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TEOPETUYECKOE BBEJIEHUWE. 3AKOHbI COXPAHEHUA :

bamnuctuyeckuii METO1 ONpeieTIEHUsI CKOPOCTH ITyJn (CHapsiaa)
OCHOBBIBA€TCS HAa MPUMEHEHUHU 3aKOHOB COXPAaHEHUS: 3aKOHA COXPAaHEHUS MOJIHOM
MEXaHUYECKOM SHEPTUHU U 3aKOHA COXPAaHEHUS] MOMEHTA UMITYJIbca (MOMEHTa
KOJIMYECTBA JBIDKEHUS ). PaccMOTpUM 3TH 3aKOHBI.

Kaaccudpukaunus cui
Ecnu pabota cuiibl, coBepiiiaemasi HaJl MaTepUaIbHOM TOYKOW, HE 3aBUCUT OT
(GbOpMBI TPACKTOPUU 3TOM TOUKH, a OMPEEIAETCS TOIBKO HauadbHBIM U KOHEUHBIM
TOJIO’KEHHEM TOYKH, TO CHJIa Ha3bIBAETCS HOMEHYUAIbHOU, WIN

KoHcepsamusHoU. VI3 KOHCepBAaTUBHBIX CHII B MEXaHHKE PACCMATPUBAIOTCS
CHJIBI TATOTEHUS U YIIPYTOCTH.

Ecnu xe paboTa cuiibl HaJl MaTepUaIbHON TOYKOM 3aBUCUT OT (POPMBI
TPAEKTOPHUH 3TOM TOUYKH, TO TAKasl CUJIa HA3bIBACTCS HENOTCHIIMAIBHON TN
HeKoHcepeamusHoU. IIpuMepoM HEKOHCEPBATUBHOW CHIIBI SIBIISIETCS CHJIA
TPEHUSL.

[Ipu paccMOTpeHHH JBUKEHHSI COBOKYITHOCTH TEJ 4acTO ObIBA€T y100HO
HEKOTOPBIE U3 ITUX TEJI MBICIIEHHO O0BEUHUTD B cucTeMy. CHUJIbl, KOTOPBIE
JEUCTBYIOT Ha Ka)KJI0€ U3 TEJI CUCTEMBI CO CTOPOHBI IPYTUX TeEJl, IPUHAJIEKAIINX
ITON CUCTEME, Ha3bIBAIOTCA SHYMpeHHumu cuiamu. Haoboport, Te cuisl,
KOTOPBIE ICVCTBYIOT Ha TEJIA CUCTEMBI CO CTOPOHBI TE€JI, HE BKIIOUEHHBIX B 3Ty
CUCTEMY, HAa3bIBAKOTCSI GHEULHUMU.

Cucrema Ten, Ha KOTOPYIO HE IEWCTBYIOT BHEIIIHUE CHUJIbI, HA3bIBAETCS

3AMKHYMOI.

3aKOHBI COXPAHEHUA U U3MEHEHUS MEXAHUYECKOI JHEPTruu
B ToMm citydae, koraa BHyTpEHHUE CUJIBI SIBIIAIOTCS TOTEHIMAIBHBIMU, CUCTEMA
pu JH0O0M 33JJaHHOM PacloJIOKEHUH TeJl, BXOAAIIUX B Hee, 00J1ajaeT
OTIpeJIeICHHON TToTeHInanbHOM sHeprue U . [Ipu u3MeHeHnn pacmoyioKeHus Tel
CUCTEMBI BHYTPEHHHE MOTEHIIUATIBHBIE CUIIbI COBEPILIAIOT HEKOTOPYIO CYMMApHYIO
paboty AA.OTta paboTa paBHa YMEHBIIECHUIO MOTCHIIUATBLHON YHEPTUN CUCTEMBI
AU . YtoObI HailTH camMy BEJIMYMHY MOTEHUUAIbHON SHEPTHUH CUCTEMBbI, HY>KHO
€I1E YCIOBUTHCS, IPU KAKOM PACIOJIOKEHNUH TEJI CUCTEMBI €€ MOTCHIINAIbHAS
9HEpPrus paBHa HyIO. TakuMm o0pa3oM, NOTEHIIMAIbHA SHEPTUSI CUCTEMbI PaBHA
paboTe Bcex BHYTPEHHUX MOTEHIMAIbHBIX CHJI TP U3MEHEHUH PACIION0KEHUS
TE€JI CUCTEMBI OT 33JIaHHOTO 10 PACIIOJIOKEHMS, IIPU KOTOPOM BEJIMYMHA
MOTEHIMAJIBHOW YHEPTUU CUUTAECTCSA PABHOM HYIIIO.
Kunetnueckas sHeprus cucreMbl W 110 ONpeAesieHnIo paBHa CyMMeE
miVi2
2
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rae M—maccau V, — CKOpOCTh MaTepUAIbHON TOUYKU CHCTEMBI C HOMEPOM | .
[TonHas MmexaHu4yecKasi JHEprusi CUCTEMbl E ckianbiBaeTcs U3 ee
KkuHeTHdeckoii sueprun W u ee moreHuansroi sueprun U . [lonnas
MEXAHUYECKasl SHepaUsl 3aMKHYMOU CUcmemvl meJl, 6HYMpPeHHUE CUTbL
KOmMOpoU NOMEeHYUANbHbl, He USMEHAEMC sl C meuyeHuem 8PeMeHU, T.e.

E =W +U =const (1)
Ortcroga cieayer, 4To
AW +AU =0
WIH
AW =-AU (2)

OTO 3HAYMT, YTO YBEINYECHUE KHHETUYECKON SDHEPTUU CUCTEMBI
COIPOBOXKJAETCSI YMEHBLICHUEM €€ ITOTEHIMAIbHON SHEPTUH (M HA000POT).

Ecin Mexy TeaMu CHCTEMBI IEHCTBYIOT TaKKE€ U HEKOHCEPBATUBHBIE CUJIBI,
TO IIOJIHAs MEXAHUYECKasl DHEPTUS CUCTEMbI M3MEHHUTCS, IPUYEM DTO U3MEHEHUE
paBHO paboTe A, HEKOHCEPBAaTHBHBIX CHIL

B ciiyyae He3aMKHYTOM CHUCTEMBI MOJIHOE U3MEHEHHUE €€ MEXaHUYECKOM
sHeprun AE paBHO cymme pabot: 1) 4, BHemHUX cunu 2) 4, -

6Hewl

HEKOHCEPBATUBHBIX CUJI, IEUCTBYIOIINX B 3TOW CUCTEME.
Takum oOpaszom, B 00I1IeM citydae

AE=AW+AU=A4, +A4 (3)

BHeul HK

MOMEHT CHJIBI

ITycTh Ha HEKOTOPYIO
MAaTEPUAJIBHYIO TOUKY A

JIEUCTBYET cula F (cM. puc.
1). UtoObI HAaWiTH MOMEHT 2TOM
CHJIBI OTHOCUTEIHHO
HeKoTopoii ocu QS , uepes

TOuky A mpoBOAUTCA
IUIOCKOCTh P
nepneHauKysspHas ocu. Ot
touku O mepeceueHus ocu
MJIOCKOCTBIO K TOUKe A

MIPOBOAUTCS PaJANyC-BEKTOP r.

