Техническая механика
Группа 29-ТЭ
Задание на 24 апреля 2020 г.



Тема урока: «Основные понятия и аксиомы динамики»



Повторение изученного материала, проработка конспекта занятий. 
Предоставление конспектов

1. Плоское движение твердого тела
2. Как происходит преобразование одного движения в другое в машинах
3. На что можно разложить любое плоское движение?
4. Что называется угловым ускорением

Новый материал.
Раздел 3. 
Тема 3.1. Основные понятия и аксиомы динамики.

1. Динамика. Основные понятия и аксиомы динамики
2. Понятие о силе инерции
3. Метод кинетостатистик


Учебник, «Техническая механика» Вереина Л.И. стр. 46 – 52.  Материалы можно скачать в группе в вотсап.













 



[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
image6.jpeg
k k k
mxc = 2)1’2,-}:,-; n’lyc = Zm;yi; MZc = Zmizi.
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JIBax el mpoarddepeHpoBaB 3TH PABEHCTBA, M0y YUM

k k k
mic =Yy m¥; mjc = > miys  mic = Y, mi;.
i=l i=l i=l
IIpaBble YaCTH MOJYYEHHbIX yPABHEHHiT B COOTBETCTBUM C OCHOBHBIM
3aKOHOM TMHAMUKH TPECTABISIOT Co6Oi CyMMy BHEWHUX F;~ 1 BHYT-

penux F;’ cun, mefCTBYIOIMX HA 3TM MaTepuallbHble TOYKH, B MPO-

eKLUIX Ha COOTBETCTBYIOLIME OCH KOOPAMWHAT. CrnemoBaTenbHO, IIO-
clieqHVE YypaBHEHMS MOXHO IEpenucaTh TaK:

k k
o E e
mXc = ZE\ i zEx:
i=l i=1
k E k 7
myc = ZE}/ aF ZE)”
i=1 i=l

mic = S FE+ Y .
i=1 i=l

VYUTBIBAS, YTO TJIABHBIH BEKTOP BHYTPEHHHX CHJ PaBeH HYJIO
(R’ =0), nonyunm

k k k
% B N E. S E
mic =Y Fi; mjc=YFy; mic=)F:.
i=l

=1 i=l

OTH ypaBHEHUS BBIPAXAIOT TeOpeMy O JBHKEHHH LIEHTPa Macc CUCTe-
MBI, KOTOpast (GOPMYIUPYETCS CIeAyIOIHUM 00pa3oM.

IleHTp Macc MeXaHM4ECKOi CHCTeMbl JIBHAKETCS KaK MaTepHa/bHast
TOYKA € MACCOii, PABHON Macce CHCTeMbl, K KOTOPOil MPUJIOKEHbI BCe
BHeEIIIHHE CHJIbI, JIEHCTBYIOLIHE HA 3Ty CUCTEMY.

OTcro/1a CIIeyeT, YTO BHYTPEHHHE CUJIbI HE OKA3bIBAIOT BIMAHUA Ha
JBHXEHME IIEHTPa MacC MEXaHMYECKON CUCTEMBI.

IIpumep 1.13

OnpezennTh TEPEMeleHHe MUIaByYero KpaHa, MOJHUMAIOIIEro rpy3 Maccok
2000 KT, IpH OBOPOTE CTPENbI KpaHa 0 BEPTHKAJLHOTO MOJIOXKEHHUS (PHC. 1.43).
Macca xpana 20 1. [lnuna crpenst AB paBna 8 M. ConpoTHBICHHEM BOJbI Mpe-
HeOpeub.
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Puc. 1.43

Pemenue.

1. Beibupaem cuctemy orcuera (puc. 1.43, a).
2. IIpocTaBisieM BCE BHEIUIHHE CHJIIbI, ASHCTBYIOLIHME Ha MaTepHUaJIbHbIC
JaHHOM MexaHudeckoil cucrteMbl. Ha muaByuunii xpaH OEHCTBYIOT CUJIA TS

m,g (3amaHHas cuna) u cuna N (peakuusi, T.€. TACCUBHAS CHJIA); K TPY3Y T
JK€Ha TOJILKO OJHA BHEIHSIS CHUJIA — €0 BEC 777,2.
3. 3anuiieM ypaBHEHUS IBHXKCHUSI LIECHTPA MAaCC MEXAHUYECKOM CUCTEMBI:
2 E 2 E
mxc = ZE\ e lVe 5 ZE)’ s
i=1 i=1
WITH
mxc =0; myc =-—mg—m,g+ N.

