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Tkauenxo 10. A.

METOJAUYHI OCOBJIUBOCTI HABYAHHS YYHIB OCHOB HAHOTEXHOJIOT' T
HA YPOKAX ®I3UKH Y 8 KJIIACI

Cmamms npucesuena MemooudHuM 0CoONUBOCMAM HABYUAHHS YUHIE OCHO8 HAHOMEXHOL02I Ha ypoKax (isuxu y 8 kaaci.
3anpononosano exuoUeH S OKpEMUX NUMAHb OCHO8 HAHOMeXHOL02il Y po30inu «Tennosi asuwa» i «Enexmpuuni asuwja. Enex-
mpuunutl cmpym». Pospobneno memoouuni pekomenoayii 000 UKIAOAHHS OKPEMUX NUMAHb OCHO8 HAHOMEXHOL02IU. 3micm
Cmammi € 102iMHUM NPOOOBIHCEHHAM BUSHAUECHUX PAHIUE MEMOOUYHUX 0COONUBOCIEN HABYANHS YUHIB OCHO8 HAHOMEXHONORIl
y Kypci ¢izuku T Knacy, wo cnpusimume Qopmyeantio 8 YUHig YINICHO20 VAGLEHHS PO HAHOMEXHONO02IT [ 3abe3neduums HAcmyn-
HICMb Y 6UBYEHHI OCHO8 HAHOMEXHONO02IU. Y cmammi aKyeHmyemocs y8aea Ha GUKOPUCTIAHHI HEMPAOUYIHUX Memooi6 Ha-
suanHs (Memooie npoOIeMHO20 HAGYANHSL, IHMEPAKIMUBHUX MEMOOi8, MemMOdy NPOEKMI6) Nid 4ac 8UGUEHHS BIONOBIOHUX NUMAHD
HAHOMEXHON02IYHOI MEMAMUKU.

Knwuosi crosa: nanomexronoeiuna oceima, HAHOMEXHON02IL, 3MICI WKLIbHO20 KYpCY (Ii3uKiL, MemoOuyHi ocooiugocmi
HABYAHHS YUHIE OCHO8 HAHOMEXHONOII.

OnHuM 13 3aBJJaHb OCBITH € 3a0e3MeYeHHs MIKOJISIPiB 3HAHHAMH PO TOCSTHEHHS, aKTyallbH1 JOCIIKEHHS, HEBU-
pillieHi TUTaHHS 1 MePCIEKTUBU PO3BUTKY HAyKH B YKpaiHi 1 CBiTi. 3a 1i€l yMOBH 3HAHHS y4YHIB OyAyTh IOBHUMH
Ta BIJNOBIJATUMYTh Cy4acHUM HAyKOBUM 3HAHHSM IPO OyAOBY 1 BIACTUBOCTI HABKOJHMIIHBLOTO CBITY. ChOrOmH1
OHI€IO 3 Tay3€eH, 110 MIBUJIKO PO3BUBAETHCS, € HAHOTEXHOJIOTIT. Y Halll yac He JIMILE MPOBOIATHCS aKTUBHI JOCHTi-
JOKEHHSI B rayly3i HAHOTEXHOJIOTIH, a i BiZOyBa€eThCs X aKTUBHE BIIPOBA/KEHHS y IPOMHCIIOBICTh Ta MOBCAKICHHE
xUTTS mofei. Came ToMy 0a30Bi BiIOMOCTI PO HAHOHAYKY 1 HAHOTEXHOJIOT11 MatOTh OyTH BKIIIOYEHI B 3MICT IIPH-
POINHUYMX JUCUMILIIH, 10 BUBYAKOTHCS Y KO,

3aralibHi aCIEKTH BIPOBAKEHHSI OCHOB HAHOTEXHOJIOTIH y MIKUIbHY OCBITY 3HAXOIMMO y MPALSX 3aKOPIOHHUX
(R.A.-H. Al-Tantawi, S. A. Al-Zaini, S. A. S. Selim [11], K. Ban, M. Kocijancic [9], L. Bryan, S. Daly, K. Hutchinson
[10] Tomro) i BiTumsusiaux (I. O. Mopo3s, O. 1. Craauuk [6] Ta iH.) HaykoBIiB. [IpoTe HEBUPINICHUMH 3aTUIIAIOTHCS
MUTAHHS 3MICTOBOTO HAITOBHEHHS OKPEMUX MPUPOJHUYMX TUCLUUILTIH 1 (i3uku 30kpemMa. [1eBHI JOCSITHEHHS 010
MoZIepHi3alii HaBYaIbHUX Mporpam 3 (i3uKH, y BIANOBITHOCTI J0 piBHS PO3BUTKY HAHOHAYyKH, MalOTh HAYKOBI
3 €runty (R. A.-H. Al-Tantawi, S. A. Al-Zaini, S. A. S. Selim) [11]. Hamu Gy0 po3KpUTO METOIMYHI 0COOMUBOCTI
HABYAHHS YYHIB OCHOB HAHOTEXHOJIOTiH Ha ypokax (isuku y 7 knaci [7]. Ockinbku mporiec HaB4aHHs Qi3UKH Mae
BiJINOBIZIaTH MPUHLKIIAM CHCTEMATHYHOCTI M MOCHIJOBHOCTI, HAYKOBOCTI, @ TAKOX 3B’A3KY HABYAHHS 3 KUTTSIM,
TO, IPYHTYIOUHCh Ha BU3HAYEHUX paHillle METOAMYHUX 0COOIMBOCTAX BUBYCHHS OKPEMHX MUTAaHb HAHOTEXHOJIOTIH
y pozainax «MexaHiuyHUN pyx» Ta «B3aemozis Ti» Kypcy pi3uku 7 Kiacy, BBaXaeMO 3a He0OXiTHE 3aIpOTIOHYBaTH
3MiCTOBE HAaNoBHEHHs po3aiTiB «Temnosi siBuma» ta «Enexrpuyni siBuma. Enekrpuaauii ctpym» 3 ypaxyBaHHIM
JIOCSTHEHb HAHOTEXHOJIOTIH 1 pO3pOOUTH METOIUYHI peKOMEHAIli{ 010 TX BUKJIAJaHHs.

MeTta cTaTTi — PO3KPUTH METOAMYHI 0COOTMBOCTI HaBYaHHS YYHIB OCHOB HAHOTEXHOJOTIH Ha ypoKax (i3uKu
y 8 kiaci.

VY kxypci ¢izuku 8 knacy y4Hi 3HAHOMIISIThCA 3 TEIJIOBUMH Ta €JeKTPUYHUMU sBUIaMu. HaBuanbHOIO mporpa-
MOIO JIJIS 3araJIbHOOCBITHIX HAaBYAIBHUX 3aKJIaJ(iB 3 MOIIHOIEHUM BUBUYEHHSIM (i3UKHU NepeadadyeHo GpopMyBaHHS
B YUHIB 3HaHb PO HAaHOMATEpiaIX Ta MEPCIEKTHBH iX 3aCTOCYBAaHHS IMiJ] 4ac BUBYEHHA po3alTy «TerioBi sBuia».
AHaii3 pekoMeHJ0BaHIX MiHICTEPCTBOM OCBITH 1 HAyKH YKpaiHH MiJpyYHUKIB 3 Qi3uku 1j1s 8 Kiacy mokasye, o
OUTBILICTH MIPYYHHUKIB MICTUTh JIMIIE 3aTaJIbHY 1HPOPMALIiI0 PO HAHOMATEPiaiy 1 IEPCIEKTUBH 1X 3aCTOCYBAaHHS
(nuB. Tabm. 1).