Puc. 1 Cuna F packnaapiBaeTCsi Ha
JIBE COCTABJIAIOLIHE:



COCTaBIISIIONIIYI0 F || , HampaBlIeHHYIO BJIOJIb OCU U B JaJIbHEHIIIEM He
UCIIOJIB3YEMYIO, U COCTABIAONYIO F 1 , exalnyto B utockoctd P . Torna
BEeJIMYMHA MOMEHTA cuiibl F oTHocutensHo ocu QS  ompenensercs Gpopmynoi

Mqs =TF sina, 4)

rae I - BeIM4MHA paguyca-BekTopa I, F, - BenuumHa cocrasisromedn Fi,a

« - YroJl MeXIy HallpaBjeHUEM paJinyca-BeKTOpa U HampaBiieHueM F . .
Kparuaiiiee paccrosiaue | Mexay ocblo U IPSMO#, IO KOTOPOH HaIpaBlicHa

cocTaBysomas F ., Ha3pIBaeTCs TIeYOM CHIIBL. 3 pucyHKa BUIHO, U4TO
| =rsina . Takum o6pazom, coritacHo popmyiie (4) , BEIMINHY MOMEHTA MOYXKHO
IPEJICTaBUTh B BHJIC

Mgs =F.I. ()

COCTABISIONIYIO F | MOXKHO, B CBOIO 0Yepeib, PA3/IOKUTh HA COCTABISIOIINE,
JeXkalye B INIOCKOCTH P : 0IHY BIOJb paanyca-BEeKTOpa , a APYryro -
nepreHIuKyIsipHo eMy. Ha puc. 1 moxasana TonbKo cocTaBisomas F .,
MEePIEHIMKYJIApHAs painyCcy-BeKTOpy. M3 prcyHka | BUIHO, UTO BEJIMUUHA 3TOU

cocraBnsiomeil F. =F . sina.
[Tpu nomouwm ¢popmynsl (4) Tenepb HaeM, YTO

My =TrF.. (6)

Bce tpu dopmyiner (4), (5) u (6) paBHONpaBHBL. B pasmuyHbBIX ciaydasx

yI00HO MOJIb30BATHCS KaKOM-1100 U3 HUX. B yacTHOCTH, IpH MOMOIIM POPMYJIbI
(6) nerko mokazaTh CleAyIOIICE.

- Ecnn k HEKOTOPOU TOUKE MPUIIOKEHO
HECKOJIBKO CUJI, TO MOMEHT CYMMBbI
ATUX CUJI OTHOCUTEIIBHO HEKOTOPOI
OCH paBEH CyMM€ MOMEHTOB BCEX
ATUX CUJI OTHOCUTEIIBHO TOM K€ OCH.

®opmyiner (4), (5) u (6) mator
BEJINYMHY MOMEHTA CHJIbL. 3HAK
MOMEHTA CHJIbl OIIPEACIISICTCS
cieayommuM oopaszom. Beioupaercs
MOJIOKUTEJIBHOE HAMpaBJICHUE
BpallleHUsI BOKPYT JTaHHOU ocu (TIpu
MCIIOJIb30BaHUHU NMPABOBUHTOBOM
CHUCTEMBbI 3TO BpallleHUue MPOTUB
4acOBOM CTPEJIKU, €CIIU CMOTPETH CO
Puc. 2 CTOPOHBI MOJIOKUTEIIBHOTO
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HalrpaBJICHA TaK, 94TO BpalllacT B CTOPOHY IMOJIOKHUTCIIbHOI'O HAIIPABJICHUA

BPALLICHHS, TO MOMEHT CHUIbI [IOJIOKUTEIICH, €CIIM K¢ . HAIpaBIICHA TaK, 4TO
BpalaeT B CTOPOHY OTPHUIIATEIHHOTO HAIIPABIICHUS BPAILICHUS, TO MOMEHT
oTpurarenecH. MOMEHT CUJIbI HA PUCYHKE 1, COTJIACHO 3TOMY MPaBUILY,
TIOJIO’KUTEJICH.

Y 100HO cuuTaTh MOMEHT CHJIBI OTHOCUTEIHFHO OCH BEKTOPOM, HAMPABICHHBIM
BJIOJIb 3TOM OCH (B TIOJIOKUTEIIBHOM HAIIPaBJICHUH, €CIIM MOMEHT TIOJIOKHUTEIICH, U
B OTpUIIATEILHOM B 00paTHOM ciyyae). CoriacHo nmpaBuiaM JEHCTBUS C
BEKTOpPaMH, MOMEHT CHJIBI MOKET OBITh MPEJICTaBJICH B BUE BEKTOPHOTO
IPOU3BEIACHUS

Mes =[7/F. ], (7

B camoM nene, BeMYMHA 3TOr0 BEKTOPHOTO IPOU3BEIEHUS COBIAIAET C
BENMYUHON MOMeHTa M cormnacHo Gpopmyne (4), a HampaBieHHe

neprneHauKyispaou r u F. , 1.e. BekTop M s HampaBiieH BIOJIb OCH B

CTOPOHY, ONPEICIIEMYI0 ITPAaBUJIOM BEKTOPHOTO ITPOU3BEICHUS. 3aMETHM €IIIe,
uro dopmyisl (4), (5) u (6) BMecTe ¢ mpaBUIOM 3HAKOB, IIPUBEICHHBIM BBIIIIE,

JIAIOT C 9TOM TOYKH 3pEHUS MPOEKIHIo BekTopa M os Ha Hampasiienue ocu QS .

PaccMOTPHM Tereph MOMEHT CHIIbI F , €CIIH OCh, OTHOCUTEIBHO KOTOPOIA
BBIYUCIISICTCSI MOMEHT, IIPEACTABIISICT CO00M OCh Z TPSMOYTOJBHOU JEeKapTOBOM
CUCTEMBI KOOpAUHAT. B 3TOM Cilydae miIocKoCTh, B KOTOPOH HAXOJUTCS Touka A
MIPWIOKEHUS CUITBI, IEPIICHAUKYJISIpHA ocH Z ¥ mapajuienbHa mockoct XOY
(cM. puc. 2, Ha KOTOPOM OCh Z TPOXOJUT uepe3 Touky O mepreHauKyIsspHO

MJIOCKOCTH PUCYHKA 10 HAIMpaBJIeHUIO K untaTento). Cocrapisitomas F .1 cuibl

F nexur B miiockocTH, napauienbHoi miockoctu XOY | T.e. B IJIOCKOCTH
pPHUCYHKA. DTy COCTABIISIONIYIO MOKHO, B CBOIO OU€pEe/ib, PA3I0KHUTh Ha

coctapistonme Fx u Fy, Boons koopauHatHeix ocert X u Y.
Mowment M, cunel F Oyner paBeH cyMMe MOMEHTOB COCTaBIAIOIUX Fx
u Fy otHOocuTenbHO ocu  Z . Kak jerko BUJIETh U3 PUC. 2, IJIEYOM

cocTaBisronieit Fy Oynmer BenuumHa X , a MJIe4yoM cocTaBiistronein Fx -
BeMYMHA Y, IpudeM X W Y paBHBI COOTBETCTBYIOIIMM KOOPAMHATAM TOUKH

A.
CraenoBartelbpHO,

M,=Fx-Fy. (8)

37€Ch y BTOPOTO YJ€HA CTOUT 3HAK MUHYC, TOTOMY YTO MOMEHT COCTaBJISIFOLLEH
Fx , Kak 3TO MOXHO BUJIETh HA PUC. 2, OTPULIATETIEH. 3aMETHUM, YTO B BHIPAXKEHUU



(8) 3HaK MOMeEHTa CHIIBI JUIsl TPABOM IEKAPTOBOWM CUCTEMbI KOOPAMHAT TTOTy4aeTCsI
aBTOMATHYCCKH B 3aBUCHMOCTH OT Benu4uH X, Y, F, u F, ¥ ux 3HaKos.

MoMeHT uMIyJibCca

MoMeHT ummyibea L (MOMEHT KOJNMUECTBA ABHYKCHNUS) MATEPHAIBHOM
TOYKU OTHOCUTEIHFHO HEKOTOPOU OCH OTIPELISIETCS aHAIOTHYHO MOMEHTY CHJIBI
OTHOCHUTENBHO OCH (CM. puc. 3). Hy’KHO TOJIBKO BO BCEX pacCyKIEHUSIX U BO BCEX
dbopmynax s MoMenTa cuiibl (4) — (8) 3aMEHUTh COCTABJISIOIIME BEKTOPA CHJIBI

F COCTaBJIAIOIIMMHA BCKTOpPA UMITYJIbCa K=mv MaTepHaHBHOﬁ TOYKH.
HpOI[CJ'IaB 9TO, MBI IIOJIYYUM

Los =K, sina=rmv, sina, 9)
Los =K I=mv I, (10)
Los =K, =rmv,, (11)

Los = [F,KL] , (12)
L, =K x-K,y=mv x—mv,y (13)

PaccMmoTpum Teneps B KauecTBE PUMEPA JBa YACTHBIX CIIydasi BBIYUCICHUS
MOMEHTA UMITYJIbCA.

