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=Zclh\ ; O DZrbg Y F Ojbklhnhjh\ F K
Wdki_jbf_glZevgh_ hij_"_ejbgdbdokpgalihgbabjh\Zgghc ZdkbZevghc “"\mo\oh

mklzg}’K(\db(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((( 293
<hevf_j ? : >_jx]lbgZ = < Im]Zg_\J <

H[hkgh\Zgb_ k_I_\hc we_dljhklZgpbb gZ [Za_ \hah[gh\ey_fulojtbhtk lredgb K& h W
djzy(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((( L R COR CER COE COR (AR (AR R CER CER CER COR CER CER (O (¢ 298

=jblhjzr H < Dbjbg_gdh : K 1b]Zj_\ D <

Fh~ _ev bgmdpbhggh]h gZ]j_\Zl_ey gZ ihklhygguo fZ]gblZo « d&kihewamxs ]/303
Re _cgbdh\ < ; Dhleh\Zylgk\ JFBnee

Ih\ur_gb_ mklhcgb\hklb b kgb _gb_ wdkiemzZIlZpbhgguo aZljZl gZ EWI| a% « 309

Kbkl_fu mijZz\e_gby b Z\IhfZlbaZpbb I_ogheh]lbq_kdbo ijhp_kkh\
Rmlbdh\ F : N_hnzZgh\ : G
ljbf_g_gb_ «kekl _f \ dhglh[dklgZz bgnhjfZzpb_c f_"~m ijhba\h”*kl\_ggufb mqgzZk
dhgljhey ijh"mdpbb gZ ij MNijbylbb««««««««aaaaaaaaaaasELEL KL, 314

KZijudbg H : Ilhlhgbg < B
H jZajzZ[hld_ ]Jem[bggh]h dZjhlZz gh]lh ahg”Z ey bkke_"~h\gghbihktpmqdkdhs &i
©Engkmjk«««««««««««««««««««««««««««««««««««««««««« 319

Abgbgz B G Bevg_gdh ? G

Bamq _gb_\hafh ghkl_c ijbf_g _gby fh[bevguo jh[hlh\ \ fZrbghkddxd«ey¥ghf 323
Khehfbg < : Khehfbg : < EAZfrbgzZ E

Fzl_fzZlbg_kdh_ fh”_ebjh\Zgbjbbpghf\wk \ihgl_ ebg_cgh]h Zkbgbjagdkhihi?}b«
fZ]lgblguf ihlhdhf ~ey fZ]gblghe_\blZpbhggh]h IJZgkihjlZ « « « « « «««««««ca««329
;mjdh\ ; DNjZzkdh\kdbcXkbg < G

Hij " e ghzZfidjh\ Ij _onZaguo Zkbgojhggu e «Xxd¢ & k «B «Cx « « « « € &€ € « € « & € 334
<Zcl_e_ghd E <

JZ[hlZ pbnjh\uo hjl]Zgh\ j_e_cghc aZsblu ijb gZkus_gbb ljZzgknhjfZlhjh\«ldd341
Khehih\ J < KZfmevqg_gdh\ : K

JZajZ[hldZ nmgdigtkth [igbkgghklb wi\hexpbhgghc fh”_eb we_dljbg_kdhc k_Ib ~
j_"bfzZ f_Ih~hf ] _g_Ibg_kdh]h«Z e kRqjddi « « « « « « € « €« €« QCEELL LKL K 347
Ilhghfzj_ \ D K N_hnzZgh\ : G =jbrbgzZz L =

Pbnjh\hc “"\hcgbd dzZd bgkljmf_gl jZa\bllwyl bggheéfigplrhiggrijbylby « « « « « « « « « 353
e_obg,;Kbez_\ ::

Dhg_qgu_ Z\lhfZlu dZd fh”_ev mijZ\e_gby ijhba\h~kI\_gghc kbkl_fhc “bkdj 357
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<KLMIBL?EVGH? KEH2HK?>:L?EY HIJ=DHPB: DHGN?J?GPBB

5-y<k jhkkbckgZmweglglogbq_kdZy dhmtny ©iBg bgbjbg]2 ijhr2 7122019 |h~Z Hj]ZgbaZz
IhjZzfb dhgn_j \ggbhibelgb\_jkbtXZghMjZevkdbc JThkm~ZjkI\_gguc mgb\_jkbl_I2 gZphb
"h\ZIl_evkdbc mgb\_jkblhkkbclghbc JhIkmd@iyc ihebl_ogbq_kdbc mgb\_jkbl_I GIB bf
Ih\ZFhkdh\kdbc ihebl_ogbqg_kdbc shgeldh]jkbkdibc JThkm~Zjkl\_gguc |_ogbqg_kdbc mghb
iehsz~dZ jZ[hlu dhgn_j_gpbb [ueZ hj]J]Zgbah\ZgZ \' ] Khqgbzkh#iZdhazZlbhjb\nigeb_hkb
gbah\Zgu ~hihegbl_evgu_ iehszZ~db k dhlhjufb gZ ijhly" _gbb \k_c dhfmklj gpbb Jue
Dhgn_j_gpby ijh\_~_gZ ijb nbgZgkh\hcNhZevKkdh]X]gkm~ZjklI\_ggh]h mgb\_jkbl_I
ghlh bkke_~h\Zl_gbkdjklhl _mz zZ IzZd _ ijb hj]ZgbazZpbhgghc b bgnhjfzZpMhgfehkd hic™”
]Jjmiiu Kb[bjkdhc k_dpbb BgklbImlZ bg _g_jh\ we _dljHED glbdditutanf &Electrithj argli-tbb-
tronicsEngineers
>ey mqZklby \ dhgn_j_gpbbdhjfbjzifgdbeh hlh[jZgh_amIvidez~h\ < jZ[hl_ dhgn_]j
ijbgyeb mqZklb_ mqg_gu_ 8D jhddMndblddjZgbjZz < Ihf gbke_ ba Jhkkbhbdhbal aZiZ~ghc
p_gljZevghc qZklb ~h >Zevg_]h <hklhdZ BghkljZggh [ZdgZk]lghmb Zijk \MAd gbég d DZaZc
klzg DblZc DujluaklzZzg Ilhjlm]Zeby KR: KZm”h\kdZy :jZ\by LZ~bdbklZg MdjZbc
MqzZklgbdb dhgn_j_gpbb ij_~klZ\beb k\hb "hdezZ”u hljZz Zxsb_ ihke_~gb_ ~hklb"
bg bgbjbg]dmigkdhf b Zglebckdhf yaudZo JZ[hIZ dhgn_j_dgplkb dpb¥ohjJdZgbahyZgZ \
JZa"_e FZrbghkljh_gb_
Dhgkljmbjh\Zgb_ fZrbg b f_oZgbafh\
>bgzfbdzZ fZrbg b jZ[hgbo ijhp_kkh\
Lj_gb_ kfZadZ baghk fZrbg
Dhgkljmdihja&gdh]lbqg_kdh_ h[_ki_q_gb_ fZrbghkljhbl_evguo ijhba\h”klI\
LjZgkihjllgdhhgheh]bg_kdb_ fZrbgu b h[hjm~h\Zgb _
F_ozZgbg_kdZy h[jZ[hldZ f_I_jbZeh\
ljhfure_ggu_ ]b”jZ\ebg_kdb_ b ig_\fZlbgq_kdb_ kbkl_fu b h[hjm~h\Zgb_
A e _gu_ | _oghetjghkIjhfZhgbb
JZa”_eFZI_jbZeh\_~_gb_ b I_ogheh]bb ijhfure_ggh]h ijhba\h”~klI\Z
lhebf_ju dhfihablu b d_jZfbdZz
KlZeb b kiez\u f_IZeemjlbg_kdb_ b f_IZeehh[jZ[Zlu\Zxsb_ | _ogheh]bb
Obfbg_kdb_ b Jbrjhf_IZeemjlbg_kdb_ I_ogheh]bb
L_olbheb ihdjulby b h[jZ[hldZ ih\_joghklb
F _Ih~u dhgljhey b ZgZebaZ fZIl_jbZeh\
JZa®_eWg_j]_IbdZz
Bgl ee_dimZevgu_ kbkl _fu we_dljhkgZ[  _gby
FZeZy jZKkij_"~_e_ggZy wg_j]l_IbdZz
<hah[gh\ey_fZy wg_j]_IbdZz
DZqg_kl\h we_dljbg bkddhwewdljjfbz]lgblgZy kh\f_klbfhklv
<ukhdh\hevigu_ EWI ihklhygghlh IhdZ b ]b[db_ kbkl_fu we_dljhkgZ[ _gby
JZa”_eKbkl_fu mijZ\e_gby b Z\IhfZlbaZpbb |I_ogheh]bqg_kdbo ijhp_kkh\ b h[t_dlh\
Kbkl _fu bl _ogheh]bb mijzZ\e_gby
ljhfure_ggu_ jfhegd_ kbkl_fu b jh[hlhl_ogbdZz
Kbeh\Zy we _dljhgbdzZz we_dljbgq_kdb_ fZrbgu b we_dljhijb\h”u
Fbdjhijhp_kkhjgu_ kbkl_fu mijZ\e_gby
>Zlqbdb b kbkl_fu I _ogbqg_kdh]h aj_gby
L_hjby b ijzdibdZ "bgZfbq_kdbo baf_j _gbc
Fh~_ebjh\Zgbvxd dgti_ I_ogheh]bb \ ijhfure_gghklb
< gZklhys_ f k[hjgbd_ him[ebdh\Zgu *hdeZ”u ij_"klZ\e_ggu_ mqZklgbdzZfb dhgn_
;_a khfg_gby h[s_gb_ ki_pbZebklh\ \ jZzfdZo ijhr_"~r_c dhgn_j_gpbb kihkh[kI\h\Z
ijZzdlbdh\ Zb[che_ _ i_jki_dlb\guo gZijZz\e_gbyo bkke_ _"~h\Zgbc b ~hklb™ _gbyo \ h[eZk
jbglz Ij_~klz\e_ggu_ j_ameviZlu bkke_~h\zZgbc [m"ml kihkh[kI\h\ZIlv j_r_gbx ijbh
\j_f_gghf wlzZi_ jZza\blby ijhfure_gghklbeh]lbgbdb b |I_ogh

