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Bia pepakuinHoi konerit

LLIaHOBHI YunTaui!

Bu Tpumaete B pykax ApBaHagusaTuii BUNYCK «30ipHMKA HaykKOBMX Mpaub
diznko-matematuynoro dakynstery AAMY» [ABH3 «[lonbacbkuii aep»kasHwuii
nefaroriyHuii yHisepcuteTy. BupaHHsa HaykoBuMx npaub BMKIAJAYiB, CTYLEHTIB Ta
MOJIOANX HAYKOBLIB hiznko-maTtemaTnyHoro cpakynbtery JIMY 3anoyatkosaHo y
2010 poui, KoM pe3ynbTaTyl HAaYKOBUX JOCHIAXKEHb Oyno onybfikoBaHO OKPeMoro
cepieto  « Piznko-mMaTeMaTU4Hi Hayku» B 30ipHUKY HaykoBux npaub <«[lowyku i
3HaxXiAKM» 3a MaTepiaNaMu HayKOBO-MPAKTUYHOI KOHepeHLii « AKTyanbHi NUTaHHS
Hayku i ociTuy (Cnos'siHcbk, CAMY, 20-22 keithHs 2010 p.)

MeToto 30ipHMKa € NiATPMMKA HayKOBOI aKTUBHOCTI SIK Cepef, CTYAEHTIB, TakK i
cepep monoaux suknagadis AAMY ta inwunx 3BO.

OcHoBy oAMHAAUSATOrO  BUMYCKY  30ipHUKa  CKAadatoTb  OPUriHajbHI
MOBHOTEKCTOBI CTaTTi (B aBTOPCbKili pefakuii) mepeBakHO i3 4ymcnia Jonosigei,
3pobneHux nif 4Yac CekuUiliHMX 3aciflaHb Ha LbOropidHii BceykpaiHcbkKili HaykoBo-
NPaKTUYHIA KoHpepeHUiT CTyAeHTIB i Monoanx ydeHmx «[lepcnekTuBHi HanpsamMku
cyyacHoi Haykm Ta oceituy, Cnos'sHeek, OAMY, 18-19 TtpasHa 2022 p. OcHoBHi
pe3ynbTaTu [JOMNOBIJA/IMCb Ha CeKUiliHWX 3acifaHHaX Ta Oyau pekoMeHAoBaHi [o
APYKy rosioBamu  CeKuiii, 3aBigyBadamu BunyckoBux kadpeap («disukuy,
«MaTEMATUKN Ta IHPOPMATUKNY, <K METOAMKM HABYAHHS MATEMATUKN Ta METOLMKY
HaBYaHHS iHPOPMATNKN» ) Ta KEPIBHUKAMU CTYAEHTCHKNX HAYKOBUX PODIT.

3aCHOBHUKM 30ipHMKA MatoTb HaMip 3pobUTM AOro MaKCUMAaJibHO BiAKPUTUM
SK ANa aBTOPIB, TakK i Ana 4uTadis. BiH BUxognTh oanH pa3 Ha pik y APYKOBAHOMY
Ta enekTpoHHOMy Burnsgi. EnektpoHHa Bepcis »XypHany Ta iHopmauis LWwogo
cniBnpaui 3 aBTopamMu € OOCTYMHOK Ha odiuiliHOMy caiiTi 30ipHMKa 3a agpecoro
URL: http://ddpu.edu.ua/fizmatzbirnyk/begin.htm

3anpowyemo go cnisnpayi. Hacvarun ta tBop4yunx ycnixis!
Ynenn pepakuiviHoi konerii.
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NMPO YNACJIO ABOKOJIbOPOBUX XOPOOBUX O-AOIAIPAM
POAY 4 TA CYMDKHI MUTAHHA

B crarti posrismaerses Kiac 2-KoibopoBHX XxopaoBux O-aiarpam (3 n xopaamu) pony 4, ski
MaroTh | cipux (dopHHX) Ta k 4opHHMX (BIANOBIIHO CIpUX) LUKIIB. Briepiie BCTaHOBIEHO SIBHI
dbopmynu A NiApaxyHKY 4Hciia AiarpaM 13 3a3HaYeHOro kiacy Ta 3 kiacy O-aiarpam poay 4,
K1 MalOTh OAMH Cipuil (4opHUI) Ta (n—8) YOpHHUX (BIAMOBIOHO cipux) HMKIIB. s mpocTux
n>10 BcTaHOBJIEHO $ABHI1 (OPMYNIH A MIIPAXYHKY YHUCIA HEI30MOP(PHHUX (HEEKBIBAJIEHTHUX
BITHOCHO Aii IMKJIIYHOI Tpynu MOPSAAKY n) Jiarpam i3 3a3HayeHuX kiaciB. KpiMm Toro, s
MIOYAaTKOBUX HATYypaJIbHUX N HaBEJACHO TOYHI 3HAYEHHS 4YMCia TAaKUX Jiarpam, a i IpOCTHX
10<n<44 — To4Hi 3HaYEHHS YKCIIa HEI30MOPPHUX Alarpam 13 3a3HaYEHUX KJIACiB.

KurouoBi ciioBa: 2-konvoposa xopoosa O-diacpama 3 n xopoamu, pio Oiazpamu, Yuki
diazpamu, yuxkuiyna epyna.

BcTyn

JloOpe BIAOMO, IO XOPAOB1 JiarpamMu €(QEeKTUBHO BUKOPUCTOBYIOTH B
0araThoX rajqy3siX Haykd, 30KpemMa MaTeMaTHuill (TOMoJIOrii, Teopii By3JiB), (i3HIli,
61omorii, reretuili Tomo (Hamp. [1], [7], [9]).

Haragaemo, 1m0 XopaoBow giarpamMor0 mMOpsAnKy n  abo, KOpPOTKO,
n —JlarpaMor0 Ha3WBalOTh KOH(DITypalilo Ha IUIONIMHI, IO CKIAJA€ThCA 3 KoJa,
2n TOYOK Ha HHOMY (SIK1 € BEpIIMHAMU MPABUIBLHOTO 27 —KyTHUKA) Ta 1 XOP],
[0 CMOJYYaloTh BKa3aHi TOYKU. XOPJOBI JiarpaMd Ha3WBarOTh 130MOPQHUMH,
SKIIO OJTHY MOKHA OJIEPXKATH 3 1HIIOI B pe3yJIbTaTl TOBOPOTY.

[TuTaHHsMH TIepeiKy MEeBHMX KJaciB XOPAOBHX n —jaiarpam (BIIHOCHO Mii
MUKJIIYHOI TPYNH MOPSIAKY 271 Ta JiepajibHOI IPYIH NOpsIKYy 4n ) 3aiimanachk 1ijia
HU3Ka BIIOMUX MaTeMaTHKIB, 3a3HAYCHHUX, HAIPUKIad, B poOoTi [12].

Crnig KOHCTAaTyBaTH, 110 OJCP>KaHHS SBHUX (OpMYI I MiIpaxyHKY 4ducia
HeizoMop(HUX (a TOMY 1 HEEKBIBaJIEHTHUX), 1 —alarpaM (iKCoBaHOTro poay g (3a
BUHATKOM poay 0; 1 Ta MakCMMalIbHOTO POJY) BUSBUIIOCS JIOCHUTH CKJIAIHOIO
3a/1a4€I0 1 10 ChOT'O/IH1 HEPO3B’ A3aHOI0 MPOOIEMOIO.

Kpim TOrO, HEpO3B’SI3HUMU 3aJTUIIAIOTHCS U 3a7adl MPO MiIPaxXyHOK 4Yucia
Hei3OMOP(HUX TBOKOJIBOPOBUX XOopAoBux O —miarpam (¢ikcoBaHOTO pony g (3a
BUHITKOM HYJIBOBOTO Ta MAaKCUMAJIBHOTO POJY) 3 Hamepes 3aJaHUMH YUCIaMU
LUKJIIIB 2 KOJBOPIB.

DOI: https://doi.org/... 7
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MeTo10 CTaTTi € BCTAaHOBJICHHS SABHUX (OpPMYJT ISl MiIPaxXyHKY 4YHCIIa
JIBOKOJILOPOBUX XopAoBux O —pgiarpam poay 4 3 Hamepes 3aJaHUMU YHCIIaMU
LUKJIIB 2 KOJBOPIB Ta MIAPaXyHKY YKCIia HE130MOP(GHUX TaKUX Jiarpam.

1.  OCHOBHI NOHATTA Ta nonepeaHi BiaoMocCTi
Osnavennsi 1.  Kono 3 2n moukamu Ha HbOMY (WO € BepULUHAMU NPABUTLHO2O
2n —KymHuuka), oyeu K020 nouepeoso posgapbosari y 08a Koibopu (YopHuil i
cipuii) ma ikcosanow Hymepayieo sepulur 3a 200UHHUKOBOK CMPIIKON, 6Y0eMo
Hazusamu 080KOIbOPOGUM 21 —ulabIOHOM.

2-Kon1b0p0o6oI0 X0p008oIo n —oiazpamoro 0yoemo Hazusamu n—oiazpamy,
no6y008amy Ha OCHOBI 0BOKOILOPOBO2O 2N —ULAOIOHY.
OsHauveHHs1 2.  2-K071b0p0O8Y n —oiazpamy, AKa He Micmums (MiCmums) Xopou,
Wo Cnonyyae GepuiuHu 3 HOMepamu OOHAKOBOI NAPHOCMI, HA3UBAIOMDb
O —odiaepamoro (N — diacpamoro).
Osnavennsi 3.  «Yoprumy («cipum») yukiom 2 —Koabopogoi odiazpamu
HA3UBAMUMEMO NOCIIO0BHICMb XOpO Mda YOPHUX (Cipux) Oye, 5AKI YMeEopwomb

2omeomophuull 0bpas (opienmosarnoeo) Koua.
2 3 4

14 13 12 1
b)
Puc. 1.: go Bn3Ha4veHb 1-3.
a) — ABOKonbopoBuin 20-1abnoH;

b) — N —piarpama (3 10 xopgamn), sika Mae 7 cipux 1a 3 YHOPHUX LNKNIB;

c) — O-—piarpama (3 10 xopgamm), ska Mae 6 cipux Ta 3 YHOPHUX LUKIIIB.

Osnavennsi 4.  Pooom 2 —konvoposoi O —oiacpamu 6ydemo Hazusamu yine
Yucno g, ke BUSHAYAEMbCs PIGHICMIO

2g=n+1-1-k. (1.1)
Osnauennsi 5.  Mnuoowcuny O —oiacpam 3 n Xxopoamu (nob6yoogamux Ha

2 —KoboposoMy 2n—uwiabnoui), axi marome mouHo | cipux (wopHux) ma k
YOPHUX (8i0N0BIOHO Cipux) yukie Oyoemo nosnavamu J5 .

Sk BummuBac 3 podoru [11], uncno B, (l ;k) jJiarpam 3 K1acy 3 criBmagae
3 BEJIMYUHOIO N - B(m;n;N) (mpu [ =m; k=n; n=N) B Tepminax podortu [7] Ta
3 BEJIMYMHOTO Bi(ﬁ,m,n) (mpu [=/0; k=m; n=n) B TepMiHax podotu [2].

BinbIm geTasbHO 3 OCHOBHUMH MOHATTSAMHU Ta MOMEPEIHIMHA BiIIOMOCTSIMU 3

Teopii MepeniKy IBOKOJIBOPOBUX XOPAOBUX JiarpaM, MOKHa O3HAHOMHTHCA,
Harnpukia;, B podborax [8 — 14].

8 36ipHMK HaykoBMX MpaLub disnko-matematmyHoro dakynetety AAMNY. 2022. Bun. 12
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VY 1997 p. B po6oTi [7, C. 4] Briepiiie BCTAHOBJICHO PEKYpeHTH1 (GOpMyJiH, 3a
JIOTIOMOTOI0 SIKMX € TPHUHITUIIOBO MOXJIMBHUM IiJIPaXyHOK YHUCJa Jiarpam 3 Kiacy

c~n4

(2g=n+1-1-k). Kpim Toro, mana nouatkoBux g =0;1;2;3 B [7, C. 8-9]

BCTaHOBIICHO HACTYMHI siBHI (GopMynH, SKi Mi3HIIE TakKoX Oylu olepkaHi Ta
yTO4YHeHi il B pobori [2, C. 833]

B,(l;k)= ;C’ 'c (1.2)
ne n=Il+k-1(g=0)
B/ (k)= 5 c:.ccH, (1.3)
ne n=Il+k+1(g=1);
U, (Lk
B, (l;k) = 2 (54) .C2 0o CH (1.4)

65 n+l n—-12
ne n=Il+k+3(g=2)a

U, (Lk)=5lk(1+ k) +13(I° + k7 ) + 470k +86(I + k) +129;

Bz(z;k):fég"') c et (1.5)
ne n=Il+k+5(g=3)a
U, (k)=
=700k + 350K (I + k7 ) +12600°k* (1 + k) + 2731k (I + &) +
+65120k(1% + k) +502(1* + k*) + 134101°k” + 541231k (1+ k) + 9978(1° + &) +
+1855541k +71842(1° + k7 )+ 219918(1 + k) + 238480.

B po6ori [3, C. 15/888] mnst Benuunn B, (l ;k) BCTaHOBJICHO CTIPABEJIUBICTh

HAaCTYIIHOTO PCKYPCHTHOT O CHiBBi}:[HOHIeHHSI
2g-B, (l;k) =
—1 g-1
=Y G B (2g-2p+Lk)+ Y G - B, (L2g —2p+k).  (1.6)
p=0

3ayBamennsi 1. Sk e6oce 3a3nauanoca pauiuwie, npu 008inbHomy yinomy g >0

0q

hi
(=]

apeymenmu Ons eeauyunu B, (l;k) noe ’a3ano cniggionoutenuam n=2g—-1+1+k.
binvwe moeo, npu Oosginbnomy O0<p<g-1 apeymenmu 014 6erU4UH
Bp(Zg—2p+l;k) i Bp(l;Zg—2p+k) no8 sa3amHo HACMYnHUMU
CNi88IOHOUWEHHAMU.

n,, :2p—1+(2g—2p+1)+k:n; n,, :2p—l+l+(2g—2p+k):n
Tobmo, ons ecix eenuyun B, (x; y) 6 (1.6) apeymenm

n,=2q-1+x+y=2g-1+l+k=n.

DOI: https://doi.org/... 9
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2. OcHoBHa YacTuHa
3 ypaxyBaHHSIM pe3yJbTaTiB poOitT [7], [2] Ta cmiBBimHOmEeHb (1.2) — (1.5),
JULSL HATYpallbHUX g, [ 1 k BennmuuHy B, (l;k) MOXHAa MOAATH y BUTJIAI

C?
Bg(l;k): 62! (

il -CLC U, (LK), (2.1)
e U, (l,k) — MHOT'OYIEH CTENeHS (3g—3), n=2g+l+k-1,a ),(g) — TaKHui

2g+1)1 A(g)

YUCJIOBUH MHOXHUK, 32 JIOTIOMOT'OI0 SIKOKO JIOCATA€ETHCS IUTICHICTh KOE(IIi€EHTIB
MHorowieny U, (l ,k).

He Baxxko mepeBipuTH, mo s Bunaakie g =0;1;2;3 yucioBuil MHOKHHK

),( g) =1, a mHOorouneau U . (l ,k) HaOyBarOTh BIIMOBIAHO BUJT

Uo(l,k)zm; (2.2)

U, (Lk)=1; (2.3)
U, (Lk)=

=5k (1+k)+13(I + k) + 470k +86(1 + k) +129; (2.4)
U3(l,k)=

=700k + 350K (I + k7 ) +12600°k* (1 + k) + 2731k (I + &) +
+65120k(1% + k) +502(1* + k*) + 134101°k” + 541231k (1 + k) + 9978(1° + &) +
+1855541k +71842(1° +k* ) +219918(1 + k) + 238480. (2.5)

OueBuHO, 1O s 3HAXOJDKEHHs sIBHOI (opMynu st B, (l ;k) JOCHUTD
BCTaHOBUTHU sIBHY (popmyny it U, (l ,k). 3amist 1boro, BUKOpUCTOBYIOUH (1.6) 1
(2.1) Ta, BBaxkarouu ﬂ,( g) =1 Vg >1, BcTaHOBUMO (3 ypaxyBaHHSAM 3ayBaKeHHs 1)

PeKypeHTHE CriiBBigHOmEeHHS s U, (l ,k). A came
G _cneny (1) =
6 (2g+1) T T EY

2g

g-1 C2
- n+ 2g-2 p+l—-1 k-1
L Zg_2p+,-6,,_l.(2];+l),cni PECT U (2g -2p+1k)+
p: .
& Ck_l Cr12+1 Cl—lclg—2p+k—l U 12 2 k .
+ . 28—2P+k.6p—1.(2p+1)' n—1"-"n-1 ) g( 28 —2p+ )a
p: .
1 -1 k-1 _
2 G g O )=

10 36ipHMK HaykoBMX MpaLub disnko-matematmyHoro dakynetety AAMNY. 2022. Bun. 12
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g-l 1

=y C! . C2e2rtt 1C’” U (2¢-2p+1Lk)+
Ty 2g-2p+ -] .(2p+1), n-1 ( g—+<p )
g-l 1

> CH cilcre2r oy (1.2¢ -2p +k);
p:O 2g—2p+k 6p—] .(2p+1)! n—1"n-1 p( g p )

CaCo U, (Lk)=
&les” 2g +1) .
7 2g(2p+1)
657" (2g+1) o
par 2g(2p+1) 2g-2p+k

Cre2rie i U, (2g -2p+1k)+

S|
—

_I_
)

C/ 1C2g 2p+k-1 (l,2g—2p+k);

U, (16)-
gl g8+, | - —I)
_& 67 (2g+1)! (2g-2p+1)(n-1)! U (28-2p+1.k)+
poy 2g(2p+1)! (2g—2p+1)!(n—2g+2p—l)!
8—16g‘17.(2g+1)! (2g—2p+k)(n—k)!
=0 2g(2p+1)! (2g—2p+1)!(n—2g+2p—k)!

Up(l,2g—2p+k).

Ockutbku 2g =n+1-1—-k, 10
(n—2g+2p—l):2p+k—1,
(n—2g+2p—k):2p+l—1,

a OCTaHHE CITIBBIJHOIICHHS MOYKHA MMOJATH Y BUTIISI1

U, (1) -
g-1 gr, | —1)! —
:Z 6 (2g+1). (k+2g 1).(2g 2p+l)U(2g—2p+l,k)+
=0 2g(2p+1) (2g—2p+1)! (k+2p—1)! b
-1 g ' —1)(2¢ —
+g 6 (2g+1). (Z+2g 1).(2g 2p+k).U (l,2g—2p+k),
p02g(2p+1)(2g—2p+1)! (l+2p—1)! i
a00 * B OCTATOYHOMY BUTJISII
U, (1k)-
:g_l 6% 2””( )'(Z+2g—2p)U (l+2g—2pk)+
p:04g g+1) 2g+2( 1)' P H
g1 657" c2r (1+2g )1
k+2¢g-2p)-U (LLk+2g—-2p).
"Lag(ern) P (2p-] )( "2 2p) U, (k2= 2p)

(2.6)

DOI: https://doi.org/... 11
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2.1. 5BHa dpopmyna AnAa uucna giarpam 3 Kknacy SZ;}‘

Jlema 1. Y eunaoky g =4 mnocounen U, (l ;k) MOdicHa nodamu y 8u2aaoi
U, (k)=

=47251°K* (1 + k) + 15750 (P + & ) +

+245700°K (1* + k*) + 2268000k * + 1379700°% (I + k)

+1223017k(I° +k° ) +13628791°k> (I’ + k*) + 381068 11°k” (1 + k) +

+191754(1° + k°)+287748720°k* (I° + K ) + 478823940k + 54928261k (' + k*)

+7630200(1° + k) +300923028.°k* (I + k) + 988628941k (I’ + k* )+

+123810228(1* + k*) +16541287561°k" + 9118442161k (I° + k* ) +

+1044382896(1° + k') + 45310389571k (1 + k) +

+4805058618(12 + k> ) + 114367557421k +
+11353272984(1 + k) + 10657853640 . (2.1.1)

JdoBeneHns. 3 ypaxyBaHHsaM (2.1) Ta 0Ge3 BTpaTu 3arajibHOCTI, BEJIUYHUHY
B, (l ;k) OyJIeMo ITyKaTH 3a JOTIOMOTOIO CITIBBITHOIIIEHHS

1

B,(L:k)= = .gl.s-cjﬂc,gjc,f_—; U, (Lk), ne n=1+k+7.
Toni, 3 ypaxyBanHsm (2.6), HeBinomuii MHOrouwieH U, (l ,k) OyneMo 1rykaTu
y BUTJISIAL
U, (1.k)=

3 4=r .9 — !
_ 6*7.91.5 (8 2p+l)(k+7).U (8—2p+1k)+

p:08-(2p+1)!(9—2p)! (k+2p—1)! b

gl 647 .91.5 (8=2p+k)(I+7)
+ -Up(l,8—2p+k)=

S8-(2p+1)(9-2p)!  (I+2p-1)!
3

3 3 3
=L +y T, =2 (1,+J,)=2W,. (212
p=0 p=0 p=0 p=0
1) IIpu p =0 maemo, o

; 695 (8+1)(k+7)!
st (k=1)!
k+7)! 1

8+1)(k+7)! 1 B (
=11 3@Dk@E+1+h) 0k (Bi<k)

U,(8+1Lk)=

=810-(

12 36ipHMK HaykoBMX MpaLub disnko-matematmyHoro dakynetety AAMNY. 2022. Bun. 12
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1= 20 (k4 1) (K +2)(k +3)(k +4)(k +5)(k +6)(k +7).

n+1
AHaOr4HO, JOJAHOK J, Ma€ BUJ

270

n+1
BukoHaBmm eneMeHTapHI TEPEeTBOPEHHA (3 ypaxXyBaHHSAM pPIBHOCTI
n+1=8+1[+k) nonanox W, MoxHa MOJATH y BUIJISA1

Wy=I1,+J,=
=270(1° +k°)=270k(I* + k*) - 2701k’ + 270°°k* (1> + k) +
+5400(7° +k°) = 32400k (I + k) + 10801°k” (1 + k) + 43740(I* + k* ) + 91801°k” —
—178200k (I* +k* ) +179280(° + k* ) — 367200k (1 + k) + 393390(I* + k7 ) -
~996301k +398520(1 + k) + 340200 . (2.1.3)

J, (I+1)(I+2)(1+3)(1+4)(1+5)(1+6)(I+7).

2) Ilpu p =1 maemo, 1o
6915 (6+1)(k+T7)!
18317 (k+1)!
Ockinbku Ul(x,y)zl, TO
1,=1624(6+1)(k+2)(k+3)(k+4)(k+5)(k+6)(k+7),
J,=1624(6+k)(1+2)(1+3)(I+4)(1+5)(1+6)(1+7).

BukoHaBmm eneMeHTapHI TEPEeTBOPEHHA (3 ypaxXyBaHHSAM pPIBHOCTI
n+1=8+1+k) nonanox W, MOXHa 1OAATU y BUIJIAI

W=I1+J =
= 16200k (I’ + k) +9720(1° + k°) + 437401k (I* + k* ) + 262440 (I + & ) +
+4779000k (I’ + k) + 2867400(1* + k* ) + 26973000k (I° + k* ) +
+16183800(1° +&* ) + 82684801k (1 + k) + 49610880(/* + k* ) + 260107201k +
+86196960(1 + k) +97977600 (2.1.4)

(6+1)(k+7)
(k+1)!

U, (6+1,k)=1620-

U (6+1Lk).

3) Ilpu p =2 maemo, 110
36-9L5 (4+1)(k+7)!
I, = :
8-5!5! (k+3)!
=567-(4+1)(k+4)(k+5)(k+6)(k+7)-U,(4+1Lk).
AHaNoriyHo, 10JaHoK J, Mae BHI
J,=567-(4+k)(I+4)(1+5)(I+6)(I+7)-U,(,4+k), ne
U, (x,y) = 5xy(x+y)+l3(x2 +y2)+47xy+86(x+y)+129.

BukoHaBmu eneMeHTapHI TEpPEeTBOPEHHS (3 ypaxXyBaHHSAM pPIBHOCTI
n+1=8+1+k) nonanox W, MoxHa OJaTH Y BUTIIA1

U, (4+1Lk)=
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W,=1,+J,=
= 28350k (I* + k7 )+ 28351°K° (I* + k* ) + 123039k (I + k° ) + 697410k (1 + k) +
+3005 1k (I + &)+ 13392541°k” +19793971°k* (I° + k7 ) + 74844(1° + &° ) +
+10591561k (I* + k* )+ 2449440 (1° + k) + 149529241k (I’ + &) +
+188153280°Kk* (I + k) +32604768(1* + k* ) +131299056/°k” +
+1154797561k (1* + k* )+ 231635376(1° + k* ) + 5639444371k (I + k) +

+966827988(1” + k) + 17112490921k + 2346128064 (1 + k) + 2594773440. (2.1.5)
4)  Ilpu p =3 maemo, o
L,=45-(2+1)(k+7)(k+6)-U,(2+Lk).

AHaNoOr14HoO, J0JAHOK J, Ma€ BUJ
Jy=45-(2+k)(1+7)(1+6)-U,(1,2+k), ne
U3(x,y) =

=70xy’ +35x°y° (x2 + y2)+ 1260x°y° (x + y) + 273xy(x3 + y3)+

+6512xy(x% + 37 ) +502(x* + p*) +13410x°y* +54123xy (x + ) +9978(x* + y* ) +
+185554xy + 71842(x” + ) + 219918 (x + y) + 238480.

BukoHaBmu eneMeHTapHI TNEPEeTBOPEHHS (3 ypaxXyBaHHSAM pPIBHOCTI
n+1=8+1[+k) nonanox W, MoxHa IOAATU y BUIJIA1

W,=1,+J,=
= 47251k (1+ k) +15750K° (I +K&°) +
+2268000°k* +1351351°k* (I* + &7 )+ 217350k (I* + k* ) +
+37409400°K” (1 + k) +12398400°k* (I° + & )+ 906300k (I° + k* ) +
+465434100°k° +267952051°k* (I + k7 ) + 43902001k (1* + k* ) +106920(1° + &°) +
+2821066201°k” (1 + k) + 834353100k (I° + k*) + 4912920(° + k) +
+15228205200°k” + 7936849801k (I + k*) + 88294320(1* + k* ) +

+39588627600k (1 + k) + 796384440(I° + k* ) +3788226360(I° + k* ) +

+96995955601k + 8920549440(1 + k) +7964762400. (2.1.6)
3 ypaxyBanHsaM (2.1.2) — (2.1.6), maemo cupaBeyuBicTh (2.1.1).

3ayBaikeHHs1 2 B nmpasuibHOCmi 3HAUOEHO020 MHO2OUJIEHY U4(l,k) MOdICHA

nepekoHamucs we U WIAXOM  0e3nocepeoHvboi  nepesipKu  HACMYNHO20
PEKYPEHMHO20 Cni6BIOHOWEeHH S, 8cmanos1eHo20 & pooomi [, C. 4] ons dosginvbroco
pooy g >1 (3 8i0noGioHUMU SPAHUYHUMU YMOBAMU)
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(n+1)B,(k;l;n) =
=(n-2)(n-1) -B,_ (k;l;n-2)+
+(2n-1)(B, (k=1;l;n=1)+ B, (ks -L;n 1)) -
—(n-2)-(B, (k-2:5,n-2)-2B, (k-1;I - L;n-2) + B, (k;l = 2:n - 2)).

Hacainoxk 1. lna oosinbHux nHamypanvuux [ i k uucno ‘SZ?
xracy 3y 4 0e n=1+k+7>9, moxcna obuucnumu 3a gpopmynoro

1
|35 = B. (1:k) = o 5 G CnC Uy (L), (2.1.7)
oe 3Hayenus muoeouneny U, (l ,k) BUBHAYAEMBCS 34 OONOMO2010 CHIBE8IOHOUEHHS
(2.1.1).

Tabnuys 1.
3HayeHHsA Benu4uHu B, (l;k) ANA noYaTKoBUX HaTypanbHux /[ i k,

Takmx wo 9</+k+7<16,pe n=01+k+7

nl 9 10 11 12 13 14 15 16

[

1 | 8064 193248 2286636 18128396 109425316) 539651112 2273360089 8433097673
2 193248 5458464 75220860 687238552 4736419688 26453440013 125293516348
3 2286636 75220860 1194737544| 12465308856, 97310966753 611168481924
4 18128396| 687238552 12465308856 147323751575 1293392910810
5 109425316| 4736419688 97310966753 1293392910810
6 539651112 26453440013 611168481924
7 2273360089 125293516348
8 8433097673

c~n4

2.2. 5iBHa phopmyna AnA uicna aiarpam 3 knacy I,
VY Bunaaky g =4 ta /=1 Benuuuna k=n—-8. Tomy ipu /=1 T1a k=n-38
MHorouwieH U, (l ,k) HaOyBa€e BU]I
U, (l,n — 8) =
= 22680(15n6 —75n° —135n" + 5271 + 768n° — 668n — 1008) . (2.1.8)

3 ypaxyBaHHsSM chiBBigHOIIeHb (2.1.7) Ta (2.1.8), Mae wmicuie HacTymHe
TBEPJKESHHSI

~n,4

TBepmkennsi 1.  /[[na Oosinbnoco Hamypanvnozo n=9 yucno ‘ H diazpam 3

4
kracy I, MOdUCHA 0OUUCIUMU 3G POPMYI0I0

‘(~Z481H_ 1” 8
1
TV C%, -(15n° = 75n° —135n* + 527n° + 768n° — 668n —1008).  (2.1.9)
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3ayBaxkeHHst 3  Ockinbku n=>9, mo MAKCUMANIbHA O0BHCUHA YOPHO2O0 YUKILY
. 4
Oiaepamu 3 knacy I, Modce cmanosumu auute 9.

JlificHO, SIKIIIO Yepe3 ¢ MO3HAYUTH JOBXKUHY HAWIOBIIIOTO 3 YOPHUX LUKIIIB,
TO Ha peUTy (n—9) YOpHUX MUKIIB (MOXJIMBO OJHOTO) Y CYKYIHOCTI

MIpUIagaTUME (n—t) YOpHUX AYr JBOKOJHOPOBOTIO 27 —IIa0JOHYy, a TOMY

MOBUHHA MATH MICIIE HEPIBHICTb 1 —f>n—9. 3BIAKK 1 BUILIUBAE, O < 9.
Hexaii mam ¢ . KUIBKICTh YOPHHUX IIUKIIB JOBXWHU ¢, [I€

qe {1;2;3;4;5;6;7;8;9} . Toxi, oueBHAHO, IO CIIPABIKYIOTHCS PIBHOCTI

itl. =n-—8
i=l

t,+2t,+3t, +4, + 5t +6t, + 7, +8t, + 9, =n

3BIJIKHA

9
t=n-8-— >t
1 Z;' (2.1.10)

8ty + Tty + 61, + 5t +4t, +3t, +2t, +1, =8

OckiIbKH ¢ , € NU {0} , TO MOJJIMBI Il HEBIJ'€MH1 PO3B'SI3KH (tl ;tz;...;tg)
cuctemu (2.1.9) BuuepnyoTbcst HACTYTHUMHU
n—9; 0;0;0,0;0;0;0;1) n—10;0;0;0;2;0;0;0;0)
n—10;1;0;0;0;0;0;1;0) n—11;1;0;1;1;0;0,0;0)
n—10;0;1;0;0;0;1;0;0) n—11;0;2;0;1;0;0;0;0)

( ( n—13;3;1;1;00;0;0;0)
( (

( (

(n—11;2;0,0;0;0;1;0;0) (n—12;2;1;0;1;0;0,0;0)

( (

( (

( (

n—12;1;2;1;0,0,0;0;0)
n—14;5;0;1;0,0;0;0;0)
n—12;0;4;0;0;0;0;0;0)
n—13;2;3;0,0,0;0;0;0)
n—14;4;2;0;0,0;0;0;0)
n—15;6;1;0;0;0;0;0;0)
n—16;8;0;0,0;0;0;0;0)

n—10;0;0;1;0;1;00;0) n—13;4;0,0;1;0;0;0;0)
n—11;1;1;0;0;1;00;0) n—11;0;1;2;0;0;0;0;0)
n—12;3;0;0,0;1;0;0;0) n—12;2;0;2;0,0;0;0;0)

NSNS NN NN/

~n,4

3ayBaxennsi 4. Jliacpama 3 knacy I, (n29) MOdice mamu auue OOUH 3

HACMYNHUX HAOOPI8 YOPHUX YUKILIB!
1) oauH 9 — UK (TOBXUHU 9) Ta (n — 9) 1 —umkiB (MOBXKUHM 1);

(
(

4) OJWH 7 —ITUKII, IBa 2 — ITUKIIIB Ta (n 11) 1 —1uKIiB;

2) OJMH 8 —IIMKJ, OUH 2 —ITUKJI Ta (7 10) 1 — IMKNiB;

3) oauH 7 — UMK, OAWH 3 —IUKI Ta (7 — 10) 1 — uKITIB;

5) OAUH 6 — IUKJI, OUH 4 — [IUKJI Ta (n — 10) 1 — uKITIB;

6) OJIWH 6 —IIMKJ, OMUH 3 —ITUKJI, OJWH 2 — UK Ta (n -1 1) 1 — IUKIB;
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7)  oauwH 6 —IUKI, TPU 2 — UKIIB Ta (n — 12) 1 — MK1B;

8)  1Ba 5 —IHUKIIB Ta (n—lO) 1 —1uKIiB;

9) OJHMH 5 —IMKJI, OMUH 4 — ITUKJI, OJNH 2 — IIUKJI Ta (n -1 1) ] — IUKIB;
10) oaumH 5—1MKI, 1Ba 3 —UKIIIB Ta (n -1 1) 1 — UKIIB;

11) oauH 5—UMKI, OAUH 3 —IIMKII, IBa 2 — IIUKIIIB Ta (n — 12) ] — IUKIB;
12) oawH 5—1UKI, YOTUPHU 2 — IIUKIIIB Ta (n — 13) 1 — MKNiB;

13) nBa 4 —1UKIIB, OAWH 3 —IIUKJI Ta (n—ll) 1 — IUKIIB;

14) nBa 4 —1muKiIiB, ABa 2 — IMKJIIB Ta (n — 12) 1 — IMKINIB;

15) onauH 4 —1UKI, OAUH 3 — MK, TpU 2 — [TUKJIIIB Ta (n — 13) 1 — IUKIB;
16) oauH 4 —uMKI, ABa 3 —MKJIIB, OJWH 2 — IIUKJI Ta (n - 12) 1 — IUKIB;
17) oauH 4 — UMK, IT’ITh 2 — [IUKIIIB Ta (n — 14) 1 — IMKNiB;

18) dyotupu 3 —IUKIIIB Ta (n — 12) 1 — IMKINIB;

19) Tpu 3 —1uuKiiB, ABa 2 — UKJIIB Ta (n — 13) 1 — MKNiB;

20) nBa 3 —IUKIIB, YOTUPHU 2 — IIUKJIIB Ta (n — 14) 1 — IUKIIB;

21) onawH 3 —OUKI, IICTh 2 — ITUKIIIB Ta (n — 15) 1 — IUKIIB;

22) BiCiM 2 —IMKIIIB Ta (n — 16) 1 — MKmiB.

3ayBa:keHHs1 5. B nodanvwiomy 3 Memow  YHUKHEHHS — HenoOmpiOHUX
Hazpomaodxcensv (npu izyanizayii 8i0nosionux munie oiazpam) uopui I-yukiu
b6yoemo 300padicamu y 6uensioi 36UYAliHOi 4OpHOI Oyeu 2n—wabiony (ma
po3ymimu 5K 0yey, KiHyi IKOI Cnoly4eHo Xopooio) — puc.2 a),b),c) :

Puc. 2.: 0o 3ayBaxeHHsA 5.

Ha pucynky 3 HmXKYe MpeACTaBIICHO peaizallilo KOXKHOTO 13 3a3HAaYEHUX

. . . . . 18.4

22 migknacis (HaO0OpiB YOPHUX LIMKIIIB) HA MIPUKIIAAL JlarpaMm 3 Kiacy 3., .
Cain Takox BII3HAUWTH, 1110 HAaBEJIEHI IPUKIIAau AlarpaM 3 miakiacis 7, 7,,

... T,, HE BUUEPNYIOTh BCIX MOXJIMBUX iX TUIIIB.
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. . . 18,4
Puc. 3.: npeactasHuku nigknacie 7, piarpam 3 knacy 3,
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~n,4

Takum umHOM, cepex nJiarpaM 3 Kiacy I, MOKHA BHAUIMTH 22
T,

3d3HAYCHUX BHIIC XAPAKTCPUCTHUIHUX HiI[KJ'IaCiB - T gy eee

1s 7,, BIAIOBIIHO.

[Tpuuomy: npu n =9 aiarpamMmu BUYEPIYIOThCSA Jnuie nigkiacoM 7, ; npu n=10 —
ninknacamu 1, ta 1,, T;, Ty, Ty ; npu n=11 —migknacamu 1,, 7,, I, T,, T; Ta T,

T,. T,. T, Ty:npu n=12 —mimeracavn T, T, Ty, Ti, Ty, Ty, Ty, Ty, Ty Ty 7
r,1,, 1,, T, Ty; opu n=13 —minknacamu 1,, 7,, T,, T3, I3, T,, T,, T, T,,,
Ty Ty Ty Ty Tgo Ty 1a Ty, T, T mipnt =14 — mizwnacamn T, — Ty, T T,
ta I,,, T,,; npu n=15 — minknacamu 7, — T, ta T,;; npu n=16 — ycima

nigknacamu 1, — 75, .

c~n4 ~n4

2.3. Tlpo uucno HeisomopdHUX giarpam 3 knacie J;;, J,%,

3a nemor bepucaiina (muB. Hamp. [1], [8], [10]) wuucno d*(n)

Hei3oMOp(PHUX (HEEKBIBAJCHTHUX BIAHOCHO il IUKIIYHOI TPYNU TOPSAKY 7 )

C"Vl

HlanaM 3 KJIacy S kil MO>KHA 3HAMTH 3a JOIIOMOTI'OFO CHIBBII[HOHICHHSI

d (n)=— ( Z(p( j )], (2.3.1)

i|n,i#n

~n,4

ae = H‘Sk ’ — ¢ynkuis Einepa (KUIbKICTh HATYpaIbHUX MEHIINX 32

c~n4

g 4ucell, B3aEMHO MPOCTUX 13 HUM), a p(n 1) — YHCJIO THX Jiarpam 3 Kiacy 3.,
AK1 CAMOCYMIIIYIOThCS MPU TOBOPOTI (32 TOJUHHUKOBOIO CTPLIKOIO) HA KYT

a)(n;i)zi—ﬁ-2i=27r-i.
n n

Od4eBUIHO, IO JJISA TUIBHUKIB [ # 71 YUCIIA 11 KYT a)(n;i ) < 7. Binpme Toro,

NOKJIAaBIIM j =%, criBBIAHOIIEHHSA (2.3.1) MOKHA [MOJIaTH y BUIIIA1

d’(n)= ( J%‘;}(p (Jn (2.3.2)

ae p(n, 1) — YMCJIO Jliarpam 3 Kiacy I #, AKi cCaMOCYMIIILYIOTCS TIPH MOBOPOTi
(332 TOMMHHUKOBOIO CTPLIKOIO) Ha KYT co(n,%) =2£, e j — IUIbHUK n, j#1.
B sikocTi 6e3mocepeTHhOro HACHiAKY MaeEMO CIPaBEJIUBICTh HACTYITHOT

Jlema 2.  J[na oosinvroco npocmoco n>11 ma ycix namyparonux [ i k, wo
3a0060nbHAIOMb YMO8Y [ +k +7T=n, yucio d (n) Hei30MOopghHUX diazpam 3 Kuacy

C"Vl

3 MOJICHA 0buuCIUMU 34 hOPMYIOI0
. 1 1 o
d (n) ZZ‘M‘CLCQ]C:J U, (L), (2.3.3)

oe 3uauenns U, (l,k) (0ns 3a3navenux | i k) moocna obuuciumu 3a 00nomozor

cniggionowenns (2.1.1).
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Jlema 3.

Kpim Toro, mae miciie il HacTyIHe TBepI>KEHHS

. * .
s Odosinbnoco npocmoco n=>11 uucno d (n) Hei30MOp@HUX

. cvrl,4
diazpam 3 Knacy 3", MOJICHA OOUUCTUMU 3 POPMYIOIO

* 10
x(15n6——75n5—135n44—527n34—768n2——668n——1008). (2.3.4)
Tabnuys 2.
3Ha4yeHHsA Yncna HeisoMopHMX Aiarpam 3 Knacy SZ?
ANA NoYaTKOBUX NpocTuX n,ne n=[+k+7
I\n 11 13 17 19
1 207876 8417332 1656326529 12820124031
2 496224 52864504 30541124328 342064315593
3 207876 91902888 190245911856 3210658468875
4 52864504 533914613232 14284889970780
5 8417332 746346821220 33821745529572
6 533914613232 44854181920548
7 190245911856 33821745529572
8 30541124328 14284889970780
9 1656326529 3210658468875
10 342064315593
11 12820124031
Tabnuys 3.
MouaTkoBi 3HaveHHs BennumH d (n) Ta d (n) ans knacy SZf&l
n d(n) d'(n)
9 8064
10 193248
11 2286636 207876
12 18128396
13 109425316 8417332
14 539651112
15 2273360089
16 8433097673
17 28157550993 1656326529
18 86027797713
19 243582356589 12820124031
20 645643728093
23 8717558111031 379024265697
29 571325459439735 19700877911715
31 1857601347685590 59922624118890
37 40699184729646366 1099977965666118
41 238413823132382898 5814971295911778
43 538746527851970438 12528989019813266

20
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BUCHOBKM Ta NpuUKiHLUEeBi 3ayBaXXeHHS
TakuM yrHOM, B MpejcTaBieHId poOOTI I HATypalbHUX MPOCTHX 71 =>9
pPO3B’sI3aHO 3a/adl MpO MIAPaxXyHOK YHCIa HE3OMOPhHHX (HECKBIBAJECHTHUX

~n,4 c~n4

BIJHOCHO LMK/IIYHOI IPYNU MOPSIKY 7) Jiarpam 3 Kiacis I, Ta . Kpim

n81

. 4
TOTO, IJid HaTypalbHMX n=n'+1>9 nouyaTkoBl 3HAYCHHsS BEJIUYUHU “”” H

CHIBIAJAI0Th 31 3HAYEHHSAMM BEIMYMHU S, (n';n'—7) — «Hultman Numbers» [4]

(mocnimoBHIcTE A164652 B [6]). A, 3 yanYBaHHSIM pe3ynLTaTiB pobotu [9],

~n,4 _
n81

BCTAHOBJICHO SIBHY (POPMYJY ISl BETUUMHU ‘ n Ln— 8) AKY MOKHA

00UYHCITUTH TakK, sK 11 3pobiieHo B [4] (Theorem 14), a6o K B [5] (Theorem 4.1).
[Tomganeiy poOOTY NPUPOAHO CHPSIMYBATH Ha y3arajdbHEHHS OJIEpKAHUX

. 4 . .
pe3yabTaTiB Ui KJIacy J;; Ha BUIAJOK JOBUIBHUX HATypanbHuUX [/ 1 k.

3 ypaxyBaHHSIM 3ayBak€HHs 4, IUIKOM JOCSDKHUM 3/1a€ThCSl PO3B’SI3aHHS
3a/1a4 MPO MiIPAaXyHOK YMCIIa HEe130MOPPHUX Ta HEEKBIBaJEHTHHX (BITHOCHO ii

c~n4

JUeNPaNbHOL TPYIU NOPSIAKY 21) miarpam 3 Kiacy 3,7, .
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Oleksandr A. Kadubovs’kyi, Yevhen S. Silin, Taras Yu. Hrytsenko
Donbas State Pedagogical University, Sloviansk, Ukraine.

On the number of two-color chord O-diagrams of genus four and
related issues

In this paper we consider 2-color chord O-diagrams (with n chords) of genus
four, with have 1 grey (black) and k black (respectively gray) faces.

We have established explicit formulas for calculating the number of
diagrams from the specified class, and from the class O-diagrams of genus 4,
which have one gray (black) and (n-8) black (respectively gray) faces.

For natural of prime n>10 we have established explicit formulas for
calculating the number of non-isomorphic (under the action of the rotation group /
cyclic group of the order n) diagrams from the specified classes.

In addition, for the initial prime n the exact values of the number of such
diagrams are given, and for the prime 10<n<44 — the exact values of the numbers
of non-isomorphic diagrams from these classes.

Keywords: 2 —color chord O —diagrams, genus of the diagram, faces of
the diagram, cyclic group.
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AINEHHA 3 OCTAYEIO B KiJibLI TAYCOBUX YACEN

B crarTi po3rnsmaroTbCsi TUTaHHS, OB sA3aH1 3 HUTMMHA TayCOBUMHU YUCIaMH. 3p00JICHO
aHaJli3 BU3HAYEHHS LUIOI Ta JpoOOBOi YaCTMH KOMIUIEKCHOTO 4YHCJa 3 METO JIOCSTHEHHS
OJIHO3HAYHOCTI pe3ynbrary. [IpeacTaBieHo 1Ba alrOpuTMH JUICHHS 3 OCTAa4y€l0 B KUIbIII
raycoBUX YHCeJl, SIKl JalOTh OJHO3HAYHUI pe3ysbTaT 3 OCTauelo, MIHIMAJIBHOIO 3a HOPMOIO: Ha
OCHOB1 BH3HA4Y€HHS LUIOI Ta JpoOOBOI YAacCTUH KOMILIEKCHOTO 4YHCJa, Ta Ha OCHOBI
BUKOPHUCTAHHS CTPYKTYPU KpPATHUX YHCEJL.

Kuro4oBi cioBa: caycosi uucna, kpamui uucia, yina ma opobosa 4acmura, OLIeHHS 3
ocmauero.

BcTyn

Bcim BimomMo mpo AUIEHHS 3 OCTaueld B KUIBIIl LUIMX YUCEN Ta KUIBII
MHOTOWIEHIB HaJ mojieM. OJHIEI0 3 BaXIMBUX XapaKTEPUCTHK LBOTO JUICHHS €
OJIHO3HAYHICTh HETIOBHOI YAaCTKM Ta OCTayl. 3a 03HAYEHHSIM €BKJI1I0BOIO KUIbIIs, B
KOXXHOMY TaKOMY KUIbIllI BUKOHYETHCS YMOBA, SIKY MOXXHA Ha3BaTH [IJICHHSIM 3
ocTayelo, aje He BUMAraeTbcsi OJJHO3HAYHICTh 1[bOTO AUICHHS 1 ii MOXe He OyTH.

briu3pkuM 0 KUTbLS MUTHMX YUCEIT € KUTbIE IITUX TayCOBHX 4YHCeN. AHali3
OCTaHHIX JOCHIJKEHb 1 MyOJiKaiiil CBITYUTh, IO Cy4acHI HAayKOBIl MPHUAUISIOTH
3HAYHY yBary npooJieMi IOCHIIKEHHS PI3HUX ACIMEKTIB, MOB’S3aHUX 3 KUIbIIEM
raycoBux uucelsl. Pobora [1] mpucBsueHa npeACcTaBICHHIO UIMX FayCOBUX YUCENT B
cucrteMi uncieHHs Ilitti. B poGoti [3] po3misimaeThesi cmocid BHU3HAYEHHS BCIX
MPOCTUX TayCOBHUX YUCEN, OOMEKEHUX 32 MOTYJIEM.

Binomo, 1m0 Kuiblle TayCOBHUX YHCEN 3aJI0BOJIbHSIE yMOBAaM €BKII1IOBOTO
Kbl [4], ane nAUIeHHS 3 OCTauyeld B HbOMY HE OJHO3HayHe. B KoxXHOMY
€BKJI1ZIOBOMY KLl Ma€ Miciie airoput™ EBkiifa, sikuit 6e3mocepeIHbo 3a1eKUTh
BiJl aITOPUTMY JUIEHHA 3 ocTaueto. [Ipo oauH 3 BUIIB AUIEHHS 3 OCTayelo Benacs
MOBa B [2].

Mertoro 1i€i cTaTTi € aHai3 CTPYKTYPH KPATHUX UYMCEN HAa KOMIUIEKCHIN
TJIOMIMHI B KUJIBI[I TAYCOBUX YHCEN Ta JOCIIKEHHS alTOPUTMY AUICHHS 3 OCTa4YeIO
B LIbOMY KUITBI[l B PI3HUX HOTO MpOsiBaXx.
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OcHoBHa YyacTuHa
Kimeie ZJ[i]= {a + bi‘ a,beZ, i’ =— } IUTMX TayCOBUX YHCEN €
eBKJIiI0BUM 3 HOpMOtO S(a+bi)=a’ +b” =|a+bi|’. a came:
1) Vz,,z, e Z[i], z,,z, #0, 5(21 -22)2 5(21)
2ymoVz,z, e Z[i]l, z,#0 3q,reZli]
a)z, =z,-q+r,
6)5(r)<5(z,) abo r=0. [4]
SAxmo r#0, To g Ha3WBAaIOTh HEMOBHOK YacTKOIO, a 7 — OCTa4el0 Bij
HiNeHHd z, Ha z,. Yucno z, - g € KpaTHUM JI0 Z,.

Pozriasinemo po3TallyBaHHA 4YUCCII, KPATHUX Z, Had KOMILIEKCHIH HJIOH_II/IHi.

Taxkumu unciamu Oy1yTh
0, z zi, z-(l+i), z-2, z-(2+i),
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Puc.1

Uucno zi Ha KOMIUIEKCHIN TUIONIMHI Ma€ TaKUM K€ MOJYJIb, SIK YUCJIO Z,
apryMeHT OUIBIIMI Ha % . Uucio z(i +1):zi+z. Tak sk cymMi KOMILJIEKCHUX
guces BAMOBIZAE€ CyMa BIAMOBIAHUX BEKTOPIB, TO YUCIIO z(i + 1) 3HAXOJUTHCS Y
YeTBEPTIN BepIIMHI KBaapara 3 BepuimHamu 0, z, zi.Ywucna z-2i=2zi ta z-2
MarOTh MOJIBOEHUI MOJYJb MO BITHOIIECHHIO J10 ‘ z ‘ Ta TOM K€ apryMEeHT, 10 1 zi
Ta z BlOmoBigHO. Yucio 2(2 +1 ) = z(l +1i )+ z=2z2+ zi, TOMY BOHO 3HAXOJUTHCS Yy
YeTBepTi BepIIMHI KBajapaTta 3 BepUIMHAMU 2z, Z-2, z(l +i). Amnaniz
po3TallyBaHHs 4YHCEN, KpPaTHUX 2z, MPUBOJUTH HAC JO BHCHOBKY, III0O BOHU
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po3TamioBaHi y  BEpIIMHAX  PENIiTKH, 10  BHU3HAYAEThCA  KBAJAPaTOM
0, z, z, z(l1+i),cTopona siKoro mopiBHIOE ‘z‘ (puc.1).

[ToBepHeMoOcsl 10 MUTAHHS MPO MOXKJIMBI HEMOBHI YaCTKU Ta OCTadl BiJ
ninenns z, Ha z,. Ymosa S(r)<5(z,) piBHOCHIBHA yMOBI ‘r‘<‘ z

, & TaK SK
r¥=z —z,q, TO IIe O3HAaya€, 10 BIIACTaHb BiJ z, A0 Zz,q, KPaTHOrO Zz,, MEHIIA
‘zz ‘ 3 orisAy Ha JUCKPETHICTh MHOYKMHHU YHCEN, KpaTHUX Zz,, 3Hailnerbcs
KBaJIpat, IKOMy OyJie HajexaTu 4ucio z, (puc.2). Y BUNAAKY, KO z, AUIUTHCS
Ha z,, TO z, Oy/e 3HaXOJUTHUCh Y BEPILIMHI TAKOTO KBaAPATYy.

zp(p+1-+i)

» / \
\ / "

Puc.2.
Po3srnsiHeMo BUMAAKH, KONM z, HE JUINTHCA Ha z,. SIKIIO BEPIIMHU TaKOTO
KBaJpaTy 3 pUC. 2 MO3HAYUTH «,,q,,Q,,0, (pUc.3), TO BLICTaHb BII z, N0 «,
JIOPIBHIOE ‘ zZ, -, ‘ Ils BizcTaHb MEHIA ‘ zz‘ JUTSL IESIKUX BEPIIMH B 3aJI€KHOCTI

BIJ] pO3TalllyBaHHS Z,.
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Ha mux pucyHkax 300pakeHi Tyrd € YaCTHHAMHU KOJia 3 IIEHTpaMH B OJIHIH 3
BEpIINH pajaiycy ‘ zz‘. SIkmo z, 3HaxoAuThCs B 3apapOoBaHiil 0bsacTi puc.3a), To

2 -a,|<|z

, 1=1234, 3BiAKKW KOXHE 4ucio p, p+1, p+1+i, p+i, sKkimo
MOBEPHYTUCSA /0 TMO3HAYEHb PHUC.2, MOKE OYTH IIYKAHOIO HEMOBHOIO YaCTKOIO.
SIKImo z, 3HAXOAMTHCA B 3aIUTPUXOBAHINA 00sacti puc.36), To ‘ zZ, —Q, ‘< ‘ 22‘ auue
IJI TPhOX BEpIIUH ( Yy LbOMY BUNAAKY «,,0,,Q,), TOMy HEIIOBHUMH YacTKaMHU
MOXYTb OyTM TpH uuncia. SIKIO z, 3HAXOAWUTHCA B 3aIUTPUXOBAHIM 00JacTI
puc.3B), TO ‘z] -Q, ‘<‘zz‘ JMIIE Ui IBOX BEpIIMH ( y LbOMY BHNAAKY «,,Q,),
TOMY HEMOBHUMH YaCTKaMH MOXXYTb OyTH JBa yucja. [HIIMX TUIB po3TallyBaHb
z, TI0 BIAHOUIEHHIO 10 BepIMH HeMae. OTKe, OTPUMYEMO HACTYNHUN pe3yJbTaT:

ICHYE He MeHule 080X Yucel, W0 3a0080JbHAIOMb YMOBAM HENOBHOI YaACMKU ma
ocmaui 8i0 OLleHHs 8 KilbYl 2ayco8Ux Yucel.

Hanpuxnan, 23+30i = (16+13i)-1+7+17i, npudomy 7 +17i 3am0oBonbHsE
YMOBI ocTaui BIJI IUICHHS 23+30i Ha 16+13i, 00
7' +17° =338<5(16+13i)=425. Otxe ¢, =1, r=7+17i.

Ane

23+30i = (16 +13i)-(1+i)+ (20 +1),

23+30i = (16 +13i)-(2+i)+(4-12i) Ta

23+30i = (16 +13i)- 2+ (-9 +4i),

npuyoMmy 7, =20+i, r,=4-12i ta r,=-9+4i TaKoX 3aJOBOJIBHIIOTH
YMOBI ocTaui: 5(r,)=401< 425, 5(r,)=160<8(r )< 425 Ta
5(r,)=97<6(r)<425. Tomy ¢q,=1+i, q,=2+i, q,=2 — BignosigHi
HETOBH1 YacCTKHW BiJ JUJICHHS. 3aJMIIAEThCA MUTAHHS MPO CIOCIO 3HAXOMKCHHS
TaKuX YacToK Ta octad. OauH 13 CHOCOOIB CNHMPAEThCS HAa TOHATTA IUI0T Ta
JIpoOOBOT YACTUHU KOMIUIEKCHOT'O YHCIIA.

JI1s1 KOMIUIEKCHMX YHCEI Ma€ MicIle MOHSTTS Iij01 Ta ApoOOBOT YaCTHHHU.
Uucna [z] 1 {z} € BIANOBIAHO U100 1 OpOHOEOI0 YACTUHOIO YHUCIA Z, SKIIO

z=[z]+{z} 1 5({2})3%. 3a MM O3HAYEHHSAM I[1a Ta JApoOOBa YAaCTUHU HE

3HaXOAThCs OJAHO3HauHO. Hanpukman, z=5,6+23i. ko [z] =5+2i, TO
5({z})=0,6"+03>=045<0,5; sxmo [z]=6+2i, 10 S({z})=(~0,4) +03* =
=0,25<0,5.

Buznauumo npaBuiio, ik 3HAWTH Taki 1Ty Ta APOOOBY YaCTUHU JOBUILHOTO
KOMIUIEKCHOTO 4Huciia, mo0 ApoOoBa yacThHA Maja HaWMeHmny Hopmy. Hexai
z=s+ti, [s], [t], {s}, {¢t} — TpaauiiiiHi TMO3HAYECHHS UUIUX Ta APOOOBUX
yactThH s i ¢ BimmoBimmo. Tomi  {sj=s—[s], {t}=¢—[t] 0<{s},{tr}<1.
3ayBa)XuMo, 110 YUCJIO Zz 3arajbHOTO BUTJISAY Oylle MaTH Take pO3TallyBaHHS
cepell rayCoBUX YHUCEII, sIK Ha puC 4.
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Koxna 3 BepmmH 300pa)k€HOr0 KBaApaTy € LUIMM TayCOBHUM YHCIIOM 1
1
Morma Gu Gytm [z], axGu 5(2—[2])35. Yucno z-—|[z] 6yme marn maiimenmry

HOPMY, SIKIIIO BIZICTAHb BiJ BEPIIMHU KBaJApaTy 10 z HalMEHIIa.
Hexant z=s+1i.

Ima

[1]+1 1 .y

Puc. 4

CepenuHHi neprneHIuKyJIsIpy 0 CTOPIH LILOTO KBAJpaTy PO3JAUISAIOTH BECh
KBaJIpaT Ha YOTUPHU OOJIACTI, K1 MICTATH MO OJHIA BeplIMHI KBaapary. [Ipudomy
YHUCIIO Z HAJEXKWUTh JUIIE OJHIA 3 UX obyacTel 1 HaOIMK4e PO3TalllOBaHE came
710 BEpIIMHU KBaapary 3 1€l obnacti. Llg inrocTpaiiist JonomMarae B 00rpyHTyBaHHI1
IIYKaHOTO MpaBUiia 3HaAXOIKEHHS 1I1JI0T Ta APOOOBOI YACTHH KOMIUIEKCHOTO YHCTIA.

3ayBaXKuMO, IO JUIA {5} € JIMIIe JBA BUIIAKH:

I)OS{S}S% abo 2)%<{s}<1,

B 3aJI€KHOCTI BiI[ TOIro, AK€ 3 4YHCCII [S] qu [S]+1 3HAXOAUTHCA OvKue 0 §.

TakuM yuHOM Ma€eMo, 110

1) {s}zéi i ({s}—1)2>i abo 2) ({s}—1)2<% i {s}2>i.

Le 3ayBakeHHS TAKOX CTOCYETHCSA 1 {t}.

BpaxoByroun, 1m0 KOXHE KOMIUIEKCHE YHCIO MAa€ HACTYIHI YOTHpHU
MIPEICTaBIICHHA Yepe3 KJIIACUUHI LTy Ta IpOOOBY YACTHUHH CBOIX YSABHOI Ta JIACHOT
YaCcTHH:

z=s+ti=([s]+[e)i )+ ({s}+{ti )=
= ([s]+1+[63 )+ (fst—1+ {8 )=
= ([s]+[ei + D)+ ({sy+ (£} 1) )=
=([s]+1+[i+1 )+ ({s} -1+ ({1 - 1)i ),

MOXeMO CHOPMYIIIOBATU TaKe HPABUIO OOUUCTIEHHA Winoi ma 0podoeor
YaCMUH KOMNJIEKCHO20 YUCIA:
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AKIIO {s}é%, {l‘}S%,TO

[z]=[s1+[21i. 2 ={s}+ {1} ;
HKH_IOI—{S}<%, {l‘}S%,TO

lz]=1 s]+1+t]l {z}={s}—1+{t}i ;
SKIIO {s}é%, 1—{t},—, TO

[=]= s]+(r]+1) 2 =tst+ (I -1y ;
;ncmol—{s}<%, 1—{1‘}3%,T0

[]=Ls1+1+ [+ 1), {2} ={s} =1+ ({1} - 1)
B upoMy mpaBuiii BUOIp 1101 YaCTUHU z CIIBHAAa€ 3 BUOOPOM HAMOIMKYIOT
1o z BepmHM Ha puc.4. Tak sSK U BeplUIMHA BU3HAYAETHCA OJIHO3HAYHO, TO

1 1 1
OJIHO3HAYHO BU3HAYAETHCS 1 APOOOBA YACTUHA Z, IPUUOMY O ({z}) S—+—=—

4 4 2
OrnuieMo aaropuT™ AUICHHS 3 ocTauero B Kuiblll Z[i], oOpanuii B [2]. Bin

CIIUPAETHCA HAa OIIMCAHC IMPABUJIO 3HAXOIKCHHA ].IiJIOI Ta I[pO6OBOI YaCTHH. ﬂKH_IO

z,,z, € Z[1], TO HETIOBHA YacTKa 1 0cTaya B JUIEHHS z, HA Z, MOYKE€ 3HaXOJUTHCS

3d HACTYITHUM AJITOPUTMOM.
o z . .
1. 3HaXOIII/IMO 3BUYAWHY YaCTKY Z = — =5+ ti KOMIUIEKCHUX YHCET z,12z,.