BuBuaioun mOHATTA «TeMIleparypa», y4Hi 3HAHOMIIATHCS 3 PI3HUMHU BHJAAMH TEPMOMETPIB, TeMIIEPATYPHUMHU
[IKaJlaM¥, TIpaBUJIaMH BUMIpIOBaHHS Temmeparypu Tii. [licid 1poro JOIiBHO MOCTaBUTH YYHSIM CHUCTEMY 3alld-
TaHb!

— Temmneparypy sIKOTO Tijla 3aBXK]IHU MOKa3y€e TEPMOMETP?

—Yomy po3mipu TepMOMETpa MatOTh OyTH HEBEIIMKUMHU MOPIBHIHO 3 PO3MipaMu Tijia, TEMIIEPATYPY SIKOTO BHMi-
PIOIOTH?

—CporosHi Al TiKyBaHHS 3aXBOPIOBaHb KPOBOHOCHUX CYIHMH Ta CIIMHHOTO MO3KY MOTPiOHO TOYHO 3HATH TEM-
nepaTypy OKpeMux KIIiTHH. SIK BUMIpATH TeMIepaTypy OKpeMoi KIIiITHHH, Bipycy TOLIO?

—Posmipu neraneil Ha CyyacHHX IHTETPAIbHUX CXeMaxX CTAHOBIITH MO PAAKY HAHOMETPA, 1 Ui HOPMAJIbHOTO
(yHKIIIOHYBaHHS €IEKTPOHHUX IPUCTPOIB HEOOX1THO PETYIIOBATH TEMIIEPATypy LHUX JAeTaneil. 3HOB-TaKH BUHUKAE
MUTAHHSA. SIK BUMIPATH TeMIIepaTypy LUX JeTaneii?

TakuM YMHOM, yYUTENb MiJBOJUTH YUHIB O BUCHOBKY IPO HEOOX1IHICTH CTBOPEHHS TEPMOMETPIB I BUMi-
PIOBaHHA TEMIIEpaTypH TiJ Ha MiKpo- 1 HaHOpiBHI. CydacHH PiBeHb PO3BUTKY HAHOTEXHOJIOTIN J03BOJISIE BUPIi-
LIMTH JaHe TUTaHHs JOCUTh eeKTUBHO. Ha chorofHi icHye JieKibka METO1B BUMIPIOBAHHS TeMIIepaTypu Mikpo- 1
HAHOYACTHHOK. 30KpeMa, HaykoBLi Jlaboparopii HOBuX MaTepianiB HallioHaabHOTO IHCTUTYTY MaTepialo3HaBCTBA
SnoHii 3arponoHyBail aHAIOTIYHO JI0 TPAAULIHHUX PIAMHHUX TEPMOMETPIB BUKOPUCTOBYBATH HAHOTPYOKH 3 BYT -
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JIEIf0, 3aMOBHEHI pifkuM raimiem, sik TepmoMetp [8]. JlaHi TepMOMETpH A0Th 3MOTY BUMIPIOBATH TEMIIEPATYPY
MiKpo- 1 HaHO00 €KTiB y miamazoHi 30+2205°C. Sk GaunMo, Taki TEpMOMETPHU AO3BOJISIOTH BUMIPIOBATH TEMIIepa-
TypY B IOCHTb IIUPOKOMY iHTEpBaJi.

IHmuit crnoci® BUMIPIOBAHHS TEMIIEpaTypu 3anporonysainu Haykosii |BM ta ETH Zurich. Bunaxin orpumas
Ha3By «CKaHyro4a 30HJ0Ba TEPMOMETPIs», OCKUIBKA B OCHOBY OYJ0 MOKJIAJCHO MPUHIMII POOOTH CKAaHYIOYOTO
tyHenbHOro mikpockona I'. Binninra i I. Popepa [14]. 3a 10moMOroro ckanyo4oro 30H1y OXHOYACHO BUMiPIOIOTHCS
JIBA CUTHAJIM. TETUIOBUH MOTIK BiJ 00’€KTa, TEMIIEPaTypy SKOTO BHMIPIOIOTh, 1 CTIHKICTh CKaHYIOUOTO 30HAY 10
TEIIOBOTO MOTOKY (muB. puc. 1). [ToeaHaHHS X IBOX CHTHAJIB JA€ 3MOTY OTPUMATH TOYHHI KUTbKICHUN Pe3yiib-
TaT. SIK MOSICHIOIOTH caMi HayKOBLIi, [T0 CyTi KIHYHMK 30H/a — II€ Hallla pyKa, SIKII0 MU MiJTHOCUMO PYKY J0 XOJIOAHOTO
YH rapsyoro Tijla, TO Hallla pyKa CpuiiMae TeIIOBUH MOTIK, 1O i/ie BiJ HbOTO.

Puc. 1. Cranyrouuil 30n006uti mepmomemp [14]

DopMyr0UH B YUHIB YABICHHS PO TUTOMY TEIUIOEMHICTh PEYOBUHHU, BUMTETH MA€ HATOJIOCUTH, 110 AaHa (hi3nyHa
BEJIMYMHA 3aJIKUTh BiJl arperaTHOTO CTaHy 1 TeMreparypu pedoBuHU. Kpim Toro, BapTo 3a3HauUTH, IO PO3BUTOK
Cy4acHHUX 3aC001B JOCTIXKEHHS PEUYOBHH J1aB 3MOT'Y BCTAHOBUTH 3aJIEKHICTh TUTOMOI TEIJIOEMHOCTI PEYOBHHH BiJl
posmipiB. Tak, miJ 4ac mepexojy PEUOBHHH i3 MaKpo- 10 HaHOMAcIITaly 11 TEIUIOEMHICTE 3pocTae (1uB. Tabi. 2)
[4]. Le nor’si3aH0 31 30UIBIICHHSM aMILTITY/IH KOJIUBAHb ATOMIB Y HAHOCTaHi. ATOMH, 110 3HAXOSATHCS Ha TOBEPXHI
HaHOMarepialy, MAalOTh MEHIIE CYCiTHIX aTOMIB 1 TOMY BOHH cJ1a0Ko 3B’s3aHi Ta Majio 0OMEKeHi B TeIIOBOMY PYCi,

Tabmuus 1
AHaJi3 nigpy4yHukiB 1 8 kiacy

ABTOpH Ha3zga po3ainy Ha3ga naparpaga
T. M. 3acekina, JI. O. 3acekin
(st 3araTbHOOCBITHIX HABYAILHUX 3aKJIAJiB
3 IOMIMOJICHUM BUBYCHHSIM (Di3HKH)

Tennosi siumia. Temiosi

. Hanomarepianu
MAIlMHU Ta MEXaHI3MHI

HpOl'[OHyIOTI) YYHSIM BUKOHATH HaBYaJIbHUH

T. M. 3acekina, /1. O. 3acekin TenuioBi siBUIIIA .
npoekt «Hanomarepiamm»

B. I bap’sxrap, @. 5. boxxuHoga,
C. O. losruii, O. O. Kiproxina

M. L. lllyt, M. T. Maptuntok, JI. FO. braro-

Teruosi siBUIIA ArperarHuii craH pedoBuHH. Hanomarepianu

. Pinxi kpucramu Ta ix Bukopucranss. [Tonimepu.
Temnosi siBuIIA

JTAPEHKO Hanomarepianu
B. I CepmroueHnko, 3MiHa arperaTHUX CTaHiB H .
. aHoMarepiaau
A. M. BboitueHko pe4OBUHU
I1. ®. [TicryH,
B. B. J1o6poBobChKHi, Teruosi siBUIIA Hanomarepianu
IL. I. Yonuk
JI. B. HenopoxHs CILIo = paso OZIaHO KOPUCHY 1HQOPMALLO TIPO
HaHOMarepiaau
B. JI. Cupotrox - -
Tabmuis 2
IMuTomMa Tem10€EMHICTH Pe4OBHH
e IDoic
PeyoBuHA Temnepatypa, K Maxkpomacmtad, ———— Hanomacmrad, ———
Mmonb - K Mmonb - K
Minb 250 240 260
TMTananiit 250 250 370
PyreHiii 250 230 280
Cenen 250 241 245
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1 B peaJIbHIX YMOBaXx I1e MOKe MPU3BECTH JI0 TOTO, 10 aMILJIITya iX KOlMUBaHb OyJie Oinblia, HiXK B aTOMiB, 110 3HA-
XOJSIThCA y CEPeIMHI MAaCHUBHOTO 3pa3Ka, 3a Ti€l K TeMIIepaTypu.

