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2. AMHAMIKA NOCTYNAJIbHOI'O PYXY

OcHoBHi ¢hopmynu
1. Immrynee Tia

—

P=mo.
2. PiBHsHHS pyXy Tina (apyruit 3akoH HeroToHA)
= do p
F=ma=m—; d_P:F,
dt t

n
e F = Z F, — piBHOAI}HA cHII, IO AIFOTH HA TiJIO.
—~

3. Cuia TsoKiHHS

—

F=mg.
4. Cuna TepTsi KOB3aHHS
F.=uN,
ne U — xoedinicHr Teprs ko3anHs; N — cuia HOPMAJIBLHOTO TUCKY.

5. 3aKoH 30epeKeHHS IMITYJIbCY

n
> P, =const,
i=1
ne N — KUIbKICTh MaTepialIbHUX TOYOK, 10 BXOJASTh B 3aMKHEHY CUCTEMY.

MeToaunyHi BKa3iBku i nopaau

OCHOBOIO 33Jlauel0 AMHAMIKKM MAaTepilajibHOI TOUKU € 3HAXOJHKEHHS 3aKOHIB
pyXy TOYKH, 3HAIOUM CHJIM, MiJ JII€I0 SKUX BOHO pyXaeTbca. A0OO, HaBMAaKu, 3a
BIJIOMUMU 3aKOHAMU PYyXy 3HAWTU CUJIU, KOTP1 JIIOTh HA MarepiaibHy TOYKY abo
TLJI0.

[Ipu po3B’si3yBaHHI 3a/1a4 HaAl4YaCTIIIE JOBOAUTHLCS BUKOPUCTOBYBATH APYTUid
3ak0oH HploTOHA 3amucaHuii AK 4epe3 Macy Ta MPUCKOPEHHS TijIa, TaK 1 yepe3 3MiHY
iMmyssey. Ciif mam’siTaT, Mo el 3aKOH € BEKTOPHUM. ToMy Py KOHKPETHOMY
3aCTOCYBaHHI HOT0, CJiJl MPOEKTYBAaTH BIAMOBIIHI BEIMUYMHU Ha 0OpaHi oci KOop-
nuHat. [Ipu 1boMy TaKOX CIiJi BpaXOBYBAaTH HAMPSIMKHU PYXy Ta HAMPSIMU J1FOUUX
CHII.

Bubip cucremu koopauHAT MOXkKe OyTH JOBIIBHHUM, OJIHAK PO3B’SI30K OyIe

MIPOCTININM, KOJIU OJIHY BICh MM BI3bMEMO B HampsiMi MIPUCKOPEeHHS (200 B HaIpsiMi
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Jii BCIX OCHOBHHMX CHJI — PIBHOJIWHOT BCIX CHWJI), a JABI 1HII NEPHEHAUKYISIPHI 70
Hei. OcTaHHI ABI OCl MOXXHa HE pPO3IVISIAATH, OCKIIBKM B3JIOBXXK HHX PyX HE
BiIOyBaeThCsl. BoHU OyAyTh BHKOPHCTOBYBATHCH IJISI 3HAXOJKEHHS JOJATKOBHX
BEJIMYMH (H-JI, CWJIM peakiiii onopu, 1 T.1.). [IpoekTyroun criin Ha OCHOBHY BiCh,
CIIT BpaxOBYBaTH IXHI HaNpsIMKW: SKIIO CHWJIA CIIBIAJaE 3 HAMPSIMKOM
MIPUCKOPEHHSI, TO ii 3HAK JIOJATHIN, KO Hi — B1J]'EMHUH.

J5is 3HaXOKEHHS PIBHOINHOI BCIX CHIJI KOPUCTYIOTHCSI METOJIOM JOJaBaHHs
BEKTOpPIB a00 METOJIOM Mapajenorpama.

Po3B’si3yBanHs 3a/madi CITiJl pO3MOYMHATH 13 BU3HAYCHHS CHJI, IO JIIOTh Ha
Ti0. ToMy 3pydHO 3poOuTH pUCyHOK. Ha pUCyHKY BKa3aTu HalpsIMKH BCIiX CHIL.
Jlaii 3anucyroTh OCHOBHE PIBHSHHS TUHAMIKU JUISI KOXKHOTO 3 OOpaHUX HAIPSIMKIB.
SKII0 KIIBKICTh HEBIAOMHUX € OUTBIIMM KUTBKOCTI 3allMCaHUX PIBHSHB, TO MOYKHA
JIOAATKOBO 3amucaTd (QopMyiau pyxy Tida 3 KIHEMAaTHUKH, 3aKOHU 30€pe:KEeHHS
IMITyJIbCY Ta €HEPTii, B 3aJISKHOCTI BIJl BUXIJHUX JTAHUX 3a7a4i.

SKio mia i€ JeKiIbKOX CUJI TIJI0 PyXa€eThCs PIBHOMIPHO, TOOTO IIBUJIKICTh
TiJ1a HE 3MIHIOETHCS 3 4acoM (IIPUCKOPEHHS PIBHE HYJIO), TO BEKTOPHA CyMa BCiX
cui piBHa Hymo. OTxe, 1 NPOEKIis UUX CHJI Ha OyJb-SKHI HampsiM JIOPIBHIOE
HYJIIO.

[Ipu mepemimieHHi OAHOro Tija MO MOBEPXHI 1HUIOTO CiiJ He 3a0yBaTh Mpo
CHJIy TEpTs, IKa HANpsIMIICHa TIPOTH PyXy Haworo Tina, i pisaa F. = 4N . Tyr u
— koedinicat Teprs, N — peakiis HOpMaIBEHOT ONOPH 1 BOHA, 3a3BMYAii, CIIiBIIAAE
13 CKJIaJIOBOIO CHJIM TSKIHHSI HA BHYTPILIHIO HOPMaJlb JIO MOBEPXHI.

[Ile omna cuma, KOTpa 4acTO 3yCTPIYAEThCS B 3ajayax € cwia Hatsary. Cuiia
HATATY JAl€ 3 OOKy HATATHYTOI HUTKM (KaHaTy, IIHypa 1 T.M.) 3’€AHAHOI 3 TIJIOM.
3riIHO 3 TpeTiM 3akoHOM HbIOTOHA, BOHA YHCEIBbHO JAOPIBHIOE CHJIL, 3 SKOIO JIaHe
TIJIO PO3TATYE HUTKY, TOMY 1ii HA3MBAalOTh CWJIOK HaTAry. SKIIO HUTKA
HEPO3TSHKHA, TO 11 HATATH 3 000X CTOPIH OJHAKOBI. TOMy 1 CHJIM TIPHUKJIAACHI 3
000X CTOPiIH OJJHAKOBI 32 BEJIMYHUHOIO, TA Pi13HI 32 HAMPAMKAMHU.

B yMoBi 3amaui Moxke OyTH 3ajlaHa 3ajJeKHICTh NIIAXY ab0 IIBHJIKOCTI BiJ
yacy. ToMy TyT CJiJ] CKOPUCTATUCS 3HAHHIMU 13 TIEPIIOr0 PO3ALTY KIHEMAaTUKH. A

do
came: MPUCKOPEHHS — II€ TepIa MoXigHa Mo Yacy BiJ MIBUIKOCTI A = E =0
2
. . d’s
a0o0 Jpyra moxijHa mo 4acy BiJ nuisixy ad = F =0,

Sxmo B yMOBI 3ajadi cuja 3aJeXUTh BIJ 4Yacy, TO 3akoH HprooToHa
3aMuCyOTh B AudepeHiaibHOMY BUIlL. Jlami ciiijg po3AUIMTH 3MiHHI Ta METOJIOM
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IHTETPpYBaHHsS 3HAWTH IIyKaHl BeNWYMHU. Hampukinan, s 3HaXOJDKEHHS
IIBUJIKOCTI TiIa (200 MUIAXY, iK€ BOHO IPOMIILIIO, 3a MEBHUN Yac) 3aKkoH HbroToHa

matume Burnsg: F(t) dt = mdo . larerpyroun niBy wactuny mo uacy, a mpaBy 1o

IIBUJIKOCTI, 3HAUIEMO IITyKaH1 BEJTUIUHHU.

to Ly
[Ft)ydt=m [do .
t vy
B npomy Bunaaky B Hac 3’SIBUTHCS CTajl IHTETPYBaHHS, SIKI MM MOXKEMO B3ATH 32

IIOYaTKOBY WIBHAKICT U i 3HaueHHs MomenTy dacy t = 0.

SIKIIO TIJO pyXaeTbcs PIBHOMIPHO MO TEBHIA 3a0KPYTJICHIM TpaekTopii, TO
2
CIiJl mam’sITaTd, MO Le PyX 3 JOLEHTPOBMM MpPHUCKOpeHHs a, =-—, ge R -

pajiyc OmyKJIocTi a00 BIHYTOCTI TPAEKTOPIl pyXy.

MNMpuknaan po3B’a3yBaHHA 3agav

2.1. Axuii 6anacm HeoOXiOHO CKUHymu 3 aepocmama, AKUL PiGHOMIPDHO
ONYCKAEMbCa, W00 6iH NOYUAE PIGHOMIPDHO RIOHIMAMUCH 3 MIEIO HC WIGUOKICMIO?
Maca aepocmama 3 6anacmom M =1600 xe, nionimanvna cuna aepocmama

F =12«H . Beaxcamu cuny onopy Fy nosimpsa oonaxosoro npu nionimanni ma

ONYCKAHHI.

