MexaHika

3. POBOTA.NOTYXHICTb. EHEPTIA.
OcHoBHiI thopmynu

1. Po0oTa, sika BUKOHYETBHCS CTAJIOK CUIIOKO
A= FAT = FArcosa,

Je & — KyT MK HanpsiMamu BeKTopiB cuud F i mepemimienns AF .
2. Po6ota 3MiHHOT cuin

A=[FdScosa = FydS,
L L

—

ne Fg— mpoekuis cm F Ha Hanpsm erxeMeHTapHOro HepeMIICHHS B3IOBXK

TPAEKTOPII pyXy.
3. Cepenus OTYXKHICTh 3a inTepBan yacy At
(N)==2,
At
4. MUTT€EBA MOTYKHICTh
dA

N =— =Fovcose.
dt

7€ O — KyT MK HampsiMamu BekTopiB cun F i meumkocti U .
5. KinetnuHa eHeprisi MaTepiaabHO1 TOUKH 200 MOCTYMAIBHOTO PyXy TiJa

2
mo
Ec ="

6. 3MiHa KIHETHYHO1 €HepTii
A=AE =Ey —Ey,.
7. IloTeHuianbHa €HEpris Tija B MOJI1 36MHOTO TSHKIHHS
E,=mgh.
8. IloTeHmianpHa eHepris Tija 1 cuja, IO i€ Ha TUTO B JaHIA TOYIl TOJIS:

;OE, | 50E ann)

"+ k

F=—gradE F=-
JratEn abo ( OX oy 0z

nel, ], K — ommumuni BEKTOpPH B3710BX oceit OX, OY, OZ.

9. [NoTeHmianpHa €HEPris Tija, HA SIKE AIIOTh CUJIU TPYKHOCTI an =—kX,
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MexaHika
2

_ kx
)

ne X — BeKTOp 3MilllEHHs TiJla BiIHOCHO MOJIOKEHHS PiBHOBAIH.

E

10. 3axon 30epekeHHsI MEXaHIYHOI €HepTii KOHCEPBATUBHOI CUCTEMHU
E, +E, =E=const.

MeToaunyHi BKa3iBkM i nopaau

[Ipu po3B’si3yBaHHI 3a7a4 Ha BU3HAYEHHS POOOTH CIiJ BHSCHUTH POOOTY
SKOi CHMJIM HEOOX1JHO BU3HAUUTH; YU L CHJIA € NOCTIMHA 4M 3MiHHA. SIKIIo cuia
cTajga, BOHa MOX€ OyTH pe3yJbTaTOM il JEKIIbKOX CHJ (PpIBHOJIMHOIO) abo
okpeMoi cunu. [lami ciiig HapuCyBaTH PUCYHOK Ta BKa3aTH Ha HbOMY YCI CHIIH,
KOTpl [II0Th Ha TUIO (cucTeMy). BakiumBO TakoX BU3HAYUTU KYT O MIXK
HanpsIMKOM BEKTOpa CHJIM, poOOTYy KOTpPOi HaM MOTPIOHO BU3HAYUTH, Ta
HaIMpsSMKOM MNepeMilieHHs (IIBUIKOCTI). SIKIIO cuja 3a yMOBOIO 3ajadl HE 3aJlaHa,
TO 11 cmij 3HAWTH BUKOPUCTOBYIOUM 3alMC Jpyroro 3akoHy HeroToHa.
BuxopucroBytoun (popMyiau KIHEMAaTHKHU, 3HaAXOIUMO TaKOXK 1 IEPEMIIIEHHS T1JIa.

Takox ciig mam’siTaTv, MO podoTa CUil, KOTP1 JIIOTh MEPIEHIUKYIISTHO 10
HaMpsIMKY pPyXy B KOXHIM TOYLl TpaekTopli, piBHa Hy0. OCKIIbKH poOoTa

A=FScosa,a cos90° =0, 101 A=0. Tax, HaNpHKIa] He BUKOHYE POOOTH
JOIIEHTPOBA CHJIa, IPUKJIAJEHA JI0 Tijla, sSIKe 00ePTaAEThCA, 1 T.II.

Sxmo B 3amavi ciij BU3HAYUTH POOOTY 3MIHHOI CHJIM, TO MPOBOAMTHCS
IHTErpyBaHHs €JIEMEHTapHOI pOOOTH B3JOBX YChOTO WUISAXY. Y LIOMY BHIAJKY
BU3HAYAIOThH SIKUM YHHOM POOOTa 3aJICKUTh BiJ NUIAXY Ta BCTAHOBIIOIOTHCS MEXI
iHTerpyBanHs. [lani mpoBOAWTHCS MaTeMaTHYHE OOYHCIICHHSI TEpPBICHOI BiJ
(GyHKUIT 3aJI€KHOCTI CHIIH BiJI LIUJISIXY.

MoskHa BUAUIUTA OKPEMHUU BHJI 3aJlay, B KOTPUX HEOOXITHO OOUMUCIUTH
poOOTYy TAaKOro MepPeMILEHHsI CUCTEMH, TIPU AKOMY OKpEMI ii YACTHHU MEePEMIILLY-
I0ThCSI Ha Pi3HI BifcTaHl. [[pukiagom Takux 3amad Moxe OyTH BiJKauyBaHHS BOJU
3 MEBHOTO pe3epByapy a0 MiJHIMAHHS POJIOKACETH Ha BIKHI. Y TaKOMY BHUIIQJIKy
CJIiJl po30UTH TUIO (CHCTEMY) Ha HECKIHUEHHO Malli €JIEeMEHTH, OOYUCIUTH POOOTY
JUISL KOXKHOTO €JEMEHTY OKpeMO, a MOTIM NIACyMyBaTh (TOOTO OOYHMCIUTH
1HTerpai) mo Bcix eneMmenTax. OaHak, y OUIbIIOCTI BUNIAAKIB, 3 SIKUMH JOBOJUTHCS

3ycTpidyaTtucs B Kypci 3arajibHoi (Pi3MKH, Mae Micle MpsiMa IpoNopIioOHAIbHA
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MexaHika
3QJIEKHICTh POOOTH BIJl MPOHJEHOTO €JIEMEHTOM TUIa NUIAXY. 3aBISKH ILBOMY
3aMiCTh OOYMCIIEHHS 1HTerpajga MOKHa pO3IJIAaTH JIMILIE OJHY TOUKY Tijia — HOro
[IEHTP MacH, Jie Maca JOPiBHIOE Maci BCbOTo Tina. HalBa)JIMBIIIMM HPUKIAI0M
TAKOTO POJy 3aJ1a4 € MEePEeMIIIEHHSI OAHOPIAHOTO Tijia a0 EBHOTO 00’ €My B MOJI

cunt Tsoxinas. Toni mykany po6oTy Moxua mogati sk E, =mMgh no6yrok Baru

IILOTO TiJIa HA MEPEMIIIEHHS IIEHTPa MaCH.
[Tpu po3B’si3yBaHHI 33724 HA BU3HAYCHHS MOTY>KHOCT1, BUKOPUCTAEMO 3HAH-
HA 3 TonepeaHboro po3ainy «Kinemartuka». [1oTyXHICTb, B 3aJI€KHOCTI BiJl TOTO,

dA

K pyXaeTbcsl TUIO, BU3HadaeTbea popmynamu N = — = Fp. s mpakTuaHux
pPO3paxyHKiB, CJ1J PO3PI3HATH JBa BHUMNAAKUA. SIKIIO 3a YMOBOIO 3ajadi CIIiJ
BU3HAYUTU CEPEHE 3HAYCHHS MOTYXKHOCTI, TO y (Qopmyii OepeTbcsl CepeHe
3HaueHHA L. SIKIIO X B 3a7a4l CJiJl BUSHAYUTH TMOTYKHICTh B JESKHUM MOMEHT
yacy, To y ¢opmyiii OepeTbcsi MUTTEBE 3HAauYeHHsS L. Y 1ux dopmylax JiHiiHA
MIBUIKICTh U 3HAXOAMUTHCS K MOXIJHA BiJ HUIAXY. JI0 MHUTTEBOrOo 3HAaYEHHS
MOTYXHOCTI1 BIJTHOCSTh MAaKCUMAJIbHE Ta MIHIMAJIbHE ii 3HAUECHHS.

[TOHATTS MOTYKHOCTI BBOASTH AJI1 OLIHKU IIBUJKOCTI BUKOHAHHS pOOOTH,
KOTPY BUKOHYE a00 MO>KE€ BUKOHATH Ta Y 1HIIA MamuHa (MexaHi3Mm). Tomy cuia,

KOTpa BHUKOHY€ poOOTY, Ll cuiaa Taru F

o 1KA HanpsMIIEHa B CTOPOHY

MepeMIIICHHS Tija.

