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MIHICTEPCTBO OCBITU | HAYKN YKPAIH/ OEPXABHWW 3AKNIAL
[ 7 | LintnposaHus: 0,06% id: 1
«JIYTAHCbK HALUIOHANBHWW YHIBEPCUTET IMEHI TAPACA LLUEBYEHKA»

HaB4anbHO-HAYyKOBUA iIHCTUTYT i3nKK, MaTeMaTUKN Ta iHpopMaLinHnx TexHonorin Kadegpa
i3nKO-TeXHIYHNX cncTeM Ta iHpopMaTukn Jlenba OkcaHa MeHHaaiiBHa TEMA POBOTU:
METOOWNYHI OCOBIMBOCTI BUKNTAOAHHA TEMU

[ 7 LintuposaHus: 0,02% id: 2
«EJIEMEHTAPHI YHACTUHKW»

MaricTtepcbka poboTa 3a cneuianbHicTio 014.08

[ 7 | LintnposaHus: 0,03% id: 3
«CepegHs ocsiTa. Piznka»

Ocobuctunm nignmc - HaykoBunin KepiBHUK - Ko3y6 H0.., BOKTOP TEXHI4YHUX
Hayk, npodecop 3aB. Kadenpun - Ko3y6 10.I"., OKTOp TexHiYHUX HayK, Nnpodecop
MonTaBa - 2025 AHOTALIA Nlenba O.I. Tema: METOOAWNYHI OCOBJINBOCTI BUKNAOAHHA TEMA
«EJIEMEHTAPHI YACTUHKW CneuianbHicTb: 014.08

u LntnposaHus: 0,04% id: 4
,» CepenHsa ocgiTa. Pisnka”

YctaHoBa: 13 JIHY imeHi T.LLleB4eHKa, 2025p. MaricTtepcbka poboTa micTnTth: 61 c., 18 puc., 12
nxepen. O6’eKT AoCNigXXeHHA: NpoLec HaBY4aHHA Di3UKN Y 3arasibHOOCBITHIX HaBYabHUX
3aknagax. NpeamMmeT AOCNIO)KEHHA: MeTOAMKA HAaBYaHHSA OKpeMUX NUTaHb (Pi3UKnM MiKpOCBITY.
MeTa | 3aBOaHHA OOCHIOXKEHHSA: MeTot poboTn € po3podbnTn METOANKY BUBYEHHSA OKPEMMX
NUTaHb i3UKN MIKPOCBITY, HagaHHA 3HaHb Npo By0BY, XapaKTEPUCTUKN Ta BNACTUBOCTI
HaMeHLIMX efieMeHTIB Halloro BcecBiTy: aTOMHUX A4ep Ta efleMeHTapHUX YaCTMHOK.
Pe3ynbTaTu poboTK: BUCBITNEHI NPUHLMNM PpOBOTY NMPUCKOPIOBaYiB Ta ETEKTOPIB
efleMeHTapHMX YaCTUHOK; onucaHi cknapg i 6ynoBa aToMHUX 94ep, MOAEN A4ep | AAEPHUX CUn;
npuvpoga o-, - i v-BUNPOMIHIOBaHHS; KNacudikauis agepHUX peakLlin; 3aKoH paaioakKTUBHOIO
po3naay; 6ynoBa i NpMHLUMNK Ail A0epHUX PeaKTOopIB i aAepHOI | TepmosaepHoi 6o0M6; HagaHa
CyYacHa knacudikauisa efieMeHTapHUX YaCTMHOK; MOBa heMHMaHIBCbKUX AiarpaM; 3aKoHU
36epexXeHHSA y CBiTi efleMeHTapHNX YaCTMHOK; Mogeni CuAbHOI i cnabkol B3aemogii. 3QinCHeHO
NCUXONOro-rnefaroriYyHNM aHasnis BUBYEHHSA NUTaHb (Pi3UKN MIKPOCBITY Y KYPCi 3arafZibHOOCBITHIX
HaBYaJIbHMX 3aKlafiB Ta AOC/iIAXKEHO Cy4YaCHUN CTaH BUK/aAaHHA UMX nuTaHb. Po3pobneHo
eheKTUBHI cnocobu opraHizauii HaB4aIbHO-MOLYKOBOI AiASIbHOCTI 3 03HANOMJIEHHS Y4YHIB i3
BNAaCTUBOCTAMMU e/leMeHTapHUX YaCTUHOK Ta MeToAaMU iX AeTeKTYBaHHSA 3 BUKOPUCTaHHAM
nopTany BiAKPUTUX AaHUX , NIpeAcTaBAeHoro Ha canTi Mi>xHapoAHOI opraHizauii
agepHnx gocnigxeHos. Knw4yosi cnoa: ®I3VUKA EJIEMEHTAPHI YHACTUHKN, MIKPOCBIT A0PO,
300BYBAY OCBITWN, METOAVNKA BMBYEHHA

u LintnposaHus: 0,09% id: 5
" ialnist: : 014.08 ,, . "

: : , 2025, istit: 86 ,
32 , 12 .3 ., 63 :
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®I13VKIN B 3ATAJIbHOOCBITHIX HABYAJIbHNX 3AKJTAOAX XpOHOAOrIYHUIN WASX BiOKPUTTS Y
Di3nLi AAPA Ta ENEMEHTAPHMX HACTUHOK . .eu.euit ettt eeet e et een et ren e eaeeaeneeeteeneaseanreneaaenenrenaenes 13
1.2 CTpyKTypa KJaCNYHOro BUB4YEHHA TeMn «EnemeHTapHi YacTuHkn» B 30LU YKpaiHu.
CtaHpapTHa Moaesnb (i3nknm enemMeHTapHMX

= Yo a1 (o 1 P 17 1.3 MeToAaun4Hi 3acagn
BUKIaQaHHA TeMU

[ 7 UuTupoBaHusa: 0,02% id: 6
«EnemMeHTapHi YaCTUHKN»

B KYPCH BUBUMKI ceoiniiitiiie e e e e 22 1.4 ®opMyBaHHS HaB4aJibHO-
ni3HaBa/IbHUX KOMMETeHLi Nig Yac BUBYEHHSA BiJOMOCTEN Npo efleMeHTapHi YaCTUHKKU B KypCi
oY1 T L I 1 - T YO 35 1.5 MpoTunpivyysa mixx
KNACUYHO METOANKOK BUBYEHHA TEMU Ta CY4YaCHUM CTaHOM M PO3BUTKOM HayKOBUX 3HaHb Npo
ENIEMEHTAPHI HACTUHKM . 11t ieitet ettt e e et e et e et e e e e eaeaanes 42 PO341N1 2.

CYYACHI niaxoan, COOPMOBAHI HA PEANTIAX CbOIrOOEHHA B KOHTEKCTI HOBUX
YCBIOOMMEHb TA JOKA3IB MNMPO ®I3NKY ENIEMEHTAPHUX YACTUHOK 2.1 MeToaun4Hi iHoBauii
BMBYEHHS OKPEMUX MUTaHb Pi3NKN MIKPOCBITY Y LWKiIbBHOMY KYpPCi

PIBUK . e 44 2.2 BUBYEHHS OCHOB AeTeKTYBaHHSA YaCTUHOK 3
BUKOpUCTaHHAM CERN Open Data Portal. e 50 2.3 AnropuTt™m
BMKopuctaHHA CERN Open Data Portal...vinnnns 54

BUCHOBKU....cuieiiiii et eae e 60 CIMMNCOK BMKOPUCTAHWNX
OXKEPET ... 62 BCTYIN ®i3nka agpa Ta eNeMeHTapHUX YaCTUHOK - e

cy4YacHa ranysb pi3vku, ka BMBYa€ HaMbinbLUi Ta HAWMEHLUI CTPYKTYPU Y NPUPOLI, PO3KPUBAE
TAEMHULi aTOMHOro Ta Cy6baTOMHOIo CBiTY. Lia ancunnniHa BuaBuaacs gy>xe Ba>kJIMBO 4N
PO3YMiHHSA OCHOBHUX 3aKOHIB BcecBiTy, i BOHa MOCTINHO PO3BMBAETLCA 3aBAAKN HOBUM
BiAKPUTTAM Ta focnigXeHHAM. O6’eKT OOCNiAXKEHHSA: NpoLec HaBYaHHS i3nKkn y
3araJibHOOCBITHIX HaB4YaJIbHUX 3aknagax. NpeaMeT AOCAIOKEHHSA: MEeTOANKA HaBYaHHA OKpeMUx
NUTaHb i3UKN MIKPOCBITY. MeTa | 3aBAaHHA AOCNiIAXKeHHS: MeToto poboTun € po3pobutun
MEeTOOMKY BUBYEHHSA OKPEMUX MUTaHb i3UKN MIKPOCBITY, HagaHHSA 3HaHb Npo byposy,
XapaKTepuUCTUKN Ta BAACTUBOCTI HAaMEHLUNX eNeMeHTiB Halloro BcecsiTy: aTOMHUX afep Ta
efleMeHTapHUX YaCTUHOK. [lna peanizauii MeTn [ocnif>XeHHA nepenbayanocs BUKOHAaHHSA TaKnx
3aBOaHb: 1. 3O4iNCHUTM aHani3 NCUX0J1I0ro-NeaaroriYHUX yMoB BUBYEHHSA NUTaHb i3NKN
MIKPOCBITY Y KypCi hi3UKM 3arasibHOOCBITHLOI LUKOAN A9 BU3HAYEHHA TPYOHOLLIB, MOB'A3aHUX 3
PO3YMIiHHAM YYHSMMN OCHOBHUX OAWHULb ii 3MICTY. 2. 3anponoHyBaTN MOXKJINBI criocobwu
NoAoJSIaHHS BUSBJIEHUX TPYAHOLLIB Nif Yac HaBYaHHA i3uKK. 3. 3anponoHyBaTu MeTOAUKY
BBEAEHHS AEAKNX OCHOBHUX MOHATbL 3 Pi3MKN MIKpPOCBITY Ta AibpaTu BignoBiaHI UM pPoBI Moaeni.
4. Po3pobuTtun cnocobum opraHiszauii HaB4aIbHO-MOLLIYKOBOI AiANIbHOCTI 4114 6inbw eheKTUBHOIO
3aCBOEHHSA YHYHAMU HaBYaNbHOrO MaTepiany. 3aBAaHHA TeMn: MeToamnyHi: CchopMyBaTh CyHacHy
KapTUHY MIKPOCBITY SIK CK/1af0BYy YaCcTUHY NPUPOAHNY0-HAayKOBOI KapTuHu cBiTy; ChopmyBaTun
YABJIEHHSA MPO 3HaYeHHA i3nKn

@ O6HapyxxeH MnarunaT: 0,7% https://fizmat.7mile.net/fizika/fizika-atomnogo-... id: 7

aTOMHOI O AApa Ta eJieMeHTapPHUX YaCTMHOK AJIS NPaKTUYHOI OiS/bHOCTI ntoaen; 34incHIoBaTH
iHTenekTyanbHe, eCTeTUYHE Ta FryMaHiTapHe BUXOBaHHSA CTyAeHTIB. lNi3HaBaNbHi: 3acBOiTK
npegMeT, CTPYKTYPY i poJib Qi3UKN aTOMHOIO sapa Ta esleMeHTapHUX YaCTUHOK Y (DOPMYBaHHi
CY4aCHOI NPUPOAHNYO-HAYKOBOT KAapTUHW CBITY; 3aCBOITM OCHOBHI NPUHLWMAW, METOAM i
pesysnbTaTh OOCAIAXEHb CTPYKTYPU, (Pi3NYHOT NpUpOAN Ta BJIACTUBOCTEN aTOMHUX aaep Ta
efleMeHTapHUX YaCTUHOK; BUBYNTM OCHOBHI Di3NYHi XapaKTepUCTukn i byaoBy aTOMHUX Saep
Ta e/leMeHTapHUX YaCcTUHOK; 3000yTN yABNEHHS NPO OCHOBHI €Tann pPo3BUTKY i3NKK
aTOMHOro A4pa Ta eleMeHTapPHUX YaCTUHOK

i HANGiNbLW BMAATHUX BYEHUX, SAKi BHEC/IM BaroMn BHECOK Y PO3BUTOK AAHOI ranysi isznku.
MpakTn4Hi: HaB4nTnCSA BUKNagaTn Ha Cy4aCHOMY PiBHI AaHWU po34in pisukn B 3arasibHOOCBITHIX
Ta creuianizoBaHMX CepeaHix HaBYalbHMUX 3akKNadax; HaBuntmncs po3s’siayBaTu 3adavi i
BUKOHYBaTW BMpaBU, 3arnpornoHOBaHI B WKiNbHUX AigpyYHUKaX, Ta iM nodibHi. MixxancumnniHapHi
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3B’A3KN: ig 4ac BUBYEHHSA i3nKK
@ O6HapyxeH Mnaruvat: 0,21% https://fizmat.7mile.net/fizika/fizika-atomnogo-... id: 8

aTOMHOrO0 AApa Ta eNeMEeHTAPHUX YaCTUHOK HEOBXiAHI BiAOMOCTi 3 KACUYHOI MEXAHIKW,
KBaHTOBOI MEXaHiKN Ta eNekKTpoaAnHaMiku. MaTeMaTUYHUN anapaT i3k aTOMHOro sapa Ta
efleMeHTapHUX YaCTUHOK

CNMPAETLCA Ha TEOPil0 NMOBIPHOCTEN, TEOPID ANGEpPEHLIianbHNX PIBHAHb, NiHINHY anrebpy
(nininHI onepaTopwn, MaTpuui), Teopito cneuianbHMX PyHKLiIN. PaxoBi KOMNETeHUii, Wo
opMy0TbCA Nifg Yac BUBYEHHSA AUCLUMAIHN: COLiaflbHO-0COBUCTICHI: 3AaTHICTb y4nuTuUCS;
3[0ATHICTb 00 KPUTUKUN N CAMOKPUTUKWN; KPEaTUBHICTb, 34aTHICTb 40 CUCTEMHOI0O MUCJIEHHS;
aJanTUBHICTb | KOMYHiIKabenbHiCTb; 3araibHOHayKOBi: 6a30Bi yaBNEHHS NPO OCHOBU qdinocodii;
6a30Bi 3HaHHA PyHAAMEHTaNbHUX PO34iNiB MaTeMaTMKK; 6a30Bi 3HAHHA B rasy3i Cy4aCHUX
iHOpMaUiNnHUX TexHosorin; 6a3oBi 3HaHHA di3ukK, ximii, 6ionorii; iIHCTpyMeHTasbHi: 34aTHICTb
[0 NMUCbMOBOI 1 YCHOT KOMYHiKaLlii pigHO MOBOO; 3HAHHSA iHLIOI MOBU (MOB); HaBU4YKKN poboTK 3
KOMM'IOTEPOM; HAaBMNYKWM yrpaBniHHSA iHDOpMaLi€; HaBNUYKM poboTolo y Mepexi IHTepHeT;
DOCNiIAHMLBKI HaBUYKW. 3aranbHonpodecinHi: MaTn 6a30Bi ysaBAEHHSA Npo MaTepito, if pyx Ta
dyHOaMeHTanbHi Qi3NYHI KOHCTAHTN; MaTW YSBJIEHHSA NMPO PyHAAMEHTasIbHi eKCMEPUMEHTN Y
dis3unui; MaTKn ysaBAeHHS Npo MoAeni NPOCTOpPY i Yacy Ta iX BNAaCTUBOCTI; MaTu YABJIEHHS NpO
yHOaMeHTanbHi i3n4dHi Teopil Ta MexXi iX 3aCTOCYBaHHSA; MaTW ySBAEHHS NPO Qi3NYHY KapTUHY
CBiTY Ta 1l CTPYKTYpPY; MaTn YABJIEHHS NPO iCTOPil0 PO3BUTKY (Di3nKWK, il CyHaCHUI CTaH Ta BHECOK
YKPATHCbKNX BYEHUX Y CBITOBY (hi3NYHY HayKy; crieuianizoBaHo-npogecinHi: 34aTHICTb
30iNCHIOBATN METOONYHY OiS/IbHICTb Nig Yac HaBYaHHSA YYHiB i3UKK; 34aTHICTb OpraHi3oByBaTu
HaBYasIbHMIN Npouec 3 i3NKM B LLKOJI Ha 3acadaX 0COBMUCTICHO-OPIEHTOBAHOIO, OiANIbHICHOrO Ta
KOMMEeTEHTHICHOro NiaxoaiB; 30aTHICTb 3AiCHIOBAaTN 06'EKTUBHUIN KOHTPOJIb | OLLiHIOBAHHS
HaBYaJIbHUX AOCATHEHb Y4YHIB 3 Qi3VKW; 30aTHICTb KepyBaTW AOCAIAHULLKOK AiSNIbHICTIO YYHIB 3
i3nKM Ha ypoKax i B mo3akfacHin poboTi; 34aTHICTb BUKOPUCTOBYBATW TEOPETUYHI 3HAHHSA 1
MPaKTUYHI HABNYKN 151 OBOJIOAIHHSA OCHOBaMM Teopil 1 MeToadiB i3NYHMX OOCNIOXKEHD.
OdikyBaHi pe3ynbTaTu HaB4YaHHSA: PO3YyMiHHA - NPMHLMAIB pOBOTY NPUCKOPIOBaYiB Ta ETEKTOPIB
eJleMeHTapHUX YaCTUHOK; CKknaay i 6ynoBM aTOMHUX S4ep, MOAeNen aaep i A0epHUNX CU,
npupoawn o-, 3- i v-BUNPOMIHIOBaHHS; KnacudikaLii aaepHNX peakLin; 3aKoHY pafioakTUBHOIO
po3naay; 6ynoBu i NpuHUMNIB Aii AAEepPHNX PeaKTopIB | AAEPHOI | TepMmosaepHoi 6omMb6; cydacHOi
KJhacudikauii eneMeHTapHNX YaCTUHOK; MOBU DENHMaHIBCbKMX AiarpaM; 3aKoHiB 30epeXXeHHs y
CBiTi eneMeHTapHUX YaCTUHOK; MoAenen CUibHOI i cnabkoi B3aemogii. YCBiAOMNEHHS - CyYacCHOT
Gi3NYHOI KAPTUHW CBiTY Ha MaKpPOPIBHI K CKN1ag0BOI NPUPOAHNYO-HAaYyKOBOI KapTUHU CBITY;
rOJIOBHMX NPUHLMMNIB, METOAIB i pe3ybTaTiB AOCNiIAXKEHb CTPYKTYpU, Di3NYHOT Npmupoan
aTOMHUX AA4ep Ta eNeMeHTapHUX YaCTUHOK; HEOBXiAHOCTiI BUOKpPEMJIEHHS ABOX Fpyn YaCTUHOK:
dyHOaMeHTanbHUX pepMioHiB | hyHaameHTanbHNX 6030HIB; HeobXigHOCTiI 06'egHaHHA
dyHOaMeHTaNbHMUX B3aEMOAIN. 3HaTU: NpeaMeT Ta roJIoBHI 3afadi i3ukKy aTOMHOro fapa Ta
eJleMeHTapHUX YaCTUHOK; BynoBy Ta NpMHLMN po6OTU NPUCKOPIOBAYiB Ta AeTEeKTopiB
efleMeHTapHUX YaCTUHOK; cknap i byaoBy aTOMHUX A4ep, Mofeni aaep i aaepHUxX cui; npupoay
-, B- i v-BUNPOMIHIOBaHHSA; Knacugikauito aoepHUX peakuin; 3aKoH pafioakTUBHOIo po3naay;
6ynoBy i NpuHUMN AiT S0epHNX peakTopiB, A4epHOI | TepMosaepHol bomb6; cyvacHy knacudikauito
efleMeHTapHUX YaCTUHOK; chyHAAMeHTasIbHi hepMioOHN (KBapKW i 1enTOHW); MOBY
heMHMaHIBCbKUX AiarpaMm; 3akKoHU 36epe)xeHHs y CBiTi eneMeHTapHUX YaCTUHOK; MOHATTS Npo
i30TOHIYHWI CNiH; BAACTUBOCTI afpoHiB; MOAesb CUJIbHOI B3aeEMoAil (06MiH riooHaMu);
ocobnumBocTi cnabkoi B3aEMOAIi; BNAaCTUBOCTI IENTOHIB; MOHATTSA NPO Teopito enekTpocsiabkoi
B3a€EMO/Ii; MOHATTA Npo Benuke o6’egHaHHA. BMiTU: po3paxoByBaTu NapaMeTpu NPUCKOPIOBaYiB
efleMeHTapHMX YaCTUHOK; BM3Ha4yaTu CKNag aTOMHUX saep y NepioanyHin Tabnuui 4.
MeHaeneeBa, eHeprito 3B'83Ky aTOMHUX SAEP, EHEPreTUYHUN BUXiA SOEPHUX peaKuin;
3aCTOCOBYBaTM 3aKOH pafioaKTMBHOIMO po3najy; 3anncyBaTu PiBHAHHA SAEPHUX peaKLUin i
BWU3HA4aTK iX TUM; 3aCTOCOBYBATU 3aKOHW 36epe)XeHHs AN eNeMeHTapHUX YaCTUHOK;
iHTepnpeTyBaTu KBapkKoBi Aiarpamu. Anpobauia Ta BNpoBad>XeHHs pe3ybTaTiB poboTn: OCHOBHI
HayKOBi Ta NPaKTU4Hi pe3ynbTaTn poboTn onpunofHeHi Ta 06roBopeHi Ha TakMX HAaYKOBMKX
KOHepeHuisax: || MixxHapoaHa MixancumniiHapHa HayKOBO-MpakKTU4YHa KoHdepeHuis

n LvtuposaHus: 0,08% id: 9
«AKTyanbHi MUTaHHSA, NPo6NeEMU Ta NEPCMEKTNBU PO3BUTKY HAYKM Ta OCBITU»

