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arepiai crarTTi cToCyeThCA IPOOJIEMHOTO IIH-
TAHHSA IPUPOJHU €JEKTPOMArHiTHUX XBUJIb —
mpobJieMH 1yasisMy, CyTHICTIO SKOTO € OTHO-
yacHe mepe0yBaHHA MaTepil B cTaHi XBUJI
¥ YaCTUHKHY (KOPIYCKYJIH), 1110 He 3HAXOLU-
JI0 TOSCHEHb 3 MO3MUIiii MOKBaHTOBOI (pismku. CmouaTky
NUTAHHA AyalidMy BHUHHKJO CTOCOBHO cBiTia. TpuBane
BUBYEHHA CBiTJIa BUSBUJIO HOI'0 eJIEKTPOMATHITHY XBUAJIBLOBY
i KOPpOYCKYJISAPHY IPUPOAY, TOMY PafioXBMJi Beix iHImImX
obacTeil TeK CJiJ POSIIANATH AK €JEeKTPOMArHITHI XBMJIL
Ta IK KOPNYCKyJau BogHOYac. IIuTaHHA IOeNJHAHHA ITHUX
CTaHIB 3AJHUINAETHCS AKTYAIbHUM i IOTpE6YyE Y3TrOIKeHHS
3 BiIOMUMH eKCIepUMEHTAJbHUMU JTaHUMH. TpamuIiitao
pPamioxXBIIi B cydyacHil HaBYAJbHIN i HAyKOBi# JiTepaTypi
PO3IIANAI0OTLCA TiIMIBKY AK XBUJIBOBHH IIPOIEC, IO € JIHMIIE
YaCTKOBOIO CKJIAZI0BOXO IIOBHOTO IIPOLECY 1 He IOSICHIOE HOT0
peanbHy cyTHicTb. PiswyHa IPUPOJA BCiX €JEKTPOMAarHiT-
HHX XBHIJIb ONHAKOBA i HiANOpAAKOBAHA IIEBHUM 3aKOHAM
icHyBaHHS Ta B3aEMOJi1, IIJ0 He JONIYCKAaIOTh IIPOTUPiY, TOMY
MOACHEHHS ITOBUHHI HaOMMKATUCA 1O PeaJbHOCTI.
Buxnageruil MaTepias Mae 4acTKOBO IiICYMKOBMI Xa-
paKrep, I'PYHTYEThCA HA GLIbII paHHIX My6IiKamisax aBTopiB
[1-5] i meBHOIO MipoI0 HONOBHIOE IXHill momepenHiit aHami3
npoGieMy KOPIYCKYJIAPHO-XBHJILOBOTO CTaHY CBiTJIA Ta
pamioxBuab. IlinpoBa HampaBieHicTh HMux IyOaikamiit —
IIPeJICTABUTH JJIA 0GTOBOPEHHS 3aIIPOIOHOBAHE PO3B’ A3aHHSA
mpofIeMu TBOICTOCTI, JOBECTH HOT0 JI0 IIMPOKOr0 KoJia cIe-
miagicTiB 1 HAYKOBIIB I KOHKpeTu3amii Ta moraubieHHS
IOCTi)KeHb, EKCIEPHUMEHTIB, 00’€KTHMBHUX OIiHOK III0JO0
MPaKTUYHOTO 3aCTOCYBaHHA PE3YJIbTATiB, 30KPEMaA B cIIellia-
JIi30BaHUX CHCTEMAX 3B’ A3KY.
®opmymroBaHHA Tpobdaemu. Binomo, 1o paxioxsuii pos-
TMISTA0ThCA AK eJIeKTPOMArHiTHUN XBUJIBOBUH IIPOILEC, AJIA
SKOr0 BJIACTHUBA TWHAMiKa MOIIMPEHHS B IPOCTOPi Ta 3MiHA
B uaci. [liamagoH eTeKTPOMAarHiTHUX BUIPOMiHIOBAHb He Mae
00MeXKeHb, MiCTUTh BUKOPUCTOBYBAHI JIIOJICTBOM Pi3Hi CIIEKT-
panpHi o0sacri, 30KpemMa CBIiTJIOBY, TeJIeKOMYHiKamidHUX
paziocucTeM, PEHTIeHiBCLKOTO i raMMa BUIIPOMiHIOBAHHS
To1[0. [CTOPMYHO, MOKYM PaJiOBUIIPOMiHIOBAHHS Ire He 6yJI0
BiIKpUTE, JETANBHO DPO3IVIANANACA U BUBUAJNACA ITPUPOZA
cBiTaa — cyOcranItii, HafH6iIBII TPUAATHOL AJIS CIIOCTEPEIKEH-
