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TO THE CALCULATION OF PRECAST REINFORCED CONCRETE RIBBED SLABS FOR
PUNCHING
Khapin Alexandr Vladimirovich , Candidate of Technical Sciences, Professor, D. Serikbayev
East Kazakhstan State Technical University, Ust-Kamenogorsk, Kazakhstan, sacha2447@rambler.ru
Makhiyev Bekbolat Espulovich Candidate of Technical Sciences, Associate Professor, D.
Serikbayev East Kazakhstan State Technical University, Ust-Kamenogorsk, Kazakhstan,
bolat6505@rambler.ru
Verevkin Dmitriy Vladimirovich , Senior lecturer, D. Serikbayev East Kazakhstan State
Technical University, Ust-Kamenogorsk, Kazakhstan, dvverevkin@ya.ru
Abstract. This work describes the characteristics of the constructive solution of the buiding
photo of the interior is shown. An analysis of the features of interflobngiis given. The operating
conditions are analyzed. The causes of destruction of the shelves of ribbed slabs idesedorihe
current vehicle loads are determined. The values of concentrated loads areechl€tlatcalculation for
the punching of the shelves is made according to the old design standardso@ofalitthe application
of loads are clarified. The influence of the size of the load applicatesis shown. The calculation for
punching is made according to Eurocode 2. The dimensions of the main control sectioerari@eidt A
punching model has been developed. A comparative analysis of two calculations is carfied stress
state of the shelf is estimated using the finite element method. The theoreticall-andl&é dimensions
of the shelf damage zones are compared. A photo of the damage is shown. The conclusion is drawn on the
decisive role of tensile stresses from bending. The option of reinforcing the shelflabtiemoposed.
Keywords: reinforced concrete slab, shelf, concentrated load, punching, design norm, Eurocode
2, calculation, comparative analysis of reinforcement.

M>D

. < 0OZitbg ? FZdb> < <_jNdbg
l<hklhgbEazZoklZgkdbc Jhkm~ZjklI\_gguc | _ogbg_kdbc mgb\_jkbl |
] MkDZf _gh]lhjkd DZaZoklZg

D J:KQ?LM K;HJIGUO @?E?AH;?LHGGUO J?;JBKLUO IEBL
G: IJH>:<EB<:GB?

:gghlZpby klZlv_ jZkkfZljb\Zxlky ijbgbgu jZajmr_gby ihedb j_
" e_ah[_lhgghc ieblu i_j djulby kdezZ~kdh]h a~Zgby ijb ~_ckl\bb
gZ]jmadb hl ~Z\e_gby dhezk Z\lhih]jmagbdh\ 1Ijb\h”*blky jZkqgzl gZ
klzjuf ghjfzf ijh_dlbjh\Zgby b ih ?\jhdh”m <uiheg_gh hij_~_e_gb_
bkihevah\zZgb f f Ih"Z dhg_qguo we f _glh\ ljh\ _~zg KkhihklZ\bl
nZdlbg_kdhc dZjlbgu jZajmr_gby b |_hj_Ibg_kdbo jZkqgzlh\ K~*_eZg
\ebygbb gZ ijhp_kk jZajmr_gby ghjfZevguo gZijy _gbc hl ba]b[Z
j_dhf_g”~Zpbb ih mkbe gbx

Dexg_\u_ keh\Ze ah[_lhggZy ieblZz ithedZ ijhr"Z\eb\Zghb _
ijh_dlbjh\Zzgby ?\jhdh” jZkgzl mkbe_gb_

< kh\j_ f gguo wdkiemZlgpgjjmatdnd gZ ieblu ihdjulby y\ey Iky
a"Zgbyo gZreb rbjhdh_ jzkijhikljZfgngbklI\h jZkij_~ e _gguc oZjzZdl_]
k[hjgu _ "_e_ah[_lhggu_ j dzlklu ijZ\beh wlh gZ]jmadb hl
ieblu GZb[he__bqgZkjlhf _gyeb blahebjh\hqguo kehz\ djurb b hl kg _]Z
ihdjulbyo j_ -\ HF ""mwlZ gukemqZ_ ~ _ckl\by khkj_~hlhg_gguo
i_j_djulbyo Hkh[_gghklvx ~_ clkimxsbo j_[ibklu_ ieblu
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dhgkljmbjh\Zebkv k mlhes_gghc Kighlihlc evklI\h kdezZ”Z \uiheg
(40- ff \f_klh ff qglh[u h[_kilbghltfm ijh_dIm bgklbl
ijhgghklv gZ ijh~Z\eb\Zgb _ lihfa_jghijh_dI LZdb_ ijh_
< f “"mwlzZz'guo i_j djuXlaya[ZlulZebkv \ dhgp_ iylb"
k[hjgu_ ~_e_ah[_lhggu_ j _[jbkla”hiebjareh]lh \_dzZ > @ dh]*Z

ijbf_gyxl \ hkgh\ghf \ ijhfurefmgdhce i _j f sZeb k ilihosguxo
a"Zgbyo kemqzZ_ " _ckl\by glZ egbad ijb wlhf ~Z\e_gb_ dh
khkj_~hlhg_gguo gZ]jmahdi_j_W4dlib_ g_ ij_\urZeh d]k
ijbf_gy Iky mlhes _ggZy ihedzZ bflksZiyhgkljmdlib\ghc ko _f_ k
"hklzZzlhqgmx ijhqghklv gZ ijh*Zhéb\Zgb_ijh*mdpbb hlghkblky

QzZklh ijb baf_g_gbgoah[_lhgguf dZjdzZkguf an
| _ogheh]lbg_kdh]h ijhp_kkRZjdZkbkdez”~Z k[hjguc < mjh\g
bkihevah\Zgbb gh\uo ljZgbihjlgwo]lh wlZ ¢ hg khklhbl be
kj_"~KkIN\ i_j_"™\b]JzZxsboky d\zZifjgzlgh]h k_q_gby jzaf_jhf i
f_""mwlzZz guf i_j_djulbyff_a[Zehgqguo f_""mwlZ guo i_j_

khkj ~hlhgq_ggu_ gZ]jmadb 1Ig4 djbeyp kfhglbjh\Zgu ba dZib
j_[jbkluo iebl \hajzklzxl KgZdllhehgguo b ijhe_lguo K[
ijh[e_fhc klhedgmebkv \ ijhep_&kk[ lhgguo j_[jbkluo iebl jl
wdkiemZIlZpbb fghlhwlZ gh]h DZipbyeb hibjZxlkybjggby

kdez~Z ]hlh\hc ijh~mdpbbdheMgtv  jZaf jhf | ff
DZf _ghlhjkdh]h fmdhfhevgh]h Ehfphgaiziky gbfb rihgdZfb b
Kdez» Jhih\hc ijh "mMbpigbgbfzxl gz]ljmadm hl gz~dt

ij_~klz\ey | kh[hc ljzowlZ ghieba”"Zgb"msbo \ A\mo \aZz
ij_"gZagZg_ggh_ "ey o0jZg_gibyi_fgidl meyjguo gZijZ\e_gbyo
f rdzZo dhlhju_ kdeZ bjmx[myd\_gguo b pbnjh\uo hk_c
A jJ_\yggu_ ih”"™hgu b jZal\hayl&pluhkh]hbgyxlky k dZibl_eyfb
| _jjblhjbb k ihfhsvx Z\lhih]jmag#éedBht*guo " [Ze_c¢ ij_\jZsZy

‘\lhih]jmaqgbdb i_j_"Zxl “zkddmx g_jZaj_agmx kbkl_fm 1]
f ""mwlZ gu_ i _j_djudbiu hibjzZxlky gZ \uklmiu ijh”~h
khkj ~hlhgq_ggu_ gZ]jmadb hjz[~rZ\gZgbkehgguo iebl b jZ[hlZ
dhezk k fzdkbfZevghc JEKGgbkdgihhc ieblu hizjlu_  ih ]
\_ebgbghc jZ\ghc d]k klhjhgzf

JbKlL £tH[sbdb~_""mwlZ gh]jhdjulby
Fig. 1 +General view of the floor overlap

JZaf_ju we_f_glh\ i,j _djulbc ff ijhe _lgu_ ieblu

ke _"mxsb_ dZibl_eb d\z~jZlghcinhjffd
) ff gZ"dhehggu _ ieblu<ukhlz ijh~"hevguo jz[
gZ"dhehgguo iebl ff ijhez
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iebl hibjzxsboky gZ \uklmiu jzim] = kj_~g_Zjbnf_Ibqg_kdh_

gZ"dhehgguo iebl ff jbkmadgdqg _gp_ i_jbf_Ijh\ \ _jog _]Jh b gb g_

Ilhedbebl bf_xI h*bgZdh\mx Ihklsdly\a gitb¢gZfbru h[jZamxs_cky ijb

JZ\gmx ff jZaf_ju \ ieZzg_ ijW~Z\eb\Zgbb \ ij_"*_eZo jZ[hqg_c \ukh

ff 1Zzd dzd \ k_j_"bg_ ijhezlZ khgdbbiebjbkmghd

ih~rdj_ie_gu ihi_j_qguf j_[jhf lebRa = jZkqzlgh_ khijhlb\e_gb_

balhlh\e_gu ba Iy zeh]h [_lhlyZzak]hkihgz dezZkkz < jZkly™ _gbx

< ihe \uiheg_g ba p_f_glgh@\gh/ " db ]k kf

lhesbghc ff ho ff 4Z[hqZy \ukhlZ k_q_gby
Ijb wdkiemZlZpbb a™Zpdblu \

ijhp_kk_ h[ke_~h\Zgby [ueh mklZg&¥Xe hglgh\_ gZImjguo aZf_jh\ dhe

glh ihedb iebl bf_xI ih\j_ "~ gbd\lhiAbymagbdZ mklzZgh\le_gh qglh jZa

ijhlb[h\ ~h ff k h~gh\j_figlgsZ”db gZ dhlhjhc i_j_"Z _Iky
jZajmr_gb_f aZsblgh]h kehy khKhgaltbg_ggZy gZ]jmadZzZ lehsZ
h[gz _gb_f zZjfZlmjghc k_Ildb |jbxlk¥phbd) dhe_kzZ gz j_abgh\hf oh~
LZdb_ ih\j_"~ _gby [ueb ihemig_ jgdju|lb_f jzZ\gZ ) kf Mqgblu\Zy
N _ckl\bb khkj_~hlhg_gghc gZjmadihf Huc oZjzdl_j i_j_"Zgb
dhezk Z\lhih]jmagbdh\ bf_eb ¢zZdjmadlklh gb _ \  jzZkq_l_ ijbgyl:
kd\hagu _ jZajmr_gby iheikdhsZ”"dzZ jzZaf_ jhf [} k f ljb
ijh\Zeb\zZgb f dhe kZ INBSBg cieblu ff b aZsblghf keh_
bkke_"~h\Zgby y\behkv hij_"*_e[ dhg4djblkgblglb jzZ\ghf ff \ukhlz
jZajmr_gby ibjzfb~u ijh~rZ\eb\Zgby khklz\ey | ff

>ey jZkqzlzZ iebl gZ ijh*"Z\phknghd [ Lh]*Z gb gbc i_jbf_lI
[ ghijf ijh_dlbjh\Zgbyibj2f@u [m~_I jZ\_g i k f b
j_dhf_g"m_I| ke_"mxsmx nhjfmenebqgbgZ

F 7 RothBnho, (1) 104 1874 ot

A F+ijhAZ\eb\ZxsZy kbeZ Hm 2

.=1.0+xdhwnnbpb_gl ey ly  _eh]h
[ ThgZz
Z

Z+xihi_j _ggh_k_qgq_gb_ijhezlgho iedbligyhNZteb\Zgby

Jbk DzxjZkqgzlm j_[jbklhc ieblu kh]l]eZkgh > @
Fig. 2 £To the calculation of the ribbed plate according to [2]
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Ke_~h\Zl_evgh g _kimsZy gby \_ebgbg A ckI
kihkh[ghklv ieblu gZ ijh*"Z\edi\Zgbgbc bkihevah\Zeky

h[{_ki_gqb\zZ_Iky L_f g_ f_g_dhigf odky we_ f_glh\ j_Zebah\.
ijbagzdb ihl_jb g_kms_c kihikihgwklb ijh]jzff®$CAD 21.1.9.5.

\iehlv Ah ithegh]h jZajmr_ABYZqbc 1ZkqgzlZz [ueh \uy'
ijh\Zeb\Zgby dhe_kz | _  ijfZeXpdZewguo gZijy _gbc " _ckl)
ghjfzfb ijh_dlbjh\Zgby > @ Zkqizlhkgdhklb ihedb hdZau\z
khhi\_IklI\m_1 j Zevghc jZ[hl_ fZhlkibfZevgh_ \ebygb_ gZ ijh

OzZjzdl_] jZajmr_gby igblhgk LZdhc ith*oh?” y\e
ijhlb[hf ihedb b h[gZ _gb_f Zjigdpejlmhagguf lzd dzd g_ mqgb
k_Ildb kK\b"_|_evkl\m_|I h jrr@dxisofdhfihg_glh\ | _gahjzZ gZij
\ebygbb gz jzZzajm[r lhlyZ gH”*"gZdh hg hijz\"Zg kZfhc dz
jZkly]b\Zxsbo gZijy jBdapmr_gby \ dhlhjhc ijhy\e
ijh~"Z\eb\Zgby N ckl\mxsbg rZzxs_ _ \ebygb_ gZ ijhgghklv
\_jlbdZevght gZijZ\e_gbb ]JhjbalglZevguo JZkly]b\Z>
jZkly]lb\Zxsbo gZijy _gbc gZijyle _gbc \ mjh\g_ gb"g_c ]jZgl
ihi_j_qggh]lh ba]b[Z ihedb ~_ cké\lwmusbo WIh ithalhey | j_r

]hjbahglZevghf gZijZz\e _gbb ihklZz\e _ggmx aZ~Zgm hp_gdb i_jh
>ey bamqg_gby gZijyijbgghzy d ihA"Thjm ihroh”y
A nhjfbjh\Zgghlh khklhygby nelghif_dheh]lbqg_kdhc I_hjbb ijhqc

Jbk IR\j_"~ _gb_ ihedb ieblu \ f_kl_ijh~rZ\eb\Zgby
Fig.3 tDamage to the plate shelf in the place of punching
G _kmszy kihkh[ghklv ieWwlhf gzZ\ebygb ZifZlmjghc K
ijh~"Z\eb\Zgb_ [m~_| jZ\gZ jZkiheh  _gghc \ mjh\g_ g_cljZ
kehy g_ mgblu\Zehkyv FZdkE
[F@ djk ' J JZKINK]b\Zxsb _ gZijy _gby \ m
gb g_c ]jZgb ieblu khklZ\beb
J _amevlZlu jZkfzlZ ij_\ukbeb jzZzkqgzlgh_ khijhlt
0ZjZdl_jbamxsb _ ithey AN _cRimxsboFIZ ihqglb \ jZa ihwl

gZijy _gbc ijb\_" gu gZ jbkmygVdeyxlkhjb[he_ _ hiZkgufb
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JZaf_ju ahgu ih\j_"~_gby [_lhgZz v, Y

\ dhlhjhc jzZkly]lb\Zxsb_ gZijy _gby k= 5

\uau\zZxl ihy\e_gb_ Ij_sbg “~hklb]zZxl

ijbf_jgh 7 f  WIh ih*I\_j *"Z_Ik¥mb % £gZijy  _gby \ [_lhg_ \

khihklZ\e_gb_f j_Zevghc h[eZglhjZ)\eslydyo\ djblbg_kdhf k_q_gbb

jbkmghd b |_hj_ Ibg_kdhca RZjlbgu

jbkmghd jZ\gu_ gmex "ey k_j_"bgghc
ljh\_jdZ ieblu gZ ijh"Z\eb&aBROBhklb ihedb

\uihegyezZkv 1Zd _ b ih ?\jhdh*mKh]e@kgh gZpbhgZevghfm

K_g_gb_ fh”_eb jZzkqzlZ gz ijhjhe\rb\ggb > @

ihdzZazZgh gZ jbkmgd_ ljh\_jdz

ijhaghklib ~ey hkgh\gh]h dhgljhevghlh 018 018_, ., . _
k_g_gby bf: | \b" Kdc = 1—-0.12, K =

k

N |-

o'« g

VEd " VRdc, (2) 0.1; fed?;

min
1" Veg £fZdkbfZevgh_ gZijy _gb_ - 15+qzkiguc dhwnnbpb_ gl “ey
o0 _

hi ijhrzZ\eb\Zgby FlZ [ IhgZ ijb ihklhygghc b i_j oh~gh

~ Vrie % jZkqgzlgh_ kh'Jh|_b\_eg__zg]§mardij_ n_ey_lky ih IZNgBhp

ijh~rZ\eb\Zgbx ieblu [_a ihi’7j_ QHRe: _ih’\_kIZgh\db \_e_bqbg \

ZifZlmju \ jZkkfzZljb\zZ _fhf dthHﬁYnge'U ihemqz f
k g gbb FlIZz -

1 200 _ ,
Vric  Iac K hfed® +Ki & (3) D1 V0~
* min+ K1 ](j
3 1
1" fed Flz + min 2 302 =0.542;
oZjZd!l_jbklbg_kdZzZy pbebg”jbq_kdZy 1
ijhgghklv [_1hgZ gZ k> Zlb_ \ \hajZ¥hke 3+
kmlhd 1Z[ebpZ > @ .
o1 [0 )
d\ ff FZdkbfZevgu _ gZijy _gby gZ
hkgh\ghf dhgljhevghf i_jbf_Ij_jzZ\gu
I, =
b Vey= 1800 £z -
Y~ &, d0.02; 4730 4710
~hm bk + dhwnnbpb_glu | zgpf h[jZahf g _kmszy
Zjfbjh\zgby ijb Zjfbjh\Zgbb kv gthaiv khlezkgh > @ 1Zd
ijh\hehdYbZf_Ijhf tf k jZaf_ihkizihqgz
yq__d [ ff hgb jZ\gu
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JbM £GZijy zgdkhklhygihedbeblu
Fig. 4 +The stress state of the shelf plate

Ke ~h\ZIl _evgh \ ~"Zgghfijhlém&zZh[gZ _gb_f ZjfZImjghc k
jZkqzl gZ ijh~Z\eb\Zgb_ g_ khERjmkl\gbh If aZsblgh]h kehy
nZdlbg_kdhc jZ[hl_ [_lhgzZ AZIoZglhasbgu jZkijhkljZgyxlky \
jZajmr_gby ihedb ieblu ih® 7~k cklgbyf ~h \_jog_c ]jZgb gZ
khkj_~hlhg_gghc gZ]jmadbijhbgbokdbl jZarjh[e_gb_ k> Zlh]h
ihke "h\Zl _evguc 0ZjzZdl jaZxkgdogeZe&kh bAa\lhih]jmagbdzZ ijh\Zeb)
N ckl\by jZkly]lb\Zxsbo ghjidleevgueo gb_  \uaulZy ihegh_ jZ
gZijy _gbc hl ba]lb[Z ihedb g[ZlhbozZg I az\bkzZ | gz ZjfZImj_ k
liZgb ieblu ihy\leyxlky |j_shgajubz | ZjfZImjm

Jbk Fh”™_ev jZkqzlZ gZ ijh~"Z\eb\Zgb_ \ k_g_gbb ieblu kh]e:
Fig. 5 tModel of calculation for pressing in the cross section of the plate according to [3]
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<u\h”u ljb jZkqzl_ gBEjfmem \dexqg_gu 9gZkjy _gby 1
ijh~rZ\eb\Zgb_ g_h[oh”bfh mqbjlu\Zlekg\bb dhlhjuo kha”Zxlky mkeh\
lhevdh \_jlbdZevgu_ jJZklyJleWaxdsth ~  d ljzohkghfm kK ZIlbx <
gZijy _gby 2~ ckl\mxsb_gZ JgZdmReygdzalo , wlhjihgghklv gZ
liZgyo ibjzfb~u ijh~Z\ebihgZyeb\Z¥ky ih\urz_Ilky JZkqgzl
G_h[oh”bfh \gZqZe_ hiji kédjlwf ghjfzf ijh_dlbjh\Zgby > @ wl
gZijy _gby hl balb[Z \ hkh[_ggBh#lbhj gkehgblu\zZ_|
jZaf_ju ihedb ieblu \ ieZg_ fgh]hdjZlgky mkbe_gby ieblu g_h[oh”Dbf

ij_\urzZxl _z lhesbgm < wlhfmkeebqpdblv _z |Ihesbgm _sz gz f
jZkqzl gZ ba]lb[ *"Zzl "hklh\_jgmx*djpbgemgh m~Zeb\ ihdjulb_ iheZ
gZijy zggh]h khklhygby ihpdb _gldhc kly db MdeZ"dm

h[tykgy | ijbgbgu jZajmr_gby ~hihegbl_evgh]h kehy f _edha_jgbkl!
KhihklZ\bl_evguc Jglhaglva gz~h \_klb ih ZjfZlmjghc k_I
ihdZau\z | qglh jZzkqzl gZ ijhgERem&migrbl _]Jh kp_ie_gb_ k [_Ilhg

ih ?2\jhdh”m > @ [he__ lhggiheddblu\Z_|I
dhfihg _glu | gahjz gZijy  _gbc <
EBL?J:LMJ:
[1] <hjhgph\ H K We_\Zlhju kdeZ”u b a_jghi_j_jZ[ZIFK\Zx3b&_[hbatpplylby =+
+ k
[2] KGbI ;_lhggu_ b "_e_ah[_lhggu_ dhgkljmdpbb F PBBkKljhc KKKJ
=hkkljhy KKKJ k =
[3] KI DEN 1992-1- ljh_dlbjh\Zgb_ "_e_ah[_lhgguo dhgklHidpbc QZklv
ijZ\beZ b ijZ\bezZz "ey a”Zgbc Dhfbl_I ih ~_ezf gHhbfregRE\WZgtbhlh"bebs
ohayckI\Z Fbgbkl_jkI\Z gZpbhgZevghc wdhghfbdik JD :klZgZz +
[4 GI d KI EN 1992-1- ljh_dIbjh\zZzgb_ "_e_ah[_lhgguo dhgkljmdpbc QZ
H[sb_ ijZ\beZ b ijZ\bez ~ey aZgbc Dhfbl_I ih "eb&§khjfliimlg £ekgqhb b
ohayckI\Z Fbgbkl_jkI\Z gZzpbhgZevghc wdhghfbddb JD :klzZgz +
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bolat6505@rambler.ru

< jz\dbg >fbljbez”bfbjh\b&lZjrbc ij_ih”*"zZ\zZl_ev -Dh&Zlogybhgkdbc
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J:KLUJF:EU L?F1J;?LHG :;UJ :EU
L: L:E:J>U KU UEM ?K?;1G?

OZibg :e_dkzg”j <ezZ”~bfHjh\dbqg ijhn_kkhj > K_jbd[Z_\ Zlug”Z
ZaZ klzg f_fe_d_Illed | _ogbdZeu mgb\_ jkbl_I|sackdddf@@mblerduazZ klZg

FZob_\ ; d[heZzl ?kimkeh\dgq ~hp_g! > K _jbd[Z_\ Zlug®"Z u Ru |
f fe_d_Illed | _ogbdZeu mgb\_jkbl_le & bdat®50p@ramblaizruk|Zg

< jz\dbg >fbljbc <ezZ” bfbjBE\Bgh ulmru > K _jbd[Z_\ Zlug"Z u
ZaZ klfZde _d_Iled | _ogbdZeu mgb\_jkbl I &kKwerevkin@yaZiaZ klZg

: NZliZFZ Zez"™Z Z\lh ~ d Ib_mre "h ZeZ |Zjugu ukufugZg rh uj
%k _jeg_g hcfz bfZZpijuzeb fej[_Ihg “Z[ug”ugu k'j_kege [ auem k
ZjZklujuez®u ?kde "h[ZeZm ghjfZeZju [hcugrZ "%g_ ?\jhdh~" [h

d _elejeeKhe u w_e f gll_j %"ekeg he”Zgui d_jg_me_j Zgu IZemu hju
d'jegeke "%g_ |_hjbyeu _k_il_jf_g kZeuklujfZeu 1Ze"Zm =~ j]leace]
d jg me_j [ auem ijhp_keg_r_rmre %k j Im ImjZeu hjulug”®u ~Zk:
kuguklzZj [_jee]_og

L ceg”e kuafl _fiej[_Ihg 1Z 1Z k'j_ kuuem “h[ZeZm ghjfZeZju -
dr_clm
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ASSESSMENT AND FACTORS OF INFLUENCE OF IMPACT
RESONANT FREQUENCIES FOR VARIOUS DESIGNS
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Abstract. The article describes the method of vibration diagnostics, also shows a spectral analysis
that allows you to solve the following problems: to determine the resonant dcéesieand damping
properties of various structures of the railway track; to forecast gedsmf the rolling stock at which
resonance phenomena will occur on the track structure under study.

In the Republic of Kazakhstan, there are increasingly high requirements for igtislityelof
railway transport in the conditions of dynamic economic development. Experience iayrajsration
shows that with reinforced concrete sleepers, the output of rails for joint deferetased two to three
times compared to the output with wooden sleepers. There is also a more intense fornuaitoriating
wear of the rails and a more intense deformation of the main platfotine obadbed. We know that the
main reason for all the above disadvantages of railway tracks with reihfoocerete sleepers is their
lower ability to dampen vibrations that occur when moving rolling stock, cadpaith wooden
sleepers. For this purpose, issues related to determining the impact of vibratiencefféat operation of
railway elements become particularly relevant when operating a railway.

Keywords: vibration diagnostics, spectral analysis, resonant frequencies, damping pragerties
various structures, movement speed
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M > [B25.14: 625.041:625.042

| L :of IH\ZF Y D\Zrigb4 D :bl_e' nkhRZ KZj}z _\
IDZazZokdZy zdz~_fby djiIZigrighplZZbgb Luguriz_\Z ] :dXZaZoklZg

HP?GD: B N:DLHJU <EBYGBY <HA>?CKL<BY
J?AHG:GKGUO Q:KLHL G: J:AEBQGU? DHGKLJMDPBB
@Q?E?AGH>HIJH@GH=H IMLB

gghlZpbyx klZlv_ ijb\_"~ gz f_Ih~bdzZ \b[jh*bZ]ghklbdb 1Zd" _
ki_dljZevguc ZgZeba ihaYEéwxisdbh "mxsb_ azZ~Zqb hij_~_eylv j_ahg
gZklhlu b ~ _finbjmxsb_ k\hckl\Z jZaebqgguo dhgkljmdpbc ~ e _agh-
hkms_ kl\eylv ijh]Jgha kdhjhkl_c¢c ~\b" _gby ih"\b ' gh]Jh khklz\Z ijb
\hagbdZlv j _ahgZgkgu_ y\e _gby gZ bkke_"m_fhc dhgkljmdpbb imlb
Dexq_\u_ kebWbdpgh”*bZ]ghklbdZ ki_dljZevguc ZgZeba j_ahgZgkg
A finbjmxsb_ k\hcklI\Z jZaebqguo dhgkljmdpbc kdhjhklv “\b" _gby

< J kim[ebd_ DZaKokdKIlgzfb fzZl _jbzZez, Kj _ K\ihxb
ij_"tyleyxlky \k [he \lud hjd,lgv. azZ\bkyl hl ijhgbo nzZdlhjh\ g
lj _[h\Zgby d gZ”™_ "dGlildu\Zxsbo \ebygb_ gZ wlb k\hcklI\Z
e _agh”hjh gh]lh ljZgkihjlz \ mkeEdydZd imlv yley Iky ~bkdj_Igk
"bgzZfbqggh]lh jZa\blby wdhghfhidkl fhiul khijhlbley fhklv _]h
ih wdkiemZIlZpbb " e_aghob[jZpihhlgguf \ha”_ckl\byf ijhy\ey Iky
ihdZau\z | glh ijb "~ _e _ahY Hkghuphf g j a kbeu |j _gby b kp_ie_

rizeZzo\uoh” j _evkh\ ih kludhY¢m hil*_evgufb _]1h we f glzfb |
AN n_dlzf \hajhk -Iyb "\ZazZz ilzZklbpzfb f_""m j_evkZfb b riZeZzZfb
kjz\g_gbx k \uoh”~hf ijb ~ _jr\yggtlm b [ZeeZklhf f_""m s _[_gdZzZfh

riZeZo Lzd _ gZlex™"Z _|kyqZKhepZfb b i_kgbgdzZfb ]JjmglZ a_feyc
bgl _gkb\gh_ h[jZzah\Zgb_ \heghéahjg@ZghBaf_ g _gb_ o0zZjzZdl_jZ dhe_ [Z
baghkz j_evkh\ b [he__ bglhrgKkbbpzyhl Ihgdb \ha[m ~ _gby “h

A nhjfZpby hkgh\ghc iehsZ~Adbgadiepgihdh Thqdb kj ~u  hij_ ~ ey I
ihehlgzGzf ba\_klgh qlh ]éXdgxqgbl _evgh k\hckI\Zfb wlhc kj_~u

ijbgbghc \k_o \ur_i_j_qgbkiemldgjpdbkijhkljZzg _gby dhe_ [Zgbc
g_"hklzldh\ "~ e _agh”hjh'gh]h imlbbhekg ggu_fh" _evgu_ b gZImjgu
" e_ah[_lhggufb rizezfb y\ewdky jbd glZevgu_ bkke_"~h\Zghb

[he_ gbadZy kihkh[ghklv JZkihkh\{b[ggpkb c balb[guo dhe [Zgb
\hagbdzZxsb_ ijb ~\b'_gbb ihMghgtiéhcguo mijm]bo ie@klbg >
khklzZ\Z ih kjz\g_gbx k ~_jdhegddgbc \ _jog ]h kljh_gby iml

riZeZzZfb >ey wlhlh hkZlagmdguo dhgkljmdpbc > @ ihalh
ZdilmZevgufb ijb wdkiemZlZpb\ly\bév aghitkgh\gu _ aZzdhghf_jghklb
"hjh]b klzZzgh\ylky \hijhku k\yhegddgbk ~_e_agh”hjh gh]h imlb

hij ~ e _gb_f \ebygby \b[jZjZeiggni&Zlv f Ih~ bdm \b[jhAbZ]ghklbod

\ha”_ckl\bc gZ JZ[hlm weZgdih\ f_Ih~bdZz [Zabjm _lky g
" e_agh”hjh gh]h imlb nmg~*Zf _glZevguo iheh™ _gbyo | _hjb

>Ze \b™bf glh waoijpbph kb b | _hjbb f_ozZgbqg_kdb
f_ oZgbqgq_kdbo dhe_[Zgbc \ edprec [Kgb'c b ihalhey_ | k “hklZlhgghc

i_j_"Z_Ilk ihkj_~klI\hf nbabjZddthidph Ih hklvx ijhba\h”blv h C
_J_"£_1KY J_ JZ a9 J P_9

\aZbfh” _ckl\by kljmdIimjguo kikgEkjgpklb dhgkljmdpbc
khklZ\eyxsbo wlm kj ~m <  dégaghyhfjh gh]hZkble \b[jZpbb
kq_|_ ih~h[gu_ \azZbfh”_ckl\Byhaydyddxeb_ ijb ~\b>_gbb ih~\b gh]h

hij_~ e _gghc nhiiy "~ _eyxlkkhklz\z
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< hkgh\m f ITh~ bdb 1) J_ahgZgkgu_ gZklh
\b[jh~bZ]ghklbdb iheh' g ki_ciihéwdkdmxsb_ fhAzf  ba]b]
ZgZeba hidebdh\ Wecmeg |Z‘gbc dhgkljmdpbbf;, imib
\ o .
_e_agh®hjh -ghlh imlb gz ZJ%y fu_ ih ki_dljzf hide
\ha”_ckl\b_ ljb ijh\_ uf 7 iZaeb uo dhak
\b[jhAbZ]ghklbdb *_e _aghrhjh" glé Hin ggh]ﬂ, Imlbq%bkmghgd
baf_jyxlky b ZgZebamekay ke Am

iZjZf _lju

trace 1, trace hrace3 tkh kdj_ie_ gb FOBSLDH,KZF- b @5JR>

Jbkmghdjbft j ]jZnbdh\ ki_dljZevghc iehlghklb hldebdh\ \b[jhkdhjhkl
jZaebgqguo dhgkljmdpbyo \_jog_]h kljh_gby imlb
Figure 1 - Example of spectral density graphs of vibration velocity responses obtained on various
structures of the upper structure of the path

