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<\ " gb_

J r_gbjZaebqggas "zZogklZlhqgghklhjb\h*"bHd bkke_ "h\Zgbx
"bnn_j _gpbZevigug [[HI86,42,43],bf xsbbob”
z ftz H tz, (1)

I"_f,F C{y D; D ™ W 1 fZeutZjzZf ljnhjfZebamxslblc

nZdlglhkhhl\_lklI\mxkeZ]Z fihijZ\hcgzZklbj_"~klZ\eyh[hc
\hafms .gbbkl ,fihemqgzZxsdpky/ 0 gZau\Z ihgyp ~"Zxs beb
\ujh " _ggHg ~ihez]zZ_doklg_ _lhqgh_r _gb z g tXx, ] _o-
gZ[hijhklhygglugl ]jbjh\ZgbYy_kldhy\e _glkdhew]h~dheh]h
\hafms_ diA0O) fh™ IdZq_kI\ _lggh gbik\_~ gkbkl fulhb
N eZaXl"NZlghke "h\Xlgdfyns ggbal kh™ j ZlI _evghc

<hafms_glgizki ,f&zdjZz\behdZau\lZglhkg!l ]jbjm. HgzZdh
gZebgWWZeh]hzjzf IjZha\heyijlbf _gyl¥ _Ih”uijb[eb” _ggh]h
ZgZebldKgh\gwbfgkljmf_glEdh]hgZebyd€y Ikylhhkj g _gby
[9,26,27,36,37].G \"Z\Zy\KkV_|Zedbhlhjuh ghmlhqghlwblbjh\Zgghc
ebl _jZlm)l dkhrZgghZ[hluh ghkdZaZMmkmliv Ih*"Ehklhbl
ke "mxs f
<gZqzZekl fib\h"blkklZg”™Zjlghdfmim

X A tx H (2)

ijb ihfhsbba\_klghbp _"mjdjbzZphbibklhyggwe&e ijh\h~blky
hkj_~g_gZ\hgzZklihke ~gkbkl_ fihy\ghoh”?ys fmf gth<
aZ\bkbfhklbh]hy\ey IkWijZ\ZyZklv jbh*bq_kidhhdbeby I
hkj_~g_dbh\h*blkyzZi_jbh eb[h[_kdhg_qgdathdmbgl_j\Ze _
j_ameviBkemqgZ ZIMhhghfgdhyk!| fZ



1T
o_%@(t,x, dt, _ked t x4 -i_jbh~bglgzjbhhf
X X XH, X% x He®' _  H

o Iim£3(t,x, dt _keX t x4/ -g_i_jbh*bqggZ
0

— Tof T

lh hlghr_gbkihemqg_ggujfZ\g_gblyfjZamxstbkl _fmj\h]h
ijb[eb” _gbylh*"&EZkj ~g ,&bx\blkZx az"zZErpbglhbh”*eyhgghc
kbkl _f@). J_r_gbwlhaz*Z®hrbiha\heyihlemqbrwmgdpk®,
yleyxsmxkyb[eb  ggujf r_gb_@). ?_ ih~klZzgh\dZ4 _r_gb_
ihjh " "Zxs_kbkl_fuw(tx \f_klhihklhygglwagl ]jbjh\Z g2y |
ijb[eb _ggh_r_gbbkoh~rghkbkl_f@). ;ebahklyb[eb _ggh]h
j_r_gbdlhgghfmij ~ ey kklckI\ZipZ\hcqZklhbkl f{@) b
dhgkljmdlibhyghgb\Zijitkphfhsd hj fGG ;h]hex[H%26].

'hevrbgklibla\_kligtioh~hN_hjbbhafms_gZad hkgh\Zgd
br_ hkj_~g,gbb[hki_pbZeviglhkihkh[e ¢eyj r gbxbkl f
hij ~ e gdbMR6]. HrgZdhex[hfkemgdZd ijb bkihevah\Zgbb
f IhA"zhkj _~g,gbybf gy IKyij * e ggdielhjhlfaZf_gyxsbc
bkoh?ghkbxk!| fglhe ijhkimib[eb  gghkixkl ,finhlghr _ghx
dhlhjtkdZz\ylky azZ”~Zqgb

Kihkh[bkke ~h\zZgb%Z§zkkfzljb\Zz fwagzZklyb3 ~Zgghc
"bkk_jlZpglZgbl_dvegbqzZ HkKhevdhhhibkZgdtoc fdgzZelkaz
ihfhsvx ljZ"bpbhggu&bfilhlbg_kdboh~h\ HlebqgqZxIklyl
ljZ"bpbhgduazfbihklZgh\dBrZ@b  ijb\h*blkljZlddklhjby
\hagbdgh\wé¢lbaZ"DHhibkZglh *ohtbo r gbx

?s \1890]h*"mzZcZ9l], bkke_™mgZfbKhhyqblmed mijm] iof
g_JjZkly bfdfevpjZsZxs_f&yhklhygghleh\kadhjhk]vpr_e
dhildjulbke "mxswhm_dlZ

Imklvdhevpha[m » kdZyqg¥tyegZkZfihghjZsZ lkm]eh\hc
kdhjhklvX const, hjlhlhgZevigdhhckdhktthevpkZh]*Z kbkl_f_



hlkqg,NZsZxs ckm]eh\kdhjhklI¥xbk\yaZggdbevplkihyqgZy
\heg[an” ih\hjzZzqgb\zZbdday]hpZ\guc

2

1 k?
]"k—ghf_jh~ruklhyg\lkegu- \j_fyljbf_qgzZIl_ewdhm]hid\hjhlZ
\hegluhh[sg aZ\bkblk\hckfZI| jbzZzdAevppdhh~gzZdhey Iky
ke ~klI\Bhiims dgilgy jZkly bfhdjlb*gebghbdbhevpZz

HdZaZehlgktawnn_ddhojZgy bky kemqzZ j f gghe]eh\hc

kdhjhklbkbkl _fhlkqg,IK\yaZgdkhkchevphfbf_xs_ ¢ _j f ggmx

Mt A

m]eh\rkdhjhkk&t [m~” dZ[ex”ZIvlkyhjhklhyg\begwyzZm]he
hij ~ ey fhohjfme __
2
1 k?
Wlh khhighr_ ,gbih\b2bfhfm \i_j\u_ [ueh mklZgh\e gh
wdki_jbf_glzavihzfbzl g l"¥ibratory rotation gyro”. L _hj_Ibqg_kdb
kemqiZg f _ggmdeh\kdhjhk[lbebamqg<lg @mjZ\e [RU}f ;ueh
ihdZaZglhnhjfmé3] ke _"nbamjzZ\g_ ghe [Zgbigm]hdhevpZ
k\h_cehkdhkbby\ey lklygghglhihal\heykdhevdih”~gHa_ _
"bnn_j gpbjhYiwmdjzZlighbnn _j gpbjh\Agb\b~2ghb\h~bH

j_amevlZIm

t Bt dt Z )

2

k> 1
Hikx*"Ee "mqglhfhf _ghNg _rgbkbe\luau\Zxshbe]eh\imkdhj_ gb __
dhevpZijb\h~"bdihy\e_ghbxeh\mitkkdhj_giby_ kkbjmx\hequ
N Fh ghihdZazZlglhij p_kkbjmxshgegZg k_ kh[kl\_gguc
dbg_Ibqg_K#abcgIWlbnZdluhalheykh\hjblkgh\hfnbabq_kdhf
yle ghlzaul\Z_blgf_jlghkmkm]blwegcZa\Zgunn_ dd&_ "mbd
ZgZeh]lbb A ghyjm]blmedl eh[ezZ ZxslZ&kkhc

M 4




Wnn_Hbf jlghkibjm]blmeg | jy Ikbyjbmq_k\hck]\ Zevguo
fZl_jbZemMhgkljmdpbigm]bjo ahgZlhjh\dhlhjug@Z[ex”*Z _ Iky
wnn_ ,dfhlml[fulv jZaebgguf®Zjy*ik jZkkfhlj_ggdhevp _ \uf
j_ahgZlhjhh gh bkihevah\phebg”®jbg _kKdhbhemkn jbg_kdb
h[hehgddb[hki_pbZevdgl j g \udhgkljmdpdpmgi \hh[s_
ijhbal\hevhueh[ezZ"Zxsk \tkdff_Ijb. KbomkljhckI\EZHbgh
hagzZdhfbliwk§zl_ jbzZel[26,21,25,27,52,585,59,60,62-64]. GZb[hevr_ _
jZkijhkljZzg _¢béyijZzdlbg_kdyo,"hibku\Z_ fu&e, ihemqgbeb
ithemkn jbqjkalbgZlhju

GZebagdhcklbg jlghkhegjb\h~ bdb”_bkihevah\mhgpwy]bo
j_ahgZlhyh\Zq_kNZIgbdmeh\kahjhklI*ey] _kieZlnhjf_gguo
bg _jpbZevignkd ¢gZ\b]Zg210,14,29,30|.WIbrZlgbaghkydZa\Zgb _
\hegh\udb\_j~hl_evglumjhkdhih&b[h\b[jZpbhgglljhkdh.ih\
lh”~jh[g__ h gbo 1zd _ fh gh ijhgblzlv \ jZ[hlZo
[16,21,25,27,52,54,55,59,60,62-64].

<i_j\ulijZdlbg_kgdbajzZ[hlbdbdbpbjhkdhigXqgZelAk&R: \
0Z2qZ69-0]h"h\GZgbgkwlh]\y _f gbKR: < _ebdh[jblZugljdZ
Marconi) b KKKJihemqg_fgthevrhdhebqg_ kil _glhkh” j"Zsbo
ij_"~eh _gbkh\ _jr_gkli\h\Zddlglkljmdpdlgbdh¥gzZdhkmlkli\b_
"hklzZzlhgdhboj_ Ibg_kphaug_dhlhjhj fyg_ ihalhey&ha”Zlv
]bjhkdhi ZebamxidbdcgpbZewpafh ghRlbheghli[t _f Ihke
ithyl\e _gbwm[ebdzdé2, ]~ [ueb\i j\u_q ldknhjfmebjh\Zgu
hkgh\gb” bhj ZebaZphhdgh\ubjhkdhikblmzZpdbdj*bgZevgh
f gy IKVYbjfdDelco klZzgh\bkiy jhfwlhbaljZkepb[hjhkljh .gby
lha dZgZeh]bqgg@affZ[hldtkimiZzkMNjm]kdhfizgbdhfgbke _
b\ gZr_«&«ljZzg Kj_"thl_q_kI\ _ghud@gbaZpgBb[hemki_ rgu_
jZajZ[hldbebkY JID; FBW:b GBBWH _hj_Ibqgq_kdhki_q_gb_
wlbjozajZ[hNudhegBdF_al:G



<j_amevladlebkharZgdaebqggthgkljmdjbghkdh,ibY xsbo
jZaebqgdeZkkubhgghkllsZ [Za wlbogm\kl\bl_evweo f _glh\
j_Zebah\ZjgyhlZxsbkbkl _fugzZ\b]Zpbm” h\e I\hjyxshk f
| ogbq_kdbfh\ZgbwfdzZq_klybf_jh\Wh ghijb\_klk_f_ckl\h
kbkl_ fbizCarousel nbjfuDelco, bf _xsbo*hklZlhg\gwkhdbdeZkk
lhgghklIiKbkl fHZ\b]Zpmibjfu Delco, hkgh\ZgggZd/\hegh\hf
I\ _j~hl_evglhjfhkdhmki_rgdijZ\beZdhk\hbfazrZqZhhj fy
g "Z\gfbkkbd=xc] dgkZzkkbgtkimlgbdaimjgBlZY/dki_ jbf gl
"ebekydhethkvfle k1997 ]). < j _amevifdlebg ihkj_~kl\ _ggh
bkke ~h\Zlgaibqg_ kidihckllgmglZihemqg _mulh]jZnihd _joghklb
LblzgZ

< gZklhys\j _fy\ Jhkkbigzdlbqg_kdBajzZ[hldly _jpbZevguo
kbkl, fhkgh\Zggadb\hegh\uld_j*hl_evglbbghkdhiXwkhdh]h
kj_"~g_tezZzkklihgghkldZ[hevrbgklhbjfijbhklZgh\e Lguig __

f g, bkke_~h\Zgbjy djZs_dgheghklv&Zijbf, ) JID;\_~_Iky
jZajZ[hlfzkieZlnhjf _ggBtb]Zpbhgdptkd fuBGKL<z= kha”~Zg
hiulgud([jZa bpijh\_~ gakiulZghhtdZaZ\rkbe "mxslingghklb
gZ\b]Zpihgy " Bzdfqihkdhjhklyf3 dfihdhhjr*bgzZdA&fZkzZ[hlu

[16].

Dzdb~rgbawlbo6Zggulobkl_fihdZs y\ey_ IkgklZlhdgmh[hc
glh ij_"~_\k_]h h[mkeh\e _dihg_klI\hfZlgbdhhg jpbZevghc
bgnhjfzpba]lhlh\e_ gbkhdhdzZqg_KklI\j gglugzZlhkhlijy  gkh
agZgbl _evgudbheh]bq kjddeb fZfbikgh\gublmgbo/\eyxlky
hrghjh~rgHREIv jbZéZkmIkINgmlj gdboeZgbq ldbpy  gbc
N n_dlg\ h[oh*bfiiglvdlggWu”_j b\ZJlvhf _Ijbq_kdpzZf_ Ilju
j_ahgZlbhdljm Zxsbldwe f gbiV Djhfwlhdf_ _IKgh  kl\h
Ajm]bigh[e ,fk\yaZg,gudijbf, kwe dljhgbghiakdheWw&knwlb
\hijhkttZe _db_fugzZklhysbkikke "h\Zgbiu\zZbeih™jh[gg__

[m"_f



HdZau\zZ dkgijbgpbibZevgjuoylkl\bteykha”Zg\megh\uo
]bjhkdhihZdlbqg kdBL _hj Ibg_KdbmevidlbhiuljZajz[hldb
NZlgbdiZ\aebqggufbfiZgbyiffora\heyki\hjblh[boi jki _dlb\ghklb
Dg_khfg_gduwklhbgklWAdbojb[hjh¥h ghhlg_klZdbdzq_klI\Z
dzZdfZeh wg _jlhihlj_[e fZkeu 1Z[Z]jblunlghkbl _egghukhdZy
klhbfhkipp k_jbcghjffhba\h”k(\ hkh[_gghkdgrZlgbdgbadh]h
deZkklhqghklth 1zdh_ijbf_qzZl_evdhhck|\hdZdkhojZg_gb_
jZ[hlhkihkh[ghtkdhzIdh\j f gglkhexqg_gbhbzgbhyb[hjZ

lhke ~ckl\hcklbH_fi_ klihjbbkihevah\ZgdlbgZIlhjhukhdhc
“h[jhlghkl¥kklZIhggagh]hglh[ujbdjzZIdh\j f ghgikfexqg _gbb
dhe [ZgbahgZlg@dki \Zedb mogrmelems klI\ lggh gbitajfm
EZa_jgw\hehdh-ghghbqg_kdhjhkdhilhemqgb\nbgZklhys\j fy
gZb[hevnZkijhkljZzg \gb_jbcgwojZajZ[Zlu\Z BgojpbZevguo
kbkl_fg@\b]zZpbddbk\hckl\lgf h[ezZz*ZBijb ex[hfhldexqg_gbb
g _f "e gglyxbgnhjfZpbx

<ihke_ _"dj fyzdlb\ghh*he Z fkwnjZ[hlfdbdjhf_oZgbq_kdb
NZlgbdhbg jpbZevglhgnhjfZpbbBkihevah\ZgWw[jZpbhgguo
]bjhkdhih\ h[ezkllbbdjhf_ _oZgbl&ld™ ij "klZ\ey b&b[he _
i _jki_dlb\gulfjbf_g_gbbguolbih\ ]bjhkdhihjb mf_gvr_gbb
jZaf_jh\zklihb\h~bdijbgpbibZevhum~rghkl®fZijbf, jhgghklv
hilbg_kdldbghkdhihij ~ ey il&gszZzrvdhglmpZke ~h\Zl,evgh
mf_gvrZ |kyjZlghijhihjpbhgZevhZ"jZlmbg cgh]BEaf .jZ
F_o0Zgbqg KkdihkdhideupZaf_ jhhg_\b2gim~rguba]lhlh\le. gbb

Lzdh\djzldzpklhjby i _jki_dlb\yZa\blbybjhkdhibqg _ kdbo
mkljhckikgh\Zggdokihevah\&gmb ddg@_ jlghkdb m]bloeg

AZ Zgbkkfhlj g§qgqzklgs gZklhysizdhluhagbded hjbb
\ur_hibkZgguloljhckdih kms_kINmAklZ\eykh[hejh~he  gb_
bkke ~h\Zgbm[ebdh\Zgg[ad. < qZklB bkke ~m \hkjhkh



ihkljh _gbbBGK gZ hkgh\ "\mobahljhiguéejhkljZgkl\_gguo
hkpbeeylhyhdhlhjubha[m ~» dbhe [Zggm]h\mdhjfu Ijb bo
j_r_gblbkihevamkdkymxd@¢ fZIbg_ KdbzLjZl

Hkgh\guh[t_dlhbkke_ "h\Zgbecyxlkkbkl_ fuh[udgh\_gguo
Abnn_j _gpbZevgmpZ\g gb¢5,39,42,43], dhlhju_ebg _cguf
g _\ujh " _ggufh[jZah\Zgjb\h yldyb”~m

qa fa MRaaqt, q ", /dad !, .2

" F-fZeudzZjzZf ,liZzqZklhlihn~"gbg puahgZgkdkhfimghr gbx
Zo..:Z moi.m, m ], LZdZkeImZpdhFau\lZ_jkaghgZgkhiz
m:...m. >eyZgZebm¥Z\g_gibf_gyxlkdzZzklzZzg~rZjlglu |h*u
jZ[hluk "bnn_j _gpbZevmuidbg gbWwdhf qbkebkihevamxsb __
ihgylbdy hjbgmiiEb I1Zdb gh\udh”oh¥i_j\uij_"“eh  _gdild]
bhibkZggvuZe.
Baklzg”~Zjlgalobfilhlbg_ KdblMhijbf gy Ikylh*hkj g _dby
i _j\hfb \lIhjhfijb[eb  _gbyor ghbazZz"ZglklZ[bebazZdphbed [Zgbc
az"Zgghhgfuhibjz llggnzd|Juba\_klghoafzl_fzZlbqg_kidihgbb
mklhcqb\Hk015,19,33,34,450].

ljb bkihevah\Zggbib]h Ih*Ddkke "h\ZAgihyb ZgZeblbq_kdb_
ijh[e _fui_j ghkylg¥Y ] _hf ljbqg_kdbdh\.gw klyabk wlilbf
bkihevamxylkaebqggju amevidla\ _klgba] hf |jbb ebg cghc
Zel_ [[®&12,44].

lhlj _[ghklx kha”rZgkgth\h]hZkbfilhlbqg_ kdh]ih*Z[ueZ
ijhrbdlh\Zg2 "mxsbfibfklhyl evklI\Bflboke "h\ZglgZ\g ,gbc
hibku\ZxsbBbogZfbdmjm]bdeg\h \jZsZxsbokk_kbff_Iljbgguo
j_ahgZlhippd ebtihklZzgh\db\uaezNZgqj rZ_ fudeZkkbq_kdbfb
f IThrZfh _hjbblhafms _gbcl_hjbb mijZ\e .giBy j r _gbb
ihlj _[h\Zlkeha*zZghyh]fh Ih*"ZI _hjbdp_ebg_cdhe_[Zgbc

Z
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HgluejZajZ[hlZd @mjZ\e _bufim[ebdh\ZY. <wlhpzZ[hl_
\i_j\u_Jue ij_"eh _¢_hf_ljbg_kdblh~\ |I_hjbbihafms_gbc
j _ahgZgkdakd. &b i j gbkeh@ggh\ghw Wwlh]ilh*oh"Z

< jZ[hl]17] ihdZaZghhdZ “hahjf_dhe_[Zgihgh "Zxs _c
kbkl fu(ihemqgZxs clkka bkoh”ghlcbkl fuijb b]lJghjbjh\Zgbb
\hafms )gbikchhI\_ITkl\mhij ~ e _gdlgh]lhh[jZaYb _ijhkljZzgkl\_
ihklhygglug! ]jbjh\ZgEgdeZkkbnbdZ\hew pblejfudhe [Zgbc
tha™ ckl\b\Hafms gbihkljh [ablkgnbgbl abfZemMbpeapbc
lj_ "eh  gZb”"_ y jZkdeZ”u\Zkbeu \hafms_gbch [Zabkm
bgnbgbl_abfZewgWhexpbcglh \ k\hx hqg_j,*vihalhey |
deZkkbnbpbjkbZlhafms gbcjbagZddfaul\Z fhbbw\hexpbc
nhjfu dhe_ [ZgblkklZ\e d&Zj r gZjbgpbibZewghgZywzZ~ZqZ
klZ[bebaZpbjlyfhebg cgdbe [Zghb ihklhyggh ckl\mxsbo
\hafms_ gbyeqyj ahgZgkihiZzl:1l b 1:1:1. ? agZgbfhklyazZ&Z
g_ihkj_"kI\_ggudgbqg_kdbplhleh _gbyhbbkzZggu\fbr, bl _f
nzZdlhfilhex[Zynwhjfzdhe [Zdbph "Zxs kbkl_ fg_mklhcdb&z
klZ[bebabjmxsh¢jZlghic\yabjyfhebg_caqayfzZ\u[bjZ_ Il
khh[jZz _gbfbgbfbazZpbb ckl\bywhafms ,gbcghihjpbhgZevguo
d\Z™NjZImMjehszZ weeb,ikiZ ~"klZ\eyxs kKiNfhaohjfmdhe [Zgbc
ihjh " "Zxs kbkl_fukihkh[gAhuhh ~Z1vKiyyfmkx

<gqZkhbr"ZgghzZ[hluj "ijbgbfzZ ilkiiwldB[h[s_gbylhZ7]

04 ahgzZgkdokl f[the h[s ]JhbrZKe "nhlf Iblglhih\ur_gb _
jZaf_jghkdbkl fb djZlghkjbahgZagkikZeh gwZ*"Zgpmh~oh u
ij_~eh” _ggul7], iml_fnhjfZevghihhibjh\Zghybf gbl\g
m*"Z .lkeyij h"he dbsgbdZxdjorghklijcr*eh” gh\ugZ[h]

f "e _gguoj f ggubiZiheyjgudhhj~bgXlhihal\heb&hevgh
mijhklblvhf_ljbg_kgdkdlavzrZ gjth[e_ fKIZ[bebaambhtulZzd  _
mijhsZ ,IkWwrgZdhj_"eh” _ggmijzZ\e _glbf | kms_KklI\ _gguc
g_"hklZlhwal\Zggug_h[oh”*bfhklvxa\jZs_gbd bkoh”guf
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i _j_f ggufldZau\Z dklyijb wihfg_ba[_"othy\eyxlkyngdphkb
hkh[_gghklIKfiZ\g_ ghijZ\e ,glmglubaklZIyb/] bihemqg_gguo
"ZgghL[hlijh\h~*blkh~ghbgzZa”_ ehdklb

Hq gbgl j _kguwfZdIhf\i_j\u_mklZgh\e g\gu8], y\ey Iky
ijbgpbibZevgXyafh ghklvihkljh_gbyiheghklvxZ\lhghfghc
[ kieZlnhjf gohge jpbZevgha\b]Zpbhggb&l fugZ hkgh\ _
_"bgklI\_ggdghghljhighijinkljZzgkl\_gdiKmbeeylHhjzZzhjb¥Zdhc
kbkl_ filmkljh _ 9[Z8] bhkgh\ZgZ o h[sbajbgpbiZphb jZ[hlZ
[17].

< qZkld "bkk _jlzpBkkfZIljb\Z nmkjys ggaX¥"Zd4q, dh]*Z
dhe [ZgbVhafms ghgbhdheeylfizxldjm]h\mkjfmglhijb\h”bl
d ihl_j _bgnhjfZpthd hjb_glZpbbghkbl_ewghb hjlhl]hgZevghc
iehkdhkllblhe [ZgbEH"gZdhkh”_ j"Z| evgh&kZe®zZqglhijz\~"ZgZ
\hagbdZxspbd wihfagZqgbl _evguyhs gbihf kjZ\g _ghkh[sbf
kemqgZlhfl_jxdhgljhah”*"gh\gZsZ|l _evghci _gwXh[h”@ Ijm~gh
dhfi_gkbjh\mkiZgh\deédh*ghWlighdBa[m~by§ fdhe [Zdby
iehkdhkdplhl]hgZevghkdhklitbe [Zgbjah]hZIgbdZ

>eyj_r_gbwqg_jqg_ggbdjm]Zh[e fh[uggihkihevamflki”
hkj_~g_dby j\hfijb[eb  _gbbzZdhdzZau\ZdjZ2dlbdZ%4,55,60],
"hklb]z _ifijbwlhfhqghkdidZau\Zijllkkyfe fhlergzZzdla\_k|ghh
aZhklzZlhggmevrh \j fy \ _ebgbgg_ mqgblu\Z_fu_i_ j\hf
ijb[eb  _glAbjbgpbifh]mijb\_klddzZzqg_ kI\_ gmaff g _gbyf

WlhhZdhijZ\*u\zZzbKke "h\Zgdhh az” Zjpihfhshhkljh_gby
\ukrbajb[eb  _gb<cqzZkldijbihfhsbf ITh*"BEkj ~g_ 4§bylhjhf
ijb[eb _gblke_"mh[ijkdigXkyyavj_"eh _gd§@y]. IhdZazZzghh
mqg \lhjh]hib[eb  _gbyihal\heywul\blMbgpbibZevgubhklZIldh\
wlhlmijzZ\e .gby

QZklB b5 ihk\ys gpr _gbx*\moZaebggad”™"Zg Ih~hf
bg\ZjbzZglghhijfZebazZpbdfbevihgh\wkdkl, f jZajZ[hlZggh]h
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<N @mjzZ\e [19f23,24]by\eyxs_JhkygbbaZze]lhjblfhhkljh_gby
ghjfZevghhgfu;bjd]hne17,21,22].Hkgh\glZy ¥ Ih*"Eg\ZjbZglghc
ghjfZebazplaleh  §Zjz[hl [17] “"eykemqgZylhghfgwkdkl. f
H[{h[s_gbhz"ZghjfZebaZgzlbbevihglgZgzZzz\lhghfghkl flu\
[he h[s ¢hklZghkd e 2Z\§#i].