ZZ
2. Buninsemo nuty yacTuHy [z]=g, +¢,i Ta O0YHMCIIOEMO APOOOBY YACTUHY

z . o . . .
{z}:—‘—(q] +q,i) 3BUYAWHOI YacTKU z =S+ /. 3ayBaXUMo, IO II1a Ta
ZZ
IpoOoBa YAaCTUHU BU3HAYAIOTHCS OJIHO3HAYHO, a JpoOOBa YacTHHA

1 :
3a2/I0BOJILHSIE YMOBY 5({2}) < 5 [{uta wactuna [z]=gq, +q,i € Z[i] Oyne

IIYKaHOI HEMIOBHOK YacCTKOIO B1J ALICHHA z, HA Z,.
3. Ocraya BiI AUICHHA 3HaXoOUTbes Fr=2z —z,-(q, +q,i). Tak sk
{z}-2,=2 —z,-(q,+q,i)=r, TO ocTaya 3a70BONbHAE HEOOXiHil yMOBI:

5(r)=6({z})-8(z,)< %5 (z,)<6(z,), npuuoMy TaKOXK  BH3HAYAETHCS

OJHO3HA4YHO.
HonepenHiﬁ MNpUuKiIag 3a TUM AJITOPUTMOM OACTh TaKun pe3yiibTarT:
23+30i _(23+30i)-(16-13i) 758 -18li

C(16+13i)  (16+13i)Y16-13i)) 425

b
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2. Buninsemo Ty YaCTUHY q= {%;811} =2, 60

758 —181i
"2 i, <
425 425 425 7 |425] 2
yacTtka g =2.
3. r=23+30i—(16+13i)-2=-9+4i.
VY upomy mpukiaal 3a JaHUM aJrOPUTMOM HOpPMa OCTadl HailmMeHma i3

MOXJMBUX. 3a criocoboM BUOOpPY ocTadi Bif auieHHs. Ha3zBemo 1ieii anroputm
MIHIMANbHUM ANI20PUMMOM OLIEHHA 3 Ocmauero B KUTblll Z][i],

-92 —181. |-92| 1 |-181] 1
= 4+ —, |——<—. Otxe, HEIOBHA
425| 2

b

Sximo sl 3HaXOJKEHHS 1101 Ta JAPOOOBOT YAaCTMH B TC€OMETPUYHOMY
BUIJISI/II KOPUCTYBATHUCH pHC.4, TO IO YaCTUHOIO z Oyje 4KcIio, IO BIANOBIIA€E
HAaMOMIKYIA BepIIMHI 300pakeHOro KBaapary, a ApoOoBiii wyacTuHi Oyne
BIJIMOBIIaTH BEKTOP, 110 MAa€ MOYATOK B I[Id BEPIIMHI 1 KiHEllb B Toulll z. BapTo
3ayBa)KUTH, 1110 TIPU 3HAXOHKEHHI 1UJIOT YACTUHU ISl YMCEl, 10 pO3TallloBaHl Ha
CEepeAUMHHUX TMEPICHANKYIsIpax JO CTOpPIH IBOTO KBajJpaTy, BIAMOBITHOI
OMHMCAaHOMY TIPABUITY, OOUPAETHCS Ta BEPIIMHA, 10 3HAXOUTHCS JIBIIIE Ta HUXKYE.

OTxe, MU OOTPYHTYBaJM MPOIEAYPY QITOPUTMY AUICHHS 3 OCTayelo B
KUIBIIl TAyCOBHUX YUCEN, OMMCaHy B [2].

IIponiec 3HaXOMKEHHS HENOBHOI YacTKW BIA AUIEHHA z, Ha Zz, MOJKHaA

OpraHi3yBaTd IO IHIIOMY, BHKOPHUCTOBYIOUM CTPYKTYpy KpaTHux uwucen. lleit
IIPOLIEC B CBOIMl OCHOBI CIIUPAETHCS HA MOPIBHAHHI BIICTAHEH MDK z, 1 YUCIIaMH,

KpPaTHUMH Z, .
1. IlopiBHIOeMO BincTadi Big z, A0 0, Bix z, 10 z,, B z, 10 2z,, BI Z,

t € 7., sIKi € MOXUIIMMHU 3 BEPIIUHOIO

b

10 3z, 1 T.1., TOOTO PO3TILAAEMO ‘z] —t-z,
B TOUlll z, A0 HpsMoi, 1m0 npoxoauTh depe3 0 1 z,. JIBI moxwii, CyciiHi 3
NEPIEHIUKYIAPOM A0 1€l IpsAMOi uyepe3 TOUKYy z,, OyAayTh HaWMEHIIMMH CEpeN

PENITH, TaK AK iX MPOEKI[li He MePEeBUILYIOTh ‘ z,|, a peliTa NpoeKiii ouIbiIe ‘ 22‘.

OTxe, 3 HAOMMKEHHAM JI0 MEPIEHANKYISPY, MOXUI1 3MEHITYIOThCS, a MICHS IBOX
CyCiJIHIX 30UIblIyIOThCS. [IprdyoMy mpoekiis OfHI€T 3 IUX CYCIIHIX MOXWINX HE

: 1 .
OunbIIa E‘ z,|, a APYroi — He MEeHIIa. OTXKe, cepe]l HUX MOXHa 00paTu HaliMeHITy.

ToMmy MOXXHa CTBEpIKYBATH, IO 3 ¢, € Z Take, 10 ‘z] — (q] — l)zz‘ > ‘z] —q,"Z,|,a

‘z] —-q, -zz‘ < ‘z] - (q] + l)zz‘ (TyT moxuna |z, —q, -zz‘ HallMeHIa).

Iloyatn momyk ¢, MoxHa 3 ¢=1. Skmo ‘Zl‘>‘z] —2Z,|, TO PO3rIAIaEeMO

MOpiBHAHHA 151 £ =1, 2, 3, ...

Skiio ‘z]‘ < ‘z] — z,|, TO pO3IJIsiIaeMo nopiBHsIHHS s ¢ =0,—-1, =2, —3,...
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2. Jlani aHajmoriYHO MOPIBHIOEMO BIACTaHl BN z, OO0 z,q,+z,-ti Ta
3HaX0JUMO q,, AKe 3aJ10BOJIbHSIE yMOBaM
‘Zl - (Zz% +z,: (Q2 - l)l'X > ‘Zl - (Zz% +z, °Q2ixa a

‘Zl - (Zz% +z,- Q2i1 < ‘Zl - (Zz% +z,: (Q2 + l)iX'

Sxmo ‘z] —q, -zz‘ > ‘z] —(z,q, + z, -i)‘, TO pO3IJIAJAEMO MOPIBHSAHHA IS
t=1, 2, 3,... Sxmo ‘z] —-q, -zz‘ < ‘z] - (zzq] + z, -i)‘, TO PO3IJIAIAEMO TOPIBHSIHHSA
TUISt t=0,-1, -2, —3,.... Bpemti pert 3HAUJCThCS YUCJIIO0
z,q,+tz,°q,i :zz(ql +q2i), KpaTHe z,, HalOmk4e 10 z,, NpU LUbOMY ¢, +q,i —
HEIOBHA YacTKa Bl JUICHHA z, HA Z,.

[mrocTpario nbOro aIrOpUTMy MOKHA PO3TJITHYTH 3a JOIIOMOIO0 PUC.S.
Jna z, Ta z,, AK1 BIANOBLAAIOTh 300pa)KEHHIO HA pHUC.5, MAeMo, IO ‘z,‘

OUTBILINIA ‘z] —z,|, TOMy po3risgaemo =1, 2, 3,.... Maemo ‘z] - 22‘ > ‘z] - 222‘ >

>‘z] —3-22‘>‘z] —4-z,

, ‘z] —4-zz‘<‘z] —5-22‘. Otxe, g, =4.

[TopiBHSHHA ONMCAaHUX MOAYIIB Yy BUINAAKY OYEBHUIHOIO PO3TALIyBAHHS
MOKHa BUKOHYBAaTH BI3yalbHO SIK BIACTaHl Bi z, A0 z,, A4 =2z, A, =3z,
A, =4z,, A, =5z,.

2. 3naxogumo ¢,. Tak sk ‘z] —4-22‘ > ‘z] - (4-22 +zzi)
t=1, 2, 3,.... Maemo ‘z] —(4-22 +22i)‘ <‘z] —(4-22 +z, -Zi)

Ha pucysky 1e BIANOBIAa€ TOMY, IO BIACTaHb Bl z,. 10 A, =4z,. OuiblIa

, TO PO3TILIAEMO

, 0TKe g, =1.

3a BIACTaHb BN z,. 10 A, =4-z,+z,i, a Il BIACTaHb, B CBOIO YEpry, MEHINA 3a
BIACTaHb BiA z, 10 A, =4-z,+z,-2i.

A
Im
[ ]
Ag
. __ 7
N
° i 'A\\‘ e Ay
II ’I \ 5~
I' I’ II \\
° o /il ¢ A3
II I’, :
° ° /I " ¢A2
° ,’I o
S A
‘I
7y Re
0
Puc. 5
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Otxe, g=4+1 — HemoBHa 4YacTKa Bl AUIeHHS z, Ha z,. OcTtaua BiA
JUIEHHSI OOYMCIIIOETBCS K ¥ =z, —z, -q. MoayaeM Li€i ocTaul Ha PUCYHKY S5 €
BIZICTaHb BIA z,. 10 A, =z, (4 +i).

BUCHOBKU

Jlana cTaTTs MPOJOBXKYE IOCHKYBAaTH NHUTaHHSA, TOB’s3aHI 3 IUIUMU
rayCoBUMHU 4MciiaMi. PO3riisHyTa CTPYKTypa MHOXHHM YUCEII, KPATHUX 33JJaHOMY
raycoBoMy 4McCiy z. Bu3HadeHO, IO IS MHOKHHA YTBOPIOE BEPIIMHU PEIIITKH,
110 BU3Ha4YaeThes kBaaparom 0, z, zi, z(l+i).

Posrnsimanvcs nutaHHs ICHYBaHHS Ta HEOJJHO3HAYHOCTI HEMTOBHOT YaCTKU Ta
ocTayl B JAUIGHHS TayCOBUX YHCENl Ta JOBEICHO TBEP/UKEHHS, IO ICHYE He
MEHIIIE ABOX YHCEJI, 10 3aI0BOJILHSIOTH X YMOBaM.

BusHadyeHo npaBuiio 0JHO3HAYHOTO 3HAXOKEHHS 11101 Ta IpOOOBOT YaCTUH
KOMIUIEKCHOTO yuciaa. OOrpyHTOBAHO aJITOPUTM 3HAXOJKEHHS OCTaul Bl AUICHHS
B KUIbLI Z[i], MIHIMQJIbHOI 32 HOPMOIO, III0 BUKOPUCTOBYEThCA B [2]. CTBOpEHO
MpoLIeC 3HAXO/KEHHS HEMOBHOI YacTKU Ta OCTadl, MIHIMaJIbHOI 32 HOPMOIO, BiJ
JUICHHS. TayCOBHUX YHMCEN, [0 0a3yeThbCs Ha BUKOPUCTAHHI CTPYKTYPH KpPaTHHUX
YHCEll.

PesynpTaTu 1i€i cTarTi MOXYTh OYTH BHUKOPHCTAaHI NpPH JOCHIIKEHHI
anroputmy EBKiina B Kbl Z[i], MOOYAOBI Ta JOCHTIPKEHH] JIAHIIOTOBUX JIpO0iB
palioHAJIbHUX TayCOBUX JpO0iB, a TaKOXX OMHCAaHl aJrOPUTMU MOXKYTh 3HAWUTH
CBOIO MPOTPaMHYy peaizallito.

INitepaTtypa

l. borganoB II.C. O mpencraBieHMHM LENBIX T'ayCCOBBIX YHCEN B CHUCTEME
cuucienus [Turtu / I1.C. borganos I1.C. — Komnpiorepnas ontuka. — 2010. — Tom
34, Ned. — C.561-565.

2. [Namenko 3./1., Baruep I'.O. CkiHu€HHI1 JIaHILIIOTOB1 TaycoBi IpoOu. 301pHUK
HAyKOBUX Mpaib ¢izuko-maremaTuunoro @akynbrery AIAITY. — CrnoB’sHCBK:
JABH3 “IIITY”, 2016. — Ne 6 — C. 26 — 30.

3. [Tamenko 3./0. Pemero Eparocdena mis raycosux uucen. / 3. JI. [amenko,
O. B. IInaxots // 30ipHUK HayKOBHX Mpailb (HI3UKO-MAaTEMAaTUYHOTO (DaKyIbTETy
CAITY (3a wmarepianamu BceykpaiHChbKOi HayKOBO-MPAKTUYHOI KOH(EpeHIil
"AKTyanapHI MUTaHHA Hayku 1 ocBiTU"). — CnoB’siHchk: CIITY, 2012. — Ne2. —
C. 82-86.

4. Tpebenko J[.4., Tpebenko O.0. Anrebpa i Teopis uucen. — K.: HITY imeni
M.II. Iparomanosa, 2006. —Y1. — 400 c.

DOI: https://doi.org/... 31



ISSN 24132667 (Print), ISSN 24153079 (Online)

Z.D. Paschenko, E.P. Odintsova
Donbas State Pedagogical University, Sloviansk, Ukraine

Division with the remainder in the ring of Gaussian numbers

The article deals with issues related to Gaussian integers. An analysis was
made of the definition of the integer and fractional parts of a complex number in
order to achieve a unique result. Two algorithms for division with a remainder in
the ring of Gaussian numbers are presented that give a single-valued result with a
remainder that is minimal in norm: based on the determination of the integer and
fractional parts of a complex number, and based on the use of the structure of
multiples.

Keywords: Gaussian numbers, multiple numbers, whole and fractional
part, division with the remainder.
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NA3EPU AK ETAN CTAHOBJIEHHA KBAHTOBOI TEOPII
BUMPOMIHIOBAHHA

VY cTaTTi pO3rIsSHYTO B3a€MO3B 30K TEOPETUYHOI M €KCIEepUMEHTaIbHOI (IpUKIaHOT) QI3UKU
IIpY BUBYEHHI J1a3€epiB SIK €Taly CTAHOBJIEHHS KBAHTOBOI T€OP1i BUITPOMIHIOBaHHS.

KiiouoBi cioBa: keanmosa meopis GUNPOMIHIOBAHHA, [HBEPCHA HACENEeHICMb,
iHOYKOBaHE GUNPOMIHIOBANHS, 1A3ep, AKMUGHE cepedosunye, CUCeMAa HaKauKu.

BcTyn

Ilocmanoska npooremu. Po3BUTOK (I3UKH, K OAHIET 3 MPUPOJHUUYNX HAYK,
BIIOYBA€ThCS B MIANEKTUYHIA €JHOCTI ii E€KCIEepUMEHTaIbHOI W TEOpEeTHYHOI
CKJIaJ0BHUX. [CTOpisS CTAaHOBJIEHHSI KBAHTOBOI TEOpii BUMPOMIHIOBAHHS JAa€ 3MOTY
HAOYHO 1€ MPOJEMOHCTPYBAaTH NpPH BHUBYEHHI BIAMOBIIHOI TEMH B OCBITHIX
3aKJajax.

MeTo10 CTaTTi € IOKA3aTH K KBAHTOBA TEOPisi BUIPOMIHIOBAHHS MOCIPHsLIIA
CTBOPEHHIO Jla3epa, a Pi3H1 NPUKJIAIHI 3a/1adl CIIOHYKAJIH JI0 iX 3alpOBAKEHHS B
3aJIEKHOCTI Bil poOOUOTro Tija.

OcHoBHa YacTuHa:

Hanmpukinmi XIX ©Ha mouarky XX CTONITh y CBITI 3 SBHIKCH
€KCIIEpUMEHTAIbHI PEe3yJbTaTH, MOSICHUTU SIKI ICHYIOYa Ha TOM dYac KJachyHa
Teopist Oyna HecnpoMmoxkHa. Lle cTocyBanocs, 30kpeMa, pIBHOBaXHOTO TETJIOBOTO
BUIMIPOMIiHIOBaHHS. Ha HeIOCKOHANmICTh KJIACUYHMX YABICHb (I3UKH, 110
BCTAaHOBWJIMCSl Ha TOM 4ac BKa3ylOTh 1 pe3yJbTaTH aociiny Maiikenbcona-Mopii
no cnpoOl eKCHepUMEHTAbHO BHUSBUTU ICHYBaHHsS CBIiTJIOBOTO edipy. Bce me
CIIOHYKAJIO /10 TIEPETIsily OCHOBHUX YSBJIE€Hb KIIACUYHOT TEOPii.

1. HoBe po3ymiHHA mnpuiiiio B (i3uKy (TEOpil0 BUIPOMIHIOBAHHS)
3aBAsiKy rinote3i [lnanka npo icHyBaHHS OTOHIB — KBAHTIB BUIPOMIHIOBAHHS, SIK
HaWMEHIII01 HETOIUIBHOT MOPIii eHeprii:

hc

8=hv=7, (1)

—34
073 JIx - ¢ Ha3BaHa crajor IlmaHka.

ne KoHcTtanta h=6,62-1
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3riIHO 3 JaHOIO TIMOTE30l0 CBITJIO BUIPOMIHIOETHCS HE HEMEPEepPBHO, a
muckpetHo. Kepyrouncy num [lnank otpuma dopmyny uisl CHEKTPabHOI
BUIIPOMIHIOBAJIBHOT 3/1aTHOCT1 a0COIIOTHO YOPHOTO TiJ1a, IKa HOCUTh HOTO 1M’S:

2mhe? 1
Par = 15 hTAT (2)

1€ ¢ — WBUIKICTH CBITIAa y BakyyMi; k — crtana bonbumana; T — abGcontoTHa
TeMIlepaTypa; e — OCHOBA HaTypaJbHUX JIOrapu(dmiB.

[Ipy 1pOoMy poO3mOALT €Heprii B CHEKTPl PIBHOBAXKHOTO TEIUIOBOIO
BUIIPOMIHIOBaHHS OTPUMAHMM TeopeTH4uHO 3a ¢dopmysnoro [lnaHka MOBHICTIO
CIIBIIAJIA€ 3 EKCIIEPUMEHTAILHUM.

OTxe KBaHTOBa Teopis BUIPOMiHIOBaHHS [lnaHka MOsICHIOE BCi 3aKOHU
PIBHOBaYKHOT'O TEIIOBOI'O BUIPOMIHIOBaHHS.

2. [TosicHUTH 3aKOHOMIPHOCTI 30BHIIIHBOTO (oToedeKTy, OTpUMaHi
EKCIIEPUMEHTAIbHO, ICHYIOYa Ha TOW 4Yac KJIacH4YHa Teoplsi TakoX Oyna
HECIIPOMOYKHA.

Jis ix nosgcHeHHst AnpOepT EMHIITEHH cKOpUCTaBCcsl KBAHTOBOIO TIIIOTE3010
[Inanka 1 mNOpUIYCTUB, L0 1 TOIJMHAHHSA CBITJIa B1AOYBAa€THCS OKPEMHMU
JUCKPETHUMU TOPLISIMHU €Heprii — pOTOHAMH.

EltnimTelin 3acTocyBaB 3aKkOoH 30€pEKEHHS €Heprii JO0 CUCTEMHU «Ialarouuit
(OTOH — €JIEKTPOH PEYOBUHIY.

EnekTpoHM TMOBEPXHEBOrO Iapy MeTaldy MOTJHWHAIOTh EHEeprilo X
(GOTOHIB, IPU LBOMY OJMH EJEKTPOH IOIJIMHAE I[UIKOM EHEPrito OgHOro ado
JIEKUIbKOX (POTOHIB.

[Ipu ymoBIi, mo eHeprisa (GoToHa piBHA ab0 OUIbIIE 3a 3HAYEHHSIM pOOOTHU
BUXOAY, TO €JIEKTPOH OyJe BuwiIiTaTu 3 MeTany. Toji yactuHa eHeprii porona Oyne
BUTPAYaTHCS HA BUKOHAHHSA poOOTH BHXOHYy A, a ii pemra Oyae NEpexoanuTH B

KIHETUYHY €HEeprito (PoToeNeKTPOHa:

2
mo,.

hv = A, +TX 3)

Januii Bupa3 Ha3UBa€ThCS PIBHAHHAM EiHIITElHAa 17 30BHINIHBOTO
dotoedexty. Lle piBHSHHS 3anmucaHe Ajsi OJHOPOTOHHOTO QoToedexTy, KOJIH
WIeThCs MPO BHUPUBAHHS EJIEKTPOHA, HE IMOB’S3aHOr0 3 aTOMOM (MOJIEKYJIOIO).
BnacHe BOHO € y3araJbHEHUM 3aKOHOM 30epexeHHs eHeprii. Ha ocHOBI
KBaHTOBHX YSBJEHb TMPO CBITIO MOXHa TMOACHUTH 3aKOHH (oToedeKTy.
3pOo3yMilIo, HI0 YHMCIO €NEKTpPOoHIB [V,, BUPBAHUX 3 PEYOBHMHH, IPONOPLIKHHE

yucity (OTOHIB, NajalduMx Ha pedoBuHy, To0TO N, ~T. Takum YWHOM, MU

MOSICHWIN TepIIni 3aK0H (poToedeKTy.

3 piBHsiHHS EifHIITEliHA BUXOIUTD, 110

111!)2

= hy — A,1a A, = hv,, (4)
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3 UpOro piBHSAHHA MU 0auuMMo, IO MakCHMallbHAa KIHETHYHA EHepris
(OTOENEKTPOHIB JIIHIMHO 3aJ€XUTh BiJl YaCTOTH MAaJal0uoro CBITJIA, a YEpPBOHA
Mexa ¢oTtoedexTy — BiJ pOAY PEUOBUHM KaToja (Ipyruid 1 TpeTil 3aKoHU
dboTtoedekTy).

Tox  kBanTOoBa Teopis (doroedekry EifHmTeiiHa mMoscHIOE  BCi
3aKOHOMIPHOCTI 30BHIIIHBOTO (GOTOE(DEKTY.

AJe rinoTe3u NMepexoAsTh B HAYKOBY TEOPIIO KOJM BOHHU 3[IaTHI HE JIMILE
MOSICHUTH  pEe3yJbTaTH ICHYIOUMX EKCIEpPUMEHTAIbHUX pe3yJbTaTiB, a ¢
CIIPOMOKHI nependavaTy HaCTYIIHI.

3. CrocoBHO nomupeHHs cBitia ERHIITEH NPUITyCTUB, 1110 BOHO TaKOX
BinIOyBaeTbcss  AuckpeTHo. Jocmig bore 1 craB  ekcnepUMEHTAIbHUM
MIATBEPIKEHHAM LILOMY.

[Ipu BunpomiHIOBaHHI (OTOHA aTOMOM BiAOYBAa€TbCA 3MEHILEHHS EHEPrii
OCTaHHBOI'O0 HA BEJIMYMHY €Heprii (oToHa. A mpu MOrNIMHAHHI (OTOHA ATOMOM —
30UTBIIEHHS! €HEprii OCTAHHBOIO HA TAaKy X BEIUYMHY. TaKMM YHHOM MO>KHA
CTBEP>KYBATH, 110 KBAHTOBA TEOPis CBITJA MOSCHIOE TUCKPETHICTh EHEPTETUUHUX
PIBHIB €JIEKTPOHA B aTOMI.

4. e onnum npunymeHHsm EifHmTeliHa ctano icHyBaHHS BUMYIIEHOT'O
(IHIYKOBaHOI0) BUIPOMiHIOBaHHS. lle Take BHUIPOMIHIOBaHHS, SK€ BUHHUKAE Y
30yKEHOMY aTOMI1 TIPY MOT0 TIEPEXO0/I1 B MEHIII 30y PKeHU a00 HOpMaJIbHUI CTaH
nij aiero 30BHIMIHIX GakropiB. Hanpuknan, nig BruimBoM ¢oToHa (AuB. puc. 1).

o emicii Mig yac emicii Micna emicii
36yprkeHunin .
piBeHb ._E2 hy
h U hy ANNN
NN NNV !]I' "
PoToH AF NN\
OcHOBHMI
. T ATomv E 1 —‘— +
piBeHb Y ATOM B
36"'”""“9"_'0"‘"‘\' OCHOBHOMY
CTaHl CTaHi

Fo — F{ =AF = hv
Puc. 1. EHepreTnyHa giarpama iHOyKOBaHOro BUNPOMIHIOBaHHS, O BUHMKAE B aTOMi
nig gieto OoToHa, Ha Npuknagi ABOpPIiBHEBOI KBAHTOBO-MEXaHI4YHOI CUCTEMM.

[Ipu mpoxo/keHH1 (OTOHA MOB3 aTOMY, IO 3HAXOJIUTHCA B 30YHKEHOMY
CTaHl, OCTaHHIA MEPEeXOAUTh HA HUKYMUHA EHEPreTUYHUM pIBEHb 3 BUCBITICHHAM
«(porona-onuzHIoka». ToOTO manarounii 1 IHAYKOBaHUN (POTOHM MaAIOTh OJHAKOBI
4acTOTH, HAIPSIMKU MOIMIMPEHH 1 noisipu3aii. KpiM toro, 111 ¢OTOHU KOTepeHTHI.

ExcriepumeHTangbHe BIAKPUTTS 1HIYKOBAHOI'O BHUIIPOMIHIOBAHHS HaJajo
MOILITOBX JI0 CTBOPEHHS CIIOYATKY JIa3epa, a MOTIM 1 JIa3epHOi IHAYCTPIi.
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Tepmin «laser» moxonuth Bin abpeBiaTypu aHriicbkoi Ha3zBu «Light
Amplification by Stimulated Emission of Radiation», mo B nepeknazi o3Hayae
MOCHUJICHHSI CBITJIa 32 JOTIOMOTOI0 BUMYIIEHOTO (iHAYKOBAHOTO) BUIIPOMIHIOBAHHSI.

Jlazep 3a3Buuail CKIAJAETHCA 3 TPHOX OCHOBHHMX KOMIIOHEHTIB: poOoue Tij10,
JOKEpesio  eHeprii (cucTemMa Hakadku), cucTeMa JA3epKal abo «ONTHYHUU
PE30HATOP».

OCHOBHUM €JIE€MEHTOM Ja3epa, BIINOBIJAIBLHUM 3a JOBXKHUHY XBHJI
BUIIPOMIHIOBaHHS € poboye TiIO.

B 3anexHocTi Bij po6o4oro Tija gazepu NOAUISIOTH Ha:
v’ Ta30Bi;
v’ pinunmi;
v’ TBepIOTLIbHI;
v HAaIBIIPOBiTHUKOBI.

Jlist CTBOpEeHHsI 1HBEPCHOI HACENEHOCTI B poOOYOMY TUTl, 1O HBOTO
HEOOXIHO MiBOJUTH €HEprito. s 1poro BUKOPUCTOBYIOTH CUCTEMY HaKadKH.
Tun BUKOpUCTAHOI CUCTEMHU HaKayKW MOBHICTIO 3aJI€KUTh Bil poOOUYOro Tinia, sike
3aCTOCOBYIOTh, @ TaKOXX BHU3HAYa€ CHOCIO MiABEICHHS €HEeprii J0 CHUCTEMHU.
OCHOBHUM J>KepeoM HaKauKu:

® Ta30BHX Ja3epiB € CICKTPUUHUN PO3PI;

® DPIIUHHUX — IHIIUH Ja3ep ado IMIYJIbCHA JIAMIIa;

® TBEPJAOTUILHUX — IMITYJIbCHA JIAMIIA;

® HAMIBIPOBIIHUKOBUX — €JIEKTPUUYHUIA CTpyM 200 ONTHUYHA HAKayKa.

HalinpocTtimnii oNTUYHUN pPE30HATOP CKIANAETHCA 3 JBOX MapajelbHUX
n3epkan (oJHe 3 SKUX HaIiBIPO30pe), PO3TAlIOBAHUX HABKOJIO poOodoro Tijga. ¥
TBEPAOTUILHUX Jla3epax pojb TaKUX J3epKaj MOXKYTh BiAIpaBaTH BIANOJIIPOBaHI
rpaHi poOo4oro Tija.

Hupokoi monyasipHOCTI OCTAaHHIM YacoM Halynu Jlazepu Ha OapBHUKax. Lle
MOB’5I3aHO 3 1X 3/IaTHICTIO POOOTH SIK B HEMEPEPBHOMY, TaK 1 B IMIYJIbCHOMY
peXrMax Ta MOXJIMBICTIO TMEpPEHANAIITYBaHHS BUIIPOMIHIOBAHHS B IIUPOKOMY
iHTepBai 10BXKH XBUJb. Lllo, B cBOIO Yepry, 103BoJisie BUOIPKOBO BIUIMBATH Ha
OiojoriyHl KiIiTUHU. lle BUKOPHCTOBYIOTH, 30KpeMa, B PI3HHUX HamNpsIMKax 1
00JIaCTSIX MEIUIIMHU.

MOXNIHMBICTh BHKOPUCTAHHS MOTYXHHX IMIYJIbCHUX JIa3epiB JIEKUTh B
OCHOBI OJTHOTO 3 HAMPSIMKIB TOCIKEHHS OJHIET 3 TJI00ATBHUX MPOOJIEM JIF0JICTBA
— KepOBaHOI1 peakilii TepMOSIEPHOTO CUHTE3Y.

Cy4acHi T€XHOJIOT1i JO3BOJISIIOTh BUTOTOBIISITH JIA3€pH 3 BUX1THOIO €HEPTiEI0

O0m3bko 5 KJ[K 1 TOTYXXHICTIO ~20-10° Br. A 3aBISKH ONTHYHHM KBAaHTOBHM
MIJCHUII0OBaYaM TPOTHO30BaHA TOTYXKHICTh JIa3€PHOTO BUIPOMIHIOBAHHS B

IMITYJIbC1 MOXE JJOCSTaTH ~ 10" Br [3].
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BucHoBKkuM

Yac BUBUYEHHA AMCHMIUIIHM (i3MKa B 3akjafax OCBITH NOAUIAETHCS
MPOIOPIIITHO Ha TEOPEeTUYHY M eKcrnepuMeHTanbHy ii yacTuHu. llpu npomy
EKCIIEPUMEHT BUKOPUCTOBYIOTh JUISl  3aKpilJIeHHs Teopili U  mpuaOaHHS
BIIMOBIIHUX YMiHb Ta HABUYOK.

BuBueHHss 7nazepiB Yy KOHTEKCTI CTaHOBJEHHS KBAaHTOBOi  Teopii
BUIIPOMIHIOBaHHS J103BOJIsiE (DOPMYBATH TaKl KJIIOUOBI KOMIETEHIII SIK CUCTEMHE
MUCJIEHHSI ¥ YCBIAOMIJICHICTh. AJKE HE JIOCTATHBO 3HATH (DYHKIIIOHAJIBbHY CXEMY
nazepa. HeoOXiHO MEpexoaUTH JO0 MHUCIICHHS, SK 3MIHM OKpEMHUX ii €JIEeMEHTIB
BIUTMBAIOTh HA XapakTep BHUIPOMIHIOBAHHS B LUIOMY. YCBIIOMJEHICTh e
JI03BOJIIE  PO3BUBAaTH HaBUK pediekcii, KOHUEHTPYIOUHCh Ha CY4acHOMY
nependayaTH MallOyTHE.
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Lasers as a stage in the formation of the quantum theory of
radiation

The article considers the relationship between theoretical and experimental
(applied) physics in the study of lasers as a stage in the formation of the quantum
theory of radiation.

Keywords: qguantum theory of radiation, inverse population, stimulated
emission, laser, active medium, pumping system.

https://doi.org/... 37



ISSN 24132667 (Print), ISSN 24153079 (Online)

IHPOPMATUKA TA
METOOUKA Il HABHAHHA
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NMNIArOTOBKA MAUBYTHIX YYUTENIB IHOOPMATUKK 1O
BUKNAOAHHSA 3MICTOBOI JIHII «MOOEJNTIOBAHHSA»
3ACOBAMU PYTHON

MonentoBaHHs € CKJIaJHOIO 1 BOJHOYAC KOPUCHOIO AisUTbHICTIO. KoM I0TepHI HAYKH HAKOIUIH
3HAYHUM MOTEHI[IaJl TEOPETUYHUX Ta METOJMYHMX HapoOOK B ILii ramysi, a 3acobu peanizamii
MoJieNiel Ha/lalTh MOXJIMBICTH 0OpaxoByBaTHu Beluki 00’emu ganux. IliaroroBka mailOyTHiX
y4HuTeNiB 1HQOPMATUKU 1O BHUKJIAJaHHS 3MICTOBOI JiHIT «MoAemoBaHHS» B KypCl CepeaHboi
IIKOJIM CKJIaJHUN TPOLEC, L0 CIHUPAETbCI HA TEOPETHYHI OCHOBU MOJICIIOBAHHS, HAsIBHY
MIPaKTUKy CTBOPEHHs Mojeniel Ta copmoBaHe OadeHHsI poJii MOJENIOBaHHSA y (OpMYyBaHHI
cBiTOrJIsAY yuHiB. B ocBiTHII nporpami «Cepeans ocsita (IHpopmaTika)» OCBITHIN KOMIIOHEHT
«IIporpamyBanns» Mae QpyHIaMeHTaIbHE 3HAYEHHS. BIAMOBIAHO A0 IIi€T pOJIi OJTHUM 13 3aBlIaHb
Kypcy € (opMyBaHHS HaBUYOK CTBOPEHHS Ta 3aCTOCYBaHHS Mojeneil. B crarTi po3risnarorses
MPUKIAJM TMPAKTUYHOI HAMpaBJIE€HOCTI PO3B’A3yBaHHsS SKHX HAJa€ MOXJIMBICTH PO3LIUPUTU
ysIBJIEHHS] MaOyTHIX y4uTelNiB 1H(QOPMATHKU PO MOJIEN, CHOCOOU Ta METOIH iX TOOYI0BH.
KuouoBi cioBa: moodenrosanns, komn romepua mooens, niocomoska guumeinis, Python

BcTyn

Ilocmanoska npobaemu. PaxiBll 3 HEUpPONETAroriku CTBEPAXKYIOTb, IO
«MO30K 00po0Jiroe yacThHM 1 1uie omHoudacHo» [1]. Came 1ie mae MOXJIUBICTh
pO3MIISIAATH MOJICJIFOBAHHS SIK CYTTEBHM 1THCTPYMEHT CTBOPEHHS HOBHUX 3HaHb Ta
OTpUMaHHS JOCBiny. TakuM METOAOM TapHO OpPraHi30BaHWM MPOIEC HAaBUYAHHS
yepe3 MOJENIOBaHHS JEMOHCTpye JeTam 1 11ei, 10 JiexaTb B OCHOBI
JOCHIJDKYBaHUX SIBUIl Ta mpolieciB. CTBOpPEHHS Ta MOCTIIKEHHS IMITAIliHOT
MOJIeNll HAJa€ MOXJIMBICTh CIIOCTEpIraTd pe3ysabTatd 1 (HopMyBaTH BUBOAU 3
JTOCIII>KSHHS.

Andrew S. Gibbons [2] BUIUIMUB Taki OCHOBOIIOJIOKHI TMPUHIUIIN
3aCTOCYBaHHS MOJICITIOBaHHS B HABYaHHI CTOCOBHO THX, XTO HaBYAETHCS

. OTPUMYIOTH JOCBIJ IIJIIXOM B3a€EMO/II1 3 MOJICIISIMH;

. BUPIIIYIOTh HAYKOBI Ta 1HKEHEPH1 MPOOJIEMHU UISIXOM €KCIIEPUMEHTIB
3 MOJIEIIIO;

. PO3IJIAIAI0Th 1 CTABIIATH MPOOIIEM;

. BU3HAYAIOTh KOHKPETH1 HaBUaJbHI I11Ti;

. MOJIal0Th BCIO HEOOXIIHY 1H(OPMAIIiI0 B KOHTEKCT1 PIICHHS.
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CTBOpeHHS MOJIeJIe HEMOXKJIMBO 0€3 3aCTOCYBaHHS MaTeMaTHUKH. 3 1HIIOT
TOYKH 30py y OaraTh0X HaIllOHAJIBHUX OCBITHIX IporpaMax KOMIIETCHTHICTb
MOJICTIOBaHHSl BUIIrpae BUPIIAIBHY pPOJb, BKa3ylOUM Ha Te€, IO BAKIUBICTH
MaTeMaTUYHOTO MOJIETIOBAaHHSI BU3HAETHCS HA IIMPOKOMY MIDKHAPOIHOMY PiBHI.
Onnak, mo3a IIUM KOHCEHCYCOM IIOJO0 AaKTYaJbHOCTI MOJICJIIOBAHHS, BCE IIE
3QIMIIAETHCS  CHIPHUM TMHUTAHHAM TMpPO Te, SK I1HTErpyBaTH MaTeMaTU4YHE
MOJICTIOBaHHS B MpOlleCH BUKJIaJaHHs Ta HaB4YaHHsA. Gabriele Kaiser BBakae, 110
CIIPUSIHHSI MOJICTIIOBAaHHIO KOMIIETEHIIIM, TOOTO KOMIIETEHII 1Ji1 BUPIMICHHS
peaspbHUX MPoOJIeM 3a IOTIOMOT00 MaTEeMAaTUKH, BUSHAETHCS IIEHTPATBLHOI0 METOIO
MaTeMaTUYHOI OCBITM y BCbOMY CBITI, OCOOJIMBO SIKIIIO MaTeMaTW4YHa OCBITa
CIpsIMOBaHa Ha CHPHUSHHSA BiANOBiAANIbHOMY TpoMansHcTBY [3]. CyuacHuit
BUUEPITHUM OIS pe3yJIbTaTiB  JOCHUDKEHb y Traiay3l MaTreMaTUYHOTO
MOJICJIFOBaHHS, BUKJIAJl OCBITHIX I[IJIEH, 11O ITOB’A3aH1 3 MOJICIIOBAHHSAM, OCHOBHHX
KOMITOHEHTIB KOMIIETEHTHOCT1 MOJISTTIOBAHHSI, IIMPOKE OOTOBOPECHHS JUIAKTHUHUX
npoOJjieM y MOJCIIOBaHHS Ta MPEACTaBHUIIbKA KUIBKICTh HaWKpaluX MPaKTUK
MOJIeNIIOBaHHS IpeicTaBiieHa y nociimkenni Mogens Niss Ta Werner Blum [4].

MeTo0 cTaTTi € PO3KPUTTS OCHOBHUX MUISAXIB MIJTOTOBKM MalOyTHIX
y4uTeNdiB 1HPOPMATUKH [0 BHUKJIQJAaHHS 3MICTOBOI JdiHIT «MoJemoBaHHsI» B
HaBUYaJIbHOMY TipeaMeTi «[HhopmaTukay.

OcHoBHa YacTuHa

AHani3 MiAXO0JIB J0 BHUKJIAJaHHS MATeMAaTHYHOTO Ta KOMI IOTEPHOIO
MOJICJIIOBaHHS, a caMe: IHTerpaiis MOJEIbHUX 3aBllaHb, HATYpPaJICTUYHUHN KeHc,
BUKOPUCTaHHSI pOJIbOBUX 1rop, MoxiuBocTi STEM-HaBuaHHsS, MOTHBaIis Ta
MO3UTUBHE CTaBJIEHHS [0 HaBYaHHS MOJICTIOBAHHIO TOLIO TMPEACTABICHO B
nocnimkerni Nadiia Balyk ta inmi [5] Pesynbrat 1ociiikeHb NpOUTIOCTPOBAHO
Ha TpUKIAl peaii3auii NOPOeKTy [Jii BUBYEHHS JAMHAMIKA  MOIMYJISIT
BUHOTpagHoro pasiuka Helix pomatia. Peamizamis nmpoekTy po30MBa€eThCs Ha
KiIbKa eTamiB: (QOpMYNIOBaHHS MpOOJeMHU, Mpe3eHTalllsl MPOEKTHUX 3aBaHb,
MO3KOBHH IITYpM, po3po0Ka, TECTyBaHHS, IPE3EHTALlIsl PE3YJIbTATIB.

[cTopuunmil ornsa BiA NepHIMX MojeNed cuMyssuii, 1o 0a3yroThcs 3a
3aKoHaxX 010J0rii, A0 Cy4aCHOrO CTaHy JOCJIIKEHHs HaBeneHo B no0ipui Igor
Santry [12]. CuctemMu 1m0 pO3BUBAIOTHCS 1 KOHKYPYIOTh MDK CO0OI0 Y
BIPTYyaJIbHOMY CBITI € UYyJOBUM MPUKIAJOM CTBOPEHHS WITYYHOI'O IHTEIEKTY.
OcHOBHMIT BEKTOp pO3p0OOK B 1M rainy3i B OCTaHHI POKHU 3MICTHBCS 3 IMiTalii
€BOJIIOIIIMHUX TPOLECIB 3 HYJA Ha po3poOKYy JeTadbHUX UU(PPOBUX KOIMIH
0araToKIITUHHUX O10J0TTYHUX 1cTOT. [loku, HAaUOpPOCTIMX — YepB'sIKIB-HEMATO/I.
Opnnak, mociigauku 3 Human Brain Project [13], mo oG'eqnaB 135 HaykoBux
IIEHTPIB B 26 KpaiHax €Bpocoro3y Bxke Hauumwiucs a0 2023 poky BIATBOPUTHU
MO30K JIIOJIUHHU 3 yciMa 90 MUTbsiplaMUd HEUPOHIB @K 10 OKPEMHUX 10HHUX KaHaIiB.
KopucHum u1st Hamoro JOCHIIKEHHS € TPYHTOBHHUM OIS CUMYJISALIN €BOJIIOIIH
(emergence evolution) omyOmnikoBanuit Ilya Sheprut [14]. [danuii JOKyMeHT
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CHUCTEMAaTH3Ye IIKaBy 1H(POpMAaIlii 10 TeMaM: CUMYJISIIS €BOJIOL1, ITy4YHA KUTTS,
HEHWPOHHI MEpeX1, KJIITUHHI aBTOMATH, IITYYHUI THTEJIEKT.

MopentoBaHHIO MTpUTaMaHHA BIACTUBICTb BHUKOPHCTOBYBATH HWOTro B Oyib-
AKUX Taly3siX 3HaHb OCOOJIMBO SIKIIIO HEMOXJIMBO JAOCTIIKYBATH SIBUIIE Yepe3
Opak yacy, 0OMEXEHICTb Y JOCTyImHOCTI abo HeOe3nmeuHICTh y npoBeaeHHL. Came
1 TepeBara MOJICJIIOBaHHs CIpHsijia Horo 3acTtocyBaHHIO y (izuill. Jannis Weber
ta Thomas Wilhelm HaBoAsTH ICTOpUYHHUI OIS TEpeBard OOYUCITIOBAILHOTO
MOJICJIIOBaHHSl y BHMBYEHH1 (pi3uill. ABTOPH CTBEPIXKYIOTh, 110 OOYMCIIOBAIbHE
MOJICJIIOBaHHSl € HE JIMIIE BaXKJIUBUM E€JIEMEHTOM HAayKOBHX AOCIIIKEHb, BOHO
TaKoXX Mae OaraTy ICTOpir0 B Taiy3l (pI3MYHOI OCBITH, 1 HMOro 3acTOCYBaHHS B
HaBYAIbHIA ISUTBHOCTI CHJIBHO 3MIHHJIOCSA 3a OCTaHHI KiUIbKa IECATHIITH [6].
[IpoBenenuii aBTOpamMu OrJIsiA AOCHIIKEHb Y I[1H Tay3i MoKa3as, 110 BiIOMO PO
BILJIUB OOUYMCITIOBAIIBHOTO MOJICIIOBAHHS HAa KOHIENTYaJIbHE PO3YMIHHS CTYACHTIB,
CUCTEMHE MUCJEHHS, OTJISIAN HAa PUPOY HAYKH Ta IHTEpEC A0 (DI3UKH.

Hina Tl'onmoBina, Muxkona I'onoBiH Ta AnHartoniii DelOHIOK pPO3TIIAIaI0Th
MPUKIAAN CUMYIIALIT (PI3UMYHUX MPOIIECIB 3 Bi3yali3ali€lo OTPUMAHUX PE3YNIbTATIB
3acobamu Visual Python [7]. ABTOpM 3a3HaualOTh, U0 MPHU BAAIOMY MOEAHAHHI
BUBYCHHS (13UKH, 1HOOPMATUKU Ta MaTeMaTUKU MOJACIBHUN IMIAXIJ JOroMarae
rbme  po3ymitTh  cyTh  (GBUYHMX  mponeciB. Lledt  migxim  crpusie
B3a€MONOTIMOICHHIO B KOXHIM 31 3rajjaHux JAUCIHUIUIIH, a TaKOX CIpHsSE
HUTICHOMY OayeHHIO (i3UKM, MaTeMaTUKH Ta I1HPOPMATHUKH, SIK OJHIET TICHO
3B’S13aHO1 CTPYKTYpH 3HaHb, B AKId KOXHA 3 KOMIIOHEHTIB HECE CBOE 3MICTOBHE
HAaBaHTaXXEHHA. 3 MeNaroriyHoi TOYKHU 30py, Ha JYMKY aBTOPIB, IHTETPOBaHUM
MOJICJIbHUMA TIAX1T MOKE CTUMYIIOBATH Y4YHS Bipa3zy /10 BUBUYEHHS ACKUIBKOX
BOKJIMBUX MPUPOJHUYUX TUCHUIUIIH. OJHUM 3 BaXKJIMBUX aCHEKTIB MOJEIbHOTO
MiAX0AY B HABYAHHI € MOTY>KHUI BIUIUB HAa Y4HSI B CEHC1 (POPMYBaHHS PUUHUHHO-
HACJ1IKOBOT0, a0CTPaKTHO-JIOT'1YHOT'0, MAaTE€PIaTICTAYHOT'O MUCIICHHS.

HeoOxinHO 3rajatu 4YyjoBI CHUMYJAILII 3 acTpoHOMIi, IO BUKOHAB Ta
onmyOJIiKyBaB aBTOPChbKUI KoiekTuB y ckinaai Onena Jlinnik, Harans MoiceeHko,
Bonogumup €8teeB, g Termmubkuit Ta Cepriit CemepikoB [8]. ABTopu mia yac
BUBUYEHHS CTPYKTYpPU Ta 3MICTY Kypcy 00’ €KTHO-OPIEHTOBAHOTO IPOrpamMyBaHHS
Ul MallOyTHIX y4uTeniB (i3MKH Ta aCTPOHOMIi MPOTIOHYIOTh CTBOPIOBATH T'OTOBI
CUMYJIALIT 3 aCTpOHOMII. 3aBIsKHU 3acTocyBaHHIO 010mioTeku VPython nocnigHuku
HE TUIBKM BHBYalOTh 00 €KTHO-OPIEHTOBAHUX MIAXiA Yy TMpOrpamMyBaHHi, a
dbopmMyIOTh Y MallOyTHIX yuuTelniB (i3UKU Ta aCTPOHOMIi HABUUOK MOJICIIFOBAHHS
(G13MYHUX TIPOLECIB Ta 3aCTOCYBAHHIO MOJICJIIOBAHHS y BUKJIaJAaHH1 (PI3UKH.

Bupimennss 3amadi MOJAENIOBaHHS NPOTHO3Y TMOrOJAM CTOsUIa 1IIe IS
nepimoro nporpamoaHoro komm’totepa ENIAC [9]. Ha cboronni ne 3amaya He
BTpaTHJIa CBO€I aKTyaJIbHOCTI, PO LIO0 CBIMYUTH AociimkeHHs Laura Mansfield
[10]. g mpakTHYUHOTO BUKOPUCTAHHS MPOIMOHY€EThes 010110TeKa MoBoI0 Python —
Climate Modelling and Diagnostics Toolkit (CliMT). Bona 3a6e3neuye
MOAYJIBHUN Ta IHTYITUBHUM MIAXiJ JO HANHMCAHHS YHUCJIOBHX Mojelnei
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kiiMatnyHoi cucteMu. ClIMT Hajmae HaiicydacHillli KOMIIOHEHTH Ta MPOCTUH Y
BUKOPHUCTaHHI iHTep(]EIic, 10 103BOJISIE CTBOPIOBATH MOJIEII JISl JOCIIIIKEHb.

He MeHII BaXXJIMBUM € 3aCTOCYBaHHS MOJEIIOBAHHS Yy €KOHOMIUHINA cdepi.
Chris Moffitt npononye 3actocyBatu Bizomuii Mmetoq Monrte-Kapio «to predict the
range of potential values for a sales compensation budget» [11]. ABTop nmpomnonye
3amydyatu O16miorekun pandas ta NumPy wmoBu mnporpamysanHs Python Tta
CTBEPIXKY€E, IO 3alpONOHOBAHUA METOA MOXe OyTH 3acTOCOBaHO IS
MOJICTIOBaHHSl 1HINIUX 3ajJa4 pI3HMX KiaciB. 3ragaHa 0i0mioteka NumPy
BUKOPUCTOBYEThCSI B 0ararboi JOCHIDKEHHSX EKOHOMIYHUX 3aJad pa3oM 3
610m10Texoto SciPy.

SciPy ne Biakputa 0107110Te€Ka BUCOKOSKICHUX HAYKOBHX 1IHCTPYMEHTIB IS
MoBHU TporpamyBaHHs Python. biGmiorexka MicTUTh MOAYNiI Ui ONTHUMI3AIIi,
IHTETpyBaHHs, cHelialbHUX (YHKIH, 00poOKM cUrHaniB, oOpoOKH 300pakeHb,
reHeTUYHUX aJTOPUTMIB, PO3B'sI3yBaHHS 3BUYANHUX HU(epeHIiaIbHUX PIBHSIHb Ta
IHIIMX 3a7a4, SKI pO3B'SI3yIOTbCS B Haylll 1 NMpU 1HXKEHEepHId po3poOui. Bona
po3pobiseTbest ais Tiel xx ayautopii, mo 1 MATLAB Tta Scilab. [lns Bizyamnizamii
npu BuKopucTaHHl SciPy wacTo 3actocoByloTh 010si0Texky Matplotlib, ska €
aHainorom 3aco0iB BuBoay rpadiku MATLAB.

[lincymMOByIOUM Ha JaHOMY €Tali MOXEMO CKa3aTH, 1[0 MOJEIIOBAHHS HE
TUIBKM KOPUCHUW HAmNpsSMOK KOMITIOTEPHUX HAyK, IO JOBOJI HIBUIKO
PO3BUBAETHCS, a 1 3aTpedyBaHa KOMIIETEHTHICTh MalOyTHIX yuuTeniB. Bonoginus
HAaBUYKAMHM MOJICTIIOBAaHHS HAJAa€ MOXKJIUBICTh JIOCATTH Yy HAIIUX Y4YHIB
aOCTpaKTHICTb MUCJIEHHS, MOUIYKOBY Ta MPAKTUYHY HAIpaBiCHICTh HABYAHHS,
PO3IIMPEHHS YSABJIECHHA MPO LUIICHICTH cBiTy. CaMe ToMy, MiAroToBKa MalOyTHIX
y4UTENiB, 30KpeMa 1 MalOyTHIX Y4uTediB I1HGOPMATHKH, [0 3aCTOCYBaHHS
MOJICTIOBaHHS € aKTYaJbHOIO 3a7a4ueto MpodeciitHol MiArOTOBKHY.

B OCBiTHIN IISIBHOCTI MOJENIOBAHHS 3aCTOCOBYETHCA 1 SIK O0’€KT 1 SIK
npeamer 1 sik 3aci0 [15, 16, 17]. Cepen pi3HOBUIY BHUIIB MOJIEIIOBAHHS MailOyTHI
yuuteni iHpopMaTUKu OyAyTh CTUKATHCh 3 HACTYNHHUMH BUJAAMHU MOJEIIOBaHHS
[18]:

- CTPYKTYpHO-(DYHKIlIOHaJIbHE (MOJACISIMU € CXeMH, OJIOK-CXeMH, rpadiku,
KpECJICHHsI, JiarpaMu, TaOJuIll, MAaJIOHKHA JOTOBHEH1 CIelialbHUMHU
MpaBUWJIaMH 1X 00’ €/IHaHHA Ta EPETBOPEHHS );

- MaTeMaTU4He (MOJENIOBaHHS, BKIIOYal0Uu MOOYA0BY MO, 311MCHIOETHCSA
3aco0aMu MaTEMAaTHKH);

- IMiTaIiiiHe (MaTeMaTU4YHA MOJIENb JOCIIIKYBAaHOTO 00’ €KTa SIBJSIE COOOIO
anroput™ (yHKLIOHYBaHHS 00’ €KTa, peasi30BaHUi y BUIJISIA1 IPOTrPAMHOTO

KOMILJIEKCY AJI1 00UMCITIOBAIBHOT CUCTEMH).

HeoOximHO 3a3HaunTH, W0 TIepepaxoBaHl BUIW MOJICIIIOBAaHHS HE €
B3a€EMOBUKIIOUHUMH 1 MOXYTh 3aCTOCOBYBATHUCH MPH JOCTIIKEHHI CKJIaJHHUX
00’ekTiB a00 ogHOYacHO, abo B JedKkid KomOiHamii. ImiTamiiini Mopeii
BUKOPHUCTOBYIOTBCSI ISl KUIBKICHOTO TepeadadyeHHs] BIACTUBOCTEH 00’ €KTIB,
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OCKUIbKM 3aCHOBAaHI Ha BIAOOpPaXEHHI THX BIACTUBOCTEH, 10 Oyiau oOpaHi
JOCJIITHUKOM 1HTYiTUBHO. HaiOinpin 3aranpHUN miAXig 10 MOOYAOBH TaKHUX
Mojieliel TPYHTY€EThCA Ha MPHUHIUII JEKOMIIO3HUIII1, 1110 MPU3BOJIUTH 10 PO3TIISALY
miCUCTEM 00’€KTa 1 BIAMOBIAHO HOro peanizailis BiIOYyBaeThCsA 32 MOIYJIbHUM
npuHiunoM. KoskeH MOaynb MakeTy MNPUKIAIHUX NpOrpaM peaiizye NEBHY
MIJICUCTEMY 00’ €KTa.

3MmicToBa JIiHIS MOJENIOBaHHS B Kypci 1H(OpMaTtuka cepeaHbOi IIKOJIH
nopyd 3 JiHie0 1Hpopmalii 1 i1HGOpMAaIiiiHUX TPOLECIB BIJHOCUTHCS [0
TEOPETUYHUX OCHOB Kypcy. Pa3om 3 TUM He citii BBaXaTH, 1110 TEMa MOJACIIOBAHHS
HOCHUTH JIMILIE TEOPETHYHHUH XapakTep 1 BIJOKpPEMJIEHAa BiJ BCIX IHIIUX TEM.
['onoBHa MeTa BHBYEHHS MOHSTTS MOJIEI MOB'SI3aHA 3 MOAAIBIIAM PO3TJISAIOM
OCHOBHHUX €TaliB PO3B'A3yBaHHS 3aJ]1ay 3a JJOTIOMOTOI0 KOMIT I0Tepa.

JIoLIbHO BIAMITUTH, 110 (OPMYBaHHS B YYHIB MPaBUIBLHOTO PO3YMIHHS
3MICTY CTaHIB PO3B'I3yBaHHS 3a/1au Ta MOPSIKY iX CIIyBaHHS — OJIHA 3 BaXKIIUBUX
1ijeil BUBUEHHS Kypcy 1H(POPMATHUKH, SIKa JOCATAETHCS IMOCTYMOBO, 3a MIPOIO
BHUBUYEHHS YYHSIMU BChOT'O HaBUAJIBLHOTO MaTepiaiy.

Meronuka iHQOpMALIHHOTO MOJEIIOBAHHS TMOB'A3aHa 3 MUTAaHHSAMHU
CUCTEMOJIOT1I, cucTeMHOro aHamizy. CTymiHb TJIMOWHM BUBYEHHSA LUX IHUTaHb
CYTTEBO 3aJIEKUTh BiJl PIBHS MIATOTOBJICHOCTI Y4HIB. Y4HI, OCOOJMBO CEepeaHIX
KJ1aciB (0a30Ba MIKOJIA), 1€ BAXKKO CIPUUMAIOTh aOCTPaKTHI, y3arajabHEH1 MOHITTS.
ToMy pO3KpUTTS TaKMX MUTaHb MOBMHHO CIUPATHCS HA MPOCTI, JOCTYMHI YYHIM
MPUKITA/IH.

[ligroroBka MaiOyTHIX yddTeniB I1HMOPMATUKM 1O BHKIAJAaHHA L€l
3MICTOBOI JIiHIT TOBUHHA 0a3yBaTHCh HA YITKOMY PO3yMIHHI €TalliB MOJIEIIIOBaHHS,
110 SIKUX BITHOCSITh:

- Ilocmanoexka 3ae0anmus, eusnavenus 00’ekma moodenmosanusa. Ha nanomy
eTarni BinOyBaeThcs 301p iH(opmalii, popMylItoBaHHS MUTAHHS, BUSHAYECHHS
dbopMu TpesiCTaBlIEeHHsI pPe3yJbTaTiB, OMUC JaHUX. BaKIMBUM MOMEHTOM €
BU3HAUYEHHS METU MojeNoBaHHsA. Bix BuOpaHOi MeTH 3aleXuTh, SKi
XapaKTePUCTUKHU JOCIIKYBAHOTO 00’€KTa BBa)XKaTH CYTTEBUMH, a SKUMHU
MOXHa 3HexTyBaTHh. IlocTaHOBKa 3ajadl BUMAara€ 4YiTKOTO BHUIUICHHS
MOYATKOBHUX JJAHUX 1 HEOOXITHUX Pe3yJbTaTIB, MPU IbOMY BCTAaHOBIIOIOTHCS
O0OME>KEHHS Ha JOMYCTUMI 3HAUEHHS BEJIMYMH, 3aCTOCOBAaHUX Y 3aj1ayl.

- Awnaniz i oocnioxcennss cucmemu. Ha nanomy erami BiiOyBaeTbCs aHaNi3
CUCTEMH, 3MICTOBHHMI omuc 00’€kTa, po3poOka iH(opMaliiHOi Mojeni,
po3poOKa CTPYKTYp AaHHX, po3poOka maTemMaTuuyHoi mojneni. Ha npomy
eTani BU3HAYAIOThCS TapaMeTpu MOJeNi, CYTTEBl I AaHOI 3ajadi, Ta
MaTeMaTU4Hl CHIBBIIHOLIEHHS MDK HUMH. Jns 3amay, y sSKUX MOTPiOHO
po3paxyBaTH 3HAa4yeHHs TMapaMmeTpiB 00’€kTa, HEOOXIHO  CKJIACTH
MaTeMaTUYHy MOJEIb.

- Dopmanizayis, moomo nepexio 00 KOHKPEMHOI PO3PAXYHKOBOI MOOeili,
cmeopenus areopummy. HeobXimHO BUOpATH METOH PO3B’A3yBaHHS 3ajadi,
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110 BU3HAYa€ MOCHIJOBHICTh apu(METUYHUX 1 JOrTYHUX omnepauiid. Bubip
METO/ly 3yMOBJICHUM aHAJII30M MMOYATKOBUX JTaHUX. Y MPUKIATHUX 3aJadax
3HAXOJIP)KEHHS TOYHOI'O PO3B’S3KY 3a3BMYail € HEMOXJIMBUM abo0 3aHaATO
ckiaagHuM. J{Jis Takux 3a7a4 po3po0JIeHO METOAN HAOIMKEHUX 0OUHUCIIEHb.

- Ilpoepamysanna. Ha  nmanomy erami  BIAOYBa€ThCs  BHOIP  MOBHU
nporpamMyBaHHs a00 MPUKIATHOTO CEpeJOBUINA JUIsl MOJEIIOBaHHS,
YTOUHEHHS CIOCO01B OopraHizailii JaHuX, 3alUC AITOPUTMY OOpPaAHOI0 MOBOIO
nporpamMyBaHHs abo0 B NpUKIagHOMY cepeaoBuili. KoxkHe mnporpamue
CEpellOBUIIE Ma€ CBiI IHCTpPYMEHTapiid 1 JO3BOJIAE MPALIOBATH 3 MEBHUMHU
BUJaMU 1H(OpMaLIHHUX MoJenel. Y cepeloBHIll MporpaMmyBaHHS MOKHA
CTBOpUTU Mporpamy Juisl peaiizamii MaTeMaTH4HOi Mojeni. Takox,
BUKOPUCTOBYIOUM rpadiyHi 3acO00M MOBHU, MOKHA CTBOPUTH rpadiuyHy ado
IMITaIiiIHY MOJEIb.

- Ilposeodenns cepii obuucnrosanvhux excnepumenmis. Ha panomy etami
B1/I0YBAETHCS HANATOXKEHHSI CHHTAKCUCY, CEMAHTHUKH 1 JIOTTYHOI CTPYKTYPH,
TECTOB1 PO3PAXYHKU Ta aHAJI3 Pe3yJbTaTIB TECTYBAHHS, 1OPOOKA MPOTPaMHU.
[Ticast cTBOopeHHsT MojeNi MOTPIOHO 3AIMCHUTH TEPEBIPKY MPaBUIBLHOCTI
MO/ 332 JOIOMOTOI0 T€CTIB 1 BUIIPABUTU BUSBIIEHI TOMUJIKH.

- Ananiz i inmepnpemayia pezyromamie. Ha nanomy etami BinOyBaeThCs
nopobka mnporpamu abo wmojeni B pasi norpedbu. Ilicns ycmimHOro
TECTYBaHHS MOJIEJl MOXXHA MEPEXOIUTH Oe3MOoCcepeHbO 0 MPOBEACHHS
nocinipkeHHs. ExcriepuMeHT TMOBHHEH CYNpPOBOXKYBAaTHUCS — aHAII30M
PE3yNbTATIB AJI IPUNHATTS PIILICHHS.

