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Ha ocHoBanuu naHHOM paboThl pazpaboTaHbl METOMAUYECKHE YKa3aHUS K JIabopaTOpHOI
pabote o uzyuenuto r3¢dexra budenpna-bpayna.
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Muxkoaa CAJIOBUI

B cmammi posxkpumi okpemi epasimayiiini, enepeemuyni ma eKoa02iuHi 0COOIUBOCMI NPUNIUBIE
ma 8i0nusis, AKi y NIOPYYHUKAX ONisl CEPEOHIX 3a2aNlbHOOCEIMHIX HABUAIbHUX 3aKIA0I8 ma U0 WKOU
Mano euceimieni. ABmMopom AKiCHY KapmuHy NPUniusie ma 6i0n1ugie 00N06HeHO KilbKiCHOI.

The article revealed specific gravity, energy and environmental features tides and low tides that
textbooks for secondary schools and higher education was highlighted. The author of picture quality tides
supplemented with quantitative.

ITocTanoBka mpodaemu. KoedimieHT KOpUCHOI 1ii BIZOMHUX T€HEPYIOUUX YCTAaHOBOK
€JIeKTPUYHOI eHeprii KOJMBAETHCS BiJ IEKUIBKOX BIICOTKIB 70 Maibke 98 %. Bcee 3anmexuts Bin
OpuHIUIY Aii meperBoproBauiB. 30kpema, coHsauyHi Oarapei matote KKJ[ 15-20 %, Tterosi
enexktpocTtanuii 30-43 %, rigpoenexktpoctanuii — 90-93 %, tpanchopmaTopu 6mu3pko 100 %
[11]. 3a ocranHi 50 pokiB B pi3HUX KpaiHax MOOYIOBaHI €KCIIEPUMEHTANbHI MEepEeTBOPIOBaUl
eHeprii, fKi B €KOJOTYHOMY BIJHOLIEHHI € Ouibll Oe3meyHim 3a BKazaHi. Cepea HUX MU
sy npuuBHi enektpoctaniii ([TEC). Huni [TEC noOymoBaHi Ha TpbOX KOHTHHEHTaX i
BXKE JIEKUIbKa JECATWIITh YCHIIIHO MPaLioloTh: nmpomucioBa — Pane Ha y30epexoki Jla-Manmry
(®panuis, piuka Jla Panc) noryxnictio 240 MBT, nocnigni — Kucnory6eska y Konbebkiit 3aTori
(Pocis) motyxnuictio 400 kBt, [[3sHcsn mnotyxkuictio 3,2 MBt (Kwurail) Ta AnHamomic
notyxHictio 20 MBT (Kanana).

B nunni 2014 p. y BenukoOpuranii kommnanis «Marine Current Technologies» 3amycTuina
KOMEpIIIHHY TPUIUIMBHY eJeKkTpocTaHiito «SeaGen» motyxkHicTio 1,2 MBT. Potop TypOinu
«SeaGen» mae miamerp 16 M. IlIBuakicts ii obepranHs ckiagae 14 o0epTiB Ha XBUIIMHY.
3akpimieHHs] pOTOPIB BUKOHAHO Ha TOPU3OHTANIbHIN Oaulli, ika KPIMUTHCA HA YOTUPbOXTOUYKOBIH

omopi [9].
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AHaJI3 aKTyaJbLHUX JA0CTiIKeHb. B icTopii (i3uku BigoMuii TpakTar, y sIKOMY aBTOpP
3allpoONOHYBaB TOOYJIyBaTH BIYHWI JBUTYH: 3a JOMOMOTOK MIITHOI >KepauHu Micsib
3B’s3yeThest 13 3emsieto [9]. Ha 3emuti KiHelb KEpIUHH CIiJ 3aKPIiIUTH HAa KPUBOLIMITHO-
[IATYHHOMY MEXaHi3Mi Ta MOBOPOTHOIO TNPYXKUHOK. 3a 3agymMoM Micsllb 3a JOIMOMOTOIO
KEPIUHU TIPUBOJUTH Y PYX MEXaHi3M Ha 3eMiti, SIKUW MEepeTBOPIOE SHEPrito 3 OJHOTO BHIY B
iHmmii. Komm HigHe cBiTWio Hnwio 3a 3emitro, MpYyXWHA MOBEPTalia JKEPAHHY B IOYATKOBE
MIOJIOXKEHHS JIO HOBOTO MpHUX0ty Micsiis.