F IhA"bg\ZjbZglgbbjfZebazZpez”~"Z jy~hf agZqgbl_evguo
ij_bfms_kli\h kjZz\g_glxX*jm]bfkihkh[ZfZoh ~_ghthyfZevghc
nhjful]ZfbevlihgbZjgZ” \k_]Jhg _h[oh”bHhf_Ibly_ khbaf_ jbfh
f gvrblugbkebl evwpm”~ghkilbkjZ\g glxX*jm]bfBe]hjblfZfb
gZoh ~ ghyfZevghitjffu GhjfZevgahyfZex[h]hhjy~rdiZjhblky
ithh*ghkdZeyjghdmjj_glgh¢fmelh]*dZdkihevah\2Z2gph]h
Aimlh]Rihkh[gdZoh N _gbljfZevgmdjfu khijy ' gk djZcg_
lJihfha~rdb¥bckl\byfBdbflz&[jZs_gkl i_ggjporth\_dlhjguo
nmgdpbc

Ba\_kJjghglhgZebqgbn kbkl _fy_ ahgZgkZ9,26,36,37,46] beb
g_Z\lhghfghkdldjZ\bemZljm~rgy bkke ~h\Z@Qlh[th[hcllwlb
ljm~rghklipboh”blky eZl¢hihegbl evadf gu j f ggulmeb
bkdmkkI\_gm\lurZlvihjy*hdkbkl _fuljb bkihevah\zZgfblih"Z
bg\ZjbZglgh¢fZebaZpwbbéaemqgZgypodZdigb[e fg \hagbdZ |
ihkdhevghmp "mijkljh_gblyjfZevghcjfuhklZ _Ikybaf_gydc
aZ\bkbfhklbh]hy\ey Ikbkbkl fZ\lhghfgélk[hj_ahgZgkgdlc
g_.IWIk\hck|\thg_\b2tghd y\ey l&agZgbl_evpguffms _kl\inf
kjZz\g_gk’xXim]bfilh*oh”Zfb

< qZkld jZzkkfzljb\Z dk9yZ4dj_ of _jgudhe [Zghbyo ehc
fZl _jbZevighgd bh ™\ _r_ggddg _\_khfihm bgijbj_ahgzZbk2,
] 1 — khhiI\_IkI\ngZlklhldhe [Zgébg_ Zjbah\Zilgklc fu
]JhjbahglZeveghkad hRlbqgzZklhdhe [Zghhc jilbdZ&imblZ Ikl
kbeZ\hagbdZxsidlgp ™~ nhjfZpblpm bguijhihjpbhgZewdBc
N nhjfZpbb
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lh "h[gAag"zZ\gi#hkdhleklZgh{dh]*&he [Zgbydighbkoh"yl
\' g dhlhjhcjlbdZevgehtrtkdhkEZbgZklhllZzd™ khhlghkyd Ky:2)
[ueZ\_" g4zZkkfhlj_ogibllhfo=hj_ebdHB33] "eyweexkljZpbb
yle _gb\ymlj gg jllmhgZgkiza " hgZbkke ~h\Z&Z¥%vklZlhqggh
[hevrhtilhebq_ KlA[hlgZijbf [8,28,37,40,46].;uehmklZgh\,eqigh
ijb j_ahgzZdkkbkl fgzZ[ex"Z Ilkwnn_dlj dZqgdly_ j]bfb ~m
\_jlbdZevhhlbjbahglzZeVighZzfldhe [Zgihc klZ\eyxslkd[hc
i_jbh”~bqg_kghbx kkj kljhcdlibe [Z®pBihglh jlbdZevygihalb
]JhjbahglZebdgiljzZlghBkke "~h\aghzgwlbpZ[hlzZiph\h*"behkv
ba\_klgufézZkkbqg_Kdblibzflo hjbbthafms_dbatzdjZ\behueh
"hklzZlhdghfha~rdigihk\yazZkgdhZebqgh _&hgzZgkZz

lh*"oh”hkgh\Zggud _Th” bg\Zjbzglgih¢gfZebaZzZpbhéd\hey |
h[hclbeh ghkhhmkeh\e gohgZgkhfj\ubkke ~h\Zatkdhc
azZz"Zqbbff_Ih~"hfuebhim[ebdh\Xgza[h|[28]. GZb[heihegu _
fZl _jbzebh az~Zgb\_~_gu klzZI1v40]. < wlhg¢Z[hlJueb\gh\v
ihemqg muba\_klgkhhcklkdkl fargzdhlj [h\Z\rb "kwIh]h
jZkg_lihdZaZenlgiZgbl_eylgéd_ _dhfiZzdlgufbh kjZ\g_gbk
ij_~u“msbbikke_~h\Zgbyhd khdjZs_dhidezZzhgb\h"yshd
ba\_klgonZdIzZf _Ih/bg\ZjbZglghidZebaZplbheyhkmqghj#
gh\uoj_amevlZIKkx*Zke_ _"mhllg_klhu\h*uh[ mklhcgb\hklb
i_jbh”~bg_kdhh]th gbyo Zkbfilhlbg_k@baeh  gbgyi jbh~Z
i _j_kljh_d

Bkihevah\Zlgh\ZjbZglghgfZebaZpjlbbbamqg_ _dbbof jghc
kbkl_ fladl] iha\heyh[lh[sblgZijhkljZgkl\ _gkemqgldcevrbgkl\h
nZdlhmklZgh\e deyiehkdhaxz*"ZgbrgZdhlj _of _jghkemqgZ _
thyleyxlkywkh[_gghkjlbkmsbbf gghhkljZgkl\ _ggh¢Zdjb
gZebgbkdhewv]h*"gBehijh_dpldibg _Ibqg_kfdhH]lglg2 _jlbdZev
lj _of _jghKemgihy\ley lWwyn ,dgZa\ZggyZa\hjhlhéhkdhklb
dhe [Zdb¢bh j kljhcfdhbrdhe [Z§lwdhkemqX&k JNhg _q g
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< gqzZklIb jzkkfzljb\zZz_aky'ZdgZz dhe_[Zgby¥Yah\hJimaujy
g_ih™\b ghlimighkbl _eviglh_Zevghb~dhklbk ih\ _joghklguf
gZly gb Dhe [ZgbhyrjZa™ _eyxbklyjzZz~"bZevgk\lyaZggk
baf_g _ghZfbmkZ jbg_kdmjaujyp » nhjfZpbhggwaZgagwu _
baf_g_gb]bhnhjfu>_nhjfbjh\ZgohyfZimaujgiijhdkbfbjm _Iky
weebikhbVfyEs gby r gbwlhazZz”"Zgkbg cgiimklZgh\ahjhrh
ba\_kl[8h32,38].Lhggh_r_gbg ebg_cahtZihkljhbgvm~Z _ bky
"ey _bkke_ _"h\ZdHEyijZ\behbkihevamedd[hgbke ggeb[h
Zkbfilhlbg_Kdbh~u GZijbf,_) jZ[hI[1] “eyi_r_gb¥gZeh]lbgghc
aZ"Zgjlo gZebqgbd rg J\Wha[m ~_ dkyhevamqgbke ggfudch”
k _~vfh]hhjyrdZiijhdkbfZpbb klZIvyb3,56-58] ijbf gyxlky
jZaeh _dghyzZehfizjzf_Ijm nhjfZpbmwaujyijb\e_dzZ_ bRy y
hkj_"g_cgbeyyngbqglh _kbygmeyjgeoghlujz  _gbeywg_j]bb
jZ[hI53] bkihevamf_llky"\mioZkrlZ[h\

>eyZgZeblbqg_bdkeh "h\Aaghy gh h[dkihevaheZZ)yjzg _\
nhjfZebdfb wihkihkhjj_r_ gbkbkl ,fghklhystZakiehrgulo ,»
hibku\Z_ hqwuwdgh\ _ggOblmn_ | gpbZewvgju\y gbgihjZg Z
g mjZ\g _gbygzklgujthba\h~*gtdh[s ggulithhhj*bgZligdin ZI
] _hf_ ljbqg_ki@hzf ljuh\_joghkEhijhdkbfbjmxaeh¢gfmmaujy
EZ]jZg bZgymdZaZgghkl fdh | [ulvihemqg b;anmgdpbb
ijb\_~ gog\hBl]. 1Zjzf_ ljkbkl _fllg _rg ~"Z\e _gbhZ"bmkau,jy
ih\_joghklghgzZly  _gb _b~dhklp ih~[bjzZxlkylZzd qlh \
ebg_ Zjbah\kbghcf Zebamj lklygZ@kl]*1 khhlI\ _Iki\gqzKlhl _
N nhjfZpbhgghe jzZz*"bZev@ihtdhe [Zglthke wlh]bdZ]jZg bZg
]Zah\hihaujyzZkdezZ?u\Z"H&ey _ghj\_Iv_Jilhjyrd@exgbl_ekbgh
N eZ liky ohd[_ajZaf_jgdHhhj*bgzZbadf_f ghlhagZqbl_evgh
mijhsZ [hb”2G _dhlhjge _guihemq_gghdeh dbdZaulZxlky
j_ahgZgkgufb
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Bkke "h\Zybgghg ebg_cdkb&l fuzd ijh\h~blkfy ITh~hf
bg\ZjbZglghjdZebazZpdyy Jh _eZ 1ky oMeZ]jzZzg _hhgfu
mjZ\g_ghbicbo |ZfbevihghVhiejf. =Zfbevihghbkbk!| fuhke
ghjfZebaZp®bau\l\Z nikglbqg_ bdbglbggldfbevihgbizdwrkdhc
azZ”"ZhgdZgzZxs_ciky bghlebqgzZhWkyg ]Jebrvdhwnnbpb igljhf
dm[bq_kdatef ghWlhihal\hey”hkeh\ghj g _kNk_j amev]Zlu
ba\ _klgwg r gbgZ”ZlydZgZxs _igky bg

LZdbh[jZahf\ _kh\_jr_gghaguaZ”*Zgbh*ylklyokke "~h\Zgbx
hrgbbl o mjzZ\g _gbMdgZdhYulh”~hfljbf_ g glbg\ZjbZglghc
ghjfZebazip@bhheyh[lhclbpm~*ghklbagbdZxsjb bkihevah\Zgbb
Aim]lkdhkh[p\r_gbbyagZgbl_&wghzlBiMdeZ~dDb

>Ze ZgZebabjmhilkywdhjj_dlghikliblZgh\addZgb ehlhf
glh\ j Zevgwkqg "Zg_ba[_"ghhl_dzZxtbkkbizlb\gphp kku
lhwihfrb”r Zebabjh\ZighhkhmXxgh\ad "Zdgb ghkgblZlpf_xs_c
highr_gb™ ckl\bl _evgllbll ijb mkeh\bfZehcbgl _gkb\ghklb
"bkkbizlb\gjlnhp kkbXijhf "mldkof gmZjzdl_jgegazZz”Zqb
<ugbke ¢gbdj f gBEAImoZidgyZaul\glhrew s klRnbabg_kdb
j_Zebam _ fuZbzf ljzZfbyadhkko!| fi_jZImjhijh\h*g\teklpgb
"bkkbizptkl|Zlhdglbdh[m” dgZqgbl_evgBlvgZ[ex"Z_ fhklb
ijhp_kkiZj_kljhcdh”™ dhe_[Zgkan ghlf_Iblvglhwlmhp_gdm
khklhyl evghklBebaZapdYW gb evduehk” _eZiy "\Zjbl_evgh
ihkdhevderywlhdp_ _gdp h[oh*bdgzZlezjzdl_jdgh fyi jbh~Z
I _jJ_kljh¢dhblhjlg_evawygbkebdv] rZkZfmzZ"Zgqm

<dZ "hgzZklpz[hlu\dexgqdy " glbhkihevamk\Vkymf jZpby

nhjfme
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—eZ\I7
Bkke ~h\Zdje [ZgthcZabebg dogabgZgkdkibdl Bl hjby
\hafms glbahgnb]mjZpbhigghildhl[jZabc
1. lhklZgh\dZ”~"Zdhjh ~"ZxszZlbk!|l_fiz 1jZ _dlhjbb
Bkke_ "mxNyabebg dlge_[Z]_ekigkl f\Wb™Z
Aq Bg RQaq.qt
]" - b<—kbff_Iljbq_kiheeh bl _e%wgjh » e gidklhyggfZljbpu
jZaf_jghkloN, g bQ — \_dlhjuzaf_jghiNBbl, F y\ey IkZeuf
i ZjZf_ljhflzdqglhijzZ\ZygZklkbkl_fuj_~klzZ\eykh[hcfZeh _
\hafms .gbh”oh”ystefog _cgujf h[jZah\ZgZzdiZkbkl f\&k _ |~Z
fh™ Ifulvij _h[jZah\d[h2 ijhklhehjf_
¢ 29 A& qqt i=1,...N

lhwlhffi ah]jZgbqg_bpsghklith ghkgblZlylhkbkl_fitagZqZevgh
bf llzdhbo?

lib hlkmlkl\bbhafms gbic O ihemqgZ ikyh ' *ZxsZpeb
\ujh"" g9kl ,fXb”1jZz _dlhjddhlhjhiggbgpbibZevdwdjzZahf
aZ\bkibllkhhlghr gkl .: bf _gghkelk gZklhbu khbaf_jbfu
lhex[ZyjZz_dlhjihyh "Zxs kbkl_fludhgnb]lmjZpbhaghjifZgkl\ _
g \kx"mehlg¥fgh]hf_jghZjZee e _iblh Ke ~h\ZI,agvdgh I
[ulvaZfdgmdhlt\haVIihkemqggfau\lZ gky ahgZgRkef ahgZgk
bf _If _klhlh _klvg_dhlhjwyZklhladZau\Zxkkyaf jbfuflh
kms_ klI\ih2ijhkljZgkiphkljZgke\ZhhI\ _IkI\mxslbfgZklh]Zf
\ dhlhjhi1jZz_dlhjgm "mazfdgmludpb\ufbdhlhjugZaulZxlky
nblmjzfbbkkZ Mb]lmjiEbkKkkZ gn mklhcgbjln ihyle glkllhev
mlhr"dBeudhafms ghbgZajmrZxlkegh j oh?yhb]mjdjm]hc
nhjfu Bf _gghwlhlj_ahgZgkd&keanqgdr "klZ\eyxsh&Zb[hevrbc
bgl_j \Khfgbka k\yakg dhlhjulfbogbq_kdjofé&h" _gb{4], b



1)

17

[mA jJZkkfZIjb\ZIVKRY gghiZ[hl < khhlI\_TkI\bk7], j_rZxlky
ke "mxaZ”~Zqgb
lhkljhbldeZkkbnbdapbmEbkkZimijbagZdKbff Ijbbeb
gZebabkyh[_gghkl_c
" >ZlwhibkZghb ow\hexpldhlhjufh?\_j]Z hkylmijizb ihy\e gbb
\hafms ;gbc
' DeZkkbnbpbjkbeUkafms_dbkbimhjh ~Z_ ftwdhexpbb
lhkljhblwmijz\e ,gh[ _ki_gb\Zxmklhcgb\hkdymjazZz~Zgghc
nhjfu
Imklkk _gZklhlluhbaf jbfluh]*"X kZfhth[s_fkemqgkbkl fZzZ
[m~ blIf _Ivb~

. 2 . . . i .
q mM dq A qqt, i L..n, | L.k ,m Z |

A" Rvjoghbog” dk” ey]ljmiimjz\g_ d&hebgzdh\g&klhlZEb

gb gbcghf imjzZ\g _dBgdhlgmii Lh klkbkl khklhbh

N k.

— —

i1
mjZ\g ,ghbrclhjuyZa[b\Zxgdy ]jmiilzdglhi—hcljmiikh”_j blky
ki mjz\g_.g@Zklhm fh]imkgblZlvkyeufbg bf_xs_]h[s_]h
A ebl,eg_]h\ kemqgZo khbaf_ jbfhkib_]*"Zh gh ~h[blvky
khhi\_IkI\mxstbdf_g_gbfZkriZ[2j_f_gbJ_ahgZik 1Zdhf

khhighr_ gkIfim~ bif Ivbim':..om':..om":....m".

DZdn' _hlf_qZehKZ dlhjbyblkke ~m Kkl fiajb hikmlkI\bb
\hafms_gbcO [m~Amib]mjEbkkZ mijhkljZgkbh hgbaz”Zxlky
nhjfmez@bt Acosmt /. ]2~ A b/ ijhba\hevghklihyggu
Kj_"~bk_wlbob]mijh ghu”_ebljbdeZkikiZh[uo

[khexlghbff_ ljbggub]lmjiLZdmnb]mjkbff_ Ijbgddghkbl_evgh
gZqZefhj*bd2ix[uadhhjrbgZligthdkdhkl c
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2) Nb]jmjbf_xsblhgdtha\jzZlz
3) Nb]lmjkf rZgghhizLZdbnb]mjuhafh guhevdhke®mqg t3.
ljh_dpblwlhcnb]lmjuzZ g _dhlhjuh?ijhkljzgkli\hAkljZgklgz
ijbgznre_ddl j\hfmhbimh]*"dzZdjh_dplglZ*jm]bh”ijhkljZgkl\Z
dh\lhjhfm
1jbf_ju
1. KemgiZahgZgkZhjh "Zxsxpkl_bZd_ \b~"
G o O
9, g O
LjZ_dlihjbybkl_fwijhkljZzgk4\\ h[s_fkemgm mveebjludgZdh
\hafh ' gdjm]h\djZ dlhjprbb]mjiZ j\h]JhbiZ b ljZ_dlhjbBb"_
hlj_adihyfh¢nb]mjzhjh]hbiY—ijyfhebg_cdhe [Zgby

2. KemqgiZahgZgkZz

@ o O
q, 49, O
<h[s_fkemdgZZ dlihjbb xNb"
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3. Ijbf_jhfnb]mijL_Iv_JbizZih  Ikem bjvahg2gie, dh]r@Zb]mjZ
bf_ \bA
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< wlhfkemqgqgh_dpbwImjgzZih~ijhkljZzgktht ijbgz”re_"dh
\IhjhfibimZgzZijbf,_ijjh_dphyh”ijhkljZgkd¥n- di_j\hfm

H[s_k\hcklivib]mEbkkzZ-mhafh ghlbleij_~klZ\e_gbhy,
ijh_dpblg_dhlhjhejm]hcdjb\hc jZkiheh™ _gghcijhkljzZzgkl\ _
jZaf_jghldiivihjhjh \urzZ _dimg, gZijhkljZzgkidhWIlhmI\_j "~ _gb_
nZdlbq_Kkdp \br"dbh*hdZau\Z iJkyihfhsb\\_~_ gbrybdIib\guo
i _j_ f ggu®zZijbf_j\\_~ fgZ[hj*hihegbl_eviguof_ggu®,
hij ~ ey fliohjfmeZf

gt Asinmt /,

Ih]~2Zzd

q;t Acosmt / .

ljb thfihke_"g'yyj_f_gng& hklzZ\ey [kwn~hihegbl_evhghc
ke ~h\zZl,é&kgtbf INy1i j f gg@moBazZ\ gkl\z

Gt A
ke _~mqllhdz ~Zgjzd,.d, ijbgz~re ‘dldhihjhdjm ghkYkgh
glhreydzZq_ kI\_ghibkzgd bnnlkdjm ghkllhbf &gZqg_ dhygZ
fh™ _lkgblZlvkyogbgghevlhfrkykh\hdmighZkdbi@jijbgZ~re “bl
lhjm ™t Stu.uS'. 1_j_f_gg@y hklZ\rZykgizZjw, ijbgzZ~re_"bl
fgh' _kI\m_ckl\bl_evgbk B'. LZdbth[jZahfikykh\hdmighklv
i j f ggwd,dt ijbgzZ~e_Toghlhh[jZzdDX UR' * RTL* h[jzamy
gZg_fg_dhlhjapb\mxZkzZfAb]mjZbkkZymey Ikijh _dpbwcthc
djb\ht*hegzijZ\e @bgZjhkljZgkt\k kemgZ@mf_ jgmd]n\N

—1=1blhj\ujh *Z lkhdjm ghklkZfigh]lhh[jZzaB'(R"* \
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pbebg”f qzZklghklbwlhfmx[Zy'"\mf_jgZyb\ZEbkkZ [m~ _|
ijh_dpbgcdhlhjhjb\hgZpbebg g fkdZaZghijbf, jdgb]sl.
Hg_\b%ohhijb\_"_ggJzyhf_Ijbq_kuddy jij_IZpdpy *“bgkl\.ggZ
GZijbf_j fh gh [ueh \\_klbi_j_f_ggm8 b ihemgblylh

qt,qt T".

E_]dW” _Iglhhlf_qgq_ggkhhckl¥4djZ\_ _"ebgulhevdYeynb]mj
EbkkZ( ahgZgkdeemyZgh b ijhbalhevgulz dlhjblbiz
)t AcosZt [/, 1~_qzklhlm _fhimlulvijhba\hevguWblh

J
ke ~nbaljz\hf_jghk]jb\_"* ggigkkm ~ fydex[h]khhlghr_gby
gZklLhl
GZb[heijhklmrhjfnbf xInb]mjulhjh]hbizZbihwlhfim]ml
gZau\Zlvkyh » gguflbZd\ kemqglZ..:1 nbjmjAZdh]lbiZ[m”" |
hlj_ahidyfhc ijbq_fbf_ggtk wlbfbijyfhebg_ cgudbe_ [Zgbyfb
k\yaZga_dhlhjul_ogbq_ka&lZ"Zd16,21,25,27,52,585,59,60,62-64],
\hagbdzZxdpb bkke "h\Zdkelh\uld_ j~*hl_evdubob[jZpbhgguo
Jbjhkdhihhwlhfikk gZibkZzggb  [m” Hlighkblvkikgh\g hf
nblmjXfhjh]hbiZz>eyZevg_crg Jh[oh~bYhklke "mxs_
Hij ~_e_gb_
NblmpZ llhgdvha\jzIMijh "~ yZkeb
t:git oext i L..n j L.k

Ih _klvkms_kI\mzZbhdhf_gl\j_f _gbdh]~Zk_git Ahklb]ZxI
wdklj_fmHE _\b/ghh kekZdhfhf_ghj_f_ggZcA lgd t [m~Aml
Ahkib]Zhdklj_ fmjftz

t, t & keZ
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ijbgq_ffh ghkgblZlylhf_"~m\mfyhke_ _"h\ZI_evigafiglZfibh
_klvjbtet,t,; )wlh]dh ijhbkoh”bfZgk gZklhtm bf_xlh[sbc
N _ebl,eM dhlhjh]é_]Jdba[Z\blviky oh*rysBu[hjhffZkrlZ[Z
\j_f_gb

F g hg \b~r&khhckliphbal\hevighjh * ggmlelmpugZebqgb
mg_jh\gh\mihqg_\dha\jzZlZb\_~ fhdZazl_ewkhlhI\_j "~ gby

Hisbd_jbhAmgdplid jZ\_ § 2¢ 1ZzddzZdZklhmi g _bf_ x|
h[sbd _ebl_,eZgZex[hfihembgl_jt&dgR¢é kh™_j bljKkmgh\_
lhgdbb”2Z,. IhWIhfltmkIZeh’kh/dZaZdlvhang_gbycﬂijt \ wibo
lhqdZgo fhimkh\iZz*"Zthimklbfhlb\ghLh]rX fhf_glwj_f_gb
t. bt, \k_ Ot [mAmbf_Ivhrghlbigwdklj_ fmih _kI¥Zdkbfmf
ex[h]R;t hklzg_Fexdkbfmflibgbfmffbgbfmfhfglh\hafh gh
ebr\AIhfkemqZIge\U(_qZklhmﬁ g _lguh_klbf xlh[sb& ebl, ev
iZ\gucr\mf(ijb baf_g _gtbimlt, ~“ht, mat «gz[ ]Z nZaz

', ihwlhflthojZzg ghizwdklj fmhzafh gilhevdhkem g _l1yh
glhjhib\hj_ qhl[hjmZkLMI\_j°A gthdZaZgh

2. Fgh]lhh[jZzAabjh * _ggudhjfbmqg \hafms_gbc
J r _gkkbkl _ftibnn_j gpbZewvigZdhg ghpy”rdd aZ\bklhbi2n
ijhba\hevgihklhyggudzZ”rZglwlbohklhyggdeyihjh "Zxs_c
kbkl_fwij_~_eylbli nblmjuglhiha\heyihklZ\blkvkhhI\_Ikl\b _
dZ ~hfhbimnb]mjg_dhlhjigh]hh[jZabijhkljZgklNhklhygguo
>eyihkljh_gwyh]ihgh]hh[jZadwhI\_IkI\mxSujtm ~ _gghb]mj_
hdZau\Zmlkly[gafZibkZlvy _gbihjh " *"Zxs kbkl_ flulb”™ _
gt Acosmt /,i L..n j L..k
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M~Ah[klIWlhazZibkhklhblhf glhlbinb]lm,jihg_\bfghazZ\bkipll

A} (_kewlh _ebgbguh[jZsZxlkghe¢vZaZ\bkédbrvhlkhhlighr_gbc
f_"‘rmZaZf@, dhlhjubij_ ~klhBuykgblvke wlh]gm ghZclb
dZzdheb[ihf_glj_f_gtb,1Zdhelh

o, t o extoecosmt /£ o ext

1

/
gZijbf, ¥ Hll bih~AkIZ\bIWA hkl1Z\rb rkkeh\by

. 2.0k 001 . . . . .
gt oext i L..n j @ k.lizloecosm't [, oexteemt [/ & oo

. | %/j n ez, i, z11 A

J J

LZdbH[jZahifhbal\hevdhe [ZgbwydZiba\jZbZ xNb~
1 1 1 i i §,. m , i VA
gt Acosmt £, qt Acosmt —/4 &, i z11
o :
?kekquZIq/Ih<ZfiebIm>’\A} fhlmijbgbfZlvljbpZzZl _evagZq ,gby
I h aZ\bkbfth\iZjZf_IjH‘lf,- fh™ _IJulvmqgl_g&il_fu[hjZagZdZ
Zfieblma™wlhkemagbhke ~dujZ g _h[jZamdlkym

gt Acosmt £, gt A}cos-§mit MA, iz A
© m 1

Bawlhohjfmekie ~mgllhnb]lmkhojZgk\hdb”b\Ihfkemgdh]”*Z
I zconst, ZaZ\bkibl\j _f glmI\_j°~ dh  IgZjmrZI¥lgy dhlhjuo
hkh[ukemqzZyg@ijbf, j kebl mt b Li). > ckl\bl_evglkeb

/1
Lo ht, Iht El 't g dhlhjZymgdpbyj f gbb nhjfmeZz
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gt Acosm It azrzZnb]mjkmlhgdzfbhaljzldhg_ jzZ\ghf_jgh
f_ gyxsbfky f gguijzf_Iljhf

IlhimlgkaZibkwhjfmeteyjhbal\hevgihe [Zdlk&ke "m _ fhlh
lbiznZdlbg XhdZakgZ"mxsZy

L_hj fz
Fghl]hh[jZzabjh "~ _gghbtjfubf__jZaf _jghiNvl bfh  _I[ulv
ij_"klzZ\e dg
M | urR®

