CEPLA: ITEJATOITYHI HAYKU

YAK 539.19 (07)
Opuuun 0. M., Cabow B. O.

KOJIO 3BMIHHOTI'O CTPYMY JIK I2>KEPEJIO KOTEPEHTHMX KOJINBAHD
TA EJIEMEHT YV CTPYKTYPI IHTETPATMBHOI'O IIOOAHHS 3HAHH I

Y cmammi macamnepeo exazano ma okpemi npobnremu, nog’azaHi 3 peanizayicio 8
HABYALHOMY Npoyeci Kypcy 3a2anvhol @izuxu npunyuny "eonocmi gisuxku' ma 3podieno cnpoby
00’€OHamu 8 iHmespamueHy cucmemy 3HAHb HAGYANLHUL Mamepian, AKUU CMOCYEMbCA Qi3uKu
KOUBAHD, AJle GUCBIMIIOEMBCS 8 PIHUX PO30LNAX KYPCY I3UKU.

3anpononosano npocmi KocepeHmHi Odcepena 2apMOHIYHUX eNeKMPUYHUX KOJIUBAHL K
OCHOBU 0151 0eMOHCMPAayii | 00CAIONCeHH sl IHmephepeHYIIHUX AGULY.

Kniouosi cnosa: xono 3miHHO20 cmpymy, 2apMOHIUHI KOAUBAHHS, (haA3a KOIUSAHD,
X8UILOBA ONMUKA.

1. Okpemi nasuanvni npooremu ma waAXu ix po3e’a3aHns

VY mporieci HaBpuaHHSA (Bi3UKA MU BKABAEMO MOHATTS "€MHICTD Qi3uKu'”. AJie UM TOCTATHBO caMe €IHICTh
(i3uKy, SIK MOXiJHA 3arajlbHOi BIACTHBOCTI MaTepil, BifoOpakaeThCs B 3MICTI HAIIMX MiJAPYYHUKIB 1 TOCIOHHKIB,
YHAOYHIOETHCS B HABYAIBHUX JTA0OPATOPHHUX JOCITIHKEHHAX TOmo? IHIIMMHU CIOBaMH, MOTPIOHO 3'ACyBaTH 49U
HaJIS)KHUM YMHOM MM BHCBITIIIOEMO Ta BUKOPHCTOBYEMO HAyKOBHI Ta HaBYaJbHUI MOTEHIaN, 3aKJIaJICHUN y
[bOMY IOHSATTI. 3ayBa)KMMO, 1[0 aKTyalbHICTh 3’ICyBaHHs I[bOT0 — He3zanepeuHa. bo Hacammnepen, BpaxyBaHHs
BUMOT TPHHIUITY €THOCTI (Ii3UKM HAaCTh 3MOTY MepedTH Mo peamizamii NMpUHOWNY (QyHAaMeHTami3amii Ta
iHTerpauii OCBITH, NPUHIMILY, IO € 3aCaAHUYUM YMHHHKOM MEPEXOJy 0 CY4acHOI I'yMaHICTUYHOI HMapajurMu
ocBiTH [1].

Ane, sKMM 4YMHOM IIOJ]JaHE BpPAaXOBYEThCS B HAaBYAJIBHOMY TIIpoueci Kypcy 3aranbHol ¢isuku? Um
JIOCTaTHBO YIiTKO MPOOJIEMH IOB’s3aHI 3 MPUHINIIOM (QyHAZaMeHTami3amii (i3uKH BHUCBITIIOIOTECS B HAYKOBO-
METOAMYHUX MyOJTiKaIfisix?

IToxwu mo mporpec y po3B’s3aHHI IIOTO 3aBJaHHS HE CHOCTEpiraeThes. | Hajani B HAYKOBO-METOIUYHHUX
npansgx MNPUCBSIYEHWX METOJMII HaBuaHHA (i3uku Opakye po3poOOK, sKi O CHpHUsUIM Tepexony Bij
(hparMeHTapHOTO BHUCBITIICHHS 3MICTY ii pO3/iIiB, 10 TIOAAHHS HOTO SIK IHTETPATUBHOI CUCTEMH 3HAHb.

[TpuunHOIO TaKOTO CTaHy, SIK BBaXKAIOTh Yy mpai [2] € Te "...1m0 1oci He onucaHi eQpeKTUBHI NMPoLeaypH
BinOopy ¢QyHmameHTanbHUX (parMeHTiB 3HAHHA', X04Ya '...TCOPETHYHI OCHOBH AHMIAKTHYHOI iHTerparii
BBAXAIOThCSl JIOCTaTHLO po3pobuiennmu’. Ha Hairy AyMKYy Takuil BHCIHIB J€IIO HEKOPEKTHHH JJIS METOJUKH
HaBYaHHA (i3uku. bo 4m B3arani miggarThCsA OMUCY BCi " eQeKTHBHI MPOIEAypH BimOOpy QyHIaMEHTATbHUX
(hparMeHTiB 3HAHHS'"', BCSI MOXKJIMBA iX rama?

