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BBEJAEHUE

[IpakTrueckue 3aHATUS SBIAIOTCS (HOPMON MHIWBHIYATBHO-TPYIIIOBOTO 00ydeHus. Llenbro
MPAKTUYECKUX 3AHSATUN SIBISETCS 3aKPEINICHHE TEOPETUYECKOr0 MaTrepuaia Ha OCHOBE PEIICHUs
COOTBETCTBYIOIIMX 3afad. l[IpakTUueckue 3aHSATHUS TO3BOJISIIOT BbIPAOOTAaTh HABBIK PEIICHUS
MOCTaBJICHHON 3aJa4yd, OCHOBATEIbHO TMOJTOTOBUTHCS K TEKYIIUM PEUTHUHT-KOHTPOJSM, K
BBITIOJITHCHHUIO 3TAIOB KYPCOBBIX pa0bOT, K YCTHOMY U KOMITBIOTEPHOMY TECTHPOBAHHUIO, & TAKKE K
cllade PK3aMeHa.

[TpakTH4eckue 3aHTHSI POBOJISATCS C UCIIOIB30BAHHEM METOINIECKOTO MTOCOOUS:

[Tpaktukym no aucummiuHe «Teopernyeckas mexaHuka», aBTopbl A.Il. IlleBuenko, A.B.
Kpsuios, JI.®. Metnuna, A.O. Becenos noa penakuueit A.Il. lleBuenko, Baagum. roc. yH-T. —

Brnagumup, 2007. http://e.lib.vIsu.ru/bitstream/123456789/1041/3/00513.pdf



http://e.lib.vlsu.ru/bitstream/123456789/1041/3/00513.pdf

IIpakTuyeckoe 3ausiTue Nel Ha Temy: «/Inddepennuanbubie ypaBHeHHUs IBHKEHUS

MaTepna.m,Hoﬁ TOYKHN, ((I[Be 3aJaY JUHAMHUKHN». KpaTKaﬂ TEeopusi.

OcHoOBHOE YpaBHCHHUEC JUHAMUKHU UMCET BU
mW =F +F+.+F,=>F, (3.1)

rae M — macca TOYKU;

W — yckopenue Touku;
Ifl, |fz ,...Ifn — CHWJIBL, ACUCTBYIOLIME HA TOUKY (YUUTHIBAIOTCS KaK aKTUBHbBIC CHJIbI, TaK U
PEaKIMK CBS3CH, €ClTM TOUKa HECBOOOJHAs ).
[IpoekTupys 006e yacTu BEeKTOpHOTO paBeHCTBa (3.1) Ha KOOPIMHATHBIE OCH, TTOTYYUM:
mX = Fix+ Fox+... Frx=2Fix;
m Y = Fiy+ Foy+... Foy=2Fiy; (3.2)
mZ = Fi+ Fo+... Frn=2Fi,.
Vpapaennst (3.2) HazpBaoOTCS AUPPEPCHIUATHHBIMA  YPABHCHHUSMH  JIBH)KCHUS
MaTepHaIbHON TOUKH; 31ech X, Y, Z — IpoeKIMy yCKOPEHHS TOUKH Ha OCH JIEKapPTOBON CUCTEMBI

xoopauHat; Fix, Fax... Fnx; Fiy, Fay, ... Fay; Fiz, Foz,... Fnz — mpoexkuun cun Ha ocu aexkaproBoit

CHUCTCMbI KOOpAWHAT.
SAAUM IMUHAMUWKY TOUKHU

B nnHamMuke TOYKM paccMaTpUBarOTCS JBE OCHOBHBIE 3aaud. VX peleHue npuseneM Ha
IIPUMEpE UCTIOIb30BaHUS 1€KAPTOBON CUCTEMBI KOOPAMHAT.
[TepBas 3amavya TMHAMUKHA
ITo 3a/IaHHOU Mmacce TOYKHU m u YPAaBHEHUSM ee JBHYKECHHUS
X= fl(t), y=", (t), z=1j (t) TpeOyeTcss ~ ONpeNeNuTh  MOAYIbL M HaIPaBICHHE
PaBHOJECHCTBYIOLIEH CUJI, IPUIIOKEHHBIX K TOUKE.
N3  muddepenunanbHbix  ypaBHeHHH (3.2) MpoeKIMM  paBHOJACHCTBYIOLIEH Ha

KOOPAWHATHBIC OCHU ONIPCACIAIOTCA paBEHCTBAMHA

Rx: ZFix: m X ,
Rz: ZFiz: miZz.

Macca Toukd M 3ajana, Hajo 3HaTh X, V; Z. JIig UX ONpeieNieHnus CIEAyeT JBaKIbI

HpOIlI/I(I)(I)CpCHI_II/IpOBaTB 10 BpCMCHHU 3aJaHHBIC YPABHCHUS ABUKCHUS TOYKH. 3aTeM, 3Has1 Rx, Ry,



R;, ompenensioT MoOAylb paBHOAEHCTBYIOmEH 10 (QopMmyie Rz\/ sz + Ry2 + RZ2 u

HaIIpaBJICHUC 110 HAIIPABJIAIOIIUM KOCHHYCaM

R
COSOLZ&;COSB :—y;cosy :&,
R R R

rae o, B, Y — YIIBl MeXIy HanpaBleHHEM paBHOAEHCTByomeili R 1 momoxkurensHbIM
HAIpaBJICHUEM OCeHl X, Y, Z COOTBETCTBEHHO.
Bropas 3amaua nuHamuku

3Has CuIIbl, IGHCTBYIOUIME HA MaTEPUAIBbHYIO TOYKY, €¢ Maccy M, a Takke HadallbHbIC
YCJIOBHUS JIBWKEHUS (HAYalbHOE MOJOXKEHHE TOYKM M €€ HAYalbHYI0 CKOPOCTh), MOJIYYUThH
yYpaBHEHUS JBIKCHHS TOUKH.

Jlnist pereHust 3Tol 3a1a4i HEOOXOMMO B JIEBYIO 4acTh AU (hepeHInAIbHBIX YPaBHEHUH
(3.3) moxcTaBUTH 3HAUEHUE MAacChl M, a B IPaBYIO YacTh — CyMMbI IPOEKIIMHA PUIIOKEHHBIX CHUJI
U TIOJIy4CHHBIC yPAaBHEHHS [BaKAbl NMPOMHTETPUPOBATh, a 3aT€M I10 HAYaJbHBIM YCIOBHUSIM

orpeaenuTh noctosiuabie uHTerpupoBanus (Cy, Co, .. Co).

Ilpumep pewrenusa 3a0au na memy «/[lugppepenyuanvrvie ypagnenusn osusxcenus

Mamepuaﬂbuoﬁ mouyKu)

W3 IVILIKKU, YCTAHOBJIEHHOW HA BBICOTE
H, IPOU3BEJIA BBICTPEJI [TOJ1 YIJIOM oL K
TOPU3OHTY (PUC. 1). S1IPO BBUIETEJIO U3
CTBOJIA OPYJIHSI CO CKOPOCTBIO U. OTIPEJIEJIUM
VPABHEHUS JIBUKEHUSA SJIPA.

YTOBbI [TPABUJILHO COCTABUTH
JIMODEPEHIUAJIBHBIE YPABHEHUS JIBUKEHNA,

HAJIO PEINATD ITOJOBHBIE 3AJJAYN T1O

OIIPEJIEJIEHHOM CXEME:
A) HABHAUUTh CUCTEMY KOOPJIUHAT Puc. 1
(KOJIMYECTBO OCEM, UX HATIPABJIEHUE M HAYAJIO KOOPJIMHAT). Y JIAYUHO BIBPAHHBIE OCH
VIIPOIIIAIOT PELIEHUE;
B) IIOKA3ATDH TOUYKY B [IPOMEXYTOYHOM IOJIOKEHUU. ITPH 3TOM HAJIO ITIPOCJIEJIATH 3A
TEM, YTOBbI KOOPJIUHATHI TAKOT'O TTOJIOXEHH S OBA3ATEJIBLHO BbUIM ITOJOXUTEJIBHBIMU (CM.
PHUC. 1);

B) ITOKA3ATb CHUJIbI, JEUCTBVIOIIME HA TOUYKY B 3TOM ITPOMEXYTOYHOM ITOJIOXKEHUU



(CWJIbI MHEPLIMM HE TIOKA3BIBATBH!).

P .
I') COCTABUTD JUODEPEHIMAJILHBIE YPABHEHMS 11O ®OPMYJIAM (13.1): — X =0,

P ., .
— §y =—P. Orciona nonyuuM JBA yPABHEHUS: X=0 u Yy =-0;

g
I[) PEINWTDL JUOPEPEHIIVAJIBHBIE YPABHEHN .
[TOJTYYEHHBIE 3JIECh YPABHEHU S — JIMHEMHBIE YPABHEHUSA BTOPOI'O TTIOPSIJIKA, B I[IPABOM

YACTHU — ITIOCTOSIHHBIE. PEIIEHUE 3TUX YPABHEHUI SJIEMEHTAPHO.

chl’ X=C1t+C2,

. 1 1 .-
y =-gt+ Dy, yz—zgt + Dyt + Dy.

