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BIZIOMOCTI ITPO ABTOPIB
Atamanuyk Ilerpo CepriiioBu4 — podecop, JOKTOp IMeAaroridyHuX HayK, akaJeMik akageMii HayK BHIIOT
ocBiTH YKpaiHu, 3aBixyBad KadeApr METOIUKH BHKIAAAHHSA (I3UKU 1 AUCIWIUIIH TEXHOJOTIYHOI OCBITHBOI ramysi
Kam’stHenb-T1oai1bChKOr0 HAI[IOHAIBHOTO YHIBEPCHUTETY.
Kono nayroeux inmepecie: po0ieMu METOJAMKH HAaBYAHHS (Di3UKH.

HikomaeB Ounexciii MuxaiJioBU4 — KaHIUAAT TEJArOTiYHAX HAYK, JOICHT, AOICHT KadeAph METOTUKU
BUKIANaHHSI (I3UKK 1 AUCIUILTIH TEXHOJIOTIYHOI OCBiTHROI ramy3i Kawm’sHerns-I1ogimechkoro HaIlioOHATEHOTO
yHiBepcuteTy imMeHi IBana OrieHka.

Kono nayrxosux inmepecie: mpo0ieMu METOTUKU HaBYaHHS (i3UKU.

METO/IUKA NOI'JIMBJIEHOI'O BUBYEHHSA KIHEMATHUYHUX
BHUCHOBKIB PEJIATUBICTCHKOI MEXAHIKH B CEPETHIN
IIKOJII

Boaoanmup BYPAK, Onexkcanap KOHOBAJI

Obrpynmosano  smicm i MemoOUKy NO2IUONEHO20 GUBYEHHA  KIHEMAMUYHUX —GUCHOBKIB
PEeNAMUBICICHKOI MeXaHiku 3 0008 aA3K08UM GUKOPUCMAHHAM nepemegopeHy Jlopenmuya. Buodineno
OCHOBHUNIHABYAILHULL MamMepiali 000amKOo8UIL.

Grounded content and methodology depth study findings kinematic relativistic mechanics of
Lorentz transformations using a must. The basic course material and additional.

ITocTanoBka npodaeMu. BuBueHHS penATUBICTCHKOI MEXaHIKMB CEpeNHIN LIKOJI BKpaii
HEOOXiTHE 1 Mae JyKe BaXIMBE 3HAYCHHS, OCKUIBKH II€ Ja€ MOKJIMBICTh O3HAHOMHWTH YUHIB 3
OCHOBHUMHU 1/1€IMU PENSTUBICTCHKOI (DI3MKH, SKI TOB’A3aHI 3 CY4aCHHMHU YSBICHHSIMHU IPO
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MPOCTIp 1 Yac, a TaKOXX 3HAYHO TOTJIMOWTH YSBJIEHHS Y4YHIB MPO HAYKOBY KAapTHHY CBITY 1
PO3LIMPUTH TX HAYKOBUH CBITOIJIAM.

Po3nin «PensiTuBicTChbKa MeXaHiKa» B CY4acHOMY IIKIJIBHOMY Kypci (i3UKH 3aBEpIIye
yacTuny ¢izuku «Mexanika» B 10 kiaci.

[Tornmubniene BuBYEHHSA po3Ainy «PelsTHBICTCPKAa MeXaHiKa» B Cy4YacHId YKpaiHCBKIiH
MIKOJI 3[ICHIOIOTH 3a BITYM3HSHUMU MigpydHukamu aBtopiB T.M. 3acekina, B.M. I'onoBko [2]
1 T.M. 3acekina, [1.0. 3acekin [3]. Y migpydyHukax 3amporoHOBaHI LiKaBi i JOCTYIHI U YYHIB
BapiaHTH BHBEJCHHA (OPMYN Al PEIATUBICTCHKOTO CIIOBUIBHEHHS Yacy Ta CKOPOYEHHS
JIOBXKUHM. AJle, Ha Hally AYMKY, OCKUIBKM LI BUBEJCHHS HE HOCSTH 3arajJlbHOr0 Xapakrepy, ix
Kpallle HaJaBaTH y SIKOCTI JOAATKOBOro marepiany. Ha xanb, € psn cepio3HuX (I3MUHHX
noMmiok. Tak, neperBopeHHs JIopeHna 3anMCyr0Th 3 HEKOPEKTHUM BUKOPUCTAHHSAM 3HAKY «»
(Mayin Hamip TpsMi Ta 3BOPOTHI MEPETBOPEHHS 3alUcaTH 3a OAUH pa3). [ pelsTHBICTCHKOTO
3aKOHY JIOJIaBaHHs INBUJIKOCTEH Yy MiAPYYHUKY [2] BHUKOPHCTAIM HENPAaBUIbHY BEKTOPHY
dbopmymy.

[Tornubnene BuBYEHHs KiHeMaTWYHHX BUCHOBKIB CTBy pocificbkkoMy MiIpyYHHKY 3a
penakmiero  A.A. [lincekoro, O.®D. KabGapmina [4] 3IiHCHIOETBCS 32 TaKUM  3MICTOM:
1. 'pannunicTe 1 abCOMIOTHICTH MBUAKOCTI cBiTna. 2. [locTtynmaTu crmemianbHOi  Teopii
BimHOCHOCTI. 3. [IpocTip-yac y crenianbpHiil Teopii BIAHOCHOCTI. Y MIAPYYHHUKY BIACYTHS Tema
«BigHOCHICTH BiJICTaHEH», IO HE J1a€ MOMJIMBOCTI TOBHOILIIHHO PO3KPUTH PEISATHUBICTCHKI
BJIACTUBOCTI MIPOCTOPY Ta MPOCTOPY-4acy.

