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N "N jZevgh_ Jhkm~ZjkI\_ggh_ [x~" _Igh_ h[jZah\Z|l_evgh_ n
\ukr_]h h[jZah\Zgby
©Bjdmlkdbc Jhkm~Zjkl\_gguc mgb\_jkbl_I iml_c khh[s_g
DjZzkghyjkdbc bgklblml ~_e_agh”hjh gh]h ljZgkihjlZ
tnbebZe N_~ jZevgh]lh JThkm~ZjkI\_ggh]h [x*" _lghlh™[gbah\ZI| e
\ukr_]h h[jZah\Zgby ©Bjdmlkdbc Jhkm~”ZjkI\l gglbhmhgbdbpebl |
DiB@L Bj=MIK

NHG> HP?GHQGUO KJ?>KL<

Aney ijh\_~ gby | _dms_]h dhgljhey mki _\Z_ft
b ijhf "mlihqgg@hic kiIZpbb ih "bkpbiebg_
. H «FZI fZlbg _kdh_ fh~ ebjh\Zgb_ kbk
ijhp kloh\

libeh' gk d jZ[hq_c ijh]jzZff.

Ki_pbZevghklv = Kljhbl evkl\h e _aguo "“hjh] fhklh\ b |
lhgg e c

Ki_pbZebaZvibyY\t gb_ | ogbg kdbf khklhyghb

f " e agh”™hjh g
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H[sb_iheh  gby

Nhg” hp_ghqguo kj_"kI\ y\ey Iky khklz\ghc-f gaklbva_kaltnjfrz
h[_ki_q_gby kbkl_fu hp_gdb dZq_kI\Z hinh[[gbh\ZlmegZxlsd fihk]jZffu

Nhg”u hp_ghqguo kj_"kI\ ij_"*gZagZq_gu “llym qlzk«$leibaky\ Z
ij_ih~rz\zZI_eyfb zZ~fbgbkljZzpb_c Z 1zd " _ klhjobghfibZigldZ 2 p bZ/if be 4
hp_gb\Zgby dzZq_kI\Z hk\h_gby h[jZzah\ZI_evighyc kinhjfbfhl Z &g mkjlH
dhfi_|_gpbc m h[mgZxsboky

< khhI\_Ikl\bb k Ij_[h\Zgbyfb ~_ckl\mxs_]h azdhghzdh\ggbiZ
hp_ghqgu_ kj_"kI\Z ij_"klzZ\eyxlky \ \b~A_ NHK “dhqigh'c_“Z1b bk Ziphot
h[mgZxsboky ih “bkpbiebg_ fhrmekk ma@jatfbdiheh™ _gby h nhj
i_jbh”bgghklb b ihjy*d_ | _dms_]h dhgljhey mkimnlh#gfthklZIlIb kijhd
h[mgzZxsboky \ukr__ h[jZZahd@gdbbAl ki_pbzZebl_| fzZ]bkljZzImjz \ k
ijh\_~_gby ijhf_"mlhgghc ZIl_klZpbb ih “bkpbidbogd  Ydémeikxlky
hp_ghggu_ kj_"kI\Z ~ey ijh\_~_gby |_dms_khbdhghjgh2ys mkky\Z fh

AZ"ZgZfb NHK yl\eyxlky

+thp_gdZ ~hklb” _gbc h[mgZxsboky \ ijhp bk&bghanib”gpey "bé
ijhoh ™~ _gby ijZdlbdb

th[_ki_g_gb_ khhiI\_lklI\by j_amevIZlh\ h[mqij@lby kkbhhaozefv prh
Nyl _evghklb g_j_a kh\_jr_gkl\h\Zgb_ ljZ"bpbhgobyampbibg g ojf db"t
h[mqg_gby \ h[jZah\Zl_eyguc ijhp_kk

tkZfhih~"]lhlh\dzZ b kzZfhdhgljhev h[mqgzZxshqgkghbyijhp_kk_ h]J

Nhg” hp_ghqguo kj_"kI\ knhjfbjh\Zg gZ hkghbih\dé&xyqg g\u\& gilpk
\Zeb~ghgld”_"ghklv h[t_dlb\ghklv wnn_dlb\ghklv

>ey hp_gdb mjh\gy knhjfbjh\Zggh bllbidévam bgkybtj omjh\g \Zy

tfbgbfZevguc mjh\_gv hk\h_gby h[yaZl _evdwky'elg akZ\o jh[mi:
hk\h_gby HWZIl h[s__ ij_"~klzZz\e_gb_ h \b”_ "~ yl evghklb klyggh\gL
nmgdpbhgbjh\Zgby h[t_dIh\ ijhn_kkbhgzZevghlt\ b wielgvohiiklb j fr 1gb
ijZdlbg_kdbo azZ”Zq

+ [Zah\uc mjh\_gv hk\h_gby ij_\ur_gb_ fbgbfZed/guo
knhjfbjh\Zgghkdbfi | _gpbdéha\lhey | j_rZlv Ibih\u _ azZ™"Zqb I
ijhn_kkbhgZevgu_ b mijzZz\e_gq_kdb_ j_r_gbWZh bpA\lkegu fbzfe]llh*bd:

t \ukhdbc mjh\_gv hk\h_gby fzZdkbfZevgh \klafhodgadI\yjklbg
dhfi_|_gpbc”ihez]Z_1 JThlh\ghklv j_rZlv ijZdlbqg_kdb _c akeYZ gl killb\ u
g _Ibih\u_ az”zZqb ijbgbfzZlv ijhn_kkbhgZevigdb b migby \g mkeh
g_iheghc hij_~_e_gghklb ijb g_~hklZIhqgohjfBdmghdglBefvdhfbq_kc
h[_ki_q_gbb