(MonTaga, 25-27.04.2024p.) BNpoBaAXXeHi Nig 4ac HaB4aHHSA i3nkn y 2023-2024 HaBYalbHOMY
poui y JincnyaHcbkin 30LU I-1ll ctyneHiB CeBEPOAOHELLKOT MiCbKOI paaun JlyraHCbKoi o6nacTi.
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PO3[I/1 1. METOANYHI OCOBJIMBOCTI BUKJTAOAHHA TEMU
u UnTupoBaHus: 0,02% id: 10
«EJIEMEHTAPHI YACTUHKW»

B KYPCI ®I3NKN B 3ATAJIbHOOCTBIHIX HABYHAJIbHNX 3AKJTALAX 1.1 XpOHONOFiYHUN LWAAX
BiAKPMTTA Y i3nUi Aapa Ta eNeMeHTapHMX YaCTUHOK, MOYnHa4YM 3 AaBHiX YaciB i oo
CYYaCHOCTI, HacTynHWn OaBHi Yacu: BBeaeHHS TepMiHy

u LUwnTtnposaHusa: 0,02% id: 11
"enemMeHTapHa YacTunHkKa"

®anecom B 2500 poui A0 Haloi epyn BiA3Ha4Ya/ 0 MOYaTOK iHTepecy A0 MiIKpPOCBiTY MaTepil. Il. Y
CTONITTI 4O HALLOI epu 3'ABUNOCA MOHATTHA aToMa, sIKe BKa3yBaJio Ha OKpPeMY OANHULLIO
pevyoBMHU. BXXe B aHTUYHMX Yacax ¢inocodun i npupoaoBeanLi po3ayMmyBanam rnpo CTPYKTYpy
peY0BMHU Ta npupoay maTepii. AemokpiT (npnbnmnsHo 460-370 pp A0 H.€.) BUCYHYB rinoTe3sy npo
iCHyBaHHS aTOMIB - HAWMEHLWMNX HediIbHUX YaCTUHOK PEYOBUHN. - cToniTTa: Haykosi
OOCNio)XeHHS B rany3i XiMii Ta efleKTPUKKN NpmMBENnN A0 BIiOKPUTTA esiIeMEeHTapPHUX eNeKTPUYHO
3apsAaXKeHNX YaCTUHOK, TakKUX K eNeKTPOHU Ta NpoToHU. [>xo3ed [>X0oH TOMCOH BiaKpus
enekTpoHn y 1897 poui, a EpHecT Pe3epdopa y 1911 poui BiAKpuB, WO aTOMU MICTATb
MiHiaTIOpHe, 3apsaXxeHe a4po. Ha momeHT 1919 poKy, pO3BUTOK 3HaHb MPO eJleMeHTapHi
YaCTUHKK ByB e B MOYaTKOBIN cTagii. Hansaknmeiwmmm 6ynm a4po atoMa 3 BiAMNoOBiAHUM
3apsaoM, BU3Ha4YeHUM 3a HoMepoM B Tabnuui MeHpeneesa, i 67 68 69 eneKTpPoH, KN
o6epTaBCsA HABKOJIO AApa | MaB eNeMeHTapHUN HeraTUBHUIA 3apsaa. Moro nosHaunnu: TpeTbolo
e/1leMEeHTapPHOI0 YaCTUHKOI OyB KBAHT €/1eKTPOMarHiTHOrO BUNPOMIHIOBAHHSA, KU AK pas3 i
3B’A3yBaB eNIeKTPOH 3 aapoM. Moro Ha3msanm doToH: Y 1932 poui, i3 aHanisi mac agep 3 Tabnuui
MeHpeneesa, 6yno NpmnyLLeHO, WO S4P0 MOBUHHO CKAAATUCh i3 ABOX KOMMOHEHTIB, Ki MaloTb
npubnn3HoO 04HAKOBY Macy, aJie 0fHa 3 HUX MA€E eNeKTPUYHUN 3apaa, To4i SK iHwWa
3a/IMLLIAETLCA HernTpanbHoW. B 1932 poui Oxxenmc YeaBik BiAKPUB HENTPOHU - HENTpPasbHi
YaCTUHKMK, AKi TaKoXX CKadatloTb A4Pp0 aToMa. Y Ti XK caMi poku BYeHi, Taki sk ®epmi, Lipak,
Boze i EHwTeNH, cnpobyBann NOSCHNTU KONEKTUBHY MOBEAIHKY efleMeHTapHNX YaCTUHOK,
3anponNOHYBaBLUN CTaTUCTUYHI PO3NOAINN (3aKOHM), WO XapaKTepu3yThb IXHIO MOBEAIHKY. 3a
TOAILLHbOI HAYKOI YAaCTUHKM i3 LiNMM CcniHOM BignoBiganu 3a NeBHUN Tun B3aemomii i bynu
Bi4OMi 9K KBaHTK B3aeMoAii. InA uMx YaCTUHOK 3aCTOCOBYBasiacs CTaTUCTnKa boze-EHwWwTENHa.
KoMyHikKaLinHi B3aEMO3B'A3KM i onepaTopu 415 TakKUx YaCTUHOK Bynn EpMiToBUMM, i 3rigHO 3
LIIEI0 CTAaTUCTMKOIO, B OOHOMY CTaHi morna nepebysaTtn 6yab-sika KiNlbKiCTb YaCTUHOK. YaCTUHKMN
i3 HaniBLiNMM cniHOM nignopaAKoByBanuca ctatucTuui ®epmi-fipaka i HasnBanucs
dhepmioHamn. OnepaTopyn AN HUX 6ynm aHTUepPMiTOBMMM Ta BignoBigann npuHuuny Mayni, aknn
3abopoHsB binblwe ogHoro pepmioHa nepebyBaTu B 04HOMY i TOMY X CTaHi. B 1935 poui npun
[OCNiIA>KeHHI BNaCTUBOCTEN - po3mnagy BUSBUIOCH, LLIO B peakLuii: He 36epiraBcsa BNacHUN
opbiTanbHNN MOMEHT, Tak caMo He 36epiraBcs i 3akKoH 36epe)xeHHs iMnynbcy: Ong Toro, wob
BULLLE 3aMncCaHi hopMynn NpautoBaaun, BYEHI riNnOTETUYHO BBEIN HOBY YaCTUHKY, SIKY Ha3Bau
HeNTPUHO. [i XapaKTePUCTUKN HACTYMHI: Liboro > poky npu OOCAiAXKeHHi Y BUCOKUX Lapax
aTMocdepu kaMmepu BinbcoHa byna coTorpacoBaHo paf CRiNnbHUX NOAINA: , Ae | YaCTUHKa - ue
OyB eneKTpoH; Il YaCTUHKa - BBa)Kaan TUM Ke CaMUM € , AKNIA pyXaBCs B MPOTUNEXHY CTOPOHY.
Mi3Hiwe, B pe3yabTaTi eKCNEPUMEHTIB Ta PO3paxyHKiB, Ui YaCTUHKM Bynn Ha3BaHi
aHTUYACTUHKaMU, TOX Ha MaJIloHKY 300pakeHo He ABa eNeKTPOHU, a €IEKTPOH i Noro
aHTUYaCTUHKY-NApTHepPa, Ky OTpuMana Ha3By MO3UTPOH. lMNMpouec, Wo ONNCY€E B3aEMOLI0 MiX
YaCTUHKOIO i Tl aHTUYaCTUHKOIO, BiAOMUIN SK aHirinauia, nig 4ac SKoro BCS Maca i eHeprisa umx
YaCTUHOK MepeTBOPIOETLCHA Ha EHEPrito BUNMPOMIiHIOBaHHSA. lNMepen TUM, K NPOB3aEMOLIATH
€N1IeKTPOH Ta NO3UTPOH CTBOPIOKOTb KBa3iYaCTUHKY, AKY Ha3MBalOTb MO3NTPOHIEM. EHepreTu4Hmnnm
CMEeKTP NO3UTPOHI0 NoAibHWIA [0 eHepreTUYHOro CrNekTpy aToMa BogHto. MisHiwe 6yno
BUSABJIEHO, WO KOXKHA YaCTUHKa Ma€ CBOro mapTHepa-aHTU4YacTuUHKY: 1930-1940-Ti poku:
[oBenn, o aApo CKAafa€EeTbCa 3 NPOTOHIB | HENTPOHIB, ane gi3mka Aapa Le auwe novYnHana
dopmyBaTUCA AK OKpeMa rajy3b. 1950-1960-Ti poku: PO3BUTOK akcesiepaTopiB YaCTUHOK, TakKnx
AK LWMKJIOTPOHN | CUHXPO(a3oTpoHN, AO3BOAMB BUABAATU HOBI efleMeHTapHi YHaCTUHKMN,
Hanpuknag, NioHN Ta KaoHU. 1960-1970-Ti poku: BioKpuUTTSa KBapKiB, OCHOBHUX ByAiBenbHUX
6n0kiB 6apioHiB Ta Me30HIB, PEBOJIIOLIIOHI3YBaJI0 PO3YMiIHHA CTPYKTYPM aTOMHOro fapa Ta
cybaTomHoro cBiTy. Cy4acHicTb: Cy4acHa pi3mka

@ O6Hapy>xeH MnarunaT: 0,46% https://fizmat.7mile.net/fizika/fizika-atomnogo-... id: 12
f0pa Ta e/leMeHTapHMX YaCTUHOK - Lie AVHaMiYHa AMCLMINIIHA, SiKa He TiNIbK1 003BOJISIE HAM
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3p03yMiTK OCHOBHI 3aKOoHM BcecBiTy, ane i Mae 6e3nocepeHE NPaKTUYHE 3aCTOCYBaHHS,
BKJIIOYAOUYM MEONYHY Ta eHepreTuyHy ranysi. Ypoku ¢ismkm B 10-11 kKnacax 3arajibHO OCBIiTHiX
HaBYaJIbHMX 3akK/lafgax MaloTb Ha4aTW YiTKe PO3YyMiHHA NPO OCHOBHI KOHUEeNLii isukn sapa Ta
eJleMEeHTapPHUX YaCTUHOK,

0OCnignTX BNacTMBOCTI aTOMHOIO sifpa, PO3rNAHYyTWN peakuii agepHoro cMHTesy i posnaagy, a
TaK0>X BUBYUTUN OCHOBHI esleMeHTapHi YaCTUHKW Ta IXHI0 poJib Y CTPYKTYpPi MaTepii. Take
BCEOXOMJI0I0Ye CTaB/IEHHSA 40 TeMU

n LunTtnposaHus: 0,02% id: 13
«EnemMeHTapHi YaCTUHKN»

B KypcCi pi3nku gonomMmoxxe HabyTu BignoBigHUX KoMNeTeHUin Ta 3400yTn rnmboki 3HaHHS i
PO3YMIHHSA BaXXIMBUX Pi3NYHUX NPOLLECIB, WO BiabyBaloTbLCSA Ha SAepPHOMY Ta cybaToOMHOMY
piBHi. 1.2 CTpyKTypa KN1aCNYHOro BUBYEHHSA TEMU

n LnTtnposaHus: 0,02% id: 14
«EnemMeHTapHi YaCTUHKN»

B 30U YkpaiHn. CTaHoapTHa Moaesb (pi3nku eneMeHTapHUX YaCcTUHOK. BusHavyanbHUM ans
CUCTEMWM 3arasibHOI cepeHbOi OCBITU Ma€ byTn 3abe3nevyeHHs BiANOBIAHOCTI 3MICTY NOHATbL Ta
3aKOHIB WKIiNIbHOrO KypcCy (hi3nKM cy4acHin i3nyHin Hayui. Peanizauis uiei BignoBigHOCTI
MO>XJIMBA LUASAXOM FeHepani3auii HaB4asibHOro MaTepiany 3 Kypcy i3MkKmy CTapLlol KON
HaBKOJ10 CTPYKTYpW i3n4HOI Teopii 9K NpoBigHOI (hopMN HayKOBOIro 3HaHHA. Tak, hopmMyBaHHS
Cy4acHOi (hi3NYHOT KAPTUHN CBITY K pe3ynbTaTy BUBYEHHSA (Di3VUKN, 3aBEPLUYETLCA PO3rnaa0M
PyHOaMeHTa/lbHUX B3aEMOLIN, WO NOACHIOTLCA CTaHA4apTHO Moaesnnto Qi3nkin

@ O6HapyxeH Mnaruat: 0,09% https://focus.ua/uk/technologies/588833-fiziki-v... + 3 id: 15
endiefPraPHux yacTnHok. Ha cboroaHi CTaHaapTHa Moaenb (i3nkn eneMeHTapHUX YaCTUHOK €

OOHMM i3 HaMBaXKJINBILLINX y3arasibHeHb (hi3NKN BUCOKUX eHeprii. binbwe Toro, BoHa MoXxe byTun
po3rnsHyTa SK (hizndHa Teopis, aKa KNacuikye enemMeHTapHi YaCTUHKN BiANOBIAHO [0 iXHiX
3apsanis Ta ONUCYE, AK BOHW B3aEMOLIOTb Yepe3 pyHAaMeHTasbHi B3aemMogaii. O3HanomneHHs
YYHIB 3i CTPYKTypoto hi3n4HOI Teopil Nig 4ac BUBYEHHS (hi3NKM po3B’'A3yE NOABiNHY 3anady:
3abe3nevyye 3aCBOEHHA OCHOB HAayKOBUX 3HaHb Ta ONaHyBaHHSA CNOCOH6OM HAaYKOBOIrO MUCJIEHHS.
Y MeToauui HaBYaHHA i3nkn cdhopMoBaHO NOBHI HABoOPW iICTOTHUX O3HaK, L0 CTBOPHOOTh
LinicHe ysiBJIeHHS NPO KOXHY OAVHULIO0 HaBYaJIbHOr0 3MIiCTY LUKiSIbHOIO Kypcy (hi3nku, 30Kpema,
i Npo i3nyHy Teopito. PopMyBaHHS 3HaHHS NPO i3NYHY Teopito Nepeanbayvyae 3aCBOEHHS
MOBHOIro Habopy ICTOTHMX O3HaK, L0 CTBOPIOKTL LiJliCHE YSB/IEHHS MPO HEl Ta CUcTemy Ain, Wwo
FPYHTYIOTBLCSA Ha LUUX 3HAHHAX. TakKMM YUMHOM, 3arajibHa XapakKTepucTuka i3n4yHoi Teopii Mae
MICTUTU: = Nepenik HayKoBUX PaKTIB, fKi CTann NigcTtaBo po3pobneHHs Teopii, il eMnipnyHUin
6a3unc; = NoHATINHE a4p0 Teopii, BU3Ha4YeHHS 6a30BMX NOHATL | MOAeNIen; m OCHOBHI NOJIOXKEHHS,
ioel Ta NPUHUMNK, NOKNaAeHi B OCHOBY TeOpii; = PIBHAHHSA N 3aKOHW, LLLO BU3HaYaloTb
MaTeEMaTUYHNI anapaT Teopil; = KO0 ABULL i BTAaCTUBOCTEN TiN, sIKi AaHa Teopist MOXXe MOSACHUTHK
abo nepenbaunTu ixHin nepebir; = Mexi 3acTocyBaHHSA Teopii. Mepw 3a BCe, Nig Yac po3rnagy
CTaHgapTHOI Moaeni i3nkm eneMeHTapHNX YaCTUHOK SK Pi3NYHOI Teopil KNYoBe 3HAYEHHS
MaloTb PyHAAMEeHTaNbHI 4oCaian, Wo cKkaagatoTb ii eMnipnyHuin 6a3nc, a TakoxX, AocAign, wo
NigTBEPAXYIOTb Ti NOrivYHi Hacnigkn. o pyHOaMeHTaNbHNX MOXXHa BiHEeCTN, HacamMnepen,
€KCMePUMEHTMU, AKi CTaBUAW Mif CYMHIB YCTaJIeHi KNaCU4YHi ysBNeHHS npo 6ynoBy pe4yoBMHU - Lie
pocnign MinnikeHa 3 BUSHa4YeHHS e/IeMEHTapHOro esiekTpmnYHoro 3apsaay (1909 p.) Ta
Pesepdopaa npo po3cCitoBaHHA 0-4aCTUHOK pe4yoBMHO0 (1911 p.). Tak BUHUKAM Nepui
TeopeTUYHi y3arafbHEeHHA y BUr a4l KBAHTOBUX NOCTynaTiB bopa, fKi oTpuManun nofanbLue
niaTBepaXXeHHa y gocnigax . PpaHka i I'. Fepua. 3 iHwWoro 60Ky, NnepefyMoBOIO PO3BUTKY TEOPii
CTann gocnign, Wwo niaTeepayBasin XBUJbOBY NpPUPOAY CBiT/Aa. Ha HUX rpyHTyBanmcs
npunyweHHa M. Mnaxka (1900 p.) Npo KBaHTYBaHHSA eHeprii Ta Teopid poToedeKkTy A.
EnHwTenHa (1905 p.), Wwo y3rog)xkysanmca 3 BigoMmmMmmn ekcnepmMmeHtamm A. KomntoHa (1924 p.).
HoBMM BUTKOM y PO3BUTKY TEOPIi CTano BiAKPUTTSA eNeMeHTapHUX YaCcTUHOK, 30KpeMma,
HenTpoHa (K. Yeasuk, 1932), NO3NTPOHA - aHTUYACTUHKM enekTpoHa (K.O. AHOepcoH, 1932
p.), MtooHa (1936 p.,), o+ i p- me30HiB (1947 p.). KiHeub 40-x - no4aTok 50-x pp.
O3HaMeHYBa/INCA BiOKPUTTAM BEAIMKOI FPYMNn YaCTUHOK, WO OTpUManu Ha3By

n LnTnposaHus: 0,01% id: 16
«AUBHUX>
3-3a2 HE3BUNYHUX BNACTMBOCTEN. MepLli YaCTUHKN Li€el rpynu 6yno 3HangeHo y KOCMi4YHMX
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MPOMEHSAX, HAaCTYMHI XX BiAKPUTTS HOBUX YaCTUHOK By10 34iNCHEHO Ha MPUCKOPOBaYvax -
yCTaHOBKax, SKi CTBOPIOOTb NY4YKM BUCOKOEHEPreTUYHUX NPOTOHIB Ta eNleKTPOHIB. 3 noyYaTKy 50-
X POKIB i AOHWHI NPUCKOPIOBaYi NepeTBOPUINCA Ha OCHOBHUN iIHCTPYMEHT 3 A0CAIAXKEHHS
efleMeHTapHUX YaCTUHOK. MnHauun pyHaamMmeHTaNbHi [OCNi AN, HEMOXXJINBO 3 OCTAaTHbLOIO
HayKOBICTIO Ta 6e3 NoriYyHUX NPOTMPIY BUCBITINTA Y LLKISIBHOMY KYPCi OCHOBY (hi3U4HOT Teopil.
BoaHo4ac, BiATBOPEHHS LIMX EKCMEPUMEHTIB Y LUKIiIbHUX YMOBaxX CTaHOBUTb HEabusKi TPyAHOLLI.
ToMmy, 3Ha4YHi MepcnekTuUBM B peani3auii nogibHnx dpyHOaMeHTaNbHMUX OOCNiIAiB MaloTb 3acobun
KOMMN'lIOTEPHOro MoAentoBaHHA. MoHATInHe aapo CTaHAapTHOI Moaeni i3nkn eneMeHTapHUX
YaCTUHOK yTBOPOOTbL 6a30Bi MOHATTS - eleMeHTapHa YacTUHKa, yHAaMeHTaNbHi B3aEMoAii,
aHTMYaCTUHKa. N04aTKOBOK CXOAMHKOI A4 if CTBOpeHHs byna moaenb aToMa, sika
€BOJII0LIiIOHYBaNa BigNOBIAHO A0 PO3BUTKY (Pi3UYHOI HAYKN. OCHOBHI NonoxxeHHsa CTaHOoapTHOI
MoZAesli MOXKHa CQOPMYIOBaTK Y BUI IS4 Takux TBepaXeHb: 1. Yca pevyoBnHa yTBopeHa 12-ma
dyHOAMEHTaNbHUMUN YacTUHKaMu (puc. 1) - hepMioHaMn TPbOX MOKONiHb, i3 AKUX 6 NeNTOHIB (

