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THE ROLE OF INTEGRATIVE CONTENT TASKS IN THE IMPLEMENTATION
OF THE CONTINUITY PRINCIPLE IN TEACHING MATHEMATICS USING ICT

R. Ya. Rizhniak*, Yu. V. Botuzova*, V. V. Nichyshyna**

The purpose of the research is the determination of the role of tasks of integrative content in the
implementation of the continuity principle in teaching mathematics. During the research, we used
the following methods: analysis of school mathematics curricula and educational programs for
training future mathematics teachers, search, and analysis of relevant problems with further
formation of problems with integrative content based on them; generalization of own and advanced
pedagogical experience regarding the application of computer mathematics systems in the
educational process of secondary and higher schools. As a result of the research, the following
conclusions were made: the use of problems of integrative content provides an opportunity to form
integrated images of mathematical material, as well as to consolidate mathematical objects, the use
(by subjects of training) of scientific methods of cognition — observation, analogy, analysis,
synthesis, comparison. This approach was implemented from the point of view of the integration of
teaching methods, such as the method of addition, the technology of enlargement of didactic units,
and the method of contrast. And also, from the point of view of teaching aids, the use of graphic
illustrations, information and communication technologies, schemes, and algorithms of analytical
statements. This practice ensures the formation of generalized mathematical skills and, as a result,
the formation of integrative mathematical abilities and beliefs based on them, which will enable the
implementation of the continuity principle in the study of mathematics between different branches of
education. It is possible only with an in-depth study of specific mathematical problems and under
the condition of using a heuristic approach to learning with the using ICT tools.
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POABb 3AJAY IHTETPATHBHOI'O 3MICTY B PEAAI3ZAIIIL IPUHITUITY
HACTYITHOCTI HABYAHHSI MATEMATHKH 3 BUKOPHCTAHHSIM IKT

P. 5. Pixuaxk, 10. B. Bory3oBa, B. B. Hiunmuna

Mema docnidrxeHHst — BUBHAUEHHSL POl 3a800Hb ITHME2PAMUBHO20 3MICMY 8 peanizauii npuHyuny
HacmynHocmi Yy HaguaHHi mamemamuku. ITi0 uac 0ocniorKeHHsT BUKOPUCTMOBYBALUCS MAKL MEMOOU:
aHANI3 WKLILHUX HOBUOA/bHUX NJAHIB 3 Mamemamuku ma OC8IMHIX npozpam nid2omosKu
MalbymHix yuumesnie mamemamurku, NOWYK [ AHANI3 aAKMYyanibHux 3a0au 3 nooasbULUM
hOopMYBAHHAM HA iX OCHOBL 3a0au IHMezpamueHO20 3MICMY; Y3A2AlbHEeHHSs 81ACH020 ma nepedo8ozo
nedazo2iuHo20 00c8i0Yy w000 3ACMOCYBAHHSL KOMNIOMEPHUX MAMEeMAMUUHUX cucmem Yy
HABUANILHOMY NPOUEC] 3a2aibHO0C8IMHbOI ma suwol wkoau. Y pesysomami 00CNI0NKEHHST 3p0OeHO
Maki 8UCHOBKU, WO BUKOPUCMAHHS 30.0aY THMEZPAmMUBHO20 3Micmy 0ae MONAUBICMb. hopmysamu
YilicHi obpas3u mamemamuuHozo Mmamepiany; 3aKpinioeamu mamemamuuHi ob’ekmu;
guropucmosyeamu cyb’ekxmamu HABUAHHSL HAYKOBL MemooU NISHAHHSL — CNOCMepereHHsl, AHALO0ZII0,
aHani3, cuHmes, NopisHaHHs. Lleli nioxio peanizo8aHo 3 mouKuU 30pYy iHmMezpayii memooie Ha8UAHHSL —
Mmemoldy OONOBHEHHS, MEeXHON02ll YKPYNHeHHsT OUOaKMUUHUX OOUHUULb, Memoldy KoHmpacmy. A
maKkosK 3 mouku 30py 3acobie HABUAHHSL — BUKOPUCMAHHSL 2PAPIUHUX LTrocmpauiil, iHpopMayitiHo-
KOMYHIKAUITIHUX MEeXHON02ill, CXeM, GI20pUmmie GHANIMUUHUX BUCN08108AHb. Taka npaxmukra
3abesneuye Popmys8aHHs Y3a2albHEHUX MAMEMAMUUHUX YMIHb i, SIK HACNIO0K, POPMYBAHHSL HA X
OCHO8L IHMEezZPaAMUBHUX MAMEMAMUUHUX YMIHb | NepeKoHaHb, WO oOacmb 3MO02Yy peanizysamu
NPUHYUN HACMYNHOCMI Y BUBUEHHI MAMEMAMUKU MDK PIBHUMU 20y3simu ocgimu. Lle moxmnugo
AuUle 3a Ymosu Nno2nubNeH020 BUBUEHHST KOHKPEMHUX MAMeMAmuuHux 3a0au ma 3a Ymosu

BUKOPUCMAHHS €8PUCMUUHO020 Ni0X00Yy 00 HABUAHHSL i3 3acmocy8aHHsaM 3acobie IKT.

Knwouoei cnoea: iHmezpamugHuUil

nioxio,

MmamemamuuHa 3a0aud, IHPOPMAYIiHI MexHON02ll, YKPYNHEHHST OUOAKMUUHUX NIOPO30LLI8.

Introduction of the issue. The main
component of the modern stage of
reforming the education system in Ukraine
is the formation of mathematics teaching
content. At the same time, it is important
to focus on the process of forming
schoolchildren mathematical competence.
The effectiveness of this process directly
depends on the acquisition of systematic,
integral knowledge and continuity in the
process of teaching mathematics. However,
not always both in secondary school and in
higher education institutions, the acquired
knowledge has the property of integrity and
systematicity. This leads to fragmented
knowledge and makes it impossible to
reflect the mathematics teaching content
comprehensively. An effective means of
obtaining a productive and flexible system
of knowledge can be integration in teaching
mathematics. Moreover, integration in the
context of ensuring continuity in the
process of teaching mathematics should be
interpreted both as a process and as a
result of teaching. In particular, it is
possible to ensure continuity during
teaching mathematics when  solving
complex and integrated problems. It is the
tasks of integrative content that make it

HacmynHicmb HasuaHHs mamemamuru,
IIocraHoBKa mnpobaemu. OCHOBHOIO
CKAQI0BOIO Cy4acHOTrO eTarry

pedopMyBaHHA CHCTEMHU OCBITH YKpaiHU €
nobymoBa 3MIiCTy HaBYaHHS MaTEMAaTUKH.
[Ipu 11bOMY BaKAUBOIO € CIIPSIMOBAHICTb Ha
nporiec POpPMyBaHHSA B YYHIBCBKOI MOAOI
MaTeMaTUIHOL KOMIIETEHTHOCTI.
PesyarTaTuBHICTE IILOTO Ipolecy
Oe3rocepeHBO 3aAE€KUTH Bl OTPHUMAaHHS
CHUCTEMHUX, I[iAICHHUX 3HAaHb Ta HACTYIIHOCTI
y IIpolleci HaBYaHHA MaTeMaTuku. [Ipore
HE 3aBXKOW SK y 3araAbHOOCBITHIM IIKOAI,
TaK i y 3akKaaax BUIIOI OCBITH OTpPHUMAaHi
3HAHHS MAaloTh BAACTHUBICTL I[IAICHOCTI Ta

CHUCTEMHOCTI. Le IIPU3BOAUTH 10
dparMeHTapHOCTI 3HAHb Ta CIPUYUHIOE
HEMOXKAUBICTb BCEOXOIIAIOI0YOTO
BimoOpaskeHHs 3Mmicty HaBYaHHA

MareMaTUKH. [ieBUM 3acoboM OTpHUMaHHS
IIPOAYKTHUBHOI Ta THY4YKOI CHCTEMH 3HaHb

Moxke OyTh iHTerpallia y HaB4YaHHI
MaTteMaTUKH. llpumdyomy iHTerpaiiioo y
KOHTEKCTiI 3a0e3ledyeHHs HaCTYITHOCTI Yy
Ipoleci HaBYaHHA  MaTeMaTUKH  CAif
TPaAKTyBaTH i SIK Hpolec, i sIK pe3yApTar
HaB4YaHHS. 3okpema, 3abe3meynT
HaCTYIIHICTh mif gac HaBYaHHA
MaTeMaTHKHU MOZKAHUBO mifg Jac
pO3B’aA3yBaHHA KOMIIA€KCHUX Ta
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possible to apply research, heuristic
methods of teaching mathematics, to use
previously learned theoretical material
comprehensively, to combine analytical and
graphic methods of solving tasks, in
particular, with the help of ICT. Separately,
it must be said that ensuring the
continuity of teaching mathematics is
facilitated not only by solving problems of
an integrative content, but also by using
the technique of composing problems with
an integrative content.

Current state of the issue. Research by
scientists, teachers, and psychologists is
devoted to the issue of ensuring continuity
and implementing an integrative approach
in the educational process.

In the educational process, continuity is
considered as a principle of education and

upbringing. Outstanding scientist
S. Goncharenko [11] gives the following
interpretation of  the concept  of

"continuity": "Continuity in education is the
consistency and systematicity in the
introduction of educational material, the
connection and coherence of the degrees
and stages of the educational process...
Achieving continuity in school practice is

ensured by methodically and
psychologically justified preparation of
programs, textbooks, following  the

sequence of transition from simple to more
complex in learning and organization of
independent work of students and, in
general, the entire system of methodical
means".

"Ensuring the continuity of the content
and coordination of educational activities
at various levels of education, which
function as a continuation of the previous
ones and mean the preparation of citizens
for a possible transition to next levels" is

defined by The National Doctrine of
Education Development (2004) as a
fundamental thesis in the context of
ensuring thorough and  systematic

knowledge of education seekers.

