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DEVELOPMENT OF LABORATORY FACILITY FOR WIRELESS TRANSMISSION
OF ELECTRIC ENERGY

The article discusses the development of a laboratory facility for the wireless transmission
of electrical energy. The facility was formed by three types of antennas with different geometry
supplied with electric power transmitting and receiving units. The facility scheme has been
designed using Electronics Workbench v5.12 software. Experimental tests allowed us to estimate
transmission losses and transmission of electromagnetic energy depending on the distance between
the transmitter and receiver.
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MLI. IIpaBaa
3anopizokuii HaAYIOHANLHUU MEXHIYHUL YHIGepCUmem

EKCIHHEPUMEHTAJIBHA IEPEBIPKA TEOPEMU I'OMI'EHCA TA
®I3UYHUM 3MICT HOHATTS «[IPUBEJIEHA JJOBXKUHA» ®I3UYHOI'O
MASTHHUKA

3eepuymo yeazy Ha mano eioomy meopemy lioticenca, sika noasi2cac y momy, wo y 0y0b-AK020
Qizuuno20 Masmuuka Ha NPAMIL AiHIL, WO 3 €OHYE MOYKY NIOGICY I3 YeHMPOM MAC iCHYE MAaKa mouKd, AKa
MA€ 8rACMUBICMb 63AEMHOI 0OepHeHOCmi 13 MOYKO0I0 Nidgicy: mobmo, Ko niogicumu MAasimHuK 6 yitl
mouyi, mo nepiod 1020 KOIUSAHsb He 3MIHUMbCA. L ocobausa mouka Ha3uBACMbCs YEHMPOM XUMAaHy i came
gi0cmaHb 8i0 MOUKU Ni0GICYy 00 YeHmMpy XUMAHb i € NPUBEOeHd 00BICUHA PIZUUHO20 MAAMHUKA.

B pobomi 3anpononoeano opuciHaibHy MemoOUKy eKCHepUMEHMANbHOI NepesipKu meopemu
Toticenca, wo0o nepiody Konuamnsb QizuuHo20 MAAMHUKA, AKA CHPUAIMUME 3AC80EHHIO CMYOEHMAMU OCHO8
KIACUYHOT MEXAHIKU.

Knrouogi cnoea:. isuunuti Masmuux, yewmp mac, yewmp Xumaub, Nepio0 KOMUBAHb, NPUBEOEHA
oosorcunaL.

ITocTanoBka npodJemu. Sk BiIoMO, KIacHYHA MeXaHiKa Ta KJacu4Ha (i3MKa BLUUIOMY, Ma€e
Ay’Ke IUPOKY 1 MPaKTUYHO BaXKJIMBY 00JaCTh 3aCTOCYBAaHHS, OCKUIBKM BOHA OIUCYE Ta JOCITIJKYE
NoBUIBHI (Y MOPIBHSHHI 3 HIBHJKICTIO CBITJa) PYyXM MAaKpOCKOIIYHMX TiT SK Ha 3emii Tak i B
KocMmoci. B Mexax cBoei oOmacTi 3acToCyBaHHS KiIacM4Ha (hi3MKa HIKOJIM HE BTPATHThb CBOTO
HAYKOBOTO Ta MPAKTUYHO BaKJIMBOTO 3HAUEHHS [1].

