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Bin peaaxiiiitHol kKoJieril

IMTanoBHI unTawyi!

Bu tpumaeTe B pyKax des’amuti Bullyck «30ipHUKa HAYKOBHUX IIpallb (pi3nKo-
maremaruaHoro dpakysasrery JLIITY» JIBH3 «lonbacbKuil iepKaBHUIT 11e1arori-
JHUI yHiBepcuTeT». Bumanis HayKoBUX Ipallb BUKIa/1a9iB, CTYAEHTIB Ta MOJIOIIX
HAYKOBIIIB (iznko-mareMaTuanoro gakysabrery JJIIIY 3amnouarkoBano y 2010
POTIi, KON Pe3yIbTaTh HayKOBUX JIOC/KEHBb OYJI0 OIyOJIIKOBAHO OKPEMOIO Ce-
pieto «DizuKo-MaTeMaTUIHI HayKu» B 30IpHUKY HayKoBuX Ipalb «llomykn i
3HAXIJIKN» 3a MaTepiajaMi HayKOBO-IPAKTHIHOI KOH(MepeH il «AKTyaJbHi IH-
tauHst HayKu 1 ocBituy (Cnos’stresk, CITY, 20-22 ksiTHa 2010 p.)

Metoro 30ipHIKa € ITiATPUMKa HAYKOBOI aKTUBHOCTI SIK CepeJl CTYJEHTIB, Tak
i cepeji mostonx BukJagadis JJIITY rTa inmux BH3.

OcHoBy deg’amoezo BuiycKy 30ipHUKa CKJIaJIal0Th OPUTiHAIbHI ITOBHOTEKCTOBI
crarTi (B aBTOPCHKIil peakiiil) mepeBaykKHO i3 dmcsia JIONoBijeit, 3pobJeHnX i
Jac CeKIIIHUX 3acijlalb Ha IbOropivuHiil BeeykpalHCchKiilt HayKOBO-TIPAKTUYHIM
KoH(epeHIlil CTYJIEeHTIB 1 MoJIoux ydeHux «llepcrekTuBHI HApPAMKNA CydacHOI
Haykn Ta ocituy, Cno’sinebk, JIJIITY, 22-23 Ttpasusa 2019 p. OcHoBHI pe3yiib-
TaTU JIONOBIIAJINCh Ha CEKIIITHUX 3acilaHHgX Ta Oy PeKOMEHJOBaHI JI0 APYKY
roJIOBaMI CEKIIiil, 3aBiyBadaMu BUIYCKOBUX Kadeap («pisukuy, «MareMaruku
Ta IHPOPMATUKI», «METOIMKN HABUYAHHS MaTeMaTUKN Ta METO/INKN HABIAHHS 1H-
bopMaTuK» ) Ta KepiBHUKAMU CTYICHTCHKIX HAYKOBUX POOIT.

SacHOBHUKN 30ipHUKA MAlOTh HAMip 3pOOUTH HOTr0 MaKCUMAJIbHO BiIKPUTHM
SK JIJIS aBTOPIB, TaK 1 JUId 9ATadiB. BiH BUXOANTL OJIMH pa3 Ha PiK y APYKOBAHOMY
Ta eJICKTPOHHOMY BUIVIsIII. EJIeKTpoHHa Bepcid »KypHaJy Ta iHdopMallis o0
CIIBIIpaIll 3 aBTOpaMH € JIOCTYIIHOIO Ha OMiIiiiHOMY caiiTi 36ipHUKa 3a aJPecoro
URL: http://ddpu.edu.ua/fizmatzbirnyk/begin.htm.

3amporryemo g0 croiBnparii. HacHaru ta TBopymnx ychixis!
Ynenn pegakiiiiinol KoJierii.



ITAM’ATI OJIETA OJIEKCAH/IPOBNUYA HOBIKOBA

I me, wo eotce byao — uye me, wo b6yde nomim,

Ta 6yde zsepuieno 6ce me, ulo 6oce 6YAO0 i

odHowacHo He 36y6anoca i Joci.

I 3eunymo 32a0ku 8¢t npo me, wo MU J0 Ub020 3HAAU,
I ne 3eadaemo eotce mux, xmo byde nicas HAC Y UbOMY

ceImi t He 3 HaMU.

Hosixos O.0.



Ilan’sari Osera OgsrekcanapoBuda HoBikoBa

12 rpymas 2018 poky BHAC/IJIOK BaKKOI XBOPOOM TIIIOB 3 YKUTTS JIEKaH
disuko-maremaTnanoro gakyabrery JlonbachbKoro ep:KaBHOTO I€1aroriqTHoro
YHIBEPCUTETY, KaHI1aT (pi3MKOo-MaTeMaTuIHuX HayK, goreHT Ojer OJekcanipo-
Bd HoikoB. ®@akybTeT BTpaTHB JOCBIYEHOTO 1 BUCOKOKBaJII(PIKOBAHOTO BUKJIA~
Jada, Baenoro, Jlroguay 3 Besinkol Jjitepu. 2Kurresuii nmstx Ouiera OJjiekcanpo-
BUYa — 3Pa30K JIOJCHKOI T1THOCTI, JTOOPOIOPSIHOCTI 1 NIUPOCTI.

Haponusca Ougier Ougexcangaposud HosikoB 19 ueppas 1960 poky B MicTi
Caop’saebk [donenbkoi obstacti. B 1982 pori 3akinunB ¢izuko-MaTeMaTnaHuil (pa-
Ky/JbTeT CJI0B’STHCHKOIO JIEPZKABHOIO IEJIArOTiYHOI0 IHCTUTYTY 3a (PaxoM <«BUH-
Te/ib MaTeMaTuku i izukuy. Ilicas 3aKiHdeHHsd IHCTUTYTY MIIOB MIPAIIOBATH JI0
['opriBeBHKOI clTenia i30BaHol MIKOJIH JI/I HETTOBHOJIITHIX TPABOTIOPYITHUKIB, 3 1982
o 1984 p. ciyxuB y jaBax Pajgncekol apwii. Ilicis 3akindenns ciyxom 3 1984
o 1985 p. mparioBaB BUUTEe/IeM MaTeMaTUKN B cepe it ko Ne 2 micra JIpyx-
KiBKa JloHerpKol obJacTi.

Tpynosa misbaicTs Osera OsekcanpoBuda y C10B’ SHCHKOMY JePKABHOMY
1eJIarorivyHoMy IHCTUTYTI, Ha cboroji, JlonbacbkoMy JiepyKaBHOMY I1e/1arorivaHo-
My YHiBepcuTeTi, po3nodajach y 1985 porii Ha moca/ii ctapiioro jabopanTa Kade-
npu dizuxku. Y 1988 p. BiH IepeiilioB Ha 110caJly acUCTeHTa KadeJIpu MEeTOINKH
BUKJIaJIaHHS MaTeMaTHKHU 1 B IIbOMY »K POIll BCTYIHUB JI0 aclipanTypu [HCTHTY-
ty marematuku AH YPCP. Haykosum kepisaukom Ougiera OJjiekcanjapoBuda OyB
qiner-kopecriougenT HAH Vkpalau, 1okTop disuKko-MaTeMaTHIHIX HAYK, Ipode-
cop, 3aBiyBad Bijiiyy Teopil (pyHKIIIH, 3aCTYITHUK JUpeKTopa [HCTUTYTY MaTe-
matukn HAH Vkpainn Osexcanap Isanosuu Crenanerrp.

[Ticnsa 3akinuenns acuipantypu y 1991 pori Osier OsiekcanpoBud 3aXUCTHB
JIICEPTAIliio Ha 3/100yTTs HAYKOBOI'O CTYIIeHs KaHIugaTa (PI3UKO-MaTeMaTHIHITX
HayK 3a Temoio «HabimkeHHsT HerepepBHUX NEPIOAMIHUX (PYHKINN JHITHIMN
cepesnHiMu 1X psijiiB @yp’e» 1 noBepHyBcs 710 CJIOB'sIHCHKOTO JIEPXKABHOI'O T1€]1a~
TOriYHOrO IHCTUTYTY Ha TOCAJLy CTApIIOro BUKJ/ajada Kadeapun MeTOIUKU BH-
KJaJgaHHg MaremMaTuku. ¥ 1994 pormi BiH nepeiioB Ha Kadeapy MaTeMaTUIHOIO
anaJjizy jie y 1996 p. orpuman 3BaHHs Jo1eHTa 110 1iit Kadeapi. Y 2005 porii OyB
obpanunii Ha 1ocajly jJekaHa (dpiznko-mMmareMaTudHoro gaxyabrery CoB’sHCHKOIO
JIEPKABHOIO T1€/Iar0TYHOI0 YHIBEPCUTETY, Jie IpallioBaB J0 caMol CMepPTI.

Ha dizuko-maremaruunomy dakyibreri Oser OJiekcanapoBud OyB OJHUM 3
MPOBIJIHNX JIEKTOPIB: YNTaB KypPCU MaTeMaTHIHOTO aHaJi3y, Teopil pyHkiIiiit, PyH-
KI[IOHAJTbHOTO aHaJi3y, Teopil iMoBipHocTeit. J[o Kosra HaykoBux inTepecis OJiera
Outekcanapouya HoikoBa Bxomuan mpodjieMu Teopil HabJIMKeHHsS (YHKIN i
Teopil JIHIKHUX MeTomiB mijcymoByBaHHsT psijiiB Pyp’e. Oser OJsekcaHpoBud
HogikoB — aBTop Monorpadii Ta nmona i 100 HaykoBux mpaiib 3 Teopil pyHKITIi.

Bunycx N9, 2019 )



[Tepmi naykosi poboru O.0O. Hoikosa, HalcaHi 11iJ1 4ac HaBYaHHs B acIlipaH-
Typi [1-3], mpucBsiaeHO MUTAHHSIM HAOIMKEHHST KJIaCiB HEIIePEPBHUX MEPIOANTHIX
dyukiit cymamu @aBapa, a TAKOXK IHITMMI HAOJMKYIOUIMHI arperaTaMu, AKi JIIsd
3aJ1aHOl HelepBHOT (DYHKINT OY/IyI0ThCs 3a JIOTIOMOTOIO TIEBHUX TIEePETBOPEHb Yac-
TKOBUX cyM 11 psiy @yp’e. Leit HAIpsMOK cTaB NPOBIJHUM Y HayKoOBiii pobOTi
0.0. HogikoBa BIPOJIOBXK HACTYITHOIO jecsaTuiiTTs. Hum Oysio po3s’sizano HU3KY
eKCTpeMaJIbHIX 33/1a9 Ha KJIacaxX HellepepBHUX MMepioanInnx (pyHKINH, 1110 BU3HA-
JaIOThCsd MYJIbTUILIIKATPAMI Ta 3CYBaMU apryMeHTIB.

Y 2000-x pokax ysary O.0O. HoBikoBa npuBepTatoTh 3a/iadi Teopil HabJIMKEeH-
Hsl, B SIKUX PO3TJIAJIAIOTHCA KJIacH MepioMIHuX (PYHKII 0araTtbox 3MIiHHUX. Y
poborax [12 — 14| uum OyI0 OJiepKAHO HU3KY DPE3y/IbTaTiB, siKi 3a0e3MmedyioTh
po3B’s130K Bijomol 3ajgadi Kosmoroposa-HiKobCbKOro i MPsIMOKYTHHX CYM
®dyp’e, Bamne Ilyccena Ta iHIMMX TPAMOKYTHUX JIHIHIX METOIB HAOIMKEHH
Ha KJlacax (PyHKIII 6araThoxX 3MIHHUX 0OMEYKEHOI 1 MaJIol TJIaJIKOCTi, a y TpaIisdx
[15-18] posrsiHyTo aHAJIOrIYHI MUTAHHS Y BUMAJKY HAOMKEHHS MPSIMOKY THIMIE
JIHIMHIMH MeTOJIaMU Ha KJjacax (DYHKIIIH BHCOKOI IJIaJIKOCTI.

[Tounnaroun 3 2008 poky O.0O. Hosikop 3i cBoIMHU yuHsiME IIYOJIKYE cepiio
po0IT, B KX PO3TJIsIa€ METOIN HAOJIUKEHHS, dKi MOPOJKYIOTHCS TTOBTOPHUM
3aCTOCYBaHHAM MeTony mimcymoByBanng Basute Ilyccena. Tyt ciin BiazHaunTm
poboty [35], B sKiii OTpUMAHO aCHMITOTUYIHY DIBHICTB JIJIsT TOYHUX BEPXHIX MEK
BiIXnJIeHb 7-moBTOpHUX cyM Basute Ilyccena na kiacax inrterpaJis Ilyaccona
HerepepBHIX (PYHKILI.

Outer Ouiekcangaposud HoBikoB BijzHaueHnii HArpPyJIHUM 3HAKOM BiaMiHHIK
ocBiTn Ykpaiuu ta rpamororo HAITH Vkpainu. Yucnenni apysi 3amam’siTaioThb
floro sK aKTHBHOIO NPUXUJIBHUKA CIOPTY 1 3JI0poBOro crocody kutts. OJer
OutekcanapoBud OyB BCeOIYHO €pyJ/I0BaHOIO, I[IKABOIO, UYIHOI 1 HIJIKOBUTO 0€3-
KOPUCJIMBOIO JIIOJIMHOIO, BOJIOJIIB OE€3MEXKHOIO TIOBAroi0 BHUKJIAJadiB 1 CTYJ/ICHTIB.
Ceitna nam’atb po OJiera Oustekcanaposnda HosikoBa 3aBxin Oyjie »KUTH B Ha~
ITUX CEPITAX.

C.M. YUyiiko, C.O. YHaituenko, O.B. Hyiiko, O.I". PoBencobka,
O.A. Kajy6oscwkuit, €.C. Cinin, T.B. ynmuk
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Ocuosni HaykoBi npamni O.0. HosikoBa

Jlitepatypa

1.

Hosukos O.A. Ilpubmmkenne KaccoB HEIPEPBIBHBIX IIEPUOINIECKIX (DYH-
kit cymmamu @asapa / VccregoBanue 1o Teopun npuOnzKeHnst QyHKIHI.
K. : Un-1 maremaruku AH Vkpaunsr. — 1991. — C. 45-56.

Hosukos O.A. Ilpubmmkenne KiaccoB HEIPEPBIBHBIX IEPUOINIECKIX (DYH-
kit cymmamu @asapa / [penp./ AH Vkpanner Uu-T maremarnkm; 91.21,
Kwues, 1991. 35 c.

Hosukos O.A. Ilpubimkenne KJ1accoB HEIPEPBIBHBIX MEPUOJIMICCKUX (DYH-
kit juHedHbiMuE Merogamu / Ilpernp. AH Yxpawnbr VH-T MaremaTnku;
91.50, Kuesn, 1991. 38 c.

Pykacos B.I., Hosukos O.A. Ilpub/inzkenue K/jaccoB HENPEPLIBHBIX II€pPU-
onnueckux qyHkimit anajgoramu cymm Basre-Ilyccena / Psiibr @ypoe: Te-
opust n npuiokennst. — K. : Un-T maremaruku AH Ykpannor. — 1992. —
C. 57-63.

Hosukos O.A., Pykacos B.I. IIpubn:kenue HelnpepbIBHBIX MEPUOTTIECKUX
dbyukuit 06061meHHEbIME cyMManmu Basute-Tlyccena / YKp. mMat. KypHaJI. —
1995. — T. 47, Ne 8. — C. 1069-1079. (Translated to Novikov O.A., Rukasov
V.I. Approximation of classes of continuous functions by generalized de la
Vallee-Poussin / Ukrain. Math. J. — 1995. — Vol. 47, Ne 8. — P. 1222-1233.)
Pykacos B.., Hosukos O.A. [Ipubinrkerne HepepbIBHBIX IEPUOITIECKAX
GyHKINNE TPUTOHOMETPUIECKUMHI TTOJTMHOMaMU : y4ued. 1mocobdue Jijist CTY/IeH-
TOB (DUBUKO-MATEMATHIECKUX CIIEINATLHOCTEH 11eJarOrMIeCKUX NHCTUTYTOB
n yauBepcuteroB. — Chapanck :CI'TIN, 1995. — 98 c.

Pykacos B.I., Hosukos O.A. [Tpubmmkenne Kiraccos CgHw 00O0OIIECHHBIMU
cymmanmn Basite [lyccena / Vkp. mar xypu. — 1997, — T. 49, Ne 4. —
C. 606-610. (Translated to Rukasov V.I., Novikov O.A. Approximation of the
classes CYH,, by generalized de la Vallée-Poussin sums / Uklrain. Math.
J.—1997. — Vol. 49, Ne 4. — P. 672-677.)

Pykacos B.I., Hosukos O.A. ITpubinkenue anaauTudeckux pyHKINNE CyM-
mamu Baste Ilyccena / Psym @yp’e: Teopis i 3actocysanust. — K. @ IH-T
matemaruku HAH Ykpainn, 1998. — C. 228-241. B
Pykacos B.J., Hosukos O.A., Yaituenko C.O. IIpubmuxenue kiaccos CY
mertogamu Bajute Ilyccena /| Teopist nabsmzkenns dynkiiit Ta i1 3actocyBan-

1. — K. : Ine-T maremaruku HAH Vkpaiuu, 2000. — C. 396-406.
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10.

11.

12.

13.

14.

15.

16.

17.

Pykacos B.I., Hosuxos O.A. IIpubinzkenne pyHxuuit ¢ HeOOJIBLINON T1a/1-
KocThlo m3 Kiaaccos OY¥  ymmeitnbivu Metogamu / Teopis Hab/mzKenb Ta
rapmoniuamit anasiz. — K. : [a-r maremarukun HAH Ykpaiau, 2002. — C. 184~
193.

Pykacos B.I1., Houkos O.A., Haituenko C.O. [Ipubianrkenne Kiraccos mepu-
ofmdaecKux PyHKIHUiT ¢ MaJioit rragkocTbio cymmamu Basite [lyccena / Teopist
HaOJIKeHHs (BYHKIH Ta cymixkHi nutanag. — K. @ In-T maremarukun HAH
Ykpainn, 2002. — C. 119-133.

Pykacos B.I1., Hosukos O.A., Boxpas B.I. [lpubnaukenmne kiaccoB -
HHTErPaJIOB NEePUoniecKuxX (QYHKIHI JIBYX HMEePEMEHHBIX JUHEHHBIMUI METO-
namu / [Tpobsemu Teopii nabmkenust GyHKIN Ta cymikui nutanns. — K. :
[g-1 maremarukn HAH Vkpainn, 2004. — C. 250-269.

Pykacos B.M., Hosukos O.A., Boxpas B.I. [Ipubiaukenmne KiaccoB -
UHTErPAJIOB IEPUOAMIECKUX (DYHKIMI MHOTHX IT€PEMEHHBIX IPSIMOYTOJIb-
HBIMU JIMHEHBIMU cpeHUME uX psifioB Pypbe / YKp. Mat. KypH. — 2005. —
T. 57, Ne 4. — C. 564-570. (Translated to Rukasov V.I., Novikov O.A.,
Bodraja V.I. Approximation of classes of 1 —integrals of periodic functions
of many variables by rectangular linear of their fourier series / Ukrain. Math.
J. —2005. — Vol. 57, Ne 4. — P. 678-685.)

Pykacos B.U., Hosukos O.A., Boapass B.W. [Ipubianxkenne KiaaccoB v -
UHTErPaJIOB MePUOINIecKuX (PYHKIUN JBYX HMEPEMEHHBIX MPSIMOYTOJIbHBIMI
JMHeHHbIMI cpeauMEu uX psagoB @ypee [ IIpobiemu Teopii HaOIMKEHHSI
dyukmiit Ta cymixkui muranas. — K. : Ig-r maremarnkn HAH Vkpainn,
2005. — C. 228—237.

Pykacos B.I., Hosukos O.A., Bojpas B.U. IIpubinkenue mepuogmaecKux
pyHKINI BBICOKOW TJIAJKOCTH JIBYX MEPEMEHHBIX MPAMOYTOJbHBIMU JTHHEH-
HBIME cpeiHIMEI uX psajioB @ypee / [Tpobsemu Teopil HabmkeHHsT DYHKILI
Ta cymikai nutanust. — K. : [a-t maremarukn HAH Ykpaiau, 2007. — C. 270~
283.

Pykacos B.1., Hosukos O.A., Besmuko B.E. [u ap.| [lpubimxkenne nepuo-
JnaecKnxX (GyHKIUH BBICOKOH TUIAKOCTH MHOIUX IIEPEMEHHBIX HMPSIMOYTOJIb-
abiMu cymmamu @ypoe / Tpyibt Ua-Ta MpuK/IaHON MATEMATHKI 1 MEXAH-
ku HAH Ykpaunbr. — 2008. — T. 16. — C. 163 —170.

Pykacos B.I., Hosukos O.A., Posenckas O.I'. IIpubinkenune mepuomde-
CKUX (PYHKIUN ABYX MEPEMEHHBIX C BHICOKO IVIaIKOCTHIO MIPSIMOYTOJIbHBIMI
cymmamu Basute ITyccena // Teopist nabimzkertst pyHKII Ta CyMixKHI MrTa-
HHs : 30. npanpb Ia-Ty maremarukn HAH Vkpaian. — 2008. — T. 5, Ne 1. —
C. 286 —296.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Pykacos B.I., Hoeukos O.A., Posetrckast O.I". [u np.| [Tpubmkenne nepu-
OJIMIeCKIX (DYHKIUI MHOTHMX IMEPEMEHHDBIX C BBHICOKO TJIAJKOCTHIO TPAMOY-
rosibabiMu cyMmanmu Basute Ilyccena / Bicauk Onecbkoro Hair. yu-Ty. Matewm.
i mex. — 2008. — T. 13, Bum. 18. — C. 87-96.

Posenckas O.I'., HoBukos O.A. Ilpubimxenne nnarerpasos Ilyaccona to-
BropabiMi cymMmamu Bajute Ilyccena / Heminiitni konmamust. — 2010. —
T. 13, Ne 1. — C. 96 — 99. (Translated to Rovenska O.G., Novikov O.A.
Approximation of Poisson integrals by repeated de la Vallee Poussin sums /
Nonlinear Oscillations. — 2010. — Vol. 13, Ne 1. — P. 108-111.)

Hosukos O.A., lynuk T.B. NaTerpanbhubie mpejcTaBieHns yKJIOHEHUN 110-
BTOpHBIX cyMM Bajure Ilycena ma kacax anaauntudeckux dpyukinit / 36ip-
HUK HAyKOBHUX Ipallb ¢iznko-maremarndnoro gakyasrery CHITY. 2010. —
surt. 0(1). — C. 15-24.

Hosukos O.A., Posenckast O.I'. I[Ipubsiuzkenue repuopndeckux QyHKIU
BBICOKOIT TJIAIKOCTH MIPSIMOYTOJTBHBIMI JITHEHHBIME MeTojaMu / Komibrorep-
Hble HcciegoBanns u mojenuposanne. — 2011, — T. 3, Ne 3. — C. 255-264.
Besmnuko B.E., Hosukos O.A., Posenckast O.I". [u jp.| [Tpubzkenne anau-
Traecknx byHKIi moBropubiMu cymmamu Basie [Tyccena / Tpynsr UTIMM
HAH Vkpannsr. — 2011. — T. 22. — C. 33-42.

Hosukos O.A., Posenckast O.1"., [llynuk T.B. [Ipuban:kenne nnrerpasos [1y-
accoHa 1 -TOBTOpHBIMU cyMMamu Basure Ilyccena / 30ipHuK HayKOBUX ITpalib
disuko-maremaruunoro dakyasrery CAITY. — 2011. — Bun.1. — C. 17-25.
Hosukos O.A., Posenckas O.I'., Obyxo A.H. CrexrpaibHblii aHaIN3 1epu-
onndeckoro curaasia /| Haykosuit Bicnuk Jlon6achKol jiepKaBHOI MAITMHOOY-
aiBHOT akagemii. — 2011. — Ne 2 (8E). — C. 119-124.

Novikov O.0., Rovenska O.G. Approximation of analytic functions by
rrepeated de la Vallee Poussin sums / Contemporary problems of mathemati-
cs, mechanics and computing sciences. — Kharkov. — 2011. — P. 295-301.
Hogikos O.0., Posencoka O.I'. Habymkenus nepiognaaux pyHKIINH MTPSMO-
KyTHUMI JiHiftanMr metogamn: Kpamaropesk @ JIJIMA, 2012. — 300 c.
Posenckas O.I'., HoBuko O.A. IIpubnuzkenue rnepuomndeckux QyHKIU
BBICOKOIT TJIaJIKOCTH IPSMOYTOJIbHBIME JINHEHBIMU cpeiHuME PsijioB Pypbe /
Komibiorepablie ucciejoBanust u mojeauposanne. — 2012, — T. 4, Ne 3. —
C. 521-529.

Hosuko O.A., Posenckass O.I'., [lysuxk T.B. Ilpubiuxenune rmepuomde-
CKUX (DYHKIUI MHOTUX [IEPEMEHHBIX [PSIMOYTOIBHBIMI MeTojiaMu | 301pHUK

HAyKOBHUX IIpallb (disuko-maremarudnoro gakysabrery CJIITY. — 2012. —
Buil. 2. — C. 14-22.

Bumyck N9, 2019 9



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

10

Kany6osckuit A.A., Hosukos O.A., Posenckasg O.I'. [u ap.| [Ipubmmkenne
naTerpasion Ilyaccona r-nosropabivu cymmanmu Basute Ilyccena / 36ipauk
HayKOBUX IIpallb (izuko-maremarudnoro gaxyiaprery CHITY. — 2012, —
Buil. 2. — C. 23-27.

Hogikos O.0., Popencrbka O.I'. HabuzkenHst nepiojgnaanx GyHKIIH BUCOKOT
riaaKocTi npaMokyTHuMI cymamu Pyp’e / Kapnarchki maremariani my06i-
karii. — 2013. — Vol. 5, Ne 1. — C. 111-118.

Hosukos O.A., Posenckas O.I'., Hlymuk T.B. [u ap.| [Ipegcrasienue mosrop-
Hux Meroj10B Basie Ilyccena B Bujie A\-meTos10B / 36ipHUK HAYKOBUX TIPAIh
disuko-maremarudnoro gakyabrery CHITY. — 2013. — Bumn. 3. — C. 13-16.
Hosukos O.A., Kongpammua ['M., Boasbar W.A. [u ap.| [Ipubmmkenue
epHoInIecKnX (DYHKINI MHOIUX TepeMeHHbIX /| 30IpHUK HAYKOBHUX IIpAIlh
dizuko-maremaruanoro dakyapbrery CAITY. — 2013. — Bum. 3. — C. 17-26.
Bogpas B.1., Hosukos O.A., [Tpokornuyk A.I. [u ap.| [Ipubinxkenue nepuo-
mrdecknx ¢yukiuii cymmamn @apapa u Qeitepa / 36ipHIK HAYKOBUX MPAIH
disuko-maremarnunoro gakyaprery CAITY. — 2013. — Bum. 3. — C. 27-34.
Hosukos O.A., Posenckass O.I'. [Ipubnuzkenne repuomndeckux QyHKIU
BBICOKOI IVIQJIKOCTH TPSIMOyToJIbHBIME cyMMamu Pypbe / Hayumnbie Bejomo-
ctn benropojickoro rocymapersennoro yuusepcuntera. Cepust: MaremaTnka.
Dusuka. — 2013. — Ne 5 (148). — C. 88-97.

Hosukos O.A., Posenckast O.I". ITpubmmkenne KiaccoB nnrerpaJjos [lyac-
coHa r-noBropHbiMu cymmamu Basie [lyccena / Becrruk Opecckoro na-
nuoHasbHOTO yHUBepcnTera. Mat. u mex. — 2014, — T. 19, Bomm. 3 (23). —
C. 14-26.

Hogikos O.0., Posencoka O.I'., Boponnosa FO.M. |ra in.| Habimxkenns kia-
ciB inrerpasis [lyaccona oneparopamu Dejiepa / 36ipHUK HAYKOBHUX TIPAIlh
disnko-maremarnanoro gakysabrery IIITY. — 2014. — Bun. 4. — C. 17-21.
Hosgikos O.0., Posenceka O.I'., Huranox A.A. |ra in.| CuissigHormenms st
eJIEMEHTIB IT1JICyMOBYIOUIX MATPHIIL MOTPiitHuX orneparopis Baswte Ilyccena /
30ipHUK HayKoBUX Ipallb (bizuko- MaremarudHoro dakyibrery JIIITY. —
2014. — Bum. 4. — C. 22-27.

Hosukos O.A., Posenckasi O.I'. [Ipubsmkenne KiraccoB naTerpasion [lyacco-
Ha cymmamu Deiiepa /| KomibloTepHble nccie0BaHus U MOJETMPOBAHIe. —
2015. — T. 7, Ne 4. — C. 813-819.

Hosukos O.A., Posenckast O.I'. ITpubmmkenne KiaccoB nnrerpaJjos [lyac-
cona nosropubiMu cymmamu Peitepa / Tpyast UTIMM HAH Vkpanubr. —
2015. — T. 29. — C. 78-86.

Hogikos O.0., Posencka O.I"., Habanosa €.0. [ra in.| Sagaua Koavmoroposa-

36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Ilan’sari Osera OgsrekcanapoBuda HoBikoBa

41.

42.

43.

44.

45.

46.

A7.

48.

49.

0.

ol.

Hikonbebkoro g moasiiinux omneparopiB Defiepa Ha Kigacax IHTerpaJis
[Tyaccona / 30ipHUK HAYKOBHUX Mpallb (Bi3UKO-MATEMATHIHOTO (haKyTbTETy
JUIITY. — 2015. — Bumn. 5. — C. 15-19.

Hosikos O.0., Hlymsaxina A.B., Jlinkiza B.FO. |ra in.| Acumnroruani dhop-
MyJIH JIJIsT BiJIXuJieHb TojBiitHnX oreparopis @eitepa / 30IipHUK HAyKOBHX
npaip disuko-maremarudnoro daxynabrery JIIITY. — 2015, — Bum. 5. —
C. 23-25.

Hosikos O.0., Osciit €.10., anosaios M.C. [ra in.| Hlomo nabmkenns
HECKIHIEHHNX MATPUIlb / 30IpHUK HAYKOBUX MPaIlb (DI3HKO-MaTEMATHIHOTO
dakynbrery JIITY. — 2015, — Bumn. 5. — C. 27-29.

Popenckast O.I'., HoBukop O.A. Amnmnpokcumariusi Iepuonieckoro Curtajia
aBTOMATHIeCKOil peryaupyemoii cucrembl / Haykosuit Bicauk JlorbGacbkol
JepzkaBHOT MarmnHOOyIiBHOT akajemii. — 2016. — Ne 1 (19E). — C. 96-102.
Pogenckasi O.I'., HoBuxko O.0O [Ipub/inzkenne aHaJIuTUIECKUX ITEPUOJIITTE-
ckux GyHKIuit uHeiiHbIMU cpeauMu psiioB Pypre / Yebbimesckuit ¢6. —
2016. — T. 17, Bemm. 2. — C. 170-183.

Hogikos O. O., Posencoka O. I'., Kozauenko FO. O. [ra in.| Excrpemasn-
Ha 3aJa4a Jjisi noTpiitaux oneparopis Meiiepa /| 36IpHUK HAYKOBUX PAIlb
disuko-maremarninoro gakyabrery JIIITY. — 2016. — Bun. 6. — C. 13-17.
Hogikos O. O., Creonkin A.B., Boaux C.B. [ra in.| Habmmkenns: morpiii-
aumMu cymamu Defiepa / 30IpHUK HAYKOBUX Ipallb (DI3HKO-MATEMATHIHOTO
dakynavrery Y. — 2016. — Bum. 6. — C. 22-25.

Novikov O., Rovenska O. Approximation of Classes of Poisson Integrals by
Repeated Fejer Sums / Lobachevskii Journal of Mathematics. — 2017. —
Vol. 38, Ne 3. — P. 502-5009.

Hogikos O.0., Poencbka O.I'. Habymmkennst KiaciB OyHKIINH BICOKOI IJ1a/I-
kocTi mpsimokyTHUME cyMamu @eitepa /| Tpyast UTIMM HAH Vkpantbr., —
2016. — T. 30. — C. 92-99.

Hosikos O.0., Posencoka O.I'., Kagyboscokuit O.A. [ra in.] Binomiambmi
KOeDIIIEHTH B eKCTpeMaIbHIX 3aj1adax Teopil Hab mykeHHst hyHKIi / 36ip-
HUK HAYKOBUX IIpallb pizuko-maremMaTudnoro gpakyaprery JIAITY. — 2017, —
Bui. 7. — C. 7-23.

Hosikos O.0., Posencbka O.I'., Kozauenko FO.O. [ra in.| Excrpemasbha
3ajiada JiUid 1o Biiitnmx onepatopis Basute Ilyccena ma kjaci aHaTITHIHAX
dbyukmiit / 30ipHIK HAYKOBHUX TpAaIlh (DI3HKO-MATEMATHIHOTO (haKyIbTETy
JUIITY. — 2017. — Bun. 7. — C. 29-34.

Novikov O. O., Rovenska O. G. Approximation of periodic analytic functions
by Fejer sums / Matematchni Studii. — 2017. — Vol. 47, Ne 2. — P. 196-201.

Bumyck N9, 2019 11



52.

53.

o4.

95.

6.

57.

12

Hogsikos O.0., Posencbka O.I'. Habim:keHHsl aHAJITUIHUX HEPIOITIHUX
dbyukmiit mopropuumu cymamu Bagute Ilyccena / BykoBuncbkuit maremar-
gauit xKypuaja. — 2017. — T. 5, Ne 3-4. — C. 137-143.

Hosukos O.A., Posenckas O.I'., Kozauenko FO.B. [Ipubamkenne narerpaion
[Tyaccona smueitabivMur Metojgamu / [pamni [HcTuTyTy npuk/iagHol MaTeMaTy-
ku i mexaniku HAH Vkpainn. — 2017. — T. 31. — C. 92-108.

Hosikos 0.0., Posencoka O.I., Kozawsenko 10.0. [ra in.| Ominka 3mu-
3y T'OJIOBHOI'O YjeHa aCUMIITOTHYHOI PIBHOCTI BiAXmjaeHL omneparopiB PDeiie-
pa Ha kiaci inrerpasis Ilyaccoma / 30ipHUK HAyKOBHX Ipallb (Di3nKo-
maremarudHoro dakyasrery JIIITY. — 2018, — Bumn. 8. — C. 8-11.

Bogpa B.1., Hosikos O.0., Kozauenko }0.0. [ra in.| / Ilosexinka rososuo-
ro WjeHa acCUMIITOTHYHOI PIBHOCTI BijaxuieHb oneparopis Peitepa / 36ipHUK
HAyKOBUX IIpallb (iznko-maremarudnoro gakyabrery JIJITY. — 2018, —
ui. 8. — C. 12-21.

Novikov, O., Rovenska, O., Kozachenko, Y. Approximation of classes of
Poisson integrals by Fejer sums / Visnyk of V. N. Karazin Kharkiv Nati-
onal University. Ser. Mathematics, Applied Mathematics and Mechanics. —
2018. — Vol. 87. — P. 4-12.

Hosukos O.A., Posenckass O.I'. lnrerpaibuble mpeacTaBaeHnsT YKIOHEHN
HPSIMOYTOJIbHBIX JIMHEHHBIX cpeJHux psijoB Pypbe Ha Kjaccax Iepuo/in-
qecknx jguddepentupyembix yuknuit / [Mpani IIIMM HAH VYkpaian., —
2018. — T. 32. — C. 78-89.

36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



MATEMATUKA

VK 517.5
PoBencbka O.T.

KaHuJaT (Pi3HKO-MaTeMaTHIHIX HAYK, JAONEHT Kadeapu Buinol marematuku JIoHOACBKOI jep>kaBHOT

MAaITHHOOY/IIBHOI aKageMil

e-mail: rovenskaya.olga.math@gmail.com

HABJIMXKEHHYI AHAJITNYHUX ®VHKIIN CYMAMU
OENEPA

Posriisanyro nurannsa nadymkennd cymamu Peiiepa KiraciB aHATITUIHUX TEPIOJIMTIHIX (DYHKITIii
ojuiel 3minHol. OTpUMaHO ACUMITOTHIHY (DOPMYIY JIJIsT TOTHUX BEPXHIX MEXK BIJIXUJICHDH CYyM
Qeiiepa HA Kjacax MepioauIHuX (DYHKIIIH, 0 JI03BOJIAIOTH PEryJisipHe MOJIOBXKeHHs y (iKkco-
BaHy CMYTY KOMILJIEKCHOI ILJIONTUHU.

KarouoBi caoBa: cymu Detiepa, anarimuiuna GyHKULA, aCuUMNMOMuHa Gopmyra.

Beryn

Hexait S, (f;x) — gacrkosi cymu psaiay @yp’e byukuii f(x) € Lo, p € N.
Cymn Base Ilyccena dyukiil f(x) 3a1ai0Thesi CIIiBBITHONIEHHIMEI

7pfx ZSk‘fa

knp

Hacrununm Bunajikom nosinomis V,, ,(f;x) e cymu Qeitepa

1 n—1
) = EZSk(f;l’)-
k=0

Hominomu V,,,(f;2) 1 0,(f;2) npencraBisiorbes y BUrsil jiHifiHux cepe-
nuix pagis Pyp’e, SKi TOPOJKYIOTHCS HECKIHICHHIMI TPUKYTHUMU MATPHIAME

aucen A= |[ANY)], k, n=0,1,...

n—1
Un(f;2;A) = % + Z )\,(Cn)(ak cos kx + by, sin k).
k=1
Hexait (k) — dikcoBana nociinosnicts 1 f — dikcoBane Jificae IuCIIO.

Muoxuna dyukiiit f(x) € Cor, 1JIsT IKUX PsIJL
Z (k) (ay, cos (kz + 6—;) + b sin (kz + 6—;))

13



MaTremaruka

€ psigoM Dyp’e Jesakol cyMoBHOI DyHKIIT fg’(x) , IO3HAYAETHLCS Yepes C’g’. Slkmo
fe Cg’ i fg}(a:) e SY,, Tobro

[ it =0, essuplfio] < 1t ominl

TO MHOKMHA INX (PYHKII M03HAYAETHCA Cwoo
[Tosnasmmo 1epes D, mmoxknny nocaiiosnocreit ¢ (k), k € N, s axnx

lim —w(k +1) =
k—o0 ’gb(k)

3a 11X YMOB MHOXKHHU C’woo
JIO3BOJIAIOTH TI0JI0BKeHHs1 110 GyHKuiit F(z) = F(z 4 iy), peryaspHux y cMmysi
[Im z| <In %.

OpHuM i3 NpUKJIaIIB TakKux KjaciB (QyHKINH € Kjacu HelepepBHUX 27 -

€ (0;1).

CKJIAJAIOTHCS 3 27 -TIePIoInIHNX PYHKITIH, 1110

nepiojuaaux GyHKiiil f(z), sKi MOXKHA MOJATH Y BULJISI

fz) = Ao+ % / fg’(x + ) Pi(t)dt,

Je

:qucos(k:tnL%r), g€ (0;1), BeR
k=1

— sypo Ilyaccona. B nbomy Bumajxy xiacu Cw,oo M03HAYAIOTHCS C’q’oo 1 Ha3u-
BalOThCs KJacaMmu iHrerpaJis Ilyaccona.

Y 1946 pori C.M. Hixombebkmit [1] (Takoxk [2|) mokaszas, 1Mo jyis TOTHHX
BEPXHIX MeK BIJIXWJIEHb 9acTKOBUX cyM Pyp’e Ha Kjacax C;oo , Ma€ Miclie

E(CY i Sn) = sup ||f(z) — Sy = / +Ol£.
(ChaiS = sp 1) =Sl =5 [ B s 00

Anajtoriamy 3a1ady JIJTst TOYHIX BEPXHIX MK BiaxuaeHb cym Pyp’e Ha Kiracax
C’g ., Do3B’s13aH0 y pobori [3]

E(CY i Sn) = sup ||f(x) = Su(f;2)lle =
fecy .

:mn)(%mq)w(l)( 1, & )2>>,

™ n(l—q) (1—gq
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Posencrka O.T Habnmxennas aHaiTHIHIX (DYHKIIIH

e
Y(k+1)

b(k)

O(1) — BenmuuHa, piBHOMIpHO 0oOMexkeHa 1Moo n, ¢, B 1 Y(k).

£, = SUp
k>n

—q

Y

[IuTannst HAOIMKEHHST KJIACIB aHAJITUIHUX (DYHKIIIH, 30KpeMa, KJaciB iHTe-
rpaJiiB [lyaccona iHmmMu JIHITHIMI METOJIAME BUBYAJNCS y Oararbox podoTax

[4-11].

OcHOBHA 4YaCTHUHA

Y pobOTi PO3IIISIAETHCS aCUMIITOTUYHA, TIOBEIIHKA IIPU N — 0O BEJUYNH

E(CYion) = sup ||f(x) = oun(f;2)lle,
fecy

10 € TOUHUMU BEPXHIMU MexkaMu BiaxuieHb cym Deiiepa Ha Kjiacax aHaITHIHIX
nepiouaHnX yHKI Cgoo , ¥(k) € Dy, g€ (0;1).

Teopema 1. Hexati (k) € Dy, q € (0;2 — /3], ¥(k) > 0. Todi npu n — 0o
MAE MICUE ACUMNIMOMUNHA POPMIYAG

4 n
v o q q
E(Choo; On) = —ﬂn(l ) + O(1) (— -+ 50),

de O(1) — seauwumna, pisHomipno oomesicena wodo n, Y(k) .

Hosenenns.  Saznaunmo, mo Vf(z) € CY, v koxKHiit Touni x € R mae micue

—_

3

on(f;2) == f(x) —on(fi2) = f(z) — Se(fix) =

0

S|
il

_ %/f;f(:c )3 (1= AV (k) cos(kt + é—”)dt.
7 =

0

BukonaeMo ejieMeHTapHi epeTBOPEHHS

wifio) = %/fg(x +t) i(l — A)g" cos(t + %T)dt—l—
gt k=0
+% / fg)(x +1) ;(1 - )‘Ecn))[lb(k) — ¢*] cos(kt + %)dt —
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_ %/fg”(:cht)Z(l — M)t cos(kt + %W)dwr %/fg(aﬂrt)r(t)dt,

k=0
hi(e
(e Bt — (@ ok pr
) = (: 5:1) = 30(1 = M) w(k) — o] cos(ht + ).
k=0
Posrusnemo sestmanny 7 () . Ockinbkn

1 ¢(m+l) - (q+€m)_Q7
e
C = sup pk+1) ‘
" k>m lb(]f) 7

Ta ymoBy 0 < 1 — )\,(C") < 1, maemo

o0
1 1
<D llg+e=)t = - = =

k=0
[Tosraummo W
1
R(ffia) = [ i+ oo
Mae micrie -
¥, _ 0
||R(f5 ) SU)HC - 0(1) (1 . q)g'

Hexait naui Jg}(go) — yHKILida, 11 GKOI (Jg}(gp))% =, p€E 524. YV BUIAJIKY
(k) = C]k, q € (0;1) mosHaunmo J¢(<p) = Jg(gp)' Toui Vf € Cw) rcR

(Jq fﬁ /fﬁ (x+1) kz:% q cos(kt—i—%)dt
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Posencrka O.T Habnmxennas aHaiTHIHIX (DYHKIIIH

Maemo
0u(f; ) = 6u(JA(f2); ) + R(f; ).

BukopucroBytodan MipkyBaHHs poboTH |3] MoxKHa nokazaru, mo jqia f € C w’oo

Mag MicIie
€0

BpaxoByioan, 1110

su}b) H(Sn(Jg(fg)), e = sup |\5n(J5(90); e,

fecgﬁoo ‘PES%
OTPUMYEMO
E(CY on) =E(CY_0,) +O0(1)—2
57007 n 5’007 n (1_q)27
e
E(CF i 0n) = sup 16,(f;2)c-
fecs

V Bunagky =01 g € (0;2—+/3] mis Beamunmnn E(CF ;i on) B poborTi [12]
(Takox [13]) orpuMaHo acCUMITOTHYHY PIBHICTD
n

4
T_+om)L,

¢ .\ _
E(Cocion) = (1l + ¢?) n

0,007
e O(1) — BesmamHa, piIBHOMIPHO 0OMEYKeHA MO0 7.
[Toenytoun ocraHHi JiBa CIIIBBLIHONIEHHS, OTPUMAEMO TBEP/IZKEHHST TEOPEMU.

BucuooBkn

st Toro, 1mo0 ojeprKaHe CIIBBIJHOIIEHHA OYyJI0 aCUMIITOTUYHO TOYHUM,
OKpIM HaBeJeHNX Yy TeOpeMi, MaloTh BUKOHYBATUCS IOJATKOBI YMOBU JJIsI Hapa-
metpy ¥ (k), k € N, mo BusHadae Kjac.
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Approximation of analytic functions by Fejer sums

In the paper is studied the approximative properties of Fejer sums on the
classes of periodic functions that can be regularly extended into the corresponding
strip of the complex plane. Under certain conditions, we obtained asymptotic
formulas for upper bounds of deviations in the uniform metric of Fejer sums on
classes of analytic functions. The obtained formulas provide a solution of the
corresponding Kolmogorov-Nikolsky problem with additional conditions.

Keywords: Fejer sums, analytic function, asymptotic formula.
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JIIBI TA TIPABI IJIEAJI HAIIIBI'PYIIU EHIOMOP®I3MIB
BIJILHOI I'PYIIN

B crarTi onmcyroTbes 1Bl Ta mnpasi ijeasn HAmBrpynu esaoMopdi3zMiB BiIbHOI Ipymnu i Ha X
OCHOBI — TOJIOBHUI KBa3ii/leay HAIBIPyIH eHI0MOPMI3MiB BIJILHOI IpyIIn.

Kuro4yoBi ciioBa: esiavHa 2pyna, 4161 ideaiu HANIG2PYN, NPasi 10eaiu Hanieepyn, Keaaii-
deanu HaniB2pyYn

Beryn

HocaiizKeHHsT HAIBrpyu eHaoMopdi3m Oy 1b-sKOol aaredpaiiHol CUCTEeMHU 3aB-
JKJIM CTAHOBUTH 3HAYHNI iHTepec. [ledKi BIacTUBOCTI aaredpaldHol cucTeMu 3Ha-
XOJIATH CBOE BiJIOOpaKeHHs y BJIACTUBOCTAX HAIIIBIPYIN €HI0MOP]I3M ITi€l cucTe-
Mmu. Halibinbimmit iHTepec mpejacTaBiise BUIAJI0K, KOJIU HAIIBIPYIa eHI0MOPdIi3M
BU3HAYAE CTPYKTYPY BUXIJIHOI ajredpaldHol cucTeMu, TOOTO XapakTepusye 11 3
TOYHICTIO /10 i3oMOpdizMy. OJHUM 3 HEPIIUX PE3YJIbTATIB TAKOI'O POy OTpUMa~
auit JI.M. Tinyckinum. B pobori [1] BiH mokasaB, 110 BiJHOIIEHHST KBA3IMOPSIIKY
XapaKTepU3YEThCsl HAIIBIPYIIOID €HJIOMOPGI3M 3 TOUYHICTIO JI0 i30MOpdizmy abo
anTuizomMopdizmy. s BU3HaUeHHS CTPYKTYPU HAIBIPyHu OyJIeMO BUKOPHUCTO-
BYBaTH JIIBl Ta IIpaBl 1Jleajii HAIIIBI'PYIIN.

OcHoBHA YacTUHA
1. HaBejiemo omuc JiiBuX ijieasiiB HAIIBIPYNN eHJI0MOP(I3MIB BlILHOI IpyIn
F' cximgennoro panry ado 3/1iUeHOro paHr'y B TepMiHax BepOaJbHUX MiaArpy. s
JIOBLJIBHOI TIOC/IIJIOBHOCTI CJIIB W1, Wa, . .., W, € F npsMmuii 100yToK BepdaIbHIX
HACPYII
wi(F) x wa(F) x ... x wy(F) (1)
rpynu F MicTUTBH TAHAINIBIPYIY, SKa CKJIAJAETHCA 3 'y3ro/izKeHuX'" eJIeMeHTIB,
TOOTO HAOOPIB BUIJISI LY

(w1(g1, 92, --.),w2(g1,92, - .)s -, wk(g1, g, --.)) (2)

Oznavenns 1. [liduanisepyny npamozo dobymry (1), axa ckaadaemves 3 y3eo-
dicenux eaemenmic suzaady (2) nazusamumemo ysz2o00ocenum nionpamum 0o-
bymxom eepbasvrux nidepyn epynu F' .
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Teopema 1. Jlosiavruz 20a06HUt At6ull 10ean Haniéepynu eHOOMOPPIZMIE 6LAb-
Hoi' epynu F 3a1uernozo abo ckinvwennozo paney idomopdruli ax naniezpyna de-
AKOMY Y3200HCEHOMY NIONPAMOMY D0OYMKY SEPOANOHUL NI02PYN ULET 2PYNU.

I oBe nenn g Hexait I} = YO jeakuii siBuii izeas wHaris-
rpynu Y. = EndF'. EnmomopdisMm «a, MOXKHA OJHOZHAYHO 3aJaTH HAOOPOM
[a] =< wi(g1,---,9n), wo(G1s- -, Gn); - Walgrs- -, gn) >. Byub-sikuii ejement

JIiBOTO imeasy [I; mMae BUTISII:

< wl(gl7 SR ,gn),U)Q(gl, SR 7971)7 cee 7wn(gla R 7971) >,

e (91,92, ..., 9n) JMOBLIBHUI KOPTEXK HaJ TPyIO0 F .
Hexait v(xqy,....,x — JlessKe HEe3BlJIHEe CJOBO 3 BUJIbHOI I'PYIHN 3Jl19eH-
) ) n
HOTO paHry, F — BiJbHa TI'pyla CKIHYEHHOro abo 3JIiYeHHOro panry. Bep-

basbHa migrpyna v(F) cKIamaeTbes 3 HANMOMKJIMBINIMX CYNEPHO3UIHH BHILY
(91,92, -+, 9n)s 91,92, --->Gn € F.

[Tpu posibaoMy @, 1 < i < n MHOXKUHA Wi(G1,---,n) s G1,92, - 9n € F
opo/Kye BepbaibHy miarpyny w;(F') . Takum ausoM jicTaemMo mpsiMuii 1006y TOK
wi(F) X wo(F) X ... X wy(F) Bepbanbuux miarpyn wi(F), wa(F),. .., w,(F).
3a 1100y 10B00, KOYKEH 3 KOPTEXKIB, 1110 3aBJIAI0Th aBTOMOPMI3ZMU, € Y3I0/IZKEeHUM.
A Tomy HabIp TAKHX KOPTEXKIB 30Ira€ThbCs 3 y3TOMZKEHNM IAIPAMEIM 100y TKOM
Bepbasbaux miarpyn wy(F), we(F),. .., w,(F) i reopemy nosemeno. [

Takum gmHOM, B HaIIBrpym End F BUALIAIOTHCA JIiBI ij1easin, SKi IOPOIKY-
FOTHCs, HAITPUKJIA, BepOATBLHUMIE TirPyIaMU 3 TPUKJIAJIB a)-T) B IIOMepPeTHBOMY
naparpadi.

2. Hexait F(X) — BisbHa rpyna Haj 3aidennM andasitom X = {xy, Ta, ...},
Y = EndF(X) — wnanisrpyna enjgomopdismis rpyru F(X). Cumsosom Q)
MO3HAYNMO BiTHOIICHHS TPaBOl MOJALILHOCTI Ha HAIBIPYH X: Ui o, 1) € X
criBBinHOMEHHST (@, 1) € () Mae Micte Toxl it JmINe TOAl, KON ) = 0@ s
nesikoro o € Y. lle Bignomenust piasg F(X) mMoxke OyTH OXapakTepH30BAHO B
TepMiHax 1X 300parkeHb.

Jlema 1. /s dosinvhux ¢, € X cnigsidnowenns (@, ¢) € Q mae micue modi
G auwe modi, koau Im Y < Im .

JLosemenn s fkmo s ergomopdismis p, ¢ € 3 mae micte (@, 1) € Q
ivelmiy, 0y =o0p, v=up s geskux o € 3, u € F(X). 3pigkn
mictaemo v = (uo)p € I'm @, Tobro Im ¥ < Im ¢.

Hasmaku, sikio, I'm ¢ < Im @, TO JJjisd KOXKHOTO ejemMeHTa x € X 3Ha-
finerbest eement t, € F(X) rakwit, mo v = t,p. [losnauusim cuMBoioM o
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erngiomopdism rpymu F(X) | sikuit BusHaIaeThCsT BiTOOpaYKeHHSIM
o(x) =t,, € X,

OTPUMYEMO, {AK JIETKO MMepecBiunTuch, 9 = op. [

Hexait Sp = Sub F(X) — pemiitka Bcix migarpyn Bigbuol rpymu F(X) . Tlig-
MHOKIHY 0 C Sp Ha3BeMO ClaJKoBOIO, SIKINO st Bcix H € M, U € Sp i3
U < H Bumubae, mo U € M. PouuHy BCiX CHagKOBUX MHOXKHH 3 Sp II03HA-
qumo cumBojiom £(Sy). Besnocepenibo nepesipsierbes, mo £(Sp) € perriTKomo
BIJITHOCHO TEOPETUKO-MHOXKIUHHUX Ollepalliil 00'e1HaHHS Ta IepPeTHHY.

Hexait, mami, Lat;>. — pemniTka BCIX JBHX iJeajiB  HaIiBIPyIn
Y = End F(X). Busnaunmo BijobparkenHs

s: Lat;> — SF
[IOKJIABIIN JIJIsl JTOBlIbHOrO A € Y
s(N)={Imo|oeleX} (3)

Jlema 2. /Jlasa dosinvrozo aieozo ideany N € 3y tozo obpasz s(A\) e cnadkosoro
MHOHCUHOIO.

N oBepgenus Hexat H € s(A) uw U < H, U € Sp. Toxui
H=1Imo, U= Imn nia geskux o € A, n € % (icHyBaHHS 7) BUILINBAE
3 TOro, MO CHCTEMa BLILHUX TBIPHUX JOBLIBHOI MigArpynu 3 Sp He OLIbI, HiXK
snivena). 3 U < H 3a jiemoro 1.1 BUILIUBAE, 10 1) = T0 JJisl IeAKOTO T € X i,
takuM qnaoM 1) € A. 3eigkn U € s(A). O

3 semn 1 orpumyemo, mo s(A) € £(Sp) 3a moBiibHoro A € ¥;, T06TO
Ims C £(SF). Binbime Toro, mae micre

Jlema 3. Bidobpasicerna
s : Lat)(X) — £(Sr),
susHavere pieHicmio (3) € crop’exkmusnum.
JHosenenn s Hexait P € £(Sx). [oknagemo
AMP)={oceX|ImoecP}. (4)

Toni A(P) € Lat)(X). Cupasai, sikio o € A(P), 7 € ¥, 10 3a jieMoro 1 oTpu-
myemo Im 7o < Im o, a e B cuty cuajkosocti P osHaudae mo 70 € A(P).
Hesaxkko nepecsipunruce, mo s(A(P)) =P. O

Bumyck N9, 2019 21



MaTremaruka

3 JileMn 3 BUILIMBAE, IO BiJ0OparKeHH
A ,S(S]:) — Lat;X

3aJjiaHe piBHiCTIO (4) € 0bepHEeHUM JI0 S, TOOTO AS — TOTOYKHE MMEePEeTBOPEHHS Ha
F(Sr) . HeBazkko niepeBiputi, mo S\ TOTOKHBO Ha Lat;> . Takum 9uHOM, MaEMO
TaKe TBEPIKeHHSI

Jlema 4. Bidobpastcerma
s : Lat;> — S(SF),

wWo euanavene ymosoro (3) biekmusHe.

BinobOparkeHHs1 § BU3HAYAIOUYU B3aEMHO OJHO3HAYHY BiAIOBIIHICTL MiXK eJie-
menTamu perritok Lat;Y ta £(Sg), 36epirae i BianoBigui omeparii B permiTKax.
Tobto, Mae Mmicre

Jlema 5. /Jlas eciz Ay, Ay € Lat;> suxonyromves cnissidHoueHma:
S(Al M Ag) = S(Al) N S(Ag),
S(Al U Ag) = S(Al) U S(Ag) (4)

I oBegennsa Hexah o € A N Ay, ne Ai,A\s € Lat;2. 3a
o3HaueHnsM Bigobpakenis s orpumyemo Im o € s(Aj) N s(A2). 3Bigkn
s(A1 N Ag) C s(A1) N s(Ay). dxmmo, obepreno, H € s(A1) N s(As), 1o 3Ha-
itnyteest 01 € ANy, 09 € Ay, mna gaxkux H = Im oy = Im o9. Ane Tomi
01 = Ti09 € No, 09 = o1 € Ay, 3BiKH 01,09 € A; N Ay 1, TakuM 9MHOM,
s(A1) Ns(Ag) C s(A1NAg).

AHaJIOriYHO JOBOIUTHCS APYTre CIIBBIIHOIIEHH. []

BpaxoByroun BCcTaHOBJIEH] JIeMH, MOXKHA TeIep JOBECTH TaKe TBEeP/IZKEHHSI

Teopema 2. Pewimxa Lat;> aieux ideanie nanisepynu ¥ enoomMopdhidmie 6iab-
noi epynu F(X) 3uucaennozo paney izomoppna pewimuyi £(Sp) ycix cnadkosux
mroorcun nidepyn epynu F(X) .

T oBeenH s 3a1amMo BijlobparKeHHs
s : Lat;> — £(Sp)

pisicTio (3). 3a jgemoro 4 Bimobpakenusi s € GIEKTHBHEM. 3a JIEMOIO 5 BOHO
y3rojzkene 3 migmu N i U, mo BusHadeni B permitkax Lat;X 1 £(Sp). Orxke 1e
izomopdiszm permritox. [
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Hexait Tenep [, — BlibHa rpyna panry n, Sp — MHOXKHHA BCIX HiArpyn
rpynu F'| paHT SKUX He mepeBuinye n (3a3HaunMo, 10 Tie € BIacHe MiIMHOKIHA
MHOXKUHU Sp, 00 rpyna F, MicTuTh BiIbHI HiArPyNnu JOBLILHOTO CKiHYEHOIO
Ta 3unciaenoro panris). Cumposom £(S}) mMO3HAUNMO PEIITKY yCiX CIajiKOBIX
MHOKUH miarpyn i3 Sj. Mae miciie Taxke TBep/zKeHHA

Teopema 3. Peuumwxa Lat;X" aieux ideanie wanicepynu X"  endomopdidmie
einvnoi epynu F, paney n isomoppra pewimuyi L(S}E) ycir cnadkosur mno-
orcun nidepyn 3 St .

loBejienHs 1i€l TeopeMu MIJIKOM II0J1i0He JI0 JOBEeJIeHHsSI TeopeMu 2 1 Mu H#oro
He HABOJIMMO.
3. Jlamo Terep meBHY XapaKTepHU3allllo MpaBUX i/1ea iB HABIPYINd ..

Jlema 6. Hexat (wy,ws,...,w,) — dikcosanuti snopadkosanuts Habip He36i-
oHux cai6 3 8invnoi epynu F parey n. Mwuoocuna cynepnosuiil

g(w17w27"'7wn)7 g < F7
3bizaemucesa 3 nidepynoto epynu ', wo nopodorcena eaemenmamu wy, wa, . .., Wy, .
JloBenennsa oueBuHe.

Teopema 4. Ilpasuii idearu nanisepynu End F, axut nopodocenuts endomop-
piamom o =< wi,Wa, ..., W, >, € B30MOPHHUL NPAMOMY CMENEHIO NLD2PYNU
epynu F', axa nopodorcena esemenmamu wy, Wa, . .., Wy, .

Hosegenn s Josiibauit element ifeany (a), Mae 300payKeHHsI BIIODSIJI-
KOBaHUMU HAOOpaMu CJIiB i3 F' BUIJISTY

< gr(wy, .. wy), ga(w, ooy wy),s e G (W, - wy) >, (5)

e gr(wi, ..., wy), g2(wr, ... wy), .oy go(wy, ..., Wwy,) MOXKYTH OyTH OY/Ib-sAKIMIE
eJeMeHTaMi Tpynn [ npudomy He3a exKHO OJIMH BiJl 0JIHOTO. 3BijicH 3a JieMoio 6
JICTAEMO, 110 KOYKHA KOMITOHEeHTa HabOopiB Buty (5) He3aIexKHO BiJl iHIIIX 1pobirae
MiATPyIy, MO TOpPOJiKeHa wi,Ws, ..., W, . Lle i1 o3Havae, MO MHOKHHA TaKUX
HA0OPIB JIJIst Jil CYIIepIIO3UIlil € IPYIIoIo, TKa i30MOopdHA MPIMOMY JTOOYTKY TPYII
< Wi, Way ..., Wy >. [

OckiJIBKI TOJIOBHI KBasiijiea/ € NepeTuHOM BiJIITOBIIHIX JIIBUX 1 IpaBUX I'0-
JIOBHUX i71easiiB, To 3 TeopeM 1 Ta 4 JliCTaEMO TaKy XapaKTepU3allilo T'OJOBHUX
KBa3iijlea1iB HAIIBIPYIIN ..
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Teopema 5. [or061HUl Keasiidean HANIB2PYNU endomophiamie
GIALHOL  epynu  pamey n, axutt  nopodatcenudi endoMopPi3MoMm
a =< w(xy,xe, ..., Tpn), Wa(T1, Ty .y Tp), e Wo(T1, Ty, Ty) >, CKAG-

daeMbCA 3 YCix Y32004CEHUT KOPMENHCL8 8UIY

<wl(glog27"‘7971)7'"7wn(glag27"'7gn >

KOAHCHA KOMNOHEHMA AKUT MICTNUMbCA 6 m’depym’, w,o nopo@wcena ENEMEHTIAMU
W1, W2, ..., Wy .

loBejienns BuiLmmBae 6e31ocepeiHLo 3 TeopeM 1 Ta 4.

Bucaosknu

Bukonanwuil ornmc JiBUX Ta NMpaBUX ijieasIiB HAIIBIPYIN €HIOMOPMI3MIB Bijib-
HOT TPYIIH JIO3BOJIMB BU3HAUNTHU T'OJIOBHUI KBa3ii/lea HAIIBIPYIIN eHJI0MOPQi3MiB
BLJILHOI T'PYIN MOPOJZKEHNI JIOBLIBHUM €HJIOMOPQI3MOM.
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Left and right ideals of the semigroup of endomorphisms of a free
group

The article describes the left and right ideals of the semigroup of endomorphi-
sms of a free group and on their basis the main quasi-ideal semigroup of
endomorphisms of a free group

Keywords: free group, left ideals of semigroups, right ideals of semigroups,
quasi-tdeal semigroups.
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IEPEPAXYBAHHS JIBOKOJILOPOBUX XOPJIOBUX
O-IIATPAM POJIY 1,
9KI MAIOTb TP CIPUX (ABO YOPHUX) INKJIN,
BIIHOCHO If TPYIIN JIEJIPA

s HATYypaJdbHUX N > 5 BCTAHOBJIEHO (DOPMYJH MiIPaXyHKY YHCIa HEEeKBIBAJIEHTHUX 2 -
KOJILOPOBUX XopzoBux O -miarpam (3 n Xopjamu), siKi MalOThb JIMIIe TPU CipuxX (YOpHUX) Ta
(n—4) wopHux (BiANOBIHO CipuX) MUKJIIB BiIHOCHO [T Jieipasbaol rpynu (mopsaiaky 2n ). Kpim
TOTO, JIJIsl HATYPAJbHUX 5 1 6 B dIBHOMY BHIJIs/Il HABEJEHO BCI HEI30MOPQHI Ta HeeKBiBaJEeHTHI
Jiiarpamu i3 3a3HadeHux KJacis, a jgiad 5 < n < 30 — TOYHI 3HAYEHHS YHC/Ia HEI30MOP(MHUX Ta
BiJIMOBITHO HEEKBIBAJICHTHUX TAKUX JIiarpaM.

Kurouosi caoBa: 2 -koavoposa xopdosa O -diazpama 3 n. xopdamu, pod dia2pamis, UuKA
diaepamu, 2pyna diedpa.

Bceryn

Haraaemo, 1110 xopoBoro giarpamoro abo, KOPOTKO, 7 -JiarpaMoio Ha3uBalTh
KOH(DITypallifo Ha TJIOMINHI, 110 CKJIAJIAEThCs 3 KoJIa, 21 TOYOK Ha HBOMY (sIKi €
BEpIIMHAMI TIPABUJIBHOTO 21 -KYTHUKA) Ta 1 XOP/I, IO CHOJIyYal0Th BKa3aHi To-
YKI. XOPJOBI JlarpamMu Ha3UBAIOTh 130MOPHUMHI, AKIIO OJHY MOYKHa OJeprKaTh
3 001 B pe3y/abTaTi moBopoTy. JliarpaMn Ha3sMBaIOTh €KBIBAJCHTHHMH, AKIIO 1X
MOYKHa CyMICTHTH 3a JIOIIOMOI'0OI0 TIOBOPOTY, JI3€pPKaJIbHOIO BIJIOUTTS, abo K IX
KOMITO3UIIII.

[TuranHsIMUT TIepesTiKy TeBHUX KJIACIB XOPIOBUX 1 -miarpam (BiTHOCHO [T IHK-
JIYHOT TPYIH MOPSKY 2n Ta Jiie/ipajbHOl IPYNN MOpsaKy 4n ) 3aiiMaiach mita
nuska Bigomux maremarukin: T.R.S. Walsh, A.B. Lehman, J. Riordan, J. Harer,
D. Zagier. Cepes cyvgacHukis ¢t BuginTu aBropis pobit 6], 2], [7], [4], [1].

Bajia4i 1po miJipaxyHoK 4nc/ia Hei30MOPQHIX Ta HEeKBIBAJEHTHUX N -iarpam
Oynu noBHicTIO po3B’st3ani y 1997-1998 pp. B poborax 6], [4], [2], |7]. Popmysu mis
miIpaxyHKy 4dnc/ia Heisomopduux mianapaux (poay 0 ), ropoinasibaux (poay 1)
n-jiarpam Ta 2m-jaarpaMm MakcuMaJbHOro pojy m Oyio BcranoseHo y 2000 p.
B pobori [2]|. [Ipudomy 3agata mpo miIpaxyHOK Ync/ia HEEKBIBAJCHTHHUX Jiarpam
MaKCHMAaJIbHOrO pojy Oyiia ToBHICTIO po3s’sizana jmiie y 2017 p. B pobori [5].
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Kpim Toro, cjiiji KOHCTATYyBaTH, IO 00EPAHCAHHA ABHUL POPMYA OAA NIOPATYH-
KY HUCAQ HEIBOMOPPHUT (4 MOMY T HeeKBI6ANCHMHUL), 30KPEMa TBOKOJIbOPOBHX,
n-giarpaMm @ikcosarno2o0 pody BUSBUIOCS JIOCUTH CKJIAIHOIO 33Ja9ei0 1 B 3araJib-
HOMY BHIIQJIKY JIO CbOTOJIHI HEPO3E A3AH010 NPOOAEMOIO.

JIis1 TBOKOJIBOPOBUX JliarpaM HaiOlIbIT BATOMUMUI € HACTYIIHI pe3yJibTaTu:

3aJ1a4l [IPO IiJIpaxyHOK 4Kcja HeisoMopgHNX Ta HeeKBiBajeHTHHX O-1 N -
miarpam (BifgmosigHo) moBHicTIO po3B’a3ano B 2010 p. y pobori [10];

dopMyn JiIst MipaxyHKy dncia HeizomopdHUX Ta HeekBiBajgeHTHHX O -
miarpam ( NV -piarpam), siki MAIOTb TOYHO OJUH IHKJI IEBHOTO KOJIBOPY (dOpHUii
abo x cipuit) omepzxkano B 2010 ta 2012 pp. y poborax [11] i [12]| BignosiHo;

dopMyIH 715 TAPaXyHKY YnC/1a Hei30MOPGHUX Ta HeeKBIBAJICHTHUX I1JIaHAD-
mux O-piarpam (3 n xopgamu) 6ysio sBeranossieno y 2000 p. B pobori [1]; npore
MUTAHHA PO y3araJbHeHHs i€l 3a/a4l Ha BUMAJI0K (PIKCOBAHOTO YUCIA YOPHIX
(abo x cipux) MuKIiB OyJI0 MOBHICTIO Po3B’si3ano Jniie y 2014 p. B pobori [13];

3a/1a4a [po MiIpaxyHoK dnc/ia Heizomopduux O -piarpaM MakKcHMaJJIbHOI'O PO-
J1y (3 OJTHUM YOPHUM Ta OJHUM CipuM IUKJI0M ) Oysia po3s’s3ana y 2006 p. B pobori
9], a mpo wmeso HeexkBiBasenTHNX Takux giarpam — Jjmiie y 2015 p. B [14].

Cuij 3a3HaUUTH, 110 HABITH JJIsl KJIACy %le O -niarpam (3 n XopJamiu) poiy
1, ski MatoTh TOo9HO k wopHux (abo x cipux) ta | =n—k—1 cipux (BigmosimHo
YOPHUX) IUKJIB, MUTAHHS TIPO MiIPAXyHOK JHC/Ia HEeKBIBAJIEHTHUX JliarpaM Biji-
HOCHO JI11 IUKJIYHOI Ta JileJIpaJIbHOI I'PYIl B 3araJibHOMY BUIIQ/IKY 3aJIAMIAIOTHCH
BIAKpUTUMU. SBHI hopMy/n [isl MipaxyHKy 4Yuc/Ia Hei3o0MOpGHUX Ta HEeKBi-
BaJIGHTHUX Jllarpam 3 KJacis %252;1 T2 3253;2 (st mouarkoBux [ =1 ra [ = 2)
onepzkano B poborax [15] 1 [16] BigmosinHo.

(%)

Kpim Toro, Hepo3B’sI3HUMHU 3aJIMIIAIOTHCA 1 3aJiadi PO MiJIpaxyHOK YKCIa

HeisoMopdHIX Ta HeeKBiBAJCHTHNX JiarpaM 3 GLIbIIT eMHOro Kiaacy 7!

JIBOKO-
JpopoBHX xXopaosux O-miarpam (3 n xopaamu) pogy 1 (6e3 dikcarii KibKoCT
YOPHHUX Ta/ab0 CipuX IUKIIB).

Hana crarTs € jorianuM npogoBxKennsM pobit [15] i [16] Ta npucsstena Bera-
HOBJIEHHIO (DOPMYJI I IAPAXyHKy YHC/Ia HEi30MOpQHUX Ta HEEeKBIBaJIEHTHHUX
Jiarpam 3 Kjacy 3254;3. A 17 OCHOBHOIO METOI0 — BUKJIaJl OJIEPKAHUX PE3Y/IbTa~
TiB, AHOHCOBAHUX aBTOPOM B poboTi [17].

2. OcHoBHa YacTHHA

B nogasibimomy gepes %Zlg Oy1eMO TIO3HAYATH KJIAC JBOKOJIBLOPOBIX XOPIOBIX
n+1—k—1
2

O-niarpam (3 n xopjaamu) poiay ¢ = , 9Ki MaloTh TOYHO [ cipux

Ta k YOPHUX IUKJIIB.
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Binbin gerajsbHO 3 OCHOBHUMH IOHATTSIMHI Ta HOIEPETHIMHU BIJIOMOCTSIMHI 3

Teopil IepesiiKy JIBOKOJbOPOBUX XOPJIOBUX JlarpaM, MOKHa O3HAOMUTHUCS B PO-
oorax [10], [15], [16].

2.1. YucJio giarpaM 3 kjaacy <, 14 3 Ta IOro XapaKTePUCTUIHI HiJKIacu
Y 1997 p. B pobori [8, C. 4] Brepiie BCTAHOBIEHO PEKYPEHTHI (hOPMYJIH, 3a
JIOIIOMOT'OI0 IKUX € IPUHIINIIOBO MOXKJIUBUM IJIpaxyHOK YHC/Ia jiiarpaM 3 KIacy
%Zlg (2g=n+1—Fk—1).
Kpim toro, jgist mogarkosux g = 0;1;2;3 B [8, C. 89| BcranosiieHo siBHi
opmyin, siki misHime TakoxK Oyau omepzkani Ta yrouneni it B [3, C. 833]. Tak,
HAIPUKJIJL, JJist BUIQJIKY g = 1 B poboTi [3] HaBejeno Hactyiuy hopmyiry

t(n; k1) _“Skl = !'0721+1'C -y, (1)

n—

: n,1
3BiJIKM MaeMo, 110 uncio t(n) = t(n;n — 4,3) jgiarpam 3 Kinacy ;.3 MOXKHa
3HalTH 38 POPMYJIOIO

1 2 3—1 1 2 4 2
t(nan_473):§C C Cn,125'0n+1'0n_1'0n_1:
o 6
= 20— 1)n - 20, = tn). )
Baypaxkenns: 1. Ockinvku diaepavu 3 kaacy I 43 (Kpim 3 cipur yuwais)
Ma0mMs MmouHo k = n — 4 wopHur YuKAie (AKI MICMAMYL 6CT N YOPHUT Jy2

060K0450P06020 2N ~WAOAOHY), MO KOHCHA 3 MAKUT DA2DAM MOHCE MAMU AUULE
00UH 3 HACTYNHUT HADOPI6 YOPHUL UUKAIG:

abo onpun 5 -yuka (dosorcunu 5) ma (n —5) 1-yuxaie (dosorcunu 1);

abo onuu 4 -yuka, omuH 2 -yuka ma (n —6) 1-yuxais;

abo nBa 3-uyukau ma (n —6) 1-yukais;

abo onpuu 3 -yuka, aBa 2 -yukiu ma (n—7) 1-yukais;

abo worupu 2-yurau ma (n —8) 1-yukais.
Taxum wurom, 6ci diazpamu 3 KAACY %Z_l 43 YMOGHO MOKHCHA NOJiAUMU HA 1AM
saznavenux suue xaacie — A, B, D, E ma F eidnosidno.

Bisbie Toro, sikicHuil aHaJi3 MOXKINBUX TUIIB JiarpaMm i3 Kiacis A, B, D,
E i F noseossie BugimuTu Jjuiie 34 XapaKTepUCTUIHNUX TIKaac (00 € IHaHHST
SAKUX JIA€ %n’14 5 Ta [epeTnH Oy/(b-gKUX JBOX 13 HUX € HOPOXKHBOIO MHOZKHIHOIO),
THUIOBI MPEJICTABHUKE SKUX 300paykeHo Ha puc. 1 Hizkde Ta (3apaju 3pydHOCTI)

nosnadeno y crocio: A1-A3, B1-B8, D1-D4, E1-FE10 ta F1-F9 Biamno-

BIJTHO.
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Oy,

T~

@@&%%

. . . . 1
Puc. 1: tunosi npejcraBHUKE XapaKTePUCTUYHUX TIKIACIB Jiarpam 3 Kiaacy - 43
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n,1
2.2. Ywmcno HeizoMOpdHUX AiarpaM 3 Kaacy 7,3
3a semoro Bepucaiina (mus. namnp. [2], [10], [11]) wucno t*(n) Heizomopdrux
(HeeKBiBAJIEHTHUX BiJTHOCHO Jiil IUKJIIYHOI I'PYIU HOPSIKY M) Jiarpam 3 KJacy

n,1
%n 4:3 MOXKHa 3HaTU 34 JOIIOMOI'OIO CH]BBl,ZLHOHleHHH

t*<n>=% i+ Y (%) o) |, )

iln, i#n
S a3 yuKIs Eitepa (KUIbKICTDh HATYPATBHIX MEHITINX
3a ¢ 9HCesI, B3A€MHOIIPOCTHX 13 HUM), & p(n,i) — 9UHCIO THX Jiarpam 3 KJacy

ol
Spla3 HKI CaMocyMlmy}OTbCH P TIOBOPOTI (38 MOAMHHUKOBOIO CTPLIKOIO) HA KYT

w(n, z) 20 =27 -
OquM;:LHo, 1110 JIJIsI ,ZLlJIbHI/IKiB i #mn uancaa n KyT w(n,i) < 180° . BisbIme
TOT'O, MOKJIABIIN | = %, cIiBBiHOMIEHHST (3) MOYKHA MOJATH y BUIJISII

=1t 3 6o (n2) ] ()

jln, j#1

n,1
n
A€ p (TL, ;) — YUCJIO TUX ﬂlanaM 3 KJIaCy <$ n 4:3 5 AKI C&MOC}/MIHIYIOTI)CH 1Ipu

OBOPOTI (3a TOJMHHIUKOBOIO CTPLIKOI) HA KyT W (n, %) = QJ—”

Teopema 1. Jlaa namypasvnuxr n = 5 wucso t*(n) neizomopdruxr (neeksi-
BANECHMHUT 6I0HOCHO 0if YuKkATuHOT 2pynu nopadky n ) diaepam 3 kaacy ", 4
MOHCHA 0OMUCAUMU 36 HOPMYN0M0

) 1 (5 | )
P == 1 =Dm-2C+ Y eG)e(nt) ], )
jln, j€{2;3;4;6}
de:  ¢(q) — Pynwuia Einepa; Vj € N i ¢ N serununu p(n, ?) =0, a

Vi € {2;3;4;6} : ? e N seauvunu p(n, ?) BUSHANAIOMBCA 30 00NOMO2010

CNI6GLOHOUEHD
. n(n — 2)2(71 —4) . n(n — 3)
p(n.5) = 192 () = =g
( ) (6)
n(n —4 n n
p(n. ) = 6 P(”»a):g

Bumyck N9, 2019 29



MaTremaruka

oBenennsi. He BaxKKO IepeKOHATHCs, IO Cepejl JiarpaM 3 XapakTe-
puctnunnx migknacis Al, A2, A3; B2,B3, B5-BS8, D1-D3, E1-FE10,
F1,F2, F5,F8 Tta F'9 B3araji nemae TakKux, sgKi caMOCYMIIIYIOTbCs IIPU ITOBOPO-
T1 Ha MEBHUI KyT

wj = w (n, ?) = 2]—” <2m, upu j€{2,...,n}.

FT: 0 =7 . = Z
F7: @0 = 5

. . 1 . . .
Puc. 2: Bci tunm giarpam 3 kiaacy .- 4:3 » K1 CAMOCYMIIIYIOTBCS IPH IIOBOPOTI HA KYT W < 7

1) iarpamu 3 mijgkiacis Bl ta B2 caMoCyMIiNLyiOTbCs [IPH TOBOPOTI HA T1€B-
HUi KyT w; < 27 Jinle 3a yMOB, KOJIM N JIINThCA Ha 2, & HOBOPOT 3/111iCHIOETHC S
Ha KYyT W = 27” (mpu j = 2); ayst HaTypaJdbHux n = 2k > 6 9HCI0 TaKux Ji-
arpaM (JiIsT KO:KHOTO 3 mmijk/iaaciB Bl ta B2) craHoBuTh 3 - C3: 3Binku s

HATypPaJIbHUX 3 2> 3 UYHC/IO 3a3Ha4YeHUX JliarpaM CTaHOBUTh

pp1(n, %) = ppa(n,5) =3 C%-
2) iarpamu 3 migkiacis F'3, F4 ta F8 caMoCyMilyrOThCs TIPH TOBOPOTI
Ha HeBHUI KyT w; < 27T JIMHIC 3a yMOB, KOJIM N JUINThCA Ha 2, a IIOBOPOT
3JI{ICHIOETHCST HA KYT W = 27” (pu j = 2); ayist HaTypajbHux n = 2k > 8 duciio
Takux Jiarpam (Jjisi KoxKHOro 3 mijgknacis F'3, F4 ta F'8) cranosurb 4 - Ct
3BIIKM JIJIA HATYPAIbHUX 5 > 4 YUC/I0 3a3HaYEeHNX JilarpaM CTaHOBUTD

prs (n, %) = pra (n,2) = pps (n,3) =4-C3.
2
3) Miarpamu 3 migxiaacy F'7 caMoCyMiNylOThCsT IPH MOBOPOTI HA TEBHUI KYyT

wj < 27 JmMIIe 3a yMOB, KOJIM N JALIThECA Ha 2 abo K Ha 4. ITpudomy:

B 1-My BHIAJKY TIOBOPOT 3/IHCHIOETHCA HA KYyT W = 27” (pu j = 2);
B 2-My BHIIAJIKy — Ha KyT W = %f (pu j =4).

Kpim Toro, He BaxKKo IepeBipuTH, II0:
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B 1-my Bunajky nias n = 2k > 8 4ucJI0 BiANOBIIHUX JiarpaM CTaHOBUTH
n
5 2

8
2 - C’,ﬁ; 3BLJIKM JIJIs1 HATYPaJbHUX 4 4ucjio 3a3HAYCHUX JIiarpaM CTaHOBUTH
per (n.3) =2- O
B 2-My Bunajky njas n = 4k > 8 dwucio éizLHOBi;LHI/IX JiarpaM CTaHOBUTH
2 - C’,f; 3BLIKM IS HATYPAJIBHUX 7§ 2> 2 YUCJIO 3a3HAYCHUX JiarpaM CTaHOBUTD
per (n,2) =203 = =4

16
4) Hiarpamu 3 migxiaacy D4 caMOCyMiIyfOThCsI TIPU TOBOPOTI HA MEBHUIT KyT

wj < 27 JmIIe 3a yMOB, KOJIM M JUIMThCA Ha 2, 3 abo K Ha 6. IIpudomy:

‘e _ 2w - .
B 1-My BHIIAJKY TIOBOPOT 3/iHICHIOETBCA Ha KyT W = 3 (1npu j = 2);

B 2-My BHIIaJIKy — Ha KyT W = %77 (pu j = 3);
B 3-My BHIAJIKy — Ha KyT W = %ﬂ (mpu j =6).

He Bakko nepeBipuTn, 11o:
B 1-My Bunajky juid n = 2k > 6 4uc/o BiAIOBIIHUX JiarpaM CTaHOBUTH C,f;
3BIJIKU JIJIsT HATYPaJIbHUX % > 3 4ncso 3a3HavdeHux JiarpaM CTaHOBUTD
n\ _ 3.
PD4 (7% 5) = Cg )
. . . . 2 .
B 2-My BunaJky juid n = 3k > 6 4uc/o BianoBigHux jgiarpaMm cranoButb C7 ;
3BIJIKU JIJIsT HATYPaJIbHIX % > 2 4ncso 3a3HadeHnx JiarpaM CTaHOBUTD
n(n —3)
n 2
n2) =0 = ——=;
ppa (n. %) 1

18
B 3-My BunaJKy njs n = 6k > 6 ducjio BiAIOBIIHUX JiarpaM CTaHOBUTH C,% ;

3BLIKM JIJIF HATYPAIbHUX ¢ 2> 1 9HCIo 3a3HAYeHnX JllarpaM CTaHOBUTD

. n
PD4 (n7 g) = 6
Takum 9HOM Ma€eMo, IIO:
" o n " o n(n —4)
P(nag):PD4(n,g):6; P(”az):PW(n,z):T;
P(nag) = PD4 (n,g) = 1—8;

P (77,, %) = PB1 (’I’L, g) + PB4 (na %) + PD4 (TL, %) +
+prs (n, %) + pra (0, %) + prr (0, 5) + prs (0, §) =

=3-C3 +3-Co+1-Cp +4-Ch+4-Ch+2-Cp+4-0C} =
2 2 2 2 2 2 2

_ 3 4 _ n(n —2)*(n —4)
—7-C’%+14-C§— 19 :
BayBaxkeHHd 2. Ockiavku Kaac %le (n = k+I1+1) dsoxoavoposux O -diazpam
€ NidMHOHCUNOI Kaacy ( CBEUNATIHUT > ) xopdosux n -diaepam pody 1, mo, 3 ypa-
zysannam pesyavmamie pooim [2), [15] 1 [16], e 6ci nidemasu cmeepoorcysamu:

SKLWO Alarpama 3 Kaacy %le CaMOCYMILLYETbCS MPY MOBOPOTI Ha MEBHUI KYT
@ < 360°, To yeli kyT obos ‘a3k0B0 60° abo 90°, abo 120°, abo x 180°.