Po3B’si3yBaHHs
Hano:

m =1600 x2 =1,6-10°xe
F=12xH =12-10°H pisrOMipHOTO pyxy pisae a = 0. 3anmmemo npyruii

3pobumo pucyHok. [lam’siTaemo, 1110 cuiia onopy
3aBXKIM HAIpsIMIIEHA IIPOTH PyXy, a NMPUCKOPEHHS 3a

F 3akoH HbroToHa 119 ABOX BHUMAJIKIB:

m. —2 1) AepocTtar omycKaeThCs;
6 H

2) AepocTaT MmiIHIMa€eThCS.
VY BekTOopHIN HopMi OTpUMaAEMO:

B F 3
F+F,+mg=0, A1e
o U
F+F,+(m-m;)g=0. I
Cnpoektyemo cunu Ha Bich OY': mg (m—m,)g
Puc.2.1.
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F+F,—mg=0,
F-F,—(m-m;)g=0.

Po3p’szxemo cuctemy piBHsAHB (1) BimHOCHO HeBimomoro My. Jlomaiimo i JBa

(1)

PIBHSAHHS, OTPUMAEMO: 2F -2mg + m;g =0. (2)
3Bijgcu m; = % (3)

[TigcTaBUMO YMCIIOBI 3HAYEHHS:
_2(mg-F) 2.(1,6-10°.98-12-10%)
g 9,8

6 = 3755k

2.2. Aemomobine macoro M =1500 k2, pyxawuucey pienocnosinvueno,

synunaemoca uepes uac {=5c, npoiuwoswu wnax S =25m. 3naiimu

nouamKogy weuoKicms Uy aemomooina i cuny anvmyeanns F.

JaHo: Po3p’si3yBaHHs
m =1500 ke JI1s1 3HAXOJKEHHSI TTIOYaTKOBOI MIBHJIKOCTI IIPUTATAEMO PiB-
t=>5c¢ HSHHS 3 KIHEMAaTHKU. 3aJIe)KHICTh NUISAXY BiJl 4acy MpU PIBHOCIIO-
S=25m BiIbHEHOMY PyCi Ma€ BUIJISLL:
2
Uy —7? at
0 S =vgt ——, 1)
F-2? 2
a IPUCKOPEHHS 3HAIeMO 13 BUPa3y ISl MIBUAKOCTI:
L=y, —at. (2)
OCKiJIbKH aBTOMOOLIB B KiHIII cBOro pyxy 3ynmuauBes, To U = 0. Toxi
[TincraBumo 1ieii Bupa3 B (1) Ta orpumaemo, 1o
2 2
at® at 25
S=at’-"-="- = a=",. (4)
2 2 t
: 2S
Tom Uy = T . (5)

[ITo6 3HaiTH cUTy TaJlbMyBaHHS, CKOPUCTAEMOCH OCHOBHUM PIBHSIHHSIM JTUHAMIKA
MOCTYITAJILHOTO PYXY:

F=ma. (6)
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3 BpaxyBaHHAM (4) cuia ralbMyBaHHS piBHA:

2mS
F = — (7)
t
[TizcTaBUMO YHUCIIOB] 3HAYEHHS:

Vo =§:&:10ﬂ; E _2mS _ 2-1500-25

5 5 =3000H =3kH.
t 5 c t 5

2.3. Ioi30 macoro M =500 T nicna npununenna mazu napoeosa nio dicio

cunu mepma F, =98xkH synunaemoca uepes uac t=1x6. 3 axoro weuo-

Kicmio Uy pyxaecsa noizo?

aHo: Po3p’s13yBaHHs
m=500T1=5-10° ko CkopucTaeMOCh PIBHSHHAMHM KIHEMATUKH JIJIs
1BHOCIIOBLIILHEHOTO . 3aJIEKHICTh IIBUIKOCTI
F, =98xH =98-10°H | PPHOCHE Pyxy. Jane :
noi3/a BiJ] 4acy IpH rajJbMyBaHHI Ma€ BUTJISI:
t=1x6=60cC
5 L=y, —at. (1)
Uy — ¢ . . .
0 OCKUIBKY TIO13]T B KIHI[I CBOTO PyXy 3YIHUHUBCS, TO
v=0. Tomi
U,
vy =at = a:TO. )

3anumieMo IS bOTO PyXy OCHOBHE PIBHSIHHS JUHAMIKH ITOCTYIMABHOTO PYXY:
D> K =ma. (3)
i
CrpoekTyemo Bci ciid Ha Bich OX:

F, = ma. (4)

3 BpaxyBaHHsAM (2) BUpa3 (4) 3aMUIIEThCS:

m
Fo==0. ©)
t
| F.t
3Bincu Uy = : (6)
m
3HalAEMO YHUCIIOBE 3HAYCHHS
3
o = 201080 _ g 7521,
5-10 c
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2.4. Iloi30 macorw M=500T, pyxarwuuce pienocnosinoneno 3a uac
t =1x6 smenwye ceoro weuoxicmo 6id Uy =36 Km/200 00 L =18 km/200.

3uaimu cuny 2anemysanna F .

Jano: Po3B’si3yBanHs
m=500T1=5-10° ko 3anumemo Apyruit 3akoH HeroToHa:
t=1x6=60c > K =ma. (1)
i
by =36 KM/ 200 =10 M/ ¢ Crpoektyemo Bel cuiu Ha Bick OX:
v =18 km/200 =5.mu/c F = ma. )
F-? J171s1 pIBHOCIIOBUIBHEHOTO PYXY
Uy — U
v=y,—at = a= Ot : (3)
[TinctaBumo Bupas (3) B (2), oTpuMaeMo:
Uy — U
F="—m. (4)
t
: : 10-5 5
IligcTaBUMO YMCIIOB1 3HAUCHHS: F = —O 5.10°=H

2.5. 1éa mazapuyi 3 macamu My =01z i m, =0,2 ke 3’conani numxoio i

nepekuHymi uepe3 Hegazomuil O10K. 3HaliMuU NPUCKOPEHHA A, 3 AKUM pyXa-
romoca mazapyi i cuny namsazy numku 1 .

Po3B’si3yBaHHs
ano: ..
PosrimsiHemMO cunu, KOTp1 O1FOTh Ha

m, =0,1xe : - .

KOXKEH 13 TArapiiB: 1€ CHIa TSHKIHHA
m, =0,2 ke F =mg, mo nanpasnena Buu3 Ta cuia
a-"? HAaTA'Y HUTKA |, sKa CIOPAMOBaHa

—7
T-" JIOTOPH. g
[lepmmii Tsrapenp BaX4wWii, OTXKe, BiH Oyjue mig

PYXaTHCh BHH3 3 TIPUCKOPEHHAM &, TOJi APYTH TArapelhb Puc.2.2

OyJe miiiiMaThCh Bropy 13 THM CaMHUM MPUCKOPEHHSIM a .
CrpoekTyeMo BCl CHJIM Ha BiCh, KOTpPa CITIBIIAJIa€ 3 HAMPSAMKOM PyXy TATapIIiB.
3anuieMo OCHOBHE DIBHSHHS IWHAMIKM MOCTYHNAJIBHOTO PyXy IJs KOKHOTO 3

TATapIIIB:
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IS TIEPILOTO: ma=mg-T; (1)
IS PYTOTO: ma=T, —m,Q. (2)
3a yMOBOIO 3aj1aui, Teptst B Guoni BincyTHe, Tomy 1, =T, =T . Orpumaemo

CHUCTEMY JIBOX PIBHSHB 3 JBOMA HEBIIOMUMU. P0O3B’spkeMo i BiTHOCHO HEB1IOMOTO

IPUCKOPEHHS, a IOTIM 3HaiaeMo HaTAr HUTKH | . OTpuMaemo:

a=g L 2. ©
ml + m2
T—g2MMe @)
ml + m2
[ligcTaBUMO YMCIIOB1 3HAUEHHS:
a—gM™=M _gg.271 557,/
m; +m, 2+1
T—g MM _gg.2:21 1557y
m; +m, 2+1

2.6. lo numku nidgimenuii mazapeuyb macoro M =1ke. 3naiimu cuny

namazy uumku 1, akwo Humka 3 mazapuem a) nioHimacmvca i3

2 .
NPUCKOPEHHAM O = 5M/ c” 0) onyckacmbvca i3 MuUM cAMUM RPUCKOPEHHAM

a=5M/CZ.

gz
Po3p’si3yBaHHs Tﬂ 4
ano: .
M = 1xz 3acTtocyemo npyruil 3akoH HbloTOHA i1 mepiioro
BUIMAJIKY, KOJIM HHUTKA 3 TATapleM IMIJHIMAETbCS 3 '
2 :
a= SM/ ¢ npuckopeHusm a (puc.2.3. a). Pyx BinOyBaeThCs
T,-? B3710BXk oci OY, TOMy MPOEKTYEMO CHUITH HA HEi: "
T,—? T,—mg =ma. (1) Puc.2.3,a
3Bincu T,=m(a+Q). (2) -
B npyromy Bumaaky HUTKA 3 TATApPIIEM OITyCKAETh- al /5
csi 3 IpUcKopeHHsM a (puc.2.3. a), Tomy
mg —T, =ma 3) ‘
3Bixcu T,=m(g-a). (4) A
3HaleMO YUCIIOB] 3HAYEHHS:
T,=m(a+g)=1-(5+9,8)=148H, Puc.2.3,6
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T,=m(g-a)=1-(98-5)=48H

2.7. Ha zopuzonmanoniii oowui nexcumov eanmasic. Koegiyiecum mepms
mixc oowkoro i eanmaxcem (1 =0,2. fKozo npuckopenns cio nadamu dowyi,

oo eanmajxic mi2 3 Hei 3ckouumu?
JaHo: Po3B’si3yBaHHs
Hexait maca Bantaxy Oyne M. Ha Hporo mig 4ac pyxy JOIIKH

Oyne aisty (3 60Ky JOIIKK) CHIIa, SKa 3pYIIye HOro 1 301raeThCs 3 CU-
noto Teptst F. = ¢4 MQ . PiBHstHHES pyXy BaHTaXa BiIHOCHO HEPYXOMOT

MOBEPXHI, Ha SKIH JIGKUTH JOIIKA, Oy/1e TAKUM:

F. = umg =may, (1)
3 piBHsHHSA (1) 3HAlIEMO IPUCKOPEHHS BAaHTAXKY
& =ug. (2)

BanTaxx KoB3aTuMme jMIle NpH yMOBI &; <@, KOJIM BIH MiJ 4Yac pyxy

B1JICTAaBaTUME B1J] JOIIKH (@ - MPUCKOPEHHS JOIIKH).

