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CECHY KSZTALCENIA MODULACJI FAL
ELEKTROMAGNETYCZNYCH W KONTEKSCIE KOMPETENCJI
SZKOLENIA

Jednym z kierunkow podejscia kompetencyjnego w zakresie
wychowania fizycznego jest wzmocnienie roli fizyki stosowane;j
zawartosci materialu  szkoleniowego, praktycznych  metod
nauczania, powigzanh interdyscyplinarnych, eksperymentu
edukacyjnego fizycznego z wykorzystaniem rzeczywistych
projektéw inzynierskich.

Wdrozenie podejscia kompetencyjnego w nauczaniu fizyki -
to problem, ktéry wymaga kompleksowego rozwigzania, a zatem
uwaza¢ metody projektowania nauczania kazdej sekcji kazdy . .
watek. Wiktor Zaf(alurzn Vj

W  artykule  przedstawiono  przyktad  podejécia  Doktorant Uniwersytetu
kompetencyjnego w badaniu modulacji fal elektromagnetycznych w Pedagogicznego imienia

trakcie fizyki ogolnej Uniwersytetu Pedagogicznego. H.P.Drahomanowa
(m. Kyjiv, Ukraina)

Stowa kluczowe: podejscie kompetencyjne, fizyka
stosowana, komunikacja interdyscyplinarna, wahania modulaciji,
rzeczywiste obiekty techniczne.

THE PECULIARITIES OF THE STUDY OF ELECTROMAGNETIC WAVES MODULATION IN
THE CONTEXT OF COMPETENCY TRAINING

The leading idea of reforming the education system of Ukraine is implementing education
competency-based approach, an important feature of which is that the effectiveness of training is
determined not so much a complete and systematic subject knowledge as the ability of young
people to operate the existing stock of knowledge in new situations, and above all, the solving
application problems in everyday life.

One of the areas of the competency-based approach in physical education is to
strengthen the role of Applied Physics of the content of the training material, practical teaching
methods, interdisciplinary connections, educational physical experiment using real engineering
projects.

The implementation of competence approach in teaching physics - a problem that
requires a comprehensive solution and, therefore, careful design methods of teaching each
section, each topic.

The article contains an example of competence approach in the study of the modulation of
electromagnetic waves in the course of general physics Pedagogical University.

Keywords: competence approach, applied physics, interdisciplinary communication,
modulation fluctuations, actual technical facilities.

OCOBJINBOCTI BUBYEHHA MOEI,YHHLII'I' ENEKTPOMAIHITHUX KOJINBAHb Y KOHTEKCTI
PEANI3AUII KOMMETEHTHICHOINO HABYAHHA

MpoBigHoO igee0 pedopmyBaHHA cUCTEMM OCBITU YKpaiHW € 3anpoBagXeHHs B OCBITI
KOMMETEHTHICHO-OPIEHTOBAHOINO Migxo4y, BaXKnMBOK OCOBMMBICTIO AKOro € Te, WO eeKTUBHICTb
HaBYaHHS BM3HAYaETbCS HE CTiflbKM MOBHOTOK i CUCTEMATUYHICTIO NPeaMETHMX 3HaHb, CKiSlbKu
34aTHICTIO MOMOAi onepyBaTh HasiBHUM 3anacoMm 3HaHb B HOBMX CUTyauisix, i, nepw 3a Bce, nig
yac pO3B’sA3aHHA NpuUKNagHUX npodnem, Wo BUHUKAIOTL Y MOBCAKOEHHOMY KUTTI.

OpaHuMm i3 HanpsamiB peanisauil KOMNEeTEHTHICHO-OpPiEHTOBAHOrO Niaxoay y di3nyHiA OCBITI
€ MOCUMEHHS poni NpuKnagHol hisukn y 3MICTi HaB4YanbHOrO mMaTepiany, NpakTUYHUX METOAIB
HaBYaHHS, MKNPegMETHUX 3B’A3KiB, HABYaNbHOMO i3MYHOIO EKCNEePUMEHTY 3 BMKOPUCTAHHAM
peanbHUX TEXHIYHNX 00’ eKTiB.
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Peanisauia komneTeHTHiCHOro nigxogy B HaB4aHHi isvkn — npobnema, Aka noTtpebye
KOMMMEKCHOro PO3B’A3aHHA i, Bi4MNOBIgHO, peTernibHOT PO3p0o6KNM METOOUKM HaBYaHHSA KOXHOro
po34iny, KOXHOI TEMW.

Y cTaTTi HaBedeHO NpuKNag 3aCTOCyBaHHSA KOMMETEHTHICHOro nigxoay nig Yyac BMBYEHHI
MOAYNAUIT eneKkTpoMarHiTHUX KonvBaHb B KypcCi 3aranbHOi di3ukv negarorivHoro yHisepcuterty.

Knroyoei cnoea: koMNeTEHTHICHUIA nigxid, npuknagHa disvka, MiknpegMeTHi 3B’A3KM,
MOAynsuia KonnBaHb, pearnbHi TEXHIYHI 06’ ekTI.

