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Tanineo Ianinen (1564 — 1642) — sudammnuii imanisicokui
@izux i acmponom. Hapoouecs 6 m. I1iza. Busuas meouyuny,
a nomim camocmitiHo — mamemamuxy. Bio 'anines 6epe no-
uamox izuka sik Hayka. I aninero 1r00cmeo 30006 s3arne 060-
Ma RPUHYURAMU MEXAHIKU, KT 3i2panu HAO36UYALIHO BETUK)
ponb 6 po3eumxy ¢hisuxu — ye npunyun eionocnocmi Iani-
Jes 013 NPAMOJIHINHO20 | PIGHOMIDHO20 PyXy i HpUHUUR
cmanocmi npuUckoOpenHa cunu macinna. Ianinei ecmano-
8UB 3AKOH [HEepYil, 3aKOHU GLIbHO20 NAOIHHA, PYXY MIld No
NOXUAITL MAOWUHI § MINA, KUHYMO20 Ni0 KYMOM 00 20pU30H-
my, GiOKpUB 3aKoH 000a8aHHs WBUOKOCMell | 3aKOH CIanoc-
mi nepiody Konueanv masmuuka. Bin cmeopue nepuuii mep-
MOMemp ma MasmHuKoeui 200unHux. I anineil nepuiuli noka-
3a8, K NOMPIOHO BUKOPUCMOBYBAMU MAMEMAMUYHUL and-
Pam 8 HayKoBUX OOCTIOHNCEHHSIX.

Mexanika — po3ninn ¢isuky, axuii BUB4Yae HainpocTtiury ¢gopmy pyxy Tin — MexaHiYHMIA
PYX, TOOTO 3MiHY B3a€EMHOI0 MOJIOKEeHHSI TiJ1 B MPOCTOPi 3 4acoM. SIKIIo Tijo mepeMinaeTs-
cs1 6e3 oOepTaHHSA, TO TOBOPATH, IO TUJIO 3HAXOAWTHCA B CTaHI MOCTYNMAJIBHOIO pyXxy. bymn-
sIKa TOYKa TiJIa, IO PYXa€ThCs TIIBKH MOCTYNAIBHO, IPOXOIUTD OAHY 1 TY K TPAEKTOPIO.

[Tpu BUBUEHHI pyXy MK OyZeMO KOPHCTYBAaTHCS MOHATTAM igeasizoBanoi yactunkm. Ta-
Ka 4aCTHHKA PO3TIBIIA€THCA K MaTeMaTHdHa TOYKa, TOOTO y Hel HEMa€e MPOCTOPOBOI MPOTSIK-
HOcTi (po3MipiB), i BOHA MOXKe 3JIHCHIOBATH TLIBKH IIOCTyNMANbHUI pyX. Tino, po3amipamu siko-
IO HEXTYBaTH HE MOXKHA, PO3TTISIIAETECA SIK CHCTEMa MaTepialbHIX TOYOK

MexaHiky MOAITSIOTH HA TPH YaCTUHH: KiHEMATHKY, KA BUBYA€ PyX TiI O3 BpaxyBaHHS
TIPUYVH, 10 BUKIUKAIOTh el PyX; CTATHKY, KA ONUCYE PIBHOBATY TiJi; i AMHAMIKY, sKa Bif-
MIOBi/Ia€ Ha MUTAHHSA TPO T€, YOMY TiJla PyXaroThCS caMe TaKUM YWHOM. Lli JacTWHU MeXaHIKd
YMOBHO CaMOCTiHi, i BOHH PO3B’A3yIOTh Pi3Hi 3a1adi.

§ 2.1. Cucremu Bimiky

Pyxom Tina Ha3uBaroTh 3MiHy HOTr0 HOJOXKEHHS B POCTOpi 3 yacoM. OHAK HOHSTTS pyXy
Ma€ CTPOro BH3HAYEHMH 3MICT TUIBKM TOJI, SAKIIO BKa3aHO Tiio (abo cucTema Til), BiIHOCHO
SIKOTO BiIOYBA€ThCS PyX PO3TISAYBAHOrO Tina. B 1iboMy CyTh yHAaMEHTAIBHOI BIIACTHBOCTI
MIPUPOIH, 3MICT SKOI TOJISITaE B TOMY, IO OyAb-AKHI pPyX BimHOCHUI. ToMy OImC pyxy MOX-
JUBUH TUTBKY 32 HASBHOCTI CUCTEMH BillJIKY.



8§ 2.2. Tpaexmopis, wiisx, nepemiuenns

CHCcTeMOtO BiTIKY HA3UBAKOTH TiJIO (200 CHCTEMY Tij), BiZIHOCHO SIKUX PO3DIIIIAIOTH PYyX, TOO-
TO BU3HAYAIOTh TIOJIOKEHHS PYXOMHX TiJI y IPOCTOPI.
Jitst onmey pyxiB Ha 3emiti 3a CHCTeMY BiIUTIKY 3a3Bu4aiil 6epyrb 3emmo abo (1o e came) siki-
HeOy/Ib TiNa, HEpyXOMi BiIHOCHO 3eMTi, HAIIPHKIIa, CTiHH JabopaTopii, B sIKiif IPOBOJATHCS JOCII .
Cucremn BiptiKy HeoOXiaHi s (hikcamii TOUKH 30py Ha pyX. ToMy B cucteMax BiIUTIKY, SIK i B
(I3MYHUX TiNaX, a0CTParyrOThCS Bill BCHOTO, IO TOB’S3aHO 3 iX OYIOBOO 1 BIACTHBOCTAME. Bax-
JIMBUM € TUTBKH Te, SK BUTJIIIAE TI0 BiTHOMICHHIO IO HUX TPOCTIp i sK Teue yac. Jocmiaamm ax-
v TOM € TPUBHMIPHICTb CBITOBOTO IIpocTopy. ToMy cucTeMy BiuTiky 300pa-
’KaroTh TPUBUMIPHOIO CHCTEMOIO KOOPJIHMHAT, OCi SIKOI XOPCTKO 3B’s3aH1
3 BUOpaHHM TiJIOM, SIKE€ Pa3oM 3 HEPYXOMHM TOAWHHHUKOM, SIKHH CIy-
JKUTH ISl BAMIPIOBAHHS 4Yacy, YTBOPIOIOTh CHCTeMY Bimiky. Touka me-
X PETHHY KOOpIMHATHHUX ocedl X, V, Z Ha3uBaIOTh MOYAaTKOM CHCTEMH Bij-
miky (puc. 2.1).TakuM YMHOM, ITOJIOKEHHS PYXOMOi TOYKH y BHOpaHiii
Puc. 2.1 cHcTeMi KOOpIMHAT MOKHA BU3HAUUTH TPhOMa KoopauHaTamu X, V, Z.
Kpim crucremu BimmiKy, 3B’s13aH0i 3 3eMiielo, iCHYIOTS 1 1HIII CHCTe-
MU BiJUTIKY, HalpUKJIaJ, 3B I3aHUX 3 PyXOMHM aBTOOYCOM UM 3ai3HUYHHUM ITIOTSATOM, 3 PyXO-
MOIO PAaKETOI0, PyXOMHM KOCMIYHIM Kopabiiem uu Micsitiem Tomio. Bei BOoHM MaloTh OZHaKOBe
MPaBO Ha ICHYBaHHSI, TUIBKU MOTPIOHO BMITH NMPaBHIHHO HUMH KOPHUCTYBATHCH.

§ 2.2. TpaexTopist, HLIAX, MepeMillleHHsI

KinemaTnka reoMeTprdIHO OMUCYE pyX, HE 3’COBYIOYM Horo mpmdmH. Bubepemo nesky cuc-
TeMy BIITIKY 1 3B’sDKEMO 3 HEIO CHCTEMY KOOpJIMHAT. B KiHemMaTumi Bci CHCTEMH BiIJIIKY OfHA-
v KOBO NPHUIATHI I onucy pyxy. I1ix Tizom 6yzaemMo po3yMmiTi Ma-
C TepianbHy TouKy. JIiHiIO, SIKy ONHCYye IpU CBOEMY PYCi Martepi-
abHa TOYKA, HA3MBAIOTH TpaekTopiero (iminis ACB Ha puc. 2.2).
Bincranp, BizpaxoBaHy B3IOBX TPAa€KTOPii, HA3UBAIOTH MOBHUM
npoiiieHnM nuIsaxoM. HampsMieHuit Bigpi3oK TpsMoi, o0 Cro-
Jy4yae TIOYaTKOBE MOJIOXKEHHS Tijla 3 Or0 HACTYIHUM ITOJIOXKEH-
lepemilmenns  ggm, HasMBarOTH MepeMilmeHHsaM Tisa (puc. 2.2). TakuMm 4MHOM,
MIEpeMIlIeHHs] € He MO iHme, sK 3MiHa monokeHHs Tinma. 11106
3HAWUTH TOJIOKCHHS Tila B OyIb-sIKHMII MOMEHT Yacy, Tpeba 3Haii-
TH HOTO IMOYATKOBE ITOJIOKCHHSA 1 MEpeMIlleHHs, 3MiMCHEHE 0
IIbOTO MOMEHTY 4acy.

Tpaekropis

Puc. 2.2

Mpuxnan 1.1. Jlroouna npotiwna 60 m na cxio, nomim nosepryna na nigiy i npotiuna we 10 m.
3uatimu nosnuti npotideHut WX i nepemiujeHHs.

A B Po3B’s130K. [lo3Hauumo nosHuil npouoeHull wiax ye-
pe3 S. Tooi
L S=AB+BC=60m+10m =70 .
Tepemiwenns L eusnauumo i3 puc. 2.3:
Prc. 2.3 C L=vAB2 +BC? =/(601)% + (10.1)2 =608

§ 2.3. LIBuaKicTb i NpUCKOpEeHHs

1. PosrisiHeMo criouatky HaUmpoCTinMil BUJ pyXy — NPSAMOJTiHiiHUi piBHOMIpHUI pyX.
[psamomniHiiHAR pyX — e pyX, IPH SKOMY TPAEKTOPIs PyXy TOUKH € IpsiMa JiHis. [psimosniniii-
HHUM PiBHOMIPDHMM PyXOM HA3HMBAaIOTh PYX, NPH SIKOMY TOYKa 3a OyAb-siKi piBHI MPOMiKKH
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2. Kinemamuxa mamepianeHoi mouku i meepoo2o mina

yacy npoxoauTs ogHakosi nuisixu. IlIBuakicTio piBHOMipHOTO NpsiMostiHifiHOrO pyxy Ha3u-
BAIOTh CTAJTY BeJHYHHY, SIKA AOPIBHIOE Bi/IHOLIEHHIO NepeMillleHHs Tij1a 3a OyAb-sIKuii iHTep-
BAJI Yacy /10 3HaYeHHs 1bOro inTepBaiy. TooTo

S
V= —
t

: (2.1)

Iie S — mepeMilrieHHs Tija 3a Jac t.
[IBuaKicTh i HEepeMilleHHs € BETMYUHU BEeKTOpHI, ToMy dopmyia (2.1) y BexropHiii dop-
Mi BUPa3HUThCA TaK:

0 = (2.2)

-—r‘(j)l

3Ha0YM MBUAKICTH V , MOXHA 3HAUTH TIEpeMillleHHs 3a Oynb-sKkuil iHTepBa yacy t.