AN kv — ijyfzy dhlhjzaz”~Z IkyijhkljzgklI\/ mjzZ\g_gbyfb
k\yau\szbriﬁaLﬂ k £, ZijhkljzgkIRhijbgz~re “ZfliebIlm~u
A; <ijbgpbiwlligh]hh[jZz&b ghj_ ~klz\bdvrjm]h{f~ Kh”*ghc
klhjhgdh ghazf_ghbijwfmX k_f_ckl\hZjZee_evigybuo(qlh
k\yazgithebqbg_tbk_m% \ nhjfmexkdyaul\Zxshdguk *jm]hc
klhjhguyfmxfh ghazf_gld¥fdgmdhc\hg®AN -f_jghihj(*ey
wlhlhhklZlhqghjfmeZdyaulZxsbdbadhibkZmod2)). HArgZdh
NZevg_crBkkm N, dibghkysbdkjyfhd, hklZgmkkjy\_"eb\ufb
"eyex[hdjyfhcbak f ckl¥d hf ljmyzZlhj gZfghkeh g g f\
RY. JZkkfhlj_gyfhd ihalheyal “ZWmbmkeh g.gbc

Djhf Ih]h_kelubkke ~h\Zdkhe&kv[Zglymadjm]hchjfulh
| _hj _fBklZeZlvkijzZz\_~eh\hZddZd hjfZex[henb]lmjaz”~Z _|Iky
ZgZeh]lbgdkinfrblghr ghbyifbhkljZzgkinZahij N eyxslgfbdhlhjmx
Afm]mky fmx

?s _hrgbfZ gufkemqgzy\ey I|kyjZs _gh gheg dhlhjuo

Zfieblmﬁ(}, dh]j*ghbkoh~Kiexsb\Zgbnb]my nb]jmj@_gvr_c
jZaf_jghKhtbh]lmijg \jZsZ Ikyk\hxijh_dpbgzZih?ijhkljzZgkl\h
Khhi\_Tkl\mxg gme \dfiebImMhZHdZau\Z_bdwnjZaf_jghklv
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fghlhh[jZa&dwh I\ _TklI\mx$sZdbhb]mjzZhklZ liky g ,ohlkZfh
fghlhh[jZz&ms klI\ lgagh gy. lky
>hdZaZl evkl\h

Imkaf__Ik;Zfieblm\}"‘; jZ\gugmexlhhij_ "~ eM-lk—f _jgh _
ih"ijhkIngkin\rthngkI\,ZaZ"Z\Z_nhIpZ_\g_gb@‘}ﬁbo. Lh] "B
nb]m,juhq_\b{‘giﬁj_klZ_aIZ\bk_hvnZa/}Z Khhi\_lklI\mxsidbf
Zfieblm.’\Zé_’\h\ZIJe/}\Zgh]m[IuIvijhba\hevglqﬂlbhij_’\_ebyzl

f jghih”ijhkljZzgkRh ijhkljZzgklhZza/. NZaukhhl\_Ikl\mxsb _
g _gme \dfieblm?*»Z¥he guijbgZ”e_ " Ziljnh _dpbbyfhcl gZ
ih~ijhkljzZgkipnkljZzgkIAZkhhI\_TkI\mxglbfZfiebIm EH_klv
gzhjlhlhgZevdhheg gjthkljZgkRZLZdh¢h_dpb[ne® Njm]Zy
ljyfZyh[hagZqZlicfZy

LZdbl[jZzahZfieblmAwlhkemqgidbgZ®re NZHk-f _jghfm
ijhkljZgklmZauk+l) —f _jghfijhkljZgkIRmu ¢ WitbhagzqZ |
glhjZzaf_jghRkv Jfigh]hh[jZgBYygR+1, dZd \ kemgdh]" ¥k _
Zfieblmhuebgdugmey

JZkkfhlj_glglzlymz gy _I[ulvijhbeexkljbjh\ZmgKIN=3 b
hrgZfiebilmpZZ\ggmexgZijbf A ("eym h[kl\&* _Kwkihevam Ilky
h"b9g” )dkh]*"@ZZalOhe gubgz”re_ "dhkdhkiljlhoh”ysqgcj_ a
hkV, bijyfmk ZzZfiebIm2uehkdhki}b;

A
h

\4
A\ 4
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Lh_klyZzaf_jghkghgZkligh]hh[jZaby ebglglZy‘*bghpgim]hc
—mf_gvrZ dEky*bghpm*r"dZdmffZjgjzZyaf _joghgl¥y gy lky
J r_gbhjh *"Zxs kbkl _fith™ _l[ulvaZibkAdmghib” _

gt X cosmt y sinmt,

]A_X by ijhba\havgihklhyggu_

LZdZyhjfZaZibKikihevah\2AgZKkRI[17] bihgZ~h[bikg . Gb" _
ihemq kdZawlbihklhyggkibklhyggu#/ :

. . . mi . ) . i . . . . i
qt A cos§m't — A, Ajcosmit cos-gri1 o, Asinmit s.ln-grl1 r,Y
© m 1 an 1 @n 1
}(:os-gl1 L, X

oL
i
i

A s,in-gil Loy
@ i

|0 O@OO'

J

lhke ~gkbkl fih™ IjZkkfZljb\ZIdKdZjzf ljbq_kmhZ\g_gb_
fghlhh[jZ&By_j_f_gg(nm
Mg \Mlhafms _gbc

ImklIv_i_jv z0. Lh]”zijz\hqgzZklihjh *Zxs kbkl_filhy\blky
g_dhlhjARhafms_gb_Zfieblm”™k nzZazfim _i_j klZghdlv
ihklhyggufbheygZoh ~ dhoyw\hexplb&kihevamf |klyMN\ZjbZpbb
ithklhygguobey ijbf_g _gbghlhjh]® _eZ lkyzZf g4 j f gguo
g9 o A/ \khhiI\_IklkmihjfmeZfb

q, A cosmt /
q, Amsinmt /.
Witnhjfmeih~klZ\eyx\kyjZ\g _dbmfms_g&bkl fuhlhjzZyh
wih]h_j ibku\Z VkghjfZevghhjf Dhrbb A ezZxligy dhlhju_
ij_ h[jzah\ZgbhgmevizdhihjubdZau\Z K&y mxskZykl fZey

]
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] J

Al _/.Q; q,0,t sinmt /.
m

i H i i i
/. mQj q,0,t cosmt / 4)
i 1...n J 1..k

(< 1jZ\uo gZklyo*Zgguo mjZ\g_gbt_eZ Ilkyh~klZgh\dZ
qa qgA/Lt, 9 qAl1t) ;m”_fbkihevah\ZéwwlbomjzZ\g_gbc
ke "mxskix\hebq_ kaddmbkv

o
/

WIlZkbkl fZeyf e gguoj f ggulmf_ I|klZg*Zjlgmkjfm
hrghqgZklhlglhkl fuglhihal\heybkihevah\ZIlvh*"hkj_ ~g _.gby
GZihfghhtkgh\gmX »wlh]lh Ih*BE~ hdzZ |fhj_ _f&G ;hlhex[h\Z
dhlhjayhklZ\enwkigh\ghcamevlzhjbdjb "hdZazl_ekkylky
dhgkljmdlb\dnp_gdbh]j_rghkl_dhlhju m*Zehkvemqrbitn
kjZ\g_gbhkxp gdzifb\_~ ggufdn].

KIZg*rZjlghyfzkbkl _fabnn_j gpbZewpgd\g ,gbkke “m_fhc
f Ih~hbikj_"~g ,dbdy b~

x X txH, x \" H .

Hkgh\glzy & Ih~"Ekj_ _"~g_ gbklhblhf glhwlg _ Z\lhghfilzkl fZ
aZf gy dkhhghfgkxk!| fhc
u MK, uH

ijZ\ZgZkldhihjihdj ~ ey ihkyhjfmeZf

)

X, yn}%sxt,u, dt, kebtuH -g i _jbh bgnmdspby
lT

X, = tu, d,_kebtut bf__i_jbht H

0
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Lh_klIw, ij_~klzZ\eykhl[h¢ amevhXlj ~g dhwy\ghoh”ys fm
\j f glcZgzZevmkeh\bhy[ blobkl HklZxlkyfb : x0 uO,
Bkihevah\Zgbh"Bkj_"g_gthyj dldhevdhlhfkemgdh]*z
\uiheg _ogweh\We "mxd_ hbj_ f[ae]
L_hj &G ;h]lhex[h\Z
KiZ\gb\Zx*kyazZ"*Zlbrb
X At X u X, u H H
X0 X uo x
1jZ\Zy gzZklvX t, X, H kqblz Ikkij_ ~ e gglw&Z fgh  _kI\_

t,x, H B, Df 0,4, ]2 D« \" g _dhlhjideZk(vlidjulhbk\yagh _
fgh™ _kD\h

Lh]*"Zkelwiheg_ogwkeh\by
) X t,x, H- baf_jbfZlgt nmgdpifh ex[uonbdkbjh\Zgghbd (\
gZklghkdmkh-gghj julgdmgdpbygh  ki\lhg_dZajul\dhlhjhc

g bf_ Ilhg KHms_pgby
;) fh ghgZclbzdb”\ gbhlg_Jlg aZ\bkysilhklhyggk b ( qlh

[X tx | M. b|X txHd X txe | [ x f (XH] jof) ~eexfuo
I _j_ f ggben[eZkhbj "~ e ;gby

T

.1
9 ij ~ & U H lim=3K tu At kms_ ki\gz\ghf_jdthghkbl _evgh
0

Tof T
u D b+ B H. .
Lh_kep r ghu(t) az*"Z®hrb*evhkj ~g glghkl fhbij_ ~ e gh
ijbt B bfibgz~re “HfleZkDb\f_kl khk\h_k- hdj_klghklhx
L H-
[xt ut| Wae®y G H
ijbt ®,L/H b H, H d d d

1" _



29

hi H
G ijsurﬂ 3X Hx, X xtRd Oifp O oH

0O h Ldk Dle 0

?kebijz\ZygzZklvkbkl fui_jbh~bqgt T,xH X txH, Ih
Ijb\_ " gddpy gkldas klI\ _memqrz fZ

51

xt ut] ™ 2 @dden
2 ©

ljb\_~ gghgb” ~hdzZazl_evkkdlbq_ ktlbkeh\gih\lhjy |
"hdZaZl _evkI\digh\ fhgh]jZnhi29]. HArgzZda”_ _kbkihevam _ Iky
g_kdhewgzyiijhdkbfZpbwgdphbodhihal\heymlemqgrbip gdb
themqg_ g\d20]l. WIZ |ZewvdZaddkdjZgb3il.

>hdZaZzZl_evkl\h
<uql_fbai_j\hckbkl fulhjmxb i j c~_ @ wd\b\Ze glguf

gl _]ljZevoyZ\g _gbyf

t
xt ut 3XaxtH Xput, Nd, H oy
0
lhke g Jh ih*ugl _]jZevihfZ ™ gbbdh[Z\bb \ugl _fnmgdpbx
X tut, b Mp gbihke_~gkhhlghr_gbh ghjf_ ihevamykv

k\hckI\Zghjfubmkeh\h): f

[xt ut] tHx txdk 4 X tut, Hdt

t
3XHtut,HC{+ d

0

t
M tut, dY 3
0 @

1~ Xtut,H X tut, X UutH. >ey MZevg crbop _ghd

chb( td u t|dt sup

teO,L/ A

bkihevame |kfyZ|hgm h[é®10,26]:
?kebg_hljbpzZl _evigdZeyjgw ij_julgunmgdpbdt bft

hij ~ e gl j\Zte B b~ rh\e _I\hjyxjz\_gkl\m
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t
t Cd 3f tD tdt, D

0

] K-iheh bl_evgthkelh*eybdzZzd \ jglg_jZ\ _gkl\h

t
Dt dCexp 3f t dt

0
gZIlhf _bgl_j\zZe_f_glbjbf_gywlre_fimeyhp_g@hot ut|,
themqlgfih

[xt ut]| e sup
te O,L/ A

t
d 3X t,utHdH e®], dH
@
0

1" _

J sup

teO,L/ A

t
X tut Hdl H
o @

>eynp _ghdebgblilhgZrh[ykley "mxgb jZ\ gkl\Z

Xo X | M, |X t,xH[d 2Mm, Hd
Xo % X xXH| |x A, 0 Hd c
Xtx  Xtx#| 2|x x. 0 Hd

Hp _gdazZ\bkbllh]hy\ey |l&pX i jbh”~bq_kdhgdpb beb
g.l<gZgzZezZkkfhljbd i_jbh~bqg_keémo Z2ke lu(t) = const -
klZpbhgZjgh _gbaz”~zZQhrbtekbkl fhijZ\hgzZklvX X H, Ih
theZ]tzal/ Obihevammkeh\x) f hj fuhemqgbf
—H3>( tu, dt
| o
H[hagZqgbfG $¥pJ; GH kms_kl\mb Im~h\e I\hjmKeh\bx

ueD

J supl

[e0L>

0 ijb & O 0

G Mijbo 0 A kbemokeh\Byhj fu9. LzZdbfh[jZahfrey

klZpbhgzZjghihgby Gd Bijb HO. Hp gdZyw([s JkemqZy
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k\h~blklyk|ZpbhgZjghdmhfhsbke ~mxsijh fZBgl j\z@t
jZa[b\Z dmByjZ\gubgl j\Zeh\

A _

Y

t/n t(i-1)/n
ZNeyZiijhdkbfZpbbkihevamkllkhy gqgzZidygdpkyhlebqlhl
Ziijhdkbfzpdhevah\z\d2zehd dZq_kd\\u[bjZ_llkygZqg_wgb _
bak j "bdy gZqgZlkdl j\ZeZu(t(i-1/2)/n). Wlilbhihal\heynémaqrblv

hp _gdbemqg_g\d26].
ti/n
t(i 1)/n

AZibr g _jzZ\ _gkl\h
ti 1/n
XtH,/% 23 . H d
0

»'3 lu  ydo W

til/n

ti/n
3 XHtu#, d Xtu,idw

|
t(i 1)/n

lhlThevdjiiMhdZaZgghfm

ti/n
}/—/3 X tuy, dh@/
0

XtMt,f1>(Lq,id{

n n

H ;x tut ,/—/dtH

i1 i1

ti/n
H X tu, #

ti1/n

>Ze hp _gbf

ti/n

til/n
<_ebqluV u| hp_gb\zbeag~zQhrb
u X, u”d, uti VU2 /n u

Ke_ "h\ZIl ,evgh
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ttpe
$2n'2n?,

Ih _klgZgZevgwkeh\dZ "Zehrb\u[bjZxlkyak j "bogl j\ZeZ

-y wmfg 1w

jZa[b_gby 1 /nti/nd zkzfazAZjgZ2Z |Ryiheh bl_evyhf _gb
reyijZ\hciheh\bghligl j\Zew\ hljbpZl_evgaye \héheh\bgu

(hlghkbl evgfZevghkéhWwlyi 1/2 /n u).
Bgl ]jbjnmke ~gkyp_ gdmemaqlgflh

2 timsHuo u|d % Mb{%@'-/ w

ti1l/n

WIhjb\hAbdhdhgqz!_evmhgd

t

o, of 3O 2 .
n

0

gbkem \u[bjZ_ IKkyamkeh\blygbfZevghikid\hcgZklbhke 7~g _]h

L | QU
khhlghr_:d"byi GCH Hikx*"ihemqgZ Klky"mxspy gdZ

Hut xtH Lmemq G. H

>7Z99Zlp _gd@memqgr_ o kjZ\g_gbk ZgZeh]bggufmevlZIlhf
ijb\_ A _go\ide], \2v2 jza
| j_c™ di _jbh”~bqg_kd#efmgZmkli—i jbhbt n 1T,nTg,

nT t
}/—/3Xt,ut, + X tut, &» 3
0 nT
iT

3Xttut Hdf 2 MT H H

i 1T

Lh]rZ

H ;x tut . dtH

n

i1

>eyZevg_ chipogb#dihevakhHlghr _gb _
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iT
3X tu, AOt O

i 1T

1"y

Ui 1/2T , ihkdhevdm lbkihevah\zg ijb_f glhb\
ij_ Aurms klemgZf klihZiijhdkbfZptth gzhlj ad i 1T,iT?

\_ebgbghcu I 1T \u[bjZ_l&kgzZqg_9gbi_ 1/2T .
LZdbH[jZahihemqgZ f

tXt,ut,/—/d{ i :;HXt,thdew, | dt H
0 1T
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(mijzZz\e )gth[_ki_gb\Zxsmki{hcgb\hkllvahe [ZgDb¢hf _Ih]h
p_e_khh[jzag _j b\ZIlvhklhyggm&fieblm”~he [Zgbc a
hljZgbqg_kbsyghklb fh ghkgblZIvbgbggdlhihal\helgl kdhevdh
mijhklblwdez?2dkzfZ _ h[jZlgzZk\yay_ "he g4jb\h”blw
baf g _ gdXklhbkuij p_kkbb]mjuhke ~gbZj [h\Zgbwl dzZxl
bal\hafh ghk[eZklbbf_ g gbyYZggup ameviZteYymijZ\e gby
\b[jZpbhggudfeb\hegh\ufb_j~hl_evgubghkdhizfbkghqglh
kb]Jg2&«[h]hb[hjZ2he _[alvklZ[bevgbfg "he g@gbijhizZz™Zlv
gb klZzgh\blvkebrdhf[hevrbf WIbf "bdIim_llkgy h[oh”"bfhklv
ihA™ " ZghklhygghfécebIlmKrjm]hkdhjhgmijZ\e gbjhkdhif
g_"he ghghkblivn]j _rghkhb_JhihdzZaZghlgdmbzke ~"mihjzZy
]imiiZj_[h\Zghbjc "ty\ley fdmijZ\e_ gbx

LZdbH[jZzahfthagbdkel "mxaZyZqZ
GZclib[jZlgnkXyav

A <A/
I ) A/

1Zd qlh[u h[_ki_qblZkbfilhlbg_kdmkihcgb\hkéh]hh[jZaby

M~SY! Ja SV . Apgbq@ByjZijhkljZgklXfiebImAljb wihf

h[jZIlgkyyay "he gZ\Ziyh _dplg&@zZijZ\e by g_ glyklhbu
ij_p_kkbb
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]* ~-kdZeyjgjlhba\_~ \glfukeijhkljZgkRZ.

Bkihevah\Zgh f gguA/ iha\heyihlkljhbldmk[jZIgmX
k\yavijbg_f klZ[bebazZpbfxebIlm”~b nhjfu fh gh ijh\h*blv
g_aZ\bklgfihke ~nmddébadhffmlZpbhdgkddghr _ ,glZab balh]h
glhklZ[bebaZpthgblmhdghkbllkKyevddhijhkljZgkl\mh]~&Zd
klZ[bebazZmpljfu— lhevdtd ijhkljZzgklynwa/ GZb[heijhklh
klZ[bebabjifiklylm22wIh\Wh blloyngdpby

1 i
s SIAT Lo AT A
0Zjzdl _jbamhisiZyhg _GhiebIlmhl _~"bgbggha[bjZz IRyjzZIigZy
k\lyav

eS er@A AS
a =/ 0 /

AN bwZe "eydjZlidhiHibmkdZ glikkle h\frgcth " bl _evi_j_ 4jZ\ufb
gZklyfinjZ\g db¢Zlghkk\yatbZddZd JhgZebqgtp f gy jl. r _gb _

IjbgpbibZevguf h[jZahf Hqg \b#?gh glh mkeh\b
S 0jz\ghkbehdginglhA S"* E Jdhb” _Iwglhwlz[jZIgZhyav
bf | ijh_dpbxlhevdhgZ gZijZ\e _gbbaf g gbXfiebIm”~u

>bnn_j _gpbjh\iZgbdpbbkbemdzZazdgdhLlighkdyalbg dhlhju _
ij_h[jZah\Zglbwh*ydmjZ\g_gbx

S 2S 1S,
hildmk&_ ~"mqllhS O - mklhcgbitheh™ gjZ\gh\_kihlpg_ kI _i_gv
mklhcqgb\hiklb Wwdkihg_gpbZe¥gadl glhhagZgimkilhcgb\hklv
s'teAijbihklhygfhckl\mxsbhafms_gbyo
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>eyj_r_gbwz~ZgbklZ[bebazZpbpfu ijhkljZzgkl\h [m~"_I
jZkkfZ1jb\ZIGEWR" b \k_ijh\h~bfu”_ckl\bke ~mihlgbfzIv
kfukewlhl]ihhkljZzgkl\z

Imklv/ /° es - izZjzf_ljbg_kdhjz\g_gbjyfhcl , ]~_
° g _dhlhjBgd& “ZsgyijyfheZ —gZijz\eyxs\lodlhijyfhg
jZ\guc

1
ik

Lh]~r2\_dlhj(, ijh\_~ gguxaijhba\hevghadb/ \ lhgdm
ijbgzZ~re_"ZbmMZdlhl Al, bf_ _\b~

|t ,...,nﬁHT .
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B kelbi jvu[jZIw[jZIgnkxyav
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lhe Jdilhemqgbjv[m _ fycamevbZickl\bl _evdbgByjZlgkyyav
g "Z ijh_dplgZzgZzZijz\e _day g gdklhluij p_ kkKb*jm]hc
klhjhgujhbalhevdudlhj fh ghij_~klZ\bUxb™ / /4 [/, ]"_
\_dlhj bf_ _gZgzZehhexkkbkl fdhhjr*bgzdhg Zijyfhd, Z
\_dlhfyhjlh]lhgZéeydhd¢. Hg \b2ghbh[jZlgkyyagw f gy A, gh
ijb\h~bdbaf_g_ghxX khhl\_Iklkmihjfmehc
/.t /,0ef,

glh \' kh\hdmighklh[jZlgh&\yavx*ey ZfiebImh[_ki_qb\Z _|
wdkihg _gpbZekdgmogb\ighihh[jzabyS"* Zke ~h\zZl_évgh
_]mklhcqgb\hjblvmkihyghckl\mxshafms_gbyo

Qlh[uh[_ki_qgblwlhmijz\e_ghkb_kbkl_fgm ghijbeh blv
"bkkbizZlb\lgnekn jbq_kdnilZbihabpbhglgwelbi_j[hebqg_kdh]h
IbiZlh_klv

. ] T 1 h;l n h?nT
Xo  S|AL.A0,...0 , X, o,...,Pﬁ‘? s % =

KbimzZpbybkkbiZlb\gkbe ZfpkgdZddzZzdly _klvijZ\ZyZklv
mijZ\e ,glbhwlhfmklZehKatykghkbMmZplbixabpbhggklileZfh

bf_ggghm‘gih}dZa,ZqujZ\g_gllbg_hkbl_ehiygh

T

1 n

°/ ed 0~ ﬂJh‘—

m’

\k_]NZ&_ jl.r_gbWlke ~nmbal\mozdlh\

1 X, ® i%(H e, Loy Lyw o v
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2kepzkkfhlj Ik _\hafh gdbeubizX,, Ihg_IjmAgh® Iglhwlb

\_dlhjaZihegykjlhlhgZevgthiheg dgpyfhc b 1Zdbh[jZahf

ij_"klZ\eykH[h&h\hdmighklvd _dlhjhbawlh]ijlhl]hgZevgh]h

"hiheg .gby

2. 1° 1 ee”l I° y\ey lklyjfzewdijyfhd.
>eyaZibkh[jZlgh&\yaB bkoh”guoj_ f ggu@dqgq gm gh

\hkihevah\alhjkyneZzddf_gu

q; Acosmt /,q, Asinmt /

badhlhjukce ~mglh

f;  mt arctg..f; 8

.2
i i 2 i
A \/qj —
& 1

(agZd, mqgblu\z_BKkAkqg_I\_~_ghy, agZq_gdlylhjudh gh
hljZgbgbBlmfgbkeZ$® bl). Ih*klZghwlbbujZz  gbBdkoh”~gu_
mjZ\g _ ghenn, ]’\_\f_klh\hafms_g@# ith~ klZ\ey rkiyZ\e ,gb __
ijb\h~bd\ _kvfhfhardmfjZz\g_gBwuibku\zZthhlhjug Ihkh[h]h
kfukeWb”rmh]hqlhboy\gudb”®Ze gb]*g bkihevamKIlkjyn]hc
klhjhgb[_dh]hb”_gms_kI\_gguthklzZ\bfjZgghihjzZ\e ,gby
k\yazZgdkgc ba[_ "gilhfy\e _ghnigdptdblhjuhij ~ e qgqgdk f
ijhf_"mldj_f _gb

8 q
arctg.—— .
dnq; 1

Wlhhkeh gy _lhijZzdlbg_kdmXebaZpbxfg f g, ~Zggh_
mijZ\e_gih_"klZ\eyhilj _~ e _gdood |, kh[mkeh\e_dgficglh

ex[h_~jm]h_mijZ\e _gbwd\b\Ze gldEgghfm hdj kighklb
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klZz[bebabjmfdh]lhh[jZaby [m” _H[_ki_gb\Wwdkihg_gpbZevgn
mklhcgb\hghyhh[jZaWyl\b\Ze glghkbvz Nkkyfukeebg cgh]h
ijb[eb” _gbyb K lhgghklvx *h gbkeh\uofgh bl _e_c¢

Xp Xy & A, K,;, 00 P!0 WliltbebehdZewgh\b\Ze glgh_
_fmmijZ\e_gp]h~gh\ kemgdjh * _gmp]mjunb]lmjimgvr_c
jZaf_jghkgbhijhbkoh”igb h[jZs_glgb dhlhj&Zdieblm~ghév
ihkdhewvdgrhh~”* _j"b\AjI[m_fwmwZah\kuhhlghr_ dbhjyp«\uohs$ _
ZfiebIlmbagme \khtkklhydghbhnI\ _|IkiI\mxsAY a[Zn ™ «g & _kb.

7.LjZ _dlhjlkibk!l_fuh™ _ckl\bnifjZ\e_ghyb hlikhkI\bb
\hafms _gbc
Bamqg QB _dlihjmé¢h[glZgzZkvihkl _cr_klemag4dyahgZigkZ
H[jZIg&yyabf b~
A AS
/P 1 ee”l [
b "eykhdjZs oglybke dbckgb Zg[sghRIbh ghkgblZlglh
/° 0.Lh]"ahjhmjz\g_gbyaihbf Nb~
/| ee”/
b[mA"Dbif Iy _r_gb_

t /.0 ,o08

2 2

jﬂ/i o, 0

1l ., .
d / 01/4

1~ ].0/,0] -Nn_dihgzqzeveuehite dift 4" hjlhlhgze_g

ijyfhel, Z[1d - __gzijz\eyxsbcdlhjlhwlhfrhjz _dlhjb/i
ij_~klz\eyohli[higyfu, hjlhlhgZevigwfht¢:
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HgbazZ”Zkxl f_ckl&mqg ighoh”?yslgoj @ZqZdhhj~b,gdllhe ]dh
aZf lbbeg ihkj ~"klI\keghmxsbdhbanjZ\g gby
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]" K—ijhba\hevigizhyihyggZyamjzZ\g &by S2S 1, j r gb _f
dhlhjhyhey Iky
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ke_~m_dlh o0zjzdl_Kklj_fe_gbljz_dlhjbd hdjm ghk® -
wdkihg_gpbZBkghuevamyfmem
1 2
s = 1
1A
fh ghhemqgmlZ\bkbfHRKY:

|a0]
Jaoff 1 |aofe’
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hidmMZqblu\Wy~ljZ dlihjlec Jdifbclbd\u\h~Aimihf qlhj _r_gb
A bf_ b~

A0
|A0]

At

At _AD
JAof 1 jaofe!

lh_klv

Ih~ klZghwlldbp r _gbcl\ujz  _gbtewy() ijb\h*bdke_"mxs_fm
j_amevlZIm

Q t 2A10 - cosi%/lo L0 = L0 LO0e'
Jaof 1 Jao|te:
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a
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g, t costf - 40 LO - /40 /LOe
© Ao 1 jaofer S 200tz
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WIH r_gbreyhe keZ[HdjZlghkdyabh] ZijZ\hgZklblihbl
fgh bl _evol, qlhijb\h~bdi aZf_ ¢ ihke ~gmhjfmeZogZe ",
bf_ _iljbf_jghzdhd?
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G Ijm™MNghbkzZzBgZeh]bqgu gbb/eyn[s ]JkemqZy
J t A 0
" Jlaof 1 Aol e

cosmt [ /0 K /0e'?