BuBuaroun arperaTHi cTaHM PEUOBHHH, BUMTENb IMiBOAUTH YUHIB 10 BUCHOBKY, IO 3aJICKHO BiJ XapakTepy
PyXy 1 B3aeMOIi1 MOJIEKYJT pO3PI3HAIOTH TPH arperatHi CTaH! PeYOBHHU: TBEP/i Tina, piaunH i rasu. Konm peyoBruHa
MIEPEXOUTH 3 OJIHOTO CTAHY B IHIINIA, 3MIHIOETHCSI B3aEMHE PO3TAIlYBAHHS aTOMiB (MOJIEKYJ) 1 XapakTep B3aeMOIil
MK HUMU. BiAMOBiJHO, BIACTHBOCTI pEYOBHHHU B PI3HUX arperaTHUX CTaHaX TAaKOXK 3aJIeXKaTh Bl XapakTepy po3-
TaIllyBaHHs 1 B3a€MOJIii aTOMiB (MOJICKYJI).

VY 1959 poui Binomuii amepukancbkuii hisuk P. deifHMaH BUCYHYB 1/1€10 MaHIMyIIOBaHHS OKPEMUMH aTOMaMH
JUTSL CTBOPEHHS 00’ €KTIiB 1 MaTepialliB 3 Harepen 3alaHuMH BIacTUBOCTAMH. Ha Toii yac 1e Oyino 10CUTh CMIJTUBUM
MIPUITYICHHAM, IPOTE CIIOHYKAJIO0 HAYKOBI[iB 10 aKTUBHOI NisNIBHOCTI B IIboMY HarpsMky. I Bxe B 1981 poui cris-
poOiTHukamu komnadii IBM I'. binninrom ta I'. Popepom 0yi10 CKOHCTPYHOBaHO CKaHYIOUMH TYHEIbHUH MIKPOCKOII,
110 JJ03BOJIUB HE JIKIIe Mo0aunTH, a i mepeMilar okpemi aroMu. TakuM uuHOM, P. @eliHMaH AaB MOMTOBX Ui
PO3BHUTKY HOBOTO HANpsMy HayKH — HAHOTeXHOJI0T11. ChOro/iHiI JOCATHEHHsI HAHOTEXHOJIOT1H Bee OLIbIIEe MPOHUKA-
I0Th Y BC1 chepH KUTTS JIIOAUHHU.

Ockinbku B Kypci (i3uku 7 KIacy y4Hi 4acTKOBO O3HAHOMMWIIMCS 3 BIJIOMMMHU Ha CHOTOJHI HaHOMAarepiajlamu
(rpaden, ByriienieBa HaHOTPYOKa, (ylepeH), IXHIME MEXaHIYHUMU BIACTHBOCTSIMH 1 3aCTOCYBAHHSM, TO JOIIJIBHO
KOPOTKO MPUTaaTH BUBYECHHI Marepian [7]. st ibOro MOXHA BUKOPUCTATH IHTCPAKTUBHHUM METO «AcCOI[iaTuB-
HUN KyII»:

Hanomatepianu

Bunu

Crpykrypa

MexaniuHi
BJIACTHBOCTI

3acToCcyBaHH

BBaxaemo OLIbIIL JTOIUTEHAM PeIuTy (Hi3HUHUX BIACTUBOCTEH (TEIUIOBI, CBITJIOBI, €JIEKTPHYHI, MarHiTHI), & BiJI-
MOBIJTHO 1 3yMOBJIEHE HUMHM 3aCTOCYBaHHs HaHOMarepiajiB, BUBYaTH B Mipy O3HAOMJIEHHsS Y4YHIB 3 BiATNOBij-
HUMH SBHIIAMHU B Kypci (Gi3uKH. Y paMKax JaHOTO YPOKY PEKOMEHIYEMO OLIbII IETalIbHO PO3TISHYTH CTPYKTYPY
1 (¢i3uKo-XiMI4HI BIaCTHBOCTI HAHOMATEPialiB.

[ep 3a Bce, moTpiOHO 3a3Ha4MTH, 10 (ynepeH, rpadeH 1 ByrieneBa HAaHOTPYOKa € aJOTPONHUMHU (hopMamu
Byrento. J[. . MenneneeB nucaB, 10 «B KOAHOIO 3 €JIEMEHTIB Taka 3IaTHICTh 10 YCKJIaJHEHHsS HE PO3BMHEHA
B Takiil Mipi, AK y Byryemto». Jlaii BUUTENb MPONIOHY€E YUHSAM MPUTAIATH, SIKi alOTpoIHi Moardikalii ByIiemo im
Bigomi (caxa, rpadit, anmas). Bunrens AeMOHCTPYE KPUCTAIUHI IPATKU BiMOBIHUX PEUYOBHUH 1 3’ICOBYE pasoM
3 yuHSAMH iXHi Qi3UuHi i XiMIYHI BIACTUBOCTI. Y pe3ylbTaTi Y4Hi 10XOISATh BUCHOBKY, 1110 3/1aTHICTh aTOMiB OJTHOTO
XIMIYHOTO elleMeHTa 3’€JHyBaTHCS OAMH 3 OJHUM PI3HUMHU CIIOCOOaMH, YTBOPIOIOYH Pi3HI MPOCTOPOBI KOHPIry-
patii, CyTTE€BO BILUTMBAE Ha MOro BIACTHBOCTI M MEPCIEKTUBH 3acTocyBaHH:. [1icig 1bOro Y4YHIB OUIBII J€TaNIbHO
3HAaHOMJIATH 3 MOAM(DIKALIIIMHU BYIJIEIIO, IO BIAKPUTI B OCTaHHI POKH.

BuBuenns ¢ynepena IOLIIBHO PO3MOYATH 3 TIOXO/PKEHHS HAa3BU IbOro HaHO0O ekTa. HazBa «dynepen» moxo-
IIUTH BiJ iIMEHI aMepHKaHCBKOro apxiTekropa Piuapma bakmincrepa @ynepa, 110 3aCTOCOBYBaB [Uisi OyXyBaHHS
KyI0JI1iB OyAMHKIB 11’ SITK- 1 IIECTUKYTHUKH, SIK1 € OCHOBHUMH CTPYKTYPHUMH €IeMEHTaAMH MOJIEKY/ISIPHUX KapKaciB
yCix QysepeHis.

Haii6inpm crabinpHa monekyna ¢ynepeny C60, ska cknagaerses 3 60-Tu aToMiB BYIJIEIIO, PO3TAIIOBAHUX Ha
ctepi miameTpom ~ 1 HM, TIOB’sSI3aHUX MK COOOIO CHIJILHUMHU KOBAaJICHTHUMH 3B’ s3KaMH. ATOMH BYTJICIIO B MOJIE-
kyni C60 ytBoprotoTs 12 npaBUIbHUX I’ ITUKYTHUKIB 1 20 MpaBUIBHUX MIECTUKYTHUKIB aHANOTIYHO (opMi ¢yT-
GonbHOro M’stua (puc. 2, a).