[IBuakicTp, 3a BusHadeHHsM (auB. ¢-ny (2.1)), B CI Bumipioiots B M/c. OfHaK, B JIEIKUX
BHTIAIKaX MIBHIKICTh BUMIPIOIOTh B KM/TOX. BuMiproBaTH MIBHAKICTE B M/C 3pYYHO, HAIPUK-
Jaj, TIPY BUMIPIOBaHHSIX TaJbEMIBHOTO MUIAXY, KOJM Yac BUMIPIOETHCS B CEKYHIAX, a BiJICTaHb
B METpax, a He B TOJIMHAX 1 KUJTIOMETpax.

[ITo6 Bu3HAUMTH, YOMY JIOPIBHIOBATHME MBHAKICTH L = 60 KM/TOA B M/C, TPOPOOMMO HACTYII-
Huit po3paxyHok. B 1 kv micturbes 1000 M, a B 1 rox 3600 ¢. Takum arHOM,

0 =60 — (60) 22004 _ (60)(0,278 ) 16,68 .
200 3600 ¢ c c

TakuM YmHOM, i3 HABEACHUX PO3PAXyHKIB BHIHO, IO IS TOTO, MO0 MEPEHTH BiJ OAVHHIIL
KM/TOJT IO OJTMHHUITH M/C, IOTPiOHO YHCIIOBE 3HAYCHHS IMBHUAKOCTI IIOMHOXHTH HA TICPEBITHIIA MHOX-
HUK, 110 gopiBHIoe 0,278 m/c. SIK1io HeoOXiHO MEepEeHTH Bl OMHHUIIB M/C /10 OMHHIT KM/TOJI, TO TI0-
TpiOHO YHCIIOBE 3HAYEHHS IIBU/IKOCTI MOIUTUTH Ha TiepeBiaHuit MHOXHUK 0,278 km/rog.

Mpuknan 2.2. Jopozoio nasycmpiu 00ur 00HOMY pyxXaiomvcs 08a a8Momo0ini: 0OuH — 3i
weuokicmio vy = 60 km/200, opyeuii — 90 km/200. bina 3anpasnoi cmanyii asmomoo6ini sycmpi-

v JIUCSL UL ORICISL NPOO0SCUIY CBIUL pyX. Busnauumu nonosicen-
Hs1 KodtcHo20 asmomoobins yepes t = 30 xg nicia sycmpiui ma

L, U, 8IOCMAHb MIdIC HUMU 6 Yell MOMEHM.
—_— —_— Po3B’s130k. 3a nouamox xoopoumam gizbmemo 3anpa-
61y cmanyiio. Koopounammy eice X cnpamyemo 3a nanpam-
° 8 [ 5 . KOM PYXy Nepuiozo agmomooiis, a 4ac 6iopaxo8yeamumemo
X2 0 X X' 6i0 momenmy sycmpiui asmomobinie. Todi nonoxcenns Koxc-

HO20 i3 a6momobinie 6yoe

Sy =X = Uyt = (60 kM /200)(0,5 200) = 30 xm,
Puc. 2.4 S, = X, = (=90 x/ 200)(0,5 200) = — 45 .

Biocmanw | mivic asmomobinamu dopierioe piznuyi ix Koopouram
I = X — X, = 30 km— (45 xm)= 75 km.

2. IIpsmoniHiHHAI pIBHOMIPHUH PyX, TOOTO PyX 31 CTANOI0 MIBHIKICTIO, HE TY)KE€ YacTo 3y-
CTpiYaeThCsl HAa MPAKTHII. 3HAYHO YaCTilIe JIOBOAWTHCS MaTh CIpaBy 3 TaKMMHU PyXaMH, ITif
Yac SKUX IBUJIKICTh PyXY 3 4aCOM 3MiHIOEThCS. Taki pyxH Ha3UBalOTh HEPIBHOMIPHUMH.

B OaraTpox BHIasKax, KOJIM MalOTh CIpaBy 3 HEPIBHOMIPHHM PYXOM, KOPHCTYIOTBCS I10-
HATTSM cepeaHbol mBUAKOCTI. CepeqHs MBUAKICTh BU3HAYAETHCS K MePeMillleHHs, moijie-
He Ha Yyac, NPOTATroM sIKOro BOHO 3/lilicHeHe:
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8§ 2.3. Illsuokicmv i npuckopenms

ve=— | abo | o= (2.3)

t

3HAIOUYN CEPEIHIO MIBHUIKICT, MOYKHA BU3HAYMTH TIEPEMIIIICHHS 32 (POPMYIIO0
S =u.t. (2.4)

Hpuxnan 2.3. Asmomobine 00Hy mpemuHy winaxy npotiuios 3i wsuokicmro V= 50 km/200, a

YacmuHy wirAxy, wo samauunacs, 3i wieuokicnmio V, =70 xm/200. 3uaiimu cepedHio weuoKicmo
PYXY agmomobins.
Po3B’si30k. 32iono (2.3)
vV, = —,
t
Oe S — nosHuil WX, npotideHuil asmomobinem, t — vac pyxy

| ‘Slz SB, « S,=28/3 | asmomobina. Tomy S =S+ S,, t =ty + tp. Tooi

U, v, 1 2
ATTB T ¢ U_sl+sz_§s+§s_ S -
| S | ottt i,Lﬁ §i+i) 201 40,
I g 3v;  3v, 3 vy vy
Puc. 2.5 _ 3(50 xm 1 200)(70 xm [ 200) _ 10500 KM 61,8ﬂ.
2(50 xm [ 200) + 70 xm | 200 170 200 200

Tym epaxosaro, wpoty =S 1(3v;), at, =2S/(3V,).
3aysasicumo, wjo cepeonto WBUOKICHIb He MOJCHA OMPUMAMU HPOCHUM ycepeoHerHam Ny iV,
v +U, 50 kml200 + 70 kMl 200

v, # - = 60 =
2 2 200

Hpuxnan 2.4. Ilepwa nonosuna wisxy mixc 080Ma NyHKMAamu npotioena 3 cepeonboro umeo-
kicmio v,, = 10 km/200, a Opyza nonosuna winsaxy — 3 weuokicmio L, = 40 km/200. 3natimu cepeo-

HIO WBUOKICIb HA NPOMSA3] 6CbO2O ULTAXY.
Po3B’si3ok. 32iono (2.3)

1 1
S48, _ 2015 2005 210 knl200)(40 ol 200) _ 800 kn g Rt
¢ t, +t S S U +U 10 xm/ 200+ 40 xml 200 50 200 200
172 42 'c 2¢
2V, 20y,

Tymt,=S/(2V,),at,=S/(2V,.).

3. SIxmro aBToMo0LTh poimIoB HULX S = 150 kM 3a wac t = 2 rox, TO HOro cepemHs MBHI-
KICTb JIOpiBHIOE U, = 75 kM/rox. OnHak, MaIoiMOBipHO, 1100 B KOXHUM JaHUM MOMEHT dacy
aBTOMOOIJIb PyXaBCsl caMme 3 MIBUAKICTIO 75 KM/Tox. JIJIsl OnMrCy TaKOro pyXy BBOIUTHCS IOHAT-
TS. MUTTEBOI IIBHKOCTI, 5IKa JOPIBHIOE cepeaHiil IBHAKOCTI 32 HeCKiHYeHHO MaJIMii mpo-
MIKOK 4acy, i BUPaKAEThCS BiTHOMICHHSIM HECKIHYCHHO MAJIOTO IEepEMIIIeHHS Ha JIIISHII Tpa-
€KTOpIi, 10 HECKIHYEHHO MaJIOro iHTepBaly 4yacy, 3a SIKHH I1e ImepeMilueHHs Binoymocs. Tooto

AS ds
v=Ilim—=—.
At—0 At dt
11
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2. Kinemamuxka mamepianeHoi mouku i meepoo2o mina

s rpannns dS/dt HaswBaeThCs MEPIIOIO MOXIJHOIO BEIWYMHM S 110 t.

MuTTeBa MIBUAKICTH — BENWYMHA BEeKTOpHA. HampsMok BekTOpa MUTTEBOI MIBUIKOCTI 30i-
raeThes 3 HAPSIMKOM PYyXY B JaHii TOYII.

[Tpo MHTTEBY MIBHIKICTH MOYKHA TOBOPHUTH 1 Y BHIIAIKy PIBHOMIPHOTO pyXy. BinmiHHICTH
JIMIIE B TOMY, IO NIPU PIBHOMIPHOMY PYCi MUTTE€Ba HMIBHAKICTH y OyIb-aKii Toumi i B Oyb-
SIKKHi MOMEHT 4Yacy OJHaKOBa, a IPH HEPIBHOMIPHOMY PYyCi BOHA B Pi3HMX TOUYKax 1 pi3Hi MO-
MEHTH 4acy pi3Ha.

Mpuxnan 2.5. Yacmunka pyxacmocs 6300624c oci X-i6, sx noxasano ua puc. 2.6. Ii nonoxcen-
Hsl Ha yitl oci, K QYHKYIA Yacy, 3a0aemvCs UPA30M X = A+ B, 0oe 4 = 2,10 M/CZ, aB =280 .m.
Busnauumu: a) nepemiwgenns yacmunxu 3a uac 6i0 t; = 3,00 ¢ do t, = 5,00 ¢; 6) cepeodnio wieuo-
KiCMb HA YbOMY NPOMIJICKY uacy; 6) eeauduny mummesoi wieuokocmi npu t = 5,00 c.
Po3’si30k. a) Ilpu ty = 3,00 ¢ koopounama wacmunxu 0opisnioe

X = At? +B=(210m/c?)(3,00 ¢)* +2,80 m = 21,7 m.

vy
Ilput,=5,00 ¢
- X, = (210 m/c?)(5,00 ¢)® + 2,80 m = 55,3 m.
P . To0i, nepemiwents 0OpigHIOE
X =x,—x =553 m - 21,7m =33,6 m.
0| x X, X 0)Cepeonio weuoKicms Ha YbOMY RPOMINCKY WIIAXY BUSHA-
uumo 3a gopmynoio (2.3):
Puc. 2.6 X, — X
o, =S _YemX  330a_ jgam
t t, —t 2¢ ¢
8) 32iono (2.5) mummeee 3nauenns weuokocmi 0opieHIoe
dx
v=—.
dt

Buaiioemo dx/dt :

9 _ 9 A2 +B) = 2At
dt  dt
Tooi
o= o,
dt

36i0ku o t = 5,00 ¢ snaxooumo, wo
L= 2(210 m/c?)(5,00 ¢) = 21,0 m/c.