1). Haitnem MOMEHT umnyJibca
MaTepUaAIbHON TOYKH C MAaCCOM M,
JBIKYILIEUCS MPIMOJIMHENHO €

IIOCTOSTHHOM CKOPOCTBIO V
OTHOCHUTEIBHO OCH,
NEPHEHIUKYJIIPHOW HAMPABICHUIO
JIBUKEHUS TOUKU. [IpoBenem uepes
TPAEKTOPHUIO TOUKH TUIOCKOCT,
NEPHEHIUKYJIIPHYIO OCH (CM. pHC.

4). Tak KaK CKOPOCTb TOYKH V
JIC)KUT B ATON MIOCKOCTH, TO

v, =V. Coriacto dopmyie (10)
MOMEHT UMIYJIbCA TOYKHU PaBEH

Pnc. 3 L=mvl, (14)

rae | - mmedo — kparyaiiiiiee paccTOSIHEE OT OCH JI0 JIMHKUH, TI0 KOTOPOit
HalpasJjeHa cocTapiisitomas ummnyiabsca Toukn K =K. U3 puc 4 BuaHo, 4T0
HECMOTPS Ha U3MEHEHHE paauyca-BekTopa I ( ri——>r2) IpH IBHKCHUH



TOYKH IIJ1€90 | OCTaeTCs MOCTOSIHHBIM. CHGHOB&TGJ’ILHO, B 3TOM CJIy4a€C MOMCHT

MMITYJIbCA Ls IPOLIECCE ABUKEHUS HE UBMEHSETCS.

2) HaiineM MOMEHT UMIyJibca MaTepUaIbHON TOUKH, ABHKYIICHCS 110
OKPY’KHOCTH paauyca I C IHOCTOSIHHOM CKOPOCTBIO V, OTHOCUTEIBHO OCH,
IIPOXOAIIEH YePe3 IEHTP OKPYKHOCTH NEPIIEHAUKYJIISIPHO IIJIOCKOCTH, B KOTOPOH
JICKUT 3TA OKPYKHOCTH (pHC. 5).
IToCKOJIBKY CKOPOCTB BCE BpEMsI
JIEKUT B IUIOCKOCTH,
IIEPIICHIUKYJIAPHON OCH, U
IIEPIICHINKYJIIPHA PaINyCy-BEKTOPY

L

I, TO B 3TOM cllydae V. =V.
Bocnonbs3oBasmiuce Gpopmyioi (11)
, HaljieM

L=mvr. (15)

Kak n3BecTHO, CKOPOCTH V
TOYKH, JBHKYLIEUCS 110
OKPY’KHOCTH paauyca I, CBsA3aHa C
€€ YIJIOBOM CKOPOCTBIO @
COOTHOILIEHUEM V= @-I. Mcrone3ys 5T0 COOTHOLIEHUE, ITOJIyYUM

Puc. 4

L=mr’o=Jo, (16)

r7ie BelMuiHa J =Mr° HOCHT Ha3BaHHME MOMEHTA WHEPLHH MaTepHAIbHON TOYKH
OTHOCHUTENBHO OCH. 3aMETUM
YTO U B OTOM CIIy4ae
L =const, mockobKy Bee A
BEJIMYMHBI, BXOJISIINE B
dopmyier (15) u (16)
ITOCTOSTHHBI.

Ecnu yrnoByto
CKOPOCTb, KaK 3TO IPUHSTO,

CUMTATh BEKTOPOM @,
HaIlpaBJIEHHBIM BJIOJIb OCH,
MIOJIOKUTEIIBHOE HAIlPaBJICHUE
KOTOPOM OIPEAENACTCS MO
paBuIy IPaBOro OypaBunKa
(pyuky OypaBuMKa HY>KHO
BpaliaTh IO HANPaBJICHUIO ABMKEHUS TOUKH), TO Gopmyne (16) moxxHO mpuaath
BEKTOPHBINA BUJ

Puc. 5

L=mr’o=Jo. (17)



Taxum oGpaszom, A MaTepUaIbHONW TOYKH, ABMXKYIICHCS MO OKPY>KHOCTH C
IIOCTOSIHHOM I10 BEJIMYMHE CKOPOCTBIO, BEKTOP L HampaslieH B Ty )K€ CTOPOHY,
yro 1 @. To ke HampaBleHHe moydaercs u o ¢popmyne (12).

YpaBHeHne MOMCEHTOB JJIA MaTepHaﬂbHOﬁ TOYKH

IIycTh MaTepHaibHAsl TOYKA MACCHI M IBIDKETCS O] JCHCTBHEM CHIBL F .
Ecin BeIOpaHa nmpsMoyroJbHas JIeKapToBa CHCTeMa KOOPAWHAT, B KOTOPOU
OIHCHIBACTCS IBHYKEHUE TOYKH, TO MOMEHT CHJIBI I MOMEHT HMITYJIbCA TOUKH
OTHOCUTEIBHO ocu Z BhIpaxkaroTcs dopmynamu (8) u (13). Coemaem nBa

3aMeuanus: 1) mox cunoir F cinepyer moapasymeBaTb CyMMY BCEX CHII,
JEHCTBYIOIMX HA TOUKY; 2) €CIIU JKEJIATEIbHO MOMEHTBI BBIUNCIISTh
OTHOCHUTEJIbHO KaKOW-1100 OIpeieIeHHON OCH, TO BCErla MOKHO BBIOPATh
CUCTEMY KOOPAMHAT TakK, 4YTOObI OCh Z COBIajJania ¢ JaHHOH OChIO.

Z

Haiinem ypaBHEHUME, CBSI3BIBAIOLIEE ITIPOU3BOIHYIO MOMEHTA UMITYJIbCA

TOYKH I10 BPpCMCHHU C MOMCHTOM CHJIBI M ; » aHAJIOTHYHOC 2-My 3dKOHY HI)IOTOHa,

KOTOPBIN CBSA3BIBAET ITPOU3BOIHYIO UMITYJIbCA o u cwion F , nelictByromei

Ha Hee.

[Mponuddepennmpyem Boipaskenue (13) mo BpeMeHHU, yUUTHIBaAs, YTO OT
BPEMEHU MOTYT 3aBHCETh KOOPAMHATHI TOYKH M TPOEKIINH €€ CKOpOCTH. B
pe3ynbTaTe MOTYIUTCS

d., dv, dx  dv, dy

—Z=m—2X+mv,—-m y—mv, —

dt dt Y dt dt dt
Kak n3BecTHO,

dx _ dy _ dv dv

— =V, =V,, X:@pi—l:aw
dt dt dt dt

rae a, ¥ a, - MPOCKIMHK YCKOPEHHs Ha OCH KOOpAHHATHBIe oc X # Y .

CnenmoBarteibHO,
dL
dt
C npyroit cTOpoHsl, COINIacHo 2-My 3akoHy Hetotona, ma, =F, u

X

f=maXx—ma,y.

ma, = F, . [Tosromy
dL,
dt

=FXx-FRy.
CpaBHuB 3T0 BeIpakeHue ¢ hpopmysioi (8), HaX0aUM UCKOMOE YpaBHEHUE

dL
L=M.,. 18
dt z ( )




[TockombKy, KaK y>kKe TOBOPHUIIOCH, OCh MOKET ObITh BEIOpaHa POU3BOJIEHO, &
Ha TOYKY MOXKET JIEHCTBOBATh HECKOJIBKO CHJI, TO YPaBHEHHE CIIPaBEIJIMBO H B
OoJiee 0011IEM BUJIe B BEKTOPHOU hopme

ﬁzzmi . (19)

Takum 00pasoM, HPOU3BOOHAS NO BPEMEHU MOMEHMA UMNYIbCA
MamepuarbHoOU MoYKU OMHOCUMENbHO HEKOMOPOU OCU PABHA CYMME
MOMEHMOE 6Cex CUl (OMHOCUMENbHO MO Jice OCU) , OCUCMBYIOWUX HA

omy mouky. Ypasuenue (19) mbl Oyzem Ha3bIBaTh ypaBHEHHEM MOMEHTOB JIJIS
MAaTEPUAIbHON TOUYKHU.

