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UnuUeruv

Cwdwuwpwuwywu dpwagptipnud «SGuwywu dGluwuhyw» nwupu-
pwgh jnipwgdwu hwdwp wwhwuoynd £ ny dhwju nnbuwlwu ujnieh
funp nunwduwuppnieyntu, wj| bwb fuunhpubph hGwnwgnundwu W NLeNL-
ubiph 6hown Ybipnddwu hdnnieniu:

ENC dwpbtdwwnhywih b dGluwupyuwih  Swynyuinbnnd «UbLuwup-
Yw» dwutwghwniejwdp unynpnn nuwunnutiph hwdwp twjuwnbujwsd
E Ynipuwjht wouwwnwup «SGuwlwt dGjuwupluw» wnwpluwihg: <bnp-
uwlutiph Gphwp wnwphutiph wuwnwupwiht thnpdp gnyg £ iy, np
Ynipuwjhtu wotuwwmwuph Ywunwpdwt pupwgpnd wnwuduwyh Ywpb-
Yynpnipynitt niuh hwjGpbun hwdwwywunwujuwtu gpwlwuniejwl  wu-
hpwdbtounnipeniup:

Uwjptuh [tgyny ubipywjwgynn wju dbnuwpyp dpnnwlwu ninb-
gnyg £ 2006 U 2013 pwywuutphtu Gplwuh ytwnwlwu hwdwjuwpwup
hpwwwpwsniejwu Ynndhg nwywagpywd «Stuwlwu dGluwuhlwh fupu-
nhputiph dnnnywénw-utipnud pungpywéd fuunhpubpp |Nddwu hwdwn:
Lpwunw pungpywd Gu YGnh nhuwdphywihu, hwdwlwpgh nhuwdp-
Ywjptu L JGpndwywu deuwuhywihu udppwd W Ynipuwihtu wouw-
wmwupubiph hwdwp twhwwnbujwd fuunhpubph Jdté dwuh nddwu yb-
pwpbipjw| gnignudubip: Ppwd Gu wmwppbp whwh fuunhpubph ndnw-
ubip, npnup Yuwwuwnbu nwwunnubph unwgwd wnbuwlwu ghwnbhp-
ubipu oguwagnpdtiint gnpduwlwu woluwwnwupubip hupunipnyt Ywunw-
ptint b fuunhpubpp dnnGuynpbint W nwdknt niuwynyeyniuutph quip-
qugdwu hwdwp:

«Ybtiinh nhuwdhlyw» pwdunud pipqwd Gu YGwnp owpddwt nhdbtptu-
ghw| hwywuwpnudubph, nhtwdphywjh hhduwlwu ptnpGdutph L YGunp
mnwwnwunnwywu swupddwu  YGpwpbipjw| wvwppbp wmhwyh juunhpubpp
nwonudubip: «Cwdwywpgh nhuwdhlw)» pwdund wnpdwé Gu hwdwlwp-
gh Yhutinhy Eubipghwiht, hwdwlwpgh nhuwdhyuwih hhduwjwu ptin-
ptdutphtu uyppdwd wnwppbip npjwoépubipny fuunhpubph nddwu dw-
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dwuwl Ywuwwnpynn hhduwlwu pwyjbpp, huswybu twb puqdwehy np-
wwjht fuunhpubiph |nwnuwdubip: «4bpndwywu dGluwuhyw» pwdhuu
pungpynwd £ htwpwynp nbnwihnfunyeiniuubph uyqpniuphu, nhuwdp-
Ywjh punhwunyp hwwuwpdwup, Lwgpwudh Gpypnpn ubinh hwjwuw-
pnwiutiphtu udhpywd wmhwywyhu fuunhputipp |nenwubp:

YUnipuwiht wofluwwnwup Ywunwpbihu nuwunnubpp Ywpnn Gu ogun-
4t bwl gpwlwunigjuu gwuynd pipqwd hwjnuh dnnnjwdniubphg:

Atinuwnpyp bwhuwwnbiujws £ 6ML dwpbdwnhlwih W dGfuwuhlywih
dwynywnbnnd «SGuwlwt dGuwuhlw» wnwplwihg Ynipuwjhtu wofuw-
wnwupubip Ywwwpbihu nwwunnutipht dGpnnwlwu  odwunwynieintu
gnyg wnwint hwdwp: Ywpnn £ ogunnwywp |hub) pnthbph $hghlwdweb-
dwunhlwlwu nit wmbuuhywywu wyniyunbnutiph nuwunnutiphu b wnb-
uwywu dGjuwuphlwihg hupunipnyt woluwwnwupubip Yuwwnwpb] gwulw-
gnnutphu:

Lbnhuwlubpp hwynund Gu hpGug 2unphwwinyeintup dhq. dwp.
ghw. nnyunp, wypndbunp 4. M. Pwpubinwuhu, $hq. dwp. ghwn. pLY-
Uwont, nngtiuwn U. £ 2hjwyjwuphu dGnuwpyh bwhitwywu twppbpwyp
Ywpnwint, Ywunwpwsd nhnnnniejniuutiph b ogunwlwn wnwownynipe-
jniutbph  hwdwp, huswbu uwl pninp wyu  gnpdpuytipuphu ndpbp
Uywuwnb) Gu dtinuwpyh hpwnwpwlydwup:



1. U6Sh Y hLUUhLU

¢ 1.1 Yaph rwupddwti nhPpbughwy
hwywuwpmdubpp

Wu wwpwagpwdnd wnpynwd £ Yinh supddwu nhbbiptughw| hw-
Jwuwpnudubphu dGpwpbpnn fuunphpubph nddwtu nwuwly: Wu ubp-
Ywjwgywd £ punhwunip wnhwh uunpp (nddwu ophuwyny:

Opptiwly 1.1: Gpywpeninwjhu dwuwwwnphubipn Ywnnigbihu dw)-

nbph thnpwdpubpnd Rbpniejniuubph pwpwpwhywdphg wnniubiph
wwounwwudwu hwdwp nbnunpynd £ DC Ginwnp: <woyh wnubing

pbpniejwu pwpdpwanyu A YGwnhg pwph gwpddwu huwpwynpnieni-
up U punnwubing upw uygpuwywu wpwgnipnup’ v, =0, npnoti Ginwu-
wnh thnppwgnyu b (wjunieiniup U pwph' Ginwnp ypw pulubine v, w-
pwanigyniup: (Fhpnigjwu AB hwwndwdnd, npp hnphgnup hbwn Yug-
dnd £ a wulniu b mup [ Bplupnieinau, pwpp owpdynd | 7 J: BD

A




pbip wbnwdwup hnphgnuh htin Yuqund £ B (B > a) wulyniu: AB
hwwndwdh Jpw pwph uwhph 2thdwu f gnpdwyhgp hwdwpb]  hwu-
nwwntt, huy onh nhdwnpnieniutu wphwdwphb: Spdws £ v, =0,
a=60", /=44, 7=14, f#0, h=54, B=75:

Lnidmid: “Yhuwpybup pwpp ownpdndp AB hwwndwénid: Cuwn-
nGup x;y; Ynnpnhuwwnwywu hwdwlwpgp, nph uygpuwybnp hwdpuy-
unud £ A4 Ybtwnp hbwn (uy. 1.1.1): x; wnwugpt ninntup AB -ny, huy
Y10 Upwu ninnwhwjwg: Cunnwbin pwpp npwbiu Uniwlywu Yo,
gnyg wmwup upw Yypw wgnnn ndbipp' G U2hnp, N unpdw| hwywgnnt-

—

dp U uwhph 2thdwu F mdp (uy. 1.1.1): Ogwdbind nhuwdhlywih
hpduwywu opbuphg, Ywqdbup pwph' npwbu Wnipwlwu Yawnh, swnd-
dwu nh$biptughw| hwjwuwpnuip AB nbnwdwund'

mx; = ZExl ’

npntin ZFZ-XI = p pwph Ynw wgnnn nidiph wpnjilghwutiph gnwdwnt
E x; wnwugph Ypw: SGnwnptup npwup hwjwuwpdwtu dbg, Yuwnw-
Uwup

mx, = Gsina — F:

Wuwnbn F = fN, N =Gcosa : Wuwhuny,
mx, = Gsina — fGceosa
Ywd
X, =gsina — fgcosa :
huwntigpbind unwgywd nhpbptughw| hwjwuwpnudp Gpyne wu-
qwd, Yunmwuwup'
X, = g(sina —fcosa)t+ C,



o[ dnaremall,

C; W G, hunbgpdwt hwunwwniuubipp npnotiint hwdwp ogunybup
fuunpp uyqpuwlwu wwydwuubphg' £ =0 nbwpnu x, =0 U x,, =0:
Yunwuwup'

X0 =C, X = (5
Lhnbwpwn' C, =0, C, =0: Un niypnud’
%, = g(sina — fcosa ),

= {g(sina ;fcosa)}tzz

7 wuwhh hwdwn, Gpp pwpp wynyynw £ 4B nbnwdwup, Yniub-

uwup’
X, =vg, X =1,
wjuhupu
v, = g(sino — fcosa ),
/_ {g(sina —fcosoz)}f2 :
2
LEnlwpwp'



TYhwwpybup pwph swpdnwip B Ybwnhg dhusk C Ybunp: Cuwn-
ptup xy Ynnpnhuwuwnwlwu hwdwlwnpgp, nph ulygpuwlybup hwdpuy-
unud £ B Ybiwp hbinn: x wnwugpu ninnbup nbwh dwfu, huy y -p* upwu
ninnwhwjwg: “Ywqdbtiup pwph 2wpddwtu nhpbptughw| hwjwuwpnidub-
pp BC wnbnwdwup hwdwp’

mx=0, my=G:

Wu wbnwdwund fuunph ulqpuwlwu wywjdwuubpu Gu' £=0

nGwpnwd
x,=0, ¥, =0,

X, =VzC080, Y, =VzsIna:
Gpynt wuqwd huwnbgpbup unwgywsd nhdtptughw| hwjwuw-
pnudubipp, Yunwuwup

x=C,, y=gt+C,,
gt’
x=C3l‘+C5, y=7+C4t+C6:
t =0 nbwpnuw Yniubuwup
Xo=0C5, y =G,
x,=Cs, y,=Cs:
Wjunbinhg Ygunubup'

C,=vzcosa, C,=v,sina,

Lwph wpwgnipjwu wypnGyghwubph hwdwp Yunwuwup



X=vzcosa, y=gt+v,sina (1.1.1)
hwywuwpnuiubpp, huy pwpp 2wpddwu hwwuwnpnubpp Yphubu'

2
4 .
)CZVBCOSG't, y=g7+VBSHlOC'l‘Z

Ccwpddwt hwywuwpnudubphg wpunwpubind ¢ dwdwuwyp, Ygpun-
utup pwph hGunwagsh hwwuwpniudp: Npnotiny ¢ -u wnwoht hwjwuw-
pnudhg U wnbnwnptin upw wndbpp Gpypnpn hwjwuwpdwu dby, Ypu-
nwuwup ywpwpnjwih hwjwuwpnid.

g’

- (2v§ cos’ a

)+xtgoc :

CD bGnwuwnpu puyubine wwhhu y=h, x=d:
Npnotiiny d -u htitnwagdh hwjwuwnpnwhg, Yunwuwup'
d =211u4, d,=-7,75 u:

Lwuh np pwph 2wpddwu hbGwnwghdp ywpwpnwih §nin £ upw
YGwbph npwlwu wpughuubpny, www 4, =2,11 u:

Gintuwnh thnppwgnyu jwjunieyniup Yihup'

b=d—-ED=d - i , Ywd b=0,77 u:
tg75°

Ogwybiny pwph 2wpddwu x=vzcosa -t  hwjwuwnpnuhg,
Ugwubup B Ybtiwnhg dpusk C Ybwinp pwpp owpddwu 7' dwdwuwyp'

7'=0,53 y:



Lwph wpwgnyeyniup CD Ginwunpu pulyubint ywhpu gwnubup,

oquybiny wpwgnwl' v =+/X"+7° pwtwdlhg: <woyh wnubing
(1.1.1)-p dwdwuwyh t=7=0,53 4 wwhph hwdwnp Yunwuwup'

Ve = \/(VB cosoc)2 +(gt+v3 sinoc)2 ywd v, =128 /y:

$ 1.2 Mhuwdphlyuyh hhduwlw pnpLdubiph Yhpwnnysyniip
ynipwlwu Yaph pwupddwitn hyppwgnipdwt hwdwp

Wu wwpwgpwdnd nhunwpyynid £ [15]-nid pungpyjwsd b nh-
Uwdhlwjh hpduwlwu pbnptdubph Yhpwnnigjudp Unipwywu YGwnp
ownddwu hGunwgnundwup Ytpwptpynn fuunhpubph nddwu punhw-
unip dninbignud: Uju ubipyujwgubup nhwwihtu fuunph nddwu ophtw-
yny:

Opptwly 1.2: m = 0,5 Yg quugwédny qunhyp swndynwd £ nin-

nwdéhg hwppenipjwu dte gunuynn 4 Ybwhg v, = 0,8 J/J uygpuwlwu

B B

LY. 1.2.1 LY. 1.2.2
wpwgniejwdp: funnndwyu nwp Gpynt wmwppbp' R b 2R gwnwyhnub-
nny Yhuwopowuwqgdtiph wnbiup niutignn Ynp wnbnwdwubin, npnug YGuwn-

pnuubipp Jdhwgunn ghdp hnphgnup hbn Yuqdnd £ a = 60° wulndu:
10



funnnquyh BD wbnwdwup, npp qunhlyu wugund £ 7 =0,1Y dwdw-
uwynwd, hnphgnup htwn Ywgdnd £ B =30 wulniu: Fnuby qunhyh
wpwgntpniup B, C W D nhpptipnid, qunhyp N, Gupnudp funnnjwyh
wwwhu C nhppnd, huswybu twl quuywuwyh 2 wnwybugnyu ubin-
dnuwp, et R =0,2 d, qgunhyp L fjunnnuyph wywwnh dhole uwhph opih-
dwu gnpdwyhgp' f =0,1 k, quwuwyh uygpuwywu ntdnpdwghwt’
hy =0, quwuwyh Ynanniejwu gnpdwlyhgp' ¢ =10 L/ud=1000 UL/dJ

(uy.1.2.1): Sunhyp hwdwnpb| Ynipwlywu YGwn, huly hGwnwagsdh Ynp hwwn-
qwdubtipnud 2thnudu wuwnbiub:

Lmémd: B U C Ytwbpnwd qunhyh wpwgnipniup npnabiint
hwdwp oguybtiup Unipwlwu Ytwnh Yhubnmhy Eubpghwih thnthnjudwu
ptnptdhg: <Gunwagdh AC L CB wnbnwdwunud gunhyp swndynd | G
dwupnipjwu nwdh wqgnbgnipjuwu wnwly (othdwu nidtipp Ynpwaghd hwwn-
Judubipnud hwayh sbup wnunwd), htnbwpwp, 4B wnbnwdwup hwdwp
YniuGuwup

2 2
myvg  mvy

2

= ZAZ. =GH, =mgABsino = 6mgR sin o,

Yuwd
v: —v: =12gRsina, v, =4,59 0/,
huy BC nbnwdwuh hwdwn'

2 2
mve  mvy,

> 5 :ZAZ,:GHZ:mg(4Rsina+2Rcosa),

V2 —v) = 4gR(2sina + cosa),

npuntinhg’
11



Ve = \/Vj +4gR(ZSan£ +COSOC) y Ve :4926 lj/l’l.

Npnotiup qunhyph Guonwip funnnjwyph wwwnpu C nhppnd: <w-
dwdwju Unipwywu YtGnh hwdwp “rwjwdptiph uygpniuph, YGnh ypw

Yhpwnwd wywhy, ywuphy W hubipghnu ndbiph Gpypwswihwywu gni-
dwpp hwywuwp k qpnjp’

G+N.+®=0:

Ujnipwljwu Ytinh ypw wgnnn hutipghnu ndp Yupbih £ ybpndt
unpdwy b gnowthnn punwnphgutinh

—

D= Ci)n + Cf)r:
X wnwugph Ypw é ]\72j L D nidtiph wpniGyghwubph gndw-
np wbuwp £ jhup gpn (uy. 1.2.1), hGunbwpwn
Ny—Gceos60° —D, =0:

Wjuwntinhg

2
Ni =Gceos60° + O, =mgcos60° + ”;‘;ec

Yuwd

Ny =252 L
N'C hwlwgndwu dbdnieiniup Ywpbh £ npnob| twl' ogunybiiny pwind-
dwu puwywu hwywuwpniudubphg,

2
m}‘;c =>P cos(é,ﬁ): N_ —Gcos60”:

12



Wjuwnbinhg

2
mve

Ni =mgcos60° +

Sunhyh thuwpgnn N Gugnudp funnnyuilh wwwnht pywht windtipny
hwwuwp £ qunujwéd ]\7é hwywgndwup b ninnwéd £ upwu hwwnwy:
BD wnbnwdwund® Yppwnbing unipwlwu Yenp swpddwu pw-
uwyph thnihnfudwu pbnptdp, gunubup qunhyph wpwgniyenup upw D
nhppnud (Y. 1.2.2): YUniuGuwup
mvp, —mvg, = ZSix )

nnpwnbin ZSZ-X -n BD wbnwdwunid qunhyh Yypw wgnnn ndbiph pd-
wnyuubiph gnidwpu £ ¢ dwdwuwwdhongnid: Uju inbnwdwunid Ybunp

ypw Yppwndwsd Gu G dwupniejwl nudp, flunnnjwyh wwuwnh N' huw-
Ywgnnwip L ﬁzlhdufu nidp, pun npnwd’

F=fN"=fGcosp:
Lwuh np

Vox =Vps Ve = Vg

ZSZ.X =—-GsinfB-t—Ft=—-mgsinf -t — fmgcosp ¢,

wujw

mv, —mv, =—mgsin f3 -t — fimgcosf3 -t:

LEnlbwpwp'
v, =4,01 d/y:
2uwwuwyh wnwybwgnyu /2 ubnddwu swihp npnobiine hwdwp
oginybup DE hwwndwdnud Ujnipwlwu Yhwnh Yhubuinpy Eubpghwp hn-
thnfudwu plinpbdhg'

13



mv.. B mv;
2 2
Cwayh wnubny, np v, =0 U H, = hsinf, Yunwuwup

2
>4 :—i—GH3—Fh:
2

%+G(sin[3+fcosﬂ)h—

2
my,

=0

Ywd

N 2Gh(sinﬁ + fcosﬁ) B mv;,
c c

h* =0:

Lnétiiny unwgywsd pwnwynwh hwjwuwpnwdp 7 -h ufwwndwdp,
Yunwuwup'
h =(-0,003+0,090)u:
Uyuhwjwn £, np npwbtiu thunpynn dbénipiniu wbwnp £ punniut pwnw-
Ynwh hwywuwpdwu npwlwu wpdwwnp'
h =-0,003+ 0,090 = 0,087 u:

¢ 1.3 Ybph qpunpuwannuiyuiti pwpdnid

Wu wwpwagpwdnd npydnid £ [15]-nud pungpywd b Yhunp nw-
wmwunnuywu swpddwup YGpwpbpynn puunhputiph nddwu  dbenn:
UbinYuwjwgubiup wjb whwuwiht Jutnph ophlwyny:

Opptiwy 1.3: m, =2 Yg b m, =3 Yq quwugywdutipny D u
E pbnubipp, htudtind ¢ = 600 L/J Ynpunnigjwu gnpdwlygny quuyuiiw-
Yhu, gunuynid Gu hnphgnup uyuwwndwdp a =30° wulniu Yugqdnn pbp
nnnpy hwpenipjwu ypw: dwdwlwyh hus-np ywhh (t = 0) E pbinp ht-
nwgunud Gu, Jhwdwdwuwly B quuuwuwyh unnphtu dwypp ubunud k
owndyt| php hwpeniegniun & =0,02sin10¢ opbupny: Gunuby D pb-
nh owupddwu hwywuwpnidp:

14



Lnidnmud: fuunhpp nwdtint hwdwp ogqunybup YGuinh pwpddwu np-
dbptughw| hwwuwpndubphg: Npwbu Ynnpnhtwwnmwywu hwdwlwp-
gh uygpuwybn punpbup D pbnh unwunhlwlwu hwywuwpwyrnni-
[ejwu nhppp, npp hwdwwwwnwufuwund £ quuywuwyh unwunply nbdnp-

AT\ &

LY. 1.3.1
dwghwjhu wju ywjdwuh nbwpnid, pp B YGwnu punniund £ hp dhohu
nhnpp (€ =0):

X wnwugpu ninnbGup pbp hwppnipjwu Gpywjupny nbwh ybn
( E pbinp htnwgubinig htiimn D pbnh swpddwu Ynndp): Ujn nbwpnid
D pbnp owpdnwip npnaynud £ hGnlyw) nhdbptughw) hwjwuwnpnidny'

mpx = Zsz ,
npntn D F,-p D phnh Jpw wqnnn midiph x  wnwigph Jpw
wpniGyghwubph gnudwnu £ (uy. 1.3.1 w): D pbnp ypw wgnnud GU upw
GD U2hnp, REGp hwppeniejwu N unpdw| hwywagnnudp, quuwuwyh w-
nwdaquwuntpjwu P nwdp:

15



Wuwhuny'
mpyx =-G,sina — P:
Wjuwntin
P=c(x=f ump=§),
npnbn f u,p -U quuwuwlh unwwhy nEpnpdwghwu £ D pbinh wg-
nbgnigqwu wwy, &-u' & =dsin pt opbupny 2wpdynn quuwuwyp
unnpht dwiphu wdpwgywsd Ytnh nbnuihnfunigyniuu £ (d = 0,02 4,
p =10 nwn/y):
Ruwwuwyh f .., unwwnhy nbdnpdwghwt Ygunubup plip hwp-

pniRjwl ypw D pbinh hwwuwpwznnigjuu ypdwyht hwdwwwnwu-
fuwunn hwjwuwnpnwdhg (uy. 1.3.1 p).

>, =0

Yuwd

- Gysina+ R, =0,
wjuhupu

—~Gpsina +c¢f i, =0,
npwntinhg

_Gpsina

fumD_

D pbnp swpddwu nhdtptughw| hwjwuwnpnidp yihup'
myX =—G,sina —c(x—fumD —5)

Ywd, duwihnfunyeniupg htiwnn'
mpX +cx =cdsin pt (1.3.1)

Pwdwubiiny hwjwuwpdwu pninp wunwdubpp m,-h b ubpdnwdt-
Iy hGnlyw| upwuwynwiubpp’
16



(1.3.1) nhdbpbughw) hwywuwnpnidp Ypbpydp hbinlyw| inbupp’
X¥+k*x = hsin pt,

npp hwuwnwwnntu gnpdwyhgubpnyd Gpypnpn Ywpgh gdéwihu wuhwdw-
utin nhdtiptughw| hwjwuwpnu £: Wu wuhwdwubn hwjwuwpdwt |ni-

onup hwywuwnp £ hwdwwwunwujuwt hwdwubin hwjwuwpdwu X,

punhwunip Nddwtu b ndjw| wuhwdwubn hwjwuwpdwtu X, dwulw-

ynp nwddw gnidwpht’
X=X +X,:

Lwdwutin hwwuwnpdwu punhwunip (ndnwu niup
x, = C, coskt +C, sin kt

wnbiupp: Npwbiu wuhwdwubn hwjwuwpdwt dwutwynp |nwdnwd Jbpg-
utup’

X, :%sinpt:
(K =r)

Niptdu (1.3.1) hwjwuwpdwu punhwunip ndnudp Ypup’

: h :
x = C,coskt + C, sin kt +msmpt ;

C, b C, hunbgndwtu hwuwnwwniuubpp npnatint hwdwp hwsy-
Jtup x -h wdwugjwiu puwn £-h’
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x =—Cksinkt + C,kcoskt + (%)cos pt

U ogqunybtiup fuunph uyqpuwlywt ywjdwuubphg:
Hunwplynn pwnpdnuip uuynud £ wy wwhht (2=0), tpp gpu-

wwuwyh ntdnpdwghwu unwwhy £ D L E pbnubph wgnbgnipjuu
wnwl: Cunpdwd hwoqupyh hwdwlwpgh nbwpnd D pbnh ulygpuw-

Jwu Ynnpnhtwng hwduuwn b X, = £, oy npnad f =

G si
:ﬂ-b quuuwuwyh unwwhy nb$npdwghwu £ E pbnh wgnb-
C

gnipjwu nwl:
Wuwhuny' ¢ =0 nbwpnd Ynwubuwup

Xo=—fupgr» X% =0:

bwqubip x=x(t) U x=2x%(t) hwjwuwpnutpp £ =0 nbw-
pnud, Junwuwup

: h
XOZCI, X0=C2k+ﬁ)’

npwntinhg

hp
Ci=—fuwg C :—7—):
1 f E 2 kkz_pz

D pbinh owpddwtu hwwuwnpnidp Ygpyh

X=—f unp COSkt—

wnbupny: Uunuwd £ qunut] hwywuwpdwu dbGo dwutwlgnn dGénipjniuub-
nh pYwihu wndbipubinp’
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k:\/ c :\/6-100:17,3 0,
my, 2

Gpsina  3-9,81-0,5
6-100

Sung = =0,0245d=2.45 uy,

h cd 600-0,02
_ _ 220,03 d=3ul,
K —p' myk’—p’) 2(300-100) -

o 0,03-10
klk*=p*) 173

Lhnbwpwn, D pbnh swpddwu hwdwuwpnwip Yihup'

=0,0173 u=1.73 ud:

x=-2,45co0s17,3t —1,73sin17,3¢ + 3sin 10¢ (ud):

19



2.uvuwurah 1 hLuv byl

¢ 2.1 RQwuqwdubtiph YGuppnup rwpddwti pnpbdp

Wu wwpwgpwdnd wpynd £ hwdwlwpgh quugwdubiph
ytuwnpnup swpddwt ybpwpbpjw) ptinpGdh Yhpwndwdp |nwdynn fupu-
nhpubph hwdwp punhwuny pwop, wnwowpyynud £ npwug |niddwu
hwdwp Ywwnwpynn wuhpwdbon pwjiph hwonpnwywunyeniu:

lunph npjwédpp: bpwp hbn Yww niubignn 7 dwpdhuubphg
pwnluwgwé uwppp wbnunpywsd  hnphgnuwwu hwpeniypjuu Ypw
qutiynn wphqdwijh Ypw: Mphquwih b hwpenipjwu dhol 2thnup pw-
gwluwjnu L Uwpdhuutiphg dGyp wnbnwihnfuynw £ wyphgdwjh tlwn-
dwdp: N°p Ynnd U h"us hbnwynpnigywu Yypw Yunbnwihnfudh wyphqdw:

Lmiddwiti wjywiti: fuunhpp |nwdtint hwdwp oguwgnpdnid Gup
quugywdutiph YGunpnuh swpddwu plinptdp: Cunpnud Gup Ynnpnh-
Uwwnwlwu hwdwlwpg: Unwugpubiphg dbyp, ophuwly' x wnwugpp,

nwunw Gup wpwnwphtu nidbiph wgndwu géhu ninnwhwjwg: Un nbw-
pnud quugywdubiph YGuwmpnup swpddwt hwyjwuwpdwu wpnjGyghwu
x wnwugph Ynw Yihtp

mi, =0, (2.1.1)

npintin - X, -U hwdwlwpgh quugqwdubiph YGunmpnuh Ynnpnhuwwnu L,

m = Zml_ - U' wdpnne hwdwywpgh quugywdp: Gpynt wugwd huwnbg-

i=1
ntiny (2.1.1)-p L hwoyh wnubiny, np uygpuwlwu wywhhtu quugywadub-
nh YGunpnuph wpwgnieniup GnGl £ hwwuwp qpnjh, unwunid Gup

20



mx_. = const : (2.1.2)

Lwdwlwnpgh qwuqgywdubph Ytuwmpnuph Ynnpnhuwwp hwoynid Lup
htwnlyw| pwuwauny'
1 n
%_m;m%. (2.1.3)

Cwayph wnubny (2.1.3)-p' (2.1.2)-p gpnid Gup hwdwywnpgh uygpuwywu
nhpph hwdwp W dwpdhuubphg dGyh wnbnwowpdhg hbGwn, unwunw
Gup pwuwdél, npp Yww £ hwunmwnnud hwdwlwnpgh dwpdhuubph pw-
gupdwl nbnwownpdtph dhol’

> mAx, =0: (2.1.4)
i=l

1) Snipwpwugnip dwpduph pwgwpdwy nbGnuthnfunieiniup ubip-
Ywjwgunud Gup npwbiu Gpynt wmbnwithnfunyeyniuubph gnwwn, npnughg
dayp’ wyn dwpduph hwpwpbpwlwu nbnutinfunieiniuu £, npu wpwnw-
hwjundwd £ dwpdphuubphg dGyh wnpwsd hwpwpbpwlwu nbnw-
thnfunigyniunyd, huy  dnwp' wuhwyn  hnfuwnpuwywu A nbnw-
thnfunieiniup, npp hwwuwp £ wjuy dwpduph pwgwpéwl wnbnw-
thnfuniyejwup, nph WJwwdwdp wnpdb; Ep hwpwpbpwlywtu  nbnw-
thnfuniejntun:

2) Stnwnpbind pwgwpéwy wbnwihnfunyeniuubpp  (2.1.4)-h
dbi9, unwunuw Gup hwywuwpnud A nbinwihnfuniejwt tywundwdp, nph
nondp wnwihu £ luunph wwwwufuwup:

Opptiwly 2.1: 50 g quugywoény A4 pbinhg, 80 Yg quugywdny
B quuuhg (466 gwnwypnp' R =30 ud, thnppp' »=10 ud) L 120 Yg

quugywény RC:% ownwynny C bGwluwpwyhg pwnlugwd uwn-

21



pp wnbnwnpywdé £ hnphgnuwywtu hwppeniejwt ypw guuynn 210 Yg
quugqwdny D wphquwh ypw: Mphqdwih b hwpenuejwu dhol othni-
dp pwgwlwynud £: A pbnp wyphqdwjh dwybpunyph Gplwjupny unw-
und £ S=12 Jd wbnuihnfunyeniu nbwh dwfu, a =75 (uy. 2.1.1):

Npunb’n U h"us hbnwynpnygjwu ypw Yunbnwihnfudh wphqiwu:

Lnidmid: Cuwnpbup Ynnpnpuwwnwywu hwdwlwnpg (uy. 2.1.2):
<wdwlwpgh Ypw wgnnn pninp wpwnwpht ndtiph (G,, G, G,
G, Swupnipjwu nwdtiph, hGuwpwuh N hwlwgndwt) wpntlghwub-

pp hnppgnuwywu x wnwugph Yypw hwydwuwnp Gu gqpnjh, hul, pun
wwjdwuh, D wyphqdwjh b htuwpwuph dhole othnidp pugwwgnid k:

1. A, B L C dwpdhuubph pwgwpdwly nbnwihntunyeiniup
uGplywjwgubup npwbu Gpynt wnbnwihnfunyeintuuph gnwwp, npnughg
dGyp 4 pbnp S hwpwpbpwlywu nmbnwinfunyeniuhg Ywiujwd hwpw-
pGpwlwu wnbnwihnfunieiniu t, huy Jdjnwp' wuhwjn  hnfuwnpuywu
A, wbnwthnfunieiniup, npp hwjwuwn £ wyphquwh pwgwpdwy wnb-
nwinfudwup, nph uwudwdp wpdtp tp 4 pbnp § wnbnw-
thnfuniejniun:

Cwdwywnpgh dwpdhuubph quugwdutiph YGuwmpnuutph Ynnp-

A

B

<

LY. 2.1.1 LY. 2.1.2
nhuwwnubph pwgwpdwl wnbnwihnfuniejniuttinp tpwuwytup A ,, A,,
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A., A, x wnwugph nipnnipnitup npnanud £ nbnwidinfungeyniutbiph
Upwuubpp. nbwh dwfu' pugwuwywu, nbwyh we' npwywu: Gupwnpnd
Gup, np yphquwu Yunbinwihnfuyh we: C Gwjuwpwyh YLunpnuh nb-
nwhnfunieyniup wyphquwjh tjuwndwdp b 4 pbnh wnbnwnfunye)niup
Ywwywd Gu wjuwbu, huswbu Upwug wpwagniejnluubpp:

C twhiwpwyp Ywwwpnd £ hwpp 2wpdnd: Lpw YGunpnuh
pwgwndwl nbnwihnfudwt ypnjtlyghwu x wnwugph ypw hwywuwn
A,—=S.cosa, npnbn  S.-U  Gwjuwpwlh YEuwpnuh  nbnw-
thnfunieiniut b wyphgqdwih ebp dwybpunyph Gpywjupny: Upunwhw)-
nbup S, -Uu S -nd: Hpw hwdwp Yuww unbndbup 4 pbinh b C Gwfuw-
pwyh quugwdubiph YGunpnuh wpwgniejniuutiph dhol: Awfuwpwyh

wpwgnipniuutph wyupwppwhu Yauwmpnup quuynd £ yphqdwjh on-
owthdwt Ytwnnud, hbunbwpwn, upw quugwdutinh Ysuinpnuh wpwgnt-

pINtup wphqdwjh ujwwndwdp Gpynt wuqud thnpp £ ujwydwnwyh Yypw

thwpwprynn phh wpwgnyentuphg: 4 pbnh wpwagnieniut wpunwhwy-
nbUp quup wuyniuwihu wpwaniejniuny’

ve =0,50,7, v, =w,R: (2.1.5)
Upwwpubind wjuinbinhg @,-u, junwuwup wpwgnigyntuubiph Yuwp'
r
ve =0,5v, E:

huwntiqpbiny unwgywd wnusnipniup gpnjulwu ulygpuwlwu wwjdwu-
ubiph nbwpnid, Yunmwuwup thunpynn uwp'

r
Sc =058
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Wjunthtiimlk  Yguubup pninp dwpdhuubph pwgupéwly wnbinw-
thnfunigyniuubiph wpwnwhwjnniginiup' wpnwhwjnwsd A, -ng b S -ny.

A,=A,—S, A, =A,,

r

A=A, —058 (2.1.6)

Rcosa

2. Sbnwnpbiny pwgwpdwl wbnuihnfunieniuttpp (2.1.4)-h
dto, Yuinnwuwup

mA, +myA, +m AL +mpA, =0
hwywuwpnuip ywd' hwoyh wnubiny (2.1.6)-p, Yunwuwup

r

m (A, —S)+myA, + mC(AD ~0.58 j+ myA, =0:

Rcosa
Lnwétiiny wju hwjwuwpnwip A, -h Uuwndwdp, Yniubuwup

v

m,S+m.0.5S8

A, = Reosa _1439.
P my +my +mg+my, ’

D wyphquwu Yunbnwihnfuyh nbwh we 14,39 ud-ny:

24



§ 2.2 Qwdwlwpgh Yhubphly Fubpghw

Wu wywpwgpwdpnd wnpynd £ d6Y wquwnniejwt wunmhbwl ni-
utignn JGjuwuplwywtu hwdwlwnpgh Ypubwnhy Lubpghwtu hwoybint
yGpwpbtipjw| fjuunhpubpp (nodwu nwuwy: Auwlbpwywsd £ punhwunip
fuunph npwoépp L wnwowpywd £ nddwu hwdwp Ywwnwpynn
wuhpwdtoun pwjGph hwonpnwlwunieniup:

lunph npduédpp: UL wqwunniejwl wumhbwu niubtignn Jb-
fuwuphlywlwu hwdwlwpgh Yhutimhy Lubpghwtu wpunwhwjnt| hwdw-
Ywpgh dwpdhuubphg dGyh wulynibwht wpwgneejniund Ywd upw
npuk YGwh géwjhu wpwagnyeiniuny:

Lmiddwiti wyywiti: Ujuwyhuh npdwédpny fuunhpubipp |ndtint hw-
dwp bwwwmwwhwpdwp £ Yuwnwnb] hGunlyw] hwonpnuywu pwytpp.