]
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2.3. Ywmcio HeekKBiBaJIEHTHUX /JliarpaM 3 KJacy %254;3

BacrocoBytoun Jjiemy Beprcaiiyiia (jqus. nHanp. [2], [10], [11]), He BaxKo BCTa-
HOBUTH, 10 4uCI0 **(n) HeexkBiBaseHTHHX (BIIHOCHO il JieipajibHOI TPYIIK)
aiarpam 3 Kiaacy 14 .3 MOJKHA BU3HAYUTH 34 JIOMOMOIOIO CIBBIIHONIICHD

ty =3 (t"(n) +S(n)), (7)

n,1
ae t*(n) — gucso neisomopdHuX siarpam 3 kiacy 3.2

So(n), n=2m-+1
{ 5(s1(n) + s2(n)), n=2m, (8)

n,1 .
S, 43, MO € CUMETPUYHUME BIJIHOCHO

¢dikcoBaHOI oci cmMeTpil, sKa MMPOXOJUThH Yepe3 Cepe/InHN MPOTUICKHUX Y0P~
HOI Ta Cipol JIyI' 2-KOJIbOPOBOT'O 2N —ma6ﬂ0Hy;

So(n) — dncyio TEX JiarpaMm 3 KJacy

s1(n) (sg(n)) — umeno Tux giarpam 3 kacy S, 3, 1110 € CHMETPUYHUMHE BiIHO-
cHo pikCOBaHOI OCi cuMeTpil, sika [POXOJUTH Yepe3 CepeIMHI MPOTHIEIKHIX
cipux (BIAMOBIJIHO YOPHUX) JyT 2-KOJBOPOBOIO 27 -1abJIo0HYy.

Taxkum 9uHOM, 3 ypaxyBaHHsIM criBBigHOMEHb (7), (8) Ta BeTanoBIeHUX hOp-
Myt (5), (6) jist 0OYUC/ICHHST BEJIMIUHE t*( ), 3aJada Ipo MiJIPaXyHOK YUC/Ia
t**(n) HeexBiBaIEHTHEX jiarpaM 3 kiaacy 37, 3 BBOJITHCA J10 3318 PO Tijipa-
XyHOK Besmnaui So(n), si(n), sa(n).

Jlema 1. Hezat n =2m+ 1. Todi wucao so(n) diaepam 3 waacy 3, 143, wo €
CUMEMPUYHUMYU 6IOHOCHO (PIKCOBAMOT 0CT CUMEMPIL, AKA NPOTOIUMD “YEPES Cepe-
JUHU NPOMUAEAHCHUT YOPHOT Ma Cipoi dye 2 -Koabopo6020 2N -ULabAOMY, MOAHCHA
obuucaumu 3a HopmY.L010

so(n) = =(n—1)(n — 3)(Tn* + 8n — 143). (9)

Hosenennsa. Bcl alarpamu 3 Kjacy <, 13 .9, IO € CUMETPUYHUMHI BIIHOCHO (DiK-
COBaHOI OCl CUMeTpil, gKa MPOXOJUTh Yepe3 CepeINHN IMPOTUIEKHNX YOPHOI Ta
Cipol jiyr 2-KoJbopoBoro 2n-1madiony (n = 2m-+1), BU4epyoThes JiarpaMami,
300paKeHnMI Ha puc. 3 Ta (3apaju 3pydHOCTi) mo3Haderumu y crocio 1.1-1.3,
2.1-2.23 ta 3.1-3.14.

Ockinbku n = 2m + 1, 10 cymapue aucyio So(n) giarpam 3a3HadeHNX THUIIIB
CTaHOBUTH

3xCr  +23xC}_
R

+14xCh_  =3xC3+23xC3 +14xCl =
2

sm(m —1)(Tm? + 11m — 32),

1

3BIJIKH, 3 yPaxyBaHHSAM PIBHOCTI M = 5=, OJEPKYEMO, IO

I 1\3‘
R
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so(n) = m5z(n — 1)(n — 3)(7n* + 8n — 143).

SOCE YOO

/ \ /_\ /\/\
(/ \ 1\ /u%
% g( 5

%igﬁg%/\
— <\/>

214 215

S5OSOED
@Q@%#@@@

%g W%m

OO
A\NN /4 \ )Q /
\% u 3.13

Puc. 3: 1o gemn 1
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Jlema 2. Hexati n = 2m . Todi maromv micue piérnocmsi

s1(n) = zn(n — 2)(n — 4)(7n + 10), (10)
s2(n) = 153(n — 2)(n — 4)(7n* + 50n — 240); (11)
1 (s1(n) + s2(n)) = 155 (n — 2)(n — 4)(7n* + 30n — 120). (12)

Hosenennda. Bci nglarpamu 3 Kjacy <, 14 3; 110 € CUMETPUYHIMU BIIHOCHO (DiK-
COBAHOI OCI CUMETPIl, STKa ITPOXOIUTH YePe3 CePeINHI TPOTUICKHUX CIPAX JIyT 2 -
KOJILOPOBOTO 27 -11a0JIOHY, BUYEPITYIOTLCs JliarpaMaMy, 300pazkeHnMu Ha puc. 4
Ta (3apaju 3pydHOCTi) nosHaderumu y crocio 1.1-1.13 ta 2.1-2.14.

//\\ //'\\ /'\\

[ \A\ /)\l

\ /\ /\ >< 5
%/ /V \// \—/

12 1.3
><I\

—5 %@@Q
%ﬁgﬁ%ﬁ&//\”

l/ \\I\\ //\ (\ /H
— V ?
&A%

2.12 2 13

Puc. 4: no ngemn 2
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OckisibKu n = 2m, To cymMapHe qucyio s1(n) giarpam 3a3HadeHuX THINB CTa-
HOBUTD

13xCh +14xCh =13x C3 +14 x Cp = 3m(m — 1)(m — 2)(10 4 14m)

2 2 '
3BIJIKH, 3 yPaxyBaHHSM PIBHOCTI 1M = 5, OJEPKYEMO, IO
s1(2m) = s1(n) = gzn(n — 2)(n — 4)(7n + 10)..

Hiarpamm 3 Kiacy S2f4;3, 0 € CUMETPUYHUMH BiJHOCHO (QiKCcOBAHOI
OCl CUMETPII, dKa NPOXOJUTh Hepe3 CepeJUHU IPOTUJIE?KHUX YOPHUX JIyT 2-
KOJILOPOBOT'O 2N -T1a0JIOHY, BUYEPIIYIOThCA JiarpaMaMu, 300pazKeHruMI Ha, PUC. H
i 6 Ta nozHauenumu y crocio 1.1-1.13, 2.1-2.14 ta 3.1-3.37 BiumnosigHoO.

OO

OOOOMD

1.10 1.1 1.12

// T ™.
tilmi
\ y 4
N 7
2.1 2.2 2.3 2.4 2.5
2.7 2.8 2.9 2.10 2.11
2.13 2.14

Puc. 5: no ngemn 2
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3.1 3.2 34 3.5 3.6
3.7 3.1 3.12
i
/ \
\ /

3.13 3 3.17

¢fz
T\
\\;,/

T\ /
3.19 3.20 \ - /K
3.25 3.26 3.27
/ \
- \@/ \@’ \v/
/ AN
\ /
3.37

Puc. 6: no jgemu 2
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OckiJIbKU n = 2m, To cyMapHe Iucjio So(n) jiarpam 3a3HadeHuX THINB CTa-
HOBUTD

13xCh s +14xChy+3TxCh g =13xC2_ +14xCp 1 +37TxC3_| =
T2 2 2

= L(m —1)(m — 2)(Tm? + 25m — 60),

3BIJIKH, 3 ypaxyBaHHAM DIBHOCTL M = 3, OJIEPKYEMO, 110

1
So(2m) = sa(n) = 192(n —2)(n — 4)(7n® + 50n — 240).
Kpim Toro, 6e3mnocepejiiboio MePeBIPKOI0 He BAyKKO TIEPEKOHATUCS, 1110
1 1
3 (s1(n) + s2(n)) = 199 —(n — 2)(n — 4)(Tn* + 30n — 120).

3 ypaxysanugaM criBsignorens (7),(8) ta jem 112, mae micie

Teopema 2. Jlaa namypasonur n = 5 wucao t*(n) weexsisarenmmuus (610-
nocno 0 diedpaavnoi epynu) diaepam 3 xaacy )75 . ModcHa obMucAUMU 3a
dopmy.a010

t7(n) = 5 (t"(n) + 5(n)), (13)
de t*(n) eusnavwaemoca 3a popmyaramu (5),(6), a
(n—1)(n —3)(Tn?>+8n —143), n=2m+1

- | TP 2 (1)
99 —(n —2)(n —4)("n”* 4+ 30n — 120), n = 2m.

3. onaTrku Ta NpuKiHIEB] 3ayBaKeHHS

BayBaxkeHHd 3. 3a donomozo010 odeporcarur hopmyns moscha nidpaxysamu 1
. : 1
YuCA0 Heeksisaienmrur diaepam 3 kaacy Iy,
Y

[ToBToproroun MipKyBaHHS, aHAJOTIYHI HaBeJeHUM B poOOTI 4], HE BaxKKO
BCTAHOBHUTH CIIPaBe/JINBICTh HACTYIIHOI'O TBEP/I2KEHHS

TBepmxkenns 1. [lpu n — oo seaununu t*(n) ma

) (D) (n-1)? (=27 (n—3) (n—4)
2n 1152

€ eKBIBANEHMHUMU HECKIHYEHHO BEAUKUMU BEAUNUHAMU.
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n t(n) t*(n) t**(n)
) 15 3 3
6 175 31 22
7 1 050 150 91
8 4 410 557 314
9 14 700 1634 879
10 41 580 4172 2 196
11 103 950 9 450 4 890
12 235 950 19 694 10 107
13 495 495 38 115 19 415
14 975 975 69 765 35 405
15 1 821 820 121 456 61 407
16 3 248 700 203 131 102 507
17 5 569 200 327 600 164 976
18 9 224 880 012 626 257 881
19 | 14 825 700 780 300 392 052
20 | 23197860 | 1160 084 582 502
21| 35441175 | 1687677 846 756
22 | 52997 175 | 2409 225 | 1 208 295
23| 77729190 | 3379530 | 1694 055
24 | 112 015 750 | 4 667 681 | 2 339 148
25 | 158 858 700 | 6 354 348 | 3 183 268
26 | 222 007 500 | 8539 212 | 4277 020
27 1 306 101 250 | 11 337 086 | 5 676 954
28 | 416 830 050 | 14 887 382 | 7453 779
29 | 561 117 375 | 19 348 875 | 9 685 767
30 | 747 325 215 | 24 911 587 | 12 469 216

Taba. 1: noyarkosi 3Havenus Besimau t(n), t*(n) ta t**(n)

Hurkue wa puc. 7 ta 8 B sIBHOMY BUIJIsIJII HaBeJleHO BCi HeizomopdHi (HeekBi-
.. . . . . . 5.1
BaJIeHTH] BIHOCHO Jii HUK/YHOI Ipymn |/ «I0BOPOTIB» ) alarpamn 3 kiacis 3
)

«6.1 . .
Ta S9)3 BIJIIOBLIHO.

1 2 3

P 7. sel 1o b ( . i) i b1
uc. 7: Bci neisomopdui (HeekBiBasenTHi) Jiarpamu 3 Kiaacy S

OueBu/jIHO, 1I0:
y BUNAJKY 1 = b Bci BoHN (HeizoMopdHi) € TakoXK 1 HeeKBiBaJIeHTHUMH (BiTHOCHO
T jtiepaabHOl TPy );
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y Bunagky n = 6 3 31 neisomopduux miarpam mapu {14; 15}, {16; 17}, {19;20},
{21;22}, {18;23}, {24;5}, {26;27}, {28;29} ta {30;31} € exBiBaseHTHNMY,

: N : o b1
a ToMy lcnye e 31 —9 = 22 HeekBlBaJICHTHI JlarpaMu 3 KJacy Sys .
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BucunoBkn

Takum 9MHOM, B IIpeJICTaB/IeHiil pobOTI MOBHICTIO PO3B’sI3aHO 3a/1adi PO ITij1-

. . . (\,n,l
PaxXyHOK 4YuCJla HGlSOMOpCbHI/IX Ta HEEKB1BaJICHTHUX dlal'paM 3 KJlaCy \Sn74;3 .

Kpim Toro, juist n =5 ta n = 6 B IBHOMY BUIJIsIII HaBeIeHO BCi HeizoMopdHi

Ta HeeKBIBaJIEHTHI JiiarpaMy 3 BIANOBILAHUX KJaciB, a Jid o < n < 30 — Toumi

SHa4YCHHA 9UCJIa HeiSOMOp(bHI/IX Ta HEEeKBIBAJIEHTHIX TaKMX ,Z[ianaM.

HiTKOM TTPUPOTHO MOMAJBITY POOOTY CHPAMYBATU Ha y3araJbHEHHS OJleprKa-

HUX i S i 1<li<n—2
pesy/IbTatTis Jjls Kaacy )7 Ha BHIAJIOK JoBilIbHOIO 1 <1 <n :
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Kadubovs'kyi Oleksandr A.
Donbas State Pedagogical University, Slovians’k, Ukraine.

Enumeration of 2-color chord O-diagrams of the genus one that
have three grey (or black) faces under rotation and reflection

In this paper we consider 2-color chord O-diagrams (of order n) with three
grey and (n —4) black faces under the action of (i) the rotation group (cyclic of
the order n) and of (ii) the rotation/reflection group (dihedral of the order 2n ).

For natural 5 and 6 we have illustrated all non-isomorphic and non-equivalent
of such diagrams. We have established explicit formulas for counting the number of
non-isomorphic and non-equivalent diagrams from the specified class. In addition,
for natural 5 < n < 30 we have also listed the exact value of the number of non-
isomorphic and non-equivalent such diagrams accordingly.

Keywords: 2 -color chord O -diagrams, genus of a diagram, faces of a di-
agram, cyclic and dihedral groups.
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10 100-PIHYY 4 OJIEKCIA BACUJIBOBUYA TIOT'OPEJIOBA

Y cTarTi pO3IISIA€ThCs OCBITHS JistibHiCTH akageMika O.B. Iloropenosa. HaBoaurbes kopo-
TKUI OIJISIJT CTBOPEHOI'O HUM IIJIPYYIHUKA 3 TeOMeTPil /st CePeTHbOI IITKOJIH.

KurouoBi ciioBa: [lozopenaos, eeomempis, cucmema axciom, Ao2iume 002pyHmyeans

Beryn

[lroro poky BijzHavaeTbcst BugaTHa 1mofist, 100-piaust 3 J1HS HapOIXKEHHS BH-
JIATHOI'O MaTeMaTHKa, yIeHOro 31 cBiToBUM iM’siM, akaieMika Pociiicbkol Akagemil
HayK, akajeMika HamionaspHol Akamemil HayK YKpaiHu, 3ac/IyzKeHOro Jlisida Ha-
yku 1 Texuikn Ykpainu Otekcig Bacuibosuua [Toropesona.

Outekciit Bacusiboua Iloropesios yunocroenuit 6ararbox Haropo/ i 3Banb. Bin
e saypeatoMm Mmizkaapognol mpewmii im. H.I. JIobadeschroro (1959 p.), Jlenincbkol
npemii (1962), depzkaBroi npemii Ykpainu (1974), imennux npemiit HarionaasHol
akaJieMil HayK YKpalHu. 3ac/yzKeHuil Jissd HayKu 1 KaBaJjep ypsiIOBUX HATrOPO/I.
[Tomep 17 rpynns 2002 poky. IToxopanuit B Mocksi Ha Hikos10-ApxaHreibcbKOMY
KJIaIOBHIIIL.

Y 2007 pori HAH Vkpainu 3acuysasa rnpemito imeni O.B. Tloropesiosa 3a na-
YKOBI poboTu B rajiy3si reomerpii i Torosiorii. Ha gects O.B. IToropesioa Ha3zBaHo
actepoin 19919 Pogorelov.

Biorpadiuni dbakrTn.
«Edsa au moorcHo ceeo0ns naseamv 6mMopo-
20 Mmamemamura, Komopui obozamun Ovl Ha-
YKY MAKUM  KOAUMECTNGOM CUNOHBIT 2AY00KUT
KOHKPEMHDIT PE3YALMAMOE 6 00AACTIU 2€0ME-
mpuu... » (O./. Aaexcandpos).

O.B. Toropenos mapomnses 3 Gepesust 1919 poky B wmicti Kopoua (Binro-
poJIchbKa 06/1aCTh). 3aKiHInB XapKiBchbKuil jeprkapuuii yaiBepcuter (1937-1941)
i BiitcbkoBo-IlosiTpsiny akajemito im. M.€. 2Kykoscbkoro (Mocksa, 1941-1945).
3 1945 poky npamtosas B [IAI'l i ogHOYacHO HaBYaBcs B 3a04Hiil acmipadTypi 3a
daxom «['eomerpis i Tonosorisi» pu MoCKOBCbKOMY JeprKaBHOMY YHIBEPCUTETI.
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Buntensmu Ougekciss BacuiboBuda Oysin
BiJjoMi MaTeMaTuKU 1 Imejarorn npodecopu
H.B. €bimos Ta O.J. AsekcanapoB. 3axu-
CTUBIIU KaH/UJIATCHKY, & dYepe3 Pik 1 JOKTOP-
CHbKY JucepTallil, BIH TOBEPTAETHCS JI0 XapKOBa,
(1947), ne nezabapom 040JII0E KadeIpy reome-
Tpil B XV,

Y 1960 p. IHoropenos nepexoautsb y Pizuko-
TeXHIYHUI IHCTUTYT HU3bKUX TeMieparyp AH
Ykpainn (OTIHT). ¥V 1951 p. Ousexciit Ba-
CUJILOBUY OOPaHMil 1/1eHOM-KOPECIIOHIEHTOM, B
1960 p. — akagemikom AH VYkpainm, 3 115010
’K POKY BIH 4JIEH-KOPECIOHJIEHT, a 3 1976 p. —

akasiemMik AH CPCP.

OcsBiTHs gisabHicTh akageMmika O.B. Iloropesosa.

O.B. [loropeioB npu/iiisgB BeJUKY yBary mnpoojeMaMm BUKJIaaHHs MaTeMaTH-
K, 9K B yHIBepCcHUTEeTi, TaK 1 B mKoJi. &Y 1950-Ti pokn BiH HaIlMcaB yHIBEPCUTET-
CHKI MIPYYHUKN 3 OCHOB I'eOMETPil, aHaJITHIHOI reoMeTpil 1 audepeHIiajibHOl
reoMeTpil, gKi MOTIM TepeBuIaBaInucs daraTo pokiB, a came «Jlexmun o audde-
pentuaibHoit reomerpums (1955, 1956, 1961, 1967), «Jlekuuu mo aHATUTHIECKOT
reomerpum» (1957, 1963), «Jleknuu mo ocHoBarusiM reomerpun» (1959, 1964),
«leomerpust (mocobue st yauresteit)» (1979) Ta immii.

Bepmnnoro neparoriunoi gistibaHocti Outekcist BacuyiboBuda ¢J1ii BUSHATH 11 /1-
PYYHUK 3 TeoMeTpil JJjisd cepejHbol MIKOoJM, cTBopeHuit HuMm B 1980-1 poku. 3
MOMEHTY MaCOBOI'O BIpOBajizKeHHs B 1Ko/ 1 (1982) minpyannk «[eomerpust, 6-10
KJL», a misHime «leomerpust, 7-11 k> (micsst pedopmu i nepexoy wa 11-piune
HaBYAHHSI) TIOHAJ] JIBA JIECATUITTS [IepeBUIaBaBCs OAraTOMUIBIHOHHIMEI THPAYKA-
MU Ha PI3HUX MOBax.

Axkajiemik O.B. IToropesioB BBaxkas, 1110 B IIPOIECi BUBUEHHST T'€OMETPIl B IITKO-
JIi yuHI HaOyBalOTb 3HAHL IIPO BJIACTUBOCTI aOCTPAKTHUX IIPOCTOPOBUX (POpPM
OTOYYIOUOI'0 HAC CBITY Ta HaBYAIOThCs JIOTTYHO MIPKYBaTH, apryMeHTYBaTU CBOI
IepeKOHaHHs Ta JIOBOJIUTHU TeopeMu. B pe3yibTari MoBUHHA JOCATATHC MeTa, TKa
MOJIATAE B €THOCTI ¢cpOPMOBAHUX HAOUHUX YABJIEHb PO BJIACTUBOCTI peaibHOIO
IIPOCTOPY Ta ONAHYBAHHSI CTPOIOr0 JIOTTYHOIO OOI'PYHTYBaHHs X BJIACTUBOCTEI.
BignosigHo 10 mocrapjeHol MeTu HapdajbHHII nocioHuk IloropesoBa MicTUTD
CUCTEMATH30BaHNIl BUKJIa)l T€OMETPUYHOTO MaTepiajly Ha 0as3l opurinajbHOI Jia-
KOHIYHOI CUCTEMU aKCIOM.
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JeyKTuBHICTb 1OOYIOBH I'eOMeTpil BU3HAYAETHCA 11 aKCIOMATUYHOI OCHO-
BO10. AJjie HeMOXKHa, ILIyTaTH aKCIOMATUYHY MMOOYI0BY HABYAIBLHOTO KYpPCY reoMe-
TPil B MIKOJII 3 aKCIOMATUYHOIO TI00Y/IOBOIO BJIaCHE reoMeTpil K HayKu. byab-sKi
CIpoOM TX OTOTOXKHEHHSI 3aBKU TPUBOJIMIM aBTOPIB MKLILHUX TAPYIHUKIB JI0
Hepsiad. [Ipobsiema crporol JAeAyKTUBHOI OOYJIOBU IIKIJIBHOIO KYpCYy reoMeTpil
3aJIMIIAETHCA JUCKYCIITHOIO 1 Jloci, Ta y mijipyunuky I[loropenosa BoHa po3B’s3aHa
BIIEpIIE 1 JIOCUTH BJlAJI0. ABTOD BBayKae, IO IMKUILHUI Kypc reomeTpil Mae Oy-
TH aKCIOMATUIHUM MMOYUHAIOUN 3 MIOCTOrO Kjacy. I TLIbKM mpu Takiil mody oBi
oCiOHMKa MOYKHA JIOCATTH Has3BaHO! MeTu. AJie 1pu 1bOMy He Tpeba CTaBUTH 33
MeTY - HaBUYaHHS Y4YHIB (pOpMaJIbHUM aKCiOMaTUIHUM jJoBejeHHsAM J[jis1 aBTOopa
€ BaYKJIMBOIO 3 I€JIarOTIYHOl TOUKN 30Py HEOOXITHICTh BUXOBAHHA B YYHIB MOTH-
BOBAHOI TIOTPeON apryMEeHTyBaTH CBOI BUCJIOBIIOBAHHIA, JTOBOJIUTH TBEP/ZKEHHS.
Tinbky Taxuil mijIxij 103BOJUTH MOCTYIIOBE, IVIMOOKE OBOJIOJIIHHS YIHSIMHU 1J1€€10
JIOTTYHOT yHOPSAIKOBAHOCTI T€OMETPUIHNX (PAKTIB, TX HAYKOBOTO B3aEMO3B I3KY.

Sanpornonosana O.B. IToropenoBum cucreMa akciom, 1o Oy IyeTbCs Ha, aKCio-
maruii EBkiina-I'ii6epra, 103B0JIsI€ JOCATTH JOCUTH BICOKOI'O PIBHSI PO3YMIHHSA
JIOBEJIEHHS, a JIOrIYHa& IIOCJIJIOBHICTh BUKJIQ/ly Ta 3allPOIIOHOBaHI aBTOPOM HOBI
MaTeMaTUYHI MIX0/U 0 BUKJIALY CKJIAJHUX PO3ILIIB JI03BOJIMIN CYTTEBO CKOPO-
TUTHU 3MICT 1 00csr 1ocibHuKa. B gyeTBepToMy BuIaHHI MOCIOHIK Ma€ 335 CTOPIHOK i
MicTuTb 0Jin3bK0 100 Teopem, Toxl K mijipyuHuK KncenboBa MictuTh 260 TeopeM,
a nigpyunnk Kosmoroposa—Ckorrena — 156.

Metpuuna cucreMa akcioM JI03BOJISIE BxKe 3 7 KJacy e(eKTUBHO BUKOPUCTOBY-
BaTU KOOP/IMHATHUII METO/I B JIOBEJICHHS F€OMEeTPUYHUX TBEP/I2KEeHb, 1 TUM CAMUM,
CYTTEBO CKOPOTHUTU 00’€M MaTepiasly Ta BIPOBAJIMTU MIXKITPEIMETHI 3B SI3KHU T'€0-
MeTpil Ta ajredpu.

Crasyienns jo migpyunnka [loropenoa Oysio i € HeOJHO3ZHATHUM. 3BYJaIN
KPUTUYHI BUCJIOBIIOBAHHS Ta 3ayBayKeHH:A. ABTOpa 3BUHYBAUYBAJIN Y JIy?Ke CTHU-
CJIOMY BUKJIaJII MaTepiajy, Ipu gKOMY IOJOBUHA BaKJIMBUX TeOpPEM 3BejeHa J10
panry <«3aBAaHb». [Ipm oMy He 3pO3yMiJIO, Ul MOYKHA KOPUCTYBATHUCS PE3YJIb-
TaTaMI [IX 3aBJIaHb sIK TOTOBUMH TeOpeMaMy IIPU MipKyBaHHSIX, ab0 BCIKUil pas
MOBTOPIOBATH IIi JIOKA3M, 10 B YMOBaxX JAEMINNUTY Jacy MOKE CTaTH KPUTUIHIM.

BucuoBku

Bujarauil BiTUn3HAHNI MaTeMaTUK, YIeHnil 31 cBITOBUM iM M, akajgemik Ha-
mionaapHOI AKaieMil HayK YKpaiHu, 3ac/Iy>KeHuil [Iisid HayKn 1 TeXHIKT Y KpalHi,
akajsieMik Pociiicbkol Akajiemii Hayk O.B. IToropesioB — aBTop miipydHuKiB 3 ycix
OCHOBHUX PO3JILIIB TeoMeTpil JIJIs BUIIUX HaBYAJbHUX 3aKJa/I1B, 110 BLIPI3HSIIO-
ThCsl OPUTIHAJIBHICTIO BUKJIALY, MATEMATUIHOIO CTPOTICTIO HAIIMCAaHI B 3pO3yMILJIiii
1 noctynuiit popmi. BaraTo it ycminmao 3aiiMaBcs BiH MUTaAaHHAMHI YIOCKOHAJIEHHS
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MKIJIbHOI MaTeMaTUIHOI OCBITH, IIJINOTYBaB MJIPYYHUK 3 TeoMeTpil 3a BJIACHOIO
IIpOrpaMoIo, MOKJIABIIN B MO0 OCHOBY <«CYBOPY 1 MPO30PY CHUCTEMY akcioms». Y
KoJ1axX YKpainu 1eit mijipyuynuK BukopucToByBascs j10 2008 poky.
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The educational activity of the academician A.V. Pogorelov is considered in
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PACIIPEAEJIEHNE JTNOPAKIIMOHHO-MOAYJ/INPOBAHHOI'O
IIO MTHTEHCUNBHOCTU JIASEPHOI'O U3JIVHEHN A HA
ITOBEPXHOCTU ITOJIVIIPOBOJHUKA

V3102KeHbI TEOPETUYECKIE OCHOBBI paciera roJiorpaduyeckoro pacipeieaeHns NHTeHCHBHOCTH
JIA3ePHOrO U3JIyuYeHus: npu Judpakiud OT JABYMEPHBIX 3KpaHoB. Perrenue mudpakIiimoOHHBIX
3aJ1a49 BBIIOJIHEHO C UCIOJIb30BaHueM uHTerpajoB Openensa mim Kupxroda B 3aBUCHMOCTH OT
GOpPMBI OIPAHMIUBAIONINX SKPAHOB, Ha, KOTOPbIE HAIIPABJIEH JIA3€PHBIN JIy .

KaroueBbie cjioBa: Mmodyasuus, Qudparyus, aa3ep, KAGCmep, HAHOCPYKMYPa, Noaly-
NPoBOOHUK.

BBenenue

B coorBercTBum ¢ nmpuniunom Mypa B OmzkaiineM Oy IyeM Tpon3BO T Tb-
HOCTH IMU(DPOBBIX JEKTPOHHBIX YCTPOUCTB OYJIET BO3PACTATH 110 SKCIIOHEHITHAJ b~
oMy 3akony [1|. Takast renjientust popcupyer npuMeHeHre B MUKPOIJIEKTPOHIKE
MOJTYTTPOBOIHUKOBBIX COEJIMHEHUIT ¢ OOJIBINON TOJIBUKHOCTBIO HOCUTEICH 3apsiia,
K 9HCIYy KOTOPBIX oTHOCcuTest apeenn rams (GaAs) [2]. B macrosimnee Bpemst Ha
6a3e 9TOro coeIMHEHNs yrKe CO3aHbl MUKPOCXEMbI, pab0TaIoIIIe Ha YacToTax J0 8
[T [3], kBaHTOBO-pasMepHbIe CTPYKTYPbI i BLICOKOYACTOTHBIE JIA3ePhl, KOTOPbIe
[TO3BOJIAIOT IIPOCKTUPOBATH ONTUYCCKUE JIMHUN [Iepeladil JaHHbIX CO CKOPOCTAMU
10 10 T'éur/c [4].

[IpsimMoe J1a3epHoe BO3JEICTBHE ITO3BOJIIET AKTUBUPOBATDL J1eDeKTHO-TUd-
¢y3uonnble TPOIECCHl B MOBEPXHOCTHOM CJI0€ KpHUCTa/ia 1 (HOPMUDPOBATHL B
TOJIYTTPOBOTHUKOBOI TIOJJIOXKKE aTOMHBIE KjacTepsl |5, 6]. Kmacrep — arommuoe
obpa3oBaHue, OKa3bIBalollee BJINAHIE Ha (DyHJIAMEHTAIbHbIE CBONCTBA TOJIYIIPO-
BOJHUKOBOI MATPHUIILI NIPU COXPaHeHn Hem3MeHHbIM (DAa30BOI0 COCTaBa OCHOB-
Horo Bemectsa [5]. JlocTUrHYTHIN MPOIECC B TEXHOJIOTHH MOJTyYeHUsT KJIaCTEePOB
MO3BOJISIET y7Ke CEero/iHs UCIO/IH30BaTh UX B MPUOOpaX MOJTYyITPOBOIHUKOBOM IJIEK-
TPOHUKHU.
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B nanmoit paboTe 0CHOBHOE BHUMAaHNE YJeasdeTcsd (PU3MIECKUM OCHOBAM IOJTY-
YeHus JndpaKkInoOHHO-MOIYINPOBAHHOIO 110 WHTEHCUBHOCTH JIA3€PHOTO U3/Tyde-
HUSI, KOTOPOE IIPU BO3/IEHCTBUN Ha MOBEPXHOCTb KPUCTAJLIA TOPOKIAET MaCCUBbI

HaHOCTPYKTYP, U3MeHAA HX pasMepbl U IIJIOTHOCTH B IHIMPOKOM JHalla30HE 1O
108 1/cn?.

OcHoBHaY 49acCTbhb

Pacuer rosorpaduaeckoro [7] paciipejiesieHnst THTEHCHBHOCTU JIA3EPHOTO M3~
JIy9eHusT Ipu JUPPAKIUI OT JBYXMEPHBIX IIPErpal.

Corutacto noctpoennio ['tofirerca, Kazkylo TOUKY BOJHOBOIO (DPOHTA MOXKHO
CYUTATH IEHTPOM BTOPUYHOI'O BO3MYIIEHUsI, KOTOPOE BBLI3BIBAET 3JIeMEHTAPHBIE
cdepuueckre BOJIHBI, & BOJIHOBOI (poHT B Oojiee HO3IHUI MOMEHT BpPEMEHH -
orudaroreit 3Tux BoJH. s onpejiesenust cBeToBoro Bo3myienust dF , co3maBa-
eMOr0 OT 3JIEMEHTa, BOJTHOBOI MMOBEPXHOCTH d.S B HEKOTOPOIl TOUKE IPOCTPAHCTBA
(puc. 1), MOXKHO BOCIIOJIB30BATELCS BhIPAyKeHUEM |§]

%

Puc. 1: Onpeﬂeﬂeﬂﬂe MHTEHCUBHOCTU CBE€Ta B TOYKE OT 3JIEMEHTa BOJIHOBOM ITIOBEPXHOCTHU

ds [8]

i Epexp(ikrg)exp(iks)

dE = ——-
2\ 0 S

(14 cosp)dS, (1)

Ijie § — PaCCTOsiHUE MEKJIy SJEMEHTOM BOJIHOBOI MOBepxHOCTH dS U TOYKOI
00JTyIaeMoii TOBepXHOCTH P | ¢ — Yol MexK/ly HOPMAJIBbIO K 3j1eMeHTy dS 1 Ha-
IpaBJeHeM S , Ty — PACCTOSIHIE OT MIHOBEHHOIO IOJIOzKeHusT d.S 110 TOYeTHOro
ncTouHMKa cBeta Fy, Fy — aMIUIMTy/1a CBETOBOI BOJIHBI Ha, PACCTOSHIY €JIIHIITbI
JUINHBI OT UCTOYHUKA, ¢ — MHUMasd eJuHuIa. B Touke P cKa3blBaeTcs BJIUSHUE
TOJILKO TOH YacTU MOBEPXHOCTU BOJIHOBOI'O (PPOHTA, KOTOpasi HE 3arparkaeTcst
npensitcreuem My My | 103TOMY 1I0JTHOE BO3MYIIEHIE B Heit
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E(P) =

i Epexp(ikrg) / exp(iks) (14 cos¢)dS, (2)

2\ 70 S
M
B ciaydae 6ecKoHEIHO OTHAMI€HHOINO UCTOYHNKA Fy , 9TO COOTBETCTBYET HOP-
MaJIbHOMY IaJIeHUIO JIA3€PHBIX JIy4eil, BOJHOBOI (DPOHT MOXKHO CUUTATH ILJIOCKUM

1 BbIpazkeHue (2) mpuMer BT

i exp(iks)
E(P)=——FEy [ ——— (1 +cosp)dS. (3)
2\ s
M
D70 ypaBHEHHE DeIeHo Jist Psijia MPOCTHIX 3a1a4d MeTo oM 30H Ppenessa. B
YaCTHOCTH, DACIPE/IeJIeHNe UHTEHCUBHOCTH MOHOXPOMATHYECKOIO CBETA y Kpas
HEeIPO3PAYHOI0 FKpaHa MOKHO PACCUNTATH, UCIIOJIb3Ys BbIpakeHue Jjis Koadbu-

[UEeHTa HHTeHCHBHOCTH |9

I 1 ‘[ ?
k=7 =1 5D + |50 /2, (4)

riae £(¢) u n(¥) —unrerpasnbr Openesisi, onuckiBaoline cnupaib KopHio, ypas-
HeHUe KOTOPOoil B mapaMeTrpudeckoin ¢popMe nuMeer B/l

9

9
Tu? RS
= [ cos| —|du, n= [ sin | — |du. (5)
2 2
0 0

[Tapamerp 1) cBsi3an ¢ paccTosiHueM T 0T TOUKU P Ha sKpaHe Toif 6eCKOHEUHO y3-
KOfi 30HBI, JIJIst KOTOPOi BEKTOP aMILTUTY/Ibl dF COBIAJAET ¢ YIaCTKOM CIIUPAJIH,
OTBEYAIOIUM JJAHHOMY 3HavYeHuo ¥ [§]

9 = 21/2/ b, (6)

rjae b — BbICOTA PACIOJIOKEHUsI SKpaHa HaJl IOBEPXHOCTHIO. 3ajaBas PacCTOHIE
b nopstaka 10\, MOXKHO CO3/1aTh KBa3UIIEPUOAMUECKOE PACIPEeIeHNE IIOTHOCTH
SHEPIUM JIA3EPHOIO UMIIYJILCA 110 0OIyYaeMOil HOBEPXHOCTH.

B cayuae obiayuenust depes audpakIUOHHDLI 3KpaH ¢ HPAMOYIOJbLHBIM Bbi-
PE30M 3aKOH MOZYJISIN U3JIYIEHUsI ONPEIeIAeTcs KaK IPOU3BeJeHNne BOJTHOBBIX
KO3 PUIMEHTOB HHTEHCUBHOCTH OT JIBYX B3aUMHO IIE€PIEH UK Y/ISPHBIX [ePEKPhI-
BAIOTIIXCST TJIOCKOCTEl (puc. 2, BCTaBKa)

2 12 (1 S ?
VZHI—:ZH §+f(19z') + §+77(?9z') : (7)
i=1 "1 i=1
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Kax 11oka3plBaloT pacyeTsl, B 9TOM CJIydae I'Pa/IMeHT HHTEHCUBHOCTH YBEJINY1-
BAETCS W IPUHIMAET MAKCHMAJIbIbIE 3HATEHNS BJIOJIb ONCCEKTPHCHI IPSMOYTO/Ib-
HOTO BbIpesa (puc. 2).

2.0

y‘/lz—-fﬂ

1z § r] OGpazer
0 — \L NV\ A Ay

0.4 b--f

1.6

Iy

&
0 5 10 15 20 25
X, MEM

Puc. 2: Pacipesiesienne MHTEHCUBHOCTH Jla3epHOTo nsiydenus (A = 694 uM) Bosb Guccek-
TPUCHI IPSIMOYTOJBLHOTO BhIpe3a AudpakimonHoii macku (b = 10 mkm) [9)

Pemenne qudpakioHHbIx 3aja4 ¢ npuMenenneM narerpajios @peness (5)
YCKOPSIET PacueThl, HO JIJisl IIperpaJ, 6oJjiee CJI0XKHOI (hOpMbI HEOOXO MO BOCIIOJIb-
30BaThCA METOJIOM MHTEI'PAJbHBIX CYMM, UTO [I03BOJIsIeT CHHTE3UpoBaTh Ha YBM
KadecTBEHHbIe MUKpoOTojiorpamMmbl. CoriacHo 3ToMy MeTojy uHTerpaJ Kupxroda
(3) 3amensieTcsa CyMMOit

) N )
i exp(iks)
E(P)=——FE E ——— (1 4+ cosp) AS, (8)
2\ 4 S
J=0
e AS — JIUCKpPETHOe 3HAUYEHHUE IJIEMEHTAPHO ILIONAJIKN BOJHOBOIO (DPOHTA,
J — momep ayementa AS, N — [OJHOE YHUCJIO DJIEMEHTAPHBIX ILIOMIAI0K. DKC-
MOHEHIINAIbHAA 3alUCh KOMILIEKCHOIO YHUC/Ia 3aMEHSAeTCs TPUTOHOMETPHIECKOI,
qT0 H0JIee YI00HO I OOJIBIINHCTBA A3bIKOB IIPOrPAMMUPOBAHUSI, 1 BbIPpaXKEHHE

(8) mpuHUMaeT BUJ

. N 2 N 2
(]
E(P)=—53 > cos (ksj)(1+cosgy) | + [ D sin(ks;)(1+ sing;)
j=0 j=0
(9)
rje s; — pacCrodHue OT BBIOPAHHOI TOYKHU Ha 00JIydaeMOil ITOBEPXHOCTHU JI0

9JIEMEHTaPHO TIJIOMIAJKN ¢ HOMEPOM J BOJHOBOI'O (PPOHTA B ILJIOCKOCTH SKpa-
Ha. IlojydyenHoe BbIparkeHue OBLIO IIOJIOYKEHO B OCHOBY aBTOPCKOIO KOMILIEKTa,
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dDizuka

nporpamm (Electronics Realizes Arrays of Holographic Images). Dra yruaura
II03BOJIsIeT CUHTE3UPOBATh Tojiorpadudeckre n300pakeHns oT JUQPaKIINOHHbBIX
JIBYMEPHBIX MacCOK IIPOU3BOJILHON (OPMBI ¢ HaHOpa3MepHBIM pas3pelieHneMm. B
YaCTHOCTHU, OBLIN MPOBEJIEHBI BbhlUucaeHus 1Mo gudpaxiun Openesiss oT udpak-
IINOHHOI MacKW ¢ KBJIPaTHBIM OTBEPCTHEM, PACIIOIOXKEHHOIT Ha BbIcOTe 10 MKM OT
00JTy4aeMoii MoBepXHOCTU. B pe3y/brare MpoBegeHHBIX PacieToB ObLIO YCTaHOB-
JIEHO, YTO pacipejie/ieHue N3JydeHns Ha OBEPXHOCTH MPOUCXOIUT CUMMETPUIHO
OTHOCUTEJILHO TIEHTPa OTBEPCTHs. B IeHTpaJibHON JacTu TOoJOrpaMMbl [T€PUO/T
pacipejie/ieHisI THTeHCUBHOCTH CBETa PABEH JIJINHE BOJIHDBI JIA3EPHOIO U3JIyUEHUSI,
9TO COOTBETCTBYET (PyHIAMEHTAJHHOMY OIPAHUYEHUIO JIJIsi JAHHON ONTHYECKOM
cxembr [10, 11].

BriBoibl

Yuc/IeHHBIMI PellleHnsIMU MeTofgaMu 30H PpeHesisi 1 MHTerpabHbIX CYMM
Kupxroda ¢ npumenennem DBM nHaliieHbl pacipejieieHnsi HHTeHCHBHOCTHU Jia3ep-
HOT'O M3JIYYEeHHS MpK JUMPAKIIUN OT Pa3JIUIHOTO POJIa MPerpajl: MoJIyIJIOCKOCTH,
IPSIMOYTOJIBHOI'O BBIPE3a B 9KpaHe U KBaJAPATHOIO OTBepCcTHs. TaKuM CrocoboM
MOXKHO 3aJilaBaTh TpedyeMoe pacipejie/ieHue Jia3epHO-MHIYIIUPOBAHHBIX CTPYK-
TYPHBIX 00pa30BaHMil HA ITOBEPXHOCTHU IIOJIYIIPOBOJIHIKA, 00J1a/Iaf0IIIX 0COOBIMI
dpu3nIECKIMU CBOMCTBAMI.
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Distribution of intensity-diffracted laser radiation on a
semiconductor surface

The theoretical basis for calculating the holographic intensity distribution
of laser radiation during diffraction from two-dimensional screens is presented.
The solution of diffraction problems is performed using the Fresnel or Kirchhoff
integrals depending on the shape of the limiting screens, to which the laser beam
is directed.

Keywords: modulation, diffraction, laser, cluster, mnanostructure,
semiconductor.
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CTPYKTYPHBIE OCOBEHHOCTU TPUIITO®AHA,
B/INAIOIIVNE HA CBETONHAYIINPOBAHHYIO
AJESAKTVUBAIINIO ®OCPOPECHEHIINN BEJIKOB

[Tosry1ennl sKcriepuMeHTaIbHbIE JJAHHBIE 00 00PATUMOI CBETOUH LY IIUPOBAHHON JIe3aKTHBA-
un ocdopecieHuy TpUITodgana B 3aMOPOKEHHBIX pacTBoOpax MoJjekys oeiakoB. [Tokazano,
410 3ddekT dhoToiezakTUBaIIN (hocdopecleHInr TpunTodana B 6e/IKax 00yCJIOBJIEH B3aNMO-
JieficTBIeM KapOOHWMIBHON T'PYIIIIBI ¢ IJIOCKOCTBIO WHJIOJIBHOTO KOJIbIa Tpuirrodana. [Ipu stom
B KadecTBe B3aMMOJIEHCTBYIONIEH KapOOHWJIHHOW I'PYHIBI MOYKET BBICTYIIATh KaK COOCTBEHAast
IpyIina TpunTodaHoBOro ocTaTKa WU TaKas IPYIIa JIPYyroro aMUHOKUCIOTHOTO OCTATKA.

KmoueBsblie cioBa: ¢gporodusuka 6eyika, Tpunrodan, dpocdopeciieHims, CBETONHTY ITUPO-
BaHHag Jie3akTuBaIms (pochopecreHImm.

BBenenue

[Tocte namux nepBbix pabor [1,2] B KOTOPbIX ObLT 0OHAPYKEH 3D deKT 0OpaTu-
MOT'O CBETOBOI'O TyleHusi pocpopeciieHImn Tpuntodana, MosiBUI0CH IIOHUMaHNIEe
OCHOBHBIX JleTajiell MexaHu3Ma (PpoToU3NIECKIX IIPOIECCOB, OTBETCTBEHHBIX 34
HaOIoaeMblit 3pdext. K HacTodgieMy BpeMeHH MOJYYeHO JOCTATOYHOE KOJIH-
YeCTBO SKCIIEPUMEHTAJIbHBIX PE3YJIbTATOB, KOTOPbIE MO3BOJISIOT YTBEPKIATH U4TO
B OCHOBE MeXaHH3Ma, 00paTUMOI0 CBETOBOIO TyIeHust (pocOpeceHITni TPUIITO-
dgana 1 ero aHaJIOroB JICXKUT B3aUMOJIEHCTBUE UHJIOJILHOIO KOJIbIla TPUIITO(haHA
¢ KapOOHMJILHOI I'PYIIIIOii, COJMXKEHHOII ¢ HUM Ha, PAcCTOsIHUE HOPsiKa 3-5 A B
CJIOYKHBIX MOJIEKYJISIPHBIX 00Pa30BaHUSIX, KOTOPBIMU ABJISIIOTCA MOJICKYJ/IbI OeJIKa,
nousitTre (poToPU3MIECKUX MPOIECCOB [IJIsi OJHON U3 CTPYKTYP, BXOJIANINX B CO-
CTaB MOJIEKYJIbI OeJTKa, JOJIZKHO OTJINIATHCS OT MOHATHI (DOTODUINKI OJIMHOTHBIX
HeOOJIbINX MOJIeKYJI. Tpunrodat BXOJIUT B COCTAB MHOTMX OEJIKOB B BHJIE TPUIITO-
¢daHOBBIX AMUHOKHUCJIOTHBIX OCTATKOB. B jtanHoit paboTe nccjejoBaHue CBETOBOIO
Tymienns pocopecennn TPUITOMAHOBLIX OCTATKOB /I pa3HbIX OEJIKOB ITPO-
BOJIMJIM TIAPAJIIEILHO ¢ U3YUYEeHNEeM MeOMEeTPUIECKIX MapaMeTpPOB TeX CTPYKTYD,
KOTOpbIE HEIIOCPEJICTBEHHO KACAIOTCsl OJIMKANIIEro OKPYKEeHNsT KarKI0I0 TPUIITO-
daHoBOIrO OCTaTKA.
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st reoMeTpudecKkoil MHTEPIpEeTAIMT TIPE/IJIaraeMbIX MEXaHU3MOB sIBJICHUSI
CBETOBOIO TyIeHust pocopecreHIuyn TpunTodaHa B Oe/KaxX MCIO0JIb30BaJINCh
JTaHHBIE O CTPYKTYpe MOJIEKyJI, mojydenubie n3 banka Jlannbix Bemkos (Protein
Data Bank - http://www.ncbi.nlm.nih.gov/). B kauectse uncTpymenTa jijisi Ha-
OJIIOJICHIST TeOMETPUIECKOI CTPYKTYPhI MOJIEKYJT HCIIOJIB30BAJIACH ITPOIPAMMa BH-
syasm3anun RasMol - http://www.openrasmol.org/.

MaTtepuaJjbl 1 MeTO/Ibl

Nszmepenust hochopectieHIT MpoBo i Ha (pochOpOCKOITNMIECKOil yCTaHOB-
Ke, omucaHHoil B paborax [1, 4], B 0JMHAKOBBIX Jjisi BCeX OOPA3IOB YCJIOBUSIX.
PacTBophl momera/in B KBapleByio TPYOKY ¢ BHYTPEHHUM JHAMETPOM 2 MM U
zamopazkupaJin j10 77 K. Onrudeckas maoTHOCTb 0Opasiia He mpeBocxoimia 0,2,

Jl1s1 MOe IMpPOBAHISI MOJIEKYJI U aHAIN3a 0COOEHOCTEl X IIPOCTPAHCTBEHHOM
CTPYKTYPhI UCIIOJIB30BAJIM KOMIIbIOTEPHBIE IIPOIPAMMbI BU3YaIN3AIIMI MOJIEKYJI, B
yacTHOCTH, porpammy RasMol. CTpyKkTypHbIe JaHHbIe MOJIeKYJI B (hopmare PDB
IOJTYYEeHBI 13 00IIEI0CTYITHON MexK IyHapo IHOIt 6a3bl JaHnubIX Protein Data Bank.

Pe3yabTaTnsl m obcyxaenue

B ipoBeieHbl n3Mepenust pocdopeciieHInn Psia MOJIEKYJT OEJIKOB, B YCJI0-
BUSIX, TIO3BOJISIONINX HAOJIIOIATH HE TOJIBKO POchOPECIEHITNI0 MOJIEKYJI, HO TAKKe
3 dekT Tymenus 3Toit (pocdopectenIun Tpu JOMOJHATETHHOM 00TydeHnn 00-
pasiia cBeTOM B 00JIaCTU TPHILIET-TPUILIETHOrO morJomieHus. Haandane Bo Bcex
9TUX OeJIKaX TPUITO(PAHOBOTO apOMATHIECKOT0 aMIHOKHUCJIOTHOI'O OCTATKa, IT03BO-
JISLJIO TIPEJIIOJIOXKUTD, 9ITO JIJIsi BCeX OEJIKOB MOXKHO HA0JII01aTh 3(PEKT CBETOBOIO
TymieHnsi (pocopectieHIum, ooHapy>KeHHbII HaMI paHee JIJIsi PACTBOPOB TPUIITO-
dana [1, 2|.

Hexoropbie pe3ysibTaThl TaKUX U3MEPEHUiT peacTaBieHbl B Tabmie 1. B Heit
MOKA3aHbl JAHHBIE, XapaKTepu3yoliue KoJni1ecTso octarkos Tpunrodana (Trp)
B MOJIeKyJie Oejika, BpeMs 3aTyxanust ocdopecrennnn (7 ), a TakKe mapaMerp
dororymenus dpocdopectennnun ().

Haubosiee nHTEpECHBIM PE3yJILTATOM W3 IIPEJICTaBJIEHHBIX B TAOJHIE IIPE-
CTABJISIETCSI PE3YJILTAT, IIOJIyUEHHbIN JJIsi ChIBOPOTOYHOI'O ajbOyMHHA Ue/I0BEKa
(CAY). B srom 6esike Bcero ot TpUIITOMAHOBBII aMUHOKNUCJIOTHBII OCTATOK,
ojiHaKo Jyist Hero mapamerp (§ = 0,65) 3aMeTHO BbIIle, 9eM JJist OCTAJbHBIX OeJi-
KOB (Tabsnra).

OcraJjibHbIe HCC/Ie0BaHHbIe OEJIKI UMEIOT B CBOEM COCTaBe DOJIbIIE, YeM OJUH
TpunTodaHoBbIil ocTaToK. [losTOMY MHTEpIIpeTalnsl Pe3yIbTaToOB SKCIIEPUMEHTA
1o HabJIIoIeHnIo PochOPECIIEHIINN U €€ CBETOBOMY TYIIEHUIO JIJIs HUX JIOJIZKHA
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YUIUTBIBATH BO3MOXKHOCTH IIEPEHOCA SHEPIUN MeXKy TPUITOMAHOBBIMU OCTAT-
KaMI OJIHOI m Toil ke MoJieKy/bl Oenka. Ho mepeHoc sHeprum moJIKeH cKopee
yCUJIMBATH TpuirodanoByio dpocdopecteniuio beika. [Ipu aTom ciiegoBaio oxu-
naTh 1 Oosiee BbICOKOE 3Hadenne napamerpa (d ). V3 Tabauisl BujHo, 910 Takoe
OYKIJIaHIE HEe OIPaBIAJIOCh.

Tabmuma 1. [apamerp dororyienust docdopecreninn (§) nccae0BaHHBIX
6esikoB. CMBIC/T JIDYTUX JIAHHBIX, TIPEJICTABICHHBIX B TabJIMIE, YKa3aH B TEKCTE.

Benok K-o Trp | 7 (cek) | §

CAY (CrIBOPOTOUHBII aTBOYMIH 1eJI0BEKA) 1 4,2 10,65
PHKasza 2 4.0 0,33
[Tanann 5 5,5 0,29
JImzomum 5 2,2 0,52

Jltst moruManms HabJII0JIAEMbBIX PE3YIBTATOB CJIEJIOBAJIO PACCMOTPETH OCOOCH-
HOCTH IIPOCTPAHCTBEHHOI CTPYKTYPHI pocdopeciupytonux ¢gparMeHToB pas3jin-
HBIX OEJIKOB.

B npeiBapuTeibHBIX IKCIIEPUMEHTAX Hallell 11eJ1bio ObLI0 YOeUThCs, 9TO Kap-
oonmbHag rpynmna > C = O tpunrodana B pe3yjbTaTe BpalleHUs BOKPYT
COOTBETCTBYIOIINX OJMHAPHBIX cBsi3elt C' — C' MOXKeT pacrojaraTbCst J0CTaTOq-
HO OJIM3KO OT MHJI0JIBLHOTO bparMenTa MoJiekysibl. [TocKo/bKy 3a onTudeckne
CBOJICTBa WHJI0JIa OTBETCTBEHHA COIPSI’KEHHast T - SJEKTPOHHAsl CUCTeMa, Hac
MHTEPECOBAIN TaKWe OpUEHTAINN KapOOHWILHOW IPYIIBI, TP KOTOPBIX OHA Ha-
XOJIUTCS HAJ, IIJIOCKOCTHIO MHJIOJIbHON TPYIIILL. VIMEHHO TaKue OpueHTaIlun 1103~
BOJISTIOT B3aMMO/ICfiCTBOBATD 9JIEKTPOHAM 71 - CHCTEMbl HMHJIOJIa C SJIEKTPOHAMMU
KapOOHWIBLHOI I'pyMIbl. B pe3yinbrare ncciegoBanuit Mbl yOe IMINCH, 9TO B OJTHOM
u3 JIOMYCTUMBIX KOH(OpMAIUil paccTosiine OT aToMa KUCIOPOJa 10 TJIOCKOCTH
HHJIOTBHOTO Koutblia coctapisier 2,82 A. Pamee mamm 6bi10 mokasano [4], €ro
B pacTBOpax MHJOJA C alleTOHOM WJIM YKCYCHON KHUCJIOTOH (91U HeGOJIbIIIe MO-
JIEKYJIBI COJIEPYKAT KAPOOHUIBHYIO TPYIITY) paccrostHue 3h(MEKTUBHOIO TYIIEHUST
cocTaJisio 4,6 A

Ha puc.1 nokazan ¢gparment mosiekysibl CAY B okpecrHOCTH TPHUIITODAHO-
Boro ocrarka 1rp214. I3 pucynka MOKHO BHAETH, 9TO €IMHCTBEHHAs TI'PYIIIa
C=0, nocraToyHo O/m3Kas K ILJIOCKOCTU HHJIOJBHOTO KOJIBbIA, - 9TO COOCTBEH-
Hasl rpyiira TpunrodganoBoro ocrarka 1rp214. Ilpudem sTa rpyiina HAXOAUTCA B
KOH(UTYpAIH, TOXOXKel Ha TeOPEeTHIECKYIO, IOy YeHHYI0 HAMK JIJIsi OJIMHOIHOM
MOJIeKYJIbl TpunTodana. Takum odpa3oM, BbicoKasi 3(PEKTUBHOCTL (POTOTYIIIE-
Hug TpunTodanoBoro ocratka 1rp2l4 B MoJieky/ie ChIBOPOTOYHOIO aJIbOyMUHA
gesioBeKa 00yCJIOB/IeHA ONTUMAJIBHON OprueHTaIeil aroMa KICJI0Po/ia KApOOH b
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ot rpynmel TRP214 oTHOCHTENTHHO WMHIOJABHONW TPYIIBI 3TOrO ocTtaTkKa. Jlis
JIpyrux OeJIKOB, KaK CJeJlyeT U3 IIPEeJACTAaBJICHHBIX B TaOJIAIE JIaHHBIX, HAJIIIIE
He OJIHOTO a HECKOJbKUX TPUITOMAHOBBIX OCTATKOB B MOJIEKYJ/IE, HE NPUBOIIO
K KaKOMY-JI100 IIPOIOPIMOHAIBHOMY YBEJINUEeHIIO UcceyeMoro agpdexra Gporo-
TynieHusi pocdopecieHInn.

A I. ||/ :;r-‘#"ﬁ l;-,:_‘__ y II. \II'L _,_-—--"'\\}('l‘i;

AN AN S BN

Puc. 1: ®parment mosekysbl cbiBopoTodHoro anbbymmnsa genoseka (CAY) B okpecTHOCTH
rpunrodanoBoro ocrarka Trp214. AToMBI aMHHOKHCIOTHBIX OCTATKOB, HAXOIAIINXCSA Ha Pac-
crostinn me Gosbie, dem 5,0A or aromos Trp214, oTo6parKeHbl Kak HEGOJBIINE IIAPHKHL.
Vnanenubie pparMeHTsl OejKa IMOKa3aHbl CXeMaTUveCKu B Buje HaOOPOB KOPOTKUX JIMHUIA,
COOTBETCTBYIOIIUX JIIMHAM XUMUYECKUX CBsi3eil. AToMmbl, BXoJsmue B cocraB Trp214, orob-
paxkeHbl Kak cdepbl pajgnyca cui Ban gep Baasbca. Bugno, uro atom kuciaoposa (KpacHblii)
KapOOKCHILHON T'pyHIbl TpUlTodana HAXOJIUTCH HAJ] MIOBEPXHOCTBIO HHOJIHHOTO KOJIBIIA.
Paccrosiiue or Hero 10 GHKafilero aroMa HHI0ILHOIO Koubla 3,3 A

Hanpuwmep, B mosiekyie PHKa3bI nmveercs jpa ocrarka Tpunrodana (Trpl0,
Trp35). Ograko Hu nmapamerpsl dochopectennnm, Hu nmapamerp GOTOTYIIEHUsT
dbocdopectientyn () 115 37010 HJIKa HE CBUJIETEIHCTBOBAJIE O JIBYKPATHOM yBe-
qudennu. Bosee Toro, apdexT dororyirenns diyopecieHnn ObLI BJBOE HUXKE,
gem i1t MojieKysibl CAY ¢ ogauM TpunToaHoBBIM OCTATKOM.

U3 nanawsix PDB, nmeromuxcs B MeK1yHapo/iHoit 0ase JaHHbIX, CJIeIyeT, YTO
oba octarka Tpunrodana — Trpl0 n Trp35 npaxkTHuecKu MOJHOCTHIO HAXOSATCS
Ha TTOBEPXHOCTU MOJIEKYJIbI U He MOTYT B3aMMOJICHICTBOBATL HU C OJIHON M3 Kap-
OOHUJILHBIX TPYII Oeika, KpoMme CBoeil KapOOHMJILHOW I'pyIiibl. PaccTosHust ot
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ILJIOCKOCTU MHJIOJIBHOIO KOJIbIA JI0 KapOOHWIBLHOM I'PYIIIIbI JIJIsi HUX COCTABJISIIOT,
COOTBETCTBEHHO 3,46 Au 3,42 A

Ha nepsnbiit B3rsi, Hale ucciiegopanue reomerpun oenka PHKasbr B okpect-
HOCTH TPHUITOMAHOBBIX OCTATKOB 9TOT0 O€JIKa W pe3yJbTaTbl 10 (POTOTYIIIEHUIO
docdopeciieHIIIN He COIIACYIOTCsS ¢ pe3yJbTaTaMu, MMOJYyYEeHHBIME JIJIsT JPYTIUX
oenkoB (Tabsmma 1). C omHO#t cTOPOHBI, 00a TPUITTO(GAHOBBIX OCTATKA HMEIOT
OJstaronpusTHYIO st poToTyIIeHns: pocdopecieHny OpueHTaIUI0 NHIO0JIbHBIX
KOJIEIl U COOCTBEHHBIX KapOOHUIbHBIX Ipyiil. C Apyroit ¢cTopoHbl, KOIMDMUINEHT,
XapakTepusytomuii pororyieHne pocdopecieHnm st STOro 0ejKa B HOpMaJib-
HBIX yCJI0BUsIX, 3ameTHo Huzke, dem st CAY wian namamna. OjHako ciegyer
IpUATh BO BHUMaHHUE, YTO obOa TpUNTOMAHOBBIX ocTaTka MoJiekyabl PHKaszbr
HAXOJIATCA Ha ITOBEPXHOCTU OEJIKOBOI IJIOOYJ/IbI U, CJIeJIOBATEIbHO, CIIOCOOHBI JI0-
CTATOYHO JIEFKO H3MEHSITh CBOIO KOHQOpMaImio. BuanMo B ycaoBusIX Harmero
9KCIIEPUMEHTa, peasibHble KOH(MOpMaIn 000X TPUIITO(MAHOBBIX OCTATKOB 3aMeT-
HO OTJIMYAJINCh OT KOH(OpMaIuu, mpejcrapieHnoil no nanabiM PDB. B cBssu ¢
9TUM HY?KHO 3aMETHTb, YTO PEHTI€HOCTPYKTYPHBIE JaHHbIe, Ha, OCHOBE KOTOPBIX
HOJIyUEHbI PE3YJIbTAThl O IPOCTPAHCTBEHHOM PACIIOJIOXKEHNN BCEX aTOMOB MOJIEe-
KYJIbI, MOJIyUEHbI JIJIsi KPUCTAJIIOB OejiKa, T.e. B YCJIOBUSX, KOIVIA ITOBEPXHOCTD
OEJIKOBOII MOJIEKYJIbl HAXOJUTCs B JIOCTATOYHO ClennuIecKux ycaoBusix. [lrs
MOJIEKYJIbI B pa3daBJIeHHOM pacTBOpE aMUHOKHIC/JIOTHBIE OCTATKU Ha ITOBEPXHOCTH
OeJIKa JIOJI2KHBI OBITH BECbMa IOJIBUKHBI, TI09TOMY B PACTBOPE BO3MOXKHBI HE Ta~
Kue KoHdopMalun, KaK B »KeCTKOI KpUCTaIndeckoii cpeje. st pereHust 5Toro
BOIIPOCa HEOOXOIMMBI JIONOJTHUTE/IbHBIE HCCJIeI0BAHNS.

B moutexyiie mamamHa umeeTcs 5 octaTkos Tputitodana - Trp7, Trp26, Trp69,
Trpl77 m Trpl81. TpunrtodanoBble 0OCTATKN HAXOJAATCSI B MOJIEKYJIE B BUJIE TPeX
OTJIEJILHO paciooKeHHbIx rpytm: Trp26 u Trp69, Trpl77 u Trpl81, Trp7.

M3 namux m3MepeHuii oJJHO3HAYHO CJIEyeT, ITO HU JJIsi OJHOTO U3 TPUIITO-
¢ aHOBBIX OCTATKOB IamanHa coOCTBEHHbIE KapOOHUIbHAS U NH/I0/IbHAs TPYIIIIbI B
HOPMAJIbHBIX YCJIOBUAX HE MOI'YT 3(P(HEKTUBHO B3aUMOJIEICTBOBATE JIPYT C JIPY-
rom. IToaromy acbdekTuBHOCTH ¢BETOBOrO TyIeHUsT pocdOpecIieHInn JIJisi 9TOro
OeJika HeBBICOKA (CM. TabJIHILY ).

Tpunrodanosblit octaTok Trp7, yiaaeHHbIH OT OCTAJIbHBIX JBYX I1ap OCTATKOB
Ha paccrosiHue okoj10 20 A, mpakTuueckn He 0GMEHNBACTCs SHEPrHeil BO3OY K ie-
HUsI HU C OJIHUM U3 OCTaJIbHBIX YEThIpEX TPUITOMAHOBHIX OCTATKOB. B oKpecT-
Hoctu Trp7 mer uu oxuoit rpynnsl —C' = O, crOCOOHON B3aUMOJIEHCTBOBATE C
COIPSI?KEHHOIT CUCTEeMOIl 9JIEKTPOHOB UHI0JIbHOTO KoJiblia. I'pynna —C' = O | npu-
HaJIjIezKallas 9TOMY OCTATKY. HAXOJUTCs B IJIOCKOCTH €ro HHJOJBHOI'O KOJIBIA,
[I09TOMY TaKyKe HEe MOXKET y4acTBOBATb B 3(pdeKTe cBeTOBOro TyineHus: Ghocdo-
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pecriennun. JpyrumMu cjioBaMu, €CJu Jlayke 3TOT OCTaTOK TpunTodana M JgaeT
BKJIaJ B pochopeciiennio MOJIEKYJ/IbI Talania, TO OH He MOYKET JaBaTh BKJIaJIa
B 3pdekT pororymenns pochopecieHIini.

Moxkno npennonoKuTh, uro BHyTpHu rpymn Trp26, Trp69 u Trpl77, Trpl81
npoucxoauT 3 deKTuBHbII 00MeH sHeprueil Bo30yxkaeHus. Trp26 u Trp69 pac-
MOJIOYKEHBI OJTU3KO JPYT OT JApyTra, nmpudyeM Trp69 pacriosioykeH Ha MOBEPXHOCTH
6esIKOBOIT MOJIeKYJIbI. MeK Ty HUMHU BO3MOZKEH TIEPEHOC SHEPTUH BO3OYKIEHNUS 110
JIIOOOMY MEXaHW3MY, B YACTHOCTU U 110 OOMEHHOMY.

Vzmepennble HaMU PacCTOSTHUS OT TIJIOCKOCTH MHJIOJBHOTO KOJIBIIA COOTBET-
CTBYIONIErO TPHUIITOMAHOBOIO OCTATKA JI0 OJIMKANIIIX KaPOOHMILHBIX IPYIII JIPY-
IUX aMUHOKUC/IOTHBIX OCTATKOB TPUBEJIEHBI HIKe (aTOMbl () COOTBETCTBYIOIINX
KapOOHMJIbHBIX I'PYIIII IIOKA3aHbI PAJIOM € KarK10il TaKoii rpynnoﬁ).

Trp69 — Tyr67.0 5,0 A
Trp69 — Ser70.0 4,9 A
Trp26 — Ser60.0 3,5 A
Trp26 — Gly66.0 3,6 A
Trp26 — Ser24.0 4,0 A

U3 mpuBeieHHBIX JAHHBIX BUIHO, YTO Trp26 MoxkeT 3DPEeKTUBHO B3aMMO-
JeficTBOBaThL ¢ TpeMs KapOOHUJILHBIMU I'PYTIAME, TPUHAJICKAIINMI OCTATKAM
cepun-60, cepun-24 n rimiuH-66. Trp69 criocobeH B3amMozeiicTBOBaTh ¢ JABYMs
KapOOHUJIbHBIMI TPYIIIAME, IPUHAJIeKAIMI Tupo3uny-67 u cepuny-70. O-
HAKO 3(PEKTUBHOCTL TAKOI'O B3aUMOJIEHCTBUS HEBBICOKA M3-38 OTHOCUTEILHO
VIQJIEHHOCTH COOTBETCTBYIOIIUX KAPOOHUIBHBIX TPYIIT (OKOJIO 5 A).

Trpl77 u Trpl81 pacrosoxkeHbl GJIM3KO JAPYr OT ApyTra, IpudeM oda ocTaT-
Ka HAXOJSITCS MPAKTUUECKN Ha MOBEPXHOCTH OEJTKOBOI MoJieKyJibl. MexK 1y HuMu
TakykKe Kak 1 B ciaydae mapbl 1rp26 m Trp69 Bo3MoOKeH IepeHoc SHEPruu BO3-
oy enus. VzsMepeHtble HaMI PACCTOSTHUS JI0 OJIMZKANTIINX KapOOHUIBHBIX TPYIIIT
IIPUBE/IEHBI HITZKE.

Trpl77 — Asnl75.0 4,04 A
Trpl81 — Tyrl44.0 3,82 A

B nanboJsiee BBITOJHON OopueHTalnd KapOOHUIbHBIX IPYIII 110 OTHOIIEHUIO K
UHJIOJIBHON T'PYIIMPOBKE JIjIsI CBETOBOI'O TyIIeHUA (pochOopecieHnm Haxo s TCs
nnjobHag rpymmna Trp26.

[IpumeuaTeIbHO, 9TO [0 HAIIUM JAHHBIM 38 B3aUMOJIEHCTBUE ¢ UHJIO0JILHBIM
KOJIBI[OM OTBETCTBEHHBI KapOOHIIbHBIE IPYIIILI AMIHOKICJIOTHBIX OCTATKOB, yla-
JIEHHBIX 110 TIEPBUYHON [TOCJIE0BATEIbHOCTH OT (pochopecupyomiero Tpuinroda-
HOBOT'O OCTaTKa. 3a UX IMPOCTPAHCTBEHHOE COJIMXKEHNE OTBETCTBEHHA, BTOPUYHA
U TpeTUdHasi CTPYKTYPhI Oesika. Buanmo, nMeHHO ¢ 9TuM (GaKTOPOM CBSI3aHO Pe3-
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Koe ycuaeHue 3dderra cBeToBoro TyiueHus (hocopecieHuy Ipyu U3MeHEeHUN
pH cpenpr. Xopomo msBectHo, 4To m3Mmenenne pH cpejbl MpuBOIUT K Ccylile-
CTBEHHBIM IT€PEeCTPORKAM BTOPUYHOI 1, 0COOEHHO, TPETHIHOMN CTPYKTYPhl OEJTKOB.
Taxum obOpa3oM, U3 3TUX JAHHBIX CJeJyeT, 9To u3MeHeHue 3pdeKTa CBETOBOrO
TynieHnsi (pocdopecieHIun I03B0JIsieT PErucTPUPOBaTh U3MEHEHUE CTPYKTYPbI
6esikoBOiT MoJIeKy/Ibl. Ho 9T0 03HAaUaeT, uTo poToTyiienn pocdopecieHIun Tpuil-
TOaHOBLIX OCTATKOB OETKOB MOYKET MCIIOJIb30BATHCA KaK MeTO]T HAOJIIO/IeHns 3a
IIPOCTPAHCTBEHHBIMU IIEPECTPORKAMUI TAKIX MOJIEKY.LI.

B wmosexyse sm3ormmma umeercss 6 ocrarkos tpuntodana (Trp28, Trp62,
Trp63, Trpl08, Trplll, Trpl23). C yueroM AOCTATOYHO MAJBIX PA3MEPOB MO-
nekysbl (30x40 A) TpunrodpaHOBbBIE TPYIIIBI PACTIOIOKEHBI KOMIIAKTHO.

Huke nipejsicraBiieHbl JaHHBIE O PACIIOIOKEHNN OJIMKAMIIIIX aTOMOB KHICJIOPO-
Jla, KapOOHWIbHBIX IPYIIIT, PACIIOJIOKEHHBIX HAJ IIJIOCKOCTHIO MHI0JHLHOTO KOJIBIIA

KazKJIOr0 13 OCTaTKOB TpUnTodana.
Trp28 — Leul7.0 4,00 A

Trp62 Arg61.0 4,03 A
Trp63  — Arg62.0 4,11 A
Trpl08 — Alal07.0 4,42 A
Trplll — Trplll.O 3,46 A
Trplll — Metl05.0 3,25 A
Trpl23 — Val29.0 497 A

U3 npejcTaBieHHbIX Pe3yJ/IbTATOB U3MEPEHU BUJIHO, 9TO B OCOOOM I0JIOYKe-

HUU HAXOJIUTCA TOJBKO OJnH ocTaToK Tpunrtodana - Trplll. B stom ocrtarke
cobcTBeHHasl KapOOHUIbHAsT I'PYIIIAa OPUEHTHPOBAaHA TaK, YTO OHA CIIOCOOHA 3au-
MOJIeHICTBOBATD C ILJIOCKOCTBIO CBOET'O WHJIOJBLHOTO KOJIbITa. AHAJIOTUYHAsS CUTYya~
st Habsogasiack g CAY. Buaumo Ttakasi KoHdurypaiusi aToMoB TpUIITOda-
HOBOI'O OCTATKA sIBJIAETCS HANOOJI1ee BBITOHOMN JIIST OCYIIECTBICHIA (DOTOTYIICHIS
dochopecrientiun. Kpome Toro, /st 3TOi MOJEKYIbI BO3MOXKHO OJIHOBPEMEHHOE
B3aNMOJIeIICTBIE MHJIOJBHOIO KOJIbIla TpulnTodganoBoro ocrarka TRP111 aBymsa
KapOOKCHJILHBIMU I'PYyIIIAMI: COOCTBEHHON M KapOOKCUJILHON TPYIIIOH METHOHH-
1al05 (Met105). Buimo pe3yibraToM TaKoro OJ[HOBPEMEHHOTO B3aMMOJICHCTBIS
U SIBJIFETCSI KOPOTKOE BpeMs »KI3HU (pocdOpecieHInn JIjist 9Toro Oejka - 2,2 cex.
st ocTaJIbHBIX 1IPEJICTaBJIEHHBIX B TabJ/HIe OEJIKOB 3TO BpeMs BJIBOE OOJIbIIE.
UccnenoBanue jeraseit porodusnyeckux MporeccoB B 3TOM OeJiKe HeOOXOIMMO
TPOJIOJIKUTD.
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BriBoab:

[Tonydyenuble pe3ysbTaThl yOEIUTETLHO CBUICTE/ILCTBYIOT O BayKHOM poJin
KapOOHWIBLHBIX T'PYIIT B IIPOIECCAX CBETOBOI Je3aKTUBAINN TPUILIETHOTO COCTO-
SIHUS TPUITOMAHOBOIO aMUHOKHUCIOTHOTO OCTATKA, MOJIEKYJT OEJTKOB. BBIMOTHEHBI
OIICHKM OINTHUMAJBLHOI'O PACCTOAHUA OT ILJIOCKOCTU WMHJIOJIBHON I'PYHIIBI TPUIITO-
danoBoro ocratka OeKa /10 aToMa KHUCJIOPOJia KapOOHUIBHOI TPYIIIBI TOTO Ke
ocraTka Oejika M1 KapOOHUIbHBIX TPYIIT APYTUX OJUKANRIIIX aMIHOKNACTIOTHBIX
ocraTkoB Oeska. [lo Hammm orneHkaM Takoe pacCTOSHEE He JIOJIPKHO MPEBBIATD

4 A,
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Structural particular qualities of tryptophan influencing on the light
induced deactivation of proteins phosphorescence.

Experimental data on the reversible light-induced deactivation of tryptophan
phosphorescence in frozen solutions of protein molecules were obtained. It was
shown that the photo deactivation of phosphorescence of tryptophan in proteins
is due to the interaction of the carbonyl group with the plane of the indole ring
of tryptophan. At the same time, as an interacting carbonyl group, it can act as
an own group of the tryptophan residue or such a group of another amino acid
residue.

Keywords: protein photophysics, tryptophan, phosphorescence, light-induced
deactivation of phosphorescence.
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YAOCKOHAJIEHHSA CUCTEMU I'NJTYBAHHZS TEJIECKOIIA

CrarTs npucBgdeHa JOCTIPKEHHIO BJIACTUBOCTEN Mojieieil maByTHHHOTO Ta IpadidHoro mpu-
LTy Tijla TeJeckona Ha IMpo3opiit ocHoBi. Po3rigmnyTo nemostiky icnyrodanx mopesneii. Haseieno
KOHCTPYKIIIO ITPOEKTOPA ONTUYIHOIO MPUIILIY, [0 yCyBa€ iCHYIOUl HeIOMKN rpadidHoro Ta mna-
BYTHHHOTO Mepexpects. OOrpyHTOBAHO JIOMIIBHICThL BUKOPUCTAHHS OITUYIHOTO TPUINIY Tiga
TeJIecKoTa, Moro mepeBarn Ha/l ICHYIOUNMHU MOJIETSMU.

Koro4doBi cjioBa: meneckon, 2id, 2i0ysanms, onmudHut npuyis, epadivhe neperpecmas,
NAasYMUHHE NEPETPECNA.

Bceryn

AcTpoHOoMiUHI criocTepesKeHHs 3aB:K/IM BiJlirpaBajii BEJIMKY POJIb B KHUTTI
mojicrBa. Opi€eHTYIOUNCH 3a IOJIOXKEHHAM 1 pyxXoM HeOecHUX CBITHMJI Hallll Ipa-
HIypU 3HAXOIWJIN IJIAX, CKJIaJaJii KaJeHJapl Ta BUMIpIOBaJU Yac, BU3HAYAJIN
HAOL/IBIT CHPUATIUBI TEPMIHN CLILCHKOTOCIOIAPCHKUX POOIT.

Teneckor jtae BemKe 301IbIIEHHS, TOMY HOM0 HE3PYYHO HABOJUTHU HA HeOECHE
Ti10. YuMm Oljibliie 301JIbIIEHHS TEJIECKOIly, THM BY2KYe I10JIe 30Dy, TOOTO MEHIITY
JIJITHKY HIYHOrO Heba MOoKHa criocTepiraTu. Ha BijMiHy Bijt Te1€CKOIIB, BIIOITY-
Kadi (200 i) j1JIst TeJIeCKOIa MAIOTh HeBeJINKe 301IbIIeHHsI, TOMY, OLIBII IHPOKe
moJie 30py. Tomy TX BUKOPUCTAHHS CIIPOIILY€E MPOTEC HABE/IEHHS TeJIeCKOTa Ha He-
becHi Tifa.

[igu B acTpoHOMiuHIN onTuil 3abe3mnedeHi ONTUYHUM HPUILIOM (mepexpe-
CTSIM) JIJIst TIPUB’SI3KK ONITUYIHOI CHCTEMH JI0 300payKeHHST ILIAXOM 1X TTO€HAHHSI.
HeoOxijHicTh mijicBigyBaHHsI IPUILIY OOyMOBJIEHA THUM, III0 Ha TEeMHOMY Hebi
BOHO HeIoMiTHe. [cHyloul Mojesi NMpUIIy, HAPUKJIa/l, TaByTUHHE Ta rpadidHe
nepexpecTs Ha IPO30plil OCHOBI MAaIOTh JlesdKl HEJIOJIKH: Ha 1X TTOBEPXHI MOXKe Oca-
JIZKYBATUCH T Ta POCa sIKi CYyTTEBO BILINBAIOTH Ha SKICTh 300parkKeHHsi 00’ €KTiB.
Tomy BUKOpHUCTaHHS CBITJIOBOI MOJIE TPUILIIY MOXKe YCYHYTH ICHYIOUl HEJIOMIKH
Ta MOKPAIIUTU AKICTh aCTPOHOMIUHUX CIIOCTEPEKEHD.
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[MMumanceka JI.A., Kaayria B.B., ... VockoHaJIeHHST CHCTEMU TiJIyBaHHS TeJIECKOIIa,

Tomy 3a METY cTaBUMO PO3TJIsiJi BUTOTOBJIEHOT Ta BUIIPOOYBaHOI MOJIEJIi OIITH-
YHOI'O MPUILIY TijJla TeJecKolla, BUSBJIEHHS fOro repeBar Ha/l ICHYIOUUMHU MOJe-
JISIMU.

OcHOBHA 4YacCTHHA

AcTtpoHoMivuHi criocTepeskeHHsI, B OLIBIIOCTI BUITQ/IKIB, MACUBHI 110 BiHOIICH-
HIO JIO JIOCJIJIZKYBaHUX 00’ €KTiB, TOOTO IKOCh aKTUBHO BILIMBATH Ha HeOECHI Tija,
CTABUTH JIOCTIN (3a BUHSTKOM PIJIKICHUX BHUIAJKIB) He Mae Moxk/auBocti. Ile
0JIHa 0COOJIMBICTb ACTPOHOMIUHUX CIIOCTEPEXKEeHb II0B’si3aHa 3 THUM, 1110 BCl Hebe-
CHI CBITHJI& 3HAXO/ATHCS BlJI HAC JIyzKe JJaJIeKo 1 MailzKe ycl BOHU 3/1al0ThCs HaM
OJIHAKOBO JlajieKuMu. TakoxK Jy»Ke BarKJIMBOIO OCOOJIUBICTIO € Te, IO CIIOCTepesKe-
HHsI 38 HeOECHUMU TiJIaMU BiJIOYBAIOTHCs 3 IMOBEPXHI 3eMJIi, dKa caMa PYXa€ThCs:
obepTaeThbCst HABKOJIO Bi1acHO! Bici Ta HaBkoJsio Conng. Tomy Bursi HebecHol cde-
pH JIJIst 3MHOT0 CIiocTepirada 3a/iezKUTh He TIILKU BiJl TOTO, B AKOMY MicIli 3eMJii
BIH 3HAXOJUThHCs, aJjie 1 Bijl TOro, B 9Ky IIOPY POKY i Yac 00 BiH cIiocTepirae.

3a uac obepranHsi HeOecHOI cdepr BHUANME IOJIOXKEHHsT HeOeCHNX 00 €KTiB
ICTOTHO BMIHIOETBHCsI, Yepe3 10 IX 300parkKeHHsl, HAIIPUKJIaJl, Ha (ororpadil Bu-
XOJSTh JAYTOonomiOHuME abo, B3araji, BOHU MOXKYTb BUHATH 3 I0Jsi 30py. [ljst
OTPUMaHHs K siKicHOI acTpodoTrorpadil HeOOXiIHO yTpPUMYyBaTH 300pasKeHHsI B
HEPYXOMOMY TIOJIOZKEHH] T/ 9ac BChOTO Yacy €KCIO3UIli. s 1mhoro BUKOPUCTO-
BYIOTH CIIellla/IbHl TOJAUHHUKOBI MeXaHI3MM, IO IIOBEPTAIOTH TEJEeCKOIl B €KBa-
TOpia/IbHil IJIOMMHI B HalpsiMi J1000BOro obepTraHHsl 3eMJii 31 IMBUIKICTIO, IO
JIOPIBHIOE IIBUJIKOCTI 11 0OepTaHHSI.

ActpoHoMiuHI criocTeperKeHHsI Ta IPoIec OTpUMaHHs acTpodororpadiit Tpu-
BalOTh 1HKOJIM 6araTo roauH, TOMY JOBOAUTBLCS CTEXKHUTH 3a NPaBUJIbHICTIO HaBe-
JIEHHS TeJIeCKOoIa 1 Jac Bl dacy iforo miampasiaaTu. [eit mporec na3nBaeTbes TiLy-
Banud. ['yBaHHHS 3M1HCHIOETHCA 38 JJOTTOMOTOIO T'j1a — HEBEJTUKOTO JIOTIOMIZKHOT'O
TeJIeCKOoIla, BCTAHOBJIEHOTO Ha CILJIBHOMY MOHTYBAHHI 3 IOJIOBHUM TEJIECKOIIOM.

[cnye Tpu MexaHI3MH BEJIEHHA TEJIECKOTIIA:

— TOJIMHHUKOBUIL: JIO3BOJISIE BECTH TEJIECKOII TIJIbKHU 110 IapaJesssXx HebecHOT
cdepu, Ipu ILOMY caM MeXaHI3M Ma€ OyTU JIOCUTb TOYHUM Ta IIPU BEJIMKHX €KC-
MO3UIISAX Ta POKYCHUX BIJICTAHAX MOTPEOYE KOPEKIIiT XO/Ty 3a JIOIOMOI'0I0 PyYHOIO
rijy;

— aBTOMATHUYHHUI: CaMOCTIfIHO HABOIUTH TEJIECKOIl Ha HeoOXiIHUIT 00’€KT Ta
YTPUMYE 1010 B I10J1i 30PYy HE3aJIE2KHO BiJl XapaKTepy PyXy LbOro 00 €KTY;

— py4HUIi: J03BOJIsIE YTPUMyBaTH 00’€KT B II0JII 30PY IIiJI 9ac CIIOCTEPErKeHb
abo dororpadysanui npu pisHIX 0O6CTaBUHAX (pI3HUI Yac eKcro3utiiil, pizaa do-
KyCHA BiJICTaHb, CKJIQIHUN XapaKTep PyXy, TOIIO).

Bumyck N9, 2019 61



dDizuka

B rabiuni npejcraBieHa MOPIBHAIbLHA XapaKTEPUCTHKA PI3HUX BapiaHTIB Ti-

JIYBaHHA.

