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METOAWNYHI OCOBINBOCTI HABYAHHA YYHIB OCHOB HAHOTEXHO/1OM N
HA YPOKAX ®I13UKWN Y 7 KNNACI

AHomayjia. Y cmammi 06rpyHmMo8aHO HeobXiOHiCMmb BK/AOYEHHS Yy HAB8YAAbHI Npo2pamu  hi3uKku
MIXCOUCYUNAIHAPHO20 HAMPAMKY — HOHOMEXHO/102ii, 3 Memor 0HOB/EHHA 3Micmy NPUPOOHUYOi oceimu. Po3kpumo
MemoOuYHi o0cobaueocmi HABYAHHA Y4YHIB OCHO8 HOHOMEXHOoAo02ili Ha ypokax izuku y 7 Kkaaci. ¥ cmammi
8U3HAYEHO MiCye 0CHO8 HOAHOMEeXHO102ili y HaB4as1bHIll Npo2pami 3 pizuku 014 y4Hie 7 Kaacy. PO3Kpumo memoouyHi
ocobsausocmi nposedeHHs nepulux YpPoKie (izuku y 7 KAaci 3 ypaxysaHHAM HAHOMEXHO/02iYHOI KOMMOHEeHMU.
BusHaueHo memoOdu4Hi 0cobausocmi 8uUBYEHHA NMUMAHb HAHOPI3UKU U HaOHOMexHon0e2ili y po3dinax «MexaHiyHuli
pyx» ma «Bzaemoodis min. Cunax». Y cmammi aKUeHmMyemoCa yeaaa Ha BUKOPUCMAHHI HempaduyiliHux memodis
HasYaHHA (Memoodie nNpobaemMHO20 HABYAHHSA, [HMepPaKMueHUX Memoodis, Memody npoekmis), iHpopmauyiliHo-
KOMYHIKamueHUX mexHos10¢ili, ipmyanbHo20 cepedosuwa npu 8UB4eHHI 8i0N08IOHUX MUMAHb HAHOMEXHOM02iYHOI
memamuku. Bid3Hayaemoca mixcoucyunaiHapHull xapakmep HAHOMexHos02ili ma posb HAHOMEXHOA02iY4HOI
KOMMOHeHmMu y hopMy8aHHI UinicHOi KapmuHu cgimy.

Knw4oei cnosa: HaHomexHon0e2ii, WKinbHUli Kypc hizuku, memoOu4Hi ocobausocmi HAB4YAHHA OCHO8
HaHomexHo0eill, Hag4anbHA MPO2PAMA.

MocTtaHoBKa npo6nemu. CborodHi NigBULLEHHS PiBHA BUKNAAAHHA NPUPOAHUYMX AUCLMMNIH € OAHUM i3
npiopuUTeTHMX 3aBAaHb pedopMyBaHHA 3aranbHOI cepeaHboi OCBiTM B YKpaiHi. 3 uieto meToto MiHicTepcTBO OCBITH i
HayKu YKpaiHu BUAINNN0 KOWTU Ha OCHALLLEHHA NPUPOAHMYMNX KabiHeTiB. Kpim Toro, BiabyBaeTbCA OHOBNEHHS 3MiCTy
NpPUPOAHMYMNX pucumnnnid. MounHaoum 3 2015-2016 H. p. y4Hi OCHOBHOI LIKOAM HABYAKOTbCA 33 OHOBJIEHUMMU
HaBYa/ZbHUMM nporpamamu [1; 2]. MpoTe aHani3 3a3Ha4YeHUX NPOrpam roKasas, WO BOHM MalikKe He MOKasylTb
OOCATHEHHA Cy4acHOi HayKW, 30Kpema He BifobpaKatoTb AOCATHEHHA | MepCneKTUBU MINKAUCLMNAIHAPHOT ranysi
3HaHb — HaHoTexHosoril. Y 06ox nporpamax OAHWM i3 KOMMOHEHTIB 3MIiCTYy HaBYa/bHOro MaTtepiany posginy
«Tennosi ABMLWa» 3a3Ha4eHO «HaHomaTepiann».

Kpim TOro, BKAHOYEHHA HAHOTEXHOOTIM Y 3MICT WKINBHOTO Kypcy Gi3MKM Ta NPUPOAHNYMX HayK noTpebye
pPO3p06KNU METOAMKN BKAafaHHA AaHOI HAaHOTEXHOJIOrYHOI CKNaAoBOi Ta CTBOPEHHA BiANOBIAHOrO HaBYa/bHO-
MeTOoAMYHOro 3abe3neyeHHs.