B 3amayax Ha 3HAXOKEHHS €HEPTii, CHeplly BU3HAYAIOTh YW CHCTEMa
3aMKHYTa 49¥ Hi. Jlami 3acTOCOBYETBHCS BIAMOBIAHUN 3alllC 3aKOHY 30€peKEHHS
eHeprii. SIKuo npu pyci TUla NPUCYTHI CHIM TEPTS, TO L CUCTEMA HE 3aMKHYTa,
TOAI 3MiHA TOBHOI eHeprii E B KiHIIEBOMYy Ta IOYaTKOBOMY CTaHax Oyne
BU3HA4aTH poOoty cui tepra E, —E; =A. fIkmo B cucremi AirOTh Jnime
KOHCEpPBAaTHMBHI CHJIM, TO TIOBHA €HEPrid 3aJUIIAETHCA HE3MIHHOIO, TOOTO
E=E,+E,=const. IloBua eHepris BHU3HAYACTHCA CYMOI KIHETHYHOI Ta
MOTEHITaTbHOI eHeprii. Takox ciijl maMm’sTaT, o poO0Ta B 3aMKHYTHX CHCTEMaxX
BHKOHYETBCSI 32 PaxyHOK 3MiHM Kinermunoi eneprii A=E,, —E,=AE, 3

OJIHI€EI CTOPOHHM, a 3 1HIIOI POOOTa BUKOHYETHCS 32 PAXyHOK 3MEHIICHHS

norennianeHoi eneprii A=E,; —E, , =-AE,.
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MexaHika
MNMpuknaau po3B’A3yBaHHA 3aaad

3.1. Tino macoro M=1002 kunymo nio kymom oo zopusonmy 3 eucomu
h=10m nao nosepxmero 3emni 3 nouamrosoro weuoxicmio Uy =20m/c. ¥

Momenm nadinna na 3emnro weudkicms Oyna U =25 M/ C. 3Haiimu pooomy,

sumpaueny Ha nodoJIanHA ONopy noGimps. VA Vg
ano: Po3B’si3yBaHHsA
™

m=1002=0,1xe PoGora B mucunaTMBHMX cue- \
h=10m TeMaX BUKOHYETBLCSA 38 PAXyHOK 3MiHH '\D

TIOBHOI €HEPTIii: >
vy =20m/c P ¥

A=E,-E, 1) Puc.3.1

v=25m/c o
A7 ne E; ta E, BigmosimHo 3HaueHHs

MOBHOI €HEprii B MOYaTKOBUHA MOMEHT Ta KIHIIEBHUI MOMEHT
pyxy. [loBHa eHeprisi BU3HAYAETHCA CYMOKO MOTEHLIANBHOI Ta KIHETUYHOi. B
IIOYAaTKOBUM MOMEHT TiI0 PO3NOYMHAE PyX 3 BHCOTH N Ta 3 IOYATKOBOIO
IIBUIKICTIO Uy, TOMY:

2
E, =mgh + —m;O : (2)

B MoMmeHT mamiHHs TUla Ha 3eMITIO MOBHA eHepris Oyje CKIIaJaTUCh JIUIIE 3
KIHETUYHOT €HEepTii:

2
mo
E,=——. 3
2= 3)
[TincraBumo (2) ta (3) B piBHICTH (1) oTpumMaemo:
2 2 2 2
A:—m; —| mgh + m;O = m<U ‘;0 29h). (4)

3HalIeMo YMCIIOBE 3HAUYCHHS POOOTH:
m(v? —vZ —2gh) 0.1-(252 —20? —2.9,8-10)
2 - 2

A= =1,45 .

3.2. Tino 3ckoe3ye 3 Kpuncanoi zopu eucomoio N i synunaiomsvca na
Kpusicanomy noni na eiocmani S (y 2opuzonmanvuomy nanpami) 6io eéepuiunu
2opu (puc. 3.2). Buznauumu koeghiviecnm mepms [l .

lano:
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Po3B’si3yBaHHs
3MiHa TOBHOI Me-

~|» =

—7? | XaHIYHOI eHeprii Mixk
MOYAaTKOBUM  TTOJIOXKeE-
HHS TiJa Ha BEPIIMHI TOPH

E, =mgh Ta KiHIIEBUM
MOJIOKEHHSIM HANPUKIHI HUIAXY

6ins migaixoks ropu E, =0

MexaHika

<
I

Puc. 3.2.

OyJe BUTpadeHa Ha po6oTy A mpoTH cuil TEPTS Ha BCHOMY LIUIAXY.
A=AE =E, -E, =—mgh.

Po6oTa npoTtu cun TepTs Bia’ eMHA (CUiIa TEPTs HAMpsAMIICHA MPOTH HAIIPSIMKY

pyxy Tina). 3 BpaxyBaHHSM LIbOTO PIBHICTH (1) mepenuiieTses sk

A =mgh.

(1)

(2)

3HaYeHHS CWJIM TEPTA HA CXWJII Topu 1 OUIS migHIAKKS Oyne pi3HOI0, TOMY

posnumemo podory sk A=A+ Ay, ne A =F4l; — po6ora cun tepra mix uac

pyxy Tina Ha cxwii ropu nosxunow b, a A, =F_,l, — po6ora cun Teprs na

TOPU3OHTAIBHIN MPsAMii G1JIs1 i IHIKOKS TOPH TOBKUHOIO |y

3ualinemo 3Ha4eHHs e TepTs Fy Ta noskunu nwsixy |y 3 puc. 3.2:

T.

h

F,=uN=pumgcosa; | =—

sina

Toni po6oTa Ha MOXWJIIM IUISHII PiBHA:

A = umghctge .

3HaiiieMo 3HaueHHs CHil TepTs F, Ta TOBKUHM HUIsIXY |2 3 puc. 3.2

F.,=umg; l, =S —-hctge.

Toni po6oTa Ha MOXWJIIM UISHII PiBHA:
A, =umg(S—hctge).
[TinctaBumo (4) Ta (6) B piBHICTS (2):
umghctga + #mg (S —hctga) =mgh.
u(hctga +S —hctga) =h.

3B1JCH
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MexaHika

3.3. Aemomobine pyxaemucsa nio dieto cunu mazu F_ ., aka 3minioemocs

3anescro 6id npoiidenozo wasxy 3a sakonom F =B +CS + DS?, 0e B =300 H

, C=50H/m, D=3 H/M2 . Buznauumu pobomy cunu na oinanyi winaxy 6io

Po3B’si3yBanHst

Hano: p .

O6OTa, sSIKa BUKOHY€ETBCA 3MIHHOIO CHUJIOIO
F =B+CS+DS? S,
B=300H A= [Fds. (1)
C =50H/m | 5 |

[TixcraBnsiemo B (1) BUpa3 u1sl CUIIM Ta IHTETPYEMO:
D =3H/x? s,
S, =3 A= J(B+CS+DSz)dS:B(SZ—Sl)+
S

Sz =50m C ' , , D ; , (2)
A_? +E(SZ—81)+§(82—81).

ITicas HiI[CTaHOBKH YHCJIOBHUX JAaHUX 3HAXOAHUMO:

A =[300(50 — 3) + 25(50% — 32) + (50° — 3°)]m = 201 /e

3.4. Illguokicmo noizoa, maca akozo M = 105 K2, 3MIHIOEMbCA 30 3AKOHOM
v=B+Dt? oe B= 6m/c, D=0,2 M/CS. Busnauumu poéomy cunu mazu 3a

npomixcok uacy 6io t, =5¢C oo t, =30¢.

Po3p’si3yBanHs

ano: :

Po0ora, sika BUKOHY€EThCS 3MIHHOIO CHJIOIO
m=10"xe S5
v =B+ Dt? A=SIFO'S- (1)

1
B=6./c Cuna 151U 32 ApyruM 3akoHOM HbroToHA
B 3
D=0,2 M/C F... =Ma.
Ipuckopenns & =—— = 2Dt | a enemenrapue nepemimenns

t, =30¢C dt
A-? dS = vdt = (B + Dt?)dt.
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MexaHika

t
Tomi A= 2ijt(B +Dt?)dt = 2mD[§ (t5 —t/) +%(t§ ~t)].
t

[IpoBenemMo YMCIOBHI pO3paxyHOK:

A=0,4-10°-[3-(30° =5%)+0,04-(30* —5*)] = 943, 75M/]rc.

3.5. Bimpunvnux macoro M= 2000«xe pyxaemwvca nio oiero cmanoi cunu

NPAMONIHITIHO, NPUYOMY 3a/elcHiCmb Npoideno2o wiaaxy S 6i0 uacy t
2
susnaua-emocs eupasom S = Bt +Ct?, 0eB =1m/c, C =0,05 M/C . Busnauu-

mu podomy A cunu ¢impy 3a npomincox uacy ¢io t =0 0o t, =30cC.

Po3p’si3yBaHHs

Aano: PoGota A cunu BiTpy
m=2000«z S,
S = Bt +Ct? A= [FdS. 1)
B=1m/c 51
= 0,05 /02 3a IpyruM 3akoHoMm HeroToHa
t=0 F:ma:mduzmOIZS

dt de2’ @)
tp = 30¢ v=B+2Ct, a=2C.
A=? EnemenrapHe nepemirneHHs

BpaxoByroun Bupasu (2) 1 (3), 13 cniBBiaHowmeHHs (1) otpumyemo:

t
A= jmzc (B + 2Ct)dt =2mC[B(t, - t,) + %(tz2 ~t2)]
4

[TizcTaBiasgseMoO YMCI0B1 3HAYEHHS:

A =4000-0,05-[1-30+0,05-30°] = 150x/rc.

3.6. Banmaosic macoro M =10Kr nionimaroms na eucomy h =10 m, oirouu
Ha Hb0o20 i3 cmanoio cunow F =150H. Aka poboma euxkonyemoca npu yoomy?

Yomy oopientoc nomenuiaibha enepisi NIOHAMO20 6aHmastcy?
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Hano:
m=10kr
h=10m
F=150H
A=7?
E,-7?

E, -7

MexaHika
Po3B’si3yBaHHs
3a BusHayeHHsM pobora A, sky Bukonye cuiaa F pisna:
A=Fh. 1)
[ToTeHiianpHa €HEpris MITHATONO Ha BHUCOTY Tida B IIOJI
3eMHOrO TsOKiHHA piBna: E, =mgh. (2)
JlaHy cucTeMy MOJKHA BBa)KaTH HE3aMKHYTOIO 1 TYT IiIOTh HE
JUIIe KOHCEPBAaTHUBHI CHWJIW, a 1 CHJIM JUCHNAIl (CHIU OmOopy
noBITps). ToMy 3aIuileMo 3aKOH 30€peKEeHHS eHeprii:

E,+E, =A. 3)

3Bincu E; = A—E, — kinernuna enepris, wo ii Habyae BaHTax.