ABropu BiTum3HsHHX [2], [3] 1 pociiicbkoro [4]migpydHUKIB HaJAIOTh MEPETBOPEHHS
JlopeHnia B TOTOBOMY BHII 0€3 BHBEICHHA 1 HE BHUKOPHUCTOBYIOTH iX JJISi BHBEICHHS
kinematnyHuX BHCHOBKIB CTB. V iHmomy pociiicekomy miapyunuky aBtopi I'.5l. Msikuies,
b.b. byxoBueB [5] morimbnene BuBdeHHsS CTB o0xomuthes 0e3 meperBopeHb JlopeHia.
Haromicth, 9acTKOBe BHKOPHUCTAHHS TII€peTBOpeHb JIopeHIa aisi BUBEACHHS KiHEMAaTHYHUX
BUCHOBKIBCTB 3amo4aTkoBaHO 1€ B paAsHCbKI 4YacH 3a CIeUiaJlbHUMH HaBYAJIbHUM
nociOHUKOM i nornubsieHoro BuBYeHHS (izuku b.M. SIBopcbkoro, A.A. IliHcbkoro [6] un
HOro HOBUM BUAAHHAM [7].

PerenpHuil aHamiz 3700yTKIB 1 HENOMNIKIB TpaauuiiHOi Meroauku BuBdYeHHs CTB
BiZIOOpa)KeHUI HaMK B HaBYaIbHOMY mociOHuKY [8, C.12-85].

VY uinomy HasiBHa Meroauka BuB4YeHHs CTB Mae uinmuii psg 3100yTKiB, aje € 6araro
HEZOJIIKIB SIK CTOCOBHO 3MICTY BUYYyBAaHOI'O, TaK 1 CTOCOBHO METOJUKH BUBUEHHSI OKPEMUX TEM,
y TOMY YHCIl CTOCOBHO TpPaKTyBaHHS (I3MYHOTO 3MICTY OKpPEMHUX IMOHSTh, IOJOXKEHb 1
crniBBigHomeHb CTB. IcHye HaranpHa noTpeda yA0CKOHAJICHHS HasBHOI METOAUKH.

Memadocnioyncenna TONATa€  BYIOCKOHAIEHHI3MICTY WMETOJUKH  MOTIMOJIEHOTO
BUBYEHHS KIHEMaTUYHHUX BUCHOBKIB PEISATHBICTCHKOT MEXaHIKH B CEPEAHIN MIKOJI.

Bukiag ocHoBHOro marepiany. YJIOCKOHaJEHHsS 3I1HCHIOEMO 3 YpaxyBaHHSAM
ouoaxkmuuno2o npuryuny Haykosocmi. Oi3udHUN 3MICT YCIX MOJI0KEHb, MPUHIIMITIB, 3aKOHIB, 1X
TpakTyBaHHS W BUBEJCHHS TIOBMHHI BIAMNOBIIATH YCTAJIEHWM 1 TEpEeBIPEHUM HayKOBUM
norisaaM. Lle mae ocobnuBe 3Ha4eHHs 111€ i TOMY, IIIOHAsSBHI METOJUKHU 1 HIKIIbHI MIAPYYHUKH
MICTATh Oarato HEJOJIKIB Takoro IutaHy. [IpuMHIIMI HAyKOBOCTI TICHO MEpEIUIITAEThCT 3
OUOAKMUYHUM NPUHYUNOM QYHOAMenmanibHocmi B HAaBYaHHI, 3T1JTHO SKOTO BeCh HaBYAJIbHUN
Mmartepiajl MOBUHEH OYTH HE TIJIbKM HAyKOBO BHUBAXXEHUM, ajie H 3MICT BUYYyBaHOTO MOBHHEH
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OXBaTH yC1 OCHOBHI (hyHIaMeHTaJIbHI HayKOB1 TOJIOKEHHS, MPUHIIUIA ¥ 3aKOHH BiJIITOBITHOTO
po3ainy ¢i3uMKMd, y HaIIOMy BHHIAaAKy — pensatuBicTchbkoi Mexaniku (CTB). Ilpunanmm
dbyHngamenTanpHOCTI Tepenbavae (GopMyBaHHS B CYO €KTIiB HaBUaHHS IUIICHUX YSBICHb 3
BIANOBITHOTO po3ainy ¢isuku. HasBHI MKUIBHI MIAPYYHUKA B TiH 4M 1HIIIKA Mipi He
BIJNOBIAIOTh IbOMY BaxuBoMmy npuHIumy[8, C.86-87]. Jlns HaneXHOro YHpOBaKEHHS
IUIAKTUYHUX TPUHIMITB HAYKOBOCTI M (DyHIaMEHTaIbHOCTI MU BPaXOBYEMO BECh MO3UTHUBHUI
0arax BuBuenns CTB y Bumux HaBYanpbHUX 3akiaagax [9] —[12].

3po3yMizio, Mo (GyHIaMEHTaJIbHI HAYKOBI IOJOXKEHHS, NMPUHIMINA ¥ 3aKOHHM ITOBHUHHI
OyTH aganToBaHi 0 PiBHS CEPEIHBOI MIKOJIU. Y BIMOBIIHOCTI 3 NPUHYUNOM OOCIYNHOCHI, BEChH
HaBUAJbHUM MarepiaJl TOBHHEH OyTH 3pO3yMUIMM 1 TOCWJIBHHM JJIS Y4YHIB. 3BaKCHE,
ONTUMAJIbHE TIO€JHAHHS NPUHIMITB HAYKOBOCTI M (PyHJaMEHTAJIBHOCTI 3 OAHI€I CTOPOHU Ta
MNPUHIUITY JOCTYITHOCTI 3 1HIIOT JJa€ 3MOTy BHOY/TyBaTH HayKOBO BUBAXECHUU 3MICT i JOCTYIHY
MeTouKy BuBueHHs CTB.