AHani3 akTyanbHUX pocnigXeHb. lNpobnema BKAOYEHHS HAHOTEXHO/OFYHOI CKNagoBOi y HaBYa/bHi
nporpamun NPUPOAHNYMX OUCLMUMNAIH OCTAaHHIM YaCOM aKTUBHO BUCBIT/IIOETbCA HA CTOPIHKAX HAayKOBO-METOAUYHUX
BMAaHb 3akopaoHHMMM (R. A.-H. Al-Tantawi, S. A. Al-Zaini, S.A.S. Selim [3], K. Ban, M. Kocijancic [4], L. Bryan,
S. Daly, K. Hutchinson [5] Ta iH.) Ta BiTYM3HAHMMMK HaykoBUAMM (1.O. Mopos, O.A4. CTagHuk [6] Ta iH.). Ane HUMMK
38e6inblWOoro po3rna4atoTbCA 3aranbHi 3acagm BKAOYEHHA HAHOTEXHO/OTM Y HaBYanbHi nporpamu. YiTko Buaginnutn
3MICT HaBYaNbHOroO MaTepiany, ANA iHTerpauii y HaB4YasbHI Nporpamu 3 ¢i3MKK, BAANOCA ETUNETCHKUM HAYKOBLAM
(R. A.-H. Al-Tantawi, S. A. Al-Zaini, S. A. S. Selim) [3].

AHani3 HayKoBO-METOAWMYHOI NiTepaTypu MoOKasaB, WO Ha AaHWM 4Yac MEeToAMKA BWKNAZAHHA OCHOB
HAHOTEXHOJIOTN Yy WKINbHOMY KypcCi ®i3VKM MPaKTUYHO He po3pobneHa. MeBHiI AOCATHEHHA Yy UbOMY MUTaHHI
3HaxogMmo y poborti S.Stevens Ta iH.[7]. Y KHW3i BUCBITAEHO 3B’A3KM MiX if€AMW HAHOHAYKM Ta UYMHHOMO
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HaBYa/IbHOIO MPOrpPamoto, PO3rASHYTO HOBI CNOCO6M NOAAHHA TPAAULIMHOIO 3MICTy AUCUMMNAIHKW, PeNeBaHTHOro
HaHOHayL,.

TakKMM YMHOM, BUHWKAE HEOOXiAHICTb PO3POOKM METOAMKM BUKIALAHHA OCHOB HAHOTEXHOJOFIN y Kypci
WKiNbHOT ¢i3nKKM. Mpouec HaBYaHHA Y4HIB OCHOB HAaHOTEXHOJOrIA MaEe ByTM NOCAIA0BHUM, CUCTEMATUYHUM, TICHO
NnoB’A3aHNM 3 BUBYEHHAM }isnKK. TO6TO OCHOBY 'PYHTOBHOIO BUBYEHHSA OCHOB HAHOTEXHOAOrIM NOTPIOGHO 3aKNaaaTH
y 7 Knaci.

MerTa cTaTTi — pPO3KPUTM METOANYHI 0COBNMBOCTI HABYAHHSA YYHIB OCHOB HAHOTEXHOJIOTIM Ha YPOKaXx Gi3nKu
y 7 Knaci.

Buknap ocHoBHOro marepiany. MNepuwi ypoku $isnKu y 7 Knaci NOKAMKaHI 3aLLiKaBUTU YYHIB Y BUBYEHHI
AaHoi aucumnnidy, GopmyBaTH YABAEHHA MPO POsb I3UKM Yy KUTTI NOAMHM Ta il 3B'A30K 3 iHWKMMKM HayKamu.
30Kpema cif HarosI0CUTU Ha aKTYaNbHOCTI 3HAHb 3 Pi3MKK Y PO3BUTKY Cy4aCHOI HAaYKK, @ came MiKANCLMNAIHAPHOrO
HaNpPAMKY — HAaHOHaYKM.

dopmytoun B y4yHiB yaBaeHHA npo i3nKy AK dyHAAMEHTanbHy HayKy Npo npupoay, BYMTENO BapTO
3a3HaAYNTK, WO AKWO A0 XXI CTONITTA HAayKM PO3BMBANUCA AK OKPEeMi ranysi 3HaHb, TO CbOroAHi iX PO3BUTOK BCe
TicHiWe nepenaiTaeTbca. To6TO Noganblumii nporpec byae BU3HAYaTUCA 36IMKEHHAM YW HaBITb 3IMTTAM NOAANbLUMX
HaYKOBMX AOCNIAXKeHb. [laHe TBepAKEHHA A0LiNIbHO NPOINOCTPYBATU HACTYNMHUMW NPUKAALAMMU.

