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IHOSACHIOBAJIBHA 3AIINCKA

[Iporpamy cmiBOecian ckiIaaeHO BIAMOBIIHO A0 MNPOTrpaMH 30BHIIIHBOTO
HE3aJICKHOTO OIliHIOBaHHA 3 (i3uku, 3aTBepmkeHoi HakazoMm MOH  Bin
26.06.2018 p. Ne696.

[IporpaMy 30BHINIHBOTO HE3aJICKHOTO OITIHIOBAaHHS 3 (PI3MKH YKIIAIEeHO Ha
OCHOBI YMHHHMX HaBYaJIbHUX Nporpam: 3 ¢isuku s 7-9 kjaciB 3akiamiB
3arajibHOi CepellHbOi OCBITH, 3aTBEpKEHOI Haka3oM MiHicTepcTBa OCBITH 1
Haykn Ykpaian Ne 804 Bim 07.06.2017 p. Tta HaBuanmpHuX mporpam it 10-11
KJIaciB 3aKiajiB 3arajbHOI CepelHbOi OCBITH 3 (i3UKH (piBEHb CTaHAAPTY,
npodiIbHUI piBEHb) aBTOPCHKOTO KOJIEKTUBY Mia kepiBHULTBOM JlokTeBa B.M., 3
¢isukn 1 acTpoHoMii (piBeHb CTaHAAPTY, NMPOQIIBHUI piBEHb) aBTOPCHKOTO
KOJIEKTUBY mix kepiBHUOTBOM Jlsmenka O.., 3aTBepIKeHHUX HakKa3zoM
MinicrepcTBa ocBiTH 1 Hayku Ykpainu 24.11.2017 Ne 1539 «IIpo naganus rpudy
MOH naByansHuM nporpamam 3 ¢Gi3uku i actponomii st yuniB 10-11 knacis ta
MOJILCHKOT MOBH Jisi yuHIB 5-9 Ta 10-11 kiaciB 3akiajiB 3arajibHOi CepeIHbOT
OCBITH.

Martepian mporpaMu 30BHINIHBOIO HE3JICKHOTO OIIHIOBaHHS 3 (i3UKH
MOJIIIEHO Ha IT’SITh TeMaTHYHUX OJoKiB: «MexaHika», «MonekynsipHa ¢izuka Ta
TepMoanHamika», «Emekrpomunamika», «KomuBanHs 1 xBuwiai. Onruka»,
«Enementn Teopii BigHOcHOcTi. KBaHTOBa (i3Mka», sKi, B CBOIW Uepry,
PO3MOITICHO 3a KIOYOBUMH €JIeMEHTaMHU 3MIcTy (Pi3MYHOTO CKIIaJAHUKA KypCy
«®Di3nKa 1 acTpOHOMIs IS 3aKJIa/IiB 3aralbHOI CepeTHBOI OCBITH.

MerTa 30BHIIIHBOTO HE3AIEKHOTO OI[IHIOBAHHS 3 (DI3UKH MOISATAE B TOMY, 00
OI[IHWTH HABUYaJbHI JOCATHCHHS YYaCHHUKIB 30BHIIIHBOIO  HE3AJIECKHOIO
OIIIHIOBaHHSL:

- BCTAHOBJIIOBaTH 3B’S30K MK SBHIIAMH HaBKOJHIIHBOI'O CBITY Ha OCHOBI
3HAHHS 3aKOHIB (i3UKH, (QYHAaMEHTATbHUX (I3UYHUX EKCIIEPUMEHTIB Ta
J1abopaTopHUX (Hi3UUHUX JEMOHCTPAIliH 1 eKCTICPUMEHTIB;

- 3aCTOCOBYBAaTH OCHOBHI 3aKOHHM, IpaBWia, MOHATTS Ta NPUHLUIM, IO
BHBYAIOTHCS B Kypci (Pi3WKM 3aKIIaiB 3arajbHOI CEpeAHbOT OCBITH;

- BU3HAYaTH 3arajbHi PHCH 1 CYTTEBI BIAMIHHOCTI 3MIiCTy (i3WYHUX SBHII Ta
MPOIIECiB, MEXI1 3acToCyBaHHS (PI3MUHKX 3aKOHIB;

- BUKOPHCTOBYBAaTH TEOPETWYHI 3HAHHSA JUIsI PO3B'A3yBaHHS 3aqad Pi3HOTO
TUNY (SIKICHUX, PO3PaxyHKOBHX, rpadidHUX, EKCIEPUMEHTAILHUX, KOMOIHOBaHUX
TOIIIO);

- CKIajaTH IUIaH [pPaKTUYHUX [Aid I0J0 BUKOHAHHS E€KCIEPUMEHTY,
KOPHCTYBaTHCA BHMIPIOBAJbHIMH TMPIIaAaMH, OOJaTHAHHIM, 00poOmsaTH
pe3yibTaTH JOOCTIDKEHHS, Y TOMY YHCIi 3 ypaxyBaHHSM IOXHOOK, poOUTH
BUCHOBKH III0JI0 OTPUMAaHUX PE3YJIbTATIB;



- TIOsCHIOBATH

OPUHITN il

MIPOCTHX

BHMIPIOBAJILHUX MPHITAIB 3 (i3HIHOT TOUKH 30DY;
- aHanmizyBaTu Tpadikd 3aJeKHOCTeH MK (i3MYHUMHU BEITMYHUHAMH, POOUTH

BUCHOBKH;

MPUCTPOIB,

MEXaHI3MIB Ta

- IPaBWJIBHO BU3HAYATH T BUKOPHCTOBYBATH OJMHUIN (PI3UUHIX BETUYHH.

Ba3oBwuii 3MicT HABYAJILHOTO
Marepiany

Pesynvmamu naguanus, wo chig8ioHocamvcs 3 sumozamu Jepoicagnozo
CManoapmy ma Hag4aIbHUX NPopam

3nannesuti komnonenm

| Hisnvnicnuil xomnonenm

MEXAHIKA

OcHOBM KiHEMaTHKH.
Mexaniunnit pyx. Cucrema
BiZUTIKy. BiJHOCHICTB PyXy.
MarepianbsHa Touka. TpaexTopis.
[Insax i mepemimeHHs.
IBuakicTs. JJogaBaHHS
IIBUIKOCTEMN.

Hepisnomipuuit pyx. Cepenns i
MHTTEBA IBUJIKOCTI.
PiBHOMIpHHIA i
PIBHOIIPHCKOPEHUI PyXH.
IMpuckopenHns. I'padikn
3aJIeKHOCTI KIHEeMaTUIHHX
BEJIMYUH BiJ] 4acy y
piBHOMipHOMY i
PIBHOIIPHCKOPEHOMY pyXax.
PiBHOMIpHHI pyX 1O KOJTY.
Ilepion i wacrora. Jlinilina i
KYTOBA ILIBUJIKOCTI.

JloLleHTpOBE MPUCKOPEHHS.
OcHoBu nuHamikn. [Tepmmii
3akoH Hberorona. Inepmianbai
cuctemu BiytiKy. [Ipunnmn
BigHOCHOCTI [amines.

Bzaemopis Tin. Maca. Cuna.
JlonaBanus cuit. Jlpyruii 3akoH
Herorona. Tperiit 3axon
HeroToHa.

I'pasitauiiiai cunm. 3aKoH
BCECBITHBOTO TsDKIHHA. Crita
TsoKiHHA. PyX Tina mig giero cunmm
TsoKiHHA. Bara Tina. HeBaromicts.
PyX [ITY4HHUX CYITyTHHUKIB.
IMepmra KocMiYHA MIBUJKICT.
Cuu ipy>xHoCTi. 3akoH ['yka.
Cumn Teptst. KoedimieHT TepTs.
MoMeHT ciir. YMOBH PiBHOBard
Tina. Buau piBHOBaru.

3akoHu 30epeskeHHs B
mexaHiii.

IMmynbe Tia. 3aKoH 30epenKeHHs
iMITyneCy. PeakTuBHUIA pyX.
Mexauniuyna po6ora. Kinernyna ta

3HAaTH, MOSICHIOBATH 1 MPAKTHYHO
3aCTOCOBYBATH:

SIBuima i mpouecu: pyx, iHepuis,
BiJIbHE MAIIHHS T1JI, B3a€MOIIs TiJ,
nedopmaltisi, IUIaBaHHS T TOLIO.
@DyHIaMEeHTAIBHI 10CTiIn:
Apximena, Toppiuemni, b. [lackans,
I'. Tamines, I'. KaBenguma.
OCHOBHI MOHATTS: MEXaHIYHHUI
PyX, CUCTeMa BiJIKy, MaTepiaibHa
TOYKA, TPAEKTOPIsl, KOOPMHATA,
NIepeMillleHHs], IIUISIX, IIBUAKICTS,
MIPUCKOPEHHS, 1HEePIIis, iIHEPTHICTD,
Maca, cuJia, Bara, MOMEHT CHIJIH,
THUCK, IMITyJIbC, MEXaHi4Ha poboTa,
MOTYXHICTb, KOe(ILIEHT KOPUCHOT
nii, KiHeTWYHA Ta MOTEHIlaabHa
€Hepris, mepiox i yacroTa.
IneanizoBani MopeJi: MatepianbHa
TOYKA, 3aMKHEHA CHCTEMA.
3aKoHH, MPUHIMIN:
3aKOHOMIPHOCTI KiHEMaTHKHY;
3aKOHH auHaMiku HeroToHa;
3aKOHH 30epeKeHH IMITYIIbCY i
€Heprii, BCeCBITHOTO TSKIHH,
I'yka, [Tackass, Apximena; yMOBU
PIBHOBAry Ta IJIaBaHHS TiJ,
MIPUHIMIL: BigHOCHOCTI [armines.
Teopii: ocHOBY KJIaCUYHOT
MEXaHIKH