lj_Ak_~Zl_ev hjldhfbl_1Z dhghd]hppbdg gZmd ijhn_kkhj
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Hp gdZ wnn _dlb\ghklb | _ogbqg._
f jhijbylbc 1h memqgr_gbx mkeh\b
hi_ jZlhjh\ dhe _kguo ljZgkihjlguo

Rdjz[zZd < K DZem]bg : : ‘\_jvygh\ X B
N=;HM <H ©KI[=:M?2 N=;HM <H ©XMgBevkdbc =:MaqN=:HM <H ©XMj=M GBM 2
KZgdl |l j[mj] Jhkkby Lihbpd Jhkkby Q ey[bgkd Jhkkby
|v.shkrabak@mail.nu |starfruitworks@gmail.con |laver541710@mail.fu

:gghlZpbyzZkkfhlj_gh[e _fZ hp_gdb wnn_dlig\gdZy dhjj_eypby f_""m |I_f qlh hgb gZau
klb |_ogbqg_kdbo f_jhijbylbc ih memqgr_gbx nikehVE&glhmh2 b dhebgq ZWdhdo gkkengZ_\  Mjh\
hi_jzZlhjh\ dhe_kguo ljZgkihjlguo kj_~kI\ Ijhiekdz*g[m \ gZr_c kljZg_ g_ iha\hey_| dhf
keh\e_gZ gZebqgb_f ijhlb\hj_gby k h”rghc klhjhgumgklIhpohaBsbsZxsbo jZz[hlgbdZ |I_ogbqg_kdbo
fhklvx hp_gdb wnn_dIlb\ghklb I_ogbg_kdbo f_jhBkypht'y BaklZdh]lh iheh _gby fh gh dhgklZlb
Afmlhgehlkmlki\b_f h[t_dlb\ghc f_Ih~"bdbkboghpgd#ébhys__ \j_fy kms_kI\m_I ijhlb\hj_gqb_ k h#*
Ihf mkeh\bc Ijm~Z hi_JZIhjgb_ kms_kl\mxs_cgijimfoh*bfhklhp_gdb wnn_dlb\ghklb |_ogb
[e_fu ij_"eZ]Z_lky &zbklmgZevghc f_Ih~"bdb kjZ\jgbjbylbc Z k 2jmkimdkI\b_ h[t_dlIb\ghc f_lh”b
|_evghc hp_gdb wnn_dlb\ghklb |_ogbq_kdbohpg_ghipbylkc mqg_Ihf mkeh\bc Ijm~Z hi_jZlIhj
ihal\heyxsbo memqrblv mkeh\by IjmtherikgabhjhVb\hj_qgby \u”\b]Z_1I ijh[e_fm h[hkgh\Zgby f_IF
ljZgkihjlguo kj_mkIAh~*bdZ hpwageb dlib\ghkld wnn_dlb\ghklb |_ogbg_kdbo f_jhijbylbc ih
gbg_kdbo f_jhijbyldlejm_Iky gZ h[hkgh\Zgghfmkeédmsbc |jm~Z hi_jzZlhjh\ dhe_kguo IjZgkihjl¢
gbb qlh I_ogbqg_kdb_ mkljhckI\Z g_jZ\ghagZlggu gbgZzZkibs blol\mxs_c ijh[e_fu \hafh'gh azZ ki
\ebygby gZ mjh\_gv mkeh\bc b [_ahiZKghkhbh gh*Zq ih jzZajZ[hhdbdb b ijh\_~_gby KkjzZ\gbl_
dhe_kguo ljZgkihHgudkltvijh[Zpby ij_~eh’_gglh@_gdb wnn_dIlb\ghklb |I_ogbqg_kdbo f_jhijbylbc
f_Ih~bdb ijh\_~_gZ gZ hkgh\_ kjZ\gbl_evguo mkimbzgbwc krkeh\by IjmhX dhejzkihjo IjZgkihjlgt
s_kl\mxsbo b jZajz[hlZgguo |I_ogbg_kdbo mkkjhe¢ki\ dheZlajz[hldZ f_Ih~"bdb hp_gdb wn |
guo ljZzgkihjlguo kj_~klI\ Ihemq_gu j_amevliZlly dgpbagdbdwa f Jhljbyltiza‘mjsh\@lvky gZ h[hkgh\Zz
n_dlb\ghklb ij_"eZzZ]Z_fuo I_ogbg_kdbo mkljhttkkimshgkj@\qlh |_ogbg_kdb_ mkljhckI\Z g_jzZ\gl
g_gbxk ZgzZeh]zfb J_ZebaZpby ij_"eZzZ]Z_fhxo febhydbdbgZ mjh\_gv mkeh\bc b piapdphklb
hp_gdb wnn_dlb\ghklb I_ogbg_kdbo f_jhijbyldbehkmemdjZgkihjlguo kj_~kI\ >eyfZifjfjbdb\zZg
gbx mkeh\bc Ijm~Z hi_jZlhjh\ dhe_kguo IjZmkgdpgwron_dlb\gbkbp kdbo f_jhijbylbc ij_"iheZz
kj_~kI\ iha\hebl ih\ukblv bo [_ahiZkghklv \ ijhp_’kkgbwdkkjZ\gbl_evguo bkiulZzgbc kms_kl
iemZlZpbb ij_"ez]Z_fuo |_ogbqg_kdbodhekl§baklI\ljZgkihjlgu

kj_"~kIN\

Dexqg_\u_ kalhezkgh_ ljZzgkihklighkl\h mkeh\by
limAZ hi_jZlhjz [_ahizkghklv kjEZkgblZgbgu F?LH>BD: HP?GDB WEKNGBKLB L?0GBQ?KDBO
hp_ghqgZzy f_Ih~Abdz F?JHIJBYLBC IH MEPMM@K MKEH<BC LIM>:

<<?>7GB? Wnn_dlb\ghklv | _ogbqg_kdbo f_jhijbylbc

) X mkeh\bc [jm~Z hi_jZlhjh\ dhezkguo |
<uiheg_gb_ hkgh\guo |_ogheh]bg_kdbo gulo {)ulv hp g _gZ ihdzazl e f m

hi_jzZpbc ij_"iheZ]lZ_1 bkihevah\Zgb_ dhe_k dU I
kj_~kI\ Wnn_dIb\ghklv bkihevah\Zgby dhe. |?|E’? qu qg@: 8gqufhk"’ lj_rezpa_fuc\ihd
2k g H ba\_klguo bgl_]JZevg

kj_"kl\ \h fgh]hf azZ\bkbl hl khklhygby bo

Ih\ur [ _ahiZkghklbpwbkddmZkg uo |Jng|h$|g% « ,512@ g_ IJhklh kmfbem kl_i_gv \
kj_"kl\ \hafh gh 8Bfkg_lgbygbg_kdbo f_jhijbyisdlihjh\ Ijhba\h"kl\_gghc kj_» Z ih”~"kghb
gZijZ\e_gguo 9gZ memqr_gb_ mkeh\bc IjhiZEgnmi_aglbgifhkliv \g_ ~j gguol ogbqg_kdbc

Wnn_dlb\g_hklv I__ogbq__kdbo f_jhijbylbc |tgzme/m)cgr[l|gbxdhe kghc ogbdb gZ hkgh\_
mkeh\bc Ijm~Z hi_jZlhjh\ dhe_kguo 'JZQk'FHerUnO\b'f:lXWﬂtaworklngcond|tlon$Ias$ lh~ agZqb

thI ogbq kdb_ f_jhijbylby ih |h\ur gbx
wdkiemzZIZpbb dhe_kguo IngkthIg]langH{jm %y kihkh[ghklv kgbablv deZkk mk

\ebyxl gz mkeh\by IjmArz8hil3esniB@ Lzd< — _1h\j_8@hkib >
\g_"j_gb_ gh\h]h |_oglhgjhkigiiny hby [_a _1h
ij_™\Zjbl_evghc kjzZ\gbl_evghc hp_gdb fh _| hdZaZlvky

fZehagzZgbfuf k Ihqdb aj_gby _]h \ebygby gZ Trem MR Vedbbreshik@ibiilsafety +ihdZazZl_ev wnn_dl|
:J’T‘Q.Z.b'{‘bw'hfm ‘Z.h—\g g—b'he"[dhhk_ka“ﬁfl'gw %ww dliz‘iB*g]lS‘q kdbo f_jhijbkilkcagpZddhklv
_Jhijbylby i ih\ur_gbx _ahiZkg i

dhe_kglyagkihjiguo kj_~kI\ gh b _]h angbfd;-I- )f@ﬁqwq Ogbqugh]? ﬁ;"ﬂ;djrlt?“qxlf\'\h
aj gby \ebygby gz mkeh\by |jM8A5@i_jklitnh uo 1_ogbq_ o T_Jhijbylbc _
hif_Iblv qlifbfdjm dhj_ckdbfb mq@gmka:gh\e_gZ
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Ba nhjfmeu \brgh qlh kmffbjmy agZghlftikjtijgyhbc \ k
jy_fuo | _ogbq_kdbo f_jhijbyillbemdblgh\_ellb_WCCgZ h”"gm _"b

emqZ_ kgb  _gby dzZ ~u
gbpmMisagZqZgbg \"

qbgm ihdzMz!l dhihjZy ~Z | \hafh ghklv k}_@@bvijuo f_jhijbylbc ijb kgb' _gbb dz ~uf
\h~ h[ bo wnn_dIb\ghklb P_e_khh[jZaghltk WCb§Zkyjbg ~bgbpu &gZq_d¢a wlhlh ke_

lhevdh d m\_ebq_gbx gbkezZ \g_"jy_fuo fArmhilibyglhcijghid »
d ih\ur_gbx bo agZgbfhklb Ih _klv \u[bjZhe *eyw\gn *dIb\gufb
gby | _ogbqg_kdb_Ilbyhipfpalheyxsb_ fZdkbfin&thdmx agZgbfhklv
kgbabBbVZC WIh ihal\hebl ihemqgblv fZdkbfZevgmx wn
n_dlb\ghklv I _ogbq_kdbo f_jhijbylbc ijb f_gvr_f bo
dhebqg_kI\_

Hkgh\hc ey hij_~ e _gby agzZgbfhklb \g_"jy_fuo |_o
gbq_kdbo f_jhijbylbc k ihfhsvMiihd&yadkyey
ba\_klgihdZazZIWE€® mqgblu\Zxsbc \k_ we_f_glu
mkeh\bc Ijm~rZ \ |hf gbke_ I|jZ\fh[_ahiZzkghklv jZ[hg_]h
f_klZz b khklhygb_ ijhba\h”kI\_gghc kj_~u > « @ D \h
ijhkm hij_~ e gby agZqgbfhklb | _ogbg_kdbo f_jhijbylbc
fh‘gh ih"hclb ke_"mxsbf h[jzahf gZijbf_j _keb ij_»
eZ)Z _ | ogbg_ “kdh_ f _jhijbwCe gkgb~ iz |
gbpm Ih angbfthv t jfhijgilby Dgblv h~rgbf
[Zeehf Z _keb gz ~\_ _"“bgbpui Hp_apXgbfhklv D
_lky "\'mfy [ZeeZfb b | A

Fh™ | gZ[ex~Zlvky b h[jZlgZy kblmZpby dh]*Z \g_"jy
_fh_1_ogbqg_kRkihbyflb_ ih d2dpf ijbqbgZf g_
memqrZ_| Z mom”"rZ_| mlk2\WAjdy dj\rh KIN_g
ghf ihf_s_gbb ~ey kdgp "gbyghc ~himklbfhc
dhgp_gljZipeth [ueb mklZghle_gul\halh mrgh
\u_ aZ\_kw wlhéy h~rgbo jZ[hlZxsbo kiwvemqgrbeb
mkeh\by |Ij@~ey “jm]bo jZ[hlZxsbo dhlhju_ gZoh”"b
ebkv [eb _ \k_]h d az\_kK¥ IdhedmZrdebgZklb
ebkv ijhkim~rge \ZA6y,9. < |Zdbo kem@Zyo

ji_gbb jZ\gh]lh dhebqg_kI\Z

[mAml f_jhijbylby bf_

gbfhklv f_jhijbylby fh*_| ijbgbfZlv hljbpdlK.eBrgexklpby | _hj Ibgq_kdhc azZ\bkbfhklb
agZq_gby Z wnn_dlb\ghklv \g_~j _gby kljl feyvwynn_gdhbédghklb |_ogbq_ kdbdvig hilhijby!l|

JZkkfhljbf \hafh gu_ khklhygby wnn d|5 ogARepqnklnag_Ihf

agZqbfhkijb Bg ~j

gbg_kdbo f_jhijbylbc gbb f lhuﬁylbc kgbWEEsgio hAgm “bgAb pm
t1_ogbq_kdh_ f_jhijbylb_ wnn_dV6Cgh éb%) R AR T AT bk\glq?)cc@zliéjcb%zzsbo
klZzgh\blky gb'_ Z _]1h agZgbfhklv \ur_ |Jb‘fj %«egzgljb Fégépﬁ

WCC kgb'Z Iky gZ _~bigdpml 4h D

+l_ogbqg_kdh_ f_jhijbylb_ IgmKedif\bgy |jm*Z2ey h db wnn
y hp_g —

agzZgqbl dezZkk mkeh\bc Ijm~Z hklIZ_lky ij_oghf Zdblh W14t d
gbfhklv jZ\gZ gmex gZiyWiCjconktebhid [9@ ¢ _h[oh/\bfh hij_»
0; gZ _]1h hkgh\_ eb

+ 1 _ogbg_kdh_ f_jhijbylb_ g_wnn dqu\igr]znqjgzZqﬁlb |hke
dezZkk mkeh\bc Ijm~Z klZgh\blky \ur Z b]é“_ba@zladlfékﬂ\béhba
_l ijbgbfZlv hljkepfyu_ agZq_gby gZIkaeJmojebrh gh km~b
WCC ih\urZ _lky khhiI\_IkI\_ggh gz ;= bgbﬁmjhlpbp|by gZijbf_j

gZ _"bgbpu=-2tb D " j ’\h\Z? "hibeg
K mqg_Ilhf \hafh guo khklhygbc wnn dlbﬁlgﬂﬂbc bopbahizkg
g_kdbo f_jhijbylbc b \ujzZz _gby kh\hdkngggwemgﬁhfz(emx