Eh]Zjbnfbgq_kdbc  "~_dj_f14lf, +qzklhlZ \ha”_ckl\by
dhe [Zgbc  hij_~ ey fuc gZ hkgh\%%%?hklb M-

. : _gby ih”™\b ¢
kiyab f_""m eh]zlb.”fb k92¥Z " ijb dhlihjuo [mAmI \h;
_dj_f_glht b rbjbghc ki_d SH% kgu y\le dikke g¥m_ fhc
ebgbb dhgklimdpbb imlb  jbkmghd

" hkms_kl\ey |ky gZ hkgh\Zgbb az
G S ) qZkIth \har_ckj\blyl kdhjhkib

N ' ‘eh bnfb cd * gby ih”“\b'gh]h RAKIE\Z
1" _d, 'fi, f; teh]Zjbnfbqg_ tk‘jzf i \ha[m'~_gbylyb[jZpbb
A dj _f gl rbjbgZ ki_dljZevghc ebyg
gZklhlz bgl_j_kmxs_c nhjfu dhe_[Zgbc

\%
Dhwnnbpb_gl ~bgzfhgghklb fy ™ (3)
hij ~ ey fuc gZ hkagh\zkgai kb
. OZjzdl _jgu_ izjzf_llju
s 22 5, ? @) !obkklhqubdz \b[jZpbb ij_~klZ\e
1. Sy J mgad_
© fi 1 ©$fii
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trace 1, trace hrace3 tkh kdj_ie_gb_HROBSLDH, KZF- b @-5JR>

Jbkmghdjbft j aZ\bkbfhkl_¢c dhwnnbpb_glZ “bgZfbqgghklb hl kdhjhklb 7\
ih"\b gh]h khklZ\Z ihemq_gguo gZ jZaebgguo dhgkljmdpbyo \_jog_]h
Figure 2 - an Example of the dependence of the dynamic coefficient on the speed of movement of rolling
stock, obtained on various structures of the upper structure of the track

1 xjZkklhyghb_ f_ Am hihjgufb we_f2g4yZkkimylgb_ f_"~m dhe_kgufb IZ]Zfb l_e_"db

3+jzkklhygb_ f_"~m khk_~gbfb |_e_"dZfb khkZk&blyyblhgh\*m + e “dZfb h~Agh]h
\Zlhgz f_*m\Zlhggh_ jZkklhygb_

Jbkmg@hdd Zjzdl_jgajzZf _ljoklhgghdigZpbb
Figure 3 - Characteristic parameters of the vibration source

Ke ~m_| hif _Iblv glhg_dRrhjh]h jZkklhygby \ kljmdImj
h[t _dlb\ghc hp_gdb j_ahgZgkgwqogZkhhl kdijh_gby imlb ZfiebIm”"Zfb
AN finbjmxsbo k\hckl\ jZadbqgwud@xsbfb gb 'gbc jZ[hqgbc ij_"_
dhgkljmdpbc imlb g_hpad”~pdbh evghc ZiizZzjZImju ijb dhlhjhf
\ugm *"Zxs__ \ha”_ckl\b_ g_ igb\h*yZ3[ex"Z Iky kgb™ _gb_ lhgghkl
d baf_g _gbx nbabqg_kdbo oZzZpad| jjlgkidbd < wlhf kemqgzZ_ \ azZ"z
we f glh\ "~ e _agh”hjh gh]h hinmdbbazZpbb m~Zjghlh \ha[m "~ _gb
ijhib\ghf kemqgZ_ g_h[oh”~bfh frhhqgdhu\Zltveblv "\Z hkgh\guo Zki_dlZz
nzZdlhj \ebygby \ha”_ckl\by <Hih j\uo m~Zjgh_ \ha”_ckl\b_ gZ
agZqbl_evgh mkeh gy | bkke_dhyxgjbrydplhk imlb "he'gh
\u[hj_bklhggbdZ m~Zjgh]lh \haZj&ld\bjypah\Zlvky hilbfZevghc \_ebqgb
g_h[oh~bfh klIj_fblvky d g_ "Hiebd ghghklb m~Zjgh]h BPfimevkZz

ih\j_ "~ gbc we f glzZ dhdkljmulproghd >ebl _evghklv m~Zjg
h[ezZklb dhglzdlZz Wlh ibebhmegkZ \ i_j\hf ijb[eb _gbb
hjb_glbjm_1I gZ ijbf_g_gb_ jhigbguey\ Iky gZ hkgh\_ | _hjbb m?*.
m~rZjghf mkljhckI\ _ b k 14 gjgptzd Z

\hafms_gby dhe [Zgbc
g_jlby \ha”~_ckl\by ~“he " gZ J[ulv ;:_Lilﬁ“}é

1 2 5

"hklZlhqgYeey Th]lh qglNojahZggu ) B2 5

mAZjhf dhe [Zgby Ahklbleb ]jzgbp e &= (4)

h[eZklb ij_"klZ\eyxs_c > :

bgnhjfZpbhgguc bgl j_k Lh v Vo

bklhggbd \ha[m ~_gby “he g h[ qb +fhA Xalz

] g_jzZpbx dhe _[Zgbc o0Zjzdl_j a b bﬁ 2= meb Xglz b
\_IThqd_ gZ[ex~ gby ihke_ ”h glu ImzZkkhgz khhI\_TkI\_

m~ZjgbdZ b j_ewkh\hc klZek
20



~ oo~ 2 A

AAE™ ™. o AAAQ (L8 2OR ISSN 1609-1817 The Bulletin of KazATC
‘EOODPEI ™AE{iTs), R020 www.kazatk.kz 2020, Vol. 113, No. 2

jZ"bmk dhglzZzdlghc ih\_joghklgbgqmMZjglm&ZqZevgZy Zfieblm~Zz
kbkl_fy tebg_cgZy kdhjhklv myAgf¢gycrhe gz [ulv 1Zdhc qlh
F +£ijb\_~_ggZy fZkkZ khm~"Zjyixsbm¥ygghc gm\kli\bl_evghklb ij

l_e jZ\gZy \b[jh~ZlgbdZ [ueh \hafh gh
) ijh\_~ gb_ dzq_kI\_gghlh ki_dlI
Fooa (5 ZgZebaz j_]bkljbjm_fuo hideb
mo mAZjgh_ \ha~(gkhop_ GZqZevgZ)
1" m b m, =+ fZkku Zzfieblm”~Z dhe_[Zgbc dhgkljmdp
khhI\_1kI\_ggh m~Zjgbdz b dhgRljmiheobg_gby _c Fbfimevikz
" e_agh”hjh gh]h imlb hij_~ _eylvky
<h\lhjuo wg_jlby \g_rg_1h
\ha” _ckl\by gZ dhgkljmdpbx imlb "he‘gZL (6)
[ulv ijb \u[jZgghc hilbfZevghc 2 &fy

"ebl _evghklb m~Zjgh]h 2bfimevkZ o
ke ~M\Zl evgh ijb \u[jZgguo izjzflifde tAZkIhIZ i_j\hc balblg
m~rZjghc  kbkl_fu "hklzlhgdheu ~rey _e_agh”hjh gh]h i
\ha[m *_gby \ dhgkljmdpbb km[kiry_gmuo
bal]b[guo dhe_[Zgbc gZ hkgh\ghc fh”"_

Ztijb "ebl_evghklb m~Zjgh]h bfimevkZ [hevijbhhibd#Zeengdicc fetbl_evghklb
m~rZjgh]lh bfimevkZz

JbkmghdAzZz\dWwkbfhklv gZklhlgh]h ki_dljZ \ha”_ckl\by hl *“ebl_evghklb
Figure 4 - Dependence of the frequency spectrum of the impact on the duration of the shock pulse

Ztijb "ebl_evghklb m~Zjgh]h bfimevkzZ [hevijbhhibdfZeengdicc fetbl_evghklb
m~Zjghlh bfimekikZlj m~Zjghlh \ha”_ckl\by gEhlkI_douc ki_dlj kbkl_fu
3 tki_dlj hldebdZ kbkl_fu gZ m~Zjgh_ \ha”_ckl\b_

Jbkmghd&Azwkbfhklv ki_dljZz hldebdzZ kbkl_fu hl gZklhlguo ozZjzdl_j
Figure 5 - Dependence of the response spectrum of the system on the frequency characteristics of the
impact
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LZdbf h[jZahf fh gh \[ kvfgby ijb ijh_dlbjh\Zgbb gh\h]h b
ijhklh \u[bjZIlv hilbfZevgu_ "bjZidhaghkgumdpbb kms_kl\mxs_]h imlk
baf_g_gby izjzf_Ijh\ m~Zjghcljikdpkllu fu hilbfZevgu_ dhgkljmdlib\gu _

ijb L ijh_dlbjh\zgbb j_fegby \ k\hx hqg_j_"~v ijb\_"ml ¢
\b[jh*"bZ]ghklbdb dhgdjp\lghbog gbx kjhdZz wdkiemZIZpbb
dhgkljmdpbb imlb beb 7~ey \lmaffhgghkdl x azljzl ih | dms_fm
dhjj_dlbjh\db wlbo iZjZEhNh\Zgbx imlb m\_ebqg_gbx kdhjhk
g_ihkj_"kI\_ggh gZ h[t_dl_ bkKéb™hdBgby ih~\b gh]h khklz\z

<g_"j_gb_ ij_"ez]zZ_fhc fihhdrh dtb x mjh\gy [ ahiZkghklb
\b[jh*bZ]ghklbdb iha\hebl ijbgbfa@gh~hjh gh]lh imlb \ p_ehf
gZb[he__ hilbfZevgu_ dhgkljmdlb\gu_
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HP?GD: B N:DLHJU <EBYGBY <HA>?CKL<BY J?AHG:GKGUO
Q:KLHL G: J:AEBQGU? DHGKLJMDPBB @?E?AGH>HIJH@GH=H |
cof_Ih\Z 1Z1Zf Lmj]Zgdh\gg Zkkhpbbjh\Zgguc ijhn_kkhj DZaZo

ljZgkihjlZz b dhffmgbdZpbc bf F LugurizZz_ \Z ]patenfi@l@mdizaZoklZg
D\Zrgbg FboZbe Ydh\d \bgpgy Zkkhpbbjh\Zgguc ijhn_kkhj DZaZzZ
ljZgkihjlz b dhffmgbdZpbc bf F LuguriZz_\Z ][mkedshhin@keZatkZlkak!|Zg
;blbe_mh\Z Amojz Dzd |khp\gZkkhpbbjh\Zgguc ijhn_kkhj DZaZ
ljZgkihjlZz b dhffmgbdZpbc bf F LuguriZ_ \Z ]zuhed Zddesdvra@imaik iz g
KZj[Z_\ Km]bjZeb RZdbthhNmg ijhn_kkhj DZaZokdzZy zZdz”™_fby
dhffmgbdZpbc bf F LugurizZz_\Z ] :e sddwalifaadv@ighrad.com

$K?IJE?J>1 ;: :EEM @$G? N:DLHJE:J
$J L JE1 KBI:LL:F:E:J : J?AHG:G>U L:E:IL:J @HE

:of _Ih\Z 1Z1Zf Lmj]l]Zgluad ~hp_gl F Lugur[Z_\ Zlug”"Z u ZaZ
dhffmgbdZpbyeZzZj ZzdZ&Y¥ZinykZaZ kdAM67@mail.ru.

D\Zrgbg FboZbe Ydh\é _\dbdg ~hp_g! F Lugur[Z_\ Zlug”"Z u ZaZz
dhffmgbdZpbyeZzZj Zzdz”_fbyku :efiddvashnih @Raratk ky

;blee_mh\Z Amojz DzZI® _kih\gzhp _gl F Lugur[Z_\ Zlug”®"Z u ZaZz
dhffmgbdZpbyezZj Zzdz”_fbyku :etdhra kades@nk@agil.ru.

KZj[Z_\ Km]bjZeb RZdWHjhYbq *hp_gl F Lugur[Z_\ Zlug™"Z u ZaZz
dhffmgbdZpbyezZj Zzdz” _fbyku :es$ddualisalzaév®@bmail.com

 NZliZ FZ ZezZ™Z | _j[_e*kle "bZ]ghklbdZeZm %"eke kbiZllZe Zg
f%k_e_e_jre r_rm]_ f fdeg”ed [_j_leg ki_dljeed 1Ze”*Zm d'jk_Ilee]_g
%ijl jes jueuf”rZjugu j_ahgZgklu "beeedl _je f g " _fin_jeed ZK
a_jll _e _leg “he jueufug”™rZ j_ahgZgklu [ueuklZj iZc”Z [heZlug U
‘uenrZfru ug [he Zm

L ceg”™e k'a™sjece “bZ]ghklbdZku Kki_dljeed IZe®*Zm |j_ahgZgklu
jueufrzjru N _fin_jeed Zkb_Il_juerZzd Zewk

The Bulletin of Kazakh Academy of Transport and Communications named after mshpayev
ISSN 1609-1817. Vol. 113, No.2 (2020), pp.23-30

DEVELOPMENT OF MEANS OF DIAGNOSTICS OF WAYS AND STRUCTURES

Patam Turganovna Akhmetova, associate professor, Kazakh academy of Transport and
Communications named after M. Tynyshpayeva, Almaty, Kazakhstan, patam67@mail.ru

Kapenov Bakhtiyar Temerbekovich, associate professor, Kazakh Academy of Transport and
Communications named after M. Tynyshpayeva, Almaty, Kazakhstan, madiiskakov69@mail.ru .

Bitileuova Zuhra Kadesovnag associate professor, Kazakh Academy of Transport and
Communications named after M. Tynyshpayeva, Almaty, Kazakhstan, zuhra_kadesovha@mail.ru.

Yusupova Ayakoz Eseevnalecturer of the Kazakh Academy of Transport and Communications
named after M.Tynyshpaeva, Almaty, Kazakhstan, ayakozuss@mail.ru

Abstract. The article discusses the means of measuring the geometric parameteisatti toed
diagnostics of the subgrade and engineering structures. An important conclusion was drévenuba
of complex means of monitoring the geometry of the track and assessing its condition for the appointmen
of scheduled and unplanned work, establishing acceptable speeds allows yochtdosavitew system of
track management.

In the context of a constant increase in the volume and intensity of traffic, the role of effective use
of modern means of diagnostics of the track and its elements to ensure theoGafaiy traffic is
significantly increasing.

Intensive equipping of Railways with modern track equipment has allowed 60-70tf4ckf
works to be performed with modern technical complexes that meet the highest requirdinisninakes
it possible to switch to a new system of track management: from extensive technalbitbsyere
characterized by a short time of repair and interruption of train tnaffic a significant expenditure of
resources, to resource-saving technologies used throughout the world, increase-teeair time, track
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stability, and move to the purpose of repairs based on the actual state of the track améits el his is
confirmed by the stability and improvement of operational indicators of the track condition.
Keywords: KVL-P1M, KVL-P1MP, TsNII-4 track measuring cars, flaw detection

M>D

| L :of IM\Z, L DhitgW\D ;bl_ e mhAZXkmith\Z
IDzaZokdZy Zdz~ fby ljzgkihjlz bf djffm ¢bigZpidc \2fZIDZaZoklZg

J:A<BLB? KJ?>KL< >B:=GHKLBDB IMLB B KHHIM@?GBC

:gghlZpby klZlyZkkfhlj_gu kj_~kI\Z baf_j_gby ]_hf_ljbgq_kdbo iZj
imlb bbzZ]ghklbdb a_feygh]lh ihehlgZz b bg _g.lheuog kdhjzm guxhc
\u\h” h Ihf qglh ijbf_g_gb_ keh ' guo kj_"kI\ dhgljhey ]J_hf_Ijbb imlk
khklhygby ey gZagZq_gby ieZgh\uo b g_ieZgh\uo jZ[hl mklZgh!
kdhjhkl_c ~\b _gby 7~Z_| \hafh ghklv i_j_clb d gh\hc kbkl_f_ \_~
ohayckl\z

Dexg_\u_ kehmZa _baf _jbl _evgu_ \Z]h§u D<E FI P GB-B,

AN n_dlhkdhiby

< mkeh\byo ihklhygglbhlh b hp_gdb _]Jh khklhygby "¢
gZjZsb\zZgby h[t_fh\ b bgl_gkbaglZlgbgby ieZgh\uo b g_ieZgh\uo |z
i_j_\hahd jhev wnn_dlb\gh]h ifgbklZgghdley gby Ahimklbfuo kdhjhkl_
kh\j f gguo kj_"~kI\ “"bZ]ghklb#ibtbingbyb y\eyxlky iml_baf_jbl_evgu
_h we f _glh\ nNey h[ _kiNZdhgbyPIkE D<HE FI k kbkl _fhc
[ ahiZkghklb "\b® _gby Mmlkfbabjh\Zgghc h[jZ[hldb ~Zggu
kms_ kI\ _ggh \hajzklz | dhgljhey ;:K <Z]lhgluFD<E-

Bgl _gkb\gh_ hkgZs _gb_ lThegsgluodhgljhev b hp_gdm \ [Zee
Ahjh] kh\j_f gghc iml_\hc Irbgbgdhcj_evkh\hc dhe_b \azZbfgh]l
ihal\hebeh \uihegylv \ gZklhysheh\jdftyy j _evkh\uo gbl_c ih \ukhl

60- iml_\uo jZ[hl kh\j_f gagufblgx klj_e ba]b[Z dZ ~“hc j_evkh)\
| _ogbqg_kdbfb dhfie_dkzZihb \ ]JhjbahglZevghc b \_jlbdZevg
khhi\_IklI\mxsbfb kZfuf \ukédbdhklyo

l[j_ [h\Zgbyf Wilh ~Z | \hafh 'ghkéy bkihevah\Zgby \ dzZqg_klI\_

i_j_clb d gh\hc kbkl_f_\_~ ghbky limudhljiml_h[ke_"~h\Zl_evkdbo klZg
ohayckl\Z hl wdkl_gkb\guo |Zaghl[dHFmph b gZqZlh balhlh\e_g
"ey dhlhjuo [ueh oZjzdl_ jguf\dhhlgldwl baf jbl e ¢ k-Jbkk D<E

\j fy j_fhglz b i_j ju\Zz ~"\Hhegby \ukhdbfb | _ogbqg_kdbfb b
ih_a”h\ kh agZqgbl_evguf yAkobemiZflZpbhggufb o0ZjZdl _jbklbdz
j_kmjkh\ d ijbf_ gy fuf \h \kb&affhjgb f ~hihegbl_evguo iZjzf_Iljh

j_kmjkhk[_j_]1Zxsbf | _oghelinhpoytfc ijb\yadb dhhjrbgzl
m\_ebqgblv f_"j_fhglgu_ \lhjdglibh[jZagh]h baghkZ kludh\uo aZza
klZ[bevghklv imlb i _j clb d dZ&g4{4lngjux) evkh\
j_fhglh\ ih nzZdlbg_kdhfm khklhygbxyzZklhys  \j _fy hkgh\guf
imlb b _]1h we_f_glh\ WIh ih*"R|_j*kRRAhlfky dhgljhey ] _hf_ljbg_kdbo
klZ[bevghklvx b memaiZjgh_Kjh\ khklhygby j _evkh\hc dhe_
wdkiemZlZpbhgguo ihdZaZl_eytexhlkhyigbly baf_jbl_ev kbkl_fu PGB
imlb ljbgpbi jZ[hlu PGBIBgh\Zg gZ
Kj_~klI\Z baf j gbyoZgbqg_kdhf kihkh[_ baf_j_gbc
]_hf_ljbg_kdbo iZjZf_ljh\ imglghc h[jZ[hld_ j_amevlZlh\

Hkgh\guf kj_~kI\hf dhgljhey JithémiglZzb fuo gZ [mfZ ghc e_gl_ AZ |
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mklZgh\db [hjlh\hc zZ\IhfZlbakpiKhyglhd imlib ba [Zau “Zgguo
kbkl_fu K "ey j_]bkljZzphb BD i _j_ghkylky \ dhfivx
jZkrbnjh\db j_amevlZlh\ baf_j  pk¢ZdpbE imlb IhemqgzZx|l ~\Z ~h
ijh\_~ gz fh™_jgbazZpby ®MGBMRfZ gmx e _glm k j_ame\
gh\h]lh ihdhe_gby iml_baf_ bl ZayhPZAGBIBB kdhc jZkrbnjh\db iml
4 -\ hlebgb_ hl -PGHBBmIklI\mxlZ[ehgm b mjh\gx b gZg_k_
dhglzdlibjmxsb_  k j_evkhf webkijgluwghklyfb imlb \uy\e ¢
baf _jbl _evghc kbkl_ fu \bfarkihevgh b \_~hfhklv jZkrb
f_ozZzgbqgq_kdbo ~Zlgbdh\ b kikrekldmgbkyimlb

hilbq_kdb_ WIlh iha\hey_| bkdekjghlki\Zz ~bzZ]ghklbdb a_fey
hrb[db -bE bg_jpbhgghkéhlgZ b bg g _jguo khhjm ™ _gb
f oZgbg_kdbo ~Zlgbdh\ b m\_db'gpblv  ba ]leZ\guo mkel
jZ[hgmx kdhjhklv iml_baf _jbl [emhidZaghc jZ[hduagh”hjh gh]h
df g Djhf_ Ih]jh - PGBBm~ h\Zignlb \ p_ehf yl\ey |ky gz~ _
[j_fy [hjlh\ufb W<F h[t_“bg_oggufbydh]h ihehlgz lhy\e
ehdZevgmx k_Iv qlh iha\heygl bihigZighlkd ¢ ijhbkoh”~bl qZs_
bgnhjfZpbx h khklhygbb imlb bgaZevpghkimlkli\by \ g f beb \
fzkrlz[_ \j_f _gb b pbnjh\hf \b*kgh\Zgbb jZamiehlg_gguo ahg

NmgdpbhgZevgh_ gZagZdbgmhgZo \hagbdzxI|l ~_,nhjfZp
\Z]lhgh\ iml_baf_jbl_e_c-4PGBB\hx hqg_,j_ifw\h~bd jZkkljhcklI\Zf
hij_~_e_gb_ mkljhckl\Z imlb \ kogdih b kljh_gby imlb ljb

iZkihjlbazpby djb\uo mqZkldhy\eingby jZamiehlg _gguo a
ijh~hevgh]h ijhnbey hp_gdZ jEhkbogboy qZklyo a_feygh]h
ih ]_hf_ljbb b _]h klZ[bevgkkybZgd k ]_heh]bqg_kdbfb ijh
wdkiemZlZpbb hp_gdZ wnn_ighb\gtZkidbfb \ hdjm Zxs_c¢ Kkj
dzq_kI\Z j _fhglguo jZ[hl Ih“\b " ghc khklZ\ mkbeb\z | ~_

Iml_baf_jbl_e f-PGBRI_ kwlbo ijhp_kkh\ ih\urZy bgl_ gkt
baf j gb_f ] hf_ Ijbg_kdbo iAj4dEZalhhXgby hklZlhgguo "~ _nhjf.
imlb j_Zebah\Zgu baf_j _gbwe_ fijyyNZo a_feygh]lh ihehlgZ b

"hihegbl _evguo 1ZjZf_1jh\ kI jda gorbkb >ey ij_"mij_""_
j_evkh\ baf_j_gb_ kludh\uo qaZekhjE\ghkl_c b k\h_\j_f _ggh
| _fi_jZImju \ klIzZz~"bb jzZajZ[hkdjZgbgby kha”Zx
bkiulzgbe |_e_\babhggZy Zkbkhlb\h”_nhjfZpbhggu_ dhgkljn
dhgljhey khklhygby we_f_glhhhKeja'dgl\|lhyfb ijh_dlbjh\Zq

kljh_gby imlb  baf_j _gby dphykbjeydpbc [_a ~hklZlhqgh]h
Jheh\db j_evkh\ ]Z[Zjblh\ ijble&” ghlyby ] heh]bg _kdbo ijhp

kljh _gbc b 7j hit _dl fh 1 klzZzlv bo g_"hklZz

JZ[hgbf kj_~kI\hf hi_jZls\ghm]lIib\ghklv b 7~Z°_ jZa\blb_
dhgljhey khklhygby imlb ~he®gZhjkZplwvc LZdbf h[jZe
jmggZy iml_baf_jbl_evgZy | _eqg _tXobghbhihklv hp_gdb \el

ihdhe _gby IbiZFIb k we_dljhgpudieh]bg_kdbo ijhp_kkh\ gZ mkl
[ehdhf iZfylb Hgz \ ZzZ\IhfZlbijrkdhgdby hq_\b~gZz

j_"bf_ ijhba\h”bl baf_j_gb_ b azZillew \\uy\e_gby hkgh\guo ijl
[Zam ~Zgguo jZkrbnjh\dm ikbkhhygby d ~ nhjfZpbyf a_fe
j_evkh\hc dhe_b ih rZ[ehgm bhmhhdgx 2Z»_ h[oh”bfh ijh\h”"blv

1Zd*_ j_]bkljbjm_lI g _bkijZbgHghkIbjh\zgb_ j_ameviZlu
we f_glh\ \_jog_]h kljegbZl hkgh\hc “~ey ijh_dIbjl
h[gZjm  _ggu_ [jb]Z~bjhfbeémiwnn_dib\guo ijhlb\h”A _nhjfZpbt
Ahjhiguf  fZkl_jhf \bamZetgjhijblylbc < gZklhys _ \j_fy

ijb\yadhc d f_kim dZ ~hc g_bKkigzyghklbjh\Zgbb bkihevamxl bg
lh hdhgqZgbb ijh\_jdb ~Zhgueh]blg_kdb_ ] _hnbabg_kdb_
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ki_pbzevgu_ f_Ih”u b | _obbg”~rkeébgbx ~ _nhjfZlb\ghkib b mklh
kj_"~klI\z gb\hklb a_feygh]lh ihehlgZ b \u”Zc

Kj_"~kI\Z ~bz]ghklbdb a jfehhghptrzZpbc ih bo h[_ki_q_gbx
ihehlgz b bg g _jguo khhjm ™ _BBEhjZlhjby bg- g _jgh
\dexqzx!l \ k_[y \Z]lhgu -bg’l _dejmlbg_kdh]h h[ke_"~h\Zgby EB=H
] heh]bg_kdh]h hlke_~h\Zgby <Bldl\hey | hkms_kl\eylv \
eZ[hjZlhjbb EB=H beb gZzZlkmhhqggki\bb k h k\hbf hkgh\guf
ih_arZ b ]_hjzZ"Zju gZagZq_gb_f ke_~mxsb_ nmgdpbb

GZagZq_gb_f -aZ[higAdhjbb - \uihegylv K_jlbnbdZpbx
<B=H y\ey Iky kms_kl\mxsbo ~_e_agh”hjh'guo iml_

- bg _g_jphheh]bq_kdh_ hkgh\ghfm A _nhjfZpbhgghfm
hl[ke_~h\Zgb _ khklhygby ehdZ2ggdhlbx _]1h hkmh)\@dyby hkz~d _
ihehlgz "_e_agh”hjh gh]h ih*ighbfbjh\Zgghamaahc

jZaebqgguo Ibih\ jZkiheh  _ggh]h\ulhegylv ijb_fhggu_ bkiulZgby
jZaebqgguo ijbeMgfzIbg_kdboghbuo ebgbc \ |Ihf gbke_ kdhjhklgtu
bg ggh] _heh]l]bq _kdbo mkeh\bya]bkljZze ¢ b ki_pbZevguo fZjrjmlh\
- hi_jzZlb\gh_ hij_"*_e_gb_ nbabdhuihegylv bkiulZgby gh\uo
f oZgbg_kdbo iZjZf_1jh\ dhigkljmdpbc imlb 7~ey hij_"~ e _gby
bkke_"m_fuo ]jmglh\ wdkiempdiAgguo dZg_kI\ b ijbgylby
- fZzl_fZlbq_kdZy h[jzjhldgby h[ bkihevah\Zgbb
j_amevlZlh\ \uiheg_gguo bkke_"h\Egms _kl\eylv \u[hj b hljZ[hldm

hi_jZlb\gh_ \uiheg_gb_ jZkdg_Ih¥h\ih b | _ogbq_kdbo kj_"~KIN
hij_~ e gbx mklhcqgb\hklb bbg kmshlheh]bg_kdh]h h[ke_~h\Zgby
kihkh[ghklb a_feyghl]h id efrehyggzh 1 h ihehlgZz " e_agh”™hjh gh]

jZajZ[hldZ j_dhf_g”~Zpbc ih imkbe_gbx

ihehlgZ \' | _o kemqgZyo dh]*"Z wlh beymhlkya” e gbc kem [u imlb

k bkihevah\Zgb_f W<FP_glpz ~bZ]lghklbdb gZ]jmahqgguc ih.

khhi\_Ikl\mxs_]h ijh]ljzfigB¥mH KF ~he _g [ulv bkihevah\zZg \

h[_ki_qgq_gby hkgh\ghf ~ey j _ZebaZpbb ke_"mxs
Hkgh\gufb nmgdpbyfb xBgdpbc

yleyxlky - \uy\e _gb_ b khklz\e _gb_ i_j_qg
- \uiheg_gb _ ] _h” _abmgkdkddh)\ imlb gm "Zxsboky \

baf_j_gbc gZ h[ke_"m_fhf mqgzkldhygdhf gZ[ex”_gbb beb mkbe_g
- [mj_gb_  kd\Z bg jZaehgfeyghlh ihehlgz

gZdhg_qgbdzfb gZ J]Jem[bgm ~h - HpkgdZ dzZq_klI\Z \uiheg_gby
hi[hjhf b [_a hl[hjz d_jgh\ VY_e¢kijbylbc ih mkbe_gbx a_feyghl]h
]JimglZo ihehlgz b-tdZzdbguo j_fhglh\ imlb

- eZ[hjZlhjguc ZgZeba h[jZaph\ "\b 'gZy eZ[hjZlhjby bg _g_j
]limglZ b d_jgh\ ihemqg_gguo ijgh][nhjehlblgy _kdh]h h[ke_ _~h\Zgby EB=

- we _dljh*"bgZfbqg kdd& ggZy gZ]jmahqguf Z]j- ]ZIhf GKF
ahg”bjh\zZgb_ \-iebgbghuo d_jgZo b baf_jbl-ewglthkebl evguf
gZdhg_qgbdZfb ff gZ Jlem[bgdhfik dKhf iheh™ _gb_

- k_ckfbg_kdh_ ~bZ]ghklbjh\Zlgjidbjmxsboky mqgZkldh\ fh™ |
ex[uo ]jmglZo gZ Ij_[m_fmx ]Jemijbgdmeylv ih hkpbeeh]jzZffZf mijm]b

- jZ"bhehdzZpbhggh_ ahgMikhr*hdb_ihemqgzZ_fuo ih_a”Zfb EB=H
ih~"riZzevghlh hkgh\Zgby b gHEldimkl\hc b Ik hkv Mijm]b_ hkZ
gZkui_c hij-~ _eyxlky khklhygb f Kkdj_ie_gbc

