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AHOTAUIA

®dopmynioBaHHA Npobnemun. [JocniaKeHHA aKyCTUYHMX CNEKTPIB apOMaTUYHMX CMOAYK Ta iX PTOPOBAHUX aHANOrIB, NOKA3YE,
LLLO B UMX PigMHAX CNOCTepiraeTbca npocta 061acTb akyCTUHHOT AMcnepcii, Aka 06ymoB/ieHa NpoLecamm KOAMBHOI penakcauii
— nepegadi eHeprii NOCTYNanbHOrO PyXy MOJEKY/ KOAMBHUM CTYMEHAM BifIbHOCTI i 3BOPOTHbO. PO36iKHOCTI B TpaKTyBaHHi
MOIEKYNIAPHUX MEXaHI3MiB aKyCTUYHOI penaKcaLlii NOACHIOTLCA TUM, LLLO A0 OCTAaHHbOTO Yacy 6y/u BiACyTHI eKcnepumeHTanbHi
AaHi NPO aKyCTUYHI CNEKTPU apOMaTMUYHMX CNOAYK Ta iX GTOPOBaAHMX aHAONB B LLMPOKMX iHTepBanax TemnepaTyp i 4acToT.

Marepiann i metogu. Y pocnigKeHHi po3rnagaeTbca MeToZ aKyCTMYHOI cnekTpockonii MaHaenbwTtama-bpinntoeHa,
YZAO0CKOHaNEHNI aBTOMaTU30BaHOIO eKCNEePUMEHTA/IbHOIO YCTaHOBKOIO.

[nA pocArHeHHn noctaBneHoi meTv Byan BUKOPUCTaHI Taki METOAM AOCNIAXKEHHA: eMNipUYHi (cnocTepeskeHHs, NOPIBHAHHA),
TeopeTnyHi (aHani3 maTtepianis, iaeanisauis, yaBHUIA EKCNEPUMEHT) Ta KOMN'IOTEPHE MOAE/NIOBAHHSA.

Pesynbratu. CyyacHi gocarHeHHA MaHgenbltTam-bpinntoeHoBCbKOT crnekTpocKonii 403BONAIOTb NPOBOAUTU HaAiHI BUMIpK
LWBMAKOCTI i NOTIMHAHHA rinep3BYKOBUX XBWU/b B MPO30PUX PiAMHAX NPU Pi3HUX TemnepaTypax (BKAOUAOUM HaBITb KPUTUYHY),
a TaKOX AOCNIAXKYBATU CNEKTPU PeIeEBCLKOrO PO3CitoBaHHA B PiAKMX KpUCTanax, MeTanax, HanisnposigHMKax. BoockoHaneHa
EKCMepUMEHTa/IbHa YCTAHOBKA [03BONNNA NPOBOAUTU BUMIPIOBAHHA NOTIMHAHHA i WBMAKOCTI 3BYKY B 6inbll WwWMpokomy
iHTepBani TemnepaTyp i AianasoHi yactot (4o 7,0 I'Tu) B pAA4i apomaTUUHUX CMOAYK Ta iX pTOpoBaHUX aHanorax, 3'acyBatu
MOJIEKYNIAPHI MeXaHi3Mu, BigNoBiAabHi 3@ aKyCTUYHY penaKcaLito.

BUCHOBKW. B AaHilt poboTi goCaigKeHOo Niaxis A0 NOACHEHHS MONEKYNIAPHUX MEXaHI3MIB penakcauimH1X NpoLeciB B PigKUX
apPOMATUYHUX CNOJYKax Ta iX GTOPOBaHWMX aHasnorax, AKU IPYHTYETbCA HA BPaxyBaHHI PO/ CNABKUX MiXKMONERYNAPHUX
38’513KiB. CHOpMOBaHi OCHOBHI NO3UTUBHI 0COBAMBOCTI eKCNEPUMEHTA/IbHOT YCTaHOBKM.

K/IKOYOBI C/IOBA: akycmuy4Huli ciekmp; apomMmamu4Ha CroayKa, crnekmpockonis MaHdenswmama-bpinaoeHa; onmu4yHa
YCMAHOBKa; ekcriepumeHm.
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ABSTRACT

Formulation of the problem. The study of acoustic spectra of aromatic compounds and their fluorinated analogs shows that
a simple area of acoustic dispersion is observed in these liquids, which is due to the processes of vibrational relaxation — the
transfer of the energy of translational motion of molecules to the vibrational degrees of freedom and vice versa. Differences
in the interpretation of molecular mechanisms of acoustic relaxation are explained by the fact that, until recently, there was
no experimental data on the acoustic spectra of aromatic compounds and their fluorinated analogs in wide ranges of
temperatures and frequencies.

Materials and methods. The study examines the Mandelstam-Brillouin method of acoustic spectroscopy, improved by an
automated experimental setup.

To achieve the goal, the following research methods were used: empirical (observation, comparison), theoretical (material
analysis, idealization, imaginary experiment), and computer modeling.

Results. Modern advances in Mandelstam-Brillouin spectroscopy make it possible to reliably measure the velocity and
absorption of hypersonic waves in transparent liquids at different temperatures (including even the critical ones), as well as
to study the Rayleigh scattering spectra in liquid crystals, metals, and semiconductors. The improved experimental setup
made it possible to measure the absorption and speed of sound in a wider temperature range and frequency range (up to 7.0
GHz) in a number of aromatic compounds and their fluorinated analogs, to clarify the molecular mechanisms responsible for
acoustic relaxation.

Conclusions. This work investigates an approach to explaining the molecular mechanisms of relaxation processes in liquid
aromatic compounds and their fluorinated analogs, which is based on taking into account the role of weak intermolecular
bonds.

KEYWORDS: acoustic spectrum,; aromatic compound; Mandelstam-Brillouin spectroscopy; optical installation; experiment.

BCTYN

NoctaHoBKa npobnemu. ApomaTuuHi cnonyku (apeHu) Ta ix TOpPOBAHi aHANOrM BONOAIOTb BAACTUBOCTAMM,
HeobXilHUMM B CaMUX Pi3HUX 06NacTAX NOACBKOT AiANbHOCTI. BOHM WMPOKO BUMKOPUCTOBYIOTbCA B TEXHILi (BUroTOBNEHHS
TpoTUAy, deHony, GeHsunxnopuay, napdymepHa i xapyoBa MPOMUC/IOBICTb, B papmaKonorii i meguuMHi, 3MallyBaHHS,
TENOHOCII, PO3YMHHMKM, Pi3HI Tenno- i enekTpoi3oNAuiiMHi maTepianu, Towo). Paa ¢TopopraHiyHMX CnoAyK BO/OAIOTb
NoBepXHEeBO-aKTUBHUMM BAACTUBOCTAMM | B 3B'A3KY 3 UMM LUIMPOKO BUKOPWUCTOBYIOTHCA ANA rigpodoTusalii noBepxoHb,
HaNPWUKNaA CKAa, KepamMikm Ta iH. 3a CBOIMW BAIACTUBOCTAMM BOHWU CYTTEBO BIAPI3HAIOTLCA Bif ByrneueBux aHanoris. LLUMpoki
MOIMBOCTI NPAKTUYHOTO BUKOPUCTAHHA PTOPOPraHiyHMX CNOAYK BKa3yOTb Ha HEOOXiAHICTb NOLWYKY PisHUX meToziB BcebiuHoro
DOCNIAXKEHHS iX Pi3UYHMX i XiMIYHMX BNacTMBOCTEN.

Merta crartti. Ha OoCHOBi yA0OCKOHaneHHA MeToAy aKyCTUMYHOI cnekTpockonii MaHpenbwTtama-bpinntoeHa onucatu
OpuriHanbHYy aBTOMATU30BaHY eKCNepUMEHTaIbHY YCTaHOBKY ANA AOCNIAXKEHHA apOMaTUYHMUX CNOAYK Ta IX TOPOBAHMX aHANOTIB
yepes BUMiptoBaHHA KoedilieHTY MOrIMHAHHSA | WUBMAKOCTI NOWWPEHHA 3BYKY B AianasoHi yactoT Big 1,0 go 7,0 [Ty,

METOM AOC/IAMKEHHSA

[na pocArHeHHA NOCTaBAEHOI MeTU ByIM BUKOPUCTAHI TaKi MeToaM JOCNIAKEHHS:

— TEOPETMYHI — aHanNi3 HayKOBOI NiTepaTypy 3 NPob6aemMmM aKyCTUYHMX CNEKTPIB aPOMATUYHMX CNOJYK Ta iX TOPOBAHUX
aHanorie, MeToA aKyCTUYHOI cnekTpockonii MaHaenbwTama-bpinatoeHa;

— eMMipuMYHi — NOpPIBHAHHA NPOBEAEHOro EKCNepuMMeHTy MeTOAOM aKyCTMYHOI cnekTpockonii MaHaenbwtama-
BpinntoeHa i3 aHanisamu pesynbTaTiB 4OCNIAKEHHA Ha BAOCKOHANEHI eKCNepUMeEHTasIbHIl YCTaHOBL;

— KOMN'l0TepHe MOAE/NIOBAaHHA Pe3ynbTaTiB AOCNiIAXKEHHSA.
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PE3Y/IbTATU AOC/IAMKEHHSA

OfHUM i3 HalBaXK/MBILWIMX TUNIB B3aEMOAiT BUNPOMIHIOBAaHHA 3 PEYOBMHOK € MPOLLEC PO3CiAHHA cBiTaa. Le asuuwe
BMHUKAE B pe3y/bTaTi iCHYBaHHA B peanbHUX ¢isM4HUX 06’€KTax MeBHUX HEOAHOPILHOCTEN AieNeKTPUYHOI abo MarHiTHoI
NMPOHMKHOCTI i 3B'A3aHe 3 AUHAMIKOK LUUX HEOAHOPIAHOCTEN, AKa B CBOKO Yepry BU3HAYAETbCA PYXOM MOJEKYN AOCAiAKYBaHOI
cucteMu. Y BMMAAKy MONSAPU30OBAHWUX CMEKTPIB PENEEBCHKOro PO3CiAHHA (iSMYHOI NPUYMHOK BKA3aHUX HEOAHOPIAHOCTEN €
bAyKTyaLii rycTMHM, AKi CNPUYMHATL GAYKTYaLLT NOKa3HWKa 3a/10MIEHHA CBITNA.

MocnigoBHMI aHaNi3 NOKa3ye, WO CMNeKTpasibHa iHTEHCMBHICTb CBiT/NA, PO3CIAHOrO Ha GAIYKTyauiax ryCTUHW B pPiguHi

DANEKO Bif, KPUTUYHOT TOYKM, NPONOPLiiHa NpocTopoBO-Y4acoBomy DPyp’e-06pasy KoppensauinHoi GyHKLiT rycTUHM S(E w):

- in2owt —
I(R,w) =2 ten [Z—:]%S(ko. ), (1)
ne Iy — iHTeHCMBHICTb NONAPU30BAHOrO NaAaYoro CBiTAa; k—())— XBWU/IbOBUI BEKTOP; W — 4acToTa Nafatoyvoro CBiTAa po3cCisHOro
B HanpsAMKY R nig KyTom ¢ [0 HanpsMKy BeKTOpa nagatoyoro csitaa; V — poscitotounii 06’em; €, p — BiANOBIAHO AienekTpuyHa
NPOHMKHICTb | FYyCTUHA cepeaoBULLa; € — WBUAKICTb NOLWMPEHHA CBITAA.
I3 cniBBigHOWeEHHA (1) nerko nepertT Ao Bigomoi dopmynn ElMHWTENHA, fiKa 3B’A3y€ iHTerpanbHy iHTEHCUMBHICTb
PO3CiAHOro CBITN1a 3 TEPMOAMHAMIYHUMM NapameTpaMu SOCNIAXKYBAHOTO 3pa3Ka PigUHK:

IVsin?pw} E] 2

I(R) = R216m2c* lap szKBTBT' (2)

ae Br —i3oTepmiyHa cTUCAUBICTb PiguHu, Br = %- (g—ﬁ)T; T —abcontotHa Temnepatypa; K — noctiiHa bonbumaHa.

Llo6 oTpUMaTM aKYCTUYHI XapaKTEPUCTMKM AOCAIAXKYBAHOIO 3pasKa i3 CNeKTpy po3cCiAaHOro cBitna, HeobxigHo
po3paxysatu S(Em) (Bialkowski, Astrath, Proskurnin, 2019; Picqué, Hansch, 2019; Kargar, Balandin, 2021; Ballmann, Meng,
Yakovlev, 2019). Po3B’a3yloun niHeapu3oBaHi PIBHAHHA TrigpoAuMHamiku, MayHWTeWH OTpMMas BWUpPa3 A/ S(Ew) B
riApPoANHAMIYHOMY HAaBNMKEHHI:

2aK?2
Cp—Cyp 0-Cp cﬁ[ rK? rk? ]
Cp [aeKz]2+wz Cp ITK2+(w+CK)?2  TK2+(w—CK)?
rCp

S(kw) = p*KsTBr (3)

Mepwwuin uneH — HeamilLeHa KOMMNOHeHTa abo pesieeBCbKa KOMMOHEHTA, KOHTYP AKOI Mae BuzA ¢OyHKLUii J/lopeHua 3

HaniBLUMPUHOO

2&K?
60‘)P =
pCp

(4)
ne 2 — KoedilieHT TennonposigHoCTI.

[Ba ppyrux uneHn onucyroTb Bigomui aybnet, nepepbdayeHmii MaHaenblwTamom i Brneplie BuABaeHWN [poccom
(Barone et al., 2021; Kargar & Balandin, 2021; Li et al., 2022; Ballmann et al.,2019).

KomnoHeHTn gy6eTa 3milleHi BIiAHOCHO YacToT W,y Ha BennuuHy +Aw, Aka LOPIBHIOE YacTOTi 3BYKY,

FAw = FO; - K, (5)

nedr = ’(3—2)5 —apiabaTMyHa WBMAKICTb 3BYKY (Besley, 2021; Ma et al., 2022).

KOHTYypM 3MileHMX KOMMNOHEHT MatoTb BMA OYHKLii J/lopeHua, HaniBWKWPWMHA wyp AKOI 3B’A3aHa 3 AEKpemMeHTOM
3aTyxaHHA 3ByKy [ cniBBigHOWEHHAM:
60)MB = ZFKZ, (6)

ae
1

F=$Ens+t)v+ae(a—é)]. (7)

I3 cniBBigHowWweHb (5) i (6) BignosigHO BMNAMBaOTL GOPMYNN ANA PO3PAXYHKY LUBMAKOCTI MOWMPEHHA | aMNAITY4HOTO

KoediLieHTa NOrIMHAHHA 3BYKY:
Co Awygp 1 Co Adyp 1
191" —_ 20, Mb, —_ 20, “Mb

2n wg sin(g) n 9 sin(g)'

(8)

Swup Cy
= =—"-A
&= = oMb ©)

ne Cy — WBMAKICTb NOLWMPEHHA CBITNA Y BaKyyMi; 1 — MOKA3HUK 3a10M/IEHHA CBITAa B AOCNIAHOMY 3pa3Ky; 8 — KyT po3CifHHSA;
Awyg | Swyg — BIANOBIAHO 3MilLEHHA | HaniBLUIMPWHA KOMMOHEeHT MaHgenswTtama-bpunnioeHa; wy — UMKAIYHA YacToTa
BMMPOMIiHIOBaHHA nasepa.

BesiMuMHa cnekTpanbHOro 3miweHHs ay6aety MaHaenblwTama-bpuantoeHa 8 piamHax ~0,1 cm, wo signosigae yacrori
3BYKOBOI XxBWAi =~ 3 [Ty, TakMmM YMHOM, BUMIPIOBAHHA 3MIlLEHHA | HAMiBWMPUH 3MilLeHUX KOMMOHEHT [03BO/IAE 3rigHO
cnisBigHowWweHb (8) i (9) BU3HAUMTM LWIBMAKICTb 3BYKY | KOEDILIEHT NOFMHAHHA B TiNepP3BYKOBOMY Aiana3oHi YacToT, NOKM e He
[OCTYMHOMY 18 BUMIPIOBAHHA NPAMUM i iMNYNIbCHUM aKyCTUYHUMU meTodamm (Picqué & Hansch, 2019; Ciucci, 2019).

€anHe obmekeHHA ymoBU: Swp 1 Swyp K Aw, Npu AKMX oTpumaHi popmynm (8) Ta (9) (Mukamel et al., 2020; Pupeza
et al., 2020).
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3ayBaXKMMO, LLLO EKCNEPUMEHTaIbHE BU3HAYEHHS BE/IMYMHM 3MILLLeHHA HaNiBLUIMPUH BOKOBUX KOMMNOHEHT NoB’A3aHe i3
3HAaYHUMKU TpyaHOWamK. Lle NOACHIOETbCA Manvm po3LenneHHAM CNeKTPaNbHOI AiHii i Manol iHTEHCUBHICTIO PO3CIAHOrO
BMMPOMIiHIOBaHHA B NOPiBHAHHI 3 nagatounm (Wildi et al., 2020; Ma et al., 2022).

CyyacHi pocArHeHHs MaHgenbluTam-bpinntoeHOBCbKOI CMEeKTpoCcKonii [03BOAAIOTL NPOBOAUTA HaginHI BUMipK
LWBMAKOCTI i NOTIMHAHHSA riNep3ByKOBMX XBWU/b B MPO30PUX PigMHaX NpU Pi3HMX TemnepaTypax (BK/IOYaloUM HABITb KPUTHYHY), a
TaKOX 40CNIAXKYBATN CNEKTPU PeIeEBCbKOro PO3CiAHHA B PiAKMX KPUCTaNax, MeTanax, HanisnposigHukax. NpuHumunianbHa cxema
BiZLlOMMX i3 NiTepaTypun YCTAHOBOK A/1A A0CAIAXKEHHA cneKTpiB MaHaenbwTama-bpinatoeHa B piaMHax ogHakoBa. BiamiHHICTb MixK
HUMW NONATAE B PEECTPYIOYIN YacTuHi. B nitepaTtypi (Bialkowski et al., 2019; Piergrossi et al., 2019; Barone et al., 2021; Picqué &
Hansch, 2019; Maiuri et al., 2019; Ciucci, 2019; Mukamel et al., 2020; Pupeza et al., 2020; Besley, 2021) onwucaHi pi3Hi
eKcnepumeHTasIbHi YCTaHOBKM ANA OTPUMAHHA | AOCNiAXKeHHA cnekTpiB MaHaenbwTama-bpinatoeHa B pianHax, asie BOHM MaloTb,
Ha Hawy AYMKY, AeAKi HeQONIKu:

a) BiACYTHICTb MOXAMBOCTI NPOBOAMTIN BAraTOKYTOBI BUMiPIOBAHHSA, LLLO 0OMEKYE YaCTOTHUI Aiana3oH A0CNiAKeHb, a B
pe3ynbTaTi AK HAacNiAOK — He L03BONAE BUBYATU TaKi GyHAAMEHTA/IbHI XapaKTepUCTUKMU PEYOBUH AK Po3Mipu, GOpPMyY YACTUHOK,
NPOCNiAKOBYBATU YTBOPEHHSA Bifibll CKNAAHUX CTPYKTYP (BEIMKUX MOIEKY, KnacTepis i T.M.);

6) CKaHyBaHHSA TUCKOM, AIKE peani3yeTbCA Ha NPUHLMMNI 3MiHWM NOKa3HMKa 3a710M1eHHA poboY0oi pianHM iHTepdepomeTpa
®abpi-Mepo, po3miweHoro B 6apokamepi, Wo No36aBase MOXKANBOCTI NPOBOAUTA BUMIpU NpWU cnabkux curHanax i notpebye
[0BrOTPMBA/IOr0 HAaKOMUYEHHSA;

B) BiACYTHICTb KOHTPO/IO iHTEHCUMBHOCTI 36YAMKYIOUMX AXKEpPen BUNPOMIHIOBAHHSA, L0 TaKOMX YCKNAOHIOE PeecTpaLiio
cnabKkux cnekTpis;

r) By3bKWI TeMNepaTypHWUiA iHTEPBAN BUMIPIOBaHb Ta iH.

Ona pocnigrKeHHs apoMaTUYHUX CMOAYK Ta iX GTOPOBaHUX aHa/OoriB, BUMIPIOOUYMN KoedilieHT NOrMHAHHA | WBUAKICTb
NoLIMpPeHHA 3BYKY B Aiana3oHi yacToT Big 1,0 ao 7,0 IMu, nig yac nabopaTopHMX 3aHATb, CTyAEHTU JOHELbKOro HalioHabHOro
MeANYHOro YHIBEpPCUTETY, BUKOPUCTOBYBAAM MeTOZ aKYCTUYHOI cneKkTpockonii MaHaenbwTama-bpinatoeHa, cytTeso
YZAOCKOHaMBLUM OrO.

ONTWYHA YCTAHOBKA, fIKA HAMW 4OC/IAKYETbCA, OPUTiHANbHA | No36aBNeHa BKa3aHWX BULLE HeAOoNiKiB, il 6/10K-cxema
npeacTtasneHa Ha puc.1.

. HH \]
4 32
o
3 e | e 10
==

pl|
Bl e e

Puc. 1. BAoK-cxema onTUYHOro cnektpomeTtpa MaHaenbwrama-bpinnoeHa
[epeno: asmopcoka po3pobka.

BepTMKanbHO NoNApu3oBaHe BUMMNPOMIHIOBAHHA nasepa (1) nicna npuamu MaHa (2) 3 [ONOMOrol CBITN0PO3AiNbHOT
NNACTUHKM (3) PO3LiNAETbCA Ha Ba KaHAAWU: OMOPHUMI, ANA BPaxyBaHHA MOMAMBOI HECTAbiNbHOCTI BUNPOMIHIOBAHHA Nnasepa,
AKMI NocTynae B GOTONEKTPOHHMNIN NoMHOKyBay PEM-79-21 i gani B 610K ONOPHOro curHany, i BUMiptoBanbHuii — 8 ®EM-79-20
i nani B 610K BUMiptOBaNIbHOTO CUTHANY.

BNIOK peecTpalii ONOpPHOro CUrHany BKAKOYAE B cebe CBITNOPO34inbHY NAACTUHRY (3) i 6nok DEM-79-21. OcTaHHiM
CK/TIQZA€ETbCA i3 KOXKyXa CneuiaNbHOi KOHCTPYKLIii, BcepeanHi Akoro po3miweHo PEM-79. Ha BxigHOMY BiKHI KoxKyxa PEM-79
NpUKpinaeHo Tpumad peectpyemoi aiadparmu (19) i HelTpanbHMx cBitThodinbTpis (17). Ha 3aaHin Kpuwui kKoxkyxa ®EM-79
BCTAHOBNEHO ABa po3'emu Tuny CP50-73 &. OauH — ANA NiAKAYEHHA BUCOKOBOIbTHOrO 610Ky BHB 30 — 01 33, apyruit — ans
NiAKNIOYEHHS BUHOCHOTO NiACMAOBaYa — AKMIA popmye imnynbeu (27).
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doTonpuiimay ®EM-79-21 nepeTBOPOE ONTUYHE HEMEPEpPBHE BUMNPOMIHIOBAHHA /sla3epa B eNeKTPUYHI iMNyabeK, AKi
yepes nigcuntoay-dpopmysad (27) nocTynatoTb B Yactotomip 50-41 28, AKui Npautoe B pexkumi NigpaxyHKy ¢$OTOHiB, ae
NOPIBHIOETHCA 3 MOCTYNAKOYMMM TyAM XK iMNybcamm 3 6NOKY peecTpaLii KaHany curHany.

OnNTUKO-CNEeKTpanbHUIM 610K CKAAZAETbCA i3 BXiAHOI NiH3u (10), nonboBoi giadpparmu (11), BxigHoro o6’ektmsy (12),
npusmu Mnaxa (13), ckaHytovoro iHTepdepomeTpa (14) i BuxigHoro o6’ektmea (15).

Bci oNTUYHI enemeHT Lboro 610Ky PO3PaxoBaHi i BUrOTOBAEHI TAKUM YMHOM, W06 B POKaNbHIN NAOLWMHI BUXiLAHOTO
06’ekTnBa (15) cTBOptOBanoCh 36inbLIeHe 306parxKeHHA NoNboBOI giapparmu (11).

I3 BUNPOMIHIOBAHHA, PO3CIAHOIO AOCAIAXKYBAaHMM 3PAa3KOM, fiKe MPOMLWA0 nonbosy Aiapparmy (11) , 3 gonomoroto
BXiaHoro o6’ektnBa «Taip-33» (12) dopmMyeTbCA NapanenbHUii Ny4vok, B AKOMY NOBMHEH NpawoBaTv iHTepdepometp Pabpi-Mepo.

3 meTolo BMBOPY ONTMMANbHUX YMOB OCBITEHHA iHTeppepomeTpa BXiaHWWA 06’ekTmB (12) 3aKpinneHuin B
IOCTIPOBOYHOMY TpMMayi, 3 [OMNOMOrOl AKOTO MOMKHA MJIaBHO MNepemillyBaTu O6’€KTMB Yy B33aEMHO MNepneHAUKYyNAPHUX
HanpAMKax.

LLlo6 36epertn 6axkaHy NoNApM3aLLito 40CNIAXKYBAHOTO NPOMEHS MiXK BXigHMM 06’ekTMBOM (12) i iHTepdepomeTpom (14)
B crewujianbHOMY yTpumyBadi 3 NiMBOBMMM MOAINKAMM MOXKHA BCTAHOBAIOBATM NOASPU3auiiHy npusmy MnaHa (13). Tpumau
[,03BONIAE NepemilyBaTv Npusmy [NaHa B NOWMHI, NepneHANKYNAPHIN ONTUYHIN Bici cuctemm.

LleHTpanbHUIA By301 610Ky — CKaHytoumnii iHTeppepomeTp Pabpi-Mepo (14) opuriHanbHOT KOHCTPYKLT, 3MOHTOBAHUIA Ha
CTaNbHIM OCHOBI, A0 AKOT KPINAATLCA TPUMAYi A3epkan. OgHe i3 A3epKan 3aKpinaeHe B onpasi XXOPCTKO, Apyre — NPUK/IeEHe Ha
noann UMAiHAP i3 n’e3okepamikm LTC-19, sika B CBOIO Yepry TaKOX NPUKIEEHA 40 TPUMaYa.

BHYTPILLHA i 30BHILIHA NOBEPXHi N’'€30KePaMiYHOro LUAIHAPY MeTani30BaHi i CTBOPIOIOTb LUAIHAPUYHUIA KOHAEHCaTOoP,
0,0 BUBOZIB IKOrO NOAQETbCA NUAKonoAibHa Hanpyra 0 — 300 B i yacToTtoto 100 'y, siKa reHepyeTbcA reHepaTopomM NUIKONOAIGHOT
Hanpyru [MHB (29). M’e30KepamiyHnt LMNIHAP A03BONAE NEPIOANYHO 3MiHIOBaTK ba3y iHTeppepomeTpa Ha BEANYMHY NOPAAKY
DOBXMHM XBUAI | 3a6e3neyyBaTH 1Oro HaCTPOIKY Ha Pi3Hi mogu nasepa.

[3epkana iHTepbepomeTpa matoTb HaraTowapose iHTepdepeHLiiHe NOKPUTTA 3 KoediuieHTom BiabuTTa p~ 0,95-0,96

B 06.1acTi LOBXKMH XBWU/Ib cBiTAa A= 560—800 HM. AKicTb 06p06KM NoBepXHi A3epKan zﬁ. Aneptypa—20 mm.

Ob6epTaHHAM HaKaTaHoOI raiku, Aka 3abe3neyye NOCTyNasbHUI PyX B340BXK ONTUYHOI BiCi OAHOrO i3 A3epKas, MOXKHA
BPY4YHY NAaBHO, B MeXax Big 0,2 cm 4o 2,0 cm, 3miHoBaTH 6asy t iHTepdpepomeTpa 6e3 M1oro cyTTeBOI PO3IOCTIPOBKM.

3 meToto CcTyniH4YaToi 3MiHW 6a3u iHTeppepomeTpa BUroTOBEHO 7 €TaNIOHIB A5 3HaYeHb 6a3u t: 0,2; 0,4; 0,6; 0,8; 1,0;
1,2; 1,4. TouHicTb dpikcyBaHHA NeBHOro 3HaYeHHA 6a3un He nepeBULLyE 25 MKM.

JocnipxeHHs iHTepdepomeTpa NOKasanu, LWo Npu nogadi Ha n'€30KepamiyHNi enemeHT NnuaKonoAibHoi Hanpyry Big, 0
00 200 B 3ab6e3neyyeTbca CKaHyBaHHA MO CNEKTPy B AianasoHi (8) iHTepdepeHLUiltHMx nopaakKie. JocniaKeHHA NPoOBOAMAUCD i3
0AHOMOJ0BMM O4HOYACTOTHUM /1a3€POM, FEHEPYHOUUM A0BXKUHY XBUAI A = 0,63 MKM.

[Nns KOHTPOMIO OCTIPOBKM NOJAETLCA OZLHOYACHO HA BXigHWW 06’ekTmB iHTepdepomeTpa (12) — BUNPOMIHIOBAHHSA
Nasepa, Ha BUBOAM N'€30KepamMikM PyXomoro AsepKana iHtepbepomeTpa — NMAKoNoAibHa Hanpyra. 3 BUXO4Y BUMIPHOBANbHOTO
®EN-79 (21) uepes aHanorosuit niacuntosay YMT (22) Ha eKpaHi EO (25) peecTpyeTbea cUrHan, BiANOBIGHUI MOAOBIN CTPYKTYpI
OTPMMAHOIO Ha eKpaHi Ia3epHOro BUNPOMIiHIOBaHHA. Mpouec onTMMi3aL,ii OCTIPOBKM (NiHIMHICTb CKAHYBAHHA) 3aKNIOYAETLCA B
DOCATHEeHHi 0AHAaKOBOI iIHTEHCMBHOCTI BCiX NOpAAKIB iHTepdepeHLii curHany, oTpumaHoro Ha ekpaHi EO (25).

YcTaHoOBKa iHTepdepomeTpa B rOPU3OHTa/bHIN NAOLWMHI (FOPU3OHTYBAHHSA) 34IMCHIOETLCA 3@ AOMOMOrOK YOTUPLOX
BIHTOBMX Hi}KOK, BrBUHYEHWX B OCHOBY. lOCTipoBKa 3abe3neyyeTbca ABOMA MIKPOMETPUYHUMM TBUHTAMM, 3aKPiNJeHUMU Ha
TPUMaYi pyxomoro azepkana. Kputepili loCTMPOBKM — 3a Bi3ya/IbHUM CNOCTEPEXKEHHAM iHTepdEepeHLUiiHMX Kineub — BiACYTHICTb
«OUXaHHAY Kineub NPy 3MiLLEHHI oYelr NnepneHANKYAAPHO ONTUYHIN BiCi.

OBlrOBOPEHHA

MpoaHanisysaslwM 6yA0OBY YAOCKOHA/NEHOI HAaMW OPUTiHANbHOI aBTOMATM30BAHOI EKCNepUMEHTaNbHOI YCTaHOBKM,
BWAiIMAN OCHOBHI NO3UTUBHI 0COBANBOCTI:

a) HaABHICTb ANA [OOCAIAXKYBAaHOrO 3pasKa KIOBETUM i ONTUYHOrO TepmocTaTta CheuiasbHOi KOHCTPYKLii A403BONAE
34iAICHIOBaTM BMMIpW Nig, Pi3HUMMK KyTamu;

6) cneujanbHUIn 60K KEpYBaHHA KyTOM MOBOPOTY Mafaroyoro MPOMEHA [O03BOJIAE aBTOMATUYHO BUOMPATU KyT
CNOCTEePEKEHHA CNEeKTPIB PO3CIAHHSA;

B) 3aCTOCYBaHHA B AKOCTi CENEKTYHOUOro NPUCTPOLO CKaHytodoro iHTepdepomeTpa Pabpi-Mepo fo3BonAe BUAINATU
BY3bKi AiNAHKM cnekTpis (poswmperHa = 0,002 cm~1);

r) cMcTema peecTpalii CNeKkTpiB NPaLIOE B peXmnmi paxyBaHHA GpOTOHIB;

[1) NMPUCYTHICTb OMOPHOrO KaHany [03BOJIAE YHMKATW BNAMBY HecTabinbHOCTi poboTu nasepa Ha npouec peecTpaii
CMEeKTPIB, W0 3HAYHO MiABMULLYE iX AKICTb;

C) ynpaBAiHHA YCTaHOBKOLO, PeecTpaLisf i 06pobKa cneKTpiB 34iCHIOETbCA aBTOMATUYHO i ONepaTMBHO KOHTPOJHOETLCA
Ha eKkpaHi gucnnes;

K) BMKOpWCTaHHA rpadonobyaoBHMKIB abo rpadiuHUX gucnneis [03BONAE Bi3yanizyBaTU CNEKTPU, SUHAMIKY 3MiHM,
BMPaxXOBYBaTWU XapaKTepHi mapameTpu.