Ommcat pyX Tija MOXXKHA TAaKOXK 3a JIOIIOMOTO0 Tpadika. SIKIo mo oci abCIuc BiIKIacTH
vac t, a o oci opauHaT npoiaenuil nusix (puc. 2.7), To OTpUMaEMO rpadik 3aneKHOCTI MUTs-
Xy, Ipoiienoro TioM, Big yacy. Takuii rpadik Ha3uBaoTh rpadikoM pyxy. I'padikom npsmo-
JIHIKHOTO PIBHOMIPHOTO PYyXY € IpsMa JIiHis. [Hakime kaxydu, npoiaeHui nuisx JiHiiHO 3a-
JeKUTH Bif "acy. [IppgoMy, yuM Oibla MBHAKICTE, THM OUTBIIMI KyT MK rpadikoM pyxy i
Biccio uacy (puc. 2.7). Iopsin 3 rpadikoM pyXy 4acTo KOPHCTYIOThCS rpadikoM IBHIAKOCTI
(puc. 2.8). Taki rpadiku MOKa3yroTh, K 3MIHIOETHCS HIBUIKICTD 3 IUIHHOM 4Yacy. B pasi mpsmo-
TIHIMHOTO PIBHOMIPHOTO pyXy rpadikoM MIBUIKOCTI € MpsiMa, mapainenbHa oci gacy (puc. 2.8).

3a rpadikoM MIBHIKOCTI MOXKHA 3HAWTH mepeMimieHns (MpOoNIeHUI NUIX) Tija 33 TaHuit
iHTepBaI Yacy. BOHO YKCENbHO HOPIBHIOE IUIOIII 3aTOHOBAHOIO MPAMOKYTHHUKA (puc. 2.8).
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8§ 2.3. Illsuokicmw i npuckopenms

S
b}
L,
S=vut,
LKL <L,
0 t 0 t,
Puc. 2.7 Puc. 2.8

4. JIns XapaKTepuCTHKU MIPUCKOPEHOTO PyXY BBOAUTHCS TOHSATTS MPUCKOPEHHs, SIKE Xa-
paxTepu3ye 3MiHy IIBHAKOCTI.

IIpuckopeHHsIM HA3MBAIOTH BEJIMYHMHY, 1K JOPiBHIOE Bi/THOLIEHHIO 3MiHU HIBHIKOC-
Ti TijIa 10 iHTepBaTy Yacy, MPOTAIOM SIKOI0 Isi 3MiHa BinOyJiacs. [IprckopeHHs T03HAYAIOTh
OykBOIO 4 :

g=2a"% (2.6)

Ie U, 1 U, — BIAINOBIAHO IIBUAKOCTI Tijla B [IOYaTKOBUI MOMEHT 4acy (a0 oyaTkoBa IIBHJIKICTb)
1 yepe3 iHTepBai yacy 1.
IMpuckopeHHs — BeNUUYKMHa BEKTOpHA. 3a Bu3HadeHHsM (muB. ¢-iy (2.6)) oguauneto mprc-
xopenns B CI € M/ i unTaeThes SIK “MeTp Ha CeKYHIY B KBaapati”.
VY BUINa/IKy, KOJIM MPUCKOPEHHS TiJIa HE € CTAINM, TO KOPUCTYIOTHCSI TIOHATTSIM CepeAHbO-
ro NpucKopeHHs. BoHo BU3HavaeTHCS SIK
=~ _Uy— 0 Av
d, = 2—1=""A0, 2.7
t,—t, At
ae AV = V, —V; — 3MiHa MBUJKOCTI Tina 3a yac At = t, — t;. 3MiHy MIBUAKOCTI 33 HECKIHYEH-
HO MaJIMii MPOMI>KOK Yacy Ha3WBaIOTh MUTTEBHM NMPHCKOPEHHSIM. MUTTEBE IPUCKOPEHHS 10-
PIBHIOE IPAaHUYHOMY 3HAUEHHIO CEPEAHBOIO IPUCKOPEHHA Ipu At — 0':
-~ . Ao do
a=lim—=

_— . 2.8
At—0 At dt (28)

Benmuuna d V /dt HasuBaeThes noxigHO0 Benmuuan V1o t.
B neBHOMY ceHCi MOXKHa CKa3aTH, IO MPUCKOPEHHS — e “IMBMAKICTb 3MiHM LIBHIKO-
cri”. Ockinpku @ =do/dt a 6 =dS/dt, To mpuCKOpPEeHHS MOXKHA 3aIMCATH TAKKM YHHOM:
. do d ds, d’s
ad=—=—(— =—. (2.9
dt dt " dt dt

Tyt Bemmunny d°S/dt? HA3MBAKOTE APYTOKO TIOXiTHOK MITAXY IO YaCy.

V BHIAJKy MPUCKOPEHOr0 PyXy HPHUCKOpeHHs 3amxau pogatae (¢ > 0); y BUOaaKy cro-
BLIBHEHOT0 pyXy IpUCKOpeHHs Bix emue (a < 0).

3HarouM MOYaTKOBY LIBUAKICTb TiJla U1 HOro NpUCKOpeHHS &, MOXHA 3HAWTH HIBUJ-

KICTh Tija U B Oyab-sikuid MOMeHT 4yacy. CripaBai, 3 popmyinu (2.6) 3HAX0qUMO, IO
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2. Kinemamuxa mamepianeHoi mouku i meepoo2o mina

L =1y T at (2.10)

(T3]

Tyt 3HaK “+” BiTHOCHTBCS J0 PIBHOIPHCKOPEHOTO PYyXY, 3HAK
PyXy.

— JI0 PiBHOCIIOBUTEHEHOTO

8§ 2.4. lllnsix mpu npsiMoJiHiiiHOMy piBHONIPUCKOpPEeHOMY pyci

3HaliieMo BHUpa3 I NPOWJEHOro MUIAXY y BUNAAKY CTaJoro npuckopenss. Ilpuitmemo,

2 110 BUXIJHE TTOJIOKCHHS TiJIa 3HAXOAUTHCS B ITOYATKY KOODJIH-
'E Hat (t =0). [poiineHnii UUSIX B HbOMY BHIIAJKy BHPa3UTHCS

5 B s e : dopmyioro (2.4):

I
oL :' S=ut. (2.11)
: OCKIiJIbKH IBUJIKICTH 30UTBIIYETECS piBHOMIpHO (pHc. 2.9), ce-
L :' peaHs MBUAKICTE V., Oy/e po3MillieHa NocepeIHi MiK N0YaTKo-
0 tl q' BHM 1 KIHIIEBUM 3HAa4YE€HHSAMH [IBUIKOCTI
ac
1

Puc. 2.9 v, = E(UO + V). (2.12)

Tyr nmoyaTkoBa MBHAKICT He gopiBHIOE Hymo (V, # 0 ). Iligcraisitoun 3HaueHHs U B Gop-

myuy (2.11), orpumaemo:

o +v
2

BukopucroByroun gopmyiy (2.10), octasHiO GOpMyITy IIEpenuIIeMo TaK:

1 1
S = —vt+ —(vy + at)t,
0ot + 5 (g + at)

S = t. (2.13)

a00 ocTaToO4HO

2
S —ugt + % (2.14)

TaxuM 9nrHOM, TIPOHIEHMI NUIIX OOpiBHIOE Uyt (BifgcTawi, ska Oyna O mpoiifeHa y BiACYTHOCTI
MPUCKOPEHHS) IIIFOC BUPA3, SIKUH 3aJIEXKHUTh Bill MPUCKOPEHHS 1 MPOMOPIiHMI KBapaTy BUTpa-
geHoro yacy (puc. 2.10).

Jlist BumaaKy pyxy 3i craiyM MPUCKOPESHHSM 1 32 TIOYaTKOBHX YMOB

5 S=0, v =V, it=0, orpuMaHi pe3yabTaTH MOXKHA 3aIINCATU TAKUM
YHHOM!:
a>()
S= %atz npuckopenusi a = Const;
weudkicms L =y, * at; (2.15)
Puc. 2.10 t siocmans S =yt a;Z.

@

B ¢opmymnax (2.15) 3uak “+” BiIHOCHTBCS 10 PIBHOIPHCKOPEHOrO PyXy, 3HAK
PIBHOCITOBIJIBHEHOTO PYXY.

— 0

2 2
L

Bupasusmm i3 (2.10) t i migcraBusium #oro B (2.13), 3Haiizemo, mo S = Z;UO . Micns
a
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8§ 2.4. [1lnsix npu npsmoniHIUHOMY PIGHONPUCKOPEHOMY PYCi

CJICMCHTAPHUX IIECPECTBOPCHL OTPUMAEMO BUPA3 I V , 110 HE MICTHUTh qacy:

L = 4v £2aS . (2.16)

Jlnst BUIasKy piBHOIPUCKOPEHOro pyxy (& =const) 6e3 mouarkoBoi mBuakocti (v, =0)
dopmymu (2.10), (2.14) i (2.16) mepenuiryThes Tax:

v = +at, (2.17)
2

S = i%, (2.18)

v = +4/2aS. (2.19)

Hpuxaanx 2.6. Cnopmusruti asmomobine, cmapmyroyu 3 Micys npu CMmaiomy APUCKOPeH-
Hi, po3gusae weuokicmo L = 385 km/200 na winaxy S = 0,4 km. 3uatimu tio2o npuckopeHus.

Po3w’sa3ok. IIpu nouamxogii weuokocmi vy = 0 Kinyesa weuokicmo V , npucKoperHs a ma
npoudenuti wiisix S 36 ’s3ani midic coboro popmynoro (2.19). 3eioku

2
L

g .
11Jo6 nposecmu 0bpaxyHku, nonepeoHbo WEUOKICIb, BUPAJICEH) 8 KM/200, 8UPA3UMO 6 M/C:
v = (385)(0,278 m/c) = 107 m/c.

a=

)

Tooi
2
_ A07wmle)” 143 2.
2(400 ) e

HOpuxnax 2.7. Jlimax nesnoco muny eiopugacmuvcsi 6i0 3emui, HAOYSWIU WEUOKOCTI
L = 200 xm/200. AKoi MiHiManbHOT 008ICUHU NOBUHHA OYMU 3IMHA CMy2a Jemud, AKUo ai-
mak nabyeac weuokocmi 3 npuckopennsm a = 12,0 m/c*.

Po3B’s130k. Ockineku nowamkosa weuokicms nimaxa Uy = 0, mo 0oscuny poseony (6ona

O00PIBHIOE MIHIMANBHIU Q0BJICUNE 3MIMHOL cmyau) eupazumo 3 popmyau (2.19):
v® (556 mlc)?
2a  2(12,0 m/c?)

3ayBaxkeHHsI. 3 Memoio 6e3neKku 31bomy aimaxKa 008HCUHA 3TMHOI CMy2u NOBUHHA Oymu
Oinbua Smin.

min —

=128,8 m.

Hpuxnan 2.8. 3uaiimu eanvmierutl wiiax asmomooiis, AKull pyxacmscs 3i CManow0 wmeuo-
kicmio Uy = 80 km/ 200 . Yac peaxyii 60dis dopisrioe t = 0,80 ¢, npuckoperns asmomobins npu

cansmysanni a = — 7,0 m/c?.

Po3B’s130K. {10 3a0auy npocmiuie po3e’s3yeamu 8 06a emani:

1) Crouamxky 3natioemo wsix, KU APOTIIo8 A6MoMOoBIb 3a HAC 6i0 NPULHAIMINA PIUUEHHS. *“GKII0-
wumu”’ 2anema i ix oiticnum exmouennam (ye uac “peaxyii’). 3a ymosoio ein dopienioe t = 0,80 c.
Ha npomsizi yvo2o0 uacy agmomo6ine pyxaemucst wje 3i cmanoro weuokicmio N =80xm [ 200 . Tooi

S, = vt = (80)(0,278 m/c)(0,80 ¢) = 17,8 m. Q)

2) Hani susnauumo OHICHULL 4ac 2anbMy6amHs, Koau asmomobine cnosinbriosas pyx (a = 0).