[IpakTiyHEe 3aCBOEHHA TEOPETUUYHMX 3HAHb HaWKpalle BUKOHYBAaTH Ha
MPOCTUX 1 3pO3yMUIMX IpuKiIaaax. Po3riasiHeMo nedki 3 3a1a4, 10 NPOMOHYIOTHCS
CTyJeHTaM OCBITHbOI nporpamu «Cepennsi ocita (IndopmaTika)» B OCBITHBOMY
KOMITOHEHTI «IIporpamyBaHHs» b13UKO-MaTEMaTUYHOTO bakynapTeTy
JloHOachbKOro Jep:kaBHOIrO MeJaroriyHoro yHisepcurery. Ilepina 3agada mMae Take
bopmyntoBaHH: «V npumiwenni € ramnu nomysxscuocmi wil, w2 ma w3 eam, wo
ceimamv no tl, t2 ma t3 200un woodobu. Ix zaminunu emepzozbepizanvHumu
aamnamu nomyxcrocmi vI, v2 ma v3 eam 6i0nogioHo. AKkwo HO8I aamnu
kowmyeanu cl, c2 ma c3 yMOBHUX OOUHUYb, MO uYepe3 CKLIbKU 0i6 NOUHembvCs
eKOHOMIsl Ha onlami eleKmpoeHnepzii npu 6apmocmi eleKmpoenepeii ce YMOBHUX
oouHuys?». OOHUM 13 BapilaHTIB pO3B’s3yBaHHSA 3a7adl € 1noOyaoBa
(GyHKITIOHAIBHOT 3aJIe)KHOCTI BaptocTi Bifg uacy. Ilepenbauaerscs, mo 11l
3aJIEKHOCT1 MAlOTh PI3HUNA KOEPIIIEHT 3pOCTaHHS, @ TOMY MOXYTh MaTu CIHUIbHY
TOUKY, L0 1 MpU3BEJE A0 OTPUMAHHS pe3ysbrary. Takuil BapiaHT MOJENl MOXHa
peanizyBaTu MOBOIO nporpamyBanHs Python (quB puc.1).
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File Edit Format Run Options Window Help
pvlab Dependence of the cost of lighting on time
350 1

numpy np

300 4

c = [32, 42,
t = [l0, &, 9
ce = 0,003 4% the cost of electricity

250 4

200 A
k1l = w[0]*c[0]+w[l]*t[1]+w[2]*t[2]
k2 = v[0]*c[0]+v[1]*t[1]+v[2]*t[2]

cost

150 1
x = np.linspace (0, 60, 60) # period of €0 days
vyl = kl*ce*x 100
y2 = kZ¥ce*x+c[0]+c[l]+c[2]
pylab.ion ()

pylakb.xlabkel ("d
pylak.vlabkel (
pylab.title (' nce of the cost of lighting on :;mﬂ‘] 04
pyvlak.plot (®,v1
pvlak.plot (x,v2,"'-b'

50 4

T T T T T T T
4] 10 20 30 40 50 60

days
e cokss | @ €3] Q=

Puc.1 lNpuknag po3e’a3yBaHHs NpakTUYHOI 3agadi

3MIHIOIOUH MOTYXKHOCTI JIaMIT Ta 4yac iX poOOTH, BAPTOCTI JIaMI Ta BapTOCTi
€JIEKTPOCHEPrii MOXKHA OTpUMATU JaTy TMo4yaTKy ekoHomii. Ilpu gesxux
napaMeTpax BUSBUJIOCH, IO MEPEeTHHY He icHye B Mexax 60-tu gHiB. Tomi
MOCTaJ0 HACTYNHE MHUTaHHA — YU MOXXHA BHU3HAYMTH Ha SIKOMY IHTEpBaii
HEOOX1MHO TpoBOAUTH T0OymoBu? lle mnuTaHHA TO3BOJMJIO TIOKa3aTH €Tall
YTOUYHEHHS MOJeNl, TaKk sK He [ BCIX BXIJHUX I[apaMeTpiB MOXKHa
BUKOPUCTOBYBATU PO3pOOJIECHUN aJITOPUTM. 3pO3yMUIO, 110 1€ HE €IMHUNA BapiaHT
Mozeni. Ilicns aHaMITUYHUX TEPETBOPEHb OTPUMATH TUIBKM YKCJIOBE 3HAYCHHS,
10 3aJICKUTh Bl BXUIHUX JaHUX, ajieé Bi3yaldi3yBaTH TaKy MOJEIb HEMO>KJIHUBO.
BianoBigHo 1 HaBYAIBHUX 1IN Taka MOJIEINIb € HEIOPEYHOIO.

Hacrtynna 3amaua Mae Take ¢GopmyintoBaHHS: «3incosanuii 6000NposioHUL
Kpau empauas v aimpie 600u 3a 006y. Bapmicmwv nosoeo kpany cl, eapmicmu 1io2o
3aminu c2, eapaHmiuHuti mepmin pooomu — t 0i6. Axwo eapmicmov 600u c3 3a
JImMp, Mo 4u 6yoe 8ueiOHO GUKOHY8AMU 3AMIHY KPAHY 011 eKOHOMIL KOWMmI8 ) 1l020
eapaumitinuti mepmin?». Tun 3aa4di CX0XKHil Ha MONEPEIHINA 3 TOUKH 30py MOJIEII,
npy poO3B’sA3yBaHHI 3a/Jadl CTYIEHTU CTBOPIOBAIM MOJENb «3a 3pa3kom» 1
TPYJAHOIL1 MPU IIbOMY HE BUHUKaNU (IUB. puc. 2). ns 3akpirsieHHsS HaBUYOK
MPOIMOHYEThCS 1€ JEeKUIbKa 3a/Jad sIK JIHIMHOI Tak 1 HEeNIHIHHOI 3aJeKHOCTI.
KosxHa 3 HUX Ma€e CBO€ CYTO MPAKTUYHE MOXOKEHHS 1 CTOCYEThCS PI3HOMAaHITHUX
rajxysei JIF0JChKO1 TisTbHOCTI.
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Dependence of cost on time

T numpy as np
400 4

t = 25 # warranty period
v =15 # water loss in liters 350
cl = 145 # the cost of the ane

c2 = 90 # the cost of replacing the crane
c3 = 0.9 # the cost of water

300

250

x = np.linspace (0, t+5, t+5) # warranty period + 5 davs
v = vex*c3

costs

200+

pylab.ion () 150 |
pylab.xlabel ('days"')
pylab.ylabel (
pylab.title(’
pylab.plot(x, ¥,
pylab.plot((0,t+5), (cl+c2, cl+c2), '-b')
pylak.plot((t,t), (0,cl+c2+50),"'-v")

100 4

50 4

T T T T T T T
o] 5 10 15 20 25 30

days
o coro| B €[F| P|Q|FE X=26.04 y=84

Puc 2. MNpuknag nobyaosn mogeni

[licns BupimieHHs IMX 3a7a4, OYyJ0 NPOBEIECHO AHOHIMHE OIMUTYBaHHS
CTYJICHTIB 32 TAKUMU MTUTAHHSIMU:

- OuiHITh CKIAIHICTh Nepioi 3aaadi 3a mkanorw 0..9 (0 He cknagHa, 9 myxe
CKJIaJTHA)

- OuiHITh CKJIAIHICTH Apyroi 3anayi 3a mkanorw 0..9 (0 He cknagHa, 9 myxe
CKJIaJTHA)

- OuiHITh OTpUMaHUH pe3yabTaT HA NPAKTUYHY 3HAUUMICTH 3a MiKaiorw 0..9
(0 He moTpiOHUH, 9 MPaKTUYHO KOPUCHUI)

CknapgHicTb 3aBAaHb MpaKTU4He 3Ha4YeHHA pe3ynbTaTis

‘ ” ...... | _______________ —|.
0 1 2 3 4 5 6 8 9 I

7
0
2 3 4 5

mepwa3agaya M [lpyrasagava 0 1

N R O R N W A O O
w

6 7 8 9

Puc. 3. PesynbTaTtu BignoBsigen pecnoHeHTIB

VY onuTyBaHH1 B3sIM y4acTh 18 pecrnonjaeHTiB. Pe3ynbTaT OnmuTyBaHHS
npeacTaBieHo Ha puc 3. HeoOXimHO 3poOUTH HACTYMHI BUCHOBKHM BXKE Ha IbOMY
eTarll He 3Ba)Kal0uM Ha HEBEJIUKY KUJIbKICTh ONMUTYBAHUX:

- BukopucrtaHHsS NpakTUYHUX 3a]1a4, 110 TOEIHYIOTh Pi3H1 HAYKH, Ha

CBHOT'OJIHI € HEJOCTATHHOIO;

- JlugakTUYH1 MOKIIUBOCT1 MDKIIPEAMETHHUX 3aB’ A3KIB € HEBUKOPUCTAHUMU,

10 BIUIMBA€E HA 3arajbHUM PIBEHb OCBITH;

- MopentoBaHHS € CKJIAJIHUM, 1 B TOM K€ Yac, MPaKTUYHO-3HAYUMHUM METOJIOM

SIK HAaBUAHHSI TaK 1 BUPIIICHHS MPaKTUYHUX 3a]1a4.
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HactynHuii eram B migroroBui nependayae po3B’s3yBaHHS 3a7ady 3
HEJTIHINHOIO 3aJIEKHICTIO, HASIBHICTh €JIEMEHTIB KEpyBaHHS Ta 3MIHU MapameTpiB,
BHUBUYEHHS IIMPOKOrO KOJIa 3a/1ay 3 €KOHOMIKH, PI3HUX MiArajly3edl MaTeMaTHKH,
¢b13uKH, XiMIT TOLIO.

BucHoBKkuM

OO6uuncnioBalibHa KOMIT' IOTEPHA MOJENb PEAN3YEThCS MPOrpaMmor0 s
PO3paxyHKy CTaHy CHCTEMM, IO MOJETIOEThCA 3a il MAaTeMAaTHYHOK MOJEIO. i
3aCTOCOBYIOTh JIJIi MOJICTIOBAHHS PI3HUX (I3MYHUX, O10JOTTYHHUX, COILIAIbHUX Ta
HIIMX sBUll. Hanpukiaa, KOJMBaHHS MasTHHKA, MOUIUPEHHS XBWJIb, 3MIHU
YHCEJIbHOCTI HAcCeJeHHs, MOMYJlli MEeBHOro BHAY TBapuH Tomlo. Taki moneni
4acTO 3aCTOCOBYIOTh JJIsi 0araropa3zoBOro NPOBEIEHHS BUIPOOYBaHb, Y TOMY
yucii — 31 3MIHOIO MapaMeTpiB, 3 MOAAIBIIUM 300pOM Ta OIpPAIIOBAHHIM
OTPUMAHUX PEe3yJbTaTiB YW ISl PO3B’S3yBaHHS 3ajlady Ha HallKkpamuil po3kpiid
JeTali, MiHIMaJIbH1 BUTPATH YU MaKCUMAaJIbHUI PUOYTOK.

3micToBa JiHIA «MojaenoBaHHA» B HIKUIBHOMY Kypcl 1H(QOpPMaTUKH
3aCTOCOBYETHCS JJII PO3BUTKY QJITOPUTMIYHOIO, CTPYKTYPHOTO MHUCIEHHS, IS
PO3BUTKY 3/IaTHOCTI aHANI3yBaTU PI3HOMAaHITHI IPOLIECH Ta SIBUILA U 3’ ICOBYBaTU
iXHI IPUYMHHO-HACIIJIKOB] Ta CTPYKTYPHI 3B’SI3KH, BU3HAYATH IMOCIIIOBHICTH JIH,
K1 HEOOX1THO BUKOHATHU ISl pO3B’A3yBaHHS MEBHUX 3aJady. A TOMY IMiIFOTOBKA
MalOyTHIX yduTeNiB 1H(OOPMATUKH [0 BHUKJIQJAHHS Ii€i TeMH MOBUHHO OyTH
c(hOpMOBAHO MiJl YaC BUBYEHHS LIOT'O PO3JILUTYy HAa MEBHUX OCBITHIX KOMIIOHEHTAX,
BKJIIOYAIOYH OCBITHIM KOMIIOHEHT «IIporpamyBaHHs».
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Preparation of pre-service teachers of Computer Science for
teaching the content line "Modeling" with Python

Modeling is a complex and at the same time useful activity. Computer
science has accumulated considerable potential for theoretical and methodological
developments in this field, and the means of implementing the models provide the
ability to calculate large amounts of data. Preparing future computer science
teachers to teach the content line "Modeling" in high school is a complex process
based on the theoretical foundations of modeling, existing practice of modeling
and a vision of the role of modeling in shaping students' worldview. In the
educational program "Secondary Education (Computer Science)" the educational
component "Programming" is of fundamental importance. According to this role,
one of the objectives of the course is to develop skills in creating and applying
models. The article considers examples of practical orientation of the solution of
which provides an opportunity to expand the understanding of future teachers of
computer science about the models, methods and techniques of their construction.

Keywords: modeling, computer modeling, teacher training, Python.
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HEYITKA CUCTEMA OBPOBKU TEKCTOBUX OAHUX

Crarta mpucBsiueHa mpoOjeMi MOPIBHAHHSA TEKCTOBHX JaHMX HA OCHOBI HEYITKOI JIOTIKH Ta
HeHpOoHHUX Mepex. HaBoasaThcs BIIOMOCTI MPO MOKIJIMBOCTI MOPIBHAHHS TEKCTIB HA OCHOBI
Bizctani JleBeHmTeitHA, 1O peanizoBaHo y Momymi posmupeHHs FuzzyWuzzy mist MoBu
nporpamyBanHsi Python. Ha ocHOBi 11boro momyns pos3risiHyTa CHCTEMa, IO BHAUISE SIPO
TEKCTY 3 BEJIMKOi KUTbKOCT1 TEKCTIB MPUCBSIYCHUX CIUIBHINA TEMAaTHUIIL.

KuiouoBi cjoBa: weuponui mepedici, Heuimka Jjo02ika, 00podOKa OaHux, Gi0Cmaub
Jlesenwmetina, nopiHAHHA MEKCMI8, 10PO MEeKCMi8

BcTyn

Ilocmanosxka npobaemu. O6pobka iHpopMallii € OJHIEIO 13 OCHOBHUX BHUJIIB
OisUbHOCTI Yy 1H(OpMaIiiHOMYy cycniibcTBl. B cywacHomMy cBiTi 3 HOro
ryo0aizaifiero Ta TeMIaMu POCTY HAYKOMICTKHX TEXHOJIOT1H Ta 1X YaCTKU B )KUTTI
JIOJIUHM, KUIBKICTh 1H(GOpMaIlii eKCIIOHEHIAIbHO 3POCTa€, BIAMOBIIHO JO I[bOTO
30UTBIIYIOTHCS. BUMOTH JI0 IIIBHUIKOCTI Ta SKOCTI i 0OpoOKu. ABTOMaTH3aIlis
0o0poOKM JaHWX, TMOKPAIICHHS METOMIB Ta aJIrOPUTMIB aHalli3y, HaXOMKCHHSIX
HOBHUX IMIIXO/AIB JIO MAIIMHHOTO HaBYaHHS € OJHIEIO0 3 HaWaKTyaJbHIMIMX MOTPeO
CHOTOJICHHSI.

BukopucroByroun MammHHI Ccrmocoou podboTth 3 HabopamMu JaHUX, MU
MOXEMO TIpaIfOBaTH IIBUJKO 3 BEIMKUMU 00’€eMaMu, ajne 3 SBIATHCS IHIIA
npoOJjieMa, HEMOXXJIUBICTh IMOBHOTO BIATBOPEHHS JIIOJICBKOTO THUIY MHCJICHHS
KOMIT IOTEpHOI0 CUCTeMOl0. BuHMKae joriyHa crpoOa 3HaWTH MPOMDKHHM, ane
e(heKTUBHUI MiIXIJ 3a JOMOMOTOK HEUITKHMX CHUCTEM aHalli3y JaHuX, Ha 0asi
HEYITKOI JIOTIKH, II0 MOXYTh MaKCHMaJIbHO HAOJM3WUTU MAIIWHHUNA aHali3 /10
iMiTanii BUOOpY JMOIMHU, a0 HABITH CIPOOYBATH MEPEBUUIUTH HOTO 3a yciMa
MOKa3HUKAMHU.

MeTo10 CTaTTi € PO3KPUTTS OCHOBHHUX HAINPSAMIB MAIMHHOTO aHaTi3y
TEKCTY 3 MO3ULIIM HEUITKOT JIOTIKH.

OcHoBHa 4YacTuHa

AHaJi3 gaHuX 1€ aIropuT™MU 00poOKH 1H(OpMAIIii 110 HE MalOTh (PIKCOBAHOT
BIMOBIA1 JJISI KOXXHOTO HOBOTO BXOJKEHHS 00’€KTy OOpOOKH 10 MOMEHTY
3aBepieHHs camoi 00poOku. Lle sIKicHO BiApI3HSIE TaKUW aJTOPUTM BiJl KIIACHYHHUX

50 36ipHKK HaykoBUX NpaLb isnko-maTemaTmnyHoro akynotety OAMY. 2022. Bun. 12



Bennuko C.B., KangaH H.B. Hedimka cucmema 06pobku daHux

MIX0/11B, HAPUKJIAA, COPTYBaHHA psAAKiB. Ha BiAMIHY BiJ IIbOTO, BiJ CUCTEMHU Ha
0a31 HEYITKOi JIOTiKHM, fIKa HANpHUKJIaJ PO3MI3HAE PYKONMHUCHUM TEKCT, MU HE
MOXEMO IILOTO OYIKYBaTH UM BUMaraTt. J[o Toro »x Oyab-sfika cucTeMa Ha Takii
JIOTIK1 MOYK€ TMOMMJIUTHCS TIpU OyIb-sIKUX orepalisx oOpoOku iHdpopmarlii, K 1e
MOXe 3pOOWTH 3BUYaliHA JIOJUMHA. Taky MOCTaHOBY 3ajadi Ta aaropuTMH i
BUPIIIICHHS TIPUUHITO Ha3MBaTH HEJACTEPMIHOBAaHMMH, a00 HEUITKUMHU, B TOH yac
SK KJIACHYHUM MIAX1] € TeTepMIHOBAaHUM, a00 YITKUM.

Buiie 3a3HaueHy 3amauy MOXKHA BUPIIIUTU KJIACMYHUM IT1IXOAOM, SKIIO B
PYYHOMY pexxuMi miaiopatu (QyHKIII, sSKi peani3yloTh BIJNOBIIHE BiIOOpaKeHHS,
o Oyne morpedyBaTH 3HAYHMX 3YCHJIb Ta 4Yacy, JO TOTO K HE MOXE MOBHICTIO
rapaHTyBaTH TOYHICTh. B TOH e 4ac, KOPUCTYIOUNCh MAIIMHHUMHU aJITOPUTMaMU
HABYaHHSI, JIMIIE BUKOPUCTOBYIOUH IIATOTOBJICHY BUOIPKY JaHUX, IO SK pa3 1 €,
BHUIIIC 3a3HAYCHUM, HEJIETEPMIHOBAHUM IIJIX0JIOM.

B cydacHoMy CBITI MallMHHE HaBYaHHS € HAWOUIhbII e(QEeKTUBHUM Ta
MEePCIIEKTUBHUM HAINPSIMKOM PO3BHHEHHS CHCTEM 300py Ta 0OpoOKH iH(popmaIrii.
Ha »anp anroputMu Ta METOJU JJIsl HABYAHHS CUCTEMHU, 110 3MOXKE MPAIIOBATH 3
JaHUMH OUIBIII MEHII BUIBHOTO (opMmary, Mo MOTPeOYIOTh JUIIE HE3HAYHOT
00poOKHU JTIOIMHOI, ab0 B3araji He MOTPeOyIOTh, HA JaHUW Yac He icHye. Taka
0o0pobOka Ha3zuBaeTbes (ivuecenexktoMm (feature selection), abo mpeaPOIIECIHIOM.
Cnpasa y ToMy, 10 OLIBIIICTh HEYITKHX CHCTEM OTPUMYIOTh Ha BXIJI JJaH1 IIEBHOTO
dbopmaty Ta 10BXHHU. Tak, paHillie BOHH MOTJIA 00pOOIsATH Julie 1udpu, a B HaII
gac po0oTa MOXKE 3IIMCHIOBATHCS 3 OLIBII CKJIAJHUMHU, A0OCTPAaKTHUMH IMOHSATTSIMH.
Hampuxman Ttexkcramu, ayaio 4Yu 300pakeHHAMH. SIKI0 OMUCYyBaTH OUIBII
JIeTaIbHO, HAIPHUKIA] POOOTH 13 300paKEHHSAMH, TO TYT JITOPUTM 00poOIIsie He
JIUIIE KOJIP MIKCEJIs, a TAKOXX MOro MOJIOKEHHS, CYCIJIIB, Ta 1X MapaMeTpH.

[IIupoke po3MOBCIOHKEHHS OTPUMATIN AJTOPUTMHU MAIIMHHOIO HABUAaHHS 3
TpEHEpPOM, TaK MOXKHA Ha3BaTH aJITOPUTMH, 1[0 OepyTh HAOIp MaHUX SKUN

CKJIAJa€ThCAd 13 TOYOK (xo,xl,... X ) Ta MITOK, TOOTO 3HAYEHHSA IO MH

2 n—-1
HaMara€emMmocChb Hepeﬂ6aIII/ITl/I (yODyD“"yn—l)? d Ha BI/IXOI[i na€  ajJroputMm 4

(byHKIIII0, IO BXKE BUKOHYE CHiBCTaBIeHHs. Ha mpukiaal HeHpoHHOT Mepex1 s
po3Ii3HaBaHHS 300pa)xeHb, TO TYT 13 JIOMOMOIOIO CHEIIaJIbHUX MPOIEayp Ta Ha
OCHOBl HaBYaJbHOi BHOIPKM BCTAaHOBJIIOIOTHCS 3HAUYCHHS, SIKI BIAMOBITAIOTH
BIIMOBIIHUM HEUPOHHUM 3B’s3KaM. 3a JIOMOMOTOI0 IMX 3B’S3KiB Ha KOXXHOMY
eTari oOpoOKH BCTAHOBIIOETHCS TE€ UM 1HIIE Mepea0auyeHHs sl KOKHOTO TIKCEs.
HaGip mpukiasiB Ta MITOK Ha3MBalOTh HABYAIBHOIO MOJIEILTIO.

Haxxanb crmcok anropuTMiB MalIMHHOTO HaBYaHHSA 3 TPEHEPOM JIOBOJI
HEBEJIMKUI Ta Mali’Ke He Ma€e HAPsIMKiB PO3BUTKY, HaBITh HE 3Ba)KAlOYM HA 3HAYHI
cripobu Ta gociimkeHHs. OCHOBHUMHU CKJIQJHOIIAMHU € BaXKICTh €()EKTHBHOTO
3BEJICHHS MPaKTHUYHOI 3a/ladl J0 3ajadl aHajlizy Ta OOpoOKH MaHuX, MII00py
MPOIIECIB HABYAHHS Ta MOJIEJICH.

[lepen Oynb-SIKUM BKJIIOYEHHSM QJITOPUTMY MAIIMHHOTO HABYaHHS YU
HEYITKOT CHCTEMHU JIO0 HaJaro/LKeHUX poOOYMX MpoIleciB MOoTpiOHA MepeBipka,
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1HaKIe KaXydd — TepeBIpKa sKOCTi Ta edexkTtuBHOCTI poOoTu. Lle Tak 3BaHa
Bajifaliiina npoueaypa. Bona BUKOHY€ThCS HACTYITHUM YHHOM — 3 OJIHIET BUOIPKHU
JaHUX CTBOPIOIOTH JIBl, PO3AUIAIOUM MoYaTkoBy. Ili dYacTMHM Ha3uMBaIOTh
HaBUajibHa Ta BamijariiHa. HaBuanHs Mepexi BiIOyBaeThCs 3a HABYAIHHOIO
BUOIPKOIO, B TOH Yac K SIKICTh NMEePEBIPAETHCA 3a BaliIaliiftHOO.

CaMm 1UKI pO3BUTKY NPOEKTY 3 IHTENEKTYaJbHOTO aHAli3y JaHHUX
MPOXOJIUTh HACTYIIHI €TaIu:

1 BuBueHHst mocTaBieHOI 3ajayl 3 MPAKTHUYHOI TOYKU 30pYy, MOIIYK
MOTEHIIMHUX JKepen iHdopMallii.

2 dopMyBaHHSI MMOCTaBJIEHOI 3a7aul Ha MaTeMaTH4YHii MOBIi, BHOIpKa
METPHK SKOCTI.

3 HanucaHHs TeCTOBUX aJITOPUTMIB Ta aJlTOPUTMIB HABUAHHS.

4 CTBOpeHHS €BpUCTHUKHM, 110 BHpINIyE I[OCTABICHY 3ajady 3a
JIOTIOMOTOI0 HAUMPOCTIIIOTO 13 MOMKJIMBUX PIIIEHB Ta MiIXO0/IB.

5 Bupimenns 3aiayi anropuTMamMy MallliHHOT'O HaBYaHHS.

6 [To MOXTMBOCTI, MOKpALIEHHS Ta MIABUIIECHHS €()EeKTUBHOCTI pOoOOTH.

HeliponHi Mepexi HE MporpamyroThecs, B MPSIMOMY CEHC1 LIbOT'O CJIOBA, BOHU
JUIIE MaloTh 3alpOrpaMOBAHUIl aIrOPUTM HABYaHHS SIK OCHOBY. MOKJIMBICTH
HAaBYaHHS 1€ TOJIOBHA SIKICHA O3HAKa TAaKOro MiAXOAY, LeH BapiaHT Ma€ 3HA4HI
npeBaru Imnepea KIAaCMYHUMHU —alropuTMamu. B Teopii Take HaB4YaHHS €
HaXOJKEHHSIM KOE(IIIEHTIB SKOCTI 3B’ 3Ky MK HelipoHamu. B mponeci HaB4aHHS
HelpoHa Mepexka 37aTHa BUSBUTH CKJIAJIHI 3aJIEKHOCT1 MK BXITHUMHU JAHUMU Ta
pe3ysibTaTaMy BUOIPKU, Ta HA OCHOBI IIbOTO BUKOHATH y3aranbHeHHs. Lle o3Hauae,
10 y BUIAJKY YCHIIIHOTO HaBYaHHS Mepexa MOXKE J1aTh BIpHUN pe3yibTaT Ha
peanbHiil BUOIpIIl 1aHUX, sIK1 OyJIK BiJICYTHI B HABYAJIbHOMY CETI.

Ha npaktuiii HelipoHa Mepeka 4acTO € JIMIIE CHUCTEMOIO 3’€IHAaHMX MDK
co00I0 B TEBHIA MOCHIJIOBHOCTI MPOIECOPIB MPOCTUX TNPOLECIB, HE THUX IO
BUKOPUCTOBYIOTh JJIi TIEPCOHAIBHUX KOMII'IOTEPIB, fAKI IMITYIOTh HEHpPOHHU.
Koxen nporecop npartoe Juiiie 3 OJHAM TUIIOM CUTHAIY, 10 BiH OTPUMYE 4Yac BiJ
yacy 13 30BHIIIHIX JKEpeN Y IHIIUX MPOLECOpiB MiJ yac B3aemojii. OkpemMo
B3SATHI TakWil Mpolecop € He JyXe MOTYKHUM Ta KOPUCHHUM, aje IMiCis
o0’eHaHHS B TaKy Mepexy MDK c0o000, Taki MPOLIECOPU 3/1aTHI HAa OOpPOOKY
HEeJHIMHUX HaJICKJIaHUX OIepalliil Ta 3aaay.

CTpykTypy HaWMpOCTINIOi HEHUPOHHOI MepexXi MOXKHa TM00aYuTH Ha
pUCYHKY 1. 3eJieHUM KOJILOPOM MO3HAYEeH1 HEUPOHU BXIHOTO CJIOI0, OJIAKUTHUM —
CKPUTOT0, T dKOBTHUM — BUXIJTHOTO.

CuHonicuc — 1e 3B'I30K MDK JBOMa HEHpPOHaMM, IO Ma€ JIMIIE OJIUH
napameTp — Bara. lle 3HaueHHs 3MiHM 1H(MOpMaNIi Mpu nepedgadyi MK JBOMa
HelipoHamu. Hampukiang BM MaeTe Tpu HEHWpPOHM, L0 Tepefand i1HQOopMaliro
YEeTBEPTOMY, 1I€ O3HAYa€, 1110 HEUPOH KU MPUNHSB 11 CUTHAJIU MA€ TPU Baru fKi
BIIMOBIIAIOTh KOXKHOMY C TIOMEpPEeHIX HEWpoHiB, mJani Oyae mpoBejeHe
BHU3HAYEHHs OUIBIIOT Baru 1 Taka iHGopmMalig Oyae JOMIHYIOUO0 y NPUHMaI0uOMy
HelpoHi. HaGop Barm mepexi, M 1HaKIle KaXKydyd MaTpHIsl Barkd € CBOrO POIY
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MO3KOM CHUCTEMH, CaM€ 3aBJISIKU I[bOMY SIBUIILY CHCTEMa HaBUA€ThCs, a iHpopMmarris
00pOOIIOETHCS Ta IEPETBOPIOETHCS HA PE3YJIIbTaT.

MartematuyHa Teopis HediTKuX MHOXMH (fuzzy sets) Ta HediTka JOrika
(fuzzy logic) € He yuMM IHIIKMM, SK y3arajJbHEHHS KOMOIHAIl KJIAaCMYHOI Teopii
MHOHUH Ta KJIACUYHOI JIOT1KUA. Briepiie 1ie moHsATTS BBIB aMEPUKAHCHKUM BUCHUUN
Jlotdi 3ane (Lotfi Zadeh) B 1965 poui. OCHOBHOIO MPUYUHOK BUHUKHEHHS CTajia
notpeba B HEYITKUX MpaBUIaX aJIrOPUTMIB Ta HAOMMKEHHI iX JO JIFOJACHKOTO
MIPKYBaHHS BIIHOCHO ONHMCaHHS O0’€KTIB Ta TMpPOIECiB, IO NOoTpedyBaiu
MaIlIMHHOT 00pOoOKH 1H(DOpMaIIii.

A J

A J

A J

Puc. 1. CTpykTypa NnpocToi HENPOHHOT MepeXi

[lepmii Taki CUCTEeMH aKTUBHO TOYaJd BHKOPHCTOBYBATH IS BUPIMICHHS
€KOHOMIYHHMX TMHTaHb, AKTUBHO PO3BUBABCS IIel HANPSIMOK B MEIMIIMHI, IO
MOKa3ye HACKUIBKM HEUITKa JIOTIKa BaXKJIMBA B CHUCTEMax 31 3HAYHOIO KUIHKICTIO
3MiHHUX (pakTopiB. TperTiii, Ta OCTaHHIM HA TaHUI MOMEHT, eTan po3noyascs B 80-
X pokax. OTpumanu pO3MOBCIOHKEHHS MPOTpaMHI NaKeTh i MOOYJO0BU
EKCTIEpPTHUX CHUCTEeM Ha 0a3l HEUITKOi JIOTiKM, a o0JacTh Je MOoXHa Ii
BUKOPUCTOBYBAaTH 3HAYHO 3pociia Ta MPOJAOBXKYye cBi pict. Ha manuii MomeHT
HEYITKa JIOT1Ka OTpUMaJia MOIIMPEHHS! B a€POKOCMIUHIN, aBTOMOOUIBHO OyaiBHIN
Ta TPAHCIIOPTHINA CHUCTEMaX, B 00JACTI BUTOTOBJIEHHS TOOYTOBOI TEXHIKU, CUCTEMU
JUIS MATPUMKA TPUUHATTS PIillleHh aKTUBHO BUKOPHCTOBYIOTHCS MEHEIKEpamu
yCiX piBHIB.

JIOMiHYBaHHSI HEUITKOI JIOTIKM B PO3BUTKY TaKMX CHUCTEM IOYAJIOCh B KIHIII
80-x micnsa toro, sik bapronomeit Kocko (Bart Kosko) moBiB 3HaMEeHUTY TeOpito
FAT (Fuzzy Approximation Theorem), sika JOBOAMUTH 110 OYyib-sIKa MaTeMaTUYHA
cucTeMa Moke OyTH alpOKCHUMOBaHA CHUCTEMOIO Ha HEUITKiH joriki [1].

XapaKTepUCTUKOI HEYITKOT MHOKMHHU BUCTYIMA€E (PYHKIISI MPUHAICKHOCTI
(Membership Function). Iloznauumo mo MF (X ) — Koe(DimieHT MPUHAIEKHOCTI

70 HEYITKOI MHOXHMHHU, sIKa MPEACTaBisie COO0I0 y3arajJlbHEHY XapaKTEepPUCTHUHY
GbyHKLII0 3BUYaiiHOT MHOKUHH. ToJl1 HEUITKa MHOXKHHA, SIKY MM Mo3Ha4yuMo sk C,
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MF(X
6YI[C Ha3WBATUCh MHOXHWHOIO YIIOPAAKOBAHUX IIdp Td MATUMC BHUI C Z#,

ne MF (X ) € [0,1], 3HaueHHs () 03HAya€ BiJICYTHICTh HAJEKHOCTI JO MHOXXHHH, a

| — noBHa NMpPUHATEKHICTb.

CnpoOyemo dopmanizyBaTH HEUITKY MHOKUHY M1 Ha3BOO «l apsuuii yaii».
VY skocti obmacti MipkyBaHb (X) BI3bMeMO IIKany y rpaaycax lLlenbcis. Sk
MOYaToOK 1 KiHelb BizbMeMo Iikany Bix 0 go 100. HewiTka MHOXKHHA M1 HA3BOIO
«["apAunit yai» MaTuMe HaACTYIIHUM BUTJISA:

0 0 0 0.150.30 060 0.80 090 1 1 1

0°10°25° 3545750 60 " 70 "85790°100

3 1bOr0 BUXOAMTH, 110 Yak 3a Temneparypu S0 rpagyci Llenbcis HaneXUTh
710 MHOKHUHH «rapsiauii» 31 ctyneHeM 0.6. IHakmie kaxydw, JJis OJHIET JIFOAUHU
Takui Yaili MOXKE€ BHMJATHCh TapsyuM, a JUIsl 1HIIOI HEIOCTaTHhO 4YHM 30BCIM
xonoaHuM. Ile € sckpaBUM TPUKIAIOM TPOSBJICHHS HEUYITKOCTI 3aJaHHS
BIIIIOBIAHOT MHOKUHMU.

JIms HEUITKMX MHOXKHH, SK 1 JJI KJIACMYHHUX, MalOTh MICIC, BH3HAYCHHI
OCHOBHI JoriyHi omnepaili. OCHOBHUMU cepell HUX, HEOOXITHUM MIHIMyMOM [JIs
PO3paxyHKIB € BU3HAUCHHS TIEPETUHY Ta 00’ €THAHHS.

[lepeTrH 1BOX HEYITKUX MHOXHH, HEUITKE «I»

A and B: MF (X)) =min(MF,(X),MF,(X))
OO0’ enHaHHA IBOX HEYITKUX MHOKHMH, HeuiTKe «ABO»
A or B: MF,, (X)=max(MF,(X),MF,(X))

B Tteopii HEUITKMX MHOXHH pO3pOOJICHO Ta peanai3oBaHO MIAXiA 110
BUKOHAHHS YCiX MOXIIMBHX OIIEPATOPIB MEPETUHY, 00’ €THAHHS Ta JIONOBHCHHS.
Bce 1me peamizoBaHO B Tak 3BaHWX TPUKYTHHUX HOpMax Ta KOHOpMax. Bwurie
3a3HA4YeHH1 peanizauii JOriYHUX omepauiid 00’ €JHAHHS Ta NEPETHHY € HAWOLIbII
PO3MOBCIOJKCHUMHU BHUIAJKaMHU T-HOPMH Ta T-KOHOpMH. JIJIS OMHCY HEUYITKUX
MHO>KHH TaKO0’K BBOJSITH MOHSTTSA YITKOT HA HEYITKOI JIIHIBICTUYHUX 3MIHHHUX.

Heuitka 3MiHHA onUCyeThCS HAOOPOM (N , X ,A) , A¢ N — 11e Ha3Ba 3MIHHOI,

X — yHiBepcalibHa MHOHHA (001acTh MIpKyBaHb), A — HEUITKa MHOXUHA Ha X .
3HauYEeHHAMHM JIIHTBICTUYHO1 3MIHHOI MOXKYTh OyTH OyJlb-siKl HEUITKl 3MiHHI,
TOOTO JIIHTBICTMYHA 3MIHHA 3HAXOJUTHCA HAa OUIBII BHUCOKOMY PiBHI aOCTpaxiiii,
HIXK HediTka 3MiHHA. KokHa JIHrBICTUYHA 3MIHHA CKIIAJIA€ThCS 3:
— Ha3BH;
— YHIBEpCaJIbHOI MHOXXHHH X ;
— MHOXHHH CBOiX 3HA4YE€Hb, KA TAKOX HA3MBAETHCA 0a30BOI0 MHOKHHOIO
(emeMeHTH 6a30BOT MHOXKHHH SIBJISIIOTH COOOI0 Ha3BU HEUITKUX 3MIHHUX);
— CHUHTaKCUYHOTO TpaBWia, 3a SKUM TEHEPYIOTbCS HOBI TEpMH 13
3aCTOCYBAHHSIM CJIIB IPUPOIHOT a00 hopMaTbHOT MOBH;
— CEMaHTUYHOIO MpaBWJIA, SIKE KO)KHOMY 3HAYEHHIO JIIHTBICTUYHO1 3MIHHOT
CTaBUTh y BIAMOBIIHICTh HEUITKY MIIMHOKUHY MHOXUHU X .
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Posrnsinemo Take Heuitke mnOHATTS Ak «[lima akmii». Lle 1 € Ha3Ba
mHrBicTUYHOi 3MiHHOI. CdopmyeMo nanga Hei 0a30By MHOXKHUHY, sika Oyne
CKJaJaTHCs 3 TpbOX HeuIiTKMX 3MiHHUX: «Husbka», «IlomipHa», «Bucoka» i
nocTaBUMoO o0nacTh MipkyBanb y Burisgl X = [100; 200]. Ocranne, 110
SUIMIIAIOCSA 3poOUTH — TOOyAyBaTH (YHKIII HAJEKHOCTI JII KOMXKHOTO
JIHTBICTUYHOI MIMHOXXHHU 13 0230BOT MHOXKHHHU.

CykynHicTh (YHKUIA TPUHATIEHKHOCTI Ui KOXKHOT MHOXHHHM 13 0a30BOi
MHOXMHM 3a3BHYail 300pakyloThcsl pa3oM Ha oaHoMmy rpacdiky. Ha pucynky 2
HaBeJICHO MPUKIIAJ ONMUCAHOT BUIIE JIIHTBICTUYHOT 3M1HHOT «I{iHa akiiii».

Hinnka Bucoka

100 160 200
Puc. 2. Onuc niHreicTM4HOI 3MiHHOT «LliHa akuii»

Heiiponeuitki cuctemu abo HewiTki HEMpOHHI Mepexi — L€ CHUCTEMH 3
00JacTl IWTYYHOro 1HTENEKTYy. BOHM KOMOIHYIOTHh METOJM IITYYHUX HEHPOHHUX
MEpEeX 1 CUCTEM 3 HEHITKO1 JIOTiKU. HeHpoHediTKI CUCTEMH € Pe3yIbTaToOM CIpoOu
CTBOpPEHHsI TiOpUIHOT IHTENEKTYyaJbHOI CUCTEMHM, sika O JlaBajia CUHEPreTUYHHUI
eheKT 1UX JBOX MIAXOJMIB IUIIXOM KOMOIHYBAaHHS JIOJUHOIOAIOHOTO CTUIIIO
MIpKYBaHb HEUITKHX CHCTEM 3 HABYAaHHSM 1 KOHEKI[IOHUCHKOI CTPYKTYPOIO
HEeHpOHHUX Mepexk. OCHOBHA CHJIa HEHPOHEUITKUX CHUCTEM MOJISATaE B TOMY, IIO
BOHU € YHIBEpPCAIbHMMM  aIlpOKCIMAaTOpaMHM 31 3JaTHICTIO 3almUTyBaTH
iHTeprperoBaHi mpasmwia AKI[O-TO [2].

Jlo mepeBar HEWPOHEUITKMX CHCTEM MOXKHA BIJHECTH Bl CyNEpeudsIUBi
HEOOXITHOCTI HEYITKOTO MOJENIOBAaHHS, IHTEPIPETOBAHICTh Ta TOYHICTb.
['Opuaun3zanis METONIB IHTEIEKTYyaJbHOIO aHalli3y CcTajlla HOBOKO BIXOKO JUIS
nocpkeHb 'y 90-x pokax, y pe3ynbTaTi 00 €IHaHHS Ta CHHTE3Y OKpPEMHX
TEXHOJIOT1 CUCTEM aHalizy iHQopmallii 3’sBUBCA CHELIaTbHUI TEPMIH — M’SKi
po3paxyHku (soft computing). B cydacHoMy HayKOBOMY TOBapUCTBI IIeli METO]
OTPUMAaB IIMPOKE PO3MOBCIOKCHHSI, MiJ IIUM MOHATTAM 00'€IHYIOTh Taki 001acTi
AK: HediTKa JIOriKa, INTY4YHI HEHpOHHI Mepexki, IMOBIpPHICHI MIpKyBaHHS 1
€BOJIIOLIMHI alrOpUTMU. BOHM OMOBHIOIOTH OJIMH OJTHOTO 1 BUKOPUCTOBYIOTHCS B
pPI3HUX KOMOIHAIIAX /I CTBOPEHHS TIOPUAHMX IHTEJICKTyaJlbHUX CHCTEM.
["'0710BHMM KOMIIOHEHTOM € HEYITKa JIOT1Ka CUCTEM.

[loniOHO A0 TOro, SIK HEYITKI MHOXHHHU, TPHU X BIAKPUTTI, PO3LUIUPUIU
paMKM KJIACHYHOI MaTeMaTU4YHOI Teopli MHOXHUH, TaK 1 HEYITKA JIOTiKa 3aifHsia
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HIMPOK] TMO3UIT TPAKTUYHO B OUIBLIOCTI CHCTEM IHTENIEKTyallbHOi 00poOKH
iHopMaIlii, HagUIMBIIM I1X HOBOIO (yHKIIOHANBHICTIO. I[IIBHAKI anropuTmu
HAaBYaHHS Ta IHTEPIPETOBAHICTh HAKOMMYEHHX 3HaHb — L1 (hakTopu 3poOuIIHn
ChOT'O/IH1 HEUITKI HEUPOHHI MEPEeK1 OJTHUM 3 HAUMEPCIEKTUBHIMIMNX 1 €()EKTUBHUX
THCTPYMEHTIB M'SIKUX OOYHUCIICHb.

Heuitki Heitponni mepexi (fuzzy-neural networks) 371HCHIOIOTH BUCHOBKH
Ha OCHOBI amapary HEYiTKOi JOTIKH, MpOoTe mapameTpu (YHKIIH MPUHAIEKHOCTI
HAJAIITOBYIOTHCS 3 BUKOPUCTAHHSAM aJITOPUTMIB HaBYaHHS KJIACUYHOT HEHPOHHOT
cuctemu. Tomy miga miagbopy HapaMeTpiB TaKUX MEPEX 3aCTOCYEMO METOA
3BOPOTHOI'O TONIMPEHHS TOMMJIKH, CIIOYaTKy 3alpONOHOBAHUNA [JIsi HaBYaHHS
OararomapoBoro rmnepcentpoHa. Jlis I1bOro MOAYJIb HEUYITKOrO YIPaBIIHHS
npeacTaBiseTbes B popMi OaraTomapoBoi Mepeski. HeuiTka HelipoHHa Mepexka, siK
MPaBUWIIO CKIIAJAEThCS 3 YOTHPHOX MIApiB: mapy (asudikamis BXITHUX 3MIHHHX,
miapy arperyBaHHs 3Ha4yeHb AaKTHBAIlli YMOBM, WIapy arperyBaHHS HEYITKUX
npaBuwi 1 BUXIAHOro mapy. HallOuiblmoro momwupeHHs B JaHUM 4Yac OTpUMAIU
apxiTekTypH HeuiTkux HeiponHux mepex Buay ANFIS 1 TSK. JloBeneno, 1mo taki
MepEexXi € YHIBEpCATbHIUMU alpOKCIMaTOPaMHU.

[Ipouiec aHanmizy TEKCTOBUX JOKYMEHTIB MOXKHA YSBUTH SK IMOCIIJTOBHICTbH
HIeKUIbKoX KpokiB. [lounmHaemo 3 momyky iHpopmarii. Ha mnepmomy kpoiti
HEOOX1THO 1neHTU(diIKyBaTH, SKI JOKYMEHTH IOBMHHI OyTH MpoaHali3o0BaHi, 1
3a0€3MeUnTH IX TOCTYMHICTh. SIK MpaBUiIO, KOPUCTYBaUl MOXKYTh BUSHAUUTU HAOIp
aHaI30BaHUX JOKYMEHTIB CaMOCTIHHO — BpY4YHY, aji€ MpU BEJIUKIA KUIBKOCTI
JOKYMEHTIB HEOOX1JJHO BUKOPUCTOBYBATH BaplaHTH aBTOMATU30BAHOIO BiAOOPY 3a
3aJlaHUMH KPUTEPIIMHU.

Hpyruii kpok 1e mnomnepeaHs oOpoOka mokymeHTiB. Ha 1pomy ertami
BUKOHYIOTbCSI HAMMPOCTIII, aje HeOOXiJHI MEepEeTBOPEHHS 3 JOKYMEHTAMH [IJIs
MOJAaHHS 1X y BUIVISAML, 3 SIKAM MpaiioTs Metoau Text Mining. MeToro Takux
NEePETBOPEHD € BUJIAJICHHS 3alBUX CIIIB 1 HAAAHHS TEKCTY OUTbLI YITKO1 (hOpMH, 110
nepeaoadeHa aJropuTMoM 00pOOKH.

Tperiii kpok siBisie co0o0r0 BuiIydeHHs 1HGopMmaiii. Butar iHpopmamii 3
oOpaHuX IOKYMEHTIB Nnepeadavyae BUAUICHHS B HUX KJIIOUOBUX MOHSTH, HAJ SIKUMHU
B MoAaIbIIOMYy OyZe BUKOHYBAaTUCS aHall3, CIiJ] 3ayBa)KUTH, IO JAHUU eTal €
nyxe BaxuuBuM. Ha manoMy erami BUTATYIOTbCS 1A0JIOHU 1 BITHOCUHU, HasIBHI B
Tekctax. JlaHWil KPOK € OCHOBHMM Yy MPOIECI aHami3y TEKCTIB, 1 MPaKTUYHHUX
3aB/1aHb.

[lepexoaumo 10 iHTeprpeTanii pe3ynbrariB. OcCTaHHIM KpOK Yy mporueci
BUSBIICHHS 3HaHb Iependavyae IHTEpIpETalil0 OTPUMAHUX pe3ynbTariB. K
MpaBWJIO, THTEPIpETAllid Moysirae abo B MOJAHHI PE3yNbTATIB Ha MPUPOHIA MOBI,
abo B ix Bizyami3auii B rpadgiuyHoMy BUrisal. Bizyamizaiis Takoxx Moxe OyTH
BUKOPHCTaHA sIK 3aci0 aHami3y TeKkcTy. st boro 6epyThesl KIFOYOBI MOHATTS, K1
1 mojawThes B rpadiuHoMy BUTIAAl. Takuil Mmigxig JonoMmarae KOpPUCTYBadeBl
MIBUAKO 1ACHTH(IKYBATH TOJIOBHI TE€MH 1 MOHATTSA, a TaKOX BHU3HAUUTU iX
BaXKJIUBICTb.
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OpHi€ero 3 TOJOBHUX MPOOJIEM aHali3y TEKCTIB € BeJIMKa KUIBKICTh CIIB Y
JOKYMEHTI. SIKIIO KO’KHE 3 IUX CJIIB aHali3yBaTH, TO 4Yac MOIIYKY HOBUX 3HAHb
pi3KO 3pocTe 1 HaBpsJ 4u Oyze 3aJ0BOJIbHITH BUMOTaM KOPUCTYBadiB. Y TOM ke
Yyac OYEBUIHO, 1110 HE BCI CJIOBA B TEKCT1 HECYTh KOPUCHY 1H(PopMalito. Kpim Toro,
B CHJIy THYYKOCTI PUPOJHUX MOB (POPMajbHO Pi3HI CJIOBA, HANPUKJIIA] CUHOHIMH,
Kl HacmpaB/Al O3HA4alOTh OJHAKOBI TMOHATTS. TakuM YMHOM, BHIAJECHHSA
HelH()OpPMATUBHUX CIIB, @ TAKOXX NpHUBEACHHS OJU3BKUX 3a 3MICTOM CHIB 10
€IMHOI (POPMU 3HAYHO CKOPOUYIOTh Yac aHaNi3y TEKCTIB. YCYHEHHS ONMUCAHUX
po0seM BUKOHYEThCS Ha €Tarll MonepeaHboi 00poOKU TEKCTY.

3a3Buuyail BUKOPUCTOBYIOTH TakKl MPUMOMH BHUAAJIEHHS HEIHPOPMATUBHUX
CIIB 1 MIJBUINEHHS CYBOPOCTI TEKCTIB: BUAAQJIECHHA CTOM-CIiB. CTOM-CloBaMu
HA3MBAIOThCA CJIOBA, SIK1 € JIOMOMDKHUMH 1 HECYyTh Maslo iH(oOpMalii mpo 3MICT
JIOKyMEHTa. 3a3BUYail 3a37ajeri/ib CKJIalaloThCA CIUCKU TaKUX CJIB, 1 B MPOIIEC]
nonepeaHboi 00poOKU BOHU BHUJAJISIOTHCS 3 TEKCTY. THUIIOBUM MPHUKIAIOM TaKUX
CJIIB € IONOMIXHI CJIOBA 1 apTUKII1, HATIPUKIIAJ: «TaK SK», «KPIM TOT0», TOLIO.

CreMinr — mopdosoriynuii nomyk. BiH nonsrae B nepeTBOpeHH1 KOXHOTO
cJIoBa JI0 Horo HopMalbHOI (hopMmi. Hopmanbha ¢opma BUKIIIOUAE CXMIISTHHS CIIOBA,
MHOXHHHY (opMy, 0COOJMBOCTI ycHOro MoOBJeHHS. Hampuknaa, cnoBa
«CTUCHEHHS» 1 «CTUCIIHID» MOBUHHI OyTH MEPETBOPEH1 B HOpMAJIbHY (pOopMy cioBa
«cTtuckaTuy. ANropuT™MH  MOpQOJOriYHOrO  po300py  BpPaxOBYIOTh  MOBHI
OCOOJIMBOCTI 1 BHACIIJOK IIOT'0 YTBOPIOIOTh MOBHOHE3AJICKHUM aJITOPUTM.

N-rpamu - 11e aibrepHaTHBa MOPGOJIOrTYHOMY po300py 1 BUAAJIIEHHS CTOI-
ciiB. N-rpaMu - 11l€ 4acTHHA psAJiKa, MO0 ckianaerbes 3 N cumBouiB. Hampukiazn,
CJIOBO «JI€Hb» MO€ OYTH IpEeNCTaBICHO 3-rpaMoio «_JIe», «aeH», «eHb», «Hb_»,
a00 4-TpaMoOI0 « JEH», «IEHb», «EHb », J€ CHUMBOJ MIAKPECICHHS 3aMiHs€
nonepeaHii abo 3aMHuKae cI0BO MPoOUT. Y MOPIBHSIHHI 31 CTEMIHT a00 BUJIaJICHHSIM
cTom-ciaiB, N-rpaMu MEHII YyTJIMBI 10 TPAaMaTUYHUM 1 TUIOTPAPCHKUM MTOMUIIOK.
Kpim Toro, N-rpamu He BHMararoTh JIIHTBICTUYHOTO TOJAHHS CJiB, IO POOUTH
JaHuM npuioM OUTBII He3aleKHUM Bil MOBU. OnHak N-rpamu, J03BOJISIIOUH
3pOOUTH TEKCT OUIBbII CYBOPUM, HE BUPIIIYIOTh IPOOJIEMY 3MEHIIEHHS KUIBKOCTI
HelH()OPMATUBHUX CIIIB.

[IpuBenenns pericrpa. Llel npuiiom nossArae B nepeTBOPEHH1 BCiX CUMBOJIIB
710 BEpXHbOro a0 HUXKHBOTO pericTpy. Hampukinaz, Bci cinoBa «Tekct», «TekcTy,
«TEKCT» HaBomATBbCS 10 HWXKHBOTO PETICTPY «TekcT». Haitbinbimr edekTUBHO
CIUIbHE 3aCTOCYBAHHS IIUX METO/IB.

Ha ocHoBi Bcix Bulle 3a3HaueHHUX (akTiB Oysi0 0OpaHO HANpsSM CTBOPEHHS
MIPOrpaMHOro 3a0e3NeyueHHs NIl MOPIBHSAHHSA JIBOX TEKCTIB, HA OCHOBI HEYITKOi
JIOTIKM, BIIMOBHMBIIMCH Bl HaBYaHHS CUCTEMH, Yepe3 CKIAJHICTh peaizamii B
pamkax opHiei pobortu. [ami Oyzme omucaHo BUOIp IHCTPYMEHTIB, 10 Oyiu
BUKOPHUCTaHHI, Ta MPOTpaMHy peajizallilo CUCTEMH, BKIIOYAIOUM OMHUC METOIB Ta
iHTEepdeiicy.
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bibniorexa FuzzyWuzzy peanizye MexaHI3M HEUITKOrO aHaiizy Jis
MOPIBHSHHS JIBOX TEKCTIB HA OCHOBI MiJpaxyHKy BiAcTaHl JleBeHuTeiiHa.
bibmioreka mpairroe 3 Python Bepcii Big 3.4 [3].

OcHoBoOW0 poboTH € QyHKIIA ratio(), BOHa mpuiiMae aBa PSAIKU TEKCTY Ta
MOPIBHIOE 1X, 3 BpaxXyBaHHAM peETicTpy cuMBOJIB. DYHKIIA MOBEPTAE KOJ
NOPIBHSAHHS, HalOUIbIIe 3HaueHHd ¢yHKuUil — 100. [opiBHioroun psanku «IIpusit
cBit» Ta «IIpuBiT cBiT» (yHKLIS nMoBepHEe 3HayeHHS 100, a MOPIBHIOIOYM PSAIKH
«IIpuBit cBiT» Ta «IIpuBT CBT» OTpUMaemo koedimieHT 80. HactymHa ¢yHKIis
partial ratio(), BoHa mpuiiMae ABa PAIKU TEKCTY Ta IIYKA€ BXOJKEHHS MEPIIOro Yy
Ipyruii, 3Bakaroun Ha perictp. HactynHi 1B1 pyHKIIT 103BOJIAIOTE pOOUTH MPOCTI
MOPIBHSHHS B CUTYyal[IsIX SIKIIO PI3HUN PETICTp YU CJIOBa MAlOTh MPOCTO IHIIUHN
nopsanok. B niboMy BUManky BUKOPUCTOBYIOTH GyHKIIIO token sort ratio(). Komu
OJIHAKOB1 CJIOBa MOBTOPIOIOThCA MiJpsia, To Juisl GyHKuii token sort ratio() e
OyayTh pi3Hi psiakU. TyT Ha AOMOMOTY NMPUXOIUTH HAHOUIBII MPOCYHYTA G YHKIIIS
token set ratio().

BusiBieHHs 3HaHb y TEKCTI — 11€ HETPUBIAJIbHUN NPOLIEC BUSIBICHHS AIMCHO
HOBHUX, MOTEHUIMHO KOPUCHUX 1 3pO3YMUIMX MIAOJOHIB Yy HECTPYKTYpOBaHUX
TEKCTOBUX JaHuX. [l «HECTpyKTypoBaHI TEKCTOB1 JlaH1» pPO3YMI€Tbcs Habip
JIOKYMEHTIB, 1110 MPEJICTABIISIOTh COOO0I0 JIOTTUHO 00’ €THAHUMN TEKCT 0€3 Oy Ib-SIKHX
oOMeKeHb Ha HOro CTpyKTypy. lIpukiianaMu Takux JOKYMEHTIB €: BeO-CTOPIHKH,
€JICKTPOHHA TOIIITa, HOPMATUBHI IOKYMEHTH, HAyKOB1 CTATTI TOILO. 32 JOTIOMOI'0I0
¢bynkuii 616mioteku FuzzyWuzzy Mu NOpIiBHIOEMO TEKCTH Ha iX 1€HTUYHICTb.
CrninbHa 4YacTHMHA TEKCTYy — 1€ TaK 3BaHE sApO, 3 SIKOrO0 MOXKHA 3HAXOIUTH
HEoOX1H1 3HaHHA. EKcrepuMeHT mojsraB B TOMY, II00 3 BEIMKOI KUIBKOCTI
TEKCTIB Ha OJIHY 1 Ty caMy T€MaTHKy MO>KHA BUSIBUTH TUIbKU CHUIBHY YaCTHHY.
Came s crnulbHa YacTHHA 1 € SAPOM CYKYNMHOCTI TEKCTIB Ha sIK€ 1 HEOOXITHO
NPUAUIATH yBary.

BucHoBKuK

Heuitka 5orika mae 6araTo CHUIBHOTO 3 MPOIIECOM MUCICHHS JIIOAWHH, il
MOHa BUKOPHUCTOBYBATH ISl MOJICTIOBAaHHS JIIOJChKOro MucieHHs. [loeqnyoun
HEYITKY JIOTIKY 3 HEHpPOHHHMMH MEpeXaMHU MU OTPUMYEMO 3aci0 oOIpaiioBaHHS
JIAaHUX, 1110 3[IaTeH MPUIIBUAMIUTH 00pOOKY HECTPYKTypOBaHUX naHuX. HaBuaHHs
HEUPOHHOT MEpPEKi BUKOHYETHCA Yepe3 BXKE ICHYIOUl pe3yJbTaTH, a TOMY MU
3aBKIAM  MOXKEMO TIOKPAIlUTH HEUPOHHY MEpPEeKY HOBUMU OTPUMAHUMU
pe3yiabTaTaMH.

B pesynbTaTi BUOKpEMIJICHHS CIUIbHOI YaCTUHU TEKCTIB 3aJ]aHOi TEMAaTUKU
MU OTPUMYEMO SIAPO TEKCTIB, TOOTO Ty YAaCTHUHY, IO MICTUTh KOXKEH 13 BXIJHUX
HaBITh SKIIO CJOBa TIEPECTaBJICHI MICISIMU, HasgBHI TOMUJIKH Touo. Jlo
MOAANBIINX JOCIIPKeHh HEOOXIJHO BIJHECTH peai3alliio 3alnpornoHOBAHO1
CHUCTEMHU Ta 11 TECTYBAHHS.
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Fuzzy text data processing system

The article is devoted to the problem of comparing textual data based on
fuzzy logic and neural networks. It provides information on the ability to compare
texts based on Levenstein's distance, implemented in the FuzzyWuzzy extension
module for the Python programming language. Based on this module, a system that
distinguishes the core of the text from a large number of texts devoted to common
topics is examined.

Keywords: neural networks, fuzzy logic, data processing, Levenstein
distance, text comparison, text core.
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3ACTOCYBAHHA STEM-TEXHONOTIN NMig YAC HABYAHHA
IHOOPMATUKUA

CrarTio mpucBsiueHo npoOiemi 3actocyBaHHs STEM-texHosorii B IMIKUIBHOMY Kypcil
iHpopMatuku. I[IpoaHanizoBaHo MiArOTOBKY BYMTENIB iHPOpMaTUKU a0 BUKopucTaHHs STEM-
TEXHOJIOT1M y HaB4YaHHI 1H(GOPMATHUKH. 3apOTNIOHOBAaHO criocobu peanizaiii ineit STEM-ocBitu
IiJ] Yac ypOKIiB 1H(HOPMATUKH

KumrouoBi cnoBa: STEM-ocsima, STEM-mexnonoeaii, inghopmamuxa.

BcTyn

Ilocmanoska npobremu. CporogHi Bce OUIBIIY MOMYJSPHICTh Yy CBITI
HaOupae ocBitHa TexHonorii STEM  (science, technology, engineering,
mathematics). OCHOBHUM 3aBJIaHHSM I11€1 OCBITHBOI TEXHOJIOT1I € 1HTErpallis 3HaHb
y rajgy3i IpupoJHUYHMX HAYK, MATEMAaTHKHU, TEXHOJOTII Ta 1HXXEHePIi, 1Sl pO3BUTKY
KPEaTUBHOIO Ta HAYKOBOTO MMCIEHHS, HaBUYOK POOOTH B KOMaHMl, a TaKOX
CHOpPUSIHHS peajlizallii CydyaCHUX IIKaBUX Ta KOHKYPEHTOCIPOMOKHHMX IPOEKTIB.
3aBAsSKA CTPIMKOMY PO3BHUTKY TEXHOJIOTIH 3’SBISIOTHCS HOBI Ipodecii, moBCIOau
3poctae 3arpelyBanicTh cnemianictiB STEM. I[ndopmatuka sk HaBYaIbHUN
IMpeIMeT Hece 3HAa4HMM BHECOK Y (OpMyBaHHS OCOOMCTOCTI MaiOyTHHOTO
cremjiaiicTa B IUIICHOMY OCBITHBOMY TIPOCTOpi. A 3aCTOCYBaHHA Takoi
IHHOBAIIHHOT MeToaukH, Kk STEM-ocBiTa, J0IMOMOXXE BUBEICHHIO Ha HOBHI
piBeHb (OpMYBaHHS B YYHIB KOMIIETCHTHOCTEH, $KI JO3BOJATH iM JKUTH,
MpalioBaTd Yy BHUCOKOTEXHOJIOTIYHOMY CYCHUIBCTBI Ta CHPUATH 3POCTAHHIO
KOHKYPEHTOCTIPOMOXKHOCTI KpaiHu. [7]

MeTo0 cTarTi € BUCBITJIEHHA MOXJIUBOCTel 3actocyBaHHs STEM-
TEXHOJIOT1# i/l yac HaBYaHHS 1HHOPMATHKH.