2.1 _j_qg_gv dhfi_| _gpbc k mdZazgb_f wlZih\.bo nhjfbj
IhdZazZl _eb hp _gb\Zgby dhfi_ | _gpbc djbl_jbb hp_
>bkpbiebgZz ©Fzl_fzlbgq_kdh_ fh”_ebjh\Zgb_ kbiklgZklbm ijhp
nhjfbjh\Zgbb dhfi_| _gpbc
HID1 Kihkh[_g j_rzZlv bg _g_jgu_ az”~zZqgb \ ijhn_kd&kbkliypz&vg
bkihevah\Zgb _f f _Ih~h\ _kl_klI\_gguo gzZmdzZébaZAMbih "kebjh\Zgby

ljh]jzffZ dhgljhewgphghqgguo f jhijbylbc hggZy nhjfZ hfmqg gb
GZbf_gh\z H[t_dl dhgljhey Dhn GZbf_gh\Zgb _
dhgljhewvg ihgylby |1_fz jz A -
< |e_~| hp_ghqgh Abkpbiebgu bg~bdzih  hp_ghaghlh kj_
f jhijbylb dhfi_|_gpby b 1{ "hklb'_g nhjfZ ijh\_~_gby
— ! - = dhfi | gp - -
,9 k f klj
L fZ <®@bkebl_evgu_ : :
1 2 Iaﬁdlmsbc MathCAD (SMath Studio), MATLAB ﬁllgllz AstlbIhZ eZ[hjzlhjgh
gljhev (Scilaby> : mxkig
L fZ KI@lbqg_kdb_ fh
J r_gb_ g_ebg_cguo . .
5 34 L dmsbc HI"_e_gb_ dhjg_c b f_lh~ HIDL1.5, AZsblz ezZ[hjZlhjgh
dhgljhev dhjg_c g_ebg_cgh]h HI1D1.6 mklgh
Bl _jZpbhggu_ f_Ih~u j_r_d
ebg_cguo Ze] _[jZbqg_kdko
L fZ KI@lbqg_kdb_ fh
Bgl_jiheypbhgguc fg ; ;
3 5.6 L_dmsbc EZ1729 7 Bgl jiheyqd HI1D1.5, AZsblz eZ[hjzZlhjgh
dhgljhev fghlhge g Gvxlhgz HI1D1.6 mklgh
gZbf_gvrbo d\Z»jZlh\
L fZ Qfxe_ggh_ bgl_1jk
nmgdpbd®_Ih”" [|jZi_pbb
Kbfikhgz F_lhc =Zmkkz ] ]
4 7.8 L dmsbc bgl_ljbjh\Zgb_ b ~bnn_j_q H1D1.5, AZsblzZz ezZ[hjZlhjgh
dhgljhev d\zZ*jZlmjghc nhjfmeu g HI1D1.6 mklgh
fghlhge_gZ EZ]jZg Z D\
nhjfmeZz =Zmkkz H
d\Z7jZImjguo mhjfme
L fZ >8®zfbq_kdb_ f
ljb[eb” _ggu_ f_lh~u il . .
5 9-10 L dmsbc h{udgh\_gguo "bnn_j_g H1D1.5, AZsblzZz eZ[hjZlhjgh
dhgljhev mjZig_gbc F_Ih" Wce_ HI1D1.6 mklgh
JmgDmllz Djz_\Zzy az"Z
dhg_qguo jZaghkl_c F_»h
L fZ >8®zfbq_kdb_ f AZsblz ezZ[hjZlhjghg
6 11-12 L dmsbc ljib[eb> _ggh_ jr HID1.5, mklgh
dhgljhev “bnn_j_gpbZevguo mjz\ HI1D1.6
gZklguo ijhba%h”*guo
L fZ BKRe_~h\Zgb_ g_s AZsblzZ eZ[hjZlhjghd
kbkl_f gz nZah\hc i g mklgh
7 13-14 L_dmsbc Bkke_~h\Zgh_ A HI1D1.5,
) dhgljhev fZl_fZlbgq_kdhlh fZylgbdz HIDL.6
iehkdhklb Bkke_~h\Zghb
©obsgbhdjl\2
L _fZ Ki@ndimjgh_ fh~_eb AZsblZ eZ[hjZlhjghg
Lbih\u_ a\_gvy mklgh
Z\IhfzZlbg_kdh]h mi
8 15 L dmsbc | _j_ ~Zlhgqgu_ nmgdpbb | HIDL.5,
dhgljhev al_gv_\ K:M ‘gZeba HI1D1.6
ebg_cguo kbkl_f Z\lhfZz
mijZ\e_gby mklhcgb\hklv
i_j_oh~ghlh ijhp_kkZ
L fZKi@ndlmjgh_ fh~r_eb AZsblZ eZ[hjZlhjghg
FZIl_fZlbq_kdh_ fhr_¢ mklgh
9 16 L dmsbc g_ebg _cguo kbkl_f Zz\Ihf HIDL.5,
dhgljhev mijZ\e_gby HI1D1.6
:gZeba Z\lhdhe_[Zgbc
pbdeu




GZbf_gh\zZ HIit_dl dhgljhey DhA GZbf_gh\zZgb_
dhgljhewvg ihgylby |1_fz |z A -
« | e_~_| hp_ghqgh Abkpbiebgu bgnbdzifl — hp_ghaghlh kj_
. .
f jhijbylb) dhfi_|_gpby b I dl*r:fkilbl —ggp nhjfz ijh\_~_gby
L_fZ W@ f glu kizZIbkib ~ | AzZsblZ ez[hjZlhjghd
fh~A_ebjh\Zgbkke ~h\Zgb _ mklah
10| 17 | L-dmsbc G Ghaysboky  tha  ha| HIDPLS, J
dhgljhev kemgZcguo \hafms_gb H1D1.6
fZ1_fzlbq_kdhc %h~_eb
JZa”"_eu HHIIDDllFé
l1lhgylb_ fh~_eb
lihf_“mihqgd fh”_ebjh\Zgby ';'Igll'%
11| 18 |z kizpby| FzI_fzibg_kdb_ fhA_ : Kh[_k_~h\Zgb_ mKkl
wdazf g 2KIZIbg_kdb_ ebg_c¢q
g_ebg _cgu_ fh™_eb
3>bgzfbgq_kdb_.fh~_d
4. Kljmdimjgh_ fh~ el