HA. Bynu BusBIEHi i DpaKTUYHO MiATBEpKeHi XapaKTepHi
O03HAKM CBITJIOBMX MPOMEHIiB: iX CHEKTpPaJbHUN CKJIAZ
(HpioTOH), IPAMOJiHIHICTh NOIIMPEHHA i 3ZaTHICTH Oru-
HauHA nepemkon [1]. BigkpurTsa pajioBUNIpOMiHIOBAaHHSA
(1866—-1895 pp. — Jlymic — I'epm — Maxcsenn — Tecna —
ITomoB — MapkoHui) mifcuiumo axkTyajabHiCTP BUBUYEHHS
IoKepes TeHepyBaHHA i mpoleciB MOIMMPEHHA PajiOXBUJIb,
YPaxoBYIOUM IX BasKJIMBe OPHKJIAgHe 3HAYeHHA [2, 3]. Ina
PafioXBUJIb, AHAJIOTIYHO AK 1 714 cBiTJIA, TAKOXK XapaKTep-
Ha JIBOICTA IIPUpPOJa — Ie eIeKTPOMATHITHI KOJIMBAHHA i yac-
THHKH (KOpmycKyau) BoxHouac [4, 5]. Iaa OZHO3HAYHOTO
TPAKTYBaHHS i KOPEKTHOTO PO3YMiHHSA MOHATH JBOICTOCTI K
XBUJIBOBOTO, TAK i KOPIYCKYJIAPHOTO CTAHY eJIeKTPOMAarHiT-
HUX KOJUBAHD ¥ CTATTi PO3IJIAJAETHCA MO/ETIH B3AEMO3B’ A3~
Ky IIUX CTaHiB, CyTh AKOI JeTaNIi3yeThCa HUMXKUE.
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Amnaniz npo6aemu. IIpobsema gBoicTOCTI mMONArae B TO-
My, IO CBIiTJIO IpoABIAE cebe AK YACTHHKY (KOPIIYCKYJIH)
i gK xBUJi, IO Mae eKCIepHMEHTAJIbHE MiATBEPIKEHHI.
Hanpuxkiaza, mpoMinb cBiTsia, TPOXOASIYHN MMOOGIU3Y MACHB-
Hux'Tix (CoHI), BUKPUBIIOE CBill MIIAX Mifx Hi€ro cuau rpa-
BiTamii, YuM MpOABIAETHCA KOPIYCKYIIPHA IPUPOJA CBiTIa.
A XBUJIBOBI BJIACTHBOCTI CBIiTJIA NPOABIAIOTHCA B ABUIAX
mubpaxkmii Ta inTepdepenuii. [ cBiTia BracTuBi TaK0XK yci
TEOPETHYHO-TIPAKTUYHI TOJOKEHHA, K1 CTOCYIOTHCS eJEeKT-
POMAarHITHUX XBUJIb y3araji. ¥ ABJIeHHS IIPO ABOICTiCTh pH-
pozxu cBiTia gexasi 6iybiie miATBepAKYBAIOCS IPAKTHKOIO,
TOMY BOHO CTaJO He3amepeuyHuM [6]. AHamoriuHuii mormsan,
CIiJ BBAYKATU IPUNHATHUM TAKOMX IJIA €JeKTPOMATHITHUX
XBWJIb iHITUX AiamasoHiB. AJle TpaKTyBaHHS eJeKTpOMAr-
HITHUX KOJUBAHb BUXOAAUU 3 YMOB iX BUHUKHEHHS BHACJI-
JOK IeBHUX BHYTPIIIHIX NpOIECiB UM 30BHIIIHIX BIIWBIB
i xapaKTepy IOZAIbIINX II€PEXOAiB 3 OMHOTO CTAHY B iHIINIA
Imicya BUIPOMiHEHH i B IpoIieci caMOCTifHOrO MOITUPEHHS,
He3aJIeXKHO BiJ IoKepesia reHepyBaHHdA, HE MalOTh 3aBeplie-
HOro nosicHeHHd [4]. UncieHHi crocTepe)keHHs Ta eKCIepH-
MEHTHU BKA3YIOTh AK Ha KOPIYCKYJIAPHY, TAK i Ha XBUIBOBY
IIPUPOAY CBiTJIA UM iHIIMX €JEKTPOMATHITHUX XBUIb, IO €
IXHBOI0 BHYTPiITHBOI0 BIACTHUBICTIO (CTAHOM), ITiCJS TOTO, AK
BOHU AKMMCh YHHOM BUHHUKJH [6, T].

