ANHAMUKA

NMPUNONEHUE OBLLUUNX TEOPEM K AUHAMMUKE TBEPAOIO TEJIA

AuddeperHyuanbHoie ypasHeHUs nocmynamesnbHO20 08UXCeHUs meep0o20 menda

M ic =3 Fg
MYyc = Z 'Ek(;/
M1c=3%Fg
M — macca Tena, (Xc v Yoo Zc) - KOOPAMHAThLI LieHTa Macc Tena,
F°, R ,....Fy - BHewHwe cunbi

OnddepeHumanbHble ypaBHEHMA NOCTYNATENIbHONO ABUXKEHMA TBEPAOTIO TeNa
asnaoTca anddepeHuManbHbIMMU YPAaBHEHUAMM ABUKEHUA LLeHTPA macc Tena C.

AucggepeHyuanovHble ypasHeHUa spaujamesnbHO20 08UMXEHUS
meepdo20 mena _
P ‘]zg:Zmz(er)

unu sz—w—ZmZ(lfke)

dt
d2p =
uiu JZdt—ZZZmZ(er)
Z — OCb BpalleHus, |fle, |52e ,---,ﬁne - BHELUHWE CUnbl

J z - MOMEHT UHEPUUU TE€J1Aa OTHOCUTE/IbHO OCU BPaLLEHNA — MePa MHEPTHOCTU
Nnpu Bpawate/sibHOM ABUXKEHUN, HEM 60/blEe MOMEHT nHepuun Tena,
TéM MEHbLUE Yyr1oBoe YCKOpeHHUe, 1 HaO60pOT.

.
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ONHAMMUKA
NPUNOXEHUE OBLLMX TEOPEM K AMHAMMUKE TBEPAOTO TE/A

AuddeperHyuanbHoie ypasHeHUA NAOCKONAPAAnesnbHO20 08U eHUs meepoo20 mena
ﬂnOCKonapanneanoe ABUXKeHune TBepaoro Tejsla MOXHO 3a4dTb ABUXKeHnem cedyeHUA 3TOro Tesia MJIOCKOCTbHO

napannenbHon NIOCKOCTU ABUMMKEHUS U NPOXoAALEen Yyepes LeHTp macc. MycTb Ha Teno AEWCTBYHOT BHELUHWUE CUJbI,
NeXKalme B NN0CKOCTU 3TOro cedyeHusn. MNooKeHne ceveHns onpeaenseTca B 110601 MOMEHT BPEMEHU NMONOXKEHNEM
NOJItOCa U YIZIOM NOBOPOTA (P BOKPYT NOAOCA . 3a NOAKOC NpUHMMaem LeHTp macc C.

M iz =Y Fg y
M §c =3 Fy
d 2(" =e
JZC dt2 :ZmZC (Fk )
M — macca Tena, (xc ) YC) - KOOPAMHATHI LieHTa Macc Tena,
Ifle’ Ifze’m’lfne

- BHELLHMEe CUnbl, nexawme B nNocKoctn xOy

Zc — OCb, NPOXOAALLAA Yepes LLeHTP Macc NepneHaAnKYAAPHO naockoctn xOy,

>y
ch - LUeHTpa/ibHbIl MOMEHT UHEPLUM TeNa o)

OnddepeHumanbHble  ypaBHEHMA  MJIOCKOMApaafieslbHOro  ABMMEHMA TBEpAOro Tena nNpeacrtaBnfloT  cobol

,ﬂ,M(I)CI)GpEHLI,MaI'IbeIe YpPaBHEHNA NOCTyNnaTteJbHOro ABUXEHUA TeJZ1Ia BMeCTe C UEHTPOM MacCC Cwu BpaLlaTe/sibHOro
ABUXEHUA T€/1a BOKPYT OCU Z, I'IpOXOﬂ,HIJ.I,El\;I yepes LEHTP MacC nepneHaAnKynapHoO naoCKoCTu xOy



ANHAMUKA

NMpumeHeHuUe

AucgpeperHyuanbHbix ypasHeHuUl naockonapasnsnenbHo20 08uxeHuUsa meepooz20 mena
3apava

Besomoe Kosieco aBToMobuAA KaTuTcs 6e3 NpocKanb3biBaHMA BBEPX NO HAaKNOHHOW MIOCKOCTU NoA,
AencTBMEM CUAbI TATU P, NPUIOXKEHHOM K OCU Koneca. Onpenenuntb YCKOPeHWe LeHTpa Macc Koseca.

NcxogHble gaHHble:
Macca Koneca m; cnmna Tarn P,.=2mg; pagnyc Koneca r; paauyc uHepLum Koneca i=~2 r

Haitwn: a,
PeweHune

OnddepeHumanbHblie ypaBHEHMA NAOCKONapaanenbHOro ABUXKEHNA TBEPA0ro
Tena. .
macy = Z I:kx
=e
mag, = > Foy
=e
chg :Zmzc (Fk )

M — macca Tena, C — ueHTp macc

—€ 6 — €
Fo F,....Fy - BHewHue cunbl

JZC - LI,EHTp3IIbeII7I MOMEHT UHEPLUWNUN TENAa

& - MIHOBEHHOE YyIri1oBoe yCKOpeHHUE TeNa



ANHAMUKA

NMpumeHeHuUe
AucgpeperHyuanbHbix ypasHeHuUl naockonapasnsnenbHo20 08uxeHuUsa meepooz20 mena
NcxoaHble gaHHble:
Macca koneca m; cuna Tarn P.=2mg; pagunyc Koneca r; pagmyc MHepLUmm Koneca i= /2 r
Haitwn: a,

Koneco cosepluaeT nnockonapannenbHoe ABUXKEHUE
(C — ueHTp macc, P — MrHOBEHHbIN LLEHTP CKOPOCTEN).

Cuna TPpeHNA Kav4yeHna — CU1a cuenneHuns FCL! NnPUIOXEHa B
CTOPOHY NPOTUBOMOJ/I0OXKHYH BO3MOXKHOMY CKOJ/IbXKEHUNIO TOYKU
KaCaHHUA KOJieCa no HeI'IOLI,BM)KHOﬁ NOBEPXHOCTHU.

y 2 2
OceBoi MOMEHT MHepuumn koneca J,. =m-1°=2mr

YpaBHEHUA ABUKEHUNA KoNeca:

‘mag, =P —Gsin30° —F, (1)
a —
{mag, = N - Gcos30° (2) cy
3, e=Fyr (3) o e B
CP r
lMpumeuaHue: ypaBHeHue (2) npeactaBnseT cobon ypaBHeHMe 3
CTaTMKM, TaK KaK OTHOCUTENIbHO OCM Y KOJIECO He ABUXKeTCA (2) = N=Gcos30" =mg B3
J..€ 2mr? a

k) = F,=—¢-= =< = 2ma,

r r r

_2mg -0,5mg _05

(1) = mac =2mg —0,omg —2mag 8¢ 3am 9 Oteet: ac =050



AHANTUTUYECKAA MEXAHUKA

O6Lwme NPUHLUNbI MEXaHUKU — AAI0T e4UHDbIN NOAX0A K PeLleHUIo 3a8a4 CTaTUKU U AUHAMUKKU

nPMHUUN OANAMBEPA
Mpuxyun Janambepa 015 MoyKu
YpaBHeHMe ABUKEHUA TOUKM (BTOPOM 3aKOH HblOTOHA):

FoFR, - CU/bl, AENCTBYIOLLME Ha TOYKY.

BBeaem B pacCMOTpPEHME BESINYMHY, MMEIOLLLYIO Pa3MepPHOCTb CUJIbI:

F“=-ma
BeKTOpHyl'O BE€/INYNHY, PaBHYHO MO MOAYNHO NpPouUsBeaeHUO MaACCbl TOYKM Ha €€ YCKOpeHUWe U HanpaBJaEHHYHO

NPOTUBOMOJ/ZIOKHO 3TOMY YCKOPEHWNIO, HA3bIBAlOT cunoii UHepyuu TO4YKN.
Mpuruyun Adanambepa 019 mamepuaabHOU MOYKU:

Zlfk +|fu =0

ecnu 8 6ol MomMmeHmM spemMeHU K Oelicmeyrowum Ha MOYKY CUAAM MPUcoeduHUMb Cusay UHepyuu, mo rnosay4yeHHas
cucmema cusn byoem ypasHoseuweHHOoU.



AHANTUTUYECKAA MEXAHUKA

O6Lwme NPUHLUNbI MEXaHUKU — AAI0T e4UHDbIN NOAX0A K PeLleHUIo 3a8a4 CTaTUKU U AUHAMUKKU

nPMHUUN OANAMBEPA
MpuHyun Janambepa 015 cucmemeol
PaccmoTpum cuctemy matepuanbHbIX TOYEK. [10 OCHOBHOMY 3aKOHY AMHAMMUKKN ANA KaXKA0M TOYKU CUCTEMBI

mkﬁk ES Ifke + Ifkl

=e o =i o
M, - macca Touku, F, - paBHogelcTByOWan BHelIHMX cua, F - paBHOAENCTBYOLLAA BHYTPEHHMX CUA.
[NA Kaxkaon TOYKM CUCTEMbI BBEAEM CUY UHEpYUU:

u _ —
F. =—ma,
MpuHuun Adanambepa 014 cucmemsbl:
ecnu 8 6ol MoMeHmM 8peMeHU K Kaxcool U3 mo4veK cucmemsl Kpome 0elicmayrouux Ha Hee BHEeWHUX U

BHYMPEeHHUX cun npucoeGUHumb coomeemcmeyrwue cusel UHepuyuu, mo rnosay4YeHHaa cucmema cun 6y0em
ypGBHOBELUeHHOﬁ U K Heli MOX(HO rIpuMeHAameo ece ypasHeHUA cmamuku.

Ifke+lfki+lfkuzo

Takum O6p330M, 3a4a4n ANHAMUNKU MOTYT peLaTbCA METOA4aMU CTATUKN. Cunbl nHepuun — d)UKmUSHbIe CUANbI, ecaun
6bl OHM cywecrtesoBajin B ,CI,GI?ICTBVITEIIbHOCTM, BCe TOYKU CUCTEMbI HaXOoANTNCL 6bl B NOKoe.

M3 cTaTUKM U3BECTHO, YTO reomeTpmnyeckaa Cymma Cuna, HaxogAawmnxca B pasHoBecnum, U Cymma Mx MOMEHTOB
OoTHOCUTEeNbHO Ntoboro LEHTPAa () paBHbI HY/11O

S(Fe+F +Fe)=0
3 mo (Fe )+ mo (R )+ mo (R ) <0
ﬂ,l’lﬂ MeXaHNYeCKoOMN CUCTEMDbI reometTpmnyeckad Ccymma BHYTPEHHUX CUT U CYMMa UX MOMEHTOB OTHOCUTE/IbHO noboro

u,eHTpa paBHbI Hymo: ) i
YR =0 > mo (R )=0



AHANTUTUYECKAA MEXAHUKA

O6Lwme NPUHLUNbI MEXaHUKU — AAI0T e4UHDbIN NOAX0A K PeLleHUIo 3a8a4 CTaTUKU U AUHAMUKKU

nPMHUUN OANAMBEPA
MpuHyun Janambepa 015 cucmemeol
ecnu 8 11bol MomMeHM 8peMeHU K Kax0oUl U3 movek cucmemsl Kpome 0elicmayroujux Ha Hee 8HEeWHUX U
8HYMPEHHUX CUs NPUCOEOUHUMb COOMaemcmayroujue Cusbl UHepyuU, mo rnoay4eHHasa cucmema cusa byoem
ypasHogseuweHHOoU U K Heli MOXCHO NpUMeHAMb 8ce YypPasHeHUs CMamuku.

McKkntoyaem BHYTPEHHUE CUNbI
> (Re+R!)=0

3 (mo(Fe )+ mo (R ) =0

Beeaem obo3HayeHUA:

Q" =R M8=Zmo(?k“)

@Y - 2nasHbIli 6eKMop cusn uHepyuu,
M - 2n1a8HbIl MOMEHM cus UHepyuu OmMHocumeseHo yeHmpa O.

NoSIYy4YUM ypasHeHUA Memood KUHemocmamukKu:

SF+@" =0
Zmo(lfke)Jr Mg =0



AHANTUTUYECKAA MEXAHUKA

MpuBeageHue cun MHepUMU TBEPAOro TeNa

1. MocmynamenvHoe 08uxeHue meepdo20 mena z
“ — —
_pppppat, " =-M & I
P O ":_"c X .
B _ i NpPW NOCTyNaTe/IbHOM ABUXEHUN CUJIbl MHEPLUM

YIS, TBEPAO0ro Tesla NPUBOAATCA K IMAaBHOMY BEKTOPY,
NpoxoAALemy Yepes LLeHTP Macc TeNa, MaBHbIi MOMEHT PaBEH HY/HO

2. BpawaamenovHoe 0suxeHue meepdo20 mena

MycTb TENO MMEET NA0CKOCTb MaTepuanbHon cummeTpum xOy 1 BpalaeTca
BOKpyr ocu Oz, nepneHAMKyNapHOM 3TOM NNOCKOCTU. Ecnv npuBecTu cuibl
MHepUMM K LeHTpy O, To BCheacTBne CUMMETPWUM N1aBHbIA BEKTOP U Napa,
paBHasA MaBHOMY MOMEHTY, ByAyT neXaTb B NN10CKOCTU XOy

&"=-M a, Mg =-J, &

CUCTEMA CUN UHEPUUN MNPUBOAUTCA K [NaBHOMY BEKTOPY, MPUIOXKEHHOMY B
Touyke O, 1 K Mape CM/1 PaBHOWN IMAaBHOMY MOMEHTY U NieXKallein B NJ0CKOCTH
MaTepunasibHOM CUMMETPUU Tena.
3. BpawjamenbHoe OsuxceHue meepoo20 mena BOKpPyz2 ocu, npoxooaweli
uepe3 yeHmMp macc
MycTb TeNO MMeeT NAOCKOCTb MaTepuasibHOM cummeTpum xCy u Bpawaetcs
BOKPYT OCU Z, NepneHANKYNAPHON 3TOM NJOCKOCTU U NPOXOAALLEeN Yepes LeHTP
macc Tena C.