4. Bynem muccienoBaTh NEPBOE YyPaBHEHHE, TaK KaK HAC MHTEPECYET ABH
LieHTpa Macc no ropusoHTanu. I[Tockonbky mXe =0, TO CKOPOCTh LIEHTP:
BJ10JIb OCH OX v, = const. DTO O3HAYAET, YTO CKOPOCTH LIEHTPa MAaCC B 3TOM H:
JIEHHUH B 1000 MOMEHT BPEMEHH HEU3MEHHA, T.€. CIIPABE/UIMBO PABEHCTBO 7,
= UxC kon.-

B HauanbHBIH MOMEHT CHCTEMa HaXOIOHWJIaCch B MOKOE, CIEAOBATEILHO, 7,
= Ve won=.0-"A Tak Kak v,c = dxc/dt, To xc = const.

Taxkum o6pa3oM, aHAIIN3 YPABHEHHUSI ABHDKEHHS LIEHTPA Macc BIOJIb OCH (
Ka3ajl, 4YTO HadajibHasi U KOHEYHas] KOOPAHUHATHI LIECHTPA MAacC COBMANAIOT: X
= XCxou-

5. 3anunieM GOpMYyIly OIS ONMpPEHEJICHUS TMOJIOXKEHHs LIEHTPa MacC MEX:
CKOH CHCTEMbI IPUMEHHTEJILHO K €€ Ha4YaJIbHOMY IMOJIOKEHHIO

’. Y X yagt 11X
AC At Ha4 Hay
my +m,
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1 KOHEYHOMY TOJIOXEHHIO

S 1M Xikon +m2x2KOH
Xevomye IR
m +my

6. Boipa3uM HayajbHbIE M KOHEUHbIE KOOPIMHATEI MATEPHANILHBIX TEJI CHCTEMBI
B COOTBETCTBHH C BLIGPaHHO# chcTeMoit oTcueTa (cM. puc. 1.43):

X1 nau = b X2Hau=—ABSin 30° = “8';— =-4 (M);

xlxou=b-—1; xzxon=—l.

7. OnpenensieM nepeMelleHue / miaByyero KpaHa. [IpupaBHUBAS X( nau = X( koH,
[10JIyYUM

M X1 nay + MpX wau = M X1 xon T M2X2 xon

WITH
mb+my(—4) = my(b—1) + my(=1);

mb—my -4 = mb—myl—myl,

—2000-4 =-20000/-2000 /.

Omgem: | =036 m.

53




image9.jpeg
[MojcTaBuB' 3HAYeHWE {, BO BTOPOE YpAaBHEHUE MBIKCHUSA,
TIOJIYYUM
1 =(vo sinawg sina)/g—gvgsin® o/ (2g g
OTKy/a
y, =v3sin®a/(2g).

W3 5TOro ypaBHEHHs! BHIHO, YTO MAKCHMAJIBHOW BBICOTBI TOYKA
jocTuraetT mpu sino=1 wim npu o=m7/2 paja, T.€. KOraa TO4YKa
OpoilieHa BEpPTUKAJIbHO BBEPX:

Vepi=hiol 122):

IMpavep 13.5. Tlpu apapuu 00607 MaxOBHKA MapoBOW MAILIMHBI PA30PBAJICH
Ha HECKOJbKO 4aCTel, KOTOpbIE OTJIETEM OT MECTA aBapuy HA PA3HbIC PACCTOAHMA,
oCTaBasiCh B MUIOCKOCTM BpallleHusi MaxoBuka. HanGoubliee paccToaHue, Ha KOTOPOC
OTJCTeqM HAWACHHBIE KyCKH, oOka3anoch paBHbiM 280 M. [lmamerp MaxoBuka
D=3.,5wm. Onpeaenutb YrJIOByH CKOPOCTb MdXOBHKa B MOMCHT pa3phbiBa.

Pewenue. TIpu paccMOTPEHHM BOTIPOCA O JIBMKEHWM Teld, OPOILIEHHOTO TOJ
YOJIOM K TOPUM3OHTY, OblTa mojyueHa (OpMyIa, ONPEACISIOIas MAKCHMAILHYIO
JIaJIbHOCTh TIOJIETA:

% b2 50 )
Xmax = U()/g.

W3 oroit (OpMY.bl ONpEAETHM OKPYKHYIO CKOPOCTh MaxoBUKa B MOMEHT
paspbiBa:

Up= \//g-\’mux = \/9"8 "280=52.4 M/C'

Mpu muametpe Maxosuka D=3.5 M ero yr;iosas CKOPOCTb B MOMEHT pa3pblBd
Obla paBHA

©="0,/(0,5D)=52.4/1,75~30 pan/c.