- fzl_fZlbqg_kdZy hljZ[[héd@Zklgh]h kehy Z 1Zd _ ih"[ZeeZk
j_amevlZlh\ bg-1 dhglghbq_kdpmglh\hc kj_~u LZdhc mqgZklhd 1Zd" _
h[ke_"h\Zgbc b helgfoh”*bfh h[ke_"h\Zlv
ijhl]ghabjmxsbo jZkq _Ih\ ih
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| _jki_dlb\_g "ey wlbo p_eijb\h"th¥ g_ihkj_~kl\_gguc \bam
] _hjz*"bhehdZpbhgghc b Algdlkhledb kljmdImju gZkuib gZ
dhlhjuc ihalhey | ihemqgblv jZ4Eph)liZifZzmW<F b h[_ki_qb\zZ _ | a:
g_ij_julgh]h ijh~hevgh]h iphEbegb_ bgnhjfZpbb k ihke 7
[ZeeZklgh]h kehy b ihr"[2eézZkhdheZz p\_Ilgmx bEbewpxjdgh
]imglh\hc kj_"u Hg hkgh9Zdv oMe dljhiblZzgb_ hkms_kl\e
bkihevah\Zgbb ] _hjz~zZjh\ bfkmlbvkgjh]th ggh]h IhdZgg¥ijy <
Ibiz k dhfie_dkhf kf_gguo Zgébdb Ijbl Z\lhghfgh]h bklhg
baemq_gbb i_j "Zxs_c Zgl_gghckihhjhddblo I1hdzZz gZijy _gby <
hi A h gk we_dljhfZ]gblgdjo "kI\Z ~ n_dlhk&hilhgy
bfimevkh\ ijhgbdZxsbo \ [ZeegZRlgailk §h k_[_ ij_~klZ\blv gb
]Jimglh\mx kjb~wujb_f hljZ" _ggue_agmx ~“hjh]lm [_a kh\j_f _gguct
kblJ]gZeh\ hl ]jZgbp bo jZza”_eg elskhXxbbo”_n_dlhkdhibb Z mir
jZaebggu_ we_dljhnbabqg_kdbdzZgk\kldkI\Zjh\_jdb j_evkh\ kjz
ijb_fgzy Zgl _ggZz nhjfbljjd " Zxlky gZ [_ahizZzkghklb 7\
jZ™"Zjh]jzffu ih dhlhjuf \ j_airhewal\ IThwlhfm h”gZ ba hkgh\¢
dhfivxl_jghc h[jzZ[hldb fh gh hmpdgbi¢bl e ¢ iml_\h]h -ohayc
khklhygb bkke_ _"m_fhc kj_~u h[_ki_gblv gZ®_"gmx jZ[hlm \k_c
D gZklhys_fm \j_f_gb jZajZ[mhlddghukdhibb
b kharzZxlky g_kdhevdh fh”_e_c ]_KjZ"K|jh4 A n_dlhkdRibb
©=RQG? GIH ©Jz~zj® E2AIZby_crbc [ehd kj_~kI\ "bAkghkl]
©=jhl2 BAFBJ:G ©Ehaz?® <GBHEKjRE ijboh”"blky agZqgbl_evgZ
©HDH?2 b 7] jZkoh”~h\ b ljim~h\uo az
Kh\ _jr_gkl\h\Zgb _ b jZa\bhikj ~KkI\_ggh \ebyxg¥o
]_hjz"bhehdzZpbhgghc “bzZ]ghklb#dbzkighllblv ~\b"~_gby ih_a”h\
k\yaZzgh k g_h[oh”bfhklvx ihV\borlkgivy gqlh aZ ihke Jhg\Z_ "ey
ijhba\h~bl_evghkilbbZ]ghklbg_kdhpmgbqg_kdh]h i_j _hkgZs
dhfie_dkz -jEedE f_Ih*"bdb whbhkiemzZlZpbhggh]h iZjdz
ijhljzffguo kj_"~kI\ 7~ey gZ”™ _nghddhkdhibb [ueb jZajZ[hlZgu
bgl_jij_lZpbb j_amevlizZlh\ ]_hjighBpdboklI\_ b mki_rgh \g_"j_gt
baf_j_gbc \ kdhjhklghf hljBapu kt_fguo b fh[bevguo |_
fhgblhjbg]Z "_e_agh”hjh gh]h kchblm kKj_~kI\ A n_dlhkdhibb
= hjz"Zj ©ljhnbév - bkihevah\zgb_f i_j_~h\uo |_ogh
ijbgpbibZevgh gh\uc Ibi mkljhtttkkdj&ijhepy kkhjghc | ogbdb
digljhey b "bZ]ghklbdb khtkdhygkyw  ~_n_dlhkdhih\ k_jbb
[ZeeZklgh]h kehy b a_feygh]h\bidhedplgBEal\hey | \uyleylv \hk_f\

ij_"gZagZg_g "ey \uo Ibihjzaf_jh\ ~_n_dlh\ dhlhju

- hp_gdb khklhygby [ZegZkhdbgkEjm b\Zebkv ~ ckl\mxshbf
kehy b a_feygh]lh ihehlgZz azZlyyafgupghkIv_n_dlhkdhih\ G-
IlhesbgZ dhgnb]mjZpby hkgZs _gb_ ~hjh] wlbfb » n_dlhk

- h[gZjm  _gby g_h~rghjhmghkldokI\Zfb kiehrghc j _1bklj
kljmdImju b kdjuluo ~_n_dlh\bygnhpmglpbb ey dhfie_dk
liva_\u_ ebgau imklhlu b#izredomggbh\Zgby b h[jZ[hldDb 4
h[\h~"g _gguo keh_ \ f IZeebqg_ Kkdigljlhepgukt fgufb b fhlbevg
\dexq_gby b | i kj_~kI\Zfb

- hlh[jZ  _gby ]jZgbp jZaebqguo khhl\ _Ikl\bb k ijbgyl
keh_\ \ kljmdImj_ gZkuib \ dihnigpgbké_c jZa\blby Kj_
gZebgby aZphdghebl evgh]h kehy dahkdhibb j_evkh\ hki
i_ghihebklbjhez iheh  _gb_ dhlhjha_j_oh?” hi

= _hjz~zj ©ljhnbév f_oZgbabjh\Zggh]h d dhfie

mklZzgz\eb\Z |ky gZ |_e_"dm D IhhANbalyjH\Zgghfm dhgljhex
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jZkq_Ihf i_jbhAbgghZdbgihkahfm n_dlihkdhih\ Z 1zZd _ dhgljhev jZ[h
khklhygbx j_evkh\ \ azZ\bkbhikjBIhpd\ ~_n_dlhkdhih\

mkeh\bc bo wdkiemZzZIZpbb [ueb khWandgdlt\ghklv A n_dlhkdhih\
\g_"jyxlky gZ " _e_aguo Jhkh]zZoébdhg agZqbl_evgh \ur_ q_f
kh\f_s _ggu_ A n_dlhkdhigudkidhih\ IhbkdhbkdwW

Z\Ihfhljbku Bo rbjhdh_ ihwlZigh_Qlhh ~_ dZkzZ _Iky \IThjbggh]h
hi" e gbyf beb gzZijz\e _gbyf dlggliheybj evkh\ Ih \ gzZklhys _ \j_fy
ihal\hebl agzZqbl_evgh khxdjZigply ~ha&zZ” ckl\h\Zgu ithjlZlb\gu _

jmggh]lh dhgljhey j_evkh\ bmekdpad\imdhl\u_ ~_n_dlhkdhbu ©J_evk
wdkiemZlZpbhggu_ jZkoh”u gZd>xHh"_ jhihdpbZxEb_ bgnhjfZpbx gZ
kj_~kI\ ~_n_dlhkdhibb Kha”*zZwydjZdgj\u_\b”_ jzZza\_jldb Ibiz : Ijb 1zZd
k _jbcgu_ h[jZapu kh\f_s gguonHRiglhgh\ij _~klZ\e gby fZl _jbZeZz
A n_dlhkdhih\ gZ [Za_ ipddibgh kdb g_| \hafh ghklb khihklZ\b
mevljZa\mdh\h]h \ZlhgZ j_amexlZlu \lhjbggh]h dhgljhey k blh]
gzZfz]lgbqgb\zZxs_c¢c kbkl_fhc ddehhklyph b kdhjhklgh]l]h wlh \ jy~*
dhe_kguo i1 Z] oh”h\hc | ekedimz R fh™ | hljbpZl_evgh kdzZau\Zl
dhfivxl_jbabjh\zZgguf j_Jbkljbjokhfklh\_jgjhRibdb
dhfie_dkhf b \Z]hgu kh ki_pbZewvghc ] g9Z Fhkdh\kdhc ~hjh]_
A n_dlhkdhi ghc I _e_"dhc ijhr_e ijb_fhqgu_ bkiulZzgby

> n_dlhkdhiuv JbF:\bd@lg mevljZa\mdh\hc *_n_dlhkdhi ©:\bdl
ijbgpbibzZevgh hlebqzxlky J2 hM>K jZajZ[hlZgguc H:H
AN n_dlhkdhih\ -1hbkdhbkd W ©JZ”"bhZ\bhgbdz? Hg ij_"gZagZq_
gh\ufb ko_fzZfb ijha\mqgb\Zgby\lIhjegghih dhgljhey hl*_evguo k_q_c
Hgb kh~_j ZI khhI\_IklI\_ggh jhewvkklvibke ijhoh~Z fh[bevguo kj_"k
N kylv g_aZ\bkbfuo dzZgzZeh\ yz2zdlZz ™eay dhgljhey we_dljhdhglzZdlg
gblv imlb b higZx ~ n_dlZexfbghl jfblguo k\Zjguo kludh\
g_\uihegy_fu_ ~_n_dlhkdhRzfh __Ehikid

b IThbkdW 1zZdb_ dzd >7Zgguc Ijb[hj

- kbevgh jZal\blu_ ihi_jijggpbibzZevg_crbf h[jZahf hlebqzZ_Ilk
lj_ sbgu k a_jdZevghc ih\_joghkbwkihé&vam fuo \ gZklhys  \j fy
]Jheh\d_ j_evkZ dh”u ~_n_dlh\imlb\hf ohayckl\_ AN n_dlhkdhih\

- lj_sbgu hl [helh\uo hI\_\likljbaggh]h dhgljheyj\ueh \ g_f
0Z jZgg_c klZ~"bb bo jZa\blby jdE®bah\Zgu [Zdb_ nhjfu ij_"klZ\e_g

- ijh"hevgu _ ]JhjbahglZeygjfZpbb dzd jzZa\_jldb Ibih\ : b s
l[j_sbgu _keb hgb \ k\h_f jZa&a\bdqbb g _nhjfbjh\ZgbjZa\<jldb
"hklb]eb hkb j _evkzZz dh”u =ij_"Mmkfhlj_gh dzd k az~zZgb_f \j_f_

- ijh~hevgu_ ]hjbahglZlkdgab\hgby 1Zd b k bkihevah\Zgb _
l[j_sbgu jZkiheh™ _ggu_ ihk~"ZldébdZ imlb jzZkiheh _gghf gZ rlZg]
\ukhlu j_evkz dh~ kdzg_j_ Wlh ihal\hey | hkms_kl\e

- dhjjhabhggu__ ihi_j_igguyyadm kb]J]gZeh\ hi N n_dlz (
[j_sbgu \ ih*hr\_ j _evkzZ dh” dhhjr*bgzIl_ i_j_f_s _gby IWI b 1Zdbf

Djhf_ Ih]l]h hgb mdhfie_Hd[pXZpb azZibku\zlv \ j_ "bf_j _Zevgh]
j_]bkljZlhjzfb bgnhjfZpbb \j f*eyp j amevlZlu dhgljhey g_kdhev

N n_dlhkdhiZ dpFbkljzlhj 3K>_kyldh\ f_Ijh\ j_evkh\h]h imlb \ \b"_
L nNey N n_dlhkdhiz01 :\bdhga\_jldb q_]h jZg__ gh”"agtefth gb \

j_1bkljZIhj -JB J _]bkljZlhju evkh\hf ~ n_dlhkdhi_ dzZd \ kt_fgl
aZibku\zxl ijbgylmx bgnhjfZiphdk b b ihjlZlb\ghf

i_j_"zZxl __ "ey ZgZebaZ b o0jZgDgby _h_dlhkdhim -©Jbdhg
i_jkhgZevguc dhfivx|l_]j jZajlh[hlZzgh 1Zzd"_ ki_pbZevgh_ mkljhc

h[_ki_qb\z_1 [he__ ~hklh\_jgukd@igdpljihegby KILKj_"gZagZq_ggh_
j_evkh\ ijh\_jdm ijZz\bevghklb*eXkbhgkdbey Zexfbghl_jfblguo k\Zjgu
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kludh\ j_evkh\ Hgh h]_Kkj_ebkB\IlijhbahfraBd bak\h_\j f gg
kbgojhggh _ i _j_f_ s _gb_ IWH[g4jm™ _gguo ~_n_dlh\ \ ahg k\
dhgljhe_ ih a_jdZevghfm f_Ih*"m iK\ulmZyy g_\hafh gh k
| f kzZfuf gz~ _"ghklv b ~hklh\_fgkHK\Nolv gb h~"gm ~ e _agmx A/l
j_amevlZlh\ h[ke_"~h\Zgby kh\j _f _gguo kKj_"kIN j_evk

LZdbf h[jZahf ©:\bdhdg¢ _n_dlhkdhibb Z mimglkby \

yley Iky ijb[hjhf gh\h]h ihdpre\_gtly j evkh\ kjZam ~_ hljz z

oZjZdl-|bdZz dhlhjh]h iha\heghilzkghklb ~\b"_gby ih_a”h\
rbjhdh bkihevah\Zlv _]h g_ h‘hgZdha\hkgh\guo aZ’\Zq jmdh
iml_\hf ohaycklI\_ gh b \ "jm]bml h\hpZkeymaybhklkd qgblv gZ~_ "gn
ljZgkihjlz jZ[hlm \k_o kj_~kI\ ~_n_dlhkdhib
GZ k_]lh~gyrgbc ~ _gv ijh[e_48\h™ 1jbf_g _gb_ keh guo
ijhba\h”~bl_evgh]h dhgljhey kk\Zkgwdhgljhey ] _hf_Iljbb imlb b
kIudh\ k “hdmf_glbjh\zZgb_f j_gdmawiklilhngby “ey gZagZq_gby

g_j_r_gz < k\yab K rbjhdbf \g rgZgh\do JZ[hl mklZgh\
[ kkludh\h]h , inbld dhebqg_kMmimklibfuo kdhjhkl_c ~\b _gby
" _]h~gh jZkl_I >hey ~_n_dlh\hkfhjghkia i_j clb d gh\hc Kt
h[s_]h dhebqg_kI\Z 1Zd _ m\_&b%bdBylkywl \h]lh ohayckl\Z
Lhevdh \ | _dms_f ]h"m baehfh\
EBL?J:LMJ:
[1] HiulgZy wdkiemzZlzZpby ~ n_dlhkdhkhy @bkdghigpjhf @mjgZe ©Imdv b im
\ha «-

]
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[4] ;hjlh\Zy kbkl_fZ dhgljhey imlb @mjgzZzehImlv b infl_\h_ o
[5] Gh\luc ihjlZlb\guc ~_n_dlhkdhi @mjgZe\@fmkv+ b infl_\h_ o
[6] H]_hjZzr"bhehdZpbhgghc "bZ]ghklbd_ @mjpZed®@imliv ] iml_\h_ o
[71 Gh\u_ fh”_eb ‘YZihHghaf_jbl_e_c @mjgZe ©Ilmh# bci2005h_ [
[8] <b”_hdhgljhev aZ khklhygb_f imlb @mjgdaé &l-mlv § iml_\h_ o
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DzZi_gh\ ;Zolbyj L_f j[_d ed ~hp_gl F Lugur[Z_\ Zlug™®"Z u ZazZ
"%g_ dhffmgbdZpbyezZj Zzdz”~_fbyku meditskakoved&mdilrd g

;blee_mh\Z Amojz DzZI*"_kKh\gZhp_gl F Lugur[Z_\ Zlug"Z u ZaZ d'e-
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Abstract. This article discusses the need to comply with an anti-theft system, which should not
be significantly upset by the effects of temperature deformations of rails. Separaiagbatsd
substantially satisfies this requirement. The fastening resistance is mairaa@redf the rail slipped
relative to the fastening as a result of thermal deformations. With a crutch bevittirenti-theft, even
spring-loaded modern design, the situation is much worse.

Among the most significant advantages of a linkless track comparedhto(@3 m) on wooden
sleepers are: an increase in the service life of all elements of the upptrataiche track by about
20%, which reduces the annual reduced costs to 5%, reducing the cost oattaon to 5%, improving
the operation of rail chains on sections equipped with automatic locking and dispatthalizedon;
less labor costs for maintenance and repair work. Along with the technical and eceffimmitcy, there
are other advantages of a joint-free track: comfort of driving; protect the envirofioramoise.

The joint-free path opens up the possibility of using large quantitieginforced concrete
sleepers produced by the industry, which will save a significant amount of high-quaditly Despite the
severe climatic and operational conditions, the joint-free track has foundadigpiion the Railways of
Kazakhstan.

Keywords: deformation, rail, ballast subsidence, loosening of bolted joints, flaw detector

M>D

| L :of IM\Z L DhiltgW\D ;bl_ e mh\Zz
IDZazZokdZy ZdZ~_fbybljphdkimjbdEfobgh F Lugurig \‘EfZlDZazZoklZg

IMLB IHKUR?GBY WNN?DLB<GHKLB J:;HLU
;?KKLUDH<H=H IMLB

:gghlZpby< wlhc klzZlv_ jzZkkfzZlgp\Z[ollkybfhklv kh[ex"_gby
ijhib\hm]J]hgghc kbkl_fu dhlhjZy g_ "he ' gZ kms_klI\_ggh jZkkljZb\ZI\
| fi_jZImjguo " _nhjfZpbc j _evkh\ LzZd _ jZa”"\ exghgblkdjvgdcgb
kKl _i_gb m~h\e_I\hyylkdm |j_[h\Zgbx Khijhlb\ey_ fhklv kdj_ie_gby khoj
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_keb ~zZ°_ bf_eh f_klh ijhkdZevaulZgb_ j_evkZ hlghkeiNI&Vgh
| fi_jZImjguo ~ _nhjfZpbc Ijb dhkluevghf kdj _ie_gbb k ijhll
ijm bggufb kh\j_f_gghc dhgkljmdpbb ~_eh h[klhbl agZgbl_evgt

Dexg_\u_ keM\zZnhhjfZpbyvk ighkz"dzZ [ZeeZklgh]h kehy h
[helh\uo kh_"~bg_gbc ~_n_dlhkdhi

D gbkem gZb[he__ kmsmki_rgh wdkiemZIlbjm_I|ky Wdkie
ij_bfms_kI\ [_kkludh\h]h irkh”_j"zZgb_ [_kkludh\h]h imlb
kjzZ\g_gbx kh a\_gv_\uf \k_1h gZ iheblhg_ k \ulk
A j_\ygguo riZeZo hlghkylky J]jmahgZijy _gghklvx agZgbl
kjhdZz kem [u \k_o we_f_glhkdhjhklvx “\b"_gby b ih\ur_gghc
kljh _gby imlb ijb[ebabl_evgh gZ]jmadhc ihdZaZeb qglh ba \k_
kgb Z | Th~h\u_ ijb\_~ ggu_ [_kkludh\h]h imlb hkh[h_ \gbfZgt

mf _gvr_gb_ azljzl gZ lylm h[jZsZlv gZ khklhygb_  mjZ\ghb

memqr_gb_ jZ[hlu j_evkh\uijhe Ih\ b dhgp_\uo mqgzZkldh\ j_
mqgZklddbjm~h\Zgguo Z\lh[ehdie_ | ¢ < ahg_ mjZ\gbl_evguo
b "bki_Ilq_jkdhc p_gljZebazZpbijhbkoh”beh bgl_gkb\gh_ jZkkl
[jm~hazljZlu gZ h[kem b\.imlb baghk dhgph\ | evkZ |
j_fhglgu_ jZ[hlu GZjy*m -k [ZeeZklgh]h kehy hkeZ[e_gb_
wdhghfbg_kdhc wnn_dlb\ghkl kh_~bg_gbc b 7] <h fgh]bo
b ~jm]lb_ ij_bfms_kI\Z [_kkie_|_c ihy\bebkv *_n_dlu
imlb dhfnhjlZ[_evghklv _a” :gZeba hldzZah\ j_evkh\ hec
hdjm Zxs_c¢ kj_"~u hl rmfZz luk df \ [_kkludh\hf imlb gZ ]

; _kkludh\hc imlv hld gZijZ\e _gbyo ~_e_aghc “hjh]b i
\hafh ghklv i}eff_ g _gby \ [hevglh mjh\gx gZdhiehgbbghlmgh]h
dhebqg_klI\Zo " e_ah[_lhgguluoh”~Z | _evkh\ rl gZ df
\uimkdZ _fuo ijhfure_gghklv>khhI\_IkI\m_1 ijhims_gguc |lhggZ
ihal\hebl kwdhghfblv \ agZz feg | [jmllh 1jh Mhlhf
jZzaf_jZzo \ukhdhdzqg_kI\_ggmxh[s_]h gbkezZ hldzZzah\ j_evkh\
G_kfhljy gz ly _eu_ debfzZlktijhbkoh”bl ih ~_n_dlzf glh 1
wdkiemZlZpbhggu_ mkeh\by ijbgylby f_j ith  \j_f_gghfm |
imlv gZr_e ijbf_g _gb_ gZ hdhgqgZl_evghfm \hkklzZgh\
"hjh]l]Zo DZaZoklzgZz AN n_dlguo ie_|I_c¢c Bamg_gb_ hkh

;hevrZy qZklv [_kkludh\tih\j_ "~ gbc ie_| ¢ h[t_fgh azZdZz
ijhe_l1Zezgz mqgZkldZo ]~_ j_evkh\ ~_n_dlZfb ihdZaZeh ¢
]jmahgZijy _gghklv ebghbghihh[gZjm  gby kt fgufb ~ _n_dlhkd
\ur_ kj_"g_k_I_\hc | _e_"dzfb hdheh his_]h q

LZd 9gZ mqgZkldZoe:WdQkZ!lj _sbg bf_xlI iehszZ~v f _g_ _
hk _\Zy gZ]jmadZz ]jmah\uck_qg_gby ]Jheh\db b wlbe flklZz

khklZ\eyeZ ~h dG ljh'mklZgZ\eb\Zxlky gZdezZ”*dZfb

\u[hjhqgu _ h[ke_~h\Zgby Rbjhdh_ ijbf_g _gb_ ihemqgb
fZjrymlh\ b msbo k Wdb[Z”*hjh]Zo DZaZoklZgzZ jZajZ[hlZ
[Zkk _cgZ ihdzZzazZeb glh <GBB@L_ f Ih™~b@&@2z iph]j _kkb\ghc
ihem\Z]hgh\ k m]Je_f bf_eb rl_ogheh]bb \hkklZgh\e _gby ~_
hk \u_ gZ]jmadb [he__ dj_evkh\luo ie_I|_c¢c [_kkludh\h]h
dbehf_Iju [ _kkludh\h]h ihklZzgh\dhc gZdez~hd gZ k_q_
ijboh”"bebkv gZ mgZkldb kj_~kI\Zfb ~_n_dlhkdhibb h[gZ
i_j_\hadb m]Jey jm”~u g_nlygihi_j_qgqgu_ lj_sbgu AN n_dlz
]Jjmah\ iehsZ”~vx "h hl k_g_gby ]Jheh\

G _kfhljy gZ wlb [jmihal\hebeb bkdexgblv g_ijhba\h”k
[ kkludh\hc imlv gZ ~hjh]Zo jZkoh”u ih \uj_ad_ khl_g dmkdrl
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k Ij_sbgzfb fZzeuo jzaf_jh\ 2l _ogheh]bb 2 _n_dlhkdhigh]l]h dhgljh

j_amevlZl_ eh ghc jZa[jZdh\j_evkh\ \ imlb

[Zdbo ke mipZo).\ - jZkrbj_gb_  h[t_fh\ k\Zjdb
Wdki_jbf_glZevgu_ bkkeklZjh]h~guo j_evkh\ \ ~"ebgghf_jgu.

gZ jy~_ g9gZijZ\e_gbc k_Ib ~hjie_lIb

"hihegbl _evgu_ j_a_j\u \ jZ <hijhkzf AN n_dlhkdhibjh\Zgby
ahgu ijbf_g_gby <BM ihemqg_cj_evkh\ gZ “hjh]Zo DZaZoklZgZ m"_«
> @ fzl_jbzeh\ ke _m_1| g_ihklhyggh_ ~_~ ~g \gh_ \gbfzZgb_ 1zZd

jZkrbj_gby kn_ju ijbf_g_gby \ kh\]_f gguo mkeh\byo g_fukebfZz
\\_ ~ gby "hihegbl_evguo ghjf.ghjfZevgZy wdkiemzZlZpbhggZy jZ[hlZ

- jZaj_rZ_Ilky wdkiemzZ ~_n_dlhkdhibb > _n_dlhkdhigu_ Kkj_"k
ie_ Ib k "~ n_dlzZfb \ay jZkij_"~_ e _gu ih ~bklZgpbyf imlb k
r_ klbrujgu_ gZdeZzZ”db A"h mqg_Ilhf 1bizZz j_evkh)\ bo \uoh”zZ il
jZa\blby Ij_sbg hl khegh\gby jbkmgdzZf ijhims_ggh]h IlhggZ Z ieZg

- jZaj_rzZ Iky [jzZlv \ gZijhnbey imlb b *jm]bo nzZdlhjh\ J_ fhgl

k_ g gb_ " n_dlz gZ kjhd gZezZ”~dm N n_dlhkdhiguo kj_ "kl
]h~rz ijb  kh[ex™_gbb \k_oijhba\h”yl “hjh gu _ klZpbhgZjgu _
[ [h\Zgbc Nkebdl jZkiheh® _eZ[hjZlhjbb b i_j_~\b gu-  \Z]hgu
jZkkIhygbb hl dhgpZ ie_Ib “h eZ[hjZlhjbb dhlhju_  kgZ[ _gu \k_«
>ey k\h_\j_f _ggh]h h[gZg_h[oh”bfhc baf_jbl_evghc b
N n_dlz ijb ijh\_jd_ jdhgljhevghc ZiiZjZlmjhc <Z gh_

A n_dlhkdhizfb b \u[hjZ hilagZg_gb_ ey h[_ki_g_gby wnn_dlb\c
i_jbh~rbgghklb dhgljhey \Z ¢jZ[hlu *“_n_dlhkdhiguo kj_~kI\ ijb”rZ _1k
nZdlbg_kdmx jZaj_rZxsmx Kkihj]JZgbaZpbhogheh]bqg kdbf
A n_dlhkdhdh\djblbg_kdmx iet\hijhkzZf
ihi_j_qgghc |Ij_sbgu Hdheh ;eZ]lhijbylgu _ mkeh\by jZ[hlu
h[gZjm b\Z Iky ~ n_dlhkdI[_kkludh\h]h imlb kdeZ”u\Zxlky "Ze_
iehszZ”b jZa\blby k\ur_ hl g \_a~_Z wlh \ghkbl kms_KkI\_ g
]Jheh\db Z djblbg_kdzZy iehszZdhjj_dlb\u \ khklhygb_ j_evkh\
h[jt fghaZdZe _gguo -j _evk2o kdj_ie_gbc b rize lhglb gZ \k_o
hkgh\ghf 7ey a\_gv_\h]h mqgZkldZo gZ[ex™Z_lky bgl_gkb\g
_j_\ygguo riZeZo aZkhj _gb_[ZeeZklZ m]e_f b i_kdhf |z
GZ "_e_aguo "hjh]Zo Dihke_"~g__ bkihevam_Ilky "ey emqr
\uiheg_g p_euc dhfie _dk f_jkp_ie_gby dhe_ Kk ehdhfhlb\Z K j_evkh
gZijZ\e_gguo gZ ih\ur_gb_ ng_amevIZI_ h[bevgh]h ijbf_g_gby i_l
ijh~e _gb_ kjhdZ kem [u j _evk[ZeeZklguc kehc mljZqgb\zZ | k\h
we f _glh\ "~ _e_agh”hjh 'gh]lh ~j_gbjmxsb_ k\hckl\zZ b \hagbd2zZx
ih"\b ghlh khklz\Z > @ |Zdbo\uie_kdb D jZajmr_gbx Zfhjlbabjmxshb
-mkljZzg_gb_ \heghh[jZzZglb we_dbhpghebjmxsbo we_f_glh\
]heh\db az kq_| i_jbh”~bgkdj_ie_gbc [_kkludh\h]h imlb ijb\h”bl
dZqg_kI\_gghc rebnh\db j_evktihiz*Zgb_ gZ gbo gZeb\guo ]Jjmah\
-\uj_adZ » _n_dlguo f_klI mqgZkldZo fZkkh\hc bo i_j _\hadb
[ _kkludh\h]lh brkMZjdZ k ihfhs Fghlhe_Igbc hiul ih mdez~d_ b
i _j_™"\b'guo j_evkhk\Zjhgqguokh” j"Zgbx [_kkludh\h]h imlb iha\heb:
Ajmlhlh  dmkdz [_a”_n_dlgt\ujz[hlZlv j_dhf_g”~Zpbb ih ih\ur_gbx

gZieZ\dZ baghr_gguo dhgph\ wnn_dlb\ghklb wdkiemZIlZpbb |

-i_jbh”bg_kdh_ \kdjulb_ 'gzZz”~_"ghklb [_kkludh\h]h imlb gZ ~hjh
lj_sbg "~ _n_dlZz N KDZaZoklzgz l[jh\_* _ggu_ bkke_"~h\Z
mlhqg_gby ] _hf_ljbg_kdbo ihdZau\zxl glh "hihegbl_evgh _

ihi_j_qgguo [|j_sbg b dhjj_d\ha”_ckl\b_ gZ we_f_glu imlb hkh[_:
\_ebdh ijb jZaebgguo hlklmie_gbyo
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hlyazZl_evguo |j_[h\Zgbc ih k[_kkludh\h]h imlb b f_Ih”~h\ _]h
[ kkludh\h]h imdlE hkaeZ[e _gby? F ;jhf[_j]Z K I 1 _jrbgZ -G ; #
de_ffguo b azZdezZ”guo [helh'\Z < B Dm\Zev®bgZ < : EZil._
ih~j _evkh\uo gZriZevguo iBkzZ gdh < B FZI\__\Z b 7]

ijhbkoh”"be kbevguc m]hg ie_ Ih\ur_gb_ hk_\uo gZ]jm
dG ihM\b gh]lh khklz\Z m\_ebqg_gb_
Mlhg imlb- ijh~hevghghjf ih_a”h\ b kdhjhkl_c "\b
i_j_f_s_gb_ j_evkh\ hilghkbl_ihlj_[mxl] NZevg_cr_]h mkhb
beb kh\f_klgh_ i_j_f_s_gb_ ijhlb\hm]lhgghc kbkl_fu J_a_j\

riZe hlghkbl _evgh [ZeeZkm\_ebq_gby dhebq_kI\Z ijhlb\
\ha”_ckl\b_f ~\b " msboky -ihmklzZzgzZ\eb\Z_fuo gZ _“bgbp_ "e
ij_~klz\ey | kh[hc keh'gh_ \ _kvfZ g _agZgbl_e g b fh _| h
g__eZl _evgh_ y\le _gb_ g_"hklZlhgguf 1_j_oh” hl dhklt
bkke "h\Zgby ijbgbg m]J]hgZ inkdj_ie _gby ikhib\hm]hgzZfb d
d -f J]h*"ZXIX \_dZ < ihke_~mde_ffghfm kdj _ie_gbx mkbe
N _kylbe_lby wlhfm \hijhkrijhlb\hm]hgghklv imlb gh b wlh

ihk\ys_gh fghlh | _hj Ibfh* | hdzZaZlvky 1Zd _ g _~hklz
wdki_jbf_glZevguo jzZ[hl dzZd\ke_ ~kl\b_ Ih]h dalgkljmdpby
kljzg_ 1zdzbjm[_"hf < j amijbf_gy fuo\ gzklhys _  \j_fy

mklZgh\e _gh glh m]lhg imlb de_ ffguo kdj _ie_gbc IbiZz D; @D
dzd kdZazZgh \ur_ p_euf d\_kvfZ g_kh\_jr_ggZ k 1Ihqdb
jZaghjh”guo ijbgbg ijh~ij_~hl\jZs _gby m]J]hgZ imlb
i_j_f s gb_f j_evkzZ hlghkbl_ >ey kms_kI\_ggh]h mkhb
ih~r \ha”_ckl\b_f gz g_]h ~Yb  ijhlb\hm]hgghc kbkl_fu jZ[hlZxs
]Jimadb m~zZjzfb dhe_k \Z]hijbgpbim ij_~hl\jZs _gby hklZIt
ehdhfhlb\h\ h j evku gZ -kl _nhjfZpbc m]lhgzZ \ ijhp_kk_
ijhib\e_gb_f j_evkh\ ~\b"_gbih_a”zZ g_h[oh”bfh ijbgylv ke_
| fi_jZImjgufb ~ _nhjfZjphkewfibh\f ju
[5-8]. 1. H[_ki_qgblv hilbfZevg
Fghl]b_ \_"msb_ ki_pbZebkhhlghr_gb_ fh me _c mijn
beb bghc kl_i_gb aZcimlb \ \_jlbdZevghc b Jhjbahg
bkke "h\Zgb f m]hgZ imlb iehkdhklyo