IlopiBHAIBbHA XapaKTEPUCTUKA Pi3HUX MeXaHi3MiB TilyBaHHSA

['omHHIKOBMIT

ABTOMATHYHNI

Pyunmnii

['apna To4HIiCTBH, aje HeMO-
JKJIMBO CIIOCTEpIraTh 3a KO-
Metamu, Micsem, HIC3 ta
o0’eKTaMu, IO PYXaloThCsl
31 IMIBUJIKICTIO OLJIBIIOIO 3a
HIBUJIKICTH OOepTaHHS 3eMJIi

['apHa To9HICTH, MO-
JKHa, HaJIaIllTOBYBa~
T I CIIoCTepe-
JKeHb 3a yciMa Tija-
MU

['apna TOYHICTH, MOXKHa,
HAJIAIITOBYBATH TSt
CIIOCTepeXKeHb 3a yciMa

[ToTpebye BTpy4anb i1 vac
pobOTH TiALKY 3a HeOoOXi IHi-
CTIO

He mnorpebye BTpYy-
YaHb 11| 9ac POOOTH

TiJIaMA

[ToTpebdye besroce-
PEJHBOTO IIOCTIHOTO
KOHTPOJIIO

Heobxinne axkepesio »KupJie-
HHSI JIJIS €JICKTPUYHOTO Me-
XaHI3My a00 IepioAuIHOIO
3aBOJly MEXaHIYHOI'O MeXaHi-
3My

Heob0ximme JIKe-
peJio JKUBJICHHSI,
IIOTYZKHUII ~ MOTOD,

koMmIr'orep Ta 113
JIJIsT HBOTO

He motpebye mo0/1aTKO-
BUX MPUCTPOIB (TLIbKM
IPUCYTHICTD JIFO/IIHN )

[Ipwutin 3 mijicBiYyBaHHAM B ACTPOHOMIT BIJIIIPA€ BayKJIUBY pOJib. ['1/11 B acTpo-

HOMIUHI# onTuIll 3abe31evueHi mepexpecTsaM Jijisd NPUB I3KKU OITUIHOI CUCTEMHU JI0

300pakKeHHs MIJISIXOM 1X ToeaHaHHs. HeoOXigHicTb mijicBiYyBaHHS NPUIIY 00-

YMOBJIEHA TUM, IO HAa TeMHOMY HeOI BOHO HETIOMITHE.
[crye mexibKa Mojiesell MPUILTy, HAPUKJIa/, TaByTUHHE [TePEXPECTs Ta I'pa-
diune Ha 1po3opiit ocHosi. [laByTuHHE IlepexpecTsi — e XPecT 3 TOHKUX JAPOTiB,

SIKUiT KpinmuThest B (okaibHiil mronwHi oky/aspa (puc. 1). 'padiane mepexpectst

ysiBJIste COOOIO 300parkKeHHs! MPUILILHOT CITKK Ha PO30pii 0CcHOBI (puc. 2).

62

Puc. 1: [TaByTunne nepexpects

Puc. 2: IIpuknaau rpadiunoro mepexpects
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i Buau repexpectb MalOTh PsiJi HEJOJIKIB, a came: HEOOXIJIHO pPO3MIILyBa-
TH TiepexpecTs y (poKaJIbHIl IJIONINHI OKYJIsIpa, a Iie He3PpYYHO, TOMY IO B Iiii
30HI MaJIO MICIId Ta JOCUTDH CKJIaJIHO 3a0€3MeYNTH HOro i/ ICBIIyBaHHS; HEMOXKTU-
BO 3aMIHUTHU OKYJISP OKPEMO BiJl epexpecTs; eKpaHyBaHHdA JPIOHUX 3ipoK, 1 9K
HACJIJIOK — 3HMXKEHHS TOYHOCTI IPH TijlyBaHHI Ta (POTO3HOMII; OCAXKEHHS ITITY
Ta pOCHU Ha MOBEPXHI IepexpecTs; rpadivHe mepexpects Ha MPo30piit OCHOBI — Tie
JIONATKOBA CKJIHA ILJIACTUHA HA ONTUYHOMY ILIAXY CBIT/IA, sIKa HEMUHYyYe ITPU-
BOJINTH JI0 BTpaT cBiTyia (6u3bK0 4% Jist ojiHiel HEMPOCBITIEHOT TOBEPXHI ), 1, sIK
HACJIIJIOK, JI0 3HUYKEHHsI SICKPABOCTI Ta KOHTPACTHOCTI 300pasKeHHSI; HEMOYKJIIBO
IIBUJIKO BUJIAJIUTH [I€PEXPECTs He PO3OUPAIOUN OKYJIAP.

[IpomonyeThest KOHCTPYKIliAd MPOEKTOPa CBITJIOBOTO ONTHYHOTO TPUIILITY SKa
He 110Tpedye IIPO30POI OCHOBU, TOMY YCYBA€ThCsI IIpobJIeMa eKpaHyBaHHs APIOHIX
00’€KTiB, 1 K HaCJIJIOK, IiJIBUILYETHCS TOYHICTH TiyBaHHS. TakKy KOHCTPYKIIiIO
IIPOEKTOPa MOYKHA MOHTYBATHU Ha T'ij] a0 TeJIeCKOIl, TPUIOMY PI3HOTO THILy, 0Oe3
3MIHM KOHCTPYKIIII Ta HaJIallTyBaHHsI TejecKoma 4un rijga. st yrBopeHHst 300pa-
JKEHHSI 1lepexpecTsl 3aCTOCOBYIOThCS JIIOIU PI3HOT'O KOJILOPY, IO A€ MOXKJIUBICTD
BIIPI3HATH floro Bij 300parkeHb 00'€KTIB CIIOCTEPEXKEHHS PI3HUX THINB Ta KO-
JabopiB. Ha BiaMiny Bij icHyioumx Mojeseil ONTUIHUX TPUILIIB 3alpOINOHOBAHA
MOJIeJIb HE MOHTYETbCsI BCEPEINHI ONTHYIHOI CUCTEMU TeJIeCKoIa, TOOTO 11 MOXKHA
3HIMaTH ab0 3MIHIOBATU B OY/Ib SIKUil Yac, He 3MIHIOIOUM KOHCTPYKIIIO Ta HaJia-
ITYBaHHS TeJIECKOIIa.

CKJ1aJ10B1 4aCTUHM CKOHCTPYHOBAHOI'O IIPOEKTOPA ONTHYHOIO IIPHUIILIY: KOpP-
myc, 00’€KTUB, ONTHYHUN PUIILI, eJeKTPUIHE KOJIO »KUBJIEHHS CBITJIOJIONA JIJId
mijicBivyBanHs npuiity. CxemMa IpoeKTopa OINTUIHOrO HPHUIILIY IIPeICTaB/IeHa Ha
puc. 3, eJIEKTPUIHOTO KOJIa YKUBJIEHHs CBITJ/IOII0/a — Ha puc. 4.

| . W G
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Puc. 3: Cxema upoekropa CBITIOIIONA ll—_—]}_
ONTUYIHOTO TPUIILITY o B
Puc. 4: Cxema eeKTPHIHOTO KOJIA YKHUB-
JICHHST

Kopiyc npoekropa cKaagaeThcsl 3 IBOX TPYO J0BxKUHOIO 110 100 MM KOXKHA Ta,
Jiamerpamn 13 MM Ta 15 MM, gKI 3HAXOAATHCS OJHA B CepeJInHI 1HIIOI Ta MaloTh
MOXKJTMBICTB KOB3aTH OJIHA B3JI0BXK 1HIIOT yist hoKycyBaHHsI (puc. 5.).
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Puc. 5: [IpoekTop onTuvHOro npuIty
1 — merasieBa TpyOKa giamerpoMm 13 MM, 2 — MeTajieBa TpyOKa JliaMeTpoM

15 MM, 3 — pe3ucTop 3miHHOTO O1OpY, 4 — MepeMuKadi

O6’ekTuB siBJjisie cOO00 KOMOIHAINIO TPHOX JIH3: JIBI IJIOCKO-OIMYKJI JIH3H i
ojHa jiBoBruyTa (puc. 6.). Jlinsu posmimeni i 3adikcoBani B TpyOIi 6iabioro
niamerpy. @okycHa BiJICTaHb OTPUMAHOI ONTUYHOI CUCTEME OyJia BU3HAUYCHA, €KC-
[IepUMEHTAJILHO 1 JIopiBHIOE 120 MM.

Puc. 6: Jlinzu o6’ekruBa (1, 3 — mwIocko-omyKJii, 2 — JBOBIHYTA)

[TigcBiuyBaHHg TPUILTY 3/IHCHIOETHCA 3a& JIOMOMOTOI0 CBIT/IOIoNy. [lasg To-
ro, mob MaTH MOXKJIMBICTBH TiyBaTh 00'€KTU PI3HOTO KOJILOPY B KOHCTPYKIIT
BUKOPHUCTOBYIOThHCS JIBa CBITJ/I0/10/Ia PI3HUX KOJILOPIB — YEPBOHOI'O Ta 3€JIEHOT'O,
pospaxosani Ha 3 B Ta 40 MA (puc. 7.). Ceitiogionn po3mirieni B TpyOIi MEHIIIOTO
JllaMeTpy.

B zasiezxHOCTI BiJi IcCKpaBocTi HeOeCHOro 00'€KTy BUHUKAE HEOOXIIHICTH 3Mi-
HIOBaTH SICKpaBicTh 300parKeHHsi IPOEKIll npuiiiay. st 1poro B KOHCTPYKILT
BIUKOPUCTOBYEThCsI pe3ucTop 3minuoro omopy, R = 0 -+ 100 kOwm (puc. 5.).
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Jl1s1 YKUBJIEHHST €JIGKTPUIHOIO KOJIa IIPOEKTOPY BUKOPUCTOBYETLCST DaTapest,
0 CKJIAJIAETHCA 3 JIBOX raJibBaHIIHUX ejeMeHTiB Tuimy AAA.

Puc. 7: Ceitiogioau yepsonnii (a), 3enennii (6)

300parkeHHs1 IPHUIIY POPMYETHCS 38 JOIMOMOIOIO IIAfidN 3 OPreKJIa; MOBEPXHs
maiion crovarky gapbyerbest dopHOO (apboio, a MoTiM Ha Hiiff podUTbCs rpa-
BipyBaHHs 300pazkeHHsi mepexpects (puc. 8). MokHa BHKOPUCTOBYBATH KiJIbKa
BapiaHTIB 300parKeHHs — [IepexXpecTsi, Kpallka, Kijble, ToIo. s 1boro BUroToB-
JIEHO JIEKLIbKa Iaitd 3 pisHUMHN BapiaHTaMu 300parKeHb.

[Tig e qHAHHS JIEKTPIIHOTO KOJIa JI0 JIzKepe/ia »KIBJIeHHs Ta BHOIp CBITJIOMIONY
IEBHOTO KOJTbOPY 3/1HCHIOETHCST 3a JOMOMOTOI0 Bi/IIIOBITHIX TepeMUKATiB (puc. 5).

KoncTpyKIiist IpoeKTopy MOHTYEThCA Ha KPIIlJIEHHI BTOPDUHHOIO JI3epKaJia, Te-
neckora (puc. 9).

Puc. 8: Ilaiiba 3 nepexpectsam Puc. 9: MontyBanus mpoekTopa

CBiT/I0BI 1IpOMEH] BijI CBITJIONIONY IPOXOAATEH KPi3h IPaBilOBaHHSI IEPEXPECTsi
Ha I1aiidl 1 moTpaIlIssioTh B 00'€KTHB 1IpoekTopa. Llic/iss mpoxo/zKeHHsT CUCTeMU
JiH3 00’€KTHBA YTBOPIOETHCS CTIHKe 300paKeHHsT OIMTHIHOIO TPHIILTY (mepexpe-
CTsI) sTKe MOYKHA CIOCTepiraTh B OKYJISIP Tijla TeJecKola Ha T 30pSHOro Heba

(puc. 10).
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n

N

Puc. 10: Cxema MOHTYBaHHS IIPOEKTOPA
1 — okynsp, 2 — Kopiryc, 3 — Mice KpiljieHHs TPOeKTopa, 4 — IMPOoeKTop
ONITUYIHOTO TPHUITLTY, 5 — eJIEKTPUIHA CKJIa/IOBa ITPOEKTOPA,
6 — 3’eHyBaJIbHI JIPOTU

[Tpu HeoOXiiHOCTI MOYKHA 3MIHUTH KOJIP 1 popMy 300pazkKeHHs MepexpecTs,
He BTPYYalOvlCh MPH [bOMY B poOOTY TejiecKola (He po3duparodn oKyJsip i rif i
He 3MIHIOIOUH HAJAIITYBAHHSI OITHIHOT CHCTeMH Tijia i Testeckorna). Kostip 3mimto-
€ThCS MIJIAXOM 3MIHM 1111 € JTHAHHS BiJIIIOBIIHOIO CBITJIONIO/NA, & BUJ, IIEPEXPECTS —
IIJISIXOM 3aMiHM 11aiion. Born MaioTh pisb0y 3 ABOX OOKIB, IO JI03BOJISIE BCTAHOB-
JIIOBATH Pi3HI Maitbn ji1st 3MiHI 300pasKeHHST ITPOEKIIil.

OnTuaHIHi TPUILT 3 Mi/ICBIIyBaHHIM B aCTPOHOMII I'pa€ BeJIMKY poJib. Heobxi-
JIHICTD TiJICBIYyBaHHS IIEPEXpecTsi BUKJIMKaHA TUM, 1110 Ha TJIi TEMHOI'O Heba BOHO
[IOI'aHO TIOMITHE.

[TaByTuHHE Ta rpadidHe rmepexpectsi Ha IPO30Piil OCHOBI Mae PsijI HEJIOJIIKIB.
Ornncana KOHCTPYKILisS ITPOEKTOPa OINTUYIHOTO IPHUIIY yCyBae HeJoJiKn rpadi-
YHOI'O Ta MaBYTUHHOI'O II€PEXPECTS.

BucunoBkn

1. OnruvHMil IPUILI 3 TiACBI9yBaHHSIM B ACTPOHOMII Ipa€ BeJIUKY PoJib. AcTpo-
HOMIYHI Ti/i1 3a6e31edeHi mepexpecTsIM JJIsd TPUB’A3KN OMITUIHOI CUCTEMHE J10
300pakeHHs1. HeoOXiHICTh 1iJICBIUyBaHHSI TIePeXPecTst BUK/JIMKAHA THM, 10
Ha TJIi TeMHOT'O Heba BOHO IIOTaHO IIOMiTHE.

2. ITaByTunne Ta rpadidne nepexpects Ha IPO30Piii OCHOBI Ma€ psiJl HeIOJIIKIB.

Ilo-nepuwe, itoro HeoOXiTHO PO3MIIILYBATH Yy (POKAJIbHIM ILIOMINHI OKYJISIPA,
a Ie He JOCUTH 3PYyJHO, TOMY IO TaM He TaK OaraTto Micls Ta i JOCUTH
CKJIQJIHO 3MOHTYBATH I1JICBIYYBaHHS B IIbOMY MICIIL.

Io-dpyee, HEMOXKIUBO TIPU HEOOXITHOCTI 3pOOUTH 3aMiHy OKYJ/Isipa 0e3 3Mi-
HU HaJIAIITyBaHHS ONTUYHOI CUCTEMHU Tijla Ta TeJIECKOIIA.
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[MMumanceka JI.A., Kaayria B.B., ... VockoHaJIeHHST CHCTEMU TiJIyBaHHS TeJIECKOIIa,

Ilo-mpeme, criocTepira€Tbcsi eKpaHyBaHHS JIPIOHUX O0’€KTIB i, K HacJIi-
JIOK, 3HIKYEThCS TOYHICTDH IijlyBaHHA Ipu (poTorpadyBaHH].

Ilo-uemesepme, 3 9acoM Ha IIOBEPXHI II€pEeXpPecTsl OCijae I, a IpU 3MiHi
TeMIilepaTypu — poca.

Ilo-n’ame, HEMOXKJIMBO IIBUJIKO JEMOHTYBaTH IIPUIILJI, HE po30uparoyn
OKYJISAP.

. 3amporioHoBaHa B pobOTi KOHCTPYKIlisl IPOEKTOPa OITUIHOTO HPHUIIY YCY-

Ba€ IepesideHi HeJoiKN rpadiduHOro Ta HaBYTUHHOIO IiepexpecTd. Taky
KOHCTPYKIIIO IMPOEKTOpa MOYKHa MOHTYBAaTH K Ha TIijl, TaK 1 IpU HEOb-
XiJIHOCT1 Oe31ocepeiHbO Ha TEJIECKOIl, IPUYOMY pizHoro tuiy. Ilpu 1mpomy
3MIHIOBATH KOHCTPYKINIO 1 HAJAIITYBAHHS TeJECKOa YU Tijla He MOTPIOHO,
OCKIJIbKM, Ha BIJIMIHY BiJI ICHYIOUMX MOJIesIell ONTUYHUX IPUIILIIB, 3aIIPOITOHO-
BaHa MOJIE/Ib He MOHTYEThCS BCEPEJINHI ONTHYHOI CUCTEMHU TeJIeCKOIa TOOTO
T MOKHa 3HIMaTU ab0 3MIHIOBATU B Oy/Ib-sIKIil Jac.

. OckiJIbKI 300parkeHHsT TepexpecTs ONTUYHE, /It HOTro yTBOPEHHS He I10-

TpiOHa IIPO30pa OCHOBa, SIK JjIst IpadidHOro, TOMY BiJICYyTHE eKpaHyBaHHS
JIpibHMX 00’€KTiB, IO IPUBOIUTD JI0 IiJIBUINEHHI TOYHOCTI I'i/lyBaHHSI.
Bukopucranus Jio/1iB Pi3HONO KOJLOPY /I YTBOPEHHS 300paKeHHs Iepe-
XPecTsl JIO3BOJISIE BiJIPI3HATH foro Bij 300pakeHb PI3HUX TUINB 00’€KTiB
CIIOCTEPEYKEHHSI .
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The improvement of the telescope’s guide system

The article is devoted to the study of the properties of the web and graphic
sights models of the telescope guide on a transparent basis. The disadvantages
of existing models are considered. The design of optical sight, which eliminates
the existing disadvantages of graphic and web cross-section is substantiated. The
feasibility of using an optical sight of a telescope guide, its pros over existing
models are presented.

Keywords: telescope, quide, guide system, optical sight, graphical intersecti-
on, web cross-section.
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INTELLECTUALIZATION OF THE SMART HOUSE SYSTEM
(THE AGENT-ORIENTED APPROACH)

The paper presents some aspects of the problem of intellectualization of the «smart house»
system based on the agent-oriented approach. Two types of the agents of the «smart house» —
programming and intellectual — are analyzed. It is offered to use the ontology with the help of
which the important concepts and logical rules concerning the «smart house» system can be
described. It is proved that the «smart house» is the most evident use of the agent-oriented
approach in the sphere of the Internet of Things, one of the simplest and most understandable
one.

Keywords: agent, agent-oriented approach, intellectualization, Internet of Things,
ontology, smart house.

Introduction

Problem statement. The term «smart house» or «smart home» (often
«intellectual building») was first formulated by the Institute of Intellectual Bui-
lding in Washington in the 70s of 20th century. It means modern office and
residential premises with the integrated software and hardware control and moni-
toring system for all the facilities and systems located in the building (security,
lighting, communication systems, microclimate), and the networks serving this
building. The notion «intellectual building» is used when spoken of large office
building or apartment buildings, and the name «smart home» is more appropri-
ate for private houses, apartments or small offices. In the paper the term «smart
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house» is used, as the authors consider it more appropriate and unified to join
the above mentioned notions.

The basic objective of the «smart house» is to improve the safety and comfort
of its inhabitants. At present, the following main systems are used to «intellectuali-
ze» buildings in the world: centralized systems (AMX, Crestron, Lutron);
decentralized (bus) systems (EIB, LonWorks, C-Bus, BACnet); radio and
power systems (GIRA, LEGRAND, BTCINO).

The systems of «smart houses» became popular and implemented in the mi-
ddle of the 80s of the 20th century. Currently the volume of the global market of
intellectual systems and automation services is about $ 20 billion. At the same ti-
me, Japan occupies one fifth of the market, North America accounts for a quarter,
and the European countries account for more than 40%.

Main Body

Purpose and objectives. The purpose of the paper is to analyze some
aspects of the problem of intellectualization of the «smart house» system taking
into account the agent-oriented approach. The purpose stated presupposes solving
the following objectives:

1) to consider two types of the agents of the «smart house»;

2) to determine the role of ontology when describing the important concepts
and logical rules concerning the structure of the «smart houses;

3) to prove that the «smart house» is the most evident use of the agent-
oriented approach in the sphere of the Internet of Things, one of the simplest and
most understandable.

The scientific novelty of the study is in the interaction of the intelligent
agent with the «smart house» system and in the description of the intelligent
agent as a smart software bot that performs the commands and actions specified
by the user of the «smart house» system.

Presentation of the main material. With regard to the «smart house» systems,
the «Internet of Things» (the IoT) concept can be implemented by transferring
some data from a variety of sensors used in the system to the cloud, where they
will be processed and stored, as well as by sending commands from the user to
the final controlled devices [1]. In turn, the user will have access to the interface
(via a browser or a mobile application) designed to monitor data from sensors, as
well as to control devices. But the «smart house» can be made smarter with the
help of the agent-oriented approach, namely, single intellectual agents or a family
of such agents (the so-called multi-agent system).
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The agent-oriented approach involves breaking some applications into the
large-scale granulated, loosely torn components that encapsulate more functi-
onality than such software abstractions as methods and classes. The theory of
agents and multi-agent systems offers such high-level concepts as agent roles,
plans, goals, communication and negotiation protocols. Unlike traditional object-
oriented software servers, which have developed means of interacting with the
environment and other objects and providing certain services to clients, the agents
are able to act rationally and draw logical conclusions under the conditions of
incomplete and contradictory information received.

The agent is a real or virtual autonomous entity operating in an external
environment, capable of perceiving and acting in this environment. The agent can
communicate with other agents, manifest independent behavior, which can be
viewed as a consequence of its knowledge, interactions with other agents and the
goals that it has to achieve [2]. Thus, the multi-agent system is a complex system
that consists mainly of agents. The model of beliefs, desires, intentions, BDI is
a popular technique of designing agents [3]. In this model, «beliefs» are known
to the agent information about the world, as well as the rules for deriving new
information from the available ones, «desiress> correlate with the planned tasks
of the agent, and «intentions» — with the actions that the agent must perform to
carry out its tasks. This model also includes «events» —something that can change
«beliefs», «desires» and «intentionss». The classic BDI models use the temporal
Computational Tree Logic (CTL), however, it should be understood that literal
(rather than conceptual) following such constructions can significantly complicate
software development due to the difficulty of implementing the CTL.

The Internet of Things and multi-agent technologies are inextricably linked.
Each participant from the real world (that is, each person and each device) is assi-
gned a software agent — an object with some degree of intelligence that represents
its interests in the virtual world. At the same time, the interconnection of the real
and virtual worlds is bidirectional: decisions from the virtual world are given to
reality for execution, and all the events of the real world (very often unforeseen)
affect the virtual world.

Specifically, for the systems of «smart houses these agents can be of two
types — a software agent, often called a bot, which can perform certain actions
both independently and under the direction of the owner, and an independent
intelligent agent that works with the help of a trained neural network.

The software agents-bots in the «smart house» are usually involved in routine
tasks, for example, copying and transferring information to the cloud, turning on
and off some elementary non-dangerous devices, and receiving standard messages.
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The intelligent agent takes on more complex tasks, for example, such as adjusting
all the systems of a «smart houses to the rhythm of the owner’s life, managing
more complex processes related to electronics (see «The diagram of the intelligent
agent» below).
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As an example of work of a more sophisticated intelligent agent, it can be
analyzed the work of a person and a coffee maker from different perspectives. Let
us suppose that in our «smart house» a human agent constantly communicates
with a coffee maker agent, giving definite commands and exchanging informati-
on. Something similar can be observed in the real world. A human wants to
have coffee, he turns on his coffee maker, opens a block with coffee grains and
understands that they are not enough for making coffee. This man goes to the
shop to buy coffee, then he returns home and turns on his coffee maker again. If
to simulate this situation from the point of view of the multi-agent system, then
the intelligent agent will ask to buy coffee beans or capsules before they run out.
How will the request be executed? It will probably get into the queue to the agent
which is responsible for the purchases, and this agent will notify the person that it
is necessary to buy grains or capsules by simply adding this item to the standard
shopping list marked «not enough». This all seems unattainable, but it is enough
to recall such a thing as ontology (an attempt to comprehensively and thoroughly
formalize a certain area of knowledge using a conceptual scheme).

72 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Barkovska O.Yu., Kazmina D.R..... Intellectualization Of The Smart House System

With the help of ontology, one can describe important concepts and logical rules,
and the intelligent agents used in the «smart house» system will be able to use
this knowledge to achieve goals and to correctly interact with one another. The
user can create the ontology of the house, the ontology of the workspace, and the
data described in them must match each other. With this approach, it turns out
that one can have both a «smart» office and a «smart» building.

The most frequent way to use ontologies is only the way to store knowledge
that is rigidly structured. Moreover, this knowledge, as a rule, speaks only of a
certain essence of the physical world. Why not go further and not keep the rules of
interaction, the logic of the smart Internet of things in ontologies? In practice, it
may look like this: when creating the agent looks at the entity to which it belongs.
For correct understanding of the properties of this entity, the agent should refer
to the ontology — from there it will gather information about what this entity can
do, what its needs are. Does it know how to achieve these needs, how to apply its
abilities? This information also lies in the ontology.

Conclusions

The «smart house» is the most obvious application of the agent-oriented
approach in the field of the Internet of Things, one of the simplest and
understandable, but the Internet of Things can also be used in plants, factori-
es, and even in elementary things.

The ideas presented by the authors in this paper show the possibility of then
agent-oriented approach to the tasks of controlling and decision-making in the
development of the systems for improving the models of the intelligent agents
when creating evolving and self-developing structures of the «smart house».
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Bapkoscbka O.HO., Kasbmina [.P., Pocincebkuii .M., Cnaboys B.B.
XapkiBebKuil Hariona bHui yHiBepcuTer pajioenekrporiku (XHYPE), Xapkis;
JIBH3 «/lonbacbkuii jeprxkapauii nejaroriaauii yuisepcurers, CJI0B’sIHCHK.
IHTenekTyanizauia cucremu posymHoro OyauHky (areHTHo-
OpieHTOBaHWA Nigxia)
Y cTaTrTi pO3rJISHYTO JedKi acleKTH MpoOJIeMH IHTeJeKTyaJi3allil cucTeMu

«PO3YMHOI'0 JIOMYy» Ha OCHOBI areHTHO-OpieHTOBaHOro Miaxoay. [IpoanasizoBano
JIBa BUJM areHTiB «PO3YMHOI'O OYJIMHKY» — IIPOIPAMHUII Ta 1HTeJeKTYyaIbHUII.
3alpolIOHOBAHO BUKOPUCTATH OHTOJIOIIO, 3a JIOIOMOI'OI0 SIKOI MOXKHA OIHNCATH
BayKJIMBI KOHIIEIIIIT 1 JIOTIYHI ITpaBU/Ia CTOCOBHO CUCTEMH «PO3YMHOI'O OYJIMHKY>.
oBeneno, Mo «po3yMHNIT OYINHOK» — e HalloUeBU IHIIIe 3aCTOCYBaHHS areHTHO-
opieHTOBaHOIO Mijx0oay B cdepi IHTepHETY pedeil, ojHe 3 HaAMOLIBII MPOCTUX i
3PO3YMIJINX.

Knwo4oBi cnoBa: azenwm, azenmmo-opieHmosanuti nioxid, iHmeiexmyani-
aautsa, ITnmeprem peueti, onmonozia, Po3ymHuti 6yJuHoK.
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BUKOPUCTAHHA XMAPHIX TEXHOJIOI'TIA
ITP11 PO3B’4A3AHHI 3AJIAY
ITPAKTNUYHOTI'O CIIPAMYBAHHA

Y crarTi 06roBOPIOIOTHCS OCOOJIMBOCTI CHCTEM KOMII'IOTEPHOI MaTeMAaTHUKU TPU PO3B d3aHHi
3aBJiaHb Teopil rpadis. HaBojsaTbea 3araibai XapaKTEPUCTHKU CHCTEM KOMII IOTEPHOI MaTeMa-
TUKU JIjI BUPIMIEHHs 3a/a49 JucKpeTHol ontuMizarii. [Ipeacrasieni ocHoBHi ByHKIIT cepBicy
MathPartner mis Bupimenns 3aaanb Teopil rpadis. IIpeacraBieno onuc po3s 3Ky 3aBIaHHS
PO 3HAXO/[ZKEHHST HANKOPOTIIOTO MIJIAXY MiK BepiinHamu rpady.

Kuaro4osi cyoBa: xomnrtomepna mamemamuxa, MathPartner, mamemamuvna oceima,
meopisa epadis, TMAPHL METHON0RTL.

Bceryn

[HHOBAIIITHI IIeJIaroriuHi TeXHOJIOTT MaOTh 3a0e311edyBaTh He JInie epeKTHB-
HUI TIPOIIEC PO3BUTKY OCOOMCTOCTI 3 HAOYTTSAM IEBHUX 1HIUBIIYAJIBHUX STKOCTEI,

aJle i OTpUMaHHS IEeBHOIO Tepesiky (PyHIaMEeHTAJbHUX 3HAHb, AKi € CIIJIbHU-
MU I BCiX 3j100yBadiB ocBiTH. Hepe3 1e HaBYAIbHO-BUXOBHUI IIPOIEC MA€

. . :

IIOEIHYBATU B cODO1 i 0COOMCTICHO Opi€HTOBaHI IMpolecu, i TPaJUIiiiHl MeToJIH,
dopmu Ta 3acobu HaBdanHs. OCBITHI IHHOBAIT PO3YMIIOTH 1111 COOOI0 BIIPOBA/IZKE-
HHs 1H(MOPMAIIITHO-KOMYHIKAIIHHIX TEXHOJIOTIiI Ta BUKOPUCTAHHS KOMIIOHEHTIB
KOMII' FOTePHO-OpiEHTOBaHNX cucreM HapBdaHHsi. CTatoTh 0a3010 JIJIsl CTBOPEHHI
cydacHUX 3aco0iB HABUAHHs Ta BUXOBaHHs. |4| ¥V BUNAJIKY BUBUYEHHsI 3700yBa-
YaMU OCBITH iH(OPMATHIHUX JUCIUILIIH, (DyHIaMeHTa i3allisl HaBYaHHsI € OJHUM
3 0a30BUX KPHUTEPIIB, IO JTO3BOJISIE OIIHUTH €(PEKTUBHICTH OCBITH SIK PE3YIbTATY
HaBYAJILHOI JIislIbHOCTI. BuKopucTanus Takol IHHOBAIN] K CUCTEMU KOMII I0Tep-
wol maremarukn (CKM) mo3Bosisie orpumaTit OLIbIT BUCOKI PE3YJIBTATH, OCKLIbKI
BOHI € CePeJIOBUINEM, III0 J03BOJISIOTH peasli3yBaTu TBOPUMIL MiIXid 10 PO3B dA3y-
BaHHA MPAaKTUIHUX 3aBaalb. Lle peamizyeTbes depe3 MOKINBICTD MPOEKTYBAHHS,
a BUKOPUCTOBYETHCS JIJIsl NMIITPUMKN HaBYaHHS 3& TeMaMU, 1110 OIIaHOBYIOIOTbCs
i1 Yac BUBYEHHA PYHIAMEHTAJIHHUX JUCITUTLIIH.
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Bukopucranis B HaBYaHHI 3700yBa4diB Buiol ocsitu creriaabHocTi «014 Ce-
persi ocBita (Maremaruka)» MpPOrpaMHOrO 3a0€3MEUEHHSIM CIIEIHaJIbHOIO MPH-
3HAYEHH, JIO KOO HaJIEXKATh 1 CHUCTEMU KOMII' IOTEPHOI MAaTeMaTHKW, € HaJl-
3BUYAHO BaK/JIUBUM, OCKIJIBKH IX BUBYEHHS Ta BUKOPUCTAHHA OyJe CHPUATH
PO3IINPEHHIO Ta, MOIVIKOJIEHHIO 3HAHb CTYJEHTIB 9K 3 iHPOpMATUKU, TaK 1 3 Ma-
TeMaTHIHUX JIUCIUTLIIH, OBOJIOJIHHIO CTY/IeHTaMI BMIHHAMUI PO3B’s3yBaTH 3a/1a4i
PIZHOMAHITHOTO XapaKTepy Ta (pOpMyBaHHIO HABUYOK 3aCTOCYBAHHS CyIaCHIX Ma-
TeMaTHIHUX ITaKeTiB y IIpoleci BUBYeHHs (Pi3UKO-MaTeMaTHIHUX JIUCIUILIIH 1 B
MaiiOyTHI# mpodeciitHiil AisTIbHOCTI.

[Ipobiema 3acTocyBaHHsI B HaBYaJIbHOMY IIPOIECI KOMII IOTEPHUX TEXHOJIO-
riii Ta iHOPMAIIHOrO METONMYHOIO 3a0e3IeUCeHHA PeTEIbHO TOCTIIKYETHCS
BITUNMBHSHUMIU i 3apyOI2KHUMK HAYKOBIISIMI Ta METOJUCTaMU. 30KpeMa, THTaHHS
BITPOBa/IZKEHHsT KOMII' IOTEPHUX OCBITHIX TEXHOJIOTIH PO3IJISIa N Y CBOIX poboTax
M. ZKamnak, C. Pubak, B. Kiouko, FO. Pamcbkuit, M. JIbBOB Ta iHIII JOC/I/IHUKE.

[TommpenHst HAOyBalOTh PI3HOMAHITHI 3aco0M KOMII'IOTEPHOI MaTeMaTHKH,
30KpeMa mporpami, ski, Ha aymxy M.1. 2Kangaka [3], morigsHo yMoBHO momimTH
Ha JIBl BeJIUKI T'PYIIH: IIporpamMue 3abesrevens HaBYAIbHO-T0C/THUIIHKOTO TPH-
3HAYEHH Ta ITporpaMie 3a0e3medeHHs HayKOBO-T0C/THUIIKOTO TPU3HATEHHS.

HayxkoBo-ociiinnipke mporpaMae 3abe3ledeHHsl 3a NPU3HAYEHHSIM, CTPY-
KTYpOIO Ta (PYHKIIAMHU HAyKOBII YMOBHO IOJIIAIOTH Ha KLIbKa T'PYI, & CaMe:
MaTeMaTH4HI akeTn By3bKol crieniasizanii (GAP, Macaulay, Singular ta in.), po-
rpamii 3acobu Bizyasizaiil maremarundanx ganux (GnuPlot, JMol, LaTeX), cucre-
M reoMeTpuaHOro MojesmoBanas (Autodesk 3ds Max, ANSYS Ta in.), cucremu
koM torepaol Maremaruku (Derive, Maple, Matlab, Mathematica, MathCAD,
Maxima, Sage, MathPartner ta in.)

OcHOBHA 4YacCTHHA.

SaBiiaHHsI MPAKTUIHOIO XapaKTepy 3yCTPidaloThbCs Yy OYIb-SIKUX TaJly3sixX
ITPOMUCIOBO-TOCTIONIAPYO] Ta HAYKOBOI JisIbHOCTI. Benka KiTbKICTh TaKUX 3aB-
JIaHb MOYKYTh OyTH BiJIHECEHI JI0 3a/1a4 JJMCKPETHOI ONTUMI3allil, BeJInKa KiJIbKICTh
SKIX B CBOIO 4epry HaJexuTh Jo Kjaacy NP. Ha mamn gac BijjomMo 1mpo BenKYy
KIJIBKICTb 9K METO/IIB Ta aJIOPUTMIB, TaK 1 MPOrpaMHUX 3aco0iB, IO JT03BOJIs-
I0Th, Y pa3l BUHUKHEHHd IOTPeOM, BUPINIyBaTH TakKi 3aBJaHHs. 30KpeMma, Taki
MOZKJINBOCTI HAJIAIOTh CHCTEMHU KOMII IOTEPHOI MAaTEeMATHKH, IO ABJSIOTH COOOIO
creria i3oBall MporpaMHi MakeTw 3 pO3B’d3yBaHHs MaTeMaTHIHUX 3aBJaHb Pi-
3HOrO THUIy Ta XapakTrepy. o Haiidiabm nomyagapaux Ha Hai yac CKM moxkna
Bignectn nakeru Maxima, Matlab, Mathematica, Maple, Mathcad.

[Iporpama Maxima mpu3zHavdena Jijid CAMBOJILHUX OOIUCIEHD 1 Ma€e O€3KOIITOB-
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He PO3IIOBCIOJIZKEHHsI 3 BIIKpUTUM BUXiTHUM KoJIoM. BuBuenHsi nporpamu Maxima
Ta peaJiizaliisg B Hiil rpadis, oprpadis i po3B’si3aHHs Ha OCHOBI HUX IIPUKJIATHIX
3aJ1ad JI0IIoMarae CryJeHTaM y BUBYeHHI Teopil rpadis. Cucrema KoMII TOTEPHOT
maremaruku Matlab, Mae nmorykuuit Habip 3acobiB JI1si pO3B’sI3aHHS PI3HOMAHI-
THHUX 3a/1a9 HellepepBHOI onTuMizalil y Burisi makeris Optimization Toolbox Ta
Global Optimization Toolbox, ajie He micTuTh BOyA0oBaHUX (DYHKIT J1/1s1 PO3B’sI-
3yBaHHS 3a/1a9 KOMOIHATOPHOI ONTUMIBAILI.

Buxopucranus BOygoBanoro posmmpenns Combinatorica cucremu Kowin'io-
TepHol mareMaTukn Mathematica jo3Bossie BuKOpucToByBaTu 01m3bKo 450 yH-
KIIIi J11s0 I00YI0BY Ta JIOC/IiJzKeHHA TpadiB, 1 K HACTIJIOK, TpeJicTaB/ieHi (pyH-
KIil pO3B’si3aHHsI 3aJa9 JUCKPETHOI OITHUMi3allil, IHTepIpeToBaHUX SIK 3aJa-
qi Teopil rpadis, cepes sikux Dijkstra, ShortestPath, MinimumSpanningTree,
NetworkFlow, TravelingSalesman.

[Iporpamuuit mpoykr Maple (Big kommnanii MapleSoft) € nory:xaum incTpy-
MEHTOM, III0 MICTHTb B 001 OlJIbIIIe JIBOX TUCSY KOMAH/I, 110 J03BOJISIIOTH KOPUCTY-
Bady BHUPIIIyBaTH 0€3/1i1 MaTeMaTUIHUX 3aJiad. BupinieHHs 3aB1aHb ONTUMI3allil
B ganiit CKM peaJiizoBani 3a jgormomororo takux nakeriB sk Global Optimization,
Optimization, Simplex, a TakoK y BUIaJIKy PO3B’sd3yBaHHs 33jiad Ha rpadax -
Network, Graph Theory.|2]

Cucrema xowmir'toreptol marematuku Mathcad opienToBana Ha 1100y/I0BY iH-
TePAKTUBHUX JIOKYMEHTIB JIJIsl IPOBEJICHHST PO3PAXyHKIB 3 Bi3yaJli30BAHUM CYIIPO-
BogoM. st umcesibHOrO PO3B 43Ky 3ajad IOMIYKY JIOKAJbHOIO0 MiHIMyMy a0o
MakcumyMmy B Mathcad npejncrasieni BOymoBani dysxkiii — Minner, Minimize
i Maximize. Onnak B Mathcad ne mnepeadadeno creriajgbHe pPO3MIUPEHHS JIJIs
poboTu 3 rpadamMi, aje KOPUCTyBad MOKe JJOCUTH I'HYYKO BUKOPUCTOBYBATH BOY-
JIOBAHUI TIOTY2KHUI IrpadidHmii peakTop.

B ocranne npecsaTuiiTTs iH(GOpPMAaliiiHi TEXHOJIOr] 3a3HAI0TH CEPIO3HUX 3MiH,
IIBUJKAME TeMIIaMU PO3BUBAIOThHCA XMapHi TexHoJoriii. e mpusBoauTh 110 110-
sIB HOBOI'O TIOKOJIIHHSI CHCTEM KOMII'IOTEpHOI MaTeMaTHKHU, a caMe JIO MaTe-
MaTUYIHIX CEPBICIB IIMPOKOro InpusHadeHHsi. OJHUM 3 TaKUX CEPBICIB € cucTe-
Ma KoMmIl'torepHol marematukn Math Partner, axuit jgocrymuuit 3a ajgpecoro
http://mathpar.cloud.unihub.ru/ua. [1] Hoswuit cepsic e Geskomrosunm. Koxen
MOXKe CTBOPIOBATU B HbOMY CBiif XMapHUiI MaTeMaTHIHU 30IIUT 1 POOUTH B HbO-
My HeoOxiJjiHi po3paxyHku. MoBoto 1poro cepBicy € MmoBa Mathpar, B ocHoBI sikol
JIEYKUTH IIMPOKO BUKOPUCTOBYBaHa MaTeMaTukaMu Ta (isukamu MoBa TeX, ska
3a3BUYail BUKOPUCTOBYETHCS JIJII HAOOPY MATEeMAaTHIHUX TEKCTiB. € MOXKJIMBICTD

it rexcrosuit Buriisiy (Mathpar, TeX abo MathML) i 306paxkenus (pdf, jpg).
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s poboTu 3 rpacdamn BUKOPHUCTOBYETHCS KOMAH/Ia,
\searchLeastDistances(A), ska mo3BoJsie 3HajiTu HafiMeHI BijgcTani Mix
ycima seprmmnamu rpada. B pesysbrari Oyae oTpuMana MaTpUlld HARKOPOTIINX
Bijicraneit mizk BeprmHamu. Komanga \findTheShortestPath(A, 4, j) mossossie
3HAUTI HAMKOPOTIINI IMIJIAX MiK BEPIIMHAMU ¢ Ta J .

Posrisinemo npukiia: 3saxennii rpad G = (V) E), y saxoro V = {1,2,3,4}
3a/1aH0 MATPUIICIO Bar:

- — 8 12
— 92 3 _
A= 8 2 — 3
11 2 — 3

Axio 3a gonomororo aaropurmy Popia-beaMana 3HAXOIUTH JJIs1 IIHOTO I'Pa-
da maiikopoTimi mgxu B Beprmar 0 10 yeixX IHIINUX BEPINH, TO XiJI BAKOHAHHS
I[bOT'O AJICOPUTMY 3PYUHO LIIOCTPYBATU Y BUIJILA] TaOJIHIL:

1 2 3
10 8 12
11

0,2,110,2] 0,3
0,2,3

[Iponec orpuMaHHsT pe3yJibTaTy HABEJIEHOT'O IIPUKJIALY B CUCTEMI KOMII IOTep-
Hol maremaTuku Math Partner mae HacTynHmuit BUIJIsI)I: 3aIIMCYEMO MATPUIIIO Bl

SPACE = R64MinPlus|x,y];

A=
N\infty, \infty, 8, 12],
N\infty, 2, 3,  \infty|,
8, 2, \infty, 3],
11, 2, \in fty, 3]

J

[Torim xkomamny \findTheShortestPath(A, i, j), sika 103BOIsIE 3HATH HATKO-
POTIINi NIJIAX MIXK BepIINHAMU 7 Ta J
X = \findTheShortestPath(A, 0, 1); \print(X);
Y = \findTheShortestPath(A, 0, 2); \print(Y);
Z = \findTheShortestPath(A, 0, 3); \print(Z);

Pesynbrar BUKOHAHHST PO3PAXYHKIB, KUl 30iracThCs 3 TAbJIUICIO, BUTJIS/IAE
HACTYTTHIM THHOM:
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X =1[0,2,1]
Y =[0,2]
7 =10,2,3]

[ITo marasaHO 1TI0CTPY€E HACTYIHUN PUCYHOK:

ByanHok 3owwut Honomora lMpo Hac MOCIBHMK

Ukrainian

CB06. nam'aTs: KTV > 2|+ c x
13933MB
SPACE = R64MinPlus[x,y];
A=[
R64MinPlus[x,y] ¥ [\infty, \infty, 8, 12],
[\infty, 2, 3, \inftyl,
[ 8, 2, \infty, 3],
[ 11, 2, \infty, 3]
L

X = \findTheShortestPath(A, 8, 1); \print(X);
Y = \findTheShortestPath(A, 8, 2); \print(Y);
Z = \findTheShortestPath(A, @, 3); \print(Z);

i

L

Puc. 1: Ilponec orpumanusa pesyiabraty B Math Partner

BacrocyBanns 1iei CKM mae 3mory mBujko Ta 3pydHO 3pOOUTH I1€PEBIPKY
IPOMI3JIKMX MaTeMaTUYHUX PO3PaxyHKIB.

BucuooBkn

Ha mporiec Bijibopy MaTeMaTHIHOIO MTAKETY, 10 HAJIEXKUTH J0 CUCTEM KOMIT FO-
TEPHOT MaTEMATUKH, JIJIs PO3B’ A3y BaHHS IEBHUX 3aB/IaHb BILJIUBAE TICBHUI TTepeJIiK
akTopiB: rasyss 3acTocyBaHHs Ta TeBHI moTpebu 3acrocyBanus CKM (mampu-
KJIaJ, HAyKOBI JIOC/IIZKeHHsT ab0 CyIPOBI HABYAIBHOTO MPOIECY), KOIITH, sKi
HeOOX1iHI JIjIsi BUKOPUCTAHHSI JAHOIO MATEeMAaTUIHOrO HakeTy (Komepiiiiine abo
BiJIbHE PO3IOBCIO/IZKEHH ST ), THIT 3aBJIatb, JJisl IKUX [OTPIOHO 3HANTH PO3B’SA30K.

Bukopucranis «XMapHHX» 3aC00IB € IEePCHeKTUBHUM HAIPSIMOM PO3BUTKY
CKM, kosin BUHHKAaE OLIBINE MOXKJIMBOCTEH ajalrTallil cepeloBHINa HABIAHHSI 0
piBHS HABYAJILHUX JIOCATHEHL CTYJIEHTIB, X 1HJMBIIyaJbHUX TOTped Ta METH.
3BepHEHHsI JI0 IPOIrpaMHOro 3abe3IevueHHsl, sIKe BxKe 3HAXOJIUTbCs Ha BipTya/ib-
HOMY POOOYOMY MicCIli CTYJIeHTa, He TOTpedye BUTpadaHHs HaBYAJIbHOI'O Jacy Ha
iHCTAJIAIIIO il OHOBJIEHHSI, CTBOPIOE YMOBH J1JIsI OLJIBIN AU ePEeHIIIOBAHOIO T IX0/Ty
JIO OpraHizallil HaBYaHHs, JIa€ MOKJIMBICTDH 30CEPEeIMTUCA Ha BUBUYEHHI OCHOBHOI'O
MaTepiay.

[Io crocyeThbes MOYKJINBOCTEH BUPIIIEHHS ONTUMI3AIITHIX 3a/1a4, TO 1CHYIOY1
CKM wmaroTh B €CBOEMY CKJiaji BOy/JoBaHi (BYHKIII, IIepeBaykHO OpPI€HTOBAaHI Ha
po3B’si3aHHs 3a/a4 Oe3repeppHol onTuMizalil. Oanak B pamkax CKM crBopeHi Ta
CTBOPIOIOThCA PO3MINPEHHS Ta OKpeMi (PYHKIIT JIJId BUPIIICHHS 3a/iad JIUCKPETHOT
OIITUMI3allil, STKi IepIIT 3a BCe JOIMYCKalOTh TPaKTYBaHHS B TeEPMiHax Teopil rpadis.
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Kaydan Nataliya V., Kaidan Vadum P., Sekletsov Andrey A.
Donbas State Pedagogical University, Slovians’k, Ukraine.
Engineering College Donbass State Engineering Academy, Kramatorsk, Ukraine.
Using of cloud technologies in solving practical problems
The article discusses the features of the systems of computer mathematics
in solving problems of the theory of graphs. The general characteristics of the
systems of computer mathematics are given. The basic service functions for solving
MathPartner graph theory are presented. The description of the solution of the
problem of finding the shortest path between graph peaks is submitted.

Keywords: computer mathematics, MathPartner, mathematical education,
graph theory, cloud technologies.

80 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



YK 378.147.88
Kaitman H.B., ITamenko 3./1., IBarnosa /JI.II.

U kammunar ¢izsuko-maTeMarnuHuX Hayk, jonent, gonent xageapu MHM ra MHI, JIBH3 «JI/IITY»

2 kamamgar (pizmKo-MaTeMaTHUHUX HayK, JoneHt, gouent Kageapu MHM ra MHI, IBH3 «JIJIIY»

3 crynmentka 1 Kypcy maricrparypu (izuko-maremaruaatoro gpaxyisrery, IBH3 «JIJIITY»

e-mail: kaydannv@gmail.com

BUKJIAJAHHA JUCHNIIJITH MATEMATUYHA JIOT'IKA 3
BUNKOPNCTAHHAM EJIEMEHTIB FLIPPED CLASSROOM

CTarTio NPUCBAYEHO TUTAHHSAM, OB d3aHUM 3 3aCTOCYBAHHSIM HOBUX METOJIUYHUX IIPUIO-
MiB B ymMoBax indopmarusariii ocsitu. Po3risgnyro Bukopucranng ejemenTiB metoay Flipped
classroom Ha mpuksaal gucruiLiing MaremaTndHa Jorika.

KuarouoBi ciioBa: npogeciting nidzomoska, 3miwane HA8UAHHA, NEPECEPHYME HABHANNA,
MAMEMAMUYHE N02TKA.

Beryn

[Ipobiema opranizallii HaBYaJILHOTO MPOIECY Y BUIMIX HABYAJIBLHUX 3aKJIaaX
pI3HUX PIBHIB akpeauTallii Oyja aKTyaJbHOIO Ha BCIX ICTOPUYHHUX eTalax CTa-
HOBJIEHHSI Ta PO3BUTKY cycHijbcTBa y XX cromiTTi. He 3amumaerses Bona mosa
yBaroo i y cydacHux JIOCJITHUKIB, BUKJIa/Iad91B-IIPaAKTUKIB, MOJIOJINX HayKOBIIIB.
Bua mikoJta BUCcyBa€e HOBI BUMOTH JI0 OpraHizaliil HaBYabHO-BUXOBHOT'O TIPOTIECY
iINOTOBKM MaiiOyTHIX (haxiBIliB, 110 3yMOBJIEHO HU3KOIO OTPEO i 3aKOHOMIPHO-
cTeil PO3BUTKY CYydacHOI'O CYCIJILCTBA.

SMIHIOIOTbCST IPIOPUTETH Y BUMOTAX JI0 KOMIIETEHTHOCTEH IIpalliBHIKIB. 3aB-
JISTKU TBWIKOMY PO3BUTKY 1HMOPMAIHHO-KOMYHIKAIIITHITX TEXHOJIOT1i 3POCTAHHS
00’eMy KOPHCHHUX 3HaHb CYIPOBOJXKYETHCA JeaJi OLIBIIOI 1X BIJIKPUTICTIO JIJId
BCIX JIIOJIefl, He3a/1e2KHO BlJI MICIS IPOKMBAHHS, BIKY YU COIIa/IbHO-€KOHOMIYHOT'O
cratycy. e mopomkye posMaiTTd B criocodax 3,100y TTd 3HAHb Ta 3POCTaHHS POJIi
HedopMaJsibHOI Ta iHdopMasibHOT ocBiTH. [Ipobiemoro, sika oTpedye Po3B’si3aHHS,
€ JucOaJlaHC MiXK CYCHIJIbHIM 3alliTOM Ha BHCOKOKBAaJII(PIKOBAHUX IpalliBHUKIB,
MEPCIEKTUBAMU PO3BUTKY CYCILILCTBA, IVIOOAJHLHUMEI TEXHOJOTTIHUMN 3MiHAMU
Ta ICHYIOYOI0 CUCTEMOIO IearoriaHol OCBITH, & TaKOXkK PIBHEM T'OTOBHOCTI/CIIPO-
MOKHOCTI CyYaCHUX II€JIarOTYHUX HPaIliBHUKIB JIO CHPUIHATTS Ta peaJsizaliil
ocBiTHIX pedopm B YKpaini. |5]

DaKTUYIHO, BUHUKAE TTOTPeba CIIPSIMOBYBATH PO3BUTOK 310HOCTEl B TIEBHOMY
Hanpgamky. [Iporec ocBitu mae OyTu 6a3010 jijist mpoiiecy camoocsiTu. Ha pannix
eTarax HeoOXiIHO HAKOIIMYEHHSI 3HaHb 3 OKPEMUX METO/IiB PO3B’si3aHHs IIPOOJIEM.
Ha miznix eranax roJIoBHUI MPIOPUTET HAJIEXKUTH TBOPUOMY TOIIYKY.
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HucranniitHe HaBYaHHs, 3aCHOBaHE Ha, BUKOPUCTAHHI HOBITHIX 1H(MOpMAaIiii-
HUX TEXHOJIOTiHl Ta 3aco0iB HaBYaAHHd, CTAJIO0 JyzKe aKTyaJbHUM, TOMY IO BOHO
3JlaTHE pearyBaTH HaWOLIbII THYYKO Ta aJleKBaTHO Ha MOTPeOU JIIOAUHU B CY-
CHIJILCTBI ¥ BHCTYIIA€ BUCOKOTEXHOJIOITYHOIO (POPMOIO OTPpUMAaHHS AKICHOI OCBITH
He3aJIeZKHO BiJI MicCIlsd HMPOXKUBaHHS, PI3MIHUX MOXKJINBOCTEl, Yacy, BiJIBeJIEHOIO
JTsT HABYAHHSI Ta IPOMaJISTHCTBA. |3

AnaJiz ocTaHHIX JIOC/IJZKEHDb 1 MyOJiKaIiil cBIIINTh, M0 CydacHi HayKOBII
IPUJIISIOTH 3HAYHY yBary mpodsieMi BIPOBa/KEeHH JUCTAHIIHHUX TeXHOJIOTIN y
HaBYaJILHII TIpolec. HaykoBo-iejiaroriami 3aca/in JUCTAHIIIHOTO HABYAHHS J10-
crmpkyBasu O. Annpees, B. Bukos, /. Ianuenko, B. Kyxapenko, €. Ilosar,
A. Xyropcbkuit Ta iH. [lutanas yrnpoBajpkeHHs iHMOPMAaIiiHO-KOMYHIKATITHITX
TEXHOJIOTIH y HaBYaJIbHUN TPOIlec BUCBITJIEHO B HaykoBmX Jgopobkax HO. Jlopo-
menko, M. ?Kammaka, FO. 2Kyka, B. Kyxapenko, }0. Tpuyca Ta in. 3 jaucep-
TaIliHIX JIOCJIJI?KeHb OCTaHHIX POKIB, IO MPUCBAYEHI IPOOJIEM] JUCTAHIIIHOIO
HaBuanns ¢ 3a3unaantu npari T. Koituesol, T. Jlaspuk, H. Myusninoi, I1. Cre-
danenko, II. ®enopyka Ta iH.

OcHOBHA 4YacCTHHA.

Opiero i3 popM opranizariil HaBYaILHOTO IIPOIECY € IpsiMe HaBdanns. [Ipsame
HaBYaHH - CTPYKTYpPOBaHe, MOC/I1/JOBHE BUKJIaJaHHs TOJJOBHUX MTOHATH, 3aKOHIB 1
HPUHIUINB Jucnuiniiny. HoBuit MmaTepiasi 1ogaeThCsl IOMYHUMI YaCTHHAMU, II€pe-
BipA€THCs OO0 3aCBOEHHS, SIKIIO IIOTPIOHO 3’ICOBYBaTH CKJIaIHi MOMeHTH. [Ipsame
HaBYaHHSI — IacuBHa (opMa OTPUMAHHS 3HAHb JIJIsl CTYJIEHTIB. Xo4da € MOXKJIU-
BICTbH JI0JlaBaTU aKTUBHICTH CTY/JE€HTaM 3a JIOIIOMOI'OI0 ITUTaHb, IPUKJIAJIIB.

st cydacHoro eramy po3BUTKY OCBITH B YKpaiHi XapaKTepHi IHTEHCUBHI I10-
IIYKJ HOBOI'O B TeOPil Ta NPaKTHUIll HaBdaHH«A. Tpusae mpouec amnpodaliil HOBUX
aKTUBHUX (DOPM 1 METOJIIB, 0 aKTUBI3YIOTh HABYAJIbHO-III3HABAJIBHY JisSIIbHICTD
CTY/IEHTIB. TeMIn pO3BUTKY CydacHUX TEXHOJIOTiil 3HAYHO BILIMBAIOTH Ha METO-
JIM BUKJIaIaHHS Ta MOJIeJi HaBYaHHs B IIIJIOMY, IO JO3BOJISE POSMIUPUTH IIIAXH
peaJiizaliil mapaJurMu KOMIETeHTHOCTI 3 MeTOI0 MiJIBUIIEeHHs STKOCTI ocBiTh. Haii-
OLIBIINIT TOTEHIIAJ JIJId ONTUMIBAINT HABYAJIBLHOI'O MIPOIECY MA€ MOJIE/Ib 3MilaHO-
ro HaBYaHHS, 110 JI03BOJISIE BIPOBAKYBATH HOBI TEXHOJIOTIT, HE BIJIMOBJIAIOUNCH
BiJI 3arasIbHONPUITHATIX METO/IB HABYAHHS. |4]

Y IbOMY CEHCI MOJIeJIb Iepedadac 3aMiHy YaCTUHU TPAJIUIIHHIX HaBYAIbHIX
ceciii 3 pisHUMHU THUIIAMI HaBYAJIbHOT B3A€MO/IIT B €JIEKTPOHHOMY CEPEIOBHUII. 3Mi-
ImaHe HaBYaHHOA € IePCIeKTUBHOIO MOJEJII0 OpraHi3allil HaBYaJIbLHOI'O IIPOIECY,
OCKIJIbKI JIO3BOJISE IJIBUIIUTHA MOTHUBAIIII0 HABUYAHHSI, POOUTD 1eii IIPOIieC IPo30-
puM, iHTEePaKTUBHUM 1 KepoBaHUM, 3abe3I1euye MOCTiiiHe 3a/1ydeHHs CTYIeHTIB J10
HABYAJILHOTO Iporiecy. |2]
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Kaitnar H.B., Ilamenko 3./1., Isanosa [.Il. Burnaganas gucrumiian MartemartndHa Jorika

o HoBux rexHoJioriit BigHocuthes Flipped classroom, sikuii xapakTepusye-
ThCA THUM, 110 HEOOXiJTHI TEOPETUYHI 3HAHHS CTYJACHT OTPUMYE 11032 ayInTOPHUX
3aHSITh, & Ha ayJUTOPHUX 3aHSITTIX BUKOHYE iHIMBIIyaJbHI 3aBIaHHs ad0 PO3PO-
OJiste TPYTOBHIT TPOEKT. |1]

Bepyun o yBarm Toit dakT, 1o cTyaeHTH cueriajgbHocTi «CepejiHs ocBiTa
(MmaTemaTuka)» creriamizarnii «lapopmaTukay Ha 3 Kypci MaroTh JOCBi HaBYa-
HH#I, a PIBEHb CAMOCBIJIOMOCTI ByKe JIOCTaTHiil, BUKopucToByBaru meros Flipped
classroom He TiIbKHU JIOIYHO, aJjie i miJIkoM jouijibHO. Kpim Toro, meit merosn
HaBYaHHS HE CylepednThb pobodiil mporpami, B #Kiii OCHOBHa KiJbKICTb TI'OJIMH
BijJBe/IeHA JIJII CAaMOCTiiiHOT POOOTU CTY/IEHTIB.

€ pizHi crocobu peaJiizalil IHOr0 METO/y HAaBUYAHHSI, aJie BCi BOHU 3aCHOBaHI
Ha OJHOMY OCHOBHOMY IPUHIINIIL: IIpsSAMe HaBUYAHHA 3/11ICHIOETHCS 38 MeXKaMI ay-
JINTOPIT, & MpaKTUIHa podOTa Ta 3aCTOCYBaHHs OTPUMAHUX 3HAHB BiJIOYBAETHCS B
caMiii ayjiuTopii. 3arajom, cyTb MeTojy Flipped classroom noJisirae B ieperpyiry-
BaHHI KJIIOUYOBIX CKJIaJI0BUX HABUYAJIBHOI'O IIPOIECY. 3a JOIOMOI'OI0 IIbOI'0 METOIY
HaBYaHHs CTYJIEHTH CAMOCTIITHO OCBOIOIOTH 3MICT HOBOI'O HaBHaJIbHOI'O MaTepia-
JIy B eJIEKTPOHHOMY CEPEJIOBUII, & IOTIM 3aCTOCOBYIOTH OTPUMAHHI 3HAHHS Ha
HPaKTUIHUX 3aHSITTIX a00 0OrOBOPEHHSIX.

EsiemenTn merony nHapuyanusg Flipped classroom mamu Oysim 3acTocoBani mpu
BuBYeHHI gucnuiiinn Maremarndna Jorika. Buxojsgunm 3 TpakTUKU ITHOTO 3a-
CTOCYBaHHS, cPOpMyBaIacd Taka CTPYKTYypa IiJIXOJTy JI0 KOXKHOI 3alIpOIIOHOBaHOT
TEMU:

QopMyTIOI0OTHCA TeMa Ta 11 MeTa.

BusnauaeTbes Miciie jgaHol TeMu B pobodiil TporpaMi JUCIUATLIIHY.
[IpononyroThes Jkepesna indopMartii.

BuznagatoTbea BuM Ta 3MIiCT KOHTPOJIIO.

Gk W=

[IpoBOIUTHCS KOHTPOJIb Ta OIIHIOBAHHS
Brposa izkytoun Metoj1, Flipped classroom nipu Buksiajianni kypey MaremaTn-
YHOI JIOTIKM, MU 6a9UMO JONMIILHIM PO3TJIsi]l HACTYITHUX TEM:
— Byuesi n-apui GyHKIIII;
— Ilosinom 2Kerasikina;
— lloBni cucremu OysieBUX (PYHKITII;
— MaremaTuyni Teopil IEepIIOro MOPSIIKY.
J171s1 KOXKHOI 3 3aIlIpOIIOHOBAHUX TEeM BH3HAUYEHI Miciie B poOoUiil mporpami Ta
JzKepesia iHdopMaiil, migidpaHo 3MicT 3aBJaHb JIJIsI KOHTPOJIIO Ta, loro BHUIN.
Hampuksa, st BuBueHHst TeMn «IloBHi cucremu OysieBux (byHKILY CTY/ICH-
T OTPUMYIOTH HACTYIIHY iH(OpPMAIIiO:
1. Tewma: «IloBnui cucremn OysieBUX QPyHKITIi».
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2. Mera: 3BacBoiTu HOHATTs KJaciB (DYHKIIN, 1110 30epiraloTh HyJib, 110 30epi-
raloTh OJIMHUINIO, CAMOJIBOICTUX (PYHKII, MOHOTOHHUX Ta JiHifiHux. OnanyBaTn
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4. Buay KOHTPOJIO: TeCT Ha 3aCBOEHHsS MaTepiaay (MIPOBOJANTHCS TUCTAHIIH-
HO 103a ayJNTOPHOTO 9Yacy), 1HUBiIyajbHe 3aB/aHHs HA BH3HAYEHHS [MOBHOTH
CUCTEM.

5. ata 3aBepiiieHHs MPOBeJIEHHs TECTY Ha CaMOCTIiliHe 3aCBOECHHSA MaTepially.

[Ticsist BUBUEHHS TeMU CTyJAeHTaMU Ta MPOBEJIEHHS TECTY, BUK/Ia/Ia9 OTPUMYE
iHdopMallifo PO HEeJIOCTATHLO 3aCBOEHI MUTAHHA, 9Ki BUCBITIIOIOTHC Ha, MTOYATKY
sextil. [Ticg mporo cTy/1IenTn BUKOHYIOTH 1HUBIIyaIbHi 3aBIaHH Ta OTPUMYIOTh
OIIIHKY 3a 1X BUKOHAHHSI.

OcHoBHuME TIprauHaMu BupoBaiKeHHda Flipped classroom B HaBdajbHOMY
1pollecl YHIBEPCUTETY € aKTUBHA CIIBIIPallsd MiXK CTyJeHTaMU Ta BUKJaJadeM 1,
K HACIILJIOK, IMJBUINEHHS YCIIIIHOCTI Ta MOTHUBAIIil CTYIEHTIB.

BucuoBknu

[Iporec HaBuaHHs y BUIIIN ITKOJI peasi3yioTh y MeyKaxX PI3HOMAHITHOI ITiTi-
CHOI cucTeMu opratizamiitnux dopm i MeTo/1iB HaBdaHHs. KoxKHa dpopMa po3B’sa3ye
CBO€E CIlelliajibHe 3aB/aHHd, aJjie CYKYIHICTb (pOpM 1 METO/iB HaBYAHHS CTBOPIOE
€IMHNN JTUJAKTUIHIH KOMILIEKC, (PYHKIIIOHYBAHHS SKOI'O IIJIITOPSIKOBAHO 00'€-
KTUBHUM I1CUXOJIOTO-TI€/IarOTTYHUM 3aKOHOMIPHOCTSM HAaBUYAJIBHOTO IIPOIIECY.

OcobmmBicTio MeToy Hauanus Flipped classroom € MoK/IMBICTH BUKOpU-
CTaHHs ayJIUTOPHUX 3aHAThL AK I'PYHOBHUX, Jle CTYJIEHTH MOXKYTb OOrOBOPIOBATH
KJIIOUOBI aCleKTHU JIEKIIHUX MaTeplajliB, TeCTyBaTU CBOI 3HAHHS Ta B3a€MO/I1sI-
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Donbas State Pedagogical University, Slovians’k, Ukraine.

Teaching discipline Mathematical logic using elements of Flipped
classroom

The article is devoted to questions related to the application of new methodical
techniques in the context of informatization of education. Using of elements of
the Flipped classroom on the example of the discipline Mathematical logic is
considered.

Keywords:  professional training, blended learning, flipped classroom,
mathematical logic.
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PO3IJISII TEXHOJIOTII
PASSIVE OPTICAL NETWORK
TJI4 IIOBYJI0OBUM OIITUYHOI MEPE2KI ITP11 BUBUEHHI
JVCIINIIJITHN KOMIT'IOTEPHI CUCTEMU TA MEPEXKI

B pobori BucsiTieno crenudiky moOy0BU ONTUYHUX KOMII'IOTEPHUX MEPEXK 3a TEXHOJIOTI€I0
Passive Optical Network npu Bupuenni mucnmmtian «Komir'torepsi cucremu ta Mepexis. Pos-
[VITHYTO JOIIJIbHICTE BUKOPUCTaHHS alapaTHOTO 3abe3nedeHHs JJIsl i € THAHHS TOTEeHIIHHIX
aDOHEHTIB MPUBATHOIO CEKTOPY JI0 Mepexi [nrepHer.

KmouoBi cioBa: mexnonozia PON, onmuvwna komn tomepna mepesica, onmusmne 6040~
KHO, nidxaoverHs do Inmeprnem.

Beryn

CycniniberBo XXI cr. € iHpopMaliitHuUM 1 XapaKTepu3yeThCs TEpIl 3a BCe
3POCTaHHSIM IHTEJEKTYaJbHUX ITOTOKIB Y M€OMETPUUHIll IIporpecii, a TakKo»K Mac-
IITAOHUM IIOIMINPEHHSIM Y CBITI KOMII' TOTEePHIX MepPexkK, sIK JKepeJia it 3aco0y mnepe-
nadi iHdopmaiiil. [yiobasbai mporec iHgopMaTu3allil CyclijibcTBa MalOTh MicIie
B cydJacHiil YKpalhi, 1110 3 0JIHOr0 OOKY, CTBOPIOE 3HAYHUIT TIOIMUT Ha BUCOKOKBAJII-
dikoBaHNX QaxiBIIB y Ta/y3i IPOEKTYBaHHS Ta 00C/JIYTrOBYBAaHHSI KOMII IOTEPHUX
CHCTEM Ta Mepek Ha PUHKY mpami. M ockiabku BHACIIIOK 3HAYHOT Teopernsarii
HaBYAHHS BUIIYCKHUKHN 0araTboX YKPalHCbKUX BHIIB HE MalOTh MOYKJIMBOCTI I1pa-
1oBaTH 3a (haxoM, 10 Hillly 3all0BHIOIOTH 1HO3eMHI (baxiBIli, Ha 3apOOITHY ILIATY
SIKUX JlepKaBa BUTpadae YucaeHH] KomTu. A 3 iHImoro — mpossuiia cebe mnpobiie-
Ma BiJICYTHOCTI KOMII' TOTEDHIX MEPEYK Y HEBEJIMKUX Ceslax Ta CeJIuIax, HasBHICTb
HEeSKICHO 1TOOY/I0BaHUX O0UYNC/IIOBAJILHAX MEPEXK B YKPATHCHKUX MiCcTax.

OcHOBHA 4YaCTHUHA

MacmmrabHi Ta mBuIKi nporecu ypbanizaliii, mo BiioyBaroThcsa y XXI cTosiTTi
B PO3BUHEHHUX KpalHaxX, 3MYIIYIOTb MENIKAHIIB BEJUKUX MICIb Iepece/aTucd B
HEeBeJINKI MICIlsl Ta cesia 3 MeTOO 3aTUIIHOIO Ta OLIBLII CIIOKIIHOIO YKUTTA. Y TaKUX
yMOBaxX BUHHUKAE 110Tpeda iHTerpallil pailoHiB IPUBATHOIO CEKTOPY B MiKHAPOJIHE
indopmalliitHe cepeoBHINE Yepe3 CTBOPEHHS BIIIIOBIIHUX KOMIT IOTEPHUX MEPEXK.
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st cydacHOT 3axi/IHOT iHXKEeHEePHOT IPAKTUKK Oy/lyBaHHS KOMII FOTEPHUX MeperK
XapaKTepHUM € BUKOPHUCTAHHS TEXHOJIOTIH IIMPOKOCMYTOBOIO MYJIBTHCEPBICHOTO
MHO>KHHHOI'O JIOCTYILY 110 ONTHYHOMY BOJIOKHY. |1]

Ha cborojni HafOLIBIT y>KUBAHOIO TEXHOJIOTIEIO JIst 00'€/IHAHHS B MEPEXKY
OJIHOIIOBEPXOBUX OYJuHKIB € TexHoJsiorist Passive Optical Network — macubHa
ontryaHa Mepexka (nami PON), ska 103Bojisie MakcuMaaIbHO eheKTUBHO BUKOPH-
CTOBYBATH MOYKJINBOCTI ONTOBOJIOKOHHOI MEPEKI.

Haj BupimenasiM 3a3HadeHol IpobJieMH IIPALOI0Th IIePEeBayKHO 1HXKEHepPH-
IPOEKTYBAJLHIUKY 13 mpuBaTHuX KommaHiii («lce-line.uas, «Lantorgs, «Mstream»
TOINIO), sIKI PE3YJIbTATH BJIACHUX HAYKOBUX PO3BIIOK IyOJIKYIOTH Ha BiMOBITHIX
caifrax. |4, 6, 7.

Tax, PON — HaliOi1bIII 11epCIIeKTUBHA TEXHOJIOTid IMUPOKOCMYTOBOI'O MYJIbTH-
CepBICHOIO MHOXKIHHOI'O JIOCTYITY 110 ONTHIHOMY BOJIOKHY. AKTHUBHE 0018/ HAHHS
B IIiif MepexKi € TI/ILKU Ha CTOPOHI ITpoBaiigepa i Ha cTopoHi abonenTa. JlociKy-
BaHa TEXHOJIOTIS 1JleaJIbHO MIJIXOAUTH 1 JJId BlJJIaJIEHUX MaJloHace/JIeHUX MyHKTiB,
i /st MICBKOTO IIPUBATHOTO CEKTOPa. |2]

Ha nekmiftnux 3aHgTTAX 3 aucnuiiing « KoMmir'rorepHi cucteMu Ta MepeKis»
posrisigaemo Texnosiorii PON, Bin ¢TBOpeHHs 1 10 ChOIOJIEHHS, 3 METOIO OiJIbIIl
JITKOI'O YCBIJIOMJIEHHSI CIEIU@IiKU MOOYI0BU CYyYaCHUX IMACUBHUX ONTHUYHUX Me-
pexk. ¥ 1995 pomi 3 Meroro 3jificHeHHSI el mpo MoOYyJIOBY ONTUYHOI MeperxKi
Ha OJHOMY BOJIOKHI ciMm BIiumBoBuX KomiiaHiii British Telecom, France Telecom,
Deutsche Telecom, NTT, KPN, Telefonica i Telecom Italia 00’einatucst B KoHCOP-
miym FSAN (anrur. Full Service Access Network). listibricts FSAN Oyna nariiena
IEPIT 3a BCE HA CTBOPEHH: 3arajbHUX IPaBUJI BUKOPUCTAHHS Ta PEKOMEHIalliii
110 obnagaanasg PON, BiAOBIIHO 10 AKNX BUPOOHUKH TAKOI'0 OOJIaIHAHHS i I1PO-
Baiiiepn MaJin O 3MOI'Y CIIBICHyBaTH B yMOBaX »KOPCTKOI KOHKYPEHIIIT Ha PUHKY
cucrem goctyimy PON. [2]

JIorigHuM MpojIoBzKeHHsIM TIpoliecy oHoBJieHHs TexHosiorii PON crasa apxi-
tekTypa Mepexi gocrynmy GPON (Gigabit PON), ne suaqno 301/1bIeHO 1M0JI0CY
IIPOIYCKaHHSI Ta ePEeKTUBHO peaJsi30BaHO IepeaBaHHs PISHOMaHITHUX MYJIbTHU-
cepsicunx pojarkis. Cramgapt GPON ITU-T Rec. G.984.3 GPON 06yi10 npuiimsi-
To B 2k0BTHI 2003 poky. Ha crorojni crangapt GPON He jocuTh nommpennii jijist
IIPOEKTYBaHHsI MePe:K, OCKIJIbKI XapaKTepPU3YEThCA BICOKOIO BapPTICTIO 00J1aIHAa-
HHsI il IBUJIKICTIO Tiepejiadi jganux By 622 Moit/c o 2,5 ['6it/c. [3]

Pisnosumom rtexnosorii PON e rmakoxk apxitektypa GEPON  (Gigabit
Ethernet Passive Optical Network), 1o craHoBuTb HAfOLIBIIT YaCTO BUKOPUCTO-
ByBaHy TEXHOJIOTIIO TMOOY/IOBU MACUBHUX ONTUIHUX Mepe:K 1 BiJIIOBI/Ia€ BIMOTaM
OltbIoCTi TpoBaiiIepiB JIs MiIK/IIOUeHHST BijiIaieHnX abOHEeHTIB (IIBU/KICTH Tie-
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pejadi craHoBuTh 1 ['6iT/c, npu 1bOMY Ha OJHOMY BOJIOKHI MOXKYTH TepebyBaTi
10 64 KiHIEBUX TIPUCTPOIB MEPEXKi).
Bunisimmo niepeBarn Bukopucranas GEPON TexmoJiorii:
1. HusbKi BUTpaT Ha €KCILIyaTalliio it TeXHiuHe 00CyTOBYBaHHS MEPEXKi depes
IPUYNHNA BUKOPUCTAHHS MACUBHOIO YCTATKYBAHHS PO3IOIIJILHOI MEPEXKi;
2. MoxKuBIiCTH TIOCTYTIOBOTO PO3IIMPEHHS MEPEKi, PN JT0JaBaHHI HOBUX BY-
3JIiB poOOTa ByKe CTBOPEHOI MepexKi He MOPYIIYEThCS;
3. MoxknusicTh MoOyIOBH MepexKi HACEJIEHOro MYHKTY Ha OJHOMY ONTHIHOMY
BOJIOKHY, I10 JIOCUTH BUT1THO 3 €KOHOMIYHOI'O IOIJISIJly — HEBUCOKA BapPTiCTh
CTBOPEHHS Mepexi.

OTt2xe, Ha JTAOOPATOPHUX BAHATTIX /I TPOEKTYBAHHS OMTUIHIX MEPEK MiCTa
BukopucroByemo Texuosorito GEPON. Posrisinemo crienndiky modyoBu Mepexi
3a JIAaHOIO TEXHOJIOTIEI0 Ha MPUKJIa/l mTpocTol cxemn Puc. 1.

OLT

FQB%:. -

e,

Splitter

Puc. 1: Cxema mepexi 3a Texnosorieto PON

Y cepsepwiit Beranosoerbess OLT (anrt. Optical Linear Terminal — Onru-
gunit Jlinifianit Tepminan) — rojoBHUil pucTpiil, npusHadeHUil /IS ONpAaIo-
BaHHSI CUTHAJIY ITACUBHOI onTH4YHOI Mepexki Ha 0as3i Texuosorii GEPON. ®@ipmy
BUPOOHUKA Ta (PYHKITIOHAIBLHI XapaKTEePUCTUKN CTAHIIHHOIO TepMiHATY 00nparo-
ThCs 13 ypaxXyBaHHs KITbKOCTI TTOTEHIIHHNX aboHeHTiB. [5]

Koxuomy abonenty Bcranosmoerbest ONU (anri. Optical Network Unit —
Onruuana Mepexxesa Ojunuiis), namnuii npuctpiit Takoxk ixomai imerytors ONT
(arrst. Optical Network Terminal — Onruanuit Mepexxesuit Tepminai) — mosro-
minauit VLAN cBiTa HeBesmmkoro posmipy. Bubip mapku BupoOHuka ta crenndi-
guaux mMoxkinBocteii ONT zasiexkuth Bij napamerpis rojosuoro mnpucrpoo OLT.

1]

88 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



[Tencuesua FO.1O., [lerncuerua O.B. Posrsir rexroorii Passive Optical Network

Bayaxkumo, mo akTupHi npuctpoi mepexki GEPON, Taxi sk OLT ta ONU
MOBUHHI OyTH BUPOOJICHI OJHIEI0 KOMIIAHIEIO, y ITPOTUICKHOMY BHUIAJIKY 1X B3a-
eMoJlig OyJle HesKicHOIO abo HaBiThL HeMOXKJIUBOI. DaKTUYIHO, Te € OJHUM i3
neo/1ikiB Texnosioriit GEPON i nmpoekTyBaHHsT Mepex.

Ha saboparopaux 3aHsTTIX JucHuILiH « KoMIT'foTepHi cucTeMn Ta MepexKis»
nepeJi CTyJeHTaMI CTaBUTLCA 3aBJIaHHs MTPABUJILHO BUKOPUCTOBYBATU 3aCBOEHI
TEOPETUYHI 3HaHHS /I MOOYAOBU ITPOEKTY KOMII'IOTEPHOI MepexKi HaceJIeHOro
IMyHKTY 3 MAKII09eHHIM 10 [HTepHeT.

Po3pobky 1poekTy HeoOXiJ[HO po3MovYaTH 3 aHasi3y BUXIJHOTO 3aBJIaHHS:
«Hagseieno xkapry wmicra (Puc. 2) i3 nazsamu Bysuih, HyMmepaiiieio 6ymunkis. He-
00XiTHO 1TOOYAYBATH KOMII'IOTEPHY MePerKy Ii€l MICIEeBOCT i3 MiAK/IIOUYEeHHIM J10
[HTepHeTY, yBarKaloun, 10 BCi 300parKeHi OYIMHKY € TOTeHIITHIMNI aO0OHEeHTAMU .

=+ = ¥

3£

.
= %
3

Puc. 2: Kapra vactuau m. Cjios’ssaebk Jlonenbkol 001

BianosigHo 10 BUXIIHOIO 3aBIaHHs JOCTIIXKEHH JOMIJIbHO PO3IIOYATH 3 aHa-
JIIBy TEXHOJIOIil po3poOKM Meperk JijIsi MICIIEeBOCTI 3 OJHOIIOBEPXOBUMU OYIUH-
kKaMu. ToOTO B cepBepHY <«IIPUIIIOB» ONTOBOJOKOHHUI Kabesb, dKUil HeoOXiIHO
mijg’eanarn 1o OLT i manpaBuTu gasii i moOyIOBH MepPexKi.
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BpaxoByroun Toit hakxT, 1110 oNTUIHNE Kabe/ib MiCTUTh B cOD1 IIeBHY KiJIBKICTh
BOJIOKOH, KOYKHE 13 9KUX MOBUHHO OYTH IJIKJIFOUEHE JIO CTAHIIITHOrO TepMiHAJTY,
BUHUKAE IIpobJieMa BUIYUYEHHs X BOJIOKOH i3 Kabesto. [ljs1 BUpileHHs JaHOro
IIUTaHHSI BUKOPUCTOBYETHCs creludidHe ob1aiHaHHsT — OINTHIHI KPOCH.

OnruvHnii Kpoc Mpu3HaYeHHil /151 00POOKHU KiHIIA ONTHIHOIO KabeJro y Miclii,
KyJ/I1 foro TijIBeJIeH0: cepBepHa, JiaTa-IeHTP TOIIO.

Haui BiOyBaeThCs o€ HAHHA onTUIHOro aganrepy i3 OLT uepes onruunmii
HATYKOP/I. 3ayBaryKNUMO, 110 Y BUIAJIKY BUKOPHCTAHHS y MEPEerKi He BCiX BOJIOKOH
i3 onTUYHOTO Kabesito, BCe OJHO HEOOXITHO PO3BAPHUTH BCi: 3 METOIO IOJIErIIeH-
Hsl POOOTH 13 TTOOY/IOBU MepexKi y HACTYITHOMY; Y pa3i BUHUKHEHHS ITOIIKO/I?KEHb
IIEBHOT'O BOJIOKHA 10 JIIHII fIoro MOXKHa 3aMIHUTH «BLJILHUM» BOJOKHOM, IO JIOTU
HE BHKOPHCTOBYBAJIOCh. Buxojsium i3 cepBepHOI 110 KOJIOJsI3sIX 3B’si3Ky, abo 110
CTOBITaX JIiHII eJleKTporepe/iad ONTHIHNN KabeJib MPIMY€E JI0 TIEePIIoro MiCIis po3-
JIJIEHHS, sTKe 3HAXOUTHCSI B ONITUIHOMY po3toiisaoMy 6okel (FOB1) Binosigao
JI0 cxeMu HaBejieHiit Ha Puc. 1.

OnrTuvHnii posnoAiIbHII OOKC 3aCTOCOBYEThCA 3 METOI0 BHOKPEMJICHHS HEO00-
X1JIHOIO BOJIOKHA, JIJIsI IIOOYIOBH MeperKi Ha BHUJiIeHiil MiciieBocti. BimmiTumo, 1o
ONTUYHUN PO3MOMIIbHUI OOKC IpejcTaBisge cobol0 MIITHUN ILJIACTHKOBUIT KOPOO,
10 PO3TAIIIOBYETHCS Ha CTOBII JIIHIN eJleKTpoliepe/iad 3a JOIOMOI0I0 BlJIIIOBITHUX
KpilieHb. PosrissHeMo QyHKITIOHAIbHI MOXKJINBOCTI Ta CTPYKTYPHI KOMIIOHEHTH
ornTuunoro 6okcy Ha npukiaags Crosver FOB-03-12.

WALl

Puc. 3: Onruananit posnomiasanit 60kc Crosver FOB-03-12

90 36ipHUK HayKOBHUX Ipallb (izuko-MaTreMarudnoro gakyaprery /1Y



[Tencuesua FO.1O., [lerncuerua O.B. Posrsir rexroorii Passive Optical Network

Tak, ycepemuni Crosver FOB-03-12 Puc. 3 po3minieni ezemenTn dikcaliii kabe-
JIIO 1 onTHYHUX 3’€HyBaviB. BeepeauHi O0Kcy po3TalioBaHa BiIKUIHA MOHTayKHa,
laHeJb, Ha $KIil po3MilleHuit MeTaJeBuil KPOHIITENH i YCTAHOBKU J10 &-MuU
onTuyHUX ajantepi turmy SC. 3 iHIOro O0KY MaHe i 3HAXOAATbCS MICIS JIJIs
dikcaril 3axucHux rinb3 i posminiensst ontuyanx PLC gaiibHuKiB (crutitepis).
KoncTpyKIiig 3MiHHIX YHIJILHIOBAYIB BBEJICHH JIHIITHIX Kabe B J103BOJISIE BBe-
ctu B ontuunnii 6oke Crosver FOB-03-12 neriio kabesiio He po3pi3aiodu caMoro
kabesto. CreniajabHnil TBUHT (ikcallil KpUIIKKI 0OMEXKY€e JOCTYIl CTOPOHHIM 0CO-
Oam Bcepenay 60kcy. [4]

Omxke, i3 Puc. 3 BuHO, 1110 10 PO3IOIIIBHOIO ODOKCY 3aXOIUTh ONTHIHUN Ka-
0€JIb, 13 SIKOTO 34 JIOIIOMOI'0I0 BIJIIIOBIIHOIO 0018 THAHHSI JICTAETHCS OJ[HE BOJIOKHO.
Hani 3a monomororo 3BapioBasbHoro miibanka curiany FBT (Fused Biconical
Taper) BUTSATHYTE BOJOKHO (hAKTUIHO PO3JLISETHCS HA J[BA, IPUIOMY CUTHAJ Ha
OTPUMAHUX JIBOX BOJIOKHAX PO3MOJIILAETHCA Y BiJICOTKOBOMY BIiJIHOIIEHH] B 3aJie-
JKHOCTI Bij MapKyBamus giabanka curnamy (10/90, 20/80, 30/70 Tormo).

