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[MpuHUMN BigHOCHOCTI [Naninea:

B YycCiXx iHepuialbHMX cHUCTeMaxX Big/liky 3aKOHM
KN1aCUYHOT MEeXaHiKU MaloTb OAHAKOBY (hopMy.

K - iHepuiasibHa cuUCTeMa BiANIKY 3 KoopAMHaTaMM X, 7,
Z, AKa YMOBHO BBa*aETbCA HEPYXOMOHO.

K' - iHepuianbHa cucTema Bigniky 3 KoopagMHatamu x',y’,

Z', AKa PyXa€eTbCs BiAHOCHO cucteMn K 3i WBMAKICTIO U’
Yac Bigniky posnoyHemo 3 momeHTy, ° 1 y*
KOJIM MNOYaTOK KOopAMHAT

000X CMCTEM CniBnagatoTb.

7_")0 =ﬁ)t

—

T'o - paAiyc-BeKTop MONOXKEHHA O’

BiAHOCHO O.



3B'A30K MiX pagiycaMn-BEKTOpaMM [JOBi/IbHOI
TOYKM A B 060X CUCTEMAX

N N, © N, W
r=r +r1r=r +uf

3B'A30K MiX KoopAMHaTaMM A0Bi/IbHOT TOYKM A B

/

060ox cuctemax KiK': Y A y

—

N /
X=X +u,t

«_yzquwt

z=2z+u,t
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Ha3Ba NUTaHHSA

Y Bunagky pyxy cuctemu K’ 3i wuBuAaKicTio v
B34OBX AoAaTHOro HanpsiMKy oci x cucremm K
( y no4YaTKOBUM MOMEHT 4acy Ooci koopauHaTt

cniBnagatwTh), NnepeTBOpeHHA KoopauHaTt Nanines
HabyBaloTb BUrNsAY:

X = x' + vt
=y
=7
 t=1t ——— Y Knacu4yHin wMmexaHiui Xig 4Yacy He

3a/1eXXMTb  Big BiAHOCHOro pyxy CUCTEM
BiA/1iIKy. Yyac € abCoO/IIOTHO BEJIMYUHOID,
TOOGTO y BCiX cucmemax 8i0NIiIKy BiH €
OOHAKOBUM.



’ —> —/ —>
AKwWo npoandepeHLiloBaTM BMpa3 r=r +ut
3a YacoM Ta BpaxyBaTu, WO t =t' , OTPMMAEMO NPaBHJIO
[0JaBaHHA WWBUAKOCTEU B KNACUUYHIM MeXaHili:

—> —>7 —>
V=V t+U
[poandepeHyitoEMO YTBOpEHE PiBHAHHA e pas:
dv d@ +u) dv’
dt dt dt
—_—> . —/
a—a
OTXe, AKLWO Ha TiNo He AitoTb iHWi cuam a = 0 (cMcTema
K € iHepuianbHow), T0 i @' =0 - cuctema K' T1ex €
iHepuianbHOK 1 PiBHAHHA AMHAMiKM Npu nepexoai BiA
OAHIET iHepuiaNbHOT CUCTEMMU KOOpAMHAT A0 iHLWOT He
3MiIHIOIOTbCA (€ IHBApiaHTHMMM).




[MpuHUMN BigHOCHOCTI ["aninea MoOXKHa

ccopmyitoBaTH Lie U TaK:
HeMOoJ/1uso 6yodb-aKUMU MeXAaHI4YHUMU doc/1idamu 8
MexXax OOHIET cucmemMu BI0NIKY sU3Ha4yumu,

3HaX00UMbCA UA cucmema 8 CMAaHi CNOKOKW 4u y
pPiBHOMIPHOMY NPAMOJIHIUHOMY pYCi.

I3 nepeTtBopeHb [aninea BWN/IMBA€E, WO AKWO B
cuctemi K B3goBX oci OX pOBMlCTMTM Tiho AB
JOBXXMHOI0

L= x,-x, (A€ Xx,1Xx,- KOOPAMHATU Mo4aTKy i
KiHUA Tina), 10 B cuctemMi K' AOBXMHaA Tina Oyae
306epiratMcs He3MiHHOW, TOOTO

L=x,"-x,=(X-ut)-(x,-ut)=x,-x,=L

OTxe, nepeTtBopeHHA [aninea 36epiraloTb AOBXKMHY
Tina He3MiHHoH.