3naBHa Jr0sM OYII0 BiIOMO, 1110 JIBiYi HA ACHB 3AIMCHIOETHCS 3MiHA PIBHS BOJU Y BEITMKUX
BogonMax. ['penpkuii reorpad ta xkynenp Iludeit [2] y IV cT. 10 H.e. TOMITHB, 110 3MiHA PiBHA
BOAM B OKEaHI Ta Mopi IMOB’si3aHa 3 pyxoM Micsus ta CoHIil o Hebocxminy. BiH ke omucas
SIBUILE ITIBHIYHOTO CSAMBA 1 BIYHUX JILOIB.

[Tocumowiii [7] BBaxkaB, M0 HEOECHI CBITHJIA MAIOTh HANiBMArHiTHE TSDKIHHS Ha 3pa3oK
MarHity. BiH crocrepiraB npuiuBy 1 BianuBu Ha Oepesi ATianTuku B ['ajgupe i mosicHIOBaB 1€
uepes 38’130k i3 dasamu Micsus. Moro ines meuako Gyna 3a6yTa, X04 nepiri NPHIMBHI MIHHH
Oynu nobynosani y [ cT. H.e.

1. HproTOH nepimii moMITUB TaKy «KepAUHY» 1 Ha3BaB 00pa3Ho ii rpaBiTali€o.

Binomuii anrmificekuii KopomiBChbKHiT acTpOHOM, T€0di3nK, MaTeMaTHK, METEOPOJIOoT, (i3UK
u aemorpad E. 'ameit opranizoByBaB i 6paB Oe3mocepe/iHIO y4acTh Yy HAaBKOJO3EMHHUX MOPCHKUX
MOJIOPO’KaxX 1y CBOIX Mpalsgx J00pe OMucaB SBUIIA MPUIMBIB, ajle TOSCHUTH iX He Mir. Bimomi Ha
TOW Yac BYCHI TEOPETUYHO HE MOTIIU MOSICHUTH MPUYUHM X BHHUKHEHHS 1 PAJFJIN 3BEPHYTUCH JIO
3aMKHYTOI 1 HekoMyHikabembHOi moauHu — I. Hetorona. E.Tamiero BAanock MmOApyXHTHCH 3
BUYCHUM.

3a fioro HamossiranHsM 1. Hetoton y 1687 pomi cTBOpMB HAyKOBY TEOpPiI0 NPHIKBIB Ha
ocHOBI siBuIla BeecBiTHROrO TspKiHHS. BoHa Oyna moB’si3aHa 3 HOBUM Yy (Di3UII SBHUILEM TSKIHHS
mac. [logo mpwimBiB, To Micsiie 1 Conne Oynu NMpUYMHOI 1OTO. Byrno mocTynboBaHO, IO

. . . 1 . .
TSDKIHHS clla0He 3 BiacraHHio 3a QyHkiiero f ~ — - Tax six 3emist Ma€ IPOTSKHICTB, TO Micsip,
r

CoH1ie, 1HIII CBITWIa HAMAraroThCs 3MIHUTH 11 Yy pO3Mipax — BUTATHYTH. 30kpema, Micsiib OIHKHIO
710 HBOT'O YaCTUHY 3eMJli IPUTATYeE Ha 6,5 % CUIIbHILIE HIX AalblLy, puc. 1.

Micaub

Puc. 1. B3aemomist 4acTHHOK pedoBUHH 3eMitl 3 MicsieM

Jlo6a Micsius noBina conssunoi Ha 50 xBumH. Tomy 3a 24 roguau 50 XBUIMH Ma€ Miciie
IBa MpUIUIMBH (TMOBHAa Boja) 1 nBa BiMBH (Mana Boja). ToOTo koxHi 6 romuH 12,5 xB.
B1IOYBAIOTHCS MPWIMBU. BOHU MOCSATAaIOTh HAWOIIBIIOT BETUYMHH y BY3bKHUX 3aTOKaX. TaK y
3aromi @anmi (Kanana) Bucorta xBuib csirae 18 m, a B 3aroni Cen-Maino y ®panmii — 10 14 m.