BosBparmiasice k mpuMepam, pacCCMOTPEHHBIM Ha CTp. 7-8 , MOXKHO OTMETHUTH,
4TO B [IEPBOM CIIy4ae Ha TOUKY HE IEHCTBYIOT HUKAKHE CHJIbI, TAK KaK OHa
JBHYKETCS IIPSMOJIMHEMHO U paBHOMEPHO. 1Ipy 3TOM UMITYJIBC TOUKM OCTAETCS

2 IOCTOSIHHBIM. bouee Toro,

- €CJIM CWJIbI PaBHBI HYJIO, TO

PAaBEH HYJIFO MOMEHT CHIJIL.
CornacHo ypaBuenuio (19)
JI0JKHA OBITH PaBHA HYJIIO U
IPOU3BOIHASI MOMEHTA
nmMmnyJibca. Ciie10BaTeNbHo,
MOMEHT UMITYJIbCA TAKKE
JOJIKEH OCTaBaThCs
MOCTOSIHHBIM B COTJIACUU C
BBIBOJIOM, CZEIIAHHBIM PaHee.
Bo Bropom ciyuae, koraa
TOYKA JABUXKETCS 110
OKPYXXHOCTH, 3aKOH
COXpaHEHUS UMITYJIbCA HE
BBITIOJTHSIETCS, TAK KAK Ha
TOYKY 00s13aTeJIbHO JOJDKHA
JICICTBOBATh CUJIA,

S coobOuraronias ei

LHEHTPOCTPEMUTENBHOE
ycKopeHue. X0Ts CKOPOCTh

TOYKH U MOCTOSIHHA IO BEJIMUMHE, €€ HAIIPABJICHHE BCE BPEMSI MEHSIETCS.
CrnenoBaTesibHO, U3MEHSIETCS 0 HAMIPABJICHUIO U UMITYJIbC TOUKU. C apyroii
CTOPOHBI, CUJIa, ACHUCTBYIOIIAs HAa TOUYKY, HalIpaBJieHa 1o paauycy. [lneqdo stoit
CHJIbI paBHO Hy0. [103TOMY paBeH HysII0 1 MOMEHT cuiibl. TakuM oOpaszawm, B
JTAHHOM CJIy4ae B COOTBETCTBHH ¢ ypaBHeHUEM (19) MOMEHT umiryibca TOUKH
OCTaeTCs MOCTOSIHHBIM, KaK 3TO OBLJIO MOKa3aHO BBIIIE.

Puc. 6

10



YpaBHeHne MOMCHTOB IJISI CUCTEMBbI MaTCPUAJIBHDBIX TOYCK

MOMEHTOM HMITYJIbCa L CHCTEMBI MaTepHAIbHBIX TOYEK OTHOCHTEIBHO
HEKOTOPOW OCH MBI OyJIeM Ha3bIBaTh CYMMY MOMEHTOB HUMITYJIbCOB OTHOCHUTEIILHO
TOM 7K€ OCH BCEX TOUEK, COCTABIIIOIIIX 3Ty CHCTeMy, T.e. L = Zf, , THIe f, -

I
MOMEHT UMITYJIbCa TOYKH C HOMEPOM 1 .
[TokaxkeM TIpeABapUTEIHLHO, YTO MOMEHTHI BHYTPEHHHX CHJI B3aMO/ICHCTBHSI
JIBYX MaTepUaIbHBIX TOUYEK PaBHBI U IPOTUBOIMONIOKHEL [IycTh 1 U 2 TOukm
CUCTEMBbI, B3aUMOJICUCTBYIOIIUE MEK Ty coOoi ( cM. puc. 6). Touka 1 nelcTByeT

Ha TOuKy 2 cumoir f,, ,aTouka 2 HaTouky 1 —cmmoir f,,. OTH cubl,

COrJIacHO 3-My 3akOHY HbIOTOHA, paBHBI IO BEJIMYMHE U HAIIPABIICHBI 110 OJJHOU
IPsIMOM B IPOTUBOIIONOXHBIE CTOPOHBI. HaliieM MOMEHTBI f4, W [, DTUX CHIl

oTHOcUTENbHO ocu QS . Jlyis 3TOro MpoBeeM IoCKoCcTh P,
NEPIEHIUKYIAPHYI0 ocu QS (17151 MPOCTOTHI PUCYHKA TUIOCKOCTh P MBI TIpoBeH

gepe3 Touky | ). CoctaBmsmronme f,,, m f, aTux cum, nexamye B miockocTn

P, KaK JIerko BUAETh, TAKKE PaBHBI 110 BEJIMUUHE U HAIIPABJIEHBI 10 OJTHON
IPSIMO# B TPOTHBOIIONIOKHBIE CTOPOHBI. [loaTomy tutedom | w amist To# u jyist
JPYTOM COCTaBIISAIONICH OyIeT OJMH U TOT ke nepneHaukyissp OD , mpoBeaeHHBIN

B IJIOCKOCTH P 0T ocu K mHUH, 110 KoTopoii Hanpasnensl f,, n f,

(HECMOTps Ha TO, YTO PAAUyC-BEKTOPbI 1 W 2 Touek | M 2 HE paBHBI MEXKAY
coOoit). Takum ob6pasom, MmomeHT g4, = f, | cumsl f,, paBen mo Benmumne

MOMEHTY g, = f, | cuner f, . Takkaxk f,,, u f, ~HanpaBiensl
IPOTHBOIIOJIOKHO, TO MOMEHTHl [, W [, BpAIIAIOT B pa3HbIC CTOPOHBI.

CrnenoBaTelbHO, ,ul2 ,u21

Paccmotpum cucteMy, coctosimnyto u3 N maTtepuanbHbiX Todek. Ha Touky ¢
HOMEpOM | co cTtopoHbl Touek 1, 2, 3,..., N AelcTBYIOT BHyTPEHHHE CHUIIBI,
KOTOPBIE CO3/AI0T OTHOCUTENLHO H€KOTOpOI/I 3aJlaHHON OCH MOMEHTBI CHJI

Mg Mg ooy MN Kpome Toro, Ha 3Ty k€ TOUKY MOI'YyT A€HCTBOBATb U BHELIHUE

cunbl. [TycTe M i ~ MOMEHT CYyMMBI 3TUX CHJI OTHOCUTEIBHO TOM K€ OCH.
Hanumem miist ka0 TOYKK CUCTEMBI YPABHEHUE MOMEHTOB OTHOCUTEIIBHO
JTaHHOMU OCH:

11



—

oL,
dt

i - - -
= Mo+ Hog + ot foy + M2,

dt >

........................................................ (20)

= My F My o gy + M, )

dLn  — — — — )
—— = gy F Mgy et ly T M

Crnoxxum Tenepb 3TH ypaBHeHHUs. [Ipy Cl0XKEHUN JEBBIX YaCTEH MOTYyYUM

dL:  dL div _d & - ~ o dL
+ =—(Li+La+...+Ln)=—.
dt( e ") dt

+..+
dt  dt dt

Tak Kak MOMEHTBI BHYTPEHHUX CHJI IONIAPHO PABHBI U MPOTUBOIIOJIOKHBI 110 3HAKY

—

Hip = —Hops iz = Mz iy = —Hn

H T.4., TO B pC3YJIbTAaTC CJI0KCHUA B npaBoﬁ YaCTHU OCTAHCTCA JIMIIb CyMMa

MOMCHTOB BHCIIIHUX CHIJI, T.C. z M. Takum 06p330M, MBI I1OJIY4a€M YPAaBHCHUC
i

MOMCHTOB AJIs1 CUCTEMbBI MaTCPpHUAJIbHBIX TOYCK!

%{Mi , (21)

T.€. NPOU3BOOHAS NO BPEMEHU MOMEHMA UMNYAbCA CUCTEMbL
MAMepUAIbHbIX MOYEK OMHOCUMENIbHO HEKOMOPOU OCU PABHA CYMMe
MOMEHMOB BHEUHUX CUJL, OCUCMBYIOWUX HA cCUCMeEMY (OMHOCUMETbHO
moli Jce ocu).