BUCHOBKWM TA NEPCMNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

B paHin  poboTi MM npeacTtaBUAM  Npe3eHTalilo  YAOCKOHa/NeHOi HamMu  OpwuriHasbHOI  aBTOMATU30BAHOI
eKCrnepumMeHTaIbHOI YCTAaHOBKMU.

YAOCKOHaNeHa YCTaHOBKA A,03BOIMAA HAaM AOCAIANTM apoOMaTUYHI CNONYKKM Ta ix GTOpoBaHi aHaNorM 3a AONOMOrow
MeTo4y aKyCTUYHOI cnekTpockonii MaHaenblTama-bpinnoeHa gns BUMIpOBaHHA KoedilieHTY NOrMHAHHA | LWBWAKOCTI
NoLMPEHHSA 3BYKY B Aiana3oHi yacTtoT Big 1,0 no 7,0 M,
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ABSTRACT

Formulation of the problem. Today the problem of developing information and digital competence (IDC) of future officers in the
context of non-formal education and the problem of designing a diagnostic apparatus to measure such development is relevant.
The paper aims to develop a diagnostic apparatus (criteria and indicators) to measure the development of information and digital
competence of future officers

Methods. To achieve this goal, we used the analysis and generalization of scientific sources, structural and logical analysis to
identify and substantiate the indicators of the development of the IDC of future officers, as well as content analysis and
comparative analysis to characterize the levels of development of the IDC of future officers.

Results. To assess the levels of development of the IDC of future officers, the criteria (motivational and value, cognitive and
activity) and the relevant indicators (the presence of motives, value attitudes for self-development, knowledge about IT & DT in
general and in the industry, the ability to use DT and IT to solve professional problems) have been determined. The qualitative
assessment of the indicators made it possible to characterize the levels of development of future officers' IDC. Each level (low,
medium, and high) reflects a different degree of IDC development, and, accordingly, a different degree of development of
motives, knowledge, and skills to use IT and DT in professional activities. A low level may be sufficient for basic tasks, but medium
and high levels are critical for managing complex operations and adapting to the performance of professional duties.

Conclusions. This diagnostic apparatus has been developed, and levels of development of future officers' information and digital
competence have determined the ability to use modern technologies to perform official duties effectively. With the help of the
diagnostic apparatus, it becomes possible to test the effectiveness of pedagogical models of future officers' IDC development.

KEYWORDS: information and digital competence; development of the IDC; future officers; diagnostic apparatus; profession
activity; education.
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Metoau. na AocArHEHHA NOCTaBAEHOI MeTU BUKOPMCTAHO aHaAi3 Ta y3arasibHEHHA HAYKOBUX AXKepes, CTPYKTYPHO-NOMYHNIA
aHani3 oA BU3HAYEHHA Ta 0BIPYyHTYBaHHA NOKasHMKiB cdopmoBaHocTi ILK mainbyTHix odilepis, a TaKOX KOHTEHT-aHani3 Ta
NOPIBHANBHUI aHANI3 ANA XapaKTepPUCTUKK piBHiB cpopmoBaHocTi ILK maibyTHix odiuepis.

Pesynbtatn. [N ouiHku pisHiB chopmosaHocTi ILK maibyTHix odiuepis BU3HAUYEHO KpuTepii (MOTUBALIMHO-LiHHICHWIA,
nisHaBasbHWUI, OiANbHICHWIA) Ta BiANOBIAHI NOKA3HUKM (HAABHICTb MOTMBIB, LiiHHICHOrO CTaBAEHHA 40 CAMOPO3BUTKY, 3HaHb
npo IT Ta UT 3aranom i B ranysi, BMiHHA BUKopucToByBaTh LT Ta IT gna BupiweHHs npodeciiHux 3aBaaHb). Kputepii Ta
NOKa3HUKM Aanun NiAIPYHTA ANA AKICHOT XapaKTePUCTUKK piBHIB po3BuUTKY ILLK mainbyTHix odiuepis. Ha KoxXHOMy piBHiI AaHO
BiANOBIAHY XapaKTepUCTUKY CTyneHsa po3BuTKy ILIK, i, BianosigHo, cTyneHs chpopmoBaHOCTI/ PO3BUTKY MOTMBIB, LiHHICHUX
Opi€HTALi/ 3HaHb Ta BMiHb BUKopucToByBaTH IT Ta LT y npodeciliHii gianbHocTi. HU3bKKi piBeHb MoKe ByTh foCTaTHIM ans
BMKOHaHHA 6330BMX 3aBAaHb, ane CepefHiit Ta BUCOKUI PIBHI € BaXKIMBUMMU ANA YyNPaBAiHHA CKAAAHUMM OonepauisMu Ta
afanTauii 4o BUKOHAHHA NpodeciiHnx 06oB'A3KiB.

BUCHOBKU. P0o3pobneHnidi AiarHOCTMYHMIA anapaT, a TaKoX PiBHI PO3BUTKY iHGOPMALiiHO-LUMDPOBOI KOMMNETEHTHOCTI
ManbyTHIX odiuepiB pasom YMOXKAMUBAIOKOTb OLiHKY 34aTHOCTI edeKTUBHO BMKOPWUCTOBYBATWM Cy4vyacHi TexHonorii ans
BMKOHAHHA NpodeciiiHoi AisnbHOCTI. 3a AONOMOrol AiarHOCTUYHOrO anapaTty CTAe MOK/MBOIO nepeBipka edeKTUBHOCTI
neparoriyHunx mogenen possuTKy ILK mainbyTHix odiuepis.

KNKOYOBI C/NOBA: iHgpopmayiliHo-yugposa kKomnemeHmHicms, pozsumok ILUK; malibymHi mopceki ogiyepu;
diaeHocmuy4Hul anapam; npogeciliHa dianbHicms; ocgima.

INTRODUCTION

Statement of the problem. Traditional approaches to teaching tend to prioritize theoretical knowledge over practical
application, potentially leading to a gap between what is taught and the realities of practice. In addition, traditional training may
not fully consider the rapid development of technology, leaving students poorly prepared to use new information systems already
used in their professional activities. Therefore, there is a need for strategic revision of models for training specialists and
the development of a diagnostic apparatus to measure their effectiveness. In particular, today the problem of developing
information and digital competence (IDC) of future officers in the context of non-formal education and the problem of designing
a diagnostic apparatus to measure such development is relevant.

Analysis of current research. The analysis of scientific and pedagogical research shows that the diagnostic apparatus
consists of criteria and indicators that allow one to qualitatively and quantitatively characterize the quality levels of the subject
of study.

The Encyclopedia of Education for the criterion states "a set of features based on which an assessment of the conditions,
process, and result of educational activities corresponding to the set goals is compiled" (Encyclopedia of Education, 2008). In the
system of international standards ISO, as indicated (Annenkova, 2011). The definition of the criterion is given as "a measure of
reflection of the integrity of the properties of an object, which ensures its existence; methodological tools for education quality
management; an ideal sample reflecting the highest, perfect level of the phenomenon under study; a means of selecting or
measuring alternatives. An indicator is a specific criterion measure, making it available for observation, accounting, and fixation."
Among the requirements for the criteria are objectivity (the ability to assess the features of the object of study), validity (evaluate
exactly what the researcher wants to evaluate), neutrality (evaluate only qualities without additional accents), and consistency
(cover all important characteristics). In other words, they must assess the features and be neutral to the phenomenon under
study, and the set of criteria must cover all essential characteristics.

The problem of choosing criteria is not simple, since it is associated, as noted by Golovan M. S., Yatsenko V. V., "with
the non-classicality of any pedagogical phenomenon as an object of research and with the objective imperfection of criterion
approaches due to their nature and complexity of creating appropriate evaluation scales" (Golovan & Yatsenko, 2012). According
to the analysis of scientific publications (Rudenko et al., 2023a; Rudenko et al., 2023b; Mulesa et al., 2023; Hrona et al., 2024) the
set of criteria is not a constant value and may vary according to the field, the purpose and content of the study, and the quality
studied. Thus, the study (Torichnyi, 2012) identified two criteria (personal-functional and activity-practical) that characterize the
formation of military-special competence of future officers. O. Yevsyukov, based on the results of the study "the structure of
professional competence of officers, the need-motivational, operational-activity criteria and the criterion "l-concept" of the
formation of this type of competence are distinguished" (Yevsyukov, 2006). In measuring the formation of socio-cultural
competence of cadets, N. Moroz singled out five criteria: "motivational, criterion of success, criterion of cognitive activity, country
studies and professional" (Moroz, 2007).

The indicator is the characteristic of the criterion that makes it possible to quantify it. If the criteria are considered as
the basis for assessing the formation of quality, indicators (indicators) are understood as qualitative and quantitative
characteristics of the formation of this quality (degree of formation/development). S. Reshetnyk sees the main characteristics of
the "indicator" as specificity and diagnostics (Reshetnik, 2013).

Generalization of the results of scientific research shows that the development of a diagnostic apparatus is an important
stage of the study, and therefore, tracking the existing developments, we established the absence of such an apparatus for
tracking the development of the IDC of future officers.

The paper aims to develop a diagnostic apparatus (criteria and indicators) to measure the development of information
and digital competence of future officers.

MATERIALS AND METHODS

To achieve this goal, we used the analysis and generalization of scientific sources, structural and logical analysis to
identify and substantiate the indicators of the development of the IDC of future officers, as well as content analysis and
comparative analysis to characterize the levels of development of the IDC of future officers.
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RESULTS AND DISCUSSION

Taking into account the approaches to determining the criteria available in academic research, we will substantiate the
criteria for the development of the IDC of future officers by the refined interpretation of this quality and remembering that the
criteria should be objective, include all essential quality characteristics and measure what is necessary for the studyln other
words, the criteria for developing the IDC of future officers will be understood as a set of characteristics that reflect the specifics
of their professional activities in IT&DT, ensuring the solution of their professional tasks. We have shown that "IDC is an integral
socially significant characteristic of a person that combines values and aspirations for professional development in the field of DT
application in the industry, IT knowledge (about information and information processes, methods of its processing to solve
professional problems in the industry), basic and special skills (to process information in various forms of its receipt, the ability
to apply general-purpose digital technologies and specialized software providing professional direction in the industry), which in
their totality make it possible to effectively solve the professional tasks of an officer under uncertain initial conditions)" (Semenog
et al., 2022). Based on the structural and logical analysis of the concepts of the IDC of various specialists and the interpretation
of the "IDC of the future officer" provided, we identified the components of this category: personal, knowledge, and procedure.
Considering this structure, the criteria for developing the IDC are motivational-value, cognitive, and activity. Let's dwell on them
in more detail.

To characterize the personal component of the IDC of future officers, it is necessary to consider their interest in such
development, and the presence of motivation to master knowledge and skills in using IT&DT in professional activities. This
involves work aimed at forming a motivational basis for the use of IT, awareness of the role and importance of IT in professional
activities, cognitive interest and personal needs for the development of the IDC, a valuable attitude to information, and
understanding the importance of self-development in this area.

As L. Maslak notes, "the professional orientation of a future serviceman, among other things, includes motives and
value orientations. ... Motives are the motivation of the future officer to professional activity, associated with the attempt to
fulfill the set professional tasks" (Maslak, 2010). Therefore, the development of motivation for self-development in the field of
IT&DT is associated with the need for effective professional achievements and the level of satisfaction with the results of involving
IT in solving professional problems. From the point of view of professional training of officers, this is expressed in the personal
need to systematically replenish and expand the relevant professional IT knowledge, knowledge of digital tools in the industry,
and the ability to model their IT activities. The level of "formation motivation depends on the degree of activity and the desire to
increase the level of professional competence" (Yevsyukov, 2006). Studying the processes of formation of professional
competence of future officers, the researcher emphasizes: that "motivation "accompanies the entire process of formation of
professional competence, since the very specifics of military service and all actions of a serviceman require an appeal to the
personal meaning of what a person's activity is manifested for" [ibid.].

The analysis of scientific literature shows the unanimity of scientists' opinions that the main driving force for the
development of the IDC is not only motivation and cognitive motives formed in cadets, which are influenced by the educational
environment. The researchers note that cadets' learning process should become a personal and meaningful stage of life. In the
educational process, it is important to focus on the professional self-assertion of future officers (Melnychuk, 2018). On the other
hand, the personal component of the IDC of future officers determines the value settings and aspirations of future officers for
professional development regarding the use of IT and DT in professional activities. Value orientations are parts of the inner part
of the personality of a future officer (Slyusarenko, 2015). They are the most important levers for the formation of the personality
of a future officer, which is fixed by life experience and the totality of their experiences. They determine the need and interest in
obtaining knowledge, skills, and abilities in IT and DT, knowledge about the system of the modern information society; and the
need to master methods and actions for search activities and gain experience in search activities.

Thus, the motives and value orientations of a person affect the regulation of cognitive processes, are closely related to
the emotional and volitional mechanisms of the human psyche, and regulate his social behavior, and therefore can affect the
way of behavior in the professional training. The formation of the personal component qualitatively characterizes the
motivational and value criterion, and the quantitative characteristics are given by the indicators "Presence of motives" and "Value
attitudes for self-development". A value-based attitude makes it possible to assess the need for the use of IT, determines the
cognitive activity of future officers, and the ability to overcome difficulties with using technology and independence. Motivation
shows the level of direct interest in performing a task using IT, and the level of awareness of the importance of the data received
through the network, indicates the desire to assert oneself, test, and demonstrate one's skills. Therefore, the measure of the
development of future officers' component of the IDC is the motivational and value criterion with the indicators "Presence of
motives" and "Value attitudes for self-development."

The level of development of the knowledge component of the IDC is increased through the development of general
information, digital and media literacy, and mastering the theoretical and methodological foundations of using IT&DT in solving
professional problems. In particular, not only a general knowledge of IT and its development is important, but also specialized
knowledge of modern geo-inform- systems (GPS, ECDIS (Electronic Chart Display and Information System), information from
which officers should be able to interpret; knowledge of cybersecurity (connecting ships to global networks to exchange
information makes them vulnerable to cyberattacks) to prevent interference and avoid threats that could affect the safety;
knowledge of automated control systems (from machine installations to loading operations) for monitoring and operational
maintenance of these systems; knowledge of digital communication (in particular, satellite phones, the Internet and other means
of information exchange ) for security and coordination of operations; knowledge of analytics and data management for rapid
benchmarking, optimization and management of information flows and informed decision-making.

The ability to solve professional tasks is ensured by the availability of knowledge about the sources of information and
the processes of its processing based on micro cognitive actions inherent in critical thinking (analysis, formalization, comparison,
generalization, and integration of incoming information with the existing knowledge base, development of information use cases,
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forecasting the consequences of solving a problem situation, generating and forecasting the use of new information and its
interaction with the existing one knowledge base knowledge about the differences between automated and manual information
processes based on (i.e. the organization of storage and retrieval of information in a long-term mode). The cognitive criterion of
the IDC of future officers characterizes the understanding of the essence of the technological approach to the implementation of
activities; the ability to use information technologies for searching, processing, and storing information; identifying, creating, and
forecasting possible technological stages of processing information flows; understanding of the principles of operation,
capabilities, and limitations of technological devices designed for automatic search and processing of information, acquisition of
a set of knowledge about information processes in nature and society, which make it possible to create internal technologies;
understanding of the principles of operation, capabilities, and limitations of technological devices designed for automatic search
and processing of information.

Thus, the cognitive criterion of the IDC of future officers characterizes the list of knowledge in information and digital
technologies with a projection on the specific industry and covers the knowledge that characterizes modern IT and DT and the
areas of their application. Accordingly, the measure of this component is a cognitive criterion with the indicator "Knowledge
about IT & DT in general and in the industry".

The activity criterion for forming the procedural component of the IDC of future officers covers the ability to use DT
and IT, which will allow you to make informed decisions. These include basic and special skills in working with information, which
involves the ability to use modern technologies to search, access, store, process, and present information content. The ability to
work with information shows the ability to apply appropriate operations for the search, transformation, and use of information
of various natures in professional activities.

The procedural component of the IDC of future officers is due to the importance of specialized skills to use IT in
professional activities, which enable: the operational efficiency of future officers in solving current tasks (modern IT automates
most operations, improves operational efficiency, prevents errors, etc.); improving situational awareness (through real-time
monitoring of weather conditions, identification of potential risks, etc.) to make informed decisions and prevent potential threats;
improved communication (communication and data exchange between different platforms, and systems) for coordination of
actions in the context of emergency (including military) operations; cybersecurity and personnel on board; decision-making based
on IT data; professional development (in particular, in the fields of programming languages, data analysis and visualization,
network technologies, databases, cloud computing). Accordingly, the measure of this component is the activity criterion with the
indicator "Ability to use DT and IT to solve professional problems".

The process of development of the IDC has a multi-level nature, that is, when it comes to acquiring the IDC, it means
development at a certain level. The transition from one level to another takes place sequentially and continuously from lower to
higher. Each previous level is a prerequisite for the formation of the next one, and a timely and objective determination of the
formation level makes it possible to determine the ways of timely influence. We followed the opinion of A. Shtymak (2015),
suggests relying on a three-level gradation when determining the level of competence: low, medium, and high, since it, in our
opinion, is the most universal and the most understandable.

Below we present a qualitative description of the levels of development of the IDC of future officers at each of the three
levels.

Low level of development of the IDC of future officers

The low level is characterized by a lack of sustained interest in information technology and a lack of stable aspirations
to use IT in future professional activities; lack of motivation to independently search and use new information; are not interested
in understanding the principles of operation, capabilities, and limitations of technical devices, do not see the need to apply them
in future professional activities, are not able to overcome the difficulties that arise when working with information content. The
knowledge of future officers is formal, as they have an episodic interest in IT. They do not have formed common values when
using IT, or the ability to consciously control the results of their activities. There is no initiative to use IT in a professional situation.
They have a weak desire for their own development and personal growth. They have an undeveloped ability to self-assess and
introspect their activities in using IT and DT.

Future officers with a low level of IDC have basic skills in the field of IT and DT, which are critically important for their
future professional activities: the basics of working with computers and software, knowledge of the basic principles of
information security (the ability to use operating systems, text editors, spreadsheets and other general-purpose software, mail
programs for organizing daily work and communication with colleagues). The officers have non-systematic knowledge of the basic
information security principles, at that level. They understand how to protect their data and systems from unauthorized access,
but they have an incomplete knowledge of the basics of information encryption and methods of secure data transmission to
ensure information security in military operations. Also, officers with a low level of IDC are familiar with digital platforms variety
and tools that can be useful in their activities and have a fragmented interest in using online resources to obtain information,
share experiences, and collaborate with other specialists. They need help navigating and using digital resources to collect and
analyze information. They have a limited ability to adapt to new technologies and digital systems to search for and analyze data
in the digital environment. They lack experience with specialized military command and control systems, monitoring systems, or
communication platforms. They have low motivation to develop digital skills and difficulty adapting to or implementing new
technologies in military operations. They have fragmented skills in solving problems related to information systems and
technologies. They may require ongoing assistance and support from technical staff.

Average level of development of the IDC of future officers

The officers with an average level of development of the IDC have the following characteristics: they have an episodic
interest in both the use of IT and DT; inherently unstable positive motivation to acquire knowledge, skills, and abilities in the field
of IT; the desire to use IT and digital devices in future professional activities can be traced, but is not systematic; there is a point
critical assessment of the involvement of IT in solving professional problems. They are characterized by the presence of
knowledge of the differences between automated and automatic execution of information processes and the ability to classify
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tasks by type with the subsequent selection of the appropriate information tool; understanding of how digital tools work, but not
always taking into account their limitations and security. Existing skills in working with information flows and technological skills
that are not sufficiently applied in practice; limited ability to apply appropriate operations for searching, transforming, and using
data of various types (numbers, text, tables, schemes, etc.). An essential condition for attribution to the average level of
informatics competence formation is a strong desire to achieve a higher level of ICT and awareness of the shortcomings of one's
training. They are characterized by the formation of common values, manifested in the rational selection and conscious
application of certain IT, but not always with the obligatory achievement of a successful result. They can’t fully maintain self-
control, show initiative and determination to use IT, or consciously control the results of their activities, or the level of their
growth, they do not have sufficiently expressed skills of self-assessment and self-analysis when processing information content.

At the same time, future officers with an intermediate level of IDC have more complex skills that allow them to use DT
and specialized software in their activities effectively —this is knowledge of programs that are used to plan and manage operations
(battle management systems, navigation programs, etc., control of unmanned systems). They know digital data analysis tools and
how to use them to identify trends and forecasts and assess risks. Have the skills to use analytical tools to process information
(about weather conditions, sea currents, and other factors), reducing the likelihood of planning errors. Future officers with an
intermediate IDC level understand cybersecurity and information protection principles. They know how to protect information
systems, detect and prevent cyber threats, and learn data confidentiality principles. Able to use essential digital tools and systems
in professional activities and effectively use digital platforms for communication, collaboration, and information exchange. They
can adapt to new technologies and implement them in their activities. They can effectively solve standard problems using
information systems, independently search for information, and use resources to solve technical issues. Consciously participate
in training programs that include IT and DT, master new technologies, and implement them in their professional activities.

High level of development of the IDC of future officers

The officers with a high level of development of the IDC are characterized by: the presence of a stable interest in the
use of IT & DT in their professional activities, positive motivation, a strong desire for professional self-improvement in the field
of IT, and a positive result in the use of IT. Future officers at a high level of development of the ICC have a solid and systematic
knowledge of IT, skills in working with information and information sources, capable of practical and creative problem-solving
with the involvement of IT. Officers are characterized by a high level of formation of skills of independent work, which gives the
activity a creative nature. They can maintain self-control, show a non-standard approach to solving problems with the help of IT,
can independently make informed decisions and instantly move on to their implementation, have well-developed organizational
skills in achieving the goal, ability to analyze and introspect their own activities. A characteristic personality trait is the presence
of clearly formed values for working with IT and DT. They can control the results of their activities and track the dynamics of
personal growth, striving to involve what they have acquired in professional activities.

At a high level of the IDC, future officers demonstrate the ability to manage information systems at a strategic level,
possess technological tools, and optimize the use of IT & DT in military operations. Officers with a high level of IDC can integrate
DT into military force management strategies, allowing them to respond effectively to dynamic changes in operational
circumstances. Officers have developed critical thinking, enabling them to evaluate existing technologies and adapt them to
specific needs, particularly initiating new approaches to systematizing information sources. But what truly sets them apart is their
leadership. They are proficient in working independently with digital tools, forming teams capable of prompt response, and
implementing innovative solutions. Their leadership skills extend to digital communication and information system management,
making them invaluable assets in the digital age.

They are characterized by in-depth knowledge of specialized digital tools and technologies (GIS, data analysis, etc.),
have significant experience in using digital platforms for complex problem-solving, decision-making, and strategic planning, have
a deep understanding of cybersecurity and data protection principles, including threat analysis and risk management, and can
lead and train others on the use of IT & DT to solve professional problems. They have experience working with new technologies
(in particular, artificial intelligence, blockchain, and the Internet of Things) and experience in their application in operations. They
have honed their skills in critical analysis and evaluation of information in the digital environment, demonstrating a high level of
motivation to improve their digital skills. Their ability to quickly adapt to new digital technologies and innovations in the specific
industry is a testament to their resilience and readiness to embrace change. They are well-equipped to provide technical support
and advice to other team or unit members and train and mentor others using information and digital technologies.

CONCLUSIONS

To assess the levels of development of the IDC of future officers, the criteria (motivational and value, cognitive and
activity) and the relevant indicators (the presence of motives, value attitudes for self-development, knowledge about IT & DT in
general and in the industry, the ability to use DT and IT to solve professional problems) have been determined, which made it
possible to qualitatively characterize the development levels: low, medium and high. The information and digital competence
levels of future officers determine their ability to use modern technologies to perform their duties effectively. A low level may
be sufficient for basic tasks, but medium and high levels are critical for managing complex operations and adapting to the
performance of professional duties.

The developed diagnostic apparatus makes it possible to check the effectiveness of the model of development of the
IDC of future officers in a nonformal education context and opens up other areas for research related to the development of the
IDC of different specialists.
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AHOTAUIA

dopmynioBaHHA Npobnemu. OCHOBHOKO 33a4€H0 CY4acHOI LWKOM € PO3BUTOK NPUPOAHMX 34i6HOCTeN Ta 064apyBaHb Y4YHiB,
OPMYBaHHA KOMMNETEHTHOCTEW, HEOBXIAHWX ANA iX coujanisalii, PO3BUTOK KPUTUYHOTO MUCIEHHA Ta CTBOPEHHA YMOB ANA
3abe3neyeHHA rapMoHiiHoro po3suTKy. OTKe, noctae npobnema ¢GopMyBaHHA B YYHIB LNICHOI CUCTEMM TEOPETUYHUX
BiAOMOCTEN | NPAKTUUHMX HAaBMYOK 3 PI3HUX AWUCLUMNAIH, WO A03BONUTL BUKOPUCTOBYBATM OTPMMAHI 3HAHHA ANA BUPILLEHHA
npobnem cborofeHHa. MpoTe LWKiNbHI NiAPYYHUKN HEAOCTaTHbO BPAXOBYHOTb 3HAHHA LIKOAAPIB i3 CYMiKHUX NpeameTiB Ta
Cy4acHoro XuTTa. MeToto CTaTTi € CTBOPEHHA 3a4ay iIHTerpoBaHOro 3micTy 3 Temu «Teopema BieTa» pisHOro piBHA CKnagHOCTI 3
MOM/IMBICTIO BUKOPUCTAHHA iX Yy KNacax pisHoro npodinto Ta nig vac HaBYaHHA CTYAEHTIB NeAaroriyHuxX cnewiasbHoOCTeN.

Marepianu i meTogu. Y gocnigsKeHHi BUKOPUCTOBYBANNUCA TEOPETUYHI METOAM — aHaNi3 HaBYaIbHWX NPOrpam 3 MaTeMaTUKM Ta
OCBIiTHIX Nporpam neAaroriyHMX cnewjanbHOCTEM 3 MaTEMATUYHOO CKIAZ0BOK, 3MICTY CYYaCHMX LWKINbHWUX MNiAPYYHUKIB,
y3arasbHeHHA BNACHOro Ta NepeAoBoOro NeaaroriyHoro A0Csigy WoA0 3aCTOCYBaHHA 3aBAaHb iHTErpoBaHOIO 3MICTY B OCBITHbOMY
npoueci Wwkonu i 3BO; emnipnyHi — cnoctepexkeHHs nig vac pobotu 3 yuHAmM 33CO Ha ypoKax maTeMATMKM i Nig, vac no3aypoyHoi
poboTyK Ta CTyAEHTaMM NeAaroriyHMX cnewjianbHOCTel Ha 3aHATTAX 3 MaTeMaTUYHUX AucumnAid y 3B0.

Pe3synbtatn. AsTopamu byna posrnsaHyTa cepia 3agay 3 Temu «Teopema Bieta». HaBegeHo ornag TMNOBMX 3ajad, AKi
3yCTPIYaAOTLCA Y LWKINbHOMY KypCi MaTEMATUKM | Y MaTEMaTUYHKX Kypcax NeaaroriyHux cnewianbHocteit 3BO. 3anponoHoBaHo
NPUKNagM 3aBAaHb KPAaE3HABYOrO aCMeKTy, AKi 30PIEHTYIOTb BUMTENA BPAXOBYBATU iCTOPUKO-reorpadiuHy micLeBy TEMATUKY UM
npodinb BUBYEHHA MaTEMATUKM MPKU CTBOPEHHI CXOXKUX 3aBAaHb. [TOKa3aHO BUKOPUCTAHHA Teopemu BieTa y reomeTpii Ta iHLWIMNX
posgainax anrebpu, y ToMy Ynchi i 4ns po3s’s3yBaHHA 3aBAaHb NPAKTUYHOTO 3MicTy. HaBeaeHi 3aaaui BUCOKOro piBHA CKNagHOCTi,
AKi LOLINBHO PO3TNAHYTU 3 YYHAMM Yy NO3ayPOYHMIA Yac NPK OpraHisaLlii HayKOBO-A0CNIAHULBKOI Y/ NPOEKTHOI PO6OTU.

BucHOBKU. CTBOpEHHA cepii 3aa4 iHTerpoBaHOro 3micTy 3 Temm «Teopema BieTa» morke 6yTH KOPUCHUM A,0CBIAOM A/19 MONOAMX
BUMTENIB, KOTPi BUKNALAOTb MAaTEMATUKY Y KAacax pi3Horo npodinto, Ta cTyAeHTiB GisKo-maTeMaTUUHUX GaKyNbTeTIB.

KNKOYOBI C/IOBA: MHO204s1€eH,; KOpeHi MHO204Y1eHa; meopema Biema; 3a0ayi iHmezposaHozo amicmy; npoginsHe HABYAHHS.
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ABSTRACT

Formulation of the problem. The main task of a modern school is to develop pupils' natural abilities and talents, build
competitiveness and skills for their socialization, develop critical thinking, and create conditions to ensure their harmonious
development. Therefore, the problem arises in shaping students with a comprehensive system of theoretical knowledge and
practical skills across various disciplines, enabling them to apply acquired knowledge to address contemporary life issues.
However, school textbooks do not sufficiently consider students' knowledge of related subjects and modern life. The article
aims to integrate a problem series of "Vieta's Theorem" and create complex exercises of different levels.

Materials and methods. The research uses theoretical methods, including analyzing mathematics curricula and educational
programs in pedagogical specialties with mathematical components and the content of contemporary school textbooks.
Furthermore, combining personal and advanced pedagogical experiences regarding the integrated tasks application in the
educational processes of both schools and higher education institutions. Empirical methods included observations during
mathematics classes in high schools and extracurricular activities, and observations during mathematics sessions in
pedagogical specialties at HEls.

Results. The authors examined a problem series based on Vieta's Theorem, providing an overview of typical issues
encountered in school mathematics courses and mathematics courses within pedagogical specialties at HEls. Examples of
tasks incorporating local geography were proposed to guide teachers in considering historical-geographical local themes or
the profile of mathematics study when creating similar tasks. The use of Vieta's Theorem in geometry and other branches of
algebra, including tasks with practical content, was demonstrated. High-level questions suitable for extracurricular scientific
research or project work with students were presented.

Conclusions. The creation of a series of math problems with varying integrated tasks will serve as invaluable experience for
beginner math teachers, including those in classes of different specializations, and for STEM students.

KEYWORDS: polynomial; roots of a polynomial; Vieta's Theorem; tasks of integrated content; specialized training.

BCTYN

MNocTaHoBKa npobiemu. Y cyd4acHOMYy CBIiTi 3pOCTaE BiANOBIAANbHICTb NOANHN 33 NPUAHATTA PilleHb Y PiI3HOMaHITHMX
KMTTEBUX CUTyaLiAX. TOMY LUKOMA NOBMHHA [ABaTU YYHAM MOXJIMBICTb FOTYBAaTUCA A0 PEasibHOTO XWUTTA, HAaBYAOUYM He Aue
TEOPETUYHUM GaKTaMm, @ 1 MOKNNBOCTAM IXHbOIO NPAKTUYHOTO 3aCTOCYBAHHSA Y MaTeMATULL Ta CYMIXKHUX NpegMeTax, a TaKoX Y
PEeanbHUX KUTTEBMX OOCTaBMHAX. BaxknveBmm ¢aKTOpOM yCRIWHOCTI Y4YHIB Y MalbYTHbOMY € MpUKAagHa CNPAMOBAHICTb
MaTeMaTMKK, BHYTPIWHI B3aEMO3B’A3KM NpeameTy Ta iHTerpauis 3 iHwumK aucumniiHamu. CydyacHi WKiNbHI NigPyYHUKKM 3
MaTeMaTUKMU, Ha XKab, MAtOTb AyXe HE3HAYHY Ki/IbKiCTb 3aBAaHb NPAKTUYHOIO 3MICTY UM iCTOPUKO-KPAE3HABYOI TEMATUKN. A TOMY
Ha npuknagi Temm «Teopema BieTa» MM NOKA3yeMO, AK MOMHA AOMOBHUTKM ii BUBYEHHSA i3 ypaxyBaHHAM Npodinto HaBYaHHA
(ictopuyHoro, dinonoriyHoro, ximiko-6iosnoriyHoro, $isMko-maTemaTMyHOro), 3pobUBLLM TeMy NPMBABAMBILLOIO Ta NPAKTUYHO
OpPIiEHTOBAHO A/1A YYHIB.