OcHoBHa YacTuHa

VY cyudacHOMY CBITi 3a OCTaHHI JeCATh POKIB 3’SIBWJIOCS OaraTto 1HHOBAIIiH,
AK1 BIAITPAIOTh BEJIMKE 3HAYEHHS Yy KPEaTUBHIN 1HAYCTpii, OB’ sA3aHIN 13 TBOPUOIO
YM IHTENEKTYaJbHOIO POOO0TOI. 3MIHM 3a3HAIOTh 1H(POPMAIIIHO-KOMYHIKAI[IHHI
TEXHOJIOT1i, KpeaTHBHI rany3i, siki B 0araTbox KpaiHaX CBITY BUCTYINAIOTh BayKeJIEM
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PO3BUTKY €KOHOMIKM KpaiHu. Jlemasni OLIbIe MOJIO/E TTOKOIIHHS X04e 3aiMaTUCs
TPYJOBOIO AISUTBHICTIO, SIKa OB’ A3aHa 3 Li€I0 ceporo.

HaykoBo-TexHiuHa, iHXeHepHo-MaTeMaTnuuHa ocBita (STEM) choronHi ctae
OUTBII aKTyaJIbHOIO 1 MpUBEPTAE yBary, 6arato KpaiH BBaXKalOTb ii MPIOPUTETOM
ocBiTH. Ilonarrs STEM BuKIMKae MMPOKI JIUCKYCii B OCTAaHHE JECATUIIITTS.
Ictopuuno STEM Bnepie OyB BUKOpUCTaHUM sIK OCBITHIM TepMiH HanioHansHUM
HaykoBuMm ¢onaom (NSF) CIHA na mnouarky 2000-x pokiB. PaxiBIsM
MaiOyTHBOro TOTpiOHA BceOiyHA MIATOTOBKA Ta 3HAHHA 3 PI3HUX OCBITHIX
obJacTeil MpUPOIHUYUX HAYK, 1HXEeHepii Ta TexHosorii [1]. Hayka, sika € ogHuM 13
HaWOUIBIINUX JOCATHEHb KYJIbTYPH 3aX1IHOTO CYCHIJIBCTBA, HE MOXKE HE 3aI[IKABUTH
MOJI0]1b, HE3BAXKAIOUW HA T€, III0 ChOTOHI BOHA Ma€ Habarato OUIBIINMN, HIK OY/Ib-
KOJIM, TOTEHI[ia]l MOTUBYBaTH YuHIB A0 npeametiB STEM, 1 Oyno 0 BaxiIuBO Mif-
TpUMYBaTH ixHil iHTEepec 10 npeametiB STEM y 0a3oBiil Ta cepeaniit mkoi [2].

TexHonorii € OIHUM 13 IHCTPYMEHTIB, SIKI MOXYTb HIABULIUTH I1HTEpEC
monofi g0 BuBYeHHA Hayku. IKT namoTh MOXIMBICTP aKTHUBHO 3aiiMaTHCS
HAyKOBOIO [ISJIbHICTIO, BUKOPUCTOBYIOUM Pi3HI TEXHOJIOTTYHI MOKIIMBOCTI.
Croroani uudppoBi TEXHOJOTii € HEBII €EMHOK YaCTHHOI CY4YaCHOI'O IMpPOIECy
BUKJIaJlaHHs/HaBYaHHsI. He 3amepeuyiounm BaXJIMBOCTI TEXHOJIOTIM Mmix dac
HABYaHHS, HA MPAKTUL BOHU CIIPUAMAIOTHCS SIK JOJATKOBUN THCTPYMEHT, a HE SIK
OJIMH 13 pecypciB HaBUaJbHOTO Mpolecy. AJie HE TEXHOJIOTli TpaHCHOPMYIOThH
METOAM TPAJULIAHOI TMeJaroriku, a Te, fAK iX BUKOPUCTOBYIOTh BUHTENI.
BaxxnmBuM NUTaHHSAM € Te, YM NOB’SI3aHE HUHIIIHE BUKOPUCTAHHS TEXHOJIOTIH Y
IIKOJIaX 13 BUKOPUCTAHHSAM IIU(PPOBUX THCTPYMEHTIB Ta PECYPCiB JJisi 3MICTOBHOTO
npoliecy HaB4aHHs. TeXHOOr1i Bee 1€ BUKOPUCTOBYIOTHCS CITIOCOOOM HaKJIadaHHs
TEXHOJIOT1i MOBEpPX TPaJWLINHOIO BUKJIAJAaHHS Ta HABYaHHS, a HE JUIs CHIBIIpalli
Ta CTBOPEHHSI 3HAHb.

BuuTeni BUKOPUCTOBYIOTH Pi3HI LU(POBI pecypcu, MO0 JOMOMOITH YUHSIM
JOCHIPKYBaTH W HaBYATHUCS, MIATPUMYBATH CIIBIPALIO B KJacl Ta MPOBOJUTH
(dbopmyBanbHE OLIIHIOBaHHS. BOHM TakoX BUKOPUCTOBYIOTH [HTepHET Ta BeOiHapH,
100 JOTIOMOTITH YYHSIM HNOTJIMOUTH CBOi 3HAHHS 3 KOHKpPETHUX TeM. besnepedHo,
TEXHOJIOTli — 1€ I1HCTPYMEHTH, SIKUMHU BYHUTENIb KOPHUCTYETbCA SK IIJ Yac
MIATOTOBKHM JI0 YPOKIB, Tak 1 JJis OOMIHY JOCBIIOM 3 IHIIMMHU KoJjeramu. lle
03HAYae, 10 TEXHOJIOT1 3MIHUJIM METOJIY BUKJIAJaHHS Ta HaBYaHHS [3].

Buuteni 3a3Buyail BUKOPUCTOBYIOTH TEXHOJIOTIi BIIMOBIAHO O CBOIX
npodeciiftHux nmotped 1 morped ydHiB. OgHAaK HAa MOMJIMBOCTI BUKOPHUCTAHHS
BIUIMBAIOTh PI3HI (PaKkTOpu, HANPUKIAL, HEBMIHHS BYHUTEIS BUKOPUCTOBYBATH
TEXHOJIOT1i MOXe OyTH MOB’s13aHO 3 OPaKOM Yacy Ha HABUAHHS.

[HmMu BaknmuBuMU (pakTOpaMu € BIACYTHICTH JOCTYIy JI0 PECypciB, a
TAKOX TEXHIYHI MpoOJeMU Ta Omip BUMUTEN 3MIHAM Ta HOro/ii HeraTUBHE
cTaBieHHs. MoKHa BHUIUIMTH TaKOX 30BHIIIHI Ta BHYTpIHI Oap’epw,
HaroJIOIIylOYM Ha YCTAaHOBKAaX, MEPEKOHAHHAX, 3HAHHAX (BHYTpIilIHIA Oap’ep)
BUUTEJS K HAUBAXKIIUBIIIUX. Y OyAb-IKOMY BUIAJKY, IHTETpallisl 3 TEXHOJOTISIMHU
MiJ 4Yac BHKJIAJaHHS/HABYaHHS € CKIAJHUM TIPOLECOM, SKUWA TMOB’S3aHUM 3
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OCOOMCTUMH, OpraHizalliiHUMH, I1HCTUTYLUIMHUMH Ta HaBIThb KYJbTYPHUMHU
O6ap’epamu. lle o3Havae, 110 BUKOPUCTAHHS TEXHOJIOTIA IIOB’SI3aHE 3 BIKOM
BUUTEJSI, KOMII'IOTEPHUMH HAaBUYKaMHU, NEPEKOHAHHSAMU Ta (aKTopamMu Ha piBHI
IIKOJIA: IOCTYIHICTIO KOMIT IOTEPIB Ta TEXHIYHOT MIATPUMKH [6].

Skuo posrnsaatd npoOJeMu YKpaiHChKOI CHCTEMH OCBITH, TO BIpa3y
BIIAJIa€ y Bidl SCKPAaBO BHpa)K€Ha By3bKa CIeEIlani3allis BUUTENIB, 1 K pe3yibTarT,
3HAHHS WKOJSPIB OyIyTh GparMeHTapHUMHU.

OxkpeMo BapTO BHUAUIMTU JIMILIE BYUTENIB 1HGOPMATUKHU, SIKI MOXKYTh
npoBOAUTH (1 TPOBOAATH) 3aHATTA 3 1HGOPMATHKH, MaTeMaTHKH, (i3uku. 3
ypaxyBaHHSIM 3MICTY JEp>KaBHOTO CTaHAApTy 3 1H(QOpMATUKH Ta MpodecitHuX
MO>KJIMBOCTEN BUMTENIB 1H(HOPMATUKU, MOKHA 3 YIIEBHEHICTIO TOBOPUTH, LII0 came
I KaTeropis BUMTENIB 3/1aTHA B YKPAaiHCBKUX peajisiX peaji3oBYBAaTH IIiJl Yac
ypokiB iaei STEM ocBitu. buibmicts maboparopiii 3acHOBaHa Ha BIIKPUTIN
miatgopmi Arduino, moO CKIAAAETHCA 3 OJHOMMEHHOTO MIKPOKOHTpOJEpa Ta
MIPOrpaMHOro 3a0e3neueHHs AJi1 HallMCaHHs NporpaM YyIpaBiiHHA. 3a JTOMOMOIOI0
Arduino MoOXHa pPO3pOOJIATH PI3HI IHTEPAKTUBHI MPUCTPOi, 0OpoOIATH HaHi
JaTYMKIB Ta NMEPEeMHUKayiB, KEpyBaTU ABUT'YHAMU Tollo. [IpucTtpoi MoxyTh OyTH
aBTOHOMHMMH a00 TMpalloBaTH 3 NPOrpaMHUM 3a0€3MEUYCHHSIM KOMIT I0Tepa.
CTBOpHUBIIM TPOrpamy, WIKOISIPI MOXKYTh O/Ipa3y CIOCTEPIraTu pPe3yibTaTH CBOET
JISUTBHOCTI — CTBOPEHHS Ta YIPABIIHHS PEAIbHUM MPUCTPOEM, HMIOWHO 310paHuM
cBOIMH pykamu [4, 5].

[lin yac ypokiB MaTeMaTHKH BOHU BXE€ 3HAUOMIIATHCS 3 €JIEMEHTaMHU
MoenoBaHHs. [[poMy cripusitoTh 3aBJaHHS TaKOTO TUITY:

- 3a IONOMOTI0I0 PY4OK ab0 OiBIIB (PYK) MPOAEMOHCTPYBATH TOCTPUH, MPAMHUIA,
Tynuil abo pO3rOpHYTUH KYT;

- 5K 3 apKylla OpsIMOKYTHOI (popMuU 3poOUTH KBAApAT;

- TOJAUIWTH CTOPOHY KBaJPaTHOIO apKyllla Ha TPU PiBHI YACTHHH;

- NpSMOKYTHHUK PO3pi3aTH Ha /Bl YACTUHHU TaK, 100 CKIACTH TPUKYTHHK.

[Ipy BHUBYEHHI TEOMETPUYHOrO MaTepially ULIKOJspaM IIKaBa Ipa
«Tanrpam». KBagpat po3pizatoTh Ha CiM YacTHH, ajie 3 HUX, BUSABIISAETHCS, MOXKHA
ckiactu 6e3miu (irypok. YunsM mikaBa rpa «Ctomaxiit» (cTapoBHUHHA Tpa, SIKY
BUHAWIIOB ApxiMe[), MPSIMOKYTHY CMYXXKy, JOBXHMHA $IKOoi y 2 pa3u Ounblua
HIMPUHY, pO3pi3atoTh Ha 14 dacTuH. 3 IMX YAaCTHH CKIANAIOTh (PITYpKU JIIOJEH,
TBapUH, Pi3HI IPEIMETH.

VY4H1 mig 4ac 3aHATh HE CTUIbKM 3aiiMaloThCsi pOOOTOTEXHIKOIO, CKIIbKU
BUKOPHUCTOBYIOTH ii, IK CBOTO POJly IHTEPAKTUBHUN €JIEMEHT, 3a I0MTOMOTOI0 SIKOTO
TEOPETUYH1 3HAHHS 3aKPIILTIOIOTHCS HA MIPAKTHUIIL.

3Haro4M, M0 Cy4YacHY MOJIOAb MPaKTUYHO HE MOXHA «BIIIpBATU» Bl
neperjsiy BiJeo, 3aBAaHHS BYMTENsS 3pOOUTHM €KpaH CBOIM COIO3HUKOM. B
OCBITHBOMY TIpOLIEC] BHUKJIMKAIOTh 3allIKaBJICHICTh BIACOITPH, SIKI CHPUSIOTH
PO3BUTKY KpEaTHMBHOIO MHCJIEHHS Ta TEXHIYHMX HABMYOK. IX BHKOPHCTaHHS
nonomMarae BuB4eHHI0 qucuuiuiin STEM. B irpax 3akianeHa quHaMigyHa MOJIENb,
0 JIO3BOJISIE B3aEMOJISATH B PI3HUX CUTYalsIX CMOCO0aMHU HEIOCTYITHUMH B
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MOBCSIKICHHOMY HUTTI, THM CaMHM CTUMYJIOE CTIMKHI IHTEpec IO HAayKd Ta
PO3yMIHHS SIBUIL.

BucHoBKkuM

BuuTeni Ta yuyHi MalOTh CX0XK1 Ta pi3HI NMOTJAAM Ha BUKopuctanHs STEM-
TexHoJorid. Pecypcu kmacy He 3aBXAM JalOTh MOJKJIMBICTb TOBHOIO MIpPOIO
BUKOPUCTOBYBATH TEXHOJIOT1I MMiJ Yac ypokiB. Lle o3Hauae, 110 BIJIMB TEXHOJIOTIH,
cHemianbHO HeoOXiAHUX Mg 3100yTTss Hayku B STEM-ocBiTi, Bce 11e € B
OCHOBHOMY TUMYacOBHM, 1 BUUTEIb CTUKAETHCS 3 TPYAHOIIAMHU, 11100 3a0€3NeUnTH
3MICTOBHMI Mpouec AOCTIIHKeHHs. | BUuTenl, 1 y4Hi BUKOPUCTOBYIOTh T€XHOJIOT11
NEepeBaXHO PENpOAYKTHUBHO (g momykKy iHGopmamii B IHTepueri, ang ii
y3araJlbHeHHs Ta Uil Mpe3eHTaiii) sK CcrhoXkuBadi iHdopmamii 1 MeHII
MPOIYKTUBHO SIK pO3POOHUKH 3HAHb.

[HCTHTYLIMHI Ta OCOOMCTICHI (PaKTOPU € OCHOBHMMHM, IO BIUIMBAIOTH HA
BUKOPUCTaHHSI TE€XHOJIOTM. BUKIIajaHHs, BUKOPHCTOBYIOUM TEXHOJIOT1I, CTaBUTh
BUMOTH 21 CTOJITTS IO BUMTENIIB, a 3HAHHS, JOCBIJ 1 MOTHBAIlIA BUMTESISI MOKHA
pO3IJIAaTH SIK OJWH 13 KIIOYOBUX (DaKTOpIB, IO BIAITPA€ ICTOTHY POJb Y
IHTerpalii TeXHOJIOT1# mif yac ypokiB. HactpaBai TexHika — 1€ JIMIle 1HCTPYMEHT,
1 11 3MICTOBHE BUKOPUCTAHHS 3aJICKUTh B1J] YUUTEIIS.
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BUKOPUCTAHHA POBOTOTEXHIKU NI YAC YPOKIB
IHOOPMATUKUA

CraTTio MpHUCBSYEHO MPOoOIeMi BUKOPUCTAHHS POOOTOTEXHIKM IiJI Yac YpPOKIB 1HPOpPMATHKU.
Po3rnsitHyTo MOKIMBOCTI  TMIZABUINEHHS pE3yJIbTaTiB HaBYaHHS, 3aBISIKH BHKOPHCTAHHIO
poboToTexHiku. OOIpyHTOBaHO HEOOX1IHICTh BUKOPUCTAHHS pOOOTIB AJIsl PO3YMIHHS IPUHIIUIIIB
nporpaMmyBaHHs. BucyHyTO HHM3KY pekoMeHJalid 100 BUKOpHUCTaHHSA miuaTh Arduino ass
OUIBII MOTIMOIEHOTO BUBYEHHS 1HPOPMATHUKHY.

KurouoBi cioBa: pooomomexnika 6 wikoni, koncmpykmopu LEGO, ypok inghopmamuxu.

BcTyn

Ilocmanoska npobaemu. MeTol0 MIKUIBHOTO Kypcy 1HQOpPMATHUKUA €
dbopmyBaHHsS B  y4HIB  1HGOpMaliifiHOI KyJbTypd Ta  1HQOPMATUYHOT
KOMIIETEHTHOCT1 JJisi peanizalii iX TBOPYOro MOTEHI[laly Ta coljiamizamii y
CYCIUIbCTBI 3aBASKU 3aTHOCTI A0 €(pEKTUBHOTO BUKOPUCTAHHS 3aCO0IB Cy4yaCHUX
1HpOpMaIIITHO-KOMYHIKAI[IHHUX TexHOoJoT1i. CydacHUM CBIT QyKe 3aJI€KUTh BiJ
KOMIT'IOTEPIB Ta CXOKMX HAa HHOTO MPUCTPOiB. TOMY B CBITI € BelMKa moTpeda y
TUX, XTO 3HAE€TbCSI Ha KOMIT'IOTepax B PI3HOMaHITHMX HampsMax MHoro
BUKOPHUCTAHHSI.

MoOXUBICTh BUKOPUCTAHHA POOOTOTEXHIKM MiJ Yac YPOKIB 1H()OpMATUKH,
MIABULIUTG 3allIKAaBJIEHICTh YYHIB Yy BHBYEHI 1H(GOPMAIITHUX TEXHOJOTIH.
Bukopucranns po6ota, sk BapilaHTa HAOYHOCTI, MOXJIMBE HE TUIBKM IiJ Yac
ypokiB iH(MOpMATUKH, ajie ¥ mig Yac ypokiB (i3uku abo MaTeMaTUKH, IS
BUBUEHHS TIE€BHUX TeM. TakoX MOro Mo>KHa BHUKOPUCTOBYBAaTH SIK 00 €KT
JIOCHIDKeHHS, 11 BUBYEHHS TaKWX JIOAATKOBUX HAIpsMIB SK: MEXaHIKa,
€JICKTPOHIKA, 1H)KEHEP1s, KOHCTPYIOBAHHS.

3aBAsSKM BUKOPUCTaHHIO POOOTOTEXHIKM Mil 4Yac YpPOKIB 1H(OOpPMATHKH,
MOXHA J1aTU TIOHATTA MPO JAEsIKI HanpsaMHu 1HGOPMAIIHHUX HayK, SIKI MOXYTh
3alliKaBUTHU [ITE€H, IOKa3aTH MPAaKTHUYHY 3HAYYIIICTh OTPUMAHUX 3HAHb Ta
30pIEHTYBATH iX Ha 1HXKEHEPHO-TEXHIYHI mpodecii s Toro, 1mod miapocTaroye
MOKOJIIHHS OyJI0 B MalilOyTHOMY 3aTpeOyBaHUM Ha PUHKY Mpalli.

MeTo10 CTaTTI € BUCBITICHHS MOKJIMBOCTENW BUKOPUCTAHHS POOOTOTEXHIKU
M1 Yac ypokiB 1HHOPMATHUKH.
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OcHoBHa YacTuHa
PoboroTexHika — 1€ MpUKIagHa HayKa, B sIKIH BUBYAETHCSA MPOEKTYBAHHA,
po3poOKa, KOHCTPYIOBaHHS, EKCILIyaTallis Ta BAKOPUCTaHHS poOoTiB [3].
OCHOBHOIO METOI0 BHUKOPHUCTAHHS POOOTOTEXHIKM IiJI Yac YpPOKIB
iHGOpPMATUKKA €  TIOKPAIlleHHSd BHUBYEHHS  1HGOPMAILIITHO-KOMYHIKAI[IHHUX

TEXHOJIOT1M, IO JOMOMOXE PpO3BHUHYTM B YYHIB HABUYKM B IpOrpaMyBaHHI,

CJIEKTPOHILI Ta MeXaHill. 3HaHHSA, [0 BHKOPHUCTOBYIOTHCS B POOOTOTEXHII,

MiABUIIATH PO3YMOBI 3/11I0HOCTI Ta MOTEHII1aJ YYHIB.

3aBAsSKM BUKOPUCTAHHIO POOOTOTEXHIKH IIiJi 4ac BHUBYEHHS 1H()OPMATUKU

MOKHA MIJBUILUTU PE3yJbTaTU HAaBYAHHS, Yepe3 HAOUHICTh Ta IHTEPAKTUBHICTb.

VY4Hi 0aYUTUMYTh, 110 BOHU 3pOOMIIM Ta YOro AOCATIM 3a yac HaBuyaHHA. Came

3aB/ISIKM BUKOPUCTAHHIO 3HaHb Ha MPAKTHUIl BOHU OyIyTh 3aCBOIOBATUCH, a IiJl Yac

BUKOpPUCTaHHS po0OoTa OAUUTUMYTh  MIATBEP/KEHHS  MNPAaBWIBHOCTI YU

HETMPaBWIHHOCTI CBOiX 3HaHb [6].

Bukopucranus po0OoTa miJl Yac HaBYaHHS 1HPOPMATUKHU PO3BUBAE 3HAHHS Y

TaKMX HaIpsMax siK:

1. IIporpamyBanHHsi — 0€3 MpPOrpaMHOTO Koay Oyab-KMH poOOT 1€ MPOCTO
KapKac, KMl HIYOro He 3Moxke 3pooutu. CaMe mporpaMmyBaHHS MOYKBABIIIOE
po0oTa, poOUTH 3 HHOTO MPALIOIOYUI TPUCTPIH.

2. KoHctpytoBaHHS — 11 HaBUYKM PO3BUBAIOTH JIOT1YHI Ta TBOpPYl 3A10HOCTI
autuHU. CTBOpeHHs po0oTa, a came WOro KOHCTPYIOBaHHS, pO3BHBAE TBOPYI
311I0HOCT1 Y4HsI, AK1 y>Ke MOTpiOHI MpH MepUIuX KpoKax CTBOPEHHs poOoTa, a
caMe Moro CTBOPEHHsI, Horo i7ei.

3. Mexanika — y BCix poOOTax, MeXaHika, € Ty>Ke BaKJIMBOIO YACTUHOIO. 3aBISKHU
MEXaHiI[l peai3oBYeTbCA HOTO pyX, WOro Kapkac Ta MiCLle 3HAXOKEHHS
KOXHOTO €JIEMEHTY po0oTa.

4. EnexkTtpoHika — s peanizamii pobora He 0OINTHUCH 0€3 eJIEKTPOHIKU. Y
npoctux KoHcTpykropax nmo tunmy LEGO enexkTpoHika peanizoBaHa MpoCToO Ta
3p03yMUIO0 (OKpEMHMH YaCTHHAMU SIK JIaTYMK), Ta Ma€ MPOCTe MiAKIIOYCHHS.
Ane y OUIBIIOCTI IHIIMX €JEMEHTIB, €JIEKTPOHIKa peaii3oBaHa CKJAJHIIIE, 1
JUIsl  TIOBHOI[IHHOTO CTBOPEHHA po0OoTa, Tpeba poO3yMITH MPHUHIIMITH
BUKOPHUCTAHHS €JIEKTPOHHUX €JIEMEHTIB.

5. IlpoekTyBaHHS — AJi1 CTBOpPEHHS OyAb-SIKOro po0oTa, croyatky Tpeda ioro
cupoektyBatu. I1ig yac nmpoexTyBaHHs TpeOa 3aCTOCYBaTH TBOPYI HABUYKH Ta
TEXHIYH1 3HAHHS, K1 TOMIOMOXYTh Y PO3BUTKY PO3YMOBHX 3/110HOCTEH yUHIB.

3aBasku komnaHii LEGO MOXIMBO BHUKOPUCTOBYBAaTH poOOTa BXKE B
noyatkoBiil mkomi. Yepe3 mnpoctuil iHTepdelic mnporpaMHOro 3abe3neyeHHs,

CXO0XHUI Ha MOBY IporpamyBaHHs Scratch, ioro yierko BuBuatu. Takox uepes Te,

0 1€ AUTSYUA KOHCTPYKTOp, iM OyAe Ay’Ke I[IKaBO BUBYATH IpOrpamMyBaHHS,

CTBOPIOIOYH CBOT'O poOoTa.

Koncrpykropu Bin kommanii LEGO patote 3HaHHS y 0araThbOX HayKOBHX

HampsiMax, TUM CaMHUM TOKpallyloud po3yMOBI HaBUYKHM Y4HIB. Takox 1€ AacTh

MO>KJIMBICTH CIIpoOyBaTH ce0e B poJIl 1HXKEHepa, porpamicTa Ta iH. TakuM 4uHOM
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1€ MOKE 3aIlIKaBUTH JiTel y mpodecisx, Ipo sIKi BOHU HaBITh HE AyMalld paHille.

VY kommnanii LEGO € Benuka KUIBKICTh IHCTPYKLIM MO CTBOPEHHIO poOOTa,
JUIsE CTBOPEHHSI SKUX TOTpiOHO Oyne BukopuctoByBaTd He smme LEGO
MAINDSTORM, a i 3Buuaiinuii koHcTpykrop LEGO. Benuka KUIbKICTh
€JIEMEHTIB Y KOHCTPYKTOPI, J1a€ MOXKJIUBICTh CTBOPIOBATH PI3HOMAHITHUX POOOTIB.
A 3Haro4M, M0 ICHYE JEKUIbKAa PI3HUX KOMIUIEKTIB, 3 PI3HUMHU MOMIUBUMU
3aMmyacTUHAMU, Ja€ MOKJIMBICTh CTBOPUTH poOOTa, MIAXOASUM JI0 [ILOTO TBOPYO.

[lotenmian y BukopuctanHi LEGO nyxe mupokui, depe3 Te, 110 BIH
MOCTABIISIETHCSI OKPEMHUMH KOMILIEKTaMH, [ po3mupeHHs 3afad y CTBOPEHHI
poOOTIB, € OKpeMi KOMIUIEKTH OAATKOBUX 3aMMYacTHH, 110 JAaI0Th 3MOTY 3pOOUTH
OutbIIOro podoTa y po3Mmipax Ta MOXKIUBOCTAX. Lle Moxe OyTu nyxe SKICHUM
npukiagoM STEM-ocBitn, 60 mpu pobori 3 LEGO MAINDSTORM T1peba
BUKOPUCTOBYBATH TBOPY1, TEXHIUHI Ta MaTEMaTUYH1 HABUYKH [5].

Ane HEMOXIJIMBO PpO3BHHYTHM T€HIaJbHI HABUYKM Ha  MPOCTOMY
koHcTpykTOpl. TyT Ha 3aminy LEGO mnpuxoauts miHi-komn’totep Raspberry PIL.
BukopucrtanHg 1IbOTO MiHI-KOMIT'IOT€pa A€ MOXKJIMBICTH BUKOPUCTATH BEIUKY
KUIBKICTh PI3HOMAHITHUX JIaTYMKIB, MOTOPIB Ta IUIAT po3mupeHHs. e miaBummTh
MOXJIMBOCTI Y KOHCTPYIOBaHHS poOOTa, aje yCKIaaHIOE HOro CTBOPEeHHS [2].

VYcknagHeHHSIM Yy CTBOPEHHI po0OTa Ha OCHOBI MIHI-KOMIT IOTepa €
3amyacTuHu Kopnyca. Kopmyc 11t CTBOpeHHsI Takoro po6oTa BUTOTOBIISIIOTH Ha
3aMOBJICHHS, 200 BIH HasBHUN Yy CHEI[laJbHOMY KOMIUIEKTI KOHCTPYKTOpA ISt
CTBOpPEHHsI pobOoTa. Ajie 11e Ja€ PO3yMIHHS IUTI Ta MOXJIMBOCTEH poOoTa, KU
Tpeba peanizyBary, 110 A€ CXOXKICTh 3 peaIbHUMU 3aBJAaHHSIMHU Ha BUPOOHUIITBI.

3a npomomororo Raspberry PI ngyxe sSKicHO MOXXHa BHBYaTH MOBY
nporpamyBanHs Python. Uepes Te, 1110 BoHa Ay»Ke MpOCTa, ii MOYKHA BUBYATH BXKE 3
7 Kiacy, KOJHM Y4YHI BXKe po3yMmitoTbes B iH(popmatuill. Bukopuctanus po6oTa Ha
ocHoBi Raspberry PI y noennansi 3 ypokamu iHQOpMaTUKU TOKPAIIUTh BUBUCHHS
nporpaMmyBaHHA [4]

Bukopucranus po0OOTIB Ui TOKPAIIEHHS MPAaKTUYHUX HABUYOK Y
iHbOopMaTHIll € Ay’Ke BAXJIUBUM y HaBYaHHI. e miIBUIIMTE MOXKIMBOCTI YUHIB: iX
3HAHHS, PO3YMIHHS NPHUHIMIIIB NPOrpaMyBaHHsS, PO3BMHE HABUYKHU BOJIOAIHHS
onepaniiHUMU CUCTEMaMH Ta CUCTEMHOT0 aJMIHICTpyBaHHs. OnaHyBaHHS TaKUMHU
KOMIIETEHTHOCTSIMU JJaCTh MOXJIMBICTh YUHSIM 00paTv B MailOyTHHOMY Mpodecii,
OB’ s13aH1 3 poOOTOTEeXHIKOO [1].

VY crapmiif mKkosi, I8 OUTbII MOTNIMOJIEHOTO BUBYEHHS 1H(OPMATUKU HA
OCHOB1 pOOOTOTEXHIKM, MOXHa BUKOpUCTOBYBaTH Iuiaty Arduino. Bona Mmoxe
BUKOPUCTOBYBATUChH Y BEJMKIN KIJIBKOCTI MPOEKTIB, 0 MOXYTh CTBOPUTH Y4YHI,
SIKIO 3aJIF0Th TBOPU1 Ta TEXHIYH1 3HAHHS.

MoxxnuBocTi Arduino mupiii 3a Raspberry Pl uepe3 6u1bli mOTYKHY MOBY
nporpamyBaHHs C++, ska 3apa3 BUKOPUCTOBYETHCS Y BEIUKIM KUIBKOCT1 HE TUIBKU
MPOrpaMHUX MPOEKTIB, a ¥ y MPUCTPOSIX. 3a JIOMOMOIOI0 IJIaT PO3LIKUPIOIOTHCS
MOXJIHMBOCTI pobota Ta matu Arduino. Pi3HOMaHITHI JaTYMKM Ta IJIATH
PO3IIMPEHHS, Y MOEIHAHHI 3 TAaKOIO MOTYXHOI MOBOIO IMpOrpamMyBaHHS, JalOTh
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MO>KJIMBICTh peaji3yBaTh MPOEKT YUHIB.

3a momomoror MoBHU mporpamyBaHHs C++ MOXHa HAaBUMTUCSA KEpyBaTu
cxeMamH. Taki HaBUYKM HAAAIOTh YYHSIM MOXJIMBICTH pPEasi30BYBaTH CBOT
MPOEKTH, a OUIblI IIHOIIE BUBYEHHS, MOXE 3pOOMTH 3 HHUX JyK€ TapHUX
CIEMIaJIICTIB, IKUX HE BUCTAYa€ HA BUPOOHUIITBI.

Henonikom Arduino € cnocid mij’eIHaHHS IJIaT PO3IMIMPEHHS Ta JaTYMKIB
no miatu Arduino. Jlesiki 3 iat matoTh GIPO koHEKTOpHM A MIAKITIOYEHHS, alie
He Bcl. ICHYIOTh TUIaTH pO3IIMpPEHHS, AKI MOTPEeOYIOTh MPUIAIOBAHHS KOHEKTOPIB
a6o apotiB. Uepes 11e, 3apaau 0e3neKu yUHiB, Kpallle IIYKaTH aHaJOTH IUX IuIaT 13
y)ke BOYIOBaHMMHU KOHEKTOpaMmH, 00 HE NOTPIOHO OYJI0 BUKOPUCTOBYBATH
NasIbHUK.

[Ipy TBOpUOMY MIAXOJI 1€ JAOMOMOXKE CTBOPIOBATH POOOTIB, SIKI MOXYTb
JIOTIOMOITA HE TUIbKM B HaBYaHHI, a ¥ y MOBCAKAEHHOMY >XUTTIL. [lommproroun
3HAHHS y bOMY HalpsMy, IUTUHA TIOKPAIIUTh CBOT 3HAHHS 1 Y CYMDKHUX HayKax.
TaKHUX SIK MaTeMaTHhka Ta Qi3uka.

3a 101moMOror BUKOPUCTAaHHSA pOOOTOTEXHIKH M1 Yac ypOKiB IH(POpMaTUKH,
MO>KJIMBO PO3KPUTH MOTEHIIIAJl JUTUHU Y BCIX CyMDKHUX Hanpsmax. Lle monomoxe
BU3HAUUTHUCS JUTHHI Yy TMOAANBIIOMY HaBYaHHI Ta PO3BUTKY CBOiX HABHYOK Y
BUOpaHOMY HaIpsiMi, BU3HAYUTUCH 3 BUOOPOM 3aKJIaly BUIIOI OCBITH Ta Ipodecii.

MOoXIUBICTh BUKOPUCTATH POOOTOTEXHIKY MiJ Yac YPOKiB iH(OpMaTHKH,
3poOuThH iX IIKaBIIUMU. [[MUTUHI BaxJIMBO OQuWTH JJIE YOTO BOHA BHUBYAE IIIO
HayKy Ta OUTbII SIKICHO 3aKPIIJIIOBATH OTPUMaH1 3HaHHS. Takox 1ie Jae po3yMIiHHS
BIUTUBY IIPOrPaMHOI0 KOy Ha poOO0Ta, 1110 MOKPAIIUTh 3aCBOEHHS 3HAHb.

Takox poOOTOTEXHIKa PO3BMBAE B Y4YHS TBOpUl HaBUYKHU. [Ipu cTBOpeHHI
CBOTO TIPOEKTY, MOTPIOHO BHUKOPHUCTOBYBATH HE TUIBKM TOYHI HAayKu IS
BHUPAXOBYBaHHs POOOTHU CBOTO MPOEKTY, a W TBOPUIM MiAXIJ sl BUTAAYBaHHS 17€i.
be3 TBOpYOro migxoay, MpoOeKT Oyne OAHOTUIIHUM Ta HE IIKaBUM, 110 HE JACTh
YUYHIO OYiKYBaHOT'O PE3YNbTATY.

Lle Bce monoMoske po3BUHYTH M’sIKI HABUYKHU JIUTHUHH, SIK1 Jy’K€ MOTPIOH1 Yy
MOBCSAKIACHHOMY KHUTTI. OOMEXEHHs y BUKOPHCTAaHHI 3alyacTUH Ta 00 eMy
nam’sTi I HalMCaHHsS MPOTPaMHOTO KOy, MOTpeOye yKe Ba)XKJIIMBOTO HABUKY
OPUUHATTS PIICHHS, A1 BUOOPY 3amyacTUH Ta MOTPIOHUX KOMaHJ, IO 3pOOUTH
MPOEKT ONTUMATBHUM.

BucHoBKkuM

[lin dYac BUKOpPUCTAHHS POOOTOTEXHIKM B HABYaHHI MiABUIIYIOTHCS
MOXJIMBOCTI BUUTENSl y MOSCHEHHI Marepiajly 3a JOIMOMOrO HA0OYHOTO METOMY.
Po3BuBae M’sKi HaBUYKHM, IO NIABUIINTH €()EKTUBHICTb y HaBYaHHI 3 YCIX
HampsiMiB. MOXKJIUBICT BHUKOPUCTAHHA MPOEKTHOIO TMIAXOAY Y BHUBYEHHS
1HGOPMATHKH 3a I0MOMOTr0I0 poOOTOTEXHIKM HAJAacTh HE3a0yTHIN JOCBi, a aHaII3
MPOEKTIB IHIIUX YYHIB Ta, MO MOXJIMBOCTI, 1 BUMTENSA, HAAAAYTh YUYHIO OCBI Y
aHaji31 Ta camoaHa i3, 10 JOMOMOXKE OLIbII CIOKIHHO Ta Kpalle MiAXOAUTH 10
HaBYyaHHS B 1ulomy. lle momomoske 3po3ymitu, mo came Oyae LIKaBUM y Mai-
OyTHBOMY, Ta BUOOPY TUX HANPSMIB, SIK1 y4€Hb XOU€ OMAaHyBaTH y OUIBIIIN MIpI.
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asosa B.B., Cypkos M.I. BukopucmaHHs pobomomexHiku

['070BHUM HEJOJIKOM Yy BHUKOPHCTaHHI POOOTOTEXHIKM i 4Yac YpPOKIB
1HOpPMATUKK € I[iHM Ha poOOTIB Ta IiXHI KOMIUIEKTH. butbiricts mkin 6e3
J0JIaTKOBOi JIOTMIOMOTH HE MOXYThb JO3BOJIMTH COO1 MPHUI0ATH TaKl KOMIUIEKTH.
Takoxx BuuTeni OosThbcsi OpaTu Ha cebe BIANOBLAAIBHICTH 3a Takl JOpOTi
KOMILJIEKTH T4 BUKOPUCTOBYBATH iX.

Yepe3 1ne e yHEMOXKIMBICHHS KOMIUIEKCHOTO MIAXOAY /10 BHUBYEHHS
poOoToTexHiki. HeMOXIUBICTh 3a0€3MeUeHHs] KOXKHOTO Y4HS POOOTOM CTBOPHUTH
BEJIMKY KOHKYPEHI[II0 Ta KOH(IIKTHM B KJaci, 110 MNPU3BEIE [0 TMOTIpPIICHHS
HaBYAJIBHUX 3A10HOCTEW. AJle Bce-lIe € CEeHC Yy BHUKOPUCTAaHHI poboTa, SK
HAOYHOCTI. 3aKpiIUICHHS OTPUMAaHUX 3HaHb y MO€JHAHHI 13 Bi3yaJIbHUM BILIUBOM
Ha pe3yJIbTaT, HOKPAIIUTh BUBYEHHS 1HHOPMATHKHU.

Takox, caMUM ONTUMAJIbHUM, € TMPOEKTHUN MIAX1A [0 BUBYEHHS
iHbOpMaTUKK 32 JONOMOrol poOoTtorexHiku. Ile Oyme MakcHManbHO
noTpedyBaTH BUKOPUCTaHHS CBOiX HABUYOK, a KOHKYpEHIs Oy/ie CTUMYIIOBAaTU
70 OUTBII MUIBHIIIOTO MIAXOAY J0 MPOEKTY.
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The use of robotics during the lessons of informatics

The article is devoted to the problem of using robotics during the lessons of
informatics. It examines the possibilities of enhancing the results of teaching by
using robotics. The necessity of using robots for understanding the principles of
programming is explained. Some recommendations for using the Arduino board
for more in-depth study of informatics are given.

Keywords: robotics at school, LEGO constructors, informatics lesson.
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IFrPOBI METOAU AK EJIEMEHT STEM-OCBITU Y
HABYAJIbHO-BUXOBHOMY MPOLIECI 3AKITALIB
NMEPEO®AXOBOI BULLIOI OCBITU

CraTTs nmpucBsSiUeHa IrpOBUM MeToJiaM, sk eneMeHTaM STEM-ocBiTH y HaB4ajIbHO-BUXOBHOMY
mpoLeci 3akyiajiB nependaxoBoi BHUILOI OCBITH, PO3KPUTTIO NEPEIYMOB BHUKOPUCTAHHS TaKUX
METO/11B. ABTOPH CIIUPAIOTHCS Ha BIACHUM 10cB1A BIpoBamkeHHsa STEM-ocBiTH.

KimouoBi caoBa: STEM-oceima, icposi memoou, HABUAIbHO-8UXOBHULI Npoyec,
nepeoghaxoea suwa oceimu.

BcTyn

Ilocmanoska npobremu. AHAII3YIOUM OCOOJMBOCTI CHOTOACHHS Ta
3Ba)KAal0UM Ha KOH IOHKTYpPY PHUHKY Ipalli, MO>KHAa 3pO3yMITH, YOMY BIJHOCHO
BEJIMKa KUIBKICTh BUITYCKHHMKIB IIKUI 3YNMHUHSIOTH CBIM MOTJISAJ HA KOJIEKAX —
3aKnanax mnepeAdaxoBoi BUIIOI OCBITH, AKI JalOTh 3MOTY IIBHUAKO ONaHyBaTH
oOpaHy akTyanbHy npodecito. Ha xanp, Ha Haml 4ac CHOCTEpIraeThcsl 3HAUHHUI
Opak cCremiagiCTiB-NPAaKTHKIB, Y TOM 4ac SK CIEUiaJiCTaM-TEOPETUKAM CYTTEBO
Opakye pobouux Mmicus. B ymoBax Kpu30BOi €KOHOMIKM KUIbKICTh MpalliBHUKIB-
aHAMITUKIB 3HAYHO CKOPOYYETHCS, OJHAK, CTAJUM MOMUTOM KOPHUCTYETHCS
BY3bKONpOQUIbHA MIArOTOBKA KaJpiB, a OCOOJMBO — HASBHICTb y TMPalliBHUKIB
MPaKTUYHUX HAaBUYOK. Yepe3 MEeBHY CBOIO YHIBEpCaJbHICTH (DaxiBill cepeaHbOi
JAHKU 37aTHI 3aiiMaTy OUTbII BaroMi Mo3ulii B €KOHOMIIll Ta colialibHIk cdepi.
BoHu Takox cCpUsIOTh 3pOCTaHHIO BUCOKOTEXHOJIOTTYHOTO BUPOOHUIITBA.

3a yMOBHM >KOPCTOKOi KOHKYpEHIIi Ha PUHKY INpalli, JOCTyIHa I[iHA Ta
KOPOTUIMM TEpMIH HaBUYaHHS, JO3BOJIAIOTH HIBUIIIE MEPEUTH J0 MPAKTUKU Ta
Ha0yTH npodeciiiHoi KOMIETEHTHOCTI. B To# yac, sik MaricTpu Juiie 3aKiHIyIOTh
HaBYaHHS, BUITYCKHUK 3aKjaay rnepedaxoBoi BHUILOI OCBITH BXKE Ma€ peajbHUMN
TPYAOBUM JIOCBiJ, SAKUH JUIsi pOOOTONABILSI BaXXUTh OUIbIIE, HIX OCBITHBO-
KBaTiiKaliiHUI piBeHb HATMAHOTO TPalliBHUKA.
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Kanpan H.B., KangaH B.I1., Coceako O.B. leposi memodu sik enemeHm STEM...

[Ipo BaXIUBICTHh MOEIHAHHS POOOTH 3 HABUYAHHSAM TOBOPSATH BCE YACTIIIE.
[lepmiuM KpoKOM 110 1i€i JISJIBHOCTI € O3HAHOMJIEHHS 3 MPAKTUYHUM
BUKOPUCTAaHHSM TeOpeTHYHO1 1H(dopmallii. A 1e, B CBOIO 4epry, Halkparie
peamizoByBaTH d4epe3 BopoBampkeHHs STEM-ocBitMm —  crerianai3oBaHOTO
OCBITHBOTO HAIPSIMKY, B SIKOMY TOJOBHUN aKUEHT 3pO0JICHO Ha BHMBYEHHI
MPUPOAHUYO-MATEMATUYHUX HAYK, 13 JOJaBaHHAM Ta BUKOPUCTAHHSIM MOTYXHOTO
IHHOBAI[IHHOTO Ta TEXHOJOrYHOro KoMmoHeHTIB. Pos3Butok STEM-ocsitu
BHU3HAHO MPIOPUTETHUM SIK y CBITI, TaK 1 Ha JEpKaBHOMY piBHI. Ypsa Ykpainu
npuitHsaB KoHuenmiro po3BUTKY OpupoAHUYO-maTemMaTuuHoi ocBitu (STEM-
ocBiTH) Ta po3pobuB Ilnan 3axomiB moao peanizauii Konuenmii po3BUTKY
npupoaHndo-maTemMaTnyHoi ocBiti (STEM-ocBitu) go 2027 poky [4]. JoxymeHT
BH3HAYa€ KOMIUIEKC 3aXO[li1B, MOB’A3aHUX 13 (POPMYBaHHSIM 1 PO3BUTKOM HaBUYOK
HayKOBO-JOCITHUIIEKOT Ta THXEHEPHO1 TISIIBHOCTI, BUHAXIIHUIITBA,
NIANPUEMHHIITBA, PaHHBOI MpodeciiiHOi CaMOBM3HAYEHOCTI Ta TOTOBHOCTI 10
YCBIAOMJIEHOTO BUOOpY MalOyTHBOI Mpodecii, MNOMmyIspHu3alie€l0 HayKOBO-
TEXHIYHUX Ta 1HKEHEPHUX Mpodeciii, MOMUpPEHHIM 1HHOBAIIN Yy cepi OCBITH.

MopentoBaHHsI Ta NMPOEKTYBaHHS OCBITHHOTO Ta HAYKOBOTO CEPEIOBHINA
3aKJa/iiB cepeaHbOl Ta BUIIOI OCBITH, PO3KpUBAIOThCS y mpaisix B. bukosa Ta
M. Iumkinoi [1], O. by#iiaunpkoi. YnpoamkeHHss STEM-ocBITH BUCBITICHO Y
pobotax H. Banbko, B. Illup6u Ta 6aratboX iHIIMX HAYKOBI[IB CBITY.

MeTo10 CTaTTi € PO3KPUTTSI BUKOPUCTAHHS ITPOBUX METOJIIB SIK BaXKIMBOTO
enementy STEM-ocBiTH Yy  HaBuYaJbHO-BUXOBHOMY  TIpOlLlECi  3aKJaJiB
nepeadaxoBoi BUIIOT OCBITH.

OcHoBHa YacTuHa

Cnouarky metra STEM-ocBiTH mnonsirana y MNONyJspu3aiii HaBYaHHS Y
HayKoBi#l cdepl. 3apa3 HaBUYaIbHI 3aKJIay BUINOI Ta mepeadaxoBoi BUIOT OCBITH
po3poOIsitoTh HaBYaIbHI 1aHu STEM Tak, 1100 roTyBaTu CTYIEHTIB HE JIMIE /10
poOoTH y cdepl TeXHOJOTiH Ta 1HXKEeHepHOi poOoTH. [HTerparlis TEXHOJOTIH y
3aHATTS 3 OyAb-sIKOT JMCUMIUTIHA JO3BOJISIE OCBITHIM YCTaHOBaM BHUKJIAJATH
cremianizoBaHi HabOpyW HABUYOK Ta CTUMYJIIOBATH IEBHUN CHOCIO MUCIEHHS.
BuUKOpUCTOBYIOUM TEXHOJIOT1T B CEpEJOBMILI AKTUBHOIO HABYaHHS, CTYIEHTH
MOXYTh HaOyBaTH IHHOBAI[IMHUX HABUYOK Ta PO3BUBATH B COO1 1HHOBALIMHUUN
crnoci0 MUCHEeHHS. 3aBIsSKH LbOMY pO3BHBAIOTHCS TBOPYl 3A10HOCTI, YMIHHS
mpamoBaTd B KOMaHJI Ta BHUpillyBaTh Oyab-siki 3aBaaHHs. Kelicu HaBUYOK
BHU3HAYAIOTh 3/1aTHICTh BUKOHYBATU KOHKPETHI 3aBJaHHS, HANPUKIAJ 11€ MOXYTh
OyTM HaBMYKM TPOrpaMyBaHHs, BUBUEHHA JaHUX ab0  MOJEIIOBAHHS
PI3HOMaHITHUX IPOLECIB. [2]

STEM-ocBita — 11¢ HalOLIbIIl ONTUMAJIBHE OCBITHE PIIICHHS JIJIS MIATOTOBKH
Cy4aCHHUX Ta KOHKYPEHTOCIPOMOXKHUX (PaxiBI[IB y raigy3l TEXHIKM Ta TEXHOJIOTIH.
VY cuHeprii 3 coniadbHUMU Ta rymaHiTapHuMu HaykaMu STEM mae norenmian s
TpaHchopmallii Ta TMOKpalIeHHS >KUTTS JIoAeH, 3a0e3nedyloud MpU [bOMY
€KOJIOTIYHY CTIMKICTh Ta 3a0e3Meuyloud OCHOBY JJisi HOBUX IIJIXOJIB Ta PIlICHb
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MOTOYHUX Ta MalOyTHIX riobanbHUX mpodiieM. B cBoio uepry, STEM-ocBita
MOXKE SIKICHO peali3yBaTHCs 3a YMOBH BHUKOPHUCTAaHHS METOJIIB HABUYaHHSA, IO
HanpsIMJICHI Ha aKTHUBI3allli HaBYaJbHO-MI3HABAIBHOI JisbHOCTL. ToOTO,
aKTUBHMX METOMIB, IO CIUPAIOTHCA HA TBOpYE, MPOAYKTUBHE MHUCIEHHS Ta SK1
NOJAUISAIOTh HA HeIMITaliiH1 (mpoOjeMHa JeKIlisl, AUCKYCisi, MO3KOBUH HITYpM,
MPaKTUKYM), IMITalIdiHI HeIrpoBi (aHaii3 KOHKPETHUX CHUTYyalld, aHami3
NeJaroriyHuX 3aBAaHb), irpoBl (pojabOBa I'pa, IrpOBE MPOEKTYBAHHS, JLJIOBA Ipa).
OpHak, He AMBISYKMCH HA TEBHY YHIBEPCAJIbHICTb, CIiJl 3ayBa)XUTH, LI0 HE BCl
METOIM OJHAKOBO J00pe MIAXOIATh JIs JTOCSTHEHHS 3alljlaHOBaHOI METH, U,
0CO0JIMBO, 3 YpaxyBaHHAM OCOOJMBOCTEH Mpoiiecy HaB4aHHS. Irpu MOAUISAIOTHCS
Ha KJIACH B 3aJIKHOCTI BiJ] CIIOCOOY iXHBOTO CTBOPEHHSI 1 MiCIisl IPOBEICHHS, 3a
PIBHSIMU CKJIQJIHOCTI 1 110 TUMYACOBIH a00 LUIbOBIM 03HaIl. Mu 30cepennumo yBary
Ha TUX, SIK1 MAlOTh OCOOJIUBY LIHHICTH ISl TEXHIYHUX 1 COLIAbHO-€KOHOMIUYHUX
CremiaTbHOCTEH. [5]

Bci irpu cBOIM BIUIMBOM Ha Y4YaCHHMKIB BHUPIINIYIOTH OCHOBHI 3ajadl Ta
MOAUISIIOTHCS. HAa TPU BHUAM: BHUXOBHI, OCBITHI (OpraHizaTopu CTaBJISATh IEpen
co000 TIEBHY 3aj7ady IMepenaTd TpaBIsiM MEBHI BU3HAYCHI 3HAHHSA 1 HABUYKH) 1
po3BaxanbHl Irpu (Y4acHUKH SIKUX 30MpalOThCcsi, B OCHOBHOMY, 3 METOIO
BIIMOYUTH TaKUM CIIOCOOOM). M1 HHUMHU MOKJIMBO BCTAHOBHUTH YITKY T'PaHMIIIO.
KoxHa rpa yomych HaB4Ya€ 1 BUXOBYE BU3HAYEHI SAKOCTI B TpaBiliB. IrpoBuil CTUIBL
HAaBYaHHS HAWOUIbII NPOJYKTUBHHUM, TOMY IIO HAJA€ MOXJIMBICTH CTBOPIOBATH
ICTOpUYHI, TOJITUYHI, €THOrpadiyHl 1 TEXHIYHI MOJEJl, a BUPIIICHHS IrPOBUX
3alay € CcrmocoOOM TMPOCYBaHHS B TPl 1 JOCATHEHHS METH JUIsl TPaBIiB 1
oprasizaropiB. s yCHilIHOTO MPOBEJIEHHS HABITH MPOCTOI I'PHU, OPraHi3aTOPOBI
HE0OX1THO BU3HAYUTH ii KOHKPETHI KJlacu(]iKaliiHi 03HAKH.

> PozirpyBanHs poseil (nutoBa rpa) — IMITAIHHUNA ICPOBHM METO[
aKTUBHOI'O HABYaHHS, L0 XapaKTEPU3YEThCS HASABHICTIO 3ajadyi (mpobOiemMu) Ta
PO3MOJLIOM POJIEH MK YYaCHHUKAMH, 10 BUPIIIYIOTH 110 MpodiieMy (BUpOOHHYA
Hapaja), B3a€EMO/II€I0 YYaCHUKIB (KOKHHMM 3 YYaCHHUKIB MOKE TOTOJ[KYBaTHUCS a0o
HE TOTOXKYBAaTHUCS 3 JYMKOIO IHIIMX YYAaCHHKIB, BHUCIIOBIIOBATH CBOIO TyMKY
TOILIO), YBEJEHHS BUKJIAJladyeM Yy MpPOLIEC KOPUTYBAIBHUX YMOB (BHUKJIaJau MOXKeE
nepepBaTu 0OroBOPEHHS 1 MOBIJOMHUTH JI€sIKI HOB1 YMOBH, SIK1 IOTPIOHO BpaxXyBaTH
Ipy BHUPILIEHHI MOCTaBJIEHOI 3a7adi, HampaBUTH OOTOBOPEHHS B IHILIE PYCIIO,
TOII0), OI[IHKA PE3yJIbTaTiB OOTOBOPEHHS 1 MiJBEJICHHS MIJCYMKIB BHUKJIaJaueM 1
yyacHuKamu. PosirpyBaHHs poneil € nocuTh €(pEeKTHBHMM METOJOM BUPIIICHHS
OpraHi3alliiHUX, YMPaBIIHCBKUX 1 EKOHOMIYHUX 3a7a4 IUKJIY COIlaJdbHO-
€KOHOMIYHMX JMUCIUILIIH 1 BUMarae 3Ha4HO MEHIIIUX BUTpPAT 1 3ac00iB, YUM JUIOBI
irpu.

»  Meron irpoBOro BUPOOHMYOTO TPOCKTYBAHHS XapaKTEPU3YETHCS
HAsBHICTIO JTOCTIAHUIIbKOT ab0 1HXKEeHepHOoi 3amadi (mpobiemu), 1o (Gopmyroe
CTyJI€HTaM BHUKJIaJa4, MOAUIOM IpyNH HAa HEBEJIUKI MIArPYIH, po3poOKa BaplaHTIB
BUPIIIEHHS] TOCTaBJICHOI 3ajadi (mpoOjemMu), ysBICHHSM BaplaHTa BUPIIICHHS
3aj1a4i (Mpo6JieMH) 3 HACTYITHUM 1i aHAJI130M y4YacHUKaMHu 3aHATTs. L{eit MeTon mae
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OCOOJIMBY aKTyaJlbHICTb MpPU BHUBYEHH! I1HXKEHEPHUX JUCUMIUIIH, OCKUIbKH
J03BOJISIE HAOJM3UTU CTYJIEHTIB JO pealbHOI MPOEKTHO-KOHCTPYKTOPCHKOT
JISUTBHOCTL, OpaTH y4acTh y BUPIIIEHHI IHKEHEPHO-TEXHOJIOTTYHUX 3a/au.

> AHani3 KOHKpeTHUX cutyaiiil (case-study) — edeKTUBHHMI MeTOJ
aKTHBI3allll HaBYaJbHO-MI3HABAJILHOI MJISVIBHOCTI THX, KOIO HaBYalOTh, IO
XapaKTepU3y€eThCs HAABHICTIO KOHKPETHOI CUTYallli, po3poOKoro (miarpymnamu ado
IHAMBIAYaJbHO) BapilaHTIB BUPIIICHHS HaBEJEHUX CUTYyallld TPyMHoro, MyOIIYHUM
3aXUCTOM  pO3pOOJIEHUX BAapIaHTIB BUPIMIEHHS CUTyallld 3 TMOJAJbLIUM
OMAaHYBAaHHSM, NIABEJEHHSAM MIJICYMKIB 1 OIIIHIOBAaHHSM pE3YJbTATIB 3aHITTS.
Po3pi3HsiloTh KiIbKa BHUIB CHUTyallli: cuUTyallis-nipobiemMa (ONUC peasbHOi
npoOieMHOI CHUTyallii, 3 TOIIYKOM BHUPIIIEHHS CHUTyalii abo OTpUMAaHHIM
BHCHOBKY PO HOT0 HEMOKIIMBICTh), OLIIHKA OMKUCY 3HANIEHOr0 BUXOAY (3pOoOUTH
KPUTUYHUI aHali3 TPUUHITUX PIIIeHb, 1aTH MOTUBOBAHUN BHCHOBOK 13 IPUBOIY
YSIBJIOBAHOI CUTYAIlll 1 HUISIXM 11 BUPILIEHHS), CUTYallIs-UTIOCTpallis, IO JAa€ ysIBY
PO CUTyalll0 1 TOSICHIOE MPUYMHHU ii BUHUKHEHHS, OIUCYE NpoUeAypy ii
BUpIIIEHHsS (OL[IHKA CUTYyallii B LUIOMY, aHami3 ii po3B’s3aHHs, cHOpMyITtOBaTH
MUTAHHS, BUPA3UTH CBOIO 3TOJy-HE3TOJy), CUTYyaIlls-IONEePEKEHHS, [0 OIHUCYE
3aCTOCYBaHHS B)K€ NMPUUHATHX paHille pillieHb (HOCUTh TPEHYBAJIbHUM Xapakrep,
CIIYXXUTh UTIOCTpalli€r0 0 Tiel abo 1HIIOT TeMH, aHaji3 CUTyallii Ta 3HaWJIeHUX
HNUIAXIB 1X PO3B’SI3aHHS, 3 BUKOPUCTAHHSIM HaJ0aHUX TEOPETUYHHUX 3HAHB).
OCKUTbKM 1Ie METOJ aHalli3y KOHKPETHUX CHUTYyalllid CHpsIMOBaHUN Ha PO3BUTOK
YMIHHSl aHaJI3yBaTH 3a/iadi, PO3BUTOK 3[10HOCTI BUPOOJATH 1 MPUHAMATH TMEBHI
pIlIEHHS, TO BUKOPUCTOBYBaTHM HOr0 MOKHa B PI3HUX KypcaxX TEXHIYHHMX Ta
COLIAIBHO-EKOHOMIYHUX JTUCIUILIIH.

> MACTAK-TexHomoris (meTon aKTUBHOTO COI[10JIOTTYHOTO
TECTYBaHHS, aHaji3y 1 KOHTPOJIO) TOJSIra€ y BHUKOPUCTAHHI IMOCIOHUKIB, IO
MICTSITh PEKOMEH/IaLli 3 YOCKOHAIIOBAaHHS CTUJIIO pOOOTH Y BU3HAYEHUX TI0CA1axX
1 CIeIiaJIbHOCTSAX.

Haii6inbir edextuBHUM 3aco60oM HaOyTTs HaBuyok B STEM-ocBiTi €
HaBYaHHS 3a JIOMIOMOTOI0 MPOEKTIB. | B IbOMY BUNAJAKY, MOEIHAHHS 3 IFPOBUMU
METOIaMH € JAyXe e(PEeKTUBHUM Ta YHIBEpCAJIbHUM BapiaHTOM, SIKHH CIiJ
00O0B’SI3KOBO BHKOPHMCTOBYBATH IIil 4ac oOpraHizaulii HaBYaJbHOTO IIPOILECY.
[TiagrpyHTAM LBOTO € KOMIIOHEHTH MPOEKTHOTO HaBUaHHA: 0a30B1 3HAHHS, Cy4YacHI
HAaBUYKH, MOTJIMOJIEHE BUBUEHHS TeMH, (GOPMYITIOBaHHS MPOOJIEMHOr0 MUTAHHS,
BHU3HAUYECHHS MOTHBALIMHOI CKJIaJI0BOI, aKTHBI3allisl KPUTUYHOTO Ta aHAJIITUYHOTO
MUCJIEHHS, 3aCTOCYBaHHS PEQIIEKCIHHOrO eTamny, BJOCKOHAJIEHHS OpaTOPCHKOTO
MUCTEUTBA, MIBUILLEHHS 1H(QOpMaLIiHOT TpaMOTHOCTI. [3]

SIk mpuKIaz, MOXKHA PO3MIISIHYTH MPOEKTHY MISUIBHICTH MiJ] YaC MPOBEICHHS
3aHITh 3 OCHOB MPOTPaMyBaHHS 13 3aCTOCYBAaHHAM €JIEMEHTIB poOoToTexHiku. [Ipu
BUBUYECHHI TemMu «BKiajeHi anropuTMIYHI CTPYKTYpU TOBTOPEHHS  Ta
pO3Tally’)KeHHs» BUKOPUCTATH METOJl IFPOBOrO BHPOOHUYOIO MPOEKTYBAHHS.
MeToro MpOoEKTY € po3B’sA3aHHS THXXEHEPHOI 3ajadi, M0 MOJAraE B CTBOPEHHI Ta
MporpaMyBaHH1 poOoOTa, SIKi 31aTeH PyXaTUCh y 3aJaHOMY HalpsIMKY Ha 3aJaHii

https://doi.org/... 73



ISSN 24132667 (Print), ISSN 24153079 (Online)

MOBEpxHi (TBepJa, pijka, CUITyda TOIIO). YUM AOCITAETHCS B3a€EMOJIISI MK TAKUMU
JTUCLUIUTIHAMU sIK 1HQopMaTHka, (i3uMKa, mMaTeMaThka, TexHoJorli. BukoHaHHs
TAKoro TMPOEKTY JO3BOJISIE PO3BUBATH HABUYKW HEOOXIAHI JiI CY4YacHOTO,
KOHKYPEHTOCIIPOMOXKHOTO (haxiBIIs.