@ O6HapyxxeH MnarunaT: 0,3% https://uk.wikipedia.org/wiki/CTaHgapTHa_Moae... id: 17

€/1IeEKTPOH, MIOOH, Tay-NenToH, Ta TPU BUAN HENTPUHO), @ TaKoXX 6 KBapkiB (1, d, 5, ¢, b, ). 2.
KBapku 6epyTb y4acTb B CUJIbHUX, C/IabKMX Ta eNeKTPOMarHiTHUX B3aEMOLIAX; 3aps O KeHi
NIenTOHWN (eNIeKTPOH, MIOOH, Tay-JIeNTOH

) - y cnabkux Ta eNneKTPOMarHiTHUX; HENTPUHO - Nnwe y cnabkmx B3aemMoniax. 3. ICHyBaHHSA ycCix
TPbOX TUMIB B3AEMOAIN MOSACHIOOTbLCA 3aBAAKN MOCTY/IIOBAHHIO CMMETPIl BiAHOCHO TPbOX TUNIB
KanibpyBasibHNX rnepeTBOpeHb (He3aneXHoCTi Pi3nYHNX Teopil Bif NEBHUX NEepPeTBOPEHD).
TeopeTu4Hi y3aranbHeHHs CTaHgapTHOT Moaeni chopMynbOoBaHi y BUrnafi CUCTeEMU PiBHAHb
NarpaH>xa (T. 3B. JlarpaHxiaH). Llem maTtemMaTuU4HMI anapaT € 3aHaATO CKAaAHUM ONS po3rnsny
MOro y Kypci (pi3ankun 3aknagis 3arasbHol cepefiHbOI OCBITU. TAaKMM YMHOM, Nif 4ac y3arasbHeHHs
OCHOBHUX MOJIOXKEHb (Pi3VKKN eNeMeHTapHNX YaCTUHOK OOUISIbHO /ULWE MOBIAOMUTU YYHAM NPO iX
icHyBaHHS 6e3 BignoBigHMX aeTanizauin. CtaHgapTHa Moaenb isuKn enemMeHTapHMX YaCTUHOK
3abe3neyye yHikanbHWA Ta

u LUwnTtnposaHusa: 0,01% id: 18
«efieraHTHUMn»

OMUC TPbOX i3 YOTUPLOX PyHOAMEHTabHUX B3aEMOAIN (KpiM rpasiTauii) Mi>kK eneMeHTapHUMM
YaCTUHKaMWU. YaCTUHKMN 3 eNIEKTPUYHNM 3apsaLoM BMJIMBAOTb Ha eNeKTpoMarHiTHy B3aemogito (ii
BMBYA€E KBAaHTOBa €NEKTPOAMHAMIKa), YHaCTUHKM 3i cnlabkmm 3apsaaoM 3anexaTb Big cnabkoi
B3aEMOAii (KBaHTOBa pOoTOAMHAMIKa), a Ti, WO MaloTb KOJNIPHUI 3apsa, BMJMBaOTbh Ha CUJIbHY
B3a€EMOJit0 (KBaHTOBa XpOMOAMHaMiKa). B3aemoaii onocepeakoBaHi ix BigNOBIAHMMM YaCTUHKaAMMK
B3aeMofii: doToHaMm (v) ANs enekTpoOMarHiTHoi B3aemogii, cnabkmmm 6o3oHamu (\W-, W+, 20)
ansa cnabkoi B3aemogii Ta raoHaMu (0) Ansa cuiabHOI B3aemogii. Mexi 3acTocyBaHHSA: [JoTenep
BCi NnporHo3mn CTaHfapTHOI Modeni NiagTBEPAXKYBaJIMCA eKCNepuMeHTaMu 3 BEJIMKOIO TOYHICTIo. Y
X0Ai OCTaHHbOI O YCMilLHOro eKCMepMMEHTY, O NPOBOAVBCA Ha Bennkomy agpoHHOMY
Konnangepi ( ) Ta 3aBepwmBcs y 2012 poui, 6yno BuaBieHo Tak 3BaHU 6030H Xirrca [14].
Lle nigTBepanno NnpunyLweHHs, SKe NoB'A3ye efleMeHTapHi YaCTUHKM 3i CBOEIKD BiAMNOBIOHOO
Macoto. Pa3oM 3 TuM, 04e€BMOHO, LLIO BOHa

@ O6HapyxxeH MnarunaT: 0,15% https://uk.wikipedia.org/wiki/CTaHgapTHa_Moae... id: 19

He Mo>ke 6yTu oOCTaHHIM CI0BOM Yy Gi3unLLi MIKPOCBITY, OCKiZIbKW MICTUTb 6araTo 30BHiLLHIX
MapaMeTpiB, @ TaKoXX He

BpPaXoBYE rpasiTauito. NepenbavaeTbCs, WO LS KBAHTOBA TeOpis Moss € nviie YyacTuHot binbLu
wmpokoi Teopii. Cnpasai, CTaHoapTHa MoAesnb onucye nuwe 6an3bko 5% BcecBiTy. Y Mexax L€l
Teopii HEMa€E NMOSICHEHHSA iICHYBaHHA He TEMHOI MaTepil, sKa CTaHOBUTb npubnnsHo 25% BcecBiTy
Ta TeMHOI eHeprii, Ka, 3a NpUNyLLEeHHAMU, CKNagae 3annwkosi 70% BcecsiTy [14]. Ix onuc
MoOXKe ByTu [OCArHYTO NuLle 3a 4ONOMOrol0 Teopin, Wo BUXOAATh 3a MexXi CTaHAapTHOI moaeni
i3mkun YacTnHok. OTXe, byab-SKi HEBIANOBIAHOCTI MiXK MporHosamMu CTaHagapTHOI Moaeni Ta
eKcnepnMeHTasibHUMIN pe3ysibTaTaMu MOXYTb MPU3BECTU A0 HOBUX PyHOAMEHTaIbHUX
BioKpMTTIB. 1.3 MeToOn4Hi 3acagn BUKNagaHHA TeMU

u LUwnTtnposaHusa: 0,02% id: 20
«EnemMeHTapHi YaCTUHKN»

B Kypci ¢iznkm 11 knacy LWo6 3’sscyBaTn cTaH BUBYEHHS OCHOBHUX NOHATbL CTaHOapTHOI Moaeni
hi3nKN enneMeHTapHUX YaCTUHOK Y

@ O6Hapy»xeH Mnarunat: 0,13% https://imzo.gov.ua/pidruchniki/pereliki/ id: 21
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3akJsiagax 3arajibHoi cepeaHboi 0CBiTK, Bya10 NpoBeAeHO aHaNi3 BignoBiAHUX OCBITHIX
CTaHOapTiB Ta HaBYa/ibHUX Mporpam 3

disukn. lep>xaBHU cTaHAapT 6a30B0i i NOBHOI 3arajibHOI CepefHbOI OCBITU MICTUTbL Taki
MNTaHHSA, NOB'A3aHi 3 Pi3MKOK MIKPOCBITY Yy WKiIbHOMY KYpPCi (hi3nKn: 0CHOBU hi3NYHNX Teopin,
L0 BUBYAlOTb BJIACTUBOCTI PEYOBMH i MO, HAYKOBI METOAM Mi3HAHHSA, OCHOBHI MOHATTSA, MoAeni
i 3aKOHU QI3NKN 49 NOSACHEHHSA BNAaCTUBOCTEN PEYOBUHM i N0AS, NPOAB PyHOAMEHTaNbHUX
B3aEMOAIN Ha Pi3HMX piBHAX Pi3nYHOro CBiTy. BignosigHO A0 HaB4YanbHUX nNporpam 11-ro Knacy
(mitoyoi Ta HOBOI)i Ha piBHI CTaHAapPTY, N Ha NPOIiNLHOMY PiBHI, BUBYAIOTb MUTAHHSA

&4 Lintnposarus: 0,09% id: 22
«EnemMeHTapHi YaCTUHKW. 3arajibHa XapakKTepUCTMKa e/leMEHTaPHNX YaCTUHOK (Knacudikawis).
KBapku. KocMiyHE BUNMPOMIHIOBaAHHS».

Mpn LbOMY Yy HOBIM NPOrpaMi BKa3aHW Nepenik NuTaHb po3mnmpeHo. o HUX 4oAal0TbCA TakKi:

[ 7 | LintnposaHus: 0,08% id: 23
«MeToOun peecTpaLii eneMeHTapHNX YaCTUHOK. YaCTUHKN i aHTUYaCTUHKW. AHIrinawuisa».

OCHOBU BMBYEHHSA PyXYy 3apaf>KeHUX YaCTUHOK B OAHOPIAHOMY MarHiTHOMY MoOfi poO3rnsagatTb y
po3nini

& Uutuposarus: 0,02% id: 24
«EnekTpoMarHiTHe nose».

TyT BUBYAIOTLCS NMUTAHHS

[ 7 LnTtuposaHus: 0,11% id: 25
«PyX 3apsAg>XeHUx 4aCTMHOK B OQHOPiAHOMY MoJli. BukopmucTtaHHA cunm JlopeHua B TEXHiLli.
LIMKNoTpoH».

Y HaBYaNbHUX pe3ysbTaTax BKa3aHO

&4 Lintnposarus: 0,07% id: 26
«YYHI ... PO3YMIlOTh ..., MPUHLNM AT LUKIOTPOHA>»,

u LintnposaHus: 0,08% id: 27
«30aTHi NOSCHUTW A0 MAarHiTHOroO MoJIA Ha 3apPAOXXEeHi YaCTUHKN...».

Lli >k caMi NnTaHHSA 3anuLLaloTbCA | B HOBIM Nporpami, Ta Ui XX caMi pe3ysibTaTu HaBYaHHSA
BimobpaXkeHi y AiaNbHICHOMY KOMMOHEHTI BUBYEHHSA di3nkn. Mopsaa i3 umMm, ons SAKiCHOT OLiHKN
npobneMun BUBYEHHS NMUTaHb i3UKN MIKPOCBITY Y npoLueci HaB4YaHHSA (i3nKu, BUSBIEHHS
YyTPYOHEHb Ta MPOTUPIY Y PO3YMiHHI WUKOApaMn aTOMHOI Moaeni MmaTepil, knacudikauii
efleMeHTapHMX YaCTUHOK, TX B3aEMOAii, Pi3n4HNX OCHOB PoBOTN NPUCKOPIOBAYiB 3apAaKeHUX
YacTMHOK, Byno nNpoBefeHe aHKeTYBaHHSA Y4HIB OCHOBHOI (9 Knac) Ta cTtapwoi (11 knac) wkonn.
Y xomi aHani3y Bignosigen y4HiB B 060X BiKoBUX rpyrnax 6ysio BUABAEHO KilbKa TUMOBUX
HEeBIAMOBIAHOCTEN Ta AesKi MOMUIIKOBI YABNEHHSA Y PO3YMiHHI LUKOASPaMu O4HOrO 3 KJII0YOBUX
MOHATb PI3UKKN MIKPOCBITY - MOAeNi aToMa. Y4YHIi AK cepefiHiX, TaK i CTapLunx Knacis
306parkyBann aToM y BUrNs4i mofaeni, ska He Bifobparka€ aHi HenepepBHUN PyX YaCTUHOK, AKi
MOro yTBOPIOKTb, aHi iCHyBaHHS

u LntnposaHus: 0,02% id: 28
«MOPOXKHBLOI0 NPOCTOPY»

HaBKOJ10 HUX. lNepLu 3a BCe, Lie MOXKHa MOACHUTWN TUM, L0 Y MOBCAKAEHHOMY XUTTi LUKONAPI
CNoCTepiraloTb CYUiIbHMIA (@ He OUCKPETHUN) XapakKTep MaTepii, TOMy, K NpaBuo, BiaalTb
nepesary onucy MaTtepii sk uinicHoi cybcTaHuii. Mo-gpyre, opMyBaHHIO TaKUX MOMUJIKOBUX
ySIBJIEHb Y OESAKIN Mipi CMpUAOTb HEKOPEKTHI iNltoCcTpauii y niapydYyHukax. Taki ysiBNeHHS
LWKOMAPiB OPMYIOTLCA Nif BNANBOM MaTepiany NigpyYHUKIB Ta BiAMOBIAHUX inOCTpaLin,
HaBedeHux y Hux. LLlono BUCBITNEHHS UMX TeM y HaBYasbHil niTepaTypi, 6yno npoBeneHo aHanis
NiAPYYHUKIB 3 i3UKN

@ O6Hapy>xeH Mnaruat: 0,16% https://naurok.com.ua/zastosuvannya-internet-r... + 7 id: 29

pekEMEIsABBaHNX MiHICTEepCTBOM OCBITU | HayKM YKpaiHU 415 BUKOPUCTaHHS B OCHOBHI(A i
CTapLin WKOoNi 3aKNaAiB 3arasibHOI cepeHbOi OCBITH.

TpaaunuinHO 03HANOMIEHHS YYHIB i3 By10BOO aTOMa BigbyBaeTbCA 3 AOTPUMAHHAM NPUHLIKMNY
icTopuamy. CnovaTKy po3rnsgatoTb Mogesib aTtoMa bopa Ta BKa3yeTbCA HA HEMOXKJINBOCTI
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MOSICHEHHSA Yy paMKax L€l mogeni pesynbTaTiB gocniais Pesepdopna Wono NpoOXoaXKeHHS o-
YaCTUHKaMWN TOHKUX MeTasieBUX MJacTUHOK. Micnsa uboro NnpeacTasnsioTb MOAeNb aTOMa,
3anponoHoBaHy Pe3epdopaoM. Y 6inbLlUoCTi NigpyYHUKIB y TeKCTax naparpadis, NMpUCBAYEHMX
OynoBi aToMa HaBeAEeHO iNtoCcTpaLii, Ha aKnX s0po 306parkeHe K NeBHa LinicHa cybcTaHuin, Wwo
Ma€ MO3UTMBHUI 3apsaf, HAaBKOJO SIKOi po3TalloBYOTbCSA opbiTh 3 enekTpoHamu (puc.2). Y
Nigpy4YHNKY, CTBOPEHOMY aBTOPCbKUM KONIEKTUBOM Ha 4ohi 3 B. I'. bap’axTap, y naparpadi
npucBsyeHomy aocnigy Pesepdopna Ta mogeni 6ygoBm atoMma HaBedeHNN PUCYHOK

a LnTtnposaHus: 0,01% id: 30
«EBostoLif»

mMoAeni atoma (puc. 3.). Ha pucyHKy HaBefeHo

u LnTnposaHus: 0,05% id: 31
«Cy4acHy mogesib atoMa 1926 poky»,

a TaKOXX BKasaHo, Wo

u LintnposaHus: 0,08% id: 32
«eJIEKTPOHN ycepeeHi aToMa HaniMoBipHiLle BUSABUTMK B MeBHIN o6nacTi».

He 3po3yMinnMm 3anunwaeTbCs SKMM YnHOM Bigbynacs usa eBonwoLis Big moaesi atoMma
Pesepdopaa i Kyam noginncb enekTpoHu, ki 306pa>kyBasncb paHille y BUrAA4i CUHIX KYJIbOK 3i
3HaKoOM

u LintnposaHus: 0,01% id: 33
«MiHYC».

AQpo y uin Moaeni 3a7ULWAETbCA YEPBOHOK KYJIbKOIO B LIEHTPi aToMa, ajie BXXe He BKa3yeTbCA
noro 3apsaa. MNMpu uboMy, y HaCTYMNHUX NOACHEHHAX BUKOPUCTOBYETbLCA MJaHeTapHa Mo4esb
aToma. [lewo iHWi Moaeni aapa 3yCcTpivyaloTbCA MepeBakHO Yy TeKCTax naparpaqis, oe
PO3rNsA4a€ETbCA pafioakKTUBHICTb, pafioakTUBHE BUMPOMIHIOBaAHHSA Ta i3oTonun. TyT BXe
BKa3yloTb, L0 aTOMHE A4P0 CKNA[AETLCA 3 e/IleMeHTapHUX YaCTUHOK - HYKJIOHIB (MPOTOHIB i
HENTPOHIB) Ta rOBOPATb NPO iICHYBaHHSA, Tak 3BaHWX, aoepHUX cui. lani oCHOBHa yBara
30CepenKyeTbCA Ha BUBYEHHI i30ToMiB. MNpu UbOMY S4p0 306pakeHe K YTBOPEHHS 3i

ﬂ LnTtnposaHus: 0,01% id: 34
KCKJTIEEHUX»