[lpocmip 1 4yac He 3asexamb B8i0 pyxXy
mamepiasibHUx 06’ekmis, 3 AKUMU 38°'A3aHa
cucmema siosiKy.

TakKMM YMHOM, B KJIACMUYHOT MeXaHiWi di13MnYHI
BeJ/IMYMHM NOAINAITLCA Ha

a0COIIOTHi:

NpoCTip, Yac, Maca, reoMeTpuYHi po3Mipu Tin;
Ta BiAHOCHI:

LWBUAKICTb, IMMY/IbC, eHepria Ta iHuWi,

a BCi 3aKOHM HblOTOHA € 0A4HAKOBMMMU B YCiX
iHepuia/ibHUX CUCTeMaX BigiKy.



OCHOBHI NONIOXeHHSA PenATUBICTCLKOI

MeXaHIKu

PenaATMBICTCbKa MeXaHiKa 3acHOBaHa Ha cnevianbHin
Teopil BigHocHocTi (CTB) EMHWTEMHa 1 BMBYaAE pyX
MaKpPOCKOMiYHUX TiN 31 WBUAKOCTAMM, MOPIiBHAHUMMU 3

LWBUAKICTIO CBiT/1a Y BaKyyMi vV = C.

B CTB KoXHa noaia XapakKTepum3yeTbCA 4-Ma
BE/IMYMHAMU - MPOCTOPOBUMM KOOpAMHATAMU X, Y, Z i
yacom t. lMoaisa 306pakyeTbCA «TOYKOK>» - €8IMOBOK
MOYKOH.

TpaekTopia, AKYy OMMCYE «CBiTOBa TOYKa» 3 YacCOM,
Ha3MBAETLCA CBIMOBOI JIIHIEID.

CtBopeHa y 1905 p. A. EmvHwTenHom CTB € ¢izuyHoro
meopielo npocmopy i 4Yacy 0714 8unadkis OyXKe
c1abkux epasimayiuHuUx nosis.



MocTtynatn EMHWTENHA
Moctynat 1:

@Di3u4Hi 3aKOHU OOHAKosi 8 YcCiX iHepuyia/ibHUX
cucmemax i momy mMamemamu4yHa ¢opma
3anucy 3aKOHIi8 NOBUHHA 6ymu iHB8apiaHMHOK
do hepemBOpeHb.

MocTtynar 2:

LllsuoKicmb cs8imsia y 8aKyymMi OOHAKOBA B8 YCiX
IHepuyiaJibHUX cucmemax 1 He 3asexumb 8i0
HanpsaMKy U020 hoWUpeHHA 1 pyxy oO*Kepesia ma
npuumada.



[lepeTBOpPEHHSA JlOpeHLUa

[lepeTBOpeHHA KoopAMHAT | 4acy, WO BPaxOBYHTb IX
3anexHiCTb Bif WBWUAKOCTI, Ha3nMBalOTbLCS NepeTBOPEHHAMMU

JlopeHua.

dopmynn nepeTBOpeHHA KoopauHaT i yacy Oynu BUBEOEHI
JlopeHUuemMm Ons OBOX IHepuianbHMX CUCTEM, WO PyXarTbCH

oJHa BIOHOCHO OAHOI I3 WBWMAKICTIO V ..

VA VA , ,
' ’ , , t +(V/C2)X
y, Y=YV, 2=12,1t=

i—wie?

X +Vt’
X =
K K \/1—(V/c)2

v A

() 0
®

< 4




Hacnigku 3 nepetBopeHb JlopeHua:

1. MNia 4yac nepexony BiA oAHIEI cUCTEeMU A0 IHLWOI
yac 3MIHKETbLCA, WO CBIAYUTDbL NPO

BIOHOCHICTb Yyacy.

2. Y dbopmynax nepeTBOpPEHb

yac € piIBHOMpPaBHOK YeTBEepTOH
KOOpAUHaTOH,

TOMY B HOBOI Teopil

NpoCTIp | Yac Hepo3AiNbHI, TOOTO
B3aEMOMNOB’A3aHI.