@" =0 Mc=-J,.¢

B 3TOM C/1ydae CUCteMa CUNI MHEPUUU TE€NMa NPUBOANTCA K O,EI,HOVI TOJIbKO Mape C
MOMEHTOMMg D nemau.l,eﬁ B N/IOCKOCTU CUMMETPUN TENA.



AHANTUTUYECKAA MEXAHUKA

NMpusegeHue cun nHepuumn TBEPAOro Tena
4. MnockonapannenvHoe dsuxceHue meepdo20 mena

MycTb TEN0 UMEET NNOCKOCTb MaTepUaibHON CUMMETPUMN U [BUXKETCA
napasnenbHo 3TOW NJI0CKOCTU Y

Q" =-M a. Mg =-J,. ¢

CUCTEMA CUN MHEPUMU TeNla NPUBEAETCA K IaBHOMY BEKTOPY, MPUIOXKEHHOMY B
ueHTpe macc C Tena, M Nape CMi PaBHOM MaBHOMY MOMEHTY, JIEXKaLLMM B
M/IOCKOCTM MaTepUanbHOM CUMMETPUN TeNa.

[TpumeyaHue: cnyanl (2) BpallaTe/ZIbHOIro ABMxXeHA TBepaoro Tesia BOKpyr ocuy,
He I'IpOXO,CI,ﬂLLI,eI‘/’I yepes ULeHTP MacC, MOXeT ObITb PaCCMOTPEH, KaK YaCTHbIN

o il
CQlydan naocCKkonapaanenbHoro gsu>xXeHua. 0




NpumeHeHUe meToaa KMHETOCTAaTUKU

3apava
dnekTponebenka 2 npuBoAMT B ABUKEeHMe KaTok 1. Katok (macca pacnpegeneHa no oboay) Katutca 6e3
NMPOCKaNb3blBaHMA BBEPX MO HAK/JOHHOM NAOCKOCTM NOA AENCTBMEM MOCTOAHHOFO MOMeEHTa M, co3aaBaemoro
Aguratenem nebegkun. OnpeaenvTb peakUMM LWAPHUPHOM onopbl A M CUAy HaTAXKEHWs Tpoca (Tpoc cymTaTb
HEBECOMbIM U HEPACTAXKMMbBIM).

YpaeHeHUH Memoda KUuHemocmamuku.:
Z Ifke a4 514 = O
Y mo(Fe )+ M& =0

MpueedeHue cun uHepyuu meepoo20 mena

BpawamenovHoe 0suxceHUe meepdo20 mesia 80KpY2 OCU,
npoxooawel Yepes UeHmMpP Macc

D" =0 ME=-J, ¢

lnocKkonapannensbHoe 0suxeHue meepoo2o mena

@"=-M a. Mg =-J, ¢

NcxogHble faHHble:

MomeHT, co3gaBaembin gsuratenem, M=3mgr=const,
Macca KaTka m,=m, macca bapabaHa nebeakn m,=2m;
pagnyc Katka r,=r; paguyc bapabana R,=1,5r,

paguyc nHepuum bapabaHa i2=\/§ r

Hantn: X,, Y, T



NpumeHeHUe meToaa KMHETOCTAaTUKU

3apava
dnekTponebenka 2 npuBoAMT B ABUKEeHMe KaTok 1. Katok (macca pacnpegeneHa no oboay) Katutca 6e3
NMPOCKaNb3blBaHMA BBEPX MO HAK/JOHHOM NAOCKOCTM NOA AENCTBMEM MOCTOAHHOFO MOMeEHTa M, co3aaBaemoro
Aguratenem nebegkun. OnpeaenvTb peakUMM LWAPHUPHOM onopbl A M CUAy HaTAXKEHWs Tpoca (Tpoc cymTaTb
HEBECOMbIM U HEPACTAXKMMbBIM).

PeweHwne

Peakuuu LWwapHMpHON onopbl A Byaem paccmaTpuBaTb Kak
BHELUHWE CUNbI.

Cuna HamaxeHua mpoca T He moxcem bbimb onpedesneHa u3
ypasHeHUll KUHEMOoCMamuKu, cOcCmasneHHbix 0718 cucmembsl 8
yesnom

Cuna TPeHUs KayeHua — Ccuaa cueneHmn Fe NPUNOXKEHA
B CTOPOHY MPOTUBOMOJIOXNKHYIO BO3MOMHOMY CKOJbXKEHUIO
TOYKM KacaHMA KaTKa NO HENOABUKHOMN MOBEPXHOCTMU.

KaTok 1 coBepliaeT nnockonapannenbHoe asuxeHue (C; —
LLeHTP Macc, P, — MTHOBEHHbIN LIEHTP CKOpOCTei)

NcxogHble faHHble:

MomeHT, co3gaBaembin gsuratenem, M=3mgr=const,
Macca KaTka m,=m, macca bapabaHa nebeakn m,=2m;
pagnyc Katka r,=r; paguyc bapabana R,=1,5r,

paguyc nHepuum bapabaHa i2=\/§ r

BapabaH 2 coBepluaeT BpawaTeNbHOE ABUKEHME

Hantn: X,, Y, T



NpumeHeHUe meToaa KMHETOCTAaTUKU

dnekTponebenka 2 npuBoAMT B ABUKEeHMe KaTok 1. Katok (macca pacnpegeneHa no oboay) Katutca 6e3
NPOCKaNb3blBaHMA BBEPX MO HAK/JOHHOM N/AOCKOCTU NoA AeNCTBMEM MOCTOAHHOrO MOMeHTa M, co3gaBaemoro
aguratenem nebeakn. OnpeaennTb peakuMyu LAPHUPHOM onopbl A M CUAY HaTAXKeHuA Tpoca (Tpoc cuymTaTthb

HEBECOMbIM U HEPACTAXKMMbBIM).

UcxoaHble gaHHblE:
MomeHT, co3gaBaembin gsuratenem, M=3mgr=const,

Macca KaTka m,=m, macca bapabaHa nebeakn m,=2m;

pagnyc Katka r,=r; paguyc bapabana R,=1,5r,
paguyc nHepuum bapabaHa i2=\/§ r

Hantn: X,, Y, T

COOTHOLLEHMA MeKAY YCKOPEHUAMM (BCE YCKOPEHMA BbIPa3uM Yepes
yrnoBoe yckopeHue 6apabaHa):

Er=¢&

ag =&, R, =6-15r=15r-¢
a =ag =1pr-¢

a _ag :1,5r-g:075€
LR, 2n 2r

ac, =¢1-CP=¢,-1,=0/5r-¢

(91:

I'IonquN\ COOTHOWEHUNA MmexXay YCKOPEHNAMMU

(92:8
& =0,/5¢
ac, =0./5r-¢



NpumeHeHUe meToaa KMHETOCTAaTUKU

3apava
dnekTponebenka 2 npuBoAMT B ABUKEeHMe KaTok 1. Katok (macca pacnpegeneHa no oboay) Katutca 6e3
NMPOCKaNb3blBaHMA BBEPX MO HAK/JOHHOM NAOCKOCTM NOA AENCTBMEM MOCTOAHHOFO MOMeEHTa M, co3aaBaemoro
Aguratenem nebegkun. OnpeaenvTb peakUMM LWAPHUPHOM onopbl A M CUAy HaTAXKEHWs Tpoca (Tpoc cymTaTb
HEBECOMbIM U HEPACTAXKMMbBIM).

[naBHble BEKTOPbLI U IMaBHblE MOMEHTbI CUN UHEPLUA:

KaTok 1 cosepLuaeT naockonapannensHoe asuxeHue (C; — LeHTp macc,
P, — MrHOBEHHbIW LIeHTP CKOpOCTel)

u —_—
@1 = mlacl y
M =i, = mlrf =mr? — momenm unepyuu xamxa 1
bapabaH 2 cosepluaeT BpaliaTenbHOe ABUNKEHNE

M5 =Jy6,, J,= m2i22 —=4mr? — momenm unepyuu Gapabana 2

C y4ETOM COOTHOLLIEHNI MEKAY YCKOPEHUAMM g, =¢
& =0,/5¢
UcxoaHble AaHHbIe: ac, =0./5r-¢

MomeHT, co3pgaBaemblin aBuratenem, M=3mgr=const, = 1 COOTHOLUEHWUI MEXAY MaCCOBO—MHEPLIMOHHbIMM
Macca KaTka m,=m, macca bapabaHa nebegkm m,=2m;  xapaKkTepUCTUKaAMM, CU/Ibl UHEPLMU NPUMYT BUA,:
pafAnyc KaTka r;=r; paguyc 6:?1pa6aHa R,=1,5r, @' =mya. =075mr ¢,
paguyc nHepuum bapabaHa 12=\/§ r !
MY =mr?.075¢ =075mr? - ¢
Hantn: X,, Y, T . )

My =4mr® -¢



NpumeHeHUe meToaa KMHETOCTAaTUKU

3apava
dnekTponebeaka 2 npuBoaMT B ABMKeHMe KaTok 1. Katok (macca pacnpegeneHa no oboay) kKatutcs 6es
NPOCKa/Zib3biBaHNA BBeEpPX nNo HaK/IOHHOW MNJI0CKOCTHU noa AGVICTBMGM NMOCTOAHHOIO MOMEHTa M, co34aBaemoro

aguratenem nebeakn. OnpegennTb peakuuMym LWAPHUPHOM OMopbl A M CUAY HATAXKEHMA Tpoca (Tpoc cuymTaTthb
HEBECOMbIM U HEPACTAXKMMbBIM).

YT06bl HANTM CUNY HATAXKEHUA TPOCA, CUCTEMY Pa30bbeM Ha YacTu:
6apabaH 2 n KaTok 1.

ypaBHeHl/Iﬂ MeToda KUHETOCTAaTUKN COCTaBUM ONA Ka)-Kﬂ,OI‘/’I 4acTtu
CUCTEMBDI.

ypaBHeHme KMHETOCTaTUKM ONA KaTKa 1

> R, =0 = T-@{-G;sin30°+F,;=0 (1)
> Ry =0 = N;-G;c0s30° =0 (2)
> me (R )=0 = T.r-F, r-M{=0 (3)

MpumeyaHue: ypaBHeHUe (2) npeacTaBnseT cobo
YPaBHEHME CTAaTUKK, TaK KaK OTHOCUTE/IbHO OCU Y
KOJIECO He ABUXKeTCS

) 18

= N;=G;c0s30° =mg—

NcxogHble gaHHble:

MomeHT, co3gaBaemblit auratenem, M=3mgr=const, (1) = F,=@ +G;sin30°-T

Macca KaTka m,=m, macca bapabaHa nebeakn m,=2m; B) = T-r _(@1” +G, sin30° —T)- r—M*=0
pagnyc Katka r,=r; paguyc bapabana R,=1,5r, M
paguyc nHepuum bapabaHa i2=\/§ r T :0,5[@1‘ +G,sin30° + rl jz
Haittn: X,, Y, T =05(075mre +2mg-05+0,75mre)

T =075mre+0,5mg (*)



NpumeHeHUe meToaa KMHETOCTAaTUKU

3apava
dnekTponebenka 2 npuBoAMT B ABUKEeHMe KaTok 1. Katok (macca pacnpegeneHa no oboay) Katutca 6e3
NMPOCKaNb3blBaHMA BBEPX MO HAK/JOHHOM NAOCKOCTM NOA AENCTBMEM MOCTOAHHOFO MOMeEHTa M, co3aaBaemoro
Aguratenem nebegkun. OnpeaenvTb peakUMM LWAPHUPHOM onopbl A M CUAy HaTAXKEHWs Tpoca (Tpoc cymTaTb
HEBECOMbIM U HEPACTAXKMMbBIM).

AV

YT06bl HANTM CUNY HATAXKEHUA TPOCA, CUCTEMY Pa30bbeM Ha YacTu:
6apabaH 2 n KaTok 1.

ypaBHeHl/Iﬂ MeToda KUHETOCTAaTUKN COCTaBUM ONA Ka)-Kﬂ,OI‘/’I 4acTtu
CUCTEMBDI.