JlBoicTicTh mpWpOAM CBiTJIA — TAaK 3BaHMU AyanismM —
€ mpobyIeMoI0 He JIMIIIe CYyTO HAYKOBOrO, a ¥ CBiTOTJISIHOIO
XapakTepy, L0 IIOB’A3aHO 3 TPAKTYBAHHAM XBUJIHOBOTO
1 KOPIYCKyJIAPHOrO MigX0AiB IPH IOACHEHHI IPUPOIU CBiT-
Ja i B3arayi enekTpomMarsHiTHUX XBuIb. CymepedHocTi Tpa-
JUIIfHO 3BOZMINCS [0 HOACHEHHA OCOOJMBOCTEH IpoIecis
IOIMNPEHHA eJeKTPOMAarHiTHUX KOJUBaHb 6e3 OJHO3HAUHO
3a/[0BiTBHOTO TPAKTYBAHHA HEY3TOIKEHUX IMIPEACTABJIEHbD,
110 HE MOIVIO B IIPUHIIUII BiIOyTHCA HA OCHOBI BUKOPUCTAH-
HA IPUHIUIIB HEIOTOHIBCHKOI MEXAHIKM, TOMY IOUIYKH II0-
ficHeHb TpuBayu [8].

¥ 1900 p. M. Ilrask, BUBYAIOYH TEILJIOBE BUIIPOMiHIOBAH-
HA TLI, 1A Y3TOAKEHHSA TEOPETUYHUX 1 MOCTIIHUX JaHUX YBiB
rimore3y Ipo BUIPOMiHIOBAHHA (I MOTJIMHAHHS) PEUYOBHHOIO
eneprii keanmamu (mopuiamu), axky A. Eiamreiin y 1905 p.
BUKOPUCTAB 1J1a HoAcHeHH doToederTy. e cramo crapTroBum
TIOIITOBXOM DO3BUTKY KBAHTOBOI MEXaHiKM, IEPEXO0JOM Bif
HEIepepBHUX XBUJIBOBHUX TIPOIECIB [0 JUCKPETHUX (KBAHTO-
Bux). Hosi mornanu Ha disury B3aemopiit B obmacti Mikpo-
YACTUHOK CyIepedyuIyu KJIACHUYHUM YSIBJIEHHIM PO Hemepe-
PBHiCTH ycix mpomeciB, 10 OYyJIM OCHOBOIO HBIOTOHiIBCHKOI'O
npezcraBieHHs GhisnyHOI KAPTUHU CBiTY i 6a31COM HAYKOBHUX
[IOSICHEHb, TOMY CIPHUAMAJICA JaJeK0 HeOTHO3HAYHO i CTpH-
MaHO0, HaBiTh EfiHIITefHA TPOTATOM KUTTSA JOJIAJINA CYMHIBI.
Aure momanbmi JOCTiAKEHHA Ta eKCIePUMEHTH IIiATBepAUIN
rinoresy Ilnanka, xoua cam aBTOpP CTABUBCSA IO CBOET iel Kpu-
THUYHO. 3TiZHO 3 KBAHTOBUMU IpuHIunamu Ilnanka, elekTpo-
MarHiTHi XBUJIi BUIPOMiHIOIOThCS i MOTJIMHAIOTHCS HOPIIiAME
(xBanTaMu) 3 eHepriero W, mpomopIti#Ho yacToTi v

W = hy, 1)
ne h=6,62606957(29)-10"* II»-c — crana ILiauka.

HdocuTh HeCHOAiBAaHMM Ta KapAWHAIBHAM IOTJIALOM Ha
cTaH icHyBaHHA MaTepii 6yso ii mpexcraBieHHA y BUTIALL
xBuJb JI. ne Bpoiinsa (1924). Ha ocHosi rinoresu xe Bpoiins,
fIKa 3HAMILIA eKCIepMMEeHTAJbHE HiITBEPIKEeHHS, IO He
JuIie AJd CBiTya, a ¥ A1 6yAb-AKMX MaTepiaJbHUX YaCTH-
HOK BJIACTHUBHI XBUJILOBUH mpotec, E. Illpexiarep y 1926 p.
onyOniKyBaB piBHAHHA KBAHTOBOI MEXaHIKU CTOCOBHO XBU-
JBbOBUX BJacTWBOCTe# Marepii, a B 1927 p. II. dipak npex-
CTAaBUB MAaTE€MAaTH30BaHY MOJEJb IOIIMPEHHS (GoTOHA Ta
#oro B3aemoii 38 pewoBuHOIO [9].

Bukxopucmosyiouu xéunvosée npedcmasienna mamepii,
32i0no 3 npunyunom 0e Bpoiina — IlIpedinzepa, 66axcamu-
memo npupody KOPNYCKYAU X6ULbO6010, ane 3 iHULUM
xapaxmepom xeuni, Hixe enexmpomaznimua. Jns noed-
HOHHA YUX 6aPIAHMi8 X6UNLb 6UKOPUCMAEMO 3AKOH 36epe-
JHCeHHA eHepzii ma 63a€MHY 3aneiHicMb enepzil ma macu
Ha 0CHOGi npuHyuny exsisanenmuocmi Eldnwmeina.

¥ saranrpHOMY BUNIAAKY 3B’ A30K MisK eHEPTri€io peYOBUHU
W Ta ii macoio m BH3HAUa€eThCS Bimomoio ¢opmynoio Eiin-
mrreitaa [6]:

W =c*m, (2)

ne ¢ =299792,458 xM/c — MIBUAKICTD CBiTJIA ¥ BAKYYMi.

Take eHepreTUYHE IPEACTABIEHHSA 1a€ MOXKJIUBICTE y3ro-
OUTH XBUJIBOBHH Ta KODIYCKYJNSPHUN CTAHU eJeKTpoMar-
HiTHHX XBuab [1]. B3aeMo3B’A30K eneMeHTiB Aayanisamy
BUILTHBAE 3 piBHAHHA EffHmreiina (2) Ta piBHAHEb MaKcBe-
Ja, 3araybHa inTerpasnbHa dhopma axux taka[1, 10]:

i dD . A
ff; Hdl= Eds + | Jds - sakom mosmoro
l S S
CTpyMYy,
o d »
ngdl=——(]B s) o)
1 dt Js — 3aKOH eJIeKTPOMAarHiTHoOI

iHgyKnii, (3)
f Bds =0, f Dds=q - ymoBu Teopemu OcTpo-
S S

rpagcekoro — I'aycca,
= e . . oo
me E, D - Bekropu Hampy»xeHocTi Ta iHAyKmii emext-
—

=
puuHoro moasi; F, B — maraitaoro mous; [, S — moB:xuHAa

rPaHHUIl Ta IJoIIa AEAKOr0 JTOBiJBHOIO KOHTYDA; j -
TyCTHHA CTPYyMy HIpPOBigHOCTI uepe3 moBepxHIO S; ¢ —
€JIEKTPUYHUY 3apAJ HA IOBEPXHi.