OTxe, BaHTaXX MOX€E 31CKOB3HYTH 3 JOIIKH IPU YMOBI, 0 a > 1 J, ToOTO

a>196.m/c?

2.8. Iloxuna naowiuna moxice 3MiHIO8AMU HAXUTI RPU HE3MIHHIU OCHOBI. 3
it 6epxHbOTi MouKu GiNbHO Ko63ae Heseauxke mino. Koegiyiecnm mepmsa mina 06
noeepxnio naowunu =01, Ilpu axomy kymi o naxuny nrowunu 0o

copuzonmy uac Koe3auns 6yoe minimanvruum L, ?

Jlano: Po3B’sa3yBaHHA
=01 3HaiinemMo 3anexkHicTh yacy U pyxy
t Tima Big KyTa HaXI/IJIy.HJ'IOH_[I/IHI/I. Jlost
o I[bOTO0  3aMUIIEMO  PIBHSHHA  PYXY.

CrpoekTyeMo BCl CWJIM, KOTP1 J1IOTh Ha
TIJI0 3 BpaXyBaHHSAM HAIMPSAMKY PYyXY.
Otpumaemo:

mgsina —F, =ma.

Posnmumemo cumy teprs F.=uN=pumgcosc.

Toai oCHOBHE pIBHAHHS JHWHAaMIKM TOCTYNaIbHOTO
pyxy Oyze MaTH BUTJIAL:
a=g(sina—ucosa). (1)
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OckinbkH pyX Tija piBHOMpHCKOpeHuii (@& = CONSt, 60 Bci cuiu He 3aiexarh Bij

at? | )
yacy), MOXKHa 3HEXTyBaTH GopMyiay S = ——, 1e S = ——— — JIOBKHMHA [OXMIIO]
2 COSox
nnomuny, a | — moexkwuna ii ocHoBu (S cnig Bupasutu yepes |, 60 3a ymoBoro
3a1a4i cranoro BenuduHowo € |). OTxe,
| at?
=" (2)
cosa 2
3 piBHsHb (1) Ta (2) MOXHA BUKITIOYMTH A 1 3HaiiTh 1:
2l
t= : : (4)
gcosa(sina — ucosa)

Bemnuuna t sanexurs Binm «. Illo06 3HaiiTH 3HaYeHHS &, sSKe BiANoBizae
MiHiMyMy U (mo3HaumMmo #foro @), ciin 3HaiiT noxigny { mo & i mpupiBnsTH ii

Hymo. HecknanHi oO4nCIeHHs JaloTh:

dt 2_Ic032a—sin2a+2ysinac03a_O 6)
da g 2\cos*afsing — ucosa )’
3B1aCH
cos®ay—sin® ay + 245N ay COS aty =0
abo
COS 2¢x + pSin 20, =0, (6)
3 piBHSIHHS (6) MaeMo:
1
7,
, d’ | d’t
CTporo Kaxyuu, CITiJ e O0YUCIUTH > 1 BIICBHUTHCD, LIO 5 >0.
da da

a=og

HeBaskko nepeBIpUTH MPAMUM TU(PEPEHLIIOBAHHAM 1 MIICTAHOBKOIO (&, IO

2 : 2
datt _ 2 sin 2a0(1+,u ) 20, @)

da’ veay VY \/cos3 a(sin o — prcos ot )’

Orxe,
oy ~ 48°
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2.9. Kpuowcana zopa ymeopioc Kym o =30° 3 2opuzonmom. B3ooerc nei

nyckalomo 3Hu3y 620py Kaminb, w0 npoxooums eiocmans | =2m 3a uac

t=15c i nomim ckouyemocsa enus. 3naimu uac ckouysanns 1.

JaHo: Po3B’s13yBanHs
o =30° Po3risiHeMO okpeMo pyx Kame-
| =2, | HOSHH3Y BIOpY Ta CKOUYBAHHS.
1). 3acTocyeMo y TiepIIoMy BUIIAJIKY
t=15¢ OCHOBHE pIBHSIHHS JuHaMikd. Pyx
t, -7 KaMEHIO 3HH3y BIOpPY € PIBHOCIIO- mgeosa

BUTbHEHUM, TOMY MOTO MPUCKOPEHHS

BiI’eMHe. CHpOEKTyeEMO BCl CHIIM, KOTPl JIIOTh
Ha KaMiHb, B HampsIMKy JOJATHOTO MPHUCKO- Puc.2.5,a
pEHHs1, OTPUMAEMO:
F.+mgsina =ma. (1)
3 BpaxysauHsm Toro, o F. = ¢ N = xmg cosa , orpumaemo, 1mo:

a=g(ucosa+sina). )

[nsx, AKui OpOXOIUTh TUIO MPHU PIBHOCHOBLILHEHOMY pycl 0€3 MOYaTKOBOI
MIBUIKOCTI PIBHUM: l=—. (3)

3 piBHOCTI (3) BUpa3uMo NMPUCKOPEHHST A Ta MiJcTaBUMO B (2). OTpumaemo:

21 :
t—Z:g(u003a+sma). (4)
3 wi€i piBHOCTI 3HalAEMO KOe(DILI€HT TepTd A MK KPHKaHOK TOpOI Ta
KaMEHEeM:
2l sinx
2 9 21 — gt*sina
p= === . ®
gcosa gt cosa

2). Tenep po3MISIHEMO CKOYYBaHHS KaMEHIO 3
ropu. Kamine Oyje pyxaTUCh pIBHOIIPUCKOPEHO 13

IIPUCKOPCHHAM . IIPOCKTYEMO BCi CHUJIN B Ha-
a.C y

NpSIMKY JTOJATHOTO IPUCKOPEHHSA. B 1mpomy Bu-

naJKy OCHOBHE PIBHSHHS PyXy Ma€ BUTJIAL:
mgsina —F, =ma, (6)

Puc.2.5,0
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a00 3 BpaxyBaHHSM 3HAYEHHSI CHJIH TEPTS FT = u N = mg Ccosa orpumaemo:
a, = g(sina — ucosa). (7)
BpaxoByroun piBHICTH (3) 3amucany sl piBHOPUCKOPEHOTO PyXy KaMEHIO
3rOpH 10 HHU3Y, 3HAWJIEMO 4ac CKOUYYBaHHS KAMEHIO SIK:

2l
&
VY Bupa3 (8) miacTaBMMO 3HAY€HHA IPHUCKOPEHHS & piBHICTE (7) Ta

3HAuYeHHA Koe]ilieHTa TepTsa L PiBHICTH (5), OTpPUMAEMO, IO

|
gt?sina -1

t, =t 9)

[TincTaBuMO ynciioB1 3Ha4YeHHS B (9):
t, =t 5 _I =15- 22 =0,7c
gt sina —| 9,8-15°-05-2

2.10. Baoicke mino 3Haxo00umovcsa HA GePUIUHI NOXUNOI NIOWUHU

0 .
ooseucunoro | =1 m ma kymom naxuny oo zopuzonmy o =30". Tino nouunae

Kos3amu. 3a AKUI 4ac Mo CRYCMUMbCA NO NOXUIIN NAOWUHI, AKUWO 60HA

. 2
pyxamumemnsca é 20pu3onmanviomy nanpami 3 npuckopennamn a = 0,5mu / c.