The research of scientists G. Gordiychuk
[12] and M. Didovik [13] are devoted to
pedagogical conditions for ensuring the
continuity of natural and mathematical
disciplines study in various educational
institutions. Y. Botuzova [2] analyzes the
factors that ensure the continuity of

IHTEeTPOBaHUX 3aaa4. Cawme 3amaqi
IHTErpaTUBHOIO 3MICTy OAlOTh MOXKAHBICTH
3aCTOCOBYBaTH [OOCAIAHUIIPKiI, €BPUCTHYHI
METOoU HaBYaHHI MaTeMaTHUKH,
KOMIIA€EKCHO BHKOPHCTOBYBaTH paHille
3aCBOEHUM TEOPETUYHUN Marepiaa,
HoeqHYBaTH  aHaAiTM4YHI Ta  rpadidHi

MeTOAN PO3B’d3yBaHHS 3aBlaHb, 30KpeMa, i
3a pomoMmororo IKT. Orpemo caix ckasaTtu
TAKOXK IIpo Te, 10 3abe3nedeHHIo
HaCTYIIHOCTI HaB4YaHHA MaTeMaTHKH
CIIpUSIE HE€ TIABKH pO3B’d3yBaHHS 3a1ad4
IHTErpaTUBHOIO 3MICTy, a i 3acTocyBaHHS
IpUHoMy CKA@aHHS 337a4 iHTerpaTUBHOIO
3Micty.

AHaai3z ocraHHIX #OocaigxeHp i
nyoaikamiin. [MutanHio  3a0e3reYeHHs
HaCTYIIHOCTI Ta peaaizallii iHTerpaTHBHOIO
IiIXONny y HaB4YaAbHOMY IIpOIIECi
IPUCBSYEHI [OCAIZKEHHS HayKOBIIiB,
BYHTEAIB Ta IICHUXOAOTIB.

B ocBiTHBOMY TIIpolleci HAaCTYIIHICTH
PO3rASIa€eTbCS SK IPUHIAII HaBYaHHS Ta

BUXOBaHHS. Bunaruui HAyKOBEIlb
Foruapenko C.Y. [11] nae Take
TpakKTyBaHHA IIOHATTH "HaACTYIHICTD":

"HacTynHicTh y HaB4YaHHI — IIOCAIJOBHICTS i
CHCTEMHICTh y PO3MIIIEHHI HaBYaABHOIO
Matepiaay, 3B’I30K i Y3rOKEHICTh CTYIIEHIB
1 eramriB HaBYaAbHO-BUXOBHOI'O IIPOIIECY.
JocsarHeHHsT HACTYIHOCTI B  IIKIABHIH
IPaKTUIll 3a0e3IedyyeTbcsd MEeTOOUYHO i
IICUXOAOTIYHO OOI'PYHTOBAHOIO IT00YI0BOIO
oporpaM, HOiAPYYHUKIB, AOTPUMAaHHSIM
IIOCAIIOBHOCTI PyXy Big IIPOCTOTO OO
CKAQHIIIIOTO B HAaBYaHHI Ta opraHizariii
caMocTifiHoi poboTH y4HIB i B3araai BCi€lo
CHCTEMOI0 METOOUYHUX 3ac00iB".
HarrionanbHOI0O JOKTPHUHOIO  PO3BUTKY
ocBiTu (2004) "3abe3medyeHHS HACTYITHOCTI

3Mmicty Ta  KoopauHaWii = HaBYaABHO-
BUXOBHOI MIIABHOCTI Ha PidHUX Ia0bAgX
OCBITH, 1110 PYHKITIOHYIOTH dK

IIPOJIOBXKEHHS IIOIEPEenHIX i mependadaroThb
HiATOTOBKY TPOMaidH [Ad  MOXKAHBOTIO
nepexoay Ha HACTYIHI m1abai" BHU3HAYEHO
OCHOBOIIOAOZKHOIO TE€30K0 B  KOHTEKCTI
3a0e3nedyeHHsd IPYHTOBHHX Ta CHCTEMHUX
3HaHb 3100yBadiB OCBITH.

[lemarorivnuM  yMoBaM  3abe3reyeHHS
HACTYIIHOCTi BUBYEHHS IPUPOTHUIO-
MaTeMaTHUYHUX AUCIUIIAIH ¥ Pi3HUX OCBITHIX
3aKAagax IPUCBSYEHI JIOCALI>KEeHHS
HayKOBIIiB TFopaitiayk I'.B. [12] Ta
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mathematics teaching during the transition
from secondary school to higher education.
Y. Botuzova, V. Nichyshina, R. Rizhnyak
[10] consider the sequence of teaching
methods for solving mathematical problems
in schools and higher educational
establishments in the context of an
integrative approach. The All-Ukrainian
Research and Practice Conference was
devoted to the implementation of the
continuity principle in education, the result
of which was a collection of materials
(Continuity in Mathematics Education,
[15]). In particular, the methodological
requirements for the implementation of
continuity in the mathematics teaching at
the ©basic and specialized levels of
secondary education are formulated in the
publication of M. Burda. Among other
ideas, we note the following:
a) implementation of the continuity
principle in teaching geometry in general
and specialized secondary schools
(O. Vashulenko); b) ensuring continuity
during the study of functions through the

use of practically oriented tasks
(S. Ivanova, O. Olefir, I. Pavlovska);
c) implementation of the principle of
continuity in  teaching algebra to
elementary school students using
designing technologies (S. Movchan);

d) analysis of the application peculiarities
of composing problems for the acquisition
of mathematical competence technique

(M. Bykova, A. Gromluk, S. Ivanova);
e) research of analogy methods in the
implementation of continuity in the

mathematical disciplines teaching on the
example of specialty 014.04 Secondary

education (Mathematics) (I. Lovyanova,
D. Bobylev); f)the wuse of designing
technologies for training future
mathematics teachers to implement the
continuity principle in education

(O. Matyash, Y. Prostakova, O. Svetnoi).

A number of publications were devoted
to the problems of using an integrative
approach in teaching mathematics.
Practical recommendations for improving
intra-subject integration in mathematics
lessons are formulated in the publication
(V. Gogovska & R. Malcheski [3]). P. Treacy,
J. O'Donoghue [9] propose an author's
model of cross-curricular integration of

HinoBuka M.B. [13]|. bBory3osa I0.B. [2]
aHaaizye YHUHHUKU 3abe3neydeHHs
HEIepepBHOCTI HaBYaHHS MaTEeMaTHKHU IIpU
TIIEPEXOMi 3 CepeaHboi IITKOAW MO0 BHILOI.
Boryzona 10.B,, Hiuummaa B.B.,
Pixkuak P.4. [10] po3ragmaroTs HACTYIIHICTH
MeTOiB HaBYaHHS PO3B’a3yBaHHd
MaTeMaTHYHUX 337ad y IIKOAL Ta 3aKAamii
BHUIIOI OCBITHM y KOHTEKCTi IHTErpaTHBHOIO
ninxoxay. Peaaizartii mpuHITHIIy HACTYIIHOCTI ¥
HaB4YaHHI Oyaa mpucBsgdeHa Bceykpaincbka
HayKOBO-IIPaKTHYHA KOH(EPEHLLis,
pe3yAbTaToM KOl craB 30ipHHUK MaTepiaaiB
(HactymHicTh y HaB4YaHHI MaTeMaTHKH, [15]).
3o0KpemMa, METOAWYHI BHUMOTH [0 peaaizartii
HACTYIIHOCTI y HaB4YaHHI MaTeMaTHKU Ha
6a3zo0BOMy Ta IPOiABHOMY PiBHSIX CE€pPETHBOI
oCBiTH cdhopMyAbLOBaHi y ImyOAikartii
Bypmu M.I. Cepen iHmmx ine¥i Bia3HaA4YUMO
TaKi: a) peaaizalliss IPHUHIIUILY HACTYIIHOCTI Yy
HaB4YaHHI reoMeTpil y 0a30Bili Ta mmpodiabHiii
cepenHii IIKOAL (Bamryaenko O.I1.);
0) 3abe3riedyeHHs  HACTYIIHOCTI  IIi  dYac
BUBYEHHS (QYHKILH dYepe3 BUKOPHCTAHHH
IPaKTHIHO 30PiI€HTOBaHHX 3aBIaHb
(IanoBa C.B., Oaedip O.I., [TaBroBcbKa [.A.);
B) peaaizalfis IPHUHIUILy HACTYIIHOCTL ¥
HaB4YaHHI aATeOpH YYHIB OCHOBHOI IIIKOAHM 3
BUKOPHUCTAHHSM  IIPOEKTHUX  TEXHOAOTIM
(MoByau C.M.); r) aHaai3a  ocobAMBOCTEH
3aCTOCYBaHHA IIPHHOMY CKAQJ@HHS 3azad4
JAS HaOyTTS MaTeMaTHYHOI KOMIIETeHTHOCTI
(BukoBa M.A., I'pomarok A.C., IBanoBa C.B.);

) MOCAI/DKEHHS TIPUHAOMIB AaHAAOTII TIpH
peaaizartii HACTYIIHOCTI y HaBYaHHI
MaTEMaATHYHUX [OUCLIUIIAIH  Ha IIPUKAA]
crewjaspHocTi  014.04 CepemHst  ocBitTa
(MaTematuka) (AoB’anoBa [.B.,
BobuaeB [1.€.); €) BUKOPUCTAaHHS HPOEKTHUX
TEXHOAOTIH iArOTOBKU MaiOyTHBOTO
BUUTEAT MaTeMaTHUKU 0 peaaizartii
TIIPHUHIUILY HAaCTYIIHOCTI y HaBYaHHI
(Marsamr O.1., IIpocrakosa 10.C.,
CgetHoti O.IL.).

Huszka my0Oaikamiti Oysaa mOpuCBSdeHaA
npobaemMam peaaizartii IHTErpaTUBHOTO
IixoAy y HaB4YaHHI MaTeMaTukH. [IpakTuyHi
peKoMeHarii 1010 B/IOCKOHaAE€HHS
BHYTPIITHLO-IIPEAMETHOI iHTerparii Ha

ypOKax MaTeMaTHKH CQOPMYyABOBaHI y
yoOaikartii (Gogovska V. & Malcheski R. [3]).
Treacy P., O’Donoghue J. [9] mnpomnoHyOTH
aBTOPCBKY MOJEAB MIXKITpEeIMETHOI iHTerpariii
MaTeMaTHKHN Ta IIPUPOAHUYNX HAyK Y IIIKOAL
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mathematics and science in school called
"Authentic Integration". N. Coti¢, M. Cotic,
D. Felda, & N. Krmac [4] provided school
lesson designs based on the integration of
mathematics with natural sciences and
specific experiences. V. Kushnir,
R. Rizhnyak [14], R. Rizhniak,
N. Pasichnyk, D. Zavitrenko, K. Akbash &
A. Zavitrenko [8] consider the
implementation of an integrative approach
in teaching in the form of an integrative
image.