Poss’a3annsa piBHAHL MakcBesta 3ala€ CTPYKTYPY
eJIEKTPOMATrHiTHUX XBUJIb, XapaKTep IX MOIIUPEHH, a €HEDP-
reTUYHE IIPEJICTABIEHHA BHBHAYAETHCA TEOPEMOI YMOBA —
Ilo#rinra [1, 10]:

Ey = Ecos(ot — kx + ) — €1eKTPUYHA CKIA/0Ba XBUJI,

Hz = H,,cos(ot — kx + y,) — MarHiTHA CKJIa[j0Ba XBUII,

Il = EyHz = Ey,H.cos*(wt — kx + y) — TycTHHA IIOTOKY
eHeprii,

Hayxa i o6opona 2'2018
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e
Puc. 1. BaaeMHO IepneHIUKYIAPHI KOTUBaHHA BEKTODIB By 2
[IPH [IOLINPEHH] eJeKTPOMATrHiTHOI XBHJIL Y IIPOCTOPi B HAIPAMKY X

ne Eq, Hy, — aMIUTiTy ¥ €NeKTPUYHOI Ta MATHITHOL CKJa-
JIOBUX; ) — 94CTOTA KOJUBAHHS; £ = 21/\ — XBUJILOBE UNCJIO;
A — IOB)KMHA XBUJIi; 3MiHHI BeTHUUHY t i ¥ — BiAmOBigHO Yac
i HATPSIMOK MOIMUPEHHS XBUIIL; | = Yy = ¥ — I0YaTKOBI (a-
31 KOJINBaHb, IKi € OJHAKOBUMH Ha OCHOBi IIOBHOI B3a€MO-
3aJIeXKHOCT] (B3a€MOICHYBAHHS) €JEKTPUYHOI Ta MArHITHOI
CKJIaJIOBUX.

BexTopu E Ta ﬁ IIPU IOIIMPEHH] y IPOCTOPi nepuexH,u-
KyJapHi MiX c00010, KOJIMBAIOTHCA 3 IPABOCTOPOHHBOIO
IBUHTOBOIO IMHAMIKOIO PYXY B OfHAKOBi# (asi (mpuitmaoTh
CUHXPOHHO MaKCHUMAaJbHi, MiHiMasbHi Ta BCi mpoMikHIi
3HAYEeHHA B KOOpAuHATaxX y Ta 2). Ha pucynky I npencrasie-

-

Hi (v dikcoBaHMI MOMEHT Yacy) KOJMBAHHS BEKTOpiB F
—
i H eneKTpoMarHiTHOI XBWJi IpU IOIIMpEHH] y IPOCTOpi

B HaIIpAMKY X 31 MIBUIKICTIO v a) rpadiune 306pakeHH;
6) 1abopaTOpPHU MaKeT.

XapaKTepHUMU € TOUKH 1, 2, ... , y AKUX 001IBa BEKTOPU
TIpUIIMAalOTh HYJIhOBi 3HAUEHHA, 3BiIKM BUHHUKA€E IPUHIIUIIO-
Be MUTaHHS II[0/I0 CYMAPHOI eHeprii eTeKTPpUYHOro i MarHiT-
HOTO IIOJIiB Y IIUX TOYKAX, YPAXOBYIOUH, III0 BHUKHYTH BOHA
He MOKe. BBaskaemo, 1110 eHeprisa nepexoguTs y Macy 3rigHo
3 BUJLJIEHUM BUIIE KYPCHBOM IIPEICTABJIEHHAM Ta (JOPMY-
Jo10 (2).

o Ly

Benuuuna (eneprisa) Bektopis E i H dopmyeTses B 1me-
pefaBayi CKIafaHHAM eJeKTPOMATHITHUX KBAHTIB (3a aHa-
JIOTi€0, AK JiH3a (HOpMYE IHTeHCUBHUII IPOMiHb cBiT/Ia 260
HampaBjeHa aHTeHa 3a0esneuyye KOHIEHTPAI[iI0 XBUIBOBOTO

motoky). IIpexcraBuMo eHepriro enekTpoMarsiTaoi xsuai W
JIiBOIO YacTHHOW GopMy.u (2), 3BifKKM BUBHAUAETHCA eKBiBa-
JIeHTHA 1t eneprii maca m. B3aemMo3B’A30K Macu Ta eHeprii
IIPUBOAUTD [0 JIOTIYHOTO BUCHOBKY, 1[0 3aKOHY 30epeskeHHs
eHeprii Bixmosinae 3axou 36epeskeHHT MaTepii, 3 Iepex0A0oM
onmiei 11 ¢popmu B immy [1]. Take mpexcTaBiIeHHS BU3HAUYAE
[IpH TOIIMPEHHI PafioXBUIb OFHOBHAUHY B3AEMHO 3aJIEIKHY
JMMHAMiuHY 3MiHHICTH eHeprii Ta Macu y Buraani hopmysu [4]:

AW = ¢*Am. (4)

CuMBOJMI A 03Hauae IPOIEC B3AEMO3AJEKHOI 3MiHU
eneprii Ta macu. MakcumasnbHe 3HaUeHHd eHeprii W, Bin-
IIOBiZJa€ TOYKAM IIePEXOAY eJIeKTPUIHOrO Ta MAarHiTHOTO KO-
JUBAaHb Uepe3 MAKCHMYMH, TOAL AK y IIUX TOYKAX 3MiHHA
maca m = 0. Hani, 3aBgaxm MexaHiZMaM Iepexony oxHiel
(¢opmu Mmarepii B immy, emeprig W,,. NIOYMHAE 3MEHIIY-
BATUCH i BiAIOBiAHO 3MiHIOETECA (3pOcTae) Maca m. ¥ TOUKax
1, 2, ... enepria smenmyerses o 0 i3 mepexonoM B eKBiBa-
JIEHTHY MaKCUMAJIBHY MacCy M,,,,,.

IIpencraBieHHA YACOBOTO IPOLECY IIOIIUPEHHSA eJIeKTPO-
MarHITHHX XBWUJb BiJf MOMEHTY ?, (Ipu (ikcoBariit mpocro-
POBiii KOOpPAUHATI X) 1TI0CTPYETHCA PUCyHKOM 2.

Y momenTu yacy t,, t, t,, ... eHEPTisd XBUIBOBUX CKJIALO0-
Bux E, Ta H, NOBHICTIO IIePEXOJUTH y MacCy, KA NpuiimMae
MaKcUMaJbHe 3HAYEHHSA M., TOAL AK y IPOMIiKKax Mixk
IUMU MOMEHTAMY OJHOYACHO iCHYIOTh 00MABI dopMu mpex-
CTABJIEHHSA €JEeKTPOMATHITHUX XBHJIb — eJIEKTPOMAarHiTHA
dopma W i dopma y Buraani sminzoi macu m. Ili dopmu

£,
| v
4_/ t .

Puc. 2. IIpencraBieHHs 4aCOBOTO MOMIMPEHHS €JIeKTPOMATHITHUX XBUJIb
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[ToBepxHi nepexoay
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Puc. 3. Xapakrep 3miHu eHeprii eleKTPOMarHiTHAX KOJIMBAaHb

o

HEPO3PUBHO IIOB’fA3aHI i He MOMKYTh iCHYBAaTH OfHA 11032
irmoro. Jlani mponec 3MiHN Macu mepioAMYHO IOBTOPIOETHC
3 nepiogom T, axkuil nopiBHIOE mosoBuHi nepiogy T, rap-
MOHIYHOTO KOJMBaHHA i3 wacroroio w: T,= 21/w. ¥ 3arajb-
HOMY IpeJCTaBIeHHI BUHUKHEHHS OYyIb-KHUX eJIEeKTPO-
MargiTHHX XBMJb CYIDPOBOJKYETHCA IIEPEXOLOM eHeprii
B MAacCy i HaBIaKH.

3a aHaJIOrie 10 CBiTJA, YACTUHKM SKOT0 HA3WBAIOTHLCS
(hoToHAMHU, YACTUHKH XBUJIb PAJioNiaasoHy YMOBHO MOKe-
MO HasBaTu pagiodoroHamMu (cKopoueHo «R-poTorm»).
IMorpannatoun Ha npoBifHUK (aHTeHY), «R-hoTOHM» CBOIM
€JIeKTPHYHHUM II0JIEM BILIMBAIOTH HA €JIEKTPOHHU 1 3MIIIyIOTh
iX y BanpAMKY pyXy, BUKJIMKAIOUU BiJUOBIAHY eJIeKTPODY-
miay cuty. A xgami Bei mponecu o6poGKY HABEEHOI HATTPYTH
PafioXBUIb 3OiCHIOIOTHCS CTAHAAPTU30BAHUMH METOIAMH.

YacToTy KOJIMBaHb 1 fUHAMIKY iX BUHWKHEHHA 3a7aI0Th
JpKepesa KOJIUBAHb IPUPOJHOTO ¥ TeXHOTeHHOTO IOXO/IKEeH-
HfA, AKi IepeKpHBAalOTh Bech AiamasoH iCHYBaHHA TaKHUX
KonuBaHb. Ciuif 3aBHAUWTH, [0 MOMIMDPEHHA eJIEKTPO-
MarHiTHUX XBUJIb Mae 06’€MHO-IPOCTOPOBUH XapakTep,
a TOYKM IIOBHOTO II€PEXOXY CyMapHOi eHeprii ckranosux E,
tTa H, y Macy yTBODIOIOTH NIPOCTOPOBI «eIEKTPOMArHiTHO-
HYJbOBi» IOBEPXHI (AKi IPOXOXATH Uepes TOUKH ty, 1, ...) IIO
(bpoHTY MOMIMPEeHHA XBUIi.

Ha ocHOBi pO3rIAHYTHX NOPUHIUIIB IIPELCTABIAEMO
BHU3HAUEHHA eJIEKTPOMAaTHITHOI XBUJIi.