IIpakTHYHE 32CTOCYBaHHS
TeOPeTHYHOI0 MaTepiany:
PO3B’s13aHHS OCHOBHOI 3a/1a4i
MEXaHiKH, pyX T HiJ Jiero omHiel
a00 KiJIbKOX CHII; BIIbHE IaIiHHS,
PYX TPAHCIOPTY, CHAPSAIB, IIAHET,
LITYYHHUX CYINYTHHKIB; pIBHOBaru
Tin, KKJ] nmpocTux MexaHi3mis,
nepeaaya THCKY piJMHaMH Ta
ra3amu, IUIaBaHHs TiJT, IPHHIMI Aii
BHUMIPIOBAJIbHUX TPHUJIAIB Ta
TEXHIYHHUX IPUCTPOIB: Tepe3y,
JTHHAMOMETP, CTPOOOCKOI,

PO3Mi3HABATH IIPOSBY MEXaHIYHUX
SIBUII 1 IPOLIECIB y IPHPOAI Ta
TPHUKNIAM iX TPaKTHYHOTO
3aCTOCYBaHHSI B TEXHilli,

* 32CTOCOBYBATH OCHOBHI ITOHSTTS
Ta 3aKOHM, IPUHIIUIH, NIPaBHIIA
MeXaHiku, GopMyIH a1t
BHU3HAUYCHHS (DI3UYHHUX BEIUYUH Ta
X OIMHHIIb; MATEMATHYHI BUPa3u
3aKOHIB 1 3aKOHOMIPHOCTEH
MEXaHIKH,

* BU3HAYATH MEXi 3aCTOCYBaHHS
3aKOHIB MEXaHIKH;

* PO3PI3HATU BUIH MEXaHIIHOTO
PYyXy;

* PO3B’sI3yBaTH:

1) po3paxyHKOBi 3aa4i Ha
BUKOPHCTAaHHA HOpMyI
MPSMOJTIHITHOTO PIBHOMIPHOTO Ta
PIBHO3MIHHOT'O PYXIiB, CEpeHbOT
Ta MHTTEBOI IIBHKOCTI
HEepiBHOMIPHOTO PyXY,
PIBHOMIPHOTO pyXY IO KOIY, PyXY
TiJIa I €10 NOCTIHHOT CHiTH
TSDKIHHS: PIBHOMIDHUH Ta
PIBHONIPHCKOPEHUI NPSMOITIHIAHI
PYXH; BiTHOCHHH pyX-,
PIBHOMIpHHIA PyX IO KOIY; pyX Tl
i Ti€r0 OfIHi€ET a00 KiIBKOX CHII,
PYX 3B’SI3aHUX TiJ; YMOBH
PIBHOBAry Ta IJIaBaHHS TiJ,
BCECBITHE TSKIHHS, 3aKOHU
HsrotoHa, I'yka, Ilackais,
ApximMenia; 30epeKeHHs IMITYJIbCY
il eHeprii;

2) 3ajmaudi Ha aHawi3 rpadikiB pyxy
TiJI | BU3HAUCHHS 32 HUMH HOTO
napamerpis, . mo0ynoBy rpadika
3MIiHU OJHIET BEIMYUHH 32
rpagikoM iHIIof;

3) 3amaui, siKi nependavaOTh
00poOKy Ta aHaJi3 pe3yIbTaTiB
EKCIEPHMEHTY, 300pakeHHX Ha
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MOTEHIiaNbHa eHEepris. 3aKOH
30epeKeHHs eHeprii B
MEXaHIYHUX IPOLECaX.
ToryxHnicte. KoedimienT
xopucHoi ail. IIpocti MexaHizMu
EJjieMeHTH MeXaHiKH pPiluH Ta
rasiB. Tuck. 3axkon Ilackans ms
pinuH Ta rasiB. ATMocdepHuit
TUCK. THCK HEpyXOMOi piluHU Ha
JTHO 1 CTIHKHU MTOCYJIMHHU.
ApximenoBa cuia. YMoBa
TUIaBAHHS TLL

6apomeTp, MaHOMET, KyJIbKOBHUI
M IIHITHEK, HACOC, BAXK1JIb,
CIOIy4eH] IOCYJHHH, OJIOKH,
[IOXHJIA IJIOIIMHA, BOAOIPOBIS,
LIJTIO3, TipaBIiYHUI pec, HACOCH.

(hoTo ab0 cxeMaTHIHOMY PHUCYHKY;
4) xom0iHOBaHi 3a/a4i, 11
PO3B’A3yBaHHSI SIKHX
BHUKOPUCTOBYIOTBCS TOHSTTS 1
3aKOHOMIPHOCTI 3 KIJIbKOX
O3B MEXaHIKH.

MOJIEKYJISIPHA ®I3UKA 1 TEPMOJUMHAMIKA

OCHOBH MOJIEKY.JISIPHO-
kineTn4noi Teopii. OcHOBHI
TIOJIOXKEHHST MOJICKYJIAPHO-
KiHETHYHOI Teopii Ta 1X nociigHe
OOIPYHTYBaHHSL.

Maca i po3mip monekyin. Crana
Asorazipo. CepeiHs KBaJjpaTH4Ha
IIBUAKICTh TEIUIOBOTO PyXY
MOJIEKYII.

Ineanbuuii ra3. OcHoBHE
PIBHSIHHS MOJICKYJIIPHO-
KiHETUYHOI Teopil iiealbHOro
rasy. Temneparypa Tta ii
BumiproBanHs. [llkana
a0COIIOTHHX TEMIIEPATYP.
PiBHSIHHA CTaHY ifeaNbHOrO rasy.
I3onmporuecu B rasax.

OCHOBH TEPMOJAMHAMIKH.
Tennoswuit pyx. BHyTpinims
eHepris Ta crnocodwu ii 3MiHu.
Kinpkicts Temoru. Iluroma
TEIUIOEMHICTh pedoBuHU. PoboTa
B TEPMOJIMHAMILli. 3aKOH
30epeKeHHs eHeprii B TEIUIOBUX
nporecax (Tepuuii 3aKoH
TEPMOIMHAMIKH). 3aCTOCYBaHHSI
HEpIIOro 3aKOHY TEPMOJUHAMIKH
J10 i3omporieciB. AniabaTHuit
mporec. HeobopoTHicTb:
TeroBuX mpouecis. [puuium aii
TerIoBUX NBHUTYHIB. KoedimieHT
KOPHCHOI [Ii1 TEIUIOBOTO ABUIYHA 1
HOro MakCHMaJbHe 3Ha4YCHHSI.
Exonoriuni Hacaiaky mii
TEIUIOBUX MAILHH.

BuiacruBocri rasis, pinuH i
TBepauX TiJ1. [TapoyTBOpeHH:
(BUMapOBYBaHHS Ta KUITIHHS).
Konpencauis. ITutoma Terora
napoyrtBopenHs. Hacuuena ta
HEHaCH4eHa rapa, ixHi
BJIACTUBOCTI. BigHOCHA BoJIOricTh
TIOBITps Ta ii BUMIPIOBaHHS.

3HaTH, MOSACHIOBATH i IIPaKTHYHO
3aCTOCOBYBATH:

SIBuma i mpouecu: GpOyHIBCHKUIA
PYyX, 1udy3isi, CTHCHEHHS rasiB,
THUCK Ta3iB, MPOLECH TEIUIO0OMIHY
(TerIonpOBIAHICTh, KOHBEKLIs,
BUIPOMIHIOBAHHS), BCTAHOBIICHHS
TEIUIOBOI PiBHOBAry,
HEOOOPOTHICTh TEIUIOBHX SIBHILI,
arperaTHi IIepeTBOPEHHsI PEYOBHHHY,
nedopmatlisi TBEpAMX T,
3MOYYBaHHsI, KaIiJIApHi SBUIMIA
TOILIO.

@yHaMeHTAIBHI focaiam: P.
Boiins, E. Mapiorra, XK. Hlapos,
XK. I'eii-JTroccaxka.