Ha ocHoBi 3asHaueHOro Mu BBakaeMo, Io norimoOiedHe BuBueHHs CTB moBuHHO
0a3yBaTucs HE TUIbKHU Ha JIeTalbHOMY aHaii31 BUCHOBKIB CTB ¢ToCOBHO BITHOCHOCTI iHTEpBAIiB
4acy, BIJTHOCHOCTI JIOBXKHHH, PEISTUBICTCHKOTO 3aKOHY JO0JaBaHHS IIBUAKOCTEH, HA PO3KPUTTI
PENATUBICTCHKUX BJIACTUBOCTEH YOTHUPUBHMIPHOTO MPOCTOpPYy-yacy, ajle W Ha BUKOPHCTaHHI
neperBopeHb JlopeHna xoya O y SKOCTI JOJATKOBOTO Martepiany. BaxIuBICTh BHUCBITJICHHS
nepeTBopeHb JIopeHTIa mosdrae, HacaMIepel, y HaCTYTHOMY: 3 HUX YITKO BHUJHO SIK 3 OJHI€T
iHepuianbHoi cuctemu Bimiiky (ICB) mepeiitu B iHIIYy; 3 HUX MOXHAa BUBECTH BCl KiHEMaTHYHI
Hacminku CTB, 3aBnsku domy 3abe3meuyerbesi goka3oBa 0Oa3a 1 3aBepmeHicth CTB;
MIPOCITIZIKOBYETHCS B3a€MO3B’SI30K TMPOCTOPOBHUX KOOPAMHAT 3 YacoMm, MO € (yHIameHTOM
no0yJJOBH YOTHPHBHMIPHOTO MPOCTOPY-Yacy; II€ € OCHOBOIO JUISI PO3BUTKY BIZJOMOCTEH MpO
HAyKOBY KapTHHY CBITY 1 /Ui pOpMyBaHHS HAyKOBOT'O CBITOTJISIAY YUHIB.

[IporionyemMO 3micm HaBYANBLHOTO Matepiany po3ainy «PensTuBiCTChbKa MeXaHiKay
HAMOBHUTH HacTynmHUMHU TeMamu [8, C.156-157]:

1. TIpoctip 1 yac y ki1acu4Hii MexaHini. MexaHIYHUN TPUHIMIT BITHOCHOCTI.

2. Iloctynaru crienianbHOi Teopii BimHOCHOCTI. IIIBUAKICTE CBITIA y BaKyyMi.

3. [onsrrs moxii. Cuaxponizamis ronnaHuKIB.[IepeTBopenns JlopeHTIa.

4. BigHOCHICTB Yacy 1 BiJICTaHI B PENATUBICTCHKIN MexaHiii (BiHOCHICT 0JTHOYaCHOCTI
nonii. BimHocHICT 1HTEpBalliB yacy. BiTHOCHICTD BiJICTaHI).

5. PenaTuBICTCHKHI 3aKOH JOAABAHHS [IIBUAKOCTEM.

6. B3aeM03B’ 430K  penATUBICTChKOI Ta KjacuuHoi Mexadiku. Ilpoctip 1 wac vy
PENATUBICTCHKIM MeXaHili Ta cydacHii ¢izuii.

Ha BuBYeHHs 1ux TeM NOTpPiOHO 6 HaB4YambHUX TOAUH. [IpakTUYHO B KOXKHOMY
naparpadi € roJIOBHHI Marepian 1 JomoMikHHM. HamanHs 3HaYHOT YacTUHM OUIBIIOCTI TEM Y
SKOCTI J0JaTKOBOIO HABYAJBHOTO MaTepiajly Ja€ 3MOTy Y4YHSM Kpalle BIAJUIMTH TOJOBHUMN
MaTepiaj BiJl JOMOMIXHOTO Y JOCTaTHBO BEIMKUX 3a 00cAroM maparpadax i Kparie 3po3yMiTu i
3acBOITH BUy4yyBaHe. Kpim Toro, mij yac BUBYEHHS TEMH Ha YpOIll BUYHUTEIh MA€ MOXKIUBICTh
30CEpEeIUTH TEPIIOUEPrOBY yBary Ha TOJIOBHOMY, a JOIOMIKHE PO3TJISIHYTH CTHCIO 1 3a/JaTh
HOoro y4HsM Ha JOMAIllHE 3aBJaHHS. TUM caMHM B)X€ B TEKCTI MIJPYYHUKA MU 3aKIaJaEMO
MO>KJIMBUI BapiaHT opearizayii camocmitinoi pobomu yuHis.

KopoTtko po3risiHeMo MeToauky BuBueHHs nux tem[8, C.158-188].
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1.IIpocrip i yac y kiaacuuHiii Mmexadini. MexaHiYHMi NPUHIUN BiAHOCHOCTI.

3anydeHHs 1€l TeMU 3HAYHO IOJICTIYE MOAANbIIE PO3YMIHHS KIHEMATUYHUX BUCHOBKIB
PEISITUBICTCHKOT MEXAHIKH.

[TounHaemMo 3 KIACHYHUX ySABIEHb TMPO NPOCTIp (HEOOMEKEHHH, HEPYyXOMUH,
TPUBUMIPHHIA €BKIIIJIOBUI, OJHOPiNHWN, aOCOMIOTHUI) 1 4Yac (OAHOBUMIPHUHM, OIHOPIIHHUIA,
abcomroTHU). AKTyanizyemo 3HaHHS Tipo /CB. 3ramyeMo i 3anucyeMoxiacuyruti 3akom I anines
07151 000ABAHHS WBUOKOCMEL

V=V+V, (1.1)
ne: V — WBHAKICTh PyXy Tijla BimHOoCcHO Hepyxomoi CB; V'~ mBUAKIiCTE pyXy Tijla BiTHOCHO
pyxXomoi CB;\7 — IWBHUIKICTh pyxomoi CB BigHocHo Hepyxomoi CB.

VY SKOCTI TOJATKOBOTO Marepiajiy 3a BiIMOBIIHUM PUCYHKOM BUBOJUMO NepemeopeHHs
Taninesnns nepexony Bix pyxomoi ICB (mTpuxoBaHOi) 10 HEpyXoMOi (HEIITPUXOBAHOI) i1
HaBmaku [8, ¢.159]:

x=X+Wt, y=y', 2=7" t=t' (1.2)
X'=x-Wt,y=y, 2=7" t=t". (1.3)

[Mosicaroemo[8, ¢.160]:1) mpuckopernsi Tiia BimHOCHO Hepyxomoi CB  popiBHIOE
MPUCKOPEHHIO TUTaBiTHOCHO pyxomoi CB (MaremMaTudyHe JOBEACHHS Ja€EMO B SIKOCTI
JIOJTATKOBOTO Matepiaiy); 2) opyeutl 3aKox HbiOWlOHaﬁpiBH = m aoanaxosuii B ycix ICB.