Scientists justly consider the use of
computer mathematics systems as a tool
for implementing an integrative approach.

B. Kramarski & C. Hirsch [6] draw
attention to the possibilities of integrating
self-regulated learning in such

environment. O. Birgin & K. Uzun Yazici [1]
determined the impact of the GeoGebra
platform on the eighth-grade students'
conceptual understanding and memorizing
of mathematical statements. The work
(D. Pope [7]) presents some practical ideas
for using Desmos and GeoGebra in the
sections Trigonometry and Lines and
Planes in Space. G. Pinkernell, J. Diego-
Mantec6on, Z.Lavicza & C. Sangwin [5]
analyzed the combination of STACK and
GeoGebra advantages for school and
academic mathematics.

Outline of unresolved issues brought
up in the article. In general, scientists
agree that ensuring continuity in the
teaching of  mathematics applying
integrative components is one of the most
important factors in the formation of the
mathematical competence of students.

Aim of research is to determine the role
of tasks of integrative content in the
implementation of the continuity principle
in teaching mathematics.

Research methods. During the
research, the following theoretical methods
were used: analysis of school mathematics
curricula and educational programs for
training future mathematics teachers,
search, and analysis of relevant problems
with further formation of problems with
integrative content based on them;
generalization of own and advanced
pedagogical experience regarding the
application of computer mathematics
systems in the educational process of

mim Ha3Bow  "ABTeHTHYHa  iHTerparitis'.
Coti¢ N., Coti¢ M., Felda D., & Krmac N. [4]
HAIaAH PO3POOKHU IIKIABHUX YPOKiB, B OCHOBI
dKUX A€XKHUTH IHTerpallida MaTeMaTHuKH 3
OPUPOOHHYMMU HayKaMH Ta KOHKPETHHUM

noceimoMm. Kymaip B.A., Pixuaak P.A. [14],
Rizhniak R., Pasichnyk N., Zavitrenko D.,
Akbash K., Zavitrenko A. [8] peaai3ariiro
IHTErpaTUBHOIO  IIiAXomy B~ HaBYaHHI
po3ragmaroTe 'y QopMi  iHTErpaTUBHOIO
obpaasy.

[HcTpymMeHTOM peaaizaliii iHTErpaTUBHOIO
[iIXOAYy HAYKOBILIL CIIPaBEOAMBO BBazKalOTh
3aCTOCyBaHHS CHCTEM KOMIT FTOT€PHOI
mareMaTuku. Kramarski B. & Hirsch C. [0]
3BEPTAIOTh yBary Ha MOXKAMBOCTI iHTerpariii
CaMOpPEeryAbOBaHOIO HaBYaHHA y  TaKHUX
cepenoBuiiax. Birgin O., & Uzun Yazici K. [1]
BU3HauMAu BHNAUB Imaardgopmu GeoGebra Ha
KOHIIETITyaAbHE PO3yMiHHA Ta
3ariaM’9TOBYBaHHSA MaTeMaTHYHUX BHKAQJIOK
YYIHAMH BOCHEMOTO Kaacy. Y mpari (Pope D.
[7]) mpencTraBaeHO AeKiAbKa MPaKTUYHUX iget
mono BukopucranHd Desmos i GeoGebra y

po3minax "Tpuronomerpis" tTa "llpami #
maoumiHE B mpoctopi’.  G. Pinkernell,
J. Diego-Mantecon, Z. Lavicza, C. Sangwin

[S] aHaaizyBaam moemHAHHS CHUABHUX CTOPIH
STACK i GeoGebra pmasg IIKiABHOI Ta
aKa/eMigHOI MaTeMaTHKH.

BunirneHHss  HeBHpilleHHX
YacCTHH 3araAbHOI HpobAeMH, SIKHM
IPHCBAYYETBCA cCTaTTA. B  IiroMmy
HayKOBIli CXOAATbCA y AYMIi PO Te, IO
3a0e3riedeHHs HACTYIIHOCTI y HaBYaHHI
MaTeMaTHKH B yMOBax 3aCTOCYBaHHH
IHTerpaTUBHUX KOMIIOHEHTIB € OOHUM i3
HaWBa>KAUBININX YUHHUKIB (OPMyBaHHS
MaTeMaTH4YHOI KOMIIETEHTHOCTI 3/100yBadiB
OCBITH.

O1ke, MeTa CTaTTi MoAdraTume Yy
BU3HAYEHHI pOAl 3a7a4d iHTErpaTHBHOIO
3MiCTy B peaaizallii IpHUHIINUILy HACTYIIHOCTI
HaB4YaHHSI MaTeMaTUKU.

paHiure

MeTonu OOCAiIKEeHHA. B xomi
[OOCAIPKEHHsI ~ BHKOPUCTOBYBAAMCS  TaKi
TEOPETUYHI MeToAu: aHaai3 HaBYaAbHUX

IIporpam 3 IIKiABHOI MaTeMaTHKH Ta OCBITHIX
IporpaM MiATOTOBKH MaMOyTHIX BYHUTEAIB
MaTeMaTHKH, [IOIIYK Ta aHaAi3 BiAIOBIIHUX
3a7a4 3 MOJAABIINM KOHCTPYIOBAHHAM Ha ix
OCHOBi 3aa4  iHTErpaTUBHOTO 3MiCTY;
y3araabHEHHS BAACHOIO Ta  II€PEJOBOTO
IIeJarorivHOIr0 JOCBiLy IIIOZI0 3aCTOCYBaHHS
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secondary and higher schools. When
working with pupils and students, the
observation method was used. Methods of

scientific knowledge were also wused:
systematization and generalization.
Results and discussion. Today, the

integration of mathematical knowledge and
skills is a key factor in determining ways to
regulate the educational activities of pupils
and students. This is due to the fact that
getting systematic knowledge about the
object of study and formation of
connections between the components of
this knowledge is achieved only in the
process of determining and studying the
features of this object transformation,
when forming the selection rules and the
sequence of necessary tools application for
the study of this object, as well as when
assessing the possibility of using generally
accepted tools to study the object. At the
first stages of the educational activity
organization, such methods of its
regulation are the subject of assimilation,
and at the final stages, they turn into
methods of integrative nature activities
regulation. In the work V. Kushnir,
R. Rizhnyak [14] concluded that the
integrative line in the school mathematics
course finds a more detailed
implementation in the use of educational
mathematical problems with integrative
content. These are tasks of creative nature
with a broad mathematical content and a
complex structure of interrelationships
between the components of their plot,
which have the potential to create new
problems and series of problems on their
basis, to generalize the methods of solving
them and to systematize a large amount of
mathematical material on their basis.
Solving such problems requires deep
knowledge and ingenuity from a student,
systematization, and generalization of
acquired knowledge from various sections
of school mathematics (and even from
other educational disciplines, for example,
information technologies, physics,
economics, etc.), which in turn requires the
formation of a certain level of mathematical
and informational culture in a student. In
the works of V. Kushnir, R. Rizhnyak [14],
R. Rizhniak, N. Pasichnyk, D. Zavitrenko,
K. Akbash, A. Zavitrenko [8] made a

CHUCTEM  KOMITIOTEPHOI MaTeMaTHKH B
OCBITHBOMY IIPOIIECi 3araAbHOOCBITHBOI Ta
Buioi mikia. Ilig yac poboTu 3 y4HIMH Ta
CTyAeHTaMU 3aCTOCOBYBaBCH METOL
criocrepexkeHHs. TakoxK OyAHM BHKOPHCTaHHI
MeTOaH HAyKOBOTI'O [Ii3HAHHI:
cucTeMaTu3allid Ta y3araAbHEeHHSI.

Buxaan OCHOBHOTO MaTepiaay.
Iarerpaiiia MareMaTHYHUX 3HAHL Ta yMiHb
Ha CBOTOMHI CTa€ BU3HAYAABHUM (PaKTOPOM
BU3HA4YEHHH CII0CO0OiB PEryAIOBaHHS
HaBYaABHOI MiSABHOCTI y4HIB Ta CTYIAEHTIB.
lle moB’s13aHO 3 TUM, IO HAOYTTS CHCTEMHHUX
3HaHb IIPO OO’€KT BUBYEHHHd i (pOpMyBaHHS
3B’A3KIB Mi’K KOMIIOHEHTAMH IIUX 3HaHb
JOCATAEThCS AMUIIIE y ITPOLIECi BUSHAYEHHS Ta
JOCAITZKEHHSI OCOOAMBOCTElH IIepeTBOPEHHS
ob6’ekTa, IIpu popMyBaHHi IIpaBUA H0OOPY Ta
IIOCAIZIOBHOCTI ~ 3aCTOCYBaHHS  HEOOXiTHUX
IHCTPYMEHTIB [OAS OOCAIMKEHHs O0€KTa, a
TAKOXK opu OLTiHIT MO>KAHBOCTI
BUKOPUCTAHHS 3araAbHOITPHUHHSTOTO
iHCTpyMeHTapito n0 BUBYEHHS o0ckra. Ha
IepIINX eTanax opraHizallii HaB4YaABHOI
MISIABHOCTI Taki crocobm I peryAroBaHHS €
IIpeAMETOM 3aCBOEHHS, a Ha 3aBEpILIAAbHUX

eTarlax  IIEPEeTBOPIOIOTBC Yy CIIocoOU
PETYAIOBaHHS [OiIABHICTIO iHTErpaTHBHOIO
XapaxkTepy. M pobori Kymruip B.A.,