ExexTpomaruiTHa XBHIA — ue HemepepBHHUH 00’eMHO-
TIPOCTOPOBMIT polec PyxXy i 3MiHM B3a€M03B’A3aHUX HOPM
Marepii y BUrisazi exexrpomarsiraoi ¢gopmu Ta ii Macu 3 1e-
piomiynNM nepexoaom ogHiel dopmu B inuny.

XBUIIA Y IPOCTOPi TOUINPIOETHCA B 3aJaHOMY TiJT€CHOMY
KyTi (IpOMiHB IIPOXKEKTOpa, Aiarpama HaIpaBJIeHOCTI aHTe-
HU TOII0), AMILIITYAK MATHITHOI Ta eJIeKTPHUYHOI CKIaf0BUX
3MeHIIYIThCA IPH BiffaneHHI Bif MKepesia BUIPOMIiHIO-
BAaHHA, BIATNOBiTHO 3MEHIIYETHCA # MaKCHMalbHA Maca.
TinecHuit Kyr, y AKOMY NOMUPIOKTLCA KOJIUBAHHA, 3a]1a€
TexXHiUHa cucreMa, 10 GOKYCYe CBiTIO Ul eJeKTPOMAarHiTHi
XBUIIi B IOTPiOHOMY HanpsaMKy nomupensa (puc. 3); W, —
3MiHHA cyMapHa eHeprid eJeKTPUYHOI Ta MarHiTHOI CKIano-

BUX KOJMBAHHA B NIPOCTOPi B NePHEHAMKYJIAPHiA cucremi
KOOpAMHAT 2 Ta Y, m — 3MiHHA Maca KOJUBAHHS Y IPOCTOPI.
Macy eneKTpOMAar#iTHOrO moJs 3a4Al0Th B3AEMHO OB’ A-
3aHi cknagoBi H Ta E 3 ix cymapHoo eHeprieio W, rycruna
AKOI BUBHAYAETHCA CIiBBiTHOIIEHHAM [ 7]:
2 2
P (5)
= ——— —_—
2 2,

Ie gy, €= 8,85:10"2 ® /M — enexrpuuna crana; E — Hampyxe-
HICTH €JIEKTPUYHOrO 1oJisi, B/M; B — BeIMUKMHA MATHITHOL
impyknii, B6/m% o = 47°107" I'u/M — MaruiTHa crana.

Posrnansmo mpukaan [7]. Hexaif BenuumHA MargiTHOL
igpyknii B = 1 Tia, HampysKeHicTh €IeKTPUUYHOTO IIOJS
E =108 B/m (mocrarupo Bemmka). Toxi rycruHa emeprii
€JIeKTPHYHOTO i MarHiTHOro mOJNiB W Ha OCHOBI (5) MaTume
3HAUEHH:

8,85-10°-10" i

= =4,42-10° IIx /m®.
\iz 2 i 2:.47-107" 4T

Maca eneKTpOMAarHiTHOro ImoJdA, sSKa BigmoBizae mii
eHeprii, 3rizHo 3 hopmyoro (2), nopiBHIOE:
w 4,42-10°

m= = 7
c? (3-10%?

=4,91-10"*kr/m?.

Il yABIEHHS PO BeINYNHY OTPHUMAHOI eKBiBanIeHTHOI
MacCH eJeKTPOMAarHiTHOTO IO B OZHOMY KybiuHOMY MeTpi
IPOCTOPY MOPiBHANMO iI 3 Macoo CIOKOI0 eJeKTpOHAa:
m, = 9,110 xr. K BuUAHO, Maca eJEeKTPOHA IOPiBHAHO
3 MacoOl eJIeKTPOMAarHiTHOTO HOJS B OTHOMY KyOiuHOMY
MeTpi cyTTeBo MeHmAa. OgHAK Macy eJeKTPOHA B PisHuX (i-
3UYHUX [IPOIECax TOBOJUTHCS BpaxoByBaTH. TOMYy MOKeMO
NPUIYCTUTH, II0 3MiHA MacH eJeKTPOMATHITHOTO IIOJIS
MOsKe 3HAHTH CBOE 3aCTOCYBAHHS B CHCTEMAX 3 eJIEKTPOMAr-
HiTHUM BUNpoMiHIOBaHHAM. KpiM 115010, MOXKIMBICTE (IIOKK
110 TiIOTeTUYHA) IEePeTBOPEHHS MACH B €HEprilo HajiallTo-
By€ Ha JYMKY IIPO Te, L0 peajybHiCTh IOAIOHOTO mporecy
Mo:xe OyTH MOTHBAIIEIO AJIS HAYKOBUX MOIIYKiB MeXaHi3sMiB
HOr0 BUABIEHHSA Ta BUKOPHCTAHHS B MalOyTHLOMY, X0ua,
HaCKITbKM BiZOMO, IIePETBOPEHHS PEUOBMHHU B EHEPIiio
JaeThCA Ty2Ke HEIPOCTO.
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XapakTep HOIIMPEHHS eJIEKTPOMArHITHUX XBUJIb T Bia-
noBifHMX IM Mac mokasye, mo iX cyMmicHWIEl pyx 3ziiic-
HIOEThCA 31 mBUAKiCTIO cBiToa (y Bakyymi). Ile mizkpeciroe
Te, 1[0 iCHYIOTh hopMHU MaTepii, Maca AKUX (PeIATUBICTCEKA
Maca) 31aTHA PyXaTucs 3i MBHAKICTIO cBiTIA.