BucHoBKkuM

STEM-ocBiTa € Cy4acHOIO OCBITOIO, SIKa JIO3BOJISIE HOBOMY IIOKOJIIHHIO
Mosiofux (haxiBILiB YCHIMIHO OyayBaTu MailOyTHE, OYTH CaMOCTITHUMH, CTaBUTHU
nepes; coOO KOHKpeTHI 1wl Ta jocsratu  iX. STEM-ocBita ycmimHo
PO3BUBAETHCS HE TUIBKHU 32 KOPAOHOM, ane ¥ B YKpaini. JJig NiATPUMKH SIKICHOTO
PO3BUTKY HEOOXiIHI HEe TUIbKM (IHAaHCYBaHHS B JIOCTaTHIX oOcArax Ta
3arajbHOHAIlIOHANIbHA MIATPUMKA, ajleé ¥ BUKOPUCTaHHS €()EKTUBHUX METOJIB
0e3mocepe/IHb0 CaMUMU BHKJIaJadyaMu. 3 ypaxyBaHHsIM cnenudiku camoi STEM-
OCBITM HaWOUIbII aKTyaJbHUMH [JIs 3aCTOCYBaHHS Y HaBUYaJbHO-BUXOBHOMY
npoiieci 3akiaAiB nepeadaxoBoi BUIIOI OCBITH € I'POBI METOAM, OCKUIBKH came
BOHM HampsAMJIEHI Ha AaKTUBI3allll0 HAaBYAJbHO-MI3HABAJIBHOI AISUIBHOCTI Ta
CIIUPAIOTHCS HA TBOPYE, MPOYKTUBHE MUCIICHHS.
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3A0AUYI 3 MAPAMETPAMU SAK 3ACIE AKTUBI3ALII
MI3HABAJIbHOI OIANBbHOCTI YYHIB HA YPOKAX AINTEGPU

CrarTio MPUCBSYCHO aKTyalbHIA TMPoOJEeMi OCBITM — aKTHBI3allii MI3HABAIBHOI ISIIBHOCTI
LIKOJISIPIB HAa ypoKax anreOpu, 30Kpema, B IpoLeci po3B’s3aHHS 3ajJad 13 HapaMeTpaMH.
[IpoananizoBaHO MIAXOAU BITUYM3HSHUX aBTOPIB /10 BU3HAYEHHSI CYTHOCTI MOHSThH «I1i3HaBaJbHA
aKTUBHICTb» Ta «I13HAaBaJIbHA AISUIBHICTHY, a TAKOXK HUIAXIB IX aKTUBI3allll Ha ypoKax aireopu.
3anpornmoHOBaHO METOJMYHI PEKOMEHJAIll II0J0 aKTHBI3alli MI3HABAJIBHOI JISUTBHOCTI
3100yBayiB OCBITH B KOHTEKCT1 PO3B’sI3yBaHHsI 33/1a4 13 HapaMeTpamu.

KuarwuoBi ciaoBa: niznasanvna OisnbHicmv, akmugizayisis NiZHABANbHOL OisIbHOCMII,
3a0aui 3 napamempamu, 3000y8a4i 3a2a1vbHoi cepednboi ocgimu, aneedpa.

BcTyn

IloctranoBka mnpobGaemu. Ha cydacHomy eTami mikoja Jefajil dYacTilie
3YCTPIYAETHCA 3 MPOOIEMOIO BIACYTHOCT! y AiTel Oa)kKaHHS BUUTHUCS, CAMOCTIHHO
3100yBaTH 3HAHHS, MACUBHICTIO MIKOJIAPIB HAa ypokaX. O3HaueHa npobiiemMa Moxe
OyTu BUpilIeHa 3a YMOBH ONTHUMAaJbHOI OpraHizaiii HaBYaJIbHOI JISTILHOCTI,
OCKUIbKM caM€ B HaBUaJbHIA JIJIBHOCTI HallepekTuBHIIIE BiAOYBa€eThCA
CTaHOBJICHHS ¥ PO3BUTOK MMi3HABAJIBHUX 310HOCTENH OCOOUCTOCTI.

AKTYAJIbHICTh JOCJII’KEeHHsI 3yMOBJIEHA HU3KOI0 KapAWHAIBHUX 3MIH Yy
BITYM3HSIHIN CHCTEM1 OCBITH, 30KpeMa, peopMyBaHHSIM, MOJECPHIZAIIEID CUCTEMHU
ocBiTM. Hapa3i rocTtporo Ta JAHMCKYCiHOIO TMOCTa€ MpodiieMa PO3BUTKY
Mi3HaBaIBHUX 3A10HOCTEN 3400yBayiB OCBITH, IO 3HAWILIA BiJOOpaKEHHS Yy
BITUM3HSIHIN 3aKOHOJABUld Ta HOPMATUBHO-NPABOBIA 0a3l Cy4acHOCTi, SIKY
cTaHoBIATH JlepkaBHa HamioHanbHa mporpama «Ocsitay («Ykpaina XXI
cToNiTTS»), 3akoHu Ykpainu «IIpo ocsity» (2017), «[Ipo moBHY 3aranbHy
cepenHio ocBity» (2020) Ta iH.

AHaJi3 ocTaHHiX xocjailkeHb i myOuikaniid. [loHATTS ni3HABaIBHOI
JMISABHOCTI, II3HaBaJbHOI AaKTHUBHOCTI Ta  CIIBBIIZHOIICHHS MDK HHMH
posrsigaroTbesi B poborax B. JlozoBoi, T. Anexceenko, 1. TonmmadoBoi Ta HO.
Jloroi, T. CanoBoi A. Pynakosoi, B. CypxaHncekoi Ta iHmmx. [Ipobnema nomyky
edeKTUBHUX 3aco0iB aKTHUBI3allli Mi3HABAJIbHOI MISJIBHOCTI YYHIB Ha YypOKax
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anredpu € IpeIMETOM JOCIIIKEHb BITYU3HSAHUX aBTOpPIB, Takux sik T. Maxomera,
T. Bakamok, [. Tsarai, B. bypsk, 0. Pesa, C.IlnotnikoB, b. HaGoxa,
T. Cemaxona, JI. boiiko, }O. Bacenrona, I. IlIkinpKa.

Opnak, npo6yiemMa aKTHBI3allli Mi3HABAIBHOI JISTIBHOCTI 3700yBaviB OCBITH
3aco00M 3ajay 13 MapaMeTpamMd HE 3HalllIa CHUCTEMHOTO BHCBITICHHS B
HayKOBOMY JIOPOOKY CYy4acCHOCTI.

Meta crarTi nojsrae B TEOPETUYHOMY OOTPYHTYBaHHI1 BIUIMBY 3ajaad 13
napamMeTpaMM Ha aKTHUBI3allil0 MI3HABAIBHOI MISJIBHOCTI MIKOJSPIB HA YypOKax
anreOpu.

Buknag oCHOBHOro marepiany AocCrnigaXeHHs.

B xypci enmemeHTapHOT MareMaTHUKH 3ajladl 3 IMapaMeTpoOM € OJHUMHU 13
HaWCKIQAHIIINX JIJI PO3B’sI3yBaHHS.

AHaniz 3MICTy MIIPYYHUKIB 3 anreOpu st 7-9 kiaciB moAo 3aaad 3
napamMeTpaMH J03BOJIS€ 3pOOMTH BHUCHOBOK MpO Te, L0 3aJayl 3 MnapameTrpamu
MpeCTaBlIeHl B 00Cs31, JOCTAaTHbOMY JJIsi O3HAWOMJICHHS 3 ICHYBAaHHSIM TaKOTO
BUJlY 3aBJlaHb, OJIHAK 3aMajiOoMy IS OTaHyBaHHs aJTOPUTMIB PO3B’SI3aHHS IHUX
3a/1a4 Ta BUILHOTO 3aCTOCYBAaHHS iX Ha MPaKTHIIL.

BMminHs BupilyBaTH 111 3aBJIaHHS BKa3ye Ha BUCOKWM PIBEHb MaTEMaTUYHOL
KOMIIETEHTHOCTI YYHIB 3 OISy Ha Te, IO BigoOpa)ka€ HE TUIBKU SKICTh
3aCBOEHHSI TEOPETUYHUX BIJOMOCTEH, aje i HAaBUYKHU 3aCTOCYBaHHS IIUX 3HAHb Y
HECTAHJIAPTHUX CHUTYaIllsIX HAa TPaKTUYHUX 3aHATTAX, a TAaKOXK BIUIMBAIOTH Ha
(dhopMyBaHHS JOT1YHOTO MUCJEHHs. 3a3BU4ail 3a7a4l 3 mapaMeTpaMu He € 3MICTOM
0a30BOi TporpaMM, BOHM BHBYAIOTHCS B pamMKax (HaKyiIbTaTUBHUX abo
nornubnaeHux mnporpam. Ilpu npomy 3agadi 13 MmapaMeTpaMyd BUKJIMKAIOTh
TpyaHoii g yac HanmucanHga 3HO B aGCOMOTHOT OUIBIIOCTI MIKOJSAPIB, OCKUTBKU
BOHU HE BCTUTalOTh HAOYTH CTIHKUX HaBUYOK PO3B’SA3aHHS 1MX 3aBJaHb 3 OTJISIY
Ha Te, 110 OKpeME PIBHSHHS 3 MapaMeTpaMu € IO CyTl UMM KJIacoOM 3BHYAWHUX
PIBHSIHb, KOKHE 3 SIKUX MOTpeOye po3B’sI3aHHS.

be3ymoBHO, pO3B’si3aHHA 3a/ay I[bOTO BHJY Ha ypoKax airedpu morpedye
BKJTIOUEHHS MIKOJIAPIB A0 aKTUBHOI Mi3HABAIBHOT A1SIIBHOCTI.

B wMexax Hamoro MOCHIKEHHS MU 3aBASYYEMO HAYKOBUM IOIJISAaM
O. €ropoBoi, sika 3a3Hayajna, M0 «aKTHUBHICTh, K IUIECIPSIMOBaHA, 1HTEHCHUBHA
TISTTBHICTE PO3MIISIAAETHCSA CYYaCHUMH TeJaroraMu 1 MCUXOJOTaMH SIK TOJOBHA,
MpIOpUTETHA TIepeyMOBa TBOPYOrO M TMOBHOIIIHHOrO HaBuaHHsi. Came BiX
AKTUBHOCTI 3aJIC)KUTh CTAHOBJICHHS YUHS HE TUIBKHU SIK OCOOMCTOCTI, ajie TAaKOXK SIK
MalOyTHHOT'O BUCOKOKBaJi(hikoBaHOTO daxiBius» [5, c. 54].

B 3HauHI KUIBKOCTI TMENaroriyHMX JKEepesl aKIEHTYEThCA YyBara Ha
BOXKJIMBOCTI CaMe€ TII3HABAIBHOT AKTHUBHOCTI, IO XapaKTEPU3YEThCS TICHUM
B3a€MO3B’SI3KOM 13 TPOJYKTUBHOIO aKTUBHICTIO. [li3HaBajgbHa akTUBHICTL — II€
CKJIaJlHE 1IHTErpajibHe yTBOPEHHS OCOOMCTOCTI, W0 Ma€ MOTHBAaIIMHUH,
onepauiiHui Ta pe3yJbTaTUBHUI KOMIIOHEHTH [9, c. 387].
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[li3HaBanbHA MISTBHICTD — 1€ CYKYITHICTh MOB’SI3aHUX MK CO0O0I0 orepariii
abo i, OCHOBHOIO (DYHKIIIE€IO SIKUX € aJIeKBaTHE B1OOPa’KEHHS 3HAHb CTOCOBHO
00’ekTa, TOOTO OTPUMaHHS PO HHOTO ICTUHHOTO 3HAHHS.

[IpoGnema akTHBI3alii Mi3HABaJbHOI AKTHBHOCTI 3100yBauiB OCBITH Ha
ypoKax aire0pu € TOCTPOI0 Ta JUCKYCIHHOI. AKTHUBI3aIlis IM13HABAILHOT
nisuibHOCT1, Ha nyMKY O. KpaBuyk, CTUMYITIO€TbCS aKTUBHUMM JHMCKYCISIMH Ta
TBOPYOIO B3a€EMOJIEI0 YUYHIB MDK COOOI0 Ta MDK YYHEM 1 BUUTEIEM. 3aBISKU
MOETHAHHIO CaMOCTIHOI Ta KOJEKTUBHOI pOOOTH 30UIBLIYETHCS Mi3HABAIbHUN
iHTepec Ta GopMyeThes Mi3HABaIbHA O3l ocoductocTi [7, ¢. 107].

besymoBHo, mponec HaBuanHs B ymoBax 3CO BinOyBaeThcsi Habarato
e(deKTUBHIIIE, SKIIO LIKOISAPl MPOSBISIOTh Mi3HABAJIbHY aKTUBHICTH. Taka Te3a
Bi10OpakeHa B MeNaroriyHiid Teopii SK MPUHIUI «aKTUBHOCTI T4 CAMOCTIHHOCTI».
Hlnsxu  peanmizanii 03HAaYEHOTO JAMJAKTHUYHOTO NPHUHIUIY MOXYTh OyTH
HaWpI3HOMAaHITHIIIUMH.

OnHuM 13 HAWUTIOMIMPEHIUX NUIAXIB aKTUBI3AIlli MI3HABAJIBHOI MISUIBHOCTI
YUYHIB ChOTOJIHI € BUKOHAaHHS I1HAMBIAYaJbHUX HAYKOBO-IOCIIIHUX 3aBJaHb Ta
po3B’si3aHHs 3anad. J{nsg Toro, moO po3B’s3aTH 3ajady, Y4HI MalOTh HE JIUIIE
MpOaHadi3yBaTU HaBeJeHI yMOBH. BoOHM TOBMHHI po3iOpaTucs, SKI 3HAHHS
NOTPiOHI Ta K IX 3aCTOCYBATH, 5Kl 3B’SI3KM € MDK OKPEMHUMHU yMOBaMH 3ajadl,
HaMITUTU aJITOPUTM PO3B’si3aHHA. SIKIIO 3ajjaya € YaCTUHOIO KJIACHOI poOoTH —
OOrOBOpPUTH CBiM BapiaHT PO3B’SI3aHHS 13 OJHOKIACHUKAMU, ApTyMEHTYBATH CBOIO
TOYKY 30py Ta B3SATH [0 YyBard IiHIi, oOpaTH ONTUMAJIbHUN IUIaH POOOTH,
3HAMOMUTH 1HIIUX 13 pe3yibTaTaMH BJIACHOI caMOCTiiHOI pobotu Tomo. Taka
B3a€MO/IIS1 CTUMYJIIOE YYHS IPOBOJUTH MI3HABAIbHY JISJIbHICTh aKTHBHIIIIE.

Takox ogHUM 13 crIOCO01B aKTUBI3AIlli MMI3HABAJIBHOT AISUIBHOCT] YUHIB MOXKE
Oytm mo3akiacHa poOota. Bapto BpaxoByBaTH, 10 €(EKTHUBHICTb Ta
PE3YJIbTATUBHICTh TaKOi POOOTH 3aJIEKUTh Bl METOAMYHOI MIJTOTOBKH BUMTENS
[2].

O. I'eBko mpomnoHye Ajig aKTHBI3ALIl Mi3HABAIBHOI TISSIbHOCTI 3BEPHYTHCS
70 MOXJIMBOCTEW IHTEPAKTHUBHOTO HABYAHHS, OCKUIBKM B HOTO OCHOBI1 JIEKHUTh
B3a€EMO/JIII YYAaCHMKIB HaBYalbHOro mponecy. Jlo MeToaiB I1HTEPaKTUBHOTO
HAaBYaHHS MO>KHA BIJJHECTH CUTyaTHMBHE MOJIEJIOBAHHS, KOJEKTUBHE PO3B’s3aHHS
MOCTABJIICHUX 3aBllaHb, AUIOBI Ta posboBl irpu. Kpim Toro, aBTOp pekoMeHaye
TAaKOX BHUKOPUCTOBYBAaTH 1H(QOpPMALIHHO-KOMIT IOTEPHI TEXHOJOT1i, MPOEKTHI
METOJIMKH Ta 3BEPHYTHCS 10 THCTPYMEHTIB AuQepeHiiaiii HaByanus [3, c. 53-55].

AKTHUBI3alllsl MMI3HABAJIBHOI JISUTBHOCTI aKTHMBHO BiIOyBa€eThbCs MM Yac
BUKOPUCTOBYBAHHSI aJITOPUTMIYHOTO MIIXOAY 10 PO3B’s3yBaHHS 3aaad. JlopeuHo
3aCTOCYBAaTH TaKWM MIAX1J M1l Yac po3B'sI3yBaHHS PIBHSIHB Ta HEpiBHOCTEH [1].

TakuM YuHOM, MOXHa 3pOOMTH BUCHOBOK IMpO Te€, WO aKTUBI3AIlis
MI3HABAIBHOI JISJIBHOCTI YYHIB MOTpeOye peani3alii HACTYyIHUX METOAIB Ta
IUISXIB: BUKOPUCTAHHS B HABYAJIBHOMY IPOIIECi Cy4YaCHUX KOHLEMLIH HaBYaAHHS;
3MICTOBHICTh MOTHBAIIll IMI3HABAJILHOI JISNIBHOCTI; BHECEHHS OCOOMCTICHOIO
3MICTY B HaBY&JIbHMM MaTepiaJl Ta WOro CTPYKTYpYBaHHS; 3BEPHEHHS 10
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PI3HOMaHITHUX MEJAroriYHUX Croco01B Ta MPUHOMIB BUKJIAJAaHHS MaTtepiany, sKi
aKTUBI3YIOTh TMI3HABAJIbHY JISUIBHICTh YYHIB; 3BEPHEHHS JO CHEHIaIbHUX
MICUXOJIOTTYHUX MPUAOMIB aKTUBI3AIli I3HABAIBHOL JISJIBHOCTI YUHIB TOMIO.

B wmexax 1iei myOmikaimii BBa)KaeMO JOPEYHHUM 3alpOINOHYBATH JAEsKl
peKoMeHaNli BUUTENAM anreOpu, sKi, Ha Hally OYMKY, CIPUSIOTh aKTUBI3AIlli
Mi3HABAJIBHOI MISUTRHOCTI 37100yBauiB OCBITH B KOHTEKCT1 PO3B’S3yBaHHs 3ajad i3
napameTpamu:

° 30UTBIIMTH  KUIBKICTh Yacy Ha 3aHATTA, 3MICTOBHO TIOB’si3aHi 3
napameTpamu;

° 3aCTOCYBaTH 3aj]a4l 3 NapaMeTpaMHu 3a CYMIKHUMHU MPEAMETaMU;

° 3BepTaTucs A0 Iu(epeHUIHHOro Ta MPOEKTHOTO MIAXOAIB MpHU BinOopi abo
KOHCTPYIOBaHHI 3a/1a4;

° BUKOPUCTOBYBATH 1HIII TEAAroriyHi TEXHOJOrli s YpI3HOMaHITHEHHS

HABYAJIBHOTO MaTepialy Ta ONTUMI3allll HAaBYaJIbHOTO MPOIIECY.

BUCHOBKM Ta nepcneKkTUBM nogarnbLlUMX JOCHiAKEHb.

Buknanene B Mexax 11i€i myOJIiKailii 1a€ micTaBu CTBEPAXKYBATH, 110 3ajayi
3 mapaMmeTpamMu € e(QeKTUBHHUM 3aco00M aKTHBi3allii MMi3HABAJIBHOI MiSUTBHOCTI
3100yBaviB OCBITH Ha ypokax anreopu. [IpoBeneHe qoCiPKeHHs HE IPETEHIyE Ha
BUYEPITHUI aHali3 YCIX acMeKTiB O3HaueHoi mnpobiemu. [lepcniekTuBHUMEU
BB)XAEMO HAYKOB1 JOCIIPKCHHS Y KOHTEKCTI BU3HAUYEHHS METOJIIB POOOTH HaJ
3aJlayaMu 3 TlapaMeTpaMM 3 METOK aKTHBI3allli Mi3HABAIBHOI JiSUTBHOCTI
3100yBaviB OCBITH.

INitepaTtypa

1. becenin b.b., Kangy6Goscekuit O.A. Ilpo anropuTMiyHuUd mIAXiA 10
pPO3B’si3aHHs PIBHSHb Ta HEPIBHOCTEH (3 OJHIEID 3MIHHOKO) JIPYTrOro CTEMEHS 3
napameTpoM. Di3MKO-MaTeMaTHYHa OCBITa: HaykKoBuil >xypHai. 2018. Bumyck 2
(16). C. 18-22.

2. becenin b.b., Makcumenko 1.O. [lo3akinacHa po6ota 3 MaTeMaTHKH K 3aciod
MIABUIIEHHS Mi3HABAJIBHOI aKTUBHOCT1 Y4HIB. 30IpHUK HAyKOBUX Mpaib (i3UKO-
marematuyHoro gakynbrety JJAITY. 2019. Bunyck 9. C. 129-132.

3. I'eBko O. AxTuBi3allis HaBYaJbHO-MI3HABAIBHOI [ISJIBHOCTI YYHIB Ha
ypoKax y 3arajJlbHOOCBITHINA KoM, JItoounoznasui cmyoii. Iledacocika, 2014.
Bun. 29. C. 50-57. URL: https://dspu.edu.ua/pedagogics/arhiv/29 ch2 2014/8.pdf
([dara 3Bepuenns: 08.04.2022).

4. Hepxkau M. C. dopmyBaHHS Ta akKTHBI3allil HaBYAIbHO-TI3HABAJIBHOI
TUSTTBHOCTI YUHIB. DOpMYy8aHHs 3a2albHOKYIbMYPHOI KOMNemeHYii MatOymHix
gaxisyis, 2013. XKutomup: Bug—so XV im. 1. ®panka. C. 87-90.

5. €roposa O. B. Ili3HaBanbHa aKTUBHICTb OCOOHMCTOCTI: CYTHICTb, PIBHI,
KOMIIOHEHTH. [ledazozixa, ncuxonozis ma meouko-o6ionociuni npooiemu GizuuHoco

BUXOBAHHS | CNOpMY: HAYK. MoHozpagis 3a ped. npogh. €Epmaxosa CC—Xapkis:
XHAIH (XXIII), 2006. Ne 9. C. 54-56.

80 36ipHKK HaykoBUX NpaLb isnko-maTemaTmnyHoro akynotety OAMY. 2022. Bun. 12



becegiH B.6., Pynbosa H.I"., Caran A.M. 3adayi 3 napamempamu 5K ...

6. Koctpy6 HO. M. MeroauuHi 0COOIMBOCTI PO3B’SI3yBaHHS pIBHSHb 3
napameTpaMu mif yac HaBuaHHs matemaTuku B 3CO. Haykoei 3anucku monooux
yuenux, 2019. Ne 3. 9 c.

7. KpaBuyk O. M. ®opmyBaHHsI aKTUBHOI Mi3HABAJIBLHOI MO3UIlIT MaltOyTHHOTO
BUUTENS] MAaTeMAaTHKU M1 4Yac BUBYEHHS KypCy aHAIITHUYHOI reometpii. Bicumux
Yepkacvkoco Hayionanvbnoz2o yHieepcumemy imeni bozoana XwmenvHuyvroeo.
Cepisa: Ileoacoeiuni nayxu, 2018. No 7. C. 104-111.

8. JlozoBa B. I. Ilimicauil migxin A0 ¢GpopMyBaHHS Mi3HABAJIbHOI aKTUBHOCTI
mkosspiB. Xapk. aepxk. ned. yH-T iM. [.C. CkoBopoau. 2-e¢ Bui., 10M. XapKiB:
«OBCy», 2000. 164c.

9. Smok JI. AxTuBi3amis Ni3HAaBaJIbHUX IHTEPECIB CTYIEHTIB KOJEKIB Ha
ypoKax TEOPETUYHOTO HaBuaHHs. Economic and social-focused issues of modern
world, 2019. C. 386-394.

Boris B. Besedin, Nadiia H. Rulova, Anastasiia M. Sahai
Donbas State Pedagogical University, Sloviansk, Ukraine
Slovyansk secondary school of I-IIl centuries NelO, Slavyansk, Donetsk region,
Ukraine.

Problems with parameters as a way to activate cognitive activity
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The article is devoted to the topical problem of education - the activation of
cognitive activity of students in algebra lessons, in particular, in the process of
solving problems with parameters. The approaches of domestic authors to defining
the essence of the concepts of "cognitive activity", "cognitive activity", as well as
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recommendations on activating the cognitive activity of students in the context of
solving problems with parameters are offered.
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AWOAKTUYHI IFPU, AK 3ACIB E®OEKTUBHOIO 3ACBOEHHA
3HAHb TA BMIHb YYHIB HA YPOKAX MATEMATUKWU 7-9
KINACIB

VY naHiil cTarTi pO3risHyTa TEopis NWAAKTUYHUX Irop, iX BHKOPUCTAHHS MiJ 4Yac YpOKIB
MaTeMaTHKU B 3aKJIaJax cepeHbol OcBITU. B Hiil onucaHo CTPYKTYpHI CKIaA0B1 IUAAKTUYHOL
IPU, a TAKOXK BUCBITJIIEHO aKTYyaJbHICTh JAHOTO METOJAY Ta IFPOBHUX €JIEMEHTIB, MPEACTaBICHO
OJIMH 3 BaplaHTIB I'pU Ha ypoIll MaTeMaTUKU y & Kjacl Ta MpPaKTHUYHI PEKOMEHJalli 1100
3aCTOCYBAHHS LIbOI'O METOY.

KurouoBi cioBa: icposa Oisinbricms, 2pa, OuOaGKMu4Ha 2pa, HAGYAIbHUL Memoo,
CMPYKMYPHI eneMeHmu.

BcTyn

Ha cporomHimHiii JeHb HAIIOMY CYCHUIBCTBY MOTPIOHI  JIOIU
IHTEJIEKTyallbHO CMUIMBI, TBOpYl, CaMOCTIMHI, MOJIOJIC¢ TIOKOJIIHHS, SKE BMIE
npuiiMaT HeCTaHAapTHI pimieHHs. Bce me moxkHa chopmyBaTH y AUTHHU B
HIKIJTBHOMY BIIIl 32 JOIOMOTro10 rpu. OCTaHHIM 4acoM Y HaBYaJIbHIN IPAKTHUIlI CTAE
OUTBII MOMYJIAPHUM Ta aKTyaJIbHUM TaKUid METO]I BUKJIQJaHHS, K 3apOBaI>KCHHS
TUIAKTUYHUX 1M0p Y KIIACHYHUM MIAX11 10 HaBYaHHS.

BuBueHHsSI cy4acHOro CTaHy CHUCTEMHU OCBITHM B 3akoHax Ykpainu «Ilpo
ocBiTy» (2017 p.), «IIpo moBHY 3aranpHy cepeaHio ocBiTy» (2020 p.), TOBOPUTH
PO aKTyaJIbHICTh T4 HEOOXIIHICTh BUKOPHUCTAHHS PI3HUX MPUHOMIB, METOJIB Ta
3aco0iB y MpoIeci HaBYaHHS JITEH.

OnuuM 13 Hale(heKTUBHIMIMX CIIOCOOIB aKTUBI3allii MI3HABAIBLHOL T1SIITBHOCTI
Y4HIB, MPOOY/KEHHS AUBOTO IHTEPECY /10 HABYAIBHOTO MpPEIMETa € TUJAKTUYHA
rpa. IIpoGnemi BUKOpUCTAaHHA JUIAKTUYHUX IrOp B OCBITHROMY TMpOIIECi
npucBsiYeHO OaraTo mpaub 13 MEJaroriku Ta TMCHXOoJorii. Y CcBOid mpaili
«BuxoBaHHs HUISIXOM po3BUTKY» @. @pebenb BU3HAUUB TPY K OAHY 3 MOJOKEHb
BUXOBaHHS, HaBYaHHS Ta pO3BUTKY. BiH BBakaB, 1[0 caMme y rpl Hailkparie
MPOSBIIETHCS TBOPYICTh 1 CAaMOALSUIBHICTH AUTHHH, IO, OAHAK, HE BHUKIIOYAE
KEpIBHOI'O BIUIMBY JIOpOCciuX Ha irpu aiteid. @. Opebdenb 10KIaaHO po3pOOUB LTy
cuctemMy autsauux irop. Tak 3Bani «lapu ®pebens» — irpu, 1Mo yBIHNUIA 10
KJIACHKHU CBITOBOT IEJaroriyHoi 1ymMmku. [4, c. 372].
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3apa3, He3Ba)KalOYM HAa HASIBHICTh JOCHUTh 3HAYHOI KUIBKOCTI TEBHUX
METOJUYHUX PEKOMEHJaIliii, B SKUX MH OauuMO BHUCBITJICHHS MpoOIeMU
BUKOPHUCTAHHS AUAAKTUYHUX ITOp M1 YaCc BUBYCHHS TI€l UM 1HIIOT TEMHU, BUYUTENI
HEJIOCTaTHBO AaKTHBHO 3aCTOCOBYIOTh JHMJAKTUYHI ITpU HAa YpPOKaX MaTEMAaTHKH.
Came ToMy, mOTpeOy€e BIOCKOHAJICHHS METOJMKAa BUKOPUCTAHHS JTUIAKTUIHUX
IrOp Ha ypoKax MaTeMaTHKH, sika crpusie (pOpMyBaHHIO MOTHBAIlli IIKOJAPIB,
OCHOBY SIKO1 CITIOYaTKYy CTAaHOBUTH IHTEPEC JI0 IKOJU B3araii, a MoTiM i 1HTepec 10
HOBOTO BUY JISUIBHOCT1 — BUCHHS.

OcHoBHa YacTuHa

OpHuM 13 cnoco6iB PO3BUTKY OCHOBHHUX SIKOCTEH yBaru, pazoM 3 IHIIUMU
METO/IaMH Ta 3ac00amu, 1110 3aCTOCOBYIOThCA MiJ Yac YPOKIB, € 2pa — Cy4yacHUM
METOJI HAaBYAaHHS Ta BHUXOBAaHHS, IO BOJIOAIE OCBITHHOIO, PO3BUBAIOUOIO Ta
BUXOBHOIO QyHKIIsIMU. [1i7] yac rpu MoxkHA MOOAYUTH BIACTUBY KOKHOMY YYHEBI
3MatHICTh 10 ysaBU. [IIkomspi JIeTKO Ta MIBUAKO 3aHYPIOIOTHCS y TPy KOXKEH 31
CBO€IO YSIBOIO, HABITh HE 3/I0TaAYIOYUCh PO Te€, K1 CKIJIAJIHI 3a/a4l BOHU 1HKOJIHU
PO3B'SA3YIOTh.

leposa disnbuicms € CKIAAHUM CUCTEMHUM YTBOPEHHSM, CTPYKTYypa SIKOTrO
OXOIUIIOE ~ MOTHUBALIMHO-IIUTLOBHI, 3MICTOBHH, MpoliecyalbHO-ONEepaliiiHui,
KOHTPOJbHO-OLIHHUNA Ta PE3yJIbTATUBHUN KOMITOHEHTH [1].

I'pa po3BuBae (¢aHrasziro, IHTYIIIIO, BOJIO Ta IaMm ATh. barato irop
BUMAraloTh YMIHHS BHUCIIOBJIIOBATH CBOIO TYMKY B 3B'A3HIN 1 3po3yMminii ¢opmi,
BUKOPUCTOBYIOYM MaTeMaTUYHY TEPMIHOJIOTIIO.

B irpoBiil JiIbHOCTI YTBOPIOIOTHCS BCl CTOPOHM OCOOUCTOCTI JAMTHUHH,
3'SIBISIIOTHCSA BEJIMKI 3MIHM B 1i TCHXII, K1 MiATOTOBIIOIOTH MEPEXia J0 BHUIIOT
cTaaii po3BUTKy. Came MM MOXHa MOSCHUTH BUXOBHI, HABYAJIbHI Ta PO3BUBAIOU1
MOXJIMBOCTI TpH, MPO 5Kl HE pa3 HArojoulyBaB y CBOix mpaisgx SH Amoc
Komencokuii. Bin BBakaB, 1110 y4H1 BiIOMBAIOTh Y TPl CEPHO3HI CTOPOHU KUTTSL.

3aBAsSKM IrpaM MH MAaeEMO MOKJIMBICTh CKOHIEHTPYBAaTH YyBary Ta
3alliKaBUTU HABITh HaliHe310paHimux y4HIB. Ha mowaTky rpu iX 3axOILTIOIOTh
JIMIIE ITpOBI1 Jii Ta IedK1 BIPaBH, a TOTIM 1 T€, YOMY iX HaBuae rpa. [loTuXeHbKy y
JITeH ToYrMHae MPoOyIHKyBaTUCS 1HTEPEC 1 10 CaMOro npeaMera. 3 Ay>Ke BEeJIMKOi
YHUCEJIbHOCTI ICHYIOUMX BHUJIB IMOp SKpa3 IUJAKTHUYHI ITpU Ty>Ke IIUTBHO MOB'A3aH1
3 HaBYAJIbHO-BUXOBHUM TMporiecoM. JlaHl irpu BUKOPUCTOBYIOTHCS SIK OJUH 13
METOJ[IB HaBYaHHA OyIb-IKUX TIpeAMETIB. Benuke Miclie AWAAKTAYHI Irpu
3aiiMaroTh 1 HA ypPOKaxX MaTeMaTUKH.

Jluoakmuuna epa — MeTOJl HaBYAHHS, IO Ja€ 3MOTy (opMyBaTH B YUHIB
YMIHHS ¥ HaBUYKU ab0 cHCTeMY YSBIEHb 1 TMOHSATh LUISIXOM BKJIIOYEHHS B
HaBYAJIBHUI TMpouec IrpoBoi AlsuibHOCTI. BoHa BKIIIOYae KOHKPETHY BIIpaBy
(InmakTUYHA OCHOBAa) Ta IrpoBi Ali, IrpOBUA MOMEHT ab0 IrpoOBY CHUTYyaIlilo 1
CKJIAJIa€ThCS 3 TAaKUX KOMIIOHEHTIB: JUJAKTHYHA 3ajaya, IrpoBa Jis YU IrpOBHUI
€JIEMEHT, MpaBuiia TPH, XiJl TPH, MiACYMOK abo 3akiHueHHs rpu [5]. duaaktuuHa
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rpa 000B’A3KOBO NMOBMHHA MAaTH TakKl CTPYKTYpPHI €JIEMEHTH: METa, 3MICT, CIOXKET,
npaBuiia, 3acoOu, Jii, OIlIHKA Ta Pe3yJIbTaT.

['pa moBUHHA MaTU JOCTYIHY Ta YiTKY THCTPYKIIIO JJIsl IITEH, a BUKIJIAJad B
JaHUN MOMEHT Ma€ MIATPUMYBATH, M1A0aIbOPIOBATH Ta HAJIAIITOBYBAaTH YUYHIB Ha
nepeMory. Hi B sikomy pa3i He MOKHa JOIMYyCKaTH TOTO, 100 Y4YHI JAUIMJIKCS Ha
cuibHUX abo cmabkux. [lim yac mIATOTOBKM 10 AMAAKTUYHOI T'PU BHUKJIAgay
MOBUHEH HacamIepe] HajalllTyBaTh HeoOXigHe oOJaJHaHHS, a TaKoX 3pOOUTH
KapTKH, MAJIIOHKH Ta BCe HEOOXIJHE, a TAKOX HEOOXITHO MOEIHATU /IBA €JIEMEHTH
Ipy — Mi3HaBaJIbHUM Ta irpoBuil. Lle Moxxe OyTH eJIeMEeHT CI0KETHO-POJIbOBOI I'PH,
€JIeMEHT 3MaraHHs, €JeMEHT IpU NOoJO0pOoXKi 1 monxiOHe. Marepian, sikuii Oyze
3aCTOCOBYBATHUCSl Ha ypOLll, HE MMOBUHEH OYyTH T'POMI3JIKUM Ta Ma€ OyTH MPOCTUM
Ta 3py4yHUM Yy BHKOpucTaHHI. [licns mpoBeleHHS TpU BUYUTEIb MIIABOJIUTH
MIICYMKH, ajieé IIe CJiJl POoOUTH 11 3 OOEPEeKHICTIO, HE Oo0pa)xarouu Y4YHIB.
HallakTMBHIIIMX YYHIB MOKE€ HaropoJAWTH HEMOraHUMHU OI[IHKaMU 3a TIpy, Ta
HAIpPUKIiHII 000B'SI3KOBO HAJAIITYBATH IITEH AJIA MOAANBIIOI aKTUBHOI pOOOTH Ha
ypOKax.

AJje He ¢ TakoX 3a0yBaTH, IO rpa Ha ypOIll MPOBOJIUTHCS HE IS TOTO,
o0 y4Hi morpanucs, a Juisi HaByaHHs. [liciis KOXKHOTO YpOKYy BUMTENb MOBUHEH
3aIUTATH JITEH, 40ro BOHU HaBuuiucs [2, ¢ 7 — 9].

BinMiTiMo, 110 HaWroJiOBHIiNIE MOJSATaEe B TOMY, 00 AWAAKTUYHA TIpa,
OUJAKTUYHI BIPAaBU OPraHIYHO TMOEAHYBAIMCS TMiJ Yac YpPOKY 3 CepiHo3HOIO,
HaINpy>XeHOI0 Tparero, He BIABOJIKAIM ayAuTOpPil0 BiJ HaBYaHHS, a HAaBIIAKH,
cpusuid e(peKTUBHOCTI PO3YMOBOi POOOTH.

BBenenHss auaakTUYHOT TpU B HaBYaHHS MaTeMaTHUKH — IpolLec
OaratopiBHeBUM, 10 BKIIOYAE€ KOHUENTYaIbHUN (PO3pOOJEHHS MOHSATIHHOTO
amapary, ocTaHOBKa HaBYaJIbHOI 3a/1a4i, BUO1p hopMu Ipu, Yacy ii MpoBEACHHS),
onepauiiHuii (TUNU HaBYAIbHOI P, BpaxXyBaHHS METU TI'pU, BUTOTOBJIEHHS a0o
BUOIp HAOYHOCTI, BM3HAYEHHS MICIs B HABYAJIbHOMY IHpOLECi) Ta TEXHIYHUU
(po3po0sieHHsT BKa3IBOK, MO0 MalTh 3a0€3MEYUTH KOPEKTHE YIPaBIIiHHS
JISUTBHICTIO YYHIB Ha ypOIll MaTeMaTUKH 3 BUKOPUCTAHHAM JMIAKTHYHOI TpH)
piBHI peanizauii [3].

PosrnsitHemo  nuUAakTUYHY Trpy, SKy MOXHa BUKOPHUCTOBYBATH Ha
MIJICYMKOBOMY YpOIIl TeOMeTpii y 8 Kiaci.

Tema: Mnocoxymuuxu. Ilnowa mHo2oKymHuxKis.

MeTta: HaB4yasibHa — MOBTOPUTH (OpMYNIH aJisi OOUMCIEHHS Mol ¢iryp;
(dbopMyBaTH HABUYKHU 3aCTOCOBYBATH (POPMYJIH ILJIOIL IIPU PO3B'sI3yBaHHI 3a/1a4;

pPO3BHBaIOYa - PO3BUBATH MaTEeMaTUYH1 3110HOCTI, yBary, aM'sTh;

BUXOBHA — BHXOBYBAaTHU JIOOOB JI0 MpeaMeTa, JUCHUIUIIHY Ha POLi, rapHe
CTaBJICHHS /10 TOBapHUILIiIB Ta BUUTEIIS.

Tun ypoky: IlincymKoBuii ypok 3 TeMHu.

OO0JsiagHaHHSA: KapTKU 3 MaJIOHKaMH, KOJhOpOBa Kpeia, MiaH-KOHCHEKT
YPOKY, 30IIIMT, TPE3eHTallisl, KapTKH 3 pedycaMu.
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Xix ypoky

I. Opranizaniiinuii MOMeHT.

I1. IlepeBipka 1OMalIHLOI0 3aBAAHHS.

II1. Po6oTa mo komanaam

Komm y4H1 3axonuim B Kjac, TO MajJd MOXIJIHMBICT, BHOpaTH OJIHY 3 (iryp:
[Tapanenorpam, TPUKYTHMK, Tpamellis, YOpHUU KBajapaT. 3TiIHO JaHux Qiryp
mkoysipl o0’ eqnanucs y 4 komanau. KokHa komaHja oOupae CBOTO KariTaHa.
Kanmitan muoissxom migHATTS pykKu abo mpamopisi Ha SKOMYy 300pakeHa dirypa
KOMaHau, OyjJe CHUTHaII3yBaTH, II0 KOMaHJa roToBa JaTH BiAnoBiab. KoxkHa
MpaBUJIbHA BITOBI/Ib OIIIHIOEThCS Oanamu, siki 300pakeHl B Tabiuill. 3aBaaHHS
rayTh Big 10 To 50 GaimiB, TOOTO Bix OLIBII MPOCTOro A0 OuLThIN ckiragHoro. KoxHa
3 KOMaH/| TOBUHHA BUKOHATH 5 3aBJaHb HAa BUOIpP, BIAKPUBAIOUM 3aBJIaHHS HAOCJIII
(Puc. 1), saxmo xomanma obOpana 3aBaanHs mig uudpor 20, TO BUKOHABIINA HOTO
MpaBUJIbHO BOHA oTpuMae 20 OaiiB, SKIIO PO3B’si3aiu 3aBAaHHs Mif mudporo 50,
TO KOMaHaa orpumae 50 6aiB i T.A.

3esneHuil napanenorpam 10 20 30 40 50

YepBOHUI TPUKYTHUK 10 20 30 40 50

bina Tpaneris 10 20 30 40 50

YopHuii kBagpar 10 20 30 40 50
Puc. 1

IMapanesorpam (10): Yomy nopiBHIOE mioa napajneiaorpama?

Tpukytnuk (10): Yomy gopiBHIOE IIJIOIA TPUKYTHHUKA?

Tpanenis (10): YoMy mopiBHIOE IoIIa Tpanemii?

Yopuuii kBagpart (10): Yomy nopiBHIO€E 1101112 poMoOa?

Mapaaeaorpam (20): Croponm mapaineiaorpam 6 c¢cM i1 4 cMm. MeHima ioro
BHCOTa JOopiBHIOE 3 cM. OOYUCIIITE APYTY HOr0 BHCOTY.

TpukyTHuk (20): 3HalTH IOy PIBHOCTOPOHHBOTO A 31 CTOPOHOIO 6.

Tpanenis (20): 3HaifTu 1WUIONLY Tpareiii, OCHOBU SKOi JOPIBHIOIOTH 3 cM 1 5
CM, a BUCOTa JIOPIBHIOE 4 CM.

Yopuuii kBagpar (20): Jliaronami pom6a 8 cMm 1 7 cMm. YoMy n0piBHIOE
rtonia’?

IMapanesorpam (30): Po3s’s3atu pedyc.

i

Tpuxkyrauk (30): Po3p’s3atu pedyc.

@Laaaa@

Tpanenis (30): Po3s’si3aTu pedyc.
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2 LL 999 %%

Mapanenorpam (40): Ha mamepi y KIITHHKY 3  po3MipoM KITHHU 1x1
300pakeHui rapajuenorpaM. 3HaUIITh HOTO TUIONTY.

T (30 ): P

B C

Ay

A D

Tpuxkyrnuk (40): Ha mnamepi y KIITMHKY 3 po3mipoM KiiTuHH 1x1
300paKeHUN TPUKYTHUK. 3HAWUAITH HOTr0 IUIONLY.

AL

lcm

Tpaneuis (40): Ha nanepi y kiTUHKY 3 po3MipoM Ki1iTHHU 1x1 300paxeHa
Tpanenis. 3HalaITh ii 1Io1IYy.

Yopuuii kBaapar (40): Ha mamepi y KIITUHKY 3 po3MipoMm KiiTHHU 1x1
300paxeHna irypa. 3HalAITh ii TI01IY.

]
EEEN

IMapanesorpam (50): Y mapanensorpama cCTOpOHHU JOPIBHIOIOTH 6 cM 13,6 cM, a
BHUCOTA, TMpoBeaeHa g0 Oulblioi cTopoHi — 2,4 cM. 3HaiaiTh BHCOTY
napasenorpama, MpoBeJEHY 10 MEHIIIO1 CTOPOHHU.

Tpukyrnuk (50): CTopoHH TPUKYTHUKA NOPIBHIOWOTH 4 cM, 13 cM 1 15 cMm.
3Haiit pagiyc R Koja, omucaHOro HaBKOJO TPUKYTHHKA, Ta pajilyc I KoJa,
BIIMUCAHOT'O Y TPUKYTHUK.

Tpaneuis (50): YV npsamokyTHOi Tpameuii ABI HaWMEHIIlI CTOPOHHU MAalOTh
noBxuHy 2cM. HaiiOunemuii Kyt Tpaneuii nopiBHioe 135° . 3naiiTu miomy
Tpanerri.

Yopuuii kBagpar (50): I[Tnoma npsmokytauka ABCJI mopiBaioe 600 cm’.
3HalAITh CTOPOHU MPSMOKYTHHUKA, SKIIO BOHU BITHOCSTHCS 5K 3:8.
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IV. IlindourTs miacymkiB.

Buutens orosomye wmiciigs KoMaHa 3a HaOpaHuMu OanamMu i dYac TpH.
VYyacHUKM KOMaH[IU, SIK1 3alHSUIA TIepIIe Miclie OTpUuMyroTh 1o 12 Gais, Il micie
— 11 6amnis, III micue — 10 6anis, IV micue — 9 6aniB. HaliOubin akTUBHI y4H1 BC1X
KOMaH/I OTPUMYIOTh TakoX 1o 10 Gais.

V. lomanHe 3aBIaHHS.

BucHoBKkuM

[IpoBenene nOCHIIXKEHHS JO3BOJISIE KOHCTATyBaTH, IO 3aCTOCYBaHHS
IUAAKTUYHUX 1MOp € BaXJIMBUM METOJOM Yy TPOLECI HABUYAHHA MATEMAaTHKH.
Yumano menaroriB  BiA3HAYalOTh  BUCOKY  €(EKTUBHICTb  3aCTOCYBaHHS
IUAAKTUYHUX 1rOp i TOTJIMOJIEHHS I1HTEpecy IIKOJSAPIB /10 HaByajibHOI Ta
Mi3HABAJIBHOI JISTIBHOCTI, a TakoX Ui (OpPMyBaHHS B HHUX BIANOBITHUX
TUIaHIMETPUYHUX 3HAHb, YMIHb, HABUYOK Y CIIPUMHATTI i OCMUCIICHHI.

Martematuka € y JKUTTI KOXKHOI JIIOAMHH, IO CBIAYUTH MPO CHPABKHIO
3aTpeOyBaHICTh JaHOro mnpeamera. JMIakTH4YHI Irpu AyXe NOTPiOHI MiJ dYac
OCBITHBOT'O MPOLECY Ta BUXOBAHHS JITEH.

Jlanuii BUa irop BIAPIZHSAETHCS Bl 3BUYAWHUX TUM, IO Y Hil 000B'A3K0OBa
y4acTh yciX MIKOJsIpiB. ['OJIOBHUM y AUAAKTUYHIN Ipl HA ypoKax MaTEMaTUKH €
caMe BHMBYEHHS TaKOro MpeaMeTy, sK MaTeMaTHKu. IrpoBi BOpaBu, cUTyalii
CHOPUSIIOTh  aKTUBHIM  AISUIBHOCTI  y4YHIB, POOJSATH CHOPUUHATTS  TBOPYHM,
AKTUBHIIINUM, CMOIIIHHM.

PosrnsiHyBIIM AWAAKTUYHI ITPH, K OJWH 13 3aCO0IB HaBYAHHS MPUXOIUMO
710 BUCHOBKY, L0 MPAaKTHUYHA peaizallis 3alIpOIOHOBAaHOI CUCTEMH JT03BOJISE:

* 30UTBLINTH PiBEHB MI3HABAIBHOI aKTUBHOCTI IIKOJISPIB MiJ] YaC YPOKIB;

* 30UIBIINTH 3arajJbHUM PIBEHb HABUAJIBHUX JIOCATHEHD JIITEH;

* PO3BUBATH IIIKaBICTh Ta IHTEPEC 0 MPEAMETY MaTEMATHKA;

* PO3BUBATH IHAMBITyaTbHI OCOOJUBOCTI, IHTEIEKTYaIbH1 MOXKIUBOCTI,
HaXWJIM Ta 3/1I0HOCT1 YUHIB;

* CHCTEMAaTUYHO BHUKOPHUCTOBYBAaTH JWJAKTUYHI ITPU Ha KUIBKOX eTamax
BUBYEHHS DPI3HOMAHITHOTO XapakTepy MaTeMaTUYHOro Marepiany, M0 € Jyxke
e(DEeKTUBHUM CIOCOOOM aKTHBi3allll HaBUaJbHOI Ta TI3HABaJIbHOI MiSUTBHOCTI
IITKOJISIPIB.

PerynsipHe BUKOpUCTaHHS 1rop NPHU3BOAUTH A0 TOTO, IO ITPOBI IHTEpecU
MOYMHAIOTH CTUMYJIIOBATHU Mi3HABAJIbHI, CaMe 3a JOTOMOTOIO IIbOTO BOHU 1 CTalIOTh
B pe3yJbTaTl BEAYyYUMHU Yy HaBYAIbHIN MisNIbHOCTI. IrpoBa MisUIBHICTH JOMOMarae
HaIpy>KEHUH OCBITHIN Mpouec 3poOUTH IIKABUM JJis Y4YHIB, IO MEepeOyBalOTh B
CTaJIOMY PO3BHUTKY CBOiX (DI3MYHHX, MOPATbHUX Ta TYXOBHHUX CHII.

BukopucrtaHHd HeCTaHIApTHUX METOJIB Il Yac YpPOKIB MaTeMaTHKU
noTpedye 1 MOAAIBIIOT0 JOCIIKEHHS, OCKUIBKU, JOCUTh YaCTO MOKHA 31TKHYTHCS
3 HeepekTUBHMMHM (OpMaMH JaHOI Oprasizalii HaBYaHHS, a caMe: «YPOKH
3ay4yBaHHI», «YypPOK MPOCTO ISl TPU», «ypOK HI MPO ILI0», «ypOK O0e3 HaOyTTs
MEBHUX 3HAHb T BMIHbY 1 TOMY MOAI0HE.
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Didactic games as a means of effective acquisition of knowledge
and skills of students in mathematics lessons of 7-9 grades

This article considers the theory of didactic games, their use during
mathematics lessons in schools. It describes the structural components of the
didactic game, as well as highlights the relevance of this method and game
elements, presents one of the options for the game in mathematics lessons in 8th
grade and practical recommendations for the use of this method.

Keywords: game activity, game, didactic game, educational method,
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Y3ArAJiIbHEHHA | CUCTEMATU3ALIA 3HAHDb YYHIB 7-9
KINACIB 3 TEMU «®YHKUII TA Tl FPADIKU»

VY crarTi po3IISIHYTO METOU BIOCKOHAJIEHHS y3araJlbHEHHS 1 CUCTeMaTH3alll 3HaHb Ha ypoKax
anreOpu. OOIrpyHTOBAaHO [OIUIBHICTh CHUCTEMATUYHOTO Yy3arajibHeHHsA. HaBegeHo meTomuyHi
pexomMeHaalii Mmoo uboro. Po3risgHyTo Taki 3aj1adi, Jie NepeTUHAETbCs JiHIA QyHKUINA Ta 1HII
HACKpI3H1 3MICTOBHI JIiHII Kypcy anreOpu. Po3risHyTo MDKIpeaMeTHI 3B’ SI3KH Kypcy aiureOpu 3
(G13MKOI0 Ha MPUKJIIAA1 JTIHIMHOT Ta KBaJpaTUYHOT (QYHKITII.

KurouoBi caoBa: aneeopa, @yuxyia, epagix, y3zacanvHeHHs, cucmemamuzayisi,
MemOoOUYHi peKOMeHOayii.

BcTyn

Sk BimomMo, MaTeMaTU4YHI METOJU BUKOPUCTOBYIOTHCS B 0araThoX rairy3sx
Hayku. BoHU pomomararoTh OMMCYBAaTH, TOCHIIXKYBaTH (I3UYHI, XIMIYHI SBUIIA.
Sxmo npuOpaT 3HAHHS 3 MaTEMAaTUKH, TO OINAHYBaHHSA IHIIMX I[IKUIBHUX
MpeaMeTIB Oye yCKIIaIHIOBATHUCS.

3 1HIIOI CTOPOHM, MAaTH 3HAHHA 1 BMUIO iX BUKOPUCTOBYBATH B PIZHHUX
CUTYyallisIX — 1€ HeoJHaKoBl MOHATTA. Bimomuii nexaror KocTsHTHH YIMHCHKHI
Ka3aB, 10 T'0JOBa, SIKa HANOBHEHA YpPUBYACTHUMH, O€3J7IaJHUMHU 3HAHHIMH, CXOXKa
Ha KOMOpY, B SIKiil Bce He mpuOpaHO 1 A€ caM rocrojap HIYOro He BiIIIYKAE;
rojioBa, Jie TUIbKUA cucTeMa 0e3 3HaHb, CX0XKa Ha JIaBKY, B sSIKiM Ha BCIX SIIUKaX €
HalMCcH, a B fAIIUMKAaX NopoxkHBO. lle Bupakae HEOOXIAHICTH y3araJbHEHHS 1
cucTtemMaTu3alii 3HaHb YYHIB. YUYeHb T[OBMHEH HABUMTHCS aHaI3yBaTH
iHopMmarlito, OyayBaTH JIOT1UHI JIAHIIOKKHA MK 3MICTOBHUMH JITHISIMU IIKUTBHOTO
KypCy MaTeMaTUKHU Ta MDKIPEIMETHI 3B I3KH.

Takox BaXXJIMBO 3BEpHYTH yBary, 1o (yHKIIOHAJIbHA JIIHIA HAJEKHUTh J10
OCHOBHHUX 3MICTOBHUX JIIHIH IIKUIBHOTO Kypcy MareMaTuku. BoHa nepeTruHaeTbes
3 JIIHIEIO PIBHSAHb Ta HEpIBHOCTEH B anreoOpi. be3 Hei He 06iTHCA 1 B IHIIUX
HIKITBHUX TpeAMeTax, 30kpema (i3uii, xiMmii, reorpadii Ta exoHoMiii. Baxauso
BMITH BUKOPHCTOBYBATH 3HAHHS 3 L1€1 TEMHU.

HaBunutn y4uHd OayuTu TOBHY KapTHHY, BCTAHOBIIOBAaTH 3B’SI3KHM MIXK
pI3HMMHM TeMaMu B MaTeMaTHIll 1 B IHIIUX HIKUIBHUX NpPEIMETax € OJIHIEI0 3
HaWBXIMBIMIUX 3a/1a4 BuMTens. Jyxe Npukpo, aje aesKi BUMTEN! CHellalbHO He
3aiiMaroOThCs 1i€10 MPOOJIEMOI0, IHIII 3BOASATh CHUCTEMATH3AIIO0 JI0 OpraHizaiii
YPOKIB y3arajibHIOIOYOr0 MOBTOPEHHs. | MOTIM MpakTWKa MiJg Yac CKJIaAaHHS
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icnutiB JIITA Tta 3HO mnokasye, 1110 4iTka cCUCTeMa 3HaHb OyJia BiICYTHBOIO.
Omxe, npobnemMa y3arajJbHEHHs 1 cUcTeMaTH3allii 3HaHb y4HIB 7-9 KiaciB 3
temu «DyHKIIIT Ta 11 rpadiku» € aKTyaJbHOIO y Halll Yac.

OcHoBHa YacTuHa

Ha noyaTky BH3HAUYMMO CYTHICTb MOHSTH Yy3arajbHEHHS 1 CHCTeMaTH3allii.
[Tin y3araabHEHHSM MM PO3YMIEMO JIOTTYHHM IpoLeC MEepexoly Bil OJUHUYHOTO
710 3arajbHOT0 ab0 BiJ MEHII 3arajlbHOrO 0 OLIbII 3arajlbHOTO 3HAHHS.

Cucremarusailisi — npoiec 3BeJIEHHs PO3PI3HEHUX 3HAHb PO MPEAMETH B
€IMHY HAYKOBY cucTeMy. B ii ocHOBI € kimacudikaiis (paxTiB, SBULL 1 MPOILECIB.
V3aranpHeHHS 1 cucTreMaru3aiiss 0a3yloThCS HAa MNPHUHIMIL TMOCIIAOBHOCTI 1
CUCTEMATUYHOCTI HABYAHHS.

Mu OynemMo po3pi3HATH HACTYIHI €TanM y3arajJbHEHHS 1 cHUCTeMaTu3arlii
3HaHb: NIEPBUHHI y3arajibHEHHs, JIOKaJbH1, MDKIOHATINHI, TEMaTUYHI, T1JCYMKOBI
Ta MDKITPEAMETHI.

[lo mipi BUBYEHHS MaTEeMaTUKHU B IIKOJ1 HEOOXIAHICTh cHUCTeMaTH3alli Ta
y3araJibHeHHsl 3HaHb 3HAYHO 3pocTae. be3 BOPOBaH)KEHHS B HaBYaHHS I[bOTO
MpoLecy HEMOXKJIMBO JOCATHYTH THX LiJIeH, SIKI CTaBUTh IIKOJa B HaBYaHHI
MaTeMaTHIIl.

BuuTtenio BaxXJIMBO HAaBUUTH YYHIB OydyBaTh BHYTPIUIHBONPEIMETHI
3B’SI3KM; BUOMPATH AaCMEKTHI MpOOJeMH, SIKI € HACKPI3HUMH [JIi KOHKPETHOi
HABYaJIbHOI JUCUHUIUIIHU 1 3aCTOCOBYIOTHCS y MPOIIECi aHai3y OUIBIIOCTI SIBHIL,
AKi BUBYA€E JaHa HayKa. IX 371ilicHeHHs a€ 3MOTy CIIMpPATHCA Ha HONepe/Hi 3HAHHS
B IpOIIeCi 3aCBOEHHSI HOBOTO Marepiany, [0 aKTUBI3Y€ HaBUYaJIbHO-MI3HABAJIbHY
JISUTBHICTD Y4HIB.

B kypci anrebpu 7 —9 knaciB y4Hi MOBHHHI 3aCBOITH MOHATTSA (YHKIIII,
BUBUMUTHU TMPOCTI eleMeHTapHI (YyHKIIi 1 iX BIACTHUBOCTI, 3aCBOITH MNPUHOMHU
JTOCHIKeHHST (YHKUIA 1 moOyaoBu iX rpadikiB eJleMEHTApHUMH METOJaMU Ha
HEBEJTUKOMY (YHKILI0HATBHOMY MaTepiai, Ikl Mo pokax po3MmoAUICHUH Tak:

7-# kinac — MOHATTA (YHKII; mpsiMa mponopuidHicTh (¥ =kx); miHilHa
dysxiis (y=kx+b); ¢yHKmis y=x"; 8- Kmac — mHofanblle MOTINONEHHS
3aralbHUX BiacTUBOCTEN (yHKUiN; GyHkuii y=4k/x; 9-if Kmac — KBagpaTHuHa
dyHKuis y = ax® +bx + ¢ ; MAPHICTH i HEMAPHICTb.

CdopmyntoeMo OCHOBHI METOJIMYHI PEKOMEH AL II[0JI0 CUCTeMaTH3allll Ta
y3araJlbHeHHsI 3HaHb I1]] 4Yac BUBYEHH1 aiireopu 7-9 kiacis:

— VY3arajipHIOIOYU 1 CUCTEMATU3yIOUM 3HAHHS, HABUYKHU 1 YMIHHS y4YHIB B
MeXax JlaHOi 3MICTOBHOI JIiHII Ha KOXXHOMY €Talll HaBYaHHS pPAa3oM 3 HUMU
JOLIBHO BIAOUPATH 1 BUJIUISATU TOJIOBHE, OPTaHI30BYBaTH T'OJIOBHE B CUCTEMY.

— Ilepen KOXHHUM e€TarioM TOBTOPIOBAaTH BIJIMOBIAHY CUCTEMY 3HaHb,
BIJTHOBJTIOBATH HEOOX1/IHI HABUYKH; MOBTOPEHHS HE TOBUHHO OOMEXKYBATUCH JIUIIIE
3aKpIMJICHHSAM 3HAaHb, HABUYOK 1 BMIHb Y4YHIB, a Ma€ 3a0€3MEeUUTH 3aCBOEHHS
YUYHSMH CUCTEMH 3HaHb. [|J1s 1IbOT0 MOTPIOHO MIKPOKO 3aCTOCOBYBATH SIK TOTOYHE,
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TakK 1 TeMaTU4YHE, 3aKJIIOYHE MOBTOPEHHs. J{OIUIBHO Yac Bij] Yacy y3arajbHIOBaTH
Marepiai, TaKoX Ha MOYaTKy POKY Ta HAIPUKIHLIL.

— Ilicna KoXHOTO eTamy JONOBHIOBaTH CHCTEMY, PO3KpHUBaTH 1
BCTAHOBJIIOEMO BHYTPIIIHI 1CTOTHI 3B'SI3KH, TOOTO OPraHi3oBYyBaTH HOBY CHCTEMY,
MIPUYOMY KO>KHOT'O pa3y Ha OUIbII BUCOKOMY PIBHI.

— JHorminbHo GopMyBaTH B Y4YHIB BMIHHS 3J1MCHIOBATH BCEOIYHUN aHATI3
3amay anrebpu 7-9 KiaciB 3 METOI0 ONTHUMAJIbHOTO BHOOPY METOHIB iX
po3B's3aHHs. KoXKHMII 3 pO3IJISHYTHX METOIIB Ma€ SK CBOi IepeBaru, Tak 1
HeZoJiKku. Po3risganHs BCIX METO/IB B €JMHOMY KOMILJIEKC] JO3BOJISIE PO3BUBATH
B YYHIB MaTeMaTW4Hy IHTYillil0, BMIHHS BIIYYyBaTH JOILUIbHICTh 3aCTOCYBAHHS
TOT0, UM 1HIIOTO METOJY, TBOPYO MITAXOJUTH IO PO3B’A3aHHS KOXKHOI 3a/1aui.

— B y3aranbHeHHI HaBYaJbHOTO Marepialy HaJA3BUYAWHO BaXKIMBO
BUKOHYBAaTH BUCHOBKHM, SIKI pOOJIATH Y4HI 1 BUMTEINb MICIs KOXHOTO BY3JIOBOTO
nuTaHHs abo 3aBlaHHS HAINpPUKIHII 0O0roBopeHHs Temu. [loTpiOHO BUKOHYBaTH
MPOTUCTABJICHHS 1 31CTaBJICHHS NMPEIMETIB 1 SBHIII.