[lepeTBOpEeHHA i AoAaBaHHA
weuagkocten y CTB

V A V' A BBar*kaemMo, LU0
cuctema K
K K i
PYXa€ETbCA 31
LIBUAKICTIO
0 ol ¥ A V BiAHOCHO
: o . 5 y
X ¥ HEPYXOMOI
. cuctemmn K
dx dy dz
Cuctema K: v, =— Uy, =— L, =—
dt dt dt
’ ’ /
dx , dy , 02

Cuctema K: vy = V., = v, =

dt’ Yo dt © e



3 popmyn nepeTtBopeHHA JlopeHuUa:

X' +V - dt’ de’ +(v /¢?)dx

dx = —, dy=dy’, dz=dz, dt= :
\/1—(V/c)2 \/1—(V/c)2

Po3ginumo nepLuy, apyry | TpETHO PIBHOCTI HA YETBEPTY, NMpu
LbOMY OTPUMAaEMO CniBBIAHOLLUEHHA:

dx dX'+Vv-d' dxX'/di'+V

dt  di’+\V/c|dxX' 1+\V/c?)dx'/dt’

v, +V
L, = 5 p
1+|V /c?]-v),
o, = Y=V . v, 1= (V/c)? . v 1= (V/c)
X p) ;) = , g =
1-V/2)v, T T ow, e Vo, /c?

- (hopmynu nepeTBopeHHA adbo0 AoaaBaHHSA WBUAKOCTEU B
CTB.



: v, -V

VT, [NopaBaHHA
. o I-V /) L [Cwor WWBMAKOCTEN B CiBy
T iowgd Y 1w FTPAHUYHUX BUNAAKax

ﬁﬁKUJ,O V < ¢ HaBeaeHi (opMy/iv HabyayTb BUrnaay:
’ DR AN
V, =V, +V, Wy, Sy v, =0,

Lle dhopmyv nepeTBOpEHHSA LWBUAKOCTI Y KNAaCHUYHIK
(HbIOTOHIBCbKiM) MeXaHili.

Takum YmHoMm, NMpU V < ¢ bopMynn aoaaBaHHSA
wsmnaKkocten CTB nepexoaAatb y cbopMynM
AOAaBaHHS LUBMAKOCTEM KNaCUYHOIT

MeXaHiKM.



AKLLO YaCcTMHKa pyXxa€eTbCA napariefibHO ocsiM X
I x' B HanpaAMKy wBuakocti V, v, 30iraetbcs 3
Moaynem LUBMOKOCTI YacTUHKM v B cuctemi K, a

vxr — 3 Moaynem LWBMAKOCTI v B cucteMi K |
doopmyna LBUOKOCTI: v +V
V=
1+(v /2] v

LIBuAKocTi v, v i V napanenbHl N HarnpaereHi B

OAHY N Ty caMy CTOPOHY.

Akwo vV =cC e c+V _ (C+V)C
1+[V/ct.c  (c+V)

OT1xe, dopmyna  goaaBaHHA LIBUAKOCTEA

y3romXxyetbcs 3 gpyrum noctynatom CTB.

=C



Hacnigku 3 nepetBopeHb J/lopeHua
JlopeHUeBe CKOpPOYeHHA A0BXMHMU

l . 7 7/ I . £ Y I : U
0 = X2 ™ X = X2 — X K7 -
t, — MOMEHT Yacy, Konu ' |
. | X’ ¥
NPOBOANMO BUMIPHOBaHHS e
X
KoOpANHaTU X; Z
X>

t, — MOMEHT Yacy, Konu
NpPoOBOAMMO BUMIPHOBAHHSA

KOOPAOUHATUN X4
BUKOPUCTAEMO cboplvlynvl NepeTBOPEHHS J'IopeHua

J _X- th — J Vt2 —
Togal ,
X —x = 1 1_1J1 02/ c?

J1-v2 /¢



I =I,v1-v%/c?

/loBXKMHa CTep)KHA, WO pYyXa€ETbCA, MeHLla Ti€l,
AKY BiH Ma€ y CTaHi CNOKOIo.

AHanoriyHmn edeKT cnocrepiraetbca AnA Tin oyab-
AKOT ¢opMM: Y HaNpPAMKY pyXy /NiHiMHiI po3Mmipu Tina
CKOpO4YylTbCA TUM Oinblie, YMM Oinblia LWBUAKICTb
PYXYy.

Lle aBuUle Ha3MBAETbCA CKOPOYEHHAM OO0BXKUHU
JlopeHya, abo @iyoxepasib00BUM CKOPOYEHHSAM.