1) Qwdwlwpgh dwpdphtubph wuyniuwht wpwagnipniuubpu
nL Upwug quugqywdutph YGunpnuubiph qdwjht wpwagniejniuubipu wnp-
wnwhwjnnd Gup hwdwlwpgh dwpdhuubphg dGyh hwdwp wnpdwséd w-
pwgniejntuny:

2) <wyynw Gup hwdwwnpgh wnwudht dwpdhuubiph Yhubunhpy
tubipghwubipp: <wdpupwg 2wpdnd Ywuwnwpnn dwpduph hwdwp Yhub-
wnhy Eubipghwu npnaynud k

(2.2.1)

pwuwduny, npwinbn  m -p dwpduh quugywdu E, v-u' upw npuk Ybwh
wpwgntpinup: <hptgutiup, np hwdptupwg 2wpddwu nbwpnid dwpdup
pninp YGinbph wpwgnieyniuutpp hwyjwuwn Gu, huly wulyniuwhtu wpw-
gniejniup hwyjwuwp £ qpnjh:

@ wuyniuwiht wpwagnipniuny wyunnmwlywu swpdnid Yuunw-
pnn dwpduph Yhubinhy Eubpghwu npnagnid |

25



(2.2.2)

pwuwdlny, npnbin J -u dwpduh pubpghwh dndbuntu £ wyunndwu w-
mR’

nwugph tywwndwdp: <hotup, np J = -p R 2wnwynny hwdwubin

ujwdwnwyh hubpghwjh dndbunt £ quugwdubiph YGunpnuny wug-

unn wnwugph ulwwdwdp, a Gplwpniejwdp hwdwubtin dnnh hubip-
2

ghwip dndbunp dhetwltnh Uhwndwdp' J = "E . huly nplk Swyph

2
ma

ujuwwndwdp' J =

(npn2 dwpdhuutipp hubipghwih dndGuwnubiph

wndbputip lnpjwd Gu wnnuwynid):

Unjniuwly
Ubh LULP MUrR LUUUGNH MhLY UULrUPLLErp
pLErShU3b UNUELSLE
: J, =0,
q Pwpwl nn- I Y
nwahs dnn L1 J =1 :ﬁlz,
XX zz 3
y
J.=J, =0,
Orl_wll xx Yy
2 (wynpwlw j :%rz
2nowitiughé) c2
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Pwpwl 2pow- /

twjht ujw-
Juwnuwl

=

Erthwu ”

Pwpwl nn-
nwulymu ph- |

ptin

Ninnwulyniu

qniquhb-
nwuhuwn




] Jo=1,=
! Y > 7
7 cpgwm:,hn /0 ‘ = (; ?),
Gl Ao I Mo
g \ Jzz =TI,
- 2
'z
Jxx - Jyy -
8 Qniun =] = %MRz
5
Jxx = _(b2 +C2)9
2 2
9 Eihuunhn w=—(@+c),

Uwpduh hubpghwjh dndGunubpp  gniquhbin - wnwugpubph
Ujwwndwdp juwyws Gu J =J_ + h*m wnugnipjwdp (nigbuup wnw-
ohu ptinptid), npintin J, -u hubipghwjh dndtuwnu £ quugqwdutiph Yuw-
nnuny wugunn wnwugph Uywwdwdp, /-p wnwugpubph dholt Gnwd
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htinwynpnipjnwuu £: Gt hwjunup b m qwugqwoény dwpduh i hubp-
ghwjh ownwyhnp, www upw pubpghwh dndGunp hwjwuwp
J=mi’:

wpp gniqwhbinwlwu s2wpdnd Ywwmwnpnn dwpduh Yhubinpy
tubpghwu hwjwuwp £

2
T="e g (2.2.3)

npwnbin v, -u dwpdup quugywdubiph YEunpnuph wpwgnugyniuu £, J_-u
dwpduph hubpghwjh dndbuwnu L upw quugywdubph Ytunpnund wug-
unn wnwugph tjwwndwdp: Uwutwynp nbwpnid, wuownd hwppniejwu
ypwyny wnwug uwhph ginpynn hwdwubin uyuwywnwyh Yhubwnhy Lubp-
ghwu Yihup.

2
T="0y4 R _omv. . (2.2.4)

3) wdwlwpgh Yhubwnpy Eubpghwt hwoynd Gup npwbu w-
nwudhu dwpdhuubiph Yhubiinhy tubipghwubiph gndwp’

T:Zn:Tk:
k=1

Opptiwy 2.2: LY. 2.2.1-nid wwwlbpwsd dbY wquwnnyejwu
wuwmhbwu niubignn dGfuwuphuwlwu hwdwlwpgh Yhubnply Eubipghwu
wpnwhwjnb| @ wuyniuwihu wpwgniejniuny: <wdwlwnpgp pwnyw-
gwd &t ABC btplonwyn wdpwgwd R swnwynnd 1 U 2 hwdwubn
ujwdwnwlubphg: 4B wuyphn énnp Ynon dhwgywsd £ 1 ujwywnw-
ypu: 1 b 2 uywywnwlubph quugwdutipp hwdwwwwnwufuwuwpwp
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hwwuwp Gu m, U m,-h, BC hwdwubn &nnh quugwdép m, L
(AB=BC=a): 2 uywdwnwyp gnpynud £ wnwug uwhph b nhdwn-
pnLRjw:

L. 2.2.1

Lnidnid: 1) luunph nwdnwdp Yuwwpbup 4bpp upqwd pwybpny:
BC annp  wuyniuwihu wpwgnieiniup, upw quugwdubph D Ybuwn-
pnup géwjhtu wpwagnipniup, 2 ujwywnwyh wulntiwht wpwagnient-
up U upw quugqwdubiph YGunmpnuph goéwjht wpwagnientut wpunwhwj-
nbup 4B &nnh wipdwd @ wpwgniginiuny: Hw hwdwnp oguinybup

L. 2.2.2
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hwpre wwwytph YGunbph wpwagnyejniuutipp gunubine Gnwuwlubphg:

AB &nnp wunundnd £ 4 Yewnnd wugunn wnwugph onipop @
wpwgnteiniuny, htinbwpwp tpw B dwiph qdwjht wpwagnieiniup Yih-
up' vy =AB-¢p=a-¢ (Wuwlbph Yhnbph wpwgnieniuutiph ninnnt-
pintuubpp wwwybpdwsd Gu uy. 2.2.2-nud): BC annp C Ytwnh gdwjhu
wpwagnhiRintup  npnatiup vy -005(900—2g0)=vc ~cos (@ pwuwalpg:
Unwbuwup' v =2vg -sing =2a - @ - sing : Un nbwpnud’

Vg Vg o .
(6] = = ,
5T Bp 4B "
npinbn P—-U BC &nnh wpwgnieniutbiph wyupwppwihu Yeunpnuu
t: BC &nnh quugywdubph D Ybuwnpnuph gdwjhu wipwgnipiniup Yip-
up' vy =PD-wyz=PD-¢: PBC hwjwuwpwupniu bGnwuljniung

YniuGuwup.

PD :%a\/l+8sin2¢,hthwpwn, vy :%a(p\/lJrSSinz(p :

Uunud £ npnot| 2 ujwywnwyh wuyntbwhtu wpwgniejniup: 2 ujuwyw-
nwyh wpwgniejniuubph wyupwprwihu YGunmpnup K ybwnu k, hbnlw-

Ve _Yc
wp, @, =——=—=":
puwn, @, CK R
2) <wyybup hwdwlwpgh dwpdhuutph Yhubnhy tubpghwub-
pp: m; quugywdény b quugywdubiph YGuwnpnuny wugunn wnwugph

2

R
uwwdwdp  J, = m12 hutipghwjh dndGuwn niutignn 1 ujwydwnwyh

Yhutiinhy Eutinghwt Yihuh
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)¢ _ @ Rm,

le
2 4

Utownd hwpeniejwt Yypwin wnwug uwhph ginpynn hné hwdwubin 2
ujwywnwyh Yhubiinhy Futinghwi yihup.

2
_ 3m,v,

T, =3m,p’a’sin’ @:

BC &nnh (nph quugywdubph Yeuwnpnup qunudnd £ D Yhwnnd) hwpp
gunduwu Yhutiinhy Fubipghw Yihup

2 2
T, = m3Vp + J pc®pc _ m3§b2a2(%+sin2 gnj:

2 2

3) <wdwlwpgh Yhubwnphy Eubipghwu hwoybup npwbu wnwu-
&hu dwpdhuubiph Yhubwinhy Eutipghwutiph gnidwn’

2 2
T=T1T+T,+T, :(pz(a2(3m2 +m3)sin2(p+ mlf +m36a j:

Ophtiwly 2.3: m, quugwény b R 2wnwynny 1 hwdwutin
ujwywnwyp A Ytwnd hnnwlwwny dhwgwsd £ m, quugywdny
ninnwhwjwg 2wpdynn 2 djunguyneht: Uywwnwlyu wnwug uwhph
ginpynud £ my quugwdény 3 hnphgnuwlwu  diungwlynph ypwjnd,

OA=a, m=m, =m; =m (ul. 2.2.3): Ljwpwgpywsd Jbfuw-
upywywu hwdwlwpgh Yhubnpy tubpghwtu wpnmwhwnb] @ wulynt-
UwjhU wpwgniejntuny:

Lnidmd: 2 L 3 djunguynetipp Ywuwpnd Gu ninnwaghd ownp-
dnid, huy ujwdwnwyp' hwpp gniquhbnwlwu:  Nubuwny
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ujwywnwyphtu ywwnwunn AL K Ybnbph wpwgnipniuubph nipnnt-
pIntutbipp Ywpnn tup quub| upw wpwagnientuutiph wyupwppwhu P
yaunpnuh nhppp (LY. 2.2.4): Lwfu A4 Ybwph 2wpdndp nhunwpybup
npwbu pwpn owpdnwd, wyn nbwpnd O Yawnh onpg yunindbihu A Y-
wh v, hwpwpbpwlwu wpwgnieginiup Yhuh @a, huy pugupdwy w-
nwgntpnup Yihuh v, =g@acos : Unw Ynndhg' 4 Ybwnp wyunynud k
P ytinh onipg v, =w,PA=wacose wpwgnigjudp: Npntinhg k)
htwunw £, np o, = ¢ : Wuhupt Yunwuwup, np v, = POw, = @asing

LY. 2.2.3 LY. 2.2.4
,huy v, = PKw, =@(R+asing):

Cwoybup hwdwlwpgh dwpdhuubph Yhubwnpy Eubpghwubpp: m,
quugywdny b quugywdubtiph YGuwnpnuny wugunn wnwugph ulwuwn-

2

R
dwdp J, = m12 hutpghwjh dndGuwn niubignn 1 ujwywnwyh Yhub-

why Eubpghwu Yihup

7 N myv;, _ @’ R’m, N @’a’m, sin® @ :
o2 2 4 2

2 dtungwnph Yhubiinhy Eutinghwu Yihtp
33



2
m,v 1
— 274 __ <2 2 2
T ———Emz(p a” cos” @,

)
hul 3 dfungwnphup’

T m3v,2< _ m3q')2(R+aSinqo)2 :
o2 2

Lwdwlwpgh Ypubnhy Eubpghwu hwoybup npwbiu wnwudhu
dwpdphuubph yhubinpy Lubpghwubpp gnudwp: dbpouwlywuwwbu Yni-
ubuwup.

T=T+T,+T, :O,Sgb21n(0,5R2 +a’ +(R+asingo)2):
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¢ 2.3 Yhubphly Eubipghuyp thnihnpudwti pinpbdp

Wu wwpwgpwdpnd nipgnid £ hwdwwpgh YhubwnhYy Eubpghwih
thnthnfudwtu pbnptdh Yhpwndwdp |nwdynn fuunhputiph hwdwp punhw-
unyp npwoputin:  Unwownpyynd £ jnddwtu  hwdwp  Yuwmwpynn
wuhpwdbion pwjlph wwu: Yhwnwplyynw £ fuunhpuGph Gpyne nhy
hptiug hwdwwwwnwufuwu ophuwyubtipnny:

| ptinpp npwidpp: Ubluwuhyuwlwu hwdwlwpgp nwnwph yp-
dwlyhg pwpddwu dbg L npynd wpwmwphu nidtiph wgnbignipjwdp: Npn-
owlh dwiwuwlwhwwnywoénd hwdwlwpgh dwpdhuutphg dGyp nbnw-
thnfuynuwd £ wipwd hGnwynpniejwdp: Npnob; hwdwlwpgh dwpdhuub-
nh dGnp pbipwd wpwanyentuubpp (qdwjht Ywd wuynituwjhu):

Lniddwti wjywti:  Ruunhpp nwobint hwdwp  tywwnwlwhwpdwp §

Ywuwnwpb) hGunlyw) hwonpnwlwu pwGpp.

1) Cwdwlwpgh Yhubimhy Eubpghwu wpunwhwjnnd Gup wju
dwpduh wpwgntejniuny, nph wntnwinfunieiniup npgwd :

2) Cwoynud Gup hwdwlwngh ypw Yhpwndwd nidbph Yuwnw-
pwd woluwwnwupubph gndwpp npwsé wmbnwdinfunyeywu Yypw: S.-ny
wpwwhwjnnd Gup nidbph Yhpwndwu Ybwnbph nbnwihnfunyeiniuutinp

W wyu dwpdhuubph ywnwndwu wulynwubipp, npnug ypw Yhpwnjwsd tu
dndGuwnubpp:

3) Oqunytiny Yhubinhly Fubinghwih thnihinfudwi ptinptidhg’

T-T,=Y A +) 4, (2.3.1)
J J

npinbin Y AS U wpiwpht, hul Y A} -U' ubippht nidtiph Guinwpwsd
J J

w2fuwwmwupu £, npnonud Gup v wpwgnipeniup, hGnbwpwnp twb yw-
hwugynn qdwjhu Ywd wuyntuwjhu wpwagnipjniup:
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Oppuwly 2.3: A pbinhg, B wuwnhtwuwynp pdplugiuuhg U
R. ownwynny C quuhg Yuqiywd uwppp nbnunpjwsd b wuownd

wphqudwih Jpw (uy. 2.3.1): Swupnyejwt ndbph wqgnbgnipjuwu wnwly
uwppp nwnwnh ypbwlhg uhunid £ gwpdnidp: Spywsé tu m, =50 Yg,
m, =80 Yyg, m, =120 Ygq quugqwdubpp, a =75 wuyniup, wuwnp-
Swuwynp pdpyuquuh i =15 ud hubinghwih wnwyhnp, quuh L php
hwppnyejwl dhole 6 = 2 dd gnpdwt 2thdwu gnpdwlhgp, pinh W hnpp-
qnuwlwu hwppnipjwu dholt £ =0,1 2hdwu gnpdwlhgp: B pUplw-
glwuh wnwugpubiph ypw 2thnud sjw: (Fdpluqgjuup pbnh W dwjuwpwyh
htiin dJhwgunn phitpp gnigwhtin GUu wju hwpenyenituubpphu, npnugny
nbnwinfuynid Gu wjn Jdwpdpuubipp: buswyhuh® wpwagnienitu Yqup-
quguh 4 pbinp' wmbnwipnfudbing S, =1,2 J hbnwynpnigywu Ypw:

v B

vr/R

LY. 2.3.1 LY. 2.3.2

Lnidmd: Ogundtiup hwdwlwpgh Yhubtinmphy Eubpghwih thnthnju-
dwu (2.3.1) pbinptidhg: 2&dqynn rLiGpnYy dhwgywd whun dwpdhuubiphg
pwnywgwd nhunwpyynn hwdwlwpgh hwdwp ubpphu nidbiph Yuwnw-

pwd wotuwwnwupp hwdwuwp £ gpnjp’ ZA; =0: Uygpuwlwu nhp-
J

pnwd uwpph pninp mwppbpp gnuyb) G nwnwph ypéwynwd, upwug pn-

Innh wpwgnieyntuutipp hwywuwp Gu tinkp gpnjh, htinbwpwp, 7, =0:

<nphgnuwlwtu hwpeniejniuny S, hbGnwynpnipjudp nbnwihnfuybinig
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htwn hwdwlwnpgh dbnp pbpwd 7, Yhubwnhy Lubipghwt Ywiudwsd Yihup
thunpynn v, wpwagntpnlupg:

1) Cwdwlwngh Yhubinply Fubipghwt, npp pwnlugwsd £ bptip
gnudwpbihubphg, wpunwhwjnbup v=v, wpwgnieniuny: 4 pbinp
ownpdynud £ hwdpupwg, htwmbwpwp, upw Yhubnhy tubpghwu Yihup'

_ mAv2

T, = 5 . B pdpjuquup wyununynud £ wupwpd wnwugph 2ntpop,

hGinbwpwp' 7, :JBT@;: (Fuplywqwuh hubpghwjh dndGuwnp wwpun-
dwt wnwugph ujwwudwdp hwyytup npywd pubpghwih o2wnwynny'
Jy zisz: @, wulniuwihtu wpwagniejntuu wuhpwdtion £ wpunwhwy-
wntb| thunpynn v wpwgneiniuny: (Fdpluguth wpwnwphu Ggpwobp-
wnh géwjhu wpwagnieintup hwdpulyund £ pbnh v wpwgniejwt hbw,
pwuh np tgpwobtininp wudqgbih pGNY Ywwywd £ pbnh htin: (Fdplw-
quuh wuyniuwiht wpwgnyejwu hwdwp gpbup hbwnw| pwuwdlp’

Wy :%; Upwnwhwjinbup 75 -u v wpwgnigjniuny’

2.2
_mpl' v
B 2

2R

C quuup Ywwwpn £ hwpp gnigwhbnwlwu swpdnd, hGunbwpwp’

2 2
_Mcve J ¢

T
¢ 2 2

’

npwnbin v, -U quuh quugywdutinh YEunpnuph wpwanieniuu t, J.-U
qluuh hubpghwjh dndGuwnp YEunpnuwwu wnwugph uywwndwdp’
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J. = mcR¢ _ mc(r/2)2 _ mc(’")2 :
<2 2 8

Ve-u U o, -U wpnmwhwjinbup v-ny: (Fdplwaguuh ubipphu tGgnwsabip-

nh Ybwnbpu nlubiu rog :% wpwagnienu (uy. 2.3.2):

—

Y
sl
=

AYB
C N o
y Y

Mz*h VG:B Ga

(Ve Ne %l
vr o
R '@,

Ll 2.3.3 LY. 2.3.4

C quuup wunwnynd £ wnwug uwhph, nwinh wyphgdwih hbn upw opth-
dwu YGuwp Yhuh wjn dwpduph wpwgneiniuutph wyupwppwhu Ytuwn-
pnup (uy. 2.3.3), htunbwpwn'

vr

W, = =, 2.3.2

° 2R.R R (2:32)
v r

Ve =0 R, = ——: 2.3.3

C CtrC R2 ( )

Uprynwupnid Ygwubup C gquuup Yphubnhy Eubpghwt'
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2.2 2 2
_mrvt omert v 3 ) F

2

= — MV —
¢ 8R? 8 2R* 16 ¢ R?

bpbip dwpdhtiutiphg Yuqdyws hwdwlwngh Yhubnhy Lubipghwt Yihtup

2

=T, +T,+T, = ) —u, (2.3.4)

myic 3 m.r’
o2
R 8 R

npnbn u=m,+ -U hwdwlwpgh ptipdwdé quugywéu

E:
2) Qwunutiup hwdwlwnpgh ypw wgnnn wpunwphtu nidbph Ywunw-
pwé woluwwmwupubph gndwpp: Mwuwnybpbup hwdwywpgh ypw wg-