JocnigeHHA ¢isyHMX OCHOB 6ynoBM 11 OYHKLIOHYBAHHA KMBUX CUCTEM TOKAa3asno, WO B OCHOBI
KUTTELIANBHOCTI BCiX BiAOMMX Ham 6io/10riYHMX 06'EKTIB SIeXKaTb 3aKOHU NPUPOAM, 30KpeMa 3aKOHU ¢i3nKu. Tak,
HanpuKaag, B4eHi noHas 100 pokKiB BMBYAIM MeXaHi3M NPUANNAHHA MiJibllOHa BOPCUHOK, PO3TalLOBaHMX Ha Jlankax
reKkoHiB, 40 6yab-AKOT NOBEPXHI, NO AKil NepemilaoTbea Ui ALLIPKM. 3ro4oM im BAAN0CA BiATBOPUTU «edEKT reKoHa»
33 [OMNOMOrOK CUMHTETUYHMX MaTepianis. 3aBAAKM LLbOMY CbOrOAHI MPOTEKTOPMU LUMH MalOTb BY3bKi KaHaBKM
(nameni). Came nameni sonomaratoTb NPOTEKTOPY MiLLHO TPMMATUCA Ha NbOAY i Ha CHiry. CTeHPOpPACbKUI iHXKeHep-
mexaHik Mapk KaTtkocki (Mark Cutkosky), B3aBLum 3a ocHoBy 6ya0By nan rekoHa, cTBopuB poboTa Stickybot Ill, akuit
MOXe nepecyBaTucA No byab-AKMX NoBepxHAX. Bigomuii disnk AHgpi Feim y 2003 poui BUHAMLLOB AUMKY CTPIYKY
(«reko-ckoTu»), Ika Ha MiKpOpIiBHi HaragyBana byLoBYy Nanok rekoHa. CbOrogHi «reko-ckoty» 3abesnevyye BUCOKY
CUNY 34ENNEHHs i MoXKe BYTM BUKOPUCTAHWUI MOBTOPHO.

Ha cTuky HeopraHiuHoi Ximii Ta isnku TBepAOro Tina BYEHUM BAANOCA BIAKPUTM ABULLE HAZNPOBIAHOCTI —
eNeKTPUYHUIA OoNip AeAKMX MaTepianis CTPMOKOM Magac A0 HyAA 33 NeBHOI KPUTUYHOT TemnepaTypu 6AM3bKoi Ao
abCcoNOTHOrO HyNA, fAK MPaBUIO Ay)Ke HWU3bKOI, | BYEHi HAMONErnuMBO NpaLloloTb Hagh CTBOPEHHAM
BMCOKOTEMMNEPaTYPHUX HAZANPOBIAHUX MaTepianis, y TOMy YMC/i 32 LONOMOrOK HAHOTEXHO/IOTIN.

JocuTtb TicHO noB’A3aHi mixK coboto disnKa i meamumnHa. Hanpuknag, Biaommin HimeLbKMiA BYeHWA KOniyc
PobepT doH Maitep npossme cebe B 060x ranysax 3HaHb. Y 1840-1841 pp. BiH 6yB KopabesbHUM nikapem B
eKkcneamu,ii Ha octpis flBa. Mig yac NOAOPOXKI BUEHUI NOMITUB, LLLO Y MATPOCIB KOJip BEHO3HOI KPOBi y Tponikax
3HAYHO CBIT/IWWN, HiXK Y NiBHIYHMX WKpoTax. Lle cBigumMTb Npo Te, WO Yy CNEeKOTHUX MIiCLEeBOCTAX A4 MiATPUMKM
HOPMa/IbHOI TeEMNepPaTypPu Tila OKUCNIIOETLCA MEHLLE XapyYOBUX NPOAYKTIB Y NOPIBHAHHI 3 XONO4HUMM MiCLLEBOCTAMM.
Tak Maliep BCTAaHOBMB 3aN€XHICTb MiXK CMOXMBAHHAM iKi M yTBOPEHHAM Tenna. BiH TakoX BCTAaHOBWMB, WO 3i
36i/1bLLUEHHAM BUKOHYBaAHOI II0ANHOI POHOTU 3POCTAE KiNbKICTb NPOAYKTIB, O OKUC/OTLCA B OPraHiami Nt0aAnHMN.
Takum ynHom, Maiep NpuUNycT1B., LLLO TENI0Ta i MexaHiyHa poboTa B3aEMONOB’A3aHi 11 BnepLue Y4iTko chopmMyntoBas
3aKOH 36epexeHHs eHepril.

I'PYHTYIOUMCb Ha NOAIBHMX NpUKAagax BunTeNb GOPMYE B YUHIB YABNEHHA NPO Te, WO CbOTOAHI Ha CTUKY
bis3nKkK, ximii i Bionorii aKTMBHO PO3BMBAETBCA MiINAUCUMANIHAPHA rany3b Hayku — HaHoTexHonorii. OCHOBHI
OOCNIAXEHHs Yy ranysi HaHOTEXHONOri 30CepeAskeHi Ha CTBOPEHHI HaAMiHiaTIOpHUX 3anam’sToByBa/bHUX
NPUCTPOIB, HaAMILHUX MaTepianis, anbTEPHATUBHUX TEXHOJIOFI OTPUMaHHA eHeprii, po3pobui fiKis, AKi Aisan 6 Ha
KNITUHHOMY PIiBHI i T. 4.

Mif Yac 03HAMOM/IEHHS YYHIB 3 OCHOBHUMMW NOJIOXKEHHAMM aTOMHO-MOJIEKYNAPHOrO BYEHHA Npo Byaosy
PEeYOBMHM [AOLIZIBHO HAroNOCUTH, WO Yy Haw 4Yac 3aBAsAKM NobynoBi aTOMHO-CMIOBOFO MIKPOCKOMa HayKoBL,
OTPMMANN MOXKAMBICTD MaHiNyAtOBAaTU OKPEMUMM aToOMaMK. Tak [JoHanbg, Elirnep 306pasme orotmn Komnawii IBM
Ha MOHOKPWCTANi HiKeN LWANAXOM HaHeceHHs 35 aTomiB KceHoHy. [isHiwe ¢isnkM 3 yHiBepcuTeTy basens Ha
nigknagui 3 isonauiiHoro maTtepiany CTBOPUAM CTPYKTYPY, fiIKa 32 pOpMOI0 Haragye WBenuapcbkuin xpecrt. Lle 6yno
BaXK/IMBUM KPOKOM Ha LUNAXY YAOCKOHANEHHA NPUCTPOiB 36eperKeHHA AaHuX.

