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Q&S FLO6TLT(H & 6T

v=u-—gt

y =ut — igt2

v: =u?-2gy

WWCHTHES NH &S S8 T6T C&HITem6Uem WL QLI MIS.

Frme all L @U&853 60

—
= |nl = Il

—_— P —
v = vy = vy AV

-

Ar__Mv N N,
r v b V2
A 1

T
Av =—v (—)
T
Av v (Ar)
At r \At
,UZ
a=——
T
a=—wr

Ermm alL QWEHESESHHT QAFTGSUWET (WHESHSHMHEHTEr CHITemeUem L
QUMIS.

Al L QUWESESHL Causld WMTMGEQSHTETOL @@HEST Ermm el L @u&HELI0D
6TeoTLILI(HILD. all L @U&H&55 6T Galsd IDMTMHMINEML WD GLITESHEV6VTLD
81561 WLWEhHTHG WhesEWw (a) LMoL AsFTHECHETLEH WhH&ESHWL (ar)
@)\ Je00Tem LD QLIMILD.

QasTGUWT WHHSHMD = mWCHTEHEG WhHESM Wwmmin QSTHGHTL(
WHEHEH 6T QUL Sn(h 560
QBTGSUWET (WH&HSHESH 6T eTarrnSIL ag = [a? + —

ag

QETGSUWET (PHI&HD TO6USLHLET gHUBSSHID G&HMerorld  tand = (—

v2
T
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8.

FROL 55 6TSSIL 6T 0 CSITEUTLD FMLLeUTS eTlWLILIL L T QUITIH6IT 62 60T Nl 60T
HReLHHET QBHHSHLD WLOHMIL QUEBL 2wrL B weummbsemer
FLATUTHISHM6TL QLMIS

u? sin?6

QuU@BL 2 WiyLh hmax = 20
LUM&GLD GBILD: Tr = 2u Sige
5 .
R HHMQBH &HEHLD R==% sin 20
7
Ryax =

g

VG 3 — QUISE TG 6T
& m169 6oT T8 & 6iT

Blemeulolh el6ns: (G5, @ W& S H 6L Hlemeulnld, pllellev Blemeulold , HlemaFudlev
Blem6uLOLD 66URGUTETMIS GLD QD THH SIS &HTLDH SHUHS.

QUITHQ 6T e 60T HTCET @UIMIS (LNIUITSEH HEOTEND 6VeVS @ UIGHSE Hlemevemul
STCeT LDMMMIEQ & TETET @)WV HETemLN& & Blemeulnln eTeorTLILI(HILD.
e@efleL mlemeuinld :
1. @uieléy Blemeulnll LeooTlNedT &MTeooTOMG  Liuleooll&eT  LIeTCeorme& s
SETTLIL(HSH6V.
2. CemFuilev 2 6TeT QUITIHET Limellend Q& W VLTS 6UeNT &H60TS! [Hlemevem
MMHMl& Q& TeTaTTSI.
QWESH5 B 6L Flemeulold:
1. QUEEHST6V; Blem6VLDL] LIcoorLI6dT SITI6uoTOMS LIUI6ool &6 (LD6TCeoTmHe S
SETeTLIL(HSH6V.
2. @l LUIubsw ofyf @evsemns jenlhsLlerenn Smlgl srrb e (&6
FHensullev Hlemeulnld:

1. &PMHF QUESSH O G BHS &6V QGTHCHTLHIL LIMengUuille) Q&F e sHe6v.
2. GUBHE euemereyd Fmeneuuiley QFeLAIDCLIMG Liwieoll CBHIHECHTL L6
[OVH]L:T: WWMHF &6V

SIS S ME (G TTLSI 2 555 H 6L FHLUBID LDMMHMLD 6TedTM 619618 (&5 8.

& 956 allens eGSR W CHISSHHS @0 QUMM 6T g G FW6LIL LT

Sleuellend S600T5 S TS G allend eTeorLLI(BILD.

