3 NPAKTUKYM ABUTYPUEHTA

30KOH COXPOHEHMS
MMMYITHCO

B.YUNBUJIEB

MIIYJbCOM  MATEPUAJILHON
TOYKU Ha3bIBAeTCA IIPOU3BE/EHUE

MacCCbl TOYKM Ha €€ CKOPOCTb: p = m o .

MMHyJIbCOM CUCTEMbI MaTepuaJibHbIX
TOYEK Ha3bIBA€TCA BEKTOPHasA CyMMa NM-

IIyJIbCOB OT/ZI€JIbHBIX TOYEK! pcmT = P1 +

+ ,1;2 + Jlto6oe MaKpOCKOI4YecKoe
TEeJI0 UJIK HECKOJIBKO MAaKPOCKOIIMYECKUX
TeJl MO’KHO PacCcMaTpUBaTh KaK CHCTEMY
MaTepuaJbHbIX TOYEK, ITOCKOJbKY KasK-
JI0e TeJI0O MOKHO MBICJIEHHO pa3buTh Ha
CKOJIb YTO/IHO MaJIble 4aCTH U CUUTATh UX
MaTepuaJbHBIMU TOYKaMU. B manbHedl-
1IeM CcHCTeMy MaTepHasIbHbIX TOYeK IS
KparkocTu 6y/ieM Ha3bIBaTh IPOCTO CHC-
TEMOIA.

W3 3akonoB Hbiorona cienyer, uTo B
WHEPIUAJbHON CcucTeMe OTcyeTa clpa-
BE/IJINBO BEKTOPHOE PABEHCTBO

FAt=Ap, (1)

rae F — cymMMa BcexX BHEIIHMX CHII,
JIefICTBYIOIINX Ha CUCTEMY B TeueHue
CKOJIb YTOJHO MaJIOTO MHTepBaJja Bpe-

vern At (At - 0), a Ap — usmene-
HIE UMITYJIbCA CHCTEMBI 32 9TO BPEMSI.
TIpousseieHne F At wHasbiBaetcs M-
mysabcoMm cuibl. OGpaTute BHHMaHUE,

yto F — 510 CYMMa TOJIBKO GHEULHUX
CUJI, T.e. CUJI, AEHCTBYIONNX Ha Tesa
CHCTEMBI CO CTOPOHBI TeJ, HE BXO/-
HUX B cucteMy. BHyTpeHHUE CUIIBI, T.€.
CUJIBI B3aUMOJICHCTBUS MEXK/y YaCTAMU
cucrembl, B paBeHctBo (1) He BXOAAT.
Ecim B reuenne spemenn At (At - 0)
CyMMa BHENIHUX CHJI PaBHA HYJIO, T.€.
F =0, 10 A;) =0u ;) = const, T.e.
UMITYJIbC CUCTEMBI B TeueHue At coxpa-
ngerca. Korjga Bpems BzaumojeicTBus
Tes1 cucreMbl (BpeMs OIbITa) He MaJo,
€ro MOYKHO Pa30UTb HA CKOJIb YTOIHO
MaJible UHTepBaJbl: At = ZAtk, rae k=
=1, 2, 3... Ecim B TedeHme Kaxkjoro
TAKOr0 MHTEPBAJA CyMMa BHEITHUX CUJI
PaBHa HYJTIO, TO UMITYJIbC CHCTEMBI Oy/1eT
COXPAHATHCA B TEUEHHE STOr0 NHTEPBAJIa
U, KaK CJIEACTBHE, B TEUEHHE BCEro Bpe-
MeHHU ombITa. HamoMHUM, 4TO 3aMKHY-
1ol (M30IMPOBAHHOI) CHCTEMOH Ha3bl-

BaeTcd CUCTeMa, Teja KOTOPOW He B3au-
MOJIeficTBYIOT ¢ apyrumu Teiamu (BHe-
IIHUM MUPOM). SICHO, UTO /IS 3aMKHY-

Toil cucrempl F =0 u p = const.

