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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

'gMNj__gd&kyjmd: G EZ[mlbg ~ 1 g ijhn
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D:KD:>G:Y KBG?J=?LBQ?KD:Y KBKL?F: MIJ:<E?GBY
DHGP?GLJ:PBPCE?<H=H IJH>MBLOBFBQ?KDHF
J?:DLHJ?

Obfbqg_kdb_ j_Zdlhju ij_~klz\eyxl kh[hc g_e
fghlhf_jgu_ h[t_dlu mijZz\e_gby :dlmZevghklv jZ[hlu
g_h[oh”bfhklvx jzZajz[hldb wnn_dlb\guo Ze]lhjblfh\
h[ _ki_gb\Zxadb®Zggh agZq_gb_dhgp_gljZpbb p_e_\h]
obfbq_kdhf j_.zdlhj_

< jZ[hl_ ij_"eh\gdé¢h”oh” d kbdRZldZ" ghkl_fu
mijZ\e_ghky bkihevah\zZgb_f fkHb~2h\ Ibg_kdhc |I_hjbb
mijZ\e_gbyey kbgl_aZ bkihéxbhh\ZpaZkdh"_ev
obfbg_kdhc ih~kbkl_fu \ ij_"iheh _gbb ihklhygkI\Z I_
fh~_ev bkihegbl_evghlh f_ozZgbafz \ \b~"_ bg_jpbhggh
mijZ\e_gby fh gh ij_~klZ\blv ke_"~mxstwif :hfjZathf
\g_rg mijZ\e_gb t\gmlj_gg__ mijZ\e_gb_

:kl1Zlbg_kdbc kbg_j]l_Ibg_kdbc Ze]lhjblf mijZ\e_gby &
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'gMNj__gd&ki jmd : G EZ[mlbg ~ 1 g ijh
B=OLM ] B\Zgh\h
MIJ:<E?GB? OBFBQ?KDBF J?:DLHJHF
I1JB G?IHEGHKIJ?>?E,GGHKLB
BGNHJF:PBB H >BG:FBD? H;T?DL:

Obfbg_kdb_ j_ZdiljhjvklZ\eyxl kh[(hcebg_cgu
fghlhf_gg h[t_dil mijZ\e _gby 7ey dhlhjuo gZ jZggbo Kk
ijh_dlbjh\Zgby o0zZjzdl_jgZ g_higlrf2Agpghddlkc fh”r_eb
"bgzZfbdbWIlh hij_~_ey_| ZdIimZevghklv jZajZ[hldb
mijZ\e_gby g_ Ilj_[mxsbo iheghc IkdphdfiZzmgbb bh
iZjZzf_lj2bgZfbg_kdhc fh”~_eb

lj_"~eh _gh\ucih”oh” d kbgd_emmg_cgBejhjblfz
mijZ\e_gby ff ZlyZeblbg_kdh]h dhgkljmbjh\Zgby Z]j_]b]
j_Imeylhjlhbbkihevahl\Z@¥~"Zgghc g_ebg_cghc KklZlbq_
oZjZdIl_jbklbdbdzZzgZem j_]meljhiZgbyo = 3v).
Bg_jpbhgghklv mgl_gzeb\g "c@ghblfzfbg_kdh]h a\_gZz

Kbgl_abjh\Z&uzlbq_kdb_ Zelhjblfu mijZ\e_gby Kk
bg jpbhgghklb b [_a mqg_lZ bg _jpbhgghklb h[t_dlI
mqgblu\Zxsbc bg_jpbhgghklv bf__ I \b~?
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fh™ I J[ulv bkihevaihbZgjZajz[hld_ kbkl_f mijZ\e_ gl
g_ebg_cgufb h[t\dhXkfeh\byo g_ hij_ " bagagghXptbb h
fzI_fZlbg_kdhc fh~_eh ~bgzZfbdb
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

I : :jlxoh\z Zkk
NbebZe N=;HM <H GBM ©FWB?2 \ ] Kfhe_gkd_
BGL?EE?DLM:EVGH? MIJ:<E?GB?
L?IEHNBABQ?KDBFB IJHP?KK:FB
G:HKGH<? IJH=GHAGH=H FH>?EBJH<:GBY

< gZklhys__f4dkkh\h_\g_"j _gb_ \hah[gh\ey_fuo bklh
wg_jlbb ijb\h~bl d jhkim g_hij_~_e_gghklb \ [ZeZ
| ieh\uo b we_dljbg_kdbo gZ]jmahd \ jZkij_~_e _gguo
Kms_ kl\mxsb_  kbkl _fu mijZ\e_gby dzd ijZ\beh
jZa™ _evgmx hilbfbazpbe b iwk _dljbg_kdbo j_"bfh\ ¢
\_~_ 1 d i_j_jZkoh”m 1lhieb\Z |_ieh\uf ~bk[ZeZgkZf
j_kmjkz h[hjm~h\Zgby Dexqg_\h_ agZq_gb_ ijh[e_fZ b
kmlhgguo dhe_[Zgbc |_fi_jZIlmju gZjm gh]l]h \ha“mo
hljZgbg_gbc ih kdhjhklb bgmadgbdyhfdBpbjh\Zgguo
bklhggbdh\ wg_jlhkgZ[ _gby

< hlebqgb_ hi ba\_klguo ZgZeh]lh\ [Zabjmxs
N |l _jfbgbjh\Zgguo ]jZnbdZo beb mijhs_gguo fh”"_ ey

k I _¢ \ ~Zgghc jZ[hl_ j_Zebah\Zg ihgZkh\hc Ze]hjbl
hilbfbaZpbb h[t _~"bgyxsbc ijh]lJghagmx dhjj_dpbx
[ZezZzgkZ k j_]mebJhfzgBElImjguo j_"bfh\ |I_iehghkbl_ey

k_lyo b |_ogdhdhfbg_kdmx hilbfbazZpbx k h~gh\j_f
mq_Ilhf g _ebg_cguo h]jZgbg_gbc

JZajzZ[hlzZzggZy ijh]jzffZywonkahd®me_f \bamZebaZphb
\azbfhk\yazZzgguo J]jZnbdh\ [ZeZgkh\ b [I_fi_jZImjgu¢
iha\hey_| ~bki_lg_jkdhfm i_jkhgZem ijbgbfZlv h[l
j_"bfgu_ j_r_gby gZ kmldb \i_j_~ qlh h[_ki_gb\Z_I

- kgb _gb_ jZkoh”Z Ilhieb\Z azZ kq_Il hilbfZevgh]h j:
gZ]ljmadb f_""m bklhggbdZfb b bkihevah\Zgby 1 _iel
Zddmfmeylhjh\

-ij_"hl\jZs_gb_ Z\Zjbcguo kbImzZpbc k\yaZgguo k i
Ahimklbfuo I_fi_jZImjguo j_"bfh\ h[hjm~h\Zgby b I_ieh

- Z\IhfZlbabjh\Zggh_ nhjfbjh\Zgb_ ihgzZkh\h]h ieZ
wg_jlhh[hjm~Ah\Zgby \ gZ]ley~ghf ]jZnbqg_kdhf \b~_ ~b
N"ey gZdhibl_e_c I_fi_jZIlmjgu_ ijhnbeb [ZeZgkh\u_ ]j

>Zevg_crb_ bkke_"h\Zgby gZijZ\e_gu gZ b
djzldhkjhqgqgh]h ijh]lghabjh\Zgby \_ljh\hc b kheg_qgghc
1Zd _ gZ Z~ZilZpbx Zelhjblfz d jZ[hI_ \ j_"bf_ j_Zevgl
bkihevah\zgb_f f_Ih~h\ fZrbggh]h h[mqgq_gby “ey mlhqq
bg_jpbb_lc_
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?: ;Zeh\ klm~ jmd B D Fmjz\v_\ d |
B=WM ] B\Zgh\h
PBNJH<HC J?=MEYLHJ J:AJ?@7?GBY
< LHID? DHLE:

< jZ[hl_ jzZkkfhlj_gz i&XeZgiby wnn_dlb\ghklb
j_Imebjh\Zgby jZaj_ ~ _gby \-220i98 dhb&&Zkqzl i_j oh~Z
hl g _ij_julgh]l]h d pbnjh\hfm j ]Imeylhjm JZaj "~ _gb

dexq_\uf izZjzf_Iljhf hij_~_eyxsbf mklhcgb\hklv ]hj
[_ahiZzkghklv jZ[hlu dhleZ

ljhZgZebabjh\Zg g_ij_jul\gdmeybBnhj \uyle_gu _]h
hl]jzgbg_gby g9_"hklzZlhqgZy ]b[dhklv gZkljhcdb b gm
\hafms_gbyf [Ij_~eh _gh pbnjh\h_ i_j_h[hjm~h\Zgb_
Abkdj _Ibazpbb j_]ImeylhjZz b ihemqg_gby jZaghklghc
j_ZebazZpb]jzififbjm_fhf eh]bg_kdhf dhgljhee_j_

> >

JbkmghtKljmdIimjgu_ ko_fu kbkl_f k pbnjh\uf b g_ij_julguf j_]meylh

Pbnjh\hc j_Imeylhj h[_ki_gb\z_ | [he__ IThggh_ il
jZaj_~_gby kgb® _gb_ \ebygby imevkZpbc b m~h[kl\h
kh\j_f _ggukbkl_fu mijZ\e _gby J _amevliZlu fh~_eb
ihdZau\zZxl memqgr_gb_ i_j oh”guo ijhp_kkh\ b mklhcqt

Lzdbf h[jZzahf i_j_oh” d pbnjh\hfm j_]meylhjm
gZ”z ghklv b wg_jlhwnn_dlb\ghklv kbkl_fu mijZ\e_gb
dhleZz

;b[ebh]jZnbg_kdbc kibkhd

1. EZ[hjzZlhjguc ijZdlbdmf ih kha”Zgbx pbnjhl\uo :KM LI >We
j_kmijkd@ "bf *hklmiz KWWSV VWXGILQGHAZQ& WK Svldt Ay Bird k

2. Mijz\e_gb_ b bgnhjfzZlbdzZ _kdblo oddbk!_fZo <uimkdgZzZy
d\ZeltbdZpbhggZy jZ[hlZ Mqg_[gh_ ihkh[b_ ih~ j_» X K

B\Zg ]hk wgl iBhggh\h =+ k
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? X ;_k_"bg FJ IZkhmdol\= :1ZzfZgxd
<he]=LM ] <helh]jz?

KBKL?F: DHGLJHEY =?HF?LJBB H;?Q:?D

H[_qZcdbeyxlkiZah\ufb we_f_glzfb \ jZaebgguo hlj.
ijhfure_gghklb >ey dhgljhey bo ] _hf_Ijbgq_kdbo i
kms_kl\mxl| jZaebggu_ f_Ih”u b mkljhcklI\Z

Hilbdiwe_dljhggZy kbkl_fZ ijh_dpbhggh]lh f_Ih~Z baf,

kh~_j bl h[t_dlIb\ dhlhjuc ijh_pbjm_I djhfdm ~*
iehkdhklv bah[jZ _gby 1" mklZgZXéjb\ZZ I1ky 1AK
kh_"bg_ggzZy k J[ehdhf h[jZ[hldb bgnhjfZpbb >

hij_~ ey | h¥khoL ~h djhfdbbjhf Ij £ 1 _fi_jZImjm
h[_qZcdy \g_k_gby ihijz\db
3

JbkmghdKo_fZ mklZghtdp qZcdZh[t_dIb\+IAKiZIljbpZ t[ehd
h[jz[hldb bgnhjfzpMzevghf_fibjhf_Ij

< ijhp_kk_ \jZs_gby ~_l1Zeb ddjhhidlhigly_Iky qlh
nbdkbjm_Ilky [ehdhf mijZ\e_gby alZ[dZKf giphdt b Z
g_dhlhjh_ dhebq_kl\h iBOg_egb_ 1kf_s_gbhhfdb
iehkdhklb baf_j_gby hij_~_ey_Iky ih ke_“mxs_c nhjfm

A:LOoUOUU:. E>, (1)

1*_ Eihijz\dz \ualZggZy kf_s_gb_f Ihgdb hlkyg_IZ jZkl|
m]he ho\Zlu\Z_fuc h~gbf ibdk_e f \ jZ~2bZgZo

Ilhke_ iheghlh h[hjhlZ h[_gZcdb [ehd h[jZ[hldb bgr

ihemq_gguf ~Zgguf hij_"~_ey | _z hlghkbl_evgmx
Khlezkgh =HKL? hlghkbl_evgZy h\Zevghklv g_ *I
ij_\urZzZlv

< oh”_ jzZ[hlu J[ue \u[jZg hilbfZevguc nhlhijb_
jZajz[hlzgz f_lh”"bdz ijh\_~_gby wdki_jbf_glZz
mijZ\eyxsZzZy ijhljzffz ijh\_~_gh bkke_"h\zZgb_
hit_dlb\z Z 1zd" _ jzkkfhlj_gh ih~dexq_gb_ ibjhf_I1jZz

JZajZ[hlZgguc ijb[hj fh™_|I gZclb ijbf_g_gb_
fZrbghkljhbl_evguo az\h~Zo kljZgu glh ih\ukbl
balhlz\eb\Z_fh]lh h[hjm~h\Zgby

8
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FJ IZklmohWYX ;_k_Abwmgd J = :1ZfZgxd
<he]=LM ] <helh]jz?
J:AJ:;HLD: HILBDWE?DLJHGGH=H 1JB;HJ:
DHGLJHEY >B:F?LJH< H;?Q:?D

H[_qZcdb yl\eyxlky [Zah\ufb we_f_qglZfb \ jZaebqg
ijhfure_gghklb >ey dhgljhéy_Ihlwgq_kdbo izZjzf_I1jh\
kms_kl\mxl| jZaebggu_ f_Ih”u b mkljhcklI\Z

Baf_jbl_evgh_ mkljhcklI\h ‘Yoghlj_agbytbhzf_I1jz
kh~ _j"bl ~Zevghf_j dhlhjuc azZdj ie_g gZ i_j f sZ
dhglmjm dzZj_Id_ k \hafh ghklvx kdzZgbjh\Zgby ijhlb
mqgZkldzZz \gmlj_gg_c ih\_joghklb ~_I|Zeb j_amevlZz
jZkklhygbc azihfbgzxlky \ [ehd_ mijzZ\e_gby b ba
j_amegvVvh\ \u[bjZ_Iky fzdkbfZevgh_ agZqg_gb_ dhlhjh.
AbzZf_ljhf \ ~Zgghf ihi_j_qghf_Kedaghp 1Zdbf h[jZahf
[_kp_gljh\hc f_Ih” dhgljhey