ljh]jZzffZz dhgljhewhwgphghqgqguo f_jhijbylbc -

aZhggZy nhjfz

himg_gby
GZbf_gh\Z H[t_dl dhgljhey Dh~ GZbf_gh\Zghb |
dhgljhevg ihgylby | fz jzZ4 :
< G_n_ hp_ghqggh "bkpbiebgu bg~bdZli hp_ghaghlh kj_
N : “hklb™ g . .
f _jhijbylb dhfi_|I _gpby b I ~ dhfi | gp nhjfz ijh\_~_ gH
dmjk abfgyy k kkby
L fz KI@lbg_kdb _ fh
J_r_gb_ g_ebg_cguo 1 .
1 o5 L dmsbc HI~ e gb_ dhjg_c b f_Ih~d HID15, AZsblZz eZ[hjz
dhgljhev dhjg_c g_ebg_cgh]h | HID16 jZ[hlu mklgh
Bl_jZpbhggu_ f_Ih~u j_r_g
ebg_cguo Ze]_[jZbg_kdbo m
L fZ H® ~_e_gb_ fzl_fzI
fh~r_eb fZI_fZlbg_kdh]lh bfl BgAb\bAmZevgh
b klZlbklbg_kdh]h fha_ _
2 25 ;Hdp;bc F_Ih~u ihkljh gby fha_e ¢ ';'Igll'% AhiZrg az
gljhev kikl_f b ijhp_kkh\ DeZk} : (ibkvf_ggh
f_Ih~u bkke_~h\Zgby fh~_e_ -
ihlj_rghkl_c fh”_ebph\Zgby
L fz <@bkebl_evgu_
L dmsbec MalhCAD (SMath Studio), MATLAB| |4|p15 Bg”b\b"mZevgh_
3 25 == (Scilab)» bo hkgh\gu_ ijbgpbil N "hfZrg aZz
dhgljhev |5 \hath ghklb b g_~hkizi HIDL6E ibkvf ggh
ijh\_~ gby klZg~Zjlguo>jZkq -
L fZ QKkxe_ggh_ bgl_]jt
nmgdpbcfF_Ih™ 1jZi_pbb
Kbfikhgz F_lh~ =Zmkkz )
4 26 L_dmsbc bgl_ljbjh\zgb_ b ~bnn_j_d HIDLS5, AZsblZz eZ[hjz
dhgljhev d\zZ*jzlmjghe nhjfmeu g2 HID1.6 jZ[hlu mklgh
fghlhge_gZz EZljzg Z D\
nhjfmezZ =ZmkkzZ KjzZ\g_gb_|
nhjfme




GZbf_gh\Z H[t_dIl dhgljhey Dhn GZbf_gh\Zgb |
dhgljhevg ihgylby |_fzZz jZ4 A :
« | 6_~_{ hp_ghagh "bkpbiebgu bgrbdzll - hp_ghaghlh kj_
- . Al “hklib™ _g . . A
f_jhijbylb dhfi_|_gpby bl dhfi | gq nhjfzZ ijh\_"_gH
L_fZ K@lbg kdb____ fh S Ab\nn
5 26 L dmsbc Bgl_jiheypbhgguc fghlhge_| HID1.5, ’?I‘?fzbr\b mZeVgha_Z
dhgljhev | Bgl jiheypbhgguc fghlhge | HID1.6 : 9-—
F_Ih” gZbf_gvrbo d»ZAjZIh\ ibkvf_ggh
L fz FZ_fZlbg_kdb_
Zi_jbh~bg_kdbo b dhe A A
6 27 L dmsbc ijhp_kkh\ FZIl_fzlbg_kdzy HID1.5, ?r?fzb\b mZevgh_Z
dhgljhev | "\blZI_ey ihkihygghlh Ihdl H|D1.6 nterg_ a
gbke_gghklb gZk_e_gby | ibkvf_ggh
ihimeyphbc
L fz > zfbq_kdb_ f A A
7 27 L dmsbc lib[eb~ _ggh_ i_rl HIDL.5, Eﬁf;:b mZeng}
dhgljhev | "bnn_jZgpbZevguo mjz\g_g| HIDL.6 : 9-—
iihba\h”gwuo ibkvf_ggh
L fz >H® Zfbq_kdb_ f
ljb[eb” _ggu_ f_lh~u il )
8 27 L dmsbc h[fudgh\_gguo Abnn_j_g HIDL.5, AZsblZz eZ[hjz
dhgljhev mjZ\g_gbc F_Ih" Wce_jZ - HID1.6 jZ[hlu mklgh
Dmllz Djz_\Zy azZ”7ZqZ F |
jZaghkl_c F_lh~ iphlhgdb
L fz HIGh\gu_ hij_~_|
FZI_fZlbq_kdbc fZylgbd
j_r_gb_ az”Zgb h fZylgbd]
fZylgbdZz \[ebab mklhdéd Bg’\b\b’\mZevgh
g_mklhcgb\ihldh™ _gby jZ\gh —
9 28 L—debC FZylgbd k azZlmozZgb_ f H HIDL1.5, "hfZrg aZz
dhgljhev |t *"m g dhihjufb wdhgh{ HIDL6 ibkvf ggh
az"zqzfhzb fZlbg_kdbf fzyl -
Fh" _ev ©obsgjhdz2 b __ 4dj
g_gb_ \ jZaebgguo h[eZkl
|_ogbXdb
L fZ Ki@ndimjgh_ fh~_eb
Lbih\u_ a\_gvy kbkl_f Z\lh] BgAb\bAmZevgh
mijZ\e_gby I_j_"Zlhggu_ —
10 28 L—debC kh_~bg_gbc a\_gv_\ K:M :g HIDLS, "hfZrg az
dhgljhev | epg cguo kbki_f z\lhiz HIDL6 ibkvf ggh
mijZ\e_gby mklhcgb\hklv -
i_j_oh~ghlh ijhp_kkzZ
HI1D1.5,
Jza"_eu HID1.6
llhgylb_fh”~_eb
ljhf _"mlhqgd fh*_ebjh\Zgby FZI_fZz
12 28 Zll_klZpby| fh”~_eb Kh[_k_"~h\Zgb_ n
wdazf g 2KIZlbg_kdb_ ebg_cgy
g_ebg _cgu_ fh~_eb
3>bgZfbg_kdb_.fh~_ ek
4. KljmdImjgh_ fh” ebj