1~ [; /10 b K/0 g dhihjumgdppbgZevgukeh\b@, 1Zdb _

qlhjb/{ OihemqgzZ\ukip ~ gogihjfadhe [Zgbc

8. H\hafh ghkib[hjZ*jm]hke[jZIghlk\yab
<jZ[hlI[17] "ekemqZwhgZbhkiy "eZ]|ZehlKkAy[jZlgkyyax
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<khhI\_IkIWftZl jbZebheh  gagtrkljZgbps, i j f_gglo m
\ujz Zxlky j_#&/ nhjfmeZfb

X, Acos/, X, A,cos/

A Asin/, v, A, sin /,

Boih~klZgh\dZjZ\g_@¢byjb\h bd mjz\g_ghyfZlghcya® \
i j_ f _gguo/:

A A K LA A
AL SA A LA AAS L

‘}%v Al (i)

WIA[jZlgXxkyyavhh[s]1h\hjy'Z ijh _dplgZgZijZ\e _dmy g _gby
qZklhbij_p_kkbb

A %Azzsinz Lo,

/, %Afsinz Lo,

%/%p:; AN A AZsin® L 1, %/”fe; A A sin2 /I,
dhlhjuh[jZsZxlkygheygZfgh]hh[jZakhblZddZd wlhfkemqgZ_
L L, $, nez. lhyle _ghlebgghbgmeiyh dpthdtykgy lk¥
qlhg fghlhh[jZ&Kd¥ljbpiZ j _ohhPehdZevdBERbkighkljZgkl\_
(omd[ZabRmjhkljzgklI\:;,/ g_ hjlhlhgZevgdlzke ~mbd\b"Z
fZljbpFjzZfdlbpZabkh\
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LZzdbh[jZahfb”™ljzZz _dlihjlkdkl_fuh~~_ckl\b hfjzZIlghk\y a(d)
hlebq gl 1jZ_dlhjbAx AS, [/ / ee”/, ohly\ h[hbkemqgZyo
h]_ki_qgb\zwdkyhg gpbzZrekMpZyb\hkhyhh[jZaby
M~s"t M~ S

?kebbkke_ _"m_yué _gb[Mm”_é€brvij_p_kkmhjfu Z*jm]b_
w\lhexphlgb ij ~klzZ\eykigl j,klh \hafh glg_dhlhjmijhs_ gb _
azZ™NZdh ghklz[bebabjmAkxijyfm} ZdZdmxgb[mtkqgdgZ
wlhigyfhcgzZijbf 4§ O,...,OL(wlhfmhhI\_IkINn—_fI_ngi;ehkdthv
nMFOijhkljZgk(bd). Dhg_gghf_ g glZklhlwlhkemagdZgh\blky
g _\hafh gugh dZdn"_hlf_qZehiyb I1ZdhchklZgh\dZ*"Z g Z
wlhexpbyij_ ~klzZ\eygl j.KZ*"jm]hklhjhgaz*ZKklZ[bebaZpbb
lhgdbhhjZzarhihs _ azZ”~"ZdddZ[bebaZplbhc ihkdhevdmz”~Z |
g_h[oh~bflakZmvhIblvKhf qlh[th[jZlgkyyay "Z\Zeéjh dplgZ
gZijZ\e_ghbf g gklhbihy\ey [kyvrijhba\he[hjlZdhc
k\yab

LZdbh[jZzahbkihevah\dgjp f gguo/ iha\heyihlkkljhblv
hijZlgmkXx\yavh[_ki_gb\Zxsmklhcgb\hkdgW]hh[jZaBy ijb
ihklhygdhckl\mxsWoafms_gbhyogZdmlhmijzZ\e_ghdZaulZ _lky
ljm~rgh Zebam_dgudfjZdlbd\ kbemZebqgklgg]meyjg.hkl fag
f g, hghij_7~klZ\eyhij_" e ggwugl j,_KZddZdex[h_~jm]h_
mijZ\e ,gbwd\b\Ze gtrglgghfimZehddj_klighklEZ[bebabjm_fh]r
fghlhh[jZz&byjb\h*bdIhfm _wnn_dlimwlhfheZ\gu\thijhkh¥
azZ"ZylZ[bebazZmphjludhe [ZgdZgh\bINyijhkh ihbkd*jm]bo
h[jZlgu&\ya,_ebr_gguloohkh[_gghkthdhjuij iylkl\mxdo
ghjfZevghi¢Zdlbg_kdhcZebam .fhkhdb bfhfmp_e khh[jZa _g
ke ~“mxsih¢toh”™=_hf_Ijbqg_kdhcklI\ZZ dlhjbm "h[dghamqgZXlv
i _j_f _gogudfieblm2aAhZazZihkdhevldmf Ijbqg_kdbh _dlibf xl

ijhkl_crBbd~f _gghwlbio j f ggu@lZkZ akyZklZ[bebazZpbb
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nhjfulh_ jZkkfhlj_gom ghh\h*"bliv?_dZjlh\dlohj*bgZ4bdp
|ZddZdhkh[_gghkb\A_~ ggh\ur_ mijZ\e _ghbwaZdBAevdhkh
k\hckl\Zibbeyjgudbhhj*bgBf ggdZebqlujh » gbwih&bkl fu
dhhj*bdZlezZ_ lg_m~h[ghdbamq_gbBbZkllZz[bebazZpbb
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=e/Z\Z

Hdim]h\uwhe [Zgbkbkl fkl] odjZlgufahgZgkhf

1.lhklZgh\@aZ"~Zqgb
Bkke "mkbxkxy b4 \b~"
q 9 RQaqqt
I q - Ij_of _jguk dlhjzijz\ZyZklv fZeh\hafms _,gbZqlh
mdZau\fZelucZjzZf 1j.J _r_gbhjh *"Zxs kbkl _fuhemqZxs _ cky
babkoh” ghlw/ O, bf_\bA~

X Xy
gt |[X|lcost |X||sint
X3 X5

Hghhibku\Zhtgmake "mxslhd _dlhjocb]mj) dhgnb]JmjZpbhggh
ijhkljZgklkbkl _fuweebikijm]bebhlj _ahdyfhc >Ze_[m~"_|
jZkkfZljb\ZIWweymqZcjm]h\udhe [Zghbgdh h[mkeh\e bgth ¢
bkihevah\zZiglow gbq_kidihicl _fuh”~h[ghkhc glhbah[jZ _gZ
jbkmgd _

@
e

Aeyhij_~_e_dbyhjhlhA\b ms_]hkt_dlIgZdhlhjumkliZgh\e_gZ
ihAh[gEpkl ,fiZ*\miehkdhklybiehkdhkilve [Zghbr\kI\bl_evghc
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fZkkulj fblkyhojzZghlb glzZpbxg jpbZevphkljZgkl¥Zgguc
ijb[hjhg_\b?§ghe [alv _kidk\yaXxdhjimkhhf*\b ghhlt_dlZz
<j_Zevgdbckl ff klhjm bg¢he gmklzZgzZ\eb\@lyrkylwe f glu
ihal\heyxstzZdkgbfZlbwgnhjfZpbk ijb[hj,Z1Zdb i_j_"Z\Zlv
mijZ\eyxs\ha” cklWZdbfwe f glZhibhmlulygZijbf, mijm]b _
kKl _j-gbjyfhm]lhevgk]h_ghyZdhlhjumklZgh\el gpah”Zlgbdb
thal\heyxsdgblu\ZdgnhjfZplmijZ\eyxswe f_ g(kf [18]), beb
we dljhfZ]gbhyugckuihegyxsbc nmgdpbb

Dim]h\ZghjfZ dhe_[ZgBa[bjZ_lkypykoh”~ya khh[jZ _gbc
fZdkbfzZevgjphklhluqglh h*gZdhb\h”bld ihl_j dhgljheyz”
ih\hjhlihH[t_dNehkdhklitbe [Zlkpbeeyl8].Z

GzZjy™wlIbfAhafh guiffbeh”  _gb[Mm "mEKkkfZIjb\ZlavkYyZbp
wlhexpibbjfudhe [Zght ckl\b\Hafms _ ,gbeZkkbnb dZifiblo
\hafms gblcijbagZdmaulZ fuw\hexplcazZr"Z&iIZ[bebaZpbb
dim]h\hchjfu WlibazZz~Zqglb h*gh&lhjhgug jZaju\ldhyaZgk
\ur_mdZaZgighhéh  _gb 2k "jm]hecj_"klZ\eykEZfhklhyl _evguc
bgl_j_kh[mkeh\e_gdhafh ghklvkhihklZ\bly_amevlZlk
ZgZeh]lbgguBlmev!Zlnfbihemq g@eyijyfhebg cglhe [Zgbc
[17].

2. Fgh]lhh[jzabhh!\ _IklI\mxdjm]h\ulffZ_dlhjb.yf
DZ ~hahjf_1jZ_dlhjbbjh ~Zxs kbkl_f@h ghihklZ\blv
khhi\_IkI\lhij ~ e _gdhh]lhh[jzab ijhkljZgkl\ijhba\hevguo
ihklhygga®lh[ihkljhbIlZdhfgh]lhh[jZakyljm]h\UjZ dlhjbc
fh gh\hkihevah\Zllvkylh~"eywlbdjZ dlhjtbclhevdheygbo
kijz\_~elhxh_gklut| const hidmR&_~mglh

2 . .
lat]” X %7 xicost 2xX, XX XX, sintcost X Xx¢ X¢ sin’t

cong a’
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| Z- ZfieblmdiZe [ZgwEhzZz\ gkl\b\ghkbekgh"mxs_ fm

2 2 2

XX Xo X2 2XX, XX XX sintcost X X2 x; sin’t a’

badhlhjhlmgblu\Zghhighr_glag|” x X x5 Jat| a*
dhg_qdHh]bf__f
SX XX XX XX 0, Sx X X xX X xX x 0

>\Z ihke _~ghojZ\g_gh¥~Zxh luj of jghghlhh[jZaM \
ijhkljZgkibkhhI\_1klI\mxgm]h\ahe [Zgbyf

3. Mg _\hafms_gbc

<hafms_gbly\h*yd h*ghfimaqg_luj_bbih\w\hexpmd]m;ju
baf_g_ogdZklhldhe [Zglhaf g ddoZfiebIm?y_p_kkbg]m,ju
dhlhjZzig™ _lljzdlh\zZldizythohbjhkdhbjZajmr_gbnhjfulh”
\ha” cklI\hh&fms_ _gbebgbguklZgh\ylfky*e gdhgyxsbfbky
nmgdpbwjbf gb>eylh]hglhJugZcllbobaf_ g _glh\j f g f
bkihevam alkfy g@Zah\uio j_f ggudq ox \ khhilI\_ITkl\lkb
nhijfmeZfb

q

E cost,EsintHx, q | Esint,Ecost|x

(31)

<j amevlZzdhazf gkbkl fizj ibku\zZ \IkyZg~Zjlgthgf, d
dhihjhigbf gy lkylh*hkj ~g.gdy amevI&lbaj h[jZah\Zgbc
ihemqz klkkyl _fZ

1?2 EsintQ1
X Mx, XXx —

dt .
25 T Ecog | (*)

0

3
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4. EhdZevgluZabk

DZ ~“hbaq_luj w\hexpmbd]mfjh ghihklZ\bl\khhI\_Ikl\b _
khihdmigggkliyZ\e ,gdEdboplhhhafms_ di), bf xs _ijh_dpbxz
hr"ghba |IZdbogZijZ\e ,gbhwaul\Z_khhl\_IklI\mxsmXhexpbx
KhihdmighXthb@ZijZz\e dthdjZanmehdZevdrzabkdZ ~hihhqd _
ijhkljZgkiddhlhjuchklhbtke “mxsmagdh\

J gZijZ\e_gbgjmr_gbhyn]h\hbjfuWlbyzijz\e_dlhyZzah\Zgu
fgh _kl\lfhjfZed€tgh]hh[jZ &bx

e x % % % % x[,e [x % x x x x|

D gZijz\e gby kkbkhylkybihfhsbhjlh]hgZe @b pu
\ujZ' _gglgZijbf, g j m]leDjueh\Z§{ .:
|Acost, Asint|x |Ecost,Esintly Yy yx QEJY

b4
e, % x 0 x % oe D g0 x % 0 x|
& o % % 0 x xf

(ijhba\h*gugbkeyxikylL £ . 0)

) gZijzZ\e_bhf g _gklhhtghf jgkljhblihZd
[Ecost WEsint Wk |Ecost Esint|ly Yy yx, WY
& o oo % x[

D gZijz\e _bhf g _ghyebimrzd h~rghf _jgh
1 AEcost,Esint|x |Ecost,Esintly Yy yx PY
e % % % x x|

E ]db~ JlgqlhgZijZ\e §by) g aZ\bkiylnhjfudhe [ZgbZljbpZ
=jZfZhkljh _gdghdhdmighkli®hz\e @bc b~
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¥ o010 00 S 25
0 {70002 s
I, o
* Gy 12k, r0f, o A
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| A

"ZggZglibpiZalblgZ[ehdkhhI\_TklI\mxisg_fgh  _gbxdlhjh\
[ZabkaajZaebququ,h(Go) - [ehd ihjh"*"Z fugZijZ\e_gbyfb
38

ij_p_kkbb

DeiG, K x|’ Kx K2 K2 K2

Ky XX, X X5, Ky XX XX, Ky X X5 XgXg
DZdihdZazygll7], mkeh\l9=0 jZ\ghkbevghmglh\ kbkl_ f_
\ha[m " igwufhebg cghe [Zdbwlhfkemqgdm]h\dbe [Zgbc
wlhlfehdy_\ujh 2~ _@jhf Ih]lhgZijZ\e _dBgjmr_glbjyh]l]hgZevgu
hklZevggZijZz\e gbpd xeN. HIf Ibfb IhlnZdlglh\_dlhk
dhfihg_gldkbx K, x K, x| ij_~klZ\ekhi[ht_dlhghjfZet
iehkdhlditbe [ZdbbhkljZgk4\AgZqgbh Jthaf g _ dgfthaxghkm~blv
h ih\hjhlZwlhciehkdhkhdghkbl_ebgh jpbzZevgphikljZgkl\Z
NzZdlbqg_kwdlthI\_dlhjb]jZ_fhevhkb®*\mokl_i _gdb]hkdhiB&
dhgdj Ilghdop_"mj] ]Jhbaf_j gdm” _KZibkZgha'._IhdzZ _
i_j_gbkebf

k\hcklfZahkZz

<hlebghblijyfhebg cgle [Zdbogd@Zajmr_dhy p_kkdb
\ujh *ZxllgyfN h [he |h]lhimghjdajmr_gbey IkyglBkx"mg_
\ujh " _gggdjhf Ihgdb0). Wihg _ihkj_~kI\ \@pghgMbakljmdIimju
khhi\_IklI\mxpge hOfZIjbpu
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GZgh]lhh[jzEhhlh]l]hgZemMgijhkljZgkl\z
. tle 0.8,
G & AG Y «m
& Ae, ¢
ce]l_[jZhi_jzZlhjhYhjh rZ fZyzijzZ\e_gbyfb k_fbf_jgh
g_dhffmlzlb\gRly hi_jZlhjuljmii khhI\_Ikl\mxsjZfaebqgguf
wl\adxpbyfdhffmlibjmxBkdexqg_dawlh]hZ\beZhi_jZIhjymii
jZajmr_dibvaf g gbiklhlu
N - bg\zZjbzglégph]lhh[jZzdpmiiij_p_kkhbobaf_g_gdbZklhllo
ZfiebIm~™u
Wlhexpbhglgdecbhdk |hehghfhgdheWwdlimxqZ\ k [ _dlhjgu __
ithey bf »b ihl _gpbzZeZz

5. DeZkkbdZpblyafms _gbc
ljh\h”~blkyh ijbagZdmaul\Z fuw\hexpb'‘®eykbeebg cgub
kdhjhklydhhj*bgZWIlkbeu "~klzZ\eyx\Ikiy®

Q S H Ng D R *q
1S — kbff_ljbq_kdfZyjbpZihl _gpbZevgbabpbhggklbe
kn_jbg_kdbJE H - ZgZeh]bggZjypZbi_j[hebq_dhihN —
dhkhkbff_ljbgfRbjbpabjdmewkmpeD — kbff_Ijbq_kiddybpZ
"bkkbizZlb\gkime kn_jbqg_kdhlhZ R - ZgZeh]bqg§zZhbpz
]bi_j[hebqg_kibhih =— dhkhkbff_Iljbq fKdjbypZbjhkdhibqg_kdbo
kb.e <k _wlbfZljbpuihklhygghh [m m]ZkkfZljb\ZIxkk\h_ c
dZghgbqg rkWdjicdh _y\ey Iky

S diag|s |, H diagh" h .tH 0,D  didgl d|",
R diagly " 1, tR 0
Zheyihkhkbff IjbgfXbibd b=
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0
n

N diad 0]
("efZljbpw \f_klh [m”™ Klhylv). <aZibkleW gmegyZ*bZ]l]hgZeb
fh™ _lazgbfadlvim]H_klpreyr-2ZgZeh]lbgbheklZdbfiZljbpZfb
th klZ\eyxVkynjfmet) "evhkj _"g ,dbyamevigl]hhemqgZxlky
\ujzZ" _gbX¥s X, X, X,..*R® reyijZ\uoqZkl kkj_~g_g&b&l fu

n
OH n ijhba\hévgbkeh

ljh_dibjmwib_dlhj(\ kfukeR®) gZgZijZ\e lhydZevg[Z]dbkZ
fh ghihemqgbdBebpmbyglkpegZw\hexptdpm]h\ude [ZgWEZ
|Z[ebpjdbXx*N \u]Jey”bzd

S H N D R =
€ 2 +
oo | + + +
. + + +
5 + + +

GZebqgiQh_dphdf_q_@h_kexkhfBaijb\_"_ ggllZzdebpWw”™gh
glhgzijbf, *bkkbizZlb\gbelkn jbqg_kdbjEijb\h”*ylhevdd
baf_g_gbkieblm”~daZgeh]bg kbedbi_j[hebq_klbhkhs bd
ij_p_kkbb

Mf_klghkjZ\gblwlimlZ[ebpkh ZgZeh]bgbhlebp ceykemqZy
ijyfhebg cghe [Zdblk\ ~ gdifild]. >eyjyfhebg cghe [Zgbc
bf Ikyjb gZijZ\e_gbVy,. 2 jZajmr_ghbkjfu dhlhju h*gZdh
klZgh\ylleyg cgdz\bkbfufdpZ fgh]Jhh[jZza@bijhkljZgkl\Q,
khhi\_TklI\mxsyfhebg cgalie [Zgbgbkedbg cghaZibfuo
gZijZ\e_gQwdhkemddB_ jZ\gh\mfZkhhI\_IkI\mXZZegbppZ |
\b~"
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. + +

KhihklzZz\é¥YgguZ[ebpe ]Jdhzf IbopMhebygh”gbml o kbe
g4Zaebqdhbiudhe_ [ZhbebqgZ, Ky T kemgdjm]bbdhe [Zgbc
|1Z " kbeZuau\lZ [lhevr _bebjzZ\ghgbkehexpbdGZijbf, j
]bjhkdhibg_ ktlewuaul\Zxlhevdély vij p klkbxijyfhebg cguo
dhe [ZdhtrdZtleyWjm]h\dbe [Zdbh§Z\ey Hay g _gZklhlu

6. AZ"ZRZ[bebaZplbjdu
AZNZqdZk\h*blkd/ihbkdm[jZlghk\yabdhlhjzZly[_ki_qgqb\zZ I
wdkihg _gpbzZmkghexgb\hgihyhh[jZdtbyy ijb\h~bdij p_kkbb
baf g gbXklhthe [Zgbc
JZkkfhljbfjZlaxnk\yav

X S¢ Se S§

S XX XX XX

B X X X X X X
1,2

e

o o1

o

| o

dhlihjzf k\h_p_evg |lhevdhZ[bebaZmpbhpudhe [Zgdlh
klZ[bebaZbbx*"bgbqgghfcebIm~*DZdb/ glhakljmdImidljbpu
=jZfzwlzh[jZlgZWyag_"~Z ijh_dpbgzgzijz\e _dbyp_kklibb
baf g gf¥klhlu kelx*N, hldm”™e ~mglhhgZg \uau\zZ |
kKhhi\_TklI\mxsbhoexpbc

<ugbkebhba\h”"gungdpbcd S \kbemjz\g_dijZlgtkayab
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-S S 1 25 2SS

®S, S 1 25 SS
s s1 25 28

Ebg_ZjbaZplthykbkl fbf_ lj r gbS S0e', S S0e', glh
"hdZauwWdkihg _gpbZelvgmmklhcgb\fighdhh[jZE B,

7.:elhjblfihemq_gynhjfZphb]bjhkdhiz
DzZdm"_hlf_qZehkiwevhkbdbg Ibq_kdhihglZh[ugg]h

JbjhkdhVZZkkfZIjb\Z Kefnqlf _bhjfZediehkdhkitdhlhjhc

e "bldjm]h\ZyZ dlhjbylh[uhij ~ ebhyb glZpwxhdehkdhklb

AhklZIhggBcelb_dihjud [x % x| b X [x % x|, Ih]rz

\_dlhjn x'ux*[m~_I\_dlhjhfghjfZebd iehkdhklk gme \hf
ijb[eb” _glhlhjhijz\ru\zZ \kgfh ghdezZklvpbf g gbddh]h
]bjhkdhidzdZzlgbdAukhdhi©rgghklith ghkgblZIlglhaz\j_fy
ihjyAdZ_jbh~r"dAhe _[Zgbkpbeeylhjdlhjw g_f gyxlkyh?
A ckl\b\hafms _.gbklhij ~iheh _glb[mkeh\el ghglhgzZklhlZz
dhe_ [Zdpctihez]z_ipgphjaof__ Y ebqgbigmy ra#® 100 =plZd
glhaZXj_fyn~*ghthe [Zgmgph” ith*"hbghkkdhgZagZqgbl_e_g
>ey \ugbke _ghky m~h[g _\k_]h\hkihevah\ZIvlkyg lguf
] g _jzZlhjh{18], ijb ihfhsb dhlhjh]hfh gh \ugbkeblv

O lb -§_‘9 2 . .
q X q@i X, lhke _~gbhjfmebhq _\b"ghfjZahke "mkh

i r_gbiyhih ~Zxs kbkf udhlhjhijb\_~_ qtzkljZgbp0. Djhf_
Ih]hijb\_~ ggZelhjbMhimkdzZmlhqg gl f\\_~ gbhijz\do
qZklhhlkqg _IghHld_jZlhjizhihjpbhgZekglZeyjghijfmbal A gbx
6°3, dhlhjh kemqlz® Zevghlhlkbkl fih A kI\_gghglymex
qlRbrghada _j\h]mjZ\g ,@A Zxsfgm]hh[jzeb _
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=e/Z\¥

Bkke "“h\ZybZlghkc\yabh\lhjhfijb[eb" agbb

1. <\_~ gb_

< jZ[hl]17] jZkkfZljb\kkeaZZ"Z kZ[bebaZigpbhebg cguo
dhe [Zgbgb ihklhyggh ckl\mxsbddwafms gbyokbkl ,f
hibku\Z_ fhjzZ\g _gbyfb

g g Magaqt (1)

]" g - "\mf_jgucdlhkdhfihg_glzfbla af, Zijz\zwzklv
yley |IRphafms _gbgfhnhjfZebah\ggebgbfdeh]hzjZf 1jZ
H 1. >eyZgZebBeBygh¥aebgghafms dgbihkljh_glbljZlghc
k\yalklZ[bebabjmxpgyfbebg cglhe [ZgWbM7] bkihevah\Zeky
f_ Ihhkj_"g_bby\hfijb[eb _gbhAddZaevlih]lihb[eb _glhweb
themqg_gmjzZ\g_ghyjZlgh&\yabh[ ki_gb\Zxsm&klhcgb\hklv
ijyfhebg_cgh¢fudhe [Zgjhdhklhygfhhckl\mxshafms_gbyo
b m~h\e I\hjyxlg_fEh\ZgbwiibkZggufij_ *u"msBomagZklyo
NZgghZ[hlu

HArgzdihb jZzkkfhlj_gdB~Zqgbi_j\hfijb[eb _gbWafh gz
ithl_jyl_o\_ebqgbgijZ\hcgZklinjZ\g ,gdblhjuazZz®*hklZlhggh
[hevrh\] fyfhlmijb\h~blddzZzq_klI\_glgaf g ghyh\_~ gbb
kbkl_fu

< k\yabwlbij "~klZ\epgll jKkkfhlj mmyzZ\g gbhegmqg_gghc
h[jZlgkdyalh\lhjhfijb[eb _glgbhhb”®_ezZ ghy._

2.G_h[oh”bfkh_~_gbyhjhfijb[eb  _gbb
JZkkfhljekbkl fronn_|j gpbZevi@lg gbc

X A xt, x \" .
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ijZ\ZyZkldhlhjhich® _j"HdEZeudZjzZf 1p2& i_jbhbqggiht b
m~h\e I\hjykéh\blyfhj f&G ;h]Jhex[h[2B, bebkf klj 28-34
gZklhys jZ[hlu Djhf_Ih]lh “himklbfglh \k_ ijhba\h”*gu _
\ugbkey fe kms_ kl\mxl

Lh]rgkhhl\_TklIWdbhj fh@G ;h]lJhex[h)Zr _gbhkj ~g_gghc
kbkl_fazg!l _j\zg_f _gbd dy,

25

u A, u, J*"_X,u 1 3X ut dt
2S5

0
[m IhlebqZltky r_gblykoYgh&bkl fg2 ebgbgm _gb\Z imx

nhjfme _

||xt ut|| B/ d

1~ ¥ 1/:>92,Z<—dhgkIZgaIZ\bkyﬁZiYZ\thkabkoh"gdtxkl_.fu
Ykglmglhh]j _rghkilvyley AMNyamevh[jZku\Zgbgbgbgu
X tx HEX tx X x§ H