Sxmo x Micsaup, Conme 1 3emus 3HaXOAAThCA HAa OAHIA mpsmii, To CoOHIE CBOIM
TSOKIHHAM Tiacwioe Jito Micsaus. BinOyBaerbes cymapuuii npurums. Komm x  Conue
3HAXOAMTHCS MiJ NPSAMUM KyTOM 10 Bifpizka 3emus-Micsnb (KBagpaTypa), TO HacTae ciaOKui
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nputukB (Mana Bona). I[lepiox 3MiHM CHIIBHOTO 1 CIAOKOTO MPUIUIMBIB — ciM AHIB. Yepes ix
BIUIMB B OKEaHI BUHHKAE MPWIUBHUA TOpO. OOepranHHsS 3eMili 3yMOBIIOE BHHHKHECHHS
BIILIEHTPOBO1 cuik. To1 BiIMOBIIHUN BOJSITHUI BUCTYII 3’ IBJISIETHCS 1 HA MPOTUIICKHIN CTOPOHI1
3emHoi Kyii. Haiiciabmri, abo kBajapaTypHi, IPWIMBH BiAOYBaIOTHCS B MEPioJ MEPIIoi 1 TPEThOT
uyBepTi Micsis, konmu Conue, 3emist 1 Micsillb po3TalioBaHi Tak, 10 YTBOPIOIOTh MPSIMUNA KYT 1
COHSIYHE 1 MICSIYHE TpaBiTalliiHe TSOKIHHS MPOTUIIIOTH OJIUH APYTOMY.

Bucora npwinBiB Ta BiIJIMBIB KOXHOTO JHS 3MIHIOETHCSI B OJTHOMY i TOMY MiCIli 3eMIIi.
Ile MOSICHIOETBCS TUM, IO JUIS OJHIET M Ti€l kK MICIIEBOCTI BiJIcTaHb MiX 3emMieto Ta MicsieMm B
MOMEHT KyJIbMiHAI[il MIiHSE€TbCS. 3BiJICH BHILIMBAE€ BHCHOBOK, IO HE € CTAJOK i BEIMYMHA

F :2(3'\/'—\,_;R 1-> cos2h

MPUJIMBOYTBOPIOIOYOI CHITH r , e G — crana TspkiHHs, R —paniyc 3emni, r
— Bizcranb Big Micsig 1o 3emi, h — Bucora Micsis Haj oOpieM B MOMEHT KyJIbMiHAITIi.

VY peanbHHX TMpoIllecax Ha XapakTep MNPUIUIMBIB 1 BIAIUIMBIB BIUIMBAIOTH wIe U
0COOJIMBOCTI pyXy 1HIIMX HEOECHUX T, XapakTep OeperoBoi JiHii, rMOMHA BOJIU, MOPCHKI Tedil
1 BiTep Tomo. B mimoMmy cepenHs BUCOTa MPWIMBY CTaHOBUTH jiumie (0,5 M, 32 BUHATKOM THX
BUMIA/IKIB, KOJHM BOJSIHI MacH NEPEeMIlIalOThCs Y BIJHOCHO BY3bKMX Mexax. Toxai BHCOTa XBHII
moxe y 10-20 pa3ziB nepeBHIIyBaTH HOPMAJIbHY BUCOTY MPHUILIMBHOTO MiAHOMY.

[TocriitHe oOepranHs 3eMili € MPUYMHOIO M TOTro, M0 BOHA poO3TalioBaHa 10 Micsis
IHITUM OOKOM, SIK TiJIbKH ITOYMHAETHCS e opMaltisl.

Takum 4rHOM, 1O MOBEPXHI 3eMJIi, BiJicTarouu Bijg MicsIis, MOCTIHHO MOMUPIOKOTHCS JBi
MPWIKBHI XBUJI. Y TBEpIOMY 36MHOMY CEPEIOBUIII aMILIITy1a KoTuBaHHs ckianae 10 0,5 M. Y
BOJIl BOHA Jlocsirae oIHOTO MeTpa. Koy XBUIls MOMUPIOETHCS A0 Oepera, aMILTiTy1a OKeaHChKOT
Yl MOPCHKOI TMPHJIMBHOI XBWJII 30UIbIIyeThCS y Oararo pasiB. JloriuHo, mo Takwii picT €
MOMITHUM Y BY3bKHX MICIISIX y30€pedoKs: 3ajMBax, 3BY)KYBaHHSX, THPIIAX PIYOK (CTBOPIOETHCS
BHCOTA JI0 5 M MPH IBUJKOCTI MOUIUPEHHS 7,5 M/C); HaBITh 3MIHIOE HANIPSIMOK Teuli PidoK.

B Amazonni npunusu nomuprorothes A0 1400 kM Big 6epera 1 MaroTh MicIle HaBITh TO/I,
Kot po3noyascs BiuuB. Ha IliBHiuHIHM /[BiHI BicTaHb momupeHHs NpuiuBiB csrae 200 kM.

BpaxoByroun 3HauHO OibIry BificTanb Mixk CoHIleM i 3emuiero y nopiBHsHHI 3 Micsiiem
ta Te, mo Maca Conng (1,988-1030 kr) 6inbma 3a macy Micsus (7,3477-1022 kr) y 2,7-107
pasiB mepenaj CUIM TSHKIHHS Ha Kpasx 3emill B iboMy Bunajaky ckiazgae 0,02 %.