Mi>K c060t0 MPOTOHIB Ta HENMTPOHIB, @ TAaKOXX €/IeKTPOHIB Yy BUTNSAA4I KYyJIbOK Pi3HOr0 KOJbOPY
(pnc. 4. a[1], 6 [10], B [6]). Ba>xnIMBO 3a3Ha4ynTW, WO Nif Yac BUBYEHHS SAEPHUX peaKLUin y
Oessknx NigpyyvyHMKax HaBegeHo cxeMy noginy aapa Ypany (puc. 4 a [1], 6 [10]), aka 306pakeHa
aHaJIorivYHO 00 MeXaHi3My MOoAiNy KNiTUHW, AKN BUBYaA€ETbCA Y Bionorii (puc. 5). LLoao iHwmnx
MMUTaHb i3NKN MIKPOCBITY - KNacudikaLii HaCTUHOK Ta 1X XapaKTepPUCTUK, YYHi BUSBASAN MNEBHI
hparmMeHTapHi 3HaHHA, BKa3aBLUW NepeBakHO Ti 3 HMX, AKi BXOAATb A0 cKnaay atoma. Cnpasai, v
CTapWin WKoAi nicna NnoBTopeHHs Byn0BM aTOMa WKONSAPIB 3HANOMNATL 3 AEAKUMN
efleMeHTapHUMN YaCTUHKaMU - efleKTPoOHaMu, Mo3UTPOHaMKU, KBapKaMu, Me3oHaMn. OgHak
hopMyBaHHS LiNiICHNX CUCTEMATU30BAHMX YABNEHb NPO (Pi3NKY MIKPOCBITY HE 3[INCHIOETLCS.
Mporpama Kypcy ¢isuku B 30LLU: BcTyn. MNpegmeT i3k aToOMHOro sapa i eneMmeHTapHUx
YaCTMHOK. IcTopia po3BUTKY AaHOro po3ainy gisukn. Macwtabu aBuLL, MiKPOCBITY.
OyHaaMeHTanbHi B3aeMoail. Micue isukm aToMHOro agpa i pisMku BUCOKNX eHeprin B
MPMPOAHNYMX HayKaXx. MeToaun OOChigXKeHHSA B agepHin di3nui Ta di3nui eneMeHTapHUX
YaCTUMHOK. [>xepena Ta AeTeKTopu YacTUHOK. MpunHLUMN Aii npuckoploBaYva efneMeHTapHnUX
YaCTUHOK. OCHOBHI TUMKX NMPUCKOPIOBAYIB: NiHINHI Ta UMKIiYHI ((pa30TPOHN, CUHXPOTPOHMN,
CUHXPOa3oTpoHU), Konnangepu. leTeKkTopu efieMeHTapHNX YaCTUHOK: TPEKOBI AeTeKTopu,
MeTO/[ TOBCTOLLapOBUX eMYJbCill, Kamepa BinbcoHa, ny3upkosa Kamepa. JIiYnabHUKN YaCTUHOK.
NiynnbHNKN YepeHkoBa. Mac-cnekTpomeTpisa. MeTon po3citoBaHHSA. Jocnign Pesepdopaa.
ATOMHEe A4p0. [POTOHHO-HENTPOHHUN CKag aaep. OCHOBHI XapaKTepUCTUKN saep: 3apsaaoBe Ta
MacoBe 4yucna. I3otonu Ta i306apn. OCHOBHI XapaKTEPUCTUKN saep: po3Mipu Ta opma aaep,
Maca Ta eHepris 3B'A3Ky, CMiH, MarHiTHUA MOMeHT. Moaeni aapa. KpananHHa moaens fa4pa.
dopmyna Benusekkepa. MarivHi yncna i ctabinbHicTe aaep. MoHATTA Npo 06010HKOBY MOAENb.
AnepHi cnnn. ObmiHHa B3aemogid. MNioHHa moaens. PiBHAHHA KnenHa-IopaoHa-®oka. NoTeHuian
KOkaBun. OCHOBHI BNaCTMBOCTI AaepHUX cui. daepHi nepetsopeHHa - 1. o, B, v -
BMMNpPOMiHIOBaHHSA. MNMpupoaa [ -BunpoMiHioBaHHA. MNpupoaa [ |-nepeTBoOpeHb Aaep. AaepHa
i3oMmepis. EcbekT Meccbayepa. MNpupoaa [-BUNPOMiIHIOBaHHSA. BiogKpUTTa HENTPUHO. ALEpHi
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MepeTBOPEHHS - 2. 3aKOHW pafioakTMBHOIMO po3nady. 3akoHM panioakTUBHOMO posnagy y
andepeHuianbHin Ta iHTerpanbHin dopmax. CTana po3nagy Ta aKTUBHICTb PEYOBUHMN.
PanioakTnBHI ciMmencTBa. 3aCTOCYBaHHA 3aKOHY pPafioaKTMBHOIO po3nany: y reonorii,
apxeonorii, reoxpoHonorii. 4aepHi nepeTBopeHHA - 3. daepHi peakuii. Knacudikauia sgepHux
peakLil 3a TUNOM YaCTMHOK, AKi NOrAnHaTbLCA abo NOpPoOaKYIOTbLCA B MpoLeci peakLui.
Knacudikauis agepHnx peakuin 3a eHeprieto npouecy. Knacugikauia agepHnx peakuin 3a TUNoMm
npouecy (po3nag, cuHTes). LBnakocTi peakuin. MpuHunn gii Ta 6ygosa aaepHOro (aToMHOro)
peakTopy. [NepcneKkTuBM CTBOPEHHSA TepMosiAepHOro peakTopy. CyyacHa

@ ObHapy>xeH MnaruaT: 0,06% https://osvita.ukr-lit.com/klasifikaciya-elementa... + 2 id: 35
KNI ia eneMeHTapHUX YaCTUHOK. Knacudikalis eneMeHTapHUX YaCcTUHOK

3a Macot. Knacugikauis eneMeHTapHUX YaCTUHOK 3a CTAaTUCTUKOW. PyHOaMEHTabHi
dhEePMioHN: NENTOHN Ta KBapku. PyHOamMeHTasbHi 6030HN. CuMeTpIi y MiKpoCBIiTi. CUMEeTPUYHI
BNACTUBOCTI NPOCTOPY 1 Hacy. MNoHATTA Npo rpynu. PiBHAHHSA [ipaka. AHTUYaCcTUHKK. MoBa
henHMaHIBCbKUX Aiarpam. 3akKoHU 36epe)xeHHs y CBiTi eneMeHTapHUX YaCTUHOK. 3aKOH
36epexxeHHA napHocTi. CPT-TeopeMa. 3aKoH 36epe)xeHHs KYN0oHIBCbKOro 3apsaay. Okpemi
3aKoHW 36epe)xeHHA: BapioHHOro Ta NENTOHHOIO 3apsAA4iB, AMBHOCTI. 3aKOH 36epe)xeHHs
rinep3apsaay. CunbHa B3aemMoaia. Knacudikauisa agpoHis. AOpoHu i KBapkn. KBapKkoBi giarpamu.
I30TOMivHWI cniH. pyna (2). (3) - cumeTpia. MynbTunNneTn y NpoCcTOpi rinep3apsagy -
i3ocniHy. Konip Ta rntooHn. KBaHToBa xpoMoaunHamika (KX[). AcumntoTuyHa ceobona Ta
KoH(harHMeHT. Cnabka B3aemogisa. Cnabki po3naan. Cnabki peakuii. BnacTuBOCTi NeNTOHIB.
[3epkanbHa acnmeTpid. MNMopyLlleHHA OKpeMnx 3aKoHiB 36epexxeHHs. Teopia enekTpocnabkoi
B3aemogii. NepcnekTnem noganbworo o6’egHaHHAa. OcobnuneocTi cnabkoi B3aemogdii. MpomMixHi V-
Ta Z-6030HU. Beninke 06’egHaHHsA. Bo3oH Xirrca. HectabinbHuni npotoH. MoHononb Hipaka.
Mpobnemun. MepcnekTusn. CynepcnmeTpis. 3MillyBaHHSA KBapKiB. HEMTpUHHI ocumnauii. KBapk-
rN0oHHa nNnasma. EnemMeHTapHi YaCTUHKN - CTPYHN? MeToan HaBYaHHSA MosACHIOBaIbHO-
intocTpatuBHMM : OCHOBHE NOro NMPU3HaYeHHA—O0MNOMOITU 3aCBOEHHIO 3HaHb 3aBOSKU
MOEOQHAHHIO XKNBOIO C/I0Ba BYMTENSA 3 NiAPYYHUKOM, KapTOIO Ta iHWMMN HA0OYHUMUN NOCIBHMKaMN.
BunTenb opraHizoBye HaB4YaHHSA Tak, W06 y4Hi 3acBOiNM BigibpaHy HUM roTOBY HaBYasbHY
iHopMaLUito. Lle cTocyeTbCca Hacamnepen TeM, B AKNX PO3raagaloTbCs CKAaaHI TEOPETUYHI
nuTaHHsA. OCHOBHI NOro NpunoMmn: Po3noBiAb — XUBWA, eMOLINHUIA, He Ay>Xe TpuBaaui B Yaci (5-
10 xB y 5-7 kN, 110-15 xB y 8-10 kn) Buknag 6yab-aKoro NMTaHHA TEMU. 3a/1eXKHO Bif 3MICTy
PO3pPi3HAITbL OMNMUCOBI, Xy40XXHi, HAYKOBO-MOMNyASpPHi po3noBifgi. Po3noBigb-onnc—ue nocsigoBHUN
BUKNag 03HaK, 0CoOb6MBOCTEN, BNAaCTUBOCTEN, SIKOCTEN NpeaMEeTIB i ABMLL, HABKOJIMLIHBLOIO CBITY.
XyDO>XHs1 pO3MOoBiAb 3aCTOCOBYETLCA AN 06pa3HOro nepekasy akTiB abo icTopnyHUx nogin.
[ns 03HaNOMAEHHSA 3 PiI3HUMU HAYKOBUMMU FinoTe3amMu, AOCAiOKEHHSAMN BUKOPUCTOBYIOTh
HaYyKOBO-MOMYASAPHY PO3MOBiAb, B AKil € MOPIBHAHHSA, aHani3, CUHTE3, y3arasibHeHHS. [osICHEeHHS,
Ha BigMiHY Bif pO3MOBifi Ma€ OOKA30BUIN XapaKTepP i 3aCTOCOBYETLCA AK CNOCI6 BUBYEHHS
reorpadivyHMX 3aKOHOMIPHOCTEN, MeXaHi3MiB Npouecis, ABuULL,. ig 4ac NOACHEHHA BYNTENb
BMKOPUCTOBYE CXEMATUYHI PUCYHKW, MaTeMaTU4YHI popMynn, KapTorpadivHun maTepian. beciga
— ue pianor BYMTENS Ta Y4YHiB, Akl nepenbadvae hopMyntoBaHHSA 3annTaHb, 3 OMNOMOIrOI0 SKNX
YYHi BiATBOpPIOOTb paHiwe HabyTi 3HaHHA abo caMocTinHO pobnsaTb BUCHOBOK. MNepeBara 6ecign
rnosisira€ B TOMy, LLIO BOHA CAPUSAE PO3BUTKY aKTUBHOCTI i CAMOCTINHOCTI y4HiB. 3a/71€)XHO Bif
ONOAKTUYHOI METU PO3Pi3HAIOTb BCTYMNHY (Ha MoYaTKy YPOKY 3 METOI BUSBJIEHHS PiBHS
MiArOTOBKW Y4HIB A0 CNPUAMaHHS MaTepianiB), NOBiAOMAOBasbHY (3aCTOCOBYETHLCA Nif 4ac
aHani3y Hao4YHMX MocibHKMKIB, cxeM, Tabnnub, ManoHKIB) i NigcyMmkoBy 6ecify 3 MeTolo
y3arasbHeHHs i cucTemMaTusauii BuB4eHoro. HabysaTm HOBUX 3HaHb Y4YHI MOXYTb i 3aBASKN
poboTi 3 migpy4YHMKOM (MocCibHMKOM). [noCTpyBaHHSA Ta AEMOHCTPYBAHHA — L& AY>XKe MOLUMPEHi B
disunui npunomn, aki nepenbavaloTb NOKa3 KOHKPETHUX NMpeaMeTiB i ABULL B HaTypasbHOMY
BUrSAA4I Yn y Burnani 3obpaxkeHb. [ntocTpauii nogatoTbca B cTaTUYHOMY Buai abo y Burnani
eKCNepuMeHTIB, AEMOHCTpaLUin Towo. [leMoHCcTpauia nepeabayvyae Nnokas MaTepiasniB B AUHAMIL
(noka3 cnangis, BigeodparmeHTiB, poboTa 3 KOMMN'IOTEPHUMUN NporpamMmamm). Ona aemMoHcTpauii
nepeBa>kHo NOTPibHi T3H. EBpncTUYHMI : CyTb LbOro MeTOoOy MOJIAra€e B OpraHisauii Ha ypokax
MOLLYKOBOI AiafIbHOCTI y4HiB. MNepen wKonapaMmm BUCYBAETLCA Ni3HaBasbHa 3ajaya, i BOHM Nig
KEpPIiBHULTBOM y4yuTens

n LvTtuposaHus: 0,01% id: 36
«BigKpMBalTb»

HOBi ons cebe 3HaHHA. [OJIOBHUM MPUNOMOM PobOTK, LLO JIEXKNTb B OCHOBI €BPUCTUYHOIO
MeToay, € eBpMCTUYHa beciga. Heto KOPUCTYIOTLCA TOAi, KON B YYHIB € MornepenHi 3HaHHS,
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CMMPaKYnCb Ha SKi Ha OCHOBI CNOCTEPEXKEHHSA 3a MOBHUM MaTepianoM AiTu 6inbll Y1 MeHLw
CaMOCTINHO MOXYTb MPUNTWN A0 y3araJibHEHHS, 3pobuTn NOTPIOHNI BUCHOBOK. MepLl Hix
KOPUCTYBATUCS €BPUCTUHHOLO Becifoto, y4nTesnb NOBUHEH BU3HAYUTU, AKi 3HAHHA 3 BUBYEHUX
paHille TeM LWKONAPI 3aCBOINN, AKi 3 HUX ByayTb OMOPHMMU Nifg Yac BUBeAEHHS HOBOro npasuia
YK 3aKOHOMIpHOCTI, AibpaTn BiANOBIAHMA MaTepian A8 CNOCTEPEXXEHHS i OpraHisauii noLwyKy,
BpaxyBaTW MOXXJINBOCTI AiTen [aHOro Knacy Ans ydacTi B eBpuUCTuYHin 6ecigi, npogymaTtn 3MiCT i
JIOTiKy MOCNiAOBHOCTI 3annTaHb. [MoWwyKoBa Oif/IbHICTb YYHIB Ha ypoui 30iNCHIOETLCSA 3a
KinbKOMa eTamnamu: Ha nepwomMy eTtani BiabyBaeTbCA akTyanilaLis onopHUX 3HaHb LLKONAPIB,
TOOTO NOBTOPEHHS TOrO MaTepiany, SKUA € ONOPHUM A5 YCBIAOMJIEHHS HOBMX 3HaHb; Ha
Opyromy eTani y4HAM NPOMNOHYETbLCA Ni3HaBajibHa 3a4ava, BOHW YyCBiAOMIOIOTb HEOBXiAHICTb 1T
BUPILLUEHHS; Ha TPETbLOMY eTani BYMTESb Y XO4i eBPUCTUYHOI 6ecian cnpsaMoOBYE AiTen Ha aHani3
daKTiB i POPMYyBaHHS BJIACHUX BUCHOBKIB. MeTog npobsieMHOro HaBYaHHSA: Llen MeTon Takox
CNPSAMOBaHWUI Ha aKTMBI3aLlit0 MOLWYKOBOI AiANbHOCTI LWKONAPIB. K AOBENU CyHYaCHI NCMXonorn,
negarorv i MeToaMcTun, Nif Yac opraHilauii HaBYaHHS 3 BUKOPUCTaHHAM NpobnemMHoro Mmetoay
Y4Hi B4aTbCA MUCANTM NOriYHO, HayKOBO, TBOPY0, @ HaB4YasibHUI MaTepian CTa€e ANs HUX
3MICTOBHILLIWM i LLiKaBiWXM. Y4Hi cami

u LUwnTtnposaHusa: 0,01% id: 37
«BiAKPUBaTb»

i caMi 3HaxoOSaTb HEBIAOMI IM paHille 3HaHHSA | AoKa3n. [0N0BHUMU NMPUNOMaMK, WO eXXaTb B
OCHOBI NpobsieMHOro MeToay, € CNOCTEPEXEHHS 3a TEOPETUYHUM MaTepiasoM, aKe BUKIINKAE
npobnemHy cuTyauito, Ta eBpUCTUYHa becifa, ska gornomMara€ BUATK 3 CUTyauil
iHTe/IeKTya/lbHOro yTpyaHeHHS. CTBOPEHHS NpobaeMHOoI cnTyauii — o4He 3 HaBa>KJIMBILLNX
nUTaHb y Teopii i npakTuui NnpobneMHoro HaBs4aHHA. O60B'A3KOBO B NpOLLECi AiSNbHOCTI Y4Hi
HaLWITOBXHYJINCb Ha WOCb HOBE, HE3PO3YyMiJie 3 MePLUOro nornagy, Wo ANBYE | TPUBOXKUTD iX.
MowTOBXOM A0 MOLUYKIB LWAAXIB BUXOAY 3 NpobneMHOl cuTyallii € cynepe4nmBiCTb MiXK BiJOMUM i
HeBiAOMUM. YYHI 3yCTpivaloTbCa CaMe i3 CynepeydsinBicTio MiXK HAasBHUMU Y HUX 3HAHHAMMU i
HeobXxiaHICTIO 4OKNACTM IX 40 aHasi3y HOBOro MaTepiasy. LiTn yCBiOOMAOKOTD, WO IXHiX 3HaHb
He BUCTaYa€E A/ BUKOHAHHSA 3aBAaHHSA | NOTPiGHO WyKaTu HOBi. BuHMKae npobnemMHa cutyaduis.
Mowyk wnaxis

@ O6Hapy»xeH MnarnaT: 0,2% https://naurok.com.ua/prezentaciya-na-temu-di... id: 38

pOo3B'A3aHHA NPo6AEMHOI CUTYaLil CMOHYKaE YYHIB A0 CaMOCTINHUX po3aymiB, To6To o
CaMOCTINHOIr0 OCMUCNIEHHS (Di3UYHOr 0 SABULLLA, AKe BUBYaloTh. LLnaxn ctBopeHHs npobneMHoi
cuTyauii Ha

ypoKax (hi3ukn pisHOMaHITHI: CTBOpeHHs cuTyauii Bubopy; knacudikauis MmaTepiany 3a NEBHOO
03HAKOK; BUKOHaHHS NEBHOM0 NPaKTUYHOIr0 3aBAaHHS; cnewuiasibHO OpraHizoBaHe NOpPiBHAHHSA
aBuL i bakTiB. OT>Ke, NpobneMHa CUTyaLlis BUHUKAE BHACiAOK MOCTaHOBKW Nepen y4HAMN
npobsaemMHoro 3aBaaHHSA 4M 3anuTaHHA. NpobneMHMK 3aBAaHHAMM 3 Qi3NKN BBaXKaloTbCH TaKki,
WO MiCTATb CYNMepeYmBIiCTb, SKa BJaCcTUBa CaMoMy (Di3nYHOMY ABULLY. B ogHUX BUNnagkax Litm
MOXXYTb P0O3B'si3aTW ii CAMOCTINHO, B iHLWINUX — 3 AOMOMOrot BYMTens. Y npobneMHOMY 3aBAaHHI
MNOEAHYETHLCA NEeBHA HOBU3HA NMUTaHHA i3 3pO3YMINICTIO | AOCTYNHICTIO il PO3KPUTTSA. 3HANTH
BUXifA i3 npobaeMHOi cnTyauii LWWKoNspaM AonoMarae B4MTeNb, BUKOPUCTOBYOYUN €BPUCTUYHY
6ecigy. JocnigHLbKNI MeToq: Mloro MeTa - pO3KpPUTU HOBI acnekTu (i3MYHOro ABMLLA, AKi He
BUCBIT/IIOBAJINCb paHille, - pO3BMBATM BMiHHSA CaMOCTINHO aHani3yBaTu Ta pobuTn BUCHOBKMW. Lle
DOCATAETLCA WIISAXOM MOCTAaHOBKN NPo6aeMHUX NUTaHb, AOCNIAHMLLKMX 3aBAaHb. Llen meTon
6113bKMIN 00 €BPUCTUYHOr0. BigMiHHICTb - Y HACTYyNMHOMY: NpU €eBPUCTUYHOMY BYMUTENb CTaBUTb
3aBAaHHA | B 3HAYHIN Mipi CNPSAMOBYE MNOLUYK YYHIB, BYNTb NpUNOMaM; Npu OOCAIAHNLBKOMY Y4Hi,
y>XKe, BOJI0A4i04YM NpunomMamMuy, CaMoCTIHO BUPILLYOTb CKNaAHi 3aBaaHHA Ha 6a3i HoBoro
MaTepiany, CaMOCTINHO MPUXOAATb A0 y3arajibHeHUX Cya)KeHb. JoCAiAHULLKUA MEeTOL MOXe
3aCTOCOBYBATMCb Ha 3BMYaNHUX YPOKaX, asie YacTille Ha YpoKax CEMIHAPCbKOro Tuny, ypokax-
KOH(pepeHuiax, hakyNbTaTUBHUX 3aHATTAX. MpninomMmn: - BUCYyHEHHS BYuTenem npobnemmn ons
BCbOr0 Kaacy, Mpw YoMy psg acnekTiB ui€i npobneMn po3pobnaeTbCcsa rpynoto y4HiB 4m
iHOMBIAYyaNbHO; - BYMTEJIb MPOMNOHYE TEMU A1 CEMIHAPCbKNX 3aHATb | y4Hi 6epyTb UikaBi iMm ong
ponosifi, cnisgonosifi, 4n pobnaTe BUCTYN B POl OMOHEHTA; - BYNTENb NMPOMNOHYE YHHAM ANS
aHani3y nepesik HayKoBUX 3annTaHb, AKi HE BUBYAJINCA 3a Nporpamoto; abo XX aHaNoriyHi
3anMTaHHAa obupalTbCsa caMuUM y4HeM. [TPoNoHYI04N TEMN, BYUTENb KOHCY/IbTYE, CIPSAMOBYE
nowyk. Buan QisnbHOCTI: - CAMOCTINHUIM aHani3 4YaCTUHK, eni3oda Y1 Uifioro isnmyHoro asuLla,
O He BMBYaBCHA 3a MPOrpamolo; - 3iCTaBJIEHHS B TEMAaTUYHOMY, NpobaeMHOMY, TeOpPEeTUYHOMY
MaaHi ABOX YU KiNIbKOX i3NYHUX ABULL; - 3iCTaBNEHHSA, aHai3 ABOX YM KilbKOX TOYOK 30pYy Ha
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KOHKpeTHe hi3n4He aBuule B LiIoMy, 06rpyHTYBaHHS CBOEI AYMKW; - 3iCTaBNEHHS BJIACHOI AYMKU
3 BU3HaAHMMUN CBITOBMM HayKOBUM TOBapMCTBOM AyMKaX Ta BUCHOBKax. Pe3ynbTaTu unx BUAiB
DiANbHOCTI MOXYTb ByTK ohopmieHi B [oNoBiAi, TBOpU, pedepaTu, CTaTTi ANA raseTu.
3acTocyBaHHS LbOro MeToAy CTUMYJIIOE YYHIB 0 NOLWYKY, - BYNTb KOPUCTYBaATUCA KaTasloroMm; -
3HAXOAUTU NOTPIOHI AN BUKOPUCTAHHA 3aBAAHHA KHUMU; - KOHCMEKTYBaTuW, LUTYBaTW.
PenpogykTuBHMn MeToL : CyTHICTb NOHATTSA

u LUwnTtnposaHusa: 0,02% id: 39
«LKiNbHa NeKLisa»