CrefyeT 3aMETHTb, 4TO B JIEHCTBUTENLHOCTH YIJIOBash CKOPOCTb MaxOBHKa
B MOMEHT pa3pblBa Oblia HECKOJIbKO Oobliie, MOTOMY 4TO B pacieTax CONpOTHB-
JICHHEM BO3/yXa MpeHedperau.

Tnasa 14

OCHOBblI KWHETOCTATUKH

§ 14.1. MeTo, KMHETOCTATUKK

TpencTaBum cebe MaTEPHANLHYEO TOYKY MACCOH /7, IBUKYIIYFO-
csl C yCKOPEHHEM a IOJ JeHCTBMEM KaKOH-TO CHCTEMBbI AKTUBHBIX
M PEaKTHBHBIX CHJI, PABHOJEWCTBYIONIAs KOTOPBIX PaBHA F.

Bocrosib3yeMcsi OIHONW M3 M3BECTHBIX HaM (OpMyJl (OCHOBHBIM
ypaBHEHMEM JIMHAMEKH) JUIS TOTO, YTOOBI YPaBHEHMS IBIDKCHHSA
3anucaTh B pOpME ypaBHEHHH PABHOBECUS (METOJ KUHETOCTATHKH):

F=ma.
[lepenuiiieM 3TO ypaBHEHHE B CIEAYIOUIEM BHIE:
F+(—ma)=0.
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Bripaxenue, cTosiiee B ckobkax, obo3navaercs F™ u Ha3pIBaeT-
Cd CHUJIOW HHEPIHUHU:

F™ = —ma.

Cusa uHepyuu ecmov 6eKmop, pasHblil NPOU3EEOCHUID  MACChb
MOUKU HA ee YCKOpeHue U HAnpaeeHHvlil 6 CMOPOHY, Npomu-
gonoaoxNcHyo  yckopenuro. Torpa

F+F™=0 wm ) (F, F*™)=0.

DTO paBEHCTBO, SBIIAIOfllEECs MATEMATHYECKUM BBIPAXKCHHEM
NIPUHIMIIA, KOTOPBIA HOCUT WMl (paHIy3ckoro yyenoro [lamambepa
(1717—1783), MOXHO paccMaTpuBaTh KaK ypaBHEHHE PaBHOBECHS
MaTtepuaibHOH Toukd. CiieflyeT NOAYEPKHYTh, YTO IOJTYyYEHHOE
PaBEHCTBO, XOTS W HA3BAHO yPAaBHEHHEM DaBHOBECHs, B JICHCTBH-
TEJIbHOCTH SBJISIETCSI BHUJIOU3MEHEHHBIM YPABHEHHEM  JIBHDKCHUS
MaTepraJibHON TOYKH.

CrefyeT OTMETUTB, 4TO o damambepa Hal OOIIMM METOJIOM,
C MOMOIIBIO KOTOPOTO ypaBHEHWSM AWHAMUKM HpHAaercs hopma
ypaBHeHUH cTaTuku, paboranu wieHbl IlerepOyprckoi Axanemun
nayk . Tepman (1716) u JI. Diinep (1737).

Ipunmun {anambepa GopMyInpyeTcst TakK: aKmugHvle U PeaKmus-
Hble Cuabl, Oelicmeyrowue HA MamepudaibHyl0 MOuKy, emecme
C cuaamu uHepyuu 00pazyiom cucmemy B3auMHO YPAGHOBEUleHHbIX
cun, yO08ACMBOPAIOWYIO BCEM  YCAOBUAM PABHOBECUA.

Crenyer TIOMHUTB, YTO CHJIa MHEPIUH NPUJIOXKEHA K paccMaTpH-
BAEMOIl MaTEpPUAJILHON TOUYKE yC/06HO, HO ISl CBSI3H, BBI3BIBAIOIICH
YCKOpEHHE, OHA B OIPEICJIECHHOM CMBICIIE SBJISICTCS —ped/bHOlL.
O6a1as1 CBOMCTBOM HHEPIUH, BCIKOE TEJIO CTPEMHUTCS COXPAHATH
CBOIO CKOPOCTb 1O MOJIYJIFO ¥ HANPABJIEHHIO HEM3MEHHOH, B PE3yJib-
TaTe 4Yero OHO OyJeT MJelcTBOBaTh Ha CBA3b, BBI3BIBAIOLIYIO
YCKOpEHWE, ¢ CUJIOW, paBHOW cuiie MHepuuu. B kavecTBe mpumepa
NEWCTBUS CHUJI MHEPIUH MOXHO TPHUBECTH CJIy4ad pa3pyLICHUs
MaXOBUKOB NPH JIOCTIKEHAN UMH KPUTHUYECKOH YrJIOBOW CKOPOCTH.
Bo BCSKOM Bpalllarolemcsi Tejie ACHCTBYIOT CHUJIbl MHEPLUH, TaK
KaKk Kak[as YacTHI[a 3TOTrO Tejla MMEET YCKOPEHHE, a COCeIHUE
YACTHLLI SIBJISFOTCS JIJIsI HEE CBS3SIMH.