HibkzZzgb_ihdzZazl_e_c b djbl_jb_\ hp_gb\Zgby dhfi_
gZ jZaebqguo wlZiZo bo nhjibpk¥ZoggbyrdZe hp_gb\Zgby

Dhgljhev dZq_kI\Z hk\h_gby “bkpbiebgu \dedklygljhavk mlki |\ nfék
L _dmsbc dhglghighf mkilRggZlykib1l _klZz
mklZgh\e_gby khhihgldotskoy k4hl
ijh]jzffu dby_&anmenjifbljhf Zyglhry

b ijhf_"mlhgqgmx ZIl_klZpbx
ijh\h~ylky \
ithwlZiguf |Ij_[h\Zgbyf h[jZah\Z| _evghc

h[mgZxsboky

dhfi | _gpbc

p_€yo



L _dmsbc
mf_gbc

ZIl_klZpbb

>ey hp_gb\Zgby j_ameviZIih\ h[mqg_gby bkihevanedkyolylebgghZ
©m~h\e_I\hjbl_evgh?

©ohjhrha

gZ\udh\

dhgljhev mki_\Wkdghkjbc z\b”*
h[mgZxsboky AZ"ZqZ

kbkl_

©g_m~h\e_I\hjb

©g_ aZql_gh?

l_j_q_gv

wlZiZo bo nhjfbjh\Zgby Z |1Zd

hp_ghgguo kj_~kl\

fZIlbq_kdhc

| _edgreZb @abgt\mgt

bkihevam_fuad _“1eygphg_gB\Zgdgbdh
_djzldzy ozjzdjlb\bk]llydz\ wZheblkpj »

ijh\_jd
| hdimjZlphgdhghheylmeyj
mijZ\e_gb_ mqgq_[ghc *_yl _evghklvx h[mgZAdghakk\gaZb hikghh\[| l[jgh
J _amevlZliu hp_gb\Zgby mqgblu\Zxlky \ \b” _ijk)_"g gb bhpjhddbmilijbqgg!

GZbf_gh\Zz lj_~klZ\e_ghb
< hp_ghqggh DjzldZy ozjzdl_jbklbdzZ hp_ghqggh]h hp_ghqggh]h
kj_"kI\z kj_"kI\Z \ NH
Kj_"~kI\h ~ey ijh\_jdb mf_gbc ijbf_gylv ih Dhfie_dlu "“ey
Bgrb\b*mZ| ih azjzg__ hij_"~_e_gghc f_lh”"bd_ ”"ey | \uiheg_gby
1| h_ ~hfZrg_| aZz”~Zgbc ih jZa~_em ~bkpbiebgu bgr"b\b"mzZevgl
azr"zZgB>A | Fh™_I [ulv bkihevah\Zgh ~ey hp_gdb aghd "hfZrgbo aZ1g
b beb hiulz » yl _evghklb h[mgZxsboky || _fZf “bkpbieb
Kj_"kI\h ihalheyxs__  hp_gblv mf_gb
ibkvf_ggh baeZzZ]Zlv kmlv ihklZ\e _gghceag
AZsblz ijbf_gylv klzg”~Zjlgu_ f_Ih”u j_r_gby ihklg L_fu eZ[hjZlhjg
2 | ezZ[hjzlhjgh bkihevah\zgb_f bf_xs_cky eZ[hjzZlhjghc| jZ[hl b Ij_[h\Zg
jZ[hlu ZgZeba ihemqg_gghlh j_amevlizIZz jZ[hlu bo azZshl_
Fh™_I [ulv bkihevah\Zgh “ey hp_gdb mf_¢
hiulz ~ yl evghklb h[mgZxsboky
Kji _~kI\h iha\heyxs_ _ hp_gblv agZgbyb :—L—.ql—bg" cdbo
3 | wdazf g beb hiulz ~_yl evghklb h[mgZxs_ ]hky il \Eijlh—khﬂ—b
- Fh™ | [ulv bkihevah\Zgh *ey hp_gdb agh{d ..
b beb hiulz ~_yl _evghkib h[mgZxsboky | 1£dlba_kdbo a
-7 = [be ITh\ d wdqg

Djbl_jbb b rdZeu hp_gb\Zgby dhfi_|_gpbc \ j_amewlizlbghamq _

ijb ijh\_~ _gbb ijhf_"mlhqghc ZIl_kIZpbb \bnth¢ivdazZt, ¢Z

RdZeZ ey hp gb\Zgby mjh\gy hk\h _gby dhfi | gpbc

RdZeu hp_gb\Zgby

Djbl_jbb hp_gb\Zgby

Mjh\_gv
hk\h_gby
dhfi_ | _gphb

©hlebqgh?