AHanis akTyanbHUX AochigKeHb. HayKoBLi i Megarorn-npakTMKU MNpUAINA0Tb 3HAYHY yBary PisHUM acnektam
MaTeMaTU4HOI MiArOTOBKM LWKONAPIB Ta CTYAEHTIB MefaroriyHMX Crewia/ibHOCTel: OpraHisauito OCBITHbOro npoLecy,
CNPAMOBAHOIO Ha GOPMYBaHHA KOYOBUX KOMNETEHTHOCTEN yuHiB, aocnigkysanu bess .M., Bypaa M.I. (2014), Bacunbesa .B.
(2018), KipmaH B.K., MaTtaw O.l. (Matiash, 2021), Pakos C.A., Cepatok 3.0., TapaceHkoBa H.A., AkyneHko |.A. (TapaceHKoBa &
AkyneHko, 2020), LWkonbHuii O.B.; NUTaHHA BHYTPIWHbONPEAMETHOI Ta MiKNpeaMeTHOI iHTerpauii y npoueci BMBYEHHSA
MaTeMATUYHUX AUCLUMNAIH, 3abe3neyeHHsA HaCTYNHOCTI HaBYaHHA MaTeMaTUYHWUX AWCLUMNAiH  aocnigkysann bess B.I,
Bnagimiposa H.l'., THe3ginosa K.M., HiunwwuHa B.B., boTtysosa t0.B. (2020), PixkHsaKk P.fl. (BoTy3oBa & PixHaK, 2022) Ta iH.;
bopmyBaHHA TBOPYOT OCOBUCTOCTI WKOAAPA, PO3BUTOK TBOPYOrO MUC/IEHHA YYHA Y MPOLLECi HABYAaHHA MAaTEMATUKM JOCNIAKYBaNU
bes3 I.M., Bypaa M.l., 13tomueHKo /1.B., KntouHuK L.T. (I3tomyeHko & KntouHukK, 2020), Henix €.1M., YaweyHukosa O.C. (2011) 1a iH.
Mpobnemy GopmMyBaHHA AOCAIAHMLBKUX YMiHb Y4YHIB BMBYanM MnaxoTHuK B.B., MaHaceHko O.6., Mpyc A.B., LLiseub B.O. (Mpyc &
LWseyb, 2018) Ta iH. Peanisau,ii B 0CBITHbOMY Npoueci iHHOBALLIMHUX aBTOPCbKMX HOBaLi npuceaYeHi npaui Mpausosutoro M.B.,
KywHipa B.A., fipemeHko /1.l.,, Miep T.l., Tonogtok /1.C. (Miier & Holodiuk, 2019). Ha 3HauHOMy OCBITHBOMY Ta BWUXOBHOMY
3HaYeHHi 33434 iCTOPMKO-KPAE3HABYOI TEMAaTUKMN Y HAaBYaHHI MaTeMaTMKXU HAroNoWyBaan BiAOMI MaTeMaTUKKU | MeToAuUCTH, Y
Tomy umncni bess .M., Bypga M.1., Bacunbesa [.B., CnenkaHb 3.1., WKinb M.1., bess B.T. (2004) Ta iH.

Merta cratTi. CTBOpEHHA 33434 iHTerpoOBaHOIo 3MiCTy 3 Temu «Teopema BieTa» pisHOro piBHA CKAALHOCTI 3 MOXK/IUBICTIO
BMKOPWCTaHHA iX y Kaacax pisHOro npodi/ito Ta nif yac HaBYaHHA CTYAEHTIB NegaroriyHmx crneuianbHocten 3BO.

METOAM AOC/IAMKEHHA

Y AocnifyKeHHi BUKOPUCTOBYBANCA TEOPETUYHI MeTOAM — aHani3 HaBYaNbHMX MPOrpam 3 MaTeMaTUKWU Ta OCBITHIX
nporpam neaaroriyHMX crnew,ialbHOCTEN 3 MaTEMATUYHOK CK/AZL0BOIO, 3MICTY CYHYaCHWUX WKINBHUX MNiAPYYHUKIB, y3araibHeHHA
BN1ACHOrO Ta NepesoBOro nejaroriyHoOro AOCBiAy LWOAO 3aCTOCYBaHHA 3aBAaHb iHTErPOBAHOrO 3MICTY B OCBITHbOMY NpoOLLECi
WwKkonu Ta 3BO; emnipuyHi — cnocTeperkeHHA nig Yyac poboTu 3 yuHamm 33CO Ha ypoKax mMaTemaTMKM Ta Nif Yyac No3aypoyHoi
poboTyK (Ha 3acigaHHAX MaTeMaTUYHOTIO rypTKa, MPU opraHisauii HayKoBO-A40CNIAHMLbKOT pob0oTH, Y T. Y. HanucaHHa HAP MAH,
nig, Yac NiAroTOBKM A0 MAaTEeMATUUHWUX KOHKYPCiB) Ta CTyAeHTamM NejaroriyHmx crnewianbHOCTEN Ha 3aHATTAX 3 MaTeEMATUUYHUX
avcumnnid y 3BO.

PE3Y/ZIbTATU AOCNIAKEHHA

1. Ornap TeopeTMUHMUX BigomocTeil i TUNOBMX 3agau.
Teopema. Hexail xq, X3, .., X, — KOpeHi MHOrouneHa n-ro creneHs a,x" + an_lac"_1 + e+ a2x2 +ax+ay
(a,, # 0). Togj cnpasegnusi popmynu BieTa:
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ap-1
X1+ x4 +x, = — )
an

2 An-2
X1X5 + X1 X3+ . Fxp_ X, = (1) ——,
a

n

an-3
X1 XpX3 + X1 XpXgH. .. FX1 XX F Xy X1 X = (—1)3 —,
an

n ao
X1Xp oo Xy = (1) —,
n
niBa yacTuHa k-oi piBHOCTI € CyMOIO yCiX MOXAMBKX J0BYTKIB, WO CKNadaoTbeA 3 k pisHUX enemeHTiB 3 Habopy (X4, Xo, ..., Xp),

3HaK y NpaBili YacTUHiI (—1)". 3ayBaxunmo, Wwo Teopema BieTa cnpaseanvBsa i y BUNagKy KOMMJIEKCHUX KOPEHIB MHOroY1eHa.
TunoBi NPUKNAAM LWKINBHOIO Kypcy MaTeMaTUKM.
1.1. He po3s’asyloun pisHAHHA (BUKOPMCTOBYIOUM TeopeMmy BieTa), 3HaliaiTb KopeHi pisHAHHA x2 + 17x + 16 = 0.
3a3BuMyall, Npu BUKOPUCTAHHI Teopemu BieTa ana 3BefeHOro KBaApaTHOroO PiBHAHHA 3pYYHO MOYMHATK aHani3 came 3
[06YTKY KOpEHiB, NepeBipsAtouM MOXK/IMBI AiIbHUKK BiIbHOTO YNeHa; HeCKNagHO nepesiputy, wo ue —1; —16.
1.2. Hexait x; i x, — KopeHi pisHAHHA 3x2 + 7x — 2 = 0. He po3s’asytoun piBHAHHA, 0BUNCAITH: x—11+ xiz; X2 + x,%;

3 3. ,.3 3, %, X 1 1,1 1, %, %
xl + x2 ’ xl x2 + xle . + ) 2 + 27 3 + 37 2 2"
X2 X1 X1 X2% X1 X2 X2 X1

MMpOKOMEHTYEMO OAMH 3 NPUKIALIB: x13 + x23. Mo-nepwe, ANCKPUMIHAHT KBaZpaTHOIO TPUY/IEHa AOLATHUN, @ TOMY

OiACHI KopeHi icHytoTb. Mo-apyre, 3a Teopemoto Bieta x; + x5, = —g, X1 Xy = —g, ToAi
S 1 = (4 1) (0 4+ )7 — 3y) = — ( 7)2 3 ( 2) 469
X1 X7 = (X1 Xy X1 X X1Xp) = 3 3 3 = 27 .

1.3. Cknagitb 38eeHe KBaapaTHe PiBHAHHA, KOPEHi AKOro Ha 3 6inbLui 3a KopeHi piBHAHHA 3x% + 7x — 2 = 0.

OCKiNbKM Cyma KOpeHiB [aHOrO B YMOBi PIBHAHHA [OPIBHIOE —=, TO CYMa KOPEHIB LYKAHOTO PIBHAHHA
7 .01,1 5 1 1 1 1 4 ) .
X1 +xy = —5;+3+3=—3 a nobyrok X1 Xy = (xl +§) (xz +§) =X X +3- (g +x3) +5=—7 TO6TO y piBHAHH
5 4
x2+px+gq =0maemop =2,q=—=.
. . 5 4
Bidnoside: x? + sx—3=0.
1.4. Bu3HauTe g, AKLLO BiIOMO, L0 OAMH 3 KOpeHis piBHAHHA X2 — 12x + g = 0 € KBaApPaTOM iHLWOrO.
3a Teopemoto Bieta: x; +x, =12, x; - x, = q. 3 yMOBM MAEMO X, = X2, Toai x; + x,2 = 12. MaemMo KBagpaTHe
. - C[xg =4 [x1 =—4, x, =16,q = —64;
piBHAHHA X, 2 + x; — 12 = 0, 3a Teopemoto BieTa iioro KopeHi [ 1 .ATogi |t 2 4 ’
x, =3 x1=3, x,=9, q=27.
Bidnosios: q = —64,q = 27.
[Jewo CKNagHIlWMMK, NPOTe AOLIIBHUMM Y Knacax 3 NpodiibHUM BUBYEHHAM MaTEMaTUKK, € 3aBAaHHA BUAY:
1.5. Hexalt x; i X, — KopeHi pisHaHHA 3x2 + 7x — 2 = 0. He po3s’a3ytoun piBHAHHA, 06UMCAiTb: |x; — X5, [x12 — x52],

L _ L noai6Hiim:
X1 Xp A !
2

(g — x2)% = (1 + x2)% — dxyx, = (—g) —4- (—g) = 77,3.3Bi,qkw lx; — 2, = ?i [x12 — x,2] = ?5— @

1.6. OULiHiTb, NPU AKMX 3HAYEHHAX NapaMeTpa a Cyma KBaapaTis KopeHis piBHAHHA x% — (3a + 1)x + 4a? —a — 50 =
€ HaimeHwoto?

X2+ x%2=(x; +%,)2—2-%x;-x, = (Ba+1)?—2(4a* —a —50) = a? + 8a + 101 = (a + 4)? + 85.

HalilMeHwWe 3Ha4YeHHA BMpa3y AOCAraETbCA Npu a = —4, i popisHioe 85, NpoTe y TakMx 3a4advax HeobxigHO pobuTK
060B’A3KOBY NepeBipKY, YN AOCATAETLCA Lie HalMeHLe 3HaYeHHS, iIHLWMMM CI0BaMMU, UM iCHYIOTb (4icHI) KopeHi B3arani. Y ubomy
NPUKNaai npu a = —4 oTpuMyemo pisHAHHA X2 + 11x + 18 = 0, KopeHAMM AKoro € —9, —2, cyma KBaZpaTiB KOPeHiB A0pPiBHIOE

85. (Bidnoside: npu a = —4).
1.7. Mpu AKMX 3HAYEHHAX NapameTpa @ Cyma KopeHis pisHAHHA X2 — (2a? — a)x + 4a = 0 aopiBHIOE OAMHUL?

1 2
=—= —x—-2=0= —1:2}%
X, +x,=2a2-a=1=|% 2= xz x—2=0=xe{-1;2}
a=1 xX*—x+4=0=>x€0.
Bidnosidd0 A0 3a/a4i € MMLIE OAHE 3HAYEHHA NapameTpa a = — -

2
1.8. O6uMCAiTL CyMy KBaZLPaTiB KOPEHIB Ta CyMy umncen, 06epHeHMX A0 KopeHis pisHAHHA 2x3 + 21x% — 19 = 0.

3ayBa)KMMO, WO OAMH i3 KOPEHiB LbOro piBHAHHA € —1, BMKOHABWM AineHHA Ha ABouneH x + 1, oTpumaemo
KBaapaTHUI TpuuneH 2x2 + 19x — 19, Akuit Mae ABa KOpeHi, a TOMy No4YaTKOBe PiBHAHHA Mae TPM KOpeHi. 3a Teopemoto BieTa:

21 19 . . L
X1 +x;, +x3 = 5 XXz + x1Xx3 + Xx3 = 0, X1X%3 = PR Topi cyma KBaZpaTiB KOPEHiB PiBHAHHA
2
21 441
X124+ %% + x3% = (%1 + x5 +x3)% — 2(x1 %5 + x1x3 + Xpx3) = (7) =—
. . 1 1 1 X3Xo+X1X3+X1 X 19
Cyma umncen, 06epHEHNX A0 KOPEHIB LIbOro PIBHAHHA — + — + — = 221812 — (): — = (),
X, Xy X3 X1X3%3 2

3ayBaXKMMO, WO AKOM KybiyHe PpiBHAHHA He mMmano 6 pauioHanbHOrO KOpeHsA, TO O06YMCAMBLIM  MOXiAHY
f'(x) = (2x3 4+ 21x%? — 19)’ = 6x? + 42x = 6x(x + 7), M1 6 OTPUMaN TPU NPOMINKKM MOHOTOHHOCTI BYHKLII, Ha KOXHOMY 3
AKUX OYHKLUiA Mana 6 No O4HOMY HYNHO, OCKINbKM Ha KiHUAX NPOMIXKKIB NpUiiMana NpoTUAEKHUX 3HAYEHb, @ TOMY NoYaTKoBe
PiBHAHHA Mano 6 Tpu AiCHMX KopeHi. O4eBnAHO, WO i rpadiuHe po3B’A3aHHA AAHOTO PiBHAHHSA TEX NPMBENO 6 4,0 06rPYHTYBaHHA
TOrO, WO Y PiBHAHHA € TPU AIACHUX KOPEHI.
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1.9. 3HaiiaiTh yci 3HaYEHHA NapameTpa a, AKLLO BiflOMO, L0 KopeHi piBHAHHA x2 + ax + 21 = 0 e uinumu uncnamm.

Ockinbkn 21 =1-21=-1-(-21)=3:7 = =3 - (—7), To 3 Teopemu Bieta a € {+22,+10}.

2. Teopema BieTa: KpaesHaBuMiA acCneKT.

Mpwn BUBYEHHI Teopemun BieTa AOUINBHO BKAKOYUTU 3aBAaHHA, AKi PO3KPUBAIOTb iCTOPMYHI, reorpadivyHi Ta iHWI
0cob6AMBOCTI Manoi 6aTbKIBLLMHM YYHIB, iHPOPMaL,it0 NPO BMAATHUX 3eMAAKIB Ta iH. Lle MoXyTb ByTV 3aBAaHHA HAaYKOBOMO Yum
KPA€e3HaBYOro NPOEKTY, CKNAA0BI iHTErpOBaHMX ypokKiB, Temu HAOP pobiT Ta iH. MpuHUMN iHTerpaLii MoXKe peanisoByBaTUCA Ha
OBOX pPIiBHAX: BHYTPIWHbONPEAMETHOMY Ta MiXnpeameTtHoMy. Y npoueci BUBYEHHA MATEMATUYHUX  AUCLUMUNAIH
BHYTPiWHbONPEAMETHUI piBEHb BMABAAETLCA Mif, YaC BMKOHAHHA 3aBAaHb, Y AKUX iHTErpyloTbCA, HanpuKknag, anrebpa Ta
reometpia. MixknpegMeTHi 38’A3K1 PeanisoByloTb MiKAUCLMNAIHAPHY iHTErpaLito, Ko po3B’A3yrTbCA 3a4adi, WO BMMarawTb
3HaHb 3 Ki/IbKOX NPeAMETHUX rany3en. Y CBOEMY A0CAIgKEHHI MU NPOMOHYEMO 3aJayi iHTErpOBaHOro 3MiCTy, AKi 3a4it0l0Tb SK
BHYTPIiLWHbOMNPeAMETHY, TaK i MiXXnpeaMmeTHy iHTerpauito. HaBegemo npuknaam Takmx 3aBAaHb.

2.1. Po3B’AXiTb KBaZpaTHe PiBHAHHA x> — 12x + 27 = 0 3a Teopemoto BieTa, 3anuLLiTh HOro KOPEHi OAHUM YUCAOM Y
NnopAAKy CNafaHHA Ta Ai3HaMTecs KibKiCTb CNiB y AKTi NPOro/IolWeHHA He3anexHocTi YKpaiHu. (Bionoside: 93 cnosa).

2.2. Halibinbluy KinbKicTb Nam’ATHUKIB y CBiTi BcTaHoBNeHO Tapacy LeBuyeHKy. 3a Teopemoto BieTa BM3HauTe cymy i
NOBYTOK KOpeHis pisHAHHA x2 — 84x + 13 = 0, 3anuwWiTh ofepxaHi PesysbTaT OAHWUM YUC/IOM Y NOPAAKY 3POCTaHHA i
AOi3HalTecs ix KiNbKicTb. (Bidnoegios: 1384 nam’ATHUKM).

2.3. BusHauTe KopeHi pisHaHHA x3 — 89x2 + 175x — 87 = 0 Ta 3anuwWwiTb iX y NOPAAKY 3p0CTaHHA (ABOKPATHMIA KOPiHb
ABidi). OTpMMaHe Yncao — PiK NepLLoi MMCEMHOI 3ragku cnosa «YKpaiHa». (Bidnosios: 1187 pik).

2.4. €EguHa y CBIiTi nigBoAHa piyka 3HaxoAuUTbCA Yy YopHOMy Mopi. MeHWU 3 KOpeHiB KBaApaTHOro PiBHAHHA
x2 — 61x + 60 = 0 —ii WnpwuHa, a 6inbluNii — AOBXKMHA (y KinomeTpax). 3HaiiaiTh ix. (Bidnosids: noBMHa 60 KM, WnpKHa 1 Km).

2.5. Y micTi /IbBoOBi 6yn0 3acHOBAHO 04HY 3 HalcTapiwmnx obcepBaTopiin EBponu. 3a Teopemoto BieTa 3HaWAiTb 3HAYEHHA
napametpie p i q piBHAHHA X2 — px + g = 0, 3aNNWiTb X OAHMM YMCNIOM Y NOPAAKY 3POCTaHHA Ta [i3HalTecs, y AKOMY poLi Le
17;\/3 Ta 17:\/3. (Bidrosids: 1771 piK).

2.6. MepLua nicHA, 3acniBaHa y KOCMOCi, — yKpaiHCbKa «[MBAOCb A Ha Tebe Ta M AyMKy ragato», BMKOHaHa lassiom
Monosuyem. 3anuwitb Moayni ycix KoedilienTis piBHAHHA 2x2 + bx + ¢ = 0 OAHMM YMCNO Y NOPAAKY CNafaHHA Ta Ai3HaliTecs,

%_Tm, X, = %ﬁ. (Bidnogiob: 1962 pik).

CTan10CA, AKLWO BiAOMO, LLLO KOPEHAMM PIBHAHHA €

Y AKOMY POLLi LLe CTANO0CA, AKLLO MOro KOpeHi x; =

2.7. UikaBi ¢paKTV Npo yKpaiHCbKi rPUBHiI:

A) BCTaHOBITb BigNoBIAHICTL MK KBagpaTHUMWM PIBHAHHAMM Ta iX KOPEHAMMW i AisHaWTecs y AKiM KpaiHi Bnepwe
HaZApYyKyBaau rpusHi. Homep npuknagy Bignosigae micLto, Ha AKOMY CTOITb BYKBa y CNOBI.

1) x2 —42x+80=0; 2),4),6)x2—28x+160=0; 3)x?+27x—28=0; 5)x2—25x+ 180 = 0.
KopeHi piBHAHHA 40i2 -6i2 20i8 1i-28 -3i-4 0]
bykBa K [0) A H T i

Bidnoeios: KaHaga.

B) 3HalaiTb cymy ABOX HAMBINbLWIMX KOPEHIB YCiX PiBHAHDL i Ai3HANTECA, CKINIbKM KOMIMOK KOLWTYE APYK HAWAOPOXKYOT

KYMOPW 3 CYYaCHUMM 3aXUCHUMM enleMeHTaMu. (Bidnoside: 60 Koniiok).

B) 3HaiaiTb cymy HaWbinbWOro i HalMMEHLIOrO KOPEeHiB yCix PiBHAHb i Ai3HANTECA, CKibKM KOMIMOK KOLWTYE
BMIOTOBJ/IEHHS OAHI€El Kyntopu B cepeiHboMy. (Biornosiosb: 12 Konilok).

3ayBaXKMMO, WO Yy Kaacax ¢inonoriyHoro npodinto MoXKHa 3anpornoHyBaTVM YYHAM BCTAHOBUTM BiAMOBIAHICTE MiXK
KBalpaTHUMM DIBHAHHAMM | IXHIMM KOPEHAMM Ta KinbkicTio 3Bykis / 6yks y cnosi: x? — 10x + 24 = 0 (sapiaHTn Bignosiai
«AWMK», 4 BYKBU, 6 3BYKIB), CKNACTM PIBHAHHA, AKe BiANOBIAaN0 6 cnoBy «iKak»: x2 — 9x + 20 = 0 Ta iH. Y Knacax ximiKo-
6ionoriyHoro Npodinto Le MoxyTb 6yTM 3aBAAHHA BUAY: PO3CTaBTe iHAEKCHU Ta galiTe Ha3Bu cnonykam Zn..CL.., Al..S..icknagitb
(3BegeHe) KBagpaTHE PIBHAHHA, KOPEHAMM AKOro 6yan 6 Ui iHAEKCK Ta iH.

3. Teopema BieTa y pisHUX po3ainax matemaTuku.

HaBegemo npuKnaauM 3aBAaHb iHTErPOBAHOrO 3MICTy 3 BMKOPWUCTAHHAM Teopemu BieTa. 3ayBakMmo TaKOMX, LWO
KOPEKTHICTb reomeTpuyHUX 3aa4 3.1-3.8 BMnAMBaE 3 icCHyBaHHA A04aTHUX KOPEHiB 3a4aHUX PiBHAHb.

3.1. Bigomo, Lo KopeHi pisHAHHA x% — 14x + 36 = 0 € NPoOeKLiAMM KaTeTis NPAMOKYTHOTO TPMKYTHUKA Ha rinoTeHy3y.
BukopwucToBytoum Teopemy BieTa, 064MCAiTb rinoTeHy3y, BUCOTY, NpoBeAeHyY A0 rinoTeHy3u, NAoLLY NPAMOKYTHOTO TPUKYTHUKA Ta
pagjyc onucaHoro Kona.

3a Teopemoto Bieta x; + x, = 14, x4 - x, = 36. A Tomy rinoTeHysa ¢ = x; + x, = 14 (oa.); BucoTa, NpoBeseHa A0
rinoTeHy3u, € cepeaHE reoOMeTpUYHE MidK NPOEKLAMM KaTeTiB Ha rinoTeHysy, To6To h = /X1 - X, = 6 (04.); NNoWa TPUKYTHMKa

. ch 146 . 1

DOpiBHIOE S = S =5 = 42 (kB. 04.), a pagjyc onucaHoro Kona R = SC= 7 (oa.).

3.2. BigoMo, Lo KopeHi piBHAHHA x2 — 12x + 22 = 0 € cTOPOHaMM NPAMOKYTHUKA. BUKOPUCTOBYIOUM Teopemy BieTa,
064MCAITb NNOLLY NPAMOKYTHMKA, MOro NepumeTp, AiaroHanb Ta paiyc ONMcaHoro Kona.

3a Teopemoto Bieta x; + x, = 12, x4 - x5 = 22. A TOMy NAoLWa NPAMOKYTHUKA AOPiBHIOE 22 (KB. 0f4.), @ nepumeTp
2-12 = 24 (oa.). OiaroHans npamokyTHUKa d = \/x;2 + x,2 = /(%1 + x2)% — 2x,x, = V122 —2-22 = 10 (oa.), a paaiyc
onucaHoro Kona R = %d =5 (oa4.).

3.3. Bigomo, wo KopeHi piBHAHHA xZ — 20x + 72 = 0 e pjaroHanamu pomba. BuKopucToBylouM Teopemy BieTa,
06umncniTe naowy pomba, Moro NnepumeTp, BUCOTY Ta Pagiyc BMMCAHOTO KoNa.

3a Teopemoto Bieta x; +x, = 20, Xx; - x, = 72. OcKinbkn niowa pomba AOpiBHIOE NiBAOOYTKY WOro AiaroHanew,

. 1 . _— . o

MA€EMO, LLO M/IOLA AOPIBHIOE S = 5-72 = 36 (KkB. 04.); 4NA OOBINBHOrO Mapasnesnorpama Cyma KBaapaTiB Woro AiaroHanei

[OPIBHIOE CyMi KBa/IPaTIB YCiX 1Oro cTopiH, Maemo: dq 2 + dp® = X2 + x,% = (1 + x,)2 — 2x;X, = 202 — 2- 72 = 256, 38iaKM
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4q? = 256 = a = 8 = P = 4a = 32 (o4.) — nepumeTp pomba. Bucota pomba h = Z = % = ; (oa.), pagiyc BnucaHoro Kona
h__ 9
r=5=y (oa.).

4. Hi PIBHAHH - =0- YKUHU OCH iBH HOT Tpaneuii, B AKY MOXHa BNMcaTu Kono.
3.4. Kope BHAHHA X2 — 28x + 169 = 0 — nos 0OCHOB piBHObBeApeHOoi Tpaneuyii, B A O’KHa Brnuca oso. He
PO3B’A3YI0YM PIBHAHHA, 3HANAITL BUCOTY, BiUHY CTOPOHY, NaoLWy i AiaroHanb Tpanewii Ta pagiyc BNMCaHOro B Hei Kona.

A B

A
D H C
Puc. 1. Tpaneuia ABCD
[epeno: asmopcbKa po3pobKa.

x1 +x; = 28,

X1 Xy = 169.

BMMCaTW KOO i BOHa piBHOGIYHA, To 2AD = AB + DC , topi AD =
L AB*DC  p = 14-13 = 182 (k8. 0a.).

r=-=26,5(oa.); nnowa S =
ABYDC _ natxy ? =14 (0a.)iAC = VAH? + HCZ = V169 + 196 = V365 (0a.).

Bucota h = AH =+/x; - x;, = V169 = 13 (o0a.). Tak AK y Tpanewilo MOXHa

AB+DC X1+x 28 .
— = 1Tz =5 = 14 (oa.); pagiyc BnMcaHoro Kona

3a Teopemoto Bieta: {

2

3AABC,£AHC =90°% HC = 5

Bidnoside: h = 13 og., AD = 14 op., 7 = 6,504., S = 182 k8. 0a., d = V365 og.

3.5. Bigomo, W0 To4Ka AOTUKY BIMCAHOTO Y POMb KO/1a AiINTb CTOPOHY Ha BiAPi3KM 3aBA0BXKKN X1, X5, L€ X1, X — KOPEHI
piBHAHHA x2 — 18x + 64 = 0. BukopucToBytoun Teopemy BieTa, 064MCAiTL CTOPOHY, BUCOTY Ta naoly pomba.

CropoHa pomba a = x; + x, = 18 (0A4.); pagiyc BNMCaHOro KoNa € CepefiHeE reOMeTpuYHe T = /Xy - X; = V64 =8
(oa.), a Toaji Bucota h = 2r = 16 (oa.); niowa pomba S = a-h = 18-16 = 288 (k8. 04.).

3.6. BigoOMO, WO CTOPOHM NPAMOKYTHOTO Napasnenenineda € KopeHAamM piBHAHHA x3 — 18x2 + 90x — 116 = 0.
BuKopucToBytoum Teopemy BieTa, 06uncniTb 06’em, NOBHY MOBEPXHIO Ta AiaroHaib NPAMOKYTHOro napaseneninesa.

X1 + x, + x3 = 18,
3a Teopemoto BieTa gna Ky6iYHOro PiBHAHHA: {X1X, + X1X3 + X2X3 = 90, Toai 06’em NpsAMOKyTHOro napaneseninesa
X1Xx3 = 116.
V =x1x,x3 =116 (ky6. oa.), nnowa nosBHoi noBepxHi S =2- (XX, +xX3 +x,x3) =180 (kB. o0p4.), AiaroHanb
d= (1 + x5 +x3)% =2 (x5 + X1 %3 + x,x3) = V182 — 180 = 12 (0a.).

3.7. ina obpobKM noBepxoHb CTiH, CTeni i nianorn KimHaTv nepeg ii noganslumm 03406/1eHHAM NOTPiGHO NpoBecTH
IPYHTOBKY 3 BUKOPUCTAHHAM PiANHM, AKA NPOAAETLCA B yNaKoBKax No 5 A, OUiHiTb, CKiIIbKM TaKMX yNakoBOK MOTPIOHO KynuTwy,
AKLLLO BUMIPK KiMHaTK (y MeTpax) € KopeHAMM piBHAHHA x3 — 12x2 + 47x — 60 = 0, a BUTPaTV rOTOBOI 10 BUKOPUCTAHHSA PiAMHM
cknagatoTb y cepeaHbomy 0,17 n/m2. Mig vac obuncieHb BpaxyiiTe, L0 NOBEPXHIO BIKOH i ABepei, aKi cknagatotb 10 % Bia, yciel
naowi, 06pobnatn He Tpeba. a9 onanoBanbHOI cMcTeMU HeobXigHi pagiaTopm i3 po3paxyHKy ABi oanHMLi Ha 30 m3. CKinbKK
TaKMx pagiatopis Tpeba 3amosuTK Ana obirpisy gaHoi KimHaTH?

3a Teopemoto BieTta nsowa nosHoi nosepxHi S = 2 -47 = 94 k8. m; 90 % nnowi cknagatote 84,6 KB. M.; HeobxigHa
KinbKicTb pianHun 84,6 - 0,17 = 14,382 n. A TOMy [OCTaTHBbO KYNUTU 3 yNakoBKM rpyHToBKU. V = 60 m3, 4 pagiaTopu.

3.8. Bigomo, wo giaroHani rpaHeit dq,d,,d3 NPAMOKYTHOro napaneneninega € KOPEHAMWU PIBHAHHA
x3 — 56x% + 1039x — 6384 = 0. BukopucTOBYtouM Teopemy BieTa, 3HaltaiTb AiaroHanb NPAMOKYTHOrO napaneneninesa.

dy +d, +dz =56,
3a Teopemoto Bieta maemo: {dd, + dqd3 + d,d; = 1039,
d,d,d; = 6384.

Hexaii BUMipU NpsMOKyTHOro napaneneninepa a, b, c, Topi AiaroHani rpaHei dlz =a?+b? d22 =a’®+ cz,d32 =

= b% + 2. [iaroHanb NpAmoKyTHoOro napaneneninega D? = a? + b? +¢? = %(dlz + d," + di?) = % ((dy +dy +d3)? —

-2 (d1d2 + d1d3 + d2d3)) = % ) (d1 + dz + d3)2 - (dldz + d1d3 + d2d3); D= %' 562 —1039 =23 (O,CI‘)

3ayBaXXMMO, LLO KOPEKTHICTb FeoOMeTPMYHOI 3ajadi BMMIMBAE i3 iCHYBaHHA A04ATHWX BMMIpiB napaneneninesna:
a = 2v42, b = 2v/22, ¢ = V273, gjaronHani rpavein d; = 16; d, = 21; d; = 19 (oa.).

3.9. KopeHi pisHaHHA x% + px + g = 0 € uinummn uncnamu. 3HaigiTb yci 3Ha4eHHA p, g, AKwo cyma p + q¢ = 100.

3a Teopemoto Bieta: x; + X, = —p, X1 X, =q. 3 ymoBu p +q =100 maemo —(x; + x,) +x; - x, =100 &
(x1 = 1) - (x; — 1) = 101. Ockinbku x1,x, — uini uncna i 101 — npocre uncno (oro AinbHUKamm € uncna +1;+101), Tomy
{xl —-1=-101, {xl = —-100, {p =100,

. . x, —1=-1, x, =0, q=0,
MOXMBI BUNagKK (Hexal x; < X,): v —1=1 Sy =2 = p=—104,"
1~ - 4 1 — 4 - - »
{xz -1=101, {xz =102, {q = 204.

Bionogids. p = 100,q = 0 abo p = —104,q = 204.
3.10. KopeHi mHorouneHa f(x) = x3 — 3x% — 33x + 35 yTBOpIOIOTL CNaaHy apudMeTMUHy nporpecito. Yomy aopisHIOE
nepLnii YieH i pisHULUA Nporpecii?
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3a Teopemoto Bieta: x; +x, + X3 = 3, XyX, + X1X3 + Xpx3 = —33, xyx,x3 = —35. Bpaxyemo, wo x; = x; —d,
X3 =x,+d,d <0, 3 nepwoi piBHOCTi oTpumaemo 3x, =3, 3BigkM x, = 1. 3 TpeTboi pPiBHOCTI 3 ypaxyBaHHAM
X, =1 xx63 = =35,(x; —d)(x; +d) = —35,1-d?* =-35d<0=>d=—6; x;, =7; x, = 1; x3 = —5.

Bidnosios: x; = 7,d = —6.

3.11. KopeHi mHorouneHa f(x) = x3 — bx + a yTsoptoloTb apMdMeTUUHY Nporpecito 3 pisHuueto d. Yomy fopiBHIOTL
napametpn a i b?

3a Teopemoto Bieta: x; + x, + x3 = 0,X1X; + X1X3 + XX3 = —b, X1X,X3 = a. OcKinbkM x; = x, — d, x3 = x, + d, T0
3 nepwoi piBHocTi oTpumaemo 3x, =0, x, =0, a 7Tomy a=0. 3 pgpyroi piBHOCTIi 3 ypaxyBaHHAM
X, =0 x;x3 = —b; (x, — d)(x, +d) = —b; —d? = —b; 38igkn b = d2.

Bidnoside: a = 0; b = d?.

3.12. BuKopucCTOBYlouM Teopemy BieTa, 3HalAiTb yci 3HaYeHHA MapameTpa a TaKi, Wob OAMH 3 KOPEHIB PiBHAHHA
9x3 — 52x + a = 0 fopiBHIOBaB NOTPOEHOMY iHLLIOMY KOPEHIO.