YpaBHeHMe KMHeTOCTaTUKM gnsa bapabaHa 2

> F, =0 =  X,—-Tcos30°=0 (4)
Y Fy =0 =  Y,-Tsin30°-G,=0 (5)
> ma(F)=0 = M-T-15r—M¥=0 (6)
p— u — 2 .
(6)= T-M-M, _3Smgr=amr-s_, 0 267mre
15r 15r
(*)= 075mre +05mg=3mg —4mre =
McxoaHble gaHHble: o 25mg 259
MomeHT, co3gaBaembin gsuratenem, M=3mgr=const, 475mr  475r

Macca KaTka m,=m, macca bapabaHa nebeakn m,=2m;
pagnyc Katka r,=r; paguyc bapabana R,=1,5r,
paayyc uHepumm 6apabana i= /2 r (4) = X, =Tcos30° =0595mg-0,866 = 0,515mg

Y, =Tsin30° +G, =0,595mg -0,5+2mg = 2,2975mg

T =2mg—267mr22% _0595mg
475r

Haiitu: X,, Y, T 6 =

lMpumeyaHue: Cnna HaTAXKEHUA HUTU MOXKET ObITb TONIbKO Otser: T =0595mg X ,=0515mg Y, =2,2975mg
NONOXUTENbHOMU



AHANTUTUYECKAA MEXAHUKA

NMPUHUUN BO3MOXHbIX I'IEPEMEIJJ,EHMﬁ
Bo3moxcHble (upmyanbHbie) nepemewjeHUs cucmemol
Bo3MOXHbIM Ha3blBaeTCA NepeMeLLEHNE TOYKM U3 JAHHOTO ee MOJIOKEHUSA, A0MYCKaeMOe CBA3AMM, HANIOKEHHbIMM
Ha TOUKY.
Bo3moKHOE NnepemelLeHne MeXaHMYECKON CUCTEMbI - COBOKYMHOCTb 3/IEMEHTapPHbIX (6ECKOHEYHO Manbix)
NnepemeLLLeHNI TOYEK CUCTEMbI, KOTOPbIE AOMYCKAKOTCA HAaNOXEHHbIMM Ha CUCTEMY CBA3AMM (NpU BbiBEAEHUN
CUCTEMbI M3 3aHMMAEMOrO B A@aHHbI MOMEHT BPpEMEHU NONOXKEHMA).
[lpumeyaHue: cnepyeT pasnnuaTth AeicTeuTtenbHoe nepemeluernmne d I asuxyLeica TOYKM, KOTOPOe OHa coBepLIaeT
3a a/leMeHTapHbIV npomexyTok BpemeHn Ot | 1 BoamoskHOe nepemellieHe ST , KOTOPOroO TOYKA HE COBEpLUAET, a
TO/IbKO MOr/1a 6bl COBEPLUNTD, HE HapyLlaa HaNOXeHHbIX HA Hee B AaHHbI MOMEHT BPEMEHM CBA3EN.

Yucno cmeneHeli ce0600bI mexaHuU4YecKol cucmemeol

B obuiem cnyyae mexaHMYecKaa CUCTEMA MOXKET UMETb MHOMECTBO Pa3/INYyHbIX BOSMOXKHbIX nepemelleHnii. OaHako
AN Nto6ON CUCTEMbI MOXKHO YKa3aTb HEKOTOPOE YMCN0 TaKUX HE3aBUCUMbIX MeXay COboN NnepemelL,eHni, 4Yto
BCAKOE ApYyroe BO3MOXKHOE NepemMeLleHne MOXKET ObiTb Yepes HUX BblpayKeHo.

Yncno He3aBUCUMBbIX MeXay cOb0M BO3MOXKHbIX NepeMeLLeHNN MexaHUYeCKoM CUCTEMbI Ha3bIBaKOTCA YUC/IOM
cmeneHeli ceob600bl 3TON CUCTEMBI.

Touka, HaxoAALLAACA HA NIOCKOCTU, UMEET ABe CTeneHn cBoboapbl; cBO6OAHAA MaTepunasibHas TOUKa MMEET TPU
cTeneHu ceoboabl. Y cBoboAHOro TBEPAOro Tena WecTb creneHei ceoboabl. Y KpUBOLIMNHO-NON3YHHOTO MexaHM3ma
0/lHa cTeneHb cBobOAbI.

Bo3moxcHasa paboma - s3nemeHTapHasa paboTta, KOTOpYH AEeNCTBYIOLLAA Ha MaTepUaibHYO TOYKY cuna morna bbl
COBEPLUNTb Ha BO3MOYKHOM NepemMeLLEHUN STON TOYKN.
o r
O A - BO3MOKHaA paboTa akTUBHOM cunbl, O A - BO3MOMKHaA paboTa peaKLmMm CBA3M

UdeanbHble cea3su
NpaeanbHbIMM Ha3bIBAKOTCA CBA3M, ANA KOTOPbIX CYMMa 3/IEMEHTAPHbIX PaboT UX peakuuii Ha 1l060M BO3MOXKHOM

nepemeweHnn CUCTeMbl paBHa HY/IO, T. €. r
SSA; =0



AHANTUTUYECKAA MEXAHUKA

NPUHLUN BO3MOHbIX NEPEMELLLEEHWUM - ycTaHaBAMBaeT obLuee yci0BME paBHOBECHA
NtoboN MexaHMYEeCKON CUCTEMDI:

[NA Kaxkaom TOYKM CUCTEMbI, HAaXOAALLENCA B PAaBHOBECUM,

—a , ©r _ cr _ ©a
CnepoBatenibHO, 419 BCEX TOYEK CUCTEMbBI, HAXOAALLENCA B PaBHOBECUM, CYMMA 3/1eMeHTapHbIX paboT Bcex
AENCTBYIOWMX HA HEE aKTUBHbIX CUA U peakumin cBasein npu Ntob6om BO3MOXKHOM NepemeL,eHnn CUCTEMbI PaBHa

HY/HO: g .
SSA + T SA =0

MpuHYyuUnN 803MOXM(HbIX NepemeweHul :
Lnsa pasHosecus mexaHu4eckol cucmemsi € UOeasbHbIMU C8A3AMU He0bx00uMo u docmamoyYyHo, Ymobsl cymma
anemeHmMapHoix pabom ecex delicmayrowjux Ha Hee AKMUBHbIX CUs rpu AH0O60OM 803MOHCHOM NepemeuseHuu
cucmemeoi 66110 PasHa Hysio.

25 Aﬁ =0
[ns cuctem ¢ HECKOIbKMMM CTeNEHAMM CBOOOAbI, 3TO YPaBHEHME HAA0 COCTAaBAATb ANA KaXKA0ro U3 He3aBUCUMBbIX
nepemeLLeHnii B OTAENbHOCTHU, T.€. YAC/IO YC/IOBMI PAaBHOBECUS PABHO YMCAY CcTeneHel ceoboapbl.
lpumeyaHue:
1. Ecnn ecTb HengeanbHble CBA3K, TO UX peakuum (Hanpumep, CUabl TPEHUA) cneayeT OTHECTM K aKTUBHbBIM CU1aM.
2. B Tex cnyyasx, koraa TpebyeTtcs onpeaennTb peakumio aeanbHOM CBA3N, HYXKHO MbICIEHHO OTOPOCUTL 3Ty CBA3Db,
A COOTBETCTBYIOLLYIO PEAKLMIO PACCMATPMBATL KaK aKTUBHYIO CUAY.



AHANTUTUYECKAA MEXAHUKA

NPUHLUN BO3MOHbIX NEPEMELLLEEHWUM - ycTaHaBAMBaeT obLuee yci0BME paBHOBECHA
NtoboN MexaHMYEeCKON CUCTEMDI:

Lna pasHosecus mexaHu4eckol cucmemsi ¢ UOeasnbHbIMU C8A3AMU HE0bX00UMO U 0CmamoyYyHo, Ymobsl cymma
anemeHmapHoix pabom scex delicmayrowux Ha Hee AKMUBHbIX Cus Mpu A60M 803MOHCHOM nepemeuw,eHuu
cucmembol 66110 PABHA HYAIO. a

D2 O0A =0

MNopAaaoK pelweHusa 33434 Ha paBHOBECUE MEXaHNYECKUX CUCTEM C MOMOLLbI NPUHLMNE BO3MOKHbIX NepeMeLLEHUN:

1) n306pasnTb Ha PUCYHKE aKTUBHbIE CU/IbI;

2) Nnpyv HaANYUKM HenZeanbHbIX CBA3EM A06aBUTb COOTBETCTBYHOLME PEAKLUUM CBA3EN (HaNpUMep, CUAbl TPEHUS);
3) B cly4ae HeObX0AMMOCTM ONPEAE/INTb PEAKLMIO CBA3M, MbIC/IEHHO OTOPOCUTL COOTBETCTBYHOLLYIO CBA3b 1
3aMeHUTb e€é NCKomol peakuuen (ecrm R-or=0);

4) BbI6paTb HE3ABUCMMbIE BO3MOKHbIE NepPeMELLEHNA TOYEK CUCTEMbI MO YNCAY CTENEHEN CBOOOAbI 3TON CUCTEMbI;
5) AaTb BO3MOXKHOE NepemelleHne, COOTBETCTBYHOLLEE OAHOM U3 cTeneHen cBOHOAbI CUCTEMBI, CHMTAS MPU STOM
BO3MOKHbl€ NepemMeLLeHNA, COOTBETCTBYIOLME OCTA/IbHbIM CTEMEHAM CBOOOAbI, PaBHbIMM HYAHO. Bbipa3nTb
BO3MOMKHbl€ NepeMeLLEHNA TOYEK NPUNOKEHNA CUN Yepes3 3a4aHHOE BO3MOKHOE NepeMeLLEHNE;

6) BbIYMCANTL CyMmMy paboT Bcex Cun, yKa3aHHbIX B MyHKTax 1-3, Ha COOTBETCTBYHOLLMX BO3MOXHbIX NepemeLL,eHMAX
NX TOYEK MPUNOXKEHUSA, U 3TY CYMMY NPUPABHATb HYAIO;

7) NOBTOPUTb NYHKTbI 5) 1 6) ANA KaXA0ro n3 He3aBUCUMbIX BO3MOXKHbIX MepeMeLLeHNI, COCTaBUTb CUCTEMY
YpaBHEHWUI PaBHOBECUS, YNCNO KOTOPbIX PaBHO YNCNY HE3ABUCUMbIX BO3SMOXKHbIX MEPEMELLEHUN, T. €. YNCAY
cTeneHen cBob6oabl CUCTEMBI;

8) pewnTb cuctemy ypaBHEHWUIA PaBHOBECUSA, ONPEAENINTb UCKOMbIE BE/IMYUHDI.



MpuMmeHeHne NPUHLMNA BO3MOXKHbIX NepemeLleHum

3agava l
MexaHn4ecKas cMctema CoCTouT U3 rpy30B 1, 4 u cTtyneHyatbix 6apabaHos 2 u 3. Tena cMctembl HAaXo4ATCA B
paBHOBECUM NOA AENCTBUEM CUN TAXKECTU FPY30B.

PeweHune
i ; YpaBHeHWEe paBHOBECUA CUCTEMbI MO NPUHLIUNY BO3SMOMKHbIX MEPEMELLEHNIA:
) CYyMMa 3/1eMeHMapHbIx pabom scex aKMueHbIX Cus Ha 1H060M 803MOMHOM
nepemeuw,eHuuU cucmemsl PasHA Hyto.
5, A, S SAY =0
S
CoobLwmm cucTeme BO3MOXKHOE NepemMeLLeHue.
__ |:{| Bbipa3um Bce nepemelleHma yepes 0's;
(cnctema c ogHoOM cTeneHbio cBob60AbI).
_ _ COOTHOLLEHUA MeXAY NepeMeLLEHUAMM:
YG, G,
0S =08
NcxoaHble aaHHbIE: oS, 08
Opp=——=—=

m;=m, r, r
R,=1,5r; ry=r; R3=2,5r; r;=1,25r Ss
§SK :§¢2 . R2 :—11,5r :1,5551
Hantu: maccy rpysa 4 m, s

osx 1565 —06ﬁ

5 == )
7R, T 28r r

OkoHuatenbHo: 05, =0,/56's,

5SSy =503 Ty =o,6§-1,25r:o,75531



MpuMmeHeHne NPUHLMNA BO3MOXKHbIX NepemeLleHum

3agava l
MexaHnyecKas cMctema CocTomT U3 rpy3oB 1,4 u cTyneH4aTbix 6apabaHoB 2 1 3. Tena cUCTeMbl HaXOAATCSA B

paBHOBECUM NOA AENCTBUEM CUN TAXKECTU FPY30B.
PeweHune

YpaBHeHWe paBHOBECUA CUCTEMbI MO NPUHLMMY BO3MOMKHbIX NepemeLL,eHU:
CYMMA 3/1eMeHMapHbIx pabom ecex AKMUBHbIX CUs HA 060M 803MOMCHOM

nepemew,eHuU cucmemel PABHA Hyo.
1) W .S S5 A <0
\“""--

Bbluncanm anemeHTapHyto paboTy aKTUBHbIX CU/1 HA BO3MOXHOM NepemMeLLeHNM
CUCTEMDI:

20N =g + A, =0

5AG1 — +Gl . &1
YG, G,
5AG4 =Gy - &8

Toraa ypaBHeHME MeToAa BO3MOMKHbIX
nepemeLL,eHnii NpumeT BUA,

NcxogHble gaHHble:
m;=m;
R,=1,5r; r,=r; Ry;=2,5r; r;=1,25r +Gy -5, -G-8, =0

[NoacTtaBUM COOTHOLWEHMA MeXAay
BO3MOHbIMW NepemeLLeHUAMM:

55420,75551

Hantu: maccy rpysa 4 m,

mlg '581—m4g 0,75551 :O

m, =0 —4/3m=1333m
0,75 OTBeT; m, =1,333m



MpuMmeHeHne NPUHLMNA BO3MOXKHbIX NepemeLleHum

3apaya 2
KpvBOLWMNHO-NON3YHHbIN MEXaHU3M HAaXOAMUTCA B PABHOBECUW MOA, AENCTBMEM CUbI CONPOTUBNEHNA P U

ypaBHOBeLLMBaloLEro MoMeHTa M. PelieHmne

. YpaBHeHME PaBHOBECUA CUCTEMbI MO MPUHLUMMY BO3MOMKHbIX
i NepemeLLeHnin: cymma 3nemeHmapHeix pabom ecex
! AKMUBHbIX Ccun Ha A6oM B03MOMHOM nepemeuweHuu
| cucmembl pasHa Hyso.