2leb[u hl[jZku\Z _fhez]Zz _bH_ehb”rAX, Ihbih]j_rghkbf ez
ihjy"hBlZ. WIBp gHidZ\ ~elg@hf  bgl j\z§_f gb td ¥.d
Lzdbh[jZahflh[uih\ukblvhjy~hdhqgghkkhhI\_Ikl\@m gh
ijb\ klbkke ~m kftnkk fb A m

X X, X HX tx H

" X t,x-nmgdpbygmey ifEnkj_"g_gtb\y_f_gb

1 28
— X t,xdt O
25

0

>eyijb\_~ gblkbkl fud IZdhfmb”"mbkihevam [kkyadZd
lh™~ kI\ _ggBd€ gZj f ggxoy

Xy Bty H
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ih"klZ\eyyaZf §imkolg” tbxkl fithemqbf

—SW—Sy-§ %,yHS X't,yHS?—/ H
t we w °1

KIhqghkl@x# ihke Agkkkl fim ghj_ h[jZah\@Iv*m

Wt
y 0 EH® Xty WS Vs Syl o>
Yo wtS o1y y wi w

(?- _"bgbg§ZljppEhhl\_IkI\mx$Z4h)jHIkx "Dbrghgh_keb
ihlj [h\Z\wiheg ¢EY gkl\Z

t
—§Xt,y 0 Sty 3Xtyd C yH

0

Ih> _eZ ficameVli@t Ahklgmbkbkl f2y[mA IZdhc
y X,y HX ty H

Ly
y

ijhp_"mhki_"g_ dbgmqbf

\8
] Xty S W—yxj y. 1jbf_gyyd ihke_ng kdkl_f_

2S5
Yy Xy KXy, Xy hz'lfgsxl Ly dt

0
J r_ghvlh]mjzZ\g_dmy HlebqgZlnkhhgqghphid _ebqbidy~dZz
BA, hp _gHZE” klijz\_~elg\@gl _j\Zeedt dy.

3.lh*"ohdaz"ZklZ[bebazZigpbhebg cgdlbe [Zgbc
>gy "Zevg _crb&ljh _ghgch[oh?gfAihfgbih*ohd&d ZgZebam
jZkkfzZljb\zZ dekikizkl, iff _ ~eh” gd{ld].
Kbkl ,fthemqgz Hdy ijbhl[jZkul\Zdhbhfms_ ¢@=<0) bf_ |
\b~
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bgZau\lZ iltkjh ~Zxs (bebBujh ~ gyhZ j r_gbaZibku\Z \lky
\br

X
X2

X
X4

gt cost sint

Djb\yq®) \ dhgnb]mjZpbhgdghjZgkld,_khhl\_TklI\mxsZyghfm
j_r_gbwwgzZaulZ by nb]lmjhch[s _fkemqd_ "klZ\eyhl[hc
weebikihkh[gutujh *ZIvky hdjm ghkbweb hlj_ahdjyfhc
<ujh ™~ _gbhbkoh”bkeb
@, e 02 (\ujh*~_gbhdjm ghklv
KX XK X - -
K X XX XX O0(ujh 2 _gbhlj_ahd
lhke g mjZ\g _g@z”Z |j of _jgucdhgmk qgq_luj_of jghf
ijhkljzgkly dhlhjulkchhl\_lkI\imyflhebg cglhfe [Zgbyf
>eyWZevg _thZzgZebmjZ\gbdfl) bkihevamadkyZ j f gguo
0,9 0 X, dhlhjzZyz”~"zZ nkyfmeZfb

X
q| [E.gcost Esint|ix,
q Esint E cog||X,
X4
HgZjb\h*"bdke ~“mxsbjZ\g _gbeg¥ "e ggiug f gguo
Esint
X A tx, X X <
Ecost||Q,

Dgbfijbf_gy_Ikyhhkj _"~g_gby\hfijb[eb _ghh_ama&vg ]h
\f _klhZgghkokl _flurZxlkmjZ\g_gby
125‘

X A x, X x — 3X txdt
25, " @)
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lh~ A _ckl\b \hafms_gb® \ ijZ\hcqzklil)) 1jZz_dlhjbb
ihjh s _ckbkl_fgzgbgzohl\_jrZiwAhexpldblhju _eyligyd
IbiZbaf g gbfieblmhe [Zgbaf g gbogZklhluy _p_kkby
(ih\hjhhb]lmjblghkbl_edlghj*bgZlpkog bag, [_abaf_g_gby
nhjfdybjZajmr_aqlhjfu

DZ ~“hbawlbav\hexplahl\ _IklI\imijl * e _ggBijZ\e_db_
ijhkljZzgklo <hafms_(h bf xs ijh_dpbxzdZdlb[ibawlbo
gZijZ\e ,ghgaulZ _Kkhhl\ _Tkl\mxswmbhexpbxujZ _gb¥%ey
\ dlhjh¥gguwXijZ\e dlbcxNb”

e [x % % X (jZajmr_gthify

e [x x % o (ij_p_kkby

e |x % % % (baf_g_gb_ qgklhlu
e |x % % >§1||T (baf_g _gb_ Zfigblm~u

IlhykgbkdZazgghijbf_jZo>himklbdlhkijZz\_~ebdhjz\ _gkl\h
X Xx g "0, 17"%2)-kdZeyjdphba\_~_gyh*. Lh]r¥hafms_gb_
A X ba@2) [m~ _iljb\h”bld jZajmr_ghkjfudhe [ZgBckeb
gZijbf,jX x & "0,lh\hafms_gjjo\h~bdbaf g _ gdXklhlu

Kh\ihdmighkdvhjf x h[jZzamhdZevgZiabkdZ ~hbqd_
ijhkljZzdkl o dhlhja klZgh\blkylhlhgZevguiZfgh]lhh[jbab
K x 0\ 0 (ijbo=0\k \ dlhjpzabkZZgh\ygge \)fib
\ujh " *"Z Igkf¥gh]lhh[jZa&hhI\_TkI\mxd&jnflh\wfhe [Zgbyf

Ex[ZynhjfZdhe [Zgbltjh *"Zxs_ &bkl _fug_mklhcqgbhZz
highr _glhixkdhewm]h*"dBeuf\hafms_ ghbylbh wihfijyfhebggZy
nhjfZ dhe [Zgbjc "klZ\eyijlzdlbg_kdibgl k k\yaZggikc
g_dhlhjulfbogbq_kdpbdbh ™ _gb\I®21,25,27,52,54,55,59,60,62-64].
LZdbf[jZahf\hagbdZad*"Z&XZ[bebaZplhjfu dhe [Zgbjb
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ihklhygdhckl\mxsbhafms_ glygak\h "bldyjZ\hqgZklibbkl fu
(2, dhlhj2we gZ
" H[_ki_qgb\ZZubfilhlbqg_kdmkthcgb\hkdgh]hh[jZaByK
wdkihg gpbZevghih (32 "“bgbg&kay jX ijhkljZzgkld_? _
ithyle _glkkl\yalBgk dhgljhe & iebIlm~dhe_ [ZglhIhjy [ _a
hljZzgbqg_hlsyghkho[bjZ_Ik¥bgbqgghc

Bf _Iyyme \iyh _dplgllgzijz\e_0bYy_g_agklhbij_p_kkbb
(l..g "he g@au\ZivdZaZgg\lh@ xpbc
<[17] [ueZj_"eh  _klgZIgXkyyav

X HKe Se,, K XX XX, S %”)ﬂz 1

dhlhjdweghklyxrZeadzZ*"ZghZ[bebaZppfilhebg cdlie_ [Zdbc
i _j\hfijb[eb  _glpbz\ZyzZk({1), KhhI\_TklI\mxsldy[jZlgtkdyab
bf__\b~

g9 H2gqq W d1f @3

4. Bkke "h\ZyghZlghke\yabh\lhjhfijb[eb™ gbb

<hijhkh \ebygbWwr mdZazZddhZlghk\yalgZkbkl fpue
N 1Zghbkke _"~h\Z4h7] \ i_j\hfijb[eb  _gbH~gZdhal _hjbb
\hafms_glha\_klghhmqg Mukrboijb[eb  _gtdb  _lijb\_ ki
dZq klg _gbaf g gbyh\ ~ gbkbkl fWlhhijZz\"u\ZazZz”"Zgm
bohkljh_gby

>Ze kljhblkWMhjh ijb[eb  gheyijZ\hcqZklI). Ijb\_~ f
hkgh\gu etbqgug_h[oh”~bfeyhkljh_gWgjh]hb[eb  _gby
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S X xsint xcost 2K x X cost X sing sirt
2K x xo00st xsint S x x9nt xcos &sin t
2K X X cost x,sint S x x9nt Xxcos €cos f
2K x xo00st xsint S x x9nt xcos &cos

X t X

[gun

1
K X X% %% S X E”H‘Z 1

Hkj_"gyiZz\mgzZkkbkl_film\j_f_ghbhemqgbf
Kx, Sx
Kx,  S%
KX, Sx
Kx S

X t X

LZdbHf[jZahf
Xtx X tx X X

2S xsint xcost sint X x, cos X, s sin Kx, $¢
2S xsint x cost sint K X cos X, s sin Kx; &,
2S xsint xcost cod X x cos x sih cds Kx SX
2S x,sint x,cod cos K x, cds X, sSin cbs Kx, &

Sx Kx sintcost Sx Kx co$
Sx Kx sintcost Sy Kx co$
Sx Kx sintcost Sx Kx co$
Sx Kx sintcost Sx Kx co$

Stx 3X txdt

—r

—F

NmgdpXyX, \ugbkey fEwnhjfmedfhke "gZJmazZp2, bf_ |
\_kvfZjhfhardble® glhkbevgdZ|ljm~gyg_Ihkj_ "klI\_ dggiceba
mjzZ\g_ghbhaolhdjZ\hcqZklvH*rgzZdihdZau\Z ¢gkgg_dhlhju_

ijh_dpbf gzZ\ _dlhjehdZevg[lZldbkgZ h[jZamxtkyhklZIhggh
dhfiZzdlgudjz _gbyf



76

X, € 76 XX; XX, K X SX

X, e " Kxfx

X, e " 6 xx %% K X
NmgdpR)yij_ "~klzZ\ekh[hihebghf I\_jlkd_i_gdhlhjukef__|
"h\hevghhfhardbbd” b ihk\b bfhfmg_mijhszZ_lkihiuldZz
mijhklbilvebghjbihfhsiMapleg ijb\_edmki )om

ljh_dpb¥;, & m g jZkdeZ* u\ZgZdgyn bl_éNaple), h*gZdh

ijbxeK S khhiI\_IklI\mxXsjZ ' _glhh ghmijhklblitrevamlykv
glhjbxeK S kijZ\_"elker_"mxgB\ gkl\Z
XX % X
X, X, X, X,
Ilh~rklZ\eyyhjfmeyeyjh_dphlbkeh\dbg_ cghzx\bkbfhkllhjh\
fh ghhemq,bdvh
Tosl ot X O WEE R 13t R OF 1 T,
Ghijb x S |#el fgh bl_ev g_fh _I[ulvijhba\hevguf

o |

X &

INAKIZ\PX\_gkRZ &, X, G \mkeh|q 1, ihemqz_f
X € PR % 1 10 g K1

Bawlh]lkhhlghr_glbeg "mglhihke_"gdyzZ*jZlgKkgh[d¥ (4)
h[jZsZ_INkghegZfgh]hh[jZ&bl, hldm&2 ~mqllhh[jZIg&YyyavVv
g \ebygldbaf_g_glZklhbdh\lhjhfijb[eb  _gbb

Lzdbli[jzahmg \Mhjh]hjb[eb  _gbylh”"Ekj_ _~g_glbg\hey |
kdZazZgvhh[jZlgZdyhyavj ~“eh _god4¥y7] h[ez"Zkd "mxsbfb
k\hckI\Zfb

G \ebygldZajmr_gqib]mjukelWiheg _ghlyuh”~gha
mkeh\bc
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;) Dhe_[zZzgbyxldjm]h\mkjfnf\wlihkemogZ, XX 0)

;) Dhe_[Zgbyxlijyfhebg_campjxl. . dh]™x XX 0)

J Kijz\_"rehh_gklxh 1

Djhf Ih]lh ba\ujZ" _gb¥%ey X, & ke _"mgllhwlZ\ _ebgbgZz
hdj_klghkdh]lhh[jZ&by bf__Ylhjhéhjy*hfdZehklihkdhevdm
kh” _j bjlhba\_~ fH\bmbZeukhfgh bl :&Sc

G \vau\Zijl p_kkbk]mijiybxeK (ijyfhebg cghe [Zybyo

G \eby dZbaf g gdfiebImApub djm]h\uoijyfhebg cguo
dhe_[Zgbjyag f kebdijbgzZz~e_Tllehkdj_klghfkgb]lhh[jZz&by
lh X, & [m”_\N_ebqgbgHbjh]hhjyrdZZehklbhihjpbhgZevghc
K?2.

LZzdbh[jZahimklZgh\egghmqg _Vlhjh]hjb[eb  _gHdylh~Z
hkj_~g_@¢by[jZlghkdyaB) g ijb\h~"bddZdbdb[lZq_kI\_gguf
baf_g_ogbMijz\e_gB)_h[_ki_qb\zkbfilhlbq_kmakbhcgb\hklv
fghlhh[jz&bY wdkihg_gpbZebgdxbnn_j gpbjh\WWggdpbc
D9 bSx) \ kbem[jZlghk\yalk X, x A X X ijb\h"ld
j_amevlZIm

K K1 2S5 2SR 6SK Xx XX %Y,

S S1 2S 2K: 6KH X XX, %,
Hidm%&_ "mzKbfilhlbq_kdkhcgb\Hghhh[jZ&byS\ kbem
| hj fuEyimgh\E[ mklhcgb\hkhb ebg_cghfijb[eb  gbx
(\uibkZggkZbykl fg aZfdgmhZgZdk_hp_gdibkihevam ifhb_
"hdzZazl_evkh|_fuEyimgh\WwklZgmlkkyZz\_~eb\uibkdhevdm
nmgd pdxy x2x4h]ngbq\_l\;é[j_klghkklls:\Xlx3 X2x4\ 2).
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—eZ\¥
Hg ebg caglhe [Zgbwo ehitZl [bZevdhqdbZiim bg

<\_"_gb_

JZKkkfZljb\Z dk9ZdqZ dhe_ [ZgHyo_ehdZl_jbZevglhgdb
ih"\ _r _ggbZg_\ _khfhjen bg < hlebqgthlij_ ~r_kl\mxspZ hl
[8,28,37,40,46], \ dhlhjudamqgZebke [ZghygdDb\ \ _jlbdZevghc
lehkdhklibkke "m alZyZdZlj _of jgudhe_ [Zgbyeyiehkdbo
g_ebg _cglhe [Zgble j ahgZgkZklIHl2 jZg [uemklZgh\e_g
hibkZ828,37,40,46]wnn_d&lju\A _jlbdZevghe [ZdgHglghdiZb
ex[hf kdhew]h~rghZehf]hjbahglZevighafms gbbjlbdZevgu _
dhe [Zgbjy kljZzb\zZxXIllkybahglZewagd Kgh\A jlbdZevigu
. A~ 1 _jbhwlbo_j_kljhkdrs_KkI\_gjghurzZ i_jbh~kh[kI\_gguo
dhe_[Z§bglgbdZ

lh\_~ gbbkl_fulj_of jgkfemaqhfgh]lhZgZeh]biqpdh™ gbx
iehkdhkbk!l fwzZijbf, JijhkljZgkl\ _glghhkel _filzd  bf__f klh
wnn_d&lju\Z\_jlbdZevgihe [ZgBé¢gZdihb kdhem]h”dgfZehf
g_gme Jdibig_Ibg_Kdahfglhlghkbl_elwghbdZeviklahy\ey Iky
wnn ,dljbkmsbthevdhj _of jghkbkl .fJ rZyebg Zjbah\Zggu.
mjZ\g_gb\yp _gbih ghihdZazbtMhijh_dpblyZz _dlhjdbgdlgZz
]hjbahglZevgmiodhkdy\ley IwkgebikKhffohij ~ e ggdqQZevguo
mkeh\tyydh™ Nujh *ZlvkWwlj ahpgyfhceb[A hdjm ghkMq |
g_ebg_cghkbbh~bld IThfmglhihemhkbwvlh]lweebilgZqgbgzZxl
baf_gylkiy [hevrbgkl§ZqZevguloeh)\bZ kZfweebikZqgbgzZ |
Ij_p_kkbjh\WZkxh_ cehkdhkKohhlI\_ITkl\mxgbamevliZhemqg_gu
iml_¥gZeblbg_kdbhkle _gghthgbwjz\g_dble” _glkpkl_.fu



1. lhklZgh\aZz~"Zgh[hagZqg_gby

FZl jbZevgAgiZzkkmih "\ r_@Zg \_khiihim bg kldhk b
\ihelylhl _gpy

lhf_klbfgZqZe&tbkl _fuhhjrbg¥liheh” _ghZ\gh\_kbZylghdz
gZijZ\bikwe \ghab \\_~ _fizjzf _lju(~ebg®ZylgbdzZheh  _gbb
jZ\gh\ )kbgZklhlebg cguwde [Zgbcb hlghr _gbr gZklhlu
dhe [Z{jocagbg hldehg igmhbgd~z

P bz [ K P
I mg
2kebu[jZIw dZq_kkdhhj~bghlgdb_ebgblguy blz, IhAebgZ

A nhjfbjh\ZgigmébgpmA \ujZ ZIvikyj [aajZaf_jghhjrbgZlu

X, ¥, zihnhjfme _

IR, ]1"_R JX ¥ @ %
Dbg Ibq BddAygpbZewgZylkbkl fluf xNb~
2 k 2

E rrgzZLIRI0 — 1 1,7,

I0 0

2a

m dg dy" dg? mgl dx§ dy. dz® g

" 2 dte dier diog 20t dt © di*a dt ¢ @ ©

] te jZzaf _jghj _fyt A«- [ _ajzZaf_jyjh fyl, - *ebgidm bgu
g_ " nhjfbjh\Zggkihklhygbb<\_~ f [ _ajZaf_jgubfimevku
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u X vV ¥ W ZlhgdZ*bnn_j gpbjhVBgbajzaf _jghfrh glb
khklZ\bfmmgdpbXfbevlhgZ

E. E
CpluzvzwzﬁRzl P 1 R1 z

mgl 2 2
(dhgklzZzgllZfbevihgbhag¢iZglZZzdglh[ujb gme _\agZqg_g¥Wky oo

dhhjrbgdlfimevkhgh[jZsZekgh d14]).

2. MjZ\g_gbw gby
AZibr_fi_j\mx]jmiimmjZ\g_gb<ZfbevlihxZ M/ uwy...b
bkdexgbfj f gguvw ballhjhdjmiiuLh]*Zhemqglkle "mxsmx

kbkl_tmz\g_deghhj*bdZylgbdZz
X ’x P?* DXIR Ay y (2 DYyIRP P
z 1 %1 2 @ DZR R XPYy* (1 2y @)

MjZ\g_¢Byn~h[geybke gghTh ebjh\Zgby gb¥ylghdz

3. 1 _j\hijb[eb  _ghlghjfZevghbjfuijbj_ahgZgk_
Gb' [mA _bamqZIoky gb\_hdj kighkheh  _ghg\gh\_kby
f IhAhdhjfZevghgfuGzZblhevibg jik AkiZ\ey dhgZdR,
\hagbdZxshbd P 4. < wlhfkemqZ j\u_ge_giyZaeh" _gby
]ZfbevihghagZ klghikiéh  gjmigh\ Kty x\bA

Ho%uz VoW Ry 47,

3
H, 52 X2y

ljb\_~ flZzfbevlihgtlZgd ghjfZevghhkjf ;bjd]hndbkihevamy
Zelhjbbig\ZjbZglghgfZeba4iPmWwB,24]. >eyihkljh_gdljfZevghc
nhjfui_j\h]hjb[eb  _glgyn gih”*klZ\bjlvr _gbebg_cghizkl fu
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hij ~ ey jhtbevihgbZighY H, b\ugbkebdygl ]JjZheihke "g _c
nmgdpithbj f _gb

t
H x ,yW,z 3ad WHt G Wt w9,

0
< _ebqgbld,zij ~klzZ\eyh[hé j\h ijb[eb’ _glhjfZevghljfu
]ZfbevihgBBEg¥ms ,gdby-] g jZIBhpdZghgbqg_kjdh]hZah\Zgby
hkms_ kl\eyxs jhohd gh\ufdhhj*bgZIZ8hlhjupZfbevlihgbZg
bf dhjfZzevgmhjfrih®"jh[g=—kf gb  gzZokke "mijfthff_j).
J r glebg cogibkl!l fluf b~
X Xcost U sint,
y Ycost Vsint, 2)

Z ZcosZ %sinz

I~ X, Y, Z— gZgZevawZq_ ogidwhl\_IkiI\mxsdihdj~bgd N W —
bfimevkhdjZz  gheyw[h[s _gghbimevlft) v(t) bw(t) *Ze gb]" _
g bkihevamBiBlhwlhfgnijb\ _~ guuqgbke _\gbebqgbgu

T

H Xt,yt,zt

0
\u”_e_dibh bl_ejppt bge_,g aZ\bkyshhhijb\h~bdj_amevIZIm
H, gzx2 Y? zZU? V? W XU w?@
GE%ZXUW 3V U? v BN X? Yz‘l’/
64 4
AZf_9Z f _ggu\h*ysZX¥fbevihgthglgjfZevghihgf, 1Zdh\Z
x X G, u U G
y Y G, v V G
z 2 G,, w W G
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>eyZgZelkaX!| fuhjh 2z fhlg, m~h[dtkihevahizZjvf ggu_
'bjd]hmB], i _j omdhlhjudz”~"zZ _dEyhgbq _ikdhfjZah\Zgb f
1 .
U X, VoY, — W2 iz
4 Z 4 NG
\Ze glglRkIiMjz\g_ gtAfbevihgdbio j f _gghd xNb~
Ll
\E!
Hy 12Z 27 2z7
- 32 P
Hh T5 %22 2 23 %y,
Qlh[ba[_"ZzZbaebrgjhfha~rdibjhagZqg, gtbc "ibkZly [m~. f

Hkgh\gufhckl\ghjfZevgihgfu]l]ZfbevlihglyXgy Iky

z H H, H,

'Hy,H, O

1" A - kdh[dEmZkkhdHkx"Ze "~m[19,23,24], glh kbkl_fE
]ZfbevihgbzidghfH, H, fh> 1 [ulvj r _gZe ~“mxshffjZzahf
mjzZ\g ,gbiy A ey fAmgdpb¥ibb G, rZxlky _az\bkhbjrhhl
Aim]JZhkeg_ 1h_r_gbbkoh~gkickl fkljhblkdZzd hfihabply
gZc” _ggulb kllmZgqZevaogwke h\bjc r _gbkbkl fkijZfbevihgbZghf
H, ke _"mhhrklZ\bhwmgdphihlhjuihemgzZxtewkhhl\ _Ikl\mxsbo
i j_ f ggbd_r_gbkpkl _fkjZfbevihgbHghf

LZdblh[jZahdIh[uhemghlw _gbmjZ\g_ ghgfZevgritcjfu
gm gilh~ "klIZ\B\p r _gbg \hafms_ okt fa1 H,Wwz w

z 7€, z z& z Z% 3)
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I _j_f gogw,z, b z. HgbgZoh”yllkg) r _gbkbkl _funjZ\g _gbc
=Zfbevihgvmgdpii,.cMjZ\g _gby ~ ey fwlhamgdpbbfc xlI
\b~

V2 325 3/2
Z, —(424%Z, , L4 4 —— % % (4)

8 8 16
1" IhgqdthdhagZq'bgm _j_gpbjhVAgb _

4. Bgl_]jZeghjfZevghhbjfu
<uibr_fi_j\ubgl_]jZebkl {4

z[ |Z)" 2|z)° ¢ const

z:? 22Z, Z' Z Z, h const

z2,Z2,-ZZ, i constV ¥ \

( -ihh[hagZq).dbk\u "\Aujz ZxkhojZg \gbebghlg bH,,
lj Ibc— aZdhd&hojZg_gigh_dpblbg Ibq_kdfthjfh glZgZ
\_jlbdZevhkiReyehkddbde [Zdbd).

Ih ZgZehkihkemqgdehkdhdhe [ZpBlckhklZ\ImfjZ\g dky
\_ebqbngﬂ2 \22\2. ? _"bnn_j_gpbjh\Xglkbert) ijb\h”bld
\ujZ _gbx

32as 5 _
SPaz 722, 7 227,

d
9z fzf

lhkeih\lhjghflonn_j gpbjhVBghygbf

d2 9 9 _, =
R Y N T A A AN A,
Bkihevah\Zgpluobgl ]jZekbkl f@) iha\heyijl h[jZah\ZIv
ijZ\mgZkwlh]hjZ\g_dbwmgdpaB\bkydhevdhzf [z
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2 2 2 2 1 2¢ 2
z[ |z] 2z ¢ |z] S ¢ [ZY][Z";
27, 22, | ZZ |} Zz vi ¥
2z; 77z, vV 2zf|Zf

ih"klZghW b dkhhighr_gbé¢jZ\mxqZklmjZ\g_ giig\h b

j_amevlZlm
d? 9 27 2 9
G el A a4t v
Hlhagzdb)z| |Z[,i j ibr_mjz\g_gbb" _
9., 2,,

16° 33

9
— v
32 [

>Zgghmjz\g_gm~h[gtgl _jij Ibjh\zdZdazdhd\b"

fZ1 jbZevihhgadbrbgbqgBkkuihl _gpbZe
9
3 — 3 ¢7?2 %
[ ™ 7 [/

>eyZdhPAb ™ _glkyjz\_"edbAdkdojZg_whyjlbb
1,
2

=jZnbithl _gpbZewngihgdpthbfb  \b”

3 E const

h b f

_gby
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Lzdbh[jZahf r_gb/t, khhi\_Ikl\mxagZq_ gtg_j]bd

baf_gy Ky ~_ezb [>. @

AZdhichojZg eimgy j1bZ _mjz\g_g¥ey/, j rZ_fhi Ih~hf
jZa” _e _giby f ggudkihevarmjyhagzZzg ¢& [/ E [, 3

ithemqgbf
d/

I P/ V?ﬁ

libihfhsbwlhehjfmeth ghyZclib jobhtdhe [Z§bebgbgu

h
T 23 9L

P [

lhebgtF / bf__ljbdhjgg » b/s bij ~klZ\ey\hby

9

Pl 5 ([ 206 [ [ [

AZf_gr_j_f_gghc [s L ssih*u fij_h[jZzamkhhighr_gb_
\ujZz Zxsi_jbhdweebilbg_kadifmjZem

16 92 du i
T 3 .k —= 1
3\/3 [10\/5— kzsinzu 3[1 [

< kemqgizhkdhdhhe [Zdbg¢bhZgZeh]bghpZahiffb\h”blkdy
weebilbqg_kdgfm]jZ@d#. Khhl\_lkI\mxsZpmeihemqgZ Hay
"Zgghtj_~_djb Vo O.