JaHo: Po3B’si3yBaHHs

| =1 u Pyx Tina ciig po3kiacTy Ha JiBa: MEPIIUN — KOB3aHHS TOP
0 NOXUJIIM TJIOLIMHI, IPYTrUid — PIBHOMPUCKOPEHH B TOPU30H-

a =30 TaJIbHOMY HaIPSIMI.

a=0,5 M/ c? [lix yac KOB3aHHS CI1J 3HATH KOEPIIEHT TEPTA MK TIJIOM

t-—7 Ta MOXWJIOI MOBEpPXHEr0. JIJis IIbOTr0 PO3MUINEMO BCi CHIIH, SIKi

Ii10Th Ha T10. Bubepemo Bich mapainenbHy HNOXWIIIN IJIOIIKHI,
B3JIOBXK SIKOI BiIOyBa€eThCs pyX. B 1boMy BUIIagKy Ha TUIO MiFOTh HACTYITHI CHJIM:

—

cwia Tsokinaa M, peakiis Hopmansroi onopu N Tta cuna teprs F,. Tlin miero

OUX CHUJI TUIO HA TOXWIM IUIOIIMHI 3HAXOAUTHCS B CTaHl pPIBHOBAaru, TOMY
piBHsIHHS HpIOTOHA B MPOEKIIAX HA KOOPAMHATHI OC1 MAa€ BUTJISI!
OX: mgsinea - F, =0, OX: mgsina =F,

abo 1)
OY: N-mgcosa =0 OY: N=mgcosa

Ockinbku F, = 4N = umg cos«, to 3 pisuocri (1)
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LMy Ccosa =mgsin o . (2)

3BiacHU
H=1go. )
Posrnsparounm pyx NOXWIOI IUIONIMHA B TOPU3OHTAIBHOMY HAIPSAMKY.
Hanaroun moxumii moBepxHi NPUCKOPEHHS, MU THUM CaMHUM SIK Ou 3abupaemo ii 3-
MiJ BaHTaXy Ta 3MEHIIYEMO CHJIy THUCKY IUIOIIMHA HAa BAHTAX B HAIPSMKY

—_

HopMmaiti. B pesynbrari cuima HopmasiabpHoro THckKy N, a oTke, 1 cuna Teprs, sKa

TIEPEIIKO/DKAE KOB3aHHIO BAHTAXA 10 MOXMIIIH IUIOMKMHI, 3MeHIIyeThest: MY SIN &

crane Outbmoro F,

1 BaHTaX IOYHE PyXaTUCh IO MOXMJIH IJIOIIMHI 3 IPHUCKO-
pEHHsM dj .

PosrisitHeMo cuiu, siKi B IIbOMY BHUIIAJIKY J1IOTh HA BaHTaX. Ha BaHTax A110Th
Ti %K cami CHJIM, IO i B CTaHi piBHOBAark: cuja TsHKiHHS MQ, peakiis HopMalIbHOI

omopu N Ta cuna teprss F,. IIpore 3HadenHs cuiu peakiiiss HOPMAIBHOI OMOPH

—

N ta cuna reprs F, Gyayts iHmmmu,

[lix nie€ro OpuKIagEeHUX CUJI, BAHTaXXK KOB3A€ MO MOXWIIHN IJIOMIMHL 3 JEIKUM
IPUCKOPEHHAM & BIIHOCHO 3eMil 1 HOro pyX € piIBHOIPUCKOPEHUM. 3TIJAHO 3
IpYyruM 3akOHOM HbroToHa:

mgsina — uN; =ma;. (4)

Pyx Tina 3 mpuUCKOpeHHSAM &; MOXHA PO3KIACTH Ha JABA: PyX BIIHOCHO
TIOXHJIO] IUTOIMHY 3 IPUCKOPEHHAM & Ta PyX B IIPOTHJICKHOMY HAIPSAMKY Pa3oM
3 TOXWJIOKO TIJIOIIMHOO 3 MPUCKOPEHHSIM, MOIYJIb SIKOTO BU3HAYAETHCS K aCOS .
Tomy: 8 =a,—acosa. (5)

OcCHOBHE PIBHSHHS JUHAMIKU MTOCTYNAIBHOTO PYXY 3alUIICThCS SK:

N, —mg cosa = masin . (6)

JIisi 3HaXO/KEHHSI 4acy PyXy BaHTaXYy, 3alHIIEMO KiHEMaTU4YHE PIBHSIHHS
3QJICKHOCTI NUISAXY BiJl Yacy, IPU YOMY TUIO PYXa€Tbcsl 6€3 MOYaTKOBOI MIBUIKOCTI

2
apt
3 IIPUCKOPEHHSM & | = o (7)
Po3B’sxeMo cucremy piBHAHB (4) — (7) Ta BUpa3sUMoO &y 4Yepe3 MPUCKOPEHHS
) 2lcosa
noxuoil mwiommuau a . Orpumaemo  t= [ ——. (8)
a
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2.1-c0s30°

=187c.

[TimcraBuMO YMCIIOBI 3HaUYeHHSA. OTpUMAEMO:

. » . _10° ;
2.11. Tino nexcumsv na noxunii naAOWUHI, KOMPA yMEopIoe Kym o = i3
20pu30oHmom. Axum nogunen Oymu MinimanvHull Koegiyienm mepmsa (L, w00

mino nouano Koezamu no NOXUniil NaAOWUHI? 3 AKUM NPUCKOPEHHAM A Oyde

. o o !/ o«
Koe3zamu mino, aKkuo koepiyicum mepma cmanosumume (' = 0,032 Ixuii uac
t neobxionuit ona nooonannsa wnaxy S =100m yum minom 3a 3a0anux ymoe?

Akoro 6yoe wieuokicmo U y4b020 mina HanpuKinui wmaaxy?

Jano: Po3B’si3yBaHHSA
o =10° Jist ".FO.FO, o0 3p03yMi.TI/'I,
1 =0,03 3a SIKOTO MlHlM.aJIBHOFO Koeditri-
€HTY TEPTS TIIO IOYHE a-
S =100 TI/ICZ, pCI;)SFJBIHeMO YMOBY pzlzo-
pH="? KOO (piBHOBAru), KOJIM TiJIO 3Ha-
a-—-"? XOJIHUTHCS Ha MOXWJIIHN IUIOIIUHI.
t—7? Cuily TSOKIHHS CIIPOEKTYEMO Ha
v-—"? Bicb OX. 3a Jpyrum 3aKOHOM Puc.2.6.
HeroTona
mgsina—-F, =0. (1)
Bpaxosyroun, mo F, > #Mg, orpumaemo:
mgsina = umg. (2)
3Biacu u=sina. (3)

Omxe, npu 1 < SIN @ TiNO MOYHE KOB3aTH MO MOXUIIiH MOBEPXHI.

PosrasiueMo cutyartito, KoJM TIO KOB3a€ B3JOBXK MOXWIIOI riomuHu. Llei
pyx Oyle piBHONPUCKOPEHUM. 3a IpyrumM 3aKkoHoM HbroToHa:

mgsina —F, =ma (4)
a6o mgsin ¢ — ¢'mg = ma (5)
[Mominumo 1e piBHsSHHA Ha M, oTpumaemo: ( sina — y’ g =a. Orxe,

MIPUCKOPEHHS 3 IKMM KOB3a€ T1JIO PIBHE:

a=g(sina—u'). (6)

Pyx piBHONIpuckopeHuii 6€3 MOYaTKOBOi IIBUIKOCTI, TOMY IIUIAX, SKHMA
L at”

IPOXOJUTh TiJIO PiBHUMA S = > (7)
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12S
3BijacH, yac KoB3aHusa: = |—. (8)
a

HIBUaKICTh HA MPUKIHIN pyXy Oy/ie CTAHOBUTH:
v=at,. (9)

3naitnemo unciosi snavenns: 1 <sin10° <017.
a=g(sina—x')=98-(017-0,03)=1,37 x/c?.
t=\/§ - 2199 _1032c.
a 1,37
v=at=137-10,32=14,14 m/c.

. .o . 0.
2.12. Tino Koe3umv no noxuniii niousuni, Kompa ymeopioe kym o =435 i3
20pu3onmom. 3anexcnicms npoiidenozo winaaxy S 6io uacy t zadaemoca pisenan-

nam S =Ct%, oe C =l,73]l/l/02. 3naimu

Koe@iyiecnm mepm=a [l mina 3 nogepxHero.

JaHo: Po3B’si3yBanHst

o = 450 Coepiry po3ristHEMO

S _ct? BCl CHJIM, KOTp1 JIIIOTh Ha
=Ct

TiJI0, CHPOEKTYEMO iX Ha
2 . o
C=173 M/ c OCi Ta 3amMIIEMO APYrHid

1u—"2 3akoH Hprotona. Ockiib-

k1 B370BXK oci OY pyx He
BIJIOYBA€ETHCS, TO PIBHOJIMHA BCIX CHJI piBHA Puc.2.7
HYJIIO.

. 1)
OY: N-mgcosa =0.

OX: mgsina-F, = ma,}
Cuna Tepts BpaxoBytouH (1) piBHa:
F.=uN=pumgcosa. (2)
3 BpaxyBaHHs (2) OCHOBHE PiBHSHHS JMHAMIKHU MMOCTYNAIbLHOTO pyXy HaOy/e
BUTJISTY:
mgsina — Mg cosa =ma. (3)

3 piBHOCTI (3) 3HaKAEMO KOS]IIIEHT TEPTS:
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_gsina-—a @
gcosa
B ymoBi 3amaui 3amaHa 3aJeXHICTh HUIIXY Big udacy. B dopmyni (4)

BUKOPUCTOBYETHCS MPUCKOPEHHS — 11€ ApYyTa MOX1AHA B/l IUISAXY IO Yacy:

d’s
a=——= 2C . 5
e ()
3 BpaxyBaHHsM (5) piBHICTb (4) NEPENUIIETHCS
sina —2C
-9 | (6)
g Ccos

3HaﬁﬂeM0 YHCJIOBC 3HAUYCHHA:
_gﬁna—ZC_9BsM4§—2&JB_O5
9,8-cos45° o

7
gcosa

2.13. M’au macorw M =0,2 k2 edapuecsa 06 21adKy cminky nio Kymom

0. . . .
a =30" i giockouus bes empamu weuoxocmi. Hlguoxicms m’sua U =5m/c,

mpusanicms yoapy At =01 C. uaiimu cepeonio cuny F, 3 axorw oie cminka na

M’ay.
Po3B’sizyBanHs1
HMano: 3anmcyemMo piBHSHHS PyXy M’s4a:
m=0,2 ke =
= _AP
o= 300 - At 1)
L= 5M/ & OCKUIBbKY 3MiHA IMITYJIBCY M’siua
At=01c AP=P—-P =m(5-0,), ()
F-? TO KOTO0 MpoeKIisi Ha Bick OX
AP =m(vsina +y,sina) =2musina | (3)
Tomi
2mosin
F_ 2musina |
At
[TincTaBnsieMo YMCIOBI 3HAYEHHS BIJOMHUX BETUYHH 1 OTPUMYEMO CEPETHIO
CUITy yaapy: F=10H.
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2.14. Jlo nonuuyi eacona, AKuii pyxacmvcsa 20pPU3OHMANbHO, HA HUMUI
niogiwano KyaoKy. 1loi30 canvmye i wieuoKicmes 6a20Ha PiBHOMIPHO 3MEHULYEMBCA

3a wac At =5¢ 6i0 v, =15m/c 00 L, =5m/c. Ha akuii kym sioxunumuocs

npU YbOMY HUMKA 3 KY1bKOW0?