DopMyITIOEMO 1 PO3KPUBAEMO Mexaniunuil npunyun eionochocmil anines-Hviomona:
0y0b-sike MexaHiune Asuwe npu 0OHaKo8Uux nouamkosux ymoeax y ecix ICB npomikae oonakoso,
3a oouaxosumu 3axkoHamu. Hiskumu MexaHidHMMH nociinamu Beepenawni ICB HemoxiIuBO
BCTaHOBUTH, nepedysae 1151 ICB y crokoi un pyxaeTbcs MpsMOIiHINHO 1 piBHOMIpHO. Vi ICB
PisHO3HauHi(pieHoNnpasHi), TOOTO pe3ynbTaT aHali3y OYyAb-sIKOTO MEXaHIYHOTO SBUIIA B KOXKHIM
3 ICB onHakoBUi.

2. lloctynaTu cneniajbHOI Teopii BigHocHoCTI. IIIBuAKicTH CcBiT/1a Yy BaKkyyMmi.

CriouaTKy aHaji3yeMoO MPOTHPIYYS MK €JIeKTpOMarHeTM3MoM MakcBesuia, BiAMOBIIHO
JI0 3aKOHIB SKOTO IMIBUIKICTH MOIIMPEHHS E€IEKTPOMArHiTHUX XBHJb, y TOMY YHCII CBITJIA Y
BaKyyMi, ofHakoBa B ycix ICB i piBHac = 3-108 m/c(Tak excriepumeHT MaiikenbcoHa 3acBiquuB,
10 MIBUJKICTh MOLIMPEHHS CBITJIA Y BaKyyMl IMOCTIHHA 1 HE 3aJ€KUTh BiJ TOr0, HEPyXOME
JDKEpEJIO CBITIIA, YM PYXA€ThCS) Ta KIACHYHOTO 3aKOHY [ aimines /Ui J0omaBaHHS IIBUAKOCTEH
(popmyma (1.1)), 3rigHO SKOTO MBHAKICTH CBITIa Maja Ou Oytu pizHOoto B pizHuX ICB, ski
pYyXaroTbCs OJIHAa BITHOCHO OJHOI (y SIKOCTI NPUKIAAY PO3IVISIAEMO PyX pPaKeTH Ha3yCcTpid
CBITJIOBUM IIPOMEHSIM, y3/I0BX HUX 1 IEpHEHIUKYIAPHO 10 HUX)[8, c.162].

[TosicHIO€MO: TepUIMM MpPaBUILHO BUPILIIMB HasBHE NpoTUpiuus ERHIITEHH, skuit
3pO3yMiB, IO MPH BEIMKUX MIBUIKOCTSX, PIBHUX IIBUIKOCTI CBITIIa Yd ONM3BKUX JO HEl,
HEOOXIJTHO BIIMOBHUTHUCS BiJl KIIACHYHOTO 3aKOHY JOJAaBaHHS IIBUAKOCTEH 1 KITACUYHUX YSIBJIEHB
po mpocTip 1 yac. Y pe3ynbTaTi Ha cBIT nosiBuiacs (1905 p.) cneyianvnameopia ionocnocmi
abo penamugicmcovrka mexauika. DOpMyIIIOEMO 1 PO3KPUBAEMO JBa OCHOBOIIOJIOXKHI nocmynamu
(npunyunu) cneyianvnoi meopii 8ionocHocmi.

Tepwuii npunyun (nocmynam) — peassmusicmcokuil npunyun eionochocmi Etinwmetina:
0yov-axe ¢hizuune ssuwe 6 ycix ICB npomikae 00HaKo6o, 3a 0OHAKOBUMU 3AKOHAMU (Npu
00HaKo8ux nouamkoeux ymoeax). Hiskumu nociiiaMu (CTOCOBHO MEXaHIYHMX, TEIJIOBHUX,
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CIeKTPUYHHNX, MarHiTHUX, ONTHYHUX, aTOMHUX, SACpHUX W iHmUX sBui) ycepeauHi ICB
HEMOXXJIMBO BcTaHOBHUTH, mepedyBae us ICB y cnokoi 4u pyxaerbcs NpSIMONIHINHO 1
piBHOMIpHO. Vi ICB pisnosznauni (pisHonpaewi), TOOTO pe3ylbTaT aHANi3y OyAb-SIKOTO SBUIIA
(MexaHIYHOTO, TEIUIOBOTO, €JIEKTPUYHOT0, MAarHiTHOTO, ONTUYHOro W iHmMX) y KoxHii 3 ICB
onHakoBUW. Hezaneoxcnicms ¢hizuunux sisuwy (3axownis) 6io eubopy ICB € 00num 3 0CHOSHUX
3akonie Bceceimy.

Jpyeuii nocmynam — nocmynam cmaniocmi weuOKoCmi Ce8imaa. WeUOKiCms NOUUPEHHs
ceimaa y eaxyymi oonaxoea 6 ycix ICB;BoHa He 3aJIe)KUTh Hl BiJl MIBUIKOCTI PyXy JDKEpea, Hi
BiJl IBUIKOCTI pyXy NpuiiMaya CBIiTNA; weuoKicms nowupenns ceimia y éaxyymi ¢ = 3-108 m/ce
MAKCUMATILHO  MOJICAUBO0  weuoKicmio 6 [lpupodi(IIBUAKICTIO TIepeIaBaHHS B3aeEMOJIIi B
[Tpuponi).

HaBoaumo excniepuMeHTanbHI MPUKIAIAH MiITBEPIKEHHS IPYroro MocTymiary.

Ha 3aBepuieHHs: KOPOTKO 3a3HA4a€MO PO 3arajbHy TEOPi0 BiIHOCHOCTI.

3. Ilonsarrsa noaii. Cunxponizanis ronmuHukiB.IleperBopenns Jlopenrtua.

Crnouatky Hamaemo BuxigHe moHATTI CTB«nodia», sika xapakTepusyeTbess YOTHpMaA
aucnamu X, Y, Z,1 — miciiem HacranHs i yacom HacTaHHs MO

[TosicHroeMO CyTh CHHXpOHI3allli TOAMHHUKIB y BuOpaniit ICB[8, c.166].