3HaIEMO YMCIIOB] 3HAYCHHS:

A=Fh=150-10=1500 /{orc =1,5«/oc;
E,=mgh=10-9,8-10=980 /o
E, =A—-E, =1500-980=520 .

3.7. Hllguokicmov peaxmueHozo imaxka Ha OeAKill OiNAHUI MPAEKMOPIT

3anexcums 6id npoiidenozo wnaxy S 3a saxonom U =B +CS, 0e B=10x/c,

C =0,03¢c71,

Maca nimaxa M=8-10°ke. B momenm uacy t, =10C weuo-

kicmo nimaxa v, =200 m/c. Busnauumu pobomy dsuzynie 3a npomixcox uacy

JlaHo: Po3B’si3yBaHHs
3 PoGoTy aBUTYyHIB MOXKHA OOYUCIUTH SIK 3MIHY KIHETUYHO1
m=38-10"xe o
SHeprii JiTaka:
v=B+CS m 1)2 m 02
B=10.u/c A=E,—-E,= 22_ 21- (1)
_ -1
C¢=0,03c Otmxe, Tpeba po3paxyBaTh MIBHAKICTE U,. Jlas 1p0ro
v, =200 M/ ¢ 3aMMIIeMO BUPa3 JJIsl IPUCKOPCHHS:
t, =10c dov dS
' a=—=C—=Cv. (2)
A_"? 3 (2) maeMmo:
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MexaHika

t
L —
—=Cfdt, = In2=C(t,-t), = v,=pe“W. (3
4 Uy
[TincTaBnsitoun BUpa3 sl MBUAKOCTI v, B (1), oTpuMaemMo
2
mo _

A=4.10.(e*2%* _1) =807,9 /.

3.8. I3 3anumozo nideéany, niowa nionozu axozo oopieniwoe S =20 M,

mpeba eiokauamu 600y na mocmoesy. I'nubuna niosany H =3 m, a 2aubuna

6oou ¢ niosani h=1m. Busnauumu pobomy, axy mpeba euxonamu, uio06

gioKauamu 800y. Po3B’s13yBaHHs

JaHno: 3po3ymino, 1m0 pizHa pobota OyJae BHUKOHYBATHCS MpHU

S =20 /2 BUKayyBaHHI BOAM 3 CaMOro JHa Ta IPH BUKAadyyBaHHI BOIU 13

H =3y MOBEPXHI  BOASHOrO  MOKpoBY. OngHak  ICHye  MpsMa
IIPOTMOPIIIOHANIbHA 3aJIeXKHICTh POOOTH BijJ MPONACHOTO €IEMEHTOM

h=1u TiJla MUIAXy. B 11bOMy BHMAAKy pO3TIITHEMO MEPEMIIICHHS IEHTPY

A-? Mac BOJU.

HGHT MaCH BOAH B II1ABaJIl1 MICTUTHCA Ha TIIMOMHI H — — B1I p1BHA MOCTOBOI.
2

[llykana po6oTa HOpiBHIOE pOOOTI, SIKY CIIiJI BUKOHATH JJISA TOTO, MO0 MiTHATH Ha

h . . .
BHCOTY Ha BUCOTY H —— MaTeplajbHy TOUYKY 3 Macorw M, ska JOpIBHIOE Macl
2

BCHOT'O IIAPY BOJM:

m = pSh, 1)

€ ,0 — I'yCTHUHA BO/U.

PoGora o

BHKa4yBaHHI BOJIU OyJie piBHA:

h h
A=mg| H -2 |=pshg[ H -1 |.
g( 2) P g( 2)

3HaleMO YUCJIOBE 3HAUCHHS

A= pShg(

H —gj :103-20-1-9,8(3—%):4,9-10512% = 490 k/]onc .
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MexaHika
3.9. Bixonna wmopka macoro M=08xkri ooenucunorw |=15nm

HAKPYUYYEMbCA HA MOHKUI 6ANUK 0ina 6epXHboi wacmunu 6ikna. fka npu
ubvomy eukonyemocsa poooma? (Tepmam 3nexmyeamu).

ano: Po3B’s13yBaHHs
m = 0,8kr [lenTp MacH INTOPKU MiJHIMAETHCS NpH il CKpPydyBaHHI Ha
BrcoTy N =—. 3a yMOBOIO 33/1a4i TEPTAM HEXTYIOTh, TOMY CHCTEMA
A-?
3aMKHYyTa Ta po60Ta BAKOHYETHCA IPOTU CHIIU TSHKIHHSL.
|
A=mg . 1)
J 2
| 15
Otxe, Azmg§=0,8'9,8-?=5,88ﬂ9f0.

3.10. Jimak macoro M= 3T ona mozo, w06 nionamuce é Hebo noGuHeH

mamu weuokicmv v =360xu/200 ma ooexcuny poseony S =600m. fAka

noGUHHA Oymu MIHIMAIbHA NOMYHCHICIMb O06UZYHA, HEOOXIOHA 01 RIOHAMMA
aimaxka 6 Heb6o? Cuny onopy pyxy eeaycamu RnpPOROPUIIUHOW 00 CUNU
HOPMAIbHO20 MUCKY, cepeOniil Koediyienm onopy eééaxcamu 11 =0,2. Pyx npu

PO320HI limaKa eea)xcamu pi6HONPUCKOPEHUM.
Jano: Po3B’si3yBaHHS

m=31=3-10%«2

v =360xm/200 =100 m/c
S =600 m

u=0,2

N-?

B 3agaui  moTpiOHO

3HAUTH MUTTEBE 3HAYEHHS
MOTYKHOCTI MOTOpY JIiTaKa B

MOMEHT WOTO BIIPHUBY BiJ

3eMUTl TiJ] 9ac B3JIbOTy. BoHa 1

Oyne Ti€l0  MIHIMAIBHOIO

MOTYXHICTIO, 32 SIKO1 JIITAaK MOXKe Puc.3.3.
e HabupaTu MBHUAKICTh, IKa HOMY HEOOX1IHA JIJIst TIAHATTS B HEOO:
Nmin - FT;IFI/IU' (1)
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MexaHika
[Ipu posroHi iiTaka Ha TIBUHT JjiTak nmie cwia tsru F .. Kpim Hei
npuKiaeHi me cuina Tsokinas F =mMQg, cuna peakuii HopmanbHoi omopu N Ta

cwia onopy nositps F, = 4 Mg . 3anumemo apyruii 3axon HerotoHa:

FTSIFI/I —pumg=ma. (2)
OCKIJIbKM HaM BiJIoMa JOBXKHHA S DPO3rOHY JIiTaka Ta HEOOXiaHA MIBUIKICTH
U B MOMEHT BIIpMBY MOro BiA 3emJii Ta pyX JiTaka BBaXKAETHCS PIBHO-

IMPUCKOPCHUM, TO IIPUCKOPCHHA 3 piBHHHHH KIHEMAaTHKH MU 3aIIUIIEMO SK:

2 2 2
U —V

5= = a=__. 3)

2a 2S

3 BpaxyBanusaMm (3) cuna mairn F . piBHa:
2
v

FTS[FI/I =m -+ ' (4)

To/i MOTY>KHICTh piBHA:
02
N in =Mo| — + . )
min ( 28 ll’l g ]

3HaI>'IIIeMO YHCJIOBC 3HAYCHHA

14 3 1002 6
N, =mo| —+ug |=3-10°-100- +0,2-9.8 | ~3-10° Bm ~ 3MBm
25 2.600

3.11. Homsaz macoro M=784T nouunac pyxamuco nio zopy. 3a uac
t =50C nabupac weuokocmi v =18 xm/200. Koeivienm mepmsa 11 = 0,005,
kym naxuny cmanosums @ =0,005. Aky cepeonio nomymxcuicmov pozeusac

J0oKomomue ?

ano: Po3p’si3yBaHHs
m=784t1=7.84- 10° k2 Haxuiom Ha3uBa€eTbcsl BIAHOIIEHHS BHCOTH
v =18xn/200 =5 jc HaXWiay TIUIOIIMHU 10 11  JOBXHHHA:  HaXWUII
t=50c Q= |h =Sina. Tyr & — KyT HaxuIy MOXUJIOI IIJIO-
#=0,005 IIUHY 10 TOPU30HTY (puc.3.4).

@ =0,005 CepenHio TIOTYXHICTb, SIKY PO3BUBAE CHJIA TATH
<N > —? F . JTIOKOMOTHBA BH3HAYAIOTH (HOPMYIIOKO:
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MexaHika
(N)=F_m(v).

Cuity TSTM MO>KHA 3HAWTH PO3MUCABIIHU BCl
CWJIH, KOTp1 J1I0Th HAa JOKOMOTHB Ta 3alMCABIIN
npyruii 3akoH Herotona. Ha j1okoMOTHB nifOThH
CWIN: TSDKIHHS, TEpTHA, peakuis HOPMalIbHOI
OIIOpY Ta CUJIA TATH:

Fum —MgSine—umgcosae=ma.  (2)

3Biacu F ., =m(a+gsina+ ugcosa).(3)

3 KIHEeMAaTUKH MPHUCKOPEHHS Ta CepeaHs
IIIBUJIKICTD:

a="; (v)==2.

Puc.3.4.