3ayBaxkuMo, 1o y giabHukax curuaay FBT aia Buznadenns ske i3 BOJIO-
KOH OTPUMYE CUTHAJ Y KOMY BIJHOIIEHHI BUKOPUCTOBYIOTH PI3HI KOJbOPHU, 1110
yKa3aHO Ha yIIaKOBII].

3rofoM OJiHE i3 OTPUMAHUX BOJIOKOH IILJISIXOM 3BapIOBaHHs IPUEIHYETHCIA 10
manaproro Jiibanka PLC (Planar Lightwave Circuit), siki po3aiisiors o/iHe Bo-
JIOKHO Ha 2, 4, 6, 8, 16, 32, 64 BOJIOKOH BIJAIOBIIHO 10 MapKyBaHHsI.

[Ticjist 1bOro 3a JOMOMOI'OI0 30BHIIIHIX ONTHUYHUX HATYKOP/IB BiIOYBaE€TbCsI
3’eJlHaHHS BioBiHOrO po3’emy y ciutitepi PLC, mo po3ramoBaHuii B OITUYHO-
My Ookci, i3 abonentchbkuMm TepMminajgom ONU. Otrike, Mu po3ryIssHY/IM oleparii
MOHTaXKy MepezKi OJIHOr0 BOJIOKHA 13 JIBOX, IO YTBOPUJIOCA B PE3YIbTaTI BUKOPU-
cranng giapauka curaaay FBT. Ipyre Bosiokno nanpaBiasgeTbesd Jaji Ha JIHIIO 10
HACTYITHOTO ONTUYIHOTO OOKCY.

Bucaosknu

Otke, y Ipoleci po3B’sd3aHHs 3aB/IaHHs BU3HAYEHO CIEIUdiKy 100yI0BH Me-
pexi 3a Texnosorieto PON. Ha npuxiaji HeckaaIHol cXeMu PO3KPUTO 3MICT Ta
0co0ImBOCTI poboTH KoxKHOro By3/ja PON-Meperki. BucBiTiieHo TexHiuHI xapakTe-
PUCTUKHU BIITOBITHOTO /IS IHOTO 00JIaIHAHHA. BHOKpEMIEHO TIepeBaru BUKOPH-
cranng PON-rexmosiorii B cydacHiil iHKeHEPHO-TEXHITHI MPAKTUIl 3 TOOYI0BH
Mepek. CTyIeHTH y3arajJbHIOIUN TeOPETHIHI 3aca i PO3POOKKN MEpexKi y IpH-
BATHOMY CEKTOPIl, MOXKYTb BU3HAUUTU TaKl IOJIOXKEHHS: €eKOHOMIYHICTh [TaCUBHOI
ONTUYHOI MepeXkKi TOoJdra€ B MOXKJIUBOCTI 11 MOOYJIOBU HA OJHOMY ONTHIHOMY
BOJIOKHI; HatiliHicTh PON-Meperki o0rpyHTOBaHO Crienuikoo BiimoBiiHOToO 0bJia~
JIHAHHSI.
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Review of the passive optical network technology for the creation of
optical network in the study of the discipline «computer systems and
networks»

The work outlines the specifics of the construction of optical computer
networks using the Passive Optical Network technology in the study of the disci-
pline «Computer Systems and Networks». The expediency of using the hardware
for connecting potential private sector subscribers to the Internet is considered.

Keywords:  technology PON, optical computer network, optical fiber,
connection to the Internet.
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PO3BUTOK IIN®POBOI KOMIIETEHTHOCTI
MANBYTHLOI'O BUNTEJII IHPOPMATUKN

B crarTi po3rigHyTo megaroridyHy mpoOsieMy IiJITOTOBKH BYUTENIB iH(pOPMATUKH 10 poOOTH
B yMOBaX BIIPOBA/KEHHsT IU(PPOBUX TEXHOJIOTINH B KuTTs Jrognan. OOrpyHTOBAHO HEOOXi-
JIHICTD OTIaHyBaHHSA UG POBOIO KOMIIETEHTHICTIO. Bruokpemieno eramu ¢popMmyBaHHsd TUMOPOBUX
KOMITETEHTHOCTEeH MalildyTHHOrO BUUTEIs iHPOPMATHKI HEOOXIIHUX JIJIsd YCIINIHOI TpodeciitHol
HigJIbHOCTI.

KirouoBi ciioBa:  matibymmiti suumens iHgopmamuru, yudposi komnemenmmocmi, Ir-
meprem peved.

Beryn

[Tig BIIMBOM 3MiH, IO BiJIOYBalOTbCsl B CHCTEMI BUIIOI OCBITH Ta BIIPOBa-
JIZKEHHsT TU@POBUX TEXHOJIOTIl B »KUTTA JIIOJIel, MUTAaHHS I BUIIEHHSA SIKOCTI
MpeIMETHOI MINOTOBKM MaifiOyTHIX BUHMTE B 1H(MOPMATUKN HAOYBa€ OCOOJIMBOI
AKTYaJIbHOCTI 11 3HAYYIIOCTI.

B2ke choro/iHi 0UeBU IHO, IO IIij BILINBOM IIpOIleciB nndpoBoi Tpancdopmarril
CYCIILIBCTBA ICTOTHO 3MIHIOIOTHCA BUMOT'H J10 paxiBIiB y pizHUX obsracTsax. Konie-
nuig iHgopMaIiiiHOro cyclijibcTBa liepeabdbadae, 1m0 B HOBOMY, IIU(POBOMY CBITi,
KIJIbKICTD JII0JIel, 3aiiHsaTuxX B iH(opMalliiiHiii cepi Oyie 3pocTaTu, a IHTEJIEKT,
3JIATHICTH 1 TOTOBHICTB /10 €peKTUBHOI iHPOPMAaIIfHOI JIISIbHOCTI Ta KOMYHIKAIIi1
Oy/IyTh BU3HAYATU 1X KOHKYPEHTOCITPOMOYKHICTD.

Y ¢BOIO 4epry, s IeJJarorivHuX YHiBEPCUTETIB BayKJIMBUM € BIOCKOHAJICHHS
opraHizalliifHO-TIeJJarOrYHUX YMOB HaBUYaHHS JUCIUILIIH, 110 CHPUSIOTH (GOopMy-
BaHHIO IN(POBUX KOMIIETEHTHOCTEN — HabOpy mpodeciiHnX HABUYOK 1 BMiHb,
OB’ SI3aHNX 3 TEXHIYHOIO CTOPOHOIO JISIBHOCTI, dAKi JIId MafOyTHIX BUNTETIB
indopmaruKu Oy1yTh OE310CePEIHHO CTOCYBATHCsI BUKOHYBAHOI IIPOdeciitHoo Ji-
sIIBHOCT1: HaBYaHH¢ IIPOTrpaMyBaHHs, (POPMYBaHHS YSIBJICHb IIPO KOHMITYyPYBaHHS
1 aiMiHiCTpYBaHHS 1HMOPMAIITHIX CUCTEM, CIIPUSIHHSA PO3YMIHHIO TEXHOJIOTIH 11~
¢dPpoBOI €KOHOMIKHU, OpraHi3allisd JTOC/IIHUIBKOL JislIbHOCT] YUHIB Ta iH.
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[Ipobsiemi bopmyBanHs 1IMPOBUX KOMIIETEHTHOCTEH PUCBSITUIN CBOI pO0OO-
TH K BITUYM3HAHI, TakK 1 3apybixk#ai BUeHi. CTyJAeHTH IOJHS TOBUHHI BUBYATH
HOBiTHI TdpoBi/MobiIbHI Texromoril. A. Maxwell, Z. Jiang, C. Chen minxpe-
CJIIOIOTD, 10 CTUJIb HaBYaHHS 3MIHIOETHCS 3 MOKOJIHHS B HOKOJIHHSA, 1 TOMY JI/Isd
TENePINHbOIO TOKOJIHHS BasK/JANBO BOJIOJIIHHS HOBITHIMU IU(DPOBUMU TEXHOJIOL-
M. Ha BayK/IMBICTB IMITOTOBKY T€JIarOrYHAX KaJIpiB B yMOBax iH(opMaTH3aIiil
ocBiTH BKa3yoTh B. Bem0Oep, P. I'ypesud, M. zKannak, H. Mopse Ta in., Ha dop-
MyBaHHs 1In(POBOI KOMIIETEHTHOCTI I1ejarora B 00/acTi nudpoBUX TEXHOJIOII —
B. bukos O. Ouapyk, O. Copoko Ta iH. BueHi cTBep/izKyI0Tb, 110 TP IT1T0TOB-
Il BUNTETB HEOOXiiHO popMyBaT 1MU(MPOBI KOMIIETEHTHOCTI, TOMY IO BiJ| HUX
3aJIE2KUTH B MallOyTHHLOMY YCIIIHICTD Pe3yJILTATIB yUIHIB.

Metoro cTarTi € JOC/IiKeHHs IeJaroriaHol IpobeMn IIiIF0TOBKU BUNTE/IIB
iHdopmaTuku J10 1mpodeciiiHol JIisiIbHOCTI B yMOBaxX BIPOBAJIXKEHHA ITUQPPOBUX
TEXHOJIOTI B KUTTSI JIIOJUHMN.

OcHOBHA 4YaCTHHA

DaxiBigM chepn OCBITH HEOOXIIHO OPIEHTYBATHC B IIEPEIOBUX JTOCATHEHHAX
K B cdepi npodeciitHo-opieHTOBAHIX 1H(MOPMAIIITHO-KOMYHIKAIITHIX TEXHOJI0-
riif, TaK 1 B IICUX0JIOTO-II€JarONIIHIX METOANKAaX, CTBOPIOBAHNX Ha 1X ocHOBI. Il
BILIMBOM 3a3HavueHUX BUINE (aKTOpiB cama mpodeciiiHa TigabHICTb Oyie 3ifi-
CHIOBATHCS B YMOBaX, IO IOCTIHHO 3MIHIOIOTHCS, TOOTO HE MOXKHa JIOCTOBIPHO
CIIPOTHO3YBaTU SKUMHU CaMe CIOCcODaMM JIistIbHOCTI HEOOXiIHO Oy/ie OnaHoOBYBa~
™™ i1 30epeykeHHs MpoeciifHoro craTycy Ta KOHKYPEHTOCITPOMOXKHOCTI. Jlrs
MPAIBHUKIB OCBITH OyJle BUMAaraThucs 3JaTHICTb 1 FOTOBHICTH JI0 TpodeciitHol
MOOLTbHOCTI. [IJish MiATPUMKE aKTyaJbHOIO PiBHA NMPOMECiitHol KOMIIeTEeHTHOCTI
HeoOXi1HO OyJ1e IMOCTIHO i, OJIBIIOI0 MiPO0, CAMOCTINHO 3afiMaTICs BJIACHUM I1PO-
deciitHIM PO3BUTKOM.

Hwuni MinicTepcTBo ocBiTH 1 Haykn po3pobJisie BUMOTH 70 TUGPOBOI KOMIIe-
TEHTHOCTI Tiegaroris. [loku 1o #1eTbesd He PO BUMOTH, a MO MEBHUI CTAHIapT,
OIINC, IIepesiK 3HaHb 1 BMIHB 3 PO3KPUTTAM IXHIX KOMIOHEHTIB. Takuii ommc me-
pesdbadeno KoHIeniieo po3BUTKY I1e1aroridHol OCBITH, a TaKOXK ILJIAHOM 3aXO0/IiB
Hogol ykpaiucekol mkosm 10 2029 poky [3].

Ha migcraBi 1mporo HeEOOXiJIHO BHIINTH HU3KY KypciB iHMOpMAaIiiiHO-
TEXHOJIOTIYHOI CHPSIMOBAHOCTI JIsi MafiOyTHIX TejaroriB, Mo 3abe3IedyioTh
dopmyBanng MiHIMaJILHO HEOOXiIHOrO PpiBHA MU@pPoBOI Ta mpodeciitnoi TKT-
KOMIIETEHTHOCTI BIJIITOBI/IHO /10 HOPMATUBHUX BUMOI' CTaHIaPTIB.

st BUpIiIIeHHST 3a3Ha9eHol MpodIeMy HeoOXiIHO 3a0e31ednT popMyBaHHIg
MiHIMaJIbHO HeoOxijHoro piBHSA MudpoBol Ta mpodeciiinol IKT-kommerenTHOCTI
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MaitoyTHIX BunTesiB iH(MOPMATUKKE B acleKTaxX 3aCTOCYBaHHs CydacHUX iHQOpP-
MaIIfHIX TEeXHOJIOTI! y BIAMOBIIHOCTI 3 1HTErpoBaHUME BUMoOTraMu. [ljs 1boro
IOTPIOHO CIIPOEKTYBATH 1 peasizyBaTi BUKJAJaHHS JUCHUILIIHE «MeTonuka Ha-
BUYaHHs iHPOPMATUKI» 38 TAKUMU €TaIaMI.

[To-1iepiire, BpaxoByBaTu HOPMAaTHBHI YsiBJCHHS 11PO IPOMeciiiHy isIbHICTh
MaitoyTrix ¢axibmi. [lo-apyre, Ha mporecyaJibHOMY pPiBHI peaJii3oByBaTu BUJIN
JISIBHOCTI 11010 BUPIIMIEHHSI IPOOJIEMHNX 3aBJaHb, 110 BKJIIOYAIOTH (Da3u OCMU-
cJIeHHsI, aKTUBHOI i1, pediiexcii. [Ipu 1iboMy 70 cKJIaly JarHOCTHIHOIO KOMIIO-
HEeHTa BKJIIOUNTH KOMIIETEHTHICHO-OPIEHTOBAHI 3aB/IaHHs, 10 BUABISIIOTH PIBEHD
nudposoi Ta mpodeciitnol IKT-kommnerenTHOCTI.

3 oruisity Ha cydacHi ysiBiennst npo mudposy i IKT kommerenTHocTi, i crimpa-
tounch Ha |1, 4] i 1ndpoBo0 KOMIIETEHTHICTIO PO3YMIEThCs JMHAMIUHA CHCTEMA
dKOCTell THUX, XTO HaBYAETHCI 1 AKa BUABJIAETHCI B MOYKJJIMBOCTI JEMOHCTPYBa-
TH IepEKOHAHHsI 1 I[IHHOCTI, 3HAHHS, BOJIOJIHHS CIIOCODAMU BUPIIIEHHSI 3aB/laHb,
OB SI3aHIX 3 BUKOPUCTAHHSM NHUMPOBUX NMPUCTPOIB Ha PIiBHI yMIHb 1 HABUYOK,
PO3YMIHHS BIJIIOBIIAIBHOCTI 3a CBOI JIil, TOOTO 34aTHICTH IHJAUBIJA BIEBHEHO,
eeKTUBHO, KPUTUIHO i Oe3mevdHo BuOuMparTu it 3acTocoByBaTH INQPOBI TEXHO-
JIOTI TIpH peaJsizallll pi3HUX BUJIB JISJLHOCTI, a TaKOXK HOro rOTOBHICTD /10 TaKOl
JsLIbHOCTI.

Hactymamm etarom € misibHICHUI, BIH BKJIIOYAE MPOIEC CAMOCTIHHOTO abo
I'PYIIOBOTO BUPIIIEHHS 3aBJalb 3 BUKOPUCTAHHAM IEBHOTO MU(MPOBOTO 3aco0y.
O nuM 3 HaflBaXKIUBININX CyYaCHUX TPeHIiB po3BUTKY [T-iHycTpil € mojasibiie
IIPOHUKHEHHs PI3HOMAHITHUX €JeKTPOHHUX MPUIAJIB, OCHAIECHIX BOY/IOBAHUMMI
MPUCTPOSIMHU JIJIT KOMYHIKAIT Mi2K co0010 abo 30BHIIIHIM CEepEeJIOBUINEM, K TTOB-
HICTIO aBTOMATHUYHO, TaK 1 3 eJleMeHTaMH PYYHOro YIpaBjiHHd. Taki nmpucTpol
He TIJIBKU BILIMBAIOTH Ha PO3IMIMPEHHsI cdepu BUKOPUCTAHHS iHMOpPMaiiHIX i
TeJIEKOMYHIKAIIHHUX TEXHOJIOTIH B MOBCAK/IEHHOMY MOOYTOBOMY YKUTTI, & if iCTO-
THO BILIMBAIOTh HA PO3BUTOK €KOHOMIYHUX 1 COIIAJIbHUX IPOIECIB Y CYCILIbCTBI.
HaiirepcrieK THBHIIIO TEXHOJIOTIE0 ocTaHHix pokis € Inrepuer pedveit (Internet
of Things), KoHIeIIisT MepeXKi, MO CKIAJAETHCSI i3 B3AEMO3B I3aHIX (DI3UIHIX
IIPUCTPOIB, SKI MAIOTh BOY/JIOBaHI JJATYUKHU, & TaKOXK INporpamHe 3ade3leveHHsd,
IO JIO3BOJISIE 3/ICHIOBATH Tepegady 1 OOMIH JaHUMU MK (PI3SUIHUM CBITOM i
KOMIT IOTEPHIUMHU CUCTEMAMU, 3a JIOTIOMOT0I0 BUKOPUCTAHHS CTAHIAPTHIX ITPOTO-
kouiiB 3B’13Ky [2|. [lopsin 3 TakuMu 06JaCTSIME, sIK [TPOMUC/IOBICTh, TPAHCIIOPT,
cdepa posBar Ta iH., [HTepHeT peveil Mae 3HaYHMIT HOTEHIIa I 1 JijIsd cpepu OCBi-
™. Ha ocHoBi Texnosoriit [nTepuery pedeit MOXKHa 3 yCIIIXOM peaji3yBaTh Taki
KOHIIEMNIII, K «PO3yMHUI KJacy» 1 «pO3yMHa IIKOJIa».
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3aKJTI0IHIM eTaIoM € pedpJIeKCUBHIIT, OCHOBHE 3aB/IaHHs TKOI'O — OCMICIEHHS
CTYJIeHTaM1 OTPUMAHOI'O JIOCBI/LY INMPAKTUYHOI JIISIJIbHOCTI, BUBYEHOT'O TEOPETH-
YHOI'O MaTeplajly 1 aHaJi3y BJACHOI'O PIBHs MIJNOTOBKM, MOYKJ/JIUBUX HAIIPSIMKIB
nojiasibiioro sukopucranis IKT B naBuasbHiil 1 npodeciituiit mistibHOCTI.

DopmyBaHHSI I[IHHOCTEN 1 OCOOMCTICHUX CMUCJIB MailOyTHBOI JisIIbHOCTI Bi/I-
OyBa€eThCA 3a PaxXyHOK 3BEPHEHb JI0 JOCBIIY CTYJIEHTIB, BUBYEHHS ITPOOJIEMHIX
cutyariit (3 )kuttst abo mpodeciituoi JistibHOCTI) 1 ToTOBUX pitlteHb. PopMyBaHHS
PO3yMiHHSI 0COOJIMBOCTE Ta, YMOB 3aBIaHHsI, HeOOXIJHUX JIiil, pecypciB Ta iHCTPY-
MEHTIB JIJIg f1oro BUPIIIEeHHs 31HCHIOETHCS 38 JI0IIOMOI0IO CIIeiaJbHIX 3aBIaHb,
sKI TiepejidadaloTh aKTUBHY aHAJITUYHY JUSJIbHICTD: (DOPMYJIIOBAHHS, OIUC, IO~
PIBHSHHS PI3HUX YMOB, IHCTPYMEHTIB 1 c1IOco0iB it ipu poboTi i3 3acobom TKT.
@opmyBaHHS CIIOCOOIB J1iil 1 3aKPillJIEHHsI 3HAHB BiJI0YBaE€ThCs Yepe3 aKTHUBHY IIPO-
eKTYyBaJIbHY I KOHCTPYKTUBHY JislIbHICTL. Pediiekcist nepegbadae cepito nmuraHb
1 3aBJIaHb, CIIPIAMOBAHUX Ha OCMUCJIEHHS OTPUMAHOTO JIOCBIJTY.

BucuaoBok

HeoOxignicTh 3MiH B HAroTOBLI BUMTENIB B ob0jacTi iHMOpMaliiiHO-
KOMYHIKAIIfHUX TEeXHOJIOr € BayKJMBUM 3aBJIaHHAM I JOCATHEHHS PIBHS
€KOHOMIYHOI'O 1 coIiaJibHOro po3BUTKYy. HeoOXijHicTb omaHyBaHHs IUQPOBOIO
KOMIIETEHTHICTIO BUUTEJIEM € ChOT'OJIHI 1H/IMBIIyaIbHOIO, (PaxoBOIO MOTPEOOIO Ta
BUKJIMKOM B YMOBaX CTPIMKOI'O PO3BUTKY TEXHOJIOTiil. Bumresni BiayBaioTh To-
cTpy HoTpedy: PO3IINPEHHs 1 orIubJIeHHsA 0coOUCTOl UG POBOI KOMIIETEHTHOCT1,
BMIHHSI 3aCTOCOBYBATU Cy4YacHI MeTO/JM HaBUYaHHS Ta TEXHOJOI' HaBYaHHS, pi-
3HI (POPMU JTUCTAHIIITHOrO, 3MIITAHOIO HaBYaHHs, HAOYTTS HABUYOK CTBOPEHHS
OCBITHBOI'O CEPEJIOBUINA, 3/11IICHEHHSI MOHITOPUHIY HaBYaJbHUX JOCIATHEHb YUHIB,
BUKOPUCTOBYIOUH IIPU LIBOMY CydYacHi iH(OpMalliiiHO-KOMYHIKaIiiHI TeXHOJIOT],
iHHOBAIIIiHI OCBITHI cepBicu Ta pecypcu riiodaJibHOI Meperki [nreprer. AKTyasib-
HUMW HAIPAMaMU TO/IaIbII0T PO3POOKN OKPECIEHO! MPOoOIeMU € BJIOCKOHAJIEHH
HaBYAJbHUX ITPOTPAM.
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Development of digital competence of the future teacher of
computer science

The article deals with the pedagogical problem of preparing teachers of
computer science for work in the conditions of introduction of digital technologies
into human life. The necessity of mastering digital competence is substantiated.
The stages of formation of digital competences of the future teacher of computer
science which are necessary for successful professional activity are selected.

Keywords: future teacher of computer science, digital competence, Internet
of things.
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BNKOPUCTAHHS COLIAJIBHUX MEPE2K ¥V POBOTI
COLIAJIbHIUX ITPAIIIBHUKIB

CyvacHwuii coriajbHMiT MPAIIBHUK MOBUHEH BMITH BUKOPUCTOBYBATH COIAJIbHI Mepexki y CBOIi
poboTi, JjIs TOro MO0 B3AaEMOIISTH 31 CBOIMH KJIIEHTAMH OV/Ib-JI€ Ta IIPU PISHUX O0OCTaBHHAX.
CoriayibHUil TPAIIBHUK [TOBUHEH PO3MIUPIOBATH CMEPy CBOET MMis/IbHOCTI Ta BUKOPUCTOBYBATH
HOBI MeTo/I1 POOOTHU Jijisi OLIBIN epeKTUBHOI TTparii

Kirro4yoBi cjioBa:  couianvii mMepesict, CYcniibCmeo, KOMYMIKAULA.

Beryn
Coorogui IaTepHeT € HeBiJ €MHOIO YaCTHHOIO CYCILIBCTBA. A comiasbHi

iHTepHET-MepeXKN CJIYTI'YIOTh CIIOCOOOM CIILJIKYBaHHSI Ta OOMIiHY iH(OpMallii MixK
injuBigamu. CoriaibHi iHTepHET-MEperKi — 11e BayK/JINBHil iHCTpyMeHT iHMopMaliil
3 HAMOL/ILIT BUPaYKEHNM CTYyIIeHeM He3aJIeXKHOCTI, O 00CTyTOBYIOTH TPOMA/ICHKI
iHTepecu Ta MOTPedH, (POPMYIOTH TPOMAJCHKY JIYMKY 3 MUTAHb!

1. momTUYHUX 1IpaB rPOMaJIsH;

2. PO3BUTKY 1JAeHHO-TIOITUYHOI JIAIbHOCTI MOJITUYHUX HapTiil Ta PyXiB;

3. HiIBUIIEHHS e(PEKTUBHOCTI JIisl/IbHOCTI OpraHiB MiCIIEBOI'O CAMOBPSIIYBAHHSI;

4. onepaTUBHOIO CYCILJILHOIO iHMOPMYBaHHSA 3 aKTyaJbHUX ITPOOJIEM CYyJdacHO-

CT1 Ta IHIIOTO.

Y 3araJbHOCYCILILHOMY MAacIITadi Ieil mporec Crpuse PO3BUTKY I'POMaITH-
CbKOI €JIHOCTI, JlolloMarae IMOIIUPEHHIO COIIAJILHOIO JIOCBLY, Y TOMY 4YUCHl it Y
cepi ocBoeHHS HOBUX iH(MOPMAIIITHIX TexHojoriit. DopMyBaHHS COMIAILHIX Me-
perK CIpHUsi€ BUPOOJIEHHIO BiJIOBIIHUX CydacHUM IoTpedaM eeKTUBHUX (POpM
KaliTasizarii ingopMaliiitnux pecypcis. s MepexkeBol B3aeMo/1ii piBeHb PO3BU-
TKY COIaJIbHOI KamiTai3allil BU3HAUYAETbCA He CTLILKN 00CATOM HasBHUX PECyp-
CiB, CKIJIbKI MOXKJIMBOCTSIMU TX MOOLMizaIil B MepexKi. LI MOXKJIMBOCTI BILTMBAIOTH
Ha JMHAMIKY iH(QOPMAIIHUX IIPOIECiB 1 MMPUHY OXOILJIEHHS HUMU MEpexKi, CJIy-
JKATD JIZKEPEJIOM 11 pO3BUTKY Ta € 3aII0PYKOI0 PO3BUTKY HOBOI'O iH(OPMAIIITHOTO
BUPOOHUIITBA.

Y X0/l CBOIO PO3BUTKY COIaJIibHI 1HTEpHET-Meperki 30aradyroTbCsi HOBUMU
MOXKJIMBOCTSIMU JIJIST 33/I0BOJIEHHST 3aIUTIB KOpUCTyBadiB. MoxkHa 1moronTuch i3
aymkoro jpocigankis (O. C. Onumenko, B. M. Toposuit, B. 1. TTonuk Ta in) mpo
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Te, 1110 OCHOBHUMHU IPUYMHAMU HUHIIIHBOI PUBAOJINBOCTI colliaJIbHIX iHTEpHET-
Meperk Ha chorojHi € [1]:
1. orpumanug iHdopMaIliiHol TATPUMKHM BiJ| I1HIIMX YJIEHIB COIAJIbHIX
IHTepHET-MEPEK;
2. Bepudikalis ijieil yepe3 ydacThb y COIaJIbHIN B3a€MO/Iil;
3. colliajibHa BUTOJIA BiJl KOHTAKTIB (IIPHYETHICTD, caMoiienTuddiKaiiis, coriaib-
He OTOTOXKHEHH, COIabHe CIPUHHATTSI TOIIO);
4. pekpeartist (BiamoanHok) [2].

OcHOBHA 4YaCTHHA

Beymmka KiJbKICTh HaceJeHHs Y KpaiHl Pi3HOTO BiKY BUKOPHCTOBYE COIAJIbLHI
inTepaer-mepexki. [11o6 mormomMorTu oKpeMuM IpejicTaBHIKAM HaceJeHHs 13 BUPi-
IIEHHSM TX TTPO0JIeM ColliaJbHII MpaIiBHUK 21 CTOJITTS Ma€e T B HOI'Y i3 4acoM
BUKOPUCTOBYIOUH JlaHI MepexKi sK y mpodeciiiniil JisIbHOCTI, TaK i JJIsT 0coOu-
CTUX TOTPED.

Cu1ij 3a3Ha9UTH, 1110 caMe BIpTyaJibHi colliajibHi MEperKi € IMOTYKHIM 3ac000M
I ITPUMKN KOMYHIKaIl MIJILIHOHIB IpoMa/isii B MepexKi [HTepHeT, OCKIIbKI OKpe-
Ml COIllaJIbHI CHLJIBHOTU BKE MAIOTh JIECATKU 1 COTHI MIJIbIHOHIB 3apEECTPOBAHUX
kopuctyBadis [3]. Lle gae 3mory comiaabHOMY TpAIBHUKY 3BEPHYTH yBary OLIb-
101 KLTBKOCTI KOPUCTYBAIiB Ha CBOI TMOCTAYTH. MoKHa pO3MINTyBaTH Or'OJIONIEHHS
Ha PI3HUX caliTax, BKa3ylounl KOHTAKTHI jlaHHi. TakuM IuHOM, JIFOIH 3aBXKJIM MO-
JKYTb JIIBHATUCSA TIPO HAJIAHHS JIOTIOMOTH 1 33 HABHOCTI MOTPeOU 3B’ d3aTHCd MizxK
c00010, 3 colliaJIbHIUM IIPaIliBHUKOM, 00 IIPOKOHCY/IBTYBATUCS 3 PI3HUX IMUTAHb 34
JIOIIOMOI'0IO OHJIAMTH-YaTy.

3 orJisijly Ha Te, 10 KOMYHIKATUBHUI IIPOIEC HEe 3BOJUTHLCs JIAIIE O OOMIHY
indopmariero (i1 mepeadi Ta CHPURHATTS), & 11e i MiCTHTb y cobi TparcdopMa-
1ito 1i€el indopmaliil B colliajbHO 3HAUYII 1HAUBIyabHi, TPYIIOBI Y1 MAaCoOBi i,
TO JIJIsl COIIAJIbHOI'O IIPAIiBHUKA sIKpa3 Taka TpaHcdOpMallis 1 € IoJOBHOIO Me-
TOIO JIOCJIJIZKEHHS, Jle caM KOMYHIKAIIIHUIT 11POoIlec CTaHOBUTD JIAIIE HArojy J1Jis
JociizkerHst. ' ToMy colliaibHII TPaIiBHUK 3000B’sI3aHIII OPIEHTYBATHCS B YCiX
BUaX [HTepneT-KOMYyHIKaIiii.

ITo-nepwe, comiaJbHNI TPAIIBHUK TOBUHEH OyTH O3HAHOMJIEHUI 3 OCHOBHU-
M odiriftHIMu caffTamu 1o/10 ¢BO€ET Npodeciitiol fisbHocTi. Tak, HaIpPUKJIaL:

http://www.psyua.com.ua — caiit cTBopeHuii /1/ist ipoeciitnol isibHOCT
IICHXOJIOTIB Ta COIaJbHUX TPAIBHUKIB/COIIAIBHIX IEArOTIB CHCTEME OCBITH.
Hannit caiiT KOpUCHUIT He JINIIIe IIKAaBOIO Ta KOPUCHOIO iH(OopMaIiieio aad (paxis-
1B, aJle Ha HbOMY MOKHA 3HATH 3aKOHOMaBIy 0a3y, iIH(HOPMAIIIIO PO HAisSIbHICTD
YKPaTHCHKOr0 HAYKOBO-METOIUTHOTO IIEHTPY MPAKTUIHOI TICUXOJIOTIT 1 COTabHOl
pPOOOTH CUCTEMM OCBITH, OIOJIONIEHHS TIPO MPOEKTH, 3BITH TOIIO;
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http://www.mlsp.gov.ua — odiriiinuit caiir MixictepcrBa coriaabHOT M0
JITUKN YKpaiH#, Jie pO3KPUBAaIOThCS OCHOBHI 3aKOHOJIaBUi JIOKYMEHTH y cdepi
CONIaJIbHOI MOJITUKHU, 10 CTOCYIOTHCS JIsJIbHOCTI COIlaJIbHOIO IIPaIllBHUKA 3 Pi-
3HUMU KaTeropisgMu HaceJ/leHHS;

http://dsmsu.gov.ua — odiniitauit caiir MinicreperBa Mosoai Ta criop-
Ty YKpalHu, Jie BUCBITIIOETHCS 1H(MOpMallid PO JUsJIbHICTL y cdepi JieprKaBHOT
COIAJIbHOT MOJIOJII?KHOT MOJITUKY (3aKOHOJABYl aKTH, HOBUHU, OTOJIOIIEHHSI Ta
BAKAHCII, KOHTaKTHA 1H(MOpPMAIIist, HAPSIMHI JIsIIbHOCTI, CIIBIIPAIs);

http://www.dcz.gov.ua — odiniitauii caiit lepkaBHOT ci1y2KOM 3aifHATOCTI.

3a JIOIOMOI'0I0 3a3HAYEHOI0 CANTY COIiaIbHUI MPAIIBHUK 38 0Y/Ib-sIKOI IIOTPe-
O MOKe JII3HATUCS IIPO 0COOJIMBOCTI IpaIleBJIAIITYBaHH, BiJIbHI BAaKaHCIl, AaHOHCH
Ta Moil y cdepi 3aifHITOCT], HOPMATHUBHO-IIPABOBE 3a0e31IeYeHHSs, TAKOXK € JJOCTYII
JI0 cotiaTbHOl pekjamu. Ha cailTi MmoxkHa 3HaliT pi3sHOMAHITHI MaTepiaJn 3yCTpi-
yeit, KPyIJInX CTOJIB, CEMIHAPIB, PE30JIOIIT TOIIIO;

http://naps.gov.ua/ua/structure/institutions/social work - odi-
miiauit caitt Hamionasmsnol akagemil e Iarorigiux HayK Y Kpailuu, 0 CKJIaLy KOl
BXOJINTH Y KPalHCHKUI HAYKOBO-METOJIMIHUI IEHTP MPAKTUIHOI TICUXOJIOTIT 1 cOITi-
aJibHOl poboTu. Ha caiiTi po3kpnuTo HAIPSAME JIIAIBLHOCTI TIEHTPY, HOTO 3aBIaHHAg,
KOHTaKTHa iH(OpMallisi, AaHOHCU Ta OI'OJIOIIEHHSI, Pe3Yy/IbTaTH JlislJIbHOCTI TOIIIO;

http:/ /ligasocial.org.ua — odirmiitnuii caiit «/Jliru coniaabHUX MpAIBHUKIB
YKpainny», sgka € BeceyKpallicbKolo IpoMa/IChbKOIO OpraHizallieio Ta o0’ €IHye rpo-
MaJIIH He3aJIe’KHO BlJI TPOMaJISTHCTBA 1 MicIls MPOXKUBAHHSA JIIs 3a0BOJIEHHS Ta
3aXUCTY 3aKOHHUX COIaJIbHUX, €KOHOMIYHUX, TBOPUYNX Ta IHIIUX CIIJbHUX 1HTe-
MOTITUKN B YKpaiHi;

http://www.psyua.com.ua — odiriiinuii caiiT mCUXOJOriIHOI CJIyKOU CU-
CTEeMM OCBITH YKpalHu, Jie Po3MillieHa iHDOPMAIIisd PO JisiIbHICTD MCUX0JIOTTIHOT
CJIyKOM; IPOEKTH, FKi Peai30BYIOThCs; 3aKOHOaB4Ya 6a3a JTigIbHOCTI CIy»KOu; 11
HAyKOBa MPOJIYKIlisi, KOHTAKTHA 1H(OPMAaIlisd, OroJIONIEHHS TOIIIO.

3BUYaiiHO, 0 I0JaTH aHAJI3 Ta XapaKTePUCTUKY yCiX caifiTiB HEMOXKJIUBO.
Taxk, HaNpUKJIa/1, ICHy€E BeJIMKa KIJIBKICTH CIIelia/i30BaHuX caiiTiB, 10 00’/ IHYI0Th
OKpeMi KaTeropil HaceJleHHd, sKi MOTpaluIn y CKJIaIHI *KUTTEBI 0OCTABUHU YN
MalOTh IICUXi9HI 4nM Pi3udHi BiaxujaeHHsi, [HTepHET-CTOPIHKHU i 00ZapoBaHOI
mostofti, BLI-iudikosanux Tormo [4, c. 161].

TakoxK iCHYIOTH OKpeMi CTOPIHKHU COIaJIbHUX IHCTUTYTIB, 3 SKUMHI MOXKE CITiB-
IpaIfoBaTH COLAJIbHUN MPALIBHUK: CIEIiali30BaHl CIyKO0u, cayxKOu i ciM'l,
JiTeil Ta MOJIOMI; CcJy:KOM y cripaBax JiTeil, I'poMaJiCbKi opraHizaillil pisHUX pe-
rioniB Ykpainm Ta 3a 11 Mekamu. Ha nmx cropinkax coIiaJbHUIl MTPaliBHIK
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MOXKe BiIHAWTH 3J00yTKH JIisJIbHOCTI 3a3HaYeHnX CJIyzKO Ta opraHizariis, iHdop-
MAIIo PO 3aX0JiH, AKi OPraHi30BYIOThCs, KOHTAKTHY 1H(MOpPMAIlid, psiji MOCTYT,
0 MOXKYTh Ha/l[aBaTUCsd HUMU, HOPMaTUBHO-IIPABOBI JIOKYMEHTU, METOJIUYHI pe-
KOMEH/Iallil MO0 PI3HUX BUIB JislIBHOCTI y COIiaJibHii cepi TomIo.

ITo-0dpyze, coniajbauil MpaIiBHIK MYyCHUTb 00paTH JIJisi cebe MeperKi CIJIbHOT
Ta 00’¢nHanb. Mepexi criibHOT, Ha AyMKYy Oararbox Haykosiis (B. Muxaitios,
Hywmancekuit H. O., Toyomyk P. O., I'ypesua P.C., Iamusosoi C. B., KiimMenko
O. A., Jlomakin JI. C., ITarapaxin E. [I., ®emenko A. B.) [3], Bimirpators 3Ha-
YHY POJib y IPodeciifHoOMYy PO3BUTKY COIaJIbHUX ITPaIliBHUKIB. YJacTh Y MepexKi
npodeciiHuX CIUILHOT HE TLILKU CTUMYJIIOE€ TTpodeciiiie 3pocTaHHs COIiaIbHIX
MPAIBHUKIB, aJie i 103BoJIge (paxiBIgM cOIiaabHOl cpep, sKi KUBYTH y PISHUX
KyTouKax Micta (KpaiHu, obJsacti, paiflony), CHIIKYyBATHCS OJWH 3 OJHUM, BUPI-
nyBaTH podeciitHi muTaHHg Ta MiJIBUILYBATH CBIil TpodeciitHuii piBeHb MIJISTXOM
JINCTAHIITHOIO HaBYAHHSI.

CKopucTaBIINCh JAHIMU CUCTEMaMU COLiaJIbHII IPaIliBHIK MOYKe HaJICUIATH
HeoOXiTHY 1H(OpMaIlilo, ITPOBOJUTH KOHCYJIbTAII, 3iCHIOBATH HPOCBITHUIILKY
poOOTYy 3 PIBHUMH KATEropigMu HaceJeHHsd, IO MOTPedYIOTh HOro MiJITPUMKH,
30KpeMa 00apoBaHi JITH, JITH 3 O0COOJMBUMU IOTpedaMu, JITH 3 HeOJIAroIoJIy-
YHUX Ta 0araToJiTHUX ciMmeil, ciM'T mepecesieHIliB, JIFOAU IOXUJI0r0 BiKY Ta iHIII
|4, c. 162].

Haiibipin vacTo BUKOPUCTOBYBAHUMU COIAJILHUMEI MEpPeXKaMu Ta, CIIBTOBa~
pucrBamu € Instagram, Telegram, @eiicoyk, Twitter, Skype, ASKfm, LiveJournal,
Hpysi.ua Ta inmmi. g 6libin edeKTUBHOI pOOOTH COIia/IbHUI MpaIliBHUK MOYKe
CTBOPHUTHU BJIACHUII CIIeIiaJli30BaHuil 1MepcoHabHNI BeO-cailT, InTepHeT-cTopinkn
B COIIAJIbHIX MeperKkax, eJIeKTPOHHY oIty ToIio |5, ¢. 33].

ITo-mpeme, coniabHMil NPAIiBHIK CbOI'OJIHI MA€ MOXKJIMBICTH OpaTn aKTHB-
Hy Y9aCTb Yy PI3HUX OHJIAlH-peKIMax.

3a aJpecHo0 CIPSIMOBAHICTIO MOBIIOM/IEHD 1 YaCOM peakllil, Bi/IITOBI Il Ha HUX
PO3PIBHAIOTH CHCTEMU OCOOUCTOTO i KOJIEKTUBHOI'O JINCTYBAHHS; 38 YaCOM peaKiil
Ha BijIpaB/ieHe TOBIJIOMJIEHHST — CHCTEMH IHTePAKTHUBHOIO CILJIKYBaHHsS (CHH-
XPOHHOTO DEKUMY 3B’si3Ky «on-lines) i BiicTpoueHOro (AaCMHXPOHHOTO PEXKIMY
3B’s13Ky «off-line» ). Cepes; KOMITTOTEPHUX CUCTEM TATPUMKN MizKOCOOUCTICHOT KO-
MYHIKaIlll BHOKPEMJIIOIOTh TaKl TUIIN $K:

1) inTepakTuBHe ocobucre JmctyBanHs. Jo Hboro BijHOCATH YaT (chat), Ko-
JIN TIOBIJIOMJIEHHS, 110 HAOMPAETHCA OJHUM 13 YYaCHUKIB TiaJIory, aBTOMATUIHO
BiI0OpazKaeThes 1 Ha MOHITOPI IHIIOTO YYaCHUKA, Ha dKe BIH y TaKnii caMuil Crio-
cib BijIOBIIa€, IPOJIOBXKYIOUN JAJIOr;

2)  Bijcrpodene ocobucte JcTyBanHs. Jl0 TAKOTO BIJLY HAJIEYKUTH €JIEKTPOH-
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wa momTa (e-mail). Kopucrysad nHabupae nosijomiensst i Bijicusae ioro ajpecary,
SIKIIL, OTPUMABIIN HOr0, 38 HEeOOXIAHOCTI HaJICUIAE BiIIIOBIIb;

3) KOJIeKTUBHE IHTEpaKTHBHE JCTYBaHHs. MaeTbcsi Ha yBa3i KOJEKTHB-
HUIl 9aT, KOJU yYACHUKU KOJIEKTUBHOTO OOIOBOPEHHSI 1O 4ep3i OOMIHIOIOTHCS
PeITIKaMI-TIOBIIOMJIECHHSIMU;

4) Bigcrpodene KojieKTHBHE JincTyBaHHs. OCHOBHOIO #oro (hbopMoio € eje-
krponti KoHdepentii (popymn). TTosimomients, Mo BiCHIa€THCsT Ha KOH(EPEeH-
10, CTa€ JOCTYIHUM yciM 11 ydacHukaMm. KoykeH yJacHHUK MOXKe BIiJITOBICTH Ha
HbOI'O, IIJITPUMABIIN OOIOBOPEHHSI, & TAKOXK MOXKe 1HIIIIOBATH HOBI ITMTAHHSI;

5) 3ycrpidi oHJIalH, MPOBEJIEHHST CeMiHAPIB, TPEHIHTIB Ta IHIINIX 3aX0JiB 3a
nornomoroto [areprer — BebGinapu (anrs. webinar). Bebinapn MoKy Th OyTH CITLIb-
HUMHM 1 BKJIIOYATH B cebe ceaHCH IOJIOCYBaHb 1 ONUTYBaHb, 110 3a0e3I1euy€e IOBHY
B3aE€MO/JIII0 MK ayJIUTOPIEIO Ta BEJIYUUM.

Or2Ke, HEOOXIJHUM eJIeMEHTOM, 30KpeMa, MEeTOMIHOI POOOTH COIiabHOIO
npaliBHIKa Mae OyTH poboTa B pekuMi OHJIaiiH-ceMiHapax, KOH(EpEeHIlisIX, Be-
OiHapax TOIIO.

AKimo npoanasizyBaTH yKPaIHCHKUIT CEerMEHT TJIo0aJIbHOI Meperki, MOXKHa
CKa3aTu, 10 Ha CHOTOJHINIHIN JeHb BXKe ICHYIOTL JiedKi MepexKki NMpodeciiinmx
00’eJHaHb IpaIiBHUKIB coliajbHol cepu. Tpeda 3ayBarkuTu, 110 JislJIbHICTH CO-
IMiaJIbHUX MPAIIBHUKIB y Mepekax HOCUTb Oe3CHCTeMHUIT XapakTep, BiJICYTHIi
MOJIEPATOP MepPeXkK, sIKiCTh BUKJIAJEHUX PEeCypciB 9acoM He JIy»Ke BUCOKa, BijI0y-
BaE€THCs TOCTINHE MOPYIIEHHS aBTOPCHKOTO TpaBa ToIo. lidibHicTh MeperkeBIX
CHIJIbHOT ITPaIliBHUKIB COIiaIbHOI chepu Ha TepuTopil YKpalHu € Ie JyzKe MaJio
PO3POOJIEHIM HAIIPSIMOM 32 JIKUM ITOCTIfIHO BEIyThCsI PO3BIIKIH.

Ilo-wemeepme, Ha CHLOTO/IHI OCOOJIMBA POJIbL HAJIEXKUTH CaMe JTMCTAHIIITHO-
MYy HaBYaHHIO, sKe 3afiMae BayKJIUBe MICIIE MO0 OCBITH COIlaJIbHUX MPaIliBHUKIB.
Metoro gucTanIiiiHOro HaBYaHHS € 3a0e3edYeHHs JOCTYITHOCTI Ta HEIePePBHOCTI
JIOJATKOBOI IIpodeciitHOl OCcBiTH Ha 3acajiaxX IiJIBUINEHH: KBasidikallil 3a Miciem
poKUBaHHAM haxiBligd. 3BUYAiHO, rTepeBaru JUCTAHIIINHOTO HABYAHHS IOJIsTa~
I0Th Y floro iHAuBigyabHOMY IpadikKy HaBUYaHHsI, IIMPOKOMY IOJI JIjIsi TBOPYOL
caMopeaJiizaliil.

Ha cporomni mmpokoro BKUTKY HaOyB OJUH 13 HANHIOMIMPEHINTUX METOJIiB
JUCTaHIINHOrO HaBYaHHA — BebOinap. Lleit TepMmiH yTBOpeHO BijJ CJliB «web» Ta
«seminars» 1 3aCTOCOBYETHCS JIJIsl TIO3HAUYEHHs PI3HUX OHJIAiIH 3aX0/l1B: ceMiHapiB,
KOH(epeHIIiii, AUCKyciil, 3ycTpiveil, mpe3eHTaliil, a B JeIKUX BUIAJIKAX — Tpe-
HIHIIB Ta MepPeXKeBUX TPAHC/IAIIN TUX UM IHINX TOJiil. Y Xoi BeOiHApY 3B’s30K
MIK yJacHUKaMW MiATPUMYEThCA depe3 [HTepHer 3a JI0MOMOI0I0 BCTAHOBJIEHOTO
Ha KOMIT'I0Tepi abo creriaabHoro Bed-aonarky |6, ¢. 150-151].
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3azHauNMO, 10 [IPY OTPUMAHHI OHJIAHH-OCBITH 3HUKAIOTH MEKi MiXK OUHUM 1
JUCTAHIIHIM HaBYaHHsIM. XapaKTepoJoridHa BJIACTUBICTHL IIPOBEJIeHHSI BeOiHA-
piB moJiATaE B X iIHTEPaAKTUBHOCTI — ebeKT (iznunol npucyrrocti. Ciayxadi MaloTh
MOZKJIUBICTD CIIpUiiMaTi Bce, 110 JIeMOHCTPYE it TOBOPUTH BUKJIa lad, BECTH 3 HUM
JliaJIor, YTOUHIOIYN B YCHIN a00 ImuchbMOBiit ¢hopmMi HE3pO3yMiji MOMEHTH abo BiJI-
MOBIIAI0YN Ha TOCcTaB/IeHl iM 3ammranss |6, ¢. 151].

Hespazkarouu Ha 1eBHi HejoIiKN BebiHAPIB (0OMeKeHa MOKJIUBICTE Y TPEHY-
BaHHSIX, OCOOMCTUII KOHTAKT, POOOTa 3 OCOOMCTUMHE SIKOCTSIME, BiJICYTHICThH rapaH-
Til KOHMIIEHIIAHOCTI, He 3aBXK/M BHCOKa SIKICTh 3B’$I3KY TOIO) BiH Ma€ 1 CBOI
nepeBaru, Takl ik eKOHOMIsl 4acy 1 KOIITIB yHYaCHUKIB Ta OpraHizaTopiB, MacllTa-
OHICTH AyIUTOPIT, JOCTYII JI0 PI3HUX JOMOMIXKHIX 6i0/1i0TeK, apXiBartlist (CTBOpeHHs
eJIEKTPOHHUX KYPCiB).

ITo-n’ame, 11e ejeMeHT ejleKTpoHHOI Oib/oTekn. IlisHaBasibHa JIisl/IbHICTD B
[aTepreti saBysie coboro MoONIyK iHGOPMAIIl K 38 KJIIOYOBUMU CJIOBAMU, TaK 1 de-
pe3 1nepexiJi Biji 0JIHOrO TIePTEKCTOBOTO MOCUIAHHS JI0 IHIIIOTO — TaKe «XOJIHHS»
110 TIOCHJIAHHSAX OTPUMAJIO Ha3By «HaBirailisi». Choroini epeKTUBHUI MOIIYK iH-
dopmariii Jijist coliajJbHOrO IpaliBHUKA IIPOIOHYE BUKOPUCTAHHS MOXKJIMBOCTE
IIIPOKO MPEJICTABICHUX B [HTEpHETI ClelfiaJbHIX IIONTYKOBUX CUCTEM (HAIPU-
kiaar: Hlykanka, UAport, Bigmir, TopPING, Uaportal, Google, Meta.ua, Ukr.net
Ta iH.).

[Ipu nbomy B Mepexxi Internet morkna snafiTu indopmariiro abcooTHO PI3HOTO
poiy i siKocTi: Bij MoHOrpadiil, HAyKOBUX cTaTeil, HepioJnIHuX BHJIAHb 1 3aKO-
HOJIABUNX aKTiB JIO JOMAIITHIX CTOPIHOK KJIE€HTIB. /o Temepinmuboro gacy BeJnke
MOIUPEHHST Ha TepeHax «BcecBiTHROI MaByTHUHU» OTPUMAJIHN BCLISKI Ii3HABAJIb-
HI Ta ocBiTHI pecypcu: Internet-enmukiionemil Ta JOBIIHUKM, HaBYaJbHI KYypCH,
eJIKTPOHHI 6ibsrioTekn, MepekeBl KapTuHHi 1 hotorasepel Ta iu |5, ¢. 162].

ConiajbHuil MpalliBHUK 3000B’sI3aHNUII MaTH CBOIO €JIEKTPOHHY 06i0JioTEKy, B
SIKiit Oy Iy Th MICTUTBCA METOAUYHI TTOPa/IU, CTATTI, TOCUJIaHHA Ha KOPUCHI cailTh,
KHUTH, MTOCIOHUKN, STKUMU MOYKHA KOPUCTYBATHCS Y BIJIKPUTOMY JOCTYII. Takox
y Hilf MOXKYTh MICTUTBCS ITOCHJIAHHS Ha 1HII eJIeKTPOHHI O10J1i0TeKH, 110 JIOTIOMO-
JKYTh Y pOOOTI.

Bucuaosknu

CoriaJibHi iHTEpHET-MepexKi € HeBiJ €éMHOI0 YaCTHHOIO B iCHYBAHHI JIIOJCTBA
i poboTi comiajJbHUX MPAaIiBHUKIB. 3 X JOIOMOIOI0 BOHU CTAIOTh OJIMKIUMU JIO
CBOIX KJIEHTIB 1 MOXKYTb HaJlaBATU KBaJsidikoBaHy jonomory. 3apisakn Internet
pecypcaM 3’sIBJISIETbCST MOXKJIMBICTB JIOTIOMAraT JIFOASIM 3 PI3HUX KYTOYKIB CBi-
Ty. CoriaJibHi Meperki 3MiHIOIOTH pOOOTY NpPAIiBHUKIB Ha OLIBIIT KOMMOPTHY Ta
MU POKOPOPMATHY.
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The use of social networks in the work of social workers

The modern social worker must be able to use social networks in his work in
order to interact with his clients wherever and in different circumstances. A social
worker must expand his field of activity and use new working methods to work
more effectively.

Keywords: social networks, society, communication.
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I[IIITOTOBKA MANBYTHIX YVUUTEJIB IHOOPMATUKU 10
BIIPOBAJI2ZKEHHZ4 STEM-OCBITHA

B crarti ananizyerbcs nurands (HaxoBol IMiJINOTOBKU MaiOyTHIX yduTesiB iHDOpMATUKHA JI0
npakTudHOro Bukopucrtanus ejgemenTiB STEM-ocsitu B maiibyTHiit npodeciitiit aisibHOCTI
Jepe3 BUKOPUCTAHHS KOMIIETEHTHICHUX 3aB/aHb. AHAJI3YEThCsI CTPYKTypa KOMIIETEHTHICHUX
3aB/laHb, IHTEJEKTYyaJIbHa TOTOBHICTh MalOYTHIX YUUTEIIB iH(MOPMATHKI 0 PO3B’sA3aHHA KOM-
IETEHTHICHUX 3aBJlaHb Ta PiBHI POOJIEMHOCTI Iij1 Yac po3poOKKM KOMIIETEHTHICHUX 3aBJ/laHb.
HaBoasTbes npukaa i KOMIETEHTHICHUX 3aBJaHb 3 iH(MOPMaTHKH.

KurodoBi ciioBa: nidzomoska euumenis ingopmamuru, xomnemenmmicri 3adawi, STEM-
oceima, STEM-mexnonrozii

Beryn

Baszuc pecdbopmyBaHHs BUIIIOT OCBITH T0JIATAE B OPi€HTAI] MaiiOyTHIX (axiBIliB
Ha (POpPMYBaHHS MPOQECIiHIX KOMIIETEHTHOCTEl, 1Mo 3abe3revaTbh HaBYaHHS Ta
PO3BUTOK Y 3MiHHOMY CBITI BUCOKHUX TEXHOJIOTI. Y IBOMY KOHTEKCTI OCOOJIMBOIO
3HaYEHHS HAOyBae MpodseMa siKiCHOT MiIT0TOBKN MaifiOyTHIX YIUTEIB Y 3B’ 3Ky 3
IXHBOTIO 6€3M0CepPeIHHOI0 YIACTIO Y PO3BUTKY OCBITH, HAYKW, BUPOOHUIITBA Ta, YKU-
TTs CycIiibeTBa. 3a jgociaipkentsm FEaaine Xowm (Elaine J. Hom) ommiero i3 Ten-
JIeHIIIf Cy4JaCHOIO CBITY € iIHTerpalis 3HaHb, cdep JAisl/IbHOCTI Ta BUPOOHUIITBA, 1110
Oa3yeThCst Ha MHOYKUHHIX 3B SI3KaX HAyKHU, TEXHOJIOTi, iHyKeHepil Ta MaTeMaTUKI
[1]. Le, y cBOIO 9epry, MPOEKTYEThCsT HA OCBITHI CHCTEMU BIIPOBA/IZKEHHS €JIEMEH-
tie STEM-ocBiTi: iHTerpoBani Kypcu, MiKJIMCHUILIIHAPHI ITPOEKTH, IIPODJIEMHE
HaBYaHHs, KOMIETEHTHICHI 3aBiaHHs Tomo. He 3Bakaiounm Ha Te, 1mo Qaxona
IiINOTOBKA MaiiOyTHIX yunuTesiB iHpopMaTuKu nepejdadae pyHIaMeHTaIbHY Ma-
TeMaTH4IHY IiJI'OTOBKY, IHXKEeHepHI 3HaHHs y TaJy31 KOMIT IOTEpHIX HayK, HAyKOBe
CHPUNUHATTS CBITY Ta TPYHTOBHE BOJIOJIIHHA 1HMOPMAIIITHIMA TEXHOJIOTIAME TTiT-
IOTOBKA JI0 cuCTeMHOro 3actocyBanis STEM-ocBiTH He TPOBOAUTLCS Y TOBHOMY
00cs3i.

Metoro nanol nybuikaliil € HnpejcTaB/IeHHsS CUCTEMM IIJINOTOBKU MaiibyTHIX
yauTeiB ingopmaTukn 1o Buposa/ikenus STEM-ocsitu, mo anpobyerbes y
JIBH3 «Jlonbackkuii jiep:KaBHUIT MeJIarOridHnii YHIBEPCUTETS.
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OcHOBHA 4YaCTHUHA

Anasiz megaroriuHol Ta MeTOAUYHOI JITEepaTypH CBIIUYUTH, IO TEOPETUUIHI
iIX01 Ta HpakTUIHiI Hapamu peasizanii STEM-ocsiTu npusepraioTh yBary da-
raTbox HayKoBIIiB. [Ipobsiemam iHHOBaIIIHOIO, HAYKOBO-A0C/IiJIHOIO MUC/IEHHS 9K
6a3u STEM-ocBiTH NpUCBsYeHO POOOTHU K BITUYN3HSIHUX, TaK 1 3aKOPJOHHUX Ha-
ykoBiiB (T. Angapymenko, H. Bamuk, O. Bapua, O. Boponkin, C. l'aibuenko, O.
I'pub’ok, K. I'ynsgen, B. Kamumunn, E. Kiimosa, O. Komosa, O. Ky3bmenko, O.
Jlicosuit, H. Mopse, JI. Hikonenko, M. Pubanko, O. Crpmxkak, I. UepHenpkuii,
M. Harrison, D. Langdon, B. Means, E. Peters-Burton, N. Morel, J. Confrey, A.
House Ta inmux). [Turanus sruposajpkentst STEM-ocBiTn y HaB9a bHIX 3aK/1a-
JaX, sKi TOTYIOTh MafOyTHIX YUNUTENIB PO3IVIAHYTO y POOOTAX TaKUX HAYKOBIIIB,
sk R. Baidue, R. Linsenmeier, N. Ruggeri, B. Coppola |2, 3, 4].

[Tepr 3a Bce, STEM-ocBiTa nepejgbadae inrerposanuii, mpodieMHN 11 JIX11 710
HaBYAHHs, BUKOHAHHS 3aBJIaHb IIPU AKOMY CTaBJISATHCA O6€3 BiJIpUBY BiJi peaJibHOrO
xKuTTs [5]. Bagyiouncs ma pocanimkenni H. Bamuk ta I lmurep [6] mozkemo Bu-
JIINTH HACTYIIHI yMOBH BIIpoBaKeHHs1 Mojesti STEM-ocsiTn y nporec napuanms
MaifiOyTHIX y4uTe iB iHpOpMaTUKK Ha OCHOBI aHAJII3Y TEOPETUKO-METO0JI0MTIHUX
3aca/l CTBOPEHHsI iIHHOBAIITHOT MoJie/1i paxoBOl i IOTOBKU:

® [IPaKTUYHA HAIIPABJIEHICTh OCBITHIX IPOrpaM Ta HABYAJbHUX ILJIAHIB;

e iHdopMaTUIHI JUCHUIIHE aJalITyIOThCs BiJIIOBIIHO JI0 IIOCTABJIEHUX IIPAK-
TUIHUX IIJIEH.

e HecbopMaJibHE HABUYAHHA Y IPOQECiiiHuX CIJILHOTAX.

@opmyBaHHs PaxoBUX KOMIIETEHTHOCTEN MailOyTHIX y4IuTesiB iHOpMaTUKN
Jo BuposaizkerHst STEM-ocBiTi 3/1ilicHIOETHCs B yHIBepcuTeTi Ha 0a3i Kadeapn
METOJIMKI HABYAHHA MATEMATUKU Ta METOJIMKN HaBYaHHs 1HMOPMATHKEI (hi3HKO-
MaTeMaTHIHOro (PaKyIbTeTy, 9K CTPYKTYPHOT'O HiAPO3JIiIY, 10 peasi3ye HalpsiM
IKT-migrorosknu crymentis yHiBepcurery. [Ipu kadenpi 3 2017 poky gie STEM-
1enTp «ndposuit ocBiTHI TPOCTIPY IO pOOOTH TKOTO € CHPUAHHS JTOC/I1THO-
My HaBUYAHHIO 3 METOI0 300Dy IHHOBAIIMHIX METO/IIB BUKJIQIaHHS iIH(POPMATUIHIX
JIMCIIUTIIIH Ta MMABUIIEHHI IHTepecy MaiiOyTHIX yIUTEIB /10 iHXKEHEPHUX, KOMII 10~
TEPHUX HAyK Ta MaTeMaTUKHU, HaJaHHs BudepirHol indopmariii npo STEM-ocsity,
CTBOPEHHS 0a3u MPaKTUKK 1010 BiipoBa/Kenns STEM-ocsiTH.

Cucrema MirOTOBKM MaHOYTHIX YUNTENIB 1H(MOPMATHKHI 10 3aCTOCYBAHH
STEM-ocBiT sIB/IsieEThC OAraTOrpaHHUM IIPOIECOM 1 CKJIAJAETHCS 3 JEKIIbKOX
KoMTonenTiB. [lisenporanocTuvannii KOMIOHEHT MOJIITae y HEoOXiTHOCTI hopmy-
BaHHS TOTOBHOCTI J10 3acTocyBanns STEM-ocBiTn gk B MaitbyTHiil ipodeciiiniii
JIAIBHOCTI, TaK 1y BJIACHIN camoocBiTHIH AisabHocTi. MoTuBarmiinmit KoMmonenT
MicTuTh npodeciitno-tiinnicHi opienrtanil Ha STEM-ociTy, MoTuBaIis 10 J10Cs-
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IHEHHS YCIIXy Ta CAMOOIIHKA BJIACHUX MPOMECIiTHO-3HATYIINUX SKOCTEN y Trasy3i
STEM.

SMiCTOBHMIT KOMIIOHEHT CHCTEMHU IIIJNOTOBKM MaiOyTHIX yunTesis indop-
maTuku 1o 3actocyBanis STEM-ocBiTu mojisirae y Takux MpodeciitHimX KOM-
METEHTHOCTSAX, K iH(opMaTHdIHa, TeXHOJOTiYHa Ta MareMarwdHa. [IpakTudano-
JSJIBHICHNN KOMITOHEHT CHCTEMH IIiATOTOBKU Iepe/idavdac HasgiBHICTD y MafioyTHIX
YUIUTEB iHPOPMATUKI HABUYIOK IpakTUIHOrO Bukopuctanus STEM-rexnosoriit
JIJIsl BJIACHUX ITOTPeO Ta 1podeciiiHol JAisiIbHOCTI, HAasiBHICTH pedIeKCUBHUX YMIHb
y ranay3i STEM. OpranizaliiiHo-MeTOJUIHNNI KOMIIOHEHT CHCTEMHU I1iITOTOBKH
CKJIAJIAETHCSA 3 HAJBHOCTI OpraHizalliiiHO-KOMYHIKAIHUX 3110HOCTeil, BMIHHS
3abesreuyBaT ePeKTUBHUN HaBYAJLHO-II3HABAJBHII 1porec y raay3i STEM-
OCBITH, CAMOCTIiiHICTh BHOOPY 3ac00iB, IPUITOMIB Ta MeTO/IB IIPOeciitHOl 1ist/ib-
HOCTI.

[TizroroBka MaitbyTnix yunrteniB indopmarukn jo STEM-ocBiTn BuKOHY-
€TbCs, TIEPIT 3a BCe, Ha (PAXOBUX HABUYAJIBHUX JUCIHUILIIHAX 1H(MOPMATHIHOIO
nukJy. JIekiiiini, ceMiHapCchbKi, MpaKTUIHI Ta J1abOpaTOPHI 3aHATTS (POPMYIOTH
He JIMIle €JIUHY HayKOBY KapTUHY CBITY, aje I MOTYyIOTh JO IMPaKTUIHOTO 3a-
cTOoCyBaHHS BjlacHUX 3HaHb Ha npakTuiil. Came Takoro i € mera STEM-ocsiTu —
dokycyBaHHSA Ha MOBCAKJIEHHOMY YKUTTi, peaJbHIX 3aBIAHHAX PO3B’ T3aHHS TKITX
oTpedye KOMILJIEKCHOTO HAYKOBOT'O i iHXKeHepHOTo MUC/TeHHsd. TaKoxkK He MOYKHA
BiIKIIATH I HedbopMabHy OCBITY, aJi2Ke CaMOOCBITHSA JlisJIbHICTH, CIIJIKYBaH-
Hs y npodeciitnux 00’eTHAHHAX, YIaCThb Y HAYKOBUX JIOCIIKEHHAX (DOPMYIOTH
STEM-komneTenTHicTh. [HCTUTYTOM MOJepHI3aIil 3MiCTy OCBITH OYJI0 OITyO.Ti-
koBauo [lpoekt komnermil STEM-ocsitn B Ykpaini |7| B sikomy BH3HAYAIOTH
STEM-kommerentiii/kommerenrrocti 1 maBnuku (competencies & skills) sx n-
HAMIYHY CHCTEMY 3HaHb 1 YMiHb, HABUYOK 1 CIOCOOY MUCJEHHS, IHHOCTEN i
0COOMCTICHUX SIKOCTEHl, IO XapaKTepu3yioTh 3JIaTHICTH JIO IHHOBAIIHOI Jlisl/ib-
HOCTI: TOTOBHICTDH JIO PO3B’SI3aHHs KOMIIJIEKCHUX 3aBJlaHb, KPUTUYHE MUCJIEHH,
KPeaTUBHICTDb, OpraHizaliiini 3 i0HOCTi, yMiHHSI IPAIIOBATH B KOMaH/Ii, eMOIiiHNI
IHTeJIeKT, OLIHIOBAHHSI 1 IPUIHATTS PillleHb, 3JaTHICTb JI0 e(hpeKTUBHOI B3a€MOIIT,
YMIHHS JIOMOBJIATUCS, KOTHITUBHA THYYKICTb.

@opmysanis STEM-kommerenIiii MaftoyTHix yauTe/iB iHGOpPMATHKE, 38 Ha-
M JTOCJTIJIZKEHHSIM, HeoOX1JHO BUKOHYBATH, MEPI 3a Bee, JJ000POM MPAKTHIHITX
3aBJ/laHb IIiJ] Yac BUKJAJaHHs 1H(GOpMATUIHNX JucHuiliin. [IpakTuani 3aBiaH-
Hs 3 iIHOPMATUKN MOXKHA PO3IJISIJIATH SIK TUIT KOMIIETEHTHICHUX 3aB/laHb, JIJId
SIKIX 0DOB’SI3KOBUM € 3aCTOCYBaHH:A 1H(MOPMAIiiiHO-KOMYHIKAIIHHIX TEXHOJIOT1,
sIK 3aco0y po3B’sa3yBaHH«. [1i1 KOMIIETEHTHICTHIM 3aBJIaHHSIM PO3YMIEMO CHCTE-
My ODOB’SI3KOBUMHU KOMIIOHEHTAMU $IKOI € OIUC MPOOJIEMHOI cUTyallil 3 OIOPOIo
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Ha paHillle 3aCBOEHI TEXHOJIOIIYHI 3HAHHsI YU OCOOMCTHII JOCBiJ Ta BUMOI'Y JIO
3HAXOJ/PKCHHA HOBHUX SIKOCTeil, BioMocTeill Ta jJaHnmX. KoMIoHeHTaMi BUMOI BH-
CTYIIAIOTD: 3aIllUTaHHS, CIIPSIMOBAHI Ha BUSIBJICHHS BxKe C(DOPMOBAHUX YU HAOYTTSI
HOBHUX TEXHOJIOTIYHNUX 3HaHb; 3aBJIaHH, 110 MICTITH BUMOI'U MO0 BUKOHAHHS
TEXHOJIOTTIYHUX OIlepaIliil TOIIO.

Moxkra BUpIZHUTH TpU PiBHI iHTEIEKTYaJIbHOI TOTOBHOCTI MafibyTHIX yUUTETiB
iHopMaTHKI JI0 PO3B’sI3aHHs KOMIIETCHTHICHUX 3aBJIaHb:

® Oo3HalOMJIEHHsI — PO3PI3HEH] 3HAHHS, 110 MOXKYTb OYTHU JOINOBHEHI BUIIAJI-
KOBUMHI BIJIOMOCTSMM 3 BJIACHOI'O JIOCBIJIY; NPU IbOMY IOBHICTIO BIJICYTHI
3HAHHS 111010 MOXKJIMBOCTe 3acTOoCyBaHHS 1IUX 3HaHb Y BJIACHI ITpaKTUYHIN
JIISIJIBHOCTT;

e 00i3HaHICTH UM HPOiH(OPMOBaHICThL — cdopMOBaHi dpparMeHTapHi oOMerKe-
Hi 3HaHHSI (Ha PIBHI TOHSITH Ta ysIBJIEHb), HasABHI eJIeMeHTApHI YMIHHSI, 110
HIKPIILIIOI0THCA ITPAKTUKOIO;

® ejleMeHTapHa T'OTOBHICTL — BINOBIIA€ PiBHIO ¢OPMOBaAHOI iHPOPMATUIHOT
KOMIIETEHTHOCTI, BIJICTEXKYEThCsI 3alllKaB/IEHICTh 1 3JIaTHICTh JI0 PO3B sI3yBa-
HHsI KOMIIETEHTHICHIUX 38,1 /3aBJIaHb;

He moxkna 06ifiTu Take MOHATTS SK piBEeHb NMPOOJEMHOCTI KOMIIETEHTHICHUX
3aB/lalb. BUOKpeMUMO HACTYIIHI PIBHI MPOOJEMHOCTI TTPU PO3B’I3aHHI KOMIIETEH-
THICHUX 3aBIaHb:

e 0a30BUil piBeHb HABYAJIBLHOI AKTHUBHOCTI, He € IPOOJEMHUM; BiJIIIOBiga€
CTUMYJIbHO-IIPOJAYKTUBHOMY PIBHIO IHTEJIEKTYaJIbHOI aKTUBHOCTI,;

® YACTKOBO CaMOCTIIiHUIT pIBEHb HABYAJILHOI aKTUBHOCTI, XapaKTePHI IIPaKTH-
YHI 3aBJaHHs, /I PO3B s3yBaHHS SKUX 3BEPTAIOTHCA 3a JOMOMOIOIO JI0
I11TKA30K, FOTOBUX TUIIOBUX PIllleHb TOIO; €BPUCTUYHUN PIBEHb 1HTEJIEKTY-
aJIbHOT aKTUBHOCTI;

® piBeHb CAMOCTINHOT AaKTUBHOCTI, pO3B’I3yBaHHs MPAKTUIHIX 3aBJ/IaHb; Kpea-
TUBHUII piBEHDb 1IHTEJIEKTYaJIbHOI aKTUBHOCTI.

PosrisHeMo JiekiibKa MPUKJIa/IiB KOMIIETEHTHICHUX 3aBJ/laHb, 110 MOXKYTh Oy-
TH IPeJCTaBJIeH] Ha IPaKTHIHUX Ta JIADOPATOPHUX 3aHATTAX 1HMOPMATHIHUX
JICITATLIIH.

3Bajiada, 1110 IMPOIOHYETHCS YUHSIM I1'sITOI0 KJIacy: «3a JI0IOMOI0K I'eoiHdOop-
MalliifHOl CICTeMN BU3HAUNTH MLISX, SKUI BU JOJIa€Te Bl JOMIBKHI JIO IIKOJIH, 38
OTPUMAHUMH JaHUMU Ta 3HAIOUN CKIJIbKU BU BUTPAYaETe 4acy JJIsd IIbOI0 004N-
CJINTH BAIIly CEPEJIHIO MIBUJKICTh Ta BUBHAYUTH, O KOTPiil roAuHI HeoOXiHO BUiiTH
3 JIOMIBKHU, 11100 He 3alli3HUTUCH Ha ceaHC B HaitOmkumit Kinorearps. Ilin gac
PO3B’sI3aHHs 3a/1a491 BHKOPHUCTOBYIOThCST 3HAHHST 3 reorpaddil (IpuB’si3Ka Miciist 10
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KJIIOYOBUX BIJJOMUX 00 '€KTiB, 3BYKEHHsI TOITYKY MICIs 301TbITEHHAM JieTasi3allil
TOIMIO), 3 BisuKN (3HAHHS PO PIBHOMIDHUI PYX, TOHSITTS MLIAXY, 9acy, [MIBUIKO-
cri), 3 iHGopMaTHKN (BUKOPUCTAHHST KOMIT IOTEPHUX TEXHOJIOTIH Jijis 00Unc/IeHb
pesysbrarie). KpiM Toro, npu po3s’si3yBaHHI 3a/1adi AKTUBHO BUKOPHCTOBYETHCS
BJIACHUI JIOCBIIL J1J1st 300PY HEOOXIIHUX JAaHUX, aHAJi3y TPOMIKHUX Ta OCTATOTHIX
OTPUMAHUX PE3YJILTATIB.

[Ipuknam 3aja4di, MO TPOMOHYETHCA YIHAM OJMHAISATOr0 KJacy: «Bam me-
00XiTHO BU3HAYUTH 30a/IaHCOBAHICTH BJIACHOIO XapUyBaHHSI: UM € JOCTaTHBOIO
eHepreTHJHa IHHICTD 1Ki 3a BMicTOM OLIKiB, »KupiB Ta ByriaeBomiB?» Ileprr 3a
BCe, JlaHa 3aJlada CTOCYEThCst Oiojioril, ¢iziosorili Ta XapdyoBUX TEXHOJIOII JI10
SIKUX HEeOOXITHO JI0JIaTH 3HAHHS 3 MaTeMaTHKH Ta iH(MOPMAIIHIX TEXHOJIOT.
[TpomizkHi pe3yabTaTn aHaJII3yIOTHCA BJIACHIM JOCBIIOM, MATeMATUIHIMUI METO-
JlaMi Ta 1mo0y/10BOIO JliarpaM Ta rpadikiB. logmaTkoBuM 3aBiaHHIM MOXKe OyTH
3aj1a4a PO 3HAXOJZKEHHS OINTUMAaJbHOINO MEHIO JIJIsI TOBHOIIHHOTO XapdyBaHHS
[IpU MiHIMaJIbHI BAPTOCTI MPOJIYKTIB.

3ajiada JjIsi IOCTOTO KJIacy MoyKe OYTH HacTyIHOIO: «BusHauuTu mijbHICTh
nacesiennst Jonenpkoi, JIrinpornerposebkol, Bonneskoi, Oecbkol Ta JIbBIBChKOT
obsiacteil. [lopiBHsITH OTpUMaHi 3HAUEHHs 31 IIIJIBHICTIO HAcCeIeHHsT Y Kpalnu, AB-
crpaJii Ta Mekcuku. 3a j1ormomMororo indorpadiku npejacTaBuT OTPUMAaHI Pe3yJib-
TaTiy. JlJ1s1 BUpimeHHst JaHol 3a/1a4i, 1eplil 3a Bce, HeoOxigHo 3ibpatu mani. Came
TYT Ha JIONOMOTY IpHiije JOCBI BUKOPUCTAHHS TOITYKOBUX CUCTEM, HE3HAYHI Ma-
TeMaTUYHI 00YMC/IeHHs HaJIQ/IyTh MOXKJIUBICTEL OY/yBATH MOPIBHSIbHI TaOIUII 32
SAKIMHI MOYKJIMBO BI3yaJIbHO TPEJICTABIISATH PE3YJILTAT.

Sajada JJist JecaToro KJjacy: «BusHaure cepejHe 3HaUEHHsT TEMIIEPATyPH 34
OCTaHHIll TUKJIEHb CKOPUCTYBABIINCH apXiBHUMHU JAHUMU HaHOJIMKUIOT MeTeo-
cTaHIil. 3podbUTH IPOrHO3 TeMIIepaTypu Ha HalOmK4Inii yacy. OKpiM 3BHUaitHOT
3aJ1a4i TOMIyKy iHgopMaliil Ta i1 iMIIopTy /10 HeOOXiIHOTO IIporpaMHOro 3abe3re-
YeHHs BUKOHYIOTHCA MaTeMaTUIHI PO3paxyHKHU, Ha OCHOBI AKX, pOOJIATH TPOTHO3
[IOr0JIM Ta MOPIBHIOIOTH HOT0 3 0O0YUCEHNMEI MaTeMaTudHuMEu Metojgamu. Ha na-
CTYIIHOMY 3aHSTTI IEPEBIPAOTHCs 3PO0JIEH] ITPOTrHO3M.

Bucaosknu

OxkpecJteni mijgxoan 1o STEM-miaroropkn MaiidyTHIX yauTesiB iHdopMaTuKn
B YMOBaX Cy4aCHOI YHIBEPCUTETCHKOI OCBITH IIOCUJIIOE HAYKOBUI, JTOC/ITHATILKII
Ta TEXHOJIOTIYHUI MOTEHIia], PO3BUBAE HABUIKN KPUTUIHOIO, IHHOBAIIHOIO Ta
TBOPYOI0 MUCJIEHHsI, BUPIIIEHHs 1IPpOOJIeM IIPUKJIAIHOIO XapaKTepy, KOMYyHIKaIil
Ta, KOMaHIHOI poOOTH.
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Velychko Vladyslav Ye., Rozhkov Stanislav I.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

Training of pre-service teachers of computer science before the
introduction of STEM-education

The article analyzes the issue of professional training of future teachers of
informatics for the practical use of elements of STEM education in future professi-
onal activities through the use of competency tasks. The structure of competency
tasks, intellectual readiness of future informatics teachers to solve problems of
competence and problems of problems during the development of competency
tasks are analyzed. Examples of competency tasks in computer science are given.

Keywords: preparation of teachers of informatics, competency tasks, STEM-
education, STEM-technologies.
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ToauKu HaBdaHHsS iH(popmaruku, JIJIIY

e-mail: stepkin.andrey@ukr.net

BUKOPNCTAHHS OPICHOI'O ITAKETY OPENOFFICE IIPU
BUKJIAJTAHHI IHOOPMATUKUA

Kypc indopmarnku B cucremi ocBiTH 3 KOXKHUM JTHEM CTa€ BCE OLIBIN BaXK/IMBIIIUM 3a Paxy-
HOK IMUPOKOI KomIr toTepu3sariil. [le morpebye mocTiitHo migBuIyBaT KOMII IOTEPHY I'PAMOTHICTD
YUHIB Ta CTY/EHTIB, TaK SK 3I0JOM BOHA MEPETBOPIOETHCS B KOMIT IOTEPHY I'PAMOTHICTH HAIIIOTO
CYCIILIBLCTBA. Y CTaTTi PO3IVISHYTO MUTAHHS BUKOPUCTAHHS HOBITHIX iH(MOPMAIIHIX TEXHOJIO-
rifi BUK/IaJladaMu Ta BUATEIAMU iHdOpPMATUKU Yy CBOIl mpodeciituiit misibrnocTi. PosrisgnyTo
OCHOBHI TIepeBaru Ta HeJIOJIKN BUKOPUCTAHHA O€3KOIMTOBHUX O(DICHUX MAaKeTIB ITPU BUKJIAIaHH]
inopmaruku. OOIPyHTOBAHO JIOIIIBHICTS BUKOPUCTAHHS KPOC-TLIAT(MOPMHOT0 0hiCcHOTO maKe-
Ty OpenOffice.

Kunro4yosi  cjioBa: opicni  dodamxu, mexcmosuli  pedaxmop,  Komn r0MepHI
3aC00U HABYAHHA.

Beryn

B nam yac ckJiaJHO ysBUTH cdepy JisIbHOCTI JIIOAMHU B sIKiii O He 3a-
crocoByBasiacs KoMl orepra Texuika [1|. Ille ckiammiime ysaBuTu Jrognmy, siKa
xoua 6 pa3 B XKHUTTI HEe KOPHUCTyBaJacs OMICHUME JOJaTKAMU JIJIsi CTBOPEHHSI Ta,
pejlaryBatHs pisHoro pojy jgokymentis [2]. Tomy 3posymiso, 1o icHye BesinKka He-
OOXiJIHICTH B O3HAWOMJIEHHI YUHIB Ta CTYJEHTIB 3 odicHuMEU jojarkKamu. Aje, sk
BijloMo, HajimomnysaspHimmit odicanii naker Microsoft Office € miaraum, Ta naje-
KO SIK He KOyKHIIT HaBYAJbHII 3aK/1a/] MOXKe JO3BOIUTH co01 iforo npujgbanms. A
siK Bijomo HoBi Bepcil Microsoft Office BuxonsaTh B cepegHboMy pas y TPU POKH,
[0 3MYCHTb HaBYaJIbHI 3aKJ/a/1 [TOCTIITHO OHOBJIIOBATU IIpOIrpaMHe 3abe3ledeH-
Hsl, 110 TaKO>K He Oe3KomToBHO. Tekcrosuil pejgakTop WordPad B octanHiit Bepcil
Windows 0y/10 3HaAYHO OHOBJICHO, IO JIO3BOJISIE BUKOHYBATH TIEPETJisi]l Ta HalIpo-
cTime pegaryBaHHs JOKYMEHTIB, ajie INX (PYHKIH HeJOCTATHLO /Il ITOBHOIIIHHOT
poboTH 3 JIOKYMEHTaMHU, a CTaHJapTHI aHaJOrd TabJUIHOTO pejlaKTopa, peja-
KTOpa Ipe3eHTalliil Ta cucTeMu ylpaBJisiHHA 6a3aMy JJAHIX TaK 1 30BCIM BIJICYTHI.
o »k pobuTu, IKINO HaBYAJILHIIT 3aKJ1a/1, a THM I1ade, 3BUYaiiHIl KOPUCTYBAT He
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Ma€ MOXKJIMBOCTI NpuadaTH ILJIaTHE IporpaMHe 3abe3rederts! 3BU4aiiHO HeoOXi-
JIHO TIyKaTh OE3KOIITOBHI aHaJIONH, siki 3a0e311eUyI0Th MOXKJIMBICTH MTOBHOIIIHHOT
pobOTH 3 JIOKYMEHTaMU pi3HOTO THIy. IcHye JeKiibKa Oe3KOITOBHUX O(MiCHIX
MAKEeTIB, MOYKJINBOCTI AIKUX 3MOKYTh 38JI0BOJILHUTH ITOTPEOH Malizke KOKHOIO KO-
pucrysaga. Ognnm 3 taknx nakeris € OpenOffice [3-5].

Merta: o3HaiffoMUTHCH 3 OCHOBHUMU IIepeBaraMiu Ta HeJIO0JiKaMUi BUKOPHUCTa-
nust odicuoro nmakery OpenOffice npu Buk/aansi iHGOPMATUKN B HABYAJILHIX
3aKJIaJIax.

OcHOBHA 4YaCTHUHA

Posryisinemo 6ibin jletasbno odicai nakern Microsoft office Ta OpenOffice.
OOujBa 11l MaKeTH CTBOPEHI 3 OJIHIEI0 1 TI€K K METOI0, MalTh CXOXKUIl Iepesiik
dyHKIiil 1 3/1aTH] BUKOHYBaTH OJIHI I Ti K JIiI, IpOTe MiK HUMHU ICHYE 1 ILJIKOM
Baroma pizuuiigd. [lepmra i maiirosoBHima pizauig Mixk odicnumu naxkeramu Mi-
crosoft Office i OpenOffice 1e Te, 110 HepIIIit € KOMEPLUiIHHIM IPOAYKTOM 3 J0BOJI
BEJINKOIO BAPTICTIO, & APYTHil MOYKHA BIJIbHO 3aBaHTAXKUTH 3 0diIiiiHOrO caifty [3].