3a Teopemoto Bieta x; + X, +x3 = 0; x1X; + X1X3 + Xpx3 = _52/9; X1 XpX3 = — a/9. Bpaxosytouu, Wwo x,; = 3x4,
OTPUMaEMo 3 nepuwoi pisHocTi x3 = —4x;. [pyra i Tpeta pisHOCTi nepenuuwyTbea 3x;% — 4x;? — 12x,% = _52/9;
—12x;° = 7%/, 3sigkm  maemo x;% = 4/9;a =108x,3. Maemo pagi mowamsocTi: 1)x; = 2/3, Xy =3x; =2,

3
X3 = —4x; = =8/3,0nia = 108 (2/3)” =32;2) %y = 72/5,x, = 3%, = =2, x3 = —4x; = 8/5ia = -32.
Bidnosids: a = +32.
3.13. MMpu AKMX LiAWX 3HAYEHHAX L CyMa KBaApaTiB KOPEeHiB piBHAHHA x2 — n3x — 2n? = 0 € NPOCTUM YMCIOM?

X+ x, =13,

3a Teopemoto Bieta Maemo: { ) X124 xp% = (g + %)% — 2x1%5;
,

X1X; = —2n
24+ x2=m3)2=2-(=2n)=n®+4n?> =n’(m*+4) = (n*+ 4+ 4n? —4n?) =n’(n®> - 2n+ 2)(n? + 2n + 2).

[Oob6yTOK uinnx yncen moxke 6yTU MPOCTUM YUCAOM, AKLLO YCi MHOMXHWMKWM, KPiM OAHOro, AOPIBHIOTL OAUHMUL, a
OCTaHHIi MHOXHWK NPU LbOMY € NPOCTUM YMUCIOM. HEBAXKKO NepeKoHaTUCA, WO e BUKOHYETbCA nwe npu n = +1.

4. Teopema Bieta y knacax ¢pismko-marematuuHoro npoginio.

4.1. Hexaii f(x) = x° + 4x* — 4x3 — 8x? + 14x — 12, g(x) = x® + 5x% — 14. BigoMo, WO X1, X, X3 € KOPEHAMM
MHorouneHa g(x). 06uncnit 3HaueHHs sennunun f(xq) + f () + f(x3).

Nokaxemo, wo pisHaHHA g(x) = 0, x3 + 5x2 — 14 = 0 mae Tpwn AjiicHi KopeHi rpadiuHo, nobyaysasiwm B OAHIN
cUcTemi KoopauHaT ABa rpadika y = x3i y = —5x2 + 14. OTPYMAEMO TPM TOUKM NePeTUHY, WO FrapaHTyE TPU AiACHI KOpeHi.
AHaniTMyHe OOFPYHTYBaHHA MOXe BWUMNAZATU TaK: AKWO (HenepepsHa) $YHKLiA Ha KiHUAX NPOMIXKKY MPUMMAE 3HauyeHb
NPOTUNEKHUX 3HAKIB | € MOHOTOHHO HAa LIbOMY MPOMIXKKY, TO Ha LIbOMY MPOMIXKKY € PIBHO OAMH AiACHWUI KOPiHb:

g(=5)=-14<0,9(—4)=2>0,9'(x) > 0,Vx € (=5; —4) = x; € (—5; —4);
g(=3)=4>0,9(0)=-14<0, g'(x) <0,Vx € (—3;0) = x, € (—3;0);
g(0)=-14<0,g(2) =14>0,g9'(x) > 0,vx € (0;2) = x5 € (0; 2).
X1 + X, +x3 = =5,
3a Teopemoto Bieta Maemo: X1Xp + X1X3 + xx3 = 0, Moginumo f(x) Ha g(x) 3 ocTauelo, OTPUMAEMO
X1Xpx3 = 14.
fx) =g qkx) +rkx); yacTka qx) =x?—x+1; ocTaya r(x) = x2+ 2. PiHicTb
f)=0G3+5x2-14)(x> —x+ 1)+ (x?+2) mae micue ana ycix x, a Tomy i Ana Xy, X2, X3, TOMY
fle) =g(x) qlx) + (2 +2)=x2+2, 60 g(x;) =0; awanoriuno f(x) = x,2+2, f(x3) =x32+2. A Tomy
Fle) +fl)+ flxs) = (2 +2)+ (02 +2) + (032 +2) =22 + 22 + 232+ 6 = (%1 + x5 +x3)%2 — 2 (15 + x1x3 +
+x,x3) + 6 =(=5)2—2-0+6 = 31.
Bionosioe: 31.
4.2. Yci kopeHi MHorouneHa f(x) = x™ + a,_,x""2 + -+ + a,x + ay — AilicHi uncna. LoseaiTtb, Wo a,_, < 0.
X1 +xy+ - +x,=0,
X1Xy + X1X3 + o+ XX+ F X1 X = App, .
NigHecemo nepwy piBHicTb 40 KBagpaTy, oTpumaemo (x; +X, + -+ x,)?> =0, PO3KPUEMO AYKKM, MAEMO
(2 4+ 22 4+ + x,2) + 2(x1 X5 + x1X3 + -+ XX, + -+ Xp_1X,) = 0. Bupas y ApYrux AyxKax OOPIBHIOE Gp_,, @ TOMY

Momivaemo, wo KoeoiuieHT a,_, = 0. 3a Teopemoto BieTa: {

Ap_p = —%(xlz +x%+ -+ an) < 0, ocKiNbKM 3a YMOBOIO YCi KOpeHi € gitcHumu. [JoseaeHo.
x+2y+4=0,
x+5y+25=0.

3ayBaxkMMo, Wo KoedilieHT Npy 3MIHHUX HENPOMOPLMHI, a3 TOMY CMCTEMa MaE OAWH PO3B’A30K; BUKOPUCTOBYHOUM
cnocib fopaBaHHA (BiZHIMaHHA), OTPMMAaEMO Lei po3s’asok x = 10,y = —7. MNpoTe, AKLWO NpoaHanisysaTu KoedilieHTU npu
3MIHHMX | BiNbHi YNeHW, MOXKHa 3p0BUTM BUCHOBOK: Npu t =2 Ta npu t = 5 maemo x +ty + t2=0 KBaZlpaTHe PiBHAHHA,
KopeHsMHM fKoro € t = 2, t = 5, a HeBigoMmi X,y BigirpatoTb posib NapameTpis. 3a Teopemoto BieTa, cyma KopeHiB 7 € —y; a
£06yToK 10 € BinbHMIA YUneH, TO6TO x. Maemo Ty X Bignosiab. Lieli camuit npuitom 403BONANUTL PO3B’A3aTU HACTYMHY CUCTEMY:

x—2y+4z=28,

4.4, Po3B’AXiTb cucTeMy piBHAHL: X + 3y + 9z = =27,

x — 5y + 25z = 125.

Maemo cucTemy TPbOX NiHIMHWUX PIBHAHL 3 TPbOMa HEBiZOMMMMU. 3acobamm BULLOT MaTEMATUKM MOXKHA NOKasaTH, WO
paHr OCHOBHOT MaTpULi LOPIBHIOE TPbOM, @ TOMY CMCTEMA MAE EAUHUI PO3B’A30K. BUKOPUCTOBYIOUM 3HAHHA WKINbHOTO Kypcy
HeBaXXKo 0B6rpyHTYBaTH, WO 1) KOXKHe PiBHAHHA 33a€ NNOLWMHY i KOXKHI ABi NNIOLWMHN He € NapanenbHUMK, 2) OCTYNHO 3HANTU
x—2y+4z—-8=0, x+4z—-8=0,
x+3y+9z+27=0, " Y=0 {etomt2720,

4.3. BukopucroBytoumn Teopemy BieTa, 3HaliAiTb pO3B’A30K CUCTEMM PiBHAHD {

(40BINbHI) ABI CNiNbHI TOYKM Nepwmx ABOX NJIOLWMH, HAaNpUKAaa: {
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NOYNEeHHO BigHIMaeMO, maemo nepwy Touky M(36;0;—7); npn z =0 - T.N(—6;—7;0); W(42;7;—7)||(6;1;—1); To6TO

x = —6+ 6t,
nepuwi Agi NNOWMHA NEPETUHAIOTLCA NO NpAMin: 1y = —7 + t, AHanoriuHo, Apyra i TpeTa NioWMHa NepeTMHaTbCA Mo
z=0—-t,teR.
x =30+ 15u,
npamii {y = —19 — 2u,  06uABI OTpPMMaHi NpPAMI HenapanenbHi i NexaTtb y APYri NAOWMHI, @ TOMY NepPeTUHAOTLCA B OAHIMN

z=0—-u,u€ER.
Touui. Take AOCAIOMKEHHA CNPUAE LNICHOMY CNPUIHATTIO MaTEMaTUKM, PO3YMiHHIO anrebpaiyHoi 3agadi 3 reoMeTpuyHO
iHTepnpeTauieto. Mpu NpodinbHOMY BUBYEHHI MaTEMATMKM, AKLWO Y4YHI 3HAMOMI 3 LMMKW METOAaMU, PO3B’A30K CUCTEMU MOKHA
oTpumaTtn metogom laycca, 3a popmynamm Kpamepa um matpmyHum crnocobom.

PosrnaHemo cnocib po3e’a3aHHA 3a4a4i (3 BUKOpUCTaHHAM Teopemu BieTa): x — 2y + 4z — 8 = 0, nosHauumo —2 = t,
ToAi maemo x +ty + t?z+t3 =0, WO MOXHa iHTepnpeTyBaTH, AK AEAKMI MHOFOYNEH TPeTbOro CTEMeHA BifHOCHO t:
f) = t3+t2z+ ty + x, HeBifOMI X, Y, Z BigirpatoTb posib NapameTpis, NPMYOMYy —2 € KOpeHeM LbOoro MHorousieHa. [pyra
piBHicTb X + 3y + 9z + 27 = 0 cBigunTb, WO t = 3 € KOPEHEM LbOr0 MHOTOYEH]; 3 PIBHAHHA X — 5y + 252 — 125 = 0 maemo

t = —5 € KOopeHeM LbOro MHOrouysieHa TpeTboro creneHs. Tomy muorouned f(t) =1-(t—(-2))-(t—-3) - (t—(-5)) =
= (t + 2)(t — 3)(t + 5). Ockinbku: f(t) = t3 + t2z + ty + x, To 3a Teopemoto Bieta, T0670 x, € fO6YTKOM KopeHiB —2; 3; —5,
B3ATMM 3i 3HaKoM MiHyc: x = —30, KoedilieHT NpM Nepwomy cTeneHi 3MiHHOI t, TO6TO Y, € cymoto f06YTKiB KOPEHiB, B3ATUX NO

aBa: y = (—6) + (—15) + 10 = —11,y = —11, KoediyieHT npu Apyromy cTeneHi 3miHHOI t, TOGTO NapameTp z, € CyMmOio
KOPEHiB, B3ATWX 3i 3HaKOM MiHyc z = —(—2 + 3 — 5) = 4.

Bidnosgios: x = =30,y = =11,z = 4.

Y nosaypoyHuii Yac B Kaacax 3 NpodibHUM BUBYEHHAM MATEMATUKM MOXKHA MO3HANOMMUTU YYHIB 3 BU3HAYHUKOM
BaHaepmoHaa, AKMIA MAaEMO Yy nonepeaHiv 3a4aui, WO CNPUATUME PO3LIMPEHHIO MaTEMATUYHOTO KPYro3opy WKOApIB.

4.5. Hexail X, X, — KOpeHi MHorouneHa f(x) = x2 — 24/3x — 1. 06uucnits arctgx; + arctgx,.

PisHAHHA x2 — 24/3x — 1 = 0 mae ABa KopeHi. 3a Teopemoto BieTa Maemo X1 +x, = 243, X%, = —1.

dyhkuia f(x) = x2 —2v/3x — 1 € nenepepsHow, f(—1) > 0,£(0) <0, a Tomy Ha npomikky (—1;0) € KopiHb;

f(1)<0,f(4) >0, Ha npomikky (1;4) € KopiHb. BucHosok: x; € (—1;0);x, € (1;4). A Tomy arctgx, € (—%;0);

arctgx, € G; g), acyma arctgx, + arctgx, € (0;%),
064MCcAMMO TaHreHc Lboro KyTa: tg(arctgx; + arctgx,), CKopucTaemocs GoPMYNOI0 TaHTeHCa CYMU, OTPUMAEMO:
tglarctgx,) + tglarctgx,)  x, +x, 273 s

tglarctgx, + arctgx,) = 1 —tg(arctgx,) - tg(arctgx,) 1o X1%X5 1o -1 -

EAMHUIA KYT 3 NTPOMIXKKY (0; g) TaHreHC AKOTO AOPIBHIOE V3, € KyT g

Bidnosios: arctgx, + arctgx, = %

4.6. Hexail x4, x, — KopeHi pisHaHHA 2023x2 — 2024x — 1 = 0. O6uuncnitb arctgx, + arctgx,.
Bidnosioeb: %.

BMUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

Y CTaTTi PO3rNAHYTO METOANYHI 0cO6AMBOCTI BUBYEHHA TeMn «Teopema BieTa» nig Yac ocBiTHbOro npouecy, CTBOPEHO
NPUKNaaM 3afay KPae3HABYOro Ta MPAKTUYHOrO 3MICTYy, 3aBAaHb BHYTPILIHLOI Ta MiXXNpeaMeTHOI iHTerpauii pi3Horo pisHA
CKNA[HOCTI, WO A03BONAIOTb BCeBiUHO BUBYATK Lito 6a30BY TeOpemy LUKINIBHOTO Kypcy MaTeMaTMKM AK Ha PiBHI CTaHAAPTY, TaK i
Ha npodinbHOMY YM NornMbaeHoMmy piBHi, 30Kpema HaBeAeHo i 3afadi 3 napameTpamu. CTBOPEHHA TaKoi cepii pisHOMNNaHOBMX
3aBAaHb IHTErPOBaHOIO 3MICTYy 3 TEMU MOXKe BYTM KOPUCHUM AOCBIAOM AN1A MONOAMX BUUTENIB, KOTPI BUKNAAAOTb MaTEMATUKY
y Knacax pi3Horo npoointo, Ta cTyaeHTiB $isvKo-maTemaTMyHMX aKynbTeTiB, a TOMY NPOAOBNKEHHA L€l TEMWU BBaXKaeMo
BMNPaBAAHMM, Ha WO NJIAHYEMO CMPAMYBATK CBOI MOAANbLLI AOCAIAKEHHSA.

CMNCOK BUKOPUCTAHUX OXKEPEN

1. bess, B.I. (2004). BuKOpUCTaHHA iCTOPUYHOrO MmaTepiasy y HaBYaHHi eneMeHTapHOI MaTemaTUKM MaWbyTHiX yuutenis. Juoakmuka
mamemamuku: npobaemu i docnidnceHHs, 22, 62-68.

2. boty3oBa, l0.B. (2020). 3abe3neyeHHn HAaCTYNHOCTi HaBYaHHA MaTeMaTMKM NpU NiAroTOBLi A0 po3B’A3yBaHHA 3a4a4 3HO MeToA0M OLiHKM.
@i3uko-mamemamuyHa oceima, 3-2 (25), 21-28.

3. Botuzova, Y., Rizhniak, R., & Yaremenko, Y. (2022). The Role of the Integrated Image of the Problem Solving Method in the Realization of the
Mathematics Teaching Continuity. Revista Romaneasca Pentru Educatie Multidimensionala, 14(4). 243-259.

4. bypaa, M.l. (2014). KomneTeHTHICHA OpieHTaLLifA 3MICTY LIKINbHUX NiAPYYHUKIB 3 MaTeMaTUKN. [Ipobaemu cyyacHoz0 nidpy4yHuKa, 14, 78-85.

5. Bacunbesa, [.B. (2018). MaTtemaTnuHi 3aga4i AK 3aci6 GopMyBaHHA KNHOYOBUX KOMMNETEHTHOCTEN YUHIB. [Tpobsiemu cy4acHo20 nidpy4YHUKa,
21, 83-91.

6. I3tomueHko, /1.B., KntouHuk, I.T., & Faescbkuii, M.B. (2020). OpraHisauis HaB4YanbHOI AiANbHOCTI y4YHIB NPOdiNbHUX KnaciB (Ha npuknagi
iHTErpoBaHMX 3aBAaHb BUCOKOTO PiBHA 3 MaTeMaTUKK). BiCHUK YepKacbKo20 HauioHanbHO20 yHisepcumemy imeHi bo2daHa XmenbHUybKo2o.
Cepis:" lMedaeoeivyHi Hayku", 3, 187-192.

7. Matiash, O., Mykhailenko, L., Shvets, V., & Shkolnyi, O. (2021). Educational environment as a form for development of math teachers’
methodological competence. Mathematics and Informatics, 64(5), 520-531.

8. Miier, T., & Holodiuk, L. (2019). Didactic Triadas—Learning—Teaching—Management in the Context of Realization in the Educational Process
of Innovative Author’s Novations. The Actual Problems of the World Today. London: Sciemcee Publishing is part of SCIEMCEE, 2, 140-151.

9. Mpyc, A.B., & Weeub, B.O. (2018). Po3BMTOK A0CNIAHULBKMX YMiHb YYHIB y NpoLeci po3B’A3yBaHHA 3aBAaHb i3 napametpamu. Science and
Education a New Dimension. Pedagogy and Psychology, VI (64), 49-52.

26



disuko-matemaTtuyHa ocsita / Phisical and Mathematical Education Tom 39, Ne 4 / Vol. 39, No 4 (2024)

10. Tarasenkova, N., Akulenko, I.A., Burda, M., & Hnezdilova, K. (2020). Factors Affecting Techniques of Teaching Theorem Proof. Universal
Journal of Educational Research, 508-519.

11. YaweyHunkosa, 0.C. (2011). PO3BMTOK TBOPYOro MUCNEHHSA YYHIB Mig 4ac HaBYaHHA MaTemMaTuKK. Mpobnema AiarHoCTUKK. [TedazozivyHi HayKu:
meopis, icmopis, iHHosauiliHi mexHosoeil, 1 (11), 217-226.

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Bevz, V.H. (2004). Vykorystannia istorychnoho materialu u navchanni elementarnoi matematyky maibutnikh uchyteliv [The use of historical
material in teaching elementary mathematics to future teachers]. Dydaktyka matematyky: problemy i doslidzhennia, 22, 62-68 (in Ukrainian).

2. Botuzova, Yu.V. (2020). Zabezpechennia nastupnosti navchannia matematyky pry pidhotovtsi do rozviazuvannia zadach ZNO metodom
otsinky [Correcting grammar issues: Ensuring the continuity of mathematics education in preparation for solving problems in external
examinations through the evaluation method]. Fizyko-matematychna osvita — Physical and Mathematical Education, 3-2 (25), 21-28 (in
Ukrainian).

3. Botuzova, Y., Rizhniak, R., & Yaremenko, Y. (2022). The The Role of the Integrated Image of the Problem Solving Method in the Realization
of the Mathematics Teaching Continuity. Revista Romaneasca Pentru Educatie Multidimensionala, 14(4). 243-259.

4. Burda, M.l. (2014). Kompetentnisna oriientatsiia zmistu shkilnykh pidruchnykiv z matematyky [Competency orientation in the content of
school textbooks on mathematics]. Problemy suchasnoho pidruchnyka, (14), 78-85 (in Ukrainian).

5. Vasylieva, D.V. (2018). Matematychni zadachi yak zasib formuvannia kliuchovykh kompetentnostei uchniv. [Mathematical problems as a
means of forming key competences in students] Problemy suchasnoho pidruchnyka, (21), 83-91 (in Ukrainian).

6. lziumchenko, L.V., Kliuchnyk, I.H., & Haievskyi, M.V. (2020). Orhanizatsiia navchalnoi diialnosti uchniv profilnykh klasiv (na prykladi
intehrovanykh zavdan vysokoho rivnia z matematyky) [Organization of educational activities for students in specialized classes (using the
example of integrated tasks at a high level in mathematics)]. Visnyk Cherkaskoho natsionalnoho universytetu imeni Bohdana Khmelnytskoho.
Seriia:" Pedahohichni nauky", (3), 187-192 (in Ukrainian).

7. Matiash, O., Mykhailenko, L., Shvets, V., & Shkolnyi, O. (2021). Educational environment as a form for development of math teachers’
methodological competence. Mathematics and Informatics, 64(5), 520-531.

8. Miier, T., & Holodiuk, L. (2019). Didactic Triadas—Learning—Teaching—Management in the Context of Realization in the Educational Process
of Innovative Author’s Novations. The Actual Problems of the World Today. London: Sciemcee Publishing is part of SCIEMCEE, 2, 140-151.

9. Prus, A.V., & Shvets, V.0O. (2018). Rozvytok doslidnytskykh umin uchniv u protsesi rozviazuvannia zavdan iz parametramy. Science and
Education a New Dimension [Development of students' research skills in the process of solving tasks with parameters]. Pedagogy and
Psychology, VI (64), 49-52 (in Ukrainian).

10. Tarasenkova, N., Akulenko, I.A., Burda, M., & Hnezdilova, K. (2020). Factors Affecting Techniques of Teaching Theorem Proof. Universal
Journal of Educational Research, 508-519.

11. Chashechnykova, 0.S. (2011). Rozvytok tvorchoho myslennia uchniv pid chas navchannia matematyky. Problema diahnostyky [Development
of students' creative thinking during mathematics education - The problem of diagnosis]. Pedahohichni nauky: teoriia, istoriia, innovatsiini
tekhnolohii, 1 (11), 217-226 (in Ukrainian).

Mamepian Hadiliwoes 0o pedakuyii 29.03.2024p.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.

27



Scientific journal
PHYSICAL AND MATHEMATICAL EDUCATION
Has been issued since 2013.

p-1SSN 2413-1571
e-I1SSN 2413-158X

HaykoBuii sxypHan DOI: 10.31110/2413-1571

®IBUKO-MATEMATHYHA OCBITA 5%?,'}},';}“

Bunaerscs 3 2013.

https://fmo-journal.org/

| pol 10.31110/fmo02024.v39i4-04 Y[K 372.853 |

OOMALLIHIA EKCMEPUMEHT
NO BU3HAYEHHIO BIAHOLLEHHA TENJIOEMHOCTEWN Cp/Cy BN1A NOBITPA

Cepriit MOANACOB &

HayioHaneHuli mexHiyHuli yHisepcumem YKkpaiHu «Kuiecokul nonimexHiyHul iHcmumym imeHi lzops Cikopcbkoz2o», YkpaiHa
s.podlasov@kpi.ua

https://orcid.org/0000-0002-3947-4401

Angpiit CHAPCbKUN

HauyioHaneHuli mexHiyHuli yHisepcumem YkpaiHu «KuiecbKkuli nonimexHiyHul iHcmumym imeHi lzopsa CikopcbKo2o», YKpaiHa
a.snarskii@gmail.com

https://orcid.org/0000-0002-4468-4542

AHOTAUIA

®dopmynioBaHHA Npobnemu. BaxnnBe 3HAYEHHA ANA MANBOYTHIX iHXKEeHepiB Mae YMiHHA NPOBOAMUTU EKCNepPUMEHTaNbHI
OOCNIAXEHHA Ta ONpaLbOBYBATK iX pe3yabTaTh. B ymoBax AUCTaHUIMHOrO HaBYaHHA Nepes BUKNagavamu noctae npobnema
po3pobKM 3aBAAHb A1 EKCMEePUMEHTANIbHUX AOCAIAMKEHDb, AKI CTYAEHTU MOXYTb MPOBOAWUTU BAOMA, BUKOPUCTOBYIOUM
AOCTynHe obnafgHaHHA. OAHUM 3 TakMX AOCNIAXeHb MOe OyTW BM3HAYeHHA MOKasHMKa cTerneHA agiabaTtu rasy 3a
pe3ynbTaTaMu BUMIPIOBaHHA LIBUAKOCTI 3BYKY.

Martepianu Ta metoan. 1na 4OCATHEHHA NOCTaBAEHOI METU AOCNIAKEHHA BUKOPUCTAHO aHaNi3 HaBYaNbHOI Mporpamm Kypcy
«3aranbHa di3nKa ana 6akanaspis iHKEHEPHUX CNeLiaNbHOCTEN Y, OrNAL METOANYHUX BKA3iBOK A0 BUKOHAHHA N1abopaTopHMX
pob6iT 3 po3ainy «KonmnsaHHsa i xBuni» Kypcy $isnku TexHiuHux 3BO, ornag, nitepatypwm 3a TeMoto AocigxKeHHs. MNigrotosneHe
061agHaHHA Ta nporpamHe 3abesneyeHHs 403BONMAM MPOBECTM anpobaLlilto METOAMKM BU3HAYEHHA MOKA3HUKA CTEMNeHs
afiabaTv NoBITPA 32 3HANAEHOI B €KCNEPUMEHTI LBUAKICTIO 3BYKY.

PesynbTati. LLBUAKICTb 3BYKY 064MCNtOBaNaca 3 BUKOPUCTAHHAM 3HAYEHb PE3OHAHCHOI YacTOTU AN1A BiAKPUTUX 3 060X KiHLiB
TPY6OK Pi3HOI AOBXMHU, @ TAKOXK KOPMYCY KYSIbKOBOI PYYKM, LMAIHAPUYHOT NOCYAUHM (HYaHOT KPYXKKM) Ta NAALLKK, AKY MOXKHA
BBaXKaTW pe3oHaTopamu Menbmronbla. AK BUABUNOCA, ANA HAAINMHOT GiKcaL,ii pe30HAHCHOT YacTOTH Y BiAKPUTMX 3 060X KiHL,iB
TpybKax B AKOCTi AxKepena 3ByKy AOLiIbHO BUKOPUCTOBYBATU CTBOPEHMUIA HAMM reHepaTop iMNy/IbCHO MOZAY/1b0BaHOI 3ByKOBOT
yactoTu (IM3F), a gns 36yarKeHHs 3BYKY B NAALIL MOXHa BUKOpUCTOBYBaTH AK M3, TaK i TexHo10rit0 NoAibHy 40 rpv Ha daenTi.
BUCHOBKU. B eKkcnepumeHTax, NpoBeAEHWX 3 Pi3HUMM OB6’€EKTaMM B AKOCTI pe30oHaTopiB (NAswWKa, TPYOKM Pi3HOI 4OBKUHM,
KPYKKa), BYyN0 o4epsKaHO 3HaYeHHA LWBWAKOCTI 3BYKY Y MOBITPI B Mexax Big 334 m/c 4o 352 m/c i BignosiaHy BennuMHY
NoKasHMKa cTeneHa agjabatn 1,33 < y< 1,45, W0 MOXKHa BBaXKaTW AOCTaTHLO XOPOLUOKO OLHKOK Ans nosiTpa. Lle fo3sonsae
PeKoOMeHAyBaTU PO3INAHYTY METOAMKY BU3HAUYEHHA ¥ 418 3aCTOCYBaHHA AK Y JOMALLUHbOMY TaK i B ayAUTOPHOMY eKCnepuMEHTI.

K/IKOYOBI C/IOBA: domawHili ekcriepumeHm; weuodKicmo 38yKy; 8i0HoweHHsA menaoemHocmeli Cp/Cy.
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ABSTRACT

Formulation of the problem. Future engineers need to be able to conduct experimental research and process their results.
In the conditions of distance learning, teachers face the problem of developing tasks for experimental research that students
can perform at home using available equipment. One such research task can be determining the adiabatic index of a gas
based on the results of measuring the speed of sound.

Materials and Methods. To achieve the research objective, we used the analysis of the curriculum of the course "General
Physics for Bachelors of Engineering”, a review of the methodological instructions for performing laboratory work in the
section "Oscillations and Waves" of the physics course of technical universities, and a review of the literature on the research
topic. The prepared equipment and software made it possible to test the methodology for determining the air adiabaticity
index by the sound speed found in the experiment.

Results. The speed of sound was calculated using the resonant frequency values for tubes of different lengths, as well as the
body of a ballpoint pen, a cylindrical vessel (tea mug), and a bottle, which can be considered Helmholtz resonators to some
extent. As it turned out, for reliable fixation of the resonant frequency in the tubes open at both ends, it is advisable to use
the pulse-modulated sound frequency generator (PMSG) created by us as a sound source. For exciting sound in a bottle, both
the PMSG and a technique similar to playing the flute can be used.

Conclusions. Home experiments conducted with various objects used as resonators (a bottle, tubes of different lengths, a
cup) allowed us to obtain values of the speed of sound in air ranging from 334 m/s to 352 m/s and a corresponding adiabatic
index of 1.33 <y < 1.45. This can be considered a sufficiently good estimate for air when conducting home experiments.

KEYWORDS: home experiment; speed of sound; specific heats ratio Cp/Cv.

BCTYN

MNoctaHoBKa npobaemu. Y HaBYanbHUX NabopaTopiax NOKa3HMK cTeneHs agiabaTv nositTpa ctyaeHTn 3BO BU3HAYaOThL
33 metogom KnemaHa-[lesopma abo K 06YMCAOOTH 3@ pe3ynbTaTaMM BUMIPIOBAHHA LUBUAKOCTI 3BYKY 3 BMKOPUCTAHHAM
obnagHaHHA, nogibHoro 4o Toro, wWo BUroToBaseTbea dipmoto PASCO (https://intobr.kg/wp-content/uploads/2017/11/WA-
9612.pdf).

B ymoBax AWMCTAHLIMHOrO HaBYaHHA NPV BUKOHAHHI €KCMEePUMMEHTY B AOMALUHIX YMOBA LWBWUAKICTb 3BYKY MOXHA
BM3HAYMTM 3@ 3HAYEHHAMM PE30HAHCHOI YacTOTK ANA 06’eKTIB, WO BUKOHYIOTb PO/b pe3oHaTopiB. PesoHaTtopammn moxyTb ByTu
Pi3HOMaHITHI TPYOKM, LMAIHAPUYHA NOCYAMHA abo K 3BMYAliHA NAALWKA 3 4OCTAaTHLO BY3bKOIO J0Brol0 rop/IOBUHOMD, AKY MOXKHa
po3rnagaTv AK pesoHaTop Menbmronbua. TOMy aKTyasibHUM MOCTAE 3aBAAHHA PO3POOKM METOAMYHWMX BKa3iBOK Ta anpobauin
meToAiB Ta 3acobiB, HEOBXiAHMX ANA BUKOHAHHA CTYAEHTaMM AOMALIHBbOTO AOCNIAXKEHHA MO BU3HAYEHHIO NMOKa3HMKa cTeneHsA
afiabaTtu 3a 3HaYEHHAM LIBUAKOCTI 3BYKY NpW NEBHIN TemnepaTypi.

AHani3 aKTyanbHUX AO0CAIAMKEHb. Y HayKOBO-METOAMYHIN NiTepaTypi NpeacTaBeHo [OCTaTHLO Harato eKCrnepumeHTis
3 BUKOPUCTAHHAM HECTaHZAPTHOro abo camopobHoro ob6nafHaHHA NO BU3HAYEHHIO LWBUAKOCTI 3BYKY. Tak, B poboTi Chiriacescu
et al (2021) 3anponoHoBaHO 3anMCyBaTV 3BYK Ta BifEO i 33 UMMM 3anNncammn BM3HAYaTH WBKUAKICTb 3ByKy. Coban A. & Coban N.
(2020) onucanu eKcnepuMMeHT 3 BIAKPUTOI PE30OHAHCHOH TPYOKOK, OCHALEHOK AMHAMIKOM Ta AAaTYMKOM 3BYKY, AKWUIA
npueaHaHmii o Arduino. Barauna F. et al (2015) po3po6unun metog, BU3HaUYEHHA WBUAKOCTI 3BYKY 3a dirypamu Jliccasky Ha eKpaHi
ocumnorpada

Y [OMalHbOMY EKCNepUMEHTi AONA BWM3HAYEeHHA LWBUAKOCTI 3BYKY HaluacTille BMKOPUCTOBYIOTb B3 METOAM:
BMMIPIOBAHHA 4Yacy MNPOXOAMKEHHA 3BYKOBOK XBWIEK MEBHOI BiACTaHi 3a [ONOMOrOK aKyCTUYHOTrO 3amnycKy Ta 3YMUHKK
CeKyHA0Mipa y 3acTocyHKy PhyPhox (https://youtu.be/uoUm34CnHJE ?si=-G9PRzesdhZ9jl6r) Ta BU3HaUEeHHA PE30HAHCHUX 4acToT
NneBHMX pe3oHaTopiB. MPUHUMNOBI OCHOBWM PE30HAHCHUX METOAIB A0CTaTHbO AeTanbHO po3rnaHyTi CtperTt (1955), BoBk &
IprH4YeHKo (2010) Ta AeAKMX iHLUKX.

EKcneprmMeHTM No BU3HAYEHHIO LWBMAKOCTI 3BYKY 3@ PE30HAHCHMMW 4acTOTaMu MNPOBOAMAUCA 3 BUKOPUCTAHHAM
¢dneittm Nana (Filho & Bastos, 2024), Torcal-Milla (2023), TeneckoniyHoi Tpybu nunococa Monteiro et al. (2022) Ta AoMalLHbOIO
aHanora pesoHaTtopa leabmrosibua. Li MeToam A0CTaTHBO WMPOKO NpeacTaBaeHi B KONeKTMBHI moHorpadii Kuhn & Vogt (2022).