— —

nnn ndtipp (uy. 2.3.4): <Guwpwuubph N ,, N, hwlwgnnuubipp L

. U2hnp woluwwnwup s6U Ywwnwnpnud, pwuh np npwup ninnwhwjwg
Gu hpbug Yppwndwu YGunbph nbnwipnfunigniuubphu: B wnwugph

—»

XB , Yz hwlwagnnuiutipp W G U2hnp Yhpwnjwsd Gu B wupwpd Yb-
wnnwd, hGnbwpwn, npwiug Juunwpwd woluwnwupp unyuwbu hww-
uwp £ gpnjp: Ldwuwwbu, C quup o2thdwu Yennd Yhpwndwsd
ginpdwt 2thdwt nidh Juwwmwpwd wofuwnmwupp bu hwywuwn £ gpnjh:
Utwgwéd nidtiph juwnwpwd wfuwwnmwupubph gnudwpp Yihup'

3
2 A ==F S, +GcScsina =M 0,

npintin S, -u b @, -u, hwdwwwuwufuwuwpwp, C quuh Swupniejwu
YGunpnuh wbnwipnfunyeniup b Wunndwu wuyniuu Gu: Snubup 4
pbnh uwhph 2thdwu nidp W C quup ginpdwtu 2thdwu dndbuwnp: Ni-
ukup F,,=N,f, M, =N, npmtin N,-u b N.-u hwdwww-
nwufuwl unpdw| hwlwgnnuiubpu Gu: 4 pbnh Jpw wgnnn pninp ni-
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dbph ypntyghwu dwytipbnyph unpdwh ypw hwdwuwp k£ qpnjh: Wu-
nbnhg' N, =G, : Lnyu duny unwunud Gup’ N, = G, cosa, pwuh np

C quuh ypw wannn pninp ndtiph wpniGlghwutbiph gnudwpp wnha-
dwjh Ynnduwjhu dwybGplunyeh unpdwih ypw hwydwuwnp £ qpnjp: Up-
ryntupnid unnwund Gup'

F=G,f=mgf, M, =N.6=m.gbcosa:

Lwuh np v, =SC, V:S'A, Oy = Q. , wwyw, hunbignptiny (2.3.2)-p L
(2.3.3)-p gnnuywt uygpuwlwu ywjdwuubph nbwypnud’ unwuwup

S,r _&'
(2R)’ V=

Lwdwlwpgh JYpw wagnnn ndbph Juuwpwsd gnidwpwiht wofuw-
nwUpt wpnwhwjnbup S ,-ny’

ZA. =-m,gfS, +mcgsina%—mcg6 cosaS—];,(z.B.S)

3
J
J=1

3) Uunuw £ hwdwlwpgh (2.3.4) yhubunnply Eubpghwt hwwuw-
pbgubup nidbiph Yuwunwpwsd wofuwwnwupubph (2.3.5) gnudwppt!’

Vv : r o
?,uzgSA —mAf+mCsmaﬁ—mccosaE ;

Wuwnbnhg Yunwuwup' v=2,10 d/y:

Opptwly 2.4: Utjuwuplwywtu hwdwlwpgp Yuqddwsd £ 1 hnd
hwdwubin gquuwjhu ginnuhg, 2 swpdwywu dwuwpwyhg, R, =0,3d L

r; = 0,14 gwnwyhnutipny U wywinndwu wnwugph Uwwndwdp p, =0,24
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hubinghuyh ownwignny 3 wunh6wuwynn thnbwuhyhg, 4 Gwhuwpwyhg
L 5 pbinhg: Ptinh W hwpeniejwu dhol sthdwu gnpdwyhgp' f =01 L:
Lwdwlwnpgh dwpdhuutipp dhdjwug hGwn dhwgwsé Gu 3 thnlwupyh
ypw hwpwplwsd phitpny: 2 dwuwpwyh £ YGunpnupu dphugwsd k
¢ =240 u/d Ynpunnipjwu gnpdwlygny quuywuwy, nph uygpuwlywu nb-
$npdwghwtu hwwuwp £ qpnph (uy. 2.3.5 w): <wdwlwpgp nwnwph
Un6wlhg swpdiwu dbg E npdnud F = £(s)=20(3 +25) U nidh wqnt-
gnipjwu wnwy, npp ywhuwsd £ upw Yhpwndwtu Ybwnph s nbnuihnfunt-
pIntupg: 3 thnjwuhydh Yypw 2wnpddwt dwdwuwy wgnnid £ nhdwnpnt-
pjwu nidtiph M = 0,6 L-J hwuwmwwniu dndGuwnp: Npnat 3 hnywuhyp
@; wuyntiwjhu wpwgnipintup dwdwuwlh wju wwhhpu, Gpp s nbnw-
thnfunigniup nunund £ hwdwuwnp s, = 0,24, punniubing m, = 8g,

m, =0yqg, m; =44q, m, =0yqg, ms=10Yg:

Lnidnid: 1) “Yhuwwpybup ebGpnd dhwgywd ni ny qpnjuyw
quugywd nwubignn 1,3,5 U 2,4 wulyshn dwpdhuubphg pwnywgwd wu-
thnthnfu dbjuwuphlwywu hwdwlwngh swpdndp: Mwnybipbup hwdw-
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Ywpgh Ypw wannn wpwwphu ndtipp” F, F ., B, B, F wywnhy

— — —

ndtipp, N,, N;, N,, ]VS hwywqnnwiubpp, RbH #2 |lwpntdp, ﬁlz“h,
F, 2% othdwli nidbipp U M dndblwnp:
3 thnlwuhdh o, wulniuwhu wpwgnipniup npnatiint hwdwn
ogqunytiup Yhubinhy Eubinghwjh thnthnfudw pinpbidhg’
T-T,=> A (2.3.5)
2) Npngup 7,-u U 7'-u: Pwuh np uygqpuwlywu wwhhtu hwdw-
Ywpagp gunuyt £ nwnwph yhdwynd, www 7, =0: 7" d&dniegyniup hw-

Jwuwp £ hwdwlwnpgh pninp dwpdhuubph yphutnpy tubipghwutiph gni-
dwppt'
Ir=7+T,+1;: (2.3.6)
Cwyyh wnubnyd, np 1 dwpdhup Yuwwpnd £ hwpp gniquhb-
nwlwu owpdnwd, 5 dwpdhup' hwdpupwg, huy 3 dwpdhup wwunynw L
wupwnpd wnwugph 2ntpop, Juinwuwup'

1 1 1 1
]11 :EmIVé +51C10)12, Tg 25130)32 R TS zzmsvszz (237)

Wuwbn wnlw pninp wpwagnyejniuutpp upblh £ wpunwhwjnb
thupynn @, -ny: pw hwdwp wfuwwbu upbtup, np ve =vs =v,,
npntin 4-u 3 thnwuhyh 7, gwnwynny 2powtwyh Yuwdwjwywu Yhwn
E, Wnp K,-p' 1 gnnup wpwgnipniuutiph wyupwpprwihtu YEunpnuu ,
nph wnwyhnp Upwlwybup 7 : Wn nbiwpnid

Ve Ve 7
Vo =V =01, O = t— L =w,—=: 2.3.8
C 5 313 1 K1C1 ”1 3 . ( )
Pwgh nw, (2.3.7)-h dto dwuuwlygnn hubpghwh dndtunubipu niutiu
Io =05mp’ W Iy =myp; (2.3.9)
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wndbputipp: SGnwunptiny  (2.3.8) L (2.3.9) dGdnyeyniuubpp (2.3.7)-h
dbg, wjunthtbinl oqunybny (2.3.6)-hg, ytpouwwuwwbiu Yunwuwup'

3 1 1
T :(Zmlrf +5m3p32 +§m5r32ja)32: (2.3.10)

3) Ujdd gunubup hwdwlwpgh Yypw wgnnn pninp wpwnwphtu ni-
dbph Juwunwpwé wotuwwmwuputiph gnidwpp hwdwwwwnwufuwu nbinw-

thnfuniejniutGph Ypw, npp hwdwlwpgp YniuGuw, tGpp 1 qnnup YGuwn-
nnub wuguh s, Gwuwwwph: Lowuwybup s,-ny 5 plinh nbinwthntunt-

pIntup (85 =5,), @;-n4 3 thnywuphyph wunwndwu wuyniup, A,-ny L

A-ny" hwdwwwwnwuluwuwpwp quuwuwyh uygqpuwlwu b Ybpouw-
Ywu GpYwpwgnuiubipp: Yunwuwup'

A(F )= Tzo(s +2s)ds = 20(3s, +52),
0

A(f’l): Bs,sin 60,
A(ﬁs 2 ): —F; sy =— [Py,
A(M) =—-Mos,,

- C
AP ) =205 -2):
Utwgwd nidtiph Juwwnwpwd woluwnmwupp hwdwuwn £ gpnjh, pwuh np
N,, F2 S, mdtph Yhpwndwt K, b K, Ytnbpp wpwgniegniuut-

— —

ph wyupwppwihu Yaunpnuubpu Gu, }33 N; b P, mdtph Yhpwndwu

YGwntpu wuownd Gu, huly N hwlywqnnudt ninnwhwjwg £ pbnh ntinw-
thnfudwup:
Lwdwdwju fuunph wwjdwuubpp' A4, =0: Wn nbwpnud 4, =5,

npwnbin s, -U'E Ybwh (Quuuuwyh dwiph) wmbnwihnfuniyggniuu £: s, b
@, ubdnieyniuutinp bu whwp £ wpunwhwjnb) mpdwd s, wnbnwthnfuni-
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pintuny, npw hwdwp hwoyh wnubup, np Ywhujwdnieniup nbnwihn-
funipjntuph dhol wyjuwhuhtu k£, huswybu hwdwwwwnwufjuwu wpwgnt-

v
pntuutiph  Jdhol: Wn nbwpnw, pwuh np a)3=v—A=ﬁ, wujw
o5
S
Py =—:

3

UjunthGunl, uly. 2.3.5 p)-hg Gpunud £, np v, =v, =@;R;, huy
pwuh np K, Ytwp 2 dwhuwpwyh hwdwp (wju ginpynud £ phih K,L
hwundwdny) wpwgnipiniuubph  wupwppwihu YGunpnu E, nipbdu
v, =0,5v, =0,50,R, : <bnlwpwp, 4, =5, =0,5¢;R, = 0,551%: ®,

3
-n L A -h unwgqwsd wpdbipubiph nbwpnd nidbiph Yuunwpwsd wofuw-
wwupubiph gnuiwpp Yhup'
3 A4r =20(3s, +52 )+ Ps, sin60° — fPss, —Mi—E-R—;zsf .(2.3.11)
o 85

Stnwnnpbiny (2.3.10)-p L (2.3.11)-p (2.3.5)-h dt9 L hwoyh wn-

utiind, np 7, =0, Yuunwuwup'

3 1 1
(Z mry + S ps + Emsrfja)f = (2.3.12)
. R;
=20(3s, + 57 )+ Bs, sin 60° — fPs, — M 2L - £. 55 g2
£ £

Stnwnptind wnpdwé dGoéneniuubph  pywihu  wpdbtipubpn,
(2.3.12)-hg Yuwnwuwup thuinpynn @, wulniuwht wpwagnipniup

@, = 8,1 nwn/y:
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Il pwunph npudpp: UGjuwuhluwlywu hwdwlwpgp nwnwph yp-
6wlhg uyunud k£ swpdnudp dwupniypjwu nidbph wgnbgnypjuu nwly: 4

dwpdup uwhph 2thnwdp bW wnwug uwhph ginpdnn D dwpduh hwlwg-
nnuip hwodh Gu wnuynwd: Ujnwu nhdwnpnigjwtu ndbipp b wudgbih pb-
lGph quugwéubpu wphwdwphynd Gu: Mwhwuoynd £ npnobp A4
dwpduh wpwagnieiniup bW wpwqugnudp wju wwhht, Gpp wyn dwpdhuu
wugund £ S, =S Gwuwwwph: 4, B, D, E dwpdhuubph quug-
Jwdubpu &U' m,, my,, m,, m,; B, D, E dwpdhuubtiph d&& U thnpp
onowuwgdtinh gwnwyhnutipu 6U' Ry, ry, Ry, 1r,, R., 1y, quugywd-
utipp YGunpnuubipny wugunn hnphgnuwlwu wnwugpubph uywwmdwdp
B, D, E dwpdhuubph hubipghwh wnwyhnubip 6U° py, py, Pp,
hwppeniejwu W hnphgnup Ywqdwd wulnwp' o, A dwpduh uwhph
othdwu gnpdwyhgp' ', D dwpduh ginpdwu 2hdwu gnpdwlhgp' £ :
Bwfuwpwyubipp bW quuupyp hwdwpb] hnd hwdwubin quuubp: (36Gph
pbp hwwnywodubinp gnigwhbn Gu hwdwwywwnwuuwt pLp hwpenieinLu-
ubppu (Y. 2.3.6):

Lniddwt wyywti: Uju inhwh fuunhpubipp nwtijhu uwywwnwlwhwpdwp §

Ywunwnb| hGinlyw| hwonpnulwt pwyGpp.

1) Cunpnud Gup S, wbnuinfunipjwu U v, wpwgnipjwu nin-
nniejntuutpp L npnonwd Gup djnwu dwpdhuubiph nbGnwihnfunieniututipu
nt wpwagnieyniuubpp' ywiudwsd S,-hg b v, -hg:

2) woynud Gup hwdwlwngh Ypubinnhy Eubipghw:

3) <wyynuwd Gup hwdwlwpgh ypw wgnnn pninp wpunwpht ni-
dbph Yuwwpwd wotuwwmwuputiph gnidwpp: Geb wjn gnudwpp unwg-
ynw £ pwgwuwlwu, www thnfunwd Gup S, -h W v, -h ninnniegyniutbipp
U ybGpwnwnunw Gup 1 YGwnhu: Gpb woluwwnwupubph gndwpp unphg &
unwgynud pwgwuwlwu, www hwdwlwnpgp dwupnyejwt nidbph wg-
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nbgniejwt wwy nwnwph yhéwlhg owndnud sh Ywpnn uyubp by, =0,
hGunuwpwp twl a, =0: Lokup, np §, wbnwihnfunypuu b v, wpw-
gniejwl ninnniejntuttpp thnfubijhu nidwjhtu ufubidwind hwplwynp E
thnfubi| dhwju nhdwnpniejwu nidbph ninnnipjntuutipp:

4) Qpnud Gup hwdwlwnpgh Yhubwhy Eubpghwih hnthnfudwu
ptinpbdp:

5) Unwgqwé wnusniginiuphg npnond bup 4 dwpduh wpwgnt-
Intup b wpwqgugntdp:

Opptiwlyy 2.5: ULjuwuphluwlywt hwdwlwpgp dwupnipjuwu nidbiph
wgnbgnipjwu wmwly nwnwph yhtwyhg ubund £ pwpdndp: Mwhwuy-

Jnuwd k npnobip 4 dwpdup wpwgnieiniup bW wpwgqugndp wju ywhh,
tpp wyn dwpdphup wugunud £ S, =8 =1d 6wuwwwph: 4, B, D, E
dwpdhuubph qwuqwdubpu Gu' m, =3m, m, =0,5m, m,=4m,
m; =0,5m, B, D, E dwpdhuubpph d&é b thnpp opowtiwgdtiph ow-
nwyhnubpu Gu' R, =20 ud, r, =0,5R;, R,=10ud, R, =20ul,
r. =0,5R, , quugqwdubtiph Ytuwmpnuubpny wugunn hnphgnuwlwu w-
nwugpubiph lywwndwdp B, D, E dwpdhuubipp hubipghwih swnwypn-
ubpu GU' py =20ud, p, =10ud, hwppniygjwu U hnphgnuh Yuqdwsd
wulniup' o =30, D dwpdup gunpdwu  2hdwu  gnpdwlhgp'
k =0,25 ud: Ujnw nhdwnpnipjuu nidbpp U sagynn phiGph quiugywd-
ubipu wphwdwphynd Gu: dwjuwpwyubpp bW quupyp hwdwpb) hnd
hwdwutin gquuutin: f3th ptp hwwnywdp gniqwhtin £ php hwppeniejw-
up: Cunniutp m =10 g, g =10 J/J? (uy. 2.3.6):

Lniénid: Cuwn fuunph wwjdwuh' dwdwuwyh uygpiwywu ¢, =0
wwhhu hwdwywpgp qgwuudb] £ nwnwph Jhbwynd, hbGunbwpwp,
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1, =0: Bupwnnpbup dwdwuwyh ¢ wwhhu A dwpdhutu wugk b S,
dwuwwuwnh b ébinp £ pbipt) v, wpwgnipniu:

m,g

LU. 2.3.6
Muwuwnybpbup fuunpp nidwjpu ufubdwu (uy. 2.3.6)
1. Cwoybup B, E, D dwpdhuubph wulniuwhtu wpwgnt-
intuubpp W D dwpduph quugywdutiph YEunpnuph v, wpwgnigniup’

Ywiujws v, -hg,

v R R
Wy = A’ Oy = Wpg B:VA B’
R 7. R
Fs E g
R.r v R.r
v, =, =v,—4£, w,=-"L=v, —EL_:
R R r.R_R
FpiXp D sl g p

2. Cwpybup B, E, D dwpdphuubph nbnwinfunyeniuubpp'
Ywiujws S, -hg,
Ryry S Rery

— =5 . S, =5 , = :
Pp r, @ 4 R, D 4 r R, ?p A P R.R,
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3. wpybup hwdwlwpgh Ypubwhy tubpghwu dwdwuwyph ¢
wwhp hwdwp'
L=T,+T,+T.+T,:

Niubup
2
T :mAVj T :]Ba)é :]ij :IEG)E :]Evi Ry
S A A e ) 2 \rR, )’
> Lo (R, Y IV Ry )
7 =MpVp  Lp®Op _ MpVy| Bplyy | LpVy 8"E :
) 2 2 | rR, 2 \rR.R,
LbGinbwpwp
5 2 2 2
T:%LmA+%AJ4 %:]+m{?%%}+@{—%%?} _
Ts Fp\g T\ P\ pfip
2
_ Y457
2
npwintin
2 2 2
KZ:nn4+£§+1Eﬂi§—j-+mD(Ry%j +1D[ Ryt ] =75q:
g rgRy rgRg rgRp R,

4. <wydtiup hwdwlwpgh ypw wqgnnn pninp wpunwphu nidtiph
Ywunwpwd wrluwwnwupubph gnidwpp: Ugfuwwnmwtp Yuwmwnpnd Gu
dpwju 4 L D dwpdpuubph dwupnigjwu nidbpp W D dwpdup gnp-

dwu hwywgndwu nidtiph M, dndbuwnp’

M,=N-k=mpgcosa -k:

ZA(F“;): m,gS, —mpygsina-S, —mygcosa k-, =

k
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: R R
:g(mASA—mDsma-SA BrE—chosa-k-SAB—rEj:SA-B,
5 rsReR),
npwintin
: R R
Bzg(m/, —m,sina - 5% —m, cosQ -k-B—rEj:91,4 yg- W/y*
rBRE rB ESTD

Wuwhuny, woluwwmwupubph gndwpp npulwu &, nipbdu S,
nbnwihnfunigjwu b v, wpwgnipjwu ninnnipniuutipp 6hown £ puwnpp-
uwd:

Wjdd gpbGup Yhubuwnpy Lubpghwih thnthnjudwu pGnpbdp wuthn-
thnfu dGjuwuhywlywu hwdwlwpgh hwdwp’

T-1,=Y AF):

Stinwnptup hwdwlywpgh yhubnpy Lubpghwih bW wpwnwphtu ni-
doph Ywuwpwd woluwwnwupubph gnidwph wpunwhwynneniutipn,
YniuGuwup.