/Y > SA; =0

________ CoobLmm cncteme BO3MOXKHOE NepemeLLeHume.

I
' | ! —EEREY Pe o
.I"- I .I'.l 3 ,.-'- - :
| -
\\\ : .-'(J( z'/ :
\x -ff ! |
- . -:- . - f"l M |
I ! ||
! ! C
T T, AN W o
I' i 2 P'_-
NcxoaHble AaHHbIE: | 05, '\—'r;v'vi
\ I ;
) | s
Cuna P. =100H ; . : R
AB=r=1m; NS B
I
Hantu: momeHT M Bbiumncnmm 3/1IeMEHTapPHYIO pa60Ty dKTUBHbIX CU/1 Ha BO3SMOXXHOM NepemeLleHUN CUCTEMDI:
a — —
25Ak = oAy +5ApC =0
5APC = +PC . &C

Toraga YpaBHEHNE METOAA BO3SMOXKHbIX I'IEpEMELLI,eHMﬁ NMPUMET BUA:



MpuMmeHeHne NPUHLMNA BO3MOXKHbIX NepemeLleHum

3apaya 2
KpvBOLWMNHO-NON3YHHbIN MEXaHU3M HAaXOAMUTCA B PABHOBECUW MOA, AENCTBMEM CUbI CONPOTUBNEHNA P U
ypaBHOBeLlMBaKoLWero momeHta M.

2P PeweHwue
;f: YpaBHeHMe paBHOBECUA CUCTEMbI NO NPUHLMMAY BO3MOMKHbIX
sz’ I nepemelLeHnin: cymma 3nemeHmapHeix pabom ecex
L
Y 30| OKMUBHbIX Cun Ha A060M B03MOMHOM repemeweHuu
A
A | cucmemeol pasHa HyK:
s I _
‘ j/}rx ;. : —M‘5(01+Pc‘&c—o
o, £ I:
r‘\l /' o Bbipa3um Bce nepemelleHna Yepes 0@, (cuctema ¢ ogHoM
/’ ;’f o cTeneHbto cBoboabl)
£ .
s f’“'f B [pumeyaHue: BO3MOKHble NepemeLLeHNA NOAYMHAOTCA
£ |
S o TEM XK€ COOTHOLUEHMAM, YTO U CKOPOCTH
S )
# ! ! |
rx __" i | 538 J_ BP
f .r. I |
/! ; lI : 5SC 1CP
s — r ] |
| o o
. S T ] Touka P — MrHOBEHHbIN LLEHTP BpaLeHUA (MTHOBEHHbI M
-~ | J
- | v
. ! : LEHTP CKopocTeit)
// L | CP =2BC
|y o
) I
|
in
\ |

BP:CPu330%:CP~E—:BCJ§

CooTHOWeEHMA mexagy nepemeleHnammn:

I'-.‘\ i J__".I > 3 - 5SB :5¢1 . AB:5¢1 -r
\\\ : /;K 5(0 _5SB _ 5SB _5(01r
e " BP BC3 BC3
WUcxoaHble paHHble: cuna P =100H 5 J3
¢l * r 2 3
AB=r=1m: O0Sc=0¢, CP=—"—>—-2BC=——00¢,r
r=1m C %) BC3 3 ?1

Hantu: momeHT M



MpuMmeHeHne NPUHLMNA BO3MOXKHbIX NepemeLleHum

3apaya 2

KpvBOLWMNHO-NON3YHHbIN MEXaHU3M HAaXOAMUTCA B PABHOBECUW MOA, AENCTBMEM CUbI CONPOTUBNEHNA P U
ypaBHOBeLLMBatoLWero momeHTa M.

-~

- |

—— -

MCXO,EI,HbIe,EI,IaHHbIe: cuna P =100H

Hantu: momeHT M

s a
£ 30
o

AB=r=1m;

e e e e

PeweHune

YpaBHeHME PaBHOBECUA CUCTEMbI MO MPUHLUMMY BO3MOMKHbIX
NepemeLLeHnin: cymma 3nemeHmapHeix pabom ecex
AKMUBHbIX Ccun Ha A6oM B03MOMHOM nepemeuweHuu
cucmembl pasHa Hysko:

-M ‘5(01+Pc‘&c :0

CooTHOWeHMnA mexagy nepemeweHnammn:

23

OSe =———O0@ F
C 3 2

Torpa YpaBHEHNE METOAa BO3MOMKHbIX I'IGpEMGIJ.I,GHMVI
NMPUMET BUNA:

2:/3

M =P .§r:100H -1155-1m=1155H m

Otger: M =1155H m



AHANTUTUYECKAA MEXAHUKA

OBLUEE YPABHEHUE AUHAMUKHA
(npyHUKMN Janambepa-/larpaH:ka)

MPUHLMN BO3MOXKHbIX MepeMeLLeEHNIN gaeT 06LWwmMii meToa, pellenuna 3a4a4 cTatukn, C apyrom CTOPOHbI, MPUHLMUN
[anambepa no3BonseT NCNONb30BATb METOAbI CTAaTUKKN ANA peleHns 3a4a4 AMHamnkn. ChenoBatenbHO, NPUMEHAS

3TW ABa NPUHLUMMNA OAHOBPEMEHHO, Mbl MOXEM MOY4YNTb 0OLWMIN MeTOA, pelleHns 3a4a4 AMHAMUKN.

MpuHuun Adanambepa 014 cucmemsbl:

FE+R +F=0
ecnu 8 11060l MoMeHM 8peMeHU K Kauool U3 mo4veK cucmemebl Kpome Oelicmeayroujux Ha Hee 8HeWHUX U

8HYMPEHHUX CUs NPUCOeOUHUMb COOM8eemcmayroujue Cusbl UHepyuU, mo rnoay4yeHHasa cucmema cusa 6yoem
ypasHogseuweHHOL.

[IpUHYUN 803MOM(HbIX Nepemeuw,eHul :

Ana pasHoeecuA MexaHu4ecKol cucmemebl ¢ UOEasbHbIMU C8A3AMU HEOBXO0OUMO U docmamquo, umobbl cymma
s1ieMeHMAapHoix pa6om ecex deljcmeyfowux HG Hee dKmueHsbIX cun ripu 11060M 803MOHCHOM nepemeuweHuu
cucmemeol 6biaa pPasHa Hys1ro.

SSAL=0

MpuHuun Adanambepa — Jla2paHMa:

NpY ABUKEHUU MEXaHUUYECKON CUCTEMbI C MAEAIbHbIMU CBA3SIMM B KaXKAbl MOMEHT BPEMEHWN CYMMA
3/1IEMEHTaPHbIX PAabOT BCEX MPUNOMKEHHbIX aKTUBHbIX CUN MU BCEX CUN MHEPLUMM HA Nt0O6OM BO3MOXKHOM NepemMeLL,eHnn
CUCTEMbI ByAEeT paBHa HyAtO.
a u *
Z5Ak+25Ak—O (*)

(*) - obLlee ypaBHEHNE AUHAMUKHM




AHANTUTUYECKAA MEXAHUKA

OBLUEE YPABHEHUE AUHAMUKHA
(npyHUKMN Janambepa-/larpaH:ka)

I"Ile ABUXXEeHNU MEeXaHWUYEeCKON CUCTEMbI C naeajibHbIMU CBA3AMU B Ka)'KLI,be/‘I MOMEHT BpemMeHn cymma
/1IEeMEHTAaPHbIX pa60T BCEX MPUNOKEHHDbBIX aKTUBHbIX CUJ1 U BCEX CUN NMHEPUUNUN Ha Nto60oM BO3MOXKHOM nepemeweHnmn

cucTembl ByaeT paBHa Hyo.
> A+ > A =0

MopaaoK peLleHMa 33434 C MOMOLLbI 06LLEro YpaBHEHUA ANHAMUKM AN CUCTEMbI C OAHOW CTENEHbIO CBOBOAbI:

1. m306pa3nTb HA PUCYHKE aKTUBHbIE CU/Ibl U PeaKLMM HEMAEabHbIX CBSA3eN (Hanpumep, CUnbl TPEHUA);

2. cAenatb NPeAnofioXKeHMe 0 HanpaBAeHUN YCKOPEHUI TOYEK CUCTEMBI; BblPa3uTb BCE YCKOPEHMA Yepes
NCKOMOE;

3. HanpaBWUTb Ha PUCYHKE CU/Ibl UHEPLMM B CTOPOHbI, MPOTUBOMNO/IOXKHbIE BbIOPAHHbIM HaNPaBAEHUAM
COOTBETCTBYIOLLMNX YCKOPEHUN;

4. 3anucaTb anrebpanyeckne BeIMUYMHbBI FNABHbIX BEKTOPOB M [N1aBHbIX MOMEHTOB CUN MHEPLUMU;

5. 3a4aTb BO3MOXHOE NepemelleHne 04HOMN U3 TOYEK CUCTEMbI M BbIPa3nUTb BO3SMOXKHbIE NepeMeLLEHNA TOYEK
NPUNOMKEHNA BCEX CUA, BKOYAA CUIbl UHEPLMUM, YEpEe3 3TO BOSMOXKHOE NepemMeLleHme;

6. onpeaenvTb 3HaKN PaboT aKTUBHbIX CU U CUA UHEPLIMN B COOTBETCTBUMN C UX HaMNpPaBAEHUAMMU Ha PUCYHKeE U
BbIOpPaHHbIMM HaNpPaBAEHUAMMN BO3MOMXKHbIX NepemeLLEHNA TOYEK CUCTEMbI

7.  BbIYMCAUTb CYMMY PabOoT BCEX CU/, BKAKOYAS CUbI MHEPLIMW, HA BO3MOXHbIX NEPEMELLEHMAX TOYEK CUCTEMbI;

COCTaBUTb obLLee ypaBHEHWE ANHAMUKKN, MPUPABHSAB BbIYUCNEHHYIO CYMMY PaboT HyAto;

9. nocne CoKpalLleHMA NONYYEHHOro YpaBHEHUA HA 3aAaHHOE BO3MOXKHOE NepemMeLleHne onpeaenntb MCKomoe
YCKOPEHMUE;

10. ecnu HangeHHOe YCKOPEeHUE NONOXKUTENBHO, TO CAENAHHOE NPeanoN0XKeHNEe O HanpPaBAEeHUM YCKOPEHUI
NOATBEPKAAETCA, EC/IM OTPULATENBHO, TO YCKOPEHMA HanpaBAeHbl B APYryt CTOPOHY

=



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH

K uccnegoBsaHuUo ABUXEeHUA CUCTembl C uaeasibHbiMu CBA3AMU
3apava 1l

MexaHnyeckaa cnctema CoctomT n3 rpysos 1 u 5,
CTYNeH4aToro WwKmMea 2, HeBsecomoro 6,10Kka 3 1 KaTka 4
(cnnowHoM oaHopoAHbIN uMAnHAP). Tena cucremsl
coeaunHEHbl Apyr C APYroM HEPACTAXKUMbIMN HEBECOMbIMM
HUTAMMN.

Cnctema ABUXKeTCA B BEPTUKA/IbHOM NNOCKOCTM NMoA,
AEeNCcTBMEM CUN TAXKecTU. KaToK KaTuUTCcA No WepoxoBaTomn
HAK/JIOHHOW NN0CKOCTM 6€e3 NPOCKaAb3biBaHUA
Onpenenntb yCcKopeHUue rpy3a 1 n cuay HaTAXKEHUA HUTW.

M306pa3MM dKTUBHbIE CUbI:

NcxoaHble gaHHble:

m;=4m; m,=2m; m;=0; m,=m; ms=2m; m=1 Ke;
R,=3r; r,=1,5r; paduyc uHepyuu wKuU8ea i,=2r; r,=r;
KoaghpuyueHm mpeHus 2py3a 5 o HaAKAOHHYO !
naockocmes f=0,2;

NN

ot

Hantn:a,, T,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

a u _
Zé‘Ak T ZaAk =0 lpumeyaHue: byoem paccmaTpuBaTtb CUY TPEHUA, KaK aKTUBHYIO CUNY




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH

K nuccnenposaHuio AsuxXeHna cucrtembol C naeaJibHbiMmu CBA3AMMU

NcxoaHble gaHHble:

m;=4m; m,=2m; m;=0; m,=m; ms=2m; m=1 Ke;

R,=3r; r,=1,5r; paduyc uHepyuu wKuU8ea i,=2r; r,=r;

KoaghchuyueHm mpeHus 2py3a 5 0 HAKAOHHYIO
naockocmes f=0,2;

Hantn:a,, T,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

PeweHune

Bbibupaem HanpaBaeHue yckopeHus rpysa 1 - BHU3

CoomHoweHUsa mexoy YCKOpPeHUAMU:

ax =4,
T
_ak
g =—-=——
r, 15r

a
aizgz‘Rzz_l'Brzzal
1,5r
ay =a =23
T
o= ay :2a1:ﬂ
MB, 2r r
&
aC4=g4-C4P4:T-r:a1

a5 =dc, =9

)

a
&y =1

15r

a
(94 :_1

r
ac, =&
85 =8




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio aogsnixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

InasHble eKMopbI U 27108HbIE MOMEHMbI CUsA UHepyuu:

lpy3 1 coBepluaeT NOCTynaTe/NbHOE ABUKEHWNE

u —
@p =myay
LLIKkue 2 cosepluaeT BpaLlaTesibHOE ABUMKEHME
u
M; =J,¢,
MOMEHT MHepLUMK LLKMBA
J, =m,is =8mr?