(4)

Buxkopucroytoun (3) Ta (4) piBHicTs (1) 3anumierbest:

<N>:@(E+gsina+ygc05ajzw(
2 \t 2

3HalIeMO YUCIIOBE 3HAUYEHH

%+g¢+ug) 5)

5
<N>z@(%+ ggp+,ugjz 784-10 5(%+9,8-0,005+0,005-9,8)z

2
~3,9-10° Bm ~ 390xBm

2

3.12. Aemomobine pyxacmuvca 620py 63008J¢ HEGEIUKO20 YKIOHY i3

WBUOKICIIO, W0 6CIAHOGUNACL Uy =15m/c. Axou ein pyxasca enus, mo npu

miii camiii nomyscnocmi dsuzyna ecmanosunaca 6 weudxicmo v, =20m/c.

Beaowcarouu, wio cuna mazu ne 3anexcumev 6i0 wi6UOKOCMI, 3HAUMU, KA

WBUOKICIb 6CIAHOBUMBbCA NPU MIIL CAMIE ROMYHCHOCMI OBU2YHA NIO YAC PYXY

no 20puU30HmMAibHOMY WJIAX).

ano: Po3p’si3yBaHHs

v, =15m / c Crin 3ayBa)xuTH, 10 y BCIX BUNaAKaX: 1) pyx mig ropy, 2) pyx

v, =20m/c | 3TOPH TA 3) pyx IO ropu30HTaIbHIA NPsIMIii 11e pIBHOMIPHUN pyX,

v—"7?

BUIAJIKY.
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MexaHika

1) Pyx mig ropy. B npomy Bumajaky Ha aBTromMoOuts mie cuna tarm F ., Ti

npotuaitoth cuna Teprs F, =N =pumgcosa Ta ckiagoBa cuim
okinas F =mg sin a (o — xyT maxuiy), T06TO
Fou—F,—-F=0 = F_,=F +F=mg(ucosa+sina). (1)

TATHU TATHU

2) Pyx 3 ropu. B upomy cmma tarm F ., Ta ckmagoBa cmiM TSDKIHHS

F=mgsina nirote B ogHOMY HampsMi, TPOTUIEKHO iM CHJIA TEPTS
F.=uN=umgcosc.
Fou+tF-F.=0 = F_,=F —-F=mg(ucosa-sina). (2)

3) Pyx B310BX rOpH30HTaILHOI OBepXHi. Ha aBTOMOOLIL B 1IbOMY BHIIAAKY

nie cuna tsirn o, Ta npotwiteskHo i cuma eprst FLo = 4N =pumg:
E

TATH FT =0 = FTSII‘I/I = FT =umg. 3)
Buxopucraemo, Ty 0OCTaBHHy, LIO MOTYXKHICTb JBHUIYHa B YCIX TpPbhOX

BHUIIAJIKaX OJHAKOBA. 321 BU3HAYCHHIAM HOTY)KHiCTB piBHaI
N=F. v (4)

TIATH ™ *

Tomy BukopucroBytoud (1)-(3), 3anumemo:
N =(F, + F)u, = mg(ucos a +sin a) vy,
N =(F, — F)v, = mg(zcos a —sin a) vs; (5)
N=Fov=umgo.

3a yMOBOIO 3a/1a4i YKJIOH FOpY HEBEIIMKHUI, TOMY MOHa npuiinaTy mo COSa =~ 1.
3 BpaxyBaHHSM LIOTO PIBHOCTI (5) MOXKHA 3BECTHU J0:

{,u v=(u+sina)uvy;

: (6)
uv=(u-sina)v,.

[{s piBHICTH 13 TpbOMa HEBIJIOMUMHU IIBHUJKICTIO U, Koe(dillieHTOM TepTs U Ta
KyTOM Haxuiy ¢ . Po3B’s3aBmm cucrtemy (6), OTpuMaeMo:
20V
L= 172 (7)
U+
3HaNAEMO YUCIIOBE 3HAYECHHS:

p= 2 21520 404, 0
v+uv, 15+20
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3.13. Buznauumu cepeoHl0 KOPUCHY HNOMYM}CHICMb HpU HOCMpIni
21A0KOCMBOIbHOT pyuwiHUUi, AKWO0 6i00M0, w0 Kyaa macoro M eunimac 3
cmeona 3 weuokicmio U, a 00eéxcuna kanany cmeona | . Tuck nopoxy zazie na

KYJ10 6 KAHAl CMeEoJ1a HADIUNCEHO 68AICAMU CIMAIUM.

Jano: Po3B’s13yBaHHs

m CepenHIo MOTYXHICTh MOXKHA 3HAMTH 13 CIIBBIAHOIICHHS:

L A Fl

| (Ny=2=T0 €
t t

<N>—? e F — cepelHs cuja, IO i€ Ha KyJio B KaHam cTBoja, { — wac 1i

nepebyBaHHs B CTBOMI. 3a ApyruM 3akonoMm Herotona F =ma, ne a —
IPUCKOPEHHs Kyii B ctBoii. Ockineku cuna F crama, mpuckopenns @ Takox
Oyne cramum. OTxe, pyX Kyjll B CTBOJII € PIBHOIPUCKOPEHUM (0€3 MOYaTKOBOI
IIBUAKOCTI).
3 pIBHSHHS KIHEMaTUKU 3HANAEMO 1€ MPUCKOPEHHS Ta BUPA3UMO IUISIX Yepe3 I1e

MPUCKOPEHHS:
v
v=at = a= ? ) (2)
2
at vt
|=—=—. 3)
2 2
Otrpumaemo 1Ba piBHAHHS 3 ABOMa HeBimomumu F Tta t:
([ mo
F=—s,
T 4)
vt
L 2
Po3B’s3aBmm ix oTpumaemo:
2
mo 2l
=—), (=—. 5)
A )
[TincraBuMo oTpumani 3Ha4eHHs B (1):
3
mo
N)= 2. (6)
< > 41

3.14. Aemomoobini 3 ecmanosreHUMU HA HUX OBUZYHAMU NOHLYHCHICHIIO

N, =294xBm i N, =317,52kBm possusaioms weuoxicmy v =12 Kkm/200 i
v, =64,8xm/200. 3 axow weudkicmio ixamumymo asmomobini, akuo ix
3’cOonamu mpocom.
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Po3B’si3yBanHst

Jlano: [ToTyxHOCTI TEpHIOro 1 APYroro

N, = 294 kBm = 294-10° Bm
N, = 317,52 xBm =317,52-10° Bm
v, =T72xm/200=20m/c

aBTOMOO1JIIB IOP1BHIOIOTh:
Nl = FlUl 1 N2 - quz, (1)
ne F i F, — cunm Tsirm meporo i

JIPYroro aBTOMOOLIIB, BiIIOBIIHO.
v, = 64,8 KM/ 200 =18 M/ c [Ticns 3’eqHAHHS aBTOMOOLITIB:

v—"7? N, + N, =(F+F)o. (2)
[TincraBnsroun 3 (1) BuUpazm s
CUJI TATH B (2), OTpUMYEMO

N1+N2=(m+&ju = v= N+ N,

v, L, N,0, + N,v,
[IpoBOIMMO YMCHOBUN PO3PAXYHOK:
(294 +317,52) -10°

V= . s—— =189 .m/C = 681xm/200.
294.10°-20+317,52-10°-18

3.15. Binvna mamepiansna mouxka macoro M =10x2 nepebysac ¢ cmani
cnokomw. Jlo nei npuknaoaroms cuny F =30H, axa oiec ynpooosnc t =5cC.

Axkoi Kinemuunoi enepeii Hadyoe mouka?

aHo: Po3p’si3yBanHs
m=10xe 3riHa 3 TEOPEMOI0 MPO KIHETUYHY EHEPrii0 MaTepilaibHOi
F =30H | yacTuHkn poOOTa CHAM IMIJ Yac IEpPEMIIIEeHHS YacTHHKH
t=5c 3aTpavyaeThCcsl Ha TPHUPICT i1 KiHeTHMYHO1 eHeprii. OTke, MOXHA
3aIrcaTu:
B, =7 A=AE =E_, —E (1)
- K~ k2 K1

ne E4 ta E ., — BianoBinHO 3HaueHHsS KiHETHYHOI eHEPrii B MOYATKOBOMY Ta
KIHIIEeBOMY cTaHaxX Tina. OCKUIbKM TUIO MOYMHAE PYXATUCh 13 CTaHy CIOKOIO, TO
E..=0 6o v, =0). E,, ue xinernuna eneprist yactrHky micis 1ii Ha Hel cHiH

npotsrom gacy {.
OT1xe, poboTa CUJIH TOPIBHIOE KIHETUYHIN €HEePrii YaCTUHKU
A=E,. (2)
3HaiiieMo YoMy J0piBHIOE poOoTa cuiau. OCKUIBKY CUJjla CTajla 3a BEJIMYMHOIO Ta
HAIMPSIMKOM, TO ii pob0Ta AOpPiBHIOBATUME:
A=FS. (3)
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Pyx Tima mia Ji€l0 cwiM PIBHOMIPHO MPUCKOPEHH 0€3 MOoYaTKOBO1
HIBUAKOCTI, TOMY MPOMIeHUH IIIsX Oye:

2
at
S=— 4)
2
3Ha4YeHHs MPUCKOPEHHS BU3HAYUMO 3 JIPyroro 3akony HeroToHa:
m
a=—. (5)
m
[TincraBumo Bupas (5) B (4), a Bupas (4) B (3), orpumaemo:
E,=A=F iz (6)
K2 o'm :

3HaiIeMO YKMCIIOBE 3HAYEHHS
2,2 2 102
Ft= 30°-10

E
K2 2m

=9000 e =9k/oe.

