTH MEPUIOTO PIBHSA MAaTEMAaTUYHOI TPaMOTHOCTI, Onm3bko 38 %
YKpPaiHCbKUX YYaCHUKIB TOKa3ajlu pe3ynbTaTH 3-6 pIiBHIB, yTIM JIHMINE OJWHHMIN 3 HHUX
NOTpanuin 70 moctoro piBHsA. CepeaHii piBeHb MaTEeMaTHYHOI IPaMOTHOCTI YKpaiHCHKUX
y4HIB BiAmoBigae apyromy piBHio (453 OGamu). Ile cBimuMTh IPO CHUCTEMHY MpOOIEMy 3
BUKJIaJIaHHSIM MaTeMaTuKy B mkodi [1].

barato 6aThkiB BIEBHEHI, 110 JUTHHA HE PO3yMi€ MaTeMaTHKY, 00 B HUX caMUX OyJu 3
UM MPOOTIEMH y TIKOJIi. AJie SKIIO B JUTHHU HEMAE KOJHUX CEPUO3HUX BPOIKCHHX 1e(DEKTIB
PO3BHTKY, TO ISl HAyKa 3 JICTKICTIO IMiIA€THCSI BUBYCHHIO, KO 3HANTH NIPaBUIBHUAMN TT1IX1]I.

PosrisiHeMo AeKinbKa MPUYMH BUHUKHEHHS POOJIeM 3 MaTEeMaTHKOIO:

- JIUTHHI BAKKO PO3YMITH TOMY, III0 B HHOTO MJIO PO3BUHEHE MHUCJICHHSI 1 PaIlioHaIIi3M,
SIKi TOTPiOHI B MATEMATHII],

- JIUTHHI HYIHO, B TAKOMY BiIll JIT€H MOTPIOHO 3aIliKaBUTH MAaTEMAaTHKOIO, MTOKa3aTH
JOCTITHUIIBKY CTOPOHY ITi€T HAYKU;

- JUTUHA 0OIThCS, B II AUCIUIUTIHI Oarato TakuX CIIB 5K «OBECTHY, «ITOTPIOHOY, 11e
MOYe 1M030aBUTH Bipy B CBOT CHIIH;

- JWTHHA HE pOo3yMie, HaBIMIO iif 11e BuBYaTH. [10TpiOHO MOKa3yBaTH IiKaBe MPaKTHUYHE
3aCTOCYBAaHHSI MATEMATHKH, SIK MOYHA MTOJICTIINTH 32 JIOTIOMOTOI0 HEl JKUTTS 1 YOMY BOHA Taka
BaXKJIMBA [2].

MaremaTtuka

Ecronia | ] mPigenb 1

mHuwxve piBHA 1
Monbuwa | i

= Pigenb 2
3a Kpaivawn OECP * [
Pisenb 3

Cnosaybxa Pecny6bnixa | |

Pisenb 4
yropumxa 1 Pigexb 5

Binopycs 1 mPigens 6

Yrpaina _* 1

Mongosa |
Mpysin |

80% 60% 40% 20% 0% 20% 40% 60% 80% 100%

Puc.1. Pesynpratn ykpaincekux y4uHiB y HarioHaibHOMY 3BiTi TOPiBHIOIOTECS 3 pe3yJIbTaTaMH
IHIIAX KpaiH

['pyna amepukaHCHKUX BYEHHMX IpOBENa IiKaBUK ekcrepuMeHT. brnusbpko 500 miteii
JOLIKUIBHOTO BiKy Oysu po3¢opMoOBaHi 3a ABOMA IrpynaMu. Y mepiiii rpymi 3 JITbMH rpajiv B
3BUYAMHI ITpU, a B JIPYTiil MPOMOHYBAalU PO3Bard 13 3ajlydeHHSIM MaTeMaTHYHHX 3a7ad Ha
JIOTIKY 1 paxyHOK. Uepe3 miBpOKy BHUSIBWIOCS, L0 AITH 3 APYroi rpynu Kpaile 3acBOIOIOTh
oTpuMaHy iH(pOopMallito, y HUX OibllIe MPOCTEKyBallacs CXUIBHICTh 10 TOUHUX HAyK 1 aHaTi3y
BCHOT0, 1110 3 HUMU BiI0yBa€eThes [3].

JliTh He HapOJUKYIOTHCS 3 JIFOOOB’I0 10 TOYHMX HAayK, MM MOXXEMO CaMi BUXOBAaTH IO
m000B 1 3arikaBieHicTh. OTXKe, MO )X MU MOXEMO 3pOOWTH, OO0 BUXOBATH JIFOOOB 10
maremaTuku? HacmpaBzi, BapiaHTiB 0e3fiu: 3a JOMOMOIOI0 MY3HMKH, XMTTEBHX CILIEH, irop,
pI3HUX JTOAATKIB, 1 T. .