©ohjhrha

©m~h\e _I\hjbl_

©azql_g

H[mgZxsbcky ijZ\bevgh hi
I|_hj_Ibg_kdb_ \hijhku lhdZa
agZgby \ jzfdZo mg_[ghlh
ljZ\bevgh \uihegbe ijZzdlbqg_Kk{
IhdZaZe hlebqgu_ mf_gby
gZ\udzZfb ijbf_g gby ihemqg_g¢
mf _gbc ijb j_r _gbb az”rzZq \ jz
fZl_jbzZez HI\_Ibe gZ \k_ "h
\hijhku

<ukhdbc

H[mgZxsbcky k g_[hevrbfb g
hi\_Ibe gZ I1_hj_Ibg_kdb_ \hij
ohjhrb_ agzZgby \ jZzfdZo mq_[¢{
K g_[hevrbfb g_lhgghklyfb

ijZzdlbgq_kdb_ azZ”Zghby lhdZ
mf_gby b \ezZ”~_gby gZ\udzfl
ihemqg_gguo agZgbc b mf_ghbg(
az"zq \ jzZzfdZo mq_[gh]lh fZI_jt
[hevrbgkl\h "hihegbl _evguo \h

:Zah\uc

H[mgZxsbcky k kms_kI\_ggufb
hi\_Ibe gZ I1_hj_Ibg_kdb_ \hij
m~h\le _I\hjbl_evgu_ agZgby \ j
fZzl _jbzez K kms_klI\_ggufb

\uihegbe ijZdlbgq_kdb_ az"Zz

Fbgbfzevgl




m~h\e_I\hjbl_evgu_ mf_gby
gZ\udZfb ijbf_g_gby ihemqg_g¢
mf_gbc ijb j_r_gbb az”zq \ jz
fzl_jbzez >himklbe fghlh g_|
hi\_1_gZ ~hihegbl_evgu_ \hijh

H[mgZxsbcky ijb hI\_I_ gZ 1]
\hijhku b ijb \uiheg_gbb ijZ
az”"Zgbc ijh~_fhgkljbjh\Ze g
©g_m~h\e _I\hjb| ©g_ azZqll mjh\_gv agZgbc b mf_gbc ijb j
jZfdZo mqg_[ghlh fZl_jbzez |
"hihegbl_evgu_ \hijhku [ueh
fgh _klI\h g_ijZ\bevguo hlI\_1lh\

Dhfi |
g knhj

— 0O

|
O
5 Q

Djbl_jbb b rdZeu hp_gb\Zgby j_amevlZlh\ h[mqg_gby ijb ijF
| _dms_]h dhgljhey mki_\Z_fhklb
Bg"b\b"mZevgh_~hfZrg__ aZ"Zgb_ B>A

RdZeZ hp _gb\ Djbl jbb hp gb\Zgby

HimgZxsbcky iheghklvx b ijZ\bevgh \uihegbblaB¢dgb a
©hlebggh? | mf_gby b \ez” _gby gZ\udzZfb ijbf_g_gbyZigo\ijbfdZro grbko
mg_[gh]lh fZl jbZeZz

H[mgZxsbcky \uihegbe azZz”~Zgb_ k g_[hevibflxggZdhqy]
©ohjhrha agzZgby mf_gby b \ezZz™ gby gzZ\udZzZfb ijbfglgb AN BdhdY
mk\h_ggh]h mqg_[gh]lh fZl jbZeZ

H[mgZxsbcky \uihegbe az”~zZgb_ k kms_kiAfbgguidZz
©m~h\e _I\hjbl_| m~h\e_I\hjbl _evgu_ agZgby mf_gby b \j@d*ggqlpyghy
j_r gbb az”zq \ jZfdZo mk\h _ggh]h mq [gh]h fZl jbZe

ljb \uiheg_gbb h[mqgZxsbcky ijhc _fhgkljbjhtZmjg\ *"gklad

©g_m~hle_I\hjb| \1¢ gbc b ez~ gby bfb ijb j r gbb az¥hdh\ faf dd m ki

AZsblZ ezZ[hjZlhjghc jZ[hlu

RdzZeZ hp _gb\Zz Djbl _jbb hp _gb\Zgby

EZ[hjZlhjgZy jzZ[hlZ \uiheg_gZ \ h[hagZgegfu&ijh
ibkvf _gguc hlg_| [_a aZf_qgZgbc

EZ[hjZlhjgZy jZ[hlZ \uiheg_gZ h[mqgZxsbfklk khpeghf
©hlebqgh? g_h[oh~bfhc ihke _~h\zZIl_evghklb H{mgZxsbcky
kzfhklhyl _evgh ihdZaZe g_h[oh”bfu_ “eyliphq\ Idgg
agZgby ijZdlbg_kdb_ mf_gby b gZ\unbjfedZdhlZ d dhiy
gZb[he  hilbfZevghc “ey nbdkZpbb j amevIZIh\ nhj

EZ[hjZlhjgZy jZ[hlZ \uiheg _gZ \ h[hagZgegfu&ijh
ibkvf_gguc hlg_| k g _[hevrbfb g "hqgq_I1Zfb
EZ[hjZlhjgZy jZ[hlZ \uiheg_gZ h[mgZxsbfky _\
kzfhklhyl _evgh >hims_gu hldehg _gby hkhé_ghhZéhé\
\uiheg_gby g_ \ebyxsb_ gzZ ijZ\bevghklv &hgJadg
ihdZzaul\zZ | agZgb_ h[mgZxsbfky hkghAph]HZI jhjZ{
hiez” gb_ mf_gbyfb g_h[oh”bfufb ey Wihthgklobply ejZ
>hims_gu g lhqgghklb b g [j "ghklv \ hnhjfigZ[gbb jhla

©ohjhrha

EZ[hjZlhjgZy jZ[h!Z \uiheg _gZ k aZ~_j dht kibk?haad
EZ[hjZlhjgZy jZ[h!Z \uihegy_lky b hnhjfeyijbkyhk[mjhg
©m~h\e_I\hjbl_¢ ihfhsb Gz \uiheg_gb_ jZ[hlu azljZqb\Z Ik |[foddks |
ihdZau\Z | agzgby |_hj Ibq_kdh]h fZI1ZjHZ&Z|jnghg by
kZhklhyl evghc jZ[hl_ k bklhqgbdZfb agZgbc beb ijb