BlW,L L 60T @TevorL_mid eN@LiLg Fdt = dp

Q5T &HUIL fttlz Fdt = fif dp = pr — p;

GBI fttlz Fdt — SeOTHSTES,

Py — pi —2b& U@

6T6OT 6l He00TH GG 2 HSMTNILTH f5 58186 FLOLD.
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3. mlwL Levller @pevorLmid 6816 em W & aa M

@@ ummerfler W58 QaweLIBD allenFumears SibHL QUMerTler 2 hs5
LTUTL( f558 MG FLoLb.

- dp
F=22
dt

4. B, L60T 6uem T mI
1 kg BpleopweLw QuUImer s e alend QFWLL(H SbHS ellensuller

Henguley Ims 2 WEHESSMS gHLOSHTTL HbHS eNengulledT oieTe] @b
Blu L LedT eTeoTLILI(pILD.

5. @@ QUTIBemET BF&HEIHS @QULILGSI &VLIOM? SETE@h6US &6eLILNM? Sells s
Qum@erfleir aflem&FLILIL LD euenTHh Sl edlens: & &. (3M — 2022)

QUIT(HEIT 6260T6MM H6TEHLOGLMG Gl&F U6LLI(HILD

F sin 6

QenhIGs58 llens Ny, = mg + Fcoso

ULLD 3.26 ewnupeenmeotemm O BsmevorsHsHled
SHETEBHED

QUITIH6IT 62 60T60) D QW&HGLLEUTS

F AFcose F N QFWLGD QFHIGSHS 6lems Ny, =
+| mg — Fcos0
Fsin @

L.
>

fs

mg

ULD B.27 eun@seenmesTemm 0 GamevorsHled
Bwss6d

@[ QUTHEM6T BHTHSH QLIS FeVLllD.
6. 2.gmiedeir LIeLCUMI 6L E6M6T 69618 E 8.

@Wey mlemev 2.FmWle): @ UTUN emalsslUlB6Tem QUTHET HEHIsS
QBMLMBIGMS THTHGLD allens

@QUW&s mlemev 2.TMleY: B&HETHS QFeusld QuUTBeTleT g QUTIHET HETHS
QLD LITLIL gOUBRSSID 2 Trile] ellens

7. Gumed elem& er.61?

FPMHEF GOLLTWSHOGHS Ule] QFUIwn CuUTs WL (G QFWLR ST
G meTmild @ ellems CLMe ellems eTeorTLILI(HLD.

r.&M: s allevsE allens
8. e@We Mlemev 2. Ml LMHMID QWHS 2 [T T WeummIsHeTer il
&6l 55 QS TLTMLE &a M5,

e@Ule] Blemev 2_mule): 0 < f, < u,N
QW& 2 Jgmuley: fie = uxN
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10.

11.

1.

BluL, L L6ofl 60T eLneiTmmeu gl el Blem s Ga mI.

6THS @) QFW6 allenF&H @G FLOLMET THTRFW6 allend 2 6voT(h).

Fip = =F3
Blemeulnsd &M LILITWILD 6T.61?
Bl Lefler Blemevln allH&HE 2 LU GolliumTwid Blenend Gmlliumuwld
eTeoT LILI(HLD.
aflemsF QEFWELILTSamT QUTIH6T eule] BleneuulleneuuilCeur oevevg Emeor
@W&Ss BlemewWlGe T @ IH&GLID.
FflFDWMeT uemeTeyFFMenevUI6L &M 60TM &FMI& (S 6USM& T IH]LIMH 560 60T
6TGOT6OT?
172

™t m ' <
> nemg odep  ps <

Qi (H 6T S S6i:

CHIGCHETL(M 2-H5 LTMT alFGlenw mlepLI).@ SN BHa SILILTSEHRUNS[HHSI
GeoT(h QeaugSHGSLEUTES ghu@wb SUUuTsESuler L9 eorenlw s &g 518 meor
Ca&TemeUem WL QLIMIS.

