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MiHiCTEpPCTBO OCBITU | HayKn YKpaiHu [lep>xaBHUN 3aKnag
[ 7 LintuposaHus: 0,03% id: 1
«JlyraHCbK1UM HauioHabHUN YHIBEpCUTET iMeHi Tapaca LLleB4eHKa»

HaB4anbHO-HayKOBMWIA iIHCTUTYT MaTeMaTUKN Ta iHPopMaLinHux TexHonorin Kadeapa
MaTeMaTuKN Ta iHpopMaTukn AHTOCiEBa IpuHa BonognmupisHa METOOVNKA ®OPMYBAHHA B
YYHIB CTAPLUOI LUKOJIM YABJEHb MPO KOMIMEKCHI YAC/A 9K 3ACOBY PO3B’A3AHHS
ANTEBPAIYHUX PIBHAHb kBanidikauinHa poboTa 3106yBada BULLOI OCBITW APYroro
(maricTepcbkoro) piBHS OCBITHbLOI MporpamMu

&4 UnTuposanus: 0% id: 2
«MaTeMaTunka»

3a cneuianbHicTio 014.04. CepenHsa ocgiTa (MaTtemaTuka) Ocobuctum nignuc IpnHa
AHTOCIEBA HaykoBuin KepiBHUK Banepin XMEJ1b, KaHAMAAT NefarorivyHuUx Hayk,
OOoUeHT Kadeapn MmaTeMaTuKKM Ta iHhopMmaTukun B.o. 3aBigyBada Kagenpu HOopin

KO3Yb, AOKTOp TEeXHIYHMX HayK, npodecop Kadeapn MaTeMaTKN Ta iHpopMaTukn JIybHn -
2026 3micT BcTyn Po3gin 1. TeopeTu4Hi 3acaan (hopMyBaHHS B CTapLUOK/IaCHUKIB YSAB/E€Hb NPO
KOMIMJIEKCHI Ymncna 1.1. EBOMIOLIS YNCOBUX MHOXKUH i MiCLIe KOMIMJIEKCHUX YNCEN Y LWKiIbHOMY
Kypci 1.2. Ncnxonoro-nefarorivyHi 0CHOBU 3aCBOEHHSA abCTPaKTHUX MaTeEMATUYHUX NOHATb Y
CTapuwin wkoni 1.3. NopiBHANLHUA aHani3 YUHHKUX Nporpam i nigpyyHukie 1.4. Ornag cyv4acHuxX
MEeTOAMYHUX NiAXOAIB A0 HaBYaHHSA TeMU

n LnTnposanHus: 0,01% id: 3
«KOoMMeKCHi Yyncna»

BucHoBku oo po3giny 1 Po3ain 2. AHaniTu4Ha MoAenb i BUMOrM A0 METOAUKK (POPMYBaHHSA
YSIBNIEHb NP0 KOMMAEKCHI Yncna 2.1. OCBITHIN KOHTEKCT i ANAaKTUYHI NpobaeMn 3aCBOEHHS
KOMMJIEKCHUX Yncen 2.2. OngakTndHa Mmoaenb popMyBaHHSA yaBseHb 2.3. KpuTepii, NOKa3HUKN
Ta piBHiI CHOPMOBAHOCTI yABNeHb 2.4. HaB4anbHO-MeTOANYHE 3abe3nedyeHHa MeTOANKN
BucHoBkKM o0 po3ainy 2 Po3gin 3. NpakTu4iHa nepesipka ePeKTUBHOCTI MeToaunkin 3.1.
CTpyKTypa 1 3MicT MeToAUKM 3.2. OpraHilauia negaroriyHoro eKcnepmumMmenTy 3.3.
IHCTpyMeHTapin BUMiptoBaHHA Ta KpuTepii ycniwHocTi 3.4. O6pobka pe3ynbTaTiB i CTaTUCTUYHUIA
aHani3z 3.5. Pe3ynbTaTun, 06rosopeHHs, obMexxeHHS BUcHoBKU 0 po3ainy 3 BucHoBky Cnncok
BUKOPUCTaHMX axxepen Bctyn AKTyanbHICTb TeMn. CyyYacHa WKiflbHa MaTeMaTU4YHa OCBIiTa
OPIEHTYETbLCHA Ha KOMMETEHTHICHUI Niaxig, po3BUTOK abCTPaKTHOro N KPUTUYHOIO MUCIIEHHS,
YMiHHS MOLEeNioBaTK Ta PO3B’'A3yBaTW 3a4adi peasibHOro N TEOPETUYHOro 3MiCTy. Y LboMy
KOHTEKCTi TeMa KOMIMJIEKCHUX Yncen rnocigae ocobnmee Micue sk NoriyHe NpoaoBXKEHHS
€BOJIOLLIT YNCNIOBUX MHOXWH i IK LIi€EBUM IHCTPYMEHT PO3B’A3aHHA anrebpaivHux piBHSAHb,
30KpeMa Tux, Lo He MaloTb AiINCHUX KOpeHiB. MNpobnema nondara€ He nuiie B ONaHyBaHHi
dopMasibHMUX O3HAYeHb | onepauin, a 1 y popMyBaHHI B CTapLLUOKIACHUKIB LiNlICHNX ySB/EHb NPO
npupoay KOMMAEKCHOro Ynucna, Moro reoMeTpuyHy iHTepnpeTalito, 3B'430K 3 KOPEHAMU
baraTouyneHiB i MicLueM y MaTeMaTUYHIN KapTuHi cBiTY. MNeparoriyHa NnpakTukKa CBigA4YUTb, LLO
TUMOBI TPYAHOLLUI YYHIB CNpPUYMHEHiI abCTPaKTHICTIO MOHATTS, PO3PMBOM MiX aarebpaiyHumm 1
reoMeTpPUYHUMKN MOAEeNSAMM Ta PparMeHTaPHICTIO HaBYaslbHO-MEeTOANYHOr0 3abe3neyeHHs. Le
3yMOBJIIOE NMoTpeby B LiNiCHIN MeToanuUi, iKa iHTEerpye AngakTU4YHY MOAESb, MoeTanHe
hopMyBaHHSA NOHATb, KPUTEPIT Ta MOKa3HNKU CHOPMOBAHOCTI 1 eMNipnYHy NepeBipKy il
edekTnBHOCTI. CTyniHb HaykoBOi po3pobsieHOCTi Npobnemun. Y BiTYHN3HAHUX | 3apyBiKHUX
DOCNiIAXKEeHHAX HaKOMMYEeHO 3Ha4YHUI A0CBiA BUKNAaAaHHA CKNaAHUX MaTeMaTUYHUX NOHATb Y
CTapLWii WKOJi, ONUCaHO NCUXONOriYHI MexaHi3aMu opMyBaHHsS abCcTpakLin, 3anpPoNoHOBaHO
npurnomMu Bilyasnisauii Ta gisnbHICHI migxoan. BoogHo4ac NnMTaHHSA creuiajlbHO OpraHi3oBaHOI
MEeTOAMKN caMe (POPMYBaHHSA YABJIEHb NMPO KOMMJEKCHI Ynucna sk 3acoby po3B’aA3aHHSA
anrebpaivyHuX piBHAHb 3aMLLIAOTLCS HEAOCTAaTHLO AEeTaNi30BaHUMUN 3 MOrnsay KpUTepiiB
AiarHoCTMKM, noeTanHoi NobyaoBKM 3MICTY i NepeBipKn pe3ynbTaTiB Yy HaBYaslbHOMY
eKkcnepumMmeHTi. MeTa ooCnigXXeHHS po3pobunTn, TeopeTnyHo obrpyHTyBaTU Ta
€KCMePUMEHTAJIbHO MepeBipnTN METOANKY HOPMYBaHHSA B YYHIB CTapLUOI LUKOJIN YSBJIEHb NPO
KOMMNEKCHI Yncna sk 3acoby po3s’a3aHHA anrebpaiyHmX piBHAHb. 3aBOaHHA OOCIAXKEHHS:
3’AcyBaTV TEOPETUKO-METOANYHI 3acann popMyBaHHS abCTPaKTHUX MaTEMATUYHUX MOHATL Y
CTapLUiN LWKOJi N OKPECINTM MicLe Temun

n LnTnposaHus: 0,01% id: 4


https://plagiarism-detector.com/smf_bb/index.php/topic,105.0.html

https://plagiarism-detector.com 4/34

«KoMnnekcHi Yyncna»

B KypcCi anrebpu Ta noyaTKiB aHani3y. MpoaHanizyBaTn YUHHI Nporpamu, Nigpy4yHUKN Ta
HaBYaJIbHO-METOANYHI PeCcypCu WoA0 NOBHOTU N NIOFiKM NogaHHA TeMn. Po3pobuntn anaakTu4dHy
MoJAesb i 3MiCTOBO-MNpoLecyasbHy CXxeMy NoeTanHoro popMyBaHHS yaBfeHb (anrebpaiyvHa,
reoMeTpuyHa Ta onepauinHa KOMMNOHEHTU; 3B'A30K i3 pO3B’'A3yBaHHAM pPiBHSAHb). BUsHauntm
KpUTepii, NOKa3HMKKN Ta piBHI CHOPMOBAHOCTI ysABAEHb i N0ByAyBaTW iHCTpyMeHTapin
BUMiptoBaHHA. CKOHCTPYOBATU HaB4YaslbHO-MeToANYHe 3abe3nevyeHHA MeTOoNKKN (ONOPHI
KOHCMEeKTKN, 3adadi-Modeni, Bidyasisauii, TpeHyBaJlbHi Ta AiarHOCTUYHI MaTepiann). NMpoBecTu
nefaroriyHMin eKCNepuMeHT, 34INCHUTN CTaTUCTUYHY 06pOobKY AaHUX | OUIHUTU ePeKTUBHICTb
3anpornoHoBaHoi MeToAnKN. Po3pobuTn pekoMmeHaauii Ans BYMTENIB LLOO0 BMPOBaAXXEHHS
MeTOAMKN Y HaB4YanbHUI npouec. O6’eKT AOCNIAXKEHHSA NMpoLec HaBYaHHA MaTeMaTUKN B
CTapwin WwKoni.

MpeameT gocnigxeHHA MeToankKa (POpMyBaHHSA B YYHIB CTapLUOI LUKOJIN ySBJIEHb MNPO
KOMMEKCHI Yncna sk 3acoby po3s’a3aHHA anrebpaidHmnx piBHAHb (ULini, 3MicT, meToAN, 3acobun,
dopMu opraHisauii, KpuTepil ouiHOBaHHSA). linoTe3a gocnigXeHHA. EQeKTUBHICTbL HOPMYyBaHHS
ySBJIEHb NPO KOMIMJIEKCHI Ynca iCTOTHO 3poCTe, AKWO: (a) 3MiCT HaB4YaHHA CTPYKTYPOBaHO SK
NMOCNiAOBHICTb MiKpoMOAyiB, WO iHTerpytTb anrebpaivyHy Ta reomeTpuUYHy iHTepnpeTauii; (6)
HaBYaJlbHa OiSNIbHICTb 'PYHTYETLCS Ha PO3B'AA3yBaHHI 3a4a4, SKi NpupoaHO NPUBOAATL A0
BBeAEHHSA YABHOI OONHUL Ta KOMMNJIEKCHOI NAOWNHK; (B) OLiHIOBAHHA CMUPAETbLCA Ha BasigHi
KpUTepIi 1 NOKa3HUKN, Lo BiabueaoTb 3HAHHEBY, onepaLinHy Ta CBITOrNaaHy KOMMOHEHTH; ()
y4uTenb 3aCTOCOBYE Bi3yanizauii, ungposi 3acobu i npunomn pednekcii ona iHomeigyanisauii
HaB4YaHHA. MeTofo10riYHa Ta TeopeTUYHa ocHoBa. KOMMETEeHTHICHUIN, AiSANIbHICHUA | CUCTEMHO-
LislicHU Nigxoamn; Teopisa noeTanHoro opMyBaHHSA PO3yMOBUX AiN; igel Hao4HOo-06pa3Hoi
NiATPUMKM 3aCBOEHHA abCTpaKLUin, NpUHLNN €AHOCTI anrebpaiyHoi Ta reoMeTPUYHOI NiHin
HaB4YaHHA MaTeMaTuMKK. KoHUeNTyanbHO poboTa CMMPAETLCA Ha YABAEHHS NPO KOMMIEKCHE
4YMUCNI0 AK YNOpAOKOBaHY NMapy Ta K BEKTOP Ha KOMMJIEKCHIN NAOLWMHI; Ha PyHOaMEHTaIbHYy
TeopeMy anrebpu i 3B"130K KOMIMJIEKCHMX KOPEHIB i3 po3knanom baraTo4dneHis. Metoan
nocnigeHHA. TeopeTuyHi: aHani3 nporpam, NigpyYHUKIB i HAYKOBO-MeTOANYHMX Nybnikauin;
MOPiIBHANBLHUI aHaNi3 NiAxoais; MoAentoBaHHA ANOAKTUYHOI CUCTEMU. EMNipnYHi:
KOHCTaTyBaJibHi Ta hOpMYyBasibHi 3pi3n, NefaroriyHNm eKCNepuMeHT,
aHKeTyBaHHSA/CNOCTEpPEeXKEHHSA, eKcrnepTHa OuiHKa HaB4YanbHUX MaTepianie. CTaTUCTUYHI:
onmcoBa CTaTUCTUKA, NepeBsipKa rinoTtes, ouiHka eheKTy/Ha4iNnHOCTI iIHCTpyMeHTapilo,
rnopiBHsAHHSA BUbipok. ba3a Ta Bubipka gocnig>XeHHs. EMNipnyHy nepeBipKy METOAMKMN 34iNCHEHO
Ha 6a3i ogHOro 3aknapgy 3arasbHoi cepeaHboi ocBiTK (I-lll cTyneHiB). Y pocnigXeHHi B3san
y4acTb [\ = 70 y4HiB ABOX MapanenbHux 11-x Knacie BikoMm 16-17 pokiB. KnactepHa
paHOOMi3aLis BUKOHaHa Ha piBHI KfaciB: 0AWMH KiacC BiAHECEHO A0 eKCnepuMeHTasbHOI rpynu (
= 35), iHWWA 00 KOHTPOJIbHOI (1 = 35). HaB4Y4aHHA y KOHTPOJbLHIN rpyni 34iNCHIOBaN0OCA 3a
YMHHOIO MPOrpPaMolo; B EKCMePUMEHTAaJbHIN 3a po3pobreHoo MeToanKow. KpuTepii BKIIOYEHHS:
HaB4YaHHA y 11 Knaci, BUB4eHHSA anrebpu Ta novaTkiB aHanildy, NMCbMOBa iHhOpPMOBaHa 3roja
6aTbKiB/y4HiB 16+. KpnTepii BUKIOYEHHS: Nnponycky noHan 20% 3aHATb 3 TEMU, HEMOBHE
NPOXOAXKEHHSA AiarHOCTUYHMUX 3pi3iB. Ana 3abe3nedyeHHs 06’eKTUBHOCTI oLiHOBaYi bynu
OC/iNJIeHi WOoA0 HAaNEXHOCTI YYHIB A0 rpyn; iHCTpyMeHTapin i npouenypw TeCcTyBaHHA Bynu
ideHTUYHUMM B 060X rpynax. NonepeaHin po3paxyHOK NOTY>XXHOCTI A5 NaaHy

a LutuposaHus: 0,02% id: 5
«2 rpynn 4 3pi3n»

(o = 0,05; 1-2 = 0,80) opieHTyBaBCs Ha cepefHin edekT; hakTuiHuM obcar 35/35 3abezneyns
NPUNHATHUIN piBEHb YYTANBOCTI ANA BUSABNEHHSA eheKTiB Bif cepefHix 40 BennKMx HaykoBa
HOBM3Ha. 1) MobyaoBaHO UiNiCHY ANAAKTUYHY MOoaeNb POPMYBaHHS YABNIEHb MPO KOMMJIEKCHI
4ynucna SK iIHCTPYMEHT po3B’sa3aHHA anrebpaidyHux piBHAHbL. 2) KOHKpeTU30BaHO KpuTtepil,
NMOKa3HMKW Ta PiBHi COOPMOBAHOCTI ysB/IEHb 3 YpaxXyBaHHSAM iHTerpauii anrebpaiyHoi Ta
reomMeTpuYHoI NiHin. 3) Po3pobneHo Ta anpoboBaHO KOMMNJIEKC HaBYa/IbHO-METOANYHNX
MaTepianiB i fiarHOCTUYHOrO iIHCTPYMeHTapito. 4) [loBeaeHO eheEKTUBHICTb METOOUNKN Y
WKIiIbHMX YMOBaX 3a pe3y/ibTaTaMu NefaroriYyHoro eKCnepuMmeHTy. TeopeTuyHe i MpakTu4He
3Ha4YeHHs. TeopeTrUYHEe 3HAYEeHHS NONSAra€E B yTOYHEHHI 3MiCTOBO-NpOoLeCyanbHOT CTPYKTYpU
MOHATTS

n LvtuposaHus: 0,01% id: 6
«KOMIMJIEKCHE YNC0»
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ON1S CTapLUOi LWKOMM Ta B 06rpyHTYBaAHHI NOrikKM BBEAEHHS | 3aCTOCYBAaHHSA KOMMIEKCHMX YNCen y
KOHTEKCTIi p0o3B’'sA3aHHS piBHAHb. NpaKTM4He 3HA4YEeHHS NONAra€ y CTBOPEHHI rOTOBUX A0
BUKOPUCTaHHA METOONYHMX MaTepianiB (cueHapiiB ypokis, 3agavyHux 0obipok i3 noeTanHow
YCKNaAHIOBaHICTIO, Bi3yani3aLlil, KapT OUiHIOBaAHHSA), @ TaKOX Y peKoMeHAauifx wono
opraHizauii HaB4aHHSA 3 ypaxyBaHHSAM TUMNOBMX NOMUNOK Y4HiB. Anpobauis pesynbTaTiB. OCHOBHI
MOJIOXKEHHS Ta MaTepiann BNpoBaA>XXeHo N 06roBopeHo Ha MeToANYHUX 06'€AHAHHAX yYnTenis
MaTeMaTUuKU, BigKkpnTnx ypokax y 10-11 knacax, a Tako>X ONMpuItOQHEHO Yy AOMNOBiAAX Ha
HayKOBO-MPaKTUYHUX CeMiHapaX i y nybnikauifax HaB4asIbHO-METOANYHOIrO CAPSAMYBaHHS.
CTpykTypa poboTu. PoboTa cknafmaeTbCa 3i BCTyNY, TPbOX PO3A4iNiB (TEOPETUYHOrO,
aHaNiTUYHOro/MoAesIbHOIrO Ta eKCrepMMeHTaIbHO-NMPaKTUYHOI0), BUCHOBKIB, CMNCKY
BUKOPUCTaAHMX A)Kepen i 4oAaTKiB; CTPYKTypa BiAMOBiAa€ 3MiCTy Marictepcbkoi poboTu. Po3gin
1. TeopeTunyHi 3acaam OPMyBaHHS B CTapLUOK/IACHUKIB YABIEHb MPO KOMMJIEKCHI Yncna 1.1.
EBontoLis YNCNOBNX MHOXKUWH i MiCLLe KOMIMJIEKCHUX YMCen y WKinbHoMy Kypci Mobyposa
WKiNIbHOrO Kypcy anrebpun cNMpaeTbCs Ha iCTOPUYHO 3YyMOBJIEHY MOCNIAOBHICTb PO3LLNPEHDb
MHOXWHWM 4Yucesn. CnoYaTKy Y4Hi NpauloloTb 3 HaTypaJbHUMN YNCNAMK 9K MOLENI0 NigpaxXyHKY
06’ekTiB. HeobXxigHICTb onuncy Bi4'€MHOro pesynbTaTy NMPM3BOAUTbL 00 BBEAEHHS UiNMX Ymucen.
Hdani nocTae 3aavya TOYHOr O MOAiNYy N BUMIPIOBaHHS, WO OPMYE paLlioHasibHi Yucna. AHanis
Henepiogn4YHMx gecaTkoBux ApobiB y 3agadax Ha BUMIpIOBaHHSA OOBXWH i now, NigBoanTb 0
ippauioHaNbHUX YUCEN | Pa3oM 3 HAMWU A0 AINCHUX YNCen K MOBHOI YAC0BOI MPSMOI.
3annwaeTbCa Knac anrebpaidyHux piBHAHb, PO3B’'A3KN AKUX HE HanexaTb AiINCHUM Yncnam.
MoTpeba 3abe3neynTu 3arasbHICTb onepauin i NOBHOTY PO3B'A3HOCTI NiABOANTbL A0 BBEAEHHS
KOMMJIEKCHUX YMUcen K ynopsagkoBaHMxX nap abo gk TOYOK Ha KOMIJIEKCHIN MAOLWMHI. Taka
€BOJIIOLIS AEMOHCTPYE YYHAM JIOTiKY HAyKOBOIO Mporpecy Big obmexeHux mogenen peasbHOCTI
00 y3arasibHEHUX KOHCTPYKLIN, WO YMOX/INBAOKTb POPMYIIOBAaHHSA | PO3B'A3aHHSA WMPLLIOIro
KOJ1a 3a4a4, 30KpeMa KBaApaTHUX i BULLMX 3@ CTeneHeM pPiBHAHb 6e3 fincHmnx KopeHis [1]. Y
CTapLWin LWKONI KJOYOBOIO ANAAKTUYHOK iAEED € NOEAHAHHA TPbOX KOMMOHEHT YSB/IEHb:
anrebpaiyHoi, reoMeTpMYHOI Ta onepauinHoi. AnrebpaidyHa KOMMOHEHTA Aa€ O3HAYEHHS
KOMMMEKCHOI O 4YnCna Yepes ySABHY OAMHULIO | 3 BNACTUBOCTAMM 2 = —1 Ta BYNTb YYHA
BMKOHYBaTW onepauii 4ogaBaHHSA, MHOXEHHS, 3HaX0O)XEHHS CMPSXKEHOro Ynucna i moayns.
feoMeTpuyHa KOMMNOHEHTA OTOTOXKHIOE KOMIMJIEKCHI YMCJla 3 BEKTOPAMK Ha MJOLLWHI, e Moay b
€ OOBXXMHOIO BEKTOpPA, @ apryMeHT € KyTOM NoBopoTy. OnepauinHa KOMMOHEHTa y3arajlbHIOE Ui
ySIBJIEHHS Ha 3adaudi: po3kiag baraTtousieHiB, 3HaX0A)XEHHS KOPEHIB PiBHAHbL, nMepexia oo
MOKa3HMKOBOI Ta TPUTOHOMETPUYHOT PopMUK, 064YMNCNEHHS CTENEHIB | KOPEHIB Yepe3 opMyny
MyaBpa, iHTepnpeTauito obepTaHb i FOMOTETIN. Take TPUBMMIPHE NMpeacTaB/IEHHSA 3HNXXYE
KOTMHITMBHE HaBaHTaXXeHHS, OCKiJIbK/ NOB’'A3y€ abCcTpakLUilo 3 HA0OYHO MOoAeN o Ta 3
npuknagHot aielo. HopMaTuBHa paMKa BU3Ha4Ya€ MicLe TeMU Yy HaBYasibHOMY MNnaHi. lep>xasHuin
CTaHOapT MOBHOI 3arasibHOI cepenHbOi OCBITU BCTAHOBJIE pe3yibTaTu HaBYaHHSA CTapLUoi
MPOQIiNIbHOT LUKOIN Ta Hafa€ 3akjlafaM FHyYKicTb y fo6opi 3MIiCTy, B MeXXax SKMX MaTeMaTuKa €
6a30BMM NpegMeToM, a KOMMAEKCHI Yncna nepenbayeHi ons onaHyBaHHS B JIOTiLL KypcCy
anrebpn Ta no4aTkiB aHanisy. Tunosi oCBiTHI Nporpamun ans lll ctyneHa aetanisyoTb 3arajbHUN
o6car HaB4YasIbHOrO HaBaHTaXKEHHA Ta ABa BapiaHTW opraHi3auii oCBiTHbLOro npouecy i
3aKpinloTb MaTeMaTuUKy y nepeniky 6aszosunx npegmeTiB. Ons 10 knacie i 11 kKnaciB 3arajbHUR
pivHU 06CAr HaBYasIbHOro Yacy cTaHOBUTb 1330 roauH Ha pik, cyMmapHo 2670 roamH 3a ABa
POKMU, WO PO3MOAiNsaTbCsa MiXK 6a30BUMMM | NPOdiNbHMMN NpegMeTaMun, KypcaMmn 3a BUBOPOM i
dakynbTaTuBamu. Lle nae 3mory wkKoni, aka obupae npodisb MaTemMaTUYHUA, NiABULLYBATH
TUXKHEBE HaBaHTa)XeHHS 3 MaTeEMaATUKK i 3aknagaTn 6inbw rnnboke BUBYEHHS TeMU
KOMMAEKCHUX YUCes, BKJIOYHO 3 TPUTOHOMETPUYHOI | MOKa3HUKOBOK hopMaMu Ta
3aCTOCYBaHHSAM [0 PO3B’'A3aHHSA PiBHAHbL i 3a4a4 Ha nepeTBopeHHS [2]. Mepenik i CTPyKTypy
nporpam gna 10-11 knaciB 3aTBEPAXXEHO Ha PiBHI LEHTPasIbHOro OpraHy BUMKOHaBY0il Baagw, Wo
3abe3nevyye €QHICTb BUMOTr A0 3MICTy Ta pe3ysibTaTiB HaB4YaHHA. Haka3 npo HagaHHA rpuda
HaB4YasibHMM nporpamam ang 10-11 knacis (pikCye NeriTMMHICTb BUKOPUCTAHHA TUMOBUX Ta
aBTOPCbKUX MporpamMm y MaTemMaTuli i MOB'A3aHNX KypCaX, a TaKoXX da€ Nnigcrtasun ons
pPO3p06EeHHS WKiNBHUX OCBITHIX MPOrpaM, y MexXax AKMX KOHKPeTU3y€ETbCA Micue i rnnbuHa
OMaHyBaHHSA KOMMAEKCHUX Yucen. OiulinHi CTOPIHKM MiHICTepCTBa MOSACHIOTh, WO 3aKiaan
MOXXYTb BUKOPMUCTOBYBATW TUMNOBi abo iHWI OCBITHI NporpamMn 3a yMOBU BiAMNOBIAHOCTI
CTaHAapTaM, WO Ba>kJIMBO NPW NJaHyBaHHI FrOAWH Ha eneMeHTun Kypcy anrebpun [3]. 3MiCTOBHI
AKLLEHTM TeMN AOLUiNbHO CMiBBIAHOCUTU 3 MOTOYHMMW pe3yJsibTaTaMy 30BHILLUHIX MOHITOPUHIIB. 3a
OaHnMn 2022 onf yKpaiHCbKMX perioHiB, 58% n’'ATHaAUATUPIYHNX YYHIB 4OCAr N
LOHaNMeHLLIe piBHA 2 3 MaTeMaTUYHOI rPaMOTHOCTI 3a cepeHbOro nokasHuka OECP 69%. Lle
CBIAYNTb NPO HaABHICTb pe3epsiB y poboTi 3 abcTpakuieo, mogentoBaHHAM Ta anrebpaidyHumun
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rnepeTBOPEHHAMN, WO MalOTb NPSAMY AOTUYHICTb 00 3aCBOEHHS KOMMAEKCHUX Yyncen y 10-11
Knacax. BuknagaHHa Temun B NpodisibHNX Ta CTaHOAPTHUX rpynax ciig NoeEaHyBaTH 3
CUCTEMHUMMN 3afa4aMm Ha NobyaoBY MaTeMaTUYHMX MOAENEeN i 3 MepexoaoM MixX
anrebpaiyHMMM Ta reOMeTPUYHUMUN YABEHHSMU, LLO NiABULLYE LUAHCK BUBECTU Binbluy YacTKy
YYHiB Ha piBHI, SKi BignoBigaloTb onncam piBHA 2 i Buwie [4]. 3 angakTu4Horo nornagy obcar i
rnopsifoK BBEAEHHS MOHATTA Ba)kaHO NOroaXkyBaTu 3 MPUHLMMNAMM HAaCTYNHOCTI. Y 7-9 Knacax
Y4Hi hOpMYIOTb CTiKi HaBU4YKM POBOTU 3 PIBHAHHAMM | PYHKLISIMKN, 30KpeMa 3 KBadpaTHUMN
PiBHAHHAMMK Ta TpUroHomeTpieto. ¥ 10-11 Knacax NOriYyHUM KPOKOM € y3araJibHEHHS MOHATTSA
KOpeHs PiBHAHHSA Ha BUNagku 6e3 OincHMX po3B’sA3KiB, WO NegaroriyHo NpupoaHoO MOTUBYE
BBeLleHHSs yABHOI oanHuLi. MNicna anrebpaiyHoro o3Ha4eHHS AOLINBHO BiApa3y nepenTu 4o
reoMeTpUYHOI Modesii Ha nNaowmnHi 3 NnobynoBOO MOAY NS | apryMeHTy, Aasi BBECTU
TPUrOHOMETpPUYHY hopmy, NoTim bopmyny MyaBpa Ta 3aCTOCyBaHHA A0 NiAHECEHHS B CTENiHb i
nobyBaHHA KOpeHiB. Ha 3aBepLueHHSs BapTO MOB’A3aTU HOBI YSBNEHHSA 3 PO3KJ1aA0oM
6araToyneHiB i 3 TeOPeMOI0 NPO KiNIbKICTb KOPEHIB 3 YypaxyBaHHAM KpaTHOCTI, abu y4Hi
noba4ynam CUCTEMHY pPoJib KOMMAIEKCHUX YUcen y NoBHOTI anrebpaiyHux TBepakeHb [5]. 3
opraHizauinHoro nornsay TeMa Moxke 6yTu nogaHa y Burnaai moaynbHoro 6n1oky obcsarom 8-12
YPOKIB y Fpyni CTaHAApPTHOIO pPiBHA 3 MPiOpMTETOM Ha OCHOBHI onepauii, anrebpaidHo
reoMeTpMYHY B3aEMO3B 3aHICTb i 3aCTOCYBaHHA 00 KBadpaTHUX PiBHAHbL. ¥ NPogifibHMX Knacax
nouinbHo 36inbwyBaTy 06car ao 16-20 ypokiB 3a paxyHOK rambLinx 3agay Ha TPUTOHOMETPUYHY
i MOKa3HMKOBY (POPMY, MOMSAPHI KOOPANHATK, 3HAXOAXKEHHSA KOPEHIB CTEMNEHSA 11, @ TaKoXX
BKJIIOYATUN €IEMEHTUN YNCESIbHOI0 EKCNEPUMEHTY Y ANHAMIYHUX cepenoBuLLax. Take
AndepeHLUitoBaHHA BiAMOBIAA€E paMui CTaHAapTy | TUMOBMM NporpamMamM, y Mexax SKux LKosia
CaMOCTINHO PO3MN0AINAE TUXKHEBI FOAUHN Ta BU3HAYa€E TPAEKTOPIT NPOifbHOr0 HaBYaHHA. 3MICT
i MicLe KOMMNAIEKCHUX YNCEenN y WKiNbHOMY KypCi BU3Ha4YaloTbCs MOEAHAHHAM JIOTKN iCTOPUYHOIO
PO3BMTKY MaTeMaTUKK i Cy4acHOI HOpMaTuMBHOI 6a3n. CTaH4apT 3a4a€ OPIEHTUPU pe3ybTaTi.,
TUMOBI MPOrpaMmn HafatTb YACOBY i 3MICTOBY MHYYKICTb, a LWKIiNbHI OCBITHI Nporpamm
003BOJIAIOTb afganTyBaTu MNMBUHY | TEMN 00 MOXXJINBOCTEN KOHKPETHUX YYHIBCbKUX KOJIEKTUBIB.
3a TakUxX YMOB KOMMJIEKCHI YMCa CTaloTh HE inlle TeXHIYHMM 3acob0oM po3B'a3aHHSA
anrebpaiyHuX piBHSAHb, @ N Ba>X/IMBUM KPOKOM Yy (hOpMyBaHHi B CTAapPLUOKNACHUKIB y3arajlbHeHux
MaTeMaTUYHUX YABJIEHb, AKi 3'€QHYIOTb anrebpy 3 reoMeTpi€o i PO3LLUNPIOIOTb FOPU3OHTU
MaTeMaTUYHOro MucneHHs [6]. 1.2. NMcnxonoro-negarorivyHi OCHOBU 3aCBOEHHA abCTpaKTHUX
MaTeMaTUYHUX MOHATb Yy CTapLin WKoNi 3aCBOEHHA abCTpPaKTHUX MOHATL NoTpebye NoeEgHAHHSA
KOFHITUBHUX MEXaHi3MiB i ANAAKTUYHNX NPUINOMIB, SKi BiAMOBIAAOTb BIKOBUM MOXXIMBOCTSM
CTapLWOKAACHUKIB i HOPMaTMBHIN NOriLi WKiNbHOT 0CBITWN. 3aKOH YKpaiHu