Wrak, B uHEpIMAJbHOI cucTeMe OT-
CYeTa UMITYJIbC CHCTEMbl MAaTePUATbHbBIX
TOYEK COXPAHSETCs B TeYeHUe HEKOTOPO-
ro Bpemern At (He 0653aTeNBHO MAJO-
ro) B JIBYX CJIyYasix:

1) cucrema B TeueHume At 3aMKHYyTa
(usomuposana);

2) cucreMa He 3aMKHYTa, T.€. BHEIIHUE
CUJIbI €CTb, HO MX CyMMa PaBHA HYJIIO B
TeyeHue BCero BpeMeHu Af.

OTO YTBEpXK/CHHE W IIPEJCTABJISAET
c0060ii 3aKOH COXPAHEHUS WMILYJIbCa B
pasBepHyTOil (HOpPMyIUPOBKeE.

VIMIyJibC cucTeMbl — 3TO BEKTOP, U €r0
COXPaHEeHUe B TeYeHHe HEKOTOPOro Bpe-
MEHHU B3anMO/EICTBUSI YacTeil CUCTEMbI
BCTPEYAETCS HE TaK YacTo, XOTs Obl 10TO-
My, UYTO B 3€MHBIX YCJOBHSX CTPOTrO
3aMKHYTOI1 CHCTEMbI HET B IIPUHITUIIE W3-
3a HAJIMYUS BHENTHEH CUJIbI — CHJIBI IIPU-
TsDKeHus K 3emite. /[a M paBeHCTBO HYJIIO
CYMMBI BCEX BHEIHHMX CHJI HA IMPOTSKe-
HUM HEKOTOPOTO HHTEpPBAjia BPEeMEHU
MOJKET Pea30BaTbCs TOJLKO MPH BIIOJI-
He ompe/esieHHbIX ycaoBusx. [opasio
yarie BCTPeYaeTcs ciyyail, Korja 3a Bpe-
Msi At BEKTOpHas CyMMa BHENIHUX CHJI
He PaBHA HYJIIO, HO paBHa HYJIO CyMMa
UX IpOoeKIUi Ha HEeKOTopylo ochk X B
npocrpaicTBe. Torjia B TeyeHue 3Toro
BpPEMEHM COXPAHSAETCS TPOEKIUS Ha OCh
X umnysbca cucreMbl. /[lefficTBuTesnbHO,
sarmuieM papeHcTso (1) B IpoeKuuaxX Ha
och X:

F.Ot=0p,, )

rae FT — IIPOeKIs Ha 0cb X CyMMbI BCeX
BHelHuX ¢ (10 IpaBuIaM JelCcTBUA ¢
BekTopamMu F . paBHa cymMMe NPOEKIMH
Ha ocb X BCeX BHEIIHUX CHJI), a Ap -
IIPOEKIA Ha 0Cb X M3MEHEHUS UMITYJIb-

ca cucrempr A p (1o npaBusiam eficTBust

¢ BekTopamu Ap — paBHa U3ZMEHEHHIO

MPOEKIMKM Ha OCb X HUMITyJbca CHCTe-

mor). Ecin B Teuenue Bpemenu At — 0

F_=0, 1o u3 pasencrsa (2) cieayer, uto

Ap_=0wu p_=const. Ecm sxe Bpema At
X X

OTIbITA He MaJIo, TO TocJie Pa3bueHust ero
Ha CKOJIb YTO/IHO MaJible MHTEPBAJIbI JIeT-
KO TI0Ka3aTh, YTO IPU BbBIMOJHEHUU B
TeueHue IIPOM3BOJIbHOTO Al ycaoBus
F. = 0 Gyzmer MMeTb MECTO CJIe/ICTBHE
p, = const.