[Taker OpenOffice BK/ITOYae KOMIIOHEHTH, aHAJIOTTYHI TUM, 10 MICTUTH B cODI
MS Office: 1e TexkcroBuit pegaxkrop Writer, rabsmanuii nporecop Cale, pegakTop
npesenTaliii Impress, a Takoxk Base jurst poboru 3 6azamu ganux. Kpim mux mnpo-
rpam, € e Draw — rpadiunnii pegakrop i Math — pejgakrop dbopmyit. Intepdeiicn
Writer i Word nazke cxoxi: psajIKi MeHIO, TIaHe i IHCTPYMEHTIB, aJje B IIocu Wri-
ter MoykHA 3amucaTH HasABHICTDH OLIBINIOT KIJTHKOCTI €JIeMEeHTIB Ha MMaHesi iHCTpY-
MEHTIB 3a 3aMOBUYBaHHAM. BiH 3 caMoro nmovyarky roToBuil 3ad0e3mednT KoMgop-
THY poOOTY, Tpu OarkKaHHi NaHe b IHCTPYMEHTIB MOYKHA HaJIallToByBaTH. ['atepes
300paxkenb y Writer 3umauno nocrynaerbess Word, ogHaK BIKHO HaJIAIITYBAHHSI
rpadiuHIX e/IeMEHTIB Ma€ 3HAYHy KiabKicTh omiliil. Cucrema repeBipku opdo-
rpadii B OpenOffice Writer jerrio ripime, 3Bu4aiino, rpaMaTuydHi MOMUJIKNA OY/IyTh
MMIKPECJIeHi, a 0Chb CTHIICTHIHI MOMIJIKE 3aJIUIIAI0THC HemoMideHnMn [4].

IIpo Calc roBopuTn 0cob/IMBO HIYOr0, B IIJIOMY Iis IporpaMa Maiizke He Bij-
pisusieTbea Bijg Excel, equne — B Calc dbopmynn He riepeBejieHi 1 BijjoOpazKarThesd
AHIJIICHKOIO, IIPOTE JIO HUX JIOJAETHCS OINC YKPAIHCHKOI0 MOBOIO. OIHa 3 HEBe-
nukux ocobymBocteit Cale — diabTp Bujastenns. [Ipu Bujisenni vacTunn TadbJmi
i cripoOi 11 BUAAJIMTH 3’ sIBUTHCs J1iaJIOrOBe BIKHO, B SIKOMY MOKHa, BUOpaTH, 110 ca-
Me TIOTPIOHO BUIAJINTH — 3HAYEHHsT KOMIPOK, CTOBIII, (hopmyin i Tak jasi. Calc
Ma€ 3acobn aHaJjizy, MmoOy/JI0BH jiarpaM 1 MOXKJIUBOCTI MPUHHATTS PillleHb, OYi-
KyBaHi BiJI BUCOKOsAKICHUX €JIEKTPOHHUX Tab/nib. Bin Br/tovyae Oinbm Hizk 300
dyHukIiit, B TOMy unci 1y GpinancoBUX, CTATUCTUYHNAX Ta MaTeMaTUIHUX Ollepar-
uiit. Calc 3aificHioe 1oOy0BY 2 1 3-MipHUX JiarpaM, siKi MOXKYTb OyTH BOy10BaHi
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B inmm gokymenTun OpenOffice. Bu moxkere TakoxK mpalfoBaTi 3 poOOINMEI KHU-
ramu Microsoft Excel i 36epiraru 1x y dopmarti Excel. Calc moxke ekcropryBarn
eqekrponni tabsuni B Adobe PDF i 8 HTML [4,5].

[Ilo crocyerbest OpenOffice Impress, BiH TakoxK MaJio BiJIPI3HAETHCS Bill
Microsoft PowerPoint. Impress 3abe3nedye Bci 3arajibhi 3acobu IpejicTaB/IeHH
MYJIBTHMeE/Tia, TaKi K cleliajbHi epekT, aHimMallid i 3acodbn MaJiroBaHHs. Bin 06'-
€HAHN 3 po3mupeHnMu rpadiunnMu MoxkanBocTsMu koMroHeHTiB OpenOffice
Draw i Math. [Iemoncrparliis ciraiiiiB Moxke OyTH pO3IINPEHa ClIeliaJbHUMUI TeKC-
toBuMu edpexTamu 3 Fontwork, a Tak camo 3BykoBuMH i Bijieo epekramu. Impress
cymicuuii 3 hopmarom daitry Microsoft PowerPoint, i moxke Takoxk 30epiratu Ba-
1y poboTy B WHCJIeHHUX T'padivanx gpopmarax, Bkaodarodn Macromedia Flash.
Ane B Impress mae Menire mab/IoHIB [IJIs1 IATOTOBKHU IIPE3EHTAIIill, IpoTe Ol/Ib-
micTh 1mabsoniB PowerPoint He BUKOPHCTOBYIOTHCS, a BUKOPUCTAHHS JCSTKUX 3
HUX TaK 1 30BCIM BBaXKaeThCst IorannmM ToHoM. Haitbiibimuit Hego ik Impress — 1e
[oraHa OINTHMI3aIlis, 10 IPU3BOJAUTL J0 TOT'O, IO BilOOparKeHHsI CKJIaIHOI IIpe-
3eHTallil € JIOCUTh BUOAIJIMBUM JI0 PECYPCIB KOMII'IOTEpa i MOXKE NPU3BECTU J10
3aBUCAHDb CIA0KNUX KOMII'IOTepiB, Xo4a i octanni Bepcil Microsoft Office mosoui
[IOraHO IPAIIOIOTh Ha CJIAOKUX KOMIIbIOTEPaX.

OpenOffice Base nok/mmkanuii cTBoproBaTu, pejaryBaTu abo 3all0BHIOBATH Oa-
3n gannx. OcobsmBux sBiaminHocreil Big MS Office Access, Ha Harm morsiji, BiH
He Mae. Base 3abesiieuye iHCTpyMeHTaIbHI 3aC001 JJIsi IOJAEHHOI podoTH 3 Oasa-
MU JIAHIX B MeKax IIpocToro inrepdeiicy. Bin Morke crBopioBaTu i pejaryBaru
dopmu, 3BiTH, 3aUTH, TAOIUII il 3B’I3KHU, TaK 1100 KepyBaHHs 3B’s13aHOI0 623010
JAHIX OYJI0 MaiizKe TaKIM 2Ke, SIK B 1HIINX HOIMYJIAPHIX CUCTEMAaX yIIPaB/ISHHS Oa-
zamu Jaaux. OpenOffice Brkimouae HSQLDB — #eBeuky, mMBUAKY pessiiiiiny a3y
JIAHUX 3 BIIKPUTHM KOJIOM Ta 3pydHuM iHTepdeiicom. [loaaTKoBO, BiH J103BOJISIE
BuKOpucroByBatu inmmi 6a3u gannx (ABASE, MySQL, Oracle) [5].

OcobimBoro BiaminaicTio OpenOffice Bix Microsoft Office moxkHa Ha3BaTH IPO-
rpamMHuit 3acid i1 HazBoo Draw — IHCTpyMeHT BEKTOPHOIO MaJjioBaHHd. Bin me
Mae aHaJsioriB B odpicaomy naxkeri Microsoft Office. Ie 3aci0 cxoxkuit Ha po3IIIpPeHy
nane b MaJioBanadg 3 Word, TyT € 611bIna KiIbKicTh epeKTiB 1 HaBiTh TPUMITHBHE
3D-monemoBanns. Aprodirypu, siki 3Haitomi Ham 1o Word, MoxkHa 1100y 1yBaT B
00’eMi 1 HABITH HAJIAIIITYBATHU TiJI0 00epTaHHs. 3a JOMOMOTo0 Draw MoXKHa MOYKHA
CTBOPUTHU Maiizke Bce, BiJI IPOCTHX JiiarpaM ado O6JIOK-CXeM, JI0 TPUBUMIPHIX XY 10~
xKHixX pobit. Moro moxmsicTs Smart Connectors no3sosisie BaM BusHauaTn Baimi
BJIACHI TOYKH TijK/II0UeHHst. Bu MoxkeTe BukopucroByBaTu Draw Ji/ist CTBOPEHHS
MaJIIOHKIB JIJIsI BUKOPHCTaHHA B OyJb-sikomy 3 iHmux KomioHeHTiB OpenOffice, a
TakoxK Bu MorkeTe cTBOpUTH Ballly BJIACHY KAPTUHKY 1 J1ogaTn 11 B rajepero. Draw
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MOXKe IMIopTyBaTu rpadiky 3 dararbox PO3IOBCIOJZKeHNX opmaTiB i 30epiraru
i1 B Ol1bm Hixk 20-Tn dpopmarax, ratodaroun PNG, HTML, PDF i Flash.

OpenOffice yacTo BrucTyIIae B SIKOCTI OJIHOTO 3 MEPIIUX IIPOJAYKTIB IPOrPaMHO-
ro 3a0e31eUeH s, 1110 BCTAHOB/IIOIOTHCS Ha, KOMIT I0TEPH ITiJINPUEMCTB TIPU Mirpailiiil
Ha BlIbHE ab0 OE3KOIITOBHE IIporpaMHe 3abe3redeHHsi. B ocranHl poku eBpoleii-
CbKi Kpalnu akTuBHO BHpoBa Ky0Th OpenOffice stk ocnoBHuit odicHuit nmaxer
JUIs JIep2KaBHUX OpraHizaliiii Ta KOHKYPY€E 3 KOMEpIiHHIMEI O(pICHUME aKeTaMH
sIK Ha piBHI ¢opmariB, Tak i Ha piBHI iHTepdeiicy kKopuctyBada. locuth Ba-
»KmBoio ocobsusicTio € Te, mo OpenOffice € kpocmiardopmoBum Ta odirtiiino
mijrpumyeTbest Ha 1tardopmax Linux, Microsoft Windows ta macOS. Incrasisi-
1ist OpenOffice BUKoHy€eThCA PiAHUME JIJIsT KOXKHOI TIaTOPME iHCTAIATOpaME Oe3
HeOOXiTHOCTI BUKOPHUCTAHHS IIapaMeTpiB KOMaHIHOIO psijika. Bu Moxkere Takoxk
BIU3HAYNTH, sIKa Bepcis Java (IKIMO € B HASIBHOCTI) NMOBUHHA BUKOPUCTOBYBATH-
e OpenOffice 3 inTepdeiicy incrangropa. Icaye Bepcist nmakery OpenOffice s
ornepariitaux cucrem cimeiicrBa Microsoft Windows 3 MOXKIUBICTIO BUKOPUCTAHHS
6e3 yCTAHOBKH, IO JIO3BOJISIE 3aIlyCKATH MMakeT 3 ren-makonnyaysada. Odicramii
naker OpenOffice mMoxke BIJIbHO BCTAHOBJIIOBATUCS 1 BUKOPUCTOBYBATUCS Ha J10-
MalllHIX KOMII'IoTepax, B IIKoJaX, odicax, 3aKjajiax BUIIOI OCBITH, Jep:KaBHUX i
KoMepIiiiHux opranizarisx i ycranopax. OpenOffice mae BelnKy MOBHY IiATPHM-
Ky. laTepdeiic Kopuctysada goctynnnii 6i1bm #izK #Ha 40 MoBax. KommonenTn
OpenOffice nobpe inTerpoBani ojauH 3 OFHUM. Bci KOMIIOHEHTH pa3OM BUKOPH-
CTOBYIOTH 3arajibHUil MOJIyJib IepeBipKu opdorpadii 1 iHIM iHCTPYMEHTH, HAKi
BUKOPUCTOBYIOThCsI OJIHAKOBO Y BCbOMY Habopi. Hanpukia, iHCTpyMeHTH MaJIio-
BaHHsI, jocTynHi B Writer, Tako:x Moxkua Busiutu B Calc, 1omi0Hi, aje OijbIi
possuHeHi Bepcil B Impress i Draw [5].

BucuooBkn

Huni waitnomupenimmm y cBitTi odicuum nakerom € Microsoft Office. 3ma-
BaJIOCh 1110 HE MOXKJIUBO YSIBUTH POOOTY 3 KOMII IOTEPOM 0€3 IBbOro He3aMiHHOIO
HA0OPY Iporpam Jijisi CTBOPEHHS JIOKYMEHTIB, TabJ/IHIb, IIpe3eHTaliii Ta iH. [Ipore,
y IbOI0 0hICHOI'O IaKeTa € OJIMH BaroMUil MiHYC — BiH € KOMEPIIHHIM IIPOJIYKTOM,
MPUIOMY BapTICTh HOr0 JOCUTH BeJIMKa. 3BUYANHO € HaBYaIbHI 3aKJ/IaJIi Ta KaTe-
ropii oci0, siki MOXKYTh J103BOJINTH €001 Oe3 npobsiem npumdaTu Microsoft Office
Ta KOPUCTYBATHUCsA BCiMa HOTo mepeBaraMiu, OJiHaK OLIBIIICTh HABYAJIBHUX 3aKJia-
JIB Ta 0cib, MO HABYAIOTHCA HE MalOTh 3MOI'W ioro mnpujgdaru. {ocuTh 4dacTo
HebarKaHHs NMPUIdATH KOMEPIIiitHi odicHi makeTn 3yMOBJIEHO 3BUYaiiHUM Oarka-
HHSM 3a0MIauTu KormTu. Jljisi Taknx KaTeropiii HaB4aJIbHUX 3aKJjaJliB Ta 0Ci0
€JIMHIM BapiaHTOM € BUKODPHCTaHH: Oe3KOITOBHUX odicHuX rakeTiB. Mu pos-
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IVISTHYJIA OJIMH 3 TaKUX BapiaHTIB 1 BBayKaeMo, 110 XO4 BiH JIENIO 1 MOCTYIIa€ThCs
Microsoft Office, ase itoro BukopucTaHHs Ha 3aHATTSIX 3 iHPOPMATUKU B ITOBHIM
Mipi 3a0e3meunTh MoTpedn K BHUKJIaJIadiB Tak i ocid, 1Mo HaB4yaioThcd. He 3Ba-
JKaloul Ha Te, dKi olepalliiiHl cucTeMu BUKOPUCTOBYIOThCS B 3aKJjiajlaX OCBITH
Ta y yuHiB 4 cryjgeHTiB BroMa. OpenOffice 3gaTHuit pocuth j106pe 3aommaiu-
TH HaBYAJHLHOMY 3aKJia/ly KOIITU Ha MpUI0aHHA 0(piCHOrO MaKeTy, BiH MOCTIiTHO
PO3BUBAETHCA 1 MOXKJINBO, CKOPO TeperepinnTh Microsoft Office.
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Use of OpenOffice office package for teaching informatics.

The computer science course in the education system is becoming increasingly
important at the expense of widespread computerization. It requires continuous
improvement of computer literacy of students, as it subsequently becomes a
computer literacy of our society. The use of the latest information technologi-
es by teachers of computer science in their professional activities is consider in
the article. The main advantages and disadvantages of using free office packages in
teaching computer science are considered. The expediency of using the OpenOffice
cross-platform office suite is reasonable.

Keywords: office applications, text editor, computer learning tools.
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BUKOPUCTAHHSA MOXKJINBOCTEII POWERPOINT B
HABYAJIBHOMY IIPOLECI

Y crarTi po3rIHYTO NUTAHHS IJATOTOBKH MaiiOyTHIX BUNTEIB JI0 BUKOPUCTAHHS iH(pOpMA-
MIHHUX TEXHOJIOTIi y npodeciithiil migbHocTi. Jano mpukIal TBOPYOro BUKOPUCTAHHS ITAKETA
PowerPoint, 3ampornonoBaHoro st JisiIbHOCTI BUNTEI.

Koo4doBi ciioBa: npezenwmauisn, Mysomumediting mernosozia, eudu npe3enmauii.

IlocranoBka mnpobjemm. Kowmm'torep i [HTepHEeT ChOrojgHi HEe € YNMOCH
HOBUM JIJISI CTYJ/IEHTIB 1 YUHIB mKoJW. ToMy BUMTEsIB Ta BUKJ/IAJA4iB OCTIITHO
IIKABUTH MUTAHHS, 9K, BUKOPUCTOBYIOUH MOYKJIMBOCTI KOMIT'IOT€pa, Ta CyIaCHOIO
IIPOTrPaMHOro 3abe3IevueHHsl, iIBUIIYBATH PiBeHb BUKJIAJAHHSI CBOIO IIPEIMETY.

Bukopucranis HOBUX 1H(MOPMAIIITHIX TEXHOJIOTI Yy HaBYaHHI, HAIIPUKJ/IAJI,
reorpacdii, aHIiiichbKiil MOBI, 1CTOPIl € OJHUM 3 HAIBaKJIUBIIIIX acIEKTIB BJIO-
CKOHAJIEHHSI Ta ONTHMIi3allil HaBIaJIbHOI'O Ipollecy, 30aradeHHsl apceHa y iHCTPY-
MEHTIB Ta IPUHOMIB, FKi JO3BOJIAIOTH YPI3HOMAHITHUTH POpME poOOTH 1 3podOUTH
YPOKH IIKaBUMU, ITaM ATHUME JiId yIHIB. HasgBHICTH KOMIT'IOTEPIB, €JIEKTPOHHIX
MaTepiaJiB, MJIPYYHUKIB 1 eHIUKJIONE/ll Ja€ 3MOry BUHUTEISIM MOJIepHI3YyBaTH
nporiec HaBYaHHdA. [HopMariifHi TeXHOI0Til JT03BOIAI0Th 3pOOUTH HaBYaHHS iH-
JIMBITya/ IbHUM BIJIITOBITHO 70 TEMITB Ta rnOnHN Kypcey. Takuii miaxin jgae 6arka-
HUII pe3y/bTaT, OCKIJILKN CTBOPIOE YMOBHU JIJIsI YCIIIXY HaBUYaHHA KOXKHOIO YUHSI,
BUKJIMKAIOUM TTO3UTUBHI €MOIIil Ta MOTHUBYIOUH 1X O HaBYAHHSI.

AHaJi3 ocTaHHIX JIOCIiA2KeHb i myOJikariiii. Bepyuu /0 yBarun Bemnky
KLIBKICTh NPOrPaMHUX MPOAYKTIB, X BUKOPUCTAHHS y BUKJIa/IaHHI BIIIIOBLIHUX
HaBYAJIBHIX JUCIUATLIIH JTy2Ke Bakke. [lepIn 3a Bee, 11e CTOCYETHCs BiICYTHOCTI Me-
TOAUYIHOTO CYyIPOBOJLY: OLJIBIIICTD IPOrPAMHIX 3aC00IB CTBOPIOIOTHCS JIJIsi PO3BAT.
Hacmpap;ii BuuTe b, 6arkatoqn BUKOPUCTOBYBATH TaKi IIPOrpaMHi IIPOJIYKTH, 3MY-
IIEHU I HAJIAIITOBYBATUCA Ha HUX, BUKOHYBaTH BEJIUKY POOOTY JJIs IX TPAMOTHOIO
BukopucTanis. OJHUM 3 PO3MOBCIOJIZKEHUX CIIOCODIB BUKOPUCTAHHST KOMII IOTEPA
B HaBYaHHI € Bukopuctanuga nporpamu Microsoft PowerPoint. 3 iioro jomomo-
I'OI0 BUMTE/Ib Ma€ MOXKJIMBICTb €PEKTUBHO BUKOPUCTOBYBATH KOMII'IOTEP sIK 3acid
opramizarii HaB4aIBHOTO Tporiecy [2].
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B.H. MoruiroBa 3a3Hadae: «fIK i pu BIPOBaJyKEHHI Oy1b-SIKOI'O 1HIIOI'O 3a-
co0y HaBYaHHS, BUHUKAE PsAJI ITPOOJIEM, OB d3aHUX 3 TICUXOJIOTO-TIearoriaHIMI
YMOBaM# 3aCTOCYBaHHsI KOMII'IOTepa B IIpOIleci HaBuYaHHs. Y TOil »Ke dac KOM-
’1oTep Jae Taki MOXKJIMBOCTI iH(opMaliiiHOro 3abe3nedents HaB4IaabHOTO MPO-
1ecy, sIKMX Jioci HikoJm He OyJio. BuHukae cepiio3na OararoaciieKTHa MpodsemMa
BHOOPY cTpaTeril BIPOBaJIzKEeHHsI KOMII'I0TEpa B HaBYAHHSI, siKa J03BOJINIa O BU-
KOPHUCTOBYBATU BCi Oro mepeBaru i YHUKHYTH BTPAT, 110 BILIMBAIOTH Ha AKICTb
e[arOriTHOrO MPOIIECY 1 K1 3a9ilaloTh PO3BUTOK OCHOBHUX cep Jofutm» [1].

Mera gocaimxkenHsi. /lociipKeHHsT ITO3UTUBHUX 1 HEraTUBHUX MOMEH-
TiB 1Ipu pobOOTI BUUTEJIIB Ta BUKJIAJAYIB 3 peJakTopoM Ipe3eHTariit Microsoft
PowerPoint. Ha xorkpeTHOMY MpUK/Ia/Il MiATOTOBKNA BUNTENS JI0 YPOKY PO3IJIS-
HYTH MOYKJIMBOCTI TTPOIPAMHOI0 3ac00y.

Buxkiag ocHoBHOTrO Marepiajy. My/ibriMe TiiiHi TeXHOJIOrT — 1ie He Tpa/iu-
1ifiHa cucTeMa, 1e abCoJIIOTHO IHINNI HaBYAJIbHUI IIpoliec, sIKnii MOBUHEH rapaH-
TyBaTH PO3BUTOK KOMYHIKATHBHUX, TBOPUMX 1 podeciiiHuX 3HaHb, HEOOXIIHICTD
0COOMCTOTO BJIOCKOHAJIEHHS 1 MOCTITHOT caMOOCBiTH. 30KpeMa, CICTeMaTHIHe BH-
KOPUCTAHHSA KOMII'IOTE€pa, a caMe MYJIbTUMEINHUX Ipe3eHTalliil JTOMoMaraioTh
MIBUIIUTH AKICHUIT piBEHb HAOYHOCTI, MIJBUIIATU 11 NPOIYKTUBHICTH, JIOTTUHY
1o0Oy/IOBY Ta CTPYKTYpPYBaHHs HaBUYAJIbHOI'O MaTepiaJly, IO 3HATHO IIiJIBUIITYE Pi-
BeHb cipuitHaTTs indopmaril ciayxadamu. Cepejosuie PowerPoint npusnadene
JlJIs CTBOPEHHS Ta pejaryBaHHs 11pe3eHTaliii. BoHo moejnye B codi TekcT, rpadi-
Ky, aHIMallilo 1 JIO3BOJISIE CTBOPIOBATH NPUBAOJUBUI TIPOJIYKT JIJIA CJIyXadiB. 3a
floro JI0MOMOroI0 MOXKHa 3PYYHO Ta IMIBUJKO HIJNOTYBAaTH HaBYAJbHUI MaTepi-
aJl, JIErKO CTBOPUTHU aHIMOBAHUI cJiaiij], MIBUJIKO BUKOHATH Pi3HI (hOPMU OIIHKN
MI3HABAJLHOI JIAJIBHOCTI Ta OaraTo 1HIIOrO.

[Ipesenranii, minrorosseni makerom Microsoft Office 3 Bukopucramusm ami-
Mallil Ta IHTEPAKTUBHUX €JIeMEHTIB, 3a0e31euyioTh SIKICHO HOBHUII PiBeHL MOja-
nus indopmarii. [ligTpuMmka ayaio jia€ MOXKJIUBICTH PO3POOKH CIOKETY T'pU B
PowerPoint, mae BestmKuii BILINB Ha eMOIlifiHe CIPUIHATTS y4HIB, CIPUSE TINO-
IIIOMY BUBYEHHIO HaBUYaJbLHOI'O MaTepiajy. Ha kKoxkHOMY ypolll BUKJIaIad BUPIIIYE
PSLT TICXOJIOTO-TIeTaroTiTHIX 3aB/1aib. Jl03Bosisge yTpuMyBaTn yBary IIij1 dac 3a-
HATTS, 3aJIy4aTl YyTTEBE Ta eMOllliiHe CIPpUMHATTS, Y4By Ta KMITJIMBICTb Y4HIB.

MyabTuMeaiiiHa TEXHOJIOTISE — IIe TeXHOJIOTIsI, SIKa JI03BOJIAE 38, JOIIOMO-
r'OI0 KOMII'I0Tepa IHTerpyBaTu, 00po0/IsTH 1 BOAHOYAC BIATBOPIOBATH Pi3HOMAHITHI
TUIIM CUTHAJIIB, Pi3HI cepeoBuiIia, 3aco0u 1 criocodn 0OMIHY JaHMMU, BiJIOMOCTSI-
M.
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OcHOBHUME TiepeBaramMu MYJIbTHMETIITHIX TEXHOJIOTNH BBAXKAETHCA PO3IIIN-
PEHHsT MOYKJIMBOCTEH, BJIOCKOHAJIEHHsI METOJIIB JIOCTYIIy JI0 MaTepiaJiB, OLIbINA
HAOYHICTH OIMAHOBYBAaHOTO MaTepiaay. MyabTumeiiini TeXHOI0TiT MUPOKO 3aCTO-
COBYIOTBHCSI B OCBITI Ta y NMpaKTUYHIi poOOTI criemia icTiB pi3HUX rasry3eii.

3aJie’KHO BiJI CIIOCOOY peaJiizallil Ha KOMII'I0Tepi PO3PI3HSIIOThH TaKi BUJIH IIpe-
3eHTalllii: 31 clleHapleM, IHTepaKTUBHI Ta aBTOMAaTUYHI.

IIpesenmauia 31 cuenapiem
[IpesenTarist 31 creHapiemM — Iie TpaJniliiiHa Ipe3eHTallisl 31 caaiijaMu, J10-

MOBHEHa 3acobaMu MMoKa3y KOJIOpOBOI rpadikm i aHiMaIlll 3 BUBEJIEHHAM Bijieo-
MaTepiajy Ha BeJUKHUil eKpaH abo MOHITOp. ¥ Hiil € MOXKJIUBICTD ITiJ 9ac MoKa3y
BHOCUTHU 3MIHU Yy IIPOIEC JIEMOHCTPAIlll, & TaKOK BUKOPUCTOBYBATU TUTPH, IO
PyXaloThCs 110 eKpPaHy 1 MICTATh JIOJATKOBI TTOsSICHEHHSI.

AnimManiitHuil TeKCT y MO€IHAHHI 3 aHIMAIIfHUMU giarpamMamiu, rpadikamn
Ta LII0CTpallisIMU JIa€ 3MOT'Y 30CEPE/IUTU YBAr'y CJIyXadiB Ha OCHOBHOMY 1 CIIPUSIE
KpaloMy 3alaM’siToByBaHHIO iHpopMariil. O3Byuye Marepiajl, K MPaBUJIO, CaM
BeJLy4uii.

[IpesenTariisg 31 crieHapieM € HAMIONIUPEHINTUM BUJIOM MYJILTUMEIIHHIX TTpe-
3eHTalll.

Inmepaxmusna npezenmaiis
[HTepakTUBHA IIpe3eHTallid — I JiaJ0T KOPUCTyBada 3 KOMII I0TEPOM, IIiJI Jac

SIKOT'O KOPUCTYBau MpuiiMae pillleHHs, Kl MaTepiaJs JJisi HbOro BaKJIMBUIL, 1 3a
JIOIIOMOI'OI0 MUIIN ab0 HATUCHEHHSIM Ha KJ/aBiln BuOMpae Ha eKpaHi HOTPIOHMI
00’ekT. [lo ToMy KoMIT'T0Tep BUa€ iHOpMaIllifo, Ha IKY Ha INAIIOB 3aIlnT.

Yci inTepaKTUBHI ITpe3eHTalliliHi TporpamMu KepyoTh rnogigmu. [e o3nadae, 1o
KOJIU BiJIOYBA€ThCsI MIEBHA T10/Tis1 (HATUCHEHHSI Ha KJIABIIIY, TIO3UIIIOBAHHS KYpPCopa
Ha eKpaHHUil 06’€KT TOIO), MporpamMa BUKOHYE BiIIOBIIHY JIifo.

[HTepakTUBHA IpEe3eHTallis Ja€ 3MOI'y BIAITYKOBYBaTH MOTPiOHY iH(OpMAIIiio,
3arIUOJIIOI0YICH Y Hel HACTLIbKY, HACKLILKH Tie OyJI0 TepedaieHo po3pOOHUKOM
npesenTaril. Hanpukiag, kopucTyBad MouMHAE€ BUBYATH TEBHUII TOBap 13 Bij-
obpaKeHol Ha eKpaHi 3araJibHOI XapakTepucTuku. IToTiM, KjralHyBIm MUIIEO Ha
rineprocujIanfi, KHOMII abo 3HAYKY BiH Ma€ 3MOTy JeTajbHille 03HAOMUTHUCS 3
BIJIOMOCTSIMU 1IPO KOHKPETHUII MpeaMeT, 110 HOoro 1iKaBUTh.

[ndopmariito TyT MOXKHa T0/1aBaTH IpadidHO, Y TEKCTOBOMY BHIJIsI, 38 J10-
IIOMOT0I0 aHiMaIlil abo BiJIEOKJIIIB, K YUTAHHs TEKCTY «BijJ aBTOpay 3 BUKOPU-
CTaHHsM 3BYKOBHUX €(DEKTIB, y BUIVIS PIBHOMAHITHUX MOEIHAHD YCiX €J1eMEHTIB.

[HTepakTUBHA TTpPE3eHTAllis 3/IaTHA JIETKO 3aXOIIIOBATH yBary KOPUCTyBada 1
TPUBAJN Yac MJITPUMYBATU HOr0 3alllKaB/JIEHICTh MaTeplaIoM.
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Aemomamuuna npe3enmanis

ABromaTnuHa Ipe3eHTallls — 1@ 3aKiHdeHnil iHpopMaIiiiHuil IPOIYKT. Moro
MOKHa IIepEHECTU Ha BIJAEOILIIBKY, JIMCKETY, KOMIIAKT-IUCK 1 pO31CJAATHA MOTEHIII-
HUM CIIOYKBavdaM.

Ak 1 koxkHa nporpama, PowerPoint mae 11o3uTuBHi 1 HeraTuBHI CTOPOHU BUKO-
pUCTAHHS.

TpaaumiitHo BBaXKa€eThCs, MO BUKOPUCTAHHS B HaBYAJILHOMY IIPOIECI TEXHO-
JIOTT, 3aCHOBaHI Ha BIIPOBa/I?KEHHI JOCSATHEHb HAyKOBO-TEXHIUHOI'O IIporpecy 000-
B'SI3KOBO clipusie e(peKTUBHOCTI 3allaM aTOBYBaHHsI MaTepiaay. 3oKpema, (pikcy-
€ThbCd aKTHUBI3alllsd HABYAJILHOIO MPOIECY 38 PaxyHOK IJIBUIIECHHS HAlJIsIHOCTI,
MOZKJIBOCTI CIIBCTABJICHHS JIOTTIHOrO 1 00Pa3HOro CrocobiB 3acBoeHMs [3)].

[Ilo moxke OyTH HACJIJIKOM BiJICYTHOCTI MO3UTHUBHOIO €(MEKTY BiJl BBEJICHHS
PowerPoint B cucremy Buuennst marepiaay? [Ipu MoBCsKI€HHOMY ByKHUBaHHI I1i€l
TEXHOJIOTIT ICTOTHO 3MIHIOEThCS (DYHKILST BUNTE/IsA: 3 OCHOBHOIO JizKepeJsa iH(Oop-
Mallil, Ha sIKOMy OYJI0O CKOHIIEHTPOBAHO yBary ayJauTopil, JEKTOP 1ePeTBOPIOETHC
Ha CTaTUCTa — IepeMukada KHomok. P. Kpefir roBopuTh, 110 npu 3BUMHOMY BU-
KJIa/1 MaTepiaay B3a€MO3B 30K BUNTES 1 ayINTOPIl BKJIIOYAJIa 30pOBUIl KOHTAKT
1 eMOIIIITHY CKJIa/I0BY, K1 TPAKTUIHO 3HUKJIN B HACJIJIOK BUKOPUCTaHHS HOBOI Te-
XHOJIOTIT, TOMY 1110 yBara JieKTopa 30cepe/izKeHa Ha lepeMUKaHH1 cjiaiiliB, a y4Hi
30cepeizKeHi Ha CIUCcyBaHHI iHOPMAIIil 3 eKpaHy 1 HepiJIKo iIrHOPYIOTh KOMEHTaPI
sukagada [4]. 1. Ilokpoce roBoputs, 1mo «Bukopucranis PowerPoint we nae
ILJIIOCH B IIOPIBHSIHHI 3 3BUMHUMU 3aHATTIMEY, 710 TOr0 K (DOPMAT CJIaiiJI-1110y 3BO-
JINTH JI0 MIHIMYMY MOZKJIMBICTDL JTUCKYCIT 3 KJ1acOM, 00’€THY€ HaBIAJbHIIT ITPOIIEC 1
dopmye y ayuTopil «iJ103i10 Meperisiy XyI0KHboro hijabMy». ABTODP 3acBiluye,
110 €JIKTPOHHI IIPe3eHTalli] Ha 3aHSITTAX 3 TeXHITHUX JUCIUILIIH MaJIoeeKTUBHI.
3 0CTaHHBOIO JIYMKOIO MOXKHA HE TIOTOJUTUCS TOMY, 1110 CXeMU €KCIIEPUMEHTIB 1 MO-
JIeJIbHUX YCTAHOBOK 3PYYUHIIIE MPEJICTABIATH Ha Caiigax, ajge GOpMyIH, & TaAKOXK
MOsICHEHHSI JI0 HUX, JAificHo, HabaraTo edeKTHUBHIIIE 3IifICHIOBATH TPaIUIiiTHIM
criocoboMm [5].

Microsoft PowerPoint — wmaiinomnyssipHimma mporpama JIjisi CTBOPEHHSI IIpe-
senTariit. BukopucrosyBanus PowerPoint jocuth piznomanitne. Ile i ciaitan 3
Te3aMU JIONOBIJ, 1 ciaiin 3 300parkeHHsIMHU, MO POPMYIOTH eMOIliliHe CIPUitHs-
TTs JOIOBIJI, IHTePAKTUBHI CJalian JJIs CAMOCTIHHOTO BUKOPUCTAHHS CTBOPEHHS
TECTIB.

Hannit pgji MOXKHa TTPOJIOBXKYBATU. Y Oy/Ib-AKOTO JIONOBiavua, AKUil 3aCTO-
COBYE B CBOIil poOOTI Ipe3eHTAallil, € apceHaJl BJIAaCHUX IPUIOMIB BUKOPHCTAHHS
[IporpaMiu Jijist IX CTBOpeHHsI. AJie MU PO3IJISTHEMO JIesIKi IPUHOMU, K1 PIJIKO KM
BUKOPUCTOBYIOTHCS, & caMe CTBOPEHHS irop, BIKTOPUH, TECTIB.
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3aBJIsIKN CyJacHIM TEXHOJIOTIsIM Bi OyKBaIbHO 3a 10-20 XBUJINH MOZKETE CTBO-
puTH BIKTOpUHY Ha 3pa30kK «CBOET rpuy 13irpaTn B Hel 3 yUHIMI JIJIsT 3aKPIiTLIeHHS
BUBYEHOI'O MaTeplaJly.

I ETAII.: CtBopioemo irpoBe moJie.
1. Bigkpniite PowerPoint i cTBOpiTH HOBY TIIpe3eHTallifo.

2. Ha Bxiaani Juaatin 00epiTh HeoOdXiiny TeMy opOpMICHHS.

3. CTBOpiTH HOBUIT ciiaiijl i gojaiiTe Ha HHOI'O TAOJIMIIO
(Bcmasrka — Tabauus).

©ARN NABHAA BCTABKA [M3AAH MEPEXO kI AHWUMALLAA NOKA3 CNAAJOR PELEH3WMPOBAHWE B

=i = g al 2 OB il e

Cosgate  TaBnnua  Pucynkn MsoBpaxenna Chumor QotoansBom  @uryper SmartArt Juarpamma .’Mnmnpnnoxewn » [Wnepcceinka
cnaiig = i us MHTepHeTa - - -
Cnaiigsl | TaGamua 5x5 [EHKA Wnnwocrpauum Hapcrpoiiku CChInkM
1 OooOd-
* I
I
I
Nooo0
OOOCsA0000]
I o
5 I
FR  Bcrasute Tabnuuy...
m Hapucosate Tabauuy
E['] Tabnuua Excel

4. CTBOpPITH TAOJIHINO 3 1I'ITbMa KOJOHKAMHU 1 II'sIThbMa PsIKAMHU.

5. T'peba 36LabIIUTH PO3MIp TAOJIMII, 11100 BOHA 3aliHs/1a BECh CJIalijl, 1 3al10B-
HITH KJIITUHKU.
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6. 3MIHITH KOJIp IrPOBOIo MOJIsA, MO0 BOHO IIe Oibie OyJI0 CXOXKe Ha OPHTi-
HasibHe 1oJie 31 «CBoel rpu». st 1boro BUILIITE TAOININO I HATUCHITH 3aJINBKA,
Ha ITaHe i IHCTPYMEHTIB B po3/iiii Cmuat mabauus.

MNEPEXO/bI

AHUMALINA MOKAS CNARA0E PELIEH3WPOBAHME

Crunn Tagany
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Tax Tpeba 3poOUTH 3 KOXKHIM ITNTAHHSIM.
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1II ETAII: MakeTu cJjaiiaiB.

Y koxkHoro cjaiija B PowerPoint € cBiit maker. Hanpukia, Turynbauil ciaiin
abo Tema 1 00’€KT.

Bu Moxkere BUOpaTu HEOOXITHUI MaKeT, KIUKHYBIIU ITPABOI0 KHOIKOIO MMUIII
Ha 3MeEHIIIeHe 300payKeHHs cJiaiija B JIBiil YacTUHI eKpaHa.

B ocroBHOMY OY/IyThH CJraiijin JIBOX TUIIIB:

Caatid 3 numanram. Ha apoMmy Oyie po3MilieHnit TeKCT MUTAHHS 1 KHOIIKA
Bionoeidv jis niepeBipKu MPaBUILHOCTI BIIIIOBIJI IPaBIIH.

T'EOI'PA®ISA 200

B sikomMy MOpi TOBIATE prOY KUTENI TPhOX YAaCTHH CBITY?

BIJITIOBI/Ib

Caatid 3 npasusvroro 6idnosiddro. Ha HboMy Oyiae MiCTHTHCS BiJIIOBiIb Ha
nuTaHHg 1 KHonka /lodomy, Belyvda Ha3al Ha IrpoBe MOJIe.

VY CepenzemMHOMY MOpi

- Bapcernona @ y
Maapua cBarcelona Pum Ipeuws
Madrid Roma

CpEAMleMHOE

Mope

11T ETAII: TomaeMo iHTepaKTUBHI IIUTAHHS.

HomaiiTe 300pakeHHsI /10 ITNTAaHb

[IpocTo nepeTarHiTh Oy/ib-AKYy KapTUHKY B IPE3EHTAII0 3 MAITKK Ha BAIIOMY
koM torepi. Hafikpaiie BukopucroByBaru 300pazkents y bopmati PNG 3 mpo3so-
puMm donom. Ao nepeiinite Ha BKIaJIKy Bemaeka, natuchite Maatonku (260
BobpazkeHHst 3 iHTepHeTY ), 00 J01aTH 300payKeHHs, siKe JOTOBHIOE TaHHst (ab0
MOKJ/TMKAHE CIIAHTETMINTH YIACHUKIB).

onaiiTe My3uKy i HaJaImTyiiTe aBTO3BY YaHHHA

[TeperaruiTh aymiodaiin Ha ciaiiji abo HatucHitb Bemasumu — Aydio.

122 36ipHUK HayKOBHUX Ipallb (izuko-MaTreMarudnoro gakyaprery /1Y



Yepusakosa .B., Typka T.B., Creonkin A.B. Buropucranust moxkymmBocteii PowerPoint

BucHoBKu i mepcrieKTUBY NOAAJBbINNX JOCIIIXKEHDb y IIbOMY HAIIPs-
mi. OTKe, MOXKHa CKa3aTH, 10 BUKOPUCTAHHS CyJacHUX TEXHOJIOTIH (a came
PowerPoint) cyTreBo BiimBae Ha GopMy MPOBEJICHHST 3aHSATH, TaK 1 Ha POJIb BUN-
TeJid B LIbOMY IIpoleci. B pesysibraTi, came BiJ HbOI'O 3a/I€’KUTh, UM BIACTbCH
JIOCArTH OarykaHoro edeKTy BiJl HaBUYaHHsI, TaK AK OyJ/ib-sIKa TEXHOJIOTid — JIUIIe
IHCTpYMEHT, SIKUM TOTPIOHO HABUNTHCS KOPUCTYBATUCS HAJIEIKHUM UNHOM.
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Chernyakova Y.V., Turka T.V., Stopkin A.V.
Donbas State Pedagogical University, Slovians’k, Ukraine.
Use of PowerPoint opportunities in educational process
The article is devoted to the issues of preparing future teachers for the use
of informational technologies in their professional activities. An example of the
creative use of PowerPoint proposed for the teacher’s activity is given.
Keywords: presentation, multimedia technology, presentation types.
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BUKOPUCTAHHA MOBIJIbHUX JOAATKIB IIPU
BUKJIAJAHHI IHOOPMATUKUN B HIKOJII

B mamniit pobori BucBiT/IeHO cydacHuUit cTan npodeMu BUKOPUCTAHHS CYYaCHUX MOOLIbHUX J10-
JIaTKIB Ha ypoKax iH(GOPMATUKU. 3alPOIIOHOBAHO JIEKLIbKa MPOrPAMHUX 3aCODIB, SKi MOYXKYTb
BUKOPUCTOBYBATUCH BUUTEIAMU IIPU PO3POOIL Ta NMPOBEJICHH] YPOKIB.

Kuro4doBi cimoBa: mobiavhi dodamku, cyuwachi mexnorozii naswanmsa, Play Mapxem

Beryn

Bukopucranis BUNTEISIMU CyJacHUX 1HMOPMaIifHIX TEXHOJIOT B HABYaHHI
[1] Bumarae Bij HUX BiJIBHOrO BOJIOJIHHS CIEI[iaJIbHUM MIPOrPAMHUM 3abe3Iede-
HHsM [2]. B Ham wac mporpamue 3abesiiedeHHsi He OOMEKYETHCST MOXKJIHBICTIO
BUKOPUCTAHHS Ha II€PCOHAJIBLHOMY KOMII'IOTEPi, a i Jla€ MOXKJIMBICTh 3aBaHTazKe-
HHsI Ta IHCTaJIIOBaHHS HOTO Ime i Ha MOOLIBHI IMPHUCTPOI, Taki K cMapTQOHH,
mianiern Ta in [3-5). Bepyuu 10 yBaru re, mo Mo6iIbHI IPUCTPOT KOPUCTYIOTHCS
BEJINKOIO TIONYJISIPHICTIO cepejl JIiTell MKIJIBHONO BIKY MW BUPIIMINMJIA JIOCTLIATH
MOXKJINBICTH BUKOPUCTAHHSI PISHOMAHITHUX MOOIJIBHUX JIOJATKIB IIPU II1INOTOBII
Ta MPOBEJIEHHI YPOKIB 3 1H(MOPMATUKN JIjIsT TIBUIEHHS 3aI[iIKaBJIEHOCTI YUIHIB Y
BUBYEHHI MIKIJILHOTO Kypcy iH(MPOPMATHKH.

OcHOBHA 4YaCTHUHA

CyuacHy JIUTHHY JOCUTHL BaXKKO 3JMBYBATH y MUTAHHAX TOB A3aHNX 3 Cyda-
CHUMHI TeXHoJorigMu. /it 6111y JacTHHY CBOIO BIILHOTO Yacy, a JiedKi 1 Bech
yac, KOPUCTYIOThCS CBOIMHU TraJzKeTaMU, KayKydH IHIIUMU CJOBaMU, TPAKTUIHO
IPOXKNBAIOTH Y BipTyaJabHOMY CBIiTi. [Iprxomsaan g0 mKoan y4aHi XBaasdThbcs OJINH
nepeJi OJIHMM He OIIHKAMU Ta 3J00yTKaM#, a caMe HOBEHbKUMU Tajiketamu. /lo-
CUTbh YaCTO Ha YPOKAX MOXKHa IIOMITUTH, 110 JIITSAM 30BCIM He I[IKaBa TeMa YPOKY 1
BECh Yac BOHU IIPOCTO T'PAIOTH B IrPH UM HEPETISIAI0ThH COMia bl Mepexki. bepydan
BCe IIe JIO yBaru, MU BUPIIIWJIM IIPOBECTU HEBEJMKE ONUTYBaHHs cepejl IKOJIs-
pIB cTapIInx KJIaciB Ta 3aJiaju iM Taki muTanusd: «/ g qoro HeoOxiaHi MOOLILHI
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HpUCTpol Ta fAK Haitdacrime Bu BuxkopucroByere cBiit cmaprdon?». BinbiricTb
ITKOJISIPIB BIJIIIOBLIN, IO JIJIsT IPU Ta CIIJIKYBaHHs y COIIaJIbHUX Mepekax ado
JK JIJI COliaJIbHIX MEPeyK Ta JI3BIHKIB. Dyso mpuilHaTo pinieHHs 03HAOMUTHCS
3 MOOLJTBHUMM JIOJIATKAME Ta CIPOOYBATH IHTErpyBaTH iX B MPOIEC HABYAHHS HA
ypoKax iH(DOPMATUKHU.

Crpobyemo posibparTucs, 10 3MOXKe HaM JaTi BUKOPUCTaHHs cMapTQOHIB abo
IIJIAHIIETIB Ha ypoKax iHdopMaTukn?

1. Mu 3MokeMO MiJIBUITUTH 3alliKaBJIEHICTH YUHIB MIPOIECOM BUBYEHHS ITKi/Ib-
HOTO Kypcy 1H(MOPMaTUKH, BUKOPUCTOBYIOUNM 3BUYHHI JIJIT HBLOI'O CIIOCIO
CHpUHATTS iHpOpMallil, a came yepes itoro rajzker. TooTo Mu He 3a00pPOHSIE-
MO 1OMY BHKOPUCTOBYBATHU f1Oro MOOLIbHUIT TPUCTPIil, 8 HABIAKI MOTUBYEMO
JI0 TIONITYKY iH(OpMaIlil Ta PO3NINPEHH] BJIACHOIO KPYT030py Uepes MPUCTPIil,
AKUIT paHlllle BBaXKaBCd TLJIbKU 1IPAIIKOIO.

2. Hapuarumemo crpuitmaTu iHgopMallito 110 HOBOMY, 1110 B MaiiOyTHBOMY 3PO-
OUTH HAIMUX YUIHIB OLIBIT THYYKIMI B CAMOOCBITI.

3. CTBOPIOEMO MO3UTUBHUI IMIJI?K BUUTE/Isl sIK JIIOJUHE, 9Ka BOJIOJIE CyJdaCHU-
MU MOOUIBHUME IIPUCTPOSMHU BHCOKOMY Ha PiBHI Ta BUKOPUCTOBYE CydacHi
HAyKOBI 3JI00yTKHI B CBOIil ipodeciiiHiil JistIbHOCTI.

4. HajaeMo MOXK/IMBICTH BUKOHYBATHU JOMAIITHE 3aBJIaHHs Y IIKaBiil JIJId YIHIB
dopmi. YuHi HaBITH He 3aMUC/IIOBAJIICS PaHillle, 0 3aBJaHHS MOXKHA BU-
KOHyBaTH 1 Ha cMapTdoni. [le miABUITUTL MOTHBAIIO YUHIB JI0 BUKOHAHHS
JIOMAIIIHBOI'O 3aBIAHHSI.

5. OTpuMaeMo MOXKJIUBICTH PO3MIUPUTH OCBITHIH MPOCTIP YPOKY.

6. OTpuMaeMo IMiABUINEHHS 3alliKaBJICHOCTI y CIIpUiIMaHHI MaTepiaay siK HOBO-
ro, Tax 1 3aJJaHOT0 JIOJIOMY.

7. OTpuMaeMo MOXKJUBICTBH TEperyisgJaTi MOTPIOHI MaTepiain, 3aBIaHHS YU
imocTpariil 6e3 BUKOPUCTAHHS ITPOEKTOPY Ta MePCOHATHLHOTO KOMII I0Tepa.

3po3yMijio, IO He 3aBXKJU JI YPOKIB iH(MOPMATUKKE MOXKJIMBO TiibpaTn
MOOITbHIIT AOAATOK IiJl Ty 9u iHITY Temy. AJjie, 3BaKalodum Ha Te, M0 MOYKHA
BUKOPUCTOBYBATU CMapT@OH TAKOXK 1 JIJId MJIKII0UEeHHs JI0 MepexKi [HTepHer, To
KOJIO TeM, Jle MOyKHa BUKOPUCTAHHS MOOLILHUX HMPUCTPOIB Oyjie I0PeIHO 3HATHO
3pocTae. PosrigaemMo Terep He MEHI BayKJIMBe MUTAHHS: Jie K came B3dATH CIie-
IiaJibHe IporpamMue 3abe3nedeHHs JJis HalmX ypokiB? Biamosiges Ha 1e nnTaHHs
JIOCUTD ITPOCTa 1 BIANOBIIL Ha Hel 3Ha€ KOxKeH ydeHb. /1 momyky Ta iHCTa sl
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IporpaMHX 3aco0iB iCHYIOTH clielliajibHi cepeioBuina. KoxkHe cimeiicTBO orepa-
IMIHHUX CUCTEM JIJIsT MOOLJIBHUX IIPUCTPOIB Ma€ cBoto 1iaTrdopmy. Hanpukira prs
HafiomupeHinoi MobiIbHOT omepariiiinoi cucremu Android (BUKOPHCTOBY€ETHCs Ha
nona Hizk 70% MoOLIbHUX TpHCTPOiB y cBiTi) e Play Mapker.

Play Mapker — 11e oHJIaitH Marasui MOOLIBHUX JOJIATKIB, irop, eJIeKTPOHHUX
KHUT, Ta 1HIIIOTO, IO J03BOJIsI€ BJIACHUKY MOOLJTHHOIO ITPUCTPOIO ITiJT YITPABIIHHAM
ornepariiitaol cucremn Android 3HaxoauTn HeoOXiTHE TPOrpaMHe 3a0e31eUCHHST Ta
0e3KOIITOBHO ab0 3a 'Ol 3aBaHTaXKyBaTH Ha cBiil npucrpiit. g mporo Ham
3HAJ00UThCA JIMIE IiJKJI0YeHHs 710 Mepe:xki Inrepuer. Play Mapker mae jo-
CUTh BEJIUKY KLJIbKICTH OE3KONITOBHOI'O IPOIPAMHOr0 3abe3levdeHHs, 110 3HaYHO
CIIPOTILYE ITPOIIeC iHTerpariii MOOLILHUX MTPUCTPOIB B YPOKU iH(MOPMATUKH Ta He 1O~
Tpebye HOJATKOBUX BUTPAT. A Tak sIK KOYKEH IJIJIITOK BIJIBHO BOJIOMIIE MOIIYKOM
MOTPIOHUX JIOJATKIB y IILOMY Mara3uHi, TO MPOIEC 1HCTAJIAIIl He 3aiiMe BEJNKY
KIJILKICTH Jacy, Ta MOxKe OyTH BUKOHAHUM yIHAME O€3 JIONOMOTY BUUTEJIA.

Hami Mu posrisgHeMo JIeKiTbKa KOHKPETHUX JOJIATKIB, AKI MOXKHA PEKOMEH-
JIyBaTH JIJId BUKOPUCTAHHs 1P BUBYEHHI MEBHUX TeM. 3BUYAIHO IO KiJbKICTbH
HOIIOHMX JIOJATKIB JOCUTH BEJIMKA 1 1Ieil CIIICOK MOXKHA 3HAYHO PO3mUpuT. Mo-
JKHa, TAKOXK 3a/IyYUTU JI0 MPOIECY MOMIYKY JIOAATKIB CAMUX YUHIB.

[Ipu BuBueHHi po3ainy «IHpopMallisi» MPOMOHYEMO BUKOPUCTOBYBaTH Bimker
onepariitnol cucremn «IIIBuaknii momyks, a Takox jtogaTkn «llomykosa cucrema
Onion Search Engine» Ta mozgioni no mel.

[Ipn BuBuenni Temn «AmnaparHe Ta IporpaMie 3a0e3ledeHHs] KOMII I0Tepay
JlopedHuM Oyjie BUKOPUCTAHHSI HACTYIHUX JOJATKIB: «30epr KOMII'IOTED CaMy,
«4x BramroBano komir'torep», «PC Simulators, «Pemont xowmir'torepiss. Bonn
JIOIIOMaraloTh po3iopaTucs 3 OYI0BOIO KOMII'IOTepa Ta J03BOJIATb YIHAM CaMHIM
3ibparu BipTyasabHUil KoMII'toTep. TakKoyK PeKOMEHIYEMO BUBUYUTU JIOJATKH BiJl-
JIAJICHOT'O JIOCTYITY Ta KepyBaHHs KOMIT FOTepoM. Y IThoMYy Bam J101moMoxKyTh Taxi
nonaTku sk TeamViewer (aHaJIOr9HII JOJATOK BCTAHOBJIIOETHCS Ha KOMIT IOTED ),
Remote Control Collection ta Bluetooth Remote PC.

[Ipn BuBYeHHI po3jiiny «IHTepHeTs gopedHHM Oy/ie O3HAHOMJIEHHsI YUYHIB 3
pizanmu Opaysepamu (gomarkun «Google Chromes, «Firefox», «Operay, «UC
Browser», «Mint» Ta iH.), po3BuBaounMu oHiaits irpamu (Hanpukas « Kpokomumn
omnaita. Bigragaii cioBoy, «[llamkn omnaitay ta 6araTo iHIINX).

s pozminy «besneka B Mepexki [nTeprers icnye criemiaJbnuil Jo1aTOK BijT
MPOBIIHNX KOMIaHi# [HTepHeT iHmycTpil: «YpoK Oe3nekn B [HTEpHETI».

[Ipn BuBuenni posminy «I'padika. BekTopna rpadika.» gopedrum Oyje BU-
KOpUCTaHHs TaKuX JogaTKiB aK «Infinite Painter> ta «Vector Art Studio», ase
3BepTaeMo Bairy yBary, 1o BUKOPUCTOBYBATH I1i JOJIATKN Kpallle 3 YIHIMU CTap-
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ITIX KJIACIB, TaK SIK MOTPeOYIOTh EBHUX 3HAHD Ta HABUYOK POOOTHU 3 KPECJTEHHAMM
Ta MpOoIIapKaMu.

[Ipu BuBueHHi po3;iiny «Komanm Ta BUKOHABIN. AJITOPUTME Ta X BUJIN.» MO-
JKHA BUKOPUCTOBYBATH TaKi jtogaTku sk «RubicsGuide2» — naBuaJibHa mporpama
36upannst Kyonka Pybika; «Anropurmu. 3po3ymii Ta aniMoBaHi» Ta bararo iH-
IUX, cepe/l SKNUX € JIOCUTh BeJNKa KLJIbKICTh O€3KOIITOBHUX.

[Ipn BuBYenHi odicHUX J0JATKIB JJIs MEPCOHAJLHUX KOMIT IOTEPIB MOXKHA
O3HafloMUTH YUHIB 3 X MOOLIbHIMU Bepcisimu Ta anasioramu: « WPS Offices, «Mi-
crosoft Word», «Microsoft PowerPoint», «Google IIpesenTartii», «Microsoft Excel»
Ta 1HIII.

[Ipn BUBUYeHHI XMapHUX CEPBICIB MOXKHA TAKOXK PO3TJIAHYTH MODOLILHI BepCil
Takux JgogarkiB 9K «Microsoft OneDrives, «Google Tuck», «My Cloud» Ta immi.

[Ipu pobori naj pospisiom «OnpalfoBanas 00’ €KTiB MyJIBTUME/Iia» BUNTEh
MOBUHEH PO3YMITH, 10 peJlaryBaTu pOTO Ta POOUTH BiJIEOPOJIMKH Ha MOOLTHHIX
npuaaiax JiTH HABYUJIUCH CAMOCTIIHO II1e JIO OO YPOKY, aJie 3a3Budail BHKOPH-
CTOBYIOTb 30BCIM IIPOCTI PeJaKTOPU, TOMY HEOOXIIHO PO3IVISTHYTH OLIBIN CKJIa IHI
pellakTopH, 00 yUHI OTpUMaJ/Ii HOBI HABUYKU POOOTHU 3 MOOIILHUMU IIPUCTPOSI-
mu. TyT MoxkHa TopekoMeH, 1yBaTu Taxi jjogarku Kk «Adobe Photoshop Expresss,
«Photo Lab» Ta «Power Director».

Jl1 BUBYEHHSI OCHOB IpOTpaMyBaHHS MOYKHA OOPATH JOCUTL BEJUKY KiJib-
KICTh JIOJIATKIB, MPUYOMY TiJT KOKHY KOHKPETHY MOBY. K cTanjgapTHUil Ha-
Oip MOKHA peKOMeH/IyBaTH HacTymHi: «SoloLearn: HaBYaeMOCh MpOrpaMyBaTH»,
«Lazarus», «Scratch 2.0» Ta «JavaScript».

HocuTh 1iKaBolo TeMoIo il BUBUeHHs € «KoMmIT'toTepHe MOJIe/TIOBAHHSA», TYT
YUHI MOJIETIOIOTHh KIMHATH, CTBOPIOIOTH Pi3HI MPOEKTH, TPUIOMY Habip MOOLITLHIX
JIOJIATKIB JIJIsI IIbOIO JIy»Ke MINpOoKuii, Hanpukjiajg «Planner 5D», «Home Desing
3D» Ta Gararo iHIHUX.

Bucaosknu

Bukopucranis MOOIJIbHUX IIPUCTPOIB Ha CYydacHOMY eTalll € IJIKOM IIPHPO-
JIHUM 1 € e(peKTUBHUM 3aCOO0M PO3BUTKY IMi3HABAJILHUX Ta TBOPYUX 3/110HOCTE
yuHiB. Bukopucranusg wa ypokax iHGOpMaTHKH MOOLILHUX TPUCTPOIB 3POOUTH
HaBYaJIbHUIT IIpoIiec OLJIBII CyYacHUM, & Y4HI 1o0adaTb CBOI'O BUUTEJISA 110 HOBO-
My, IO Ha HAITY JYMKY IMO3UTHBHO BIIMHE Ha MOTHBAIIIO YUHIB JI0 HABUAHHS Ta
CAMOPO3BUTKY.

B nojaabimmx JoC/ i IyKEeHHAX MI IIJIaHYEMO BUSIBUTH HETATUBHI CTOPOHU BUKO-
pUCTaHHSI MOOLIBHUAX HPUCTPOIB IIPU BUBYEHHI PO3IILIIB MIKIIbHOI iIHPOPMATUKI.
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Use of mobile applications for teaching informatics in school

The current state of the problem of using modern mobile applications in the
lessons of computer science is considered in this paper. Several software tools that
can be used by teachers in the lessons are suggested.

Keywords: mobile applications, advanced learning technologies, Play Store
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ITOSAKJIACHA POBOTA 3 MATEMATUKU 4K 3ACIB
I[IIIBUIIIEHHS ITI3HABAJIBHOI AKTUBHOCTI YUHIB

CrarTts npucssiaeHa mpobseMi akTHBi3allil Mi3HABAIBHOI JISJIBHOCTI HA yPOKAX MAaTeMATHKH,
PO3KPUTTIO OCHOBHUX MIJIAXIB Y/JIOCKOHAJIEHHS ITPOTECY HaBYAHHS 3a JIOIIOMOTIOIO TT03aKJIACHOI
pobOTH YUHIB B 3aK/IaJ1aX CEPEIHbOI OCBITH. ABTOPH CIIMPAIOThCs Ha BJIACHUI JTOCBI BUKIa1a-
HHsI MaTeMaTHKU B KJjacax PizHuX mpodiiiB HaBIaHHH.

KirodyoBi caoBa: nosakaacna poboma, nidHagasvHa OLAALHICL, GKMUSHICTG YUHIE,
NPoOUEC HABUAHHA.

Bceryn

Koken BumTenb mparte 3aliKaBUTH YYHIB CBOIM IPEIMETOM, aJizKe Te € 3a-
MOPYKOIO YCIIITHOrO HaBUYaHHA. [cHye 6arato 3aco0iB 3alliKaBJIEHHS IITKOJISIPIB
MaTeMaTHKOIO, ajle, Ha HaIlly JYMKY, HaiijiieBimuii — jo0pe mpojiyMaHa Mo3aK/ia-
cHa poboTa.

3acTocyBaHHsI TaKoro 3acoby B HaBUYAJILHOMY 3aKjajli Ma€ OaraTo Tepesar,
30KpeMa B TaKuil c1ociO IIKOJIsIpl He Jinile Kpalile 1i3Hal0Th HaBKOJIMIIIHII CBIT, a
it BUaThCs aHaJI13yBaTH, IOPIBHIOBATHU 1 31CTaBISITH, Y3araJbHIOBATH, KOHKPETU3Y-
BaTH, adCTparyBaTH BiJi YACTKOBOI'O, pOOUTH YMOBUBOJIM, PO3BUBAIOTH MUC/IEHHSI.
3BICHO, yIUTe/Ib Ha YPOIl HE MOYKE BIJICTEKUTH PO3BUTOK ITUX BMiHb Y BCIX YUHIB
KJIacy, BiH He BCTUTA€ TAKOXK 1 BUXOBYBATHU 1X B IIPABUJILHOMY HAIIPSIMKY Ha KJla-
CHUX TOJMHAX. A KOJIM INKOJISAD, 338 CBOIM BJIACHUM OarkKaHHSIM, BiJBl/lyBaTHMe

MaTeMATUYHI TTO3aKJIaCH] 3aX0/iM, TO BiH i Ha ypokKax Oyje OLIbII 3aIiKaB/JIeHO
CTABUTHCH JI0 HABYAJBHOI'O MaTepiary, Kpallle po3yMiTuMe i 3acBooBaTUME HOTO0.
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3a ocTaHHI POKM BUUTEJH JificHO HAOyJ/IM BEJIMKOI'O JIOCBiYy B OpraHisariiil Ta
ITPOBEJIEHHI MO3aKJIACHUX 3aHATh 3 MaTeMaTUKU, dKUil Tpeba y3araJbHIOBATH i
BCLISKO TOIYJISPU3YBaTH.

P ryimbokux mpobsiem MojiepHizaliil paky/IbTaTUBHIX 3aBJIaHb, 03aK/IacHOl
poboTH, pobOTH TYPTKIB 3 MPAKTUYHUM i TEOPETUIHUM BUBYCHHSIM MaTeMaTUKN
posrisiiaeTbest B crarTsax C.I. Isaprudypaa ta B.B. ®@ipcosa. A B.1. Koba it O.0.
XMypa y3araJbHIIN JOCBLA POOOTH MaTeMaTUIHUX TYPTKIB, OJIMITIa]] Ta THITIX
zaxoiB. Takox, criuparounck Ha jpocsin B. /1. CrenanoBa, MOXKHa BiMITUTH, IO
PO3BUTOK CAMOCTIITHOCTI Ta TBOPYOI aKTHUBHOCTI YUHIB € BaKJIMBUM 3aCOO0M I10-
JIHIIITIEHHST HABYaJIbHO-BUXOBHOI'O TIPOIIECY MIKOJIN.

MeTot0 cTaTTi € POZKPUTTS OCHOBHUX IIJISIXIB YIOCKOHATEHH MTPOIeCy HaBda-
HHS 32 JIOTIOMOTOIO TI03aKJIaCHOI POOOTH YUHIB B 3aK/1a/1aX CePeHbOI OCBITH.

OcHOBHA 4YacCTHUHA

PosryisineMo OCHOBHE MOHATTS CTATTi, aje JIJisd MOJIAJIbIIoI PoOOTH Tpeda JiT-
KO ycBioMJIIoBaTH fforo 3mict. OTxKe, mosakjacHa poboTa 3 MaTeMaTHKN — IIe
3aHATTH, SKI [IPOBOJIATHCA B 1103ayPOUYHUN Yac, 'PYHTYIOTbCS Ha HMPUHIUIN J10-
OpOBLJILHOI yYacTi, MalOTh Ha METI IMiJIBUIIEHHs PiBHS MAaTEMATUIHOTIO PO3BUTKY
VUHIB 1 I[IKABOCTI JI0 IIPeJMeTa 3a PaXyHOK IOIJINOJIEHHS 1 PO3HINPEHHS 6a30BOI0
3MICTY IPOrpaMHu.

OCHOBHOIO METOIO MO3aKJACHUX 3aHSATH € MiIHEe OBOJIOJIIHHSA MAaTeMaTUIHUMU
SHAHHSIMI B PO3pPi3l IMUTaHb, SIKi CTOCYIOTHCS MOBCAKJIEHHOTO KUTT. A TaKOXK
[103ayPOYH] 3aHATTS 3 YCIIXOM MOXKYTb BUKOPUCTOBYBATHUCH JIJisl TTOKPaIlleHHSI
3HAHb yYHIB B 00J1aCTi MIKLJIHHOI MMPOrpaMU, PO3BUTKY IX JIOTIYHOIO MUC/IEHHS,
JIOCJIJIHUIIbKUX HABUYOK, KMITJIMBOCT1, PO3BUTKY 1HTEpecy JI0 YUTaHHs MaTeMa-
TUYHOI JITepaTypu, JJIs MOBLIOMJIEHHS YUHAM KOPHUCHUX BIJIOMOCTEi 3 icTOpIl
MaTeMaTUKHU.

[Ipornec mizHaBaJILHOI JisAILHOCTI (POPMYy€E Taki PUCU OCOOMCTOCTI, SAK ITi3HA-
BaJIbHA CAMOCTIHHICTH, BIAOBLIAIBHICTD, MOYKJ/INBICTH B3AEMOIIOB I3aHOIO (POP-
MYyBaHHS TBOPYOTO i BIIOBITAIbHOTO CTaB/IeHHs 10 ¢BOEl yemimmuocTi. Came ToMy
e JIyzKe BarKJIUBUIl KOMIIOHEHT HaBYAJIbHO-BUXOBHOI JIIAJIbHOCTI B IIKOJII.

MinicTepcTBOM OCBITH 1 HAYKN Y Kpainu OyJia 3amporonoBana pedopma «Hosa
yKpaTHChKa IKOJIay, 3T1IHO SIKiil 3aMicThb 3aliaM’ siTOBYBaHHsI (DAKTIB Ta BU3HAUEHD
MOHSITh Y9IHI HAOYBATHMYTH KOMIIETEHTHOCTEl (MaTeMaTHdHa KOMIIETeHTHICTD; 1H-
HOBAITHICTD; MTPUEMJIMBICTL Ta (PiHAHCOBA I'PAMOTHICTH; KOMIIETEHTHOCTI Y
raJty3i NpUpOJHIINX HAyK, TEXHIKN 1 TeXHOJIOriH Ta iH.).

Y dopmyBaHHI Mi3HABAJJIBHOI JiSJIBHOCTI MHiJJITKIB 3aCTOCOBYIOTHCS PI3HO-

(%)

MaHITHI mpuitomun it 3acodbu. IlpuitoMm MOXKyTh OyTH YaCTKOBUMU, CKJIATHUMU,
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y3araJbHEHIMU 1 3a3BUYail BAKOPUCTOBYIOTHCA B paMKaxX OJHOro mpeamera. [Ipn-
ftomMu pOpMYIOTh CHCTEMY NMPaBUJIBHUX 1 MIBWIKUX JIiil 1111 9ac po3B’sd3aHHS 3a,/1a4
Ta pO3BUBAIOTH HaBYAJbHI BMIHHSI.

TakoxK 3HAYUMUM KOMIIOHEHTOM aKTHBI3allil MMi3HABAJILHOL AisIBHOCTI IIiJ1Ti-
TKIB BBayKa€ThCs CTBOPEHHS Ii3HABAJILHOI MepcreKTuBh. Lle o3nadae morepene
MOBIJIOMJIEHHS] YYHAM Ha MOYaTKy TeMH ab0 YPOKY OCHOBHUX HEOOXIJTHUX 3HaHb
Ta BMIiHb, 9Ki Oy/lyTh 3 4acoM pO3IIUpPeHi, cchopMoBaHi it BJOCKOHAJIEHI.

AHaJti3 meuxo0ro-mearoriaHol Jiireparypi, HaBIaJIbHIX IIPOIPAM Ta JTOCBIILY
YUUTEIB MaTeMaTUKN JIO3BOJISIE BU3SHAYUTHU OCHOBHI NMIJISIXU IJIBUIEHHS I113Ha-
BaJIbHOI aKTUBHOCTI1 IIKOJISIPIB, BUpayKeH1 B HACTYITHUX ITPUHIIUIIAX:

1. Tlpunnun dpopmyBannd misHaBaJbHIX IHTEPECIB.

Hose, HeBijome, Ta Te, 110 AUBYE, — IMOTYKHUN CTHUMYJI ITI3HAHHS, OCOOJINBO
B MaremaTuii. AJje JiUis HiITpIMaHHs 3aI[iKaBJIEHOCTI IIPEMETOM JIy7Ke BarKJIIBO
HABUYNTHU yUYHIB 3HAXOJAUTHU B 3HAIIOMOMY MaTepiaJi IOCh HOBE Ta HABIIAKH.

2. Ilpunnun dbopMmyBaHHsI B YUHIB HABUYOK CAMOCTiitHOT pobOTH.

Haiigiepimmit crioci6 ¢opMyBaHHA Ii3HABaJbHOI aKTUBHOCTI B Yy4YHIB €
JaCTKOBO-TIONIYKOBA caMOCTiliHicTh. [le o3Hadae, 1110 OCHOBHA JisJIBHICTH HpUIIa-
Jla€ Ha OpraHizallllo CaMOCTIHHOTO BUBYEHHs YYHAMU JIOJIATKOBOI JITepaTypu 3
MaTeMaTHKHI Y CYIIPOBO/II 3 PO3B’SI3aHHSIM JIOCTATHBOI KiJIbKOCTI 3a/1a4.

3. CucremarndHa oprafizalliss PO3B’sI3aHHs I[IKABUX Ta OJIMINAIHIX 3aB-
JIaHb.

BaBIsgKI MaTeMaTHIHUM OJIIMINaaM y4uHI BIEBHIOIOTHCS HA OCOOMCTOMY J10-
CBiJIi, 1110, YUM OlJIbIlle PI3HOMAHITHUX 3324 BOHU PO3B’SI3YIOTh, THM 3HATHIIIIE TX
yemixu. A 1e it CTUMYJIIOE 1X JI0 HOJAJIBIINX 3aHITh 3 MATEeMATUKI.

4. Buxkopucranog HecTaHIAPTHUX OpraHizaliifHux bopM BUKJIAIAHHS MaTe-
piaJy.

[le B3araJi mokparniye piBeHb Mi3HABAJILHOI aKTUBHOCTI 1 iIHTEpecy MKOJISIPIiB
JI0 BUBYEHHA TEeMH 3a IIPpOrpaMoio, TUM CAMUM IIIBUIIYETHCA SAKICTH 3aCBOEHIX
3HAHbD.

5. DBuxopucranas 1eMOHCTPATUBHIX MaTepiaJiB.

BarkaHo BUKOpHCTOBYBaTH CaMOpPOOHI ITPpE3EHTAHIII1, JIeMOHCTPATUBHI TabJIHII,
JIUJAKTUIHUN MaTepiaJ, IIakaTh, BUILyCKAaTH CTIHra3eTH Ta iHIIe.

BucunoBkn

Ha ocnosi anaJiizy 1cuxoJioro-mejaroriaiol JirepaTypu, y3araJbHeHHs Ta CH-
creMaTu3allisl BJIACHOIO JOCBITY BUKJIAJIaHHA MaTeMaTUKNA MU JUUIIJIN BUCHOBKY,
10 peaJiizaliis MPUHINIIB aKTUBHOCTI B HaBUYaHHI Ma€ BayKJInBe 3HAUEHHS, TaK IK

o .

HaBYaHH¢ I PO3BUTOK HOCATDH JISIJIbHICHUI XapaKTep 1 BlJ SKOCTI HaBYaHHS $IK
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JIAIBHOCTI 3aJI€2KUTH PE3YJIBTAT OCBITH, PO3BUTKY Ta BUXOBAHHS MIKOJIAPIB. Mo-
TUBU HaBYaHHS BILIMBAIOTH Ha PE3YJIbTATH yIOOBOI JIislIbHOCTI, & 1€ BayKJIMBUM
IMOKa3HUKOM JIOCKOHAJIOI aKTHUBI3allll Mi3HaBaJbHOI JIIAJbHOCTI YUHIB € IX caMoO-
CTIHICTH, PHYYKICTD, 3/II0HICTh BUPINIYBATH 3aB/IaHHs PISHUME 3aCO0AMH.
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Donbas State Pedagogical University, Slovians’k, Ukraine.

Positive work on mathematics as a means of increasing the
knowledge activity of teachers

The article is devoted to the problem of activating cognitive activity at the
lessons of mathematics, revealing the main ways of improving the learning process
through extracurricular work of pupils at secondary education institutions. The
authors rely on their own experience in teaching mathematics in the classes of
different teaching profiles.

Keywords: extracurricular activity, cognitive activity, pupil activity, learning
Process.
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3ACTOCYBAHHY IHOOPMAIIIMHNX TEXHOJIOTIN
HA YPOKAX MATEMATUKIN

CraTTs npuUCBsUeHa aHaJIi3y OCOOJIMBOCTENH 3acTOCyBaHHsI 1H(MOPMAIINHIX TEXHOJIOT B Ha-
BYAJBHOMY IIPOIIECI 3 MeTOIO IijBuilleHHsI eeKTUBHOCTI BUBUYEHHSI MaTeMaTuku. BusHnadeni
IIJIIXU BJIOCKOHAJICHHST METOUIHOI pOOOTH CydacHOIO BUNTE/I MATEMATUKA B yMOBax iHMOP-
MaTH3allll CyCILILCTBA.

KurodoBi ciioBa:  ingopmaniting mexnonozii, ihopmamudanis, MamemMamura, 0CHOGHG
UWKOAG.

Beryn

OpnuM 3 HallBayKAMBIINNX 3aBaaHb iHGOpMaTH3allil Cy9acHOrO CYCILIbCTBA
€ BUKOpUCTaHHs iHdopMaIiitHux TexnoJjoriit B ocsiti. [Iponec indopmarnszarii i
KOMIT I0OTepHu3allil BCiX cdep AisIbHOCTI JIIOJUHNA CTBOPIOE MEPElyMOBHU JIJIA TITH-
POKOI'O BIIPOBa/IZKEHHsI B IEJIarOriuHy MPaKTUKYy iH(MOpMAIIiiHUX TexHoJoriil. 3
OIJIsIly Ha CydJacHI TeH IeHIIIT B pO3BUTKY 1H(MOPMAIIITHIX KOMIT IOTEPHUX TEXHOJIO-
riif, BUMTE/ I MaTeMaTHKU OBUHHI CTABUTH Iiepe] cOO0I0 MeTY IABUIIUTH PiBEHb
indopmaruzalii ypoxis.

CyuacHnii eTalr po3BUTKY eJaroriaHol HAyKN i MTPAKTUKN XapaKTePU3YETHCs
CTPIMKUM 3pOCTaHHAM 00’'eMy indopMaIiil mpu odMezKeHiit KiabKocTi roguH. Tomy
0COOJIMBO aKTYaJIbHUMU BCTAIOTH TaKi B3AaE€MOIOB s3aHi MOTPEOH, SK YIOCKOHA~
JIEHHsI OpraHizallil HaB4YaJbHOI'O IIPOIECy, IONIYK O0’€KTUBHUX 1 OIEpPaTUBHUX
METOJIB PO3B’si3aHHS PI3HOMAHITHUX MaTeMaTHUIHUX 3aja4. KdeKTuBHIM 3aco-
O0M HaBUYAHHS 1 OJHUM 3 METOIB 3aKPIIJIEHHs 3aCBOEHNUX 3HAHD € 3aCTOCYBAHHA
KOMII' FOT€PHOI TeXHIKI.

Bukopucrantst iHpopMaIifiHIX TEXHOJIOr B IIpolieci HaBYaHHS MaTeMaTHKI
Jla€ HAOYHI YSBJEHHS IIPO MOHSATTS, 1110 BUBYAIOTHCA, PO3BUBAE 00pa3He MUCJIEH-
Hsl, JIO3BOJISIE JIOCUTH INIMOOKO MPOHUKHYTH B CYTHICTH JIOCTIIZKYBAHOTIO SBUIIA.
Baxkko nepeorninuTi epeKTUBHICTb BUKOPUCTAHHS IIPOIpaM 3a3HAYEHOI'0 THUILY i
B pasi MorjmdJIeHOr0 BUBUYEHHS MaTeMaTHKU. BuHMKae MOXKJIMBICTD ITPOBECTH He-
OOX1THUIT YUCeTbHNI eKCIIEPUMEHT, MIBUJIKO BUKOHATH MOTPIOHI 0OUMC/IEHHA Yun
rpadivuni 100yI0BU, BUIIPOOYBATU TOW YW IHINNI MeTOJ| pO3B’si3yBaHHs 3ajadi
TOIIO.
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OcHOBHA 4YaCTHUHA

3acTocyBaHHsT iHMOPMAIITHIX KOMITI' IOTEPHIX TEXHOJIOTIH TPy HaBYaHHI Ma-
TEeMATUKH MOKe CTaTh ePeKTUBHUM 3acO00M IIJIBUINEHHA PiBHs 1 IKOCTI 3HAHD
VUHIB 3aKJ/JIaJiB CepeIHbol OCBITH 3 MaTeMaTHKM, SKIO B OCHOBY HaBYAHHA OY-
JIyTh MOKJIaJICH] TIeBHI TEOPETUYHI Ta METOJIUYHI ITOJIOXKEHHs, 1110 BiJIoOPaskaroTh
OCHOBHI 3aKOHOMIPHOCTI JINJIAKTUKH, 1 BPaXOBYIOTH CITENMI(pIKY 1X 3aCTOCYBAHHS B
1eJIaroriyHiil npaKTUILl.

AxicTh poBeseHHs 3aHATH B MIKOJ 3aJIE2KUTH Bl HAOUHOCTI BUKJIALY, Bij
YMIHHS BUYUTEJIsI TOEJHYBATH YKUBE CJIOBO 3 0OpasaMiu, BUKOPUCTOBYIOYHM PIi3HO-
MaHITHI iH(OpMAIiiHI TEeXHOJIOr], SKi BOJIOMIIOTh HACTYIHUMH JIMAAKTHIHUME
MOYKJIUBOCTSIMHU:

— € JpKepesioM iHdopMaliil;

— TIJIBUIILYIOTH CTYIIHb HAOYHOCTI, KOHKPETU3YIOTH IOHATT, dABUIIIA, 110/1T;
— PO3BUBAIOTH KOJIO YsIBJIEHb YUHIB, 1X JIONUTINBICTD;

— HaWOIIBII TOBHO BIJINOBIIAIOTH HAYKOBUM 1 KYJIBTYPHUM iHTEpecaM yJHiB;
— IOKPAIILYIOTh eMOIlifiHe CIPUHATTS HaBYaJJIbHOI iH(POPMAIIIT;

— € 3aco00M ITOBTOPEHHS, y3araJbHeHHsI, CHCTEMATN3aIlil Ta KOHTPOJIIO 3HAHbD.

Takum 9rHOM, MO0 3acTOCYBaHHS 1HMOPMAIIHHIX KOMIT FOTEPHUX TEXHOJIOTIi
Ha YPOKaX MaTeMaTUKU ITPU3BOIIIO JI0 MO3UTUBHUX PE3YJIbTATiB, HEOOXiIHA ITpa-
BUJIbHA OPraHizallis Mpollecy BUKJIa/IaHHs HAaBYAJIbHOIO IIPeJIMeTa «MaTeMaTuKa .

3aBiaHHsT, 3AIPOIOHOBAH] JI/IsT BAKOHAHHS 38 JOIMOMOTIOI0 KOMIT FOTepa, TTOBIH-
Hi OyTH CKJIaJleHl BiJIIIOBIHO JI0 3MIiCTy HaBYAJBLHOT'O IIPeJMeTa i MeTOIMKH Horo
BUKJIaJIAHHS, TTOBUHHI PO3BUBATHU 1 aKTUBIZYBaTU PO3YMOBY 1 TBOPUY JlisJIbHICTH
YVUHIB. Y4HI IOBUHHI BOJIOJIITH OCHOBaAMU KOMII'IOTE€PHOI I'PAMOTHOCTI Ha PiBHI, He-
00XiTHOMY JIJIsl BUKOHAHHS 3aBJIaHb, 3alIPOIIOHOBAHUX Ha KOMII TOTepi. 3aHATTS 3
BUKOPHUCTAHHSIM 1H(OPMAaIITHIX KOMII' FOTEPHIX TeXHOJIOT TOBUHHI IIPOBOINTHU-
cd B KabIHETi, BIJIITIOBITHOMY BCTAHOBJIEHUM Tiri€HIYHUM HOpMaM. [Hdopmariiini
KOMII TOT€PHI TEeXHOJIOTIT B IPOIeCi BUKJIAAHHA MAaTEMATUKN TOBUHHI OPTraHiqHO
BIINCYBATHUCS B HaBYAJbHUI ITPOIEC, BUKOPUCTOBYBATHUCS JIOILJIBHO.

Bukopuctanis cydacHUX TEXHOJOTil B HaBYaHHI BIINBAE Ha METOJINKY BU-
KJIaJIAHHS JIeSIKIX JUCHUILIIH. Y MEeTOIUIl BUKOPUCTOBYIOTHCA Pi3HI TEXHOJIOIIT B
3aJI€?KHOCTI BiJI ITOCTABJIEHUX IILJIell, 3MICTY 1 BUKOPUCTOBYBaHUX 3aC00iB HABYaH-
Hsl, 30KpeMa HOBI iHdopMalliiiHi TeXHO,JIOr], TeXHOJIOT JUCTaHIIIITHOrO HaBYaHHSI,
KOMII TOT€PHI TeJICKOMYHIKAIll B CHCTEeMI OCBITH Ta iH.

OcobsimBe Miclle B HaBYaJbHOMY IIPOIECi 3aiiMae BUKOPUCTAHHSI HOBUX
iHpOpMAalitHO-OCBITHIX TE€XHOJIOTIM, SIKi XapaKTepUu3yIThCsA: TEXHIYHIM CepeJio-
BuieM (BUJI BUKOPHCTOBYBAHOI TEXHIKH); MPOTPAMHUM cepejioBuieM (Habip e-
JArOriIHUX TTPOrPAMHEX 3ac00iB, IHCTPYKIIii, 6a3 JAHUX 1 T.I1.); CHEIiaIbHO PO3-
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Becenin B.B., Bacanerns A.C. BacrocyBanns I'T Ha ypokax MareMaTHKH

pobJieHnME popMaMK 1 MeToJaMi HaBYaHH¢, HaIllJIEHUMU Ha OCBOEHHSI 3MICTY

[IPOrPaMHOI0 MaTepiajy 10 KOKHOMY 3 IIPeIMeTIB.

Y 3B'A3Ky 3 UM HEOOXIJIHO PO3IJISIIaTH METOJINYHI TPUHIIAIK 3aCTOCYBaH-
Hs eJeKTPOHHUX 3aco0iB HaBUYaHHS TPU BUKJIAJIaHHI MATEMATUKM, AKI MOXKHA
PO3IJISIHYTH SIK OCHOBHI TIOJIO?KEHHSI, 1110 BU3HAYAIOTH 3MICT, OpraHizaliiitai ¢popmu
1 MeTo/I HaBYAJIBLHOI'O IIPOIIECY BIJMOBIIHO JI0 HOro crienudikm, MeTH i 3aKOHO-
MIpHOCTEIA.

Yuaurenas Moxke BukopucrtopyBaTn IKT Ha pisaux etamax ypoky: nepeBipka J10-
MAIITHBOI'O 3aBJlaHHs, OpraHizallisd PPOHTAJIBHOIO ONUTYBAHHS, IiJIOTOBKA YUHIB
JIO @KTUBHOI'O 1 CBIJIOMOTI'O 3aCBOEHHSI HOBOI'O MaTepiaJly, MOsICHEHH 1 3aKPIIlJIeH-
HsI HOBOTO MaTepiasly, MPOMIXKHUI 1 MiICYMKOBIIT KOHTPOJIb. KOXKeH eTar ypoky
BUMara€e JIeTaJbHOIO OIPaIIOBAHHS.

[Iporpamui Ta TexHiUHI 3aco0HU, IO BUKOPHUCTOBYIOTHCS Ha, YPOIl, BHOCITH
CBOIO CHEU@IKY — CHPUSIOTH BJIOCKOHAJEHHIO TPAJIUIIIHIX METOJIB HABUAHHSI.