3.16. Aemomooine macoro M=1000x2 pyxaemovca npamoniniinor

00pozoio 3i weuokicmio U =12 km/200. Busnauumu cuny, aKa neodxiona ons

2A/IbMYGAHHA ABMOMOOINIA, AKWLO 2ATbMIGHUI WIAX ABMOMOOINA 3a uiel
weuoxocmi cmanoseumos S =10 m .

m =1000xe Po3B’si3yBaHHs

v =T2xMm/200 = 20 m/c 3a BHUMKHEHOro JBUTyHa poOoTa CHIH
S =10m raJlbMyBaHHs JOPIBHIOBATHUME 3MIHI KIHETUYHOI
F7 eHeprii aBToMo011s1, TOOTO

A=AE =E_,-E_. (1)
OckinbKu KiHIEBa WIBHAKICTH aBTOMOGins piBna mymo U, =0, to i B, =0.

Po6oTa cunm raneMyBaHHS Ha MPSMOJIHITHOMY NUISIXY BU3HAYAETHCS SIK:
A=FS. (2)

OTxe, pIBHSIHHS KIHETUYHOT €HEPrii MaTUMe BUTJISI:

2
m
FS=—Eq=——nr. 3)
2
Toni raneMiBHA cuiia Oyi€ piBHA:
2

__Mmo (4)

2S
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3HaK «-» O3Hayae, M0 CUJIa CIIPSAMOBaHa B OiK, MMPOTHUIICKHUHN 10 HAMIPSAMKY
pPYXy aBTOMOO1ISL.
[ligcTaBUMO YMCIIOB1 3HAYEHHS

2 3 2
po_ Mot 100207 o0000 = —20kH.
25 2-10

3.17. Buznauumu 63acMHy NOMEHUIAIbHY eHep2il0 Ccucmemu, uwo
CK1A0aemvbca 3 080X 3ipOK, AKI 3HAX00AMbCA Ha eiocmani I = 5-10%xm oona
6i0 00noi. Maca koxcnoi zipxku m=15- 10% k2.
r=5.10%mu=5-10"u Po3B’s13yBaHHs
HaBkoio 3ipoKk iCHYIOTH TpaBiTalliiiHi MOJIs.

m, =m, =m=15-10%xz . .
TOMy CUCTCMaA IBOX 31POK, SK1 3HAXOIATHCA OOHA

En12 —7?

Cs B3a€EMHOI0 TOTEHINAJIBHOIO eHeprie. SIkOu BiJIcTaHb MDK 3IpKamMu Oyia

B1Jl OJTHOI Ha MEBHIN BIACTaHI I, XapaKTEepU3yIOTh-

HECKIHYEHHOI0, TO iX B3a€EMHa TMOTEHIlaJbHA EHEPris JOpiBHIOBAIA O HYIIO

( E,, =0).V mipy nabmmkeHnHs, HanpuKIa), Ipyroi 3ipku JI0 IepIIoi CHIIM MO

NEPILOi 31pKU BUKOHYBaIH O poOOTY:

r r r
A:J’ﬁdr:J’Gmer_Gm __gMM _5_ MMy (1)

r r r r

0

PoGoTa 1mux cuit 10piBHIOE 3MiHI TOTEHIIAILHOI €Heprii CUCTEMHU, TOOTO
A=Ey, —En =Eno. (2)

OT1xe, B3a€MHa MOTEHITIaIbHA €HEPTisl JBOX 31POK TIOPIBHIOBATHME:

m
En,=-G mlr 2, 3)
[1iZIcTABUMO YUCIIOBI 3HAYECHHS:
34 @
E,, =G 212 — _6,67.10"" '(1’5%11) — ~3.10° e,
r

3.18. Ilomenuyianvna enepzia 4YacmMuHKu 6 YEHMPAIbHOMY CUI080MY NOJIL
3a0ana AK (QyukKyia eiocmani ¢ 6i0 uenmpa noaa 00 moyku, oe nepedysana

A B
YacmuHKa: U(r):_?-'_r_z, oe A=3-10_4ﬂ9+c-M, B=5-10_6ﬂ9fc-M2.

Busnauumu, npu akux 3nauennsax I' nomenuianvHa enepisa i cuna, wio 0ic Ha
YaCMUHKY, MAIOMb eKCMPEMAIbHi 3HAYEHHA | 3HATIMU Ui 3HAYEHHA.
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lano:

u(r) :—A+E2
rr

A=3-10_4ﬂ9fc-m

B =5-10"° Jlorc - M?

MexaHika

Po3B’si3yBanHs1
ExcrpemanbHi 3HAYEHHS BEIMYMH 3HAXOIATHCS 13
PIBHOCTI, KOJIM MEPIITY TOX1IHY BiJl (DYHKIIT MPUPIBHSIOTH JI0
Hyma. ToMmy ekcTpeMmanbHE 3HA4Y€HHS MOTEHIIAIbHOI
SHeprii po3paxyemo sK:

r,—"?
U(n)-?
F(r,)-?

du A 2B 1 2B
—=——-——=0=>=-(Ar-2B)=0= r=—.
dr r? 3 r2( ) 17 A
AZ  A? A?
- ur)=—+—=——.
Tom W==25%28~ 28
Cuna, 110 Ji€ Ha YaCTUHKY
du A 2B
F:——:——-]——

dr 2 3

YMoBa CKCTPCMAJIbHOT'O 3HAYCHHA CUJIN:

OF 20 68 p gpg -
dr r r A
ExcrpeManbHe 3HaYCHHS CHJIH:
A? 2BA® A®
F(r,)=- + =— .
(r2) 9B? 27B°  27B?
[TizcTaBUMO YHUCIIOB] 3HAYECHHS:
2-5.107° (5-107%)?
r=—=333cm, U(r)=—"—"2=-145 ,
'” 310" N T A
.5.107° 10-613
=210 _s00e,  F(p)=-—C10 ) _ goam.
3.10 27-(3-1077)

3.19. Kyna macoro My =3K2, wo pyxaemvca 3i weuoxicmio U =6.m/c,

dozanse Ky macorww M, =1ke, wo pyxaemvca 3i weuokicmio U, = ZM/ C.

Yoap kyni uemmpanvnuii. Buznauumu wieuokocmi Kyap Ricas RpPyHCHO20

cnigyoapy.
ano:

m, =3xe
m, =1xke
v =6Mm/c
v, =2m/c
v —?

v, —?

Po3p’si3yBaHHs
3riiHO 3aKOHY 30€pEeKEeHHSI KIHETUYHOI €Hepril
2 2 2 2
Mo, M, Mo M, 1)
2 2 2 2

1 3aKOHY 30€peKeHHS IMITYJIbCY

(2)

76



MexaHika
[IpoBenemo neperBopeHHs BupasiB (1) 1 (2):
2 2 2 2
m(of —u") =m, (v, —v3), 3)
My (v —v) =M, (v, —vy). (4)
[ToxinuBiu Bupa3 (3) Ha Bupas (4), OTpUMy€EMO:
(0 +0)=(0, +1y), V=0, +0, =0, L, =0 +0 —U;. (5)
[TincTaBUMO
y piBHsHHSA (2):
, =
(M, +m,)

U, =12wlc

ITincTaBumo
y pIBHSIHHA (2):
(M, —my)o, + (M, +m,)u, =2m,v,,
v, = 2m,v, + (M, —m,)v,
(my +m,)

, v, = dulc.

3.20. Kaminb kunymuii nio oeakum Kymom 00 20pU30OHmy 3i W8UOKICHLIO

Uy (puc.3.5). Ha sakiit eucomi 6i0 mouKu KuOAHHA WEUOKICMb KAMEHIO

3MeHuumuca 6 0eéa pasu? Onopom 3nexmyeamu.

ano: Po3B’si3yBaHHS.

Uo [Tro 3agauyy MOXKHa BUPIIIKUTH JBOMA
0 CIIOCOOAaMH: 3a IOIIOMOTOI0 IPYroro piBHSH-

U=? H1 HproToHa abo 3a JONOMOIOI 3aKOHY

30epeKEeHHST eHeprii. 3a yYMOBOKO 3ajadi

h-?

3aMKkHYTOI. [loBHa €Hepris B CHUCTEMI 3aJUIIAETHCS

OIIOPOM HCXTYEMO, TOMY CUCTCMY BBaXXa€MO

Puc.3.5.

HE3MIHHOIO. E, =E,. (1)
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Tyr E; ta E, - Binnosinuo 3HaueHHs MOBHOI eHeprii B MOYaTKOBOMY IMOJIOYKCHHI

Ta B TOJOXEHHI 2, KOJM MIBUAKICTh 3MEHIIWIACh B JBa pazu. B mouaTkoBoMy
MOJIO’KEHHI KaMiHb Ma€ JIUIIEe KIHETMYHY €Hepriio. Bilik moTeHIianbHol eHeprii

BI3bMEMO IMOJIOKCHHA, 3 JAKOI'0 IIOYHMHAETHCA PYX KAMCHIO.

2
mo,
ElzTO. )

B npyromy mnosnoxeHHi moBHa eHepris Oyae ckiagaTucs 3 KIHETUYHOT Ta

MOTEHII1AJIbHOT €HEePTii:
2

E, = % +mgh. (3)
ITincraBumo (2) ta (3) B (1):

2 2

= +mgh . 4

> 3 g (4)
2

3Biacu h= Bﬂ : ©)
89

3.21. Baumaic macoro M =1x2 naoae 3 eucomu h = 240 m i 3aznuénio-

emuca 6 nicok na S =0,2 M. Busnauumu cepeonio cuny onopy zpynmy, aKuio

nouamkoeéa weuokicms nadinna eammaxncy Uy =14 m/c.