2
%-A—O:SA-B, (2.3.13)

2-S,-B
npunkinhg vAzwajl:

Stinwnptiny pYwjhu wpdbpubipp’ junmwuwup

N :\/2.917,;1.SA <156
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Npnotiup A Jwpdup wpwqugnwp: YHpw  hwdwp  Jugdbup
(2.3.13) wnusnipjwu we b dwfu dwubiph wdwugjw|utpu pun dwdwuw-

Uh L hwpdh wnubup, np S, =S ,(7), a5, =v,, ﬂ:azA: Yuwnw-
dt dt
uwup
d (v, d
Y 4-% (s, .B
dt[z j dt( «B)
Ywd
é.zVA.ﬂ:B.dSA’
2 dt dt
npuntinhg’

A-va,=B-v,:

Jdbpouwlwuwwbiu, Yunnwuwup

a, zgz 91’54 ~1,21 d/y*
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$ 2.4 Mhun dwpduh wyypypwlw b hwdpupug
2wnpdnmdubip

Mhun dwpdup yunwnwlywu b hwdpupwg 2wnpdnwdubphu yGpw-

ptpynn fuunhpubph ndwu Gnwuwyp uGplwjwgubup dGYy fuunpp
inLddwu opphuwyny:

Opptily 2.6: Uwpph 1 onwyh Yypw, nph wuynttwhtu wpwagnt-
RINtup @, =2 nwn/y £, dwdwwlh nplk (£=0) wwhhg ulunid k wg-
ntg M =4200+200f L-d dndbunnd nidwqgnyg (wpdnn dndbuw):

Uwpph 1 L 2 onwyutph quugwdutipp hwdwwwunwufuwuwpwp hw-
Juwuwp Gu m, =100Y4gq b m, =1504qg, huy pwpdpwgynn 3 pbnh

quugywép' m, =400 Yg: Swunn 2 onwyh wwnynhtu nhdwnpnn nidb-
nh dndbuwnp hwjwuwp £ M. =20000-d: 1 U 2 onwlubkph d&& ni
thnpp 2powtiwgdtiph ownwypnubpu Gu° R, =60ud, R, =40udy,
r, =20ud: Gwnub| uwpph 2 onwyh wwnwnwlwu wpddwu @, =(p2(t)
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hwywuwpnwip: Npnab| pEh jwpnwWp dwdwuwyh ¢ =1 J wywhpu, hus-
wbu twle 1 U 2 onwyubpp onpwihdwu Yewnnd S opowtiwgdwihu jwpne-
dp, Gt 1 U 2 onwlubph hubipghwih swnwyhnubpu Gu p, = 20+/2 ud,
P, =30 ud (uy. 2.4.1 w):

Lnidmd: Uwpph 1 onwyh Yypw wgnnud Gu tpw 61 dwupniejwl

nidp, M wndhs dndbunp, 4 wnwugpwlwh hwlwgndwu }7A, ZA

— —

pwnwnphsubinp, S, 2ngwitiwgdwiht jwpnup b 2 onwyh N, unpdw
hwywqnnudp (Uy. 2.4.1 p):
Uwpph 2 onwyh ypw Yhpwnwsd Gu upw éz dwupniejwl nidn,

hwlwaqnidwu ndtiph M, dndbuwnp, B wnwugpwlwih hwywgndwu

—

Yy, Z, pwnwnphsttinp, 3 ptinht dhwgyuwsd phih 7 jwpnudp, S, 2ngu-
Uwqdwjht jwpnudp b 1 onwyh N2 unpdw| hwwgnnidp:
3 ptinh ypw wgnnud Gu 63 Swupnujwt ndp b phth 7' wpnt-

dp:

Uyuhwpn £, np S, ==S,, N,=—N,, I'=-T :

Ywqdbiup x; wbownd wnwugph 2nipop 1 onwlyh wwnnwlwu
ownddwu nh$tptughw) hwywuwpnidp’

Iip =M

1 onwyh Ypw wagnnn wpwmwphtu nidiph M; gfuwynp dndbuwnp x; w-
nwugph Uywwndwdp yihup'

M;=M-SR,:

Lwuh np M dndtuwnny k£ owpddwu dbGo npynd hwdwlwngp b npna-
ynwd @, -h ninnnipntup, wjn ywwdwnny wju npwywu £, huy 51 |w-
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pnuing wnwowgwd dndtuwnp ninnwd £ @, -hu hwlwnwly, funspunn-
wnnwd £ 1 onwyh wyunnywnhu W, hGunbwpwp, wju puwguwuwlw E:

1 onwyph wwunwlwu wpddwtu nhdbpbughw| hwyjwuwnpnidp
Ypunniup

1§, =M - SR, (2.4.1)

inbupp: Upunwhwjinbup 1 onwyh ¢, wulntuwjht wpwgwgnidp 2 onw-
Uh ¢, wuyniuwiht wpwgwgniny: Lwuh np

o _R

¢, R
wwjw

.. Ry

(P1_(P2E-

Wn nGwpnw (2.4.1) hwjwuwnpnudp Ygpyp'

. R
1G,-2 =M =SR,: (2.4.2)

1

X, wnuwugph 2ningp 2 onuwilih (nphg Ywiuywsd £ 3 plinp) wuininw-
Ywu 2wpddwu nhbbptughw| hwjwuwpnup Yuqdbint hwdwp oguwn-
ybup Yphubinhy dndbunph thnihnfudwt plinpbdphg'

=M:: 2.4.3
” 2 ( )

2-3 hwdwlwngh Yhubinmhy dndbuwnp x, wnwugph tywwndwdp Yihuh'

K, =Lw, +myyr,,
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npntin  ,w,-p x, wupwnpd wnwugph 2nipop @, wulynituwihu wpw-
gnieniuny wwwnynn 2 onwyh Yhubinmhy dndbunu £, mvr,-p° v wpw-
gnipintuny hwdpupwg swpdynn 3 ptinh pwpddwt pwuwyh dndbuwnu E:

Lwuh np v=w,r,, wyw

K, = (12 +m3r22)602 =1 py2 05

npintin 1 0 =1, +m3r22 -U' x, wnwugph Uwwdwdp 2-3 hwdwYwp-
gh ppdwd hubpghwih dndbuwu L:

2-3 hwdwlwpghtu Yhpwndwd wpnwphtu nidbiph M5 gijuwynp dndbu-
wnp (uy. 2.4.1) x, wnwugph tywwndwdp Yihup'

M;=S8,R,-GR,—M_:

—

S, |wpnwihg wnwowgwd dndtiunny npnaynud £ @,-h ninnniyntup,
ownddwu db9 £ npynd 2-3 hwdwlwnpgp, win ywwbdwnny wju npw-
wu Lk, huy 6;3 ptinh dwupnigjwu nidp U nhdwnpnigjwu nidbph M .

dndGuuinp ninnywd Gu o, -hu hwlwnwy, funspunnnnud Gu pwnpddwup
U, hGunbwpwp, pwgwuwlwt Gu:

Wuwhuny, (2.4.3) hwwuwpnuihg Yniubuwup'

d .
E([ pnY.2 ¢2): SR, =Gy, — M .

L Yuwmwuwup 2 onwyh wyunwnmwywu swpddwu hGunlyw| nhdbptughw)
hwywuwpnwip'
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[ 2 @ =S,R, — Gy, — M. (2.4.4)

(2.4.2) L (2.4.4) hwjwuwpnudubiph unwgwd hwdwlwpgnwd
wuhwywn Gu S, =8, =S jwpnwubpp b @, wulniwihtu wpwgqugndp:
S -u wpnwpubnt hwdwp wyn hwdwlwpgh hwjwuwpnuubphg wnw-
ohup pwgquwwwwnybup R, -ny, ipypnpnp' R,-ny b gnidwpbup: “Yunw-
uwup’

RZ
(11?2"'1 P2 Rl)(p2 = MR, —(G3r2 +MC)R1
1
Ywd
.. MR;R,—(G3715+M.)R?
P2 = I;RZ+1 R}

(2.4.5)

(2.4.5) wpunwhwjnnipjwdp npnaynd £ uwpph 2 onwyh wuyntuwjhu
wpwqwgnwiu punhwunp wnbupny: <wydh wnubind npwd pywihu
wnyjwiubinp, Ygunubup'

I, = ml/ol2 = 100(0,2\/5)2 =8 Yg-u?,
[ =1, +my] =m,p; +myr; =150-0,3* +400-0,2° = 29,5 yq- 0
Stnwnptup npwup (2.4.5)-h dby, Yntubuwup

. _ (4200 +2007)0,6 - 0,4 —(400-9,81-0,2 +2000)- 0,6 _

v 80,47 +29,5-0,6
=4,034t 4+ 0,4597 nwn/J:
huwnbignpbind unwgywsd hwwuwpnudp Gpynt wuqud, Yuunw-
uwup’
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@, =2,017t> +0,4597t + C,,
@, =0,672¢° +0,230t° + Cit + C, :

huwmbgpdwt hwuwnwwniuutipp npnotint hwdwnp oquybup fupun-
nh uygpuwywl wwydwuubphg'

: R 60
t=0, ¢@=0 nbypnu' q02(0)=602(0)=601(0)-R1 :2-40 =3 nwn/y:

2

<nbwpun, ¢,(0)=C,, ¢,(0)=C,,
wjuhupu C, =3 nwn/y, C,=0:
NipGu 2 onuhh wulniiwihts wpwgnipniup Ynpnoyh
@, =2,017t> +0,4597¢ + 3 nwn/y

hwwuwpnudny, huy 2 onuyph wunwnwlwu 2wpddwt thunpynn hwyw-
uwpnudp Yhup'

@, =0,672¢° +0,230¢” + 3¢ nwn;
Cpowtwgdwht S jwpnwp Yupnn Gup npnoti (2.4.4) hwjwuwpnuwhg'

_ pip2@P2+G3r+ M

S=SZ— R,

t, =1 4 nbwpnw YniuEuwup'

~29,5(4,034-1+0,4597)+400-9,81-0,2 + 2000
0,4

S =7295 L:
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(atih 7 wpnudp npnobint hwdwp Yuqdbup 2 onuyh wyununw-

S,

'g.~‘ ‘.\\.- . G’z, ’ P 2

' M,
LY. 2.4.2
Ywu swpddwt nhpbptughw| hwjwuwpnwdip
Lo, =S,R,—1r,-M_,

inGupny (uy. 2.4.2), npintinhg
_ S2R2 _Mc _Iz(bz :

r

T

Lbnbwpwp, ¢, =1 Y nbypnd 7" jwpndp Yihup'

_7295-0,4—2000—13,5(4,0334-1+0,4597)
0,2

T =4285 L:
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¢ 2.5 Cwdwlwpgh hwpp wupdnd

Wu wywpwgpwdnd npynd £ hwpp 2wpdnd juwnwpnn dwp-

dhtuutinhg Yuqdywd hwdwlwngh wpddwu Jtpwpbpuwg fuunhpubiph
(nuddwu nwuwy:

lanph npwdpp: ULy wquunipjwtu wuwnpbwu niubgnn Jdb-

fuwuhywlwu hwdwywpgp Yugddwsd £ hwpe wupdnid Yuwnwnpnn dwp-
dhuubtiphg: Ywqut| hwdwywnpgh 2wpddwu nhdtptughw hwjwuwnnid-
ubipp L hunbigpt| npwup:

Lmiddwiti wjyuwtsi:  Ujuwyhuh npwdpny fuunhpubipp nwdbint hw-
dwp bwywwmwwhwpdwp £ Yuwunwnbp hGunlyw] hwonpnulwu pwyGpp.

1. <wdwlwnpgp dnndh wnpnhnd Gup wnwudhu dwpdhuubph:
Ywwbpp thnfuwphunw Gup hpbug hwlwgnnwdubpny:

2. 3nipwpwusinip dwpduh hwdwp punpnud Gup Ynnpnhuwwnw-
Ywu hwdwlwng, nph bywndwdp gpnud Gup dwpduh 2wpddwu nhdb-
ptughw| hwjwuwnpnwubipp:

3. SGpnud Gup wnwudht dwpdhuubph wpwgnipnuutph bW wu-
Yntuwjhu wpwgnieniuutiph dhol Yhubdwnhlwlwu wnusnieniuttipp:
thdtptiugnd Gup win wnusnienuutpp W gunnund hwdwwwwnwufuwu

wpwqgwgnwiubph Yuwwnp:
4. Quwihnfunwd Gup L, wuhpwdbynnipjwu nbwpnd, huunbg-

pnud dwpdhutbph swpddwu nhdtpbughw| hwjwuwpnwubph hwdw-
Ywpap L Yhubdwnhlulwt wnusnipintuubpn:

Opptwly 2.7: Ninpwuh 7, wnwydhn b m, quugywd niutignn
pUpYwgwuhu Yppwnwd b M hwunwunnit yunwnnn dndbuwn: (3pdp-
Ywgwuh ypw thwpwrwsd dnwwuh dwjpht wdpwygywsd £ m, quug-
Jwdény C wuhyp: Uuphdu wnwug uwhph ginpynid £ nbwh 4bp hnphgn-
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Uh uywwdwdp o wuywu nwy nwuwynpywsd elip hwppenijudp (uy.
2.5.1): huswhuph” wuyntuwiht wpwgnientu &bnp Ypbiph pUpywgwup’
Ywwwnpbind 7 wunywn: (Fdplwguup b wuhdp punniub] hwdwubin
Yinp quuubp: dnwywuh quugywdu nt othndu wuwnbub:

?y Yy &
A\Yo N N T /
M
:I;<\> 300 g “ Fa
mo o
YG1 Go
LU. 2.5.1 LY. 2.5.2 LY. 2.5.3

Lnidmd: 1) Spnhtup hwdwlwnpgp Gpynt wnwudhu dwpdhuub-
nh (LY. 2.5.2, uy. 2.5.3): Ywwbipp thnfuwphubup hpbug hwlwqgqnnidub-
pny: Bnwwuh wgnbgnieniup hnfuwpphutup hp 7 jwpdwt ndny, npp
Yhpwndwsd k£ U' plplwquuhu, U' wuhdhu thnfuhwlwnwpé ninnniyejntu-
utipny: O wnwugph, nph 2ntpop wyunnynid £ ninpwiuh pdplwguun,
wgnbignigyniup thnfuwphubup X, Y, hwywgnnuiubpny: Unwug uwh-
ph ginpynn. € wuhdh Ypw Yhpwndws £ Ygnpndwu F ndp: U
wwjdwuwywunptu ninntup nbwh ybp (hpwlwu ninnniejniup hwjinup
Ynwnuw fuunph |Ndwtu wpryniipnid): Mwnybipbup twl wpwnwphu
ndbpp' G, =mg U G, =m,g:

2) Sptiup m; quugywdny pdplwguwuh wynnwlwl 2wpddwu
nhbtpbughw| hwjwuwpnwubpp punpdwsd Ynnpnhtwwnwlwu hwdw-
Ywpgnui: Ogunybind hwpp gnigwhGnwywu 2wnpdnd Yuwmwpnn whun
dwpdup swpddwtu nh$biptughw| hwywuwnpnwdubph hwdwlwpghg' Ynt-
ubuwup

0=X,-Tcosc,
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0=Y,—-G, -Tsinc, (2.5.1)
Jp=—M+Tr:

(Fdplwuguuh quugywoubiph YGunpnuu wupwpd k, hGunlwpwn, 2wnd-
dwu wnwoht Gpynt hwwuwpnwdubpu nubu unwunplywh hwjwuw-
pnudubiph wnbup:

“Hhuwwpybup m, quugqwdny C wuhyh pwpdnudp (uy. 2.5.3):
Uuhdp swpddwu nhdpbptughw| hwjwuwpnwdubiph hwdwlwpgp Yniub-
Uw hbwnlyw| wnbupp'

mix,=T+F - G,sina,
0=N-G,cosc, (2.5.2)
J2(p2:Fl49R

Gpypnpn hwjwuwpdwu dbe  y, =0, npnghbinl wyn nipnnyejwdp
owndnud slw:
3) Cwdwlwpgh Yhubdwinpyuwywu Yuwbpu U’

— ¢ =X,

-, R=x, : (2.5.3)
Pwgwuwywlu Uowul wnwowund E, pwuph np wuphyh b pdplywguup
wunwndwu (dwdujwph hwlwnwy nunnyejwdp) wuyniuubph npulwu
nunniejntuubpp hwdwwywunwujuwun Gu wuhyh wnwugph wpwgnt-
PJWU pwgwuwlwu wpntyghwihu: Hhdbpbugbind  (2.5.3)-p" Yuunw-
Uwup wnusnieintuutp wpwqwgnwdubph hwdwp

— O =X,
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~G,R=%,: (2.5.4)

4) (2.5.1), (2.5.2), (2.5.4) nie hwun hwwuwpnwdubphg pwnyuw-
gwd hwdwlwnpgp wwpniiwynd £ nip wuhwjw' %,, ¢, ¢,, T, F
N, X,, ¥, bW wpnhynd £ Gpynt Jwuh: Unwoht hhug wuhwjnutiph

hwdwp Yupbh £ wnwuduwgub) hhug hwjwuwpnidubph hwdwlwpg:
Cwyyh wnubiny, np hnd hwdwubin quuubph hubpghwih dndGuwnubpu
nLubu

2 2
7 R
Jl=m117, J2=m27,

wnbupp, Yunwuwup'

m,X, =1+ F ,—m,gsina ,

R
mzﬁzFug’

2

. M
myp, =——+1, (2.5.5)

h
—ph =X,
—P,R=X,:
Upwwpubin F,, T, ¢, b X, wuhwjnubpp, Ygunubup’

. 2(m,grsina —M)
¢ = 2 :
h (ml + 3m2)

(2.5.6)
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(2.5.6)-h wy dwup Ywjuyws sk dwdwuwypg: Lowuwybup wiu — A4 -ny:
bunwuwup @, =—A4, 4>0: hunbkgpbup (2.5.6)-p" hwoyh wnubiny,
np ulgptiwlwt (£ =0) wwhht pUpjwgwlp gyt k nwnwph Yh6w-
ynud ((p1 = O) L wyuinwndwu wulniup hwoyb) Bup qnnjhg ¢, = 0: Yuwnw-
uwup’
At*

S
Yhgnp, dwdwlwlh ¢=¢ wwhhu pdplwguup dwduwph nunnt-

(plz—At’ (plz—

pjwdp wnpnbu Ywwwpb £ 7 wyungn bW wnndb b — 2727 pugwuwywu
wuyniuny: Ujn nbwpnud pdplwqgjuup dGnp Ypbph wjiu @ wuyntuwjhu
wpwgnteinup, npp fuunpnud wwhwueynid Enp npnat: UYuhwywn E, np

2
o=—dr, 2m=E.