< oh”~_ jZ[hlu J[uez kijh_dlbjh\ZgzZz f_ozZgbqg_kdZz:
ihabpbhgbjh\Zgby \ul[jZg Zwilbffftrevegv  hilbg_kdh]h
NZevghf_jz jzZajz[hlzgzZz f_lh~bdzZ [_kp_gljh\hlh kdz:
1Zzd _ bkke_"h\ZgZ lhqghklv [Zabjh\Zgby jhebdh\hc kb

JZajZ[hlZgguc ijb[hj fh™ | gZclb ijbf_g_gb_
fZrbghkljhbl _evguo azZ\h~Zo kljZgu glh  ih\ukbl
balhlz\eb\Z_fh]lh h[hjm~h\Zgby

Jbkmghd Ko_fZ mklZdhAdblbgq_kdZy lhehhdlbq_kdbc "Zevghf_j
ijb\h~ \jZs_ghkk_j\h™M\b]Zl-eZj_IdZ i_j_f_s*gByh\uc "\b]ZI_ev
-[ehd mijzZ\e_#ibly qZcdZ -iBju jhebdh\ -ipb bfgu_ ijm bgu

9
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? < ;hehgbg kIm”~ jmd : < =hem[_\ d
B=WM ] B\Zgh\h
11:J:LGH-1JH=J:FFGUC DHFIE?DK A:SBLU
>:GGUO B :ML?GLBNBD:PBB >EY J:KIJ?>?E?GGUO
DEB?GK?J<?JGUO IJBEH@?GBC

Mya\bfhklv ijh]jZffguo kj_~kI\ i-g™bgbjbgRhf

Abdim | g_h[oh”~bfhklv ]b[jb~guo j_r_gbc nNey
jZkij_~_e_gguo kbkl_f < klzZlv_ ij_"klzZ\e_gzZ Ij_
Zjobl_dlmjZz ihevah\zZl_evkthgZ IH ZiizZjZlguc

djbilh]jZnbg_kdbc dexq gZ [Za_ fbdjhdhgljhee_jZ b k_
Bkihevah\Zgb_ \g_rg_]h \ugbkebl_evgh]h fh mey bk
\hafh ghklv dhfijhf_IZpbb deb_glZz

Nmg~rzZf_glZevguc ijbgpbtiklelgluduhlidZa hl ojZg_gb)
k_dj_Ih\ gz deb_gl_ <azbfh”_ckl\b_ ijbeh _gby b d
bahebjh\Zgghfdz§&%m Deb_gl g_ bf__I “hklmizZ d ¢
dexqzf \ izfylb fbdjhdhgljhee_jz i_j_"~Z\Zy “Zggu_ bk
ey \uiheg_gby djbilh]ljZnbg_lkdbezZhi_jdpbiheghc
dhfijhf_lIZpbb ihevah\Zl_evkdhc kj_~u bale_qv d
kufblbjh\ZIv \Zeb~gu_ aZijhku [_a nbabqg_kdh]h Ihd_g

K\yav dexqZ b k_j\ _jZ [Zabjm_Ilky gZ kd\haghf rbr
deb_gl \uihegy_ | lThevdh ljZgkihjlgmx nmgdpbx AZsbs
br 1 g_j_a _"“bguceppadkgleh[Zevguf h[jZ[hlgbdhf hrb[l
glh fbgbfbabjm_I ih\_joghklv ZlZdb Ihe_agZy gZ]jma
kbf_ljbgqguf rbnjh\zgb_f Z ij_"\Zjbl_evguc h[f_g k_Kkk
dexqzZfb ih Zkbff_ljbgguf Ze]hjblfzf ij_~hl\jzsz_| ZI.
3g_eh\_d ihk_j(Mabu-theMiddle) [1].

GZ k_j\_j_ jZkrbnjh\Zgguc b~_glbnbdzlhj ~_ckl\by
aZijhk \ bahebjh\Zgguc-kbdhledlbdgykiZ[hlu k [Zahc ~Zg
g_j_a 250 :\lhjbazZpby kljhlh dhf[bgbjm_I| nbabqg_kdh_
dexqgZ ijhljzffgmx \_jbnbdZpbx b \uflhagmgiAju -:7
>Z99ZyZkrlZ[bjm _fzZy Zjobl_dlmjZ mgb\_jkZevgZ y
baheypby djbilh]jZnbb iheghklvx [ehdbjm_I ih""_edr
1Zjzglbjm_I aZsblm k_I_\h]h ljZnbdZ

;blebh]jZnbq_kdbkhd
1. KlZeebg]kDsbilh]jZnby b aZsblZ k_I_c ijbgpbiu ba#fEdlbdz
<bevyfk % k

2. FZjlbg DbklZy Zjobl_dIimjz BkdmkkI\h jZajZ[hldb ijh]§Zffgh]lh h][
KI[ Ibl_j =+ 'k
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

D:;mrm_\ kim”~ jmd : G Gbdhghjh\ d I
B=WM ] B\Zgh\h
HKH;?GGHKLB=MEBJH<:@BL?IEH<HG:=JMADB
I JYFHLHQGH=H DHLE:

ljyfhlhgguc dhlze ij_"klz\ey_ | kh[hc Jb”jZ\ebqg_kdm
hrghdjzZlguf ijbgm~bl_evguf “\b" _gb_f jZ[hg_]lh | _eZz
g_Ildhc ]jZgbpu f_""m bkizZjbl_evghc b izZjhi_j_]j_\ZI_e
nhjfbjm_| ahgm fZdkbfZevghc | _ieh_fdhklb < wlhc h
kdp Z_Iky dhwnnbpb_gl |I_iehhi?*Zgb hl Ijm[ d |I_iehghk
djZlgh \hajzklz_1 1_ieh_fdhklv Dhgkljmdlb\gh ahg
i_j_oh~rghc b jzkihez]zZxl \ dhg\_dlb\ghf JZahoh”_

L_ieh\Zy fhsghklv gZ]jmadz \ ijyfhlhgghf dhle_ j_]
kq_| dhfie_dkghlh b kh]l]ezZzkh\Zgghlh baf_gBwglby jZkoh
iblzl _evghcDh” w wlhf kemqgZ_ \u[bjZ _Iky ihke_~h\ZI_
bo j_]mebjh\Zgby gzijbf_j az”~zZgb_f yley_Ilky jZkoh
\h~u Ih]~Z j_]meylhj Ihieb\Z hljzZ[Zlu\Z_1| ©\hafms_ghb
iblzl _evghc \h~u beb gZh[hjhl

Djhf_ baf_g_gby jZkoh”h\ lhieb\Z b iblZl_evg
g_h[oh”bfu ~“hihegbl_evgu_ kb]JgZeu h[_Kki_qb\Zxsb_

dzZqg_kI\_ggh_ j ]Imebjh\Zgb_ ijhp_kkZ LZdbfb kb]
\ukImizZlv
x kb]J]gzZze ©ih |_idhj_ 2 | _ kblJgZe ih | _iehl_

ijhf_"mlhgghf k_gq_gbb \h~hiZjh\h]h 1jZzdIZ ID

x kblgZe ©ih I_fi_jEZdspj- kblgZe ih I1_fi_jZImj_ \

ijhf_"mlhqghc Ilhgd_

Kb]l]gZe ©ih I_iehl_2 nhjfbjm_Iky imlzf dhfie_dkbjh
kblgzZedh)<B>(t) t\b~bfuc jZkoh” iZjZ \ ijhf_"mlhqgghf k_q
Pis(t) + kb]JgZe klZlbg_kdhc dhjj_dpbb h[_ki_qgb\z_1I |
Ilhgghklv kbl@ZeZ-~ - kblgZe ~bgZfbq_kdhc dhjj_dp
h[hagZqzZ_l kdhjhklv baf_g_gPyt ~Zkhd_kghbyb\Z_I
"bgzZfbg_kdmx IQgghklv

Kbl]gZze ©ih |_fi_jzZImj_2 nhjfbjm_lky azZ kq_l
I_fi_jzZImju \ ijhf_"mlhqgghectislhlchd_kjzZ\g_gbx Kk
j_Imebjh\zZgb_f ©ih I_iehl_2 wlhl f_Ih” j_Imebjh\Zgby
[he__ gbadmx klZlbg_kdmx ih]j_rghklv h[mkeh\e_
"_kldbfb 1j_[h\Zgbyfb d lhgghklb ~Zlgbdh\ |_fi_jZIm
lhqghklb \k_o baf_jbl_evQu.o dZgZeh\
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

JG <Zeb Akj:.< =hem,([dN.g, *hp
B=WM ] B\Zgh\h

> 1LB<GU? F?LH>U IH<UR?GBY
WNN?DLB<GHKLB :KJ < L?IEHWG?J=?LBD?

AlhfZlbq_kdb_ kbkl_fu j_Imebjh\Zgby ijbf_gy._
| iehwg j]l_Ibd_ nmgdpbhgbjmxl \ mkeh\byo agZqgbl _ e
\gmlj_ggbo \hafms_gbc Z Izd"_ izZjzf_ljbg_kdhc g_hi
h[t_dlZ mijzZz\e_gby < wlbo mkeh\byo bkihevah\zZgl
f ITh~h\ mijz\e_gby yl\ey |ky h”~gbf ba gZb[he__ wnn_
ih\ur_gby dZq_kI\Z j_]Imebjh\Zgby

D gbkem hkgh\guo gzZijz\e_gbc ih\ur_gby wnn_dlb
hlghkylky Z~Zilb\gZzy gZkljhcdz j_Imeylhjh\ d
\hafms_gbc b”_glbnbdzpby izjzf_Ijh\ h[t_dlZ b h
j_"bfh\ jZ[hlu h[hjm~h\Zgby :e]lhjblfu kZfhgZkljhcdb
dhjj_dlbjh\Zlv i1ZyzZfIB>j _Jmeylhjh\ \ aZ\bkbfhklb h
baf_g_gby “bgZfbq_kdbo o0ZzZjzdl_jbklbd h[t_dlZ glh
ih\ur_gb_ Ihgghklb b mklhcgb\hklb j_Jmebjh\Zgby
dhgilmjh\ mij_"~Zxs_]h \ha”_ckl\by b gZ[ex"Zl_e_c
kgb Z | \ebygb_\g _rgbo nlzaldhzlk\ bdZdg gb_ gZ]jmad
dZq_kI\Z lhieb\Zz

HgeZbd glbnbdZpby iZjzf_Ijh\ h[t_dIlZ mijZ\e_gby
k\h_\j_f_ggh ZdImZebabjh\Zlv _]1h fZl_fZlbqg_kdmx
ih\urz_1 z~_d\Zlghklv mijzZ\e_gby \ j_Zevghf \j_f_gb
\ul[hj j_"bfh\ jZ[hlu h[hjm~h\Zgby kihkh[kI\m_1 ih\
wg_jlhwnngdkbb b gZz~_“ghklb I _iehwg_j]_Ibg_kdbo mk

LZdbf h[jZahf ijbf_g_gb_ zZ~Zilb\guo f_lh~h\
| _iehwg_j]_Ibgq_kdbo h[t_dlh\ ihalhey_| ih\ukblv
j_Imebjh\Zgby kgbablv wg_jlhaZzZljZlu b h[_ki_gblv mk
kbkl_f \ mkeh\byo g_hij_~_ e _gghklb
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

JG <Zeb Akj:.< =hem,([dN.g, *hp
B=WM ] B\Zgh\h
IJBF?G?GB? PBNJH<UO ><HCGBDH<
>EY IHKUR?GBY WNN?DLB<GHKLB :KJ
< L?IEHWG?J=?LBD?

Dexq_\u_ keh\Zz pbnjh\hc “\hcghbd :KJ | iehw
fhr_ebjh\Zgb_ wg_jlhwnn_dlb\ghklv

Kh\j_f_ggh_ jZa\blb_ |I_iehwg_j]_Ibdb k\lyazZgh k
pbnjh\uo | _ogheh]bc \ gZklghklb pbnjh\uo ~“\hcgbdh
"hcgbd ij_"klZ\ey_| kh[hc fzZIl_fZlbg_kdmx fh”"_e\
nmgdpbhgbjmxsmx \ j_"bf_ j_Zevghlh \j_f_¢c
kbgojhgbabjh\Zggmx k jjm@eékygadbhlh

ljbf_g_gb_ pbnjh\uo "hcgbdh\ ihal\hey | ijh
fh~_ebjh\Zgb_ j_"bfh\ jZ[hlu [_a \f_rZl_evkI\Z \ 1_ogh

ijhp_kk zZ 1zd _ \uihegylv gZkljhcdm b hilbfbaZpbx
Z\lhfzZlbg_kdbo kbkl_f j_IJmebjh\Zgby >hihegbl_evgh
\hafh ghkbZlghklbdb khklhygby h[hjm~h\Zgby b ijh]gh
hidZah\

Bkihevah\zZgb_ pbnjh\uo ~\hcgbdh\ kihkh[KI\m_I i
dzZq_KkI\Z mijZ\e_gby gZ~_"ghklb jZ[hlu h[hjmA~
wg_j]_Ibg_kdhc wnn_dlb\ghklb I_iehwg_j]l_Ibg_kdbo h

GZmqggZy gh\bagzZz azZzdexqzZ_Ilky \ ijbf_g_gbb pbnjh
Ney ih\ur_gby wnn_dlb\ghklb :KJ |I_iehwg_j]_Ibg_kdbo

ljzdlbq_kdzZy agZgbfhklv khklhbl \ kgb _gbb ihl_j
ih\ur_gbb gz~_"ghklb wdkiemzZIZpbb h[hjm~h\Zgby
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

JG <Zeb Akj:.< =hem,([dN.g, *hp
B=WM ] B\Zgh\h
IHKUR?GB? WNN?DLB<GHKLB :KJ
DHL?EVGUO MKL:GH<HD G: HKGH<?
FH>?EVGHI?>BDLB<GH=H MIJ:<E?GBY

Dhl_evgu_ mklZgh\db yleyxlky \Z gufb h
| _iehwg_j]l_Ibdb wnn_dlb\ghklv dhlhjuo \h fgh]hf h
dZqg_klI\hf Z\IhfZlbg_kdbo kbkl_f j_]mebjh\Zgby L
f ITh~u mijz\e_gby h[ezZz~Zx|l h]jZgbg_gghc wnn_dlIl
mkeh\byo fgh]hk\yaghklb izZjzf Ijh\ b gZebgby 1| _o
hljZgbg_gbc