F N < _jblh jZajZ[hlZe h 2. H[_ki_gblv mijm]h_ \hkijb
ijbgpbiu ijh_dlbjh\Zijhlb\hm]hgghc kbkl_fhe
ijhib\hm]hggh]h ijhf_"ml~hevguo i_j f_ s _gbc ih*hr\u |_e
kdj _ie_gby Ijbgy\ \ dg _h[oh”bfuo ij_* _eZo
hiyazl_evgh]l]h mkeh\by ij_~7 3. M\ _ebgblv m”~_j b\Zxsmx |
ijhkdZevaulZgby | _evkZ hlijhlb\hm]hgh\

hihj > @ G _kdhevdh jZg__ & Djhf_ mdZazZgghl]h g_hJo
mlJhgZ imlb aZgbfZebkv ijhn_kh[ex~Zlv _s_ h”gh \ _kvfz
Njbrfzg > @ D G Fbs_gdh mkeh\b_ Z bf _ggh ijhlib\hnm
cev[j_ol jZajZ[hlZe | kbkl_fZ g_ "he gZ kms Kkl
hitykgyxsmx m]Jhg imlb azZ kqjzZkkljzb\Zlvky hi \ha”_c|

ihi_j_qguo k_q_gbc j_evkZ ijkl_fi_jZImjguo N nhjfZpbc j_e
\ha”_ckl\b_f ih"\b gh]h 4Jhkl JZa®_evgh_ kdj_ie_gb_ \ agZc
ljhn_kkhj F K ;hg_gdh\ dzd kl_i_gb m~h\e_I\hjy_ | wlhfm Ij_[

ijbgbg m]hgZz mdZaZe g9gZ Khijhlb\ey fhklv kdj _ie_
i_j_f_ s _gby hkb j_evkZ ijb _khojZgy_Ilky _keb 7~z Dbf_eh
ihr ihAM\b ghc gZ]jmadhc > C€ijhkdZevaulZgb_ | evkZ hlighl
azZf_lguc \dez”~ \ j_r_gbb \hijtkdj_ie_gby \ j_amevlzl_ 1 _fi_jz

imlb \u[hjZpbhgZevghc dhgk »_nhjfZpbc Ijb dhkluevghf kdj_|
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k ijhlb\hm]hgzfb ANZ_ ijm kh\j_f_gguo h[eZ”"Zxsbo m”_j b\Zxs_
kh\j_f_gghc dhgkljmdpbb ~_kbehc - G LZdbf h[jZahf
agZgbl_evgh om’_ ?keb \ qzZklbgqgh fh'gh mkbeblv ijhlb\hm]hgg

| _fi_jZImjghc N nhjfZpbb kbkl_fm ijb Ibih\hf ~ey gZrbo "hjh]
ijhib\hm]J]hg mkdhevagme |h dhkluevghf kdj_ie_gbb ;he__ kms_kI\
AN nhjfZpbb ijhlb\hm]hg hlh gh_ mkbe_gb_ \hagbdzZ_I| ijb i_j_oh?
riZeu b \udexqgblky ba dhkluevgh]h kdj_ie_gby d de_ffghfm

Bkdexqgblv |lhqg__ \ agZqbl_ewlhf dhgkljmdpbx kdj_ie_gbc ke _"n

khdjzlblv \j_"gh_ \ha-*hjzZ[hlZlv k mq_Ihf baeh  _gguo
| fi_jZImjguo ~ _nhjfZpbc j_¢€lj_[h\Zgbc
jZ[hlm ijhib\hm]lhgh\ fh gh ljb [ _ kkludh\hf imlb
kdhgkljmbjh\ZIv ijhilb\hm]hgu |_fi_jZImjgadijy  _gghc dhgkljmdpbb
mijm]h i _J_jZ[Zlu\ZIlv ijh’~ _nhjfZpbb bf_xI f_klh Ihevdh gZ
N nhjfZpbb \ g _kdhevdh kzZdhgp \uo mqzZkldZo j_evkhluo ie_ | _c
Hkms_ kl\blv wlh g_ ijhklh kj_~"g_c qZklb ie_Ib ijhf_"mlhqggh_
?s_ h~ghfm |j_[h\Zgbx kdj_ie _gb_fh | g_ h[ezZ~Zlv k\hcklI\Z
hi\_qzZlv jZpbhgZevgh JZg_h[oh”~bfufb Ney \hkijbylby

ijhib\hm]lhggZy kbkl _fihkezx | _fi_jZImjguo ~ _nhjfZpbc H~”gZdh bf_
\hkijbylby | _fi_jZImjguo " _njZaebqgu_ Ibiu kdj_ie_gby \ ij_"_ ez
j_evkh\ khojzgylv kihkh[ghkh~ghc ie_Ib \jy®» eb p_e_khh[jZag

i _j_jZ[Zlu\Zlv A nhjf <_jhylgh gm 'gh \k_f _jgh klj_fblvky
ihjh " ~"Zxsb _ m]hg ijh~"tkhdjZs _gbx dhebq_klI\Z dhgp_\u«
i_j_f s _gby ith~ hr\u j_mqgZkldh\ gZ _~bgbp_ ~ebgu imlb aZz

\hagbdzZxsb_ \ j _amevlZIl_ ijbf_g _gby [he__ ”"ebgguo ie_|_c¢c b
ihi_j_gguo k_q_gbc ijb balb[_khdjZzs_gbx ijhly’ _gghklb dhgp_\uo
ih"\b 'ghc gZ]jmadhc b ijFmgzkldh\ azZ kq_Il ijbf_g_gby [hlh\(
i j_f s gby hkb j_evkz WIh kludh\ k ih\ur_gb_f khijhlb\e_gbb
fh™ I [ulv hkms_kl\e _gh azZ kqgl_fi_jZImjguf N nhjfZpbyf j_evkh\
dhwnnbpb_glh\ 1j _gby ijb gZijbf_|j iml_f ijbf_g_gby
"\b® _gbb b azZz kq_ | baf _ g _gazZfhjh  _gguo beb fghl]h[helh\uo
oZjZdl _jbklbd ih”j _evkh\h]h kludh\
ihr \ha” _ckl\b_f \_jlbdZevguc ljb ie_Iv_\hf imlb [_kkludh\hc
hl ih"\b gh]lh khklz\Z imlv k Z\IhfZlbg_kdhc jZajy~dhec
Lj [h\Zgb _ hlghkbll _fi_jZImjguo gZijy _gbc
m\_ebqg_gby m”~ _j b\Zxs_c ijhf_"mlhqgh_ kdj_ie_gb_  g_ bf__
ijhib\hm]Jhgh i_j\uc \a]Jey” fijyfuo nmgdpbc ijhib\hm]hgghc
ihdZazZlvky baebrgbf lzd dkbkl_fu <ha\jZszZxs__ ijhlb\hm]lhggh
m” _j"b\ZxsZy kbeZ ~“\mo ijhl mkljhckl\h yley I|ky kZfhklhyl _evgu
mibjZxsboky \ riem[hevr_ kif _oZgbafhf dhlhjuc g_ ij_iylkl\m_lI
khijhlb\e _gby riZeu kf s cijh*hevghfm kf_s gbx j_evkh\uo ie |
[ZeezZkl_ WIh kijz\_~eb\h gtih® \ha”_ckl\b_f m]l]hgZ Z \ha\jZszZ |
e_lg_1h i_jbhnZz FZdkktbkoh~gh_ iheh  _gb_ ihke_ ijhoh”Z ih_
khijhlb\e _gb_ m]Jhgm Ij [m_Ik> @ H~”gZdh b ijb 1Zdhc dhgkljmdpbb
i_jbhn dh]~Z \_jogbc kehc kdj_ie_gb_ kh\f_klgh kh riZezZfb k
kf jazZz_Ilky b khijhlb\e _gb[ZeeZklhf "he'gh h[_ki_qgqblv
kms_ kI\_ggh m\_ebqgb\Z Iky hilbfZevgh_ khhlghr_gb_\ _jlbdZevgr
"hklZlhgguo ”"~Zgguo h khijb JhjbahglZevgh]h fh”"me_c¢c mijm]hl
riZe \ i_jbh” kf_jaZgby [ZeeZ ih”j_evkh\h]h hkgh\Zgby k p_ev
fh gh iheZzZ]Zlv glh ijhlb\hrmf_gvr_gby ijh~hevghl]h kf s _gby
m~_j b\Zxs_c kbehc ihjyrdzZz j_evkh\hc ie_Ib ih” \ha”_ckl\b_f m]hg:
[mM~AmI azZdj ieylv imlv gZ™_"g_ _

B
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EBL?J:LMJ:
[1] <bghlhjh\ G I Ihjhrbg < E <hkklZgh\le_gb_ ih\jie” lggufo kklanddhi\d
imlb F LjZgkihijl k =+
[2] <j_f_ggu_ |I_ogheh]bg_kdb_ mdzZazZgby gZ \hkklZghdlegugb _ieehigmdzb
mqgzZkldZo [_kkludh\h]lh imlb k j_evkZfb J FIKIKRKJ ml& k
[8] <bgh]hjh\ G I Dhaeh\ < | lhjhrbg < E <hkklZghVv&khgbo fe nl_dlgu
K[hjgbd gZmqguo Ijm~h\ <GBB@LZ ©Ilh\ur_gb_ wnn_dlb\ghkxFb [_kKkl

LjZgkihjl k #29.

[4] HfzZjh\ : > lhjhrbg < E J_a_j\u h[_ki_g_gby [_ahiZkgimiddghdb  _
kihkh[ghklb fZ]bkljZevguo "_e_agh"hgfZQgud ebgbe k+

[5] ;hg_gdh\ F K Bkke_~h\Zgb_ m]hgzZ “_e_agh”hjh ghbph dimgkljmjtpkibdj
ih“\b gh]lh khklz\Z b \_jog_]h kljh_gby imlb Limru GBB@hZ ©<
kh~_j Zgby imlb& \ui k -87. =%

[6] <_jbl]h F N F _Ih~u jZzkg_1Z ijhf_"mlhgqguo kdj_ie_gbc LHIg_| ih GBJ <

[7]1 :ev][j_ol < = H ijh"hevguo kbeZo \hagbdZxsbo gkghh)\ gjmyghiklbhrkbij
j_evkZ b hkgh\Zgby ijb ijhoh”_ dhe_k ih"\b'gh]h khklZ\Z+FLjm"~"Z EBB @

[8] :ev[j_ol < = M]hg "_e_agh”hjh ghlh imlIF b Lhpgk kedbjbarZl

[O] Njbrfzg F : KlZ[bebaZpbw]lhmgl hljm~u GB<BLZGhuhkb[bjkd

[10]1jZz\beZ ly]lh\uo jZzkg_Ilh\ ~ey ih_aghlciZgkhihygl + Kk
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cof _Ih\Z 1Z1Zf Lmj]Zghlgg Zkkhpbbjh\Zgguc ijhn_kkhj DZaZo
l[jZgkihjlZz b dhffmgbdZpbc bf F LuguriZz_\Z ]pateh@d@mdizaZoklZg

Dhi_gh\ ;Zolbyj L_f_j[_dh\Nlgg Zkkhpbbjh\Zgguc ijhn_kkhj DZzZaZz
ljZzgkihjlZz b dhffmgbdZpbc bf F LuguriZ_\Z ]maditEkdkov6D@maalok|Zg

;blbe_mh\Z Amojz DzZ& lkp\gZkkhpbbjh\Zgguc ijhn_kkhj DZaZ
[jZgkihjlZ b dhffmgbdZpbc bf F LuguriZ_\Z ]zuhed XKddesdvna@imaik (& g

@ FUK LB1F>1E1=1G :JLLUJM>U @HEPPBILUE @QHEU
cof _Ih\Z 1ZI1Zf Lmj]Zgluad ~hp_gl F Lugur[Z_\ Zlug”"Z u ZaZz
dhffmgbdZpbyezZj Zzdz”~_fbyku :epdthm67@mall.rkil.Z g
Dh_gh\ ;Zolbyj L_f_j[_d euw F Lugur[Z_\ Zlug™”"Z u "hp_gl
"%g_ dhffmgbdZpbyeZzZj Zzdz"_fbyku madigkakove@@imaillrd g
;blee_mh\Z Amojz DzZI*_kKh\gZhp_gl F Lugur[Z_\ Zlug”"Z u ZaZz
dhffmgbdZpbyezZj zdz”_fbyku :e fzoha_kadesdviad@mail.ru

o NZliz ;e fZ ZeZNZ j_evkl _jhe | fi_jZlmjZeu N nhjfZpbyeZ
ZclZjeu IZc j_g *f m]_[hefZclug jeu Z Zjku " c_ge* kZ IZm Z _llee
[ZceZguk hku 1ZeZilu ZclZjeu |lZc zZgZ ZIllZg™ujZ®u ;_delm]_ Il'a-
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AN nhjfzZpbyeZj g%lb” _keg” [_delm]_ Zluklu |Zcui d_Ik_ ~_ kZ IZeZ"u |
d'dl_f]le azfzgZmb ~“bazZcgf_g [Ze ulm”~u [ZceZgukluj Zg d_a~_ “Z "Zc %e"

L ceg”e k'a™ nhjfZpby j_evk [ZeeZKklu r']Im [ jZg~Zeu hkueul
[hkZluemu Z Zm ~_1_dlhju

The Bulletin of Kazakh Academy of Transport and Communications named after mshpayev
ISSN 1609-1817. Vol. 113, No.2 (2020), pp.36-43

PHYSICAL BASES FOR DETERMINING THE MECHANICAL CHARACTERISTICS OF
METALS

Kamzanov Nurbol, doctoral student, Kazakh Academy of transport and communications.
Named after M. Tynyshpaev, Almaty, Kazakhstan, n.kamzanov@mail.ru

Kanazhanov Ardak, master of technical sciences, tutor, Satbaev University, Almaty,
Kazakhstan, 280140ait@mail.ru

Orazbayeva Ayaulym, assistant teacher, Kazakh national agrarian University, Almaty,
Kazakhstan,ayaulym.orazbayeva@mail.ru

Abstract. Metallurgy has a large enough package of different methods of assessment of physical-
mechanical characteristics of metals. Among them, the most popular are mechanitahtedksw for
simple loading schemes for prototypes to determine a number of standard dsticactdrmetals and
alloys. These test methods should primarily include the tensile test and the compression test.

For tensile testing, the tool industry offers a large range of loading devideditferent limiting
forces, with different drives, as well as a large number of attached adtitievices for cryogenic and
high-temperature tests. Well-developed force measurement devices and extensometers for fixing
elongation, narrowing or broadening of samples during testing. Sometimes tobirgjreeurves are
rearranged into a diagram of true flow stresses, but what "truthvedalk about if for calculating flow
stresses (S), the values of the axial load relate to the initial cross-secti@naf tre sample.

Reliable information about the nature of changes in the strain resistance and tioé dewetnt
stresses can only be obtained by referring the current value of the tensiloftireeactual diameter of
the sample in the dangerous section, measured at the appropriate time of. theaestxperiments
conducted at room temperature, this condition is not difficult to observe, thenhaaigcryogenic
temperatures, technical difficulties arise, to overcome which there are no modern tools yet.

Uneven and stage-like plastic flow of metals, reflected in the course ofttass diagrams, is
often explained by rapid or deformation hardening or softening of the tested raatatialest in the
study of the physical characteristics of these processes increased gftdlitetion of scientific papers
By V. A. Bakofen and others [1, 2], which linked the possibility of a superplsticof an aluminum-
zinc eutectoid with its increased sensitivity to high-speed hardenirgaiitnors have shown that the
high uniformity and duration of superplastic shaping is due to compensation fandgéor or geometric
hardening, which is provided by high-speed hardening.

Keywords: Fetals, alloys, methods of processing experimental data.

M>D

G K DzfaZgh? DZgz?ZghG Hjza[Z_\Z
'DZazZokdzZy Zdz~_fby ljZzgkihjlZ b dhffmgbdZpbc ] :efZlu DZaZo
2K%I[Zmyb\_jkbl_Ie ] :efZlu DZaZoklZg
3DZaZokdbc gZpbhgZevguc Z]jZjpuefmlgb\DpkddoklZg

NBABQ?KDB? HKGH<U HIJ?>?E?GBG/BQ?KDBO 0O:J:DL?JBKLBD
F?L:EEH<

:gghlZpbly_IZeeh\_~ gb_ jzZzkihez]zZz_| ~hklzZlhggh _fdbf iZd_Ihf
f_Ih~"h\ hp_gdb-hbabghg_kdbo ozjzdl_jbklbd f_IZeeh\ Kj_"b gbo g
ihimeyjghklvx hlebqgzZxlky f_ozZgbqg_kdb_ bkiulZzgby iha\Eeyxsb_ ijb
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gZ]jm _gby hiulguo h[jZaph\ hij_~_eblv p_euc jy~ klzZg”"Zjl
f_1Zeeh\ b kiez\h\ D IzZdbf f_Ih Xfi bjkmnutZiggcjkev*m_1I| hlg_kl
bkiulzgb_ gZ jzkly _gb_ b bkiulZzgb_ gZ k" Zlb_

Dexg_\u_ keh\dZeeu kiez\u f_Ih~"bdZ h[jZ[hldb wdki_j
bkke_"h\Zgbb

<\_" gb >ey Dbkiulzgbc wlh mkeh\b_ kh[exklb g_ ij_"I
jZkly™ _gb_ bgkljmf_glgewvgZy |Ih ijb \ukhdbo b djbh]
ijhfure_gghklv ij_"eZ]Z_| [heMrHc_jgtMmjZo \hagbdzxl |_oghb
gZ]jm Zxsbo mkljhckl\ k jZae¢mggbkbb ~"ey ij_h~he_gby dhlh
ij_"_evgufb mkbebyfb k jZadbqggkli\j _f _ggh]h bgkljmf_gl
ijb\h~hf Z 1zZd _ k [hevrbf Hyg*Adh g_\abjzy, dXlbgghf

ijbez]z fddihegbl _evguo mklpghzikyV' _gb_f | _qg_gby fh | kqgb
"ey djbh] _gguo b \ukhdhl_fi Ihelwdiiguo ]h agZqk&igblZzggh_ it
bkiulZgbc Ohjhrh hljz[hhZifgue

mkljhcklI\Z kbehbaf_ j gby b

wdkl _gahf_lju "ey nbdkZpbb m~ebg_gby Flz (2)

km™ gby beb mrbj_gby h[jZaph\ \
ijhp_kk_ bkiulzZzgbc Bgh]*Z djhhu_ -6 bklbggh_ gZijy _gb
jZKkly _gby i_j_kljZb\Zxlky \ "bZljgbfyn - | dmsZy gZ]jmadz
bkibgguo gZijy _gbc I_q_gby @hqirzdhﬁf glZ ~_nhjfzpbb
©bklbgghkib2 fh™ | b~b j_qv | B "ewgzZq gb_ iehszAb ihi
izkq_1Z gZijy _gbc S_cRoiy_gRY q gby hliZapz Ih nkb Z[kp
hk _\hc gZ]Jmadb hlghkylky dfzgg‘é‘] fygh C Apzljzifzo h[uq
iehsz~b ihi_j_qghlh k_q_gby hfjdap<y\z _Iky ~_nhjfZpby 0 De
hIghka_evgh_ m~ebg_gb
F1Z (1)  jzkkgblzZzggh_ klzZzg~Zjlghc dhfiv
hljZzffhc ih "~Zgghiém uf Kk
1"_ - I_dmsZy gZ]Jmadfhf]ﬁjgvx wdkl gahgfg_IjZ 1-99
"Zgghlh fhf_glz ~ _nhjfZpbb
gZqZevgZy iehszZ”v ihi_j_ggh]h k_qgq_gby % 3)
h[jZapZz ’
< gZmgguo klZlvyo gzZklh
ijb\h~ylky djb\u_ | _q_gby ihkd/nkygudhg_qgh_ beb I_dms__
dzd [m~lh ih wdki_jbf_glZevgugfzidhogdZf $2blgygb\Z _fhlh h[jZap?Z
ihemq_gguf k jZkq_Ihf gZijy +gixczeWigZy ~"ebgZ h[jZapZ

nhjfme _ Kljh]h Jh\hjy wlb djb\u_déhs  agzZq_gb_ hlghkb
bf_xI  gZmqgghc p_gghklb br dhepaddbb h[jzapz 0 ijb jzkl
beexkljbjmxl h[sb _ baf [g_egbks/hh[jZagh hij "~ _eylv
khijhlb\e_gby nhjfhbaf_g_ghdghkbl_evghfm km > _gbx
ijhp_kk_ gZ]ljm  _gby >hklh\_jgmx

bgnhjfZpbx h oZjzdl_j_ baf_g_gby % 4)
khijhlb\e_gby ~_nhjfZpbb b mjh\g_ o

N _ckl\mxsbo gZijy _gbc |I_d_gby fh'g

ihemqgblv lhevdh hlghky | _dms__ d§zg hdphkbl_evgh_ km-_gb_
jZkly]b\Zxs_]1h mkbeby d jgZe¥ghkpmc ~bzZf_lj ifhudmsbc
"bZf_Ijm h[jZapZ \ hiZkghf ~"kZd_Igbb[jZapZgZqZevgZy iehsZ
aZf_j_gghfm \ khhI\_lklI\mxsbe¢hifhif_ qgggh]h k_q_gby | _dms_
bkiulZgby  ?keb “ey de'_dgﬁ_qg@b iehsZ”b ihi_j_qghlh
ijh\hAbfuo ijb dhfgzZlghc IMeipz
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Ilhke _ "~hklb  _gby fzZdkbfEevijph¢lZklbggh]h _g_gby - Zexfbgb _\
agZg_gby jZkly]b\Zxs_c¢ gZ]pimgdb\hgZ w\l dlhb Z k _]1h ih\ur_gg
h[jZap_ h[jZzam_|lky r_cdZz Qm\kl’\\lelb_gazlghklvx d kdhjhklghfm
jZ[hg_c qZklb \ h[jZap_ agZigb fgewdix Alhju ihdZaZeb glh

mf_gvrZ Iky 2?kl_kI\_ggh qlhukidhZyklv jZ\ghf_jghklv b
A nhjprbb dzd b ke _~h\Zeh ipibREIbl_gvghklv k\_joiezklbqggh]t
_gvrZ_lky Z \hajzZklZ_| mHjfhbafklg _gby h[mkeh\e_gZ

kdhjhklb nhjfhbaf_g_gby idhfi_gkZpb_c N nhjfZpbhgghl]h be
ehdZebazZpbb nhjfhbaf_g _gby hfikljbg\ kdh]h mijhqg_gby dhlhjl

f_gvr_f h[t_f_ gZjzklz_1I hLZWdibfgb\Z_Iky kdhjhkliguf mijhqg_gb._
h[jZahf kj_~gb_ 1_dmsb_ BxpZy gbly\hjy \ \hagbdZxs_f hqZ]
kdhjhklb jz\ghf_jghc ~_nhjfZpbhdiheghphc ~_nhjiZp\yat k j_adbf

jZkkqgblZlv khkj_"~hlhq_gb_f nhjfhbaf_g_gby
kms_kI\_ggh \hajzklz_I kdhjhkl
ktd (5) A nhjfZpbb b kdhjhklgh_ mijhgg_gkt

dhlhjh_ gZ g_dhlhjh_ \j_fy

3athJZ b\z 1" r_cdm azklz\eyy hq
1" - l_dms__ agZq_gb_~"gR@g¥pbb fb]jbjh\ZIv ih jZ[hgq_c qZKkKl
jZ[hg_c qzZklb h[jZapZ ~h hhjZaadZgbwIib ijhp_kku ozjzdl_jgu ~
r cdb i _jbhnrz jzZ\ghf_jghc ~ nhjfZpbb \k_«

KdhjhklehdZevghc "_nhjfZedlblbgguo f 1Zeeh\ b kieZ\h\ h~gZ
dh]”*Z nhjfhbaf_g_gb_ ijhbkoh{bZellhn@mchky \ iheghc f _jm Ihevdh
\ hgZ]_ehdZebaZpbb ke_"m_khijofeZkilvgguo kikghrZxsbo

ZghfZevghc gm\kl\bl _evghklvx (

kld (6) kdhjhklghfm mijhgg_gbx
GZ hkgh\_ kms_klI\mxsbo ihgylbc
nbabdb f_IZeeh\ ih” dhwnnbpb_glf

a”_kwI|_dms__ agZq_gb_ ~ebgu_Phdfepbhggh]h mijhag_gby be
H[uggh fzdkbfzevgzy 1Z%Bphag_gby ke _"m_l| ihgbfZl
ij ~ evgZy “ebgZ r_cdb bbJIbJJ%/_S-lQ _ 9Zijy _gbc l_q_gby gZ
gZgZevguf A~bzf_ljhf jz[hq_c¢napaRigoggh_ \h \j_f_gb ijbjZs_gb_
hljZzapZ agzqbl gzbf g§talx9b nhjfhbaf_g_gby
jZkqg_lgmx kdhjhklv ehdZevghc
A nhjfzpbb fh gh hp*Zblvg_ beb : (8)
ijb[_]1Zy d bkiulZgbyf
| - dhwnnbpb_gl
kL 7) A_nhjfZpbhgghl]h mijhgg_gby
bklbggh_ gZijy _gb_ | ld_gbyv 0 %
G _jz\ghf_jghklv b k|ZAt§c8W|<| C”hjijpobth d  dhg qguf
ieZklbg _kdh]h | g _gby \ - = - -
h1jZ ZxszZyky \ ohA_ Abz]jzff !)17k LAY
gZijy _gbc gZklh hitykgy _ Iky
kdhjhklguf beb A nhjfZpbhgguf 1 9)
mijhqg_gb _f beb jZamithg gb _f
bkiulu\Z_fuo fZl_jbZeh\ Bgl_j_kj~d ; : - agZq_gby
baukdZgbx nbabqg_kdbo ozjgzzh jyibkjpd b A thprbc khhI\_1kl\_gg
wlbo ijhp_kkh\ mkbebeky\ gitk®e. b \ dhgp_ Ih]h _th/\z A

im[ebdZpbb gZmqgguo jZ[hl < idhJIZIﬁjih]rh_gzhij_’\_ey_lky dhwnnbpb ¢
b ~j > @ dhlhju_ klyaZeb mhadh gpklv
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Jbk Ko _fZ h[jZah\Zgby dhgmkh\ aZljm~g_gghc *_nhjfZpbb
Fig. 1 +Scheme of formation of cones of difficult deformation and neck

GZ djb\uo |I_qgq_gby b fZidbgguamzZqZevgZy iehsZ”v ihi_j_
"bZ]jzffZo jbkmghd e_]dh RUﬁ gby'kh/[jZa-pZeth"v \ dhgp_
i _jbh™ jzZ\ghf_jghc b d\ZabJZ\ g_mg ﬁhc A nhjfZpbb
k jZafulufb r_cdZfb "JB]thZpb kiZ\e _ggZy nhjfmez jz
>ey g_]h dhwnnbpb gl » nhjf(jzrp\,pﬁ'glgiglghg|z A nhjfzpbh

"_thprbb ijhklZz b m~rh[gZ

(10) pkihevah\Zgby | _f [@ngi_pmrLl
jZkq _1Z bklbgguo gZijy _gbc | _c
N dhlhjhc agZgbl_evghc ihl

"= - gzily'_gb_ 1_a_gby \ V4 8GRbg  bkdhthlh dhwnnbpb
i_jbh"Z jz\ghf_jghc " nhjtZpphkq_ Igmx nhjfmem fh gh i_j_ibk
gZijy  _gb_ \ i_jl\uc fhf_gl gZ]jm  _gby

;- kI_i_gv I_dms_c "_nhjprbb \

dhgp_ i _jbhAZ jZ\ghf_jghlh ' (14)
nhjfhbaf_g _ gby Ihkdhevdm \ ngZe _ _
bkiulZgbc jiZkq_lgzy nhjfmez A"_kv b - "bZf_ lju jZ[hq_c
ijbf 1 \b~ gZklb h[jZapZ Ah N _nhjfZpbb b

jZ\ghf_jghc ~_nhjfZpbbkbeb_ \
(11) dhgp_ jZ\ghf_jgh]h nhjfhbaf_g_g
I h ZgZeh]bb Kk ij_~u”"ms¢
) dhwnnbpb_glhf AN nhjfZpbhy
A~ _kv \f_klhh gh az'kaWithg_gby ney i _jbh~Z klZ
kl_i_gv jZ\ghf_jgh]h kmbegbyhdZevghc A~ _nhjfZpbb i_jbh?
jZ\ghf_jghlh m~rebgl gbyhe _  q¥tkkagblZlv
gZ wlhc klz~"bb »_nhjfZpbb
(15)

beb (12) . . N
1"+ gZijy ' _gb_ | _g_gby
A A
?2keb \f_klh gZijy' _gbp dhgp klZz~"bcghc ehdZevghc

iZjzf_1jZ highkbl_evghlh jZ\ghf é?f Jfogg_b |\- dr\],gpf n‘hziihfb‘.

km'_gbb % ihAkIZ\blv bo AZ b ~gv ~-nnliep

nhjfmeu Ih ihemgbf [izap 4 dhgp_ kiz"beghe ehdz
- ~_nhjfZzpby \ dhgp_ jZ\ghf_

(13) nhjfhbaf_g_gby
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<k_ izZjzZf_lju bkihevah\Zgnuwyk\v \iehlv ~h jZajmr_gby ijh[u
nhjfme_, \u[bjZxlky gZ djb¥ry wlh]h i _jbh~Z dhwnnbpb_g
| _q_gby ijb kh\f_klghf ZgZemdifZzkbhggh] mijhgg_gby hij_~_eblk
fZrbgghc ~bZzZ]jzffhc GZ hkgh\Zgbb

aZf_qZgbc ih th\h~m hij_~ e _gby ’ (17)

N nhjfZpbhgguo o0Zjzdl _jbklbd

\ukdZaZgguo , \up_e_khh[jZagh .