EZ[hjZlhjgZy jZ[hlZ g_ \uiheg_gZ ibkyfrglgaie hdq_1 q
J_amevliZlu ihemqg_ggu_ hdmqgidves\niekyx| k~_eZlv i
\u\h~h\ b iheghklvx jZkoh”~ylky k ihklZ\eZaggBc lky eiy
agZgb_ I_hj_Ibg_kdh]lh fZI_jbZeZ b hulomhkl\@pbcg_h[o
EZ[hjzlhjgzZy jg[h\Ziheg_gZ m mqgZs_]lhky hlkmlkl\m
ijh\_~ gby jZ[hlu | _hj Ibg_kdb_ agZdgbybyjaddj¥d ukidb

©g_mA~h\e_I\hjbl|




Lbih\u_ dhgljhevgu_ azZ”~Zgby beb bgu_fZl jbZeu g
"ey hp_@dlZgbc mf _gbc gZ\udh\ b beb hiulZ »_yl e
oZjZdl_jbamxsbo mhgbyh\Zgby dhfi_| _gpbc
\ijhp_kk_ hk\h _gby h[jZah\ZIl _evghc ijh]jzffu

Lbih\u_ bg”®"b\b"mZevgu_ "hfZrgb_ azZ”Zgby
<ZjbZglu B>A \ZjbzZglh\ ih dZz ~hc |_f_ \ued bgnh \fZveb hdd ghhg
h[jZzah\zZl_evghc kj_~_ Bj=MIK “hklmighc h[mg@xwsc faZ{p g |j _a _]h
Gb _ ijb\_"~_gu h[jZapu Ibih\uo \ZjbzZglh\ bgZ\iglbé mazeNAgioc il
| _fzf ij_~mkfhlj_gguf jZ[hqg_c ijh]jzZffhc
H[jZa_p Ibih\h]h \ZjbZglZ bg”"b\b"mZevgh]h *"hfZrg_]h aZ
ih 1l f ©J r_gb_g_ebg_cguo mjzZ\g_gbc?
GZclb \k_ ~_ckl\bl_evgu_ dhjg& 2B\ ghky lhgghklvx~10*
dhf[bgbjh\Zgguf f_Ih~hf b f_Ih~hf bl_jZpbb rX]jiZ\glglvh gphkehih »
"hklb® _gby h”"bgzZdh\hc lhgghklb wibfb oyyh*"XZib k<bftdlke agdiZkguf a

H[jZa_p Ibih\h]l]h \ZjbZglZ bg”"b\b"mZevgh]h "hfZrg_]h az
ih I_f_©Bgl_jiheypbhgguc fgh]lJ]hge_g E¥]jZg Z b Gvxlhg
Ihkljhblv bgl_jiheypbhgguc ihebghf EZ]jZg Z b bgl_jiGeylohg dey
nmgdppbyx azZ”Zgghc IZ[ebqgh
X 0 1 2 3

y 2.083 3.102 4.529 7.822
GZclb ijb[eb  _ggu_ agZq_gby nmgdpbb tbqd xijha\h*ghc \ |

H[jZa_p Ibih\h]h \ZjbZglZ bg”"b\b"mZevgh]h "hfZrg_]h az
ih I _f_ ©Qbke_ggh_ bgl_]jbjh\Zgb_ “bnn_j_dphjh¢vgbpytdZ\g_g
F_Ih~hf JayhllZ ijhbgl_Jjbjh\ZIlv “bnn_j _gpbZevgh_ mjzZ\g_gb_
yc2ycy €,y0) y@© 1
gZ hlj_&d0o3 k rZ]mf 01. GZclb ZgZeblbq_kdhl_ y(xy agrZgghlh mjZ\g_ ¢
b kjZ\gblv agZqg_gby lhqgh]lh b ijb[eb _gfbJh0jl, x, gz X 103d <k _
\ugbke _gby \_kIb k r_klvx »_kylbqgufb agZdZfb

H[jZa_p Ibih\h]h \ZjbZglZ bg"b\b"mZevgh]h "hfZrg_]h az
ih I _f_ ©OF_Ih»k_Ihd
J rblv az”"Zgm >bjboe_ ey mjzZ\g _gby EZieZkZ
wu  viu
w W
\ ijyfhm]hevgdxddl, Ody dl k rZ]mf0,25 b k Ilhqghktios ijb ke ~mxsbo
mkeh\byo

u(x,0) = X, u(x,1) = 2> + 1,
u(,y) =y u(l,y) =1+2y.
321 _j_qg_gv |l _hj Ibg_kdbo \hijhkh\ d wdazZf_gm

"ey hp_gdb agZgbc

JZa” _dhgylb_fh” _eb fh” _ebjh\Zgby FZI _fZlbg_kdhc fh”_eb



1.1.Hij_~ e _gb_ fzl _fZlbq_kdhc fh~_eb fZIl_fZIbqltkdh]hklZdbtkibmb kg d!

fh~_ebjh\Zgby Hkgh\gu_ wiZiu ihkljh_gby fZljZfzdbqgkdblbkh~f & iGhp |
<b”u fh~_e_c \b”u fh”_ebjh\Zgby o0Zjzdl_jbklEdbyh[t_dIZ fh”_ebjh