WubiMu coBaMu, B HWHEPIUATIbHOM
CUCTEME OTCYEeTa MPOEKIUs HAa HEKOTO-
pyio ocb X MMITyJIbCa CUCTEMbl MaTepu-
aIbHBIX TOYEK COXPAHSETCS B TedeHue
Hekoroporo Bpemenn At (He o6s3areb-
HO MAJIOro), ecjam CyMMa MPOEeKIi Ha
ocb X BceX BHELTHUX CHUJI, IeHCTBYIOIUX
Ha CHCTEMY, paBHA HYJIIO B TEYEHUE 3TOTO
BpeMenu At.

Ha ocHoBaHMM 3TOTO yTBEP:K/IEHUS O
COXPAHEHUNU TIPOEKIIUN UMITYJIbCa U pe-
maercss GOBIMUHCTBO 3aj1a4. [Ipu arom
Y4acTO 3alMCh YPAaBHEHUS, OTPA’KaIOIe-
IO COXpPaHEHHUE IPOEKIUKN MMITYyJbCa B
BUJI€ PABEHCTBA HAYAJbHON M KOHEYHOU
IIPOEKINI MMITyJIbca, 0OOCHOBBIBAETCS
(pasoii «I10 3aKOHY COXPAHEHHS WM-
IyJIbcay, 4TO He coBceM ToyHO. Ho mo-
CKOJIBKY 3Ta HETOYHOCTb He BJIMSET Ha
pe3yJIbTaT TIPU PEIIeHNH 33/1a41, Ha Hee,
KaK MpaBUJIO, HUKTO He oOpalaer BHU-
MaHUs, B TOM YHCJI€ U IK3aMEHATOPDI.

CKakeM HECKOJIbKO CJIOB O IpHOJHN-
JKEHHOM COXPaHEHUH UMITYJIbCa MJIU €ro
npoexuun. Pasencrso (1) tem Tounee,
uyem Menbiiie At . Koneunoe BpeMs orbita
At MOXHO Pa3bUTb HAa CKOJIb YTOJHO
MaJlble MHTepBasibl BpeMenn At, u samu-
caTh IS Ka)K/IOTO U3 HUX PABEHCTBO

ﬁk At, = Ap; . CnoxxuB Bce Takue pa-

BEHCTBa, HOJIy‘H/IM HOBO€, BHEHIHE II0XO-
sxee Ha (1):

F, At=Ap, (3)

rie FCp — HEKOTOpasl CPe/IHsIsI BHEIIHSS
cuia, JleifctByonas B TedeHue Af u

onpejiesisiemas u3 pasenctsa F At =
XF, A, alAp =ZXAp, — usMeHenue
UMITyJIbCA CHCTEMbI 32 KOHEYHOE BPEMSI
At . AHAJIOTUYHO TIOJIyYAETCSl ¥ BHEIIHE

noxoxkee Ha (2) paBeHCTBO B IIPOEK-
UAX:

FxcpAt = Apx’ (4)

rie F,  — HeKoTOpoe cpejHee 3HayeHe
CyMMbI IIpoeKnuif Ha och X BceX BHe-
IIHUX CUJI B TeUeHUe KOHEUHOTO BpeMeHI
onbita At, a Ap  — n3MeHeHue NPOEKINN

Ha ocb X UMITyJbCa CHUCTEMbBI 3a 39TO

BpeMst. ScHo, uTo TIpU Flp = 0 (marnpu-

Mep, F =0 B 060l MOMEHT OTIbITa) 13

paserctBa (3) caeayer Ap =0 u p =
=const. IIpu F_ =0 n3 pasencrsa 4)
caenyer p_ = const. Ecom xe B Teuenue
BPEMEHHU OIbITA HE BBINOJIHAETCS CTPOTO