Tym nouamxosi ymosu nacmynni: vy =80xkm/ 200, a=-7,0 mlc® i v=0. Tanemienuii

15



2. Kinemamuxka mamepianeHoi mouku i meepoo2o mina

wisix eupasumo i3 popmynu (2.16), ne epaxosyrouu 3nax nio KopeHem:
v -vf  0-(2222 mlc)?
2a 2(-7,0 m/c?)

3a uac peaxyii 600is aemomodins npotioe wiax 17,8 m i 0o noenoi 3ynunku 6in npoiide uje
35,3 m. 3nauume, nogruti uisx dopiswwe S, =S; +S =(353+17,8) » =531 m.

S =

=353 u. @)

BayBamxennst: 1) Sk euono iz pobouoi gopmynu (2), eanvmisnuil wiax 3anexcums 6io
WBUOKOCMI HENTHITIHO, a pOcme NPONOPYItIHO KEAOPAMY WEUOKOCHIL.

2) Tanvmienutl winsx 3anexcums 6i0 cmamny dopoeu. Ha mokpiit doposi i npu odceneouyi
2anbMIGHUL WLTIAX 3HAYHO 30ITbULYEMbCA.

3agaua 2.9. Cnpunmep (bizyn na kopomki ducmanyii) 3a yac Y, = 1,8 ¢ pisnonpuckopeno posea-
Haempca i3 cmany cnokoio (Vg = 0) 0o maxcumansHol wieuokocmi, sika dopigrioe v, = 10,2 m/c. 3a

sAKULL Yac cnpurmep npooiicums 6cto oucmarnyiro 0oexcuroro 8 S = 200 m, saxwo i 30epedice Yo
weuokicms 00 Kinys sabicy ?
Po3w’s130k. Yac, Ha npomssi sikoeo cnpunmep npooixcums 6Cro OUCMAHYII0, OOPIBHIOE

t=t +t,.
Yacmuny oucmanyii' Sy cnpurmep npodisxcums pisHonpuckopero 3a uac ty i 6oHa dopistioe
(0g +v1)Y

S1=0ch = r— @)
de v, = Vg + Uy
2
Hpyay vacmuny oucmanyii' Sy cnpunmep npobisicums 3i cmanoro weuoxkicmoV, . Tomy
Arxwo popmynu (1) i (2) nounenno dodamo, mo ompumaemor:
t
S =545, = w Loy,

36I0KU

_ ZS - Ultl _ Z(ZOOM) - (1072 M/C)(:L'SC) — 18 7C
20, 2(10,2 u/c) ’
Tym spaxosano, wjo vy, = 0.

Tooi

t;

t=t,+t,=18c+187c =205c.

§ 2.5. Pyx magaw4ux Til i Tii, KHHYTHX BEPTHKAIbHO

OpHuM i3 HAMOMMPEHIINX MTPUKIIAJIiB PIBHOIIPUCKOPEHOTO PYXY € PyX Tijia, IO BiTBHO
najiae 1o Beprukaii. Jlanuit BUI npsiMolntiHiiiHOTO pyxy OyB BuBueHuii ["amineo [amineem. J{is
BUIIAJKy BUIBHOTO MajiHHA [ aiineil moctymoBas, IO MPH BiJCYTHOCTI MOBITpsA, 200 iHIIOTO
cepeoBuINa 3 OIIOPOM, BCi Tijla MAJalOTh 3 OIHAKOBHM CTAJHUM NPHCKOpPeHHAM. Bin moka-
3aB, IO BiJNOBIHO IHOTO ITOCTYJIATY, BiJCTaHb, SIKY IIPOXOJHUTH TIJIO, IO MAJA€E 13 CTAHy CIIO-
KOI0, TIporIopIiitia kBazgpaty uacy (h ~ t%).

Bknan Tamines B cydacHe po3yMiHHS BUIBHO IMAfalodyMX TiJ MOXKHA Y3araJdbHUTH TaKUM
yrHOM. B nanomy micui 3emJi i y BincyTHocTi onopy moBiTps Bci Tijia nagaoTh 3 0AHHM i
THM ’Ke CTAJIMM NpucKopeHHsIM. Lle mpuckopenHs, 0OyMOBIEHE CHIOI0 Bard, Ha3WBAETHCS
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8§ 2.5. Pyx nadaiouux min i min, KUHYmMux 6epmuKaibHO

NMPHCKOPEHHSIM BUILHOIO MATIHHA i TTO3HAYAETHCSI CUMBOJIOM (. Voro 3HavYeHHS MPUOTU3HO
JTIOPIBHIOE
g = 980m/c?.
B nmiticHOCTI 3HaYCHHS § NSO 3MIHFOETHCS B 3aJIKHOCTI BiJl TeorpadivqHol MMpoTH Miclie-

BOCTI (110 OB’ s13aHO 3 00epTaHHAM 3eMIli), @ TAKOXK B 3aJICIKHOCTI Bijl BUCOTH HaJl PiIBHEM MODS
(b 2.1). Onmax, 1 3MiHM Taki MaJti, 1o Hu-

Tabmuus 2.1 MU JIYKE YACTO HEXTYIOTh.
Micre g, w2 BinbHe MaiHHS € YaCTKOBUM BHIIA/IKOM DiB-
HOIPHUCKOPEHOTO PyXy 0€3 MOYATKOBOI IIBUIKOCTI
Ha nisniunOMYy 9,83216 (mB. § 2.4), ToMy IS IBOTO PYXy CHPABEITHBI
Ha mmpori 45° 9.80616 (1).opMan/1 .(2.10),' (2.16) - (2.19). SIxmio L — HBHA-
) KiCTh MaiiHHA Tina yepes yac t, § — IpUCKOPEHHs
Ha exsatopi 9,78030 BUIbHOTO majinus, h — BucOTa, 3 sIKOi Magae Tino

(BizcTans, TpoiimeHa 3a yac t), t — gac maminHsg
Tia, To i3 popmyn (2.10), (2.16) — (2.19) maemo:

h = %t (2.20)
h= gt; (2.21)
v = gt, (2.22)
v =4/2gh . (2.23)

Tino, KUHYTE BEPTHKAIFHO BBEPX, PYXA€THCS PIBHOMIPHO CIIOBUTHHEHO 3 ITOYATKOBOIO HIBUKIC-
TIO V, 1npucKopeHHam a = — (. IInax, npoiineHnii TinoM 3a yac t, npescTasise o000 BUCOTY -
Hiomy h . JTiist ormucy 1poro pyxy Kopuctyrorses popmynamu (2.10), (2.13), (2.15) i (2.16). Slxio mok-
J1acTy, IO U — II0YaTKOBA LUIBUAKICTH PyXy Tila, U — IIBUIKICTH TUIa yepe3 yac t, g = 9,80 M/ —

TPUCKOPEHHs! BUTBHOTO Ma/tiHHst, N — BrCOTa, HA SIKY ITiHIMAETRCS TLIO 32 Yac t, To i3 popmyn (2.10) i
(2.16) maemo:

v =1y, —0t, (2.24)
v = \Jug —2gh . (2.25)
OCKiJIBKH TiJIO, KHHYTE BEPTHKAIBHO BBEPX, PYXAETHCS 3 BiI'EMHIM IIPUCKOPEHHSM (8 = — (),

TO yepe3 IMEeBHUH MPOMIKOK yacy t Horo mBHAKICTH CTaHEe PIBHOIO HYJIO. Bucoty, Ha sKiif
IIBHKICTh TiJla JOPIBHIOBATUME HYJIO, HAa3UBAIOTh MAKCHMAJIBHOIO 1 MO3HAYAIOTH 11 4epes
Nmax- MakcuMalibHy BUCOTY MOJKHA BH3HAYUTH 13 popmynu (2.25), sikiro moknactu v = 0. Toxi

2
Ny = 2. (2.26)

29
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2. Kinemamuxka mamepianeHoi mouku i meepoo2o mina

Yac, Ha mpoTI3i SIKOTO TUIO TOCsTae MaKCUMAIbHOI BUCOTH, 3HaiinemMo i3 hopmynu (2.24),
Takox rokirasmm V = 0O:

t, =20 2.27)
-

HaC&MKiHeHB 3ayBAXXUMO, IO PyX TiJ'Ia, KHUHYTOI'O BEPTUKAJIbHO BHU3 3 TOYATKOBOIO MIBU/-

KICTIO U, TaKOX IPEJCTaBILE COOO0I0 PIBHOIPUCKOPEHUH PyX 3 IPUCKOPEHHsM a = (. [l foro

OIKCY MOXKHA CKopucTaTucs: popmynamu (2.24) — (2.27), 3amiHMBIIM B HHX 3HAK “—’ Ha “+”.

OnopoM MoBITPst IPH IIbOMY HEXTYEMO.

Mpuxaan 2.10. M au ckunymo i3 cmany cnokoio (0 = 0) 3 desxol ucomu. 3naiimu tio2o

weuOKicms nicas npoxodicennst wisxy h = 78 m.
Po3B’s130k. Ockineku nowamkosa wiguokicmos m’saua oopistioe wymo (Vg = 0), mo weudxicmo

L nica npoxoodicenns wixy h = 78 m eusnauumo, cropucmasucs gpopmynoro (2.23):
v=/2gh =/2(9.8/c?)(78x) = 391 m/c.

Mpuxaan 2.11. 3 éepuwmnu cxeni sucomoro hy= 65 m Kkurymo eepmukanvho 620py Kamins 3i
weuoxicmio Ly = 10 m/c. a) Hxoro € tioeco wsudkicme 8 momenm yoapy o semmo? 6) Yepes sixuti uac
KaMiHb 00CseHe OCHOBU CKeli?

Posp’s130k. Tino, kunyme 3i cKeili 6epmMUKAILHO 66€DX 3 NOYAMKOBOIO WBUOKICHIO Uy , NiOHi-
memwest na eucomy hy, de tio2o weuokicmo dopisriosamume nymo (mouka B na puc. 2.11). Bucomy hy
snatidemo 3a gopmynoio (2.26):
v=0B U5 @0mlc®)?

| = o = N7
) 29 2(98m/c%)
t,
. 3 sucomu H=h;+h,;=51u +65u=70,1m (3 mouxu B)
¥Po]| V1 = VYo mino 6LILHO nadamume GePMUKAILHO 8HU3 Oe3 NOYAMKOB0I WeUO-
A xocmi i 6 mouyi C (6 momenm yoapy 06 3emmo) 60O Habyde MaK-
CUMATLHOT WBUOKOCI U+ , SIKY 3HATIOEMO, CKOPUCTABULUCH (hop-
N mynomw (2.23):
tl’ 2
U, = |20H = \/2(9,8M/c2)(7o,1M) = 371mlc.
clv, Yac, Ha npomsAsi AK020 KAMIHb 00Csi2He OCHO8U CKell, 00pi6-
———————— mio€
Puc. 2.11 t=2t+t,,

Oe t; — uac, na npomsasi sikoeo mino nionimemuvcsi Ha eucomy hy,
(3 mouku A 6 mouxy B), t, — uac naodinnsa kamens na zemmo (3 mouxu A 6 mouxy C). Yac ty 6us-
Hauumo 3a gpopmynoio (2.27):

10 m/
=0 = —"C _102¢,
g 98 mlc
a ty supasumo iz popmynu (2.24), saminuewu 6 niti snax “="" na “+’:
t, = vy-u 371 mle —=10m/c _277¢,.

g 9,8 m/c?

de v =Vy;.
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8§ 2.6. Bionocuicms pyxy

Tooi
t =2t +t, = 204c+277¢c = 481c.