BuByatoun oaMHMUL| BUMiptOBaHHA Qi3UYHNX BEIMYMH BUUTENb 3HAUOMMUTb YYHIB 3 KPATHUMU 4 YHaCTUHHUMM
oanHuAMMK. Mpun LbOMy AO0LINBbHO 3BepPHYTUCA A0 Tabauui 1.

Mpautoroun Hag Tabauueto BuMTeNb 3a3Havae, Wwo Ao XVII ctonitra 3ycunna binbwocTi HaykoBsLiB Bynau
CNPAMOBAHI Ha AOCNIAKEHHA MAKpOCBIiTy. MpoTe cTBopeHHA y XVII cToniTTi Teneckona i mikpocKona poswunpuao
MeXKi Mi3HaHHA CBiTY, NoYanoca 6ifblW IPYHTOBHE AOC/iIAMKEHHS 3aKOHIB Mera- Ta MiKpocBiTy. CborogHi, 3aBasku
YAOCKOHANEHHIO 3ac06iB AOCNIAMKEHHSA, 3YCUANA BYEHWUX 30CEPEAXKEHi HAa BMBYEHHI 06’eKTiB HAHOMETPOBOro
Aiana3oHy (Big 1 Ao 100 Hm). Taki miHiaTioOpHi 06’€KTM BONOAIOTbL AKICHO iHIWMMM, Y MOPIBHAHHI 3 TPAAULINHUMM
maTtepianamu, GisMUHUMK, XiMIYHUMM 1 BIONOTIYHMMM BNACTUBOCTAMM, GYHKLIOHAbHUMK Ta eKcnayaTauintHumm
XapaKTeEPUCTUKAMMU.
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Tabauysa 1
KpaTHi i1 YyacTMHHI oanHUL

MNpedikc | Cumson MHOXHUK Mpuknag,

Tepa- T 1 000 000 000 000 1012 3ipka AnTapec (giametp 1,25 - 1012m)

rira- r 1 000 000 000 10° CoHue (aiametp 1,4 - 10°m)

mera- M 1 000 000 106 Micaup (aiametp 3,5 - 10°M)

Kino- K 1000 103 Esepecr (sncoTa 8,8 - 103m)

reKkTo r 100 102 EVipenesa Bexa (BucoTa 3,2 - 10%M)

aeum- 4 0,1 1071 BackeT60/1bHMI M’AY (giameTp 2,4 - 1071 M)
CaHTU- c 0,01 1072 Nepenenute aiye (Bucota 3 - 1072m)

mini- M 0,001 1073 Mypaxa (gosuHa 4 - 1073m)

MiKpO- MK 0,000 001 107° EputpouuTt (giametp 7 - 107°Mm)

HaHo- H 0,000 000 001 10~° OHK (wupwuHa 3 - 107%Mm)

niko- n 0,000 000 000 001 10712 | [osxuHa xBuni rama-sunpomiHiosaHHa (1 - 10712 m)

Y pamMKax BMBYEHHA TeMW «ICTOPUYHMI XxapaKTep ¢i3MYHOro 3HaHHA. BHECOK YKPaiHCbKUX YYEeHUX Y
PO3BMUTOK i CTAHOB/IEHHA Di3NKM» PEKOMEHAYEMO PO3MNAHYTU LOCATHEHHA 3aKOPAOHHUX i BITYNSHAHUX HAYKOBL,IB Y
ranysi HaHoTexHonorin. Mpu ubomy Gopmm opraHisauii poboTU MOXKYTb BYTU PISHUMMK: GPOHTANbHI UM rpynoBi. AK
NokKasye B/acHWUA AocBig, 6inbl epekTMBHO Byae 06’eaHATH YUHIB y TBOPYI rpynn ANA BUKOHAHHA MiHi-MPOEKTIB.
Opi€eHTOBHI TEMM NPOEKTIB HaBeAeHi y Tabauu,i 2.

Tabauysa 2
Opi€eHTOBHI TEMMU MiHi-NPOEKTIB

Tema npoekty Tun npoekTy Meta npoekTy 3aBAaHHA NPOEKTY

1. Po3rnAaHyTM ONTMYHI ocobamnBOCTI KybKa Jlikypra.

Buokpemntun 2. MoKasaTn AOCATHEHHA iHAiaHLiB ManAa y ranysi
. - [OCATHEHHA HaHOTEXHO/OriN.
MioHepwn IHpopMmaUinHO- . o . , . o
- o LpeBHix mancTpiBy | 3. 3’AcyBaTv HAHOTEXHO/IOTIYHUI CEKpeT
HaHOTEXHONOTiN NoLLYKOBUI . . .
ranysi [,aMacbKoi cTani.