Hrgbf ba i_jki_dlb\guo ihroh~h\ y\ey Iky fh
ij_"bdlb\gh_ mijzZz\e_gb_ 03& hkgh\Zggh_ gZ bk
"bgZfbgq_kdhc fh” _eb h[t_dlZ F_Ih”~ iha\hey_ | ijh

ih\_~_gb_ kbkl_fu b nhjfbjh\Zlv mijzZ\eyxs__ \ha”_ckl
hl]jiZzgbg_gbc gZ]lbgodkideh izjzf_lju

Ijbf_g_gb_ 03& h[_ki_gb\Z_| kh]Jezkh\Zggh_ n
\azZzbfhk\yazggufb izZjzf_Iljzfb kgb™_gb_ i_j_j_]Imeb
memqr_gb_ dZqg_kI\Z i_j _oh”guo ijhp_kkh\

GZmqggZy gh\bagZ azZdexqZ_Iky \ ijbf_g_gbb 03& *
wnn_dlb\ghklWhKJ kvguo mklZgh\hd

ljZzdlbq_kdZy agZgbfhklv khklhbl \ ih\u
wg_jlhwnn_dlb\ghklb b kgb _gbb jZkoh”Z lhieb\z
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

B K =jbrdbg KimdE ? AZcp_\
>BLB GBYM FBNB ] >bfbljh\]jz~
J:AJ:;HLD: BFBL:PBHGGHC FH>?EB
KBKL?FU :<LHF:LBQ?KDH=H MIJ:<E?GBY
=:AH<:DMMFGUF KL?G>HF J?:DLH3: KF

GZ I_jjblhjbb :H ©=GP GBB:J& \ khklzZ\_ bkke_~h\
j_ZdlhjzZ-KwdkiemZlbjm _Iky ]Zah\Zdmmfguc kl_g”~ "ey
ihr _j"Zgby g_h[oh”bfuo mkeh\bc ih I _fi _jZImj_b jZa
\' ] jf_Ibgghc ihehklb Gz ~Zgguc fhf_gl j_Jmebjh\Zgt
iZjZ_Ijh\ hkms_kl\ey_Iky \jmggmx qlh ijb\h~bl d g_h
ijb\e_qg_gby i_jkhgzez d k\_jomjhqguf jZ[hlZf LZzZdh
]Zah\Zzdmmfguf kl_g~hf yley_ I|ky Ijm~rh_fdbf b khi

agZqbl_evgufb \j_f ggufb azljz1zfb i_jkhgzZez
ihA™ j°b\Zlv b Ylaf igjZf _lju ]Zah\hc kj_~u Ij_[m_1lk
g_ij_julghf j_“bf_ :\IhfZlbaZpby ~Zggh]lh ijhp_kkZ

mijhklblv b ih\ukblv Thgghklv j_Imebjh\zZgby iZzjzf_1jh\
h[_ki_gbl klZ[bevghklv bo ih*" _j Zgby gZ azZ~Zgghf n
Nebl_evguo wdklih\jbf g

K p_evx jZajzZ[hldb Ze]lhjblfh\ ZzZ\IhfZlbg_kdh]h r
\uiheg_gh bfblZpbhggh_ fh~_ebjh\Zgb_ kbkl_fu Hgh |
kj_~_ "~bgZfbg_kdh]h fh~Simlnjbdlz gbyijh]jzff_ [ueZ
kharZgZ mijhs_ggZy bfblZpbhggZy ko_fZ ]Zah\Zdmn
dhglmj_ ih"*_j"Zgby jZaj_"_gby-jiifmeayldjlB>bjhigh
bfimevkghc fhmeypb_c¢c RBF \uoh”ghlh kblJgZezZ Baf
kji_~u fh gh j_Imebjh\Zlv |_iehijh\\hMNydtkkvybzafime b
| f kzfuf dhjj_dlbjh\zZIv | _[f. jZImjm

< j_amevlzl_ fh~_ebjh\Zgby [ueb hij_~_e_gu dhy
gZkljhcdb -iBbmeylhjZ kbkl_fu mijZ\e_gby ”"ey h[_k
lj_[m_fuo i_j_oh”guo ijhp_kkh\ ITh”~Jhlh\e_gu j_dhf_
fh™ _jgbaZpbb J]Zah\Zdmmfgh]lh kl_g~Z \NIhfZlbaZp
ihalhebl ih\uklglgshklhv b klZ[bevghklv ihA*_j"Zgby iZjZ
]Zah\hc kj_"~u kgbablv gZ]jmadm gZ i_jkhgZe b h[_k
ijh\_"~ gb_ "ebl_evguo wdki_jbf_glh\

:b[ebh]jZnbq_kdbkhd

1. B'mlh\ : F_Ih~"bdZ bkke_"h\Zgby \uoh”~Z =I1> ba I\weh\ : E B’
DZiebgZz G D DZebgbgZz G X FZjbobg < K Fhbk__\ H B >j_
GZpbhgZevgh]lh bkke_~h\Zl_evkdh]h y~_jgh]h+2025h¥Ljkbl_tZ ©FBNB
2. +tK #02.

2.F_Ih~"bdZ gzZkljhcdb pbnjhfhlméBbhjZ jkby hl +KZgdl
I_1_j[mj] + k
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

< < ?ebk__\ klmA” B=WM ] B\Zgh\h GBP DB

jmd G Gbdhghpht g ~“hp B=WM ] B\Zgh
G?Y<GU? F?LHBGL?=JBJH<:GBY
@,KLDBO KBKL?F MJ:<G?GBC

G: 1JBF?J? LHQ?QGHC DBG?LBDB G?CLJHGH<

Lhg_ggZy dbg_Ibdz y~ _jghlhz]_rzAalihgZzkdzZy fh~_ev
"bgzfbdb fhsghklb ih~ 2 _ckl\b_f j_Zdlb\ghklb
ijbf gy fzZy "ey ZgZebazZ i_j oh”~guo ijhp_kkh\ b kbkl
WK

< ~Zgghc jZ[hl_ ij_"~klZ\e_gZ bfblZpbhggZy fh" e
dbg_Ibdb ihemqg_ggZy ZgZeblbg_kdhc ih*"klZgh\dhc
bgl_J]jbjh\Zgby jbk > @
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——Hamepennc HM (PI1) —Paca¢T HM (HeABHEIT MCTOD) ~—PcakTHBHOCTE

Jbkmghtk _jbnbdZpby bfblZpbhgghc fh”"_eb Ihq_gqghc dbg_Ibdb

JZajz[hlZzggZy bfblZzpbhggzZzy fh~_ev gZ hkgh\_ g_
Wce jZ k azZfdgmluf ZgZeblbqg_kdbf \ujZ' _gb_
\_jbnbpbjh\zgz gz j*"Zgggwohd_ ki_gb\Aukhdmx
lhqghklv

J_amevlZlu ij_"klz\eyxl bgl_j_k ey ki_pbzZebklh)
yN _jghc wg_j]l_Ibdb fh”~_ebjh\zZgby j_zZdlhjh\ b gbke._
j_r_gby “zkldbo kbkl_f “bnn_j_gpbZevguo mjZ\g_gbc

;b[ebh]jZnbqg_kdbc kibkhd

1. ?ebk__\ < < GbdhghjEh".e&bjh\Zgb_ nbabq_kdbo ijhp_kkh)
j_]lmebjh\Zgby \ y~_jghf XIXZdWdhjhkkbckd Zy "*mgZjh~"gZy -gZmqgh
|_ogbqg_kdZy dhgn_j_gpby kim~_glh\ ZkibjzZgbkh\ tZyheh lo"hq_guo
+B\Zgh\h B=WM bf < B ExKybgZEDN SISRCI.
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

< < ?ebk__\ klm~ B=WM ] B\Zgh\h GBP DB
jmd < =hem[dV g "“hp B=WM ] B\Zgh
J:AJ:;HLD: IBEY J?R?GBY
>BNN?J?GPB:EVGUO MJ:<G?GBC
K J:KQ,LHF MKL:GH<B<R?=HKY KHKLHYGBY

>bnn_j _gpbZevgu_ miZkg mthZevguc fzZIl_fZlbg_kdb
ZiizZzjzl ~“ey hibkzZgby i_j_oh~gubbkhdgdZlokmijZ\e_gby
we dljbg_kdbo k_lyo dhlhjuc ihemgbe rbjhdh_ ij
fhr_ebjh\Zgbb wg_j]_I|bg[Hdbo kbklI_f

< ~Zgghc jZ[hl_ ij_"klzZ\e_gZ ijh]ljzffz "~ey ZgZe
j_r_gby'bnn_j gpbZevguo mjz\g _gbc k f]lgh\ _gguf
mklzZgh\b\r Kinkhhyetz hkgh\_ g_y\gh]lh f_Ih*"Z Wce_jZz

“ |uB U,
23 Ry =40 On;
R, =20 Om;

R, =150n;
R,=50M;
R; =20 On;
R,=150M

R; =100 Onr;
19 R, =060 OM

R, =50M:
R,=350m;
Ry =120 Om;
R,=800OMm

t.c

) 0 50 100 150 200 250 300 350 400

JbkmghFh~_ebjh\Zgb_ gZijy'_gbc 8v b 8w ijb baf_g_s#5lyb khijhlb\e_

JZajzZ[hlzZggZy dhfivxl_jgZy ijhljzffz gZz 3\V
bkihevah\zgb_f 6\P3\ > @ ijbgbfz_1I kbkl_fm k
"bnn_j_gpbZevguo mjZ\g_ghbc \u\h”~bl ZgZeblbqg_k
gbke_ggh]lh rzZ]Z g_y\gh]h f_Ih~"Z Wce_jZ f]lgh\_ggh h
mklZgh\b\r__ky khjdhyafb g igbb iZjzf_1jh\

J _amevlZlu “Zgghc jZ[hlu ij_"klZ\eyxl| bgl_j_k "ey |
\ h[eZklb wg_j]_Ibdb qgbke_gguo f_Ih~h\ j_r_gby ~bnn
mjzZ\g_glkdlkd f mijz\e _gby

b[ebh]jZnbg_kdbc kibkhd

1. =hem[_\ : < Fmjz\v_\ B D Gbdhghjh\ : G GZmfh\ X < H[
Kh\_jr_gkl\h\Zgb_ kbkl_fu h[mqg_gby i_jkhgZdaf pboZevghupljhevg

ijb[hjh\ b Z\IhfZlbdb gZ dhfivxl_jghf Ij_gZ _j_ <_klgbd Ft
wg_j]_lbg_kdh]lh bgklbImlz -112. « K
2.Emlip BamqgzZ_f 3\WKR® KZgd!l |_j[mj] Ibl_j 2 k
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

<B DZgZj gddkg jmd : < =hem[_\ d I g ~Ft
B=WM ] B\Zgh\h
MIJHS?GG:Y J:KIJ?>?E?GG:Y FH>?EV L?IEH<UO
IJHP?KKH< < IHF?S?GBB >EY AJ®2XBDLB<GH=H
MIJ:<E?GBY
AZ"ZqZ mijZ\e_gby fbdjhdebfzZlhf djmiguo ihf_s_g
mqzlZ ijhkljZgkl\_gghc g_h”ghjh*a@hkBkihefiahdbhgjb
\ugbkebl_evghc ]b”jh~*bgZfbdb h]jdghbkelylh ebghc
keh ghklvxlh azZljm~gy | ijbf_g_gb_\ azZ~ZqZo j_Zevg
< klyab k wlbf ZdimZevgZ jZajZ[hldZ mijhszgguo fh*
< jZ[hl_ ij_~eh  _gZ jZkij_"~_ezggZy fh”"_ev I_|e
hkgh\ZggzZy gz mJZ\g_gb’bbmmrg\a{_b}bplﬂnle_ kdhjhkl_c
nhjfbjm_Ilky dzZd kmi_jihabpby ]Zmkkh\uo ijhnbe_c
ijblhgguo mkljhckI\ jZkiheh _ggud2] gZ<uhyhgd
mkljhckl\h jZaf(xs lgh=0). Qbke_ggh_ j_r_gb_ ihemqg_g
bkihevah\Zgb_f -dhagghklghc ko_fu k ZiijhdkbfZpt
dhg\_dlb\guo gqe_gh\ g3 kalelh\ J ZebaZpby \uiheg_
kji_~_ 0$7/$%
J _amevlZlu fhr_ebjh\Zgby N fhgkljbjmxl nhjft
| _fi_jZImjgh]h ihey \ ihf_s_gbb

‘-.— ay@®- 'I

Jbkmgh#lZkij_~_e_gb_ |_fi_jZIimju

< jbnbdzpby fh”_eb \uiheg_gZ imlzf khihklz\
j_amevl|ZIZfbjZ&)zlzdhfie_d&2062/ MklzZgh\le_gh qlh
ij_~eh _ggzZy fh”r_ev h[_ki_gqb\z_I fzdkbfZevgh_ |
_fi_jzImj \ mklZzgh\b\r_fky [heb8% gb mkdhj_gbb
jZkg_lh\ [he__ gq_f\ jZa

lhemqg_ggu_ j_amevliZlu ih~I\_j ~rzZxl ijbf_gt
jZajzZ[hlzgghc fh”~_eb “"ey az”Zq ij_"bdlb\gh]h
fbdjhdebfzlhf >Zevg_crb_ bkke_"~h\Zgby ij_"iheZzZ]zZxl
fh~r_eb azZ kqzl mqzlz \ezZ ghklb b | _iehh[f_gZ k h
dhgkljmdpbyfb

blebh]jZznbg_kdbc kibkhd
1.EhcpygkdbcFE ¢ZgbhdZ “bAdhklIbFb |Zj@dhz =+ k
2.:[jzfh\bg = IG_hjby Imj[me_glgud kiINbafzl]lba + k
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

X < Dbkeydkiiz® jmd : K 2doh\
(nbebZe N=;HM <H ©GBM &FHeBg§Rd]_

'<LHF:LBQ?KDH? MIJ:<E?GB?
HK<?S?GB?F

Kbkl_fu 2zZ\IhfzZlbg_kdh]h mijZz\e_gby hk\_s_gb_f
ijbf _gyxlky \ ©mfguo? "hfZo mebqgghf hk\ _s_
wg_jlhk[_j_1Zxsbo | _ogheh]byo Bo?2hkbpedXgZybazhzqz
j_Imebjh\zgb_ k\_IzZz [_a_emzZkilby\ azZ\bkbfhklb h
_kl_kI\_gghc hk\_szgghklb Dexq_\u_ we f 2glu IZdbc
nhih~bh”u h[_ki_gb\Zxsb_ \ukhdmx gm\kI\bl_
[ukljh~_ckl\b_ b gbadh_ wg_j]hihlj_[e_gb_