F_=0wm F__ =0, To 3a <IIOMOIIbIO»>
cp xep



B PELIeHUH 33/lauil cJie/lyeT o0paIaTbest
k paserctam (3) u (4) m amanusupo-
Barb ux. VHOrJa MOXKHO CYMTATb, YTO
BEJINYNHDBI FcpAt WA FxcpAt, Xapakre-
PU3YIOIIHe UMITYJIbC CUJIBI, MaJbl. Torga
us (3) wmu (4) cnenyer, uto ;;) = const
umn p. = const. Takasa curyanus Berpe-
YaeTcs TPU HEKOTOPDIX B3aUMO/ICHCTBH-
X TeJ CUCTEMbl — TaKWUX, KaK Y/apbl,
Korjga At mMano, a FCP WA FxCp OrpaHu-
YeHbI U3-32 OTPAHUYEHHOCTU 3HaUeHuit F
nm F B TeueHue ombira.

Tenepb paccMOTPUM HECKOJIBKO KOHK-
PETHBIX 3a/ia4. Bce OHM B pas3Hble rojibl
Mpe/IIarajuch Ha BCTYIUTEIbHBIX 9K3a-
MeHaX B MOCKOBCKUil (DU3UKO-TEXHU-
veckuit unctutyt (MMDTU). ABTOp Beex
pa3o6paHHbIX 33ja4, BKJIOYAs 1 33/1a4l
JUISL yTIPasKHEHU, — aBTOpP 3TOH cTaTbu.

3agava 1. [locne paspuviea Henoo-
BUKHO20 CHAPSOA 00PA30BANOCH UCMbI-
pe ocxoaxa. Ockoaok maccoi m,
=4 Kz nosemen 8ePMUKAILHO 6HU3 CO
CKOpPOCM®IO O = 150 m/c, ocxonox mac-
coli m, = 3 Kz nojeme. z0pu30oHmao-
HO HA 102 CO CKOPOCMBIO U, = 100 m/c,
OCKOJIOK Maccoil My = | K2 — 20pU30H-
maivno Ha eocmox. OCKOJOK Maccotl
m, = 3,5 Kz noaemen co CKOPOCMbIO
v, = 200 m/c. Haiidume cxopocms oc-
KOAKA MAccoti M.

PaccMoTpuM cucreMy 13 4eTbIpeX OcC-
KOJIKOB. 3a MaJjoe BpeMsl pa3pbiBa At
JICHCTBUEM BHEIITHUX CUJI — CHJI TSXKECTH
— MOXKHO TIpeHeOpeyb, MOCKOJbKY 3a TO
BpeMs OHU HE BBbI3BIBAIOT CYIIECTBEHHOTO
M3MEHEHUS UMITYJIbCa OCKOJIKOB M3-3a NX
MAJIOCTH TI0 CPDABHEHUIO C BHYTPEHHUMU
CHUJIaMM, JICHCTBYIONUMEI MEX/Y OCKOJI-
kamu. [loaToMy MOKHO cuuTartbh, YTO
UMITYyJIbC CUCTEMBI coxpansercss (mpu-
OJIKEHHO) :

m, o+ m,v,+m,o,+m, 0, =0.
m/lv/l
A m;0;
m,0,
mlvl
B

Puc. 1

8%
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Iymua BekTopa m, v, paBHa JIIMHE /-
aroHa/m AB TIpSMOYTOJIbHOTO IapaJiie-
JIeTIAIIe/Ia, TIOCTPOEHHOTO HAa BEKTOpax

m, v, , m, vy u my v, (puc.1). Crenona-
TEJIbHO,

(7”404)2 :(m1v1 )2 +(m202)2 +(m303)2

W3 nocnennero paBeHCTBA HAXO/IUM

im0, = () ~(myo,)’

3

mg

=200 m/c.