§ 2.6. BigHocHicTh pyxy

[Mpunycrumo, mo aBa aBTOMOOLTI pyXaloThes Ha3yCTpid OJUH OZHOMY KOXXHMH 31 IIBH-
kictio 50 km/roy BimHOCHO 3eMuti. IIIBHIKiCTH OMHOTO aBTOMOOINS BiTHOCHO APYTOTO JTOPiB-
uioe 100 km/rox. OTxe, Ui criocTepiraya, 110 3HAXOMUTHCS B OTHOMY i3 aBTOMOOLJIIB, ApYrHid
aBTOMOOLTh Oyae HabmmkaTHCs 0 Hhoro 3i mBuakictio 100 km/rox. Tammit npukman. ABTo-
MOOiNIb, sKMKA pyxaerbes 31 mBuakicTio 90 km/ron, oOraHse aBTOMOOIb, IO pyXaeThes 3i
mBuakictio 50 xm/rox. 1IBuaKicTs pyXy HEpHIIOro aBTOMOOLIS BiJHOCHO JPYroro JOPiBHIOE
90 xkm/ 200 —50 km/ 200 =40 kml 200 . IIIBUAKICTH MEPIIOro aBTOMOOILIS BiHOCHO APYTOTrO

Ha3MBaIOTh BIIHOCHOK IBHAKICTIO.

Takum urHOM, Y BUTIAJIKY, KOJH IIBUIKOCTI HATIPABJICHI B3/I0BXK OJHIET MIPSMOI, IS OTpH-
MaHHS BiTHOCHOI IIBHAAKOCTI TOCTATHBO MPOCTOTO OMABAHHS a00 BiHIMAHHS. SIKIIO HIBHI-
KOCTi MPOTHJIEKHI 32 HAMPAMKOM, TO BOHH J0JAI0ThCsl; IKIO BOHU CHiBNAIaI0Th 32 HAT-
PAMKOM — BiTHiMaloThes. SIKII0 MBUIKOCTI HE HANpaBiIeH] B3J0BXK OAHIET MPsiMOi, TO iX MMOT-
piObHO momaBaTH BeKTOpHO. [Ipy bOMY Ba)KIIMBO BKa3aTH, SKa CUCTEMA BiJUTIKYy BUKOPUCTOBY-
€TBCS.

VYsBiMo co0i piuKy 3 maparens-HIMHE Oeperamu. Hexail MBUIKICTH Tedil BOAM B PIUIll BiTHOCHO
Oepera 1o BCiif IMMPUHI OJHAKOBA 1 JOPIBHIOE Uy . PiuKy neperrHae 40oBeH NepIeHIUKYIIPHO 10 Te-
4ii, pyXarounch 3i MBUIKICTIO U, BiIHOCHO BOJIH.

Jami ysBuMo co0i, 10 32 pyXOM YOBHA CTEXaTh [[Ba CIIOCTepirayi: OAuH, 3B S3aHUH 3 3eM-
JIer0, 1 BiH sBJIsIE CO00I0 HEPYXOMY cucTeMy KoopauHaT (Touka O Ha puc. 2.12), apyruii Ha wio-

v
y1
/M
= B
, ]
2
4 1
R ' S2
01 , " S : X’ S 52
td 1
& ! A, -
- S1
0 X
Puc. 2.12 Puc. 2.13

Ty, IO [UIMBE 32 TEYI€l0 31 MIBUAKICTIO U; 1 sBIISE COOOI PyXOMy CHCTEMY KOOpAHHAT (Touka O
Ha prc. 2.12). 3ayBa)xumo, 110 BiIHOCHO BOIM ILUIT HEPYXOMHH, & BiJHOCHO Oepera BiH pyXa€eTh-
c4 31 IBUAKICTIO Uy.

Crocrepirad, 38’s3aHuii 3 PyXOMOIO CHCTEMOIO KOOPMHAT (Ha IUIOTY), GaunTh, 5K YOBEH Bill-
JIAJIAETHCS Bijl HHOT'O 1 Uepe3 IeBHMH POMDKOK Yacy ) YOBEH MpHCTaHe 0 MPOTUIISKHOTO Oepera
(Touka B). Takum YUHOM, BiJHOCHO PYXOMOI'O CIIOCTEpiraya 40BeH 3iMCHHUB IIEpEMILICHHS S;.

30BCIM iHIIMM MOOAYNTH PyX YOBHA HEPYXOMHH criocTepirad, SKuii 3HAXOUThCS Ha Oepesi.

Bin mo0aunTs, 110 3a TOM camwuii 4ac t YOBeH 3MiHCHUTE mepeMimeHas S = OB . 3a 1eii camuid

Yac pyxoMa cucTeMa KOOpIHHAT, TOOTO ILUIIT, 3AiicHIIa nepemilenns S, . CxeMaTH4HO nepeMmi-
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2. Kinemamuxa mamepianeHoi mouku i meepoo2o mina

IIEHHS YOBHA 300pakeHi Ha puc. 2.13, i3 SKoro BUIHO, 110

S = 1+ S,
Slko BpaxyBatu, 110
.S
U=—,
t
TO OTPUMAEMO:
U= 0+ Uy, (2.28)

Je U — pe3ynbTyroya (BiAHOCHA) MIBUIKICTb, Uy — IIBHAKICTH Tedil BOAH BiHOCHO 3eMili, Uy —
MIBUAKICTH YOBHA BIJIHOCHO BOJIH.
B, B, B, B Orxe, IHBl/lglKiCTb Tija Biz}focnq Hepyx0M0'1: CHCTeMH
- -~ KOOPIHHAT JI0PiBHIOE BEKTOPHIil cCyMi IIBUIKOCTI Tijia BiT-
cmmm——- =Dy HOCHO PYXOMOI CHCTeMH KOOPAMHAT i IIBHAKOCTI pyXomMoi
v CHCTEMH BiZIHOCHO HEPYXOMOI.
NS JHai cnipoOyeMo maTv BiIOBIIh HA MMUTAHHS SIKOFO TIOBHH-
\9\ 0 Ha OyTH LIBH/IKICTh YOBHA U, BiJHOCHO BOJM i SIK BOHA IIOBHH-

- Ha OyTHW HalpaBlIeHa, 100 YOBEH MEPETHYB PIUKYy B CTPOTO

A HEPICHIUKYISIPHOMY HApsMmKy (Ha puc. 2.14 no npsimiii AB).
Buxomsiuu i3 yMoBH 3aadi (BUMora Ionactu B TOYKy B),
Puc. 2.14 pe3ysbTyroua MBUAKICTh U HampasieHa no npsmiid AB. To-

My, 3riHO Gopmynu (2.28), TpeThow CTOPOHOIO (rimoTeHy-

3010) TpuKyTHHUKa (puc. 2.14) € mBHIKICT YOBHA U, BigHOCHO Boau. I3 puc. 2.14 BuaHO, o

HAaIpPSMOK LIBH/KOCTI YOBHA U, BiJHOCHO BOJM BH3HAYAETHCSA KyToM 0 !

cosg = L. (2.29)
Ly

Sxmo v, <v;, TO 3HOC HEMUHYYHH. SIKIIO K MBUAKICTh YOBHA U, OLIbIIA IIBUIKOCTI Te-

v4 Ay 4ii BOAM U; , TO PH HAISKHOMY BHOOPY HAIPSIMKY U, (Ha-

—

L, MNpAMKY ‘IOBHa) MOXHa JOCATTHU TOrO, IO 3HOCY B3araii
—

Uy He Oyze (puc. 2.14). Binbiue Toro, npu v, >U; MOXKHa,

cl

MIepenpaBisIIOYNCh Yepe3 PiuKy, MPUYAIUTH 10 TMPOTH-
nexHOro Gepera B Oy/b-IKOMY MiCIIi BHIIIE 3a Tedieio (BH-
o 1ie ToUkH B): B Toukax Bi, By, Ba.

45/ X

1) SRS
Xy

Hpuxnanx 2.12. Jlimak, weuokicms K020 8i0HOCHO NO-
simps dopisrioe vy = 350 km/ 200 , nemumo Ha nieniv. Pan-

! i §¢

—————— Loy .. . . 0 . ..
MOM 3HABCA NiGHIUHO-CXIOHUL (45" 00 nisHoui 610 HanpaMKY

Ha cxio) eimep 3i wieuokicmio L, =100 ku/200. koo 6y-

Oe pe3yIbmyrya WeuoKicms Jimaxda 6iOHOCHO 3eMi?
Po3B’s130k. Ha puc. 2.15, a nokasani 06a éexkmopu uieuo-
Kocmi (0151 3pyuHOCHE 00UOBA 6EKMOPU BUXOOSAMb i3 OOHIET

mouxu). Bexmop U, cnienadae 3 Hanpamkom oci Y-i6, a 6ekmop U, cKIaodae 3 siccio Y-Kie kym

Puc. 2.15

0 . — . .o~ .- o .
45", Kpim moeo 6ekmop U, Mu poskiami Ha 08 CKAAO0BI Loy | Uy , 3HAYEHHS SIKUX SHAUOEMO i3

puc. 2.15, a:
20



8§ 2.7. Pyx mina, Kunymo2o 20pu3oHmaibHo

Upy = — U, COS 45° = — (100 xm / 200)(0,707) = — 70,7 xm [ 200.

Loy = —Uy sin 45° = — (100 xm / 200)(0,707) = — 70,7 km / 200.
O6u0si npoexyii 6i0 €MHi, OCKITbKU IX HANPAMKU 8I0N0BI0arOms 6i0 eMHUM Hanpamkam ocei X i V.

Benuuuny pesynvmyrouoi weuokocmi v 3naiidemo 3a meopemoro Iligpazopa i3 puc. 2.15, 6.

L= \/ui +vi, = \/(279,3 xnl200)2 + (70,7 kul 200)° = 2881 ku/ 200,
Tym weuokicme v, € pesyIbmyIoH0I0 WEUOKICMIO Uy | Dyy
(vy = vy —vyy = 350 km/200 — 70,7 km/ 200 = 279,3 km/ 200).

Hanpsamox pesynomyrouoi wieuokocmi snauidemo i3 puc. 2.15, 6:

v
tga = Yy 279,3 km/ 200 ~ 305 o= -7579°.
Uy —70,7 km/ 200
3nax 8KA3YE, WO KYM Q 8IOPAX08YEMbCA IO 8I0 €MHO20 3HAUeHH: 0Ci X-i8, SIK NOKA3AHO

Ha puc. 2.15, 6.