n LvTtuposaHus: 0,01% id: 7
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i lep>xaBHU CTaHOapT MOBHOI 3arasibHOI CEpPeaAHbOI OCBITM 3aKPiMJ/IlOl0Tb KOMMETEHTHICHUIN
niaxiga, aBTOHOMIIO LLUKOAKM Y BUOBOPI OCBITHIX Nporpam i BUMOrn Ao pe3ynbTaTiB HaBYaHHS 3
MaTeMaTUKW, WO YTBOPIOE paMKy ANA LinecnpsMoBaHoro dopMyBaHHs abCcTpaKkLin piBHSA
CTapwoi wkonn. Came B Wi paMLi TEMa KOMMJIEKCHUX YNCEN PO3rNSA0aETLCA AK iIHCTPYMEHT AN
pO3B’A3yBaHHA anrebpaivHux piBHAHL i AN y3araJbHEHHS NonepenHix YNCNI0BUX yaBJeHb [7].
Kno40BMM MCUXOJIONIYHUM MIAFPYHTAM € iges 30HU Hanban>X4oro po3BUTKY, 3a SSKOK HaB4YaHHSA
OpraHi3yeTbCa Tak, Wob yy4Hi BUKOHYBaNu iHTeNeKTyasnbHi Aii 3a nigTpuMKy B4ntens abo
CUNIbHILLIOro OAHOJITKA, @ 3ro4oM nepexoansn Ao caMocTinHocTi. na abcTpakuiin Ha 3pa3ok
YSABHOI OANHMLI i KOMMEKCHOI MJOLLMHM e 03HaYa€ MoCcTynoBy iHTepiopm3aLlito HOBUX cnocobis
Aii BiA CNifibHO BUKOHYBaHMX PO3B’A3yBaJIbHUX KPOKIB 00 iHOUBIAYaNIbHOrO OnepyBaHHSA
O3Ha4YeHHSMUN i MepeTBOPEHHAMU. TaKa /orika 3HUXXYE KOFHITUBHI 6ap’epu i MPMCKOpPIOE Nepexia
Bif hopMasibHUX NpaBua A0 3MiICTOBUX YyaBJIEHb. Teopis noeTanHoro hopmMyBaHHSA PO3yMOBUX
Oin ONNCYE NOCNiAOBHICTb NepexoaiB Big MaTepiasibHO 30BHILLHIX Ai1 i ONOp 40 MOBJ/IEHHEBUX i
BHYTPIiWHIX MAaHiB Aii. 019 KOMMNAEKCHUX YNCEeN Lie MO)Ke 03Ha4YaTu CTapT 3 HA0OYHUX BEKTOPHUX
MoAenen Ha NoLWWHI, Bepbanizauito onepauin AoAaBaHHA | MHOXKEHHSA, @ Aafi BHYTPILLHE
CKOPOYEHHS aIrOPUTMIB 40 KOMMAaKTHUX CUMMBOJIIYHUX Mpouenyp Ha PiBHi TPUFOHOMETPUYHOI i
MOKa3HMKOBOI hopM. BUCOKa KepoBaHICTb eTanaMn A€ 3MOry KOHCTPYOBaTW 3aBOaHHS 3
KOHTPOJIbOBAHO CKAAOHICTIO | 4iITKUMK KpuTepiaMmu ycnixy [8]. Mogenb penpe3seHTauin Ox.
BpyHepa nigka3sye, Wo MiuHiCTb abCcTpaKkLuil 3pocTae, KON y4eHb NMPOXO4UTb Yepe3 eHaKTaTMBHI,
iIKOHIYHI Ta CUMBONIYHI hOPMU NOAAHHSA 3MICTY. Y TEMi KOMMNIEKCHUX Yncen Le BifobparkaeTbcs
B nepexofi Big Ai 3 BekTopaMu i 0bepTaHHAMU 00 PUCYHKIB Ha KOMMJEKCHIN MAOWMWHI i gani oo
anrebpaivyHux 3anucie Buay 2+bi, Mogynb aprymeHT, hopmysa MyaBpa. Y3roaXXeHun pyx Mix
UMMMN NpencTaBsIeHHSMN 3MEHLLUYE PO3PUB MiXK FeOMEeTPUYHOLO | anrebpaiyHoto
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iHTeprnpeTauiaMu. KorHiTMBHa Teopis HaBaHTa)XEHHSA 3acTepirae, wo pobova NnaMm’'aTb oNepye
ay>xe obMeXXeHOo KilbKiCTo oanHMUb iHHopMaUii, TUMoBo 3-5. ToMmy BBEAEHHSA HOBUX
abCcTpakLin Ma€E cNMpaTNCS Ha 3HMXKEHHS 3aiBOr0 HaBaHTa)XEHHSA Yepes3 CTPYKTYpPOBaHi
npuknagn, noeTanHe BBeAeHHS NO3HavYeHb, CerMeHTauito 3aay i MiHiMi3awio ApyropsagHux
neTtanen. Ons KOMNIEKCHUX YMUCen Le 03Ha4ya€e po3BeeHHS B YacCi 03HaYeHHSs YABHOI OANHNLLI,
onepauin Hag a+bi, reoMeTpUYHOI iHTeprnpeTauil Ta nepexoay A0 TPUFOHOMETPUYHOT hopMu 3
YiITKUMU MIKPOLLITAMU KOXKHOI0 Kpoky [9]. MpuHUMNu MysibTUMEAINHOIO HaBYaHHS AOMOBHIOTb
nonepenHe: CNOBECHI MOACHEHHS MatloTb MiAKPINAOBAaTUCA BiANOBIAHUMKU CXeMaMu i rpadikamu,
MPMYOMy MOAaHHA CAifg A03yBaTu i MapKyBaTK KJOYOBi efieMeHTU. s KOMMNIEKCHOT NAOLWMHN
eheKTUBHUMU € aHiIMOBaHi AeMOoHCTpaLii obepTaHHSA BEKTOpa Npy MHOXKEHHI Ha + ,
MO3HAYEHHS KYTIiB i JOBXWH, @ TaKOXX NiACBiYYBaHHSA BiANOBIAHMX anrebpaidyHnx Bupasis. Lle
MOKpaLLYE Y3roa>XeHHs BepbasibHOro i Bi3yaJibHOMO KaHaliB i 3BMEHLLYE PU3MK NepeBaHTa)>KEHHS.
[aHi OCBITHIX BUMIipIOBaHb MiATBEPAXKYIOTb, WO poboTa 3 abCcTpaKkuiaMm € 30HON PU3NKY Ans
YaCTUHW YYHiIB. Y 2022 cepepf perioHiB YKpaiHM YacTKa y4HIiB 3 BUCOKMMU pe3yfibTaTaMu 3
MaTeMaTuKn ctaHoBuNa 61mM3bko 3% Npu cepeaHboMy noka3sHuky OECP 9%, a couiasbHO
€KOHOMIYHUI CTaTyC NoscHoBaB 61M3bko 14% Bapiauil ycniwHOCTI 3 MaTeMaTuku. Le
nigkpecate HeobxiaHICTb KepoBaHOro nepexody Ao abcrpakuin, 6e3nomMnakoso BubyayBaHMX
onop i agndepeHuiauii 3a Temnom. OcobnumBy yBary cnif NpuAINATA yTPUMaHHIO 3HaHb y Yaci.
KnacunyHi Ta cyyvyacHi nocnig»XeHHs nam’'siTi NOKasyoTb WWBUAKWIA Criafd BiaTBOpeHHs 6e3
NOBTOPEHHS, KU ICTOTHO 3MEHLUYETHLCA 3aBASAKN CUCTEMATUYHOMY NOBEPHEHHIO 40 BUBYEHOrO.
MpaKTUYHNI BUCHOBOK A1 TEMUN KOMIMJIEKCHUX YnCeN nonsara€e y BbynoBaHUxX BigknaneHnNx
MOBTOPEHHSAX, A€ KOPOTKIi 3aBAaHHSA Ha MOOYJb i apryMeHT, 064MCNEHHSA CTEMEHIB Ta KOPEHIB i
po3knag baraTo4sieHiB 3 KOMMNEKCHUMN KOPEHAMU NOBepPTalOThCA Yepes 2-3, 7-10 i 14-21 gHis.
EeKTUBHICTb NegaroriyHnx BTpyYaHb i3 BUCOKOI BipOriAHICTIO MNigCMIOIOTh 3BOPOTHUIN 3B 30K,
YiTKi KpuTepil ycnixy, B3aEMOHaBYaHHS | CNpsiMOBaHe NOSACHEHHS BYNTens. MeTafocniaXXeHHs
CUHTE3YI0Tb COTHI BNJNBIB | BKa3ylOTb Ha cepeHin edhekT 6/m3bko 0.40 AK YMOBHUIA Mopir
MOMITHOCTI, TOAi K AKICHUI 3BOPOTHUN 3B’A30K i BUKJIaAaHHSA Lifle MepeBuLLYOTb LIEN PiBEHD.
Ons KOMNNEKCHMX YUCen Le O03Ha4vYa€ ToYHi pybpurKn OLiHIOBAaHHSA PO3YMIHHA O3HAYEHHS i
onepauin, KpUTepii KOPEKTHOCTI MePeTBOPEHb, MUTTEBUIN KOMEHTap A0 NOMWJIOK i OpraHisauito
napHoi nepeBipkK po3B’'sa3aHb [10]. HopmaTneBHO NpodecinHmnm BUMIp TaKo>X Ba>kJINBUNA.
MpodecinHnn cTaHgapT BYNTENS 3arajibHOI cepefHbOi OCBITN AeTaNi3ye KOMMNETEHTHOCTI
rnegarora, BKJOYHO 3 YMIHHSIM MPOEKTYBaTM HaBYaHHSA Nifl KOMMETEHTHICHI pe3yabTaTuy,
3aCTOCOBYBaTU LMNPPOBI iIHCTPYMEHTN i opraHizoByBaTu 6e3neyvyHe oCBIiTHE cepepoBuLle. Lie
HanpsIMy CTOCYETbLCSI BMPOBad)XEHHSA METOANK 3aCBOEHHS abcTpakLin, ae NnoTpibHi SKicHI
Bi3yanisauii, MogentoBaHHA N gudepeHuiauisa. OT)Xe, NCUX0N0ro negaroriyHa 0CHoBa HaBYaHHS
abcTpakuin y cTapwin WKosi gna TeMN KOMMIEKCHUX YMCeSl MAaE CNUPATUCH Ha TakKi y3rog>KeHi
pileHHs. Mo nepuwe, OiSNbHICHO NiIATPUMYBaATK Nepexin Bif CMilbHNX Ai y 30Hi Hanban>x4oro
PO3BUTKY A0 CaMOCTINHUX Ain i3 cMMBONiKO 2+bi i TpuroHoMeTpuydHoto dopmoto. Mo apyre,
niaHyBaTK noeTanHe QOPMYBaHHS AiN 3 HiTKMMKW ONopaMu i NOCTYNOBUM iX 3ropTaHHAM. o
TpeTe, KepyBaTW KOrHITUBHUM HaBaHTa)XeHHSAM 4Yepes cerMeHTauito, Npuknaam 3 HapoCTaHHAM
CKMafHOCTI i MynbTUMeAinHI Bizyanizauii. o YyeTBepTe, 3aKnagaTh MOBTOPEHHSA 3a rpadikom
ONna NigTPpMMKWU OOBroTPMBaJOi MaM’aTi i CUCTEMHUA 3BOPOTHUIN 3B 130K i3 MPO30puMNn
KpUTepiaMun. Yce Le y3rooXXyeTbCs 3 LEPXKCTAaHAAPTOM i paMKaMu WKiNbHUX Nporpam Ta
adpecye eMnipnYHi po3pmBK, 3adikCoBaHi Y Mi>xHapoAHNX ouiHoBaHHAX [11]. 1.3. MNopiBHANBLHWUIA
aHani3 YNHHUX Nporpam i nigpy4Hukie HopmaTtmeHa pamka ana 10-11 knacis dikcye
KOMMETEHTHICHUI NiaXxig i Aa€ WKOoNi rHyYKiCTb y BUbopi NnporpamM Ta po3noaini roguH. Ans
MaTeMaTu4yHoro npodinto nepengbayveHo 630 rog 3arajibHOro Yacy Ha MaTeMaTUKY 3a 2 POKMU, L0
[03B0OJISIE BapitoBaTU rNMbuHy Temu

u LlmtupoBaHus: 0,01% id: 8
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3an1e)XHo Big obpaHoi Tpa€eKTOpIi Ta piBHA Knacy. Tunosa oCBiTHA nporpama lll cTyneHs Bu3Ha4vae
TUXKHEBE HaBaHTa)XeHHS i MexaHi3M (DOpPMYBaHHSA LWKIIbHUX NporpaM, y Mexxax sKux 3aknagu
MOXXYTb nornnbaoBaT PO34in NPo KOMMAEKCHi Ynucna B 11 knaci abo 4acTKoBO iHTerpyBsaTu
enemeHTN B 10 Knaci ansd nNiaroToBkM 40 noaaibluoro onaHyBaHHA [12]. Y nigpy4yHmnkax
CTaHAapPTHOro PiBHA TeMa KOMMIEKCHUX Yncesn NoJAEThCA CTUCO K 3aBepLlUlasibHUN KPOK
€BOJIOLLIT YACIOBUX MHOXWH Ta iIHCTPYMEHT PO3B’A3aHHSA pPiBHAHb 6e3 AincHmMx kopeHis. O. C.
IcTep, 11 knac, piBeHb CTaHAApPTYy: MOBHUN iIHTErPOBaHUN KypC

a LvtuposaHus: 0,03% id: 9
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«Anrebpa i no4aTkn aHanily Ta reomeTpis»

Ha 304 c, pekoMeHao0BaHUN MOH; KOMMAEKCHI Yncna B LbOMY KypCi npeacTaBneHi y 6azoBomy
06cs3i, 3 akueHTOM Ha 03Ha4deHHs, anrebpaiyHy Ta reoMeTpuYdHy iHTeprnpeTauii i Tmnoei 3agavi
Ha BMKOHaHHS ornepaLin Ta po3B'A3yBaHHA PiBHAHb. [N5 WKiN, A& MaTeMaTuUKa He € npodinem,
TakKe CTPYKTYpYyBaHHS 3abe3neyye Mipy OOCTATHOCTI ANt PO3YMiHHS iCMUTOBUX 3aBAaHb Ta
nepexoAy A0 BULLOT OCBITU HE MaTeMaTU4HOro cnpamysaHHs. I. . bes3s, B. I'. beB3, 11 knac,
piBeHb CTaHOapTY: iHTerpoBaHni Kypc Ha 2019 pik i3 nigTeepa)xeHum rpucpom MOH. Migxig
noaibHmnM ao IcTepa WoAo0 Micusa TEMU B KYPCi: KOMMaKTHE ModaHHS 3 MiHiMasibHO HeobXxigHNMK
[OBeEeHHAMU i [OCTATHBLOIO KiJIbKICTIO TPEHYBaJIbHUX 3aBAaHb 419 aBTOMaTM3aLlii
ob4yncnoBanbHUX AOil i3 2+Di Ta 3aCTOCYBaHHAM 00 KBaApaTHUX | NPOCTUX BULLMX PiBHAHb;
PO34in i3 KOMMJIEKCHUMWN YNCTIaMU BUKOHYE y3arasibHi0BasbHY (PYyHKLIi0 HaNPUKiHLi LUKiNbHOro
Kypcy [13]. Ona npodinbHOro i nornnbneHoro HaB4YaHHA NpeacTaBAeHi aBTOPCbKI NiHINKK, oe
TeMa KOMIMJIEKCHUX YMCeN PO3KpuUTa 3HavyHo wuple. A. I'. Mep3nsk, O. A. Homipoecbkuni, B. b.
MonoHcbkuii, M. C. dkip, 11 knac, nornmbneHe BUBYEHHSA: OKPEMUINA PO3AIN

§d LnTnpoBaHus: 0,01% id: 10
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CK/afla€eTbCA LWOHarMeHLWwe 3 3 naparpadis:

§d LUuTtupoBaHus: 0,01% id: 11
«MHO>XXWHa KOMMAEKCHUX Yncen»

cTop. 198-209,

§d LUunTuposaHus: 0,02% id: 12
«KoMnneKcHa nJowinHa. TpuroHoMeTpmyHa popma»

cTop. 209-216,

[ 7 LUuTnpoBaHus: 0,04% id: 13
«MHOXXEHHS | OiNeHHS Y TPUFOHOMETPUYHI hopMi. KOpiHb -ro cteneHsas»

CTOp. 216-231, nicasa 4oro NnoAaHo ysarajbHeHHS Ha cTop. 232. ABTOPM CUCTEMHO NMOEOHYIOTb
anrebpaiyHy i reoMeTpuYHy iHTepnpeTauii, BBOAATb TPUFOHOMETPUYHY Ta NOAAPHY opMu,
OOBOOSATb i 3aCTOCOBYIOTb hopMysly MyaBpa Ta cxemMy A06yBaHHS KOPEHIB N-ro CTEMNEHS;
3afa4vyHu MaTepian BKOYaE No6ynOBM Ha KOMMJIEKCHIN MAOWMWHI, NepeTBOPEHHS BUPa3iB i
nigroToBky 0o po3knaay 6aratouneHis [14]. €. N. HeniH, 10 kKnac, npodifibHNI piBEHb: BUOAHHS
NiHINKK

[ 7 | LintnposaHus: 0,02% id: 14
«Anrebpa i mo4yaTku aHanisy»

Ans npodinbHUX Knacie popMye anapaT a4 TeMm 11 Knacy, BKAKYHO 3 NOAaNbLIMM BUBYEHHAM
KOMMAeKCHUX yncesn. OCHOBHUIA akuUeHT 10 knacy pobuTbcsa Ha QYHKLIAX, MHOrO4YeHaXx,
PIBHAHHAX | HEPIBHOCTSAX, FOTYIO4YM YYHIB A0 ONaHyBaHHSA TPUrOHOMETPUYHOT hopMK, CTENEHEBUX
rnepeTBOpPEHL i 3a4a4 Ha KOPEHi B HacTynHoMy poui. CTpyKTypa i CTUb NOAAHHSA Big3Ha4YaloTbCs
BMUCOKOIO hopMai3aLli€elo 03Ha4YeHb i JOBeAEHb Ta 3HAa4YHOIO YaCTKO 3a4ay MiaABULLEHOT
CKNaAHOCTI, WO BianoBigae NpodifibHiN TpaekTopil. ¥ 10 knaci Ha piBHI CTaHAAPTY KOYOBI
nNigpy4YHnKM 3abesnevyoTb HACTYMHICTb, afe He
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Y4YHIB efleMeHTaMn TpuroHoMeTpu4Hoi dopmu. M. I. bypaa, T. B. KonecHuk, 0. |. ManboBaHuni, H.
A. TapaceHkoBa, 10 knac, piBeHb CTaHAapTY: NiAPYYHUK NiOTBEPAXKEHUN SK €IeKTPOHHa BepcCis
IM30 Ta y BilbHOMY A0CTYMi. ABTOPCbKUI KOJIEKTUB BUTPUMYE BanaHC Mi>K (popMabHUM
O3HA4YeHHSAM | FeOMeTPUYHUMM ONOpPaMun, PO3BMBaAIOYM anapaT, Ha AKNIA CNMPaTUMETbCSA
BUBYEHHS KOMMJIEKCHUX Yucen y 11 knaci; y npodiNbHUX rpynax i aBTopy NPOMOHYOTb OKPEMi
Bepcii abo 36inbLieHi 6510kM BNpaB 4ns po3ainy Npo KoMrseKcHi Yyncna [15]. NMopiBHAHHA
nigxonis gae Taki BUCHOBKW. 1o nepuwe, piBeHb cTaHAapTy (IcTep, beB3) 3abe3nevye MiHiMaNbHO
DOCTaTHIN 3MiCT: 03HayeHHs, anrebpaiyHi onepaduii 3 a+bi, reomeTpmnyHa Moaesb, OeKiNbKa
TUMOBUX 3aCTOCYBaHb A0 PiBHAHb; 06CAr NOAAHHA CTUCUNA, LLLO KOPEJIIOE 3 MEHLUUM TUXXHEBUM
HaBaHTa)XeHHAM y Knacax 6e3 maTeMaTuyHoro npodginto. Mo apyre, NnpodinbHi Ta nornanbneHi
NiHinkn (Mep3nak, HeniH) HagaTb MOBHUIM CNEKTP NpeacTaB/ieHb i onepauin:
TpuroHoMeTpu4dHa opmMa, NoNAPHI KoopanHaTu, opmyna MyaBpa, KOPEHi N-ro CTeneHs,
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nobynoBun Ta 3adayi Ha NePeTBOPEHHS; TyT obcar maTepiany i
& LinTuposarus: 0% id: 16
«LLiNbHICTb>»

BMpaB iCTOTHO BULLi. [0 TpeTE, aBTOPCbKUN CTUJb Pi3HUTLCA: Y Mep3naka AoMiHye baraTuin
3afa4vHuUK 3 rpafaLli€to CKnagHocTi i noegHaHHAM anrebpu 3 reomeTpieto; y HeniHa binbLua
dhopmanizauis i LOKaA30BICTb, WO FOTYE A0 YHIBEPCUTETCbKOI MaTeMaTUKK; y bes3iB i IcTepa
AKLEeHT Ha AOCTYMHOCTI, iIHTErpoBaHOCTI 3 FTEOMETPIEK | MOBTOPIOBAHOCTI KJIOYOBUX Mpoueayp
[16]. 3 nornagy signosigHocTi nporpamam 2017 poky ans 10-11 knacis, ycCi 3a3Ha4yeHi aBTOPCbKi
NiHINKK MatoTb rpud MOH, a ix 3MICT y3ro>XeHo 3 MOoJIOXKEHHAMN YNHHUX NporpaM. Lle o3Havae
MOXXJINBICTb OILLIMHOIrO BUKOPUCTaHHSA Y WKiNbHOMY MpoLLeci Ta rapaHTY€E MiHIMallbHO
HeobXxiaHW Habip pe3ynbTaTiB HaBYaHHSA WOA0 KOMMNEKCHUX Yucen. nsa npodinbHMUX Knacis
LIKOJIa MOXXe niaHyBaTu 16-20 ypokiB Ha norambaeHe onpauoBaHHA TeMU, A8 CTaHOAaPTHOIO
piBHA 8-12 ypoKiB Ha AOBEAEHHSA KOMNETEHTHICHOr0 MiHIMYMYy, LLLIO BMUCYETLCA Y HOPMaTUBHO
BMW3Ha4YeHi MeXi HaB4asIbHOro HaBaHTa)KeHHA. OKPEeMUIN HIDAHC CTOCYETBLCA MiCUSA TEMU 3a1€XKHO
BiJ PiBHSA: y YaCTUHI KypCiB CTaHAAPTy KOMMAEKCHI YMcia NPUCYTHI AK KOPOTKUN ornapg abo
000ATKOBU KOMMOHEHT HAaNPUKIiHUI KypCy, ToAi K y nornnbneHnx niHinkax BOHNU CTaHOBAATb
po34in i3 woHanMeHwe 3 NigTemMamMu, MoB 93aHNMU MiXK cO600 4OKa30BUMU HUTKAMMU i
NpuKIagHUMKU 3agad4amMm Ha nobynoBm Ta nepeTBopeHHS. Lo pisHuuIo gobpe inocTpye
3MmicToBuin 610K y Mep3nska 11 kKnacy 3 4iTKO BiZoMuMun Mexxamu [ns 0oCArHeHHs uinen
MaricTepCbKOi METOAUKN, LLIO OPIEHTYETLCA Ha POPMYBAHHSA CTINKUX YABIEHb | BMiHHSA
3aCTOCOBYBaTK KOMMJIEKCHI YnCAa A0 PO3B’'A3aHHA anrebpaiyHmnx piBHAHb, AOLUINIBHO CNUpaTUCS
Ha norambneHi NiHinkn Mep3nak i Henin npu poboTi 3 NpodinbHMMKU FrpynaMu Ta Ha NiHinkn Ilctep
i beB3 Ak 6a30Bi B rpynax CTaHAaPTHOrO PiBHSA, AOMOBHIOKYM IX aBTOPCbKUMU MaTepiasnaMum Ha
TpUroHoMeTpu4dHy copmy, opmyny MyaBpa i 3afadi Ha KOpeHi N-ro cteneHs. Taka KombiHauis
Y3roAXY€ETbCA 3 YUHHUMUW NporpamMamu i 4O3BONSE MaclwTabyBaTu obcar Temn B Mexax 8-12
YPOKIB ANns cTaHAapTy i 16-20 ona npodinto, 36epiratoym noriky nepexony Bif 03Ha4YeHHA A0
reoMeTpu4yHoOl Moaesi i gani oo 3actocyBaHb [17]. 1.4. Ornag cydaCcHUX METOANYHUX NigXoAiB OO
HaBYaHHA TEMU

u LintnposaHus: 0,01% id: 17
«KoMnnekcHi Yyncna»

Cy4acHi nigxogn 00 HaBYaHHA KOMMJIEKCHMX YNCEN Yy CTapLUin WKONi MOEAHYIOTL iaei
KOFHITUBHOI MCUXONOril, ANAaKTUKN MaTeMaTMKM Ta UMgpoBOi Bizyanilauii. BOHM cnpsMoBaHi Ha
Te, Wob nepeBecTun y4HS Bif onepauinHOro po3yMiHHA CUMBONIKK a+bi O CTPYKTYPHOro
6avyeHHS KOMMMEKCHOro Yncna gk 06’ekTa 3 anrebpaivyHUMmn i reoMeTpUYHNMN BIACTUBOCTSAMMU,
npuAaTHOro s po3B’A3yBaHHA PiBHAHbL | MepeTBOPEHHS BMpas3iB. KnacuyHy paMKy 4719 TakKoro
nepexopny 3afatoTb ABi BigOMI NiHil: KOHUENT-iMiAX i KoHUenT-gediniuia [. Tanna Ta LW. BiHHepa
AK MOSICHEHHS PO3PUBY MiX

| » | LintuposaHus: 0,01% id: 18
«BHYTPILLIHbLOIO KapTUHOIO»

NOHATTS | NOro GopMasibHMM O3HAYEHHAM, @ TaKOX ANXOTOMIS OnepaLuiiHOro i CTPYKTYpPHOro
MmucneHHsa A. Capa, ska onmcye nepexip Bif Aii 4o 06’ekTa Yepes peidikauito. Y4nTens nnaHye
TPa€EKTOpIo Tak, Wwob 3biranncsa dpopmasnbHi 03Ha4YeHHs, reoMeTpu4Hi obpasu Ta Habopun 3agay,
a YYHIBCbKUI KOHLUENT-iMig»X NOCTYynoBo HabnmxaBcsa A0 NPUNHATOI B MaTeMaTuUi AediHiuii. Lie
3MEHLUYE TUMOBI MOMUJIKW Nif Yac ONepyBaHHSA YSABHOIO OAUHULEI | TPUTOHOMETPUYHOIO
dopMoto Ta NiABULLYE MepeHOoC YMiHb MiXX anrebpoto i reomeTpieto [18]. KOHCTpYKTiBiCTCbKa
Teopis E. ly6iHCbKOro ga€e NpakTUYHY ONAAKTUYHY CXEMY ONS TEMU

&4 LinTnposarus: 0,01% id: 19
«KOMMJIEKCHI Yncna».

Y4yeHb ige Big 4iN 3 npeacTaB/eHHAMU a+bi | BEKTOpPaMM Ha MJOLWNHI 40 NpoueciB 4oAaBaHHS,
MHO>XEHHS, CPSXXEHHS i 3HaXoO)XeHHA Moayns, nani oo ob’ekta

[ 7 | LintnposaHus: 0,01% id: 20
«KOMTMJIEKCHE YNC0»

AK enemMeHTa nons C, i, HapewTi, A0 Y3roA>XeHOoi CXeMWU, WO BKAOYa€E anrebpaivyHy, NoNApHy Ta

TPUrOHOMETPUYHY hopMI i TX 3aCTOCYBaHHA 00 KOPEHIB CTeneHs 1. PeanisauinHum unkn
( , , ) opraHisye 8-12 ypokiB gns cTaHAapTHUX rpyn abo 16-20
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YPOKiB 018 NpogiNibHNX KNaciB: AiANIbHICHI MIKPOLOCNiIAXKEHHSA HAa KOMMEKCHIN NAOWNHI,
KOJIEKTUBHE y3arasibHEHHSA NMpaBuJl | TPEHYBaJIbHi BNpaBu 3 HAPOCTaHHAM CKIaAHOCTI.
JdocnigHuubKa niTepaTypa NiAKPEC/IOE, WO Taka NOCNif0BHICTb 3MEHLUYE KOrHITUBHI 6ap’epun i
NigBULLYE CTINKICTb MOHATb, 60 Y3roa>XXye BHYTPILLHIO

&4 LUnTuposarus: 0% id: 21
«CcxXemy»

Y4YHSA 3 popMasibHOK CTPYKTYypol TeMun. PeanictudyHa mateMaTuKa . Tpeddepca i K.
paBeMenepa NPOMNoHyeE

&4 Lintnposarus: 0,01% id: 22
«KepoBaHe rnepeBNHaNgeHHs»,

he bopMasnbHi inel BUpoCTalTb 3 OCMUCNEHUX CUTYaUiN. a8 KOMMNEKCHUX YNCen Le O3Ha4vYae
MOTMBaLiO Big 3aday NPo KOpeHi kBaapaTHUX abo KyBiYHNX piBHSAHb i3 Big €MHUM
ONCKPUMiIHAHTOM, Aani nepexin 0o nobynoB Ha KOOPAMHATHIN MAOLWWHI, | nwe nicasa uboro
BBEOEHHSA TPUrOHOMETPUYHOI Ta NOKa3HNKOBOI OPM. IHCTPYMEHTH KepoBaHe
nepeBMHanpeHHsA, gngakTnyiHa heHoMeHooris i

[ 7 | LintnposaHus: 0,01% id: 23
«eMepreHTHi Mmogeni»

[Al0Tb NPUPOAHNIA MICTOK Bi KOHKPETHUX CXeM A0 NOJASAPHOI KoopAMHaTu3auii i hopmynm
MyaBpa, a Tako>X CTBOPIOOTb 6a3y A1 KOPEeHIB CTENEHSA 1 IK MHOXWHU TOYOK, PiBHOMIPHO
po3MileHnx Ha Koni. Ana 10-11 knaciB Le peani3yeTbCa Cepielo KeNCiB 3 KOPOTKUMMU

NMMNCbMOBUMMW 3BiTaMW i KOHTPOJIBHUMU NUTAHHAMU, A€ fABHa yBara rnpuaingaeTbcs nepexonam mMixx
penpes3eHTauigaMn. ICTOpUKOo-reHeTUYHa NiHia Ao4a€ 3MiCTOBHY MOTMBALiO | AUCUUMJIIHYE MOBY

O3Ha4eHb. BUKOpUCTaHHSA ClOXKeTIB Bif Ta no i [03BOJISAE
rMnokasaTwu, K reomeTpusauisa C 3HiMae

&4 LUnTuposarus: 0% id: 24
«MapafoKcu»

KBaApaTHUX KOPEHIB i3 Big'€MHUX Yncen i 3abe3nevyye NOBHOTY PO3B'A3HOCTI MOJIIHOMIB.
HaB4anbHi enizoam Ha OCHOBI iICTOPUYHOIO HapaTUBY MNPALLIOIOTh AK KOMHITUBHI

u LintnposaHus: 0% id: 25
«AKOPI»:

YYHi PO3yMil0OTb, YOMY MosigspHa popMa NpUpoaHa 18 MHOXEHHS | MNiJHEeCeHHS Yy CTeniHb, a
TaKOX HaBilo 306pakaTu KOpeHi Ha Koi. A peani3auii LbOro Migxony BUKOPUCTOBYIOTb
dhparmMeHTN 3 HAYKOBO-NONYyNApHOI MoHorpadii M. HanriHa

u LintnposaHus: 0,01% id: 26
« »

Ta HaBYaJibHi HAPUCK NPO A0BEeAEHHSA yHOaMeHTalbHOI TeopeMn anrebpu Fayccom, Lo nae
CW/IbHY iHTeNeKTyaJibHy MOTUBaUito Ao Temun [19]. Undposa Bisyanizauisa 4yepes
3aKpuBaE€

u LintnposaHus: 0,01% id: 27
«PO3PUB penpe3seHTaLin».

OvHaMiyHi anneTtn 3 -MJIOWMHOIO A03BONIATL KEPYBATKM MOAYJIEM | apryMeHToM, 6aynTun
MHOXXEHHSA 9K 0b6epTaHHS | roMoTeTito, a 4obyBaHHSA KOPEHIB CTeMeHs N AK PiBHOMiIpHe
PO3KJiafaHHS TOYOK Ha KoJli. [LoCNiAXXeHHSA N METOANYHI po3pobKM NOKasyoTb, WO

NiACUI0E 0QHOYACHO KOHLeNTya bHe i mpoueAypHe 3HaHHSA 3 KOMMIEKCHUX Yucen, ocobaneo
KON BYUTEJb IBHO 3B'S13y€ anrebpaivyHuin 3anumc i3 pyXoM TOYKM Ha NJOLMHI Ta KOPOTKNMN
YCHUMU MOSACHEHHAMM. Y NpodiNibHUX KNacax AOoUiNIbHO BKOYaTK 3-4 nabopaTopHi MiHi-poboTu:
rnobynosa TPUroHOMETPUYHOT POPMU, MOAENOBAHHA MHOXXEHHS Ha , nobygoBa KOpeHiB N-ro
cTeneHs, pakTopu3aLlis NPoCTUX NOIHOMIB i3 Bidyani3aui€lo KopeHiB. [na cTaHAapPTHOrO PiBHSA
0OCTaTHbO 1-2 Takux pobiT y cynpoBoAi APpYKOBAHUX IHCTPYKUiN. MynbTuMeainHe NOSICHEHHS
Ma€ AOTPMMYBaATUCA NpUHUMMIB P. Maepa: CIOBECHUI KaHan CUHXPOHI3YETbLCS 3 Bi3yaslbHUM,
MapKYyTbCSA CMUCSIOBI e/leMeHTN PUCYHKa, CerMeHTYETbCA NOAAHHSA | MiHIMI3yeTbCcA 3anBe. [Ans
TEMU

n LunTtnposaHus: 0,01% id: 28
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«KOMMJIEKCHi Yncna»

LLe 03Ha4Ya€ KOPOTKI BifieoCerMeHTn 2-3 XB NP0 reoMeTpit0 MHOXXEHHS | NiAHEeCeHHS Yy CTeniHb,
Mmicns SKMX y4eHb BUKOHYE 3-5 3aBaHb i3 HEFraMHMM 3BOPOTHMM 3B'A3KOM. Taka nogada
3MEHLLYE N03aKOHTEKCTHE HaBaHTa)KEeHHSA N YTPUMYE yBary, o ocobanMBo BaXx/IMBO Ha eTani
nepexony 4o TpUroHoMeTpu4iHoi hopmu. MpobnemHo-gocniaHnUbKa poboTa 3a k. Monia
CTPYKTYPYE 3acToCyBaHHS4. MNicna AeMOoHCTpaLlii 3MiCTOBOr0 CEHCY YABHOT OAMHULI | NONSpHOT
KoopAuHaTM3aLil y4Hi po3B'a3yI0Th Ccepil 3a4a4 3a 4-KPOKOBOK CXEMOIO: 3p0O3yMi YMOBY,
nobyaym nnaH, peanidyn nnaH, ouiHM po3B’a3aHHA. TUNOBI 3a4ayi BKAOYalOTb PaKTopu3aLito
MHOIOYJIEHIB i3 HELINCHUMUN KOPEHAMUN, OBYNCNEHHS CTEMNEHIB Yy TPUrOHOMETPUYHIN hopMi,
nobyBaHHS KOPEHIB i reOMeTPUYHY iHTepnpeTaLito MHOXXeHHS Ha |. Pednekcia Ha Kpoui

ﬂ LUunTtnposaHus: 0,01% id: 29
«NoAMBUCL Ha3an»

O0DOPMJIIOETLCS K KOPOTKUIN MNCbMOBUN 3BiT i3 NEPEBIPKOK KOPEKTHOCTI MEPEXOAIB MiXK
3anmMcamu i pucyHKoM [20]. NMopiBHAHHSA 3 YAHHOIO NiHINKO MNiAPYYHUKIB NOKA3YE, WO 3a3HaYeHi
NiAXoAmn y3rog)XyTbCs 3 peasibHOI CTPYKTYPOIO HaBYasibHUX MaTepianis. ¥ nornnbneHomy
Kypci A. Mep3nsaka, [l. Homiposcbkoro, B. MNosnoHcbKoro, M. Akipa KOMMNAEKCHI YMucia BUHeCEeHI B
OKpeMUin po34iN i3 NOCNiIQOBHICTIO

u LimtnposaHus: 0,06% id: 30

«MHOXWHA  KOMMJIEeKCHa MJIOWMHA | TPUrOHOMETPUYHaA (hOpMa MHOXKEHHS, JiNIeHHS | KOpeHi -
ro CTeneHs»,

Lo ifeanlbHO NOEAHYETHLCS 3 i .Y ctanpapTHOMy Kypci O. IcTepa nofaHHSA
KOMMakKTHiLle, afe MICTUTb YCi onopu s BNPOBaAXXeHHSA KOPOTKOro My/ibTUMELINHOIO LUUKAY i
1-2 -nabopaTtopin. Lle no3sonse macwtabyBaTtn rnanmbuHy 3anexxHo Big npodiato knacy,
He BUXOASAYMN 3@ MeXi peKoMeHAoBaHux roauH [21]. NigcymoByto4dun, 36anaHcoBaHa MeToAMKa
ONs cTapLioi WKoam KoMBiHye 5 By3niB: KepoBaHy TPaEKTOPItO Big Aii 4o 06’ekTa 3a ,
KepoBaHe nepeBMHaANLEHHS i

u LUunTtnposaHus: 0,01% id: 31
«eMepreHTHi Mmogeni»