Po3B’si3yBanHst
Jano: Ko Baron mepeOyBae B CTaHi CIIOKOIO, HA KYJIBKY MIFOTh B
At=5cC CWJIM: CHJIa IpaBiTallii Ta Cijia HaTATy HUTKU. BoHH mepeOyBaroTh B
v, =15m/c | pieroasi. 1li cum OIHAKOBI 3a BEIMYMHOK Ta TPOTHICHKHI 3a Ha-
v, =5m/c | mpavkom. Tomy piBHOZlHA iX piBHA HYIIO, &, OTHKE, i IPHCKOPCHHS
o7 TeX piBHE HyJI0. HUTKa nepedyBae y BepTUKAIBHOMY MOJIOKEHHI.

' [Tix yac rabMyBaHHS BATOH PYXA€ThCS 3 MPUCKOPCHHSM
L, —U
a= 1)
At

1 BIACTAaBaTUME BiJ KYJIbKH, SIKa 32 1HEPILIEI PYyXaeThCs 3 MOMEPEIHBOIO IIBUJ-
KicTio. HUTKa 3 KyJlIbKOIO BIIXHIISAE€THCS BiJl BEPTUKAII HA MEBHUM KYT ¢ B MPOTH-
JISKHUI BIIHOCHO HAIPsMKY MPUCKOpPeHHs OiK. Cuia 3eMHOTO TSKIHHS Ta HATATY
HUTKH, K1 JIFOTh Ha KYJIbKY, HAQJAAIOTh KUIBI BIIHOCHO 3€MJII IPUCKOPEHHS, IO
JIOPIBHIOE IPUCKOPEHHIO BaroHa.

3a cucteMy BIIJIIKY BHOEpPEMO Taky, IO 3B’sS3aHa 3 TOBEPXHEIO 3eMIIl 1 SIKY
HAOMKEHO MOXKHA BBaKaTW 1HEpIiadbHOK. B miii cuctemi 3akoH HeroTtoHa yis
KYJIbK Ha0YBa€ BUTJTISITY:

ma=mg+T,

—

e & — NPUCKOPEHHS KyJIbKHU BiTHOCHO 3eMii; M{ — cuma 3emuoro Tsokinms; 1 —

CHUJIa HATATY HUTKH.
3HalieMo poeKIii X CHI Ha oci koopauHat OX ta OY:

—ma=Nsina . —ma=Nsina
a00
0=-mg + N cosa mg = N cos«

[loaumBIM J1iB1 1 IpaBl YaCTUHU LUX PIBHSAHB OJIHY Ha OJIHY, 3HAHAEMO:
a v -v, 15-5
tga=->=2""2 _ - 0,204,
g Atg 5-98

a = arctg0,204 =11,5°,
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2.15. ITio oicro cunu F =10H mino pyxaemvca npamoniniiino max, wo

3anexcuicmo npoiidenozo minom winaxy S 6i0 uacy U 3adaemovca pisnanmam

S=A-Bt+Ct% 0e C =lM/CZ. 3naiimu macy M mina.

Po3p’s13yBanHs

Aauo: 3rigHo apyroro 3akoHy Herotona F =ma, a6o F =ma,
S = A-Bt+Ct? 425
2 . a=——
= Pl (SN .

C=1m/c dt2
F=10H 3HaAMIIOBIIY MEpITy Ta APYTY MOXITHY [0 Yacy BiJ MPOHAEHOTO
m—? DXy OTPUMYEMO MPUCKOPEHHS TijIa:

d?s d? d

a=">-"_(A-Bt+Ct?)=—(-B+2Ct)=2C.
dt dt dt

TakvM YMHOM OTPUMY€EMO 3HAYEHHS CHJIM 1] JI€H0 SIKO1 TLIO 3AIMCHIOE PYX 1, SIK

HACJIIIOK, Macy Tija:

F:2Cm:>m:£.
2C

[li1cTaBUMO YMCIIOBI 3HaueHHs: M =— =S ke,

2.16. Yacmunka macorwo M= 0,1xe pyxaemvca npamoniniiino i pienomipno

i3 weuokicmio Uy = 1M/ C no 21a0Kiil n06epxXHi. 3 0eAK020 4acy HaA YACMUHKY

nouunae diamu cuna F, axa nanpamnena ¢ 6ix, npomunesncnuit nanpamy

weuokocmi, a Mooyns cunu minoemoca 3 wacom 1 3a saxonom F =Bt oe

B=012 H/m. 3naimu momenm wuacy t, xonu weudkicmv uacmunxu

O00PIGHIOE HYJII0, KOOPOUHAMY YACMUHKU 6 Yell MOMeHm ma il wmeuokicmos U

uepes 1| = 5C 6i0 nouamxy 0ii cunu.

ano:
m=0,1xe

vy =1m/c

F =Bt
B=012 H/m
t, =5¢C
t—?2x-2v-"

Po3p’si3yBanHs
3rigHo apyroro 3akoHy HeroToHa

-F :ma:md—u.
dt

Po3aimamo 3minHi B (1):

dv F Bt

B gu-—Bat

E_m m m
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I[poinTerpyemo oOuaBI YacTUHU BHpa3y (2) 1 3HAHAEMO IBUAKICTh YACTUHKH:

r B | B ,
do=——|tdt, v=v,——1t".
-[ m{ ° 2m 3)
OCKUIbKHA
dx B, : B ,
V=—=0,————t"= |dx=| (v, ——1°)dLt.
d ° 2m 0 -([( ° 2m ) 4)
3BiJICH KOOpJIMHATA YaCTUHKH
B .3
X=v0,t——1t". 5
o e (5)

3 piBHsAHB (3) Ta (5) 3HAXOAUMO MOMEHT 4acy, KOJU IIBUIKICTh YaCTUHKHU
JIOPIBHIOE HYJIIO, KOOPJAUHATY YACTUHKU B L€ MOMEHT 1 HIBUAKICTH yepe3 yac t;

TICIIS MOYATKY i1 CHIIN:

v=0, 0= UO——t ‘/zm’)o 1 _129c,
ou

x=1 129—%(129) =—20m,

0,12
v=1-—""(1,29)* =14 n/c.
701029 mf

2.17. Ha mino macorw M=2Ke, wo 3nHaxo0umvca Ha 21a0Kiil
20pu3oHmansvhiil noeepxni Oie cuna, aka nponopuiiina uwacy: F = Bt, oe
B =8 H/m. lpu t =0 mino mac nowamxosy weuoxicms Uy =4 m/c. Axuii

wnax S npoitde mino 3a wac t = 3C.

Nano: Po3p’si3yBaHHs
m = 2.K2 3rigHo Apyroro 3akoHy HeroToHa
d
F =5t F=ma=m-- (1)
B=8H/u dt
t=0 a 32 YMOBOIO 331241
vy =4 m/c F=Bt. 2)
t =3¢ [IpupiBHIOIOUM MpaBi cTopoHU BUpasiB (1)1 (2), maemo:
do
S—7 m—— = Bt. 3
dt 3)
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Po3nimumo B nudepeHttiambHOMY piBHSHHI (3) 3MiHHI Ta IPOIHTETPYEMO:

B

v t
IdU=EItdt, v—v, =—1?, U=Uo+£t2.
Uy mO

2m 2m

nsx S, sxuit mpoiine Tio 3a yac t Oyze:

[TizmcTaBuMO YMCIIOBI 3HaYCHHS B (4):

t t B ) B 3
8 3
S =(4-3+——3%) =30
6-2

2.18. Tino macow M=1ke ¢ momenm uacy t =0 nouano pyxamuce nio

dieto cunu F =Fysinwt, ne Fy =2,6H, ©=0,785pad/c. Busnauumu winsx

S, akuit npoitwno mino 3a wac t = 2C.

);lnalszli o Po3B’si3yBanHs1
3rigHo apyroro 3akoHy HeroToHa
t=0 _ do
F = F,sin ot Hﬁman:ma:ma?. 1)
Fp=26H Poznimimo B mudepenniansHOMy piBHAHHI (1) 3MiHHI Ta
@ =0,785pad/c HPOIHTETPYEMO:
t=2c Fo .
53 dU:Esma)tdt,
t
u:ijsin a)tdt:—ilcoswtg :il(l—cosa)t)- (2)
ms m w m o

Insax S, sxuil mpoiize Tino 3a yac t Gyne:

t

-

0

t

vdt = (1—cosmt)dt = Poy_ Fozsina)t:
mo? Mo Mo

F :
=m£AM—$nﬁ)

ITizcTaBUMO YUCIIOB]1 3HAYECHHS

2,6

W (0,785 2 —Sin 0,785 2)Jl/l = 2,4M
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2.19. Ha mino macoro M =2k dic cuna F =30H nio kymom o =60° o0

Hanpamky pyxy. Cuna mepmsa 3anexcumov 6i0 WGUOKOCHMI 34 3AKOHOM
F.=F,+Bv, oe F;=5H, B=05H ¢/m. Busnauumu weudxicme U mina 6

momenm uacy t =4cC.