Mu BBakaeMo, IIO TPOIEC BAOCKOHAJEHHS IOB’S3aHUN 3 JIOMKOIO YCTaJIE€HMX HaBYaJIbHUX ITiIXOJIB,
BIJIMIOBITHUM MEPENUCYBAHHAM MiAPYYHHUKIB TOIIO. be3 peanizaliii bOro0 HaBPsA YU MOXKJIMBHU MEPEXia OCBITH
Ha 3acaJy TYMaHICTUYHOI MapajnrMu 3 Oy Ha L€ NoTpeda BIPOBAKEHHS HOBOTO Ma€ CTATH HarajibHUM
3aBJaHH;IM BUKJIaa4iB (i3uku. bo 0e3 po3yMmiHHS HaBYaJbHUX MPOOIIEM, 110 BUHUKAIOTh y IPOLEC HABYAHHS
(i3uKH, BaXKKO 3HAXOJUTHU [IUISXU 1X PO3B’SI3aHHS.

VY KOHTEKCTI TMOJAHOTO Halle JOCITI/PKEHHs TOKIMKAHE Jell0 3allOBHUTH L0 MporaiuHy. BoHo
CTOCYETBCSI BUCBITJIIEHHS 3MICTy OKpeMuX (Di3UUHMX SIBHIL, B OCHOBI SIKMX JIEXaTh KOJMBAJIBHI MPOLECH, SKi
BHUBYAIOTH y PI3HHX poO3aiTax Kypcy 3arambHoi ¢ismkum. Ha Hamry maymKy, HEIOCTaTHBO AaKIEHTYIOTh Ha
B3a€MO3B’s13KaX MK HUMU. KpiMm Toro, iHKOJIM IM BiacTHBA Jesika BiTipBaHICTh Bill peanbHHX mporeciB. e He
cupusie X OCMHCIIEHOMY 3aCBO€HHIO SIK IHTETPAaTHUBHOI
cucTeMH 3HaHb B3arani. Hampuknan, 3 omHoro Ooky,
pO3TISIIAlOYM  PIBHOMIPHHM pPyX TOYKH IO KONy Ta
BKa3yIOUH Ha Te, 110 MPOEeKLis ii paaiyc-BeKTOpa OIHCYye
rapMoOHIYHE  KOJHMBaHHsA, HE HaBOIATh  pPEANbHHUX
MIPUKIAAIB TIPOSBICHHS B3a€MO3B 53Ky OOEpPTaIFHOTO
PYXY 3 KOJIMBAJILHUM,; 3 1HIIOTO — BUTJISIIa€ HIOM Tak, 10
MOJIAHHSI KOJIMBaHHS Pajiiyc-BEKTOPOM, 110 00EpPTAETHCS
0 KOJy, € HiOW TINBKU JUIL TOTO II00, B MOJANBIIOMY,
BMITH JOJaBaTH 3HOBY K Takd, $AKicb abOcTpakTHi
rapMOHIYHI KOJIMBAaHHS OJJHOTO HAIpsIMYy.

OTKe, 3aIMIIAETHCS HE3 SICOBAaHMM, YH MOJKHA
HAOYHO TIPOJEMOHCTPYBaTH JIOJIaBaHHS KOTEPEHTHHUX
Man. 1. Mogess eKcriepMMeHTaIBHOL KOJIMBaHb Y PeaTbHOMY HaBYAILHOMY JOCITIKEHHI?

ycTraHOBKM noctiny FOHra BopaHouac, yepe3 3HAYHUI MPOMIKOK Yacy MiCis

BUBYEHHA 3MIHHOTO CTPyMy, MOYHHAIOYH BHBYATH
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XBHJILOBY ONTHKY HaMaratucsi BepOaibHO IEpeKOHATH, IO J1Ba ITyYKH CBITJIa OTPUMaHi PO3AUICHHSM OJHOTO, €
KOTePEHTHUMH 1 3aBJSKH LILOMY MOXYTh iHTephepyBatu (Man. 1).
(ITydgox cpitia magae Ha expaH E, 3 mamum orBopoM S . Buacnigox audpaxuii cBiTa0 mocsrae JBoX

otBopiB S, 1 S, exkpana E,, cumerpuuno posmimeHux BimHocHo S. OtBopu B exkpaHax E, i E, sriano 3

npuHIUIOM [IofiTeHca, BiirparoTh poiib BTOPHHHUX JyKepen cBitTia. OCKIIBKH XBWIIi, IO MOIIHPIOIOTHCS Bij
S, 1 S, onepxaHi NIIAXOM HOALTY XBHIBOBOrO (PPOHTY, SIKUHM HOIIMPIOETHCS Bifm S TO BOHH KorepeHTHi. Ha

eKpaHi, E3 , po3MilieHOMYy B 1o iHTepdepenii, cnocTepiraTuMeThes iHTepdepeHiiia KapTHHA).