OCHOBHI NOHATTS: KiJIbKICTh
peuoBUHH, cTana ABOrajipo,
MOJISIpHA Maca, CepetHs
KBaJpaTUYHA IBU/IKICTH TEIJIOBOTO
PYXY MOJIEKYJI, TeMIIepaTypa, TUCK,
00’€eM, KOHIIEHTpaLis, TyCTHHA,
TEII000MiH, poO0Ta, BHYTPILIHS
€HepTisl, KUIbKICTh TEIIOTH,
aiabaTHHUI TIpomec, i301pOIecH,
[IMTOMA TEIUIOEMHICTh PEYOBHHH,
[IMTOMA TEILIOTA IUIABJICHHS,
[IMTOMA TEIUIOTa APOYTBOPEHHSI,
[IMTOMA TEILIOTa 3rOPSHHS MaJnBa,
MOBEPXHEBA CHEPris, CHIa
[IOBEPXHEBOT'O HATATY,
[OBEPXHEBUiI HATST, HACHYCHA Ta
HEHACHYCHA Mapa, BiHOCHA
BOJIOTiCTh MOBITPSI, TOYKA POCH,
KpHCTaITiuHi Ta aMopdHi Tina,
aHi30TPOITisI MOHOKPHUCTAJIIB,
Ipy>kKHa 1 IlacTiyHa Aedopmanii,
BUJIOBXKCHHSI, MEXaHI4Ha HaIpyra.
IneanizoBani Mogeni: ineanpauit
ras, i/ileaJibHa TEIUIOBa MaIlIMHA.
3aKoHM, NPUHLIMIIK TA MK
IXHBOTO 32CTOCYBAHHS: OCHOBHE
PIBHSIHHS MOJICKYJIPHO-KiHETHYHOT

PO3Mi3HABATH NPOSBU TEIIOBUX
SIBUII 1 TIPOLECIB y IPUPOI Ta IX
HPaKTHYHE 3aCTOCYBAHHS B
TEXHILll, 30kpeMa audys3ii,
BUKOPHUCTAHHSI CTHCHEHOTO rasy,
3MIHHU BHYTpIIIHBOI eHepril
(arperaTHOro CTaHy Pe4OBUHH),
BHJIIB TEIUIOOOMiHY, SIBHIIA
3MOYYBaHHS Ta KaIllJSIPHOCTI,
pi3HuX BuAiB Aeopmartii,
BJIACTHBOCTEW KPUCTAIIIB Ta 1HIINX
MartepiaiiB y TexHili i npupoi,
CTBOpPEHHS MaTepianis i3
3a/JaHMMH BIIACTUBOCTSIMH,
3aCTOCYBaHHsI TEIUIOBUX JIBUTYHIB
Ha TPaHCIIOPTi, B €HEPTeTHIL, Y
CLIBCHKOMY TOCIIOAPCTBI, METOIH
npo¢inakTHK i 60poTHOH i3
3a0pyJHEHHSIM HaBKOJHIIHEOTO
HPHPOAHOTO CEPEIOBHUIIIA;
3aCTOCOBYBATH OCHOBHI IIOHATTS
Ta 3aKOHHM, IPHHIIUIIN, IIPABHJIA
MOJIEKYISIPHOT (hi3uKH Ta
TepMOMHAMIKH, opMyIH st
BU3HAUCHHS ()i3WYHHUX BEIUIHH Ta
X OIMHHIIb; MATEMATHYHI BHPa3u
3aKOHIB MOJIEKYISIPHOT (hi3HKH Ta
TEPMOJMHAMIKH; BU3HAYATH MEKI
3aCTOCYBaHHS 3aKOHIB
MOJIEKYISIPHOT (i3UKH Ta
TEPMOJMHAMIKH; PO3PI3HATH:
arperatHi CTaH{ PEYOBHHH,
HAaCHYCHY Ta HCHACHYCHY Mapy,
KpHCTaIiuHi Ta aMmopQHi TiJa;

*  pO3B’s3yBaTu:

1) po3paxyHKOBi 3azaui,
3aCTOCOBYIOYH (yHKIIIOHATIbHI
3aJIe)KHOCTI MK OCHOBHUMH
(i3nYHUMYU BeTMYMHAMMY, Ha:
PIBHSIHHS MOJIEKYJIAPHO-
KIHETHYHOI Teopii ineasbHOro
rasy, 3B’sI3Ky MiX Macoo rasy i
KIJIBKICTIO MOJICKYJT; 3QJIGKHICTh

4




IInaBneHHs 1 TBEpAHCHHS TiJ.
IuToma TemoTa mIaBICHHS.
TemnnoTa 3ropsHHS NaauBa.
PiBHSHHS TEMJIOBOTO OajaHCy Jyis
HaNMpPOCTIMINX TEIIOBHX
MPOLIECIB.

IoBepxueuii HaTsr piguH. Cuna
HIOBEPXHEBOT'O HATATY .
3mouyBanns. Kaninapui sBuma.
Kpucraniuni Ta amopHi Tina.
MexaHi4Hi BIaCTHBOCTI TBEPIHX
Tin. Bunu nedopmaniii. Moaynb
IOmnra.

Teopii iealbHOTO Ta3y,, PIBHSHHS
CTaHy 1AeaJbHOro rasy, ra3osi
3aKOHH, epHINii 3aK0H
TEPMOAMHAMIKH, PIBHIHHS
TEIIOBOTO OaJIaHCy.

Teopii: ocHOBH TepMOIMHAMIKY Ta
MOJIEKYJISIPHO-KIHETUYHOI TEOPii.
IIpakTuyHe 3acTOCYBAHHS
TEOPEeTHYHOI0 MaTepiaiy: okpeMi
BUMNAJKU PIBHIHHS CTaHy
ilealIbHOTO Ta3y Ta TXHe
3aCTOCYBaHHS B. TEXHilli,
BUKOPHCTAHHSI CTHCHEHOTO rasy Ta
TEIUIOBUX MAaLIHH, sBULIA Tudys3il,
KUIIHHS i1 301IbIIEHIM THCKOM,
TepMidHa 00poOKa MeTalliB,
MEXaHiYHi BJIaCTUBOCTI Pi3HUX
MaTepianiB Ta BAKOPHCTaHHS
HPY>KHUX BIACTHBOCTEH Til Y
TEXHILl TOIO; NPUHIUII il
BHUMIPIOBAJIbHUX MPUJIAJIB Ta
TEXHIYHUX IPUCTPOIB: KAJOPUMETP,
TEPMOMETP, ICHXPOMETP, TEILIOBA
MalllMHa (TEIUIOB1 IBUT'YHH, TApOBa
i ra3oBa TypOiHN).

TUCKY ra3y BiJl KOHIICHTpALi1
MOJIEKYII i TeMIIepaTypu;
BHYTPIIIHIO €HEPTiI0
OJIHOATOMHOT'0 Ta3y; 3aJIC)KHICTh
T'YCTHUHH Ta TUCKY HACHYEHOI Iapu
BiJl TEMIIEpaTypH; PIBHSHHS CTaHy
1IeabHOTO T'a3y, Ta30Bi 3aKOHH;
Ppo06OTY TEPMOANHAMIYHOTO
TIpoLieCy, MepUINi 3aKOH
TEPMOAMHAMIKH; PIBHSIHHS
TEIUIOBOTO OanaHcy; Ha
MTOBEPXHEBI Ta KaNiJISIPHI SBUIIIA,
MpYXKHY AehopMalliro Til,
BIJIHOCHY BOJIOTICTh TTOBITpS;

2) 3ajmaui Ha aHawi3 TpadikiB
i30MporieciB Ta MoOynoBY iX y
PI3HHUX CHCTEMax KOOPIHMHAT;
o0uncieHHs 3a rpadikoM
3aJIeKHOCTI THCKY Ta3y Bil HOro
00’eMy; poOOTH, BUKOHAHOI Ta30M;
aHaJi3 rpadikiB TEIUIOBUX
MPOILIECIB; aHai3 JiarpaMu
PO3TATaHHS METAIB;

3) 3amaui, sKi nependavaOTh
00poOKy Ta aHai3 pe3ynbTaTiB
EKCIIepHMEHTY, 300paKeHHUX Ha
(oo abo cxeMaTHYHOMY PUCYHKY;
4) xom0iHOBaHi 3a/1a4i, IS
PO3B’sI3yBaHHS AKHX
BHKOPUCTOBYIOTHCS HOHSTTS i
3aKOHOMIPHOCTI 3 KIJIbKOX

30epeIKCHHST CIICKTPUIHOTO

3apsiny. 3akoH KynoHa.
Enextpuune none. HanpykeHicts
eeKTpruaHOro mosst. [IpuHun
Cymepmo3uii momis.
IIpoBigHUKY Ta AiCTCKTPHKHU B
CIEKTPOCTATHYHOMY IIOJIi.
Po6ota enexTpuIHOTO OIS IPU
mepemiruenHi 3apsiny. [lorenian i
pi3HuIL HoTeHmianiB. Hanpyra.
3B’SI30K MiXK HAIPYTOIO 1
[HAIPY>KEHICTIO OJHOPIJHOTO
EICKTPHYHOTO HOJIS.
Enexrpoemnicts. Kongencaropu.
[ETeKTpOoeMHICTb MI0CKOTo
KOH/ICHCATOpa. 3’ € THAHHSI
KoHzeHcaTopiB. Exepris
CJIEKTPUYHOTO TTOJISL.
3akoHu mocTiifHOrO CTPYMY.
Enextpuunuii ctpym. YMoBu
liCHyBaHHs IOCTIHHOrO

SBuLIA i mpoLecH: eNeKTpHu3aLis,
B3a€MOis 3apAIKEHHX TiJl, ABA
BUJIU CNICKTPHYHUX 3apsiiiB, BiIbHI
HOCIT 3apsiiB y POBiJHUKAX,
MOJISIPU3ALlis IeJICKTPHUKIB, st
€JIEKTPUYHOTO CTPYMY, EIEKTpPOIi3,
TEPMOENICKTPOHHA eMICis, 10Hi3aIis
rasiB, MarHiTHa B3a€MO/IIS,
ICHYBaHHsI MarHiTHOTO OISt 3eMiIi,
€JIEKTPOMArHiTHa iHIyKIis Ta
CaMOIHIYKILisl TOIIO.
®ynpamMenTaabHi qociam: 1.
Kynoua, Hopde-Minnixena, E.
Owma, X. Epcrena, A.-M. Amnepa,
M. Dapages.