Y HauioHanbHin cTpaterii po3BUTKy OCBITU B YKpaiHi Ha 2012-2021 poku 3a3HayeHo:
«CyyacHui puUHOK npaLi BUMara€e Big BUMNYCKHMKA He nuWEe FNMOOKUX TEOPETUYHUX 3HaHb, a
34aTHOCTI CaMOCTIMHO X 3acTOCOBYBaTM Y HeCTaHOAPTHWUX, MOCTIMHO 3MIHIOBAHUX >KUTTEBUX
CUTyaLisgx, nepexoay Bif CycninbCTBa 3HaHb A0 CyCMifIbCTBA XUTTEBO KOMMNETEHTHMUX rPOMagsH»

[2].

Omxe, ofHieto 3 NPOBIOHWUX iAer pedopMyBaHHA CUCTEMM OCBITU YKpaiHW € 3anpoBaKeHHs!
B OCBITi KOMMNETEHTHICHO-OPIEHTOBAHOIO MigxoAdy, CrpsSiMOBAHOro Ha (QOPMYBAHHSI KITHOYOBMX,
3aranbHonpegMeTHUX Ta npegMeTHUX KOMMETEHTHOCTEW YYHIB Ta CTYAEeHTIB, Ha KOMMMeKcHe
3aCBOEHHA 3HaHb Ta CNOCOBIB NPAKTUYHOI OiANbHOCTI, 3aBASKMA SKAM NI0AUHA YCNILWHO peanisye
cebe B pi3HNX ranyssax CBOEI XUTTEQIANbHOCTI [6-7].

Baxnneoto ocobnmBICTIO KOMMETEHTHICHOMO nigxody € Te, WO eMEeKTMBHICTb HaBYaHHS
BM3HAYaETLCH HE CTifbKM MOBHOTOK i CUCTEMATUYHICTIO NPegMETHUX 3HaHb, CKiflbKU 34aTHICTIO
MOoAi onepyBaTu CBOIM 3anacoM 3HaHb Y HOBUX CUTYaUisiX, | NepL 3a Bce, Mig Yac po3B’sa3aHHs
npuKnagHux npobnem, Wo BUHUKAIOTL Yy MOBCAKAEHHOMY XUTTI.

TobTO, KOMMETEHTHICHMM nigxig B OCBIiTIi €, MEBHOK Mipo, crnocobom nocuneHHs i
NPaKTUYHOI, NPUKIIagHOT CNPSIMOBAHOCTI.

3a3HaumMmo, o hopMyBaHHA NpeaMeTHOT KOMNETEHTHOCTI YYHIB YM CTYAEHTIB HA CbOrOAHi
€ NpobrneMHNM 3aBOaHHAM OCBITU, OCKISTbKM MOB’A3aHe 3 HEOBXIOHICTIO 4ONaTh CyNepeYHiCTb Mix
ICHYIOUMM  «MPegMeTOLEHTPU3MOM» Ta  CNPSIMOBAHICTIO  KOMMETEHTHICHOro nigxogy Ha
PO3B’sI3aHHSA XUTTEBUX NPOBNEM KOMMNMEKCHOro MiKNpeaMeTHOro Xxapakrepy.

Llinkom norivyHo, Wo ogHUM i3 HanpsaMiB peanisauii KOMNeTEHTHICHO-OPIEHTOBAHOMO Nigxoay
y i3nyHin OCBITI Mae cTaTM MNOCUNEHHSA Poni MNPUKNagHoI i3VKM y 3MICTi HaBYanbHOro
Martepiany, NpPakTUY4HUX METOAIB HaBYaHHA, MiKNPeAMETHUX 3B’s3KiB, HaB4asribHOro di3aMyHOro
eKCNepMEHTY 3 BUKOPUCTAHHAM pearnbHUX TeXHIYHUX 00’eKTIiB, 3 SKMMM CTYAEHTU MatoTb cripaBy
Y NOBCAKOAEHHOMY XWTTI.

TobTO, peanisauis KOMMETEHTHICHOrO niaxody B HaB4YaHHI i3ukn — npobnema, ska
noTpebye KOMMNIIEKCHOro PO3B’si3aHHSA i, BigNOBIOHO, peTernbHOI PO3pPOOKM METOAMKA HaBYaHHS
KOXXHOro po3finy, KOXXHOT TEMW.

