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Dzyharska N. S., Korolskiy V. V., Mykhailova Y. A., Turaieva O. V. Application of
geometric models when studying the subject «Number sequences» by lyceum students.

Summary. In the process of studying mathematical disciplines, any learning technology is
aimed at developing competencies in problem solving. The problem books offered for general
education institutions offer a selection of problems with formally expressed conditions without
any connection to the parameters of real objects and phenomena. This is especially true for
problems in the study of one of the most important sections of mathematics, "Numerical
sequences”. Therefore, the creation of new types of tasks for studying this section, in which the
didactic principle of visualization is realized, is of great importance.

The purpose of the study is to create a system of tasks on the topic "Numerical sequences"
based on a geometric model for lyceum students. The object of the study is numerical sequences.
The subject of the study is the use of sequences of geometric images placed within the
constructed geometric model and the determination of sequences of different mathematical
quantities depending on the level of complexity of the tasks. The methods of comparison,
analogy, analysis and synthesis, modeling were used in the study.

The results of the study: an algorithm for creating conditions for problems on the topic
"Numerical sequences™ for lyceum students is proposed; the process of deriving the common
term of a numerical sequence using a square located in the Cartesian coordinate system is
demonstrated; the possibility of using the model under consideration to create other types of
problems is revealed; several methods of solving problems are shown depending on the level of
knowledge of the student, his or her potential and aspirations.

The study has shown that geometric interpretation makes the process of solving problems more
visual, allows to use not only motor but also visual memory, shows a close connection between
different sections of mathematics, and makes the process of cognition more complete and effective.
The modeling method allows you to gain a thorough knowledge of such a concept as "numerical
sequence” not by direct study, but by studying a similar phenomenon using a geometric model.

Key words: numerical sequence, geometric model, geometric images, problem system,
visualization, sequence of values.
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MOBY/IOBA I JOCJLIKEHHSI YACJIOBUX PSI/IIB 3 BAKOPUCTAHHSIM
3AJJAHOI TEOMETPHYHOI MOJIEJI TA KOMBIHALT PAIIB Y5, -1 Y5, ——

Memorw 00cniodcenHs: € 00epIuCanHHs | ONPAYIOBAHHS YUCIOBUX PAOi8 3a O00NOMO20H
3a0anoi 2eomempuynoi mooeni i komoOinayii psodie. O6’€km O0OCHIONCEHH — YUCT08I POU.
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Ilpeomem 0ocniodxcenHs — BUKOPUCTNOBYIOUU 2e0OMEMPUUHY MOOeNb, CKIACMU 3A2albHi YleHU
YUCTIOBUX PAOI8 MA NPOBECMU OOCAIONCEHHS HA 30INCHICINb OMPUMAHUX PAOIE.

Buxopucmaswiu maxi memoou, K auaniz HAyKoeoi 1imepamypu, cuHmes ma y3a2aibHeHHs.
BIIACHUX HANPAYIOBAHb, OVIA QOCACHYMA Mema 00CIIONCEHHSL.

Pezynomamu Oocniodicennsn: Ha 0CHO8I 3a0aHOi 2eomempudnoi Mooeni 00epiHcaHo i
00CNI0JHCEHO HA 30IdHCHICMb YUCTIO08] pAOU 3 OEKLIbKOMA 2eOMEempUdHUMU IHMepnpemayismu
ynenie yux psoie. 3’s1coeano, wo ceomempuine MOOeN08AHHs YIeHI8 2APMOHINH020 POy i psdy
2eoMempudHoi npoepecii Haoae ModCIUBOCMI hopmynro8amuy 3a0a4i N0 CMBOPEHHIO |
O00CNI0NCEHHIO HOBUX YUCI08UX pPs0i8, 00OuUpamu NOPI6HIO8AHT YUCI08I padu, 3’1co8ysamu ix
XapakmepHi, HeNOMImMHI NpU  BUKOPUCMAHHA — MPAOUYIHUX  «Ciema-moolenel»  psois,
3AKOHOMIPHOCMI NOBEOTHKU UleHi8 pAdY | npoyecy ix 30incHOCmI YU po30idHCHOCI.