4 Y
AEn A A -
K v
L\_ >

o P(x,y,z,z)

L ] P'(_X:':y'.z'.t')
o o X X

“ z

Puc.3. Hepyxoma ICBKi pyxoma ICB K’
HajaeMo B rOTOBOMY BHII u SIKi BCTaHOBMIOOTH 3B'130k Mik X, Y, Z,1 y Hepyxowmiit
ICB K 1a X', y', 't onmiei i tiei x noziiy pyxomiii ICB K’ , IKA PyXa€ThCA 31 INBUIKICTIO

—

V sigsocuo ICB K ysnosx sici OX (puc.3)[8, ¢.168] :

(3.1)

Ta 0bepHeHi nepemeopenns Jlopenya .
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(3.2)

[TosicHroemMo (hi3UUHU 3MICT IEPETBOPEHB:

1. Yac y pizaux ICB mporikae 1o pisHOMY, a 3B'30K Mik 4acoM y pizHuX [CB 3anexuts
BiJl KOOPJIMHATHU MicLs OI1.

2. PensatuBicTchbki meperBopeHHs JlopeHTna, #Ki chopaBeuIMBI  NpU  OyAb-SKHX
MIBUJIKOCTSX, IPUHIIUIA HA 3aMiHY KJIACHYHUM TepeTBOPEHHM [ amines, ki cripaBeIuBi TIIbKH
IpY MaJiuX IIBUIKOCTSAX MOPIBHSHO 31 MIBUJKICTIO CBITJIA y BakyyMi. [Ipy Maiaux mIBUAKOCTSX,
ko V K ¢, pensTHBICTChKI NepeTBOpeHHs JIopeHTHna mepexousiTh y KIAaCH4YHi MepeTBOPEHHS
[amines.

3.V kjacWyHii MexaHilli MaeMo CHpaBy 31 3BHYHHM TPUBHUMIPHHUM IPOCTOPOM i
HE3AJICKHUM BiJl HBOTO dYacoM. Y pENATHBICTCHKIM MeXaHilli MOMis XapaKTepPHU3YETbCs
KOOpJMHATaMU 1 YacoM, sIKi B3a€MO3aJeXHI MK co0or. ToMy mpu BeNMKHX IIBHAKOCTSIX,
HaOIMDKEHUX [0 IIBUAKOCTI CBITJIa Y BaKyyMi, IPOCTIp 1 4ac mepecTaroTh OyTH He3aJIeKHUMHU
OJIMH BiJl OJTHOTO, BOHU B3a€MOIIOB’s13aH1 Y YOTUPUBUMIPHHM MPOCTIp-yac.

Jlis mocuineHHs J10Ka3oBOi 0a3u 1 po3kpurta Joriku mnoOymosu CTB, y skocti
JIOJIATKOBOTO MaTepially BUBOAMMO IepeTBopeHHs JlopeHTIia Ha OCHOBI aHalli3y MOIIMPEHHS
cBiTiHa (cepuyHOi eNneKTpOMarHiTHOI XBWJIiI) B 000X cHcTeMax BIUTIKY(3 TPOMIKXHUM
BHUCHOBKOM MO iHBapiaHTHICTh KBaJApaTyCBITIONOAIOHOTO iHTepBany X° + Yy +2° —c*t?) 1a 3
ypaxyBautsm noctynatie CTB i ogHopinHocTi mpocropy it yacy [8, ¢.169-171].

4. BigHOCHiCTB 4acy i BiICTaHi B peiITUBICTCHKIN MexaHiui.

I Tema (maparpad) MICTUTB TpH MiATeMH (mignaparpadu).

BignocHicTh ogHOYACHOCTI MOTIH.

CnouaTky 3BEepTaEMOCS J0 KJIACUYHOI MEXAHIKHU: SIKIIO JBI MOJIi, Kl BiAOYBalOThCS B
PI3HHUX TOYKaX MPOCTOpY, 0JHOYacHI B Oyab-akiii ICB, To BoHH 000B’SI3KOBO OJHOYACHI B yCiX
iHmmx ICB He3anexxHO BiJ iX B3a€EMHOIO PYXY;OJHOYACHICTh MOMAIM y KJIACHYHINA MeXaHIIl
abcomoTHa[ 8, c.172].

Ha ocHOBI MHCJEHOTO €KCIepUMEHTY (3 BIJMOBITHUM PHUCYHKOM) 31 CHajlaXOM JIBOX
JAMITOYOK BiJTHOCHO HEPYXOMOTo CIIOCTepiraga Ta CIOCTEepirayaykoCMiuHOMY Kopalii, SKUN
PYXa€eThCsl MPSIMONIHIMHO 1 PIBHOMIPHO, IMOKa3yeMo, IO OAHI W Ti cami JBI IPOCTOPOBO
BIJOKpeMJIEHI TOJii chmamaxy CBiTJIa € OJHOYaCHHUMHM JUIs TMEpIIOro cIrocTepiradya Ta
HEOJJHOYACHUMH IS APYTOTO.

®opmymroemo BUCHOBOK[8, ¢.173] : /{6i npocmoposo 6idokpemneri nooii, 00HOUACHI 8
oouiti ICB, € neoonouacnumu 6 inwux ICB, axi pyxaromuvcs ioHocho nepuioi. OOHouacHicmo
nooditi  6ionocHa. JloSICHIOEMO, MO0 NPUUUHOIO BIOHOCHOCMI OOHOYACHOCMI € CKIHYeHHICMb
WBUOKOCMI NOUUPEHHSL C8IMIA.

VY 4KOCTI JOAATKOBOrO Marepiajlly OOIpYHTOBYEMO BHCHOBOK Ha OCHOBI IE€pPETBOPEHb
JlopenTua.
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BinHocHicTh iHTEpBaJIiB yacy.

[TounHaemo 3 akTyasi3allii 3HaHb 3 KJIACUYHOI MEXaHIKU:iHmepsa yacy (MPOMIKOK Jacy)
MIDX JBOMa TOJISIMHU, SIKi BiIOYJUCS B OJHIHN 1 Tii e TOYI MPOCTOpY, oaHaKoBuil B ycix ICB,
HE3AJIeKHO BiJg iX B3aEMHOro pyXy;iHTEepBaJ (MPOMDKOK) dYacy B KIACHYHIM MexaHimi
a0comoTHM[ 8, ¢.175].