BesymoBHO, BMiJIe TIOEIHAHHA TPaUIIIHIX Ta iHMDOopMaIiiiHuX 3acobiB 3aJ1e-
JKATD BiJl KBaJIipiKaIlil Ta MaiicTepHOCTI BUNTEJIA, METOAUKH, sIKY BiH 32CTOCOBYE.
Aute rpamorte BukopucTtanns 3acobiB IKT TakoxK 3a/1e2KUTh 1 BiJ 3HAHHS BUNTe-
JIEM TIeJIarOTYHIX OCHOB 1H(OPMATU3AIIT YPOKY.

HaykoBo-MeToIMnIHUMI OCHOBAMHU 3aCTOCYBaHHs 1H(MOPMAIITHIX TEeXHOJIOTIi
HaBYaHHs Ha ypOKax MaTeMaTUKNU MOXKHa BU3HAUYUTHU HACTYIIHI:

— JMJIaKTUIHUN T1xi 10 posyMinas cyTHocTi 3actocyBanns [T B 3CO, o s3a-
HUil 3 ypaxXyBaHHIM TEXHOJIOMYHUX BJIACTUBOCTEN 1 JIMJAKTUYHUX ITPUHITUIIB
zactocyBaHHs [T Ha ypokax mMareMaTHKH 1 OOYMOBJIEHHIT OCOOJIMBOCTSIMU
1poliecy BUKJIQJJaHHS MaTeMaTUKU;

— MeTOJINYHI NpuHIUIN 3actocyBanis I'T BIMOBIIHO 10 JIUJIAKTUIHIX TPUHITA-
B HABYAHH; METOAUYIHI yMOBH 3acTocyBanHs I'T.

Kpim 1mporo MokHa BWIIJINTH HACTYIIHI JIUJIAKTHIHI ITPUHITAIINA 3aCTOCYBaHHS

I'T na ypokax MaTeMaTHKH:

— NPUHIOMI HaodHOCTI: 3a jomnomoroio IT moBumnHa mogaBarTuch Ta HaBYaJJIbHA
iHdopMmallisi, Ky HE MOXKHa IPOJIEMOHCTPYBATH YUHAM 3a JOIOMOIOO IiJI-
PYyYHUKa, HAOYHUX MTOCIOHNKIB Ha Iarnepi;

— NIPUHINATI KOMILIEKCHOTO XapaKTepy BUKOPUCTAHHSI;

— IPUHIUI aKTUBI3allil HABYaHHSI, OB sI3aHMIi 3 (pOPMyBaHHsIM CTifiKOro Ii3Ha-
BaJIbHOI'O 1HTEpeCy Y4HIB JI0 YPOKIB MaTeMaTUKHU.

TakuM 9MHOM, B YUHIB (DOPMYIOTHCS KJIIOYOBI KOMIIETEHTHOCTI, IO ITPEJT siB-
JIAT0Thed Jlep:kaBHIMI cTaHIapTaMu OCBITH:
— BMIiHH y3arajbHIOBaTH, aHaJi3yBaTH, CUCTEMaTH3yBaTH 1H(MOPMAIIIIO 110 TeMi,
IO IIKABUTD;
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— BMIHHS IIpalloBaTu B I'PYIIi;
— BMIHHSI 3HAXOIUTH 1H(OPMAIIIIO B PI3SHUX JKepesiax;
— VCBIJIOMJIEHHSI KODUCHOCTI OTPUMAaHUX 3HaHb 1 YMIHb.

Bucaosku

Pouib iHopMaIiiiHuX TEeXHOJIONl B cucTeMi OCBITH PO3JIlJIMIacs Ha JiBa Ha-
npsimku. Ha niepriiomy, indopmaliiitiai TeXHOJIOrT € IHCTPYMEHTaPIieEM JIjIsT BUPIIIEH-
Hsl OKpEMUX ITe/IarOTIYHIX 3aB/IaHb B paMKaX TPaJIUIIHIX (pOpPM OCBITH 1 METO/IIB
napuanis. 1o cTrocyeTbest Apyroro HaIpsiMKy, TO TYT iH(OPMAaIiiitHi TeXHOJIOrIT
3aliMalOTh aKTHUBHIIILY POJIb 1 3a6€311eUy0Th HOBI MOXKJIMBOCTI.

1o ocHOBHUX TlepeBar JpPyroro HAIPSAMKY MOXKHa BiJITHECTU HACTYITHE:

— CTBOPIOIOTHCSI YMOBH JIJIsI CAMOCTITHOIO OIIPAIIOBAHHSI HABYIAJIbHOI'O MaTepialy;

— MOKJIUBICTH poOOTH 3 MaTeMATHIHUME 1 IIPOrPAMHUMEI MOIEJISIMU JTOC/ILIZKY-
BaHUX 00 €KTiB;

— MOKJIMBICTH aBTOMATH30BAHOI'O KOHTPOJIIO 1 OLIbIl 00’€KTUBHE OIIHIOBAHHSI

3HaHb 1 YMIHb.
3 BHUIIE HABEJCHOI'O BUILINBAE, MO aKTUBHA POJIb 1HPOPMAIIHHIX TEXHOJIOTI i

B OCBITI I10JISITA€ B TOMY, 1[0 BOHU HE TLJILKU BUKOHYIOTH (PYHKIIT IHCTPpyMeHTapio,
1[0 BUKOPHUCTOBYETHCS JIJIsl BUPIIMIEHHA MTeBHUX I1€/IaroTidHuX 3aBjlalb, a il CTu-
MYJTIOIOTH PO3BUTOK JIMJAKTUKN 1 METOJINKN, CIIPUAIOTH CTBOPEHHIO HOBUX (POPM
HaBYaHHS 1 OCBITH.
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MIKITPE/IMETHI 3B’43KIN HA YPOKAX
MATEMATUKU

CraTTs npHUCBsIYIeHa JOC/IJKEHHIO TPOOJIEMH TTACHBHOT'O BUKOPUCTAHHS MiKIIPEJIMETHUX 3B 3-
KiB Ha ypOKax MaTeMaTUKH B OCHOBHIil MIKOJi. Y Hilf OKpec/IeHO aKTYyaJIbHICTh Yy BUKOPUCTAHHI
MIKIIpeIMETHUX 3B’SI3KiB 1 Ha/IAHO IPAKTUYIHI PEKOMEH/IAIl] 11010 BUKOPUCTAHHS MIiKITPeMe-
THUX 3B’43KiB Ha YpOKax MaTeMaTHKH.

Koro4doBi cioBa: wmiorcnpedmemmi 36°A3KuU, HYHKYLL MIHCIPEOMEMHUT 36 A3KI6, NPUH-
UUNU HABYAHHA, YPOK MAMEMAMUKU, OCHOBHA ULKOAG.

Beryn

HeobOxijHicTh  MIKIIPEIMETHUX 3B’SI3KiB  00YMOBJIIOETHCS  JUJIAKTUIHIMU
HPUHIAIIAME, BUXOBHUMHU 3aJladaMi IIKOJIU. B yMoBax IpeaMeTHOIrO HaBYaHHSI
MII3 BiacTusi MeTojgo/I0r UHA, (hOPMYBaJIbHI (HaBYAIbHA, PO3BUBAJILHA, BUXOB-
Ha, KOMYHIKATHBHA) Ta KOHCTPYKTUBHA (CHCTEeMOYTBOpIOoUa) (byHKIII, siKi Beebi-
YHO BILIBAIOTH Ha IPOIEC HaBUaHHs — Bl IIOCTAHOBKU IIiJIeil JI0 fioro opramizaiil
it oTpUMaHHS Pe3yIbTaTIB.

Hazxanb, pesdki BumTeni He HAJAIOTh BEJIMKOIO 3HAUYECHHS MIKIIPEJIMETHIM
3B’s3KaM, ab0 YK BUKOPHUCTOBYIOTH 1X HE IPABUJILHO, 110 HE TLILKU HE J0IIOMAarae
yUHAM, ajie i HaBIaKW, MKOJUTh. 1aKUM YWMHOM, aKTyaJIbHICTb CTATTI BU3HA-
JAEThCA HEOOXIAHICTIO JIOC/IIIXKEHHSI TaCUBHOIO BUKOPHUCTAHHST MIiXKIIPEIMETHUX
3B’43KIB Y BUKJIaJaHHI MATEeMATHKI B OCHOBHI IITKOJII, 1110 TPUBOIUTD JIO0 3HIZKE-
HH$I $IKOCTI 3HaHb y4HIB 1 BIJICYTHOCTI 1X 1HTEpeCY /10 IIpEIMETY.

OcHOBHA 4YaCTHUHA

PedopMmyBaHHsi cucremu ocBiTH B YKpalHi HuUHI HaOyJIO 1JI00a/IbHOIO Xapa-
kTepy. Mu € cBiJIKaMu IpOIIECiB, SIKi Oe31mocepe/IHbO MMOB sd3aHi 3 pechbopMyBaHHIM
3MicTy ocBiTH. DOpMYyBaHHS KOMIIETEHTHOCTEH YIHIB 3yMOBJIEHE He TLILKU peaJli-
3alll€l0 BIJIIIOBITHOTO OHOBJIEHOT'O 3MICTY OCBITH, aJjie i BIPOBAJXKEHHAM 1HHOBa-
MIHUX METOJIIB Ta TEXHOJIOT1#l HaBUYaHH. fAKicHe HaBYaHHS 3a0e311euy€e 3aCBOCHHS
3HaHb Ta (DOPMYBaHHS YMiHb, 10 JIJIsI BUITYCKHUKA IMKOJIU CTAHYTb MIAIPYHTAM Y
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itoro nojiasbiomy KuTti. ITpomyKTOM HIKOIM € JifojinHa, ocoducTicTb. ToxK HaB4ua-
i 11 Tpeba Tak, 1Mo0 YUYeHb BiIUYB, 1110 3HAHHS Ta BMIiHHS € JIJIdT HbOTO YKUTTEBOIO
HeoOxinHicTio. HaBuasibHa Jis/IbHICTDL Y KIHIIEBOMY IIiJICYMKY IIOBHHHA HE IIPO-
CTO JaTH JIIOJWHI CyMy 3HaHb, YMiHb 1 HABUYIOK, a cPOpMYyBaTU 11 KOMIIETEHIII],
BU3HAYUTH ILJISIX JO CAMOBJIOCKOHAJIEHHSI. ¥ CBITJII Cy4acHUX 3aBjiaHb BCEOIYHO,
rapMOHINHO PO3BUHEHOI OCOOMCTOCTI TIKOJIsIpa IpodIeMa MiXKITPeIMETHIX 3B 513~
KiB HabDyBa€ BayKJIMBOIO 3Ha4YEHHs. AKTyaJbHICTH JaHOI MPOOJEeMU 3yMOBJIEHA
PO3BUTKOM HayKH, TEXHIKHU, CycHijabcTBa. MixKIpeaMeTH] 3B'93KHN € BayKJIMBUM
HMPUHIIMIIOM HaBYaHHs B Cy4YacHiil MIKoOJI, M0 3abe3leduye B3a€MO3B si30K HayK
HPUPOTHUIO-MATEMATUIHOTO 1 CYCILILHO-TyMaHiTapHOTO NUKJIIB. [Ipobiiema me
CTLJIBKU B OBOJIOJIIHHI 3HAHHSAMM, CKIJIbKI B YMIHHI 3aCTOCOBYBATHU 1X Ha MPAKTUIIL
B Oy/Ib-sIKiii >KUTTEBi{l cuTyanii Ta y mpodeciiiniii cdepi.
MixkipeiMeTHI 3B’s13K1 BUKOHYIOTh Y HaBYaHHI MaTeMaTUKU P (DYHKIII.

Metomosoriuna GpyHKIIS BUpazKeHa B TOMY, IO TLILKK Ha 11 OCHOBI MOXKJINBE
dopMyBaHHS B yUHIB JiaJIeKTUKO-MaTepiaJiCTHIHUX IIOTJIsI/IIB Ha IIPUPOLY, CY-
YACHUX Y4BJIEHb PO 11 IIJIICHICTh 1 PO3BUTOK, OCKLIBKN MIiXKITPEJIMETHI 3B’ sI3KN
CIPUAIOTH BiJIOOPasKeHHIO B HaBYAHHI METOJ0JIOr] CydacHOI'0 IPUPOI03HABCTBA,
sIKe PO3BUBAETHLCA 110 JIiHIT IHTerpariil ij1eit 1 MeToiB, 13 MO3uIliil CUCTEMHOTO IIiJI-
XOJLy JI0 M3HAHHS TPUPOJIN.

OcBiTHs (DyHKIIIST Mi?KIIPEJIMETHUX 3B SI3KIiB II0JIsIFA€ B TOMY, IIIO 3a 11 JI0II0-
MOT'OI0 BUNTE/Ib MaTeMaTUKN (DOPMY€E TaKi dKOCTI 3HaHb YUHIB, 9K CHUCTEMHICTb,
IMONHA, YCBIJIOMJIEHICTh, THYYKICTh. Y IIHOMY BUIIQJIKy MiXKIIPEJIMETHI 3B sA3KN
BHUCTYIIAIOTh K 3acid PO3BUTKY MaTeMaTUYHUX MHOHATL, CIPUSIOTH 3aCBOEHHIO
3B’93KiB MizK HUMH Ta 3araJIlbHUMH [TOHSITTSIMU.

PosBuBatoda (pyHKINA MiKIPEIMETHUX 3B’SI3KIB BH3HAYAETHCA 1X POJLIIO B
PO3BUTKY CUCTEMHOT'O 1 TBOPUYOI'O MUCJIEHHS YUHIB, Y (hOpMyBaHHI IX IMi3HaBaJIbLHOI
AKTUBHOCTI, CAMOCTIfHOCTI Ta 1HTepecy JO MI3HaHHS MaTeMaTUKU.

BuxoBHa (QyHKIA MiXKIIPEJIMETHUX 3B’SI3KIB BUparkeHa B 1X CIPUSHHI BCIM
HAITpAMAaX BUXOBAHHS MIKOJIAPIB y HABYAHHI MATEeMATUKN. Y YUTE/Ib MATEMATUKN
peaJsiizye KOMILJICKCHUIN TT1JIXiJ1 JI0 BUXOBAHHs CIUPAIOYNCh Ha 3B'sI3KN 3 IHINNMU
pe/IMEeTaMMI.

KoncrpykTupaa (byHKIlIST MI2KIIPEJIMETHUX 3B’sI3KIB IOJISITa€ B TOMY, 1110 3 11
JIOTIOMOI'0I0 BUNTEJIb YJIOCKOHAJIIOE 3MICT HaBYaJbHOIO MaTepiasly, MeToau i pop-
MM opraHizaiiil HaBdaHHsl. PeaJiizaliisi MizKIIpe IMeTHIX 3B’sI3KiB BUMAara€ CIIiJIbHO-
r'o IJIAHYBaHHS BUNTEJISIME MIPEAMETIB IPUPOJIHIIOTO ITUKJIY KOMILIEKCHIX (POpM
HaBYaJIbHOI Ta I103aKJIACHOI POOOTH, SIKi Iepe10adaloTh 3HAHHA HUMHU 111 IPYYHIKIB
1 IporpaM CyMIXKHUX ITPEJIMETIB.
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MixknpeaMeTHI 3B’s13KH, 3aCHOBaHI Ha BUKOPHCTOBYBaHHI OJHOIO i TOIO 2K
npuitoMy MiJLHOCTI MPW HaBYAHHI PI3HUM IpeaMeTaM. Tak, YMiHHS ITpaIloBaTH
3 KHUATOIO, NTPUJIaIaMi, TabJIUIIMU, CXeMaMy, YMIHHs BUPINTyBaTH AKICHI 1 po3pa-
XYHKOBI 3a/1a1i TOIO — BCI I1i YMIHHA HeOOXiHI gK Ha ypoKax 3arajJbHOOCBITHIX
IpeJIMETiB, TaK 1 Ha YPOKax IpeJMeTiB NpodeCciiiHOro MuKJIy.

Bacobu peaJiizaliil Mi>KIIpeJIMETHUX 3B’sI3KiB B IIPOIleci HaBYaHHS MOXKYThb Oy-
TH PIBHUMU: 3allMTAHHsI, 3aBIaHHsI, 3a/a49i, HAOUHI ITOCIOHIUKN, TEKCTH, IIPOOJIeMH]
CUTYaIlil, M3HaBaJbHI 3a/1a4l, HaBYAJIbHI TPOOJIEMU MIXKITPEIMETHOIO XapaKTepy
Ta 1HIII.

Cucremarndaie BUKOPUCTAHHS MIXKITPEJIMETHUX II3HABAJILHUX 3a/1a49 Y popMi
POOJIEMHUX TUTAHb, KIIBKICHUX 1 MPAKTUIHUX 3aBJlaHb 3a0e31e4uye iHTerpalliio
3HaHb YUHIB i3 PI3HUX MPEJIMETIB. Y IIbOMY THOJIATae HallBayKINBIIIa PO3BUBAILHA
dyukIig HaBuyaHHgd MaTeMmaTuku. IIpo posib i 3HaYEHHS ypPOKIB MATEMaTUKH Y
BUXOBaHHI MPaBUJILHOTO 1 JIUCIUILITHOBAHOI'O MUCJIEHHS TOBOPUJIOCS 1 MHUCAJIOCH
Jly>ke bararo.

MizknpeamMeTHi 3a1a9i — 1€ Taki 3aadi, 9Ki TOTpeOyIOTh MiIK/II0UYeHHI 3HAHD
3 pI3HUX IIpeJMeTiB, ado 3ajiadi, 10 3icTaB/eHl Ha MaTepiaji OJHOr0 IpeJMeTy,
aJie BUKOPUCTOBYIOTHCS 3 BU3HAYEHOIO METOIO Y BUKJIaJIaHHI 1HIIIOTO ITPEeIMETY.

OcobsBe 3HaYeHHsT MAIOTh 3a/1adi, MUTAHHs, 3aBJIaHHI MizKIIPEJIMETHOI'O Xa-
pakTepy y (bopMyBaHHi MOJITEXHIYHUX 3HAHD 1 BMiHb yuHiB. CrieniaabHo CKJIa/IeHi
3aJ1a4l, MUTaHHS JIO3BOJISIIOTH YUHSIM OCMUCJIUTH HEOOXiHICTH 3HAHb 3 3araJib-
HOTII3HABAJILHUX IPEJIMETIB B NPOdeCcioHabHIN JAIbHOCTI B Oyab-gKiil raaysi
BUPOOHUIITBA.

Humu moxxyTh OyTH:

a) 3ajadi, po3paxoBaHi HA BUKOPHCTAHHS 3HAHDL 3 IHIIOrO MpEJMeTry; Ha
YCBIJIOMJIEHHsI 3HaHb, YMiHb 1 HABUYOK Y4HIB, HAOYTUX Ha CYMIKHUX YpPOKax Ha
PO3BUTOK PaIlioHaI3aTOPCHKUX 3/110HOCTEI;

0) 3ajadi HA YCBIIOMJICHHSI MPABIJI OE3IIETHOI TIPAI, Ta OXailHOCTI BUKOHA~
HHS 3aB/aHb;

B) 3ajadi JOCJTHUIBKOIO, eKCIIePUMEHTATLHOTO XapaKTepy, y Mporec
PO3B’A3yBaHHS AKUX yUHI 3aCTOCOBYIOTH 3HAHHS 3 IHIINX ITPEIMETIB.

Y Xoji po3B’d3yBaHHS 3a/1a49, YUHI BUKOHYIOTH CKJIaJIHI ITi3HaBaJbHI 1 po3pa-
XYHKOBI /i1, K1 BILJINBAIOTH HA:
1) ycBiIOMJIEHHST CYTHOCTI MiXKIIPEJMETHUX 3aBJaHb, PO3YMiHHS HEOOXiTHOCTI
3aCTOCYBaHH¢ 3HAHb 13 1HIUX IIPEIMETIB;
2) BigOIp Ta akTyasizariio HeOOXIHUX 3HAHD 13 IHINUX TPEJIMETIB;
3) IepeHeceHHs IX Y HOBY CUTYAI[0, 3iCTABIEHHSI 3HAHB 13 CYMIZKHUX [TPEJIMETIB;
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4) cuHTe3 3HAHB, BCTAHOBJIEHHs CYMICHOCTI TIOHSITh, OJUHUIL BUMIDY, PO3paxyH-
KOBUX JIiii, X BUKOHAHHT;
5) omep:KaHHSI PE3YJIbTATY, y3araabHEeHHs Y BUCHOBKAX, 3aKPIIJIEHHST OHATh.

BijiminHa 0cob/mBiCTh MATEMATUKK SIK HAaBYAJIBLHOTO IMPEJIMETa IOJIATaE B 11
JIyaJibHIN mpupoi. 3 oaHoro OOKY, Ile CAaMOCTIMHMI HABYAILHUI IIPEIMeT, KUl
Ma€ BJIACHY, YiTKO BU3HAYEHY JIOTTUHY CTPYKTYPY MOOYIOBH, IO, B CBOIO YEPIY,
3YMOBJTIOE CTPOTY MOC/IIOBHICTH BUBYEHHS (JIOTIKY pPO3TOpPTaHHSI) HABYAJIBHOIO
MaTepiaJjy. 3 Jpyroro — miopsiKOBaHUil, TOOTO MaTeMaTHdHI 3HaHHs, HaOyTi
VUIHSIMW B TIPOTIeCi HaBYaHHs, MalOTh 3a0€3MeUyBaTH YCIIITHEe 3aCBOEHHS TITKOJIS-
paM# CIIOPIJIHEHUX IIPeJIMEeTIB, a TOMY YV 3MICTi HaBYaHHS MaTeMaTUKH MaloTh
OyTH aJileKBaTHO BpaxoBaHi IMOTPeON YCIX MPUPOJHUYMX IPEJIMETIiB, iHdopMaTu-
KN fI eKoHOMIiKM. SIKIO mepimii acmekT MOCTiiiHo nepedyBae B Mol Tpodeciitnol
AKTUBHOCTI BUUTEJIB, TO JJIsl JIPYIOI'O XapaKTEPHUM € «3aJIUIIKOBUIY» MTPUHIINI
peasizalil (AKIO BUCTAYNTH Yacy Ha ypoil). Husbka BMOTHBOBaHICTH BUMTEIIB
MaTeMaTUKH JI0 peaJsiizallil MIXKIIPeJIMETHIX 3B sI3KiB 0COOJINBO SICKPaBO IIPOCTE-
JKYEThCsI 3 UaCy BBEJIeHHs 30BHINIHBOIO HesastexkHoro ominoBants (3HO), mera
SIKOTO TOJIATa€ B TOMY, MO0 OIIHUTH CTYIiHB I1ITOTOBJIEHOCT] YIACHUKIB TECTY-
BaHHS 3 MaTeMaTUKHU, a KOHKPETHiIe — BU3HAUUTU pPIBEHb OBOJIOJIIHHSA BUILY-
CKHUKAMU IIKLJI JINIIE TPeMEeTHUME (MaTeMaTHIHUMK) 3HAHHAME, BMIHHSIMU Ta
criocobaMu JUsIIbHOCTI, 3 METOI0 KOHKYPCHOI'O BiJIOOpY JIjIsT HABUYAHHS y BUIIIX
HaBuabHIX 3ak/aagax. Came Bapiantu 3HO (a 30BciM He HaBYAIBHI TPOrpaMu
i MiIpy9IHIKN) CTAOTh BU3HAYAIBHUM (haKTOPOM MATEMATUIHOI IiINOTOBKHU BH-
IyCKHUKa cepeaubol mkoan. O0’eKTuBHy 1npob/eMy IPaKTHIHOI peasizaril MizxK-
IpeJIMETHUX 3B’ 13KiB CTAHOBUTH 1 TOM (paKT, 110 OLJIbIIICTD BUNTEIB MATeMATUKI
€ clierjaJjicTaMi JINIIE B «CBOEMY» IIPEJAMETI i He JIOCTATHbO TVIMOOKO OPIEHTYIO-
ThCsl B CyMI?KHUX JIMCHUILIIHAX. 3BIJICH YaCTO BUILIMBAE «HE OAUEHHS» BUNTEJISIMI
MOZKJIMBOCTEI 1 repeBar BUKOPUCTAHHS Ha yPOKaX MaTeMaTHKN (haKTiB 3 1HIIIX
[PUPOJIHNYUX TIPEJ/IMETIB

Y X0Jll JIOCJIJIZKEHHsI, aHAJII3YI04un MpobJIeMaTUKy MAaCUBHOTO 3aCTOCYBaHHI
MIKITPEIMETHIX 3B’S3KIB Ha YpOKax MaTeMaTHKN MPUIMHU MOXKHA MOIIIUTH Ha
00’eKTHUBHI Ta Cy0 €KTUBHI.

O0’exkTuBHY 1IpOOJIEMY MPAKTHYHOI peasiizaliil MixKIIpeIMeTHIX 3B’ sI3KIB cTa-
HOBUTB 1 TOH paKT, 10 OLIBIIICTL BUNTE/B MATEMATUKH € CIIeliajicTaMi JIUIIe B
«CBOEMY» TIPEJIMETI i1 He JJOCTATHBO INTUOOKO OPIEHTYIOTHCA B CyMIXKHUX JIMCITATLITI-
HaX. 3BiJICH YacTO BUILINBAE «HE OAUYEHHSA» BUMTEISIMU MOXKJIMBOCTEM 1 1epesBar
BUKOPUCTAHHS Ha yPOKaxX MaTeMaTUKH (paKTiB 3 IHIITIX TPUPOTHIINX IIPE/IMETIB.
Cepet iHmuxX 00’€KTUBHUX I CyO €KTUBHUX HPUIUHU MACUBHOI'O BUKOPUCTAHHS
MIKIIPEIMETHIX 3B’ SI3KIB Y MIKIIbHINM MTPAKTUII MOYKHA BUOKPEMUTH HACTYITHI.
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1o 00’€KTUBHUX CJIiJ] BiJIHECTH:

® HEJIOCTATHIO METOJNYHY 0a3y (CTPYKTypa Ta 3MICT OLIBINOCTI HUHI JI0YnX
HiJIPYYHUKIB, HABYAJIBHUX 1 METOAMIHUX TOCIOHUKIB HE 30PIEHTOBAHI Ha MizK-
peJIMeTHY CTPYKTYPY HABYAJIBHUX 3HAHB ), [0 HE JIA€ 3MOTH MOBHOIO MipOIO
peaJiizyBaTu MPUHIMI MIXKIIPEIMETHIX 3B’S3KiB y MPAKTHIl IIKIJILHOIO Ha-
BUAHHS;

® DPO3OIXKHICTD Yy 4Yaci BUBUYEHHs CIOPIHEHOTO MaTepialy Ha YpoKax 3 Pi3HUX
HaBYaJIbHUX [IPEJIMETIB;

® pi3He TPaKTYBaHHS OJIHMX 1 TUX caMUX IOHATH Y PI3HUX HaBUYAJbHUX IIpe-
JIMeTax;

® TPYJOMICTKICTb 1 3HaYHI 4aCOBl 3aTpaTu IPU HIJITOTOBIL BUUTES JIO MIXK-
NpEeIMETHUX 3aHATH;

e Hee(DeKTUBHICTH OJIHOCTOPOHHBOIO BUKOPUCTAHHS MIXKIIPEJIMETHUX 3B I3KiB
(curyariist, KOJIM BUUTEJb OJHOTO IPEJMEeTa, HAIPUKIIA (DI3UKH, HAMATAE-
ThCs peasi30ByBaTH MIXKIIPEeJIMETHI 3B’SI3KU, & Ha 3aHSITTSIX 3 IHIINX Ha-
BUAJIbHUX IIPEJIMETIB, HAIIPUKJIAJ MaTeMaTuKN, 3HaHH:, OJlepzKaHl YUHSIMUI
Ha ypokax (bi3uKu, He BUKOPUCTOBYIOTHCS);

® BiJICYTHICTH B OCBITHBOMY CTaHJIapPTi Ta IporpamMax 3 MaTeMaTUKN peKOMeH-
Jariit 31 3/11CHEeHHsT MI2KIIPEIMETHIX 3B’ sI3KiB.

OcHoBHUMEI Cy0’€KTUBHUMHU IIPUYIMHAMU HEJIOCTATHBOI yBaru 3 00Ky BUNTEIB
JI0 peastizalil MizKITpeJIMEeTHUX 3B s3KIB Ha yPOKaX €:

e cylabKa MOTHBAllls BUNTEIB MK 0 peasiizalil MizKIIpeIMeTHUX 3B I3KiB;

® HeJOCTATHS TeopeTHdHa i MpaKTU4Ha IMiITOTOBKA BUUTEJIIB JI0 MTPOBEJIEHHA
HaBYAJIbHIX 3aHATH 3 BuKopuctanasm MII3;

® IPAKTUYHA BIJICYTHICTH Y IKOJIAX CHLIBHIX METOJMIHIX 00’ €/ IHAHD YIUTETIB
MaTeMaTUKM 1 IIpeMeTiB TPUPOHUYOrO TUKJTY.

Hapazi, y 3B’13Ky 31 30i1bIIeHHsAM 00csAry iHndopMaliil, o Iijjsarae 3aCBO€H-
HIO YUHSIMH B IIIKOJII, Yepe3 HeoOXiIHICTh IX MiJIFOTOBKM JIO CAMOOCBITH, BUHUKAE
HEOOX1THICTH (POPMYyBaHHs Y BUIIYCKHUKIB CEPEJIHBOI KO HOBOI'O 1HTErpaTHB-
HOTO CII0CcOOy MUCJIEHHS Ha OCHOBI y3araJIbHEHUX yMiHb, 0 MalOTh BJIACTUBICTD
HIMPOKOro nepenecers. Taxki yminast, cchbopMoBaHi B IIpolieci HaBYaHHsI MaTeMa-
TUKU, TTOTIM BLJIbHO BUKOPUCTOBYIOTHCS YUHSIMU [TPU BUBYEHHI 1HIUX TPEJIMETIB
1 B IPAKTUYHI{ JIISIbHOCTI.

Bucaosku

1. MixnpeaMeTHi 3B’ s13K1 CJILJT PO3IVISIAATH K JUJIAKTHIHY (POPMY 3araJib-
HOHAYKOBOT'O IPUHIIAITY CUCTEMHOCTI.
2. Peanizamisz MII3 mae 3piiicHioBaTmCs HiiCHO, TOOTO He JIUINEe Ha PIiBHI
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3MICTY OCBITH, a i1 Ha METO/I0JIOTTYHOMY, METOJIUYHOMY Ta OpraHI3aIiiiHOMY PIBHSIX
(3MicTOBOrO Ta Mporecya bHO-OMEPAIiiHOr0 KOMIIOHEHTIB).

3. Cucrema MIiXKIIpeJIMETHIX 3B’sI3KiB Ma€ BUCTYIATU HE JIUIIIE STK MeTa, a i
SIK OJIH 13 epeKTUBHUX 3aCc00iB HABYAHHS Ta PO3BUTKY YUHIB.

4. Edexrupnicts 3jiiicnenns: MII3 jocsraerbes 3a yMOBHU, IO UM ITUTAH-
HM 3aliMaTUMEeTbCsl He OJIUH OKPEMO B3SITHUIl BUMTEIb-€HTY31aCT, & BCl BUUTE/I-
MpPEeJIMETHUKH (30KpeMa, MATEeMATHKU 1 [PeJMETIiB PUPOJHIION0 MUK/IY) OJiHA~
KOBO 3alllKaBJIEHO I y3ro/I2KeHO.

5. PizHOMaHITTS MiXKIIpeIMETHUX 3B’ sI3KiB y IPOIECi HABUYAHHS MOXKe 3a0e3-
nevyBaT PpOPMYBAHHA y MIKOJIAPIB IIJIICHOT CUCTEMU IIOIVIS/IB Ha CBIT JIMIE B
CUCTeMIi: KOMIIJIEKCHOTO BUBYEHHS OJIHOTO I TOTO caMoro 00’€KTa Ha YypoKax pi-
3HUX HaBYaJbHUX [IPEJMETIB; BAKOPUCTAHHS METO/IIB OJIHIET HAyKU JIJ1sl BUBUEHHS
pi3HUX 00’€KTIB IHIMNX HAYK; 3a/JydeHHs] PI3HUMHU HayKaMU OJHUX 1 THX CaMUIX
Teopiil 1 3aKOHIB JIIT BUBYEHHS PI3HUX 00 €KTIB.

6. 3aJekHO BiJi METH BUKOPUCTAHHSA MIXKITPEJIMETHUX 3B’S3KiB, BiJl KOH-
KPEeTHUX YMOB IX BCTaHOBJIEHHS OOMPAIOTHCA METOJU 1 ImpuitoMu iX peaJizaliii B
HaBYAJIBHOMY IIPOIIEC, JOOMPAIOTHCA 1 BIMOBIIHUM YUHOM (DOPMYJIIOIOTHCS -
TaHH 1 3aBJIaHH JIJIs1 YUHIB.

7. CrocoBHO akTHBi3alil Ii3HABAJJILHOI JislJIbHOCTI yuHIB peaJizaiig MII3
Ma€ TOJIATATH B PO3B’sI3yBaHHI Ha YPOKaX PI3HUX HAaBUYAJbHUX IPEJIMETIB OJIHO-
piIHUX TMi3HABAJIBHUX 3aB/laHb, HAIIJIEHUX Ha 3aCBOEHHS AHAJIOTIYHUX 38 CBOEIO
CTPYKTYPOIO 3HaHb (MOHSITH, Teopiii, 3akoHiB). [Ipu nbomy HAOyTI yuHsAME Mi3HA~
BaJIbHI YMIHHS IIiJI BIIMBOM MIXKITPEJIMETHUX 3B’sI3KiB CTAlOTh y3araJbHEHUMH i
3araJbHOIPEIMETHIMU.

8. IIposignum 3acobom popMyBaHHSA B yUHIB HABUIKHU MTOBCAKJIEHHOTO KOPH-
CTYBaHHSI MATEMAaTUKOIO 1IPU BUBYEHHI YCIX IPUPOJHUYUX HPEJIMETIB Ma€ CTaTH
HIMPOKE 1 CUCTEMHE 3aCTOCYBaHHd MeTOJly MaTeMaTUYHOIO MOJIeJIIOBAHHS I1PO-
TSTOM BHUBYEHHs YCHOTO Kypcy MareMaTwku. lle cTocyeTbcst BBeJleHHS TOHATD,
BUSIBJICHHS 3B’¢I3KIB Mi2K HUMH, 3MICTY 1 XapakTepy MNPHUKJIaJIiB Ta LIIOCTpAaILiii,
JIOBEJICHB, MOOY/IOBU CUCTEMU BIIPAB 1 3aBJ/laHb, BU3HAYEHHS CUCTEMH KOHTPOJIIO.
Taxwit miaxig MOCHINTb NPUKJIAIHY CIPSIMOBAHICTh HABYaHHS MaTeMaTHKHU, CIIPHU-
arumMe GOPMYBAHHIO B yUHIB CTIHKUX MOTHBIB JO OBOJIOJIHHS MaTeMaTUIHUMU
3HAHHSMU.

9. B ymoBax BapiaTHBHOCTI ITporpaM i MiIpyIHuKiB, PO3MaiTTs I IXO/IIB /10
PO3pO0OJIEHHS CTPYKTYPU 3MICTY HaBUYAJIBLHUX HIPEIMETIB MaTeMaTHKa Mae CTa-
T He JIUIIe JKepesioM, a i clloXKuBadeM 3HaHb, 3allPOIIOHOBAHUX Ha yPOKax
MPUPOIHNYIO-HAYKOBOIO MUKy, CIIUPATHCI Ha YsBJIeHHsd, cPOpPMOBaHi MPH 1X BH-
BUEHHI.
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Interdisciplinary connections in mathematics lessons
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relevance of the use of interdisciplinary connections and provides practical gui-
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J10 3AJIAY HA JTOCJIUIXKEHHS
KBAJIPATHOTO TPMUJIEHA 3 KOE®IIIIEHTAMN,
3AJIEYKHUIMU BIJI TIAPAMETPA

CraTTst BHCBITIIFOE MOXKJIMBHI MAXiJ 0 JOCTIIZKEHHS KBAJAPATHOTO TPUUIEHA, KOeMIIieHTH
SIKOTO MiCTATH IapameTp. HajjaioTbes meBHI mopajin MeTOJMIHOIO XapaKTepy MO0 BUBUYCHHS
BIJITOBITHOTO MaTepiaay YIHAME 3aKJaJiB cepeHbol ocBiTH. HaBoagaThcsa aHaiTUYHI YMOBH,
[0 BU3HAYAIOTH MOJIOXKEHHS Irpadika KBaAPaTHOTO TpUUIeHA HAa KOOPAWHATHIH ILIONINHI.

KurodoBi cioBa: xeadpamuutil mpuunsen, x6adpamme preHAHMA, NAPAMEMP, PO3MAULYEA-
HHA KOPEHIB, PO3MAULYEAHHA NAPAOOAU HA KOOPOUHAMMHIT NAOULUHI.

Bceryn

[TnTanms miaABUINEHHA IKOCTI MaTeMaTHIHOI OCBITH 3a pe3yJabTaTaMi 30BHi-
ITHBOTO HE3AJIE2KHOTO OIiHIOBaHHS MUHYJIOTO (2018) POKY 3a CBOEIO AKTYaATHHICTIO
HabyBa€ piBHS JEPrKaBHOI'O 3HAUYCHH. fK HAC/IIIO0K, OYJIO 3aTBEPIKEHO OJIOZKE-
HHsI 1IPO ODOB’sI3KOBE OIIHIOBAHHS JIOCSTHEHb BUIIYCKHUKIB 3aKJIa/liB CepegHbol
OCBITH 3 MaTeMaTuku rnodnHatodn 3 2021 poky.

OjiHuM 13 HAIPSAMKIB OCUJICHHST epeKTUBHOCTI HaBYaJIbLHOTO IIPOIECY € 3a-
CTOCYBaHHA y BUBUYEHHI MaTeMaTUKN 3a1a4 JIOCITHUIILKOrNO XapakTepy. B meprry
yepry TaKUMU 3aJadaMu € JOCJIJI?KeHHsl PIBHsAHb, HEpIBHOCTElN Ta 1X CUCTEM 3
napaMeTpPaM.

lana cTaTTsd € JIOTIYHUM TPOJIOBXKEHHAM TOTepeTHIX MyO IiKaliil, ki BUCBI-
TJIIOBAJIM &JITOPUTMIUHI cliocoOu aHa i3y JIHIHHUX Ta KBaJPATHUX PIBHSIHb Ta He-
piBHOCTeI 3 mapameTpamu |3, 4]. Sagadi Ha 10T PKeHHST KBAIPATHOTO TPUIICHA,
KoeIIEHTN IKOI0 MICTATH NapaMeTpu, HOTpedYIOTh Bij yUHIB BMIHbL ITPOBO/IHU-
TH 3MICTOBHUIT aHAJII3 BIJIIIOBIIHIX CUTYAIil, BOJIOIIHHSI BJIACTUBOCTSME (DYHKIIIi
PI3HUX KJIACIB Ta 3/IaTHICTH 3aCTOCOBYBATHU 111 BJIACTUBOCTI II1J] YaC IIPOBEJIEHHS
TUX 9n iHmux Mipkysaub [5], [6], [7]. Taki 3amadi Bumaratrors Bim ydHiB cucre-
MaTH30BAHUX Ta y3araJbHEHHX 3HAaHb Ta BMiHb. BOHH cIpusioTh (pOpMYyBaHHIO
AJICOPUTMIYHOTO MUCJIEHHsI, JIy?Ke BayKJIMBOI'O BMIiHHSI PO3POOJISITH CTPYKTYPO-
BaHUIl TIJIaH PO3B’si3aHHS 3a/ad4l Ta 3J1HCHIOBATU IOeTaIHy ioro peaJizaiiio. B
IILOMY IIOJISITA€ 1X 0COOJIMBA METOIMYHA, IIIHHICTD.
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B poborax [1], |2] naBegeno nacrynmy kiacndikaliio OCHOBHAX 3a/ad Ha
JIOCJIJIZKeHHSI KBaJIPATHOI'O TPUUIeHa 3 KoedilieHTaMI, 3a/Ie2KHUME BiJT IIapaMeT-
pa:

1. Posp’asaru pisusnnsa  A(a)x? + B(a)r + C(a) = 0. (%)

2. Posp’azaru nepisnicts A(a)z? + B(a)x + C(a) < 0, ge < — oaun i3 yoTu-
pPbOX 3HAKIB MOPIBHAHHA: >, =, <, <.

3. BHaiiTn BCi 3HAUEHHS TapaMerpa @, TPH sIKUX DIBHSHHA (%) Mae JiiicHi
KOp€Hi, Ta BUBHAYUTHU 1X 3HAKU.

4. JocainTi po3TalyBaHHs JIfICHUX KOPEHIB DiBHSIHHS (%) 1O BiIHOIICHHIO
J10 3aJ1aHOT TOYKHU YU ITPOMIZKKY.

5. 3HaiiTu BCl 3HAYEHHS IIapaMeTpa a, IPH SIKUX 3 OJHIE] HEPIBHOCTI BUILINBAE
1HITIA.

6. BHaiiTi BCl 3HAYEHHS [TApaMeTpa a, IPH SIKUX KOPeHl 1, Ts PIBHSHHA (%)
3a/J0BOJILHAIOTH TIEBHY YMOBY.

7. SHaifitu  BCl  3HaYeHHd  IlapaMeTpa @, IPH  AKHUX  DIBHSHHA
Ai(a)z® + Bi(a)z + Ci(a) = 0 ma As(a)r® + By(a)z + Cy(a) = 0
MalOTh CIJIBHI KOpeHi (xoua O OfuH CIIbHINA KODIHb).

8. BmaiiTn BCi 3HAUYEHHsT [apaMerpa a, NPH sKUX KBAJIPATHUII TpPHUJIEH
y = A(a)z* + B(a)x + C(a) = 0 un sajana bynxiis y = F(xy;29) (21, 22
— KopeHi piBHsiHHSI (%)) HaOyBae HAOLILIIOrO (HAIMEHIIOro) 3HAYEHHS HA
3a/JaHOMY ITPOMIZKKY.

B crarrax [3, 4] BUCBIT/IIOETHCSA ABTOPCHKUI JIOCBIJL 3aCTOCYBAHHST AJITOPUTMi-
YHOI'O IJAXO/Y IIiJI Yac HaBYaHHA METOJaM PO3B’d3aHHA PIBHAHDL Ta HEPiBHOCTE
(3 oziHIEIO 3MIHHOIO) TIEPIIOrO Ta JPYroro CTereHs 3 mapaMerpom. B repminax,
0 He BUXOJATHL 3a MeKi MPOrpaMHOro 3MmicToBoro mojynas «Mmuoxkunm ta ore-
palil HaJl HUIMKI» JIJIs VUHIB 8 KJacy 3 IOIJIMOJIEHMM BUBYEHHSM MaTeMaTHKH, B
CTATTSX 3aIPOIIOHOBAHO I'Pad-CXeMu Ta aJrOPUTMU J0 PO3B’sI3aHHSI PIBHSIHL Ta
HEPIBHOCTEl MEePIIOro Ta JPYroro cTereHs 3 IapaMeTPOM.

Metoro 1pejicTaBIeHOl CTATTI € BUCBITJIEHHS OJHOIO 3 MOYKJIMBHUX IIiJIXOJIB
JI0 JTOCTIJIZKEHHSA KBaJIpaTHOIO TpUYJjieHa, KOeIieHTH sIKOI'O MICTSTh IapaMerp.
OpHuM 13 3aBlIaHb — HABECTU IIOPA/IU METOIMIHOIO XapaKTepy II0/I0 BUBUYEHHSI
BIJIIIOBIJIHOINO MaTeplajly YUHIMM 3aKJ/a/I1B CEpe/IHbOI OCBITHU.

Kpim Toro, B poboTi HaBeIeHO aHAJITUYHI YMOBH, 1110 BU3HAYAIOTD I10JIOXKEHHSI
rpadika KBajgpaTHOro TpudieHa (3 KoedilleHTaMI 3aJe’KHUMU Bijl apameTrpa)
Ha KOOPJAMHATHIN IJTONMIIHI.
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1. Ilomepenni BimoMocCTi Ta 3ayBarKeHHSI

Hexaii n1ano kBajipaTHe PiBHIHHS

ar’+br+c=0, abceR, a#0 (1)
f(z) = ax® +bxr +c (2)
D = b* — dac (3)

TBepmxkenns 1. Ooudsa xopeni pisnanns (1) Giavwi 3a wucao X modi i avwe
modi, KOAU BUKOHYIOMBCA YMOGU

[ (a>0
J] TV =0
b
—5 > A
D2“>0 a-f(A)>0
s 7 —L2 > )
(a<0 D%0
) 1 <0 g
—L >
D=0
Y v ]
f(2) X
X
f(2)
Puc. 1: 5o tBepxkenns 1 (a > 0) Puc. 2: 10 teepmkenns 1 (a < 0)

TBepmxkenns 2. Obudsa kopeni pishanns (1) menwi 3a wucao X modi i auwe
modi, KOAU BUKOHYMBCA YMOBU

(a>0
< f(A) >0
b
— <A\
D2a>0 a-f(A)>0
>a<() _%<>\
>
) Fo) <o p=0
—L <A
| D>0
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Hacmigok 1. Kopeni pisnanna (1) maroms odnaxosi snaxu modi i auwe modi,
KOAU BUKOHYIOMBCA YMOBU

{a-f(o):a~c>0

D=0
Y A Y A
i \
f(2) X
X
f(4) /
Puc. 3: 10 tBepmkennst 2 (a > 0) Puc. 4: 10 teepmkenns 2 (a < 0)

TBepmxkenunas 3. Kopeni pisuanns (1) naneorcams npomioery (Ai; o) modi i
auute modi, KoAl UKOHYIOMBCA YMOBU

[ (a>0
f(A1) >0
{ a- f()\g) >0
)\1<—%</\2 a'f(>\1>>0
\D>O o a'f(/\2)>0
(a<0 A <=L <X
f(A) <0 D >0
{ a- f()\?) > 0
A < —% < Ay
R D >0
1% A v A
2 .
sl '
X (%)
f(%)
Puc. 5: 1o tBepxenns 3 (a > 0) Puc. 6: 1o tBepmxkenna 3 (a < 0)
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TBepmxkenns 4. Yucio A snazodumves mivic kopenamu pishanns (1) modi
Auwe modi, KoAU BUKOHYEMBCA YMOBA,

{a>0
g(i)(fo sa- ) <0.
{f()\)>0

Y Y
f(2) x
A X
f(2)
Puc. 7: no teepmxkenns 4 (a > 0) Puc. 8: jio0 tBepkenns 4 (a < 0)

Hacmigok 2. Kopeni pisnanns (1) maroms pisni 3naxu modi i auwe modi, kKoau
a-c<0.

TBepmxkenas 5. Tiavku Giavwud kopins pienanna (1) naseocumo npomiocky
(A1; A2) modi i awwe modi, Koau 6UKONYIOMBCA YMOBU

" (a>0

¢ f(A) <0
[ f(A2) >0 @{

(a <0
g f(A) >0
[ f(A2) <0

TBepmxkenrs 6. Tiavku menwutl kKopino pishanna (1) naseocums npomiocky
(A1 A2) modi i auwe modi, Koau UKOHYIOMBCA YMOGU

- [

a>0
s f(A) >0
70w <0 f

(0 <0
q f(M) <0
\f(>‘2)>0
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A A

A A

\4

Puc. 11: 5o tBepmxents 6 (a > 0) Puc. 12: 0 tBepmxkenns 6 (a < 0)

TBepmkennst 7. Bidpizox [Ai; Aa] snazodumvcsa scepeduni npomiocky migic xo-
peramu piskanna (1) modi i auwe modi, KoAUu SUKONYIOMBCA YMOBU

((a>0
q S(A1) <0
[ f(A2) <0 [ra-f(M) <O
(<0 a-f(A) <0
s f(A) =0

L (f(A) 20

Y A A
\’11 ’12/ R X
N2
Puc. 13: 1o tBepmxennsa 7 (a > 0) Puc. 14: 1o tBepmxenns 7 (a < 0)
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2. OcHOBHA YacTHHA

OszunavenHst 1. Pisnanms sudy
f(a)-2* +g(a) -+ h(a) =0, (4)

de f(a),g(a),h(a) — Pynruii 6id (napamempa) a, 6ydemo Haszusamu picHAH-
HAM CMeEnens ne Oiavwie 2 3 napamempom a, abo e, KOPomko, Keadpammum
PIGHANHAM 3 NAPAMEMPOM. G .

BeesemMo HacTynHl 103HAYECHHS:
Dy — obmacrs Busnadenust dbyuknii f = f(a) (ax dyuxuil Big napamerpa a );
D, — obnacrs Busnadenus dyukuil ¢ = g(a) (ax dynkuii Big napamerpa a );
D, — obnactsb BusHauenus dhyHkiil h = h(a) (sx dyHKIil Bijg mapamerpa a );
Dign=DrN Dy Dn —
obstacTh jonycrumux 3Hadens mapamerpa a — O3II piBasaus (4);

Q(z) = f(a) - 2* + g(a) - = + h(a);
D(a) = (9(a))” = 4- f(a) - h(a).

BayBaxkennsi 1. Ockiavku posse’askamu nepienocmet D(a) < 0 ¢ Q(A) < 0
VA € R (de <X — 00un i3 4omupvox 3HAKI6 NOPIGHAHHA: >, =, <, <) Mo-
AHCYMB OYMU BUKAIOUHO SHAUEHHA NAPAMEMPA G, WO HaseHrcamsb Dy gp, mo 6
KOICHIT 13 cucmem wudicue, axi micmamos nepishocmi D(a) =0 i Q(A) <0 iz
ocHawenHs 000amrosoo ymoeorw a € Dy ,j € HA0AUWKOBUM.

IIpome caid 3aysasicumu, wo Jdocums NOWUPEHON NOMUAKONW € HEYSAHCHE
po3e’azanna nepisnocmets Q(N) < 0 npu nesnux A, xoau f(a) i g(a) ma/abo
f(a) i h(a) ma/abo g(a) i h(a) <nawedbmos» 63aeMO3HUWYIOMBCA.

Teopema 1. O6udsa kopeni pisnarns (4) 6iavwi 3a wucao A modi i auwe modi,
KOAU BUKOHYIOMBCSA YMOBU

f(a)(' )Q(A) >0
g(a

"2
D(a) =0

Teopema 2. O6udsa kopenri pieHannsa (4) menwi 3a wucio X modi i auwe modi,
KOAU BUKOHYIOMBCSA YMOBU

f(a)(' )€2(>\) >0
g(a

2f(a) =
D(a) =0
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Hacmigok 3. Kopeni pisnanna (4) maroms odnaxosi anaxu modi i auwe modi,
KOAU BUKOHYIOMBCA YMOBU

{ f(a) - Q(0) = f(a) - h(a) >0
D(a) >0

Teopema 3. Kopeni pisnanna (4) naresrcams npomioiexy (A1 Xa) modi i auwe
modi, KOAU GUKOHYIOMBCA YMOBU

Teopema 4. Yucao A s3nazodumuvces mioie Kopernamu pishanms (4) modi i auwe
modi, KoAU BUKOHYEMDBCA YMOBA

fla)-Q(A) <0.
Hacmigok 4. Kopewi pisnanns (4) maroms pidni 3naxu modi i auwe modi, Koau

{ f(a)-h(a) <0
ac€ Dy

Teopema 5. Tiavku Oiavwutl Kopino pieHAHHA (4) HAAEHCUMD NPOMINHCKY
(A1; A2) modi i avwe modi, Koau 6UKOHYOMBCA YMOBU

{ fla)-Q(\) <0
fla) - Q(A2) >0

Teopema 6. Tiavku menwutdl Kopinb pisHanns (4) HaieoHcumb NPOMINHCKY
(A1; A2) modi i awwe modi, Koau 6UKOHYIOMBCA YMOBU

{ fla)-Q(\) >0
fla) - Q(A2) <0

Teopema 7. Bidpizox [A1; \a] 3naxodumuvcsa ecepeduni npomiscky Misc KopeHi-
MU pienanna (4) modi i auwe modi, KoAu BUKOHYIOMBCA YMOBU

{ fla)-Q(\) <0
fla)-Q(A2) <0
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2.1. 3HadYeHHd mapameTpa, 10 BU3HAYAIOTh ITOJI0XKEHHS IrpadiKa KBa-
ApaTuvyHol MYHKIIII BiJHOCHO oceiil IPSIMOKYTHOI (JeKapToBoi) cucremMu
KOOPANHAT

Hexaii 3a/1aH0 KBapaTHUil TpUdIeH

y = f(a) 2+ g(a) - = + h(a), (7)

ne f(a),g(a),h(a) — dyukuil Big (mapamerpa) a.

OueBUIHOIO € JIOMIJIBHICTH JIOIIOBHEHHsI HaBeIeHOI y BCTyI Kiacudikaliii
OCHOBHUX 3aJa4 Ha JIOCJIKEHHsI KBaJIPATHOI'O TPUUIeHa 3 KoedillleHTaMu, 3a-
JIEPKHUMHI BIJ[ ITapaMeTpa, Ie OJHUM THUIIOM 3aJlad, a caMe: 3HaUmu 3HaueHH.A
NAPAMEMPa, U0 GUIHAYAIOMD NEGHE NMOAONCEHHA 2Padika K8adpamuwHoi PyHKULi
6I0HOCHO oceti npamoKkymHoi (dexapmosoi) cucmemu Koopduram.

Hurkue HaBesieHO BUINOBIIHI aHaiTHIHI yMoBU it BunaKis 1)—13) (puc.
15) posramysannst rpadika Keajparuunoi byukuii y = f(a)- 2%+ g(a) -z + h(a)
BIJITHOCHO KOOD/IMHATHUX OCeli MPSIMOKYTHOI JIEKAPTOBOI CHCTEME KOOPMHAT (Ha-

naqi — ITJICK).

( f(a)>0 fla) >0 ( f(a)>0 ( fla)>0
. D(a) <0 2. ¢ g(a)=0 3 4 D(a) <0 4 4 D(a)=0
g(a) <0 h(a) >0 g(a) >0 g(a) <0
L h(a) >0 [ h(a) >0 L h(a) >0
(f(a)>0 [ f(a) >0 ([ f(a) >0 ( f(a) >0
5. 1g(a):0 6 o D(a) =0 7 4 D(a) >0 8 ¢ g(a)<0
h(a) =0 "] g(a) >0 "] g(a) <0 [ ~(a) =0
| A(a) >0 [ h(a) >0
f@>0 (f@=0 [ f)>0 f(a) >0
9. ¢ gla)<0 10. ¢ g(a)=0 11. ¢ g(a) >0 12 g(a) >0
h(a) <0 | A(a) <0 | h(a) <0 h(a) =0
f%%>0
D(a) >0
E
h(a) >0

BHaXOJIKeHHsI BI/IMOBIIHIX aHAITHIHIX YMOB Jijist Bunakis 1) —13") (pos-
TalyBannsa rpadika kpajparuunoi yukiii y = f(a)-2?+g(a)-z+h(a) BigHocHo
koopauHaTHux oceil [IICK — puc. 15) nmporonyeMo B IKOCTI BIIpaB Jjisi IIPOBE/Ie-
HHA CaMOCTIHNX JIOCJIIJI?KEHb.
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X X X X
I > > Ll >

X
1) 2) 3) 4) 5)
Y A A Y A Y A Y Yt
L X X X X
X o/ \./ \
6) 7) 8) 9) 10)
A A A
Y Y Y
X X X
11) 12) 13)
A v X % A X % A X A % X % A X
1) 2) 3) 4) 5)

Y A A 4 A A
TT—X» ;0\ X, Ty X, Y,A\X= };\ X,
6) 7) 8) 9) 107)

A A A
Y h X, 4 X, ,o< X,

11°) 12)) 13))

Puc. 15: CyrreBo pisHi posrarnryBanHs rpadika KBaIpaTuIHO! (PyHKITT
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2.2. Meroan4Hi 0cOOJIMBOCTI JOCIiI>KEHHsI KBaAPATHOIO TPUYJIEHA

Cruparoduch Ha BJIacHUII OaraTopidyHmUil JOCBiJ BUKJIQJaHHS MaTeMaTHKH B
KJlacaxX MaTeMaTUYHOI'O MpOodiI0, aBTOPH BBaKaloTh, IO He JOIIJILHO BUMara-
TU BiJl YUHIB 3amamMm STOBYBaHHs BCIX TeOpeM, sKi OXOILIIOIOTH OKPeMi BUIIaJIKU
B3a€MHOI'O PO3MIIIEHHSI KOPEHIB KBaJIPATHOI'O TPUUIEHA.

JlocTaTHBO OOMEXKHUTHCH PO3IVISJIAHHSIM TPHOX TEOPEM, IepIly 3 SKUX BUH-
TeJIb MOXKe CpOPMYJIIOBATH PA30M 3 YUHSIMU, & JIBl HACTYIIHI CJIiJ] 3aIlIPOIIOHYBaTH
VUHAM OTPUMATHU B PE3YJIbTATI IPOBEICHHS CAMOCTINHHOI JOCIIHUIIHBKOI POOOTH:

Teopema 1. Kopeni kpajiparnoro Tpudiena f(z) = ax?+bx+c Haneskarnb
npoMiKKy (d;e) Tomi i Jjimie Toji, KoJm

( b2 — dac >0
a-f(d)>0
\ a-f(e)>0

b
d< —— <e.
\ 2@ €

Teopema 2. Kopeni kpajparnoro rpuusena f(x) = az? + br + ¢ Giabimi
3a 9UCI0 d TOJI 1 JIMIIIe TOJIi, KOJIN

b2 — dac >0
a-f(d)>0
b

—— > d.
2a

Teopema 3. Yuciio d 3HAXOAUTHCA MIZK KOPEHSIMU KBA/IPATHOIO TPUY/IEHA
f(z) = ax?® + bz + ¢ Toxi i smie Toi, KOs

a- f(d) <0.

3ayBakeHHd. Busuennst meopemu 1 i1 JIONOBHAUTH PO3LJIsiJIOM BUIIAJIKIB
[d;e), (d;e], [d;e]; meopemu 2 — PO3rIsSOM BUIIAJIKIB: HE MEHINE 3a YUCI0 d;
MeHIIIe 38 YUCI0 d; He OlibIe 3a 9ucjao d.

15t yaHiB OLJIBINT BaKJIUBUMU € HE caMi TBeP/?KEHHS Ta 1X 3allaM’ sITOBYBaHHI,
a crocodn X OTPUMYBaHHSA Ta Ti MIpKYBaHHA, SKi JIO HUX HPUBOJATHL. Takmii
MiJIX1T cripusie OLIBIT CBIIOMOMY 3aCBOEHHIO YYHAMU HaBYAJLHOIO MaTepiaty i
dopMy€e y HUX HABUUIKHU JOCJITHUIIBKOI TisSIIbHOCTI.

Bucaosku

BparkaeMo, 110 3alIpONOHOBAHMI IIIXiJ 0 JOCHIIXKEHHsT KBaJIpaTHOI'O TPU-
YJIeHa Pa30M 3 METOJNYHUMU 110pa/laMu 010 3aCTOCYBaHHS 1OI0 B HaBYaJIbHOMY
nporeci OyayTh KOPUCHUMU SIK JIjIsl BUMTE/IIB MaTeMaTUKM, TaK 1 JJId YUIHIB I
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Jac BUBYEHHs BIJIIIOBIJIHONO MaTepiajy Ha ypoKax, Ha 3aHATTAX MaTeMaTHIHNUX
I'YPTKiB, (paKy/JIbTaTUBIB, B MPOIIEC] MiATOTOBKH JI0 IiJICYMKOBOI aTecTallil, 30BHi-
IIHBOI'O He3aJIe?KHOT'O OIIHIOBAHHS, KOHKYPCIB, OJIIMITIaI.
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Kadubovs'kyi Oleksandr A., Besedin Boris B., Bilous Mykhailo A.
Donbas State Pedagogical University, Slovians’k, Ukraine.

To tasks for the study of a quadratic trinomial with coefficients that
depend on the parameter

The article highlights a possible approach to the study of quadratic trinomials,
whose coefficients contain a parameter. Some kind of methodological advice on
the study of relevant material by students of secondary education institutions is
provided. The analytical conditions that determine the position of the graph of a
quadratic trinomial on a coordinate plane are given.

Keywords: quadratic trinomial, quadratic equation, parameter, location of
roots, location of a parabola on a coordinate plane.
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OCHOBHI HAIIPIMU PEAJII3AIIIL
IMPUKJIAJTHOI HATIPABJIEHOCTI KYPCY MATEMATUKN
B OCHOBHI ITIKOJII

EdexTnBaNM 3ac000M ITi/IBUIIEHHST TBOPYOI AKTUBHOCTI YYHIB HA YPOKaX MaTeMaTHKH € IIPH-
KJIQJIHI 3aBJaHHdg. Y JIaHiil cTaTTi HATOJIONIEHO Ha aKTyaJli3allil MPUKJIaTHOI CHPsIMOBAHOCTI
HIKIJTbHOTO KYyPCY MaTeMaTUKU, Ha JONLIHLHOCTI (DOPMYBaHH B YUHIB YMiHb 3aCTOCOBYBATHU Ma-
TEeMaTUKy B IOBCIKJ/ICHHOMY KUTT1; BU3HAUEH] NMUIAXHU peaJii3allil MPUKJIaJIHOI HalpaBJIEHOCTI
Ha YPOKax MaTeMaTUKH B O — 9 Kiracax.

KarouoBi cioBa: npuxaadna 3adava, npuksadia cnpamosanicms, WKIAGHUG KYPC Ma-
MEMAMUKY, NPAKMUYHAG POOOMA.

Bceryn

OnuM 13 JiieBux Ta epeKTUBHUX 3acOo0iB peasiizalil MPUKJ/IaHOl CIIPIMOBa-
HOCTI KypCy MaTeMaTHKN € BUKOPUCTaHHS B HABUAJBHOMY IPOIEC] MPUKIAIHIX
3aJ1a4, sIKi BUHUKJIM B IHINNX TaIy34X, ajie MOTpeOYITh MaTeMaTHIHOrO PO3B’s-
3aHHS.

Bukopucranisg TpuKJIaIHAX 33029 11T 9ac BUBUEHHS MaTeMaTUKN € BaryK/IU-
BUM ACIIEKTOM CBIJIOMOT'O CIIPUITHATTS HABYAJIBHOI'O MaTepialy YUHAME, aJ7Ke ca-
Me TIpUKJIa/IH] 3a/1a4] BUKJIMKAIOTh aKTUBI3allll0 PO3YMOBOI JIisl/IbHOCTI, CIIPUAIOTH
BUHUKHEHHIO OCOOMCTUX MOTUBIB HaBYAHHSI. 3aJadi, SIKI MICTATH HOBI BIJIOMOCTI
3 PI3HUX YKUTTEBUX TaJiy3eil, pO3BUBAIOTH IHTEPEC 1 JONMUTINBICTb.

[Ipobsiema 3abe3rieveHHs TPUKJIAIHOT HAITPABJICHOCTI HaBYaHHs B3araJi, Ma-
TeMaTHUKN 30KpeMa, 0e3 1mepedi/IbIeHHs € Ha 3BuYaiino akTyaabHoo. B ymoBax
paJInKaILHOrO pedpOpMyBaHHS OCBITH B YKpaiHi OpI€EHTOBAHICTbL HABYAHHS HA
JIMTUHY, Ha CBIT dKuii 11 oTO4ye, Ha 11 HMOBCIAKJIEHHE KUTTS € HallBarKJIMBIIINUM
3aBJIaHHAM ocBiTH. JI10/IMHa 3/1aTHA CBIJIOMO 3aCBOIOBATH HAacaMIIEpPE/l Te, 10 Ma€
ab0 MaTUMe 3aCTOCYBAHH, 10 OB d3aHe 3 11 MPaKTUIHOIO JTis/IbHICTIO. ToMy Te3a
«Matemaruky Tpeba BUUTH Tak, 100 BMITH 11 3aCTOCOBYBATU», AKY BHUCJIOBJIIO-
BaJIl Bigomi MareMaTuku i mejgaroru, 3okpema [ .®poitngentans, A.Jl. Mumkic,
B.I.ApHoJjibj1, € aKTyaJIbHOIO JIjIsT BITUN3HSIHOI KO sIK HiKOJIN.
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[IpukJiajaa HampaBIeHICTh MIKIILHOIO KypCy MAaTEMATUKH, sIK MPoOJIeMa STKY
Tpeba po3B’s3aTH i sIK MeTa HaBYaHHs MaTeMaTHIll, 3a3ByJaJja B «Konnemnmil Ma-
TeMaTHIHOT OcBiTH 12-pivnol mikosmy [1], B «Kowuentiii npodiibaoro HaBuants B
crapiiii mkosi» 2], B «/lepxkaBHomy crangapri 6a30B0i cepeHbOI OCBITH: OCBi-
THs rajay3b Maremarnkas [3], B mporpamax 3 MaTeMaTHKHU JJIs CePeIHBOT MTKOJTH
1 IHIINX JIOKYMEHTaX.

B ncuxosioro-mearoriaui it MeToMIHI JIiTEpaTypl 3yCTPIiUaIOThCA Pi3Hi Tpa-
KTOBKU IOHATTS «IIPUKJIaJIHA HAIPABJIEHICTbY 1 «IIPUKJIA/HA HAIPABJIEHICTh Ha-
BuaHHs». Tak, Hanpuksaj, FO.M. Kossrinum i B.B. Ilikan 6ys10 jjaHo HacTyiiHe
o3naueHHs: «IIpukiiajina HaIpaB/IeHICThL HABYAHHS MaTEeMaTHKU — 1€ OPI€HTAIIisI
3MICTY 1 METO/IIB HaBYaHHA Ha 3aCTOCYBaHHdA MaTeMaTUKWU B TEXHII 1 CyMIZKHUX
HayKax; B IpodecCiitHiil AisJIbHOCTI; B HAPOJIHOMY I'OCIIOAAPCTBI 1 B 0uTy». B 1mpomy
O3HaYeHHI MOBa Iijie TPO HABYAHHS, ajie He BKa3aHO 00’€KT HaBYaHHSI, TOOTO KOI'O
HaBYAIOTH. KpiM TOro, mepesik rajgyseil 3aCTOCyBaHHs MaTeMaTHKU MOyKe OyTu
HECKIHYEHHO TTPOJOBKEHO0. ToMmy OLIbIN KOpeKTHUM Oysio O caMe Take O3HAUYCH-
ns: «[Ipukiagna HampaBieHicTh HaBIaHHI MaTEMATHKN — I1e OPIEHTAIS 3MICTY i
METO/IIB HaBYaHHS Ha 3aCTOCYBaHHSA YUHAMHU MaTeMaTUKN B I103aMaTeMaTHIHIX
rajly3sx».

Metoro cTarTi € BUSHA4YEHHSI NIJISIXIB BJIOCKOHAJIEHHST MaTeMaTUYIHOI 111/ II'0TOB-
KU IKOJISAPIB 3a JIOIIOMOI0I0 peaJii3allil B X0/l HaBYaJbHOI'O IIPOIecy IPUKJIaIHOL
HallpaBJIEHOCTI.

OcHOBHA 4YacCTHHA

PoJib 3a/1a4 B HaBYaHHI MaTeMaTUKN BeJIUKa. Dijbllle MOJOBUHN HaBYabLHO-
r'o 4acy, BiJBeJIeHOTO Ha 1eil 1peaMeT, e Ha BUpIIIeHHS 3aJa4, IPaKTUIHO Ha
KOXKHOMY eTalll YPOKY y9HI BUPIIIYIOTh PI3HOMAHITHI 3aBiaHHg. A B Kjacax MO-
JIOJIIIIOTO 1 CEPeJIHBOI JIAHKU HaBITh 1OsICHEHHSI T€OPI1l B OCHOBHOMY JIA€ThCs Yepes
3aBjlanigd. Pimenns mareMaTnIHux 3a/1ad € JOCATHEHHSAM BCIX ILIeil HaBYAHHS.
Ocb YoMy BOHU MalOTh BeJIUKe 1 6araToCcTOPOHHE 3HAUCHHS.

B npoanaJsizoBannx Mmiapydnnkax MaTeMaTuKu o — 6 KJaaciB 3nadHa 9acTuHa
CyJaCHUX CIOYKETIB 3aJ1ad OB d3aHa 3 Ka3KOBUMHU reposdmu. Lle mosgcHIoeTbes TuM,
[0 B IILOMY BiIll y4HI IIle HEe MaloTh JOCTAaTHbO 3HAHb 3 PI3HUX cdep 3acToCyBa-
HHS MaTEeMATUKN Ha MPAKTHUI Ta B PI3HUX Taay3dX HAYKW 1 TEeXHIKUA. 3BUYAHO
B IIpyYHUKax o — 6 KJjaciB € 3a/ladl-po3paxyHKH, B OCHOBY $IKHX IIOKJIaJIeHO
3aJIe2KHOCT1 MI2K BEJIMYUHAMU, sK1 YACTO 3YCTPIYAIOTHCA B YKUTTL, — MI?K KOMIIO-
HEHTaAMU PYXY; MIXK IIHOIO, KIJBbKICTIO 1 BApTICTIO; MIK HPOJIyKTUBHICTIO IMPalli,
JacoM pobOTH 1 0JIepyKAHOIO MTPOAYKIIIEIO; PO3ZPAXYHKHI Jacy; 3HAXOKEHHs TePH-
METPiB, IJIOI; OOYNCJIEHHS BUTPAT PI3HUX MaTepiaJsiB TOIIO.
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[Ipore 371€61/1bII0I0 384841 PI3HUX CIOYKETIB, 1110 MalOTh OJIHAKOBI MaTeMaTHIH]
3aJIE2KHOCTI MIK BEJIMYMHAMU, a OTXKe, 1 PO3B’I3YIOThCA 3a JOIMOMOTOI0 OJITHAKO-
BUX MaTeMaTUUYHUX MOJeJell, po3IJIsaloThCsl BIJOKPEMJIEHO OJHa Bij OJHOI, 0e3
aHaJ I3y CILIBHUX 1 BIAMIHHUX puC, TOOTO O€3 HaJIeXKHOI CHCTEMIU.

[Tinpyunukn «Maremaruka 5» Ta «Maremaruka 6> A.I. Mepsisik, B.B. Tlo-
norcbkuit, M.C. fAKip MicTITh BeJIMKY KiJIbKICTb NPUKJIAIHIX 38184, CepeJl IKUX €
3aJ1a4i oB’s13aHi 3 reorpadiero YKpainu, 11 momero, pecypcami. Ajie B X i
pPyUYHHKAX HeMa€ NpaKTUIHUX 3ajad. bararo Tem B HiAPYyYHHKAX I0sICHIOETHCSI
CIIIPAIOYNCh Ha, MHOBCAKJICHHE KUTTA JIIOAWMHU, 30KpeMa YUHIB. PoskpuBaeThcs
HEOOXITHICTb MUX 3HAHB JIJIsl I0JIAJIbIIOI0 CYCILJIBHOTO YKUTTS 1 HABUYAHHSI.

B migpyunuky «Maremartuka 6» I'.1I. Bers, B.I'. beB3 npejcrasiena sennka
KIJIbKICTH 3a/a4 IPUKJIAIHOTO XapaKTepy. SMICT IiJIPYIHIKA TICHO OB’ si3aHUil 3
YKPalHCbKOI0 MOBOIO, YKPalHCHbKUM II00YTOM, 3 iCTOpi€lo 1 reorpadieto YKpainu.
Takok B HiIPYYHUKY € YUMAaJIO 1 3arajibHOJIIOJICLKOrO, 30KpeMa I10B SI3aHOI0 3
JKUTTSIM HAIAX CYCIIiB, ajie HaiiOlablie — Ipo yKpalHIiB. ABTOPH CKJIAJIM IIijI-
PYYHUK TAKUM YUHOM, 11100 Ha ypOoKax MaTeMaTUKU 3aBJSKN HbOMY MOYKHa OYJI0
0 BUXOBaTH IATPIOTUYHI HOYYTT YKPAIHIIB, I IPU ILOMY 3alliIKaBUTU YUHIB BU-
BUYEHHIO IILOT'O IIpEeIMETY.

i >k aBTOpU B CBOEMY MIAPYUYHUKY «l'eomeTpis 7» OKpeMoO BUJILIAIOTL Ipa-
KTUYHI 3aB1aHHs. BoHN He cTLIbKN OB’ A3aHH 3 YKUTTEBUMU CUTYAIIAME, CKITHKI
JIoIoMaraloTh YIHEB] Kpallle 3po3yMiT MaTepiaJl 1o BuBdaeThed. [Ipn Bukiaien-
HI HOBOI'O MaTepiajly aBTOpHM HaMaraJucs IOSICHUTH Jie caMe B IOBCIKJIEHHOMY
JKATTI MOXKHA 3YCTPITU Te IO BUBYAETHCA 1 JIe OTPUMAaHI 3HAHHA MOXKYTH OyTH
BUKOpUCTaHI. Ajle TaKUX IMOsSICHEHB He JIyzKe bararo.

Y miapyunuky «Asreopa 7» [.II. Bers, B.I'. BeB3 menIie npukiajinnx 3ajiad,
aJie 3aIlpoIllOHOBAHO HOBHUII BUJ BIIPaB, CYTh SKOT'O IOJATAa€ B TOMY, IO yUIHAM
Tpeba caMOCTIITHO CKJIACTU 3a/1a4dy, siKa BiIIIOBIIa€, HAIIPUKJIa/l, CCTEeM] PIBHSIHD.
[Ipu posB’sa3anHi 3aBIaHb TAKOT'O TUILY YUHI MOXKYTb Kpallle 3p03yMITH, 110 KOXKHY
CYyTO MaTeMaTU4IHYy 3a/Ja9y MOXKHA IOB’sI3aTU 3 peaJIbHIM YKUTTSIM, 3 1100YTOBOIO
i nmpodeciiinoto nisibHicTIO. 1106 MosiermuT 3aBgaHHs TaKOrO TUITY, I YIHIB
IIPOIIOHYIOTHCS MAJIIOHKM, BUKOPUCTOBYIOUN SKI BOHU 1 3MOXKYTb CKJIACTU TaKy
3ajauy.

[Tinpyunukn «Asredbpa 8> ta «Asredbpa 9» A.I'. Mepask, B.B. ITosoncekunit,
M.C. dxip npugiisiioTh yBary BCTaAHOBJIEHHIO MiXKIIPEJIMETHUX 3B’sI3KiB 1 (hopmy-
BAHHIO HABIYOK MPAKTUIHOTO 3aCTOCYBaHHA BUBUEHOI'O TEOPETUIHOTO MaTepiay.
Psan 3apmanb 1moOynoBaHO Ha (PaKTUUIHOMY TEOPETHYHOMY MaTepiasi 3 IHIIIX
MIKLIBHUX [IPEJIMETIB, CUTYyallidX 3 PI3HUX cdep eKOHOMIKHU ii BUPOOHUIITBA.

158 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Becenin B.B., Jliorotep T.O. Hanpsimu peaJrizarii npukJiafHOI HAIIPABJJIEHOCTI ...

B nmigpyunuky «l'eomerpig 9» 1mux »Ke aBTOpPIB cepeji BCIX BIpaB 3aITpPOIIO-
HOBAHUX YYHAM JIJIsi PO3B’si3aHHSI, OKPEMO BUJILJIEHI NMPaKTU4IHI pobOTH, AKi He
MaIOTh »KOJIHOTO 3B’$I3KY 3 »KUTTsIM. AJie cepeji IHIINX BIIPaB, X04 i He Oarato,
3yCTPIYalOThCs JIyzKe HIKaBl IPUKIaIN, Kl MaloTh IPUKJIaJIHII XapaKTep Ta MixK
IIpeJIMETHI 3B’ I3KM.

TakyuM 4YMHOM, B HaBYaJbHUX IIporpaMax 3 MaTeMaTUKH JJjisd 5 — 9 KjaciB
CTaBUTLCA 3ajlada IMOCUJIEHHS MPUKJIAIHOI HAIIPABJIEHOCTI Kypcy MaTeMaTUuKH.
Anastis miapydHuKiB MaTeMaTukn b — 6 Kiacis, aarebpu 7 — 9 Kiacis, reomerpii 7
— 9 kJ1aciB 1oKaszaB, MO B HUX MICTUTHCA JOCTATHS KIIbKICTH HPUKJIAIHIX 38144,
MiKITpeMeTHIX 3a1ad. [IpakTudani podboru Maiizke He mpejcranieni. Hejgocrarne
BKJTIOUEHHS MPAKTUIHUX POOIT B 3MICT MiJPYIHUKIB 1 BIACYTHICTH SIKOI-HEOY/IH
cxeMu iX IPOBEJIEHHS He 3POOMJIO IOKHU IPaKTHIHY POOOTY peasibHUM 3aco00M
MOCUJIEHHS ITPUKJIA/IHOI CIIPSIMOBAHOCTI.

Ha ocnHOBI amajizy NCHXOJIOTO-TIEJATOTIYHOI  JITEpaTypH, MiJIpYyIHH-
KiB Ta HaBYAJbHUX IporpaM HaMu Oyau chOpMyIbOBaHI OCHOBHI HAIIPSAMMU

peaJiizalil IPUKJIAIHO] HAIITPABJICHOCTI KYPCY MATEMATUKNA B OCHOBHIN MIKOJII.

1. Buropucranns B nporjeci HaBYaHHs TIPUKJIaHIX 3a/1a4.

e € romoBunii 3acid peasiizaliii TPUKJIaIHOI HAIIPABJIEHOCTI KypCy MaTeMa-
tuku. [Ipukmaganvm 3ajgadamMn B MaTeMaTUIl HA3UBAIOTh Ti 3a/1a9i, YMOBHU AKX
MICTITh HEMaTeMaTUYH] TTOHSTTSI.

st Toro, mob npukKaagHI 3ajadi JificHo Oy/am Jjis yUHIB 3ajladaMu, a He
BIIpaBaMu, HeOOX1JIHO, 0O BOHU BUMAra/i BiJ yIHIB TiepebOpMYTIOBAHHS, JTOBH-
3HaYEHHs, HOCUJIN JIOC/ITHUIIbKIIT XapaKTep.

i 3aga4i, TpeIcTaB/IAI09H JIjId YUHIB TeBHI CKJI/HOIII, aKTUBYIOTH 1X PO3Y-
MOBY JSJbHICTD. B mporeci po3s’sa3anisd TPUKIAIHUX 339 yIHIM He0OXiTHO
JIOJIATU TPYJIHOIN] PI3HOMAHITHOIO XapakTepy: IM HeoOXiJHO 3’scyBaTu siKi Iia-
paMeTpu MOXKYTb BILIMBATU Ha ONUCAHY B TEKCTI 3aJl@9Hy CUTYallllo, SIKl 3 11X
napaMeTpiB JIIICHO BILUIMBAIOTh Ha HeEI 1 g9K1 3 HUX CYTTEBI, & TaKOXK Ha CTLIbKU
MaJil, 110 HUMU MOXKHA 3HEXTYBaTHU.

Tomy 11pu po3B’sI3aHHI TPUKJIAIHUX 33249 HEOOX1JIHO J1y>Ke peTebHO 00r0BO-
proBaTH YMOBY 3aJa4l, BUJLIATA KOXKHY 3 IIYKaHUX 1 JIAaHUX BEJIMYUH, TIIOTE3Y,
3BEPHYTH yBary Ha aJeKBaTHICTb MaTeMaTUIHOI MOJIEJI, BMITH I1epeBIpsATH OTPU-
MaHi PO3B’sI3KH Ha IIPeJIMeT BiJIIIOBIAHOCTI 3 BUXiJHOIO cuTyali€e. Bei i MmomeHTH
3aB¥K/I1 BUKJIMKAIOTH CKJIQJIHOII] Y Y4YHIB, & OBOJIOJIIHHS HUMU JIOIIOMOXKE 3aCTO-
COBYBaTHU CBOI 3HaHHY 3 MaTeMaTUKN 3a 11 MezKaMU.

2. BaJjydeHHs JI0 3MICTY HaBYaJbLHOI'O MaTepiajy MpaKTHIHUX POOIT.

[IpakTuaHi pobOTH € BasKJIMBOIO JIAHKOIO MizK IIPAKTUYHOIO JisSIIbHICTIO YIHIB
i peaJtizaltiero IpUKJIaIHOT CIIPSIMOBAHOCTI BCHOro Kypey MaremaTuku. Came B X0
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NPAKTUYHOI JIsJIBHOCTI YUH1 OBOJIO/IIBAIOTH TUMU 3HAHHSAMU, BMIHHSAMU 1 HABUYIKa-
MU, sIKi MOXKYTb OyTH HEOOXiJHI B HMOBCSKJIEHHOMY KHUTTi. 3aCTOCYBAHHsI 3HAHB
Ha MPaKTUIl € OJIHIECI0 3 HallBayKJMBIIMINX JIAHOK HaBYaHHS 1 B TOI »Ke 4dac 3a-
BEPIIAJLHIM €TallOM B IIPOIEC] OBOJIOJIIHHS YUHSAMU CHUCTEMOIO HAYKOBUX 3HAHb,
YMiHb 1 HABUYOK.

B cyvacHiit mKoJi TpakKTUYHUM POOOTaM He NMPUJILISIOTH JOCTaTHHO yBaru.
Xoua Taki poOOTH MalOTh BeJMKE BUXOBHE 1 HaByajbHe 3HadeHHdA. [IpoBemenHst
HPAKTUIHIX POOIT 3 YUIHIMU BHOCHUTH PISHOMAHITTS B YPOKH MaTeMaTUKHU; IIijI-
BUIIyE aKTUBHICTH 1 CAaMOCTIIiHICTh YYHIB Ha YPOIll; CIIPUsE MIJBUIIEHHIO SKOCTI
3HAHb YYHIB 3 MaTeMaTUKN; POOUTH abCTPAKTHI TEOPETUYHI MOJIOKEHHS 3pO3YMi-
JIMMHU, JOCTYITHUMU, HAOUHUMH.

BukoHaHHSI IpaKTUIHIX POOIT BUMAarae Bij yUHIB BMiHHSI PO3B’si3yBaTH CTaH-
JlapTHI HaBYaJIbHI 3aJa4i, 1HAKIIe PO3B’si3aHHsI CTaH/IApPTHOI 3aJiadl B paMKax
MPaKTUIHOI poOOTU Beje JI0 HEBUIIPABJIAHUX BTPAT dacy Ha IOJ0JIaHHsS CYyTO Te-
XHIYHUX CKJI&/IHOCTEN 1 IPU3BONTL JI0 PI3KOI0 3HUKEHHIO 3alliKaBJIEHOCTI.

ChopMmysiroeMO BUMOTH J0 BiJIOOPY 3MICTYy HPaKTHUIHUX POOIT, BUKOHAHHS
SIKUX JIO3BOJINTH IHTEHCUBHO (DOPMYBATH ITPUKJIATHI BMIHHS 1, TUM CaMUM, I1iJIBU-
IIATH TPUKJIAIHY CHPAMOBAHICTL KypCYy MaTeMaTUKU:

® OpraHivHMil 3B'130K 3 MaTepiajoM IO BUBYAETHCS;

® 3MICT IPAKTUIHOI pOOOTH MMOBUHEH OYTH MOB'SI3aHUM 3 KUTTEBUM JIOCBIIOM
VUHIB;

® 3MiCT ITOBUHEH BUMAaraTu 1epedopMyJIIoBaHHS 1 JIOBU3HAYCHHS;

® BUXi/IHI JaHHI B MPaKTUYHIN PoOOTI He MOBUHHI OyTH 3a/aHi SIBHO;

® 3MICT MPaKTUYHOI POOOTH TOBWHEH OyTH TaKUM, 00 BUKOHAHHS BHUMaraJo
B/l YUHIB He MaTeMaTUIHUX JIiii;

® 3MiCT MPAKTUIHOI pOoOOTH MOBUHEH BUMAraTH BiJi YUHIB 3BEpHEHHS JI0 METO-
JIIB MAaTEMaTUIHOT'O MOJIETIOBAHHS;

® 3MiCT IPaAKTUYHOI poOOTH IMOBMHEH HAILIIOBATH YUYHIB Ha HAOYTTs HOBOI'O
CTII0cO0Y MPAKTUIHOI JIsIIBHOCTI 1T MaliOyTHROTO 11 3aCTOCYBAHHSI.

Bukonanng BCiX IMUX BUMOI MOBUHHO CIPUATH aKTHUBI3allil Mpolecy HaBda-
HH¢, TTOCUJIEHHIO 1IHTepecy J0 BUBUYEHHS MaTeMaTUKN, PO3YMIHHIO 11T ITPaKTUIHOL
KOPHCHOCTI.