§ 2.7. Pyx Tijia, KHHYTOr0 rOPU30HTAJIBHO

IlikaBUM BHIIAKOM PYXY € PYX Tijla, KHHYTOIrO FOPU3OHTAIIBHO 31 CTAJIOK MIBHAKICTIO Uy .
et pyx € ckaHuM 1 IpeacTaBisie COO0I0 KOMOIHALIIO IBOX PYXiB, B3AEMHO TIEPIICHIUKYIISIP-
HHX OJIMH [I0 OJIHOTO: TOPH30HTAIBHOTO (PiBHOMIPHOI0) i BEpTHKAIBHOTO (BiIBHOTO Ma [iHHS)
pyxiB. TakuM 9YMHOM, MIBHIKICTH PYXy Tijia, sKe MpUIMae yyacTb B TAKOMY pycCi, MOXHA PO3-
KJIaCTH HA BEPTHKANBHY U, i IOPU3OHTalbHY U, ckiajiosi (puc. 2.16, a). [opusonranbha

l)0‘ X Uy X
579 A
- - oy b
LV, =V ~
II Doy
-~ = ]
Uy - 5 |
1
g AN
v y Ly vy \oN
a 0

Puc. 2.16

CKJIaJIOBA MIBUAKOCTI U, 3 4aCOM HE 3MIHIOETHCS, [IOKH TiJIO 3HAXOAUThCs B moBiTpi. L[t cranma
MIBUIKICTH JOPIiBHIOE MOYATKOBIH MBUIKOCTI, TOOTO U, = Uy . lllmsax, npofineHuii B TOpU30H-
TaJPHOMY HAIIPSIMKY, BU3HAYAETHCS BHPA30OM:

X= v,t = yyt. (2.30)

Beprukanbha ckiiajioBa U, BUHUKA€ BHACIIIOK 36MHOTO TSUKiHHSL i TiJIO B BEPTUKATLHOMY
HAIPSMKY PYXA€ThCS 3 IPUCKOPEHHAM { , TOMY

vy = gt (2.31)

[nsix, npolieHNH Y BEpTUKAILHOMY HAIPSIMKY, TOPiBHIOE
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2. Kinemamuka mamepianeHoi mouku i meepoo2o mina

y =9 2.32)

SIkio B popmyiy (2.32) migcraButy Yac, BupaxeHwui i3 gpopmymu (2.30), To orpumaemo pis-
HSIHHS TPAEKTOPIl pyXy TijIa, KHHYTOT0 rOPH30HTAJIBHO!

y = 2, (2.33)
2vq

OcKiTbKH § 1 Uy BEIMYUHU CTali, TOY ~ x?, TOBTO TPAEKTOPist PyXy MPEICTARIIIE COOOKO Mapa-

6oiy.
Slkuio BepTUKATLHUI PYX BOJIOJIE TIOYATKOBOKO MBUIKICTIO (U, # 0) (puc. 2.16, 6), To pis-

HSHHS pyXy OyIyTbh TaKUMHU:

MPUCKOPEHHS: a, =0, ay =g,
IIBHUIKICTE: Uy = Ugy, Ly = Uy + QF;

. gt?
HepeMilIeHHS: X = vgyt, y = v t+ ~—

Mpuknan 2.13. Tino ckunymo 3 sucomu h = 19,5 m 3 nouamxosoro 20puzonmanbHOI0 WEUO-
kicmio V= 6 m/c. Ak danexo mino nponemums 6 20pU30HMATLHOMY HANPAMKY, NEPUL HIdC 00csie-
He nosepxui zemi (puc. 2.17)?

= Po3B’s130k. Ockinvrku Vo, = 0, mo
Oy

UO‘
]
gt?
y=
h
36I0KU
. 2y 2(19,5 )
e t= == |—= =
Yy X 2 g 98 mlc
Puc. 2.17 Tooi

X = Ugt = (6mlc)(2c) =12 m.

Mpuxaan 2.14. Kamine, kunymuil 6 20puzoHmanbHoMy HAnRpmKy 3i ckeni eucomoio h =
115 m, nadae na semnto na siocmani S = 92,5 m 6i0 ii niouiscocs. 3 saxoro weuokicmio 6ys Ku-
HYmMuti Kamins?

Po3B’s130K. Tak K i 8 nOnEpeOHbOMY NPUKIAOT BEPIMUKATIbHA NPOEKYis NOYAMKOBOI WEUO-
kocmi dopientoe Hymo (Vg = 0). Tomy winsix, npolidenuti KameHem y 6epmuKaIbHOMy HANPIM-

Ky, OOPIGHIOBAMUME

36I0KU

2(115
t = & = 7( Mz = 4,84 C.
g 98 mlc
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8§ 2.8. Pyx mina, Kunymozao nio Kymom 00 20pu30Hmy

1106 pospaxysamu nouamko8y weuoKicms, ckopucmaemocs gopmynoio (2.30)

X = S = Uot y
36I0KU
S 92,5
Vo= = = 2N 191 mle.
t 484 ¢

§ 2.8. Pyx Tisia, KHHYTOr0 MiJl KyTOM /10 TOPU3OHTY

Pyx Tina, KHHYTOro ] KyTOM JI0 TOPU30HTY, Il HA3MBAIOTh DaJTiCTHYHHUM pyxom. [Ipukia-
JIaMH IIHOT'O PYXY € pyX (yTOOIBHOTO M’sT4a, TOJIT KYJIi, BUITYIIIEHOI 3 IYIIKH, CTPUOOK CIIOpTCMe-
Ha y BUCOTY 4H B JIoBXkHHY. [Ipy aHasisi 1iboro BUy pyxy OIOPOM MOBITPsI MU OyZIEMO HEXTYBATH.

IpunycTumo, 1o Tijo, KHHYTE M KyTOM 6 10 TOPH30HTY, Ma€ MOYaTKOBY MIBUAKICTE Uy

(puc. 2.18). Cucrema koopAMHAT BUOpaHa TAKAM YMHOM, 100 PyX 3IiMCHIOBABCS B IUTOLIMHI

yk
b= U
IR o
iy 1
UY 1
—
Ux
o o /
1
e Uo : hmax
i
1
1 -
0 0y Lox
= g
L X
0x S e :
1
i
— 1
Voyy T
Puc. 2.18

XOY. I3 puc. 2.18 BunHO, 110 TiI0 Oy/1e MPUCKOPIOBATUCS TUTBKU B3I0BXK oci Y—iB. Toxi

a,=0 a,=-g.
Sxmo mokacty, mo X = Yo = 0, to = 0, To movaTKOBa MIBUIKICTE Oy/e MaTH TaKi IPOESKIIii:

UOX = UO Ccos 9 y (234)

Doy = U SING. (2.35)

Ockinbku &, =0, ropu3oHTaNbHUH PyX BiOyBa€ThCA 31 CTAJIO0 MIBUAKICTIO, TOMY PiBHSH-
HS PYXY B HAIIPSIMKY OCi X—IB MaTUMYTh TaKU{ BT,

Uy = Ugy = Uy COS O, (2.36)

X = vyt = vytcos . (2.37)

Pyx 110 BepTuKai Bi1OyBaTMMETHCS 3 IPUCKOPEHHM 8, = —( , TOMY PiBHSHHSIMHU PyXy B
HaIpsIMKy oci V—iB €:

Ly = Loy — gt = vgsingd — gt, (2.38)
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2. Kinemamuxa mamepianeHoi mouku i meepoo2o mina

2 2

y = gyt - % — votsind — % (2.39)
a6o i3 (2.38) i (2.39) maemo:
2 2
Ugy — U
y=-2 ¥ (2.40)
29

OCKiTbKH TiJIO KHHYTE TIi/{ KyTOM JI0 TOPH3OHTY, TO 3pO3YMili0, IO MBHIKICTh Ly 3 YacOM
3MEHIIYETHCSA | KOJIM TLIO JOCATHE MAKCUMAIbHOT BucoTH . BOHa Oy/e IO0piBHIOBATH HYIIO
(vy =0).

CKOpHCTAEMOCH HABEICHUMHU BHILE PIBHSAHHAMHE [UTsl 3HAXOKEHHSA MaKCHMAJILHOI BUCOTH
Niax » KO IOCSATHE TiJIO, Ta AAIBHOCTI HOrO MOJBOTY B TOPU3OHTAILHOMY HANPIMKY. OCKib-

KU B MaKcuMaibHil Touni tpaekropii O" v, =0, T0 i3 (2.38) 3Hax0MUMO, 1110

t =~ (2.41)

ae ., — IPOMDKOK 4acy, HeoOXiTHHH, 100 TiJO TOCATIO MaKCUMAJIBHOI BHCOTH. 3poOHUBIIH B (op-

My (2.39) 3aminy Y — N, T — toy » OTPHMaEMo:

2 2
Ot oy 1 Yoy,» _ Yoy Yoy
h = t — = _ ) - — _ = — - —
max = Voylmax 2 UOy( g Zg( g ) g 29
abo
Ug 1
y 2 in2
max 29 29 Vg ( )

Jlist 3HAXOIMKEHHST TOPU3OHTAIBHOI JATBHOCTI MONBOTY S CKOPHCTAEMOCH THM (DaKTOM, IO
JUTS TIOBHOTO TIOJIEOTY HEOOXIHMH Yac B JTBA pa3u OUTBIINI TOTO, SIKMHA TOTPiOHUH IS HOCST-
HEHHS MaKCHMAJIBHOI BUCOTH. Bynemo BBaxaTH, o X = S mpu t = 2tn.y. Tomi, BUKOPUCTOBYIO-
qyu Gopmyny (2.37), 3HaX0AUMO, 110

S = 2 " Vox s
a6o, BukopucroByioun (2.34), (2.35) i (2.41), orpumaemo:
2 2
S = 2ﬂsiné’cosé’ =20 sin20. (2.43)
g g

I3 popmyiu (2.43) BuaHO, 1110 MAKCUMAaJIbHA JAJIBHICT MOJBOTY MA€ Miciie npu 6 = 459,
ockinbku 20 = 90° ,a sin 90% = 1. Tom

2
Smax = U?O (2.44)

MoKHa JIETKO MOKa3aTH, IO TPAEKTOPIs Tijla, KHHYTOTO MiJ] KyTOM JIO TOPH3O0HTY, € Tapabora.
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8 2.9. Pyx no xony

Mpuknan 2.15. [lo hymbonvromy Mm’siuy 80apaioms makum YUHOM, WO GiH 31imae Hao
semnero nio kymom 0 =37° 3i wesuokicmio vy = 20,0 M/ ¢ (puc. 2.18). Pospaxysamu: a) maxcu-

MAIbHY 8UCOMY, HA KV RIOHIMEMbCS M 51U, 0) 4ac HOLbOMY M a4a 00 NAIHHSL TI020 HA 3eMIIO; 8)
8I0CmMaHb 6i0 GUXIOHOI MOYKU 00 MOYKU NAOIHHA HA 3eMi0. [l CRpOWeH s NPUNYCKAEmbCsl,
Wo M4 8i00IIAEMBCS 810 HO2U PYMOOAICMA HA PIBHI 3eMJI.