OCHOBHI HOHATTS: CTEKTPHIHHAN
3apsi, eleMEHTapHHUIT 3apsf,
€JIEKTPOCTATHYHE T10JIE,
HAIPYKEHICTb, JIiHIT HATIPYKEHOCT1
(cuJI0BI JIiHIT), TPOBIAHUKH Ta
JIETICKTPHKH, TieTeKTPUYHA

po3ziNiB
EJEKTPOJAVMHAMIKA
OCHOBH €JIEKTPOCTATHKH. 3HaTH, MOSACHIOBATH i IPaKTHYHO * pO3ITi3HaBATH MPOSIBH
Enexrpuunuii 3apsia. 3akoH 3aCTOCOBYBATH: €JIeKTPOMATHITHUX SIBHILL i

TIPOLECiB y IPUPOI Ta iX
HPAaKTUYHE 3aCTOCYBAHHS B TEXHill,
30KpeMa eJIeKTPOCTaTHYHUH
3aXHCT, BAKOPUCTAHHS MPOBITHHUKIB
Ta 130JI9TOPIB, KOHJEHCATOPIB, Aii
€IIEKTPUYHOTO CTPYMY,
BUKOPHUCTAHHS MarHiTHUX
BJIACTUBOCTEN PEUOBHHH,
€NIEKTPOII3y B TEXHIlll (T0OyBaHHS
YHUCTUX METAJIB, TajJbBaHOCTETIS,
rajJbBaHOIUIACTHKA),
€IIEKTPOMATHITIB €IeKTPOIBHTYHIB,
KOTYILOK 1HTyKTHBHOCTI,
KOHJICHCATOPIB;

* 3aCTOCOBYBAaTH OCHOBHI MOHSATTS
Ta 3aKOHH, IPUHIMITH, [IPaBHIIA
CJICKTPOANHAMIKH, HOPMYIH JUIs
BHM3HAa4YeHHs (DI3MYHUX BEINYMH Ta
X OIMHMIIb; MATEMaTHYHI BUPa3n
3aKOHIB €JIEKTPOANHAMIKH;

* BU3HAYaTH MEXi 3aCTOCYBaHHS
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eekTpraHOro cTpymy. Crma
cTpymMy. 3axoH OMa 115 TiISTHKA
koma. Omip IpOBiTHHUKIB.
[MocminoBHE Ta MapaienbHe
B’€HAHHS MPOBIIHUKIB.
[Enextpopymiitna cuna. 3akon Oma
11 ToBHOTO Koma. PoboTa i

Bakon J{xoyns-Jlenna.
EnekTpuyHuii cTpyMm y pisHHX
cepe10BHINAX.

Enextpuunuii ctpym y MeTanax.
[EnexTpoHHA IPOBIIHICTH METATIB.
Bae)KHICTh OMOPY METANIB BiJ
remmepatypu. HaanpoBinHicTs.
[EnexTpHdIHuIA CTPYM Y pO3UHHAX 1
[pO3IIaBax eJICKTPOIIITIB. 3aKOHU
eIeKTpOIi3zy. 3aCTOCYBaHHS
eIIEKTPOITizy.

EnextpuuHuii cTpym y razax.
HecamocTiiiHuii i caMocTiHHUI
po3psiau. [ToHaTTs mpo mmasmy.
EnexTpuyHuii CTpyM y BakyyMi.
[EnexTpuyHuii cTpym y
HamiBIpoBiqHUKaX. BracHa Ta
[TOMIILIKOBA EJIEKTPOIPOBIJHICTh
[HaMiBIPOBITHUKIB. 3aI€XKHICTh
OIIOpY HAIIBIPOBITHUKIB Bix
remmneparypu. EnexTpoHHo-
ImipkoBHit mepexin.
HamiBrpoBiTHUKOBHUH IO,
[Tpan3uctop.

MarsiTHe noJte,
eJIeKTPOMArHiTHA IHAYKIis.
B3aemonist ctpymiB. Maruitae
mosne. MarnitHa iHaykuis. Cuna
IAmnepa. Cuna Jlopenma.
MarHiTHi BTaCTHBOCTI PEYOBHH.
IMarHiTHa IPOHUKHICTb.
[DepoMarHeTuku.

MarsiTHuit notik. SIBuine
EICKTPOMArHITHOT 1HAYKIIT. 3aKOH
€JICKTPOMArHITHOT 1HAYKIIii.
[MpaBuio Jlenua. SBuiue
caMoiHayKUii. [HAyKTHBHICTB.
[Eneprist MarHiTHOTO IOJIS.

MOTY>KHICTb €JIEKTPUYHOTO CTPYMY.

IIPOHHKHICTH PEYIOBHHHU, POOOTa
CHJI €IeKTPOCTATUYHOTO T10JIs,
MOTEHIIaJIbHA CHEPTis 3apsay B
CJIEKTPUYHOMY IO0Ji, TIOTEHLIaI;
Pi3HHULS TOTEHLIAIB, HANPYTa,
€JIEKTPOEMHICTb, CHEPTis
3apsIPKEHOr0 KOHACHCATOPA, CHIIA
CTpyMy, €JIEKTPHYHUI oI1ip,
€JIEKTPOpYIIiiiHa cuia,
HA/ANPOBIHICTD, BAKYYM,
TEPMOENIEKTPOHHA EMiCisl, BIaCHA
Ta JIOMIIIIKOBA MPOBITHICTH
HAaMIiBIIPOBIJHUKIB, EIICKTPOHHA
MIPOBIHICT METAJIIB, UCOLIALLiS,
XIMIYHHI €KBIBaJICHT, 10HI3alIis,
pexomOiHaris, masma,
HEeCaMOCTIHHUH 1 caMoCTiHHMI
pO3psy, MarHiTHa IHAYKIid, cuiia
Awmrnepa, cuna JlopeHua, MarHitHa
IIPOHUKHICTB, €JIeKTPOMAarHiTHA
IHAYKUiA, IHAYKUIHHAN CTPYM,
MarHitHuii notik, EPC inaykumii,
€JIEKTPOMArHiTHe 1oJe,
caMOIHIyKLis, iHyKTHBHICTE, EPC
CaMOIH/YKIIii, €Heprisi MArHITHOTO
TIOJISI.

IneanizoBani Moaei: TouxoBuit
3apsili, HECKIHYEHHA PIBHOMIPHO
3apsi/pKeHa IUIOIINHA.

3aKoHN, NPUHIHIN, TPAaBHJIA,
rinore3u: 3aKoHH 30€peKEHHS
eJIeKTpUYHOTro 3apsny, Kyiona,
Owma (1s1 TUISTHKH Ta TIOBHOTO
@IIEKTPUYHOro Koia), Jxoyrs-
Jlenna, enexpouri3y,
€JIEKTPOMArHITHOI 1HAYKIIIT;
MIPUHLIUI CYNEPIO3ULIT
@JICKTPUYHHUX IOJIB; IIPaBUIIA:
CBEpJIHKa (IPAaBOTO IBUHTA), JTiBOT
pyku, Jlenua; rinoreza Ammepa,
rinmore3za MakcBemia.

Teopii: ocHOBH KJIaCHYHOI
€JIEKTPOHHOI Teopii, Teopii
€JIEKTPOMArHITHOT'O TIOJISL.
IIpakTHYHe 3acTOCYBaHHS
TeOPeTHYHOro MaTepiany:
BUKOPHUCTAHHSI €IEKTPOCTATHYHOTO
3aXHUCTY, 130JITOPIB Ta
MIPOBITHHKIB, KOHJICHCATOPIB, 1il
€JIEKTPUYHOTO CTPYMY, 3aKOHIB
CTpyMY JUISl PO3PaxXyHKY
CJIEKTPUYHUX KiJI, €JICKTPOIIi3Yy,
IJ1a3MH, B TEXHILli, BUJIIB
CaMOCTIHHOTO pO3psay, pyXy
CJNIEKTPUYHUX 3apsiIiB B
CIICKTPUYHOMY i MarHiITHOMY

3axoHiB Kymona ta Oma;

* PO3PI3HATU: MPOBITHUKY i
TieNeKTPUKY, TIOJIPHI i HeNoJpHi
IENeKTPUKHU, BUIN MarHeTHKiB,
HEcaMOCTIiHuMii 1 caMoCTilHMH
PO3psiay B raziax, BIacHy Ta
JIOMIILIKOBY MPOBIJHICTB
HaIliBIPOBITHUKIB;

* MOPiBHIOBATH BJIACTHBOCTI
MAarHiTHOTO IIOJIs,
€NIEKTPOCTATUYHOTO Ta BHXPOBOT'O
CJICKTPUYHUX TIOJIB;

*  PO3B’A3yBaTH:

1) po3paxyHKOBi 3a1aui, IO
BHMArarTh 3aCTOCYBaHHs
(hYHKIIOHATBHUX 3aJI€KHOCTEH MK
OCHOBHUMH (Di3HYHHMHA
BEJIIMYMHAMH, Ha: B3aEMOZII0
TOYKOBHUX 3apsliB(3aCTOCYBaHHS
3akoHy KyioHa); HarpyKeHiCTh
T0JIsl TOYKOBOT'O 3apsiLy, IIPOBiIHOT
KyJli, IPUHLIMUIT CYNEPIIO3ULIT; iF0
€JIEKTPUYHOTO HOJIS Ha 3apsif;
€JICKTPOEMHICTB IIJIOCKOTO
KOHJICHCATOpa, 3’ €AHaHHS
KOHJIEHCATOPIB, CHEPTiI0
3apsPKEHOr0 KOHACHCATOPA,;
PO3PaXyHOK ENEKTPUYHHX Kil (Y
T.4. 3MilIAHUX 3’€JHAHD
MPOBIAHHKIB) i3 BUKOPHCTAHHIM
3akoHiB OMa; poOOTy, MOTYXKHICTh
Ta TEIUIOBY IO €IeKTPUIHOTO
CTPYMy; IPOXOKEHHS
CIEKTPUYHOTO CTPYMY 4epes
€JIEKTPOITITH; BU3HAYCHHS HALIPSIMY
Ta MOAYJISl BEKTOpA MarHiTHOL
IHIYKIIT; cuit AMmriepa, CHITH
Jlopenna, EPC inmykmii B pyxoMux
MPOBIAHUKAX, Ha 3aKOH
enekTpomarHitHoi inaykuii, EPC
CaMOIHJYKIIi1, eHEPTil0 MarHiTHOTO
TI0JIS1 IIPOBIAHUKA 31 CTPYMOM;