Merta cTatTi nonarae B po3pobui Ta anpobaLii METOANKM AOMALIHbOIO EKCNEPUMEHTY NO BU3HAYEHHIO LWBUAKOCTI 3BYKY
Ta 064MCIeHHS 3a i 3HaYeHHAM BigHOLWEHHA TenioemHocTel Cp/Cy NOBITPSA i3 3aCTOCYBAHHAM AXKepena, AKe CNOHYKae BUMYLLEHI
KO/JIMBaHHA B pe30HATOPaX, i HAAAE MOXKNUBICTb HAAIHO BUAINATU KOPUCHWUIA CUFHAN Ha GOHI Wwymy.

TEOPETWYHI OCHOBU AOCNIAXEHA

Y rasax WBUAKICTb 3BYKY, AKMI CNpUItMae N0ACbKe BYXO, BUSHAUYAETLCA AK

v=[ro, (1)
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ae y= Cp/Cy — NOKa3HWK cTeneHs agiabatu, T— Temnepatypa, M — monsipHa maca rasy. 3 (1) maemo
Mv?
Y= (2)

TakMM YMHOM, A1 BUSHAYEHHA NOKa3HMKA cTeneHa agiabaTu rasy 3 BiJOMOIO MONAPHOIO Macoto Tpeba 3HaTH WBMAKICTb 3BYKY
npv NeBHin TemnepaTypi.

Pe3oHaHCHe nigcuneHHa 3BYKY MOXKe BifbyBaTMCA NpW YyTBOPEHHI CTOAYOI XBWUAI B TPybLUi 3@ YMOBM, WO NyYHICTb
cniBnagae 3 ii KiHuem. B igeanbHOMYy BUNAAKY ANA BiAKPUTOI 3 060X KiHLIB TPYOKM 3aBA0OBXKKM L LA yMOBA BUKOHYETLCA, AKLLO

L=nA/2=nv/2f,

Oe A— [oBXKMHA XBWUAI, V — WBUAKICTb 3BYKY, f—4acToTa, n — uiniuncna (n =1, 2, 3,...). HeobxiaHicTb ypaxyBaHHA YMOB Ha KiHLAX
Tpy61 3yMOB/IIOE NOABY KOpPEryBasibHOMO A0AaHKa | Pe30HaHCHI YacToTH f BU3Ha4aloTbCA AK
v

f=n 2(L+2a)’ (3)
e o = kR, ae R — pagiyc Tpybu. Y nokymeHTaLii Ao o61aaHaHHA dipmu Pasco BKasaHe emnipuyHe 3HayeHHs k = 0,8.
Y BMNaZKy 3aKpUTOI 3 04HOTO KiHUA Tpy6M yMmOBa pe30HaHCHOrO NigCUIEHHA aMNiTyaM 3aNUCYETLCA Y BUTAAAI:
f=n_ (4)

4t

OfHMM 3 HaNPOCTILWMX Pe30HaTOPIB, 3a Pe3y/ibTaTaMn EKCMEPUMEHTY 3 AKMM MOXKHA 06YUCANTU LIBUAKICTb 3BYKY, €
pe3oHatop lenbmrosibua. Y AOMaWHbOMY E€KCNEPUMEHTI POJib TAaKOro pe3oHaTopa BMKOHYE MAALWKa 3 BY3bKOK [A0Brok0
rop/IoBUHOM0. MepLunii pe3oHaHCHUI MaKCMMOM Y LibOMY BMNAAKY CNOCTEPIraeTbCs Ha YacToTi

v S

fi=5 == (5)

T amAlvL

e VU — WBWAKICTb 3BYKY, S — N/iola nepepidy ropaoBuHN, V — 06’em NOpoxKHUHK, L' = L + b —edeKTUBHA AOBXKUHA FOPNOBUHM,
AKa LOPIBHIOE CyMi AiiCHOT fOBKMHM L Ta KOperyBanbHOro KoediljieHTa b, AKMI1 BpaxoBYeE Te, O B KOAMBAJIbHOMY pyci Npuiimae
y4acTb He TiIbKM NOBITPA B rOP/0BMHI, ane 1 nobaunsy Hei. 3rigHo 3 Levine & Schwinger (1948) b =0,73R, ae R— paajiyc ropnoBuHN.

METOAM AOCNIAMEHHA

[Ona pocArHeHHA NOCTaB/ieHOI MeTU JOCAiAXKeHHs Oy/no NpoBeAeHO aHani3 HaBYa/bHUX MPOrpam Kypcy «3arasibHa
di3nKa gna 6akanaspis iHXKEHEPHUX CNeLiaibHOCTEN», OFNAL METOAUYHMX BKA3iBOK 40 BUKOHAHHA 1abopaTopHux pobiT 3 disnkm
40 posainy «KonuBaHHA i XBWAI», OFNAA NiTepaTypu 3a Temot AochigKeHHA. MigrotoBneHe obnagHaHHA Ta nporpamHe
3abe3neyeHHA [03BO/IM/IM NPOBECTM anpobalilo MEeTOAMKM BM3HAYEHHA LUBMAKOCTI 3BYKY | 33 OofepiKaHMM pesy/ibTaTamu
064YMCNNTM NOKa3HUKA cTeneHs agiabaTv NoBiTpA.

PE3Y/IbTATU AOCNIAXKEHHA

MpoBeaeHHA OOMALIHBOrO E€KCMEePUMEHTY MO BU3HAYEHHIO LIBWUAKOCTI 3BYKY 3@ 3HAaYEHHAMMU Pe30HAHCHUX 4acToT
BMMara€ HafABHOCTI AXKepena 3ByKy Ta MOXKAMBOCTI diKcaL,ii MOro amnaiTygHO-4acTOTHOI XapakTtepuctnukn (AYX).

Y pomawHbomy ekcrniepMmenTi dikcauito AYX 3py4yHO NPOBOAMTM 33 LONOMOTOO FAAXKETiB, BCTAHOBMBLLM 3aCTOCYHKOM
Spectroid (ana OC Android) a6o SignalScope X (ans iPhone, iPad, Mac).

Y 3acTocyHKy Spectroid y BepxHii YacTUHI eKpaHy BigobpaxKatoTbcs AYX AnA MUTTEBMX Ta MAKCMMaZbHUX 3HAYEHb
iHTEHCUBHOCTI CUTHany, a B HUXKHIM YacTuHi (water fall) — ii yacosuii po3nogin. Yactotn Ha AYX MOXKHa BU3HAYaTK, nepecyBatoym
cneujanbHy MapKepHy AiHito. MpKn 3acTocyBaHHi Po3po6ieHOro Hamu reHepaTopa 3BYKOBMX CUTHaniB (4MB. HUMKYE) 3pyyHO
dikcyBaTV CUrHanM Big, pe3oHaTopiB, KopUcTytoumuCh nignporpamoto «Audio amplitude» y 3actocyHky PhyPhox.

leHepyBaTK 3BYK O/ BM3HAYEHHA PE30OHAHCHWUX YACTOT Y Pi3HUX eNeMeHTax MOXHA Mo pi3Homy. Y pe3oHaTopi
Fenbmronbua (NaAwwi) abo 3aKpuTii 3 04HOTO KiHUA TPYOLL 3BYK BUHUKAE, KO/IM NOTIK NOBITPA HANPAMAAETLCA NePNeHANKYNAAPHO
0,0 TOPNOBUHK («rpa Ha GnenTi»). Y BCix iHWMX BUNaAKax AOLiNbHO 36yAXKYBaTU 3BYKOBI XBMI 33 OMOMOIOI0 NEBHOTO AKepena.
B AKocTi Takoro gxkepena B poborti Hirth et al (2014) NnponoHyETbCA BUKOPUCTOBYBATHU LIENECTIHHA Nanepy, AKUA 3MUHAIOTb, i
BBa)KaTW Uel 3BYK 6inMm wymom, abo K BMKOPMCTATM oOnuito «Binnit Wym» yHiBEepcasbHOro 3BYKOBOrO reHepaTtopa
(http://heliso.tripod.com/download/generator/dsg.htm). PeanbHo, o0buzasa pAskepena MaloTb HEPIBHOMIPHMI  PO3MOAiN
amnAiTyau cUrHany no AianasoHy 4acToT, WO YCKNAAAHIOE BU3HAYEHHA PE30OHAHCHUX YacToT.

[na 36yarKeHHA 3BYKOBMX XBWAb Npu gocnigxkeHHi AYX pesoHaTopis Hamu Byna cTBopeHa nporpama reHepaTtopa
iMMyNbCciB 3BYKOBUX CUrHaNiB 3 BUKopuUcTaHHAM HTMLS Ta mosu Java Script. Bubip MoBu nporpamyBaHHA 3yMOB/IEHUIN TUM, L0
reHepaTop NOBMHEH NpaLtoBaTh Ha byab-AKoMy Komn'toTepi abo MobBiNbHOMY FrafKeTi 3a HaABHOCTI TiIbku 6pay3epa.

Mporpama reHepye imnynbcu, B KOXKHOMY 3 AKUX 3BYK MA€E NEBHY YacToTy fi, @ YacToTa y HACTYNHOMY iMMyAbCi 3pOCTaE
Ha Af BigHOCHO nonepeaHbOro fi.1 = fi+ Af, TO6TO Le nporpama iMmnynbCHO MOAY/bOBAHOIo 3BYKOBOTO reHepaTtopa (IM3r), yactoTta
AKOrO 3MIHIOETbCA B 3a,@HOMY Ajana3oHi. IHTepdeiic nporpama A03BONAE 3a4aBaTy Aiana3oH 3MiHW YacToT, BennunHy Af, a
TaKOX TPMBANOCTI iMMY/IbCY 3BYKY Ta MPOMIXKOK MiXK imnynbcamu. 3actocyBaHHA IM3I 03BONIAE AOCTAaTHBO TOYHO BU3HAUYUTU
Pe30HaHCHY YacToTy fIK 32 AOMNOMOroH 3aCTOCYHKY Spectroid, Tak i PhyPhox, 3aBasaku moxamsocTi ¢ikcyBatn AYX y By3bKomy
[0iana3oHi 4yacToT i 3meHwWeHHi Af. Mpu LboMy iIMNYAbCHO MOAYbOBAHWUIA CUTHAN NIErKO BUMAINATA Ha GOoHI wymy (puc. 1).

BU3HAYEeHHA WBNAKOCTI 3BYKY i pO3paxyHOK NOKa3HWMKa cTeneHa aaiabatn nosiTpa MoXHa chopmyntoBaTh y BUrAAai
[0MaLWHbOT nabopatopHOi poboTM abo LOMALLHBOrO EKCNEPUMEHTANIBHOTO 3aBAAHHA.
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Puc. 1. Konii ekpaHy 3acTtocyHKis Spectroid (a, 6, B) Ta PhyPhox (r) npu gocnigykeHHi 3anexHocTi amnnityam 3ByKy Bif 4actoTu.
BAaKumMHI yugppu — 3Ha4eHHs amnaimyou 8 MaKCcuMymi, epMUKAbHA 3e/eHd AiHIA - MapKep. 36YOxceHHs 38YKy:
a) eeHepamopom binozo wymy (http.//heliso.tripod.com/download/generator/dsg.htm);
6) dymmam («zpoto Ha pnelimi»); 8), 2) imnynbcHUM 2eHepamopom 38yKy npu 3miHi yacmomu Af = 10 'z,
[repeno: asmopcoka po3pobka.

B sAKocTi AomalwHboi fabopaTopHOi pPobOTU CTyAEHTaM MOKHA 3anpPOMOHYBATW BU3HAYUTU LUBMAKICTb 3BYKY,
LOCNIAKYIOUM 3aNEXKHICTb PE30HAHCHOT YacTOTK Big, AOBXUHU TPYOKU. TPyOKM Pi3HOT LOBXKUHW NErKo BUFOTOBUTK 3 nanepy,
HAaMOTYOUM MOro Ha TPYbKy NeBHOro AiameTpa abo K BUKOPUCTOBYHOUM TESIECKONiIYHY TPYDY Ana nunococa.

3a pe3synbTaTamu AocCnifis 3 TpybKamu, sKi BigKpUTI 3 ABOX KiHLiB, HeobxigHO nobyaysaTtu rpadik 3anexHocTi
pPe30HaHCHOT YacToTW roIOBHOIO Makcumymy (n = 1y supasi (3)) B8ig x = 1/2(L + 2a). Haxun wi€i 3a1e3KHOCTi YnCeNbHO AO0PIBHIOE
LWBKMAKOCTI 3BYKY (puc. 2). Mpu TemnepaTypi Aocaiay pospaxosaHa 3a popmynoto (1) WBKMAKICTL 3BYKY noBuHHA 6yTn 343 m/c,
OT)Ke NOoXMbKa il BU3HaUYeHHA 3 JaHMUX eKCNePUMEHTY He nepesuLLye 2,5 %.

340 22000
1550 =334.49x + 11.612 =351.53¢+ 656.57
y = 336.63x - 46.15 320 y X 20000 d ¢
1350
300 —
1150 =280 & 18000
= Y s
“ 950 4260 = 16000
240 14000
750 220
550 200 12000
1,5 25 3,5 a5 06 08 1 35 45 35
x, 1/m X, 1/m @ M2
a) 6)
Puc. 2. 3anexKHicTb 4acToTK ronoBHOro Makcumymy AYX Puc. 3. 3anexHicte &= 2mf,,/L'/S Big 0= 1V

Big x = 1/2(L + 2a) Ana BiaKpUTMX 3 060X KiHLjB: ANA NAALWKKM, AKA NOCTYNOBO 3aN0BHIOETLCA BOAOIO.
a) camopobHux naneposux mpybok; 6) meneckoniyHoi mpybu nusnococy. TOUKU — eKCIePUMEHMAnbHI 3HAYEHHS,
TouKu — excriepumeHm, CyyinbHa AiHiA — niHia mpeHdy MS Excel. AiHis — AiHia mpexdy MS Excel.

Axcepeno: asmopcbKa po3pobKa. [xepeno: asmopcoKa po3pobKa.

LUle oaHieto gomaluHbol nabopaTopHoo poboTo MOXKe 6yTM BM3HAYEHHS PE30HAHCHMX YacToT NAAWKM npu i
MOCTYNOBOMY 3anOBHEHHI BOAO. [1A KOPEKTHOro PO3paxyHKy Pe30HaHCHWMX YacToT NAAWKA Mae 6yTM UMAIHAPWUYHOK 3
[,0CTaTHbO AOBrOO rOp/sIoBUHO. Mpu LboMy 06’€M, AKMI 3aMLLIAETHCA HE 3aNOBHEHUM BOAOD, MAE Byt Binbwmm 3a 06’em
NOBITPA B TOP/OBUHI.

[lna naawkn («pesoHatopa Fenbmronbia») 3 dopmyan (5) rpadik & = 2mf/L'/S 3anexHo sig @ = 1/+/V asnse
coboto npamy, KyToBuii KoedilieHT AKOT JOPIBHIOE WBMAKOCTI 3BYKY (puc. 3). Mpu Temnepatypi gocnigy 301 K po3paxosaHa
LWBKMAKICTb 3BYKY Mae 6yTn 347 m/c, TO6TO NoxnbKa eKcnepMmMeHTanbHOro ii BU3HaYeHHA CTaHoBUTb 1,2 %.

3aBAaHHAM [OMALLHBLOIO EKCNEPUMEHTY MOXKe BYTU BU3HAUYEHHA PE30HAHCHOI YacToTU ANA BiAKPUTOT 3 060X KiHLiB
TpY6KK, HanpuKknag, Ti€l, WO BUKOPUCTOBYETLCA A/19 HAMOTKM NobyToBoi Gosbrn. 3a pesynbTaTamu NPoBEAEHOTO HaMK JoCAiay
WBUAKICTb 3BYKY CTaHOBMTb 340 m/c, npu obuncneHomy 3a popmynoto (1) 3HaueHHi 343 m/c.

AIK gOMaLLHIM, TaK i ayAUTOPHUM EKCMepUMMEHTaNIbHUM 33aBAAHHAM MOXe 6yTW BM3HAYEHHA PEe30HAHCHMX 4acToT
BiAKPUTOI 3 ABOX KiHL,iB, UM 3aKPUTOI 3 OAHOTO KiHLA TPYOKKU. [NA TaKOro eKCnepuMeEHTY 3py4YHO BUKOPUCTATU KOPMNYC Ky/IbKOBOI
PY4YKM. 3BYK Yy TaKi Tpybui 36yarKyeTbcA noToKom noBiTpa, a AYX ¢ikcyeTbca nporpamoto Spectroid (puc. 4). Hagitb 3a
pesynbTaTaMn TaKOro MPOCTOro eKCNepPUMEHTY BAAETbCA BU3HAUYUTU LUBUAKICTb 3BYKY, AKA BIAMNOBIAHO A0 AaHUX Ha puc. 4
cTtaHoBWTb 339 m/c npu Temnepatypi 294 K.

KL UL T

0 70 1006 =
<

Puc. 4. Kopnyc Ky/abKOBOI pyyku Ta AYX ana 3aKpUTOi 3 04HOro KiHuA (Bropi) Ta BiaKpuTOoi 3 060X KiHLiB (BHM3Y) TPYOKM.
[brepeno: asmopcoka po3pobka.
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BUCHOBKM TA NMEPCMEKTUBU NOAANBLUOIO AOC/NIAXKEHHA

BMKOPUCTAHHA NErkKo [OCTYMHMX Pe30HATOPIB, TaKMX AK Pi3HOMaHITHI TPYOKW, LMAIHAPUYHA NOCyAMHA, NAALWKA
[03BOJIAE B JOMALLHIX YMOBAX BM3HA4aTW WBMAKICTb 3BYKY i BUKOPUCTATK il ANnA oBYMCNEeHHA NOKasHWKa cTeneHa agiabaTtu
noBiTpA. PO3rnAHyTi meToan MOXyTb 6YTW NOKNaAEHi B OCHOBY AK AOMALLHIX 1abOpaTOPHUX POBIT TaK i eKcnepuMeHTanbHUX
3aBAaHb A1 4OMALWHbOI Ta ayaUTOPHOT pobOTH CTyAEHTIB.

Anpobauin meToais 36yaKeHHA 3BYKY NOKa3ana, WO HalbiNbLl TOYHO PE30HAHCHI YaCcTOTM MOKYTb BYTU BU3HaYeHi Npu
3aCTOCYBaHHi iIMNYNbCHO MOZY/1IbOBAHOTO 3BYKOBOFO CUTHANY, AKUI CTBOPIOETLCA PO3PO6EHNM HaMU reHepaToOPOM.

3a pe3ynbTaTaMu JOCAIAIB 3 yCima PO3rNaHyTMMM B pobOTi pe3oHaTopaMu LWBMAKICTb 3BYKY He binblie HiXK Ha 3 %
BiApi3HAETLCA Bif po3paxoBaHoro no ¢opmyni (1) 3HaYeHHA A4nA TemnepaTypu, NPU AKWIK NPOBOAMBCA EKCNEPUMEHT, OTKe I
noxnbKa obuMCNeHHs NOKasHWKa cTeneHn agiabatv y 4N nosiTpa He binblue HiX Ha 5 — 6 % BigpisHAETbCA BiA 1i 3HaYeHHA AnA
[,BOXaTOMHOTO rasy.

Pe3ynbTaT npoBefeHOro A0CNiAMKEHHA A03BONAIOTb PEKOMEHAYBATU 3aCTOCOBYBATU EKCNEPUMEHTalbHe BU3HAYeHe
3HAYEHHA LWBWAKOCTI 3BYKY ANA OOYMCNEHHA NOKasHWKa cTeneHA afiabatm y AK NpU AUCTAHLIMHOMY HaBYaHHi, Tak i
AyAUTOPHOMY, KOPUCTYOUMCb TexHosorielo BYOD.

MepcneKkTMBM NoganbWNX A0CNIAKEHb BOBAYAEMO Y BUBYEHHI MOMKINBOCTEN CTYAEHTIB peanisyBaTv eKcnepumeHTaibHe
BM3HAYeHHA WBMAKOCTI 3BYKY Ta 3HAYEHHA ¥ B AOMALLHbOMY eKCNEePUMEHTI.

[leaKi pUCyHKN, AKi He BKAIOYEHi [0 TEKCTY CTaTTi, MOXHA NOAWBUTUCA 3@ MOCUIAHHAM.
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AHOTAUIA

®dopmyntoBaHHA Npobnemu. MpiopuTeTHUM 3aBaaHHAM negaroris HYLL € aganTauis i BNpoBaAKEHHA NPOrpecuBHUX MeToAiB
HaBYaHHA AN1A 3abe3neyeHHA AO0CNIAHULBKOrO XapaKTepy OCBITHbOro npouecy. Y LbOMY KOHTEKCTi NiAroToBKa MalbyTHix
yuuTeniB MaTEMATUKM NepeadayaE He /MWe PO3BUTOK iXHbOI MAaTEMATUYHOI KOMMETEHTHOCT, @ U NOCUNEHHA yBaru [0
HOPMYBaHHA KPUTUYHOTO MUC/IEHHS, LLIO € K/IKOYOBOKO KOMMETEHLLIE B yMOBax rnobanisauii, uudposizauii Ta iHpopmauitHoro
nepeBaHTaXKeHHA CycninbeTea. JoCnigKeHHA poni MaTeMaTUYHMX 33434 ANA GopMyBaHHA Y MabyTHIX yuuTenis matemaTtukm

npoueayp KPUTUYHOTO MUCTIEHHA CTAHOBUTL BaXNIMBUIA HaNPsAM HAyKOBMX PO3BIA0K.

Martepianu i meTogu. 3 MeTOI BUPILLEHHA NOCTaBAeHOI Npobaemm 6yno 3aCTOCOBAHO TaKi TEOPETUYHI METOAM AK CUCTEMHUIA
aHani3 AOCNIAHULBKMX MPaLb BITYMSHAHUX | 3apyBiXKHUX YHEHMX, y3aralbHEHHA Ta CUCTEMATM3ALiA NPAKTUYHOTO AOCBIAY.

Pe3ynbrati. Y CTaTTi aBTOPamMu YTOYHEHO eTanu pPo3B’A3yBaHHA MATEMATUUYHUX 3343y 3rifHO 3 BK/IKOYEHICTIO KPUTMYHOMO
MUC/NIEHHSA B Liei NPOLLEC, ONMCAHO BiANOBIAHI NPOLEeAypU KPUTUYHOTO MUCIEHHS HA KOXKHOMY 3 HUX. PO3pobsieHo KnacudikaLio
MaTEMATUYHUX 33Ja4 Ha OCHOBI iX CTPYKTYpU Ta PiBHIB 3aAiAHOCTI KPUTUYHOTO MWCIEHHA, BUAINEHO YOTMPWU TUMM 3ajau:
PenpoAyKTUBHI, PeaKTUBHI, NPOAYKTUBHI Ta KpeaTuBHi. [0 KOXKHOrO TUMY HaBeAEHO KOHKPEeTHi npuknagn GopmyntoBaHHA
MaTEMATUYHUX 331a4 Ta BKa3aHO NpoLeaypy KPUTUHHOTO MUCIEHHA NpU iX PO3B’A3yBaHHI.

BUCHOBKM. 3aCTOCYBaHHA MaTeMaTMUYHMUX 3aJay Pi3HMX TWNIB, WO BiAMNOBIAAIOTb PIBHIO KPUTUYHOrO MUC/IEHHS, 3abe3neuntb
KOMMAEKCHUI Nigxia A0 HaBYaHHSA | 4ONOMOXKE MaNBYTHIM yUMTENAM MaTEMATUKM HE AnLLe 3406yTM MaTEMATUYHI 3HAHHS, a i
PO3BUHYTU KPUTUUHE MUCNEHHSA, HEOBXiaHe anA IXHbOT NpodeciiHOT AjsAbHOCTI. 3anponoHoBaHa Knacudikauin 3aga4 f03BONAE
nigbupatv 3aBAaHHA BiANOBIAHO L0 PiBHA NiArOTOBKM Ta NOTPE6 KOMHOIO CTYAEHTa, LLO CNPUAE CTBOPEHHIO iHAMBIAYaNbHUX
OCBITHIX TPAEKTOPIN, MiABULLYE MOTMBALLIO 0 HABYAHHA Ta LONOMAra€ yCBiZLOMNIOBATU BAACHI AOCATHEHHS.

KNKOYOBI C/IOBA: mamemamu4yHa KoMiemeHmHicme; npoyedypu Kpumu4Ho20 MUC/AEHHS;, MamemamuyHi 3a0a4i; emanu
p038’A3y8aHHSA; Kaacugikayis mamemamuyHux 3a0a4.
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ABSTRACT

Problem Statement: The priority task of NUS educators is to adapt and implement progressive teaching methods to ensure
the research-oriented nature of the educational process. In this context, training future mathematics teachers involves
developing their mathematical competence and enhancing their critical thinking, which is crucial in the face of globalization,
digitalization, and information overload. Investigating the role of mathematical problems in forming critical thinking
procedures in future mathematics teachers is an important research direction.

Materials and Methods: To address the problem, theoretical methods such as system analysis of domestic and foreign
research works, generalization, and systematization of practical experience were applied.

Results: The authors specify the stages of solving mathematical problems based on the involvement of critical thinking,
describing the corresponding critical thinking procedures at each stage. A classification of mathematical problems based on
their structure and levels of critical thinking engagement is developed, identifying four types: reproductive, reactive,
productive, and creative. Specific examples of problem formulations and critical thinking procedures for solving them are
provided for each type.

Conclusions: Using various types of mathematical problems corresponding to the levels of critical thinking ensures a
comprehensive approach to teaching. It will help future mathematics teachers acquire mathematical knowledge and develop
the critical thinking necessary for their professional activities. The proposed classification allows for selecting tasks according
to each student's level of preparation and needs, fostering individualized educational trajectories, increasing motivation for
learning, and helping students recognize their achievements.

KEYWORDS: mathematical competence; critical thinking procedures; mathematical problems; problem-solving stages;
classification of mathematical problems.

BCTYN

NocraHoBKa npobaemu. KoHuenuis HoBoi yKpaiHcbKoi wkonu (HYLU) nepeabayae niaroToBKy iHTENEKTYaIbHOI, TBOPYOI
Ta CaMOCTIHOI OCOBUCTOCTI, AKA BOJIOAIE TAKMMMU K/HOYOBMMM KOMMNETEHLIAMU AK KPUTUYHE Ta CUCTEMATUYHE MUC/IEHHS,
KPeaTUBHICTb, iHiLiaTUBHICTb, 34aTHICTb KOHCTPYKTMBHO BMPIilyBaTU Npobaemu, OLiHIOBATU PU3MKM Ta NPUAMATU BaXKAUBI
piweHHsA (HoBa yKpaiHCbKa WKo/a). Y 3B'A3KY 3 UMM, NPIOPUTETHUM HanpAmom poboTn BunTena HoBoi yKpaiHCbKOI WKOAM €
Bigbip, moamdikauia Ta MoaepHi3auis NpPOrpecMBHUX METOAiB OpraHisauii OCBITHbOro npouecy Ans 3abe3neyeHHA KHOro
LOCNIAHMLBKOrO XapakTepy. Y npodeciiHiit niAroToBLi MakbyTHIX yunTeNiB MaTeMaTUKK Le nepesbayae, 30Kpema, nepeHeceHHs
aKUEHTIB Ha akTUBHe GOPMYBAHHA X MaTeMaTUYHOI KOMMNETEHTHOCTI, OCKIZIbKM MaTeEMATUKA € BaXX/JIMBOKO CKIAA0BOI npouecy
PO3BUTKY 3a3HAYEHUX KOMMETEHLLN.

[Jotenep npu npodeciiHii Nigrotosui ManbyTHIX yunTenis maTemaTMkn y mogenax GopmyBaHHA iX MaTemaTU4HOT
KOMNETEHTHOCTI OCHOBHWUI aKL,eHT 6y10 3p06aeHO Ha PO3BUTOK MaTEMATUYHOTO MUCAEHHSA. MPOTe, y Cy4acHOMY CBITi, ie OCBITHI
BMMOTIM NOCTIMHO 3MiHIOIOTbCA, A LMdpPOBaA Ta iHPOpPMaLLiiHa rPAaMOTHICTb MatoTb BCe HinbLUNIM BAUB, HAA3BUYANHO BaXK/IMBUM €
GOpMYBaHHA y CTYZEHTIB CaMe KPUTUYHOTO MUC/eHHA. LiAa Te3a niaTBepaKyeTbea i BUMOramm 0 AKOCTi OCBiTM HOBOI YKPaiHCbKOT
WKOMU, | pe3ynbTaTamu MidKHApogHOTo AocnigxeHHs PISA (Buyko, 2023). OT)Ke, 3 ypaxyBaHHAM 3a3HayYeHUX OO6CTaBUWH,
NOCUNIEHHA yBarv A0 PO3BUTKY KPUTUYHOTO MUCAEHHA MalDOYTHIX BUMTENIB MaTEMATUKM CTAaE He /iMlie HeobxiaHicTio, ane i
CTpaTeriyHMM HanpPAMKOM A1A NiArOTOBKM BUCOKOKBaNidiKoBaHUX Neaaroris, AKi 3MoXyTb epeKTUBHO NPaLoBaTH 3 YUHAMU Y
Cy4aCHOMY OCBITHbOMY CEPEeOBULL.

AHani3 ocTaHHiX AocnigeHb i ny6nikauiii. Mig maTeMaTUYHOIO KOMMNETEHTHICTIO MabByTHIX yunTeNiB MaTeMaTUKM MU
PO3YMIEMO «iHTErpasbHy AKiCTb 0COBUCTOCTI, KA 3aCHOBAaHa Ha CYKYMHOCTi MaTeMaTUUYHUX 3HAHb, YMiHb, HABMYOK Ta [OCBIAi,
3006yTMX Y NPOLLECi BUBYEHHA MAaTEMATUYHUX AUCLUNAIH, | BUABNAETLCA B 34aTHOCTI daxiBUA 40 3aCTOCYBaHHA MATEMATUYHUX
3HaHb | MATEMaTUYHOrO iHCTPYMeHTapito 3 MeTol edeKTUBHOIO 3filMCHEeHHA CBOEI MabyTHbOI npodeciiHoi AianbHOCTI Ta
rOTOBHOCTI 0 $pax0BOi CAMOOCBITU 1 CamoBAOCKOHaNeHHA» (YKkaHa, 2023).

Ha ocHOBI NOpPiBHANBHOIO aHanNi3y pPi3HMX TPAKTyBaHb MNOHATTA KPUTUYHOTO MUC/IEHHA B NMCUXOAOTIii Ta Neaaroriui Hamu
6YyN10 MOro iHTEPNPETOBAHO AK OKPEMUI TUM MUCNEHHSA, AKUIA BU3HAYAE LiNecnpaMOBaHy NPOAYKTUBHY PO3YMOBY AiANbHICTb, WO
XapaKTepPU3YETbCA 34aTHICTIO NIOANHU OKpeCcatoBaTH Npobiemy, CamMoCTiMHO 3HaX04MTM Ta aHaNi3yBaTn HeobxiaHy iHdopMmaLiito,
06rpyHTOBYBaTM CBOI AYMKW, MPArHyTM A0 MOLWYKY ONTUMaNbHUX pilleHb, 6yTW BiAKPUTUM [0 CNPUIAMAHHA iHWKWX NOrNAAis
(YxaHa, 2023).

Y ctaTTi (UKaHa, 2023) 06rpyHTOBAHO, WO KPUTUYHE MUCIEHHA € OAHIEID i3 BU3HAYaNbHUX CKAAL0BMX MaTeMATUYHOT
KOMMETEHTHOCTI MaliByTHIX BUMTENiB MaTeMaTUKN. Moro GopMyBaHHA — BaX/IMBUIA HAaNPAM AOC/IAKEeHb HayKOBLLB YCbOTO CBITY.
30Kpema, NUTaHHA iHTerpaLii KPUTUYHOTO MUCNEHHSA Y TPAAULIMHI METOAM HAaBYAHHA MAaTEMATMKK, BKIKOYAKOUM TpynoBsi ANCKYCIT
Ta npobnemHo-opieHTOBaHE HaBYaHHA, PO3rAaHYTI B poboTi (Sutama et al., 2022); gocniaskeHHa (Putri et al., 2023) dokycysanucs
Ha OLHIOBAHHI PIBHA KPUTUYHOrO MWUC/EHHA Y CTYAEeHTIB, edeKTUBHOCTI Pi3HWMX neaaroriyHUX nigxoAis Ta CTUMYAIOBAHHI
KPUTUYHOTO aHanisy i MUCNEHHA Yepe3 BUPILEHHA peanbHUX NPobiem; BUKOPUCTAHHA IHTEPAKTUBHUX TEXHONOTIM ANA Moro
pO3BUTKY NpoaHanisosaHo (Mafarja & Zulnaidi, 2022;. Pantiwati et al., 2023) BMBYaNM iHTErpaLil0 KPUTUYHOTO MUCIEHHA Y
NPUPOAHNYO-HAYKOBI AUCUMNAIHM ANA MOKPALLEHHA 3arasibHOI HaBYa/ibHOI YCMIWHOCTI CTYAEHTIB, aHani3yBa/M KOHKPETHi
CTpaTerii Ta MeToAn BUKIAZaHHA.