Pixkuak P.4. [14] pgifiimanm BHCHOBKY, IO
IHTErpaTUBHA AiHIS y MIKIABHOMY Kypci
MaTeMaTHUKH 3HaXOAUTh OIABII [JeTaAbHY
peaaizailito y BHKOPHUCTAHHI HaBYaABHUX
MaTeMaTHYHHUX 3aza4 iHTerpaTUBHOIO
amicty. lle 3amadi TBOp4YOro XapakTepy 3
IIHPOKUM  MaTeMaTUYHHM  3MiCTOM  Ta
CKAQ[THOIO CTPYKTYPOIO B3aEMO3B’SI3KIB MixK
KOMIIOHEHTaMu ixX (pabyan, 110 MaloTh
TIOTEHITiaA CTBOPEHHS Ha iX 6a3i HOBUX 3a/a4
Ta cepifl 3amad, y3araAbHEHHsI CIIOCOOIB ix
PO3B’I3yBaHHS Ta CHUCTeMaTu3allii Ha ix 6a3i
BEAUKOTO 00CATYy MaTeMaTH4YHOIO MaTepiaay.
Po3B’a3yBaHHA Takux 3amad IoTpedye Bin
cyO’eKTiB HaB4YaHHS TAMOOKHMX 3HAHb Ta
BUHaXIJIAMBOCTI, IIPOBEZIEHHS CHUCTeMAaTHU3allil
Ta y3araAbHEHHsS 3400yTHX 3HAHb 3 Pi3HHUX
pO3OiAiB HIKIABHOI MaTeMaTHKH (a To ¥ 3
IHIIINX HaABYaABHUX OUCIIUIAIH, HAIPHUKAAQL,
iHpopmaritnux TEXHOAOTIH, dizukwy,
€KOHOMIKHU Ta iH.), III0 B CBOIO Yepry BUMAarae

cchopmoBaHOoCTI 'y  cyO’ekTa  HaBYaAHHSA
II€EBHOTO piBHA MaTeMaTHYHOI Ta
inpopMmariitinoi  Kyabrypu. Y  pobotax

Kymnip B.A., Pixkuak P.4. [14], Rizhniak R.,
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conclusion about formation of appropriate
integrative knowledge and skills in
students in the form of an integrative
image of the task, which was understood
as a holistic structure of abilities, that
must be possessed by the student (subject
of study — educate) to study the task with
integrative content for the purpose of its
solution and study.

On the other hand, the principle of
teaching mathematical disciplines
continuity (both in school and higher
education establishments, and between
them) involves the integration of related
disciplines and the establishment of
interdisciplinary connections (Y. Botuzova
[2]). Moreover, the internal integration of
methods, means, components and
meaningful lines of mathematics itself (as a
subject in school and higher education
establishments) ensures the implementation
of the continuity principle (Y. Botuzova,
V. Nichyshina, R. Rizhnyak [10]).

Taking into account the methodological
considerations mentioned above, we will
consider in more detail the question of the
continuity of the integrative approach
application in the formation of the ability to
solve inequalities with parameter. To
illustrate the application of the technology,
consider the problem given by the
condition in a generalized form.

Problem 1. Solve the inequality:

logpxiqa(@x® + Bx +ya) >m, (1)

where x is a variable, a is a parameter,
a,B,v,p,q,m are real numbers.

We considered and analyzed the case of
an equation with the condition where: p =0
and m=20;1;2 in (Y. Botuzova,
V. Nichyshina, R. Rizhnyak [10]). Similarly
to the case with an equation of the form
logqe(ax? + Bx + ya) = m, we study the case
with an inequality of the form log,,(ax?® +
Bx+ya) >m or logg.(ax®+ Bx+ya) <m,
with the only difference that the areas of
the plane will already be the graphical
solutions of the inequalities, and, therefore,
the intervals, the boundaries of which will
depend on the parameter a will be the
analytical solutions, as a rule.

Consider inequality (1) wherem = 0. Let
us move on to an equivalent set of
conditions:

Pasichnyk N., Zavitrenko D., Akbash K.,
Zavitrenko A. [8] 3po0HAM BHCHOBOK IIPO
dopMyBaHHA B Y4HIB BIAIIOBIIHUX
iHTerpaTUBHUX 3HaHb 1 yMiHB y opMi
iHTerpaTUBHOrO 00pas’y 3amadi, IIg gKUM
PO3YMIAM IIAICHY CTPYKTYpPy 3ZaTHOCTEH,
KO0 HEOOXiTHO BOAOMITH y4YHEBi (cyO’ekTy
HaB4YaHHS) JIAST JIOCALT>KEeHHST 3amadi
IHTErpaTUBHOIO 3MIiCTy Ha IIpeaMeT il
pO3B’aA3yBaHHA Ta BUBYEHHS.

3 iHmI0i CTOPOHM, IIPUHIINUII HACTYITHOCTI
HaB4YaHHA MaTeMaTH4YHUX AUCIUIIAIH (9K B
mrKoai Ta 3BO, Tak 1 MixK HHMHY)
nepenbadae iHTEerpaltito CYMIiKHUX
JAUCLIUIIAIH Ta BCTAHOBAEHHSA
MiXIOpeagMeTHHX 3B’E3KiB  (Botuzova Yu.
[2]). Tlpuwuyomy BHyTpillHg iHTerparllig
METO/IiB, 3aco0iB, KOMIIOHEHTIB Ta
3MICTOBHHUX AiHI¥ caMoi MaTeMaTHKH (9K
HaBYaAbHOI'O HIpeaMeTry B 1mkoai ta 3BO)

3abe3redye peaaisaliiro OPUHITUITY
HAaCTYITHOCTI (Boryzosa 10.B.,
Higyummna B.B., Pisxkaak P.4. [10]).
BpaxoByrouu 3a3Ha4eHi BHUIIIE
METOAMYHI po3aymu, PO3TASTHEMO
[eTaAbHillTe OUTaHHS HaCTYyIIHOCTI
3aCTOCYBaHHS IHTEIPATUBHOTO  IIiAXOIY
pu dopMyBaHHI 31aTHOCTEH
PO3B’I3yBaHHA HepiBHOCTeM 3
nmapaMeTpoM. Has ianrocTpartii
3aCTOCYBaHHSI ~ TEXHOAOTII  pPO3rASHEMO
3aja4dy, 110 3a4a€ThCd yYMOBOIO B

y3araAbHEHOMY BUTASI/I.

Bazmaua 1. Po3B’13aTu HEPIBHICTh:

10Gpx+qa(@x® + Bx +ya) >m, (1)

e x — 3MiHHa, a — mapamerp, «,f,Y,p,q,m
— OiFicHI 9ucaa.

Bunanok piBHSHHS 3 TaKOI0 YMOBOIO IIPU
p=0 ta m=0;1;2 HamMmu OyB PO3TASHYTUH
Ta MpoaHaaizoBaHuii y (Boryszosa IO.B.,
Hiyunmmaa B.B., Pizkaak P.4. [10]).
AHaAOTIYHO [0 BUIIAAKY 3 PIBHSIHHAM BUIY
logga (ax?+ Bx +ya) =m pocaimkyeTbca i
BUIMIAQJIOK 3 HepiBHICTIO BHAY l0g4, (ax? +
Bx +ya) >m abo logg,(ax? + Bx +ya) <m, 3
TOI0 AMII pi3HUIEI0, L0 TrpadidyHUMU
pO3B’I3KaMH HepiBHOCTeH BxXKe OyayTb
obAacTi IAOIIMHM, a, OTKE, aHAAITHYHHUMH
PO3B’s13KaMU, SIK IIPABUAO, IIPOMIiXKKH, MeKi
AKUX OyOyTh 3asexKaTH BiJ ImapaMerpa a.

Posraguemo HepiBHicTe (1) mpu m = 0.
[lepetimeMo [0 PIBHOCHUABHOI CYKYIIHOCTI
YMOB:
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px+qa>1 ) O<px+qga<l1

{(xx2+[3x+ya>1 Or'{O <ax’+px+ya<1 2)-
It is clear that in this case, in the xOa

coordinate system, the bounding lines of
the regions that determine the solutions of
inequality (1) will be parabolas and straight
lines, or only straight lines (where a = 0).
Let us show it with examples.

Example 1. Solve the inequality:

10gyrqa(x? +2x +a) >0

Let us move on to an equivalent set of
conditions:

{ x+a>1 { O0<x+a<l1

+2x+a>12l0<x?+2x+a<1
The graphic solution of the inequality is

shown in Fig. 1.

logn (m’2 +bx+c) )

O IO

px+qa>1 0<px+qa<l
{ 2 abo: { 2 (2).
ox“+fBx+ya>1 0<ax“+fBx+ya<l
3po3yMmia0, 110 B IHOMY BHIIQAKY B

cucreMi KoopauHaT x0a oOMeKyBaaAbHUMH
AlHigaMH  obaacTed, gKi BH3HaA4YaTHUMYThb
PO3B’a3KH HepiBHOCTI (1), OyayTk mapaboau
Ta HpaMi AiHIl, abo Auire mpami AiHil (Tpu
a = 0). [Tokaxkemo 11e Ha IIPUKAAIaxX.

IIpuxkaan 1. Po3B’s13aTH HEPIBHICTS:

l0gysqa(x? +2x+a) >0

IlepetimeMo [0 PiBHOCHABHOI CYKyIIHOCTI

YMOB:

{ x+a>1 aO'{ O0<x+ax<l1
x?24+2x+a>1 0<x?+2x+a<l1
Ipadiuanit PO3B’I30K HEePiBHOCTI

300pazkeHui Ha puc. 1.

|

|

|

|

|

|

|

R

’
17

Ae

I
\
\
|
|
D* 7

@ m=10

-1

Fig. 1. The region that is the solution of the inequality longra(x2 +2x+ a) >0

Here the points with coordinates:
175, “f) B(-1;2),¢ (Z25; 1f) D(=1;1).

A=

Therefore, the solutions of the inequality
are as follows:

A=

OTke, PO3B’I3KH HEPIiBHOCTI Tam

Tyt
1-V5

TOYKHU 3
1”_) B(—1;2), C(

KoopauHaTaMH:
14V, 1- ‘/_) D(~1;1).

npnae]—oo %—]xe]l—a +oo],

1-V5
where a €] — o0; ——] x €]1 — a; +oo|, -
21_\5 opu E]—\/_;O]xe]—a; —1+v2—a[u
2
where a €] T;O]xe]—a; -1+ 11—a; +oo[
V2 —alU]l —a; +oof, pu aE]O;l]xE]—1+\/1—a; -1+
where a€]0;1]x€]—-1++V1l—a -1+ \/m[u]l—a; +oof,
V2 —a[U]l — a; +oo], 1+y5
1+\/— pu ae]l; > ]xe]—a;l—a[u
where a €]1; ]xe]—al—a[] ] L+VT=a + [
—— - —a, @],
1+V2=a; 4ol +\/— opu ae]1+\/§;2]xE]—l—VZ—a;l—a[U
where a €] ;2] x€]l—1—-V2—a;1— o= 2
-1+ - ,+ )
Ul —1+VZ—a; +oof, | @; +oo|

where a €]2; +o[ x €]1 — a; +oo].
Example 2. Solve the inequality:
logyia(2x+a)>0
Let us move on to an equivalent set of
conditions:

npu a € |2;+o[ x € |1 — a; +of.
IIpuxaan 2. Po3B’a3aTH HEPIBHICTE:!
logyia(2x +a) > 0.