Upwnwpubnd wuhwjun 7, dwdwuwyp, Yunwuwup'

‘. =21/%, w =2 Amn =—3\/27mM_m2g’"1 Sia

4 m, +3m,

Pwgwuwlwu tpwup gnyg £ wnwihu, np pdpjuguup wunyunp nnn-
qwd £ dwdujwph ninnnigjwdp: @ -h wpdwwnwwnwy wpunwhwjnnipnt-
uhg htwunw £, np wjn |ndndu niuh uwhdwuwtwynd'

M > m,grsina :
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$ 2.6 thuwdhlyuyh punhwtnip hwjwuwpnidp J& Jud GpYynt
wqupnipyut wupphbwt niiignn hwdwlwpqbph hwdwp

Wu wwpwgpwdnw npynd £ nhuwdhlwih punhwunyp hwydw-
uwpdwu ogunwgnpddwdp fuunhpubph nWdwu Gnwuwy dGYy Ywd Gpynt
wquunniRjwl wunhbwu niutignn hwdwywnpgbph hwdwp:

lanph npwdpp: Pnbwwywu (Ywd ny hnbwjwlwu) unwghn-
uwp Ywwbpnd dfuwuhywlywu hwdwwnpqu niuh dbYy Ywd Gpyne wqu-
wnnyejwl wunhbwu: <wdwywnpgh Yypw Yhpwnjwsd Gu hwjnuh wlnpy
nidtin: Sunub hwdwlwnpgh dwpdhuutiph wpwqugnudubpp:

Lniddwiti wjywti: Uju wnhwh fuunhpubp nwobihu Ywpbh §
Ywuwnwnb| hGunlyw| hwonpnwwu pwyGpp.

1) Cunpnud Gup dbYy Ywd Gpyne punhwupwgywéd Ynnpnhtwn:
Npwbu punhwupwgywd Ynnpnhuwwnubp Ywnbih E punpb) hwdwwp-
gh Ybwbph wnbnwihnfunieniuutpp Ywd dwpdhuubph wywnndwlu wu-
Yntutbpp, npnup dhwpdtip npnonid Gu hwdwlwpgh nhppp:

2) Uwpdhuubph qwugywdubiph YGunpnuubiph wpwgwgndubpp
L wuyniuwht wpwgugnudubpp wpnwhwynnd Gup punpdwsd pun-

hwupwgywsd Ynnpnhtuwwntbiph Gplypnpn upgh wéwugjwiutipny (pun-
hwupwgywd wpwqwgnidutipny):

3) Cwdwywpgh Yypw Yhpwnnd Gup wywmhy b putinghntu nidbip:
hubinghnu nidh ytywnnpp hwaoynid Gup

—

D =—mw

pwuwdlny, npinbn  w-u Jwpdup quugywdubph YEuwnpnuh wpwqw-
gnudu E: huipghnu nidtph dndGuwnp 4GYunnpp ginunid Gup
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M® =—-Jg

pwuwdlny, npinbin € -p - wuyniuwht wpwgwgnuiu k: bnbwjwlwu
Ywwbiph hwlwqgnnwubipp sGup uonud:

4) Cunhwupwgywd Ynnpnhtuwwht Ywd Ynnpnhuwwnubphg db-
Yht nwihu Gup thnpp wé (Juphwghw), $hputiiny Gplpnpn Ynnpnhuw-
wp: Ywqdnud Gup nhuwdhlwjh wnwohu punhwunip hwywuwnpndp,
npu wyn wéh ypw pninp nidtiph mwppwywu woluwwnwupubph gnidwpp
gnn [hubju E: Lnyu duny, Gpynt wquunipjwu wunhbwu nwubtgnn hw-
dwywpgh nbwpnud, uqgdnud Gup utwl Gpypnpn hwwuwnpnudp, pun
npnud’ thnpp wié wwihu Gup dnw punhwupwgyws Ynnpnhuwwnhu bu:

5) Lnwdnud Gup dbY Ywd Gpynt wuhwjin punhwupwgywé wpw-
qugnwdutipny dbYy Ywd Gpynt hwupwhwouwywu qdwjhu hwywuwpnid-
ubipp:

Opptiwly 2.8: P, =3 UYL Yonny 1 ptinhg, P, =2 yu u B =2
YU Yohnutipny 2 b 3 dwfuwpwyubiphg b P, =2 YU Yonny 4 hnd quuup-
yhg Ywqijwé dbjuwuplwywu hwdwywpgp swpdynid L dwupnipjuu
nidbph wgnbgnipjwu wnwly: 2 Gwhuwpwyh hubpghwh ownwyhnp'
P, =034 t: 3 dwhuwpwyp hwdwpbip uuwdby quu: 4 glwuhyp wnwug
uwhph swpdynd  hnphgnup ufuwndwdp o =30 wuljwu wwy pbp-
Jwd nbjuh Jpwjny: Fnpdwu othdwu gnpdwypgp' £ =0,3 ud k: Thnwip
wnwugpubpnd wphwdwphtb|, wuyshn wudqbh pLGph uwhpp pwgw-

Ywynud £: “Hhuwdhlwjh punhwunyp hwjwuwpdwtu dhongny npnob glu-
upyh wnwugph wpwqwgnup, tipt R, =0,4 b, , =0,2 J, r, =0,5 u:

Lniémud: 1) Cuwnpbup a. JbYunph ninnniggniup b wwnyb-
ptiup wywnhy ndbipp, ny phnbwjwlwu Yuwwh hwlwgnnwubpp nbup L
glwuhyp 2thdwu Ybwnnd, dwpdhuutiph qdwjhu L wuynituwhtu wpwaquw-
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gnudubipp, hutpghnu nwdbph guwynp ytGywnpubpp W gjfuwynp dn-

dkuinubinp (uly. 2.6.1):

LU, 2.6.1 P,

2) Lwuph np hwdwlwpgu niup qu wquwniejwl wumhbwu, w-

ww, puinpbing C Ybwnh huwpwynp 8S,. wnbnwihnfunigniup, v, wpw-

gnipjniup b a,. wpwaquwgnidp, wpinwhwjnbup fuunph Nddwu  hwdwn

wuhpwdbionn dJuwgwd pninp inbnwnfunientuubpp, wpwgnieiniuubipp
nt wpwqwgnuiubpp 8S.-ny, v--ny U a,-ny: Yhubdwwnhluwih fuunph
indnudp wwunybpbup hGnlyw wngniuwyny’

Upwgwgnd

Upwagntejntu

Luwpwynnp nbnwihnfunienwu

Ty

€y

v
—_C
a, =

Ty

_ %

Ty

op,
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2a, Ve 2V, 268,
3 " 3 " " @5 "
g, = 2a, o, _n 3 _2& 50, = 205,
b r 5 7
¢ = 2a.R, b= R, = 2v.R, 55, = 205 R,
r r )

Cwyybup pninp hupghnu nwdbiph W hupghnu nwldtiph dndGuwnut-
nh pwgwpédwy wndbipbipp

P P 2a.R P
Fr=lg =229 - prus Five(), F4hv:g4ac’

g g )

P
M, "=0, M2hh:§p2282:§p2 ’

P, P, 2a
u_ 3.2 _ 3.2 C u_
M= "3p2g =32 27C M U=

g g n 2g

2 2
Pr, c :P4F4 dc |

Yo2g 7,
Snpdwu 2thdwu dndGuwnp Yihuh

M, =k-N=k-Pcosa:
Qpbup nhuwdhywih punhwunyp hwjwuwpnudu wju nbwpnid
PSS, — FMoS, — M ,™b¢p, — M,™op, — P,sina - 0S, —
—F" oS, —M,"op, — M 6¢, =0:
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Stnwnptup hubpghnu nidtph W dndGuwnmubph wpdbpubpp’ wp-
nwhwjnwd a--ny UL qgdwjhtu ni wuyniuwiht wmbnwihnfuniejniuubpp’

wpunwhwynwd S, -nY: Hipu pbiptiup 0S--U pninp gnudwnbijhubiphg,

Yunmwuwup'
5S.| P 2R, _ £ 2acR, 2R —ipzz 2ac .2_5,,32%2_
L g nh h g n nh g £
: P, P
—551na——4ac——4-r4ac —Btcosa-ﬁ}:O:
g 2g Ty

Lwup np 6S, #0, wwyw gpnjh & hwjwuwp thwlwagsdh ubpup
wpunwhwjwnnipiniup: Ujuntinhg Yuwnwuwup

R .
22 —P4[s1na —kcosajg
B 7, A

ac. = ; ; ;
r v 2

Stnwnpbiny pywjhu wpdbpubinp, Yunwuwup'

0,03

2-30’4—2 sin 30° —
0,2

b

2
43 0.4 + 0,3 +2+§-2
0,2 0,2 2

cos 30’ le

9

=0,015 J/J’

ac
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Opptiwlyy 2.9: hnbwjwlwu unwghnuwp Yuwbpny dGfuwuhlyw-
Ywu hwdwlwpqu nwph Gpynt wquunnipjwu wumhbéwu b Yuwgdwd k

gqwuhg nt snpunthg: m, quugywdény hwdwubin guuh wnwugphu Y-
pwnywsd £ hnpphgnuwywu /' nid: Gt wnwug uwhph ginpynud £ m,
quugywdny snpunth ypwyny: 2npunth b hnphgnuwlwtu hwppwyh dhol
othnwip pwgwwjnud £ (Y. 2.6.2): Gunub) qquup quugywdubtiph YGuwn-
pnup wpwaquwgnidp: Snpdwt 2thndu wphwdwphb:

LY. 2.6.2
Lnidmd: 1) Cunpbup Gpynt wulwpu hnhnfuwlwuubp, npnup
dhwndbip jwpwagpbiu hwdwlwngh nhppp: thgnip X, thnthnfuwlwup
gnyg £ wmwihu qquuph YGuwnmpnuh nhppp wuownd Ynnpnhuwwnwlwu hw-
dwlwngh tywwndwdp, huYy x,-p’ snpunth nhppp unyu wuwnd hwdw-
Ywnpgh Ujwwdwdp: Mnnbup x; L X, wnwugpubpp wpddwu Ynndp,
wjuhupt' nbwh we (uy. 2.6.3):

2) Uwpdpuubph quugwoubiph YGunpnuubiph wpwaqugnudubpp
W wulnibwjht wpwgugnidubpp wpunwhwjwnbup punhwupwgywd w-
nwawgnwiutipny: Hwuh Yuwnpnuh wpwgqugnwp Yihuh' w, =X, snp-
unth wpwgwgnup' w, =X, : Npwbugh guuh & wuyniuwht wpwgw-
gnudt wpunwhwjnbup snpunth b quup YGunpnuubph wpwqugnudub-
pny, gwubup quwuh wpwagnieniuubph wlupwppwhu YGuwnpnup
(uy. 2.6.4): Yunwuwup'
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®, =—tgy = -
p 8gY R
a I _é:D]
&
M m .
451-4 y! '>-—>-‘/T/1
NG
- | /
To W2 : //
g_, 2 {G —p- Y/
V™2 Iy
7 7 y
LY. 2.6.3 LY. 2.6.4

“thdtiptiugbiny @, -u puin dwdwuwyh, Ygwnubup

g :_(Wl _Wz):
R
3) Cwdwlwpgh ypw ywwnybpbiup él, éz wlywnhy L Cf)l, (T)2
hubpghnu nwdtipp, npnug wpniiyghwubipu x wnwugph ypw hwoynwd
tup O, =-mw, D, =-m,w, pwuwdubpny, npnbn w, =X,
w, =X, : qquuh hubipghwjh dndbuwnp quugywdubinh Ytuwnpnuh ulhwwn-
dwdp, hwdwdwju hubpghwjh dndGunubph wnnwwyh (ko 26), yihup'

2

R
J=m17: Gwuh Jpw Yppwntup hubpghnu ndbph  dndGuwp:

MpnjGYwnbnd tyuphtu ninnwhwjwg z wnwugph Yypw, Yunmwuwup'

M®=—Js =m, ROw —w,).
z z 2

4) <wdwlwpgh x; punhwupwgqwd Ynnpnhuwwnhu wnwihu Gup ox,
thnpp w6, $phpubind  x, Ynnpnhuwwp' ox, =0 (snpuniu wugwnd k,
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qlwup wunwnynw § dwdujwph ninnnipjudp 0@ = —% wuyniuny):

Ywqgdbup nhuwdhywjh wnweohu punhwupwgywsd hwjwuwpni-
dp npwbiu nidtiph yGywnnputiph b wnbinwihnfunwutiph yaywnnpubiph uyw-
ywn wpnwnpuiubph gnudwp’

Fox, +®, 0x, + M 5¢p. =0

Ywd
Fox, —mwox, —J W, O 0,
R
npunbinhg’
F—mw, —%(wl - wz): 0: (2.6.1)

Gpypnpn hwjwuwpnip unwunw Gup unyu auny, Gupwnpbinyg, np
ox, #0, ox,=0: Ulpwpd wnwugp nwbuwny quup pbpynd L

0
dwdujwph hwlwnwy ninnnipjwdp % wuyniuny: “Yunwuwup

MO22 L@ s, =0
R
hwywuwpnudp Yud
w, — W, OX,
J > R —m,w,dx, =0,
npuntinhg’
%(w1 - wz)— m,w, =0 (2.6.2)
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Yuwd

w, =(1+2&jw2 =0:

m,

5) Lnwdkup (2.6.1), (2.6.2) tpynt géwjhu hwupwhwowlwu hw-
Jwuwpnwubph hwdwwpgp wpwgwugnwubph juwundwdp:  Yunw-
Uwup quuh quugywdubiph YGunpnuh w; wpwqugnudp U snpunth w,
wpwgwgnuip'

m, +2m, F

w=F , W, =—
ml(ml+3m2) m, +3m,

Gpp snpuntt wulphn £, wyupupu m, =0, wwyw w,-h wpnwhwjwnni-

pjntuhg htiwbinw £, np w, :E: Wuwhuh wpwaqwgnw niuh m; quug-
m,

qwény dwpdhup F nidh wagnbgnipjut wwly hwdpupwg wpddwu
nGwpnud: Uuwhuny, hwpenipjwu ypwjny wnwug 2thdwt uwhnn  wu-
Uohn snpunit quuph hwdwp pnbwjwlwu jnindwtu nbp £ Yunwnpnd,
nph wpryntupnud giuup sh ywnunynud, wy ownpdynwd £ hwdpupwg: huy
Gret snpunth qwugywdp dguntigubup wuuwhdwunpjwy, www Yuwnwg-
yp wuownd hwppnipjuwu ypwjn wnwug uwhph hwdwubn quuh gnp-
dwu wpwgwgnidp’

_2F

Wl - .
3m,
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¢ 2.7 Luwgnpwtdh pypnpn ubinh hwjwuwpnmdubpp

Wu wywpwgpwdnd wnpynd £ Lwgpwudh Gpypnpn ubinh hwjw-
uwpnuutiph ogunwgnpddwdp dGfuwuphywlwu hwdwlwpgbph yGpwpk-
njw| twpptp npwoputinny fuunhpubiph (Nédwt Gnwuwy:

| putinph npdwdpp: Gplynt wquuinipjwl wuwnhbwu niubignn
hnGwjwlwu, unwghnuwp Ywwbpnd Ynuubpjwuwphy dfuwuhywlywu
hwdwlwpgp 2wpdynd £ hwynuph nidtiph wgnbigniyejuu wnwy: Npnoby
hwdwywpgh dwpdhuubph wpwgwgnwubpp' ogunybiny Ynuubipjwwnhy
hwdwlwpgbph hwdwp Lwgpwudh Gpypnpn ubinh hwwuwpniudubphg:

Lniddwtn wywti: Gt hwdwlwpgh Jypw wqgnnn pninp ndbpp
wnunbughw| 6U, wwyw winuhuh hwdwlwpgp Ynsynid £ Ynuubipwnpy:
Wn nbwpnuwd punhwupwgywdé nidtipu ni ynunbughw| Eubpghwt Yuw-
qwd tu

o

Qi: a—qi’

nhtintughw| wnusnipyniuutinny, npuinbin ¢, -p punhwupwgywsé Ynnp-
nhuwwutpu  Gu: Wu npwoépny fuunphpubpp  ndGint hwdwp
Uywuwnwlwhwpdwp £ Yuwwnwpb) hGnlyw hwonpnwlwu pwtinp.

1) Cunnpnud Gup Gpynt wulwfu Ynnpnhuwn:

2) <wyynud Gup hwdwlwpgh 7" Ypubinpy Fubpghwt' wpunw-
hwjndws v, =x; b v, =X, punhwupwgywsd wpwgnipniuubpny:

3) Cwoynud Gup hwdwlwpgh IT wynunbughw| tubpghw:
4) Npnonud Gup Lwgpwudh $niuyghwt!’