HayxkoBI1i Ta METOTUCTH PEKOMEHIYIOTh Taki Halle()eKTUBHIIIII 1 aKTyalbHI TTOPAJH PO
Te, SIK )K€ BUXOBATH JIFOOOB JI0 TOYHWUX HAYK B JUTHHH, 1 JOMOMOTTH B MaiiOyTHROMY Kpaiie
3aCBOIOBATH MaTepiall B HIKOJI.
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e BrnacHuii mpuKIan: HE CEKpeT, M0 JITH 3 CaMOro AWTHHCTBA BCE MOBTOPIOIOTH 3a
O6atbkamu. [loTpiOHO TOBOPUTH TPO 3HAYECHHS IUGP B HAIIOMY KHUTTI, SIK BOKJIUBO BMITH
paxyBaTu, po3IOBiAaiTe MPOCTI MATEMATUYHI Jii.

AN

e [rpu: MaTemaTHKa — 11¢ He HyJ[Ha HayKa, BOHA MOKe OyTH BecesIok 1 IiKaBor. € 6e3miy
MaTeMaTHYHUX irop, sIKi TOMOMOXYTh JUTHHI ITO0AYMTH, 110 MATEMaTHKa HE Ba)KKa HAayKa, 110
1€ HE OJTHI MPaBHJIA i TEOPEMH.

4 MO TH NOCTZBNTH SHCA BIA 1 70 4y KOXEH i3 HOTHPHOX
DYCTINX KEANPATHKIB TAK, WO YCi PIBKOCT] Gynit npasunti? e

KTO B AKIA XaTVHWi wuze?

Puc. 3. MaremaTtuuHi irpu

e HectangapTHuii miaxiJ: HATH AKYCh IIIKABUHKY 3 MAaTEeMaTHKH JI0 AKOi-HEOYyIb TEMH.
Hanpuknan, By 3HaIM, 110 SIKIIO HAMUCATH B CTOBITYMK TaOIMII0O MHOXKEHHS Ha 9, TO Bce mepii
uugpu O0yayts iWtu Big 0 10 9 3Bepxy BHHU3, a ocTaHH1 Bia 0 10 9 Bix HU3Y 10 Bepxy. Lle Tinbku
OJIUH MPHKIIAJ], a TAKUX € Oe3J11Y, SKIO 3arJIMOUTUCS B HECTaHJapTHE BUBUEHHS TOUHUX HAYK,
TO AI3HAETECS 1 IPO MEHTAIbHY MaTeMaTHUKYy, 1 PO CIOCOOU JI1uOH Mpo cede, 1 Mpo 3HAYCHHS
apabcbkux udp [3].

Tx1=1
Mx1=121
1M1 x 111=12321
M1 x 1111 = 1234321
11117 x 11111 = 123454321
M1 x 111111 = 12345654321
111111 x 111111 = 1234567654321
T x 11111111 = 123456787654321
M1 x 111111111 = 12345678987654321
Puc. 5. llikaBuHKa IIpO MHOXKECHHS IIUGP 3 OAUHHUIIMHU

e MoOLIbHI JOJIATKU: 3 PO3BHTKOM TEXHOJOTIH 3’SBUJIOCH 0€3]1i4 MaTeMaTHYHUX

JI0JIaTKIB, 3a JJOTIOMOT'OI0 SIKMX TaKO>K BUXOBYETBHCS JIOOOB 10 1i€i HAyKH, a TaKOXX MOXHA

89



mo0aunTH MaTeMaTH4HI TepMiHU Ha ekpani. Hanpuknan, Geogebra, Paint, Quick Brain, Math
Games, Brain workout i T.11.

GeoGebra - Continuity.ggb Q@@

File Edit View Options Window Help

] XA [O]€] [ Tecl[&] o e
_A Free ohjects A | P
JA=(-4,4)
J B=(5.1,0.33)

2 C={1.03,8.17)
_4 Dependent ohjects
2 D={0.24,6.2)
2 E=(1.67,6.94)
2 F=(-1.11,2.84)
J G=(-0.4,6.98)
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Mode: Circle with center through point
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Puc. 6. Ilpuknan 3acrocyBanus Geogebra B reometpii

Bucnoexu. TakuM 9MiHOM NMPUYMHAMH BUHUKHEHHS MPOOJIEM 3 MAaTEMAaTHKOIO € Te, 10
JUTHHI Ba)KKO 3pO3YyMITH MaTeMaTHKy, il HyJIHO, BOHa 00iTbca abo He po3ymie HaBILIO Iil
BUBYATH IIeH TTpeIMET. A 100 JONMOMOTTH BUPIIIKATH I1i TIPOOJIeMU MOTPiOHO IMOAaBaTH BIACHI
NPUKIAIN 3 SKUTTS, TpaTH MaTeMaTHYHI IrpH, 3HAXOJIWUTH SIKICh IliKaBl (DaKTH, a TaKOX
BUKOPHCTOBYBATH MOOUIBHI JTOAATKH.
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Abstract. This article explores students’ attitudes to mathematics and presents the results of a
study on students’ level of knowledge in mathematics. The main causes of problems in the study of
mathematics at school are considered. Effective and actual advices on the decision of this problem are
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