Pesynprar inTepdepeHLii 3aueXuTh Bia Pi3HULI XOIy, sika Habirae MPOTAroM iX pyxy Mo 3ycTpiui Mix
co00r0. SKIIO pi3HHULS XOAY IPOMEHIB JOPIBHIOE IMapHOMY YHCIY MiBXBHJIb, TO CHOCTEPITa€ThCI MaKCHMYM
IHTEHCHBHOCTI:

Ar:rz—rlzikX:iZk%, (1)
a SKIIO HeMapHOMY, TO OyAe MiHIMyM:
A
Ar:rz—q:i(2k+l)§, 2

ne k=0,1,2,... Jnsg npoMi>KHAX 3HAYCHB Pi3HUIG X0y MPOMEHIB Pe3yabTYIOUa aMILTITyla MaTUME MPOMiKHE

3HAYCHHSI.

[licns doro BKa3yrTh, IO MIATBEPIKCHHSAM IIHOTO € iHTepdepeHIis Ha TOHKHX IDIBKAaX, KUTbI
HeroTona Tomo.

Ane, xiba nume TakMM YMHOM MOXKHA OTPHMATH KOTEPEHTHI JKepena KOJMBaHb, XBHJI BiJ SIKHX,
3YCTpPIBLIMCH 3MOXYTh IHTEphEpYBaTH MixK cO00I0?

Yomy © He CKOpHCTATHCSA TUM (PAKTOM, IO 3MIHHMH ENEKTPUYHHH CTPYM — II€ BUMYIICHI CICKTPHUHI
rapMOHI4HI KosuBaHH:I? OYeBUIHO, 32 TIEBHUX YMOB, BOHH MOXYTh CTAaTH 3aCO00M, LIO JacTh 3MOTY HaOYHO
JOCTIIKYBATH 3aKOHOMIPHOCTI iHTep(EepeHIlii KOTepEHTHUX KOJIHBaHb.

BonHouac, 3ayBakuMo, 110 JI0 LUX Mip B Kypci 3aranbHol (i3uku (AMB. HAmp. nMociOHUK [3] y MmiIyHKTI
"3MiHHUH eneKTpuaHu cTpyM” po3ainy "ExekTpoMaraeTusm’ 3 oqHOTO OOKY, OCHOBHUI aKIEHT pOOJIATH JIHIIIE
Ha JOCHI/DKEHHI KoJia 3 TOCHIZIOBHO 3’€JHaHMMHU iHnykTuBHicTIO L, emuictio C, pesuctropom R Ta
HaroJOIIyIOTh Ha TOMY, III0 HA OKPEMHUX €JIeMEHTax KoJia 3MiHM CTPYMY Ta Hampyrd He 30iraroThcs 3a (a3oro
(Ha 1HIYKTUBHOCTI Hampyra BHUIlepe/kye Ha 70/2, HA €MHOCTI BijicTae Ha 7/2) Ta ONMUCYIOTh B3a€MO3B’SI3KH
MDK Harpyrams Ta CTpyMOM 3akoHOM OMma JUIsi Koja 3MIHHOTO CTpyMy. 3 IHIIOTO — Majo NPHIIISIOTE yBaru
(a0 He MPHUILISAIOTH 30BCIM) AOCIIPKEHHIO KOJIa 3 MapajiebHO 3’ €JHAHUMH IHAYKTUBHICTIO L Ta emuictio C .

Mu BBaXka€Mo, 1110 JIOCIIIIKEHHSI [[LOT'O 3’€/IHAHHS BOXKJIMBE K 3 TOYKH 30py BUBUEHHS 3aKOHOMIPHOCTEH
3MIHHOTO €JIEKTPUIHOTO CTPYMY, TaK i JUIS JOCTIPKeHHS iHTep(epEHIIHNX SBUIII, SKi BUBYATUMYTHCS B OTITHIII.

Ha namy aymky mij yac BUBUYEHHS 3MiHHOTO CTpyMy Tpeba He 00MeXyBaTHCh KOHCTATAIIEI0 TOTO, 10 32
(ha3oro 3MiHM CTPyMY Ha €MHOCTI BHIIEPEIKYIOTh Hampyry Ha 7/2, a Ha iHIyKTHBHOCTI BifcTaloTh Ha 7/2.
IotpibHO BHKOpHCTaTH 1el (PaKT y BIAMOBIAHO pO3pOOJICHUX HABYANBHUX JTaOOPATOPHUX MOCIIKCHHSX IS
CTBOPEHHSI KOT€PEHTHHUX JKEepell KOJIMBaHb.

3Bakalo4yM Ha MOJAaHE MM NPONOHYEMO HABYAJIBbHUII Marepiall, II0 CTOCYETHCS KOJMBAJIBHHX IPOIECIB
BUIUIATH y MiMYHKTH, B SKUX MMOYMHAIOYH 3 PO3MIISTY B3a€MO3B’SI3KY 00€pTaIbHOTO PYXy 3 KOJWUBAJHHUM Ta
NPE/ICTaBICHHSIM HOro 3a JONOMOIOI0 O0EpTOBHX BEKTOpIB, IO Aa€ 3MOTYy 3a NEBHUX YMOB J0/aBaTH
KOJIMBAaHHSI aHAJIOTTYHO JI0 TOTO, SIK JJOAAIOTHCSI BEKTOPH.