jZkkgblu\Zlv dhwnnbpb_@&_Kv-9Zijy _gb_ \ fZdkbfmf_
A nhjfZpbhgghlh mijhqg_gbdibVYhgph I_q_gby gz ihke_ng_f wlZj
khhI\_Ikl\mxsbf agzql4llyf _gby h[jZaph _gb_ \ r_cd_

hlghkbl_evgh]h jZ\ghf_jghph ijh[u khhI\_Ikl\mxs__ fhf_glm
. ?keb \hkihevah\zZIlvky djb\ufb
ehdZe h]1hkm b
vahl -9°Yy | _q_gby i j_Kkljh_ggufb \
eh]Zjbnfbqg_kdbo dhhj*bgZlZo glh]
’ (16) ihemqgblv [_ajzZaf_jguc dhwnnbpb

A nhjfZpbhgghlh mijhgg_gby I h
GZ azdexqgbl _evghf 14KgilgZy nhjfmeZ ijbgbfz_1 \b"
jZkly' _gby mqgZklhd , phKmzhd
nhjfhbaf_g _gb_  khkj_~hlhgb\Z _Iky \ ) (18)

hrghc r ,cldhijhlb\e _gb_ "~ nhjfZpbb
fh™ | j_adh \hajzZklb gh fh™ | b mizklv

Jbk Hij_"~_e_gb_i_jbh*h\ ~ _nhjfZpbb ey jZkq_IZ dhwnnbpbzxglh\ mijhqg.
djb\Zy | _q_gby ffZrbggZy "bz]jzffz
1+i_jbh~ jzZz\ghf_jghc b d\Zabjz\ghf_jghti "y fElZBtbbcghc ehdZevghc
A nhjfZpddbi _jbh” khkj_*hlhg_ggh]h nhjfhbaf_g_gby
Fig. 2 £The analysis of deformation to calculate the coefficients of hardening. +flow curve;
+machine diagram. uasi-uniform deformation; 2 - the period of stage local deformation; 3 -
the period of concentrated shape change
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ljhp_kk klZ~"bcghc ~_nhjfZpbb<ihgZqZevguc fhf_gl bkiulz
f oZgbd_ 3[_]JZxs_c° beb fb]jbjmxs_c lh]~rz dhwnnbphb_
r_cdb \iheg_ h[tykgbf k Thodibdjhldlgh]lh mijhgg_gby fh'gh jZ
wg_j]_lbg_kdhc p_e_khh[jZaghkimijHs_gdc nhjfme_
\k_]*Z2 jza\b\z_lky |Izf 1. ey _]h
j_ZebaZpbb gm'gh ijbeh blv f_gvr_ _
mkbeb_ Lzdbf h[jZahf 2ey kh\j_f _ggh]h (22)
ij_~"klz\e _gby h f oZgbd_b f_oZgbafZo
ieZklbg_kdhc ~_nhjfZpbb dhlhjZy \h_]ﬁéb

N
jZa\b\zZ |ky g_jzZ\ghf_jgh b klzZz~"bcgh 'h]”2z
hkh[h_ agZq_gb_ bf__| hp_gdzZ f_|Zeeh\ d
kdhjhklghc gm\kl\bl_evghklb d (23)

mijhgg_ob.x >
lh~r dhwnnbpb_glhf kdhjhklgh]h
mijhqgg_gby ihgbfz_1ky f_ oZgbq]l’kdzZy | _dms__ agZq_gb_ 7

onZ_dI_jkabdZ nbabq_kd__bq_z[h}jfttqumb h[jZzapZ
dhlhjhc azZdexqZ_lky \ ijbjZs_ lgh qlh ihkdhevdm \ j_.
khijhlb\e_gby *_nhjfZpbb gZ ijfjhtpr._ _ jZ\ghf_jgh_ jZkly®

kdhjhklb nhjfhbaf_g_gby > @ jj ~klz\e gh fb]jbjmxshbf hq 2
nhjfhbaf_g _gby hl r_cdb d r_c

beb (19) bklbggzy kdhjhklv ~_nhjfZpbb b
mijhqg _gby gZfgh]h [hevr_ i
A N dhwnnbpb_gl kdhjhkl
At - gzijy _gb_l_d_gby, \\\\p1 evghkib d mijhqg. gbx
kdhjhklv ~_nhjfzpbb !
. — . N ?kem ijbgylv \h \gbfZgb_ qlh gbl
o lib - i_j_ohr - d dhg.—Z&? iZ[hg ¢ qzklb h[jZapZ
anha.‘?n:”e"r%’f fh-gh ihemqgblv | d‘\%a't?’jé(‘gh?_jghf | _q_gbb fh gh i
J jZ\guf dhwnnbpb_gl
kdhjhklgh]h mijhqg_gby
: (20)  d\zabjz\ghf_jghc ~_nhjfZpbb "e
ba ©[ _]Zxsbo?® r__d fh | hij_"_e
a”_ky -gZijy _gby I_q_gby
hij_ ~ ey fu_ \ dhgp_ b \ gZqgZe_ (24)

jZkkfZ1jb\Z fhlh i_jbh”AZ A _nhjfzpbb
- khhI\_Ikl\mxsb_  kdhjhklb

nhjfhbaf_g _gby gh Ih]~Z
>ey i_jbhnz jZ\ghf_jghc
N nhjfZpbb mqgZklhd jbkmghd
dhwnnbpb_gl kdhjhklghc 1 (25)
gm\kl\bl _evghklb d mijhgqg _gbx
hij_"_eblky ih nhjfme _ >ey i_jbh~Z klzZ~bcghc ehd.
A nhjfZpbb i _jbh~ jbkmgh
, (21) bkdhfuc dhwnnbpb_ gl kdhjh
mijhgqg_gby
a®_kv b - khhI\_1kI\_ggh
gZijy  _gb_ | g_gby b kdhjhklb (26)
A nhjfZpbb \ dhgp_ i jbhnrz

iZ\ghf_jgh]h nhjfhbaf_g_gby b khhI\_Ik\_ggh bklbgc
. 9Zijy'_gb_ b kdhjhklv ~ _nhjfz
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dhgp_ i_jbhnZ kKlZ"mhghnhbpb _glZ \gmljb i_jbhnZz g.

nhjfhbaf_g gby >ey ihke_ "gjdhkkf@&lb\Zxlky

jZkly  _gby mqgZzZklhd jbkmghdu\h”u

dhwnnbpb_gl kdhjhklghc ij_"eZ]Zxlky dhwnnbpb_glu

gm\kli\bl_evghklb d mijhqg_gbxnHpfZgdhbhggh]h b kdhjhklgh]h

jZkkqgblZlv ih nhjfme _ mijhgg _gby iheghklvx khhlI\_lklI\mxsb
nbabq_kdbf o0ZjZd!l_jbklbdzf

hljz Zxsb_ kihkh[ghklv f _IZeebq_kdk
27)  ¢z1 jbzeh\ baf _gylv khijhib\e gb_
nhjfhbaf_g _gbx \ az\bkbfhklb hl
a”_kv b gZijy' _gb_ b kdhj‘h'lgli\Lgb b kdhjhklb A_nhjfZpbb
A nhjfzpbb \ fzdkbfmf djb\hc % %hkgh\m Ih?bdb jZkq_lZz
g_ihkj_~kI\_ggh i_j ~ jzajfh glh\  ~_nhjfZpbhggh]h |
h[jZzapZ Dzd mdZau\Zeh&y k\(iﬁlhlﬂgh]h mijhgg_gby iheh _g | abk
kh[kI\_ggh ehdZevghc A nhjifAAdb 9 ggbz®_nhjfbjmxs_Jhky hlt_ |
m g jz[hlZ_ | f ozgbdz hijjzenkkgbyiZkly _gby gZ ijhly’ _gbt_)
sy _cdb \ r_cd_’ b nh,fhbafefgd%%vgh]y thf_hbaf_g_gby dhihj
jZa\b\Z |ky \ hqg_gv fzehf h4a\p\Zylky nhjf_ hi®"_evguo KkIZ"t
bgl _gkb\guf kdhjhklguf mljhcﬂ ph¥Zgby b fbljZpbb hqz]Z ~_nhjfz
dhwnnbpb gl kdhjhuﬁ(]}g%Eﬁq c qZklb beb \gmljb r_cdb

gm\ki\bl_evghklb p_e khh[JZa% jZkgq_lgu_ nhjfmeu
hij ~ eblv gq_j a ehdzZevgh dhwgn _glh\  ~_nhjfZpbhggh]h |
dh]rZ . kdhjhk‘lgh]’h mijhqg_gby jZajZ[hlZgu

lib  g_h[oh~bfhklb |hem'b\2\q’1£ mjZ\g_gbyf ~_nhjfZpbb
[ _ajzaf_jghlh dhwnnbpb _glz & ANk Pdhc Ihevdh gz fZI_fZlbq_kdl
gm\kI\b1_evghkib d mijhqg_gBq! fJHJ-g ¥pbb ~ nbabqg_kdh]h  kfuke:
\hkihevah\zivky ij_neh'_gb_fKdhfud dhwnnbpb_glh

:Zdhn_gZ dh]~Z jZkkfzljb\Z _fu phdfjwnnbpb_glu  mijhgg_gby

%] Iky iZkkgblu\ZIlv Aey 1_jbhA

i
dib\hc | _q_gby i j_ k|JZb\sz§/ A
eh]Zjbnfbgq_kdbo dhhj"ngIZoJ Bg*aij\Q klz*bcghc ehdZevghc
ebgby 1jZnbdZ ijbgbfZ_lky \ \b#Nlifyeg ehdZevghc _nhjfZpbt

KhagZl_evgh \ghkbfzy hrb[d27] 1—Zk—(‘fyl—Zfo ih djb\uf |_g_gby
h

H
\hagbdZxszZazZbzaiijhdkbfzpbb djb\hg 1P 9g_h[oh”bfhklb ihemq_ gby
{_szzaf jguo dhwnnbpb_glh\ mijhqgqg_

ebgbb \ \b"_ ijyfhc A
g_agZqgbl_evgz 1zd  dzd \Z krﬂ1—1'f9r+’e—m 'ZJZAf lju lj_rez]zZ_ Iky
ih "klZ\eyxIky agzZq_gby Zr]Zf— Hﬁ\ylv ih _bZ]J_foZf bklbgguo
gZijy' _gby b kdhjhklb A nﬁ 'z%x ppgbc l_a_iditkyjh_gguo 1\
hij _~ ey fu gZ gzZqzZeh er qu kdbo dhhj*bgzZlZo dh]*Z
jZk_kuHb_\Z__fh]h i _jbh~Z BgZh—Jb]I'h\H _nhjfZpbb Ziijhdkbfbjmxlky \
| dmsb_ baf g _gby a4 WEUO ebgbc
EBL?J:LMJ:
11 : $ %DFNRIHQ -5 7XUQHU "+ $YHU\ 33UB®YWYV $60° 9
[2] W.A. Backofen. Deformation processing. London. DonMills, Ontar®d,71 288 p.
B : % ORUULVRQ 37UDQV $60° -434. 9 S
[4 - +HGZRUWK 0 - 6WRZHOO 3- ODW 6FI0BOQFH" 9 S
5] ) 3RYROR 3- 1XFO ODWHU"-314. 9 S
[6] ;hevrZzgbgZz, FZdhbr ; lzgbgK L_fi_jzimdghhklgzy azZ\bkbfhklv khijhlb\e_gby
A nhjfZpbb f_~b b __ kiez\h\ 3Bkke_~h\Zgb_ ih -Zhijhgguf kiez\Zf’
k  -205.
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The Bulletin of Kazakh Academy of Transport and Communications named after mshpayev
ISSN 1609-1817. Vol. 113, No.2 (2020), pp.44-48

APPLICATION OF A FIRE EXTINGUISHING SYSTEM WITH FINELY
SPRAYED WATER FOR THE PROTECTION OF THE POPULATION IN THE
RESIDENTIAL SECTOR

Sapar Kabikenov, candidate of Technical Sciences, associate Professor Karaganda State
Technical University, Karaganda, Kazakhstan;

Alexandr Komarov, Master, Karaganda State Technical University, Karaganda, Kazakhstan;
Zex_sport.com@mail.ru

Abstract. The colossal successes of the development of modern society entail the formation of
new threats to human life and health. Every year in the Republic of Kazakhstarsdalg emergency
situations of a man-made, environmental, and natural nature occur, as a result of whizlsyféapidie,
and cause great material damage. Therefore, an important state function wathanatotection of the
population and national wealth from the consequences of emergency situations, acdgsstess caind
other natural disasters. One of the effective means of protecting state and perspedy of people
from fire is the creation and equipping of the garrison of the fireceewith first-class fire equipment,
since the tasks assigned to the fire service are possible in the presenoenobdattransport. Given the
above factors, requirements for fire engines are increasing, both in terms of tiaenick; and in terms
of fire extinguishing efficiency, which in turn is an indispensable condition forirgiting a fire in the
shortest time before fire damage reaches significant dimensions.

The article presents the results of a study of the distribution of fire depdg by call objects,
the results of comparing the working time of water trunks using the tnaglitiire extinguishing system
and Hiromax fine dust water technology, the properties of fire extinguishing sulsstartt¢heir effect
on combustion processes.

The emphasis is on the mechanism of extinguishing with water and the effect of skiimgui
with thinly sprayed liquid. The properties and effect of the fine jet of water have belgnesh

Keywords: fire-fighting method, water-extinguishing technology, finely sprayed water,r wate
mist, fire-extinguishing substances, compact stream, smoke absorption.

M>D

K@ DZ[bd _ghX DhfZjh\
'DZjz]lZg"bgkdbc Jhkm~Zjkl\ _gguc | _ogbq_kdbc mgb\_jkbl | ] DZjzZ]Zq

IJBF?G?GB? KBKL?FU LMR?GBY IH@:J:
TOHKOPAC IUE?GGHC <H>HC >EY A:SBLU G:K?E?GBY
< @BEHF K?DLHJ?

'gghlZpby klZlv_ ijb\_"~ gu blh]b bamq_gby b_jZjobaZpbb \u_a”“
ihrjza~_e_gbc gZ h[t_dlu qj_a\lugZcghc klblnhZghpdfb k\lylagZlg\dZwd _
\uah\h\ ijh\_~ gb_ ZgZeh]lbb \j_f gb jZ[hlu \h”yguo ih Zjguo
ijbf_g _gb_f IjZz*"bpbhgghc kbkl_fu Imr_gby 1ih Zjh\ b | _ogheh]t
IlhgdhjZkiue _gghc \hMhcHIROMAXfu k\hcklI\Z h]g _ImrZsbo \_s_ kI\ Dbc
\ebygb_ gZ ijhp_kku Jhj_gby :dp_glbjh\Zgh \¢gmmfZgby Y¥*HcolZgbaf
wnn_dlm Imr_gby lhgdhjZkiue _gghc "b~rdhklvx [IjhZgZebabjh\Zgu k
f_edh”bki_jkghc kljmb \h”u

Dexq_\u_ kehihkh[ ebd\b” "Zpbb ih ZjZz | _ogheh]by Imr_gby
lhgdhjzZzkiue _ggzZy \ *"Z \h”yghc ImfZg h]Jg_ImrZsb_\_s_klI\Z dh
Aufhih]ehs_gb_
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< khhI\_IklI\bb k 1j_[h\Zhabyfbh Zjgh]lh ki\bézZ | \b~
AZdhgzZ J_kim[ebdb DZaZoklzZzg _hj_ju¥ghlay ihlhdZ \h"u bf_x
2 ]hrz «-v ©OH ]jZz ' ~"Zgkdthevrmx kdhjhklv agzZqgbl_evgu
azZsbl_2 ob"da hkghl\guo azZtwhgqg jlbbb b h[ezZ”"Zxs_c hij_"~_
ijbgpbiRjZz ~Zgkdhc aZsblu y\em "kjghc kbehc thal\heyxsbc |
ij_"“mij_"~ _gb_ b ebd\bézpyoyljbf g gb_ljZ*"bpbhgghc k
gj_a\ugZcguo kbImzZpbc b bo ilmkre gbhy\thdmkeZ\eb\Z_ | [hevrhc
bfbgbfbaZpby m]jha b ms_j[Z H]jg _"bhgZsbo \_s_kI\ Z 1zZd _
b h[is_kI\m hl qj_a\uqZcguo kbthlZptbZ£evguf p_gghklyf < klyab

yhjv[iz k ih zZjzfb ij_"kl:mf_gvr_gb_ \j_~Z hl \lhjhkl_i
kh[hc kbkl_fm fj ijZ\ihke_ _"kl\bc ih~zjz g_h[oh
hjl]ZgbazZpbhggh]h b wdhgijbgpbibZevgh gh\u_ hkh[u_ ih”
ozZjzdl_jz ™ _ckl\b_ dhlhjuo jZaj_r_gbx ~Zggh]lh \hijhkZ

gZ h[_ki_gq_gb_ ih"Zjghc [_ahiZzkgBkke_~h\Zgb _ hi_jZIb\
lzd"_ \uiheg_gb_ ~_ckl\bc ihkblmzZpbb F ih Zjzfb \ ]Zjg
ih>Zjh\ ijhlib\hih Zjghc kem™[u 1hjt
'gZeba klZlbklbg_kdbo DZjzZ]Zg”"u az ihjd¥hebe
hljz 'z _lqh \ [hevr_c kl _imklZgh\blv qgzZklhlm ihlhdzZ \u_
\hagbdgh\_gb_ ih zZjh\ bf__1| "behf k_dthj_ Jbkmghd
"behfk_dlhj_ Ijb Imr_gbb ih"Zjh\ Ba jbkmgdZz \b~rgh
"beRf k_dlhj_ k ijbf_g_ khhlghr_gb_ dhebq_kI\Z \u_a’
deZkkbqg_kdhc kbkl_fu Imr_gblImr_gb_ ih Zjh\ \ “behf k_d
dhfizdlghc kljmb \h~u gZghktkhklzZ\ey | D iehlghklv i
ih 1 _jfbgq_kdb g_azZljhgmluf ih-\u_a”h\ \uah\h\ \ kmldb ijb k
D 1Zd _ gZoh”ysboky \ gbo fzijh"he bl_evghklb \j_f_gb 1z
p_gghkl _c¢c Dhfizdlgdy Z\NZm¥yZhi_jZlb\guo ih~*jZa”™ e _gbc fl

>im]b_ h[t _dlu
jmlb_ hit_ 13,3

LjZgkihjl
Gh\u a"Zgb
_ 90,63/
H[s kI\ u a*"Zgh
[s_ —_ggu_ 98’2)/

ljhfure u h[{t dlu
J _ggu_ h[t_ 12.4

@behc k_dlhj
57,4

0 20 40 60 80

JbK-JZkij_~_e_gb_ \u_a”h\ ~_"mjguo ih”*jZza”~_e_gbc ijhlb\hih Z
] DZjz]zZg”u ih h[t_dlzf az ]h~
Fig.1 - Distribution of fires at various sites in the city of Karaganda for 2019
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Jbk +JZkij ~ e gb_\u_a”h\ ~ "mjguo ih"jZa”_e_gbc ijljlhvhdh Zjghc ken
DzZjz]Zg”™u ih ijbgbgzf \hagbdgh\_gby ih"Zjh\ aZz ]h~
Fig.2 - Distribution by causes of fires in the city of Karaganda for 2019

JbKB-JZkij_~_ e _gb_\u_a”h\ ~_"mjguo ih*jZa”_e_gbc ijhlb\hih Zjghc kem"|
jZaebqguo Ibih\ b ijbgbg \u_a”h\aZ] DZjxyZg~*u
Fig.3 - Distribution of fires by objects of various types and for reasons in the city ajjdtata for 2019

<j_fy jZ[hlu ih Zjguo kl\heh
\ fbgmlZo
35
30
25

20
15 fbgml

fbgml

fbgml

10

lh~rzgqZh 1-1h ih Zjghlh2-0 ih Zjguo
ih*Zjghlh ki\kla EeZROMAX kI\he HIROMAX
JKD hl :B,2-N120 (*Z\e _gb N120(*Z\e gb_
ijb ~Z\e _gbb Fl1Z Flz
Flz

JbM-:gZeh]lby azZljZzqg_gghlh \j_f _gb jZ[hlu \h*yguo ih Zjguo kl\heh\ k ijt
dezZzkkbqg_kdhc kbkl_fu Imr_gby b kbkl_fbadgdhjZkhvwe hggpr\ \h"hc
Fig.4 - Comparison of the running time of water trunks using a traditional fire extingusststegn and a
finely sprayed water extinguishing system

46



~ oo~ 2 A

AAE™ ™. o AAAQ (L8 2OR ISSN 1609-1817 The Bulletin of KazATC
‘EOODPEI ™AE{iTs), R020 www.kazatk.kz 2020, Vol. 113, No. 2

Bkoh”y ba lhlh glh aygyzZdfpl _evgh wnn_dlb\gh hkms
ke _~h\zZgby ih Zjgh]lh jZzkq_I1Z nmgfdhpbglZ Aufhhkz ™~ _g
ijb[ulby ~h \hR\jZs _gby d f fkledh”bki_jkgZy \h”*Z hl[b\Z_1I |
jZaf_s_gby ithr"jZza”_e _gby bgeaygllgy b fh | ijbfeyylvk
hrgbf ba gZb[he__ agZgbfuoadsbllujbh®Zxs_]h h]Jg_ImrZsb_ \_
hi_jZlb\ghc kbImZpbb gzZ ihklZAhevskhdzZ ihfbfh wlh]Jh ”"ey ¢
kdez”u\zZ_Iky \hijhk ih\ur_gfdd jbZrevguo p_gghkl_c jZKiu

wnn_dlb\ghklb iml_f ijbf\lgrgbyZaebqggZ hl \h”"yguo kljmc
ijbgpbibzZevgh gh\uo | _oghwmhtbdgg _  hi\h~bl |_ieh hl Kk
ih"Zjhlmr_gby IZdbo dZd ijpAkdZgbgguo ih\_joghkl _c g.
mklZgh\hd Imr_gby ih"zZjm\hgkljmdpbc a”~Zgby gqglh \ k\hx
IlhgdhjzZkiue _gghlt"hc kbkl_ fibgm | bo ehdZevgmx AN nhij
HIROMAX. ihl_jx mklhcgb\hklb b jZajmr_gb_
<ukhdbc dhwnnbpb_ gl ihe_agjiblfh g gb _ Z\Ihljzgkihjlz

AN _ckli\by Imr_gby 1ZjzZglbjm_IRWANhK[_glhZxs_c | _ogheh]b_c +,¢E
\h~guc ImfzZg oZjzZdl_jbamxsbc\kk®*dqucdZdmfzZzyzZkl \hafh ghklv
kf _kv f_edh”bki_jkghc \h”u KkhdjZimlovzm”_evguc jZkoh”™ h]g_
dhlhjuc gzZijZ\ey _ |ky \ wibpj gtkl\ glh \ k\hc q_j_"~ h[_
\halhjZgby \ha”mohf beb mtjgvbfgb _ \aju\hhizZkc
bg jlguf J]Zahf bdjhdzZieb dihfgpxlgljZpbc hilbfbaZpbx \j
h[rbjgmx kmffZjgmx th\_joghkly mqgzZklgbdh\ Imr_gby i

dhlhjzy h[_ki_qb\z _|I fhf_d&lhzdgZgh gbx ms_j[Z ijbgbg_
bkizj_gb_  hlg_ImrzZs_]h \_sijhkB&ZlIhck\h”hc

flgh\ _gguf hi\h~hf h]ljhfgh]hljbf_g _gb __ kbkl_ fu Imr
dhebqg_kI\Z 1_iez <ha”_ckl\bih ¥jhyglih]dadiule _gg ¢ \h~hc \_Kkvf

iZjZ j_adh k[b\Z_I kdhjhklv ijEdhmZeg/tmyh \ "behf k_dlhj_ ihkdl
]hj_gby b I _fi_jZImjm \ hqZ]_g_h[ohbfRukhdZy wnn_dlb\gh
ihfhsvx Imj[me _glgh]h ihlhdzZ®"\bkNidpZ h]g_ImrZs _]h \_s_kl\.
fbdjhdZieb jZaf_jhf ff mf_gvr_gby fZl _jbZevghlh
\hle _dzZxlky \ ahgm ]hj_gby n@dloah]lbdb Kdh]h ms_j[Z \' g
iheghf h[t_f_[_a ijheb\Z h]g_tbmaebsg]hh ijheb\Z \h”u [jbf_
\ s kI\Z \g_ ahgu ]hj_gby <1 _ogheh]bb Imr_gby IhgdhjZkiu
\h~ryghc Imfzg ij_h[jZam_I| kk\h~hc ~Zkl \hafh ghklv khdjzZIbl\
dbkehjh~rz \ hqgZzZ]_ ih Zjz \lmr_gby ih zZjzZz ~h _]h ebd\b
g_kihkh[ghklb ijhoh ™~ _gby nhjggblylv jbkd ih\lhjgh]lh \halh
ieZf_gb <h”yghcbfmfZg\_khfhfbgbfbabjh\zZlv ms_j[ hl \lhjb¢
"hihegbl_evgh_ ij_bfms_kl\nzZdlhjh\ ih.zZjz
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+URL: http://lemer.gov.kz/ *Z1Z h[jZs _gby
[8] ;imrebgkdbc G G K < Khdheh\ FzZl_fZlbg_kdb_ f[fzVa~rgbyb \fh~
=hkm~ZjkI\_gghc ijhlb\hih Zjghc ke [_:dKYy floyp FQK Jhkkbb k
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ih>Zjh\ mq_[ ihkR[b:dzZ4_ fby =IK FQK Jhkkbb k +
REFERENCES

[1] Law of the Republic of Kazakhstan dated April 11, 2014 No. 188-Vci@hprotection".
[2] Website of the emergency situations Committee of the Ministry of mitéffiairs of the Republic of
Kazakhstan [Electronic resource]. - URL: http://emer.gov.kz/ (accessed: ZA.O).2

47


http://emer.gov.kz/

AAE™ ™. o AAAQ (L8 2OR ISSN 1609-1817 The Bulletin of KazATC
‘EOODPEI ™AE{iT8s), R020 www.kazatk.kz 2020, Vol. 113, No. 2

[3] Brushlinskiy N.N., S.V. Sokolov Mathematical methods and models of reamag in the State fire
service. Textbook. - Moscow: Academy of EMERCOM of Russia, 20285 p.

[4] Aleshkov M.V., Andreev E.A., Gridnev S.V., Klimovtsov V.M., Khrobak.Yu, the effect of micro-
droplets. Magazineé®ozharnoye del® « -63 p.

[5] Bobkov S.A., Baburin A.V., Komrakov P. V. Physical and chemical batdiseodevelopment and
extinguishing: textbook. manual#M.: Academy of state fire service of EMERCOM of Russia, 204.4.
210 p.

IJBF?G?GB? KBKL?FU LMR?GBY IH@HKROPAC IUE?GGHC <H>HC >EY
A:SBLU G:K?E?GBY < @BEHF K?DLHJ?
DZ[bd_gh\ KZzizj @hfzjdhhg “hp_gl DZjz]Zg~"bgkdbc Jhkm~ZjklI\
| ogbg_kdbc mgb\ _jkbl | ] DZzZjz]l]zg”rZ DZaZoklZg
Dhfzjh\ :e_dkzg”j Xjv_Ablbkljzgl Dzjz]Zg”"bgkdbc ]Jhkm~Zjkl\_g
|_ogbg_kdbc mgb\_jkbl_| ] DZjZIeXgpdt.cnmiadaik|Zzg Z

L J UG C K?DLHJUG>: U O:EU LU HJ :M R1G K:
R:RUJ:G>U KM R1G &JL K&G>1JM @ C?K1G HE>:GM
DzZ[bd_gh\ KZizj @hfzjhlh\dgq ~hp_gl ZjZ Zg~u f_fe_d _Iled | _ogb
mgb\_jkbl _1s Zjzag™iZg

Dhfzjh\ :e_dkzg”j Xjvfygkljzgl ZjZ Zg™hu f_fe_d_Illed |_ogbdZe
mgb\_jkbl_le ZjZZ @3 "Nyl Zex_sport.com@mailu

: NZIliZHku fZ ZeZ”Z lheu 1Ze ueZm ° jleacee”e A _jlIl_m hjulug”uku
" jleacene D_a_dre ['eefr_e_jNe bfzjzllZjugu I'l_gr_ "Z ~Zcu 'jli_g [Zce
“jleam Kmeu 'jl k'g™ejm %j_d_Il_jeg he”~ZgZ hlujui "%kl jee ~ c_ke "jl k'g
km rzZrZlug 'jl k'g”ejm +,520%; " c_keg he”Zgm &jl k'g”ejm "%g_ hgu 'jl
ijhp_kege Zkb _ Il je @ ZeZi km rZrZlug ~ c_kege 'jlle k'g”ejm |befrege]s
f g Zkb_I1l_jeg IZe ueZm

L ceg”e k'a®&jfle [he?ujfZzm ‘'jlle k'g™rejm ~ ZeZi km rZrZlug |_oghe
| fZg "jlI k'g”ejler aZllZj 'jl k'g”ej]er jue ueZj | leg k'g”*jm u rZf?u Z ug

The Bulletin of Kazakh Academy of Transport and Communications named after mshpayev
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SUBSTANTIATION OF THE NECESSITY OF A CIRCULATING WATER SYSTEM
IMPLEMENTATION IN INDUSTRY

Begimbetova Ainur Serikbayeva +PhD, Gumarbek Daukeev Almaty University of energy and
communications, Almaty, Kazakhstan, ainur.begimbetova@mail.ru

Mutasheva Gaukhar Sapakhovnazc.t.s., associate professor, M. Tynyshpaev Kazakh
Academy of transport and communication, Almaty, Kazakhstan, mutashevag@bk.ru

Mamitova Aigul Janabayevnazc.t.s., associate professor, M.Auezov South Kazakhstan state
university, Shymkent, Kazakhsta@mamitova@mail.ru

Kurmashev Baurzhan Bekbolatovich,teaching assistant of the Kazakh Academy of transport
and communications named. Named after M. Tynyshpaev, Almaty, Kazakhstan, b_kurmashev@mail.ru

Imangalieva Aizhan Kirghizbaevna, associate Professor, Kazakh Academy of transport and
communication named after M. Tynyshpayev kiraiya@mail.ru

Abstract. This article assesses the current state of surface and underground waterdle t
river on the territory of the Aktobe Ferroalloy plant. The influence of thet'plantivity on the water
basin is analyzed. The paper presents the results of the content of trem@®keml heavy metals in the
surface waters of the llek river. Analysis of the samples has shown that tlemtcation of hexavalent
chromium in the samples increases several times due to the discharge of @ahg@inadat underground
stream from the sludge accumulators. The implementation of recommendations foedhen of
circulating water supply systems will reduce the intake of fresh water from seateres and prevent the
discharge of waste water into water bodies. These measures are aimed @t uaticand protection of
water resources. The ideal option for organizing the water supply of imdustrierprise is the
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introduction of waste-free schemes with minimal consumption of external resanctesaximum use of
production waste.

This article assesses the current state of surface and groundwaters of tineelék fRe territory
of the Aktobe ferroalloy plant. For this, the current state of the vestemomy of the Aktobe ferroalloy
plant was studied. The implementation of the recommendations on the creatianlatioiy and closed
water supply systems of the main sectors of the economy will ensure a nedndtie intake of fresh
water from water sources and prevent the discharge of wastewater into inptiegadiliese measures
are aimed at rational use and protection of water resources.

7KH $NWREH IHUURDOOR\ SODQW LQFOXGHV WKH ©6KD
thermoelectric plant and a ferroalloy plant. Industrial water supply of the pleautried out according to
a sequentially repeated and reverse system. The tailings of the enrichment, ashudged of
metallurgical production enter one structure - a slag dump, in which sufficedfabtive clarification of
industrial wastewater is carried out. In order to study the state otswafal groundwaters, the suda
waters of the p. llek on the territory of the Aktobe ferroalloy plaatnples were taken offshore and at a
distance of about 5 m from it).