HaHOTEeXHONOTiN.

4. MNoKa3aTu po/ib BiTPaXKiB cepeAHbOBIYHMX
XPamiB B OYMLLEHHI NOBITPA.

Buokpemutun
poAOHavYanbHUKIB

1. BU3Haunt posb P. deitHmaHa y cTaHOBAEHHI
HaHOHaYKM.

HaHOTexXHoNOori

PogoHayanbHUKM | IHGOpMaLiiHO- | HaHOHAYKM 1 2. CxapaKrtepusysaTtu ponb H. TaHiryui ak
HaHOHAYKM1 NoLUYKOBUI MOKa3aTu iXx BHECOK | 3aCHOBHMKa TEPMiHY «HAHOTEXHOAOTIi».
Y PO3BUTOK AaHOi 3. MNokasaTtu 3HayeHHA KHuru E. [lpekcnepa y
ranysi sHaHb. PO3BUTKY HAHOTEXHOOTIN.
BHecok 1. 3’acyBatu BKnag b.€. NatoHa i 6.0. MoB4YaHa y
. BW3HaunTh BHECOK
YKpPaiHCbKMX - N po3pobKy meToay OTPUMAHHA HAHOYACTUHOK
IHbopMaLiiHO- | YKpaiHCbKMX .
YYEHUX Yy o MmeTanis.
NoOLIYKOBUM YYEHMUX Y PO3BUTOK
PO3BUTOK 2. Nokasatu BHecok A.l. HaymosuA y po3BUTOK

HaHOTEeXHONOTiN.

HAaHOHAYKW i HAHOTEXHOOTIN.

Mig, 4ac BMBYEHHA ABMUWA iHepuii JouinbHo 6yae chopmyntoBaTv npobnemHe 3anuTaHHA: «Yu
NPOABAAETLCA ABULLE iHEepLii y MiKpO- Ta meracsiTi?». Y xoai eBpUCTMYHOI Becign yumTenb niABOAMTbL Y4YHIB [0
BMCHOBKY, LLLO ABMLLE iHepL,ii NPOABAAETLCA HE INLIE Y MAaKPOCBITI, @ ¥ Yy MiKpO- Ta MeracsiTi. TaK, e/1eKTPOH HaBKO/10
A4pPa YN MiXK 4BOMA NOCNILOBHUMU 3ITKHEHHAMM Y METaNax PyXaeTbCA 3a iHEPLEID, NAHETU 1 3ipKK pyXatoTbCA No
CBOiX opbiTax 3aBAAKM iHepLii TOoLLO.

BuBuatoun Buau gedopmauii peKoMeHAYEMO PO3rAAHYTU TaKi MexaHiYHi BJ1acTUBOCTI HAaHOOO €eKTiB, fAK:
MILHICTb Ta FHy4YKicTb. MoYaTh AouinbHO i3 3anuTaHHA «Yu icHYE cboroAHi HeobXiAHICTb CTBOPEHHA HaAMILHUX Ta
FHY4YKMX MaTepianiB? AKLWO TaK, TO ANA AKUX ChEP KUTTA UM BUPOOHMLTBA Le aKTyanbHO». 3aNy4yuTu y4yHiB A0
06roBopeHHA NPOHJAEMHOIO NMUTAaHHA MOXKHa 33 AOMNOMOrOH0 Pi3HMX iIHTEPAKTUBHUX MeTOAiB («POTauinHi TPiMKMy,
«[Ba-4o0TMpu-BCi pasom», «[epeso pileHby, mMeToa, «pec» Towo). Y pe3ynbTaTi yuHi NPUXoaATb 40 BUCHOBKY, LLLO
TaKi BNACTUBOCTI MaTepianis, AK MiLHICTb i THYYKICTb BiZirpatoTb BaXK/AMBY POJib Y HACTYNHUX cHepax KUTTA NOONHU:

— JIerKit NpoOMMCNOBOCTI (BUPOOHULTBO MiLLHUX TKAHWH Ta raflaHTepel, CKAAHUX BUPObLiB);

— BIlCbKOBIV NPOMMCIOBOCTI (BUrOTOBNEHHA BPOHEXKMNETIB, BINCbKOBOI TEXHIKM Ta 36p0i);

—  MeAMUMHI (CTBOpEHHSA NpoTesiB, 3acobiB AiarHOCTUKK);

— O6yAiBHMUTBI (CTBOPEHHA MiLHMX | THYYKUX ByaiBeNbHUX MaTepianis);