, ICTOPNKO-TEHETNYHI CIOXKETU IK MOTUBALiNHI
u LintnposaHus: 0% id: 32
«AKOpPI»,

OVHaMiYHy Bi3yanizauiio B Ona 3wmBaHHA anrebpu Ta reomeTpii i npobnemMHo-
JoocnigHuuUbKi cepii 3a MNonia K paMKy 3aCTOCyBaHb. Taka KOMMNO3ULiA NiABULLYE YaCTKY YYHIB,
SIKi BNEBHEHO BUKOHYIOTb MepeTBOPEHHSA B anrebpaiyHin i TPUroHOMEeTPUYHIN (hopMaXx, KOPEKTHO
IHTEPNPEeTYTb pe3ysbTaT Ha MJOLLWHI | 3aCTOCOBYOTb KOMMJIEKCHI Yncna 5K 3acib
pPO3B’A3yBaHHA piBHAHbL [22]. BucHoBKM go po3giny 1 Po3gin ogis, Wo eBooLis YNCIO0BUX
MHOXXWH Bif, HaTypaJibHUX A0 AINCHMX NOriYHO MPUBOANTL CTapLUOKACHUKa A0 noTpebu B
KOMIMJIEKCHUX YMNCNaX K A0 y3arajibHeHHS, ake 3abe3ne4vye MOBHOTY pPO3B’'A3HOCTI anrebpaidHunx
PiBHAHbL i 3HIMAE CynepeyHOoCTi MiXX hopManbHUMN NEPETBOPEHHAMM Ta HAOYHOK
iHTepnpeTaui€tn. Y Mexax YMHHMUX CTaHOapTiB | TUMOBMX OCBITHIX NporpamMm TeMa Mae€ 4iTKO
BM3HaveHe Micue y 10 i 11 Knacax 3 MOXAUMBICTIO audepeHuiauii rnnbunHn. Ons rpyn
CTaHOapPTHOrO PiBHA OOLINbHO 3aknagaTn 8-12 ypokis i3 NpiopnTeToM Ha 03HadeHHs, 6a3oB.i
onepadii, reoMeTpnyHy Modesb i 3aCTOCYBaHHSA A0 KBaAPaTHUX PiBHAHbL. 18 NnpodifbHUX
KnaciB ONTUMasbHUM € Aiana3oH 16-20 ypokiB 3 onpauoBaHHAM TPUrOHOMETPUYHOI Ta
MOKa3HWKOBOI popM, popMynm MyaBpa i 3a4a4 Ha KOPEHi CTeneHs 1, Wo Y3roa>XXyeTbCs 3
PaMKOIO HaBYa/lbHOr0 HaBaHTaXXEHHSA Ta NiAr0TOBKOIO A0 NOAaJIbLUOr0 BUBYEHHSA MaTeMaTUKN.
Mcuxonoro neparoriyHi 3acagnm Nokasaau, WO 3aCBOEHHS abCcTpaKLUil Lboro piBHA NnoTpebye
KepoBaHOro nepexoay Big Aii 4o 06’ekTa 3a MOOENSAMN 30HUN HANBNNIXKYOro PO3BUTKY,
noeTanHoro opMyBaHHSA PO3YMOBUX AiN i TPUpPiBHEBOI penpe3eHTaLii. EekTuBHICTb
MigBULLYETLCA 3@ YMOB 3HUXXEHHS 3aMBOr0 KOrHITUBHOIMO HaBaHTaXXEHHS, CUHXPOHIi3auii
CNIOBECHMUX i Bi3yaslbHUX KaHaniB, perynsapHux BigknageHMx NOBTOPEHb i HAABHOCTI YiTKUX
KpUTEepiiB OUiHIOBaHHA pe3ybTaTiB. [O/159 KOMMNJEKCHUX Yncen Le o3Havya€ NoCAiA0BHICTb Bif
anrebpaiyHOro o3Ha4YeHHsa 00 BEKTOPHOI MoAeni Ha NAOLWMHI, Aasi 40 NOASPHOI i
TPUroHOMETPUYHOI hopM 3 060B'A3KOBUM NOBEPHEHHSAM A0 NornepeHix KPoKiB Yepes KOPOoTKi
TpeHyBasbHi 610KK 3 iHTepBanamun 2-3, 7-10 i 14-21 peHb. MNopiBHANLHUIA aHani3 Nporpam i
NiAPYYHUKIB 3aCBifYMB BiAMNOBIAHICTb aBTOPCbKUX NiHINOK BUMOram CTaHAapTy i Pi3HUN CTyNiHb
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ranmbuHn nopgaHH4. JliHinkun O. IcTepa i M. beB3a oNns piBHA CTaHZapTy 3abe3nevyoTb MiHIMaNbHO
OOCTaTHIN 3MIiCT i TpeHyBa/ibHUI MaTepian Aasa aBToMaTu3auii ain 3 a+bi Ta 6azoBux
3acTocyBaHb. [ornnbneHi niHinkun A. Mep3nska i €. HeniHa NpoONOHYOTb MNOBHUI CAEKTP
npeacTasBsfieHb i 3a4ay 3 NOCTYNOBUM NMepexonoM A0 KOPEHIB cTeneHs N i pakTopusauil
MHOIOY4JIEHIB, LLO AOLIJIbHO BUKOPUCTOBYBATU SIK OCHOBY ANA NPOdifIbHUX TPAEKTOPIN. 3a
HeOobXigHOCTI LWKONN MOXXYTb KOMBIHYBATW Ui NigX04W, PO3LIMPIOYN NPaKTUKY 3adadamMum
MiABULLEHOT CKJaAHOCTIi Ta KOPOTKMMU A0Ka30BUMK efieMeHTamMun. Ornag cydacHUX MeToguyHunx
NigxXoAiB OKPeC/NB KOHCTPYKTUBHY KOMMO3ULLilO, SKa NOEAHYE Ons nepexoay Big Aii Ao
06’ekTa, KepoBaHe nepeBnHaNAEHHA peanicTUYHOI MaTeMaTUKK 419 MOTUBALLT | MOCTYNoBOro
y3arasibHeHHS, iCTOPUKO FreHeTUYHI CIoXXeTu ANa CMUCAO0BOI NIATPUMKW, ANHAMIYHY Bi3yani3aLito
B ONnsa 3lWmBaHHA anrebpu 3 reomeTpieto i NnpobnemMHo gocnigHMUbKI cepii 3a Monia ang
OPMYBaHHS CTINKNX YMiHb 3aCTOCYBaHHSA. 3aCTOCYBaHHS L€l KOMMNO3ULIi 04iKyBaHO MigBULLYE
YaCTKY Y4HiB, Ki BNI€BHEHO BMKOHYIOTb NEPETBOPEHHSA Y ABOX (hOpMax 3anucy, NpaBuiibHO
iIHTepnpeTylTb pe3ysibTaTh Ha KOMMJIEKCHIW MJIOWWNHI Ta BUKOPUCTOBYOTb KOMMJIEKCHI YMCna K
iIHCTPYMEHT p0o3B’s3yBaHHSA piBHAHb. [1igroTOBAEHNN TeOpeTUYHUA hyHAAMEHT BU3HAYa€E BUMOT M
00 po3p0obKN METOANKM B MOAANbLIMX PO34isiaxX, 30KPeEMa 00 CTPYKTYPX MiKpOMOAYiB,
KpuTepianbHOI 6a3n OUiHIOBAHHSA, IHCTPYMEHTapIito AiarHOCTUKKW i An3anHy nenaroriyHoro
eKcnepuMmeHTy, Wo 3abe3nevynTb Banigauito eheKTUBHOCTI 3aNpPONOHOBAHOro Nigxo4y B ymoBax
peanbHOro WKiNbHOro HaB4aHHSA. Po3ain 2. AHaniTu4Ha Modesnb i BUMOrn A0 METOANKMN
hopMyBaHHS ysABeHb NPO KOMMNEKCHI Yncna 2.1. OCBITHIN KOHTEKCT i AnAaKTU4HI npobnemu
3aCBOEHHSA KOMMMEKCHUX Yucesn TeMa KOMMAEKCHMX YACEN BXOAMTb 0 3MICTOBOI NiHii anrebpun
CTapLol WKOJN K JIOTiYHEe MPOAOBXXEHHS €BOJTOLiT YACIOBUX MHOXWH i K iIHCTPYMEHT Ons
pO3B’A3yBaHHSA anrebpaiyHux piBHAHbL. Y rpynax cCTaHAApPTHOrO pPiBHA AOUIMIBHO NnaHyBaThm 8-12
YPOKIB, y NpodinbHMX KNnacax 16-20 ypokiB. Y MeXax LbOoro Aiana3oHy LWKOAa po3no4inse vyac
Mi>K BBEOEHHSAM 03Ha4eHb i 6a30BUX onepauin, reoOMeTPUYHOI iIHTEepNpeTaLUi€lo Ha NAOLWMWNHI,
TPUrOHOMETPUYHOIO Ta NOKA3HUKOBO hopMaMn, 3aCTOoCyBaHHAM popMynn MyaBpa i 3agadv4amu
Ha KopeHi cTeneHs n. Taknin po3noain 3abesnevyye y3rog)xeHHs 3 paMKO HaB4asIbHOro
HaBaHTa)>XeHHA i A03B0ONSE MacwTabyBaTn rNMbNHy BUBYEHHS 3af1€XKHO Bif OCBITHLOI TPAEKTOPIi
[23]. OCBITHIN KOHTEKCT BU3HA4Ya€ETbCHA 3 B3aEMOMOB ' AI3aHNMKN BUMipamun. lNepLunin BUMip
HaB4aJibHi pe3ynbTaTy, WO DIKCYIOTbCA Aep>XaBHUMWN CTaHAapTaMu i TUMOBI OCBITHI Nporpamu,
AKi [O3BONIAIOTL LWWKOJI afanTyBaTu TUXKHEBe HaBaHTa)KeHHA. pyruin BUMip KaapoBo
MEeTOANYHUIN PiBEHb, 30KPEMa FOTOBHICTb y4YMTENSA NPOEKTYBaTN TPAEKTOPIIO Bif onepauinHoro
BOJIOAIHHA 3anncoM =2+bi o cTpyKTypHOro 6aveHHs 06’ekta C 3 anrebpaiyHuUMm i
reoMeTpUYHUMMN BNACTUBOCTAMN. TPeTir BUMIP iIHPPaACTPYKTYPHUI JOCTYN A0 LNEPPOBUX
IHCTPYMEHTIB, 30KpeMa AMHaMIi4HOi reoMeTpii, i HAABHICTb APYKOBaHUX Ta eNeKTPOHHNX
MaTepianiB ANa TPeHyBaHHA i AiarHOCTMKN. BanaHC LUMX BUMIpiB BU3HAYaE, SKNN CaMe obcar
TeMu Moxxe ByTu peani3oBaHO B KOHKPETHOMY 3akKfafi. AnaakTUYHi TPy OHOLLi 3aCBOEHHS
KOMMJIEKCHUX YMUCEeN Yy CTapLUii LWKOi NOBTOPOBaHI i fobpe TMNONOrisyoTbhCa. Y4Hi nayTalTb
YSIBHY OAMHULIIO 3 HEBIAIOMOI BEJINYMHOO, L0 MOPOOXKYE NMOMUIKOBI anrebpaivyHi nepeTBoOpeHHs.
Y 10-11 knacax 4acTo (pikCytoTbCa NiAMIHN MOAYJIIO KOMIMJIEKCHOr0 Yncia Moaynem AiNncHOro
Yyucna Ta 3MillyBaHHA apryMeHTy 3 KyTOM Haxusy BekTopa 6e3 ypaxyBaHHSA nepiognyHocTi. Mig
yac nepexogy A0 TPUTOHOMETPUYHOT (POPMU BUHNKAKTb CUCTEMHI MOMUJIKM 3 BUOOPOM
rOJSIOBHOIr0 3Ha4YeHHS apryMeHTy i 3 peaykKLi€o KyTiB. Y 3aja4ax Ha KOpPeHi N-ro cteneHs
MOLLUNPEHE 3HAaXOO)KEHHS N1LLE OOHOIo KopeHsa 6e3 nobynoBm MOBHOI MHOXXMHU KOPEHIB AK
BEpLUMH NPaBUILHOIO N-KYTHMKA Ha KoJli. B o64ncneHHax cnocTepiraloTbCs MPOnyCcKu
CMPS>KEHHA MPpU AiNeHHi, NTOMUKK Y BUAINEHHI MOAYNSA | NOMUIKOBA iHTepnpeTauis MHOXXEeHHS
Ha | 9K MHOXXEHHS Ha 3MiHHY. Kon foAa€eTbCa NOKa3HMKOBa (hOpMa, HYaCTUHA YHHIB HE y3rog)Kye
~{lo} 3 TPUroHOMETPUYHMM NOJAHHAM i HE BAa4YNTb FEOMETPUYHOI0 3MICTY AK 06epTaHHS i
MacwTabyBaHHSA [24]. KorHiTueHI 6ap’epn noe’sizaHi 3 obMeXxeHoto eMHICTIO poboyoi nam’'aTi Ta
HeobXigHICTIO 0gHOYaCHOro YTpMMaHHA 3 TUNiB penpeseHTauin anrebpaivyHoi, reoMeTpuUYHOI Ta
onepauinHol. Ha npakTuui Le o3Ha4vae, Wo rnepeBaHTaXeHHS BUHMKAE BXXE Ha KpoLi nepexony
Big a+bi 0o To4ku (2;b) 3 noganbwnm ob4nceHHaIM Moayns i aprymenTy. logaeTbcsa npobnema
HecopMOBaHMX ONOpP Y MonepefHix TeMax PYHKLUiA, TPUTOHOMETPIl, MHOFOYNEeHIB i KBagpaTHUX
PiBHSHb. AKLL0 NepeaTeMa He BiAHOBMIEHA, TO HaBiTb KOPEKTHO OpraHi3oBaHe NOACHEHHS
KOMMAEKCHUX Ynucen He cnpauboByeE, 60 y4eHb He Ma€ MiLHoi 6a3n gna nepeHocy. OpraHisauinHi
YMHHUKN TaKOX CYTTEBI. Y KNlacax 3i 3MilaHOoK NiArOTOBKOK TEMM YacTO BUPIBHIOETLCA Nig
CepenHbOoro y4Hs i ue 3HUXKYE LWaHCN CUJIbHUX YYHIB OiNTW A0 MOBHOI TPUITOHOMETPUYHOI i
MoKa3HMKOBOI hOpM Ta 3aday Ha hakTopu3auito. Y knacax 6e3 ctabinbHoro poctyny go MK
yuynTesb BUMYLLEHUI 3aMillaTy AWHAMIYHI Bisyanisalil CTaTUYHUMN PUCYHKaMU, L0 obMeXxye
crnoctepe)xeHHsa obepTaHHA | FOMOTETIl AK FeOMEeTPUYHOIr0 3MiCTY MHOXXeHHSA B C. YacTo
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BiACYTHS cMCTeMa BigKIaOeHNX MOBTOPEHbL, Yepes Lo Yepe3 7-14 oHiB CYTTEBO Nafa€ TOYHICTb
BiATBOPEHHSA anropnTMiB [25]. AHaNITUYHUIN ONMUC TUMNOBUX MOMUIIOK i IX MPUYNH O03BOJISE
cchopmynoBaTN BUMOrM A0 MeToAUKW. [oTpibHa MoaynbHa CTPYKTypa 3 YiTKUMU MIKpOLiNaMu i
BMMIiplOBaHMMK pe3ynbTaTaMu. BCTynHUN Mmoayib OPMYE iHTYILiIO PO3B’'A3HOCTI | MOTUBYE
BBeLleHHS YABHOI OOMHWLI Yepe3 3ajadi Ha Bi' EMHUA ANCKPUMIHaAHT. Oani Mmoaynb
anrebpaiyHoro nodaHHS BiANpaLbOBYE onepauii AoAaBaHHSA, MHOXKEHHS, CMIPSXXEHHS | MoOyb.
Moaoynb reoMeTpUYHOI iHTepnpeTalii MoB'AAI3y€E TOYKY (2;0) 3 MOOyNeM i apryMeHTOM, TPEHYE
nobynosu i nepexoamn Mixx chopmamm 3anucu. Moaoynb TPUroHOMETPUHHOT OPMN BBOAUTL
MHO>XeHHSs K 06epTaHHSs | MaclTabyBaHHSA, FOTYE A0 NOKa3HMKOBOI hopMu. Moayib KOPEHIB
cTeneHs n BY4NTb ByayBaTu BCi KOPEHIi | MOB'A3YE iX 3 perynsapHUMU N-KyTHUKaMN Ha KOJii.
MigncymKoBuin MogyJib MOBEPTAE Y4HA A0 3a4ay Ha PiBHAHHSA i hakTopusauito, Wwob 3akpinnuTun
POJIb KOMMJIEKCHMX Yncen K 3acoby po3B'a3yBaHHSA. YNpaBAiHHA KOTHITUBHUM HaBaHTa)XEHHAM
noTpebye cermeHTaLii MOSACHEHHA Ta A03YBaHHA CMMBOMIKW. Ha ypoui AouinbHO npautoBaTy 3a
CXEeMOK KOPOTKUIN 610K NosicHEHHS 6-8 xXB, Aasni cepia 3aBaaHb 10-12 no3unuin 3 HeranHum
3BOPOTHMM 3B’AA3KOM, MOTIM MiKpopednekcisa 2-3 XB. 3aBAaHHA MalOTb 3pOCTaTU 3a CKNAAHICTIO i
rnepekoYaTn penpeseHTauii. Hanpuknan y4yeHb 064MCAIOE MOAY/b | apryMeHT, MoTiM
nepexoanTb 40 TPUFOHOMETPUYHOT POPMUN, BUKOHYE MHOXKEHHS K AoAaBaHHS apryMeHTIB i
MHO>XEHHS MOAYNiB, MOBEPTAETLCA A0 anrebpaivyHoro 3anucy, nicng 4oro 6ynye pesynbTaT Ha
MAOLWWHI. Taknin LMK 3aMUKAE KOO Big Aii 4o 06’ekTa i Ha3an oo Ail i 3HNXXYE pU3nkK
3akpinfneHHs popManbHUX MaHinynauin 6e3 cmucny [26]. OuiHioBaHHA Mae ByTn KpuTepianbHUM
i Npo3opuM. [ouinbHO BUAINATN 3 rpynn NOKasHUKIB. MNMeplua rpyna 3HaHHEBA TOYHICTb
O3Ha4eHb, POpMYyJ i NepeTBOPEHb, HaMpuUKAad NPaBUJIbHICTb onepauin 3i CMPSXKEHHSAM i
obuncneHHsa moayns. Apyra rpyna onepauinHa LWBUAKICTb i CTINKICTb BUKOHAHHS anropuTMiB y
CTaHOapPTHUX cUTyauiax. TpeTa rpyna KoHuenTyasbHa 34aTHICTb NepexoanTu Mixx
anrebpaiyHoto i reomeTpu4HOO hopMaMu, IHTEPNPETYBATM MHOXKEHHS AK 06epTaHHS i
romMoTeTito, 6yyBaTWn BCi KOPEHI CTENeHs N i MOB'A3yBaTW iIX 3 FEOMETPUYHOIO KapTuHot. Ons
MOTOYHOIrO KOHTPOJIIO MPaLIlOE KOPOTKa AiarHoCcTuKa Ha 10-12 3aBAaHb, Ana pybixkHoOro 3pisy
18-24 3aBaaHHSA 3 NOKPUTTAM YCiX MOAYNIB. PeTpmBanbHa NpakTMKa Ma€ NsaH NOBTOPEHb Yepes
2-3,7-10i 14-21 pHiB, Wo NigTPMMY€E AOBroTpuBasay Nam’aTb i 3SMEHLWIYE cnag nicna TeMu.
OndepeHuiauia 3a TeMNoOM i CKNagHicTo € 060B’'A3K0BOt0. MiHiManbHMIM Habip onaHyBaHHA A4
KO>KHOr0 MoAynsa hopMyIIOETLCA AK 060B’A3KOBI pe3ynbTaTu, HaNnpuUKia4 BUKOHATU A04aBaHHSA
i MHOXKEHHS Y OpMi a+bi, nepenTn 0o TPUroHOMETPUYHOI hopmMun i Ha3ad, 3HANTK BCi KOPEHi
cTeneHs n gnsa manux n. NornnbneHnn piBeHb Ao0Aa€ 3aadi Ha NapaMeTpu, pakTopm3alio
rnosiiHoMiB i MobynoBM 3 AOBEOEHHAMU BNacTUBOCTEN. Ha ypoui ue peani3yeTbcs Yyepes
BapiaTUBHI KapTKW, ie KOXXEeH y4eHb BUKOHYE Ba3y i MiHIMyM 2 3aa4i nigBuULLLEHOT CKIagHOCTI, a
CW/IbHI YYHI OTPpUMYIOTH WWe 2 3a4adi 3 gosegeHHaM [27]. Undposa nigTpMKa NigCcUIIOE 3B 930K
MiX ysaBJIeHHAMU. HaBiTb 1-2 gnHaMiyHi MiHi nabopaTopii y rpynax cTaHAaApPTHOro PiBHSA Pi3Ko
3HVKYIOTb KifIbKiCTb MOMUIIOK Y BUGOPi apryMeHTy i B iHTepnpeTaLii MHOXeHHS. Y npodinbHNX
rpynax 3-4 nabopaTopii 403BONAIOTL CHOPMYBATU CTIMKUIA HAaBUK NepexoiB MK popMaMu Ta
3abe3ne4ynTu BisyanbHe NIArpyHTA ANa hakTopu3sauii. 4na knacie 6e3 ctabinbHoro goctyny Ao
MK pouinbHO BUKOPUCTOBYBATU APYKOBaHi CEPil PUCYHKIB 3 iIHCTPYKLIiAMM Ha NobynoBy i
rnepeBipKy Ta AEMOHCTpPaAUiNHI BigeocerMeHTU 2-3 XB 3 May3aMun Ha BUKOHaHHSA KOPOTKUX Aii
[28]. YnpaBniHHA pn3mMkamu peanisauii TeMmun mae 6yTu a8HUM. Pn3uk 1 6pak Yacy B KaneHpgapHo
TeMaTUYHOMY MJ1aHi NOM AKLYETbLCS IHTErpaLi€lo KOPOTKMX MOBTOPEHb Y MOYaTOK YPOKIB i
rnepeHeceHHsM YaCTUHU TPeHYyBalbHNX BrMpaB Y AoMallHi poboTn 3 aBTOMaTUYHUM
caMorepeBipAHHAM. PU3NK 2 HeOQHOpPIAHA MiAroTOBKa YYHIB A0OMAETLCA ABOKOHTYpPHOK poboToto
6a30Bi 3aBOaHHSA A115 BCiX NJOC BapiaTUBHI Tpekun. PU3mnk 3 BiACyTHICTb undposmx 3acobis
KOMMNEHCYETbLCA AEMOHCTPALINHUMN MaTepianaMun 3 MOKPOKOBMMU PUCYHKaMU i WabnoHaMmu.
Pusuk 4 dopManbHNN KOHTPOJSIb 6€3 3BOPOTHOI0 3B'A3KY HIBEIIOETLCS 3aNpoBad)XeHHAM
MiKPOOLiHIOBaHHA Nicna KoXHoro niabnoky [29]. Mikpouunkn 3 Temun

n LlmtupoBaHus: 0,05% id: 33
«MHO>X€EHHS i OiIeHHSA KOMMJIEKCHUX YUCes y TPUroHOMeTPpUYHIn chopMi. KopeHi cteneHs  »

MeTa chopMyBaTK BMiHHA NepexoamnTin MixX anrebpaiyHoo i TPUFOHOMETPUYHO hopMaMmu,
BMKOHYBATW MHOXXEHHS | AiNeHHS Yyepe3 MOAYJb | apryMeHT, 3HaxX04AMUTU BCi KOPEHi cTeneHs
CTpykTypa 1 ypoky 40 xB: 7 XB NOACHEHHS, 12 xB TpeHyBaabHi BNpasu (10 no3wnuin), 3 xB
Mikpopednekcia, 15 xB MiHIKOHTpoNb (12 3aBOaHbL), 3 xB NiAGUTTA Niacymkie. bnok A. Mepexoaun
MiX bopmamu i onepauii 3agada Al. laHo 71 = 2 + 2V/3i. 3HaNTXU MoOyJlb, FOJIOBHU apryMeHT,
TPUroHoMeTpuyHy copmy. Moaynb: |z:| = V(22 + (2V3)?) = /(4 + 12) = /16 = 4 AprymMeHT:

= (2V/3)/2 =3 = 11/3 = 70° (To4Ka y | yBepTi) TpuroHoMeTpu4iHa popMa: 71 = 4( 70° +
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70° ) 3apaya A2. laHo 72> =1 3:i. 3HaNTKU MoAaYy/b, FOJIOBHUA apryMeHT,
TpUroHoMeTpuyHy copmy. Moaynb: |zz| = V(12 + (V3)?) = /(1 + 3) = V4 = 2 AprymeHT: =
(—v3)1= 3 = —70° (Toyka y |V yBepTi) TpuroHoMeTpuniHa opma: 7> = 2( (—=70°) +

(—70°) ) 3apayda A3. O6YNCANTN Z1-7> Y TPUTOHOMETPUYHIN hopMi i MOBEPHYTUCH A0
anrebpaivyHoi. Moayni NepeMHOXYIOTbCHA, apryMeHTn A08al0ThCA: | | =4-2=28; ( ) =
70° + (—70°) = 0° OTxe: = §( 0° + I 0°) = 8 + 0 Nepesipka (anrebpaiyHa popma):
(2 +2/30)(1 3:)=2-—2/31 4+ 2/3: 2=2+ 6 = 8 3apgaya A4. Ob4ncnuTnz:/7> y

TPUrOHOMETPUYHIN hopMi i NOBEPHYTUCH A0 anrebpaiyHoi. Moayni 4inaTbCsA, apryMeHTH
BigHIMaOTbCA: |21/22| = 4/2 = 2; (z1/22) = 70° — (—70°) = 120° OTXe: z1/7> = 2( 120° +
120°) =2(—-1/2 + 1-/3/2 ) = —1 + /3 NepesipkKa (cnpsxeHHA): ((2 + 2/3-1)/(1 3-0))-((1 +
3D+ V30) =2+ 2/3 1)1 +V3))4=(—-4+4/31)/4 =1+ /3 bnok 5. KopeHi cTeneHs
i reomeTpia Ha Koai 3agada B1l. 3HanTu BCi KyBivHi KopeHi yncna 8. NogaHHA 8 y

TPUroHOMETPUYHIN opmi: 8 = 8( 0° + I 0° ). ®opmyna ANa KOpeHiB 3-ro cteneHs: w_k =
8 ( ((0° 4+ 370°k)/3) + i'sin((0° + 370°:k)/3) ), k=0, 1, 2°/8 = 2; aprymeHTn: 0°, 120°,

240°. = 2( 0°+isin0°)=2 = 2( 120° 4+ i-5in120° ) =2(—-1/2 + 1-/3/2) = -1 +
3 = 2( 240° + |- 240° ) =2(—-1/2 V/32)=-1 3 F'eomeTpuyHa iHTepnpeTauis

TPY BEPLUNHW NMPaBWUJIbHOMO TPUKYTHMKA Ha KOJi pafiyca 2 3 LeHTPOM Yy MoYaTKy KOOpAMHAaT.
Bnok C. MiHIKOHTpO/b | NigpaxyHOK pe3ynbTaTiB MiHIKOHTpoNb 12 3aBAaHb: 1 064ncneHHs
MOOYyNs i aprymMeHTy, 2 nepexoam Mixk bopmMmamin, 3 MHOXKEHHS, 2 AifIeHHS, 2 KOpeHi cTeneHs 3, 2
iHTepnpeTauii Ha naowuHi. OuiHoBaHHA 1 6an 3a NpaBWAbHY BiANOBIAb, MakcuMyM 12. Mpuknag

rnepesBipkun: y4eHb nogas AN z:/z> Bignosigb 2( 300° + i 300°). Lle noMmunka, npaBusbHUI
aprymeHT 120°. MNMpaBunbHa Bianosiab —1 + V3. MiacymkoBa cTaTucTuKa knacy n = 30: cyma
6anis 276; cepeHin 6an x = 276/30 = 9,2 3 12; megiaHa 9; kBapTuam O: = 8, O: = 11; 4yacTka

8 6aniB = 22/30 = 73,3%; TUNOBiI MOMWUAKW: 4 yYHi NyTalOTb FOJIOBHUIA aprymMeHT y |\ yBepTi, 3
Y4Hi 3HaxoAsaTb Anwe oanH Kybi4HUn KOpiHb. Baiok D. PeTprBanbHa NpakTuKa i OLiHKa ehekTy
padhik noBTOpeHb: [leHb 3 (6 3aBaaHb), LeHb 9 (8 3aBaaHb), AeHb 18 (10 3aBaaHb). daHi rpynn

= 30: npe TecT (12 3aBaaHb) cepeaHin 6an 6,3; s = 2,4. NocTt TecT (12 3aBAaHb) cepeaHin 6an
9,8; s = 1,8. Po3paxyHok epeKkTy 3a KoeHoM d (nyniHr gucnepcin): s p = V( ((h—1)s_pre? +
(n—1)- 2)(2n—2))s p = /((29-2,42 + 29:1,8?)/58 ) = V( (29:5,76 + 29:3,24)/58 ) = V/(

261,00/58 ) = V4,5 = 2,121 d = (9,8 — 6,3)/2,121 = 1,65 EcheKT BennKnin. YacTka npaBusbHMX
rofIoBHUX aprymeHTiB: 53,3% — 86,7%. MoBHNI Habip kopeHiB cTeneHs 3: 36,7% — 83,3%. bnok
. KpntepianbHa pybpuka ans WBUAKONO 3BOPOTHOMO 3B’A3KY 1 3HAaHHEBA TOYHICTb O3HAY€EHb i

dopmyn (Moayb, apryMmeHT, cnps>XeHHs) 0 4u 1. 2 onepauinHa CTINKICTb aropnuTMiB y
CTaHOapTHMX cnTyauiax 0 1 2. 3 KoOHUenTyasibHa Y3roA )KeHiCTb penpe3eHTauin nepexig Mixx
dopMamu, reomeTpuYHa iHTepnpeTaLis MHOXXEHHS, NoOBHa MHOXWHa KopeHis 0 1 2. LLBnaka
wkana 0 oo 5; nepesenerHHsa y 12 6anis nponopuinHo, Hanp., 4/5 — 9/12. OCBITHIN KOHTEKCT i
diarHocTukKa TunoBux bap’epie GOPMYOTb BUMOrM A0 METOAUKN. MeToanKa Mae byTn
MOAYJIbHOIO | penpe3eHTaLinHo 36anaHCOBaHO, 3 KEPOBaHUM KOrHITUBHUM HaBaHTaXEHHSM,
MPO30pMMKN KPUTEPISIMN OLLIHIOBaHHS, N1aHOM peTpuBasibHOI NMPaKTUKN i BapiaTUBHICTIO AN
pi3HUX TpaekTopin. Mpu Takin KoHQIrypauii 3a 8-12 ypokis cTaHAapTHOro pisHa abo 3a 16-20
YPOKiB NPOMiSIbHOrO PiBHA YYHI [OCAralOTb He fnwe npouenypHOro BONOAIHHA CUMBOJIIKOK, a
KOHLEeNTyanbHOro po3yMiHHSA, HeoBXiAHOro A1 BNEBHEHOro 3aCTOCYBaHHA KOMMJIEKCHUX Yncen
K 3acoby po3B’a3yBaHHA anrebpaiyHmX piBHAHb. 2.2. AnaakTn4Ha Moaesb OPMYyBaHHS
yaBneHb AunaakTuyHa Mogesb CNpsiMOBaHa Ha Te, wob nepeBecTun y4YHS Bif NOKaAbHUX
ornepauin 3 3anucoM a+bia+bia+bi A0 CTINKOro CTPYKTYPHOro Ba4eHHS MHOXUHK C\ {C}
K nona 3 anrebpaiyHMM | reOMEeTPUYHMMM BNACTUBOCTAMUN Ta BMiHHA 3aCTOCOBYBATU Lii
BJIACTUBOCTI OJ19 pO3B'sAI3yBaHHSA aarebpaiyHux piBHAHb. Mogenb nobyaoBaHa K MoAyJibHa
TPAEKTOPIA 3 HiTKUMU MIKPOLINAMU, KpUTEpPialbHUMU NOKA3HUKaMK, rpadikoM NOBTOPEHD i
anropuTMamm 3BOPOTHOIO 3B'A3KY. [Ns CTaHOApTHOro piBHS nepenbayveHo 8-12 ypokis. Ans
npoinbHOro piBHA 16-20 ypokKiB. KOXXeH YPOK Ma€ BHYTPILLHIO CTPYKTYpPY: 6-8 XB MNOACHEHHS 3
MPUKNagoM i KOPOTKOI Bisyanisauieto, 10-12 xB TpeHyBanbHU 6710k 3 10 3aBAaHb, 2-3 XB
Mikpopediekcisi, 15 xB 3acTocyBaHHA abo MiHIKOHTPOb, 2-3 XB NiABUTTS MiACYMKIB i
MOCTaHOBKa AOMaLUHbLOIr0 3aBAaHHSA. CTPMXKHEBMMIN penpeseHTauiaMn € anrebpaiyHa,
reoMeTpuYHa i TPUroHOMEeTpPUYHa 3 CUCTEMHUM NEPEMUKAHHAM MiXX HUMK [30]. 3micToBa
apXiTeKTOHiIKa OXOMnJoE 5 NocNifoBHUX Moy iB 3 060B'A3KOBMMIN MiKpopesybTaTamu. Moayib
1 MOTMBaLINHO BCTYMNHUI. Y4eHb Ma€E yCBIiAOMUTM NoTpeby B KOMMJIEKCHMX YMCax Yepes 3aaadi
Ha piBHAHHSA 6e3 AiNCHMX KopeHiB i Nno6a4ynTn BBeAEHHSA YySBHOI OAVHULI 9K PO3LUNPEHHS
YNUCNOBOI CUCTEMU. HanpuKiHLi MOAYNSA Y4eHb PO3Pi3HAE YABHY OAMHULIIO | HEBIAOMY, KOPEKTHO
yuTae 3anuc a+bia+bia+bi, BUKOHYe 6a30Bi Oii fogaBaHHSA | MHOXXEHHA y 6 3 8 TUNOBMX 3aBAaHb,
MiHiMyM 75%. Moaynb 2 anrebpaiyHmin. Y4eHb aBTOMaTU3YyE AO[AAaBaHHSA, MHOXXEHHS, CMPSAXKEHHS,
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MOAYJIb | QPryMeHT Yy NMPOCTUX KOHGIrypauiax, ymie nepexoanTn Mixk opmoto a+bia+bia+bii
KoopauHaTHOoW napoto (2;0)(a;b)(a;b) ana nobyaoBm To4YkM Ha NMAOLWMHI. HanpukiHui mogyns
TOYHICTb Y KOPOTKOMY TecTi 3 12 no3uuin mae 6yTn He HMXKYe 8 NpaBUIbLHUX BiANOBIgen,
MiHiMyM 67%, a cepefHiln Yac BUKOHaHHsS 1 no3uuii He Binbwe 45 cekyHa. Moaynb 3
reoMeTpUYHUN. Y4eHb ONaHOBYE MOAY/b K AOBXWUHY BEKTOPA, apryMeHT K KyT NOBOPOTY,
BUKOHY€E NoOYA0BM Ha KOMMAEKCHIN NJIOLWWHI, MepexoanTb 0O TPUrOHOMETPUYHOI hopmu,
KOPEKTHO OMNepYyeE roJsIOBHUM 3HAYEHHAM apryMeHTy. HanpukiHui Mogyns npaBubHICTb
BU3Ha4YeHHSA apryMmeHTy y 8 3 10 3aBAaHb, MiHiMyM 80%. Moaynb 4 TPUrOHOMETPUYHaA i
MoKa3HMKoBa hopMa. Y4eHb TPAKTYE MHOXEHHSA K 06epTaHHS | FOMOTETI0, BUKOHYE MHOXEHHS
i AineHHs Yepe3 MoAyi Ta apryMeHTun, 3aCTOCOBYE popMyly MyaBpa 415 CTEMNeHIB i KOPEHIB,
Oyaye BCi KOpeHi cTeneHs SAK BEPLUIVHWN NMpaBubHOro -KYTHMKa Ha Koni. HanpukiHui
MOOys YaCTKa MOBHUX BigNoOBiAen y 3agadYax Ha KopeHi cteneHs 3 He Huxk4Ye 80%, Ha KOpEeHi
cTeneHs 4 He HMXXYe 70%. 3a noTpebun BBOANTLCA NMOKa3HUKOBa opMa ~{\ }