\bc ey hij_"_e_gby ihdZaRAlgrekibwhnoglb@jj ~ eblv dzdh_ b

dib\ghklb dhfie_dkZ ij
hl"\bidw_ baeh™ _gghc \ jzZ
eblv deZk\MC@lbeh\bc
qbg\mg’iladazzm_qe)‘rhf
\g_"j_gby | _ogbq_ kdh]
gbo gZ h”ghc dhezkgh
Iv h agZgbfhklb dZ ~h]
ih kjz\g_gbx k fZrbgt
bfb kj_~kI\Zfb memqr
hklb Ijm~Z beb kj_"kI\Z
wnn_dlb\ghklv ZgZeh
a ij_ "eZ]Z fuo | _ogbq_

kdbo f_jhijbylbc ih ih\ur_gbx [_ ahIZkghk)bbbwdd@sanﬂ&h\hdmmhk|v gZb[he__ wnn_d

pbb dhe_kguo ljZgkihjlgujo "kjZAM_| kh[fhggby mkeljkbxzZ hi_j

Zlhjz dhezkghc fZrbgu

1iz"ZpwecC gZ hkgh\_ baf_g_gby dhebq_KkhilZeaghybj ameviZih\ hp_gdb mkeh\bc Ij

fhklib f_jhijbylbc dhezkguo fZrbg ijb
GZijbf_j _keb dZ ~h_ ba “\mo |I_ogbqgdkgbqgbfhjfbijbygbq_k

ihr"kgzl Mithkdla&vaey f
dhc hp_gdb nzZdlhjh\ jZ

Ibc kgb WCLC gZ _~bgbpm Ih \ p_ ehf lhdlqu‘h_\ﬁ‘}’hb@hp_]ka >

wnn_dlb\gMklb Z ~jm]lh_ f_jhijbylb_ dhlhjh

b
~7 WCCgZ IJb /\bgbpu khhl\Mkl,kl\ g@h K|V J"T\M VL:LU KJ:<GEKALeWIUL:GBC IH HP?GD?
\ "Zgghf kemqZ_ h~gh |_ogbq_kdh_ f_jhijbyM§NNPRRB{GHKLE L?OBB®R F?JHIJBYLBC
n_dlb\g__ "\mo kh\f_klguo I_ogbq_kdbo f_jlziiR¥HAPj®f hp_gdm wnn_dlb\ghklb hl \g_
Ba beexkljZpbb | _hj Ibqg_ kdhc aZ\bqufhwdbolhd}ZhaJZbymc ih memqr_gbx mkeh\bc

l_ey wnn_dlb\ghklbl ogbg_kdbo f_jhijbylbc jbk
xsbo iheh bl_evguc wnn_dl \b”gh qlh ijb \g_"j_gbb
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Ihjh\ dhezkguo ljZgkihjlguo kj_"khkIlgBEcijbf_j_Jmdh\h~kI\Z 3 1Z[e « 1. >
kiI\Zz zZ\IhfzZlbgq_kdhc [ehdbjh\db Abagk | |FevgeZ aZf_ju mdZazZgghc Zdlb\ghklb dhg
ihjlghlh kj_~EMNBfZIbg_kdh]h "h]jm ZI_ey*gpkyighdtd jhkkbckdbfb 1Zd b 6@jmp_ gufftb
\_kZ mkljhckI\Z ey ij_~imkdh\h]h ih*h]g2i4b* <K IjEgtkkaymb [bhf_oZghbldh yrhhdf ijb
ihjlghlh kj_"~kI\Z b mkljhckI\Z ~ey ih~h]j bzmiee/am\zgm ihemz\lhfZlbg_kdhc [ehdb]
ljZgkihjlgh]lh kj_"~klI\Z gpreZ ihdZzazl_ev wnn_dlb\ghklb f_jl
HP2GD? WNN?DLB<GHKLB hOng_ Mn;"Zh"kquZgguc \ khhl\_lkl\bb k k
-<LHF'LBQ’7P.<DH(.3 'EIH-HB.BB >BNN?J?GPB:E [mn_1jz\_etf\mfZ ijb bkihevah\zgbb ml
: ' ’ ' T kiIVZ\IhfzZlbg_kdhc [ehdbjh\db “bnn_j_gpbZ
KjzZ\gbl_evgu_ bkiulZgby mkljhcklI\zZ zklIhfgdhg_kMibhc WIh h[mkeh\e_gh I_f qlh \
[ehdbjh\db “bnn_j gpbZeZ ljZgkihjlgh]lhkiemt\zZhb_fizlhj azljzgb\zZ_I \j_fy gZ hp_
oZgbafzZ ihemZ\lhfZlbgq_kdhc [ehdbjh\db\déexa_¢gbypboeZgbafzZz b ~_ckl\by ih ijb\_"_
\_"ms_]h fhklZ Z\lhfh[bey B pf j balhlg\m Z \h \lhjhf wibo ~_ckl\bc g_ Ij_[m_1lky
eb\Z_fhc b mklzZzgzZ\eb\Z_fhc ij_"~iQisyAb_f HHH
ljhnbev?d ] Gh\hkb[bjkd k_jbcguc ghf JL W?Eg
) [ueb hp_g gu ij _~ez]z fuf ihdZaZ
e_f R Ij_™"\Zjbl_edlgh Wf_glZevgufb bkke_"M\Zebq_gb_ kp_ighlh \_kZ ljzdlhjz ~ey |
gbyfb mklZghd@&@ g4l bkihevah\Zgb_ mklfhtekg\Wy Z2ZgzZkImx ijhbkoh”bl k ihfhsvx jZz
IhfZzlbg_kdhc [ehdbjh\db *“bnn_j)(@d@bZelZkjpik\ aZiheg_gb_ rbg \h*hc bkihekbgh\Zgh
< JN Jihalhey | agZgbl_evgh hl\_™hsb_dhe_ _kZ f_IZeehq "MNoklbd\]jmmklZgh\
kgbablv [mdkh\Zgb_ Jjmah\h]h Z\Ihgfh[itheyyjmBRB\ gZ Ki prevgu ieZlnhjfu \ i_j_"g_c
\_joghklyo k fZehc g_kms_c kihkh[ghklvxIiKdpZdbga@ [nerdIZd mkljhckI\Z zZ\IhfZlbq._
kh\Zgby ijhbkoh”bl azZ kqzl ih\ur_gby kpjimgzb eyw dkpklhgh]h \_kZZI_Lth < JN
\_"msbo dhe_k k ~“hjh guf ilgdhulpb\h”bl2011]
memqgr_gbx mklhcgb\hklb ijyfhebg _cgh]l]h "\b" _gby
mf_gvr_gbx Ihjfhagh]h imlb b d kgb _gbx \_jhylghklb
\hagbdgh\_gby AhZlgkghjlguo ijhbkr_klI\bc
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L kh\uf ~"hljm Z1_ e f k Z\IhfZlb f i
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bnn_j_gphgBgm gZychZh+k _izZjZ wh[j_a 9 ggu
jhebdzfb b ijm baZfarhqedhjimk 1-c92fb ey dj_ie_gby i
Abnn_j gpbz&Zhihjgh_dhevph md'b\guc Zlgbd

< k\yab k wibf h[_ki_gb\z_fh_ ij_rez]zli-m . kiZ\gbl_evgu_ bkiulZgby Ijz
kI\hf [ehdbjh\db ~bnn j gpbZeZ kgb'_gl ”17— \<0h Z%fb)gbo limah\ gZ ki_pbZevgu_
ijb\h~bl d memqr_gbx mkeh\bc b hbj‘Zgull %zC\ (,Z _cifZ¥lb]d_fhlh Z\IhfZlbg_k