— iHbopMaUiHNX TexHONOTIAX (THYYKi M MiLHI CEHCOPHI eKpaHU, MOBiNbHI TenedpoHu, NnaHweTn).
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Micna uboro BUMTENIb NOBIAOMIISIE YYHAM, WO AEAKi i3 3a3Ha4YeHMX Npobiem Ha CbOroAHi BAAN0CA BUPILLUTH
33 JONOMOrot0 HaHOMaTepianis, TOBTO maTepianis, WO MICTATb CTPYKTYPHI eleMEHTU, TEOMETPUYHI PO3MIpPU AKMX
Xoua 6 B 0AHOMY HaNPAMKY He NepeBULLYIOTb HAaHOTEXHONOTYHOT Mexi — 100 Hm (Big 1 o 100 Hm) i BonogitoTb
AKICHO HWUMKM PiZUYHUMUK, XIMIYHUMM, MEXaHIYHUMM W BioNOrYHMMM BNACTUBOCTAMM, EKCMyaTauifHUMK Ta
bYHKLUiOHaNIbHUMM XapaKTePUCTUKaMM Y NOPIBHAHHI 3 TpaguUiiHMMKM MaTepianamu.

YHiKaNnbHUMW BNACTUBOCTAMM, AKi BU3HAYAIOTb NMEPCNEKTUBM MOro 3acTOCYBaHHSA, BonoAie rpadeH — wap
aTOMIB BYI/1eLt0, LLLO YTBOPIOKOTb NPABU/IbHI LLECTUKYTHUKM, TOBLLMHOIO B OAMH aTOM. BUCOKa MiLHICTb 1 NPYXKHICTb
rpadeHy A03BONUTb Y MalbyTHbOMY BUFOTOBAATU HUTKM, AKI 34aTHI yTPMMYBATW 3HAYHI BaHTaXi, CTBOPIOBATHU FHYYKi
ancnnei AnA enekTPoOHHUX MPUCTPOIB, BUIOTOBAATU Naku 1 ¢apbu 3 gopasaHHAM rpadeHy, Wo cTBoptoBaTUME
3aXMCHUI LWap ToLLO.

3Ha4yHi NepcneKkTMBM 3aCTOCYBAHHA CbOTOAHI MatoTb PyaepeHn — NOPOKHUCTI MONIEKYN 3 aTOMIB BYT/eLto,
AKi 06’eAHaHi y npaBuabHi 6aratorpaHHMkK. Moandikauis ctani, antoMiHito i T. M. pynepeHamm 3HaYHO NiABULLYE iX
MiLLHICTb Ta 3HOCOCTIMKICTb, LLLO A03BO/IUTb NOJIETLMTU KOHCTPYKLT KOCMiYHMX Kopabais, aBiakopabnis Towo. YaByH
i3 fofaBaHHAM QynepeHiB CTa€ NIACTUYHNM.

BapTo TakoX po3Ka3aTu Npo Byraeuesi HAHOTPYOKN — NOPOIKHUCTI NPOTANKHI MOJIEKYIN, YTBOPEHI LLAPOM
aTomis Byr/ieuo, AKi 06’egHaHi y NPaBUAbHI LLECTUKYTHUKM. MPUHLMNOBOIO BiAMIHHICTIO BYr/ieueBnx HaHOTPY6OOK, Y
MOPIBHAHHI 3 [HWWMW BOJIOKHUCTUMM MaTepianamu, € MNOEAHAHHA MKOPCTKOCTI, MILHOCTI i MpPYXKHOCTI.
AMEPUKAHCbKMM YYEHUM BAANI0CA BUTOTOBUTU NPSAKY | TKAHWHW HA OCHOBI BYr/neLLeBUX HAHOTPYOOK. TaKi TKaHWUHM
MOXYTb BUTPMMYBATU 3HAYHMI MexaHiuHMI BnauB. [MepenbavaeTbca, WO JaHe BIAKPUTTA MOXKHA byae
BUKOPUCTOBYBATU Y BUTOTOBAEHHI CNeLoaary ana NoXeXHUKIB, pATyBa/IbHUKIB, KOCMOHABTIB TOLWLO. KUTANCbKI BUYEHi
CUHTE3yBa/IM MaTepian Ha OCHOBI BYr/ieLeBUX HAHOTPYOOK, AKMIA 33 MIiLHICTIO 3HAYHO NepeBULLYE BCi HasBHI Ha
cborogHi matepianu. MepenbayvaeTbcA LWMPOKe 3aCTOCYBAHHA AAHOTO MaTepiany y BUPOOHMLTBI 3aXMCHUX NAIBOK
ANA BINCbKOBOT TEXHIKM, KOCMIYHMX anapaTiB, CMOPTUBHOTO iHBEHTapPIO TOLLO.