[MosicauM 310 Ha mpumepe (puc. 14.1).
ITycTh X TeJy, JexalieMy Ha TOPU30HTaJIbHOU
IUIOCKOCTH, NPHUBSI3aHA HUTH, CMOCOOHAs BbI-
JEpXUBaTh cmily Tspkectd G- oToro Tena.
Eciin X HATH NPHIOKUTH cuily R craTuyecku
(mocTeneHno), To Tejao OyIeT MOAHSATO BBEPX
U HUTHL He obopsercsi; ecnu cuiay R mpm-
JIOKUTH JUHAMMYECKH (BHE3AIHO, PBIBKOM),
TO HUTL OOOpBETCA. DTO SIBJICHHE OODBACHS-
€TCs CJICAYIOIMM 00pa3oM.

YT0o6Bl TMOAHATHL IPy3, HYKHO COOOIIUTH
eMy Kakoe-TOo yckopenue a. Jluig onpenesieHus
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BEeJIMYMHBLI HATSXXEHUS HUTH IPUMCHAM [PUHIHAI I[anaM6epa
U COCTaBUM YPaBHCHHEC PpaBHOBECHUS:

Y Y=0; R—G—F™=0,
OTKyZJa

R=G+F“*"=G+ma.

B mepsBoM ciydae Tpy3y cooOmiaercs HEOOJIBIIIOE YCKOPEHHE
W CWjda WHEPIMM, YBEJIMUYMBAIOUIAs HATSDKCHHE HHWTH, HCBCJIMKA,
BO BTOPOM CIlyuae YyCKOpeHHe, cooduraemoe Telly, 3HAYHTEILHOC
M CHJa WHEpLYMH COOTBETCTBEHHO Bo3pacraeT. B obomx ciyuasx
CHja WHEpIMM He YBEJIMYMBAeT JaBJICHWE HA OMNOpy, TaK Kak
NpHUJIOKEHa K Tejldy YCJIOBHO.

OTMeTHM, 4TO BECOM TeJia Ha3bplBaeTCs Cuia, C KOTOpOH
TEJO BCJIEACTBHE TPHUTSKEHHUS 3eMJIM JCHCTBYeT Ha OIODPY
(Wi TIO/BEC), YEPXKUBAIOIIYIO €r0 OT CBOOOAHOTO NaJICHUSL Ecau
mea0 u Onopa HenoOBUMICHYL, MO 6eC Meld paser e20 Cuie MANCeCmu.

Mpuvep 14.1. B noamumatoueiics KabuHe nupTa B3BEUIMBAETCS TEJNO HA
NpYXHMHHBIX BECax (Cuia TSDKECTH Tesa G=50 H), natspkeHue R TIPY>KHHBI BECOB
(1.’e. Bec Tena) pasHo 51 H. Haiitm yckopenue KaOUHBI.

Pewenue. TIpuMeHUM K TeJly TPHHIMIT OCBOOOXK1aEMOCTH, 0TOPOCHM TIPYKUHHBIC
Bechl M 3aMEHHM HX peakimed R, paBHOM HATSIKEHMIO TIPYXUHBI.

Jlis pelleHus 3a7aud OPUMEHHM METOJ KMHETOCTATHKH, T.C. MPUIOKUM
x Temy cuny umepumn F*. CocTaBuM ypaBHEHHE DABHOBECHS B3BCILMBAEMOIO
Tena, CNpOEIMPOBAB BCE CHJIBI HA BEPTHKAJIbHYIO OCb J; TPEANOJAraeM, HTO
YCKOpeHHE a KaOWMHbI HAmpaBJICHO BBEPX H, CICAOBATCILHO, CHIIA UHEPLU
HATpaBJieHA BHU3 (PACTIOJIOKCHUE BEKTOPOB CHJ CM. H4 pHC. 14.1):

Y Y=0; R—G—F"=0.
Moy/b CHJIbl WHEPLMH ONpeneiseM 1o (popmye
F=ma=(G/g)a.
[1OCTABUB 3TO BHIDAXKECHHE B YDABHEHHE, OMPEACINM YCKOPEHHE
a=(R—G)g|G=(51—50)9,8/50=0,196 m/c>.

chopeﬂne MOJIY4YHJIOCh TIOJIOXHUTCIbHBIM, CcJIefOoBaTEJIbHO, KaK M TIpeanojara-
JIOCh, OHO HAIPAaBJICHO BBEPX.