QM SIFETHAT QOTCMMTRALTOIM Q&HTLIL Q&HTETEBIGCUTSI (NHV  SISH6T
@UeTTLTeug Si&H6T 58 F,, 6T6irm ellensaml QEasHarme 46H GBhIsHH 6
@UETTLIToUS SIH6ET (NS SIH6T 8 F, 66T FOWMer oS elenaFeanw
QFNISHSILD

Fyy = —Fy,

. . o . . =l _ dﬁl . . ot _ dﬁz
BIWLL 60T @ Ievor_mib eNE 1L Fpy = — wimid Fy, =—=
an, _ _ dp,
dt dt

%(ﬁ1 +0,)=0

P+ Dp = TLIGLIMGILD LDMMT QeUS LI

Dot = D1 + Do 6T60TLISI QLOMHS CHTHCHTL (h 2 HSHOMESLD.
CHIGCHETL( 2-H5 LDMMT NS):

SjemnliNer 158 eTeualls QaueflliLm aflen &b QEFWeLILTES CUMS , 3emLnLiLleor
QUMEHS CHIHECHTL(H) 2 HHLD 6TLIQUTWSILD IDMMTS 62(H GleU&SL TG LD.

SILUMES &G\ Bl&Dey:
SILUTES IMMID &6voT(h) @Tevor(hlld CEFTHE 2(H 3jeMDLIL] & LD.
D1 6TETLIG (& 60019607 2_[HSLD

D, 6T6OTLISI SILILMS&H U6 2_hgLh
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QBMLEHSF6 SILILMES MM &6evor(h elle] Blemeuuilev 2 6Temgs meu
ﬁl = O, ﬁz == 0

~FOEUSMHGS (6T QLTSS CHIHCHTL(H 2 hsd &l 131 + 132 =0

&L L YeTyLd QOMESS 2 holD &LHIWTS @)\ HEs Celevor()LD.
FLLULUGWEUTE SILILUTEHS (6eTG6TMESH W Hemndulley & 6oor1q.60T LSS 62(H
emFm QFNISSHILD. 6TerTG6l G 600TIq60T 2_HHLD Py 6NBHSI P; 6TeoTa| LD
SIUUTSERUNGT 2 B P, NBHS Py 6TeTa|LD DTNIRMSI.

2 58 IO el§liLg p; + p; =0

P1 = —P2

@& 60T HITIEOOTLOMS SILILMGE &L LUl L 96T (—p3) 6TeTm 2 685 &I 60T
QUWMmRIGL. @5 LeTeflwes 2 H5L0.

2. @HenW Nlen&FS 6T 6r.6T? eLMAIUN 6T CHMM & 60 & & T M.
LevGeuml eNlen & &6 6By LieTerflullel & 55 &G L0 MeuT ey 61660 &5 6M6IT 6([H 600U
allem & &6 eTeorTLILI(ILD.
eumdludledr G5 MHMLD:
Fpleneuwiley @G CLNETM RIHSET LDMMID 6([H LW 6T SH6T G\&TevorL
eI @alQaumh ellendFulleT eTevorDGHLILLD MM G Tevor(h ellen&F s EHsH S
@emLLILL L CoITeoorsH et en& 6T HLILIEEG CHISSHM 60 @) (& EGLD. @) LWeLneTm
e F&HEHESTT S5 MMled FLoLD.

|F\|a sina

3. 2. pgmiley ereueumm GCHTOTMIRMSG eTeTLeng efleurfl. Fmigemd eeTnilen
2 Jmileysd C&ITETD, FMI&E CHITEUNTS $18E FLOLD 6T60Ts &L (H 5.

GengF eearTMlev eula] Blemevuiley 2 6Tem QuUMBeTler W& @CevaFmeor
allemsenl QFWLIGSH 6TmeL CuengFulesr LFLIL QUITIH6T BHTalemnsE &[H & E&LW0D
& UL (h eTHTaenFaWL QFNGSSID. @& 2 Trile) ellend ereriLBILD.

@b 2. 7mile) elend QUITIHET WMMID QUITHET emeudh&sUILL L LTl
@eaImmER e Cuwmer FTFLLSESHSMS 6THTHGWD alemns&HUIe QFWeLGILD.

2 gmiley ellendF eTLQUMWSEID QUTHET emeussLIULB6Ter UTLIL&G
@) eM6TTWITE SILIQUIMTH6Tler W58 QaweuLi(BILD.