NhlihAbh”ru jzZ[hlZxl gZ hkgh\_ \gmlj_gg_]lh nhlhwr
h[emq_gb®i_ oh”Z \hagbdZ_1 nhlhlhd ijhihjpbhg:
bgl_gkb\ghklb k\_1Z 1jb kgb _gbb hk\_szgghklb gb"_
iZzrZ_| dhfizjzZlhj nhjfbjm_1 kb]gZe "~ey bkihegbl_evg
NjZc\_jZ_KevgbdzZz Nhlh”bh?u ij_\hkoh”yl nhlhj_ablk
[ukljh”~_ckl\bx |_fi_jZIlmjghc klZ[bevghklb b ebg_cghlk

Kh\f_klgh k nhlih~bh\*ZiBbhibhalheyxl kha”zZ\Zlv
Z\lhghfgu_ nhgZjb ih~t_a”~gu_ k\_Ibevgbdb Zjo
ih “k\_ldm Wg_jlhwnn_dIib\ghk#88%.hklb]z_|I

ljb bgl_]jZpbb \ ©mfguc "hf2 nhlh*bh”~guc ~Zlqbd ih:
dhgljhee_jm $UGXLQR (63 3/& dhlhjuc mijz\e
k\_Thf gh b “"Zexab hojZghc "bkie_yfb

:\IhfzZlbgq_kdh_ mijzZz\e_gb_ hk\_s_gb_f ijb gZzkimie_
gZ nhlh~"bk~rd00gbq_kdb aj_eh_ b wdhghfbg_kdb hij
j_r_gb_ ~ey "beuo h[s_klI\_gguo b mebqgguo h[t_dIh\

:b[ebh]jZnbq_kdbc kibkhd
1. 1_ljh\ < FHkgh\u hilhwe_dljhgbdBgrBhg " _g_jby

2. Kb~hjh\ : ®hihwe _dljbg_kdb_ b hilhwe dIph&di_ Ebghju
3. B\Zgh\ DKokl fu ©mfgh]h2~RfZ®ghJmk
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

LG DdbgRImAjmd G Gbdhghlii\g /hp
B=WM ] B\Zgh\h
J:AJ:;HLD: F:L?F:LBQ?KDHC FH>?EB
HKGH<GH=H I:JHKLIMCGH=H W@?JQHJ: WH

< jZ[hl_ ij_"~klZ\e_gu j_ameviZlu ZgZeblbg_kdh]h
hkgh\lgh]lh izZjhkljmwcgh]hjzZz- WH\oh”ys_]1h \ khklz\
\Zdmmfghc kbkl _fu dhg”_gkZlhjZ iZjhlmj[bgghc mklZz
yleyehkyv \uyle_gb_ khihdmighklb |_jfh~bgzZfbg
]Zah”"bgzZfbg_kdbo aZzdhghf_jghkl ¢ g _h[oh”~bfuo “ey
khanrzZgby bfblZpbhgghc fh®_eb 2Zggh]lh Ziizjzl

< jzfdZo jzZ[hlu ~_lZevgh jzZkkfhlj_gu dhgkljn
hkh[_gghklb "A\moklmi_gqZlh]l]h w" _dlhjZz GZ hkg
I_ogbg_kdhec "hdmf_glZpbb mklZgh\e_qgu dexq_\
hij_~_eyxsb_ jZ[hlm mkljhckI\Z wg_j]_Ibq_kdbc [ZeZc¢
i_j_"~Zgb bfimevkZ rijgbkf kj_~ mkeh\b_ g_jZaju\gh
| g _gby mjZ\g_gb_ ;_jgmeeb “ey k' bfZ_fhc > h
\u”_e _gu djblbg_kdb_ nZdlhju \ebyxsb_ gZ wnn
nmgdpbhgbjh¥Zghg gb_ b jZkoh” jZ[hqg_lh izZjz |_fi_
hoez ~Zxs_c¢ \h~u \ ijhf_"mlhqgghf ohelk?biewvwgybd
]_jf_Ilbgghklb \Zdmmfghc kbkl_fu

ITapoBosnynmas
HD JKBOIT CMECh
paboueroe Tena ' J
{mapa Wid BoAkI)
/
VAL ! 1
1 3 4 5

JbkmghtdljbgpbibZevgZy ko_fZ "\mokIimi_gqgZlh]lh iZjhkljmcgh]lh w™_
1+i_j\Zy kimi_®khieB £\IhjZy kimi4 g¥bnnmdhjoheh”bevgbd

Bgkljmf_glZjbc [Zabjm_Ilky gz f_Ih*Zo |_jfh~"bgZfl
]Zah”~bgzfbq_kdh]l]h ZgZebaz < jzfdZo jZ[hlu knt
hkgh\gu_ mjzZ\g_gby ”"ey ihke_"mxs_]h ihkljh_gby I
fhr_eb lezZzgbjm_Ilky i_j_oh” d dhfivxl_jghc j_ZebaZzj
kj_n~_ fzl_fzdihdhhk _ebjh\SidyTech

;b[ebh]jZnbq_kdbc kibkhd
1. 103 F- JW Jmdh\h~kI\h ih wdkiemZlZpbb "ey -32§@\hc Imj[bgu
Hidjulh_ Zdpbhg_jgh_ h[s_kl\h ©DZem kdBcDgpbjgzgtic akR\h"a
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

: X Dhehf klm?jmd? >FZjrZzeh®d | g %hp
B=WM ] B\Zgh\h
J:AJ:;HLD: LJ?G:@,J: >EY IH<?JDB
IJ?H;J:AH<:L?E?C >:<E?GBY

lj_~klz\e_ggzZy jzZ[hlZ ihk\ys_gZ kha"Zgbx 1j_qgz
ih~lhlh\db ki_pbzZebklh\ DBIb: d ijhp_"mj_ i
ij_h[jZzah\Zl_e_c¢ ~Z\e_gby JiajZdblihgghey | \
\bjlmzZevghc kj_~_ fh~r_ebjh\ZIlv jZ[hlm k @@eb[jZlhjh
ig_\fhihfihc-93 b "ZlgbdZfb :B3>b I>W >b
160.

ljh_dl gzijz\e_g gZ j_r_gb_ dzZ”jh\hc ijh[e_fu \ wg
kqzl [_ahizkgh]h b wdhghfbggh]lh h[mqg_gby J_Zebat
ih\_jdb az”~Zgb_ ~bzZiZzahgzZ \u[hj Bhdh\h]hyf#dbdgZeZz
b h[jzlguc oh# jhi_jguf Ilhgdzf \ugbke_gb_ in]j_rghkl
]_g_jZpby blh]h\h]h ijhlhdheZ

Knanaw wa Tpy6e, %: 100
nnnnnnnnnnnnnn %: 100 U U
0 = 0
) Qg e “
0 O J (W 0
0 :;:@_:D?:LZI':D:\:Q ‘g
0 I 0
e 8 8 8¢ g
B " 8¢
0 —,[—xrwx—,[ﬁ‘—,\—,m[—ﬁz—;—ﬁ‘g
————
[ S el it & U
N -

JbkmghtH[sbc \brkhklZ\eyxs_c lj_gZ _jz

Bgkljmf_glZjbc [Zabjm_lky gZ )LJPD b-8BQk®b < |_c
j_Zebah\Zgu nbabqg_kdzZy fh~_ev gZ]g_|lZgby ~*Z\e_
baf_jbl_evghlh IjzdlZz k ghjfbjm_fhc ih]j_rghklvx b nh
ijhilhdhezZ kh]leZkgh =HKL leZgbjm-fly_ebjjhdaHh ¢ bdk
\ Yer@ler.

J _amevlZlu p_e_khh[jZzagh ijbf_gylv \ \mah\kdhc
kbkl_fZo ih\ur_gby d\ZebnbdZpbd_odlwg_kgdhdgh
i_jkhgzZezZ wg_j]l_Ibg_kdh]h ijhnbey

b[ebh]jZnbg_kdbc kibkhd

1. FZjrzeh\ ? &j_~kI\Z baf_j_gby \ wg_flf_lihd_ imkqiEB\Zgh\h
B=WM + Kk
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

> :Dhlh\ZAIm»: GGbdhghjhl g “hp
B=WMB\Zgh\h
J;:AJ:;HLD: :>:ILB<GHC KBKL?FU
DHGLJHEY MJH<GY <H>U >EY ;:J:;:GH< GBADH=H
>:<E?GBY

lj_~f_Ihf ~Zgghlhbkke_~h\Zgpyey_ lkyjZajzZ[hldZ
fZl_fZlbq_kdibfcblZpbhgdh_epZjzZ[ZgbadhlB\e_gby
iG> Z1Zd kbgl Z2*Zilb\ghkekl _foijz\e _gbph\g_WIZ
mklzghihdZ2klZ\ekhl[hkeh guziiZjZzhkgh\gu&dz"ZqZzZfhb
dhlhjhyheyxlkxa”_e_ighh\h*ry&khick®dZjb\h* mZlZzd" _
ijb_fiblZl_evyhtu

GZhkghhmg”zf glZeaAhdilogdh\ojZg why j]oEZ kk b
dhebq_KkNZ _ghyeizZajZ[hlZglZ fZIbg_khiZyent_dlZ
[1]. ?_j_ZebaZpithwe "mxb_klbjh\ZzglZg_klZpbhgZjghklv
baf_g_gWwgzZfbg_kddjzd!l_jbKlia&Z\bkbfhklg_"bfz
jZ[hluijh\h~"beBkyh]jZffghkj_"SiminTech

Hkgh\gihi_bfms_kkbtkl_fli_j_f_gghklgmdImkih&lhbl
\ kihkh[ghKllgh\_gdhgylwZdhjg]mebjh\Zgbebg cgh
i_j_dexqgzZyfkv m[ukljufb b iezZ\gufbZe]hjblfzfb
aZ\bkbfhtklb ebgbpdkkh]leZki{2]ZgthyebghldZzkdzZ~ghc
ko_fu”rZilb\gkdkl_kXh_\j_f_ggh dexqg 'bfuiZ[hlu
glhkihkh[kI\mmfl gvr_gdbdkxe_[Z]_evohtkdbhheyod[_ ~Zlv
i_j_j_Imebjh\Zgby

< j_amevlZkZ[hlurhdzZazghh ijbf_g_gbkbkl_fuk
i_j_f_ggkligmdimyhey_I&¥b[hevnn_dlb\gurf_gb *Mey
;G>? bkihevah\ihggbhhey hlklbgvibfZevghgdbazZgtkZ*m
[ukljh~_ckI\Bh§ghklbxmklhcgb\hlgMxljblbq_RKa&bgh
NeywZ” _“ghwdhghfbgg@ghltlwg_jlh[ehdZ

b[ebh]jZnbq_kdbc kibkhd

1. Gbdhghjh\G F_Ilh~bqg_kakiZzazdbyiheg_gZ[hjZlhjgZdhlih
"bkpbiel®dh"_ebjh\kighl _f2B\Zdhkwg_jjh-d +B\ZghRB13.+20 k

2. LZeZfZgK\: :gZeblakbgl Za\IhfZlbqg_kdlkd jf Imebjh\ZKlmy [gh
f_Ih~"bqg_kdikh[bih \uiheg_gbbmjkh\hZ[hluih "bkpbieb@L_hjby
Z\lhfZlbqg_kdhhe_dbHMIHO©B\Zgh\Kdtken*ZjkI\_wgufp]_Ibg_kdbc
mgb\_jktlfd BE_gbgZB\ZghPRB09. +44 k
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

> : Dhlh\zZ kIm”~ jmd : < Dhlel
B=WM ] B\Zgh\h
J:AJ:;HLD: KBKL?FU DHGLJHEY MJH<GY
<H>U >EY ;:J:;:GH< GBADH=H >:<E?GBY

lj_~f_Ihf ~Zggh]lh bkke_"h\Zgby yl\ey_Ilky Z\IhfZlbq_
mijZ\e_gby mjh\g_f \gbgdhZg ~Z\e _gby ;G> WIZ mkl:
ij_"klZz\ey_| kh[hc keh gule 1Zk&kithh[f_gguc Ziizjzl
ij_"gZagZg_gguc “ey k[hjZ iblZl_evghc \h?*u hl*_e_ gt
iZjz hl iZjh\h~yghc kf_kb b h[_ki_q_gby azizkz
[_ki_j_[hcghc jZ[hlu pbjdmegphbhgpgh]lh HiIdehg_gby
nZdlbg_kdh]h mjh\gy \h~u \ ;G> hl az~Zggh]lh agZq_gh
d g_ _ezZl_evguf ihke_~kl\byf Ijb ij_\ur_gbb ghfb
mjh\gy dhg”_gkbjh\ZggzZy \eZ]Z mghkblky izjhf \ izjt
G_[hevrh_ dhebq_kl\h mghkbfhc*héAdbagZqghb\édvghfm
kgb _gbx |_iehi_j_"~Zqb H~rgZdh _keb mghkblky
dhebqg_kI\h \eZ]b \h~z dhglZdlbjmxsZy kh kl_q
iZjhi_j_lj_\zZl_ey \uaulZ_I| bo [ukljh_ hoez ~_gb_ ql
ih\j_"~_gbx f_lZeez > @

;ue ijh\_~_g kljmdImjguc b izZjzf_ljbg_kdbc kbgl_
mijZ\e_gby mjh\g_f \ ;G> Wdki_jbf_glu ijh\_~_
kbfmeylhj_ ihalhebeb ihemqgblv *"bgZfbgq_kdb_ o0Zjzdl
[ue jZzkkqgblZjg IBeylhj k bkihevah\zgb_f f_Ih~Z JDQO

< j_amevlzl_ wlhc jzZ[hlu [uez jZajzZ[hlZzgzZz "\n
Z\IhfzZlbq_kdZy kbkl_fzZ mijZz\e_gby ey j_]mebjh\Zgb\
[ZjZ[Zg_ gbadh]h ~Z\e_gby HilbfZevguKp=BOPAf lju jZ\
B* 5~ 'CTu=29.137c.

ljh_dl ijb\_e d kha”zZgbx kh\j_f_gghc kbkl_fu mijZ
hkgh\_ hl_qg_kI\_gghc ieZlnhjfu dhlhjZy ih\urzZ_Il gZ
wnn_dlb\ghklv kbkl_fu

:b[ebh]jZnbg_kdbc kibkhd

1. LZezfZgh\ KgZeba b kbgl_a zZ\IhfZlbg_kdbo kbkl_f j-Imebjh\Zgl
f_Ih~"bg_kdh_ ihkh[b_ ih \uiheg_gbx dmjkh\hc jZ[hlu ih ~bkpbi
Z\lhfZlbg_kdh]h mijZz\e_gby® =HM <IH ©B\Zgh\kdbc JThkm~ZjkI\_gg
mgb\_jkbl_| bf < B £B\gdghA®09.+ k

2. Gbdhghjh\ : G Fmjz\v_\ B D L\ljkdillbbdXfkh dmjkm ©EhdZevgu
kbkl_fu mijZ\e_gby2 B\Zigh\kh
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

< F DjbpugzZz kIm”~ jmd : G Gbdhghjh\ d
B=WM ] B\Zgh\h
FH>?EBJH<:GB? >BG:FBQ?KIDPEEDBFH< Y>?JGHC
[:JHLMJ;BGGHC MKL:GH<DB
< ILD ©KMJ:?