[Ticnst Toro, mepedTH 10 BUCBITICHHS MPOSIBY IBOTO B3a€EMO3B’SI3KY Y PEaJbHO TEXHIYHOMY NPHCTPOi —
MOJIeJi TeHepaTopa 3MIHHOTO CTPyMy Ta MOKa3aTH, L0 WOTr0 MOXXHAa BHKOPUCTATH SIK JKEPENIO KOr€pEeHTHHX
KOJIMBAaHb 1 HAOYHO JIEMOHCTPYBATH JI0J[aBaHHs KOJIMBAaHb OJIHOTO HAIPSIMKY.

1I. @pazmenm 3micmy memu "' Konusanwui pyxu''

2.1. B3aeM03B 5130k 00€pTaILHOTO PyXY 3 KOJWBAIHLHUM.

[epeiineMo 1O BHCBITJICHHS B3a€MO3B’SI3KYy PIBHOMIDHOTO PyXy TOYKH IO KONy 3 TapMOHIYHUMH
kommBaHHsMH. 1lle y momepenHix Hammx mparsx [4,5] MH IpONOHYyBanH, 3pOOHMBINM NEBHI KOPEKTHBH B
HaBYAJILHUX NPOTrpaMax Kypcy (i3MKy BUILOI Ta cepeHbOI IIKOJIM: JIIKBIAYBaTH PO3HECEHICTh B Yaci BUBUCHHS
MaTepiay, YCBIIOMIJIEHHS SKOTO IMOJIETIIye PO3yMiHHS (Di3UKU KOJNMBaHb 1 crIpusie GOPMYBaHHIO acOI[iaTHBHUX
3B’SI3KIB MiX PpI3HUMH TOHATTAMH ¢i3uku. JlomoBHutn migpos3nin "KiHemaTtwka", B sKOoMy 3a3BHYaid
PO3IIIIAIOTh MPAMOINIHIMHEMKA Ta oOeprampHuil pyxu maparpadom "IIpoctuif rapMoHIYHHH pyxX'", W SKUM
PO3YMIIOTh 3MiHH, 1110 BiI0OYBAIOTHCS 32 3aKOHOM KOCHHYca abo cHHyca.

TToHATTS "TapMOHIUHI KOJTMBaHHS ' BBECTH, JEMOHCTPYIOYH B32EMO3B’SI30K PIBHOMIPHOTO PYXy TOYKH ITO

(mai. 2).
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3 Mai. 2 BUIHO: AKIIO B MOMEHT yacy t=0
pamiyc-Bektop A Toukm M Ha o0omi Koia,
HanpsAMIIGHUH MiJ KyToM ¢, A0 oci X To iforo
HPOEKIis X Ha L0 Bich NOpiBHIOE: X = ACOS¢Q,, (3) e
A=|A| — ammnityma. ¥V pasi, skmo Touka M moune

obepraTHcs TPOTH pPyXy TOJMHHHUKOBOI CTPINKH 3
- KyTOBOIO IMIBUJAKICTIO ®, TO 3a 4Yac 1 Tpoekmis

X = Acos(ot +@,) (4).

2.2. lonaBaHHS TapMOHIYHUX KOJIMBAHb
Slkmo 3a  JOmMOMOror 00EpTOBHUX BEKTOPIB
MOXKHA JI0JIaBATH TAPMOHIYHI KOJMBAHHS, TO OYEBUIHO.
M0 y pa3i OJHOYACHOTO 3MIHCHEHHS TOYKOI IBOX
KOJTMBAJIbHUX PYXiB OJHAKOBOI YaCTOTH Ta OJHAKOBOTO
HAMPSMKY, TO PE3YyJIbTyIOUC KOJUBAHHS MOKHA OTPUMATH,

JIOJTAI0YH X 00EpTOB1 BEKTOPH.

Hexaii Touka 0JJHOUACHO 3[IICHIOE JIBa TAPMOHIYHI
KOJIMBAHHSI OJHAKOBOTO MEpiofy, HAmpsSMIICHI B3IO0BXK
onHiei  mpsAMOi, SAKI  BU3HAYAIOTHCS  PIBHSAHHSAMHU:

X = A cos(t +¢,); X, = A, cos(ot+q,) (5)
Bigxmamemo 3 Toukn O Ha oci X (Mmam. 3) mix
KyTaMH ¢, 1 ¢, Bekropu ammitymu A, 1 A,

Maut. 2. ITpoekutis x
paniyc-Bekropa A Touku M

BIAMOBITHO.
OOugBa BeKTOpH 00EPTAIOTBCA MPOTH CTPUIKA
TO/IMHHUKA 3 OJTHAKOBOIO KYTOBOIO IMIBUAKICTIO ®, TOMY

Maut. 3. JomaBaHHS IBOX KyT (, —@, MDX HIMH BECh 4ac 3aJIUIIA€THCS HE3MIHHUM.