3. PeaJtizariist B 1porjeci HaBYaHHsI MI>KIIDEIMETHIX 3B sI3KIB.

MixknipeiMeTHI 3B’I13K1 B MKIJIbHOMY HaBYaHHI € KOHKPETHUM ITPOSIBOM 1HTE-
I'PAITHUX MTPOIIECIB, 5K BIIOYBaIOTHCA CHOT'O/IHI B HAYII 1 B 2KUTTI cycmiibeTBa. Li
3B’SI3KU I'PAIOTH BaXK/IMBY POJIb B MIBUIICHH] TPAKTUIHOI 1 HAYKOBO-TEOPETUIHOT
MiJICOTOBKM YYHIB, CyTTEBOIO OCOOJIMBICTIO SIKOI € OBOJIOJIIHHS IIKOJISIPaAMH y3a-
raJbHEHUM XapaKTepOM I13HaBAJIbHOI JIsJIbHOCTI.
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3acTocyBaHHS MIKIIPEIMETHUX 3B’g43KiB Ha ypOKax MOXKe BIIOyBaTHCs TIO
pizHomy. Ile MOxKyTh OyTH iHTErpoBaHI YpOKH, MOKe OYTH 3ajadi IOB s3aHI 3
PIBHUME MIKIJTBHUMU TIPEJIMETaMy, TaKi 9K (piznuka, XiMmid 1 T.J1., MoxKe OyTH PO3IIo-
BiJIb BUUTE/IsI D0 caMUX YUHIB ITPO Te, M0 CaMe OB’ a3y€e KOHKPETHE MaTeMaTHuIHe
MOHATTA 3 sIKUMOCH 3 IMIKILJIBHIX IpeaMeTiB. Hampukiiam, npu 3HaIOMCTBI 3 reo-
METPI€I0 YUHI BUBYAIOTH (PIrypu, KyTH.

Bak/mBicTh TeoMeTpil, TeOMETPUYHNX TIJT B NPUPOJI JIy’Ke Beauka. | »Kusi
HPUKJIaIN MOXKHa npuBecTu 3 reorpadii. Ha inTerpoBanomMy ypori Jijisi YIHIB €
BIIKpUTTAM Te, 110 [licdbarop nepium 3poduB NpUITYINEHHS, 110 3eMJIst — KYJIs.

4. IlpukjajHa crupsMOBaHICTb MOXKe OYTH TaKOXK peaJsii3oBaHa 3a JIOIIOMOI0I0
ICTOPHIHIX 1 IIKABUX (haKTIB.

Ha nepmmit morysi Mmoxke 31aTucs, Mo icTopis B BUKJIAJaHHI MaTeMaTUKH 1
i1 npuKJ/Ia/Ha HallpaB/eHicTh HecyMicHI ojuH 3 ojgauM. OHaK SKIO BpaxyBaTH,
10 OLJIBITICTD MOHATH KJIACUYHOI MATEMATUKHU, SKi MOTPAIIIN B MKIJILHUNT Kypc,
3000B’s13aH1 CBOIM ITOXOJI?KEHHSIM IIPAKTHIL, TO el 3B’I30K CTA€ OUEBUIHUIM.

PeaJtizoByBaTucs 1e MozKe 3a JOIOMOI'OI0 PO3IOBII BUNTEsI ab0 YUHSI IIPO
110 MOXOJIZKEHHI MaTeMaTUYHOT'O MOHATTS, Oollepallil, 10 BUBYAETHCH, 1IPO IIKaBl
icropnuni paxTH, OB d3aHi 3 HUMU. Y YHIB TAKOXK MOXKYTb 3alllKABUTH ICTOPUYHI
3aJ1a4l, K1 CJIiJT pO3IJIsdaTi Ha yPOIll.

Bucaosknu

[Ipukrajnai 3aBJaHHs € BayKJINBUM 32CO00M HABUYAHHSA MATEMATUKHU. 3 TX JIOITO-
MOTOIO YUHI OTPUMYIOTH JIOCBL POOOTH 3 BEJIMUNHAMU, OCATAIOTH B3aE€MO3B I3KY
Mi?K HUMH, OTPUMYIOTH JIOCBIJI 3aCTOCYBaHHS MAaTEMATUKU JIO BUPIIIEHHS PeaIb-
HUX YKUTTEBUX 3aB/IaHb.

Peastizaliist mpukJiaiHOI HAIIpaB/IeHOCTI HABUYAHHS MaTeMaTUKU € He0OXiHOIO
YMOBOIO JIJIs CTBOPEHHSI KOHKPETHOI'0, JIOCTYIIHOI'O, & OTKe 1 3PO3YMIJIOro st
VUHIB HaBYaHHA. B mporieci po3KpUTTs B3aEMO3B 3Ky MATEMATUKN 3 OTOUYIOUNM
CBITOM, 3 IHINMMHU HayKaM# i BUPOOHUIITBOM y YUHIB (DOPMYETHCSI TOTOBHICTD i
3JIATHICTD 3aCTOCOBYBATH MaTeMaTHUHI 3HaAHHS B KOHKPEeTHUX cuTyallisx. Came
TOMY B OCHOBY BUKJIQJIEHHsI MaTeMaTUKU MOBUHEH OYTH IOKJAJEHUIl 3B’d30K 3
NPAKTUYHOIO JISIJIbHICTIO JIIOUHMU.
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Main directions of implementation of the applied directory of the

mathematical course in the basic school

Effective means of improving the students’ creative activity in mathematics

classes are applied tasks. In this article it is emphasized on actualization of the

applied orientation of the school course of mathematics, the expediency of forming
students’ abilities to apply mathematics in everyday life; the ways of realization of
applied orientation on the lessons of mathematics in 5 — 9 classes are determined.

Keywords: applied problem, applied orientation, school mathematics course,

practical work.
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OCOBJINBOCTI SACTOCYBAHHHA
IHTEPAKTUBHUX METOIIB HA YPOKAX MATEMATUKU

YV crarTi po3TISIAal0ThCS OCHOBHI IMUTAHHS, JMJIAKTUTIHI MOXKJIUBOCTI Ta METOIUKNA BUKOPH-
CTaHHS CyYaCHUX IHTEPAKTUBHHX METOJIB Ha YpOKaxXx MaTeMaTuKu. PO3KpuUTO 0COOIMBOCTI
3aCTOCYBaHHS METOJIy IHTEPAKTUBHOI'O HABYAHHS YepPe3 BUKOPHCTAHHS METO/Y ITPOEKTIB IIPH
BUBYeHHI TeMu «/lecaTkosi pobus y 5 KJjiaci.

Kiro4uoBi ciioBa: inmepaxmueHe HAGUAHHA, THMEPAKMUBHT MEMOOU, MeMOOUKU BUBHE-
HHA MAMEMAMUKU, MEMOJ NPOEKMIB.

Bceryn

PecdbopmyBanns cdepn ocBiTH YKpalHU BUMAarae IMeperysjiy CcriocodiB i Me-
TOMIB HaBuaHHs y IKOJi. OJHEM 3 HAWTOJOBHININX 3aBJaHb CTAa€ PO3KPHUTTH
iH/ MBI Tya/IbHOI TaJsaHOBUTOCTI yuHIB. [le Hemoxk/mBo 6e3 neperysyry came 3aj1ad
oprasizalii ocBiTHROro 1mpouecy. OCHOBHUM 3aBIaHHsIM OpraHizallil HaBYaHHS B
cepeJIHiil MTKOJI1 cTae CTBOPEHHS YMOB aKTHUBI3allll Ta PO3BUTKY IIKOJIsApa B IIPOIe-
cl HaBYaHHs, {Ki 3a0e31edarsb y MailOyTHOMY 00 TOTOBHICTD »KUTHU Ta YCIIITHO
JIUSTU B Cy4aCHOMY CYCI1JIbCTBI.

Lt mocATHEeHHS 1€l MeTH yUYeHb MOBUHEH HaBYATUCHA JT0OPE MPOTITOM BChO-
ro HaBYAJHHOTO POKY, Ile HEMOXKJIMBO 0€3 BUKOHAHHS TaKUX YMOB, SIK IMOCTIfiHA
y4aCTh y IPOIleCi HaBYaHHs IIJISTXOM CIIJIKyBaHHd 3 YIHAMEI Ta yuntesjaeM. Hapua-
HHS 3& TaKUM (POPMaTOM CIPUATHME PO3BUTKY MUCJIEHHS YUHIB, B3a€MOIIOBATH,
YMIHHS BUCJYXATU OJWH OJTHOIO Ta 3POOUTH BUCHOBKH, apryMEHTYBATH CBOIO TO-
YKy 30py Ta iH.

3acTocyBaHHSI 1HTEPAKTUBHUX METOJIB y HaBYaHHI 3arajioM, Ta, 30KpeMma,
y BUKJQJIAHHI MaTeMaTHKH y IIMKOJi, € aKTyaJbHUM IUTAHHAM, siKe MOTpedye
MOCTIHHOTO BUBYEHHS Ta BJIOCKOHAJIEHHHA. PO3KpPUTTS JaHOI TeMHU MU MOYKEMO
sHaliTu B npaigx B.CyxXoMInHCHKOTO, TBOPYOCTI BUNTE/IiB-HOBAaTOPIB 20-X POKIB
(L. Amonamsini, B.1laranosa, €. Lisina, C./Incenkosoi Tormo). OcHOBHI actekTH
iHHOBaIiftHOrO HaBUaHHs posrisiaasucs y nparnsx 11, [esayk [2], A.I. Kapasun
[3], O.I.ITomeryn [4]. Amasiz TexroJIOrl IHHOBAIIIHOIO HABYAHHS MOXKEMO 3y-
crpit y JI.B.ITupoxkenxko [5], .M./ Inukisebkoi [1] romo. B mux mparsix MoxKHA
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O3HAMOMUTHCA 3 3araJbHIMH 3acaJaMy IIeJaroridiol IHHOBAIIIHOI J19JILHOCTI Ta
FOTOBHOCTI Iejiarora, J0 X BIPOBaIYKEHb.

OcHOBHA YaCTHUHA

OHuM 3 TOJIOBHUX 3aB/laHb, AKi CTOATH ITepe]l CyJYacHUM yUIUTe/IeM € YCITi-
1mHe pOopMyBaHHSA TEOPETUYHOI'O Ta MPaKTHIHOTO MucjaeHHs yaHs. [ 3aBganns
HaOLIBIT e(PeKTUBHO JIO3BOJIAIOTH Peai3yBaTH 3aCTOCYBAHHS HOBUX TEXHOJIOTII
yepes3 BIPOBA/XKEHHs Cy4YaCcHUX METOJIIB HaBUYaHHS MaTeMaTUKU.

TexHosi0rist iHTEPAKTUBHOI'O HABUAHHS Iepejidadac opraHizalliio HaBIaJIbHOTO
IIPOTIECY TAKUM YUHOM, 100 KOXKHOMY YUHIO BiJIBOJINJIOCH KOHKPETHE 3aB/IalHsd, 3a
BUKOHaHHS sIKOT'O BiH Hece BiOBiabHicTh. KoslekTiuBHA poOoTa Ha YPOIIi 3 3a~
JIYIeHHSIM KOXKHOTO YUHdA IHepeadadae po3yMiHHsA KOKHUM YIaCHUKOM CBO€I poJIi
y 3araJbHOMY Pe3y/bTaTi BUKOHAHHs 3aBiaHb rpyror. OpraHizallis iHTepaKTHB-
HOTO HaBYAHHA Iepejidadac MOJEeTIOBaHH YKUTTEBUX CUTYaIliil, BUKOPUCTAHHIA
POJILOBUX irOp, BUC/IOBJIIOBAHHSI CBOET TOYKHU 30PY CTOCOBHO Ti€l UM iHIIOT IIpodJie-
MU, BMIHHSI JJOKAQ30BO MIPKYBaTH, CIILJILHO BUPIITYBaTU IINTAHHS Ha OCHOBI aHAJII3Y
HaJtaHol iHdopmaliii Ta KoHKpeTHux obcraBuH. CyTh IHTEPAKTHUBHOTO HaBYAHHS
MOJIATAE Y TOMY, 1110 HaBYAJILHUI ITPOTIeC BiI0YBaETHCA 38 YMOBHU MOCTIHHOT, aKTUB-
HOT B3aeMO/Iil Bcix yuHiB. Ilij1 yac iHTepaKTHUBHOIO HaBYaHHS y4HI BUYAThCS OyTH
JIEMOKPATUIHUMHU, CHIJIKYBATUCS 3 TOBAPUIIAMU, KPUTUIHO MUCIUTH, TTOBaYKATH
JIYMKY 1HINIX, TPUAMAaTH TPOyMaHi Ta OOTPYHTOBaHI PIITIEHHS.

BacTocyBaHHsI iIHTEpAKTUBHIX METO/IIB B HaBYAJIbHOMY IIPOIIEC] JO3BOJISAE 3PO-
OUTKH HaBYaHHSI OLJIbIN IIKABUM Ta JMHAMIUHHM, & BEJUKUI obcsir iHdoOpMaIil
OLTBII JOCTYITHIM.

[Ipn BHpoBa ZKeHHI 1HTEPAKTUBHUX METO/IIB HABYAHHS YUeHb Ta YUUTEIb €
piBHOIIPaBHUME cyO’€KTaMi HaBYaILHOTO Mporiecy. [0/10BHIIT pe3yibTaT HaBYa/ b
HOI JIsJIBHOCTI — MPOJYKTUBHICTD HA YPOKaX. Y UUTe/b Ha 3aHITTIX BUCTYIIAE B
pOJIL 1HIIIaTOpa HaBYaJbHOI I'PYIN, BIH CTBOPIOE YMOBH JIJIs aKTUBHOI I13HABAJIb-
HOI JiFJbHOCTI. YUeHb Y TOIl Yac BiUyBae CBOIO YCHINTHICTH Ta 1HTEJIEKTyaabHy
caMocTiliHicTh. [ToBHA B3aeMOig yUHs Ta yIUTENs — e 1 € 3all0pyKa YCIIIIHOTO
VPOKY.

[HTepakTHBHE HABYAHHS BUPIIIYE OJHOYACHO TPU 3aB/IaHHSI:

KOHKPETHO-ITI3HABaJIbHE, fdKe I0B’d3aHe 3 0e31ocepe/IiboI0 HABIATLHOIO
CUTYAIIIEIO;

KOMYHIKATUBHO-PO3BUBAaIO4e, B IIPOIEC SKOT0 BUPOOIAIOTHCSA OCHOBHI Ha~
BUYKU CILJIKYBaHHS BCEPEJIUHI 1 38 MexKaMU JIaHOI I'PYIIU;

COITiaJIbHO-OPIi€HTAITifTHE, siKe BUXOBYE IUBILIbHI IKOCTI, HEOOX1IHI JIJIsT aje-
KBaTHOI coliasisarii iHjuBijga B cruiBroBapucTsi [2].
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Oprasxizaliisi HaBYaHHs 3, JIOIIOMOI'OI0 IHTEPAKTUBHUX METO/IIB Ha YPOKaX Ma-
TeMaTUKU IIPUILYCKAE MOJEIIOBAHHS PI3HUX HAaBYAJbHUX CUTYalllil, BAKOPUCTAHHSI
POJILOBUX 1IOP, $K1 30pPIEHTOBaHI HA:

— PO3BUTOK TBOPYOIrO BiHOIIEHHS MO0 (POPMYBaHHSA BIUCHOBKIB Yepe3 BUpPaKe-
HH$I BJIACHUX JIyMOK IIPU CaMOCTITHOMY PO3MipKYyBaHHI;

— CIIOHYKaHHS YYHIB BIJICTOIOBATH CBOI JIYMKH, CTBOPIOBaHHS aTMOCHEpU CIILIb-
Hux Oeci;

— TIOIIYK KPaIoro po3B’s3Ky 3aJiad Yepe3 BUKOPUCTaHHS peabHOl CUTYaIlil 10~
myKy;,

— PO3BUTOK BMIHHS 3HAXOJUTHU ONTUMAaJIbHI Ta CILIbHI PIIIEHHS 31 HIKOJSpaMu
Ta MIJIBUIIEHHA IHTEpPeCy Y4YHIB JIO BUBYEHOIO MaTeplaJly.

Hosum mpostBOM 1HTEpaKTUBHOTO HABYAHHS BUCTYTIA€ BUKOPUCTAHHS B Ha-
BYaJIbHOMY IIpoIieci iH(opMaIiiiHO-KOMYHIKaIIiTHIX TEXHOJIOTil,

[ndopmariiino-KoMyHIKaIIfiHI TEXHOJIOTIT — Ie y3araJbHIOl0ue TOHATTS, 0
OIUCY€ PI3HI METOJ/M, CIOocoOM i aJaropuTMmu 300py, 30epiranus, oOpoOKu, Mpe-
cTaBJIeHHs 1 epejiadi iHdopmaIiil.

Koxknomy etally HaBYaJIbHOIO 3aHATTS IIPUTaAMAHHI BJIaCHI METOIMTHI TTPUITO-
MU 1 TEXHIKH, CIIPsIMOBaHI Ha BUKOHAHHS 3aBJ/laHb eTamy. KoMOiHyto4n X, BUNTE b
MOZKe TIJIAHYBATH YPOKHU BIITIOBIIHO /IO PiBHS 3pLIOCTI yUHIB, ILIeil YPOKY i 00-
cATy HaBYaJIbHOTO MaTepiaay. MoxKIumBicTh KOMOIHyBaHHsSI TEXHIK MAa€ BarKJINBe
3HAYEHHs 1 JIJI CAMOT'O IIeJarora — BiH MOKe BIJILHO BigdyBaTu cede, Ipalioio-
491 33 JIAHOI0 TEXHOJIONIEI0, aJIalTy0un 11 BiJIIIOBIIHO /IO CBOIX yII0/100aHb, Iijeil i
3aBJlaib. KoMOiHyBaHHs MPUIIOMIB JIOIIOMAra€e JIOCATTH 1 KiHIIEBY METY 3aCTOCyBa-
HH¢I TEXHOJIOTI] — HABYUTHU JIiTell 3aCTOCOBYBATH 11}0 TEXHOJIOI0 CAMOCTIITHO, 11100
BOHU MOIJIA CTATU HE3AJIEKHUMU 1 TPAMOTHUMU MUCJUTEISIMU 1 3 38J0BOJIEHHAM
HaBYAJIUCS [POTATOM YCHOT'O YKUTTS.

B mporieci opramnizariil ypoKiB BUKOPUCTOBYIOTH TaKi MPUITOMHI TEXHOJIOTIT PO3-
BUTKY Kpurudaoro mucsents: (TPKM): Bukopucrants 3aporoHOBaHIX PECypCiB
3 eJleMeHTaMU BUPIIIeHHs TPOTUPIY, BIPHI 1 HEBIPHI TBEP/IzKEHHsI, IHCEPT, KJIaCTeD,
CHHKBEliH, OIOPHI CUTHAJIN, B3a€MOIIepeBipKa, He3BIYaiiHa 3BUdaiiHicTh (TBOpUmMii
XapakKTep ITOBUHHI MaTH He TLJIbKK caMl JOMalllHl 3aBjlaHHd, aJje 1 1ojada Iux
3aBjiaib) Ta iHmi. CucreMaTndHe BUKOPUCTAHHS IHTEPAKTUBHUX METOJIB Yepes3
3acTocyBanng npuiiomis TPKM 103BomTH yuHAM He TiIHbKN HABYATUCA HOBOMY,
aJie it OTpUMYyBaTHU 3aJ/I0BOJICHHS B1Jl HABYaHHS.

O HuM 3 TIPUKJIAJIIB 3aCTOCYBaHHSI IHTEPAKTUBHUX METO/IIB Ha YPOKax MaTe-
MAaTUKHN € TTPOBEJIEHHs YPOKY Uepe3 BUKOPUCTAHHS MeTO/Iy MpoeKTiB. MartemaTnka
€ Oa30BUM TIPEMETOM Y TIPOIIeci 3100y TTs 0CBITH. BayKINBICTh POZBUTKY MaTeMar~
TUYHUX 3HaHb Ta HABUYOK OKPEC/IIOEThCs caMe y O KJacl, B IePIo/l Ilepexo/jly YUHIB
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3 [I0YATKOBOI JIO0 CEPEJIHBOI MIKOJIM. ¥ YUHIB BUHIUKAE HEOOXiJHICTh BUCJIOBJIIOBATH
OOI'PyHTOBaHI MaTEeMATHYHI CYJ?KEHHsI 1 BUKOPUCTOBYBATU MaTeMaTUYIHI 3HAHHI
JUUTS 33/J0BOJIEHHS TPAKTUIHUX MTOTped He TLILKU B MPOIECi BUBYEHHS IPEIMETY
“MaremaTuka’, ajie 1 B IpOIECi BUBYEHHs IHINNX JIUCIUILIIH. YUHI OYNHAIOTH
MPAKTUIHO 3aCTOCOBYBATH 3/I00YTI 3HAHHSI.

st Toro, mob cTBOPUTH aTMocdepy, sKa J03BOJIIIa OU YIHIO BIIUYTH CBOIO
CIIPOMOZKHICTH Ta YCHIMIHICTL Ha yPOIll, HAMU OYJIM BUKOPHUCTAaHI CydacHI TeXHO-
JIOTiT, a caMe — TPOEKTHi. 3aCTOCYBaHHs IIHOI0 METOJY WiJABUIILYE iHTEpEC 0
BUBYEHHs MaTeMaTuku. MeTo TpoeKTiB clipuse PO3BUTKY YKUTTEBOI, COIIAIBHOT,
iHopMalliitHOl, TTpeIMeTHOT KOMIIETEHTHOCTEN YIHIB.

Yuni 5 knacy y II cemecTpi BuBuaiorh Temy «JlecsTkosi npobus. Ase posy-
MiHHg 11 HeMOKJInBe 0e3 IOCTIfiHOTO IOBTOPEHHs IonepeHix TeM. IlincyMKoBumii
Ta y3araJbHIOIOUNil ypoK OYB IIPOBEIeHNIT Y HeCTaHIapTHI (hOpMI — 3aXUCTI MTPO-
€KTIB MIJISIXOM BUKOPUCTAHHA aKTUBHUX (DOPM HaBUYaHHs. Takuili eran ypokKy dK
«AKTyasizanis OMOpHUX 3HaHL» OYB HPOBeIeHnil y Takiil mocsimoBrocTi: «Mi-
Kpodot» (Ipe3eHTallist TPOEKTIB KOXKHOI I'PYTION, CKJIATAHHSI OMOPHOI CXeMH),
«/lmBuch He momusnchy. [Iporec 3akpinyieHHs BMiHb Ta HABUYOK: YUHI IIPAIIOBAJIN
B I'pylax, po3B’si3yBaJjii BlIpaBu Ha KMIT/IuBicTh. O0Ja/iHaHHS, HAOYHICTH Ha YPO-
11l 3a0e311euyBaJICs IIPE3EHTAIEI0 10 YPOKY, KapTKaMU, IiJIPYIHIKOM, CXeMaMII,
CKJIaJICHUMU CAMOCTIfIHO ydHAMM. 3akpillJieHHs Ta y3arajbHeHHs Temu «/lecs-
TKOBI JPO0ON» BIJIOYBAJIOCS MIJISIXOM TO€IHaHH 11 3 oIepeHIMI, 0 JaJI0 3MOT'Y
VUHSAM PO3YMITH MAaTEMATUKY K €JUHE IILJe.

Y3araJbHeHHS Ta CUCTEMATU3AIlS — € OJHUM 3 HalTOJIOBHIIINX eTalliB yPOKY.
Ha nmbomy yuni 3axuimann cBol IpymoBi mpoekTu (mojii yuauiB OyB 3pob/ieHnit
3a3/aserijp Ha 5 rpyir; b rpyna - Exkcrepru). ¥ KOXKHY IPYITY BXOJNIN TE€OPETUKH,
JIOCJTITHUKY Ta IpakKTuKu. PoboTa HaJj aHAJI30M IIPOEKTIB POXOJIUTH CIIJIbBHO 3i
BCIM KJIACOM, IO JI&€ 3MOTY 3aKPINUTU 3HAHHS 3a BCIMa, TeMaMU.

Jannit BujI ypoKy Ja€ MOKJIMBICTH PO3BUBATH HABUIKN POOOTHU K CAMOCTIi-
HO, TaK 1 B KOJIEKTHUBI, 3M1ICHIOBATH JOCITHUIBKY JiA/JIbHICT, PO3BUBATH BMIHHA
aHaJI13yBaTh, CUCTEeMAaTU3yBaTH Ta y3araJbHIOBATH MaTepiaJ i, HalirojioBHiIIe, MO-
JKJIUBICTD MEPEBIPATH Ta 3aKPIILJISITH TEOPETUYHI 3HAHHS Ha MPAKTUIL].

BucunoBkn

OcHOBHUM HAIIPSIMKOM PO3BUTKY OCBITH B YKpaiHi € IiJIr0TOBKA OCBIYEHUX
JIOJIelt, 3MaTHUX O TBOPYOI Mpalli, TpodeciiiHoro po3BUTKY, 3AATHUX BUYUTUCH
Ta repeydyBaTucda. QyHIaMEHTOM I TOCATHEHHS 1€l METH € caMe HaBYaHHS Y
IIKOJI. 3a JIOIIOMOTOI0 1HTEePAKTUBHUX METO/IiB yUHI BYATHCA KPUTHIHO MUCIIH-
TH, CHLJIKYBaTUCH OJUH 3 OJHUM, BUCJIOBJIIOBATA CBOI JIyMKHU, JIETKO 3aCBOIOBATU
HaBYaJbHUN MaTepiaJl.
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locBin TpoBejieHHsT yPOKY MaTeMaTUKN B H-My Kjaci Ha Temy «/lecsaTkosi
JIpoO1» 3 BUKOPUCTAHHSM METO/Y ITPOEKTIB ITOKAa3y€ IepeBaru iHTepakTHBHUX Me-
TOJIIB HABYAHHS 110 BIJIHOIIEHHIO /IO TpaJuIiiiHuX.

OT2Ke, BUKOPUCTAHHS IHTEPAKTUBHIX METO/IB HABYAHHS € HEOOXiTHOIO CKJIa-
JIOBOIO YaCTUHOIO IIPU OPraHizallll HaB4YaJIbHOI'O IPOIeCy Ta ILJIaHyBaHHI YPOKIB.
[li MeTo/u gal0Th MOXKJIUBICTb 3PO3YMITH POJIb TI€l YW IHINOI TeMU Ha MpPaKTH-
1i. J[/1 mpaBUILHOTO PO3BUTKY, KOXKHOTO YUHS MTOTPIOHO PO3IISAIATH K OKPEMY
ocobucTicTh 3 11 HorisaaMu, epeKoHaHHsIMu, nouyTramu. Came iHHOBaIiHI Te-
XHOJIOTI, 30KpeMa IHTepaKTUBHI, 1epe0adaioTh BUPIIIEHHs] IbOIO TUTAHHSI.
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Features of application of interactive methods on maternal materials

The article deals with the main issues, didactic possibilities and methods of
using modern interactive methods in mathematics lessons. The features of the
method of interactive learning through the use of the project method in the study
of the topic «Decimals» in the 5th grade.

Keywords: interactive learning, interactive methods, methods of studying
mathematics, method of projects.
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OPTAHIBAIIIA POBOTHA
3 OBJIAPOBAHVMUN JAITbMU
B YMOBAX 3BUYAITHOTI'O YYHIBCHKOI'O KOJIEKTUBY

Y crarTi BUCBIT/IEHI OCHOBHI O3HAKHU 001apOBaHOI JUTHHHU Ta 3 YpaxyBaHHSIM IIMX 0COOJIUBOCTEI
OKpeCJIEHO 3araJjibHi, BUIIpaBJaHi i JOIJIBHI IIi/IX0U JI0 OpraHizailili poboTn 3 obapoBaHIMU
JITHbMU Ha ypoKax (DI3UKM y 3aKJ/1aJlaX 3arajbHOl Cepe/IHbOI OCBITH.

KirouoBi cioBa:  nasuaavhutl npouec, 06daposara JumuHa, aKmMuUBHICMb, MOMUBAYLA,
NPaKMUNHaG MLANGHICTNG, 3HAUYULCND.

Beryn

[Ipobiema poboTn 3 00JApOBAHMMU JITHMH HE € HOBOIO Ta, TUM HE MEHII,
3aJIMIIIAETHCS AKTYAILHOIO ByKe TPUBAJIMIL dac. 1 aKTyaJIbHICTb y HABYAJIBHOMY
1poiieci Ta crpobu BUPIIIEHHS Y 3aKJ/1a/1aX 3araJbHOI CepeIHbOI OCBITH BUCBITIEHO
y mybJtikarigx 6araTbox jocainnKiB. Haxkab, y nepeBarkHiii KLJIbKOCT1 BUTTA/IKIB
yBary akieHTOBaHO Ha opraHizallil poOoTH 3 001apoBaHUMU JITHMU Y CHEIIATHHO
opraHizoBaHuX MPOMIIbHIX Kjacax, Je OLIBIICTh YUHIB MalOTh BUCOKUIl IiBEHb
HaBYAJIBHIX JOCSITHEHb Ta OLIBIIICTE 13 HuUX € mpodeciiino opienToBaHi. AHauris
JITepaTypu CBIIYUTDL, MO 00JIapoBali «OJUHAKW» TaK 1 3aJUIIAlOThCI «OJINHA-
KaMI» He Malodl MOXKJIUBOCTI IMOBHOIIIHHO PO3BUBATHCA B YMOBAX 3BUYAHOIO
VUIHIBCHKOT'O KOJIEKTUBY.

Tomy, 3a MeTy JIOC/IIPKEeHHSI CTaBUMO BUHAMNIeHHA HAHOLIBIN POy KTUBHUX
Ta JIONUILHUX METOJIB Ta MPUIIOMIB HaBYAHHSA 00/1apOBAaHOl JUTUHU Ha yPOKAX
hisuKM B yMOBax 3BHYANHOTO (Pi3HOPIBHEBOIO) YUHIBCHKOIO KOJIEKTHBY.
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OcHOBHA 4YaCTHUHA

3Barkaloun Ha CydacHUil PO3BUTOK HAayKM 1 TEXHIKHM, JJABUHOIOIIOHMIT MOTIK
HAYKOBOI iHQopMaIlil Iepesl CUCTEeMOIO OCBITH IIOCTAalOTh HOBI 3aBIaHHA 3 IIiJI-
IOTOBKU OCOOMCTOCTI JIO ILIIHOI I TBOpUOI aisyibHOCTI. B cydacHiit ocBiTi poJib
BUUTE/I PO3JLIAIOTE HA: JUCHUIITIHAPHY (TOJIaHHST KypCy, TPeJIMET BHBUEHHS);
CTUMYJTIOI0TY (KEPIBHUIITBO MPYIIOIO Ta B3AEMO/Tis1); OMOPHY (JIOMOMOTA); MAPUTETY
(miaTpuMKa, CHiBYy4YaCTb Y 3aBJAHHSIX ); OIIHIOBAHHs (BU3HAHHS JIICHUMIE MIJISIXH
Ta JIOCBiy ); pery/ody (IleperoBopu Mizk OUiKYBAHHIMIE Ta ITOTpebaM).

Bunisisgioun i3 3araJbHON0 yYHIBCHKOTO KOJEKTUBY 00JIapOBaHy JUTHHY, JO-
IiJIbHO OpaTu o yBarum 11 iHTesieKTyaJibHI ocobsimBocTi. ObpapoBani JiTH Ha
BIJIMIHY B1JI CBOIX OJIHOJITKIB:

® MaloTh BEJUKY HOTpedy B pO3YMOBOMY HaBaHTayKeHHI, 1HOJI Bijjtaiodn iit
1epeBary HaJl PI3HUMU BUJAMU MaTepiaJbHOIO 3a0X0YEHHS;

® BOJIO/IIIOTH BUCOKOIO 3ara/JibHOI0 aKTUBHICTIO PO3YMY, 3/1aTHOIO JI0 IHTEHCUB-
HUX 1 HAIIPYKEHUX PO3YMOBUX 3yCHUJIb;

® JIerKO MODOLTIZYIOTH CUJIN JIJIS JIOCATHEHHS ITi3HaBaJIbHOI METH, BiJIPI3HAIOTHCS
3JIIOHICTIO JIO 30CEpe/IZKEHHSI, TPUBAJIOl HMIATPUMKI PO3YMOBOI HAIPYTH, JIO
IIBU/IKOT'O BIJTHOBJIEHHSI PO3YMOBUX 3YCUJIb;

® MaloTh MOTpedy y BiJIHOBJIEHHI Ta YCKJIaHEHHI PO3YMOBOI'O HaBaHTAKEHH;

e 3/1aTHI 10 KJacudikallil, cucreMaTn3alil, CXuabHi 10 3aCBOEHHS €HIINKJIOIIe-
JUYHIX 3HAHHI,

® MaloTh CUJIbHO PO3BUHEHI (pOopMaJibHI acleKTH JIyMOK 1 IHTEJIEeKTY;

® JIET'KO BUCYBAIOTH HOBI XOJIM JIYMOK, JJOMUC/IU, HECIIOJIIBAHI TPUITYIIIEHHST;

® JACTO JUBYIOTH HECIIOIBAHUMM 31CTaBJIEHHAMNU, y3araJbHEHHAMNI, SIK1 BiJIpi-
3HAIOTHCS BEJIMKOIO OPUTIHAJIBHICTIO;

® BOJIOJIIOTH BEJUKOIO PO3YMOBOIO CaMOCTIHICTIO;

® XapaKTepU3yIOThCS JIy?Ke BUCOKUM TEMIIOM PO3YMOBOI'O PO3BUTKY.

HaiftqacTime BusBiIgeTbCd epeyciM OUH 13 HACTYITHIX MOTHUBIB:
BU3HAHHS JIOPOCTHX (OTOIYIOUOrO CEepeIOBUINA), OJHOITKIB, OATHKIB;
OarKaHHsI OBOJIOJIITU IIEBHOIO IIPOdECiero;

CaMOCTBEP/ZKEHHS;

3araJjibHa 3alllKaBJIEHICTh;
3PO3YMIHHS CBOIX MOXKJINBOCTEI;
OTPUMAHHS TIEBHUX PE3YJILTATIB;

CHpO6I/I CaMOBZIOCKOHaJICHH.
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[o/I0BHUM 9HHHUKOM ILTTHOT POOOTH € IMiITpIMKa BUnTe st (000B sI3KOBa, BiJI-
MOBi/Ib Ha BCl MHUTaHHS, 10 CTABUTH Y4eHb) Ta HafTICHIMMI 3B’S30K 3MicTy,
METOJIiB poOOTH Ta TEXHOJIOTTYHUX TPUHOMIB 3 «MpI€l0» JIUTUHU.

Posrngnemo jfetasibHile MOXKJINBI KPOKH 10 JOCATHEHHIO TIEBHOI METH YUHS.

Maroun MeTow camocmeepiscerts JTUTIUHA BUXOIUTD 13 MO3UIINA «s 1€ MO-
’Ky». TakKnM 9MHOM y4ueHb cebe MOTUBYE JIJIsT TOTO 100 caMOMy MEePEKOHATHC II10
BiH JiificHo 1e Moxke. Hanpukiia, poss’sizannst e 1-1 3a/1a4i (CKIaHOT Ta 3a-
IJIyTaHOT) 38 MEeBHUIT Yac J1a€ 3MOTY CTBED/ZKYBATH, 10 Iie came Tak. [Ipukiaiamm
TAKNX 3aB/aHb MOXKYThH OyTH:

1) po3B’st3aHHsI 3a/1a4 13 ysIBHO TPOCTUM THUIIOM DO3B’SI3KY;
2) po3B’si3aHHS KIJTBKOMa CIIOCOOAMIL;
3) 3HAWTH PO3B’sI30K 13 MiHIMAJBHOIO KLIBKICTIO KPOKIB.

3a2a.40Ha 3aUIKABAECHICMS. BUTIKAE 3 MOIEPEeIHbOTO aJjie B IepeBarkHiil Oilb-
IIOCTI BUIIQJIKIB € OarKaHHS IEPEBIPUTU IMPAKTHIHO PE3y/IbTaTH OTPUMaHI Ha
apKylIl mamepy. 3ajiadi adCTPaKTHOI'O XapaKTepy 30BCIM He IiaxoisaTh. Cii
BUKOPUCTOBYBATH HIKaBUil, KOHKPETHUI, IIPAKTUIHMI 3MICT Ta OarKaHO MaTh MO-
JKJINBICTDH €KCIIePUMEHTAJILHOI ITePEeBIPKU.

Busnanmns odnoaimxie: gK IpaBUIO PO3B’si3aHl KIMOCH «IKaBi» 3ajadi He
BUKJIMKAIOTh 3aIlIKaBJIEHOCT] y IHINUX, a OTYKe 00JlapoBaHa JUTHHA HE OTPUMYE
BU3HAHHS OJHOITKIB, ajie di3uKa - HayKa eKCIepuMeHTa/bHa: eKCIIEpUMEHT €
KPHUTEPIEM ICTUHH, & OTKe 1 IPUINHOIO BU3HAHHSA. BiANOBiAl Ha NUTAHHS THITY:

e Sk Tu rajaemn 1o Oyge sAKIo ... 7

e Sk 3a jornomororo: (Tepesik MpuIaiiB) MepeBipuTH Mmoch?
e K 3MIHUTBCA Pe3yIbTAT AKIIO . . . !

e Yu 3aBXK/1 BUKOHYETHCH . .. !

MOTUBYIOTH He JIUIIe 0co0y BiMOBIIAJIBHY, ajle i THX, XTO HABKOJIO Hel 3HaXO/ -

ThCsl (IIPUBEPTAE yBary).
Buntens gae He Jnie MOXKINBICT TPOBECTH AKUNCDH JTOCITIJT, ajie i HaDJTN3UTH

JI0 BU3HAHHS HEOOX1IHOCTI MPOBEJIEHH JIETKUX TIOIEPEJIHIX PO3PaxyHKIB.
Baotcanna 060400imu nesroro npogeciero:

J1obip 3aja4 1neBHOro npodiJio;

Po3B’s130K «10poc/inxs» 3a/a4, 3pOCTaHHsI BiJIIIOBIa/JIbHOCTI;

Y4acTb y TypPTKaxX OHOYMIIIB;

[IpakTnyuna nepeBipKa pe3y/ibTaTiB;

CriBpoOITHUIITBO 3 HAYKOBISIMU BY3iB IIEBHOI'O MPOMIIIO;

B nepeBazkHiii 017IbIIOCTI BUIIAIKIB 3a/ia4ua IIOCTAE OJIHA, aJie JJIsi JOBIOTPU-
BAJIOTO PO3B’sI3KY (CTBOPEHHST MOJIEJI, BUSIBJIEHHSI [IEPIOJNTHOCTI SIBHIIL).
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Busnanmsa dopocaux: caMOBUXOBAHHS IIEBHUX sIKOCTEM, Ta HAOYTTsd BMiHb Ta
HABUYOK 3 METOIO 1X HAOUHOI'0 BUSBJIEHHS TP CHIJKYBAHHI 3 JOPOCIUMU.

BpaxoByloun Buile 3a3HadeHe B yMOBaX 3BHYAIHOTO yUHIBCHLKOIO KOJIEKTUBY
IPOLYKTUBHY pOOOTY 3 001apOBaHUM JIIThbMHI MOYKHA, IOLJINTH HA TaKi PI3HOBUJIN:

e Hapuanng na migpurneniit mBuakocTi («Iomepery morsras );
e Hapuanng na BUCOKOMY PiBHI CKJIa/IHOCTI;
e T'Bopua pobora.

HapuaHHst Ha HiJIBUINEHIN MIBUJIKOCTI MOyKe OyTH OpraHizoBaHe KiJIbKOMa

criocodbaMu, HAIIPUKJIAT;

e [Ipornonyerbest BesKa KiIbKICTh SIKICHUX 3a/ad Ha OOMe:KeHWi 4Jac (IoKn
BUYUTE/Ib PO30UPAE 3aIPOIIOHOBAHI JIJisl BChOIO KJIacy);

e 3apaxoBYIOThCS Ha OIIHKY JIAIIE Ti 3aJ1a4i, AKi OYJIM TOBHICTIO Ta MPaBUJILHO
poO3B’si3aHi paHille HixK Bi0Oy/10cs 11 0OroBOpeHHs Ta BUPIIIEHHS 3 IHIINMU
YVUHAMU;

e Hapuannus «6e3 JOMAIHBLOIO 3aBIaAHHAY . yIeHb Ma€ BCTUTHYTH 3POOUTH BCe
B KJaci (3BUYAiiHO, 10 JIOMAIHE 3aBJaHHA IHANUBIIyaJbHEe), aje JOIMIbHO
3aIIPOTIONYBATH sIKECh HECTaHJIapTHE 3aBIaHHs I BUKOHAHHS «3a OarKaH-
HAM> ).

Hapuannsi Ha BUCOKOMY PIBHI CKJIAJHOCTI mepegbadae Mporo3uIiio:

® yYHeBl IHJMBLIyaJIbHUX 3a/lad 3a TEMOIO, 110 BUBYAETbHCH, ajie 3 BEeJUKUM
«KPOKOM CKJI&IHOCTI»: BOHH JIO3BOJIATH YHUKHYTH MEXaHITHOTO «BiJIITPAILIO-
BaHHs KaJirpadiis;

® JIBOM YYHSIM BeJIMKOI KLIBKOCTI CKJIaJHUX Ta HECTAHJAPTHUX 3aJad: I0Ji-
JINBIITUCH Mi»K CODOI0, KOYKEH 3 HUX BUPIIIYE IIOJOBUHY, & IIOTIM PO3IOBIJIA€
IHIIIOMY: B3a€MOHaBYaHHS He JINIIe eKOHOMUTDL Yac, aJje il ToOKpalllye piBeHb
3aCBOECHHS MaTeplaJly.

TBopua pobora:

e Bukonanns ekcriepuMeHTaIbHIX 3aB/IaHb 38 HAJIaHIM 00JIaJHAHHAM, aJje 6e3
IHCTPYKIIT /10 BUKOHAHHSI;

e Bukonanns ekcriepuMeHTAILHIX 3aB/IaHb: 3a HaJAHUM METOJIOM ITPOBEIEH-
Hsl, aJie 63 IHCTPYKINT Ta BU3HAYEHOro 00JIa/IHAHHSI;

e [lomyk MoMMIOK Y BIJIIIOBIJIIX OJIHOKJIACHUKIB, Y PO3B’s3KaxX 3a/iad, y Mpe/i-
CTaBJIEHNX JIOTIYHUX JIAHIIOXKKAX MOsICHEHDL (PI3MIHUX SIBUIN, MPUHITAIIAX
poboTH NMpUIaiB i T. iH.;

e CKJa/laHHS IIKABUX 314 Ta CTBOPEHHSI IIPUJIA/IIB.
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BucnoBknu

[ligBoasun miaCcyMKH, 3a3Ha9NMO, 0 IPOBEICHE TOCTIIZKEHH Ta€ IiICTaBn
CTBEP/PKYBATH, 10 OPraHizallis ITPOJlyKTHBHOI POOOTH 3 00/lapOBAaHUMU JITHMU
peasibHa He Jinie y NpopuIbHUX KjIacax. » 3BUYAlHUX YUHIBCHKUX KOJEKTHBAX
BOHA TaKOXK peasibHa, ajie BUMAara€ BiJl yIuTe st 3HAYHOT MOOITbHOCTI, BUHAXITHI-
IITBa, Ta BMOTHBOBaHOCTI. IliITpuMKa Ta pO3BUTOK IPUPOHIX 3/110HOCTEH JUTUHE
— CBSITa 3aJla4da JJOPOCIUX, 0 11 OTOUYIOTh, 1 BUNTE/Ib Y 1IbOMY BLIIIpa€ IIepBUH-
HY pOJib, & TOMY Ma€ BIJIIOBIIATU YCIM BUMOTaM, 110 Cy4aCHa OCBITa BUCYBA€ J10
HBOTO.

HocipKenns He € 3aBepIIeHNM, TOMY TEPCIeKTHBU TOJIAJIBII0I podboTn Ha-
YUMO Yy JIeTAJTbHOMY PO3KPUTTI 3a3HAUEHUX PI3HOBUJIIB pOOOTH 3 001apOBaHUMMU
JITBMHU B YMOBaX 3BUYAHOTO YIHIBCHKOTO KOJEKTURY.
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Organization of work with gifted children in the conditions of an
ordinary student’s staff

The article highlights the main features of a gifted child and, taking into
account these features, outlines general, justified and appropriate approaches to
the organization of work with gifted children in physics classes in institutions of
general secondary education.

Keywords: educational process, gifted child, activity, motivation, practical
activity, meaningfulness.
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Beryn

[IpobieMa BCTAHOBJICHHS MiKIIPEJMETHNX 3B'sI3KiB HE € HOBOIO. 11 aKTya/Ib-
HICTh Yy HaBYaJbHOMY IIPOIEC] Y 3aKJja/ax 3arajJbHOl cepeHbOl OCBITH Ta 3aKJ/ia-
Jax mpodeciiiHol OCBITH BUCBITJIEHO y MyOJ/KaIisgX 6araTbox JOCTLTHIKIB. Mix
TUM BOHA& IOCTa€ K y3arajbHeHe OadeHHs ILIICHOTO TPOIECY HaBUYAHHA OCO-
oucrocTi. AJie, HayKajIb, OKPEMUM IUTAHHSAM IJIBUIIEHHS MPOJLYKTHBHOCTI X
3aB’g3KIB y HABYAJILHOMY IIPOIeci Mafizke He MPUJILISEThCS yBara.

Tomy, 38 MeTY JIOCJTiJIZKEHHS CTaBUMO BUSIBJIEHHST HAROLIBIT FOCTPUX ACIIEKTIB
3a3HAYEHOI 1IPOOJIeMH, 10 3HAYHOI MIiPOI0 BILIMBAIOTH Ha, BUBYEHHsI (DIBUKH i,
SIK HACJIIOK, Ha (pOopMyBaHHsI 0OCOOMCTOCTI BILJIOMY Ta BCTAHOBJIEHHS MOYKJINBUX
HIAXIB 11 TojI0/IaHHs yunTesieM (pi3ukn y npodeciituiit gisbHOCTI.

OcHoOBHA 4YacTHUHA

Po3p’sizyBanns 3aja4 B HaBYaHHI € OJHUM 13 3arajilbHUX METOI0JIONTIHUX
HPUHIAIIB TOOYI0BU BCiel HaBYaJbHOI JistibHOCTI. Po3B’si3yBaHHs 3aja4 € He-
BiJI'€MHOIO CKJIa/I0BOIO YACTUHOIO HABYAJILHOTO MPOIECY, OCKIILKI JT03BOJIsSIE POP-
MyBaTH 1 30aradyBaTu (Gi3uYHi TOHATT, TPEJIMETHI Ta MiKIIpeJIMETHI KOMIIeTEH-
THOCTI, PO3BUBAE TBOP4YI 310HOCTI 1 pi3udHe MUCIEHHS CTYJIEHTIB, 1X YMIiHHS i
HaBUYKHU, BUUTh 3aCTOCYBaHHIO 3HAHb Ha MPAKTHUII].
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diznuHa 3aja4a BUCTYIIAE OJHOYACHO 1 3acO00M HaBYaHHs 1 3aCOO0M KOHTPO-
mo. Tak, BUKOpHUCTaHHs SKICHUX 3a/1a4d 3 TeXHIYHUM 3MICTOM CIIpusie (hopMyBaH-
HIO TEXHIYHOTO MUCJIEHHS, ITPUBYAE JI0 BUPIMIEHHS BUPOOHUYUNX 3aJ1ad, & TaKOXK
CTHMYJIIOE OCOOUCTICTD JI0 pallioHAJI3ATOPCHKOI JsUIBHOCTI. IX MOTPiGHO PO3B’s-
3yBaTH CUCTEMaTHIHO Ha 3aHATTSX. [le cTumMysoBarume 10 3'sicyBaHHs (Di3UIHOT
CYTHOCTI TEXHOJIOTTYHUX ITPOIECIB, O HAJI3BUYAITHO BayKJIUBO JIJIA X MaiiOyTHHOT
J10pocJiol mpodeciiinol AistIbHOCTI. 3a/4a4i 3 TeXHIYHUM 3MiCTOM MaiOTh OYTH T'O-
JIOBHUM YUHOM TPEHYBaJbHUMH, CIPsIMOBAHUMH Ha 3aKpillJieHHs BuBYeHoro. Lle
YPIBHOMAHITHUTH 3aHSATTS Ta CHPUSATHME IiJITPUMIL 1HTepecy JO IpejMery, 60
VUHI 1TepEKOHYBATUMYThCSI B KOPUCTI (DIBMYHMX 3HAHDL JIJId 1X I0JIaJIbIIN0l Mafi-
OyTHBOI TpodeciitHol JistibHOCTI. MiXK TUM, OBOJIOIIHHS BMIHHSIME BUPIIICHHS
dizngHNX 33184 OaraTo B YOMY 3aJI€2KUTh BiJI IPOAYKTUBHO BCTAHOBJIEHUX MirK-
HIPEJIMETHUX 3B s3KiB.

Bpaxkaemo 3a JIolJIbHE aKIEHTYBAaTH yBary Ha 3B 3Ky «(]i3nkKa — MareMma-
THKa» Ta «dizuka — Ximisgr». Ha mepmmii mor/isi; Taki 3B’ I3K1M € OYEBWIHUMUI Ta
HEPO3PUBHUME 38 OyIb-sIKHX YMOB. AJle 91 € BOHH HACIPaBi MPOIYKTHBHUMI
y cydacHiit ocBiTi? AHa/i3 HaBYaJbHUX [IPOrpaM, 1o OYB 3/ilicHeHnIT BIIPOIOBIK
JIOCJTIJIZKEHHS, Ta, BJIACHUIT JIOCBI poOOTH JAIOTh IiJICTaBU CTBEPIZKYBATH, 110 CHU-
Tyallisg HaclpaB/l 3HAYHO TipIia, HIXK 3HAETHCI MPU 3arajibHOMY OLJIAIl 3MICTY
ocBiTu. Tak, HAITPUKJIa/I, Y MaTeMaTHUII]:

® BUBUYCHHS OCHOBHUX TpapdivHUX 3a/I€KHOCTEH MaTeMaTHIHUX BeJnduH (JIi-
HIHOT, KBaJIpATHIHOI, 0OEPHEHOI, eKCIIOHEHIIAIbHOT) 3HAYHO PO3TATHYTE Y
qaci, B TOl MOMEHT KOJIM BUBYEHHs (DIBUKU Iepeidadae MupoKe X 3aCToCy-
BaHH$ Y HaBYaJIbHOMY IIPOIIEC;

® BUBYEHHA TPUTOHOMETPUYHUX (DYHKIIINH Ta X rpadikiB, a TaKOXK X B3aEM-
He IlepeTBOPEHHS, B3arajil B MaTeMaTUIl BUBYAETbCSA 3HAUHO II3HINIE HIXK
BUHHIKAE HEOOXIJIHICTh 3aCTOCYBaHHs Y (Di3uUIIi;

® I[IOHSATTS IOX1THOI Ta 11 3aCTOCYBaHHS 3 ypaxyBaHHIM IIPOrPAMHOIO 3alli3He-
HHsI BIJIHOCHO (DI3MKHU B3arajii Brpadae ceHc: Bech Marepiast (abo mepeBakHa
fioro JacTuHa) € PO ICHIM.

CIMHUM BUXOJIOM i3 CUTYyAaIlil, IO CKJIaJacs, € BUJLJIEHHS OKPEMUX 3aHSITh 3
disukm abo TX YaCTUH Ha BUBYEHHS HEOOXIJHOIO MaTepiajy 3 MaTeMaTUKH ado
ximil. A came:

1. OcHoBaux rpadiunnx 3ajexkHocreil (JiHiiHOI, KBaAPATUIHOI, 0OEPHEHO,
eKCIIOHEHI[Ia/IbHOT, TPUTOHOMETPUIHOI) Ta 1X aHAJIi3Y, [0 Y MOJAJIBIIOMY Oy-
JIyTh 3aCTOCOBAHI 1111 Yac BUBYEHHSI PI3HUX PO3/1iiB (izuxkn. Bakaiusum mpn
IIbOMY € IIPOBEJICHHSI aHAJION] MiXK MATEeMaTHYHUM 3aIlMCOM Ta (Pi3UIHOIO
dopmyJioio, 110 BioOparkae TaKy caMy 3aJIeKHICTb.
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2. BuBuennst HOBUX MaTeMATUYHUX I[IOHATH B aCIEKTi (PI3MUHUX 3HAHBL Ta i0-
ro mpakTU4He 3acTocyBalHd. Tak, HalpuKa, MOHATT MOXIiIHOI 9K 3MIHH
OJIHOI'O IIapaMeTPy 3a YMOBH JIyzKe MaJiol 3Minu iHmoro. i 3HaHHS 1ayTh
MOXKJIUBICTb Ha 3aHATTIX 3 (PI3UKHM IIPU BUBYEHHI, HAIIPUKJIAJL, MeXaHIIHUX
91 eJIeKTPOMATrHITHUX KOJINBAaHb 3HAXOUTH PIBHSIHHS KOJIMBaHb SKOICh (Di3u-
YHOI BEJINYMHY 38 PIBHAHHAM 1HIIOI Ta OyyBaTn rpadiki X 3aeKHOCTE.
Hanpukiia:

MBUAKICTH — MHOXIJAHA BlJ KOOPJAWMHATH 38 TaCOM;
cuJjia CTpyMy — IOXIJTHA BIJT 3apsijly 3a 4acoM;
EPC inaykmil — noxijina Biji MAIHITHOIO IIOTOKY 3& YacOM.

He Ttak kpuTnvno, K 3 MaTeMaTUKOIO, ajie He 3HAYHO KPAIIOI0 € CUTYyallisd 3
ximiero. Tak, HalpuKIa1, IpU BUBYEHH] €JIEKTPOJII3Y:

® TOHATTS PO COJIi, KHCJIOTH Ta OCHOBU Y YUHIB BUABJISETHCA TOCUTH a0CTpa-
KTHUM, TOMY IOHSTTS [IPO €JIEKTPOJIT Ta PO3YMIHHS MEXaHI3MY €JIEKTPOJIIZY
TaKOZK HE € KOHKPETHUM;

® [IOHSATTS PO BaJICHTHICTb 3aBOJIUTH JIO IVIyXOr'O KyTa: aHl 1110 BOHO TaKe, aHl
dK floro 3uaiiTi; Tomy 2-it 3akon Papajies I eJIeKTPOoJIizy He MoxKe OyTH
3aCBOEHUIT Ta 3aCTOCOBAHUIT y PO3PaxXyHKOBIil TpaKTUYHIN Ji1/IbHOCTI.

Jlobpe 3acBOEHHSI 3HAHb Ha 3aHATTAX 3 XiMil 3HAYHO CIIPOIIYE BUBYEHHS,
HAIIPUKJIQJ], eJIeKTPpoIi3y y ¢isumi. AJie 3a3HadeHa CUTyallisl TPU3BOAUTD JI0 He-
00XiJHOCTI HarajJyBaHHsl ab0 B3araJi IOsICHEHHsI IIPO COJI, KHUCJIOTH Ta OCHOBH,
Ta IX TPUHIUIOBI BigMiHHOCTI. JInie micjist MbOro € ceHe BBOAUTHU IIOHATTS IIPO
eJIEKTPOJIT Ta IMOSICHIOBATH MEXaHI3M eJIEKTPOJIIZY.

Bepy4n 10 yBaru, 1o noHsATTs BaJEHTHOCTI B3ara/i He iCHY€ B ysiBi OLIbIIO-
cTi ab0 BOHO 3BOJIUTHCA JI0, TAKOIO CODI, «BrajyBaHHsI», TO HAWOLIBII IPOCTUM €
OJIaHHS CTHUCJIOl JIOBIJIKOBOI iH(OpMaIllil: ONMOPHUN KOHCIIEKT y BUTJIA TaOJIUIb
Ta CXEM.

Bucaosknu

Posp’si3yBanHs 3ajilad Ha 3aHATTIX (PI3SUKK SK CIOCIO BIPOBAJZKCHHS MizK-
IpeJIMETHUX 3B’SI3KIB Y HaBYaHHI — OJHE 3 KJIIOUOBHMX 3aBJlaHb IIPU BUKJIAIAHHI
i€l aucnuinring. OcobMBOro 3Ha4YeHHsI BOHO HaOyBa€ JIIsi MaiOyTHIX CTY/IeH-
TiB TEXHIYHUX BUIIUX HABYAJILHUX 3aKJIQJIIB, Jie OLILIIICTD 3araJbHOTEXHIYHNIX i
CHeIiaJbHAX JUCIUILIIH CIUPAIOThC Ha 3HaHHA 3 (i3uku. Tomy BCTaHOBJIEHHS
MIXKIIPEJIMETHUX 3B’sI3KiB € OJHUM i3 OCHOBHUX 3aBJaHb Ha 3aHATTAX 3 (PI3UKU.
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Buxoagun 3 1boro, sk MiJICYMOK, 3a3HAUNMO, IO 3aITPOIIOHOBAHI BapiaHTH
BUHAMICHHS BUXOJIB 13 3a3HaYeHUX ITPOOJIEMHUX CUTYAIil He € ijeaJlbHIMU, aJje
BOHH JIO3BOJISIOTH MaKCUMAJbLHO CKOPOTUTH Yac, IO BUTPAYA€TbCA Ha BUBUYEHHS
OIIOPHOI'0 MaTepiajy 3 IHIIUX IIPeJIMETIB 3 METOIO I0/IaJILIIOr0 YCIIITHOTO 3a-
cBOEHHSI (pizuKu. Y cTaTTi BijloOparkeHO aBTOPCHbKe OadeHHd, sKe He € €IUHUM
OJIHO3HAYHO HIPABWILHUM. AJie, Mi?K THM, BKOTPE XOUEThCS 3BEPHYTHCS 0 MYy-
JPOCTi: «SIKIIo X0Uer 3pobuTH Mock rapHo, 3pobu 1e cam» (Pepaunan [lopriie).
Jlume y TakoMy BHUIIQJIKY BUKJIaJad MOXKe pO3PaxOBYBATH Ha FapHUil pe3ysbTar,
a OT2Ke BIH Mae€ OyTu J1oOpe 00i3HAHMIT B YCIX CYyMIXKHUX JIUCHIUTLIIHAX a0l MaKCH-
MaJIbHO He 3aJiezKaTu He BIJ] 1HINNX.

[Ipobsiema BuMarae moJaabIIOrO JOC/IIKEHHsI Ta BUHAMIEHHS 1HIINIX IILIsI-
XiB ILJIIJIHOT opraHizalil MizKIIpeIMETHIX 3B 3KiB y HaB4YaJIbHOMY IIporieci. Tomy,
MEPCIEKTUBU TOJIAJIBIIINX PO3BIJIOK 6QYMMO y CIIPoOi PUBECTU TTPOTPAMK PI3SHUX
JIMCIUILIIH Y BLJIOBLHICTD OJlHA OJIHII Ta BIIPOBaIUTH y HaBYaJIbHUIL ITpoIeC 4ve-
pe3 OiHapHi YPOKI.
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Interdisciplinary connections of physics as the basis for learning
solving problems

The article reveals the problem of establishing qualitative interdisciplinary
connections of physics, reveals its most acute aspects, which greatly influence the
study of physics and the formation of a developed individual in general, and the
possible ways of their solution by the teacher of physics in their own professional
activities are established.

Keywords: educational process, physical task, interpersonal relations, questi-
on, qualitative problem, practical orientation, practical significance, logic, consi-
stency.
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BUBYEHHSA ABUIIIA 3AJIOMJIEHHS CBITJIA I 10TO
S3AKOHIB B KYPCI ®ISNKN
B 3AKJIAJIAX 3ATAJILHOI CEPEIHBOI OCBITI

Y janiit cTaTTl PO3IVIAIAETHCA BUBYEHHS SBUINA 3aJOMJIEHHS CBITJIA 1 HOTO 3aKOHIB B Kypci
disukn y cepeHix HaBYAIBHUX 3aK/1aax. ABTOPU MIPOIOHYIOTH MaTePiaJl 3 IaHOI TeMU, Y STKO-
MY BHKOPUCTOBYIOTHCA HETPAIUITINHI METOIMIHI MIPUAOMH, IO JOTMOMAraloTh OCMHUCJIEHOMY Ta
YCBIJIOMJIEHOMY 3aCTOCYBaHHI Iporo gBuiia. lleif MaTepias MOyKHA BUKOPHCTOBYBATH HA YPO-
Kax B 9-X KJjlacax, a TakoXK IIPU 3aKPIIJIeHH] T TOMWpPeHH]l 3HaHb 3 JIaHOI TeMu Jisd YuIHiB 11-x
KJIACIB.

Kio4doBi ciioBa:  3a40MAEHHA CEIMAA, NOKAZHUK 3ANOMAECHHA ONMUYHG 2YCMUNG CEpPe-
dosuWa, 3AKOHU 3ANOMAEHHA, ONMUYHE NPUAAOU.

Beryn

BuenHst po CBITJIO € OJHUM 3 HailBakK/IMBIIIUX y cydacHiil ¢isurmi. ['eome-
TPUYHA, OIITUKA — TEOPETUYIHA OCHOBA OIITOTEXHIKHU, T€OPil ONTUYHUX HAOJINKEHD
i psiay inmwmx gucruiniin. OCHOBHI HOHATTSI DeOMETPUYHOI ONTUKU HeoOXiiHi
KOYKHOMY, He3aJIexKHO BiJi oOpaHol creniajibHocTi. Ha ocHOBHEUX 3aKOoHAX reome-
TPUYHOI ONTUKU MOYKHA IOOY/lyBaTH MaTeMaTHJIHY TeOPilo IMOIIMPEHHs CBIT/IA.
Ob6s1acTh ABUII, JTOCTIKYBAHUX ONTUKOIO Besnka. OUTHYHI sIBUIA TICHO IIOB sI-
3aHi 3 SIBUIIAMU, JOC/IIXKYBAaHUMI B IHINNX PO3Jijiax (PI3UKM, & ONTHIHI METOIH
JIOCJIIZKeHHST HaJIeKATh 0 HAHOLIBIIT TOHKNAX 1 TOUHUX.

AJte He3BarKal0UM Ha BeJIMYe3He 3HAYCHHST OITUKH 1 1T TEXHIYHUX 3aCTOCYBaHb,
3MICT IIbOI'O PO3LIYy (Pi3UMKN B 3arajbHOOCBITHIH MIKOJI HEe BiIOMBAE HAJIEYKHIM
qpHoM 11 ycmixu. I[Iporpama 3 disuku Jijist 3arajibHOOCBITHBOI IIKOJIM MICTUTH JIO-
CTaTHIN 00CST 3HAHB 3 ONTHKH, aJie 3HAYHOI'O BJIOCKOHAJICHHS TIOTPEOYE METO/INKA
1T BUKJIaJaHHd, 30KpeMa B T€OMETPUIHIN OITHUIII.

VY 3B’s13KY 13 UM MeTO0 JaHol poOOTH € BIOCKOHAJIEHHs] METOIUKN BUKJIA/1a-
HHs1 reoMeTpudHOI onTuky B 9 1 11 Kiracax 3araJibHOOCBITHBOI HIKOJIH i PO3POOKM
YPOKIB 3 JIaHOI TEMU.
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OcHOBHA 4YaCTHUHA

Tema. dBure zajsomiiennda csitia. [lokasHuk 3agoMiIeHHd. 3aKOHN 3aJI0MJICHHS
Ta 1X 3aCTOCYBaHHI.

Meta. PosrignyTn sBuile 3ajJ0MJIEHHS CBITJIa, 3aKOHN 3a/0MIeHHs. [TokazaTn
0CODOJIMBOCTI 1X 3aCTOCYBAHHS B PI3HUX ONTUYHUX CUCTEMAX.

Xig YpoKy.

1. Jlig moBTOpEHHsT MaTepiajy Ta Jjisd BUsHadeHHs npuHiuiny Pepma po3riid-
HEMO po3B’si3aHHs 3aBjanHst. Ha omgHOMY Oepesi HeBeJMKOro BOJAOWMMUIIA 3HAXO-
JINTHCS CTOBII 13 JIIXTapeM Bropi, Ha IHIIOMY IepedyBa€ JioguHa. [IpomiHb, 110
naJa€ BiJI JixTaps, Hic/sl BIAOUTTS BiJI IOBEPXHI BOJIM ITOTPAILISIE B OKO JIIOJIMHIU.
SHaiiiTh MOOYIOBY TOJIOKEHHS TOYKM Ha MOBEPXHI BOJIM, V SAKiil BiIOMBAETHCs
IIPOMiHb, 110 HOTpallisge B 0Ko. O0UNC/IITh BiJICTaHb 1€l TOYKHU BiJI CTOBIIA, SIKIIIO
ifforo Bucora gopiBHioe H , Bucora JonuHu h, a BijcTaHb MiXK CTOBIIOM 1 JIIOJIU-

Hot .
s
*—r
B
x H
h [N ¥ |
! X
cl, Al ™ e
"\-\.\\-\
e

Posé’azanma.

[Tobymyemo 300pazkennsi Sy, jgixTaps S, 10 yTBOPIOEThCs 1oepxHero C'D
Boau. Jlast mporo i3 Toukm S mpoBedeMo HepHeHAuKy/sp g0 mnosepxai C'D.
Bo0paxkeHHst S, HAJEXKUTH IPOJOBXKEHHIO [IHOI'0 MEPHEHINKY/ISIPa CUMETPIIHO
rouri S oo nosepxai C' D, orxke S1D = SD . Binburuii Bij nmoBepxui Bojn
[IPOMIHBL Ma€ TaKUil HAIIPSIMOK, 1110 fIOr0 IIPOJOBZKEHHs, IPOBEICHE B IPOTHICIKHY
CTOPOHY, IIPOXOJIUTH Uepe3 TouKy S7. Tomy 1151 BusHadYeHHsT HAIPSIMKY BiIOHNTO-
o IIPOMEHSI ITPOBEJIEMO IIPSIMY BiJl TOUKE S, 10 TOYKN B, sIKa CIiBIIaa€ 3 OKOM
mogman. st mpsiMa mepernHae MOBEpXHIO BOAM B IIyKaHiil Todri A .
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Tpukyraukn ADS i AC'B nonibHi (sIK IpSMOKYTHI, 10 MalOTh 110 DIBHOMY
rocrpomy Kyty). Otke, S = S1A 1 SD = S1D. Tomy

H T

=T abo H(l—x)=hx,

Hl— Hx=hx, Hl=Hx+ hx, :L’:—Hl.
H+1

OteprkaHuil MIJISIX HOIMUPEHHSI CBIT/Ia — M€ ILIAX, JJIsSI IPOXOJXKEHHs sIKOTO
CBITUIY NMOTPiOHMIT HafiMeHIIMii dac. Y BHIIQJKY OJHOPIJHOTO CepeIoBHINa — IIe
HATKOPOTIIN MIJIAX B3JIOBK MPSAMOI. Y HAIIIOMY BUINAJIKY, HA MAJIOHKY JIOBXKIHA
namanoi SAB jopiBHIOE T0BXKHUHI BipisKy S1AB . Byab sikuit iHImmii misx Mas
Ou OLIBITY JTOBXKUHY.

Ha npukmnami 1miel 3a1a4i mokasano JyzKe BayKJIMBUM TPUHIAI CIIpaBe I TnBUi
JIJIsT CBITJIOBUX XBIWIb — npuruyun Pepma: «Ceimao 3a62cou nowupoemses ma-
KUM WAATOM, HA AKUL 60HO 6UMPAYAE HATUMEHULUT YaC.

2. PosrisgmnyTn gBuiie 3a/J0MJIEHHs CBIT/Ia Ha TPUKJIaIl ITPOXOJIZKEHHS CBITIa
KpI3b PI3HI cepeJloBUllla, CIIOCTEPIral0oun 3MIHY HAIIPSMKY IIPOMEHIB Ha JIOC/11axX
3a, JIOIIOMOI'0IO TIPUJIALY JIJIsi BUBUEHHS 3aKOHIB ONTHUKM Ta BUKOPHUCTOBYIOUM Ha-
HIBIIITHAPUIHY JIH3Y a00 IJI0CKOMapaJie/bHy MIaTiBKY.

3. Ha migcraBi ganux JocBijy chopMysiroBaT 3aKOH 3aJI0MJICHHS CBITJIA.

o o — KyT I IiHHS CBITJIOBOTO ITPOMEHH;

B — KyT 3aJIOMJIEHHSI TTPOMEHST;

sin o

B sin /3

n = const.

s 1BOX manmnx cepeioBUII BiTHOMIEHHS CUHYca KyTa MaiHad 0 CUHyca Ky-
Ta 3aJ0MJIEHHsI € BeJimunHa craJja. Lls crajia BemunHa HA3MBAETHCS BlJIHOCHUM
ITOKA3HUKOM 3aJIOMJICHHSI CEepeJIOBHINA ab0 MOKA3HIMKOM 3aJIOMJICHHS JIPYIOro ce-
PEeIOBHINA BIIHOCHO IIEPIIIOTO.

[Taratoumit mpoMinb, 3aJIOMJIEHNN TPOMIHD Ta MePIEHINKYJIAD /10 TPAHUII PO3-
IIOJI1JTY JIBOX CEPEJIOBUIL, BCTAHOBJICHHI Y TOUII I IiHHS IPOMEHSsI HaJIeKaTh OJIHii
ILJIOTIMHI.

[eit 3akoH cchopMyJIbOBaHMIT TO/IaHICHKIM BUeHUM Bizedpopaom Cresem
y 1620 pomi (3akon Cuesiyca).
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4. JlaTu 1OsICHEHHSI BUIIY 3a/IOMJIEHHsI CBIiTJIa, MOJATH IOHATTS abCOJIIO-
THOT'O ITOKa3HUKA 3aJI0MJIEHHS cepe0BUIIA, ONITUYHOI I'YCTUHU Cepe/loBuIlla, PO3-
IJITHYTH 3aKOH 3aJIOMJIEHHS CBITJIa B 1HIIIH (popMi.

SlBuIie 3a/10M/I€HHS CBIT/Ia ABJIsI€ COOOI0 3MIHY HAIIPSIMKY IIOIINPEHHS CBIT/IO-
BOI'O ITPOMEHS 111 Yac MPOXO/ZKEHHS 3 OJIHOI'O ITPO30POI0 cepeIOBUINA JI0 1HITIOTO.
BoHo 3yMOBJ/IEHO 3MIHOIO TIIBUJIKOCTI CBITJIOBUX XBWJIb I1iJT YaC TIEPEXOJY 3 OJIHOTO
cepeioBUINa B iHIIe. 3aKOH 3aj0MJeHHsI BUTiKae 3 npuHiuny Pepma — BiH BU-
3HavYa€ TOU MMIJIAX, IKUM CBITJIO ITPOXOJIUTH 38 HAMKOPOTIINI Yac MPOMIXKOK MixK
JIBOMa TOYKaMM, 110 pO3TallloBaHl B Pi3HUX cepejopuiiax. llogcauTu me Moxkna
HACTYIIHUM IIPHUKJIAIOM.

Hexait mognna A pyxaeTbest Iajeko Bizm Oepera i 6a4muTh y pidill MOTOIAIO-
qy sgroguay B . 1o BpstyBaTn joauny B, mimoxia A 1moBuHeH siK HaRIIBHIIIE
nocartu B . flcHo, 10 MIBUJKICTE JIIOJUHI A 110 CyXOJ0BY ¥ OljbIla, HizK HIBHU/I-
KIiCTb ¥9, 3 siKOI BiH 1mmBe. ToMy HaiimMeHInit gac Buiite npu pyci He B31oBK AB
a 3a jgamanow AOB, ne Biapizok AQO Oinbmie Bigpiska OB .

BijimMiHHICTH TIBUJIKOCTI CBITJIa B PEUOBMHI Bij IMIBUIKOCTI CBITJIa Y BaKyyMi
3yMOBJICHA B3a€MOJIIEI0 €JICKTPOMAIrHITHIUX XBHWJIb 3 aTOMaMH PEYOBHHU. Xapa-
KTep 1 CTYIIHD 1€l B3a€MO/IiT 3a/1e:KaTh 9K Biji Oy/I0BU i BJIaCTUBOCTEl peIOBUHH,
TaK 1 BiJI 9aCTOTH €JeKTPOMAarHITHUX KOJUBaHb. lle € NpuumHOI0 pO3X0I2KEHHS
IIOKA3HUKIB 3aJIOMJIEHH JIJIs1 CBITJIOBUX XBWUJIb PI3HOI JJOBXKUHU, IKUM BIJIIIOBlJ1a€
30pOBe BIUYTTS PI3HOI'O KOJIBODY.

s XapaKTepuCcTUKN MIBUIKOCTI TMOIMMWPEHHs CBITJIa B JAHOMY CEePeIOBUIII
iCHY€ TOHSITTS ONTUYIHOI I'YCTHHH CePeIOBHINA. 3 JIBOX CEPEIOBUII T€ HA3UBAIOTDH
CepeJIOBUINEM 3 OLJIBINOI0 ONTHYHOIO I'YCTHHOIO, B SIKOMY HIBUJKICTL CBiTJIa OyIe
MEHIIIOIO.

IHokasnux 3aromaenmnsa cepedosuwya U000 BAKYYMY HA3ZUBGEMBCA ADCONO0-
MHUM NOKAZHUKOM 3a.00MAEHNHA cepedosuwia. Bin 3ame:kuTh Bij pi3UTHOrO cTany
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cepeJloBUINA, Y SIKOMY IOIIUPIOEThCs CBITJIO, I'YCTUHU PEYOBUHU cepejloBullla, io-
ro TEMIIEPATYPHU, HASIBHOCTI HMPYXKHUX HAIPY?KeHb i T.J1. AOGCOIOTHIIT TTOKa3HUK
3aJIOMJIEHHS CePEJIOBUIIA 3aJI€2KUTh B1J| IIBUJIKOCT1 TOIUPEHHS CBIT/Ia Y JIAHOMY

cepeTOBUIIII.
o sin «v n v
] nT VT sin ﬁ " n1 () ’
2 ns Vs nisina =ngsinff = ...

Nn1vU1 = N2 — ...

Bisbin 3py4uHo0 pOpMOIO 3aKOHY 3aJI0MJICHHS CBITJIa € 3alluC y BUIJIAJL J0-
OYTKY TOKa3HWKAa 3aJIOMJIEHHS CEPEJIOBUINA HA CUHYC KyTa BIJIXUJIEHHSA ITPOMEHI

B IIbOMY CepPETOBUIIII.

L
Vi 14 sina ng ny U1
- = —, — = —
sinff m ny Uy
v n .
2 2 smﬁ_ng n3_v2_
5 siny  ny ng v’
|3 nysina = ngsin f = ngsin7y;
T1U1 = NV = N3V3 .
Vs M3
T

[3 3aK0HY 3a/I0MJIEHHS CBITJIa BUTIKAE 0OOPOTHICTH CBITJIOBUX ITPOMEHIB. Biia-
CTUBICTb 0OOPOTHOCTI XapaKTEPHO JIJIsI FeOMeTpil BIIONTTS Ta 3aJIOMJIEHHsI CBIT/IA.
Bono Bupazkae OJMHUYIHICTD MIIAXY, AKIM ITOIINPIOETHCA CBITIIO.

ni U2

ni1v1 = Nava, 0 = 0
2 1

U1 > V2, ny < noy.

Binbiry onTuydHy TyCTUHY Ma€ Te CepeJioBUIlle, Y SKiil MBUJIKICTD MOIMTUPEHHST
cBiTJIa MeHIa. Take cepejioBuille Ma€ OLIBIINI TOKA3HUK 3aJIOMJIEHHSI.
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5. Hapgaru disnanuii 3MicT MOKA3HUKIB 3aJI0MJIEHHSI CePEJIOBHIIL Ta CPOPMY-
JIIOBATH MTPABUJIO BU3HAUYEHHS KYTiB.

nivy = Noty, 2 ==L =n;

ny (%]

C=n1v1, C=MN2V2;
— C — c
ny =3, N2= -

BijiHOCHMIT TMOKA3HWK 3aJIOMJIEHHsSI CEPEJIOBUINA TIOKA3y€ B CKLJIBKU pa3iB
IIBUJIKICTD TOIMMPEHHS CBITJIa B OJHOMY CEPEJIOBUIII OiIbllle ado MeHIe, HiXK Y
APYyromy.

AbcosnoTHIIT TTOKA3HUK 3a/I0MJIEHHSI CEpEeJIOBUINA TTOKA3YE B CKIJIbKU pa3iB
IIBU/IKICTD MOIIUPEHHSI CBITJIa B JIAHOMY CEPEJIOBUIIL MEHIIA, HI?K Y BaKyyMi.

Pozriisinemo 1iporiec 3a/i0MJIeHHs CBITJIa IPU TI€PEXO/Ii CBITIOBOTO IIPOMEHS 13

CcepeIoBUIIA 3 MEHIIIOI OINTHYHOIO I'YCTHHOIO B CEPEJIOBUIIE 3 O1IbIIOK OITUIHOO
I'YCTUHOIO.

Ng >MNy1, Vg <1,

0
] ny Vi nysina = nysin 3 ;
n: v sina n
sinff m

sina >sinf, a>pf.

[Ipu mepexojii mpoMmeHs 13 cepejioBUINIA 3 MEHIIOK ONTUYHOI T'YCTUHOIO B
cepeioBUINe 3 OLIBINOI0 ONTHUYHOIO I'yCTUHOIO, TTPOMIHb CBIT/Ia BIAXHISETHCA JI0
HepIeHUKYIsIpa.

Posrisitnemo mporiec 3a10MJI€HHsT CBITJIOBOTO IIPOMEHsI IIPH IEPEXOIi CBITIa i3

CepesIOBUIIA 3 OLTBINOI0 ONTUIHOIO T'YCTHHOIO B CEPEJIOBUIIE 3 MEHIIIOI0 OMITHIHOIO
I'YCTUHOIO.

ny>ng, v <UVg;

oL
] ny Vi nisina = nysin f;
2 nz v sinae ng
- =—<1;
sinfg m

sina<sinf, a</f.
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[Ipu nepexojii cBiTJIa i3 cepeloBuIla 3 OlIbIIOK ONTUYHOI I'YCTUHOIO B Cepe-
JIOBUIIE 3 MEHIIOIO ONTUYHOIO I'YCTUHOIO, IPOMiHb CBITJI& BIIXUJISIETHCA YOIK Bijl
Heperne’uKyasapa.

6. fBure 3aj0M/I€HHS CBIT/IA JIEXKUTH B OCHOBI MPUHIIUAITY Ji1 OaraTboxX ONTH-
YHUX IPUJIAJIiB. 3aKOH 3aJIOMJIEHHS CBITJIa JIO3BOJIAE TO0YIyBaTH XiJl IIPOMEHIB Y
TPUKYTHI{ IpU3MI Ta IJI0CKONapaJiebHIi M11acTUHI.

['pani mpusMu, Kpisb gKi MPOXOAUTH MPOMIHB CBIT/IA, HA3WBAIOTHCSA 3aJIOMJIIO-
founMu. KyT ¢ MiXK 3aJ0MIIOI0YIMA TPAHAMI TPU3MI HA3UBAETHCA 3aJIOMJTIOIO-
YUM KYTOM HPU3MHU.

CaiT/ioBHUil 1IPOMIHBb TICJIS TPOXOJZKEHHsT Yepe3 MPU3MY BIJIXUIAETHCSA; KYT
MIK IIpOMEHEM, 10 BUXOJUTH 13 TIPU3MU, 1 IPOMEHEM, 110 NaJlae Ha IPU3MY, Ha-
BUBAETHCA KYMOM 6L0TUNEHHA NPOMEHA NPU3MOo0 0 .

© — 3aJIOMJIIOIOYUI KyT LPU3MU;
f — KyT BiIXUJIEHHS IPOMEHS ITPU3MOIO;

0=oar+ B — .

CBiTJIOBHIT TPOMIHB IIIC/IsT TPOXO/?KEHHST KPi3b IIJIOCKOIApaJ/IIe/IbHY ILI1aCTHH-
Ky BUXOJIUTH 13 INIACTUHKH I11JI KYTOM, 110 BIAPI3HAETHC BiJl KyTa MO0 HaiHHA
Ha T'PAHUIIO PO3JILIY B CEPEJIOBUIII IJIACTUHKH, 1 He BLAPI3ZHAETHCA BLJ KyTa 00
naJiinasg Ha mracTuiky. Jlopedi BiH HaOyBae 3CyB BiJl MEPBICHOIO HANPSMKY. 3CY6
NPoOMEH.A — 11e JIOBKIHA MEPIEHINKY/Ipa MK BUXIJIHUM 13 TIJIACTUHKHT ITIPOMEHEM
1 TIPOJIOBYKEHHSAM ITPOMEHS, 110 11aJIa€ Ha IJIOCKOIAPaJIebHY ILJIACTUHKY.

[ — 3cyB mpoMeHs INIpHM IPOXO/KEHHI dYepe3
IJTACTAHKY

__—.-—-—-7,———-

= dsin (o — )

cos 8

a=dtgfh, a+b=dtga

b=dtga—dtgp;

l=bcospf

184 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Boitros O.JI., Bemomanka O.41. BupuenHst siBuina 3a0MI€HHS CBITIIA, ...

ABuie 3a0MICHHS CBiT/Ia TOSCHIOE OaraTo He3BMYANHUX (DaKTIB, SdKi CIIO-
CTEpIrafoThCs B NMPUPOJI, TTOOYTI il TeXHIII.

Bimomuit mpukJial 3aJI0MJI€HHA CBITJIA, IO MU CIOCTEPIra€EMO MaiizKe MIOIHSI,
1e 111031 «3JaMaHol JIOYKKIy. BHACIIIOK 3MiHN HAlPIMKY TOIMUPEHHs TPOMEHS
IIpU TIEPEXO/Il B MIPO30PY PEUOBUHY 3 1HIINUM MOKA3HUKOM 3aJIOMJIEHHS, Ha TPAHUII
PO3/ILTY TOBITPsA-BOJIA CIIOCTEPIraeThCs 3MiHa (DOPME MpeIMeTa.

3aJI0MIEHHAM TOsICHIOETHCS YsIBHE 3MEHITIEHHs TVIMONHU PIaKH.

CBITJI0 3aJI0MJIIOETHCS I TIPU HOMINPEHHI B HEOMHOPiIHOMY cepejoBuiii. Ha-
NPUKJIaJ, TAKUM HEOJHOPLJIHUM CEPEJIOBUIIEM € MOBITPs, PI3HI IIapu SIKOT'O Harpi-
Ti 1o-piznomy. CBITJIO B TAKOMY TOBITPI 3aJIOMJTIOETHCA. | caMe 1M MOsiCHIOIOTHCS
MipazKi it 1011 ONTHYHI 1110311,

3aJjioMJIeHHsI CBITJIa HA PAHMUIL JIBOX CEPEJIOBUIIL JIa€ MapaloKCaIbHNN 30PO-
BUiT epeKT: MepeTHHAIOUN IPAHUII0 PO3ILIY MPEJIMETH B CEPEJIOBUII 3 OLIBINOI0
ONTUYHOIO T'YCTUHOIO BUIVISJIAIOTH «3aJI0MJIEHUMU HATOPY»; y TOI Yac sK IPOMIHb,
IO BXOJIUTDH Y CEPEJOBUIIE 3 OLIBIIOI0 ONTHIHOIO TYCTUHOIO, TTOMTIPIOETHCS B Hiil
iJT MEHITIM KYTOM, <«3aJIOMJIIOEThbCA JloHnzy». lleit ontuanuit edpexT i mpuBo-
JINTH JIO TIOMIUJIOK Y Bi3yaJbHOMY BU3HAYEHHI TVIMOMHU BOJOMMMUIIIA, IO 3/IA€THCS
MEHIIIOIO, HIK € HaCIpaB/Il.