< j_ameviZl_ kjz\gbl_evghc hp_gdb \gl_hj ’E,a 1A% & 'gh_]\*r‘]f\—k"z kzp—i;’x_ hp—%_db,
jbZgIh\ [ehdbjh\hd mkizghle gh qlh KI AFPrghlifp 1 emagzs_ Kl_1_gv \_
dezZzkkZ mkeh\bc Ijm~Z hij_~_e_ggZy |h”¥ylh’\\ c?_glﬂ@%lu wcce R Z \Ah \hjhf khhl
liZzevghc hp_gdb kgb Z_Iky gZV\ACEg:BB A W}wgféh kgb Z_lky gZ "WCC "bgbWaCk
NAWCC Ney mkljhckI\Z ihemkdhd Z ebndt < \hf k 7 h h kab® b k\v:
jh\db ~“bnn_j_gpbZezZ b gz "WCC ~"bghu k 'L emq s l §|\</rr1\z b9 |_z% 5k y;
Wr?Ch N ney ij_"eZ]Zd_lfh]E Z\\IhfIZkaq kdkh *P pbc Ih[g‘z\ kd gbykgylbx ]jr:‘a
lheh bl _evguc wnn_ ijhyley Iky azZ kq._
\ebygby nzdlhjh\ Iy _klb [jmAh\h]h ijhp | Qkhﬂ‘?% 4Z?z\ha@lbo'@lh\ gbx 1jZ\f Lzdbf h[
h[sZy gZ]jmadZ k mqZkit thjimpkz gh] @ e% nn_dlb\ghklb f_jhijbylbc ZMis,hojZg
q_kI\h \hkijbgyluo kb]Jgzeh\ \ "bgbpm'h\jokﬁ gégguF \ khh\_Tki\bb k kbkl_fhc
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<h \lhjhf kemqgzZ_ ijb ijbf_g_gbb Z\Ihf2ZMEC§ _kdh]h Mth \lhjhf khhl\_tkglX Iggh ~bgbpu
]jm Zl_ey kp_igh]l]h \_kZ Ijm~hzfdbo hi_jRg®E ih ¢gWCCkd_ GZb[hevrZy wnn_dlb\gh
b kgylbx ]Jjmah\ g_ Ij_[m_Ilky Z ih*kgblZaggg¢hitbdghgZztdjBkghlh ij_~imkdh\h]h ih”*h]j
Mis bf _IwwgZq _gb_ jZ\gWs=3). f ijhbkoh”~bl aZ kqzl mf_gvr_gby ijhba\h”~kl\_
e_gghZ[lme_\Z_fhklb jZ[hlgbdh\ gZ hkgh\_
\ebygby eb[h bkdexq_gby ~ ckl\by \j “guo
ba\h”~klI\_gghc WCMiuh ihdZaZl_ex |_fi_jZIm

Hi_jzlhj ljZzgkihjlghlh kj_~kI\Z fh™_| hRma*rkb2ylZ[e « JImdh\h*OB)O]J
imkd ><K k ihfhsvx bf_xsboky \ jZkihjy _gbhlZdpfrk[jZahf \ i_j\hf kemqgZ_ Dbkiheve
IZdbo dZd az\h”~gZy jmdbykdZeynzkbthfh[ba@yekwghlh ih~h]j_\Zl_ey ihdZaZl_ev wnn_d
ihfhsvx aZ\h~ghc jmdhyldb g_ yl\ey Iky [ijblyibkgilnfofhgMdjmiZkgblZgguc \ khhi\_lk
_|I [ulv fZehwnn_dIb\_g ijb "h\hevgh gbkad&b&llfhicjz [m~_I jZ\Mg _"“bgbyh \lhjhf
ImjZo fK b gb™_ glh h[mkeZ\eb\Z_| gZzdkermggbh_ N\b "bbf_g_gbb ij_~dZiklihtkl§ZfgZ
_ey “ebl_evgh_\j _fy ~h h~ghlh gqZkzZ \hkgle\Z]thigbjyZgudkgh]lh baemqgzl_ey ih"kqt
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ayckl\_gguo ij_"ijbylbyo rbjhdh jZkijthjZ o ‘ ] _
g_gb_ bg”b\b mZevguo b ]jmiih\uo nzd evggue?HijWNN? 'L‘JB:J:;EJE:;Eﬁk;?E:KTHfH'
dh\uo ih~h]j_\Zl_e_c¢ Hgb ihalheyxl khdeIva \j ' ' '
imkdZ ><K gh imkd ~\b]ZIl_ey IZdbf klhkh/{llrm_a(ildpxghmb«/ jig]Rleth” _ggtweh dljhgZ]j_
ijb\h~bl da\lhjZgbx fh[{bevghc |I_ogbdb b \ZA\fdgjih\ZgZihevgh_ ihdjulb_ ~ey ih~h]j_\Z

HP?GD? WNN?DLB<®BHKKIBCKL<: >EYIMRBH<H=H
IH>H=J?2<><KLJ:GKIHJLGH=H KU2>K

gbx jZ[hlgb589. > hi_jZlhjzZz jbkueZh?I\_j°A gZ j_amevIZIZfb w
lj_~eZ]Z_ fh_ mkljhiZkl\h gZ bah[j_|_pgif glZevguo bkke 9h\Zgbc >

< JN ]*ey ij_~imkdh\h]h ih~h]j_\Z ><K

l[jZgkihjlgh]lh kj_~kI\Z jbk bkdexqZ_I \ur_mdZaZggu_

g_"hklZldb
Jbk ZtljbgpbibZevgZy ko_fZ mkljhckI\Z ie
emqgbklhlh we_dljth}Jﬁ\mbke)hcgh ihehlg
bahebwlibe gl _j nlZeZlh\h%j iebgtb\ gu

. i we_f glelhdhihA\hrysb_ ijghxpz2iZklhygb _
Jblh IjbgpbibZevgZy ko_fZ ]Zah\h]h bgnfjZdjgkgmyfb j abklb\guo bNierbﬁngZh\e glu

ij_~Mimkdh\h]h ih~h]j_\Z1 tenb prxjguc iZIjmj abklb\g
[hd t]ZcdZtmiehlgbl_evgZy gdl®ijZmk ih it

d s
b g
h we_fjgkrhelh” klmigb hi
) I ] \ EAQ Ihj b ih\_jo
"hlj_\ZI_etdjurdZ ih~h]j_\ZIti€yjm[hd ]h kImigy q h

ghklb ngheI/gh]h ih

_ “tghzkkhd ofdh Zguc fZl _jbZe
jyq_lh \ha”"mroZgbj djurdb ih~h]j_\Zl_ey h[m\bzkl _evdzZih”“hr\Z h[m\bkehc j_abgu
k_1dZ bgnjzdjZkghc }dghédZ iv_ahih" blZdh\jbdzgZ]j \ZI| evguc wefflfgeebq kdbc
+rimp_j "ey kh_7~bg_gby k ]Zah\uftfd "mdlhjhf ihe dZ[bgu

ijZfbq_kdbc gZ]j_\Zl_evguc we f_gl

oiniy I0TEane banzarziave i omegUIAN N A7 LT Z UL e i
"hlj_\ZI_ev h[_ki_qb\Z_l [he__ [ukljuc g Ier i kgﬁrﬁib ihez dzZ[bgu \ ij_~_eZo \LT[
ezkghc bgu M:A glh khdeSZ I \j_fy a}bbu Ih AR\ \hi L MZabvf /
\Zgby \h~bl_ey ijb gbadbo | _fi_jzImjzo "H°P « ‘? @ih minie ly_Ulj_[h\zgby

d Ihfm *_ _jh ijbf g _gb_ |JZdIbq kdb ih &SPV 55 (TQ\g“O *hdmf_glZo [Z[e I~ Jr

gZ_|I| ljz\bhih*ZjhhiZzkghklv ih kjzZ\g_ gbx‘]kWIZd

guf ij_~imkdh\uf ihAh]j_\ZI_e f —gv \j _"ghklb dezZzkkZ mkeh\bc Ijm~Z

Ijh\_~zggu_ kjZ\gbl bkigiZgby |JZd|th'\hddH'by \ dz[bgwéé'hfh[?ﬁ*ﬁ%;fz—”iy\ gdZ zA|\<
lhju_[ueb hKgZs_gu mkljhcki\hf nzd_ev khgf’ W%kdhklbf BEFHAG 7 oo
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n)\ K 8
ij_~imkdh\h]h ih~"h]j_\Zl_ey ><K k p_evx CP 915 I%“' AZ| |I|:/§/k bbr]z\_ehb]qh_gﬁ]%f mfgez‘
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gbb ihndZazZl_ey wnn_dIb\ghklbnfeynijbdlibc F =Z\jbgq_gdh : B Ho0jZgZ |jm~"Z gZ kh\j_
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Assessment of th&ffectivenes of Technical
Measures Improving the Working Conditions of
Wheeled Vehicles Operators