1.2.Hkgh\gu_ ijbgpbiu jZ[hlu \ugbkebMahcgdh\cakj*Z2quZo fh*_ebjh\Zgby |_ogl

kbkl_ fh~"oh”ru \hafh ghklb b h]jZgbq_gby

1.3.1jhkl_crb_ fh”_eb

JZa” _e&KIZlbg_kdb_ ebg_cgu_ b g _ebg _cgu_ fh™ _eb

21.K1Zlbg_kdb_ fh”_eb Bkke_"h\Zgb_ fh”_e_c f_Ih~Zdgbdbuqglkkel
bkihevah\Zgb_f ODWKFDG
22.KIZlbg_kdb_ fh~_eb Ihkljh_gb_ fh”_e_c ijhklebrgocgbg pcggad kbkl
23.<ugbkebl_evgu_ f_Ih*u ihkKgZedbmyZ h~rghf_jguo fh*_e_c
231 Hij_~_e_gb_ljZzgkp_g”_glgh]h mjZ\g_gby j=jZuylby_rgb'cg k gioky
232. F_Ih™ bl_jZpbc
233. F_Ih™ GvxlhgZz
234, We _f_glu fZljbgghc Ze]_[ju F_lh® =ZmkkZ FZljbgguc kihkh]
235 <uqgqbkebl_evgu_ f_Ih”u ebg_cghc Ze]_[ju F_Ih” ijhklhcbbl_jZz
"hklZlhggu_ mkeh\by koh”bfhklb f_Ih~Z bl_jZpbc F_Ih™ A_c”"_
24.1hkljh_gb_ klZlbg_kdbo fh~_e_c ih wdki_jbf_glZé¢MogewfpbyZglyuf
ZiijhdkbfZpby nmgdpbc
24.1. lhklZgh\dZz azZ"™"Zqb bgl_jiheypbb Bgl_jiheypbhgpdg Z fgh]
Bgl_jiheypbhgguc fghlhqe_g GvxlhgZz
24.2. KieZelmgl _jiheypby
24.3. lhklZzgh\dz az”~zZqb ZiijhdkbfZpbb >bnn_j_ dopb¥elvgud\a”jhrh\g
QZklgu_ kemgzZb j_]j_kkbc >bnn_j gpbZevguc ZbflgMZewgu
d\z”~jzlh\ F_lh” gZbf_gvrbo d\Z”*jzZlh\ k h[h[slZgufb dhwnnbpb

JZa™ & >bgZfbqg_kdb_ fh~_eb KljmdIimjgh_ fh™ _ebjh\Zgb _

1.

1.1.Hkgh\gu_ ijbgpbiu jZ[hlu \ugbkebMAGUuABcitkjohtdu \hafh ghklb b
hljZgbg_gby ihjy~hd ijh\_~_gby klZg "&@ZI'gdpZpZkq _1h\
1.2.>bgzZfbqg_kdipZeh]ihlgylb_ we dljhf _oZgbqgq_kdhc we _dljh]b”"jZ\ebqg_kc
we _dljhig_\fZlbg_kdhc ZgZeh]bc
13.FZl_fZlbg_kdh_ fh”_ebjh\Zgb_ kbkl_f k khkj_~hlhiq oggubflp kdjZf 1jzf
dhe [ZIl_evgu_ kbkl _ fu
11 FZl _fZlbg_kdh_ fh”r_ebjh\Zgb_ kbkl_f k jzZzkij_"_<h@gh\fb_izjjd kkifb
1.2 <ugbkebl _evgu_f Ih”u j_r _gby b ZgZebaz fzI| gZflbg_kdibo ifjifvp & kd
121 F_Ih”u j_r_dbydgh\ugodbnn j gpbizoewgZ\g _dbagzZqZevgufb mkeh\b)
F Ih*u Wce jZ-Ddiig] _
1.22 Ihklzgh\dZ b j_r_glbcad}?Zgb F_Ih” dhg_qguo jZaghkl_c¢c F_Ih” ijh
1.3 Kbkl_fu Z\IhfZlbq_kdh]h mijZ\e_gby b j_]mebjhkBghyu & _ ebg_
fh~_ebjh\Zgb_
1.31 Fh~_ebjh\Zgb_ gZ hkgh\_ kbkl_f Z\IhfZlbg_kdh]h mijZ\e_gby
1.3.2 Hkh[_gghklb ~"bgzZfbg_kdbo j_"bfh\ Hij_~_e_gbkl_mklbg¢lylb\jbkl
mklhcgb\hklb =mj\bpZz
14FZ| _fZlbg_kdb_ fh”_eb "bkdj_lguo kbkl_f Dhg_qguc Z\IhfZl

331 _j_qg_gv Ibih\uo ijhkluo ijZdlbg_kdbo az”"Zgbc d wdaZf_
"ey hp_gdb mf_gbc
1jb\_klb kbkl_fm d \bAm ijblh~ghfm ~ey j _rbgby f_Ih~hf bl_jzZp



9 9203 ,08
89 9 P2,04
?Cl 39 P 408
=Q 29 330 40 4
2. GzZclb bgl_j\Ze baheypbb dhkjy3mjZ\0. gby
3. AZibkZlv bgl_jiheypbhgguc fghlhqe_g EZ]jZg Z ih ke_"mxsbf ~"Z

X -3 | 3 5
fx) | 7 | 4
4. AZibkZlv bgl_jiheypbhgguc fghl]hge_g GvxlhgZ ih ke_"mxsbf *"Z

X -3 3 5
fx) | 7 4 9

351 _j_qg_gv Ibih\uo dhfie_dkguo ijZdlbgq_kdbo azZz~Zgbc d wd
"epp_gdb gZ\udh\ b hiulz ~_yl_evghklb
1. >ey nmgdpbb az”Zgghc IZ[ebggh

X 1 2 3 4 5 6 7 8
y 2,3 7,5 14,9 24,2 35,5 48,3 62,9 78,8
ih~h[jZlv wfibjbg_kdmxyntfjxmlenk ~"\mfy iZjZf_&jdfb.
1 dx

2. <ugbkeblv ijb[eb" k Ih hkiv¥/ 102 \hkihevah\Z\rbkv lhc ba n
q ib[ O_WX ag

ijb[eb”_ggh]h bgl_ljbjh\Zgby dhlhjzy ihlj_[m_ANufgbgcer_dbch[kufgbkeb
hij _~ e gguc bgl _]jZe Ihggh b kjZ\gblv k ijbpbbf gguf _Jh agZq
3. Qbke _ggh j_rblv "bnn_j _gpbZevgh_ mjzZ\g_gb _

yc2—3;( x3, y@) 1

gZ hlj_a2 k rz]mf 02 f_Ih~"hf Wce_jZ GZclb lhqghy(x) Ir kfB\gblv
agZq_gby Ihqgh]h b ijb[eb _gguo j_k _@bc GZcdlhgdZ[khexlgmx
hlghkbl_evgmx ih]j_rghklb \ wlhc lhgd_ <aqdukefygBy klylbldg kfl
agzZdzfb