Kamok 4 cosepluaeT naocKkonapanienbHoe ABUKeHUe
(C, — ueHTp macc, P, — MFHOBEHHbIW LEEHTP CKOPOCTEW)

u u
D, =Myac, , My =Jséy,

MOMEHT MHepLUNM KaTKa
) 1
McxoaHble aaHHbIE: Jy =Em4r42 :O,5mr2

m;=4m; m,=2m; m;=0; m,=m; ms=2m; m=1 Ke;

R,=3r; r,=1,5r; paduyc uHepyuu wKuU8ea i,=2r; r,=r;

KoaghpuyueHm mpeHus 2py3a 5 o HaAKAOHHYO D5 =Mmgag

naockocmes f=0,2; HanpasneHue 21a8HbIX BEKMOPOB U 2/108HbIX MOMEHM 08
UHepyuu npomusornosoHHO YCKOPEeHUAM

lpy3 5 coBepluaeT NocTynaTeNbHOe ABUKEHNE

Hantn:a,, T,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio aogsnixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

InasHeble 6EKMOpbI U 2/1ad8HbIE MOMEHMbI cua UHepyuu
c yyemom coomHoweHul Memdy Maccoeo-uHepUyuoHHbIMU

Xapakmepucmuxkamu:
DY =4may MY =8mris,
u _ u _ 2
&, =mag, M, =05mreg,,
@ =2mag

InasHbie sBeKMopbI U 27108HbIE MOMEHMbI Cu UHepyuu
C y4emom coomHouwieHUli Mexcoy yCKoOpeHUAMU:

@ =4may;
&y = 4 a
2= 15y MY =8mr® "L =5 33mra,
’ 15r
Ncxo : _a ) @' =ma
OHble JaHHble: &y = ; , = May
= ‘ = ‘ =0 =m: = ° = . — a
m;=4m; m,=2m; m;=0; m,=m; ms=2m; m 1 ke, ac, =& M :O,5mr2—1:0,5mra1
R,=3r; r,=1,5r; paduyc uHepyuu wKuU8ea i,=2r; r,=r; 2 —a r
KoaghghuyueHm mpeHus 2py3a 5 0 HaKAOHHYIO EE DY =2ma
5 = 1

naockocmes f=0,2;
HanpasneHue 21a8HbIX 8eKMOPOB U 2/108HbIX MOMEHMO8
Hantu:a, T, UHepUUU Mpomueornoa0oHHO YCKOPEHUSM

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

-;‘Ji.‘

NcxoaHble gaHHble:

m;=4m; m,=2m; m;=0; m,=m; ms=2m; m=1 Ke;

R,=3r; r,=1,5r; paduyc uHepyuu WKU8ea i,=2r; r,=r;

KoaghchuyueHm mpeHus 2py3a 5 0 HAKAOHHYIO
naockocmes f=0,2;

Hantn:a,, T,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

Cymma 1eMEeHMAPHbIX pa6om JdKMUBHbIX CUn Ha
BO3MOXXHOM nepemeLieHnn CUCTteMbl

2 =0, + g, + g, + e,

o A3 V3
A, =—G, - &, -sIN60 :—7m4g - OB¢, =—7mg - 08¢,
V3

§hg, =~Gs - &g +SiNBO" =~~~ mgg - &b = —/3mg - &
5A|: 5: mp5 &5— OSfmsg 535:—fmg &5

mp

Cuna TpeHUA CKoNbXKeHUA No 3aKoHy KynoHa paBHa:
Fups = -Ng=f-Gg-cos60° =05 fmsg

Cymma s3nemeHmMapHbIX pa6om GKMUBHbIX cun

‘ V3
> oA =-+4mg - &, —= ~mg - &, —/3mg - &5 — fmg - s



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

f“z Coobuwmm cucteme BO3MOXKHOE NepemMeLLeHme.
/ 3a He3aBUCKMMOE NepemelLleHne NPUHUMaEM JS,
L

CoomHouweHus Memdy nepemeweHuUamu:

& 08

-4 g =20k

15r ) 15r

:ﬁ q = 5Si 5(04 :ﬁ
r & =00 r

ac, =& 5SC4:531

&

€4

a =a, 0S5 =098

lIpumeyvaHue: coomHoweHus Mmexdy yCKOPEHUAMU U 803MOXCHbIMU
nepemew,eHUAMU NMOOYUHAMCA OOHUM U MmeM He KUHEMAMUYeCcKUM
COOMHOWEHUAM

NcxoaHble gaHHble: Cymma 3nemeHmMapHsIX pabom aKmMueHbIX cun :

m;=4m; m,=2m; m;=0; m,=m; ms=2m; m=1 Ke;
R,=3r; r,=1,5r; paduyc uHepyuu wKuU8ea i,=2r; r,=r;
KoaghpuyueHm mpeHus 2py3a 5 o HaAKAOHHYO
naockocmes f=0,2;

‘ V3
> SA¢ = +4mg &y~ -G - e, —/3mg - &5 — fmg- &

Cymma 3nemeHmMapHbIx pabom aKmueHbIxX cun
C YY4ETOM COOTHOLLEHUI MEX Y nepemeLL,eHUAMM:

Hantn: a, T, > A =+4mg - B, _ﬁmg - By —\/§mg -8, — fmg - 5,
Obuwee ypasHeHUe QUHAMUKU 011 . B 2
cucmembl € UOeanbHbIMU CBA3AMU: DN =14~ P V3-0.2 mg - &8, =1,202mg - &,

2R +20A =0 3 SA¢ =1,202mg - &5,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

-;‘Ji.‘

NcxoaHble gaHHble:

m;=4m; m,=2m; m;=0; m,=m; ms=2m; m=1 Ke;

R,=3r; r,=1,5r; paduyc uHepyuu WKU8ea i,=2r; r,=r;

KoaghchuyueHm mpeHus 2py3a 5 0 HAKAOHHYIO
naockocmes f=0,2;

Hantn:a,, T,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

Cymma anemeHmapHsix pabom cun uHepyuu
Ha BO3MOYXHOM NepemeLLEHNN CUCTEMDbI

:5A®f +§AM12, +5A@Z +§Aw, +5A@é,

2. A

@f

Ay =—M3 -5 @, =-533mra; -5,

@ =4may

M35 =533mra;

R =—@ 0S¢, =—M3y - 0S, e — @) =may

oA, =—My -5, =-05mra, -5 ¢, M4 =05mra;
4

5A®g =—@;5 - 0S5 =—2May - O Sg | @5 =2may

Cymma anemeHmapHsix pabom cun uHepyuu
C YY4ETOM COOTHOLLEHUI MeXKAY NepemMeLLeEHNAMMU:

oS
S, =—1+
%2 =15y

oS
Sy =—21L
Py -
5SC4:581
535:531

> AL = oA

®f+5N + O0A ”+5AM +5A

ey = —4M3y - 651 —5,33Mray -ﬁ—mal 08 —

15r

—0,5mra; -&—Zma1 ‘08

r

2

=(-4-3553-1-05-2)ma,-J's;

2.




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio aogsnixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

obuwee ypasHeHue OUHAMUKU NPUMET BUA,:

A, + g, +hg, + A +5A®f +5AW, +5A<DZ‘ +5AMZ‘ +5A<pg =0

> A =1,202mg - &, > A =-11053ma, - §'s;

1,202mg - &, —11,053may - 3, =0

1,202mg - &, —11,053may - 3, =0

[1,202g 11,0533, ]-m- &, =0

[1,202g -11,053a,]=0
McxoaHble AaHHbIE:
~1,202g

m,=4dm; m,=2m; m,=0; m,=m; m:=2m; m=1 Ke; =
1 2 3 4 5 1 11053

R,=3r; r,=1,5r; paduyc uHepyuu wKuU8ea i,=2r; r,=r;
KoaghpuyueHm mpeHus 2py3a 5 o HaAKAOHHYO
naockocmes f=0,2;

=0,10879 =1067 am/ c?

MpumeyaHue: NMonoxuntenbHoe 3HaYeHWe YCKOPEHWA FOBOPUT O TOM,

. 4YTO ero BblbGPaHHOE HanpaB/eHNe COOTBETCTBYET AeNCTBUTENBHOMY.
Hantn: a,, T, OTpULATENbHbI 3HAaK TOBOPUT O TOM, YTO YCKOPEHWUA HamnpaBaeHbl B
NPOTUBOMONIOXHYIO CTOPOHY. B C/lyuae oTpuMLaTeNbHOTO pesybTaTa,
Heo6X04MMO NMOMEHATbL HanpaB/eHWUE YCKOPEHUI CUCTEMbI U NepecumnTaTh
a/leMeHTapHble paboTbl 3aHOBO /11 HOBOFO HanpaBAeHUs.

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio aogsnixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

OnpeaeneHne CUbl HAaTAXKEHUA HUTU
no memoody KUHemocmamuku

YpasHeHue kuHemocmamuku

anarpysa 1.

NcxoaHble gaHHble:

m;=4m; m,=2m; m;=0; m,=m; ms=2m; m=1 Ke; T, =—@! + G, =—ma, + Mg
Ry=3I, 15=1,51; paouyc UHepyuU WKuea I=2r; I,=r; T,=4m(g—a;)=4-1xe-(9,81-1067)m/c* =34 972 H
Ko3ghuyueHm mpeHus 2py3a 5 o HaKA0HHYHO

naockocmes f=0,2;
MpumeyaHue: Cuna HaTAXKEHNA HUTU MOKET ObITb

Hantn: a, T, TO/IbKO MOJIOXKUTENBHOM

Oteet: a,=1067m/c?, T,=34972 H



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH

K uccnegoBsaHuUo ABUXEeHUA CUCTembl C uaeasibHbiMu CBA3AMU
3apava 2

MexaHnyeckaa cnctema CoctomT n3 rpysos 1 u 5,
HeBecomMoro 6,10Ka 2, CTyNeHYaToro WKMBa 3 1 NoABUMKHOIO
610Ka 4 (cnnoLwWHOM 0OAHOPOAHbLIN UMANHAP). Tena cuctemMsl
coeaunHEeHbl Apyr C APYroM HEPACTAXKUMbIMN HEBECOMbIMM
HUTAMMN.

Cnctema ABUXKETCA B BEPTUKA/IbHOM NNOCKOCTM Noj,
AEeNCTBMEM CUA TAXKecTW. NpoCcKanb3biBaHMA HUTU MO
NOBEPXHOCTM NOABUMKHOIO 6/10Ka HeT.

Onpenenntb yCcKOpeHUue rpy3a 1 n cuny HaTAXKEHUA HUTW.

M306pa3MN\ dKTUBHbIE CUJIbI:

McxogHble gaHHble: 4
m;=4m; m,=0; m;=2m; m,=m; ms=2m; m=1 Ke;

R,=3r; r;=2r; paduyc UHepyuU WKUEQ is=[3 I; r,=r;

KoagpgpuyueHm mpeHus 2py3a 1 o nnockocme f=0,2;

Hantn: a,, T, ' MpumeyaHue:

byaem paccmaTtpuBaTtb CUAY 0°
TPEeHUnA, KaK aKTUBHYIO CUNY

Obuwee ypasHeHuUe OUHAOMUKU 014
Hee yp SSAL+ SAY =0
cucmemeol € UuOeanbHbIMU CBA3AMU:




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH

K nuccnenposaHuio AsuxXeHna cucrtembol C naeaJibHbiMmu CBA3AMMU

.

McxogHble gaHHble:

m;=4m; m,=0; m;=2m; m,=m; ms=2m; m=1 Ke;
R,=3r; r;=2r; paduyc UHepyuU WKUEQ is=[3 I; r,=r;
KoagpgpuyueHm mpeHus 2py3a 1 o nnockocme f=0,2;

Hantn:a, T,

Obuwjee ypasHeHue OUHAMUKU 0nA
cucmembl € UOeanbHbIMU C8A3AMU:

SSAL T SA =0

PeweHune
Bbibpaem HanpaBneHue yCKopeHUa rpysa 1 - BHU3

CoomHoweHUsa mexoy YCKOpPeHUAMU:

ag =4,
ag a
gszr_zzz_ll, 33:%
ay =33-R3=%-3r=1,5a1 54:0,75%
aj =af, =153, ac, =0,/5a,

ac, =4 -CaP, =o,75%-r=o,75a1

as =ac, =0,/5a



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

InasHble eKMopbI U 27108HbIE MOMEHMbI CUsA UHepyuu:

Ipy3 1 cosepliaeT nocTynaTenbHoe ABUXKeHNe
u

Dy =myay

LlIkue 3 coBepliaeT BpawaTesibHOe ABMXKeHUe
u —
M3 = J3é3

MoOMEeHT nHepuun WKmnea 3

J3 =m,is =6mr?