2) 3ajmaui Ha aHaJi3 TpadigHOro
300pa’keHHsI eIEeKTPOCTATHIHOTO Ta
MAarHiTHOTO HOJIB, 3aCTOCYBaHHS
3akoHy OMa, 3aJIeXKHOCTI OIopy
METAaJIeBOTO TIPOBiIHNKA Ta
HaIiBIPOBIHNUKA BiJl TEMIIEPATYpH,
BOJIbT-aMIIEPHY XapaKTEPUCTUKY
HaIiBIIPOBI THUKOBOTO /1i0/1a;

3) 3amaui, sKi nependava0Th
00poOKy Ta aHai3 pe3yIbTaTiB
CKCIIEPHMEHTY, 300paXXCHIUX Ha
¢$oTo ab0 cxeMaTUIHOMY PHCYHKY;

4) xom0iHOBaHi 3a/1a4i, IS
PO3B’I3yBaHHS SKHX
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TIOJISIX, MAarHITHHX BIIACTHBOCTEH
PEUOBHHH TOIIO; TIPUHIMII Jii
BHUMIPIOBAJIbHUX TPUJIAJIB Ta
TEXHIYHUX TIPUCTPOIB:
€JIEKTPOCKOII, EJICKTPOMETD,
KOHJICHCATOP, JUKEpeNa CTpyMy
(aKyMyIsTOp, rajJbBaHIYHHHA
€JIEMEHT, TeHepaTop),
€JIEKTPOBUMIPIOBAJIbHI PUIAAN
(amriepMeTp, BOJIILTMETD),
CTOXHUBaui CTPyMy (JIBHTYHH,
pe3HCTOp, eICKTPOHATPiBaIbHI
MIPUJIAJH, TUIABKI 3aM1001KHUKH,
peocTaTH), elEeKTPOHHO-TIPOMEHEBA
TpyOKa, HamiBIPOBIJHUKOBI
MIPUJIAJIHU, EICKTPOMATHITH,
I'YYHOMOBEL(b, SJIEKTPOIMHAMIYHHI
MiKpOdOH.

BUKOPHCTOBYIOTBCS IIOHATTS 1
3aKOHOMIPHOCTI 3 MEXaHIKH,
MOJEKYISIpHOT (Bi3HKHU Ta
CJICKTPOAVHAMIKH;

* CKJIaJIaTH TJIaH BUKOHAHHS
eKCIICPHMEHTIB, pOOOTH 3
BUMIPIOBaJbHUMH TIPHJIaaMH Ta
HPHUCTPOSIMH, 30KpeEMa
€IIEKTPOCKOIIOM, EIEKTPOMETPOM,
KOH/ICHCATOPaMH, JUKEPEIaMu
CTpyMy, EpeTBOPIOBaYaMHU
CTpyMy, NPHIAJAMHU IS
BUMIPIOBaHHS XapaKTEPUCTHK
CTPyMY, CIIO)KHBaYaMH CTPYMY,
€JICKTPOMArHITOM, COJICHOIIOM;

* pOOHTH y3araabHEHHS 100
HOCIIB €IEKTPHYHOTO 3apsiIy B
PI3HHX CepeOBUIIAX; MATHITHUX
BIIACTUBOCTEH Pi3HUX PEUOBUH.

KOJIMBAHHS I XBWIL. OITHUKA

MexaniuHi KoJIMBaHHA i XBHJII.
Konuanbuuii pyx. BinbHi
MEXaHIYHi KOJIMBaHHS:
T'apMOHIYHI KOJIUBaHHSL.
3MileHHs, aMILTITy/1a, epiof,
yacTora i pa3a rapMOHIYHUX
KosmBaHb. KonBaHHS BaHTaXY
Ha npyxuHi. HuTsiHuit MasTHuK,
1epioj KOJIMBaHb HUTSHOTO:
MasTHHKA.

IleperBopeHHs eHeprii mpu
rapMOHIYHHX KOJMBAHHSIX.

Bumyieni MexaHi4Hi KOIUBaHHS.

SIBuie pe3oHaHcy.

TlompenHs KOIMBaHb y
HPY’KHUX CEPEIOBHILIAX.
IMornepeuHi Ta MO3XOBXHI XBHUIII.
JloBKHHA XBHJI. 3B'SI30K MiXK
JIOB)KUHOO XBHJII, IIBUIKICTIO 11
MOUIMPEHHS Ta IePioIoM
(4acToToro).

3ByKoBi xBuii. LIIBUIKICTB 3BYKY.

I'yuHicTh 1 iIHTEHCHBHICTb 3BYKY.
Bucora ToHy 1 TEMOp 3BYKY.
Iadpa- ta ynprpasByku.
EnexkTpoMarHiTHi Ko1uBaHHA i
XBHIIi. BinbHi enekrpoMarHiTHI
KOJIUBAHHS B KOJIMBAILHOMY
KOHTYpi. IlepeTBOpeHHs eHeprii B
KOJIMBAJILHOMY KOHTYpi. BiacHa
4acToTa i mepiofq
€JIEKTPOMATHITHUX KOJIHBAHb.
®dopmyna TomcoHa. Bumyreni
€IIEeKTPUYHI KOJTHUBAHHS.

3MiHHUH €TeKTPUIHHUIT CTPyM.
I"'eHepaTop 3MIHHOTO CTPYMY.

3HaTH, HOSCHIOBATH 1 IPAKTHYHO
3aCTOCOBYBATH:

SIBuIna i mponecu: KOIUBaHHA
Tijla Ha HUTLI Ta IPYXUHI,
PE30HAHC, MOUIMPEHHS KOIUBaHb Yy
MIPOCTOPI, BiIOMBAHHS ;XBUIIb,
MPSIMOJTiHIIHE TTOIMPEHHS CBITIA B
OJJHOPIJHOMY CEpEIOBHILI,
YTBOPEHHS TiHi Ta MiBTiHi, MiCsYHI
Ta COHSYHI 3aTEMHEHHS,
3aJIOMJICHHS CBITJIa HA MEXI JBOX
CepeIOBHIL, CKIHYCHHICTD
LIBUKOCTI TOIIMPEHHS CBITIA 1
palioXBHIIb TOIIO.
®yHnaMeHTadbHI gocuiau: I'.
T'epna; 1. Heiotona, 1. ITymost Ta B.
Penrrena.

OCHOBHi OHATTS: TAPMOHIYHI
KOJIUBAHHS, 3MILLICHHS, aMILTITy1a,
nepiof, yacrora i (asza, pe3oHaHc,
TIOTIePEeYHi Ta ITO30BXKHI XBHII,
JIOBXKHMHA XBWJIi, IIBUJKICTb 3BYKY,
T'YYHICTb i IHTEHCUBHICTb 3BYKY,
BHCOTa TOHY, TeMOD 3ByKY, iH(pa-
Ta yIbTPa3BYK, BUIbHI Ta BUMYIIEH]
€IIeKTPOMATHITHI KOJIHUBAHHS,
KOJIMBAJIBHHI KOHTYD, 3MIHHUI
CTPYM, [i104i 3HAUCHHS HATIPYTH

i CHJIN CTpYMy, aKTHBHHH,
IHIYKTUBHUI Ta EMHICHHIT OLIOpH,
po0oTa i MOTYXHICTh 3MiHHOTO
CTpyMy, PE30HAHC, aBTOKOJIMBAHHSI,
aBTOKOJIMBAJIbHA CHCTEMA, TTepioJ
(4acToTa) BUIbHHX
€JIEKTPOMATHITHUX KOJIMBAaHb B
CIICKTPUYHOMY KOHTYPi,

* PO3Mi3HABATU IPOSBH
KOJIUBAJIBHHX 1 XBUJIbOBUX
(30KpeMa CBITIIOBHX) SIBULL i
MPOLIECIB y NPUPOJII Ta X
HPaKTHYHE 3aCTOCYBAHHS B
TEXHILli, 30KpeMa MOIIHPEHHS
MONIEPEYHHX 1 TIO3/I0BXKHIX XBUJIb,
HPAKTUYHE 3aCTOCYBAHHS
3BYKOBHUX Ta yJIbTPa3ByKOBUX
XBHJIb y TEXHilll, BAKOPUCTaHHS
€JIEKTPOMArHITHOTO
BUINPOMIHIOBAHHS Pi3HUX
Jliama3oHiB, 3aCTOCYBAHHS SBUII]
iHTepdepeHuii, mdppakuii Ta
HoJISIpU3allii CBiTIIa, BAKOPUCTAHHS
JIHIHYACTHX CIIEKTPIB;