=y

KOTepeHTHMX KOJIMBaHb Pe3ysnbTyloue KOJNMBaHHS MOXKHa MOJATH BEKTOPOM
aMILITYIU A, 110 JOPiBHIOE cyMi BeKTOpiB A, 1 A,

A=A +A,. ©6)

Bin obGepraeTbes HaBKosIO Touky O 3 Ti€I0 CaMOI0 KYyTOBOIO MIBUAKICTIO (O, mo i BekTopu A, 1 A, .

Pe3ynpTyrode KoJHMBaHHS ONMUCYIOTHCS PiBHAHHAM Buay X = Acos(ot+¢) (7), ne A= |A| — aMmIuITya
PE3yJIBTYIOUNX KOJMBaHb, 8 ¢ — iX MoJaTKoBa (asa.

3 man. 3 BUHO, IO KBAJPAT aMILTITY/IM pe3ybTyrounx komusanb A” = A*+ A2 +2A A cos(p, —¢,) (8)
Asing, + A, sing, ©)
A cose, + A, cosg,,

3 (8) BuruMBae, M0 aMmILTITYga A pe3ylbTYIOUNX KOJNWBAHb 3aJIC)KHUTH BiJl PI3HUINI TOYATKOBUX (a3
¢, — @, KOJIUBaHb, 10 J0AAIOThCA. OCKIIBKU Pi3HMIA @, —@, 3 O6IroM yacy He 3MiHIOETHCS (Taki CMHXPOHHI

a moyatkoBa (aza (¢ BU3HAYAETHCS 13 CHIBBIIHOIIEHHS: Q@ =

KOJIMBAaHHS HA3WMBAIOTHCSI KOTEPEHTHHUMH), TO 3a (opmyinoro (8) MOXKHAa BH3HAYUTH II€BHE 3HAYEHHS
ammutiTyam A .

Kocunyc Oyap-sxoro kyta He Moxke OyTu Oinbimuid Bix +1 i meHmwmit Big —1. OTxke, MOXKIIMBI 3HAYCHHS
A nexath y Mexax: A +A > A=|A,—A| (10).

Bunnkae 3anuranss: "Un 10cTaTHRO MOBHO MU aKIIEHTYEMO HAa OTPUMAHUX CITIBBIIHOIIEHHSX B IIpOIleci
HaBYaHHS Kypcy 3aranpHOi ¢i3uku"? I[HmmMMU crnoBamMmu, B SKUX (I3MYHHMX SBHIAX Ta Ipolecax MH
3yCTpidaeMocs 3 TapMOHIYHHUMH KOJHMBAHHSAMH SIK TPOSBICHHSIM B3aEMO3B 53Ky 3 00EpPTaIbHUM pPyXxom?
Hacamnepen nie — renepaTop 3MiHHOTO CTPyMY.

1II. I'enepamop 3minnozo cmpymy — 03cepeso 2apMoHiYHUX KOTUBAHD
Y renepatopi 3MiHHOTO CTpyMy OOepTaJbHHUHA pyX 3 NUKIIYHOIO YaCTOTOIO (O IPOBIIHOI paMKH, IIJIOIIA
skoi S, B MarHiTHOMY Tosli B (abo HaBmakm), cpuyWHs€ rapMOHIYHI 3MIHM MarfiTHOro nmoToky @, mio ii
npouusye: @ = BScoswr (11)
3rinHo 3akoHy Papanest npu3BoAUTbH N0 BUHUKHEHHS EPC iHmykuii Ta Hanpyru V , Ha eneMeHTax KoJja
MPUETHAHOTO JI0 PAMKH, SIKi 3MiHIOIOTHCS 38 TAPMOHIYHUM 3aKOHOM:
do

E=— E=GCoset; V =V, cos (ot +@,) (12)
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OTxe, reHepaTop 3MIHHOTO CTPyMYy € JDKEPEIOM BHMYIICHHX TapMOHIYHHMX EJIEKTPUIHHX KOJIMBAaHb.
3aIMIIAETBCS CKOPUCTATUCh IMM (AKTOM 1 BHSICHUTH, SKMM YHHOM BOHH MOXYTb CTaTH OCHOBOIO JUIS
OTPHMAaHHS JKEPEN KOTEPEHTHUX KOJIMBAHb.

3.1. Enextpudse KOJIO 3 iHAYKTUBHICTIO
Hexaii 1o rerepaTopa 3MIHHOI'O CTpyMY MpPHETHAHO CHOYATKY JIMIIE IHAYKTHBHICTH (Mai. 4a). Bizomo,
0 B TaKOMY KOJIi, MUTTE€BE 3HAY€HHA HAIpyru V| Ha iHAYKTUBHOCTI L, Bumepekye 3miHu cTpymy | 3a

¢azoro Ha 7/ 2. Skumo Hanpyra 3MiHIOETECS 3a 3aKoHOM: V =V, sinwt (13), Tomi | = ,sin (mt —gj (14).
Otxe, CTpyM BifcTae Bix Hanpyru mo ¢asi Ha Kyt n/ 2.