Mporpama Kypcy 3aranbHOi di3vku nefaroriyHUX YHIBEPCUTETIB MICTUTb HU3KY TeM, SiKi
MaloTb BENMKE NPaKTUYHE 3HAaYeHHs!, OCKINbKM 3abes3nedvyoTb OCHOBY AN PO3YyMiHHS MNPOLECIB,
WO npoTikaloTb B CKNagHWX TexHiyHux cuctemax [1]. OpHieto 3 Takux Tem € «[llpuHumnnu
pagio3B’A3Ky», fika Mae NpsMUA BUXiQ Ha MaTeMaTuKy, ernekTPOTeXHiKY, pagioTexHiKy Ta
erleKTPOHiKy, a TOMy Mae BMKNnagaTUcs B TICHOMY B3aEMO3B’'SI3KY i3 3a3HaYeHUMN OUCUMMNITIHAMN.
BignosigHa Tema € i B Kypci (hi3nkn 3aranibHOOCBITHBOT LLKOSK, WO BUMarae rinmbokoro po3ymiHHs
Ta SKICHOro 3aCBOEHHSA Ti 3MICTYy CTyAeHTaMu.

BpaxoBytoun Benukum oBCAr Temu, 3IYyNMUHUMOCA Ha MeToAWui BUBYEHHSA OOHOro 3
HaVBaXXNMBILUMX MUTaHb TeMuU - MOAynsuil enekTPOMarHiTHUX KonvMBaHb 3 ypaxyBaHHAM
MOXXINNBOCTEN MbKAMCUMNITIHAPHNX 3B’A3KIB.

MNMepw 3a Bce, CTyAeHTaM HaragyoTb NPUHLMNKN Pafio3B’a3Ky, 30Kpema, L0 BUCOKOYACTOTHI
KONMMBaHHSA, $Ki BUPOBNSE reHepaTop He3aTyxalouuMx KONMBaHb | SKi MepeTBOPIKTLCA Ha
ereKTPOMarHiTHI XBWUNi Ta BMUNPOMIHIOIOTLCH BIOKPUTUM KONMBANbHUM KOHTYpPOM, iHpopMaLil He
HecyTb. [1na Toro wob enekTpoMarHiTHi XBWUNi NEepeHOCUnn KOpPUCHY iHopMaLito, KONMBaHHS
reHepatopa BY noTpibHO NeBHUM 4YMHOM NepeTBOpUTU. HawnnpocTiwe — 3MiHoBaTK amnniTyay
KonuBaHb BignosigHO 0o oBpaHoro kKoay, Hanpuknag ABilkoBoro. € curHam — Maemo NorivyHy
OOMHULIO, HEMAE — MNOrYHMIN Hyrb. 3ako4oBaHy Mpu nepegaBaHHi iHpopMauio Ha NnpuMansHin
CTOPOHI CUCTEM PaAio3B’si3Ky PO3KOAOBYHOTb.

3a TakuM NpUHLMNOM AitoTb i HANNPOCTILWWA TenerpadHU 3B’930K 3 BUKOPUCTAHHAM Koy
Mopae, i 6inbLUiCTb Cy4acHUX LMPOBUX CUCTEM Padio3B’A3KY.
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[ewo cknagHiwe 34iNCHATM nepefaBaHHA Ha BigcTaHb 6e3nocepegHbO  3BYKOBOI
iHpopmauii. [Ona uboro BMKOPUCTOBYIOTb Pi3Hi Pi3MYHI MeToan BMIMBY Ha BMCOKOYaCTOTHI
KoNuBaHHSA 3 6OKY KOnmMBaHb 3BYKOBOT YACTOTK, SiKi OTpMManu ChifibHy Ha3By — MOAynsuisd.

Omxe, m™ogynduielo KonMBaHb HasvMBalTb 3MiHY amnniTyam, 4Yactotu uu  dasmu
BMCOKOYACTOTHOIO KOJSIMBAHHSI 3a 3aKOHOM HM3bKOYaCTOTHOro. HamnpocTiwow € ogHOTOHOBa
Moaynsuig, To6To MoaynsList O4HIE YacTOoTOoLO.

Mpy 0QHOTOHOBIN MOAYNALT:

amnnitypHin: A= 4, (l + bcos (th);
YaCTOTHIM: (x)zooo(l+bcosc02t);

a3oBil: ®=¢,(1+bcosw,r).

Ockinbkn npouecn B eneKTPUYHMX CcuctemMax He O4YeBUAHI, NPUHUMN OAHOTOHOBOI
aMmnniTygHoi Moaynsauii BapTO MpointcTpyBatM Ha MpuKNagdi MeXaHiYHMX KonvMBaHb 3a
AOMNOMOroK YCTaHOBKW, CXeMaTU4HO 300paxeHol Ha puc. 1.