Mera crarrti. [lokasatu B3aeMO3B’S30K MK TpaBiTAlliiHOIO, EHEPreTHYHOI Ta
€KOJIOTIYHOIO CKJIAJJOBUMHU SIBHIIA TTPUJIMBIB TA B1JIJIUBIB.

Bukiaan ocHoBHoro marepiany. Ha Hamy aymKy, SIKICHY KapTHHY MpPHUIUIMBIB Ta
BIIMJTMBIB JOLJIBHO JOTIOBHUTH KITBKICHOIO. [T 1bOTO CyO’€KTaM HaBUYaHHS MPOMOHYEMO
pO3B’sI3aTH 3a/1auy, /e BU3HAYUTH SIK BIUIMBAE HA MPUIUTHBH 1 BiAUIMBH Micsie 1 CoHIle OKpeMO
1 pa3om.

I3 crnocTtepexeHb aCTpPOHOMIB BiOMO, IO HAWOUIBLII MPUIUIMBU OyAyTh TOMI, KOJIU
Micsaup 3HaXoAWThCsA HaWBuie Haa oOpieM. Ha pwuc. 2 300paxkeHi MOJIOXKEHHS 3emili
(R3 = 6370 kM) Ta Micss (Rm = 1740 xm). Bigcranp mixk ix nentpamu R = 384 400 kM. Micsip
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pYXa€eThCs KOJIOM pajiyca 4 | a 3emms — 10 paxmiycy 4 . Cum B3aemonii
MyM My M
F3 =G M > 3 FM =G M > 3
O0YHCITIOIOTHCS 32 PopMyTaMu R ; R
R
3emis
B C o
o =0 <
(0] y
Micsup
3
e

Puc. 2. Cuiu B3aeMonii Mixk 00’ eKTaMu

Buacninok o6Gepranns 3emus HaOyBae JOLEHTPOBOTO MPHCKOPEHHS 3a PaxyHOK

vee . G M M
B3aemoii 3 Micsuem a,,, =8, = R?

1 ) ) ) ) )
R, = 6370 kM, a sz ~ ? Toxal nmpoTuiexHi YacTUHKU A Ta B Ha giamerpi 3emii 3a

paxyHOK rpaBiTauiifHol B3aeMoii 3 MicsiieM Ha0yBatOTh IPUCKOPEHHS:
GM, GM,,
(R_Rs’)Z’ (R+R,)?

3 oziepKaHUX CHIBBIAHOLIEHb A, < 8y < ag . 3B1JICH pOOMMO BUCHOBOK, L0 Mij Yac pyxy

B TOUlll A: @, = B TOUlll B! a, =

3emii mij ai€ro npuTsArasds Micsis, YaCTUHKY TUIMHHOT BOJM Y TOULl 4 BUIIEPEKAIOTh TBEPIY
000JI0HKY 3eMJIi, @ YaCTOYKH BOJAM B TOUILl B 3 MPOTUIIEKHOT0 OOKY — BiACTa0Th. Ha moBepxHi
OKeaHy Ha JIHIi 3’€JHaHHs LeHTpiB Micsis Ta 3eMill BUHUKAIOTh JIBa TOPOU.

Crnocrepirau Ha 3emii ABi4l Ha 100y moOauuTh HAcTym XBWII 31 cxomy Ha 3axia. Lle
CTOCY€EThCS KO’KHOT TOUKHM 3€MHOI KyJil B 00J1aCTi MOpiB 1 OkeaHiB. HacTym XBuil 341 CHIOETbCS
Ha3ycTpiu ooepTaHHIO 3emii. Taky XBUIIIO Ha3UBAIOTh MPHUILTUBHOIO.

HactynHuii eran mossirae B OLIHLI MPUIIMBHOTO e(eKkTy crnodaTky Micsdus a moTiMm
Conu.

GMy GMy GMy(2R-R;)R; .
(R-Ry) R’ R*(R-R;)
GM,  GM, _GM,(2R;. —R;)Ry _
(R3c - R3 )2 Rgc Rgc (R3c - R3 )2

Aa

¢ =8pc —Apc =
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2GM, R,

Tak sx R; <<R;.; R; <<R, To npunnuHuii epexr a1 Micsaus: Aa,, = R3

Conue

Puc. 3. IlpurmBu Ta Biamueu 3a yuacti Conust tTa Micsis
_ 2GMcR;

Aa,, = 3
: : . _ Ric R=60R;.
Bignosimno mnpurmmBHuKA edekt ans  CoHus: . Ane ;

R, =25000R,. M. ~27-10°M,,

Aay,
Aa

~2,3
Ix BimHOmIEHHs ckmamae . IpurmuBHa nist Micsis y 2,3 pa3u Ouibina 3a Taky
K miro CoHIs.