— KopucHO BUKOPHUCTOBYBATH Yy3arajbHIOIOUYl CXE€MH, TaOJMIIl Ta IHIII
3aco0M HAOYHOCTI; HAPUKJIad, repes] BUBYEHHSAM TeMu «KBaapaTuyHa (QyHKIIS»
BXJIMBO MNPUrajaTH OCHOBHI (PYHKIUIi, SIKI B)K€ 3HAIOTh YYHI, TakKi fK MpsMa,
napaboJia, rinepoosa, BiTka napadoysii. Mo)KHa HaBECTH y3arajibHIOIOUY TaOJIMITIO

(puc.1):

. ObmacTs .
DyurOia ObmacTs 3HAUYEHB T'padir
BH3HAUEHHA

Awrmio k = 0, To

(—oo; +00); AKOIO

y=kx+b |(—C>0: +00) k =0, To obiacTe IIpama

3HaUeHBL CKIANAETLCA
3 ofiHOTO uMena b

E MuoxuHa, ara

u="=2 Muoxuna, gra cKJIa-
’ CKJIAIAETHCA L .

x o maeTheda 3 mpoMiskkis | Timepbosa

E+0 3 IPOMIKKIB (—c0: 0) i (0: +co)
(03 0) i (05 +00) ' '
y=x? (—oco; +o0) [0; +c0) Ilapab6oaa
BiTra
y=+x A .
Y [0 +c0) [05 +c0) mapabosu
Puc. 1

— TlotyxHuM 3aco00M y3arajbHEHHs 1 CHCTEMaTu3allii 3HaHb € 3ajayl 3
napaMmerpamu. Hampukian, po3ryisitHEMO Take 3aBJAHHS: NPU SKUX 3HAYECHHAX a

dynkuis y=x"+4x+a He mae Hynis? CupodyeMo po3B’si3aTH Horo rpadidaum
cnocobom. Dymkumito y=x"+4x+a MOXKHA TPEACTABUTH Y  BUITIAAIL
y= (x + 2)2 +a—4 mnsxoM BUAUICHHS NOBHOro kBaapatry. [Ipu a =4 rpadikom
byHKIIT Y= (x + 2)2 € mapabona y=x’, SKy TapanedbHO MEpeHecHM Ha JBi
OJIMHULI BIiBO (puc.2 ).
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104

0

Puc. 2

2
o6 oTpumatu y = (x + 2) + a —4 Ttpeba nepeHocuTH napadoiy Bropy abo
BHM3 B 3aJIEKHOCT1 BIiJ 3HAYCHHS BHUpa3y (a—4). Axmo a—-4>0, T00TO
a e(4;+oo), TO BEpILIMHA Mapaboiu 1 Bech rpadik OyJe 3HaXOAUTHUCH BHUIIE OCI

OX idynxuis y =x’ +4x+a He Oyae MaTu HyJiB.

\‘ \/10.4

Puc. 3

Axmo a—-4<0, T06TO ae(—oo;4), TO BepuiMHa mapabonu Oyxe

3HaXOJUTUCH HMKYE BICI OX 1 QyHKIISA Oyle MaTH J1Ba HyJIl.

Puc. 4

V3aranbHeHHS 1 cucTemMaTu3aiis 3 TeMu «DyHKIIIi Ta ii rpadiku» 1onomarae
OyayBaTH 1 JAHIIOKKA MDK pI3HUMHU mpeameramu. Jl0arouu mpo 1e, YYUTelb
MYCHUTh I[IKABUTUCS BHUKJIQJAHHSIM I1HIIUX JUCLUMIUTIH, TEpPeAyCiM CYMDKHHX,
BpPaxoBYBaTH iX 0COOIMBOCTI y CBOil AisibHOCTI. Hampukian, anredpa i dizuka.
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JliniliHa QyHKIIS, a came BJIACTUBICTh 3POCTAaHHS 1 CIAJaHHS B 3aJI€KHOCTI
BiJ Koe(ilieHTa kK moTpiOHA MPU BUBYEHHI PIBHOMIPHOTO MPSMOJIIHIHHOTO PYXy B

¢bi3uii.

Maremarnka dizuka

7z *
k.’o - - 3 - -
Jliniitna pynkuin y gizuni -
y
V.
» k<0 — ° =0
>t
0 x \
y=-k*x+b Sl
Puc. 5
A kBagpatuyHa  QyHKIIA HeoOXi/THa, KOJM  PO3TIIsAIa€ThCs
PIBHOIIPUCKOPECHUH PYX.
Maremaruka Piznka
2 2
Y= V"< " . a-t
.‘ (l o +b u\ +(‘ X=X a+v’ lr+T

y

X

Puc. 6

BucHoBku

Mu o6rpyHTyBail HEOOXITHICTh y3arajJbHEHHs 1 CUCTeMaTHh3allii Ha ypoKax
anreOpu, 110 HaJa€ MOXKJIUBICTh MIIBUIIUTH SIKICTh 3HaHb 1 3 MaTeMaTUKH, 1 3
THIIUX IPEAMETIB.

Byno po3riasiHyTO MOUUIBHICTH y3arajJbHEHHS 1 cCUCTeMaTH3allii 3HaHb 3
METOIO0 CTBOPEHHS BHYTPIITHBOIIPEIMETHUX T4 MIKIIPEIMETHUX 3B’ SI3KI1B.

B mpomeci nochimkeHHs Oyiau  po3poOseHI METOAMYHI PeKOMEeHJaIrli
CTOCOBHO BJIOCKOHAJICHHS y3araJIbHEHHs 1 CUCTeMaTu3allii 3HaHb Y4HiB 7-9 KiaciB
3 TeMu «DyHKIII Ta ii rpadikmy.
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Boris B. Besedin, Anna A. Shulhina
Donbas State Pedagogical University, Sloviansk, Ukraine

Generalization and systematization of knowledge of students of
7-9 grades on the topic «Functions and its graphics»

The article considers methods of improving the generalization and
systematization of knowledge in algebra lessons. The expediency of systematic
generalization at different stages of the lesson is formulated. Methodical
recommendations in this regard are given. The following problems are considered,
where the line of functions and other cross-cutting meaningful lines of the algebra
course intersect. Examples of the use of linear and quadratic functions in physics
are also given.

Keywords: algebra, function, graphics, generalization, systematization,
methodological recommendations.
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PEANI3ALIA HACKPI3HOI 3MICTOBOI JTIHII
«ManPUeEMNuUBICTb | PIHAHCOBA TPAMOTHICTb» HA
YPOKAX MATEMATUKN B YMOBAX HOBOI YKPAIHCbKOI

LLIKOJIU

Crartsa mpucBsideHa mnpoOiemi peanizarii Hackpi3HOi 3micToBoi JiHIT «IliAmpueMnuBIicCTh 1
¢iHaHCOBa I'PaMOTHICTH» Ha YpOKaxX MaTeMaTUKHU M1 Yac po3B’A3yBaHHs 3a7a4y (IHAHCOBOIO Ta
eKOHOMIYHOro 3MicTy. HaBeneHo 3anmaui, sIKI UIIOCTPYIOTh peanizauito fgaHoi JiHid. Crarrs
HaIMcaHa 3 J0CBiTy poOOoTH.

Kuo4oBi cinoBa: uackpizwui ninii, Mamemamuxa, 3a0ayi 3 )iHAHCOBUM 3MICIOM.

BcTyn
Mamemamuxa — ye ne 6i3nec, ane cnpasa Oyice npudymrosa ojisi pozymy!
Omorce, Hawi nPpUOYMOK y po3ymi, a po3ym J0OCLKULL MAE MPU Ko,
Wo 6ce GIOMUKAIOMb: 3HAHHSA, OYMKY, YABY.
Bixmop ['020

CydacHa ykpaiHChbKa IIKOJIa MAa€ HaJaTH YYHSIM HE JIMIIE 3HAHHA, a M
KOMIIETEHTHI HaBUYKH, HEOOXIJHI JUIs YCHIIIHOI caMopeaiizaiii y MmoJaJIbIIoMy
xUTT1. [IpiopureTHuM ctae (GopMyBaHHS 3HAaHb MPO (PIHAHCH Yy MOBCAKICHHOMY
KUTT1 POJUHHU, MICLEBOI TPOMaAM, YKPAiHCBKOTO CYCHLIBCTBA Ta PO3BUTOK
KIIFOYOBUX (PIHAHCOBUX KOMIIETEHTHOCTEH. Po3BUTOK (DiHAHCOBOI Ta €KOHOMIUHOT
IPaMOTHOCTI, JOTPUMAaHHS MPAaBOBUX HOPM Yy (PIHAHCOBOMY KHUTTI, MpaBUIbHE
(diHaHCOBE ITUIAaHYBaHHS — 1€ KIIOY J0 JAOCATHEHHs (iHaHcoBoi Oe3nexku. Ha
dbopMyBaHHS camMe TakKMX SKOCTeH 1 COpsMOBaHa  3MICTOBa  JIHIA
«IlinnpuemnuBicTh Ta (hiHAHCOBA I'PAMOTHICTH». 3aBJAHHS CYYaCHOTO BYMTEIS
3poOUTH TakK, 100 HEOOXiHI CYCHUIbCTBY OCBITHI I[IHHOCTI, 30KpeMa 1 piHaHCOBa
IPaMOTHICTb, CTAJIM HaJI0AHHSAM KOKHOTO yUHS.

MeTo10 CTaTTi € PO3KPUTTS MPOOJIEMH peaizailii HaCKpi3HOi 3MI1CTOBOT JIiHI1T
«IlinnpuemnuBicTh 1 (piHAHCOBA IPaMOTHICTBHY» HA YpOKaX MaTeMaTHKU i Yac
PO3B’s3yBaHHS 3a7a4 (PIHAHCOBOTO Ta EKOHOMIYHOT'O 3MICTY.
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OcHoBHa YacTuHa

BrpoBamxeHHs OCHOBHMX MOJI0KEeHb KoHIenii «HoBa ykpaiHCchKka 1IKoIay,
110 nepeadavyeHo peopMyBaHHAM CUCTEMH OCBITH YKpaiHu, COPUSIIO OHOBIIEHHIO
3MICTY HaBYQJIBHMX MporpaM Ijisi CepelHboi 1 cTapimoi wmkoan. OgHuMm 3
KJIFOYOBUX MOMEHTIB HOBHUX IpOrpam € Te, [0 MiJ Yac HAaBYAJIBHOI'O MpOLEeCy
NMOBUHHI OyTHM peali3oBaHI YOTHPU HACKPI3HI JIIHII, $KI IOCIiIOBHO
PO3KpPUBAIOTHCS B Mpolleci BHUKIanaHHs npenmery. Opniero 13 10 KiIro4oBHX
KoMIieTeHTHOCTell HoBoi ykpalHChKOi INKOJIM BHU3HAYEHO IHILIATUBHICTH 1
MNIANPUEMIIMBICTB: YMIHHS palllOHAIbHO BeCTU cele sSIK CMOoXuBay, €(HEeKTUBHO
BUKOPUCTOBYBATH 1HAMBIAYaJIbHI 3a011A/KEHHS, NPUUMATH JTOLUIbHI PIIIEHHS Y
chepi 3zaitHsTOCTi, (hiHaHCciB Tomlo. Hackpizna miHia «[lignpueMauBiCTh 1
¢iHaHCOBa TPaMOTHICTB» CIpsMOBaHAa Ha (opMyBaHHS B Y4HIB (piHAaHCOBOT
oO0iI3HaHOCTI B mpoleci HaByaHHs MaTeMatuku. Came Taka 3ampoNOHOBaHA
HAcCKpi3Ha JIiHIS mepeadadae po3B’S3yBaHHS MPAKTHUHUX 3a7a4 MO0 «...
IUIAaHYBaHHS  TOCTOJAPChKOI  AISUNIBHOCTI Ta  peajbHOI OI[IHKM  BJIACHUX
MOXJIMBOCTEH, CKJIaJaHHS CIMEHHOTro O KkeTy, (OpMYyBaHHS OILIAIMBOTO
CTaBJICHHS 10 NPUPOAHUX pecypciB. BoHa peanidyerbcs y TMpolieci BUBYEHHS
B1JICOTKOBUX OOYHUCJIEHb, PIBHSIHBb Ta PyHKIIIH» [1].

Hackpizna minHis  «IlignpuemnuBicts 1 (iHaHCOBa  TPaMOTHICTH»
peanizyeTbcsi B MPOIEC HABYaHHS MaTEMAaTUKHU B CEPE/IHINA Ta CTapIIii MIKOJIH IiJl
yac BHUBYEHHS Takux TeM, sK «Bigcotku», «PiBHsHHS», «[Ipomopmii Ta
BiHOIICHH Y, «DyHKUID, «[Iporpecii», «Enementu Teopii HMOBipHOCTEH Ta
CTaTUCTUKWY». PO3B’sI3yBaHHS Ha ypoKaxX MaTeMaTHKU 3a7ad (iHaHCOBOTO 3MICTY
J0TIOMarae 03HalOMUTH YYHIB 3 PI3HUMU METOJIaMH PO3B’SI3yBaHHS MPUKIIATHUX
3aMa4 y cdepi ¢iHaHCIB Ta OaHKIBChKOi chpaBu. MaremaTuyHi 3amadi 3
(hiHaHCOBUM 3MICTOM MOYKHA MOJLIUTH Ha Taki BUau [3]:

7

MaTtemaTu4yHi 3aaaui

3 GiHAHCOBMM 3MICTOM

\.
/ / / /
. : . - _— 3aj1au1 Ha " :
3aaul Ha 3aaul Ha I[IHH] S 3ama41 Ha
. GaHKIBCBKY CIMETTHITT
OTOJATKY BAHHS. namepi.  TEHICEL ciMeliHmii
A .. QROJIKET.
\ \ \ AN

1. Ilpu po3B’si3yBaHHI 3a7a4 Ha MOJATKU Y4YHI 3HAHOMIISITHCS 3 TaKUMHU
MOHATTSMU, K MOJATKOBMM J10X1J, cTaBka mojaarky 1 tomo. Lle ¢opmye B HuX
ySBJICHHS MPO Te, K CIUIauyBaTU MOJATKH, PO3YMIHHA, SK 1 JUIsl 4OrO0 BOHU
HapaxoBYIOTHCS.
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3aoaua 1 (6 wnac). Pobimuux 3a micayb mpageHb ompumas 3apooimuy
niamy. 3 ycix Hapaxyeamv ympumanu. ) neHciunui ¢gono — 2% 8i0 ycix
Hapaxysanv, npo@cninikosi eénecku — 28 epu. 14 xon., npubymrxosuti nooamox
cmanosumu 15% 6i0 ycix Hapaxyeanv, HeCKU HA MeOuuHe cmpaxysanus — 31 epH.
ma iHwi ympumanus cmauogname 158 epu. 46 xon. Yci ympumanns pazom
cmanosnims 798 epu. ¥V pesyromami npayisHux ompumas 735 %.

3anoénims po3paxyHKo8Uil 1UCH NPAYIGHUKA

% Cyma (epn.)

[lenciiinnii poup 2% 2
[TpodcninkoBi BHECKH 2 28 rpH. 14 kom.
[TpuOyTKOBHI MOJATOK 15% 2
MennuHe cTpaxyBaHHs 2 31 rpH.
[H111 yTpUMaHHs 2 158 rpH. 46 xom.
Y cboro yrpumano 2 798 TpH.
Bunano 75% 2

3a neobxionocmi y cmosnuuxy % 8ionogiob oKpy2aumu 00 0OUHUYb.

2. Ilpu po3B’s3aHHs 3a7ay JpPYroro BUAY y4uHI (OPMYIOTh YSBIEHHS PO
minHl manepu. [liHHI mamepu — 1€ JAOKYMEHTH BCTAHOBJICHOI (opMmu, sKi
MIATBEP/KYIOTh, 10 iXHIA BJIACHUK Ma€ MPaBO OTPUMYBATU YACTHHY MPUOYTKY
KoMmaHii abo mpuiiMaTd pilieHHs B il clpaBaxX, MPETEHAYBaTH HAa MOBEPHECHHS
oopry, Tomo. [HImKMMH croBamu, 1€ JOKYMEHTH, SIK1 3aKpiIUIIOIOTh TPOIIOBI a0o
MaifHOB1 3000B’s3aHHs. Jlo MIHHMX TamnepiB HaJle)KaTh akilii, oOJiraiii, OIIaaHi
ceptudikaTH, BEKCei TOIIO.

3aoaui 1 (6 xnac). 3aeanvHutl 006cse Y200, YKIAOeHUX HA PUHKY YIHHUX nanepis
Yrpainu, cmanosus 1994,6 man. epn. Ha axyii npunaoano na 204,8 man. epu. oinvuie,
Hidic Ha eexceni, ma Ha 691,4 man. epH. Oinbute, Hidc Ha oOieayii. /A IHUWUX YIHHUX
nanepie yetl HNOKA3HUK cmanosus 0624,9 man. epu.. 3uaiimu o06cse onepayill
ooni2ayisamMu, akyiamu ma 6eKceasiMu OKpemo Ha PUHK) YIHHUX nanepis.

3aoaua 2. [onosnuii axyionep mae 55 akyiti gipmu 3a aKi, ompumas
npubymok 6 posmipi 17000 3. Axuii npubymok modxce ompumamu aKyionep, aKujo
8iH 6yoe mamu 82 axyii yiei gpipmu ?

3. CbOrojiHi KOXEH TpPOMAJSHUH HaIOl JEp>KaBU MOBUHEH pO3YMITH
OCHOBHI MPUHIMIHN poOOTH OaHKIBCbKOI cucteMu. Uepe3 OaHKU MM 311MCHIOEMO
pPO3paxXyHKH 3a KOMYHaJbHI MOCIYTH, OIUIATY KPEAUTIB, OTPUMYEMO 3apOOITHY
iaTy 3a JOMOMOTO0 MUIATDKHUX OaHKIBChKUX KapT. OCHOBH IILOTO PO3YMIHHS
HEOOXIHO 3aKaJaTH Mijl Yac ypOoKiB MAaTEMAaTHUKH MIJISXOM BKJIIOYEHHS 3a/7a4 Ha
0aHKIBCHbKI po3paxyHKH. ['0OTOBHUMU BUAAMU JISIBHOCTI OAHKIB 3 TPOMAJITHAMHU €
BIIKPUTTS JEMIO3UTHUX PAXyHKIB Ta HAJAHHS KPEIUTIB.

3aoaua 1 (6 xnac). Ilpunycmimo, 015 Kynieni mawunu i eapasxca cim’s. bepe
ninveosuti kpeoum y pozmipi 200 000 epn cmpoxkom na 08a poku nio 12,5% piunux.
Pospaxyiime womicaunuil niamisxc 3a kpeoumom, akui cim’s 0yoe suniadysamu
npomseom 2 pokis. Axy cymy nepennamums cim s 3a 2 poxu?
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3aoaua 2 (9 xnac). Bkraonux noknas y 6aux na 2 pizui paxyuku 1200 epH.
3a nepwuii paxynox oanx euniauye 6% piunux, a 3a opyeuu 8% piunux. 3a pik
knienm ompumas 80 epu. iocomkogi epowi. CKilbKU 2pudeHb 6iH NOKIA8 3d
KOJCeH PAXYHOK?

3aoaua 3 (10 xnac). Bxnaonuk noxnae oo 6anxy 20000 epn. nio 13 % piunux.
Yepe3s cKinbKu poKie cyma Ha paxyHKy Ho080imucs?

4. Bromker KOXHOI CIM'T € CKIaJ0BOI0 YacTHHOIO (hIHAHCOBOI CHUCTEMU
Hamoi kpainu. OJHUM 13 TOJOBHUX AacCIEKTIB MIATOTOBKUA YYHIB JO JOPOCIOTO
KUTTS € GOpPMyBaHHs YSBIICHHS MPO CiMeHHUN OropkeT. Po3ymHe miaHyBaHHS
BJIACHUX JIOXOJAIB Ta BHUTpAT JO3BOJIIE POJMHI 3a0IIaJPKyBaTH KOIITH Ta
CIpSIMOBYBATH iX Ha MiABUILEHHS A00poOyTy. Hailikpanum 3acobom GpopMyBaHHS
TaKuX YSBJICHb € MaTEeMAaTUYHI1 3a/1a4ul Ha CIMEHHUM OIOKET.

3aoaua 1 (5 xnac). Cim’s mae piunuti 6r00xcem 165 400 epueenv. Ha
npoocumms 6ona eumpadac 250 espo womicauno (Kypc oominy eaniom 1 €8po —
33 epusni). Yu mae modxcaugicms ys cim’si 3a paxyHOK HAKONUYEHHS KOWMI8 No
3a6epuienHio poKy npuodbamu HACMYNHI MO8ApU: NPATbHY MAUIUHY BaAPMICMIO
8300 epn., menesizop eapmicmio 10700 epu. ma xkomn 'romep yinoro 22999 epn.? V
paszi nO3UMuBHoI i0N0BI0i 8KA3AMU CYM) 3ATUWKY, AKWO 8iH OYOe.

3aoaua 2 (5 xnac). Bawa poouna niamye ompumamu 8i0 61ACHO20
BUPOWYBAHHS mMa npooaxcy kapmonii 00xio 6 6000 cpusens. Ky Kinvkicms
ypooicaro nompioro 3ibpamu, AKWO Ha piK 0asa 6ciei poounu nompiono 120 ke
Kapmonii, a Ha PUHKY Kapmonulo MOXCHA npodamu 3a yinow 9 epusenv 30
Koniuok 3a 1 xinoepam?

BucHoBKkuM

Po3p’s3yBanHs 3a7a4 (iHAHCOBOI CHPSIMOBAHOCTI Ha YPOKAaX MaTeMaTHKU
cupusie GOpMyBaHHIO B y4YHIB YMiHb Ta HAaBUYOK BUKOPUCTAHHSA MaTeMaTHUYHUX
3HaHb Yy MPaKkTU4YHIA JisabHOCTI. [lommpenHss Ta momymsipu3allisi eJIeMEeHTapHUX
(GiHAaHCOBUX 3HaHb PO3KPUBAE MDKIPEAMETHI 3B’SI3KM Ta POJb MAaTEMAaTUKU B
KUTT1 JIOJJMHU 1 J€p’KaBU, PO3BUBAE B YUHIB Mi3HABAIBHUI IHTEpEC 0 MPEAMETY,
MIJBUINYE iXHIA pIBEHbh MaTEeMaTUYHOT M1ATOTOBKH.
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Implementation of the content through -line "Entrepreneurship
and Financial Literacy"” in mathematics lessons in the New Ukrainian
School.

The article is devoted to the problem of implementing the content through-
line «Entrepreneurship and Financial Literacy» in mathematics lessons while
solving problems of financial and economic content. Problems which illustrate the
implementation of this line are given there.
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NMPO OOHE BAXITMBE BIOHOLWUEHHA B
FEOMETPII TPUKYTHUKA TA CYMDKHI MUTAHHSA

CrarTs mpuUCBSYEHA MUTAHHAM BIPOBA/DKCHHS B IIKUIBHUHA KypC T'€OMETpii Ba)KIMBOTO
BIJTHOILIEHHS MDK JIOBXKMHAMH BIJPi3KiB, 110 CIIOIYy4alOTh BEPIIUHY TPUKYTHUKA 1 OPTOLEHTP Ta
LEHTP OIMCAHOrO0 Koja 1 CepeauHy NPOTHIEKHOI CTOPOHU. 3IIMCHEHHS BIPOBAKEHHS
MIPOMOHYETHCS LUISIXOM BIOCKOHAJIECHHS IUJAKTUYHOrO 3a0e3MeueHHs NEBHUX TEM LIKUIBHOTO
Kypcy reoMeTpii i yuHiB 8§ Ta 9 KiaciB 3akiadiB 3arajibHOi cepeanboi ocBitu. Kpim Toro, B
cTaTl 3po0JICHO OTJIAM ICHYIOUMX CIOCOOIB TOBEACHHS 3a3HAYCHOTO TBEP/DKEHHS Ta HABEICHO
BUOpaHi 3 HUX.

KuarouoBi cnoBa: mpuxymmuux, opmoyenmp, yeHmp ORUCAHO20 KO, BiOHOULEHHS.
giocmaneti, cnocoou 008e0eHH s, WKINbHUL KYPC 2e0Mempii, Ha8UaHHS.

«Kenmanue pemuTh 3ama4y MHOTHMH CIIOCOOAMH SIBIISACTCS
JaJleko HE TMpa3IHbIM. YBEpEeH, YTO Te, KTO HCKpPEHHE
3aWHTEPECOBAHBI B N3YUYCHHH MAaTEMATUKU U €€ TIPEoIaBaHuH,
yOenunuch He TOJIbKO B 3()()EKTUBHOCTH, HO U B 3CTETUYECKOU
MIPUBJIEKATEIILHOCTH TOMCKOB BTOPOTO CTIOC00a pereHus» [6]
N.A. Kymaup

BcTyn

[IpencraBnena cTaTTs MPUCBSYCHA AWAAKTUYHUM 1 METOAUYHUM acIlieKTaM
BIIPOBA/XKEHHSI 10 MIKLIBHOTO KypCy F€OMETpii BIIOMOI0 TBEpKEHHS (3 po3AlLy
«BIZCTAHI MDK 4YyJOBUMH TOYKAMU TPUKYTHHKA») KIACUYHOTO  KYpCy
€JIEMEHTApHOI TeoMeTpli, a came: «BIACTaHb Bl BEpPUIMH TPUKYTHUKA IO
OpTOLIEHTpa BIBI4l OuIblIa 3a BIACTaHb BIJ LEHTpPA OIMNHUCAHOTO KoJjia [0
MPOTHIICIKHOT CTOPOHU» (Hamp., [3]).

ABTOpH HIMPO MEPEKOHaH1 y TOMY, IO 3a3HAYEHE TBEPJKEHHS MOBUHHO
3aiHATH B MIKUIBHOMY Kypcl reoMeTpii Take came MICle, K BIACTUBICTh TOUYKHU
MEPETUHY ME/IaH Ta BIACTUBICTh TOUKH NEPETUHY OICEKTPUC TPUKYTHHUKA.

Cepen YMHHUX TIAPYYHUKIB 3 TeoMeTpii ciia Bunimutu [9] 1 [10], B skux 1ie
TBEPXKCHHSI aBTOPaMM 3allPOTIOHOBAHO B SIKOCTI JIEeMH. | Xoua MOXIJIMBI CIIOCOOU
JIOBEJICHHSI Ta SICKpaBl 3aCTOCYBaHHA LIbOIO TBEP/KEHHS JOCHUTh IOBHO
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BUCBITJICHO B JiTeparypi (B mepury depry MaeMo Ha yBa3zi [5] 1 [6]), mpote
IUAAKTUYHI Ta METOAMYHI acCleKTH, TMOB’f3aHl 13 BIPOBAHKEHHSIM I[HOTO
Marepiany B IIKUIBHUM Kypc TeoMeTpii, MOTpeOyroTh yBark Ta BIAMOBIIHUX
HaIpalroBaHb.

binbmie Toro, 3 AOCBIAY CHUIKYBaHHS 31 CTYACHTAMH Ta BYMTEISMHU
MaTeMaTuku (1 He JUIIe MOJOJUMU), 13 MPUKPICTIO CIIiJ KOHCTaTyBaTH, IO cCaM
3MICT I[bOTO TBEPIPKCHHS € MAJIOBIJOMUM Cy4acHIN akaJeMiuHii CIUTBLHOTI.

3 ypaxyBaHHSIM 3a3HAQ4€HOr0, METOK CTaTTl €: 3 OJHOTO OOKy —
nonyJsipu3alis 3a3HayeHol (OpMYyNIH-TBEP/KEHHSI Ta BHOPaHUX CHOCOOIB HOTo
JOBEJICHHS; 3 IHIIOTO OOKY — MpomnaryBaHHS i7Iei 3MICTOBHO-BHBaXXEHOTO A000pY
IUAAKTUYHOIO MaTepialy 3 METOI0 O3HAaHOMIIEHHSI YYHIB 3 TBEPIKCHHSIMH, SKI
MarOTh F€OMETPUYHY IIHHICTh Ta IMIMPOKI 3aCTOCYBAHHS.

1.  OCHOBHI NOHATTA Ta nonepeAHi BiaoMocCTi
Hacninyroun [.A. Kymnipa ([5], [6]), Mae miclie «oaHa 3 TOJOBHUX» ab0 kK
«BaXJIMBa (opMyIIa reOMETPii TPUKYTHUKAY
1
OM, = EAH , (1)

ne: O —ueHtp onucanoro HaBkoino aABC xona; M, — cepenuna cropouu BC';
H —oprouentp aABC.

B nigpyunukax [9, C. 107] 1 [10, C. 129] ue TBepKEHHS TTOJIAHO Y BUTJIISII
JIEMU HACTYITHOTO 3MICTY
Jlema. Axwo H — opmoyenmp mpuxkymnuxka ABC, OM, — nepnenouxynap,

onywenuti i3 yenmpa O onucanozo xoaa na cmopony BC, mo AH =20M,.

Crnig TakoX 3ayBaKMTH, IO aBTOpamu MmiApy4dHUKiB [9] 1 [10] BIacTuBICTh
TOYKU TIEPETUHY MeJiaH TPUKYTHHUKA 3alPOINIOHOBAHO JOBOJUTH 3a JOIOMOTOIO
3a3HAa4YEHOI JIEMHU, TaK caMo 5K 1 aBTOPOM KHUTH [5].

Takox MaemMo CBOIM O0OOB’S3KOM BIA3HAYMTH, IO 3MICT 3a3HA4YCHOI
(hopMyITHU-TBEPIKEHHSI TI0JIaHO:

B [3, C. 54] y BursiA1 HaCHiAKY 3 BIacTUBOCTEH koa Elinepa
«CaeacrBue. Paccmosinue om eepuwiun mpeyeonvuuka 0o opmoyenmpa pagHo
VOBOEHHOMY pACCMOSIHUIO OM YeHmpa ONUCAHHO20 Kpyead 00 NPOMUEONOL0NHCHOU
CMOPOHDbLY,

aB[14, C. 42] — y Burmisi 3auadi
«3amaya 630. Joxaosicume, umo paccmosinue om epuiuHbl Mpey2oabHUKA 00
MOYKU nepecedenusi Gvlcom 8080e 0Ooibule, 4eM pAcCmMoAHUe Om YeHmpa
ONUCAHHO20 KpYy2a 00 NPOMUBONOJIOHCHOU CIMOPOHBLY.

ABTOpH MPEICTaBICHOT CTATT1 CXWIBHI (POpMYITIOBATH 3a3HaUYCHY (HOPMYITY-
TBEepKeHHs (y 6€3 CHMBOJIBLHOMY BapiaHTi) B HACTYIHIN penaxiii
Jlema*, Biocmanv  6i0 eepwunu  (Henpsimoco) Kyma MpPUKymHuxa 0o
(opmoyenmpa) mouxku nepemuHy 1020 UCOM B08iui OiLlba 3a BGIOCMAHbL Gi0
YeHmpa ONUCAH020 KOia 00 CIMOPOHU, NPOMULEHCHOI 3A3HAUEHOMY KYMY.
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Binrenep i B nogayibmomMy 0yJeMO BUKOPUCTOBYBAaTH HACTYITHI MO3HAYEHHS
JUISl €IEMEHTIB TPUKYTHUKA:
M — ueHTpoig — TOYKAa MepeTHHy MeniaH (UeHTp TskKiHHA) aABC; H -
OPTOIIEHTP — TOYKA MEPETUHY MPSIMUX, 10 MICTATh BUCOTU aABC; O — ueHTp
KOJIa, OIMCaHoro HaBkono aABC; 4,, B,, C, — cepenunu ctopin BC, CA ta AB
(BinnoBigHO) aABC; A4,, B,, C, — ocHoBM Bucor aABC; a, B, y — (rpanycHi)
Mipu KyTiB LA, LB 1 LZC aABC; a, b, ¢ — nosxunu cropin BC, CA ta AB
(BiamoBinHO) AABC; R — noBkUHA pajilyca KoJia, OMMcaHoro HaBkoyio aABC .

JlemanvHo 13 CYMIDCHUMU NUMAHHAMU WOOO GIOCMAaHel 6i0 BepuluHU
MPUKYMHUKA 00 YYO008UX 1l020 MOYOK MA GIOCMAHeU MidC THUWUMU BAHCTUBUMU
MOUKAMU MPUKYMHUKA MOJICHA O3Hatlomumucs, Hanpukiao, 6 [4], [1], [3].

2. OcHoBHa YacTuHa
3HalOMCTBO 13 3a3HAYE€HUM TBEP/DKEHHSIM MOXKHA pO3MoYaTh y 8 Kiaci,
NPOMOHYIOYM YYHAM B SIKOCTI YCHOi BOpaBH, IMEPEKOHATUCS B HOro
CIPaBEJIMBOCTI JUIsl IPABUJIBHOTO TPUKYTHHUKA.
[ToTiM IOIUIBHO MEPEUTH 10 PO3TISAAY MPSIMOKYTHOTO TPUKYTHHKA (pHC. 1)
Ta 3aMpPONOHYBATH YUYHSIM OOIPYHTYBATH CIIPABEUIMBICTh HACTYITHUX PIBHOCTEH
AH = AC=2C A4,=204,; BH =BC =2C,B,=20B,; CH =20C,.

B
A, C, =0

Ll A
C=H B

0
Puc. 1.: po B/NaAKy NMNPAMOKYTHOIO TOUKYTHUKA.

BuokpemieHHs BUMAAKy MPSIMOKYTHOTO TPUKYTHUKA € OUIBII HIK
JOIUTBHUM, OCKUIBKH B TMOJAJBIIIOMY, B 3aJIe)KHOCTI BiJ OOpaHOTO CHocoOy
JIOBEJICHHS (32 YMOB JOTPUMaHHSI HAJEXKHOTO PIBHS MaTE€MaTU4YHOI CTPOTOCTI)
TaKu# MiIXi7 M030aBiisie BiJl HEOOX1AHOCTI PO3IJISIAY IbOTO BUIAMIKY. bijbiie Toro,
BKpail Ba)KJIMBO 3alPONOHYBATH YYHSM JOBECTH
TBepaxennsi 1. Opmoyenmp mpukymHuka cniénaoae 3 o020 8epuiuHor mooi i
Jquwe mooi, KOau YyeHmp ONUCAHO20 KOJA CRIBNAdAc i3 cepeouHor NpOmuiedcHoOi
CMOPOHU.

Ile TBepmXKeHHS  JOIUIBHO MPOMOHYBAaTW (SK  HACHIAOK)  IICIA
YCBIJIOMJICHOTO ONIaHYBaHHS YUYHSIMU HACTYITHUX TBEP/IXKEHb:

«OpmMoyeHmp MpUKYmHUKa cninaodae 3 1020 epuiuHo mooi i auuie mooi,
KOAU MPUKYMHUK € NPAMOKYMHUM 3 2INOMEHY3010 HANPOMU YI€l 8EPUILUHIULY,

«YeHmp ONUCAHO20 KOAA MPUKYMHUKA CRIBNAOAc I3 CepeouHolo 1020
CMOpOHU MOOi i auwe mooi, KOaU MPUKYMHUK € NPAMOKYMHUM 3 NPAMUM KYMOM
HAnpomu yi€i CMopoHuy.
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2.1. Cnocobu noBeneHHA

Y BoCcbMOMY KJIaci AOILUIHHO MPOMOHYBATH HACTYITHI CIOCOOU JIOBEJICHHS
1) 3a momoMororw piBHOCTI TPUKYTHHMKIB Ta BJACTUBOCTEH cepeHbOI JiHil
TPUKYTHUKA

Puc. 2.: a)

1) Hexait A', B', C' — cepenunu BinpizkiB AH , BH 1 CH BianoBiJHO.
Ockutbku A'C' — cepenns niHit aAHC, 10 A'C'|| AC, 2A'C'= AC ; ananoriuxo,
ockimbku A,C, — cepenns muist aABC, 10 4,C, || AC, 24,C, = AC.
Posrnsnemo a4'HC' ta 2 4,0C,.

Ockuibkn CC, L AB 1 OC; L AB, 10 (32 O3HaKOW HapalelbHUX IPIMUX)
HC'||OC,. Ananoriyno, ockinbku AA, L BC 1 OA4, L BC, to HA'|O4,. Takum
yuHOM, B 2aA'HC' 1a aA4,0C, mnpsmi, IO MICTATh BIANOBIAHI CTOPOHH, €
napajielbHUMU. A TOMY BIJINOBIAHI KyTH € piBHUMHU. KpiM TOro, OCKUIbKH

1
A'C'=AOCO=EAC, T0 aA'HC'=2A4,0C, (3a CTOpPOHOI Ta MPUWIETIUMU

kyramn). 3Binku OC, =HC', O4,=HA'. A 3 toro mo C' 1 A' € cepenuHamu
Biapi3kiB CH 1 AH , octato4Ho oaepxkyeMo, mo 20C, =CH , 204, = AH .
2) B ananoriunuii crnocid MoxHa nokasatu, mo aA4'HB'=aA,0B,. 3Bigku i
BUILUIMBaTHME piBHICT OB, = HB'. A 3 ypaxyBaHHsaM yMoBU [HB'=B'B — (TpeTs)
IO0BOJKyBaHa piBHICTb 208, = BH .
3ayBaxkennsi 1. Buxopucmosyrouu oonomisxcni mouku A', B' i C' (cepeounu
giopiskie AH, BH i CH ), nagedeni MipKy8aHHs (3 OUeBUOHUMU SMIHAMU) MONCHA
nepemeopumu Ha 008edeHHs nodioHocmi (3a 08oma Kymamu ma 3 Koe@iyieHmom
k =2) nacmynnux nap mpuxymuuxie: aA,0C, i aAHC ma »A0B, i ~rAHB.
3 noodibnocmeti nap mpuKymHuKi8 i UNIUBAMUMYMb MPU 00B00ICYBAHI PIBHOCHIL.
Taxkum yunom, edxce y 8-my Kaaci, € NPUHYUNOBA MOINCIUBICb ZHAUOMUMU

VuHi@ 31 3micmom Jlemu, He3zanedxicHo 8i0 mo2o, 3a SAKUM NIOPYUHUKOM
300liCHIOEMbCS HABYaHHA ceomempii ([5] i [6] — «Opyeuii cnocioy).
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[Ile ommH mOCWUTH IliKaBHi cmocid («moctuii crmocio» B [5] 1 [6])
IPYHTYETbCS Ha po3maal map 4otupukyTHukiB OC A'B, ta OC,B'A, abo
0B,A'C, Ta OB,C'4,, abo x OA,B'C, tTa O4,C'B, (B TepMiHax NONEPEIHBOIO
crioco0y), SIKi € mapaneaorpaMamMu — puc. 2 a), b).

2)  3a 0onomozoi onucanozo Koia ma napanenozpama

Puc. 3.: b)

1)  Hexait 44, — niameTp Kousa, onucaHoro HaBkoiao aABC — puc. 3 a), b).
Toni ZACA, = ZABA, =90° sk KyTH, 110 CIIUPAIOThCS Ha diaMeTp A4, .
2)  3a o3Hakorw napanenbHux npsmux A,C||BH (60 4,C L AC 1 BH 1 AC)
ta A,B||CH (60 A,B 1L AB 1 CH L AB). 3B11KM 3a BU3HAYEHHSIM YOTUPHUKYTHUK
HCA,B € napanenorpaMoMm 1 TOMY

A,C=BH, A, B=CH . (1)
3) 3 iHmoro 6oky, B,0 1 C,0 € cepensimu niHiAMH aACA, 1a aABA,
BIIMOB1IHO. 3B1/IKH (32 BJIACTUBICTIO CEPEAHBOI JIiHIT TPUKYTHHKA) MaEMO, 110

20B,=4,C, 20C, = 4,B. (2)
3i ciBBigHoOMIEeHs (1) 1(2), ogep:kyeEMO pIBHOCTI
20B,=BH 1a 20C,=CH . 3)

4) [ToBroprotoun kpoku 1)-3), Hampukiaxa, st agiamerpa BB,, oxepkuMo
BIJIMOB1/IH1 PIBHOCTI
204,= AH 1a 20C,=CH . (4)
4*)  IloBroproroun kpoku 1)-3), Hampuxnan, ans aiamerpa CC,, 0onepKUMO
BIJIMOB1/IH1 PIBHOCTI
204,= AH 1a 20B,=BH . (4%)
3 (3)1(4) (abo (3) 1 (4*)) maemo cripaBeTUBICTh JOBOI)KYBAaHUX PIBHOCTEH.
IIle 3 nBOMa crocobaMu TOBEICHHS 3a JOIOMOI'OI0 OIMMCAHOT'0 KOJa MOYKHA
o3HarloMuTHCS B [5] 1 [6] («I1’ ATHIY 1 «I€B’ ATHI» CIIOCOOM).
3) 3a 0onomozoro nodionocmi — oue. 3ayeasricenna 1 euuye.
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4)  3a 00nomozoro «<no0BOECHO20 MPUKYMHUKA)» MaA NOJIOHOCHI.

Puc. 4.: a) Puc. 4.: b)

1) Hexait maemo poButbHUM aABC. IlpoBenemo mnpsmi [, m, n, 10
MPOXOJATh yepe3 BepiinHu A, B 1 C mapanenbHO 10 NPOTHIECKHUX cTOpiH BC,
CA ta AB BiANOBIIHO.

OCKUTBbKH OpsAMI, 1110 MICTATh CTOPOHU TPUKYTHUKA HE € MapaiebHUMHU, TO 1
3a3HayeHl npsaMmi /, m, n He € MmapajelbHUMHU. A TOMY MO3HAYMMO iX TOUYKH
nepetuny sk C, =[(1m, A, =m(\n ta B,=n(/.
2) AABC € noniouuMm 10 aA4,B,C; (3a 1BoMa Kyramu). biblie Toro, OcKiIbKu
qoTUpUKYTHUKH CB,AB 1 CAC,B € mnapanenorpamamu (3a BHU3HAUEHHSIM), TO
B,A=CB=AC, (Ix mNpOoTWIEKHI CTOPOHM IHapaneiorpamis). 3Biiku A4 -—
cepenuHa cropoHu B,C, ta B,C,=BC. AHanoriyio: B — cepeiyHa CTOPOHHU
C,4, ta C;4, =CA; C — cepenuna ctoponn A,B; ta A,B, = AB.

Taxkum unHOM 24, B,C, € noniOuum 1o aABC 3 xoedinieHTOM k =2 .
3)  OdgeBuIHO, IIO:

npsimi A4,, BB, 1 CC, (axi MicTITh BUCOTH aABC Ta nepeTuHarThCS B
Toulll /1) € cepeAMHHUMHU NEPIEHANKYISIPAaMU 10 BIAIOBIIHUX CTOPIH a4, B,C;;

a npami A0, B,O 1 C,0 — cepeiMHHUMM MEPIEHAUKYISpaMHU 110
BIIMOBIAHUX CTOPiH aABC Ta nepeTuHaroThes B Toull O.

Taxkum unnom Binpisku AH 1 4,0, BH 1 B,O, CH 1 C,0 € BiINOBIIHUMU
BIApI3KaMH NOAIOHUX TPUKYTHUKIB a4, B,C, Ta aABC. 3BigKu § BUILIMBAE, L0
CHpaBIKyIOThCs piBHOCTI AH =204,, BH =20B,, CH =20C,.

Maemo cBOiM npueMHUM 00OB’S3KOM BII3HAYUTH, IO J0JATKOBA MOOYI0BA
Ta 17es1, Kl BUKIJIAJICHO B MyHKTax 1)-3), HajexaTh BijoMmoMy MaTemMatuky Kapmy
["aycy, sikuii nepimuM y 3a3Ha4eHHI croci0 3anponoHyBaB 10BEIECHHS TBEPIKCHHS

PO MEPETUH MPAMHUX, K1 MICTSATh BUCOTH TPUKYTHHKA. (Hamp., [8, C. 73])
3ayBaikenHsi 2. He e6aoxxcko nepexonamucsi y momy, WO 3A3HAYEHUN Guuye

aA,B,C, ¢ obpasom sABC npu zomomemii H, . I modi cnpaseonusicmo

008002ICYBAHOI (POPMYTU-MBEPONHCEHHSL MOICHA NOKA3AMU MAK, 5K Ye 3p0DJIeHO 8
[5, C. 95-96]1[6, C. 141] («Tpemiii cnocioy).
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Tomy y 9-my Kknaci € npuHyunoga MONCAUBICMb 3HAUOMUMU YUHIE 31
smicmom Jlemu, HezanedcHo 6i0 moeo, 3a SAKUM NIOPYUHUKOM 30IUCHIOEMbCS
HABYaHHs 2eomempii.

VY neBsATOMY Kiaci JOIIIBHO MPOMOHYBATH HACTYITHI CIOCOOM JOBEICHHS
5) 3a oonomozor meopemu cunycie

MIPOTIOHYEMO CaMOCTIMHO o3HaliomuTHcs B [S] a60 [6] («choMuil crIOCIO»).
3ayBaxkennsi 3. Haubinbws psacHuMu € nNpuliomu 008e0eHHs, NO08 A3aHI 3
00YUCTeHHAM 6 3a2anbHOMY 6uelAli okpemo eenudurn AH ma OA,. Binvwicmos 3

HUX (3 MOYHICMIO 00 NEePeno3HaAuyeHb) Malomb C8OIM pe3VIbMmamom HACMYNHI
cnisgionowenns: AH =204, =2R|cosal; AH =204, =a-|ctgal;

AH =204, =N4R* —d* ; AH =204,=2R+r-r,.

Ilpu 3asnauenomy nioxooi cnio nam’smamu, WO He KOJCeH 00paHull NPuLiom
MOJICHA «3a AHANO2IEN NepeHecmuy 8i0 napu 8i0N0GIOHUX BIOPI3Ki6, 0OUH 3 SAKUX
Micmums 8epuiuHy 20Cmpo20 Kymd, Ha napy GiOn08iOHUX 8i0pPI3Ki8, 0OUH 3 SAKUX
Micmumbe 8epuuny mynoz2o Kyma. I momy, aKkuwo 01 mynoKymuno2o mpukymHuKa
B8CMAHOBNEHO BIOHOWEHHS Tuule OJis1 OOHIEL napu 8i0N0GIOHUX 8I0PI3KIE, MO MAKUl
Cnocib 008e0eHH s He MONCHA 88ANCAMU YLIKOM KOPEKMHUM 8 CEeHCI NOGHOMU.

6) 3a 0onomozcow meopemu cuHycieé, 060X ORUCAHUX KIl Ma NAPaAIeIbHO20
nepenecenHsn

1)  Ockinbku ZBHC =180° — ZA, To 3a TeOpeMOIO CHHYCIB pajiycH Kil @ i
@, , OMCAHNUX HaBKOJIO (B1ANOBINHO) aBAC 1a aBHC, € pIBHUMH.

2)  Ockinpku BC € CHUIBHOIO XOpAOK Kul @ 1 @, (3 ueHtpamu O 1 O,
BIJIIOBIIHO), TO JiHIA HeHTpiB OO, € nepneHAuKyJIsipHow 10 xopau BC Ta
AUITH 11 HaBOu1 y Tounl A,. 3Biaku O4, = 4,0,.
3) 3 iHworo 60Ky, KOJIO @, € 00pa3oM Koja @ NpH NapajeiabHOMY IEPEHECEH!1
Ha BEKTOp TQ=2-@.

3a o3Hakoro mapanenbHux npsamux AH ||OA, (6o AH L BC 1 O4, L BC),

toMmy AH ||OO,. binpiie toro, ajig BEpLIMHU HENpsMOro ZA BEKTOPU AH Ta

_

OA, € cniBHanpsAMIeHUMH. ([JilicHO: 015 6epuiun 20CMpUx Kymie nPAMOKYMHO20

MPUKYMHUKA mMa eepuiun 2ocmpokymuozo mpuxymuuxa (O i H Hnanescamo
BHYMPIWHIN YACMUHI MPUKYMHUKA) Ye O0YeB8UOHO, Ol GepuLUH 20CMpuUx ma
Myno2o Kymieé mMYNOKYMHO20 MPUKYMHUKA 6 YbOMY MOJCHA NEePEeKOHAMUCS
WLISIXOM De3nocepeOnboi nepesipKiL).

TakyuM 4YHHOM, OCKIJIBKH ETTTQ, Aew, Hew,, To Touka H (xona

®,) € oObpazoM TOUkH A (Koja @) IpH NapajeIbHOMY IEPEHECEHHI Ha BEKTOP

TQ . Tomy cnpaBmxyeTbest BekTopHa piBHICTE AH = OO0, =204, .
3B1IKM 1 BUILIUBAE CIPABEUINBICTD 10BOXKYBaHOI PIBHOCTI AH =204, .
Cxoxuit migxin (2-uii cnocid mo 3amayi Ne53528) nasegeno B [15].
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7) 3a 00nomo2010 0cb080i cumempii, Onucan020 Koaa ma napanenozpama
MIPOTIOHYEMO CaMOCTIHO o3HaliomuTucs B [S] a6o [6] («BoChMU criocio).
8) 3a 0onomozoro comomemii - 1 — ous. 3ayeasricennsa 2 suuje.

9) 3a 0onomozoio 2omomemii - 2.
1

1) Hexait a4ABC — noBuUIbHMM TpUKYTHUK. Po3risiHemo romoretito H,? 3
neHTpoM y Toulli M (nepetuny menian aABC) ta koedimientom k =—0,5.
Ockibku (32 BIACTUBICTIO TOYKM TEPETHHY MEAlaH TPUKYTHUKA)

AM BM CM 2 :
= = =— (a Touka M € BHYTpPIIIHHOIO
MA, MB, MC,

TOYKOI KOKHOro 3 BinpiskiB A4, BB, CC,), TO cIpaBIXKyHOTbCS U BEKTOpHI

, . MA, MB, MC, 1

pIBHOCTI = = =——. Tomy (32 BU3Ha4YEHHSAM rOMOTETIi) TOUKH 4,
MA MB MC 2

B, 1 C, € obpazamu Touok 4, B 1 C (BIANOBIIHO) B 111 FOMOTETII.

CIPAB/IKYIOTHCA PIBHOCTI

2)  OckulbKM TOMOTETIS (TJIOIIMHU) € TMOJIOHICTIO (IUIOIIMHHU), TO 00pa3oM
npsAMoi € npsma. OueBuaHo, mo odpazom npsmux AB, BC 1 CA e npsami 4B,

B,C, ta C,A4, BIONOBIAHO. 3a BIACTUBICTIO CEPEIHBOI JIHII TPUKYTHHKA
AB|| A4,B,, BC||B,C, Ta CA||C,4,.

binbiie Toro, OCKUIbKM MPU FOMOTETIT 30€piratoThCsi KyTH MK NPSIMUMH, TO
obpazamu npsamux A4, BB, 1 CC, B uil romorerii € npsami [,, m,, n,, WO
pOXOJATh uepe3 Touku 4,, B, 1 C, nepnenaukynsapHo no npamux B,C,, C 4, 1
A4,B,, atomy 1 1o npamux BC, CA ta AB BiINOBIIHO.

Kpim Toro, o6pa3om opronieHTpy H (K TOUKH NEPETUHY NpsMUX AA,, BB,
1 CC,) € Touka nepetuny (ix obpasiB —) npsaMux /,, m, 1 n,, T00T0 Touka O —
IIEHTP KOJjia, OMMCcaHoro HaBkojIo aABC. 3Binku H A}O o (H ) =0.
3)  Taxum umHOM npu romotetii H, > obpasamu Binpiskis AH, BH i CH e
Biapisku 4,0, B,O 1 C,O BsBianosinHo. Ockinbku H A}O ° ¢ TOomiOHICTIO 3
Koe(dilieHTOM k':‘k‘:%, TO MarwTh Micue piBHocTi AH =24,0, BH =2B5,0,
CH =2C,0 . 3BiaKu i1 BUIIJIMBAE CIPABEAJIUBICTh JOBOKYBAHOTO TBEPIKCHHS.

3ayBaxkennsi 4. Jlobpe 8ioomo, WO OOHUM 3 OCHOBHUX pe3VIbMmamis

3acmocy8amnus 00 MpPUKYMHUKA 3A3HAYEHOT 2oMomemii € CniéBiOHOUIeHHS
1

H,?(H)=0< MO=-LMH < HM =2MO,

M

be3nocepeoHim HACIIOKOM 5KO20 € MBepOdCeHHs, wo Hocumv Haszey «llpama
Etinepa» (mamnp. [1, C. 40], [2, C. 28] ab6o [7, C. 194]), a came

Teopema (Eiisiepa). B noBuUIbHOMY (HEpPIBHOCTOPOHHBOMY) TPHUKYTHHUKY
OPTOLICHTP, LIEHTP TSXKIHHA (LIEHTPOiA) Ta IEHTP OMKCAHOTO KOJia HalleXkKaTh OJHIN
npsMmiid, mnpudyoMy Touka M  posramoBaHa MibK ToukaMmu O 1 H Ta
CIpaBIKY€eThCs piBHICTE HM : MO =2:1.

DOI: https://doi.org/... 107



ISSN 24132667 (Print), ISSN 24153079 (Online)

10) Bexmopnuii cnocio.

1) Hexait aABC — noBUIbHUN TPUKYTHUK. J[OBEIEeMO CIOYATKY BEKTOPHY
PIBHICTb, SIKa HOCUTH Ha3By «popmyina ["aminbroHa» (aus., Hamp., [7, C. 178] abo
[13, C. 51])

OH =04+ 0B+ 0C.
Ockuibkn  C, — cepenuHa AB, TO 3a MNpaBWIOM Mapajerorpama

OA+OB = ZTQ = OC, . KpiM TOrO, OCKUIBKH ‘@‘ = ‘@‘ (SIK pazilycu OIMHCAaHOTO
xoia), To Meaiana OC, € Bucororo aA4AO0B . 3Biaku OC, L AB . 1tomy OC, || CC,.

Hexaii mam OC,+0C=0Q, toni OC,=-0C+0Q=CO+0Q=CQ.
3einku OC, ||CQ 1 Tomy CQ L AB. 3Biaku i BUIUIMBAE, 10 TOUYKa () HAJEXKUTH

npsiMii, sika mictuth Bucory CC, .
binbiie Toro, 3 mpuIyIieHHs Ipo Te, 110
OQ*:(@+@)+WT:(@+@)+@:(ﬁ+%)+@,

MaTUMEMO, 1[0 Toyka (* HaJIeXUTh KOXHIM 3 MpsSMHX, Kl MICTATh BHUCOTH

AABC. I Tomy Taka Touka Q* cniBnagatume 3 optoueHtpoM H aABC.
2)  OckuibKkH (32 MEPIIOI0 YaCTUHOIO) CIPABIKYETHCS BEKTOPHA PIBHICTD

OH =04 +0B +0C =(04 + 0B)+ 0C =20C, + OC,

0 20C, =—0OC +OH =CH . 3Bigku i BHIUIUBAE, 110 CH|=2|0C,|. 3sinku i
0 0

BUILJIMBAE CIIPABENIMBICTH JOBOKYBAHOTO TBEPIXKEHHS.

Cnig  Bim3HauuTH, 1O 3MicT 1)-0i uyactunu (popmynu [amurbTOHA)
HaBejieHOro po3B’sa3aHHs nojxano B [11, C. 140] ta [12, C. 153] y Burmisiai reopeMu
Ta KJIIOYOBOi 3a/1adi BiANMOBIAHO. TOMy € NPHUHIIMIIOBA MOXJIMBICTh 3HAHOMHUTHU
YYHIB 3 JIOBOJ)KYBAHOIO (POPMYIIOIO-TBEP/KEHHSIM Yy BHIJISA1I Oe3mocepeaHix
HACIIJKIB 13 3a3HAYCHUX TEOPEMHU Ta KIFOYOBOI 3aa4l.
3ayBaxkeHHsi 5. Biocymuicms pucyukie 0o 9-eo ma 10-20 cnocobie He €
BUNAOKOBUM A came YLIeCNPAMOBAHUM ACHEKMOM BUK1ady, 00 pPUCYHKU OO0
3a3HavyeHux cnocoobig HOCAMb CYMO LIIOCMPAMUSHUL XapaKkmep, a ix 8i0cymuicmo
adiC HISIK He NPUMEHULYE MAmeMamui4Hoi cmpo2ocmi HageoeHux 0OIPYHMY 8aHb.

binbie Toro, aBTOpu MMPO NEPEKOHAHI B TOMY, IIO 3 MEBHOTO MOMEHTY
($haxoBOi MIATOTOBKM CTYACHTIB (MaWOyTHIX BYMTENIB MAaTeMaTUKH) CIIJ
OPUAUIATA yBary TUM BIpaBaM 1 TUIaM TE€OMETPUYHUX 3aJlay, METOJaM Ta
npuiioMaMm B reoMeTpii, siki He MOTPeOyIOTh PUCYHKIB.

Ha mnpeBenukuii >xanb, CHiA TakoXX KOHCTaTyBaTH, IO ISl 0aratbox
CTYJEHTIB Ta MOJIOJUX BUMTEJIB PUCYHOK JI0 3aJayl € BIANPaBHUM IMYHKTOM Ta
LIJIKOBUTO BU3HAYAIBHUM ISl TOOYI0OBU JAHIIOKKA OOTPYHTYBaHb.

KpiM Toro, mobpe BiAOMO, 110 MOUIMPEHUMH MOMHUIKAMH B T€OMETPIi €
MOMWIKH, TOB’S3aHl, HANpHUKIaA 3 BUAOM TPUKYTHUKA, SKAW aX HISK He
3aJI0BOJIbHSIE YMOBY 3ajadi, ad0 * HaBINAaKd — € OJHUM 3 MOKJIMBUX BHUIIAQJKIB
peanizarii.
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2.2. Hacnigku Ta npukKiHUeBi 3ayBaXeHHA

3 ypaxyBaHHsM TBepakeHHs 1, Ha TyMKy aBTOpiB, 3MicT JleMu™, OUIbII HIXK
JOLUIbHO (POPMYITIOBATH B TEPMiHAX BEKTOPHOI PIBHOCTI, & caMe
Jlema**.  J[ua oosinornoco aABC cnpagocyromucs 6eKmopHa pieHicmo

24,0=—AH < AH =204,
oe: O — yewmp koaa, onucano2o Haskonro aABC; A, — cepeduna cmoporu
BC; H — opmoyenmp aABC.
ToOTo, I TOBHOIIIHHOTO OTMIAaHYBAaHHS 3a3HAYEHOTO BIHOIICHHS, BAKJIUBO
YCBIJIOMJTIOBATH, 1110 JIJIsl TOBUIbHOTO TpUKyTHUKA ABC :

—_—

—a0o0 KIHII (KOJIIHEApHUX IPOTHIIEKHO HAIpaBleHUX) BekropiB AH Ta A,0

OJIHOYACHO HaJIeKaTh BHYTPILIHIA YaCTHHI TPUKYTHHUKA; 110 MOXJIMBO TOA1 1 JIUIIIE
TOJ11, KOJIU TPUKYTHHUK € TOCTPOKYTHHUM;

—_—

—a0o0 KIHII (KOJIIHEApHUX IPOTHIIEKHO HAIpaBleHUX) BekropiB AH Ta A,0

OJIHOYACHO HaJIe’KaTh 30BHIIIHIN YaCTUHI TPUKYTHUKA; [0 MOXJIMBO TOA1 1 JIUIIE
TOJ11, KOJIU TPUKYTHHUK € TYITOKYTHUM;

— a0o0 x Bekropu AH Ta A0 OIHOYACHO € HYIBOBUMHU BEKTOPaMHU; 11O MOMKIIUBO
TOJ1 1 TUIIE TOA1, KOJIU TPUKYTHUK € IPSIMOKYTHHM.

Ha mpakrtuiii AOLUTBHO BUKOPUCTOBYBATH HACTYIHI (POPMYIH ISl JOBXKUH
BIJIPI3KiB, MPO K1 HAETHCS B TBEPAKEHHI (Harp., [4]):

AH =204, =V4R? —a® =2R-|cosa|=a-|ctga|=2R+r—r,
BH =20B,=\4R* =b* =2R -|cos f|=b-|ctg B|=2R+r~1,,  (¥)
CH =20C,=~4R* - ¢* =2R"C087‘=C"Ctg}/‘=2R+l’—l’c

Ae: r — pallyc BIMCAHOTO Kosa TpukyTHuka ABC; r,, 1, 1 r, — paAlycH 30BHI
BIIMCAHUX KUI, 5Kl JAOTHKalThea a0 ctopin BC, AC T1a AB BiANOBITHO Ta
MPOJOBKEHB ABOX IHIINX cTOPiH aABC.

[TpormonyemMo ynuTavyam Jijisi CaMOCTIHHOTO OTpaIfOBaHHS HACTYITHI 3a1a4i
BnpaBa 1. Yu icnye mpukymnux, opmoyenmp ma yeHmp OnUcCaHo20 KOid K020
Hanedicams cepeoritl NiHii mpuxymuuxa. Bionosiob oorpynmytime.

3agaua 1 ([7, C. 159]). AM, — wmediana pisnodedpenoco aABC (AB=AC).
3uaumu £A, akwo OM, =OH (O —yeump onucanoeo kona, H — opmoyenmp).

3apaua 2 ([7, C. 214]). V kono 3 yemmpom O 6nucarno womupukymoux 3i 63a-
EMHO NepneHOuKyIApHUMU OiacoHanramu. JJosecmu, wo siocmans 6i0 mouxku O 00
CMOPOHU YOMUPUKYMHUKA OOPIBHIOE NOTOBUHT O0BAHCUHU NPOMUNENCHOT CIMOPOHU.