Puc. 2. Hanoposmipui aromponni moougpixayii eyeneyio: a) gynepen, 6) gyieyesa naHompyora, 8) epagen

Baprto 3a3nauutH, 1o Molekynu (ynepeHy MOXyTh MaTu He Tinbku cepuuny Qopmy, a it GpopMmy emincis.
Moxnuse (popmyBaHHs OararomapoBux cdep i eminciB. OnHak y Bcix BUMaAKax po3Mip MoNeKyn QynepeHy cra-
HOBUTB ~ 1 HM.
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Criz 3BepHYTH yBary yuHiB Ha OCOOIMBICTh CTPYKTYpHU (yJiepeHa — MIOPOXKHHUCTI BCepearHi OaratoarToMHi MoJie-
Kynd Byreio. Llell BaXIUBUN BHCHOBOK Y4Hi POOJSTH y XOMi eBpUCTHUHOI Gecimu: 1) SIKIO aToMH BYIJIEIHO
PO3TalIOBaHI TaK, 10 YTBOPIOIOTH C(EpPUUHY MOBEPXHIO, TO MO X BCepeauHi miel chepu? 2) Uu MOKHA YUMOCH
3allOBHUTH 110 MOPOKHUHY? OTxe, hynepeHn — 11e CBOEPiIH1 HAHOKOHTEHHEPH, sIKi BBAXKAIOTh IOCUTh NEPCIEKTHB-
HUMU JIJIs1 3aCTOCYBaHHS B HAHOTEXHOJIOTIT 1 HAHOXIMIl.

[lpu pboMy BUMTENb MIABOAUTH YYHIB JI0 II€ OJJHOTO Ba)KJIMBOTO BHCHOBKY: (pyJepeHH, BCEPEIUHI SIKUX PO3-
MIIIEHO OAWH a0o0 KijbKa HEBYIIIELEBUX aTOMiB, Ha3UBAlOTh eHI0(yIepeHamMu. Ko B MOJIeKyny (yraepeHy BBO-
JIATHCSL aTOMU METally, TO TaKi KOMIUIEKCH Ha3UBalOTh MeTaj(ylepeHaMH.

Came ocobmuBOCTI OyI0BY BU3HAYAIOTh «aHOMAJIBbHI» (Di3UKO-XIMIUHI BIACTUBOCTI (hyJIepeHiB.

[Ticns BiakpuTTa dynepeHy HacTaja 4epra iHIIMX HAHOPO3MIPHUX CTPYKTYP Ha OCHOBI BYIJICLIO — BYIJICLIEBi
HaHOTpyOKH (mani — BHT).

ByrneneBi HaHOTPYOKM — 1€ MPOTSHKHI CTPYKTYPH Y BHUIVISAI MOPOXKHUCTOTO LWIIHAPA, MO CKIAIAIOTHCS
3 OAHOTO 200 JIEKiJIbKOX 3TOPHYTUX Y TPYOKY IpaiTOBHX IIApiB, B AKUX aTOMH BYIVICLIO PO3TAIIOBAHI y BEpILIMHAX
MPABHIILHKX [IECTUKYTHHUKIB 1 HA TOPILIX 3aKPUBAIOTHCS I’ ITUKyTHHKamu (puc. 2, 6).

Hiamerp BHT cranoButs 1+150 HM, a JOBXHHA cATa€ NEKITBKOX CAHTUMETPIB 1 MOCTIHHO 301IBIIYE€THCS B Mipy
BIOCKOHAJIEHHSI TEXHOJIOT] 1X OTpUMaHHS.

Ha noBepxHi TpyOK# aTOMHU BYIJIEIIO PO3TAIIIOBAaHI y BEPIIMHAX IPABUIBHUX NIECTUKYTHUKIB. DaKTUYHO HAHO-
TpyOKH MOKHA YSABHUTH K JIMCT TpadiTy, 3ropHyTH y Oe3IOBHUN IMIIHAD. | Xoua ByreneBi HAHOTPYOKH B [iii-
CHOCTI HE YTBOPIOIOTHCS HIISIXOM 3rOpTaHHs TpaiTOBHUX JHCTIB, Pi3HI CTPYKTYpH TPYOOK MOXKHA MOSICHUTH, PO3-
DIAIAI0YH YSIBHI ciocoOu 3ropTaHHst rpadiToBOro JIMCTa B LMIIHIP.

[Tig yac BUBYEHHS 1aHOT a10TPOITHOT MOoUDIKaIlil BYIJIEIO yUHI MAIOTh 3pO3YMITH, IO 32 CBOEIO CTPYKTYPOIO
BHT 3aiimarors mpoMi>kHe TOJNOKeHHs MK Tpaditom i pynepeHom. OpHak OiIbLIICTh BIACTUBOCTEH HAHOTPYOOK
HE Ma€ Hi4O0ro CIIBHOTO 13 3a3HAYEHUMH CTPYKTYPaMH, 110 J03BOJSE PO3IIISLAATH JIaHi BYIJICLEBI CTPYKTYPHU SIK
caMOCTIiiHUI MaTepial.

3aBasIKM 0COOIMBOCTIM CBOET OyIOBH, HAHOTPYOKH MatOTh YHIKaJIbHI (hi3UKO-XiMi4HI BIACTUBOCTI. HaHOTpYOKM
JIEMOHCTPYIOTh BUCOKI 3HAYEHHS MIITHOCTI Ha PO3TSTHEHH 1 BUTMH. 3B sA3Ku Mk aromamu Byrieito y BHT € naii-
CHJIBHIIIUMU cepell BitoMux. Tak, HapuKiIaj], HUTKa TOBIIMHOIO 3 JIIOICHKY BOJIOCHHY, BurotoBieHa 3 BHT, moxe
BUTPHUMATH BAHTAXX MACOIO COTHI KilorpaM. BpaxoBytoun BHCOKY XiMiuHy akTHBHicTh, BHT € uynoBumu karamiza-
Topamu. [IpudoMy /i MiABUIICHHS KaTaTITUYHUX BJIACTUBOCTEH ycepelnHy HAaHOTPYOKH BBOASATH HAHOYACTHHKH .

3HalOMCTBO YYHIB i3 1€ O/IHI€I0 aJOTPOMHOI0 (GOPMOIO BYIIIEIIO — IPapeHOM — AOLIBHO PO3MOYATH 3 iCTO-
PUYHOI TOBIIKH. YBaXKHO PO3IISIHYBILU KPUCTAIIYHY PEUIITKY I'padiTy, MOKHA MOMITHTH, 110 KOYKEH aTOM BYTJIEIIIO
y TpadeHi oToueHH TphoMa HAHOIMKUYUMHE CyCilaMu 1 BOJIOJIE YOTUPMA BaJICHTHUMH €IIEKTPOHAMHU, TPHU 3 STKUX
YTBOPIOIOTH KOBAJICHTHI 3B’ A3KH 13 CYCITHIMHM aTOMaMH, 1[I0 PO3TAIllOBaH1 B O/HI TuouHi mig kyramu 120°. Yer-
BEPTUI €NeKTPOH, OPIEHTOBAHUI MEPNEHAUKYIISAPHO LIl IUIOUMHI, 1 € BiITHOCHO BUIBHUM. TakuM YHMHOM, aTOMH
BYIJICLIO Y I'padiTi po3TalIoBaHi apaMH, BiICTAHb MIXK SIKUMH JJOCUTh BEJIMKa, a 3B’ 3K c1a0ki. Lle HamToBXHyI10
BUEHHX Ha JYMKY, IO map rpadiTy, TOBUIMHOIO B OOUH aroM, Moxe OyTu Biaminenuil. ¥ 2004 poui pociiicbki
BueHi Koctsurun HoBocbono 1 Aunpiit I'eiim oTpumanu nepiri 3pa3ku rpadeHa 1yke OpUriHaIbHUM CIIOCOO0M,
BiIOKpPEMHBIIY OKpeMUii map rpadiTy 3a JOMOMOTOI0 CKOTYY. 32 HOBATOPCHKI TOCIIIKEHHS IbOTO TBOBUMIPHOTO
Marepiaiy M Oyna npucymkena HobeniBecbka nipemis 3 ¢iszuku 3a 2010 pik. Ha croronnimHiit 1ens rpaden — Haii-
TOHIIMKA MaTrepiaj, BIJOMHUH JIOJCTBY, TOBLUIMHOIO BCHOTO B OIMH aTOM BYIJIEIIO, L0 CKJIAAA€THCS 3 MPABUIBHUX
HIECTUKYTHHUKIB 31 cTroponoto 0,142 HM i aToMaMu ByTJIeI0 y BepIiuHax (puc. 2, B).