3apaua 2. Mexdy wapukamu ¢ mac-
camumu M, c8A3AHHLIMU HUMBIO, BCINAG-
Jena aezKas npyKuna Kecmxocmyio k,
coKamas na nexomopyio SenUtUny
(puc.2). Cucmema dsusxemcs co ckopo-
cmo1o v, 60016 npPaMOll, npPoxodauell
uepes yenmpol wapuxos. Humov nepesxu-
2aiom, u 00uM U3 WAPUKOE OCMAHABU-
eaemcs. Haiioume nauwanionyio eenuyu-
HY CKAMUSL NPYHKUNDL.

Cucrema u3 IIAPUKOB, IIPYXKUHBI U
HUTH IIpe/IIoJIaraercst 3aMKHyToil. B sem-

m 0y M
—

Puc. 2

HBIX YCJIOBHSX CMOJIEJMPOBATD IIPOIIECC,
OIMCAHHBIN B 3a/laue, MOXKHO Ha TJIa/-
KOM TOPHU30HTAJbHOM cToJie. SICHO, uTO
OCTAHOBUTHCS MOXKET TOJHKO JIEeBbIi
IAPUK, TaK Kak IPY’KMHA HAa HETO [ieii-
CTBYeT CUJIOW, HallpaBJIEHHOW IIPOTUB
ero HavasabHOH ckopoctu. IlycTh cko-
POCTDH ITPABOTO MIAPUKA TOCJE PACIPIM-
JleHUs NIPY)KUHbI PaBHA v. Ilo 3aKOHY
COXPAHEHUS HMMITYJIbCa,

m+M)o, =M o.
( )2,

3aMeTuM, 4To COBIAJICHUE HAIlPaBJICHWI
cKopocTeit o u Jo cjenyeT UMEHHO U3
MocJIe/THer0 paBeHCcTBa. B3sB Moy ot
JIEBOI U TIPABOIl YacTell 3TOT0 PaBEHCTBA
(TouHee, 3amMUCaB PAaBEHCTBO B TIPOEKIIN-
X Ha ocb X, HANPABJIEHHYIO B/JOJb OCH
MIPY/KUHBI), TIOJTYIUM

(m+M)o, =Mo.
[lo 3aKOHY COXpaHEHWs SHEPTHH,
ka’ . (m+ M), Mo
2 2 2

Wckmodad us nocaefHuX /ByX ypaBHe-
HUIl ©, HaXOAMM HCKOMYIO BeJIUYHHY
CoKaTUA IMPY>KUHbI
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3agaua 3. Kycok naacmuiuna maccotl
m= 32 2 nonadaem 6 6pyco;< maccotl bm,
deuzasuiuiicst No 21A0KOU 20PU30HIMAL-
not nosepxuocmu cmoaa (puc.3), npu-
aunaem x 6pycky u daiee 08UKemMcst ¢
num no cmoy. Ieped yoapom ckopocmo
KYycKa NAACMUIUNG paena 0 = 7 M/C U
nanpaesena nod yeaom A = 60° x zopu-
3onmy, a ckopocmuv Opycka pasna v/4 u
JeKum 8 00HOll 8epMUKAILHOU NIOCKO-
cmu co ckopocmuio naacmuauna. Onpe-
denume cKopocmsv OPYcKa ¢ NAACMUNU-

m
a

v
| 6m | ﬁ0/4

Puc. 3

nom nocie yoapa. Ha ckonvko ysenuuu-
AACy CYMMAPHASL SHYMPEHHS IHEP2Us
Opycka, NAACMUIUNA U OKPYKAIOUUX
men?