N3 >Toro YpPpaBHCHUA BBITCKACT 3dKOH COXPAaHCHUA MOMCHTA UMITYJIbCA
CUCTEMBI MAaTEPUAIBHBIX TOYEK: eCIU 8CE 8peMs paBHA HYII0 CYMMA
MOMEHMOB_BHEUHUX CUJL, OCUCBYIOWUX HA CUCMEM), OMHOCUMEbHO
HeKomopou OCU, MO MOMEHM UMNYIbCA CUCTEMbl OMHOCUMENbHO MOl

Jice ocu_ocmaemcs NOCMOSHHbIM. B camoM J1iene, ecim Z Mi=0, T0

dL —
— =0, u, cnegoBarenbHo, L =const.

dt
MoMeHT umMnyibca 3aMKHYTOW CUCTEMbI OTHOCUTEINIBHO JIF000M OCH OCTaeTcs
MOCTOSIHHBIM, TaK KaK B 3TOM CJIy4ae OTCYTCTBYIOT BHEIIHUE CHIIbI. OTHAKO MOTYT

12



OBITh ClTyyau, KOTJ]a MOMEHT UMITYJIbCa COXPAHSIETCs] OTHOCUTENBHO KaKON-TH00
OCH U JIJIs1 HE3aMKHYTOH CUCTEMBI. B yacTHOCTH, 3TO OBIBAET, €CIIM BCE BHEILIHUE
CUJIBbl HAIIPABJICHBI BAOJb 3TON OCH, WIH JIMHUM, 110 KOTOPBIM HAIIPaBIICHbI
BHEILHUE CUJIBL, IPOXOIAT YEPE3 OCh.

Bpamenue TBepaOro rejia BOKPYr HEMmoABUKHOM OCH
TBCp,ZIOG TCJIO ABJICTCA YaCTHBIM CJIIYy4aCM CUCTCMBI MATCPHAJIBHBIX TOYCK.
HOBTOMy AJIs1 HCTO BEPHBI BCC ITOJIYYCHHBIC BBIIIIC BHIBO/IBI. BI;IBGI[@M YPaBHCHHUC
MOMCHTOB B CJIy4ac BpallICHUA TBEPOAOT'O TCJIa BOKPYT HGHOI[BPI)KHOﬁ OCH.
HpI/I BpallCHHUH TBCPAOIO TCJIa C y1“J'I0B0171 CKOpPOCTBIO @ K&)K,Z[Hﬁ SJIEMCHT
TeJIa C Maccou Ami ABUXKECTCA B IINIOCKOCTH, HCpHGHI{HK}’J’IHpHOﬁ OCH, I10

OKPYXKHOCTH HEKOTOPOIO paanyca I C TOU kK€ YIJIIOBOM CKOPOCThIO. MOMEHT

I
ummynbca AL, KaXIoro mMaaoro 3JIeMeHTa Tella MOXKHO IOJCYUTATh 110 (GopMyIie
a7):

AL=Amr’w=Al). o, (22)

rac AJ = Amiriz - MOMCHT MHCPIHUHU 2JICMCHTA OTHOCHUTCIIbHO OCH BPAlllCHU .

MomeHT HUMIIYJIbCAa TBEPAOI'O TCIa HaﬁIIGM, CJI0KHMB MOMCHTHI UMITYJIbCOB BCCX
€ro 9JICMCHTOB.

L= AL =0 A) =lo, (23)

rone J= ZAJi = Z:Amil‘i2 - MOMEHT UHEPIIMHU TeJla OTHOCUTEJIBHO OCH BpAILICHUS.
: -

|
Tak Kak mpH BpallleHUH TejIa BOKPYT OCH €r0 MOMEHT uHepuuu J -
OTHOCHUTEIILHO 3TOH OCH OCTAETCs TIOCTOSIHHBIM, TO U3 YPaBHEHUSI MOMEHTOB (21)
MOJIYYHMM JJIsi TBEPAOIO Tema

dL d

_ dw .
at_% =122 _vswv.. 24
A Z (24)

—

do —
3mece — = 3 - YyIII0BO€ YCKOPEHHUE, OAMHAKOBOE JIJIS BCEX TOYEK Tena. Takum

dt

o0pa3oM, ypaBHEHHE MOMEHTOB B CIy4yae BpalleHUs TBEPAOIO Teiaa UMEET BU

JE:ZMi : (25)

rac z M - MOMEHT BHEIITHUX CHII, ﬂeﬁCTBYIOIHHX Ha TCJIO, OTHOCHUTCIIbHO OCH
i

BpALLCHUS.
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d(Jw)
—=0

dt
L=Jw=const. B stom cityyae TBepi0€ TEJIO BpaIIa€TCs C HOCTOSIHHOM YriI0BOM
CKOPOCTBIO.

Haiinem ere BeIpakeHUE 1 KHHETUIECKOM SHEPTUH TBEPOTO Tea MPH

BpAIIlCHUH €T0 BOKPYT HEMOABIKHOW OCH. Kak/Iplii 2JIEMEHT Tella B TOM ClTydae
UMeEET CKOPOCTh V, = @ - I;. Ero KnuHeTndeckas sHeprus

Ecmn ZM. =0, To u3 ypaBHenus (24) cinenyer, 4To

CAmMV? AmMrfe® Ao’
2 2 2

AW

CKJ’IaI[BIBaH OHCPI'UIO BCCX 3JICMCHTOB TCJId, ITIOJIYYUM

2 2
w =S Aw, :ZAJ#@:%ZA\L .

Tak kak ZAJI =J - MOMEHT HHCPLHUHU TCJIa OTHOCHUTCIILHO OCHU BpallCHUS, TO
i

OKOHYATCJIbHO ITIOJIYYHUM

Jo*
W= (26)
JIa0. padora Nel4

OINPEJAEJIEHUE CKOPOCTH CHAPAJA ITPHU ITOMOIIHN
BA/VNIMCTUHYECKOI'O MAATHHUKA

eab padoThl. M3mepenne CKOPOCTH «CHAPsiIa» (METATHYECKOTO KOJIBIIA) C
MOMOIIBIO KPYTUIILHOTO OAIITUCTUYECKOTO MasiTHUKA. V3yueHne 3aKkoHOB
COXpaHEHUSI MEXaHUYECKOW SHEPTHH U MOMEHTA UMITYJIbCA.

Onucanue IKCNIEPUMEHTAIbHON YCTAHOBKH

OO1uMii BUI yCTAaHOBKH MPEACTABJIEH Ha PUCYHKE /. Y CTaHOBKAa COCTOUT U3
OCHOBaHUsl, BEPTUKAIIBHOWU CMOUKU, 8EPXHE20 N HUKHETO KPOHWMENHA, CPETHETO
KPOHIITENWHA C niamgopmotl, Ha KOTOPOH YCTAaHOBJIEHBI HPYIUCUHHAS «NYUIKA» U
9NIEKMPOMASHUM.,

BepxHuli 1 HUKHANM KPOHIITEWHBI IPEAHA3HAYEHBI JJIs1 KPEIUJIEHUS! y3J10B
MOJIBECKHU (YETHIPEX POJIMKOB) U HATSKEHUS C TOMOILBIO NPY>KUHBI MOPCUOHA
(cTaIbHOM IPOBOJIOKH), C KOTOPBIM CBSI3aHA METAJNINYECKAS] PAMKA-MAAMHUK
(manee masmuux). B MasSTHUK BCTpOeHA MuuieHb ¢ npomusogecom. Co CTOPOHBI
«MywKWw» Ha MUuienb HAaHECEH CJION IJIACTWIIMHA, B KOTOPOM II0CJIE BBICTpENa
3acTpeBaeT «cHapsm». Ha MasTHHKE cBEpXy pa3MELIatoTCs JBa CbEMHBIX epy3a | u
2, KOTOpBIE MPEBPAIAIOT MASITHUK B KPYTHJIbHBIA OQJTUCTUICCKUN MAsSTHUK.
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Kpommmeiin eepxnuii

\

Ipyzt _—

Hnamdgopma

Ocnoganue

Prc. 7 O0mui BAA ycTano BKA
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Ha nnatdopme HaHeceHa IKajga OTCUeTa yriia 3aKpydrBaHUs TOpcuoHa. J{is
MOBBIIICHHSI TOYHOCTH U3MEPEHUH Ha MmaTdopMe YCTAaHOBICH (homodamuux,
YIPABISIEMBINA WUMOPKOU - PIAHCKOM, HKECTKO CBSI3aHHBIM ¢ MasiTHUKOM. C
MIOMOIIIBIO Kabemst homoodamuux CBSI3aH C 2IeKMPOHHBIM CEKYHOOMEPOM, PUC. 8,
KOTOPBIN U3MEPSET BpeMs KojeOaHU MasTHUKA TIOCTIE «BBICTpPEIay.