J11 3aKkpirieHHs] IPOMOHYEMO CY0’€KTaM HaBYaHHS BIAMOBICTU HA 3aITUTAHHS:

1. Ik BIMBae MPUILTMBHA XBUJIS Ha IIBUIKICTH oOepTaHHsa 3emunui? (raimbmye). Sxuit
€KOJIOT1YHUH BIUIMB Ma€ Miclle IpU bOMY?

2. Slk mpunIMBHA XBWJIS BIUIMBAE Ha TpUBAIICTh 100u? (moBuiae). 1llo ne o3Hauae s
€KOJIOTIYHUX 3MiH Ha 3eMJIl Ta B COHAYHIN cucTeMi?

3. YuMm BUKIMKAaHO, 1m0 Micsmp MOBEpHYTHH g0 3eMili 3aBXKIM OIHIEI0 W TIEHO
yacTUHOIO? fIK 1€ BITMBAE Ta €KOJIOTi0 3eMi?

MicsyHi Ta COHAYHI NPUILIMBU CIIBMAJAIOTh B MEPIOJl CUTHAIINl MOJIOJMKIB Ta MOBHUX
MicsiB, puc. 3. Toxai XBUII HAKJIAJAIOTHCS 1 JAOCATAaIOTh HabaraTo OiunmbInoi BUcoTu. Ha puc. 3
MpUBE/ICHA iJieallbHa CXeMa, 1 B Hilf He BpaXOBaHi BTpaTH Ha TepTs. SIKII0 BpaXyBaTH BTPATH, TO
ropOu OynyTh nepemiieHi y Touky A ta B.

Konu micsyna 1 cOHAYHA XBWJII HAKJIAJAIOTHCS 1 MOCHIIOIOTh OJHA OAHY, TPAIISIOTHCS
0COOJIMBO BHUCOKI TMPHUIUIHBH. Ix Ha3WBaIOTH CH3WTIHUMH, OCKLIBKU BIIOyBa€eThCS 1I€ B JHI
CH3HTIA — MOJIOJIUX 1 TOBHUX MicsIiB. [IpsiMa MpoOTHIIEKHICTh IM — MPUIIITUBY, 110 BiAOYBatOTHCS
B MOMEHTH KBaJpaTypu (IEpIIO0 1 OCTaHHBOIO uBepTeil micsus). Y taki aui Micsms 1 CoHue
PO3TAIIOBYIOTHCS MO BIJHOIIEHHIO 0 3eMill HiJ OPSIMUM KYTOM 1 MOCIAOSIOTh MPUILTUBHUN
BILJIMB OJTMH OJTHOTO. B pe3ynmbTaTi BoJIa 1ij] Yac CH3UTIHHUX MPUTUIHBIB MOKE TiTHIMATHCS B 2-3
pa3u BUINE, HIK MiJ 9ac KBaJApaTypHHUX. BucoTa MpUIUMBY B JESKUX MICHSX JiMCHO Bpaxae.
Hanpuknan, B I'panBuie (®Ppaniiis) nepenan piBHs Boau gocsirae 14,7 M, B rupii piuku CeBepH
(bpucronbckuii 3aroka, Awurmisg) goxoauth a0 16,3 merpa, a B paiioHi 3aroku DaHau
(armantuune y30epesxoks Kanaman) — maibke 10 20 M (BHCOTa CEMHIIOBEPXOBOTO OYAUHKY). Alle €
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1 Taki Miclif, J€ TPHUIUIMBH Maike HE Big4yBarOThCsA. Y YopHOMY MOpi BOja MiJHIMAETHCS
BChOT0 Ha § cM, a y DIHCHKIN 3aTOll aMIUTITy/1a MPUIUBY PiJKO nepeBepirye 4-5 cM. Y HayKoBii
JiTepaTrypi HE JOCUTh PO3KPUBAIOTHCS EKOJIOTIUHI BIUIMBU MPWIMBIB Ta BIUBIB. J[OMIIBHO
HAroJOCUTH, IO PI3HUN MAKOM BOJ y BOJOWMMINAX, 3MiHA HANPSMY PYyXY BOAH, MEPIOAUIHE
OOMUTIHHS Ta 3aBOJHEHHsS OeperiB Mae sK OIOJIOTIYHMIA, TaK 1 MEXaHIYHUI BIUIMB Ha JXKUBI
icrotu [8].