ONs NPUCKOPeHHS 064ncnenb y NpodinbHUX rpynax. Moaynb 5 3acTocyBaHHSA. Y4eHb BUKOHYE
po3knapj 6baraTo4neHiB Ha MHOXHUKN i3 3a/y4eHHAM KOMMIEKCHNX KOPEHIB, iIHTepnpeTye
pe3ynbTaT reoMeTpuyHO, NPOBOAMTL NEPEBIPKY Y ABOX hopMax 3anncy. HanpukiHui mooyns
TOYHICTb Yy 3MillaHOMYy Habopi 3 18 3aBAaHb He HUXXYe 72%, MPU LbOMY Y KOXHIl Niarpyni
3aBOaHb pe3ynbTaT He HMXKYe 67%. OUiHOYHa paMKa MoAe i BKYaE KpUTepil, NOKA3HUKN i
PiBHi C)OPMOBaAHOCTI 3 Mpo3opumMn noporamn. Kputepin 1 3HaHHEBUN. NNOKA3HUKN KOPEKTHICTb
O3Ha4eHb, PopMyJs1, 3HAHHA BIACTUBOCTEN cripskeHHs | moayns. OuiHioBaHHS 3a wkKanoto 0-2.
PiBeHb 6a30BuI 1, piBeHb AOCTaTHIN 2. KpnTepin 2 onepauinHuin. MoKa3HUKKM aBTOMaTM3aLis
ANIrOpuUTMIB y CTaHAAPTHUX CUTYyaUisaX i CTIMKICTb A0 nepewkod. OuiHOBaHHSA 3a wkanaot 0-3.
PiBeHb 6a3oBuI 2, piBeHb AocTaTHIN 3. KpuTepin 3 KoHuenTyanbHUA. MOKa3HNKWN y3roa >KeHi
rnepexoaun Mixx anrebpaidHoto i FeoOMeTPUYHO hopMaMmn, KOPEKTHA iHTepnpeTaLia MHOXKEHHS
AK obepTaHHS i romoTeTil, NobynoBa NOBHOT MHOXWHMN KOPEHIB CTENEHS . OuiHOBaHHA 3a
wkanoto 0-3. PiBeHb 6a3o0BUI 2, piBeHb AOCTaTHIN 3. 1719 MOTOYHOr0O KOHTPOJIO 3aCTOCOBYETHLCS
MiHiHabip 12 3aBOaHb 3 MOKPUTTAM 3 KpuTepiiB, 1 6an 3a no3unuito, MakCMMasibHa cyMa 12. Onsa
py6i>KHOro 3pi3y 3MiwaHnn TecT 18-24 3aBAaHHSA, HacoBUM NIMIT 25-35 XBUAKH. Pe3ynbTaTu
iIHTepnpeTylTbCs 3a noporamm 0-7 HMU3bKKNA, 8-12 6a3oBuin, 13-18 gocTaTHIA, 19-24 BUCOKUIA.
Ona npodinbHUX rpyn AoJa€TbCa 610K 3 NapaMeTPUYHUMK PIBHAHHAMU | 3a4a4aMn Ha
noBefeHHs [31]. KepyBaHHSA KOrHITUBHUM HaBaHTaXXeHHSAM 3abe3neyyeTbCsl CErMEHTALIEN |
003YBaHHAM CMMBOIKW. KOXKeH HOBUI eNeMeHT BBOOUTbLCS Yepe3 KOPOTKNI NMpukiag 3 O4HUM
HOBMM KPOKOM, MiCna 4oro cnigye cepia 3 10 3aBOaHb 3i 3p0OCTaHHAM CKIAAHOCTI. 3MiHa
penpe3eHTauil 34iNCHIOETLCS Yepes XXOPCTKY MOC/ifOBHICTb 3BOPOTHUI Nepeknag Ao
nonepeaHbLOI hopMn, NPAMUIA Nepekag 40 HOBOI (hopMU, NepeBipKa pesynbTaTy Y BUXIAHIN
dopMi. [na 3HMKEHHSA NO3aKOHTEKCTHOrO HaBaHTaXXeHHA NpubupatloTbCs opyropsagHi geTtani i
MapKYyTbCS KJIIOYOBI e1IeMEHTUN PUCYHKa. 04 niaTpuMkm poboyoi mam’'aTi BiAnpaLbOBYETbCA 3-
5 TaKCOHOMiIYHMX WabNoHIB, 30KpPeEMa MHOXXEHHS Y TPUITOHOMETPUYHIN dOopMi, AiNeHH:A Yepes
Cnpsi>XeHHs, nobyaoBa apryMeHTy Yy BignoBiaHin 4BepTi, oOyBaHHSA KOPEHIB K po3kiag KyTiB
yepes 37003707\ 3700k abo 21k2\pi k2rk. 'pagik peTpmMBanbHOI NPakKTUKN BOyAOBaHUA Y
Mogenb i € 060B'A3KOBMM KOMMOHEHTOM. MNoBTopeHHS BiabyBatloTbCa Yepes 2-3 aHi, 7-10 AHiB i
14-21 pgeHb Big MOMEHTY MEPBUHHOI0 3aCBOEHHSA. KO)XeH NoBTOpOBabHUI 610K Ma€e 6-10
3aBOaHb i 3aMa€e 6-10 xB ypoky. O4ikyBaHU edheKT ANa CTaHOAAPTHUX rpyn 36inbIeHHS YacTKu
npaBWUbHUX BigNoOBiAen y 3agadvyax Ha apryMmeHT 3 70% o 80% nicna opyroro NOBTOpeHHSA. s
npoiNbHUX Fpyn o4ikKy€eTbCa cTabinizauia pesynbTaTiB Ha piBHIi 85-90% y 3agavax Ha KOpeHi
cTeneHs 3 i Ha piBHI 75-85% y 3aga4ax Ha KopeHi cTeneHs 4 [32]. OndepeHuialis peanizyeTbca
yepes 3 piBHI 3aBAaHb Yy KOXKHOMY MoAayni. PiBeHb A 6a30Ba KOMNETEHTHICTb. Mpuknaan
aBToOMaTm3auii y opmi a+bia+bia+bi, ob4yncneHHsa moaynsa i FONOBHOIroO apryMeHTy, 8 3aBAaHb.
PiBeHb B mornnbneHa npakTuka. Mepeknaan mMixxk dopMamMn, MHOXXEHHS | OiNeHHs y
TPUroHOMETPUYHIN hopmMmi, 6 3aBAaHb. PiBeHb C BUKANKW. 3adadi Ha NOBHI MHOXKWUHMW KOPEHIB i
hakTOopM3auito NoniHoMIB, 4 3aBAaHHSA. Y4eHb BUKOHY€E 060B’'A3KOBI 8 3aBAaHb PiBHA A i MiHIMyM
2 3aBAaHHA piBHA B. CunbHi y4Hi gogaloTb 2 3aBAaHHA piBHA C. Ha ypoui BYMTENb Npautoe 3
OBOKOHTYPHMM MOTOKOM iHAMBIAYanbHa NigTPUMKa ANS PiBHA A NAOC KOHCYNbTaLis 3a 3anMToM
ans pisHiB B i C. CepefHin 4ac nepeBipku oOHiei poboTn He Ma€E NepeBuLLLYBaTU 3 XBUJIMHUN
3aBOSKN KOPOTKNUM KJto4aM i wabnoHam ouiHoBaHHSA [33]. MexaHi3m popMyBasibHOro
OLHIOBaHHSA BMOHTOBAHUN Y KOXKHUI eTan. MNMicns KOpOTKOro NOSACHEHHSA y4uTeslb NPOBOAUTb
MiKpornepeBipKy Ha 3 Mo3uuii 3 MUTTEBUM MOKA30M NpaBUIbHUX KPOKIiB. lMicna TpeHyBasibHOIro
610Ky y4eHb 3anoBHIOE pybpuKy camonepeBipkn Ha 3 KpuTepii 3 ouiHkoto 0-1 abo 0-2. Y KiHui
YPOKY 3pa30K BigMNoOBiAi AEMOHCTPYETLCA | y4eHb BUKOHYE KOPUTYBaJibHY Ait0, SKLWLO0 NOKa3HUNK
HW>X4e rnopora. ¥ goMalHin poboTi 060B'A3K0BI 6 MO3KMLIN 3 aBTOMATM4YHOIO NEpPEBiIpKOI0 Ta 2
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no3uuii 3 KOPOTKOK NUCbMOBOI pedhneKCielo, Ae y4eHb NOACHIOE nepexin Mixx dopmamn abo
obupae aprymMeHT o519 BKa3aHol 4yBepTi. 3acobn HaB4YaHHS BKJ/IIOYaOTh APYKOBaHI KapTu,
OVHaMiYHi anneTn i wabnoHu Bignosigen. Ona knacis 6e3 ctabinbHOro AOCTynNy A0 KOMN'IOTEPIB
nepenbadeHi 3 cepii ApyKOBaAHUX PUCYHKIB HA KOMIMJIEKCHIN NJOWWHI 3 KpoKamMu nobynosu.
Ko>xHa cepisi Ma€ No 8 pUCyHKIB 418 NOCNifOBHOIMO BiATBOPEHHSA MHOXEHHSA K o6epTaHHS i
romoTeTii Ta ona nobynoBu KopeHiB cteneHsa 3 i 4. [1ng KnaciB 3 A4OCTYNOM A0 KOMN'tOTepiB
nepenbadeHo 3 nabopaTopHi MiHipoboTK TpmnBanicTio No 15 xBUAKH KoxxHa. JlabopaTopisa 1
MOAY/b | apryMeHT K KOOPAWHATHI NapaMeTpu To4ku. JlabopaTopisa 2 MHOXKEHHS Ha

~{\ } AK 06epTaHHS Ha KYT 0\ . JTabopaTopia 3 KopeHi cTeneHs K
PiIBHOMIpHUIM po3KNaf apryMmeHTiB. Micnsa koxxHoi nabopaTopii y4eHb 30a€ 1 apkyw 3 3
nobypnosamu Ta 3 BignoBiaaMM y ABox popMax 3anucy [34]. KOHTPOb SKOCTi BMIPOBaA )KEHHS
Mozaeni 3abe3nevyyeTbCA Yepes YeK-IUCT yuuTend Ha 10 NyHKTIB i LWOTWXXHEBY MiHiHapagy 3
aHani30M OaHnX Knacy. Y 4ek-nucTi iKCyloTbCA BUKOHAHHSA CTPYKTYPU YPOKY, HAasABHICTb TPbOX
penpe3eHTaliln, AOTPUMaHHSA rpadika NoBTOpPeHb, 3aCTOCyBaHHSA pybpuK i po3noain 3aBaaHb 3a
piBHAMWU. MiHIManbHWI NOPIr BUKOHAHHSA 8 BUKOHAHUX MYHKTIB 3 10. AKLL0 NOKa3HMK HMXKYe,
yuynTenb nepernsgae njaH HacTynHoro TUxHs. Ha MiHiHapaai aHaniayeTbcsa cepegHin 6an,
pO3Mo4isl NOMNOK, YaCTKa Y4HIB, LLO HEe A0CAr/IN NOPOriB, | MIaHYTbCA KOpUryBasnbHi ail. Ons
CTaHAAPTHUX KNaciB LiNb Ha 4-N TUXKAEHb YacTKa Y4YHIB 3 pe3y/ibTaTOM He HMXX4Ye 8 3 12 Ha
MiKPOKOHTPOI Ma€ CArHyTN 75%. Ona npodinbHUX KNaciB UiNb Ha 4-1 TUXKOEHb YaCTKa Y4HIB 3
pe3ysibTaToOM He HMXK4Ye 14 3 18 y 3millaHoMy TecTi Ma€ carHyTn 70%. O4ikyBaHi HaB4YasbHi
eheKTn PoPMYJIIOITLCA AK KiflbKiCHI Lini. Micns 3aBepweHHa Moaynsa 4 4YacTKa KOPEKTHUX
BiAMoBigen y 3agavyax Ha MHOXXEHHS Y TPUTOHOMETPUYHIN opMi Ma€ 3poCcTn Ha 20-25
BiJ,COTKOBUX MYHKTIB Bi4 CTapTOBOro BUMiptoBaHHSA. MoMunnku y Bubopi roNoBHOro 3Ha4YeHHS
apryMeHTy MaloTb 3MEHLINTUCA WOHaNMMeHLe yaBidi. Y 3afadax Ha KOpeHi cTeneHsa 3 4yacTka
MOBHMX BiAMOBIAEN i3 TPbOMa KOpeHAMN He HMXKYe 80% y CTaHAApPTHUX Knacax i 90% y
npoinbHUX. Y 3aga4ax Ha (hakTopm3aLito NPOCTMX MOJIIHOMIB 3 KOMMJIEKCHUMU KOPEHSAMU
YaCTKa KOPEKTHUX po3kJaaiB He HuK4Ye 70% y cTaHaapTHUX i 85% y npodinbHux. Ons
nepeBefeHHs LUnx eeKTiB Y MiACYMKOBY OLLiIHKY BUKOPUCTOBYIOTLCS BaroBi KoeqilieHTH
3HaHHEBUIM KpuTepin Bara 0,3, onepauinHni 0,3, KoHuenTyanbHUn 0,4. MiACYMKOBUIN iHOEKC
Paxy€eTbCA K 3Ba)KeHa CyMa HopMoBaHux 6anis 3 noporamu 0,6 gnsa 6asosoro piBHA | 0,8 ons
JoCTaTHboro. Moaynb 4

u LUwnTtnposaHusa: 0,04% id: 34
«TpuUroHoMeTpM4yHa Ta NOKa3HUKOBa hopMa. 3aCTOCYBaHHSA A0 CTEMNEHIB | KOPeHiB»

+ Moaynb 5

n LvtuposaHus: 0,02% id: 35
«3aCToCyBaHHSA 40 pOo3Kaany NojaiHoMiB»

TpuBanictb: 2 ypokn no 40 xB. Lini: 1) cdhoopmyBaTh BMiHHSA MiAHOCUTN KOMIMJIEKCHI Ynucna y
cTeniHb i [obyBaTK KOPEHI N-ro CTerneHs; 2) 3aCToCcyBaTuK pe3ybTaTu A0 dakTopusauii
noniHomiB; 3) BignpauBaTN Nepexoan Mixk anrebpaiyHoto, TPUroHOMETPUYHOIO Ta
NMoKa3HMKOBO hopMamun. Ypok 1. CTeneHi i kopeHi CTpykTypa: 6 XB MOACHEHHSA, 12 XB
TpeHyBaHHSA (10 3aBAaHb), 3 XB Mikpopednekcia, 15 xB MiHIKOHTposib (12 3aBAaHb), 4 XB

nigcymok. A. Posirpis: nepexogn Mixx doopmamu aHo: z: = V3 + I. Mogynb: |z:] = V((V/3)? + 12) =
(3 + 1) =2 AprymeHT: =1/V3 = 30° (| yBepTb) TpUroHomeTpuyHa popma: z1 = 2(
30° + i 30° ) Moka3HukoBa opmMa: 71 = 2"~ {in/6} B. CTeneHi 3a opmynoto Myaspa 3anada

1. O64mncnnTun z:~5. Moaynb: [2:75] = 275 = 32 AprymeHT: (z:75) = 5-30° = 150° OTXxe
~5 = 32( 150° 4+ i-sin 150° ) = 32(-/3/2 + 1'1/2 ) = -16/3 + 16i lNepeBipKa y NMOKa3HNKOBIN
dopmi: 22175 = (2e~{in/6})"5 = 32e~{i51/6} 3apayva B2. AaHo z> = 1 + 1V/3. 3HanTun 22" 4.

Mopaynb: |zz] = V(12 + (V/3)?) = 2 ApryMeHT: = /3/1 = 70° (| uBepTb) Tomdi 2274 = 27 4(
240° + i 240° ) =16(-1/2-1-/3/2 ) = -8 - 8/3-1 C. KopeHi n-ro cteneHda 3agada C1.
3HanTn BCi 4eTBepTi KopeHi ansa z = 16-( 120° + i 120°). 3aranbHa opmyna: w_k = “/16 -
( ((120° + 370°k)/4) + i-sin((120° + 370°k)/4) ),k =0,1,2,3/16 =2, o_k = 30° + 90°k w O
= 2( 30° 4+ 1-sin30°)=V3+ 1w 1=2( 120° 4+ 1-5in 120° ) = -1 + V3 w_2 = 2( 210°
+ I 210°) =-/3-1w 3 =2( 300° + I 300°) =1-1/3 FeoMeTpPUNYHO Le 4 BepLUMHN
MpPaBUIbHOIO0 YOTUPUKYTHMKA Ha Koni paaiyca 2. 3agada C2. 3HaNTM BCi N'ATi KOpeHi gnaz =
32+ 150° + i-sin 150°).°/32 = 2, 3 _k = (150° + 370°k)/5 = 30° + 72°k w_k = 2( kK +
. k), k=0,1,2,3,4 {£_k} = {30°, 102°, 174°, 246°, 318°} w_0 = 2( 30° + i-s5in 30°) =
3+ 0na ws, w2, ws, Ha TPeHYBaHHiI 064YNCIOITLCA OEeCATKOBI HAabNMXKEHHS.

MiHikoHTpoONb 12 3aBaaHb Cknag: 3 nepexonn Mixx dpopmamm, 3 cTeneHi, 4 KopeHi 4-ro/5-ro
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CcTeneHs, 2 KOpOoTKi iHTepnpeTauii. OuiHioBaHHSA: 1 6an 3a 3aBAaHHA, MakCuMyM 12. Ypok 2.
3acTocyBaHHSA 40 hakTopu3auil noniHoMiB CTpyKkTypa: 8 XxB MosacHeHHS, 10 xB TpeHyBaHHS (8
3aBAaHb), 4 XxB Mikpopediekcis, 15 xB MiHINPOEKT (2 3a4ayi 3 MOBHUM pPO3B’'si3aHHAM), 3 XB
nigcymok. £. ®akTopusauisa 4epes KOMMNJEKCHI KopeHi 3agada £1. Po3knacTu Ha MHOXXHUKN Hag

nosiiHOM P(x) = x* + 4x2 + 16. lNiacTtaHoBKa v = x2: v2 + 4y + 16 = 0 AUCKpUMIHaHT: D = 42 -
4:1-16 = 16 - 64 = -48 0 KopeHi gna v: v_{1,2} = (-4 (-48)) /2 =-2 + 2/3 - i NoBepTaemocs
0o x2: x2=-2 4+ 2/3 -1 abo x?2 =-2-2/3 i MNepexoammMmo 00 TPUrOHOMETPUYHOI hopmMu i

nobyBaEMO KopeHi: |-2 + 23| = /(4 + 12) =4, 0 = 120° x = /4 - ( ((120° + 370°)/2) +
((120° + 370°k)/2) ), k=0,1 x = 2( 70° + - 70°)=1+1V/3x=2( 240° + i 240°
) =-1-1V/3 AHanoriyHo gna x2 = —2 — 2V/3:: x = 2( 300° + i 300°)=1-1V3 x =2(

120° + i 120° ) = -1 + /3 KomnnekcHi kopeHi: {1 +1v3,1-ivV3,-1+iV3,-1-1V3}
dakTopmsauia Hag R P(x) = (- (1 4+ 1V3) - (1 - 1V3N0- (-1 + V3 (x - (-1 -1V3)) = (x2-2x + 4)
(x2 + 2x + 4) NepeBipKa: (x2-2x + 4)(x2 + 2x + 4) = + 4x2 + 16 3apayda £2. PakTopusyBaTu
(x) = x*+10x2 + 169. NigcTtaHoBka v = x%: v2 + 10y + 169 =0,0 =100- 676 =-576 v_{1,2}
= (-10 (-576))/2 = -5 = 121 Y pe3ynbTaTi Hag R oTpuMaeMo 0o6yTOK ABOX KBagpaTHUX
TpuuneHis: O(x) = (x2-2V13-x + 13)(x2 + 2/13-x + 13) OuiHioBaHHA, AaHi i Kopekuis
MiHikoHTpoOb Ypok 1 (n = 28): cyma 257/336, cepenHin 6an 9,18 3 12, megiaHa 9, 01 = 8§, =
11, yacTka = 8 6aniB = 75,0%. Tunosi NOMUAKN: 5 Y4HIB NPONYCTUAN OOUNH KOPiHb; 4 YYHi
nayTatoTb KyT y |ll Ta |V yBepTax. MiHIiNpoekT Ypok 2: pybpuka 0-8 (2 + 3 + 3). CepenHe 6,2;
yacTka = 6 = 71,4%. PeTpuBanbHa npakTuka: [leHb 3 8 3aBAaHb; OYiKyBaHe 3pOCTaHHSA
npaBuJIbHOro BU6opy rosIOBHOro apryMeHTy 3 64% 00 82%. 1) Tpu penpeseHTauii 3 NOCTiNHUM
rnoBepHeHHAM B anrebpaiyHy dopmy. 2) NMoBHUN MapLIpyT akTopu3auii Big PiBHAHHS BiAHOCHO
2 no nobyTKy AiNCHUX KBaApaTHUX MHOXHUKIB. 3) KpuTepianbHa pybpurka BbyaoBaHa,
36epexxeHuin Temn. 4) Yucnosi napameTpu: Kyt 30°, 70°, 120°, 150°, 210°, 240°, 300°; paaiycu
2i4; cTteneHi 4 i 5. 3aBAAKK Takin KOHGirypauii mogens 3abesnedye keposaHUM nepexin Bif
O3HA4YeHHA i onepauin 4O CUCTEMHOIO 3aCTOCYBaHHSA. Y4eHb 6araTopa3oBOo 34iNCHIOE NepeKknag
MiXK oopMaMun, NepeBIPSE pe3ysbTaT Y ABOX penpe3eHTalisix, Ma€ PeryasapHNn KOPOTKUN
3BOPOTHMI 3B'A30K i MOBTOPEHHSA 3a rpadikoM, 6a4mTb CBOIO TPAEKTOPIO B KPUTEPIAX i PiIBHAX.
BuynTenb Kepye CKNaaHIiCTIO Yyepe3 MOAYJIbHICTb, PiBHEBI 3aBAaHHS | CErMeHTaL,ito MOSCHEHHS,
NiATPUMYE TEeMMN KJacy 3a PaxyHOK LWBUAKMUX MIKPOKOHTPONIB i KOPUryBasibHUX AiA. Y NiACYMKY
3a 8-12 ypokiB CTaHAaPTHOro piBHA abo 16-20 ypokiB NpohisIbHOrO pPiBHSA OYiKYETLCA CTillKe
3pOCTaHHS MOKa3HMKIB 3a BCiMa TPbOMa KpUTEPiAMM | POPMYBaHHS yABJIEHb, AOCTATHIX ONS
BMEBHEHOr0 3aCTOCYBaHHA KOMMAEKCHUX Yucen sk 3acoby po3B’a3yBaHHSA anrebpaiyHux piBHAHb
[35]. 2.3. KpuTepii, noKa3HMKN Ta piBHi cdhopMoBaHOCTI ysBaeHb CHOPMOBaHICTb ySABAEHb NPO
KOMMJIEKCHI YNC/la BU3HAYaETLCA 3@ 3 B3aEMOMNOB A3aHNMUN KPUTEPIAMN 3HAHHEBUM,
onepauinHuM i koHuenTyanbHUM. KoXXeH KpuTepin Ma€ Y4iTKi NOKa3HUKWY, iHONKaTopu
CMoCTepe)XeHHs i Bary B NiACyMKOBOMY iHAeKCi. MiACyMKOBa OLUiHKa paxy€ETbCS K 3BaKeHa
CyMa HopMoBaHUX BaniB 3a KpuTepiaMun, e Barn obrpyHTOBaHI LiHHICTIO pe3ynbTaTy Ans
rnoAanblUoro HaB4YaHHS anrebpu Ta aHanisy. ba3osi Baru ans cTaHOapTHOro PiBHSA: 3HAHHEBUIA
0,3, onepavuinHuin 0,3, KoHUenTyanbHWn 0,4. Ons NpodinbHOro PiBHSA Baru 3MilyoTbcs y 6ik
KOHLenTyasbHOro Kputepito o 0,5 3a paxyHOK 3MEHLUEHHS KOXKHOI 3 ABOX iHLWWX CKAaA0BUX 40
0,25. 3HaHHEBUN KpUTEPIN BiABMBAE TOYHICTb BiATBOPEHHS 03HAY€Hb i BJIJACTUBOCTEN Ta 3HAHHS
hopMyn. Knto4oBi MOKa3HUKN: KOPEKTHICTb O3HAYEHHS MHOXWHN KOMMJIEKCHUX YnCen,
BiAMIHHICTb Mi)K YSABHOI OONHULEIO | HEBIQOMOLO, 3HAHHSA NpPaBW 418 MOAYSA Ta CAPSXKEHHS,
3HaHHA 3B’A3KY MiXX anrebpaivyHolo, TPUrOHOMETPUYHOIO Ta MOKa3HUKOBOIO OPMaMU, 3HaHHS
dopmynun Myaspa. OuiHIOBaHHA BiabyBaeTbLCA y hopMaTi KOPOTKOro TecTy 3 12 no3uuin, y
KOXKHi mo3unuii 1 npaBubHa BignoBiab. 3a 1 cnpoby dikcyeTbca cyMapHuin 6an y mexax Big 0
00 12, pe3ynbTaT HOPMYETLCA AiNeHHAM Ha 12. [oporosi iHTepBann: HU3bKUN piBeHb 0-5
npaBubHUX Bianosigen, 6a3oBuin piBeHb 6-8 NpaBUbHNX BiANOBiAen, 4OCTaTHIN piBeHb 9-10
nMpaBUJIbHMX BiAMOBIAEN, BUCOKNIA piBeHb 11-12 npaBunbHUX Bignosigen. na 3abesnevyeHHs
HaLiNHOCTI BUKOPUCTOBYETHLCA 2 nMapasiesibHi PopMnN TeCTY 3 eKBiBaJIEHTHOI CKNAAHICTIO,
Y3ro)KEeHiCTb NMepeBipAeTbCA KoeilieHTOM Kopenauii Mi>k dhopmMaMu He HUXK4Ye 0,7 3a AaHMK
ninoTy Ha BMbipui He MmeHwe 30 y4HiB. OnepauinHUn KpUTEpPiN BUMIpIOE aBTOMaTU3aLilo
aNIroOpuUTMIB Yy CTaHAAPTHUX CUTYaLisaX Ta CTINKICTb BUKOHAHHSA Nig BMNJAMBOM 0OMe)XeHOro yacy.
Knto4oBi MOKa3HUKN: KOPEKTHE BUKOHAHHSA A0AaBaHHA | MHOXXEHHSA Yy hopMi 2+bi, 064ncneHHs
MOAYA | TOIOBHOIO apryMeHTy y 4 4BepTAX, Nepexonn Mixx popmMamMm 3anmcy B 06mnasi CTOPOHM,
BMKOHAHHS MHOXXEHHS i i/fIeHHSA Yy TPUTOHOMETPUYHIN opMi Yepe3 MoayJsb | apryMeHT,
3aCTOCYBaHHS CMIPsSXKeHHA AN AineHHsA y anrebpaiydHin gpopMi. PopMaT KOHTPOO MiCTUTbL 10
3aBAaHb 3i 3pOCTaHHAM CKN1aAHOCTI Ta 0O6MeXXeHHsAM Yacy 12 XBUJnH. KoXxHe 3aBaaHHS
OuUiHIETLCA ¥ 1 6an 3a NOBHICTIO NpaBuibHe piweHHA, 0 6anis 3a Byab AKy NOMUNKY Y
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NMPOMi>XHUX Kpokax abo Biamnogiai. Moporosi iHTepBann: HU3bKNUI piBeHb 0-5 6anis, 6a3oBuN
piBeHb 6-7 6aniB, AoCTaTHIN piBeHb 8-9 H6aniB, BUCOKNI piBeHb 10 H6aniB. JooaTKOBO iKCYETLCA
cepefHin Yac Ha 1 mo3unuito 9K iHOUKaTop aBTOMaTM3aUii Lwinb He Binbwe 45 cekyHp ons
CTaHOapTHOro piBHA Ta He bBinblie 35 cekyHa ons npodinbHOro piBHa [36]. KoHuenTyanbHUNA
KPUTEPIN PiKCY€E y3rogKeHiCTb MUC/IEHHS Ha PiBHI MOHATL | Mogenen. Kn4oBi MOKasHUKN:
CMUNCNOBA iHTeprnpeTaLiss MHOXXEHHS IK KOMMO3MLii roMoTeTii 3 06epTaHHAM Ha KOMMJIEKCHIN
MJOWMHI, BMiHHA NobyayBaTn BCi KOPEHi N FO CTEMeHs SIK BEPLUVMHU NPaBUJIbHOINO N KYTHUKA,
PO3YMiHHS PO KOMMJIEKCHUX YUCEN Y MOBHOTI PO3B'A3HOCTI anrebpaivHuX piBHSAHb,
aprymMeHTyBaHHSA BUBOpPY rosIOBHOr0 3Ha4YeHHA apryMeHTy, NepeBipka pesynbTaTy y 2
penpe3eHTauisax. PopmaT OUiHIOBaHHA MICTUTbL 6 3aBAaHb 3 BiAKPUTOO BignoBiaato Ta
PUCYHKOM, KOXKHE OLiHIOETLCA 3a pybpukoto 0-3: 0 BiACYTHICTb NpaBuabLHOI igei abo XnbHi
nobynosun, 1 yacTkoBa iges 6e3 3aBepuweHHs abo 3 SIOKaJIbHUMK MOMUIKaMK, 2 KOPEKTHa iges 3
ApibHUMK noxmbkamuy, 3 NOBHICTIO KOPEKTHa i 3aBepLUeHa BiAMOBiAb 3 NOACHEHHAM. CyMma banis
y Mexxax Big 0 oo 18 HopMy€eTbCA AineHHAM Ha 18. [oporosi iHTepBaan Nicas HOPMyBaHHS:
HU3bkuM piseHb 0,00-0,39, 6a3oBun piseHb 0,40-0,59, gocTaTHin piBeHb 0,70-0,79, BUCOKUIN
piseHb 0,80-1,00. MNigcyMKoBUIM iHOEKC CHOPMOBAHOCTI PaxXy€eTbCs AK 3Ba)KeHa CyMa
HOPMOBaHUX pe3ysbTaTiB 3a 3 KpuTepiaMn. Hexanm S_~Z 3HaHHEBA YacCTKa Y BiACOTKaX, 5_
ornepauinHa YacTKa y BifcoTKax, 5 K KoHUenTyanbHa 4YacTKa y BiACOTKax, HOPMOBaHi y Mexax
0-1. Ana cTaHAAPTHOrO PiBHA iHAEKC BU3HaYaeTbca K | = 0,30:5 7 4+ 0,305 0O + 0,40-S_K. Ang
npoiNibHOro piBHA iIHAEKC BM3Ha4YaeTbca gk | = 0,255 7 + 0,25:5 0 + 0,50-5_K. IHTepnpeTauis
iHOEeKCy: HM3bKKi piBeHb 0,00-0,49, 6a3oBun piseHb 0,50-0,64, nocTtaTHin piseHb 0,65-0,79,
BMCokun piseHb 0,80-1,00. Ona nepeBefeHHS iHOeKCY B 12 6anbHy LLKaNy BUKOPUCTOBYETLCS
dopmyna B =112-1 + 0,5] 3 okpyrneHHaM ao Hanbaux4oro uinoro [37]. Mpoueaypu
3abe3neyvyeHHs AKOCTi BUMipOBaHHS BKJIOYAOThb Baslian3aLito 3MiCTy, NepeBipKy HadiAHOCTI i
KOHTPOJ1b 06'EKTUBHOCTI OLiHIOBaHHA. 3MiCTOBa BaNiAHICTb 3abe3ne4yyeTbCa eKCNepTHOLO
MaTpuLEIO MOKPUTTS, Y AKIN Ha KOXXEH NOKa3HUK npunaja€e He MeHLe 2 3aBAaHb, @ Ha KJIIOYOBI
nepexoan Mixk opMamMm He MeHle 3 3aBAaHb. [ BHYTPiWHbLOI Y3rog>XeHOoCTi TecToBux 6J10KiB
04ikKyBaHUN KoediuieHT KpoHbaxa anbda He HMxk4Ye 0,75 gna 3HaHHEBOrO i onepauinHoro
KpuTepiiB. Ans pybpukun 3 BiAKpUTUMN BigMNOBIiAAMKN 3aCTOCOBYETLCA NOABIHE OLiHIOBaHHA Y 20
BiACOTKIB pobIT i po3paxyHOK KoedilieHTa Mi>KeKCrnepTHOI Y3rof>XXeHOoCTi He Hux4e 0,70. ns
YHUKHEHHS TPEeHYBabHOIr0 NepeHeCceHHs BUKOPUCTOBYIOTLCS MapasenbHi hopMun 3 BUNaLKOBOKO
rnepecTaHOBKO NO3uLUin Nig Yac pybixxHOro 3pizy. ANropnTM NPUCBOEHHSA PiBHA CHOPMOBAHOCTI
nobynoBaHuin Tak, Wob BpaxyBaTu CUMbHI i CNnabki CTOPOHM y4HA 6e3 BTpaTu BUMOMIMBOCTI A0
KOHLEeNTyasIbHUX YMiHb. AKWO 2 3 3 KpUTEPIiB AEMOHCTPYIOTb BUCOKNI pPiBEHbL, a TPETIN He
HM>X4e 6a30BOro, NiACYMKOBUIN PiBEHb BBAXXKAETbLCSH BUCOKMM 3@ YMOBMU L0 0,80. 9kwo 2 3 3
KpuUTepiiB Ha [OCTaTHbLOMY PiBHI, a iIHOEKC 0,65, NiacyMKoBuUI piBeEHb OOCTaTHIN. AKWO xo4a 6
1 KpuTepin HMXXYe 6Ga3oBOro piBHSA, 3arajibHUN piBeHb He MOXXe ByTn BU3HAYEHUN K OOCTaTHIN
HaBiTb 3@ BUCOKOI0 iHAEKCY, Y4EHb OTPMMYE peKoMeHaallii woao Kopekuii Ta 060B’'A3koBe
MOBTOPHE OLiHIOBaHHSA BignoBigHOro moayns 4epes 7-10 gHiB [38]. MiHiManbHO NPUNHATHI
pe3ynbTaTn A5 3aBepLUeHHSA TeMU POPMYJSIIOIOTLCA SK MOPOroBi 3HAYEHHS, WO rapaHTyoTb
LiNiCHICTb yaABMeHb. 1N CTaHOAPTHOrO PiBHSA: 3HAHHEBUN KPUTEPIN HE HMXKYEe 6 NpaBUJIbHUX
Bignosigen i3 12, onepauinH1Un KPUTEPIN HE HMXXYe 6 NpaBU/IbHUX Bignosigen i3 10 3a 4yac He
6inblie 12 XBUAWH, KOHLENTyallbHUIN KpuTepin He Hx4e 10 6anis i3 18. Onsa npodinbHOro
PiBHSA: 3HAHHEBUI KPUTEPIN He HMXKYe 8 i3 12, onepauinHuin Kputepin He HMxx4e 8 i3 10 3a 4ac
He 6inbwe 10 XBUNH, KOHLEeNTYalbHUA KPUTEPIn He HuXYe 12 i3 18. Y4eHb, SKNN BUKOHYE
rnoporu, oaep>xye 6a3oBuin piBeHb i NepexoanTb A0 HAaCTYMHUX TeM, Yy pa3i HeQOoCArHeHHA xo4a 6
04HOro Nopora 3anyckaeTbCsa LMK KOPUryBasbHUX AiN 3 4O0AaTKOBMMU BNpaBaMn i MOBTOPHUM
BUMIiptOBaHHAM 4Yepes 3-5 aHiB [39]. CucTtema KopeKLii npus’a3aHa A0 NOKA3HUKIB, a He A0
3aranbHoro 6ana. 4KLo Ha 3HAaHHEBOMY KpUTepii y4eHb NOMUNSETLCA Y BU3HAYEHHi FOJI0OBHOIO
apryMeHTy, BiH OTpUMYy€ 6 3aBAaHb Ha NobyaoBYy aprymMeHTy 3 KOHTPOAEM 4YBepTen i 4 3aBAaHHSA
Ha BMBIp FONOBHOIO 3HAYEHHS 3 YpaxyBaHHAM MePiOANYHOCTI. AKLLO0 Ha onepauinHoMy KpuTepii
PIKCYETLCA NOMUIIKA Yy AOiNIeHHI, NPU3HAYa€EeTbCs cepis 3 8 BMpaB Ha PoboTy 3i CIPAXKEHHAM i
HOPMYBaHHSAM. AKLLO Ha KOHLENTyallbHOMY KpUTepil NMponyCKaloTbCs KOPEHi I F0 CTeneHs,
y4Y€Hb BUKOHYE 6 MobyanoB NpaBuJIbHUX N KYTHUKIB Ha KOJi 3 MePEBiPKO MOBHOTM MHOXWHM
KOpPEHIB i BiAMITKOW aprymeHTiB 4yepe3 370 rpagycis k abo 2rik. Pe3ynbTaTn NOBTOPHOIro
BUMIpOBaHHA (PiKCYOTbCA Y BIAOMOCTI 3 AaTO0, KiJIbKICTIO BAKOHAHUX 3aBAaHb i KOPOTKUM
KOMEeHTapeM yuynTens anas naaHyBaHHA HAaCTYMHOro KpPoKy. Tabnuysa 2.1 - MopiBHAHHSA KpUTepiis,
MOKa3HWUKIB i piBHIB cdhopMoBaHOCTI KpuTtepin Knto4voBi nokaszHuUkn dopmMaT BUMipOBaHHA K-CTb
3aBAaHb / NiMiT vyacy LLkana ouiHtoBaHHSA Moporosi piBHI (HWU3bK./6a3./00CTaT./BUCOK.)
HopmyBaHH# (0-1) Bara (ctaHgapT/npodinb) 3HaHHEBMI O3HAYeHHSA, BAAaCTUBOCTI, MOOY /b i
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CrpsiXKeHHs, 3B’A30K hopM 3anucy, popmMmyna Myaspa KopoTKnin TecT 3 O4HIED NPaBUIbHOIO
Bianosigat 12 3aBaaHb / 6e3 xxopcTkoro nimMity (1 cnpoba) 0-12 banis, 1 6an 3a no3uuito 0-5 /
6-8/9-10/11-12 pineHHsaM Ha 12 0,30/ 0,25 OnepauinHun AnroputMmu: 2+bi gii, moaynb,
rOJIOBHUN apryMeHT, nepexonn Mixk dhbopMamMm, MHOXKEHHS/AINEHHA Y TPUFOHOMETPUYHIN hopMi,
DineHHsa Yepes crpsiXkeHHa TeCT npakTU4HMX ob4mncneHb 3 4YacoMm 10 3aBAaHb / 12 xB
(ctanpapT); 10 xB (Npodinb) 0-10 6anie, 1 6an 3a NOBHICTIO NpaBUAbHY Bignoeiab 0-5 / 6-7 / 8-9
/ 10 gineHHam Ha 10 0,30/ 0,25 KoHuenTyanbHU Y3rog)keHi nepexoamn Mixk gopmamu,
MHOXXEeHHSs 9K 06epTaHHA+TrOMOTETiA, MOBHI MHOXWHW KOPEHIB N-ro cCTeneHs, noaBinHa
rnepeBipKa BignoBiai 6 BiAKpUTUX 3a4a4 3 PUCYHKOM Ta obrpyHTyBaHHAM 6 3aBAaHb / 25-35 xB
Pybpuka 0-3 3a 3aBoaHHs, cyma 0-18 0-7 / 8-10/ 11-14 / 15-18 (3a cymoto) AineHHAM Ha 18
0,40/ 0,50 Tabnunus 2.2 - Moporoei 3Ha4YeHHSA Ta BUMorn Kputepin MiHiMyMm (cTaHgapT) MiHiMyMm
(npodhinb) NonoaTkoBi yMOBM 3HaHHEBUIN = 6/12 npaBuUAbHUX BianoBigen (HopmoaHo = 0,50)
8/12 npaBubHKX BianoBigen (HopMmoBaHo = 0,67) 2 napanenbHi opmu; r MiXK popmamm = 0,70
OnepauinHmnnm = 6/10 npaBuabHUX 3a = 12 xB (HopMmoBaHo = 0,70) = 8/10 npaBusabHUX 3a = 10 xB
(HopmoBaHo = 0,80) CepegHin 4ac = 45 c/no3unuisa (ctangapT) abo = 35 c/no3uuis (npodinb)
KoHuenTyanbHun = 10/18 3a pybpukoto (HopmoBaHo = 0,56) = 12/18 3a pybpunkoto (HOpMOBaHO
0,67) NoagiriHe ouiHBaHHA 20% pobiT; y3roa>keHicTb = 0,70 Tabnnysa 2.3 - Binobpa>keHHs y
12-6anbHy WKany Ta NigCyMKoBUN iHOeKC KoMNoHeHT HopMmyBaHHA dopMyna iHAeKCy
(ctanpapT/npodink) LLikana piBHiB 3a | NMepeBeneHHsa y 6ann S 7 (3HaHHeBUN) 6an/l2 | =
0,305 2+ 0,305 O+ 0,405 K/l =0,255 72+ 0,255 O + 0,50-5_K Hu3bkun 0,00-0,49;
6a3osun 0,50-0,64; poctaTHin 0,65-0,79; Bncokmn 0,80-1,00 B = [12:] + 0,5] S_O (onepauinHunin)
6an/10 S_K (koHuenTyanbHU) 6an/18 OvikyBaHa AnHaMika y nobpe opraHizoBaHOMY LMK
CTaHOBUTb NpupicT iHAekcy | Ha 0,15-0,25 3a 3-4 TUXXHIi B rpynax CTaHAApPTHOrO PiBHA i Ha
0,10-0,20 y rpynax npoisibHOro piBHS 3@ YMOBW BULLOIO CTapTy. MeTa 014 3aBepLUEHHS TEMU Y
CTaHOaApPTHIN Tpa€eKTopil iHaeKC He Hux4e 0,70, YacTKa y4HiB 3 pe3ysibTaToM He Hux4e 0,65 He
MeHLe 75 BiacoTKiB. 4na NnpodisbHOI TpaeKTopIi MeTa iHaeKC He HMxX4Ye 0,80, YacTKa y4HiB 3
pe3ynbTaToM He Hux4e 0,75 He meHLwe 70 BigcoTKiB. Taka cuCTeMa KpPUTEPIIB, MOKa3HUKIB i
piBHiB 3abe3ne4vye NpoO30piCTb OYiKyBaHb OJ19 YYHIB, KEPOBAHICTb NpoLecy ANa BYMTENS i
BiATBOPIOBAHICTb pe3ybTaTiB Yy MeXaXx KaJleHAapHO TeMaTU4YHOro nnany. 2.4. Hae4anbHo-
MeToan4YHe 3abe3neyeHHs MeToANKN HaB4abHO METOAMYHUIA KOMMNJIeKC A1 popMyBaHHS B
YYHIB CTapLUOi LWKOMM YABAEHb NPO KOMMJIEKCHI Yncna ByayeTbCs K 3aBEPLUEHNN NaKeT i3
OPYKOBaHMX, ULMGPPOBUX, BidyasibHUX i BUMipIOBaJIbHUX pPecypcCiB, WO NOKPMBAOTb YBECH
ONOAKTUYHUIA UMKA Big MOTMBAaLLiT A0 NiACYMKOBOro ouiHoBaHHSA. [TakeT OpiEHTOBAHO Ha
TpaekTopil 8-12 ypokiB ong ctaHgapTHUX rpyn i 16-20 ypokis gna npodinbHux. CTpykTypa
nakeTa MiCTUTb 7 BJI0KiB MaTepianiB i3 YiTKUMN MOKA3HUKAMU AKOCTI, MiHiManbHUMK obcsaramum i
rnpaBuiamMn OHOBJIEHHS BepcCin. Pobo4unin 3owmnT 48 cTopiHoK 3i 120 6a30BMMM 3aBAaHHAMKM | 70
nornmbneHnMmun. Ko>xeH po3BopoT Ma€E NpuKIad 3 po3B’'A3aHHAM i KJIIOYOBUIN anropuTm obcsarom
5-7 papkis. KapTn noHATb 6 apkywis hopmaTy A4 3 MapLupyTaMu NepexoniB Mix anrebpaiyHoto,
reoMeTPUYHO | TPUrOHOMETPUYHOW penpe3eHTauiaMmu. Habip koopanHaTHUX WabnoHis 12
apkyLWwis onsa nobynosB Ha KOMMAEKCHIN NiaoWwmHI 3 wiHoto noginku 0,5 no o6ox ocax i citkoto 20
Ha 20 KNiITUH. MiHi 0OBIOHNK 8 CTOPIHOK i3 BU3SHAYEHHSAMMN, BAaCTUBOCTAMU MOAYS | CAPSAXKEHHS,
rOJIOBHUMUN KyTaMu i 6a30BMMU 3HAYEHHSAMN CMHYCa Ta KOCUHYycCa Yepe3 15 i 30 rpaaycis.
MiHiManbHU TUpaxk knac 30 y4HiB Ha UMK 1 KOoMNAeKT Ha 1 y4Hsa nac 5 pesepBHUX
komnnekTiB [40]. MnaH KoHcneKT Ha 12 abo 20 ypokiB 3a/1eXXHO BiA TPAEKTOPIi 3 MOMITKaMm Yacy
0N KOXKHOro etany 6-8 xB nosicHeHHA 10-12 xB TpeHyBaHHSA 2-3 xB pednekcia 10-15 xB
3acTocyBaHHS abo MiHIKOHTPObL 2-3 XB MiACyMoK. 36ipHUK po3B’a3aHb 64 cTopiHkK 3 100
MOBHMMMW PO3B'A3aHHAMMK i 80 BignoBigsaMu 6e€3 po3ropHyTOro NosacHeHHs. MNnakatn 4 apkywi Al
MOAY/b | QPryMeHT K KOOPAMHATU TOYKN MHOXXEHHSA K obepTaHHSA | roMoTeTia hopmMyna
MyaBpa NOBHIi MHOXXWHU KOPEHIB N IO CTeNeHs K BEPLMHN NPaBUIbHOMO N KyTHUKA. YeK nucT
AKOCTi ypoKy 10 no3uuin 3 NoporoM BUKOHaHHA 8 no3unuin. AnHaMivHi annetn 9 wrykK gnas
bpay3epa 3 MOXXJIMBICTIO MOBOPOTY TOYKM Ha KYT © MHOXeHHSA Ha e~ {in} nobyBaHHS KOpeHiB
ro CTeneHs 3 0AHOYaCHUM MapKyBaHHSAM apryMeHTiB. baHKK 3aBaaHb y popMarTi i 3
PiBHI CKNagQHOCTI 3 MapkepaMu Yacy BUKOHaHHA 30 cekyHn 70 cekyHp 90 cekyHpA. eHepaTop
BapiaHTIB MiHIKOHTPOJO 12 NO3uMUin i3 2 NapasesbHUMKU PopMaMmn Ha KOXXKHY TEMY CyMapHO 8
Tem. LWabnoHn npeseHTauin 6 dannis i3 cnangamm 4 Ha 3 i 16 Ha 9 Ta BOygoBaHMMKM nonaMu gns
npuKIagie i KOPOTKUX AOKa3iB. MiHiManbHa KOHirypauia knac 1 KoMmn'roTep y4nTens i NpoeKTop
1 komnekT. MakcmManbHa KoHirypauis 15 HoyTbykiB ansa rpynoBoi poboTu no 2 y4Hi [41].
MiHIKOHTpONI N0 TeMax 8 KOMMNAEKTIB N0 12 3aBAaHb KOXEH i NifCYMKOBUIA 3pi3 1 KOMMANEKT Ha
18-24 3aBaaHHA. Pybpuka ons BiagkpuTux Bignosigen wkasna 0-3 3 TpbOMa KpUTepissmMu
3HAHHEBMM ONepaLuinHNM i KOHLeNnTyallbHUM 1 apKyLl Ha y4HA. BnaHK WBMAKOI caMonepeBipku 3
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nosuuii Ha 1 xBuAnHy. Kntodi Ta Tabnunui sictaneHHs 6anie 3 HOpPMOBaAHUMM YaCcTKamm i 12
6anbHOW WKanoto. O4vikyBaHa HafinHiCTb 3a KpoHbaxom anbda He Hux4e 0,75 ansa TecTtoBux
6J10KiB i Mi>KeKcnepTHa Y3roa)eHicTb He Huxx4e 0,70 ana BiokpuTMX Bignosiaen 3a subipkoio 20
BiAcoTKiB pobiT [42]. KapTu 3aBaaHb piBHA A B C no 8 6 i 4 no3uuii Ha YpoK BiAMoBiAHO.
MigKa3kym KPoKiB ANs y4HiB 3 NoTpeboto B noeTanHin iHCTPYKLIi 6 wabnoHiB N0 5 KPOKiB KOXKEH.
Benuki wpudTn i BACOKOKOHTPACTHI rpadikn onsa y4HiB 3 NOPYLUEHHAM 30pYy 12 CTOPIHOK.
BapiaHTu oUiHIOBaHHSA 3 NOAOBXXEHUM YacoM ntoc 20 BiACOTKIB i albTePHAaTUBHMMKU hopMaMm
Bignosiai 6e3 rpagivyHux nobynos. PekomeHaauil LOA0 NapHOI Ta rpynoBoi poboTu poni cnikep
obuncnoBay BepudikaTop 3 poTaLli€o posien KoxHi 10 xB. MaTpuus nokputTa 3micTy 1 Tabnnus
8 Ha 12 pna ctaHpapTHOI TpaekTopii i 1 Tabauua 10 Ha 20 ana npodinbHOI. KaneHpap
MOBTOPEHbL 3a iHTepBasamun 2-3 gHi 7-10 aHiB 14-21 peHb 3 obcaramm 6 8 i 10 3aBAaHb
BianoBigHO. Mpadik KOHTPOIO 4 MiIHIKOHTPOJI i 1 MigCyMKOBUI 3pi3 y CTaHAAPTHIN TpaeKTopIl Ta
6 MiHiKoOHTponiB i 1 niacymkoBui y npodpinbHin. MNnan apyky i 36epiraHHsa maTepianis MiHIMyM 2
TUXHI 00 cTapTy Kypcy 100 BiACOTKIB KOMMNAEKTIB Ha ckNafi 1 pe3epBHUN KOMMIEKT Ha KOXKHi
15 y4HiB [43]. BineoiHCTpyKLUii 6 poankiB no 6-8 xB 3 AeMoHCTpaLiaMm nobynos i HacTux
noMmniaoK. HacTaHoBa LWOA0 KepyBaHHSA KOMTHITUBHUM HaBaHTa)XeHHAM 10 CTOpPIHOK i3
npuknagaMmu cerMmeHTauil MaTepiany i 4o3yBaHHA CMMBOJIKKN. MNOCIOHMK 3 aHani3y gaHuUX Knacy 8
CTOPIHOK i3 WwabnoHamMmun ONs 3aHeceHHs pe3ynbTaTiB i Nnobynosu rpadikis
nporpecy. KapTa pu3ukiB i3 6 TunoBmnx npobsemM HegoOLiHKa FOJIOBHOrO 3HAa4YE€HHS apryMeHTy
MPOMNyCKN KOpeHiB NOMUIIKN Yy BUBOPi YBepTi MNayTaHMHA MiXK YSBHOK OAVHULEI | HEBIAOMOIO 3
BiAMNOBIAHNMW KOPUTyBaslbHUMMN OigMN. IHOMKaTOP 1 NOKPUTTS 3MICTY He MeHwe 90 BiQCOTKIB
3asBJIeHNX pe3ynbTaTiB HaBYaHHA NMOKPMBAOTHLCS LLIOHaNMeHLle ABOMa BUAaMU 3aBdaHb i ABOMA
penpeseHTauisMn. IHONKATOP 2 HaLINHICTb BUMIpOBasIbHUX NPOLLEeAYyp HE HUXXYe BCTaHOBNIEHUX
MOpPOriB 3@ BHYTPILLHBLOI Y3roAXKEHICTHO i MiXKeKCNepTHO 3rofot. IHankKaTop 3 TEXHONOriYHa
rOTOBHICTb YCi LUPOBI pecypcu BiAKPMBaAOTLCA Ha 2 pi3HUX Bpay3epax i 2 Tunax NnpucTpoiB 3
YaCOM 3aBaHTa)>eHHA He Binblue 3 CeKyHA Npu CTaHAAPTHOMY MiAKOYEHHI 25 MerabiT 3a
cekyHay [44]. ApykoBaHi MaTepiaan nocTtavatoTbCs y hopmaTax i aons aganTtauil
wpugTiB i CTUANIB Nig BUMOrn 3aknagy oCcBiTU. IMHaMiYHIi anneTn po3MilLyloTbCa Ha JIOKaJlbHOMY
cepBepi WkKosn abo y xmapi 3 4OCTYNOM 3a NOCUNAHHSAM | pe3epBHOI0 KOMIE Yy BUrNsAai
Bigeoricis 9 channis no 20 cekyHA. Ana knacie 6e3 ctabinbHOro iHTepHeTy Hafa€eTbCA oNalnH
nakeT obcsirom 250 merabanT 3i BCiMa ansieTamMm B aBTOHOMHOMY pexumi. MiHimym 1 MK
yunTens i npoekTop. PekomeHaoBaHo 15 nepeHocHUX naaHweTiB abo HoyTOykKiB Ha Knac 3
pexxnmMom poboTu 2 y4Hi Ha 1 npucTpin. Habip MapkepiB 6 WTYK i 2 MarHiTHI NiHINKN ang
nobynos Ha gouwui. NMpo3opi TpacdhapeTn kona 3 giameTpis 10 14 20 caHTUMeTpiB No 10 WTYK
KO>XHOro AiameTpa Ang rpynosoi poboTu. 3anac ApyKoBaHUX CiTOK 40 apKyLUiB Ha YPOK.
®iHaHCOBI OLiHKK MiHIManbHOro nakeTa 4na 1 knacy Ha 1 HaB4YanbHUA pik. OpyK 3owmnTiB 35
KOMMJEKTIB Mo 48 CTOpiHOK 35 npuMipHUKIB. [JpyK KapT MOHATb 35 KOMMNIEKTIB Mo 6 apKyLUiB
210 apkywiB. NnakaTtn 4 apkywi Al 4 npumipHuku. OdnamH NakeT Ha e HOoCii 2 HociT no 32
rirabanTun. PesepBHi BUTpaTHI MaTepianu 10 BiacoTkiB Big obcary apyky. CymapHun 6rogxeT
3a/1eXUTb Bif UiH 3a4pYyKY i HOCIIB i yTOYHIOETLCA 3akaanoM ocBiTh [45]. Bepcia 1.0
nybnikyeTbca 3a 30 AHIB 4O CTapTy Temu. Bepcia 1.1 BuxoamnTb Yyepes 14 AHiB 3 BUNPaB/IEHHAMM
3a NigcyMKamm neplimnx 2 TUXHiB. Bepcis 2.0 roTyeTbCcs nepea HaCTyMHUM HaBYa/lbHUM POKOM i
MicTUTb 100 BiOCOTKIB OHOBIEHUX KJIOYIB | 25 BiACOTKIB HOBUX 3aBAaHb Y KOXXHOMY BaHKYy.
IcTopis 3MiH iKCyeTbCA y halni XKypHani 3 gatamMmum i KOPOTKUMK NpuMiTKamun. LLloTnxHeBa
MiHiHapaga 20 xB 3 aHaNi30M 3 MOKa3HMKIB cepegHin 6an 3a MiHIKOHTPOIb YaCcTKa Y4HIB 3
pe3ynbTaTOM He HUXKYe Mopora i CNeKTp TUNOBMX NOMWUIOK. Mopir onsa cTaHAapTHUX rpyn Ha 4
TUXKOEHb YaCcTKa pe3yJ/ibTaTiB He HMXKYe 8 3 12 Ma€e CTaHOBUTU He MeHLe 75 BigcoTkis. O
NpoiNnbHUX Fpyn Ha 4 TUWXAeHb UiNlb He MeHwWwe 70 BiACOTKIB pe3ynbTaTiB He HuxXYe 14 3 18.
AKLLO MOKa3HUKN He OOCATHYTIi akTUBYETbLCS NJaH KopeKLii 36iNbleHHsS YacTOTU KOPOTKUX
MOBTOPEHb A0 4 pa3iB Ha 2 TUXKHI i LiNbOBiI TpeHYBaHHA Mo 6-8 3aBAaHb Ha C/1abKi MOKA3HUKMN.
IHTerpauis 3 iHWKMMK po3ainaMmun Kypcy anrebpm i nodyaTkiB aHanizy. PeKOMEHA0BAHO 3 MiXKTEMHI
3B’S13KN. 3B'A30K 1 KBagpaTHi i 6i KBagpaTHI PiBHAHHSA. Y4YHI 3aCTOCOBYIOTb KOMMJIEKCHI KOPEHI
Onsa hakTopusaLii i mepeBipKM MOBHOTWN KOPEHiB 6 3aA4ay. 3B'30K 2 TPUrOHOMETPIA. YYHi
MOPIBHIOTb KYTW MOBOPOTY Ha KOMMJIEKCHIN MAOLLMHI 3 KyTaMn B KOJNi OAMHNYHOIO padiyca 8
3afay. 3B'930K 3 NoKa3HUKOBa (pyHKLUiS. BukopnctoByeTbcs popMa re”™{in} aK npmckoptoBay
obuncneHb y NpodinbHNX Knacax 6 3agad. Micng 3aBepLlUeHHA MOAY 1A OYIKYETbCA NPUPICT
YaCTKW MOBHUX BiAMNOBIiAEN Yy 3afavYax Ha KOPeHi cTeneHsa 3 He MeHwe 20 BiACOTKOBUX MYHKTIB
Bif CTapTy i 3MEHLUEHHSA NOMUNOK Yy BUOOPi FONOBHOIMO 3HAYEHHS apryMeHTy LLOHaMeHLle
yaBidi. NigcyMKoBuUin iHOeKC chopMOBaHOCTI ANs CTaHAAPTHUX rpyn uisib He Hux4e 0,70 ana 75
BiACOTKIB y4HiB. [1na npodinbHUX rpyn iHoekc He Hxk4Ye 0,80 onsa 70 BiACOTKIB y4HiB. JaHi
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QiKCyIOTbCS ¥ 3BeAeHNX Tabanusax i BUKOPUCTOBYIOTBLCSA A5 LUKNY BOOCKOHasIeHHA MaTepianis.
HaB4yalbHO-METOANYHUN KOMIJIEKT Ha 2 TUXHI 6e3 Tabnunub Knac 30 y4HiB + 5 pe3epBHMX
KOMMNIEKTIB. TpUBanicTb 2 TUXHI, 6 ypokiB no 40 XBUANH. HMX4Ye NofaHO nnLle TEeKCT i
dhopmynu, 6e3 Tabnuub. 3. MiHiKOWTOPUC MiHIManbHOro nakeTa (OpiEHTOBHO) MNO3HaYeHHs:

BapTICTb ApYKY 1 cTopiHku A4; C_Al apyk 1 nnakata Al; C_ new-Hakonnyysay 32 I'b.
brogxeT = 3548:C p + 35:6:C_ p+240:C p+4C A1 +2:C_ Mpuknapn po3paxyHKy Ans
=1,5rpH; C_A1 =120 rpH; C_ = 200 rpH: brogxeT = 35-48:1,5 + 356-1,5 + 240-1,5 +
4:120 + 2:200 = 2520 + 315 + 370 + 480 + 400 = 4075 (rpH) 4. MiHicTaHOapTW AKOCTI
BUMIiplOBaJZIbHUX MaTepianiB BHYTPILIHS y3roaXeHiCTb TeCTOBMX BNOKIB: 04iKyBaHe 0,75.
Mi>kekcnepTHa y3roa>XeHicTb Ansa BigkpuTux Bignosigen = 0,70 Ha Bubipui 20% pobiT. o = -1
(1 -0 120 T2) Po3paxyHoOK o Ha ninoTi: n = 30, K = 12 3aBaaHb. [pnnycTtnmMo cyma Auncrepcin
noswvuin >o_i2 = 7,8; gucnepcia cymapHoro banao_12 = 18,5.a =- (1 - 7,818,5) = 1,0909 -
0,5784 = 0,63 Micna peansanHy 4 no3muin: >o_ 12 =9,9; o 12 = 25,4. OdikyBaHe NoKpaLleHHs:

=1211-(1-9,925,4) = 1,0909 - 0,6102 = 0,67 5. ®opmynn ona anjeTty i reOMeTPUYHOI
iHTepnpeTauii (6e3

n LUnTtunpoBaHusa: 0% id: 36
p

&« »

)z = , W= = ( )ei(o+w) KopeHi n-ro cteneHsa: w_k = cel(04+21k)/n, k =0,1,
...,n-1 Noka3oBo: 532 = 2 HaB4YanbHO MeTOONYHUI NaKeT 3abe3neyye MNOBHUN LUK NiIATPUMKN
BYUTENSA i Y4HS Bif, NepLIoro NOACHEHHS A0 NiACYMKOBOI MepeBipKu i 4O3BOMSE BiATBOPOBAHO
[OCAraTU LiNboBUX pe3yfbTaTiB 3a 8-12 ypoKiB y CTaHOapTHIN TpaekTopii abo 3a 16-20 ypokiB y
npodiNbHIN TPpaEKTOPIT 3 MPO30pMMK NMpoLeaypaMmn KOHTPOJIO SSIKOCTI i OHOBJIEHHA. BUCHOBKIK 00
po3ainy 2 Po3ain 2 3abe3neymB LiniCHY aHaniTU4HY paMKy MeTOAMKM i AOBIB ii BiATBOPIOBAHICTb
y WKiNnbHMX yMoBax. MNobyanoBaHo Mmoaens i3 3 piBHAMU NpeacTaB/ieHHS MaTepiany anrebpaiyHa,
reoMeTpuyHa Ta TPUroHOMeTpUYHa, L0 BUKOPUCTOBYETLCS He K B3aEMO3aMiHa, a fK
MOCNiAOBHUIA MapLUPYT MUCNEHHSA 3 060B'A3KOBMMK NOBEPHEHHAMUN A0 anrebpaivyHoi hopmMun ans
rnepeBipkX pe3ysbTaTiB. 3anpornoHoBaHa AMAAKTUYHA MOLEsb MOEAHYE KOPOTKE NOACHEHHA 6-8
XBWUJIMH, TPEHYBaHHA Ha 8-12 no3uuin, Mikpopednekcito 2-3 XBUANHM Ta 3acTocyBaHHS 10-15
XBWJINH, WO YTPUMYE KOTHITUBHE HaBaHTa)XeHHs B pobouyil 30Hi 11 MigBULLYE YacTKy NpaBUIbHUX
BiAMOBiAeN Ha 3a[a4vi 3 KOPEHAMU N-ro CTeneHs WoHanmMeHwe Ha 15-20 BiACOTKOBMX MYHKTIB 3a
2 TXKHi. ChopMOBaAHO YiTKi BUMOIM A0 OLHIOBaHHA Yyepes3 3 KpuUTepil 3i 3Ba’KyBaHHSAM 3HaHHEBUI
0,30, onepauinHun 0,30, KoHuenTyanbHu 0,40 gna ctaHgapTHux rpyni 0,25, 0,25, 0,50 gns
npocinbHMX. NOpPOrosi iHAMKaTOPU BU3HaYeHi 9K 6 3 12 ond 3HaHHEBOro, 6 3 10 3a 12 xBuMAUH
nnsa onepauinHoro, 10 3 18 gna KOHUENTYasIbHOrO Y CTaHOaPTHIN Tpa€eKTopIi; Ana NnpodinbHOI
BignmosigHo 8 312, 8 3 10 3a 10 xBMAMH, 12 3 18. MigCyMKOBUM iIHOEKC | AK 3Ba)KeHa CyMa
HOPMOBaHMX YaCTOK [03BOJISIE iIHTepnpeTauito piBHiB HU3bkun 0,00-0,49, 6a3osun 0,50-0,64,
noctaTHin 0,65-0,79, Bucokunm 0,80-1,00, a NnepeTBOPEHHS B OLiHKY BiabyBaeTbCA 3a OPMYSIOL
12:] 3 oKpyrfaeHHam 0o Hanbnm>xyoro uisnoro. HaginHicTb i 06’€EKTUBHICTL BUMipIOBaHHS
3aKpinsieHo MiHiManbHUMK cTaHaapTaMu anbda KpoHbaxa He Huxk4Ye 0,75 onsa TectoBmx 6s10KiB
Ta Mi>KEeKCNepTHO Y3rogKeHicTio He Hx4e 0,70 gnsa BigkpuTux Bignosigen Ha smnbipui 20
BiACOTKIB pobiT. MapanenbHi GOPMU, KOHTPOb HacCy | HOPMYBaHHA 6aniB BUKIOYAOTb
TPEeHyBaJIbHUI NepeHocC i 3abe3nevyoTb 3iCTaBHICTb pe3ysbTaTiB MiXK KlacaMun. ANropuTMm
MPUCBOEHHA NiACYMKOBOrO PiBHA 3aXMLAE BUMOrY A0 KOHLEeNTYaslbHOro po3yMiHHA: 3a
HasiBHOCTI xo4a 6 1 KpuTepito HMXX4Ye 6a30BOro 3arasibHUN piBEHb HE MOXKe BYTK BU3HAYEHUI SK
[OCTaTHIN, 3anNyCKAETbLCA KOPUTyBasbHUIA LMK 3-5 OHIB i3 WinboBUMKU BNpaBaMu. HaB4asibHO
MeToan4He 3abe3neyeHHs 3ibpaHo y 3aBeplUeHNN NAaKeT OPYKOBaHMX, UNPOBUX i
BMMIiplOBaZIbHUX MaTepianiB, AKNN NOKPMBAE BeCb LMK Big MOTUBaLil 00 NiACYMKOBOro 3pi3y Ta
MacwTabyeTbca nig 30 yyHiB 3 5 pe3epBHUMU KOMMINeKTaMu. OnepavinHi iIHCTpyKUii ons
BYMTeNs, BaHKM 3aBAaHb i3 MapKepaMu Yacy, anaeTun 415 MoBOPOTIB i KOPEHIB, a TakoX pybpukun
3 BigKpnTUMK BianoBiaaMmn 3abesnedyoTb KEPOBaAHICTb NPoLLEeCy i NMPO30pPiCTb OYiKyBaHb A5
y4HiB. O4ikyBaHa AMHaMiKa 3a 3-4 TUXXHi CTaHOBUTb NpUpPICT iHaekcy | Ha 0,15-0,25y
CTaHdapTHMX rpynax i Ha 0,10-0,20 y npodiNbHMX 3a YMOBU PETryASPHUX KOPOTKMX NMOBTOPEHb
2-3 pa3n Ha TWXAeHb. AHaniTU4YHa | MAaKTUYHa MOAEeNi Y3roO)KEeHO 3 KpUTepianabHO
CUCTEMOIO OLiHIOBAHHSA Ta MaTepiasibHO pecypCcHo NiaTpuMKoto. MeTognka 3abesneyye
DOCATHEHHS Uifien TeMun y ropun3oHTi 8-12 ypokiB Ana ctaHfapTHUX i 16-20 ypokiB ans
MPOQINIbHUX rPyn i3 KOHTPOSbOBAHO AKICTHO, YiITKUMMK MOPOraMu, MPOrHO30BaHUM 3POCTaHHAM
pe3ynbTaTiB Ta MEXaHI3MOM KopekLii, o pobuTb il FOTOBOK A0 LUMPOKOro BAPOBAAXKEHHS Y
CTapwin wkoni. Po3ain 3. NpakTun4Ha nepeBipka epekTUBHOCTI meToamkn 3.1. CTpykKTypa 1
3MICT MeToankmn MeTognka crnpsimoBaHa Ha POpMyBaHHSA B Y4HiB 11 Knacy WiniCHUX ysBAeHb Npo
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KOMMJIEKCHI Yncna Ak 3acib po3s’a3aHHA anrebpaiyHMX pPiBHSAHb | CKNAAAETbCS 3
B3AEMOIMOB A3aHNX KOMMOHEHTIB: HaBYaJIbHUM KOHTEHT, OpraHi3alisa 3aHATb, CUCTeMa 3aBAaHb i
rnepeBipokK, aifOPUTMN KOPEKLIi Ta MOBTOPEHb, iIHCTPYMEHTU KOHTPOJIHO AKOCTI. TpuBanicTb
UMKy Yy CTaHAapTHIN TpaekTopii 8-12 ypokie no 40 xB, y npoddinbHin 16-20 ypokis no 40 xB.
OnaakTU4Ha 0OMHNLA YPOK MAE CTany CTPYKTYpPY: 6-8 XB NOSACHEHHS 3 1-2 MiKponpukiagamu,
10-12 xB TpeHyBaHHSA Ha 8-12 no3uuin, 2-3 xB Mikpopednekcia, 10-15 xB 3acTocyBaHHA abo
MiHIKOHTPOJIb, 2-3 XB NiACYMOK i MOCTaHOBKa AOMalLUHbOro 3aBAaHHSA. Bubipka ansa npakTuyHoi
rnepeBipKKM BKJIOYAE 2 MapanenbHi knacu 11 piBHSA ogHi€l WKoAW. 3arasbHa KiNlbKiCTb Y4aCHUKIB
=. OCHOBHa rpyna n=35 HaB4Ya€eTbCA 3a 3aNpPoONOHOBAHOK METOAMNKOI, KOHTPOJIbHA rpyna n=35
MPOXOANTb HAaBYaHHSA 3a YNHHUMUN MaTepianamMmn BYMTens 6e3 cneuiasbHUX anjeTiB i 3HNXKEHOLO
iIHTEHCUBHICTIO nepeBipok. CepeaHin BiK 16,6 poKy, 4acTka AisyaT 48,3%. KpuTepii BKIIOYEHHS:
BiABiAyBaHHSA He HMX4Ye 85% 3aHATb, BiACYTHICTb HE3aA40BIIbBHUX MiACYMKOBMX OLIIHOK 3 anrebpu
3a nornepegHin cemecTp. PaHOoMmi3auis 30iNCHIOETLCA Ha PiBHI KnaciB. 3roga 6aTbkiB
3agokyMeHToBaHa y 100% BunaakiBe, BiaeogikcaLia BUKOpUCTOBYBaslaCb Ha 4 ypOKaX OCHOBHOI
rpynu gns aHanisy aKOCTi NOACHEHHS | LOTPUMaHHA TanuMiHry [46]. KOHTeHT opraHi3oBaHo Sk
MapwpyT i3 5 MOAyNiB, WO 3aKpPMBalOTb MOBHUI CNEKTP YMiHb Bif anrebpaivyHoi hopmMun oo
3aCTOCyBaHb y pPiBHAHHAX. Mogynb 1 BBOAUTb MHOXUHY C, 3annc a+bi, yIBHY OAUHMNLLIO |,
onepauii 4oaaBaHHA N MHOXEHHS, CNIPSXKEHHSA, MOOY/ b, FONOBHMIM aprymeHT. Linbe moayna 1
TOYHE BiATBOPEHHS 03Ha4YeHb | BUKOHaHHA 10 6a30Bux 064mncneHb 3 Noxnbkow He Ginblue 1
no3uuii Ha 10 3aBoaHb. Moaynb 2 3abe3neyvye nepexoan Mixx anredbpaidHoto,
TPUrOHOMETPUYHOIO | MOKA3HUKOBOK hOpMaMu, 3 aKLLEHTOM Ha BMBIp rONOBHOIMO 3HAYEHHS
aprymeHTy Ta poboTy B 4 yBepTax. Llinb Mogynsa 2 BUKOHaHHSA 8 KOHBepTaUin 3a Yac He binblue
12 xB i3 4YaCTKOI NpaBUbHUX BignoBigen He HuxX4Ye 75%. Moaynb 3 OXOMJIIOE MHOXKEHHS i
OineHHsa Yepe3 Moayni Ta aprymeHTn, opmyny Myaspa, nigHeceHHA o cTteneHs. Linbe mogynsa 3
aBTOMaTM3auia 10 onepauin 3a 4ac He 6inblie 12 XB 3 YaCTKOK NPaBUJIbHUX BiAMoBigen He
H>x4e 80%. Moaynb 4 nobyBaHHA KOPEHIB N-ro cTeneHs, nobyaoBa NpaBubHUX N-KYTHUKIB Ha
KOJi, iHTepnpeTauisd MHOXXeHHS Ak obepTaHHSA 3 roMmoTeTieto. Linb moaynsa 4 BMiTK 3HaxognuTun
BCi KOpeHi anga n=3,4,5 i MapkKyBaTu aprymeHTn 3 kpokom 370°/n 6e3 nponyckis. Moaynb 5
3acTOCyBaHHSA 00 dhakTopm3aLlii i po3B’a3aHHA PiBHSAHbL: po3kag b6ikybivyHuMX i 6i
rMoniHOMIB, Nepesipka po3B’a3HoCTi Hag R/C. Linbe moayna 5 nosHa akTopm3auia 2 noniHOMIB 4-
ro CTeneHs Ha ypoui 3 NepeBipkol y 2 penpe3eHTauinax [47]. OpraHizauia ypoKy BUKOPUCTOBYE
MOBTOPIOBAHNI TAaWMIHI i CUTHaAM Nnepexony MixK eTanamu, wob yTprumMyBaTn KOMHITUBHE
HaBaHTa>eHHA B pobouyiin 30Hi. MoACHEHHA MICTUTbL 1 Bi3yanbHY MiIKPOAEMOHCTPALLitO Ha
KOMMAEKCHIN nnowuHi i 1 anrebpaidHni npuknag, nicas 4yoro ogpasy nayTb 3 TpeHyBasbHi
3aBAaHHSA piBHA A 3 MUTTEBUM 3BOPOTHUM 3B'A3KOM 3a Kto4aMu. OCHOBHUN 610K TpeHyBaHHS
MiCTUTb 8-12 no3uuin 3 posnoginom A:B:C gk 6:3:1 y cTaHAAPTHUX KNacax i 5:3:2 y npoginbHUX.
Ha 3aBeplUeHHS YPOKY Y4YHi BUKOHYIOTb 3 MO3uLii CaMomnepeBipKu 3 Klo4aMu Ta KOPOTKUM
MOSICHEHHSAM, WO 3aliMaE 2-3 xB i PIKCYETbCA y BifOMOCTi cnocTtepexxeHHs [48]. Cuctema
3aBOaHb i NepeBipoK NMpauloe Ha 2 ropmn3oHTax. MNMepLmnm ropnsoHT BHYTPILLHbOYPOYHUN
MiHIKOHTpPOAb 12 no3uuin, 1 6an 3a no3unuito, NiMiT 10-15 XB 3a51€XXHO Big Moayns, nopir
ycniwHocTi 8 i3 12. Apyruin ropnsoHT MoAyibHUI 3pi3 18-24 no3uuii No 3aBepLleHHi 2 moaynis,
O BUMIpIOE 3 KpUTEPIl: 3HAaHHEBUI, onepauinHuin, KOHUEeNTyalbHUA. Pe3ynbTaTn HOPMYIOTbLCH B
iHTepBani 0-1 i KOMBiHYOTbLCA Y NiaCcyMKoBUN iHAekc | 3 Baramu 0,30; 0,30; 0,40 ons
cTaHpapTHux i 0,25; 0,25; 0,50 gnsa npodinbHMX. ONs KOHTPOO 06'EKTUBHOCTI 3aCTOCOBYEThLCS
noasinHe ouiHtoBaHHA 20% pobiT i3 MiXKeKCnepTHO Yy3rog)KeHicTio He Hux4e 0,70 Ta
napanenbHi dopMn TecTiB 0189 YHUKHEHHS NepeHeCceHHs TpeHyBalbHOro epekTy. JJoMaluHi
3aBOaHHS CTPYKTYpPOBaHi Ha 3 piBHi i 3amatoTb 15-20 xB, npuyomMy 70% no3unLin MOBTOPIOOTb
rnonepenHi Temu 3 iHTepBasamun 2-3 gHi, 7-10 gHis, 14-21 peHb. KoxxHe [3 MicTUTb 6-8
3aBAaHb: 4 KOPOTKi 064ncneHHs, 2 nobynosu abo nosicHeHHS. MepeBipka 03 30INCHIOETLCA 3a
NPUHLNNIOM BUBIPKOBOIr0 CKPUHIHIY 3 NO3ULLIi Ha Y4YHSA i3 MUTTEBMM KOJIEKTUBHUM po36opom
TUNOBMX MOMWJIOK, LLLO 3aiMa€ 5-7 XB Ha NOYaTKY YPOKY. 3a NoTpebn akTUBYETLCA KOPOTKUI

u LUwnTtnposaHusa: 0,01% id: 37
«peTpuBaibHUA BJ10K»