[ToMrMO BpeMeHH AIEKTPOHHBIN CEKYHIOMEP U3MEPSIET TaK YK€ YHUCIIO
KoJIeOaHUI MasiTHHKA.

BriBoa padoueii popmyJibl

PaccmoTpum cuctemy, COCTOSIIYIO U3 «CHApsIa» U MasTHUKA. BHadase
MasTHUK HETIOJIBIKCH, 4 «CHAPSI» MacCOld M JICTUT TOPU30HTAIHLHO B
HaIlpaBJICHUH, IEPIICHIUKYISIPHOM MHIIICHU CO CKOpOocThio V . BennunHa
MOMEHTA UMITyJIbCa
«CHap#J1a» OTHOCUTEIHHO
OCH MasITHHKa paBHa
L=mVI,
rae | - kparyaiimee
PAcCTOSIHUE OT OCH
MasTHHUKA JI0 JIMHUH, IT0
KOTOPOU NPOUCXOAUT
JBIDKCHUE «CHAPSIIay.
ITocne nonaganus B
MUIIIEHDb «CHAPSI»
3aCTpeBaET B ILIACTUIIMHE,
T.€. IPOUCXOIUT a0COITFOTHO
Heynpyruu yaap. Tak kak

MasiTHUK UMEET HAaMHOT'O
Puc. 8 DiieKTPOHHBIN CeKyHI0Mep GOJIBIIYIO MACCY, YEM

Yucno koneoanuii
Bpemsa

«CHApsA», TO MOKHO
CUMTATh, YTO B TEUEHUU BPEMEHHU C MOMEHTA CONPUKOCHOBEHHUS CHapsJa C
MHULIEHBIO U JI0 €T0 MOJHOW OCTAHOBKH B IUTACTUIIMHE MAsTHUK OCTAETCs
HEMoABWXHBIM. [lociie 0OCTaHOBKH «CHaApsiA» BMECTE C MAITHUKOM HAaYUHAET
MOBOPAYMBATHCSI BOKPYT BEPTHKAJIBLHON OCH C HAYAJIbHOM YIIIOBOM CKOPOCTHIO
@, . Cpa3zy nocie coyJjapeHusi MOMEHT UMITYJIbCa CUCTEMbI MAATHUK-«CHAPAI

OTHOCHUTEJILHO OCH MasiTHWKA paBeH L, =Ja@, rme J — MoMeHT nHepuuu

MasiTHUKA BMECTE C 3aCTPSABILIAM B HEM «CHAPSAIOM).

BbIsiIcCHUM, MOXHO JIM B JAHHOM 3aJ1ay€ MPUMEHHUTh 3aKOH COXPAHEHHS] MOMEHTA
MMITYJIbCa. BHEITHUMH CHIIaMU JJIsI CUCTEMBI MAATHUK-(CHAPSAL» SIBJISFOTCA !
CuJia TSKECTH, JEUCTBYIONIAS HA «CHApSAI» U MAsATHUK, YIPYTUE CHJIBI,
0OyCIJIOBJIEHHBIE PACTS)KEHUEM MTPOBOJIOKU, U CHJIbI, CBA3aHHBIE C AedhopMalireit
Kpy4eHUs MpoBOJIOKU. CHila HaTSKEHUS YPABHOBEIINMBAET CUITY TSKECTU U
JeHCTBYET BEPTUKAIBHO BBEPX MPHU JHOOOM MOJIOKEHUU MasiTHUKA; 00€ CHIIbI
HaMpasJICHbI BAOJIb OCH MasiTHUKA, CJIEI0BATEIIbHO, MOMEHTBI 3TUX CHJI
OTHOCHUTEJILHO OCH MasiTHUKA paBHbI HYJI0. CUIIbI KPY4YEHUS MOSBIISIIOTCS IPH
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IIOBOPOTE MasTHHKA Ha HEKOTOPBIM YrOJl ¢ OT MOJOKCHUSI PABHOBECHS, BBI3bIBAs
MOMEHT ¢l M , cTpeMsInuiics BepHYTh MasTHHK B OJIOXKeHUE paBHOBecus. C
y4eTOM TOT'0, YTO BpeMsl COyJapeHHs Iy C MasSTHUKOM 7 MHOTO MEHbIIIE IIepuosa
KoebaHui T camoro MasTHUKa (yCIOBUS IPUMEHHUMOCTH OaJTMCTHYECKOTO
MeTO/1a), 3aIUIIEeM IS CHCTEMbl MAsTHUK-«CHAPSAI» 3aKOH COXPaHCHUSI MOMEHTA
MMITyJIbCa
L=L, Tte mVl=Jea,. (27)
PaccMmoTpuMm Teneph ganbHeiIIee IBIKEHNE CUCTEMbI U IS €r0 OIHCaHUS

IMIPUMCHUM 3dKOH U3MCHCHHA MEXaHUYECKOH OHCPI'UH. ITocne COyaapCHUA

2
Wy

CUCTEMA UMCCT KHHCTHYCCKYIO S9HCPIHUIO W = .1lo MCPC TOI'0, KaK MasTHHUK

IIOBOPAYMBAETCA U 3aKPyUMBAETCS IPOBOJIOKA, HA KOTOPOI OH MOJIBELIEH,
BO3pacTaeT MOMEHT cuil KpyueHus. CoraacHo 3akoHy ['yka 3TOT MOMEHT
IpONOpLUOHAJIEH ehopMaliy KpyUeHHUs IPOBOJIOKU. Mepoii nedopmanuu
KpY4YE€HUS SIBJSIETCS YTOJ ¢ TOBOPOTAa MASITHUKA OT IOJIOXKEHHS] pABHOBECHS.
CraenoBaTteibHO,

M = D¢,
rae D — koaduimeHT mponopruoHaTIbHOCTH, 3aBUCSIINNA OT YIPYTHUX CBOWCTB
MIPOBOJIOKU U €€ TEOMETPUIECKUX Pa3MEPOB, HA3bIBAEMBIA MOJYJIEM KPYUCHHS.
[TonHast pabota A, KOTOPYIO COBEpPIIAIOT CUJIbI KPYUEHUS IPU U3MEHEHUU yTia
IIOBOPOTa MasiTHUKA OT HyJIs 10 MAKCUMAJIbHOTO 3HAYEHUS ¢, ONIpEAeIsieTC s

BBIPAKEHUEM
[2%)) 1 )
A= j Da-da==Dqa,".
0 2

3amMeTuM 3A€Ch, YTO MOMCHT UMITYJIbCA CUCTEMBI ITPU OTOM YK€ HC 6YI[€T
COXpaHATBCA, TAK KaK Ha HCC I[CflCTByCT MOMEHT BHEIIHUX CUJI M .
Korz[a YroJ moBopoTa MasiTHHKa JOCTUTHET MAaKCUMAJIbHOI'O 3HAYCHUSA ¢, ,

YTJIOBAsi CKOPOCTh €r0 BPAIlIEHUS! CTAaHET paBHOU HyJt0. Clie10BaTeNbHO, B 3TOT
MOMEHT paBHa HYJII0 U KUHETUUYECKAasi DHEPTUsl CUCTEMBI. Takum oOpazom,