* 3aCTOCOBYBaTH OCHOBHI HOHSATTS
Ta 3aKOHHM U KOJMBAJIBHOTO PYXy
1 XBUJILOBUX TPOIIECIB, (HOpMyYIn
JUIS BU3HAYEHHS (i3HYHUX
BEJINYHH Ta 1X OIMHMIIB;
MaTeMaTHYHI BUPa3H 3aKOHIB;

* BI3HAYATH MEXi 3aCTOCYBaHHS
3aKOHIB T€OMETPUYHOT ONTUKH;

* MOPIBHIOBATH OCOOIMBOCTI
KOJIUBaHb Ta XBHJIb Pi3HOI
TIPUPOJIH, CIEKTPH
BUMPOMIHIOBAHHS Ta MOTJINHAHHS,
* PO3PI3HATH: TONEPEYHi Ta
MO3/I0BXHI XBHJII,
BUIIPOMIHIOBAaHHS Pi3HHX
Jiana3oHiB;

* PO3B’SI3yBaTH:

1) po3paxyHKOBi 3azaui,
3aCTOCOBYIOUH (DyHKIIIOHAIbHI
3QJIGKHOCTI Mi’K OCHOBHHMH
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Enextpuunuii pe3oHaHc.
Tpaucdopmarop. [Ipuxunn
nepezadi elneKTpoeHeprii Ha
BEJMKI BigcTaHi.
EnextpomarsiTHe mosne.
EnextpomarHiTHi XBUI Ta
mIBUAKICTH iX nomupenHs. [Ikana
€JIEKTPOMATHITHUX XBHIIb.
BrnacTHBOCTI €1eKTPOMArHiTHOrO
BUIIPOMIHIOBAaHHS Pi3HHX
Jliara3oHiB.

Onruka. [IpsmoniHiiHICTh
MOUIMPEHHS CBITJIA B
OJJHOP1JHOMY CEpPEIOBHIII.
IIBuakicTs cBiTna Ta ii
BHUMIpIOBaHHSL.

3aKkoHH BiIOMBaHHS CBITIA.
IToGynoBa 300pakeHs, siKi 1ae
IUIOCKE A3EPKao.

3aKOHH 3aJIOMJICHHS CBITIIA.
AOCOIIOTHUH 1 BIZHOCHUIA
[OKa3HUKH 3anoMieHHs. [ToBHe
BiOMBaHHs.

Jlinza. OnTHyHA cHa JIH3H.
®dopmyia TOHKOT JTiH3H.
IMoGynoBa 300paxeHs, sKi 1ae
TOHKA JTiH3a.

InTepdepentis cBiTia Ta ii
MIPaKTUYHE 3aCTOCYBAHHSI.
Jubpakuis citna. Jubpaxiiiai
IPaTKH Ta IX BUKOPUCTAHHS U
BU3HAYCHHS JIOBXKUHU CBITJIOBOI
XBHJII.

Jucnepcis citina. Henepepsuuii
1 MiHIYaTHIi CIEKTPH.
CriekTpanbHHi aHai3.
[onsipusariis cBiTIa.

@IICKTPUYHHUI PE30HAHC, 3MIHHUH
CNIEKTPUYHUIT CTPYM, Koe(ilieHT
TpaHcdopMarii, eIeKTpOMarHiTHI
XBHJIi, ONTHYHA CHJIa Ta HOKYC
JIiH3H, HOKA3HUK 3aJIOMJICHHS;
MOBHE BiZIOMBaHHS, [DKepena
KOT€PEHTHOTO BUIIPOMiHIOBaHHSI,
iHTepdepentis, Iudppakiis,
JIUCTIEPCisl, TONISIpU3allis CBiTJIA.
IneanizoBani mozeni:
MaTeMaTHYHHUN (HUTSHUN)
MAasITHHK, 1IcaIbHAIA KOJIMBAILHAM
KOHTYD.

3aKoHM, MPHHIIMNN: PiBHSIHHSA
He3aTyXaluHX TapMOHIYHUX
KOJIUBAHb, 3aKOH MPSIMOJIiHIHHOTO
TIOIIMPEHHS CBITJIA B OJJHOPITHOMY
CepeIOBUILl, HE3aJIEKHOCTL
MOUIMPEHHS, CBITJIOBUX ITyYKIB,
3aKOHHM BiJOMBaHHS Ta 3aJIOMJICHHS
XBHJIb, yMOBH BUHUKHCHHS
iHTepdepeHiiHOro, MaKCUMyMY Ta
MiHiMyMy; npuHIun [foiireHca,
npuHuun Jlomnepa.

Teopii: ocHoBU Teopii
€JIEKTPOMArHITHOTO TIOJISL.
ITpakTH4He 3acTOCYBaHHS
TEOPeTHYHOT0 MaTepiay:
nepeaya eJeKTPUYHOI eHeprii Ha
BiJCTaHb, Nepenaya iHpopmauii 3a
JIOTIOMOTOI0 €JICKTPOMArHITHUX
XBUJIb, paioyoKaris,
BUKOPHUCTAHHSI €IIEKTPOMArHiTHOTO
BUIIPOMIHIOBAaHHS Pi3HHX
Jliana3oHiB, 3aCTOCYBaHHSI SIBUIL
inTepdepenuii, mudpakuii ta
MOJISIPU3aLlil CBIT/Ia, BAKOPUCTAHHS
JHIAYaTHX CHEKTPIB,
CHEKTPaJbHUN aHaNI3; IPUHIMI JiT
BHUMIPIOBAJIbHUX TPUJIAJIIB Ta
TEXHIYHUX HPHUCTPOIB: TEHEPATOP
Ha TPaH3KCTOPI, FeHepaTop
3MIHHOTO CTPyMYy, TpaHchopmarop,
HainpocTimmii pagionpuiimay,
OKyJISIpH, (hoToanapar,
MpOEKLiHMUIT anapar, Jyna,
MiKPOCKOTI, CBIiTJIOBOJ,
CIIEKTPOCKOI.

(i3MYHUMYU BETMYNHAMHY, Ha:
3aJIKHICTh MEPioy BIaCHUX
KOJIIMBaHb Bifl TapaMeTpiB
CHCTEMH; 3aKOH 30epeIKEHHS
€Heprii B KOJIUBAJILHOMY IPOLECi;
TapMOHIYHI KOJIMBAHHS, JTOBXKUHY
XBIJIi; 3aKOHH T€OMETPUYHOI
OITHKH, GOPMYITy TOHKOT JIH3H;
iHTepdepeHwito Ta TudpaKiio
CBiTJIa; TpaHC(HOpMATOp;

2) 3amaui Ha aHani3 rpagikis
HE3aTyXalouuX (TapMOHIYHUX) Ta
3aTyXar4uX KOJIHBAHb,
3aJISKHOCTI aMIUTITYIN
BUMYIICHUX KOJHBAaHb BiJl YaCTOTH
30BHILIHBOT TIEPIOTUYHOT CHITH,
300paykKeHHs X0y CBITJIOBHX
MIPOMEHIB Ha MEXI JBOX MPO30PUX
CepeIoBUILL; 300paXKeHb,
OTPHMaHHUX 32 JOMOMOTOFO
TIJIOCKOTO A3epKaja Ta TOHKOI
JIH3H;

3) komOGiHOBaHI 3a1a4i, Ay
PO3B’SI3yBaHHS SIKHX
BUKOPUCTOBYIOTHCS HOHSTTS i
3aKOHOMIPHOCTI Pi3HHX PO3JIiJIiB
(hizukwy;

4) 3anaui, siKi nependavaTh
00poOKy Ta aHaJIi3 pe3yNbTaTiB
EKCIIEPUMEHTY, 300paKEHUX Ha
(hoTo ab0 cxeMaTHYHOMY PUCYHKY;
* CKJIaJIaTH TUIaH BUKOHAHHSI
JIOCIIJIIB Ta €KCIIEPUMEHTIB,
poGOTH 3 BUMIPIOBAIbHUMH
[IPHJIAIAMH Ta TIPUCTPOSIMH,
(30KpeMa, TiJIOM Ha HUTIL),
TeHePaTOPOM Ha TPaH3HCTOPI,
TpaHchOPMaTOPOM, KEpEIaMU
CBITJIa, INIOCKUAM A3€PKAIOM,
JIH3010, IPO30POI0
IUIOCKOTIApaJIebHOO TIACTHHOIO,
JudpaKifHIME IpaTKaMH.

KBAHTOBA

®I3UKA. ETEMEHTH TEOPII BLITHOCHOCTI

EnemenTu Teopii BitHocHOCTI.
Ipunmunu (mocTynaTy) Teopii
BigHocHocTi EffHmreiina.
PensaTuBicTCHKMI 3aKOH
JI0/IaBaHHS [IBUAKOCTEH.
B3aemMo03B’430K MacH Ta eHepril.

CeituoBi kBanTH. ['inoresa

3HaTH, MOACHIOBATH i IPaKTHYHO
3aCTOCOBYBATH:

SBuma i mpouecu: pyx
€JIEMEHTAPHUX YaCTHUHOK y
[IPHCKOPIOBAYaX, BIAKPUTTS
CHEKTPaJIbHUX JIiHIH,
paioakTHBHOCTI, 130TOMH, BTPaTa

- PO3Mi3HABATH MPOSIBH KBAHTOBUX
SIBUIN i HPOIECIiB y MpUPOAL Ta ix
[PaKTHYHE 3aCTOCYBAaHHS B
TEeXHiLl, 30kpeMa (akTiB, 10
ITi ITBEP/KYIOTh BUCHOBKH
crenianbHol Teopil BiTHOCHOCTI;
SIBHILL, 11O ITi ITBEPDKYIOTh
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IInanka. Crana [Tnanka. KBantu
cBiTia (poToHM).

dotoedekT Ta
eKCIEPHMEHTAIBHO BCTAHOBIICHI
1oro 3akoHU. PiBHSIHHS
Eitareiina nuis poroedekry.
3acTocyBaHHS (poToeeKTy B
TexHini. THCK cBiTIA.