B OTPUMAaHHI 3HaHb Y rOTOBOMY BUMISAi B CNOBI, NEKLUiT BUNTENS, NiAPYYHUKY, NOCIOHUKY,
HaYKOBO-MOMYASAPHUX KHUIax, CTaTTax. Lle He gorMaTnyHmnm metod. EnemMeHT TBOPYOCTI TyT
3HAYHW: BCE 3aN1€XUTb Big AKOCTI nofadi. [lyMKa y4HS TeXX PO3BMBAETLCA NPU 3aCTOCYBaHHI
pPenpoayKTUBHOIO METOAY: - BUNTESIb YMTAE NPobAeMHY NeKLUilo, a y4eHb CNiKYE 3a JIOriKo
BUKNaAdy, CKNafa€e Te3NCHUI NJaH; - BYNTENb AA€E Pi3HI TOYKM 30py Ha NpobaemMu i NpornoHye
WASXN 00 BUPILLWEHHS. BUKOPUCTOBYIOYN e METOA, BUNTESIb MOXKE HE TiNlbKW AaBaTWu Ti YuM iHWI
3HaHHS, afe N KOHKPETHO NoKasaTun, K MOXKHa 0BOJIOAITW NeBHMUMN BMiHHAMW. Hanpuknag,
npeacTaBUTU aHani3 HEBEJINKOro, MPOBEAEHOr0 HaO4YHO B KNaci abo nobavyeHoro Ha ekpaHi
eKCrnepuMeHTy, Npy TOMY 3BEpPHYTU yBary Ha MeToA aHanisy, NpumnomMu, a NoTiM AOPYHUTK
BUKOHATW aHanoriyHy poboTy CaMOCTIMHO Ha iHLWIOMY MaTepiani. 3Ha4YeHHS PenpPoayKTUBHOIO
MEeTOoAY - He TiJIbKM B MOBiIAOMJIEHHI HOBUX 3HaHb, afe i B PO3KPUTTI NEePCNeKTNB PO3BUTKY
MWUCJIEHHS, CMOCTEPEXIMNBOCTI, BUHAXiOMBOCTiI B KOHTEKCTi HOBMX iden, OyMOK TOLLO.
BusHa4ynmo npuimiomMun, Yepes sKi peanizyeTbCa penpoayKTUBHUNA MeTOA: - CJIOBO yYnTens:
yynTesb BAAETLCA A0 OAHOr0 NpUNOMY, KOJIM BUHUKAE noTpeba A0BEeCTM 40 YYHIB AKYCb
HeBeNNYKyY iHhopMaLito, HaNpuKad, Ha NoYaTKy YPOKy, niabueaoym NigCyMKN BUKOHAHHS
YYHAMKW AOMaLIHbOro 3aBAaHHSA Y HAaNWCaHHSA HUMKW AOCNIiAHULbKOI poboTn abo NosCHI0YM TM
3MICT Ta YMOBM BMKOHAHHS AOMAaLIHbOro 3aBAaHHA TOLWO; - PO3MOBiAb YYMTeNSa: NoWnpeHe
CJI0BO, sIKe BiH 3aCTOCOBYE TOAi, KONM BUKNagae 6iorpadivyHi BigOMOCTI MPo XXUTTA Ta HayKOBY
OiNbHICTb goCNiAHWKA, MPO aKTU FPOMaACbKO-MOJIITUYHOIO XUTTS, MPO iICTOPUKO-KYJIbTYPHI
ABULLA XXUTTSA, AKi MalOTb NPUYETHICTb A0 AiSNbHOCTI HayKOBLS, NPO iCTOPUKO-NOPIBHANbHI
napaneni woao CBiTOBOI Ta YKPaAlHCbKOI HAayKWM TOLLO; - JIEKLiA: MOHATTS ,WKiflbHa Nekuia” Tpoxu
BiAPI3HAETbLCS Bif MOHATTS ,JIEKUIA” CBOEIO cneuundiko, CyTb SKOI MOSSra€ y ToMy, L0
LWKiNIbHOIO NIEKLEI0 BBAXKAETLCS YCHUI BUKIa4 neBHoi TeMu. LLle oaHieto, Tak 6u moBuUTH,
30BHIiLLHbLOI 03HAKOI JIEKLIT € Te, WO Yy MOBHIN Mipi Len NPMNOM OOLISIbHO BUKOPUCTOBYBATH Y
CTapLMx Knacax, a 'y cepefHix nmuwe 4aCcTKOBO, K €JleMeHT B OpraHi3auii Ta NpoBeOeHHi YPOKIB;
- 3aBAaHHS 3a NiAPYYHNKOM 4uM MocibHMKOM: 060B's3koBUIA aTpnbyT NobyaoBm rpaMoTHOro Ta
ePeKTUBHOIro HaB4aHHsA. HaB4Y1TM y4HiB NpautoBaTu 3 NiAPYYHMKOM Ta iHWMMN BUAAMWU
iHpOpPMaLiNHMX OOKYMEHTIB, WyKaTn NOTPibHY iHhopMaLito, KOHCNEeKTyBaTu - Le 6a30Bi
HaBUYKN 0N1a N04aNbLLOro HEBMNWHHOMO HaB4YaHHS BNPOAOBXK YCbOro XXUTTA. Buan fisanbHoOCTI: -
3annc NaaHiB, KOHCMEKTYBaHHSA NEKLUIN; - CKNlafaHHA Te3 NMPoYnTaHUX CTaTen; - NiAroToBkKa
YCHUX BignoBigen 3a MaTepianamm nekuii; - CknagaHHsa XpoHOMeTpuiHux Tabnnub. Len meTton
3abe3neyye CBIJOMICTb i MiLHICTb 3HaHb. DOPMYyBaHHS HaB4YaJIbHO-Mi3HABAIbHUX KOMMNETeHLin
nif Yac BUBYEHHS BiAOMOCTEN NPO efieMeHTapHi YaCTUHKKM Y Kypci isnkn 11 knacy lMepen
CYYaCHOIO LLIKOJIOK MOCTaloTh HOBI LiJli — NiAroToBKa iHiLiaTUBHMX i BigMoOBigabHUX
ocobncTocTen, 30aTHMX CaMOCTiMHO 3006yBaTV 3HaHHSA, MPUAMATK PaxoBi PilLEHHS,
aganTyBaTUCh A0 YMOB XXUTTS B iHpoOpMaLiMHOMY | BACOKOTEXHOMOMIYHOMY CyCninbCTBi. HeMae
notTpebun [oOBOANTUN BaXKJINBICTb 3HaHb, YMiHb, iIHTENEKTYaNlbHOIrO i AYXOBHOIO PO3BUTKY A4
KOXXHOI MOJ10401 II0ANHU, iKa NONPU BENNYE3HUN iIHPOPMaLIMHNI MOTIK MOBUHHA KPUTUYHO
MUCIUTK | MOBCAKYAC YMiTU apryMeHTOBAHO BiACTOBATW BAIaCHY MO3ULLiI0, 3Ba)XEHO OLLiHIOBaTU
iHWi gymMKy i nornagn. OgHUM i3 WNAXiB MOAEpPHi3aLii OCBITH, SKNIA 403BOJINTbL BMPiLLYyBaTH
BKa3aHi BULLLE 3aBAaHHS, € YNPOBaA XKEHHS KOMMETEeHTHICHOro niaxoay, wWwo nepenbadvae
hopMyBaHHS B Y4HiIB FOTOBHOCTI 40 3aCTOCyBaHHA HabyTux 3HaHb, YMiHb i HABNYOK B peasibHUX
yMOBax Ha npakTuLi. BigoMocTi npo npupoay eneMeHTapHMUX YaCTUHOK, TX B3aEMOAII0 Ta
B3aEMOIMEPETBOPEHHS, K MPaBUI0, BUKJIMKAOTb Y CTapLUOKJ/IACHUKIB MigBULLEHNIN iHTEpeC,
OCKiNlbKW MOBa e npo Cy4aCHUM CTaH PO3BUTKY (Pi3NYHOI HayKKU. YCNiXn KBAaHTOBOI di3MKun
3aBXaun nepebyBaloTb Y LEHTPI yBarn iHTenekTyabHOl YaCTUHW CyCMiNibCTBA i e LifIkoM
MPMPOLHO, ad>Xe BOHN MaloTb AO0CUTb LWMPOKNIA CNEKTP 3aCTOCYBaHHA — Bif Hag3BUYaMHMX
B/IACTUBOCTEN PEYOBUHN, OTPUMAHUX Yepes3 BUKOPUCTAHHSA HAHOTEXHOJOrIN, A0 BIAKPUTTS i
OocnigXeHHSA TaEMHUUb eBosoLil BcecBiTy. Baxxnnso nobyayBaTu BUBYEHHSA MaTepiany TakuMm
YMHOM, WOo6 MigTPUMaTU LEen iHTepecC i CMOHYKaTW YYHIB 00 3aCBOEHHS BKa3aHUX BiooOMOCTeN
yepes aKTUBHY AisNbHICTb. Lle nokpawmnTb GOpPMYyBaHHS Y HUX BiANOBIAHUX HaBYa/lbHO-
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ni3HaBa/IbHUX KOMMETEHTHOCTEN. HalironoBHilLi acnekTn TeopeTUYHOi 6a3n rpyHTYOTbCS Ha
TaKMX NocTynaTax QPi3nkn. YMOBHO MIKPOCBIT NOAOINATb Ha TPW PiBHI, SKi XapakTepu3yTbCA
MacwTaboMm R Ta eHeprieto £ : nepwunin piBeHb — MONEKYNSAPHO-aTOMHUIA, ANS AKoro R ~ 10-8 ...
10-15m, E~ 1 ... 10 eB; gpyruin piBeHb Bianosigae aaepHin s3aemoaii, ons sakoi 2 ~ 10-14 ... 10-
15m, E ~ 106 ... 108 eB; Ha TpeTbOMY piBHi po3TallOBaHi YaCTUHKW, AKi He BIAHOCATbLCS A0
MOJIeKy/, aTOMiB abo spep (3a BUHATKOM S4pa aTOMa BOAHIO — MPOTOHa). Lli YacTuHkmM
TpaauuinHo Ha3BaHi enemeHTapHuUMK (abo cyb'sgepHnMK). AKi came 4YaCTUHKKU BiAHOCUTU A0
Knacy eneMeHTapHUX, A0 NEeBHOI Mipy BU3HAYAETLCHA HAYKOBLIAMM, LLLO MPALLIOOTh B Uil LapUHi
HayKW. PiBeHb efleMeHTapHUX YaCTUHOK MOAINEeHO0 Ha ABa MiA-piBHi: aapoHW i yHAaMeHTanbHi
YaCTUHKN. DyHAAMeHTaslbHi MNOAINATb We Ha TPU Kacu: IENTOHWN, KBapKWU i MePeHOCHMKN
B3aeMoOLin. LlinkomMm NnpupogHo, WO 3 03HAYEHHAM LNX YAaCTUHOK BUHUKAOTb METOONYHI
TpyAaHoOLWi. Y NigpyYHMKY esileMeHTapPHUMMN YaCTUHKaMK “...Ha3nBalTb CyBaTOMHI YaCTUHKMN
(4aCTMHKKM, 3 GKNX CKNaJaloTbCa aToMKM). Y NigpyYHUKY CMoYaTKy BUKIaLeHO BiAOMOCTI Npo
eTanun po3BUTKY Pi3NKN efleMeHTapHUX YaCTUHOK i BKa3YETbCS, WO iCHYIOTb 6e3CTPYyKTYpPHI
efleMeHTapHi YacTUHKM (pyHOaMeHTaNbHi) i Taki Wo MaloTb CTPYKTYpY. MNoTiM HaBOAUTbLCA

O3Ha4yeHHsa: “

@ O6HapyxeH MnarunaT: 0,11% https://mozok.click/2564-zagalna-harakteristika... id: 40
EnemeHTapHa YacTuUHKa — 36ipHUI TepMiH, L0 BiAHOCMTbLCA 00 MiKPOO6'eKTiB y cyb'anepHoMy
MacwTabi

". Y Nigpy4YHNKY O3HAYEHHSA OAHOr0 MOHATTSA B3arasi BigcyTHeE (§59 “EnemMeHTapHi 4aCTUHKN",
cTop. 303-305). Y HayKOBO-MEeTOOMNYHIN niTepaTypi, SK NpaBuI0, 3aroCTPOETLCA yBara Ha
HeobXiaAHOCTI opMyBaHHS 3MICTY MOHATTS

| » | LintnposaHus: 0,02% id: 41
“eneMeHTapHa YacTUHKA".

MpobnemMnmeToanKNdiaNKo-MmaTeMaTUYHOI | TEXHOIOMYHOIOCBITN OAHOr0 NOHATTA 3 O3HAYEHHS i
3'acyBaTu, WO Cig po3yMiTu Nig TepmMiHOM

&4 LinTnposarus: 0,02% id: 42
“eneMeHTapHa YaCTUHKa"

. HaToMicTb aBTOpM NpOMNOHYOTb 30CEPEANUTUCH Ha Y3arajibHEHHI BXKe NPONAEHOro:

| » | LunTtnposaHus: 0,21% id: 43
“Ha maHoMy eTani HaBYaHHA 3a4a4va MoNAra€ nepLl 3a BCce B TOMy, 06 nMoBTOpUTK Ta
y3arajibHUTW BiAOMOCTI MPO BJAACTUBOCTI BXX€ BUBYEHUX €leMeHTapHUX YaCTUHOK”.

OcTaHHs Te3a UifIKkoM BuUMpaBAaHa, npoTe icHye HabaraTo 6isblue eneMeHTapHMX YaCTUHOK, HiX
Ti, 3 AKUMU YYHi B)Ke 03HaNOMJEHi (Hanpuknag, aHTUYaCTUHKK). MOXXHa BKa3aTu Ha We OAHY, Ha
Hall Norasg, BaXkJiMBy MeToanyHy oCcobanBiCTb BUBYEHHS BifOMOCTEN NPO MIKPOYaCTUHKN,
BuBYyeHHIO flaHOl TeMU Nepefye HaBYasibHUI MaTepian 3 KBAHTOBOI ONTUKW | efleMeHTiB
KBAHTOBOI Me&XaHiKu1, Mpu BUBYEHHI IKOrO B Y4HIB POPMYETLCHA MOHATTS MPO AUCKPETHUN
XapakKTep BUMPOMIHIOBAHHSA i MOrJIMHAHHA eHeprii, NPOo KBaHTWU CBiT/l1a Ta KBAHTOBY TeOpito
3arasioMm, il 3Ha4YEHHS B CyYacHin isnui. BuB4a€eTbCA Linnin psag aBuLL | KBAHTOBUX MeXaHi3MiB,
AKi NOSAICHIOITLCA Ha OCHOBI KBaHTOBOI Teopii (poToedekT, edhekT KomnToHa, gocnig bote,
KBAHTOBI Mepexoau Towo). B npoueci BMBYEHHSA LIbOro HaB4YasibHOro MaTepiasny BBOAUTLCA
MOHATTS

a LnTtnposaHus: 0,01% id: 44
“thoTOH".

[HWi YaCTUHKKN, AKUMUN HeobXigHO

u LnTnposanHus: 0,01% id: 45
“onepyBaTtn”

OJ18 ONnCy BKa3aHMX ABULL, i MPOLECIB, YYHAM BXE BiAOMi 3 KypCY (Di3VKM OCHOBHOI LLKOJIN, KYpPCY
xiMmii Ta 6ionorii. TOMy LiIKOM 3aKOHOMIPHOIO € peKoMeHAaLlis CNMMPaTUCSA Ha BXXe 3aCBOEHUN
YYHAMUW HaBYasbHMUN MaTepian Npo MikpodYacTuHkK. OgHaK, aHani3 HaB4YasibHOro MaTepiany Ha
AKOMY BigbyBa€TbCA POPMYBaHHSA NMOHATTS

&4 LinTnposarus: 0,02% id: 46

“eneMeHTapHa YaCTUHKa"
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NOKa3Yye, WO Ui YABAEHHSA NepeBa>KHO KJIACUYHIi, OCKIJIbKU BiAHOCATBLCA A0 pO34iNiB isuku, ae
SIBULLLA PO3rnsa4aloTbCsa Ha PiBHI KNACUYHUX YABNEHb. Tak, NMOHATTA efleKTpoHa BrepLle
BBOOAUTLCA Y KYpCi MPUPOAO3HABCTBA, K CK/af0Ba aToOMa, NOTIM KOHKPETU3YETLCA Y KYPCi XiMil i
hi3MKN B OCHOBHII LLUKOMi (€ENeKTPUYHMA cTpyM, bynoBa atoMa). KpiM LbOro, Ans nosiCHEHHS
MexaHi3My NPOTiKaHHA ABULY, (hoToedeKkTy, TUCKY CBiTNa, edheKTy KOMNTOHa TOLLO NoYacTun
3a/y4a€eTbCA KNAaCUYHUIA NiAXiL NMPpU SKOMY efleMeHTapHi YaCTUHKN POo3rnafatnTbCsa K CMNOBHA
KJlaCUYHi. K BXXe BiA3Ha4as 0Cca BULLE, Y METOONYHIN niTepaTypi NMPOMNOHYETLCA (POPMYBaHHS
(abo y3arasbHeHHSs) MOHATTSA

u LintnposaHus: 0,02% id: 47
“enemMeHTapHa YacTuHka"

po3rnoYaTu 3 YTOYHEHHS noro gediniuii. Takuin nigxin € He 30BCIM ePeKTUBHUM, OCKINIbKIN YYHI
3aMam'aTOBYIOTb YeproBe O3Ha4YeHHA SK 4ormy 6e3 noro NPakTUYHOr0 BUKOPUCTaHHS.
HaB4anbHU MaTepian Npo eneMeHTapHi YaCTUHKN He MICTUTb hopmyn abo 3akoHiB, NpaBun,
NPUHLUMNIB, SKi 6 003BONSAAN LUMPOKO BUKOPUCTOBYBATW PO3B'A3yBaHHA HaBYalbHUX i3NYHNX
3a4ay, NoCuAbHKUX ANA y4HiB 11 knacy. TpaguuinHo y MeToAuLi icCHyBaB Niaxia, SKumn
nepenbadas crovYaTKy QOPMYyBaHHA TEOPETUYHUX 3HAHb, @ NOTIM iX 3aKpiMNJIeHHA Ha NpakTuUi —
Mig 4ac po3B'sA3yBaHHS 3aAayd, BUKOHaHHI ppoHTanbHUX nabopaTopHux pobiT, BUBYEHHI
HaCTYMNHOro HOBOIO HaBYaJlIbHOro MaTepiany Towo. Taka NOCNifOBHICTL BiabyBanach K B
Me>XXaX 0QHOro YPOKy 41 CUCTEMUN YPOKIB, TaK i Ha pPiBHi Nporpam npu BUBYEHHI BiAMOBIAHNX TEM
4yu po3ginie. Nepegbavanocs, WO y4Hi cno4aTKy MaloTb HabyTun 3HaHb, a NOTIM OTPUMaHI 3HaHHSA
BMKOPUCTOBYBATUMYTb Ha NpaKTULi, Xo4a WKiNbHUIA O0CBIL CBiA4YUTb, WO Ha crnpaBai, 4o
3aCTOCYBaHHSA 3HaHb, SK MPaBWJIO, CNpaBa He foxoaunna. Y4Hi HaMmaratoTbCs NPo3BiTyBaTn nepeg
yymTeneM npo 3aCBOEHUN MaTepian, akKnn y 6inbLiin YacTuHi Wenako 3abysaeTbes. MNicasa uboro
iM HeobxigHO 3acBOITY HOBI 3HaHHSA | T.0. ONNTYBaHHSA, NPOBEeAEHHI cepen y4ynTenis, CBig4aTh,
Wwo 75-80% ycCix oNnnTaHMX HaMaratTbCA BUKOPUCTATK BigBeAEHU YacC OJ18 NOBiAOMJIEHHS HOBUX
3HaHb, HATOMICTb CMNPAOTLCA Ha BXXe ChopMOBaHi NOHATTA hparMeHTapHO, anLe Mif Yac
aKTyahi3auil HaB4asibHOro MaTepiany (3-5 xB ypoky) i Tpoxu 6inblue NpuainsaoTb yBary
3aKpinJieHHI0 HOBOIro HaBYaJIbHOro MaTepiany. 3a TakKMX YMOB Y4Y4€Hb Ha 3aHATTI — MAaCUBHUN
cnyxayd, aSKUM nuuwe cnpuimac i 3anam'aToBye iHopMauito, wob 3rogom BigTBOPUTHU i Nepen
yyntenem. ina Toro abm opraHisyBaTu BUBYEHHS BiAOMOCTEN NMPO eNeMeHTapHI YaCTUHKN SK
aKTUBHE HaBYaHHSA, € MPOMNO3ULiA PO3NoYaTN HE 3 YTOYHEHHS 03HAYEHHS, @ 3 BUOKPEMJIEHHS
CYTTEBUX O3HaK MOHATTSA

ﬂ LunTtnposaHus: 0,02% id: 48
“eneMeHTapHa YacTUHKA".