OCTAJIOCh HAWTH ITOCTOSIHHBIE UHTEIPUPOBAHUS. [10/ICTABJISIEM HAYAJIbHBIE

vesoBus (P T=0 Xx=0, Y=H, X=0, =UCOSQL, y=vy =usSino) B OTH YETBIPE

VPABHEHUS: UCOSa=Ci1, USINo=D1, 0=C2, H=Da>.
[TOJICTABJISIEM B YPABHEHMS 3HAUEHMS TIOCTOSIHHBIX 1 3ATTUCHIBAEM YPABHEHUS

JABIXEHM TOYKM B OKOHYATEJIBHOM BUE

X =utcosa,
y:—%gt2 +utsina +h.

HNMES 5T YPABHEHU S, KAK U3BECTHO U3 PA3JIEJIA KUHEMATUKU, MOXHO OIIPEJEJIUTH U
TPAEKTOPUIO IBVXEHUS SIJIPA, U CKOPOCTh, U YCKOPEHUE, U TIOJIOXXEHHUE SIJIPA B JIKOBOI
MOMEHT BPEMEHU.

KAK BHJTHO 13 2TOT'O IIPUMEPA, CXEMA PEIIEHH S 3AJTAY JOBOJILHO ITPOCTA.
CJI0XXHOCTHU MOI'YT BO3HUKHYTh TOJIBKO ITPY PELLIEHUU JIMOOEPEHIIUAJIBHBIX YPABHEHUI,

KOTOPBIE MOI'YT OKA3ATBCSA HETTPOCTBIMU.

HpaKTuquKoe 3ansaTHe Ne2 Ha TEMY: «HI/IHaMI/IKa OTHOCHUTCJ/IBHOI'O IBUKCHUSA

MaTepuaabHOIl Toukn». KpaTkas Teopus.

Ha MMPAKTUYCCKOM 3aHATHUH Nel OIPCACIIAIIOCH a0COJIFOTHOE JABUKCHUC MaTepHaHBHOﬁ
TOYKHU OTHOCHUTCIIbHO HGHO}IBI/I)KHOI;'I CHCTEMBI HJIN HGHO}IBI/I)KHOﬁ CpE€abl. Hepeglko MPpUXOAUTCA
OonpeacIsATb ABUXKCHUC OTHOCUTCIIBHO CUCTEMBI, KOTOpasA caMa ABHUXKCTCH. O takoM JBHXCHUN

MbI roBopuiu emé B pazaene Kunemaruka (§4). OTHOCUTENBHOE JBUKEHUE OMPEIEISIETCS TaK



K€, KaK a6COJ'IIOTHOG, Haao0 TOJIBKO KpOME OOBIYHBIX CHIT YUYUTBIBATG JABC CHUJIBI HHCPLOUU —

HEPEHOCHYIO CUILY

unepupn e =—MWe u  xopuomucoBy Feor =—MWyor. A kak  ompeaensrores

COOTBCTCTBYIOIIHUEC YCKOPCHHA MBI YK€ 3HACM.

Ilpumep pewrenusa 3a0au na memy «/[luHamuKa OMHOCUMENLHOZ0 OBUIHCEHUA

Mamepuajzbnoft mouKu»

Tpyoka OA Bpamaercss B BEPTUKAIBHOW TUIOCKOCTH BOKPYI TOPH30HTAIBHOM
HEMOJIBIKHOW OocH () C TMOCTOSHHOM YIJIOBOW CKOPOCThIO (7 . BHyTpu TpyOKu ABIMKETCS
NOpUIEHb, COENUHEHHBIN MpyxkuHOU ¢ ocbto O (puc. 1). OnpenenuM IBUKEHHE MOPILIHS B

Tp}I6K€. COHpOTI/IBJ'ICHI/IH ABUKCHUIO YYUTBIBATH HE 6y,HeM.

Puc. 1

[Mopsimok pemieHus 3a1a4M Ha ONpPEETICHUE OTHOCUTEIBHOTO JIBM)KEHHS TAaKOW JKe, KaK U
IPY PEIICHUU BTOPOU 3a/1a4H, IPH UCCIIEOBAHUN a0CONIOTHOTO IBUYKECHHSL.
CHavana BeIOMpaeM ocu. Ho ocm Hajgo mpoBOIWTH 1O Cpele, OTHOCHTEIBHO KOTOPOIf

ornpezensercs ABMKeHHEe Touku. B nanHo# 3aade — no TpyOke. Tak Kak OTHOCUTEIBHO TPYOKH

8



MOPIIEHb ABUKETCS MO MPSAMOW JIMHUU, TO IOCTATOYHO TOJIBKO OJHOM ocH, ocu X1 . Hauamo e€
Ha3HAa4YuM Ha HCHOIIBI/DKHOI\/’I ocHu BpaH_IeHI/ISI, B TOUKEC 0

3aTeM TMOKa3blBa€M IPOMEXKYTOUYHOE IMIOJOKEHHUE TOPIIHA ¢ KOOPAMHATOM  Xi.
[TpuknaneiBaeM K HEMY OOBIUYHBIC CHIIBI: BEC |5, peakuuo TpyoKu N u YIOPYIYIO CHUILY

npyxuubel F =CX,. Ilotom nobaBisieM cuibl WHEpIUHM. Tak Kak IEPEHOCHOE JBMKCHUE —

A AN AT
BpalllcHHE BOKPYT OCH, TO IepeHocHoe yckopenue mopins coctouT us asyx We =W +We',

(KaK OHM OIPENEIISAIOTCS, CMOTPH «TJIaBHbIC (POPMYJIbI KHHEMAaTUKK» Ha cTp. 26). Ho Tak kak
We = ®; = const, TO Ee=0e=0 & W =X &=0. 3HAYHUT,

W, =W = X o? .

Vcekopenune Kopuonuca onpenenum no npasuity JKykoBckoro. Bekrop oTHocHUTENnbHOMN
CKOPOCTH Uy PpACIOJIOKEH B IUIOCKOCTH, IEPICHANKYSIPHOM OCH BpAICHHS, MOITOMY
HOBOpa‘II/IBaeM €Iro B 3TOI71 IINIOCKOCTH IIO HaHpaBJ‘IeHI/II-O BpaIHeHI/ISI Ha yFOJ'I 900 n nonyt{aeM
BEKTOP V\_/wr .

el

BenuunHa ~ COOTBETCTBYIOIIEW CHIIBI WHEPIUU TIOPIIHS cor = MWeor =

=— 20 0;sin90' =2—m; X, a BeKTOpP € HAIPABICH MPOTHBONOIOKHO YCKOPEHHIO

9

KOpI/IOJII/Ica, NEPpHECHAUKYIISIPHO TPY6K€ " OCH X1. HonyqaeTc;I, YTO BCC CHJIBI, HeﬁCTBYIOLHHe Ha
MOpHICHb, PACITIOJIOXKCHBI B BGpTHKELHI:HOfI IIJIOCKOCTH, B INIOCKOCTH BpPAlICHHA pr6KI/I

CocraBnssem  oObryHO€  auddepeHnranTbHOe  ypaBHEHHE  JBIDKEHHUS  TOYKH.

o . P - . P
ITomygaem m&, =—F —Psing +F&'  @8¢  —% =—cx — Psinojt+—xof .
g g
N oxoHuaTenbHO 3aIlMIIEM €ro B KOMITAKTHOM BHJIE: 5(1+(k2 —0)%2 )Xl = gsin(Dit, rIe
k2=9
P

Pemennst 3TOoro ypaBHeHUs HMHTEpeCHbl. Tak B 4YacTHOM cilydae, KOIJa CKOpPOCTb

BpaleHus TPyOKH TakoBa, uto M7 =K = F , To nuddepeHanbHoe ypaBHEHHE OyneT

OYCeHB MPOCTBIM: ¥ = (J SiN oy t. Tlpu HyJIeBBIX HAYAILHBIX YCIOBHAX JIETKO HAXOIUTCS U €0

9

)
)

pemenne: X ((mt—sincoit). [Mopurens  OymeT yaansaThCs OT OCH, KOJNEOISACH ¢



yacToTOl paBHOH O M ammutyfoit A= — » 10 T€X MOp, TIOKa NPY>KMHA HE BBITAHETCS Ha
o7

MOJIHYIO JUTMHY M JBH)KEHHUE TTOPILIHS HE TIPEKPATUTCSL.

Eciu @7 #K, 1o mnopmens Gymer cosepumiaTh CIOKHOE KOJNEOATENbHOE BHKEHHE
BHYTPH TPYOKH OTHOCHUTEIBHO OCH BPAILCHHUS.

Ho B sTtom cmyuae ™Mbl pemars nuddepeHnuanbHble ypaBHEHHS HE Oyaem. DTo yxe

3a/1a4d MaTeMAaTUKHU.
IIpakTuyeckoe 3ansaTue Ne3 Ha Temy: «[Ipunmun Jamamoéepar»

[Mpunnun /lanambGepa 1mo3BoJisieT pemaTh 334a4l UCCIEI0BAHUS IUHAMUKI MaTepUATbHOM
CHUCTEMbI METOJJaMU CTaTUKU, COCTABIICHHUEM YPABHEHUN pPaBHOBECHS, YUUThIBAsl CUJIbI HHEPLUU
TOYEK CUCTEMBI.