Ih\ur_gb_ Ij_[h\Zgbc d [_ahiZzkghklb b fzZg_\]j
kh\j f gguo wg_jlh[ehdh\ h[mkeZ\eb\zZ | g_h]
bkke_ "~h\Zgby y”~ jguo iZjhimj[bgguo mkliZgh\hd YILN
kbkl_f < kj_"~_ ijh]jzdédly_kdhlh dhfie_dkZ ILD ®©KN
j_Zebah\Zgz kd\h@lmpizywddbygAdh”_ev bgl_ljbjmxszZy j_z
<<WJ iZjh] _g_jZIhj I=<b Imj[hZ]j_-1@0 D \
h[sbc |_ogheh]lbq_kdbc dhglmj LZdhc ih”oh” iha\he
ZgZebaZ bahebjh\Zgguo maeh\ b bkke_ _~h\Zlv \ebygb
h{t_dIh\ WK jZNEYZ [jmklZgh\dm dzZd p_ehklguc |
mijZ\e_gby \'i_j oh”guo j_"bfZo

Dhfie_dk j_Zebah\Zg gZ yaud_ 67 \ \b~_ kbkl_fi
fzdjhkh\  WIlh ihalhey_| k \ukhdhc Ilhgghklvx \hki
fzdjhijhp_kku :WK ijb \g_rgbo \hafms_gbyo i j_
kl_j'g_c j_ZdlhjzZ beb baf_g_gbb gdFZajzafibldapibgul
ijZdlbg_kdmx flaglZigBhey \_jbnbdZpbb Zelhjblfh\ :KML
fh™_I [ulv bgl_]jbjh\ZgZ \ h[jZah\Zl_evguc ijhp_kk

e i
LM In_Reset| Out_Nn o—L PeaxtueHocTs.In_Nn
0,02 ‘ In_dt ‘. Out_V Heﬁv&naa no\nnocnax

| OutTu (e T TONANBo. X

= Typbua

& Typbwra .

[M}« In_Reset | Out_p1 t@V1X
| | Out_p2 [@V2.X

| Outp3 i@V3x

| Out_p4 [©V4.X

0,02 | In_dt

| |
ti—1In P s

=k 1 Jowreno
AKTHBHOCTL
Peaxtop.Out_Nn |— In_Nn I £ .
. . | in_at i@ Tem wou somwX_]
- o 1) Temn_mowy_xunenms X
|_CBpoc.3axpums |- In_Reset X B e
H1.Monoxerme @ @In_H1 0,02 | In_dt i i PXononyian_wra.X,

Out_thot | —\©lopauan_wmaX |
X Out_Tm @ T_cremxn.X
N3H.NonoxenmeGHIn_Mpen | Out_Dfw (—@)Pacxon_TennonocuTens.X
\ Out_Level —I@Yy b_BoAbLX |
 Cbpoc.3axpums H In_Reset ow T A,._T_Mx
Out_P {~e@) flanserme_napaX |
‘ Out_H

\"iln__[)s | owns SM%"‘TELJ

H8.MNonoxerme & @ 1n_H8
H9.Nonoxenme & 1In_H9

@ H10.Nonoxenme @ In_H10
1 In_Tu
o In_Tr

Jbkmgh#dKljmdIimjgZy ko_fZ \aZbfhk\yaZgguo fZdjhfh”"_e_c h[hjm~h
kj_~_ ILD KMJ:
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

:? Dmag_ph\ kim&G Gidhghjh\ d Il g “hp
B=WM ] B\Zgh\h
J?:EBA:PBY :<LHF:LBQ?KDHC KBKL?FU
J?=MEBJH<:GBY L?FI?J:LMJU <LHJBQGH
1?7J?=J?LH=H 1:J:TRACE MODE

< ~Zgghc jZ[hl_ k p_evx hilbfbazpbb ijhp_kkZzZ il
|_fi_jZImju ijyfhlhqgh]h dRleZ[weFI|jZajZ[hlZgZ kbkl_fz

i _Imebjh\zgby | _fi_jzImju \lhjbgghlh i_j_1j_lhlh izZjZ
Kbkl _fz j ]Jmebjh\zgby |_fi_jZImju \Thjbqghlh i_j_li
[ueZ kha”rZgZ \-k6kek$' STRACE MODE Jbk jzajzZ[hlZgu

wdjZzgu hi_jzZlhjkdh]lh bgl_jn_ckzZ b gZkljhcdb J
bfblZzpbhggzy fh~_ev h[t_dlZ iheh _gby j_]mebjmxs_
ijhljzff_ LO

== O

3 [tnapa ws 1IN & T
or

[ I | =} { ]

Gl S
JbkmghiFg_fhko_fZ kbkl_fu j_]lmebjh\Zgby I_fi_jZImiRACEjbgqghlh iZ
MODE

LZd"_ \ oh”_ bkke_"h\Zgbc [ue \uiheg_g | _jfh"b
ZgZeba h[t_dIZ j_]mebjh\Zgby jZajzZ[hlZgh | _ogbqg_l
kbkl_fm mijz\e_gby ihemqg_gu i_j_~Zlhggu_ nmgdp
ihfhsvx wdki_jbf_glh\ gz lj_gZ bjijhWP_g jZkqg_Il b
hilbfbazgbymeylhjz \ ijh]jzff_ L?FIl jZajZ[hlZgZ |_ogl
Ahdmf_glZpby ih ijh_ dAaotormadC8J

:b[ebh]jZznbg_kdbc kibkhd
1.K:1J 75$&( 02'( magf[gh*bgq_kdh_ ihkh[b_ :: F_a_gp_\ < F I:

Lhfkdbc ihebl_oghoghkdb&bt Uhfkd BarLhfkdh]h ihebl_ogbg_kdh]h
mgb\_jkbl_1Z+ k
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Wg_jH0% FZl_jbZeu dhgn_j_gpbb

? : Dmag_ph\Zz klm~ jmd ? > FZjrZeh\ d
B=WM ] B\Zgh\h
J:AJ:;HLD: FH>?EB I:JH<H>YGH=H LJ:DL:
DHLE: L=F314

< N"Zgghc jzZ[hl_jZlajgZhlZgZ fh”~_ev kh khkj_~hlhqg_
iZjZf_ljzfb iZjh\h~yghlh 1jZdlZ ijyfhlhggh]lh #&hlezZ L
p_evx “"Zevg_crbo bkke_ "h\Zgbc b ijh\_~ _gbc hiulh\
ba ke_"mxsbo kfh® _ebjh\Zgguo h[t_dlh\ <W-D, GJQ
RI1I RI1I J< DII d< ljb kha~Zgbb bfblZpbhggt
fh~_ebjh\Zgbb J[ueb kh[ex”_gu ijbgpbiu ~_1 _jfbgbjh
Fh~r_ev "he’gZ khhlI\_IlkI\h\Zlv j_Zevghklb \ ~bgZzZfbc
\aZbfh”_ckl\b_ kj_~

b C'npy

—Jwnnzl

JbkmghsKIjmdImjz fh”_eb iZjh\h~yghlh 1jZd1Z dhleZ

< oh~_ jZajz[hldb [ue ijhZzgZebabjh\zZg h[t_dl fh*_e
hkh[_gghklb nbabg_kdbo ijhp_kkh\ ijhl_dZxsbo \ h[t_
ijh\_jdz z~_d\Zlghklb fh”_eb l[jh\_~_g jy~ wdki
\dexqzZxsb_ \ k_[y 9Zg_k_gb_ klmi_ggZluo \hafms_gb
i_j_f_ggu_

J_Zebah\Zgu ke_"mxsb_ nbabg_kdb_ aZzdhgu AKW
| _ieh\h]lh [ZezgkZz khklhygby jZ"bZpbhgghlh | _ie
iZjhhoez”bl_ey kfh~_ebjh\Zg ijhp_kk kf_r_gby kj_~"
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

D K FZkeh\Z Zki jmd : <f:hjbkihn ~ n
N=;HM <H ©GBM ©FWB?2 ] Fhkd
Q?EH<?BH:RBGGU? BGL?JN?CKU
< DB;?JNBABQ?KDBO KBKL?F:0 :DLB<GUO
WDAHKD?E?LH<
Bkke_ _"h\Zgb_\uiheg_gh ijb nbgZgkh\hc ih~* _j d_
gZmggh]h nh2p2Z00453 ttps://rscf.ru/project/2521-00153).

F _oZgbg_kdZy dhgkljmdpby Zdlb\gh]l]h wdahkd_e |
Ney jZkrbj_gby Kki_dljz \hafh ghkl_c hi_jzlhjz >h
\j_f_gb ijh[e_fZ mijzZz\e_gby Zdlb\gufb wdahkd_e_IZ
ZdlmzZevghaxZz bga_ebg_cghklb hlghr_gbc f_""m i_j_f_
\ebyxsbfb gbd ~gb_ b g_h[oh”bfhklb ih\ur _gby dheb
kl_i_g_c k\h[h~u Zgljhihfhjngh]h mkIjhckI\Z > @ < oh
NZgghc jZ[hlu ih~ db[_jnbabg_kdhc kbkl_fhc jZkk
\aZbfh”_ckl\b_ hi_jzlhjZ b mkljhckl\Z Zdlb\gh]h
L _ogbqg_kdbf kj_"klkhfgthzxsbf \azbfh®_ckl\b_ yleyx
qg_eh\-f&wbggu_ bgl_jn_cku ijh\h*ysb_ h[jZ[hldm \oh?”

NZIgbdb kb]JgZeh\ Ihke_ i_j\bgghc h[jZ[hldb hij_*_ey_
\_ebgbgZ g_h[oh”bfh]h mijZ\eyxs_]h \ha”_ckl\by ”"e\
"b® _gby

< oh”_ bkke_"h\Zgby \uyle_gu hkgh\gu_  ij_t

bkihevah\Zgby gf Zeb'g gdilo bgl_jn_ckh\ \ keh gu«
db[_jnbabq_kdbo kbkl_fZo Zdlb\guo wdahkd_e_ Ih\ ¢
\hafh ghklv ih\ur_gby Kkl_i_gb i_jkhgZebazZpbb mklj
dZz ~h]h hi_jzZlhjz glthl _ekgh \eby_ | gZ Z~Zilb\gu
0ZjzZdl_jbklbdb \hafh 'ghklv h[jZ[hldb ~Zgguo \ j_"bf
\j_f_gb Z 1Zd _ bgl_ljZpby bgl_ee_dImZevguo kbkl
h[mag_gby

D ijh[e_fzf dhlhju_ \uyle_gu gZ ~Zgguc fhf_gl fh’c
aZ™_j'db \i_j_"~Zq_ kb]JgzZeh\ dhlhju_ fhiml g_]ZIb\gh
"b _gbb kbkl_fu ihklhjhggb_ rmfu b g_lhqgghklb kb
g_ijZ\bevghf jZzaf_s_gbb ~Zlgbdh\

JZa\blb_ qg_-dHYbdlyuo bgl_jn_ckh\ ijbf_gy_fuo
mijZ\e_gbb Zdlb\gufb wdahkd_e_1Zfb hibjZ_Ilky gZ kh\
g_cjhk_1I \uo Zelhjblfh\ mqgblu\Zxsbo bg”b\b"mZevgu_
ihevah\zIl_ ey

;b[ebh]jZnbq_kdbc kibkhd
1. Constructing equatlons of rigid body systems dynamics and algorithms for solving
control problems of biomechanical systems / R. Mucharlyamov, A. Borisov, |. Kaspirovich, K.
Maslova // Russian Journal of Biomechani@s2025. +Vol. 29, No. 3. £P. 8494. +DOI
10.15593/rjbiomech/2025.3.02EDN KDKOCH.
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F : Fbexdh\ klm”~ jmd : < =hem[_\ d I i
B=WM ] B\Zgh\h
:G:EBA G?BKIJ:<GHKL?C BAF?JBL?EVGUO
D:G:EH< L?JFHWE?DLJBQ?KDBO
[J?H;J:AH<:L?E?C L?FI?J:LMJU

L_jfhwe_dljbg_kdb_ ij_h[jzah\Zl_eb I_fi_jZImju |
rbjhdh ijbf_gyxlky \ wg_j]_Ibd_ b ijhfure_gghklb h
baf_jbl _evgu_dZgZeu oZjzZdl_jbamxlky \ukhdhc gm\kl
we _dljbg_kdbf ~ n_dlzf \ke_"kl\b_ fZehc \_ebgbgl
kblJgZzez zéeVmhc azZz~Zq_c yley_ Iky \uyle_gb_ "bZ]g
ijbagzZdh\ g_bkijz\ghkl_c¢c \hagbdZxsbo \ ebgbb i_j "Z

P_evx jZ[hlu y\ey |ky wdki_jbf_glZevgh_ bkke_"h\
h[julh\ b dhjhldbo azfudzZgbc gZ iZjzf_lju baf_jbl_ev
| _jfhiZju b hij_~_e_gb_ djbl_jb_\ bo b~_glbnbdZpbb