§ 14.2. Cunbl VMHepuun B KPUBOJIMHEVWHOM [ABUXEHUU

B KpWBOJMHEHHOM [BIDKEHMH TOYKH TOJIHOE YCKOPCHWE DaB-
HO BEKTODHOM CyMMe€ KacaTeJIbHOTO U HOPMAJbHOTO YCKOpEHUM
(puc. 14.2).

KacartenpHoe yckopenve a,=dv/dz,
HOpMaJIbHOE  YCKOPEHHE _ a,=v"/p,
MOJIHOE YCKOpEHHE a=./a?+d,.

KaxaoMy YCKOPEHHIO COOTBET-
CTBYET CBOsI CWJIa WHEPIVH:

LD
I 2 —m?—xacaTeanan, WJIA TaH-
!

T€HIAAJIbHAS;
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IIpumep 1.11

B KpHMBOLIMIHO-IIATYHHOM MexaHu3Me (cM. puc. 1.40) 3a onuH 000pOT KPHUBO-
ILIMMA TIOJI3YH MPOXOUT MyTh, paBHbI 400 MM. Kakoii myTsb MPOHIET 32 3TO BPEMS
touka A? Tne 6yner naxomutbest MIIC 3BeHa 4B, Koraa KpHBOLIMI OA 3aiiMer
BEPTHUKAIILHOE MOJIOKEHHE?

Pemienue.

|. PaccMOTPHM, Kakue TPAaeKTOPMM MIBIXEHHSl MMEIOT TOUKH A, B u xakue
JBHOKEHHS OCYLIECTBISIOT TeNa, K KOTOPBIM OHM MpuHajyiexar. Touka 4 counens-
eT JBa Tefa, COBEpLIAIONINE pa3NHuHble ABIKeHHs. C O/IHON CTOPOHBI, TOUKa A
y4acTBYeT BO BpAlLATEIbHOM JBIKeHUH kpusouwmna OA, a ¢ Apyroil CTOpOHbI,
OHa MpHMHAIEKUT Tely AB, KOTOpoe COBEpIIAeT IIIOCKOe JBikeHHe. Touka B
TaKKe CouNeHseT aBa Tena: WwatyH AB u nonsyH B. TTockonbky Touka B mpuHaz-
JIEXUT MOJ3YHY, COBEPIIAIOIIEMY MOCTYNATENIbHOE IBHXEHHE C MPAMONMHEHHOH
TpaekTopHeil BCex ero ToueK, TO JUls Hee BCEr/[d N3BECTHA TPACKTOPHUS ABHIKCHHS —
3TO TOpPM3OHTaNbHas npsiMas. Takum oGpasoM, 3Has HANpPaBJICHHUS ckopocTeii
Touek A ¥ B, MOXHO HafiTH TOJIO)EHHE MTHOBEHHOrO LIEHTPAa CKOpPOCTei s
KPHBOILHMITHO-MIATYHHOTO MEXaHW3Ma, KOT/Ia KpHBOWHIT OA 3aHUMAET BEPTHKAIIb-
noe nosoxenue. M3 puc. 1.40, 6 Buano, yro MIIC nexur B 6eckoneuHoctH. Cre-
JOBATENIbHO, BCE TOUKHU 3BE€HA A B NMEIOT OJJMHAKOBbIE CKOPOCTH.

2. 3a o7MH 06OPOT KPUBOLIMMA TOYKa A NpoXomuT myTs S = 21r. ITonsyn B3a
OIMH 060POT MPOMAET MyTh, paBHblid 47. Clef0BaTENbHO, MOXKHO HaliTH paguyc
KPHBOIINIA, ECJTH U3BECTEH MPOiIEHHbIH NyTb TOYKH B:

4r=400 mm; r=100 mm.

3. 3Has pajuyc r KPUBOLLMIIA, MOXHO OMPE/IENUTh MPOiiICHHBIH TOYKOH A nyTh
3a OJIMH 00OPOT KPUBOLLIHKIIA:

S =2mr =2m-100 = 628 (Mm).