Po3B’si3yBanHs1
Aano: 3rimHo apyroro 3akoHy HeroToHa
F-30H mEZFCOSa—FO—BU. (1)
a = 60° Poznimumo B nudepeniiianbHoMy piBHsHHI (1) 3MiHHI Ta
F.=F+Bv MIPOIHTETPYEMO:
Fo=>5H T do _ ijdt
B=0,5H c/u y Fcosa—Fy—Bv myg
t=4c 1
——=In(Fcosa - F, —Bv)|; =—,
v-—"? B
B
In(F cosa - F, —Bv)—In(F cosa - Fy) =——t,
m
In FCOSa—FO—BU__Bt
Fcosa - F, m"
_B,
Fcosa—-F,-Buv=(Fcosa—Fy)e ™.
3B1CH

B
1 -5t
v=—(Fcosa—F,))1-e ™ |
B
[TigcTaBUMO 4HCIOBI 3HAYEHHS:

1 %
V= ﬁ(30c0360—5)[1—e 2 ] =12,6.u/cC.

2.20. Tino macoro M=0,5xz pyxaemovca 3i weuokicmio Uy = 5M/ c i
nompanase 'y 6’a3Kke cepedosuuie, aKe 0ic Ha Hbo2o i3 cunow onopy F, =C v,
oe C= O,GHCZ/M. Busnauumu, sakow 6yde wieuokicmv U pyxy mina 6

cepedosuui uepes uac t =4C.
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Po3B’s13yBaHHs
{[naio(; 5 o 3rinHo apyroro 3akoHy HproToHa
’ do do )
vy =5m/c mE:FO”’ maz—Cu : (1)
F,=C V2 Po3nummo B qudepentiansHoMy piBHsAHHI (1) 3MiHHI 1 IPOiH-
C=0,6H/n TErpyeMo:
t=ac flo_ Cry L 1,1 C
v-"? oo U my v Y m
v=—"0— b= e =02u]c.
1+ —uv,t 1+ =54
m 0,5

3apauvi Ana camocTiMHOro po3B’A3yBaHHSA

2.1. Jlo KiHIIIB HUTKH, SIKa MEPEKUHYTa Yepe3 OJIOK, MPUKPITUICH] BaHTaX1 Macoro
m, =3ke ta M, =1lke. Cnoyarky BaHTakXi 3HAXONATHCS HA OJHOMY DiBH.

Bu3HauuTH CUly HaTaAry HUTKH Ta Ha SIKy BIICTaHb MO BEPTHUKAIl pO31MAyThCA

sanTaxi uepes 1 = 0,2 ¢ micna nouarky pyxy. (14,7 H, 0,196 m)

2.2. Ha KiHUSX HUTKH, SIKa MEPEKUHYTa 4Yepe3 HepyXOMHUU OJIOK MiJBIlIaHI Tijia
pizHoi Macu. ITig qicro cumy TSOKIHHS KOXKEH IPy3 IPOXOoauTh 3a yac 1 = 2¢ micns
nouarky pyxy no | =1,96 v. BusHauntu macy meHioro Tina, skio maca M,
6inbimoro tima My =1,1xe. (0,9 ke)

2.3. Maca nidra 3 macaxupamu cranosuts M =1200x2. Cuna narsary Tpocy,
KoTpuil BrpuMye it cranosuth | =15kH . Kyau i 3 skum npuckopeHnsM a
pyxaetbcst mdt? (Bropy; 2,7 m/c?)

2.4. M’ sank macoro M =1002, o abGeomoTHO Ipy)XHO BaapuBcs 06 CTIHKY, MaB

nepea yaapoM IMIBUAKICTE U = 6M/ c. O0uMCcIUTH 3MIHY IMITYJIbCYy M SYUKA.
(1,2 kem/c)

2.5. O04MCIMTH MIBUIAKICTH PyXy Tijla, Maca sKoro M =95 K2, AKIO IMIyJIbC
poro Tina nopismioe P =40 k2 m/c. (8 m/c)

2.6. Jlromuna macoro M = 80k2 mepexomuTs 3 KOPMHU Ha HiC YOBHA, Maca SKOTO
M =150ke. Hosxuna uwosna | =5m. Ha saxy Bigcramp S mnepemicTuThCS

yoBeH? Omopom Boju 3HexTyBaTH. (1,7 M)
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2.7. JIronuna macoro M = 80 ke 3icTpuOHyna 3 4oBHA MACOIO Y OIK, IIPOTUIIEKHUMI

70 HanpAMKY pyxy. LLIBHAKICTH pyXy JIOAMHU BIAHOCHO BOAM MPH I[bOMY MOYasia
JOPIBHIOBaTH HYJIO. BH3HAUMTH IIBUAKICTh YOBHA MiCHs TOro, SIK JIIOJMHA

31CTpUOHYJIA 3 HBOTO, SKIIO J0 [IbOTO BOHA CTAHOBWJIA U = 5M/ c. (7,7 m/c)
2.8. Ha ckijpKH 301IBIIATHCS TIBUIKICTh Tima Macoro M=1xe 3agac t=10C
min giero cumn F =1 H ? (10 wm/k)

2.9. Tino Baroro P =2000 H pisrOMIpHO migHIMAIOTE 0 NOXUITIH IUIOMIKHI, KA

YTBOPIOE 3 TOPU30HTOM KYT & = 30°, npuknagaroun cuny F =1500H B3posx
BIHII pyXy. 3 SKUM MPUCKOPEHHSIM A TUI0 Oyze 31CKOB3YBAaTHU B3JIOBXK MOXMWIIOT
IJIOMIMHY, SIKIIO Horo Biamyctutu? (2,5 .M/CZ)

2.10. Hns Ttoro, mo0 BU3HAYUTH KOEQIIIEHT TepTis LI MK JAepeB’STHUMHU
MOBEPXHAMH, OPYCOK MOKJIAJIM Ha JIOMIKY 1 MOYajd MiJHIMATH 32 OJIMH KIHEIb.
bpycok moumHae pyxaTuch MpW 3HAYEHHI KyTa HAXWUIy O =14° . Busnauurn
KOE(ILIEHT TepTS L .

2.11. Tino pyxaerbcs mpsimoniHiiHO. [lin miero cuiam 3MiHa MIBUAKOCTI Tijla Ha

Av =15 M/ ¢ BimOynacs 3a yac t; = 2 C. BusHaunt 3MiHY [IBUIKOCTI, SKIIO 151

cua Jisitume potsrom yacy t, = 3,6 €. (2,7 w/k)

2.12. CraneBuii Tpoc MiAHIMAILHOrO KpaHa BUTPUMY€ CWily Hatary | =9 kH .

. . . . _ 2 ,
SIkuii MakCUMaJIbHUI BAaHTaX BiH MOXKE IIIHATH 3 mpuckoperHsM a =1,5 m/C”*

(4425 k2)
2.13. BusHaunTH cmily TATH aBUryHa Tanka macoro M= 70 T, axmo Ha Bixcrani

| =200 m #oro muaxicts 36inbiumnacs Big v; =10 M/C 10 v, =20 m/c.

(52,5 kH)

2.14. Maca xoxkeiinoi maiion M =100¢. ITig mieto Ha Hei XOKEHHOT KITFOUKH
npotsrom t=0,15C mBuakicts pyxy maii6u 36imsmmiace Bin vy =5M/c 10
v, =50 M/c . BusHauntu cuny nii kmouku Ha mait6y. (30 H)

2.15. KinematuuHe pIBHSHHS PyXy MaTeplaibHOI TOYKU 33JA€ThCS PIBHAHHSIM
S=A+Bt+Ct? e C=1 M/02 . ITig yac pyxy Ha Touky aie cuna F =20 H .

Busnauntu macy tina. (10 k2)
2.16. Bpycok macoro M =3 K& TATHYTh 3a HMTKY TaK, IO BiH pyXaeTbecs 3i

CTAJIOK0 IIBUJKICTIO TO TOPU3OHTAJBHIA IUIOHNIMHI 3 KOE(ILIEHTOM TEpPTH
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k =0,14 . BusnaunTy KyT Mi’K HUTKOIO 1 IUIOIIMHOKO, 32 SKOTO HATAT HUTKHU OyJIe

HAaWMEHIITUM, a TAKOX II0 CHITY HATSTY Fmin ? (80, 4,08 H)

2.17. PiBusanHs pyxy Tina Macoro M = 0,4 ke mae surmsam: X =50-10t + 0,2t2.

Busnauntu cuity ska aie Ha tino. (0,16 H).