Buemnue cuibl, feficTBylomue Ha cu-
creMy U3 OpycKa M IJTACTUINHA 32 BPEMS
uxX B3auMojelictBuga At, 9TO CUJIBbI

TAXKECTH mg u 6mg " 3aBucdiiad oT

Bpemenn cuta N (¢) HOpMambHOI peak-
MU cTosla Ha OpYyCOK, HarpaBJeHHas
BEpPTUKAJIBbHO BBepX. SICHO, 4TO CcymMa
BHENIHUX CHI

F=mg+6mg + N(t)

B IIPOU3BOJIbHBI MOMEHT HHTepBaJa
BpeMeHH Af He paBHa HyJIO. JTHM U
00BACHAETCS, UTO HMILYJIbC CUCTEMbl He
coxpansercs. Bipouem, HecoxpaHeHue
uMIyJbca cpady Opocaercss B Ijasa —
HavyaJbHbIN CyMMapHbBIN UMITyJIbC CHCTe-
Mbl HallpaBJ/IeH BIIPABO U BHU3, a KOHeU-
HbII — BIIPABO U TOPU30HTAJIBHO.

Ecim UMIyIbC CHCTEMbI He COXPaHs-
ercsl, TO cJefyeT IIOUCKaTb OCb B IIPO-
CTPAHCTBe, JUII KOTOPOHl COXpaHseTcs
[IPOEKLUs UMITyJIbca cucTeMbl. [lostomy
[IpOAHAIU3UPYeM BBbIPAKeHUe [ F.
AcHo, uTO MU TOpU3OHTAIBHOI ocu X,
HAIIPaBJIEHHOW B/I0JIb HAYaJbHOU CKOPO-
cru 6pycka, F. =0 B moGoil MomMeHT u3
uHTepBana At, HO3TOMY IIPOEKIUS Ha
ocb X UMIIyJIbCa CHCTEMbI COXPAHSIETCS:

v
mvcosa+6mZ: (m+6m)u,

OTKy/la M HaXOJHMM CKOPOCTb GpycKa ¢
IJIACTUINHOM:

(cosa +3/2)o 20
- =

=2 mjc.

(Okoruyarme cm. Ha c. 34)
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(Havano cm. Ha c. 30)

Bemmuuny AW yBesmueHust BHyTpeH-
Heil sHepruu OPycKa, IJIACTHJINHA U OK-
pY’KalomUX TeJT HaiijieM M3 3aKOHA CO-
XPaHeHUs! U IpeBpalleHUs] SHEePIUu:

mo’ . 6m(v/4)2
2 2

OTKY/la, C YY€TOM BbIpAKEeHHA AJd U,
oJtyyaeMm

(m +6m)u
= + AW,

45 )
AW = —mo” =0,63 Ix .
112

3anava 4. [Tyas niemum zopusonmao-
HO CO CKOPOCMBIO U, Npodusaem iexa-

wy1o na zopusoumaﬂbnou nosepxunocmu
cmosa HeboILUY10 KOPOOKY U Guliema-
em 6 MoM Ke HANpasieHuu ¢ empoe
Menvuel ckopocmuio. Macca xKopooxu 6
5 pas 6omvwe maccor nyau. Koagpghuwu-
enm mpenust CKObKeHUst Mexoy Kopoo-
Kot u cmoaom W. Haiidume cxopocmv
KOpOOKU Cpa3y nocie eviiemd u3 mHee
nyau. Ha xaxoe paccmosinue nepedsu-
Hemcest npu IMoM KopooKa?

PaccMoTpuM cucTeMy U3 KOPOOKU 1
nysu. ITycrtp Macca mysm m, Macca Ko-
POGKH 571, CKOPOCTH KOPOOKH CPasy 1oc-
Jie BbLJIETA IyJIH 0. 3a BpeMsi B3aUMO/Ieii-
crust At (mposieta myJm yepes Kopoo-
Ky) Ha CHCTEMY JIEHCTBYIOT Takhe BHe-
IIHKEE CUJIBbI: HAIPABJIEHHbIC BEPTHKAIb-
HO BHH3 CHJIbI TSDKECTU Mg U dMg,
HaIIPaB/ICHHAS BEPTHKAJIBHO BEPX I MaJIO
U3MEHSIOIIASACS CO BPEMEHEM CHJIa HOp-