NN

Puc. 1

[lo MiHiaTIOpHOro ry4HOMOBLSA NPUEAHYIOTb AOBri Ta FHyYKi NPOBIAHWKM i NiABIWYIOTL MOro
Ha wTaTMBi Tak, Wwob BiH MIr 34iMCHIOBATN KONMMBaHHA 36epiratoun opieHTauilo y BepTUKanbHin
NNowWmHI — andysopom Ao ayauTopii (MpoBigHMKK BigirpatoTe ponb niasicy). Ona 3MeHLWweHHs
BUMPOMIHIOBaAHHSI  3BYKOBMX XBWMb «Hasad», 3BOpOTHMM Oik audpysopa obroprtatoTb
3BYKONOIMMHA4YMM MaTepianom (Hanpuknag, MOBCTI0O 4M noponoHom). KiHui npoBigHUKiB
nig’egHyl0Tb OO0 reHepaTopa enekTPUYHUX KONMMBaHb 3BYKOBOI 4dacToTn. Mik ayguTopieto Ta
YTBOPEHUM MasTHUKOM PO3TaLLOBYIOTb Ba BEPTUKASIbHUX eKpaHU 3 NPOMDKKOM 10 M MK HUMW.
YacTtoTa konmBaHb reHepatopa Moxe 6yt 300-500 y. [MpmBOAATE MasiTHUK y KONMBanbHUN
pyx. CTyaeHTM B ayguTopil crnocTepiraloTb AK amnnityda 3BYKOBUX KOSNMBaHb MNepiognyHo
3MiHIOETLCH 3@ 3aKOHOM HU3bKOYaCTOTHUX KOMNUBaHb.

Mopaynsuia enekTpomMarHiTHUX KonmBaHb MOXe ByTu peani3oBaHa pisHUMu cnocobamu. B
peanbHUX pagioTeXHIYHUX cMCTeMaXx il 34IMCHIOTb 3a JOMNOMOrOK HEMIHIMHUX eneMeHTiB, TO6TO
€MeMEHTIB 3 HENiHINHOI BOMNbT-aMMEPHOK XapaKTEPUCTUKOK — AioAiB, TYHerbHUX AioAis,
TpaH3ucTopiB Towo. Bnok—cxema dopmyoyoi curHan 4YacTuHU nepefasaya 3 amnniTy4HO
Moaynsuieto moxe 0yTn Takoto (puc. 2).

ITincuroBay
@» kosuBanbr HY w,

I'eneparop BU Monynsatop CMyFOBI/H‘/'I
KomuBanb @) | GUIBTP ©; —>

\ 4

Puc. 2
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OCHOBHUMU enemMeHTamMu € reHepaTop He3aTyxar4mx KOnMBaHb YacTOTOK W1, MIKPOOH Ta
nigcunoBay KoNMBaHb HU3bKOI YacTOTU Wy MOAYNSATOP Ta CMYroBuin AoinbTp, HanawToBaHUN Ha
4acToTy W1,

PosrnsHemMo, sK MOXHa MaTteMaTUyHO onucatu aMmnniTygHy MoAynsuilo, SKLWO 3akoH
HENiHIMHOCTI aKTMBHOIO eNeMeHTY MogynsaTopa HAaUNPOCTIWWA, HAaNPWUKNaz, Takui:

. 2
I=0cu+o,u,

Ae O, Ta O, - MiHilHa Ta HeniHinHa NPOBIAHOCTI BiAMOBiAHO. TOBTO, MUTTEBE 3HAYEHHS
CUNKN CTPYMY Yepes3 akTUBHUI HENIHINHWMI eneMeHT Mae ABi CKNafoBi — MiHiMHY Ta HEniHInHY; Uy
Ta Up;— MUTTEBI 3HAYEHHS HaNpyr BUCOKOYACTOTHMX Ta HU3bKOYACTOTHUX KOMNMBaHb BiAMOBIgHO.

u,=U,, cosot

Akwo - u=u tu,,
u,=U,, cosm,t

2

Im

TOAi: [ = O, (U cosot+U,, cos (ozt) +0, (Ulm cosot +U,, cos (ozt)

o,U,, cosot+0c,U,, coswt+c,U’ cos’wt+ao, 2U, U

U, COSM,COSM,f +
2
+U,, 0,C08" ,f =
Ha Buxoai mogynatopa yctaHOBMEHO, sk Npasuno, ginbTp, HAaCTPOEHUI HA YacToTy @,
AKUA NPUTHIYYE KOMMBaHHA 3 YacToTamu, IO iCTOTHO BiApPI3HAIOTLCA Big , (Hampuknag, ©,,

. 20,) Tomy: o U, coswit+2c,U, U, cosmrcosm,t=

c
_ 2 _
=oU,, cosot| 1+2—=U, cosm,t |=

O,

o
Benuunny —2U2m = m Ha3nBalTb rMMbuHo MoaynAuil!
o
1
=6,U,, cost(1+2mcoso,f)
MNepenuwemMo piBHAHHA TakK:
i=oU,, cosmt+2mo U, cosoilcosm,t=

Im

=1, cosot+2ml,, %[cos(col +@, )t +cos(w — mz)]t

3sigcy BUOHO, WO BHACNIAOK HEMIHIMHOCTI MOAYNSTOpa, KPiM HECYYOi YacToTM W+, Y BUXIAHOMY
curHani NnpucyTHi BiYHi YacToTh (Wq+ W2) Ta (wq- wy) (puc. 3).