AToM Ta aToMHe sapo. [locrin
Pesepdopna. Anepna moznens
aToma. KBaHToBi mocrynaru
Bopa. BunpomiHtoBaHHS Ta
MOTJIMHAHHS CBITJIa aTOMOM.
VTBOpEHHS JiHiHYacTOro
criextpa. Jlasep.

Cknan sapa atoma. [3otonu.

Enepris 3B'sI3Ky aTOMHUX S/I€p.
SnepHni peakuii. [oxin saep
ypany. SlnepHuii peakTop.
TepMmosinepHa peaxiis.
PanioaktuBHicTh. Anbda-,
Oera-, raMMa-BUIIPOMiHIOBaHHSI.
Meroau peectparii i0HiI3yro4oro
BUIIPOMIHIOBaHHS.

METaJIaMH HETaTUBHOTO 3apsiiy
IIPY ONIPOMIHEHHI CBITIIOM,
3aJISKHICTh eHeprii
(oToeneKTpoHiB By 4acTOTH
CBiTJIa 1 HE3aIeXKHICTh Bix Horo
IHTEHCHBHOCTI, Tudpakuis GpoToHiB
Ta EJIEKTPOHIB.
DyHIaMEHTANBHI JocTiau: A.
Cronetona; I1. Jlebenena; E.
Pesepdopna; A. bekkepens.
OCHOBHi MOHATTS: KBaHTH CBiTJIA
(doTonn), portoedexT, yepBoHa
Mexa (oToedeKTy, THCK CBITIA,
130TONH, paioaKTHBHICTB, anbda- i
OeTa-4aCTUHKH, TaMMa-
BUIMPOMIHIOBAHHSI, KBAHTOBHIT
XapakTep BUIPOMIHIOBaHHS i
MOTJIMHAHHSI CBIT/Ia aTOMaMH,
1HAYKOBaHE BUIIPOMIHIOBAHHS,
[IPOTOH, HEUTPOH, sIICPHI CHITH,
PafioaKTHUBHUI pO3Maj, Mepion
MiBpO3Maay; EHeprist 3B’ s3Ky
ATOMHHX s11ep, IeeKT Mac,
CHEPreTUYHUH BUXIJ SIEPHUX
peaKLi, JaHLIroBa siiepHa
peaxuisi, KpUTHYHA Maca.
IneanizoBani moaeui:
IUIaHEeTapHa MOJIENb aTOMa,
IIPOTOHHO-HEUTPOHHA MOJIEIb SpA.
3aKoHH, IPHHIMIIH, TiNOTE3N:
MOCTYJATH TEOPii BIAIHOCHOCTI,
3aKOH 3B’A3KY MiXK Macoro Ta
CHEpri€ro, 3aK0HH (PoToedeKTy,
piBHsiHHA EliHinTelina s
(oToedekTy, KBaHTOBI IOCTYIATH
Bopa, 30epexeHHs Yrcia HyKJIOHIB
i 3apsiay B SIOCPHHUX PEAKIIisX, 3aKOH
PalioakTHBHOIO pO3Iaiy, rirnoresa
Inanka.
Teopii: 0cHOBH creLianbHOT TeOPil
BITHOCHOCTI, Teopii ¢poToedexTy,
KOPITYCKYJISIPHO-XBHJIbOBHIT
Iyaiii3M, Teopii Oya10oBu aTomMa Ta
sapa.
IIpakTu4He 3acTOCYBaHHSA
TEOPEeTHYHOT0 MaTepiaiy:
3actocyBaHHs poroedekTy, OynoBa
1 BJTaCTUBOCTI aTOMHHMX s7ep,
MOSICHEHHS JIIHIHYAaCTUX CHEKTPiB
BUINPOMIHIOBAHHS Ta IOTJIMHAHHS,
3aCTOCYBaHH:I J1a3epiB, sepHa
€HEepreTUKa, NPUHIKI i
BUMIpIOBAJIBHHX TIPUJIAJIB Ta
TEXHIYHUX TMPHCTPOIB:
(doroenemeHT, NpUCTPOIB AT
peecTpalii 3apsHKeHHX YaCTHHOK,

KOPITYCKYJSIPHO- XBHJIBOBHIL
Jlyajli3M BJIAaCTUBOCTEH CBITIIa;
BHKOPUCTAHHSI 3aKOHIB
doroedexry B TexHili, METOIIIB
CIIOCTEpEKEHHs 1 peecTpanil
MIKPOYaCTHHOK; 3aCTOCOBYBATH
OCHOBHI ITOHSTTS Ta 3aKOHH
CcreLianbHoi Teopil BITHOCHOCTI,
Teopii poroedekty, Teopii OynoBH
aToma Ta sapa, GopMynu Juis
BU3HAUCHHs (i3MYHUX BEMYHH Ta
X OIMHHIb; MaTEeMaTHYHi BUPA3H
3aKOHIB; - PO3PI3HATH: BUAU
CITIEKTPIB, PajliloaKTHBHOCTI;

- MOPiBHIOBATH OCOOIMBOCTL
TPEKIB MiKPOYaCTUHOK Y
CIICKTPUYHOMY 1 MarHiTHOMY
TOJISIX; YTBOPEHHS Pi3HUX BHUIIB
CHEKTPIB, 3arajbHi 0COOIUBOCTI
MPOLIECIB, L0 BiIOYBAIOTHCS IIPU
PasioaKTHBHOMY pO3Maji siuep,
YMOBH BUHHKHEHHSI JIAHIIFOTOBOI
Ta TEPMOSJICPHUX PEaKLiii;
npupony anb(da-, Oera-, ramma-
BHUIIPOMIHIOBaHb;

- pOOUTH y3arajbHEHHs 1010
BJIACTUBOCTCH PEYOBHHH Ta MOJIS,

pO3B’sI3yBaTu:

1) po3paxyHKOBI 3a1aui,
3aCTOCOBYIOUH (DyHKIIIOHAIbHI
3aJIeKHOCTI Mi’K OCHOBHUMH
(i3MYHIMU BEeTMINHAMH, Ha:
PENSATUBICTCHKHUN 3aKOH
JN0JIaBaHHs IIBHIKOCTEH,
3aCTOCYBaHHS (hOPMYII 3B’ SA3KY
MK Macolo, IMIyJICOM Ta
€HEpri€l0; 3aCTOCYBaHHS
KBAaHTOBHX 1ocTyiatis bopa 1o
MPOILIECIB BUMPOMIHIOBaHHS Ta
HOTJIMHAHHS CHEpril aTOMOM;
3aCTOCYBAaHHS PIBHSIHHS
Eiinmreiina wis goroedexry,
CKJIaZIaHHs1 PIBHSHB SACPHUX
peaxiiiii Ha OCHOBI 3aKOHIB
30epeKeHHST; PO3PaxXyHOK Ae(eKTy
Mac, eHeprii 38’513Ky aTOMHUX
sIIIep, CHEPreTHYHOTO BUXOLY
SIIEPHUX PEeaKiliil; 3aCTOCyBaHHS
3aKOHIB 30epeKEHHS IMITyIbCY Ta
€Heprii 10 onucy 3iTKHEHb
MIKpPOYaCTHHOK; 3aCTOCYBaHHS
3aKOHY paJli0aKTUBHOTO PO3Majy,
BU3HAYCHHS IIEPio/y MiBpO3MaLy;

2) 3amaui Ha aHami3 rpadikiB 3MiHKA
KIUTBKOCTI paIiOaKTHBHHX sACp 13
4acOM, CXeMH EHEPreTUYHUX
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nasep, SIEpHUI PeaKTop.

PIBHIB IS TOSICHEHHS
TOTIMHAHHS Ta BUIIPOMiHIOBaHHS
CBITIIA;

3) xoMOiHOBaHI 3a1au4i, A7t
PO3B’SI3yBaHHS SIKUX
BHKOPUCTOBYIOTHCS HOHSTTS i
3aKOHOMIPHOCTI Pi3HUX PO3ILIIB
hizukwy;

4) 3agaui, siki nepeadavarOTh
00poOJICHHS Ta aHai3
pe3yJbTaTiB eKCIIEPUMEHTY,
300paxeHux Ha (oto abo
CXEMaTHYHOMY PHCYHKY, 30KpeMa
I0JJ0 BU3HAYCHHS XapaKTePHCTUK
€JIEMEHTAPHUX YaCTUHOK a00
sinep 3a (OTO3HIMKaMHU iX TPEeKiB
(30KpeMa B MarHiTHOMY I10Ji);

- CKJIa[laTH IIaH BUKOHAHHS
JIOCIIJIIB Ta €KCIEPUMEHTIB,
pobOTH 3 BUMIPIOBaIbHUMH
[PHJIAJAMH Ta IPUCTPOSMH,
30KpeMa (OTOETIEMEHTa.
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CTPYKTYPA I 3MICT CHIBBECIAH

biner wmictute gaBa TeoperwuHi nuTtaHHA. Ha miarotroBky abiTypieHTy
BIIBOIUTHCA 45 XBWIHMH, MICIAS YOTO BiH Ja€ YCHY BIAMOBiNb HA 3aBIaHHS
oOpaHoro Oinery.