1.9. 3aKoHBI AMHAMHKH H YPABHEHHs ABHKEHUS TOYKH

JIMHAMHUKOI Ha3bIBAETCs pa3jie]l MEXaHHUKH, B KOTOPOM H3y4aeTcs
IBWKEHUE MaTepHalIbHBIX TeJ MO AeHCTBHEM NMPUI0XKEHHbBIX K HUM CHIL

B 0CHOBE AMHAMUKH JIEXAT 3aKOHbI, ChOpMyIUpoBaHHble HEIOTOHOM.

ITepBblii 32KOH — 32KOH HHEPLIMH, yYCTAaHOBJIEHHBIH "anieem, raacur:
MAMepuanbHas MoyKa CoXpawaem coCmosiHue NOKOsA Umu pagHoMepHo20
NPAMONUHELIHO20 OBUNHCEHUA, NOKA 6030eiicmeue Opy2uX Mmen He USMEHUN
9MO COCMOAHUE.

BTopoii 3aKOH — OCHOBHOM 3aKOH JMHAMHUKH — YCTAHABJIMBAET CBSA3D -
MEX/Iy YCKOPEHHEM, MaCCOM U CUIIOM: yCKOpeHue MamepuanbHot moiKu
NPONOPYUOHATILHO NPUNIOHCEHHOU K Hell cune u umeem 00UHAKOB0E C Hell
Hanpasnenue. 3anyieM 3TOT 3aKOH B popMe, KOTOPYIO NPHUIAT 3TOMY
3akoHy Ditnep (puc. 1.41):

ma=F.
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B xiaccuueckoil MexaHHWKe Mac-
ca m TIpUHSATa 3a TIOCTOSHHYIO BeE-
nuunHy. Macca SBIAETCS MEpOH
MHEPTHOCTH MaTepHalbHBIX TN B
MX TOCTYMAaTelbHOM JBHXEHUH.
3anuiieM OCHOBHOHM 3aKOH JAWHA-
MUK B BUJIE CKaISPHBIX PABEHCTB,
NMPOEKTHPYS BEKTOPHOE PABEHCTBO
Ha OCHU KOOPJIMHAT:

ma,=F;
S Puc. 1.41
ma, = F,;
ma,=F..

Tperuii 3aKoH (OPMYIUPYETCS CIEAYIOLINM obpasoM: gcakomy oOeii-
Cmeuio coomeemcmeyent pagroe u npONUGONONOHCHO HANPABGEHHOE NPO-
mugodeiicmaue. TOT 3aKOH YCTaHABIMBAET, YTO MPH B3aMMOJIEHCTBUU
JBYX TeJI, B KAKOM Obl KNHEMATHYECKOM COCTOAHMN OHHU He HaXOQUJIUCh,
CHJIbI, IPUJIOXKEHHBIE K KAXKIOMY U3 HUX, PABHBI 10 MOJYIIO W HamnpaB-
JIeHbI 110 OJJHOM MPSAMOIi B IPOTHBOIOIOKHBIE CTOPOHBIL.

YerpepThlii 3aK0H He ObLT CHOPMYIMPOBaH Hpr0TOHOM KaK OTJIETb-
HBIH 32KOH MEXaHHUKH, HO TAKOBBIM MOXHO CUMTATh CACNAHHOE MM
060611eHIe NPaByia MapaIelorpaMmMa CUIL: HeCKOIbKO 00HOBPEMEHHO
deticmeyrowux Cuil coobwaion moyke mMaxoe ycKopeHue, Kaxkoe coobwjana
61 00HA CUNA, PAGHAS UX 2€0MEMPUHECKOU CYyMME.

BeKTOpHOE BbIPAXEHHE OCHOBHOTO 3aKOHA IMHAMUKH MOJHO CIIPO-
eKTHPOBATh JIMOO HA NEKApTOBEL, 1160 Ha eCTECTBEHHbIE OCH KOOP/IH-
HaT. B mepBOM cilydae MONYYUM YPAGHEHUA OBUIICEHUS. MAMEPUATLHOU
MOuKU 8 NPAMOY20TbHOU 0eKapmosoi cucmeme KOOpOUHam:.

mx = Fy;
my=F,;
mz=1r

e X=a., y=a,; Z=a:
Bo BTOPOM CIIy4ae MOy 4uM ecrecmeenible ypasHeHis OBUIHCEHUS:

mall =El;
ma, = F;
may =Fb,

rae a, = v2/p; a. = d2S/dr2.
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[Tpoexuus yckopeHUs Ha GMHOpPMallb BCeraa paBHA HyNO a, = 0,
nosaromy Fy, =0.