Onopom nogimps 3nexmyeamiu. Po3B’si3yBaHHs. -
JaHo: 3pobumo pucyHok (puc.3.6) Ta 3anuIlIemMo
m=1xe 3aKOH 30epeXeHHs €eHeprii 3MiHa IMOBHOI €Heprii Y
— cuctemMu Oyne BU3HAYaTH poOOTYy CHI OIO
h =240 u yA poGory Yo
S=02m | PYHIY: ’
I
E,-E =A. 1 !
vp =14 m/c i 1) .
[Ipu magiHHSA KamMeHS Ha TPYHT Ha HBOTO i€ :
F,—?
on CHJa Oomopy IPpyHTY Fon COpsAMOBaHa IPOTUIIEKHO a’:ETS:L.\TS
110 F10r0 pyXy TOMY: R CE ”
A=-F,S. (2)
3a HyJIbOBUH BIJUIIK NOTEHLIAJIBHOI €HEPrii BI3bMEMO KIHIEBE Puc.3.6

MOJIO)KEHHSI KaMeHIo. [IoBHa eHepris y MO4YaTKOBOMY IOJIOKEHHI

OyJe ckiagaTucs 3 KIHETHYHOI Ta NOTEHLIAbHOT EHEPT1ii:
2
muy
E1:T+mg(h+8). (3)
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B kinieBoMy mosiokeHHi moBHa enepris pisaa E, = 0. Ilincrasumo (2) ta

(3) B piBHicTb (1):
—mTUg—mg(thS):—FonS. (4)
3 piBHOCTI (4) 3HAlEMO CHITY OTIOPY TPYHTY:
For =g ”—2§+g(h+8)- ©
[ligcTaBUMO YMCIIOB1 3HAUEHHS:
F, =g ”—2§+ g(h+S) =0—12- %+9,8-(240+0,2) =12260 H ~12kH

3.22. Basicka Kyavka pyxacemuvca 0e3 mepms no HOXUIOMY MHCON0Oy i
ymeopioe «mepmey nemion padiycom R. 3 akoi eucomu cnio nycmumu KynovKy,
w06 6ona He 6idipeanacy y 6epxHiil I En
mouuyi nemui?

Jano: Po3B’si3yBaHHs I
R Po3s’soxkemo 1o 3a- En> Er2 B
h—7? | mady, BUXOIAYU 3 3aKOHY h
30epekeHHs eHeprii. 3a 2R
YMOBOIO 3aJlayl TepTsIM  MOKHA
3HEXTYBaTH, OTXKE CHUCTEMa 3aMK- : S
HyTa TIOBHA EHEPrisl 3aJIMIIAETHCS Puc.3.7.
He3MiHHOKO.  [loBHa  MexaHl4yHa
eHepris B Toutli [ Oyne piBHa MOBHINM MexaH14Hii eHeprii B Toui I (puc.3.7).
E =E. 1)
B touri I kyiapka Mae moTeHIIAIbHY €HEPriio:
E, =mgh. (2)
B toumi Il moBHa mexaHiyHa eHEprisl CKJIAJaTUMEThCA 13 MOTEHINAIbHOI Ta
2
) . mo
KIHETHYHOI €Heprii: E,=mg2R+—. (3)

3anumiaeTbcs 3HAUTH 3HAYEHHS LIBUAKOCTI KYJbKH, NpPHU SKIM BOHA He
BIJIIPBETHCS Y BEPXHIN TOULl «MEPTBOI METJID» BiJl %0J100a. [[J1s1 1bOro po3risiHeEMO
CHJIU, SIK1 JIIIOTh Ha KyJIbKY B nojoxkeHHi 11 Ta 3anumemo npyruit 3akon HeroToHa.
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Komm xynbka pyxaeTbes Mo KONy, TO ii MPUCKOPEHHS PiBHE JOLIEHTPOBOMY
2 02
a=a,=—. N+mg=ma=m—.
R R

[Ipu pyci 1o MOXuJIECHOMY 0001 3 BIAMOBITHOT BUCOTH KyJibKa HaOyBae
TaKOI IIBUAKOCTI, III0 B KOKHIM TOYI[l IIETJII THCHE HA JXKOJIOO 3 JIESIKOI0 CHJIOIO
HopManbHOro THcky N, ska € pi3HOIO B Pi3HMX TOYKax. 3a TPETIM 3aKOHOM
HpioToHa %000 13 Takolo » CWJIOK MO MOJYTI0 Ji€ Ha KyJIbKy. SIKIIo
3MEHIITYBaTH TOYAaTKOBY BHCOTY CIYCKY, IIBHAKICTh B BEpXHIH TOUIl METIi
3MEHIUTHCS 1 TpU JACSIKOMY 3HAa4YeHHI CTaHE TaKoIo, IO KyJbKa TPOJICTUTH
BEPXHIO TOUYKY IETJ1 Je/Ib TOPKAIOUUCH K0700y. s [IbOr0 TPAaHUYHOTO BHUITAIKY
N =0, toxi apyruii 3akon Hel0TOHA 3aNMIIETHCS SIK:

2 2
D) v
mg=m— abo § =— . 4)
I=Mp 097 p
To6To v? = oR. (5)
[TincTaBuMo Bupas (5) B 3aKOH 30epeKeHHs eHeprii
mgR

mgh = mg2R+T.

h:2R+§:2,5R-
3.23. Haekonio 20pu3oHmanvHoi oci 6e3 mepmsa 00epmaemuvca 6ajiciib

(puc.3.8) 3 nnewuma |, ma |, na xinyax easicens saxpinneni éanmasici macamu

My, ma M, . 3anumwenuii cam na cebe, 6axciib nepexooums iz 20pU30OHMAIbHO20

nonoscennua y eepmuxanvue. AKy wieuokicme 0Oyoe mamu 6 HUNCHII MOUUL
opyauii eanmasic?
—
Jlano: Po3B’s13yBaHHSI. 17 C U,
B miit 3amaui  po3rismaeTbes <
o0epTaibHUN  pPyX  MarepiaJbHUX

I
. s m
To4OK. Po3B’s13yBaTu ii ciijl BUKOpHUC- 1 O III E ‘
| |
I
|

ml cee m}
TOBYIOYM 3aKOH 30€pexeHHS EHeprii.
m, BizbMeMoO 3a TOYaTKOBE TMOJIOKEHHS )
s _ . ,
v, —? CUCTEMH TOPHU3OHTAILHE PO3MIIICHHS o, | S
BaXKENs. 3a KIHIICBE — BEPTUKAIbHE 5 - P
X
MOJIOKCHHST BaXKeNIss — II€ TOW MOMEHT, KOJIU
Puc.3.8.

JIpYTUil TATapelb MNPOXOJUTHUME HUKHIO TOYKY
CUCTEMHU. 3a YMOBOIO 3aj[adi TEpPTSIM Ta Macol Ba)ess MO)KHa 3HeXTyBaTu. B
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CUCTEMI JIIIOTh JIMIIIE KOHCEPBAaTUBHI CHJIM, IIOBHA €HEPTis TATAPIIB HE 3MIHIOETHCSI
1 3aKOH 30€peKeHHs €Heprii 3amUIIeThCs:
E,-E =0. 1)
B ropuszoHTanbHOMY TOJIOKEHHI Bakessl MOBHA MeEXaHiuHa eHeprisa Oyje
BU3HAYATUCS JIMIIE MOTEHIIAJIbBHOK €HEPri€ro TATapiliB, 60 3a BIJACYTHOCTI PyXy
KIHETMYHA C€HEpris piBHA HYJIIO. MOTEHIIaJbHy EHEPrif0 TATapIiB OyaeMo
BU3HAYATH BIJHOCHO HWKHBOTO piBHA OX.

E, =mgl, + mygl,. (2)
VY BepTUKaAIIbHOMY MOJIO’KEHHI TOBHA MEXaHIYHA €HEPris piBHA:
2 2
m,v m,v

Ie Uy Ta Uy — HIBUJKOCTI BIANOBIJHO MEPLIOTO Ta APYrOro TArapliB.

[TincraBumo piBHocTti (1) Ta (2) B (1):

2

2
Moy My,

+mg(l +1,)+ —mgl, —m,gl, =0. (4)

Ll piBHICTh MICTUTB /1Bl HEBIJOM1 BEIMYUHH — IIBUAKOCTI TATapuiB. Jpyry
PIBHICTb, SIKY CIIiJ] 3alIUCaTH, OTPUMAEMO BUXOJSUYH 3 TOTO, 1110 B KOKHUH MOMEHT
yacy palycu 0OepTaHHs BCIX TOYOK BaXKeJIsl MAIOTh OJIHAKOBY KYTOBY IIBUKICTb,
ToMy B nojosxenHi [l maemo:

w=—=—5 = Uy =-5. (5)

ITincraBuBmm Bupas (5) B (4) 3HaHAEMO MIBUIKICTD U, !