(Anderson & Krathwohl, 2001; Permani & Prabawanto, 2020; Salwah et al., 2020) nigKpecntotoTb, WO KPUTUYHE MUCIEHHSA
06YMOB/IIOE 34aTHICTb BU3HAYATU HaiedeKTUBHILLI MeToan PO3B’A3yBaHHA MaTeEMaTUYHKX 3a4ad, ObyayBaTM MaTeMaTUyHi moaeni,
HagaBaTu NepeKoHANBI aprymeHTn abo cyaskeHHs. (Purnamasari et al., 2021; Afriansyah et al., 2020) BBaatoTb KPUTUYHE MUCIEHHSA
HeobXiAHUM O/ PO3YMIHHS MaTeMaTMYHMX KOHLLENLiM Ta iX 3acTOCyBaHHsA, CMHTe3y iHpopMmaLl,ii i ii ouiHKK, a Poxac Ta BeHakni
HagaloTb MOMY 0COBIMBOrO 3HAYEHHA NPU 06IPYHTYBaHHI MaTeMaTUYHKX TBepaKeHb (Rojas & Benakli, 2020).

TexHoNOoriA PO3BUTKY KPUTUYHOTO MWUCAEHHSA B METOAMYHIN NiArOTOBLi MalBYTHIX y4uTenis matemaTUKM O0CUTb
rPYHTOBHO BMKnageHa B cTatTi B. bes3 i T. logoBaHtok (2019), ge ocobamnse micue Ta 3HAYEHHA BiABOAUTLCA MaTEMaTUYHUM
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Teopemam i 3aga4am Ha goseaeHHa. Haykosui M. Actad’esa., [. bBogHeHKo, B. MpoLwkKiH (2019) cTBepAKyIOTb, WO came «3acobu
reoMeTpii MOXyTb CNyryBaTW Ai€EBUM iHCTPYMEHTapIEM Yy GOpMyBaHHI KPUTUYHOTO MUCNEHHS MAUBYTHIX yUMTENIB MaTEMATUKNY i
HaBOAATb NPUKAALM BUKOPUCTAHHSA iHPOPMALLIHMX TEXHOIOTIN 33419 NigBULLeHHs edeKTUBHOCTI Lboro npouecy; O. PoHapioK,
A. Mpyc (2021) BMCyBaOTb NPUMYLLEHHSA, WO MOro PO3BUTKY CNPUAIOTb EBPUCTUYHI METOAM Y B3AEMO,I 3 IHHOBALiMHUM MUCNEHHAM.

Merta gocnigKeHHs. Y3ABLM 32 OCHOBY KiacudikaLito maTemaTMYHMX Npobsiem 3a ix cTpyKTypoto (Foong & Pifieiro) Ta
eTanu npouecy po3B’A3yBaHHA maTemMaTUdHMX 3agad G. Polya, Buainnuti npoueaypu KpUTUYHOTO MUCNEHHSA Ta YTOYHUTM eTanu
po3B'A3yBaHHA MAaTEMATUYHUX 33434 B 3a/1€XKHOCTI Bif, iX BKIOYEHOCTI y LLei npouec, 3anponoHyBaTy BignosigHy Knacudikauio
MaTeMaTUYHUX 3a4au.

METOAM AOCNIAMEHHA

[NA LOCATHEHHA METU A0CNIAKEHHA BYNU BUKOPUCTAHI TaKi TEOPETUYHI METOAM AIK CUCTEMHUI aHaNi3 JOCAILHULBKUX
npaub BiTYM3HAHUX Ta 3apYBiXKHUX YHEHMX, Y3arasibHEHHA Ta CMCTeMaTM3aL,ia NPaKTUYHOIO 40CBiAyY.

PE3Y/ZIbTATU OOCNIANEHHA

3a BuMCAOBOM MaTemaTuKa [lona Xanmoca «cepuem MaTeMaTMKM» € po3B’A3yBaHHA 3ajay, AKke 0bymoBntoe
BMKOPWUCTaHHA JIOTIYHUX PO3YMOBMX AiN, aHani3 iHdopmauii, dopmyntoBaHHA rinotes, po3pobKy cTpaTerii po3B'A3aHHA Ta
nepesipKy NPaBUAbHOCTI BAAaCHUX BMCHOBKIB, LLLO, B CBOIO Yepry, Aa€ NiArPYHTA 418 PO3BUTKY KPUTUYHOrO MucneHHs (Halmos,
1980).

Y poboTi G. Polya (1965) 6yno cTpyKTypoBaHO NpOLLEC PO3B’A3yBaHHA MaTeMaTUYHMX 33434 i BUANEHO MOro YoTupu
OCHOBHWX €Tanu: po3yMiHHA Npobiemn, po3pobKa NaaHy, BUKOHAHHA MAaHy Ta KPUTUYHA OLiHKA pesynbTaTiB. KpuTuuHe
MWCNEHHSA MPUCYTHE NPU PO3B'A3yBaHHI MPAKTUYHO BCiX MAaTEMATUYHUX 3aJa4 Pi3HOro piBHA. Ha KOXKHOMY 3 UMX eTanis 3agisHi
pi3Hi NpoLeaypun KPUTUYHOTO MUCAEHHSA, WO 3abe3neuyioTb eGeKTUBHICTb | FMBUHY aHani3y Ta BUpileHHA npobaemu. Y cBoii
KHM3i "Thought and Knowledge: An Introduction to Critical Thinking" (2002) [iaHa XannepH nig npoueaypamu KPpUTUYHOTO
MUCNEHHA PO3yMi€ NeBHi MeTOAM Ta cTpaTerii 418 PO3BUTKY Ta 3aCTOCYBAHHA KPUTUYHOTO MUC/IEHHA Y Pi3HUX KOHTEKCTax. BoHu
OXOMNJIOKTb LWMPOKUI CNEKTP KOTHITUBHUX HAaBMYOK, SIKi MOXKYTb BYTU 3aCTOCOBAHI, MOYMHAIOYM Bif, aKAAEMIYHUX JOCNIOKEHD i
3aKiHuytouM npodecinHo AiANbHICTIO Ta 0COBUCTUMM pilleHHAMMW. ABTOPKa OMWUCYE iX AK CUCTEMATMYHI Ta CTPYKTYpOBaHi
nocnigoBHOCTI KPOKiB abo eTanis, WO cnpuAloTb ePeKTUBHOMY aHanily, CMHTe3y, ouiHui iHbopmaLii Ta iaer gna NPUAHATTA
06rpyHTOBaHUX i 3BaXkeHux piweHb (Halpern, 2002). Jo npouenyp KPUTUYHOTO MWCAEHHA B KOHTEKCTI pO3B’A3yBaHHA
MaTeMaTUYHMX 3a4a4 My BiZHOCMMO (puc. 1).

NMPOUEAYPU KPUTUNYHOIO
MWCNEHHA

IAEHTUGIKALIA TA
YTOUYHEHHS
NPOBNEMMN

TASHTUDIKALIA KNHYOBMX
EEMEHTIB 33484l (AaHNX
| LUYKEHWX BENUYMH],
HOBUX abo HeTUNoBMX Ti
ENEMEHTIE, | THX, WO
NoTpedyTs

3EIP TA AHANIZ
THOOPMALYTE

POZYMIHHA KOHTEKCTY |
cneuudiki npotnemi

PO3yMIHHA CTRYKTYPW
38434l

HECTSHASPTHOTO NIAXOAY  [HTepnpeTauis cknagHnx

PosyMIHHA NOTeHWIAHWY
BUKIIKIE

MaTEMATUUHWX NOHATS |
B34EMO3B'A3KIE

POpPMYNIOBEaHHA
OCHOBHMX NTaHb, Ha AKI
NOTPIBHD 3HaATK
BIANOBIAE
BW3HAYEHHA BaXMBWX
AeTaneii | HeoBXIgHMX
KPOKIB ANA
pPO3B'A3YBaHHA 33434l
FeHepaLif OpUNHaNEHWX
1Aei- NOTeHLIAHWX
METOZIB PO3E A3YBaHHA
3aadi
MepeBipKa MNNoTes, AKi
MOXYTE CTATIA OCHOBOK
ANA PO3B'AZAHHA
OUIHKS PU3MKIE Ta
Nepesar KoXHOro

_ Niaxoay, BABIp
HalNepCnekTMEHILLOND 3
HWX

BWEIP TA PEANI3ALIA
CTPATEMI

OLIHKS PI3HWX METOIB
Ta BUBIp HalbINbL
AOLIAEHOTD MAXOLY Ha
OCHOBI NONEPeHEOro
ADCEIY Ta 3HaHb
BuaBNEeHHA HeoBx1gHOCTI

CTBOPEHHA HOBOTO

OUIHKa KOPEKTHOCTI Ta
obI'pyHTOBAHOCTI
OTPUMAaHUK PE3yNbTaTIe
Y HOBMX YMOBEX

Mepeeipka KOPEKTHOCTI
KIHLEBOro pesynbTary Ta
AOr0 BIAMOBIAHOCTI
MOYATKOBUM YMOBAM

i 3acToCyBaHHA
R B e FnuBokumii aHaniz ANbTEPHATMBHX
BIAOMIX METOAIE, OLyIHKa pesyneTaTIe Ta MeTOAIB p
T NoTeHLAHaT y METOAIE ANA

EMKOPWCTaHMK ¥ NPOLEC!
PO3B'AZYBAHHA, OLIHKE iX
HOBW3HW T3
e eKTUBHOCTI

niaTeepaxeHHA

ePeKTMBHOCTI
OTPUMAHOTD PE3yNbTaTY

Aganraus obpaHoro
NIAXOAY Ta METOAIB Y
Npouecl pose'a3yBaHHA
EEVEDT]

OLIHKS NPOMIKHMX
pesyneTatie Ana
BWABNEHHA MOXJTMBIX
NOMWAOK Y
HETOUHOCTE

BukopucTaHHA
OTPUMaHWX 3HaHk Ta
BWCHOBKIE 415
BUPILUEHHA NOAIBHMK
npoGnem y MaibyTHeoMy

Puc. 1. Mpoueaypu KPUTUUHOrO MUCNEHHA B KOHTEKCTi PO3B’A3yBaHHA MaTeMaTUYHUX 33434
[epeno: asmopcoka po3pobka.

Moainatoumn nornagu Polya, MM yTOUYHIOEMO | NPONOHYEMO TaKi eTanu po3s'A3yBaHHA MaTEMATUYHMX 3334 B 3a/1€KHOCTI
BiZ, BK/IIOYEHOCTI y el npouec npoueayp KPUTUYHOTO MUCIEHHSA:

1) etan ycgidomneHHA npobaemu BUABNAETLCA B 34ATHOCTI iAeHTUdIKYBAaTM MaTemMaTUyHy 3agady, pPo3ymiti i
CKNAJHICTb, NPOBOAUTM aHANI3 YMOBM 3a4a4i HA BCTAHOB/IEHHA BifOMMWX i HEBIZOMUX AAHWUX Ta 3B'A3KIB MiXK HUMM, OLLIHIOBATK
KOPEKTHICTb 3a4aui;

2) Ha eTani 8u3HaQYeHHA cmpameeii pPo3B’A3aHHA 3a4adi BiAOYBAETbCA MOLWYK MOTEHLIMHMX NiAXO4iB Ta OUiHKa
[OLINBbHOCTI IX BUKOPUCTaHHSA, pOo3p0bAsSETbCA NNaH Aii, 06MpatoTbes BigNoBigHI MeToamn Ta anroputMmu;

3) Ha eTani peanizayii Mamemamuy4Hoi modesi 3afadi 3aCTOCOBYIOTbCA 0O6paHi MaTeMaTUYHi MeToaM Ta aNropuTmu,
BMKOHYIOTbCA HEOBXigHI 06UMCNeHHA, NepeBipAETLCA NOTIYHICTb Ai Ta BCTAHOBAIOETLCA NPABU/bHICTb OTPUMAHOTO Pe3ynbTaTy;
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4) Ha eTani Kpumu4Hoi pedreKcii NPOBOAUTLCA PETeNbHMI aHani3 npouecy Po3B'A3yBaHHA 3afa4yi Y KOHTEKCTI
MOX/IMBOCTI y3arasibHeHb Ta BapiaTMBHOCTI PO3B’A3KiB MPU 3MiHi BUXiAHMX SaHUX, OLiHIOITLCA ePEKTUBHICTb 3a4iaHOI cTpaTerii
OiN | MOXAMBI 3B'A3KM MiXK PiI3HUMU MAaTEMATUYHMMU TEOPIAMMN.

Knacuoikauis matematuyHux npobsiem € Ba*KNMBUM iHCTPYMEHTOM A/ CMCTemMaTu3aLii Ta aHanisy pisHOMaHITHUX
maTeMaTU4YHUX 3aBAaHb. Llel nigxig cnpuse igeHTUdiKauii OCHOBHUX XapaKTEpUCTUK MaTeMaTUYHWUX 3343y, 30Kpema, iX
CTPYKTYPW, CKNAZHOCTI, TUMY PO3B'A3KY Ta B3aEMO3B'A3KIB 3 iHLIMMU MaTEMAaTUYHUMM MOHATTAMM TOLLO.

3riaHo 3 Foong Ta Pifeiro (2002) Knacudikauis matemaTtuyHMx npobsiem Ha OCHOBI IX CTPYKTYPU BU3HAYAE ABi OCHOBHI
KaTeropii: npobaemu i3 3aKpUTOIO CTPYKTYPOIO Ta NpobaeMu 3 BiKPUTOLO CTPYKTYpOlto (puc 2). o nepLuoi rpynu HanexKaTb 3agaui,
WO MaloTb YiTKO BM3HAuYeHi NapameTpu, KOHKPeTHi npasBuia Ta obmeskeHHA. BOHM MOXyTb ByTM po3B’A3aHi 3a 4ONOMOrot
BCTAHOBNEHMX aANropuTmiB i ix Bignosiai, B 6iNblIOCTI BMNAAKiB, € OAHO3HAYHMMM. 3ajadi 3 BIGKPUTOI CTPYKTYpOLO
XapaKTepPU3ytoTbCA BiNblIOK HEBU3HAYEHICTIO Ta BiACYTHICTIO anropuTmie Ana iX BUPIWEHHSA. BOHM MOXYTb MaTM KinbKa
MOXNNBUX PO3B’A3KIB 260 3anMLWaTUCA BIAKPUTUMU ANA SUCKYCIN Ta JOCNIAKEHD.

Routine
/ problems
Closed
structure

S— ‘ Non-routine

problems

PROBLEMS

Non-routine
problems

Short open-
ended
problems

Mathematical
investigations

Puc. 2. Knacudikauia matematuuHux npobnem 3a Foong 1a Pifieiro
[Jxepeno: Foong, 2002.

MogentoBaHHA cTpaterii npodeciliHol NiAroTOBKM MalbYTHIX yuyuTeniB MaTeMaTUKM PO3NOYMHAETLCA 3 BU3HAYEHHSA
OCHOBHMX OYiKyBaHMX pe3y/ibTaTiB HaBYaHHA, AKi BiANOBIAAOTb KOMNETEHTHICHUM BMMOram A0 ¢axiBuiB. Y LbOMY KOHTEKCTI
MOXHa PO3rAa4aTh pisHi KnacuoikaLii maTemaTUuHUX 3a4a4: 33 GYHKLiAMM y Npoueci HaBYaHHA (AMAAKTUYHI, Ni3HABaNbHI Ta
pO3BMBalOYi), 33 XapaKTEPOM BUMOT (3aayi Ha 06YMCNEHHA, Ha NOBYAOBY, Ha lOBELEHHS, TEKCTOBI, KOMBIHOBAHOIO XapaKTepy),
33 3MiCTOM (Ha pyX, Ha pob6OTY, HAa YAaCTMHM, Ha BIACOTKM Ta iHLWLI), 33 KiNIbKICTIO HEBIAOMMX Y CTPYKTYpPi 33434 (HaBYaNbHi, NOLYKOBI,
npobnemHi), 3a BiAHOWEHHAM [0 Teopii (CTaHAAPTHI Ta HeCTaHZAPTHI), 3@ MepeBarold TOTO YW iHLWOrO TUMNY MUCAEHHA
(anropuTmiyHi, HaniBaArOpPUTMIYHI Ta €BPUCTUYHI) TOLLLO.

Mpu cTBOpeHHi NeaaroriyHoi cuctemu npodeciinHoi NiAroToBKM ManbyTHIX yumuTeNiB MaTeMaTUKN MU 30cepeauMOoca Ha
GOpPMYBaHHI Y HUX 34aTHOCTI CMPUATU PO3BUTKY KPUTUHHOTO MUC/IEHHA YYHiB HOBOT YKpPaTHCbKOT LWKOAN Yepe3 po3B’A3yBaHHA
MaTeMaTUYHKX 3a4ad. BignosigHo A0 piBHA 3a4iAHOCTI KPUTUYHOIO MMCNEHHA MW MPOMNOHYEMO KnacudikyBaTM matemMaTuyHi
3aaui 3a TaKMMM KaTeropiamu (puc. 3).

@ATE MATUYHI SAAAHD

I3 3AKPUTOHD i?;ﬂ.ﬁ;ggg
CTPYKTYPOHO

| I | |

PENPOAYKTUBHI MHD ( PEAKTWUBHI 3A4AMHI NPOAYKTWUBHI 3AAAMI KPEATUBHI 3A4AMI

-NoTpe6yIoTL BUKOPUCTaHHA -BMMaraTk TBOpYOro -noTpeyoTk BUCOKOTO PIBHA
-noTpebyTb KPUTUUHOrO MUCIEHHA ANA MWCAeHHA Ta rnGokoro TBOPHOCTI Ta IHHOBALIAHOTO
3acTOCOBYBAaHHA BUBOPY BIAOMWX aNFOPUTMIE PO3YMIHHA MaTeMaTUUHWUX MUWCNEHHA;
BUBYEHUX aNrOpUTMIB 1 MeToZIE Ta iX aganTawii go KOHLENLIA ANA PO3B'AZaHHA; -HE MaKTb, 3a3BUUYaiA,

Ta MeToaIE; HOBWX CUTYaLyid; -4acTo BKNKYAKTE B cebe O/JHO3HAUHOr0 PO3B'AZKY;
-HE BMMAaraloTh BEAVKOT -BMMaralwTe aHanIzy Ta CTBOPEHHA HOBUX METOAIB, —N:o>|<yn, BK/IIOUATH B cebe
BWCHOBKIB G6e3 CTBOpeHHA abo moaeneid abo cTpaTeriid gnsa pozB'AZaHHA CKNaAHWUX Npo6nem
TBOPHOCTI T2 i g a60 BUBYEHHA HOBMWX KOHLLEN LA
KPUTUYHOTO MUCAEHHA MoAUPIKaLIT HOBUX NIAXOAIE PO3B'A3aHHA, aHANI3 MOXNNBNX l-l.u 1
ANbTEPHATMBHWX PO3B'A3KIE Ta 6e3 nonepeaHIX IHCTPYKLIA a6o
X OBI'PYHTYBaHHA meToals

Puc. 3. Knacudikauia marematMuHux 3aga4 BignNoBigHO A0 PiBHA 3a4iAHOCTi KPUTUUHOTO MUCNEHHA
Lepeno: asmopcbka po3pobKa.
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Ha pi3HMX eTanax BMBYEHHA MaTeMATUYHOI AUCUMNNIHM Nepes CTyAeHTaMW CTaBAATbCA BiANOBIAHI HaBYaAbHI Uini,
obymoBneHi piBHEM iXHbOI MaTemaTM4yHOI MiAroToBKM, CHOPMOBAHICTIO MATEMATUYHOTO Ta KPWUTUYHOTO MWCAEHHA I
iHOMBigyanbHMMKM noTpebamu. BignoBigHO [0 LbOro HaBeAeHa HaMu Knacudikauis [L03BONISAE CTBOPHOBATM afanToBaHi
MaTeMaTWUYHi 3aBAaHHA, AKI HA KOHKPETHOMY eTani HaBYaHHA HaNeXHUM YMHOM 3abe3neyaTb NPOrHO30BaHWI pesynbTaT. Chig
BPAxoByBaTK, WO He BCi MaTeMaTM4Hi 3aZayi YiTKO BiAMOBIAatOTb 3a3HAYeHUM Yy Knacudikauii Kputepiam, BTiIM BOHa Hafae
3arafibHy pamKy 418 PO3yMiHHA CKAAAHOCTI 3aBAaHb Ta BUMOT 40 KPUTUYHOTO MUCIEHHSA NpU X po3B'a3yBaHHi. Kpim Toro, cama
MOCTaHOBKa MaTemMaTM4HOI 3adaui Ta il opmMyntoBaHHA NOBUHHI CNPUATU 3a7ly4eHHIO PO3YMOBMX i, CNPAMOBaHMX Ha PO3BUTOK
KPUTUYHOTO MUCAeHHA. Taki 3afadi MOXyYTb CTaBUTU MNepes CTYAEHTOM KOHKPeTHy npobnemy, 3anyyaTv A0 aHanisy pisHuUX
acnekTis npobnemu 3 BMOOPOM OMNTUMANBLHOTO PilEHHA, CNOHYKAaTU A0 Nepeocmuc/ieHHA iHpopmauii Ta nepesipku i
[OCTOBIPHOCTI, CNPUATA MOLWYKY Pi3HMX MigXoAiB [0 pPo3B'A3aHHA Npobnemn Ta OUiHKM iX edeKTUBHOCTI, BUKAMKATK
3auiKaBeHiCcTb Ta ByTW AeLo NPOBOKAaTUBHUMM. 30Kpema, ix GOpPMyItoBaHHA MOXKYTb MICTUTU TaKi C/IOBOCMNONYYEHHSA:

«Jocnigitob ...»,

— «[lepeBipTe NPaBUAbHICTb TBEPAKEHHAY,
— «3HalAiTb NOMWUIIKY Y OBEAEHHI»,

«MopiBHAITE ABa Pi3HUX METOAM PO3B'A3aHHA L€l 3a4a4i Ta 06rpyHTYMTe CBill BUBIpY,

— «3HanaiTb We oauH cnocib AoBeAeHHA TBEPAKEHHAN,

— «fAKi HacnigAKNM MmaTme 3MiHa NapameTpiB B YMOBI 3aga4i?»
— «AK MOXHa BUKOPUCTATU Liei pe3ynbTaT Yy KOHTEKCTI ...7»

— «fAKi pU3KKK BM BaumTe NpU BUKOPUCTAHHI LLbOrO MeToay ?»

«fKi nepeBary Ta He4ONIKM MA€E 3aNPONOHOBAHNUI METOA,?»
«OUiHITb KOPEKTHICTb OTPUMAHOTO PO3B'A3KY» TOLLO.

HaBegemo npuKknagu 3agady MaTeMaTMYHOrO aHanisy 3 Temu «Bu3HauyeHui iHTerpan Ta Moro o6YMCAEHHS», WO
BiZNOBIZAOTb 3aNPONOHOBAHIV Hamu Knacudikauii (Tabauusa 1).

Tabnuua 1. Mpuknagm 3agay 3 MaTeMaTUYHOrO aHani3y BiANOBIAHO A0 PiBHA 3aAIAHOCTI KPUTUUHOTO MUCNEHHA

HasBa 3apava 3afifHICTb KPUTUUHOTO MUCNIEHHA
© . 2 — ineHTMdIKaLLA KNIOYOBMX ENEMEHTIB 3a4a4i (AaHUX | LIYKaHWX BENUYMH);
é OBuncamTi IHTErpam _”1_ X‘dx ’ — BM3HAYEHHA BAXKAMBUX AeTanei i HeobxiAHMX KPOKiIB ANs pO3B'A3aHHSA
E ” 0 3agaui;
§ _[ 1+cos2x dx. AKi pU3NKK BM Gauute npu i - OLI,I.HKa pi3HMX METO,CI,IB.Ta BMBip HaWbinblw AouinbHOro niaxogy Ha
5 5 2 OCHOBi NonepeAHbOro A0CBIAY Ta 3HaHb;
& 0BUMCNEeHHI? — OLiHKA KOPEKTHOCTI Ta 06rpyHTOBAHOCTI OTPMMAaHMX pe3ybTaTis
5 — ineHTudikaLia HoBMX abO HETUNOBMX E/IEMEHTIB 3a4aui;
OBuncauTy iHTerpan _[ 25-x%dx — PO3yMiHHA KOHTEKCTY Ta crneundiku npobnemu;
;

. Ou . . — aHani3 pisHMX MeToAiB i BUBIp HalbinbL AOLINBHOIO NigX0Ay Ha OCHOBI
® BUKOPUCTOBYOUM !40I'O reomeTpuyHun 3yguc-r. ﬂK?I aHanisy HOBMX YMOB;
e o evat B
© 38 HEOBXIAHOCT] 3HAWAITS NOMUAKY Y PO3EA3aHH: — OLjHKa KOPEKTHOCTI Ta OBFPYHTOBAHOCTI OTPMMAHWX pe3ynbTaTiB Y
a HOBMX YMOBaXx;

1 dx 1 1 — 3aCTOCYBaHHA  anbTePHATMBHUX  MeTOAiB  ANAa  NiATBepAMKEHHs
Ny 2. OTPMMAHOrO pesynbTaTy
X X|_1
X2 — igeHTMdiKaLia  KAYOBMX enemeHTiB  3agadi, wWwo noTtpebyloTb
Isin \/Edt HEeCTaHAAPTHOTO MiAXoAy, PO3YMIHHA NOTEHLIMHUX BUK/IUKIB;
© . i 0 — BUAB/IEHHA HEObXiAHOCTI CTBOpeHHA HOBOro metogy abo aganTauii
é 3HaitTu rpaHuuo XITO X - Busnaute BiJOMMX METOAIB, OLiHKA iX NOTEHLiiHOI epeKTUBHOCTI;
E CTpaTerito po3s’A3aHHA Ta 0BpyHTYiTE i BUGIp. — OLiHKa n;v)omnkax pe3ynbTaTiB 419 BUABAEHHA MOX/IUBUX MOMMUIOK YN
g HeToYHocTeN;
lg- — nepeBipKa KOPEKTHOCTi KiHUeBOro pe3synbTaty Ta BignosigHoCTI
NnoyYyaTKoBIli yMOBI;
— OUiHKa HOBM3HW Ta epEeKTUBHOCTI CTBOPEHOTO METoAY
06uncantn rpaHuuio — BUAB/IEHHSA KNIOYOBMX aCneKTiB 3aJadi, AKi NoTpebyoTb HecTaHAAPTHOIO
lim l(sin T sin2% 4 tsin L_l)ﬂ) - 3naiigito | MIAXOAY; - .
n—co N n n n — PO3yMiHHA CTPYKTYpM 3ajadi, iHTepnpeTaLia CKNagHUX MaTeMaTUYHNUX
npuHaimHi  Agi cTpaTterii po3s’A3yBaHHA, OUiHITb | MOHATH | B3aEMO3B'A3KIB;
PU3UKWN BUKOPUCTAHHA KOXKHOI 3 HUX. LLLo 3miHWUTbCA, — GOPMYNIOBAHHA OCHOBHUX NWUTaHb, Ha AKi NOTPIGHO 3HAWTKM BiANOBIAb;
e AKWO B YMOBI 3aga4yi 3MiHUTU CUMHYC Ha KOCWMHYC? — reHepauia opuriHanbHUX igen, AKi MOXyTb 6yTM noTeHUinHUMMK
'“s_’ Bianosiab obrpyHTyiTe. MeToAamMu po3B'A3yBaHHA 3a4avi;
o — nepesipKa rinoTtes, AKi MOXyTb CTaTV OCHOBOIO AR PO3B'A3aHHSA;
g — OLiHKa pusukis  Ta nepesar  KOXHOro  nigxoay, BMbip
HalnepcnekTUBHILIOrO 3 HUX;
— afanTauis obpaHoro nigxo4y Ta MeTOAiB y Npoueci po3s'A3yBaHHA
3a4avi;
— IIMBOKUI aHani3 pesynbTaTiB Ta METOAiB, BUKOPUCTAHWX Yy NpoLeci
pO3B'A3aHHA, OLHKA IX HOBM3HM Ta epeKTUBHOCTI

[bepeno: aemopcbKa po3pobKa.
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BUCHOBKM TA NMEPCMEKTUBU NOAANBLUOIO AOC/NIAXKEHHA

BKNtOUEHHA MaTeMaTUYHUX 3344 Pi3HUX TUMIB BiANOBIAHO A0 PiBHA 3a4iAHOCTI KPUTUUYHOFO MUC/IEHHSA Y HaBYaIbHUI

npouec 3abe3neynTb KOMNAEKCHUW NiaXif A0 HaBYaHHA, AOMOMONXKe MaNbyTHIM yunTenam maTemMaTUKU He nuLle OBOJIOAITU
MaTeMaTUYHUMM 3HAHHAMM, ane i PO3BUHYTU Y HUX HAaBUUYKMU KPUTUUHOTO MUCNEHHA, HeobXiagHI Ana npodeciiiHoi gianbHoCTi.
3anponoHoBaHa HamK y cTaTTi Knacudikauia 3a4a4 Sa€ MOXKAMBICTb NiabupaTy 3aBAaHHA BiANOBIAHO 40 PiBHA MiArOTOBKM Ta
noTpeb KOXKHOrMo CTYAEHTa, WO CNPUAE CTBOPEHHIO iHAMBIAYaNbHUX OCBITHIX TPAEKTOPIN, NiABULLYE MOTMBALLIIO 40 HaBYAHHA Ta
3abe3neyvye yCBiAOMNEHHA BNACHUX JOCATHEHD.

PaHiwe Hamu 6yna ynpoBaaskeHa y npouec npodeciiHoi NiArOTOBKM MAMBYTHIX yunTenis MaTeMaTUKWU TEXHOAOTIA

HaBYaHHA 33 PO6OYMM 30LLMTOM 3 NEBHMX PO34iNIB MaTEMATUYHOIO aHaNi3y. B noganblumx AOCNiAKEHHAX MU NIaHYEMO aJanTyBaTH
ii 3 aKUEHTOM Ha GOpPMYBaHHA Ta PO3BUTOK Y CTYAEHTIB KPUTUUHOTO MUC/IEHHA Yepes PO3B'A3yBaHHA MaTeMaTUYHKX 3a4au.
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AHOTAUIA

PopmynioeaHHA npobaemu. 3a binbw AK Mpuduyame pokie HezanexrHocmi YkpaiHu 3a cneyiansHicmio 13.00.02 Teopis i
MemoOUKa HABYAHHA (Mamemamuka) 3axuuwjeHo binbw Ak 400 Oducepmauil. A 3a cneyianeHicmio 13.00.01 3aeansbHa
nedaezoeika ma icmopia nedazoeiku 3axuweHo binbw Ak 2100 ducepmauil. 3 nomixc ycix ekazaHux ducepmauiti auwe 12
cmocytomeca icmopii cmaHoeneHHA ma po38umky WKinbHOi mamemamu4Hoi oceimu 8 YKpaiHi. HuHi eaxcauso 36yoxysamu
iHmepec ocsimaH ma 2pomadcbKocmi 00 HaYiOHANbHUX MemoOuYHUX Ha06aHb, 00 nedazo2iyHuUx nepcoHanil, memodu4Ha
CNAadujuHa AKUX, 3 PI3HUX MPUYUH, 30AUWUAACA 030 MEXAMU HaYKOB8020 aHani3y. ModepHizauito cyyacHoi mamemamuy4Hoi
ocsimu 8axcueo 30ilicHro8amu He po32ybuswiu mux MemoOu4HUX NPUHYUNie ma Ha0baHs, AKUMU 6a2ama HUHI yKpaiHCbKa
MemoOUKO-MamemMamu4yHa HayKa.

Mamepianu i memoou. []ns 8UKOHAHHA O0CAIOHEHHA BUKOPUCMAHO: ducepmayii yKpaiHCbKux 00caiOHuUKie npo icmopito
CMAaHOBAEHHA MA PO38UMKY MameMamuy4Hoi oc8imu 8 YKpaiHi, AKi 8uKkoHaHi 8 nepiod 3 1991 poKy no HUHiWHIl Yac. AHanI3,
cucmemamusayis U y3azanbHeHHA pe3yanbmamis 00cioxeHb 8i0obpaxceHux y 8idibpaHux Hamu ducepmayiax yKpaiHCbKux
asmopie 3a Haykosumu crieyianbHocmamu 13.00.02 Teopis i memoduka Has4aHHA (Mamemamukxa) ma 13.00.01 3aeansbHa
nedazozika ma icmopia nedazoziku.