3anava 3 ([16, 3amaua 3 gy 11 xnacy]). B eocmpoxymuomy aABC mouku H i
O € mouxamu nepemumny 6UCOM i YEHMPOM ONUCAHO20 KOA 8i0N06ioHo. [Ipsama
HO nepemnyna cmoponu AB i AC 6 moukax X ma Y eionosiono, npuuwomy
mouxa H nanexcums 6iopizky OX . Bussunocs, wo XH = HO =O0Y . 3naiidimo
epaodycny mipy ZBAC. (Onexciti Macanimin)
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butbm netanbHO 3 MOXXIMBHMHU 3aCTOCYBAaHHSIMU 3a3HA4€HOi (POpMyIu-
TBEP/XKEHHS MOkHa o3Haniomutucs B [5, C. 98-102] ta [4, C. 2-3].

BucHoBKkuM

BrnacHuii gocBin Ta HaBeoEHI Pe3yJbTaTU JO3BOJISIIOTH CTBEPAXKYBATH, IO
3aCTOCYBaHHSI HaBeAEHOI (HOPMYIU-TBEPIKEHHS € JOCUTh JIEBUM IMIIXOJOM JI0
PO3B’sI3yBaHHS IIUPOKOTO KOJIa TEOMETPUYHHUX 3a]1a4.

Ha nymKky aBTOpiB, 3alpONOHOBAaHUN MIAXIT A0 BIPOBAHKEHHS BaXIUBUX
reOMETPUYHUX TBEP/KEHb Il YaCc HaBYAHHS TEOMETpli € camMe THUM BHJIOM
0COOUCTOrO0 PO3BUTKY Ta (PaxoBOi MIsNIBHOCTI, sIKI MOBHHHI OyTH BKJIIOYEHI HE
JUIIE B MpOrpamMy MiArOTOBKM MaOyTHIX BUMTENIB MAaTEMaTUKH, a ¥ y Iporpamy
KypcCiB MiIBUIIEHHS KBaji(ikallii BUNTENIB MaTeMaTUKu. BBakaemo, 1110 11e 1acTh
MOXJIMBICTh ONAHOBYBATH CHPABXKHIO MaTEMaTUYHy KyJIbTypy Ta OUIbLI
MOMIPKOBAHO MIJXOJUTH 10 TUJAKTUYHOTO 3a0€3MeUYeHHsI TEeM HIKUIBHOTO KypCy
reoMeTpii.

Takox mepexoHaHi, 1110 HaBeACHUI MaTepial AOULILHO BUKOPUCTOBYBATU B
OCBITHBOMY TMpPOIIECI SIK OCHOBY JJIsI 3MICTOBOTO MOYJISI BHOIPKOBHX OCBITHIX
KOMIIOHEHTIB (TakuX SIK «BUOpaHI MUTaHHS METOJMKWA HAaBYaHHS MaTEMAaTHUKH)
OCBITHIX MpOrpaM MIATOTOBKM 3A00yBayiB BHILOi OCBITU 3a CHEHIAJBHICTIO
014 Cepenns ocBiTa (MaTeMatuka).
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About one important relationship in triangle geometry and
related issues

The article is devoted to the introduction of an important relationship
between the lengths of the segments connecting the vertex of the triangle and the
orthocenter and the center of the circumcircle and the middle of the opposite side
in the school course of geometry. Implementation is proposed by improving the
didactic support of certain topics of the school course of geometry for students of
8th and 9th grades of general secondary education. In addition, the article reviews
the existing methods and selects some of them to bring this statement.

Keywords: triangle, orthocenter, center of the circumscribed circle,
distance correlation, methods of proof, school course of geometry, training.
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OCOBJIUBOCTI OPIrAHI3ALII CAMOCTIUHOI POBOTHU
YYHIB Y NMPOLUECI HABHAHHA MATEMATUKA

CraTTs nmpucBsiYeHa 0COOJIMBOCTSM OpraHizalii caMoCTiHHOI poOOTH YYHIB B MpOLEC HABYaHHS
MAaTeMAaTHKH, BUCBITJICHHIO NESAKUX BHUIIB CAMOCTIHHOI pOOOTH, BUKOPHCTAHHS SIKUX CIPHUSIE
YCBIZJOMJIEHHIO TO3MIli aKTUBHOI'O YYaCHHUKAa OCBITHHOTO IPOLECY, PO3KPUTTIO 3HAUYLIOCTI
CaMOCTIHHOT poOOTH sIK €(eKTUBHOTO 3ac00y aKTHBI3allli MI3HABAJIBHOT NISJIbHOCTI YUHIB.

KurouoBi cioBa: camocmiiina poboma, nizHasanvua OisibHiCMb, OUOAKMUYHI BUMO2U,
iHousidyanvHa poboma.

BcTyn

Ilocmanoska npobaemu. B ocTaHHI POKHM CYCHUIBHE JKUTTA 3a3HAJO
Cepio3HUX 3MiH, i cHMCTeMa OCBITH MOTpebye mepernsny. Ii mepeopicHTOBYIOTh Y
OiK JeMokpaTH3alii Ta TryMaHi3alii, sKa CHpsSIMOBaHAa BHUXOBYBAaTH JIIOAUHY 3
(YHKIIIOHATBHOIO TPAMOTHICTIO Ta METOJWYHUMH 3110HOCTSIMH, BOJIOAITH
iHQOpMaLITHUMHU ~ TEXHOJIOTISIMA, MaTH  MOXJIMBICTh  aJanTyBaTHUCA 10
HABKOJIMIIHBOTO CEPEJOBUINA, BMITH aHANI3yBaTH Ta PO3MIPKOBYBATH, a TaKOX
poOuTH CBiTOMUM BUOIp.

Ocsgira nepeadayvae CTBOPEHHs HAMOUIBII CIPUATIMBUX YMOB JUIsl IPOSIBY Ta
PO3BUTKY 3110HOCTEH Ta 00 JapOBaHOCTI ITEH, 110 3HAXOAUTh CBOE BiIOOpaKeHHS
y Tpolieci HaBYaHHS, OPIEHTOBAHOMY Ha jroAeil. ToMy MeTOl HaBYaHHS € He
JUIIe 030pO€EHHS YUHIB KOMIUIEKCOM CUCTEMAaTUYHUX 3HAHb, yMIHb 1 HABUYOK, a 1
PO3BHUTOK iXHIX OCOOMCTICHUX 37[I0HOCTEH Ta IKOCTEH.

JlocnipKeHHsI OCTaHHIX POKIB TMOKa3alid, IO 3HWXKEHHS I1HTEpecy 0
HaBYaHHS, (OPMYBAaHHS HETaTMBHOI'O BIAHOILIEHHS 10 CaMOCTIHOI poboTh U
HE3a/I0BOJICHICTh HEI0, MEPEeKUBAHHS HETATUBHUX MCUXIYHUX CTaHIB y MpOIlEeCi
HaBYaHHS 0e3MmocepeIHbO MOB’sA3aH1 3 TUM, 110 BUMTEb HE BPAXOBYE B TOCTATHIN
MIpi pi3HUN PIBEHb HABYAIBHO-MI3HABAIBHUX MOMXIUBOCTEH MIKOJSAPIB. YUYUTENIO
HEOOXITHO 3HAaTH IHTEPECH VY4YHIB, pPIBEHb iX HABYEHOCTI, MAaTeMaTUYHOTO
PO3BHUTKY, BPaXOBYBaTU 1HAMBIyaldbHI HaBYaIbHI MOXKJIMBOCTI CBOiX BUXOBAHIIIB
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puuenko T.1O., Typka T.B., Wynuk T.B. OpeaHisauisi camocmitiHoi pobomu

[lomyk edexkTUBHUX LUISXIB OpraHizauii caMOCTIHOI HaBYaJbHO-
MI3HABAJIBHOI JIISUVIBHOCTI YYHIB MpPU BUBYEHHI MaTeMaTHMKM B YMOBax
mudepeHIialii HaBYaHHS JO3BOJIUTH YJOCKOHAJIUTH HaBYaJIbHO-MI3HABAJIbHUN
npoLec, MIABULIIUTH HOTro pPe3yJlbTaTUBHICTh, CHPUITHUME I1HTEICKTYyaJIbHOMY
PO3BUTKY, CAMOCTIHOCT1 Ta TBOPYii aKTUBHOCTI HIKOJISPIB.

VY 3B’A3Ky 31 CTPIMKHUM PO3BUTKOM IH(OpPMALIAHUX TEXHOJIOT1H B OCTaHHI
JECATUIITTS, a TAKOXK CY4YaCHUMHU €MiIEMIYHUMH YMOBaMH, OCOOJIMBOTO 3HAUCHHS
Ha0yJjla MOKJIMBICTh BUKOPUCTAHHS JMCTAHIIITHOTO HaBYaHHS B POOOTI 3aKjaaiB
ocBiTH. Tak Ik caMOCTIiHA poOOTa € BaXKJIMBOIO CKJIaJ0BOIO OCBITHBOI'O MPOLIECY,
MiJ Yyac JUCTAHI[IMHOIO HaBYaHHS BOHA MoTpeldye 0COOJMMBOI yBaru BUMTENIB, 00
noTpioHO GopMyBaTH HOBI MIAXOIH A0 ii OpraHizalii Ta KOHTPOJIIO.

MeTo10 CcTaTTi € BUCBITJIMTH OCOOJMBOCTI OpraHizaiii caMOCTIHHOT poboTH
Y4HIB B TPOLECI HABYAHHSI MATEMATHUKH, PO3KPUTH 3HAUYIIICTh CAMOCTIHHOI
po0OTH sIK e(heKTUBHOTO 3ac00y aKTHBI3AIll MI3HABAIBHOL JISJILHOCT] YUHIB.

OcHoBHa YacTuHa

CaMoOCTIHiHICTD Y4YHIB Yy HaBYaHHI € HaWBAXJIMBILIOW MEPEIyMOBOIO
MOBHOI[IHHOTO 3aCBOEHHA 3HaHb, YMIHb 1 HaBH4YoK. Yacte 1 mpaBUIbHE
3aCTOCYBaHHSI CAMOCTIHHOIO JOMAIIHbOTO 3aBJIaHHS MOKE€ BUXOBYBATH JIOBUIbHY
yBary Yyu4HIB, iX 3JaTHICTb MIpPKYyBaTH, 3amno0iratd QopmanizMmy B MpoIlleci
3aCBOEHHS 3HaHb, 3a3BUYail CpUMMAaTH CaMOCTIHHICTb SK pucy ocobucrtocTi. Lle
3MYIIy€ BUKOHYBATH PI3H1 CAMOCTIIHI 3aBJJaHHS.

OpnHuM 13 CrOco01B € CTABJICHHS J0 CAMOCTIHHOI pOOOTH SIK 0 BiJMOBIAHOT
dopMu ocBiTHROrO Tporecy. Moro cTaHZAapTOM IS BiATATyKEHHS  Bil
HECaMOCTINHOT po0OTH € Oe3Mocepe/iHd ydyacTh BUMTENIB y HaBYaHHI. MaloTh Ha
yBa3i, 10 1€l BUA poOOTH Ma€ NMEBHY TPUBAIICTb. JJOCHIAHUKY, 110 PO3IIIAIAI0Th
JIaHy TpoOJjeMy 3 IUX MO3UWIlld, BUAUISIOTH HaBUYajdbHI CUTYyaIlli, B SIKMX Y4YHI
3aiHSTI MPOTATOM JOCUTH TPUBAJIOTO BIJIPI3KY Yacy, aje TPUBAIICTh HOTO YITKO HE
Bu3HaueHa. Tak, B IlemaroriyHOMy EHLMKIONEIUYHOMY CIOBHUKY CaMOCTIHHY
poOOTy YYHIB BH3HAUEHO fAK «IHAMBIAyalbHa a00 KOJEKTHMBHA HaByajlbHA
TISTBHICTB, 1110 3A1MCHIOETHCST 0€3 KepIBHUIITBA BUUTEIIS» [1].

Po3ymiHHS caMOCTiHOT poOOTH, B SIKI OCTaHHS 3BOAUTHCS IO IYMOK YUHIB
1 BUPAXKAETbCA JIMIIE Yepe3 CIOBECHI BIANOBIAl, NPUXOBYIOUM HeOe3NeKy
OoOME)XEHHSI HaBUaJIbHOI ISVIBHOCTI CIIOBECHHUM XapaKTepoM, HE TMpPHU3BEAE [0
CaMOCTIMHOCTI Ta 1HILIaTUBYU CTYJEHTIB Y OCBITHBOMY IPOILIECI.

CamocrTiitHa pob0oTa y4HIB Ha ypOIll € HEBIJI'EMHOI YaCTHHOIO BCiX JIAHOK
OCBITHBOT'O MpoOIlecy. 3a 3MICTOM 1 XapakKTepoM MiIpyYHUKA 3aBAAHHSI MOXKYTh
OyTH MpocTUMH ab0 CKJIaJHMMH, KOPOTKUMHU a00 TPUBAIMMH, 110 BUMArae Bij
YUHIB IHTEHCUBHOI M13HABAIHHOT A1STTBHOCTI.

OCHOBHI JMJIAKTHYHI BHUMOTH, $KI BUCYBAalOTb MpH MOOYIOBI CUCTEMHU
CaMOCTIMHHX POOIT:

1. Cucrema camMoOCTIMHMX pOOIT TIOBUHHA CIHPUSTH BHUPILIEHHIO
OCHOBHHUX JHUJAKTUYHHUX 3aBJIaHb — OBOJIOJIHHIO YYHSIMH TIMOOKUMH 1 MILIHUMHU
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3HAHHSMH, PO3BUTKY Yy HHUX IHI3HABAJIbHUX 3/110HOCTEH, (POPMYBaHHIO YMIHHS
CaMOCTIMHO 37100yBaTH, PO3IIUPIOBATH 1 MOTJIMOIIOBATH 3HAHHS, 3aCTOCOBYBATH iX
Ha MPaKTHUIIL

2. Cuctema MOBHHHA BIANOBIJATH OCHOBHUM IPHUHIIUMIIAM TUIAKTHKH, 1
nepil 3a Bce, MPUHIUIAM JOCTYIMHOCTI 1 CHCTEMaTUYHOCTI, 3B’SI3Ky Teopii 3
MPAKTUKOIO, CB1IOMOT 1 TBOPYOT AKTUBHOCTI, IPUHIIMITY HAYKOBOCTI.

3. 3aBaaHHs, AKI BXOASATh Y CUCTEMY, MOBHUHHI OyTH PI3HOMAHITHI 3a
HAaBYAJIBHOIO METOI0 1 3MicToM, o0 3abe3neuntu (OpPMYBAHHS B YYHIB
PI3HOMaHITHUX YMiHb 1 HABUYOK.

4. [TocnioBHICTh BUKOHAHHS JOMAIIHIX 1 KIACHUX CAMOCTIMHHX POOIT
MOBUHHA JIOTIYHO BMIUIMBATH 3 MOMEPEIHIX 1 FOTYBaTH IPYHT IJIsi BUKOHAHHS
NoJANbIINX. Y IIbOMY BHUIAJIKY MDK OKpEeMHMH poOOTamMu 3a0e3MeuyloThCs He
TUTbKU «OJIMDKHI, ajie 1 JaibHI 3B’S3KW». YCMIX BUPIMICHHS I[HOTO 3aBAaHHS
3QJICKUTHh HE TUIBKU BiJ MEJaroriuyHoi MaCTepHOCTI BUMTEINS, aje 1 BiJ TOTO, K
BIH pO3yMI€ 3HAYEHHS 1 MicCIle KOXKHOI OKpeMOi poOOTH B CUCTEMI, Y PO3BUTKY
Mi3HABAJILHUX 3A10HOCTEH yUHIB, iX MUCJICHHS 1 IHIIKUX SKOCTEH [2].

ToMy 3HaueHHS caMOCTIHHOI POOOTHM B TMpolieCl HABYAHHS HEMOKIUBO
nepeouinuTi. CamocTiiiHa poboTa cripusie GOpMyBaHHIO CAMOCTIHHOCTI SIK SIKOCTI
ocobu, crpusie peanizalii MNPUHLUNY IHAUBIAYAIBHOTO TMIAXOJY, JO03BOJISIE
nudEepeHIliloBaTH HaBYaIbHI 3aBJIaHHS 1 TUM CaMUM CIIPHS€ TOCATHEHHIO JIHCHO
CB1JOMOTI'O 1 MIITHOT'O OBOJIOAIHHS 3HAHHIMHU.

OpHe 3 TOJIOBHUX 3aBJaHb Cy4YacHOi MaTE€MaTUKM — HABYUTH YYHIB
MpalroBaTl CaMOCTIHHO. 31 CTpPIMKUM 30UIbLIEHHSM HAyKoOBOi iH(popmarllii
MPAKTUYHO KOXKEH, XTO XO4Y€ MpallOBaTH, MOBUHEH IMOCTIHHO OHOBIIOBAaTH CBOIi
3HaHHS a00 HaBITh 3aHOBO BUMTHUCA. TUIbKM TaKk MOXHa c(OpMyBaTh BMIHHS M
HAaBUYKH CaMOCTIMHOT pOoOOTH.

CamocTiitna pobOoTa MIKOJSAPIB € OJHUM 13 OCHOBHMX METOJIB
CUCTEMaTUYHOI'O0 Ta IIBUAKOTO 3acBO€HHs MatepiamiB. JliTu, sKi BUATbCA
MpalroBaTd CaMOCTIHHO, Ha0yBalOTh HABUYOK POOOTH 3 KHUTOIO 1 OTPUMYIOTh
OuTbIle 3aJ0BOJICHHS BiJ pOOOTH, TOMY IO CaMi JOJaJIM MEPEIIKOIU, IIYKAIUH
Kpalux IUIAXIB MIBUAKOTO BUKOHAHHS pOOOTH Ta JOCSITHEHHS pe3yibTary 0e3
CTOPOHHBOI TONOMOTH. /{151 camocTiiiHOT poOOTH MOCTABIAIOTHCS Pi3HI 3aBAAHHS.
Ile Mmoxke OyTH pO3BUTOK NMEBHUX HABUYOK, MEpEeBIpKa BOJIOJIHHA MaTepiajlaMu,
METO/JaMH, BMIHHSM TOSICHIOBAaTH MPHUYMHU, a 1HOJA1 HAaBITh CIHPABXHIM
KOHTPOJIEM.

VY 3anexHocTi BiJ 3aJadi caMOCTIHHOI poOOTH JOIMyCKaeThcs abo He
JomycKaeTbes (MPU KOHTPOJIBHIA pOOOTI) JOomoMora BYMTENsl, IHIIOTO YYHS,
MIAPYYHUKA W IHIIUX MOCIOHUKIB.

CamocriiiHa poOoTa pO3BMBA€E B yYHIB KMITJIUBICTh, 1HIIIATUBY, TBOPUICTb,
TBEPAICTH BOJI1, HATIOJIETJIMBICTh 1 3aB3STTS B pOOOTI, IUCIMILTIHOBAHICTD; CIIPUSE
3MIIIHEHHIO 3HaHb 1 HABUYOK, JIa€ MOXJIMBICTh MOTJIMOJIIOBATH W PO3MIMPIOBATH
3HAHHSI, IPUBYAE 1O POOOTH 3 KHUTOIO; aKTUBI3Y€ BUKIIAJIaHHA, HAJla€ MOXIIUBICTh
BUUTEJIEBl BHUBUMTH MOXJIMBICTh KOXKHOIO Y4YHS B Tpoleci #oro po6otwu,
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crocTepiraTv i BiI3HA4YaTH HOro CHIIbHI 1 c1a0Ki CTOPOHU; MOJIETTIY€E TTPOBEICHHS
MOTOYHOTO 001Ky pOoOOTH YUHS.

PosrnstHemo aesiki BUAM CaMOCTIHHOT pOOOTH, BUKOPUCTAHHS SIKMX CIIPUSE
YCBIAOMJICHHIO TMO3MIli AKTMBHOTO Y4YaCHHUKA OCBITHBOTO TIPOLECY, MO3MIIT
cy0'ekTa HaBYAJIbHOI JISUTBHOCTI.

BunoBa xapakTepucTuka caMOCTIMHOI pOOOTH MPUBOAMUTHCS 3 YpaxyBaHHSIM
HACTYIHUX KPUTEPIiB:

— ygacy 1 Micug i 371HCHEeHHS;

— KUIBKOCTI YYaCHUKIB;

— XapakTepy 3aBJlaHb, III0 BUHOCSATHCS Ha CAaMOCTIHHY poOOTY.

BigomMum pi3HOBHIOM caMOCTIHHOT poOOTH € iHOUgidyaivHa poboma.

InpuBinyaneHa poboTa — caMocTiiHa poOoTa B PEXHUMI KOJEKTUBHOI
B3aemoii. TepMiH 1HAMBIAYabHA pOoOOTa HEPITKO BUKOPUCTOBYETHCA SIK CUHOHIM
TEpMIHY caMoOCTiiiHa poOoTa 1 Haiuacrimie, Kaxy4dud MpO CaMOCTIHHY poOOOTY,
MalTh Ha yBa3l caMe IHAuBiIyanbHy pobOotry. I[Ipore iHauBigyaibHa pobOoTa
BOJIOJI€ TOCTATHHO YITKUMM KPUTEPISIMU, SIKI JO3BOJISIIOTH PO3IIIANATH ii SIK BUJ
caMOCTiitHOT poOOTH.

InnuBinyansHa poOoTa OOMEXYEThCS OJHUM a00 B KpalHbOMY BHUIIAJKY
JIBOMa y4yacHUKamu: BuuTesneMm 1 yuyHeM. Konu yuyHio motpibHa iioro momomora,
BUUTENIb BUCTYIA€ B POJII KOHCYJIbTaHTa Ta OpraHizaTopa OCOOMCTHX 3aBJaHb (B
JAHOMY BHIIAJIKy NEpCOHAIbHE 3aB/IaHHA € PI3HOBHUIOM MEPCOHAIIBHOTO YPOKY a00
KOHCyJIbTallll). MeTa iHAUBIAyalIbHOI POOOTH — BpaxyBaHHsS OCOOUCTHUX THTEPECIB
Ta OCOOMCTICHMX OCOOJMBOCTEH, 1100 YUYHI MaJdu MOKJIUBICTh MUCATH HaBYaIbHI
Martepianu y 3pydHuil yac. B mpoleci BUKOHAHHS IHAUBIAYaJIbHOI pOOOTH YUYEHB
3BUIBHSETHCS BiJ BIUIMBY NapTHEPIB-JIIJAEPIB, SAKI HEPIAKO MPUTHIYYIOTh
HiiaTUBY. BiqnmoBigHO 10 BUMOT 0COOMCTOI pOOOTH CydacHUX OpraHizailiil, y4Hi
MOBUHHI MaTH MOXJIUBICTh BUOMPATH 3 HU3KHU JOCTYIHUX HABYAJIIBHUX MaTeplaiiB,
AKl  BIANOBIJAIOTH IXHIM 1HTepecaMm, mnoTpedaMm, 1 (aKTUUHO MOXKYThb
BUKOPUCTOBYBATHUCS 1HAUBIAYaJIbHO. YU€Hb NMOBUHEH MATH HAroJly CamOCTIHHO
BUPIIINTH, SIK1 3aBJAaHHS BUKOHYBATH, PETYJIIOBATH MIBUJIKICTh BUKOHAHHSA 3aBJaHb
11X KUIBKICTh, BUXO/ISIYM 3 PO3YMIHHS TOTO, HACKUIBKH MIITHO BiH OCBOiB MaTepial.

[lepmia ymoBa pO3BHMBAJILHOIO HAaBYaHHS 3BOJUTHCSA JO MPUHILIMIIOBOTO
piBHA — IHAMBIAyanmi3amii Ta audepeHiiamii oOcBITHROro mpouecy. HarampHa
norpeba B I1HAMBIAYali30BaHOMY HaBYaHHI OOYMOBJIEHA 1HJMBIIyaJlbHUMU
BIIMIHHOCTSIMU B SIKOCT1 YYHIB, BIJ] SIKUX 3aJI€KaTh Pe3yJbTaTH HABUYAHHS: PIBEHb
3HaHb, YMIHb 1 HABUUOK. KpiM TOro, [iTH MarTh pi3HiI OCOOIMBOCTI, 5IK1 MOCTIHHO
Yy TUMYACOBO BIUIMBAIOTh Ha iXHIO Mpale3/aTHICTh, MOTHBALIIO JI0 HaBYAJIbHOI
IisUTbHOCT1, (QopMyBaHHS HOBUX 1HTepeciB. CrnenudiuHa HaBYaJbHa MeTa
IHAMBIAYyali3alii — CHPUSHHS peajizaiii OCBITHIX Mporpam, MNOTJIUOJIEHHS Ta
pPO3IIMPEHHS 3HaHb Y4YHIB. [HAMBIAyanmi3alisi HaBYaHHS CIpuUsie 30€pEKEHHIO Ta
PO3BUTKY OCOOUCTOCT1 YUHIB.

[HmMM pi3HOBHIOM CaMOCTIHHOT poOOTU € domawHs poboma. JlomanrHs
pobora — 1e camocTiiiHa poOoTa yuHs. Y Tporeci IHAWBiAyanmizaiii Ta
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audepeHIianii JoMallHIX 3aBJaHb YYMTENIb Ma€ BPAaxOBYBaTHU pPI3HUHA piBEHb
CaMOCTIMHOCT1:

1-ii piBeHb — BIATBOPEHHS CIIOCO0IB AISNIBHOCTI;

2-# piBeHb — 3aCTOCYBaHHS TOTO CAMOT'0 CIIOCOOY MISTBHOCTI «3a 3pa3KoM»;

3-ii piBeHb — BUKOHAHHSI BIIPaB 13 3aCTOCYBaHHSIM TOTO CaMOT'0 CIOco0y, aje
B HOBUX YMOBaX, SIKl BUMaraoTh X04 OW HE3HAYHOT'O CAMOCIHHOTO TMOIIYKY;

4-ii piBEHb — CTBOPEHHS TMONIYKOBUX CHUTYyallld, KOJIM IIKOJIAp IIyKae
croco0u AIsNIBHOCTI, BU3HAYAE 3aBAaHH, iK1 HEOOXITHO pPO3B'sI3aTH.

Opniero 3 BaXIUMBUX (PYHKIIH YUHIBCHKOI JOMAIIHbOI pOOOTH € CIPHUSHHS
(GOpMyBaHHIO B Y4YHIB CaMOKOHTPOJIO Ta CaMOOIIHKH, a TaKOX 3[1HCHEHHS
BUHTENIEM KOHTPOJILHO-OLIHOYHOI A1s7bHOCTI. CHOMYyYHOIO JIAHKOIO, SIKa TIOB’SI3Yy€
KJIaC Y4YHIB 3 JIOMAILIHIM 3aBAaHHSIM, € KOHTPOJIbHA poOoTa.

Crnocrepiraouu 3a BUKOHAHHSIM YYHSIMU JIOMAalIHIX 3aBAaHb 1 IEPEBIPSIIOUU
pe3yNbTaT bOTO BUKOHAHHS, MOXKHA OTPUMATH KapTUHY YCHIXiB y4HIB. I3 mi€ro
METOI0 BUYMTENb 3aCTOCOBYE pI3HI BHJIM TIEPEBIPKM HA YypoOIl MAaTeMAaTHKH,
HaIPUKJIAA:

* HaOyTTd VyYHSIMH JIOCBIY BOJIOJIHHS 3arajJlbHUMU HaBYaJIbHUMU
KOMIIETEHTHOCTSIMU (YMIHHSI CIUIaHYBaTH BCIO pOOOTY, pO3NOAUIMTH ii B 4Yaci,
YMIHHS MPAIIOBATH 3 MIIPYYHUKOM, YMIHHSI KOHTPOJIIOBATH ce0e B X011 Ta B KIHIII
BUKOHAHHS pOOOTH TOIIIO);

* (popmyBaHHS BMIHb CAMOCTIMHO JISITH B HaBYaJIbHO-ITI3HABAIIbHIN pOOOTI;

* BUXOBaHHS MOpPAJbHO-BOJBOBUX SKOCTEH MIKOJSPIB (IparestoOHOCTI,
BIITIOBIIaJIBHOCTI TOIIO);

* CIPUSHHA TBOPUYOMY CTaBJIEHHIO 10 HABUYaHHA, MIATPUMAHHIO CTIHKOTO
IHTEpeCy 10 CaMOCTiiHOT poOOTH;

* ¢opmyBaHHS pedIEKCUBHUX YMIHb — 3IHCHIOBATH CaMOKOHTPOJIb,
CaMOOIIIHKY, CTaBUTH 3aBAaHHS JIJI1 CAMOBJIOCKOHAJIEHHS To1IIO [3].

VY mpolieci BU3HAYEHHS 3aBJaHb JUJIs JOMAIIHbOi POOOTH 3 MaTeMaTHKU
BUUTEIb Ma€ nependadaTt 0COOIUBOCTI 3MICTY KypCy MaTeMaTHKH.

OnauuM 3 BUIB CaMOCTIMHOI pOOOTH YYHIB 3 MaTEMaTUKU € CAMOCHIiliHe
gusuennsi meopii 3a niopyunukom. g ¢dopma poOOTH OpraHi3oBYeTbCS MpPH
BUBYEHHI HOBOro Mmatepially abo mnpu mnoBTopeHHI. [IpoBomuTbcs MoTHBaIlif,
CTaBUTBHCS METa, NAEThCS IHCTPYKI[IS 1 CHUCTEMa MHUTaHb, HA SIKI YY€Hb MOBUHEH
BIAMOBIAAaTH. MeTa TakuX CaMOCTIMHHUX POOIT — HABYMTH YYHIB palllOHATBHUM
npuiioMam poOOTH 3 MIAPYYHUKOM MATEMATUKH, CaMOCTIHHOTO YHUTAHHS
MaTeMaTU4yHOi JITEpaTypu, MNPUIIEHUTH IHTEpEC J0 YWUTAHHS MAaTeMaTUYHOI
JTEpaTypH, HABUUTH CKJIAJIaTH JAOTMOBIIb HA MAaTEMATUYHY TEMY.

Benuky yBary ciin npuauIaTd TPUILETIICHHIO KYJITYpU POOOTH 3 KHUTOIO,
BUXOBaHHIO BMIHHS UIKOJISPIB YUTATH MIAPYYHUK, MATEMaTUUYHY JITepaTypy.
[IpononyBaTH y4HSIM CaMOCTIHHO OMNPalbOBYBATH 3a MIIPYYHUKOM TEOPETUYHUMN
Marepiai Tpeba xoua O TpU — YOTHPHU pa3u 3a CEMECTp (3aJICKHO Bif] TOTO, SIK BOHU
BMIIOTh MpalOBaTH 3 KHUT010). OCHOBHA MeTa TaKUX 3aBJaHb — HABUUTH YYHIB
YUTATH MAaTEMaTUYHUNA TEKCT, 1HAKIIIEe Ka)Ky4yd, HABYUTH X BUUTHUCA.
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MaTteMaTHUYHUH TEKCT Ma€ CBOI OCOOJIMBOCTI, a caMe:

1) HasBHICTH OaraTbOX MaTEMaTUYHHUX TOHITh, TEPMIiHIB, (GOPMYII,
cuMmBOIIiB. Ko yueHb He 3Ha€ X04 AKOro-HeOyJb TEPMIHY YU CHUMBOILY, IO € B
TEKCTI, BIH HE 3MOK€ HOTO 3p03yMITH;

2) HasBHICTb PI3HUX CXEMAaTUYHUX PUCYHKIB, TICHO MOB’SI3aHUX 3 TEKCTOM.
Ha Hux Tpeba nuBHUTHCS HapaieiabHO 3 YATAHHSAM TEKCTY; YATATH JOBOIUTHCS HE
ab3allaMi 1 HaBITh HE PEYCHHSIMU, @ YACTUHAMU PEUYCHb;

3) HasBHICTb 0araThoX MIPUQTIB, IKUMH BUIUISIOTH O3HAUYECHHS, TEOPEMHU,
MpaBuiia, MPUMITKH;

4) cTuiab BUKIAJAHHS, YITKICTh, JIAKOHIYHICTh, CTPOTiCTh. YuTaHHS
MaTeMaTUYHOI KHHUTU NOTpedye MaKCUMaJlbHOI yBard, MIIHMX 3HaHb BCHOTO
NONepeIHHOTO MaTepialy;

5) y mMaTeMaTUYHOMY TEKCTI Ha KO>KHOMY KpOIIl JOBOJUTHCS 3yCTpIYaTHCS
3 pI3HUMHU TMOCWJIAHHSMU Ha HaBEJEHI paHille TEeOpPeMH, O3HAYEHHS, 3ajadl,
akciomu [4].

VYMIHHA YUTaTH MaTeMaTUYHUM TEKCT BUPOOIseThCs mnocTynoBo. HoBi
3HAHHS 3 aNreOpu 4K TeoMeTpli COpUMAalOThCs 3 MEBHUMH TpyaHoulamu. Tomy
NOTPiOH1 MOPAX BUUTEINS 1100 POOOTH 3 MATEMATUYHUM TEKCTOM.

[lin yac HaBYaHHS B 3aKiajJil OCBITU Y4Y€Hb NOBHUHEH HE TUIBKM HaOyTH
3HaHb, YMIHb 1 HABUYOK, a i HABYUTHUCS CAaMOCTIHHO 37100yBaTH 111 3HAHHSI, TBOPYO
3aCTOCOBYBaTH i1X Ha mnpakTuil. Jlocsartu 1poro pomnomarae peainizailisi BCIX
MPUHIIUIIB HAaBYaHHS 1, 30KpeMa, MPUHIMIY CUCTEMaTUYHOCTI HaBYaHHS, 00, AK
BIIOMO, ycHiX Oyab-KO1 JISJIbHOCTI 3YMOBIIOETHCSA 1i I[UIECIPSIMOBAHICTIO,
YIOPSAIKOBAHICTIO, TIOCT1I0BHICTIO.

BucHoBKkuM

Amnaniz opranizaimii caMOCTiIHHOI poOOTH B MAacoOBOMY I€JaroriyHOMY
JOCB1/I1 BUUTENIB Ta MOXJIMBOCTEH OpraHizallii pi3HOMaHITHUX BUJIB CAMOCTIHHOT
poOOTH y 3aBAaHHAX NIAPYYHUKA, a TaKOX Yy3arajdbHEHHS pe3yibTaTiB
CIIOCTEpPEKEHHSI TICIS YPOKIB, JO3BOJIAIOTH KOHCTaTyBaTH, IO-MEpIIe, IO
caMoOCTiiiHa po0oTa Y4YHIB Ma€ MEBHY CTPYKTYpYy (CKIaJa€eThcsl 3 TPbOX €TaliB:
MIATOTOBKHM (IHCTPYKTaXKy), BUKOHAHHS Ta TECTyBaHHS), MO-Ipyre, HAasBHICTh
MEBHUX 3MiH, SKI BLAOYJHMCS B Oprasizauii caMOCTIHHOI poOOTH (pO3MIMpPEHHS
BUJIIB CaMOCTIMHUX 3aBJaHb, 3pPOCTAHHS 3aBJaHb, IO CIPUSIOTH PO3BUTKY
MMi3HABAJIbHOI TISJIBHOCTI).

Ha ocHOBI anHasiizy NCHUXOJOrO-MeJaroriyHoi JiiTepaTypd BHU3HAUYEHO
oprasizalliiiHi yMOBU BUKOHAHHS CaMOCTIMHHUX 3aBIaHb Ha ypOKaX MaTEMaTUKH:
PI3HOMAHITHICTh 3MICTY 1 XapaKTepy HaBUaJbHUX 3aBJaHb, iX AudepeHiais,
OpratizaliifH1i KOHTPOJIb 1 CAMOKOHTPOJIb HaBUAJIbHOT A1SNIBHOCTI.

Tomy s yCHIIIHOTO BHUXOBAHHS ITI3HABAJIBHOT CaMOCTIMHOCTI YYHIB
HeoOX1HO (OpMYBaTH B YUHIB Mi3HABaJIbHY MPOOJIEMATUKY, BUXOBYBAaTH OaKaHHS
Ta BMIHHS MPaILOBATH CAMOCTIMHO, JAOCSITaTH Pe3yJIbTAaTiB 13 HAIMOJETJIUBICTIO Y
CaMOCTIfHOMY BUKOHaHH1 3aBnanb. Lleil wmussx QopMyBaHHS TmoNsIrae B
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palioHaJIbHOMY TIO€JHAHHI PETeHEPATUBHOI Ta MPOAYKTUBHOI MIISTIBHOCTI ISt
30UTBIICHHS YaCcTKU JCSKUX TMONTYKOBUX METOJIB: 3allPOBAKEHHS CIEI1aIbHO1
CHUCTEMH Mi3HAaBaJIbHUX 3aBJaHb, BUKOPUCTAHHS €(EeKTUBHUX 3aC001B yIpaBIiHHSI
MOIIYKOBOIO JTISJIbHICTIO YYHIB Ha PI3HUX €Tanax HaBUaHHS.
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Peculiarities of organizing independent work of students in the
process of studying mathematics

The article is devoted to the peculiarities of organization of independent
work of students in the process of studying mathematics, coverage of some kinds
of independent work, the use of which helps to realize the position of active
participant of educational process, reveal the importance of independent work as
an effective means of activation of cognitive activity of pupils.

Keywords: independent work, cognitive activity, didactic requirements,
individual work.
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PA®IYHE MOOENIOBAHHA AK BAXITUBUNA ETAN
BUPILLEHHSA ®I3UYHOI 3AOAUI

VY crarTi aKkUEeHTOBAaHO yBary Ha HEOOXiTHOCTI (popmyBaHHS y 3100yBayiB OCBITH HaBUYOK
aKTUBHOTO BUKOPHMCTAaHHS HAOYHOCTI M1/l Yac BUPINICHHS (I3MYHMUX 3a]ad. 3a3HaueH1 NpuioMu
Bi3yastizailii MOXyTh CTaTH B HAroji JJis BU3HAYCHHS MOXJIMBUX HUISXIB TOIIYKY PIIIEHb Ta
oOpaHHs JOUUIBHINIOTO JUIsl OTPUMaHHS KIHIEBOTO Pe3yibTaTy 3 MIHIMAJIbHOIO BUTPATOIO Yacy
ta eHeprii. ChpopMoBaHICTh CTINKUX HABUYOK PI3HOMAHITHOT poOOTH 3 rpadidyHO0 1HPOPMALIIEIO
€ 03HAKOIO HasBHOCTI CBIZJOMOTI'O MiJXOAY OCOOMCTOCTI IO BUPILIEHHS [TOCTAaBJICHOT 3aj1a4l Ta J10
HaBYaHHSI B IJIOMY.

KuirouoBi cnoBa: nasuanvnuti npoyec, izuuna 3adaua, noemopiosanicms, 3anUmMaHHs,

HAOYHICMb, HABUYKU, CBIOOMICMb, 30AMHICIb, AKIMUBHICMb.

BcTyn

[lutanHs HAOYHOCTI Ta Bi3yasi3aiii Oaratopa3oBO BHUCBITJIIOBAJIUCS Y
METOJUYHIN JiTeparypl. Ta Ha mepumnil morisy 37a€ThCs, 110 BOHA € OCTAaTOYHO
JOCTIPKEHOI0, a 11 aKTyaJbHICTh BXKE€ JaBHO BHuepnaia cebe. Mk Tum, 1e
MOMUJIKOBE BpPa)KEHHS, 00 3BEpPTalOUMCh A0 MPAKTUKU 3HAETHCS, IO BOHA BCE
OuTbIIE 3arocTpPIOEThCS. | TMOKa3HMKOM TOTO BHCTYHAa€ pPe3yJbTaTUBHICTD
HaBYaHHS, YCIHIIIHICTh 3700yBaudiB OCBITH IIiJI 4aC BUKOHAHHS MPAKTUYHUX
3aBJaHb HAWPI3HOMAHITHIIOTO crnpsAMyBaHHs. OKpeMUM acleKkTOM MpoOJIeMU €
HaOYHE MOJIeNtOBaHHs (13MYHUX MPOIIECIB Ta BIITBOPEHHS BX1IHOI iH(pOpMaIii y
rpadiuHiii popMmi. OTXKe, METOI0 CTAaTTI € PO3IJIAJ OCHOBHUX BUIIB rpadiyHOTO
YHAOUHEHHS 3MICTy (I3WYHUX 3a7ad4 Ta JAUAAKTUYHOI JOLUIBHOCTI  iX
BUKOPHUCTaHHS.

OcHoBHa 4YacTuHa.

Bigomuii To#l daxt, mo mnepeBakHa OLIBIIICTh 3A0poBUX Jrogaer 80 %
BX11HO1 iH(OpMaIlii cipuiiMae 4epe3 opranu 30py.

«Bara» Hao4YHOCTI SICKpaBO BHUCBITJIEHa y HapojgHoMy npuciiB’i «Kparmre
oJuH pa3 nobauutu, HK 100 pa3iB mouyTu».
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HaounicTs y HaBuaHHI Mae BiOOpa)kaTh MaKCHUMaJbHO CYTTEBI
eleMeHTH, abu He po3ciloBaTH yBary, OO0 cHpUiiMaeTbcsi BOHA HE
OJTHOMOMEHTHO, a BUKJIaJay MOBUHEH MOEAHYBATH HAOYHICTH 3 MOSCHEHHSM.
AJKe MOTO CJIOBO MEpeayCiM CIPSIMOBYE O€3MOCepeHE CHPUUHATTS 3MICTY
HaBYaJIbHOT'O MaTtepially, BiIOOpa)kKeHOro B HAOYHOCTI, B MEBHIM MOCIIIOBHOCTI,
J0TIOMarae OCMMCJIUTH CIIOCTepeXyBaHe 1 cGOpPMYJIOBaTH 3B'SI3KM  MIiX
dbaktamMu 1 sgBumaMud. ToMy MPUHIMUIOBO BaXJIMBUM [Js Tefarora €
YCBIIOMJIEHHSI TOrO, 10, KOMEHTYIOUM HAOYHICTh, BIH Jla€ JIOAATKOBY
1HpOpMAaIII0 PO CIOCTEPEKYBAHUM O0'€KT 4yM sBUIIE, 1XHI 3B'S3KHU, K1 HE
CIpUiMaloThCst 0€3M0CePEHBO.

Bunatai nenmaroru, taki sk M. M. Komto6uncekuii, T.T. JIyGinenp Tta
1HIII, HamoJsIrajdd Ha Bi3yami3amii dYepe3 eKCKypcilo: BOHa IOCTaBaja
MOIITOBXOM, MOTHUBAaTOpOM, CTapTOBUM €TaloM Yy 3J1MCHEHHI AaKTUBHOI
pPO3YMOBOi Ta MPaKTUYHOI MJISVIBHOCTI 3J00yBayiB OCBITU Ta OJHOYACHO
BUTYIAJIa IHAMKATOPOM CBIJIOMOrO CTaBIEHHA OCOOUCTOCTI A0 MPAKTUYHOTO
HaBYaHHS Ta 3JATHOCTI IO YCHIITHOTO 3A1HCHEHHS! CaMOOCBITHBOI JIISIITBHOCTI.

Haounicts y ¢i3uyHii 3aa4i MOCTa€ y BUTIAII €KCIEPUMEHTY, rpadiky,
MaJllOHKa, Tabnuii 4yu cxemu. Tomy, TpadiuHi Ta TEKCTOBO-IpadiyHi 3ajayi
BUMAaraloTh aHalli3y HasBHUX HAOYHOCTEH Ta iX NOEJHAHHS Yy CTBOPEHHI
¢b13uyHoi Moneni. Jlyxe yacto, HasiBHI Tpad1uHi €IeMEHTH HATIKAIOTh Ha HMUISIXU
MOIIYKY pilliIeHHs. €IMHOI0 TPUYUHOIO0 «TUCKOMPOPTY» MOXKYTh OyTH rpadiku,
AKIIO 3100yBay HE OYB CBOEYACHO HAaBUEHUH iX «UUTATH.

MakcumanbHO 0€3MpOO0JEMHUMHU [JIl Y4YHIB Yy BHUPIIMIEHHI € TEKCTOBI
3agaui. ¥ 30ipKax BOHU CKJIAJaOTh MEPEBaKHY OUIBIIICTh. 3HAYHA iX KUTBKICTh
BUPIIIYETHCS YYHSMHU HAa OCHOBI TMO€AHAHHA BIIOMHUX JaHUX Y BHU3HAuYCHY
dbopmyny abo BIATBOPEHHS IIE€BHOrO airoputmy. Taki 3amadi mepeBa)kKHO
BUKOHYIOTH POJIb TPEHYBAJIBHUX 3aBlaHb [JId BIANPAIIOBAaHHA HAaBUYOK
MEXaHIYHOT0 3aCTOCYBaHHS BU3HAYEHOI'0 MATEMAaTUYHOTO anaparty MmokjiaaaeHoro
B OCHOBY (p13MYHOT 3a/1a4i.

30BciM 1HIMK OiK mpoOjieMH HAOYHOCTI (I3UYHOI 3a7ayl KPUETHCS Y
13 TEKCTOBOIO 3aJa4Y€I0 MAa€ Ha METI:

— TMPOBEJCHHS MOTOYHOIO MOHITOPUHTY HaBUYOK CTBOPEHHS (PI3UYHUX
MoJesied, po3yMiHHS CyTi (DI3UYHOrO SIBUILA;

— BHCBITJICHHS BapiaHTy MOIIYKY pIlIEHHS, KOHKPETU3aLlis;

— CIpOUIEHHS BUPIMIECHHS Ta MOXJIMBICTh 3HAXOJKEHHS MaKCHUMAaJbHO
MPOCTOTO PILICHHS.

YHaouHeHHs € 000B'I3KOBUM €TanoM (€JeMEHTOM) y BUpilIeHHI (Hi3UYHOT
3amayvi. ToMy, 1Jis HAQOYHOT'O BUCBITIIEHHS BaXKJIUBOCTI rpadiqHOrO BiITBOPEHHS
iHQopMalli HaBegeMO KiUTbKa NpPUKIAAIB 0a30BUX (I3UYHUX 3a4ad, MIO0
BUKOPUCTOBYIOThCS Mij yac BUBUeHHS (izuku y 33CO.

1. SIx 3MIHIOETBCS KOHILIEHTpAllil MOJEKYJ 1AeaJlbHOro Traszy IijJ dac
130T€pMIYHOTO MpoIecy?
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VYHaoOUYHEHHS MOXKeE nmogaTucC:, HalpUukiIaga, ABOMa 3allpOIIOHOBAHHWMHU
MaJIFOHKaMH.

ED

% '; Ii_ .: -. | '; -
A TR /

a 6 B

[Ipy 1mpomy, mepmuil 13 HUX MOJETIOE 130TEPMIYHUN TMpolec Mia Yac
BUBUYEHHS HOBOro matepiany. Ilogane Ha ManioHKY 2 yHAaOYHEHHs (CXeMaTHYHO
3MoJieboBaH1 npouecu: b-posmupenns, B-ctuckanus) HaTgkae Ha BIiINOBIAL 110
MOCTaBJICHOI sIKiCHOI 3agaui. OKpiM TOro, OTpUMaHHS BIANOBIAI CIPOILIYETHCS
BIIMOBOIO, Y Takui croci0, Bl 3aCTOCYBaHHS aHAJIITUYHOTO METOAY BUPIIICHHS
3amayl (Bl BHUKOPHMCTAHHS TIE€BHOI KUIBKOCTI (OpMyl Ta aprymMeHTyBaHHS
JOLIBHOCTI iX BUKOPUCTAHHS).

2. B3ssBIIKM cTapT Ha MIBHIY TYypUCT JBI4Ul MOBEPTaB MPaBOPYY MPOXOJIUU
Py [[bOMY HUISIX BABIY1 OUIBIIMKA HIK MONEPENHs AUISHKA. SIKUM IUISX 1mo101aB
TYpUCT Ta AKUM Oyiio Horo mepeminieHHs? MiHiMalbHA 3 BiJICTaHel, gka Oyna
M10J10JIaHA, IOPIBHIOE X.

3ajaya BUMarae CTBOpeHHs rpadiyHoi MOJENl YMOBH 3 METOI YHMKHEHHS
BUIIQJIKOBOI MOSIBU MOMMJIKM TIJ] YaCc pO3paxyHKy. 3ajaya eleMeHTapHa, TUM He
MEHII MOCHIITHICTh MOXE 3IMPAaTH 37U JKapT Y OTPUMaHHI MPABUIBHOI BIAMOBIII,
10 OAHO3HAYHO BUKIIIOYAETHCS 32 YMOBU CTBOPEHHSI MAJIIOHKY.

3. JlroquHa mnepemyivBaE PiuKy 3aBIIUPIIKA S (BlacHa MIBUIKICTH
JIOJWHU Ta MBUAKICTH TeUil BIAMOBIIHO NOPiBHIOWTH Va Ta Vm). Cxibku yacy
TpUBATUME Tepernpana?
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A) cHpsMOBYIOYM CBIf pyX MEPNEHAUKYISIPHO 10 OEperiB.

Vi

YHaoyHEHHs YMOBHU JOMOMAara€e BCTAaHOBUTH, 11O B YMOBI € 3aiiBi AaHi,
BU3HAUUTH 1X Ta BUKOPUCTATH JUIIE HEOOX1IH1 JAJIsl OTPUMAaHHSA BIJAMOBI/II.
b) pyxatounch HAHKOPOTIIUM HIISIXOM.

Ve

CrBopenHs rpadiuyHoi MoJenl 3aaa4dl 3a0e3neyye po3yMiHHS pe3yJbTaTy
CYMICHOTO BIUIMBY BUIBHOTO Ta BHUMYIIEHOTO TEPEMILICHHS JIOJUHMU:
pe3yJibTyloua IMBHUAKICTh Ma€e OyTH CIpsSMOBaHA NMEPHEHJUKYISIPHO 10 Oeperis
(B310BX HAWKOPOTIIOTO HUISIXY).

B) JloBenith, sik camMe Mae pyXaTHcCs JIIOJAWHA, 1100 MICTATUCS IHIIOIO
Oepera 3a MiHIMaJIbHU Yac.

[IBUAKICTD JIOAMHHU € BEJIUYMHOIO CTajioro. Tak caMo JIIOAWHA HE MOXKE
BIUIMBATH Ha J1I0 Tedli. 3BakaloyM Ha TE, IO IIBUIKICTH TeYll HE BIUIMBAE Ha
MBUAKICTh PYXy JIIOJUHU Y HANPSIMKY MEPHEHIUKYISIPHOMY N0 O€periB, TO,
BIIMOBIAHO, pe3ylbTaT OyAe 3ajexaTd JIMIIEe BiJI «BHECKY JIOJAUHU» VY
MOJI0JIaHHS BiJIcTaH1 S Mik Geperamu.

DOI: https://doi.org/... 123



ISSN 24132667 (Print), ISSN 24153079 (Online)

[1s 3amada € mpUKIaAOM OTPUMaHHS BiAIMOBIJI HA MOCTABICHE 3alUTaHHSI
JUIIE 3aBASKU MPAaBHWIBHOMY T'padivHOMY MOJICITIOBAHHIO 1 B3araji HE BHMarae
NpPOBECHHS 00UYHCIICHb.

4. TInmiT Ta 4OBEH PyXarOThCS PIUKOI0 MK HAaceJIeHUMH NyHKTamMu A 1 B
Ta y 3BOPOTHOMY Hampsimi. Bu3Haurte siky BifCTaHb MOJAOJA€ IUIIT 10 MEPIIOi
3ycTpidyi 3 4OBHOM. BifcTaHb MDK IyHKTaMH S, BJIacHA HMIBUAKICTh YOBHA Ta
IIBUAKICTH T€Yii BIAMOBIAHO JOPIBHIOWTH Vu Ta Vin.

Fu+VFm

Vy-Fm

Nz ®

[IpaBunbHa rpadiuHa iHTepHpeTalliss YMOBH HEOJMIHHO HAIITOBXHE YYHS
MpaBWIbHI MOAANBII KPOKH, BPAXOBYIOUH, LIO:
— Yac pyxy Ti1 OJIHAKOBUH;
— IUJIIT PYXa€ThCA JUIIE 32 TEUIEIO;
— Ha uusixy A—B Tedis nomomMarae YOBHY pyXaTHcs, a Ha nuisixy B—A —
3aBaXae;
— IUIIT T2 YOBEH pa3oM MPOMIILIN JIB1 BiJICTaH1 § MK OCEJICHHAMHU.

Fan

o0 0

5. 1 Haocranok, 3agaya He3naliku. He3naiika oTpuMaB 3ajady B yMOBI

AKOT BUIIQJKOBO NEPETUTYTaIH MOCIIOBHICTh peUYeHb. JJOMOMOXHU Y HAUKOPOTIINIA
CTPOK OTPUMATH BiJTIOB1/Ib.

— T'epoii BupymuB y nogopox 13 Micta KsitiB 10 Micta YapiBHUKIB.

— ¥V CmaparaoBoMy MICTI )KOJJHUX 3MIH HE B1I0OYJIOCS.

— Bigcranp Mixk cTapToM Ta (iHilIEM CTAHOBUTH 260 KM.

— Tlomopox po3noyanacs 0 5 roANHI paHKY.

— OcTaHHI{ TPOMDKOK MO0JIaHUH 31 MBUAKICTIO 20 KM/TOI.

— ¥V Micrti 3ipok BinOynacs 3aluiaHOBaHa 3yMUHKA TpUBaNicTIO 30 XBUIIMH.

— Big Micrta 3ipok no cenumia Jlicoa IlonsiHa repoit pyxaBcs 31 IIBUIKICTIO
15 km/Topx.

— Ha xoxHI1ll AUISHII repoil pyXaBcsl NPSIMOJIHIHHO pIBHOMIPHO.

— Bin mouarky pyxy no CmaparnoBoro Micta MaHJIpIBHUK pyxaBcs 31
mBUIAKICTIO 20 KM/TO/I.

— Big Jlicoroi [onsau 1o Micta YapiBHUKIB 25 KM.

— Big Micra 3ipok Tak camo npameko g0 Micrta KBiTiB sk 1 10 MicTa
YapiBHUKIB.

— O KoTpiif roauH1 repoit nictaHeTbes QiHinry?
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Taka 3amaua Buctymnae sickpaBum npukiagoM 100%-ro «HEBUpPILICHHS»
3a1a4i 0e3 YHaOUHEHHsI YMOBH Yepe3 CKJIaJaHHs MaplIpyTy pyXy reposi.

MK ? ? ? 2

Otrxe, y 3amadyax Takoro THUMY, SK MOXXHAa OayuTh L0 YHAOYHEHHS
BHUCTYMae 000B’SI3KOBUM €JI€MEHTOM (€TaroM) y MOUIyKYy BiIMOBIIIL.

BucHoBKkuM

Ha ocHOBI BHIlle 3a3HAYEHOI0 MOXHA 3pPOOMTH BHMCHOBOK, L0 IPaKTHKA
Bukiaganus ¢izuku y 33CO mae MOXIMBICTH KOHCTAaTyBaTH, L0 Mpodiiema
YHAaOUYHEHHS BX1AHOT 1HQoOpMalii BOPOAOBK BHUBYEHHA (PI3UKH € 3HAYHOIO
IUIAaKTUYHOIO TpoOieMoro. Bona monsirae 'y  HEOOXITHOCTI HaBYaTH
MaKCUMAaJIbHO SAKICHO OINpalbOBYBaTH pi3HI BuAM rpadiuHoi iHopmaiii,
MOETHYBATH 1X MK c00010, mojiaBaTu (i3MYHI SBUILA Ta MPOLECH y rpadiyHOMY
BUTJIAA1  (CTBOprOBaTH  (PI3UYHI MOAENI) Ta BUKOPUCTOBYBATH HAOUYHY
1H(dOopMaIio 1 MOIYKY BIAMOBIAEH Ha MOCTaBJIEHI 3aMUTaHHS.

[IpobGiiema 3anuIIA€ThCS aKTyaldbHOIO Ta BHUMAara€ akKTUBHOCTI SIK BIJ
yuuTens, Tak 1 BiJ 3700yBayiB OCBITH; BHMAarae MOJAJbIIOT0 BHUBYEHHS Ta
BUHANJEHHS palllOHAJbHUX MPUHOMIB 1i MOJOJIAHHS TMiJ Yac oOpraxizamii
OCBITHBOTO TMPOIECY, IO ¥ CTAHOBUTHUME NEPCIEKTUBY MOJATBIINX PO3BIIOK.
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Graphic modeling as an important stage of solving a physical
problem

The article focuses on the need to develop in students the skills of active use
of clarity in solving physical problems. These visualization techniques can be
useful to identify possible ways to find solutions and determine which of them can
be used to obtain the end result with minimal time and energy. The formation of
stable skills of various work with graphic information is a sign of a conscious
approach of the individual to learning in general.

Keywords: learning process, physical task, repetition, questions, clarity,
skills, consciousness, ability, activity.
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HABYAJIbHA «MACTKA» IK METOAWYHWIA NPUAOM
AKTMBI3ALIi PO3YMOBOI IANbHOCTI 300EYBAUYIB
OCBITU

CraTTs npucBsuYeHa JOCIKEHHIO IMpoOJeMH aKTUBI3alii po3yMOBOi MISJIBHOCTI 3100yBadiB
OCBITM 4Yepe3 BHUKOPUCTAHHS MNPOOJEMHUX 3aBJlaHb, 110 MICTATh HNOMMJIKHU Ta MPOTHPIUYS.
PosrnsiHyTO npukiany, mo JarTh M1ICTaBU YUYUTEII0 CaMOCTIHHO BapiloBaTH PIBEHb CKIIAJHOCTI
Ta popMH MoJIadi MaTepiary 3 ypaxyBaHHSM IHIAUBIIYAIBHUX 0COOIMBOCTEH 3100yBayiB OCBITH.
Poskputo MoxkmmBOCTI (opMyBaHHS KOMIIETEHTHOCTEH IS TOAOJAHHSA ITaOJIOHHUX
QITOPUTMIYHUX MIIXO/IIB O BUPILIEHHS (I3UYHOT 3a1a4l.

KuouoBi ciioBa: nasuanvhuii npoyec, mMemoouyHuil nputiom, po3ymosa OisbHICMb,
AKMUBHiCMb, 3aNUMAHHI, BMOMUEOBAHICMb.

BcTyn

dopMyBaHHSI HABUYOK CBIJOMOTO Ta KOMILUIEKCHOTO 3aCTOCYBaHHS 3HaHb €
3alOPYKOI0 Pe3yJIbTAaTUBHOCTI HABYAHHS Ta MOKJIMBOCTI, BIATIOBITHO, OTPUMAaHHS
Brcokoro KK/ ocBiTHBOI IisIIBHOCTI.

3azHayeHa npobiieMa He € HOBOW. MDK TUM 13 IUIMHOM dYacy Ta 3
ypaxyBaHHIM JMHAMIKH OCBITHBOT'O MPOIECY B3araji, BOHA BUMarae BUHAWICHHS,
ampoOairii Ta BIOPOBAHKEHHS HOBUX a0O0 BIIOCKOHAJICHHS W 3MIHHM BXX€ BITOMHUX
METO/I1B Ta MPUHOMIB HABYAHHS.

JlocBig poOOTH CBITYUTH IPO TE, IO OAHUM 13 BAAJIUX CyYaCHUX MPUAOMIB
aKTHUBI3AIlll TISUIBHOCTI 3100yBaviB OCBITH € HaBYaJIbHA «MacTkay. ToMy 3a MeTy
CTaTTl CTaBUMO PO3KPUTTS TIOHATTS HAaBYAIBHOI «IACTKW» Ta TMOJaHHA Ha
MPUKIaJAaX MOXKIMBOI YMOBHOT iX Ki1acudikarii.

OcHOBHa 4YacTUHa

HapuanbHa «mactka» Moxe Oyau BHU3HAY€HA SK HABMHCHO CTBOpEHA
CUTYyallis, 10 HATSAKA€ Ha 3a3[ajerib XUOHHWM NUIAX BUPIMICHHS NpoOJeMu Ta
OTPUMAaHHS TMPABWILHOTO pe3yibTary. ONHIEI0 13 MOMIMBUX OCHOB JUJIsI TaKOi
kinacudikaiii MoXXe CTaTH CHUCTeMa BIIOMUX 0a30BUX METOIB Ta MPUMOMIB
HaBYaHHS (DI3UIIL
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HalinommpeHinioro € «macTka» Ha OCHOBI NOMMJIKM (HaBMHCHOI). Tak min
yac OTpUMaHHS pO3pPaxyHKOBOi (opMynu [0 3ajayi, SKy IMOSICHIOE BYMTEIb,
«BUMAJKOBO» Ha TMEBHOMY €Tall T[O3HA4YeHHsS JeiIKuX (I3UYHUX BEIUYHUH
3aiiMaloTh MOMIJIKOBE Miciie abo B3araji BTpadaroThCs, TOJI KiHIEBa (Gopmyra
MO>KE MOJIaBaTUCS SIK 3 MOMMJIKOIO Tak 1 6e3 Hei. [Ipu npoMy nojasnbliie 3aBaaHHsS
MOJKE MOJSATaTH Y MOUTYKY TOMUJIKH.

Hanpuknao: Tlpu BUBYEH1 ra30BUX 3aKOHIB, 110 OTPUMYIOTHCSI Ha OCHOBI
piBHsAHHS MenneneeBa-Knaneitpona pV=mRT/M, mnincyMKoBa TaOJUIs MOXKeE
BUIIISIIATH MPUOAU3HO Tak: 3Binku m= pVR /(MT) abo m= pVM / T — maca
PEUYOBUHH Y TIOCYAUHI.

AGO CTBOpEHHSI Ha OCHOBI «IIPaBUJILHOTO» MOSICHEHHS HOBOTO Marepiany
M1CYMKOBOT «IIOMUJIKOBO1» TaOIMIIL.

Hapuxnao:
CTAJINM
MAPAMETP MMPOLEC 3AKOH DOOPMYIJIA
T - Temnieparypa 130TEpMIYHHM boitns-Mapiorra | p; V= p,V>
P -00’em 1300apuyHui I'eii-JIroccaka V,/V,=T,/T,
V - THCK 130XOpUYHUN [Tapss P,/T,=P,/T,

CTBOpeHHS HaBYAJIbHOI «IAaCTKW» TaKOX MOXKE€ BiAOyBaTHhcs uepe3
HNOPYIICHHS JIOTTYHOCTI.