MaJIbHOW peakimu croja N U Halpas-
JICHHAsI IPOTUB CKOPOCTU KOPOOKHU CHJIA

Tpemist co croponst ctona F, - (puc.4).
NN

™ =
v

F Tp
Puc 4 5mg

AcHo, 4TO CyMMa BHENTHUX CHJI F =
=mg +5mg + N + F,, B reuenne At
He paBHa HyJ0. He paBHa HyJ10 u 1npo-
KIS F1 Ha TOPU3OHTAJIbHYIO OCb X,
HAIIPABJICHHYIO BJOJb CKOPOCTH KOPOOG-
K F1 = —F . Ho neiictBuem orpanu-
YEeHHOH 110 BGJII/I‘{I/IHC CUJIBI TPeHust 3a
Majioe BpeMs MpoJsieta Af MOXKHO TIpe-
nebpeub u cunutarh, uto F At =0. Toraa
3a BpeMs 1IPOJIeTa I1yJIU TIPOEKINS Ha OCh
X uMIyibca CucTeMbl coxpansiercs (rmpu-

GIMKEHHO)

mo
moy, = 30 +5mo,

KBAHT:- 2000/Ne?2

OTKY/Ia M HaXO/MM CKOPOCTb KOPOOKN:

2
v=—0
0 .
15
ITocsie BbLTETA ITyJIM CKOPOCTH KOPOG-
KH C TEYEHHEM BPEMEHU YMEHbIIAeTCS
1Mo/l JICHCTBUEM CHJIbl TPEHUs, pPaBHOU
Sumg . Paccrosiiue s, Ha KOTOpPOe Tepe-
JIBUHETCS KOPOOKa, HaiijleM U3 3aKoHa
COXPaHEeHUsI U TIPEeBPAIlleHU 3HEPIUn:

2
ST _ 5 imgs
2 9
nu
3 02 _ 203
2ug  225ug

3agaua 5. Tpybra ¢ ¢hopme nemau
yxpenaena na 6pyce, Haxo0sUemMcs na
21a0K0TU 20PUOHMATLHOT NOBEPXHOCTU
cmona (puc.5). Huxnuil koney mpyoxu

o

[ | 3m

Puc 5

20PU3OHMANCH U HAXOOUMCSL Hd PACCMO-
anuu h om cmona. Illapux maccoii m,
KOMOPbLTL MOKEM CKOIb3UMb N0 mpyoKe
be3 mpenus, yoepxusaemcs na 6blcome
H om cmona. Macca naamgopmuol
mpy6xot 3m. Buauane cucmema noxou-
aacv. apux omnycmuau. Haiidume
cKopocmv  svLaIemeswez0 U3 mpyoxu
wapuxa, ecau: 1) 6pycox 3axpenien na
cmoae; 2) 6pycox ne 3axpenien u nocie
8bLICMA WAPUKA OBUKEMC NOCMYNA-
mevio.

1) B cayuae 3akperieHHOTO GpycKa
CKOPOCTDb ¥ BBLIETEBIIErO MapHKa Haif-
JieM U3 3aKOHa COXPaHeHNs U IpeBparie-
HHSA 9HEPIUH:

mgH = mgh +%,

oTKyIa
29(H =h).

2) B ciyuae HE3aKpEILIEHHOTO OPyCKa
6GyneM paccy:xgath Tak. IIycTb Imapux
BbLIETEN 13 TPYOKH CO CKOPOCTBIO 0, , &
O6pycoK ¢ TpyOKOii MproGpes CKOPOCTb U
B IIPOTHBOIOJIOKHOM HarpasJjeHun. Ha
cucTeMy M3 Iapuka u 6pycka ¢ TpyOKoit
3a BpeMs At JBUKeHHs IIapuKa B TpyOKe
JIefiCTBYIOT TaKue BHeIHUe CUJbI: Ha-
NPABJICHHbIC BEPTUKATBHO BHI3 CHIbI