Manuii po3mip aroma BYIJICIIO 1 BUCOKA MILIHICTh XiIMIYHUX 3B’A3KiB MK aTOMaMH BYIJIEIO Hajae rpadeHy
LUUTHA psii YHIKQTbHUX BJIIACTUBOCTEH: XiMIYHA CTAaOUTBHICTH, BHCOKA TEIJIONPOBIHICTh, BHHATKOBA MIIIHICTh
1 MIPY)KHICTb, HEMIPOHUKHICTh, Maike MOBHA MPO30PiCTh. BiNbHO «migBIIEHUH» JTUCT rpadeHy Mae aHOMAJIbHO
BUCOKY TEIUIONPOBIAHICTh, BOHA Maibke y 2,5 pa3u MepeBHIIYy€e TEIIONPOBIAHICTh anMazy. TeniaonpoBiiHICTh
ncta rpadena, mo JIKHUTh Ha MAKIAILI, Malke Ha TOPSAIOK HIbK4ue. B pasi 3’eHaHHs JeKinbKoX mapiB rpadeny
TEIUIONPOBITHICTh MAJAE.

VHiKanbHICTH TpadeHa cepell aJToTPOINHUX MO (IKallil BYIJIEIIO MOJISTa€e B TOMY, 11O BiH € TBOBUMIpHHUM Oyli-
BEJILHUM MaTepiajoM JUIsl IHIINX alOTPONHUX MOAU(IKaLiid Byrieio — (ynepeHis, HAaHOTPYOOK, rpadiTy.

Jis GinbIn IpyHTOBHOTO PO3YMIHHA YYHSMHU BUBYEHOT'O Marepiaily paJuMo JOTMOBHHUTH MEPETiK TeM HaB4YaJIb-
HUX NPOEKTiB HACTYIIHUMHU TeMamu: «HanoTexHosorii B MeauuuHi», «HaHoTexHo0rii B MoOyTi», «Pojb HaHOTEX-
HOJIOOTIH Y 3aXHCTiI HABKOJIHILIHBOTO CEPEOBHILA.

BuBuaroun MoHATTS «TemIieparypa IJIaBICHHS», BUUTENb 3a3Hayae, [0 MaKpOCKOIMIYHA PEUYOBHHA MA€ YiTKO
BU3HAuUEHY TeMIIepaTypy IUIaBJICHHs 3a IEBHOTO TUCKY, TPOTE 31 3MEHIICHHSIM PO3MipiB KPUCTAJIIB 3MEHIIYEThCS 1
Temrneparypa miasneHss. Leii pakt Oyno moMiueHo 10CUTh JaBHO, IPOTE aKTUBHI TOCIIPKEHHS [TOYaJICS HAPU-
ki XIX cTomiTTsS 3 pO3BUTKOM 3ac00iB A0CipKeHHs . Ha chOro/Hi BiIOMO, 1110 Ha BiAMIHY BiJl MAKPOCKOIIIYHHX
PEUOBHH HaHOOO €KTH HE MatOTh (PIKCOBAHO1 TeMIIepaTypH IUIABICHHS , IEPEX1/I PEUOBHHH 13 TBEPIOTO CTaHy B PiIKU I
Bi10yBa€THCSI B ACSIKOMY 1HTEpBaJi TeMIeparyp. Y HaH000 €KTiB TBEpAE TiJ0 i piiuHa B AESIKOMY IHTepBaJi TemIepa-
Typ CHIBICHYIOTb. Y pa3i 3MEHILIEHHS pO3Mipy 3pa3KiB MeTaly 3HUKYEThCSA TeMIIepaTypa IUIaBIeHHS HAHOYaCTHHOK.

3anexHICTh TEMIIEPaTypH TUIABJICHHS PEYOBUH BiJl pO3MIpy HOSCHIOETHCS THUM, L0 30UIBIIEHHS TEMIIepaTypH
BeJIe 10 3pOCTaHHA aMIUTITYAM KOJIMBaHb aToMiB. Ilpu Jeskiil Temmeparypi aMIUTITya KOJIMBAaHb 3HAYHO 3pPOCTAE,
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10 NPU3BOIUTH 10 PYyHHYBaHHS KPUCTANIYHOI PEUIiTKH, 1 TBEpAE TLIO MOYMHAE MJIABUTUCSA. ATOMH, L0 3HAXO-
JIATHCSI HA TOBEPXHI HaHOMaTepiaty, IepeOyBaloTh B OCOOIMBHUX YMOBAX MOPIBHSIHO 3 Ti€I0 K PEYOBUHOIO B MaKpO-
MacmTabi, OCKUIBKM MalOTh MEHIIIE CYCiTHIX aTOMIB i Majio 0OMeXeH1 B TeIJIOBOMY pyci. HacTka OBEPXHEBHX aTo-
MiB y c(heprYHIX HAHOYACTHHKAX PO3MipoM 3 HM jocsrae npuoiau3Ho 50%, 110 NosCHIOE 3aJIeKHICTh TEMIIepaTypH
UIABJICHHSI HAHOYACTHHOK BiJ X po3mipy [1].

Paniiie MU pO3IVIAaid BHUIAIO0K, KON BCEPEIMHY HAHOYACTHHKH BKJIIOYATH IHINY PEYOBUHY (HAIPUKIAL,
enpodynepenn). Y nboMy BHIIAIKY TEMIIEPATYPa [UIABJICHHS YaCTHHKHA MOXKE SIK 3HUKYBAaTHCS, TaK 1 MMiJBUIIyBa-
THCS B TIOPIBHSIHHI 3 KOMIIAKTHAM MAaTepiajioM y pasi 3MiHu po3mipy dactku [1].

Kpim Toro, BapTo 3a3HaunTH, IO TEMIIEpaTypy ILIaBJICHHs NOTPIOHO PO3IVIANATH HE JIHIIE K QYHKIIIO PO3Mipy
YaCTUHKH, alie 1 Ak QyHKiro i1 reomeTpii. Ha pucynky 3 nokazano BIIMB GOPMHU HAHOYACTUHKH TUTAHY Ha BEJH-
YHHY TeMIleparypu riasieHHs [1].

I3 pucynka 3 6aunmo, 1110 HaOLIBI CTiliKoIO € opma HmiiHapa. HaliMeHI cTiKoI0 € HAHOYACTHHKA, 1110 Ma€e
dbopmy chepu. Haitbinbin HECTIHKUMHU € HAHOYACTHUHKH, IO MarOTh GopMy KoHyca. Lle MOsSCHIOETBCSA THUM, IO
aTOMH, 5K 3HAXOJSThCSA Ha BEpIIMHI KOHYyCa, clabiie MoB’s3aHi 3 HaHOYAaCTHHKO. [licis pyldiHyBaHHS BEpLUIMHU
KoHyca (opMa HAHOYACTUHKU Haraaye IUIIHIAP 1 TPOJAOBXKYE TUIABUTHCS 32 TUM K€ MEXaHi3MOM, II0 1 HaHOYac-
THHKA, 1110 Ma€ Gpopmy mutiapa [1].