Wdki_jbf_glZevgZy mklZgh\dzZ \dexqgZezZ |_jfhiZjm

de_ffguo kh_"bg_gby \Ihjbgguc ijb[hj ILD
|_jfhdhfi_gkZpbhggu_ ijh\h~Z Ijb I_fi_jZIm@_ ihjy~d
j_]bkljbjh\Zzezkv ~W>K |_jfhiZju hdheh f<

ihke_"h\Zl _evgh fh™r_ebjh\Zebkv oZjzZdl_jgu_ g_|
dhjhldh_ azZfudzZgb_ \ ebgbb dhjhldh_ azfudzZghb_
kh_~bg_gbyo Z 1Zd _ h[ju\ b hldexq_gb_ ~ZlgbdZz

MklzZgh\e_gh glh ijb dhjhldhf azZfudZgbb \ ebg
I_jfhiZju kgb Z_lky “h agZq_gbc ihjyrdz f< qlh
rmglbjh\Zgb _f bklhqgbdZ W>K 1ljb ehdZevghf dhjhldhf
de_ffgbd_ gZ[ex"Z_Ilky j_adh_ kgb _gb_ khijhlb\e_
AN n_dlzZ ghgagbc ihjyrdz Hf ijb khojZg_gbb khijhl
ebgbb gZ m”~"Zezgguo mgZKTdZoljbg h[jul_ p_ib beb
hldexq_gbb ~ZIgbdZ 1Zd _ nbdkbjm_Ilky ijZzdlbg_kdb g
kblgzZzez § f<

lhemg_ggu_ j_amevlZlu ihdzZaulzZxl qlh ~bZ]ghklb
I_jfhiZzjghlh dZgzZezZ fhi_debdk\ZgZ gz hkgh\_ kh\f_Kkl
ZgZebaZ mjh\gy W>K b jZkij_~_e_gby khijhlb\e_gbc it
Ozjzdl_jgufb ijbagzdzfb g_bkijz\ghkl_c y\eyxlky j_ac
\uoh”gh]h kb]JgZez b ihyle_gb_ ehdZevguo mqgzZkldt
fZeuf khijhlb\e_gb_f

b[ebh]jZnbg_kdbc kibkhd

1. JZajzZ[hldZ kbkl_fu h[mg_gby i_jkhgZeZ DBlb: b __ bgl_J]jZpby
lj_gZ _jhf LWK : < =hem[_\ FmjzZ\v_\ B D Gbdhghjh\ : G GZm
K P_ebs_\ ? K \lhfZlbazZpby \ ijhfure_gghklb

220232 ¢« 2 K -11.2 >We_dljhgguc hjtpkinido@.ru/efd/902826
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

< GZImj klm~ jmd X ; Fhbk__\

Fhkihebl_o ] Fhkd\z
1:J:F?LIBQ?KDH? IJH?DLBJH<:GB?

HIL?AH<
Pbnjh\u_ | _ogheh]bb b Z\IhfZlbaZpbb wIlZih\ ijt
ij_\jZsZx!| ijh_dlbjh\Zgb_ hjl_ah\ \ mijZ\ey_fuc bg"
ijhp_kk H~gbf ba gzZb[he__ i _jki_dlb\guo gZijZ\e g
ijbf _g_gb_  izZjzf_ljbg_kdh]lh fh”~_ebjh\Zgby b Z’

| ogheh]bc > @

JZajz[Zlu\Zz_fzZy izZjZf_ljbg_kdZy kbklI_fz ij_"gZa
khanrzZgby jZzaebgqguo bkiheg_gbc hjl_ah\ gZ hkgh\_ pl
\_jogbo dhg_gghkl_c ihemqg_gguo ' kdzZgbjh\Zgb_f
kljhbl pbnjh\u_ fh~_eb hjl_ah\ bf_xsb_ nmgdpbhgZev
Z"Zilb\jhAggu_ ih~ ZgZlhfbq_kdb_ hkh[_gghklb qg_et
ihal\hey_| kms_kI\_ggh mkdhjblv ijhp_kk jZajZ[hldb hjl
ih\lhjy_fhklv dzg_kI\Z ba”_ebc glh gzZijyfmx kdz
wnn_dlb\ghklb jZ[hlu dhgkljmdlhjkdh]h hiI*_eZ b ij.
p_ehf

>ey j_ZebaZpbb pbnjh\hc | _ogheh]bb bkihevam_lk
&$' kbkl_fZz 5KLQR kh kj_~hc izZzjzf_ljbq_kdh]h b Ze]
fh~_ebjh\Zzgby *UDVVKRSSHU > @ GZ _z hkgh\_
Zelhjblfu ]_g_jZpbb ]J_hf_Ijbb hjl_azZ h[hehgdb ahgu

dj_iegbc dhlhju_ zZ\lhfZlbg_kdb i_j_kljzb\zZxlky ijb &
\oh”guo izZjzf_Iljh\ lj_~mkfhlj_gh nhjfbjh\Zgb_ fh’
nhjfzlzo ijblh”"guo ”“ey ihke_“mxs_c ' i_qzZlb gZ
mijhszZy \g_"j_gb_ I _ogheh]bb \ ijhba\h”~kI\_ggu_ ijhj
hljZz[hldb Ze]llwybIf jZ[hq_f ijhkljZgkI\_ kbkl_fu
Z\lhfzZlbg_kdhf j_"bf_ ihy\leyxlky Jlhlh\u_ d balhlh\e

fh" _eb ba”_ebc > @

lj_ "eh  _gguc iZjzf _ljbg_kdbc ih”"oh” h[_ki_qgb\Z 1 &
kjhdh\ ijh_dlbjh\Zgby kgb' _gb_  azZ\bkbfhklb j_a
km[t_dIb\gh]lh g_eh\_q_kdh]h nZdlhjZz h[_ki_qgb\Z I d
mqgblu\Zz_1| Zgljhihf_ljbx iZpb_glZz L_ogheh]lby "Zgg
e_Jldh rfZZ{bjm_Iky gZ jZaebggu_ Ibiu hjl_ah\ b
ijhba\h”~"kI\_ggu_ iehszZ"db

;b[ebh]jZnbg_kdbc kibkhd
1.Bg"b\b"mZevgu_ f_"bpbgkdb_ -hjlgaly fdgyg _|I' ih"oh” d e_q_gbx
4XDOL9HG 85/ KWWSV TXDOLYHG UX 7ZIZ h[jZs_gby
2. Parametric modeling and 3D printing transforming medical devices // LinkedIn Article, 2023.
URL: https://linkedin.com ¢ Z B [jZ s _ g B6/03.2026).
3.1Zjzf_ljbg_kdh_ fh~_ebjh\Zgb_ hkgh\u ij_bfms_kI\Z b ijbf_ju i
GZmaqgu_ klZlvb 85/ KWWSV QDXFKQLHVWDWL UX ~ZIZ h[jZs_
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Y : lhc]lbg kim”™B Dmé&mjz\v_\ d Il g “hp
B=WM ] B\Zgh\h
J:AJ:;HLD: KBKL?FU MIJ:<E?GBY
L?FI?J:LMJGUF J?@BFHF DHLE:-2101

< jzZfdZo ~Zgghc jZ[hlu ~ey ih\ur_gby klZ[bevghklb

iZjZ dhlez LII) [uez jZajzZ[hlZgZ bfblZpbhggZy
Z\lhfZlbg_kdhc kbkl_fu j_]mebjh\Zgby :KJ I_ieh\hc f
Fh~r _ev dhleZ j _Zebah\ZgZ \ kj_~_ 75%&( 02'( >
>Zggu_ "ey h[jZ[hldb \ 75%$&( 02'¢( ih~Thlih\e_
bkihevah\zZgb_f ijh]jzZffu 8QLPRG 3UR >ey h
i_j_"Zlhgguo nmgdpbc dZgZeh)\ j_lmebjh\Zgby

Ziijhdkbfzpby wdki_jbf_glZevguolh™Zggfhd _dflh\
Kbfhx HilbfZzevgu_ izZjzZf_Ilju gZkljhcdb :KJ gZc”~_gu
ijhljzffu ©J:G:J2 b ZgZebaZ jZkrbj_ggw&adhfiedI mrgl
gZklhlguo ozZjzdl jbklibd

Jbkmgh#iFg_fhko_fZ kbkl_fu j_]lmebjh\Zgby I_ieh\hc fhsghklb \ 75%

< ijhp_kk_ jZ[hlu ijhZgZebabjh\zZg h[t_dl fh~_e
bamq_gu hkh[_gghklb |I_iehnbabqg_kdbo ijhp_kkh\ \ d
ijh\_jdz 2z~_d\Zlghklb fh”_eb b \uiheg_gu wdki_jb
bkke_"h\Zgby gZ g_c

Djhf_ Ih]lh \ ijh]jzffghc kj_~_ ©75%$&( 02'( & kha”"Z
gZkljhcdb b fg_fhko_fZ kbkl_fu j_]lmebjh\Zgby khhl
bah[jZz  _gb_ij_"klZ\e_gh gZ jbkmgd_

;b[ebh]jZnbgq_kdbc kibkhd

1. K:l1J 75%&( 02'( maflgmrbg_kdh_ ihkh[b_ :: F_a_gp_\ =
1Z\eh\  Lhfkdbc ihebl_ogbq_kdbc tmigtfikdkblBh~ Lhfkdh]h
ihebl_ogbq_kdhlh mgb\_jkbl_kz

30
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D D Ihdjh\kdbc klm~ jmd ? > FZjrzZeh\ d
B=WM ] B\Zgh\h

J:AJ:;HLD: IJH=J:FFU 1J?>BDLB<GH=H

H;KEM@B<:GBYLQBDH< G: HKGIHM?

Kbkl_fzZ j_Zebam_I iheguc pbde fZrbggh]lh h[mqg_gby
b ij_~h[jZ[hldm NZgguo ] g jZpbx ijbagzdh\
deZkkbnbdzZlhjz hp_gdm dzZq_kI\Z b ij_~kdZazZgb_ \ |
< dZq_kI\_ deZkkbnbdzZlhjz bkihevam_Ilky Ze]lhjblf ke

AN j_\vyfb j_r _gbc qlh kgb Z | jbkd i_j h[mqg_ghby
gZ[hj balujzo izjzf_Iljh\ "ZldbdZImjz ~Z\e_gb_ \j_f
jZ[hlu \b[jZpjykrbjy_Iky ~h ~_\ylb az kqzl ijhba\r
i_j_f_gguo 1zZdbo dzd khhlghr_gby ijhba\_~_gby
dzZl_lhjbZevgu_ dh”bjh\db I|j_~kdzZazZgb_ \u”~Zzl \_jhyl

~h Ibpij_Ibjm_fmx gq_j_a gZkljzb\Z_fu_ ihjh]lb dZc
kj_~gbc beb \ukhdbc jbkd Kbkl_fzZ \Zeb”bjm_1I \oh”"g
nbabqg_kdb “himklbfuf ~2bZiZahgzf b ih~*_j b\Z_lI
h[jZz[hldm ~ZIgbdh\ ba I_dklh\h]h nZceZ

Ijh]jzffZz jZzajz[hlZgZ k Zdp_glhf gZ bkihevah\zZgb_
NZlgbdh\ ~Z\e _gby gh 1Zd"_ h[eZ”~Z | ihl_gpbZehf %e
Ajm]lbfb Ibizfb ~Zlgbdh\ ijb mkeh\bb khhlI\_lklI\mxs_c
fh™ _eb F_oZgbqg_kdb_ NZlgbdb NZ\e _gby 0ZjZ
ih\ur_gghlhtyalbfhklvx d baghkm ih"\b'guo we_ f_ glh\
AbzZnjz]fu ijm bgu b f_f[jZgu Baghk ~Zgguo dhfihg_|
ijhyleylvky \ \b~_ g_klZ[bevghklb ihdZazgbc Z 1Zd _
aZ\ur_gguo agZq_gbc baf_j gbc

< j_amevlzIl_ ijh\_~_gghc jzZ[hlu [ueZ jZajzZ[hlZgZz
ijhljzffz k ]liZnbqg_kdbf ihevah\zZl_evkdbf bgl_
ij_"gZagZq_ggZy “ey mijhs_gby \uiheg_gby azZ”~Zqg b h
m~h[gh]h \azbfh”_ckl\by k ihevah\zZl_e_f [1jh]jzffz \d
nmgdpBkbyggu_ bgkljmf_glu ”"ey ZgZebaZ ~Zgguo
ihkljh_gb_ 1jZnbdh\ b ihkljhgqgh_ kjZ\g_gb_

‘blebhljZnbq_kdbkhd

1.Hj_ev_g @jbdez~gh_ fZrbggh_ h[mq_ g%cikitd adrmibEansorFlow,
2018,- 690 c.
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F > lhelhjzg kim~ jmd B E Kl_nZgh\
==LM bf I H Kmoh]h ] =hf_
[IJH=J:FFGUC DHFIE?DK :<LHF:LBA:PBB
DHGLJHEY J:KOH>: <H>U < H:H ©FHAUJKDBC
G?NL?1?3J?2J3:;:LU<XSBC A:<H>?