<jZ[hl[40] "eyehkdm&Z " "Zgb\h*"behkiyZz" _gbh_jbh~gZ j_ a
gZqZevgukeh\byZkkfzljb\Zagddigh r gb khhlI\_ITkl\mxs_
fZdkbfZevgdhgmq obgx j]6EI* 0). LZd [uehhdZaZglijb
?700 i _jbhMr o f. <ijhkljZzgkl\_ggB¢tZgjb gZebqglibhev
m]lh*"§heh]Wz0 "ZggucjbhhdZau\Zdhkgy qggdfZdkbfZevgh

agZg_wly _jlbbljbpzZl_evEHEf O.
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IlhdzZ |, fglhwlh _ckl\bl_ehNfQd<u|[_j ke "mxsdhZqZevgu _
mkeh\by

20 iGz0 , z VB, G

(gZgZevipldehg gy bz jZ\guG b G khhiI\_Ikl\, g@h
gZgZevducmevigZijZ\e _gdO0benwkbm Wg_ jlby\ujZz Z Iky
g _j gbke "mxshffZahf

9
E g @ 22 2_?32 12 q 125(1)/46 G G
hildm&2 ~mqgllhijb ¢G z0(ce Vz0) kijZ\_"elpg\hjZ\ _ gk?xhO.
FZdkbfZevgdgZg _glwg j]bE™ ijb nbdkbjh\Zgg@ob
G hklb]Z ijby=0 blZzd y\ey llkkhjbpZIl_evguf
i _jyZc™ Mujz  _gbrteyi jbh”"EZq_j_9ZgZevgukeh\by
ihemgbbdawlh]RujZz " gbyghjfmemeyE E™b 1 &G G!O.
G jZ\_gk&hG khhl\ _IklI\kenhgdxo O, dhlhjuig_"klZ\ey |
bgl j kk\yalk | _f glhhgkhhl\ _Ikl\mj_PI _evghifm_oh”m
ijhkljZgkl\_ ggZdike hkdhc
<ujZ Zddhwnnbpbilgdbghid g ] gZgZevke h\bhyemqgb f
9
[16 5 o 746G 7467 46 /71 G @G 1[
<uibr_f JWhjgbkhhl\ _Iklkpbg \\ ~ ggudiphagZq_gbyfb
L 22l Tic (6. 6 6 G G
, 73 2[i6 % ; §Gf§1 | Fga EL e

374 |Jb
s [+ 3G J2¢é @

ijb| G ! C}\Ihjhblj_lbdhjgbe_"rmflﬂ_gylf\LkIZfb

L {GL @32l :6 i ié G G
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LzdbH[jZahfh"meweebilbq_kdH]HjZj€Z g

2/, 68 ; Gl & G G
k 2 2 2 4 2 2 22 IJb|g G
16223 3 Ciz 2 3612 G G G G
k\/zaszzz@\/?Cfffof ij(f)|q6g G G
2/, 68 ;G & G G

WlibnhjfmeuhalheyXtugbkebilvibh*"#eyjZaebqgguodkliguo

kemagZ \GZijbf, ] "ey kljh]h \ _jlbdZevguadhe [Zgbc
s 0, Gz 0O, , O Ka\lhjhcnhjfétheuhemqgbdlhk = 1, g_fm

khhi\_Ikl\h=l". >eydhe [ZgbgZqZeebadlo\ jlbdZevguf
kijz\_~etm\hjz\ _gk@h ,G,, Ghiha\hew\lklbZeuizjzf lju

1 %; H, %3 b bkihevah\lZeveyZkbfilhlbq_ ki@meh .gbc

Q_j_\ﬂlh‘ZjZf_Ijlﬂh‘gh\ujZabl\\Lebqblan\/m, g_h[oh”bfmx
NeyZaeh _oweebilbqg kddilhjzZeznhjfmeijb\_~ ggdic'.
<ujzZ’ _gbekcbf \b~
= 1 1
2 201 B P
Bkihevahaeh _wteebilbg_ldgH]HjzZiezzjzf | jke{40]

H
HZ: HH H

NN Nl;

K k Ini k—& ni l-§ O ktinkc
k 4 kc © *1 C

fh ghhemqglZlwbfilhlbMey_jbhANZj_kljhcfth*dhe_[Zgbc
a §O

8 . 42 12 e 4,2 £

3G« 7 H 8 H N

Nhjfmeveyehkdhédmgygp\ ~ god0], ihemqgZxbdhevadHth

ihemqg _ggkeitheh bAwgboy O.

T
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HI" evguxgl | kj_"~klZ\eykémqZ@ 0, khhl\_lkl\mxsbc
fZdkbfZevghf§dq gty jlbd ihkdhevdmehkdhaz”Zgjb
fZdkbfZewgbcjlhbr_gbg y\ey Ikyibh~bqg_ K4DhfNhjfZevgh
wlihfhhI\ _1kI\imolf. IjhkljZgkl\ _gagzzyzZ[ed adiZehkdhdeb
|4 |G. Ijb \uiheg_gbwh]lly_jZ\_gkfZgh \\_klbfZeuc
iZjZﬁJjb’%; b i j ibkZlwvhjfmemeyfh"meweebilbg_kdh]h
bgl_ljzeb" _

[EEN

L
L

=~
H ‘

lib Uo 0 k ol 0, glh\gh\wha\hey\hkihevah\Z&eh" gb_f
weebilbq_kHblh]jZé® iZzjZf Ijm« b gZcltZkbfilhlbdmy
i _jbhrZ

21 21U 22 °
16 In v In k O 2|I’1U »
3,16 J U 1 U WU« %,
<i_j\hfijb[eb> _gbb
8
T —In—=
3G ﬁ

hidmkg_ ~mqlhijb 1«0 wlhil_jbhdhg _gBgwlhohjfmekie "m |
eh]Zjbnfbq_kdbedl_jJjhklj_fe_ gdly kdhg_qgihklb: 0 (glh
jZ\ghkbelgh).

<ugbke gbi jbh"Z ih mdZaZgguinhhjfmeZf ijb
¢ 001, , 0.005G, 017rZ IL #1086 Wlhohjhrtkh]eZkmxXl ky
j_amevlZigdfbe ggthdh Jjbjh\Zgjby'klZ\e ggaZbe ~mxsbo
jbkmgdZo
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X(t)

GZwlhfjbkmgdah[jZz \d"ijh_dpbbz_dlhjbllhgdbgZ
JhjbahglZevgamkdhk(Vvb” «k\_je)yn Ba wih]hbkmgdd” g
hibkZggagle” wnn_pgda\hjhilezhkdhldlbbe [Zgbc

j llllllmnlllmmnm,fmmnlm T l 1 TS ,.,mnnnnllimnllll
I S T Y

AA kbah[jZ' _az\bkbfhKib\j f gb_ebqbdl®) y(t)
(\_joghbkmyba®)(gb ghc@bjgufébgbyfb\ jewlbhzZnbdh\
hif_q_ghib[ZxsbZgZeblbq Wd&  gbyeydhlhju[d0] 1Zd"
ijb\_~ g

5 1 _jbh~bqg_kjdh_gb_
Kbkl _fidjZ\g_dg4chlighkbl_evgdkl\bl evpfigbfuogZkl_c
i _j_f ggB@, bz, bf __t_klhchjy*hdhwlhfgq_luj_ ®oZc” _gguo
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bgl ljZeh\*"hklZlhqgHujhbgl ]jbjh\EbK| .frrgZdh gh
gZclpzZklgbgl ]jZerhl\_1kI\mxfblgd fmfn/ \lhgd

2 2 C° ¢t 31
[ fzf S ®

<iehkdmzZ”zZbhqdifbgbfmfizhhl\_IklI\m jbh~*bqg_Kdh_gb _
gZc”_gyh4o].
Ihkljhbjf_r _gbhm”h\e I\hjyk® "mxspdqgZevgikieh\byf

z(0) iG 20 . z(0) VB, (6 G
>evihlhglh[y_r_gbm”~h\e I\hjyglh]jZEM\ _ebgbgZhe gZ

bf ke "mxsgZq_gb_
. G, G
22| E G

ljb wlbgZqgZevggdq_ gilhkdhyggugl ]Jjbjh\ZIgh\u

2 2 2 G.2 ? G
¢’ q—% 22 12—622’ hGi;' G 2., 12 22
2 | G, G 12 GZZ G

Mfgh Zyj\hmjz\g &bkl {4 gZ,, \lhjh- gZ, bkdeZ"ubdy

ithemqgbf
d N2 . 2 3/2
a Z12 Z22 4 |Zl| |Zz| Zs 4 12 Gzz Z3 G

ljh”*bnn_j_gpbjm_Ifv_ mjZ\g_d4)_b \hkihevamllilewdglh
ithemqg_gghbhlghr_gb_f

3V2d _, 9
ez s Z. — Y GJ @&
3 16 dt 2 3 32 1 2 ZS

J r_glwlh]mjz\g_ _#&byr mdZaZggquiZevogwkieh\tbff b~

Z, t iW2@"", g,/sz ) G G



91

>Ze \ ihdZzazZlwakihg g¢gZkkfzZljb\Z ag¥y«t». J r_gbtey
ihdzZzazlijep\hiheh ghdE&hblkkyZeh]bqggh
Ih~rklZgh\dZ gbZ t \i_j\h b\lhjh mjzZ\g_ dhok!l f@4)
ijb\h*"bdke "mxsmfjd\g_ gbx
3 4 >
Z, Z@I Z,e" k 12 (7)
AZf gz
Zk Zkei(HZ)t
iIjb\h~brhjzZ\g_@p dZ\Ihghfgheflg _cgmfp@\g _dk x
ithklhygguflbownnbpb glZfb

i 3 =~ 8
Z |—'L£ — Z= O
k 2 k 46 k©

?lh_r_gbbs fA\b~_

Z, Ce? ce'®
Ih~2klZ\ewhhujZ™  gbmjzZ\g objbjZ\gb\dgwnnbpbijdplu
wdkihg ,gheangké "mxskbXx| fhmzZ\g gbc

/12 H § 1 G
4 0
3 a2 e o,
4
BagzZ\ gklghekij » eblgZ2g” f

2

L_/ 3032 3@26 G
4 16 402 2 G/ G

ljb wihdgZq _gbtbemqgké "mxsjZ\g _@gbyhklhygguo
, G,C G, ,C, @ hldeggzZch_f
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CC CG ,,C CG ,.lh "klzGwyyagZy YybyjZ ghb.,
azZl \fz b\(3)ihemgbfs_j r_gbtey j f ggumjd]hnZ

z, et/ ¢ G & &, , %G kiz °
BagZgZevoke h\®ogZc™ifbk 1: C i/2, ijbk 2: Cc 1/2.
HI" _eyy gZc”_ggug_f_ggudjd]hnZgbfu_qZklbihemqgbf

hdhgqZl _egdklgh_r _gb”eydhhj*bgidylgbd&ZgZqgZevgufb
mkeh\byfb

> G? G
x0 ,u0 QyO0O O vO0 G,, zO0 L —=2 __ w0 O
2J2{ 2 G? G
J r_gmAn[gjh AklIZ\DIWo " _
X t cost siPt|l|| Gecos:t 2 G2
) Nt I@t q;_ At g(t) L G cos%‘t
. 2 2 1
y sin co{t||| Gsin : Q 2/2 2 G G
1" INENIE c 8\ 2 '

Wlih|] _amevbZl Wkgmlx hf_Ijbqg_kbgixjij IZpbph_dpby
ljZ _dlhjbbhqdbgZ iehkdhklomij ~klZ\eykh[hcweebik
nbdkbjh\Zgduwkibfb¢ b G, dhlhjuig_p_kkbjkm]eh\kdhjhklvx
, Y\leyxs cfleht _ebgbghge\h]hhjy*daZ\bkyshlgZqZevguo
mkehl\bjbo wihigZzklhhfjZzs gblyweebikhebqgzZ HKylZd gZ
fZem ebgbigmh]hhjyrdaZ\bkysmgZgZevomke h\bc

Bgl j_kghlf_Iblvglh m]Jeh\Zkdhjhklvj p_kkbWweebikZ
IjhihjpbhgZevlhZehsZMNd\Z*jZI)lmnfgZeh]bgguamev|de
ihemqg\j@[hl[20] "eyZylgbtadh

ljb & G ihemqgz M\b" _gb fZylgbdZh hdjm ghkl\b
JhjbahglZeiegtkad hkIbzost, vy Gsint, z Q
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6. Wnn_dlkju\ZzbjZza\hjhighkdhkdbe [Zgbc

ljb [hevrbgkl\gZgZevgm&eh\lfaZbkdexqg gl _p qglh
jZkkfZljb\zZe\bbikvrurmsimgdl\ijhkljZgkl\ gagdcZzdZ b\
iehkdiO], gZ[ex"Z_WwWyn_dlj dZgdh_jJdb "mZaebqgufb
fhrZfbdhe [Zgblgijhy\ey Ig¥b[hehlqg lep\hh]*"XgZqgZe _
fZylgbdhe [e ikglb\ _jlbdZewgkhklhhlke "mxsKfbkl_ fZ
"hklZIhgehl _evgh fyijh*he Zkh\_jrZldhe [Zgleypadid_
ihglB _jlbdZevghkeg JhjhbkohMblkvflaukljZy j_kljhecdlZ
j_amevidhlhjh\c jIbdZevghe [ZgagZqbl_ eadlimozZbhl]”Z
dZdZfieblmlMBjbahglZevbhaoadhe [Zgkbms klI\_gghzklzZz |
ljh _dpbByZ dlhjbibgddZehkdhlolmjb wlbohqglhjbahglZevguo
dhe [Zglayjomadikbevdghlygmlihwreebikm e gfhgyxsbfbky
ihemhkyZ¥phiehsZAyhihjpbhgZepMgZdphiibg Ibg_ kfdhH]hglZz
g2\ _jlbdZevhgkxWIZhr"ZKms_ki\mhklZlIhg'etb!l _evyjh fy
ihkeq_Jhgh\v_j_kljzZzb\z\likylbh_jlbdZevhmnk

>ZgguicamevkZl *nbakhhlghr_gbx ;uehmklZgh\eqldh
\ _ ebgbgZozjzdl jbambgkZykb\ghkbv ghby]lhjbahglZevghc
iehkdhkllbh\_jrZ il jbh~"bqg_kdbe_ [Zghy” mgZb[hevrbf
gZbf _gvrlagZqg _gbyib\ kbemZdhgBojZg_ &lpbymf _gvr _gb

(m\_ebq) gb\e_q azh[hm\_ebq_(gf_gvr_ )gla|. Ihke_~gyy
\_ebgbgZjzdl_jbdml Igkb\gHhHkbv _ghbiyn \_jlbdZeblf_Ihf
qlhijb VzO0 i_j_f _ggZy fh' _Ih[jZsZIvkghevWItke_ ~nbal
lhlhglhV xw xy, z/ O xey 0 x y O,

Dhe [ZgbyffZylghdsdagZqgZeVgbadbfd \ jlbdZevguf
kth\_IkI\ryf<_<I\23\2. ljb i _j_kljhcfth”"dhe_[Z&bZgh\yikyglb

JhjbahglZev@ulfipz\ghkbehMgimglh/ |z,|° . Ke_~h\zl_,evgh
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min / 0 mayY a max bf _ /f1hl °_ ihjy~hd glh b

maxz| |z Of. IThwihijbgbgwnn_dlj_dZqwo_jlbihy\ey_Iky

kbevg\k Jhbl\ur_mdZaZggqdevokeh\byo

| _j_oh’hl hrghdh”ud *jm]h¢jhbkoh”Ikli_jbh~hi/2,
hij ~ e gyud

<ij_"r_kl\mxsibogd!|Zweihkljh jg"ZgZehfbc"mehkdlc
ijhkljZgkl\_gg ez gqafdgZdjtbgZebgbbdbhewv]h*fheh]WzO0
dihf_dhg_qgghdlyZzq_gbyjbh”Z2 _j kljh¢dlBhhlI\_IklI\mxs_]h
fZdkbfmim j]Bbhy\ey lksyh~"ghgl_j kdhebgb

>himklbgflhh gZqZevghufc gfzZl_jbZevihfyWgZoh byl kb
0gZg _dhlhjjdkklhydldbehkdhkibZ\"hekkip khh[sZ_ kidyhev
mlhrgBheubfimevBfimevwkhldehg @lbe giulviZdbflglh[u
ZfieblmMNhagbdZxsttlhe [ZgpweZ™hklZIhqgfghehcZ kZfb
dhe [Zgbyj\h\j fykms_ KkI\_fGoggvr i jbhnNZj dZoud j]Jbb
f ""mh"Zfdueldebadbjyfhebg cglfe [Zgbyfelwkbo

Lh]*"dhe_[ZdbphjbahglZevghikkdhkdbmkly _dhlhjh_fy
i _j_kljhylkyihqglb\_jlbdZevgu_ khhl\ _Ikl\bktbhaeh  gguf
ij_~u”msimgdl lhijhr_kl\bYy f gbhjyrdZhgbgh\ym~ml
[ebaddhjbahglZevRakthojZg _whyj]bbjh_dphiibg Ibqgq_kdh]h
fhf _glgz\_jlbdZevdrkke “mglhwlbdhe_ [Zd'thye gbf_ Iv
nhjfm[ebadnixjyfhebg cghZdbh[jZahYhagbdXel "mxsbc
\hijhk\[ebalblZdhigyfhcgZiehkdhkdpb [m~ mijhbkoh”biVb
dhe_ [Z®Yby

Qlh[u hI\ _IblvgZ wlhl\hijhk [ueh ijh\_~ glgbke _ggh_
bgl _]jbjh\zZmgpzZ\g dbl" glkpkl {L)ijbj ahgzgl_4).

LijZ_dlhjby _gldwgdb\ dhgnb]mjZpbhjhdkhfZzgkldh]”*Z
x(0)=0,01, Yy (0)=0,005,z(0) = 0.1, ZhklZevgaZgZevagukeh\pi\gu
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gmeah[jZ @Zur_ijb\_" gghbmgdZogl j klgh _Iblyglh
gh\hgZzZijz\e ,dbebadhlhjhjphbkoh”/nljbahglZedhe [Zgby
[ebadbd ijyfhebg_cgulidZaul\Z_ fjkw\ jgmluflghkbl _evgh
I _j\hgZqZevphijZ\e glE@yn]haZ\bkysthlgZqgZevdhiilerhg gby

ih\ _jlbdZevaglkt( G). GZijbf, jijb ¢ 0, ;, G, "Zg@um]he
hdZau\ZjZkguf ®. WIhlj _amevdZdZ\bkiblgZgZevaguwke h\bc

Gb G kebghhklZIhdqgbuZzdhe [Zyb¥gZevhhfc g[ebadb
Ijyfhebg cgdife [ZgbyhjbahglZevgihkdhk&lb”?jZ dlhjbc
Ijb ex[uo®*jm]bgZgZevgdhafms_ghyo kI\_ggbaf_gy, Iky
hrgzZdHhigZa\hjhdZijz\e gibjpahglZedheo[ZhbebgZ Hky
Ijyfhlh?keb gZzqzZbf_ _|kyhafms_gh hklz, Ih\ur_mdZaZgguc
m]hj@a\hjhfilZ _lkms_kI\ Iyl gz HRY (hlebgbZhjy~ilb

?kehZaeh blyzZ\u _qZklbhgqgumjzZ\g _gb\d" _gbhklZ\b\
lhevdhzZ~jZlbqguebg cghbkgh\iZ rblwlbnjzZ\g glbke ,ggh
lh h[gZjm b\Z dky*Zgguwnn_dalhjhrthibku\Z_ Iy \ wihf
ijb[eb” gkl _kI\ ,gigthhI\ _ITkllbfemqrg ff_gvrZfieblm~Z
dhe [Zgihbg_tkm\_ebq_oglfidbimhghh  _Ibkqg_aghhhk
GZijbf,_jijb g_dhlhjdhklZlhgpthevrbogZgZevgmkeh\byo
ijb[eb _ggdbkl_bA__dg_h]jzgbqg_jgghgb_

Wnn_dZa\hjhighkdhkdhe [Zgilhdb bfhfmgley Igpn\uf
j_amevIZFihf ghkdZazdvh\ Ij _of jgha&Z”"ZgZjy™m _jbh~Zfb
dhe [ZdByglgbt#Z j kljhcthb*dhe [Zdbyg\ey I|ky blj Ibc
i _jbh” Hg khhI\_IklI\rkj I"g m]eh\hkkahjhklihp_p_ kkBhbdjm]
\_ jlbdZevgtkd IThkdhevdiiggue¢ _amevlifdle ihemq_ignl _f
gbke_ggildl_]jbjh\Zgbdyagbdz\hlijhkh[ _1hZgZeblbq_kdhf
hibkZgbb

Qbke _gghr gbmjz\g gbdd  gbib gZgZevgmbkeh\byo
khhi\_Tkl\mxsbpbh~"bq_ kdhfmghxihemqg_gghfinnmgd]I3,
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th™ I\ _j°~"Z ihemq_gglZd j _amevliiZlij p_kkbhweebilbg _kdhc
ljZ _dlhjbkbihklhyggmdeh\hkdhjhklvix abaf g gbwyemhk c
weeb.ikZ

< jZ[h!1]J40], ihk\ys_ggh&ke_ "~h\Zgékkdhaz"Zqlueb
ihemqg_dgZeblbg WJB  gblyibkul\ZxsbZ\bkbfhkfveblmn?
\_jlbdZeviglhgbahglZetyYdhe [Zdb\g f gWIb_nhjfmeu
ohjhrhhibku\ZxkgZeh]bg@aZ\bkbfhklIblj_of_jghkemqgZ _

lib\_~ o
3z 0 3z 0. a
|z, t| zo0 |th t 18 | t 3L g 8
4 2 41 2| &« © 1
a 3z 0 3z 0 o
\/|Zl t|2 |Z2 t|2 220 sech—— t T8 geen2” ¢ 3 » 8
- 4 20 41 2 1, ¥ ©

<wlbmhjfmedo i_jbh%_j kljhcdib? =jZnbdwlbamgdpbc
jZaf_s _gaZjbkmgdwbhazZklpZ[hlu\ \b”A h]b[Zxsblo\_jom
liZnbdgbke _gguro gbc
>eywhafh ghkddpZeblbg_kdhBgwgn_dlZza\hjhilghkdhklb
dhe [Zgbckl kI\ gdokihevah\Zde f glhj[blu ithkdhevdm
1jZ_dlhjbdbg_ Zjbah\Ziglgklc flbf_ x|l weebilbq_kdmim Z
g_ebg_cghkloklZ\eykH[hdZeh \hafms .gbGZihfgbfdZd
\W\h~rylkwye f ghy[blubdzZdhbo” bf_xImjzZ\g_d'bly  _gbwlbo
we_ f glZjZzldibaeh _dgBEI jbdm”™ Hkgh\zZg4Z[hI[20], 1™ _
gZibkzgltvlhfhe ih”jh[gh
Bkke “mkbxy bd \b~"
X x X
y yy
? j_r_gbijbgme_ \uy&\uogZklylo . ijbX=Y=0, fh™ _I[ulv
aZibkAgh” _
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X rcost Wecos k sint 7 sin A w

y rcost Wsin Kk sint 7 cos r w®
ihklhyggligl Jjbjh\Zgby? WgzZau\Zxhkeg f glAfigbluBo

] hf Ijbq Kdbkgk lyke ~mxsjbkmgdZz

1ZjZf _12 g bah[jZ _gguddokmgadZjzZd!l_jbamehl gkhgddZ
weebikkgZqZevghfc gl
ljb hlebgghlgmayZ\ugZkl}¥dY we f_ gipyblwaf_gyxlky

kh\j f g. Qlh[uhemqgbdhhl\_IkiI\mxmbZ\g ,gbm gk* _eZlv
aZf_gm_f_ggwoy, Xy o K 7ZW\khhI\_lklkinthjfme Z8pb
ke "mxslkibhlghr _gbyfb

X rsint Wecos Kk cost 7 sin T w

y rsint WAin kcost 7 cos T w
ih~"klZgh\dzZjzZaj r_gbhlghkbl_eviglhba\h”~guigb\h”*bld
mjZ\g _gbyf
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r Xcos Ysim sint T w

k Xsin  Yco§ cost T w
T 1 k Xcos Y sif cost r7X sin Y cos Mgin 2 (g
r.2 k2 - ()
sz1 > I Xcos Y siT cost k7X sin Y cos W&int 2 74
r
< bkke_ _"m_kkfmgZX bkoh”"guo dZjlh\uoj f ggudf
jZaeh' _aqingdpbbfbevhhdz 3xzY 3yz | j ohdwe f glZf
hj[blujb\h~*bdke "mxsjZ\g gbyf
r 3rzsint cost W w
k  3kzsin t cost W w
rf’rkizcosZt T w
3z ) 5 .
W——— r°cos t k?siftt Ue
r- k B
3

z 4z > roos® t W Kdn® t W

QlhJuihemqgbaZfdgmlkxkl ,f{®) ~hiheg_m4Z\g_gDb efyz.
lhemqg gyl f& ebg dgdez”ZhKh[ gghkiljbox =k, glh
aZljm~gy 4gZeblbq kkdde ~h\Zgblmzpgikeh gy llkfyqglh
bagbke ggh]h gbke ~"mglhkh\] f g tweebik\eyxsbcky
ijh_dpbljZ _dlhjbbgdlgZ]lhjbahglZevigmkdhkkyj fblkg
hdjm ghKkhb kldlhfnkZfhfrwjh ~ gbx

HrgZdhdZau\Z _dklygZebgbkh[ _gghgld _rZ lihkljhblv
gbke _gghr gbkbkl fdeywe f gli\bluijb ihfhsbMaple.
GZbl[hevribg!l j ik "klZ\eywZ\bkbfhkl¥t , «hI\_qZxsZaZ
wnn_pda\hjhilezhkdhklitbe [Zgbgehf ke "mxsbé
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(t)

Wlh]ljZnbodhemqgZ ijfbyyZqZevaguke h\b®o= 0.01, k(0) = 0.005,
0 =0,2=0,z=01, w0 =0Bag_Jhb*"gXke_ ~mxslZg”™ _gipby
[hevrmygZklVvj f gm]he ihglbg _baf gy, lE@dh]*"dZqbgZ |
ij_h[ez"AlVjlbdZevglryZdhe [ZgWweEhim]héhklZIhqglgtkljh
baf_gyk\hagZq_.gb_

lhemqgq _gguamevilzkd\heyhhhjblhihf glhhijhkljZgkl\ _gghc
azZ"Zagdjhf_i_jbh~hXh[kI\_ggudhe [Zgbci_ j_ kljhcdfth”
ihy\ey IKylbci_jbh*HgkhhlI\ _Ikl\rkj I*"g m]eh\tkadhjhklb
ij_p_kkbbh_dpbHjz_dlhjbhgZ ]JhjbahglZevgemxkdhklly
hij_ ~ ey ihkwhjfme _

Tc2 6, T =—T+F

ZL—-i_jbhir j_Kkljhcfhddhe [Zgbc
lj_~klZ\ey blgl j KgZeblbq KdbkZgbazZ\bkbfhklib.
>hklZlhdjgrklhebAjZnbdZngdplpihalheyg 2~ ylwkyZdh

hibkZgWthmafh gh
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=e/Z\Y

AZz"Zbdhe [ZgbXah\hijhaujy b~rdhklipb | ahgZglkklhl
N nhifZpbhgbub*bZevqgdiltbe [Z dlPc

lhklZgh\dZ”~Zqgb

Bkke_ _"m dK¢ZdgZ dhe_[ZgbyYah\hlimaujyp_gljdhlhjh]h
g_ih™\b hdghkbl _ewdhhZzevghetdhklb[eZ”Zxsihd _joghklguf
gZly _gb<fjzZ\gh\_kddettZ\e gllya\gmljbmaujyh\ _joghklgh]h
gZly _glyrdhkbBlz\e gddklhjhgwbrdhkibjZ\gh\_r Zgmau,jv
hg _\b2gihf _ _Ikn_jbqg_kdmhyfmIjb \u\_~ gbtbajZ\gh\ _kgh]h
khklhygblkkbkl fihagbdzdte [Zgblylhjufh ghjZza™_ elglZar\Z
deZkkZjzZz"bZevglk\yaZggki baf g gbh[ft fZijb g _baf _gghc
(kn_jbg_kdhef, b nhjfZpbhggunkeh\e lggiu g ghhjfu

< NZgghklzZlvjzZkkfzljb\Z ljknk] _crzZ%_nhjfZpbhgigh?yZ
dhe [Zdhauyjyiijhdkbfbjm wi&ZgbikhbVWE&s giB3d], qlhlZd" _
bkihevah\Adahkivl]bdjm]ga@[hlZo

Ba\_k]Jghhijbj r _gbbh h[guaz”~"Z4bf ghijbf_gylezZ]jzg _\
nhjfZebadH[h[s_gguflthhj*bgZIKém 4| hf ljbq_ki&hzZf Ilju
ih\_joghklEiijhdkbfbjmxsnhbjfm imaujyNmgdpbiZ]jZg Z
bkihevam \fZ2¢ gghjz[h) _fh™ | Julvihemq_bZeZ]jZg hZgZ
ijb\_~_ ggh3yh.