6 no3uuin oBi rpynu no 35 ceKyHO KOXXHa B cepeaunHi ypoky ans ctabinizauii HaBnykm [49].
3acobun NigTPMMKN HaBYaHHSA BKOYaOTh APYKOBAHI KapTy NOHATb, KOOPAWHATHI CiTKM 20x20 i3
uiHoto noginkm 0,5, NnaakaTu 3 KAOYOBMMKU (bopMynamMm Ta 9 gMHaMIYHUX anneTiB 4ns
Bi3yani3auii MOBOPOTIB i KOPEHIB. Y CTaHOapTHOMY KJjaci MiHiMasbHa KOHQirypauisa 1 MK yuntens
i NpPOEKTOP, ¥ NpodinibHOMY pekoMeHA0BaHO 10-15 HoyTOyKiB Ana napHoi poboTn. Ha KOXXHY
TeMy NiAroToBAEHO 2 MapasiesibHi KOMMIEKTUN MiHIKOHTpoAiB A/E i 1 KOMNAEKT NiACyMKOBOIro
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3pi3y, wo 3abe3neyye HafiMHICTb | 4O3BOJISIE BapitoBaTWN 3aBAaHHA 6e3 BTpaTu 3MiCTOBOIro
nokputTa [50]. MexaHi3M KopeKLuii cnpaubOBYE, KON y4eHb He Aonia€ xo4da 6 1 nopir. Akuwo
3HaAHHEBUM MOKa3HMK HUxX4e 0,50, nonatloThCsa 8 UiNbOBMX BNpaB Ha O3HAYeHHSA, MOAY b,
Cnpsi>XeHHs i BUBip rosIoBHOro aprymMeHTy, Yac BUKOHaAHHA 12 XB. AKLI0 onepaLuinHNi NOKa3HUK
Hux4e 0,70, NpM3HavaloTbCA 8 BNpaB Ha MHOXKEHHSA i gineHHsA B anrebpaivHin Ta
TPUrOHOMETPUYHIN chopMax 3 060B'I3KOBUM BUKOPUCTAHHAM CAPSXKEHHS, Yac 12 xB. AKWo
KOHUEeNTyaJIbHUN MOKa3HUK Hux4e 0,56, y4eHb BUKOHYE 6 MobyaoB NpaBUbHUX N-KYTHUKIB 014
=3,4,5 3 MapKyBaHHAM apryMmeHTiB 4epe3 370°/n Ta NepeBipKOK MOBHOTN MHOXWUHN KOPEHIB.
MOBTOPHUIN KOPOTKUI 3pi3 NpoBOANTLCA Yepe3 3-5 aHiB, pe3ynbTaT (iKCyeTbCa Ta
obroeoptoeTbCA iHAMBIAYyanbHO [50]. KOHTpob AoTpMMaHHA MeTOANKN 3abe3neyyioTh 3
iIHOMKATOPWU AKOCTI YPOKY: BiANOBIAHICTb TaMMIiHIy eTanis i3 4ONYCKOM 1 XB, YacTKa Y4HiB, WO
BMKOHaIM NOPIr MiHIKOHTPOJ11O, HE HUXK4Ye 70% Ha 2-My TUXKHI, YaCcToTa TUMOBUX MOMUJIOK Y
BM6OPi FOIOBHOIr0 3HA4YEHHS apryMeHTy Ta Yy NnobynoBi KOpPeHiB, WO Ma€E 3HU3UTUCH LWOHANMeHLLEe
BABiYi BifL CTapTOBOro piBHA. Pa3 Ha TM>XXOEeHb NpoBoanTbLCA 20-XB Hapaha 3 aHafi30M AaHUX
OCHOBHOI | KOHTPOJ/ILHOI FPYr, OHOBJIEHHAM Nepeniky TUNOBUX MOMUJIOK i HAaNaLWTyBaHHAM
HaCTynHUX NosicHeHb [51]. O4ikyBaHi pe3ynbTaTu 3a 2 TUXKHI 4519 OCHOBHOI Fpynu: 3pOCTaHHSA
YaCTKW NpaBUJIbHUX BiAMNoBigen y 3aBAaHHAX Ha nepexoan Mixx dopMmamu 3 62-68% oo 78-85%,
3POCTaHHSA MOBHOTU MHOXWHUN KOPEHIB N-ro cteneHs 3 55-70% 0o 75-82%, nigCcyMKoOBUIA iHOEKC
He Hx4Ye 0,70 y 75% y4HiB. 119 KOHTPOJIbHOI rpynun O4iKYETbCHA HUXXKYa AMHaMika Ha 10-15
BiICOTKOBUMX MYHKTIB Y TUX CaMUX NMOKa3HMKax. Take NOEQHAHHSA HiTKOI CTPYKTYPU YPOKY,
[030BaHOro TpeHyBaHHS, IHTEPBaJZIbHOrO NOBTOPEHHS, LiJIbOBOT KOpeKLUil Ta CTaHO4apPTM30BaHMX
nepesipok 3abe3neyvye BiATBOPIOBAHU MPUPICT CHPOPMOBAHOCTI YSABMIEHb MPO KOMIMJIEKCHI YMcna
y MeXax 0[4HOro HaB4asibHOro micausd. Tabnanua 2.1 - JeMorpadiyHi Ta NOriCTUYHI
XapakTepuctuku Bubipku. MokasHmnk OgnHuus OcHoBHa rpyna (n1=35) KoHTponbHa rpyna (n=35)
Pazom (n=70) MpumiTKa BiK, cepegHin pokun 16,7 16,5 16,6 cTaHgapTHe BigxuaeHHsa 0,6 poky
HisyaTta % 50,0 46,7 48,3 15 3 30; 14 3 30; 29 3 70 BigsigyBaHicTb % 93,0 92,0 92,5 go ctapty
unkny NMonepenHs NigcyMKoBa ouiHKa 3 anrebpu, cepegHs 6anm (12-6anbHa) 8,8 8,7 8,8
MegdiaHa 9 MNonepefHin KOHTAKT i3 TeMolo No3anporpamMHuin % y4His 20,0 16,7 18,3 caMo3BIT 3a
aHKeTot 3roga 6aTbkiB % 100,0 100,0 100,0 nncbmoBa 3anunc ypokiB Ha Bigeo % ypokis 66,7 0,0
33,3 4 3 6 B OCHOBHIl TexHi4Hi pecypcu of. NpoekTop 1; HoyTbykn 12 npoekTop 1; HOyTOYKM 11
napHa po6oTa Tabnnusa 2.2 - BuxigHi NOKa3HMKKN Ta eKBiBaJIeHTHICTb rpyn nepes
BNpoBagXeHHsAM. NMoka3Huk OgnHuusa OcHoBHa KoHTponbHa PisHuua MpumiTka OiarHOCTUKa
roToBHOCTI, 12 no3uuin cepegHin 6an 6,2 6,1 +0,1 no ctapTy Mmoayns Yac Ha 1 no3uuito
cekyHaun 52 51 +1 cepenHin NOMUAKN y BU3SHAYEHHI FOJIOBHOIO aprymMmeHTy % y4His 38,0 37,0
+1,0 3a giarHocTmKoto NMoBHOTa MHOXUHN KOPEHIB N-ro cteneHs % 3agad 6e3 nponyckis 58,0
57,0 +1,0 n=3,4,5 F'oTOBHICTb A0 poboTN 3 TpbOMa hopMaMu 3anucy % y4His 62,0 61,0 +1,0
anrebpaiyHa; TPMroHOMEeTpUYHa; NoKa3sHUKoBa CepeaHs TPUBaJIiCTb AOMALLUHbOIO 3aBAaHHS
xBMAMHK 18 18 0 ninoTHe onuTyBaHHA Pnc.2.1 - Alemorpadia Ta CTapToBa rOTOBHICTb Puc.2.2 -
Ba3oBa ekBiBaNI€HTHICTb i FOTOBHICTb [aHi ABox Tabnnub i ABOX rpadikiB cBigYaTb, WO OCHOBHA i
KOHTPOJIbHa rpynun CTapTylOTb Yy MOPiBHIOBAaHMX YMOBaX 3a KJKYOBUMU geMorpadivHuMn Ta
HaBYaJIbHUMN XapaKTEPUCTUKAMU, TOXX eheKT MeTOONKM MOXKHa iHTepnpeTyBaTn 6e3 iCTOTHUX
3MillyBaslbHUX YNHHUKIB. CepeHiln Bik CTaHOBUTb 16,7 POKY B OCHOBHIN i 16,5 poky B
KOHTPObLHIN rpyni, reHaepHuin cknag 36anaHcoBaHnn 50,0% fOiB4YaT y OCHOBHIN npoTu 46,7% y
KOHTPOJIbHIN, BiABiAyBaHICTb BUCOKA i 6n3bka 93,0% npoTu 92,0%. MonepenHsa niacymkoBa
ouiHKa 3 anrebpu 3a 12 6anbHOIO WKaJo NPakKTUYHO ineHTu4YHa 8,8 npoTn 8,7, MediaHa 9y
obox Bunagkax. HacTka y4HiB i3 no3anporpamMHMM AOTUKOM A0 TEMU He MepeBULLYE N'ATOi
yacTuHu BUbipkKn 20,0% B OCHOBHIN i 16,7% Yy KOHTPOJIbHI, WO HE CTBOPIOE CUCTEMATUYHOIO
rnepekocy. ETn4Hi BuMmorn gotpmmaHi NoBHicTo 3roga 6aTbkiB 100%. BiaMivyaeTbCA BiAMIHHICTb Y
MPOLLEeCHOMY KOHTPOJIi Y OCHOBHII rpyni 3aincHeHOo BigeodikcaLito 66,7% ypoKiB 4HoTupu 3
LWeCTKn, a TaKo)X HE3Ha4YHa Pi3HMUSA B TEXHIYHUX pecypcax HOyTOyku 12 npoTun 11, Wwo nigsuLye
KEepOBaHICTb BMPOBaAXXEHHS, ajie caMo No Cobi He reHepye HaBYalbHUI NPUPICT 6e3 MeToaNKMN.
BuxigHi HaBYalbHi MOKa3HNKN NiOTBEPAXKYOTb €KBIBa/IEHTHICTb rpyn Ha BxoAdi. CyMapHun
AiarHoCcTmn4HUM 6an 3a 12 No3unuin CTaHOBUTL 6,2 Y OCHOBHIN i 6,1 y KOHTPOJIbHIN, CepefHin Yac
BMKOHaHHSA 1 mo3unuii npakTUYHO 0gHaKoBMIN 52 ceKyHau NpoTu 51 ceKyHAau, Wo CBig4nTb Npo
6113bKNN piBeHb aBTOMaTM3auii 6a3zoBux Ain. OBi 4iTKO okpecneHi npobnemHi 30HM 36iratoTbCca B
060x rpynax NnoMusKM y BU3Ha4Y€HHi FrOJIOBHOIM0 3HAa4YE€HHS apryMeHTy dikcytoTbca y 38,0% y4HiB
OCHOBHOI Ta 37,0% KOHTPOJILHOI FPYMNn, @ MOBHOTa MHOXWHWN KOPEHIB N ro cteneHs 6e3
nponyckiB 3abe3nevyeHa nmwe y 58,0% 3amay ocHoBHOI i 57,0% 3a4a4 KOHTPOJIbHOI. [OTOBHICTb
0o poboTun 3 TpboMa hopMaMm 3anuncy ouiHeHa Ha piBHI 62,0% npoTn 61,0%, TpuBanicTb
[OMallHbOro 3aBaHHSA Ha CTapTi ogHakoBa 18 xBunvH, Wwo 3abe3nedye NopiBHIOBaHICTb
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Mno3aypoyHOi akTUBHOCTI. 'padik 1 y3aranbHIOE BiACYTHICTb KPUTUYHUX geMorpadivHnx
MepeKociB i NiATBEPAXXYE OQHAKOBUIN HaBYasibHUI BekrpayHa OBOX rpyn, OT)Ke nogasnblui
BiAMIHHOCTI pe3ynbTaTiB MOXXHa NPUNNUCYBaTWN BNAMUBY METOAUKN. ['pacdik 2 niacBiYye OCHOBHI
MilleHi BTPYyYaHHSA roJIOBHUN apryMeHT i MOBHOTA MHOXXNHW KOPEHiB. BpaxoBylo4n CTapTOBI
3Ha4veHHA 38,0% NMoMmnIoK y rosioBHoMy aprymeHTi Ta 58,0% 3agay 6e3 NponycKiB KOPEHIB,
OYIKYETbLCA MPUPICT WoHanMeHLwe 15-20 BifCOTKOBUX NYHKTIB MPOTAroM 2-3 TUXKHIB 3a YMOBU
CUCTEMHOr0 BUKOPUCTAHHSA anJeTiB AJ19 MOBOPOTIB i KOHCTPYKTUBHMX NO6YyA0B Ha KOMIMJIEKCHIN
NJOWMHI Ta perynspHUX KOHBEpPTaLin MixX hopMaMim 3anuncy. 3 ornaay Ha 3adikcoBaHy
€KBiBaNIEHTHICTb OOUI/IbHO 30CepeanTu NiACYMKOBUIM aHani3 Ha ABOX YYT/IMBUX MeTpUKax
NMpaBUNbHICTb BUOGOPY rOSIOBHOMO 3Ha4YeHHS apryMeHTY Ta NOBHOTA MHOXXWHW KOPEHIB 1 o
CTerneHs, 4ONOBHUBLLW iX HOPMOBAHUMM YaCTKaMU 3a 3HAHHEBUM, OnepauinHnUM i
KOHUEeNTyaJIbHUM KpuTepisaMmun. Y 3BiTi cJlig Npo30po 3adikcyBaTn ABa MOXXJ/INBI 3MillyBasibHi
YUHHUKW BigeodikcaLito TiNbKM B OCHOBHIM rpyni Ta HAasfBHICTb 04HOIM0 A0AATKOBOIo HOYTOYKa,
OAHaK HasBHi AaHi He BKa3ylTb Ha CUCTEMATUYHY NepeBary, Wo mMoraa 6 NnoscHUTK o4dikyBaHUI
npupicTt 6e3 camoi meToankK. 3.2. OpraHilauis negaroriyHoro ekcnepumeHTy lMegaroridyHni
€KCMEePUMEHT CMPOEKTOBAHO AK KBA3ieKCMePUMEHT i3 ABOMa He3aieXXHUMN rpynaMun Ta
MOBTOPHMMW BUMIPIOBaHHAMKM Y 4HOTUPLOX 3pi3ax (L0, t8, £16, t24). Bubipka cknaga€eTbCs 3 C YYHIB
ABOX napanenbHuMx 11-x KnaciB 0gHi€l WKOAN: ekcnepMMeHTanbHa rpyna n = 35, KOHTpOoJ/ibHa
rpyna n = 35. PaHaoMi3aLito BUKOHAHO Ha PiBHI KnaciB i3 dikcalieo 6a30BNX XxapaKTepuUcTmk Ao
CcTapTy. Yci 6aTbkn Hafanm NMCbMOBY iH(pOPMOBaHY 3roAy; BifeodikcaLilo 34iNCHIOBaNM nuLle B
eKcnepuMeHTasnbHInN rpyni 4as KOHTPOJI0 AOTPUMaHHA MeToAMKM (3a 3rofoto). I'padik:
niarotoB4ymMin eTan 4 TUXXHi; dopMyBasibHUI eTan 12 TUXXHIB i3 ABOMa MPOMiIXXHUMU 3pi3amMu;
nNigCyMKOBUI 3pi3 Ha 24-My TUXKHI [52]. HynboBUI TUXXOEHb BUKOPUCTOBYETLCA K 6a30BUiA 3pi3
Ans gikcauii cTapToBUX 3HaHb | YMiHb. BocbMuUin TXKAeHb Binobpa)kae nepwinn etan
hopmMyBasbHOr0 BNJMBY MiC/15 3aBEPLUEHHS KJHOYOBUX MOSACHEHDb Ta Cepii TpeHyBaJIbHUX 3aHATb.
LWicTHaauUATUA TUXKOEHb A€ OLiHKY CepeaHbOCTPOKOBOI CTabiNnbHOCTI pe3ynbTaTiB 3a yMOB
iHTepBaJIbHOrO MOBTOPEHHSA. BaAUATb YETBEPTUN TUXXOEHb BUKOPUCTOBYETLCS K MNiACYyMKOBUNA
3pi3 gna nepesipkn 36epexeHHs epeKTy Ta MOXKJIMBOrO NepeHeCceHHs Ha CYMiKHI Temun anrebpu
1 noYaTKiB aHanisy. Pe)xxum BiaBiAyBaHHS MOHITOPUTLCS MPOTArOM YCbOro nepiony, y4Hi 3
BiBiAYBaAHICTIO HM>XXYe 85 BiACOTKIB Mo3Ha4vatloTbCs B 6asi gaHUX ANs YyTAMBICHOIrO aHasnisy.
[onoBHa rinoTesa Nossra€ y 3poCcTaHHi iHOeKCcy chOPMOBaAHOCTI yYABMIEHb NPO KOMMJIEKCHI YMncna
B OCHOBHIl Fpyrni MOPIiBHSIHO 3 KOHTPOJIbHOI Y MeXXaX CTaHAapTHOI HaB4YaJibHOI TPAEKTOPIl.
[ofaTKOBO NepeBipalTbLCA TPY NpeAMeTHI rinoTe3n. Mo neplue, CKOPOYYETLCA YacTOoTa NOMUIIOK
Yy BU3HA4YeHHi rOJIOBHOr0 3HAaYeHHS apryMeHTy NopiBHAHO 3 6a30BMM 3pi30M i MOPIBHAHO 3
KOHTPOJIbHOIO FPYMNO0 Ha KOXKHOMY HacTyrnHOMy 3pi3i. Mo gpyre, 3pocTae YacTKa 3a4au i3
MOBHOI MHOXXWHOI KOPEHIB cTeneHsa 6e3 nponyckis. Mo TpeTe, NPUWBNALLYETHCA BUKOHAHHS
CTaHOapPTHMX OMepaLin MHOXKEHHS, AiNeHHs, nepexoniB Mixk anrebpaiyHoto Ta
TpUroHoMeTpu4Ho opMaMin 3a PiIKCOBaHUX NOPOriB NpaBuabHOCTI [53]. He3ane)KHot 3MiHHOO
€ MeToMKa HaBYaHHS, LLLO B OCHOBHI rpyni BKJKOYA€E CTPYKTYPOBAHNN TalMiHI YpoKy, BaHKK
3aBAaHb TPbOX PiBHIB CKNAAHOCTI, AMHAMIYHI anieTn oaa reoMeTpuYHoOi iHTepnpeTauii Ta
CTaHOapTU30BaHi MiHIKOHTPONI. Y KOHTPOJIbHIN rpyni BAKOPUCTOBYETHLCA 3BMYHA MPaKTUKa
BuYnTensa 6e3 anneTiB i 6e3 ikcoBaHOI CMCTEMU iIHTEPBAJIbHOIO MOBTOPEHHSA. 3a1€XHUMU
3MiHHUMW € 3HAHHEBUN NOKA3HMK 32 KOPOTKUMU TeCTaMn 3HaHb, ONepaLuinHNn NOKa3HUK 3a
MPaKTUYHUMN 0BYNCNEHHAMN Ta KOHLUENTYaslbHUI MOKa3HUK 3a BiGKPUTUMU 3a4ad4aMun 3
nobynosamu i o6rpyHTyBaHHAM. N5 NiCYMKOBOro aHai3y BUKOPUCTOBYETbCA HOPMOBAHUN
iHOEeKC | fIK 3BaXKeHa CyMa TPbOX MOKA3HUKIB 3 Baramm TpuauaTb BiCOTKIB AJ19 3HAHHEBOI O,
TPMALUATb BiACOTKIB AJ18 ONEpPaLinHOro Ta COPOK BiACOTKIB AJ19 KOHLLENTYalbHOrO y
CTaHJapTHOMY Kypci. nga npodinbHOro Kypcy nepeabadvyeHo ABaauUsATh N'ATb BiACOTKIB,
OBaALUATb MN'ATb BiACOTKIB Ta N'ATAECAT BiACOTKIB BiAMOBIiAHO, AKLLO WKOa BNPOBaAXYE
nocuaeHnn Tpek. Ha KoXKHOMY eTani Y4Hi BUKOHYIOTb KOPOTKMI TeCT 3HaHb i3 ABaHagusaTu
Mo3unuin, NpakTUYHUI 610K i3 4ecaTn No3unLii Ha Yac Ta WICTb BigKPUTUX 3aday 3 pybpukauicto
3a TPbOMa KpUTepiMK Bif HYS 00 Tpbox BaniB 3a 3a4avy 3 CyMOK A0 BiCiMHaguaTu. Yci TecTu
MaloTb ABi NapasiesibHi PopMU, SKi BUKOPUCTOBYIOTLCSA B Me)XXaX OOHIEl rpynn nNo4Yeproso s
3HUXXEHHSA HaBYasIbHOro nepeHeceHHs. OuiHIOBaHHA BiOKPUTUX BigNOBiAeN 34iNCHIOTbL OBOE
He3aseXXHUX eKcnepTiB, 3aCNinieHnx Woa0 HaleXXHOCTi A0 rpynu, Ha N'aTin YacTuHi pobiT ans
KOXXHOI0 3pi3y, NiC/A HOro KOPUryTb KJIOYi, SKLLO MiXKEKCNEePTHA Y3roA)XeHiCTb Maga€ HMxX4e
cimpgecaTun BigcoTkiB [54]. Mo nepLlle, BiANOBIAHICTb TaWMIHIy eTaniB YPOKY 3 AOMYCKOM MJI0C
MiHYC oOHa xBuanHa. Mo gpyre, 4acTKa Yy4HiB, WO NOA0MAAaAN MOPIr MiHIKOHTPOJIIO, HE HUXXYe
BM3HAYeHOro piBHA 41 BiAMNOBIAHOroO TUXXHA. 10 TpeTe, AMHaMiIKa TUMOBMX NOMUOK Y
rOJIOBHOMY apryMeHTi Ta B NoOy40Bi MOBHUX MHOXWUH KOPEHIB i3 TUXKHEBUM aHanNi30M BiAXUEHb.
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BineoaHanis 3pa3kiB ypOKIiB Y OCHOBHI rpyrni NpoBoAsATb WOHaANMeHLUe ABidi Ha Micaub i3
KOPOTKUMN PEKOMEHOALIAMN BYMTESIO WOO0 WBUAKOCTI Nogadi Ta rpadiyHol go3oBaHoOCTI. MnaH
06pobKM faHMX BKOYAE NepeBipKYy SKOCTI MacuBIB 3a BiACYTHICTIO Ay6nikaTis, BiANOBIOHICTIO
4aCOBUX MITOK 3pi3aM Ta ornsagom posnoginis. NMponyckn NO3Ha4YalTbCHa 3 KOAaMU MPUYNH 3a
BiABiAYyBaHHAM, TeXHIYHUMMK 360aMK abo iHAMBIAYaNbHUMMK 0BCTaBMHaMUN. FKLWO MPONYLLEHO He
6inblUe [ecaTun BiACOTKIB CMOCTEPEXEHb Y MeXaX 3MiHHOI, 3aCTOCOBYETLCA MHOXKUHHA iMNyTauis
3 KOHTPOJIEM Ipynn Ta MonepenHbLOro 3Ha4YeHHS NoKasHMKa. AKLLO YacTKa NpPonycKiB NepeBunLLyE
Llen nopir, aHani3 AOMNOBHIOETLCA YYT/MBICHMMUN cLeHapiaMu 6e3 imnyTauii abo 3 obMe)xeHoto
imnyTauieto ons 36epexxeHHs BanigHOCTI BUCHOBKIB. MiXxrpynoBuin hakTop CKNada€ETbCs 3 ABOX
PiBHIB 3@ TUMNOM HaBYaHHSA. BHYTPilLHLOrpynoBuUiA (haKTOP CKNAJAETHLCSA 3 HOTUPbLOX PIBHIB 3a
4aCOM BUMIpIOBaHHSA. /19 KOXKHOI0 KPUTEPI0 3HAHHEBOI0, ONepauinHoro Ta KOHUenTyasIbHOro
aHaNi3ylTbCHA rosIoBHI eeKTU Ta B3aEMOAIiA Yac Ha TUM HaBYaHHS i3 pO3paxyHKOM YaCTKOBMUX
MOKa3HUKIB cUNK ehekTy. ANns iHAeKCY | 10AaTKOBO BUKOHYIOTLCS 3aMjlaHOBaHi KOHTPACTU MiX
6a30BMM 3pPi30M | KOXKHUM HAaCTYNHUM 3pPi30M y MeXKax rpyn Ta MiXK rpynamMm Ha KOXKHOMY 3pi3i 3
KOHTpONEM ciMenHoi noxnbku 3a npouenypoto XosMa. PiBeHb 3Ha4YyLLOCTi BCTAaHOBMEHO Ha NM'ATb
Bi4COTKIB. AKWO AaHi MOPYLWYOTb NPUNYLWEHHS cCheprnyHOCTi abo HOPMasibHOCTI 3a/NLLKIB,
3aCTOCOBYETLCS KOopeKLisa I'piHxay3a leiccepa abo HenapamMeTpUyHi aHasiorn 415t MOBTOPHUX
BUMIiptOBaHb. [1n9 4acoBux 0bMeXXeHb iHAMBIAYabHI LUBUAKOCTI NEPeTBOPIOTLCA HA HOPMOBaHI
YaCTKW Big rMopora, Lo A03BOJISE iIHTerpyBaTN NOKA3HUKN B EANHNIA aHani3 6e3 BTpaTu
iHTepnpeTaLii. Po3paxyHOK NOTY>XXHOCTi BAKOHAHO A1 B3aEMOAIT Yac Ha TUMN HaBYaHHA SK
OCHOBHOI METPUKM yCnixy. 3a NOMipHOro ehekTy Ta Kopensauii BUMIpiB y Mexxax ocobn Ha piBHi
npmnbnamM3Ho N'aToecaTn BiacoTkiB BUbipka y 70 y4aCHUKIB i3 YOTMPMa NOBTOPHUMU BUMipaMu
3abe3neyye CTaTUCTUYHY NOTYXXHICTb 6M3bKO BiCiMAECATY BiACOTKIB NPU PiBHI 3HAYyLLLOCTI
N’'saTb BiACOTKIB. Takuin po3Mip BUBIpKM BBAXKAETLCS AOCTATHIM ON15 BUSABNEHHS NPaKTUYHO
3HAYYLWOro NPUPOCTY IHAEKCY | Ta 3HMXKEHHS YaCTOTU ABOX KJIHOYOBUX MOMUNOK. JaHi
3HeocobsieHO Ha eTani BBedeHHsA y 6a3y, Ko4i iMeH 36epiratloTbCa OKpPEMO Yy aAMiHICTpaTopa
00CTyny. Bigeosanncm BUKOPUCTOBYOTLCA INLLE A1 BHYTPILWHbOr0 ayanTy SKOCTI Ta He
MiCTATb NEPCOHiIhiKoBaHNX 3rafoK. Y4YHi MOXXYTb BiAMOBUTUCS Bif Bigeodikcauii 6e3 »xoaHux
HacnigKiB 4nsa y4acTi y HaBYaHHI Ta ouiHOBaHHI. YCi npoueaypu NMoroa>KeHo Ha pPiBHi LUKOAK Ta
H6aTbKiBCbKMX 300piB, @ NfaH ekCnepMMeHTy AOBEAEHO BYMTENAM 3a MiCALb A0 CTapTy TEMMU.
MiaroToB4YMn eTan NPOTAroM YOTUPLOX TUXKHIB BK/IOYA€E HaBYaHHA BYUTENS poboTi 3 anneTamu,
OPYK MaTepianiB, HaNalWTyBaHHSA KJOYiB Ta rpadika BuMiptoBaHb. PopMyBaJibHUI eTan TPUBaE
ABaHaAUATb TUXKHIB i3 iKCOBaHUM TaMiHIOM YPOKIB, Mikpoped/ieKCi€l Ta MiHIKOHTpPOSMY, a
TaKOX i3 ABOMa NPOMIXKHUMMN 3pi3aMn Ha BOCbMOMY Ta WiCTHaAUATOMY TUXXHSAX. [igcyMKoBuUin
eTan Ha ABaAUATb YeTBEPTOMY TUXKHI BKJIIOYAE 3aBepLlUanbHUI 3pi3, ayaAnUT MixKeKcnepTHOi
Y3rog kKeHocTi, iHTerpauito pesynbTaTiB, popMyBaHHSA 3BeAeHNX Tabnnub Ta NiAroToBKY
pekoMeHaalin 3 KopekLil MaTepianiB. Taka opraHi3auis 3abe3nedyye KepoBaHiCTb Npouecy,
BiATBOPIOBAHICTbL NpouUeayp i BanigHICTb BUCHOBKIB L0400 eDeKTUBHOCTI MeToaAnKN OpraHizauis
negaroriyHoro ekcnepumeHTy Bubipka 70 yyHiB, 2 rpynun asi rpynu no 35. IHaekc
CHOPMOBAHOCTI | OBYNCHIOETHLCA K 3BaXKeHa CyMa TPbOX MOKa3HWUKIB: 3HAHHEBOIO Z,
onepauinHoro O, koHuenTyanbHoro C. | = 0,30-Z + 0,30-0 + 0,40-C Ha 6a3oBomMy 3pi3i 0y
cepegHbomMy Z2=0,55, 0=0,70, C=0,45 y obox rpynax. Ha 8 Tu>xHi :8 y ocHoBHin rpyni 2=0,68,
=0,70, C=0,62; y KOHTponbHin 2=0,70, O=0,63, C=0,50. Ha 16 Tn>XHi 116 y ocHoBHin 2=0,73,
=0,75, C=0,68; y KoHTposbHiN 2=0,63, 0O=0,66, C=0,53. Ha 24 TnXHi {24 y ocHoBHin 2=0,74,
=0,77, C=0,70; y KOHTpONbHiN 2=0,64, O=0,67, C=0,54. O64ncneHHsa ingekcy | onsa t8 i

pisHUL
[ ” | LuTtnposaHus: 0% id: 38
«Pi3HNLb»

8 OCHOBHa: | _ = 0,30-0,68 + 0,30-0,70 + 0,40-0,62 = 0,204 + 0,210 + 0,248 = 0,662.:8
KOHTpONbHa: | _ = 0,30-0,70 + 0,30-0,63 + 0,40-0,50 = 0,180 + 0,189 + 0,200 = 0,569.10
obox rpyn: 10 = 0,30-0,55 + 0,30-0,70 + 0,40-0,45 = 0,165 + 0,180 + 0,180 = 0,525. 3MiHa:

_ = 0,662 — 0,525 = 0,137; A_ = 0,569 — 0,525 = 0,044; pi3HNUSA pi3HNLb: = 0,137

0,044 = 0,093. MNpuknapg nepeBipkun rinotesn oas Ha 8 SE(A - A ctrl) =

(o 2/30 + o_ctrl2/30) NiancTaHoBKa 4Yncen: o_ =0,200, o_ctrl=0,205, Toni SE =

((0,2002%/30) + (0,205%/30)) = v/(0,00133 + 0,00140) = V0,00273 = 0,0523. L cTaTUCTMKa =
/ = 0,093/0,0523 = 1,78 npndi=58. OpieHTOBHO P=0,08; eheKT Ha MeXXi 3HaYYyLLOCTI.
Po3paxyHoK noTpibHOT YncenbHOCTi AN UilbOBOro LincoBa MiHiManbHa pi3HULA A =
0,15, cninbHa o = 0,20, ABOCTOPOHHIN ©=0,05, NoTy>XHicTb 1—[3=0,80. n =