KHHCTHUYCCKAsA SOHCPI'UA CUCTCMBI IIPHU ITIOBOPOTC MAJATHHKA OT HAYAJIBHOI'O

2
Wy

nonoxenust @ =0 go yrna o, mensiercst or W = 1o nyJs. [lorenuuansHas

HHEPrUs CUCTEMBI IIPU 3TOM OCTAETCS MOCTOSIHHOM, MOCKOJIBKY PACIIOIO0KEHNE
YyacTeil CUCTeMbl OTHOCUTENILHO JIPYT Apyra He U3MeHseTCd (HAOMHUM, 4TO
3emuist ¥ MPOBOJIOKA, HA KOTOPOM MOJIBEIIEHA paMKa, B CHCTEMY HE BKIIIOUEHBI). B

pe3yJIbTaTe MOJHOE U3MEHEHHE MEXaHUYECKOW YHEPTUU HALLIE CUCTEMBI AW
pPaBHO

2
AW:‘]&.
2
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CornacHo 3aKOHY COXpaHEHHUs SHEPTUU U3MEHEHHE MOJIHOW MEXaHUYECKOMN
HHEPrUU CUCTEMBI paBHO pabOTe BHEITHUX CUJI U pabOTE HEKOHCEPBATUBHBIX CHJI,
JNEHUCTBYIONIUX MEX]y TeJlaMU cUCTeMbl. HeKoHCepBaTUBHBIE CUIIBI 3/1€Ch PAOOTHI
HE COBEPILAIOT OMSATh TAKH MOTOMY, YTO PACIIOJIOKEHHE YACTEH CUCTEMBI
OTHOCHUTEJIBHO JIPYT ApYyTa He MeHsieTcs (IIOoCie TOro, Kak cHapsi yxke 3actpsui). 13
BHEIIIHUX CHJI COBEPIIAIOT pabOTy TOJIBKO CUIIbI KpyUeHUs (CUila TSHKECTU U cuila
HATSDKEHUS TPOBOJIOKU MEPIEHAUKYIISIPHBI HAMPABICHUIO IBHXKEHHS TOUYEK
CUCTEMBI, a CUJIaMU COMIPOTUBIICHUSI BO3/TyXa MbI peHeOperaeM). Jta paboTa

. 1
onpenensercs popmynon A= 2 Da,’. TlpupaBHsB ce u3MeHEHUIO SHeprun AW

MOJTyYUM
Jo¥ Dot (28)
2 2
W3 ypaBuenuii (27) u (28) MOXXHO COCTaBUTH CHCTEMY
mVI =Ja,
Jo} Dot
2 2
peiiasi KOTOPYIO HaliJleM CKOPOCTh CHapsiia
V = a_(i“/ DJ . (29)
m

C npyroii CTOpOHBI, U3BECTHO, UTO KBAJIpaT COOCTBEHHOM KPYrOBOH YaCTOTHI

D
KPYTHJIIbHOT'O MajdTHHKA PaBCH a)z = T . CJ'IGI[OBaTeJ'IBHO, MOMCHT MHCPIHNH

D .
J = pek ®opmyna (29) nprobpeTaeTt Terneps TaKOH BUT

_ %D

V .
ml o

(30)

Uto06bl n30€XaTh MPSIMBIX U3MEPEHUN Moy KpyueHus: D kpyroByro
4acTOTy KOJeOaHUN MasiTHUKA HU3MEPSIOT JIBAXAbL: C IByMSI CheMHBIMU TPY3aMH -

@, 1 6e3 HUX — @, . VI3 BBIpakeHUil sl @, ¥ @," MOKHO COCTABUThL CUCTEMY
ypaBHEHUH 1151 Hem3BecTHhIX J u D

(31)
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rae J- MOMEHT UHEePIMH OaJTTUCTUYECKOTO MasgTHUKA C Tpy3aMH, J — 2J2p—

MOMEHT UHEPIIMU MasgTHUKA 0e3 Tpy30B. C Apyroil CTOPOHEI, IO TEOPEME

IITeiiHepa MOMEHT HHEPLIMU OAHOrO Tpy3a paBeH J_ =J,+ szllz, roe J,-

MOMEHT UHEPLIMH I'Py3a OTHOCUTEIIBLHO OCH, IIPOXOJALIEH Yepes3 ero LEeHTp Macc,

M, — macca rpysa, |,—paccTostHue OT ocH BpalleHus MasTHHKA JI0 IEHTPa Ipys3a.
Tak kak mepBoe ciaraeMoe Ha MOpsIOK MEHBIIIE BTOPOTO, TO MOKHO MOJI0XKHUTh

— 2 =
J,, =M_]I°. Pemas cucremy ypasuenuii (31) ornocurensno D, T.e. uckmoyas

U3 Hee J , momydnm

2 .2 .2
_2M o o,

32)
2 2 (

W, -t

W3mepenue yria o, OyaeT Npou3BOAUTELCS TOJIBKO IPU HATUYUU I'PY30B

(uactoTa @,), Tak 4to coriacHo (30)

a, D

V=-0— (33)
ml o,

[Toacrassis B 3Ty hopmyny Beipaxenue aisi D u3 (32) 1 yuuThiBas COOTHOLIEHUE
. . T
MEK]ly IEPUOJIOM U KPYTOBOM YaCTOTOU @ = T MMEEM TI0CJIE MPOCTHIX

npeoOpa3zoBaHuil pacueTHYIO (HOpMYITy IJisi CKOPOCTH «CHapsia» B
OKOHYATCJIbHOM BHUC
2
_ 47z050M2p|1 T, (34)
mI(T12 'Tz2 )

rae T, u T, — mepuosl KoJIeOaHNN MasiTHUKA C Tpy3aMu U 0€3 HUX.

Ynpaxuenue
N3MEPEHHUE CKOPOCTHU ITOJIETA «CHAPSIA»

1) U3mepenue nepuona T;. [lepen usmepeHusiMu HEOOXOUMO YOESIUTHCS B
TOM, YTO:

a) MHIIICHh HAXOJUTCS HA JIMHUU BBICTPENIA, a €€ TNIOCKOCTh MEPICHINKYJIIIpHA
TPACKTOPHUH «CHAPSAAY,

0) dmaxkox pamMKu mepecekaeT ONTHIECKYI0 0Ch (POTOAATUNKA, a YKa3aTeNb
MOJIOKEHUST PAMKY HAXOUTCs HArpoTuB nenenus 0,

B) ChEMHBIC TPY3bI HAXOIATCS HA MAITHUKE U 3a()UKCUPOBAHBI BHHTAMH,

r) poTOAATUMK U PJECKTPOMATHUT COCAMHEHBI C TTOMOIIBIO KaOesst ¢ 0JI0KOM
AJIEKTPOHHOTO CEKYHI0Mepa.
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Ecnu ycTaHoBKa HaXOIUTCSI B COCTOSIHUU, COOTBETCTBYIOIIEM YCIOBUSIM a)-T),
TO MOKHO BKIIFOUUTDH BHGKTpOHHBIﬁ CCKYHOOMCED. Brikimrouatenns «ceTb»
PaCIIOJIOKCH Ha SaﬂHeﬁ [HaHEJIn HpH60pa CJICBA. OI[HOBpeMeHHO C BKIIOYCHUEM
CCKYHAOMCPA Ha KAaTYHIKY 3JICKTPOMAIrHUTa IIOCTYIIACT pa60qee HAIIPSAKCHHUC.

BHUMAHME. /{151 npedomepawierusn nepecpesanuiss KamyuKu
INEKMPOMASHUMA BPEMSL €20 HENPEPLIBHOLL paboOmul He QO0NHCHO
npesviuams 15 cexyno. Ilepepvié mexcoy usmepenusimu 00adxceH Ovimb
He MeHee 5 ceKYHO. Brnouenue snekmpomazHuma npoucxooum npu
nHaxcamuu kHonok « CETby» u « CTOII».

W3 npegynpexaeHus CieIyeT, YTo MOCIe BKIOUEHN CEKYHIOMEpPa CIIEAYET
cpaszy naxcamsb KHONKY «[I1YVCK», Tak kak B 5TOM COCTOSIHMHU IIPHOOpa
QJICKTPOMAruuT 00€eCTOYEH. I/IHI[I/IKaTOpOM HaXOXICHUA HpH6opa B COCTOSAHUU
«I1YCKy siBnsieTcst CBETAINAsAC TOYKA HA MHIAUKATOPE Yncia KoyieOaHui (CM. puc.
8).UTo0b!I MPOU3BECTH BBICTPEN, HAIO 3aPSIUTh «ITYIIKY» . [l 3TOTO
HEO0OXOIMMO YCTAaHOBUTh «CHAPA» HA HAMPABIIAIOMINKI CTEPKEHBb ITyCKOBOTO
YCTPOMCTBA, U B3BECTH MPYKHUHY (CM. puc. 9). [IpuBoj criycka UMeeT Ha OCH JBa

(UKCUPOBAHHBIX "Crapso"
MTOJIOKEHUS, )
COOTBETCTBYIOIINX Hanpasnawwuii

Pa3TUYHBIM CepiceHs
COCTOSIHUSIM Diii
HATSOKEHUS TR
npyxussl. [Ipu IIpusoo
IIOArOTOBKE K cnycka

BBICTPENY CIENYET
BBIOpATH TO

MIOJIO’KEHHE, KOTOPOE
COOTBETCTBYET
MaKCHUMaJIbHOMY
HATSHKEHUIO

MPY>KUHBI.