3.2. EnextpudHe KOJIO 3 EMHICTIO
Ha BiaMiHy Bij mnomnepenHbOro BUIAIKY, Yy KOJI 3 €MHICTIO, NPHUETHAHOIO /0 TeHepaTropa 3MiHHOTO
ctpymy (Man. 4 6) mMuTTeBe 3HaueHHs Hanpyru V. Ha emHocti C Bixcrae Big 3miH ctpymy | 3a dasoro Ha

72 1= |0cos£wt+gj (15).
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Mansn. 4. T'eHepaTOop 3MiHHOTO CTPYMy IpMETHAHO A0 iHTYKTUBHOCTI () Ta eMHOCTI (6).
I'pacpikm crpymy i Hanpyru B ingykTuBHOCTI (6) Ta eMHOCTI (2).
BexTopHe mopaHHs Ko/mMBaHb CTPYMY Ta HaITPYTW iHTyKTMBHOCTI (0) Ta eMHOCT (e)

[Ticns moganoro moTpibHO 3’sACyBaTH SIK OyAYyTh CIHIBBIIHOCHTHCS Hampyra i CTpyMH y BiTKax Koja 3
napaeibHO 3’€IHAaHUMHU THIYKTUBHOCTSIMH (EMHOCTAMH) (MaJl. 5a), IHIYKTUBHICTIO Ta €MHICTIO (M. 50).

3.3. EnexTpuyHe K0JIO 3 mapaiebHo 3’ €THAHUMHU €EMHOCTSIMU

3po3ymiio, MO y pa3i HapajelbHOTO 3’€JHAHHS HANpyra Ha KOXXKHOMY 3 €JIeMEHTIB Koia Oyre
3MIiHIOBAaTUCS CHHXPOHHO 1 OyJie OJHAKOBA SIK 3a aMILTITY/I0F0, TaK i 3a (a30ro.

Slkmo, pisHuis Qa3 kommBaHb crpymy @=¢,—@, =0 (16), Tomi cos(p, —¢,)=1. 3 piBusuus (8)
BumBae, wo 1, =1 +1, (17)
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3ayBa)XMMO, 1110 aHAJIOTIYHO JJOAaBaTUMYThCA CTPYMH y KOJIi 3 TTapajenbHO 3’€IHAHUMH 1HAYKTHBHICTIO.
Otxe, y pa3i mapainenpHOro 3 €IHAHHS JBOX €MHOCTEH (200 IHOYKTHBHOCTEH) CyMa CTPyMiB y BIiTKax
JIOpIBHIOBaTUME CTPYMY B HEPO3TAITY>KEeHIl TUISHI KOJa.
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Mansn. 5. l'eHepaTOp 3MiHHOTO CTPYMy IpMETHAHO

IO TIapaJiesIbHO 3'€ JHAaHMX KOHIEeHCcaTOPiB (a) Ta iHIyKTMBHOCTI 3 eéMHicTIO (D).
I'padpixm 3aesxHOCTI CTpyMY Bif 9acy A1 AOHAHMX i Pe3ysIbTyI090ro KoIBaHb
y pasi 3 IBOMa eMHOCTSMM (2) Ta iHAyKTMBHOCTI 3 EMHICTIO BimmosimHo (6).
I'padpixm 3aeXXHOCTI CTPYMY Bif yacy 11t AOJAaHMX 1 pe3ysIbTyI04oro KoJIMBaHb
y pasi 3 1BoMa eMHOCTsIMM (0) Ta iIHAYKTMBHOCTI 3 EMHICTIO BiIIIIOBiITHO (€)

CTpyM B €MHOCTI BUIIEPEKYE CTPYM B IHAYKTHBHOCTI 1O (a3i Ha KyT T.

3.3. EnextpudHe K0JIO 3 MapajenabHo 3’ €JHAHUMH €MHICTIO Ta 1HAYKTHBHICTIO
VY pasi mapanensHOro 3’€JHAHHS €MHOCTI Ta IHAYKTHBHOCTI 4epe3 Te, LI0 CTPYM Ha IHIYKTUBHOCTI
BUIIEPEKYBATHME HANpPyTy 3a (as3oro Ha 7/ 2, BOJAHOYAC HA EMHOCTI BifcTaBaTHME 3a (ha3010 HA TaKy X caMmy

Beananny. OTxke, pisauns ¢pasz : @ =@, —@, =7z (18)

ToOT0 00mIBa KONMBAHHSA 3HAXOAATHCS B MPOTH(a3i. AMIUITYyIa Pe3ylbTyIOUOro KOJIWUBAHHS CTPYMY

pes

l,., srimmo (8) mopientoBatnme: |, :|IL|—|IC|

(19)

Sxmo |IC| = | | L| ctpyM |, . =0. OTxe, B TakOMy KOJi CTpyM B3araji He IPOTiKaTHMe.