[N uboro Mo>KHa opraHizyBaTn OUCKYCito i cchopMytoBaTK nepen y4HAMN NpoCcTe, Ha NepLuni
nornag, 3annUTaHHSA: 3 HOro CKAafa€ETbCA TiNo? MOXKAMBI BiANOBIAi Y4HIB: 3 MONIEKYJI, aTOMIB,
HYKJIOHIB i T.4. Y4MTesnb NOSICHIOE, WO BiAMOBiIAb Ha L& 3aMNTaHHSA 3aJ1€XXUTb Big TOro, Ky
KOHKPETHY 3a4a4y po3B'A3ye goCcnigHuK. Ong intocTpauii uiei Tesmn (abo wob nigsectn yyHiB oo ii
YCBiQOMJIEHHS), MOXKHa BOATUCH A0 METOLIB iHTEPaKTUBHOIO HaB4YaHHS, OpraHi3yBaBLUN
ONCKYCitlo MiXK

B LnTnposaHus: 0,01% id: 49
“ximikamn”,

a LnTtnposaHus: 0,02% id: 50
“KnacnyHmumun ismkamn”

Ta

B LnTnposaHus: 0,03% id: 51

“hismkaMun BUCOKNX eHeprin”.

Mepwa rpyna facTb BiANOBiAb — i3 MOJIEKY i aTOMIB, Apyra BiAMNOBICTb — i3 MPOTOHIB,
HENTPOHIB | eNeKTPOHIB, a MPeaCcTaBHUKN (Pi3NKN BUCOKNX eHEepPrin NoBigOMASATb CydacHi
YSABAEHHA — NPOTOHW i HENTPOHU CKIafalThCA i3 KBapKiB. Y1 03Ha4aEe ue, Wo Bianosigi

B LnTtnposaHus: 0,01% id: 52
“XiMiKiB”

i

u LintnposaHus: 0,02% id: 53
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“Knacuy4Hux gismukis”

HenpaBuAbHI? ONnda Toro, abu 3'aCcyBaTn XTO XK 3pPELUTO MPaBui, y4nTenb opraHizoBye becigy
Mig 4Yac SKoi 4OBOAUTbL A0 BiAOMa YYHiB HacTynHe. Bianosigb Ha NUTaHHSA

| » | LintnposaHus: 0,06% id: 54
“3 4Yoro CkNafa€eTbCcs AaHe Tino?”

BWU3HA4YaETbCA BUOOPOM CTPYKTYPHOI HaCTUHKN MaKpPOCKOMiI4YHOI cnctemun. A Le BU3HAYaETLCS
TUM, 9Ky 3aZa4y Chif po3B'a3aTn AOCNiIAHMKOBI. Hexal 3afada nonsara€e B ToMy, Lo HeobxigHo
MOACHUTN CroCTepe)KyBaHe ABuLLle. BYeHi-hi3nku WyKaTb NOACHEHHA NEBHOT B1ACTUBOCTI
MaKpPOCKOMI4YHOr o Tifla 3@ HAaCTYMHOO JIOFiKOI0: 3'ACOBYIOTb 3 AIKUX MiKPOCKOMIYHUX YaCTUHOK
CKNAJAEThCA TiNO; 9K PYXarTbCA YaCTUHKW; AOCNIAXKYIOTb, SKUA KOHKPETHO PYX YaCTUHOK

& Uutuposarus: 0,01% id: 55
“Bignosigae”

3a ABMLLE 4YM NMPOLEC, KU CNig NOACHUTU. ONnA MOACHEHHS Pi3HUX BJACTUBOCTEN Tifsl, HeobxigHO
3arnmbnioBaTNCh Ha Pi3HMIA piBeHb BYA0BU PEYOBUHU — MNPO Lie 3HAKThb i 3 LM NOro4XyThCs
yCi Tpy rpynu y4HiB (i3nkun, XiMikun i NpeacTaBHUKM Qi3UKN BUCOKMX eHeprin). Aaxxe
nocnip>KyBaHa BAaCTUBICTb Tila ONKTYE, HACKiNbKK rAMBOKO Cnif MPOHUKATU B CTPYKTYPHY
opradizauito MmaTepii i TUM CaMMM BM3HAYaE, AKi CaMe YaCTUHKN Y AaHi 3agadi MoXyTb 6yTun
MPUNHATI 3@ CTPYKTYPHI 0AnHULUI Tifla. BUHMKAE HAacTynMHE MUTaHHSA: YN TOTOXKHI MOHATTSA

| » | LintuposaHus: 0,02% id: 56
“enemMeHTapHa YaCcTUHKa"

[

[ 7 | LintnposaHus: 0,03% id: 57
“CTPYKTYpPHa ogunHuuUsA Tina"?

Ins Toro abu BiANOBICTM Ha faHe NUTaHHA, BapTO 3ragaT MeToA AocnigXeHHs 6yanosu
PEYOBUHU, SKUN CaMi HayKOBL Ha3UBalTb Lie 9K

& Uutuposarus: 0,02% id: 58
“MeTo[ OCKOJIKIB”.

Y4yHAM HaragyoTb gocnig Pesepdopaa. LWob gisHaTnca npo cknagoBi NEBHOI YHaCTUHKU
(Hanpuknapg, atoma B gocnigi Pesepdopaa), it po3buBaloTb Ha

& Lintnposarus: 0,01% id: 59
“0CcKoNIKK”,

6ombapayo4yn iHWNUMK YacTUHKaMun. BnacHe cnocib po3bmnBaHHA MOXKe BYyTU SKUM 3aBrogHo.
MpoTe, XapakTep OCKOJIKIB 3a/1eXKNTb Bif TOr0, HACKiNbKM 3Ha4YHe 3ycnnnsa 6yno npuknaneHe
DOCNiIAHVKOM. TaKUM YMHOM, MOHATTSH

&4 Lintnposarus: 0,03% id: 60
“CTPYKTYpHa oanHMLA Tina"”

e 0o neBHOI Mipu cniBNafac i3 NOHATTAM

&4 LinTnposarus: 0,02% id: 61
“enemMeHTapHa YacTUHKA",

npoTe AaHi MOHATTA HETOTOXHI. [TOHATTSA

& Uutuposarus: 0,02% id: 62
“CTPYKTYpHa oanHuusa”

3a/eXUTb Bif TOro, HaCKifIbKM 3Ha4YHe 3ycnnasa byne npukiageHe Ha po3wenneHHs Tina abo
Bi4MNOBiOHOT YaCTUHKN Ha CKNagdoBi. Mo)XHa cTBepa)KyBaTu biflblle — ogHa 1 Ta X
MiKpOYaCTUHKa 3a O4HMX YMOB MOXXe OyTK CTPYKTYPHOIO CKJ1af40BOK MaTepii, a Npu iHWKX
yMOBaXx il He MOXXHa BigHeCTn 0 CTPYKTYpHOI oguHuLi. OCTaHHIO Te3y BapTo obrpyHTyBaTW Ha
KOHKpeTHUX npuknagax. MNpuknag Nel: Jocnig)KyeTbCA MONAIKPUCTaN Ha rneBHi BNacTUBOCTI —
MiLHICTb, MNACTUYHICTb, €eKTPOMNMPOBIAHICTb, TEMNJIONPOBIAHICTL, TEMMepaTypa NaaBAeHHs. g
NpoOBeAEHHA TaKUX AOCNIAXKEHb AOCTAaTHLO 3HATK, WO NOAIKPUCTanN Mae opibHOKpUCTanivyHy

CTPYKTYPY — CKNAJA€ETbCA i3 BEJINKOI KiNbKOCTI APIOHMX XaOTUYHO pO3TallOBaHNX KPUCTasiB —
KpucTaniTie (abo KpucTanivyHux 3epeH) [. Y gaHoMy BUNagKy KPUCTaniT — CTPYKTYPHa OANHMLA
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nonikpucTany. AKWwo gocnigxeHHsa byae BMMaraTy BigNoBi4i Ha NMUTaHHS
[ | LuTtuposaHus: 0,05% id: 63
“AKa Npupoaa CNoCTepPeXXyBaHOI €NeKTPOnpPoBiAHOCTI?”,

TO NOTPiIBHO 3'9COBYBATU, 3 YO0 CKNAAAETLCSA KPUCTANIT. AKLLO i3 HENTPasibHUX aTOMIB, TO
JaHWIA KPUCTan € HaNiBMPOBIAHUKOM, SIKLLO XX 3 NOHIB — MeTa. AKLLO0 A0CAiOXXYBAaHUA KPUCTan €
MeTasioM, HeobxiaHo 3'scyBaTn ocobnmBOCTi Oyn0BM NOro KPUCTANIYHOI FPaTKU: aTOM BTpaTuB
BaJIEHTHUX €NIEKTPOHIB TOMY MOHW y BY3JlaX 'PaTKu MaloTb 3apag +Z¢ i CNyryTb An5 BiflbHUX
€JIeKTPOHIB O)KepesoM nons, Nig i€l CUA 9KOro pyXalTbCs BifibHi enekTpoHn. OTXe, y LaHOMY
BUMNaAKy CTPYKTYPHI OOAVMHULI PEYOBUHN — MNOHMW i3 3apSA0OM +2¢ | eNeKTPOHU, AKi MOKUHY N
aToMW. ICHYIOTb 3aa4i, BUBYEHHS AKNX NoTpebye rnnbuioro 3aHypeHHs y CTPYKTYPHY
opraHisauito MmaTepii. Hanpuknapg, SKWo po3rnagaTu siBuuwe BiabnBaHHSA MeTanamm
eNeKTPOMarHiTHMX XxBUMb (y KypcCi hi3nkmn ue aBulle po3rnsagaeTbCa AuLIe K iX BJaCTUBICTb, 6e3
3'ACyBaHHA MeXaHi3My NOro NpoTiKaHHSA), TO CNif BpaxyBaTW HasfABHICTb Y MeTanax BiflbHUX
€NIeKTPOHIB. AKLLO XX BUBYaATW NOrJIMHAHHSA CBiT/1a MeTanaMu, Hanpuknag, gotoedeKT, To Cnif
BpaxyBaTun 6yoBYy aTOMIB i 3'ACyBaTn B AKOMY CTaHi nepebyBae enekTpoH. Tenep posb
CTPYKTYPHUX OANHULb BigirpatoTb YCi BiflbHi €/1eKTPOHU (a He e BasieHTHI) | agpa aToMmiBs.
3pewTolo, AKLWOo AOCNiAXXyBaTW SAepHi peakuil, TO s4pa He MOXXHa BBa)KaTu CTPYKTYPHUMU
oaMHMUAMU. TakuMu ByAYTb HYKIOHMU, WO BXOAATbL A0 Cknaay agep. OTxe, 4n € YaCTUHKa
CTPYKTYPHOI OAUHULIEID 3a/1€)XXUTb, NO-NepLue, Bif BJAaCTUBOCTEN PEYOBUHN, AKi AOCNIOXYIOTbCS
i, No-apyre, Bif TOro, HaACKiNIbKN APiOHUMUN BUABNATLCA OCKOJIKW, Ha AKi PO3AINAI0TbL PEHOBUHY.
BnactuBocCTi, AKi He0bXiaHO [OCNIANTM, YaCcTO 3MYLLYHOTb AOCNIAHNKA BU3Ha4YaTK MacwTab
OCKOJIKIiB. IHOAI Le BUMara€e 3Ha4YHUX eHeproBuTpaT. YMmM MeHwWwmnin macwtab po3rnaayBaHNx
neTtanen, TM binblue 3HaYeHHA eHeprin HeobxigHO BUTPATUTK (CaMe ToMY Di3nKY
efleMeHTapHNX YaCTUHOK Ha3MBaloTb LWe i3NKOI BUCOKUX eHeprin). OCTaHHE TBEPO)KEHHS
BUMJIMBAE i3 NPUHLNMNY HEBU3HAYEHOCTEN: ANA BUABNEHHA AeTaNlel CTPYKTYpU i3 po3Mmipamu
NopsAAKY NOTPIOHI 30HAYIOYI YaCTUHKKM 3 iMAynbCaMu p, He MeHW UM Hanpuknag, eHepria 1000
eB BianoBiga€e MiHiManbHUM BiacTaHaM 10-19 M. 3aBepLUNTN BUBYEHHS BiOMOCTEN NpO
efleMeHTapHi YaCTUHKW BapTO BUKJIaAOM HaBYaJIbHOro MaTepiaay Npo eKCnepmuMeHTasbHy
rnepeBipKy NonoXxeHb i3NKN BUCOKUX EHEPrii. 3 Li€o MeTolo y4YnTesb po3noBigaB npo Benvkuin
afpoHHNI Konnangep (aHrn. , CKOpO4YeHo )i . OnncaHa BuLe
MeTOANKa BMBYEHHS BiJOMOCTEN NPOo efleMeHTapHi YaCTUHKU Ha ypokax qi3nku B 11 Knaci,
003BOJISIE hbOpMYyBaTK B YHHIB HaBYaJlbHO-MNi3HaBaJIbHi KOMNETEeHTHOCTI. 1.5 MpoTupivysa mix
KNACUYHO METOAUKOK BUBYEHHA TEMU Ta CY4YaCHUM CTaHOM i PO3BUTKOM HayKOBUX 3HaHb Npo
efleMeHTapHi YacTuUHKK Pi3nKa aK NpMpoaHMYa HayKa, € 6a3ncoM yCbOro Cy4acHoOro
NPUPoOOO3HaABCTBA. Y NpoeKLUil Ha OCBITY, 3MICT AUCUNNIHN

a LnTtuposaHus: 0,01% id: 64
«piznka»

Ma€ BifobparkyBaTu CyHaCHUN CTaH PO3BUTKY Ta HaMBaroMmiwi AOCArHEHHS Cy4YaCHOT HayKu.
Jlnwe 3a oCcTaHHE gecaTuniTTa y isuui Bindbynucs BigKpUTTS HanBMWOro piBHSA. NepeBa>kHO
BOHM CTOCYBanUCs i3nKn MiKpoCBiTYy. HaTOMICTb KypcC (hi3nKun y 3arajibHOOCBITHIX LUKOax B
YKpaiHi NpoOoBXXYeE iCHyBaTW K cucTeMa gorm 6e3 6yab-aKoi NpakTUYHOI CNPsIMOBAHOCTI. Ha
MPeBeINKUIN XaJlb, BiH LiIKOM no36aBneHnin NnuTaHb, SKi po3KpuBaau 6 cyTb Cy4aCHOro cTaHy
HayKW Ta aKTyasbHUX BIAKPUTTIB (Xxo4a 6 HarBaknuBiwmx). PehopMyBaHHS OCBITK X04a i TPUBAE
3 Yacy 3006yTTA YKpaiHOK He3asneXXHOCTi, MpoTe AaHoi npobaeMn 00 LbOoro Yyacy He BupilleHo. B
OCBITi MPOAOBXYIOTb ICHYBaTN NPOTUPIYYA: MiXK BNacTUBUM (i3nLi NOEAHAHHAM
dhyHOaAMEeHTaNbHOCTI N NPaKTUYHOCTI Ta BUCOKUM CTyrMeHeM 3aTeopeTU30BaHOCTI Kypcy isukn y
3arasjibHOOCBITHIX WKOJaX i, IK HAaCJig0K, HU3bKOK MOTUBALIEID LWWKOSAPIB 40 NOr0 BUBYEHHS,
Mi>K HEOBXiAHICTIO MOCUIEHHSA NPAaKTUYHOT CMPAMOBAHOCTI KYpCY (Di3NKW Y 3aKafax cepenHboi
OCBIiTW Ta 3Ha4YHUM BifCTaBaHHAM OCBIiTHIX CTaHAapTIB Ta HaBYaJIbHMX NPOrpam i Bifg Cy4acHOro
PiBHA PO3BUTKY Di3UKN, K HayKK; MK NnoTpeboto aep>xaBn, 30KpeMa, 3akiafiB BULLOT OCBITU Ta
poboToOaBLIiB Y BY3bKOMPOMiNbHMX haxiBUAX iHKEHEPHO-TEXHIYHOIr0 CPAMYBaHHS Ta
HeOOoCTaTHIM piBHEM NiAroTOBKU BUMYCKHUKIB 3H3 3 dhiznkn. BuHnkae notpeba B akTyanizauii
Kypcy ¢i3mkn 30LU npvBefeHHAM NOro y NeBHY BiAMNOBIAHICTb i3 piBHEM PO3BUTKY HayKWu,
0CcobNMBO L& CTOCYETLCA Pi3NKM MIKPOCBITY. [le-aKi NMTaHHA Teopii BUKINKAOTb NPOTUPRIYYS.
Tak, B xo4i KnacudikaLii YHaCTUHOK Ta X XapaKTepUCTUK, YUYHi BUABNAIOTb NEeBHi dparMeHTapHi
3HaHHS, BKa3aBLUW NepeBa)KHO Ti 3 HUX, AKi BXOAATb A0 cknagy atoma. Cnpasgai, y cTapuin
LUKOJIi Micns NoBTOpeHHSA Bya0BM aTOMa LUKOJISPIB 3HANOMAATL 3 AeAKUMN eNleMeHTapHUMU
YaCTUHKaMU - eNeKTPOHaMK, NO3NTPOHAMUN, KBapKamMu, Me3oHamMmun. OfHaK (OpPMYyBaHHS LLiNICHUX
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CUCTEMaTM30BaHMX YABMEHb NMPo i3NKy MIKPOCBITY He 34iNCHIOETLCA. LLlofo OCHOBHOIO
IHCTPYMEHTY O0CAiOXXEHHS eNleMeHTapHNX YaCTUHOK - 13 NpuCKOopoBaYiB, 03HaNOMJIEHHS 3
akuMun nepenbadeHe nig Yac BUBYEHHA TEMU

§d LinTuposaHus: 0,06% id: 65
«Pyx 3apsf>KeHnX YaCcTMHOK B O4HOPIAHOMY MOJIi»

BaApTO 3a3Ha4ynTw, LLO 3ragka npo ue nuTaHHA € nwe B 04HOMY 3 MigPYYHUKIB. Y po3aini

§d LinTuposaHus: 0,08% id: 66
«®@i3nKa aToOMa Ta aTOMHOro aapa. Pi3an4yHi OCHOBM aTOMHOI EHEePreTuKn»

B aHOTaLil 4O po34iNy MUMOXIiTb 3rafgyeTbCcs Benmknn agpoHHUin Konanaep:

§d LuntnposaHus: 0,15% id: 67

«KinbKicTb axiBLiB-di3ankiB 36inbLUMNACA B COTHI pa3iB, Oyn0 CTBOpPeHO BENNYE3HI
nianpueMCTBa ANA BUPOOHMLTBA i3nYHNX NpuaagiB i o6nagHaHHSA».