Po3B’si30k. IIpoexyii nouamrogoi weuoxocmi (p-u (2.34) i (2,35)):

oy = U €0s37° = (20,0 2/ ¢)(0,799) = 16,0 n/c,

vy = Lsin37% = (20,0 1/c)(0,602) = 12,0 u/c.

a) Makcumanvhy eucony, sikoi' 0ocsieHe M a4, 3Haioemo 3a gpopmynoio (2.42):

2 2
U 12 ml
- oy _ % = 7,35 .
29 298 m/c?)
6) Yac nomwomy m’saua 0o nadinHA 1020 Ha 3emto eupazumo iz pienanns, (2.39), noxnaeuu,
wo y =0 (pieenv 3emi).

Tooi

hmax

_ 20y 2012 mlc)
g 9,8 m/c?

= 245c.

8) Biocmanw, npotideny m’siuem 8 Hanpamky oci X - ie, 3uatioemo 3a ¢popmynoio (2.37):
X=S =vyt=(16,0m/c)(2,45¢c) =39,2 m.

8§ 2.9. Pyx no koay

Ipwu pyci Tija Mo Koy 3i CTAIOI0 32 BEIMYMHOIO MBUJIKICTIO U TOBOPSTS, II0 BOHO 3/1iHICHIOE
piBHOMipHMIi 00epTabHMIE PyX. Takuii pyx 37iCHIOE, HAIPUKIIAL, KYJIbKa, SIKY PO3KPYUYIOTh Ha
MOTY31Ii HABKOJIO TIEBHOTO IIEHTpa. X04a MPH TAKOMY PYCi IIBUKICTh 32 BEIMUNHOIO HE 3MIHIOETh-

¢t (v =const), HanpPAMOK Ti 3 YacoM OE3TEPEPBHO 3MIHIOETHCS
=
v (puc. 2.19). 3MiHa HANPSIMKY [IBUAKOCTI CBIUUTB, IO TYT Ma€ Mic-
1€ MPHCKOPEHHSI, TOYHO TaK, SIK 1 PX 3MiHi BEJIMYMHH IIBUJIKOCTI.
A 3rigno 3 hopmy:oro (2.8)
= . Ao do
a =lim— =

—_—, 2.45
At—0 At dt ( )

ne AU —3MiHa IIBHIKOCTI 32 MaJIWi POMIXKOK 4acy At .
B nanomy Bumangky MoBa Hae mpo 3MiHY BEKTOpa MIBHA-
kocri. I3 puc. 2.20, @ BuaHO, 110 3a 4ac At TiJIO IIEpeMiCTUTHCS
Puc. 2.19 i3 Touku A B TouKy B, npoiimmoBmm Bincrans AS . 3MiHa BEKTO-
pa LIBHAKOCTI IIPH LIBOMY JOpPiBHIOE AU = U — U, (puc. 2.20, 6).
I3 puc 2.20 BuaHO, IO, KO At HecKiHUCHHO Maile i AS Takox Oyze Tyke Malie, TO BEKTOpH
Uy 1 U OynyTs Maibke mapajiesbHi, a BEKTOp AU Maibke MepleH UKy IpHUH iM, TOOTO BEKTOp
AU HampaBlIeHHH MO pajiycy A0 LeHTpa Koja. OCKUIbKH 32 BU3HAYCHHSM HPHCKOPSHHS a
CITIBIIA/IA€ 32 HATIPSIMKOM 31 3MiHOIO IBUKOCTI, B JAHOMY BHIIAKy 3 AU , TO BOHO TaKOX Hall-
paBJIEHO JO LEHTPA i TOMY HOro Ha3UBAIOTH JOUEHTPOBHM (200 HOPMAJIbHHM) NPHCKOPEH-

uam 8,,, (abo &,).

Bemmunny 1011eHTpOBOTO IIPHUCKOPEHHS 3HAWIEMO 13 TaKMX MipKyBaHb. TprkyTHHK OAB
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2. Kinemamuxa mamepianeHoi mouku i meepoo2o mina

(puc. 2.20, a) i TPUKYTHHUK, SIKHil YTBOPIOIOTh BEKTOPH Uy, U 1 AU (puc. 2.20, 6) noxai6Hi, a

Vo
AO
AU = U0,
L
a )
Puc. 2.20
TOMY MOYHA 3aIMCATH TAKe CITiBBIIHOIICHHS
Av AS
L R’
3B1IKH
1))
Av = R AS. &)

SIkmo At — 0, To criBBigHOIIEHHS (*) BUKOHY€ETHCSI TOYHO, OCKIJIBKH AOBXUHA IyTH AS
nopiBHIOE moBxkuHI xopau AB. Tomi
. Av . DAS v . AS
Aoy = lIM — = lim —— = — lim —.
At>0 At at-0R At Rat—0 At

. . AS )
Ockinpku lim — =v, To0:
At—0 At

2
(2.46)

aa(m = ?

3ayBaKMMO 1€ pa3, IO y BUIAJKY PIBHOMIPHO 00€PTAILHOTO PyXy BEKTOpH d 1 U mep-
NEHAUKYISPHI OuH 10 ofHOTO (puc. 2.20), OCKIIbKH IBUAKICT U HaNpaBieHa MO TOTHYHIN
JI0 KOJIa, a TIPUCKOPEHHSI & HaIpaBJICHE TI0 pajiycy 10 HOro HEHTpa; MpH IbOMY HaIPSMKH K
U ,TaKi @ HEMepepBHO 3MIHIOKOTHCSL.

Pyx Tiya mo Koy MOXHa XapaKTepU3yBaTH KyTOBUMH 3MiHHUMH BEJIMIMHAMH. KyYTOBOIO

A MIBHKICTIO i KYTOBUM NMPHCKOPEHHSIM.

KyToBy mIBHAKICTS BU3HAYAIOTH MO aHAJIOTIT 3 JIHIHHOIO IIBHJIKIC-
TIO, aJIe 3aMICTb JITHIHHOrO MepeMillieHHs] BAKOPHCTOBYIOTh KyTOBE A6 .
Toxi BenmunHa cepeqHbO1 KYTOBOI IIBUIKOCTI BU3HAUUTHCS TaK:

<O>= A , (2.47)
At
ne A@ — kyrose nepeMiteHHs Tina (puc. 2.21).
MutTeBa KyTOBa HIBUAKICTH BU3HAYAETHCS SIK TPAHMULIS BiHOLICH-
us (2.47) ipu At —0:

Puc. 2.21
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8 2.9. Pyx no xony

. AG do
o= lim— = —,
At—>0 At dt

KyroBa miBHKiCTh BUMIPIOETHCS, SIK IPABIJIO, B pajiaHax 3a cekyHay (pazy/c).

KyToBe npuckopeHHs MOKa3ye, K MIBUIKO 3MIiHIOEThCS KyTOBA MIBUIKICTH 3 9aCOM 1 3a
AHAJIOTIEI0 3 JIIHIMHUM MPUCKOPEHHSIM BH3HAYAETHCS BiTHOMICHHSIM 3MiHU KYTOBOI IIBHIKOCTI
JI0 IPOMDKKY 4acy, 3a sKUH 11 3MiHa BifOynacs. Toni BeJHYHMHA cepeTHBOro KyToBOIr0 MPHCKO-
PeHHSI BUSHAYNTHCS TaK:

(2.48)

<a> =22 (2.49)
At
BemruHOI METTEBOTO KyTOBOTO NPUCKOPEHHSI € rpaHuLL BiHOmeHHs (2.49) mpu At — 0 ':
= lim 22 _ 92 (2.50)
At—0 At dt

BcraHoBHMO CITIBBITHOIICHHS MiX JITHIHHOIO 1 KYTOBOIO IIBIAKOCTSIMH Ta JIIHIHHAM 1 KyTO-
BUM TPUCKOPEHHsIM. JIOBXKHMHA JyTH, SIKY OIKCYE TOUKa rpu obepTanHi Ha Kyr AQ (puc. 2.20, a)

AS =R-Af.
IMoginumo 1o piBHicTs HA At. IIpu At — 0 MaTtumemo
as = Rd—e abo v=0oR, (2.51)
dt dt

ne R — paniyc kxomna.
Bpaxosyrouu (2.51), popmyna (2.46) nepenuierses Tak:

3, = ®°R. (2.52)

SIKTI0 MBUIKICTH Tija, IO PYyXA€ETHCS IO KONy, 3MIHIOETHCS HE TUTHKH 32 HAMIPSIMKOM a 1 32
BEJIMYHMHOI0, TO TIOPST 3 JOICHTPOBUM IPHCKOPSHHIM éo(m_ Ma€ Micle 1 Tak 3BaHe TAHTeHIi-

ajbHe MPHCKOPEHHS d, , SIKC BU3HAYAETRCS, SIK 1 3BHUaiiHe mpucKopeHHs (¢p-na (2.8)):

dov
a =—.
dt
3ayBakuMo, IIO JOIECHTPOBE MPHUCKOPEHHS 3MIHIOE IIBHIKICTh TIJIBKU 32 HAMPSIMKOM i
BU3HAYAETHCs Popmyoro (2.46) abo popmymoro (2.52).
o Bpaxosyroun dopmymu (2.50) i (2.51), ¢popmymna (2.53) na-
Oyze BUTIISAY:

(2.53)

dao

a, =R— =Ra, (2.54)
dt

J€ @ — KyTOBE IPUCKOPEHHI.
TanreHuianbHe MPUCKOPEHHS 3aBXK/I1 HAIIPaBJICHE MO JOTUYHIH

10 kona (puc. 2.22). SIKIo MmWBHIAKICTS Tijia 30UIBIIYETHCS, TO HALPS-

MOK 8, CHiBIaJa€e 3 HANPSIMKOM PYXY; SIKIIO K IIBHKICTb 3MEH-

IIYETBCS, TO HAMPSMOK 8, HPOTHIIEKHUH BEKTOPY IIBUAKOCTI U .
Ockinbku d,,, 1 &, B OyIb-AKOMY BUNAJIKy MEPIEHIUKYIAPHI

Puc. 2.22 OJMH OAHOMY, BEKTOP HOBHOI'O IPHUCKOPCHHSA 51 € BCKTOPHOIO CYy-
MOIO IIUX OBOX HpI/ICKOpeHI):
8 = dypy + Gy - (2.55)
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2. Kinemamuxa mamepianeHoi mouku i meepoo2o miia

Benumuuna noBHOro MMPUCKOPCHHA ﬂOpiBHIO€:

a \/ag,m + a?, (2.56)

abo, BpaxoByrouu (2,52) i (2,54),

a=RVo*+a?. (2.57)

Mpuknan 2.16. Peaxmuenuti nimax, sikuil pyxaemocs 3i weuokicmio v =1800 xkm [ 200, eu-

KOHYE MaHesp i temumbs no 0y3i 3 padiycom R = 3,0 km. Axe npuckopenus nimaxa, supasicene ye-
pe3q.

Po3B’s130K. [Ipuckopenus nimaxa, Koau 6iH iemums no 0y3si, € O0YeHMPOBUM | BUPAdICA-
emucst popmynoro (2.46):

2 2
By = 2 = [(1800)(0,2738) mlef 835 ﬁz
R 3-10°m c
s mozo, wob éupazumu a,,, uepes 9, nompiono tio2o snavenns nodinumu wa g. Toomo
83,5
ao(m = 98 = 8,5g .