Bn1oK 4 coBepliaeT NiocKkonapanienbHoe ABUMKEHNE
(C, — ueHTp macc, P, — MFHOBEHHbIW LEeHTP CKOPOCTEW)

u u

MoMeHT uHepumm baoka 4

J, = %mm2 —0,5mr?

lpy3 5 coBepluaeT NocTynaTeNbHOe ABUKEHNE

Dg =Mgag

McxogHble gaHHble:

m;=4m; m,=0; m;=2m; m,=m; ms=2m; m=1 Ke;
R,=3r; r;=2r; paduyc UHepYUU WKUEQ is= A[3 I; r,=r;
KoagpgpuyueHm mpeHus 2py3a 1 o nnockocme f=0,2;
Hantn:a, T,

HanpasneHue 21a8HbIX BEKMOPOB U 2/108HbIX MOMEHMO08
UHepuuu npomueorios1IoO*HO YCKOPEHUAM

Obuwjee ypasHeHue OUHAMUKU 0nA

SSAL+ SAY =0
cucmembli ¢ udeasnbHbIMU C8A3AMU:



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:
m;=4m; m,=0; m;=2m; m,=m; ms=2m; m=1 Ke;
R,=3r; r;=2r; paduyc UHepYUU WKUEQ is= A[3 I; r,=r;
KoagpgpuyueHm mpeHus 2py3a 1 o nnockocme f=0,2;
Hantn:a, T,

Obuwjee ypasHeHue OUHAMUKU 0nA
cucmembl € UOeanbHbIMU C8A3AMU:

SSAL T SA =0

InasHeble 6EKMOpbI U 2/1ad8HbIE MOMEHMbI cua UHepyuu
c yyemom coomHoweHul Memdy Maccoeo-uHepUyuoHHbIMU
Xapakmepucmuxkamu:

D¥ =4ma;, MY =6mreg,

@ =mac, My =05mr’,

InasHbie sBeKMopbI U 27108HbIE MOMEHMbI Cu UHepyuu
C y4emom coomHouwieHUli Mexcoy yCKoOpeHUAMU:

a, @ =4may;
2r M3 =6mr 2—:3mral
r
&

&y =0,75T ) @) =075ma,
a~- =075a M, :0,5mr20,75ﬁ:0,375mra1
e 1 -
a5 =0,/5a, @: =15ma,

HanpasneHue 21a8HbIX BEKMOPOB U 2/108HbIX MOMEHM 08
UHepuuu npomueorios1IoO*HO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsnixKeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

B,

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

Cymma anemeHmMapHbix pabom aKMueHbIX cus Ha
BO3MOXHOM NepemeLLEHNN CUCTEMDI

YA =g, + e+, + g,

A, =+G; - &, -sin60° :+§mlg -8 =+2~/3mg - &,

5A|: :_Fmpl'&l :—0,5 fmlg '&1 :—2 fmg '531

mpl

oA, =—Gy - B¢, =—MyQ-Bc, =—Mg - &,
0P, =G5 - 5 = —M5Q - g =—2Mg - Bs

Cuna TpeHUA CKoMIbXKeHWs No 3akoHy KynoHa paBHa:

Fmpl =f-Ny =T -Gl-COSGO0 =0,5fm,g

o Cymma 3nemeHmMapHoIX pabom aKmMueHbIX cun :
UcxogHble ,anHHble:
m;=4m; m,=0; m3=2m; m,=m; ms=2m; m=1ke; > oAl =+2+/3mg -5, —2fmg- s, —mg-Ssc, —2mg -5 S
R,=3r; r;=2r; paduyc UHepyuU WKUEQ is=[3 I; r,=r; *
KoagpgpuyueHm mpeHus 2py3a 1 o nnockocme f=0,2;

Hantn:a, T,

Obuwee ypasHeHuUe OUHAOMUKU 014
Hee yp SSAL+ SAY =0
cucmemeol € UuOeanbHbIMU CBA3AMU:



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

aip,

McxogHble gaHHble:

m;=4m; m,=0; m;=2m; m,=m; ms=2m; m=1 Ke;
R,=3r; r;=2r; paduyc UHepyuU WKUEQ is=[3 I; r,=r;
KoagpgpuyueHm mpeHus 2py3a 1 o nnockocme f=0,2;
Hantn:a, T,

Obuwee ypasHeHuUe OUHAOMUKU 014
Hee yp SSAL+ SAY =0
cucmemeol € UuOeanbHbIMU CBA3AMU:

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

CoomHouweHus Memdy nepemeweHuUamu:

Qy 08y
Eq9=— Op;=05—=
37 o ) P3 r
54:0,75ﬂ 8 =0, 5404:0,75&

! & = 0 @; .
ac, =0,/53 6sc, =0,/56s,
a5 :0,75a1 555 20,75551

lIpumeyvaHue: coomHoweHus Mmexdy yCKOPEHUAMU U 803MOXCHbIMU
nepemew,eHUAMU NMOOYUHAMCA OOHUM U MmeM He KUHEMAMUYeCcKUM
COOMHOWEHUAM

CyMMa 71eMeHMApHbIX pa60m AdKMUBHbIX cun .
> oA =+2./3mg - 55 —2fmg- 5, —mg - 5sc, —2Mg - 5'ss

Cymma anemeHmapHsix pabom aKMueHbIX cun
C Y4ETOM COOTHOLLEHUI MeXKAY NepemMeLLeHNAMMU:

S AL =+24/3mg- 55, —2fmg- 55, —075mg -5, —1,5mg - 5's,
=0814mg-o's;

> oA =0,814mg - &,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH

K nccnenosaHuo AsuxKeHna cuctembol C naeaibHbiMmu CBA3AMMU

B,

Cymma anemeHmapHsix pabom cun uHepyuu
Ha BO3MOYXHOM NepemeLLEHNN CUCTEMDbI

> A = Py T O TPy TR A,

—

5A(DZ :—@4 '&C4 :—0,75ma1 ‘&C4_ ) @Zl :0’75ma1
A, =—M - 5p, =-0375mra, - 5p, M2 =0,375mra,
4

-

Cymma anemeHmapHsix pabom cun uHepyuu
C YY4ETOM COOTHOLLEHUI MeXKAY NepeMeLLEHUAMMU:

> oA :5A<Pi‘ +5A|v|g +5A<DZ’ +5AMZ‘ +5A@g =

5" / _ _4ma, - &, —3mra; -05 L —075ma, -0750%, -
NcxodHble AaHHble: 5 r
m1=4m; m2=0,- m3=2m; m,=m; m5=2m; m=1 Ke, 5(03 = O,ST]' _0’375ma1 0’7\1:)@ _ 1’5ma1 0,75531
R,=3r; r;=2r; paduyc UHepyuU WKUEQ is=[3 I; r,=r; r

KoagpgpuyueHm mpeHus 2py3a 1 o nnockocme f=0,2; Spy =0 75&
Havtn:a, T, r
5SC4 = 0,755 Sl

555 =0755s, 20N =-TAB9ma; -5’5,

> oA =(-4-15-0563-0,281-1,125)ma, - &,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

obuwee ypasHeHue OUHAMUKU NPUMET BUA,:

20N+ oA =0
5%1 + OAc " +5AG4 +5AG5 +5A(pu +5AM§’ +5A@u +5AW +5A(pu =0
m 1 4 4 5

> oA =0,814mg - &; D> oA =-T7469ma, -5,

[0814.9-7,469-a,]m-55s, =0
MpupaBHAEM HYIO BblpaXKeHWE B KBaApPaTHbIX CKOOKax:
[0814-9-7469-a,]=0

a - 0814-¢g
1™ 7469

=0,1090g = 1,069/ c?

MpumeyaHue: MNoNoKNTENbHOE 3HAYEHME YCKOPEHWNS TOBOPUT O TOM, YTO ero BblIbpaHHOE HanpaB/ieHWe COOTBETCTBYET
AenctuTenbHoMy. OTpULaTeNbHbIN 3HAK FOBOPUT O TOM, YTO YCKOPEHUS HanpasaeHbl B NPOTUBOMO/OXHYIO CTOPOHY. B
CnlyyYae oTpULATENbHOrO pesysibTaTa, HE0H6XOANMMO NOMEHSATL HanpPaB/eHME YCKOPEHWNI CUCTEMbBI U NepecymTaTb
a/1eMeHTapHble paboTbl 3aHOBO A/1A HOBOrO HanpaB/ieHMA.



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

Onpep,eneHme CUNbl HATAXXEHUA HUTU
no Memody KuHemocmamuku

YpaeHeHue kuHemocmamuku ana rpysa 1:

ZFKX:O = T1+@f—Gls|n6oo+Fmp1:O

Tl S _¢f +G1 Sin600 -

T, =4m[g(\/j—0,2-O,SJ—a1j=4~17<e-(9,81-0,766 ~1069)m/ ¢ =

Fopt =—May + Mg sin60° —m, g - f cos60”

McxogHble gaHHble:

m,=4m; m,=0; m;=2m; m,=m; ms=2m; m=1 Kkz; =25/81H
Rs=3r; ry=2r; paduyc UHepyuU WKUEA is=/3 I; r,=r; MpumeyaHue: CNa HaTAKEHUA HATU MOXKET BbITb
KoagpuyueHm mpeHus epy3a 1 o nnockocms f=0,2; TO/IbKO NONOMKUTENBHOM

Hantn:a, T,

Obwee ypasHeHUe QUHAMUKU 015 SSAY+ Y S5AY =0 O a, =1069.x/ ¢, T, =2578L H
cucmembol ¢ UGEanbHbLIMU CBA3AMU: k k



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r

Hantun: a,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

3apava l

MexaHuyeckaa cuctema COCTOMT M3 KaTKka 1 (cnaowHow
OAHOPOAHbLIA UMAMHAP), Tpy3a 3, 6aoka 2 (macca
paBHOMEpPHO pacnpegeneHa no oboay). Tena cuctembl
CoOeAMHEHbl ApPYyr C APYrom HepacTAXMMONA HEeBecomMom
HUTbIO.

Moa A[AencTBMEM CUN  TAXKECTM MEexaHMYecKaa Ccuctema
NPUXOAUT B ABUMKEHUE M3 COCTOAHMUA MOKOA. KaTOK KaTuTcs
no LLIepOoXoBaToOM HaKNOHHOM NJOCKOCTHU 6es
NPOCKa/b3blBaHUA

Onpepenuntb yCKOpeHUe KaTKa 1

M306pa3MM dKTUBHbIE CUNbI:




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r

Hantun: a,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

PeweHune

Bbibnpaem HanpaBaeHWe YCKOPEHMA LLEHTPA Macc KaTka 1 —
BHM3 BAO/Ib HAKIOHHOM MIOCKOCTH

CoomHoweHUsa Mmexoy YCKOpeHUAMU:

Ac, =&
aC]_ acl al aC].:al
gl:—:—_
GPL n 1 glzﬁ
a |t r
aE=6‘1P1L=—12I’=2a1 a
1
r &, =125—
T T r
3 = <4d;
T
gy =K _ 281 1958
R, 16r r
a; =ag =23,



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r

Hantun: a,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

InasHble eKMopbI U 27108HbIE MOMEHMbI CUsA UHepyuu:

Kamok 1 cosepluaeT naocKkonapanienbHoe ABuKeHue
(C, — ueHTp macc, P; — MTHOBEHHbI LLeHTP CKOpOCTel)

u u
Dp =Myac, My =Ji6
MOMEHT MHEpPLMM KaTKa
1
J ==myr? =6mr?
2
B/10K 2 cOBEpLUAET BpaLLaTeNbHOE ABUKEHME
u
M; =Jyé;
MOMEHT MHepLMK 610Ka
J, =m,RZ =m(16r)* = 2,56mr>
Ipy3 3 coBepLUAET NOCTyNaTeNbHOE ABUKEHME
D3 =mgag

HanpaeneHue 21a8HbIX 8EKMOPO8 U 2/108HbIX MOMEHMO8

UHepuuu npomueorios1IOXHO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r

Hantun: a,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

InasHeble 6EKMOpbI U 2/1ad8HbIE MOMEHMbI cua UHepyuu
c yyemom coomHoweHul Memdy Maccoeo-uHepUyuoHHbIMU
Xapakmepucmuxkamu:

@f =12ma;,  Mj =6mr’s
DY =2may MY =256mrs,

InasHbie sBeKMopbI U 27108HbIE MOMEHMbI Cu UHepyuu
C y4emom coomHouwieHUli Mexcoy yCKoOpeHUAMU:

Py @ =12ma,
1
Y M{‘:er2%=6mra1
=
"
a (D:L;: :4ma1
¢, =125%
MY =256mr?125% = 3 2mra,
a.3 = 2a1 r

HanpasneHue 21a8HbIX BEKMOPOB U 2/108HbIX MOMEHM 08
UHepuuu npomueorios1IoO*HO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

v 5;‘
McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r

Hantun: a,

Obuwee ypasHeHUe QUHAMUKU 011

cucmemeol € UOeasnbHbIMU CBA3AMU:

SSAL T SAL =0

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

Cymma 1eMEeHMAPHbIX pa6om JdKMUBHbIX CUn Ha
BO3MOXXHOM nepemeLieHnn CUCTteMbl

2. =g, + A,
g, =+Gy - &, -sin30° =+0,5m, g - &, =+6mg - &,
OAg, =—G3 - By =—M3Q - B3 =—-2mg - 53

Cymma anemeHMapHbIX pabom aKmMueHbIxX cun :



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

S,

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r

Hantun: a,

Obuwee ypasHeHUe QUHAMUKU 011

cucmemeol € UOeasnbHbIMU CBA3AMU:

SSAL T SAL =0

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

CoomHouweHus Memdy nepemeweHuUamu:

acl = al 5SC1 - 551
& :ﬁ S0, = &1
1 r q = 5Si P = T
a :
&y = 1,2571 & — 5% 5@2 — l’zsﬁ
r
ag =28 Sy = 255,

lIpumeyvaHue: coomHoweHus Mmexdy yCKOPEHUAMU U 803MOXCHbIMU
nepemew,eHUAMU NMOOYUHAMCA OOHUM U MmeM He KUHEMAMUYeCcKUM
COOMHOWEHUAM

Cymma 3nemeHmMapHsIX pabom aKmMueHbIX cun :

> A =+6mg - &, —2mg - &,

Cymma 3nemeHmMapHbIx pabom aKmueHbIxX cun
C YY4ETOM COOTHOLLEHUI MEXAY nepemeLL,eHUAMM:

> A =+6mg-s, —4mg-s; =+2mg- S

> A =2mg - &,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

S,

v 5;‘
McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r

Hantun: a,

Obuwee ypasHeHUe QUHAMUKU 011

cucmemeol € UOeasnbHbIMU CBA3AMU:

SSAL T SAL =0

Cymma anemeHmapHsix pabom cun uHepyuu
Ha BO3MOYXHOM NepemeLLEHNN CUCTEMDbI

> oA = P+ Py +OA TR,

5By ==} &, =—12may -k,

5A(p,34 :—@g '&3 :—4ma1 ‘583

—

@) =12may
M; =6mra;
M; =32mra;

Cymma anemeHmapHsix pabom cun uHepyuu
C YY4ETOM COOTHOLLEHUI MeXKAY NepemMeLLeEHNAMMU:

Fe, =By D oA :5A®f +§Arv|f +5AM,2, +5A@§, =
Sy :ﬁ :—12ma1-5sl—6mral-ﬁ—
r =) r
5p, =1253L —3,2mra1-1,25§—4ma1-25sl -
r
5 = 285, =(-12-6-4-8)ma, - &, =-30ma, - &,

> oA =-30ma; -5's,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

S,

obuwee ypasHeHue OUHAMUKU NPUMET BUA,:

O, + M, + Oy + A+, + A, =0

D> oA =2mg - &, > A =-30ma, -Ss;

2mg -5, —30ma; -6s; =0

[2g —30a;]- m- &, =0

v o, [2g —30a,]=0
McxogHble gaHHble:

m;=12m; m,=m; m;=2m; a; = 29 =00679 =054 m/c?
R,=1,6r; r;=r

Hantun: a, OTBeT: 2] =0,654 m/ C2

lMpumeyaHue: MonosxkntenbHoe 3HaYeHUe YCKOPEHNA FOBOPUT O TOM,

YTO ero BbI6paHHOE HanpaB/ieHWe COOTBETCTBYET AENCTBUTEIbHOMY.