HaBeneHo pucyHok (puc. 6.). Y TEKCTi noeTbCs:
u LintnposaHus: 0,39% id: 68

«Hanbinblia Ha cboroAHi 4OCNiAHULbKA YCTaHOBKA - MPUCKOPIOBAY 3apsaXXeHNX YaCTUHOK,
nepLwwnin 3anyck skoro Biabyecs B 2008 p. ... Bpa)xatoTb po3Mipn LbOro NpUCKoptoBaya:
efleMeHTapHi YaCTUHKW PO3raHaloTbCs Y Be/INYe3HOMY KifibLi 3aBOOBXKN 26 KM. KpaiHn €EBponu
Mycunm o6’egHaTn CBOI 3ycnnng, wob nobynysaTu Le ANBO TEXHIKN».

TaknM 4mHoOM, BCebiYHM aHanNi3 3a3HavYeHoi NpobaeMn nokasas, Wo NUTaHHSA i3NKK MIKPOCBITY
PO3rNAfalnTbCA Y Pi3HUX TEMAX WKINbHOMO KypCy i3nkun y pi3HUA 4Yac. A oTxe, Ans
hopMyBaHHS LiNiCHOT HAYKOBOI KapTUHW CBITY Ta NiIArOTOBKWU Y4YHIB 40 YCBiAOMIEHOr0
CMPUNHATTA NPUHLMMNOBO HOBOMO MiAXony A0 CTPYKTYpu MaTepii HeobXiaHi NeBHi y3araabHEHHS.
OfHMM i3 MOX/IMBMX BapiaHTIB BUpILLEeHHS BKa3aHoi npobnemu €, no-nepwe, 060B’A3KoBa
KOpPEKLifA 3HaHb Y4YHIB NP0 iCTOTHIi 03HAKN OKPEMUX OAMNHULb HaBYa/IbHOrO 3MICTYy (30KpeMma,
dopMyBaHHS ysABAeHb NPO MOAesIb aTOMa BiMOBIAHO A0 CTaHy PO3BUTKY Cy4acHOI (pi3n4HOI
Hayku). Mo-apyre, nornMbneHHs 3HaHb YYHIB 3 MMTaHb, LLO CTOCYIOTLCS KNnacudikauii
efleMeHTapHNX YaCTUHOK, MOB’'SA3aHUX i3 HUMWN DyHOAMEHTaIbHUX B3aEMoin. MNo-TpeTe, 6inbL
heTasibHe 03HANOMJIEHHS LWKONASAPIB 3 NPUHLMMAOM pob0oTM NPUCKOPIOBaYiB efleMeHTapHUX
YaCTUHOK Ik OCHOBHOI0 3acoby gocnigxeHHs MikpocBiTy. PO34111 2. CYHYACHI nigxoan,
COOPMOBAHI HA PEANIIAX CbOIrOAEHHA B KOHTEKCTI HOBUX YCBIOOMJIEHb TA OOKA3IB INMPO
®I3VKY EJIEMEHTAPHUX YACTUH. 2.1. MeToAWYHI iHOBaLiT BUBYEHHSA OKpPEMUX NMNTaHb i3nKn
MIKPOCBITY Y LWKiNbHOMY KypcCi i3k OCHOBHa CKAaOHICTb Nig Yac BUBYEHHS MOHATb i3UKMK
MIKPOCBITY Nonsira€e y TOMy, LLO ii ONNCYE KBAaHTOBa MeXaHika, ika Ma€e abCTpakKTHUI XapaKTep, i
XapaKTePUCTUKKN 06'EKTIB HEMOXKJIMBO MOSICHUTW, BUKOPUCTOBYOYM TpaauuinHy rpadiky. Takmum
YMHOM, Nif YacC NOSACHEHHS, HaNpuKIag, OCHOBHMX BAAaCTUBOCTEN efleMEHTapHNX YaCTUHOK,
HeobXxiaHO 3acTOCyBaTU KOPEKTHI i3nyHi Mmogeni. Hux4e 3anponoHoBaHi Aeski intocTpadii,
CrpsiMOBaHi Ha 3anobiraHHSa opMyBaHHIO HEMNPABWJ/IbHUX YSBJIEHb Y4HIB. Tak, byae aouinbHO
CNoYaTKy BBOAUTU CyBaTOMHI CTPYKTYpu MaTepii. MeTa uboro 610Ky nongarae y nobynosi
ajekBaTHOI MoAeni aToMa, SKa BiANoBiAae NpUHLUMNY iCTOPM3MY, afie Mpu LbOMYy OPiEHTOBaHa Ha
cydacHumm onmc atomie. OTKe, BOHa 006'€AHYE eNeKTPOHM Ta KBapKU K efleMeHTapHi YaCTUHKMU,
a NPOTOHW Ta HENTPOHN PO3rNIAAATHLCA BXXE K CUCTEMUN YAaCTUHOK, WO CKNafalTbCs 3
enemMeHTapHuUx. NIOOHM BMBYaOTLCA Ni3Hille, pa3oM i3 dyHOaMEHTaIbHUMN B3aEMOLiAMN.
HaB4anbHU 610K 6a3y€eTbCA Ha TaKUX KJIIOYOBMX ifesax woao cybaToMHOI CTpyKTypu MaTepii: 1.
MaTepis - Le BCe, 00 YOro MO>XHa OOTOPKHYTUCA NPaKTUYHO abo rinoTeTuyHo. 2. PeanbHicTb
OMUCYETHLCA MOAENIAMU: @) MaTepiasbHa To4dka (y MexaHiui), 6) ineanbHUI ras (y MonekynspHin
di3mnui), B) TO4KOBUIN 3apsan (B eneKTpoAnHaMiUi), r) Mmoaenb i3k YaCTUHOK (B aTOMHIN Ta
anepHin disnui). 3. Y mogeni MiKpoCBiTYy K/IIOHOBUM MOHATTAM € aToM. 4. Y Uin mogeni atom
noaiNaeTbCa Ha ABi obnacTi: - AnepHNI NPocCTip, - opbiTanbHUI NPoOCTip. 5. Y agepHoMy npocTopi
pO3TalloBaHi MPOTOHW Ta HENTPOHW. 6. NPOTOHU Ta HENTPOHN - LLE CUCTEMMN YAaCTUHOK, LLLO
CKNlafaloThCA 3 KBapKiB. 7. KBapKu HeNnoAifbHI. Y Lih Moaeni BOHW Ha3nBalTbCSA
efleMeHTapHUMKN YacTuHkamun. 8. B opbiTanbHOMY NPOCTOPi, MMOBIPHO, MICTATLCS €NeKTPOHU. 9.
EnekTpoHM HemoAinbHi. Y Uin moaeni BOHN Ha3MBalOTbCA e/IeEMEHTaPHUMN YacTUHKamu. 10. Y uin
MoAeni, OKpiM YaCTUHOK, € NLLE NOPOXHIN NPOCTip. Koan MoBa 3axognTb nNpo isnky
MIKPOCBITY, TO OAHi€l0 3 Hanbinblwnx Npobnem € it abCcTpakTHICTb. TOMYy He AUBHO, LLO Us TeMa
MaJsio MpeAcTaBJ/ieHa Y LWKiNIbHOMY KypCi pi3nkn. 3peLuToto, QisuYHUA eKCNepuMeHT Y LibOMY
BUNaOKy obMe)xeHnn, QisnvYHO TOYHI NOSICHEHHS HaBpPAL YN € afeKBaTHUMU AN PiBHSA 3arasibHOI
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cepefHbOi OCBITW, @ BHACNiIAOK He36arHEHHO-ManxX PO3MipiB BiACYTHSA MOXK/IMBICTb CTBOPEHHS
KOPEKTHOro peanbHOro rpadgidyHoro 3o06pakeHHs. OQHaK, € MOXMBICTb 3BepHYTUCA A0 3acobis
MoJesiloBaHHA. BapTo 3ayBaXkuTu, wo, 3amicTb CTaHOapTHOI Moaeni Pi3nKu esieMeHTapHUX
YaCTUHOK, MOXXHa BMKOPMUCTOBYBATMW 1l CMPOLLEHY BEPCito

& Uutuposarus: 0,03% id: 69
"Moaenb isuKu YacTUHOK".

Y 3B’'A3KY i3 UMM, OPUTiHa/IbHNIA TEPMiIH 3aMiHEHO NOro CNpoLleHUM aHanoroMm. Llen npuknan
Beae 00 obroBopeHHs APYroi OCHOBHOI KOHLENUil, NIHFBICTUYHOI TOYHOCTI, SKa BiAirpa€e 3HayHy
pPOJib Y PO3BUTKY HaBYasibHOI oanHuLi. LLle ogHielo npobnemoto y di3nui MiKpocBiTy € Te, K
HaWKpalle roBOpUTU MPO YaCTMHKN Ta aToMu B3arasi. Lle ocobnmeo npobnemaTnyHo y BUNagKy

B LunTtnposaHus: 0,01% id: 70
KYABHUX>»

YacTuUHOK. OTXKe, 4Na NiAroTOBKW LiNiCHOI HaBYabHOI 0AMHWLI NOTPIOHI peTenbHi KoperyBaHHS
KJIIOYOBUX TEPMIHIB Ta nepedpasyBaHHs abo Bigxia Big BUKOPUCTAHHSA TEPMIHIB, LLLO MOXYTb
BBECTW B OMaHy. [linCHO, Ha No4YaTKy po3p0obkKu AaHOro HaB4YasibHOro 610Ky S1Ierko BUSABUTU
KilbKa TepMiHiB Ta pa3s, aKi y4Hi OUiHWAK 9K He3pOo3yMini. OgHaK MOXXHa 3'sacyBanu, Wo
LUIAXOM BHECEHHS HEe3HAa4YHMX KOperyBaHb A0 LUX TEPMIHIB Ta HE3HAYHUX nepedpa3yBaHb,
LWKONAPi AEeMOHCTpYBaM 3HAa4YHO KpaLlle po3yMiHHA. Hanpuknag, 3amMiCTb BUKOPUCTaHHSA TEPMiHY

u LintnposaHus: 0,01% id: 71
"ﬂﬂpou

MPOMNOHYEMO BUKOPUNCTOBYBATU MOHATTA

u LntnposaHus: 0,02% id: 72

"apepHUN NpocTip".

OCKiNlbKM YyYHi 4aCTO CTBEPAKYBaN, L0 NPOTOHW | HEMTPOHM Bynn BOyLOBaHiI B 14p0 Ta He
MOr 1M NOACHUTH, 3 4Oro Moxxe ByTu 3pobneHo ue

B LUunTtnposaHus: 0,01% id: 73
«A0P0».

O3HayvyeHHs

u LintnposaHus: 0,02% id: 74

«AAepHU NPoCTip»

BuaBMAacs 6inbll NPOCTO ANA CMPUAHATTA 16 yYHAMKU. Pe3ynbTaTu NOKa3yloTh, WO ue
C/IOBOCMNOJIY4EHHS HaJIeXXHUM YNHOM BUCBITJIIOE PO3TallyBaHHA A4epHOro NpoCcTopy Ta MiHiMi3ye
NOTEHUINHI HENPaBUbHI YSABNEHHS NP0 A4P0 9K oKpeMun 06'ekT. AHanoriyHMM YnHOM, BBOAUMO
&4 LinTnposarus: 0,02% id: 75
"opbiTanbHMM NpocTip",

nig AKMM pO3yMIiEMO NPOCTIp, Y SKOMY, NMOBIpHO, NepebyBaloTb eNnekTpoHu. Lle nae 3mory
MOCUAUNTK iIMOBIPHICHUI acneKT opbiTanbHOro NPoOCTOpPy, OAHO3HAYHO YHUKa4YM By ob-KOro

OMaHJIMBOro NMOHATTS, HIBM €NeKTPOHN, PyXalTbCa HABKOMO NO nNiaaHeTonodibHux opbiTax. Kpim
TOro, B HaB4YaJibHOMY 610U Y4iTKO PO3PI3HAIOTLCSA MOHATTS

u LUunTtnposaHus: 0,01% id: 76
"YyaCTUHKN"

Ta

n LunTtnposaHus: 0,02% id: 77

"cncteMmm 4YyaCTUHOK".

Lle o3Hayvae, Wwo nuwe eJ'IeMEHTapHi HaCTUHKWN - NIEMTOHN Ta KBAPKW - NMO3HaA4Yal0TbCA AK
HYaCTUHKW, a 6api0H|/| Ta Me30HW BBOOATLCA AK CNCTEMUN HaCTUHOK,

u LntnposaHus: 0,04% id: 78
"LLI0 YTBOPEHIi 3 YaCTUHOK".

Hawi gocnig>XeHHsa nokasanu, Wo 3aBAAKN Uil HE3HAYHI MogndiKauii MOXKHa YHUKHYTHK
MO>XXJINBMX HEMPaBUJIbHUX YSABAEHb NPO MPOTOHMU, LLLO OXOMJIOIOTh KBapKU, K xene. OCKinbKu
DOCNioXeHHs B rajly3i OCBiTU NMOKa3yoTb, WO BidyasibHi it0CTpaLil € BaXXMBUMU ANS nepejadi
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HayKOBMX igen nig Yac HaBYaHHSA, TOMY AOLiJIbHO BUKOPUCTOBYBATWN HOBI rpadidyHi 306pakeHHs
YaCTMHOK Ta CUCTEM YacTUHOK, Li intocTpauii cnpsasMoBaHi Ha Bidyanizauito cybaToMHuMx 06'ekTiB,
YHUKa4un npu Ubomy Byab-aKux XxubHMX ysABNE€Hb NPO iX NOTEHUINHUN BUrNa4. TOMy 3aMiCTb
BUKOPUCTaHHSA chep MOXKHa 306parkyBaTh YaCTUHKN Ta CUCTEMU YaCTUHOK, BUKOPMUCTOBYIOUM
iXHi BignosigHi nitepun (ane. puc. 7a). LLo6 3abe3nevynTn 4iTKke po3pi3HEHHS, efleMeHTapHi
YaCTUHKM 300paXkyloTbCs KONIbOPOBUMU JliTEPAMU, @ CUCTEMU YAaCTUHOK - CipuMun niTepamu.
30KpemMa, YepBOHUI, 3eJIEHUI Ta CUHIN NpU3HaYeHi N9 KBapkKiB, o6 3abe3nevnTn
nponeneBTMKY (QOPMYBaAHHSA MOHATTS

n LnTnposaHus: 0,01% id: 79
«KOJIbOPOBUX»

KBapKiB, ake byne BBeAeHoO nisHiwe. KpiM TOro, 0CKiNbKM HaBYasibHa OOMHMLSA TaKOX BKJ/IIOYAE B
cebe NOHATTSA aHTUYAaCTUHOK Ta CUCTEMM aHTUYACTUHOK, HeobxigHa rpagiyHa Bi3yasizauis
AHTNKONIbOPOBOro 3apafy. TyT € anbTepHaTMBaA 3arajibHONPUAHATOMY MeToAY AOAATKOBOrO
KOJIbOPY, 3@ AOMOMOIOK AKOF0 aHTUYaCTUHKUN Ta aHTUYaCTUHKOBI CUCTEMU iBEeHTUDIKYIOTbCA 3a
[0MOMOro CMyr, a He 3MiHU KoNbopy (AMB. puc. 76)). O6rpyHTYyBaHHS LLbOro HOBOIro Niaxoay
NONIAra€e B TOMY, LLOO YHUKHY TN By Ab-IKOr0 NepeKpmMBaHHA BMICTY 3 paHille BCTaHOBJIEHUMU
3HaHHAMW ONTUKW, OCKINIbKN e MOXKe ByTN CMPUYUHUTN LWKOAY HaBYaHHIO. HaToMiCTb,
BUKOPUCTOBYIOHN CMY>XKKU, AAETLCA HiTKE PO3XOOXKEHHS MiXK YaCTUHKaMUN Ta aHTUYaCTUHKaMN,
O TaKOXX MOJIEerLly€e po3yMiHHS Y4HIB MOOEJIbHOIr0 acneKkTy i3nkKn MiKpocCBiTy. 3anponoHoBaHe
afibTepHaTMBHE NpefcTaB/ieHHA aHTUYaCTUHOK Byno nepeBipeHo yYHAMN CTapLUoi WKOoAn
(BikoBa rpyna 16-17 pokiB) Ta BYUNTENAMU QI3NKN, AKi BiA3HAYNAM LI NPONO3ULLIIO GK
KOPUCHILWN cnocib po3pi3HATM YaCTUHKM Bif aHTMYaCTMHOK. 30KpeMa, 0buasi rpynm Bkasanu,
IO BUKOPUCTAHHA CMYT € NPOCTIIMM A8 PO3yMiHHA Ta 6inbl iHpopMaTnBHMM. Came B LibOMY
CEHCi BUKOPUCTaHHA CMYT ON5 NpefCcTaBieHHA aHTUYaCTUHOK BUSABMIOCSA 0COBNMBO KOPUCHUM
ONS HaBYaHHA. ONna npeAcTaB/eHHS aTOMHOI MoAenNi, 1Ka BBOAMUTLCA Y BEPXHIO YaCTUHY
HaB4Ya/IbHOr0 BJIOKY, TAaKOXX BUKOPUCTOBYETLCS ByKBeHa intocTpauia (ams. puc. 8). li meTa -
AKICHO NpencTaBUTN aTOM i BUCBITAIUTU Pi3HULIIO MiXX agepHUM Ta opbiTanbHMM npocTopoM. Ha
HaCTYyNHMX eTanax Us iNicTpaLia aToOMHOI MoAeNni A03BOJISE BBOAUTY pi3Hi opbiTankHi hopmu B
MeXKax opbiTanbHOro npoctopy 6e3 BUKOPUCTAHHSA HEKOPEKTHUX TEPMIHIB, TaKUX fK

n LUunTtnposaHus: 0,01% id: 80
«opbiTn»

abo

n LunTtnposaHus: 0,01% id: 81
«0B0JIOHKI>.