[lepetimeMo [0 PIBHOCHABHOI CYKYIIHOCTI

YMOB:
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{x+a>1 or.{0<x+a<1
2x+a>1 0<2x+ax<1

The graphic solution of the inequality
is shown in fig. 2.

logp,‘,_ “(m'z +bx + :1')

€ q
@ Vn:()
®

@ m=0

{x+a>1 a6o: {0<x+a<1
2x+a>1 0<2x+a<1
padivnnit PO3B’30K HEPiBHOCTI

300pazkeHu Ha puc. 2.

= o C

Fig. 2. The region that is a solution to the inequality log,.,(2x+a) > 0

Here are the points with
coordinates: A(—1; 2), B(0;1), C(1; —1).
Therefore, the solutions of the inequality
are as follows:

where a €] — o0; —1] x €]1 — a; +oo],
1-a

where €] -1 0]x €] —a;—[V]1 -
a; +oof,
where a €]0; 1] x €] — ;== [U]1 — &; +oo[,

where a €]1; 2] x €] — %,1—a[u —
a

where a €]2; +oo[ x E]— +oo[.

Consider inequality (1) wherem = 1. Let
us move on to an equivalent set of
conditions:

px+qa>1
{ax2+ﬂx+ya>px+qa
O<px+qa<1
{O<ax2+ﬁx+ya<px+qa (3)-

In this case, in the x0Oa coordinate
system, the bounding lines of the regions
that determine the solutions of inequality
(1) will also be parabolas and straight lines,
or only straight lines (where @ = 0). You can
verify this by solving examples 3 and 4.

or:

Example 3. Solve the inequality:
l0Gyta (xz + 3x + %a) > 1.
Example 4. Solve the inequality:

logyiq (3x + %a) > 1.
Graphic solutions of these examples are
shown in fig. 3 and 4.

Tyt TOYKHU 3 KOOpAUHATaAMU:
A(—1; 2),B(0;1),C(1; —1). OTxKe, PO3B’I3KH
HEPIBHOCTI TakKi:

npu a € |—oo; —1]x € |1 — a; +oo],

npua€|-1; 0] x € ]—a'l_—a[u 11 —a; +oof,

pu a € |0; 1]x€]—g l—a[u 11 —a; +oof,

npu a € |1; Z]xe]—g,l—a[ ]T

IIpu a € |2;+oo[ x € ]1;—'1, +00[.

Posragnemo HepiBHicTb (1) mpu m = 1.

; oo,

[lepetimeMo [0 PIBHOCHABHOI CYKYIIHOCTL
YMOB:
{ px+qa>1 50:
ax? + Bx +ya > px + qa avo:
{ O<px+qa<1i 3
0<ax?+fx+ya<px+qa (3).

B oMy BunazKy B CHUCTEMi KOOpAHHAT
x0a 0OMeXKyBaABHUMHU AiHiIMH obaacTei,
dKi BU3HAYaATHMYTb PO3B’I3KU HEPIiBHOCTI
(1), Takoxk OymyTh mapaboau Ta IpaMi AiHii,
abo aure npami aiHil (mpu a = 0). B uromy

MOXKHa  IIepPecBiAYUTHCH,  PO3B’I3aBIIN
npuraagu 3 ta 4.
IIpukaan 3. Po3p’azaru  HEPiBHICTE:
3
10Gx+a (x2 + 3x + Ea) > 1.
IIpuraan 4. Po3p’a3aTu  HEPIiBHICTE:
3
logysa (3x + Ea) > 1.
IpadiuyHi pPoO3B’I3KM LHUX MIPUKAAIIB

300pazkeHi Ha puc. 3 Ta 4.

160



Zhytomyr Ivan Franko State University Journal. Pedagogical Sciences. Vol. 1 (116)

Bicrux 2KumomupcoKozo 0epiagHoz0 YHigepcumemy imeHi Isara dpanka.
ITeoazoeiuni Hayku. Bun. 1 (116)

2. ) -
log,, . (m +bx+ev) >m

@ m=1
Fig. 3. Solution of the inequality

3
10g 10 (xz +3x+ Ea) > 1

Let us consider the most interesting case
when m=2. Let us move on to an
equivalent set of conditions:

px+qa>1

{axz + Bx +ya > (px + qa)?

O<px+qa<l1
{0 < ax?+ fx +ya < (px + qa)?

In this case, in the xOa coordinate system,
the bounding lines of the regions that
determine the solutions of inequality (1) at
q # 0 will be second-order lines (ellipses,
hyperbolas, parabolas) or a pair of straight
lines and straight lines, or parabolas (where
q =0,p #0,a # 0) and straight lines. Let us
consider such cases with examples.

Example 5. Solve the inequality:
10Gy1q(x? + 2x + 2a) > 2.

Let us move on to an equivalent set of
conditions:

{ x+a>1

x2 4+ 2x +2a > (x + a)?
{ O0<x+ax<l1

0<x?+2x+2a<(x+a)?

Let us find out the line represented by
the condition x? + 2x + 2a = (x + a)?. Having
opened the brackets, we will do the
transformation: a® + 2ax — 2x —2a =0, or

(a® +2ax+x?) — (x?+2x+1)—2a+1=0,
or(x+a)?—-(x+1)?—-2a+1=0.

Let us replace the variablex+a=a'.
Then we have:

(@) —x2-2x—-1-2(a'"—x)+1=0,
or (a'—1)?>—-x%=1.

We got a hyperbola in a new coordinate
system. In the xOa coordinate system, it is
presented in fig. S.

or:

(4).

or:

’ log, . & (r.r‘\'2 +bx+ (‘_1‘) >m ‘\

® a=0 \ .
@ b=3 \
Q -c:1.5 - \
= | S
@ ‘frzl \\

@ m=1
Fig. 4. Solving the inequality

3
logyia (3x + Ea) >1

PosragHeMo HaMOIABII IIKaBUH BHUIIAI0K,
Koan m = 2. [lepefimeMo o0 PiBHOCHUABHOI
CYKYIIHOCTi yMOB:

px +qa>1
{axz + Bx + ya > (px + qa)?
O<px+qa<l1
{O < ax?+ fx +ya < (px + qa)?

B mpomMy BumazKy B CHUCTEMi KOOpAMHAT
x0a 0OMeXKyBaABHUMHU AiHiIMH obaacTei,
gKi BU3HAYaATHMYTb PO3B’I3KH HEPIiBHOCTI
(1), mpu q # 0 6yayTh AiHII APYTrOTO HOPSIAKY
(eaimcm, rinepboam, mnapaboam) abo mnapa
IpsMHUX Ta OpaMi AiHil, abo mapaboau (mpu
q=0,p*0,a=+0) Ta npsami AiHii.
PosragHemo Taki BUIIaOKH Ha IPHKAAIAX.

IIpuraan 5. Po3p’azatu  HEPiBHICTE:
10Gyraq(x? + 2x + 2a) > 2.

IlepetimeMo [0 PiBHOCHABHOI CYKyIIHOCTI

YMOB:
{ x+a>1

x2 4+ 2x + 2a > (x + a)?
{ O0<x+ax<l1

0 <x?+42x+2a<(x+a)?

BusgacHuMmo, gKy AiHiI0o 300pazkae ymoBa
x%2 +2x +2a = (x + a)?. POSKPUBIIM MIyKKH,
MIPOBEAEMO [IE€PETBOPEHHSI:

a’?+2ax—2x—-2a=0, a6o
(a®> +2ax+x?)— (x> +2x+1)—2a+1=0,
abo (x+a)!—(x+1)?—-2a+1=0.
3pobumo 3amiHy 3MmiHHOI x + a = a’. Toxi
MaeMo:
(@) —x?2-2x—1-2(a' —x)+1=0,
a6o (a' —1)2—x%2=1.

OTxke, oTpuUMaAu TinmepboAy y HOBIH
cucreMi KoopauHat. B cucremi KoopauHaT
x0a BOHA IpEeICTaBAEHA Ha PUC. 5.

abo:

(4).

abo:
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' logprm (m‘2 + bx + m) >m

a=1

© @

HOMIOIRIO)

m=2

o)

Fig. 5. Hyperbola

Taking into account the equivalent set of
conditions, the graphical solution looks as
shown in fig. 6, and the analytical one is
written as follows:

where a €] — ;1] x €]1 — a; +o0],

a’-2a
where a €]1; +oo[ x €]1 — a; 2a [
Example 6. Solve the inequality:

l0gpxiaq(x? + 2x + 2a) > 2.
Let us move on to an equivalent set of
conditions:
2x+a>1
{xz +2x + 2a > (2x + a)?
0<2x+a<1
{O<x2+2x+2a<(2x+a)2
Let us find out the line represented by
the condition x? + 2x + 2a = (2x + a)?.
Having opened the brackets, we will do the
transformation:
3x>+a® +4ax—2x—2a=0,
or (4x% + 4ax +a?)—x?>—-2x—2a =0,
or 2x +a)? —x?+2x—2(2x+a) = 0.
Let us replace the variable 2x + a = a’. Then
we have:

or:

(a')? —x?>+2x—2a =0,
or(@)?—-2a+1-x2+2x—-1=0,
or (a—1)2?-(x-1)?2=0
We got a pair of straight lines in the new
coordinate system.
In the xOa coordinate system, these are
the lines a =—x, a =2 — 3x.

Fig. 6. Solving the inequality
10g,1a(x* +2x+2a) > 2

3 BpaxyBaHHAM PiBHOCHABHOI
CYKYIIHOCTI yMOB TrpadiyHUil pPO3B’I30K
BUTASIA€ SK IIPEACTaBA€HUH Ha pHC. 6, a
aHaAITUYHUH 3aIIUCYyETHCH TaK:

npu a € |—o0; 1] x € |1 — a; +oo],

aZ—ZaL
2—-2a

IIpukaan 6. Po3p’azatu
10Goxra(x? + 2x + 2a) > 2.