A
[ , @+ @, ()

Puc. 3

Cnig 3asHauvTh, WO peanbHa MOAYNAUiA enekTPoOMarHiTHUX KONuBaHb B YCiX BuAax
pagio3B’sa3ky € 6araToTOHOBO i onucaTtu i MaTeMaTUYHO 3HAYHO CKNagHille, HiXX ogHOTOHOoBY. B
peanbHi 6araToTOHOBIM MOAYNAUIT HAa BUXOAiI YTBOPIOETLCS Linni cnekTp YyactoT. Tomy 6yab-aka
pagiocTaHuis Ha byab-aKoMy KaHani 3B’A3Ky 3aMMae He OfHy 4acToTy, a cMyry 4acTtoT. Ons
OEeMOHCTpaUii LbOro sBMLla MOXXHa BUKOpUCTaATU 3BUYANHWUIA LUMPOKOMOBHMI AM-pagionpuiimad.
3BepTalTb yBary CTyAeHTIB Ha Te, WO Y BCbOMY [iana3oHi 4OBMMX XBWUIMb, HE 3aBaxarwuyn ogHa
O[HIN, MOXyTb npautoBaTn He binbLue 5-6 pagiocTaHuin.
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MpooemMoHCcTpyBaT OQHOTOHOBY aMNAiTygHY MOAYMSUII0 MOXHa pisHMMK cnocobamn. B
creuianbHin nitepaTypi onucaHo 6arato BapiaHTIB 4eMOHCTpaLuiiHuX yctaHoBoK [1; 4; 5]. Ane,
HaNNpPOoCTIiLWe, AKLLO B pO3NOpPsAXKEHHI BUKNagada € nabopaTopHuin reHepaTop BMCOKOI 4acToTw,
wo mae BbygosaHun HY-mopynatop, Hanpuknag MCC-8.

Mig’egHaBwm noro Jo ocumnorpacda, Ha ekpaHi MoXHa nokasaTu:

A

ijz(t)

il

HilHIhi

Puc. 4

2. Mogayntotoui konueaHHs HY (puc. 5).
Tyt

Puc. 5
3. lNMpomoaynboBaHi konneaHHa BY (puc. 6).
U(t)
A

W\”\f\ﬂmﬂ!@ﬂfl
il

Puc. 6
4. 3anexHicTb hopmu NpomMoaynbOBaHMX KONMBaHb Bifg rMMOUHKM Moaynsuii.
Axwo reHepaTopa BY konueaHb i3 BOya0oBaHUM MOOYNATOPOM HEMAE, MOXHA BUFOTOBUTM i
NpogeMOHCTpyBaTU B Ail aBToreHepaTop Ha TpaH3UCTOpi, 3i0paHMiM 3a ofHielo i3 cxem,
npeacTaBneHnx Humx4e (puc. 7):

———
—
——
T
=
—
A——

— Ll o 1op R 270« ©+]12B
Ij 30k J_CI Buxio Ij [l]RZ
750 L 500k yL 12«
- c L 100
[l _|[|r Vi 11 Buxid
) KT3154
a
0) _@> ::CZ
.5 2 ler 300
b K 1T
680 To, 047 240
_L ) Puc. 7 1

MNepeBaroto npeactaBneHNX cCxem € NpocToTa Ta BIACYTHICTb Oyab-akux npobnem y
HanawTyBaHHi. B Hux pgobpe npauoloTb Oyab-gKi BUCOKOYACTOTHI  MarnonoTyXHi n-p-n
TpaHsucTopu. KeapuoBuin pesoHaTop BapTo obpaTu B AianasoHi Big cTa A0 KifbKOX TUCSM
Kinorepu, ane TaK, Wo6 curHan reHepaTtopa MOXHa Oyno npuuMaTtM Ha 3BUYAKHUI

LUMPOKOMOBHMI pagionpuimad.
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CTtyoeHTam cnig nonepegHbO MOSACHUTK, LWO KBapUOBWA pe3oHaTop Bigirpae posb
BMCOKOZOOPOTHOrO KONMBANbHOTO KOHTYpa 3 AyXe cTabinbHUMKN napameTpamu.

YBiBLWUM B KONIO eMiTepa reHepartopa Y3rogKyBasibHU/A TpaHcopmaTop Ta AUMHaAMIYHWUIA
MIKPO(POH, OTPUMYEMO HAWMPOCTILLMW pagionepenaBay, 3a [JOMNOMOMOK SAKOr0  MOXHa
OEeMOHCTpyBaTK yCi 0cOBNMBOCTI aMnniTygHOT MOAyNALii, SK | 3 nabopaTopHUM obnagHaHHS.