PosrnsimaemMo MucieHuil eKCiepuMEHT 3 BUMIPIOBAHHSM IHTEpBay 4acy MK JBOMa
noAisMu(cragaxaMmy HEPyXoMoi Jiamiu) BigHOCHO HepyxoMoi ICB K i BimHOcHO pyxomoi ICB

K’ (xocMiuHOro Kopabiis),ika pyXarThCs NPAMOJIHIAHO 1 piBHOMIpHO 31 mBHaKicTIo V y310BK
Bici OX(puc.4). Y KoxHiil cucTeMi BiZUTIKY € HEpYXOMHIA BiTHOCHO HEl TOMHHHUK.

[TosicHIOEMO, 1110 B PEATUBICTCHKINA MeXaHiIll JoBeaeHa GpopMyna

=i
oy
=i
,</h \
% j::
;i
=i
’

.
>

0 0 X X

Puc. 4. IntepBain uacy B pizuux ICB, siki pyXaroThcsi 0/1Ha BiZJHOCHO OJIHOT, Pi3HUI

(4.1)

1 popmyroeMo BUCHOBOK[8, ¢.176] :

Iumepesan uacy misxc oeoma noodiamu Ty, eioniuenuii 6 oowniu mouyi ICB, y skiii 200uHHUK
nepebysae 6 cnokoi (6nacHuil 4yac), Menwull 3a iHmepean yacy T Midc MUMU CamMumu noodiamu,
gionivenuui y ICB, e6ionocno sakoi eoounnuk  pyxaemoca. Yac 'y pyxomiu CB
VROBINbHIOEMbCABIOHOCHO Hepyxomoi CB — ye pensamusicmcoKull egekm YnosilbHeHHs 4acy.
Inmepean uacy € gionocnum (3anexxuTh Bil BU6opy CB).

IaTepBan wacy Mix qBOMa MOJiSIMU Mae HaliMeHIe 3Ha4deHHs B Tik ICB, ge BimOyBaroTbes IIi
MOAi1 — BJIACHUI Yac T, Ma€ HalMEHIIe 3HAYCHHS.

VY SKOCTI eKCHepUMEHTAIbHOTO MiATBEp/PKEHHS (Gopmynu (4.1) HaBOOUMO 3 poO3paxyHKaMu
NPUKIAAM YHOBUIBHEHHS 4Yacy IIiJ] 4ac pajioaKTUBHOIO po3magy sjaep 1 A CydyacHOro
PEaKTUBHOTO JiTaka, KU JOCSTae IIBHUIKOCTI JeKiibka KM/c. IToscHioemMo, 1m0 mpu Manux
IIBUJIKOCTSX PENATUBICTCHKUM YIIOBUIBHEHHSM Yacy MOXHA 3HEXTYBATH.

VY sSKOCTI 1OJAaTKOBOTO Marepiajy Ha OCHOBI mepeTBopeHb JlopeHTiaBuBoaumo ¢opmyny (4.1)
HacTynHUM 9ruHOM( 8, c.178].
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- . ' o
Hexaii y meBHiii Touri 3 koopauHaroro X y pyxomiii ICB K’ (puc.3) TOINUHHHK

peecTpye TPUBATICTh JESKOTO MPOLECy, KU MOYaBCS B MOMEHT 4acy tl', a 3aKiHYMBCS B
. !
MOMEHT 4acy té . TpuBanicTe 1poro npouecy 3 Touku 30py ICB K"
Y r__
At'=t, -t =1,. (4.2)
l'ogunanuk y Hepyxomiii ICB K nokaxe Binnosigui MomenTn qyacy tl 1 t2 . Tpusanicts

TOTO CaMOTO MpoIecy (IKUK MpoTikae y meBHik Touri pyxomoi ICB K’) BIJIHOCHO HEPYXOMOi
IcBK :

At=t, -t =7, (4.3)
, WX
t; +C—2

I3 neperBopens Jlopentua (3.2) maemo :t; =

Binnimemo B (4.4) Bix Bupasy U, Bupas 1, , ypaxyemo mosmauenns (4.2) it (4.3) i
OTPUMAEMO UIYKaHUH 3aKoH (4.1) miist 3B°sI3Ky TPHBAJIOCTI Iporiecy (IHTepBaly Yacy) B pi3HHUX
ICB.

Ha 3aBepmieHHsS HaBOAMMO 3 pPO3paxyHKAMH I[IKABHHA TIPUKIIAJ] PEISATHBICTCHKOTO
CIOBUIBHEHHS Yacy B «I1apa/ioKcl OJIM3HIOKIBY.

BigHocHicTh BigcTani(1oB:KkuHI).

[Tounnaemo 3 akTyanizaiii 3HaHb 3 KJIACHYHOI MEXaHIKU: 8i0CMAHb MIX JBOMa TOUKAMHU
npoctopy ojaHakoBa B ycix ICB, He3ae:KHO BiJ] IX B3aEMHOTO PyXY.

Posrnsimaemo MucieHuit ekcriepuMeHT (3 BiIMOBIZHMM PHCYHKOM) IO BHMipPIOBAaHHIO
JOBXKMHU cTepkHs BinHOCHO Hepyxomoi ICB K 1 BigHocHO pyxomoi ICB K’ (kocMmidHOrO

kopabiisl), KA PyXaeThesl MPAMONIHIMHO i piBHOMIPHO 31 mBHAKicTIO V y3[0BK I0300BKHBOI
BICl CTEPI)KHS.
[TosicHrOEMO, 1110 B PEISATUBICTCHKINA MEXaHIIll JoOBeAeHa popMyia

(4.5)

i popmymroemo BrcHOBOK [8, ¢.181-182] :

Hosocuna mina 1y, sumipsna ¢ ICB, @ionocho skoi 60HO nepebdysac y cnokoi (enacha
ooedicuna) binvuia 3a tozo oosdcuny 1 6 inwiti ICB, ionocHo aKOi mino pyxacmvcs; 008#CUHA
Mina y Hanpsami pyxy cKOpouyeEmuvcs (8i0Cmanb CKOpOuyeEmvcs) 3 mouxu 30py nepyxomoi ICB —
ye pensimusicmcoKull epekm yKopoueHHs 008ACUHU PYXOMO20 mina 8i0HOcHO Hepyxomoi ICB.
Hosoicuna mina (6i0cmans) € 8i0HOCHOW enruyunoo(3anexXuTh Bix Bubopy CB).