Tan K
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——chepa; - ryb. -~ KOHYC. - mpamHAD.

Puc. 3. 3anexcnicmos memnepamypu niagnenns HaHOYACMUHOK MUMAHy 810 ¢hopmu’ I — HiHIIHULL PO3MID,
ons cghepu — padiyc cghepu, 0ns Kyba — pebpo Kyba, 05 KOHYCa — 8UCOMA KOHYCd, OISt YUIHOPA — O0BICUHA YUTIHOPA

MoskHa BBaKaTH, IO BUUTEIb JOCAT METH, SIKIIO YYHI MOXKYTh JaTH BiJIOBIIb HA 3aIIUTAHHS  SIKE 3HAYCHHS Ma€
3HaHHS 3aJIKHOCT] TeMIEpaTypH IJIaBJIeHHs BiJ (opMu 1 po3MipiB HAHOYACTUHKH Y HAHOBUPOOHHIITBI, HANPH-
KJIaJ1 1715 eKCIUTyaTalii MiKpoIpolecopiB Y BUTOTOBJICHHS HAHOPOOOTIB?

BuBuaroun npuHUIMN il TEMJIOBUX JIBUTYHIB, BUMTENb 3BEpTa€ yBary y4YHiB Ha IXHIO BaXIIUBY XapaKTepHUC-
TRy — Koe(irient kopucuoi aii (KK). 3a3suuait KKJI rermioBux apuryHis craHoButh 20-40%. Chorojni Hay-
KOBIII HaMaraloThCsl HE JIMIIE 30UIbIINTH €KOHOMIUHICTh TEIUIOBUX JBUTYHIB, aie W 3pOOMUTH iX MEHIIMMH JUIs
noTped HaHOMPOMHUCIOBOCTI. [10/1i0HI HAHOMBUTYHH BXKE JABHO CTBOPEHI MPUPOIOI0 (GAaKTEpish KUIIIKOBA MATHYKa
MEePEMIIIAETHCS 38 JOMOMOTO0 MIHIATIOPHUX JDKTYTUKIB, KOIUBAHHS SIKUX 1 BUKIIMKA€ MEXaHIYHUI pyX), i 0coOmu-
BOCTI iXHBOT Oy/IOBM Ta MPHUHIIMII Jii B3ATO 32 OCHOBY CY4aCHHX HaHOJIBUTYHIB.

[epinii HAaHOABUTYH OYJI0 CTBOPEHO 3 IBOX MOPOKHUCTHUX BYTJICLIEBUX HAHOTPYOOK Pi3HOT TOBKMHHU ; HA JOBIILY
HaHOTPYOKy Hazmita kopoTia. KpiM Toro, 10 KOpoTIoi HaHOTPYOKH Moxke OyTH anKpinneHHﬁ TIEBHUN BaHTax
(nuB. puc. 4). Koportiia HaHOpr61<a MO>K€ BIJIbHO KOB3aTH B3JIOBK JJOBLIOT 3a PaxyHOK rpajieHTa Temieparyp (TeM—
niepatypa 3Mmintoerbest Big 1300 no 300 K B3noBxk HaH0pr6KH) — Bil OLIBII HATPITOTO KParo O MEHIII Harp1Toro
Januii mporuec 31l CHIOEThCS 3aBASKH KOJIMBAHHIO aTOMIB TOBIIOI HAHOTPYOKH — KOJIMBaJIbHA €HEPrisl aTOMIB mepe-
TBOPIOETHCS B KIHETHYHY €HEPIit0 PyXy KOpOTIIoi HaHOTpyOku [15].

Puc. 4. Tennosuii nanoosueyn na 0CHOSI y2neyesux HaHOmpyooK
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[lig yac BUBYEHHS ENEKTPUYHHUX SBUIL y4UTeIb (OPMYE B YUHIB YSBIEHHs, IO y MAaKpOCBITI PEUHOBHUHH 3a
EJIEKTPOTIPOBIHICTIO MOUISIOTH HA MTPOBITHAKY, HAIIIBIIPOBIIHUKH 1 TieNeKTPUKU. [IpOBITHUKH J0OpE TPOBOJISAThH
SNEKTPUYHUN CTPYM, a A1eNeKTPUKN HAaBIAKH — HE MPOBOAATh. Ha chOrogHi BCTAHOBIIEHO, 1110 HA €JIEKTPOIIPOBi-
HICTh PEYOBHH BIUIMBAE iXHil po3mip: enekrpornposiaHicTs nposiauukis (Fe, Cu, Ni, Pd, a Takox cruiaBiB Ha 1x
OCHOBI) 3HIXKY€ETHCS 32 YMOBH 3MEHIIICHHS TXHIX PO3MIpPIB JI0 HAHOPIBHSI, a JTICICKTPUKiB (KepaMika i CKJI0) — 3poc-
tae. [IpUIHHOIO € 301IbIICHHS KOJTUBAHb aTOMIB (MOJIEKYIT) OPIBHIHO 3 MAKPOCKOITIYHUM 3Pa3KOM, a TAKOXK BILTUB
CTPYKTYypHUX Ae(]eKTiB.

[pu npomy mouinpHO Oyne pO3LIMPUTH 3HAHHS YYHIB IIPO BUBYEHI paHilie anotpornHi Gopmu Bymierto. Tak,
HaNpHKIIaJ], ByIJIeleBi HAHOTPYOKH JE€MOHCTPYIOTh IIMPOKUH Jliara3oH eNeKTPUYHHUX BIACTHBOCTEH: y pa3i pi3HOTO
BIUJIMBY, HAIIPUKJIIAJ, JIETYBaHHS a00 3MiHM reoMeTpii Moke OyTH AieNIeKTPUKOM, TPOBIAHUKOM YU HAANIPOBITHUKOM
[2]. Tpaden moxe OHOIACHO MATH Bimpasy JCKiIbKA AYKE BKIHBHX 1 YHIKATBHUX CICKTPUYHHUX BIACTUBOCTEH.
[No-nepiue, s peyoBrHa MOXxe OyTH MPEKPACHUM MPOBIIHUKOM, OCKUIBKU Ipad)eH CKIaIaeThCs 3 JaHIIOTIB HIec-
TUKYTHHUKIB BYIJIEIIO, MO AKUX JY>Ke JIETKO MepelaeThecs eeKTpuaHuid ctpyM. [lo-apyre, B pasi neskoi BUIO3MiHU
rpadeH Moxe OyTH e(heKTHBHHM 130JSTOpOoM. MoKHA 3pOOMTH MIKpOCXeMy, SKa CKJIQJA€ThCs 13 MPOBIIHUKIB,
HAaIiBIPOBITHUKIB i 13051ATOpiB. KOXKHA 3 IUX XapaKTEePUCTHK PEYOBUHH MOKe OyTH JOCSATHYTA Ha OCHOBI rpadeny.