ITpumep 1.12
YpaBHeHHE IBHKEHHUS MATEPUAIILHOM TOUKH M ¢ Maccoii 71 UMeeT BUL:
x=rcoskt; y=rsinkt.

Onpenennth paBHOACHCTBYIOIIYIO MPHIIOXKEHHBIX K TOYKE CHJI U TPAEKTOPHIO
JBWKEHUS MaTepPHAIbHON TOUKH.

Pemenue.

|. OnpenensieM NpOeKLMK YCKOPEHUsSI HA OCH KOOPAMHAT. JIjIs 3TOro cHayana
OMNpPENETHM MPOEKLIUH CKOPOCTH Ha Te XKeE OCH:

v, =X=-—krsinkt; v, =y=krcoskt.
C y4yeToM 3TOro mnoyyyaem
a, =, =—k’rcoskt; a, =v,=-k’rsinkt.
2. OnpefiensieM MpOEKUMM PaBHOAEHCTBYIOIIEH CHibl. I1OCKONBKY F, = mi:

F, =mj, 10 F, =—mk’rcoskt; F, =-mk’rsinkt.
3. OnpenensieM MOy/Ib PaBHOICHCTBYIOLIEH:

F = |F? + F} = mk*rcos® kt +sin® kt = mk’r.

4. OnpenensieM HamnpaBJICHUE PABHOJEHCTBYIOLIEH:

F\' X
cosQ = —=—coskt =——;
i r
F,
COSB =2 —_sinkt = -—.‘Z._
/2 r

OueBnaHO, YTO YroJl HaKJIOHA PAaBHOMECHCTBYIOIIEH CHIbI MO OTHOIIEHHIO K
OCSIM KOOPJIMHAT MEHSIETCS.

5. OmpenensieM TPaeKTOPHIO IBMXEHUSI MATEpHasIbHOM Toyku. J{Is MCKIIoue-
HHsl BDEMCHH BO3BEJIEM B KBaJpaT M CIIOKHUM YPaBHEHHs IBHXKeHUs. B pesynbraTe
MOJIy4YUM YPABHEHHE OKPYKHOCTH C PAZUYCOM 7: x2 + y2 =72,

Ecnu mocTponTs MpoeKkuny paBHOACHCTBYIOLIEH CHITbI, MPUIIOKEHHOH K MaTe-
PHAJILHOA TOYKE, TO MOJIYYHTCS, YTO CHJIa BCE BPEMsl MEHSIET HANpPaBJIEHHE, OCTa-
BasICh MOCTOSHHO HANPABJIEHHON K LIEHTPY OKPYXXKHOCTH paquyca r.

1.10. Cnibl, feficTBYIOIIME HA TOYKH MEXAHMIECKOH CHCTEMBI

Mexanuueckoii cucmemori Ha3bIBAIOT MBICJIEHHO BBIAEIEHHYIO COBO-
KYIMHOCTh MaTepUajibHbIX TOYEK, B3aUMOIEUCTBYIOIINX MEXIY COOOA.
MexaHnyYecKyl0 CUCTEMY MHOTJAa Ha3bIBAIOT MATEPHAILHON CHCTEMOI
WK cucmemou mamepuansrvlx movex. CylEeCTBYIOT CUCTEMBI c80600-
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Hpix Touek (Hampumep, CoJIHEYHAs CHCTEMA) U HeC80000HbIX MaTepH-
AJIbHBIX TOYeK (MX JBW)KEHUs OTpaHM4YEeHBl cBA3sMM). IIpumepom cuc-
TeMbl HECBOOOIHBIX TOUYEK MOXET CIY)XUTh JIOOOW MEXaHH3M WU
MalInHa.

Bce cumbl, AefCTBYIONIME HAa CUCTEMY HECBOOOJHBIX TOYEK, MOXKHO
pasenTh Ha 3a0agaemble CUlbl U peaKyuu cessei.

Ilo apyroMy MpU3HAKY CHIIBI, JEHCTBYIOIIME HA TOYKH JIHOOOH Me-
XAHMYECKOM CHUCTEMbI, MOXHO Da3leNIUTh Ha GHewHue u 6HYmpeHHue.

VcmoBUMcs 06003Ha4YaTh BHEITHHUE CUIIbL F p , @ BHyTpEHHHUE cuibl F e

BHEIHUMY HA3bIBAXOT CHUIIBI, HEMCTBYIOIKME HA TOYKH CHCTEMBI CO
CTOPOHBI MAaTepUANbHBIX TOYEK, HE BXOAAUIMX B COCTaB JaHHOH
CHCTEMBI.