[lonepeyHi X po3Mipu Tina Npu LbOMY He 3MiHIOIOTbCA
Hanpuknaa, Kyna HabyBae cpopMy enincoiaa,
CTUCHYTOIO Y HanpsAMKY pyxy.



PenaTuBicTCbKe YNOBINIbHEHHSA Yacy

Hexam y cuctemi K' B ofHin i TiKn Xe Touui 3
KoopAuHaTol x' = x7 = x5 BigOyBalOTbLCA B MOMEHTU
yacy t; W t, ABi neBHi nogii (Hanpuknag, nogia 1 —
HaPOMKEHHA €erieMeHTapHOl YaCTUHKKM, noaia 2 — 1i
noganbLlunm posnag). ¥ cucrtemi K' npomidkok 4acy Mix
nogiamu: At'=t,—t; ,ycucteMi K: At=1t, —t,

Bukopuctaemo nepetBopeHHsA JlopeHua
G+lviy vl g+lvic) glvietx
t, = = b= =
J1I-(V/ic)  J1-(V/c) JI-(V/cy  J1-(V/c)
t,—t

L i-vie

TOp,i {, —t



¥ cuctemi K' nogil BigbyBalTbCs B OAHIN | TiK Xe
TouL|.

At' =t;, —t; - MPOMDKOK Yacy, SIKUA BUMIPHETHCS
HEpPyXoMuUM Yy UIN cuctemi BIANIKy rOAMHHUKOM — TakK
3BaHUWN eJs1acHUU 4ac At,.

BsacHumM 4acoM Has3MBalOTb MPOMIXKOK Yacy Mix

OBOMa noAiaMu, AKMU BUMIPHOETLCS B cuUctewmi
BIANIKY, Ae ui noAail BiadbyBaoTbCs B OAHIU | TiK camiun
TOYLII. AU =t,—t = At,

At =t, —t; - NPOMDKOK Yacy MK TUMM X NoAIAMMN,
AKI BAMIPHOIOTLCA roOAUHHUKOM cuctemMun K, BIAHOCHO
SKOI TOYKa, B SAKIN BIAOYBalOTLCS Ui MNoAil pyxaeTbcs 3i

weuakictio v = V. Toai Bnpas t,—t
, t,—t, =
3anmMcyeTbCa Y BUrNAA; P v

At = Aty /1% /2




At = Aty /1% /2
OTXxe, BNMaCHMA 4Yac MeHLle 4Yacy, BianiyeHoro 3a

rooguHHUKOM, SIKMN PyXa€eTbCA BiAHOCHO TOYKMU, Ae
ui noail BinoyBaroThLCA.

At — NPOMPDKOK 4acy MDK nogisaMu, KUK
BUMIPHETLCA HEPYXOMUMU FTOAUHHUKAMMN,

Aty — NPOMDKOK Yacy, AKMN BUMIPHOETLCA FOANHHUKOM,
LLIO PyXa€eTbCA 3i LWBUAOKICTHO V.

Ockinbkn Aty < At, 710

roAMHHUKU, AKI pyXaroTbCs, iAyTb NOBINbHille,
HDK HepyXxomMi roguHHUKMW.



IHTepBan i Moro iHBapiaHTHICTb

Hexan y Touui  x;; y,;Z; B MOMEHT Yacy t; Bigbynacs

noZia 1, ay Touui x3;y,;Z; B MOMEHT Yacy t, - nogia 2.
Bupas

As = \/CZN2 - A - Ay* - A7’ = \/CZ(tz -6)' (% =x)" =(0,- )" = (2, - 1)

Ha3uBaETbCA IHTepBanom MiXx nogiamm 1 ta 2.
3a AonomMororo neperBopeHs JlopeHUua MOXHa OTpMMaTu

(As)* =(As)?

TobTo iHTepBan Mae oaHaKoBi 3HaYeHHS B CUCTEMI
Bigniky K Ta B cuctemi Bianiky K . IHTepBan €
IHBapiaHTHOIO Benu4YuHol. |HTepBan Moxe OyTu

diucHumM abo ysieHuM, abo pieHUM HYJIIO Yy @cCix
iIHepuiasibHUX cucmemax 8iosliKy.