An analysis of the results shows that the water in the llek river hasyatigent of chlorides,
sulfates, hardness and alkalinity, but in general throughout the year the concentfadliess substances
do not exceed the maximum permissible concentrations, which suggests a fairlytsatisfaality of
river water throughout the study area.

Keywords: water source, recycled water supply, release, chemical analysis, conmestodti
substances.

M>D

3 _]bf[ _IR\Z= Fmlz? _\Z FZfbIB\Z ; DmjfZr A\ D BfZg]Zéb \Z
l:efZlbgkdbc mgb\ _jkbl | wg _j] _Ilbdb b k\yab bf gb =mfzZj[_dZ >Zmd_
2DZazZokdzy zdz” _fby ljZzgkihjlZ b dhffmgbdZpbb bf F Luguriz_\Z

8X'ghDZazZoklZgkdbc =hkm~Zjkl\_gguc mgb\ _jkbRUfdf gdb F :mwa

HHKGH<:GB? G?H;OH>BFHKLB <G?>J?GBY H;HIJHLGHC KBK
<H>HKG:;@?GBY < IJHFURE?GGHKLB

:gghlZpby "Zgghc klZlv_ ~"ZgZ hp_gdZ kh\j_f_ggh]h khklhy
b ihca_fguo \h” j_db Be_d gZ |I_jjblhjbb :dIix[bgkdh]h az\
ljhZzgZebabjh\Zgh \ebygb_ ~_yl _evghklb az\h”Z gZ \h~guc [Zk
j_amevlZlu kh™_j"Zgby fbdjhwe f _glh\ b ly  _euo f_IZeeh\ \ ih\
Be_d :gZeba ijh[ ihdZaZe qlh dhgp_gljZpby r_klb\Ze_glgh]h c
\ g_kdhevdh jZza azZ kqg_I| bf_xs_c f_klh jZza]l]jmadhailjpdd bag
reZfh\uo gZdhibl_e_c¢ J ZebaZpby j_dhf_g~Zpbc ih kha”"ZzZg
\h~*hkgZ[ _gby iha\hebl h[_ki_qgblv khdjZs_gb_ azZ[hjzZz k\_"_c \
b ij_~hl\jzlblv k[jhk klhgguo \h”~ \ \h~gu_ h[t_dlu >Zggu_ f_jh
gZ jZpbhgZevgh_ bkihevah\Zgb_ b hojZgm \h”guo j_kmjkh\
hjl]Zzgbazpbb \h~hkgZ[ _gby ijhfure_ggh]hy\ey hMiybyNgy ~j _gb
[ kklhgguo ko f jZ[hlZ ih aZfdgmlhfm pbdem k fbgbfZgbguf
j_kmjkh\ b fZzdkbfZevguf bkihevah\Zgb_f hloh”h\ ijhba\h*kl\Z

Dexq_\u_ kekhhZhbklhggbd h[hjhigh_ \h~*hkgZ[ _gb_ kJ[jh
ZgZeba dhgp_gljZpbb \_s_kI\

<\_" gb_ Hkh[_gghkldlh \ujz Z |ky \ gZjzZklzZxs f ~ |
] _h]jZznbq_kdh]h iheh  _gby Jhkignfj@dkmjkh\
DZaZoklzg debfzZlbq_kdb_ mkeh\b@zzzlzidljZgZz [h]zZlZ fbg_jZ
Zgljhih] _ggh_ \ha”_ckl\b_ ijloujvebufd j_kmjkzfb "hluqZz
bklhs _gbx b aZ]jyag_gbx ijbjhirgueZihfdZ dhlhjuo k\yaZzZgZ

49



AAE™ ™. o AAAQ (L8 2OR ISSN 1609-1817 The Bulletin of KazATC

‘EOODPEI ™AE{iT8s), R020 www.kazatk.kz 2020, Vol. 113, No. 2
ihlj [e_gb_f agZqgbl_evguo h] < khklz\ :dix[bgkdh]h az\h~z
[1- @ < DZaZoklzZg_ bin_jjhkiez\h\ \oh”bl f_klhjh '~ _gb_

jZa\b\Z _Iky g_nl_]Zah\Zy hlj.©RZdZr2 h[h]ZIbl_evgZlyWZ[jbdZz
f 1Zeemjlbg_kdbc dhfie_dk vaz\h” n_jjhkieZ\h\ ljhba\h”kI\_ggh
Aim]lb_ ihlj_[eyxsb_ " Kdylighb \h~*hkgZ[ _gb_ az\h~Z ijhba\h”blky
lhgg \h*u gZ "“bgbpm ijh*mdgihke_"~h\ZI-idkbghghc b h[hjhlghc

KhleZkgh =hkm~Zjk kbkl_f_ O\hklu h[h]Zs_gby ahezZ LW
ijh]ljzff_ mijzZz\e_gby \h~gufb jrezfu f_IZeemj]lbq_kdh]h ijhba\h”kl\
DZaZoklzZzgZz hl Zij_ey JlihkImizxl \ h~gh khhjm™ _gb_ +
ijhba\_klb hp_gdm kh\j_f_rezdhhl\Ze '\ dhlhjhf hkms_kl\ey_ 1k
ijhlJghagh]h \h~hihlj_[e_gby \~hklZlhqggh wnn_dlb\gh_ hk\_le_g
wdhghfbdb k mqg_Ihf f_jhijkijhba\h”~kl\_gguo klhg®&luo \h" >
\h~"hk[_j_"_gbx :gZeba ijhfur :dIix[bgkdbc az\h” n_jjhkiezZ\h\
\h”~hihlj_[e_gby b \h~*hhlI\_‘hkms_kl\ey_ | ~“hfugm b IljZgkihjlbjh\c
j_kim[ebd_ ihdZaZe gqglh ~h | _ogbqg_kdhc \h”u <h”Z | _ogbg_Kkc
\j_f _gb ijZdlbqg_kdb g_ k bkihevam_ fZy nNey Kh[kI\_ggh]t
\h~"h_fdhklv | _ogheh]lbg_kdboihlj_[e_gby gZijz\ey_|ky gZ hoez "~_
f "e _ggh jzZajzZ[Zlu\Zxlky b \maeh\ b f _oZgbafh\ ieZ\bevguo Z]j_]Z
h[hjhlgu_ b azfdgmlu_ g_ihkj_"klI\_ggh gZ we_dljhklZgpbx :#
\h~*hkgZ[ _gby Kms_klwg j] Ibg_kdbc p_o Klhjhgghbfk
| _ogheh]bb \ [hevrbgkI\_ ihlj_[bl_eyfb | ogbqg_kdhc \h”™u
kharz\Zebkv '\ i_jbh” wdky\leyxlky ke "mxsb_ ij_Nijbylby
jZa\blby ijhfure_gghklb [_a :dlx[bgkdzZzy LWP LHHIENHEhh#hk
mq_1Z wdheh]bg_kdhc kb GZ az\h~_ jZ[hlzZxl kbkl_fu
j_kim[ebd_ h[hjhlgh]l]h \h~"hkgZ[  _gby

<h”u j_d Bjlur MjZe | -h[hjhlgh_ \h~*hkgZ[ _gb_ kbkl_fu
\ukhdb_ nhgh\u_ dhgp_gljZpthoezZz ~_gby
f 1Zeeh\ n_gheh\ g_nl_ijh - kbkl_ fz h[hjhlgh]h
Ajm]bo Ihdkbgqguo \_s_kI\ ql\h*hkgZ[ _gby h[h]ZIbl_evghc nZ[jbdb
ke "~klI\b_f \ha”_ckl\by ij_ - kbkl_fz ihke_"~hYZIl_evgh
g_jghc p\_lghc f_IZeemj]bb ih\lhjgh]h bkihevah\Zgby

< ~"~Zgghc KklzZlv_ 7~ZgZ :dIx[bgkdbc aZ\h™ n_jjhkiezZ\h\ %
kh\j f ggh]lh khklhygby ih\_jcnbebZe :H ©LGD ©DZaojhf? g_
ihra_fguo \h” j db Be_d gZ hkms_kl\ey | k[jhkZz klhgguo \h~
:dIx[bgkdh]h azZ\h"z n_jjtL_ogbq_kdzy \h”Z hiI”*Z Iky klhjhgt
(:AN >ey wlh]h [ueh \h*hihevah\Zl_eyf ohgychklid_ggh
kh\j f ggh_ khklhygb_\h~gh]klhdb k[jZku\lZxlky \ k_Ib J]hjh”rkdh]
:dIx[bgkdh]h az\h~z n_jjh\h~"hdzgzZez ©:d[meZdi®mIvih\Zygh

J ZebazZpby j_dhf_g~Zpbc it\h"Z b ohan_dZevgu_ kihdb h
h[hjhlguo b aZfdgmluo we dljhklZgpbb AN IljZgkihjlbjmxIlky
\h*hkgZ[ _gby hkgh\guo g_j_a k_1Ib 'LWP Bf_ xlky
wdhghfbdb ihalhebl h[ | _ogheh]bgq_kdb_ b oHaykW)\ ggh

khdjZzs _gb_  az[hjz k\_"_c¢ klhdb hl bklhggbdh\ \ \Zolh\hf ihk_e
\h*hbklhggbdh\ b ij_~hl\jZIbf_klhjh '~ _gby ©RhdzZr2 ghjfZlb\gu_ b
klhgguo \h” \ \\hAgu_ h[t_ocnZdlbg_kdb_ h[t_fu k[jhkh\ dhlhjuc
>Zggu_ f_jhijbylby gZijZ\e ijb\_~ gu \ [Z[ebp_

jZpbhgZevgh_ bkihevah\Zgb_ b hojZgm

\h~rguo j_kmjkh\
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Table 1 +Normative and actual volumes of pollutants discharges near the minefield
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GZbf_gh\Zghb] GhjfzZlb\gu_ h[t_fu
\ s KI\Z K[jhkhA< NzZdlbg_kdb_ h[t_fu |
<k_1h \ 1 q
ijhba\h~klI\ g 0,917 0,012
ba gbo
-\a\_r_ggu_ 0,8395 0,007
\ s KFE
-, 1D 0,0406 0,004
-Zffbzd 0,0059 - 0
-gbljbl 0,00009 0,000041
-gbljzl 0,03 0,001568
-Kl:< 0,00059 0
-g_nl_ijh*mdl 0,00046 0
F _Ihru K p_evx bamgm [_j ]Z b gZ jZkklhygbb hdhe

khklhygby ih\_joghklguo b ih~Ag_]h

[ueb hijh[h\Zgu

Be d gZ |_jjblhjbb :AN

LZ[ebpZ)_amevliZlu obfbgq_kdh]h ZgZebaz ih\_joghklguo \h

ijh[u

J amevliZlu
ih\_joghklgu_ \h~u \ |
ijb\_~ gu \ IZ[ebpZo

Be d b \

Table 2 +tResults of chemical analysis of surface water of the llek river

Kh~ j Zgb_ 9D ATh[_ < I> Dju(nona

We_fT_gl ™ 7h1z T 1jn(z lih(z | 1jh[Z
Kmohc hkiZIh| 607 634 629 621 1000
1G 6.9 7.4 7.6 74 6585
Hdbkey fhkiv| 69 6.8 6.6 6.7
OehjbAu 105,69 | 108.07 10568 | 106,48 350
KmevnZlu 171.45 | 124,54 105.68 | 106,48 100
@ Kldhkiv h[] 72 6.9 76 7.2
S ehqgghklv 4,8 4,8 4.3 4,6
G _nl_ijh~Amdl} ore. 0,13 0,2 0,1 0.05

LZ[ebpZKh# jZgb_ fbdjhwe _f_glh\ b Iy’ _euo f_IZeeh\ \ \h:

Table 3 +Content of microelements and heavy metals in water of the llek river

We_f_g Kh~ _jZgb_ 3f]\Nffh[_ <
|>D
ljh[Z 1 1jh[Z ljh[Z ljh[Z julhona
NLY 1.02 1,35 1,06 1,0 0.75
exfbgbc 0,36 0.352 0,376 0.36 05
DZAfbc 0,0 0,0 0,0 00 1| 0.005
ojht 0,002 0,012 0,01 0,07 0,02
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F_"v 0.044 ore. 0.02 0.024 0,001
@ e _ah h 1,1 0,6 0,6 0,7 0.1
FZjlZg_p 0,065 0.045 0.09 0,11 0.01
Gbd_ev hlk 0.02 0.1 0.01 0,01
K\bg p 0,003 0,0035 0,005 0,01 0,1
<ZgZ”"bc 0,0 0.0 0,0 0,0 0.001
Pbgd 0,196 0,65 0,163 0.26 0.01
Furvyd 0,0 0,0 0,0 0,0 0,05
:gZeba j_amenld&iau\Zz | f_klh jZal]jmadZ ih~a_fguo

\h"Z |
bf |
kmevnZlh\
hrgzZzdh \

Be d
ih\ur_ggh _

ih obfbg_kdbf

* Kldhklb b

p_ehf \

l_g_gb_

Il aZljyag_gguo wlbf \_s_kI\hf \ j_amevl

kh~ j°Zgb _ gZdhibl_e_c

\ha”_ckl\by

reZfh\uo

s _:dix[bgkdh]h

kh_~"bg_gbc

dhgp_gljZpbb wlbo \_s_kI\ g_hklZevguo

iha\hey |

< hI™" _evgu_

:AOK
imgdlZo

h Ahlij_~ _eZo ghjfu
m~h\e I\hjbl_evghf dzZqg_kI\_

:gZebabjmy
gZ \k_f ijhly" _gbb bkke_"~m_frfh gh
k _ahgu ]h~Zr_klb\Ze glgh]h

hif

ih\ur_hlh[jZgguo

\h~_ bf xlI f _klh
dhgp_gljZpbb "~ e _aZz

Kh~ j°Zgb_ 1Zdbo we_f_glh\
dz~fbc gbd_ev \ZgZ”"bc
gZoh”ylky gZ mjh\g_

gm\kl\bl_evghklb f ITh"h\ bo hbf xs_ c
Ke_"m_1| hif_Iblv
j_gguo \h~Zo™ohhfZl ih\ur_ggltgZdhibl _e_c :AOK >
N jiZgb_ ebrv \ kl\hj_ <«

k

glh kh~ih~a_fghlh

1"

LZ[ebpZKh® jZgb_ fbdjhwe f glh\ b Iy’ euo f_IZeeh\ \ ih~a_fi

bf |

jZchgzZ ijhfiehszZ~db b rezZzdhhl\ZeZ :AN

Table 4 +Content of trace elements and heavy metals in underground water of the

industrial site and slag dump area of AFP

Iblv

\ur_ b \
fZjTZgpgZoh”~blky gZ mjh\g_ lhgghklb ZgZeb:
jZkiheh  _gb
we f gl

aZ\h~Zz

ijb\_~
glh
ojhfz

-9
d

jZal]jmadb aZl]jyag_ggl
reZfh\uo

ihke ijhoh™*_gby klI\hjZ
AN dhgp_gljZpbb wlh]h
\hajzklzxl \ g_kdhevdh
f_klh
ihlhdZz ba
@

Khh j Zgb_ §] Afijh[_ A Chmev)
We f gl < [ul
KD<1 KD<2 KD<3 KD<

exfbgbc 0.35 0.29 0,82 1,20 0,5
Dz fbc 0,0005 0,001 0,003 0,003 0,001
Oj h 0,15 0,26 31,81 53,92 0,05
F_~v 0.152 0.18 0.32 0.46 1,0
@ _ e _ah hjs 0,37 0,35 1,25 0,31 0,3
FZi]Zg_p 0,12 0,21 0,248 0,32 0.1
Gbd_ev 0.026 0.016 0.02 0,02 0.1
K\bg p 0.008 | 0.006 0.004 0.003 0.03
<ZgZ”™bc 0.01 0.01 0.01 0.01 0.1
Pbgd hlk 0.96 2,6 0.26 1.0
Furvyd 0.005 0.005 0.005 0.005 0.05
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bo

Ih 1b~jh]_heh]bqg_kdbf mkgzklb Zexf

aZzljyag_gby

dZq_klI\m ih~a_fguo \h™ \ jZclfZj]Zgp_f ojhfhf b pbgdhf > C
gZklhys _]h \j_f_gb g_I h”g OzZjzdl_jbamy baf_g_
hi\_1Z hlghkbl _evgh bildhgp_gljZpbc r_kib\Ze _glgh]h ¢
aZljyag_gby j_gguo \h~ r_kllih*ra_fguo \h~Zo ih gZijZ\e
ojhfh "\b'_gby ]Jimglh\h]h ihlhdz
J _amevlZlu< |Z[ebp_ reZfhgZdhibl_e_c H:H ©:AOK
ijb\_~ gu hkj “g_ggu_ reZdhhl\zZzezf :AN b "~Ze_  d
fbdjhdhfihg_glgh]lh khklz\zZ ifh gh k~_eZlv \u\h® h Ihf qglh \
\h~ \ jZchg_ ijhfiehsz~db brezZdhhl\ZezZ ij_"ijbylb_ jZkiheh
ahehhl\zZzeZz LWP Dzd \'f_""m kd\Z bgZfb «« b
ijb\_ " gguo ~Zgguo \ jZchg_bf_ | f_klh j_adbc kizZz™» dhgp_
azZ\h~Zz bf | f _klh g_agzCr® k f13™fh fI?~f lhwlhfm
ij_ \ur_gb_ ~himklbfuo dhgp_gfh ' gh 1Zd _ hif _Iblv Ih bgnbev!
fZjl]Zgpm b ~_e_am 5B tZIlfhkn_jguo hkzZ~dh\ g_j_a
|>D glh \ p_ehf y\ey |ky ozreZdh\uo hleh  _ddtzgZ g_fh |

yle _gb_f ey bkke_"m_fhc | _kem'blv ijbgbghc aZ]jyag_gby ]j

kd\Z bgZe <jzZkiheh  _gguo \ j\h™ r_klb\Ze glguf ojhfhf jbkmgl
klzjhlh ahehhl\Zez LWP h[gZjmReZhh\uc hi\Ze \ulygml
ih\ur_ggh_  kh”_j Zgb_ ZexfbgjbbybhgZevghf gZijZ\e _
ij_"_eZo - f] #f(1,6- I>D ijhly" _gghklvx f rbjbgz
fZzjlzgpz\ ij_" _eZo- f] #f khklzZ\ey | hl ~h f lehszZ”v
(2,1- I>D "_e_W\adj_"_eZo- reZdhhl\ZeZz azZgylzy g_ihkj_
f] #f(1,03- |>D offifZ\ rezdzfb khklzZ\ey | 2 lulkZ f
ij_~ ezZo - f] #(636,2-1078,4 \ |Ihf gbke_ gZ iehsZ/Mhsghkilv
|>D < kd\Z bg_ <« h{gZjmeZagh\ khklzZ\ey | b2 [hgez _

ih\ur_ggh_ kh” _j°Zgb_ pbgdZ hkladebghc iehszZ"b?-flgk f f
:gZebabjmy ijb\_~ ggu_ LZdbf h[jZzahf ihemqg_ggu_
ke “m_| hif_Iblv glh \ebyg ihalheyxl k~_eZlv \u\h® h Ihf
ahehhl\Zzez LWP gZ khklhygk\ebygb_ ijhba\h~klI\ _gguo h[t_dlIl
\h” jZchgZ ijhfiehsz~db b re.gZ ]jmglh\u_ \h?u \ gZklhys__ \
AN "hklZlhggh kms_kI\ _ggh_fh" | Julv hp_g_gh h*"ghagZqgh

LZ[ebpzZzKh” _j"Zgb_ fbdjhwe f glh\ \ ih*a_fguo \h~"Zo jZchg
Table 5 - Content of trace elements in underground water of the AFP area

Hii_~ ey fu Kh~_j>Zgb_ fbdjhdhrxg_glh\ \ kd\Z3%gZo
bgl] "b gl | K576 K1367] K41 [ Ki7776[k  \[ KI357] k 2
- - 7,2 7.4 7.6 8,0 7.9 8,0 8,2
Kmohc hkIZIH 2301,0 | 2883,5| 29485 1764,0 | 1274,5| 1436,5| 1416,0
<a\_r_gguz\| 137 1,24 | 3.44 | 394 | 358 | 1,02 17,3
ffhgbcguc Z{ 0,88 123 | 264 | 1,76 | 0176 | 1,12 | 0.529
Gbljblu 0,04 | 0,003 | 0,12 | 002 | 0018 | 0,113 | 0.043
GbljZlu 21 1,6 04 | 0,145 | 0.174 | 1,65 | 0,261
KmevnZlu 7952 | 878,09 | 853,0| 497,39 | 408,6 | 470,34| 4586
Oehjb’u 192.51 | 3185 | 283,5| 606,82 | 368,21 | 12,3 | 270.2
@ kldhKlv 10,6 16,8 | 250 | 10,8 6,8 10,4 8.4
DZevpbc 120.0 | 180.0 | 288,0| 120,0 | 64,0 | 120,0 | 100.0
FZ]gbc 55,2 936 | 127,2| 57,6 | 432 | 528 40,8
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S _ehqgghklv 3,6 4,0 6,2 1,4 1.88 3,4 2,4
NIhj 1,63 1,43 1,59 1,33 1,71 2,05 1,35
cexfbgbc 0,15 0.14 0,1 0,11 0.11 0.14 0,18
Dz"fbc 0.0 0.0 0.0 0,0 0,0 0,0 0.0
Ojhtt 8,0 10,0 5,8 0,02 0,0012| 10,2 0,004
F_~v 0,01 0.0078| 0.008| 0,011 0,007 | 0,0076 0,008
@_e_ah hJs 0,18 0.105 | 0,268| 0,089 0,114 0,28 0,16
FZjlZg_p 0,2 0,2 0,07 | 0,050~ | 0,085 | 0,055 0,115
Gbd_ev 0,0023 | 0.004 | 0,0032| 0,0034 | 0,0015 | 0.002 " g
K\bg_p 0.002 | 0,0015| 0,002| 0,0015 | 0.002 | 0,0011 0.001
<ZgZ”bc 0,001 0.0 0.0 0,0 0,0 0.002 0,0012
Pbgd 0,131 0.196 | 0.327| 0,784 0.229 | 0,103 0,138
Furvyd 0,0 0.001 0,001 | 0,001 0,0 0.001 0.0
ljbf _gZgb Q jguf rjbnlhf \u”_e _gu agZq_gby we_ f _glh\ ij \ur.

I>D “ey \h~*h_fh\ drfeVvhihipfhgZagZq_gby

<u\h”u ;_kihjgh hkgh\c H~r"ghc ba keh guo azZ”Zq kha”"Zg
lj_[h\Zgby kbkl_fzf h[hjhh[hjhlguo b azfdgmluo
azfdgmlh]h \h*"kgZ[-_gbwylh \h~"hkgZ[ _gby yley_ I|ky ih\_"~ _gb
wdheh]bgghklv wdhghfbgcaZ]jyagyxsbo ijbf_k_c \

gZ”™_"ghklv

h[sbfb b ehdZevgufb \\b m g _ba[_"guc ijhp_kk \ ex[hc
leZ\guc azZ”Zq_c q_eh\_g_kI\\hAhh[hjhlZ > @

y\ey |ky jZpbhgZevgh_ bki l[jhfure_ggu_ ij_"ijbylby
ijbjh”rguo j_kmjkh\ A_feb b kh~ghc hljZkeb kms_kI\_ggh hlebqgzZx

hdjm Zxs_c
]Jhkm~Zjkl\h

Figure 1 - Layout of production facilities

WiIib

kj_"u
"he gh jZajz[hlZlbkoh”~gh]h

wdhghfbg_kdb_
h[_ki_gq_gby Mklhcgb\h]h jZa\ h[hjmAh\Zgb _f

kbkl_fu

fh \hAhh[hjhlZ |

Ke ~h'f “~m kh[hc
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f oZgbaful _ogheh]b _c

d ijhp_kk gzZdhie_ghby

dZzg_kl\hf b

kujvy

Jbkmgh&Ko #fZ jZzaf_s_gby ijhba\h~klI\_gguo h[t_dlh\

dhebqg_kI\t
khhi\_Ik\_ggh
| ogheh]bq_kdbf
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ijbjh~rgthebfZlbg_kdbo m k Kl]jmibjh\ZIv \h~hihlj_[bl_
khpbZevgufb wdhghfbqg_kcih 1j_[h\Zgbyf d dzZq_kI\m ihlj_|[
wdheh]bqg_kdbfb mkeh\byfb \h”~u b ghjfzf \h~hihlj_[e_gby
hr"ghagZqguo hi\_1h\ ih Bamqgblv mkeh\
h[hjhlguo b azfdgmluo kilhdhh[jZah\Zgby bo dhebqg_
\h~*hkgZ[ _gby g_lI gh _klbdZqg_kI\_ggu_ ozZjzdl_jbklbdb
ihr"oh”u dhlhju_ k\h”ylky b ke K]jmiibjh\zZlv klhggu_ \h~"
=zem[hdh_ bamqg_gb_ | khklZ\m b k\hcklI\Zf
p_evx ijbf_g_gby fZeh\h”" JZajZ[hlZIv wnn_dlb\gu
[ _ a\h”guo ijhp_kkh\ wdhghfbggu_ f_Ih”u hgbkldb klh
Mf_gvr_gb_ m~_evgub dhg”bpbhgbjh\Zgby h[hjhlguo \
\h~hihlj _[e_gby b \h”Ahhl\_~ JZajZ[hlZlv jZpbhgZevgu _
_"bgbpm ijh"mdpbb gZ hgbkldb b bkihevah\Zgby klhqggu«
hi_jZpbb b | i JZajZ[hlZlv jZpbhgzZe
MklZgh\blv ghjfzl kbkl_fu h[hjhlgh]h \h*hkgZ[  _gby
lj_ [h\Zgby d dZq_klI\m \h”u bl L oghddhghfbq _kdZy hp_
ijhba\h~klI\ h[hjm~h\Zgby b | ij_~eh _gguo ko_f b kbkl_f h[hj
\h~"hkgZ[ _gby

EBL?J:LMJ:

> @ Dhiueh\ : K EZ\u]lbg < hthgdhlhkhNdZ \ wg tjfhkddZz Ba”~ZIl_evkdk
"hf FWB k

> @ OhMuj_\ ; G N_~hk__\ ; K DZeHBAigbdh\ ~jBgbl mMmklZgh\db h[jZlI
hkfhkz MHHgZ Gb g_dZfkdhc IWMP_dljbg_kdb_ RI®Rgixbb H# -62.

> @ IhlZzih\Z LGogheh]by mfy]Jg_gby \h”u k mlbebaZpb_c klhgguo
©Omkl _iehwg_ j]lhRZIl jbZeu f_""mgZjh*ghZdbZomédhc dhgn_j gpbb ©Wc«
wg_jl_Ilbdb F?& Ba”~Zl_evkl\h FWEK -188.%

> @ lhlzih\Z#ZLekhloh”gu_ | _ogheh]lbb mfy]g _gby \h”u gZ JLK =8MHZO©Fhk
L_jf 2004.+¢ 3. £tK -37.

> @ ;mrm_\ ? G Gh\hku[dh\®dhKEh]bg_kdb wnn_dlb\ghc I_ogheh]bb \h~
AZbgkdhc =JWIklgbd B\Zgh\kdh]h Jhk-12vd@008. HNv4 + K gl2.

> @ ;mrm_\ ? G ?j_fbgZ G :gZz@&"kfh\j_ €_gguo |I_ogheh]bc \h~hih”]hlh

< _klgbd B\zZgh\kdh]h Jhk-12v@813. Hbq H#d{g-11.

> @ EZjbg ; F Dhjhldh\ : G HizHigl FhXK\hbgbjy ghl\uo |_ogheh]bc hJj
\h~u gZ LWKK iehwg_jJ2009d#4« + K 13

> @ lzgl_e__\ :: Jy[gqbdh\ ; ? @pZdgu< jbrrgby \h~hih~]lhlh\bl_e
mklZgh\hd gZ hkgh\_ f _f[jZgguoLl iedhkvegh]jj20bdZ« + K  386.
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HHKGH<:GB? G?H;OH>BFHKLB <G?>J?GBY H;HJHLGHC KBKL?FU
<H>HKG:;@?GBY < IJHFURE?GGHKLB

;_Ibf[_Ih\Zgmj K_jbd[ZtPy2 :efZlbgkdbc mgb\_jkbl_| wg_j]l_Ibdb b k
bf gb =mfzZj[_dZ >Zmd_ _\Z ] :eafiubegnhetda® hzai

FmlzZr_\Z =ZmoZzZj KZiZahhgZ "hpDghzZokdzy zdz”_fby ljzZgkihjlz |
dhffmgbdzZpbb bf F Luguriz \Z ] :efZlu DZaZoklZg

FzZfblh\Z :clmev >"ZgZ[d I\gZ ~hp_gl-DXaghoklZgkdbc J]hkm~Zjkl\ _gguc
mgb\_jkbl_I bf_gb F :mwah\Z ] Rufd_gl

Dmjfzr_\ ;Zmj Zg ;_d[hezZZkXbktijglihrzZz\zZI_ev DZaZokdzy zZdz"_fl
ljZgkihjlZz b dhffmgbdZpbc bf F LuguriZ \Z ]b_kefZdshev@ailZroklZ g

BfZg]Zeb \Z :c°Zg DbjlbagkkhpBbjh\Zgguc ijhn_kkhj DZaZokdZzZy Zd.
l[jZgkihjlZ b dhffmdgbfdZ flua urizZ kixalya@mail.ru

&G?IJD$KIIKMF?G @:;>U L:M>U :CG:EUF @ C?K1G ?G=1AM
@?LL1E1=1G1 G?=1A>?F?K1

; _]bf[_lh\iZgmj K_jbd[Z-_ 3&Z fZj[_d >%md__\ Zlug”"Z u :efZlu wg_j]_
"%g_ [ZceZguk mgb\_jkbl_Ie :efZlu ZaZzZ klZg DLQXU EHIJLPEHWRYD#PI

FmlzZr_\Z =ZmoZj KZiZoh\dZ "hp_gl FZLMbwglZ nazZzd'esd " %g_
dhffmgbdzZpby ZdzZz~_fbyku cefzZlu ZaZ klzg

Fzfblh\Z :clmev >ZgZ{zZl \gZ d "hp_gl F $m_ah\ Zlug”"Z u H | |
ZaZ klzg f_fe_d_Illed mgb\_jkbl_Is Rufd_gl

jfZr_\ ;Zmj Zg ;_d[heZEZkkbkthgulmru F Lugur[Z_\ Zlug™"Z u ZaZz

d'eed %g_ dhffmgbdZpby ZdzZ”_ fbyku belfhashev@drmiLrk|Zg

BfZg Zeb \Z :¢c°Zg wuj ua[ZcZamufrZklu ijhn_kkhju ZazZ d'eed "%g
diifmgbdZpbyeZj ZdKraiya@yrail.ru

NZ1izZ, e 2 ZezZz™Z : 1'[_ n_jjh hjuliZz aZmulu ZmfZ ug”"Z u ?e_d 'a_g-
"%g_ _j Zklu kmeZjugu -dZeegle [ZZ [_jee”s AZmul wuaf_lege ekm [ZKkk_ci
[Zer"Zg”u @ fuklzZz ?e_d 'a_ge*ge "~ _j kle kmeZjug”Z u fbdjhwe _f_gll_j f_g
f'er_je d_elejee]_g KugzZfzezZj™u lZe"Zm kugZfzZezZj~"Z u Zelu \Ze_
dhgp_gljZpbyku rezf "bgZ urlZjugZg ezZklzZzg Zg "~_j Zklu Z ugug | kejm hjt
[yo_r_ _k_ ZjlZlugug d'jk_Ile Kmf_g “Z[”u IZm”~u ZcgZeuf °~ c_Kkeg

kuguklzZjru <kd_ Zkujm km d'a”_jeg_g |ZaZ km Zem”u uk Zjlm~u Zfl
kZj ug”u kmeZj~u km hlt_dlee_jeg_ Z uam?u [he?ujfZm Z-dZij&degljed [_j_"-
km j_kmjklZjug luffru iZzcr"ZeZgm Z "%g_ hj zZm Z [Z ullZe Zg &g_jd%Kkeil:
“Z[Mu 1Zm~u cufrZklujm?ru 1ZfZrZ g k Zku kujl u j_kmjklZj?u [ZjugrZ Za |
'ghejelkZe”u 1Zjug [ZjugrZ iZc"ZeZgmf_g Z ugkua ko_fZeZj*u | cu pbde [h
_gleam [heui |Z[ueZ™u

L ceg”e k'akRmjd'ae ZcgZefZeu kmf_g "Z[*u IZm Z uam obfbyeu 1Ze
dhgp_gljZpbyku
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DETERMINATION OF HARMFUL FACTORS AFFECTING THE WORKING
ENVIRONMENT IN THE OIL AND GAS INDUSTRY

Tanzharikov Panabek Absatovich,Cand.Sci.(Eng.), Professor, The Korkyt Ata Kyzylorda State
University, Kyzylorda, Kazakhstan pan_19600214@mail.ru

Tolegen Aiym Erzhankyzy, Master student, The Korkyt Ata Kyzylorda State University,
Kyzylorda, Kazakhstan aiym-tolegen@mail.ru

Abstract. The article discusses issues related to factors affecting working conditidme @il t
and gas industry. Hazardous and harmful production factors affecting the oil anddgsisyi were
identified, and a methodology was developed to assess the level of risk in thenmewito The
methodology is based on the guidelines used in the regulatory literature ahé basis of labor
protection and safety guidelines. In order to optimize working conditioriginit and gas industry and
raise the level of labor protection at the global level, we need to usestnimgent standards of general
safety.