3a meBHHX yMOB Tpad)eH Mae BJIACTUBOCTI HaAmpoBinHOCTi. HaykoBisiM MacadyceTchbKoro TEXHOJIOT14HOTO
IHCTUTYTy BJAJIOCSI OTPUMATH CTPYKTYpY, IIO CKIAJA€TbCcA 3 OBOX LIapiB rpadeHy, 3MilIeHUX OJMH BiTHOCHO
OIHOTO Ha «MariyHui» Kyt 1,1°. 3a Takoro posramnryBaHHs IIapiB TpadeHy BiJlbHI €JIEKTPOHU MAIOTh yCi MOXIIH-
BOCTI pyxaTucs 0e3 BTpaT eHeprii 3aBsKU Brajii koH]Irypaiii aToMiB ByIJIELIO, ajie B3aEMOIisi MK YaCTHHKAMH
3aBaXka€ MPOXO/PKEHHIO ENEKTPUYHOTO CTpyMy. ToOTO laHa CTPYKTypa € TieeKTPUKOM, ajie Mij 4ac HakIaJlaHHI
30BHIIIHBOTO €JIIEKTPUYHOTO MOJISI 3’ ABISIFOTHCS JIOAATKOBI HOCIT 3apsijty, 1 CTPYKTYpa cTae HaampoBigaukoM [16].
Bueni BBaxxaroTh, 1110 JaHe BIAKPUTTS JACTh 3MOTY OUIBII JIETAILHO JAOCIIUTH MEXaHI3M HAAMPOBIIHOCTI 1 CTBO-
PUTH BUCOKOTEMIIEPATYPHI HAAIIPOBITHUKH.

Hannposinuicts Bractusa i TBepaomy dynepeny C,. OGpoOienuii mapamu Jiy>KHOTO METAIy IPU TEMIIEPATYPi
B KiUJIbKa COTEHb rpajaycis, Gpynepen C  MepeTBOPIOETHCS HA MPOBIAHUK 3 METANIYHMM THIIOM HPOBIJIHOCTI, KM
y pasi uusbkux temmeparyp (10-20°K) nepexomuts y HaanposigHuii crau [3].

Y Makpopo3MipHOMY JieNeKTPUKY MOXKE POXOJUTH ENEKTPUIHUNA CTPYM JIMIIE 32 YMOBH JI€JIIEKTPUYHOTO PO~
0010, ajie B IbOMY BHUIAJKY AICIEKTPHUK 3a3Ha€ pylHyBaHHs . JlocaiAHAIBKIHN rpymi Ha Yo 3 AnaHoM XaHTOM Bla-
JI0CS IPOITYCTUTH €TIEKTPUYHUHN CTPYM Yepe3 HAaHOPO3MIpHY CKIISIHY TNIACTHHKY, SIKa ITPU LIbOMY 3aJIHIIUIACS HEelo-
LIKOJDKEHO0. SIK MOSICHIOIOTh HAYKOBIIl, AaHE BIAKPUTTS A€ MOXIIMBICTh BUPOOHHIITBA 1 BUKOPUCTAHHS HOBOTO
MIOKOJIIHHA €NIEKTPOiB. PiKuil CKIISIHUI esIeKTpol ABIse COOO0I0 HAaHOKaHAI, 1[0 CTAE MPOBIAHUKOM 32 HasSBHOCTI
CHJIBHOTO €JIEKTPUYHOTO OIS Yepes JieNeKTpUIHHNA Tpobiii, a TETo, 0 BUIUISETHCS i1 4ac MPOXOHKEHHS eJeK-
TPUYHOTO CTPYMY B TaKHX MaciuTadax, po3CilO€ThCS JOCUTH IIBUAKO 1 HE YUHUTH PYHHIBHOTO BIUTUBY. 3a BiICYT-
HOCTI €JIEKTPUYHOTO MOJIS 3HOBY CTA€ 130IATOPOM. ENEKTpOoM TaKOro TUITY TOCHTH JIETKO IHTErpyBaTy B HAHOIIPH -
crpoi ta garuuku [12].

[lix yac BUBUEHHA MHUTOMOIO ONOpPY MPOBIIHUKIB JOLIIBHO OyAe 3rajaTd Mpo 3HAYSHHS JAHOTO MapameTpy
JUTSL HAHOPO3MipHUX MoAudikaniii Byriaewo. [Tutomuii omip ByIienieBUX HAHOTPYOOK MOXKe 3MIHIOBATHCS B MEXKaX
2+20 xOm/MkM (y HAHOTPYOOK 3SBISIETHCS JIIHIMHA 3aJI€KHICTh TUTOMOTO OTIOPY BiJl TOBKUHU HaHOTPYOKH) [13],
rpadena npu kiMHarHil Temneparypi — 1 MxOwmecm [5], a Qpymnepena — 10 Omem ((ysepen e isonstopom) [2].
3aBIsIKM CTPYKTYPi ByIVICLIEBUX HAHOTPYOOK €JIEKTPOHU MPOXOATh 110 HUX, HE PO3CIIOI0YUCH, TOMY MOXKYTh OyTH
BUKOPHUCTAHI JIJIsl BUTOTOBJICHHS €JEKTPUYHHUX MPOBOJIB, 10 OyAyTh OUIBII €KOJIOTIYHMMH, JETIIUMHU Ta €KOHO-
MIYHO BUT1THUMH, a00 i1 4ac KOHCTPYIOBAaHHS €IeKTPOHHUX MIKpONnpHrcTopoiB. Hu3pkuil mutomuii omip rpadeny,
a TaKoX MOTO TOBLIMHA BiJKPUBAIOTh MOXJIMBOCTI [T HOTO 3aCTOCYBaHHS ITiJ] YaC BUTOTOBJICHHS MIKPOCXEM, Jar-
YHKIB, CEHCOPHUX JTUCILIETB TOLIO.

BucnoBku. BiIroueHHs OKpEeMHUX MHUTaHb HAHOHAYKHM 1 HAHOTEXHOJOTIH y 3MICT WIKUIBHOTO Kypcy (i3uKd
cnpusitTiMe (OPMYBaHHIO B YUHIB 3HAHb IIPO CyYacHi OCSTHEHHS M MEPCHEKTHBU PO3BUTKY HAyKH. 3ampoIlOHO-
BaHe 3MICTOBE HamOBHEHHs po3ainiB «Temsosi siBuma» i «EnekrpuyHi siBuima. EnekrpuyHuil cTpymM», a TaKoxK
METOJIUYHI PEKOMEH J1allii 010 oro pearizallii € JOriyHIM MPOJOBKEHHSIM BU3HAYCHUX paHillle METOAUYHUX 0CO -
OnMBOCTEN HaBYaHHS YYHIB OCHOB HAaHOTEXHOJIOTIH y Kypci ¢izuku 7 knacy. Lle no3Bonuth cpopmyBaTu B yuHiB
LTiCHE YSIBIEHHSI PO HAHOTEXHOJIOT] 1 320€e31eYnTh HACTYIHICTh Y BUBYEHHI OCHOB HAHOTEXHOJIOTIH .