As = \/CZAI2 - A’ —Ay2 - A’ = \/Cz(tz —tl)z - (X ‘X1)2 -()2 ‘Y1)2 -(2, ‘21)2
Ona aincHoro IHTepBany
B — Ax” —Ay” — Az° =c’At* — Al* =c° At — AI“ 5l
OTke, icHye Taka cuctema K , B sKilt Al =0

To6To noAii, #AKi XxapakTepu3ywTbCA AiMCHUM
iHTepBaJioM, MOXXYTb BiabyBaTMCA B CHUCTEMi K B
OAHIM i TiM Ke Touui npocTopy. [lpn UbOMY
He iCHye cucTemMM, y AKiM At =0 (NpU TaKOMy
3HayeHHi At iHTepBan CTaB 6M YABHMM).

Mopaii, AKi po3aineHi giMcHMM iHTepBasioM, Hi B AKiK
CUCTEMI BiaNiKy HE MOXYTb 6yTH OAHOYAaCHUMM.

lincHi iHTepBaaM Ha3uBawTbCA YaconoAioHUMMU



As =\/C2AIZ—AX2—A)’2‘A22 :\/Cz(tz‘tl)z‘(xz‘X1)2‘()’2‘Y1)2‘(22‘21)2
Ona yaBHOro iHTepBany

c*At* — AlI° =’ At”” —Al”” <0
OT1Xe, icHye Taka cucrtema K', B sikin At' = 0, To06TO
noAail ctarwTb oOApHoOYacHUMMU. IIpore He ICHye

cuctema, y skin Al'=0 ( npu TakoMy 3HaYeHHi Al
IHTEpBan ctaB 6u OiINCHUM).

TaknMmM YMHOM, noAail, AKi BU3HA4YalOTbLCA OINCHUM
IHTepBariomMm, Hi B fIKil cUCTeMi BignikKy He MOXYTb
BiAOyBaTnUCA B OAHIN i TiK XKe Touli NpocTopy.

YAABHI iHTepBanun Ha3nBarTb NpocToponoanioHnMu



Akwo noais 1 € npuynHor, a noaia 2 — Hacrniakom
(noail noB’A3aHi MK CODOOK NPUYNHHO-HACHIOAKOBUM
3B’'A3KOM), TO IX MOXHa po3rnsgaTtn K nowupeHHHSs
cuecHany. OCKINbKWU B OOBINbHIN cUCTEMI BIOMNIKY 4Yac
Hacnioky t, He Moxe OyTu GinbLue 3a vyac
npuYyuHu t,, T00TO t, <t,, TO iIHMmepesasn, gKkul
orniucye Ui nodii nosuHeH 6ymu abo OiucHUM
(4acornodibHum), abo dopieHrO8amMu HYJ1O

Cc°At° —Al° =c*A? —Al? >0

ToMy Ona npUYUHHO - HAacNiAKOBUX noAin (npouec
NOLLUMPEHHSA cuUrHany):

B = ¢ abo Al /At? < c?



BUCHOBKM.:

1) nooii, wo nog’azani NPUYUHHO-HACTIOKOBUM
36°A3Kom (abo npouecu RNOWIUPEHHA  CUZHAILY)
ORUCYIOMbCA  YACONOOIOHUM IHmepeaiom (aoo
IHMepeanom, AKUU OOPIBHIOE HYIIO);

2) makcumanbHa WEUOKICMb CUZHATLY 0Y0b-AKOI
npuUpoou He MoxHce nepesunuLyeamu weUOKICHb
ceimJia C

v =Al/At < c;

3) ¥y 6unaoKy, Koau CUuZHaa HNOUWUPIOEMbCA 31
WBUOKICMIO C8IMJlA, IHMEP8al MIHC RnOOIAMU
OOPIBHIOE HYTIO.



3aKoOH 36eperkeHHsa iMmnyabcy B CTB

3rigHo npuHUMNY BigHOCHOCTi EMHWTEeMHa, Yyci
3aKOHM npupoaM, B TOMY YMCAi MU  3aKOH
306eperKeHHs iMMAyibCy, NOBUHHI oyTH
iHBapiaHTHMMM MO BiAHOLWEHHIO A0 nepeTBOPEHb
JlopeHua.