BHYTpEHHUMHU CHIIAMH Ha3bIBAIOTCA CHIIbI B3aUMOJEHCTBUS MEXIY
MaTepHanbHbIMA TOYKaMU JaHHON MeXaHMYecKOoH cucreMbl. IIpnmepom
BHYTPEHHMX CHJI MOTYT CITy)KHTb CHJIbI yIIPYTOCTH, JEHCTBYIOLIME MEXTY
yacTML@MM YIIPYTOTOo TelNa, MPUHATOIO 3a MEXaHUYECKYIO CUCTEMY.

OfHa ¥ Ta e CUJIa MOXET ObITh Kak BHELIHEH, TaKk ¥ BHYTPEHHEH B
3aBUCUMOCTH OT TOT'O, KaKas MexaHUJecKkas CHCTeMa paccMaTpHUBaeTcs.
Hanpumep, peakLuy MOAIIHITHUKOB Bajla ABJISIOTCS BHEIIHUMH CUIIAMU
[10 OTHOILLEHHUIO K BaJly. DTH e PeaKLHX MOXHO OTHECTU K BHYTPEHHUM
CHJIaM, €CIIM PACCMATPUBATD BCIO YCTAHOBKY BMECTE CO CTAHHHOM.

TakuMm 06pa3oM, B 3aBUCMOCTH OT THUIA KJIACCU(PUKALN CUII JTO-
Gasi cuita MOXeT ObITh BHEIIHEW UM BHYTPEHHEH, B TO )K€ BpeMsl OHA
MOXKeT OBITh 3aJaBaeMOM WIIM peakuuei cBs3u. JIBHKeHHE TOUYEK
CHCTEMBI 3aBHCUT KaK OT BHEIIHUX, TAK ¥ OT BHYTPEHHUX CHIL.

ITo 3aKOHY paBeHCTBA JEHCTBUS U MPOTUBOAENMCTBUSA KaXIOH BHYT-
PeHHei cujle COOTBETCTBYET APyras BHYTPEHHss Cuila, paBHas el 1o
MOJIYJIIO ¥ TPOTUBOTIOJIOXKHASA 10 HATIPABJICHUIO.

Ha 0CHOBAaHMU 3TOTO MOXHO CZENATh CIEAYIOIIME BBIBOBI:

1. I'maBHbBIN BEKTOP BCEX BHYTPEHHUX CHUJI CUCTEMbI PABEH HYIIIO:

R =Y F =o0.

CnenoBaTenbHO, U CyYMMBbI HUX l'IpOGKI_lI/Iﬁ Ha KOOpAWHATHBLIE OCHU
TAK>X€ paBHBI HYJIIO:

fox=0; 2?{;:0; ZF{:=O.

2. I'maBHbIIl MOMEHT BCEX BHYTPEHHUX CHUJI CUCTEMBI OTHOCHUTEIBHO
mo60ro LeHTpa ¥ KOOPAUHATHBIX OCel paBeH HYJIIO:

e
Mo =2Mi0=0 150054

i=l
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3" mom, (F) = 0;
Z mom y(F{) =0;

mom:(F{) =10,
2

XOTs 3TH ypaBHEHHUS UMEIOT BUJ yPaBHEHMUIi PABHOBECHS CHJI, TPO-
M3BOJIHO INPHUJIOXKEHHBIX B MPOCTPAHCTBE, HO BHYTPEHHME CHUJIbI HE
YPABHOBEILMBAKOTCS, TaK KaK OHU NPHUIIOXKEHbI K pa3HBIM TOYKaM
CUCTEMBI U MOTYT BbI3BaThb MEPEMELIEHUE 3TUX TOYEK OTHOCHUTEIbHO

ApYyr gpyra.

1.11. Teopema 0 qBMKEHHHM LHEHTPA MACC
MeXaHNYeCKOH CHCTEMBI

IlIpencraBum, 4To MeXaHUYecKasi CHCTEMa COCTOMT M3 k MaTepHaib-
HBIX TOYeK (puc. 1.42).

Puc. 1.42

UsBecTHO (cM. moapasf. 1.6), YTO MOXKHO HalTH LIEHTP MAcC TaKOi
CHCTEMBI, €CIIM 3aJaHbl MAacChl m; U KOODAMHATHI LEHTPOB TAXKECTH

TOYEK:
k k
2 m;X; 2 m;y; 2 mz;

— _i=l . e P
X =S y = e ZC....

2

m m m

WJIH, YTO TO XK€ CaMoe,
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