IIpooemoncmposaHi MONHCIUBT ANCOPUMMU 2EOMEMPUYHO20 MOOENI08AHHS UlleHi8 pAadis 3a
YMOBAMU  BUKOPUCAHHA KOMOIHayii 3a0aHux psaodie. Bcmanoeneno, wo 2eomempuyne
MOOEN0BAHHS YUCTIOBUX PSOI8 0AE MONCIUBICIb peanizayii 368 'aA3Ki6 MIdHC WKITbHUM KYpCOM
Mamemamuxy ma MamemMamuyHuM aualizom, aHanimudHolo ceomempicio i aneeopor. Takum
YUHOM 3 ABIAEMbCA  MOJNCIUGICIL  cMEoplosamu  3a0avi  ONisl  YYHI@ Jliyeis, 5Ki MOJNCHA
nponouHysamu Ol NPOBEOeHHs WIKIIbHUX onimniad i ¢akyremamusis. B noodanvuiomy
NIAHYEMbCA CMBOPEHHs 30IPHUKA HA OCHOBI KOMOIHAYII OeKiIbKOX 2eoMempuyHux mooenell ma
neeHoi KINIbKOCMI YUCI08Ux psaoie, 3 Memoio 1020 NpeoCcmagieHHs HA QaKyIbmamueHux
3aHAMMAX 3 MAMEeMAmMuKy, HA PI3HUX emanax mMamemamuyHoi onimniadu, AKa NpusHaieHa
30€0i1bUl020 OJI51 YUHIB NiYeis, a MAKOHC MONCIUBE BUKOPUCMAHHS Yb020 30IPHUKA CIYOeHmamu
PI3HUX SUWYUX HABYATLHUX 3aKNA0I8 Ni0 4ac NPOXOOICEHHS HABUANbHUX Kypcie «Buwoi
Mamemamuxuy ma «Mamemamuuno2o ananizyy.

Knouosi cnoea: wucnosuil pso; 2eomempuynHa iHmepnpemayis, 2eomMempuyta Mooels, 2eomemn-
pUHHEe MOOENIOBAHHS, 30IHCHICIb YUCTI08020 PAOY; MAMEMAMUYHUL AHAI3, 3a0a4d, 30ipHUK.

IMocTanoBka mpodaemMu. [locuTh 4acTO HAa TOYATKOBOMY €Talli BHBUEHHS YHCIOBUX
pSAIB, SK y YYHIB JIIEIB MPHU MIATOTOBIN A0 OMiMIiaj, Tak 1 y 3700yBaviB BHUIOI OCBITH MpHU
OTIpaIfOBaHHI po3airy «YWCIIOBI psary BUHHUKAIOTH OaraTo MUTaHb MIOAO iX MPEICTaBICHHS,
3HAXOJ/PKEHHS 3arajlbHUX WICHIB PAJIB Ta AOBEAEHHS Ha 301KHICTh UX psaiB. s Toro, mod 1e
VHUKHYTH, BapTO PO3MOYATH BUBUYCHHS YHCIOBUX PSAIIB i3 TPEICTABICHHS T€OMETPHUYHOT
1HTepOpeTalii 4ieHIiB psaiB, L0 JAaCThb 3MOTy TIJHMOIIE 3pO3YMITH CyThb TaKuUX IOHSTb, SK
YHUCIIOBUH PsJI, 3aTaJIbHUN YJIeH psAAy Ta 301KHICTh YHCIOBOTO PSAY.