HactynHuin etan y GopMyBaHHi B yYHiB yABAEHb NPO HAHOTEXHOJIOTiT NOB'A3aHWUI i3 BUBYEHHAM CU TEPTA.
Posrnagatoun npmupoay cvn TepTa, BUNTE b aKLEHTYE yBary y4HiB Ha TOMY, LLO MPUYMHOK BUHUKHEHHA CUA TEpTA €
CUAWN B3AaEMOAIT MiXK YaCTUHKaMM, 3 SKUX CKNAOAETbCA PEYOBMHA, @ TAKOXK LIOPCTKICTb NOBEPXHi. Y 3B’A3KY 3 UMM
BMHUKAE 3aNUTAHHSA, UM 4it0Tb CUAM TEPTA Y HAHOCBITI. OBroBOpeHHA Lboro NpobaemMmHOro NUTAHHA PEKOMEHAYEMO
OpraHi3yBaTu 3a JONOMOTOt0 iIHTEPAKTUBHUX MeToAiB (MeTog «Mpecy, «Lkana gymok», «PoTauiiHi Tpikny», poboTa
y rpynax Towo). Mpu ubomy, yuHi MoKyTb KopuctysaTuca IKT gns nowyky HeobxiaHoi iHdopmauii. Y3aranbHiowum
BiANOBIAi yYHiB, BUMTE/b 3BEPTAE yBary Ha Te, WO AOHeAaBHA BBAXKaW, WO 3aKOHM TepTAa A4J1A MaKPOCBITy He AitloTb
y HaHocBiTI. MpoTe y 2009 poui BYeHi YHiBepcuTeTy BickoHCMH-MegicoH foBenv cnpaBeaMBiCTb KNaCUYHUX 3aKOHIB
A7 HAHOCTPYKTYP. TaK BYEHi NOKa3anu, LWO: Cuaa TepTa NiHIMHO 3a1eXKUTb Bif, KiIbKOCTi aTOMIB, SiKi B3aEMOZ,itOTb; 3i
3MeHLWeHHAM agresii (34enneHHA Ppi3HOPIAHWX MNOBEPXOHb TBEPAMX UM PIAKMX Ti/I) MK MOBEPXHAMM, LLO
KOHTaKTYIOTb, BigbyBa€eTbCA nepexig Big, HeNiHiMHOI A0 NiHIMHOI 3ai1eXHOCTi CUAWM TepTA Big, HaBaHTAXKEHHS; y
HaHOMacWTabi cuna TepTsa 3anexuTb Bif LWOPCTKOCTI noBepxHi [8]. JaHe BiAKPWUTTA Ma€ BarKnuBe 3HAYEHHA ANA
NPOEKTYBaHHA MiHIaTHOPHUX NPUCTPOIB 3 ONTUMANBHUMMN MEXAHIYHUMU XapaKTEPUCTUKAMW.

3aBepuytoun Kypc $isukmn 7 Knacy, AouiibHO byae 3anponoHyBaTM YYHAM HanMCcaTh ece Yun MigrotTysatu
NMPOEKT Ha OAHY i3 3aNPOMOHOBAHUX TeM, AKi CTOCYIOTbCA Cy4aCHOro eTany po3BUTKY ¢i3nku. Mepenik Tem mae
BK/IIOYATU 1 HAHOTEXHOJOTIYHY TEeMATUKY, HanpuKaag: «4omy HaHOCBIT 3a4yinae Mainke BCi ranysi HayKku?»,
«HaHoHayKa — Knto4 40 MalbyTHboro», «fMepcnekTMemM HaHOHayKM B YKpaiHi» i T. 4.

BuUcHOBKK. OHOB/IEHHA 3MiCTY NPUPOAHNYOI OCBITU HEeMOKAuBe 6e3 BKAOYEHHA Y HaBYaslbHI Nporpamu
NepcnekTUBHOrO MiXXAMCUMNAIHAPHOTO HaNpPAMKY — HaHOTexHonorii. PopmyBaHHSA B YYHIB 3HAHb NPO HAaHOHAYKY i
HaHOTexHo/orii Ma€ BiabyBaTMCA NOCTYNOBO i cMCTEMATUYHO. MepLUi KPOKKU Ha LibOMY LIAAXY HeobXigHO pobuTn yKe
B 7 Knaci. TakMm YMHOM, B y4HiB GOpPMYyBaATUMETLCA LjiNiCHA KapTUHA CBIiTy Ta YABJEHHA NPO HEPO3PUBHUIN 3B'A30K
MiX rany3amun HayKu.

MepcnekTMBM NoAanblMX AOCAIAKEHb BOAYAEMO Yy BM3HAYEHHI METOAMYHUX 0cObBAMBOCTEN HaBYaHHA
Y4YHiB OCHOB HaHOTeXHONOriN y Kypci ¢isnkm 8-11 Knacis.

CNMCOK BUKOPUCTAHUX AKepen

1. ®disnKka 7-9 knac. HaByanbHa nporpama AnA 3arasbHOOCBITHIX HaBYa/NbHMUX 3aKNafiB 3aTBepA)KeHa Hakasom
MiHicTepcTBa OCBiTM i Haykum VYKpainm Big 07.06.2017 Ne 804. [EnekTpoHHMM pecypc]. URL:
http://mon.gov.ua/content/%D0%9D%D0%BE%D0%B2%D0%B8%D0%BD%D0%B8/2017/06/12/1/7-fizika.doc
(aaTa 3BepHeHHA: 19.11.2017).