>Zgguc ijh_dl ihk\yszg jZajzZ[hld_ Z\lhfZlbabjh\Zgg
mqzlzZ jZkoh~Z \h~u gZ ijhfure_gghf ij_*ijbylbb |
Fhaujkdbc g_nl_i_j jZ[Zlu\Zxsbc aZ\h® < mkeh\byo g
wdhghfbb j_kmjkh\ b ih\ur_gby wdheh]lbgq_kdhc |
klZgh\blky \ZVgkilb Thgqguc b m~h[guc mqgzl \hWYhhhlj [e _
hkh[_ggh ZdImzZevgh 7"ey djmiguo ij_"ijbylbc 17
ihlj_[ey_fhc \h~u agZqbl_evglukbhhggmkd dhdgjhphey
wlhf gz ijzdlbd_ ~"Zggu_ qZklh nbdkbjmxlky \jmqggmxX
jZaguo f_klZo qglh mkeh gy_I| bo h[jZ[hldm b ZgZeba

JZajz[zZlu\z_fzy kbkl_fz ij_"gZagZq_gZ "ey p_glj
\W\h”"Z o0jzZg_gby b h[jzZ[hldb ihdZazZgbc jZkoh”Z \}
aZghkylky ihevah\zZl_eyfb WIlh iha\lhey_| hldZazlvk
"mjgZeh\ b mijhklblv dhgljhev aZ jZkoh~hf gZ jZagu
kbkl_f j tmkfhlj_gh m~h[gh_ \g_k_gb_ "~Zgguo bo
ihke_"mxsbc ZgZeba glh kgb Z | \ _jhylghklv hrb[tl
bgnhjfZpbb

< oh”~_ jZ[hlu JueZ j_Zebah\zZgzZz kljmdIimjz i
\dexqzZxsZy fh"meb \\h~Z ~*Zgguo bo o0jZg_gby b hilh[j.
\ghfZzgb_ m~_e_gh ijhklhl_ bgl_jn_ckzZ qglh[u ihevah
[ukljh hk\hblv kbkl_fm b [_a aZljm~g_gbc jZ[hIZlv
ij_"mkfhlZ_g\hafh ghklv ijhkfhljZ bklhjbb ihdZaZzg
hlke_ “b\zZgby baf_g _gbc \h \j_f _gb

Bkihevah\zZgb_ kbkl_fu ihalhey_| mihjy~hqgblv ijhp_Kk
ih\ukblv lThgghklv ~Zgguo b J[uklj__ \uyleylv hldeh
ihfh]Zz_I dhgljhebjh\ZIv jZkoh” j_kmjkh\ b ijbghfz
h[{hkgh\Zggu_ j_r_gby \ ijhp_kk_ wdkiemDljhgbb ij_"ij
Ihlh kgb Z_Ilky \ebygb_ g_eh\_q_kdh]lh nzZdlhjz ij
bgnhjfZpbb

< ~NZevg_cr_f kbkl_fm fh gh jZkrbjblv az kqzl *»
Z\IhfzZlbgq_kdh]lh ZgZebaz ~Zgguo Z 1zZd _ bgl_JljZp
kbkl_fZfb mqgzlZ j_kmjkh\ glh ihalhebl khanz
bgnhjfZpbhggh_ ijhkljZzgkl\h ij_7ijbylby

32



K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

> ljzZzgvdh\ Zki jmd : < =hem[_\ d I
B=WM ] B\Zgh\h
IHKUR?GB? WNN?DLB<GHKLB IJHFURE?GGUO
DHFIJ?KKHJH<
K MQ,LHF <E:@GHKLB <HA>MO:

Wnn_dlb\ghklv jzZ[hlu \ha”“mrguo dhfij_kkhjh\ aZz
| _jfh~rbgzfbg_kdbo izjzf_Ijh\ \kZku\Z_fh]h \ha"moz >
\Z°g _crbo | _ogheh]bqg_kdbo izZzjzf_Ijh\ dhfijbfbjh\Zggh
yley lky Z[khexlgh_ ~Z\e _gb_gZ gZ]g |IZgbb dhlhjh_
dhe b | _fi_jZImju b \eZ ghklb ZIfhkn_jgh]l]h \ha“mo.

JZajzZ[hlzgz bfblZzpbhggZzy fh” _ev AMmokIm
Imj[hdhfij_kkhj85004- F \' kj_"~_ 6LP,Q7HFK Fh~n_
ihalhey_| az~z\zZIlv | _fi_jZlmjm gZ \kZk_ k ijhba\hevgh

\eZz ghklvx Lzd _ ij_~mkfhlj_g \ijukd \h”u \h \lhjm)
f_"kimi_gqZlhZ gmygé _ KhleZkgh > @  hilbfZevguc
\ijukdz hl jzkoh”~Z \ha”moZ <ijukd \h”u ih

iehlghklv ]Zzaz i_j_" klmi_gvx kgb Z_| jZ[him k Zlby
dhg_ggh_ ~"Z\e _gb_ [_a jhklZ gZklhlu \jZs_gby
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= i/l e =203.794
Q[wﬁmm\:suaz.zu\ir e/l faer] "
glxr/cl=101

W[,
JbkmghtH[sbc \b” bfblZpbhgghc Hitzyhedy Imj[bighlhj
3+i_j\Zy k_dpby dhfij *kkhjjZy k_dpby dhfijtkkbfZnohhoezZ"bl_ev
6 tjZaljmahqguc deithilfg[bl_ewvm\eZ gbl_ev \ijukd

;b[ebh]jZznbg_kdbc kibkhd
1. < < Hkbgp_\ < F Nhjhklh\ L ; Fbj]J_eh\Z =Zah”bgZfbq_
p_gljh[_"guo dhfij_kkhjguo fZrbg Mq_[gh_ ihkh[b_ ~ey kim~_glh\
Q_ey[bgkdbc ihebl_ogbg_kdbc bgklibiml bf E_gbgkdh]h dhfkhf
2. Block Novelo D.A., Igie U. Aero Engine Compressor Cooling by Water Injection
Part 1: Evaporative Compressor Model // Energ2018. +Vol. 160. +P. 12244235. DOI:
10.1016/j.energy.2018.05.170.
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:J Iljhdhnv_\ kIm”~ jmd : < Dhle
B=WM ] B\Zgh\h
IJBF?G?GB? =B>JHKL:LBQ?KDH=H F?LH>:
BAF?J?GBY MJH<GY @B>DHKLB < ;:J:;:G?

Dhgljhev mjH¥Y¥[ZgZo dhleh\ LWK b :WK djblbq_kdl
gZ [_ahiZzkghklv b wnn_dlb\ghklv wg_jlh[ehdh\ =b’
f_Ih~ baf_j_gby i_j_iz~Z ~Z\e_gby hklZzlky gZb[he_
mkeh\byo \ukhdbo ~Z\e_gbc b I_fi_jZImj

Lhgghklv f_Ih"Z kgbaz Ikyj_lbagghc iehlghklb kj_"t
\ebygby ©fhdjhc gh]b2 \ bfimevkguo ebgbyo b kbk
ihlj_rghkl_c fhglz z G_mqzl wlbo nzdlhjh\ \_~zl|
g_gm\kl\bl_evghklb b Z\Zjbcguf jbkdzf

JZajz[hlzg Zelhjblf jzkqzlZz ghfbgZevghlh i_j_iz»
mgblu\Zxsbc Ibi j_a_j\mzjz 1lhqdb \j_adb bfimevkgi
aZiheg_gb_ ebgbc dhg”_gkzlhf I1hdzZzazgh gqglh kf_s

lizgbpzf jz[hg_lh ~bZiZzahgZ ih\urZ_I| jZaj_rZxsmx k
kbkl_fu jpbkbq_kdhc ahg_ Ij_"eh’ _g f_Ih” kbgl_aZzZ hJ[
g_gm\kl\bl_evghklb g_j_a Z""blb\gh _ kmff

bgkljmf_glZevghc ih]j_rghklb dezZkk Ihgghklb ~Zlqbdz
khklz\eyxs_c¢ jZajy~ghklv :Pl GZ ijbf_j_ [ZjZ[ZgZ k

f b ~ZlgbdhfZdezk&ahgZ g_gm\kl\bl_evghklb khklZ\k
ff

Dhjj_dlgZzy gZkljhcdzZ ij_~_eh\ ~ZlgbdZ b dhebqg_Kl
ahgu g_gm\kl\bl_evghklb ihalheyxl h[hkgh\Zggh aZzZ’
kb]J]gZebazZpbb b gZkljzb\zlv j_Imeylhju bkdexq
kjz[zZlu\zgby b Z\lhdhe_[Zgby glh ih\urz_| [_é
wdkiemZlZpbb

:b[ebh]jZnbg_kdbc kibkhd

< G ?jzfbgogheh]bqg_kdb_ baf_j_gby b ijb[hju ~ey |_ieh\uo b ZI
ljhklZgpbc mq_[gh_ ihkh[b_ < G ?jzfbg :: ?nbfh\ < B Dhjhe:
?jzfbgZB\Zgh\h Ba”Zl_evkl\h B=WM

< K DexHXgh\u zZ\IhfZlbazZpbb |I_ogheh]lbq_kdbo ijhp_kkh\ \ |I_ie
mq_[gbd ey \mah\ : K Dex_\ ; < Iljhlk3hitba< Ki_DéX[\b ~hi
+Fhkd\Z BggZ g_jby = k
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K_dpByKbkl_fu mijz\e_gby b zZ\IhfZlbazZpbb

G K Ijm~rgbdh\ klm”~ < G >_gbkh\ 7~ |
nbebZe N=;HM <H ©GBM Kfhw Bgk\d]
[?7JKI?DLB<UJBF?G?GBY PBNJH<UO ><HCGBDH<
G: OE?;HI?D:JGHF
1J?>1JBYLBB

Kh\j_ f ggu_ oe_[hi_dZjgu_ ij_*"ijbylby \ugm ™~ _gu b
ih\ur_gby wnn_dlb\ghklb ijhba\h”kI\Z khdjZs_gby
memqr_gby dzZq_kI\Z ijwtmdpbboh”*bfh "~ey khojZg_ ¢
dhgdmj_glhkihkh[ghklb \ mkeh\byo “zkldhc jughqggh
jZklmsbo wdhedbbdqlj [h\Zgbc J_rblv wlb az~Zqgb it
\g_"j_gb_ | _ogheh]bb pbnjhl\uo ~\hcgbdh\ \bjlmZev
j_Zevguo h[t_dlh\ b ijhp_kkh\ h[_ki_gb\Zxsbo fhgblhj
hilbfbaZpbx jZ[hlu \ j “bf_j Zevgh]h \j_f gb> @

ljbf_g_gb_ pbnjh\uo “\hcgbdh\ gZ oe_ [hi_dZjghf ijl

nZzzl \hafh ghklv g _ij_julgh hlke_"b\zZIlv b kh\ _jr_
| _ogheh]lbg_kdb_ ifhhd_kkd _kzZ | _klZz ~h mizdh\db ]hl
ijh"mdpbb L ogheh]by iha\hey | 1lhggh gZkljzZzb\ZI

\ui_qdb aZjdgy\eylv ihl _gpbZevgu_ k[hb h[hjm~h\Zgb
bo mkljzgylv [eZ]h*Zjy q_fm jZklzl dZqg_kl\h oe |-
ijhp_gl [jzdz> @ K ihfhsvx fh"_ebjh\Zgby m~Zzlk
wdhghfbb kujvy b wg_jlhj_kmjkh¥ dZd _ khdjZlblv
eh]lbklbg_kdb _“dba®ngg aZ kqzl [he__ 1JjzZfhlgh]h
ieZzgbjh\zZgby p_ihg_d ihklz\hd Djhf_ Ihlh pbnjh\u
mkdhjyxl fh”r_jgbazZpbx ijhba\h”"kI\_gguo ebgbc b \g_"
j_p_ilmj [_a hklZgh\db jZz[hlu Z khqg_IlzZzgbb BH_ogheh
hidju\zZz_| \hafh ghklfZzlZgl kdhc dhjj_dlbjh\db izZjzf_I]
h[hjm~h\Zgby Dzd ke_"kl\b_ ij_~ijbylb_  ~h[b\Z.
ijhba\h~bl_evghklb gEhdjZs_gby kjhdh\ \uiheg_gby aZz
gZz b ih\ur_gby wdhghfbg_kdhc b wdheh]bqg_kdhc n
Lzdbf h[jZahf \g_"j_gb_ pbnjhluo ~"\hcgbdh\ k
dexq_\uf kljzZl_Jbqg_kdbf j_r_gb_f ~ey oe_[hi_dZjguo i
| _ ogheh]by g_ Ihevdh wnn_dlb\gh j_ rZ | 1 _dmsb_
hilbfbaZpbb azljzl b memqgr_gbx dZq_kI\Z gh b kha
"helhkjhqghgdndh glhkihkh[ghklb ihfhl]Zzy Z~Zilbjh\Z
wdheh]bg_kdbf ghjfzf b baf_g_gbyf gZ jugd_
;b[ebh]jZnbq_kdbc kibkhd

LmjZgkdbc JZ&jZ[hldZ b \g_"j_gb_ pbnjhluo ~\hcgbdh\ ~ey hil
oe_[hi_dZjguo ebgbc LmjzZgkdbc > < Oe_[hi_g_gb_ Zhkkbb

Kb~hjh\B :Bggh\Zpbhgguc ih*oh” d ijh_dlbjh\Zgbx ib88 \uo ijh*m
Kb~hjh\Zz F = Dmebdh\z ?kl_kI\_ggu_ b | «<ogiKg_kdb_ gZmdb



Wg_jH0% FZl_jbZeu dhgn_j_gpbb

Y B KzZj[z_\zZz kIm”~ jmd ? : OmkZbgh\z
D=WM ] DZazZgyv
PBNJH<U? L?0GHEH=BB <
LHIEB<GH)WG?J=?LBQ?KDHF DHFIE?DK? IEXKU
IJBF?JU B LIM>GHKLB

< + lh~Zo pbnjh\bazZpby LWD Zdlb\gh jZa\
:AMlhghfgu_ ~jhgBBkmijZ\e_gb_f khdjZlbeb gbkeh Z\Z]
h{t_dlZo ljZgkihjlbjh\db wg_jlhj_kmjkh\ gZ azZ i_j\

)1h

Bgl ]jZpby [hevrbo ~Zgguo k hl_g_kI\_ggufb h
ieZlnhjfzfb ~h\_eZ Ihgghklv ijh]lghah\ ihlj_[e_gby wg_
,R&bkl_fu gZ LWP khdjZlbeb \j_fy j_Z]bjh\Zgby gZ
kbimzZpbb gz Z \ 1Zah\hc hljZzkeb ml_qdb f_IZgZ k
[ezYzjy jZgg_fm h[gZjm _gbx fbdjhlj_sbg

leZlinhjfu ij_~bdlb\ghc ZgZeblbdb gz we_dljhklzZgp
INH kgbabeb azZljZbh|[kZ2m b\Zgbt gZ \g_ieZgh\u_
hklZzgh®dlgz 1j_Iv < LZIZjklZg_ pbnjh\hc “\hcgbd kghbe
we_dljhwg_j]lbb gZ \ Kb[bjb aZims_g ZgZeh]
Djzkgh~zZjkdhf djZ_ kheg_qgZy we_dljhklZgpby Kk
\ujZ[hldm wg_j]bb gZ

Hkgh\gu_ keh' ghklb aZzZljZlu gZ #h”™hjgbazZpbx
kilhbfhklb h[t_dlZ jhkl db[_jzlzd gz \ ]Jh~Am ~_
ebrv ki_pbzZebklh\ \ez~_xI pbnjh\ufb gZ\u
j_]lbhgZevguc "bk[ZeZgWg_"j _gby \ f_]ZihebkZo ijhlb\
\ hilrZezggi@chgZo bfihjlhaz\bkbfhklv dhfie_dlI
"ey,R72 aZjm[_"gu_ JZa\blb_ hl_gq_kI\_gguo |_og
ih~AThih\dZz dZ™jh\ ihfh]lml kn_eZlv wg_j]_Ibdm
dhgdmj_glhkihkh[g__

b[ebh]jZznbq_kdbc kibkhd

<hah[gh\ey_fZy wg_j]_IbdZ \ pbnjhimx wihom ~hdeZ” Fbgbkl_jkl
2 Fhkd\z 2 k

JZa\blb_ mfguo k_Il_c \ Jhkkbb I_dms__ khklhygb_ b i_jki_dlb\u
©Kh\_Il ijhba\h”bl_e_c2wghktihB2 =2 k