Takox BapTO 3a3HAYMTH, IO HA CHOTOJHINIHIN AEHb CHOCTEPIraeThCs MyXKe Mana HU3Ka
HaBUAJBHUX MarepiaiiB, a came 3a/lad 3 BHKOPUCTAHHSIM T'€OMETPUYHHUX IHTEpIpeTariil Ta
TEOMETPUYHUX MOJIETICH, TOMY BaXXJIMBO OyZe MPEICTAaBUTH MEBHY KIUIbKICTh 3a/1ad siKa MOXe
OyTM BUKOpHCTaHa, SIK IiJl Yac MiJATOTOBKM 1O OJNIMIiaJ Y4HSMH JIIEIB, TaK 1 37100yBadamu
BUIIIOT OCBITU IPU MPOXOKEHHI po3ainy «HUuciaoBi psan». MoXIMBO HaBiTh OyJle AOLUIBHUM
JaTH 3MOTY YYHSIM CaMHUM pPO3POOMTH HEBETWKI TEOMETPUYHI MOJEl IS JOCHIKEHHS
YHUCIOBUX PSJIIB 1 TUM CAMHM PO3BHMBATH IX JOCIHITHHUIIBKI 3/110HOCTI.

AHaNi3 aKkTyaJbHUX A0CTiIKeHb. [IpucBsueHo psa myOmikarmiil 1mo/10 T€OMETPUIHOTO
MOJICTFOBaHHSI YMCJIOBHUX PSAIB, iX OfepaHHS Ta JOCTiIKEHHsS Ha 30DKHICTH, a caMe poboTH
K. Deadman [1]; Y. Mykhailova [2]; S. Lucas, A. Nimbran [3]; A. Plaza [4]; W. Roseveare [5];
W. Ruckle [6], B. 1. bobups [7; 14]; B. B. Koponscskoro [2; 8; 9; 10; 11; 12]; C. C.T'a6 [10];
A. L. Pumap [11, 13]; C. B. lllokamtok, 0. A. Menpauuenko [12]; A. M. XpucTiok [7; 14].

Mera crarri. [IpeacraButu neBHY CyKYIHICTh 337a4 MO CTBOPEHHIO YHCIOBHX PSIIiB 3
Bi3yali3alll€l0 iX WIEHIB NUIAXOM BHUKOPHCTAHHS T'€OMETPUYHOI IHTEprpeTamii Ta JOCHTIIUTH
OJiepKaHi P Ha 301KHICTb.

Bukiaan ocHoBHoro Martepiamy. Ha ocHoOBI 3amaHoi reomMeTpuyHOi MoOJenmi, sKa
300pakeHa Ha puc. | onepkaHo 1 AOCHIKEHO Ha 301KHICTH YMCIOBI pSAOM 3 JEKUTbKOMa
TEOMETPUYHUMH 1HTEPIIPETAIlISIMUA YWICHIB IUX PSJIIB, K1 MTOAaH] HIDKYE.
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3HaiiiemMo cyMy IIbOTO psijia, AJIs IBOTO PO3KJIAEMO 3arajJbHHUI WIEH psijia Ha CyMy JBOX
Jpo0iB METOZOM HEBU3HAYEHUX KOE(DIillI€HTIB.
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JIOIIbHO BIAMITUTH, 110 PO3B’SI3aHHS OKPEMMX 3aJady MOKHA 3JIHCHIOBATU PI3HUMHU
crnocobamu, MpUHAMMHI 33/1a4yl Ha KBaJpaTypHY T'€OMETPUYHY IHTEPIPETALil0 pO3B’SA3YIOTHCS
TpbOMa PI3HUMHU CIIOCOOAMU, TOMY MOXKHA Y SIKOCTI JI0/IaTKOBHUX 3aBJaHb JJIsi CTYJCHTIB 1 yYHIB
MIPOTIOHYBATH 3HAXOKCHHS PI3HUX CIIOCOOIB PO3B’SI3aHHS TI€T UM 1HIIOT 3a7a4i.
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Byno npezacraBieHo pi3Hi criocoOM po3B’si3aHHs OJHI€T 3a/1a4i, CKOPHCTABIINCH SIKUMH MU
NPUIIUIN 10 OJTHOTO 1 TOTO CaMOT0 3arajJbHOTO WIeHA PSIY.