OTpuuaTenbHblii 3HaK TOBOPUT O TOM, YTO YCKOPEHWUA HamnpaB/ieHbl B
O6uwee ypasHeHue UHAMUKU dns NPOTUBOMO/IOXKHYIO CTOPOHY. B c/lydae oTpuLaTeNbHOro pesybTaTa,
HeobXxoANMMO MOMEHATb HaMNpPaB/leHNE YCKOPEHWUI CUCTEMBI U NepecymTaThb

cucmemesl € udeasbHbIMU C8A3AMU:
afieMeHTapHble paboTbl 3aHOBO A/19 HOBOTO HaMpPaB/eHUs.

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

NcxogHble faHHble:

m;=8m; m,=2m; ms=m; m,=2m;

R,=2r; iy=r\[2 ; ry=r; KoaghpuyueHm mpeHus
epy3a 1 0 HaKAOHHYo naockocme f=0,1;
Hantu: g,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0

3apava 2

MexaHunyeckana cuctema coctouT 3 rpy3os 1 un 4, 6apabaHa
2, n nogBuXHoro 6n0Ka 3 (Macca paBHOMepPHO
pacnpeaeneHa no oboay). Tena cucremol COeANHEHbBI APYT C
OPYroM HepacTAXMMON HEBECOMOW HUTDLIO.

Moa AeNCTBMEM CUA TAMXKECTM MEXAHMYECKAA CUCTEMA
NPUXOANT B ABUXKEHME U3 COCTOAHMA MNOKOA.
MpOCcKanb3bIBaHMA HUTU NO NOBEPXHOCTU NOABUMKHOIO
610Ka HeT.

Onpepenntb ycKopeHue rpysa 1

4 byaem paccmaTtpumaTb CUIY TPEHUA,
KaK aKTUBHYIO CuUay

[] lpumeyaHue:

v G,



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

NcxoaHble gaHHble:

m;=8m; m,=2m; ms=m; m,=2m;

R,=2r; i,=r\[2 ; rs=r; KoOagppuyueHm mpeHus
epy3a 1 0 HaKAOHHYo naockocme f=0,1;
Hantu: g,

Obuwee ypasHeHUe QUHAMUKU 011
cucmemeol € UOeanbHbIMU C8A3AMU:

SSAL Y SAL =0

PeweHune

Bbibnpaem HanpaBaeHWe YCKOPEHMA LLEHTPA Macc KaTka 1 —
BHM3 BAO/Ib HAKIOHHOM MIOCKOCTH

CoomHoweHUsa Mmexoy YCKOpeHUAMU:

T
dg = a4

T Er = al
& _ak 27 or
R, 2r ay
r 1 ) (€37
a, =ag = 2r
r ac, =0,5a
_8 8y Cs !
7 =05
LR, 2r 84 =V,08

aCS = 83C3P3 :% r =0,58.1

a.4 = aC3 = 0,5&1



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

NcxogHble faHHble:

m;=8m; m,=2m; ms;=m; m,=2m;

R,=2r; i,=r\[2 ; ry=r; KOagpgpuyueHm mpeHus
epy3a 1 0 HaKA0HHYO naocKkocme f=0,1;
Hantu: g,

InasHble eKMopbI U 27108HbIE MOMEHMbI CUsA UHepyuu:

lpy3 1 coBepluaeT NOCTynaTe/NbHOE ABUKEHWNE

D =may
bapabaH 2 coBepluaeT BpallaTe/ibHOE ABUKEHNE

Mj; =38,
MomeHT nHepunm bapabaHa

J, =m,iZ =4mr?
Bnok 3 coBepluaeT naocKkonapanienbHoe ABUKEHNE
(C3 — ueHTp macc, P;— MFHOBEHHbIN LieHTP CKOpOCTeN)
D3 =mgac, M3 =Js&,
MomeHT nHepumn 610Ka
Jg =mgrf =mr?
lpy3 4 coBepluaeT NocTynaTeNbHOe ABUXKEHNE
@) =mua,

HanpasneHue 21a8Hb6IX BEKMOPOB U 2/108HbIX MOMEHMO8
UHepuuu npomusorios1IoOXHO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

NcxogHble faHHble:

m;=8m; m,=2m; ms;=m; m,=2m;

R,=2r; i,=r\[2 ; ry=r; KoOagpgpuyueHm mpeHus
epy3a 1 0 HaKA0HHYO naocKkocme f=0,1;
Hantu: g,

InasHeble 6EKMOpbI U 2/1ad8HbIE MOMEHMbI cua UHepyuu
c yyemom coomHoweHul Memdy Maccoeo-uHepUyuoHHbIMU
Xapakmepucmuxkamu:

D} =8ma, M3 =4mr’e,
u —
P3 = Ma, MY =mrle,

InasHbie sBeKMopbI U 27108HbIE MOMEHMbI Cu UHepyuu
C y4emom coomHouwieHUli Mexcoy yCKoOpeHUAMU:

o @) =8ma,
, =L

2 MY =4mr2 & 2mra,
. _ 2r
S or > @3 =0,5may

=0,5a
Ac, 1 MY :mrzﬁ:O,Smra1
a4 :O,Sal r

@, =mayy,

HanpasneHue 21a8HbIX BEKMOPOB U 2/108HbIX MOMEHM 08
UHepuuu npomueorios1IoO*HO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunieHmna cuctembl C uaeaibHbiMmum CBA3AMMU

o,

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

Cymma 1eMEeHMAPHbIX pa6om JdKMUBHbIX CUn Ha
BO3MOXXHOM nepemeLieHnn CUCTteMbl

SO =g, +Ohe  + g, + A,

OAg, =+G; - &, -sin30° =+0,5m, g - &, = +4mg - &,

AF :_Fmpl.&lz_g fmlg&1:_4\/§fmg&l

mpl

OA, =—G3 - B, =—-M3Q - I, =—mg- &,
OAg, =—G4 - Iy =-MyQ -8y =—2mg - &,

Cuna TpeHus CKoNbKeHus no 3akoHy KynoHa paBHa:

G. 73
o V3
Fop, = Ny = G, c0s30 = fm,g

UcxoaHble AaHHbIE: CyMMa 1eMeHMAapHbIxX pc160m GKMUBHbIX cun .

m;=8m; m,=2m; ms;=m; m,=2m;

R,=2r; i,=r\[2 ; ry=r; KoOagpgpuyueHm mpeHus
epy3a 1 0 HaKA0HHYO naocKkocme f=0,1;
Hantu: g,

> oA =+4mg - &, — 43 fmg- & —mg - B¢, —2mg - B,



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

o,

NcxogHble faHHble:

m;=8m; m,=2m; ms;=m; m,=2m;

R,=2r; i,=r\[2 ; ry=r; KoOagpgpuyueHm mpeHus
epy3a 1 0 HaKA0HHYO naocKkocme f=0,1;
Hantu: g,

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

CoomHouweHus Memdy nepemeweHuUamu:

_ al O _ 581
& “or ) ) ~or
a=0S
= o | | 593 -5
2r & :>5(0| 2r
ac3 =0,58.1 &C‘? :0,5&1
a.4 :O,Sal &4 20,5&1

lIpumeyvaHue: coomHoweHus Mmexdy yCKOPEHUAMU U 803MOXCHbIMU
nepemew,eHUAMU NMOOYUHAMCA OOHUM U MmeM He KUHEMAMUYeCcKUM
COOMHOWEHUAM

Cymma 3nnemeHMapHoix pabom aKmueHbIxX cun :
> oA =+4mg - &, —4~/3fmg- & —mg - &, —2mg - &,

Cymma 3nemeHmMapHoIx pabom aKkmueHbIX cun
C Y4ETOM COOTHOLIEHUIM MEXAY NePEMELLEHNAMMU:

> 6AF = +4mg - &, —4~/3fmg - &, —0,5mg - &, —mg - 5,

S oA =(+4-043-05-1)mg - &%, =
=1,807/mg -5,

3 SAC =1,807mg - %,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunieHmna cuctembl C uaeaibHbiMmum CBA3AMMU

o,

Cymma anemeHmapHsix pabom cun uHepyuu
Ha BO3MOYXHOM NepemeLLEHNN CUCTEMDbI

> oA :5A¢f +5AM5, +5A®§, +6AM§ +5Aq>g

—

5A(D{, =—@| - % =-8ma; - &, @' =8may
5AM“ :_Mg .5¢2 :_Zmral .5¢2 Mg = 2mra1
2

5A@§, =—@j3 - &, =—05may - &, e — D3 =0,5may

5AWVI§‘ =—Mj - 63 =—0,5mra; - 65 MY =05mra

—_— — u. _— — .
5A@Z‘_ Dy - By =—May -5, @ = ma

—

Cymma anemeHmapHsix pabom cun uHepyuu
C YY4ETOM COOTHOLLEHUI MeXKAY NepemMeLLeEHNAMMU:

G Sy = &5, D OB = O +OAy TR O R, =
_ 2 =50
® ;r —8ma1-531—2mra1-ﬁ—0,5ma1-0,5551—
5¢3 =1 =) 2r
McxomHble AaHHble: 2r —O,Smral-ﬁ—mal-O,S&lz
m,=8m; m,=2m; m;=m; m,=2m; ¢, =058 2r
R,=2r; i,=r\[2 ; ry=r; KoOagpgpuyueHm mpeHus &, =058, =(-8-1-0,25-0,25—-055)ma, - &; =—10ma, - &,

epy3a 1 0 HaKA0HHYO naocKkocme f=0,1;
Hantu: g, Z5A1? =-10ma, - 5's;




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunieHmna cuctembl C uaeaibHbiMmum CBA3AMMU

o,

u 3 —
2 G,
8s,
4
G.
.

NcxogHble faHHble:

m;=8m; m,=2m; ms;=m; m,=2m;

R,=2r; i,=r\[2 ; ry=r; KoOagpgpuyueHm mpeHus
epy3a 1 0 HaKA0HHYO naocKkocme f=0,1;
Hantu: g,

obwee ypasHeHUe OUHAMUKU NPUMET BUA,:
D A+ A =0
A, +5A,:mp1 +0Ag, + A, +5A<Di‘ + §AM§, + 5A@§, +5AM§‘ + 5Aq)£, =0

> A =1807mg - &%, > A =-10ma, -5's;

[1807g —10a,]-m-&%, =0

[1,807g —10a,]=0

=0,18079 =1773 m/ c?

1807¢
4=

OTBeT: a;=1773m/ c?

lMpumeyaHue: MonosxkntenbHoe 3HaYeHUe YCKOPEHNA FOBOPUT O TOM,
YTO ero BbI6paHHOE HanpaB/ieHWe COOTBETCTBYET AENCTBUTEIbHOMY.
OTpuuaTenbHblii 3HaK TOBOPUT O TOM, YTO YCKOPEHWUA HamnpaB/ieHbl B
NPOTUBOMO/IOXKHYIO CTOPOHY. B c/lydae oTpuLaTeNbHOro pesybTaTa,
HeobXxoANMMO MOMEHATb HaMNpPaB/leHNE YCKOPEHWUI CUCTEMBI U NepecymTaThb
afieMeHTapHble paboTbl 3aHOBO A1 HOBOTO HaMpaBAEHWUA.