Zg(m2I2 - m1|1)
mylZ +m,lZ

UZZIZ

3apadi Ana camocTinHOro po3B’si3yBaHHSA

3.1. PiBHsiHHS pyXy Tina B310BXk oci Ox mae Burisia X = (7 — Zt)M . Buznauntu
KiHETUYHY EHEPIIIO Tija, AKIIO Horo Maca gopisHroe M = Ske . (10 Jc)
3.2. BusHaunTH Macy Tila, mo pyxaeThes 3i muakictio 0 = 20.m/c, axmo ioro

kinetnuna enepria £ = 2400 o . (12 k2)
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3.3. [loTenmianpHa eHepris yacTUHKH Mae Burisin U = ax® +bx? + cz,nea,bic—
cram. Busnauntu cuny F , sika mie Ha yactuuky. (F = —(3ax2 + 2bX)T —ck)

3.4. Tino macoro M=2502 kuHynm BepTUKaNIbHO Bropy 3i IIBHAKICTIO
Uy = 20 M/ Cc. Bu3HaumTH WOTO TMOTEHIIaJbHY EHEPTiI0 B TOYINl HAWBHIIIOTO
migiiomy. (50 o)

3.5. Busnauut poOOTYy CWIM TEPTS Mia dYac PIBHOMIPHOTO TIEPEMIIICHHS
BEJIOCUIIEIUCTA HA JMCTaHIii S = 3KM, AKIIO BiH PO3BMBAB CEPEIHIO CUIIY TATH

F=70H.(-210 k)

: N . _ 2 .
3.6. ABToMOGiIL Macoro M = 2T pymae 3 micus 3 IpUCKOpeHHsIM A = 2M/ C” i
PO3raHsAe€ThCs Ha TOPM3OHTAILHOMY IWIAXy mnporsroMm t=95C. Ska pobGora
BHKOHYETBCS 3a Ied vac, skmo koedimienr omopy x4 = 0,01? Ilpuckopenus

. . 2

BinbHOro maminus g =10 M/ c” . (105 k)
3.7. XnomuuK, sSKui CTOITh Ha TIIAJEHBKOMY JIbOIi, INTOBXHYB CAHKH, HAIaBIIH iM

MOYaTKOBOI IBHAKOCTI. Maca caHok My =3ke, maca xiomunka M, =30xke.

Bu3HaunTH BIJHOIIEHHS KIHETUYHOI €HEprii CaHOK J0 KIHETUYHOI eHeprii
XJIOITYMKA Bijipa3y x micist momToBxy. (10)
3.8. Tino, maca sxoro M =1002, kunymu BepTHKANBEHO Bropy 3i INBHAKICTIO

Uy = 40.m/c. BusnauuTu noTenmiansHy eHeprifo Tina gepes t = 3C Bix mowarky

pyxy. [puitnsatu npuckopenns sinbHoro naginas ¢ =10 M/ c? (75 [ouc)
3.9. Tino, kuHyTe BepTHKaNbLHO BHU3 3 Bucotd N = 85 M 3i mBuakictio v, =10.m/c,

B MOMEHT yaapy o0 3emiro Mayo kinetuuHy eHeprito E, =1800 [owc . Busnauntu

. o . . 2
macy Tina. [lpuiinstu npuckopenns sinbaoro naginus ¢ =10 M/ c”. (2 ke)
3.10. 3 maxtu rmubmaoro N =160, mamoTyroun kamar Ha OapaGaH neGimKw,
nigHiMaoTh Kok Maco My = 30 ke, KoKHA OIMHHIIS JOBKUHY KaHATy MA€ Macy

M, = 0,5ke. Busnauutu poGoTy, AKa BUKOHYETHCS I/ 4ac MiAHATTS KOIIMKA HA

. o . . 2
MOBEPXHIO 3eMill. [IpUMHATM HPUCKOPEHHS BUIBHOIO NagiHHA ( =10M/ c.

(112 x/lc)
3.11. Tlo rnmaakiii TOpU3OHTANIBLHIN MOBEPXHI CTOJAa KOB3a€ IMpeaMeT. BigHomeHHs
KIHETUYHOI eHeprii mpeaMera A0 HOro IMOTEHIUAIBbHOI eHeprii craHoButh N=1,

IO4aTKOBAa IIBUAKICTH IpeaMera Uy = 5M/ C, WOro MexaHIYHa eHepris
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E =50 Jic . BusHauutu Macy npeamera. TeprsM npeamera 00 IOBEPXHIO

3HEXTyBaTH. (2 K2)
3.12. Ilix yac raJbMyBaHHS aBTOMOOLIS TaJIbMIBHUHM IIJISX 3MIHIOETHCS 3a 3aKO-

nom S=A+Bt+Ct%, ne B=25 m/c, C :5M/02. SIKy po6GOTY BUKOHAIOTH
CHIIM TepTs 10 IOBHOI 3yNMHKM aBTOMOOLIA, gKImo Horo maca M =1T?
(312,5 K/atc)

3.13. IlIBuakicTh aBTOMOOITS, Maca skoro M = 8T, 3MIHIOETHCS 3a 3aKOHOM
v=A+Bt+Ct?. A=20 mfc, B=2 M/Cz, C=5 M/C3. Busnauntn poboty
CHUIH TATH 3a poMixok 4acy Bix t; =0 no t, =5C. (140 k/lc)

3.14. ABTOMOO1IIb PyXa€ThCS IIJT €0 CUIIM TATH F | sika 3MIHIOETHCS 3aJI€KHO BiJl
npoiigeHoro muisixy 3a sakonom F =B +CS+DS?, B=300H, C =50 H/m,
D=3H / v? . Bussauutu poOOTy cmnM Ha JUIAHII HUIAXY B S = 3m 1o
S, =950.m. (32,6 k/Ic)

3.15. MarepiasibHa TOYKa Macor M pyxamacs IMiJ M€ JIeSKOi CHIM 3TiTHO 3

PiBHAHHAM S=A+Bt+Ct’+Dt®. A=5um, B=-2m/c, C=3M/cz,

D=-0,2m/c’. Busmauuti mOTYXKHICTH, SKA 3aTPAYAEThCS HA DPYX TOUKH B
momeHT vacy { = 2C. (136,8 Bm)

i : 0
3.16. ITo moxwmiii mionmui 3 Kyrom Haxmay o =30 3DKmDKae JMKHEK Macoro
m, = 70ke. Tlpoixasum Bimmans | =20 m Bin Bepumnbm, BiH crpinse Bropy
CHTHAIBHOIO pakeroro. Maca pakern M, = 0,5x2, i mnouarkoBa MIBHAKICTH

v, =85 M/ ¢ . Tepra He BpaxoByBaTH. BU3HAUWTH WIBUAKICTH JIMKHUKA MICIS
noctpiny. (14,4 m/c)
3.17. llIBuaKICTh pEaKTUBHOTO JIITaKa Ha JACSIKIH AUISHIN TPAEKTOPIl 3aJI€KHUTh BiJl

npoiigenoro msxy S 3a sakomom v=B+CS, B=10m/c, C=0,03c".
Maca sitaka M =8T. B moment uyacy t; =10C wBuakicts niraka cranosuia
v, = 200.m/c. Busnauntu poGoTy ABHryHIiB 3a mpomixok yacy Big t; =10C no

t, =40cC. (807,9 M/Txc)

TecTHn
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3.1. SIxa 3 hopmMy BU3HAUAE pOOOTY 3MIHHOI CHIIN?

2
A) A =Fscosa; B)AZIFst; B)A:T_ = ;
S1

t
pA=[Rdt ) A= [ R
f Ly
3.2. 3a sAKOro 3HAYEHHA KyTa MDK BEKTOpAaMH CHJIM Ta IMEpPEeMILIECHHS He
BUKOHY€ETHCS poboTa?
A)0; B)30°% B)60°; TI)90° HO)180°.
3.3. Ti10 Mo’ke mepeMilaTUCh 3 TOYKU | B TOUKY 2 10 a
Tpaektopii 1-a-2 abo 1-b-2. 3naiifiTe yMOBY TOTO, 1110 CHJIA,
sKa Jli€ Ha T1J10, € KOHCEPBATUBHOIO.
A) Araz <Arpo; B) Ata2 = Arpa;
B)Ara2=A1b2=0; T)Avaz>Arpo;
M) Araz + Arp2 > 0.
3.4. PoOoTta KOHCEpPBATHUBHOI CHJIM TPH TEPEMIIIEHHI Tila B3JOBX 3aMKHEHOT
TpaekTopii L 1opiBHIOE:
A) §(F.dF)=A; B {(F,dr)=Fs; B §(F,dr)=0;
L L

L
n) §(F.dF)=FL; 1 {(F,dr)>0.
L L

3.5. Jlo qucHnaTUBHUX HAJICKHUTH CHJIA:
A) TepTts; B) npyxHoi gedopmariii;
B) rpasiTauiiiHoro nputsaranss; 1) eneKTpocTaTHYHOI B3a€MO;
J) mpaBUJIbHOI BIJIMOBIJII TYT HEMAE.
3.6. KiHeTnuHOI0 MOKHA Ha3UBATH EHEPTIIO:
A) sKa 3B’s3aHa 3 MEXaHIYHUM PYXOM T1JIa;
py ;
bB) sika 3B’s13aHa 3 MOJIO)KEHHSIM TiJ1a BITHOCHO 3eMIIi;
A s
B) sika 3B’s13aHa 31 B3a€EMHUM PO3MIIIEHHSAM YacTHH T1JIa;
I") npyxHO 1ehopMOBaHOIO TiIA; 110 BUOUIAETHCS IIPU B3a€MOIIi TIJI.
y ;
3.7. SIxa 3 hopMyJ1 BUpakae KIHETUYHY €HEPIito MOCTYNAIBHOTO pyXy Tijia?