Jani po3rasHeMo 3a/1a4y KyOaTypHOT reOMETpUYHO1 IHTepIpeTarii.

3amada 5. 3HAWTH PO Yip=q Vp, A€ V, — 00’€MH Till 00epTaHHs OpsAMHX |0 mM,,| HaBKOIO
oci OX.

Bukopucraemo HacTynmHy GopMyiy:

b
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1 1
BpaxoByroun koopaurati To4ok 0(0; 0), m, (5 ; m), OJIEPIKYEMO:
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(o]
BukopucraeMo  O3HaKy ~ TOpIBHSHHS:  IOPIBHSIEMO  PsIU Z = O i
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1
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[Tepenik Takux 3a/71a4 MO>KHA IPOJIOBXYBaTH. B3araiti, 3a 10moMoror MoBHOI po3po0biieHoi
HaMU MOJIeNi, sIKa BKJIOYA€ JeKiUIbKa (pparMeHTiB, chOpMyIbOBaHA 1 PO3B’si3aHa HACTYITHA
KUTBKICTh 3a/lad 3 PpI3HOI TEOMETPHYHOIO iHTeprperaiicto: 17 psamgiB 3 TOYKOBOKO
iHTepnpeTanieo; 31 psn — 3 aiHINHHOW; 38 pAniB — 3 KBagpaTrypHoto; 11 psiniB — 3 KybaTypHOIO.
B nopanbmomy mMu OyaeMo HpOAOBXKYBaTH MOUIYK F€OMETPUYHHUX MOJENEH, 3a JIOMOMOTOI0
AKUX OyAyTh Ofiep:KaHi MEeBHI 301pKH 3a/1a4 JJi1 BUKOPUCTAHHS YUYHSMH JIILEIB Ta PU BUBYEHHI
YHCIOBUX PS/AIB CTYJICHTAMU BUIIMX HABYATBHUX 3aKJIaJliB.

BHCHOBKM Ta mepcneKTHBH MOJATbIIMX HAYKOBHX Po3Biiok. Ha ocHOBI reomeTpuaHoi
MoJieni, Ka o0yZ0BaHa B KBaApaTi 31 CTOPOHOIO a=1 OyJ0 OTpUMaHO YUMAaJIO YHUCIOBUX PAIIB
Ta MPOBEAECHO JOCIHIPKEHHS Ha iX 30DLKHICTh. IIposeMOHCTpoBaHI MOXJIMBI alIrOPUTMHU
TEOMETPUYHOTO MOJICTIOBAHHSI WIEHIB pAOIB 32 YMOBAaMU BUKOPHCTaHHA KOMOiHAMii
FapMOHIIHOTO PSAAY 1 psly TEOMETPUYHOT MpoTrpecii.

B momanmpmioMy miaHyeThCs CTBOpPEHHS 30ipHHMKAa HA OCHOBI KOMOIHAIi JEKUTBKOX
TEOMETPUYHUX MOJIETICH Ta MEeBHOI KUIBKOCTI YUCIIOBHUX PSIJIIB, 3 METOIO HOTO MPEICTaBICHHS Ha
(bakynbTaTUBHUX 3aHATTAX 3 MATEMAaTUKH, Ha PI3HMX eTalax MaTeMaTHYHO! OMiMIiaau, sKa
MpU3HaYeHa 3/J€0UTBIIOTO I YUHIB JIIETB, @ TAKOX MOKIJIMBE BUKOPUCTAHHS IBOTO 301pHHUKA
CTYJIEHTaMH PI3HHX BHUIIMX HAaBYAIBHUX 3aKJIQJIiB MiJ Yac MPOXOPKEHHS HAaBUAIBHHUX KYpCiB
«Bumoi maTemMaTkm» Ta «MareMaTHYHOTO aHATI3Y».
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Korolskiy V. V., Mykhailova Y. A. Construction and research of numerical series

. . . . . . 1 1
using a given geometric model and a combination of series Y., —and Y4 =T

=1;

Summary. The purpose of the study is to obtain and process numerical series using a given
geometric model and a combination of series. The object of research is numerical series. The
subject of the study is to use the geometric model to compose the general terms of numerical
series and to conduct a study on the convergence of the resulting series.