[lepetimeMo 40 PiIBHOCHUABHOI CyKyIIHOCTI
YMOB:

2x+a>1
{xz +2x + 2a > (2x + a)?
0<2x+a<1
{0<x2+2x+2a<(2x+a)2

BusgcHumo, gKy AiHiI0O 300pazkae yMmoBa
x2 +2x + 2a = (2x + a)?. PO3KpUBIIH
[YZKKHU, [IPOBEEMO ITI€PETBOPEHHS:

3x2 +a? +4ax —2x—2a =0,
a6o (4x%2 +4ax +a?) —x?—2x—2a =0,
a60 2x + a)? —x?+2x—2(2x+a) = 0.
3pobumo 3aminy 3miHHOL 2x + a = a’. Toxi
MaeMo:

npua € |1; +oof x E]l—a;

HEPiBHICTB:

abo:

(a)? —x?+2x—2a =0,
a6o(a’)?—2a+1—-x*>+2x—1=0,
abo (' —1)?-(x—1)?=0
OTke, OTpUMaAu Napy NPSIMHUX y HOBIM
cucreMi koopamHat. B cucremi KoopauHaT
x0a e npsmi a = —x, a = 2 — 3x.
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a=1
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]
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> g=1

1@ 1@ 1E

\
1 y

log,..q ((.'\'2 + b+ (’_1‘) >m y

Fig. 7. Solving the inequality log;,.,(x* + 2x + 2a) > 2

Taking into account the equivalent set of
conditions, the graphical solution looks as
shown in fig. 7, and the analytical one is
written as follows:

where a €] — o0; —4] x €] — %; —al,

where a €] —4; —1] x €] =1+ V1 - 2a;

a-2 a

—— [Vl =3; —al,
where a €] —1; 0 x €] — 1+ V1 — 2a;
a a-2
—a[u] =2 ===,
where a € [0; +oo[ x €] —%; —aT_Z[.
Example 7. Solve the inequality:

10Gyx+a(—2x% + 2x + 2a) > 2.
Let us move on to an equivalent set of
conditions:

x+a>1 .
{—2x2+2x+2a> (x +a)? or:
O0<x+ax<l1
{O<—2x2+2x+2a<(x+a)2

Let us find out the line represented by
the condition —2x? + 2x + 2a = (x + a)?.
Having opened the brackets, we will do the
transformation:

3x2 +a? +2ax —2x—2a =0,
or (x2 + 2ax +a?) + 2x? — 2x — 2a = 0,
or (x+a)?+2x?+2(x+a) =0.

Let's replace the variable x + a = a’. Then
we have:

(@)?+2a +1+2x?% =1,
or (@ +1)?%?+2x?=1

We got an ellipse in the new coordinate
system fig. 8.

3 BpaxyBaHHAM PiBHOCHABHOI
CYKYIIHOCTI yMOB TrpadiyHUii pPO3B’I30K
BUTAGa€ SK IIPEACTaBA€HUN Ha puc. 7, a
aHaAITUYHUH 3aIIUCYETHCH TaK:

IpH a € |—o0; —4] x € ]—%; —a[,

npua€l—4; -1 x €] —1++vV1 - 2a;
a-2 a
- [Vl =5; —al,
npua€l—1;, 0[ x €] —1++V1 - 2q;
a a-2
—a[u] —=2; ——=1[,
npu a € [0; +oo[ x € ]—%; —aT_Z[
IIpukaan 7. Pos3p’azatu
10Gy+q(—2x% 4+ 2x + 2a) > 2.
IlepetimeMo 4O PiIBHOCHABHOI CyKYIIHOCTI
YMOB:

HEPiBHICTB:

x+a>1 .
{—2x2+2x+2a> (x + a)? abo:
O0<x+ax<l1
{0<—2x2+2x+2a<(x+a)2

BusgcHumo, gKy AiHiI0O 300pazkae yMmoBa
—2x%+2x + 2a = (x + a)?. PO3KpUBIIH
OY3KKH, IIPOBELEMO IIepeTBOPEHHS:

3x2 +a? +2ax —2x—2a =0,
a6o (x? + 2ax +a®) +2x2 —2x —2a =0,
a6o (x + a)? +2x®>+2(x +a) = 0.
3pobumo 3aminy 3minHoi x +a = a’. Toxai
Ma€eMOo:
(@)?+2a +1+2x%2=1,
a6o (a' +1)>+2x?=1

OTxe, OTpHMaAH €AIIlIC y HOBIiM cucTreMi

KOOpAHHAT (pHUcC. 8).
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Fig. 8. Solving the inequality log,,,(—2x* + 2x + 2a) > 2

)

.
500
1g_

3
) G <v" E)'
Taking into account the equivalent set of
conditions, the graphical solution looks as

shown in fig. 8, and the analytical one is
written as follows:

where a €] — oo; —%] U [1+\/§; +oo[ x € @,
1 3 -1-VI+4a
where ae]-z, 1\/;] XE] [,

2 )
where a €]1 —\E; 1]
-1- -a-+/-2232
XE] 1 \/;+4a; 1-a-/ Za3 +4a+1 [U]

-1+vV1+4a
2 [7

where a€[0;1-
-1- \/1+4 l-a-y-2a%+4a+1
I x€]

whereae [1_7’1-}_\/_[

-1-+/1+4a 1-a-v/-2a%2+4a+1 1-a++/-2a2+4a+1
xg] TR T2 At ), Lt 20t e
[ ] —1—+v1+4a

wherea€[1+T,2 >
1-a—v-2a?+4a+1 1- a+\/—2a2+4a+1[
3 )

3 )
where ae[2;1+\F[
—232+4a+

1

Along with this A(—1;2), B
1
1+ )

(-5

E(1;0); F(

1-—

-14++v/1+4a
2

1-a++/-2a%+4a+1

3 ]

-2a’+4a+1
3

1-a+

H _a[J

B

;—alu

]

-2a%24+4a+1

3
the

1a+

Example 8 Solve
logx, ,(2x + 2a) > 2.
2

inequality:
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[Mpuuyomy, A(—1;2), B

e

£)

1

c(-m1+5) 2(5

1

1-%)

1 3

E(1;0); F( ) G<\/_,1— 5).
3 BpaxyBaHHSIM piBHOCHABHOI
CYKYIIHOCTI yMOB TrpadidyHUP pPO3B’I30K

BUTAGIa€ K IIPEeACTaBAECHUH Ha puc. 8, a
aHaAITUYHUH 3alIHCyEThCH TaK:

1+\/§;+00[xe®,

—— ]_%; 1\/%] ‘€ ]—1—\/1+4a 1+V1+4a

2 )
3
pu ae]l-\/:;o[

-1-v1+4a  1-a-y-2a24+4a+1

XE] s 3

-1+m[
2 b

opu a€[0;1-
[ x€] -1-vI+4a  1-a-y- a2+4a+1
2

1 1

IIpU a€ [1-\/—7,1+\/—7[

-1-vI+4a  1-a-y-2a%+4a+1
2’ 3

1

opu €1+ NG
1-a—v-2a%+4a+1
3 )

pu a € ]—oo; —ﬂ U

[U] 1-a+v-2a2+4a+1
3 )

1-a++/-2a’+4a+1

[V]

Sl-

-2a2+4a+1
3
-1—/1+4a
2 ’

XE] 1-a+

[U]-a;
;2[x €]

1-a+V-2a?+4a+1
3

] [
opu aE[2;1+\/§[
-a-y/-2a%+4a+1 . 1-a++/-2a%2+4a+1 [
’ 3

IIpuraan 8. Posp’sa3atu
logx, ,(2x + 2a) > 2.
2

HEPiBHICTB:
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Let us move on to an equivalent set of
conditions:
SHa>1 0<>+a<1
2 OT: 2
X X
2x+2a> (E +a) 0<2x+2a< (5 +a)
Let us find out the line represented by

2
the condition 2x+ 2a = (g + a) . Having

opened the brackets, we will do the
transformation: x? + 4a? + 4ax — 8x — 8a = 0,
or (x+2a)? —4(x +2a) — 4x = 0.

[TepetineMo [0 PiBHOCUABHOI CYKyITHOCT
YMOB:
SHa>1 0<>+a<1
2 abo: 2
2x+2a> (% +a) 0<2x+2a< G +a)
BusgacHuMo, gKy AiHiI0 300paxkae ymoBa
2
X
2x+2a—(5+a) .
IIPOBENEMO  IIepPEeTBOPEHHSI:
4ax — 8x —8a =0,
a6o (x + 2a)? — 4(x + 2a) —4x = 0.

PoskpuBmu  Oy>KKH,

x?% + 4a?% +

Let us replace the variablex + 2a =a'. 3pobumo 3amiHy 3miHHOI X+ 2a =a'.
Then we have: Toni maemo:
(@) —4a"+4—-4x—-4=0, or (a'—2)*= (@)?—4a’" +4—4x—4=0, a6o (a' —
4(x+1) 2)2=4(x+1)
We got a parabola (fig.9), and: OTxxe, oTpumasu mnapaboay (puc.9),
A(=2;2),B (—1;%),6(0; 2). nprraomy: A(—2;2), B (—1;%),6(0; 2).
& log‘m_m(m‘2 + bx + m') =m | . . .
1 o4 Ll
@ -ﬁ'.: 0 . : .f///
; ! +B 1.5
@ b=2 i\\
. —1u -~ | \
; - |
@ c=2 N\
. & |
5 \{F 0
@ . .\\ 0.5
=10 - \\
a \“-
@ g=1 2 1ls 1 -ols 0 05
G m=2 -0.5
Fig. 9. Solving the inequality log; +a(2X+2a)>2
Taking into account the equivalent set of 3 BpaxyBaHHAM PiBHOCHABHOI
conditions, the graphical solution looks as | cykynHOcTi yMOB TrpadidyHUB pO3B’I30K

shown in fig. 9, and the analytical one is

written as follows:
where a€]-oo; 0] x€]2(1-a);4-2a+2V4-2a],
where a €]0; %] X€l—a;4—2a—

2V4 —2a[U]2(1 — a); 4 — 2a + 24 — 2q],
where ae]%; 2[x €] —a;2(1 —a)[V]4 —

2a —2V4 —2a;4 — 2a + 2V4 — 24|,

where a € [2;+oo[ x € 0.