L=T-1I:
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5) Qntnuw bup oL, oL (i
ov, Ox;

1

=1,2) dwutwyh wéwugjwiubpp

W gpnud Gup Lwgpwudh Gpypnpn utinh hwjwuwpnudutiph hwdwlwpgp

d(oL) oL d( oL ) oL
R T B T ~ =20 (2.7.1)
dt\ ov, ) Ox dt\ ov, ) 0Ox,

wnbupny:

6) Lnwodnud Gup qdwjhtu hwupwhwywlwu hwlwuwnpndubiph
(2.7.1) hwdwlwnpgp Gpynt wuhwjin w, =X, b w, =X, punhwupwgywd
wpwgwgnwubph Uywwndwdp:

Opptiwly 2.10: Pnbwwywu unwghnuwnp Ywwbpnd Ynuubpyw-
wnhy dGuwuhlwywu hwdwwnpqu niwuh Gpynt wquwnnygjuu wunpbwu
L Yuwqdwsd t hpug dwpdhuutiphg: m, =10 Yg quugywdny A pbtinp L
m, =20 Yg qwugwdény B hwdwubin quup hnnwlwwnpbu dhwg-
Jwd GU Ynoin wulyphn énnny: m, =40 Yg qwugywsény D wphqiwu
htuynud k£ uuwdby C qquup (funnnjwyh) b £ wuhydp (hwdwubin gjw-
uh) ypw: Uupyh wnwugpp dhwgywsd E yphqdwih htwn (uy. 2.7.1): Ogun-
4tind Yynuubpjwunphy hwdwywpgbph hwdwnp Lwgpwudh Gpypnpn utinh
hwywuwpnwubphg' npnob| wju wpwgwgnwip, npp wphgqiwjhu hwnnp-
nnw £ upw Jpw Yppwndws F =100 U hnppgnuwlwt nidp: Fnpdwu
W uwhph 2thnuduGpu wphwdwphb): S npndp nbnh £ niubund wnwug
uwhph: tunnnyuyh quiuqyusp’ me =10 Yq £, wuhyhup’ m, =35 Ya,
o =15%: Mphqdwjh unnphu dwybpunypep wdpnng swnddwl pupwg-
pnud dunwd £ gniqwhbin hnphgnuwlwtu hhdphu:

Lnidmd: 1) Cunpbiup hwdwlwpgh pwpdndp dhwndbp uljw-

pwagnpnn Gpynt wulwfu thnihnjuwlwuubp: %thgnip X, thnthnfuwlwup
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gnyg £ wwwhu D wyphqiwih nhppp wupwnd Ynnpnhtwwnwywu hwdw-

Ywngh Uywwndwdp, huy x,-p* B quuh wnwugph nhppp wphqduwih
Uywuwndwdp (uy. 2.7.2):

LY. 2.7.1

2) Upwnwhwjnbup hwdwlwpgh Ypubwpy tubpghwu x,=v, U
X, = v, punhwupwgywsd wpwgneniuutipny: Udpnng hwdwlwpgh Yh-
ubiinhy utinghwt Yihup’

I'=T,+T,+T.+1,+1T:
QnpGup v, hwpwpbpwlwu b v, hnfjuwnpuwywtu wpwgniniuubip nlub-
gnn A4 ptinh hwipupwg swpddwu Yhubwnhy ubpghwt’
(v, +v,cosa )’ + (v, sina )
2

T, =m,

B quuh hwpp qwpddwu Yhubiinhy Eutinghwt yhup'

(v, +v,cosa )’ +(v,sina )’ s J,0; :
2 2

Ty =my

0, wulniuwihu wpwgnieniup Ywiujwsd £ hwpwpbpwwu wnpddwu
Wy = 1‘;—2 wpwgnieintuphg: B hwdwubn quuh hubpghwjh dndbuwnu

B

hp wnwugph uywundwdp Yhup'
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2

R

— B
JB_mB y

2
huy C funnnjwyh hwpre wpddwu Yhutnhy Fubpghwt’

(/2] | ot
2 2

T, =myg

Wuwnbn o, = 2‘;

-U funnnjwyp wulyntbwhu wpwanyejniuu k, %—n‘

C
Upw quugywdutinh Ytuinpnuh wpwgnipnup, J. = mcRé -U' funnnyw-
Uh hubipghwjh dndtuwnu £ hp wnwugph uyuwwndwdp: Mphqdwjh hwdpu-
pwg 2wnddwl Yhubinhy Fubpghwu Yihup'
V2

T, = mDé:
E wuhyh, npp quugqwdubiph Ytuwmpnuh wpwagnyeniup v, k, hwpe
ownddwu Ypubinhy Eubipghwu Yniubuw hbnlyw| wnbupp*

T, ==L

Udpnng hwdwywngh Yhubinhy Eutinghw yhup'

T:mA+mB+mc/2+mD+3’>mE/2v2
2 1

m,+3my/2
+(m , +my v, cosa +—4 5 By

3) Cwdwlwngh wynwnbughw| Eubpghwjh hwdwp Yniwwbuwup'
[l =—xF —x,(m, +my)gsina :

4) Npnpbup Lwagpwudh $niuyghwt’
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L:T—H:mA+mB+mC/2+mD+3mE/2v2
2 1

m,+3m,/2
+(mA+mB)vlvzcosa+ 4 23 vy +

+ X, F +x,(m, +m,)gsina :

5) Gunubup S—L L S—L (i=12) dwutwlh wdwugwiutpp L
V. Xl.

1

gpbup Lwgpwudh (2.7.1) hwwuwpnuiubipp’

m 3m
C E —
W, (mAerB+—2 tmy + =% j+w2(mA+mB)cosoc—F,

3213) =(m, +m,)sina:  (2.7.2)

wy(m , +my)cosa + wz(mA +

6) Lndbup unwgywd Gpynt hwwn qdwiht hwupwhwowywt hw-
Juwuwpnwiubph hwdwlwpgp w, b w, Gpynt wuhwjn wpwqugnub-
nh ujwwndwdp b mbnunpbup pYwjht wnpdtpubipp: Yniubuwup'

w, =0,627d/J*, w, =145d/y*

TYhppnnnupyniti. (2.7.2) hwjwuwpnwdubph we dwubpnd gpywéd

Gu x; L X, Ynnpnhuwwubpht hwdwwwunwufuwunn punhwupwgywsé
nidtipp: Hwup Yupbh £ gnub] hwoybind wyunpy nidtiph hgnpnyeniu-
ubpp hwdwwwwwufuwu huwpwynp wpwgniejnuutiph nbwpntd,
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npnbn  N,-p ndbiph hgnpnigyiniuu £ x, =0 nbwpnd, huy N, -p'
X, =0 nbwpnid: L<gnpnieyntup hwoynid Gup' gnudwpbng F; -V, ulu-
pwn wpuwnpuwubpp (N:Zﬁ;-ﬁi): Wuwnbin E—hnn nidtpu G,
V.-bpp' upwug Yppwndwu Ybwnbph wpwgnieniuubpp: Wu nbwpnid
wytih jwy Yihup wpwgniegniuttipp hwayt wuwipwhynpbit, huy uyuw-
pwp wpunwnpjwiubpp’ Yynnpnhtwwnwlwu nbupny:

Il jtnph ppdwdpp: bnbwjwywu unwghnuwp Yuwbpny (ny
Ynuubpjwwhy) dGfuwuplulywu hwdwlwpgqu niuh Gpynt wqunnipjwu
wunhbwu: Sinub| hwdwlwpgh dwpdhtubph wpwgwgnwiubipp:

Lniddwt wjywt: Ldwu npdwoépny fuunhpubipp |ndbint hwdwp
Ywuwnwpnud Gup hGwnlyw| hwonpnwywu pwtpp.

1) Cuwmpnw Gup Gpynt punhwupwgywsd Ynnpnhuwwn: Npwbu
punhwupwgywd Ynnpnhuwwnubip hwpdwp £ punptp hwdwlwpgh nhp-
pp ulwpwgpnn YGwnbph wulniuwjht Ywd gdéwjhtu wnGnwihnfunipniu-
ubipp:

2) Cwyynuwd Gup hwdwlwpgh Yhubwnhy Eubpghwu:

3) <wyynud Gup punhwupwgywsd ndbpp: Hpw hwdwp hwdw-
Ywpgh punhwupwgqwsd Ynnpnhuwwnubphg deypu wwhu Gup o,
thnpp wé' $hpubiny Gpypnpn Ynnpnhuwwnp (56]2 =O): Npnonwd Gup
wjn wéh Jpw EEdGUnwp woluwwmwupubph 04, gnuwpp: Cunhwu-

pwgywd nidp npnonud Gup O, =% pwuwaduny: Lnyu &duny guunid

q,

Gup bwl Jjnwu punhwupwgywd nudp:
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4) Qpnud Gup Lwgpwudh Gpypnpn ubinh hwjwuwpnwiubph hw-
dwlwngp’

d( oT oT
. - - Ql )
dt\ 0q, ) 0Oy,

d( oT oT
= |-===0,: (2.7.3)
dt\ 0q, oq,

5) Lndnud Gup Gpynt wuhwyn ¢, b ¢, punhwupwgywsd wpw-
qugnudubiph uyuwdwdp Gpynt hwupwhwr2wlwu qdwjhu hwyjwuw-
pnwdubiph (2.7.3) hwdwYywnpgp:

Opptwy 2.11(2.9): hnbwwywu unwghnuwp Yuwwbipny dbfuwuh-
Ywlwu hwdwlwnpqu nwuph Gpynt wquwnnipjwu wunhbwu b Yugqddwsd k

glwuhg nt snpunthg: m, quugywdény hwdwubin guuh wnwugphu Y-
pwnywsd E hnpphgnuwywu F nid: Gwut wnwug uwhph ginpdnud £ m,
quugywdny snpunth ypwyny: 2npunth b hnphgnuwlwtu hwppwyh dhol

1 %1 _éa:l
' £ 1 F
s \ 6/
2 2, 2
=2 e
LY. 2.7.3 LY. 2.7.4

othnudp pwgwlwinw £ (uy. 2.7.3): Gunub qquuh quugwdutph YGuwn-
pnup wpwaquwgnidp: Snpdwt 2thnudu wphwdwphb):

Lnidmd: Uju wuquwd fuunhpp |nwtiup Lwgpwudh tpypnpn ubinh
hwjwuwnpnudubph oqunipjwdp:
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1) Cunpbup hwdwlwpgh nhppp dhwndbp npnonn Gpyne wuywfu
thnthnfuwywtbip® g, =x; W g, = X,: thgnip x,-p gnyg £ wwihu gju-
Uh yGunpnuh nhppp wuowpd Ynnpnhtwnmwywu hwdwwnpgh utlwn-
dwdp, huy x,-p’ snpunth nhppp unyu wurwpd hwdwlwpgh U{ww-
dwdp: x; U X, wnwugpubipu ninntiup gwpddwt Ynndp, wjuhupt’ nbwh
wo (uy. 2.7.4):

2) Upnwhwjnbup hwdwlwpgh Yhubwhy tubpghwu  x, =v, U
X, =V, punhwupwgywsd wpwgnieniuutipny: Udpnng hwdwlwpgh Yh-
ubiwnpy Lubpghwu ubpluwjwgubup guup W snpunth Yhubnphy Eubpghw-
ubiph gnudwph wbupny’ T'=7,+71,:
Qunubup hwppe 2wupdnud Yuwwnwnnn quuup Yhubnhy Eubpghwt!’

m1V12 Ji 0)12
1= + '
2 2

(2.7.4)

@, wuyniuwihu wpwagnieiniup Ywiudwsd £ qquup YGuwmpnup b 2thdwu
YGwnh wpwgnipiniuubph wnwppbpnyeiniuhg: Lwuh np quup wnwug
uwhph qnpynud £ snpunth ypwyinyg, wwyw 2thdwu YhGnh wpwgnipiniup
hwywuwp £ snpunth v, wpwagnipjwuup’

(Vl _Vz):

R

W, =

(2.7.4)-h b9 imbnunptup hwdwubn quup’ hp wnwugph tywwndwdp

2

R
szl2 hutpghwjh JdndGunh wpdtipp: Upryniupnd  Yuinnwlwup

qlwuh Yhubinhy Eubipghwt’
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I = %(2\212 + (v1 —vz)z):

2npunth Yhubwnpy Eubpghwu hwjwuwp £

2
T_m2v2.
) =

2

Udpnng hwdwywngh Yhubinhy Futinghwts yihup'

2
T:%(va +(vl —v2)2)+%:

3) O, punhwupwgywd nidp hwyybup le% pwuwauny,

X
npinbin 04, -p Ox, wbnwihinfuniyejwu Ypw pninp nidbiph Yuwwpws b6-
dGUuwnwn wofuwwmwupubiph gnwdwpu £ x; punhwupwgywd Ynnpnhtuw-
nh wéh Jypw 04, Lbdbunmwp woluwnwupp hwoybint dwdwuwy djnw
punhwupwgywsd Ynnpnhuwwp Sphpuynd £, wjupupu ox, =0: Ulu-
hwjwn £, np pugh F nidhg ng dh niph2 nid wofuwnwup sh Yuwnwpnd,
hGwnlwpuwp, 64, = Fox, W Q, = F: Lnyu duny' O, =0:

4) GpGup Lwgpwudh (2.7.3) hwjwuwpnwubipp b hwoytGup upw
dbg duinunn wdwugjwjubpp’




oT

ox,

0, —
ox,

0,

npnbn w, =v,, w, =v,: Upyniupnud® Lwgpwudh Il ubinh hwjwuw-
pnwdubipp Yhubu

3wm, —w,m, =2F,
— wm, -|-w2(m1 +2m2)=O: (2.7.5)

5) Lnwétup (2.7.5) hwjwuwpnuwiutiph hwdwlwpgp wy, b w,
wpwagwgnwiubiph uywundwdp, junwuwup

w = FM +2m, . — F
1 ’ 2 :
ml(m1 +3m2) m, +3m,

Opptwly 2.12: bnbwjwlwu unwghnuwp Ywwbipny dGfuwuhyw-
Ywu hwdwlwpqu nwp Gpynt wquunnjwu wuwmhéwu W dh uwpp L,
npp Ywqdwsd £ A pbinhg U hwdwubn B ni C dwfuwpwlubphg: C
twfuwpwlu ninnwhwjwg puyundd £ ubppl b owpdnd £ hwnnpnnd B
Gwfuwpwyphu nt 4 pbnphu, npnug htn wju uwyywsd § wudgbh pbiny:
(bp pwunynw £t C dwuwpwyh ypwihg: Spdwsd Gu dwpdhuubph m

my, m. quugywdubipp (uy. 2.7.5): Gunutip 4 pbinh wpwqugnuip:

Lnidnid: 1) Cuwnpbup hwdwlwpgh nhppp dhwpdbip npnonn
tpynt wulwfu thnihnuwwuubp' ¢, =x L ¢, =@ (Uy. 2.7.6): x thn-

thnfuwlwup gnyg £ wmwihu ptnh nhppp wupwpd Ynnpnhuwwnwlwu hw-
dwlwnpgh tywwndwdp, huy @ -u' C dwjuwpwyh wunnyunp:

2) Upnwhwjintup hwdwlwnpgh Ypubwpy tubpghwu x L @
punhwupwgwd wpwgnipniuttipny: Udpnne hwdwlwpgh Yhubinnpy
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LubGpghwt ubpywjwgubup ptinh U dwfuwpwlubph Yhubunpy Lubpghw-
utiph gnudwpp wbupny’ 7T'=T,+T, +71,:
Quubup hwdptpwg 2wnpdnd Ywuwwnpnn pbinh Yhubwnhy Eubp-
ghwt’
»)
_ X

T, 5

AB ﬂm 7 o

LY. 2.7.5 LY. 2.7.6

Muninynn Gwhuwpwyh Yhubtihy tubipghwu Yihup

7 _ I _ myRy(X/Ry)  mpi
2 2-2 4
Quubup hwpe swpdnid Yuwmwpnn C Gwjuwpwyh Yhubnhy
tubpghwt’

2 2
_McVe Jco¢
2 2

I¢

C Swluwpwyh wuyniuwhu wpwgnigniuu £ o, = ¢ : Rwug-
Jwdubiph YGunpnuh wpwgnginiup X hinfuwnpwywu b R-¢ hwpw-
pipwlwu wpwanyeiniuutph gnudwpu k, hnnbwpwp
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T — mc(x"' Rc(lj)2 n mcRé(pz :

¢ 2 4

Udpnng hwdwluwngh Yhubinhy tubipghwt Yihup'

)
T= %(mA +%+ mcj +x¢pm R, +%(p2mcRé:

0A
3) 0. punhwupwgywsd nidp hwoybup szé—x pwuwalny,
X

npintin 04, -p' ox wbnwinfunieiwu Ypw pninp nidbiph Yuunwpws kG-
dGunwp woluwwnwupu £ Shpubup C dwfuwpwyh yunndwu wuyjne-
up' 60 =0:6pp A pbinp hnppgnuwlwu ninnnipjwdp wbnwginfuynid
ox htnwynpnigjwdp, B dwluwpwyp wywnwndnid £ npuk wulyniuny, huy
C Swluwpwyp hwdpupwg wbnwkinfudnd £ ubppl unyu ox hbnwyn-
pniejwdp: Wn wbnwihnfunipjuu Jpw woluwwnwup £ Yuwnwpnd dhwju
m.g nidp, hbimbwpwp, 64, =m.gox W Q. =m, g : Lnyu &uny, bpb
wé hwnnpnbup C Swhuwpwyh wyunndwu wuluwup, Shpubiin pbinp
nbinwhnfunwip (5x:0), Yuinwuwip' O, =m-gR.:

4) GpbGup Lwgpwudh Gpypnpn ubnh hwyjwuwpnwdubiph (2.7.3)
hwdwlwnpgp W hwoybup upw dbg dnunn wdwugjwuubpp'

Z—T = x(m , +0,5m, +m.)+@R.m, ,
X

d(oT . -
E(EJ - x(mA +0,5m, + mc)"‘ PR.mc

a—T_ = XR.m. +1,5¢R.m,.,

op
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d(oT )| . 3
E[%j = xRCmC + I,SgDRémC ,
8_T =0, 8—T =0:

ox oQ

Uprynitupnud Yuinnwuwup'
(mA +0,5m, + mc))'c' +R.m.p=m_.g,
m.xX+1,5m.pR. =m_.g (2.7.6)
5) Lnwdtiup (2.7.6) hwwuwnpnwiubph hwdwlwnpgp, Yniubuwup

2m.g . 2(2mA +mB)g

6m, +3my, +2m, R.(6m,+3m, +2m,)’

OpphtwYy 2.13: m,,m,, m; quugwdubip niutignn 1,2,3 dwpdhuub-

X 2 g, —
— / V,
7 5 -\0)5
NN N NN\
\(04
CVBK
v3r . —
vy Y|
-V = 1
V3e V1e —
—_ V1r
Vv,
14.2.7.8




nhg, m, quugwdny 4 swpdwlywu U m; quugywoény S wupwnd dw-
fuwpwyubphg Ywqiwd dGjuwupluwywu hwdwlwpgp owpdynd §
dwupnipjwu ndiph wgnbignipjwu wnwy (uy.2.7.7): 2 dwpduh W hwp-
pnipjwu dbo uwhph 2thdwu gnpdwyhgp hwywuwp £ f-h: Gwunub) db-
fuwuphywlwu hwdwlwpgh 2wpddwu nhdbptughw| hwyjwuwpnudp:
Thdwnpnipjuwu ndbpt wnwugpwlwutpnu hwoyh swnubi: 4 b 5 6w-
fuwpwyubpp hwdwpb] hnd hwdwubin gjwuutip:

Lnidmd: Fuunhpp nwdtiint hwdwp ogquybup Lwgpwudh Gpypnpn
utinh hwwuwpnudhg: Lwuh np dGuwuhjwlwu hwdwywpgu niup bGp-
Ynt wquuinypjwu wunhbwu, www Yunwuwup Gpynt nhdbptughw
hwyjwuwpnuiubph hwdwlwpg'

d 8Tj oT
— — |-=—=9

dt\ 04, ) 0q,

S : (2.7.7)

d| oT oT
. | = Qz
kdt a4, ) 0Oq,

1) Guubtup dGjuwupywlwu hwdwlwpgh Yhubunpy LEubpghwu: 1,
2 L 3 dwpdhuubipp 2wpdynud Gu hwdpupwg, 5 dwfuwpwyp ywnunygnud k
wlownpd wnwugph 2nipop, huy 4 2wpdwlwu dwhuwpwyp gunuynd §

hwpe gniqwhbnwlwu swupddwu JGo: Mwunybpbup hwdwlwnpgh dwnp-
dhuubph wpwgniejniuutph ytywmnpubpp (uy. 2.7.8) L gptup Yhubuinpy
tubpghwjh wpunwhwjnnieginiup’
m,v; _i_lsws2 +m4v§ +]4wj +m3v32 +m1V12.
2 2 2 2 2 2
Upunwhwjinbup dwpdhuubiph wpwanipiniuubpp punhwupwgywsd
Ynnpnhuwwubpny’

T =

: v, ( :
_ Vg o
VW=¢q,, QOs=—=—, V=V, =(!