Po3rnaHeMo  abCOMOTHO  HEMPYXHE  LEHTpaJibHE
3iTKHEHHA JBOX OJHAKOBMX YACTMHOK MAacu m:

/
', Y




CymapHuMM iMnynbC 4YaCTUMHOK 30epiraetbca B
cuctemi K (0o 1 nicng 3iTKHEHHSA BiH JOPIBHIOE HYMIO).
KOMNOHeHTU WwWBnAaKoOCTEeU YaCTUHOK;

4 /7
V), = |4 Loy = -V

nicss 3imKHeHHs1 WeuodKoCcmi 4aCmMuHOK y
cucmemi K 6ydymb dopieHro8amu HY/1H0.



B cuctemi K 3 nepetBopeHb JlopeHu:

N Vi +V Vv oV
ST ) I Iy R )
V), +V —V+V
V,, = =0

1+ v/, 14/ (V)
/1o 3iTKHeHHA npoeKuia Ha Bicb X  CyMapHOro
IMNYJ1IbCy YaCTUHOK 'mV
mv,, +mv, =— *
1 2
" " 1+(V2/C2J
[MichAa 3iTKHEHHA YaCTMHKM Y cucteMi K  MaloTb

IWBUAKICTb, pPiBHY HyJl0. Lle o3Hayae, WO WBUAKICTb
YaCTUHOK BiAHOCHO cucteMu K paopiBHIoE V. ToMy

2myV
1+(V2/c?

)¢2mV



2myv
2/ 2
OTXKe, B cucrtemi K 3aKoH 36epe)keHHs iMnyJbcy,
BM3HAYEeHOro AK p = mu, He BUKOHYETbCA.

Ana Toro wo6 3aKoH 36epeXeHHA iMnynbcy OyB
iHBapiaHTHMM NO BiAHOWEHHI A0 nepeTBOpPEeHb
JlopeHua Heob6XxiaHo:

1. iMmnynbc p = mv 3aMiHMTM Ha PpenAaTUBICTCbKMM
iMNyibC

2. NpUNycTUTH, WO YaCTMHKA MA€E eHeprilo CroKow, fKa
NoB’A3aHa 3 MOro0 Macoko

3. BBaXXaTM MOX/JIMBMM B3aEMHE NEpPeTBOPEHHS Macu Ta
eHeprii

4. Nna Toro, wWo6 Apyrui 3aKkoH HbloToHa 6yB
I[HBapiaHTHMM MO BIAHOLWEHHI A0  NEpPEeTBOPEHHHA
JlopeHua Moro TakoxX NOTPiGHO 3MiHMTH

)¢2mV



PenAaTuBicTCcbKe piBHAHHA AMHAMIKMU ONA
MT (

d
dt

mu(t) ) =
JI-(v ©)2)

BUCHOBKMU:

B pesIATUBICTCbKOMY BUMAAKY Maca BTpPAa4ya€E 3MiCT
KoedilieHTa nponopLiMHOCTi MiXX NPUCKOPEHHAM
i cunoto;

- HanpAMKM CUAM Ta NPUCKOPEHHA MOXKYTb He
36iraTmcs;

- cuna F y penatuBiCTCbKIM MexaHiui He €
iHBapiaHTHOW (Y Ppi3HUX iHepuialbHMX CUCTEMAX
BigniKy BOHa MoOXe MaTtuM Ppi3Hi Moayni M
HanpAMKM).



EHepria cnokoto. [loBHa eHepriA.
3 po3paxyHKiB:

36eperKeHHA eHeprii BUABNAETbCA iHBapiaHTHMM 40
nepeTBopeHb JlopeHua Ti/ibKM Yy TOMY BMNAaAKY,
KO/ MNpUNYCTUTHU, WO BiZlbHA YaCTUHKA, KpPiM
KIHETUMYHOT eHeprii, TaKoXX Ma€E A04AaTKOBY eHepriko
- @Hepriio CrnoKow (BHYTPIiWHIO eHeprilo YaCTUHKMU)
W, = mc*

B penaruBicTCbKiM MexaHilyi nNoBHa eHeprif
BM3HA4YaETbCA (DOPMY/IOH0

mc

J1—v2/c?

2

W =




Y HbIOTOHIBCbKiMH MexaHlLl,l NOBHa eHeprm ,D,OplBHI'OE

CYMI KIHEeTUYHO1 i I'IOTeHLl,laJ'IbHOl eHeprn
HaCTUHKMA.

B penatuBicTCbKiM MexaHilyi nNoBHa eHeprif
AOPIBHIOE CYMi KiHETUMYHOT eHeprii 1 eHeprii
CMOKOK YaCTUHKM.