CTOCOBHO CBiTJIa BUKOPUCTOBYEThCH TOHATTSA oroH. ITix
(poronamMu po3yMiroTH HaiiMeHII mopIii cBiTia, AKi mOBO-
AT cebe AK yacTUHKM i AK xBusi. OJHO3HAYHNX BU3HAUEHD
¢oTOHA, I[IIKOBUTO Y3TOJKEHUX i3 IPAKTHKOI0 IIPOABIB
itoro gBoicrocTi, HacKimpKHU Bimomo, HeMae. PoToH Ge3 pyxy
He icHye, Macu CIIOKOI0 He Ma€, BiH BU3HAYa€ BJIACTUBICTb
MaTepii #oro cTBOpIOBATU 3a meBHWX yMOB. IIpuyomy pyx
doToHa Mae [BOICTHH XapaKTep — Iie pyX IOCTYNATbHUM i KO-
JIUBAJILHUA OJHOYACHO.

Ha ocHOBi BHIlle BUKJIAJEHOI0 MaTepiaTy MOMXeMO JaTh
BU3HAYEHHA GOTOHA (eJeKTPOMAarHiTHOro )OTOHA B PO3IIH-
peHOMY pO3yMiHHI CTOCOBHO Bcix JianmasoHiB BHIIPOMiHIO-
BaHb).

@®oTOH — 1e B3AEMHO 3yMOBJIEHi i B3aeM03aJIeKHi KOJIH-
BaHHA JBOX (hopM MaTepil — exexkTpoMarHiTHOI Ta ii MacH,
110 iCHYIOTh TiIBKH B IpOLEci pyXy, 3 MOBHHM IepiogHIHNM
nepexoxom oxHiel opmu B innmy.

Ha pucynky 3 mpezncraBiieHi iHTEPBAIU Xg... X1, Xj .. Xy
i T. 1., 9Ki BigoOpakaoTh MOBTOPEHHS IIPOIIECiB y npocmopi,
€ mepiogaMu KoJuBaHbL (3MiHM cTaHiB). 3ayBasKUMO, IIO0
mepioguuHi HyJBOBI TA MAaKCHMAaJbHI eHEepreTHYHi CTaHU
eJIeKTPOMArHiTHOI XBMJII B TPOCTOPi MOXKYTH OyTH BU3HAUE-
Hi excmepuMeHTanbHO. IIeBHe [)Kepeso BUIPOMIiHIOE
toronu (y Buraani cknagosux E, ra H,) 3 1esAK0I0 eHepriero.
Iamni, y mporeci IomupeHHd B IPOCTOPi, eHepria KolIuBaHb
3MEHIIIYETHCS, ajle 3POCTAE IXHA Maca 10 CBOI'0 MaKCHUMAaJb-
HOT0 3HAYEHH, BiJf IKOT0 MOYMHAETHCA HACTYITHUN IIpOLec
Iepexoly B €Heprii0 eJeKTPOMArHiTHUX CKJIQJOBUX JO Ii
MAaKCHMAaJbHOI BEIMUYMHN — B3AEMOIIEPETBOPEHHSA ITepioany-
HO IOBTOPIOIOTHCA. IIpu moImIMpeHH] B peatbHOMY IPOCTOPi,
Jle MOJKJIMBI BTPATHU €Heprii, eHepria (oToHA 3MEHIIYEThCH.
Kosxue mpxepesio BUIIPOMiHIOBAHHSA 33Ja€ napaMmerpu (GoTo-
HIB 3aJI€KHO BiJl 4aCTOTH Ta IOYATKOBOI eHeprii KOJKUBaHb.
IITo cTocyeThest BUAMMOTO 6isoro cBiTia, TO CIif BigMiTUTH,
1[0 BOHO CKJIAJA€ThCS i3 CYKYIHOCTI KOJTHBAHb PiBHUX Yac-
TOT, AKi CTBOPIOIOTH CyMapHUH MOTiK pidHux (oroHi. Tomy
KapTHHA MOLINPEHHS YCKJIATHIOEThCA HAABHICTIO IJIA KOMXK-
HOI 4aCTOTH CBOIX MaKCHUMyMiB i MiHiMyMiB, 1110 GOpPMYIOTH
3araJbHy IUHAMIYHY peTbeHY KaPTUHY IepeMilleHHd CBiT-
JIOBOTO IIOTOKY, B AKOMY KOXKHii 4acTOTHiH CKIaM0Bii CBiT-
J1a Bigmosifae cBiil BapianT Qorona. Ilpu takomy posmairti
(HOTOHIB € OOUiNbHUM NPUBEJEHHA IX IO OJHO3HAYHOL
KinmpkicHOI omiHKH. [[J1s IIHOT0 BBAYKAEMO MOKIMBUM 3aCTO-
CyBaHHSM IIEBHOTO HODMYBaHHS 32 JOIIOMOT0I0 YiTKO B3HA-
YeHUX B €HEPreTHYHOMY Ta YACTOTHOMY ILTaHI CcTabiTbHUX
BHUIPOMiHIOBaHb (Ha3BeMo ix 6azoBumu doroHamu). Ile nae
3Mory GoTOH OyAb-SKOr0 eJeKTPOMArHiTHOTO BHIIPOMiHIO-
BAaHHS €HEPreTHYHO OL[IHUTH KinbKicTio 6a30BuX (HOTOHIB.