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

3apava 3

MexaHu4yeckan cuctema coctouT u3 rpy3os 1, 3 u 6apabaHa 2.
Tena cuctembl coeguHeHbl 4pyr C A4PYrOM HEepPACTAXKUMbIMMU

&

Mopa, AGVICTBMGN\ CUN TAXKECTU MEXaHUYECKAA CUCTEMA

~— NPUXOANT B ABUMKEHUE U3 COCTOAHMA NOKOA.
1
|E| OnpenenuTb ycKopeHue rpysa 1
o|3
N306pasnm aKTUBHbBIE CUJIbI:

NcxoaHble gaHHble:

m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i2=r\/§ —~

Hantu: g,

ol

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU: &

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

PeweHune

Bbibnpaem HanpaBaeHWe YCKOPEHMA LLEHTPA Macc KaTka 1 —
BHM3 BAO/Ib HAKIOHHOM MIOCKOCTH

CoomHoweHUsa Mmexoy YCKOpeHUAMU:

ag =,
ap a a
R, 2r |t 2r
a az =05a
al =&,r, =—Lr =053 3 L

G, v, 2r
a;=a; =05a,

NcxoaHble gaHHble:

m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i2=r\/§

Hantu: g,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

M,
N «\ InasHble BeKMopbl U 216HbIE MOMEHMbI CUM UHepyuu:
z. .
- Ipy3 1 coBepluaeT NOCTynaTeNbHOE ABUXKEHME
u —
\ X Dp =may
y BbapabaH 2 cosepluaeT BpaLLaTenbHOE ABUKEHMUE
v ﬁ: Mg =J 2&9
r G * 5,"
: MomeHT nHepunm bapabaHa
1
J, =m,is =6mr?
- Ipy3 3 coBepluaeT NOCTynaTeNbHOE ABUXKEHME
G,
; v
Y G, v D3 =Myas
o HanpasneHue 21a8HbIX 8eKMOPOB8 U 2/108HbIX MOMEHMO8
3
A UHepyuu npomugornosonHO YCKOPEeHUAM

NcxoaHble gaHHble:

m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i2=r\/§

Hantu: g,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

-
-
@l

w

v,

uﬁl

NcxoaHble gaHHble:

m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i2=r\/§

Hantu: g,

Obuwee ypasHeHUe QUHAMUKU 011

cucmemeol € UOeasnbHbIMU CBA3AMU:

SSAL T SAL =0

InasHeble 6EKMOpbI U 2/1ad8HbIE MOMEHMbI cua UHepyuu
c yyemom coomHoweHul Memdy Maccoeo-uHepUyuoHHbIMU
Xapakmepucmuxkamu:

2
@) =4ma, Mj; =6mr-e,
@g :ma3

InasHbie sBeKMopbI U 27108HbIE MOMEHMbI Cu UHepyuu
C y4emom coomHouwieHUli Mexcoy yCKoOpeHUAMU:

g, =L MY =6mr2 % = 3mra,
2r ) r

HanpasneHue 21a8HbIX BEKMOPOB U 2/108HbIX MOMEHM 08
UHepuuu npomueorios1IoO*HO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

By

NcxoaHble gaHHble:

m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i2=r\/§

Hantu: g,

Obuwee ypasHeHUe QUHAMUKU 011

cucmemeol € UOeasnbHbIMU CBA3AMU:

SSAL T SAL =0

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

Cymma 1eMEeHMAPHbIX pa6om JdKMUBHbIX CUn Ha
BO3MOXXHOM nepemeLieHnn CUCTteMbl

2. A = A, + A,

A, =+Gy - By =+m g - =+4mg - B,
OAg, =—G3 - B3 =—M3Q - d3 = —Mg - B3

Cymma anemeHMapHbIX pabom aKmMueHbIxX cun :

> OAC =+4mg - & —mg - B



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

By

NcxoaHble gaHHble:

m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i2=r\/§

Hantu: g,

Obuwee ypasHeHUe QUHAMUKU 011

cucmemeol € UOeasnbHbIMU CBA3AMU:

SSAL T SAL =0

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

CoomHouweHus Memdy nepemeweHuUamu:

al 5(0 :ﬁ
EZZE ) 2= 5
& = 0 @;

lIpumeyvaHue: coomHoweHus Mmexdy yCKOPEHUAMU U 803MOXCHbIMU
nepemew,eHUAMU NMOOYUHAMCA OOHUM U MmeM He KUHEMAMUYeCcKUM
COOMHOWEHUAM

Cymma 3nemeHmMapHsIX pabom aKmMueHbIX cun :

> OAF =+4mg - & —mg - B3

Cymma 3nemeHmMapHbIx pabom aKmueHbIxX cun
C YY4ETOM COOTHOLLEHUI MEXAY nepemeLL,eHUAMM:

> A =+4mg - &, —mg -0,58%; =35mg - &,

> OA¢ =35mg - &,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

u Gip
M, i Cymma snemeHmapHsix pabom cun uHepyuu
Ha BOSMOXXHOM nepemeLleHnmn CMCtemol

N =GR A+ A,

u @) =4ma
5A(p1u = —®1 . &1 = —4ma1 . &1 1 1

5AM£, =-Mj - Sp, =-3mra, - dp, e~ M/ =3mrag,

5AM§¢ =-M3 693 =-0,5mra, - 5o, @4 =05ma,

—

Cymma anemeHmapHsix pabom cun uHepyuu
C Y4ETOM COOTHOLLEHUI MEXKAY NepemMeLLEHNAMMU:

SN = O, + O, + A, =

Y

NcxoaHble gaHHble:

m;=4m; m,=2m; ms=m;

R,=2r; ry=r; i2=r\/§ S = ﬁ
Hai 2 2r ) —4ma, - &%, —3mra, % —0,5ma; -0,58%,; =
anTtun: a,; 5. =058 r
SRt =(-4-15-0,25)ma, - &, =—575ma, - &,

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0

> A =-575ma,-Ss;




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

M.: oz
2 - obwee ypasHeHue OUHAMUKU NPUMET BUA,:

OAg, +OAg, +5A@1, +5AM5, +5Aq>g =0

> oA =35mg - &, 2N =-575ma, -5’5,

35mg -5 —5,/5ma; -6, =0

[359-575a,]-m- &, =0

= 359 -575a,]=0

Y EJ ¥ h‘klj
E u
v 350 2
= =06099=5974 m/c
NcxoaHble gaHHble: 575
m,;=4m; m,=2m; m;=m; OTBeT: a;,=5974m/ c?
R,=2r; ry=r; i2=r\/§
o I'lpumetlaHue: MonoxmntenbHoe 3HayeHme YCKOPEHUA TOBOPUT O TOM,
Hantu: g,

YTO ero BbibpaHHOE HanpaB/eHMEe COOTBETCTBYET AENCTBUTEIbHOMY.
OTpuuaTeNbHbI 3HaK TOBOPUT O TOM, YTO YCKOPEHUA HanpaB/eHbl B
NPOTUBOMO/IOXKHYIO CTOPOHY. B c/lydae oTpuLaTeNbHOro pesybTaTa,
HeobXxoAMMO NOMEHATb HanpaBAeHUEe YCKOPEHUI CUCTEMBI U NepecuuTaTb
afieMeHTapHble paboTbl 3aHOBO A1 HOBOTO HaMpaBAEHWUA.

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL T SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

3apa4va 4
+ m-‘ . MexaHnyeckaa cmctema coctouT n3 rpysos 1 n 4, katka 3
a o i (cnnowHom ogHOPOAHDBIN UMAMHAP) N HeBecomoro H6a10Ka 2.
Tena cnctembl cCoeguHEHbI APYT C A4PYTOM HEPACTAXKMMOM

p HEBEeCOMOM HUTbIO.
MNopa, ,CI,EI‘;ICTBMEM CUN TAXKECTU MeEXaHUYECKaAA CUCTEMA
npunxoaut B ABUXXeEHUE N3 COCTOAHUNA NMOKOA. KaToK KaTtutca
|E| : no u.lepoxosaToﬁ naockoctu bes NPOCKaJ1b3blBaHUA

Onpepenntb ycKopeHue rpysa 1

M306pa3MM dKTUBHbIE CUJ1bI

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m
ry=r; KoagppuyueHm mpeHus 2py3a 4 !
o0 rnziockocme f=0,2 a
Hantn: a;

Obuwee ypael-;eHue OUHAMUKU 0nA Mpumeuanue:
cucmembl € UOeanbHbIMU C8A3AMUL S RO SRR S TR,

DIOA +D5A =0 KaK aKTUBHYIO CUAY




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

PeweHune

Bbibnpaem HanpaBaeHWe YCKOPEHMA LLEHTPA Macc KaTka 1 —
BHM3 BAO/Ib HAKIOHHOM MIOCKOCTH

CoomHoweHUsa Mmexoy YCKOpeHUAMU:

a'Cg :al aC3:a1

v =
e LY 2
4 3T P ) g3 =—"
v gy L r
a.4_:ac3 :al a4:a1

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o0 rnziockocme f=0,2

Hantn: a;

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

Ll
— 4 _ T 3
@, /TN T )
—tol ref——o } -
{'{TJ
il s F{E/
Fmpq Y= ¥
G, G. <

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o0 rnziockocme f=0,2

Hantn: a;

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0

InasHble eKMopbI U 27108HbIE MOMEHMbI CUsA UHepyuu:

lpy3 1 coBepluaeT NOCTynaTenbHOe ABUMKEHNE
D =myay
Kamok 3 coBepLUaEeT naocCKomnapannenbHoe agsnKeHne
(C; — ueHTp macc, P;— MIHOBEHHbIV LLeHTP CKopocTel)
D3 =mgac, M3 =J3&5
MomeHT MHEPL NN KAaTKa
1, = %m3r32 =mr?
lpy3 4 coBepluaeT NOCTynatenbHOe ABUMKEHNE
Dy =m,a,

HanpaeneHue 21a8HbIX 8EKMOPOB U 2/108HbIX MOMEHMO8
UHepuuu npomueorios1IoO*HO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

L'
s~
_ e o Ay
®, ¢'?m a,., 2
e = -
{"TJ
725’/ i P{/// oy
|
Fmpq Y= ¥
G, G #

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o0 rnziockocme f=0,2

Hantn: a;

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0

InasHeble 6EKMOpbI U 2/1ad8HbIE MOMEHMbI cua UHepyuu
c yyemom coomHoweHul Mﬁ’)f(dy Maccoeo-uHepUyuoHHbIMU

Xapakmepucmuxkamu:

@) =4mayy;
u
Dy =2mac, . )
M3 =mr &3
@; =ma,

InasHbie sBeKMopbI U 27108HbIE MOMEHMbI Cu UHepyuu
C y4emom coomHouwieHUli Mexcoy yCKoOpeHUAMU:

_ @; =4ma
ac, =4, L 1
u
£ _& —_ D3 =2may
£ 2 41
u —_— —
a, =4 My =mr T_mra1

@Z - mal

HanpasneHue 21a8HbIX BEKMOPOB U 2/108HbIX MOMEHM 08
UHepuuu npomueorios1IoO*HO YCKOPEHUAM




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o0 rnziockocme f=0,2

Hantn: a;

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

Cymma 1eMEeHMAPHbIX pa6om JdKMUBHbIX CUn Ha
BO3MOXXHOM nepemeLieHnn CUCTteMbl

2O =R +A:

6%1 = +Gl '551 = +mlg '&1 = +4mg '581
Ae o = Fupa 84 =—fm,g- &, =—fmg - &,

Cuna TpeHus CKoNbKeHus no 3akoHy KynoHa paBHa:

Cymma 1eMeHMAapHbIxX pa6om GKMUBHbIX cun .

> A =+4mg - &, — fmg- &,



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o0 rnziockocme f=0,2

Hantn: a;

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0

CoobLwmm cucTeMe BO3MOXKHOE NepemMeLLeHME.
3a He3aBUCMMOE nepemMeLleHre NPUHUMAEM O'S,

CoomHouweHus Memdy nepemeweHuUamu:

dc, =a — 5SC3:§S1

a 1
83:T1 ai:é'si 5¢3:Tl
a4 :al gi :>5(Di &4 :531

lIpumeyvaHue: coomHoweHus Mmexdy yCKOPEHUAMU U 803MOXCHbIMU
nepemew,eHUAMU NMOOYUHAMCA OOHUM U MmeM He KUHEMAMUYeCcKUM
COOMHOWEHUAM

Cymma 3nemeHmMapHsix pabom aKmueHbIX cun :
> A =+4mg - &, — fmg- &,

Cymma anemeHMapHbix pabom aKmMueHbIX cun
C Y4ETOM COOTHOLIEHUIM MEXAY NePEMELLEHNAMMU:

> A =+4mg - &, — fmg - &,

> oA =(+4-02)mg - &, =3.8mg -k,

> OA; =38mg - &,




MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

Gd G], ’

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o0 rnziockocme f=0,2

Hantn: a;

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0

Cymma anemeHmapHsix pabom cun uHepyuu
Ha BO3MOYXHOM NepemeLLEHNN CUCTEMDbI

5A u = —CDJL_I . &1 = _4mal : &1
5A n = —®§t : &3 = —2ma1 . &3
A, =—-M3 -5¢p;, =—-mra, - S
AM3 3 0P3 1093

5A u :—CDZ '&4 =—ma1-584

&03—551

b0
Op, = —1%
P3 -
By =5y

SN = Ay + OB, + O+ A

21

Py

== —

Dy

—

@Dy =2ma;

M3 =mra

=

@) =may

Cymma anemeHmapHsix pabom cun uHepyuu
C YY4ETOM COOTHOLLEHUI MeXKAY NepemMeLLeEHNAMMU:

D oA = A, +5A(D§, +5Aﬁv|g Ay =

=)
=(-4-2-1-1)ma, - &, =-8ma, - &,

> Al =-8ma; - Ss,

1S
=—4ma, - &, —2mra, - &, —mra; - —= —ma, - &, =
r



MpumeHeHue o6Lero ypaBHeHUA AUHAMUKH
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

obwee ypasHeHUe OUHAMUKU NPUMET BUA,:
D A+ A =0
. 5AG1+5AFmp4+5A®f +5A(D§, +5AM§, +5A<DZ‘ =0

S OA=38mg-&| DA =-8ma;-Is,

Gd G], <
* 3,8mg - %, —8ma, -5, =0
|
[38g -8a;]-m-&%; =0
G,
35, [38g-8a,]=0
a, = >89 _ 04750 = 4660 1/ 2
NcxoaHble AaHHble: Oraer: a, = 4660 1/ .

m;=4m; m,=0; m;=2m,; m,=m
ry=r; KoagppuyueHm mpeHus 2py3a 4

I-IPUMe"IaHue.' MonoxutenbHoe 3Ha4YeHue YCKOPEHUA TOBOPUT O TOM,
0 naockocme f=0,2

g 4YTO ero BbIGBpaHHOE HanNpPaB/eHNEe COOTBETCTBYET AEWCTBUTENLHOMY.
Hantn: a, OTpULATENbHbINM 3HaK FOBOPUT O TOM, YTO YCKOPEHWUA Hamnpas/ieHbl B
MPOTMBOMO/IOXHYIO CTOPOHY. B cyyae oTpuLaTeNbHOMO pesynbraTa,
HeoBXOAVMO NMOMEHATb HanpaBaeHWe YCKOPEHMI CUCTEMBI U MepecYnTaTh
s/leMeHTapHble paboTbl 3aHOBO A8 HOBOTO HaNpaBAeHUA.

Obuwee ypasHeHUe QUHAMUKU 011
cucmembl € UOeanbHbIMU CBA3AMU:

SSAL Y SAL =0