[NepcniekTHBY MOJAIBIIMX HAYKOBHUX JOCHIKEHb BOAYa€MO y BU3HAYEHH]1 METOIMYHUX O0COOMMBOCTEH HABYAHHS
Y4YHIB OCHOB HaHOTEXHOJIOTiH y Kypci ¢izuku 9-11 kiacis.
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Trauenko 10. A. Memoouueckue ocodeHnocmu 00yuenus yuaujuxca 0CHO8AM HAHOMEXHOI0ZUIl HA YPOKAX (PU3UKU
6 8 knacce

Cmambs nocesujena Memoouueckum 0CoOeHHOCAM 0OYUeHUs. YHAUUXCS OCHOBAM HAHOMEXHONORUTL HA YPOKAX (DU3UKU
6 8 rnacce. Ilpednosceno 6KI0OUUMb OMOETIbHBIE 6ONPOCHl OCHO8 HAHOMEXHONo2ULL 8 pazdenvl «Tennogvie AsAeHUA» U <DieK-
mpuueckue sgienus. dnexmpudeckuii mok». Paspabomanvl memoouyeckue pekomenoayuu no npenooasanuio omoeibHuix 60-
npocos ochog narnomextonoeuu. Coodepoicanue cmamou AGIAEMCL 1I02UHECKUM NPOOOIIICEHUEM ONPEOeeHHbIX paHee Memoou -
yeckux 0cobenHocmelt 00YYeHUs YHauuxcs OCHOBAM HAHOMEXHON02Ull 8 Kypce (usuxu 1 knacca, 4umo 6yoem cnocobcmeosams
Gopmuposanuio y yuauuxcs YeroCmHo20 nPedCMAsieHus 0 HAHOMEXHOIO2USX U 0Dechedum npeemMcmeeHHoCb 6 U3yYeHuu
OCHO8 HAHOMeXHONo2Ull. B cmamve akyenmupyemcs GHUMaHUe Ha UCHONb308AHUU HEMPAOUYUOHHBIX Memo008 0byueHus (me-
mo008 NPoOIEMHO20 00YUeHUs, UHMEPAKMUBHBLX MeMOod08, Memodd NPOeKmos) Npu U3yueHuu COOMBEEemMCnEYIouux 60nPOCos
HAHOMEXHON02UUECKOU MeMAMUKU.

Kntwouegwie cnosa: nanomexnonocuueckoe 06pazosanue, HAHOMEXHON02UU, COOEPICANUE WKOTbHO2O KYPCd (Pu3uUKU, Memo-
ouuecKue 0CoOeHHOCMU 00YUEHUs. Y4 AUUXCs OCHOBAM HAHOMEXHON0UL.

Tkachenko Yu. A. Methodical specifics of teaching pupils the basics of nanotechnology in physics lessons in the
8th form

The article is devoted to the methodological specifics of teaching pupils the basics of hanotechnology in physics lessons in
the 8th form. It is proposed to include the separate issues of the basics of nanotechnology in the sections “Thermal phenom-
ena” and “Electrical phenomena. Electric current.” The methodical recommendations for teaching of the separate issues of
the basics of nanotechnology have been developed. The content of the article is a logical continuation of the previously defined
methodological specifics of teaching pupils the basics of nanotechnology in the course of physics for the 7th form, which will
contribute to the formation of a comprehensive view of nanotechnology among pupils and will ensure continuation in studying
the basics of nanotechnology. The article focuses on the use of non-traditional teaching methods (methods of problem-based
learning, interactive methods, project method) when studying relevant issues of nanotechnological topic.

Key words: nanotechnology education, nanotechnology, content of the school course of physics, methodological specifics of
teaching pupils the basics of nanotechnology.

YJIK 378.147

Tomawiecoxka M. M.

JESAKI ACOEKTHU PEAJIBALIIl KOMINETEHTHICHOI'O MIAXOY B CUCTEMI
MPO®ECIMHOI MIZITOTOBKU MAMBYTHIX YUYUTEJIB MY3UKHA

YV ecmammi posenaoaromvca meopemuxo-memooono2iyni acnekmu 3acmocy8ants KOMREmMeHmMHICHO20 NiOX0dy 6 cucmemi
npogeciiinoi ocgimu manibymuix yuumenie mysuku. Peanizayis komnemeHmnicHo2o nioxo0y 6 0CGIMHbOMY Npoyeci OpieHmosa-
HA HA ni020mosKy 00 npoghecilinoi isibHOCMI K8ANIQIKO8AHO20 (axisys, 0COOUCMOCHIE KDeamUGHOT, 3 ZHYUKUM MAa KpUmuy-
HUM MUCTIEHHAM, 30AMHOT 00 HenepepeHOT camoocsimi ma camopo3eumxy. A6mop 00Caioxncye ymosu ma Mexamizm Qopmysans
npoeciiino-nedazo2iuHux KOMnemeHyiti MauOymuix yuumenie Myuku, 3 icogye Cyno ma Cmpykmypy npogecitino-neoazoeiy-
HUX KOMNemeHYitl MauOYMHIX YUUmenie sk cucmemy iXHix npoghecitinux (hyHKYil, ujo IpYHmMy€emuscsl Ha 3HAHHAX, 00CEi0l, YIHHOC-
msx, HAOYmux y npoyeci Hag4aHHs. Y cmammi npoananizo8aHo OCHOGHI KOHYENMYalbHi 3acaou KOMNEMeHMHICHO20 Ni0X00y
6 CYUACHIU OCBIMI, SIKI CIAHOBNANMb OCHOBY HAUIO020 OOCTIONCEHHSL.

Knruosi cnosa: komnemenmuicruti nioxio, My3uuHe MUCmeymeo, Mauoymuiil yuumeins My3uKu, npoQecitina KoMnemeHn-
HiCMb, nedazoziuna OisIbHICIb, yuumenb-Qpaxieeyb.

CyyacHi yMOBH COLQJILHO-IIOJITUYHOTO i €KOHOMIYHOTO pedopMyBaHHS HAIIoi Aep)kaBH, oOpaHUil yKpaiH-
CHKUM HapoJOM ILUIIX 0 €BPOINENUCHKOI 1HTerpaii, po30yaoB1 YKpaiHChKOI JAepikaBu Ha 3acajax JEMOKpPaTH3MY,
BIJIKPUTOCTI IO B3a€MOJI{ 3 1HIIUMH KyJIbTypamH, pealizaiii MiKHaApOIHUX KOHTAaKTIB, MOTPEOYIOTh IMiATOTOBKH
y BH3 nenarora-gaxiBiisi, KOMIETEHTHO 0COOMCTOCTI, fIKa 3/1aTHAa THYYKO pearyBaTy Ha 3allUTH CYCIiIbCTBA, e(eK-
TUBHO MPAIIOBATH B YMOBaxX PHHKOBOT €eKOHOMIKH, 30arauyBaTti HalliOHAJIbHY OCBITY.

Pi3Hi acriekT JOCTiKyBaHOI HAMU MTPOOJIEMH BUCBITIIOBAIUCH OaraTbMa BITYM3HAHUMU Ta 3apyOKHUMH Hay -
KOBIISIMH, SIK-OT: (h110cOCHKO-METONONOTTYHIU acmeKT mpobiemu negaroriudoi ocsitu (B. Anapymenko, B. Bec-
nanbko, I. BacsHoBuy, 1. 3s3t0H, B. Kpemens, I1. Cayx Ta iH.); 3araibHi MUTaHHSA NPO(ECIHOI MArOTOBKH Ta
smicty mpodeciiinoi ocitu (O. ly6acentok, JI. Konapamiosa, A. Ky3emincekuii, b. ®enopomms, JI. Xomud ta iH.);
HAyKOBE TJyMadeHHs CKJIaay i CTpyKTypH mpodeciiinoi komnerentHocti Buntens (C. Hanumok, E. 3eep, 1. 3umns,
H. Kosanescrka, H. Kyspmina, M. Jlepouko, FO. TToBapeHKoB, Ta iH.); JOCIIIHUIBKAN CKIAMHUK Yy mpodeciiiHiii
miroroBii MainOyTHix yunteniB mysuku (O. Jem’stauyk, T. 3aBajceka, A. Kosup, JI. Kyuenko, I. ITagaska, O. Pyx-
nunbka, O. [{onokosa Ta iH.).

Meta craTTi nonsrae y Bu3HaueHHi 0a30BUX NPOoQecifHuX KOMIIETEHTHOCTEeH YYUTEINiB MY3UKH, TEOPETUKO-
METOOJIOTTYHUX 3aca]l 1 MeAaroriyHuX YMOB iX ()OpMyBaHHS Yy CTYAEHTIB MUCTELBKUX CIEialbHOCTEH y mporeci
BUBYCHHSI ()aXOBUX JIUCIIUTLTIH.
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