Pbnjh\Zy ljZgknhjfZpby \ ]Zah\hc hljZkeb "h®eZFhKdMZ©=Zaijhf

2 k

Pbnjh\bazZpby \ wg_j]l_Ibd_ \ebygb_ gZ wdheh]bg_kdmx [_ahiZk
BgklblmlZ wg_j]_Ibg_kdbo bkk¥e Fhkd\gbc 3:G k
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K_jlhebgz zki :: :e_dkzg”jh\ d
jmd : < Eb\rbp ~ 1 g ijhn
Bj=MIK ] Bjdmlkd
MIJ:<E?GB? L?JFBQ?KDBFB HKL:LHQGUFB
G:IJY@?GBYFB < A:=HLH<D:O
BA :EXFBGB?<UO KIE:<H<

Dhjh[e_gb_  fZeh™  _kldbo " _I1Ze_c¢ ba Zexfbgb_\u
iZg_e_c¢ ijhnbe_c¢c "m] ijb f_ozZgbq_kdhc h[jZ[hld_
hklZlhggugthijy' gbyfb \hagbdZxsbfb gZ wlzZi_ azZdZed

gZ ijZ\dm ~hklb]zxl [im~hzfdhklb Kms_kl\mxshb
kgb™ _gby gZijy _gbc bf_xI h]ljZgbqg_gby g_ijbf_gl
keh guf nhjfzf kgb™ _gb_ijhgghklb ~h \ukhdZy klh

g_h[oh”~bfhklsvhjhadiidb > @
lj_~eh g f AthowlZighc aZzdZedb k Zz~Zilb\guf mijz
dhwnnbpb_glhf |_iekhI*@gb i_j\hf wlkZi fy]ldh_
hoez ~_gb_ fZeuc ]jzZz"b_gl I_fi_jZImj fbgbfbazZpby |
gZ \lhjkbgl_gkb\gh_hoezZ ~ gb_ h[_ki_gq_gb_ijhgghk
i_j_dexqg_ghblyiR " ey Iky fZl_fZlbg_kdhc hilbfbazZpb_c
GZ dhg-wghf_glghc fh*_eb 06& 3DWUDQ 6LQGD "

kiezZ\zZ < (. ff ijh\_~ _gu jZkqzlu "ey jZaeb
MklZgh\e_gh . <I f6 D ]jz*b_gl f& ijhqghk
. <l fo D 1iZz~b_gl f& hklZlhqgb_ gZijy _g
FIZ . <| féo#djblbg_kdh_ agZq_gb_ h[_ki_qgb\.

[Zzezgk ]jzZz"b_gl f& 9gZijy _gby FIZ ijhgghklv «
JZajz[hlzgz Zjolplbrjmhdh *\hégbpdzAkZ azdZedb
bgl_ljbjmxs_1h fzl_fzZlbg_kdmx fh~_ev "Zggu_
Zelhjblfu hilbfbaZpbb < _~zlky kha~Zgb_ eZ[hjZlhjg

mijZ\ey fuf dhwnnbpb_glhf | _iehhl~Zqgb

;b[ebh]jZnbg_kdbc kibkhd
1. DZj]Zihevp_\ KMijZ\e_gb_ ~_nhjfbjh\Zgguf khklhygb_f fZeh _
N IZe_c Ibiz iezZklbg k ih~dj_ie_gb_f gZ hkgh\_ _]lh ijh]lgha
ijh_dIbjh\Zgbb I_ogheh]bqg_kdh]h ijjligp| kkg gZhrkd n DZj]Zihevp
KlZgbkeZ\ DhgklzZglBgdwblkd 2 k
2. Eb\rbp : <djh]lghabjh\Zgb_ ehdZevguo hklZlhgguo ~_nhjfZp
ijh_dIbjh\Zgbb |I_ogheh]bg_kdh]lh ijhp_kkZ balhlh\e_gby fZeh _kldtl
dzZg” |I_og gZmd Eb\rbp :pl Bfjeemékdv_2Abqg k
3. :e_dkzg”jh\ :Fh”~_ebjh\Zgb_ 1_jfbg_kdbo hklZlhgguo gZijy _g
ijhba\h~kI\_ fZeh _kldbo ~_1Ze_c bk dzZg” |I_og 9Zmd
e_dkzZg”nj re_dkZg"Pjdmglkd 2 k
4. Araghchi, M. A novel cryogenic treatment for reduction of residual stresses in 2024
aluminum alloy / M. Araghchi, H. Mansouri, R. Vafaei, Y. Guo // Materials Science and
Engineering: A.2 2017.2 Vol. 689.2 P.4852. 2 DOI: 10.1016/j.msea.2017.01.095.
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: K Kfbjgh\ kim”~ jmd : < Dhlel
B=WM ] B\Zgh\h
J:AJ:;HLD: IJH=J:FFU >EY J:KQ,L:
[?7J?1:>: >:<E?GBY G: KM@:XSBO MKLJHCKL<:0O
I1JB BAF?J?GBB J:KOH>:

Baf_j_gb_ jZkoh”Z “b~dhkl_c b ]Zah\ f_Ih~hf i_
i_j_iz~"Z ~Z\e_gby gZ km Zxsbo mkljhcklI\Zo "bzZnjZz
Ijm[Zo <_glmjb hklZzlky gZb[he__ jZkijhkljzg
ijhfure_gghklb Ijb ijh_dlbjh\Zgbb maeh\ mqzlzZz \Z gl
hij_~ _eblv baf_jy fuc i_j iz~ ~Z\e_gby @3 gh b

[_a\ha\jZlgu _ ihl _jb NZ\e _gby /'S dhlhju_ \ek
wg_jlhwnn_dIlb\ghklv gZkhkghlh b dhfij_kkhjgh]lh h[hj
P_ev jZz[dkha”zZgb_ ijh]jzffu ZzZ\lhfZlbabjmxs_c j:

ihl_jv ~Z\e_gby gZ klzZzg”Zjlghc ~"bzZnjz]f_ ~ey jZaebq
1Za i_j_]j_luc b gZkus_gguc iZj

>ey g_k'bfz_fhc “bArdhklb \h~zZ f_Ilh”*bdzZz > @ |[.
hij_~_e_gbb kdhjhklb ihlhdZ 9 b dhwnnbpb_glZ
khijhlb\e_gby 0

8L VL — |=s,‘5,*|_E

1~ ijZkOh"i\@mlj_ggbC ’\be_IJ tiloh[u_ o km  _gby O
dhwnnbpb_gl k™Zlby

>ey k'bfZz_fuo kj_» ]Za iZj jZkqgzl \_"z095ih =HKL
[2,3]:

ULL %P ®,2
| Gt hlghkbl_evguc ~bzf_Ij "bZrZMunb&b _ gl
bkl_g_gby nhjfmez KibBapzjy_ G3c i_j_iZz®» Dhwnnbpb_

jZkrbj_gby 0 hij_~_ey_|ky k mqzlhf ihdZazZl_ey Z"bZ]|:

ljhljzffz j_Zebah\Zgz \ kj_~_ 8QLW\ gZ yaud_ &
\ul[bjzZz_1 kj_~m \\h~bl ]J_hf_Iljbg_kdb_ izZjzZf_lju Ijm[t
AbZnjzZ]fu jZkoh” ~Z\e_gb_ b I_fi_jZlmjm GZ hkgh
IZ[ebp |I_iehnbabq_kdbo k\hckl\ hij_~_eyxlky iehlghkl
\ugbkey_Iky gbkeh J_cghev”kz azl_f dhwnnbpb_gl
blhlh\zy ihl_jy ~Z\e_gby /S J_amevlZl \u\h”"blky gZ
[ulv KhojzZgzg

JZajz[hlzggh_ ijh]jzffgh_ kj_"kI\h kgb Z_1 Ijm’
bg ' _g_jguo jZzkqzlh\ bkdexqZ_I| hrb[db jmggh]lh bgl_ji
ihalhey_|I| [ukljh hp_gblv wg_j]l_Ibg_kdb_ ihl_jb \ kbkl
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? ? Kfbjgh\z kIlm”~ jmd < G >_gbkh\ ~
nbebZe N=;HM <H ©GBM ©OFWB?2 \ ] Kfhe
I?7JKI?DLB<U IJBF?G?GBY PBNJH<H=H ><HCGBD:
>EY HILBFBA:PBB IJHP?KK: <UI?QDB

Kh\j_f_ggh_ oe_[hi_dZjgh_ ijhba\h”kl\h \dexqZ_]I
\aZbfhk\yazZggu_ ijhp_kku ]* _zdexqgdbhc wlZi

LiZz"bpbhggh_  mijzZz\e_gb_ \ui_qdhc hibjz_Iky g.:
klZzlbq_kdb j_p_ilmju glh \uau\z_| dhe _[Zgby d
baf_g_gbb K\hckI\ kujvy beb mkeh\bc Kj_

anjh\hc "\headbgmzZevgZy "ngqu_dey fh™ _ev i_
dzf_jttkharzZzlky gZ hkgh\_ agZgbc h |I_ieh) b fZkkhi_
ba”_eby b bgl_Jljbjm_Iky k *Zlgbdzfb I_fi_jZImju b \eZ
Wlh ihalhey_I \ j_"bf_ j_Zevgh]h \j_f_gb hlke_"b\ZI
ba”_ebc b \uyleylv ahgu g_jzZ\ghf_jgh]h ijhi_dZ be
dhjdb @

Hkgh\gh_ ijbf_g_gb_ 2\bkk&®dZh\Zgb_ |_fi_jZImjguc
ihe_c b hilbfbaZpby j_‘bfh\ \ui_gdb ~ey gh\uo \b”h\ i
\bjimzZevghc kj_~_ hij_~_eyxl hilbfZevgh_ |_fi_jZImj
ijh~he bl_evghklv \ui qdb bkdexqgZy ’\hjh]hklhysb
wdki_jbf_g*dhcgbd 1Zd _ ~Zzl \hafh ghklv ijh\h”*blv ©c
tZgZeba "ey Z"ZilZpbb d baf_ggb\hfm dZq_kl\m fmdb
nbgZevgu_ o0ZjZdl_jbklibdb ijh*mdlz h[tzf p\_I dhjd
fydbrz GZ hkgh\_ ijh]lghah\ hi_jzZlhj ihemqgzZ_1 j_dh
dhjj_op izjzf_Iljh\ i_qgb

<g_"j_gb_ pbnjh\h]lh “\hcgbdZ ih\urZ_I klZ[bevghkl
kgb Z_1I ijhp_gl [jZdZ ba)aZ g_"~h) beb i_j_i_dz Lzd
wg_jlhwnn_dlb\ghklv azZ kqzl hilbfbazZpbb |_ieh\uo j_~

Lzdbf h[jZahf pbnjh\hc ~\hcgbd ijhp_tkkZ \ui
ijZzdlbg_kdbc bgkljmf_gl ih\ur_gby dhgdmj_glhki
ij_"~ijbylby ?]h bkihevah\Zgb_ h[_ki_qgbl wdhghfbx j_k
azZljZlu gZ kujvz b wg_jJbx b fbgbfbabjm_1| q_eh\_qg_
djblbg_kdb \Zjghf kk _

:b[ebh]jZnbg_kdbc kibkhd

ce_dk__\ >HHbfbazZpby iZzjzf_ljh\ jZ[hlu oe_[hi_dZjgh]h h[hjm’
k bkihevah\zZgb_f pbnjh\uo "\hcgbdh\ Z\lhj_n “bk « dZg” |_og g
e_dk_*Rhkd\Zz £ Kk

Lmjzgkdbc >I%Zajz[hldZ b \g_"j_gb_ pbnjh\uo "hcgbdh\
hilbfbaZpbb oe_[hi_dZjguo ebgbc LmjZgkdbc > < _[hi_q_gb_
< K +
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< | KfbjgkimAjmd G Gbdhghjh\g ~hp
B=WM ] B\Zgh\h
>B:=GHKLBD: P?IB L?JFHKHIJHLB<E?GBY F?LH>HF
MAEH<UO IHL?GPB:EH<

Lhgghkdaf_j_gby I_fi_jZImju I_jfhf_ljZfb khijhlb\e_
:KMLI wg_jl_Ibdb azZ\bkbl hl p_ehklghklb Ijzoijh\h”
k\yab H[ju\ beb dhjhldh_ azZfudzZgb_ gZjmrzxl dl
khijhlb\e_gby ijh\h~h\ b ijb\h”*yl d g_~himklbfhc ih]j_r

< jZ[hl_ ijbf_gzg f_Ih® maeh\uo ihl _gpbZeh\ Hg
hibku\zlv \k_ khklhygby p_ib _~bghc kbkl_fhc mjz\
dhlhjuo jZzZ\gh gbkem maeh\ b g_ f_gy_Iky ijb g_bkijZz
fh~_ebjm_Iky gme_\hc ijh\h”~bfhklvx \_I\b c&hjhldh_ e
jZ\_gWif ihl_gpbzZeh\ maeh\

JZajz[hlzgZ "bgzZfbq_kdzy fh”r_ev \ kj_~_ 6LP,Q7F
j_"bf_ jZkoh ~_gb_ k I_hj_Ilbg_kdbf jZkqzlhf g_ ij_\u
ljb dhjhldhf aZfudzZgbb Ihd g_j_a ih\j_"~zgguc j_abklh
~h Zfi_jZ ihl_gpbZeu maeh\ \ujZ\gb\zZxlky h[sb
mlebgb\Z_lky ~h Zfi_jZ WIlb oZzZjzdl_jgu_ ijbagzdl
bkihevah\Zgu “ey Ze]hjblfh\ kZfh~bZ]ghklbdb baf
dZgZeh\

Jbkmgh#i=jZnbdb Ihdh\ ijb jZaebqguo DA
:b[ebh]jznbq_kdbc kibkhd
1. Hkbih\ X F ;hjbkh\ I ¢ F?LH>U BBKCQTLGUO WE?DLJBQ?KDBO

P?21?2C Mq_[gh_ ihkh[b_ ih dmjkZf we _dlh]_GgbM bBh ALH W
k
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