Ha wam mornsa, aymMka mpo BaXIIHMBICTh Ta CYYacHICTh KJIACHMYHOI (DI3WKH TIOBHHHA
M1JKPECIIOBATUCh Ha MPOTA31 3arajbHO Kypcy (pi3uku HeoaHopa3oBo. Takuit Harosoc motpioHo
poOuTH HE TUIbKU B JEKUIHHOMY Kypci, aje ¥ y naboparopHomy npakTukymy 3 ¢isuku. Came
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1a00paTOpHUN MPAKTUKYM TOBHHEH JOCTAaBJIATU CTYIEHTOBI TOM E€KCIIEPUMEHTAJIbHUI MaTepial,
Ha T1JICTaBi SIKOTO CTYAEHT OyB OM B 3MO3i, MMicysl BUMipiB BUKOHAHUX BJIACHOPYY, MOPIBHATH JIaHHI
JOCIIy 3 TEOPETUYHUMHU PO3paxyHKaMu, 3pOOJICHUMHU 13HOBY K TaKd BJIACHOpYY, 3a (popmyramu
KJIacU4yHOi (i3uKkd. Y TO€IHAHHI Teopil Ta EKCIIePUMEHTY BJIACHE 1 MOJSIra€ HAyKOBUH METOJ
JOCITIJDKEHHS SIBUII TIPUPOIH, MPUTAMAaHHUKA B Tiepiny 4epry ¢izuili. 3aiiMarouuch 1adbopaToOpHUM
MPAKTUKYMOM CTYIEHT Ha KOXXHOMY Ja0OpaTOPHOMY 3aHSTTI Ha BJIACHOMY JOCBiJi NOBHHEH
BIICBHIOBATHCh Y TOMY, IO (Di3MYHUMH 3aKOHAMH CTAIOTh TUIBKH Ti 13 TEOPETUYHUX TTOJI0XKEHB, 1110
BHCYBAIOThCS, SIK1 Y3TOKYIOTHCS 3 JOCHIIOM. [0 TOTO K, YMM MPOCTIII MaTepiaan 1adopaTopHOi
poboTH i MM Oinbllle 3BUYHI BOHU YYHEBI, TUM Kpallle BiH 3pO3yMi€ 1110, SIKy IOBHHEH
umocTpyBaTH 1ed jgocnii. BuxoBHa IIHHICT TaKMX MJOCHIAIB 4YacTO OOEpHEHO MpOMNopIiiHa
CKJIaJHOCTI mpunanis ~ [2].

3a3BuYail A MEpPEeBIPKH 3aKOHIB KJIACHMYHOI MEXaHIKH BUKOPHCTOBYIOTHCS JOCITIIKCHHS
KOJIUBaHb TPOCTUX MEXaHIYHHUX CHUCTEM: MPY)XKMHHOTO MasTHHKA, MAaTEMaTHYHOTO Ta (i3UYHOTO
MasITHHKIB, TOIIO.

Metoro nanoi po0oti Oyna po3poOka METOAMKH EKCIEPUMEHTaIbHOI MEPEeBIpKH TEOpEeMU
[oiirenca, oo nepioay KoJauBaHb (Hi3MYHOIO MasITHUKA.

Bukiiag ocHoBHOro marepiany. Sk Bizomo, (Gi3MUHUM MasSTHUKOM HAa3UBAIOTh TBEPAE TiIO
JOBITIBHOI (hOPMH, SIKE Ma€ MOXIIMBICTH 00€PTATUCH HABKOJIO HEPYXOMOI TOPH3OHTAIBHOI OCi, IO
HE TIPOXOUTH Yepe3 HeHTp Mac. Bubepemo 1ist MasiTHHKA TOBUIBHY TOUKY miABicy O 1 mpoBenemMo
npsaMy JTiHito yepe3 m. O Ta yepe3 1eHTp Mac MasTHuky m. C. (puc.l a).

Puc. 1 ®i3uyHuil MasTHUK Ta HOTO MpUBEJEHA TOBXHHA

Ha nincraBi ocHOBHOTO piBHSHHSA JUHAMIKH 00€pTaJIbHOTO PyXy (SIKe UIsl 00epTanbHOIO PYXY
€ €KBIBAJICHTOM JIpyroro 3akoHy HeloToHa) /u1st nepioly KOJuBaHb (13MYHOTO MasiTHUKA MAEMO:

T:zﬂ\/m'ja (1)

. | .. .
VY dopmyii (1) BennuuHa — Ma€e pO3MIPHICTh JOBKUHU 1 HA3UBAETHCS IPUBEACHOIO JJOBKHUHOIO:
ma

l,=— 2
np ma ( )
3 Buxopucrannam |, popmyna (1) npuiimae Burss:
I
T=27x |2 (3)
g9

160



HAYKOBI 3AIITHCKH Cepis: [Ipo61eMu MeToAUKH (Pi3UKO-MaTeMaTHYHOL Bunyck 10(1)
i TexHOI0TiYHOI OCBiTH

ne | — MOMeHT iHepIii MasTHHKY; M — HOTo Maca; a— BiICTaHb Bl OCi 00epTaHHs A0 IEHTPY Mac;
0 — NMPUCKOPEHHS BUIBHOTO ITa IIHHS.