[ammit npuk/Ia ] — Mipaz, 1o 9acTo CIOCTePIraloTh MAHIPIBHUKN Ha PO3Ieve-
HUX COHIEM Jloporax. Bouu 6adarh oasuc, ajie KOJU NPUXOJAATh TY/IN, HABKPYTH
BUABIAECTHCA MMicOK. CyTHICTH B TiM, IO MU 06a9MMO B IIHbOMY BHITQJIKy CBITJIO,
Mo npoiio naj mckoM. [loBiTps cuibHO posmnedene HaJl CAMOIO JIOPOTOI0, & Y
BEpPXHIX Iapax XoJjojinie. ['apsade moBiTps, po3MUPIOIOYNCH, CTAa€ OLILIT PO3Pi-
JIKEHUM 1 IIBUJIKICTh CBITJIa B HHOMY OliIbIle, HixK y XoJIogHOMY. ToMmy CBITJIO
[IPOXOJUTH HE 110 IpPsAMIii, a 110 TPAeKTOPil 3 HallMEHIIIMM YacoM, Jie 4Yac [1POXO-
JIZKeHHsI MeHIIle, [TI0BePTal0YN B TEILIl IIapu MOBITPA.

BupuenHst 3aKOHIB 3ajI0MJIeHHsI Ma€ (pyHIaMeHTaIbHe 3HaYeHHs JIJIsi HAyKN
it Texmiku. IxHe 3acTocyBaHHS B PIi3HHX OOJACTAX 3HAHb JIO3BOJISIE CTBOPIOBA-
TH TOYHI ONTUIHI NPUIAIN (TEJIECKOIN, MIKPOCKOIH, (boToanapari, KiHoKaMepH,
OKYJISIPH, KOHTAKTHI JIIH3U i T.I1.), JOC/TIKYBaTH XIMIUHY CTPYKTYPY CIOJIYK 1 BU-

Bumyck N9, 2019 185



Meronuka BukJamaHHd ¢izuku Ta actpoHomii B 33C ta BO

3HaYATH CKJIaJ] XIMIYHUX cyMiIIei, ojepzKyBaTi TOYHI Meo/Ie3ndHl i acCTPOHOMIYHI
KOOD/IMHATHU, CTBOPIOBATH OITUMAJIbHI CUCTEMH 3B’s13KYy i 6araTo 4oro iHIIOTO.

Bucaosknu

BiockonaieHHsT METOINKN BUKJIAJaHHS NeOMETPUIHOI ONTUKU CIPUSIE BUPI-
IIEHHIO PsJIy 3aBJjlaHb, CepeJl AKNX TOJIOBHUMU €: IOIJIMOJIEHHS 3HAHb YYHIB 3
reOMETPUYHOI OUTUKHU, PO3BUTOK YsIBJIEHb PO POJIb OUTUKU B CHUCTEMI 3HaHbL
PO MPUPOJTY €JeKTPOMATHITHOIO BUITPOMIHIOBAHHA, (DOPMYBaHHS HABUYOK Ipa~
KTUYHOI'O 3aCTOCYBaHHs 3aKOHIB OINTUKM [i 'PaMOTHE BUKOPUCTAHHS ONTUYHUX
[pUJIa/IIB.

Y nanoMy maTtepiaii JOKJIaJIHO PO3IVISHYTe ABUIIE 3aJJ0MJIEHHS CBIT/IA 1 10ro
3aKOHU B Tiii (hopMi, 110 J03BOJIIOTH TOYHO 3aCTOCOBYBATH X Y NPAKTHII PO3B’s-
3aHHS PI3HUX 3aBJlaHb, OB S3aHUX 3 IIEPEX0JIOM CBIT/Ia Yepe3 KiJIbKa ONTHIHUX
cepeJIOBUIIL.

Marepias 11i€l TeMu cupusgde aKTHBI3allll Mi3HABAJJILHOI 1 PO3YMOBOI JIIAIbHO-
CT1 YYHIB, IJBUIILY€E 1XHI{l 1HTEepec 1 yCHINIHICTL Y HAaBYaHHI, CIPUSE CBLIOMOMY
BIOOPY MailOyTHBOI 1Tpodecil.

Marepias HeoTHOPA30BO BUKOPUCTOBYBaBCsS aBTOPAMI ITPU MTPOBE/IEHH] YPOKIB
i3uKM 3/1aHOT TEMI.
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The study of the phenomenon of the light reflection and its laws in
the course of physics in secondary educational institutions

This article discusses the study of the phenomenon of light refraction and
its laws on the course of physics in secondary schools. The authors offer materi-
al on this topic, which uses unconventional methodological techniques to help
understanding and conscious application of this phenomenon. This material can
be used when conducting lessons in the 9th grade, as well as in consolidating and
expanding knowledge on this topic in students of the 11th grade.

Keywords: light refraction, refractive index, optical density of a medium,
laws of refraction, optical devices.
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CIIIBBI/ITHOLITEHHA MI>K CTPYMOM 1 HAIIPYT'ORO
HA PEAKTUBHOMY HABAHTA>KEHHI
Y KOJII SMIHHOI'O CTPYMY

CrarTs npucBsideHa JTOCIIIIZKEHHIO aKTyaJbHOCTI JIeMOHCTpaIlil ¢a30BUX CIIBBIIHOIIEHb MiXK
CTPYMOM 1 HAITPYTOIO TIiT 9aC €EMHICHOT'O Ta 1HIyKTUBHOT'O HaBaHTayKEHHS ITPU BUBUEHH] 3MIHHO-
ro CTPyMy y Kypci pi3uku cepe/iHix yI00BUX 3aKIa/iB. PO3IISHYTO MOKJIMBOCTI BU3HAYEHHS Ta
JieMOHCTpaIlil (ha30BUX CIIBBIIHOIICHE. 3aIIPOIIOHOBAHA CXeMa 3aMIIeHHS FeHepaTOpa 3MiHHOTO
CTPYMY, 9Ka MICTUTDH HAHIPOCTII (Pi3UTHI TPUIAIN Ta Ja€ 3MOTI'Y HAOTHO MOKA3aTU PE3Y/IbTaTH
JEMOHCTPAITl.

Kiro4doBi cioBa: aMmiHHul cmpym, emHichutl onip, iHOYyKmMueHul 0Onip, axmueHut onip,
2enepamop, ocuunopap, 3cys das.

Bceryn

diznka, 9K HaBYAJbHUI IIpeaMeT IIOCiae OJHe 13 MPOBIIHMX MICIb Y BHUPI-
IIeHHI KOMIIJIEKCHUX 3aBJlaHb HaBUYaHHsI Ta Clpusie (POPMYBAHHIO Yy MOJIOJI Cyda-
CHUX HAyKOBUX YsIBJICHb ITPO HaBKOJIUIIHIN CBIT, (popMye 1 pO3BUBAE HAyKOBUI
CTHIJIb MUCJIEHHSI, CYTTEBO IOJIIIIYE IPAKTUIHY CIPSIMOBaHICTb HaB4YaHHs. Tema
«OcHOBH eJIEKTPOIMHAMIKI» 3afiMae Bak/uBe Micre B Kypci disuku. Bin piBas
3aCBOECHHS TeMU 3aJI€’KUTh 11 110j1aJIbIlle PO3YMIHHS IIPU 110JIaJIbIIIOMY BUBYEHHI,
B 10 abo 11 kjaci, B 3a/1€2KHOCTI BiJl BHOOPY NMPOdI/II0 BUBYCHHS MaTepiaJIy.

AHnasizyoun migIpydHIKE Ta MOCIOHUKM 1 HAsIBHICTD 00J1aJHAHHS KabiHeTiB ¢i-
BUKU 3 TeMU «3MIHHUI eJIEKTPUUHMI CTPYM» I 3aKJIa B CePeHbOI OCBITH MO-
JKHa, 3ayBayKUTH, 10 HABYAHHSI MOYKe OyTH yJIocKOHaJieHe. [Ipu BuB4eHH1 3MiHHOTO
CTPYMY y KOJII 3 aKTUBHUM Ta peaKTUBHUM OIOpaMU TPAJUININHO 3aCTOCOBYIOTh
JIBOITpOMeneBuil ocrmiorpad.

OcHOBHA 4YacTHUHA

Ha puc. 1 (HuKue), CKIAJI0BUME SIKOTO, KPIM I'eHepaTopa 3MIHHOIO CTPYMY
(ma Buxozi stkoro Hanpyra U 3MIHIOETBCS 38 3aKOHOM:

U = Uy sin wt,

ne Uy — ammuiityga, w — NUKJIIYHA 9acToTa, © — 4ac), € MOCTIIOBHO 3'€/HaHi
pesuctop R (axTuHwmit omip), inaykruBHicTs L Ta emuicth C', MaeMo:
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VEVr+ VL + Ve,

ne Vg, Vi, Vo — cnangm nanpyru na pesuctopi R, KOTymii iHyKTUBHOCTI L,
emuocti C' BioBiHO (AKTUBHUM OTIIOPOM OOMOTKH €JIEKTPUIHOI KOTYIIIKU 3HE-
xtyBano Rg =0).

Vi Vi Ve
———i 11 |
R L (o
_ V _
©

Puc. 1: EjekTpuyne KoJIO 3MiHHOTO CTPYMY

Ha mbomy anaizyloTh eJIeKTpUIHe KOJIO B AKOMY J0 TOCIIOBHO 3’€/IHAHIX
pesucropa R, Korymkn igayKTuBHocTi L 1 konjgeHncaropa C' HiJIK/II0UEHO MeHe-
paTop 3MiHHOI'O CTPYMY. SMIiHH CTPYMY B KOJIi BiJIOYBAIOTHCS 38 3aKOHOM:

I = [ysinwt,

ne Iy — aMIutiTya KoJauBaHb CTpyMy, w — IUKJiYHa dacrtora. Hanmpyry Ugr na
eJeMeHTax TAaKoro Koja 31 crpymoM [ y HboMy Ta 3apsjom ¢ Ha emuocti C
OB’ sI3YE:

e na pesucropi R 3axkon Oma U =1-R;

® Ha iHJIYKTUBHOCTI L CHiBBIIHOIIEHHS

dl
U, =L—,
T
e % — 3MIHa& CTPYMY Ha Hiii;

e 1na emuocti C cuipBignomenna U = L

Q

BigmosigHo 10 115010
MUTTEBE 3HadYeHHs Hanpyru Ur Ha pe3ncropi criBiajiae 3a (ha3oio 31 CTPyMOM

Ur = [y Rsinwt,
Ha IHJlyKTUBHOCTI (pasa Halpyru BunepepKyBaTume (asy CTpymy Ha 3 :

1
U= 6/IOSinwtdt
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abo

1 . T
UC = m[() Sin (Ldt — 5) .

Pesynbryrouy nanpyry U, sgka JIOPIBHIOE CyMi CIIa iB HAIIPYT
U=Ur+Ur+ Uc

abo

1
U = Rlysinwt + wLl (sinwt + E) + —1Ipsin (wt — E)
2 wC 2

MOXKHa, 10j1aTi rpadivdHo, SIK Ie II0Ka3aHO Ha Puc. 2.
3BijicH BUILINBAE BUpa3, KNl HA3WBAIOTh 3aKoHOM OMa JIJIsT KOJI1a 3MIHHOI'O

CTPYMY:
U, Uy Uy

Iy = L =—, Iy=
\/R2+ (wL—%)Q 4 \/R2+(XL+X0)2

e Xo = i — eMmuicauit omip, Xy = wl — IHAYKTUBHUII OIIIpP.

9

VL 'y XL

?L .Vc F Y

Vo X -Xe

a) 0)

Puc. 2: Cuissinnorenns: Mixk (ha3oBuM KyToM (0 :
a) crpymoM I, manpyramu Uy , Hanpyramu Ha ejaementax kosna Upg, Usr, Upc
Ta pe3ynbryiodono Uy ;

6) akrtuBHUM onopoM R, peakrusHuMu onopamu Xp i X¢ ra imnegancom Z .

Bxazani ciiBBijHOIIeHHST MOXKHa OauuTu Ha puc. 2. s jgemoncTpariil da-
30BUX CIHIBBIJIHOIIEHb MIXK CTPYMOM 1 HallPYI'Ol0 TPaJUIIITHO BUKOPUCTOBYIOTH
nBoripoMenesuii ociimiorpad. Ilepmmm mpomeneM kepye Hampyra aKTUBHOTO Ha-
BAHTAYKEHHSI (CIBIIAIA€ 31 CTPYMOM ), IPYTUM ITPOMEHEM Kepye HAIPyTa OJHOTO 3
peakTuBHUX onopiB. MeToro HaIol podOTH € JIeMOHCTpallisl 3CyBY (a3 MixK CTpy-
MOM 1 HAIPYrol0 Ha aKTUBHOMY Ta PEAKTUBHOMY OIlopax 0e3 JIBOIPOMEHEBOIO
ocumiorpady Ta JIOIMOBHEHHs] HABYAJLHOI'O Marepiajly. 3aMiHUMO HOro JBoMa Jie-
MOHCTpPAaIIiiHIMI MiKpOoaMIIEpMeTPaMI.
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u (1) (U)
@ R m L X

O o~ O
-

a 0

Puc. 3: IIpunnunosa cxema yCTaHOBKH: - I'eHepaTop 3MiHHOTO cTpyMy; R — pesucrtop; L —
KOTyMmKa iHyKTuBHOCTI; C' — €MHICTD

Jl>epesio 3MiHHOIO ¢TpyMy 3 dacToToro 50 ['1 3aMiHsIEMO HOBUM reHepaTopoOM
HU3BKOT 9acTOTH (TAKOW, IpHU sIKiil iHEPTHICTH CTPLIOK He Oyje MpPOSBJISITUCS ).
['enepaTopoM € MOTEHITIOMET] 3 JTOAATKOBUMI KOHTAKTAMI BiJl cepeIMHIT OOMOTKH.
[Ipu npboMmy Ha Kpafiii KJIeMH MOJa€ThCs MOCTIHTIT ¢CTPYM, a Ha BXiJl CUCTEMH I10-
JTIAETHCA HAIIPYTa 3HsATa 3 MMOB3YHKA peocTaTa Ta CePeIHbol TOUKU. B 3a/1e2KHOCTI
BiJI ITOJIOYKEHHs MMOB3YHKA Ha BX1J[ HAIIOTO €JIEKTPUIHOrO JIaHIIora Oyjie 1mojaBa-
TUCSI PI3HMIT 32 HAIIPIMOM CTPYM. A B 3aJI€2KHOCTI Bijl 9acTOTH 3CYBiB MOB3YHKA
BIJTHOCHO CepeJIHbOI TOYKHU, Oyjie 3MIHIOBATHCS TOJIAPHICTD.

=]

a) 0)

Puc. 4: a, 6. JlogarkoBuii Buxij 3 0OMOTOK IIOTE€HILIOMETPA

Ha mepuiuii MikpoaMiiepMerp MOJAEThCsI HANpyTra 3 aKTHBHOIO Onopy (BiH
JeMOHCTpYBaTHMe 3MiHy cTpyMmy ). Ha apyruii MikpoaMIiepMeTp moJaeMo HAIpyTy
3 PEAKTUBHOTO OMopy (BiH JEMOHCTPYBATHME 3MIHY HAIIPYIH).

MutrreBe 3Hauennst Hanpyru Uy Ha ingyktuBaocTi L (puc. 5), Bulepekye

T

crpym I 3a dasoro na 3.
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VI —
L V[J
——
wy fo
f e
1% =73
Q,
al a) &)
Puc. 5:

a) reHepaToOp 3MIHHOIO CTPYMY HPHUETHAHO JI0 1HIYKTUBHOCTI;
6) rpadiku crpymy [ HAIPyTu B iHYKTHBHOCT;
B) BEKTODHE IIOJIAHHs KOJIMBAHb CTPYMY Ta HAIIPYTH.

Crpisika, sika IIOKa3ye CTpyM Oy/e BiIcTaBaTH BiJl CTPIIKH, sSIKa JeMOHCTPYE

HANpyTy Ha iHayKTuBHOCTI. To/i 1K Ha eMHOCTI, (puc. 6), HABIIAKN, MUTTEBE 3HA-

(i

genns nanpyru Uc na emnocri C' Bijcrae Bij crpymy [ 3a dasoro na 7.

c VI
i

- -
v - BT
-\ Vi -2
) |
il i) i)

Puc. 6:

a) reHepaTop 3MIHHOIO CTPYMY MPHUEIHAHO JI0 KOHJIEHCATOPA;
6) rpadiku cTpyMy i HAIIPYTH B KOHJIEHCATOD;
B) BEKTOpHE MOJIaHHS KOJMBAHb CTPYMY Ta HAIPYTH

Crpijika, siKa 10Ka3y€e CTPYM BUIIEPE/IZKAE CTPLIKY, KA KEePYETbCsT HAIIPYTOIO
Ha emHicHOMY HaBaHTaxkenHi. (IIpuragn BecTaHOB/IEH] OJIMH 3a OJJHUM 1 IIKAJIH BU-
najieni). Baurenam bisukn MoXKHA 3alIPOIIOHYBATH IF0 PoOOTY, abo 11 BapiaHT, B
JAKOMY MIKpOaMIIEPMETPHU 3aMIHAIOTHCs JIIXTAPUKaMU, a T'€HepaTop HU3bKUX Ya-
CTOT Ha MKLIbHNN reHepaTop ['HYIIIL.

BucuooBkn

Tema «3MiHHMI CTPYM» 1 METOJNKA BUKJIAJIAHHSI CIPUSIE ITOIINOJIEHHIO 3HAHD
VUHIB 3 Ii€l BazK/IMBOI TeMu, (DOPMYBaHHIO HABUYOK IPAKTUIHOIO 3aCTOCYBAHHSI
JIAHOI TEeMU.
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ana pobora Morxke OyTH 3aCTOCOBaHA IPU BUKJAJaHHI (Bi3UKU B 3aKJiajax
CepeIHbOI OCBITH, 30KpeMa, IPH JIEMOHCTPaIlisiX 0COOJMBOCTEl 3MIHHOIO CTPYMY
y JIAHIIIOraX 3 aKTUBHUM Ta PEAKTHUBHUM HABAHTAKEHHSIMU (Y IMKOJAX Maiizke
BijicyTHI jiBoripoMeneBi ociiorpadu). Marepias 1€l Temu cripusie akTUBi3aIl
M3HABAJILHOI 1 PO3yMOBOI JIISIJIbHOCT1 YUHIB, IIJIBUIILY€E 1XHiil iHTEpec 1 yCIIIIHICTh
y HaBYaHHI, CIIPUSIE CBIJIOMOMY BHOOPY MailOyTHBOI mpodecii.
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Beloshapka O., Sypchuk Ye.
Donbas State Pedagogical University, Slovians’k, Ukraine.

Relationship between the current and stress on reactive loading in
the variable current

The article is devoted to the study of the relevance of the demonstration
of phase correlations between current and voltage during the new and inductive
loading in the school course. The possibilities of definition of phase relations with
the help of various devices that are in the property of secondary education are
considered. The actual scheme of replacement of an alternating current generator,
which contains the simplest physical devices and allows to visualize the results of
the demonstration, is proposed.

Keywords: alternating current, amperage resistance, inductive resistance,
active resistance, generator, oscilloscope, phase shift.
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MIKIIPEIMETHA IHTETPAIIIL K 3ACIB PEAJII3AIIIL
STEM-OCBITU HA YPOKAX ®ISUKU

OcobuBoro dopmoro HackpizHoro STEM-#aBuaHHsI € iHTerpoBaHi YPOKH, sIKi CIIPSIMOBaHI Ha
BCTAHOBJIEHHSI MiKIIPEJIMETHUX 3B’¢3KiB, 110 CHPHUAIOTH (POPMYBAHHIO B YUHIB IJIiCHOTO, CHU-
CTEMHOTO CBITOTJIsi/Ty. Y CTATTi PO3TJISTHYTO NMPUKJIAU BUKOPUCTAHHS MiXKIIPEJIMETHUX 3aB’s3-
KiB Ha ypoKax (i3uKu.

KumouoBi cioBa: STEM-oceima, inmezpauisa, miotcnpedmemni 36 °asku, Giauka.

Beryn

Y 2018/2019 maBuaabHOMY POII yCi 3araJbHOOCBITHI HaBYAIBHI 3aK/Ia/IH IIe-
peifimm Ha HOBHil 3MicT ocBitu. Y 3akoni Ykpaiuu «IIpo ocsiTys roBopurhes:
«MeTo10 0CBiTH € BCeOIUHMIT PO3BUTOK JIIOJIMHN SIK OCOOUCTOCTI Ta HAHBHINOI TTiH-
HOCTi CYyCIILJIBCTBA, PO3BUTOK 11 TaJaHTIB, PO3YMOBHUX 1 (PIBMUHUX 3JI0HOCTEI,
BUXOBAaHHS BHCOKIX MOPAJLHUX SKOCTel, popMyBaHHS T'POMAJAH, 3MATHUX [0
CBIJIOMOI'O CYCIILJILHOI'O BHOODY, 30aradeHHsi Ha Iiiff OCHOBI IHTEJIEKTYaJIbHOIO,
TBOPYOIr'O, KYJbTYPHOI'O MOTEHIAJY, MIJBUIIEHHS OCBITHHOI'O PIBHS HapOJy, 3a-
Oe3I1eueHHs HAPO/IHOI'O I'OCIIOIAPCTBA KBaJII(PIKOBAHIMU (PaxiBIIFAMUI».

OgHuM 3 aKTyaJIbHUX HaIpPAMIB MOJepHi3allll Ta IHHOBAITHOIO PO3BUTKY
HPUPOHNYIO-MaTeMaTndHOl ocBiTn BucTynae cucrema STEM-ocsitu. Came Taka
cydJacHa CHCTeMa OCBITH 00’€IHYE B COO1 MIXKIMCIUILIIHAPHUI Ta IPOCKTHUN TTi/1-
XOJIM, OCHOBOIO SIKMX € IHTerpallis IpUpPOJHUYNX HayK B TEXHOJOTI, 1HXKEHEPHY
MaficTepHICTh Ta MATEMATHUKY.

OcHOBHA 4YacCTHHA

AK 1 Hame XKUTTd, yCi TpeMeTH — B3aEMO3aJIeKHI Ta IHTErpoBaHi B €JUIe
1ijie. Y nmpoMy rapMOHIHHOMY MO€ HaHHI — rojioBHa epeara STEM. Mu xxkusemo
y CBITI, gKHil HE PO3/1JIEHO Ha OKpeMl JIUCIUILIIHU YU IPeJIMeTH, TOMY i JITIM
BasKJIMBO O0AYNTH HOro I[IJIICHUM.

Opnanm 3 edbekruBHux MeroniB STEM napuansst B 1mikoJi € inrerparisi. Cy-
JacHl HIJIXOJW JIO OCBITH HepeadadaloTb MixKipejaMeTHl 3B’s3ku. Ile jgomomarae
MO€IHATH 1 30JIM3UTH Pi3HI HaBYaJibHI 1pejMeru. IiiroroBKa J10 TaKUMX YpPOKiB
CKJIaJiHa, aje ePeKTUBHICTb BUCOKA. BUKOPUCTAHHS MIiXKIIPEIMETHUX 3B SI3KIB —

194



bibikosa I.B. Mixxmpenverna inTerparist sk 3acio peasizarii STEM-ocBiTr

1le Ha/[3BUYaiiHO KopucHa (opma podoru. Hespuaalinumii Jiist JUTUHE XiJ[ YPOKY
BUKJIMKAE IHTEPEC, CTUMYJIIOE PO3YMOBY JisJIbHICTH, 1 BOHA CTa€ aKTUBHOIO: I10-
YUHAE aHAI3YBATHU, 31CTaAB/IATH, IOPIBHIOBATH, ITYKATH 3B’ SI3KN MIXK sIBUITIAMU Ta
1pejMeTaMu.

Mu, megaroru-npakTuKN, 3ITKHYJINCH 3 MPOTUPITUSIM: K JUTHHI B yMOBax
MOCTITHOTO 30LIBINIEHHS O00CATIB HaBYAJILHOTO MaTepiajay ob0’€rHaTH X y IiJIi-
cHy KapTuny cBiTy. ToxK Ha 3MiHy ypokKam, Ha SKUX, 3/1e0LIbIIOTO IepeBarkKae
BUBYEHHS TEOPETUYHOIO MaTepiasy, MaloTh MPUUTH KOMIIETEHTICHO OPIEHTOBAHI,
110 CIPUSIOTH [IJICHOMY CHPUITHATTIO HABYaJILHOTO MaTepiaJjy, HadyTTI0 HaBUIOK
MPAKTUIHOIO BUKOPUCTAHHS, (POPMYBAHHIO MO3UTUBHOIO €MOIITHOTO CTaBJIEHH
JIO TIPOIleCy MI3HAHHS Ta IPEeJIMETy BUBUYEHHS.

OpHUM i3 epeKTUBHUX IIJISIXIB KOHCTPYIOBaHHSA TaKUX YPOKIB 3 ypaxyBaHHSIM
OKPECJICHUX 3aBJIaHb € BCTAHOBJICHHSI MIXKIIPEJIMETHUX 3B’S3KIB — BKJIOUEHHS B
VPOK 3alluTaHb 1 3aBJaHb 3 Marepiajy IHIINX HABYAJIBHUX TIPEJMETIB (HApU-
KJIaJI, JiTeparypa, 06pa3oTBopUYe MUCTEINTBO), M0 MalOTh JOMOMIKHE 3HAYEHHS
JlJIs BUBUEHHSI TeMU 1 CIIPUAIOTH IJIMOIIOMY CHPUIIMAHHIO Ta OCMUCJICHHIO TIEBHO-
r'o MOHSITTS.

DiznKa — npupoIHNYIa HayKa. AJie BOHA 3aBK/ 1 BUCTYIIAE STK JaCTUHA JIYXOB-
HOI 1 MaTepiaJbHOI Ky/JIbTypHu Jito/icTBa. Di3mIHA OCBITA € CKJIAHUKOM 3araJibHOI
KYJIbTYPU OCOOMCTOCTI, sAKa »KUBE, HABYAETHCs, IPAIIOE, TBOPUTH B yMOBaxX BU-
COKMX TEXHOJIOTIi1, 3MyIlleHa IMPOTUCTOATH €KOJOTTIHUM MpobIeMaM Ta PU3UKAM.
@izuani 3HAHHSA, 3/I00YTI YUHAMU B OCHOBHIN IITKOJI, CTBOPIOIOTD IIJI'PYHTS pea~
JIICTUYHOI'O CTAaBJIEHHS JI0 HABKOJIMIITHBOI'O CBITY, B dIKOMY 3Ha4YHE MicIle MOCIIa€
B3a€MO/I15 JIIOAUHU 1 ITPUPOJIN.

BuBuenns mpupoin JIOAUHOIO, pO3YMiHH 1T 3aKOHIB, MOSCHEHHS TAEMHUIDL —
BCe IIe 3aB2K/I1 XBUJIIOBAJIO HE TIILKI BUEHNX, a it MuTHiB. HaykoBe misHanus mpu-
poJint Ta 11 XyJ0yKHE CIPUIHATTS Iy Th MOPYT, B3AEMHO 30aradyovun oJiHe OTHOTO.
SuanHsT (DI3UKU, TPUPOJHUX SIBUIIL JIO3BOJISIE ITle CUJIbHIIIE BIAIYTH X BHYTPIIITHIO
rapMOHIIO Ta Kpacy; B CBOIO 4Yepry BLIUYTTd i€l Kpacu — Il BeJMYe3HUuil cTu-
MYJI JIJIsI TIOJIAJIBIIIX J0C/Ii/I2KeHb. [le € mpupoiHo, 00 JIojIchKa JIyIla He Bi1yBae
MexKi MIXK pallioHaJIbHUM 1 emMoniiiauM. Hesparkaroum Ha PI3HUIIO XYI0XKHBOI'O
CHPUITHSTTS TPUPOJIN Ta 11 HAYKOBOI'O OIKCY, MixK HUMU € TVIMOOKMIT BHYTPIIIHI
3B I30K.

3aJ1a4i IMOBUHHI 3aXOILIIOBATH YUHIB, (DOPMYBaTH iHTEPEC JIO OTOUYIOUOTO HAC
CBITY, /10 »KUTTs. Bukopucranus Ha ypoKax (pi3svKu penpogyKIiii KapTuH BUja-
THUX XYJOKHUKIB JIOTIOMAra€ 3HalTH B3a€MO3B 130K 3 KIBOIO MIPUPOJIOI0, 010101~
€10, XKUTTSM JIIOJMHK. YCIIX HaBYaHHS BUPAYKAEThC Y CPOPMOBAHOCTI 3/1aTHOCTI
MUCJIUTH, & MUCJIUTH JIIOJUHA TOYMHAE TOJIi, KOJU Yy Hel BUHUKAE 110Tpeda Ioch
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3posymiTu. OuH i3 €1ocodiB j1aTu MOMTOBX JO aKTUBHOI PO3YMOBOI JIisl/IbHOCTI
JiTel — 3alpOIOHyBaTH 1M IiKaBl HaBYa IbHI 3a/a9i. A iHTepec BUSABJISIETbCS TOJI,
KOJIN 3a/la4a CTOCYETbhCS PEeaJbHOIO CBITY, XKUTTEBOI CUTYaIlll, 110 3YCTPIYa€ThCs
KoxKHifl moanni. Hanpukiam, ocob/mBo BUrpallHIMU B IILOMY BiJHOIIIEHHI € PO3-
mn «CBiTioBl gBuiay B 9 Kiacl OCHOBHOI IIKOJM Ta «XBUJIbOBA 1 KBAHTOBA
OITHKa» y CTApIIiil mKoi. baraTo imocTpariit MoXKHa IIi/1i0paTn J10 3aKOHIB BiJI-
OuBaHHSA Ta 3aJ0MJIEHHS CBIT/Ia. fKicHI 3a/1a9i, cchbopMyIboBali Ha IXHil OCHOBI,
JIy2Ke TKaBi 1 KOpHUCHI 1T PO3BUTKY (DI3MIHOr0 MUCTEHHS y4HIB. Po3B’ d3anms
TaKUX 3aja4 1oTpedye cepilo3HOl 1 'PYHTOBHOI IiJI'OTOBKHU, IO CIIOHYKAE YJHIB
JI0 CAMOOCBITH.

HorinbHe, Jopevune i BMijie BEKOPUCTAHHSI TBOPIB MEUCTEITBa B HABYaHHI (hi-
3UKI POOUTDH IIPOIEC Ii3HAHHS OLIBIN eMOIIMHUM 1 BpasKardnuM, 1 HIXTO He 3MOKe
Ha3BaTn (Di3UKY «Cyxoi0 Haykowo». Kaprunu ykpaincbkoro xymgoxkauka [LK. Aii-
Ba30BCHKOI'O 3aJIMINAIOTH B YUHIB He3a0yTHI BpaskeHHsI. 3 TOYKHU 30py (Pisuku, B
floro KapTHaX XyJI0KHBO 300parkeHo OaraTo (pismdHux ABUII 1 mporecis. Came
UM MOXKe CKOPUCTATUCh YUUTEb.

Puc. 1: «beper mops BHOUI» Puc. 2: «Crapa Deozocis»

IIpukaad 1. Kapruna «Beper mopst Buoui» (1837). Ha wapruni 306pake-
HO cpibJisicTo-cuie Hedo 31 MBUIKUMEI XMapaMU, CXBUIHOBAHE 30JI0TUCTO-3e/IeHe
MoOpe, KopalJii, 10 HOXMJIMJIKC Iiji nopuBaMu BiTpy. Ha kapruni mu 6adumo i
MicdIlb, 3Jerka BKpUTHil xMapamu. [l Jac BUBUEHHS dBHINA PO3CIIOBAHHS CBi-
TJ1a MOYKHa HABECTHU MPUKJIA/I, IO PO3CiTHE XMapaMu CBITJIO OCBIT/IIOE y30eperKkKs
Olsblne, Hi2K 3BHYaitHe. HYoBeH, 3 sIKOTO 3HIMAIOTH BaHTaXK, IIePEeXUIeHN Ha IIpa-
Buit Oik. [Ij1s1 JeMoHcTpaIil yMOB IIJIaBaHHS TiJl 1 3HAUEHHs PO3TalllyBaHHs IIEHTPA
MaC YUHUTeIb TaKOXK MOYKe BUKOPHUCTATH PENpOyKIliio 1iel kapTunu. CBITJIO Bij
MasKa, 110 CJIYTYE MITKOIO JjIs KOpabJIiB — PO3MOBCIOIKYETHCS BIIIOBIIHO JI0 3a-
KOHY TPAMOJIHIITHOTO PO3MOBCIOXKEeHH cBiT/Ia. Micaana JopizkKa po3MuTa, aJje
MOJIEKY/ I BUJIHO 11 BiJIOMBaHHS BiJI IOBEPXHI MOpPChKOI Boju. Mope maiizke Bce
611010 KOJIbOopy 4epe3 BiIOMBaHHS TOBEPXHEIO MIiCAYHOIO CABA.
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IIpuraad 2. Kapruna «Crapa @eomocis» (1839). I.LK. AiiBasoBcbkuil mesii-
YeHHY KiJIbKicTh pas3iB masoBaB pinHy Peojiocito. Kaprtuna «Crapa ®eojocisas
BITHOCUTBCS JI0 pAHHBOTO TIEPIOJTy TBOPYOCTI XYIOXKHUKA. Y JIaHiil KapTUHI BeJIU-
Ke 3alliKaBJIeHHs, 3 TOUKN 30pYy (DIBUUHUX SIBUII, BUKJIMKAE J€PEBO, HAXUJIEHE I1iJ]
JIOCTATHBO BEJTMKUM KYTOM JI0 TOPU3OHTY, IO 1II0CTPY€E MposB 3aKoHIB HbioToma.
YUHI MOXKYTb OTPUMATH 3aBJaHHs HAKPECJUTU PO3IOJILI CHJI, sKi JIIIOTH Ha Jie-
peBo. Ilin yac BUBYEHHSI ONTHUYHUX sIBUII MOYKHA HNPUIIIATUA yBary Tomy (pakry,
110 MIiCTO Ha 3a/HbOMY ILJIaHI OCBIT/IeHe, a BiJl JepeBa IaJla€ TiHb, 1 JIIOIN I00IU3Y
HbOI'0 300pasKeHi B HAIIBTIHI.

IIpuraad 3. Kapruna «Micstana wia B Koncranturomnosi» (1884)

Puc. 3: «Micauna niu B Koucraurunonosti»

Ha noBepxHi piuku, o3epa au Mopsi B HAIPAMKY Micsis BUIHO OJIMCKY 1y Micsi-
qHy JOPiKKY. [logCHITH, 9K BoHa yTBOPIOETHCS. 1M MOXKHA CIIOCTEPIraT MiCAYHY
JIOPIKKY Ha 1j1ea bHO TVIaJIKii CrIOKiiTHIi moBepxHi Boan? YoMy AOpizKKa 3aBXK 1
cripsiMoBaHa Ha crioctepirada? (/lopioicka ma noseprni 600U SUHUKGE 6HACAIOOK
sidoummas ceimaa 6id OPIOHUT TEUAL, AKI OPIEHMOBAHT 8 PISHUL HaAnpAMKaL. To-
MY 68 PIBHUX NO3UULAT cnocmepiaaya 6100umi npomMers nompanisoms Jo Hb020
6 oko. Koowcen cnocmepizay 6avwums «c8010» MICAUHY 0OPIAHCKY).

3 MeTO0 CTBOPEHHSI ONTUMAJILHUX yMOB [IJIsT camMopeaJisalil ocoOucToCTi
Ty TIPOTIOHYI0 KOMILIEKCHY CcHCTeMy 3aBjiabb 3 Temu «CBiTyiosi siBuiay (disuka,
9 KJIac).

BukoHauHsI IMX Pi3HOPIBHEBUX 3aBJlaHb 3POOUTH 3HAHHS YUHIB OCOOMCTICHO
3HAUYIIUMHU, 110 MA€ MPAKTUYHE CIPsAMYBaHH; [IPOJEMOHCTPYE CaMOCTIIHY Ha-
BUAJIbHY JIISJIBHICTD 1111 Yac 3aCBOEHHS HaBYaJbHOI'O MaTepiajly; JOIOMOKE Iepe-
BIPUTHU CBOI 3/(I0HOCTI; aKTUBI3YIOE JIiTEll MMPAIIOBATH 3 TEKCTOM; CIIPUSITIME BCE-
OIYHOMY KYJIBTYPHOMY PO3BUTKY ITKOJIsIpa, IIJIBUINEHHIO IHTEPECY 0 MpPEIMETa,
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KYJbTYPU YCHOTO 1 MMCEMHOT'O MOBJIEHHS, PO3BUTKY COIllaJIbHOI, KOMYHUKATUBHOI,
MOJTIKY/JIBTYPHOTI, 1H(MOPMAaIiifHOI KOMIIETEHTHOCTI, IMPOJyKTUBHOI TBOPYOI Jlisl/ib-
HOCTI.

KommniekcHa cucreMa 3aBjaHb 3 pizuku 3 TeMn «CBITJIOBI SBUIIIA»

Ceimao — ue cama 3azadkosicmyv. Henepesepwene y weudkocmi.
Bono 1 zeuas, 1 wacmunkra, i, MOANCAUBO, ULE WOCD. . .
Onecv Tonwap

ITanosrut des’amuraachuxy!

Baotcko yasumu cobi orcummasa b6e3 ceimaa. Adoce 6ce srcuse iCHYE | PO36UBH-
emvesa nid enausom cetmaa i menaa. Lo nam donomazae niznasamu HaBKONU-
writi ceim? Csimao! Hozo snavenna 6 nawomy scummi dyoice eeaure. Ceim.ao
— natimemniwa nasma y grauui. [pomszom bazamvoxr cmosimv A100UHA HAMO-
2000CA 3PO3YMIMU NPuUpPody ceimaa. Aae 3naxosi sidkpummas 6yau 3pobaeHi 3a
ocmannt 150 poxie ma nocmynoso GiIKPUAU 3a61CY MAEMHUYT HA0 UIEI0 3a2a0-
Koto. Yoice cam daxm icnysarns ceimaa docmammill OAA Mo20, U0 BUKAUKAMU
bazamo pianuxr numans. Hanpuxaad, womy ymeoproemuves mirnv? Yomy ymeo-
proemuea eecenka? Homy mu 6a4uUMO HABKOAUWHIT CBIM Y PISHUT KOALOPAL?
Ile miavku deaxt 3 numans, Ha AKE MU CNPOOYEUL 6L0N0BICTNU, BUBUAIOYU MEMY
«Csimaosi asuuiay. Ha mebe wexae bazamo yixasozo!

SaBganusa 1.Ckiaam acomiaTuBHUIT KyI1i g0 cjioBa «CBiTJIo»

3aBaanus 2. IIpo gKi BjaacTuBOCTi, ABUIMIA I 00’€KTU CKa3aHO B 3a-
rajgkax?

IIJo 6 ckpunio ne crosacus?

II[odna epanuyi eono y eikorue rodums dJo Hac
Bavuw ovuma ma ne 6i3bmeus pyramu

I asuxa ne mae, 1 npasdy crasice

Ilionanuca 6opoma- Ycvbomy c8IMyY Kpaca.

S Ot =

Ceoix ouetll ne mae, a tHuum 6auumy donomazae.

3asaanHsd 3. IloBTopu TeoperuyHi BizoMmocTi 3 Temu «CBIiTJIOBI SIBU-
ma» Ta obepu NpaBWJIbHY BIJIIOBi/Ib Yy TECTOBUX 3aBAAHHSIX.
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TecToBa pobora 3a po3zaiiom «CBIiTJIOBI sBUIA»

Puc. 4: «Csitiosi gumas»

1. dxe onTuune sgBurie iocrpye dpororpadist?
a) eidousania ceimaa; 6) nNo2AUHAHNA CEIMAG;
68) ducnepcito ceimaa;  2) 3aNOMAEHHA CEIMAA

2. 3a gKuX YMOB BUHUKAE MICATHE 3aTEeMHEHHI !

a) 3a 6ydv-aKoeo 63acmno20 posmawysanns Conua, 3emai ma Micaya
0)3emas 3naxodumuvces mioie Micayem ma Conuyem

8) Micauv snaxodumuvca miorc 3emaero ma Conyem

3. fxkum e 300parkeHHsI IIpeaIMeTa B IVIQJIKOMY JI3epKaJii’?
a) sbiavwernum; 8) diticHum;
0) amenweHuM; 2) YAGHUM.

4. ITpominb cBiT/IA TTajla€ 3 TOBITPS Ha IJIACTUHKY 31 cKJa. Ha skomy 3 nase-
JIEHUX PUCYHKIB MPaBUJILHO 3a3HAYEHO BCI TPW KYTH — KYT HaJIIHHS, BlJIOMBAHHS
Ta 3aJ0MJIEHHS CBIT/IA?

Puc. 5: no 3apmannsa 3.4
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5. KyT naJiinHsl HACBITJIOBOI'O IIpOMEHSI Ha Ji3epKaJio 30iabimBest Ha 10°. Ak
3MIHMBCSI IIPH [IBOMY KYT MIiXK HMaJal0unM i BIAOUTUMU ITPOMEHSIMIE !

a) Smenwusca na 10°  6) 36iavwusca na 10°

6) Bmenwuscs na 20°  2) 3oiavwusca na 20°
6. 3akiHYNTh pedeHHd: «SIKINO MPOMiHBb HEPEeXOJUTh 3 MOBITPSA B JIijl, TO KyT
3aJIOMJIEHHS ...»

a) dopienioe Kymy nadinna;  6) meHwut 6id Kyma nadinmi;

8) Giavwut 6id kKyma nadinng;, 2) dopierroe 90° .

7. BkaxiTe gaBuiie, ke gociipKyBaB Icaak HbioToH 3a 10110MOT0I0 TPUKYTHOL
CKJIAHOI IPU3MMU:

a) 6100UBaAHHA CEIMAG; 6)COHAUNE 3AMEMHEHHA,

0) sasomaerns ceimaa; 2) QuCnepcito ceimaa.

8. koo mudporo mosHadeHo 300parkeHHs npeamera AB B riiajgkoMmy a3ep-
KaJii?

vl

Puc. 6: no 3apaanns 3.8

NN

B

9. dki 3 mokazanux Ha PUCYHKY JIH3 € 30UpaJbHIMUI?

Puc. 7: no 3apmannsa 3.9

10. B gxux omuanigx CI BUMIpIOETHCsI ONTHYHA CUJIa, JIIH3H
a) m; 6) dnmp; 6) M2 .
11. 3a sikoro GpopMyJIoI0 MOKHA 00IUCTUTH (DOKYCHY BijcTaHb JIiH3U?

o)T=1%;6) F=2%:6) D=1
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Ile nmikaBo 3HaATH.

Hanpukinimi Munysaoro cToiTTd BUYEHUM BJIaJI0CAd BCTAHOBUTH, IO 3aJIOMJIEH-
HsI CBITJIOBOT'O TIPOMEHS, SIKIIT TIOTPAILIAE B OKO, pi3He y PI3HUX TOYKAX OKa depes
Te, 1O TOBEPXHs POTIBKU HE € ijleaJbHO TJIaJeHbKOIO, a KPUIITAJINK HE € OJIHO-
piagnum. s BunpapjeHHst 30py OYJI0 3allpOIIOHOBAHO METOJUKY 3IJIaJIZKyBaHHI
IIOBEPXHi POTrIBKH 3a JOIOMOIOI0 JIa3epHOro BUIpoMiHoBaHHA. OgHAK, 00 IId
TEeXHOJIOTId JIificHO 3ampalfioBaa, Tpeba Oy/I10 3HaTH, sIKy caMe KiJbKICTh pedo-
BUHHM KPUIITAJNUKA CJiJ[ BUJIAJUTH B KOHKPETHOMY Miciii. To6To Oysio HeoOXiaHO
BUMIDATH peabHuil 1podiab Kpuintaanka. IIpore oko He ¢TOITH CIOKIHO, OT-
ke, Tpeba OyJ10 3pOOUTH Iie BUMIPIOBAHHS JIy7Ke MIBUJIKO (38 YACTKU CEKYHM). Y
Himegunni, fmnownil, Icnanil Ta CIIIA posmnodasiocs majeHe 3MaraHHs BUEHHX Ta
iHyKeHepiB 3a CTBOPEHHSI TAKOI'0 BUMipioBaJbHOro npuiaay. OpHak rnepiinii y cBi-
Ti peiiTpelicnHroBuit abepoMeTp OYB CTBOPEHUIT KOJIEKTUBOM YKPAIHCHKUX YIEHUX
i1 KepiBHUIITBOM Iipodpecopa Bacuisa Mosebnoro.

SaBaanus 4. Y Marasuni «OnTukay mpoaioThCs OKYJISIpH, O IKUX Ta0/11-
ykn 3 Harmmcamu: +0,5 anTp, +3 anTp, -2,5 anTp. fAKi He 011K 30py KOMIIEHCYIOTh
i okyasipu? Busnaure ixui (poKycHi BijcTaHi.

3asaanHasa 5. [IpounTait ypusok 3 TBOopy Heuys — JleBunpbkoro «Mukosia
Ikepsi». ke onTudHe siBUIE B HbOMY omucane? fIKoro cjioBa He BHUCTada€ B
TEKCTI?

«Conue AcHo bAUUWGAN0 3-3G TMAPU; HeOO HAD MOPEM CMAAO CU3E, T HaA TOMY
cudomy Heobi sabauwana . . ... Boua oonepiacsa odnum dyotce wuporum KiHuem oo
MOPE, @ IpY2uM NOMA2AACA DANAEKO 30 03€PO, 3G NAABHL 6 PIGHUT WUPOKUT cmen.
Yepeoni, otcoemozapayi 1 2CO8MI . . . .. CMY2U OYAU MaKL APL, HEHAYE 20PLAU MU~
TUM NOAYM AM, G YEPE3 WUPOKULT KPaL . . . .., POZCMENCHUT AK NABUYEEUL TEICM,
no mopt, 6Y.A0 ACHO 6UOHO 3eseHe Mmope, 0iaL 2pebeti Ha TeUAAT, nodapbosari mo
YEPBOHUM , MO HCOBMUM, TO CUHIM KONDOPOMS>.

©

Puc. 8: no 3apaanns 6

BaBganHsa 6. Ha pucynky cxemarudHo nokasati 3ops 3, miaHera I ta it
cynyrank C. Buswauutn rpadidyno Ty JAUIAHKY I[LJIAaHETH, Jie B JIaHUH MOMEHT
MOKHa criocTepiratn 3areMuentsi. OOTrpyHTYHTe CBOIO MOOYIOBY.
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Buumocs poss’sdysamu 3adami.

3agada. K y COHAYHY IIOroJ/ly BUMIipsTH BUCOTY aepena ?

Poss’sazamnmas.

Icnye pexinibka cr1oco0iB, sIKi OJIHAKOBO JI00pE IMiJIXOJSITh JIJII BUMIPY BHCOTH
nepeBa. g mporo HeoOXiIHO cTaTH MOPsJ 3 JIEPEBOM B COHAYHY IIOTOMY, 100
OaYnTH TiHb JepeBa i CBOIO TiHb, 1 TAKMM YMHOM, BUMIPSITH PO3MIp TiHeil. 3Ha4un
CBIit 3piCT, B 3MOZKeTe JIEI'KO BUINCINTH BICOTY JepeBa. OTke, Tpeba po3B’s3arn

HACTYIIHY [POIOPIILIO:
L D D_ L-d

[ d’ [
Je L — 3picT JIOJuHT, M
[ — nowkuna TiHl JIIOJIUHU, M
d — IOBXKHUHA TiHI JiepeBa, M
D — meBizoMa BHUCOTa JepeBa, M

SaBaanusa 6. Po3B’sxkm 3a1ady caMOCTIifHO.
CToBII, OCBIT/IEHNIT COHIIEM, BiJIKMJIa€ TiHb JOBXKMHOIO 6,9 M, a BepTHKaJIbHA
HaJjiss BUCOTOI0 1 M — JoBxKuHoio 1,1 M. Busnaure Bucory crosia?

3aBaanus 7. JlomarHiii ekcmepuMeHT
Tema: «CTpiikn HABIAKN»
O0Js1a/iHAHHS: CKJIsIHKA 3 BOJIOIO, apKyIIl O1JI0r0 marepy, MapKep.
XiJ1 eKCIIepUMEenTY:
1. HaumiiTe B CK/ISIHKY BO/JIN.
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HamautrofiTe na mamepi JiBl CTPLIKI B OJHOMY HAITPSIMI.

3. IlimneciTh apKymI namnepy J0 CKJISHKH Tak, 11100 BiH 3aKpHUBaB 00U/IBI CTPIJIKN.
4. BignniiTe 31 CKISIHKI BOMY, 1100 BOIOIO OyJia 3aKPUTa, JIUIIE OJHA CTPLIKA.
5. OnumiThk Ta MOSICHITHL CIOCTEPEXKYBaHi SABUIIIA.
6. 3pobutu HoTO UM BiJCO3BIT JOMAIIHBOI'O €KCIIEPUMEHTAIbHOIO 3aB/IaHHSI.
SaBaganas 8.
CxJyaJiTh NUTAHHS JI0 3aII0BHEHOI'O KPOCBOP/IA.
1| M 1 H b
b a
0 c B | e H 1 c T b
c 1| e p c 1 s
M p 0 Cc K 0 1|
H hi§ e b a
Puc. 9: Kpocsops,
BucnoBknu

Harma neprkaBa craja Ha MIgX BTIIEHHA IyMaHICTUIHUX 11efl y 1megaroriany
TEOPIiI0 Ta NPAKTUKY, 00 JIIOIMHA JIJId Hel — HaiflBUIa HIHHICTL. Y CyYacHiil I1Ko-
JII HaBYaHHsI Ma€ 3a0e3ledyBaTu OINTUMAJbHI IepeayMOBU sl PO3KPUTTS YCix
3aKJ/IaJIeHUX Yy Hifl IPpUPOIHUX 3aJIaTKiB, 11 37aTHOCTI 10 ¢BOOOIM, JJIsi camMopea-
Jiizanii 0coduCTOCTI MIKOJIAPA, JJI BiIOBIIaIbHOCTI Ta TBOPYOCTI.

Mu ne Moxkemo gaTu JUTUHI abCOJIIOTHO BCI 3HAHHM 3a Yac liepeOyBaHHS B
1ikoJ/1i. CborojiHi MOTpiOHO JiTeil HABUNTH, K IIYKATH J0JaTKOBI 3HAHHS 1 9K X
BUKOPUCTOBYBATHU JIjIsi BUPIIIEHHsI BJIACHUX 4N IPOeciiiHuX 3aBjaHb. Y POKHU 3
Bukopucrtanusim ejemenTis STEM-ocBiTn 1a0Th MOXKJ/INBICTH HE TIJIBKU PO3BH-
BaTH 1 MATPUMYBaTH IHTEpeC JO IpeaMera, ajie il DarkaHHs 3aifiMaTucd HUMU i
HaOyBaTH HOBI 3HAHHSI, CIIPUATH PO3BUTKY OCOOMCTOCTI, YMIHHIO BUJILIATH FOJIOB-
He B IIPO0JIeMi.
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Intersubject integration as the means of realization of STEM-
education during the lessons of physics

The special form of through STEM- education is the integrated lessons, which
are aimed to the establishing of intersubject connections that assist forming of
the students’ integral, system worldview. The examples of use of intersubject
connections during the lessons of physics are considered in the article.

Keywords: STEM- education, integration, intersubject bonds, physics.
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BUBYEHHS OCOBJIMBOCTEN YYTJIUBOCTI BYXA
JIFOIMTHU

CrarTsd npHUCBAYE€HA BUBYCHHIO OCOOMBOCTEN IyT/IMBOCTI ByXa JiiojuHu. B Kypci dizukn s
cepeJIHIX HaBYaJIbHUX 3aKJ/Ia/IB Il IUTAHHA BUCBITJICHO HEJIOCTATHHO, TOMY PO3IVIAHYTHUIT MaTe-
piaJt IPOIIOHYEThCS K JOJATKOBUIT J10 TeMu «3ByK». KpiM Toro, BuB4aio4un ocoO/IMBOCTI 3BYKY,
YUHI MaIOTh MOXKJIMBICTH CAMOCTIHHO TIOOY/IyBaTH JiarpaMmy i MpOC/iUTA OCOOJUBOCTI Ty T/IU-
BOCTI1 ByXa JIIOJINHU B/l CHUJIN 3BYKY Ta HOIro 4acTOTH.

Kiro4oBi coBa: 36yk06i KOAUBAHHA, 4ACTNOMA, YYMAUSICMDY, 60AbOSUT Nopie.

Beryn

3BYK — IIe KOJUBaJIbHI PyXW MPYKHOrO cepejoBuina. Merki 3ByKy BU3HAUEH]
3r1JIHO 3 MOr0 IpaHuIlsgMU YyTJIMBOCTI JIIOJIMHU 1 B JIOCTaTHIN Mipl yMOBHI B 16
10 20 000 T'm. [kepesom 3ByKy Moxke OyTH Tijio (KaMepToH, J3BIHOK, CTpyHA i
T.II.), 9aCTOTa KOJIMBAHD $IKOTO JIEXKUTH B Jana30Hi 3BYKOBUX YaCTOT,

AmnaJjiz OCHOBHUX JIOCJIiKeHb i myOJsikamiii. [luraHHsM BuKJiaJeHHsI
TeMn «3BYK. 3BYKOBI SIBUIIA ...» 3aiimasmcs dizuku Meromguctu [lokpoBebKmii
O.A., Kipuk JI.A., Kopmaxk €.B., Badenko O.K., Cymuncska I. T ra . I1pore,
MaTepiaja 3 1€l TeMU B ICHYIOUMX MIJIPYYHUKAX JIjIsl OCHOBHOI 1 CTapIiol MIKOJIN
BHCBITJIIOEThCSI HeJ0CTaTHRO. ¥ Hinpyunuky «Dizuka-9» 3a pen. B.I'. bBap’sxrapa,
C.A. loBroro ne po3riisilafoThCsl IIOHSITTsI OCOOJTMBOCTI 3BYKIB yTBOPEHUX PI3HUMUI
JIZKepesIaMu, CIIEKTPH 3BYKIB, TeMOD 3BYKY, CHIPUITHATTS 3BYKY JIIOJIMHOIO, 00J1aCTh
YYTHOCTI, MOPIr 4yTHOCTI i 00JbOBOrO BiayTTsa. A B migpydnnkax «®Disuka-10.
Axkajsemiunnii pienb» B.I'. Bap’sxrapa, ®.4. Boxxunosol ta «®Pisuka-10. Pisenn
crannapty» €.B. Kopmak, JI. I. JIsmenko, B.®. CaBuenko nuTanHs, 1MoB’si3aHi 3
BUBYEHHSIM 1 3aCTOCYBaHHSM 3BYKOBUX SIBUII, Ha »KaJlb, B3araJji BlJICYTHI.

Meta: 10NOBHUTH MaTepiaj TaKUMH BarKJIUBUMHU TMOHATTAMHU K BHCOTA
3BYKY, 4aCTOTa 3BYKY, CIIEKTPHU 3BYKiB, TeMOp 3BYKY, CIPHIHATTS 3BYKY JIIOIU-
HOT0, 00JTaCTh IYTHOCTI, TOPII YyTHOCTI i GOJHLOBOTO BIIUYTTH, 3BYKHU i NIyMH,
X BILIUB Ha JIIOJAWHY Ta HABKOJIWIIHE CEPEJIOBUIIE, 00/IacT] 3aCTOCYBaHHs 3BYKO-
BUX $IBUII, BUMIPIOBaHH 3BYKIB, IPaKTUYHE CKJIaJIJaHHS JllarpaMi YyTHOCT] ByXa
JIIOJTUHI.
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Hapuanns dizuiii, sik i Oyab-siKOMY IIpeJIMeTy, Ma€ TaKi 3arajbHo JIMIaKTHIH]
1ii: ocBiTHI, BuxoBHi. OcBiTHI 1iai HaBYaHHA (DI3UII:

— JIaTU yYHSIM 3HaHHS 3 OCHOB (PI3WMKHU Ha CydacCHOMY pPIBHI B IE€BHIl cucTeMi:
O0CHOBHL NOHATMA, 3AKOHU, MEOPIL;

— copMyTIOBATH B YUHIB CydacHy IPUPOIHO-HAYKOBY KapTUHY CBITY;

— OBOJIOJIIHHS YYHSIMHM METOJIaMU HAYKOBOT'O JIOC/III7KEHHS.

[Iporpama Jjist cepeliHiX 3araJibHOOCBITHIX HaBUYaJbHUX 3aKJ/IaJliB B YKpalHi
MicTUTH po3ii «KosmBaHH it XBUJIi», Y IKOMY IlepedadeHe BUBUEHHS 3BYKOBHUX
SIBUIIL B OCHOBHI k0Tl (9 Kutac) 1 B craprmiit mkosi (10 kiac npodiibHuil piBeHs).
VY nijipydHukax 1eit Mmarepiaj BUKJIQIA€ThCs Hel0cTaTHBO ToBHO. Cepejt xapakTe-
PUCTHK 3BYKY PO3IISIIAETHC TYIHICTD 1 BUCOTA 3BYKY. | VIHICTD 3BYKY 3a/1€2KUThH
BiJl PI3HUIN THUCKIB, aMILIITYAN 1 JacTOTH 3BYKOBHX KOJMBaHb. Harmpukias, 1o
CUJIBHIIINI yap KYJbKU 110 KAaMEPTOHY, TO I'YUHIiIlle BIH 3BYUYUTb, OCKLJIbKU CUJIb-
HUI yJ1ap € NIPUYMHOIO BUHUKHEHHs KOJIMBAHb OLIBINOT aMILIITY/IN.

Kpim Toro, nam 37a€Thbcd AOMIIBHUM O3HAHOMHUTH YUHIB 13 OIIHKOIO PiBHIB
CUTHAJTY 32 3araJbHONPUIHATO K00 (y 1B) 1 MOKINBICTIO BUPA3UTH PIBEHD
CUTHAJIY B JlennOesiax depe3 XapaKTepUCTUKN 3BYKY: PIBEeHb IHTEHCUBHOCTI Ta Pi-
BeHb 3BYKOBOI'O TUCKY.

e HEOOXiTHO JJTT BCTAHOBJICHHS 3B’ 3Ky HABUYAJILHOIO MaTepiaay 3 IHITIMI
HayKaMu: 010JI0Ti€r0, MeIUIIHO0, (i3i0JI0ri€l0, OCHOBAMU CyYacHUX TEXHOJIOTII,
a TaKoK (popMyBaHHs KYJbTYPHOI KOMIIETEHIIIT if HAYKOBOTO CBITOIVISILY YUHIB.

o 1€l TeMu TPOTIOHYETHCA JI0/IATH HACTYIIHUI MaTepiadl.

Opras ciyxy JIIOJIUHI — Ile CBOEPiAHUIT mpuiiMad. BiH cKJIaJaeTbcs i3 30B-
HIIITHBOI'O, CEPEJIHBOTO 1 BHYTPIIIHBOI'O ByXa, IIPUYOMY 30BHIIIHE 1 CEPEJHE BYXO
CJIyKaTh JIJId 1epejladl 3ByKOBUX KOJIMBaHHI JI0 CJIYXOBOI'O aHaJi3aTopa — paB-
JINKA, 110 3HAXOJIUTHCA Y BHYTPINIHbOMY Byci. PaBiuk mae JieKiJbKa THCSd ¢1abo
OB’ sI3aHIX MiXK cOO0I0 HEPBOBUX BOJIOKOH 1 0Jin3bKo 22000 HEpBOBUX 3aKiHUEHbD.
[Tiyr gyac 30y/zKeHHs BOJIOKOH BiJIOYBAETHCA PO3JIpaTyBaHHs HEPBOBUX 3aKiHYEHbD,
dKi 0JIpa3y K [MOYUHAIOTH MOCUJIATH IMITYJIbCU B CJIYXOBUIl IEHTP MO3KY, BUKJIU-
Kaloyu TUM CAMUM 3BYKOBE BIIIUYTTSI.

3BYKOBI KOJIMBaHHSI, 1110 JIIOTh HA BYXO JIIOJUHU, MOXKYTh OyTH Mpocmumu
cunycoidanvrumu (pocti 3ByKN) 1 ckaadnumu. OcTanHl € HENEPIOAUIHUME KO-
JINBAHHSIMU 3 BUIIAJIKOBUM 3aKOHOM 3MIHIOBAHHS aMILIITYU 1 4aCTOTH.

3 BIKOM CJIyXOBa, 4yTJIMBICTb 3MIHIOETHCs. Halibijibilla rocTpora CIyXy CIIO-
crepiraerbed y 15-20-pigaux, a mOTIiM BOHaA MOCTYIOBO Najae. MiniMasbHa cua
3BYKY, 3/laTHA BUKJUKATHU BIIUYTTs JieJb YYyTHOI'O 3BYKY, Ha3UBAETHCS TOPOIOM
JyTHOCTi, ab0 TOPOTOM CJIYXOBOI'O BLAIYTTd. UnM MeHIle BeJIUINHA 3BYKOBOI
eHeprii, HeoOXiIHa, JIjIsT OTPUMAHHST BLTIYTTS Jie/Ib IyTHOTO 3BYKY, TUM BHIIE 1y-
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TJINBICTb ByXa.

Haiimentie 3navqerHs ¢ 1o/ipa3HEHHS YCTOTO TOHY 1 € TOPOTrOM YYTHOCTI.
[Topir ayTHOCTI iHAMBITya bHUN JIs PI3HUX JIOJEll, BIH 3a/I€2KUTh BiJl 1X BIKY,
MeTO/IiB BuMiptoBanb i dactoru. [lopory uyrrocti Ha wactori 10001 Bignosinae
3ByKoBHil Tnck p = 2 - 107° Ila. 3pocTanns ryqHoCTi 3ByKYy MOKE HPH3BECTH [0
JIiT TTo/Ipa3HeHHs 1, BPEIITi-peNIT, 10 BiIIyTTsd 60110 y ByXax. MixK rmoporom 60J160-
BOT'O BIIIYTTS 1 TOPOTOM IYTHOCTI 3HAXOUTHCA 00JIACTH CJYXOBOTO CIIPUITHATTSI.

A
PiBeHb iHTeHcMBHOCTI, [16
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3BYKOBI KOJIMBaHHSI, 110 CIHPUIMAIOTHCS BYXOM JIFOJMHHU, & TaKOyK CHUTHAJIN
3BYKOBOI'O MOBJIEHHS MOYKYTb 3MIHIOBATHUCA B IMMPOKUX MexKax. [le BUKInKae psi
YCKJIaIHEHb 1IPU 1X OIiHIOBaHHI. ToMy 3 MeTOIO CIpOIIeHHd 00UNC/IeHb 1 MIPOIECY
BUMIPIOBaHb JIJIsT OTPUMAHHs CTUCJOTO MACIITady BEJIUINHY CUTHAJIB OIIHIOIOTH
He B aDCOJIIOTHUX, & Y BIJIHOCHUX JIOrapuMITHIX OIMHUIISX.

Bark/1mBot0 0COOJIMBICTIO CJIYXOBOI'O CIPUIHATTS € TaK 3BaHUil OiHAYypaJIb-
HU epeKT — edeKT CIIyXaHHS JIBOMa ByXaMW, 3aBJsIKN YOMY CJIyXad
3/IaTHUI BU3HAYATU HANPAM JI2KepeJja 3BYKY.

Ha musbkux vyacrorax OlHAypaJbHUIT edeKT BUHUKAE 338 PAXyHOK BiJIMiH-
HOCTI ha3, a Ha OLJIbII BUCOKUX YacTOTAX — 3a paxyHOK BIJIMIHHOCTI aMILIITY/I
(BHAC/IIJIOK €KPAHYIOUOl il TOJIOBH) 3BYKOBUX KOJIMBaHb. JItojuHa BU3HAYAE Ha-
IpsAM IIPUXOJTY 3BYKOBUX KOJIMBaHb B IOPU30HTAJIbHIN IJIOMIMHI 3 TOYHICTIO J10
3...4°, a npu nepeMilienti JiKepesaa 3BYKY Y BEePTUKAJILHIN IIJIONUHI TOYHICTD
nabararo menrra — 40...50°.
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EdexkT mackyBaHHS — Iie I1Ie 0JiHa OCOOJUBICTH CJIYXOBOI'O CHPUAHSTTS.
Leit edpexT, gKUil crocrepira€Tbcs MPU OJHOYACHOMY 3BYUaHHI JIEKIJIBKOX JI7Ke-
peJt 3BYKY, IIPOSIBISETHCS B TOMY, 1110 BiIOYBA€ThCA MiIBUIIIEHHS TTOPOTY IyTHOCTI
MAacCKOBAHOT'O «KOPUCHOI'O YUCTOI'O TOHY» IOPIBHSHO 3 IOPOIOM YYTHOCTI fIOTO B
tuini. EdekT mMackyBaHHsI MOMITHIIINI y pas3i 0JHAKOBUX 4YacTOT MAaCKOBAHOI'O
1 MacKyo4uoro 4ucTux TOHIB. HM3bKOYACTOTHI YMCTI TOHMW CUJILHIIIE MacKYIOTh
BHCOKOYACTOTHI. [Ipn MacKyBaHHi MOBHOI'O CUTHAJY MIYMOM 3HUXKYETHCS PO30ip-
JINBICTH MOBH.

Bucaosknu

BiockonajieHHsT METOMKN BUKJIQJJAHHS TEMU «3BYK» CIIPUSE BUPIMIEHHIO Psi-
Iy 3aBJalb, cepell AKX NOJOBHUMU €: MOTJINOJIeHHs 3HaHb YUHIB, POpMyBaHHSI
6a30BUX (PI3UYHUX 3HAHb, PO3BUTOK YSBJIEHb PO POJIb 3BYKY Y HMOBCAKICHHOMY
JKUTTI.

Marepias 11i€l TeMu cupusgde aKTHBI3allll Mi3HABAJJILHOI 1 PO3YMOBOI JIIAIbHO-
CT1 YYHIB, IJBUIILY€E 1XHI{l 1HTEepec 1 yCHINIHICTL Y HAaBYaHHI, CIPUSE CBLIOMOMY
BIOOPY MailOyTHBOI 1Tpodecil.
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Studying features of human ear sensitivity

The article is devoted to the study of the features of sensitivity of the human
ear. In the course of physics for secondary schools, these issues are insufficiently
reflected, therefore the considered material will be offered as an additional one to
the theme «Sound». In addition, by studying the peculiarities of sound, students
have the opportunity to build diarama independently and to trace the peculiarities
of the sensitivity of the human ear to the intensity of the sound and its frequency

Keywords: sound vibrations, frequency, sensitivity, pain threshold.

Bumyck N9, 2019 209



SMICT

Big pemaKIiiiHOl KOJIEIiT . . ..o ii ittt it i e eeneenn 3
Iam’smi Oaneza Oaexcandposuua Ho1KOBA . ..........ccoviiiiienenen... 4
MATEMATTIKA « « v ot teeeeee ettt eeeeennnseeeeenennns 13

Posencnka O.T.
Habauostcernrns anarimuunur Gynruil cymamu Petiepa .........covvvunvnn. 13

Besmuko B.€E.
JIiet ma npasi ideasru Hanie2pynu eHOOMOPPHI3MI8 8IALHOL ePYNU ... ...... 19

Kany6oscbkuii O.A.
Ilepepaxysarrsa deoxoavoposuxr xopdosuxr O -diazpam pody 1, aki maromov
mpu cipux (abo wopHux) yukrau, 6idnocHo Jit epynu diedpa .............. 25

JIioro6ep T.O., Pabyxo O.M., Typka T.B.
/o 100-piwus Oaexcia Bacuavosuuwa Ilozopenosa ..............cccvevuen.. 42

Haarounii B.A., Bemr A.H.
Pacnpedeaenue OuPpakuuorHHo-mMo0yaupo8aHHo20 N0 UHMEHCUBHOCTNU
AA3EPHO20 USAYHEHUS HA MOBEPIHOCTIU TLOAYNPOBOOHUKA v o v v v eveenennnn. 46

Koctukos A.Il.
Cmpyxmypnoie ocobennHocmu mpunmopara 8AUAOULUE HA CEETNOUHIYUUPO-
8aHHY10 dedarmusauuro PocPhopecueHuus BeAK08 . .......cvvvvinnnnnnn. 52

IHTumanceka JI.A., Kanyria B.B., Beromanka O.41.
Ydockornarernns cucmemu 210Y8aAHHS TEAECKONG « v oo vv e et enenenennnns 60

IndopmarTuka Ta MeToauKa 11 BUKJTATAHHS . . . oo oo v vnn .. 69

Barkovska O.Yu., Kazmina D.R., Rosinskyi D.M., Slabouz V.V.
Intellectualization Of The Smart House System (The Agent-Oriented
ADDTOACR) oottt e e 69



Kaiiman H.B., Kaiigan B.II., CekjemnoB A.A.
BuxopucmaHHa TMAPHUL METHOA02LT NPU PO38°A3aHHT 3a0a% NPAKMUYHO20
CTUPDAMYBAHHSL  « v e v v et vt vt ettt eeneeneenaesseeneeneenesneensesneeneenens 75

Kaiigan H.B., Ilammenko 3./1., IanoBa JI.I1.
Buxaadanna ducuunainu MamemamuuHa a021KaG 3 8UKOPUCMAHHAM eae-
mernmie Flipped classroom ........... ...ttt 81

TencueBuy FO.FO., IllencueBuu O.B.
Poszeasd mexnonoeii Passive Optical Network das nobydosu onmuunoir me-
peorct npu susuerHt ducuunainu Komn’romepHi cucmemu ma mepeostct ... 86

I'mazoa B.B., Bacaneus A.C.
Pozsumox uugposeoi komnemenmHocmi matibymmsbo020 8uumens tHPHopma-
T 2 93

ITaciunuk FO.P.
BuxopucmaHHa coutaabHuxr mepedrc Yy pobomi coulasdbHuT npauisHukis .. 98

Beanuko B.€., Poxkos C.I.
IIidzomosrka MmatibymHixr yvumeais iHGopmamury 00 6NnposadHceHHs
STEM-0CEBEIMIU « oo vt ot tet ittt ittt it ittt e taeeneensaeeneoneaneneenses 105

Babenko H.O., lemuenko C.O., Crronkin A.B., Typka T.B.
Buxopucmanns opictozo naxemy OpenOffice npu sukxaadanmi thgdopmamu-
0 111

YepusikoBa 4.B., Typka T.B., Creonkin A.B.
Buxopucmarnsa mootcausocmeti PowerPoint 6 HasuwaavHomy npouect .. ... 116

Xwmapa JI.O., Crronkin A.B.
Buxopucmanns mobiavHuxr dodamkie npu 6uraadaHHi tHPHOPpMaAMUKY 8
TUUKOAT « e v v v e e e s e ee e as e aensnsesensasesensnssssasosessasosensnsosensasnns 124

Metoanka BUKJIagZaHHA MaTeMaTUKN B 3aKJaJaX 3arajib-
HOl CepPEeIHBOI T BHUIIOL OCBITH .« o v oo vt ve e eeeeeenennnnn. 129

Becenin b.B., Makcumenko 1.0.
Ilosaxaacna poboma 3 mamemamuru Ak 3actb NIOBUUWEHHA TNI3HABANLHOT
AKMUBHOCTIVEL YUHLIB .« v vttt ettt ettt eneneeneneneeaeneeasneneensneneensnens 129

Becenin B.B., Bacanenp A.C.
3acmocysarrsi THPOPMAUITHUT METHON021T HA YPOKAT MAMEMATUKY . ...133

Becenin B.B., Babenko H.O.
Miotcnpedmemni 38°aA3KU HG YPOKAL MAMEMAINUKU « o v oo e eeeneneenensnenns 137

211



Kany6oscwkuit O.A., Becenin B.B., Binmoyc M.A.
o 3adauw wa docaidocenns KeadpammHoz20 mpuunena 3 Koepiruienmamu,
3ANEHCHUMU 810 MAPAMETIUDA « o v vt v ve vttt e e e e eneneasaeeeeeenenenenensas 144

Becenin B.B., Jliorodep T.O.
OcHo6HI HANPAMU DPEANL3AULT NPUKAGIHOT HANPABAEHOCTT KYPCY MaAMeEMa-
MUKU 8 OCHOBHITL ULKOMAL « v vt v v e e e s e e e s aeessnsaeesensnssessasesensnsnesns 156

ITammenko 3./1., I'onmoauuk A.C.
Ocobausocmi 3acmocy8aHHA THMEPAKMUBHUL MemOo0i8 HaA YPoKaAxr Mame-
MOATTVUKU « o oo oottt et e aaee et seesnnnseeessessnnsseessesnnnsseessssnnnnneens 163

Metoanka BukJaagaHHd (Pi3uKM 1 acTPOHOMII B 3aKJjagax
3araJibHOl cepeaHbol Ta BUMIOl OCBITHM .. ................ 168

JImmapeBa FO.M., I'onuapoBa H.B., Boponosa 1I.B., ManadeeBa A./l.
Opeanizauis pobomu 3 060apo8aAHUMUY 0TMBMU 8 YMOBAT 38UUATUHO20 YHUHIE-
COKO20 KOMCKIMIUBY « v v v vttt nneeenneeenneeenneesnseeennseensseenneeanas 168

JIumapesa FO.M., Typka B.M., I'pek 1.0.
Miocnpedmemni 38°a3ku Pi3uru AKX 0CHOBG Y HABUAHHI PO38’°A3YBAHHIO
BAOGU « v vttt et ettt ettt ettt ettt ettt e ettt et 173

Boiinos O.JI., Beaomamnka O.4.
BusuenHsa asuuwa 3aA0MAEHHS C8IMAA T U020 3aKOHI8 8 KYpCt (Pi3uku 8
3aKAA0AT 302AN6HOL CEPEOHBOT OCBIMIU « « o v oot v v e et neeeenenseeensneananss 178

Benomianka O0.4., Cunmuyk €.1O.
CnigBioHOWEHHA MIHC CMPYMOM © HANPY2010 HA PEAKMUBHOMY HABAHMA-
HCEHHT Y KOATL BMIHHO20 CTNPYMY « « vt v vvvie e e in et eneeeenenenenos 188

Bibikosa 1.B.
Miotcnpedmemna thmeepauis ax 3actb peanidauti STEM-oceimu Ha ypoxax

71T T P 194
Benomanika O.4., Hegoctyn B.B.

BusuerHs 0cobAuUB0CMET YYMAUBOCTNE BYLA MOOUHU « v oo v v eeeenseeensnnns 205
Indopmalrig A aBTOPIB KYPHAILY « oo v vvvveenenennnnns 213

212



36ipHUK HAayKOBM
cdismko-MmaremMar

dakynbTeTy
ISSN 2413-2667 (Print), ISSN 2

«30IpHUK HAyKOBUX IIPAallb
dizuko-maremarudaoro dpakyabrery JAITY »
BUXOJINTH 13 TleplogmdHicTIO 1 pa3 Ha pik i myOJiKye cTarTi,
y IKUX IpeJIcTaBIeH] HAYKOBI JIOC/IJI?KEHHS
3a HACTYITHUMU HaIPsSIMKAMU:

MaTtemaTuka.

®dizuka.

Indopmaruka Ta MeTo/IuKa 11 HABUYAHHA.

MeTtoanka HaBYaHHS MaTeMaTUKH! B 3aKJIa/IaX 3araJibHOI cepeHbOl
Ta BUIIOI OCBITH.

5. Meroanka HaBuYaHHdA (pi3uKM i acTpoHOMIl B 3aKJIaJaxX 3arajibHOL
cepeaHbOl Ta BUIIOI OCBITH.

ol s

«30ipHUK HayKOBHUX Ipallb (izuko-maTeMaTndHoro dpaxkyiabrery JI/IITY» Bu-
JTIAETHCS B IPYKOBAHOMY Ta €JIEKTPOHHOMY BHUIJISI Ha oiIifiHoMy caiiTi XKypHaTy
URL: http://www.slavdpu.dn.ua/fizmatzbirnyk /begin.htm

Penakiiero »KypHaIy 10 POy NPUHAMAIOTHCA BUKIIOTHO CTATTI, MaTepia
SIKUX He TyOJIiKyBaBcs paHilie 1 He mepedyBae Ha PO3IJIAJI B IHITNX KypHaJIax.

Ha eramni nmepBunnoro posrisy yci CTaTTi NepeBIpAIOTbHCA PeTaKIieio Ha T1a-
riar 3a jonomororo mporpam: «Advego Plagiatus» i «ETXT-antumiariars. s
nyOsrikallil crarTi B KypHaJl YHIKaJbHICTb HAJICJIAQHOIO TEKCTY ITOBHHHA CTAHO-
sutu He Menite 70%. Y BUIAIKAX BUSBJICHHS ILIArIATy PYKOIKUC BIIXUISAETHCS.

Ycio BUIOBIIAIBHICTD 38 JJOCTOBIPHICTE iHGOPMAIIil Y CTATTAX, TOYHICTH HA3B,
NPI3BUIN Ta IUTAT HECYTh aBTOPHU IPEJICTaBJIEHUX MaTepiaJiB 3riIHO 3 YMHHUM
3aKOHO/IaBCTBOM (3akoH YKpainu «IIpo aBTopcbke mpaBo i cyMmixKHi TpaBay ).

[ToniTuka »KypHay 6a3yeThbcd Ha MPUHITATIAX:

— 00’€KTUBHOCTI Ta HeyIepe/XKeHOCTI y Bijgbopi crarTeit;
— 30eperKeHHs BCIX CTPYKTYPHUX KOMIIOHEHTIB CTATTi;
— <CJIIOTO» pereH3yBaHlsd cTaTeil;

— JIOTPUMAaHHS aBTOPCHKUX IIPaB.
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IHOOPMAIIIA JJId ABTOPIB 2 KYPHAJIY

[lpy migroroBul CTATTl HeOOX1OHO NOTPUMYyBATUCh HACTYIHUX BUMOT :

1. Pykomnucu nojaloTbes B 0JIHOMY TPUMIPHUKY, HAJIPYKOBaHI YKPaiHCHKOIO, aH-
ITHICbKOI0 200 POCIICHKOI0 MOBOIO Ha OJIHIII CTOPOHI apKyllla 4epe3 OJIH
IHTepBaJ 3 MUPOKIMH TOJIAME, CTAPAHHO BUUUTAHI 1 PO3MIUEH];

HPUMIPHUK TOBUHEH OyTH OMOPMJIEHUI BIJIOBIIHO 0 3a3HAYCHUX HUKIE

BUMOT 3 000B’sI3KOBUM MiIIICcOM aBropa (Ycix aBTopiB) cTaTTi.

2. CT&TTH IIOBMHHa BKJIIOYaTU:

214

2.1)

2.2)
2.3)
2.4)

2.15)

ingexc Y/K (06oB’s3K0BO);

npi3BuIle Ta iHiriagn aBropa (aBTOPIB) MOBOI OpHUTIHAJLY;
eJIEKTPOHHI aJpecH TMOIMTOBUX CKPUHBOK (e-mail) aBropa (aBTopis);

HayKOBHU{l CTYIIIHb, BUE€HE 3BAHHS, 10CA/Ia Ta Ha3Ba YCTAHOBH (J1e MPAIlioe
ABTOD / aBTOPH) MOBOIO OPHUITHAJIY

Ha3BY CTATTI MOBOIO OpHTIHAJIY; SKINO (/711 KOJOHTUTYIY) HA3Ba € 3a-
JIOBI'OIO, TO IMMOJAaTH 11 KOPOTKUil BapiaHT — He Oibie 40 3HaKiB;

ORCID (060B’s13K0B0);

aHoTaIliio (710 5 PsJIKIB) MOBOIO OpHTIHAJLY

KJII0YO0BI cyioBa (5 — 7) MOBOIO OpHTIiHAJLY;

KOPOTKHUI BCTYII: TTOCTAHOBKA IMPOOJIEMHU, aKTYaJbHICTD TOC/IiIZKEHH ],
MeTa CTaTTl Ta HOBU3HA OJIeprKAHUX PE3Y/IbTaTIB;

MOCHJIAHHS Ha KOYKHE 3 HABEJCHNX JIKepest (000B s3K0BO);

TEOPETUYIHI OCHOBH JIOCIJIZKEeHHsI (38 HEOOXITHOCTI);

OCHOBHY YaCTHUHY: BHUKJAJ aBTOPCHKOI'O JIOPOOKY — (OPMYIIOBAHHS
OJlepyKaHNX aBTOPOM (aBTOpaMM) HOBUX DEe3y/IbTaTiB, sIKi paHilie Hije
He OyJin omyOJIiKoBaHi abo 1OJIaHi JI0 POy B IHITHUI »KYPHAUT;

BHUCHOBKHN Ta IEPCIHEKTUBU 11OAaJIbIINX ,D;OCJILZL}KGHI);

CIIHCOK BUKOPUCTAHUX JIZKEPEJI, PO3TAIIIOBAHNX 3a abeTKo (200 XPOHO-
JIOTIE0 TUTYBaHHsI) Ta 0(bOPMIEHUX BIIIOBITHO /10 YMHHOTO B YKpaiHi
craugapty JCTY 8302:2015 «bibmiorpadiune nocunanssi. 3arajibHi 110-
JIOYKEHHs Ta IPaBUIa CKIQJaHHI», AKIH MOXKHA 3aBaHTAXKUTH 3a aJipe-
coto  URL: http://www.slavdpu.dn.ua/fizmatzbirnyk /DSTU2015.pdf;
38 HAsIBHOCTI JI0 JizKepes1 JojaeTbes Bignosigauit im DOI,;

HaIIPUKIHII: IPI3BUINA Ta 1HIIIAIN aBTOPIB, HA3BM YCTAHOB, aHOTAIIS Ta
KJIIOYOBI CJIOBa 1HIIOK MOBOIO:

SIKIIO CTATTA YKPalHCHKOIO ad0 POCiiICHbKOIO MOBOIO, TO aHTJIiICHKOIO,
SIKIIO CTATTS aHIVIICHbKOIO MOBOIO, TO — YKPAIHCHKOIO.
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3. o (;npykoBaHoro BapianTy) cTarTi 000B’I3KOBO J0/IAETHCSI:

3.1) enexrponnuii BapianT y dopmari LaTeX; daiim npukiagy Ta BUMOIH
0/10 0POPMJIEHHS CTaTell MOYKHA 3aBAHTAXKUTHU 38 &JIPECOI0
URL: http://slavdpu.dn.ua/fizmatzbirnyk /znpFizmat2020.zip

3.2) emexrponHuii Bapiant crarti y hopmari PDF;
SIKIIO eJIEKTPOHHUI BapiaHT CTATTI He BJAETHCA MIITOTyBaTH y popMaTi
LaTeX, To 060B’si3k0BO HajlaTu ejieKTpoHHuil BapianT y dopmari DOC
O0(bOPMUBIIH 3a 3PA3KOM, SIKIT MOYKHA 3aBAHTAYKUTU 3a aJIPECcoIo

URL: http://slavdpu.dn.ua/fizmatzbirnyk /zrazok.pdf

3.3) «Merajani pykonucy» (€ 000B’sI3KOBOIO YaCTUHOI HAYKOBOI POOOTH, IO
yOJIIKYIOThCsL B »KypHaJIi, Ha caifiTi BUJAAHHSA, PO3MIILYIOTHCA B MixK-
HAPOJTHNX HAYKOMETPUIHNX 0Oa3ax JaHmX) 3a 3PAa3KoM, sIKHH MOYKHA
3aBAHTAKUTHU 3a aJIPECOIO
URL: http://slavdpu.dn.ua/fizmatzbirnyk /metadani.doc

4. CraTTi, HiAIrOTOBJIEH] 3 MOPYIIEHHIM 3a3HAYEHIX BIMOT, JIO PO3IJISLY PelaK-
ifinoto KoJerieio xypuaay HE nmpuiimatoTbes.

: . :
5. Y BHUIIAJKY aBTOPCHKOI'O KOJIEKTHBY BKa3aTH IIPI3BHUIIE, iM s, 10 OATHKOBI Ta
e-mail Toro 3 aBTOpIB, 3 KUM peaKIliiiHa KoJieriss MOyKe BeCTH JIUCTYBaHHSI.

Anpeca st IMCTYBaHHS:
Ykpaina, 84116, m. Cnos’sucbk, lonenpbka 00.1., Bys1. [. Batioka, 19,
JIBH3 «/lonbacbkuil jiepKaBHUIT 11€/IJaroriaHIil YHIBEPCUTET »,
JlexaHaT (isnKO-MaTeMaTUIHOIO PaKyJIbTETY.

e-mail: znpfizmatsdpu@ukr.net, kadubovs@Qukr.net

tenedon: (06262) 3-26-59.
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