All oil and gas production equipment-automobile, tractor, lake and sea vesdelsalin
combustion engines of drilling rigs pollute the environment.

According to the level of the natural negative environment, oil and gasgbimduanks first
among the sectors of the national economy. It pollutes the environment, the ateobptmfera and
geological environment.

The safety of the production process in the oil and gas industry remagvantelfor all
enterprises. The work environment that makes up the employer and employees petfoemidgties
must be reliable. Analysis of the causes of industrial injuries, the human i&d¢tmr main causes of
accidents, as it ensures the safety of employees or their employees, is engageckireittiompiof these
negative factors of labor protection. In addition, there is an attitude of the compaayt§al reporting
management to ensuring safe working conditions for subordinates and a strorajicorashong people
with a safe work culture (motivation) of the company's financial reporting employees.

Keywords: oil and gas industry, occupational risk, Elmery index, occupational diseases.

FIJGLB

|l © LZ “Zju h\: ? L'el] ¢
Y hjul :1Z Zlug”"Z u uvauehj~rz f _fe_d _Illed mgb\_jkbl I uauehj”’

F G:C-=:A K:E:KU D$K1IHIJUG>:JUG>: U @ FUK HJL:KUG: $K?
?L?L1G N:DLHJE:J>U ABYG>UEU UG :GU L:M

. AZ1iZFZ ZeZ™Z f gZc “%g_'bhZgd@ke=jinkZeZkug hjuzZkilgk

%k_j _|I _leg nZdlhjezZj Z [ZceZguklu f%k_e _e_i}]Za & eapkaHh™Z
%k _j _1I _leg Zmeile "%g_ abyg”™u 'g”ejekled nZdlhjeZj Zgu lZe
[1%m_d_e”eeed ~_ ] ceqg kZjZeZclug %"kl _f_ jZklujue”™u

%" [b_Il _j~_ he”ZgueZlug g k ZmeZj Z "%g_ _ [_dle hj Zm?~

j_"_e_j*g_ g_J*a”_e]l]_g F gZc "%g_ ]Za kZeZkug”™Z u ° fuk
_[_dle hjZm ~_ ] ceg %e_ fred ~ ] c]_ d'l_jm reqg Zleid =
Zmeikeane]leg ZflZfZkua _Im~e ZIZ klZg”ZjllZjug he~Zgm Z°

L ceg”e k'af gZdZa 'g”ejeke d%ke[b 1%m_d_e”eeed Wef_ |
Zmjm

Dejeki Zaejl]* mZ ullz f gZcledog@ _c¢c ~_ ~ZgzZfz | j»~_ ~_ %Kk
]Za 'g”ejm eke _eefea”rs wdhgBfbddkughjZkZg ahj %e mf
fZ ua™u ['e*]*g_ ZcgZeui hluj whjrghZlgdZeu f%k_e_g- [¢]°
IZ[b b hjlZgu ZomZeu %j[-kZg2&ZI™
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F gZc %g_ ]Za '@ ejjdbokei ufz~"Zg %g_ hkiZezjZg "h Zju me
kZeZeZjugu ereg”™ e w d h|&la]'bd/je u d dejlkml _]e [feeg Mo
Zmeilee jnre [eje [heui _k_ill&c*ZezZye@efZclug e+e_ki_ f gZceu ]Z
ed g j d'e_feg Zemf_g eZKklZgZlUjm ZeZmelZj nNZ nzZd_ev”™ _
f fdeg”edl_jef_g 'g”ejekled gukddhéapjbyeu | j urZg Zmeile Hkug”
“Zjueuk "%g _ il Zmepergeils gukzgnrzjnz ‘gef™ _jM g
"h Zjueu uf_g _j_dr_e_g_"e fZF_glZfen"zZj"Zg abyg d _elejm”

‘ghejm f_g ~Zcug"Zm~Z heTZg’UuejZng u Ze™ugredgent gZc
obfbyeu 1_Z]_gll_j f_g “oerimMzZa®u "bgZm " %g_ IZkufzZe”r"Zm °
ijhp_keg™_ ZmZ Z IZJZcIug d'fltykmé Zarnkypyea [_deleeme Ibek 'm " %g
‘%g heZj™u hkizezZju z~zZf [GypHjug”"Z u [heZlug ZiZllZ] Zmuj
‘kefredl j f g "ZgmZjeZj %e \edthe hPoyeiu azZjn"zZilzZzj %d_e "o H
["ghej_leg abyg uazllzj [heui IZjoeZtniujZ lu km~u eZklZi hjrzZz Zg
F gZc ]Za 'g"ejm d%keilmjgzngli d'il ] g abygug Ib]Jea_"e Khgu

_j_dr_[_e]* e _j*g_ Z1Zj f gZc "%g_ hgu ‘'gefr_je Z7Z
- hgu ‘gefege "h Zju Zireqelef _g hjrZ Zg hjlZ Z abygug Ib]eal.
[hemu hcfZzc”ru ;¢jZ 'g”™ejek hjug”™Zjug”™zZ [
- obfbyeu jZfu [hcugrzZfleell_ [ejg_r_ nZdlhjeZj %k _|j Ir

hjl]Zzgbaf~_j]_ abyg”u [hemu f fdeg HeZj"u Zmeikeane]eg kZ IZm
-]1Za [_g ZmZgu [_e]eees T'eBUKI|® " j]Jeaci hluj Zzg zZazfzllzj"

hkuemu Zj ueu “Zjueuk Z Zzmriklea”ed J_ _ke IZeZ|IZJug

hkiZzeZj | ame hjug"ZmeZjugZ led_e_c¢ [ZceZguklu [h
- hgu [Zjeu herZgdlugg " > @

fZzl _jbzZe”Zju " Z[™u IZju | _ogbdzZ&Zgad-4Za kZeZkug”™Z u %k _j | Teg

"h Zju Zmei d'ae [heui |Z[uemuZZdA®u "~ %g_ abyg”u 'ghejeklec

@h Zju ukuf?ru f ga£dlhjezjru Z2"Zf Z %k_j _Im 1Z[b ZIt

[ujeZjug”™Z u k cu lu i_g JZaziZdc™zZI't_g”_]~_c |hilzZzj Zz ['e_fea

Zmeile [heui |Z[ueZ™u ;Zjeu-nwebdZuobfbyeu-[bheh]byeu
"_eee_jo d'il_]_g obfbyeu j4ZKbghinhpabheh]bkeyg |
f g fZl _jbZe”~Z] meu [heui d_e_ Ne

Zmeil9%g_ abyg”™u 'g”ejekled nzZd

e

nbabdZe obfbyeu [bheh]bye ikbohnbabheh]b

1+tkmj_Emeile "%g_abyg”u 'gnejekled nZdlhjeZj?u | je_je
Figure 1 - Types of hazardous and harmful production factors

F gZc ]Za 'gMhejekeginfZrueu ugu kZeZeZjugu ZjZkug”
| ogbdzZezZj™u [Zjed\hd'esdlede Zr u hjug™"Zj®*u ZeZ”u He hjrZ Z¢
l[jZdlhjeu d'e "%g_ | _ ea HjlZcu jeZlIfhkn_jZgu ]b”~jhkn_jZgu "%
[ j ueZm jue ueZjugu erde] hegmpbyeu hjlZgu eZklZc”u
ha Zel urlZju hjrz Zg hjlZgu- gZc ]Za 'g”ejekege [Zjeu
eZklZc"u ijhp_ke [ZjeZm [ ]j ueZm 'g”ejm Z

LZ[b b hjlz Z d_js %k _jege*"m ] _dZkufZe™Zm hjrz Zg hjlz z
[hcugrZz f gZc ]Za 'g”ejekeZcdZpanu |Zc abyg %d_e_"e 1 Zjez
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ea™ _klejm “"%g_ f gZc ]Za d_r &-.lpal- ['esF gZc f gZc

gukZg”™Zjug kZem”™u Zflblug 'gefd_j» j " %g_ f gZceu ]Za %
d g hjgug iZcr"ZezZgm f_jaefeg[heZjdgZgZdueuklzZj f_g 'jl Zmei
uk Zjz [heZ™u )z [ e theZmfu Zkb_BAMZf | _jekeg "%
| _ogh]_g”ed %k_je_ | iZc"Zedlgm_ ]Jdca_ Zqu IZjugZ abyg”u %k
ZjZ Zg"Z "h Zju Zj ughuellldibgZeu we dlj*re iZc™Z [her

kbizllZzezZz"u ;e _jr_ wdhelhdByleZemu | _jeg- j ZmugZ "%
azZj"Zi d'[g_k_ -fnbadgddZe«mjmeZjugZ luguk Zem " he?”
%k _je_jNe lhiujz Z ‘kefredZ[udomgu kby lu Zmeile "Z "Zcez
ZgmZjeZj %e feg u ideamegf fdeg F gZc”u jZfugnhz
[Zc ZeZ™u > @ [heui _k_il_e_leg d'fejkml_dl_j
Zaej]e mZ ullZz klZlbkldgdeu[Zk Z ~Z obfbyeu hkiz
f%eef Il _jNe ZiZklujm d_aesg/hemu [hjdZeu "~ cd_ "~ c_keg_ %}

ijhp _keg”™_ ‘'eef f g " ZjZ ZIlIEZgdPoke[b Zmjm Z rZe”u lujZ™u

d g kZcug Zjlui d_e_"e ~ ] g Zimuwhugu hluj Zgufuakd j"e

"ZKZm Z [heZ™urZjfeZkMu 'ldeaamg-e uaf _Iled feg” Il _jeg hj
_I'f_g]e d'jk_Iderl_j]l_ he " [Ifjuekoy2Z h Zg abyg”u g _f_ k_
g_Jeale Zki_dleke [heui [Z[ueZ@§Oejskl$tdd nZdlhjeZj"u %Kk _j
‘ghejeokl e Zmeikeaned ~_ ] dngugZjZlZjgn khauefZeu g_f_k_ Z|
d%keihjug [ZkrueZjugu [Zklu@f2glu ld% keiled Zmjm = fukd j"e

[heui ZezZ [_j_"e [ ea_uylduhbleeeg " fuk ZcfZ ugu Zmej
" fukufua®u 'a_dleeec]eg IZ u [*Poi%]jl keg ZjZc -Z khg”Zcd
"%e_eN_Cche Zmujeu ugZ kZc iZc™"Z [heZ™u Kl
A _jll_m 1Z ujufugu 'a_(@lg&c]e ' M m d r _g”_jeg”"_ f
f g Z  lleee]e f gZc ‘géfMm jege abyg”u nzZdlhjeZju %
d r g™ _jeg”_]* d%ke[b 1%m_d[leeZlugh Zmeil g _ [_d "Z "Zce:
N ]_ce khy~rz2~zZf ~_gkZmeu (gdle hj Zm "%g_ "ghej
abyg d_elejmf_g [ZceZguklu Xk ZIIZ2gm”~u [|'f _ g~ _Im f_ g «
"Z"Zcezjrz " fuk [_jmre]_ _Zmjdhe¢u [hem u IbfZe”u u Ze u
Zmeikea "~ _ ] _ceg Zjllujm Z [&ilel zZ"Zf
N gkZmeu ugZz %K_]j | _leg mbpulle hjlZzkugnzZ wuvaf_Id_je_
nzZdlhjezj™u Ze™Nug Zeka Z %g_  _ [_d 'leeeg  _j_dr
feg™ Il _cleg”e]leg_g_Jea™_e_ _"e[_jee_ "=d_kl_
d_kl uaf_Id_je_j*e “Zku "%g_ _ [_d 'l*ee [hcugrZ lhilZju
Table 1 - Groups of employees by age and work experience
Lhi kZgZlu I Il 11 \Y V
@ fukrueZj”™u
abyg”hu "%g_
_[_d “Z ~"Zcug 0-10 11-20 21-30 31-40 41+
T fuk 1% ejb[_|
‘uenZj
@ fuk 'leeege- 1 2 3 4 5
@
uaf_Ild_jre " Z 18-29 30-39 40-49 50-59 60+
ue
@Zk d'jk_Ider 1 2 3 4 5
f % g@
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F gzdzZa d ¢ hjug”ZjulgjxZz Zzg hjlz | _fi_jZImjZku hgu
rbdeaZzllu ‘'gfhejm iZc"ZeZgue Ze%geu u ha Zem "ue™Zfru u " %c

[ZkufZzerZm d_ae*g”_ [heZlug fEdZhidZgbezIlu "Z "ZceZj _"%mej %Kk
abyg”™u nZdlhjeZjug kZjZeZrmh "¢ %gGhjfZzeZj Z k%cd_ k "'gfhejek
ZaZ klzg J_kim[ebdZku KklagnNzjlliZfjsieZj ereg”_]e Ibefre | _fi_jZImj

lZeZilZjugZ k%cd_ kle]eg knid Z&@Zgn ZmukiZeu f- 4P _
fuklZju T jleaceci hlujZMz ue Ze™ueu-u hgu
uaf _Id_je jne Zmeikea _ [ _duedaZftrugu- f k ‘ueu f_ajJee”_

jm khgZZci_jkhgZeru ZmjmeZijuj@lmjz - +2°K [hemu d_j_d
[herujfzZzm _ [_dle hj Zm~u [BkZ]u bfzjzIllzj f_g h[t_dlee_j~_
fZ kZlu [heui IZ[ueZ™u > @ mZ ulrz ° fuk reg fZdkbfzZe”u j kZlI

&ghejekl_ © fuk "ZkZcludé&jleg hjrz Zzg hjlz |_fi_jZImjZk
“fuk mZ ulugu ed g [*j f3€Keg'cld _ge [ e “Z ~Zc~Z hj]J]Zgbafgs
‘gnejekled hjlzZzf_g Iled_e_c [ZcjdAguklimmeg uk Z f_jaefr_ ZflZfZku,
‘Idea_legne]e [:e4te® _gkZmeu ubd]_ [heZWukl_

d klIL _fi_jZImjzZ d'jk_lderege Ibefre fO%Qge
Table 2 - Effective value of the temperature indicator

@ fuk dzI_]hjb @ue i_jbhMu
@ueu Kmu
@ -e 23-29 K -22-28 K
‘muj 18-20 K -16-18 K
‘muj S fuklZzj reg ZmZ @ fuk hjlZzkug”"Z u Zmz jZfug”™zZ
ha Zeukugu ‘ue”Zfru u ‘ueu d_B¥ [*gabgge [mu [hekZ2 Z"Zf
+ fk _ d I_ [hekz ~_ e "jfukMrZff Ze Zg"Z _keg_g ZcujueZ”u ?
reg £+ f k_dl_  ;Zjeu °~ fuklZmZ~Z [_gabgge-"EoguzZkkz?3 ] f
| jo "%g -dd eal g ‘ue i_jbh”u [r$_ g meZc”™u 'ebdild _Imes f fdeg
Ibefre kZeuklujfZeu ue Z&0%ieu& g~ ejekled d'eedl_j»_  iZc"ZeZgueZl
Z kZc [hem d_j _d Zglbnjba”_j ~_ meu aZllZj™u Z1Zjuc
@ fuk hjlzku =~ fuk “ZkzZaizZ2u > f d hezZjru iZc"ZeZg Zg
u Zceu [hemu reg Zju lZgwqjnkea”ed j_ e _je- [ e ulizc

"h Zju "%j_ "~ "~ [hemu lbek B&jgrelddm]r Ibek > @
“Zju 1Zghujmdel jee “hef g y gb @Zeiu Zcl zgnrZ f gZc "%g_ ]Z:

[Z[b b "%gZkzZg~u Zju 1Zjf_g 'g”ejekeg”r_  ~ fuk “ZkZmrueZj [Zklu
Z|l ZjueZ"u LZ[b b “Zju fugug-e heru Zy lu hj Zclug ZjgZc
dhwnnbpb _glp'ef _g- ereg” _Jedbefr _jf g ZflZfZkua _leeme b ek

"Zju lueu kujllZ u Zju lueu lu HeZj Z dhf[bg_ahg dmjldZz rzZelZz
ZlugZkug¢Z Hgu fugzZz”Zc ‘'jZeaZl nZjlmd j_a_d_ he ZilZ] re_f

Zj ueu _k_il_cfea f g dzZixrhg”"Zzj j_a_ d_ _ledl_j
d'a%cg _dl_j rzZ Z ZjeZj f_g ]Za Z Zj«
(2) " fuk [_jmre 1ZjZiugZg ZjgZcu dbef”r_j
f g hj zZgpZerZju -KZmu lujm
F gz azZllzju f_g k| 'gef”r_je f_g fbg_jZe™u
2zju- 1Z[b b “Zju lueukmeZ] [_j-e_"- |
dhwnnbpb_gl. @ fukd_jre  _ [_d  Zmeikeane].
2.ar ['€f_ereg” JZju lueu hgu N gkZmeu u [-e\-f- dl _e]_
2ujlu - [ef_ kujlughz ufuk_ [hcugrz -kd_j_e-]_- %g_[eeedlee
*Zju lueu Zmeikeaned |ZeZilZju f g _[_d
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ijhp_keg”~_1e " _d 1% jleile HjuogrgZgd ZZe”ug ZreZnmZe¥Kugu
[ZceZguklu Zgu lZeZ™u &g NZkeZdf Zkug %aecje_m a_jll_m’

ijhp_kl_ [ e rzjzezj Zz "ZmZiluflzekZbw [heui 1Z[ueZ"u
jhee |1_d 'g”nejekled IZikujfZgu hju&tyZmekled ijhp_kle Z"Z
Z9Z _f_k feg”_lle [ j~_ hlufjmdle reg % j[°] gukzg”™Z g

hj Zm~u [Zjeu |ZeZilZjug [jbZ3zZIZan Z " fuk hjgug”Z d_e.
_[_dle hj Zm~u aZ “ueghliZydbAlleogbdZeu “ZI1Zj [he
f fe_d_Illed Zdlee jb[ %gheuid j d | _ogheh]byeu | JezZf gl
[Z[ueZ™u | _ogheh]lbyeu dzjlz -kZghb

F gzZdzZa kZeZkuduogbdZeu “ZI ZiZllu "hx “hk

| _ogheh]lbyeu ijhp_kl_jeg |ZeZYAuwkuf%yg "mjgZe f_g ~ fukrueZ
a_jll_m 1%m_d_e” jhe [Z ZeZmTudlh IZgezm [hcugrZ g k Zme
%N"Nekl _jeg 1Z ~"Zm _[_.d  “Z %gHcekidgkl _

h 1ZceZg”ujm "%g_ 1% m_d_e”e ['f_ g™ _Im

d kl@ fuk ZmfZ ug”"Z u f fdeg r_dled deZkugu ghjfZlb\l_j
Table 3 - Standards for the maximum permissible class in the work area

D'jk_Ilder Zmeileeed deZkugu ghijf
1 2 3 4
&ghejekled Dbfzjzllzjn
ZcfZ ug"Z u abyg”u ¢ 0,1(0,1-1,0 1,0-10,0 |10,1
r dled f fdeg dhgp_g
f19

@Zeiu f gZc '~ _m azZm80ug~zZf]¥fdhgp _gljZpby”rz Z~rZfr
‘'gnhejee _leg azZllzj™u abyg”Mu'd¥%k ekeecgng g%lb  _keg”™ ]Za Zefz
"h Zju luguk ZmjmeZju lugulueZze'm dane dee _]_c Z[u
fr e je ZmjmeZju [jhgobl ‘'dileleZdugfiej "o MeZg Zg d_a”_
ZglbgZz | fZm Zk ZaZg " ZjZKyk_leeld g [_elee_j Zc ug [Zc Ze

ZmjmeZju iZc"Z [heZ™u ?]_ ] ZmaAl_j © heZceu? [hel
NZf Z aZkugZ meu azZllZzjhg'ZZ1Auklu [ZklZm f fdeg _f Kk
rm Nejee | fi_jZImjZgu ‘aZnpmy MMb Z [hemu X]fdet% m_d_e
"Z ufkua % k N I_’\- @ lyzZgu?2 [hekZ hg”"Z [Zkrugu '
d'fejkml_dl_je Jqugu "h Zjul [heiru j%kefr» e] g | kZlugZg
Zg™"Z u 'a]l_jekl_jf_g [*j]_ lugukkZemdejekm]_ | kZlI [ee Mo
cd_ Zk hjulm "%g_ bffmg~ul%mddge © heZceu?® [hekZ
[ auem Zmeieg Im uazZ”u Z ufr"Z u | a_Ilm rZjzezZjuf_g [Z
@ fuk ZcfZ u ZmZkugu? [hE]Z24F U L%m_d _e”e kZg”™u [Z
dhgp_gljZpbykugu eZklZzgmagbkdgu¥ reke Wef_jb %" eke [heul

Zem nmgdpbykug d jl gZrZj¢4lZ"u Ze

2
Bgr _dk f%@feg -]_ "~ _cedF g"Z u fZ ua™u d_free-d uaf |
al_j_"Ne FukZeu imgdI%lg_j _ 1 _leg 'ghejek nZdlhje:
mgdllB0%-u |ZeZilZ]j Z k%cd_k[dj"ecte=]e- Y gb [bedled]_ hj
D _,a d_e]l_g [Z ZeZm %"ekl_je khalfeeZgWefdjla"_ "%gQg _ ©

_kegnr_ N~ d_freeedl_j. d_a”_k_Ne
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[ZlujfZkug”"Z u kb]gZe | ke [ aue Bg%”~ekl_ uaf_Ild_j*e "~ _g_kege
AN Jejr_c [Z ZeZm [heZ™u KkZm d ceg”_ [ _ e]l*e_g]_ g f%g™_j”
D%keiled 1%m_d_e”_ jre ZAuZe@m""Z%k j _Im ~_ ] ceg d'jk_I_
km[t _dlb\leeedd_ "he [_jf_m Z¢gZcu_d dl_e_ j =~ c_Kke herZgueZ™t
"Z "Zcug ZjgZcu [Z ZeZm idcerg¥u  f%geg_ [ZceZguklu _ [_oc
Zgu lZe Zg abyg”u "%g_ Z Zhmeulgu Z "Zcu " %g_ uaf_Id_j]_
nzZdlhjezZj™u ‘er_m g%Ib %& jeglm ~_ ] _ce ZgudlXéZ"u

g_l+a”_e]_g %" sk kuguezZ”u

D _kl- hjrz Zg hjlZ nZdlhjeZjugu [Zee”™u d'jk_ldere
Table 4 - Score indicators of environmental factors

ed g aZklJe 0,3 0,7 1
HjlZrZ ad&De 0,2 0,5 0,7
Dere aZez23e 0,1 0,2 0,3
U lbfZeu (D] L'f ¢ HjlZrZz @h Zju
u lbfZze”u u lbfZze”u u lbfze”u
(0,3) (0,7) (1,0)

;e % " ek d%ke[b [%m_d_e&%dille m nhjfmeZeZju
lZklZc d%keihjuggu gZ lu [ejee]e-

k [_elees [« ['e<fe j_leg"_ 3)
k|UJm Z f fdeg”ed [_j_

(4)

F gr"Z uS ~_i hluj Zgufua a - ZjgZcu [Z ZeZm g%lb  _e_je
B, A.D@ @izZjzZf _lje_jege ‘'afh@ugrz _ [_d “Z ~"ZceZjug d_r_gne
f%g”™_jege hkug”uku [Z ZeZm ImjZeu Z iZjZI

Laxl%m_d_e”e ~_d_ d'jk_Ildere- f "bpbgZeu | dk_jme _j]_

B; - ° fuk hjgug’\z u _ [[Z&eeZguklu wuaf_Ild_je_ jre "~ _gkZmeu
ijIug bgl ]jZe™u [Z ZeZm ImjZeu f%eef Il _j

-~ fuk hjgug”Z u _ [_d - uaf_Id _je jne T od_

"z "Zcug d r_ ghe [Z ZeZm kbizllzfZeZjugu d'f _dre ~ c_Kke he

> - uaf_ld_j"- N gkZmdgud 'leeeg_ "%g_ uaf_Id_jre “Zkug
"Z "Zcugu bgl _J]jZe™u d'jk_ldefZceZguklu Zgu lZeZlug Il a_Im

@- uaf_Id_jre “Zk d'jk_ldadhwnnbpb_gll_jed%geg _k_il_m_

@ - wuaf_Id_ j"- abygfu d%gdl k_ 7"
Zmeile [ _d "Z "Zcug”™Z u Cf@k_d. d%ke[b 1%m_d_e”e _k_i
1% ejb[_kege d'jk_ldere %Aekl f ke hgu _ [_d "z ’\ZcugZ "%

@ - " fuk hjgugn"z @ ngmeu ugZ [ZceZguklu Zgu |ZeZ"u
“ZjZ ZIlZgm d'jk_ldere hjulug”u hjulug”ueZc d_e_

@ -  fuk hjgug”"Z u d%kkigvddZza kZeZku d%keihjug™rZjug”™Z 1
kuj ZlIlZgmrueu "~ _]_c- " fuk hjlZzkugZ [*jg_r_ nZdlhjezZj %k _

DLizjzf _lje_j~e fZ uvua™ueuluge F gZc %g_ ]Za kZeZkug”™Z u
_kd_j_leg ‘%g 1 ZjZf_Ih¢lZReg h |Zceu _lei _[_dle hj Zr
kZeuklujfZeu f% g™ _j]_ Zm~™Zjjeorwg %e fred ~_ ] _c]_ d'Il_jm r
ZflzfZkua _|I_leg dhwnnbpb_gllZ¢iu Zmeikeaed %g_ _ [_d Zmeike:

; - f%geg _k_il_m reg [*EFlZfZkua _Im~7e Z1Z KklzZg"™ZjllZju
Z iZjzZl d'a™_jeg [*jedlejm d_j dhéakgsu |
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$rekl_f_ ghjfZlib\led %"_[BoKIj$®y uaf_Id_jre "~ _gkZmeu
herZgueZlug g k ZmeZj Z "% gkug [ _d[ed 'leeeg lejd_e] g Z
hj Zm~u Zmeikea [ZKk Zjm?u f_b0jdo%kgiled ZmjmeZj~u _kd_j_
g_Jea”_e]l_g $7ekl_f_ =~ fuk hjgjudtdjuezZ”u
_[_.d "Z ~"ZceZjugu abyg”fueu ugu

$>?:B?L
[1] LZ “Zju h\ | : [MjZofzgh\ K L KZjzZz[_dh\Z @ F gZc ]Za kZeZkug”"Z
hjrz Zg hjlZzgu hj Zm H mauehg¢tz+ ©L fZj2- [_1 ,6%1-601-229-
0974
2] J ? [_d Dh~r_dke ZaZ klzZzg J_kim[ebdZkugu Dh”"_dke- “QeJA ZjZi

[3] Theophilus, Stephen C. Human factors analysis and classification dgstdma oil and gas industry
(HFACS-OGI) [Text] / Stephen C. Theophilus, Victor N. Esenowo, Andrewr@&wA, Augustine O.

Ifelebuegu // Reliability Engineering and System Safety - Elsevief.20d0l. 62. +PP. 168176.

[4] Ghk_gdh : F Bkke_"h\Zgb_ b f_Ih~heh]lby hp_gdb ijhhj]Elghtadgpdwypu
g _nl _obfbg_kdh]h dhfie _dkZ >We dljhgguc j_kmjg@kdhWeadglgghO: e
gZmdbWet dljhg ~20iB. -+

[5] =HKL - ?[_d Zmeikeane]e klZg~ZjllZjugu =~ c¢c_ke ? [_dls h

c_e_je

REFERENCES

[1] Tanzharikov P.A., Abdrahmanov S.T., SarabekRovd =K 0XQDM JD] vDODV\QGDJ\ HQEH
ortany korgau Oku kuralg . \]\ORUGD ©7 XP D352bet. ISBNKO78601-229097-4

[2] Trudovoi Kodeks RK 11/23/2015, N 414. [In Russian:Labor CddeeoRepublic of Kazakhstan].

[3] Theophilus, Stephen C. Human factors analysis and classification dgstia oil and gas industry
(HFACS-OGI) [Text] / Stephen C. Theophilus, Victor N. Esenowo, Andrewré&wA, Augustine O.

Ifelebuegu // Reliability Engineering and System Safety - Elsevief7.20dol. 62. +PP. 168L76.

[4] Nosenko A. M. Issledovanie i metodologija ocenki professional'nyh riglaganizacijah
QHIWHKLPLFKHVNRJR NRPSOHNVD >-HOHNWIVYRQREG\M]|GBY XK VS O O H
+Jelektron. zhurn£2018. -«

[5] GOST 12.0.230-2007 Enbek kauipsizdigi standarttarynyn zhujesi. Eskoeggaudy basaru zhujeleri.