MapanenbHO 0o AeMOHCTpaLil 306paxeHb Ha ekpaHi ocumnorpadga KOpMCcHO 3a JONOMOroLo
AM-pagionpuimada nNpoOAEeMOHCTPYBaTV HEMOAYNbOBaHWA, MPOMOAYNLOBAHUA CUrHanu, a,
TaKoX, 3anexHiCTb AKOCTi curHany Big rmubuHu moaynsauil. Ans uboro pagionpuimay noTpibHO
po3micTuTM Ha BigctaHi 1-1,5 meTpa Big ocuunorpada. |HTEHCUBHICTb BMMPOMIHIOBaAHHS
eNeKTPOMarHiTHUX XBUIb 3'€QHyBanbHUMW MPOBIAHWKAMU BUSABMSETLCA OOCTAaTHLOKW ANA
3a3Ha4YeHux AeMoHcTpaLin.

HemoaynboBaHWn cUrHamn MoXxXHa BUSBUTU nue 3a e(PEeKTOM 3HMWKEHHS “‘edipHuX wymis”
Ha 4acToTi reHepaTopa BWCOKOYACTOTHUX KOMMBaHb, a MNPOMOAYNbOBAHUM CUrHaAMN nerko
cnpunmMaeTbeca Ha cnyx. [locTynoBo 36inbluyodM amniiTygy MOAYMIOKYOT Hanpyru nokasyThb,
Lo nNpu “nepemoaynsauii’ BUHUKaOTbL CNOTBOPEHHNA ayaioiHdopmadii, TOMy Ha npakTtuui rmmbuHa
mMoaynsuii piako nepesuwtye 70%.

JdonutnMBum CTydeHTaM MOXHA [AaTv 3aBAaHHA ANA  CaMOCTIMHOIMO BUKOHAHHSA: 3a
AOMOMOrolo  pagionpuiiMada, LWo npauloe B KOPOTKOXBUNbOBOMY Aianas3oHi (Hanpuknag, B
AianasoHi 41 — 49 m), cnocTtepiratn nepexpecHy aMmnniTyaHy Mogynsuito — aBuLe, sike nonsrae B
TOMY, WO CWUNbHE eneKkTpoMarHiTHe norne MnOTYXHOI pafiocTaHuil 3MIHIOE LWBUAKICTb PYyXy
erekTpoHiB B MOHOCdepi (3 4YacToTow Ui€l pagioxBusi) i CIpUYMHAE aMnniTygHy MOAYNAUio
HLIMX pagioXBUnb.

Ak Hacnigok, npurumMaroum cnabky pagiocTaHuito, HeMOoXnuBo no3byTucs curHanise
NOTY>HOI.

Ha 3aBeplueHHs CTydeHTam cCrig noBiAOMMUTK, WO OHIEl0 3 akTyanbHuX npobrem
pagiotexHikn € 6opoTbba 3 nepewkogamu, WO BMHMKAKOTbL B CUCTEMax pagio3B’si3ky Big
Pi3HOMAHITHUX [Xepern enekTPOMarHiTHAX BUMPOMIHIOBaHb | LUMSXOM eBPUCTUYHOT 6ecian
NigBecTn iX OO BUCHOBKY, LLO 3aXULLEHICTb pajiocurHany Big nepeLukoq 3anexuTb Big CMmyru
4YacToT BUMNPOMIHIOBaHHA nepefasaya i CMyrM 4acTtoT NPOMycKaHHA BXIQHOMO TpakTy Ta ginbTpa
OCHOBHOI cenekuii npunmMaya. B cyyacHux cuctemax crykboBoro pafio3s’a3ky Ans 3BYXEHHS
CMyru BUMPOMIHIOBAHNX nepedaBadYeM 4acToT HauyacTiwe 3acTOCOBYOTb — aMnuliTyaHy
MOAYNSAUII0 3 MPUrHIYEHOK Hecy4or Ta ogHieto BivHow yacTtoTol — SSB  Ta BncokoeeKTUBHI
KBapLOBI, Y/ erleKTpoMexaHiYHi inbTpu.

Ak nokasana npakTuka, Takui, KOMMNAEKCHUA nigxia 0o BuknagaHHsa Temun "Mopgynsuis
ereKTPOMarHiTHUX KoSMBaHb", 3 BUKOPUCTAHHAM  MDKNPEAMETHUX 3B'A3KIB DI3VKM 3 iHLWIMMWN
HaBYanbHUMKU AUcumniiHamMu, LOEMOHCTPALIMHOMO €eKCNepUMEHTY 3 pearbHUMW TEeXHIYHUMU
ob’ektamn 3abesnedvye PO3BUTOK Mi3HABaNbHOI MOTUBALi, SKICHE 3aCBOEHHSA TEOPETMYHOrO
MaTepiany Ta cnpuse opMyBaHHIO NPeAMETHUX Ta KIHOYOBUX KOMMETEHTHOCTEN CTYAEHTIB.