Qs Q@ auem&LILI(BILD.
1.2Ul6)] Blemey 2_Jmile]

2.0\WE S Blemev 2 _JTUle)]
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2 [Jmileys G&ITeoTiD :

QEFRIGSS 6TH T allend LMHMID QLG 2 Jruile] elend L8\ Ul @)T6orLq.60T
QEMGUWMIEGGD QFmGsSE aHralenss@Gh @l Cuiwmer  G&Teorid

2 Jml6&C8MeoTd 6reTLILIQER MSI =
--------- AN

OsTeuUWsT eleng R = |/ (fm%*)2 + N2

max —)E
tanf = =— S

N B
fM% = usN eiedfled QUTHST FRIHHS HUBIGD. e R=&l@ olms

R=N+fm=

s

& U = tanb

@ue|bleney 2 Jmiles Georsld U, 2 Jmilesds GHTaorsHer GL (Eheg6voTl
LS L& FLoLD.

FMI5@8 C&ITeoTLD:

FTUSMESFHL meuSGHLILLL  QUTHT HemLSHemLl UFLILL6eT FmulgerTLd
goUBSSID  THCHTEOISH [BHISH QSTLBGRMCHT &5HCHTeorGL
&FMI&GG8TeoT LD 6TeoTLILI(HLD.

Qummefleor W& QFweiL(Bb  Lelufiliy
allem& mg 8 Q@ FmisGeT L LNfle&HeuTiD.

FOLGHGHMHFM  mgsing

QFHIGH S5 Ml mgcos6

&\ 60)_5 & 6118 T M QUITIH 6T SHLPCHTHS H&HTH5 (WLWMHF &G LD.
QEFMIGSSIHmM OFHIGHS ellend(N) & FLeT QFWR M.

66T G N = mgcosf

@UlaBlene 2 rmile] ellems [ = ugN
GLoaILd " = mgsin@

Us = tanb

Q\MmIG 0 6TeT LIS 2_[JITULI6&HG8T600TLD

6TeTG6U FMIGHEG G&HITEUOT(LOLD 2_JITULIE|&HG&TEUoT (LD FLOLD.

4. mlw, L Leofeir epeTml 69 & & erfl et (N & T WS Fleusens 6l6rns &8
Bl L et ellE &6 Hen L (nemmuiley Liev BlsLhe|&serfley LiweTL B & mS.

Blu, L eofl6tT (L SH6Le S
X aflengFamwl alenFwenm QEFWR M
o BlemeuLnLD 6T6TLIEN S eUemTLIENM QF TR MSI.
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BlWw,L_Leofl6tT @) FevorL LD NG

% aflenauiler SjeaTen6Us SeooTe: S L L LIWeTUR S mSI.

% Blemeuld Blemm FHeoorsHIL LIeTL(hS M.
Blw,L_Leofl6tT epedTm LD NG

% @eualZlulerTLLg Heofles ellend 6TedTLIG @) [H& 8 (LN WITE 6TedT SMIWIeVTLD.
% THICFW @6veuTsd CLIME QFW6D HeLQLIMMS.

5. eobwellews® eansFawsd SGEHS dOHSSESTLHSHEBLET &FIHHELOTS
efles & &
FPMHF QUEHSME CLMOGTETERN H6D Q6TMME SHHSICAIMLD. Hlemevlnd
GSOIUTWSMS QUTHSSE &evedleT CHTamEsHmEFCa&HED w 6Tars. @6
BHMaOTEHFMFCUSHSSILT SHFoID S&HPMHAE GMILILMWLUGMS QLTSS &6V
eUl6] Blemeuuiley @LILIG CLIMeL G MedTmILD.

gQerefley &GLMAE SMILILTWSMS QUTHSS &evedler LS&H -mw?r eredrm
MWBHTHSGS aflen&F WD HSMHES FOLTET THTHenaFulev mw?r etedrm ellem& b
QFwWevL(LD.