MpoTe, wWob npooemMoHCcTpyBaTM BiNbl peanicTu4He CNiBBiAHOWEHHSA PO3MIipiB, AOUINILHO
000aTKOBO BUKOPUCTOBYBaTW LMdpoBi aHiMauii. 2.2 BUBYEHHSA OCHOB AeTeKTyBaHHSA YaCTUHOK 3
BUKOPUCTAHHSAM OOHNM 3 MeTofiB BUBYEHHSA YAaCTUHOK € JOCNiIOXKEHHS 1X
TPeKiB 3a AOMOMOro Ccy4acHux aetekTopis. JaBanTte cnpobyeMo po3rnsaHyTM OCHOBM poboTu
JeTeKTopa YaCTUHOK Ta 3HANTM YaCTUHKY 3a il TPDEKOM BUKOPUCTOBYIOYM AaHi 3 AeTeKTopa ,
AKi Tenep AOCTYNHI Ha AoMalHii cTopiHui UEPHY. Lli naHi Mmo)xHa Bi3yanizyBaTun, Hanpuknaj, B

iIHTEepaKTMBHOMY Bi3yani3aTopi, AKUN AOCTYMNHUA Ha nopTani LLEPHy. OeTekTOp €
3arajibHUM OEeTEKTOPOM Ha BEJIMKOMY aflpOHHOMY KoJlangepi. Tenep y4Hi MOXyTb

&4 Ltuposanus: 0,01% id: 82
«BUABUTN>

YaCTUHKW, AKi AeTeKTop hikCye 3a L,OMNOMOro iHTepPaKTUBHOIO Bi3yasilaTopa
eKcrnepuMeHTiB 3 . Mo-nepLue, y4Hi MalOTb PO3YMITH, AK NMPALLIOE OeTeKTop. AKLLO

3apamXKeHa YacTUHKA MOYUHAE pyXaTucs
@ O6Hapy»xeH Mnarnat: 0,38% https://uahistory.co/pidruchniki/zasekina-physic... id: 83

B OQHOPiIAHOMY MArHiTHOMY MoJli NepneHaNKYASPHO A0 NiHin iHAYyKLiT, To BOHa byne pyxaTucs
no KoJy. Bnepwe cdopMyny ona cuaum, 3 KO MarHiTHe rnoJjie Qi€ Ha pyxoMy 3apsagXXeHy
YaCTUHKY, BCTAHOBMB HigepaaHOCbKNM Qisnk <. JlopeHy, (1853-1928 pp.), Tomy U0 cuny
Has3uBaloTb cuoto JlopeHua:

Hanpsam cunn JlopeHua, sika Ai€ Ha NO3UTUBHWI 3aps4, WO BJETIB Y MarHiTHe nose, 3Haxo4aTb
3a NPaBUJIOM NiBOT PYKWU: SIKLLLO NiBY PYKY pO3TallyBaTWu Tak, Wob NiHii MarHiTHOT iHAyKUii
BXOAWAM Y O0JIOHIO, @ HOTUPWU BUTATHYTUX Majbli BKa3yBaB HAaNpsaM pyxy YaCcTUHKK , TO
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BiaXmaeHun Ha 90° BeIMKNI Naneub BKake Hanpsam cnam JlopeHua. AKLWO YaCTMHKA 3apagXXeHa
HeraTuUBHO (HanNpukagd, eJIeKTPOH), TO HAaNPSAM NPOTUJIEXXHUN (MPaBuo NMpaBoi pyku). Ha
PUCYHKY 9 NpencTaB/ieHi TPEKN TPbOX Pi3HUX YaCTUHOK. BCi BOHW pyxatloTbCA 3/iBa Hanpaso B
MarHiTHoMy noJi. HanpsiMOK MarHiTHOro NoJsis NoOKasaHWn Ha PUCYHKY MO3HA4YKo (HaaxoauTb
Bif cnocTepiradya n NPOHMKAE y MIOWMHY nanepy). Nepwmnin Tpek € NpaAMOIo NiHi€l. YacTuHKa He
Ma€ 3apsay, TOMy BOHa He BigvyBa€e cuan. pyrum Tpek BUrHYTUN Bropy. Lia YyacTuHka mae
HeraTuBHUIN 3apsaa. OCTaHHIN TpeK yBirHyTUM BHU3. LiS YacTnHKa Ma€e no3nTmeHun 3apaa. OTxe,
YMM CUNbHIiWE MarHiTHe none B abo YnM WBMALWE PYXaETbCA YaCTUHKa , TUM Binbwa cunia
JNopeHua a, oTXKe, 6inblnin BUrnMH TPEKY. YaCTUHKM MU MOXXEMO AEeTEeKTYBaTU 3a iXHIMN
TpaekTopissMn. PO3rnaHeMo AesiKi OCHOBHI YaCTUHKMN, SKi MOXKHa ifeHTUdikyBaTy 3a LONOMOrok
neTekTopiB: ENekTpoH - ue cTtabiflbHa eneMeHTapHa YaCTMHKaA, WO HaleXuTb Ao

n UnTtmuposaHusa: 0,01% id: 84
«thepMioHHOr0»

CiMencTBa YaCTUHOK. BiH Mae enekTpudHUin 3apag

n LUunTtnposaHus: 0,01% id: 85
«-1»,

TOAi IK NPOTUAEXHa NOMY YaCTMHKA, MO3UTPOH, MAa€E eNekKTpniYHUn +1. EnekTpoH Mae macy
npnbnmnsHo 0,5 MeB/c2. ®oTOH - cTabinbHa enemMeHTapHa YaCTUHKA, WO HaNeXnTb OO CiIMENCTBA
6030HiB. DOTOH HE MAE MaCWU Ta eNleKTPUYHOro 3apany. POTOH € HOCIEM eneKkTpoMarHiTHOI cuan.
ALpOH -

n LnTtnposaHus: 0,01% id: 86
«BaXXKa»

KOMMO3MTHa YaCcTUHKa, 9Ka CKJafda€eTbCa 3 ABOX abo binblie KBapKiB. 9K, Hanpuknag, NMPOTOHM i
HEeNTpoHWN. Ha npoTuBary iM icHyTb 6inblU Nerki NenToHW, Taki AK eNeKTPOHU | MIOOHU. MIOOH -
efleMeHTapHa YacTMHKa, iKka Ma€E esIeKTPUYHNIA 3apag

n LunTtnposaHus: 0,01% id: 87
«-1»,

BnacTmBocCTi MOOHIB NOAIGHI A0 BNacTUBOCTEN eNeKTPOHa, ajie MiooH NpubansHo B 200 BaXk4mn
3a eneKkTpoH. 20 Ane, ans Toro wo6b yTBOpUANCh HOBi YHaCTUHKN HEOBXiIAHO 3ilUTOBXHYTH
YaCTUHKM 3 BUCOKUMU eHepriaMn. NS LubOro BUKOPUCTOBYIOTb NMPUCKOPIOBaYi 3apaaXXeHnx
YacTuHOK. KoMnnekc npuckoptosadie y LLEPHI € nocnifoBHICTIO NpUCKoptoBadiB, fAKi
MPUCKOPIOKTb YaCTUHKKN A0 BCe BiNbll BUCOKNX eHeprin. Ko)xeH NpucKoptoBay MigBULLYE
€Hepril ny4yka YaCTUHOK, NepLU HiXXK BBOAUTM NYYOK B HAaCTYMHUN NPUCKOPIOBaY B
MocnigoBHOCTI. Y Benmkomy agpoHHoMy Konangepi ( ) - OCTaHHbOMY €N1IeMeHTi B LbOMY
JNIAHLIOXKKY - MYYKN YaCTUHOK MPUCKOPIOTHLCA A0 eHeprii 6,5 TeB koxeH. | nicna uboro NpoToHw,
HapewTi, CNPAMOBYOTb 40 ABOX NPUCKOPIOOYNX Kifleub . [MpoMiHb B 0gHOMY KinbLi
LMPKYJIHOE 3a FOANHHNUKOBOIO CTPIJIKOIO, TOAI SIK MPOMiHb B iHLLOMY - MPOTU FOONHHUKOBOI
CTpinkn. MoTpibHO 4 XxBUAMHK | 20 CeKyHA ONA 3aMOBHEHHSA KOXHOIO KinbLsA , 1 20 XBUNWUH,
Wwo6 NPOTOHM A0CATAN MaKCMMasbHOI eHeprii. [y4Ykn LMpKyTbL NPOTAroM 6araTtbox roguH
BCEpeAuHi Kineub . [lBa Ny4KM NPpUBOAATHLCA Y 3iTKHEHHSA B HOTUPbOX TOYKAX, Y AKMX
pO3TalloBaHi AeTeKkTopun , , Ta . 3aranbHa eHeprisa B ToYLi 3iTKHEHHS
nopiBHIOE 13 TeB. EneKTpoMarHiTM HaBKOJ1I0 AETEKTOPIB YaCTOK FreHepyoTb MarHiTHI moasa ans
CTBOPEHHSA cunun JlopeHua. 3 TOYKM 30pYy (Pi3NKKU, KNOYEM A0 iAEHTUYHOCTI YaCTUHKM € Ti
imMmAynbc. CaMe BiH i BU3HAYaE KPUBU3HY 1 TPAEKTOPIT: YHACTUHKMN 3 BUCOKMM iMMYJIbCOM
PYXalTbCsA MarXe MPAMONIHINHO, Y BUNaAKy Masioro iMnynbCy pyX BiabyBaeTbCa No cnipansax
BCepeauHi getektopa. 21 AK i MUCAUBLI MOXYTb iLeHTUQIKyBaTU TBAPUHY, ANBASYNCE Ha CAigu,
AKi BOHa 3aauMwWwa€e Ha 6pyaHin 3eMni 4M Ha CHiry, di3nkn ineHTUikytoTb CybaTOMHI YaCTUHKKN
DOCNIAXKY04UM TPeKU, AKi BOHM 3aauMlatoTb y AeTekTopax. o6 y4Hi 3po3yminm BkasaHui
NPUHLWM, X HEOBXiAHO MO3HANOMUTN 3 MPUHLMMOM PobOTN AeTeKTOopPIiB YaCcTUHOK. Cy4dacHi
[eTeKTopn YaCTUHOK CKNafatThCs 3 WapiB - NigaeTekTopiB abo KanopmmeTpiB, KOXEH i3 AKUX
NpU3HaYeHNN ANs NOWyKY KOHKPETHMX BNAaCTUBOCTEN ab0 KOHKPETHMX TUMIB YaCTUHOK.
Tpekepu - BiacTe)XyBaJibHi MPUCTPOI, L0 BUSABASAIOTb WISAXU €1EKTPUYHO 3apAdKeHUX YaCTUHOK
npwu X NPOXOA>XKEeHHi Ta B3aeEMOAIiT 3 BiAMNOBIAHOIO pe4YOBUHOW. BiNbLUiCTb NPUCTPOIB BiACTEXEHHS
He CTBOPIOIOTb BUAMMUX TPEKIB YaCTUHOK, a 3annCytoTb Ti HEBENUKI eNIeKTPUYHI CUrHann,
BUKJIMKaHIi YaCTUHKaMM, KOJIN BOHU pyXaloTbCs BCepeanHi NpucTpoto. Komn'toTepHa nporpamMa
NOTiM PEKOHCTPYIOE 3anmcaHi WwabsoHn TpekiB. Tpekep MNOBHICTIO BUFOTOBJIEHUNN i3 KPEMHIIO.
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EnekTpoMarHiTHUN KanopuMmeTp A€ 3MOry BU3HAYUTUN BTPATU eHeprii YaCTUHOK npu
NPOXOAXKEHHI, KOJIN BOHWN B3aEMOLAIIOTh 3 €/IeKTPUYHO 3apAaKEeHMMU YaCcTUHKaMWN Y pevyoBUHI.
EnekTpoMarHiTHUN KanopnMeTp CNYyrye AN BU3HAYEHHA €HEPril eNeKTPoHiB i hOTOHIB. BiH
BUIFOTOBJIEHUI 3 KPUCTaNiB, 3'egHaHMX 3 hoToaiogamMmm. ADPOHHUNIA KasloOpUMETP BUMIPIOE eHeprito
YaCTUHOK

n LnTnposaHus: 0,01% id: 88
«apoHiB»

3 KBapPKIB i rOOHIB. KanopnMeTpu MOXKYTb 3YNMUHATY BiNbLIiCTh BIAOMNX YaCTUHOK, KPiM MIOOHIB
i HEMTPUHO. MIOOH MOXKE NMPOHUKATN Yepe3 BaraToMeTpoBUI LLIAp 3ani3a 6e3 B3aemogii i He
3YMUHAETLCA XKOAHUM i3 KanopumeTpis. Moro ineHTUMiKyoTh 3a LONOMOrol0 AeTEKTOPa MIOOHIB.
BisyanbHum gucnnen MOXXe BUKOPUCTOBYBaTUCA A4 Bi3yahni3auii 4aHWX, OTPUMaHUX Y
neTeKkTopi . 2.3 AIropnT™M BUKOPUCTAHHA Jeski OCHOBHI BiJOMOCTi
Npo (PYyHKLIOHANBHICTb KHOMOK BEPXHbOT YaCTUHU. MeHI0 3M1iBa MICTUTb Pi3HIi YaCTuHM
neTekTopa. lNeplw HiXXK noYaTn KOPUCTYBaTUCA NPOraMoto, Ba)KJIMBO 03HaNOMUTUCA 3 PiI3HUMMN
YacTMHaMu geTekTopa i PYHKLIIMN KOXKHOro 3 HUx. OT>Xe, Tenep My roToBi BiAKPUTY
MOAIt0 Ta nepernaHyTn peanbHi gaHi. LLlo Take nogia? MNMoaisa € pyHAaMeHTaNbHOK B3aEMOMIELD,
AKa BigbyBa€ETbCA, KON YaCTUHKA CTUKAETbLCA B AEeTEeKTOopi. Y nodil Qi3nkKy 4aCTUHOK BXiaHi
YaCTUHKMW pPO3CiIoTbCA abo pyNHYIOTHLCS | B 3aN1€XHOCTI BifL eHeprii MOXXYTb yTBOPOBATUCSH
COTHIi YacTuHOK. MNoaii MoXXHa Bi3yasizyBaTu Ta BUBYUTU 3a AOMNOMOIrOI0 iHCTPYyMEHTa

n LUuTtnposaHus: 0,02% id: 89
«Bi3yanizyBaTun nogii».

LLo6 BigkpnTn Habip gaHuX: * HaTUCHITb KHOMKY BIAKPUTUX OAaHUX ¢ 3'ABUTbCS LE BiKHO: *
BnbepiTb BiakpuTTa hannis 3 IHTepHeTy. Ui hannmn 3Haxo4aTbCsa B NOpTani BiAKPUTUX AaHMX

. o yBaru, Kifibka UikaBux Npukaaais: Ak npmknag BiaKpuemo cann 0.
HaTucHiTb Ha nogito i BubepiTb

n LnTtnposaHuns: 0,01% id: 90
"3aBaHTaxuntun".

Micnsa 3aBaHTaXxeHHs BMbepiTb

n LnTnposaHus: 0,01% id: 91
"Sakputn".

Lle Te, wo Bn nobaymTe: Po3rngHemo fiBe MeHI0 Bidyani3aTopa Ha pUCyHKy 16. BoHO Mae 8
nigMeHto: (OeTekTop): BigNoBiga€ pi3HMM YaCTUHaAM AeTeKTopa, SKi HaMu bynn
PO3rNAHYTI paHiwe. Y AKoCTi nocnnaHHa BUGpaHO nnLle 30BHILLHE 3HAYEHHS
(IMnopToBaHi): HEQOCTYMHI. (Moxop>XeHHA): nepernsgHbTe iHpopMaLito NpPo Noaito Ha
eKpaHi. (BiocTexxeHHs): BianoBigae cnctemi BigctexxeHHA. CnoYaTKy nMokasaHi
3iTKHEHHSA y KiacTepax. 3 X 4OMOMOro MOXKHa BiACTEXYBATN PEKOHCTPYNOBAHI TPEKN.
:: (4epBOHI TOYKN) : (4epBOHi TO4YkK) Mepernagn 3anncCiB BioCTEXEHHS:

(>koBTi TOYKN) BignoBiaHiCTb Tpekepy : (OKOBTi NPAMOKYTHUKIN) 3anncaHi TpeKN (XKOBTI
DOPiIXKKKN): PeKOHCTpyoBaHi Tpekun (BnbpaHi) enekTPoHiB i POTOHIB. : PEKOHCTpYyIOBaHi
NOTPansHHA B UWIIHAP | KIHLEBUIA OeTEKTopM . ( ) (3eneHi To4YKKn)

: He4OCTYMHO . ( ) (3eneHi To4kn)
PekoHCTpynoBaHi yaapu noka3aHi B KOXKHill YaCTUHI geTeKkTopa. . ( ) (CWHi
po34inm) . ( ) (cnHi po3gainn) . (cnHi po3ginn)

(cunHi po3ainn) MiooH (BMBpaHi): BignoBigaloTb PEKOHCTPYNOBAHNM
MIOOHaM. (4epBOHI MOPOXKHI TOMK) (BubpaHi): KaMepun KaTOLHUX CMYT. (PO>KEBI
CerMeHTn) . (BMBpaHi): Pe3ancTmnBHI NNaCTUHM - XiTU. (XKOBTiI CErMeHTHN)

(4D) (BubpaHi): Opendosi Tpybkn peKOHCTPYMNOBaHi CErMeHTU. ()KOBTi CEerMeHTNn)
: ApendHi TpybkM peKoHCTpyoBanM nonagaHHa. (3eneHi cermeHTn) disunka

(Tpekn eneKTpPoHiIB): BOHM 3'ABAATUMYTbCA NLLIE B MEHIO, SAKLLO 3HANAEHO €NEeKTPOHMN.
(3eneHi Tpekn) : Tpek MIOOHa B TpeKepi. (YepBOHI AOPIXKKN) -
(ABTOHOMHI MIOOHWN): BUABJIEHHSA B MIOOHHNX KaMepaX. (YepBOHI A0OPiIXKKN)
(BMBpaHMN): pEKOHCTPYMNOBAHUN TPEK MIOOHIB. (YEPBOHI OOPiIXXKK) : NOTIK YaCTUHOK B [

(>koBTi nipamign) (BTpayeHi YaCTMHKN): HEQOCTYMHO. Y UbOMY BMNaAKy Hac
LiKkaBNATb ABa MIOOHU. MK Mo)XeMO oTpmMMaTK iHopMaLito NpPo AaHi, MOB'A3aHi 3 LMMK ABOMA
MIOOHaMW, BUKOPUCTOBYIOYM ABa Pi3HMX BapiaHTW. * KnauaHHSA LOPiXKKKU MIOOHa Yy Bi3yanisaTopi.
Bu oTpumMa€eTe e BiKHO: * 3a AONOMOIol NMyHKTY MEHIO . [IpOCTO HAaTUCHITb Ha
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Ha3BY i B HMXKHIN YaCTUWHI BisyanizaTopa 3'aBUTbCA HOBa Tabanusa 3 gaHumu. Lle byne surnagatu
Tak: Mpono3nuis BUKOPUCTOBYBATW Ui AaHi Nig Yac npoBeAeHHS 3aHATb, Wob y4Hi Moram
03HANOMUNTUCA 3 PiIBHUMWN YaCTUHAMN OEeTeKTOopa Ta HaC/igKaMuN 3iTKHEHb PiSHUX YAaCTMHOK 3
YTBOPEHHAM TpPEKIB - Le BiAMiHHa aNbTepHaTUBa KJaCMYHOMY NPaKTUYHOMY 3aHATTIO. Kpim
TOro, Ha nopTani y nanui

B LnTtnposaHus: 0,01% id: 92
«OcBiTa»

npeacTaBneHi pi3Hi Habopu faHKX, AKi MOXXHa AEMOHCTPYBATU. Y HaBeAeHOMY BULLE NPUKIa4i
Oyno po3rnsHyTOo po3nan Z-6030Ha Ha ABa MIOOHW. 3aseXHo Big Habopy AaHuX, sKi BigKpBae
KOpMCTyBaY, Bisyanizauia moxe 6yTu pisHoto. BUICHOBKW 3aincHeHO ncuxonoro-negaroriyHnn
aHani3 BUBYEHHS NMUTaHb Pi3UKN MIKPOCBITY Y KYpCi 3arajlbHOOCBITHIX HaBYaJIbHUX 3aKNagiB Ta
OOCNiA)XeHO CyYaCHUI CTaH BUKNaAaHHA UMX NUTaHb. 3a pe3ysibTaTaMu aHaisy
CUCTEMaTM30BaHO HanbinbL NowmpeHi NOMUIKN 1 XapaKTepHi HETOYHOCTI, AKi 3acBig4yunnm
TPYAHOLLI Y PO3YMiHHI YYHSIMN OCHOBHUX MOHSATbL Ta Teopin. BcTaHOB/IEHO HEOOXiAHICTb
NpoBeAeHHS y3araJibHI04YMX 3aHATb, CMPAMOBaHUX Ha (hPOPMYBaAHHSA B YYHIB LLiINIICHUX YAB/EHb
npo CtaHfapTHY MoAesib (Pi3UKN eneMeHTapHMX YaCTUHOK SIK 3aBepLUeHy 1 A0Ka30BY (i3NyHy
Teopito. 3anpornoHOBaHO METOAVKY BBEAEHHS AESAKUX OCHOBHUX MOHATL 3 i3nKM MIKPOCBITY Ta
nibpaHo BiANoBiAHI LMdPOBI Mogeni 3 MeToto Binbll €eHEKTUBHOIN0 3aCBOEHHA YYHAMM
HaBYa/bHOro MaTepiany. NPONOHYETLCA TEPMiH

ﬂ LUuTtnposaHus: 0,01% id: 93
«4aCTUHKa»

BMKOPWCTOBYBATU SALLE A5 ONUCY eNeMeHTapHUX YaCTUHOK, CKNafHi YaCTUHKM MOXYTb ByTu
TOYHO O3HA4YeHi K CMCTEMU YaCTMHOK. BBeaeHHs

u LintnposaHus: 0,02% id: 94
«A0epHOro npocTopy»

pa3oM 3 CTaHAAPTHUM BXUBaHHAM gediHivii

u LntnposaHus: 0,01% id: 95
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