2.18. Cuna, mo Ii€ Ha TiIO, 3MIHIOETHCS 3a 3aKOHOM F = 0,6'[2 H . Busnauntn
3MiHy iMITynIbCy Tina 3a 4ac Big t = 2 C micis nouarky nii cumm. (1,6 k2m/c)

2.19. Borueracuuk paszom i3 BmictoM Mac macy M =3ke. Ilix yac poGoru
BOTHETaCHMKA BiH ympomosxk vacy { =1C Bukmmae ropusoHTansHO IiHy, Maca
skoi M=4002, 3i msuakicrio v =20M/c. SAky cumy ciig NpUKIacTH 10
BOTHETAaCHUKA Yy IMOYATKOBHM MOMEHT po0OOTH, H00 YTPUMYBaTH MWOTO B

TIOJIOXKEHHI piBHOBaru? Beaxkatw, mo po30pu3KyBanHs minu BincyTHe. (30 H)
2.20. Ilix miero meBHOI CUIM TiIo Macor M =5 K2 pyxaeThbes B3I0BK oci Ox Tak,

110 HOro KOOp/AMHATa 3anucyeThess piBHAHHAM X =4 —8t + 3t* [M]. Busnauutu
iMIyIbe Tina B MoMeHT yacy t =2 C. (20-m/c)

2.21. Cuapsin macoro M = 2,5 k2, mo pyxaerses 3i msuakictio v = 400 m/c, po-
3ipBaBcs y MOBITPI Ha JBa yiaamku macamu My =2 ke ta M, = 0,5 k2. Binpumii

YIAMOK TIOJIETIB Yy HANpPsAMKY pyxy cHapsga 3i msmakictio Up =350 M/ C.

BuznaunTn mBuaKicTs Apyroro ynamka. (600.m/c)

Tectn

2.1. Slke 3 TBepIKEHD BIMNOBIIa€ IepIoMy 3akoHy HeroroHa?
A) Bcsika MaTepiajibHa TO4Ka 30epirae CTaH CIOKOK a00 pIBHOMIPHOTO
MPSIMOJTIHIHHOTO PyXY JOTH, JOKH JIisl 3 O0KY 1HIITUX TUT HE 3MYCHUTb ii
3MIHUTH IICH CTaH;
B) Bcsika maTepiangbHa TOYKa 30epirae CTaH CIIOKOK a00 pIBHOIIPUCKOPEHOTO
MPSIMOJIIHIHOTO PyXy JAOTH, IOKH JIFOTh 1HIII T1JIa;
B) Bcsika MaTepianbHa TOYKA 3aBXK /M 30€pirae CTaH CIOKO ado
PIBHOMIPHOTO IPSIMOJIIHIMHOTO PYXY;
I') Bcsika MaTepiabHa ToUKa 30epirae CTaH CIOKOI a00 pIBHOMIPHOTO
NPSAMOJIIHIMHOTO pyXy AOTH, IOKH PIBHOAINHA BCIX CHJT IOPIBHIOE HYJIIO;
J1) BCsika MaTepiajibHa TOUKa 30epirae CTaH CIOKOI0 ab0 PIBHOMIPHOTO PyXy TO
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KOJTY JIOTH, TIOKH PIBHO/IIIIHA BCIX CHJI IOPIBHIOE HYJIIO.
2.2. 3akiHyiTh (pasy: «|HepIIIHOIO Ha3UBAETHCS CUCTEMA BIJUTIKY, B SIKIil...
A) ...IIIOTH JINIIIE KOHCEPBATUBHI CUITNY;
bB) ...BUKOHYy€ThCA nepiuii 3akoH HeroToHaY;
B) ...pUCKOpPEHHS € CTATTUMY;
I') ...pe3ynbTyrO4a BCIX CHJI, 11O JIOTh Ha T1J0, JIOPIBHIOE HYIIIO»;
J1) ...IIBUIKICTH PYXY Tija € CTAJIOIO».
2.3. 3akiHuUTH pedeHHs: «|HepIi€l0 Ha3UBAETHCHA. .
A) ...3aTHICTH TiJIa 30epiraTi MBUIKICTh PyXY 3@ BIACYTHOCTI JIii 1IHIITMX
TLI»;
B) ...3MiHa TTOJIOKEHHS Tijla BIIHOCHO 1HIIUX T 3 YaCOMY;
B) ...sBuIIC 30epeKeHHS MBUIKOCTI TiJa B pa3l KOMIICHcAITii Jii Ha HOTO
1HIITUX T,
I') ...pIBHOMIpHUY TIPSIMOJIIHIMHUX PYX»;
J1) ...BIACTUBICTH TUIA 30€piraTi CBOIO MIBHUJKICTH CTAJOI0 B pa3l KOMIIEHCAIli
Jii CUJI, MPUKIIAJIEHUX JI0 HHOTOY.
2.4. Maca tu1a — ne:
A) KUIBKICTh PEYOBUHU B T1JIi; b) Mipa noTeHIianbHOI eHeprii Tia;
B) Mipa iHepTHOCTI Tija; I') mipa KIHETUYHOT eHeprii;
J1) IpaBUJIbHOI BIJIMOBIJII TYT HEMAE.
2.5. Cunoro Ha3MBa€THCS:
A) 371aTHICTD TiJla BUKOHYBaTu po0oTy; bB) mpuuunHa, sika miarpumye pyx
Tina;
B) Mipa MexaHi14HO1 1ii Ha T10 3 00Ky 1HIMX TLT; I') Mipa IHEPTHOCTI TiJa;
JI) Mipa rpaBiTalliiHOT B3a€EMOIT T1JI.
2.6. Slkuit BUpa3 BU3HAUa€ Apyruii 3akoH Herorona?
_ m. _ mo, . F. dp

A)a:Fm, B)é:E, B)a—T, F)a:m, I[)a:dt

2.7. Tino, Ha siKe JIi€ cTaja 3a 3HAYSHHSM 1 HaIIPSIMKOM CHJIa, PYXa€ThCS:
A) PIBHOMIPHO NPSIMOJIHINHO;  B) pIBHONPHUCKOPEHO MPSIMOIHIIAHO;
B) piBHOMIpHO 10 KOITY; I') He pyxaerbcs;
J1) HEpIBHOMIPHO.

2.8. PiBHOAIIHOIO CHJIOIO0 HA3UBAIOTh:
A) anrebpaiuHy CyMy BCiX CWJI, IO JIFOTh Ha T1JIO;
B) pi3HuIo BCiX Cul, MO AiFOTh HA TLJIO;
B) reomeTpruuHy cymMy BCiX CHJI, IO J1IOTh Ha TLJI0;
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I') cuny, 1110 COpUYUHSIE PYyX TiNa;
J{) TEOMETPUUHY PI3HMITIO BCIX CHJI, 11O A1FOTh HA T1IO.
2.9. 3aKiHYUTH PEUCHHS: «SIKIIO cyMa BCIX MPHUKIAICHUX 10 Tijia CUJI IOPIBHIOE
HYJIIO, TO TLJIO...
A) ...pyXaeThes PIBHOMIPHO TIPSMOJTIHIHHO a00 3HAXOAUTHCS B CIIOKO1»;
B) ...pyxaeTbcs piBHOIPUCKOPEHO MPSMOIIHIAHOY;
B) ...pyxaeTbcst piIBHOMIPHO 1O KOTY»;
I') ...pyxaeThcsi pIBHOIPUCKOPEHO IO KOIIYY;
) ...pyXa€eThCsl pIBHOCTIOBUTHPHEHO MIPSAMOITIHIHOY.
2.10. BenuuuHa iMIyJibCy Tijia P BU3HAYAETHCS BUPA3OM:

A)P:muz; p) P=mv: ByP=—"F— r)P:7

J{) mpaBUJIbHOI BIATOBI/I TYT HEMAE.
2.11. SIxe 3 TBepKEHB BIANOBIAE TPEThOMY 3aKOHY HbtoTOHA?
A) cuiM B3aeMOJIi JIBOX MaTeplajJbHUX TOYOK B I1HEpPLIAIbHIN CHUCTEMI
BIJIJTIKY OJIHAKOBI 32 MOJYJIEM 1 CIPSIMOBAH1 y MPOTHIIEKHI OOKH;
b) cunu B3aemoii JBOX MaTeplaJbHUX TOYOK B IHEPUIAIbHINA CUCTEMI BIJIIKY
OJIHAKOBI 32 MOJIyJIEM 1 CIIPSIMOBaHI1 B OJIUH OiK;
B) cyma cui B3aemozii TBOX MaTepiaibHUX TOYOK B 1HEpIaibHINA cHUCTEMI
BIJITIKY JOPIBHIOE HYJIIO;
I') cunu B3aeMozii ABOX MaTeplalbHUX TOYOK B iHEPIIaNbHIN CUCTEMI BIJIIKY
00EepHEHO MPOMOPIIIHI O Mac X TiJ;
J{) cuim B3aeMOJIT ABOX MaTepialbHUX TOUOK B 1HEPIIAJIbHIN CUCTEMI BIJIIIKY
00EepHEHO MPOMOPIIiiHI O MPUCKOPEHHS IIUX TII.
2.12. IMImyibCcOM Tijla HA3UBAETHCA:
A) 100yTOK MacH TiJia Ha TPUCKOPEHHS,
B) 106yTok Macu Tijia Ha HOTO MIBUAKICTD;
B) noOyTox mMacu Tina, HIBUIKOCTI 1 pajlycy oOepTaHHS;
I') noOyTok cuiu, 110 i€ HA TLIO HA Yac ii Jii;
1) noOyToK Macu Tija Ha Jac aii CHIH.
2.13. 3aMKHEHOIO MEXaHIYHOIO Ha3UBAETHCS CUCTEMA, B SIKIM:
A) TiJIa B3a€MOJIIOTH OJIHE 3 OJHUM JIMIIIEC 32 3aKOHAMH MEXaHIKH;
B) Tina MoxxyTh pyxaTuch 0€3 TepTs;
B) Tina He B3aEMOMIIOTH OHE 3 OJHUM,;
I') BiacyTHS MexaHiuHa B3a€MO/IISl 3 OTOUYIOUUMHU TUIAMU;
J1) Tina nepeOyBalOTh y CTaHl HEBarOMOCTI.
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2.14. Slxmii Bupa3 BU3HA4ae ApYyruil 3akoH HploTOHA 1 i-ro TLMa 3aMKHEHOI
MEXaHIYHOT CUCTEMH, IO CKIAAeThes 3 N Tin?