The formation of systematic mathematical
knowledge among students is facilitated by
the use of partially search and research
teaching methods, in the process of which
in-depth studies of mathematical objects (for
example, logarithmic inequalities with

BUTAS/IA€ SIK IIPEACTaBA€HUH Ha pHcC. 9, a
aHaAITUYHUH 3aIIUCYyETHCH TaK:

mpu a€]-oo; 0] xE]Z(l-a);4-2a+2M[,

npu aE]O; %] xE]—a;4—2a—2M[U
|21 — a);4 — 2a + 2V4 = 24|,

pu aeE; Z[xe]—a;Z(l—a)[U
|4 —2a—2v4 —2a;4 — 2a + 2v4 — 24|,

IIpH a € [2;+oo[ x € .

dopmyBaHHIO 'y 3m00yBadiB  OCBiTH
CHUCTEMHHX MaTeMaTHYHUX 3HaHb CIIPUSE

BUKOPHUCTAHHS  YaCTKOBO-IIOIIIYKOBHUX  Ta
JIOCAITHUITBKUX  METOMIB  HAaBYaHHSI, B
mpolleci peaaizaiii  gKMxX — 3AIMCHIOIOTHCHA
TAMOOKI JIOCAIT>KEeHHST MaTeMaTHIHUX
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parameters) are carried out with the help of
available tools, in particular, software tools
Desmos, GeoGebra, etc., as demonstrated
above. Having mastered the technique of
solving  logarithmic  inequalities  and
computer tools that allow us to demonstrate
the dynamics of changes in solutions with
changing parameters, we build an integrated
image. However, taking into account the
principle of continuity of teaching
mathematical disciplines it is too early to
talk about its completeness. It is possible to
offer the studied logarithmic inequalities with
parameters to students who are studying the
course "Mathematical Analysis" at the Higher
Education Establishment and are already
familiar with the methods of calculating
triple integrals.

We can formulate the research problem
for students as follows: "Establish the

correspondence between the region of
integration and the solution of the
logarithmic  inequality, choosing the

parameters in both problems accordingly."
We will give examples of such a task
implementation with the help of software
tools GeoGebra (for constructing space
bodies and their projections) and Desmos
(for constructing solutions of logarithmic

006’eKTiB (HanmpuKaam, AoTapuPMIgHUX
HEepiBHOCTEN 3 IIapaMeTpaMH) 3a JOIIOMOIOO
[OOCTYITHUX IHCTPYMEHTIB, 30KpemMa

nporpaMHux 3acobiB Desmos, GeoGebra ta
iH., 9K 116 OyAO IIPOJAEMOHCTPOBAHO BHIIE.
OnaHyBaBIIH TEeXHIKY PO3B’sI3yBaHHHA
AorapudPMIgHUX HepiBHOCTEH Ta
KOMIT IOTepHUH iHCTpyMeHTapiH, SAKUMN
[03BOASIE  IIPOJAEMOHCTPYBaTH  OUHAMIKY
3MiHM PO3B’I3KiB i3 3MiHOIO IIapaMeTpiB,
BUOyZIOByeEMO iHTerpoBaHUM o00pa3. Aae,
BpPaxoBYIOYU IPUHITUII HACTYIIHOCTI
HaBYaHHS MaTeMaTHYHUX JHCLIUTIAIH,
TOBOPUTH IIPO HOro BHYEPIIHICTH 3apaHo.
BbauaeTbca MOXKAUBICTB IIPOIIOHYBaTH
MOCAI/KYyBaHi Aorapu@MiyHi HepiBHOCTI 3
napaMeTrpaMu CTyJeHTaM, S$Ki BHBYalOTb
Kypc "MaremaruuHoro anaaizy" y 3BO i Bxke

3HaMoMi 3i criocobamMu 004YHCAEHHS
IOTPiMHUX iHTErpaais.
HocaimHUIEKY 3aady [dasl  CTYAEHTIB

MOXKeMO C(POPMyAIOBaATH HACTYITHHUM YHHOM:
"BcTaHOBUTH BIAMNOBIMHICTL MiXK 00AACTIO
iHTerpyBaHHS Ta PO3B’I3KOM AOTapH(pMivHOL
HEPIBHOCTI, HigiOpaBIIX BiAMOBIAHUM YHHOM
napaMeTpu B 000X 3amadax’.

HaBenemo mnpuraagu peaaizamii Takoi
3a71a4i 3a JOIIOMOTOI0 IMPOTPAMHHX 3aco0iB
GeoGebra (mas 1mo0OymoBU HPOCTOPOBHUX Tia
Ta ix mpoekiiii) Ta Desmos (mag moOynoBu

inequalities). PO3B’A3KiB AoTapUPMIiYHOI HEPIBHOCTI).
Case 1. A cylinder and plane surface Bunanok 1. Tino obmerxkeHe UYUNIHOPOM
body: ma NIOWUHOIO:

Calculate the volume of the
body bounded by the
surfaces

the XoY plane

s p:Dx+Ey+Fz=1
@

—2.5x+22y+z =1

eqd: (x - a)? [/ A4

6] (y-by /B*=1 oad

Projection of the body onto

which will allow
comparison of regions
Sy ' (A,\'2+B-A'—:C-_1=)>(p-.x'—:q"\')?
% ' ® ratar>i

Selection of parameters for
the logarithmic inequality,

- -

) -_——

-

(the -inequality has been
transformed for Dbetter
visualization)
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Case2. A body bounded by a Bunanok 2. Tino obmerkere
hyperboloid and a plane: 2inepbos10i0om ma NIOULUHOHO!

Calculate the volume of the body bounded by the | Projection of the body onto the XoY
surfaces plane

cq4: (x-a)? / A= (y-b)2 | BI=(z-¢) / @ Y

p:Dx+Ey+Fz=1

4‘:‘
© — 3lx—24y+06z=1 /

Selection of parameters for the logarithmic inequality, which will allow comparison of regions

log‘r+}(A'12+B'x+C'y)>2
4=10

-10

B=-10
-10@

C=57

-0 . .

1 @ 1® 1@ O

lcgp,“q,y(A 52 +B‘x+C'y) =2

p=-26

-10 -

g=21

-10 - @

i @l 1@ O

(A12+B‘x+C-y)>(p-x+q-y)2

pxtgy>1

a

prx+g-y<l1

ke

px+qg-y>0

(@)
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Case 3. The body bounded by a Bunaznok 3. Tino obmerxeHe
cylindrical surface and a plane: YUNIHOPUUHOI NOBEPXHEID MaA NJIOULUHOO!

Calculate the volume of the body | Projection of the body onto the XoY plane
bounded by the surfaces "

p:Dx+Ey+Fz=1
— 48x—04y+01z=1

O

@ a2 (y-b)/Bi=(x-a)t /A2

Selection of parameters for the logarithmic inequality, which will allow comparison
of regions

10g1+y(A'IZ+B'X+C'y)>?

P

= | -10 -

b B=95

= -1

b =10

= | -6

[e) o (4-x2+8-x+C-y)

- Epxigpd X B+ Coyf>2
b p=-8T

= | -0 =@

76) g=46

= =10 . ]
® (Ax2+B'X+C'y)>(p'I+q-y)2
ﬂ'o Px+q-y>1

The presented number of problems lpencraBaeHmii psa  3amad  CTBOPIOE

creates a wide enough field for conducting | mocraTHRO IIHMpPOKE II0A€ [AS IIPOBEAEHHS
research using scientific methods of | mocAimkeHb 3 BHKOPHCTAHHSIM HAyKOBUX
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analogy, analysis, synthesis, comparison
and collation. This allows you to build
more complex integrated images and
consolidate various mathematical objects,
which, in turn, contributes to the
formation of deep mathematical knowledge,
mathematical and digital competences.
When performing the research
described above we used the DESMOS
graphic calculator. This is not the only
tool that can be used for such purposes.
GeoGebra, GRAN, DG, Advanced Grapher
can be named among the environments
with similar properties (unfortunately, the
last package does not have a Ukrainian
localization if possible). The use of ICT in
solving and composing mathematical
problems has practically unlimited
possibilities for creating integrated
images (in the context of the work
(V. Kushnir, R. Rizhnyak [14]) - an
integrated image of a problem, a problem
series, and a method of solving a
problem). Moreover, the volume of the
integrated image, the application of which
leads to the real integration of
educational mathematical material, is
quite simply determined depending on the
goal set by the teacher, or even by a
student oneself, if we are talking about
self-education. The question arises how to
move towards the given volume of the
integrated image. One of the options is
shown in the research results - we
simulated the problem situation in the
DESMOS graphic calculator, changing the
parameters a,f,y,p,q,m of Problem 1 with
the appropriate sliders in the calculator,
choosing the "best option" for the future
problem. Another option is the analysis of
problem 1 condition wusing identical
transformations and methods of solving
equations and inequalities with access to
specific conditions in which we will
"recognize" specific curves or lines. Of
course, the path is more complicated, but
it can always be checked using the same
calculator. Our position is that if every
student has the opportunity to use ICT
when solving mathematical problems,
both ways should be used to form real
mathematical abilities.
The second moment.
about the mathematical

When we talk
abilities of

METO/IiB aHaAorii, aHaaisy, CUHTEe3Y,
IIOPIBHAHHS Ta CIiBcTaBaeHHsI. lle mo3Boage
BUOyZIOByBaTU OiABIII CKAQ[HI IHTErpoBaHi
obpaszn Ta YKPYHIHIOBATH Pi3HOMAaHITHI
MaTeMaTH4Hi OO0’€KTH, IO, B CBOIO dYepry,
CIIpUsie€ dopMyBaHHIO TANOOKHX
MaTeMaTHYHUX 3HaHb, MaTeMaTHU4dHoi Ta
iHopMmartitHo-1TUPPOBOi KOMITETEHTHOCTEH.