BignoBinHi rpagiky 3aJIe)KHOCTI CTPYMY Bifl Yacy Julsl JOJABaHUX i PE3yJIbTYIOUOrO KOJIMBaHb IT0JIaHO Ha
MaJ. 4, 5 TyHKTUPHUMH 1 CYITUTBHOIO JTiHISMHU.
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1V. Bio Kin 3minH020 cmpymy 00 X8U1b0801 ONMUKU

[o-nepe, 3 MOAHOTO y MYHKTI 2 BUILTUBAE, I110:

1. T'eneparop 3miHHOro CTPYMY reHepye BUMYLICHI TAPMOHIYHI €JIeKTPUYHI KOJTUBaHHS.

2.Y xoii 3 mapanensHO 3’€HAaHUMH 1HIYKTUBHOCTSAMH (a00 €MHOCTSMH) BIH CTBOPIOE Y HOTO BITKax
KOTEPECHTHI KOJIMBAHHS CTPyMY, (ha3u SKOTO CIiBIAgaloTh: @, —¢; =0.

3. SIkmio B onHil 3 BITOK KOJIa 3HAXOAWTHCS €MHICTB, a B iHININ — IHAYKTHUBHICTB, (ha3u 3CYHYTI OJHA
BIZTHOCHO OJTHOT Ha T .

Kpim Toro oueBuIHO, 1110 MPHEAHAHHS PE3UCTOpa A0 OYyIb-SAKOI 3 BITOK KOJa, 3 MapajieibHO 3’€IHAaHUMHU
IHAYKTHUBHICTIO Ta €MHICTIO, a00 JIBOMa IHAYKTHBHOCTAMH (€MHOCTSIMH) Ja€ 3MOTYy 3MiHIOBaTH (ha3oBi
CIIBBITHOIIEHHS MK KOJIMBAaHHSAMH CTPYMY Y IIUX BiTKaXx.

Mu BBaXKa€EMo, IO SIKICHOTO 3aCBOEHHS MOAAHOTO JIMIIC OJHHX TEOPETUYHHUX MiIPKyBaHb HEIOCTATHEO.
[loTpiOHO HAOYHO TMEPEKOHYBATHCH Y CHPABEUIMBOCTI OTPUMAHUX BHCHOBKIB SIK y HaBYaIbHOMY
JNEMOHCTpAIifHOMY, Tak i Ja0OpaTOpHOMY NpakTHKyMi. J[JIs mbOTO MM CTBOPHWIM i ommcanu y mpami [6]
BIJNOBITHY MPOCTY yCTaHOBKY. MU IpOMOHYBaIX 3aCTOCYBATH ii A JeMOHCTpamii (a3oBHX CHiBBiIHOIICHD
MDK CTpyMaMH Ta HalpyraMd B KoOJiaX 3MIHHOTO CTPyMY 3 MapalelibHO 3’€IHAHUMH IHIYKTHBHOCTSIMH Ta
€MHOCTSIMH.

[To-apyre, 3BakaT Ha T€, IO PI3HOMAHITHI KOJMBAJIbHI MPOIIECH UM TO MEXaHIUHI, YH CJICKTPUYHI, YU
OIITHYHI MiANOPAAKOBYIOThCS 3aKOHAM, SKi ONHCYIOTHCS OJHAKOBHMH MaTeMATHIHHMH piBHsHHAMY, Lle nae
3MOr'y, pe3yjibTaTu IIpU I[OCJ'HI[)KCHHI 13 3M1HHI/IM CICKTPUIHUM CprFOM (FapMOHl‘-IHI/IMI/I CJICKTPUIHUMU
KOJIMBaHHIMH) 3aCTOCYBAaTH Ha JOCIHIKEHHS iHTep(EepeHIIIHHUX MPOIECiB, SKi, ONUCYE, HAPUKIIAL, XBHIbOBA
OIITHUKA.

3okpema, y onTuii yMoBH (16) HaOyAyTh BUTIIAY:

@,—¢@, =21, Ar=r,—r =1ki= iZk% ne n=0,1.23,... (20)
TOOTO, pi3HUII (a3 TaKUX KOJHMBAaHb JOPIBHIOE HYNIO abo IiiomMy uuciy 21, a Bupas (18) maTuMe BUIIISL:
¢, —¢, =n(2n+1); Ar=r,—r, =£(2k +l)% ;e n=0,1.2,3,... (21)

TobTo, pizHuLs (a3 TAKMX KOJIUBAHb JOPIBHIOE HEMIAPHOMY YHCITY T .

OTxe, MOYKHA TOBOPHUTH PO MEBHY aHAJIOI0 MK nociigoMm KOHra i kosamMu 3 mapaiesibHO 3’ € JHAHUMU
IHAYKTHUBHICTIO Ta €MHICTIO YM JIBOMa €MHOCTSIMH a00 IHIYKTHBHOCTAMH. DakTHYHO — I¢ MPOCTi, HAOYHI
JUKepesla KOTePeHTHHX KOJHMBaHb. TOMY JIOCHIJDKEHHS TaKMX KUl BaXJIMBE HE JIMIIE JJIs 3aCBOEHHS
SNIEKTPOJMHAMIKH, a W HEe MEHII BaXJIMBI BOHM AJIsI IIATOTOBKHM CTYACHTIB Ta LIKOJISPIB O HABYAHHS 5K
XBHJIbOBOI ONTHKH, Ta aTOMHOT (Di3HKH, 30KpeMa y 11 BCTYIi IO KBAaHTOBOT MEXaHiKH.