Pesynemamu. [poaHanizosaHa memamuka binew Ak 2500 ducepmauili. BidibpaHo 12 ducepmauili, 3 BUCHOBKaMM Ta
peKoMeHauiAMM YKPAiHCbKUX AOCNIAHMKIB LWOAO iICTOPUYHMX aCMeKTiB PO3BUTKY TeOopii Ta METOAMKM HaBYaHHA MaTEMATUKK
B YKpaiHi. lpoaHanizosaHo 3micm yux ducepmayili, BUOKpeMaeHo OCHOBHI HaYKOBi i0ei Memodu4YHo20 xapakmepy, OCHOBHI
BUCHOBKU CrIPOEKMOoB8AHO HA Cy4YacHi 0c8imHi rnpoyecu.

BucHOBKU. Pehopmy8aHHA YKPAiHCbKOI WKOAU, PO38UMOK MAMEMAMUYHOI 0C8imuU HEeMOMAUBO AKiCHO 30ilicHumu 6e3
nposedeHHA HAYKOBO-KPUMUYHO20 aHanisy 6azamoezo docsidy i pe3ynbmamie OGocnidreHb nonepeoHix rnoKoniHe, 6e3
YPaxyeaHHA HAUiOHANbHOI crieyuiku i 36epexceHHA Kpaujux mpaduyili i mexHonoeil, wo cahopmyesanucs 8 yMosax peanbHo20
eghekmuBHo20 HaBYAHHA MAMEMAMUKU 8 WKoax. Mae 3pocmu KisibKicme icmopuko-nedazoaidHux 0ocioneHsb, 06’ ekmom aKux
€ icmopuyYHi acnekmu po38umky Uikasux MemoouYHux idel, Kpauj02o yKpaiHcbKo20 00C8idy HABYAHHA MAMEMAMUKU.

K/IIOYOBI CJ/IOBA: meopia i MemoOuka HABYAHHA MaMemMamuKku; memamuka oucepmayili; npobaemu wkKinbHoOl
MamemamuyHoi oceimu, icmopis po3eumky.
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ABSTRACT

Formulation of the problem. For more than thirty years of Ukraine's independence, more than 400 dissertations have been
defended in the specialty 13.00.02 Theory and teaching methods (mathematics). More than 2,100 dissertations have been
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defended in the specialty 13.00.01 General pedagogy and history of pedagogy. Among all these dissertations, only 12 relate
to the history of the formation and development of school mathematics education in Ukraine. Nowadays, it is important to
arouse the interest of educators and the public in national methodical heritage and pedagogical personalities whose
methodical heritage, for various reasons, remained outside the boundaries of scientific analysis. It is essential to modernize
modern mathematical education without losing the methodical principles and assets that Ukrainian methodical-mathematical
science is rich in today.

Materials and methods. To carry out the research aim, the following were Ukrainian researcher's dissertations on the history

of the formation and development of mathematics education in Ukraine, completed from 1991 to the present. Analysis,
systematization, and generalization of research results reflected in theses of Ukrainian authors selected by us in scientific
specialties 13.00.02 Theory and teaching methods (mathematics) and 13.00.01 General pedagogy and history of pedagogy.

The results. The topics of more than 2,500 dissertations were analyzed. 12 dissertations were selected, with conclusions and
recommendations from Ukrainian researchers regarding the historical aspects of developing the theory and methodology of
teaching mathematics in Ukraine. The content of these dissertations was analyzed, the main scientific ideas of a
methodological nature were singled out, and the main conclusions were projected onto modern educational processes.

Conclusions. The reform of the Ukrainian school and the development of mathematics education cannot be qualitatively
carried out without carrying out a scientific and critical analysis of the rich experience and research results of previous
generations, without taking into account the national specificity and the preservation of the best traditions and technologies
that were formed in the conditions of real effective teaching of mathematics in schools. The number of historical and
pedagogical studies should increase, the object of which is the historical aspects of developing interesting methodical ideas,
the best Ukrainian experience in teaching mathematics.

KEYWORDS: theory and method of teaching mathematics; dissertation topics; problems of school mathematics education;
development history.

BCTYN

NocraHoBKa npobaemun. HaBiTb NOBEPXHEBUI OrNA4 PO3BUTKY TeOpil i METOAUKM HaBYaHHA MaTeMaTUKK B YKpaiHi,
[,03BOJIAE CTBEPAKYBATH, LLO MAEMO 3HAYHY KiNIbKICTb METOOUYHMX igen, HAYKOBMX PO3POOOK, MPAKTUYHWUX pPEeKOMeHAaALLN
YAOCKOHANIEHHA LWLKiNIbHOT MaTeMaTUYHOI OCBITM, Cy4aCHUI HAYKOBWUW aHani3 AKWUX, Y KOHTEKCTi po36y[0BM HOBOI YKpaiHCbKOT
WKO/IN, Ha Hawy AYMKY € aKTyasbHuUM. Cepes HanpamiB JOCNiIAXKEHb y MacnopTi HaykoBoi cneuianbHocTi 13.00.02 Teopis i
METOAMKa HaBYaHHA (MaTemMaTKa) nepnm BKa3aHO Hanpam - PO3BMTOK Teopii Ta METOAMKM HaBYaHHA MaTeEMATMKM B YKpaiHi.
Binbw rAMBOKMIM aHani3 HayKoBUX HaAbaHb YKpaiHCbKOI METOAMYHOI HayKM 3a HanpsAMOM Teopil i MeTOoAUKM HaBYaHHA
MaTeMaTUKK, O4EBUAHO, BApTO PO3MOYATH i3 aHaNi3y AncepTaLiiHMX AOCNIAXKEHD 33 TEMATUKOLO, LLO CTOCYETHCA BKAa3aHOIO BULLE
Hanpsamy. 3a 6iNblW AK TPUALATb POKIB He3aNeXKHOCTi YKpaiHM 3a cneujanbHicTio 13.00.02 Teopis i meTogMKa HaBYaHHSA
(maTemaTtuKa) B pisHMX YKpPaiHCbKMX CreLiaNi3oBaHUX BYEHUX pafax 3axuuieHo binble ak 400 guceprauii. MpoaHanisysasLum
TEMATUKY LUUX AUCepTaLiii, M1 BUABWUU, LLLO NULLIE TPU 3 HAX MOXKHA BBAYKaTW TaKMMMU, LLLO CTOCYIOTbCA HaNpsAmMy - PO3BUTOK Teopii
Ta METOAMKM HAaBYAHHA MaTeMaTUKK B YKpaiHi. 3Baatoumn Ha 3’AcoBaHe, MU BBaXKaM HEOOXiAHMM NPOAHaANi3yBaTU TEMATUKY
[ucepTalii Haykosoi creuianbHocTi 13.00.01 3aranbHa negarorika Ta icTopis negaroriki. 3a poKM HesanexHocTi YKpaiHu 3a
BKa3aHOHO CreL,iaNbHICTIO B PiI3HUX YKPATHCbKMUX CNeL,iaisoBaHMX BYEHUX pagax 3axulLeHo binble Ak 2100 gucepTaliit. 3 momixK
HUX MW BUABMAK NinLlle 9 gucepTaLlin, AKi NEBHUM YUHOM CTOCYIOTLCA iCTOPIT CTAHOBNEHHA Ta PO3BUTKY LWKiZIbHOI MaTeMaTUYHOT
OCBITU B YKpaiHi. 3anOpyKoto YCMilWHOro BMNPOBAAKEHHA CYY4aCHWUX YKPATHCbKMX OCBITHIX pedopm BBAXKAEMO BMBYEHHA Ta
BpaxyBaHHA BiTYM3HAHOIO AOCBiAY, WO He Aule Po3WMPUTb AxepenbHy 6a3y icTopii yKpaiHCbKOi MeToAMYHOI Hayku, a ¢
[0MNOMOMKE YHUKHYTU 3alBUX MOMUOK Y MUTaHHAX pedopMyBaHHA MaTeEMATUYHOI OCBITHU.

Merta AaHoi cTaTTi NpoaHaniayBati 3micT BigibpaHMX Hamu gucepTaLii nepiosy OCTaHHIX TPUALATU POKIB 3 METOL
cucTemaTmsal,ii ifei, BUCHOBKIB Ta peKOMeHAALIN YKPAiHCbKMX AOCNIAHWKIB LLOA0 PO3BUTKY TEOPIl Ta METOAMKM HABYAHHA
MaTemMaTuKM B YKpaiHi.

METOAM AOC/IAMKEHHA

OnAa BMKOHAHHA AOCAIAMEHHA BUMKOPWUCTAHO: AuMcepTauii YKpalHCbKMX AOCNIAHMKIB NpO iCTOPil0 CTaHOBAEHHA Ta
PO3BUTKY MaTemaTM4HOi OCBiTM B YKpaiHi, AKi BUKOHAHI B nepiog 3 1991 poKy No HWHIWHIM Yac. AHani3, cuctemaTmsauia n
y3araJbHEeHHA pPe3y/nbTaTiB AOCNiAKeHb BifobparkeHUx y BigibpaHUx Hamu gucepTauisax yKpaiHCbKMX aBTOPIB 3a HAayKOBMMM
cneujanbHocTamm 13.00.02 Teopia i meToamMKa HaBYaHHA (MaTemaTtuka) Ta 13.00.01 3aranbHa neaarorika Ta icTopis neaaroriku.

BUK/NAL OCHOBHOIO MATEPIANTY

Y 1998 poui 3axumieHa KaHAMAATCbKa ancepTauia Jiiogmuan BacunisHu Kysbmuny Ha Temy «PO3BUTOK MaTemMaTuKu Ta
METOAMKM il HaBYaHHA y NiBAEHHOMY perioHi YKpaiHu (KiHeub XIX — noyaTtok XX ctonitra)» (Kyabmuy, 1998). Y uboMy A0CAIAMKEHHI
ABTOPKA PO3rNALAE PO3BUTOK METOAMKN HABYAHHA MaTeMaTUKM B MUKOIa€EBi Ta XepcoHi B nepioa 3 1837 poky no 1891 pik.
CxapaKTepmn3oBaHO METOAMKY HaBYaHHA MaTeMaTUKM B PillenbeBCbKOMY liLel A0 3acHyBaHHA HOBOPOCICbKOro yHiBepcuTeTy.
TaKoX y Wikt ancepTauii po3KpUTO ponb «BicHMKa A0CNiAHOT Gi3VKKM Ta enemeHTapHOT MaTeEMaTUKM» Ta BUAaBHULTBA «Mathesis»
Y PO3BUTKY MaTeMaTMUHOI Ky/AbTypWu i HaBYaHHI MaTeMaTUKM B MiBAEHHOMY perioHi YKpaiHu. 3HauyHe micue B AucepTauii
BigBeAEeHe PO3KPUTTIO METOAUYHOI AifanbHocTi npodecopa B.M. EpmakoBa Ta pepakTopa «BicHMKa gocnigHoi ¢isvMKku Ta
efemeHTapHoi matemaTuku» B.®D. KaraHa. B pguceprtauii /1.B. Kyabmuy npoaHanisoBaHO »KypHanbHi cTaTTi, MoOHorpadii,
NiAPYYHUKM Ta NOCIOHUKKM ANA BYMTENiB YKPATHCbKMX HAyKOBLIB-METOAMCTIB 32 AOCNIAKYBAHMI Nepios, a TaKoX iX BNAMB Ha
PO3BUTOK METOAMYHMX ifer Cy4yacHOCTi, i 3p06/1eHO OCHOBHMIA BUCHOBOK: YKPAIHCbKUIA Hapo4 Ma€ AaBHIO iCTOPilO PO3BUTKY
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KY/NIbTYPW | HAYKW, B TOMY YMCAi MaTEMATUYHOI Ta MeTOAMYHOI. Hawy yBary npusepHyB oguH i3 BucHoBKiB /1.B. Ky3bmuu: «na
6iNbLIOCTi TaK 3BaHMX HAYKOBMX Npalb BUAAHMX B LLAPCbKil pocii, xapakTepHoto 6ya ocobamBicTb: iX aBTOPM YacTo Hamaraamcs
NPWUHU3NTM PONb HALLOHANbHOI Ky/IbTYPU HApPOAiB, 3HiBENOBAaTM Ta NEPEKPYTUTU BUAATHI HAyKOBi JOCATHEHHSA iX TaNaHOBUTUX
npeactaBHuKiB. Oco6/aMBO CTapaHHO ycyBanuca 6yab-AKi 3rafkM Npo Te, WO Li HApoAu PO3BMBA/ZW MATEMATUYHY OCBITY,
HabyBanK CBITOBOI CNaBK y Teopii NPUPOAHUYMX HayK. Cnupatoumnch Ha GopmanbHy 03HAKY TOTO, LLLO HaLLi C/IaBHI NPeaKy He Manu
3MOrM APYKyBaTK CBOI NpaL,i PiAHOI MOBOIO, LMX BYEHUX YACTO BiAHOCUIM [0 YYKOMOBHUX KynbTyp» (Kysbmmy, 1998).

MapuHa MuKonaisHa Hak y 2007 poui 3axucTuna gucepTauito Ha TeMy «ICTOPUKO-METOAMYHWUIA aHaNi3 PO3BUTKY
MeTOAiB PO3B’A3yBaHHA 3343y 3 anrebpu B 3arasibHOOCBITHIN WKoAi». Y uin gucepTtauii (Hak, 2007). gocnigxeHo icTopito
3apPOAKEHHA TAa PO3BUTKY METOZIB PO3B’A3yBaHHA anrebpaiduHmnx 3a4ay, po3pobieHO MeTOAMYHI peKomeHaauii 3 BUKOPUCTAHHSA
MEeTOAiB PO3B’A3yBaHHA 3a4ay B Cy4YacHii WKOAI i ponb iHPOpMaUiiHMX TEXHONOTI B HaBYaHHI y4HiB meTodam i cnocobam
po3B’A3yBaHHA 3adad. B aucepTauii NnogaHo cydacHe TAYMAyYeHHA NPUMHLMNY iCTOPU3MY MO BigHOLWEHHIO A0 icTopii po3BUTKY
MaTEMATUKM Ta METOAMKM HaBYaHHA MaTeMaTuKW. [poBefeHU FPYHTOBHUIM IiCTOPUYHWUIA aHani3 pPo3BUTKY MeToAiB
po3B’A3yBaHHA anrebpaiyHuxX 3agay Big, neplwux 3ragyBaHb B MeplioAsKepenax CTapofaBHbOI anrebpu A0 Cy4acHOro CTaHy
BMKOPWUCTaHHA iX Y 3araibHOOCBITHI WKoAi. B AMcepTalii 3a3Ha4YeHo, WO B Neplwomy yKpaiHCbKOMY HaBYasibHOMY NOCIBHMKY 3
anrebpn gna 9-11 knacis 3.1 CnenkaHb Ta O.C. JybuHYyK (BMaaHuii y 1968 poui) BUMKOPUCTOBYHOTLCA METOAM PiBHAHb,
MmaTeMaTU4HOI iHAYKLUIT, rpadiuyHMI Ta HU3KA CNOCO6iB: NiACTaHOBKM, 3aMiHM 3MiHHUX, A0AaBaHHA Ta iHLWI.

Y pucepTtauii 6eB3 BaneHTMHM [puropiBHM «IcTopis maTemaTMKM fAK iHTerpauiliHa OCHOBa HaBYaHHA NpeameTis
MaTeMaTU4YHOro UMKy y daxosilt migroTosui maibyTHix yuutenis» (bess, 2007)4eTasbHO BWUCBITIEHO METOAMYHY CUCTEMY
HaBYaHHA icTOPii MaTeMaTUKK. ABTOPKOIO 3'ACOBAHO TEOPETUYHI NiAXOAM [0 CTPYKTYPYBaHHSA i 3MIiCTOBOrO HAaNOBHEHHA Kypcy
«lcTopia MaTeMaTUKN»; BU3HAYEHO OpraHi3aLinHO-MeTOANYHUIM IHCTPYMEHTapit HaBYaHHA, 3’ACOBaHI MOXX/IMBOCTI BUKOPUCTAHHA
Yy HaB4YaNbHOMY npoueci HOBMX iIHGOPMALIMHUX TEXHOJOTIM, 30KpemMa KOMM'IOTEPHOrO TeCTyBaHHA. AK CTBEPAXKYE aBTOPKA
aucepTauii, HayKa icTopia maTemaTUKK 34iMCHIOE QYHKLiO CamMONi3HAHHA MAaTEMATUKKU, OCMUC/IEHHA BAACHUX Linel, axepen i
MeTOo[0/10ril, JONOMarae ynopaaKyBaHHIO i Knacuoikauii 3agay, inei, metoais, pesynbTaTis, WO AAE MOXK/IMBICTb PO3BMBATUCSA
camin  mMaTemaTuui SK 3Haps4At0 Ni3HAHHA | 3abesnedyyBaTM Mi3HAHHA NPUPOAW HAyKaMu, AKi  BUKOPUCTOBYIOTb
maTemaTuKy. MoroaKyounch i3 aBTOPKOIO gucepTauii, aHanoriyHy ¢yHKuUilo MM B6aYaemo i Ana icTopii MeTogMKM HaBYaHHA
maTemaTuku. B.I. beB3 Haronouwye, Wo BaxkAMBe micue y NigrotoBLi ManbyTHIX yunTeniB MaTeMaTUKM MaEe 3alHATK icTopis
BITYUM3HAHOI MaTEMATUKM, fiIKa € HEBIA EMHOK CKN1a[0BO HALLIOHA/IbHOI KyAbTypu. LLinkom 3roaHi 3 BUCHOBKaMM AncepTalii, Lo
0,6at04M NPO 03HANOMJIEHHS! MAUBYTHIX yYMTENIB 3 iCTOPiIEID PO3BUTKY BITYM3HAHOI MAaTEMATUKK, AOLIIBHO NPUAINUTA yBary He
TiNbKM TBOPLAM HOBMX MAaTEMATUYHUX TEOPIN, @ M 3yNMUHUTUCA HA MUTAHHAX NOLIMPEHHA MaTEMaTUYHWUX 3HAHb, iX Nonyaapu3aLii,
36eperkeHHA Ta nepefaBaHHA HACTYMHUM MOKONIHHAM. OcobnmBe 3HAYeHHA Yy LbOMY HANEXUTb CUCTEMi OCBITM, OCBITHIM
3aK/s1agam, TOBapuCTBaM, cCneujiasibHMM NepioguYHUM BUOAHHAM ToWwoO. Mu TaKoX MiATPUMYEMO OAMH i3 BWCHOBKIB L€l
amcepTauii, WO BapiaTUBHOIO YAaCTMHOMO iCTOPIi BITYN3HAHOI MaTeEMATUKM Mae ByTn po3ain, NpUCBAYEHUI HayKOBMM 3406yTKam
YKPaiHCbKMX BU3HAYHUX BYEHMX-MATEMATHMKIB, BYUEHUX-METOAMNCTIB 3 HABYAHHA MATEMATUKM.

Cepepn, 9 aucepTaLii, WO CTOCYIOTLCA iCTOPIT CTAHOBAEHHA Ta PO3BUTKY LKINIbHOT MaTeMaTUYHOI OCBiTM B YKpaiHi Ta
BMKOHaHi i 3axuuweHi 3a cneuianbHicTio 13.00.01 3aranbHa negarorika Ta icTopia megarorikv, B mepLluy yepry po3raaHemo
nuceptauii O.B. Open, O.B. 'Henu, J1.A. CemeHoBcbKOi, C.l. CTpineyb. JucepTaLii BKazaHMUX aBTOPIB CTOCYIOTbCA AOCNIAKEHHA
nesaroriyHmMx igen i HayKoBoOI AifANIbHOCTI BiOMMX YKPATHCbKMX MATEMATUKIB i METOAMUCTIB, AKi neperMmanuca npobnemamm
LWKIi/IbHOT MaTeEMaTUYHOI OCBITH.

Y ancepTauii «Mpobaemu WKiNbHOT MaTEMATUYHOI OCBITU B cnaawumHi |. ®. TecneHka (1908-1994 pp.)» (Open, 2016),
AKa 3axulieHa Onbroto BonoaumupisHoto Open y 2016 poui, Ha OcHOBi onybniKoBaHUX Ta apxiBHUX AxKepen 34ilcHeHo
CUCTEMHUIA | KOMMAEKCHMIA aHani3 neaaroriyHoi crnaglMHM Ta HayKOBO-METOAMYHOI Aif/IbHOCTI YKpaiHCbKOro neparora-
maTemaTuka |. @. TecneHka. OnncaHo HaykoBy biorpadito BUEHOro, BAOKPEMJIEHO I CXapaKTepPM30BaHO OCHOBHI Nepioau Moro
HayKoBO-MegarorivyHoi gianbHocTi. MpoaHanizoBaHi 3aranbHoneaaroriyHi nornaam |.®. TecaeHKa Ha WKiNbHY MaTeEMATUYHY OCBITY
(BMKOPUCTAHHA PO3BUBANbHO-BUXOBHOMO NOTEHLiaNy WKiNbHOI reomeTpii, GopmyBaHHA HAyKOBOro cBiTornagy, 3abesnedyeHHs
CBiJOMOro 3aCBOEHHS LUIKONAPAMM MaTeMaTUYHUX 3HaHb, AOTPMMaHHA HAyKOBOCTI iX BWMKAaay). B auceprauii BucsitneHo
[OPOOOK HAyKOBUSA, MOB'A3aHUI i3 MOZEpPHi3aLiel0 LWKiNbHOT mMaTemaTuyHoi ocsiTM B 1960-1994 poKax. BuokpemneHo W
npoaHanizoBaHo HaykoBi HoBauii |.d. TecneHka B ranysi BBegeHHA GaKyNbTaTUBHUX 3aHATb i3 MaTemaTuKK. OxapaKTepr3oBaHo
TEOPETUYHI Ta METOAMYHI MOLYKN BYEHOrO, NPUCBAYEHI BMPOBAAKEHHIO Y LWKIbHY MPAKTUKY MPOrpamoBaHOro HaBYaHHA.
Poskputo Baxknusictb gianbHocTi |.®. TecneHKa 3 yBeAeHHA Yy 3MICT LWKiNbHOI MaTeMaTU4YHOI OCBITM HOBOrO HaB4Ya/NbHOrO
npeameta « OCHOBM iHPOPMATUKM 1 0OUYNC/TIIOBANIBHOT TEXHIKN Y.

Y pucepTauii «OCBITHA AiaNbHICTL Ta MejaroriyHa cnaglwuHa Muxaina Muavnosuya Kpasuyka (1892-1942 p.p.)»
(THena, 2016), aka 3axuweHa Onbroto BonogmmupisHoto MHenoto Takox y 2016 poui, 34iMCHEHO CUCTEMHUIA | KOMNIEKCHUI
aHani3 TBOPYOI CnajlWMHWM YKpaiHCbKOro BYEHOro MaTemaTuKa, neparora, MeTogmcTa, FPOMAACbKOro AiAya, akafemika
BceyKkpaiHcbKoi akagemii Hayk Muxaiina NMuannosuya KpaBuyka. AKTMBHA Aif/bHICTb Muxaina KpaByyKa B OCBIiTHIl ranysi, Wwo
TpuBana NoHaz ABaAUATb POKiB, byna naigHoo Ta HGaraToacnekTHOO: NefarorivyHa, ynpasaiHCbKa, OpraHisaliiHa, meToanyHa,
TEPMiHOMIOrYHA, BMAABHMYA. YYeHOro LWaHyBanAW B yCbOMy CBiTi, @ B YKpaiHi BNpOJOBXK AeCcATUNITb Woro im’s, HayKoBoO-
neparoriyHmMii AOpobOK i Baromuii BHECOK Yy PO3BUTOK OCBITM HECNpaBea/IMBO 3aMOBYYBanAW, PobOTU 3HMULLYBanu 4Yepes
3BMHYBa4YeHHSA B HALLiOHANi3Mi Ta 3B"A3KaX i3 «BOpoOraMmm» HapoAy. YNpoAoBK XUTTA y4eHUI aKTUBHO NpaLtoBaB Hag, po3pobKoto
NUTaHb METOAUKM BUKNAAAHHA MAaTEMATUKM, BPOBAZKEHHAM Y HaBYa/IbHWUI NPOLLEC HAaLiOHAbHOT MAaTEMATUYHOT TEPMIHOOTIT,
po3B’sA3aHHAM Mpobaem opraHisauii ocBiTM Ta Hayku B YKpaiHi. M. M. KpaBuyK 3anuluMB YMManunii HayKoBO-NeaaroriyHunim
[0PO6OK: NiAPYYHUKM, NOCIOHMKM ANA CTYAEHTIB i CAMOOCBITK, HaBYaNbHI NPOrpamun, HayKoBi M METOAMYHI CTATTi, AONOBIAi.
OcsiTHbO-NeparoriyHy cnagwmHy M.M. Kpasuyka y auceprtauii O.B. FTHenn noTpakToBaHO AK CUCTEMY MO0 NepeKkoHaHb Ta iaen
NPO HABYaHHA, BMXOBAHHA i KEpPiBHULTBO OCBITHIM 3aKNagoM, AKi NPOCTEXKYIOTbCA B APXiBHUX AOKYMEHTaX i HaBYa/ibHO-
MeTogMYHOMY A0P06Ky BYeHOro. B aucepTau,ii O.B. MTHenu 3po61eH0 BUCHOBOK, Lo po6oTu M.IM. KpaBuyyKa He nuwie mictatb igei
Ta MipKyBaHHSA, KOPUCHI B Cy4aCHUX yMOBaxX OHOB/IEHHA 3MICTY HaLLiOHaNbHOT OCBITH, @ I CTAHOB/IATb 3ara/IbHOICTOPUYHY LiHHICTb.
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MigcymoBytoum 3a3HauMmo, Wo B anceptauii O.B. THenu npoaHanisoBaHo KUTTEBUI | TBOpUMi wnsax M.M. Kpasyyka, 3pobaeHo
nepiogmsauito Moro ocobucticHo-npodecinHOro CTaHOB/IEHHA AK Megarora; BU3HAYEHO OCHOBHI HaNpPAMM W PO3KPUTO 3MicCT
OCBIiTHbOI AifNILHOCTI BYEHOrO B KOHTEKCTi pO36yZ0BM YKPAiHCbKOI cepegHboi i BULLOI LWKOAM AOCNiIOKYBAHOrO nepioay;
CXapaKTepu3oBaHO NpoBigHI igei HaykoBo-megaroriyHoi cnagwmHu M.M. KpaByyKa Ta BMABAEHO MOMKAMBOCTI iX TBOPYOro
BMKOPWCTaHHSA B Cy4acHii OCBITi.

Y aunceptauii /1.A. CemeHOBCbKOI Ha Temy «[llegarorivHi igei Ta gianbHictb M.B. OcTporpafcbKoro B 3akiagax BULLOI
0CBiTH (KiHeupb 20-x — noyaTok 60-x pp. XIX cT.)» (CemeHoBcbKa, 2005), sika 3axuuweHa B NonTtasi y 2005 poui, 34iMCHEHO LinicHUI
HayKOBMI aHaNi3 AiANbHOCTI BUAATHOrO MaTemMaTuka, negarora Muxarina Bacunbosuya OcTporpagcbKoro, BU3HaYeHo i 3MicT i
OCHOBHi Hanpsamu, po3pobaeHo nepioan3aLito, BUABIEHO YNHHUKM GOPMYBaHHA HAayYKOBO-MeAaroriyHoro CBiTornagy BY4EHOro-
negarora Ta y3arasbHeHO A0CBi4 HAyKOBO-NeAaroriyHoi AiaabHOCTI. Byayun NpUXMAbHUKOM NPAKTUKO OPIEHTOBAHOIO HAaBYaAHHA
maTemaTrku, M.B. OcTporpaacbKunii NepekoHyBas, Wo nepexis 40 HOBOro 3HAHHA He MOMXKe 34,iMCHI0BATUCA Anle GopMasibHO-
NOriYHMM Wwnaxom abo Ha piBHI anpiopHOro, iHTYITMBHOrO, ippauioHaNbHOrO Mi3HaHHA. EAMHMM O6’E€KTUBHUM OKepenom
BMHUKHEHHSA BUXiAHUX NPUHLMMIB, aKciom, Ha3snCHMX NONOXKEHDb, Ha AyMKY M. OcTporpaZcbKoro, Mae 6yt focsig nioanHu. Tox
Moro neagaroriyHi igei 6asyBanoca Ha TaKMX KOHLENTYaNbHUX TBEPAMKEHHAX: 1) BaXKNMBICTb 4OTPUMAHHA NPUHLMNY 06’ EKTUBHOCTI
Yy Ni3HAHHI; 2) BU3HAHHSA 4OMiHYIOYOI PO MPAKTUKM y MPOLLEC Ni3HAHHA; 3) WiNiCHEe CNPUIAHATTA HAaYKKU Ta HaBYaIbHOT ANUCLMNAIHMK,
iX rapMOHiHe NOEAHAHHA Ha OCHOBI B3aEMOAIT TEOPETUYHOIO | NMPAKTUYHOrO acneKTis; 4) HeobxigHICTb 3abe3neyeHHA TBOpYOT
aKTUBHOCTI Cy6’€eKTiB Ni3HaHHA. TO/I0BHOK METO HaBYaHHA Muxalno BacunboBuY yBakaB MigroToBKy MoA0AI A0 MalibyTHbLOT
KUTTERIANBHOCTI. Y LLbOMY 3B'A3KY BYEHUI NiAAABaB KPUTHLL CydacHy MOMY CUCTEMyY OCBIiTM 3 TOTO NPUBOAY, WO NPU BU3HAYEHHI
3MiCTy Ta METOAiB HaBYaHHA BPAXOBYETbCA MNO3ULiA, CNPAMOBaHA HAa NiATOTOBKY BYEHMX, HE3BAXKAIOUM Ha Te, WO biNbLicTb Aiten
Ma€e nocepepHi po3ymosi 3agibHocTi. MigKpecatoun HeobxiaHICTb OHOB/IEHHA 3MICTy OCBITM 3 METOK WMOro CMpOLLEHHS Ta
HabMXKeHHA [0 peanbHOro KuTta, M.B. OCTporpaZicbKuii 0g4HOYACcHO 3ayBaXkyBaB NPO BaXK/AMBICTb pedpopMyBaHHA HABYANbHUX
NAaHiB i Nporpam «... He MOPYLLYHUM FiAHOCTI Ta CYBOPOCTi HayYKM». YUeHUI CTBEPAKYBAB, LLLO, BUNTE/Ib MaTEMaTUKMN, MepesoBCim,
NOBWHEH BUK/IMKATU MNO3UTUBHE CTaB/IEHHA YYHIB 10 HAaBYaNbHOro MaTepiany. Y anceptauii J.A. CeMeHOBCbKOI 3a3HAYaAETbCA, LLIO
Mwuxaiino BacMnboBuY BBaXKas., WO HAaBYAHHA MaTeMaTUKN Ma€ ByTu JOCTYMHUM, FPAHUYHO YiTKUM, NEPEKOHIMBUM i BiANOBiAaTh
BiKOBMM o0cobaMBOCTAM Yy4yHiB. BiH niagasaB KpuUTWULi BUMTENiB, AKI YCKNAAHIOKOTb HABYaHHA MUWHOMOBHMMM Ha3BaMM,
HEe3po3yMiIMMM NPONOPLIAMMU Ta HAYKOBUMWU MO3HAYeHHAMMU. Pazom i3 TMM, Muxainno OCTporpaacbKknii BUMArase LinicHOCTI,
CUCTEMHOCTI Y NOAAHHI HAaBYa/IbHOrO MaTepiasy i BUCNOB/IOBAB HEraTUBHE CTAaBAEHHA A0 BUYMTENiB, AKi 3aMiCTb TEOPETUYHUX
NnosIoXKeHb ObMeXKyBasICA HaBeAEHHAM OKPEMMUX NPUKNAZAIB, O iNOCTPYHOTb MEBHY Teopito. HalBuwmum pesynbTaTom
MaTeMaTU4HOI OCBiTH, Ha AyMmKy M.B. OcTporpaZcbKoro, cnif, BBaXKaTv GopmMyBaHHA MUCIEHHA ocobucTocTi. O4eBUAHO, BCi BULLLE
BKasaHi nepekoHaHHA M.B. OcTporpagcbKoro 3a/MWAOTbCA aKTya/ibHUMM M HUHI. TaKUM YMHOM MOMKHA CTBEPAKYBATH, LLO
nposefaeHe pocnigkeHHa J1.A. CeMeHOBCbKOi CBiguYMTb, WO neaaroriyHa chagwmHa M.B. OcTporpacbKoro 3a/MLAETbCA
3aTpebyBaHOO i B Cy4acHUX YMOBAX. 3a KPUTEPiAMM BiANOBIAHOCTI YacoBi, peasibHOI NepCcrneKTUBHOCTI AOPOOOK y4EHOrO MaE
Barome 3Ha4YeHHA B KOHTEKCTi po36ya08M HoBOI yKPAiHCHKOT LIKO/IM 3 METOH NOAA/IbLLIOIO BAOCKOHAIEHHA HALLIOHA/IbHOI OCBITH.