[Ipu HaTsKEHUN
MPYKUHBI €CTh ONACHOCTh
OIIPOKHIbIBAHUS
ycTaHoBKHU. [103TOMY 3apsikaTh «ITyIIKy» HEOOXOIUMO NBYMS pyKaMU: OJTHOM
PYKOW YJIE€pKUBATh OT CMEIIECHUSI KOPIYC MYIIKH, IPYrol epeMenaTh MPUBOL
cnycka. [Tepen BeicTpenom Haxath KHONKY «ITY CK». BoicTpen nmpousBoautcs
IIyTEM IIOBOPOTA MPUBOJA CIIyCKa BOKPYT ocH. Ilocie BeicTpena cnenyer
BU3YaJIbHO OIIPEICIIUTh MAKCUMAIIBHBIN YIOJl OTKJIOHEHUS PAMKH ¢, & C

Puc.9 IlpyxunHas mymka

MTOMOIIIBIO CEKYHIOMEpa — BpeMsI IECATH MOJTHBIX KOJIEOaHUH paMKu tl10 . Hos

OCTaHOBKHM W3MEPEHUS BPEMEHH U YuCIa Kojiebanui HaxaTh KHOTIKY « CTOIly.
PesynbTaTel u3MepeHuit 3anmucatb B TaOIHILY.
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Tabmura

1 2
No t 10y C. Tl, C. o t 10y C. T2, C. I, M.

epao. | pao.

g B~ W N

W3mepeHns nepuoga T, BBIIOJHUTSG IATh pa3. Ilocae maToro uamepeHus

BBIKJIFOUYUTH TOK MIUTAHUS 3JICKTPOMAarHuTa (Haxatb KHOTKY «/1YCK»), «cHapsa»
OCTaBUTh B MUIIICHHU).

2) U3mepenne nepuoaa kojedbanuii T,. [lns usmepenus nepuoaa T,
HEO0XO0IUMO:
a) CHSATH C MasiTHUKA J[BA CHEMHBIX TPY3a,

0) ocnabuTh raifky KperuieHus AJIeKTpOMaruuTa K miatgopme (raifka HaxoauTCs
Ha HWKHEHR cTOpoHe miIaTdopmbl). Y CTAHOBUTH 3JIEKTPOMArHUT TaKUM 00pa3om,
9TOOBI CEPICYHHUK IEKTPOMATHATA pacronarancs Hanpotus otverkr 30° u
3a(pUKCUPOBATH €T0 B 3TOM MOJIOKEHUH,

B) BKJIFOUUTH TOK MUTAHUS dJIEKTpoMaruuTa (Haxath kKHOnKy «CTOIl»),

T') IJIAaBHBIM JBUKEHUEM TTOBEPHYTh MAaSTHHUK B HAIIPaBJICHUU K
AIIEKTPOMATHUTY JI0 «IIPUIMIAHUS (IIaKKa K CEPICUHUKY,

2 o
1) HaxkaTb KHONKY «//YVCK» n usmeputs Bpemst t°, necsatu KoneOaHun
MasiTHUKA 0€3 ChEMHBIX TPY30B.

Pe3ynbTaThl nsaTH u3MepeHuit 3anucath B Tadnuiy. [locne okoHuanus
U3MepeHul T, W3BJIEYb U3 MULICHU «CHAPS» U U3MEPUTH JIMHEUKON PacCTOSHUE

| oT ocu BpaleHHsI MasTHUKA JI0 [IEHTPA OTIIEYaTKa «CHAPSIa» B TUIACTHIINHE
murieHn. 3HaueHue | 3ammcarh B TaOmuILy.

Maccy «cHapsima» M urpysa M, (cpeaHee 3HAYCHHE) CIEAYCT
OTIPEJICITNTH B3BEIIMBAHUEM Ha DJIEKTPOHHBIX BECax.

Paccuurath ckopocth «cHapsiga» V . Jlyisg yaoOcTBa pacyeToB mepenuiiemM
dbopmyny (34) emre pas.
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_ ArorgM 1T,
mi(T" -T,%)’

rIe o, - CpeAHee 3HaUCHUE MaKCHUMaJIbHOTO yIJla OTKIOHCHH MasiTHUKA (Paf.),

M - cpennee 3HaUCHUE MacChl Ipysa (Kr),

m- Macca «cHapsiaa» (Kr),

|, = 0,0525 M — paccTosiHEE OT OCH BpaIIeHUS MAasSTHUKA JI0 IIEHTPOB MAacc

Tpy30B,

| - pacCTOAHNC OT OCH BpallICHUA MAajATHUKA JJO LICHTPA OTIICHATKa «CHapsAaa»

Ha IJIACTWJIMHE MUIIEHU (M),

T11/I T2 - CpCAHCC 3HAYCHHUC IICPUOI0B KoJIeOaHHMi MasTHUKA C I'py3aMu U oe3

HHUX.

[Ipu cocTaBlieHUH OTYETA BHIYUCIUTH a0COTIOTHYIO U OTHOCUTEIIBHYIO
MOrPENTHOCTHA U3MEPEHUS CKOPOCTU «CHAPSAA».

1)
2)

3)
4)

5)
6)

7)

8)
9)

BOITPOCHI JJis1 CAMOIIPOBEPKHA

Cdopmynupyiite Tpu 3akoHa HeroToHa.

JlaiiTe onpeeneHne MOMEHTA CUJIbl OTHOCUTEIIBHO HEMOABU>KHOM OCH.

Kakum 00pa3oM onpezaesnsercss HalpaBiIeHUE BEKTOpAa MOMEHTA CHJIbI?

JlaliTe onpeneneHue MOMEHTA UMITYJIbCA MAaTEPUATIBHON TOUYKHU
OTHOCHUTEJILHO HEMOABUAKHOM ocu. KakuM 00pa3om onpenensercs
HaIpaBJeHUE BEKTOPa MOMEHTA UMITYJIbca?

ChopmynupyiiTe 3aKOH COXpaHEHUS MOMEHTa UMITYJIbCA.
JlaliTe onpeaeneHue MOMEHTA HHEPLIMM MAaTEPUAJIbHON TOUKHU.

Brruuciante MOMEHT UHEPIMU LIUJIMHPA C MACCOM MU paguycoMm I
OTHOCHUTEIBHO OCH, MMPOXOIAIIEH Yepe3 LIEHT Macc.

Kaxue cuibl Ha3bpIBaOTCS TOTEHIIMATIBHBIMU (KOHCEPBATUBHBIMU) U
HEMOTEHIIMAIbHBIMU (HEKOHCEPBATUBHBIMHU ).

ChopmynupyiiTe 3aKOH COXpaHEHHUS MTOJTHOW MEXaHUYECKOM YHEPTHH.

BriBeaute popmyily KUHETUYECKOM SHEPTUU TeJla, BPALIAtOIIerocs ¢
IIOCTOSIHHOM YTJIOBOM CKOPOCTBIO @ BOKPYT HENOABUKHOM OCH.

10) Hanumure ypaBHEHHE MOMEHTOB.

11) 3anuimTe BTOpOii 3akoH Hhr0TOHA ISl MOCTYNATEIBHOTO

BpaaTCJIbHOTI'O ABMIKCHUS TBECPAOTO TEJIA.

12) PacckakuTe 0 Ha3HAYCHUU OCHOBHBIX Y3JIOB 3KCIICPUMEHTATIBHOMN

YCTaHOBKH.
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13) Kakue 3aKOHBI COXpaHEHUS HCIIOIB3YIOTCS PH BBIBOJIE PACYCTHON
(bopMyIIbI JUIsl BBIYMCICHUSI CKOPOCTU «CHapsiia»?
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