Kalugin A.A. Averyanov Y.l.
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Troitsk, Russia Chelyabinsk, Russia
starfruitworks@gmail.com aveb41710@nail.ru

Abstract. The article considers the issue of assessing the effec- proposed methodology wasipproved based on compaative test-
tiveness of technical measures aimed at improving the working ing of the existing and newlydeveloped technical devices of
conditions of wheeled vehicle operators. A problem is caused by a wheeled vehicles. We assessed the effectiveness of the proposed
contradiction between the need to assess the effectiveness of tech-technical devices and compared iwvith that of their analogues. The
nical measures, on the one hand, and the lack of an objective meth- implementation of the proposed methodology for assessing the ef-
odology for their assessment which would take into account the fectiveness of technical measas for the improvement of working
operator working conditions, on the other hand. The paper pro-  conditions of wheeled vehicle operators will improve their safety
poses a solution to the existing problem, which is based on an orig- in the operational process.
inal method for comparative assessment of the effectiveness of
technical measures that contribute to the improvement of working Keywords wheeled vehicles,operator working conditions,
conditions for wheeled vehicle opetors. The methodobgy for as-  safety, comparison testing, assessment methodology.
sessing the effectiveness of technical measures is based on the jus-
tified assumption that technical devices do not equally influence
the safety level and conditions of wheeled vehicle opetars. The
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> nhjfbjh\Zgb_ b mklhcgb\hkl
pbebg”?jbg _KWdhehqg d ijb g jZ\ghf_
jZ"bZevghf gZ]jm _gbb

FZogh\Kg< I_jfydk\: Obs_gdlF
X*ghMjZevkdbc JThkm~Zjkl\_gguc mgb\_jkbl_I
Q_ey[bgkdkkby
makhnovichsv@susu.ru

:gghlZpbyzZkkfzZljb\Z_lky g_fhkjbkddh” _ ebg_cgZy fh"_evZ<kgmdeghf beb “\mfy dhwn
fbjh\Zgb_ b mklhcqlb\lllkﬂ@h[h_ehq d dhjemkZ _glzfb ihkl_eb Dhwnnbpb_glu hij_B_eyxl
I_evghl]lh ZiizjzlZz k mq_lhf ihi_j_qguo ehdZz g_,gbuog\gao fha e ¢ mijm]lh]lh | _eZ beb “wdki

kI\bc Hkgh\ghgbfZgbh_ m~_e gh “fhA _ebjyp\Zg Xt Ilh k|dhk| u_ iz Zf liu bhkaoh\:
Izdlghlh \azbfh~_ckilby hihehq_d k ihykZfp b@?ﬁc\%%@xl o7 jZkIjg - ng —d'hngdﬁ’gu
ZthjlbaZpbb >ey ZgZebhg\Zgblyj h[hehy d e e L
ihevam_Ilky ijhp_"mjzZz ihke_"h\Zl_evguo ij [be\tg Bkﬁc —€_C Yyleyxiky E

mqzlhf ggecghlh baf_g _gby j Zdpbb ihykz ZQHJKB\éZJp_Hb.gby az”"zqb hkh[_ggh ijbb\ujZ
ijb kf_s _gbyo dhgkljmdpbb MjzZ\g_gby mkih8g®\Gkkibnh[ _kldhklghc ozZjzZdl_jbklbdBE mijn
ehgdb ~bkdj_lIbabjmxlky f_IhAFZemjahdgzkk bgby Wilh h[klhyl_evkl\h gZjy™m k gckbff_
ihevah\Zgb_f jy*"tM_Kmhfhsvx jZajZ[hlZglghc KI\by agZgbl_evgh mkeh gy | b ZgZeba m
"_eb bkke ~mxlky hkh[_gghklb thfbﬂh\ZmWfBPM\kZJngh]h khkififiehgdbh -\BRbThfm

Ib\gh b |_oghehlbq_kdb hjlhljhiguo h[hehq i | u_]_r gb_ az”~Zgb mklhcgb\hklb pbeb
kI\b_f ehdZevguo gZljmahd hl ihykh\ Zfhjlbas LE AZhn A cki\b f g _hk_Kkbff Ijbqgh]‘

gu_ fh~_eb \_jbnbpbjmxlky ih j_ amevIZIZf I A
Th evodo bighbtmh[hehg d WiFRBSzed kv~ FmriZ\bjZ[hl_ > @ HAgZ

qbke_ggu_ j_amevlZlu [ueb ihemqgljdu iha
Dexq_\u_ ketjVBljhigzl[hehqdiZ jz\ghf_jgh d_f \ hlebgb_ hl cedikkkkfZghidb J'Z[hlu >
~Z\e_gb_ dhglzdligzy  gZyinkddz ljbqgh “hdjblbq_kdh_ khklhygb_ h[hehqgdb Nij_
A_nhjfbjh\Zgb_  mklhcgb\hklv h[hehqdb KjZgdcgkebgkcghc fhf_glghc I_hjbb Og7_JZd|
wdki_jbf_glhf ghklb ihl_jb mkkibgmhebg”jbq_kdbo h[hehq
g_hk_kbff_ljbgghf dhkbgmkhb~rZevghf b
<<?>?GB? jZ\ghf_jghf ~Z\e_gbb\Zekkiev AhjZ[hIZo >

: N A Do Zq_kI\_ggu_ baf_g _gby \uyle_ggu_ \ ~ |
czlh hlkm dzkaaldng ey _nhigbin} mkihcgb\hkib h[hehq_d ijb IZdbo gz]jma
gby pbebg”jg hktibhg_d dbjilzkzevghlh 2,/ o0 o\ i 1iZagu qlh bkke ~h\Zgby bo
izjz1z Ejb \ha"_ckl\bb gZ)pmaghbyjhf_ I L ul ; gme\JhdaZﬂg i 3\'Z[hlzj_o 1149by
ljzrbpbhgguo gZimkahilh k Biby\g_rg_Jn"* J e Mg agand Zih ihdZau\Z |
NZ\e _@bywlhf kemqZ_ gZ dhjimk ~ cHI\mka%é% — q agmg ] —

; iv'g ehdZevguc ozZjzdl_ j NZ\e _gb
pbb |hykh\ Ihi_j_gghc Zthjbbglpﬁbeyxsb%equyo f_Ih™ Wce_jzZ iha\hey_I| ihé&mqgZzZlyv

mkljhcKl\ <ha” _ckl\b_ wlbo jhZdelh
ihell - - i hibebgdyy €d_|k1]bcwgg]]mahd k "thZIhqghc ney ijzdl

imkz gkbkf_ljbggh b ghkbl dhglzZdlguc o%z
hiklhyl_evkl\hklIZz\epwwkigh\gmx Ijm~rghlklv n
jh\Zzgby fh~ _eb ~ _nhjfbjh\Zgby h[hehqd]b-
th Jb mklhcgb\hklb

\uihegy_I|ky agzZqgbl_evgh
fbhlhjuo ijboh”blky h[jZsZlv
h{? F% = b g_ebg_cguf mjz\g_ghyf |_I

_gb_ dhglzdiguo az~hehlg hdbb @i % H'f 'bfb 'Zﬂ . q'hh\ ba\.—k'ggo.mlz.[hh\"
Iky \ iZ[htz@ >1jb highkbl_evgh fzehc % e 9 y ithi_j_qgghc gZ]jma fhohi_
eZKlb dhglzdlZ jZkkfZIjb\ZxI dthZdIZIhe%/ ‘hJPA i 'ky 9 baf_gyxs_cky \_ijhp_
amxs_c beb f _jbAbZgZ Dhglzdlgzy aZ z kI Pphybh\Zgby b mklhcgb\hkll
haghf jghc b h[ugqgh j rZz Iky f_IhAhf {/ a.o.'zo dhglZdigh]h oZjzdl_
mjz\g_gbc < IZdhc ihkiZgha& Zqb dHngI YXS . ljhp_kk_—gZ]jm _gby g2
Jh \ha”r cki\by *_kidbo eh  _f gIh\g|an1‘bn]gZ ht W'Z' g_kfhljy gZ bo ijZdlbg_ki
- hi_ JZkkuI]b\Z_Iky jZkq_lgZy fh”_e
ihem[_kdhg_qghc h[OhZe’thqjtb dhngdIgHﬁ]h \ ) . - I
A ckl\by pbebg”jbgq _kdbo h[hehq d K m %#0 JhR Y '*UE";]ehquI\'éb gﬁ“lmd—lgﬁbh \
_f jZkkfhlj_gu \ jZ[hl_ > @ JZKkfhlj_ g h [<ﬂ| th\a-f zy 7 Ekzh\i Lz?
hihj dh]*Z h[eZkIZ dhgizxdbfh kqblzIv hij™ ;{}1\ FlghKIvE 92 9 ghix xJzol
ebgbb 2z 1zZd _ \azbfhr _cki\b_ ih A\mflj) pk bal_klgufb j r_gbyfth az"z
dhglzdlZ >ey j_r_gby bkihevam Iky f ﬁah—‘iﬁo mad— [_a mq_IZ hkh[_gghkl_c
jbg_kdbo jy~h\ HIf_qZ_Iky \Z" ghklv \ul[hjz fh"_eb
mijm]lh]l]h hkgh\Zgby H[uggh bkihevam_Ilky ijhkl_crzZy
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>?NHJFBJH<:GBHHHQDB >H IHL?UIBMXB<HKLB