NmgdpleyZ]jZg ZkdezZ u\Z~hkge ghl\y_Iv_Jhhjy~rdZh
d\ZMjZlbggef ggiZoh” ygkiklhlubg cgdlme [Z dbake h\bjyp
dhlhjubokhhlghr_gdZgh\blKA\gufl:2. >eym~h[klIYyZkqg_Ilh\
\W\hrylKyajZaf_jypdh[s _ggdhhj*bgZHdZau\Z gdkyg_dhlhju _
ge _gulj Iv_]Jhhjy*"dA jZaeh _gmingdpbbzZ]jZzg Z\eyxlky
j_ahgZgkgufb

>eyZgZebmizz\g gbbd gbiyb j ahgZdkeZzZ Ilikyy ohdbo
]Zfbevihghvhgf. Wlhihal\heybkihevah\ZIvh~*bg\ZjbZglghc
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ghjfZebazplddfbevihgh\kb k! f[19,23,24], h[eZ~Zxsbjy" hf
ij_bfms_kilh kjZ\g_glkx*jm]bfkihkh[ZfgZoh ~_ jfZevghc
nhjfu ljhp_"mjBkljh_glghjfZevghkjfu]ZfbevlihgbiZiglZz Iky
g_baf_gdhZ\lIhghfghfg_Z\lhghfghfahgZgkglyf j_ahgZgkghf
kemgZpok\h*blk¢g kdZeyjghcdmjj glgmkejfme Bf gghwlh
hlklhyl _evkl\thal\hey lagzZqbl_evghijhklblv bkke_ ~h\Zgb _
jZkkfZljb\Z jfrach g Z g Kkdtke _fu

MdZaZgigwo hilhalhey |]dhlf_IblZgZeh]ox "nmbkke "m _fhc
aZ"Z@Pplca\ klgh&r"ZdhdZqgZxs cjky b(g8,28,37,40,46:mjZ\g _gby
ghjfZevghfuhibkul\ZxswlIB\ kbkl fuh\iz*"Zklhgghkl®¥hk
dhwnnbpb. ghdbh[jZahY bkke_ "m ]bff¢gh”*"bgZfbq kddkicf
fh™ ITgzZ[ex"Zlwkiyn dl j dZgdly j]bfb "*m* nhjfZpbhglghc
jZ"bZevighrezfdhe [Zdbemqg dwjZz ghkey jbhnNZj kljhcdb
fhr b khhighr ,gblya\heyxshh gZqZevgmkeh\bwij ~ eblv
"bZiZaltbgd g dhg[s_ggdlohj*bgpdhe [Zgbyo

< ihke_ _"gqgqZklpZ[hlubkke ~m\hkjphkh dhjj _dlighKkh® eb
br Zevglhedhklbex[hg¢_Zevgkjc "ijhbkoh™HWdkkbiZmwhgy jlbb
dhe [Zg[eZ]h*"Zg¥ ebgbyadhklib~rdhklib | _iehh[f_gMm ~m
"brdhklvd ]Zahf>ey hp_gdbebygbybkkbiZpblkihevamxlky
Zkbfilhlbtiby* dj f gbBhdimoZglby cgdbe [Zglha\ klgdZd
ijb[hevrbbZdijbfZeuqbkeFode

HdZau\Z dkkijb [hevrbgbkedode dhwnnbpb*lgdkbiZpbb
m[u\Z kK m\ _ebqg_gpZfbmkmaujyHrgZdh ij_ » em[u\Zgb
klZgh\bNkkvfiZ "e gguf* _dj _f_gZlmoZigilkyku\Z hkggdpb _c
vi/4r . Hikx"Ke_ "mqgllhwnn_dlj dZqgwd_ jJjbb "mzZ~r*bZevighc
N nhjfZpbhdghZfldhe [ZglZdex"Zebrvjb~hklZlIhdqbavrbo
jZ"bmkZmaujy>ey Jhijhy\le_gby h[ohAbfdqdlh[uazZzi_jbh”
i _j_kljhcdb”™ dhe [Zgbwgbke ggweyimaujy ij_"~iheh  _gbb
br ZevghllbdhklaZlImozZgpbueh hklZlhqfgdeuf Mf_gvr_gby
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jZaf_jEZmaujyjb mkeh\lkhojZg_g@jex”Z_ fhiklp kljhcdb”?
dhe [Zgfihc gh*h[blvkilykihevamy klI\KfZeufldhwnnbpb glzZfb
\yvadhlkllb iehijh\h~ghklb

KemqfZeugbk ledebgl_j_ki_dgglhkhhI\_lkl\lmkkle _~"h\Zgbx
imaujvdhXeuojZaf_jh\dhlhjue Jdh _Zebam HdgzZdhp gdZ
N dj_f_g@dZIimozZigkmyZaulZglh™rZ™ ki_pbzZevghue[h)\ _s_klIb
jZ"bmikkZaujvda&hh[jZ _dgbgbfbazpbhj f_gldjb\h~bd _]h
mf_gvr_gbkklZIhgghedwzZ[ex*Z_fhk]bkljhcdb

1. Nmgdpk¥Y]jZg mkeh\pyahgZgkZ

EZ]jZg bEghah\himaujy glidhlhjh]d_ih*\b" hdghkbl _evgh
"brdhkIbh™ _IJulvihemqgbg\ujzZz _gbyb\_~ ggh]h[31] ijb
hi[jZku\Zgez]zZz fhWwaZgghHb ™ gb pf gljZmaujyx wlhf
kemqgZ _

VJ
L %mlz %mHZ UiH, Ul, B pw 2oy

J 1
m 4SBf, H m, 435 U , HS 2 Ps S H

4 42

Vv Vo Sl S

1" _

1 —ih\_joghklghly  glh~rdhklb

P, —  "Z\e o4 kdhg _qgghklb

V —h[t_fimaujyujzZz Z fuc j j&brkk_juwd\b\Ze glhgh]hZ
Vo —h[t_fimau)ykhklhygBbgh\_kby

Po—"Z\e _dlgmljimaujkhklihygBbgh\_kby

—ithdzZzazlZewz[QldadZoh” ys Jokyjimau,jy
Il —iehlghKlw*dhklb



103

O— izZjzf_ I _nhjfzphbmaujyij_"~_ ey fklehlighr_gbhémhk_c
weebikhtbahjfmeul H I/,

lhkdhevdmmdkke ~h\Zdwhley [Zgbly g_agZgbl_ehlgiethg_gbb
imaujlyljZ\gh\_kd&mc jbg_kdhidfuiZjZf _1py\ey I|kZeufqlh
ihal\heyzZbheh mMmgdpfhbH, f, H bs(0\ hdj_ klghdibey

f, 1 O , f, 2 §§ o 2?2, H H
3 o
s 4/%2 232 O * H H H
45 2835

ljb\_~ ggmhjfme\wibkZgdhqgghklyx h[oh*"bfegkke ~h\Zgby

wnn_dlhfmkeh\e _domilbqg_ kdefbgz\fpZzaeh @iZhjZg hzZgZz
JZ\gh\_kgmajf_ imaujy khhlI\_IklI\mklZpbhgzZjglhygdZz

ithl_gpbZewghg]B(h(), hij ~ ey WHayjZ\g _gbc

U, W w
I w H w
Bawlhkbkl faZoh” ykkey "mx&kihhlghr _gby
H 0, | 2V
Po P

]* bg” _dd» mdZau\@Zlh glhhlf_qgq_gghuf\ _ebgbghbhl\_ITkl\mxl
khklhygjZXgh\ _kby

<\ " f s h”bgfZeucizZjzf_|jo o0ZjZdl_jbamxmslicfgmx
A nhjfZpbmaujlyij_~ _eb\dZd

x (I 1)/,

Ih~ klZ\eke ~mxshblkx"ZZ\ _gkl\Z I, 1 x, I IXx \ nmgdpbx
EZ]jZgbZzkdeZ”u\Ayjy**hge _gh)\ Iv_Jilhjyrddexqgbl _evgh
gZohANbklhgghkl¥kg kms _klI\ idgdkhlcygghc
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L%ax aixxzéa %ﬁ—;qqxz %cqux’* oH o x ? w H
a, 4S5k, a, 2 BY
4 4 44 § :
= sp = Bx =3 H
135 W ay, 135 B 21© " 21
, 16 . ., .
c, 415 2F 1 3p;UZ, c, E.JIO, V S Y1)
8 464
c, 6 pl5 1 §7 12 J 12 1 BS c,, JKSSSI&
16
— sV
Cle 45 Ig
QZklhthe [Zebg Zjbah\Ebghcfbg \brgh _~_ eyxlEy
2 & Py 2Vig oyl 2 G BV, .
K« »
a, u{)z Iopf = i ay U{)g Y,

Ke ~h\ZI ,envgth j ahgZgl,Zz 1.2 dhwnnbpb_g¢gZaeh _gby
eZ]jZg bZg&€ gm~h\e I\hj¥lvgkl\m

a c, 6 4 V

hidm4E ghhij ~ ebdkhlghr gib\yau\Zxsizjzf ljw,,JV b
jZAbrrkaujyjZ\gh\_kifb\uiheg6tgbdhlhjhijfhbkoh4bhhgZgk

V50 .8 .
P — o, 2 (3)

l, 3J © . 1
GZijbf,_j*ey\ha“mrghl]imaujy \h” _ijb Zlfhkn_jgh#\e _gbb
p, 10°~d Kf 70 Mg Wf 1,4 1Th*klZ\eywlb gbkeZ ihke_ ~gxx
nhjfmegZoh/Mlgfihj _ahgdg@khemqzZijky 6.9310°kf, Fh_kl¢ey

"hklZlhdgaubmauj_c
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2. <\ _" gp _ajzZaf_jogueZf ljhhmijhs_glkZ]jZg bZgZz
>eyWZevg _cybbkqg_ImVh[dgh klip ajZaf _jgu _f gghb _

ij_h[jZah\&Z\}jZg bZgeZxlkyg "mx<aaZf gu
"\\h~blKyajzaf_jghfy

W JQZ« A2y

a, \ ¢

’ ihkev_vlh]ehZ]ng‘U‘Z_@blgyihklhygg\rnrebqb@rﬁl/b
bkihevammkleyh\b ahgZ@kZ

A ez JR¥ly" gibj f_gg@idnhjfm e 135y
WIbj h[jZah\Zghwh yimgdpBEZ]jZgdZb m

L L, L,
1, 1 1
L =x* =V =
2 % Y 2y2 (4)
757 735 5, 3. .8 29/ 15, 24 15,
Ls SY X yTUX y yy
36 2 20 Y 21 7 .1

LZdheZ]jZg b2y \bfgadgZgbl_eviips _ bkoh”~ghhh\u _
h[h[s_ggdhhj*bgAlbuih”yN g_]hzZ\ghijz\dh]*dZd bkoh”guo
I _j_f ggyd~"bZevdl@yzZdhe [Zgdck I k [ agZgbl_ephgehr
wg jlbtp f* nhjfZpbhgGZdhg [eZ]h*"Zhkihevah\Zmkrh\by
j_ahgZekgjzg bhgkg aZ\bkibljzaf_jgusdjzf_Ijh\

3. lhkljh_ghZfbevihgbzZgZz

Qlh[wnibkZlebyglg _ebg_cgeogh)\ Iv_jhjy~rdiZbj _ahgZgk_
m~ h[ghj _clihleZ]jZzg _\mitjfumjzZ\g_ gblzZfbevihghihgf,
lj_h[jZah\Zdgpy i _j oh”d mjzZ\g_gbyZfbevlihbzd ke "m_|I
ijh\h~blk lhgghklvxh Ij_Iv_]hhjy*dZXZdexqgbl_evightkdhevdm
ithl_gpbZewgd@yj]byb wihfi_j oh”g _baf_gy,likp\ ~ £brv
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nhjfmedweydbg Ibqg_kwahbcjlbBzZkkfhljbgzZijbf, ji_j ohd
h[h[s_gghffmmevknkhijy gghifmhj*bgd@lhhij_~ e gbx
2 2

W 1 . u a8
_ - ZY 1 XS
U acx A aod ot oo 2 y

gZeh]bqgddjZahlf Ijmridlremgmitvifmem

1 V2 a,8

58 & Yy -—1 = ,

2 T’ ag 2
=Av-—bfimewkkijy ' ggdbhj*bg@mlZdhwnnbpbadia,i Xy \
ithke _~gbMmomjzZ\g_gbke_ ~m\u”_eylwa ij_h[jZah\Zggh]h

eZ]jZg b@gBandZaZgqdhttmeithe mqlygfl h

4415
a a 1 a, 3x a, 5x 4\7/—y

Ke "mxsmijhs_ glbhklhblhf qlhbaZfbevihgbdigdbkey fh]h
ihnhjfmed =T + U, fh ghhl[jhkbly_j ahgZgggugly Iv_]h
thjy*"dZG _j _ahgZgkgufdbul\Zxlge gudhlhju h[gmeyxlkj
hkj_~g_gWtheuvjzZ _dlhjbidijh " "Zxs (ebg_ZjbahYZ &kt fu
Dhjj _dlighwklt]mijhs g&byihkj ~klI\ kgeghnbaljb\_ " gogdic _
ijhp_~“mbg\ZjbZglghidZebaZpbhb

lhkdhewdehg_Zjbah\kpghcfobbbaf_ gyxkayZklh]hZ\ghc
AN\mfzZi_j_ f _ggunbvc ~bgbqgghLklhlhicahgZgkggébgZfb

jZaeh  _dBEfbevihgby\@Z xlkifhevdiy> bx’. >jm]bj ahgZgkgu

qe _ggZijbf,_jjhihjpbhgzZewudgu) jZaeh  qinbgdpbbfbevihgz
hlkmlkl\.mxl

LZdbH[jZahliZfbevihgthZghj ~klZ\BIwA

H H, H,
2 2
H, = ¥ 22,
2 2
S5X

N|‘§\,

V2

ARy
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] Hy - ]ZfbevihgbBdg cgilthgh "Zxs kdokl fil, - ]ZfbevihgbZg
\hafms _.gby

Bkke ~h\Zgikl ffi IhAhbg\ZjbZglghjfZebazZpbhb

F _Ih~bg\ZjbZglgdittjfZebazgBbbevIihgh\kiok| {19,23,24]
ihalheyihlkljhblghjfZevgmkjfm|ZfbevlihgbkgX[hckl_i_gvx
lhgqghkijb ihfhsbh*ghkdZeyjghdmjj_glgjthe _"mijlyhp_"mjZz
ghjfZebazZphaf gy VlkyZ\bkbfhklbh]h kI¥x kbkl_fi_ahgZgk
bebyg ,1Z1Zd” y\ey_ lkpkbkl_ fZ\Ihghfglkd[hy_Z\lhghfgMcth
hiklhyl _evhkkims kI\ _fyoggvrzZlym~h_fdhiklkjZ\g_ gbk%jm]bfb
kihkh[ZzgZoh " _ghyfZevgihgfuihalheyhhhjblhagZqgbl_evguo
Ij_bfms_klIfZch*"&Zg\ZjbZglgihjdZebaZpbhb

lhkdhevdm _bkihevah\&lgrvi_j\h ijb[eb” _gli_Ih?Za” kv
hibkZghemq_gthjfZevghkjfu]ZfbevlihgbiZgth]lhhjyrdZXK
f Ih~rZfbhkljh _gbykrbojb[eb  _gbdb ghhagZdhfbAKg[hlZo
[19,23,24].

QlhJuhkljhbbhjfZevgmhyfmi j\hfijb[eb  ghln gh

gZclh_r _gbihjh " ~"Zxs _kbkl_fd \b» nmgdpbjc f _ghb
gZgZevomke h\kc,x0 ,y 0 ,..., yW,x 0,y 0,...,..

th klZ\bdVviph_r _gb]ZfbevlihgWhlagms gby
\ugbkelblyl ]jhéwlh]iZfbevihgbzZgZz
J_amevZdlhpg!l_]jbjh\2\&kbyNZ ~"klZ\ey \ Noy

w
H, X W,y G..,.adW H G fw w we 9,

0

NmgdpHy ij ~klzZ\eykH[hd j\h ijb[eb> _ghlghjfZevghhjfu
]ZfbevihgbWhgdms ,gB% — | g jZIEb aZz*"ZxskwWZghgbqg_kdh _
ij_h[jZah\zZdblhjibijb\h" bjlZzfbevIhgtghgifZevghgf.

<bkke_ "mkemigZr gbihjh "Zxs kbdkl_fuklv
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y YcosWVsin , v YsitW Vcos , w w

X XcosZW% sin2 , u X sinZ U cos?2 w
I" aZ]lezZ\gymbd\ZtdhagZqgggZevomkehVbgykhhl\ _|klI\mxsbo
i _j_f _ggub”~klZ\ewVh _r_gb\ H, bgl _]jbjmiy_ "~ ekt "h b
\u™_eygh bl _ept, ihemqgbf

H, %iYZ VvV X U\/Y‘l’/4
= g_JZIhjlj _[m_IReyihkljh_gbwkrbojb[eb  glocihwlhfg
ijb\h~blky
Hkgh\gih\hcklgmhjfZevgihgfu]l]ZfbevihglhdgZib”
'H,,H, 0
bfh lkem bhij "~ e gbhjfZevgmltjfu[l9,23,24] ({,} — kdh[db
ImZkkhgZVIlh k\hckl\hhagZqZ gllh nZah\uihldb kbkl_fk

]ZfbevihgbzidzZbbl, dhffmlbjmglhihal\heyklihevahlplgpbi
kmi_jihabpbihg ebg cd&b&l:. fmjzZ\g ,gbyh " ~Z_ fuH, b H,
j_rzZxlkg_az\bkbdjfimhl~jm]Zhkeqg_]hf_kllgZgZevgwke h\bc
j_r_gbhrghiwak bkl ih~klZ\eyjlkygbrim]hkd kl_fu

Lzdbf h[jZahfnZdlbq_kab"r"Zgkh _eZkdr ZgZeb &kl _fu
ihjh "~z _fhZfbevihgbHghfeywlh]hdZau\lZ mil[gufj_ ohd
I _j_f gogubjd]hpndhlhjuxz®Z _nkyfmeZfb

Z % J2ix,  z, VvV iy

LZdhij h[jZzah\ZgVWey Ilk¥wghgbqg_ kdiZfe glghklivXNmgdpbb
=Zfbevihgidbio j f ggiubgbfzZxib”

. _ 7 -, -
H i2zzZ zzZ,, H, — ZZ2%2 Z2Z*
0 1“1 222 18\/§ ;2 ZZ,
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ZkzZftmjzZ\g_g®fbevihgZ b ku\Z xlixgZ W%ﬁ. >eyih]hglh[u

ihemqghlw _gbkbkl fk]Zfbevihgb®ghH, H,, bkihevajbgpbi
kmi_jihabpgbh[oh” bihklIZ\BIjy r gbg \hafms_ &oRE fu
W | . j .
Z \EO z 2z, z)Y 1z, Z, Zlesz Z, Zng (5)
\f _klhhklhygghigl ]jbjh\Zjglry gbkbkl {4 \M/\ﬂ— dhlhjay
jZa\_jgmdBEcblld b~

7

Zl %Zz
7 LZ 7 ©)
2 4\/5 1221

lhemqgq_ggmjZ\g _gby glbggibkl!l ,f dhlhjZyhagbdZijb
bkihevah\Zwhbh kihkh[Z r_gb¥eywZ"ZhdZqZxs_cjky bg __
[40]. HlebgbkhklIhBIllhf glh\ mjzZ\g_glyadZdgbijm bg\f_klh
qbkeh\hc]hwnnbpkﬂ@/@\ nmgdpbBEfbevihigZz "mihi*klZ\blv
\_ebqgbdgmi/sJ/2.

MklZgh\e _dgZghibg\hey | g klbj amev|/Zhemqg_ggu _
jZ[hl[40] g kke "m afaMZ qhib”™_eZ bky.

5. 'gZebmjzZ\g_gdltjfZevghhbjfui_jbh”bqg_kidlm_gbfZeh _
\hafms_gbjbh~bg_kdhihgbwnn_dlj dZqdhy_ jJjdb *m
fhrZflWhe [Zgbc

J_ameviglb]hza”r_ém nmblaeh  _dk Zlhahjf_ihkdhevidm
Ilhgghklvxh ihklhygguogbbf_ xlky\ klzZIv][40], ihk\ys gghc

bkke "h\ZaghWhybzZzgqzZxs _igky bg _

AZf_lbdlhkbkl_kZZfbevihgbLdHf il_j\ubgl_]jZeu

Ho, 2z |z|° ¢=const, H, const (7)
| _j\ucbagbo- aZdhikghojZg_avoy jlb®pZebgblhjh]tke_ "mbad
hij " _e_gbjdh]bgl_JjZeghjfZevghhgfulZfbevihgbBgabqgb
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i j\udgl ]jZdha\heyihemqt@Mhghfghjiz\g gkhjh]hhjyrdz
rey[ |Z[ Z,Z,. >\Z ~urbnn_j_gpbjmykber) b ihevamykv
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[ 27 2P 3° [ [
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1 2 49 3 2 2
— — C E /const
> 64[ [ [ (8)
49
]jZnbih| _gpbZewnghgedpbb3 67[2 ¢’ bdh[jZz gB\Nb]l.

MjZ\g_d'ryihal\heyhemqglkler_ "mxgbameviZlu
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Z, =cexpiD W , B \/gcexpﬂ L 1, MhrkWz\eywlb
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<u” _efygybfuqgzZklbZoh”daZ\bkbfhklb
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Ke SK Kb \ujz  gbrteyi_jbh”EhhI\_IklI\ifhbh ~ ghwih]h
bgl _j\zZeiZzyfhfbh[jZlghfZijZ\e _gbyo

Ba_jbh*"bqgghdb g dBlvbazdhigtzojZzg (@Gbke ~mqgllhijb
[hevrbgkl\gZgZevgmbaeh\lfaZbkdexqg_ghbhfZ*Zghby lhgqdm
fbgbfmfX])) \az*Zigf __t _klh_j dZodd@ jlbb "mzZ~"bZevhhc
N nhjfZpbhdhghZfbhe [ZgWthagZqgq4lh kelZijbf,YygZqgZe _
dhe_ [ZgblyadgZzrbZevgllhkimkiyneh\bdur_mdZaZgghgh”zZ
dhe _[Zdy*mihqglb® _nhjfZpbhg,gkifinklys iheh\bgmjbh~Z
\gh\whqlbz*"bzZevgbfb » Wlhijhp_klkm” _dZb[hebgl gkb\_g
\[ebabme \hlldWZq gbklhygghb\h\kbkqg agjblfbgbfZevghf
agZq_gdhchklhygggkhg_Iim~ohb”_¢vjbkmgdjb\_"_gghZ
k1jZgbgsh.

< kemgdh]*dhe [ZgpdqbgZ HeRkhklhygithydhygZgZevgu __
m ke h\IZyd h\x(0) =, u(0) =0,y(0) =y, v(0)=0bi_jbhYwjz Z_ lgyj_a

iZjzf_1G 2

c Jad ¥, kB _C

cC 41 Gl/4

1 1 2 K 1 +1G?