4. KhklZ\blv fh~_ev bkke_~h\zZgbycC4yjz8coghy \ ijbeh  _gMATLAB
SIMULINK.

5. Khklz\blv fzZI_fZlbqgq_kdmx fh"_ev ~"\b _gby jbejZiézZlgighhdh d Rjmibgd.
" _kldhklvx N kbehc |Ij_gby ij_g [j_qVv

4F |h~*bg_kdb_ fZl_jbZeu hij_~_eyxsb_ ijhpy*mjm hp
agZgbc mf_gbc gZ\ludh\ b beb hiulZz *_lyljbanyphkdb o:
wlZiu nhjfbjh\Zgby dhfi_| _gpbc

< |Z[ebp_ijb\_~ gu hibkzZgby ijhp _dbmgjljihledgh gbgguo f_jhijbylb
b ijhp_"mj hp_gb\Zgby j_ameviZlh\ h[mqg_ghy kjihfkls vix kihgh1ghldI\b
jZ[hg_c ijh]jzZffhc “"bkpbiebgu

o HibkZgby ijhp_~mju ijh\_~_gbypdtodiglyéibhi_jhijbyl
kpj—%kﬂ\gz b ijhp_~mju hp_gb\Zgby j_amevIZlh\ h[mq |




lj_ih~rz\zl_ev g_ f_g__ q_f az "\_ g |t B=bA"hhkjhdzka}
dz " ~hfm h[mqgzZxs_fmky ghf_j \Zjbzglz Az*Zgbjhgod
bgnhjfZpbhlggBhah\Zl_evghc kj_~_ Bj=MIK ~hklmighc |
_]lh ebgguc dZ[bg_I| B>A “he gh [ulv \uifh@gc gh AhmE\Z
kjhd B>A \ gZagZqg_gguc kjhd k*"Zxlky g\lijleVv_jmgm hjlf
h[mgZxsboky h j amevlZIZo ijh\_jdb jZiihKe gk} Zay B™> A
AZsblz ez[hjzlhjghc jZ[hlu ijhoh”bl \h \j_fy IdbZ[hhZ
dhgkmevliZpbc ih "bkpbiebg_ HimgZxsbcky ihhEkezZl_
AZsblzZz ezZ[hjzZl \uiheg_gghc eZ[hjZlhjghc jZ[hlu ihemqZ_I| aBhsjthlk \hlhjH
jZ[hlu hi\_1Z ihevah\Zlvky mq_[gbdZfb kijZ\AfgleddpbcdHhglkjiZ:
ijZdlbg_kdbo azZgylbc g_ JlZzahZ\gh_&yZam bgnhjf
h[mgZxs_hhkyamevlZlZojZFslulu

Bg"b\b*"mZevg
"hfzrg_ az
B>A

>ey hjlj]Zzgbazpbb b ijh\_~_gby ijhf_"mlhqghc adbh KIZ pblok|¥ \relyjx
Ibih\u_ dhgljhevgu_ azZ”~Zgby beb bgu_ fZl 4b¥ehup_ gdib][@gghbic m
gZ\udh\ b hiulz ~_yl_evghklb o0zZjzdl_jbamxsbohwldiuwmi¢fb jijhpghky
hk\h_gby h[jZah\ZIl_evghc ijh]jzffu

ti_j_q_gv |l_hj _Ibg_kdbo \hijhkh\ d aZzgclm ~ey hp_gdb agZghb

ti_j_q_gv Ibih\uo ijhkluo ijZdlbqg_kdbo "eZ”HApgbgdd azfq glhc

i _j_qg_gv Ibih\uo ijZzdlbg_kdbo azZ”~Zgbc d @Z\qudm bdeyhihlZ
N yl_evghklb

| j_g_gv I_hj_Ibg_kdbo \hijhkh\ b i_j_qgb laidardghb¢Zj@aéghKding !
keh ghklb d aZg_Im wdazZf_gm h[mqgZxsb_Kkyf ikhlegZnqgZX| & wgdghg
bgnhjfZpbhlg[ghah\Zl_evgmx kj_“m Bj=MIK ebqguc dZ[bg_I| h[mqgZx

HibkzZgb_ijhp_~mj ijh\_~_gby ijhf_"mlhgghc ZIlI_klZ@Zbb \ nhjf_
b hp_gb\Zgby j_ameviZlh\ h[mqg_gby
ljhf_"mlhqgZzy ZIl_klZpby \ nhjf_ wdazZf_gzZ ijmhhkhlkky lZf bkl
[be_1Zf ;be_lu khklzZ\e_gu I1Zdbf h[jZzahf qdeXqdz Yuke pyalghp lbqg_
\hijhku b ijzdlbg_kdb_ az”~Zgby
;be | kh”_j bl ™\Z |I_hj_Ibg_kdbo \hijhkzZ %“teyjhpbagdkdhgz\dbh
\u[bjzxlky ba i_j_qgy \hijhkh\ d wdazf_gm"2pbyjzZe\d cp &k @b 2228y t
mf_gbc \u[bjZxlky ba i_j qgy Ibih\uo ijhkluoghjZdlbwd&dbogmzZ"Zj
ijZdlbq_kdh_ az~zZgb_ ~ey hp_gdb gZ\udh\hllbbe\u[thjizxkky byd ieygt
Ibih\uo ijZzdlbg_kdbo az”"Zgbc d wdazZf_gm
JZkij_"~_e_gb_ |I_hj_Ibqg_kdbo \hijhkh\ b igZzoHbwdleddogapbhghl
[be 1Zf gZoh”blky \ aZdjulhf "ey h[mgZxsboky ~dikflirei dlJDajdphlZg
[be I\ \uklZ\ey weydljhggmx bgnhijfZl[gBabhhl _evgmx kj_~m Bj=I
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