OnucaHa mMeToAMKM BMBYEHHS MoAynsuil KonuBaHb MoOXe OyTuM 3acTocoBaHa TakoX B
NPOMINbHUX Knacax Ta Ha dhakynbTaTUBHUX 3aHATTAX 3 (Pi3nKM 3aranibHOOCBITHBOT LLKOSIN.
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THE PECULIARITIES OF THE STUDY OF ELECTROMAGNETIC WAVES MODULATION IN
THE CONTEXT OF COMPETENCY TRAINING

V. ZAKALIUZHNY

The National Strategy of Education Development in Ukraine for 2012-2021 years states:
"The current labor market requires graduate not only deep theoretical knowledge and the ability
to independently apply them in innovative, constantly changing life situations of transition from a
society of knowledge vital to the society of competent citizens" [2].

So, one of the leading ideas of education reform Ukraine is implementing education
competency-based approach aimed at the formation of the key, zahalnopredmetnyh and subject
competence of students at comprehensive learning and methods of practice through which
people successfully realizes itself in various fields his life [6-7].

An important feature of competence-based approach is that the effectiveness of training
is determined not so much a complete and systematic subject knowledge as the ability to operate
their young stock of knowledge in new situations, and especially in solving application problems
in everyday life.

That competence approach in education is, to some extent, the way to making it practical,
applied focus.

Note that the formation of subject competence of students or students today is
problematic task of education, as due to the need to overcome the contradiction between the
existing "predmetotsentryzmom" and focus competency approach to solving complex problems in
life intersubject character.

It is logical that one of the directions of a competency-based approach in physical
education should be to strengthen the role of Applied Physics of the content of the training
material, practical teaching methods, interdisciplinary connections, educational physical
experiment using real engineering objects with which students deal in everyday life.

That realization competence approach in teaching physics - a problem that requires a
comprehensive solution and, therefore, careful design methods of teaching each section, each
topic.

The course of general physics teaching universities contains a number of topics that are
of great practical importance, as they provide a basis for understanding the processes occurring
in complex technical systems [1]. One such topic is "Principles of radio communication”, which
has direct access to mathematics, electrical engineering, radio engineering and electronics, and
therefore should be taught in close relationship with these disciplines. The relevant issue is in
secondary school physics course that requires a deep understanding and mastering the quality of
its content students.

Given the large amount of topics will focus on methods of studying one of the most
important issues topic - modulation of electromagnetic waves and capacities of the
interdisciplinary connections.

First of all, remind students to the principles of radio communication, in particular, high-
frequency vibrations, which produces generator and attenuating vibrations are converted into
electromagnetic waves emitted and open oscillating circuit information is not held. To
electromagnetic waves transferred useful information, fluctuations RF generator need some way
to turn. The easiest way - to change the amplitude of vibrations according to the selected code,
such as binary. There are signal - logical unit have not - logical zero. When transmitting
information encoded on the receiving side decodes radio communication systems.
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According to this principle are the simplest and telegraph communications using Morse
code, and most modern digital radio communication systems.

Somewhat difficult to make transmission distance direct sound information. For this
purpose, different physical methods of influencing the high fluctuation of the oscillation frequency
of the sound that got common name - modulation.

Therefore, modulation of oscillations called the change in amplitude, frequency or phase
of the high-frequency vibrations at low law. The simplest is odnotonova modulation, ie one
modulation frequency.

In odnotonoviy modulation:

amplitude: 4 = 4, (1+bcoso,?)
frequency: © = @, (1+bcos®,f)

phase. ¢ =@, (1+bcosw,f)

Since the processes in electrical systems is not obvious, the principle odnotonovye
amplitude modulation is illustrated by the example of mechanical vibrations by using a setup
schematically depicted in Fig. 1.

NN

Fig. 1

Miniature loudspeaker attached to a long flexible conductors and hung it on a tripod so
that it could carry out fluctuations while maintaining orientation in the vertical plane - cone to the
audience (leaders act as suspension). To reduce the emission of sound waves "back", the flip
side of the diffuser enveloping sound-absorbing material (such as felt or foam). Ends connected
via wires to a generator of electric vibrations of sound frequencies. Between the audience and
the resulting pendulum placed two vertical screens with a gap of 10 cm between them. The
oscillation frequency of the generator can be 300-500 Hz. Lead pendulum to vibrate. Students in
the audience watching as the amplitude of the sound vibrations periodically changing the law of
low frequency vibrations.

Modulation of electromagnetic waves can be realized in various ways. In real radio
systems is carried out using non-linear elements, i.e. elements with nonlinear volt-ampere
characteristics of the diodes, tunnel diodes, transistors and the like. A block diagram forming part
of the transmitter signal with amplitude modulation may be such (Fig. 2).

Amplifier
@» oscillation HU ®,

Generator HF Modulator Bandpass filter
Oscillations o > > O] —>

Fig. 2
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The main elements are the generator nesaturati oscillation frequency w1, the microphone
and the amplifier of oscillations of low frequency w2, a modulator and band pass filter tuned to
the frequency w1.

We will see how to mathematically describe amplitude modulation, if the law of non-
linearity of the active element of the modulator is the easiest, for example, like this:

i=cu+o,u’
where G ,and are the ©,linear and non-linear conductivity, respectively. That is, the

instantaneous current through the active nonlinear element has two components — linear and
non-linear; u1 and u2 — instantaneous values of voltages of high-frequency and low-frequency
oscillations respectively.