[Ipm  1IpoBemEeHHI  ONIKMCAHOIO  BHIIE
[OCAIPKEHHS (K, 3PELITOl0, i IoHepemaHbOol
Hammoi po3Binku (Boryzosa 10.B., Hiunmmnaa
B.B., Pixxuak P.4., 2022)) Mmu KopuctyBasucga
rpadiyHrM KaabKyagaTopoM DESMOS. lle e
€MUHUN 3acib, SKUM MOZKHa
BUKOPUCTOBYBaTH A Takux Iiseit. Cepen
CepemoBHI] 3 IOAIOHMMH BAACTHBOCTSIMH
MmoxkHa HasBatu GeoGebra, GRAN, DG,
Advanced Grapher (Ha 3kaab, 3a TapHUX
MOXKAMBOCTEH OCTaHHIM IIakeT HeE Mae
yKpaiHCchKoi aoKaaizariii). Bukopucranua IKT
opu PO3B’13yBaHHi Ta CKAQIaHHI
MaTeMaTHYHUX 3a7ad Mae€ I[IPaKTUYHO
HeoOMEeKeHi MOXKAWBOCTI [JASI CTBOPEHHS
iHTerpoBaHNX 00pa3iB (B KOHTEKCTi pobOTH
(Kymraip B.A., Pixknak P.41. [14]) -
iHTerpoBaHOTO 00pa3y 3amadi, 3a4av9Hoi cepii
Ta CIoco0y po3B’a3yBaHHs 3amadi). [Ipugomy
obcar inTerpoBaHoro obpasy, 3acCTOCYyBaHHS
SJKOTO 1 TIPUBOAUTE [0 PEAAbHOI iHTEerpartii
HaBYaABHOIO MaTeMaTH4YHOIO  MaTepiaay,
JOCHTH IIPOCTO BHU3HAYAETHCHI B 3aAE€IKHOCTI
Bim MeTH, mHocTaBAeHOI BuMTeAeM, abo I
HaBiTH cCaMHM y4YHEeM, {KII0 MoBa Hae IIpo
caMooCBiTy. BuHMKae muTaHHd, a GKUM Ke
IIASIXOM MOXKHa pyXaTHCd [0 3aJaHOro
obcary imTerpoBaHoro oOpasy. OnpwH 3
BapiaHTIB HaMH IIOKa3aHUH y pe3yabTaTax

MOCAIKEHHST — MM MOIEAIOBaAM 3aaqHy
cutyalito y rpadigyHOMy KaABKYASITOPI
DESMOS, 3MIiHIOIOYU HapamMeTpu
a,B,7,p,q,m 3agaui 1 BiATOBIAHUMH
IOB3YHKaMH y KaAABKYAdTOPi, OOHMparodu

"Haikpauwii BapiaHT' MaWOyTHBROI 3amadi.
[Hmmu#t BapianT — aHaai3 yMOBH 33dadi 1 3
BUKOPUCTAHHAM TOTOXKHHX ITEPETBOPEHDL Ta

croco0iB  po3BI3yBaHHA  pPIBHAHL  Ta
HepiBHOCTEH 3 BHUXOJAOM Ha KOHKpPETHI
YyMOBH, B SgKHX OyaemMo 'mi3HaBaTH'

KOHKpPETHI KpHBi YU AiHii. Be3symMoBHO, I1asx
CKAQIHININKE, aae Horo 3aBXAd MOXKHA
IIEPEBIPUTH 3 BUKOPUCTAHHAM TOIO K
KaAbKyAsiTOpa. Harra moauitia — npu HasiBHIM
MOXKAHUBOCTI KOXKHOTO y4YHA KOPHCTYBaTHCH
IKT mipu po3B’d3yBaHHI MaTeMaTHYHUX 3a71a4
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pupils or students, we obviously mean
the ability to create, investigate and
solve mathematical models. Therefore, an
important role is played by tasks of
integrative content, the application of
which  falls on the stages of
generalization and systematization of
mathematical skills. It is the application
of such problems, the study of their
solutions, their development in a series
and the application of their solutions to
other problems that allows us to talk
about the possibility of transforming
mathematical skills into mathematical
abilities and beliefs. The implementation
of an integrative approach to teaching
mathematics at school and in higher
education establishments is based on
such tasks. And since the integration of
methods, means, components and
content lines of mathematics itself as an
educational subject ensures the
implementation of the continuity
principle in the study of this subject
between different links of education, we
can assert the existence of a direct
connection between this principle and
the use of tasks of integrative content in
teaching.

Conclusions and research
perspectives. The study of the role of
integrative content problems in the
implementation of continuity principle in
teaching mathematics made it possible to
conclude the following.

First, the use of integrative content
tasks makes it possible to form integrated
images of mathematical material, the

scope and complexity of which is
projected at the stage of planning the
educational process; and this clearly
makes it possible to optimize the
planning of the implementation of
continuity in teaching mathematics,
considering both differentiation and
individualization of the educational
process.

Secondly, the use of tasks of an
integrative  content  allows almost

unlimited consolidation of mathematical
objects, thus ensuring high quality
design of the implementation of the
mathematics education sequence both in
the comprehensive school and at

oA POpMyBaHHSA PEaAbHHUX MaTeMaTHYHHX
3MaTHOCTEY cCAifl  3acTocoByBaTH obuaBa
IIASIXH.

Hpyruit MoMeHT. Koau TOBOPHUMO IIPO
MaTeMaTH4HI 3JaTHOCTI Y4HIB YU CTYAEHTIB,
TO, OYEBHUIAHO, PO3YMIEMO IIi IUM YMiHHS
CTBOPIOBATH, NOCAI/ZKYBaTH Ta PO3B’dI3yBaTH
MaTeMaTHu4dHi Momeai. OT¥Ke, BasKAWBY POAb
Opy ILHOMYy BifirparoTb caMme 3aaadi
IHTErpaTUBHOIO 3MICTy, 3aCTOCYBaHHSI AKUX
OpuIiagae  Ha €eTald y3arasbHEHHd Ta
cucremMaTusallii MareMaTHYHUX yMiHb. Came
3aCTOCYBaHHS TaKMX 3a7a4, JOCAIKEHHI iX
po3B’I3aHb, PO3BUTOK ix y cepii Ta
3aCTOCyBaHHS iX po3B’s13aHb [0 iHINIMX 33744
J03BOAE  TOBOPHUTH PO  MOZKAUBICTH
IIEPETBOPEHHS MaTeMaTHYHUX yMiHb B
MaTeMaTH4HiI 30aTHOCTI Ta IIEPEKOHaAHHS.
Came Ha Takux 3a7a4ax 0a3yeThbes
peaaisallia  iHTerpaTHBHOIO IiAXOay IO
HaBYaHHS MaTeMaTUKH B IIIKOAI Ta ¥
3aKAaax BHUIIOI OCBITH. A Tak dK iHTerparllig
METO/IiB, 3aco0iB, KOMIIOHEHTIB Ta
3MICTOBHUX AiHIEi camoi MaTeMaTHKH $K
HaB4YaAbHOIO IIpeaMETY 3abesrnedye
peaaisallito ~ OPHHIUILY HACTYIHOCTI y
BUBYEHHi IIBOTO IIPEAMETY MiXK Ppi3HUMU
AAHKaMU OCBITH, TO MOXKEMO CTBEPIKYyBaTH
IIPO HASIBHICTH MPSIMOIO 3B’I3Ky MiXK UM
IPUHLIMIIOM Ta BHKOPHUCTAHHAM y HaB4YaHHI
3a/1a4 iHTErpaTUBHOTO 3MICTY.

BHCHOBKH 3 [OAQHOTO MOOCAiAMKeHHS i
IEepCIEeKTHBH IOZAABLUIHX PO3BiZoOK.
HocaimkeHHSa poal 3agad iHTErpaTHBHOIO
3MicTy B peaaizallii mpHUHIIUILY HACTYIIHOCTI
HaBYaHHA MaTeMaTHKH [OaA0 MOXKAUBICTH
BHCHOBUTH HACTYIIHE.

[To-nepuzre, BUKOPHUCTAHHS 3a1a4
IHTErpaTUBHOI'O 3MICTy [a€ MOIKAUBICTD
cchopmyBaTu iHTerpoBaHi obpasu
MaTeMaTU4YHOTO  MaTepiaay, obcar i

CKAQHICTh SKHX IIPOEKTYETbCS Ha €Talli
IIAQHYBaHHYA HaBYaAbHOI'O IIPOIIECY; a Iie
OJHO3HAYHO YMOXKAUBAIOE  OIITHMi3allilo
IAQHYBaHHA peaajizalii HacTymHOCTI y
HaB4YaHHI MaTeMaTHKU 3 BpaxyBaHHS $K
oudepeHitianii, Tak 1 iHOWUBIigLyaaizarii
HaBYaABHOTI'O IIPOIIECY.
[To-mpyre, BUKOPHUCTAHHH
IHTETrpaTUBHOIO 3MicTy JIO3BOASIE
IIPaKTUYHO HEOOMEXKEHO VKPYIHIOBaTH
MaTeMaTU4Hi 00’€KTH, 3a0e3MedylodyH IIUM
caMHUM SKiCHE IIPpOEKTyBaHHA peaaizarrii
HaCTYIIHOCTi HaBYaHHS MaTeMaTHUKU SK B

3aa1a4
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transitional stages: school - specialized

PO3pi3i 3araabHOOCBITHBROI IIKOAH, TaK i Ha

school, comprehensive school — graduate | nepexiqHux erarnax: MoIKoaa — IIpodpiabHA
school. IIIKOAQ, 3araAbHOOCBITHS IIIKOAA — BHIIIA
Thirdly, the use of integrative content | mkoaa.
tasks involves the use of scientific methods [To-Tpere, BUKOPHUCTAHHS 3amay
of cognition by students - observation, | iHTerpaTuBHOrO 3MiCTy nepeadbagae
analogy, analysis, synthesis, comparison, | 3acTocyBaHHS cy0’ekTamMu HaB4YaHHA
and collation. In its turn, this practice | HaykoBHuX METO/IB [i3HaHHI -
ensures the formation of generalized | cmocTepesxkeHHd, aHaAorii, aHaaizy,

mathematical skills and, as a result, the
formation of integrative mathematical
abilities and beliefs based on them, which
will enable the implementation of the

CUHTE3y, IIOPiBHAHHS Ta CIiBCTaBA€HHs. B
CBOIO Yepry Taka IIpakTHKa 3abesredye
dopMyBaHHSA y3araAbHEHUX MaTeMaTUYHHX
YMiHb i, IK HaCAiIOK, (popMyBaHHS Ha ix

continuity principle in the study of | 6asi iHTerpaTUBHUX MaTeMaTUIHUX
mathematics between different branches of | 3maTHOCTE# T Ta TIEpeKOHaHb, HgKi U
education. YMOZKAWBAIOBATUMYTH peaaizariiro

OPUHIUILy  HACTYIIHOCTI Yy  BHBYEHHI

MaTeMaTUKU MiXK pi3HUMU AaHKaMH OCBiTH.
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