[TpunuBHI XBHIJII MONIUPIOIOTHCS MOBEPXHEIO 3eMili Ha3ycTpid il o0epTaHHIO, a TOMY
ralbMylOTh IIe oOepTaHHsA. Brpatm obeprarouoi eHeprii ckiamaroTh Onm3bko 2 TBT1. Taka
€JIEKTPOCHEPrisli HUHI BUKOPHCTOBYETHCA BCIM JIOACTBOM. be3ymoBHO, Maca 3emii JTOCHTH
BEJIMKa 1 BIUIMB Ha Iepioj] oOepTaHHS HECyTTeBHM. BiH ckiazae 2 MUTICEKYHIU Ha CTOJITTS.
3rigHo 3aKOHY 30epeeHHs eHeprii yacTuHa 11 iijie Ha 301UIbIIEeHHS MICIYHOI OpOITH. ACTPOHOMU
po3paxyBaiii, IO BOHA 30UIbIIyeThCS HAa 3 cM Ha pik. PemTa eHeprii BUTpadaeThCs Ha
MOJIOJIAHHS CHJI TEPTS Yy TIPCBKUX TIOpPOJaX, BHYTPIINIHE TEPTS Ta Yy BOASHHUX Macax

ARy =ABy +AE,, +AE,, +AE@. JloriyuHo 3pOOMTH BHCHOBOK, IO 4Yepe3 OaraTo pOKiB

oOepraHHs 3eMIli TOBUHHO CHUHXPOHI3yBaTHCh 3 Micsiem. [lepiogn oGepTaHHs iX 3piBHAIOTHCH,
a BIONOBITHO 100a MicsYyHAa Ta 3eMHa TakoX. MICSYHI MPWIMBU NPUIHUHATHCS. SIKi OymyTh
eKOJIOTIYHI 3MiHM, HANpHUKIAJ, Y IUIAHKTOHI, 3HW)KCHHS COJOHOCTI BOJAM Yy HayKOBHX
JOCIIHKEHHSX MAJIO BHCBITIICHO.

3 eHepreTU4HOi TOYKU 30pY MPHIUBHI TiAPOEIEKTPOCTaHIi BUKOPUCTOBYIOTh CHEPIilO
MPWIKBIB, TOOTO (PAaKTUYHO KIHETHYHY €Heprito oOepTaHHs 3emili 3 ypaxyBaHHSIM 1HIIMX
aCTpPOHOMIYHUX TiI. ToMy He Oe3MiACTaBHOIO € AyMKa, [0 poO0Ta MPUIUBHUX €IEKTPOCTaHIIIH,
K1 TaIbMYIOTh 00epTaHHs 3eMJli MOKe IITYYHO 1 CYTTEBO MOPYIIUTH piBHOBary y BeecsiTi. ki
MOXYTh OYTH HACIIKHU IIbOTO Maj0 BUBYEHO.

3a iHmOi TOYKM 30py 3 OMIALY Ha KOJOCaJIbHY Macy 3eMili, BIUIUB MPHJIMBHHUX

€JIEKTPOCTAHIIIN MaJIONIOMITHHH. Kinernuna eHepris o0epTaHHs 3emii
2 2
lo® L
5= =—=10" Jlx
¢ 2 2l i i
. Bona mHacTinbku Benuka, IO poOOTa NPHUIUIUBHUX CTaHLIN

notyxHictio 1000-109 Bt Oyne 30inbliyBaTH TpuBadicThb 100M Ha 9 MOpAIKIB MEHILE
MIPUPOJIHOTO TaJIbMyBaHHS 1 ckiagatume ~2-10—5 ¢ Ha pik.

3a migpaxyHKaMM BuY€HHMX 3apa3 y 3emii poscitoerbes mnpubimsno 0,3-1013  JIx
NPUIMBHOI eHeprii 3a oIHy cekyHny, a B ManTii — 0,018-1013. Lle cknamae 94 % Bin Bciei
NpUIMBHOI eHeprii. OCKUIbKM Cy4acHUH CyMapHUN TENJIOBUH MOTIK Yepe3 MOBEPXHIO 3emili
nocsirae npubausHo 4,3-1013 /x/c. Toni maemo, mo 0,5 % eHeprii, 1110 reHEpYETbCS y Haapax
3emJll, CKJIa/la€ 4acTKy NPUIIMBHOI eHeprii. HaneBHe Ha nepmumx eTamnax po3BUTKY 3eMill MICSAYH1
MIPUWJIMBY CKJIafaiu BUCOTY 10 1500 m.