JosxwuHa cTepxHs |, € HanOinpmoro B Tiit ICB, BimHOCHO sikoi BiH mepe0yBae y cTaHi
CIIOKOI0, a BiTHOCHO iH1I01 ICB, BiTHOCHO SKOi CTepKeHb pyXaeThes, Horo goBxkuHa | y HanpsaMi
PYXY CKOPOUYETHCH.
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HaBogumo mpukian, 1o A pelsTHBICTCHKOTO YKOPOUCHHS JOBKHHHUCTEP)KHS B JIBa

pa3u, BiH MOBUHEH PYyXaTHUCS 31 MIBUAKICTIO V=13 c/2 = 2,6:10° m/c. TosicHrOEMO, 1110 npu
MaJIMX IIBUAKOCTSX PEISITUBICTCHKUM YKOPOUEHHSIM JJOBKUHH MOKHA 3HEXTYBATH.

VY sIKOCTI JOJAaTKOBOI'O MaTepiajly Ha OCHOBI IlepeTBOpeHb JIOpeHTIIaBUBOAUMO (GOpMYILy
(4.5) mactynaum unHOM [8, c¢.183].BrnacHy mOBXKHHY CTEpKHS |y, KMl 3HAXOAUTHCSA y CHOKOI

. . ' . . . . o
BigHocHo pyxomoi ICB K , 3HAKMJEMO 3a PI3HULECIO KOOPJAMHAT KIHIIA 1 IOYATKy CTEPKHS y Lii
ICB:

|, = Al' = X, — X.. (4.6)
Homxuny crepxkus | BimHocHO Hepyxomoi ICB K 3HANAEMO 3a PI3HUIICI0O KOOPJIUHAT
KIHIIA 1 ToYaTKy crepykHs y mii ICB : I=Al=x, —X,. 4.7
I3 mepeTBOpens Jlopenrtna (3.1) maemo :
X, =Vt
X| = —— = - (4.8)
/ V / V
1-— 1-—
Bignimemo B (4.8) Bim BHpazy X; BUpa3 X1 , ypaxyemo mo3HaueHHs (4.6) # (4.7) i

OTPUMAEMO IIYKAHHWHA 3aKOH JUIsl 3B’ 3Ky JOBXHHHU B pizHUX ICB :

X, — X V2
— X, =—2 _ = I=l41-— .

2 2 C
b
c c

5. PeasiTUBicTCHLKMI 3aK0H 10JaBaHHSA IIBHIKOCTEM.
Hanaemo (3 BIANOBIIHMM PUCYHKOM) Y TOTOBOMY BHIII peismusicmcbKuli 3aKOoH

0odasanus weuokocmeu 11 nepexoay Bing pyxomoi ICB K o nepyxomoi ICB K :
!
LUy +Vy
' 5.1)
vy Vy (
I+
C
J1e:V— NIBUIKICTh pyXy Tina y3108k Bici OX Hepyxomoi ICB K ; V'— miBHIKiCTh pyXy Tina
y3n0Bx Bici O'X 'BigHocHO pyxomoi ICB K, sika B CBOIO 4epry pyXaeTbCs MHPSMOJIHINHO 1

PIBHOMIPHO TUJIO 31 MIBUAKICTIO \7y3z[0B>1< Bici OXBigHocHO Hepyxomoi ICB K ;yci mBHIKOCTI
3anucadi B mpoekiii Ha Bick OX.

[Tosictoemo (3 BiAMOBIJHUMH PUCYHKAaMHM), IO MPOEKII] MIBUJIKOCTEH MOXYThb OyTH K
MOJATHUMHM, TaK 1 BiJ’ €MHHMHU.

3anucyeMO TaKOX PENIATUBICTCHKUI 3aKOH ISl 3BOPOTHOTO MEpEeXoay Bifl HEPYyXOMOi
ICB Ko pyxomoi ICB K'(y npoekiii Ha Bicb OX):
L = Ly —Vy

X

vy -V (5.2)
CZ

JloBoIMMO MaTeMaTH4HO, IO 3TiTHO PESITUBICTCHKOTO 3aKOHY JIOJaBaHHS IIBUIKOCTEH,

1-—

HIBUJIKICTh CBITJIa HE 3MIHIOEThCS NpU nepexoni Bif onuHiel ICB 10 1HIIOI 1 € MaKCUMaIbHOIO
mBHIKicTio B [Ipupomi.
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[Toka3zyemo, 10 MpU MalUX MIBUIAKOCTSAX PEIATUBICTCHKHM 3akoH EHHIITEHHA 115
JIOJTaBaHHS IIBUIKOCTEH NIEPEXOAUTh Y KIIACHYHUI 3aK0H [ amines.

VY SKOCT1 J0JIaTKOBOTO MaTepialy Ha OCHOBI IIEpeTBOPeHb JIOpEeHTIIaBUBOIUMO (HOpMYITy
(5.1) HactynauM yrHOM [8, ¢.186-187].

Hexail 3a nesxuii mManmii intepan wacy At y mepyxowmiii ICB K KOOp/MHATa Tija
(matepianbHOi ToukM) 3MiHmMnaca Ha AX, BignosimHo B pyxomoi ICB K’ sa mammit 1HTEepBaJ
uacy At xoopauHara 3MiHMIacs Ha AX" . Toni 3 neperBopenb Jlopentna (3.1) 1 (3.2) maemo:

vV
, , At'+ 2 AX

AX

. . !/ .
Je MU BpaxyBalu Mpoekiio mmsuakoctiVy , 3 skow ICB K PYXa€eTbesi BIAHOCHO

Hepyxomoi ICBK |
[Moxinumo mepiuii 3 UX BUPA3iB HA APYTHIA:
AX'
AX AX 4V, AU ap T
B v oV e
At At’ +—’2‘Ax' 1+—’2‘ Ax
C c” At

'

VYpaxyemo, 110 A_t:UX Ta ?zu;i OTPUMAEMO UIYKAaHWUH PEISATHBICTCHKUNA 3aKOH
nepeTBopeHHs mBuakocrei (5.1).