2«2 {of2Y+7 {B})*> 02N 2 YpcenbHo: (1,96+0,84)2 = 2,802 = 7,84; 0?2 = 0,04; yncenbHUK
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2:7,84:0,04 = 0,6272; 3HaMeHHUK 0,0225; n = 27,9 Ha rpyny. EdekT d KoeHa anda £16 3MiHK
iHoekcy | 3a t0—116: ocHoBHa 0,205, koHTposnbHa 0,105; cninbHe cTaHOapTHE BiAXWAEHHS 3MiH
_p=0,18. d =(0,205-0,105) / 0,18 = 0,556 KOHTPOJIb MHOXXWHHUX MepPeBiIpPoK (Xonm) Anats,
16, t24 p: 0,004; 0,018; 0,041. MNopiBHAHHA 3 o/( +1): 0,004 0,0167; 0,018 0,025; 0,041 0,05
yCi Tpu 3pi3n 3Ha4yLi nicna Kopekuii. CkopurosaHi p (ansa 3siTHocTi): 0,012; 0,036; 0,041.
HaginHicTb: o KpoHbaxa Ta MixkekcnepTHa yroga o = (K/(K-1))(1 - >0 _12/c_T?) Npn>o_i2=8,4 i
_12=22,0: «=(12/11)-(1 — 8,4/22,0) = 0,67; nicnsa pegmnsanHy 4 no3nuin i 36inbweHHa K go 14
OYiKYEMO 0,75. Onsa 20% BiakpuTux Bignosigen k=0,72 (3Ha4YHa y3rog»XeHicTb). Mogenb
3MiWaHoro aHanisy ¥ it=p+ G i+ 1T L+ (G1) {it} +u | + £ It Knoyosun TecT B3aemogia G- 71,
wo Bigobparka€ BiAMIHHICTb AUHAMIKK MiXX rpynaMu. MoBHNIA oNuC pe3yfbTaTiB BUKOHAHHS
PiBHSHb YYHAMU 3 pO3BGMBKOIO 3a TMNaMKM PO3B'sA3aHHSA | MOMWUIIOK, OKPeMO A1 OCHOBHOI Ta
KOHTPOJIbHOI Fpyn, i3 dikcaui€to Ha 4 3pi3ax 4yacy. Bubipka 70 y4HiB, ocHOBHa rpyna 30,
KOHTpoAbHa rpyna 30. [na yHidikauii aHanizy BUKOPMCTaHO 3 penpeseHTaTuBHI 3agavi: £E1 37 +
16 = 0 Ha NOBHOTY MHOXXMHWN KOPEHIB, £2 7z° = 8:cis(70°) Ha poboTy 3 TPUrOHOMETPUYHOIO
hopmoto i BUBIip roSIOBHOr0 3Ha4YeHHA apryMeHTy, £3 3x2 — 2x + 5 = 0 Ha po3B’A3yBaHHA
KBagpaTHOro PiBHAHHSA 3 BiA'EMHUM OUCKPUMIHAHTOM 4yepes . Ha KOXKHOMY 3pi3i KOXXKeH y4eHb
BMKOHYBaB 3 3afdadvi, oT>xe maemo 180 cnpob Ha 3pi3. Ha 6a3oBomy 3pi3i {0 y OCHOBHIN rpyni ons
1 NOBHY MHOXXWHY 3 4 KOpeHiB nogann 17 y4yHis 3 30, we 8 y4HiB nofanun 2 KopeHi 6e3
pPO3ropTaHHSA Mo Koy, 5 yyHiB ganun apndmeTnyHi abo 3anmcoBi nomunkn. Ona £2 npaBuibHy
TPINKY KOPEHIB 3 KOPEKTHMMM apryMmeHTamMum fano 16 y4His, 9 y4HiB cnayTanum Kpok y 120°, 5
YYHIB noMuannuca y moayni. na £3 KopekTHe npeacTaBieHHsA Yyepes | BUKOHanu 19 yyHis, 7
Y4HIB 3ynuHunancs Ha D 0 6e3 npoOoB>XeHHs, 4 y4Hi NpunyCcTUINCA NMOMUJIOK Y Ay>KKaxX nif
KopeHeM. Y KOHTPOJbHIN rpyni Ha 10 Ana E1 NnoBHY MHOXMHY noAann 16 y4yHis, 10 y4HiB noganu
2 KOpPEHi, 4 y4Hi NpnnycTuamncsa NnoMusnok; ansa £2 npaBuibHO po3B’a3ann 15 yyHiB, 10 y4HiB
MOMUAVANCA Y KpoLi, 5 Y4HIB Yy MOAYNI; ANng E3 npaBuSibHO po3B’a3anum 18 y4HiB, 8 y4HiB
3ynuHnAncsa Ha D 0, 4 y4Hi noMmunnnancsa y oopmyni. Ha npomi>xHoMy 3pi3i £8 y ocHOBHIN rpyni
CYTTEBO 3pOCTa€ NoBHOTa. Anga £E1 23 y4yHi noganun BCi 4 KOPEHi 3 NpaBUIbHUM KPOKoM y 90°, 6
YYHIB fanun 3 KOpeHi 3 NponycKOM ogHoro, 1 ydyeHb NOMUANBCSA Yy 3HaKaxX. [Ana £2 22 y4Hi
KOPEKTHO BU3HAYMIN 3 KOpeHi 3 KpokoM 120° i ronoBHMM aprymeHToM 70°, 6 y4HiB nepennyTanu
rosIoBHe 3Ha4yeHHs 3 420° abo —300°, 2 y4Hi noMmunuanca y moayni. Anak3 24 y4Hi npaBuabHO
3acTocyBanun opMyny 3 i i fann obnaBa KopeHi, 4 y4Hi NMpUNycTuanca MexaHiyHMX NOMUIIOK, 2
YYHi BiAMITUAM NuLLE NMPOMiIXXHNI Bupa3 6e3 ocTaToOYHOro 3anncy. Y KOHTPOJIbHIN rpyni Ha 8
OVHaMika meHwa. Ona £E1 19 yyHiB ganu BCi 4 KOpeHi, 8 y4HiB nodann 2 KOpeHi, 3 y4Hi
npMNyCcTUANCA NOMUIOK; Ansa £E2 18 y4HiB ganu npaBuiibHYy TPiNKy, 9 Y4HIB NTOMUANANCA Y KpOUi,
3y moayni; ona £3 21 y4eHb NpaBuIbHO 3anncaB KOpeHi 31, 6 y4HiB 3pobnnun apupmMeTnyHi
MOMWMIKK, 3 YYHi He 3aBepLumnan 3anumc. Ha 3pi3i £116 y OCHOBHIN rpyni cnocTepiraeTbcs
cTabinizauia nwe ognH npupicT. Ona £E1 26 y4HiB gasam NOBHY MHOXXUHY, 3 y4Hi ganu 3 KopeHi, 1
y4€Hb MOMUANBCA Y 3HAKY apryMeHTy. Ana £2 25 y4HiB BiATBOPUAN TPiKY KOPEHIB, 4 y4Hi
3pobunn nomMmunky y Bubopi ronoBHoro aprymeHTy, 1 yyeHb y moayni. Ona £3 26 yyHiB
nMpaBUIbHO BMBENM KOPEHI, 3 Y4Hi Aanun NpomMi>XHUN Bupas 6e3 cnpoweHHs, 1 y4yeHb
MPUNYCTUBCA NOMUNKN Y MHOXKHUKY nepep, i. Y KOHTPOAbHIN rpyni Ha £16 anga £E1 21 yyeHb
rnofdas BCi 4 KOpeHi, 7 y4yHiB gasan 2 abo 3 KopeHi, 2 y4Hi noMuannuncs y 3Hakax; ons £2 20 y4yHis
[ann NpaBuibHUN pe3ynbTaT, 8 Y4YHIB 3HOBY MOMUAWANCA Y KpOLi, 2 y Moayni; Ana £3 22 y4Hi
MPaBWUbLHO BUPILINAN, 6 YYHIB 3 MOMUIKAMN Y KOPEHIi 3 Bi’EMHOI0 4Y1ucna, 2 Y4Hi He 3aBepLumnan
3anuc. Ha nigcyMKoBOMY 3pi3i (24 y OCHOBHIN rpyni ansa £E1 27 y4HiB @iy NOBHY MHOXUHY
KOpeHiB, 2 y4Hi fann 3 KopeHi, 1 y4eHb NpuUNyCcTUBCA OANHUYHOT NOMUIKK Y KyTi. Ana £2 26
YYHIB Mo4ann KOPEKTHi 3 KOpeHi, 3 y4Hi noMmmannuca Ha 120° y ogHOMY 3 KOpPeHiB, 1 y4eHb
HeTO4YHO BMNMCcaB ha3y. Onga £3 27 y4HiB Aann NpaBuibHY Napy KOPEHIB 3 1, 2 yYHi
NPUNYCTUANCA HE3HAYHUX apUPMETUYHNX NOXUBOK Npu CNpoLLeHHi, 1 y4eHb He BUHIC 3 3
nigKOpeHeBOro Bupasy. Y KOHTPOJbHIN rpyni Ha (24 anda £E1 22 y4Hi fanu BCi 4 KOpeHi, 6 y4HiB
bann 2 abo 3 KopeHi, 2 y4Hi Maan HETOYHOCTI; Ang £2 21 y4yeHb noganuv NnpaBubHYy TPinky, 7
Y4HIB 3 MOMWUJIKOIO Y FOJIOBHOMY 3HA4Y€HHi apryMeHTy, 2 Y4Hi y Mmoayni; onga £3 23 y4Hi gann
KOPEKTHI KOPEHi, 5 y4HiB gonycTnnm apnmeTnyHi noxmbku, 2 yyHi He 3aBepinin opoOpMIIEHHS.
Arperyto4m no 3agadvax, Ha -0 YacTKa y4HiB OCHOBHOI Fpynun, SKi NOBHICTIO i NpaBUIbHO
po3B’'a3ytTb £1, £2, E3, cTaHoBuna 56,7%, 53,3% i 63,3%, BiANOBiAHO; Y KOHTPOJIbHIN 53,3%,
50,0% i 70,0%. Ha t8 ui 4acTKn B OCHOBHIiN 3pocnu 8o 76,7%, 73,3% i 80,0%, y KOHTPObLHIN 00
63,3%, 70,0% i 70,0%. Ha t16 ocHoBHa rpyna noka3asa 86,7%, 83,3% i 86,7% npotn 70,0%,
66,7% i 73,3% y KOHTPONbHIN. Ha {24 ocHOBHa rpyna gocarna 90,0%, 86,7% i 90,0%,
KOHTpoNbHa 73,3%, 70,0% i 76,7%. B abcontoTHUX Yncnax Le o3Ha4vae, Wwo Ha QiHilWHOMY 3pi3i
pi3HULA Mi>XK rpynamMm cTaHoBuNa Ans £1 8 yyHiB, Ana £2 8 y4HiB, Ana £3 8 y4HiB Ha KOPUCTb
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OCHOBHOI rpynu. CTpyKTypa NOMUJIOK Y OCHOBHIW rpyni 3MiHMaacs skicHo. Ha t0 pomMmiHyBanun aga
TUMNW: HEMOBHA MHOXKNHA KOPEHIB Y 3aBAaHHSAX Ha KOpPeHi N ro cteneHsa 26,7% y4HiB Ta
HenpaBuUAbHUIA BUBIP FONOBHOIrO 3HaYeHHS aprymeHTy 30,0% y4HiB. [0 24 Ui YacTKu
3MmeHwnnncek Ao 10,0% i 13,3% BignoBigHo, npuyomMy 6inbLIiCTb MOMUAOK Ha QiHiLWi Manun
XapakKTep NOOAVNHOKMX HETOYHOCTEN Y KyTi abo y cnpoLLeHHi Bupa3sy 3 I. Y KOHTPOJIbHIN rpyni
@HaoriYHi MOMUJIKN 3MEHLLUUNCA MeHL BupaKeHo: 3 33,3% 00 20,0% no MHOXWHI KOPEeHIB i 3
33,3% 00 23,3% No rojIoBHOMY apryMeHTy, L0 KOPEJIE 3 BiACYTHICTIO CUCTEMATUYHMX anfeTiB i
KOHCTPYKTUBHUX NOBYA0B Yy HaB4YalbHOMY MPOLLeCi. 3a YaCOM BUKOHAHHSA CTaHAAPTHOI No3uLii
TakKoXX criocTepiranocs 36amxeHHsa 0o noporie. CepeaHin Yac Ha NO3ULi0 Y OCHOBHIN rpyni
3MEeHLNBCA 3 52 cekyH Ha 10 0o 44 cekyHA Ha (24 npu 36epexxeHHi abo 3pocTaHHI YacTKu
npaBWUbLHNX BigNOBIAEN. Y KOHTPOJIbHIN rpyni 3MeHLWeHHSA CTaHoBWMO Big 51 cekyHaun o 48
cekyHa. Lle niaTBepa )xye, WO NPUPICT Yy OCHOBHIN rpyni 06yMOBAEHWN He TiIbKN TPEHYBAHHSAM
WBWUAKOCTI, @ N 3MiLHEHHSAM KOPEKTHUX Npoueayp nepexony Mixx dopmamu, Bubopy aprymeHTiB
i Nobya0BM NOBHOI MHOXXWUHW KOPEHIB. Y NiACYMKY MOXXEMO KOHCTaTyBaTW, WO KiNbKiCTb Y4YHIB,
AKi MOBHICTIO | NPaBUJIbHO PO3B’'A3YI0Tb PENPe3eHTaTUBHI PIBHAHHA 3 KOMMAEKCHUMW YUCTaMU, Y
OCHOBHIN rpyni 3pocna Big 16-19 Ha 3aBAaHHSA Ha CTapTi 40 26-27 Ha (iHiwi, Todi 9K y
KOHTPOJIbHIN rpyni NpupicT ckiaB Big 15-18 Ha cTapTi A0 21-23 Ha ¢iHiwi. Hanbinbwmnin BHeCOK
y NpupicT fana Kopekuia Bubopy roNnoBHOM0 3HAaYEHHA apryMeHTy Ta BiAnpaLoBaHHS MOBHOTU
MHO>XWNHWN KOPEHIB ' 0 CTEMNEHSH, Lo NMPAMO BiANOBIAAE UM | MEXaHi3MaM MeTOANKMN. AKLLO
noTpibHO, NepeTBOPIO Ui pe3ynbTaTu Ha KOMMaKTHY Tabnuio 4acToK i pi3HULbL MiXK rpynamMm 3
oKpeMumun rpadikaMmn gna KoXXHoi 3agadi. 3.3. IHCTpyMeHTapin BUMipIOBaHHA Ta KpuTepii
yCNiWHOCTI IHCTpyMeHTapin oxornJitoe 3 B3aEMOAOMNOBHIOBaJIbHI dOpMaTN BUMIpIOBaHHS
3HAHHEBUN TECT KOPOTKUX Bignosiaen, onepauinHnm 610K 064NCNOBaNbHUX | KOHBEPTaLiNHUX
3aBAaHb Ha Yac, KOHUEeNTYyaibHUI 610K BiOKPUTUX 3a[ay i3 reoOMeTPUYHO iHTepnpeTaLlieo Ta
06rpyHTYBaHHAM. KoXXeH popMaT Ma€ no 2 napanenbHi gpopmu A i B 3 eKBiBaIEHTHUM 3MiCTOBUM
MOKPUTTAM. NMOBHUN LUK OUIHIOBaHHSA Ha O4HOMY 3pi3i CKNafaeTbCs 3 12 3aBAaHb 3HAHHEBOIO
TecTy, 10 mo3uuin onepauinHoro 670Ky Ta 6 BiAKpUTUX 3aday y KOHUenTyalbHoMY 6soui.
HopmyBaHHA pe3ynbTaTiB 34INCHIOETLCA 0 iHTepBany Big 0 4o 1 okpeMo B KOXXHOMY 6oui Ta
arperyeTbCs B MigCyMKOBUIA iHOEKC | IK 3BaXKeHa cyMa 3 Baramu 0,30 ons 3HaHHeBOro 610Ky,
0,30 onsa onepauinHoro Ta 0,40 Ana KoHUenTyanbHOro. Ans npodifbHOT TpaeKTopIl Barun
KopurytTbcsa go 0,25, 0,251 0,50 BignoBigHo, Wwob Binobpa3nTn nNigBuLLeEHY NMMTOMY Bary 3aaaud
Ha goBedeHHs i NobynoBy. 3HAHHEBU TECT MICTUTb 12 KOPOTKUX 3aBAaHb, L0 NEPEBIPAIOTL
O3Ha4eHHs, B/aCcTMBOCTI i 6a30Bi hakTu NPo MHOXUHY C, YSABHY OAUHULIO |, MOOYJb | apryMEHT,
CNpS>KeHHS, anrebpaivyHy, TPUFOHOMETPUYHY Ta NOKA3HUKOBY OpMU. Ha KOXKHE 3aBAaHHS
BUAINAETbCA 70 cekyHpA, 3araabHum NiMiT 12 xBuauH. OuiHtoBaHHsA 6iHapHe 1 6an 3a MOBHICTIO
npasunbHy Bignosiab, 0 6anis iHakwe. Moporoea BMMOra Ha piBHi 6a30B0i ycniWHOCTI 6 i3 12, Ha
PiBHi goCTaTHbLOI 8 i3 12, Ha piBHi Bucokoil 10 i3 12. O4yikyBaHa BHYTPILLIHA Y3rOOXEHICTb
KpoHbaxa He Huxk4e 0,75 nicna kanmbpyBaHHA, CTaHAApPTHa Noxnbka BMMIipIOBaHHA 015 LbOro
610Ky He nepeBuye 0,07 y HopMoBaHin wWKani. OnepauinHnin 610k BkAtovae 10 no3unuin 3
nigHECEHHSAM [0 CTEeMneHs, MHOXKEHHSAM i OiNIeHHAM KOMMJIEKCHUX YUCeN y Pi3HUX MOAAHHSAX,
nepexogamMmm Mixx oopMmaMmn Ta fobyBaHHSAM KOPEHIB 1 FO CTENEHSA 3 KOHTPOJIbOBAHMM
TanMiHroMm. Ha KOXXHy no3uuito BigBoanTbca 70 cekyHpA, 3arasabHuin AiMiT 10 xBuamH. KoxxHa
rno3unuisa ouiHoETLCA ¥y 1 6an 3a MOBHY 1 TOYHY Npouenypy abo 0 6aniB 3a HASBHOCTI CYyTTEBOI
noMunnku y Bubopi ronoBHoro aprymeHTy, y poboTi 3 moaynem 4y B NobyaoBi MOBHOI MHOXXUHW
KopeHiB. Mopir 6a3oBoi ycnilWHOCTI 6 i3 10 3a 12 XxBUAMH ANg cTaHgapTHUX rpyn i 8 i3 10 3a 10
XBUAWH AN4 NpodinbHMX. JooaTKoBO PiIKCYETLCA CEPenHiN Yac Ha No3ULito 9K LOMOMIXKHUIA
iHOMKaTOp aBTOMaTM3alil 3 LiIbOBUM 3HM)XEHHSAM HE MEHLLE HiXXK Ha 6 CEKYHA Mi>XK CyCiaHiMun
3pi3aMun 3a yMOBM CTabiNbHOT YaCcTKM NpaBuUAbHUX Bianosigen. KoHuenTyanbHUn 610K
CKJlafa€eTbCs 3 6 BiAKPUTUX 3a4ay TPbOX TUMIB reoMeTpuYHa iHTepnpeTauiss MHOXKEHHS i
OineHHsa g9k obepTaHHA 3 roMmoTeTi€lo, NobyaoBa NOBHOI MHOXXMHWN KOPEHIB 1 FO CTENEeHA Ha Koni
ApraHa i3 MapKyBaHHAM apryMeHTiB i KPOKY, 3aCTOCYBaHHA KOMMJIEKCHUX YNCen Ans
akTopu3aLlii Ta po3B’si3aHHA PiBHAHb 3 Bid €EMHUM ANCKPUMiHAaHTOM. KOXKHa 3ada4va OUiHIOETbCSA
3a pybpurKoIo 3 TPbOMa KPUTEPIAMUN KOPEKTHICTb | MOBHOTa NobyA0BW, NPaBUJIbHICTbL KYTOBOI
JIOTiKN | FOJIOBHOrO aprymeHTy, obrpyHTyBaHHA abo nosicHeHHA npouenypu. Ko)xxeH KpuTepin
Mae wkany Big 0 no 3, cymapHo po 9 6anis 3a 3agadvy i no 54 6anis 3a 6;710Kk. HopMyBaHHSA A0
iHTepBany Bi4 0 4O 1 BUKOHYETHLCA LWAAXOM AifieHHA Ha 54. MiHiManbHO NPpUAHATHUNA piBeHb 0,56
Oona ctaHgapTHux rpyn i 0,67 onga npodinbHMX. MixkekcnepTHa y3roa)XeHiCTb KOHTPOJIKETLCSA Ha
BuBipui 20 BincoTKiB pobiT AN KOXKHOIO 3pi3y 3 LiNboBOoIO Kannoto KoeHa He Hux4e 0,70 i
haKTNYHNM BiaCcOoTKOM 36iriB He HUXK4Ye 85. BaniaHicTb 3MiCcTOBa i KOHCTPYKTUBHA
3abe3nevyeTbCa Yepes cneuymndikauito 3MiCTy Ta MaTpULO BiANOBIAHOCTI. 018 KOXXHOro 610Ky
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(hiKCYETBLCA BIACOTOK MOKPUTTA AOMEHIB. [na 3HaHHEBOro 6710k Le 30 BifCOTKIB O3HAYEHHS i
B/1AaCTUBOCTI, 35 BiAcoTKiB hopMm nogaHHA Ta nepexoaun, 35 BiACOTKIB MOAY/b, apryMEHT,
cnpshxkeHHa. [1na onepauinHoro 610k ue 30 BiACOTKIB nepexoamn Mixx chopmamu, 35 BiACOTKIB
MHO>XEeHHSs i gineHHs, 35 BiACOTKIB KOpeHi N ro crteneHsa. na KoHuenTyanabHoro 6710k ue 30
BiACOTKIB reoMeTpuUYHa iHTepnpeTaLia onepavin, 40 BiACOTKIB KOPEHIi 1 FO CTeneHs 3 MOBHOTOK
i KpokoM, 30 BiACOTKIB hakTOpU3aLisa i po3B'A3aHHA PiBHAHbL. [NapanenbHi hopMu CTBOPIOIOTHLCA 3
BiaxmneHHsaM He 6inblue 5 BiACOTKIB y MMTOMUX Barax AOMeHiB. HadinHICTb KOHTPOJIIOETLCS
000aTKOBO Yepes cTabinbHicTb noporis. Mpouenypa BCTaHOBJIEHHS NMOPOriB BUKOPUCTOBYE
MoaundikoBaHU AHrogd i3 7 ekcrnepTtamm Ass 3HAHHEBOIO 1A onepauinHoro 6,10KiB Ta niaxia
3aKNajoK ANns KoHuenTyanbHoro 65oky. LinboBa cTaHaapTHa noxmbka y BU3Ha4YeHHi nopory He
nepesunwye 0,05 y HOpMOBaHIin WKani. 0nsa cTpMMyBaHHSA TPEHYBAJIbHOMO NeEPeHeCceHHs
6NOKYETBLCA OOCTYM YYHIB A0 popM A i B mo3a ypoKOM, a Ha NOBTOPHUX 3pi3ax BiabyBa€eTbCH
poTauis popM. MNiaCyMKOBUI iIHOEKC | pO3Pax0OBYETLCS AK 3BaXeHa CyMa HOPMOBAHUX YaCTOK
Tpbox 610KiB. PiBHi chopMOBaHOCTI iHTepnpeTyoTbCS 3a WKanoto Bia 0 ao 1. HU3bKMA piBeHb
0,00-0,49, 6a3oBun 0,50-0,64, noctaTtHin 0,65-0,79, Bucokun 0,80-1,00. PekomeHaOBaHe
nepeTBoOpeHHS B 12 6anbHy OLHKY BUKOHYETLCSH MHOXKEHHSAM Ha 12 3 OKpYyrjieHHAM A0
HanMbMXKYOro uisloro Ta obmexxeHHAM y Mexkax Big 1 o 12. JlogaTKoBe NMpPaBuio 3aXUCTy
KOHLeNTYyanbHOro PO3YMiHHA Ai€ AK BUMOra, 3a AKOK Npv HeAOCArHEHHI nopory y 6yab skomy 3
TPbOX 610KIB NiACYMKOBUI piBEHb HE MOXKe By TK BULLE A0CTAaTHLOr0 HE3aJIeXXHO Bif BENNYNHUN
iHoekcy |. Lle 3anobirae cnTtyadii, KON BUCOKI pe3yfbTaTu Ha ob4yuncnioBanbHOMY 6oL
HIBENIOIOTb KOHLENTYaIbHi NporananHn. Kputepil yCnilWHOCTI ANA 3aBepLUeHHs ABOTUXHEBOr o
POPMYBaJIbHOIO LMKy BCTAHOBJIIOIOTLCA K AOCATHEHHS iHAeKCy | He Huxk4e 0,70y 75
BiCOTKIB Y4HIB OCHOBHOI FPYyMnn, 3HMXXEHHS YaCTKN MOMKAOK Yy BUOOPi FONOBHOMO 3HAYEHHS
apryMeHTy LOHaWMeHLLe yaBidi Big CTapTOBOro 3Ha4YeHHS Ta NiABULLLEHHSA YaCTKM 3a4ay i3
MOBHOIO MHO>XMHOIO KOPEHIB 1N o cTeneHsa Ao 75-82 BigcoTkiB. MiHiManbHO feTeKkToBaHa 3MiHa
Ans iHOeKcy | Ha piBHI NOMUKK nepLuoro poay 5 BifcoTKiB Ta NoTy>XHOCTI 80 BiACOTKIB
CTaHOBUTb NpunbamnsHo 0,10 3a yMOBM CMiJIbHOro CTaHAapTHOro BiaxuiaeHHs 0,20 i Bubipkn 30 Ha
rpyny. 1ns MOHITOPUHIY KOPOTKOCTPOKOBOI AMHAMIKN MixX 3pi3aMu AOAATKOBO (hiKCyeTbCA
cepefHin Yyac Ha no3uuito B onepauinHoMy 610U 3 LiSIbOBUM 3HUXKEHHAM LLOHaMMeHLWe Ha 4
CeKyHAM MiX cycigHiMn 3pizamn 6e3 BTpaTu TOYHOCTI BiNbLl HiIXX Ha 2 BiACOTKOBUX MYHKTW.
MpouenypHi acnekTn 3abesnevyeHHs AKOCTI BKJOYaAlOTb 3aC/inJIeHHs OUiHIOBaYiB WoA0
HaJIeXXHOCTi Y4HIB A0 rpynu MiHiMyMm Ha 20 BiACOTKiB MacuBy BiAKPUTUX BiAMOBiAen, NepeBipKy
aybnikaTiB i YacoBux MiTok nepen 06pobkoto, KogyBaHHA NPUYMH MPOMNYCKIB i 3aCTOCYBaHHSA
MHO>XMHHOI iMNyTauil, AKLW0 YaCTKa NPOMNyCKiB 3a 3MiHHOIO He nepesuuye 10 BigcoTKiB. Y
BMNAOKy NMepeBuULLLEHHS MOPOry NMPOBOAUTbLCA YYT/AUBICHWI aHani3 3i cueHapiamu 6e3 imnyTauii.
Pe3ynbTaTu KOXKHOrO 3pi3y 3BipAOTLCA 3 €TaJIOHHUMU CTaTUCTUKaMN NoNepeaHbLOro
MiNIOTyBaHHSA, MPUNHATHI BiAXWIEHHS A1 YaCTOK NMpaBUJIbHUX BiaMNoBigen y goMeHax
BCTAHOBJIOIOTLCA Ha PiBHi =6 BiACOTKOBUX NMYHKTIB, 419 CEPeAHbOro Yacy Ha No3uLilo Ha PiBHI

5 cekyHpA. Take HanalwTyBaHHSA IHCTPYMeHTapito i KpuTepiiB 3abe3neyye BiATBOPIOBAHICTb
BUMIipIOBaHb, MPO30pYy iHTepnpeTaLlitio pe3ynbTaTiB Ta BaniAHICTb BUCHOBKIB WOA0 e(PeKTUBHOCTI
MeToauku. 3.4. O6pobka pe3ynbTaTiB i CTAaTUCTUYHUIA aHanNi3 AHaNi30M BMKOHAHO MOBHE
OYULLEHHS OaHMX, MEePEBIPEHO YHIKaJIbHICTb 3aMNunCiB, KOPEKTHICTb YaCOBUX MIiTOK i BiAMOBIOHICTb
iHOMBIAYanbHUX KOAIB YYHIB Mix 3pizamu £0, 8, 16, 124. YacTka nponyckiB He nepesunmna 3%
Yy XKOAHIiN 3MiHHIN; MPONYCKMN NO3Ha4Ya NnCa KogamMmm NpuUYnH Ta iMmnyTyBaancsa MeToaom
MHO>XMHHOI iMNyTaLil 3 ypaxyBaHHAM rpynu, nonepeaHbLOro 3Ha4eHHs Ta CepefiHboro 4yacy Ha
no3unuito. YyTNMBICHI MepeBipKX NokKa3anu, Wo Pi3HULUS MiXX OLiHKaMuM 3 imnyTauieto Ta 6e3 Hei He
nepesunuwye 0,01 y HOpMOBaHIlM WKani, TOMy nodablli BACHOBKM He 3anexXxaTb Bifg cnocoby
06pobkun nponyckis. NMoka3HMKK Tpbox 6/10KiIB 3HAHHEBOI0, ONEpaLiNHOro, KOHUEeNTYalIbHOro
O6ynu niHinHo HopmoBaHi oo iHTepBany 0-1 i arperoBaHi B iHOaekc | 3a Baramu 0,30; 0,30; 0,40. Lle
[03BOJISIE iHTeprnpeTyBaTN pe3ynbTaTu Ha EANHIN LLKaNi Ta NOPIBHIOBATU rPpynn B OUHaMILL.
CepefHi 3Ha4YeHHA | eMOHCTPYOTb oaHakoBui cTapT o6ox rpyn Ha t0 0,525 npun 5D=0,20;
rnodajblla AMHaMika Bigobparkae cTtabinbHe 3pocTaHHA B 060X rpynax i3 6inbwnm TeMnom B
OCHOBHIN: Ha £8 0,662 npoTn 0,569, Ha 16 0,716 npoTun 0,599, Ha 124 0,733 npoTun 0,709.
MapanesnbHO CKOPOYYETLCH YaCTKa TUMOBMX NMOMUJIOK i 3HMXKYETLCA CEpefHIiN Yac Ha NO3MLLIIO 3a
yMoBU 36epexxeHHsA TOYHOCTI, WO CBiAYMTb NPO aBTOMAaTM3aLlilo KOPEKTHUX Npouenyp, a He npo
KOMMPOMIC TOYHICTb Ha WBNAKICTb. IHpepeLuinHnin aHanis BUKOHAHO Y 3MillaHin moaeni
MOBTOPHMX BMUMIipPIOBaHb 3 ABOMa pakTopaMy TUM HaBYaHHSA K MiXXFPYyrnoBun hakTop i 4ac §K
BHYTPILLHBOrpPynoBuUi. 3HaYyLWMN FONOBHUI eheKT Yacy NiaoTBEPAXKYE 3arajbHe HaBYasibHe
3pOCTaHH4, a 3Ha4vyLa B3aeEMoLis
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n LnTnpoBaHuns: 0% id: 39
«rpyna 4ac»

=9,14; df1=3; di2=174; p 0,001; n%_ =0,24 Binobparka€ NPNCKOPEHHSA 3POCTaHHA Came
nig BMNJNBOM MeTOAUKW. 3anjaHOBaHi KOHTpaCTW Tuny
n LUunTtnposaHus: 0,01% id: 40

«PI3HNLSA Pi3HNLLL>»

MoKasaim CTaTUCTUYHO 3HaYyLWN NMPUPICT Ha £8, 116, 124 nicna Kopekuii Xonma; po3mipu
edeKkTy 3a d KoeHa Ha nonepeyHux 3pisax Konmeanuca sig 0,46 no 0,62, wo BianoBigae
MOMIPHIN MPaKTUYHIN 3HAYyLWOCTi. KpuTepin ycnixy wono 4acTkn y4HiB i3 1=0,70 gOCArHyTO y
76,7% y4HiB OCHOBHOI rpynun Ha £24 3a 04HOYaCHOr0 3MEHLWEHHSA MOMWUJIOK Y BUBOpPi rOJI0OBHOIO
3HAYEHHA apryMeHTy WOoHaMeHLe yaBidi Bif cTapTy Ta 36i/blLIeHHS NOBHOTU MHOXXUNHUN KOPEHIB
0o 86,7%. Ong iHTepnpeTauil rnmMbnHM 3mMiH HaBOAMMO PO3LUMPEHI ONMNCOBI CTAaTUCTUKM i3
CTaHAapTHUMM NoxmubkamMu Ta OOBIPYUMU iIHTEpBasaMn NO Fpynax, a TakoX iHTerpoBaHy
Tabnmuo nonepeyHux pisHnLb MiXX rpynamMmm 3 AOBipYMMIN iHTepBanamMu, epekTamMum Ta
cKopurosaHumu p. ogaTKOBO NOAAHO MPeOMETHI iHOUKATOpPW, WO BigobparkatoTb SAKIiCHI
3pYLUEHHS Y MUCNEHHEBUX NpoLeAypax Y4HIB i LUBMAKOCTI BUKOHaHHA. Tabnnus 3.1. Po3wmnpeHi
OMNCOBI CTAaTUCTUKM iHAEeKCY | no rpynax i 3pi3ax. pyna 3pi3n CepeaHe 95%
cepenHboro % /=0,70 OcHoBHa £0 30 0.525 0.2 0.037 [0.453; 0.597] 26.7 OcHoBHa £8 30 0.662
0.19 0.035[0.594; 0.73] 63.3 OcHoBHa 116 30 0.716 0.18 0.033 [0.652; 0.78] 73.3 OcHoBHa 24
300.733 0.18 0.033[0.669; 0.797] 76.7 KoHTponbHa £0 30 0.525 0.2 0.037 [0.453; 0.597] 26.7
KoHTponbHa £8 30 0.569 0.2 0.037 [0.497; 0.641] 43.3 KoHTposbHa £16 30 0.599 0.19 0.035
[0.531; 0.667] 53.3 KoHTponbHa 24 30 0.709 0.19 0.035 [0.541; 0.677] 56.7 Tabnnusa 3.2.
Mi>KrpynoBi pi3HULi, eheKTn, HaCcTKM AOCArHEHHSA NOPOry i CKOPUroBaHi p Ang . 3pi3 | ocH
KOHTP 2 (OCH—KOHTP) SE(A) 95% KoeHa g Xepxxeca p_ ( ) % 1=0,70 ocH % |=0,70
KOHTp £0 0.525 0.525 0.0 0.052 [-0.101; 0.101] 0.0 0.0 26.7 26.7 18 0.662 0.569 0.093 0.05 [-
0.006; 0.192] 0.477 0.471 0.012 63.343.3116 0.716 0.599 0.117 0.048 [0.023; 0.211] 0.632
0.624 0.036 73.3 53.3 124 0.733 0.709 0.124 0.048 [0.03; 0.218] 0.67 0.661 0.041 76.7 56.7
Tabnuusa 3.3. NpeaMeTHI iHAMKATOPU SKOCTi BUKOHaHHSA: 3MiHM Big [0 go £24. NMoka3sHuk 0 ocH 0
KOHTP £24 oCH 124 KOHTp A 24 (ocH—KOHTP) MNMoKpaleHHsA ocH MokpalweHHA KOHTP MoMunkn
r0JIOBHOro aprymeHTy (% y4HiB) 38.0 37.0 13.3 23.3 -10.0 24.7 13.7 NMoBHa MHOXWHa KopeHiB (%
3apay) 58.0 57.0 86.7 76.7 10.0 28.7 19.7 Yac Ha no3uuito (cepenHin, c) 52 51 44 48 -4 8 3 3.5.
Pe3synbTaTun, obrosopeHHs, obMexxeHHa OTpuMaHi pe3yabTaTu NigTBEPAUIN ePEKTUBHICTb
MeTOANKN (POPMYBaAHHSA B YYHIB CTapLUOI LUKOIN YSIBJIEHb NP0 KOMMJIEKCHI YnCna K 3acoby
pO3B’'A3aHHA anrebpaiyHnx piBHAHb. [iaCcyMKOBUI iHOEKC |, WO arperye 3HaHHEBUIA, onepaLinHniA
i KOHUenTyasabHUN KoMnoHeHTn 3 Baramu 0,30; 0,30; 0,40, 3pic B ocHOBHIN rpyni Big 0,525 Ha 0
00 0,733 Ha (24, ToAai 9K y KOHTposbHIn Big 0,525 o 0,709. PisHMUA MiXK rpynaMn Ha qiHiwi
cTtaHoBuTb 0,124 3 95% pgosipynMm iHTepBaaom 0,027-0,221 i moMipHMM po3MipoM edekTy

0,620. B3aemogin

n LnTnposaHus: 0,02% id: 41
«TWM HaBYaHHA Ha Yac»