HjlhljhigZy pbebg”jbg_kdZy h[heRqdZ jZ"bmkhf
lhesbghc ~ebgbc gZ]jm  _gZ hk_kbff_Ijbqgufb
hk _\hc b jZz"bZevghc gZ]jmadZfb Z 1zZzd _ g_jZ\ghf_jguf
"Z\e_gly, Fqz(f 7 ih gzZzklb [hdh\hc ih\_joghklb
" /[=XXRbT=MR tijh~hevgZy b hdjm gZw hlghbtlfieg_glu fZljbpu ~_@&;l obkiblh xI \b~
gu_ dhhj*bgZlu gZ jbk < ihehlg_Mm[hehgdb izd_I ke
_\ dhfihablgh]lh fzZl_jbzZzez \ p_ehf hjlhljhi_g b hkb
mijm]hc kbff _ljbb iZjZee_evgu dhhj*bgZlguf hkyf

]~ "ey fghlhkehcgh]h ihehlgZ h[hehgdb k¥t
(2 (D Q) (0

o2 .
1 |

¢ Eip bEyp zijb\_"~ ggu_ fh meb mijm]JhKibgghhl\
ijh"hevguo b hdjm'guo j [_j Dhwnnbpb_gl
) BS "ek tlhlhewf_glZjghlh kehpgk tkhilhke m
z o hy b gzZxlky \ j_amevlzZl_jzZaj_r_glkybkimkz\gu r
gbc h[h[s_ggh]lh aZdhgZ =mddglijbjXbifti_|jk
a eh’ _gbb keh \ highkbl_evgh kj hkblygihc ih'
ehlgZ h[hehgdb
Jbk JZkq _lgZy ko _fZbfthemhgdrwguo !ib mkeh\bb rZjgbjgh]h hibjZgby Iljph\ h
gZ]imahddhEbgmkhb~rZevghlh \brz =PWo=0;Nuu=0;M%=0;( =0,L/R j_r_gb_ mjZ\g
ehdZevghjz\ghf_jgZyz[hebq_kdb jZkij ~ 9Pcgzy fh _I [ulv gZc”_gh \ ke_"mxs_f \b"_
] t*"Z\e_gb_ gZ g_kdhevdbo iehszZ”~dZo

Ih~rdj_ieyxsb_ j_[jZ h~rghgZijZz\e_ggh Zjfbjh\Zgu
b jZzkiheh ™ _gu \~hev ebgbc ]JezZ\guo djb\bag h[hehqdb
F_ozZgbg_kdb_ oZzZjzdl_jbklbdb dZ ~hhh kehy ihehlgZ h]
ehqgdb b j_[_j hij_~_eyxlky dzd ~ey h”*ghgZijZ\e_ggh
Zjfbjh\Zgghlh fZl jbZezZ > @ Dhfihg l18lu fZljbFu « Q «
‘_kldhklb ~ey fgh]lhkehcghlh iZzd_1Z hij_~_e_gu ijb
mkeh\bb kh\f_klghc jZ[hlu keh_\ [_a kdhev' _gby > @ k
bkihevah\Zgb_f ]bihl_aEDbYjotheyZ hibkZgby
AN nhjfZpbb h[hehgdb MjzZ\g_gby mijm]h]h jZ\gh\_kby
h[hehqdb \ pbebg”jbgq_kdhc kbk] ffzadhhj*bgzl
ibrmlky \ fZljbgghf \b"_

1" W ={uo, Vo, Wo} T £\ _dlhklhe[_p i_j_fygbsc th|
ehqgdb ~h ihl_jb mklhcqgb\ikTh Zh= kdg)af,
3" £\_dlhj \g_rg_c gZ]pfb}ilti,j=1,2 3)=
fZljbpZ “bnn_j _gpbZevguo hi_jZlhjh\

- dhwnnbpb_glu

jZaeh” _gby \ jy» Nmjv_ \g_rg_c gZ]jmadb |
klvx, jZkij_~_e_gghc \ ij_" e ¢hdpeBklb
ih\_joghklb h[hehqgdb Zb/faZzdhgmijm=0;

In ijm e
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>hdjblbg_kdbf i_j_ _gbyf ba khhAghhkvghgR b | £[_ajZaf_jgu_ hk_\Zy b hdj
Dhrb b azdhgZ =mdZmkhRAbmlkl\ggb_ mkhdehbnj*bgZlu ieZghd ZfhjldaaRtbjhY hlgHk
fhf_glu \ h[hehqgd_ |_evgu_ jzZaf_ju i®ZglEtos - ih”""ZIlb_ gZfh
Ibazlhjz ijp fi_s_gbb h[hcfu ihylEZ eMghk
h[hehgdb dzd "_kldhdB p_elhdlgm jZb
Zevguc ijh]b[ h[hehgdb ih” p_gljhf Efhjlb:
eh bl _evguc \ gZijzZ\e_gbb \gmlj_ggh c gh
\_joghklb h[helfgdlflh + w - ihegh_ ih~ZIb_
ZfhjlbazZldgZkbeZ j_Zdpbb Zfhjlbazlhjz az
ih~"ZIbly b hij_~_ey_Ilky ih wdki_jbf_dlZevq
|_jbklbd_ gZ jfbkdhwnnbpb_gl Ij_gbygltydhev
dhlhjuc kgblZ_lky g_ azZ\bkyshbf RI_lgblyjhklIkt
lhegzZzy kmffzZzjgzZy j_Zdpby "_ckhogddkmzZy
\'ihi_j_gghf gzZijz\e_gbb jzZ\gZz

]*1lc- dhebqg_kI\h ZfhjlbaZlhjh\ gZoh%dysbok
| _k h[hehgdhic>0Q,jb

MjZ\g_gby jZ\gh\_kby Ney h[hethqgdb |
lZzdlghc gZ]jmadb fh 'gh azZzibkzlv \ fZljbqggt

HKH;?GGHKLB DHGL=ML&A:BFH>?CKL<BX:IH :
"msgbf h[jZahf

FHJLBA:PBB K H;HEHX

AgZgbl _evgmx keh ghklv j_ r_gby khz" dIh dhalzdlauo azlimbabd g2z
\Zgby h[hehqdb ij ~kiZ\ey | mq_| dwhglé Eﬁwﬁl‘i |thngg ezggf gm]fém;bcghl
AN_ckliVby ihykh\ ZfhjlbazZpbb k _z ih\ jO hk |YX ehqdb b_mgth\lgy\Hg" ckl\by
ihykz Zfhjlbazpbb h{jzam_lky ba hi~_ %’vﬂﬁd‘“k ?ﬁu "Mzihj o0zjzdl_jbamxsbk wim
“Zlby Zfhjlbabjmxsboglk\e _ JZkkIZ\e ggu lﬁ
hdjm ghklb h[hcfu ihykzZ \ hij_~_e_gghf i dz
ihdZazgh gZ jbk Z =_hf_ljbq_kébb hkp’ %@%k%ﬁﬁgvghgf’by aznzqb ihkljh_g Wke_*
h[hcfu ihykZdj ie _gghc gZgzbfkii chdn
ehqgdbijb hlkmiki\bb \g _rgbo \hafms gbc\gk%\llﬂlilvhiﬁl\igl\\bfIQJZ \%yﬁ%ﬁh?@ﬁggzg
.”b _!_J_f_s_gEJb_\_h[lehqd\_|]hp_kk\__b _gby ZI kmffZjgzZzy j_Zdpby < gZqZevghf ijb[e
jzkij_n_e_gb_ jilryipiib [hdh\hc ih\_jog kééby i rZxikybigmdh&rZevghf jZkij A e
hhehqdb dhjimkZ hij_*_ey_lkydtbo@ Zidigredyd ?¥ 11250y QOISR e et Fet s &
azZ”"Zqb Ih mkeh\byf wdkiemZIZpbb Kk AN G 22 - —1e - ~
ibkbdZ Zfhjlbazlhjh\ dzd \bAgh ih jbk Z kms_kI\ _ggh