Cornacno npuHnumny JlamamOepa, TJIaBHBIA BEKTOp BCeX CHJI (BHEUIHHMX, BHYTPEHHUX,
YCIIOBHO TPWJIOKEHHBIX CHJI MHEPLUUU TOYEK) W TJIABHBII MOMEHT HMX OTHOCHTEIBHO JIFOOOTO

HCIIOABHXKHOI'O LICHTPA 6y,ZLYT PaBHBI HYJITO:
R=SF’+3F’ +3F" =0,
Mo =S MolF” )+ T Mo(FP ) S Wo[F™)

—(i) — (=0
V4UTBIBAS, UTO Z Fi' =0u z Mo (Fi )Z 0, oxoHuarenbHO mOTYUNM:

R=YF’+3F" =0
Mo =S Mol )+ TMolF™ )= 0

Taxum oOpazom, npuHimn JlanamOGepa UCKIIOUaeT BHYTPEHHHUE CHIIBI U YIIPOLIAET pelIeHne
3az1ad.

ey o . UH
Crnemyer HayduThCS HAXOJHUTh TJIaBHBIH BekTop R',, ¥ ITaBHBIA MOMEHT Mo cun

UHEPIHH.
1.2. [Ipusedenue cun unepyuu mouex meepoo2o meia K npocmetiuemy euoy.

a) TBep0e Teao coBepImaeT MoCTymnarelbHoe ABMKkeHue (puc. 1)

Cuibl MHEpLIUH MPMBOAATCS K paBHoAeiicTByromeit Ry, mpunoxennoit k mentpy macc
«C» tBepaoro Ttena. PaBHOAeHCTByrOLIas paBHA IO MOJYJIIO MPOU3BEIEHUIO MACChl TBEPIAOTO

Tena M Ha YCKOPCHUC W n1000ii ero TOUKU U HallpaBJICHA IPOTUBOIIOJIOXKHO 3TOMY YCKOPCHUIO.

10



0) TBepmoe Teno coBepiIaeT BpalleHWe BOKPYT HEMOIABMIKHON OCH, TIEPICHAUKYISIPHON K

IUIOCKOCTH MaTepUaIbHOW CUMMETpHH (puC. 2).

7 ‘ 7 _

(]

/ iz

Puc. 1
[Tpu mpuBeaeHUU CHIJI MHEPIHMH TOYEK Teja K IEHTPY ee BpamieHus «O» MOIy4uM CHIIY,
NPUIOKEHHYIO B 3TOM IIEHTPE, U Mapy CHJI, JEKAIIYIO B IJIOCKOCTH CHMMETPHH.
Cua paBHa TJIABHOMY BEKTODPY, HAIPaBJICHHOMY IPOTHBOIIOJIOKHO YCKOPEHHUIO IICHTpPA

Macc

R =—MW_¢,
rae W ¢ - yCKOPEHHE LIeHTpa Macc.

1
Mopaynb T71aBHOTO BEKTOPA PaBEH R un = MW

MomeHT Iapbl CUJI PABCH I'N'ITABHOMY MOMCHTY CHJI HHEPHUHUU OTHOCHUTCIIBHO OCHU BPAILICHU,

HepHGHI[I/IKy.]IﬂpHI)If/'I K INIOCKOCTU CUMMETPUHU U 11O MOAYJIIO paBHLIﬁ

un
Ile _‘JZS’

rac \] Z -~ MOMCHT MHCPIHMHU OTHOCUTCIBHO OCHU BpalllCHUAI,

€ - YIJIOBOE YCKOPEHHE TBEPIOTO Tela.

UH
7 HamIpaBJieH IPOTHUBOIOJIOKHO YIIIOBOMY YCKOPEHHUIO €.

Ecnn TBepmoe Teno coBepLIacT BpalleHHE BOKPYT HENOABM)KHON OCH, KOTOpas SIBISAETCS
[JIABHOW LIEHTpainbHOM ockio nHepuuu (puc.3), To R%=0, T.x. Wc=0, 1 cuibl HHEpIUH TOYEK

TCJIa IMIPUBOJAATCA K Iape CHUJI, nemameﬁ B IIJIOCKOCTH MaTepHaHBHOﬁ CUMMCETpPUHA TECJIa, MOMCHT

KOTOPOM paBeH IO MOAYIIIO MCZ = JCZ € M HalpaBlIeH IPOTUBOIOJIOXKHO YIJIOBOMY
YCKOPEHHUIO €

B) Teso coBeplIaeT miocKonapamieibHoe ABmkeHne (puc. 4).

Ecin TBeppoe Teno, uMEIOUIee IUIOCKOCTh MATE€PUAIbHONM CHUMMETpPUH, JABHIKETCS
NapauIeJIbHO 3TOM IJIOCKOCTH, TO CHJIBI HMHEPLIUU TOYEK TEJIAa IPUBOJIATCS K CUJIE, IPUIIOKEHHON
B IIGHTPE Macc M paBHOU TJABHOMY BEKTOPY CHJI MHEPLHHU R, ux nape cuJi, Jexamiend B

MJIOCKOCTH CHMMETPHH, BEIMYMHA MOMEHTA KOTOPOH ompeeseTcs: GopMysoi:

MY =J_e

11



M (" HanpaBiieH IPOTHBOIIOIOXKHO YTIIOBOMY YCKOPEHHIO & .

R, =—-MWc.

! s
R'.. HaIpaBJIEH IIPOTUBOIOJIOKHO YCKOPEHUIO LIEHTPA Macc U 10 MOAYJIO paBeH Ry =

MWc
MZUH M[z
N N
/yz//-/ B - B
. M
/i// ~ ﬂ/ jw
R <
L
N~ 7
AL

Puc. 2 Puc. 3 Puc. 4
Ilpumep pewrenusn 3a0au na memy «llpunyun /laramoepa»

Hano: My =3 kr; My =1xr; My =2xr; F =10 H; p3 =01 m; M =12 Hwm;

R2 :R3 20,4 M; r3 :%R‘?,.

OHpeI[eJ'H/ITBI Wl — YCKOpPCHHC IICPBOr'0 TECJd, a TAKXKXE HATIKCHUC HUTEM Ha BCEX

y4acTKax.
Pemenune
Jlist onipesiesieHnst peakiuii CBs3el BoCmoib3yeMcst mpuHiumnomM Jamamoepa.

[Toctpoum pacuetnyro cxemy (puc. [14), Ha KOTOpOIl MOKa)KeM aKTUBHBIE CUJIbI, PEAKIIHH
cBsI3el W TpuBeleHHBle cuibl uHepuuu. Ha rpys 1 geiictBytor cuna F , cuma taxecrn P,

peakiusi MoBepxXHOCTH [N| M PaBHOJACHCTBYIOIIAS CHJ HHEPIUH RHHl =—MW_,, Bexkrop

Ryn | HaIpapJieH B IPOTHBOMOJIOXKHYIO cTopoHy BekTopa W 1.

Ha crymeH4athlil 610K 3 IeHCTBYIOT cHta Tsbkectd P 3, peakmmn X, 0 Y_O B 1mapaupe O,

. HH .
napa Cui M W TJIaBHBIM MOMCHT CHUJI HHCPIIUU MO :_‘]0839 ‘JO — MOMCHT HHCpUUH

12



CTyNEHYaToro OJIOKa OTHOCUTEIBbHO OCH BpalleHMs, Mpoxojsmied dyepe3 Touky O

NEPIEHAUKYJIIPHO IUIOCKOCTH PUCYHKA

2
Jo =mzp3.

Puc. 114

Bbipasum yrioBoe ycKOpeHHE CTyNeHYaTroro 0joka 3 yepe3 yCKOpeHHe MEPBOro rpysa.

\Y
3aBHCHMOCTL  CKOPOCTEH (D3 =—1, npoguddepeHmupyeM 3Ty GOopMyly IO BPEMEHHU

3
dw, 1dv; do dv
-~ 1; 3 =€&3, —1 =W1. [Monyunm &3 :—1. IToncraBuB 3HaueHUE ‘JO U €3
dt 3 dt dt dt I3

B YPaBHCHHEC I'NTaBHOI'O MOMCHTA CHUJI MHEPIHUHU, ITOJTYUHNM!

HH 2 Wl
Mg™ =mgp3 —=.
I3
['maBHBIE MOMEHT CWJI MHEPLUHMH HAIPAaBJICH B CTOPOHY, MPOTHUBOIOJIOKHYIO YIIIOBOMY

YCKOPEHHUIO CTYIIEHYaToro 0JI0Ka.

Ha xarok 2 neiictByer cuia Tsokectu P2, peaknus cBssu N 2, cuma tpenus F7p,

IJIaBHBIA BeKTOp cun uHepuuun R’ y = —MoW  u raBHBI MOMEHT cHI HHEpIUH

UH _ . o
M:" =J.e0; J, ¢ — MOMEHT MHEPLHMH OTHOCHTEIBHO OCH, TPOXOJALIEH 4epe3 LEHTP Macc

NEPHNCHAUKYJIAPHO K IJIOCKOCTH ABUKCHU.

13



Beipasum W, n €9 uepes W, . 3ammmenm popmymsl 3aBucuMOCTH cKopocTeit Ten 1 i 2

(cm. 3amauy J12).
v, _ViRs. 0 _ViRs
I3 Ry

Huddeperunpys 3T 3aBUCKIMOCTH 110 BPEMEHH, MTOJIYUUM:

R
dVC _ R3dV1, Wc:_3W1;
dt r3dt I
RodV. R R?
Oy _ ReVy gy =8y g MRy
dt I’3R2dt r3R2 2
Torma nmeem
R
R'I/IH =m2—3W1;
2 r3
mRZ RW; m,R,R
v = M2 Ry MpRoRs,,,

HJ’IH OIIPCACIICHUSA peaKI_II/Iﬁ HUTEH pPacCMOTpUM AMHAMHUYCCKOC PABHOBCCHUC OTIACIBbHBLIX

TCJI, BXOAAIINX B CUCTEMY.