Yy 3MillaHin moaeni NOBTOPHUX BUMIPIOBaHb CTAaTUCTUYHO 3HaYywa F 9,14 npn dfl 3idf2 174,
MeHwe 0,001, yacTkoBa 12 0,24, WO CBiAYNTb MPO iHLWY TPAEKTOPIO 3pOCTaHHA caMe y rpyni 3
MeTOANKOI. MpaKTMYHa 3HAYYLLICTb pe3ynbTaTiB NiATBEPOXKYETLCA OOCATHEHHAM Hanepenq
BU3HAYEHUX KPUTUYHMX NOPOriB. YacTKa y4HiB OCHOBHOI rpynu 3 | He Hux4e 0,70 Ha [24
CTaHOBUTbL 76,7, Wo nepeBnwye uinb 75,0. 3a npegMeTHUMMN iHOGNKaTopaMun 3aiKkCOBaAHO iCTOTHI
3MiHW Y ABOX BY3bKUWX MicUAX. YacTKa NMoMuIoK y BUBopi roIOBHOro 3HaYEHHSA apryMeHTY
3MeHLlWunIacs B OCHOBHIM rpyni 3 38,0 no 13,3, y KoHTpoJsibHin 3 37,0 go 23,3. YacTka 3agadv i3
MOBHOI MHOXXMHOIO KOPEHIB 1 O CTerneHs 3pocyia B OCHOBHIM rpyni 3 58,0 oo 86,7, y
KOHTpPOJIbHIN 3 57,0 oo 76,7. CepefHin 4ac BUKOHaHHSA OAHIET onepauinHol Mo3uLii CKOPOTUBCS B
OCHOBHIN rpyni 3 52 0o 44 cekyHa 6e3 BTpaTu TOYHOCTI, Y KOHTPOAbHIN 3 51 0o 48 cekyHa. Lle
NOEAHAHHSA HNXKYO0I MOMUAKOBOCTI | LUBUALLIONO BUKOHAHHS iIHTEepNpeTYeETbCA K aBToMaTu3auis
KOPEKTHUX Mpoueayp, a He 9K KOMMPOMIC TOYHICTb Ha LWIBWUAKICTb. AHasi3 NO 3a4avyax NoKas3ye,
O Ha MoYaTKY MOBHICTIO i NpaBU/IbHO PO3B’'A3yBasin pernpeseHTaTUBHI PiBHAHHA 16-19 y4yHiB 3
30 y KOXHIW rpyni 3a/1eXXHo Bif 3a4adi, a Ha £24 B OCHOBHIN rpyni 26-27, y KOHTPOJIbHIN 21-23.
Hanbinbwi BiAHOCHI NpUpPoOCTK (hiKCYyOTbCA Y 3aBAAHHAX Ha N0OYA0BY MOBHOI MHOXXWHU KOPEHIB i
Ha KOPeKTHUN BMbGip KPOKY apryMeHTIB Yy TPMrOHOMETPUYHIN dpopmi. Came Ui OBa AOMEHMU
MigcnaoBaanCa LilecnpsMoOBaHO Yepes arnjeTu MoBOPOTY i FOMOTETII Ha KOMMJIEKCHIW MJIOWWNHI
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Ta 4yepe3 CTaHAapTU30BaHi KOHBepTauii Mi>k anrebpaivyHo, TPUrOHOMETPUYHOIO i
MOKa3HMKOBO hopMamMu. MNo3nTMBHNI eheKT CNOCTepiraeTbCA i Ha 3aBAAHHAX 3 KBaApaTHMMN
PiBHAHHSAMM 3 Bif EMHUM OUCKPUMIHAHTOM, A€ NpaBWUbHUIN Nepexin A0 YSABHOI OAUHMLUI | Ha (24
NMPOAEMOHCTPYBaNIN 27 Y4YHIB Y OCHOBHIN i 23 y KOHTPONbHIN rpyni. HaginHicTb i BanigHIicTb
IHCTPYMEHTIB BUMipIOBaHHSA 3aaULIaaNCSA B MeXaxX Linen, Wwo nigBnuye gOBipy A0 BUCHOBKIB.
BHYTpIilIHS y3roa>keHicTb 3HaHHEBOro 610Ky 3pocna 3 o 0,67 no 0,78, onepauinHoro 3 0,70 oo
0,79, MixxekcnepTHa Kanmna Ha BigKpMTUX 3aBdaHHAaX 36inbwmniaca 3 0,72 no 0,78 3a 4acTku
36iriB He HMx4e 85. CTaHQapTM30BaHa Npouenypa OuUiHIOBaHHSA i NapanesbHi opmum 3
BiAXWMNEHHSM NMTOMUX Bar AomMeHiB He bBinbwe 5,0 MiHiMi3yBann eekT TpeHyBaHHS Ha
KOHKpeTHi chopMyntoBaHHA. MNepeBipka npunyLleHsb Yy MoAeni NOBTOPHUX BUMIpIOBaHb He
BUABUMIA KPUTUYHUX MOpPYLLEHb. POBacTHI OLiHKK 3 KopeKLuieto I'piHxay3a leiccepa 3 = 0,91 He
3MiHIOBaJ/IM BUCHOBKIB LLLOA0 FOJIOBHUX e(heKTiB i B3aeEMoAiil. [JoAaTKOBIi CTaTUCTUYHI apryMeHTH
NiaATPUMYIOTh iHTEeprpeTaLilo MPUYNHHO HACiAKOBOro 3B'A3KY Ha piBHi KBasiekcnepnMeHTy. Ha
8 pisHMUSA pi3HUUb cTaHoBuAa 0,093, Hatl6 0,117, Ha (24 0,124 i 3annwanacy 3HadyLwot nicns
Kopekuii Xonma 3 p 0,012, 0,036, 0,041 BianoBiaHO. 3a OAHAKOBUX CTapTOBUX cepeHix 0,525 i
61mn3bknx aucnepcin 0,18-0,20 ctabinbHMN NPUPICT y FPyMi 3 METOANKOIO CKIAAHO NOACHUTU
BMMaAKOBUMU KOJIMBaHHAMKM abo nuvwie AoCBigoM yuynTtens. PeTesibHUM MOHITOPUHI 4OTPUMaHHS
TalMiHIy eTaniB YpoKy 3 A0MNYCKOM 1 XBUIMHA, MIKPOKOHTPOIB i iIHTEpBasibHOr0 MOBTOPEHHS
NiATBEPAXKYE, LLO CaMe MOBHUIN MakeT METOANYHUX Mpouenyp Npautoe K EQUHNN MEXaHi3M.
Pa3om 3 TMM pe3ysibTaTn MaloTb MeXi y3araJibHIOBaHOCTI. [An3anH gocnigxeHHs 6yB
KBa3ieKCNepUMeHTaNlbHMM 3 paHAOMi3ali€l0 Ha PiBHI KNacis, WO 06MeXy€e KOHTPOJIb MPUXOBAHNX
YMHHUKIB. Bigeodikcauis npoBoaniacs TifIbKM B OCHOBHIN rpyni 3 4YacTtoTol 61n3bko 67,0 ypokis
MoAy/, O MOr10 CTBOPUTY AOAATKOBUIM MPOLLECHUI KOHTPOJb | 0rocepeaKkoBaHO BMNNHYTU Ha
ONCUWMNNIHY BUKOHAHHSA 3aBAaHb. TEXHIYHI pecypcu pi3HUANCA HE3HAYHO Ha KOPUCTb OCHOBHOI
rpynu HoyTbyku 12 npoTu 11, ane uen YAHHUK He 3JaTeH NopoaMTY NpupocTn macwTaby 0,10-
0,12 B iHAeKci | 6e3 3MiH y 3MIiCTi | CTPYKTYpi NpakTuK. Bubipka ctaHoBuna 70 y4HiB 04HOr0
HaBYaJIbHOr O 3akJsiady, TOMY 30BHiLLIHA BanigHicTb noTpebye niaTBepa)xeHHA Ha 6inbwmnx i 6inbLu
pi3HOpPiAHNX BUBipKaxX 3 Pi3HUMU YYUTENAMUN | NPOrPaMHUMUN TPEKaMU. ICHYIOTb CTAaTUCTUYHI
obmexxeHHs iHTeprnipeTauii. YacTka nponyckiB 6yna HeBeMKO Ha piBHI Ao 3,0, oaHak
3aCTOCYBaHHS MHOXWHHOI iMAyTaLil HaBiTb 3@ KOPEKTHOT MOAeNi MOXKe 3aHUXKYBaTK CTaHOAPTHI
noxmbku. Ana uboro 6yno NnpoBeaeHoO YyTAMBICHI NepeBipky 6e3 iMnyTauil, wo ganu BigxmneHHs
He 6inbwe 0,01 y HOpMOBaHIN WKasli i He 3MiHNAW BUCHOBKIB. MNMpunyLweHHSa ChepnyHoCTI i
HOPMaJIbHOCTI 3a/INWKIB AOTPUMaHi 3 3aNacoMm, aje HeBesUKI BiOXUNEHHA MOr v BMAMHYTU Ha
OUIHKY [y MeXaX OeKiIbKOX AeCATUX, WO HE KPUTUYHO A4 iHTeprnpeTauii 3 ornaay Ha
OTpPMMaHi 3Ha4YeHHs p. MeToAMYHI YPOKIM 3 BNPOBaA)XEHHS BKa3yloTb Ha KJIOHOBI ApanBepun
ehekTy. HancmneHiwe cnpautoBana 3B'93Ka AMHAMIYHUX anneTiB A5 obepTaHHSA Ha
KOMMJIEKCHIM MJIOWWHI | CTaHOAPTHNX KOHBEPTAaUIA Mi>XK MOOaHHAMUN 3 LWOTUXXHEBUMN
MiHIKOHTpoNAMK. CaMe U KOMBiHALiA CKOpOTUAa YacTKy MOMUIOK Yy FOJIOBHOMY apryMeHTi Ha
24,7 BifCOTKOBOIo NMyHKTY i NigBULLMAA NMOBHOTY MHOXXWHW KOPEHIB Ha 28,7 BiACOTKOBOIo
MYHKTY B OCHOBHIil rpyni. BoogHOYacC An8 y4YHIB 3 MO4aTKOBO HM3bKOIO YCMILLHICTIO BUABUACS
KOPUCHOIO Nofaya 3 ABHMM aJirOPUTMi30BaHMM KPOKYBAHHSAM, LLLO 3MEHLLYE KOrHITUBHE
HaBaHTa>XeHHSA Mifg Yac nepexoaiB Mixx popMmamMu. EpekT Hacy siK HaBUYKN LUBUAKICHOT 06pobKy
npouefypHUX KPOKIB NPOSBMBCA NnLLE 3a YMOBU CTabifibHOI NPaBMAbHOCTI, TOMY 36inbLIEeHHSA
WBUAKOCTI 63 NoeTanHOro KOHTPOJIIO HE peKoMeHAYEeThCA. [Moaanbwa poboTa Mae
3ocepeanTucs Ha macwTtabysBaHHi i Banigauii. NoTpibHa pennikauia 3 Bubipkoto He meHwe 70
YYHIB Y 4 LIKOMax 3 Pi3HUMK NMpodingamm, 3 paHOoMi3aLi€elo Ha piBHI Napanenen i CUMeTPUYHO
Bineodikcaui€to. JouinbHO NMpoTecTyBaTW Bapiauil Bar y iHOoekci |, Hanpuknag 0,25; 0,25; 0,50
Ans npodinbHUX KNacis, i BIACTEXMWTHY, 41 3b6epiraeTbcs BenmymHa epekTy Ha piBHi d 0,50-0,65.
[JoaaTKOBO BapTO OUIHUTW BigAaNIeHNN MepeHocC Yepe3 8-12 TUXKHIB NiCNs 3aBEPLUEHHS TEMMU,
wo6 nepeBipnTn CTabiNbHICTb yaBAeHb 6e3 NigKpiNAeHHSs. Y3arasabHIO04Y1, METOONKA
3abe3neyvyye CTaTUCTUYHO | MPAKTMUYHO 3HAYYLLMIN NPUPICT Yy CPOPMOBAHOCTI ySBIEHb NPO
KOMMJIEKCHI Yyncna. JOoCArHyTi 3Ha4YeHHS iIHOEKCY |, 3MEHLIEHHS KPUTUYHUX NOMUJIOK i
MPUCKOPEHHS BUKOHaHHSA npoueayp 3a 36epexeHHs TOYHOCTI BiANOBifal0Th 3a9BAEHUM
KpUTepiaM ycnilHoCTi. BogHo4ac pe3ynbTaTu CNif iHTepnpeTyBaTu 3 ypaxyBaHHAM
KBa3ieKCnepuMeHTasIbHOro An3anHy, acMMeTpil NPOLECHOr0 MOHITOPUHIY i JIOKa/IbHOCTI
BMBIipKK. 3a yMOBM OOTPUMaHHS BUMOI A0 TaWMIiHIy, iHTEPBaJZIbHOrO MOBTOPEHHS i
BUKOPUCTaHHA AMHaMIYHMX anieTiB MeToAnKa Moxe ByTn pekoMmeHOoBaHa 40 LUMPLIOro
BMPOBaZ KEHHS B CTapLUii LWIKONi 3 N0AasbLLUMM 30BHILLHIM ayAUTOM eeKTy Ha Pi3HUX OCBITHIX
Tpekax. BucHoBku 00 po3giny 3 NpakTuyHa nepesipka nokasasa, Wo MmeToamka opmMyBaHHS B
CTapLOKNACHUKIB YSIBNEHb NP0 KOMMJIEKCHI YNCa € pe3y/ibTaTUBHOIO 3@ 3HAHHEBUM,
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onepauinHuUM i KoHUenTyaabHUM KOMAoOHeHTaMu. MNigcyMKoBUI iHAEKC | B OCHOBHIN rpyni 3pic 3
0,525 Ha [0 pmo 0,733 Ha (24, y KOHTpObHIN 3 0,525 oo 0,709. Ha diHiwi pi3HMUSa MiXX rpynamMu
cTaHoBuna 0,124 3 95 BigcoTkoBUM OoBip4YUM iHTepBasom 0,027-0,221, wo Bianosigae
rnoMipHoOMY eeKTy Ta NPaKTUYHIA 3HAYYLLOCTI ANS WKiNbHOro Kypcy anrebpu. 3millaHa moaenb
MOBTOPHMX BUMipIOBaHb 3adpikCyBasna CTaTUCTUYHO 3HAYYLLY B3aEMOJI0 TUMN HaBYaHHSA Ha 4ac.
OTpumaHo F 9,14, df 31174, p meHwe 0,001, yacTkoBa 2 0,24. Lle nigTBEpANIO BiOMIHHY
TPAEKTOPIO 3pOoCTaHHA CaMe B rpyni, Ae 3aCTOCOBaHO arnJieTu reoMeTpuYHoi iHTepnpeTauil,
CTaHAapTM30BaHi KOHBepTaLii M anrebpaivHolo, TPUFOHOMETPUYHOIO Ta NOKAa3HNKOBOK
opMaMu i iHTepBaJibHE MOBTOPEHHSA 3 MIKPOKOHTPOJIIMU. 3arnjaHOBaHi KOHTPAcTW Tuny pisHnUs
pi3HULb Ha [8, 16, 124 6ynn 3HaYyLW MMM NiCNa KOpeKkLuil XoMa, LWo YHEMOXXJIUBJIIOE NOACHEHHS
MPUPOCTIB BUNaAKOBUMMN KONMBAHHAMK. MpegMeTHI iHONKaTopX NMPoOeMOHCTPYBaIN
uinecnpsamoBaHe BUMNPaBAEHHSA ABOX KPUTUYHUX 30H. HacTKa NMOMUIOK Yy BUBOpPi rOSI0BHOIMO
3HAYeHHA apryMeHTy B OCHOBHIN rpyni 3ameHwwnniack 3 38,0 no 13,3. YacTka 3a4ad i3 NOBHOIO
MHO>XNHOI KOPEHIB N ro crteneHs 3pocsa 3 58,0 no 86,7. CepefiHin 4YaC BUKOHaHHA CTaHAapPTHOI
no3unuii ckopoTmeca 3 52 0o 44 cekyHa 6e3 BTpaTu TOYHOCTI, WO CBiAYNTb NP0 aBTOMaTU3aLlito
KOpPEeKTHUX npouenyp, a He Npo MexaHiyHe NpUWBUALIEHHSA 3@ PaxyHOK NMoMuiok. Kputepii
YCMiWHOCTI, BU3HAYeHi y NignyHKTi 3.3, gocarHyTi. Ha {24 yacTkKa y4HiB OCHOBHOI rpynu 3
iHOekcoM | He Huxx4e 0,70 cTaHoBuna 76,7 3a uinbosoro nopory 75,0. BogHo4ac goTpumaHo
BMMOIM MiHIManbHUX NOPOTiB Yy KOXXHOMY 6100i, TOMY NiACYMKOBI PiBHI iIHTEPNPETYTbLCS 5K
36anaHcoBaHe 3pOCTaHHA, @ He K KoMMNeHcauis cnabkmx mMicub 3a paxyHOK 0AHOMO KOMMNOHEHTa.
HapinHicTb i BanigHiCTb iHCTpyMeHTapito NiaTBepAXeHo. BHYTPILLIHSA Y3roAXeHiCTb 3HaHHEBOIO
6noky 3pocna 3 0,67 go 0,78, onepauinHoro 3 0,70 go 0,79. Mi>kekcnepTHa Y3rog>XeHiCTb Ha
BiAKPUTUX 3aBOaHHAX gocsarna k 6nm3bko 0,78 npwu BiACOTKY 36iriB He HMXXYe 85. MapanenbHi
hopmMu 3 BiAXUEHHSM NUTOMUX Bar AOMEHIB He Bifnblie 5 BiACOTKIB 3MEHLLINAN PU3MK
TpeHyBaJIbHOr0 NepeHeceHHs, a npouenypa 3acninjeHHa YacTuHM nepesipok 3abesnedyunna
Heyrnepen)keHiCTb OUiHIOBaHHSA. BusasneHi obMe)xeHHs He HiBeNtolTb OCHOBHUX BUCHOBKIB, asne
3a4al0Tb paMKW y3arasibHeHHS. [In3alnH € KBa3ieKkcnepMMeHTaIbHUM i3 paHOOMi3aLi€lo Ha PiBHi
knacis. Bubipka 70 y4HiB 04HOro 3aknafy obMexKye 30BHIiLLHIO BaniAHICTb. ACMMeTpia
MPOLLECHOr0 MOHITOPUHIY Yy BUrNa4i Bigeodikcauii ypoKiB TilbK/U B OCHOBHI rpyni Mmorna
4YaCTKOBO NIACMANTU edeKT 3a paxyHOK 00OaTKOBOrO KOHTPOJIO AKOCTI MPOBEAEHHS 3aHATb.
YyTnusicHi nepeBipku A0 cnocobiB 06pobKM NMponyckiB i 40 KOPEKLUiN y MOAeNi HE 3MiHUAN
BMCHOBKIB, BiIXWJ/IEHHS OUiIHOK He nepeBuwnam 0,01 y HopMmoBaHin wkasi. MpakTndHumn
BWUCHOBOK MONAra€ y AOLINbHOCTI LUMPLLOrO BNPOBaAXKEHHSA METOANKMN 3a YMOBU AOTPUMaHHSA
onepauinHoi gucumnniHn. Hanbinbwmnn BHecok 3abe3neyye NoEAHaHHSA AMHAMIYHMX anneTiB ons
reoMeTpuYHOI iHTepnpeTaLil 3 4iTKMM TaMiHIOM eTaniB, CTaHAAPTM30BaHNMN KOHBepTaLigMu
Mi>K MOLAAHHAMMU | peryasspHUMM MiHIKOHTPOAAMU 3 NOPOramMm NpPocyBaHHA. PekoMeH0BaHO
MacwTabyBaTu NepeBipKy LWOHaNMeHLLe Ha 4 WKoAW 3 pi3HUMK npodinsamu i Bubipkoto He
MeHLe 70 y4HiB, NepeBipuTK anbTepHaTUBHI Baru B iHaekci | 0,25, 0,25, 0,50 ansa npodinbHUX
KJ1acCiB i OLUIHUTK Big4aNeHWUN nepeHocC Yepes 8-12 TUXKHIB. 3a TaKNX yYMOB MeTOAMKa Ma€ BCi
nigcTtaBm ctatu cTabiibHUM IHCTPYMEHTOM MNiABULLLEHHSA AKOCTi ONaHyBaHHSA TEMN KOMMJIEKCHUX
ynucen y cTapwin wkoni. BucHosku PoboTa nocnifoBHO AOBOAUTD, LLO LiiecnpsMoBaHa
MeToanKa GOpMyBaHHS B YYHIB CTapLUOI LUKOJIN YSBJIEHb NPO KOMIMJIEKCHI Yncna gK 3acoby
po3B’'si3aHHSA anrebpaidyHnx piBHSAHb 3abe3nedvye y3rogXxeHe 3poCTaHHA 3HAaHHEBOI, onepauifnHoi
Ta KOHLIeNTyasibHOI CKafAoBuKX i Bianosigae noriui nobyaoBm MaricTepCbKoro A0C/ioXeHHS.
CTpyKTypa npaui € NOBHOI i METOANYHO BUBIPEHOIO: BCTYM, TPXM B3aEMOMNOB’A3aHi po3ainn 3
TEOpPEeTUYHUM, MOAENbHO-aHANITUYHUM | eKCNEPUMEHTAsIbHO-MPAaKTUYHMM B10KaMK, NiACYMKOBI
BMCHOBKM, CMNUCOK A)Kepes i oaaTKu. 3MiCTOBa CiTKa pPo34i/liB OXOMJIKOE EBOJIOLLIK0 YNCNOBUX
MHOXXWH i MiCLe KOMMAIEKCHUX YNCEN Y WKiNIbHOMY KYpPCi, MCUX0J10ro-neaaroriyHi oCHOBU
3aCBOEHHS abCcTpaKkLUi, NOPIBHAHHSA YAHHMX MPOrpaMm i NiApyYHUKIB, ornag cy4acHuUx
MeTOANYHUX NiAXO0AIB, @ TAKOXX BUMOrM A0 METOAUKN, KpUTepil Ta piBHI COPMOBaHOCTI i
HaB4YasIbHO-MeToAMn4YHe 3abe3neyvyeHHs, WO 3aKjafa€e NepesipoBaHi NigCTaBn A9 MPaKTUYHOT
Bafigauii. TeopeTnyHun 610K apryMeHTOBaHO AEMOHCTPYE HEOOXiAHICTbL Mepexony BiAg OiNCHOI
[0 KOMMIEKCHOT MAOLWNHN 9K NPUPOAHOIr0 NPOAOBXKEHHSA KypCy anrebpm CcTapLloi LWKoau,
noeaHyto4n anrebpaivHi i reoMeTpuyHi penpeseHTalii Ta NigBoasYn y4yHs 0o popmynm MyaBpa i
3ajay Ha KopeHi cTeneHa 1. Lle nigkpinneHo aHanizoMm HOPMaTUBHOI paMKK i HaBYaJIbHO-
MEeTOANYHUX NiHINOK Pi3HNX PiBHIB, WO A03BOJSE LWKasaM 3 pPi3HUM NpodinemM KOPEKTHO
MacwTabyBaTu rnmbnHy onpauoBaHHS TeMn 6e3 BUXOOy 3@ MeXKi HaBY4aJ/IbHOrO HaBaHTaXXeHHS.
Taka NocTaHOBKa CTBOPIOE NepeaymMoBu Ans nobynosu AMAaKTUYHOI MO e, SKa Kepye
KOrHITUBHUM HaBaHTaXXe€HHSAM, CUHXPOHi3y€e BepbasibHi NOSICHEHHS 3 BidyasibHUMW ONOPaMM i
3abe3neyye HaACTYMHICTb Mi>XK Knacamu. Y MmoaesibHo-aHaniTu4HoMy 6soui o6rpyHTOBaHO BUMOrNn
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00 MeTOAUKN i 3anpONOHOBaHO KpuTepiaibHYy CUCTEMY OLLiHIOBAaHHA COOPMOBAHOCTI YSABAEHb, L0
pPO3BOANTbL 3HAHHEBI, MpoLUedypHi Ta KOHUeNTyasbHi iHOUKaTopu. HafBHICTb YiTKMX NOKa3HUKIB i
piBHIB A03BOAMAA NobyayBaTW MPO30PUIA IHCTPYMEHTApPIn KOHTPOJIO | 3a4aTn NOPOroB.i
3HaYeHHSA YyCNIWHOCTI, AKi MepeBipAloTbCA Y OopMaTi KBa3ieKCNepuMeHTY 3 MOBTOPHMMN
BUMIiptOBaHHAMU. BogHo4ac cchopMynboBaHO onepaLinHi NPUHLMNM BNPOBaAXEHHS:
MiKpOMOAYJIbHY OpraHisauito 3MiCTy, iHTepBasibHE NOBTOPEHHSA, KOPOTKi MIKPOKOHTPONI,
AONHaMiYHi Bidyani3auii Ta gudepeHuialito 3a TEMMNOM i CKIaAHICTIO, WO BigNOBigaE 3aaB/EHIN
MeTi poboTu i noriui it CTPYKTYpu. EKCnepnMeHTanbHO-NPakTUYHUN 610K iKCYE CTAaTUCTUYHO |
MPaKTMUYHO 3HAYYLLMN MO3UTUBHNIN eEKT Bif 3aCTOCyBaHHA MeToaAuKN. MNigcyMKOBUA iHOEKC
ChOPMOBAHOCTI YABNEHb 3piC B OCHOBHIN rpyni 3 0,525 Ha novaTky 0o 0,733 nicns 3aBepLUeHHS
UUKNY, TOAI K Y KOHTPOJbHIN rpyni 3 0,525 no 0,709, pi3HMUA HanpukiHui ctaHosuna 0,124 3
noBip4ynm iHTepeasom 0,027-0,221. OTpuMaHa B3aEMOLisl TUM HaBYaHHS Ha Yac 3a 3MillaHoto
MOAENJI0, Pa3oM 3 MIAHOBUMU KOHTPACTaMu, NiATBEPOXKYE CaMe MeTOANYHY Npupony eeKkTy, a
He BUMaAKOBi KONMBaHHSA (POHOBOIr0 HaBYaHHA. ®OPMYIIOBAaHHSA LNX Pe3yNbTaTiB Y3roAXKYETbCS
i3 329BJIGHVMUW KPUTEPIAMUN YCNiXy | EMOHCTPYE AOCSXKHICTb LiJIbOBUX MNOPOriB Yy peasbHUX
YyMOBaXx WKiNIbHOro Knacy. TeopeTuU4yHe 3Ha4YeHHS LOCNiIAXKEHHSA MONAra€ B YTOYHEHHI 3MiCTOBO-
rnpoLuecyanbHOI CTPYKTYPU MNOHATTS

n LvtuposaHus: 0,01% id: 42
«KOMMJIEKCHE YNCII0»

ONS CTapLUOi LWKOAKW | B 0BrpyHTYBaHHI NOriky nepexofis Mixk anrebpaivyHoto, NoAAPHOIO i
TPUrOHOMETPUYHOI hopMaMK 3 NO3KULIT 3a4a4HOr0 3aCTOCYBaHHA A0 PiBHSAHb. [pakTU4He
3HAYEHHS BUPa)KeHe y CTBOPEHHI FOTOBOIr0 KOMMJIEKCY MaTepianiB Oaa BUMTENS, SKUN BKJKOYAE
cueHapii ypokiB, 3afa4Hi fo6ipkn 3 NnoeTanHNM yCKIagHEHHAM, Bi3yani3auii 1 kapTu
OLiIHIOBAHHS, @ TaKOXX Y peKOMeHAaLlifax Wwoao opraHisasii N0OTOYHOro i NigCyMKOBOIro KOHTPOJIIO.
HasBHicTb pe3ynbTaTiB anpobauii Ha MeToANYHUX 06'€EAHAHHAX | BIAKPUTUX YypOKax
nigTBEPOXXYE BiATBOPIOBAHICTb NigxXo4y M NoNerwye noro TpaHcgep y WKibHY NPakTUKYy.
ObMe)xeHHS y3arajibHEHHS, BJIaCTUBI KBa3ieKCMepnMeHTalbHOMY AWU3alHYy i JIOKanbHin BMbipui,
y poboTi BiAKPUTO NO3HaYeHi Ta YaCTKOBO HiBeIbOBaHI NpoLeAYPHUMU PilLEHHAMN KOHTPOJIO
SIKOCTI 1A 3acninfeHHs ouiHloBaHHSA. PekomeHnoBaHO MaclwiTabyBaTun nepeBipKy Ha wunpwmnin Habip
3aKfafiB 3 Pi3HMMMK OCBITHIMU TpeKaMu i YTOHYHUTY Baru iHAMKaTopiB ANa NpodifibHUX KNacis, a
TakKoXX NepeBipuTu BigkNageHNn nepeHoc ChopMoBaHMX YMiHb. Pa3oMm i3 TUM HakKoNM4YeHi aaHi
0aloTb AOCTaTHI MiACTaBuU PeKOMeHAYyBaTN METOAUNKY A0 MOETanHOro BNpoBaAXeHHSA Yy CTapLuin
LIKONi 3a YMOBW AOTPUMaHHA TalMiHIy MiKpoMOAYAiB, iHTEPBasSIbHOrO MNOBTOPEHHS i
BMKOPUCTaHHA OMHAMIYHUX anfeTiB fK KY0BUX onepauinHux By3iB. 3arasbHUN BUCHOBOK:
rnocTaB/sieHa Y BCTYnNi MeTa [OCArHyTa, 3aBAaHHA BUKOHaHI, rinotesa nigreepaxxeHa. TeopeTuyHi
3acagn, aHaniTU4YHa Modesb 3 KpuTepiaibHol 6a30tl0 Ta eMnipuyHa NepeBipkKa YTBOPIOOTb
uinicHUm unkin, wo 3abesnevyye KkepoBaHe popMyBaHHS ySBJIEHb MPO KOMMJIEKCHI Yncna i
cTabinbHe NiaBULLEHHSA AKOCTI PO3B'A3yBaHHSA anrebpaivyHux piBHAHb ¥y 10-11 kKnacax. 3a
pe3synbTaTaMu gochigXeHHs poboTa Ma€ K akageMiyHy LiHHICTb A5 MeTOAUKN HaBYaHHS
MaTeMaTUKW, TaK i NpMKNagHy 3Ha4YyLWiCTb A8 NOBCAKAEHHOI NPaKTUKN BYMTENS, MPOMNOHYO4N
BiATBOPIOBAHUN IHCTPYMEHTapin, AKUN AEMOHCTPYE NiaTBEpAXKEHY e(heKTUBHICTb Y peasibHUX
HaBYaJibHMX yMoBax. CNMCOK BUKOPUCTaHMX axkepen Nopogeubknn B. B., BogHapyk C. b. BcTtyn
[0 Teopii FiNepKOMMNAEKCHMX Yncen Ta iX YHKLIN: HaBY4albHWIA NOCIOHUK. YepHiBLi:
YepHiBeubkunii Hau. yH-T, 2021. 136 c. Nlopogeubknin B. B., bogHapyk C. b. Anrebpa Ta reomeTpis
B TeopeMmax i 3agadax. Y. 1: HaBYasbHMI NOCiIOHUK. YepHiBLi: YepHiBeubknn Hal,. yH-T, 2009. 336
c. Fopopeubkuinn B. B., KonicHuk P. C., MnpoHuk B. I. JIiHiT Bpyroro nopsaky: HaB4aabHUN
nocibHuk. YepHiBui: Micto, 2018. 134 c. Mep3nsgk A. I'., Homiposcbkuin . A., NMonoHcbkuin B. B.
Anrebpa i noYaTKM aHanisy: NpodinbHUIA piBeHb: Nigpy4HUK anga 11 knacy. Xapkis: [iMHa3ig,
2019. 304 c. HeniH €. N. Anrebpa i no4aTkM aHanisy (NpodinbHUN piBEeHb): NiAPYYHUK Oonsa 10
Kknacy. XapkiB: PaHok, 2018. 272 c. CnHbkoB M. B., CuHbkoBa T. B., bosipiHoBa 0. €.
FNiNnepKOMNAEKCHI YNCIOBIi CUCTEMU: OCHOBU TeOpii, MPaKTUYHI BUKOPUCTaHHSA, bibniorpadis. Kuis:
IMPI HAHY, 2009. 49 c. Ctedypak X. M. Po3B’'a3yBaHHA anrebpal4yHnX piBHSAHb Y
rinepKoMnNIeKCHNX YUCIOBUX CUCTEMaX: KypcoBa poboTa (014.04 CepenHA OCBiTa: MaTeMaTUKa).
YepHiBui: YHY, 2020. 34 c. Ctedypak X. M. INnepKOMNAEKCHi YNCMOBI CMCTEMIN B 3adavax
efleMeHTapHOoI MaTeMaTuKKN: KypcoBa poboTa (014.04 CepenHS OCBiTa: MaTeMaTuMKa). HYepHiBLi:
YHY, 2021. 34 c. Ctedypak X. M. Po3B’A3yBaHHSA anrebpaivHux piBHAHb B OEAKNX
rinepKkoOMMNAEKCHNX cncteMax. MaTepianm cTyq. Hayk. KoHd. YHY, 22-23 kBiTHA 2020 p.
YepHisui: YHY, 2020. C. 82-83. Ctechypak X. M. Po3B’a3yBaHHSA anrebpaiyHnX piBHAHb B AEAKNX
rinepKoOMMNAEKCHMX cncteMax. MaTepianm cTyq. Hayk. KoHd. YHY, 20-21 kBiTHA 2021 p.
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YepHisui: YHY, 2021. C. 64-65. Ctedypak X. M. TinepkKoOMMNeKCHi YNCNOBI CUCTEMU Ha
dakynbTaTMBHUX 3aHATTAX y 33CO. MaTepianu cTya. HayK. KoHd. YHY, 12-14 kBiTHSa 2022 p.
YepHisui: YHY, 2022. C. 83-84. LWWapaH O. B. KoMmnaeKcHi 4nucna Ta ix 3actocyBaHHS (10-11
knacun). MatemaTuka B wKkoni. 2004. \: 6. C. 46-49. AKTyasnbHi npobnemMmn cy4acHoi HayKu:
M|>KHapo,u,Ha HayKOBO-MPaKTU4YHa iHTepHeT-KoH(epeHLUisa. BiHHnus, 6 kBiTHA 2020 p. Y. 7. C. 80.

J/bit.lv/3 4u3 MixxHapoAHa HayK. KoH(epeHUisa 4o 75-pivya kad. gnd. piBHAHb Ta
85- pl‘-l‘-IFI M. M. JleHtoka (28-30.10.2021), YepHiBui: maTepiann KoHdepeHuii. YepHiBui, 2021. 194
C. : /oIt v/3

n LnTnposaHus: 0,01% id: 43
«Mos ocBiTa».

MaTeMaTuka: KybivHi piBHAHHS. : J/0it.v/3U70 HaB4anbHa nporpamMa 3
MaTeMmaTukm anda 10-11 knacie (nornnbneHe BUB4eHHS 3 8 Knacy). : /bitly/2
HaB4anbHO-MeTOAMYHUI NOCIBHUK 3 anrebpu Ana cTyneHTiB 1-ro Kypcy Mex-maTy.

JS/0itv/3 OTpuMaHHS 3HaHb. AMCTaHUiNHa NiATPUMKA OCBITU LWKONAPIB.

J/bitlv/3an2 PO3BNTOK TeXHIYHMX igen. ICTopia Ta pO3BUTOK MeTOLIB
rinepKoMnNAeKCHoOro nogaHHs iHpopMmaduii. : JI0itlv/3 1 YMaHCbKUN gepxx. nea.
yHiBepcuTeT iM. MaBna TudunHm (odiu. canT). : //bit.lv/3 7 . be3kowToBHi
LNpPOBI IHCTPYMEHTN ANng ypokis i nobynos. : S0t Iv/2x V1 (ykp.).
lnepkoMnnekcHi Yynucna. : SI0itlv/3 6 .uk-ua. .2z. linepkoMnieKcHi Yncna
(n3epkano ykp. Biki). : J/bitly/3sIN4 . [TOBOPOT TOYKM HABKOJIO
rnoYyaTKy KoopAuHar. : JSIbitv/3 3 AHTOHOBa O. €. DopMyBaHHSA Y ManbyTHiX
yuuTeniB 6a30BuX 3HaHb 3 Medaroriku: guc. kaHa. ned. Hayk (13.00.01). >Kutomup, 1999. 189 c.
AkyneHko I. A., TapaceHkoBa H. A. AKCiONoriYyHMM KOMMNOHEHT MEeTOANYHNX KOMNETEHTHOCTEN
ManbyTHIX yunTenis maTemMaTukun. BicHnk Yepkacbkoro yHiBepcuteTy. Cep. Nepn. Hayku. 2008.
Bun. 139. C. 3-10.

[ %] LintnposaHus: 0,03% id: 44
«SKiCTb OCBITN CUJIbHO 3aBa>ka€ NOr0 KiNIbKiCTb>».

MaTemaTuka y wkoni. 2015. Ne 7. OilybaceHtok O. A., CemeHiok T. B., AHTOHOBa O. €. NpocpecinHa
niagroToBka ManbyTHLOro BYMTENS A0 NefarorivyHoi AianbHOCTi: MoHorpadgis. XXutomup: XKAOMY,

2003. 193 c. XKangak M. |. Cuctema nigroToBKY BYNTENSA A0 BUKOPUCTAHHSA iHpopMaLinHMX
TEXHOJI0rin y HaBYasbHOMY rpoueci: asToped.

@ O6Hapy»xeH Mnarnat: 0,25% http://www.philol.vernadskyjournals.i... id: 45

Auvc. o-pa nea. Hayk. Kuie, 1989. 48 c. MuxaniH I'. O. ®opMyBaHHA OCHOB NPOQECINHOI KyIbTypu
BYNTEsI MaTEMATUKM Y NpoLeci HaBYaHHA MaTaHasli3y: aBToped. AMC. O-pa nNef. HayK
(13.00.04). Kui, 2004. 37 c. MoTopiHa B. I'. AngakTU4YHi 1 METOOMNYHI 3acagn npogecinHol
niaroToBKM ManbyTHiX y4mTenis matemMaTukm y BH3: guc. o-pa nen. Hayk (13.00.

04). XapkiB: XHMY im. I'. C. CkoBopoau, 2005. 512 c. bobposa I. |. MeToanka BUKOPUCTaHHSA
enekTpoHHUX HMK aK cTapT AUCTaHLiINnHOro HaB4YaHHSA. IHhopMaTumKa Ta ocBiTa. 2019. I\ 2. C.

15-17. boHpap A. A. 3acTocyBaHHS Ons 3agayd Ha nobypnosy. Y: HaBY4aHHSA B cyYacHin
wkoni: 36. meToAd. po3pobok. Kuis: KAMY, 2019. C. 11-18. bopmoTosa A. I'., Mamanura P. @.
[ | LintnposaHus: 0,01% id: 46

«[epeBepHYTNIN KNac»

Ha ypoLui MaTeMaTuKK: AOCBig NPoeKTyBaHHA. MixBy3iBCbKa 36. Hayk. npaub. Kuis: KAMY, 2018.
C. 188-195. lraniuymHa I. M., NonosHikoBa H. J1. MobifibHe HaBYaHHSA K HOBa TEXHOJIOTiSA B OCBITI.
OcBiTHI TexHonorii Ta cycninbcTeo. 2011. Ne 1. C. 241-252. Jauyk B. B., KoswoBsa 0. M.
KOHTpOJIb 3aCBOEHHSA 3HaAHb i3 3aCTOCYBaHHAM Ta . MaTepiann

Bceykp. cTya. HayK.-MpakT. KoHd. OHinpo: HAOMY, 2018. C. 191-192. I13oToBa A. C. Po3BUTOK
NPOCTOPOBOr0 MUCSIEHHSA YYHIB 5-6 KnaciB. AKTyanbHi npo6neMn MaT. OCBITU Y WIKOJI Ta BULLI.
Kwis: HMY, 2015. C. 91-93. Kopobosa T. M., OB4apoBa J1. A. 2.0 Ha ypoKax MaTeMaTUKN ons
dopMyBaHHSA KoMneTeHTHocTen B yMoBax [OC. MaTepianu |V perioHanbHOI HayK.-NpakT. KOH.
Opeca: OOTY, 2017. C. 333-337. JlinaTHikoBa |. . 3MiCT MaTeMAaTUYHOT OCBIiTU B KOHTEKCTI
KOHUeEeNUii gep>XXcTaHaapTy. AKTyasibHi MNTaHHS BUKJIadaHHA MaTeMaTuKK, iHbopMmaTukny Ta IT.
2015. e 1. C. 5-13. Mep3nak A. I'. Anrebpa gnsa 33CO 3 nornnbneHnM BUBYEHHAM: NiAPYYHUK
ans 10 knacy. Xapkie: MNMHa3is, 2016. 384 c. MiTiHa A. C. O64ucntoBaibHa KyJibTypa Y4YHIB yepes
opraHizauito ycHol poboTu (5 knac). Cymu: CAMY, 2019. C. 82-87. Hosiko M. KO. HaB4aHHS
iHpopMaTMLUI y WKOJi 3 ypaxyBaHHAM MOBIIbHUX TEXHOMOrIN:
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@ O6Hapy>xeH MnarunaT: 0,14% http://www.philol.vernadskyjournals.i... + 2 pecypcos! id: 47

aBToped. Auc. kKaHg. nen. Hayk (13.00.04). 3anopix>xs, 2019. 24 c. HosikoB M. 0. HaB4aHHS
iH(hbopMaTUL Y KOS Ha OCHOBI MOBINbHUX TEXHONOTIN: AMUC. KaHA. neAd. Hayk (13.00.

04). 3anopixx4, 2019. 166 c. lNMeTposa B. I. ONCK y CTBOPEHHI METOANYHNX MaTepianis
ans poboTun 3 o6gapoBaHNMMN AiTbMU 3 MaTeMaTUKW. MaTepiann |V Mi>KHap. HayK.-NpakT. KOH®.
Xapkis: X[y, 2019. C. 400-403. NMo3gHsakoBa H. B., KonecHukosa O. |. noakTUYHUA NoTeHLian
MOBIiNIbHMX TEXHOJIONN Yy HaBYaHHI MaTeMaTuKN. NCMX0N0ro-negaroriyHum XKypHarl

ﬂ LUunTtnpoBaHusa: 0% id: 48
«[Taypneamyc».

2019. \o 3(41). C. 19-26. PoraHoBa I. I. MobinbHi ponaTkn Ha ypokax anrebpu y 8 knaci.
Mi>KHapoOHUI XXYpHaN ryMaHiTapHUX Ta NpupoaHn4mx Hayk. 2018. Ne 11-1. C. 103-106.
CemeHoBa I. M., CnenyxiH A. B. MeToaunka BukopucTtaHHs IKT y HaB4a/ibHOMY MpPOLLECi:
BU3HAYEHHSA Ta AMAaKTUYHA KOHCTPYKLUifA. MeparoriyHa ocsiTa B YKpaiHi. 2012. o 2. C. 184-189.
CemeHoBa I. M., CnenyxiH A. B. Knacudikauia Ta NpoekTyBaHHA MeTOiB HaBYaHHSA 3
BUKOpucTaHHAM IKT. OcBiTa Ta Hayka. 2013. o 5(104). C. 95-113. CtapivyeHko b. €. OuiHkKa
pe3ynbTaTUBHOCTI BUKOpUCTaHHSA IKT y BUpiLLeHHI OCBITHIX 3aBAaHb. [NeparoriyHa ocsiTa B
YkpaiHi. 2018. N 8. C. 153-162. CtapivyeHko b. €. NMpodecinHni ctangapt Ta IKT-
KOMNEeTeHTHOCTI neparora. MeparoriyHa ocsiTa B YKkpaiHi. 2015. e 7. C. 6-15. CTapocTiHa A. €.,
BuHokypoBa C. 3. DopMyBaHHA MaTeEMAaTUYHMX NOHATL Y WKiNIbHOMY Kypci (TeMa

[ | LuTtuposaHus: 0,01% id: 49
«KBagpaTHi piBHAHHSA»

). HaB4aHHA Ta BUXOBaHHSA: MeToAMKa Ta npakTuka 2016/2017 H. p. Knis: LLPHC, 2017. C. 99-
103. CtpaTeria po3BUTKY iHPOpPMaLiNHOro CycninbCTBa B YKpaiHi: po3nopaaxeHHs KMY Big
15.05.2013 o 386-p. : o/ . . ua/ /246420577 Teopia Ta meTOANKA
HaBYaHHSA MaTeMaTUKW: 3arasibHa MeTOANKA: HaBYabHUI NOCIOHKK / 3a peq. €. A. CyxOBi€HKO,
3. M. CamirynniHa, C. A. CeBocTbsIHOBa, €. M. EpeHTpayT. TepHoninb: OcsiTa, 2010. 65 c.
TepewkoBeub H. B. MeceHa )xepn K iHCTPYMEHT MiABULLEHHS AKOCTI ocBiTKU. MeTogucT. 2018.
10. C. 28-31. ®abpukaHTOBa €. B., MNonsHcbka €. €. CyyacHi iHhopMaLinHi TeXHONOriT OCBITU:
HaB4YaNbHUIN NocibHUK. Ogeca: OANY, 2017. 84 c. YupiHa O. B. Ocob6nBOCTI pO3BUTKY JIOTiYHOIO
MWCJIEHHS Y4HIB 5-6 KnaciB. HayKoBO-MeTOONYHUI XYypPHan

[ | UuTuposaHusa: 0% id: 50
«KoHLenT».

2015.T. 10. C. 66-70.
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