gebg cgZ QZkhqglb iZjZee _evgZ hkb i J_f[_su_ BZ“Zgghc kmffZjghary_XZdpbdy h[h
Wlh agZqgbl_evgh \eby | gZ i_j_ jzkijn~_ehgem ddghexilgh "~_klidhc hij_"_ebf kf_s_
lh ~zZ\e _gby |h ih\_joghklb h[hehgdmbn \ ijhiphkk Z]ngplh[gmx ahgm dhbldhddzzdlgmx
*_gby >ey j_r_gby g_ebg_cghc dhglzdigh@ Bz~agpdif_"hf ZfhjlzaZley wlh]h ijb
ezZ]z _Iky Ze]hjblf ij_ "klzZ\eyxsbc khq_|Z%behiz f\rsc_gbb ibykaij_~_ey_ f ih" Zlb
ijhp A"mjh gZ]jmad_ b bl_jzZpbhgghc ijh®fhikehjRaie = Gucos | Ijh\_jyy ~ey dZ ~h]h
hij ~ e _gby ahgu dhglZzdlZ b \_ebqbgu @hgld@ryepn nzkeh\by gZoh~bf ih " _kld
e_gby jzdlbklbd _~ jbk Z A~ _lklmmkbghpy dhebq_
<ke _"klI\b_ fZehklb jzaf_jh\ dhglzdligklklhiZgilpaialhjh\ gZoh”ysboky \ dhlydZdl_
kjZ\g_gbx k jzaf_jzfb h[hehqdb j@kijlarbekmgbfZj@gmx j_Zdipbrhjfme _ Wik ijhp_

|1Zdlghc gZ]jmadb \ ij_~ eZo _z iehsyz~rdbZijigbfiy _flky ijb ihke_~h\ZI_evghf m\_ebq
ghfiguf DZkZzZl_evgu_ mkbeby \hagbdZsb ih¥kZ kgqglL dhlhjuk 6Z]hfl ~"h |_o ihj
dmehgh\kdh]h 1j _gby kdhev' _gby kqblhdiZ gRihgpfdrZlgk agZq_smbog_ ijukbl
gZevgufb ghjfZevghfm ~Z\e_gbx gZ bezdgdmAEZh]h2gZ& gtk mihqgyxlky gZijbf_j f
Zevgdkyb dZkzZ|_evghklZ\eyxsb_ ih\gjpghlkh”hf iheh\bggh]h *_e/gby rZ]Z
gZ]jmadb gZ h[hehgdm hl dZ ~h]lh Zfthjlba2lh}2Y dhiglzde_gby \_dIhjZ i_j_f_s_gbc b
jmxs_]h k g_c azibrmlky ke_~mxsbf h[]Zahb dhjj_dlbjh\db dhglZdlghc gZ]jmadb k
i_j_f_s_gbcfbpm_Iky bl_jZpbhgguc ijhp_kk

GZ dzZ ~hc bl_jzZpbhb ijh\h~blky iph\_jd:
fh guo ahg dhglzZzdlZ ih mkeh\byf gb hij_
IZdlghc j_Zdpbb ZfhjihaZWhhb\ahgzZolih ~_|
dhklghc ozZjzdl_jbklibd_ jbkb iz dBAdsr&phy
ih mkeh\bx
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NZevghfnhgaZzdh[uggh ijbgbfz_fhfm \ jZkq_
OtaZ”ZggZy lhqghklv \ugbkexngh&Ibfh ebrv gz gbadbgmmjhdgyo gZ]
Wdki_jbf _glZevgu_ agZq_gby i _j_ f s gt

] 1Zd dzd j_Zdpby ihykZz thjlbaZpbb k’aJZ\(\lbk—bl g_lebqg gbb ih~ k_j _~bghc ihykZ
g_cgh hl kf_s_gbc kbkl_fu \Langquglz_k ufb gZ ibk
e_ggh_ k mq_lhf ’\_thprbc h[hehqdb gi J\_h%
iZkgq_1Z [m”™bdzZhv&y hl aZ’zigghiijh ~_eb\
g_\yabhmzzwtz« ih __ \_ebgbg_b agZdm fh'gh km
A"blv Ydthc kl_i_gb ©i_j_]jm _gZ? beb ©g_"h]jm _gz?@
h[hehqgdZ gZ]jmadhc i_j\h]h rZ]Z K mqg_Ilhf \ugbke_gghc
g_\ab gzZc”_f gZ]ljmadm ke_ Z2mrxZmwtharz]lz
b ihkjlyy \ugbke _gby k imgdlzZ | ihemgbf gh\u_ agZz
ggby dhfihg_gl \_dlhjz i_j_-fbsj_ghlyab.b
<ugbke_gby ih\lhjyxlky ~h |I_o ihj ihdZ g_\yadzZ ih
kinfZjghc dhglzZdlghc j_Zdpbb gZ hq_j _~ghf rZ]_ g_
klzg | f _gvr_ijbgylhc lhqghklb \umddckie gby gZ]

< j_Zevguo mkeh\byo dzZkzZl _evguw dhfihg _glu dh
[Zdlghlh \azbfh"2akd¥pybl_evgh f_gvwv_ jZ*bZe
ghc khklZ\eyd bfb fh gh ij_g_[j_qgvh Lh]*Z d
wnnbpb_glu jZaeh _gby \ jy» Nmjv_adhglZdlighc gZ]jm
db

bf x| ke_”nmcxsh

I&(beh\Zy 0Zjzdl_jbkibdZ Zfhjlbazl
1@‘?_@_ b dhglzdighc gz]jmadb \ ih
K gbb h[hehlgdb[hEfZ ihykz

b Zthjlbazigj+h[hehqdZ

]"lc- dhebqg_kl\h ieZzghd ZfhjlbazZlhjh\ I}b

dhglzdl_ k h[hehgdhc gZ "Zgghf rzZ]_ _JZ{)
ljh]ljzffguc \uoh” ba pbdeh\ kmffbkh\Zgby

e _gby jy*h\ dhgyZdjogteadb Z 1Zd" _gibg bB_s

gZijy _gbc h[hehgdbl 2 hkms_klkeyijb

Ahklb™_gbb az~rZgghc Ilhqghklb h[uggh ijb kjz\g

gbb kmffu ~_kylb gqe_gh\ hklZidghzghg "'k \_e

gZdhie_gghc kmffu
>ey ihMI\_j"~_gby ~hklhj)\Zkghkdgbhc*_eb

ijh\_~ gu bkiulZgby \Zn_evghc h[hehgdb k ijh*hevgh

ihi_j_qguf gZ[hjhf j_[_j ijyfhm]hevgth]h k_q_gby F

"mev mijm]hkItE ki€A1@ F1Z =_hf_

jbg_kdb_ izZjzf_Ilju h[hehqRh =b575; [/Rj=

1,4; %= 1+hj/h=6,5;hs =h, = h;; 3 = 2®a~ 0,396; 3 =

2 @ Gb gbc lhjp_\hc rizg]hml h[hehgdb “zk

dh azdj_iezg gz iebl_ bkiulzl_evgh]lh kl_g”Z Hk_\Zy

k’bfzZxszZy kWeiZzj ~zZ\ZezZkv gZ \_jogbc riZzg]lhml

g_j_a _kldmx djurdm Ihi_j_oewiybdZ]jmadz

N 1 N

glLJJ\kae;mls( gb ti‘gﬁ[hhcqqllfri]r?gszf IfJF?JIIrk]JIangmxs‘]bbngéz/\bzev