Using such methods as analysis of scientific literature, synthesis and generalization of own
developments, the research goal was achieved.

The results of the study: based on a given geometric model, numerical series with several
geometric interpretations of the terms of these series were obtained and studied for convergence.
It was found that the geometric modeling of the members of the harmonic series and the
geometric progression series makes it possible to formulate tasks for the creation and study of
new numerical series, to select comparable numerical series, to find out their characteristic
features, which are invisible when using traditional "sigma models" of series, the regularities of
the behavior of the series members and the process of their convergence or divergence.

Possible algorithms for geometric modeling of series terms are demonstrated in terms of
using a combination of given series. It is established that the geometric modeling of numerical
series makes it possible to realize the links between the school mathematics course and
mathematical analysis, analytical geometry and algebra. Thus, it becomes possible to create
problems for lyceum students that can be offered for school competitions and electives. In the
future, it is planned to create a collection based on a combination of several geometric models
and a certain number of number series, in order to present it at optional mathematics classes, at
different stages of the mathematical Olympiad, which is intended mainly for lyceum students, as
well as the possible use of this collection by students of various higher education institutions
during the courses of "Higher Mathematics" and "Mathematical Analysis".

Key words: numerical series; geometric interpretation; geometric model; geometric
modeling; convergence of a numerical series; mathematical analysis; problem; collection.
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3AJIAYI ®IHAHCOBOI MATEMATHUKH TA iX BHPOBAI)KEHHSA
B 3AKJIAJIAX 3AT'AJIBHOI CEPEJJHHOI OCBITH

Ilpobnema niosuwenns Ginancosoi ecpamomuocmi HaceieHHs YKpainu mae ocoonusy
aKmyanbHicme. 3a OCMaHHi poku 06cse nociye, wo NPOnOHYEMbCS (IHAHCOBUM DPUHKOM, 3piC y
OeKilbKa paszie, npome HeBUCOKA (DIHAHCOB8A SPAMOMHICIb HACENeHHsl He O00360TA€ 3anyuamu
CROJCUBAUIE 00 2paMomHo20 KopucmyseanHs numu. Ocnosu ginancosoi epamomuocmi He € 0008 ’s13-
KOBUM KOMNOHEHMOM Hi 8 3A2abHill cepeOHill, Hi Y 8UWill WKOI, MOMY HACeNeHHs 8 OLbuocmi He
30amHe 00 payioHanbHOI N08eOIHKU HA inancosomy punKy. Tomy eadrciueo exkmoyamu eremeHmu
Qinanco6oi epamomHoCcmi 8 HABUANbHI NIAHU PI3HUX NPEOMemis, 30KpeMd i 8 MamemMamuxy.

OcHosu ¢hinancogoi epamomuocmi He € 0008'3K08010 CKIAO0B0I0 Hi 3A2ANbHOI CepeoHbol,
Hi euwoi ocsimu. Mu nponouwyemo enposadumu pemenvHo Gi0IOpaHi YUKIU (DIHAHCOBO
OpIEHMOBANHUX 3A80AHbL 00 NPOSPAM PI3HUX NPEOMemis, 30KpemMda, 00 WKIIbHOI MamemMamuKu.

Ananiz nyonikayii 3 0aHOi memu c8iouums, w0 NUMAHH POPMYBaHHs (IHAHCOBOT epamom-
HOCMI YUHI8 3aK1a016 3a2albHOI CEPEeOHbOI 0CBIMU, ACNEKMI6 Ni020MOBKU BUUMEINI8 UWKOIU 00 MAKOL
Kame2opii npodiem He UCBIMIIEH] 8 CYUACHUX Ne0a202TUHUX OOCTIONCEHHSIX O0CMAMHbOI0 MIPOIO.

39