6T6oTG6 HeLEJ6T LG QFWeLIBID Q5TGUWET llems &l @i G elefGHTeHR
QFweLIBILD mw?r eteoTm eflen & emnwl eflev& & ellemd& eTeorTLILI(HILD

&FpmF GOLUTWSH OGBS (Blémewdo SOILUTWSSN®HS) Siiey
QLW Cums LMW eww s allems QFWOLRSTS G meTmilD.
@) &60TTeL HMTetT el ellevd: & ellemnd GLIMed ellem& eTeoTILI(HLD.

.M ChIHECHETLML UTmSUIll QFaTNQ&ETEMI(BHHEGL ST  HIeQreor
alemerwDCUTE  &Mfledr 2 6TG6T  BlemevWwms QUIHSSLILLTES  QUITH6T
BlemeuLDLILIGT0TL| STIesor0M&: CHIHCHTL (LI LIMensuWilGGW QSTLIHS @) UIMnkIs
LWMHH&GSLD.

@bs QUWESSHMES  Blemevns  GOILUTWSHO®BHE  UMTISGLEUTS
CHIGCHTL(H QUEHHINTEHES QSFIWLLD. SLeTMeL &HMEAE GMILILIMWLSSH N ®BHS
LUMT&HG&GLEUTS QeueflChmes Q&FaveugICLIMeL GG meTmilD.

6. 2 (HEHS 6T 2. Jmley LM &HSHSMsE elleurfl.
F&H&ID Urlley QUMBIGLLCUNTE &F&E&EISHer  erliletefl  UFlenus
QsTOHRMECHT LiLeTefl lQUTWSID uUla]Blenmeuuisd @ HEHEGLD. 6TeTGal
FEHIHHHGID LUTLILEGD @6l Cu smililwsssb @)60emev.
2L60TIT6L F&H&TLATH QFevad CUME QUTHEBHGID LITLILGGID @enLCul (b
Fnilwssd ghuBb. @ 6erme 2 Jmile] alens W& T &LD.
FMISHHEMHM 2 (IHEHLD QWSS G 6V B (pemmuilev QUITHL_&serfledT
QBHLDESSHETENND STTETINMSG STenlsd QsmhWb Letefl #mHCm sHempuilev
W5 &EGMmalTeT 2 Jrilenel gL SSIHMS.
6T6OTG6U QUMTHETEHTET FHEHEISHSIEHGD Fmeneuuiler LTLILSGGWD @ GW 2 Fmule)
allens gHLIGSH MG eTevflsmild 2 (HEBLD 2 Fmile] @usEs 2 Frileneal il W&sea b
GMMmeY.
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7. FMI&E CHITEUTS M & 600TL M) 6UG M & T GFITSH M 66N W & (H&H&L0ME 6dleurfl.

Q&L IQWITeT Ll Q&meorL CHMTL() LSSHHLD eTenm f(hH S8 QSHTeTeTa]LD.
@0 BToTWHmMS L emLWiler g meal&HEHa|D. LML Henl &HSH6msHSIL 60T
JOUMGSSID FMUCSHTETSMS LI LILIGWITES 2 WJSHSe]LD.

FTUGSHTeOTD FMI&HEG GHMOSSH&HEG FLLTGWD CGuUTa Ll FiLiLellensullesr
RO HHMHInM (SILIATING) 2 Jmile allemsFeanul FLaTQFWES (B, @M
[BTeooT WILD HLpeNlF QEF6L6VE QGITL MIGLD.

@BS Blenevulev 2 _6TeT FMUIGSHTENTD FMIGHEG CoHITETITEME &(HLD.

8. auememeysd Fmemeuseler Qeuerfl eflerflidL 2 WHHSLILLIQBLILIGET CHTEHESLD
ereoreuT? 691615 (& 8.