Kpurepii oninroBanns
OniHtoBaHHsA BiAmoBiai npoBoauThes 3a 100-0anbHOI IIKAIOH, PO3IOILT
0aJ1iB K01 HABEICHO y MPUBEACHIN HIDKYE TaOIHUII.

Teopernune nutanas 1 TeopeTruHe nuTaHHs 2 Cyma
50 50 100

[lepeBenenHs KiAbKOCTI 0amiB y peHTHHroBy OWIHKY (3a mkamoro 100-200
0aJ1iB) 3A1MCHIOETHCS 3a TAOIMIICIO, HABEICHOK HAMPHKIHII IPOTPaMH.

Ouinrosannsn

50-41 — craBuUTBCS TOHi, KOJMH alITypi€HT BUSIBISE MPaBHIbHE PO3YyMiHHS
(hi3UIHOTO 3MICTY PO3TIIAIyBaHUX SBHI 1 3aKOHOMIPHOCTEH, 3aKOHIB 1 TEOPii,
Jla€ TOYHE BHW3HAYCHHS 1 TUIyMaueHHS OCHOBHHX IIOHSITH, 3aKOHIB 1 Teopii, a
TaKoXX TIpaBWIbHE BH3HAUCHHS (i3WYHMX BEIMYWH, OAMHHUIL 1 CIMOCOOIB iX
BUMIPIOBAaHHS, TIPAaBWJILHO BHUKOHYE KPECICHHs, CXeMH 1 rpadiku, II0
CYIIPOBOKYIOTh BIJIOBIIb; Oy/Iy€ BiAMOBIAbL 3a BIACHHM IUIAHOM, CYIPOBOIKYE
PO3MOBIIb BIACHUMU TPUKIIAIaMU;

40-26 — cTaBUTHCS, AKIO BiAIOBIIL 3a0BOJILHIC OCHOBHI BUMOIH, ajie B Hii
HE BHKOPHCTOBYEThCS BJIACHMH IUTAaH PO3MOBIfAi, CBOI MNPUKIAAH, HE
3aCTOCOBYIOThCS 3HAHHSI B HOBIH CHTYyaIlii;

25-10 — craBuUTBCA, SKIIO OIIbIIA YacTHHA BiANOBIAI 3aJ0BOJIBHSIE OCHOBHI
BUMOTHY, aj¢ BUSBISIFOTHCS OKPEMi MPOTAIMHU B 3HAHHAX TEOPETHYHOIO

Marepiany;

9-0 — craBuThCA TOAI, KOAM abiTYypi€eHT HE BOJIOJI€ OCHOBHHMH 3HAHHSMU 1
BMIiHHSIMU BiJITIOBiJTHO JIO BUMOT JaHOTO BUMPOOYBaHHS.
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Tabauus nepeBeaeHHs KiTbKOCTI 0aiiB cniBOeciqu y pedTHHTOBY OIliHKY (32
mkasnor 100-200 6axiB)

K-cTh 6aniB PeﬁTIfIHFOBa K-cth Oanis PeﬁTIf[HFOBa K-cth Oanis PeﬁTIfIHFOBa

OI[IHKA OI[IHKA OI[iHKA
0-9 He ckiaB 40 140 71 171
10 100 41 141 72 172
11 102 42 142 73 173
12 104 43 143 74 174
13 106 44 144 75 175
14 108 45 145 76 176
15 110 46 146 77 177
16 112 47 147 78 178
17 114 48 148 79 179
18 116 49 149 80 180
19 118 50 150 81 181
20 120 51 151 82 182
21 121 52 152 83 183
22 122 53 153 84 184
23 123 54 154 85 185
24 124 55 155 86 186
25 125 56 156 87 187
26 126 57 157 88 188
27 127 58 158 89 189
28 128 59 159 90 190
29 129 60 160 91 191
30 130 61 161 92 192
31 131 62 162 93 193
32 132 63 163 94 194
33 133 64 164 95 195
34 134 65 165 96 196
35 135 66 166 97 197
36 136 67 167 98 198
37 137 68 168 99 199
38 138 69 169 100 200
39 139 70 170

Jlo ydJacTi y KOHKYpPCHOMY BiZOOpi JJIsS BCTYIy HAa HaBYaHHS TOIMYCKAIOTHCS
BCTYITHHUKH, PEHTHHTOBA OIIHKA SKUX CTAaHOBUTH He MeHme 100.
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CIIMCOK PEKOMEHAOBAHUX IKEPEJI

Tectn 3HO omnnaiin 3 ¢izuxu. ULR: https://zno.osvita.ua/physics/

Crpyx H. ®isuka. KommiekcHa MiAroToBKa JO  30BHIIIHBOTO
He3anexxHoro omiHooBanHs 2022 / H.Ctpyxk, B.Mamtok, C.Octam’tok.
Tepnomine: [linpyunuku i mocioHukH, 2021. 496 c.

dizuka: miapyd. mas 9 K. 3arajbHOOCBIT. Haedu. 3akin. / [B. T.
Bap’saxrap,C. O. Hosruii,®d. . boxunora, O. O. Kiproxina] ; 3a pen. B.
I'. bap’sixtapa,C. O. JloBroro. — XapkiB : Bun-Bo «Panok», 2017. —
272 ¢. : i, dor.

dizuka (piBeHb CTaHIApPTY, 32 HABYAIBLHOIO IMPOrPamMol0 aBTOPCHKOTO
KOJIEKTUBY ITi KepiBHUITBOM JlokTeBa B. M.) : migpyy. mmist 10 k. 3aki.
3arai. cepen. ocsitu / [B. I'. Bap’saxrtap, C. O. JloB ruii, ®. 5. boxxunosa,
0. O. Kiproxina] ; 3a pea. B. I'. bap’sixrapa, C. O. [loBroro. — Xapkis :
Bun-so «Panok», 2018. — 272 ¢. : 111

dizuka (piBeHb CTaHIAPTY, 32 HABYAIBLHOIO IMPOTPaMOI0 aBTOPCHKOTO
KOJICKTHBY ITiJi KepiBHUIITBOM JlokTeBa B. M.) : miapyu. ams 11 k. 3aki.
3arain. cepen. ocsitu / [bap’sxtap B. I'., [los ruii C. O., boxxunosa @. 4.,
Kiptoxina O. O.] ; 3a pea. bap’sixtapa B. T'., losroro C. O. — Xapkis :
Bun-Bo «Panoky», 2019. — 272 c. : in., ¢oT.

®dizuka i acTpoHOMis (PiBeHb CTaHIAPTy, 32 HABYAIBHOIO MPOTPAMOI0
ABTOPCHKOI'0 KOJIEKTUBY MiJ KepiBHULTBOM Jlsmenka O. 1.): migpyy. ans
11 xn. 3aknmazgiB 3aranbHoi cepennpoi ocBité / T. M. 3acekina, [[. O.
3acekin. — K. : YOBII «Opion», 2019. — 272 c. : in.

®diznka i acTpoHOMis (PiBEHb CTaHIAPTy, 32 HABUAIBHOIO MPOTPAMOIO
aBTOPCHKOTO KoyieKTHBY Mif KepiBHUUTBOM O.l. JIsmieHka) migpydHHK
s 11 xiacy 3aknaniB 3arayibHOi cepellHboi ocBiTH/ aBT. M.B. ['onoBko,
LIL. Kpsuaxo, 10.C. Mensauk, JI.B. Henmopoxns, B.B. Cimiit — Kuis:
[legaroriuna nymka, 2019. — 288 c.: im.

Cupotiok B.JI. ®isuka i actpoHoMiss (piBeHb CTaHIApTy, 3a HaBd.
MPOTrpaMor0 aBT. KouI. mif kepiBHUIITBOM Jlsamenka O. 1) : miapyu. ams
11-ro xm. 3axm. 3ar. cepea. ocBiTH / Bomommmup Cupotrok, HOpiit
Mupomrnivenko. — Kuis : ['enesza, 2019. — 368 c. : in.

®izuka (piBeHb cTaHAAPTy, 32 HABYAJIBHOIO IPOTPAaMOI0 aBTOPCHKOTO
KOoJeKTHBY minx KepiBHUNTBOM Jlsmenka O.1.) migpyunuk mns 10 xmacy
3aKJIaJIiB 3arayibHOI cepeanboi ocBiTH/ ['onoBko M.B., Menpauk HO.C,
Henopoxwns JI.B., Cimiii B.B. — Kuis: [legaroriuna qymka, 2018. — 256
c.
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10.

11.

12.

3acekina T. M. @i3uka (piBeHb cTaHmAPTY): miapyd. mist 10 k1. 3akiamiB
3aranbHOl cepennboi oceitTh / T. M. 3acekina, [I. O. 3acekin. — K. :
YOBIL «Opion», 2018. — 208 c. : im.

CupoTtiok B.JI. @i3uka (piBeHb CTaHIapTy, 3a HABY. MPOTPaMOI0 aBT.
KOJIEKTUBY mmia kepiBHUIITBOM Jlsmenka O.1.) : mimpyd. mis 10-ro KiI.
3aki. 3ar. cepen. ocBitu / B.Jl. Cupotiok. — KuiB : ['enesa, 2018. — 256
c.:im

3acekina T. M. ®i3uka : miapyd. 4 9 KiI. 3arajbHOOCBIT. HaBY. 3aKJIa/(iB
/ T. M. 3acekina, [I. O. 3acekin. — K. : YOBI «Opion», 2017. — 272 c.
a8
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