Hanpuknao, npu posrasiai Il 3akony Heiotona. flka 3 HaBeneHux Gopmyn €
npaBuibHOW a=F/m uu F=ma ?

A) IlpruuuHOIO 3MIHM PyXy € B3a€MOJIs, a OT’KE — CHJIA, 30BHILIHINA BIUIUB,
K BUMIpIOBAaHa XapakTepuUCTHKa. Maca » B3araji >KOJHUM YHHOM Y KJIACUYHIN
MEXaHiI[l He 3aJIeKUTh Bl MPUCKOPEHHS 1 € cTayno BenuunHor. OTxke, cuia Ta
Maca BHCTYNAalOTh HE3QICKHUMH MapaMeTpaMu, a IPHUCKOPEHHS — 3aJIEKHOIO
BeIU4MHOW0. Tomy, nepiunii Bupa3 € JIOTIUHIIINUM HIXK APYTH.

B) s 3MiHM IIBUAKOCTI TUIa OUIBIIOT Macu Tpeda JOKIACTH OUIbITY CHUTY
Ta 1100 TIO MIBUIIE 3MIHWJIO MIBUAKICTH (HA0Y10 OUTBIIIOTO MIPUCKOPEHHS) Tpeda
TaKOX JIOKJIACTU OuTbIy cuity. OTxKe, TOTTYHIIIUN ApYyTUil BUpa3?

HaBenenuii mnpukian gae MiACTaBU CTBEPAXKYBAaTH, IO JJsi PO3YMIHHSA
(GI3MYHUX TPOIEeCiB, MO BiIOYBalOTbCS HABKOJIO MPUHIMUIIOBO BAXKJIUBUM €
(dhopMyBaHHS 37aTHOCTI B YYHIB BCTaHOBJIOBATH JIOTIYHI MPUYUHHO-HACIIIKOBI
3B’ SI3KU.

Jlist 3aKkpiluieHHsT BUBYEHOro a0 TMEPBUHHOIO 3aCTOCYBaHHS Marepiany
CTalOTh B HAroJll AKICHI 3aJadyil. BOHM TaKoX MOXXYTh MICTUTH «IPOBOKAIIIIOY»
(HaBMUCHY TOMUIIKY) Y (hOpMYITIOBaHHI.

Hanpuknao: Tlpu BUBUYEHHI KUMIHHS JOpPEYHOIO Oyje Taka sIKiCHa 3ajava.
3pocTtaHHs 00’eMy OyJbOAIIKKU TPU KUIIHHI CYNPOBOIKYETHCS 3pDOCTAHHSAM THCKY
y Hiil. Ile cynepeunts 3akony boiins-Mapiorrta. Sk nosicHUTH siBUILE?
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AG0 Hanpuxnao: CynyTtHuk 3emiii poOuth mepruii oo6ept 3a 1 rox 40
XBWIMH, a Apyruit 3a aume 100 xBuiauH. SIK MOXKHA MOSICHUTH NPHUYMHY I[HOTO
ABUIIA?

['oToBUH pO3B’S30K 13 «MACTKOIO» MOKe OyTH 3alpOolOHOBAaHUN s
camocTiiiHoro posrisay. [lomanbmuii po3risan 3agadi Ta BUKPUTTS «IACTKH» €
MOKAa3HUKOM SIKOCTI MPOBEACHHS CaMOCTIMHOT JISTIHOCTI 3100yBaviB ocBith. [Ipu
IbOMY BapTO 3a3HAYMUTH, IO IHJUKATOPOM SIKOCTI OIpaIOBaHHS HAaJlaHOi
iHopMaIlii € HasIBHICTh MUTAaHb Ta / 400 BUCIOBIIOBAHHS BJIACHOI MO3UIIIT (JTyMOK)
CTOCOBHO 3ajJayi Ta ii 3ampomnoHOBaHOro pimeHHs. [lpu upomy ciif 3BepHYTH
yBary Ha MOXJIMBICTh YCKJIQJJHEHHS 3aBIaHHS yepe3 3MiHy Horo ¢hopMysIroBaHHS
Hanpukiaa: «llepeBiputu npaBuiibHICTHY. [IOpIBHSHO BiJ MONEPEIHBOTO TaKe
dhopmyIIIOBaHHS BIIPI3ZHIETHCA TUM, 110 HEBIIOMO YW € HACIpaB[i MOMUJIKA, Yu 1i
HEMae Ta CKUIBKM caMeé TUX T[OMUJIOK €. Taky [acTKy JOUUIbHIIIE
BUKOPUCTOBYBaTH JUIsi HaBYaHHs 3700yBayiB, IO MalOTh BHUCOKUWA pIBEHb
HaBYAJIbHUX JOCSATHEHb a00 JJI CTYACHTIB y 3aKjajaxX BUILOT OCBITH.

Hanpuknao: BuzHauutu Macy pedyoBHHM (BBaXkalTe ii 1/1eaJJbHUM razom),
10 3HAXOAMUTHCS M1 MOopIIHeM (1 JIITp BYTJIEKHCIIOTO ra3y 3a HOpMaJbHUX YMOB).

Macy pe4oBMHM MOXKHa 3HAWTH CKOPUCTABIIUCH PIBHSAHHSA MeHeneeBa-
Knanetipona:  pV=mRT/M, 3Bigxku m= pVR /(MT) — «nomuiakoBa» maca
PEUYOBHHH.
3a yMOBOIO:

06’em V=1 11= 10" ’,

Temmeparypa t=27 °C (a6o T=27+273=300 K) ta Tck p=10° ITa.
mossipHa Maca CO, nopisrioe M=12+16%2=44 r/mons=44*10" Kr/Moib.
yHiBepcalibHa ra3ona ctaia R=8,31 JIx/(xkr*K).

Jlani MOXJIHBI, MPUHAWMHI, J1Ba MAX0AU (HA BUOIP YUUTEINS):

1 — xopucTyeMOCS IPABIIIBHOIO (POPMYIIOIO JIJIsi OOUMCIICHHS PEe3yIbTaTy:
Toxni, m=10° * 10™ *44*107 / 8,31*300 =~ 0,01765 (xr) = 17,65 (T).

2 — KOpUCTyeMOCs XUOHOIO (POPMYII0T0 JyIsi OOUUCIICHHSI PE3yJIbTATY:
Toxni, m=10° * 107 *8,31/ 44*10 *300 = 629,546 (kr) =~ 629,55 (xT).
Opnak, niTpoBa O0aHKa 3 BYTJIEKHCIIMM ra3oM HE MOKE MaTu Macy OJIM3bKO

630 kr. Tomy, HaBeAeHUI MPUKIAJ MEPEKOHYE y HEOOXiAHOCTI (HOpMYBAaHHS B
YUHIB 3BHYKHM HaMaraTHCs 3a JIOINOMOIOI0 JIOTTYHUX YMOBHUBOJIIB TEPEBIPITU
pe3yibTaT Ha IOCTOBIPHICT.

KnacuyHoto «macTkoo» MOXYThb OyTH 3aBAaHHS W00 BCTAHOBJIEHHS
3QJICKHOCT] PI3HUX XapaKTePUCTHK PEYOBUHM ab0 MpWIaaiB Bl OJHIET 3
BHUMIpPIOBaHUX.

Hanpuknao, BuU3HaYEHHS 3aJI€KHOCTI:

A) omopy ab0o MUTOMOTO ONOPY Bl CUJIU CTPYMY Ta HAIPYTH, IO HATAKAE
y TIOIIYKY BIAMOBII HA BUKOPUCTAaHHS 3akoHY OMa Ta CIpsIMOBYE IYMKY XHOHUM
HUTSIXOM;
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B) emHOCTI KOHJIEHCATOPA B/l HANPYTHU Ta 3apsAy, 10 KOXKHOI 3 IKUX TaKOX
NEepIIOYeproB0 BUHUKAE OakKaHHS LI0JI0 BUKOPHUCTAHHS XUOHOI GopMynu s
BIJIITOBII.

3aBaaHHS 3 HEJOCTAaTHIMU JaHMMHU B YMOBI HalUIeHI Ha (QOpMyBaHHS
KOMIUJIEKCHOTO OayeHHsl MOCTaBJl€HOi MpoOiieMH Ta HAOYTTS KOMIIETEHTHOCTEH
JUTSL 3IaTHOCTI PI3HOOIYHOTO 11 BUPIIIEHHS.

Hanpuxnao: 3anpornoHyBaTH  KUIbKa  CMOCOOIB  MpSMOTO  Ta
OMOCEPEIKOBAHOTO BHU3HAYEHHA 00’eMy TBepAux Tl Ta piauH. Ilpu npomy
JopeuyHuM Oyje MaTH Ha yBasil 3anmuTaHHs Oe3 BiamoBini: «Yu MokHa B3araii
BU3HAUYUTH O0’€M TBEpPAOro TuIa HpsIMUM crocobom?». Came BOHO HaJacCTh
MOXJIMBICTb BYHUTENI0 BCTAHOBUTH TJIUMOMHY Ta pi3HOOIYHICTh Y MiIX0Jax
3100yBaviB OCBITH JIO MOIITYKY BiJIIOBIICH.

[TacTkoro Moke OyTH 3ajadya Ha OCHOBI EKCIEPUMEHTY abo rpadiyHOi
iHbopMaIlii.

Hanpuknao: SIxy makcuManbHy poOOTY MOKE€ BUKOHATH CUJa TSDKIHHS, IO
Jll€ Ha KOKHY 3 TBapUH (Macu TBapWH BBaXKailTe piBHUMHM 10 2 Kr)? BusHaurte sk
BIJIPI3HAIOTHCS MOTEHIIATbHI €HEPrii B3aEMHOT'0 PO3TAllyBaHHS KOXHOI 3 TBapUH

BITHOCHO 1HIIIO].
d
>— 170 cm 130

*" d

ITacTkOI0 TaKOX MOXKE BHCTYIIATU CKCIICPUMCHTAJIbHA 3a/1d4a.

Hanpuxnao: Onieenb, MO CTOITh MNEPHEHIUKYISIPHO HA CTOJI, MOYHUHAE
nagatu. Moro TOJIOKeHHs MOKa3aHi pi3HUMH KosibopaMu. OJiBellb OCBITICHUU
TOYKOBUM JiKepesioM cBiTiia. OgHOYACHO 3 MaAiHHAM JOCHIIHUK (PIKCY€E TIH1 BiJ
OJIBIS. YK MpaBUILHUNA MaJIFOHOK IMOJAaB JOCIITHUK sl TiepeBipku? Skoro Oynae
MiHIMaJIbHA TiHB? YW OHO3HAYHOIO € BIAIIOBIIL?
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Bynp-sika mpukiajgHa 3ajada € CBOEPIAHOIO MACTKO, 00 3a CBOEIO CYTTIO
BHUMAarae iHTerpauii 3HaHb 3 pi3HUX HaBYAIbHUX JUCUUILTIH.

Hanpuknao: BuzHaute, siKy CyMy KOIITIB 32 MICAIlb (PI1K) BATPATUTH POJAUHA
JapeMHO, SIKILO XTOCh Oyje 1o/Hs 3a0yBaTh BUMKHYTH Ha 1 TOAMHY CBITHJIBHUK
Ha 4 naMrodku notyxHicTio 60 BT Ta Tenesizop notyxHictio 150 Br.

OxkpeMUM BHJIOM HaBYaJIbHOI MAaCTKH MOKe OyTu OararoetanmHa ¢izvyHa
3ajlaya MIABUIIEHOI CKIAJAHOCTI. 3a3BH4ail, y TakKuUX 3aJadyaX BUMAraeTbcs
BHU3HAYEHHS BEJIMKOI KUIBKOCTI BEJIMYUH 332 YMOBH JyK€ OOMEXKEHO1 KIIbKOCTI
3aJJaHuX.

Hanpuxnao: Tino xumyma mix kyrom 20° 10 ropusoHTy 3i mBuakictio 12
M/c 3 BUCOTU 15 M. T110 pyXa€eThCsl y MO CUIIH TSHKIHHSL.

A) BusHauuTH M)A TUIA BUCOTY MIAHSATTS, AAJBbHICTh MOJBOTY, IIBUAKICTD
y MOMEHT NaJIHHS, KPUBU3HY TPAEKTOPIi y BEPXHIM TOUI, HUISAX, AKUH MPOUILIO
T1JI0, IEPEMIIICHHS BiJl MAKCUMAJIbHOI BUCOTH Ta 3arajibHe MepeMillleHHS.

B) 3anucaru piBHSAHHS pyXy, HIBUAKOCTI Ta TPAEKTOPII.

C) IloOynyBatu rpadikv 3al1€KHOCTI MIBUJIKOCTI, MOJYJS IIBUIKOCTI,
BEPTUKAJIBHOI Ta TOPU3OHTAIBHOI KOOPAMHATH B 4Yacy, a TakKoxX TIpadik
TPaEKTOPIi 3a BECh Yac pyxy.

Baprto npu 1pomy 3ayBaxuTH, IO HasBHICTh (BIICYTHICTH) B YMOBI
cynpoBigHOI rpadiyHoi iHGoOpMalll Mae 3aJUIIUTHCS Ha BUOIp yUYUTEN:
Bi3yalizallisi YMOBHU TEKCTOBOI (I3MYHOI 3a7aui Ta rpadiyHe BIATBOPEHHS €
OKPEMHM €TaroM ii BUPIIECHHS.

He MeHII ycHINIHOIO «IAcTKOIO» JJis CTaHE HaBMHUCHA OOIPBaHICTh JEKIii
Yy PO3MOBIJII HA TIEBHOMY 3allUTaHH1 (MOXJIMBO, HE JIO0 KIHIIS BHUPIIICHOMY), aje,
pa3oM 13 TUM, 3 MOJANbBIIUM «HETOBEPHEHHAM)» 10 HHOTO Micias nepepBu. Takuii
MIX1 9iTKO BU3HAYATUME CBITOMUM MIJIX1J1 10 OTPUMAaHHS OCBITH: 3alliKaBJICHICTh
TEMOIO PO3MOBH Ta PO3TJISAYBAaHUMU MUTAHHSIMHU BUKpUE ceOe uepe3 HaraayBaHHs
PO HEOOXITHICTH MOAANBIIOTO PO3TIISAY «IIEPEPBAHOT0» MUTAHHS.

MeTonyHa MOMUJIKA SIK HaBYAJIbHA «I1acTKa» CTaHE B HAroJll mpu poOoTi 3i
cTyneHTaMu (MailOytHiMu yuutensmMu ¢i3uku). Tak, wanpuxknad, min dac
BHUBYEHHS METOJ[IB Ta MPUIOMIB HaBYaHHS MOJAHHS JOMAIIHBOTO 3aBIaHHS MOXKHA
3aMpONOHYBATH Y BUIJIANI TakKoro ciaiay (AWB. MNPUKIAIA HUXKYE) Ta
3aMpONOHYBAaTU JAaTH METOJIUYHY OLIHKY.
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Tak Ha mepmoMy ciaiizii ioro ocHoBa (KapTHHKA) Ta 3alpONOHOBAHA 3aja4ya
3a TEMaTUKOIO 30BCIM HE BIMOBIAAIOTh OJHA OAHIN. [[71s1 OUIBIIOr0 KOHTPACTY Ta
3BYKCHHSI MOKJIMBOCTEH IJISl MOIIYKY «ITaCTKW» MO>KHAa HABECTH TUIAH-KOHCTICKT
YpOKy, 10 a00pe po3poOJieHHi, HArojOCUTH Ha BUBAXKEHOMY YCKJIaJHEHHI
migiopaHux 3a1ad 1 T. 1H. (a0 BIIBOJIKTH yBary).

Ha npyromy — mogana ximacudikaiiss MEXaHIYHOTO pPyXy 3a (PopMoOro
TPAEKTOPIi Ta XapakTEPOM 3MIHU MIBUAKOCTI € MEPEIUIYTAaHOK Ta 3MIIIAHO0, 110
HE € MPUITYCTUMHM.

BUCHOBKM

Ha ocHOBI BuIlle 3a3HAYEHOr0 MOKHA 3pOOUTH BHCHOBOK, II[0 HaBYaJIbHA
«IIaCTKa»:

— 3JIaTHa poOWTH BaroMuUil BHECOK y CB1JIOME HaBYaHHS 3/100yBayiB OCBITH
3 Q13UKH;

— 3 METOJAWYHOI TOYKH 30py € BHUIPABAAHOI JUISI BHKOPHUCTAHHS Y
HaBYAJIbHOMY IPOIIEC] Y 3aKjIalaX OCBITH PI3HUX PIBHIB,;

— PO3KpHBAE€ MOMKIMBOCTI YUHUTEIIO JUIS IIMPOKOTO BapifOBaHHS 3aJICKHO
B/l ITUJAKTUYHOI METH, PiBHA C(HOPMOBAHOCTI 0A30BHX 3HaHb Y4YHIB Ta HAOyTTA
HMMH BIJITOBITHUX KOMIIETEHTHOCTEN;

— 3J1aTHA 3a0€3MEeUYUTH MOXKJIMBICTh YPI3HOMAHITHIOBATH 3aBAaHHS ITiJ 4ac
pobotn 31 3m00yBayaMu OCBITH, 1[0 MAalOTh BHCOKHH pPIBEHb HaBUYaJbHUX
JOCSITHEHb Ta 3 00JapOBaHUM YYHSIMU;

— BHUMAara€ akTUBHOCTI ¥ BHUHAXIIJIMBOCTI BiJ YYHUTENS, a TaKOX MOro
CaMOBJIOCKOHAJICHHS.
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3azHayeHa TeMa HE € OCTaTOYHO MJOCHIPKEHOI0, BHUMAara€e IMoAaJIbLIIoro
HIUTBHIIIOTO PO3TJISIAY B MPOEKI(i Ha OCOOJMBOCTI BHBUEHHS TMEBHUX TeM abo
po3auTiB  (GI3UKM  AK 3araJibHOOCBITHBOI HABYaJbHOI JMCIHUIUIIHUA. Tomy
MEPCIeKTUBU TONAJBIINX PO3BIIOK JOIUIBHO 30pPIEHTYBATH B  HAMPAMKY
BU3HAYEHHS TE€M Ta PO3JUIIB (DI3UKU SIK1 MepIl 3a BCe NOTPEOYIOTh BUKOPUCTAHHS
TaKkoro METOJY 3 METOI TIJHATTS pPIBHSA 3allKaBICHOCTI MaTepiajoM Ta
BMOTHBOBAHOCTI 3/100yBayiB OCBITH.
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Training trap as a methodical method of activating mental
activities of educators

The article is devoted to the study of the problem of activating the mental
activity of students through the use of problematic tasks that contain errors and
contradictions. Examples are given that give teachers a reason to independently
vary the level of complexity and forms of presentation of the material, taking into
account the individual characteristics of students. Possibilities of formation of
competences for overcoming of standard algorithmic approaches to the decision of
a physical problem are proved.

Keywords: educational process, methodical reception, mental activity,
activity, questions, motivation.
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BAIATOETAINHI FPA®IYHI 3A0AYI 3 ®IBUKU Y HABHAHHI
30OBYBA4IB OCBITH, LLO MAIOTb BUCOKWU PIBEHb
HABYAJIbHUX OOCAIMHEHb

CraTTs mpUcBsiY€HA JOCIIKEHHIO NMPpo0OaeMu poOOTH 31 3A10HUMHU YYHSAMHU, 110 HABYAIOTHCS Y
3BHYAWHUX, PI3HOPIBHEBUX KOJIEKTHBAX 3aKJIaJIB 3arajibHOi cepenHboi ocBith. Ha mpuknani
rpadgiuHuX 3a7a4 3 Gi3uKH, MO nepeadadaroTh 6arato eramiB y po3B’A3Ky, OKAa3aHO MOXKJIUBI
IUISXU X BHUKOPUCTaHHS Ha YypOKax IiJ dYac opraHi3alli HaBYaHHS Ha BHUCOKOMY piBHI
CKJIaIHOCTI.

KurouoBi caoBa: raguanvuuii npoyec, Jn02iuHa NOCAIOOBHICMb, CAMOCMIUHICMDY,
epaghiuna 3a0aua, iHOusioyanbHa poboma, CKIaOHICMb.

BcTyn

JocBin poboTH y 3akiajax 3arajbHOi CEpPeAHBbOI OCBITH J03BOJISE
CTBEPKYBaTH, 1[0 poOOTa 31 3A1I0HUMU YUYHAMU (SIKI HE CTAHOBJIATH OUIBIIICTD Y
3BHYAHMX KJIacaX) CTa€ BCe OUIBLIOI0 MPOOJIEMOIO 3 OIJISIAY Ha MPOJYKTUBHICTH
pOoOOTH KOXXHOT'O B MEKaX HABYAJIbHOTO KOJIEKTHUBY B IUIoMy. B OuiblIocTi
BUIIAJIKIB 1€ caMe 11 Y4Hi 5Ki M030aBJIeH] TOCTaTHHOI yBaru Bukiaaadis. Lle crae
OPUBOJIOM  JUJIi  BTPAaTH  3allIKaBIEHOCTI Ta pPe3yJbTaTUBHOCTI HaBYaHHS
0COOMCTOCTI.

SIKuo K roBOpUTH MPO CydacHl MpodinbHI KiIacu, TO s OUIBIIOCTI
3100yBayiB OCBITM HaBYaHHS HAa BHCOKOMY pIBHI CKJIAJIHOCTI HE € BEJIHMKOIO
npobiemoro. OTKe, MeTOI0 CTaTTi € BCTAHOBJICHHS Ta BUCBITJICHHS, HA MPUKIIA/II
OararoeTanHUX rpaiyHUX 3a]1a4, MOKJIMBOCTEH MPOEKTYBaHHS OCHOBHUX METO/IIB
Ta MpUHOMIB BHUBYEHHS (GI3MKM Ha Oprafizanilo poOoTH 3AI0HMX YYHIB, MIO
HABYAIOTHCS Y PI3HOPIBHEBUX KOJIEKTUBAX.

OcHoBHa YacTuHa

[IponykTtuBHa poOOTa 3 YYHSIMH BHCOKOTO PIBHS YCHIIIHOCTI B yMOBaX
PI3HOPIBHEBOI'O0 YYHIBCHKOI'O KOJIEKTHBY BHMAara€ ypi3HOMaHITHEHHS METO/1B
poOOTH 3 METOI0 YTPUMAHHS BUCOKOTO PIBHS Mi3HABAJIbHOI aKTUBHOCTI TPUBAJIUN
yac a0M Takl y4Hl HE CTaBaJId «OJMHAKAMU» Ta MOBHOILIIHHO PO3BUBAIUCS Y MEKaxX
BJIACHUX MPUPOJHIX MOKIMBOCTEH.
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Bax1MBMM YMHHUKOM IUTIIHOT POOOTH € MiATpUMKA BUHTENs (000B’SI3KOBa
BIJIMOBIJIb Ha BCl MUTAaHHS, 110 CTaBUTh YY€Hb) Ta HAUTICHIIMK 3B'A30K 3MICTY,
METO/11B pOOOTH Ta TEXHOJOTTYHUX MPUHOMIB 3 «KMPIEIOY YUHS.

BpaxoByroun Bullle 3a3Hau€HE, B YMOBAax PI3HOPIBHEBOIO YYHIBCHKOTO
KOJIEKTUBY TMPOAYKTHBHY pPOOOTY 3 Y4YHSIMH, L0 MAalOThb BHUCOKUH pIBEHB
HAaBYAJIBHUX JIOCSATHEHb MOXXHA TOJUIUTH HA Takl PI3HOBUAM SK HaBYaHHS Ha
MIJBUINCHIN MIBUKOCTI Ta BUCOKOMY PIBHI CKJIATHOCTI, @ TAKOXK TBOpYa poOOTa.

VY nopiBHSHHI 3 JIBOMa IHIIMMHU HaBYaHHS Ha BUCOKOMY DPiBHI CKJIaJHOCTI
CTBOPIOE MaKCHUMaJlbHI HaBaHTa)KCHHS Ha OCOOUCTICTh: 1HAWBIAYaldbHI 3adadi 3
BEJIMKUM «KPOKOM CKJIQHOCT1», 3aBJaHHS IMIJBUIICHOT CKJIAIHOCTI, HETHUIIOBI
3aBIaHHA Ta OaratoeTarHi 3a1ayi.

3yNUHUMOCS OKpeMO Ha OararoeTanmHux rpapiyHuX 3aaadax. BoHu cTaioTh
3HAXIJKOIO JUISl BUMTENS M1J Yac opraHizallii IHAMBIAYalbHOI poOOTH 31 3A10HUMU
YUHAMH Y 3BUYaHUX YYHIBCHKUX KOJIEKTUBAX 3 KUIBKOX MPUYMH:

— mependavyaroTh BUCOKY CaMOCTIHHICTh pOOOTHM y4YHA Ta Jlal0Th
MO>KJIMBICTb 11 CTUMYJIOBATH Y€pe3 HATSAKHU Ta JOMOMDKHI 3alIUTaHHS;

— BUCBITJIIOIOTH HE3PO3YyMUII IJIsl YUHS €JIEMEHTH Ta, TUM CaMHUM, BKa3ylOTh
YUUTENIO Ha HAMPSIM MOJABIIOT CIIBIpALli;

— CTBOPIOIOTH CUTYaIlil AJisl MIATPUMKU BIEBHEHOCT] YUHS Y BJIaCHUX CHJIaX
Ta MOXJIMBICTh CAMOCTIMHOIO MPOJIYKTUBHOTO HABYAHHSI 11032 OCBITHIM 3aKJIaJIOM;

— MOTHUBYIOTb JI0 B3a€MO/III,

— GOopMyIOTh HaBUYKHM 3aJlaBaTH 3allMTaHHS Ta PO3IIMPIOBATH BIACHI
CBITOTJISIIHI TO3ULIT Yepe3 aHali3 PI3HOTO CBITOCIPUIHATTS IHIIUMU;

binbuiicTe Takux 3aBlaHb BUMAaraloTh KOMIUIEKCHOTO 3aCTOCYBaHHS 3HaHb.
Po3risiHeMo iX 0cOOJMBOCTI Ha IPUKIAAX.

1. «BaproBi». JIBoe BapTOBUX, PYXalOUHCh TMPIMOJIHINHO, OXOPOHSIOTH
MPOTHJIC)KH1 OOKM OJTHOTO HEBENUKOro 00’ekTy. ['padiku 3aiexHOCTI KOOpAUHAT
BapTOBUX BiJl YacCy JaHO Ha MAJIOHKY:

20
10
Mo 2
1, cex [0 20 =,
Moom
Mol
-10
-20
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[To6ynytiTe:

1) TI'padiku 3a1€XKHOCTI LIBUAKOCTI BiJl Yacy;

2) TI'padik 3aJI€eKHOCT1 MIBUIKOCTI MEPIIOTO BaPTOBOTO BiAHOCHO JAPYIroro
BiJI yacy.

3amaya He BUSBISETHCS CKIIAHOIO JUISl YUHIB SIK1 BUIBHO MOXYTh OTIEpYBaTH
rpadikamMu:

— Amnaini3z rpadiky — yCBIJOMIIEHHSI TOTO «ILI0 caMe» Bi1oOpa)keHO (3MIHU
AKUX XapaKTEPUCTHK);

— BcraHoBieHHS XapakTepy 3MIH Ta CTBOPEHHS AaHAJIITUYHOI MOJENi
(pIBHSIHHSL PYXY);

— DBu3HaueHHA XapakTepUCTHK (IIBUAKOCTI) Ha OCHOBI aHaJIITUYHOI abo
rpadiuHoi Mojeii;

— IlpoBeneHHss MaTeMaTUYHHUX MEPETBOPEHb (PIBHSHHS IIBHJKOCTI Ha
OCHOBI PIBHSIHHS PYXY);

— IlepeTBopeHHs aHATITUYHOI 3aJIeKHOCT1 Y rpadiuny (rmodymoBa rpadika
HIBUAKOCTI 32 PIBHSHHSAM «I10 TOYKAX»).

BusHauenuii y Takud 4u aHAJOTIYHMKM Ccmoci® TUIaH Al TPU3BOJIUTH 10
MOCTIZIOBHOTO OTpPUMaHHS OakaHOro pe3yibTaTy Ta (OpPMYBaHHS 3AaTHOCTI
KOMIUIEKCHOTO 3aCTOCYBaHHSI 3HaHb, a TaKOXX BUYWTH CaMOOpTaHi3ailli BIacHOi
TISTIBHOCTI (B T. 4. HABYAJIBHOI).

2. «Pizni pyxm». Onmucatu pyx Tila 3a NOJAAHUMHU TpadikaMu 3a1e€KHOCTI
KIHEeMaTUYHHUX BEJIMYMH Bij yacy. BU3HAUMTH HUISIX Ta MEepeMIIIeHHS Tiia 3a BECh
qac pyxy. [loOynyBaTu TpaekTopio pyxy.

IIpuxnao 1.
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IIpuxnao 2.
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3. «XT0 mpo mo?» OnuIiTh CUTYaIi10, 10 MOJaHa MAJTIOHKOM.
v

TyT MOXJTMBI J1Ba BapiaHTHU:

— OnucaTu cuTyalio, 1o Moxe O0yTH 3a/1aHa KOKHUM OKPEMUM IpadikoM;

— Onucatu curyanilo, Mo Moxe OyTH 3aJaHa TO€JHAHHSAM OKPEMHUX
rpadikis.
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4. «Touka omopu». Busznaure cuiy, sika Jli€ Ha KOXKHY 3 ONop Ta miABic. Yu
piBHi BoHM? Sxmo «Hi», TO copoOyiite 3HailTH crocid o0 iX piBHATH
(3amporoHyiTe KuibKa BapiaHTiB)?

r=Ry=63810%n

1 L ﬁl--' L | r ][’]'j M
e F—&., 1091

[Ipu BupimeHH! Takoi 3aJayi BaXKJIMBI SIK MPABWIbHUNA aHali3 KOXKHOTO
MaJIlOHKa, TaK 11X MO€THAHHS.

5. «YUu 0yae 3100mu?» CrojolieHa MUIA TWIBHO TUBUTHCS HAa HEOE3MEKY,
K1 HIOUTO OalayXe CyciICTBO. SIk caMe Ma€ JIATH KiT, 1100 BXOMUTH 370014 ?

JIoIIbHO 3BEpHYTH yBary BUMWTENIB, IO 3alUTaHHS Yy 3a/Jadl JOCHUTh
aoctpaktHe. ToMy, mepml HDK HaMmaratucsi JaTd IIBHJAKY BIJINOBiAb, BapTo
MPOaHaTI3yBaTH MOKJIIMBOCTI 3HAXOKEHHS YCIX MOXKJIUBUX PIIlICHb:

— o BimOyBaTUMETHCS 3 BaXKeJIeM, SIKIIO KIT TJIUTHE?

— Sk npu upomy OyJie 3MIHIOBATHCS KOOpAMHATA MUIII1?

— IIlo Mae OyTH pe3yabTaTOM BIAJIOTO MOJFOBAHHS ?

— Skuil HanpsAMOK Tpeba oOpaTH s cTpudKa?

— 1T.1H.

6. «ldynm». OOYHMCHITH OMmIp IIYHTa, SKIIO Y JOCIHiI BUKOPHUCTOBYETHCA

amriepmerp 13 100 moxuikamu 1miHa sikux 0,02 A. Jlammu yci ogHakoBi Ta BCi
BUKOPUCTOBYIOThCS. Omip ammnepmerpa 0,07 Om.
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3ajayl MOJAHOTO TUIY BUMAaraloTh IMOCHIIJOBHOIO aHali3y BCiX IpadiuHHX
€JIEMEHTIB (OKpEeMHX YaCTHH 3aJlayl), BCTAHOBJICHHS JIOTTYHHUX 3aB’SI3KIB MK HUMU
JUISI TIOCITIIOBHOTO OTPUMAaHHS B1IOMOCTEH Ta MOAAIBLIIOT0 BUKOPUCTAHHS JTaHUX.
[HmMu cioBaMu, CiiJi BCTAHOBUTH Y SIKIA TOCHIOBHOCTI CJII TMpaIfOBaTH 31
CXEMaMH [l OTPUMAaHHS KIHIIEBOT'O PE3YJbTaTy.

7. «¥Y 4yomy cmpaBa?». [Ipo 1m0 MOXYTb CBITUYUTH BIAMIHHOCTI Yy IpadiuHUX
3aJIEKHOCTSIX 3MIHU TEMIEPATYpH Bl yacy?

4, Ki 4 K

§ . I

74 /4

o : I
0 t, ¢ 0 : Zc

A) b)
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[luTaHHs € CKIAQJHUM 1, MOXJIMBO, BUMAaratuMme SIKOrochb J0JaTKOBOTO
HATSAKY Ha MOUIYK BianoBined. Tomy, B A€SKUX BUIMAJKaX, € CEHC WOTr0 3pOOUTH:
MigKa3aTd y4YHSIM Ha 10 JOLUIBHO Oyio © 3BEepHYTH yBary, mo came (CyTo
TEOPETUYHO) MOKE BIUIMBATH HA BIAMIHHICTb OTpUMaHUX TIpadiuHux
3anexHoctei. Hanpuknan, BIAMIHHICTb Macu, 00’€My, BUKOPUCTAHOI PEYOBUHU
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(meBHOi 11 XapakTEepPUCTUKH), 3O0BHIIMIHIX (akTopiB (TemMmepaTypu, THUCKY,
OCBITJICHHS], ...), HarpiBaviB (iX TEXHIYHUX XapaKTEPUCTHK) 1 T. iH.

[lonani mpukiagM HE € BUYEPIHUMM JJig HAJaHHS BCEOIUHOI JOMOMOTH
YUUTENI0, IO TNpamoe 3 00JapOBaHMMHU JIThbMU B YMOBax pi3HOPIBHEBUX
YUHIBCBKUX KOJICKTMBAaX. THMM HE MEHIL, BOHM 37aTHI HATIKHYTH Y4YUTEIIO0 Ha
MO>KJIMBOCTI YpI3HOMaHITHEHHSI HaBYAJILHOIO Marepiaidy Ta HOro MpakTUYHOTO
BUKOPHUCTAHHS, 10 CTaHE KOPUCHUM II1J] 4ac iXHbOTO HaBYAHHSI.

BucHoBKkuM

Buiie 3a3HaveHe mae mijcTaBy 3pOOMTH Taki BUCHOBKH IIOA0 JOILILHOCTI
BUKOPHUCTaHHSI OararoeTanHux rpadiuHux 3aaad poOOoTi 31 3MI0HUMHU YYHSIMU. A
came, BOHM JI03BOJISIIOTh:

— TPOBOAMTH LIUIBHY AU(depeHIlialilo BUKOPUCTOBYBAHUX 3aB/aHb;

— Oprai3oByBaTH IUIJIHY I1HAMBIAyalbHY pOOOTY 31 31I0HUMHU YUHSIMU

BIIPOJIOBXK YPOKY;

— TMIATPUMYBATH HAaBYAHHS HA BUCOKOMY PiBHI CKJIaJHOCTI;

— MOTHUBYBATH JI0 CAMOOCBITHBOT AISITTHOCTI;

— TIATPUMYBATH CaMOCTIMHICTh y HaBYaHHI;

— PpO3BHUBATH KPUTHYHE MHUCIICHHS;

— BHUXOBYBaTH 3/IaTHICTb 1O aJICKBATHOI CAMOOIIIHKM Ta KOMYHIKalii 3

METOI0 OTPUMAaHHS JOJATKOBUX 3HAHB (MOPAJH, MIIKA3KH, HIIOT JYMKH);

— ¢opMyBaTH HaBUYKH IJIAHYBAHHSA BJIACHOI A1SUIBHOCTI;

— PO3BHUBATH 3[aTHICTh OAUYUTH MEPCIEKTUBH TISIIBHOCTI;

— BYMTH MPOBEJCHHIO MOHITOPUHTY IUISXIB JOCSTHEHHS MOCTaBIECHUX
LJIEH.

[lepciekTHBM TOMANBIIMX PO3BIAOK 3a3HAYEHOI NpoOsieMH BOAYaeEMO Y
PO3MIMPEHHI Ta JOCIUIKEHHI CHEKTpY Cy4acHUX MIAXOMIB 10 poOOTH 31
3100yBayaMu OCBITH, IO MAIOTh BUCOKUIN PIBEHb HaBUAJIbHUX JIOCATHEHb.
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Multiple graphic tasks in physics in the education of educators
with high levels of educational achievements

The article is devoted to the study of the problem of working with gifted
students studying in ordinary, multilevel teams of general secondary education
institutions. The example of graphical problems in physics, which involves many
stages in the solution, shows the possible ways to use them in lessons when
organizing training at a high level of complexity.

Keywords: educational process, logical sequence, independence, graphic
task, individual work, complexity.
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CAMOCTIUHMUNA ®I3UYHNIN EKCNEPUMEHT SK 3ACIB
®OPMYBAHHSA 3ArAllbHUX KOMNETEHTHOCTEW
OCOBUCTOCTI

CraTTss mOpHCBSYEHA JOCHIPKEHHIO JUJAKTUYHOI poOJII CaMOCTIMHOrO eKCHEpPUMEHTY B
OCBITHbOMY Ipolieci 3 (I3MKM Ta BCTAHOBJCHHIO OCHOBHMX HOr0 BH[IB 1 MOKJIUBOCTEU
BUKOPHUCTAHHS BIPOJIOBXK HABYAHHSA y 3aKJIa[aX 3arajbHOI CepeIHbOT OCBITH.

KirouoBi cnoBa: nasuanvuuii npoyec, camocmivna poboma, ekcnepumenm, akmuHd
OIAIbHICMb, NOBMOPIOBAHICIb, CAMOOCBIMA.

BcTyn

AKTHUBHICTh Cy4acHOro 3700yBaya OCBITU Y 3aKjajl 3arajibHOi CEpelHbOi
OCBITM Ta HOro CBIIOME CHPUUHATTA Martepiany 3 (GI3UKH, 0 NepeadadyeHuit
nporpamMor0 MiHiCTepcTBa OCBITHM 1 HayKd YKpaiHU [Jsi BUBYEHHS, HampsMy
3aJIeKUTh BIJ] PI3HOMAaHITHOCTI BUKOPUCTOBYBAHUX (DOPM, METOJIB Ta MPHUIHOMIB
HaByaHHA. Takuil Kypc OCBITHBOI'O MpPOIECY HE MOXe OyTH MPOAYKTHUBHUM 0Oe€3
oprasizaiii MakCMMaJbHO YpPI3HOMAaHITHEHOI CaMOCTIHHOI AISUIBHOCTI, B TOMY
yuclli W ekcrnepuMeHTanbHOoi. OTKe, MeTOK CTaTTi € BCTAaHOBJIICHHS OCHOBHHX
PI3HOBU/IIB CAMOCTIHHOTO (hI3UYHOTO EKCIEPUMEHTY Ta HOro AUAAKTUYHOI METH U
poJii 'y OCBITHROMY Tipolieci 3 (IBUKH SK MNPUPOJHUYOT 3araibHOOCBITHBOI
JTUCIUIUTIHY Y 3arajbHOi cepeHbO1 OCBITH.

OcHoBHa YacTuHa

Bynps — sika HaB4alibHA NiSUIbHICTH 3100yBaya OCBITH HEMOXIJIHMBa 0e3 HOro
Mi3HABaJIbHOI aKTUBHOCTI Ta BHYTpIIHBO1 MoTuBalii [3]. Ha nymKky BueHux [2]
OJIHIEI0 3 YMOB NPOSIBY MI3HABAJIbHOI aKTUBHOCTI € CTUMYJIIOBAaHHS I MOTHBaLlis
10 Takoi JAisIbHOCTI Ta (GOpPMYBaHHS yMIHHS CaMOCTIHHO HaOyBaTH 1
nornuOaoBaTH  3400yTi 3HaHHsS. lle TOSICHIOETBCS HEOOXITHICTIO HAOyTTS
3HAHHSMU MPAKTUYHOI Baru 1 3HayeHHs. Tomy CiiJi HABYUTHUCS 3aCTOCOBYBATH iX
Ha TPaKTUIl, HANOpUKIad, TpPU BUKOHAHHI JIA0OPATOPHUX  JOCIIJIKEHb,
PO3B’s13yBaHHI TEOPETUUHHUX Ta €KCIIEPUMEHTAIbHUX (PI3UYHUX 3aB/IaHb Ta 1H.

142 36ipHMK HaykoBMX MpaLub disnko-matematmyHoro dakynetety AAMNY. 2022. Bun. 12



Jlnmapesa KO.M., Macny B.B., YgosnyeHko B.B. CamocmilHul isudHUl ekcriepumeHm

CaMocTiiiHa AISUTIBHICTh € O3HAKOIO CBIZIOMOIO CTaBJIEHHS OCOOHMCTOCTI 10
HaBYaHHS, METOJIOM OpraHi3allii OCBITHHOI'O MPOIIECY Ta MOTOYHOTO MOHITOPUHTY
piBHA c(OpPMOBAHOCTI KOMIETEHTHOCTEH, O3HAKOI AaKTUBHOI pPO3YMOBOi
IISIIBHOCTI.

HaiiBaromimioro Ta HaMIpOAYKTUBHILION 3a/J1s1 JOCSTHEHHS 3araJIbHOI METU
HaByaHHs y 33CO € camocTiiiHa eKkcriepuMeHTagbHa AISIbHICTh ocoOucTocTi. e
MOXHa apryMEeHTYBaTH TUM, IIO BOHAa Mepeadayvae IUIAHYBaHHS JIsJIBHOCTI Ha
OCHOB1 3700yTOi imei Ta OOpoOKy pe3yJbTary, sSK HacHiAKy Oe3rmocepeaHboi
MPAKTUYHOT TISITbHOCTI.

Buxonsun 13  BUIE3a3HAUYCHOTO0, HaBYaHHSA 3J00yBayiB  METOMAMIII
MPOBEICHHS  JOCHIAIB  TOBUHHE  BKIIOYaTH  (QOpPMYBaHHS  HACTYIHUX
€KCIIEPUMEHTATBHUX YMIHb:

1) camocrtiitHe popMyIIIOBaHHS METU JOCIIY;

2) ¢dopmymtoBaHHS W OOIpYHTYBAaHHS TINOTE3U, IO JIEKUTh B OCHOBI
€KCIIEPUMEHTY;

3) BUSBIEHHS YMOB, HEOOXITHUX JUIsl TOCTAHOBKH JIOCHTINY;

4) TpOEKTYBaHHS €KCIIEPUMEHTY;

5) no6ip HeOOXITHUX MPUIIALIB 1 MaTepiaiiB;

6) ckIagaHHS EKCIIEPUMEHTAIbHOI YCTAHOBKM 1 CTBOPEHHS HEOOXITHHUX
YMOB i1 BUKOHAHHS JTOCIINY;

7) 3miiiCHEHHS BUMIPIOBaHb;

8) TpoBeACHHS CIIOCTEPEKEHD;

9) odikcyBaHHs (KOYyBaHHS) PE3yJbTATIB BUMIPIOBAHb 1 CIIOCTEPEKEHD;

10) maremaTnuHa 0OpoOKa pe3ysibTaTiB BUMIPIOBAHD;

11) anaini3 pe3ynbpTaTiB 1 HOpMYITIOBaHHS BUCHOBKIB [1].

ToMy, BapTO 3a3HAUMTH, IO CAMOCTIMHHMI €KCHEPUMEHT 3 (PI3UKH MOXKe
OyTH OAUICHUI Ha KUIbKa BUAIB. PO3riistHeMO HAOUIBIT MOMIUPEH] 3 METOAUYHOT
Ta AUAAKTUYHOI TOUKH 30DY.

JlomamHiid caMOCTIiHUI eKCHEepUMEHT 3alieKHO BiJ METHU NMPOBEJICHHS B
OUTBIIOCTI BUIMAJKIB MOXE OYyTH HaBYAJIbHHUM, NOTOYHHM TEpEeBIPOYHUH,
KOHTPOJIBHUM.

JlomaiiHii eKCrepuMEeHT, OyAy4dd HEBIA'€MHOIO CKJIQJOBOIO YaCTHUHOIO
cucteMu (I3MYHOTO EKCIEPUMEHTY, MA€ CBOT XapaKTepH1 PUCH:
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— BIH Ma€ OyTH OpraHIYHUM IPOJIOBKEHHSAM Ta JOTOBHEHHSIM BUKOHYBAHHMX
1a00paTOpHUX POOIT a00 CIIOCTEPEKYBAHUX IEMOHCTPAI[IHHUX JOCIIIIIB,;

— BpaxoByBaTH AUQEpeHIIHoBaHUIN N1AX1]1 O BUBYCHHS (I3UKU;

— mependavyaTv BUKOPUCTAHHS 3HAHb HAa MPAKTHIll Ta B YMOBaX, HAOIMKEHUX
710 TIOBCAKAEHHOTO JKUTTS;

— mependavyaTt JOBrOCTPOKOBE BUKOHAHHS Cepii 3aBJaHb, KOKHE HACTYIHE 3
AKUX € PO3BUTKOM IMOMNEPETHHOTO 1 0a3yETHCS HA HHOMY;

— JIOCHDKEHHS CKJIaJHOI MPaKTHUYHOI MpOOJIeMH Yepe3 BUBUEHHS OKPEMHX
CKJIQJIOBHX 3 HACTYITHUM iX MO€THAHHSM;

— po3poOka, CTBOPEHHSI 1 BUTOTOBJICHHS [IIOYMX MAaKETIB Ta YCTAaHOBOK, /€
nependayeHi pi3Hi BUIU 3aBJIaHb Ta PI3HI BUAM AISUIBHOCTI TOLIO.

B Toil xe yac, OCHOBHMMHU TMEepeBaraMu JOMAaIIHbOTO EKCIIEPUMEHTY €
JETKICTh OONaHAHHS, IO JA€ MOMJIMBICTh KOXKHOMY YYHIO, HaBITh 13 HU3BKUM
pIBHEM HaBYAJIBHUX JOCSTHEHb, MOTO BUKOHYBAaTH 0€3 HAsBHOCTI CIEL1aJIbHOTO
oOnaJHaHHS, a TaKOX MOXIIMBICTh MOBTOPEHHS 3a B0 NPUKIATAMH, IO €
3HAYHO JIETIIMM HIK CaMOCTIHHE BIITBOPEHHS 3a MOMEPEAHIM OMMCOM yUUTENS.

JlocBin moka3zye, MO0 3a3HAYECHUHM EKCIIEPUMEHT YCIIIIHO MOXe OyTu
JIOMAITHIM 3aBAaHHSAM a0o0 WOro YacTHHOK: 3700yBadi OCBITH 3 OLIBIIOIO
3aIiKaBJICHICTIO TPOBOJATH JOCHIAM HIDXK BHUPINIYIOTH 3adadvi. BiamnoBimHo, €
MiZCTaBU TOBOPUTH Mpo TrapHy MoxuBIcTh migBuieHHss KKJI 3acBoeHHs Temu.
Jlo Toro x, AOOPOBUIbHE CTBOPEHHS Ta TMPOBEACHHS YYHAMH JIOMAalIHbOTO
EKCIIEPUMEHTY € TIOKa3HMKOM BHCOKOTO pIBHS BMOTHBOBAHOCTI Ta CBIJOMOIO
MIAXO0AY 10 HAaBYaHHS.

Bipryanbuuii (Q3UYHUNA E€KCHEPUMEHT 31e0UIbIIEe PO3TISAAETHCS  SK
TPEHYBAJIbHUM T4 HABYAIIbHUM.

® Npouies ‘
O Xeun

Taxkuii BUA EKCIIEPUMEHTY HE3Ba)Kal0UM Ha BIJACYTHICTh pPEaJbHOTO
¢bi3uyHOTO 00JIaIHAHHS Ma€ CBOI MepeBaru y HaB4aJIbHOMY MPOIIECi, a came:

— 3abe3mneuye MOBHY 0€3MEYHICTh HABYAHHS,

— BHUKOHYETHCS CAMOCTIMHO Ta BIIIAJICHO;
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— HaJa€e MOXJIMBOCTI 6araropa3oBoro MNOBTOPEHHS;

— 3abe3meuye sAK HaWMUPIIT Ta HAWOE3MEYHIN MOXIUBOCTI IS
CaMOCTIHHOTO EKCIIEpUMEHTYBaHHS Ta pO3MIMPEHHS 3HAaHb 32 BIACHOIO
1HI1aTUBOIO.

— MOTHBYE JO BUKOPHCTaHHS TaKETIB 3 KOPHUCTIO [JISI PO3BUTKY
OCOOHUCTOCT!.

PeanbHuii GBUYHUNA eKCIEPUMEHT 3 BUKOPUCTAHHSIM BiAMOBIIHOTO
¢bi3uyHOTO 00JIaIHAHHS TIEPEBAKHO MPOBOJUTHCS 3 HABYAIBHOIO, A1arHOCTUYHOIO
a00 KOHTPOJBHOI METOIO.

[laboparopa poBoTa Nez,

Tema poboru: Bumipiogakks 00'emis TBepauX Tin,
DIFMH | CHMKAX MaTEpianie

Takuii exciepuMeHT Mae O€3CyMHIBHO MaKCUMAaJlIbHO KOPHCHE 3HAYEHHS B
OTpUMaHH1 3HaHb 3 (I3UKH SIK MPUPOJHUYOT Ta €KCTIEPUMEHTAIbHOI TUCIHUILIIHU.
PoGota 3 peanpHuM 00JaHAHHAM 3HAMOMUTH Ta OJHOYACHO HABYAaE PoOOOTI 3
npujiajaMy B peajbHUX YMOBaX, KOJIM BapTO BPaxOBYBaTH CYKYIHICTH (DaKTOPiB
[0 MOXYTh BIUIMBaTH (200 BIUIMBAIOTh) HA HOro mepedir Ta, BIANOBIIHO, — Ha
pesynbrar. Hampukian, BIUIMB HABKOJUIITHBOTO CEPEIOBUIIA: AaTMOCHEPHUI THCK,
TeMreparypa, BOJIOTiCTh, BITEp 1 T. 1H.

OnHak, SKII0 pO3rJsgaTH HOTOo SK CaMOCTIMHMM, TO BapTO aKIEHTYBaTH
yBary Ha ioro oomexeHocti. CamocTiitHa poOoTa 3 mpuiIalaMu MOKe OyTH JIUIIe
y ¢iBuuHOMYy KabOiHeTi, Ha (aKyJbTaTUBaX Ta JOJATKOBUX 3aHATTAX Yy YITKO
BHU3HAYCHMI yac. 3a TaKUX YMOB CaMOCTIMHICTb JIENIO BTpavyae AUAAKTUYHY Bary:
AKIIO EKCIIEPUMEHT CTa€ KOJIEKTUBHUM (MOEIHYIOThCS 1€ Ta CTBOPIOETHCSA
€IMHUHN TIPOCTIP JIJIsl MPAKTUYHOI IISUIBHOCTI1), TO BTPAYa€ThCsl 1HAUBITYaTbHICTb.

ExcnepumenTajiibHa 3a1a4a (KOMIUIEKCHHMH (i3HYHHI eKCIepUMEHT)
SBJIsIE COOOIO0 TTOCTaBJICHY MpoOJieMy, III0 BUMarae BCTAHOBJICHHsI Ta OpraHizarii
MOCJTIIOBHOTO BUKOHAHHS YEpEau JAOCIIIB 3a Pe3yJibTaTaMu SKUX 37100yBau MOXKe
OTPUMATH KIHIICBUM pE3yJIbTaT Y BUPIIICHH] IPOOIEMHU.
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Po3B’si3yBaHHsl 3a/mau € OAHIEID 3 OOOB’SI3KOBUX YMOB BHBYEHHS KYypCyY
¢G131KH, 10 B CBOI 4Yepry crpusie e(peKTHBHOMY 3aCBOEHHIO CHUCTEMH 3HaHb 1
PO3BUTKY MHCIICHHS Yy4HIB. PO3B’SI3yBaHHS €KCIEPUMEHTAIBHUX (I3UUHHUX
3aB/IaHb:

— BHUMAarae€ sk JOCTaTHIX TEOPETHUYHUX 3HAHb, TaK 1 MEBHUX MPAKTUYHUX
HAaBUYOK;

— MAaKCHMaJIbHO HaOJIMkKae MPOLEC HaBYaHHS J0 KUTTEBOI'O CEPEIOBUIIIA;

— BIAKPUBAE MOXJIMBICTH PI3HOCTOPOHHBOI'O PO3BUTKY 1HJMBIIYaTbHUX
MO>KJIMBOCTEN KOKHOT OCOOMCTOCTI.

Came ekcnepuMMEHTaJIbHI 3aJlayl Jal0Th MOXIIUBICTh MEPEBIPUTH JIESIKI
(G13M4YHI 3aKOHU, BU3HAUYUTH (PI3UYHI CTajll B pealbHUX YMOBaX, 110 €()EKTHUBHO
CHpHsI€ 3ACBOEHHIO Ta MOTJIMOJICHHIO OTPUMAHUX 3HAHb HA 3aHATTAX PI3HUX (OpM;
J0TIOMaraioTh BHYTPIIIHBO 3pO3YMITH 1 3’5ICYBaTH MUTAHHSA, K1 HA TEOPETUUHOMY
PIBHI HE 3aBXK]IU BJIA€THCS CIIPUNHATH Y TOBHOMY 00CS31.

Hus  Toro, mo0 po3B’s3yBaHHS EKCIIEPUMEHTAJIbHOI 3aaadi  Oyso
e(EeKTUBHUM 1 pe3yJbTaTUBHUM CJI1Jl JOTPUMYBATHUCS IEBHUX BUMOT

— TMepejl TMOCTAaHOBKOI EKCHEPUMEHTY NOTPIOHO YITKO CHOPMYITIOBATH
HOro MerTy;

— MPOBECTH aHali3 YMOBHM 3a/layl, BUSBUTU 3aKOHOMIPHOCTI, SIKUM
M1AKOPIOIOTHCS OMKCaH1 MPOLIECH;

— CIIJ PO3KPUTH METOJUKY 1 TEXHIKY BUKOHAHHS €KCIIEPUMEHTY;

— MIATOTYBaTH HEOOXiaHE oOnagHaHHSA W OJNIaHKU JJIs 3amucy Ta 0OpoOKuU
pE3YINIbTATIB;

— MPOBECTH aHali3 OJEpKAHUX PE3yJNbTaTiB W OIIHUTH TOXUOKH
BUMIpIOBaHb [3].

Came BiJ BUKOHAHHS 3a3HAYEHUX BUMOT 3aJICKUTh MPaBUIBHICTh PO3B’SI3KY
chopMyIIbOBaHOT 3a/1aui a00 BUPINIEHHS MOCTABICHOT TPOOIEMHU.

Bapro 3a3HaunTH, 110 BUKOPUCTaHHS €KCIIEPUMEHTAIbHUX 3a1ad B
nepeBakHi OUTbIIOCTI mepeadavae camocTiiHy a0o0 1HAMBIAYajdbHY HaBUaJIbHY
JISTBHICTH Ta HalIeHe Ha 3700yBadiB OCBITH, IO MalOTh BHUCOKHH pIBEHb
HaBYAJIBHUX JIOCSATHEHb: B IHIIOMY BHUMAIKy — CKOpIIlE 32 BCE BTPAYaTUMETHCS
OyIb-sKHii IHTEpec Yepe3 3alTyTaHICTh Ta 0araTOKPOKOBICTh Y MOIIYKY PIII€Hb.

JonaTkoBuil (Gi3MYHUI €KCTIEPUMEHT MEPEBAXKHO MA€ HA METI PO3LIUPEHHS
Ta / a00 TMOrnMOJeHHs MOSACHEHb YUUTENs W CHOPUSHHS YCBIJOMIICHHIO 3HaHb
YYHAMH i 4ac BUBYEHHS HOBoro matepiany. Lle — mochiau siki MOXyTh OyTH
3aMpoNOHOBaHI 3100yBayaM OCBITH SIK Y TOTOBOMY BUIJISIAL ISl CIIOCTEPEKEHHS,
TaK 1 JUIsl CaMOCTIMHOTO BIITBOPEHHS 3 METOK OTPMMAaHHS HOBHUX 3HaHb a0o0 iX
Kpauioro 3akpiryieHHs.

Sk cBiguuTh gocmid, 3 wmakcumanbHuM KKJI  gomaTkoBi  mocmigu
BUKOPUCTOBYIOTbCA SIK 3aci0 1HAMBIAYaJbHOI pOOOTH 3 AKTUBHUMM YYHSIMHU 3
METOI0 X 320X0YEHHS 10 MOAAJIBIIOI HAYKOBO-IIPAKTUYHOT T1SIIBHOCTI.

JlolaTKOBUI €KCIEPUMEHT YMOBHO HOJIUISIOTH Ha:
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A) eKCHepuMEHT, 10 MPOBOAUTHCS 3 METOI JIOAATKOBOTO PO3IIMPEHHS
3HAaHb Ta MIMOLIOT0 PO3YMIHHS PO3IJIAyBaHOI TEMU;

b) momepemHiiti — s MOTHBAIl MMOJATBIIOT JISTIBHOCTI  BIPOJOBXK
BHUBUYCHHS TEMH;

B) Takuii, mo Moxe BHUCTYNATH OKPEMHM €JIEMEHTOM JOCIITHUIBKOI
po0OTH, 10 AKOT AOLUIHHO 3a]Ty4aTH 3100yBayiB OCBITH HA TIEBHOMY €TaIll iXHbOTO
HaBYaHHS.

Binnanenmnii Bigeo-ekcmepMMeHT, 110 3alpONOHOBAHUNA HA PIZHUX
CTOpIHKaX B cucteMi Internet ycminiHo:

— BHCTYIIA€ 3pa3KOM JIOCTIAHUIIBKOT AISIILHOCTI, 3a0€3Meuyound Ha0YHICTh
HaBYaHHS;

— BHUCTYIAa€ IHCTPYMEHTOM Bi3yalli3allli HaBYaJbHOTO MaTepiaiy;

— TIOCTa€ TPUKIAAOM  JUIsl  3AIMCHEHHS  IMOJAbIIOl  CaMOCTIHHOT
€KCIIEPUMEHTAIBHOT pOOOTH SIK IHIUKATOPY CAMOOCBITHBOI JISJILHOCTI;

— 3a0e3neyye MOXIJIMBOCTI CAMOCTIMHOTO HOro BIATBOPEHHS 32 JOTIOMOT'OI0
peaspHOTO 00JIaIHAHHS;

— CTBOPIOE MIATPYHTS JJIsl OopraHizaiii 3100yBauyeM OCBITH CaMOCTIHHOI
EKCTIIEPUMEHTAIbHOI AISUTRHOCTI, 110 BKJIFOYaTUME OpraHizaliro (MiAroToBKY) Ta
MPOBEJICHHS JTOCII/IIB 3 OJAJBIIUM YMOBHUBOJIOM;

— 3a JuCTaHliiiHOI QopMu opraHizamii HaBYaHHS BHUKOHYE TNIpsIMY
HaBYAJIbHY (YHKIIIO BUCTYNAIOUU AK Yy POJI JEMOHCTPALIMHOTO €KCIEPUMEHTY
TaK 1 BUCTYIA€E TEXHIYHOIO YaCTUHOIO (DPOHTAILHUX JTA0OOpaTOpHUX poOIT Ta / abo
po0IT PI3UYHOr0 MPaKTUKYMY (HAaBUAIBHOTO €KCIIEPUMEHTY) 3aJIeKHO BiJ] METH Ta
yacy BUKOPUCTAHHS.

BucHoBKkuM

Ha ocHOBI BHIlI€ 3a3HaY€HOT0 MOKHA 3pOOUTH TaKl BUCHOBKM:

— CaMOCTIMHMIA EKCIIEPUMEHT BIJIIrpa€ BaXKJIMBY pOJIb Ta Mae 3ailMaTH
MOYEeCHEe MiClle y BHUPIIIEHHI OCBITHIX 3adad Ta (OPMYBaHHI 3arajbHUX
KOMIIETEHTHOCTEH 37100yBayiB OCBITH;

— B3a€MO3AMIHHICTh, BIJJAJCHICTh Ta TOBTOPIOBAHICTH BHUCTYNAIOTh
BOKIMBUMU Ta JHUJAKTUYHO BHMBRXCHUMHU XapaKTEPUCTHKAMU B  OIIHIN
BUKOPUCTOBYBaHUX (POPM, METO/IIB Ta MPUIOMIB HaBUAHHS;

— BCl PI3HOBHUJIM EKCHEPUMEHTANbHOI (B TOMY YHCII 1 CaMOCTIHHO1)
JiSUTbHOCTI  3700yBayiB  OCBITM MOCIJAIOTh Ba)JIMBE MICLE Y PO3YMIHHI
MPAKTUYHOCTI HABYAJILHOTO MaTepialy;

[lepciekTuBH MOAANBIIMX PO3BIIOK MPOOJIEM METOAMKU BHUKIIAJAHHS
bi3UKKM y 3aKiajax 3arajlbHOi CEpeHbOI OCBITHM, a caM€ — BHKOPHUCTAHHS
CaMOCTIMHOTO eKCIIEpUMEHTY K HadajdbHOMY Ipoueci 3 (i3uku, BOAYaeMoO Yy
JTOCHIPKEHH] HOTO TUIAKTUYHUX MOXKIMBOCTEH B acmekTi (popMyBaHHS CTiHKO1
CaMOMOTHBAIIIT 3/100yBa4iB OCBITH JI0 BHUBUYCHHS MNPUPOJHUYMX AUCIUILIIH Ta
30kpeMa (I3UKKM 4Yepe3 iX MOCHIJIOBHE 3aly4eHHs [0 HayKOBO-IPAKTUYHOI Ta
HayKOBO-JOCJIITHOT IISUTBHOCTI.
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