Mu nponoHyemo OUIbII JA€TalbHO PO3MJISHYTH (I3MYHI TPOLECH, IOB’sI3aHI 3
MpUINBaMU. 3eMJIsi 00epTa€eThCS 3 KYTOBOIO MIBUAKICTIO 03 = 7,27-10-5¢-1, Micsup obepTaeThes
HaBKOJIO 3eMJIi 3 KyTOBOIO IIBHIKICTIO ®M = 2,66-10-6¢-1. 3po3ymisio, 1110 B I[bOMY BHIAAKY
rpaBiTalliifHi CHIIH, SIKI TOPOJPKYIOTHCS IPHUIIMBHUM ropooM OyyTh CTBOPIOBATH TalbMyBaHHS ii
obepraHHs, a opOiTa Mics1s 301IbIIYBATUCH.

Komu obGepranuss Oyme Oinpin mBuakam, © <N kyroBe mepemilleHHs MPHIMBHOL
nedopmariii Buniepekae pyx Micsist opbitoro. Tomy rpasitamiitHa Bzaemoaiss Mix Micsiem ta
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NPUIMBHOIO Aedopmariiero Tiapochepu mpuckoproe pyx Micsis i ranemye odeptanss 3emi. [o
TOTO 4acy MOKH KyT o Oynae momaTHiM, opOiTanbHa MIBUAKICTH Micsls 3pocTae, a KyToBa
IBUIKICTH obepTaHHs 3emuti 3MEHIITY€ThCS. Taka TEHIEHLIIS MiATBEPHKCHA
crioctepekeHHssMH [1]. MomenT cun M, saxuii raapMye oOepTaHHA 3emili 1 MPUCKOPIOE
opOiTanbHuN pyx Micsms no3Hadenuid Ha puc. 3. Touku A Ta B He nexars Ha OJHINA MPsAMIH,
sKa 3’ eaHye HeHTpH Micss Ta 3emii. Bonu po3TaimoBaHi Ha €JiNci 1 MOSICHIOIOTHCS TPUIMBHAM

TEPTAM.
O.I'. Copoxtin Ta C.A. YmakoB [11] po3paxyBaiu eHepriro HpWIMBHOI €HEprii 3a
2 kmy M
Egzkg_ E, = Vs
BioMuMH (popmymamu 2 2l , ne 1=28,3-1037 kr-M2 — MOMEHT iHepiii

3emiti; M3 = 5,98-1024 xr — maca 3emini; mm = 7,35-1022 kxr — maca Micsrg;, 1 = 3,844-108 m —
BiJICTaHb M HeHTpamu 3emiti Ta Micsus; E3=2,12-1029 JIx, EJI =-0,38-1029 JTx.

Mu npornoHyeMo 3pOOMTH OIIHKKA BTpaTH eHeprii B mporeci po3BUTKY CoHSYHOT
cuctemu. EHepris npuinBiB Ha MOYaTKOBiM reonoriyHiil ¢asi 4,6-109 pokiB ToMy OIiHIOBaJIaCh
y 3,28-1030 JIx. Hwuni Bigcranp Mix ueHTpamu Mac 3emii Ta Micsus 30U1bIIKMIACH A0
3,844-108 m, BignmoBigHO 3pocia i opbitanbHa eHepris Micsus go 0,38-1029 [Ix. Orxe, 3a yac
icHyBaHHS cucTeMH 3eMisi-Micsib KiHETHYHA €Hepris oOepTaHHs 3eMii 3MEHIIWIach Ha
3,84-1030 [k, a kiHeTWYHa eHepris opOiTampHOrO pyxy Micsls, HaBIakd, 3pocia Ha
0,76-1030 Ix.

PoOumo iHIIMI BHCHOBOK: 3a IIeH K€ 4ac B 3eMJIi JUCCHUITHPOBAIO i TIEPETBOPUIIOCS B
tero 3,84-1030 - 0,76-1030 = 3,08-1030 /[>)x npuinuBHOI eHeprii.

B minomy mkepenamu posirpiBy 3emiti € Tpu BHOM JpKepen eHeprii [6, c. 102-117].
3aranbHe  pIBHSHHS ~ TEIJIOBOro  OajdaHcy HAa  MOMEHT 4acy t Mae  BUIIAL

Er (t): Erx (t)+ Ep (t)+ = (t)_-.. Q(t)dt, Er _ smima temosoro 3amacy 3emii 3 4acow,

E

e

T4 — TemyoOBHIUICHHS 3a paxyHOK TIpaBiTauiitHol mudepeHmiarii 3emmi, P — BHAUICHHS

[Q(t)dt

paJlioreHHoi eHeprii, En _ PO3CiIOBaHHS TNPHIMBHOI €Heprii,
€Hepris.