AKTyaJbHICTh IOAAHOTIO JUT HABYANIBHOTO MPOLIECY KypCy 3arajibHoOi (hi3HKH — He3anepeyHa.

Hampukinni 3ayBakumo, IO 3alporioHOBaHa HamM crpoba 1MoOyqOBH 3MICTY HaBYaHHS — LE PyX Yy
HarpsMKy (GOpMyBaHHS IHTEIPATHBHHUX CHUCTEM 3HaHb, NMPIOPUTETHICTh, SIKUX Yy 3MICTi (i3MKK 3HAYHOIO MIpOIO
NOB’s3aHAa 3 TEBHUMHU BJACTHBOCTSAMH iHTerpoBaHMX iHGOpMaumiiHUX cucTeM. 30Kpema, 3 THM, IO
'...IHTerpaTiBHa cucteMa iH(opMalil y BUIVISAI BIINOBIAHUX METO/IB, aJ€KBaTHUX ITi3HABAILHOMY 00’€KTY,
CBOEYACHO 3aCBOEHA JIFOJMHOIO, CTA€ OCHOBOIO i TEOPETUYHOrO MHCICHHS, IO JA€ 3MOT'Y TBOPYO OCBOIOBATH
JOCTiKyBaHy ramyss” [6]

Taka noOymoBa mana O BpaxoByBaTH Te, IIIO 3TiJHO 3 TEOPI€rO BiTOOPaKECHHS: CHCTEMHA OPTaHI30BaHICTh
Ta CTPYKTYpPOBaHICh BJIACTUBA HE TUILKU MaTepiajJbHUM 00’€KTaM, Mpolecam, SIBHIIAM, sIKi CKJIaJIaloTh OCHOBY
npeamery "¢dizuka”, a i GopMaM BimoOpaskeHHS MaTepiadbHUX 00’ €KTIiB, MPOIIECIB Ta SBUII, TAKOXK MPUTaMaHHI
BJIACTUBOCTI CHCTEMHOI OpraHi3amii i CTpyKTypOBaHOCTI.
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CEPLA: ITEJATOITYHI HAYKU

Oryshchyn Yu., Savosh V.

ALTERNATING CURRENT CIRCLE
AS A COHERENT OSCILLATION SOURCE AND AN ELEMENT
IN THE STRUCTURE OF INTEGRATIVE REPRESENTATION OF KNOWLEDGE

This paper points at certain problems linked with the implementation of the "unity of
physics" principle in the learning process of general physics course. It attempts to merge the
subjects related to oscillation physics, given in various parts of the physics course, into an
integrated knowledge system.

It proposes simple coherent sources of harmonic electric oscillations that can be used for
demonstration and research of interference phenomena.

First of all in the article it points to some problems associated with the implementation at
school course of general physics the principle of "unity of physics" and attempts to combine
integrative system of knowledge in educational material concerning the physics of oscillations, but
highlights in different chapters of physics. In particular, it is used the fact that the alternating
electric current is forced electric harmonic vibrations, which under certain conditions can become
a way that will allow visually explore patterns of interference of coherent oscillations.

An educational material concerning oscillatory processes identifies in subparagraphs,
where starting with the consideration of the relationship of the rotational motion of oscillating and
presenting it with a rotating vectors allowing under certain conditions, adds some fluctuations just
as added vectors. After that go to highlight the display of this relationship in the real maintenance
devices — models AC generator and show that it can be used as a source of coherent oscillations
and vibrations clearly demonstrate adding one direction.

It is shown that: 1) Alternator generates forced harmonic electrical signals;

2) In a circle with parallel connected inductors (or containers) it creates in its branches
coherent oscillations of the current, which phases are matched: ¢, —¢, =0

3) If in one of the branch of the circle is the container, and in the another one is the
inductor , their phases are shifted relatively to each other on «.

It is pointed to the accession of the resistor to any of the branches of the circle with
parallel connected inductors and containers or two inductors (containers) which can change the
phase relationship between current fluctuations in these branches.

Attention is paid to the fact that various oscillatory processes such as mechanical,
electrical or optical are obeyed by the laws that are described by the same mathematical
equations. This allows the results of the research of alternating electric current (harmonic
electrical signals) to apply to the research of interference processes that are described, for
example, by the wave optics.

The accent is made on the analogy between the experiment of Jung and the circles with
the parallel connected inductors and or two inductors or containers. In fact those are simple,
visual sources of coherent oscillations. Therefore, the research such circles are important not only
for learning electrodynamics, but they are no less important than to prepare students and
schoolchildren for learning both to wave optics and atomic physics, in particular in its
introduction to quantum mechanics.

Key words: alternating current circle, harmonic oscillations, phase of oscillations, wave
optics.
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