Is 15

1 dwpdhup guuynud £ pwpn gwupddwu dbg, hGinlwpwn,
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V=V, +V,:
1 dwpdup thnjuwnpwlwt 2wnpdnudp hwdpupwg 2wndnud £ v, wpwgnt-
jwdp, huYy hwpwpbpwywu swpddwu wpwgnieniup g, & <woyh wn-
ubny ytywnnpubiph ninnnyeyntutpp, junwuwup'
Vi =V, + Y, = ¢, + 4
Unyu duny unnwunid Gup 3 dwpduh wpwagnieiniup (wju unyu-
wbiu quuynd £ pwpn owpddwu dby, uwlwju hwpwpbpwywu W thn-
fuwnpwlywu wpwgnyeiniuutiph Jayunnpubptu ninnywdé Gu hwlwnwy
lnndtip)
Vi =Vy, 4V,
V3=V, =V, =4, — 4y
Suubup 4 wpdwlwu dwfuwpwlyh @, wulniuwhtu wpwagnt-
pintup: Lwuh np 1, 2 b 4 dwpdhuubph hnfuwnpwlwu 2wpdndp unyuu
E (hwdpUpwg 2wpdnwd v, wpwgnipjwdp), wwyw @, wiuyniiwhtu w-
pwanieintup Ywhujwsd £ dhwyu 4 dwhuwpwyh hwpwpbpwywu swpdni-
dhg, wjupupt’

Vlr :2

7 Ty

W, =

Gpt nw wyuhwjwn sh Gpunwd, www Ywnbh £ gnub] 4 dwfuw-
pwyh wpwgnipiniuutiph wupwppwjhu YGunpnup b hwodb| upw wu-
Yniuwihu wpwgnyeniup hbnlyw) Yepw'

o, = Vi Ve TV :Vl_v4:q'2+q'1_q'1:ﬁ:
KC, 0C, KC, -0C, 7, v, 7,

Stnwnnpbup wpwgnipniuutph  wpwnwhwjnnyeiniuubpp, hus-

wbu bwlb 4 U 5 dwjuwpwyubph

2 2

2

1, = , 1
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hutipghwih dndGunubph wpunwhwjnnienuutpp hwdwywpgh Yhub-
nhy Eubpghwih wpunwhwjnnyewu dby, unmwuwup'

) 2.2 ) 2.2 ( .)2 ( .)2
ALY (L N LG NG PN PR (VRGP !

2 47} 2 47} 2 2
Pwgbup grwlwgdtpp U fudpwynptiup gnudwpbihubp pun ¢7, ¢; U
4,9, ubdnienuutiph, Yniubuwup

1 1
T=(m1+m2+m3+m4+%)5q'12+(ml+m3+&)—q'22+

2 )2
+(m, — m;)g,q, = A%q’f +B%q§ +C4\d, , (2.7.8)
npwintin
A=m1+m2+m3+m4+%, B=m1+m3+&,
C=m —ms: (2.7.9)

2) Cwoytup hwdwwwwnwufuwu wdwugjwiubpp, ogqunybiny Yyp-
ubinhy Eubpghwjh (2.7.8) wpunwhwjnnieiniupg'

oT 1 .. ) i )

FYe A-2q,+Cq, = Aq, + Cq,,
q, 2

oT 1. i ) )

a—.:B_292+C912392+C91’
q, 2
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d|(oT d| oT

Ag, +Cq,, — Bg, + Cq, , 2.7.10
dt[@qu q, +LCq, Ji [aqzj q, q, ( )
a—T=(), aT =0: (2.7.11)
oq, a%

3) Gwubiup punhwupwgywd ndbipp: Hpw hwdwp wwwnybptbup
hwdwlwpgh dwpdhtuubph ypw wgnnn wywnmhy ndbipp (uy. 2.7.9): Un
ndbpu tu' m,g, m,g, mg, m,g, m,g Swupnipjwu ndbpp, huswbu
twl ny hnbwwlwu Ywwh, wjuhupt hwppnipjwu, nph ypwjny 2wpd-
Ynud £ 2 dwpdhup, huJqujqr}nuj‘uhnﬂ‘1’32[,n L N:

w) dhpubup g, Ynnpnhuwwnp (wjuhuptu hwdwpbup, np 2 dwp-
Jdhuu wuownd L hGudwu hwppnipjuwu uwwdwdp), hwdwlwpghtu hw-
nnpntup huwpwynp nbnwihnfunpinu (Uy. 2.7.9w) W wyn wnbnwtn-

LY. 2.7.9

funiypjwu Yypw gptiup wywnhy nidbiph Ywwnwpwd nwppuwuwt wluw-
nwupubiph gnidwpp’
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ZCSA/? =mg -0, —mg-08S; = (ml _m3)g'5% )
3

pwuh np 85, =g, : Uunbinhg quubup O, punhwupwgywsd nidp'

0, = (ml —m3)g: (2.7.12)
p) dhputiup ¢, Ynnpnhuwwnp (YJhwdwnpbup, np 1 dwpdhup 4 6w-
fuwpwyh uywwmdwdp wupwnd ), hwdwwpght hwnnpnbiup htwpw-

Yynp nbnwithnfunipiniu (uy. 2.7.9p) b wjn wmbnwihnfuniejwu Yypw gpbiup
wywnpy ndbipp Yuwnwpwsd EGdGunmwp woluwwnmwupubph gnwdwpp’

ZéA}f :_leh'5CI1+m4g'5S4+m1g'5Sl+m3g-5S3 =
k

=(—fm2+m4+ml+m3)g-6ql,

pwuh np 65, =08, =0S,=0q,, F,,= fN = fm,g: Wuwnbnhg gpwn-
ubup O, punhwupwgywsd nidp'

0 = (ml — fm, +my + m4)g : (2.7.13)

4) GpGup hwdwlwnpgh 2wpddwu nhdtptughw| hwjwuwnpndub-
pp: “tpw  hwdwp wbnwnptup (2.7.10)-p, (2.7.11)-p, (2.7.12)-p L
(2.7.13)-p (2.7.7) hwjwuwpdwu dby'

{A% +Cq, = (ml — fm, +my + m4)g : (2.7.14)

Bg, +Cq, = (ml — My )g

Stnuwnptiny 4, B L C hwunwwniuubph (2.7.9) wpunwhwjunnt-
pjniuubpp  (2.7.14)-h dby, Yuuwuwup wju huy wwhwugynd kp'
ownddwu nhdtptughw| hwjwuwpnwdubpn:
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m, +m, +m; +m, +75]% +(m1 —m3)q2 = (ml — fm, +m, +m4)g

my +m, +74j% + (ml —m3)q1 = (ml —m3)g

Opptwl 2.14: Ubluwuplwywu hwdwlwnpgp Yuqijws b R jw-
nwynny 1 pdplwgwuphg, nphu Yppwnjwsd bt M =4nR dndGuwnny
nidwgnyg, a =30° pbpniejwu wulnu niubgnn pbp hwppenipjwdp
2wndynn 2 uwjjwyhg b 3 gnnuphg (RUplwguup b ginnup hnd hwidw-

LY. 2.7.10

ubin quuubp Gu) (uy. 2.7.10): Uwpdhuubiph Yo2hnubpp hwdwwwwnwu-
luwuwpwp hwjwuwp &' B =2P, P, =4P, P, =2P: Uwjwuyh w-
uhdutiph Y2hnt wphwdwpht: Uwjwyp dhwgywsd £ pdpluguuhu upw
Yrw thwpwpdwsd pbind, huy qnupt’ ¢ Ynpwnejwt gnpdwygny
BD quuuwuwyny: <wdwlwpgp ulund £ swpdnidp nwnwph yhbw-
Uhg: Ruwywuwlu wjn wwhhu nbdnpdwgywsd sk: <wdwlwpgh hwdwp
Ywqut| Lwgpwudh hwywuwpnudubpp b gunub] x  punhwupwgywod
Ynnpnhuwwnp thnihnfudwtu optiupp, wjuhupu xzf(l‘)—‘u (Ywd gnnuh
D YGuwnpnuph wnbnwihnfunipniup 2 uwjjwyh ulwwndwdp): Npnob| uwl
ownddwu pupwgpnd Ywwnwpynn nwnwunwdubph hwéwfunyeniup b
wwppbpnipnLup:
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Lrnidmd: 1) tuunph nddwt hwdwp oguybup Lwgpwudh
Gpypnpn utinh hwjwuwpnwdubiphg: “Hhwnwplynn hwdwlwpqu nwuh Gp-
Ynt wquunniejwu wunhtwu: Npwbu punhwupwgywd Ynnpnhuwwnubip
punpbup pUpywguup wunwndwu @ wulyniup b quuuwuwyh x Gplyw-
pwgntdp (% =0, 4, zx): Wn nbwpnud Lwgpwudh hwjwuwpnwiub-
no Yanybu

d(er\ or
2;55 8¢ =0,
) (2.7.15)
dfary_or _,
dilox | ax =

2) Npnatup hwdwlwnpgh 7' Yhubwhy Eubpghwu, npp hwdwuwn
L pninp dwpdphuubph Yphubinhy Eubpghwubiph gnidwpht'

I'=17+1,+T;: (2.7.16)

LPwuh np pdpyuguup yunngnd £ O wnwugph 2nitpop, uwjjwyp
ownpdynwd £ hwdpupwg, huy ginnup’ hwpe gniguhbnwywu, www

1

I = 2[@» I, = By

2T3:

0 |o

1 1 1
5 5 -@+55@,an

g
npwnbn 1, ( j [ ij , R;-p 3 gqnnup 2wnwyhnu t:

Wjuwntin dwutwlygnn pninp wpwaniejniuutpp wbwp £ wpnwhw)-
wmbp @ U X punhwupwgywd wpwgnipniuubpny: WYuhwjin Lk, np

® =0, V,=Rw,=R@Q: v,-u npnobiin. hwdwp nhnwpybup ginnup
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pwnn owndnwip: <woyh wnubind, np x-p npnand £ D Yewnh nhppp
uwjwyp uyuwwndwdp, junwuwup'

— _—» h —_

npntin Vy'=X, V,"=v,=R@: Un ntiwypnu, hwyyh wnubiny, np
®-h b x-h wddwu htwm v," L V," wpwgnipniuubp nipnywsd G

nwnppbp Ynndbp bW np £ Yewinp ginnup hwdwp wpwgnyeniuubiph wyu-
pwprwihu YEuwnpnu k, junwuwup'

VD:x—Rq)’ 0)3: =

Stnwnpbny quujwsd wpwgnueyniuubph W 1, -h, 1, -h pninp wp-
dbpubipp (2.7.16) wpunwhwjunnyeyuwu db9 L hwodh wnUbGiny, np
B =P =2P,huy P, =4P, (2.7.16)-hg ytipguwlywuwuwbu Yniubuwup'

T :5(4R2¢2 —3R¢x+§x2j: (2.7.18)
g 2
Wjuintinhg’
6T P(8R2(P_3Rx)’ a_T:(),
09 g op
or P( 3R +3x%), 9T _y. (2.7.19)
8x g X

3) Wdd npngbup O, b O, punhwupwgwsd nidbipp: Mwunyb-

pbup hwdwywnpgh ypw wgnnn wywnphy ndbpp’ ]31, 132 P, dwupnt-
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— —

pjwu nidbpp, F U F' wnwdqulwu nidbipp, npnbin F=F=cx U
M Jdndbunny nidwqnygn:

w) O, -p npnotint hwdwp hwdwlwnpght hwnnpnbup huwpwynp
nbnwdinfunieiniu, nph nbwpnd @ Ynnpnhuwwnp unwund £ 6@ >0
wd, hul x-p sh hnhntudnid, wyuhupu ox =0 (Quuwuwyp win nbnw-

thnfudwtu nbGwpnid sh thnfund hp Gpywpnieinwup): Ujn nbwpnid uw)jjw-
Up L gipnup D Yeuwnpnup unwund Bu dhliunyu inbnwihnfunieyniutb-

pp' 08, =05, = RO L wqnnn nidtiph Yuuwpwsd Ebdbunmwp wotuw-
inwipp Yhup

04 =Mb¢p—P,sin30°-8s, — P, sin30°-6s, —Fos,+ Fds,:

Wuwnbin thnfuwphubin pninp dGoénieniubpp hpbiug wpdtipub-
pny, wpryniupnud Ygunubup'

84, =(M —0,5P,R—0,5P,R)5¢p = PRS5¢ (2.7.20)

p) O,-p npnobnt hwdwp hwdwlwpghu hwnnpnbup huwpwynp
nbnwdnfunieinu, nph nbwpnd x Ynnpnhuwwp unwund £ ox >0
ws, huy @ -u sh thnthnfuynud, wyuhtipt 6¢ =0 (edplwgwup sh ebp-
Yynud b uwjuyp sh wmGnwihnfuynd): Ujn nbwpnd EjGdGUnwn wofuw-

—

nwip Ywuwwpnd Gu dhwiuy B b F ndbipp: <wodh wnubing, np
P, =2P, junwuwup'

84, = P,sin30° - &x — F&x = (P — cx)ox : (2.7.21)

(2.7.20), (2.7.21) hwdwuwpnipniuubpnid 6@ -h b éx-h gnpdw-
Yhgubipp Yphutu thuinpynn punhwupwgywsd nidtipp, hbnbwpwn,
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0,=PR, O,=(P-cx): (2.7.22)

Stinwnpbiny (2.7.19) L (2.7.22) dtoéniejniuubpp (2.7.15) hwyw-
uwpnuttph dG9, Yunmwuwup hwdwlwnpgh 2wpddwu hGnlw| nhdb-
ptughw| hwjwuwpnuubipp'

L8R3 —3R%)=PR,
g

£(— 3RG +3%)=P—cx: (2.7.23)
g
4, x:f(t) opbupp npnotiint hwdwp (2.7.23)-hg wpunwpubup
@ -n: “unwuwup

i+k’x=a (2.7.24)
wnbiuph nhbtipGughw| hwjwuwpnid, npuntin

o8 .cg azﬂg-
15 P 15°°

)

huswbu hwjwntuh E, (2.7.24) hwjwuwpdwt punhwunip nonwdu
nuh X =x,+X, nkupp, npnbin X, -p X +k’°x =0 hwdwubin hwjwuwp-
Jwu punhwunip ndnwdu £, wyupupt' x = C,sinkt +C, coskt, huy
X,-n' (2.7.24) hwywuwpdwu dwutwynp ndndp: X, [ndnwip Ythpuw-
ntup x, = A =const wnbupny: Sknwnpbiny x,-h wpdbpp (2.7.24) hw-

wuwndw 9, Juunwuwup - 2. Wuwhund, (2.7.24) hwjwuwp-
dwu Jb uwup 4 . |

R

dwu punhwuntp |ndndp Yhup'
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x=C,sinkt +C, coskt+i2, (2.7.25)
k

npinbn C,-p b C,-p hunbgpdwu hwunwwniuubpu Bu: “Hpwug npnp-
dwu hwdwp hwoytup x —h wdwugjw(u pun dwdwuwyp'

x = Cikcoskt —C,ksinkt: (2.7.26)

Cwdwéwju twiutwywu wwjdwuubph, ¢ =0 nbwpnd x=0, x=0

(wndnuwip uyuynid £ nwnwph ypdwyhg b quuuuwlu wjn ywhhu nb-
Pnpdwgywd sk): SGnwnpbind wyu dGdnipynwiutipp (2.7.25) L (2.7.26)
hwlwuwnnuutiph dbe, Yguutup, np C, =0, C, = —%:

dbpotwlwtwwbu  thtipdnn X = £(¢) opbiupp  Yuinwtwip
htwnlyw| nbupny'

x = %(l — coskt), (2.7.27)

npinbn @ U &° wpdbpubpp wpdnwd Bu (2.7.24)-h Gpynt hwdwuwpnt-
piniuubpny: Uuwhuny, ginnup D YGunpnup uwjwyh ufundwdp
Ywuwwpnw £ wnwwnwunwdubp, pun npnud, tnwwnwudwu opbupp ulw-
pwagnpynu £ (2.7.27) Iniuyghwubipny: Ujn nmwnwunwdubiph 2powtiwjhu
k hwéwfuwlwuniginiup b T wwppbpnipyniup Yypuby'

k:‘/gc—g, r =28 _on B (2.7.28)
15P k 8cg
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