JIJIs Ka)KJI0T0 Tena COCTaBUM pacueTHbIe cxembl (puc. /14 a, 0, B).

3ajaua CBOAUTCA K ONpPEIEICHUIO peakiuidi HUTH |1, | 2 ¥ YCKOpEHHs MEpPBOro Teja

W 1. st Tpex HEU3BECTHBIX BEIMYMH HAJI0 COCTABUTEL TPH YPABHEHUS PABHOBECHSI.

d

Puc. J14a Puc. 1146 Puc. /148

s tena 1 (puc. /14 a) cocraBuM ypaBHEHUE Z Fi =0

14



F + P, cos30° — Ry, —T1 =0. (1)
Jins tena 3 (puc. 14 6) cocrasn ypasnerme » Mg (F) =0

T —To,R3 —M — M =0. &)
st tena 2 (puc. J14 B) cocraum ypasrenne » Moy (Fi) =0

T2R2—MgH _RI,/IHZRZ_PZRZCOS450 :0. (3)
[ToacraBus B ypaBuenus (1), (2) u (3) 3HaueHUs MPUBEACHHBIX CHJI UHEPIIUH, TTOJIYYUM:

F +mgcos30° —mW; -T; =0,

W
Ty ~ToRs =M —mgpé —1 =0,
13 — 123 33 fy (@)

TRy —M2ReRa\y 1 p Rawy _mogR, cosas® = 0.
2I3 3
HOI[CTaBI/IB B YPaBHCHUS (4) BCC YHUCJICHHLIC 3HAYCHU, ITIOJTYIUM CUCTCMY ypaBHeHHﬁ:
35,46 - 3W, —T, =O;
0,2T, - 0,4T, ~1,2— 0W, = 0;
T, —3W, —6,93=0.

Pemas >ty cucremy ypasHenuii, onpenemumWy , T1, T,
W, =1,642 m/c%;
T, =30,534 H;
T, =11,856 H.

HpaKTI/I‘{eCKOC 3anaTue Ne 4 Ha TEMY: «HpI/IHlII/Il'l BO3MOKHBIX nepeMemeHHifl».

Kparkas Teopus.

Bo3MoXHBIM — mepemellieHneM  TOYKH, MpHHAJUIekKaled Kakoi-nmubo  cucrteme,
Ha3bIBAETCsl OECKOHEUHO Majloe NepeMelleHre, KOTOpoe JOoIycKaeTcs cBA3sIMUA. M 3TO ToIbKO
603MOJICHOE TIEPEMEILIEHNUE, a HE IecTBUTENbHOE. MBI camu ero 3agaéM. Tak Kak OHO OYEHb

MAaJICHBKOC, TO 3aMCHACM €ro OTPC3KOM KacaTelIbHOM K TPACKTOPUHU BO3MOKHOI'O IBUKCHUS,

15



TO €CTb HAIIPABIIICTCA KAK 6€eKmop CKopocmu 9TOH TOYKH. A Kak HampasJIAICTCA BEKTOP

CKOPOCTH, IOMHUM U3 pasacia Kunematuku.

Puc. 1

Ha puc. 1 noka3aHo HECKOJNBKO IPUMEPOB BO3MOKHBIX MEPEMEIICHHI TOYEK OS WM
BO3MOKHBIX ITIOBOPOTOB Tel O . 3aBUCUMOCTb MEXKIy HUMM aHAIOTMYHA 3aBUCHMOCTH

MEKAY CKOPOCTSAMH, CKOPOCTAMU TOYUCK U YITIOBBIMU CKOPOCTSIMMU.

Hanpuwmep, Ha 3TON KapTHHKE 0S¢ =R,

_ 50. 5Sa = ACESons. S = 2R
BCAE  gCAB T oA Pas: P =700

Cwiibl, IPUJIOKEHHBIE K TeJlaM Ha ATUX MEPEMEIIECHUSX, COBEpIIAlOT paboTy, KOTopas

0Sg =BC, - do, OPpg =

ompezensercs 1o obmuM npasunam. Hanpumep, pabora cunsl F  Ha Bo3MoxHOM
niepemMelneHnn Touku npuiokenus (puc. 2) OA=F O0SaC0Sa. Wiu mnapa, ¢ MOMEHTOM
M, cosepiaer paory SA=M-O@; .

C mOMONIBIO TIPUHIMIIA BO3MOMKHBIX IIEPEMELICHUN MOKHO PEIIaTh OOBIMHBIE 3aJa4YH
CTaTHKH, a BCIIOMMHAs NMpUHIMI Jlanambepa M yYUTBIBas CHJIbI MHEPLUH, PEIIaTh M 3a1a49d
JIMHAMUKH. B 5TOM cilydae STOT NpUHIMN HasbiBaeTcss OOwum ypaeHenuem OUHAMUKU,

YTBCPXKAAOIUM, YTO CyMMa pa60T OOBIUHBIX CHUJI M CHI HHCPpIUHU Ha BO3MOXHOM

MNEpeMCIICHU N PaBHA HYJIIO:
>FRSSicosai +2R° 5SicosPi =0.

Cpa3y 3aMCTUM, YTO 3TOT IMMPHUHIUIT XOPOII TEM, YTO IIPU PCIICHUU 3aaa4Y PCAKI[UU
CBs3€EH HE YUYUTBIBAOTCA, TaK KaKk CyMMa pa60T peaKHI/Iﬁ nacaJIbHbIX CBsI3el BCEraa, Ha

J11060M BO3MOXKHOM IE€PEMEIIEHUH, PaBHA HYJIIO.

16



Ilpumepul pewienusn 3a0au na memy: «Ilpunyun 603mM0;HcHBIX NEpemeuieHUIL).

IIpumep Nel.
Ha puc.l mpezacraBieH IIOCKWMI MeXaHW3M, HaXOJIIUICA B PAaBHOBECHU B JIAHHOM
TOJIOKCHUHU 110]] ACHCTBHEM CHibl Fpg, IPHIIOKEHHBIN K MOI3YHY H Mapbl CHJI ¢ MOMEHTOM

M.

Onpenenutb MOIYIb CHJIIBI FB , ecii u3BectHO M = 10 xH'™m (Bpamarouiuii MOMEHT);

[e) o
a=30"; B=45"; 04=0,6Mm.
IlocnedosamenbHocms 8biNOAHEHUS pAOOMbL:
N300pa3um Ha puc. 1 MOMEHT mapsl cui M, IpUIOKEHHBIH K BenyieMy 3BeHy OA, u cuimy
5., aeiictByrontyto Ha monsyn B. Cuna F npensrersyer gsikenuto nonsyna B.
3aaeM BO3MOKHOE Tepemerenne O 38eHy OA 1 BHIPa3HM BO3MOXKHOE [EPEMEIICHIE dSg
qepes 6([).

ITpu mockonapayulenbHOM JBIDKCHHH BO3MOXKHBIE CKOPOCTH O0JaJaloT TEMH JKe
CBOWCTBaMM, YTO U CKOPOCTH JIBUKECHHUS.

[To Teopeme 0 MPOEKIIMU BO3MOKHBIX CKOPOCTEH Ha OCh X, MPOXOMAIIYI0 uepe3 AB,

[IOJIy4YUM:
V5 €c0s15° =Vg cosP, rae cosl5” = 0,97 ; cosP =cos45° =0,707. Torna

v, :M;VB =137-V,.
cos45

Puc. 1

YMHOXUM MOC/IeHEE PaBEHCTBO HAa HUYTOXXHO MalbIil MPOMEXYTOK BpEeMEHU T,

MIOJIyYMM COOTHOIIIEHHE BO3MOXKHBIX IIEPEMEIIECHHI ToueK 4 1 B.
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8Sg =1,37-8S 5.
Tax kak 8S p= 8¢+ OA, 1o moyum:
8Sp=137-8¢-OA; 8S5=137-0,6-5¢=0,822-5¢.
3. BIGHCIHM CyMMy paGoT MoMmeHTa M u cuibl g Ha 3aaHHOM BO3MOXHOM

TepeMeIeHUN:
M - 0¢p—Fg -0Sg =0.
IMoncrasum 3Hauenne OSp , BHIpaKEHHOE Yepes O.
Torma nonysum M - 8¢ — Fg -0,822-5¢p=0.
Coxparus Ha OQ, naitném: M = 0,822 F;, otxyna

M 10
FB = =
0,822 0,822

~12,2xH;

Orser: F;=122 xH.
Ipumep No2.

Ha mockuii mexanmsMm (puc.2) neiicteytor cunel Fa 1l O4 u Fs Bmoms

HaHpaBJIflIOIIII/IX, KOTOpre B3aNMHO ypaBHOBeHII/IBaIOTCSI B JAHHOM IIOJIOKCHHUHU MCXAaHU3Ma.
o o)
Hano: o0 =30"; B=45"; F;=73 xH.

Onpezenuts MOAyb cuisl Fy .