BucaOBKH

1. IIpexcrasaena ¢isuyHa CYTHICTH ABOICTOCTI IPUPOAU
PafioXBHUJIb y BUTJISAI B3A€MO3B’ I3aHUX IIEPiOAUYHUX IIepe-
TBOPEHb ABOX GopM Marepii ogHa B iHmIy — exeKTpoMar-
HITHOI Ta if Macu — BiJIOBiIHO 3 eHEPreTHIHOIO TMHAMIUHOIO
sasexuicrio W = c*m.

2. Ha OCHOBi pOSIVIAHYTUX IIePETBOPEHb ABTOPHU BBa-
JKAIOTh 34 JOIiIbHE CKOPUI'YBATH IOHATTS eJeKTPOMarHir-
HOT'O TIPOCTOPOBOrO KOJHMBAHHA Ta ()OTOHA, PO3IIHPUBIIN
¥ YTOYHMBIIHN 3MiCT OCTAHHBOT'O CTOCOBHO HE JIMINE CBiTJIa,
a i pagioxBuab ycix gmiamasonis. Ile nae smMory 3 eZMHHX
MOBUIIH PO3rIAJATH KOPOYCKYJIAPHO-XBUJIBOBL edeKTH
MOLINPEeHHS PaJiOXBUJIb y3araJri.

3. BukopucranHs eIeKTPOMATHITHMX XBHJIb Y BUIIALIL
KOJMBaHb THIIY €Heprif — Maca — eHeprid ... MOKe PO3IIUPH-
TH MOXKJIMBOCTI TeJIEKOMYHIKAI[iHHUX UM 1HITKX CUCTEM 3 BU-
HalIeHHAM YYTJIWBUX A0 Ail AMHAMiIYHOI Macu IPUCTPOIB.

4. IIlo cToCyeTHCA €JIEKTPOMArHITHOI CKJIaf0BOI, TO HAAB-
HiCTh MAKCHUMYMiB i MiHiMyMiB eHeprii B IpoCcTOPOBOMY IIO-
LIMPeHH] pagioXBUIb BUSHAYAE MOXKINBICTE 36iMbIIeHHA HA
mpuiioMi BifHOIIEHHS MOTY’KHOCTEH CHI'HAJ/ITYM IIIAXOM
PAI[iOHAJLHOrO PO3MIIIIeHHS B IPOCTOPi OKPEMUX aHTEH Ta
eleMeHTiB CKJIAJHUX aHTeHHWX cucreM (CTpyKTyp). PisHi
IOBXUHM XBWJIb, HAKJIANAKOYNCh, (DOPMYIOTH IIPOCTOPOBUM
€HePreTHYHO-4acTOTHUI penbed, indopmaniini miku axoro
NIOBHHEH BUSABUTHU AJTOPUTM OPUAMAHHA. ¥ CYKYIHOCTI BCi
BUIIAIKOBO-IuHAMIuHi (paKTopu GOpMYIOTH TPUMipHE IPOCTO-
pOBe HepiBHOMipHE e€HepreTHYHO-4aCTOTHE IIOJOTHO, aHATI3
SIKOTO ITOBUHHA 3/Ii/ICHIOBATI AHTEHHA CTPYKTYPA i3 CHCTEMOIO
VIpPaBIiHHA IpUiiMaya.

5. Pisui Meroau migBuimenHs BiporigaocTi 06Miny indop-
MAalli€l0 MaioTh CBOI rpaHMYHI MOMKJIMBOCTI, a 3a3HAUEHUN
miAXig MOXKe JATH NONATKOBI MOBUTHUBHI pe3ysbTaTH, AKIIO
BUKODPHCTATH MAaCy eJeKTPOMATHIiTHMX KoauBaHb. IleBHi
pillleHHA CTOCOBHO €JIEKTPOMATHITHOI CKJIaJ0BOI MIiCTATH
CHCTeMH 3 NIPOCTOPOBMMM METOJAMU Ilepenadi ta o0pobKu
IPUIHATHX PagioXBuib, 30kpema MIMO, aKki npoxoBKyIOTh
YIOCKOHAIIOBATUCh Y MJAHI BUBYEHHA ¥ BUKODPHCTAHHA
06’eMHHIX IIpecTaBIeHb iHGopMamifHUX CUrHAIB i 3aBaj
Ta ONTUMisanii aaropuTMiB IpuiiMaHHA. AJe I[e CTOCYEThCA
JIAIIE eJIGKTPOMATHITHOL CKJIaT0BOI TPUUHATUX KOJIUBAHb.

6. 3 orssizy Ha 3aKOH 30epesKeHHs eHeprii, moTpeOyITh
aHaisy piBHAHHA MaKcBeJIa 1010 XapaKTepy KOJIUBaHb Ta
ix eneprii B TouKax (IPOCTOPOBUX i 4aCOBUX KOOPJAMHATAX),
Iie eJIeKTPOMATHITHA CKJIAZ0Ba JOPiBHIOE HYJIIO.
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