[loBHa eHepria BM3HA4YaETbCA JiMLIe LWBUAKICTIO Ta
Macol0 YaCTUHKM.

PenatuBicTcbKMM  iMNy/ZIbC  YAaCTMHKM  TaKOX
BM3HAYAETbCA Ti/IbKM LUBUAKICTIO Ta 11 MAcCol0.

38°’430K MIiX NOBHON eHep2iErw ma iMnyJ/ibCOM
YACMUHKU:



B3aemMo3B'AA30K macu | eHepril CMOKOKo

3 dopMyn Ana eHepril CNOKOK BMMNJIMBAE, LLO BCAKA
3MiHA MacuM Tina Am CynpoBOAXKYETbCA 3MIHOIO
eHeprii cnokotwo AW, , npv UbOMY Ui 3MiHMH
nponopLinHi ogHa OAHIM:

AW,y = c*Am
Lle 3akoH B3aEM038 'A3KYy Macu U eHepail CNOKOK
(a0 NpoCTO eHepril).

B3aemMo3B'A30K mMacu i eHeprii npusBoaAuUTbL A0
TOro, WO CymMapHa Maca YacCTUHOK, HKi
B3aEMOAIITb MiX co0010, He 3bepiraeTbcs



Mpuknan
Hexan n[OBi oOgHakoBIi YaCTUHKM Macow m , SKi
pyXalTbCA 3 PIBHUMM 3a MoAynemM | MPOTUNEXHUMU
3a HanpsiMKOM LWBWUAKOCTAMW, MaloTb abCOMTHO
Henpy>XHe 3ITKHEeHHS, Yy pe3ynbraTi 9Koro yTBOPUTLCS
HOBa YacTMHKA. 3 3aKOHYy 30epexeHHs iMMnyrbey,
LUBMAOKICTb UI€l HOBOI YAaCTUHKN OOPIBHIOE HYMIO.

[10 3ITKHEHHS NOBHA eHeprisd KOXHOI YaCTUHKMK
my/1 — v2/c2

[loBHa eHepris YacTUHKK, Lo yTBOpUnack m'c?, ae
m’'— Maca HOBOI YaCTUHKN. |3 3aKOHY 30epeXeHHS

eHeprii 2mc?,/1 — v%/c2 = m’'c?

3BiAcK m’ “m > 2m

B J1—v2/c2




, Zm
m = >2m
J1—v2/c2

OT)Ke Maca YacmuHKu, wo ymeopursacs, 6inbwa cymu
Mac 8UxiOHUX 4YaCMUHOK.

Lle 3ymMOBNeHO TUM, LLUO KiHemu4Ha eHep2isi 4aCmMUuHOK
nepemeopusiacsi 8 eKeieasleHMHy KinbKicmb eHepail
CMOKOHO, a uye, 8 CB80KH 4Yepey, npu3eesio 04O
3pocmaHHs1I Macu Ha

AW
Am = —;
c
[lpn po3nagi HeEPYXOMOI YaCTUHKM Ha AOeKinbka YacCTUHOK,
L0 PpO3niTalTbCA Y PI3HI CTOPOHUN, CMNOCTEPIraeTbCs

3BOPOTHE 4fABULLE: CyMa Mac YaCTUHOK, 4AKI yTBOpUnucA,
BUABNAETBCA MEHLLOK Macu BUXIOHOI YaCTUHKU Ha
BENMYUHY, SKa OOPIBHKE CYMMaApPHOW KIHETUYHIN eHepril
LIMX YACTUMHOK, MOAiNeHin Ha c?.



B ocHOBI pobOTM aTOMHUX eneKkTpOoCTaHLUIN
NEeXUTb NaHuUloroea peakuia noginy 4agep
YpaHy.

CymapHa maca ynamkiB, WO YTBOpUIIUCA

npu pos3napgi, MeHWa 3a Macy sapa ypaHy,
TOMY

npouec po3nany CYynpoOBOOXYETbLCH
3MEHLUeHHSIM eHepril CMOKOK YaCTUHOK.

Pi3HWUA e€eHeprin CrnoKoK MepeTBOPIOETLCA B
KIHETUMHY €eHeprilo ynamKkiB | B €Hepri
eNEKTPOMarHiTHOro  BUMPOMIHIOBAHHA,  SKe
BUHWKAE Npu po3naai.



NAKYIO 3A YBATY!