2
Jw? Mmoo | 2.
A) EK=—2 »  B) E, T B) E. =mo°;
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mo B Jv?

neE=>7 m&=—-

3.8. Uu 3MiHUTHCS BEIMYMHA KIHETUIHOI €HEprii Tija IMiJ1 9ac mepexoay 3 OHi€l
1HepIIaJIbHOT CUCTEMH JI0 1HIIIOT?
A) 3MIHUTBCS; B) He 3MIHHUTBCS;
B) 36inpmmThECA B 2 pasu; I') 3MeHImmMTHCS B 2 pasu;
J1) MpaBWIJIbHOI BIIMTOBIJI TYT HEMAE.
3.9. Imnynbe Tina P ta ¥oro kiHeTH4Ha eHepris £ MoB’s3aH1 BUPA30M:
E 2E 2E
A) P:Z; B) E=Puv; B) P=7; I P:F;
J1) mpaBUJILHOI BIATOBI/II TYT HEMAE.
3.10. fka 3 popmyn Bu3Ha4Ya€ KIHETUYHY €HEPTil0 CUCTEMH Tis1?

mo? (my + My, )? 0 : - o’
v . : —J. modu; Z
A) 5 ' B) 2(m, +m,) B) g I =72 :
J1) npaBuIIbHOI (POPMYJIU TYT HEMAE
3.11. Slky eHeprito MEXaHIYHOI CHCTEMHU Ha3UBAIOTh MOTEHIIIAIHHOIO?
A) eHepriio, sika 3B’s13aHa 3 pyXOM Tia;
B) eHeprito, sika 3aJIeKUTh BlJ] B3AEMHOI'O PO3MIILIEHHS BCIX MaTepiabHUX TiJ;
B) eneprito, sika 3B’s3aHa 3 pyXOM MOJIEKYJ TiIa;
I') enepriro npyxHo Ae(hOPMOBAHOIO TiJa;
J) paBUIIbHOI BIJIMOBIJII TYT HEMAE.
3.12. Slka 3 popmyn BU3HAYAE MOTEHIIABHY €HEPTii0?

A) Ex :jﬁdmc; 5) E :—jﬁdf; B) E :—jﬁdnc;

r E.=

8ty =

Fdr: m Ei= —I Fdr +C.
r
3.13. Slka dopmyna Bu3Ha4Ya€e 3B’SI30K MK CHJIOIO, IO JIi€ HA MaTepialibHy TOYKY B
MOTEHIIIATBHOMY TIOJT1, 1 MOTEHINIAILBHOIO €HEPTIEIO i€ TOUKH?
A) F=gradE,; B) E,=-gradF; B) E,=gradF;
r) F=-gradE,; ) F=-gradE}.
3.14. l1lo Ha3uBa€THCS MOBHOK MEXaHIYHOK €HEPTIErO Tija?

A) cyma MOro MOTEHITIadbHOT Ta BHYTPIITHLOT €HEePriii;
B) cyma iioro noteHIiaapHO1 Ta KIHETUYHOT €HEPT1il;
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B) cyMma iioro KiHETUYHOI Ta BHYTPIIIHKO1 €HEPT1i;
I') cyma #oro nmoTeHuianbHOi, KIHETUYHOI Ta BHYTPIIIHBOI EHEPTiH;
1) mpaBUJILHOI BIATIOBII1 TYT HEMAE.
3.15. 3MiHa TOBHOT MEXaHIYHOI €HEPTil CUCTEMHU TIij] Yac MepeXoy 3 OJTHOTO CTaHy
B IHIIIMK TOPIBHIOE:
A) po6oTi, sika BUKOHaHa 30BHIIIHIMUA KOHCEPBATUBHUMU CUJIAMU;
B) po6oTi, sika BUKOHAHA 30BHINTHIMU HEKOHCEPBAaTUBHUMH CUJIAMU;
B) nymo;
I') poOoTi, sika BUKOHaHA BHYTPIITHIMH KOHCEPBATUBHUMHU CHJIAMU;
J1) 3MiHI KIHETUIHOI EHEepTii.
3.16. SIxe 3 HaBeneHUX (OPMYIIIOBaHb BHPAKA€E€ 3aKOH 30€peKEHHS MEXaHIYHOI
eHeprii?
A) y cuctemi TiJ1, Ha SIK1 JIIFOTh 30BHIITHI HEKOHCEPBATUBHI CUJTU, TIOBHA
MEXaHIYHa €Hepris He 3MIHIOEThCA 3 4acoM;
B) y cuctemi TiI, MIX SSIKMMU JIIFOTh JIMIIIE KOHCEPBATHUBHI CUJIM, CyMapHa
KIHETUYHA €HEPTisl TUI HE 3MIHIOETHCA 3 4acoM;
B) y cuctemi T, MiXK SIKUMH J1FOTh JIMIIIE KOHCEPBATHUBHI CHJIU, TOBHA
MEXaHI4Ha €Hepris TI1 HE 3MIHIOETHCS 3 HACOM;
I') y cucreMi Tu1, MiXK SIKUMH JIIFOTH JIMIIIE KOHCEPBATUBHI CUJIU, CyMapHa
MOTEHIIAJIbHA €HEPT1sI T11 HE 3MIHIOETHCS 3 YACOM;
1) y cucteMi Tijl, MK SKUMU JIIOTh JIUIIE KOHCEPBATUBHI CHJIH, CyMapHa
KIHETUYHA €HEPris T JOPIBHIOE HYIIIO.
3.17. SIxi mepeTBOpEHHsI €Heprii Tina BiAOyBaOThCS MiJ] 4ac HOTO BUTLHOTO
najiiHAs?
A) noTeHIIaIbHA EHEePrisl 30UTbIIYETHCS, @ KIHETHYHA — 3MEHIITYEThCS;
b) notexiianbHa €Heprist 3SMEHIIYETHCS, @ KIHETUYHA — 30UTbIIY€EThCS;
B) notenttianbHa eHeprist 30UTBITYETHCS, 8 KIHETUYHA — HE 3MIHIOETHCS;
I') noTeHIianbHa eHeprist He 3MIHIOEThCS, & KIHETUYHA — 30UTBIITYETHCS;
JI) moTeHI1alIbHA 1 KIHETUYHA €HEPris — 30UTbIIYIOThCS.
3.18. Ha pucynky 300paxeHo rpadik 3aj1eKHOCTI BiJl BIICTaHI CUJIH, sIKa TPHUKJIa-
JieHa 70 BUIbHOTO Tija. Ha sikomy 3 rpadikiB npaBUibHO MOKa3aHO 3HAYEHHS

poOOTH SIK 3aIITPUXOBAHOT IO ?

=
0

A
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Fi F\
E) 7 7 FZ)
)
r o A 0
3.19. IlopiBHsiiTe pOOOTY CUIIM TSOKIHHS 11T Yac TMePEMIIICHHS
Tija 3 TOUKU A y TOUKY B 32 TpbOMa TPAEKTOPISIMH. A
A)A;<A=A;;  B)As<A <Ay B
B)Ai=A=As; DA <A =Ag ) A =A; <Ay 1
3.20. Slke 13 ciBBIAHOIIEHh BU3HAYAE POOOTY CTAJIO1 32 MOJIYJIEM CHJIN?
Fat F%t F°t
A=—; A=—— A=—";
AT BT on BT on
F*t* Rt

A= ; A=—.
I) 5 A) om
3.21. OgHa cuiia BUKOHAJIA HaJl TWIOM TaKy camy poOoTy, sK 1 Ipyra, ajie 3a yac y K
pasiB OubIIKiA. SIKe BIAHOIICHHS BEJIMUUH CUIIA?
F1 2 F Fl .
A, BE, VB
F 1. F 1

F —_— =, _— =,
E Tk DE T
3.22. Y saxomy Bumaaky poborta cuim mopiBHIOE —1 JK, SKIIO MOIyJdb CHIIH
F=1 H, moxynb nepeminieHust Ar =1 m?
. A =
Ar F jTr’ NI
AT B) i
N=—*"" 1)

3.23. 1o pyXxoMoOro Tija, iK€ Majo MOYaTKOBY IIBUKICTh, MPUKIIATH CTATy CHITY.
KineTnuHa eHepris Tiia 3pocTae mponopLiiHO 10 BIACTaHI. SIKUM € Hamps-
MOK CHJTM BITHOCHO IIBUJKOCTI Tija?

=
A) <L—,7

"
)
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3.24. Sl noBuHHA OyTH CIIPSMOBaHa Ha T1JI0 CHJIA MO0 MOTO MIBUIKOCTI, 100
KIHETUYHA eHepris Tia Oya cTano?
U F

G - B
A) ~—O—— Bp) g B) v
I O£>—]::> m~F v

3.25. CtaH MeXaHIYHO1 CUCTEMH € CTAaHOM CTIWKOI pIBHOBArH, SIKIO BHACTIIOK Ti

BHUBCJICHHS 3 I[bOTO CTaHy IMOTEHITIaIbHA CHEPTisl CUCTCMH:
B) He 3MiHIOETBCS;

) BiACYTHSI.

A) 30imbpmyeThes;  B) 3MEHITyeThCS;

I') cioyaTky 3MEHITY€EThCS, @ TOTIM 30UIBIIYETHCS,

3.26. 300paxeHO TPAEKTOPIIO PyXy TiJia, KHHYTOTO IMiJl KyTOM JI0 3
TOPU30HTY. Y AKif TOUIll TPAEKTOPIi CyMa KIHETUYHOI 1 TOTEH-. 2 4
iabHOI eHeprii MakcumanbHa? Omip MOBITPS HE BPaXOBYBaTH.

A)l, Bb)2; B)3; TI)4; ]JI)Bycix Toukax 0JHAKOBA.

3.1 3.2. 3.3. 3.4. 3.5. 3.6. 3.7. 3.8.
b r b B A A b A
3.9. 3.10. 3.11. 3.12. 3.13. 3.14. 3.15. 3.16.
B r b B r b b B
3.17. 3.18. 3.19. 3.20. 3.21. 3.22. 3.23. 3.24.
b b B b B r B b
3.25. 3.26
A A
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