FflFWMeT eIl LESFTeneuuiley aIMGHaThIsG6T FMGE allweud Fmeneull LFLiLer
Blemev 2_JMUI6)] G60TSHEHMNS FMTHEHS. 2 JTUI6 S &600rs8SH 6r L0GLIL] LiFLLesr
SHEOTEMNEMWIEF FMIHSH S

©) & 60TIT6L gmuU®LD UGS 5H &5 Frmemevudlesr QeuerflaferflinLy
2 WISSUULKHSEGSGW. Qealaflaleflbl 2 WissUIULIGGLUUSTE @& FTUISETLD
Gumev Q& WevLI(hLD.
eflen& &10:
Fremevwlev QFLAILD S&ITH eUemeTULDCUTE @) [ alen&FSH6T G &FWeuLI(BILD
) BLPCHTHESH QEFwaLGW Lell FFLiLy elend (mg)
3l) OFRIGSHS allend (N)
QFBIGEHS allensFeml @[ FoM&eTTSH LNfleHse60LD.
1.NcosO - L&l FligelengFenl FLoeT Q&S mS.
2.Nsin@ - emww CHMEHG allenFamwsd SHIHMS.

BlWwL L LeT @resorLmid ell®iLig Ncos® = mg

2
. mv
Nsin0O = —

v2

tanf = —
rg

v = ,/rgtand

@\hS FLOETLIMT(H 6UTEHETID FMIGHEITINE QF606V Caletorlql Gelss &) 6T
FLOGOTUITLMGLD.

9. Hellemw CrHms S mlevelleT emWCHITE S WNH & SHHNS &IT600TSH
Bleum , ellulemeor 27.3 BTl serflev &mmleumH M.
Lelufedr <pyh 6.4 X 10°m
OWWCHTES O &E5SSIESTET FTUTH; W2R,, = ay,

R,, = 60 X yalluller @i = 60 X 6.4 X 10°m = 384 X 10°m

. . 21
G MeTEHFHeMFCAIGEHID W = -
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T =27.3x24%x60Xx60=2358x%10%s

~ yellemw GBTEHH Mlevaller enwWCHTHE WHESWD 0.00272ms 2

10. Q6LEdlw WL / BHIEOlETTL @) eMEUUTSHSLILILL. & 60T LIG LIT(H 61185 61l 60T
QUWESHSMS QFRIGSS (i) DLl L Henauiley efleurf]
5155 & — mi—me — Zmimy
Qa:rﬁl@g)gj a= mq+my g T - mq+my
. _ mq _ mimp
ALl L Hen g a=_—"-9 T = mrm; 9

11. oW GHM&HEG WLMHMID enLwelevd S MNeaFSHEEFHE @MLCWWTRT @55 ,
CoaumILL L &HHSSIHemer afleurfl.

6U.6T600T | 6MLOW CGIHITE G eflem & cowweailens@ ellems
1 Lmellen&&ermev QUIMerfler g @& GuImedlwimenT ()
QFENGHSHLILI(HLD 2_600T6mLN QuUTUIWTeT ellend.
aflem & Wm@Lh
2 BlemeuLn, BlemeulnnMMm BlemeuldlD MM &MILILITWLIS S 6L
GlUTWRISeflel QEFweLLI(HILD LR CL QFWLEILD
3 FLP6V | FM& CHTHS FLp6L FF O (BHS
QEweLI(RLD. Qeuefl@BMESH QawevLI(BILD.
QUL L eSS CHITEHS QIL L emloW &3 6l HHS!
QEFWeeLLI(RILD QeueflBrBMESH Q& wevuLI(hLD
4 mv? mv?
|Fcp| = mw?r = - |Fcf| = mw?r = -
5 @(H QUITHLHEH&HR 60 CUIWITET | 6(H QLIMTHerlesr
2 _mealme gMmLBGHR MG IB160)6VL0 &5 &5 60T60) LD LLIT6V
JOUOH DS
6 Blemevlnds &GMILILITUIS G 60 Blemevlnds &M LILIMUS S 6V
Feflg8 QuUm@efler ellemaliLLLd | enwwelend @ ellems G evenev.
QT W LLELMS enWCHITEHS QLE0TITEL SHLpME
aflemgeamuwl GMILILINL Gausuor(hLD SIILLUTWSH L e WCHTEG
allem& MHMILD el Weilevs &
allen & @ mevorem WD & ML
Gaueoor(hLD
7 @560 66T & 6iT @5 60T elemerTe 86T
9_600T60)LOLLITEOTEm 6 9_600T60)LOULITEOTEM 6
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3.

3V 4 — GCeUMEV, YLMMEV , HIM60T
& M16¥1 60T ITE> & 61T
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