2. ®i3uka 8-9 knac. HaByanbHa nporpama A/1a 3araIbHOOCBITHIX HAaBYa/IbHUX 3aK1a4iB 3 NOFMG6AEHUM BUBYEHHAM
¢di3nkKn. [EnektpoHHMit pecypc]. URL:
http://old.mon.gov.ua/img/zstored/files/%D0%A4%D1%96%D0%B7%D0%B8%D0%BA%D0%B0(1).doc (aaTa
3BepHeHHs: 19.11.2017)

3. SelimS. A. S., Al-Tantawi R. A.-H., Al-Zaini S. A. Integrating nanotechnology concepts and its applications into the
secondary stage physics curriculum in Egypt // European Scientific Journal.2015. vol.11. Ne12. P. 193-212.

111



PHYSICAL & MATHEMATICAL EDUCATION issue 4(14), 2017

4. Ban K., Kocijancic S. Introducing topics on nanotechnologies to middle and high school curricula // 2nd World
Conference on Technology and Engineering Education (5-8 September 2011, Ljubljana, Slovenia). Ljubljana, 2011.
P. 78-83.

5. Daly S., Hutchinson K., Bryan L. Incorporating nanoscale science and engineering concepts into middle and high
school curricula // Proceedings of the Annual Conference of the American Society for Engineering Education
(June 24™- 27" Honolulu, Hawaii). Honolulu, 2007.

6. HaHoTexHonorii B OCBiTHIN ranysi: [KonekT. moHorpadis] / 3a 3ar. pea,. 1.0. Mopo3sa. Cymu: Bua-so Cymny imeHi
A.C. MakapeHKa, 2016. 244 c.

7. The Big Ideas of Nanoscience / S.Stevens, L. A. Sutherland, P. Schank, J. Krajcik. Arlington, Virginia: NSTA Press,
2009. 203 p.

8. Mo Y. Turner K.T., Szlufarska I. Friction laws at the nanoscale // Nature. 2009. Ne457. P. 1116-1119.

References

1. Physics for 7-9 forms. The curriculum for secondary schools approved by the Order of the Ministry of Education
and Science of Ukraine from 07.06.2017 Ne  804. [Electronic resource ]. URL:
http://mon.gov.ua/content/%D0%9D%D0%BE%D0%B2%D0%B8%D0%BD%D0%B8/2017/06/12/1/7-fizika.doc
(application date: 19.11.2017). (in Ukrainian)

2. Physics for 8-9 forms. The curriculum for secondary schools with profound studying of physics. [Electronic
resource ]. URL: http://old.mon.gov.ua/img/zstored/files/%D0%A4%D1%96%D0%B7%D0%B8%D0%BA%D0%BO0(1).doc
(application date: 19.11.2017). (in Ukrainian)

3. SelimS. A. S., Al-Tantawi R. A.-H., Al-Zaini S. A. Integrating nanotechnology concepts and its applications into the
secondary stage physics curriculum in Egypt // European Scientific Journal.2015. vol.11. Ne12. P. 193-212. (in
English)

4. Ban K., Kocijancic S. Introducing topics on nanotechnologies to middle and high school curricula // 2nd World
Conference on Technology and Engineering Education (5-8 September 2011, Ljubljana, Slovenia). Ljubljana, 2011.
P. 78-83. (in English)

5. Daly S., Hutchinson K., Bryan L. Incorporating nanoscale science and engineering concepts into middle and high
school curricula // Proceedings of the Annual Conference of the American Society for Engineering Education
(June 24t- 27 Honolulu, Hawaii). Honolulu, 2007. (in English)

6. Nanotechnology in the educational field: [collective monograph] / under the general editorship 1.0. Moroza.
Sumy: Publishing house SSPU named after A. Makarenko, 2016. 244 p. (in Ukrainian)

7. The Big Ideas of Nanoscience / S.Stevens, L. A. Sutherland, P. Schank, J. Krajcik. Arlington, Virginia: NSTA Press,
2009. 203 p. (in English)

8. Mo Y. Turner K.T., Szlufarska I. Friction laws at the nanoscale // Nature. 2009. Ne457. P. 1116-1119. (in English)

METHODICAL FEATURES OF TEACHING OF PUPILS OF NANOTECHNOLOGIES
AT PHYSICS LESSONS IN 7 FORMS
Yuliia Tkachenko
Sumy State Pedagogical University named after A. Makarenko, Ukraine

Abstract. The article substantiates the necessity to include the multidisciplinary direction —nanotechnology
in the curriculum of physics in order to update the content of science education. The methodical features of the
teaching of pupils of nanotechnologies at physics lessons in 7th form are revealed. The article defines the place of
the basis of nanotechnology in the physics curriculum for the 7th form pupils. Methodical features of carrying out the
first lessons of physics taking into account the nanotechnological component in the 7th form are revealed. The
methodical features of the teaching of nanophysics and nanotechnology in the sections «Mechanical motion» and
«Interaction of bodies. Power» is determined. The article focuses on the use of non-traditional teaching methods
(methods of problem learning, interactive methods, and method of a project), information and communication
technologies, and virtual environment in studying relevant issues of nanotechnology. The interdisciplinary character
of nanotechnologies and the role of nanotechnological components in the formation of a coherent picture of the
world are noted.

Key words: nanotechnology, course of school physics, methodical features of the teaching of
nanotechnologies, curriculum.
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