Puc. 2

Ilocneoosamenvrocme evinonnenus pabomol:
U3o06pasum Ha puc. 2 cuny F a, Hanpasnennyro | OA B cropoHy, HpOTHBONONOKHYIO

BO3MOXHOMY IIOBOPOTY 3TOI'O 3BCHA, U BEKTOP F B.

18



3azaeM BO3MOXHOE mepemerienue OSg. Torza mo aHanoruy ¢ MPeABLIYIMM HIPHMEPOM

(paccMaTpuBaeTCs TOT K€ MEXAHHU3M), UMEEM:

§S
8Sp =1,37-8S 5; 85, = —B .

Beruncinm cymmy pabor cun 5 u F, Ha Bo3mokHOM mepemerennn:

FB SSB —FA'SSA =0; FB SSB —FA'SS—BIO
1,37
Cokpamwas na 0Sg # 0, nonmyaum: F, =F; -1,37, F, =7,3-1,37 =10«H.

Orser: F, =10«xH.

Ilpumep pewrenusn 3a0au na memy «Obujee ypagrnenue OUHAMUKUY.

Ha cnenyromem npumepe yoeaumces, 4To 3TOT METOJ, pELIeHUs 3a/1a4 IPOCT U IOHATEH.
Koncrpykuus mexanusma gana Ha puc. 2. IIpsmoyronbhas mimuta BecoM G CKONB3HUT
M0 HAKJIOHHOM IJIOCKOCTH M 3aCTaBiseT LUWIMHIP KaTUTHCA

BHU3, BIPaBO MO BepxHeill mockoctu. Bec muwmuugpa — P, pamuyc — R. TpeOyercs

onpenenants yckopenue it Wp .

Puc. 2

IMokassiBaem cuisl — P, G (peakimu cBsi3eid, IIOCKOCTEM, IMOKa3bIBaTh HE HAJO).

JloGaBisieM cuibl MHEPUMU TeJ. Y IUIUTHI MOKAa3bIBa€M PaBHOJAEUCTBYIOIIYIO CHJI MHEPIHH

G P PWs

o !/ o
Rei =—Wpg, y HWIMHApPA TJIaBHBIA BEKTOP Ri;{ =—Wc =—— u riasueii MoMeHT

9
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1P We 1P

ei 2 "
cun mHepmuu oTtHocutenmbHo oc C - Mg =£c-e6==——R°-—==——RWs. Jlaém

29 R 4g¢g
CHCTeMe BO3MOXHOE IepeMenieHue (puc. 46). CMecTHM ILUIUTY, LEHTp e, BHU3 Ha OOg.

Torna UWIMHAP MOBEPHETCS BOKPYI CBOEr0 MIHOBEHHOro menrpa ckopocreit C, Ha yron

556 1

R a IIEHTP Macc ero CMECTUTCA HA OS¢ = 55 Sk.

CocraBisieM ypaBHEHHE pa0OT, OIpeessieM CyMMy paboT BceX MOKa3aHHBIX CHII Ha

OTUX NECPEMEIICHUAX
GSSgsina+ PSScsina— Ry 8Sg — Rét 8Sc —ME 59 =0.

HOIICT&BJISIGM Croa 3Ha4CHHUA CHUJI U BO3SMOXKHBIX HepeMemeHm”I

Se sina—EWB 5Se —Evﬁass _LiP RW; 958 _g.

G5SBSina+P5
g g 2 4 g 2R

M u3 sToro YpaBHCHUA, COKPATUB Ha 583 , HAXOJAUM YCKOPCHHUC IIJIUTHI:

2G+P
=—————gsina
4(8G+5P)

B

IIpakTuyeckue 3ansitus NeS, 6 Ha Ttemy: «/IuddepeHunanbHbie ypaBHEHUs

Jlarpan:ka |l poxa»

CamBIM COBEpIIEHHBIM METOJIOM HCCIIEJIOBAHUS JIBIDKEHHSI CHUCTEM C HECKOJIBKUMH
CTENEHSMH CBOOO/BI B TEOPETUYECKOH MeXaHWKe SBISIOTcA ypaBHeHus Jlarpamwxka. OHu
MO3BOJISIIOT CPAaBHUTENBHO MPOCTO COCTaBUTH AU (epeHInalbHble YpaBHEHHs, OMUCHIBAIOIINE
JIBIDKEHUE TAaKUX CHCTEM.

[lpexne yem HauaTh pemath 3a7add, CIEAYET XOpPOIIO pPa3o0paThCs B IBHKEHUSX
UCCIIETyeMOI CUCTEMBI, IPUKUHYTH C IMOMOIIBIO KAKHX MapaMeTpOB, 0000WEHHBIX KOOPOUHAm,
MOYKHO OIPEJENIUTh MOJIOKEHHE BCeX JieTaneil 3Toi cucteMbl. MUHMMaIbHOE KOJIMYECTBO ITHX
apaMeTpoB, KOTOPBIX JOCTATOYHO YTOOBI ONPEAETHUTH IIOJIOKEHHE CHCTEMBI, Ha3bIBACTCS
yucnom cmeneneti c60600bl. Uncy creneHet cBo0O0Ibl S, COOTBETCTBYET YHCIO YPABHEHUH.

Ecnu xoopaunatel 0603HaunTh OykBoil (], TO ypaBHeHue JlarpaHka 3amMCBIBaeTCSl TaK:

d( oT oT .
—| — |———=Q«, roe k — Homep koopmumatel, K = 1,2,3,...s. B oroii Qopmyne
dt OCk OQk
. . k
T =T(Ok,0k) - 3HaKOMast HaM KWHETHYECKas SHeprus cucrembl, Ok = —— - 0006mEHHAs

dt
20



CKOPOCTh, COOTBETCTBYIOMIAss K-Toit koopaunare, Qk - 0000IIEHHAs Crjla, COOTBETCTBYOMmAs K-
TOU KOooOpAuHATC, TO €CThb IJIA KaX(HOfI KOOpAUHATBI BBIYUCIIACTCA CBOS 0606H.[€HHa$I cuia.

Breruucnsercs ona tak. /[aéMm npupaleHue JaHHOM KOOpAUHATE, YBEIUYMBAEM €€ Ha BEIMYUHY
O(k, OCTaBisisl BCe OCTalbHbIC OOOOIIEHHBIE KOOPAMHATHI HEH3MCHHBIMH, HAXOIMM CyMMY

pa60T BCCX AKTHUBHBIX CHJI Ha IMCPEMCHICHUAX, KOTOPBIC MOJIYUYUIUCH, U JCIUM e€ Ha

npupamenne OCk:  Q :%ZF. -OSi - COSQ,j -
Ok

Ilpumep pewenusn 3a0au na memy «/Jugpgpepenyuanvuoie ypasnenusn Jlazpaunica |1

pooay

Jlano: Mexanndeckas cuctema (puc. J15) npuBoauTCS B ABUKEHUE TOCTOSTHHOW CHJION
F=10H.

Macca Tel COOTBETCTBEHHO: M1 = 3 kr, M2 =1 xr, M3 = 2 K,
1
p3= 0,1 M (panuyc unepuun Tperbero tena); M = 1,2 Hv; R2=R3=0,4 m; I'3 = E R3 (cm. puc.

T15).

Karok 2 — crutomHo# ogqHopoaHbli nuiauHap. Onpenenuts yckopenue nepsoro tena Wi.

Puc. 15

JlanHast cuctTemMa UMEeT OAHY cTereHb cBo0oabl. [ToaTomMy BeIOEpeM O/IHY 0OOOIICHHYIO
KoopauHaTy. Tak Kak 1Mo yCIOBHIO TpeOyeTcs ONpeNenuTh YCKOPEHUE TMEPBOTrO Tela, KOTOpoe
COBEpUIaeT IMOCTYIaTelIbHOE MPSIMOJIMHEWHOE JBH)KEHUE, BBIOEpEM JHHEHHYI0 0000IEHHYIO

KOOPJIMHATY X, CIEAIIYIO 3a IepeMeIeHuEeM IIeHTpa Macc 3Toro tena (puc. J150).
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Puc. JI56

3anumiem ypaBHeHue Jlarpanska Juisi JaHHOW CUCTEMBbI

d(oT) oT
o[- = Q0
dt\ ox OX
rac T— KHHCTHUYCCKas 3H€pFI/I$I CHUCTEMBI,

X — 00001IéHHAsT KOOPAMHATA;

X — 0606ménnas ckopocts (X =V );

> on

Qy =“=—— — 0606mEHHas cuna;
OX

€ o
ZSA — CyMMa DJJIEMCHTAPHBIX pa60T BHCIIHUX CHUJI Ha MNPpUPAICHHUN 6x 3aJaHHOU

00001IEHHON KOOPIAUHATHI.
OnpenensieM KUHETHYECKYIO SHEPTUI0 CHUCTEMBI, BBIpa3UB €€ uepe3 0000IIEHHYIO
CKOPOCTH X :
T =T,+T,+T;,
rae 711, T2, T3 — COOTBETCTBEHHO KMHETUYECKUE SHEPTUU TIEPBOrO, BTOPOTO U TPETHETO TEIL.
IlepBoe Teno coBepIaeT IOCTYNATENIBHOE [BWKEHHME, €r0 KHHETHUYECKas JHEpIus

ompezensercs no Gopmyie

T = ;mlvf = 1m1>(2,
T, =1,5%°
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BTOpoe Teno coBepIIaeT MIOCKONapauiebHOE IBUKCHUE
2
myR5

3aBHCHUMOCTH CKOpOCTeﬁ TOYCK CUCTEMBI MBI pacCMaTpHBaIl BBIIIC, KOI'ZIa BBIIIOJIHAIN

T, :;JC@Z +mV2, J, =

3TO 33/IaHUE C TOMOIIBIO OOIIEr0 YpaBHEHUS TUHAMHUKHI

L _ViRs _ XRs. . _ViRs _ xR
p == c= =,
RRy 1Ry r3 3
HOI[CTaBI/IB YUCJIICHHBIC 3HAUCHUA U3BCCTHBIX BeJII/IIII/IH, HOHy‘II/IM:
o =5X; Ve =2X; J. =0,08;

T, =3x%2.
TpeThbe Telo coBepLIaeT BPALIaTEIbHOE IBUKECHHE

1 2

T3 = 3 Joos;

Jo=mgp3=2-0,12=0,02;
V, X
w3 =-+="=5%,
3 I3
T3 =0,25%2,
Taxkum 00pa3oM, KHHEMaTHYECKasi JHEPTUsl CUCTEMBI paBHA

T =15%% +3%% +0,25%2 = 4. 75%2.