TSKECTH Mg U 3mg U HallpaBJeHHas

BEPTHKAJBHO BBEPX U 3aBUCSAIIAS OT Bpe-
MeHH CHJIa HOPMaJIbHOH peakiuu cToJia

N (¢). 3amerum, uto At 31€ch He cunTa-
ercs MaabiM! Hanpasum ocb X TopusoH-
TAJbHO B HAIIPABJIEHUU CKOPOCTH BbLIE-
TEBIIEro Iapuka. SICHO, 4TO MPOEKIUsS
Ha ocb X CyMMBI BCEX TPEX BEPTUKAJIb-
HBIX CHJI PaBHA HYJIO B JIIOGOW MOMEHT
13 NHTepBaJa BpeMeHu Af . 3HA4YUT, 11PO-
eKknusg Ha ocb X MMILYJbCa CHCTEMbI
COXpaHsieTcs:

0 =mo, —3mu.

ITo 3aKOHY COXPaHEHUsI U IIPEBPAIIEHIS]
SHEPTUH,
2
3mu
2

W3 nociennux ABYX ypaBHeHHMI Haxo-
JIUM CKOPOCTD TlIApUKa:

_ [39(H - h)
2 P .

Yunpaknenust

1. HenoaBukHbI CHapsii pasopBaJCs
Ha 4YeTblpe OCKoJKa. OCKOJIKM MaccaMu
m; =3 Kr, m, =2 KI' 1 M4 =4 Kr HoJeTesu,
COOTBETCTBEHHO, CO CKOPOCTAMH 0, =
= 200 M/c BepTUKaIbHO BBEpX, 0,
=150 M /¢ TOPU3OHTAJIBHO HA CEBEP U Uy =
=100 M /¢ ropu3oHTaIbHO HA BOCTOK. [lox
KaKHM YIJIOM K TOPU3OHTY IOJIETeJ YeTBep-
TBIIl OCKOJIOK?

2. Kamenb maccoii m = 1 Kr mogua1u fHa
HEKOTOPYIO BBICOTY M OTIycTHIM 6e3 Ha-
yasibHON ckopoctu. Yepes Bpems ¢ = 1 ¢
IIPAKTHYECKH CBOGO/HOTO T1a/I€HUST KaMeHb
TOIIAJI B SIIIUK C IIECKOM MAcCOil 57, CKOJIb-
3UBIINI 110 TJIAJIKONH TOPU3OHTAJIBHOI 110-
BEPXHOCTH CO CKOpOCTbIO v = 6 M/c.
Haiinure ckopoctb sumka ¢ kamuem. Ha
CKOJIBKO YBEJMYMJIACh CyMMapHas BHYT-
PEHHsIsT 9HEprus sIUKA, [ecKa, KaMHs 1
OKPY’KAIOIIUX TeJ?

3. Tpy6ka B BH/ie IIETJIH JKECTKO YKpell-
JleHa Ha 11argopme, HaXO/AIIeNCs Ha TIa/1-
KOW TOPU30HTAJIBHOW TOBEPXHOCTH CTOJIA
(puc.6). TIpasblii KOHEl TPYOGKN FOPU3OH-
TajleH, ero paccrosiuue Jo crona h. B
TpyOKe Ha BbicoTe H yeP>KUBAETCS MIAPUK
Maccoil m, KOTOPbII MOXKET CKOJIb3UTDb 110
TpyOKe 6e3 Tpenusi. Macca maatdopMbr ¢
Tpy6Koit 4m. Cucrema nokourcsi. [lapuk
ormyckaior. Haiiiure ckopocTb BbLIETEB-
mero u3 TpyOKu mapuka, ecau: 1) rar-
(opma saxperniena Ha crose; 2) maardop-
Ma He 3aKpeILIeHa ¥ MocJIe BblJIeTa IapuKa
JIBIDKETCSI TIOCTYNATEIbHO.
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