Binknanemo nHa npsmiid, ska 3’eanye m. O ta m. C Biactanb, sxa popisuroe | . Ha miit

BiJICTaHi Oy/Je 3HaXOJUTUCH NeBHA m. C1, KA HA3UBAETHCS IEHTPOM XUTaHb (HiI3UYHOTO MASITHHKA.
SIkmio mMasTHUK miaBicutd y m. Ci, TO Tepioa HOro KOJIMBaHb HE 3MIHUTHCS, a TIOMEPEIHS TOUKa
mifBiCY CTaHe HOBHM LIEHTPOM XWTaHb. BiacHe 1€ TBEpUKEHHA 1 HA3WBAETHCA
Teopemoro [tolirenca [1].
JIJ1st ekcriepuMeHTANILHOT MEPEBIPKU IIi€T TEOPEMH B JaHiil poOOTI MPOTIOHYETHCS HACTYITHE.
1. Binxwimity MasTHUK Bij TIOJIO’KEHHS PIBHOBAaru Ha meBHU KyT ¢ . [Ipu npomy cuina mg

CTBOPUTH 00€pTalOYMii MOMEHT, MiJl BIUIMBOM SKOTO MAasTHUK Oyne 3A1MCHIOBAaTH KOJMBaHHS
HABKOJIO TOPU30HTANILHOI OCi, sIKa MPOXOAUTh yepes m. O .

2. [TepemicTuTu TOYKY MiaBicy MasTHHKa O Ha JESKY HEBEIUKY BIACTaHb y3JI0BX MPSAMOI
OC3, TOOTO 3MIHUTH TIApaMeTP @ — BIJACTaHb BiJ 0Ci 00epTaHHS J0 IIEHTPY Mac, 1 3HOBY BHUMIPITH
nepioJ] KOJIMBaHb MasiTHUKA.

3. [Mepeminryroun To4Ky miaBicy MasTHuka O y3moexk npsmoi OCj (pucl. b), BumipsTu
MepioJ] KOJIMBaHb MAsTHUKY MPH JCKUTbKOX (He MeHIIe 10) 3HaYeHHIX apaMerTpy d.

4. OpneprkaHi eKCIIepIMEHTANIbHI JaHi BitoOpa3uTu Ha rpadiky, sIKHil MaTUMe TaKUi BUTIIS
sK Ha puc. 2 [1].

Tc

o I o g a
2 I i .

Puc.2 3anexHicTs nepioay KoJMBaHb (PI3UYHOTO MasiTHUKA BiJ] MTApaMETpy a.

[TeBHOMY (hbikcoBaHOMY 3HaueHHIO mnepiogy 7=7p Ha rpadiky BIANOBiIa€ TOPU30HTAIbHA
niHisg. Touku mepeTuHy L€l TOpU30HTANI 3 rpadikoM BiANOBIAAIOTH MOJOXKEHHIO TOYOK MiABICY
(b13MYHOTO MasTHHUKA, B SIKUX MOTr0O Mepioj JHUIIAETbCA TUM caMUM — Tp. Y 3araJlbHOMY BUMNAJKY
TaKMX TOYOK Oyzie YOTUPH, JBl 3 IKMX PO3TAlIOBaHI MO OAWH OlK BiJ HEHTPY Mac, e Touku O Ta
C1, a /1Bi iHIIMX TOUKK — IO APYTHiA 6ik, e Toukn Cyta O (Puc.1 b).