JuddepennunpyeM nosydeHHbIE BHIPAKEHUS COTIIACHO ypaBHEeHUIO Jlarpanixka

T _gss. i(a—Tj o5 XL g,
o% dr \ o Ox

OnpenenuM 0600IIEHHYIO CUITY, UL DTOrO MOKaXkeM Ha puc. J[50 BHemnue cwibl: F,

M, Plzmlg, P2 =m,g, P, =m_g.

CooOwyM TmpupanieHue OX BEIOpaHHON OOOOIEHHONH KOOpAMHATE X U ONpPEIeIuM

AIIEMEHTApHYIO PadOTy AEMCTBYIOIINX CUIT
D 3AF = Fox+Pasin 60°-Mdps- Pasin 45°5Sc,.

Beipasum @3 u S yepes OX (cM. obliee ypaBHEHHE TUHAMUKH).

8Sc =20x ; 83 =Ox Ir3
D 8A® = Fx + mygdxsin60° — M- 8X/ r3 — Myg - 25Xsin45°
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[ToacraBuB YKCIIEHHBIE BCJIIMYMHBI, IIOJTYUYHUM:
D OAY =15,7218x;

_15,7215x

=15,721 H.
OX

Qx

Haitnennbie 3HaueHus MoJCTaBUM B ypaBHeHuUe Jlarpanxa
9,5x =15,721.
CnenoBarteibHO,

15721

Wy =X =1,655 w/c?.

1
CpaBHI/IB PE3YIbTAThl ONPEACIICHUA YCKOPCHUS IIEPBOTO TEJIa pasIMYHbIMU CHOCO6aMI/I,

JACJIaEM BBIBO/ . pacqéT IMPpOBCACH BEPHO.

HpaKTI/I‘{eCKOC 3anaTHe Ne/ Ha TEMY: «TeopeMa 00 H3MEeHEeHNH KHMHeTHYeCKOoii

IHEPIruu MaTepUaIbHON CUCTEMbD)

Kunernueckas OHEPIuUia MEXaHUYECKOMH CHUCTCMBI OMpCaACIIACTCA KakK CcymmMa

KHHECTHYCCKHUX 3HCpI‘I/II\/JI BCCX BXOJAAIIHMX B 9TY CUCTCEMY MAaTCpUAJIbHBIX TOUCK
T=2Ti=2

m;V;? |
2

(3.22)

KuneTnueckas Heprus TBEpJIOro Teja

cDOpMy.]'H:I, ONPCACIIIOIINEC KHUHCTUYCCKYIO DHCPIrUur0 TEIa IPU Pas3IMYHBIX BHIAAX
JABWXCHUA.

1) [MocTynarenbHOE ABUKECHUE

1
T=-MV?, (3.23)
2
rae M — macca Tena; V —CKOpoCTh Tena.
2) Bpamienue TBep10TO TeJIa BOKPYT HETIOIBIIKHONW OCH
1
T=2J,0° (3.24)
2
rae J; — MOMEHT WHEPIMHU TeJla OTHOCUTENIBHO OCH BpallleHus;
® — YTJI0Basi CKOPOCTh Tea.

3) [TnockonapamienbHOE TBUKCHIE
24



1 1
T=-MVZ + .02, (3.25)
2 2
rae Ve — CKopocTh LIEHTpa Macc Tena;
Je — MOMEHT WHEPIUH OTHOCUTEIBHO OCH, MNPOXOJAIled uepe3 UEHTP Macc

NEPNECHAUKYIIAPHO IIJIOCKOCTU ABHUXKCHUA.

B O6H_I6M cl1ydyac ABMIKCHUS TBEPAOI'O TCJIa KUHETHUYCCKAsA SHEPIUsA OIPCACIIACTCA II0

dbopmyie
1 1
T="MVE+2J 0% (3.26)
2 2
riae Ve — CKOpocTh ero IeHTpa Mace;
M — Macca Tena;
J p — MOMCHT WHEpLH Teld OTHOCHTENEHO MIHOBEHHOW OCH, MPOXOSIICH Yepes LEeHTP
Macc;

(0 — yrJ0Basi CKOPOCTh BpallleHUs TeJla OTHOCUTENFHO MTHOBEHHOM OCH.
PaGora cun

1) PaGoTa CHIBI, IPUIIOXKEHHOM K BPAIIAIOIIEMYCS TETY:
(P —
A:II\/IZ(F)d(p. (3.35)
0

Ecm M, (|f) =const, o A=M,(F)op, raie M, — MOMEHT CHIIEI OTHOCHTEIBHO

OoCH,; (p — yTroJi MOBOpPOTa TeJia. PaGora MMOJIOKUTECIJIbHAA, €CJIN HAIIPpaBJICHUC MOMCHTA COBIIAAACT

C HaIpPaBJICHUEM YTJIOBOTO IIEpEMEIEHH Tella, M OTPULATeIbHAs B IPOTUBHOM CITydae.
2) Pabora cuibl TsKECTH

A,=%Ph,  (3.37)

rae N — BepTuKankHOE TIEpeMeNIeHNEe TOUKN TPUIOKEHHS CHITBL.

PabGoTa cunbl TsSKECTH HE 3aBUCHUT OT BHUJA TPACKTOPHH, MO KOTOPOM MEpPEeMENIaeTCst
TOYKA, & 3aBUCHUT JHUIIb OT BBICOTHI, Ha KOTOPYIO OIIYCKAeTCs WM IOJHUMAETCS TOYKa
MPUIIOKEHUST CHIIBI TshKeCTH. PaboTa monokuTenbHast, €ClId KOHEYHOE MOJI0KEHHE TOUKH HUXKE
Ha4aJIbHOTO, U pab0Ta OTPUIIATEIIbHAS, €CTTU KOHEYHOE MOJI0KEHNE TOYKH BBIIIE HAYaIHHOTO.

3) Pabora cuiibl ynpyroctu
C
A:—_xz, (339)
2
r7ie C — )KECTKOCTh MPYXHHBI, X — ee edopManusl.
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Ilpumep pewenusn 3a0au na memy «Teopema 06 usmenenuu Kunemu4ecKkoil Inepzuu

Mamepuajzbnoft cucmemosl)

Hano: my = 3 xr; my= 1 kr; m3= 2 Kr; F:10(2+S) H S= 01 m
1
=01 p3=01m M=12Hm; Ry =R3 = 04w r3:§R3-

KaToxk 2 - criiomHoi 0JHOPOAHBINA LIVITHHAP.

Onpenenuts V1 — ckopocts Tena 1 (puc. [12).

Pemenue

BOCHOJIBSyeMCSI TeOpeMOfI 00 M3MEHEHUH KHHETHYECKON OHEPruv CUCTEMBI
e i
T-To=).A+> A, (1)
rac TO u T — KMHCTHUYCCKad SHEPrud CUCTCMbI B HA9YaJIbHOM U KOHCYHOM ITOJIOKCHUAX

e
Z A1 — CyMMa pa60T BHCIHIHUX CUJI, IIPHUIIOKCHHBIX K CHCTCMC,

i
Z A“ — CymMMa pa60T BHYTPCHHUX CUJI, IPHUJIOKCHHBIX K CUCTEME.

Puc. J12
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i .
JlanHas cucreMa HeusMeHseMas, I03TOMY ZA =0. Tak kak B HayaNnbHBIA MOMEHT

CHCTEMa HaXOMIach B COCTOSIHMHM 1oKos, To 1 = 0, n ypasHenue (1) mpumer Buz

T=2 A (2)

HafmeM KHUHCTHYCCKYIO SHEPIUIO CUCTEMBI T B KOHCYHOM €€ IT10JIOKCHUH.

Kunernyeckass 3Heprusi paccMaTpUBAaeMON CHCTEMBI paBHA CyMME KHHETHYECKHX
sHepruii ten 1, 2, 3
T= Tl + T2 + T3.
Kunernueckas sneprust rpysa 1, IBUKYIIETOCs MOCTYNAaTEIbHO,
2
myVy

Kunernueckas SHEPTHUA CTYIICHYATOI'O Ooka 3, Bpalaromerocs BOKPYT HeHO,HBH)KHOﬁ

T

oCHu:

2
rae J ; — MOMEHT MHEPLUHU OJI0KA OTHOCUTENILHO OCH BPALCHHMS, J 7 =M3p3;

C03 — yriioBast CKOpOCThb CTYII€HYATOI'O OJI0Ka.