— CyMapHa TCIlIOBa

BHCHOBKM Ta MepCreKTUBU MOJNANBIINX JOCTIKeHb. TakuM YWHOM, Uil 3HaXOJKECHHS
OCHOBHHUX 3aKOHOMIPHOCTEW BUAUIEHHS B 3eMJIi NMPWJIMBHOI €Heprii Tpeba BUKOPHCTOBYBATH
3aJIeXKHICTh BIJCTaH1 MK IIeHTpaMu Mac 3emiil i Micdud BiJ 4acy Ta CKOPUCTAaTUCSI OCHOBHUMU
PIBHSHHSIMU pyXy MuaHeT. lle 103Bojsie BCTAHOBUTH 3B'I30K MK KYTOBUH IIBHJKICTIO
obOepTranHs 3emii 1 1Li€l0 BIACTaHHIO. B pe3ynpTaTi BHUSIBISIETHCS, 110 MIBUAKICTH BHIICHHS
NOPUIMBHOI eHeprii B 3eMill MpomHopiiiHa pi3HUIl KYTOBUX HIBHJIKOCTEH OCHOBOTO OOepTaHHS
3emmi ¥ Micsug. HeoOxigHo BpaxyBaTH JOOpPOTHICTH 3eMili BIJCTaHI MDK IUIAHETOIO 1
CYNyTHUKOM. B 1bOMy 3B’S3Ky € JOLUIBHICTH INPOBOAUTH JOCHIKEHHS 3 EKOJIOTTYHHUX
HACJIKIB MPUIMBHUX Ta BIJUTMBHUX MPOIIECIB.
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BIZIOMOCTI ITPO ABTOPA
CanoBmii Mukoaa Liutiu — JOKTOp menaroriyHux Hayk, npogecop, MpPOpeKTop 3 HayKoBoi poboTw,
3aBiqyBay KadeApu TEOopii i METOAMKHM TEXHOJIOTIYHOT MiATOTOBKH, OXOPOHHM Mpaili Ta Oe3MeKH KHUTTEMISIBHOCTI,
npodecop kadeapu @isukd Ta METOAMKH ii BUKIagaHHA KipoBOTpaachbKOro AEep>KaBHOTO IMENAroridHOrO
yHiBepcuTeTy iMeHi Bosogumupa BunHuyenka.
Kono nayrxosux inmepecie.: npodieMu JUIAKTHKA (Di3HKH.

NCITOJBb30BAHME BUPTYAJIBHOI'O OKCIIEPUMEHTA IIPH
W3YUEHUU MEXAHUYECKUX KOJIEBAHUI

Anapeid CAMO®AJIOB, Esrennit MUXOJIAII

Paspaboman mynemumeoutinwiti obyyarowuti pecypc no meme «Mexanuueckue xonebanusny,
npumenenue KOmopoz2o 6 00pa3zoeamenbHOM npoyecce Cnocodcmeyem nosbluenuro d¢h@ekmusHocmu
o0yuenuss usuke, 00CMU2AEMOMY 6 pe3VIbmame UHMEPAKMUBHO20 UCHONIb308ANHUSL GUPMYATLHO20
IKCHEepUMenma u AHUMAYUOHHbIX IPhexmoas.

We have developed a multimedia educational resource on the theme "Mechanical oscillations",
the use of which in the educational process enhances the effectiveness of teaching physics, which is
achieved by the use of interactive virtual experiment and animation effects.

Beenenue. HpopmanmoHHble TEXHOJIOTUN BCE IITy0)Ke MPOHUKAIOT B kM3Hb. OHUM U3
HAaIpaBJICHUH TaKOro TPOHUKHOBEHMS SIBISETCS TECHOE B3aWMOACUCTBHE HAyKH U
MH(POPMALMOHHBIX TEXHOJIOTUH.

O¢pdexkTuBHOCTE 00y4YeHHs (HU3UKE MOXKHO TMOBBIIIATH 3@ CYET MCIIOJIB30BAHUS
IPOrPaMMHBIX CPEJCTB, OCOOCHHO BU3YaJbHBIX. DTO IMO3BOJUT JIy4yllle HU3Y4YHUTh, MOHATH U
PaccMOTpPETh CIOKHBIE MTPOLIECCHI U SIBJICHMUSL.

W3 omblTa mpenojarolmMx JUCHUILUIUHY «MexaHuKa» H3BECTHO, YTO CTYJEHTHl 4acTo
UCIBITHIBAIOT TPYAHOCTH MPU U3yUYEHUU TaAKUX BOIPOCOB, Kak ¢a3za koneOaHusi, OueHus, Gpurypsl
Jluccaxy. Ins pemenus stoil mpodisembl B YO ITY um. @. Ckopunbl Ha (usndeckom
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