Hpuxaanx 2.17. Pomop yenmpudghyeu nouas 0bepmamucs 3 NPUCKOPEHHAM i3 CHIAHY CHOKOH
i uepes t =5,0 x6 docacnye wacmomu n=2-10%06 | x& . 3uaiimu cepedne kymose npuckopents

pomopa.
Po3B’s130K. Kinyeea kymosa wisuokicms pomopa yenmpugyeu 0opieHIoc:

2(314) paol o6
60c/ xe

Touamxosa kymosa weudxicms pomopa oopisuioc nynio (@y =0). Tomy cepeone kymose

w=2nn=(2-10%06/ x6)( ) = 21-10% pao/c.

NPUCKOPENHSI OOPIBHIOBAMUME

<a> = =
t 300c¢ c?

® - oy _21-10°padlc - 0 _ -~

§ 2.10. KinemaTuka TBep/0ro Tijia

Jlo 1mx mip MU pO3IIIsIalM MEXaHIYHUN PyX MaTepialbHUX TOYOK a0o, sIK X e Ha3WBalOTh,
TOYKOBUX Mac. OmHaK, OUTBIIICTD TiJT B IPUPO/II € MIPOTSHKHI TBEPi TiNa, sIKi, sIK 1 MaTepiaibHi
TOYKH, MOXXYTh NepeMimarucs i obepratucs. B MexaHimi i TBepAUM TIJIOM PO3YMIIOTH HE3-
MIHHY CHCTEMY MaTepiaJlbHUX TOYOK, TOOTO, TaKy iJieaji3oBaHy CHCTeMY, B SIKi Ipu Oyib-
SKHAX pyXax B3a€MHI BiJICTaHI MK MaTepialbHUIMHU TOYKaMH CUCTEMH 3aJIMIIAIOTHCS HE3MiHHH-
Mu. TBepzi Tiza BOJOAIIOTH MIEBHOIO (POPMOIO, SIKA 3ATHIIAETHCS CTATO0, SIKIIO HA TUIO HE JUIOTH
TIOMITHI 30BHIIIHI CHIH.

Bymp-siknit pyx TBEpIOro Tila MOXXHA PO3TIISAATH SIK CYKYITHICTH ITOCTYIAJIBFHOTO 1 00ep-
TAJIEHOTO PYXIiB.

[MocTynansHUM pyXxOM TBEpAOTO Tija HA3WBAIOTh TAKHUH PYyX, IIPH IKOMY Oy/b-sKa IpsMa,
sIKa CIIONIyda€ JIBi JOBUIBHI TOUYKH TBEPJOTO Tija, NEPEMIIIYETHCS MapajiebHO caMma a0 cede.
Ie o3Havae, Mo NpH NOCTYTAIBHOMY PyCi TBEPIOTO Tijla TPAEKTOPII BCIX TOYOK Tijla OJJHAKOBI.
[IBuAKiCTD | IPUCKOPEHHS BCIX TOUOK Tija B JAHUH MOMEHT 4Yacy piBHI. OTXe, OCTyNaIbHUHA
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8§ 2.10. Kinemamuka meepdo2o mina

PYX TBEpPAOTO TiJla MOXKHA XapaKTepH3yBaTH 3aJJaHHAM PYXy OJHI€l TOUKHM Tisa, TOOTO Lei pyx
TIOBHICTIO €KBIBaJICHTHHH JI0 pyXy MaTepialbHOT TOUKH.

[MocTynanbpHuUil pyx TBEpAOro Tiia € IJIOCKMM PYXOM, OCKIJIBKHM TPAaeKTOpii HOro To4ok
JIeXKaTh B apajiebHUX IUIOMKHAX. PyX Tija B IbOMY BHIIAAKY ITOBHICTIO BU3HAYAETHCS PYXOM
OJTHOTO 13 MEPeTHHIB MPsIMOi B Oyab-sIKii 3 apajIeIbHUX IUIONIHH.

[Tpn obGepTanbHOMY pyCi TBEpPIOTO Tijla HABKOJIO HEPYXOMOI OCi TPAEKTOPISMH BCiX HOro
TOYOK € KOJA, sIKi JISKATh B IUIOIIMHAX, IEPICHIUKYIIPHUX A0 oci obepranHs 00’ (puc. 2.23).

D
L1

Puc. 2.23 Puc. 2.24

Lentpn Beix mux KuT jexkaTtbh Ha oci o0epTaHHs. OOepTaibHUIA pyX TBEPIAOTO TiJIa € TaKOX
IUIOCKUM PYXOM, OCKUIBKH TPA€KTOPii TOYOK TBEPAOrO TiJIa JISKATh B IapajIeNbHUX IUIONMHAX.
[Ipu oGepTaHHi TBEPIOTO Tija BCi HOTO TOYKH O0CPTAIOTHCS 3 PI3HUMH JIHIHHUMU IIBU]I-
KocTsIMH. J[j1sl XapakTepucTHKH 00epTaHHs TBEPJOTo TiNa, SK 1 y BUMAJIKy 0O0epTaHHs MaTepi-
aJIbHOI TOYKH, 3pYYHO KOPHCTYBATHCS KyTOM HOBOPOTY 6 TpsIMOi, POBEAEHOI yepe3 Oyap-sKy
TOYKY TiJa NePHEeHIUKYIAPHO 10 oci obeprauns (puc. 2.23). KyT HoBOpoTy € aHaIoroM nuisixy
npu noctynansHoMy pyci. IToxizgHa KyTa MoBOpoTY 110 Yacy BH3HaYa€ KyTOBY HIBHIKICTH 00ep-
TaHHS
_de
dt
ne d6/dt — nepmra moxigHa KyTa MoBOpOTY IO Yacy.
KyroBa mBHIKICTh € BENUYUHA BEKTOPHA. Y BEeKTOpHOMY BTl hopmyina (2.58) mepernu-
LIETHCS TaK.

(2.58)

1) et (2.59)

Bekrop KyTOBOi IIBHAKOCTI 30iraeThest 3 BicClo 00epTaHHs, a Oro JOBXKHMHA B JIEIKOMY YMOB-
HOMY MaclITabi BUpakae BEJIMUMHY KyTOBOI IIBHAKOCTI. HampsMok BekTopa KyTOBOI IIBHAKOCTI
30ira€Thest 3 TMOCTYIIAJIBHUM PYXOM CBEPJUIMKA, SIKIIO HOro oOepraTté B HAaNpsSMKY oOepTaHHS Tijia
(puc. 2.24).

3ayBa)XMMO, IO Y BHTJISII BEKTOPIB MOYKHA TPECTABISATH TUIBKH HECKIHIEHHO Malli Ky-
TH. JInime 3a 11i€i yMOBH KyTOBI IepeMillleHHs] Y BCbOMY IOI0OHI /10 eleMEeHTapHUX JiHIHHNAX
MIepeMillIeHb.

Sxmro obepTaHHs piBHOMIpHE, TOOTO (@ = CONSt, TO

wzz—ﬂ =2rn,
T
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2. Kinemamuxa mamepianeHoi mouku i meepoo2o mina

ne T=1/n —nepiog obepranus, N — miHiiiHa yactora. KyToBY IIBUKICTH Iii¢ 1HOMI HA3MBAIOTh

HUKJIIYHOI0 YACTOTO0. SIKIIO MOYaTOK KOOPAMHAT BUOpaTH HA OCi 00EpTaHHs, TO JiHIHHY IIBUJI-
KiCTb Oy/Ib-IKOT TOYKH TiJIa, 10 00EPTAETHCS, MOXKHA BUpasuTh (hopmyrnoro (2.51):

v =Ra. (2.60)
VY BekTopHiil Gpopmi

5, =[R-a). (261)

J1st XapaKTeprCTHKY TIPUCKOPEHOTO 00EpPTaIbHOTO PYXY TBEPJIOTO Tijla KOPUCTYIOTHCS BEJIN-
YHHOIO KyTOBOIO IIPUCKOPEHHS

dw
a =—, 2.62
dt ( )
ne dew/dt —mepira moxiaHa KyToBoi IBHIKOCTI TI0 Yacy, a00 y BEKTOpHiH (opmi
_ do
a=—. 2.63
m (2.63)

BekTop KyroBOro npHcKOpEeHHS 30ira€ThCsl 3 BEKTOPOM KYTOBOI IIBHIKOCTI NPU MPHCKOpe-
HOMY pYCi, 1 BOHU € IPOTHWJICKHI NP CIIOBIIBHEHOMY pyci. 3B’S130K KyTOBOTO IIPUCKOPEHHS O 3
JiHIHHIM TaHT€HI{ILHIM IIPUCKOPECHHSIM &8, BUPAXKA€THCS BiIOMOIO (hopMmynoro (2.54):

a -RI? _Re,
dt
abo
a = [R-a| (2.64)

Hopmaisre (OLEHTPOBE) IMPUCKOPEHHST BUPAXKAETHCS Yepe3 KyTOBY MIBUAKICTE HopMmy-
noro (2.52):

2 22
a =L -Ro" g2
R R
abo
a, = w°R. (2.65)
Ha puic 2.25 300paeHo pO3TalIyBaHHs BEKTOPiB U, @, R, &, d,, a, (a— xyroBa MIBHIKICTb
@ [
— _a'l'
y % )%
a, (v
a,
a 0
Puc. 2.25

36LIBIIYETHCS, 6 — KYTOBa HIBHIKICTH 3MECHIITYE€TBCSE).
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8§ 2.10. Kinemamuka meepdo2o mina

I3 prucyHnka BuaHO, 10 NpH 301IbIIEHHI KYTOBOI MIBUAKOCTI HAIPSIMKHM BEKTOPIB KYTOBOTO
OPHUCKOPEHHS i KyTOBOI IBHUAKOCTI CIiBIanaoTh (puc. 2.25, a) i, HABIAKH, PH 3MEHIICHH] KY-
TOBOI IIBUAKOCTI, BOHH poTmwiexHi (puc. 2.25, 6). Tex came MOXKHA CKa3aTH i PO HAPSIMKA
BEKTOPIB TAHT€HIIAJBHOTO MPUCKOPEHHS 1 JTiHIHHOT MBHUKOCTI.

Hacamkinens HaBegeMo OTpUMaHi IUISIXOM IHTETPYBaHHS BiJIIOBIIHUX BUPA3iB PIBHSIHHS
KiHEMaTHKH 00€pTaJIbHOTO PyXY TBEPOTO Tijla HABKOJIO HEPYXOMOI OCi:

PIBHSIHHSL piBHOMiPHOr0 06epTaiabHOro pyxy (muB. Gpopmyiy 2.58)

0 =06, +at; (2.66)

3aJIGKHICT KYTOBOI IMBUIKOCTI BiJl 4acy MpH PiBHO3MIHHOMY 00epTaabHOMY pyci (fmB. dhop-
Mmyiy 2.62)

0 =aw+a; (2.67)
PIBHSIHHS pIBHO3MIHHOTO 00€pTAIBHOrO pyxy (muB. ¢-mu 2.58 1 2.67)
at?

PiBusians (2.66) — (2.68) € anamoramu pisusiab (2.4), (2.10) i (2.14) xapakrepHux 1St Hoc-
TYIAIBHOTO PYyXY.
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