Kunernueckas OHEPTHUA KaTKa 2, COBCPHIAOUICTO TNIOCKOC ABUXKCHUC!:

mV2  J.ws
T, = 220 + 022’

Tac Ve — CKOPOCTBb LNCHTpPA MacC C KaTKa,

\] c MOMCHT I/IHCpIII/II/I KaTKa OTHOCUTCIIBHO €TI0 HeHTpaﬂBHOﬁ OCH,
2
RPN R>
C - 2 7
0)2 — erIOBaSI CKOpOCTB KaTKa.

Beipazum ckopocTh Ve, YIIIOBBIE CKOPOCTH (D, ()3 Y€pe3 CKopocTh Vi rpysa 1 (pwuc.

J12a).
Ckopocth Touek 000/1a CTYIEHYaToro OJOKa paBHA CKOPOCTH JBFDKEHHS CXOJSIIEH C
M.y oy _ViRs
Gapabana HuTH (HUTH HepacTspkuma). CriefoBatensto, @3 = —; V. =@3Rs; V. = —.
3 3
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Puc. 12 a

Tak xak KaTok 2 KaTutcs 0€3 CKOJBKCHHsI, TO MCHOBEHHBIN IEHTp ckopocTel kaTka Cy

HaxXoguTCad B TOYKE COIIPHUKOCHOBCHUA €TI0 C HCHOI[BPI)KHOﬁ IMOBCPXHOCTHIO. HOSTOMy

0, = Ve Ve, - _ViRs
CCV R2 I3 R2
[Ipy moacTaHOBKE HAWJIEHHBIX 3aBUCUMOCTEH B YPABHEHMS KMHETUYECKHUX JHEPIUH Tell
MOJIy4YUM
2\ /2 2
T, = mgp3Vy” _ 2-01 V2 = 0,25V
2rf  2.0,22
T, = M2 Vi°R§ +1”‘2R22 Vi°R§ :§m2 Vi°R§ _3 0,42\/12 a2
2 r32 2 2 r32 R22 4 r32 4 0,22
mVy 3 2 2.
T, = 121 =W =18V

T =1,5V,% +0,25V,% +3V;® = 4,75V,

Haiinem CyYMMY pa60T BCCX CHJI, NPHIIOKCHHBIX K CHCTEMC, Ha 3aJJdHHOM €€

nepemerieHnu (puc. /12 6).

Ha Ipys3 1 ﬂeﬁCTBYIOT CHJIBI. BEC Pl; HOpMaJIbHasA pCaKnus Nl; CuJjia TpCHUA ﬁTPl!

HaITpaBJICHHAS IIPOTUBOIIOJIOKHO CKOPOCTHU I'py3a 1; cHhJlia F .
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Puc. /12 6

Cunamu, JEHCTBYIOIIMMHU Ha CTyNEHYaThld ONOK 3, SBIAIOTCS BeC P3 ; peakuus
MOAIINITHUKOB B TOuke O — N3 1 MOMEHT cui conpoTtuienus M. K kaTky 2 npuiioXxeHbl CUITBI:

BC€C KaTKa P2 , CrJia TpCHUA F TP2 , IPCIIATCTBYIOIIAA CKOJIBKCHHIO KAaTKa; HOpMaJIbHaA pCaKus

No.

Pa6ora cunel Py

AR )= RS, sin 60° = mygS; sin 60°.

Pa6ota cuner F

S S
A(F)= leds = f10(2+ S)dS = 20S; + 557
0 0

PaGora cunbt Fp, )

AlFrp, )= —FrpSts Frp, = Ny,
Jus onpenenenns Nq cocraBum muddepeHinansHoe ypaBHEHHE IBIKCHUS Tpy3a | B
npoeximu Ha ock Y : My =N; - P c0os60°; YUUTBIBAsi, YTO IMPOEKLHs YCKOPEHHs Tpy3a 1
Y =0, momyumm:
0=N; — R cos60°; N;=F;cos60° =m;gcos60°,
Toraa

F,, = fimg cos60" n A(Epl): — fm;gS; cos60°.
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PaboTta momeHTa M CU COTTPOTHBIICHUS
A( M ) =—-Meos.

31ech (p3 — YIJIOBOE NMEPEMEIIEHUE CTYIIEHYATOro 6yoka 3. BeIpasuM yros moBopoTa (p3 4epes

S S
nepemerenne Syrpysa 1 (g = L rorma A(l\/l )= -M =1
3 I3

Pabora cuisl TsKecTH kaTtka D
A(P, )= —P,S¢ sin 45°.
[Tepemermenue SC TaK)Ke BBIPA3UM Yepe3 MepeMeleHue Sl-

SR
Sc = p3Rs =—==2;
3

AP, )=-m,g %Sl sin45°,
3

A(Nl): O, T. K. YIroJl MCKIAYy CHIIOH Nl H IICpEMCHICHUEM TOYKH €€ ITPHIIOKCHHA

pasen 90°, a c0s90° =0.

A(§3 ) =0; A( N3) =0, T. K. OHM IPUIOKEHBI K HEMTOABMKHON TOUKE.
A(NZ ) =0, A(lprz )= 0, T. K. 2T CHIBI TIPHJIOKEHBI K MTHOBEHHOMY IEHTpPY

CKOPOCTEH.

CymMa paboT Bcex CHJI, TPUIIOKEHHBIX K PACCMAaTPUBAEMOM cucTeMe:

> A = AR+ A(F)+ ARy, )+ AM )+ AR,
Z Aie =0,256+2,05-0,147-0,6-1,386=0,173 JIx.

e
TpupasuuBas sHavernns 1 u Y A7, momysmw:

4,75V, = 0,173,

vi= 273 010w
4,75

OTKy/1a

Ortser: V1 = 0,19m/c.
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IIpakTuyeckoe 3ansaTue Ne§ Ha Temy: «Teopema 00 W3MeHEHMH KOJUYECTBA

ABUKCHUSD. KpaTKaﬂ TEeopudi.

YroObl ymayHO pemiath 3aJaddl Ha 3Ty TEMY, HAJ0 HAyYUTHCS HPABWIBHO ONPENEIsATH
KOJIMYECTBO JIBIKCHUSI.

KommuecTBo JABUXKCHUA MaTepI/IaHLHOf/’I TOYKH U TCJa, KOTOpPOC JABMKCTCS
nocrynarensHo, onpenensiercs npocro: K =MD, rne M — macca Tena, T — ckopocTh m060it
ero Touku. Jlydie MCIONB30BaTh CKOPOCTh LEHTpA MacCc Uq, TaK KaK IMPU MOCTYIATEIHbHOM
ABMIKCHUHU CKOPOCTHU BCEX TOYCK OAMHAKOBEI. HaHpaBHHeTCSI BCKTOP KOJIMYCCTBA ABWIKCHUSA I10
HAIPaBJICHUIO CKOPOCTH M MPUKIIABIBAETCS K ICHTPY Macc.

[Tpu npyrom Bujae IBIKEHHS Tesla KOJUYECTBO JBMIKEHUS €r0 ONPEAENIAETCS HECKOIBKO
uHaye. [JIaBHBI BEKTOp KOJIMYECTBA MABIDKCHUS HAXOAWUTCS TaK IKe K=MT7,, a TOYKY
NPUIOKEHUST €r0 MPUXOAUTCS ONpeAeNATh cnenuansHo. Ho mpu pemeHnn 3amad ¢ MOMOIIBIO

TCOPCMbI 00 U3MEHEHHH KOJIMYECTBA JABHXXCHHUA 3TO U HC HOTpC6yeTC$I.

_ e _ _
OG6BI4HO 3Ty Teopemy 3amuchiBaioT Tak Ky — Kj = ZSi( ) rne Ki n Ky — xonnuecrsa

c (e — (e
JIBIKCHHS CHCTEMBI B JIByX TOIOXKEHMAX, a S.°) — HMIIyIbe BHemHNX cu1 ). Ecmu Bektop

CUJIbI ITIOCTOAHCH W 110 BCJIMYMHC, U 110 HAIIPABJIICHHUIO, TO S = Ft , IIc t- BpCM: JeHUCTBUS

— (e
CHJIBI 3a BpeMs IHICpPEXoJa CUCTEMbI U3 IIEPBOIO ITOJOKCHHUA BO BTOPOC. Ecnu xe cuna FI( )HC

_ L _
e
IIOCTOsAHHAasA, MCHSCTCA, TO I/IMHyJ'H)C CHUJIbI OHpeHCHHeTCﬂ I/IHTCrpI/IpOBaHI/ICM: S == J. F( )dt .
1

[Ipu pemenun 3agady OOBIYHO HCHOJB3YIOTCS MPOEKIMH BEKTOPHOI'O YPaBHEHMsI Ha OCH.

€
Hampumep, mpoextupys Ha och X, momyunm Koy — Kiy = ESi(X) :
Ipumep pewenusn 3a0au na memy «Teopema 06 usmeHeHUU KOTUUECHMEA OBUNCCHUA)

Teopemy 00 M3MEHEHUU KOJIMYECTBA JIBUKEHHUS YAOOHO UCIOJIB30BaTh NMPHU ONpEACICHUN
3aBUCHUMOCTEN MEXAY NEPEMEIICHUAMH TeJll, U3MEHEHMSIMH HX MacChl M CKOPOCTSAMH. JTa
TeopeMa MO3BOJISIET AHATTM3UPOBATh IBUKEHHUE U KUAKOCTHU, U IPYTUX CIUIOMIHBIX TEl.