=U,, cosot
If - u=utu,
=U,, cosm,t
. 2
then: i=0 (Uln cost+U,, cosm t)+cr (Ulm cosof+U,, cosoozt) =

o,U,, cosot+0c,U,, cosmt+c,U’ cos’wt+ao, 2U, U

m=~ 2m

COS (M, COS M, +

+U

2m

2
G,COS” M, ~

The output of the modulator is installed, as a rule, a filter tuned to a frequency ®, that
suppresses the oscillations with frequencies that are significantly different from (for
, example ®,,

20,, 2m,) Tomy: #o,U,, cosmt+2c,U, U, COS®fCOSM,t=

1m

=oU cosmt(1+2 2U,, COS® t]

1m
1

The value —U = m is called the modulation depth!
1

=6,U,, cost(1+2mcoso,f)
Let's rewrite the equation like this:

i=oU,, cosmt+2mo U, cosoitcosm,t=

1m

=1, coswt+2ml, —[cos(co]+c02)t+cos(m]—mz)}t

1m

This shows that due to the nonlinearity of the modulator, except the carrier frequency w,, in the

output signal are present side frequency (wq+ w,) Ta (w4~ wy) (Fig. 3).

A
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It should be noted that the actual modulated electromagnetic waves in all types of wireless
communication is multi color and describe it mathematically more difficult than odnotonovu. In
real multi color modulation of the output produced a range of frequencies. Therefore, any station
on any communication channel occupies more than one frequency and bandwidth. To
demonstrate this phenomenon can be used conventional AM radio broadcast. Pay attention to
the students that the entire range of long waves, without interfering with each other, can work no
more than 5-6 stations.

Demonstrate odnotonovu amplitude modulation in various ways. In the literature describes
many choices demonstration units [1; 4; 5]. However, the easiest way, if the teacher is available
to the laboratory high frequency generator, which has a built-in low-modulator, such as GHS-8.

Connect it to the oscilloscope, the screen can show:

1. The bearing oscillations of the RF (Fig. 4).

ijz(t)

il
L

2. Modulus fluctuations NCH (Fig. 5).
Tyt

Fig. 5
3. Promodulated fluctuations RF (Fig. 6).
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Fig. 6
4. The dependence of the shape of preodolevaya oscillations from the modulation depth.

If the generator of the HF oscillations with built-in modulator, you can produce and
demonstrate in action the oscillator transistor, assembled in one of the schemes presented below

(Fig. 7):
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Fig. 7

The advantage of the scheme is the simplicity and the absence of any problems in the
setup. They work well any high thin n-p-n transistors. Crystal should choose a range from one
hundred to several thousand kilohertz, but so that the signal generator could take on regular
broadcast radio.

Students should first explain that crystal acts as a high-Q oscillatory circuit with very
stable parameters.

Entering the circle emitter generator matching transformer and microphone, get a simple
transmitter, with which you can demonstrate all the features of amplitude modulation, as with
laboratory equipment.

Parallel to project images on the oscilloscope useful using AM-modulated radio show,
promodulovanyy signals, but also a signal dependent on the depth of modulation. For this radio
should be placed at a distance of 1-1.5 meter from the oscilloscope. The intensity of the radiation
of electromagnetic waves connecting conductors is sufficient for these demonstrations.

Modulated signal can be detected only by the effect of "essential noise" at high frequency
oscillation generator and signal promodulovanyy easily perceived by the ear. Gradually
increasing amplitude modulating voltage show that the "peremodulyatsiyi" audio distortion arising
because in practice the modulation depth rarely exceeds 70%.

Curious students can be given the task of self-fulfillment: through the radio that works in the
short range (for example, in the range of 41 - 49 m), watch cross amplitude modulation - a
phenomenon that is as strong electromagnetic field of a powerful radio station changes the speed
of yonosferi electrons (with a frequency of radio waves) and other causes amplitude modulation
radio.

As a result, taking a weak radio station signals can not get rid of the powerful.

In conclusion, students should report that one of the urgent problems of radio engineering
is to fight the obstacles that arise in radio communications systems from a variety of sources of
electromagnetic radiation by heuristic conversation and bring them to a conclusion that protection
from radio interference depends on the bandwidth and radiation transmitter band pass filter input
path and the main breeding receiver. In modern radio communication service systems to narrow
band of frequencies emitted by the transmitter is most often used amplitude modulation with
suppressed carrier frequency and one side - SSB and highly quartz or electromechanical filters.

Experience has shown that such a comprehensive approach to teaching the topic
"Modulation of electromagnetic waves", using interdisciplinary connections with other physics
disciplines, demonstration experiment with real technical objects ensures the development of
cognitive motivation, good theoretical material and promotes meaningful and key competences
of students.

The method of studying the modulation of oscillations can be used as a core classes and
elective courses in physics secondary school.
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