d, .. - d, .. - = B, B

d, .. - = . d, .. - = |

d .. - - -
1) a(miUi) =Ry +Fa+..+ Ry
2.15. SIxe 3 TBepKEHB BIAMOBIIAE 3aKOHY 30€PEKCHHS IMITYJIBECY?
A) IMITyJIbC T1JIA € CTAJIOI0 BETUMYMHOIO;
B) iMnynibCc 3aMKHEHOI CUCTEMU TiJ1 HE 3MIHIOETHCS 3 INIMHOM Yacy;
B) iMIy1bC 3aMKHEHOT CHCTEMH T1JT JOPIBHIOE HYJICBI;
I') iMmmynibe cucTeMu TUT AOPIBHIOE CyMI IMITYJIbCIB TLJI;
J1) IMITYJIbC CUCTEMH T1J1 JOPIBHIOE TECOMETPUYHIN CyMi IMITYJICIB T1I.
2.16. flxa 3 popmyn Bupaxae 3aK0H 30€peKEeHHS IMITYIIBCY?

n n
A) mo = const; B) Z m;v; = const; B) Z m;U; = const;
i=1 i=1

n
- ] n-1
0 lemiui #CONSt 1 S
i= =

2.17. VY 3aMmkHEHIW cucTeMi MiJ Yac B3ae€MOil JBOX TiJ 3arajbHUM 1MITYJIBC
CUCTEMH:
A) 301IBIIY€THCA, SKIIO yap aOCOTIOTHO MPYKHUM;
Bb) 30ubLIy€eThCS, AKIIO YAAp HENPYKHUM;
B) He 3MiHIOETBCS,
I') He 3MIHIOETHCS, JIUIIIE TOA1 KOJIM T1JIa MalOTh OJHAKOB1 MacH;
J{) 3MEHIIY€eThCS MPONOPLIMHO A0 3MEHIIEHHS! IIBUIKOCTI TLI.
2.18. V gkux cucremMax BiIJIIKY BUKOHYETHCS 3aKOH 30€peyKEHHS IMITYJIbCY?
A) iHepmianbHuX;  B) HeiHepuianbHux;  B) 3aMKHEHUX;
I') Oyab-skux; ) nucunaTUBHUX.
2.19. Jlo onniei Touku Tina mpukiageHi cuim F; 1 F,, copsmoBani neprien-
TuKyIsipHO. Busnauntu piBHOAIMHY X cui (y H).
F1:3OH, F2:4OH
A)10; Bb)30; B)40; I)70; m)>50.
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2.20. Ilix nmieto cumum F; TIO pyxaeThCs 3 NPUCKOPEHHSIM a;. BusHauutu
IprCKOpeHHs (y M/c%), 3 SIKHM pyXaTHMEThCS e TLIO i iero cu Fo.
F,=40H; a,=0,1 m/c’; F,=1xH.
A)15;, B)25 B)l, I)2; D)3

2.21. 3a HampsMKaMu BEKTOpPIB IIBUJKOCTI 1 o 2
NPUCKOPEHHS Tija BU3HAYMTH, SKHH HAIpPsSMOK 1 — 1
Ma€ BEKTOP PIBHOJINHOI BCIX CHJI, IPUKIIAJAECHUX > 1< >3
10 TL1A. X

A)l, Bb)2; B)3; TI)4; JI)npaBuiabHOI BIJIMOBIAI TYT HEMAE.
2.22. Tlix gac B3aeMOZii ABOX T BiJIHONICHHS MOJYJIB iX IIPUCKOPEHb d1.dy = 3.

OO6unciuTy Macy (y Kr) Mepuioro Tijia, Ko Maca APyroro JopiBHioe My.

m, = 3 K.
A9 Bb)3; B)6;, IN1, m)l2.
2.23. 3a rpadikoM MpuCKOpeHHs aBToOyca Macorw M, KU x, M/C2
PYXa€ThCS NPAMOJIIHIMHO, BU3HAYUTH MOAYJIb PIBHOIINHOT 0.3
BCIX CHIJI, IIIO AIFOTh HAa HBHOTO. 0,2
m=4r. 0,11
A)8kH; Bb)800H; B)40H,; 0

1 2 3 10
)40 xH; ) 80 H.
2.24. Slkwii BHUpa3 BHU3HAYa€ CHIIy, MiJ JI€I0 sKOi TLIO Macord M 3a yac t

MPOXOJIUTh MIJISAX S, SIKIIO MOYATKOBA MIBUAKICT Tijia Uy = 07?

ms 2ms 2ms mt, t

A2’ BT B2 Dg’ D)oy
2.25. Haiftounimnie XxapakTepusye 1HEpTHICTh TLII:

A) o6’em; B)rycrtuna; B) popma; I')Bara; I) maca.
2.26. Skwii MakCUMalbHUW pe3yibTaT IICTAHEMO BiJ JOAaBaHHSI TPHOX CHI 3
monyismu F, kF, 2kF?

A)(2k+1)F; B)(Bk—1)F; B)(3k+1)F; TI)2k°F; ) 3kF.
2.27. Jpyruii 3axkoH HproTOHA MOKHA 3aCTOCOBYBATH:

A) B HEIHEPIIATLHUX CHCTEMAaX BIIIKY;

B) sK110 MBUAKICTS YaCTUHKU HAOIMKAETHCS IO MBUAKOCTI CBITIA;

B) B iHepIllaTbHUX CHCTEMAaX BIIIKY;

I') n71s1 onucy pyxy YaCTHHOK BCEPEINHI aTOMA;

J) U1t OnUCY PyXY YaCTUHOK BCEPEIMHI MOJIEKYIIH.
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2.28. HanpsiMok sikoro BeKTOpa 30IraeTbCs 3 HANPSMKOM BEKTOpa MPUCKOPEHHS
MaTepiaibHOI TOUKHU B 3arajlbHOMY BUITAJIKY?
A) MIBUJIKOCTI; b) cuny;
B) paniyc-BekTopa; I') oquHUYHOTO BEKTOpa TOTUYHOI 0 TPAEKTOPIT,
J1) OAMHUYHOTO BEKTOpa HOPMaJIi IO TPAEKTOPIi.
2.29. Sk po3noauIIeThCs IMITYJILC MK CHApPSIZIOM 1 TapMaTolo Mij] 9ac mocTpury?
A) OLTBIININ IMITYJIEC OTPUMYE CHApA; B) MEHIUI IMITyJIbC OTPUMYE TapMarta;
B) menmmii iMynbsc otpumye cHapsia, 1) Oublinid iMIyJibC OTPUMYE TapMara,;
J1) iIMITyJIbC PO3MOUISIETHCS MOPIBHY MK CHApSIOM 1 TapMaToio.
2.30. Pyx tina omucyerbes piBHsausaM X = A + Bt + Ct°. Brakatoun, mo Maca
TiJ1a M, BU3HAYUTH HOTO IMITYJIbC Uepe3 t ¢ micis MovyaTKy BiJIIKY dacy.
A=6wm, B=-4wm/; C =2 wm/c% m=1xkr; t=1c.
A0 Bb)l;, B2, I3 A4
2.31. 3minHa iMITyNbCy OUIbINA, KOJIH:
A) Ginpla Maca TiIa; Bb) Ounbia airova cuna;
B) OinbIunii iMIyJIbC TiJIA; I') MeHIIIa MBUAKICTH T1JIA;
J{) mpaBUJIbHOI BIATOBI/I TYT HEMAE.
2.32. Ilix gac 301IbIIIEHHS IBUAKOCTI TiJa BJIBIYl BEIUYMHA IMITYJIbCY:
A) 30inbInyeThes B 4 pa3u;  B) 30ubinyeThes B 2 pa3u; B) He 3MIHIOEThCS,
I') 3MeHmyeThes B 2 pa3u; JI) 3MeHITYeThCs B 4 pas3u.
2.33. Ilix gac 301IbIIEHHS IMITYJIBCY Tijia BABIYI HOTO KIHETUYHA €HEPTis
3pOCTaE B:
A) 2 pazu; B)8paziB; B)4pasu; I') HEe 3MIHIOEThCH.

Ne 3aBmanHs 2.1. 2.2. 2.3. 2.4 2.5. 2.6. 2.7. 2.8.
BapianT A b B B B r b B
BIJIITOBIA1

Ne 3aBmanus 29. | 210. | 211. | 212. | 2.13. | 2.14. | 2.15. | 2.16.
Bapiant A b A b r r b B
BIJIIIOBIA1

Nezapmanus | 2.17. | 2.18. | 2.19. | 2.20. | 2.21. | 2.22. | 2.23. | 2.24.
Bapiant B B Ji | b B r b B
BIIITOBIA1

Ne zapmannsa | 2.25. | 2.26. | 2.27. | 2.28. | 2.29. | 2.30. | 2.31. | 2.32. | 2.33
Bapiant i | B B b i | A b b B
BIJIIIOBIA1
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