> 21G?2/4

1

21 2/4°

>ewugbke gbdh[gdaeh ogbnywdpl® \[eballng a0 b
d=1:

K 1 Kk 21 1k ok8
4 2 © 51
K 1Kk 1 Kkvin?t 2 mn? 8ke okémk
Kk kc © C1

Imklveyhij ~ e gglekllhb <«nbabg_ kdbp f ggumdhagzqzZz |
qlhx |4 Ih_klgZqZevighbZevigldehg_kims_kI\_igghurz_|
A nhjfzpbhddgH rjz" _gbBey jbhAZ ~"klZ\eyjyRhf
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w 2 %2 3 17 sn2® t@ o G G
8 256 G’ 1

ljb\_"*_gogmuhjfmewjz _gu_j laajZzaf_joui_f_gguhlhju_
\\h*bebkeym~h[kl)Zkqg_IMH"*rgZdgl j kghhemqgbd¥Z\bkbfhklb
] Zevgembabqg kdbebgthdjZaf jgh\h f gb<\b~Arhh]hqglh\
| dklbkihevah\Zghkdgdhewdd ¢ j f gguleo "\Z ~ubaf_gyeky
fZkrlZ[\j _f _gbijb\_~ kibkh&#hhlghr ,gblta\heyxslgZoh”blv
nhjfmeveykoh”giZqgzZf Ijh\

<j_fy
. 12Vv V4

t \j fWk dmg"Zut, —~—_.0C ——c ,cWai u? VA
i_fyk_dmg Q"9 573 Al W

DhhjrbgBhfimevku

3 3
yi/,-/u IO13xx,v U—|°15xﬁ-§H
V135 12 1620 21©

]* IThgdhdhagZgtbghn _j gpbjhYAtgb
6. Hp gdhjj dighkKh _eb” Zevgbédhklb

< j_Zevgubj "Zdak_]*zZijhbkoh”*yYfbkkbizZlb\giyhp_ kku
ijb\h*yskdaZlmozZdhe [Zgdbk\yabwlbfy h[oh~lbflkkke ~h\ZIv
\hijhkh “"himklbfhidkihevah\zZfdghby eth” Zevglhedhklbb
bamqg_ _gbhpga&Z”™Zgb

AZImoZdhe [ZgllZah\uiammauj \c brdhklbb[mkeh\e”\gmfy
nZdlhjzfhyadhklvix*dhkbbl _iehh[f_gfhf*nmZahd b rdhklvx
<ebyghlwlbamzdlhjHh ghhibkZliwkj_ ~kI\Wf dj_f_glhdlmozZgby
jZ"bZevdhe _[Zgpx\_" gggdijbf,yjZ[hI58]:

35 1 3012 4s [0 U
] /\ P = fo ]
/ 2Pe 1" P8 I ° L\ p, (10)
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<wlbohjfmeZpi |_ieh\hc dj_f_@ZimoZgpiy*_dj_f_\gladh]h
aZlmoZdeyi gbkeh de k — dhwnnbpbl gl _jZImjhijh\h*ghklt
"brdhklb— dhwnnbpbdlyd _fZlbq_kyaahklbrdhklbklZevgu _
iZjZf_lju  JuebhibkZgiyb j_r_gbbhkgh\ghZ”Zdpbb\_~_ggh_
khhighr_gbey/; mklZgh\eQghfwghd le_kk_IThf1971 ] b
kijZz\_"ebj\tn[hevrbopbkeEZode Pg 1

> dj_f_ gdZIlmoZghZjZdl _jbakl_li_gvwm[u\Zgb¥fieblm”™u
dhe_ [ZahX jbhh~rgh]hhe [ZghZwIRj_fyZfieblmmZz _gvrblky
\exp /;, jZalhwlhfmamevibjm&sd¢ f jgl\_g

I L

<ujzZ  _gHli10) kijz\_"ebijpb ijhbal\hevgkihfhlghr_gdpbklhl
N nhjfZpbhgghjZ*"bZevgfihe® dhe_ [Zglic*gZdhb j _ahgZgk_
g_h[oh~ i _kdwjfmed3) badhlhjhice ~mqllhizjzf _ljw, bl
m g ev&kygblZly aZ\bkbfukbmqg Ihilh]R _dj f ghZlmoZgby
ij_h[jZamxd&y~ *mxshffZahf

T/\/ & 35 1 / v Q S
4 , _
4 50 & i, ' J° 0 6 ., v

Baijb\_* ggudjfmeé&e ~mqglh” _dj_f @ZlmoZgby fblkd

[_kdhg_qngdWIQ/E Ijbmf_gvr_gBbbmikZaujiyhwlhfdhe [Zgby
"hklZlhqigdeuoimauj kbevgdZimoZixlj _ameylihlemqg _gduc
ij_"~iheh  _dbbb Zevghlkxtdhkllbjy Kfuke

Ke_~h\zZl ,egvgthfoh”*bfemmkeh\bgZ[ex”Z _fhikljb kljhc fib"
dhe [Zgbib Pe 1 y\ey I|kyhklZlhggthevrhgzZrbmikmaujy
?kl_kI\_ggh*iheh blgvh_kebhZ jbh#&wlhc¢_j_ _kljhcdbieblm~Zz
baf _gblkieZ[hlh bkihevah\Zgh” ebb” Zevghl"dhklkk
ih\_joghklgufly gbdhfghkgblzdhjj digWd¥_h[oh~bih_Ib,lv
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glhijb m\_ebq_j@b‘bmierauj’y_dj_f_aJIImoZ\glﬁ)LH_[ylzlrI/{‘/I_,
hldm™Me ~“mqglh_]Jhmf_gvr_glbg g _"e _gg@ZjZdl_jgu"
aZ\bkbfhklbd) f ghZjZ"bmk@daujyyhemq_gdgieg\hamrghi]h
imaup\Whn” bf_ \b~”

ljb\_~ f\ujz  _gbydj f cZImoZydwwlbbd s kIRkgbkeh\ufb
dhwnnbpb :glZfb
0158 2.4710

RO

<ugbke_dgb_ wlhanhjfme”freyimaujyZ"bmkbX kf ijb\h~bld
"hklZlhdlgadvrhfagZq_ gbx0.06.

L_i_jv_j_cN dzZkbfilhlbdeyfZeuqgbk ledeij_ "klZ\eyxs_c
gZb[hevidbgl |, ikhkdhewdmgglZzdZzypImZpbyebam*dih euo
imauj,_ahlhjug_Ijm~gha*2\leZ[hjZlhjgoukeh\bpolhfm _\
NZgghkdZlivimaujkgblZ _bkyih"\b ghighkbl_ewghklbzdZzZy
br ZebaZjpbbgyZebgbidhl gbly' |kgblzZIwkiyzZ\ ~eb¥etbaviey
"hklZlhdgkeuomaujvddh]*\ebyglkbeujobf_"#h" lkgblZlvky

g _[j_"bfBEeuf

>efZeuqbk ledePg 5kijz\_r"el@KbfilhlbdZz

_ S5-1 Pg
IhAKIZ\B\g \ujZ' gleygbkelZde b\hkihevah\Z\mkeh\b f
j_ahgzZdkZghhemgmlviftmem
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4 S 1 [(3V
|
! 15k U?J\/T)'

<ujZ _ghbey* dj_f_oglWwadhbkkbizZzpgphj | _ji_\Zbhf_g_.gbc
LZdblh[jZzahhdZau\Z gkkmffZjgucdj f gZlmoZigbyZeuo
gbkeEZodehibku\Z hkygdphbhbtZ

—a iy %

FbgbfZevaglgZq_ ghbemq_gmrhgdpjZzhgh
/min:2\/a_b
lThAKkIZ\DNwlmmhjfmewjZ  gbyeydhwnnbpb_ Zlhh, ihemqgbf

ke "mxsmxhjfmemey fbgbfZevghalgZg _ghyamevibjmxs _ ]h
N dj f _@ZilmoZikih¥\ "eb\pbxX¥ZeuqgbkeEode

a
min: 85 JS:/LZ 3 <£ \/:Q
15 2\ 50 &« Vk J

Dhwnnbpbagidexqg_oggd\Z”*jzZlgkieh[digb J 1.4 bf__\_ebgbgm
ihjy"dZ6 b "hklZlhggghz[hZ\bkbhl J ijb nbabg_Kdbhfh guo
\_ebgbgdbliizjzf_ljZ

ljb\_~ f ~"Zggu_h agZq_gbydg fZlbg_ kdhadhklho
| fi_jZImjhijh\h~*ghkdblhjdos KIVhA[_j fZjmk gZbf_gvrbf
AN dj_f _gldZlimoZgljw\gbfl]h _ebgblgmgZg _gbhémqgzZxsbfky
ANeywha“mrghmhaujph”_

@br"dhklvDbg_fZlbg_kdZy =Za Dhwnnbpb_g
\yvadhKkb/dh | fi_jZImjRijh
Klb \h~ghKk]lba
<h"Z 0.0105 <hamo 0.26
p_|I _ev”™ [|[b™ 0.0029 ‘j]lhdg 0.34
p_lhg 0.00439 <h”hjh" 1.851
G] dkZg 0.0054 = ebc 26.89
Bahij ¢ 0.00348 M]e dbkEeda 0.122
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| glZg 0.00376 Dbkehjh” 0.266

Gi _glZg 0.00387 F IZg 0.239

Baijb\_~ gghZ[ebpb nhjfmedeyfbgbfZevgh]|hd) f glZz
aZlmozZkby"mglhrey\ha“mrghHhhaujy \h~_  /,,,=0.3, qlh
hg_\b~gh_iylkl\m gZ[ex*Z _fhklbh_kljhcdith? FbgbfZevgh _
agZq_gb dj_f glaZZimozghhklb]Z Ikgy ] _eb _\hjmaujw
Zp_ | _ev” bjkAgh ,,=0.014, |Th_klIvZzd ~hklZlhggéb.dh

LZdbfh[jZahfmklZgh\le a@lih \ ebgbg¥Z dj f gl&ZlmoZgby
kms_kI\_gbphfzahdZ\bkblf_ozZgbq_ ldboeehnbabqg_ Kdhizdl\

\ s kih[jZamxslbloke "m Kl .frgZdliiZj*bgZemfghgvrblv

N dj_f_gZlmoZghybjZlZad brdhkbwkhh[jZ  dlbgbfbazZpbb
highr_gb@k ij "klZ\ey fKeh\ jhylgBfalZ[ebmbabq kdbo
k\hckMN s klke_~mqlhizjzf_ljuyadhkdth fi_jZImjhijh\h~ghklk
jZaebqgdp\_s_kihljmhlebqgZlhkXgZeh]bdgedqgbBgyh”ub
\ha"miplZf _jglgZhjy*htdzdbH[jZzah\f_ ebgb@k iml_<&ih”"[hpZ

\ s kIAh" _I[ulvbaf_g _gz*"\Zijy"d4 ke_"h\ZI_Le\/W - gZ
ihjy*"hwihlyhWghlg "hklzZzlhdghgzZqgbl_ewghlvr_dgbyj f _glZz
aZlmoZgby

7. <u\h”u

ljbeh ™ gRkZiizjzZlgz]ljZzg _WjZfbevihghflhaZzgbdbZ"Zly _
dhe_ [ZgbyYah\h]imauj\ b~ Zevghxx*dhkllk ih\_joghklguf
gZly _gb ihal\heymklZgh\blvZgZeh]lkxba\_klgl&”"Zqghc
dZgZxs_dkm bg[40]. Ijb hij_~ e gguloeh\k(kd (2)) gZklhlu
N nhjfZpbhdgBeébZevigihaddhe [ZgmaujyhhlghkyX#2, qlh
ijb\h~bd IThfmglhg_dhlhjdm[bq_ kgqd gjwaeh @bd]jZg bZgZz
klZgh\yikphgZgkguéyZgZebajZ\g_dhb" _gby eZ iky oh”
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himjz\g_ dda]jZzgdanjz\g_gby¥fbevihyWZhha\lheyklihevah\ZlIlv
f Th™” bg\ZjbZglggbjfZebazZplzbbevihgh\ubkl f[19,23,24].
Bkihevah\zZzgBggh]h IhAZiha\hey hi[hclbljm~ghklib[uggh
\hagbdzZxsbb j_ahgZdkkemgBkihevah\zZgbyboh”oh”hh
mklZgh\bdMghjfZevguhjfu ]ZfbevihgbZagdiN\ZlydZqZxs_cky
ijm " bgb h ]Zah\hiflmaujhlebqgzZxl&hrvihklhyggugtbhkeh\ufb
khfgh bl _eyfb

Bawlh]lhe ~mqglih\ aZz*Zlgdhe [ZgJdaoh\hphaujiybj ahgZgk _
1:2 bf__if_klhi_j _dzZqgd@g_ jlbfb " "mjZz*"bZevdgh®t _nhjfZpbhgghc
fhrZfbdhe [Zgblcemq agwjfmedeyi jbh”Z j dZgdbmdZaZgu
liZgbpug!l _j\Zehgdmljdhlhjulmaf_gyxlkfieblmfh~rdhe_ [Zgbc
>eyijh\_jdbjZ\bevghkllamevlid]jh\_~ &hzZ\g_ glbgbke ggufb
j_r_gbykibkl Kmg INK _dm[bg_ kpdboghdaeh @&JyjZg bBgZz
kmq lebry _ahgZgkpauoghl\ amexljZzNg dby*klzZ\dZg h\
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GZi_j\hfjbkmgdjb\_ "~ gdhbke gghr gbmjzZ\g_ gbd _gblk
mq_Ihfk_odm[bg_kdkeogh\ jZaeh gltfbevihgbdgadmevlZl
ij_"~klz\e_ _ggadthjhfifbkmgdgbke gphr gbmjzZ\g_ d'bhb" _gby
kbkl fureydhlhjhieklZ\e bruevdjh ahgZgkge _gu jZaeh  gbb
]Zfbevihgb2dpgZ[hjhfgZqZevgmbkeh\btklZgh\le qdh\ebygb
g j_ahgZgkdogybqg kdgdbdoghXaeh  ¢d]jZg bang\Zebgb\zZKk Iky
jhklhfZfiebIlmMhe [Zdgbigb\h*"bd hkeZ[e gbxn_dilZj dzZqdb
wg_j]bb *mh~Zfdhe [Zgbc

| _jbh4_j _dzZqgwh_jlmZ\bkhlgZgZevgukeh\libcZdb”glba
Ijb\_~ ggulohhlghr _,gbcg h[jZlghijhihjpbhgZe\ gebgbgk
0ZjZdl _jbamikxgl cqgkb\glhKlyZevyuafms .glhowlhfgq _fkeZ[
gZqZev\idlrafms _gimaujly ff e _gdm” b*lbjhp _kkj _kljhcdb
fhrdhe [ZgBc*jm]h&lhjhgujb mf_gvr_gbBgZevgukbeh\bc
m[ul\Z\lébyghl_j_ahgZglkgebg_cgeogmjzig_gbo _ghy
j_ahg2dle ighy\blvklye hlqg _leb\h

ljb\_" ggdgZebeabyghypkkbizZlb\gjlhg _kkhhdZagehijb
[hevrbagbkeZlo de hkgh\ghdeZA aZlmoZglhe [Zgbxhkbl
| _iehijh\h*ghklvd] f clZImoZglw\Z K m\ _ebq_gjZMbomkZ
imauyjprgZavim[u\ZgibhdZau\Zhikygv e ggukbfilhlbd'ey
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N dj f dgjEfZeugbkeZodeihdZaul\Aglh\ wihkemqgZZlmoZgb
s [he bgl gkbhghdlibq %Xelypx[uqg_ Zevguas kIl\

< dZg_klhkgh\gh]j]hamevladlizke "h\zZfibyh mdzZazd¥
ijhlib\hj_qgb\hkjlvfh\Zgbtc gZqZevgmkeh\byf h[oh”bfdky
gZ[ex"Z _fhklahgZgkgwminim_dliZj dZqgadwg_ jJbbeyj Zevguo
"brdhklbdZah¥® ckl\bl_eveymf gvr_ dleypyyglgy j ahgZgkguo
g _ebg _cgeoglg\ h[oh i _gvrZdvqgZevogwkeh\lgyh\ k\hx
hg_j,*"vjb\h”bld m\_ebqg_gbxbh”4d j kljhcdk j_amevlZIl_
hdZau\Zz qgllihyj fyi_j kljhctibe gWdexqzlk_[¢hklZlhdgh]h
i _jbh~hkh[kI\_ggdbe [ZgbwaujyGh " dj f @ZIimoZdey
j_Zevgudaf_jhimauj_t kvfA _ebd wlh dzZdb g_ebg_cgu_
g_j_ahgZgkegugim” i] iylkI\h\glZ[ex"Z _fhklb

Hikx%Z\ qZklghklbe “m gllhijb bkke "“h\Zgbpkl\ _gguo
dhe [ZdgZeudmauj jZaf_ jhf "heldbeebf If%kkbiZzpgdhev
\_ebdflh fhr_ew”r Zevghc*dhklkh\_jr_ggh khhiI\_Ikl\m_I
N ckli\bl_evghkldbhgZgkyg\e gdpizhibkZggwdZgghZ[h]\
|Zdb &bkl _fzZoo ijhbkoh”pl[hj_ahgZgk y\ey Ikyfuf]jm[uf
<ebygp ahgzZzg¥yim]bbjy*dRa\gZqgbl_evgh\ujZ"  gh



122

Kibkhebl jZImiju

1. :]Zgbg:.:., Bev]Zfh¥.:., DhkheZihkEZ., FZeZohks=
Weebikhbr"Zdhgu[Z¢dbgh\hphaujvdBi_jbh" bqg_Kuxdff g _gbb
NZ\e gbdyjm Zxs_c

"bArdhIB @ 72005, < 5.

2. :g™j__ &> L _hjblyg_jpbZewdgho]Zpbbhghfgukbkl .fuF.:
NbafzZl]b¥6, 579k

3. :g”jhgh\:., <bll:.:.,, OZcdiKgV L _hjbdhe_[ZghcNbafZl]ba
1959, 915k

4. :jghev~<B FZI|_fZlbqg_ktiblhrudeZkkbq_ Kdb&gbdb.:

? "blhjb&d K R003, 416k

5 :jghev”™<B H[udgh\_ggwnn_j gpbZemgz\g .giBy \kd
B \kdgykim[ebdZglkihg yZz n BO0. — 368k

6. ; _de fbr>kx DmjkgZeblbqg Jkdhcljlbebg cghc

Ze] [jE.: GZmd9aB4

7. ;bjd]lhn> >bgZfbq_lkdbdikl f&., E: =hkl_ob,d9l 320k

8. ;h]Z \k&kb& Ih\ag :jY :e] [jZbg_Kdbh~"dg ebg _cghc

| hjbWhafms .gh.cGZmtdB7, 255k

9. ;h]lhex[MAG, Fbljhihevk&brc :kbfilhlbg_k&@blh 4| _hjbb
g _ebg cdhe [ZdghcGZmitldZ4, 503k

10. ;jZg_p G Rfule_ \kdiBd. <\_" gbl hjbX{_kieZlnhjf_gguo
bg jpbZewdgZhb]Zpbhghlub F.: GZmidd2, 280k

11. =ZglfZoNJ E _dpbihZgZeblbqg fkdZgbH.: NbafZle2001.

12. =ZglfZd\Jj L_hjbyljb.pF.: NbafZle2004, 560k

13. =he”kl =cDezZkkbq fkoZgbB.ZG Zm tiaZ5, 415k



123

14. =heh\Zg., IZjmkgbdh\ FZI| fZlbq_ kKdigh\gZ\b]Zpbhgguo
kbkl. fQzklM FZI _fZlbqg_kfidhB® _ebg jpbZevgh\db]ZplFb
F =M2007, 110k

15.> fb h\bg. E_dpbith fZI_fZlbqg_kldhgbbmklhcgb\hklb
GZmitdb7, 472k

16. > Z9g ]Z\ZB, <bgh]jZ*"B\ F., ;Zohgbl@ :., Lj [moh\<
=bjhkdhbgyz\b]Zpdtdp.

17. @mjZ\e<sN H[mijZ\e _qthfhdhe [Z§lhpcahgZgkigokd fZo
Il ' FF, L56,\uib5,1992 klj827 —-836.

18. @mjzZ\e \N IjhkljZzgkl\_gglhkpbeeylhj~Zlgbdheghc

bg jpbZebgmhjfZpBhL\ui4, 2005.

19. @mjzZ\e<N HkghVWu hj_Ibg_KdbZgbé&b GZmadn1, 320k

200 @mjZ\e<N MijZ\ey faZylgbNmddzZdh”_ekirgh]theZkkZ

k\h[h~ghojhkdhiH\LL1997.<ui6. K 27-35.

21. @mjzZ\esN L_hj_Ibg_ké&bgh\Whegh\H}hj*hl_evdhjhkdhiz

[/ Ba\J:G FLL1993.«3. K 6-19.

22. @mjZ\e<N D"bgZfbohijm]hiNn j2h]lheZ Ba\_klb KKKJ

FLL1986.<6. k93 —-97.

23. @mjZ\e<N Bg\ZjbZglglZjffZebazZgpbaA\Ihghfyaidbevihgh\uo

kbkl//ffFF,2002,L 66, <ui3, K 356-365.

24. @mjzZ\e<N Gh\u&Ze]hjbbfhjfZzebazZjgdbevihghkb&l ifh

bjd]hn/mFF.1977.L 61, <uil, k12-17.

25. @mjzZ\e<N, Ebgyg > We _dljbqg _flkdZgwegh\H}hj~hl _evgh]h

]bjhkdhiBa\l:G FLL1995.<5.

26. @mjZ\e<N, DebfhxF. IjbdezZz”rglu Ih"d|_hjbbdhe_[Zghc

G Z m 1988, 326k

27. @mjZ\e<N, DebfhAF. <hegh\Hcj*hl_evyhjhkdii: GZmdZ

1985, 126k



124

28. AZjbimFA G, | _Ijh\:.= G_ebg_cdhe_ [ZdlyZxs _tcjky bdlu
>hdedzZ~"GZmk_o0ZgbldiZf399, « 3, 2004.K 347-352.

29. BrebgkdbeX. Hjb_glZpphyjhkdhiug_jpbZewgZAp]ZpBy
GZm 6. 670k

30. DebfhiAF. Bg_jpbZeggiXly]|Zmivh. F.. GZ m tl984.

31. EZf[z =b"jh~*"bgZfb.d-ZE: =hkl_ o0 b,d9%/ 928k

32. EZg™"Em, Ebnrb@F. =b"jhf_oZ.gh:d&Zm 986, 733k

33. FZedBg= L_hjbmwklhcgb\hkbb_g.bR: GZm ti9%6, 532k

34. FZjd__\l1. L_hj_Ibg_Kdodygbd \kdGBP«J_|meyjdZy
oZhlbqg_R483Y¥fldZ001.

35. FZjd__\I. Hg ebg cglhe [Zgbybbevihghkib&l fujb
j_ahgZyX/IFF, Lhf3, <uib, 1999,k 757-769.

36. Fhbk_ G\G :kbfilhlbg_ktiblh*gw ebg_ cighoZgb#b GZmdZ
1969, 379k

37. GZcn..Q F_Ih”d_hjbbhafms _.gbc Fbj 1976. (Nayfeh A.H.
Perturbations Methods. NeVork.: J. Wiley, 1973).

38. Gb]fZImel® >bgZfbldgh]hnZakyor*< *\mobhfZoF.: GZmdZ
1987, 823k

39. H\kyggbdhd =jmiih\hZgZehdqudgh\ _gd'boan j gpbZevgu
mjZ\g _.ghh:cG Z m t978, 400k

40. | _ljh\:.= G _ebg _cdhe [ZdlZywZxs cky bgujbj ahgZgk
Ba\ klbdZ~ fbh®dZmRILL < 4, 2006,K 119-129.

41. 1 _ljh\:.5, Nhfbg:\< Hg _ebg _chuof_ jgude [Zglyyoehc

fZl _jbZevihgaddpdjm bg/ Ba\ klbdz” fobZmrLL \i_qgZlb

42. 1 _ljh\kdiBe= E_dphbibl _hjbibfudgh\_gfmon_j gpbZevguo

mjZ\g .ghh:cB a\hF =M1984, 296k

43. lhgljy]b&K H[udgh\ _ggdbnn_j gpbZemga\g .gby
G Zm %0, 332k

44. IhklgbdR\F. =jmiibZe] [jEbF.. GZ m#9B2, 447k



125

45. Imfygp<¥, HabjZg..K Mklhcgb\hkkiZ[bebaZpby ghbi

highr_ghlxyZklibj f gguwa GZm#daB7, 253k

46. KIZj bgkddbl ljbdezrglu Ih"g ebg _cdhe [ZghccGZmdZ

1977. 256k

47. Nhfbg_Y.< H djm]h\udhe [ZgBbyd&bkl fk Ij odjZlguf

j_ahgzZgkhd\_ klbdyz” fb3zZ mRILL <4, 2006,k 113-118.

48. Ohjg > hgkh@yFZljbqgugZebaFbj 1989, 655k

49. Q _[h1ZjGx L _hjbhymiiEbF.: =BL L &E940, 396k

50. Ydh\_gd&lc DjZldbdmjkgZeblbq_ kHOpZfbdb: ;BGHF

EZ[hjZ|hpxyZ g B@04, 238k

51. Bryan G.H. On the beats in the atwons of a revolvingylinder or bell.

— Proc. Cambridge Philos. Soc. Mahys. Sci., 1890, vol. 7, p. 101-111.

52. Charcosset Cl. Bonjour Gh. Gyrometre a resonatemecanique // Demande de
brevet europeen EP 0 773 429 Al. Bulletin 1997/20.

53. Ffowcs Williams J.E. and GioP. On resonant nonlinear bubble

oscillations. J. Fluid Mech. (1989), vol.

224, pp. 507-529

54. Friedland B., Hutton M.F. Theoryn@ error analysis of vibrating-member

gyroscope. IEEE Transactions On Autom&antrol, vol. ac-23, no. 4, August 1978.

55. Leger P. Quapason — a newoost vibrating gyroscope //“3Saint-Petersburg

Intern. Conf. On Integrated Navigation Syste T.1. — Saint-Petgburg, 1996. — P.

143 — 149.

56. Longuet-Higgins M.S. Monopotmission of sound by asymmetric bubble

oscillations. Part 1. Normal modeks.Fluid Mech. (1989), vol. 201, pp.

525-541

57. Longuet-Higgins M.S. Monopogmission of sound by asymmetric bubble

oscillations. Part 2. An initial-valugroblem. J. Fluid Mech. (1989), vol.

201, pp. 543-565

58. Longuet-Higgins M.S. Resonancenionlinear bubble oscillations.J. Fluid



126

Mech. (1991), vol.

224, pp. 531-549

59. Loper E.J. Lynch D.D. The HRG: a neaw-noise inertial rotaon sensor // Proc.
16" Jt. Services Data Exchange For tisSystems. Los Angeles. CA. 1982.

60. Lynch D.D. Vibratory gyro analysis by the method of averaging y/kZ g-d |
| | _j[mjF_""mgZjh~dhzgyn _j_ _gpbpjhkdhiblgZ\b]ZpKHEgd|
| | _j[mpe95.K1;, 1995.Q2. J 18-26.

61. Peter J. Olver. Apmlations of Lie groups to fierential equations. Springer —
Verlag.

62. Scott W.B. Delco Makes Low-Cost ByPrototype. Aviation Week And Space
Technology, N 25, 1982, p. 64-72

63. Stiles J.C. Vibrating ring gyro. U.Batent no: 3, 924, 475, Dec. 9, 1975.

64. Quick W.H. Theory of vibrating stry as an angular motion sensor // Trans.
ASME. Seria E Appl. Mech. 1964. V. 31. 3. P. 523-534.



	Глава 2
	О круговых колебаниях в системе с трехкратным резонансом
	Вначале система приводится к стандартному виду
	Исследуются квазилинейные колебательные системы вида
	Примеры
	Определение
	Теорема
	Доказательство
	Теорема Н.Н. Боголюбова
	Сравниваются две задачи Коши
	Тогда если выполнены условия
	Запишем неравенство
	формы образованы множеством нормалей к многообразию М:





	Подпространства, соответствующие различным эволюциям, ортого
	где
	Глава 2



	2. Необходимые сведения о втором приближении
	Рассмотрим систему дифференциальных уравнений

	3. Подход к задаче стабилизации прямолинейных колебаний
	4. Исследование обратной связи во втором приближении
	Постановка задачи

	Лагранжиан газового пузыря, центр которого неподвижен относи
	Для дальнейших расчетов удобно ввести безразмерные переменны