6. B3aemM03B’A30K peJATHBICTCHKOI Ta KJacu4HOI mexadHiku. Ilpocrtip i 4yac y
peasiTUBiCTChKill MexaHili Ta cyyacHiii ¢i3uui. Y3araibH0€Mo BiIOMOCTI PO Yac 1 BiJICTaHb
y PENATHBICTCHKIM 1 KIacHYHIA MeXaHill Ta poOMMO BHUCHOBOK: PEJIATUBICTCbKA MEXaHIKa He
BiJIKH/a€ (HE CIPOCTOBYE) KIACHYHY MEXaHIKy, a BU3HAYa€ I HEl rPaHULll BUKOPUCTAHHS —
MaJli IIBHJIKOCTI PyXy TUI MOPIBHSHO 31 IIBUJKICTIO CBITJIA Y BakyyMmi. Y SKOCTI JOJATKOBOTO
MaTepiaiay HaJaeMo NpUHLUI BignosiaHocTi bopal8, c.195].

[TigkpecntoeMo, M0 MpH MIBUAKOCTAX, PIBHUX UM HAOJMKEHHUX 1O IIBUIKOCTI CBITJIA Y
BaKyyMi: peJIsITUBICTCbKUM €QeKT yrnoBuUIbHEHHS Yacy B pyxomiii ICB BigHocHO Hepyxomoi ICB
CTOCYETBCS Hacy sIK (Pi3MYHOI BETMUMHHU, sIKA XapaKTePU3ye MOCTIIOBHICTD 1 IPOTSKHICTD SIBUILL
1 mporeciB y BeecBiTi; pensiTUBICTChKUI €(eKT YKOPOUEHHS BIICTaHi y HalpsiMi pyxy BiIHOCHO
HepyxoMoi ICB crocyeTbest Ge3nmocepeJHO MPOCTOPOBUX BiAPI3KIB (BiACTaHe);4ac 1 MPOCTIp Yy
PESITUBICTCHKIN MeXaHilli cTaroTh BigHocHUMH[ 8, ¢.196-197].

binbmie Toro, y pensTUBICTCHKIM MEXaHIIi JOBEACHO, IO MPOCTip (BiACTaHb) 1 dYac
B3aEMHO 3aJeKaTh OAWH Big onxHoro. lle Halikpame BugHO 3 meperBopeHb Jlopenrtma. Y
KJIACMYHIM MexaHill (Mpu MaluX IIBUJAKOCTAX) ICHYE 3BUYHMNA TPUBUMIPHHUNA MPOCTIp 1
OJIHOBUMIPHMH 4ac, sIKI HE 3ajJekaTh OJUH Bl OJHOTO (€ abCOMOTHUMH). Y PEeIsITHUBICTCHKIN
MEXaHIIll TPU BEIUKUX IIBUAKOCTIX ICHYE €OuHUL YOMUpueuMipnuii npocmip-yac (TpH BICI
IPOCTOPY 1 OJJHA BiCh Yacy), y IKOMY MPOCTIp 1 Yac € BITHOCHUMH 1 YTBOPIOIOTh ojHe 11ite. [lpu
npoMy 1 mpoctip, 1 yac y CTB 3anumaroTbcs OJHOPIAHUMH, TOOTO OJHAKOBHUMH BCIOAH Y
Bcecsiri, sk 1 B kiacuuHiid mexanini. [Ipoctip 3anumaerscs EBkitiioBuM (Bigmoigae reomerpil
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EBkmima). CnemianpHa Teopist BimHOcHOCTI EifHmTEWHa € (i3UMYHOIO TEOpI€0 OTHOPIIHOTO
YOTHPHUBUMIPHOTO IPOCTOPY-YaCy MPH BEIUKHX IIBUIKOCTSIX.

VY sgKOCTI [JTOJATKOBOTO Marepially KOPOTKOMOSICHIOEMO, IO B 3arajbHiid Teopil
BigHOCHOCTI EffHIITEiHA TIpOCTip-yac cTa€ HEEBKIIIJOBUM (BUKPUBJICHUM) Y MICISIX CKYITYESHHS
BEIMKHX Mac 1 MoOIu3y HUX, 0coOmuBO B oOmacti yopHUX Aip.Takok HamgaeMo KOpPOTKi
BIJJOMOCTI IIPO TEMHY MaTepiio i TEMHY €HEprilo, BUBYCHHS SKHX BIJHOCHUTHCSA 1O MEPEIHHOTO
Kparo cydacHoi actpodizuku|[8, c.198].

BucnoBku.l. Y10ckoHaNEHHS 3MICTY i METOJUKH PEIIATUBICTCHKOI MEXaHIKH 3A1HCHEHO
3 YpaxyBaHHSM JUJIAKTHYHHUX MTPUHITUIIIB HAYKOBOCTI, ()YHAAMEHTAIBHOCTI, TOCTYITHOCTI.

2. OGrpyHTOBAHO 3MICT 1 METOJUMKY MOMIHOJEHOTO BUBYCHHS KIHEMAaTHYHUX BHCHOBKIB
PENATUBICTCHKOI MEXaHIKH 3 000B’I3KOBUM BHKOPHCTAaHHIM IepeTBOpeHb JlopeHTna.

3. Y KOXHIi 3 TeM BHJIICHO OCHOBHUU HaBYAJIBHUI Marepian i JOJATKOBUH, IO A€
3MOTY YYHSM Kpalle 3p03yMiTH i 3aCBOITH BHy4yBaHel CIIpHsie opraHizaiii caMmocTiiHoi poOoTu

YUHIB.
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BIIOMOCTI ITPO ABTOPIB

Bypak Bosoaumup IBaHOBHY — KaHAWAAT MEJAroriYHUX HAayK, JAOIEHT Kadenpu ¢i3UKH Ta METOAWKH il
HaBuaHHS KpuBopizpkoro negarorignoro incturyty JIBH3 «KprBopi3pkuii HalioHATBHUH YHIBEP CUTET».

KonoBan Ouiekcanap AHApilioBMY — JOKTOp TNeENaroriyHux Hayk, mnpodecop kadempu ¢izukm Ta
Metoauku ii HaBuaHHS KpuBopizpkoro memaroriunoro iHctutyty JBH3 «KpuBopizpkuii HaioHaIbHAN
YHIBEpCUTET».

Kono nayxosux inmepecis: Teopisi Ta METOIMKa HaBYaHHS (i3MKM y BUIIIH Ta cepeHii WKOJIi.
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