[{ikaBoto ocoOaMBICTIO rpadiKy € HASIBHICTb IBOX MIHIMYMIB, SIK1 € MOXKJIUBICTb JOCTIAUTH HE
TIIBKA €KCIIEPUMEHTAJIbHO, ale W TEOPEeTHYHO 1 MOPIBHATH TEOPETHYHI Pe3yJbTaTH 3 JaHUMHU
€KCIIEPUMEHTY, SK 1€ IPOIIOHYEThCS HaNpuUKiaz y podoTax [3,4].
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BucHOBKH. 3amponoHOBaHa EKCIEpUMEHTalbHA IepeBipka Teopemu [IolireHca, Ha Hall
MOTJISA, IO3BOJIUTH CTYACHTAM Ha HAOYHOMY MPUKJIAA1 KOJIUBaHb (Di3MYHOTO MAasITHUKA BIICBHUTHUCH
y CHPaBEIITMBOCTI (Pi3MYHUX TBEPKCHH Ta OUIBII TITUOOKO 3PO3YMITH 3MICT TAKOTO IOHSTTS, K

npuBejieHa noBxkuHa Qizuunoro masthuka - |, . Tomy mo 3a3suvaii y Busnadenni |, inerses

TITBKHA TPO TE, IO 1€ JOBXKHHA TAKOTO MAaTEMaTUYHOTO MAasTHUKA, NPU SKii MepioJ KOJTUBaHb
JUIIAETBCS TakuM caMuM. [Ipu 1IbOoMy TIpO ICHYBaHHS Takoi TOYKM SIK IICHTP XHTaHb, KA €
B3a€MHOIO ISl TOYKH MiJBICY, HE HAETHCS B3araii.
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ABOUT EXPERIMENTAL VERIFICATION HUYGENS THEOREM AND NATURAL
MEANING OF "REDUCED LENGTH" PHYSICAL PENDULUM

Attention is paid to little-known theorem of Huygens, which is that in any physical pendulum on a
straight line connecting the suspension point with the center of mass, there is a point that has a property of
mutual reversibility from the point of suspension, that is, if hung at this point the pendulum, the period of its
oscillations will remain the same. This particular point is called the center of vacillation and that the
distance from the point of suspension to the center of vacillation is the reduced length physical pendulum.

The paper presents an original method of experimental verification Huygens theorem concerning the
oscillation period of the physical pendulum that will help mastering the basis of classical mechanics.

Key words: physical pendulum, center of mass, center of vacillation, oscillation period, reduced
length.

M. U. IlpaBaa
3anoposrcckuli HAYUOHALHBIN MEXHUYEeCKUL YHUBEpCumem
3KCHEPUMEHTAJIBHAS ITIPOBEPKA TEOPEMbBI I'TOUTEHCA U ®U3NYECKUI
CMBICJI HOHATHUS “ITPUBEJAEHHAS JJIMHA” ®U3NYECKOI'O MASITHUKA

Obpaweno guumanue na manouzsecmuylo meopemy lioticenca, KOmopas 3aKm04Aemcs 8 MoM, 4mo
Y 106020 PuzuUUecKo20 MAAMHUKA HA NPAMOU JUHUU, COeOUHAIoWell MOUKy nooseca C YeHmpom MAcc,
cywecmeyem makds Moukd, KOMopas umeem C80UCME0 83AUMHOU 0OpAMUMOCMU ¢ MOYKOU nodeeca: mo
ecmy, eciu no0Gecums MAsMHUK 6 MO moyKe, Mo Nepuod e2o0 Koaebauull He usmenumcs. Oma ocobas
MOYKA HA3bIBAEMCS YEHMPOM KAYAHUL U UMEHHO PACCMOsHUe Om MOYKU nooseca 00 YeHmpa Kaianuu u
A61emcs npueOeHHOl ONUHOU PUIULECKO20 MAAMHUKA.

B pabome npeonosicena opucunanbhas MemoouKa 3KCNePUMEHMAIbHOU NPOBEPKU  Meopembl
Toticenca, omnocumenvHo nepuooa Konebdanull huzuueckoeo MasmHuKa, Komopas byoem cnocobcmeosams
VCBOEHUIO CIMYOEHMAMU OCHO8 KIACCUHECKOU MEXAHUKU.

Knwouesvie cnosa: usuueckuii MasmHux, YeHmp Macc, yewmp Koaebanuu, nepuoo Koredauu,
npugedeHHas ONUHA.
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