He MeHLW Baromoto 3 MO3WLiM HalMX HayKOBMX PO3BIAOK € guceptauia CBiTnaHu IBaHiBHM CTpineub «Mpobremwu
LWKiNbHOT MaTemMaTUYHOT OCBITU y NeaaroriyHi cnagwmHi K.®. NlebeanHuesa (1878-1925)» (Crtpineup, 2003). Y gocnigskeHHi
PO3KPUTO iICTOPUYHI, COLLiaIbHO-NEeAAroriyHi nepesyMmoBsH, WO BMNJANHYAN Ha CTAHOB/IEHHA 1 PO3BUTOK NeAaroriYyHoro ceitornaay
YKpaiHCbKOro matemaTuKa W nepgarora-HosaTopa KoHcTaHTMHa ®eodaHosuua JlebeanHuesa. B anceprauii nokasaHo etanu
JKUTTEBOTO | TBOPYOTO LUSAXY MAaTEMATUKA-METOANCTA; BUOKPEMIEHO M CXapaKTePM30BaHO OCHOBHI HAaNpPsMK MOro AiabHOCTI 3a
BNPOBaAKEHHA NepeaoBUX OCBITHIX ifel y WKinbHy NpakTuKy. C.l. CTpineub xapakTepusye 3Ha4yHui BHecok K.®. JlebeanHuesa y
po3po6Ky Nporpam 3 maTemMaTnKu, NoL0NaHHA NPobaem NoYaTKOBOT MaTEMATUYHOI OCBITH, B NiAFOTOBKY NMigPYYHMKIB i 36ipHUKIB
33434 3 anrebpun, apuPmMeTMKM 1 noyaTkie reomeTpii. Barommm gopobkom aucepTalii € NOPIBHANBHUI aHaNi3 METOAUYHUX
HanpautoBaHb K.®. JlebeauHuesa i3 cydyacHMMM Nporpamamu, NigpyvyHUKamu, nocibHMKamu Towo. Takum YnHOM 3’ACOBAHO
3HAYEeHHA OCHOBHMX i4ell MeToaMCTa-maTeMaTMKa AN Po3B’A3aHHA Npobsem cyd4acHOi MATeMaTUYHOI OCBITM. 3aBAAKM
pocnigeHHio C.l. CTpineup y HayKoBuit 06ir BBeAEHO HOBI ICTOPMKO-NEAAroriyHi AOKYMEHTW, WO XapaKTepu3yloTb
K.®. lebeanHueBa AK y4yeHOro, neparora, MeToAmMcTa-maTeMaTuKa. Y AO0C/igKeHHi iCTOTHO AONOBHEHO KapTUHY PO3BUTKY
WKiNbHOT MaTeMaTU4YHOI OCBiTU. OCHOBHI pe3ynbTaTh, NMOMOXKEHHA M BUCHOBKM BKasaHoro gocnigxeHHs C.l. CTpineub MoxyTb
6yTM BMKOPWUCTAHI NpU BUMKNAAAHHI icTOpil neparorikv, icTopii METOAMKM HaBYAHHA MATEMATUKM ANA MaWByTHIX yduTenis
MaTeMaTWKM, y NPOLLECi NiAroToBKM NiApyYHUKIB, 36ipHUKIB 33434 | METOAMYHMX NOCIOHUKIB 3 MaTEMATUKU.

PeluTa BUOKpPEMIEHUX | NPOAHANI30BAHMUX HAMM AMCEPTaL,ii CTOCYIOTLCA HACTYMHUX OKPEMMX acMneKTiB PO3BUTKY Teopii
i METOANKM HaBYaHHA MaTeMATMKK B YKpaiHi:

— Teopia i NpakTUKa PO3BMTKY NPUPOAHMYO MaTEMATMYHOI OCBITU AiBYAT Yy HaBYaJbHWUX 3aKnagax Ykpainu (XIX —
noyatok XX ctonitra) — auceprauia O.B. KoxaHoBcbKoi ((KoxaHoBcbKa, 2019), 3axuweHa B 2019 poui B XepcoHi.

— CTaHOBNEHHA Ta PO3BMTOK BULLOI MaTeMaTMYHOI OCBiTM B YKpaiHi y XIX — Ha noyaTtky XX cToniTTA — Anceprauia
A.B. BoapcbKoi-XomeHKo (Bosipcbka-XomeHko, 2013), 3axuuieHa y 2013 poui B XapKosi.

— CTaHOB/IEHHA | PO3BUTOK 3MICTY riMHa3iMHOI MaTeMaTUYHOI OCBITU Ha 3aXiAHOYKPAIHCbKMUX 3emnax (KiHeub XIX —
noyatok XX ctonitra — amcepTtauis O.M. Manak (Fanak, 2012), 3axuweHa y 2012 poui B PiBHOMY.

— PO3BUTOK MaTeMaTUYHOrO MUCNEHHA YYHIB Yy 3araJibHOOCBITHIX WKoANax YKpaiHM no4vaTky XX cTonitra — guceprauia
0.A. BacuneHko (BacuneHko, 2006), 3axuuweHa 8 2006 poui B TepHononi.

— CTaHOB/IEHHA 3MICTY LWKiZIbHOI NOYaTKOBOI MaTeMaTU4HOI OCBiTM B YKpaiHi (60-i pokun XIX — 30-i poku XX cT.) —
aunceptauia M.H. Micbkosoi (MicbkoBa, 2006), 3axumuieHa B 2006 poui B PiBHOMY.

3okpema, O.M.Tanak (Fanak, 2012) 3a3Hayae, Wo im’a MupoHa 3apuuUbKOrO — TaNAHOBUTOrO MaTeMaTWKa,
obpapoBaHOro negarora i monynapvsaTopa MaTeMaTUYHWX 3HAHb MalKe Hesigome B YKpaiHi, Xxo4a CBOro yacy Ha npadi
YKPaiHCbKOro BYEHOro nocunanmncsa abo LuTyBanm ix okpemi NoNoKeHHA ppaHLy3bKUIA MaTeMaATUK PpeHe, HiMmeLbKUIA MaTeMaTUK
linbbepT, npodecop 3 Bapwasu CepniHCbKuUiA Ta iHWIi. MUPOH 3apuubKNii Hanexas A0 KOropTu Tux, XTo y 20-Ti poku XX cToniTTa
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pasom i3 B. fleBuubkum, M. HallKOBCbKMM Ta iHWMMM BUSATHUMM AisYamn MaTEMATUYHOI OCBITM FannynHK cnpusas nybaivHomy
06roBOpEeHHI0 TPAZMLIMHOT CUCTEMM OCBITM 3 METOIO ii YAO0CKOHANEHHA LWAAXOM BBEAEHHA B Xif, HAaBYa/IbHOTO NPOLLECY HU3KK
HOBMX €/leMEeHTIB. YUeHMWI1 LOCKOHaNO0 3HaB iCTOPilo MaTeMaTUKKU, 0COBANBO aHTUYHOT, YNTAB KypCK NeKLii 3 icTopii maTeMaTUKm
Ta MeTOAMKW ii BMKNAZAHHA Y TiMHa3iAx, HagpyKyBaB HW3Ky npaub 3 icTopii TOuHMX Hayk. Cepes METOAMYHWUX 3HaXifOK
M. 3apuupkoro, O.M. lanak BiA3Ha4Ya€e Pi3HOMaHITHI AWAAKTUYHI irpun, AKi MUPOH 3apuubKMIiA NPONOHYBAB 3aCTOCOBYBATU Y
NPaKTULi HaBYaHHA MaTeMaTMKW FMHA3WCTIB, NPO WO BiH ONUCYyBaB B »KypHani ,Matematyka i szkola”. ¥ 6araTbox cTaTTax
M. 3apuuUbKOro MOXKHa BiglWyKaTM Harato OpuriHanbHUX MiAXOAIB OO OCMMC/IEHHS iAel NpobaemMHoro HaB4yaHHA. «OpHak,
BPAXOBYHOUYM Masy KiSIbKICTb HaBYaNbHUX 3aKNaiB riMHA3IMHOrO TUNY, Y AKMX BUBYAIaCb eNeMeHTapHa MaTeMaTnKa, NPOrpecusHi
inei Ta metogmuHi npuiiomn npodecopa 3apuMUbKOrO HE MOMAM B TOM 4Yac 3HAMTM LUMPOKOrO 3acTOCYBaHHA i 6aratbox
NPUXUABHWUKIB Ta NOCNIA0BHMKIB. MPOTE BOHW MOCAYKMAWN LiHHUM MaTepianom Ans manbyTHIX gocnigHuKiB igei npobnemHoro
HaBYaHHA, AKi HabynM 3HAYHOro NOLWMPEHHA B NiCAA BOEHHI POKM B MOJIbCbKMX Ta PAAAHCbKUX YKPATHCbKMX LKonax. barato
ANAAKTUKO-METOANYHMX NpaLb He BTPATU/IM CBOET aKTyasIbHOCTI i B HALL Yac, KOIM 3HOBY NParHyTb BiAHOBUTU FiMHa3ilHY cucTemy
HaBYaHHA y He3anexHin YKpaiHi» (Fanak, 2012).

MiacymoBytoUYM 3a3HAYMMO, WO MalKe B yCiX NpOaHani3oBaHUX HaMK AuMcepTaLisx NPoCNiAKOBYETbCA BUCHOBOK, WO
BM3HAYHY PO/b Y PO3BUTKY MaTeMaTMYHOI OCBITM B YKpaiHi 3irpann ANOAKTUKO-METOAMYHI NpaLi BiAOMWUX BYEHMUX, Neaaroris-
MaTeMaTuKiB KiHua XIX — noyaTky XX cToniTTa. Bigpasy » Xo4eTbcA 3BepHYTU yBary Ha reorpadito BUKOHaHHA NPOaHani3oBaHMX
aucepTtauint: Kuis, YepHiris, XepcoH, HixkuH, PiBHe, NMonTaea, TepHoninb, Xapkis, /lyubK. To6TO, YKpaiHCbKi AOCNigHMKK Teopil i
MEeTOAMKM HaBYaHHA MATEMATUKKN 3 Pi3HMX PerioHiB PO3yMmitoTb HEODXiQHICTb HAayKOBUX PO3BIAOK ICTOPUYHMX acneKTiB Teopii i
NPaKTUKK PO3BUTKY MaTeMaTUYHOT OCBITU B YKpaiHi. OAHaK, Ha HaWwy AyMKY, BiACOTOK yBaru (npnbamsHo 0,5%) [0 oKpecneHnx
HaMW NUTaHb 3a TPUALATL OCTaHHIX POKIB B YKPAiHi € ABHO HU3bKUM, LLLO NiAKPEC/IOE aKTYaNbHICTb HANPAMY HALLMX AO0CNIAXKEHD.

BUCHOBKM TA NEPCNEKTUBM NOAANBLUOIO AOCNIAXKEHHA

PedopmyBaHHA yKpaiHCbKOI LWKOAW, PO3BUTOK MAaTEMATUYHOI OCBITU HEMOXK/IMBO AKICHO 34iMCHUTK 6e3 npoBefeHHs
HAYKOBO-KPUTUYHOIO aHasi3y baraToro Aocsiay i pe3yabTaTis AOCAiAKEHb NONepeaHiX MOKO/iHb, 6e3 ypaxyBaHHA HaLioHaNbHOT
cneundiky i 36epeeHHA Kpawmx TpaauLin i TexHonorii, wo cdopmyBanucs B yMOBAX PeanbHoro epeKTMBHOIO HaBYaHHA
MaTeMATUKM B WKonax. MpoTe HalW aHaNi3 f03BOIAE CTBEPAKYBATH, LLLO 3@ OCTAHHI TPUALUATb POKIB Yy HE3anexHil YKkpaiHi ABHO
HeA0CTaTHbO 34iMCHEHO IPYHTOBHUX AOCAIAXEHb 3 iCTOPIT PO3BUTKY YKPAiHCbKOT Teopii Ta METOAMKN HAaBYaHHA MaTeMaTUKKU B
LiIOMYy Ta BHECKY BU3HAYHMX YKPAIHCbKUX YYEHUX Y PO3BUTOK METOANYHOI HayKM 3@ HAaNPAMOM HaBYaHHA MaTEMATUKK.

HuHi BaknmMBo 36ypa)KyBaTM iHTEpec OCBITAH Ta TFPOMAACbKOCTI A0 HaLiOHaNbHUX METOAMYHUX HaabaHb, A0
neparoriyHMX NepcoHanin, MeToanYHa CNAAWMHA AKX, 3 PISHUX NPUYMH, 33/1MLLIMAACA NO33 MEXAMM HAYKOBOTO aHanizy. Maemo
NepeKkoHaHHsA, WO MA€E 3POCTU KiNbKiCTb iCTOPUKO-NeaaroriyHMx AoCnigKeHb, 06’EKTOM AKUX € iICTOPWMYHI acrneKkTU PO3BUTKY
LiKaBUX METOANYHUX iAeN, KPALLOTO YKPATHCbKOro A0CBiAY HaBYaHHA MaTeEMATMKU. O4eBMAHO, WO B LEHTPI KPaLLMX METOAUYHUX
HafabaHb, € ocoba TBOpPYOro negarora, AOCNIAHWKA, AK ABMLLE iCTOPIi B ii PiI3BHOMaHITHMX 3B’A3KaXx i3 CyCnifibCTBOM i Yacom, B ii
[LyXOBHOMY PO3BUTKY, AiANbHICHMX NPOABAX B OCBITHBOMY NPOCTOPI.

MepcneKkTMBM NOAANbIUMX AOCAIAKeHb BOAYAaEMO Yy PETPOCNEKTMBHOMY BWBYEHHI, aHanisi, cuctematusauii Ta
nepiogmsauii HagbaHb YKPaAiHCbKOT METOAMYHOI HayKM Ta MpPaKTMKWM HaBYaHHA MaTeMaTuku. MogepHisauito cyvacHoi
MaTeMaTUYHOI OCBITM Ba)K/IMBO 3AiMCHIOBATU He PO3ryOmBLUM TUX METOAMYHUX MPUHUMMIB Ta HaabaHb, AKMMM barata HUHI
YKpaAiHCbKa MEeTOAMKO-MaTeMaTUYHA HayKa.
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a writer should be guided by and what methods to use to produce a quality nonfiction text.

KEYWORDS: writer's craft; nonfiction writing; correct language; rewriting; high-quality text.

Aemop: Binesam 3iHccep (William Zinsser) (1922-2015) (https://www.williamzinsserwriter.com/)
OpuziHaneHa Hazea: On Writing Well. The Classic Guide to Writing Nonfiction

Mepeknad: mumpo Koxedyb

Pik eudaHHa: 2022

Kinbkicmb cmopiHok: 293

BudasHuymeo: Haw ®opmam

ISBN: 978-617-8115-15-9 (nanepose 8udaHHs), 978-617-8115-16-6 (enekmpoHHe 8UOAHHSA)

Kniovoei cnoea: nuceMeHHUUbKe pemecso; O0KyMeHMasnbHe NUCbMO; MPagusabHA MOBQ; Mepernucy8aHHs;
AKiCHUT mekcm.

Fo—

& Id900 WIVOR0 §

MPaKTUKYIOYM HANUCAHHA TEKCTiIB HAyKOBOIO XapaKTepy, MU 3OMPAEMO KHWUIM, AKi MicTATb AieBi pekomeHaaLil
3 YAOCKOHANEHHA MUCbMOBOINO MOBNEHHA. HewoAaBHO Hawy KONEKLUito NomoBHMAA KHUra «fK nucatv gobpe. KnacuuHui
NOCIGHMK 3i CTBOPEHHS HEXYL0MKHiX TeKCTiB» aBTOPCTBA aMePUMKAHCbKOro KypHanicTa, MMCbMEHHWKa i BUKNagaya B. 3iHccepa.
Lia KHMra Bupocna 3 Kypcy NeKuiit, NpUCBAYEHUX AOKYMEHTaZIbHOMY MWUCbMY, AKI aBTOp 4uMTaB y ENbCbKOMY YHiBepcuTeTi
(1970-1975), Tox cneply ii agpecatamu 6ynu CTyAEHTM, NMUCbMEHHUKM, PeAaKTOPU, BUKAAAaYi Ta BCi, XTO XOTiB HAaBYMTUCA
nucaTtu. 3 NoABoto iHPOPMaLLiIiHUX TEXHONOFIN, KONW 32 HAaNWCAHHA TEKCTIB B3AAUCA 6e3nid Ntoaei, aki Hikonm He 6aunau cebe
nucbMeHHUKamu, B. 3iHccep poonpautoBas CBilt NOCIOHWK Tak, Wo6 3pobuTM MOro KOpPMCHUM [AAa BCiX, KOMY HeobxigHo
y NUCbMOBIN GOpMi BUKNAZaTK CBOi AYMKWU. besymoBHO, BiH MaB paLiito, CTBEPAKYIOUM, LLO i B epy eNeKTPOHHOI Marii Bce Aoci
3a1eXuTb Big nnucbma (c. 10).

[eopaiua T., BopoHiHa M. PeueHsia Ha KHury: Ik nucatn gobpe. KnacuyHuii NociBHUK 3i CTBOPEHHSA HEXYLOMKHIX TeKCTiB. Di3uKo-mamemamuyHa
Ona oceima, 2024. Tom 39. Ne 4. C. 46-48. https://doi.org/10.31110/fm02024.v39i4-07
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IMOBIpPHO, XTOCb i3 HALLIMX KOJIer MOCTaBUTb Mif CYMHIB CNYLIHICTb peL,eH30BaHOi KHUMM 1A TUX, XTO NULLe YKPATHCbKOIO,
3 ornagy Ha Te, WO ii aApecoBaHO aHIIOMOBHMM aBTOpam. 3anepeynmmo UMM ckenTukam: B. 3iHccep He 30cepenKyeTbea
Ha rpamaTUYHUX MpaBMAax, a BYUTb YAOCKOHA/MOBATU CaMe PO3yMOBMI Mpouec. Aaxe NUcatm — Le KMUCAUTU Ha nanepi».
A NPUHLUMMKM, Ha AKUX LeW npouec 6a3yeTbea, yHiBepcanbHi. TaK, CX0Xi HAaCTaHOBM LWOAO A6aN/IMBOrO BUKOPWUCTAHHA CAiB,
YHUKHEHHA MOBHOFO MOT/IOXY M YiTKOrO BMCNOB/IOBAaHHA AYMOK A€ Y CBOIN KHWU3i «CNOBO XuBe i mepTBe» nepeknagayka
i pepakTop Hopa lManb (1987). A Toi daKT, Wwo BMAaBHMLTBO «Haw dopmat» yxe ABidi BUNYCKANO APYKOM Nepeknag KHUrv
«On Writing Well» (y 2018 p. nig Ha3Boto «TeKcT-neKc-wmeKc: Maris nepekoHAMBUX TeKCTiB», a y 2022 p. — «AK nucaTn gobpe»)
CBiAYMTb Npo ii 3aTpebyBaHiCTb cepes, yKPaiHCbKMX YMTaudiB.

3a CBOWO A0Bry NMMCbMEHHWLbKY Kap'epy, wo Tpueana 3 1946 no 2012 p., B. 3iHccep HanucaB He3NYEHHY KinbKicTb
KYPHaNbHUX cTaTer i 19 KHMr. O4HAK TiIbKKU CiM 3 HUX NPUCBAYEHO NUCbMEHHULBbKIN MalicTepHOCTI. Kpim po3rnaayBaHoi KHUrK,
ue we Taki: «Writing with a Word Processor» (Mu1cbmo 3a gonomoroto TekctoBoro npouecopa) (1983); «Writing to Learn: How
to Write And Think Clearly about Any Subject at All» (Mu1caTy, Wo6 BYNTUCA: AK NUCATU | AyMaTH YiTKO Npo byab-aKui Npeamer)
(1988); «Speaking of Journalism» (Jo peudi, npo xkypHanictTnry) (1994); «Inventing the Truth: The Art and Craft of Memoir»
(BMHaitgeHHA npaBaun: MUCTELTBO | pemecsio memyapis) (1998); «Writing About Your Life» (Hanuwite npo cBoe »utra) (2004);
«The Writer Who Stayed» (M1cbMeHHUK, AKkuiA 3anmwmecs) (2012).

3a gaHMmu Amazon, KHura «On Writing Well» npuBepHyna Haibinbwy yBary Yntadis NOpPiBHAHO 3 iHWMMMU KHUTaMu
B. 3iHccepa. | ue, Ha Hawy AyMKy, He BUNAAKOBO, aZ)Ke, 3aBepLUMBLUM Ta onybnikyBaBwM ii Bnepwe y 1976 p., BiH NpoA0B:KyBaB
perynspHoO AOMOBHIOBATH ii 3micT, abu He BiACTaBaTH Big, HOBUX CYCMiNbHUX 3aNUTIB, NiTEPATYPHOI MOAM, HOBUX AemorpadivuHmx
peaniii, HOBMUX TEXHOJOTiM i HOBMX CNiB Ta cnocobiB iXHbOrO BXMBaHHA. MabyTb, TOMy BOHa BUTpMMana WicTb NepesunAaHb
aHINiCbKOIO | PO3ilLNaca 3araibHUM TUPaXKeM NOHAA MiNbHUOH NpUMipHUKiIB (c. 10).

Ha Haw nornag, cTpyKTypa peLeH30BaHOl KHUMM € 6e3aoraHHo norivHoto. LLlob fosectu ue, NOAMBUMOCS Ha Hel Kpisb
npusamy npasua NpuknagHoi norikn (Metpos, 1991). Tak, NOCTaHOBKY BUXiQHOIO MWUTaHHA, BUHECEHOTO Y 3aro/IOBOK KHWUTW,
LEeTepMiHOBAHO ONMCOM ii OCHOBHOTO pe3ynbTaTy: 3abezrneyumu yumadie iHCmpymeHmMamu, ornaHys8aswu fAKi, BOHU 3MOXYymb
npodyKysamu AkicHi 00KymeHmaneHi mekcmu. Agxke, 3a B. 3iHccepom, «nucati gobpe» 03Hayae BipuTHU y cBOIO pobOTY i B cebe,
PW3MKYBaTK, HABaXKyUUCb BYTU iHWMM, NpParHyTM AOCKOHanocTi (c. 289). dopmyniooun MeTy KHWUMM, NMUCbMEHHWK YTOYHUB
il BUXigHEe NUTAHHA, 3a3HAYMBLLM, L0 XOYEe HABYMTU YMTAYiB, AK NMcaTM Npo ByAb-Li0 Ha CBITi, WO MOXHA ONUcaTK: NPO Ntoaen
i micuAa, HayRy i TexHonorii, icTopito M1 meguuUMHy, bi3Hec i OcBiTy, cnopT i mucTeyTBo. OCKiNbKM NUTAHHA «fIK Nucat fobpe?»
€ HegOCTYNMHMM ANA BiANoBiAi (Ha HbOroO HEMOMKAMBO BIAMOBICTU BiApPasy W BUYEPMNHO), TO, KOPUCTYHOUUCH TEPMIHONOFIED
NPUKAALHOI JIOTKW, MOXKHa CKa3aTu, Wo B. 3iHccep peKypcmMBHO 3BiB BUXigHE MUTAHHA KHUMU 4,0 HU3KM AONOMIXKHUX. JONOMIXKHI
NUTaHHA, BUBEAEHI HA NEPLUiN iTepaLii, BUCTYNUAN 3aroN0BKaMM YacTUH KHUM («MpuHLunn», «MeTtoam», «®opmuy, «Migxoan»),
a BMBeAEHi Ha Apyrin iTepauii — 3aronoBKamu Ti ABaAUATU N'ATK po3ainie. CKNageHUit y Taknini cnocib Y4iTknin nnaH 3abesneuns
LiNICHICTb i NOTIYHICTb 3MICTY peLLeH30BaHOi KHUTHU.

«fAK nucaTn fobpe» NOYMHAETbCA 3i BCTyNy, B AKOMY B. 3iHccep i3 BAAYHICTIO 3ragye CBOro BUMTENSE — aMEPUKAHCBKOTO
nMcbMeHHUKa i negarora E. Baitta. CTub i maHepy came LbOro MalcTpa cnoBa BiH MparHyB HacNigyBaTW HA MOYATKy CBOET
NMCbMEHHULbKOT Kap’epu. 3rogom, HabysliM aocsiay, B. 3iHccep 3a)KafaB AOMNOBHUTUM KNACUMYHWUIA MiZPYYHUK CBOFO BUMTENS
(Strunk & White, 1959). BtineHHsM Lboro 6axkaHHs i CTana po3rnagyBaHa KHWra. Y ii nepuwiit YacTuHi «MpuHLMNU» aeTbes Npo
KepiBHi ifei, AKMX NOBUHEH HEYXMIbHO AOTPUMYBATUCA KOXKEH, XTO NMparHe npoayKysatn fo06pOoTHI fOKYMeHTanbHi TekcTh. Ocb
nepenik ixHix CTUCANX Ha3B: 83aEMOODis; MPoOcMoma, Moms0x; CMusb; ayoumopis; c/108d; BUKOPUCMAHHA. PO3KpUTTA LumX inen
CTAHOBMUTb 3MICT CEMWU OAHOMMEHHUX PO3AiNiB NepLIOi YaCTUHW.

FoBopAYM Npo 83aeMOo0ito aBTOpa 3 UMTayem, B. 3iHccep mae Ha AyMLi eHTy3ia3m aBTopa i MOro 3axonneHHs NpeameTom
onoBiAi, WO 3MyLWYE YMTaya NPUKMNATUM [0 CTOPIHOK. [Ipocmomy BiH TPaKTYE AK CMPOLLEHHA KOXHOrO0 pPeyYeHHn
0,0 HallHeobXiAHILMX KOMMOHEHTIB, Wo6 YnTay He 3arybumsca y NabipuHTI CiB | He BTPaTMB 3aLikaBaeHicTb. Moms10xom, Ha Moro
OYMKY, € CKnagHa ¢pasa, AKOK 3aMiHIOIOTb KOPOTKE C/NI0BO 3 iA€HTUYHMM 3HAYeHHSAM. HanpuKknag, «Ha [aHUKA MOMEHT
MW OYIKYEMO OMaAiB» 3amicTb «3apas nige goL». TopKaoUuncb TEMM aBTOPCbKOro cmusto, B. 3iHccep 3a3Havag, Wo novaTKiBLAM
nucbma cnepwy HeobXiAHO OBONOAITM OCHOBHMMMW MOBJEHHEBUMMU IHCTPYMEHTaMW, a BXe MOTIM BUPOBAATM BAACHUI
NMUCbMEHHMLbKMI noyepK. MoACHIOYM NPUHUMN «aydumopia», BiH paauTb: «...Bu mycute nucatm ana cebe i He aymaty,
YW BCTMrae 3a Bamu untau» (c. 36). MpoTe, LA HACTaHOBA, 3a MOro C/IOBAaMU, HE € NAPaJ0KCaNbHOLO, 60 B Hill ifeTbca NPo ABi pisHi
peui. OaHa — ue pemecno, a iHWa — ue no3uuis asTopa. MNepwa — NMTaHHA poboTn Hag npodecitHMMKM HaBuYKamu. [pyra —
NMUTaHHA TOrO, AIK aBTOP BUKOPWUCTOBYE Lii HABMYKM, W06 NOKA3aTh CBOO YHIKaNbHICTb (€. 36-37). MoBYanbHUM BBAXKAEMO pPo36ip
TUMOBOTO *KapProHy HU3bKOMPOOHUX ras3erT i *KypHaniB — CyMilli AeLeBEHbKNUX i BUragaHWX CAiB Ta Kilwe, HaBegeHU y posaini
«Cnosa». B. 3iHccep HACTIMANBO 3aKAMKAE TUX, XTO MULLE, HABYMTUCA BUKOPUCTOBYBATHM CNoBa A,6ainMBO Ta OpUriHaNbHO. 3 LLbOro
NOriYHO BUMN/IMBAE BUCHOBOK, AKMM 3aBEPLUYETLCA PO3AiN «BUKOpUCMAHHA»: NPaBUAbHA MOBa — L& BXWMBAHHA HAABHUX CNiB
ONA TOro, Wob NpocTo i YiTKO BUCAOBUTM CBOKO AYMKY iHWMM ntogam (c. 53). Haw aocsig niatBepaxye, Wo 6inbwictb Lmx
NPUHLMNIB MOXHa ONaHyBaTW CaMOCTINHO.

[Opyra yacTnHa «MeTogu» CKNadaeTbca 3 TPbOX PO34iNiB: «MpuB’'a3KM», «3aumH i KiHUiBKa», «HioaHcK». Hanuikasiwmm
ONA Hac BMABMBCA po3ain «HtoaHcu», 60 B HbOMY HaBeAeHi KOPUCHI iHpopMaL,iliHi YpMBKM Ta 3acTepekeHHA. Mu conigapHi
3 B. 3iHCCEpOM y TOMY, LLLO OCHOBOIO XOPOLLOTO MUCbMa € NepenucyBaHHA. NAeTbea Npo 3MmiHy AeAKuX Gpas, CKOPOUEHHS peyeHb
i noninweHHAa cuporo matepiany, AKMK cneplly BMXOAMTb 3-Nig nepa asTopa. besymoBHO, fKicHe NUCbMO — Le NPOAYKT
6araTtopasoBux NOKPaALLEHb.

TpeTto YacTUHy «Popmun» NPUCBAYEHO NOACHEHHIO OCHOB NPOBEAEHHA iHTepPB’t0 Ta HANUCAHHA TYPUCTUYHUX, HAYKOBUX,
CNOPTUBHUX, KPUTUYHUX Ta F'YMOPUCTUYHUX cTaTel. Ham ayxke cnogobascA HaseaeHW y po3gini «Hayka i TexHonoria» onuc
HECKNaAHOTo HayKOBOrO 3aBAaHHA, fAKe B. 3iHccep MpomnoHye cTyaeHTam. BiH mpocuTb i onucaT, AK WOcb mpaLoe. Moro
He LiKaBUTb CTU/b i BULLIYKaHICTb TEKCTy. MoMy BaAMBO, o6 CTyAeHT po3noBiB, HaNPUKNa, AK NPaLoe WBaLbKa MaLMHKa,
Hacoc abo Yomy s6ayKo Manae 3 AepeBa UM AK OYi NepesardoTb MO3KY, WO BOHW HayaTb. BiH Big3Hayae, WO Take 3aBAaHHA
BMABUNOCA CMPABXKHIM MOPATYHKOM ANA CTYAEHTIB, AKIi MUCAATb XaoTU4YHO. barato 3 HMX nNoYanu nucaTu AcHiwe, BiAKOAM
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cnpobysanu ueit metoa. CyTb y TOMY, 06 KPOK 3a KPOKOM NMPUBECTU CTYAEHTA, AKUIA He 3HAE HIYOro, A0 PO3YMIHHA TEMM, KOTPY
BiH BBaYKaB HAATO CKNafHo AnA cebe.

YerBepTa 4acTuHa «[ligxogm» MICTUTb Mepesnik ONoOpPHWUX OPIEHTUPIB ANA NMUCbMEHHMKIB. Hawy ocobsvBy yBary
npuBepHYAN MipKyBaHHA B. 3iHccepa Ha Temy cmaky. Ha ioro aymky, cMak — Le Cymill AKOCTeR, Wo He MiafaloTbea aHanisy.
Afle BYXO, WO YYE PI3HULIO MK KMBUM i MEPTBUM peYeHHAM, iHTYILjiA, WO 3Ha€E, Konn Hegbany dpasy cnig dopmanisysatu,
3aBXKAM NiAKAKYTb NPaBUAbHUIA BMBIp. 3a4aBLUIMCh NMUTAHHAM, Y4 MOMHA HAaBYUTUCA CMaKy, B. 3iHccep Bignosigae: i Tak, i Hi.
AfrKe ifeanbHUIN cMakK, AK | ideanbHUI BUKNAg — ue boxui aap, yTim, A0 NeBHOI MeXi MOro MOXHa PO3BUHYTU. 1A Lboro
BiH paguTb YMTAaTU MUCbMEHHMKIB, AKi BOMOAIOTL UMM JapoM. Boporn cmaky, AK BBarkae B. 3iHccep, — ue Kniwe. Tomy BiH
3aK/IMKAE NWIbHO BMLWWYKYBaTM Wi CTaHAAPTM30BaHi MOBHI 3BOPOTU Nif 4Yac nepenucyBaHHA poboTn abo ii uMTaHHA Brosoc.
[oBOpAYM NpPO ronoBHe y NMCbMeHHULbKOMY pemechi, B. 3iHccep Haronouwye: Ha 90% ue KponiTKa npaua Haj onaHyBaHHAM
{HCTPYMEHTIB, ONMMCAHUX HUM Y Lt KHU3i. A BUHAropoaoto 3a Hel CTaHe BUCOKA AKICTb CTBOPEHOIO TEKCTY.

Ham 6113bka AymMKa Npo Te, WO BKAaAAHHA AYMOK y CloBa € cyBopum BunpobysaHHAM (Graham, 2022). OgHak
Ha BJIaCHOMY A0CBiAi MW NEPEKOHANNCA: AKLLO YCBIAOMMUTM YHiBEPCaNbHI NPUHLMNN MMCbMEHHULBKOIO pemecaa Ta OBOJIOAITU
Moro metogamu, Liei BUCHAXX/IMBWIA NpoLLec NOCTYNOBO NEPETBOPUTLCA HA 3aXOMN/INBE | NPUEMHE 3aHATTA. .
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