Hanpumep, KHAKOCTh ABHKeTCS B Tpybe amamerpom O co ckopocthio U. Ompemenum
ropusoHTanbHyo peakuuo N omopsl Ha KomeHo TpyObl. IIpexke Bcero, Hamo PEmINTh KaKOE

KOJIMUECTBO KUAKOCTU OyZieM paccmaTpuBaTh. KoHeuHO, He Bcel )KHUIKOCTH, a TOJIBKO YacTh €.
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Puc. 1

B mnameit 3amade paccMOTpUM JIBHJKEHHE YacTH KUIAKOCTH, PAaCIOJIOKEHHOM B TpyoOe
! .
mexnay ceuennsamu 1 u 1 (puc. 1). Dro Gymer eé nmepsoe nonoxenue. Yepes HEKOTOPOE BPEMs
o e !
t KuaKocTh 3alMET HOBOE  IIONOKEHHME MEXAy cedeHHsMU 2 U 2 . B IepBOM II0JI0KEHHH

KOJIMYECTBO JIBUYKEHUS Kl CKJIaJbIBa€TCsl U3 KOJMYECTB JBMKeHUs o0béMOB | u Il, To ectp
Kl = K| +|Z||. Bo BTOpOM mnosoxxeHnn Kz = Ku +K|||. [ToaTomMy m3meHeHune KOJIMYECTBA
JBHOKCHUSA Kg — Kl = K” +K||| - K| — K“ = Km - K|.

N ypaBHEeHHME 1O Teopeme INpPUMET BUL K — K, = ZS_i(e) . Tak xak nuamerp TpyObI

2
0JIMHAKOB BO Bcex ceuennsx, To K| =Ky =Mov=——Ipuv,
rae | =ut, p =1 — IIOTHOCTB KHAKOCTH.
Eciu cOCTaBUTh ypaBHEHHE, CIIPOEKTHPOBAB €r0 HA FOPM3OHTANBHYIO OCh X, M HMes B

BHJLY, YTO UMITyJIbChI CUJI TSKECTH BEpTHKAIbHBI, a uMityibe cuimbl N pasen S = Nt , nonyuum

2 2
zd
T pvzt — T pvzt cosa = Nt. 41 oTcroaa HaxoJIUM pe3yIbTaT:

N =0,25zd%pv* (1 —cosa).

HpaKTI/I‘{eCKOC 3anaTue Ne 9 Ha TEMY: «TeopeMa 00 H3MEHEeHHHM MOMEHTA

KOJHYECTBA IBUKEHUS MEXAHHYECKOH CHCTEMBI». KpaTKaﬂ TEeopusl.

Ota TEOpEMa MNPUMCHACTCA TJIaBHBIM 06p330M IIpru aHaJIM3€ JABWIKCHUA CHCTCEMBI, T'JC
OCHOBHOC TCJIO COBCpHIACT BpallCHUC. ,Z[BI/I)KGHI/IG CUCTEMBI OIPCACITACTCA COCTABJICHUEM

TuQepeHIMaIbHOr0 YpaBHEHUS B BUJIE

HIIN

dL
=M, um —==M.

dt
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B stux popmynax L; — riaBHBI MOMEHT KOJIMYECTBA ABUKEHHSI CUCTEMBI OTHOCHTENBHO

HENOABWKHON ocH Bpamenus Z, L¢ — orHocutensno ocu C, mpoxodiueii 9epes HeHTp mace. A

|\/|§e) u Mc(e)— IJIaBHBIE MOMEHTHI (CyMMa MOMEHTOB) BHEIIHUX CHJ OTHOCHUTEIBHO TEX JKE
oceil.

BaxxHO MOMHHTH, YTO €CIM 3THU TJABHBIE MOMEHTBI CHJI OKaXXyTCS PaBHBIMH HYIIIO, TO
[JIaBHBIE MOMEHTBI KOJMYECTBA JBUKCHHUS OTHOCHUTEIBHO COOTBETCTBYIOIIMX OCEH OyayT

nocrosuabiMu: L, =const & Lz =const.
YroObl yCHEIHO peIlaTh 3aJa4d Hal0 yMETh HAaXOAWTh INIABHBIE MOMEHTHI KOJUYECTBA
newkenns. Boobme, mampumep, L; =2l (Ki) — cymMMa MOMEHTOB BEKTOPOB KOJIMYECTBa

JBHKCHUA BCEX TOUYCK CUCTEMbI OTHOCUTCIIBHO OCH Z. A JUIA TBépI[bIX TCJI I''TaBHBIC MOMCHTbBI
KOJINYCCTBA IBMIXXCHUA HAXOAATCA I10 M3BCCTHBIM (l)opMleaM, HaIlpumep, I—Z = £Z(D, Irac £Z —
MOMCHT MHEPILUH T€JIa OTHOCUTCIIBHO OCH, (O — €r0 yrjioBas CKOPOCTh.

C IMOMOIIIBIO TCOPEMEI 00 M3MEHECHMH MOMCHTA KOJHUYECTBA ABWOKCHUA pCHIAKOTCA 3aJadun
Ha UCCJICAOBAHNEC PA3JIMIHBIX I[BI/DKGHI/Iﬁ cucrteMsl. 1 MMO3TOMY MPECAJIOKUTb KaKUC-TO TUIIMYHBIC
3aJ/lauy, B KOTOPLIX OaBaJICA OBI e,Z[I/IHHﬁ MCTOA UCITIOJIB30BaHHUA 3TOH TCOPEMbI, HCBO3MOKHO. Ho
CXEeMa pCeHICHUs, BO BCAKOM CJIyda€ HA4YaJl0 PCHICHUA, OAUHAKOBAA — COCTABJIKICM YKa3aHHBIC

BBIIIIE YPaBHEHUS.

Hpumep peuienun 3a0a4 Ha memy «Teopema 00 U3MEHEHUU MOMEHMA KOIUYeCméd

OGUIICCHUA MEXAHUYECKOI CUCTEMbL)

B mmockocTn nucka, KOTOPBIM MOXKET BPalaThCsl B BEPTUKAIBHON IUIOCKOCTH BOKPYT OCH
O, caenan quameTpanbHBIN Ma3. BHyTpu masza nemxercs mapuk A4 (puc. 1). B Hauane nmxeHus
HIapUK HaXOJMJICS B LIeHTpe aucka. Bec qucka — G, mapuka — P, paauyc aucka — I .

Onpenenum BO3MOXHOE ABM)KEHHUE ITON KOHCTPYKIMH.

3anuchiBaéM YpaBHEHHUE, OIPENEISIONIEe BpallleHUE BCEH cHCTeMbl BOKpYr ocu O:

dI—O — M c()e)
dt
FJ’IaBHLIfI MOMCHT KOJHMYCCTBaA ABUKCHHUSA OTHOCUTCIBHO OCHU BpaIJ_IeHI/IH CKJIabIBACTCsA U3
Ly = £, = 2
MOMCHTAa KOJHUYCCTBaA [ABUXKCHHA OMCKA, paBHOFO a = 0(0 - E— r Q) , KU MOMCHTAa

KOJIMYCCTBA JIBUKCHUA IIapHUKa. ]_HapI/IK COBCpUIACT CJIOXKHOC NBHUKCHUC.
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Puc. 1

[lepeHocHOe ABMXKEHUE NPHU BpAILIEHUH BMECT€  C JUCKOM CO CKOPOCTbIO U, =S@®, IJe

S=0A. U oTHOCHMTENbHOE IBMKEHHE BHYTPH Ia3a €O CKOPOCTBIO Uy. COOTBETCTBEHHO,

MOJIYYUM JIBE€ COCTABJISIONINX KOJWYECTBA JBMKECHUS IIApHKa! Ke=—7,=—S0 u K,=—1.
= _ B >
MOMEHT KOJMYECTBAa IBIDKEHHs Iapuka aacT Tombko BekTop Ke: L, =Ke-S=—S“m.

1
[ToaTOMy T7IaBHBIII MOMEHT KOJIMYECTBA JIBUKCHUS Lo =Li+L, = 2—(GI’2 +F’S2 )(D . A

(V3 e -
TJIaBHBIM MOMEHT BHEIITHUX CHUJI Mé ) —— Pasin (O
[loacraBnsiem HaiileHHbIE 3HAYEHUS MOMEHTOB B YpaBHEHHUE, UMeS B BUAY, 4TO O = (.

[Tomyunm muddepeHnraibHoe YpaBHEHUE, ONPEACIISIONIEEe BpalllCHUE JIMCKa

(Gr2 +Ps? )(p +2Pgssing =0.

KoHnTposabHbIe BONPOCHI

—_—

. udbdepennnanbupie ypaBHEHHS IBHKCHUS TOUKH.

. JIBe 3a1aun TMHAMUKH.

. O6mue TeopemMbl AMHAMUKN MEXaHUYECKOW CUCTEMBI.
. Hpunnun [lanam6epa.

. [IpyHIUTT BO3MOXHBIX EPEMENIEHUM.

. O01iee ypaBHEHUE NTUHAMUKH.

N N D R W

. Auddepenunansueie ypaBHeHus Jlarpanxa BTOpOro poja.
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