F G:C-=:A K:E:KU D$K1IHIJUG>:JUG>: U @ FUK HJL:KUG: $K?J ?L?l
N:DLHJE:J>U ABYG>UEU UG :GU L:M
LZ “Zju h\ 1ZgzZ[_d $[kzZl ed ijhn_kkhj hj ul :1Z Zlug™®"Z u u
f fe _d_Iled mgb\_jkbl _Ile uauehpghZl96d@0274@hiaidru
L'e_]_g :cuf ?j°Zg udén]bkljzgl hj ul :1Z Zlug”"Z u uvauehj*"Z f_
mgb\ _jkbl_le uauehj”Zaiyd-tolegekh@mail.ru

HIJ?>?E?GB? <J?>GHKLB N:DLHJH< <EBYXSBO G: J:;HQMX KJ?>
1J?>1JBYLBYO G?NL?=:AH<HC HLJ:KEB
LZg ZjbdhXgz[_dkzZlh\bg | g ijhn_kkhj Duauehj*bgkdbc ]Jhkm:
mgb\_jkbl_I bf_gb Dhjdul:1Z ] Duaupdn196002Zi&rtmal.id g
Lhe_]_g :cuf ?j ZgdfizidbkljZzgl Duauehjrbgkdbc Jhkm~Zjkl\_gguc
bf_gb Dhjdul:1Z ] Duaue hj"alymilolegeh@malgu
:gghlZpby klzZlv_ jzkkfzljb\ZxlIky \hijhku k\yaZggu_ k nzZdlhjzf
mkeh\by Ijm~Z \ g_nl_]JZah\hc hljZkeb ;ueb hij_~_e_gu hiZkgu_ b
nZdlhju \ebyxsb_ gZ hjljzZgbaf q_eh\_dz JZajz[hlZgZ f_Ih~heh]by
hdjm Zxs_c kj_"_ F_Ih~*heh]by hkgh\ZgZ gZ jmdh\h”"ysbo mdZa
ghjfzlb\ghc ebl_jZImj_ b gZ hkgh\_ Jmdh\h”kI\Z ih hojZg_ Ijm~Z b |
hilbfbabjh\Zlv mkeh\by Ijm”~Z \ g_nl_]JZah\hc hljZzkeb b ih”*gylv m
leh[Zevghf mjh\g_ gzZf gkhfewabYAIv [he__ kljh]b_ klZg”Zjlu h[s_c [.
Dexqg_\u_ kepg\al_]zZah\h_ ijhba\h”~kl\h ijhn_kkbhgZevguc jbkd
ijhn_kkbhgZevgh_ aZ[he_\Zgb_
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SELECTION OF SOIL DECONTAMINATION TECHNOLOGIES

Panabek Tanzharikoy, Cand.Sci.(Eng.), Professor, Korkyt Ata Kyzylorda State University,
Kyzylorda, Kazakhstan; pan_19600214@mail.ru

Nurzhamal Yermukhanova, Master (Eng.), doctor student, M.Auezov South Kazakhstan State
University, Shymkent, Kazakhstamurzhamal77@mail.ru

Zaurekul Kerimbekova, Cand.Sci.(Eng.), associate Professor, M.Auezov South Kazakhstan
State University, Shymkent, Kazakhstaaure.kerimbekova@mail.ru.

Abstract. This article discusses soil contamination under the influence of radioactive waste in oil
production zones and methods of decontamination. The presence of radionuclides makaesoast
of long-term environmental hazard. They can be neutralized by separation, concentritiom (w
significant reduction in volume) or immobilization. Most often, curing/stadtitin technology is used

LQFOXGLQJ DQ ©LQ VLWX2 YHUVLRQ RI WKH JODRL@ BNWKREGV XDQGF
treatment of the soil by the curing method, high-strength monolithic blocks amedpincluding waste.
Radionuclides are part of a homogeneous and stable matrix formed when curing agedtedrdhe
method for cleaning soils from oil and radioactive contamination is based oselud a selective solvent
(H2SQu, HCI) after thermal exposure to it, which contributes to the dissolution afagttie components
represented by radium sulfates and its isotopes.

In the process of applying biological methods, the biogenicity of soils increasedy whic
contributes to the activation of natural resources of the ecosystem, the growitraifora and plant
reproduction, which leads to the purification of soils from petroleum hydrocarbons.

However, if it is necessary to immediately treat soil contaminated simultdyeatis petroleum
products, heavy metals and radionuclides, additional methods are carried out in conjurtbtithre wi
method of phytodesactivation

When cleaning from radionuclides, heavy metals, and inorganic acids, rinsing is a cheap way
remediate the soil. However, the use of chelating agents, depending on thetabdieate stable
complexes in a wide pH range, is a promising method for cleaning soil from reliiesuwith heavy
metals.

Keywords: oil and gas production, radionuclidesh situ® @x situ® excavation, soll
decontamination.

$H@7.21.81

|l © LZ “Zju h\G ; ?jfmoZ2gW\FE D _jef[%3dh\Z
Yhj ul:lZ Zlug”"Z u uvauehjrz f _fe_d_Iled mgb\_jkbl_Is+ uvauehj*zZ Za.
2F $m_ah\ Zlug”"Z u H | kled ZaZz klzg f_fe_d_Illed mgb\_jkbl_Ie Rufd_g

LHIUJ: LU >?A:DLB<:PBYE:M L?0O0GHEH=BYE:JUG L: >:M

 NZliZz; e fZ ZezZ™Z f gZc 'g”™ejm ZcfZ IZjug™"Z u jZ"bh[_ek_g”"e
%k _jeg_g IlhiujZ lu eZklZgmuf_g hgu aZeZekua”Zg”ujm " he"Z
ZjZklujuezZz®u JZ"bhgmdeb”l_j~re [hemu Ze”u IZj~u hjrZ Zg hjl
f jaefre Zdharg ZcgZe”ujZ™u HeZj™u k_iZjZpbyeZm dhgp_gljZpb
_e_mees ZazZxuf_g g_f _k_ bffh[bebaZdpbyezkm ZZ|Eekmul jZ IZg~ujm
rugueZg”®ujm %"ekege ©OLQ VLWX?2 g k Zkug hkZ Ze ZgcghE@ "~ %g_ e
wdkdzZ\Zpby | _ogheh]byku he”ZguezZ”u LhiujZ lu ZlZclm %"Nekef_
Ze™u 1Zj~u Zflblug [_jedle]e "h Zju fhgheblle [ehdlZj | ace_"e JZ
ZlZclm j_Z] _gll_jeg hkm d_aesg”™_ | ase _leg [*jl_dle "%g ZI jZ lu fzlI
dej "¢ LhiujZ lu f%gZc jZ"bhzZdIb\le ezZklZgm”Zg 1ZaZjlm |1%keees h 2z
%k _j~"_g d_ceg k_e_dlb\tOH jet&erlehe*Zgm Z g_Jea™_e]_g [ e jZ"bh.
dhfihg_gll_j jZ"bc kmevnZllZju f_g hgu bahlhilZjugu _jmeg_u iZe
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L ceQk'a™_f gZdzZa 'grgypgibhgmdel@LlQ VLWX2 ©_ o VLWX?
lhiujz lu »_aZdlb\ZpbyeZm

F gzZdZa 'g”ejm f gZc JZ~bc kby lugrmaeeb”™l j f gZc f_
'g_jd%ke[s d%keihjug™"Zjugu ]Za”u [Zklu eZklZmruku [
“h Zju rh ujeZgmugu kzZe’lZ[ueZ™u D'fejkml_]Je d_g hjuc
h[euklZ hjrZz Zg hjlZgu b]_jm f gZc 'gef*_jege I']Jeemeg

Zmiege "h Zju "%j_ " ke }VlZjZe Zg [ueuklZjuf_g Z9Z
G_ jeuf fZ ua”u wdheh]b khguf_g ZIZj 1Z[b b jZ*"bhgmde
ijhle_fzezj fugZeZj [heui |2 Z[ZIllu kmeZj"™u T [ 1
T jNe re_cll_gme f g ru Zjmuf _g Z1Z]j TN Fg
N jekl _jege Zj ug™u "NZfmu'gefr_jege f-gzZac d% keireee]eg”
km~u I'f g kzZizku f_g I1zZiizizllzj kzZe~ZjugZg ~_j [_l*g_

Kuj"Zjby 'a_ge°g- fbg jZe”zZzd_a<g”_ heZj"u h"Zg %je |
eZklZzgmu 1k "~ aeg”_ [Z]j2a |_j_ ~e]eg_ k aceme " j_"e [ e IFf
‘gnejmre d_r_gn_j"ne

ZmfzZ jZ"bhgmdeb”™l _jne "bgZemugZ

f gZc 'gefr_jef_g ezZzklZgmzZk%ux kh Z"u Kh~Zg d_ceg | 2
kmeZjugu f gZc 'gef™ _jef g jZ"bhgmdeb”™l_j ‘'kefredl j]_ h’
eZklZgmu [Zc ZeZ™u ZjZc |ljhnbdZeu lea[_dIl_j [hc
F gZc f g ]Za™u " hguk Zm~ZjzZru> @ :cfZ 1Z u ]Z

jZ"bhgmdeb”l_jf g eZklZgmu hjlZrZz Ze Z@XZ * 0,20 fdA\ kZ
T j_Ne ;ejegre "he f gZc hjeZjZeu ugMNauehj”*Z h[euku [hcug!
mjZg Z [Zc kZaMZKIZjlZ be [¢jjZ"bhgmdeb”™l _j [hem u IbfZe”u
T j_Ne LZIEZKIZ mjZg dhgp_gl, ZI_jeZenu I1Zj Z f gZc Ze™u IZ
]I "%g_ h”~"Zg "h Zju [hemrhgu ereg”_ [ jueZm reZf™Zju
L'f_g”_ “ZI1 Zg d_m_dl- iZch"ZeZgue Zg bglj_"b_gll_]j
jZfug”n"zZ | arpleg”™phezZ”u hg fd'e d_g hjgug b]_jm hku”Zz
[¢jleg”_#°5D “%g_ hgu _g'ue~Zg Zklzf mZ ul [ jug [ZKkl:
‘gef” _je _jbnre Kh”Zg d_ceg Hg ue”u IZj J[hcu -fl&aZc  'ghejm
"h Zju hjgzZezk zZzg f gZc "%gZcfZ IZjugu ed_g ZgZeépr
hjug”ZjugZ | kK _Ne "%g._ "N ef ] . g "%g._ Ze™u lZj™"Zg
jZ"bhgmdeb”l_jf g eZklZc™u 1ZaZjluefz Zzg "Z "Zc"Z [ e Z"Zf
?degre "he f gZc Z[ZII[bhkn _jZ Z | jZ lu | _jek jZ"bZp
225Q _gm ~bnnmabyf_ g FZReZ %k _jeg IbJea_"e Kujl u k%me
urujZm ‘'gefr _jege k_dmg”lZ hkZlug |Z[b b jZ"bhgmdeb”"l_j
fogmli_g ‘el _We®3E ] h-d'a™_jlZmZ Z km Z Ihiujz Z I k
d _cé¥YJih |% mesdeg UurUjZc U

1-d_kID_c[*j 1Z[b b jZ"bhgmdeb”l_j~e |hiujZ IZ u [_ek_g”~ee
Table 1 xIndicators of activity of some natural radionuclides in the soil

JZ"bhgmd D'e fred "%g f gredle [ ek g
>bZiZahg d'jk_Id HjlZrZ
d'jk_ldere
0 100-  ;d d] ;d d]
87Rb ;dd ]
26 3,7- ;dd] ,d d]
=y 10- ;d d] ;d d]
232Th 7-  ;d d] ;d d]
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1-d_kl_~_ d_c[e] l[Z[b k- Zz2Zf »_gkZmeu u f_g Zmeikea”:
jZ"bhgmdeb”| _jne lhiujf _g hjrz Zg hjlz z ZI|_j~e ZaZclm g_f

[ _ ek_gnheeed d'jk_Iderl_jG []ejeEZeugem | _ogheh]bygu herZguemu
kujl u k%me_e_gm?”e "hazZkugZ- k_gefreeed i_g | _ogbdZeu uaf_
hkzZlug jZ*"bhgmdeb”I-jd”bcrd'jk_Im [ZeZilZjugu kZ |[Zemu

lhjbc ZlZjug”"Z ueZj f_g 4dZebc - | ogheh]lbyeu ijhp _Kkle
ZIZMNu> @ F gZc d_g hjuru ug”Zju

jZ "bhzZdIb\le eZklZgmugu -gZ lu -bgnjZ jueuf

kmeu f gZc ZcfZ ugu Z[Zllu km- he "~ _lefreeed "%g_ iZc"ZeZgm
[heui [Z[ueZzru @ _j [_l*g_ | I*Zcug™~wa”"_

" jZklu kmeZjugu nbabfdew - uaf_Id_je_j f_g h Zf reg
"Zed ceg- djl ‘al_ Zmeil |

jZ"bhgmdeb”l_jre jelee] g d c™_~- hjrZ Zg hjlZ Z %k _j _Ime
nZaz Z 'Ilme reg Ze urZjllzj "~Zkez ghjfZlb\led klzg~zZjllZj™u

;e j_II_ l_ogheh]byeu "Z["kZ |Zegmu

lhiujZz eZklZgZ"u L ogheh]b- h Zfru iede]j

“Z[™Mu 1Zjf_g lhiujzZ l&Z[Z]lu A_jll_m %"eklZa=jled_a”_
kmeZjf g [*jg_r_ j_I | cekme [RI[dZ |4 N aZdlb\ZpbyeZm
f g lhiujz lu [ Teg”™_ r'‘'ldebgheh]bykugu IhJugZ IhiujZ lu rzZx
jZ"bhgmdeb”| _jne "bgZemugZmm %g_ we_dljhobfbyeu A m
Ibekegr_ hezj"u f_ogrbthé¢ _azdlb\Zmbyk _iZjZzpby “ZIZ"u

[ ek _gheesllemeg %d e "o EEZRIApZZ4g 'a hjgug”Z r@nxsituymm

| _ogheh]byeu Z[Mu 1 Z] Fnif gg g_f_k_ kmeu _jlegnhee_jf_
lhiujz lu f _gredle [ ek _g”pleal=e "+ e eZklZg Zg lhiujZ lu Ze
Z[Zllu kmeZzZj™u f _gdedbs I1ZaZjlmdZ VLWX he ZjgZcu
[ ek _g”eees]eg_g [*jg_r_ j_| ZRuizjlzk 20« kZeugui k cu _jlegnef g
Khg”u |IZg Zclzezfz d'a™_jZjfHedkdlquezZ™u ;e d_a”_ d rle
jZ"bZpbyeu Zmei I'gfeyeZmij _Z] gll_j hkfmfdeg”~ed [heZ™u

Ze™u IZjug " %g_ JZfugeZ[Zj EZKkIZgme Z] _jeleghen_ _jbNe g_f_
Ze™u 1Zj"u d%”™_1_ " ZjZlm Z knZHuey'adoweZgZ™u hrZg d ce

jZ"bZpbyeu Zmeikeaned jZklperRygddaeb”™l_j ZeugZ”u RZx %" ekl
“a_]_ ZkujueZ™u JZ"bZpbyewzt fl g”"kZa”u "h Zju [hemu d_a-g
‘er_]_g”_ jZ"bhgmdeb”l_jnre |lWefkreadle [ € rZcug”™u kmeZj"Zg kZz
[ ek _gheee]e ;d d]l ZkiZfki _ljtkkdk ['er_dl_jre Zeui 1ZKkIZm~u
Ze™u lzj"dhgujzZz Z 1ZjZ Zg eZkddgfu 1ZjugZ [ZceZguklu Khguf_g
‘kefredl jf g Zkju kmeZjugZ ZdEj eZc "%g_ kZa”™u nNjZdpbyk
d'r_Ne Hku Zg k%cd_k jZ N b lregmgebo Ml _jre | jZ lu KIZi | jZ™u

dan_jne [ ek _g”heee]eg ['f_g”Wlen dljhobfbyeu™ «e™N m ONel
jZ"bh[_ek_g”e Ze”u IZjf_g IbhgZzidtu we_dIljh*lZj [Z ulu [hcugrZ
N aZdlb\ZpbyeZm [hrodgZBZ] tKk Z nNZ azZjy™lzZe Zg ['er_dl_jne
"ZKZm Z _lleee]e Imug”™Zc™u > hawZeukug Im~ujZlug | jZ lu we_dlj

EZKkIZmru aZllzj™u hjriAkAg km Z Zgu Zg IlhiujZz Z kZem
hjlz Z "%g_zZ"Zf Zallbyjgadulgk jZ2flbru HkueZcrZ eZklZgm we_ dlj fz
h 1Zceu 'l _cleg IZaZjlm | _ogHEehibhjug"Z rh ujeZgZ”"u hgu
1Z "Zm %j | jee nZdlhjeZj"u weedkhf*g g lhiujzZ i_g g f k_
"Zg Z lu ZjZklujm”~u Z | | _k#j[HELi g [*j]_ he”Zgm Z [heZ™u
nZdlhjezZj?ru g_J]ea]eke HkueZcrZz eZklZgm we_dljh”™lu

- [Zklu feg” _Ile r_rm "Z2qug ZcfzZ IZjug™"Z rh ujeZgZ”"u he
| ogheh]l]bygu %e_m_Ile f fdeg™edVl_ge we _dIljh™lu ‘'aef_g I|hiujZ i_g
g_f k_ [ jug we_dljh”~lu hjrzi 1 j Zg

k J[__gli_g [j]_. 9_f_k_ we_dljh”lu
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"Z ug ZcfZ ugZg km~u Kkhjuirh e g"ujm reg "bgZez”u
[heZ”u L ideeedle eZKklZgm”u' "Z[en "eeg

we_dlj wg_j]lbykug he”ZgZ hl LhiujZ lu [ZaZjlm~™u
herZgZlug % "ok ruguk&n[bheh]byeu %okl _jeg-e Kuc
f 1ZzenZjf _g jZ"bhgmde d_r_gege [Zklu Zjlu vtuegZyjeu
eZklzZg Zg Ilhiujz Ze™u lZjug Z[Zllu "hcuefZmu ZjgZcu jZe
kh u %"eke [heui [Z[ueZ™u herZdmeZi _leef_che hjrz Zg
%N"Nekle f gZc d_g hjgu Ihiujdhfihg_gll_jeg_  "%g_ 1Z[b b It
IZ[b b "%g_|_ogh]_g~ed jZ~bl[bhp_gha”Zjugu S fukugZ I_jek

aZeZekua™Zgm Y%N"Nekeg he h ;bheh]byeu Yo Nekl jNe k
[heui [Z[JuezZz”u K _[_[* eZklzijhp_keg”_ lhiujz lu [bh]_g*”
[ ek _gheee]e I'f g jZ"bhgm ZjlZ"u [ e wdh™ ¢c_qg- | Z |
[he Zg”u |Zg [ e ThiujZz lu | hjeZjugu [_ek_g”ee_gmeg
iZch"ZeZgm”™Zg ru Zjm [heui IZfbdjhnehjZgu 'kmeg_ "%g_ 'kef™

Nblh” _azdlb\Zpby - d'[_xeg_ uiZe _|I _~e [ e Ilhiuj.
jZ"bhgmdeb”| _jNe lhiujz 1Z¢f gZc d'fejkml_dl _jeg_ g IZaZjlt

ZmftzZ 1Z ‘'kejee_leg 'kefnredl_j %d_e_"e > ] gf_g |ZaZjm Z [ejr
Zeugmu Hezj z f%”~ gb 'k Z | [heZ”u
“Zlmu f fde&ZklZg Zg Ihiujz I1Zg K_iZjZpby lhiujZ lu

jZ"bhgmdeb”| _jNe Zem eZklrdg Zg njZdpbyeZjugu ob
iZch"ZeZgueZlug "kefredl | def KZj nbabdZeu ['eegmeg [
lzezilzj Z ZmZi [ jme JZMbdkZdIb\led eZklZgm ImjZeu _
jZ"bhgmdeb”|_jne “PoZjul kZ Abki_jkle njZdpby
dhgp_gljZpbykugZz [fZcfeéZguklu _d _ge [_e]eee Ze soje
jZ"bhgmdeb?l_jre  d'i kZgu@”*bbhgjmdeb”l _j <k ~ aeg”™_ d'l_je
"%g_ bgZ lZm zZ Z[ee Ile heZjélred¥Zfuj =jZ\blZpbyeu k iz
“c_keg g T [ Teg™ _]e ukueZbbg Zeu K _[m g f k_ f.

fZKkZ Z Ibefre |ZkufZerZm Z k jiZjZhblkyg heuf_g njZdpbyezjn
[Zfuj ~ c_ke "bgZm Z u ZceuhluhuZjug_ jeuf ezZklZg Zg ['er_o
["aefreee]e [hemNblihek aZdIb\Zpbyi hezj~u "h Zju~Z kbizll:
| kegedle Kk_[_il_j [hcugrZ IlhillpKelesr_ jre [*jef_g ~_azdlb\Zp
Kle ]e Z[ZIlZjug |ZaZeZm feq | ZgZkujm Z J[heZ"u JZ~bh

herZgueZ”u eZklzg Zzg Ihiujz i_g =~ fuk <kl
NblhwdkljZzdpbyzZenrZ]j f g_ jeuf iuku |IZe Zg | _ogheh]byce
jZ"bhgmdeb”l _jre 'kefred [ZflygeB)dgByeu "%qg _ nbabo
ke meg "%g_h'&ZfMredle ~ |J KkdeiZjZpbygu -Eh@M{cVLWexF ¢
['eed]| _jeg”"_ "bgZemug Zmlim~ru['er_dl_jeg “Zl uam Z [h
Nblhwdkljzdpby [I'f g "%g_ WajldZijBobfbyeu A m )
eZklZgm N ] _co [Z] " _jnblhkleazdlb\ZpbyeZm | ogheh
lhiujZ IZjugu ed g ZeZ "hieg™"ZZm ufru 1Z[uklu dhff_jpb:

herZgueZ”™u &kefred eZklZmrineadZIdmN& jb[_ke d'i _f_Kk
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1-kmj-LhiujZ lu | g[ZeZj?u reZf*rZj*u jZ"bhgmdeb”™I_j*_g |IZaZjlm”~u d
| ogheh]byku
Figure 1 xintegrated technology for cleaning soil, sediments, and sludge from radionuclides

JZ"bhgmdeb”™l_|j hkueulg_f_k_ eZklZgm”~u h rZmeZc”u mZ u
eZklzZg Zg lhiujzZ lu |ZaZe: Z[m lhiujZz Z Ihk Zmue”Zj™u h x
lhiujz lu Zaui Zem g_f _k_ lhiujz lu Za ZggZg d_ceg %
\bljbnbdZpby”~rZg ruguezZm”~Z(ZjgZcu " _j]_ H[ VLWX ru Zj ZggZg

jZfrZklujuel Zggheh]bygu Knm m@-kmj_I1_

iZzcN"ZeZgm Z [heZ”u D'[*g_k_ eZklkzg Zg j_Il_ lhiujZ lu

lhiujz lu ZlZclm " %g_ ZafliaZdEHim\ZpbyeZm d'[vgdez Zen
wdkdzZ\Zpby | _ogheh]byku keftZjgZypedeZm~"Zg d_ceg jZ "bhzZdlb\le
Lhiujz lu ZlZclm %Nekef g+t ™M IIm e¢je njZdpbyeZjru Zeui |ZKkl.
g%Ilb" _keg” _ Ze™u lZj™u Efuhpluchjug”rZeZ™u

[ _jedle]e "h Zju fheheblle [ehdL2§ ejb[_ d'jk_ld_g”_c Ihiujz lu
| aee Ne JZ"bhgmdeb”l_j |ZaZlZrmMm I[befre 1%kee™ -joge [¢]°
j_Z]_gll_jeg hkm d_aesg”_| asghlpgk]ejl _dldbefreee]eg ZjllujZlug
"%g_ | jZ lu fZljbpZgu jZhkogZe Zj™u _gleam]_ "he [ ] _leg
dej "o LhiujZ lu I1ZkufZer*Zmkuau lmnm_3 N _azZdlb\ZpbyeZm ‘mn
(insLWX "% mej r_dl_me_|j hcle&diuldZ[degu MKHgeu " %g_ kmkua
‘ldea]er lhiujz I1zZzj~Z “h ZheZiju [Z] [ejegre Zflb"u

kbizllZze Zg bug”u 1Zj~Zg [ZkKKh kua | _oghdhébihiujZ lu
Z]j_kkb\le j_ Z] _gll_j~re he”Z&ncuf fAffdpZdi g g f k_ | jese hkiZeZjl
_f_Kkle]e eZklZgm ZcfZ uglZg Zkik kugb d'fejl_]Jo ~bhdkb”ef
jZ"bhzdlIb\le km~u Zem ZmieaZjBpkua™Mm~ujm

_jeleg”nee jeg ZeiugZ d elejimed g «eNZMmbhgmdeb?™l jNe

uf[Zllu ¢Zjh[e_fZ [heui |Z[uekxktuZ _jbleg gukZg”Zjug lhiujzZ lZg 1
?1 ) [_lled [_ek_g”e aZllZ] he'@ZdueeZdqZu ‘'kefredl_ | 1ZfujeZju f_g
heZzj lhiujz lu d_m_dleec]e j fZ&lu kmeZjugu "Imeg ZaZcln
‘Idea]erle]elgf _gn_|_ Mo [ e '"4ZnkZlug”™Zz herZguemu f fdeg [*]Z
[befreee]eg I'f_gn_|_"e @h Zju®Z «4bde dgjk_Id_g~_c [ e I%kee "h Z
k_[_il_j]l_[ZceZguklu '"a hjgug”"Z Kmhoefl*®@e+di_g kbiZllZeZ"u ‘cld _
situ) | _ogheh]bykugu herZgugeBbh'dmdeb”led eZklZgm~u [Zkuf ['e
r_dl_mee <k "~ aeg”_ hgu "be Znmdkéupgdé¢d j~_ [_jed khj[pbyeZg Zg
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Hj]ZgbdZeu™ _f k ™ur™MreE"Zj2jub a~Zj [%k_d_e_k bhg"z
km _jeleg”ee jef g '~ m FMKVYZ lg_ [Zk Z fhgh\Ze _glls

N aZdlb\ZpbyeZm”~u  _ ZiZizzubhgdmgleb ™l _jNe N _khj[pby ~¢
ZjaZg |%keee [heui |Z[ueZMuZjllujZusea

JZ"bhgmdeb”|_jne km nZaZkugZ G%hbg_e j"e |Ze ueZi
uize AT y gb N aZdN\ZipDbglb\le eZklzZg Zg Ihit
dhwnnbpb_qgll_jege- ZjImugZ‘h%jju’eZ"-d jk lee]_og hkiZzezZj"t
D'[sg_k_ IhiujZ lu "mm regjelbgree jef g keeleee gZljbc d
ur ueug iZch"ZeZgZNu d-jl nlhjb’\l_j- d_r_g"e | alerl
ur ue™~Zjugu _jelegnee je Phkejlug urlzj ur ue _gleal_k
dZevpbc "h Zju [he Zg ZMZePNZ [heZMu ;e %Mokl _j Ihi

lhiujz 1Zj~u gZrZj [_ek_g”ej_"eZceu [*jZ ur uef_g mm Z Zj.
ur uef_g mm~u Ibefreedpeeghece]e |'f g
Zjillujm reg _jeleg”e] | jee hkizZekjfug 'Idea]erle kZa”u lhiujZz
_gleam]_ [heZ’\ fukZeu ,jZ@L@\ZV%EMX@‘f_g ‘mm bug Ze [ e
NHs Na" g _f_k* [%k_d_e_k k mwheg"ddjhobfbyeu A m] d
[Z] Ia"ZJ her "_khj[pby ToogfZckug Hku k_[_ile we_dlj
"h ZjueZlZ™u "%g_ [Zk Z fhgheeZgdlhlujui "~ m "h Zju lbef’
f 1Zee jZ "bhgmdeb™®Kj¥ged_ jd'jk_|_"~s RZx %" ekl_je eZc f_g
khj[pbykug [herujfZc™u jZhugMZ [hemu d_aeg”™_ Ibefkes
nlhjb~le g_f_k_ kbebdhnlhp”lseZbhg”rd] kmezZjr"Z u kZz bk
[Z] | anZ] ZexfbghkbebdZllu['éhj®d j~  khj[pbyeZg Zg eZk
"ZjlueZc [ auemugZ u iZe _|_2Zeuir_f_HdzZklZm”"u bug”™u |Z]j
JZ"bhgmdeb?™| _j7e AN khj[pby [Z%g Zg ukelg > @
“h Zjuezlz™u d'i azZjy~lZe Zg bhg”"Zj

2-kmj-0zZ~bhzdlb\le ThiujZ lu *_aZdlb\ZpbyeZm”u ijbgpbiled |I_oghe
Figure 2 +Basic technological scheme for decontamination of radioactive soll
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JZ "bhZdlb\le lhiujezZklZg Zg lhiujZ lu |ZaZeZm reg he?”
N aZdlb\ZpbyeZm”™u ijld_aeg”™_ f gZc eZklZgmeZjugZg |Zazjl
| _ogheh]lbyeu ko "h Zju "%j_~ _keg_ he ~_ldeace "
jZ"bhgmdeb”| _jne |Z[b ZluLhiujZ lu hjl]ZgbdZeu "%g _
[ZceZguKklu Kmj_|I L_oglfbg_jZe”u ['eedl_jeg ['em]%Yekeg”_

[¢jegre d_a_ +g”_  eZklZgm”u d'ge féthifupgZ I1Z u f gZcf_g eZklZgm~™u
e_kled [_ek_g~heec]eg d'fejKmmk_dieg”~e'il ] g %" ekl _j he~ZgueZ™l
jZ"bc ZgZfZebykugZg eZklZgmejZ%jhjlzrdy eZklZgmu [Zj IlhiujZ lu
hgu jZ”bc [hcugrZ ZKaf&u uglZazZjlm f_g ZeiugZ d_elejm”™e [Z]e
jZ "bh[_ek _g”"ees]eg_ ZjiZc hefZguwklZ u %"kl _jege ereg”™ _ Ibef
['er_dl_j]l_ Zcujm iZjzZf_lje_jeq b[lze B eZyne u Yo Nekl _jNe hkufrz
Z | FZ ua®u d_a_ khguf_g h&€tZgm Z gZkbZg Zg I|hiujzZ lu
lhiujZz lu "h Zj u gZjeu Z[Z]lujgur_ d g [hcu k eu d jer KZ[Zg"ZjL
eZklZgm "%j "~ keg [Z ZeZmkmeofgg hdgumZjm Zj ueu f gZc™u
ZjZiZcuf "mm Zj ueu hgu eZkidjgmlwg Zklu u ['ee]*g_ "bgZemugZz
ZaZclm f fdeg”e]e [heui |[Z[ueZ/he D _ eldkeam] [hd&Zzgudcf g

d_a_ ~_ jZ"bc”e uklu kmf_g e@Z&lZgkZg lhiujz Z 'kefredl_j k_[m"ne
l @ ur ueugu _jelegnekef g Wrlelpe 'mefred hkufrZ hj_dl_gm j _leg

f fdeg”e]eg kZg”n"Zc "h Zjuf gZc d'fejkml_dl_jeg he”rZgmuf_g %
| fi_jZImjZeu lZaZjlm~u |befZlelezededg I|hiujZ tdmZZa "bfeg

|_dk_jm Z | F gZc d_g hjug2X&jajdm Z uize _l_legne]ef_g
kmeZjug”"Z jZ"bc %j ZrZg 'a*gt kebgfbyeu e [ e j Il _ %) | jee [_ek_
ZgZehuzZjbcf_g [*j]_ [hez”u h%iZeZjf_g [ZculueZ”u [ e kZcui
hezj %" Il _je] g dc”_ [heZ®d _g?] j fbdjhhj]l]Zgbaf®_j kZgugu

kmevnzZl bhg”Zjugu f'er_je khkMZeg'kkglZeZg™ujZ®u "~%g_ k%cd_ke
hgrz jzZ"bc f_g [Zjbc %D 6@Zc6f2 g f gZc 'gef*_jege u”™ujZmug
jZ"bh[Zjbjeg”™_| gMujueZ”u [ _an_| N

kugueZlug 1Z u [*j | _ogbdZe:ezZc™Z jZ"bhzZdlb\leeed [ e j_II_
%"ekZmuj fZcezZj f_g [bImfrZ Zllu Ze™u 1Z rh ujezZgz”u Ze
d aeg”_ lhiujZ lu hjl]ZgbdZe¢[ _ek_g"eeed _k_'k_"~e Khg”u lZg
fbg_jZe”u ['eedl_jeg ['em %" e ZjZcC Zllu Z e " u BafRa)SQ
lhiujzZ Tu " ~_mne d_e_ke djA"bNh[Fejdplle _jelei lhiujzZ lu
ZflbMu rbdeaZllu iZcr"ZeZgue¢jZ™*bhzdlb\le eZklZgm”~Zg hkufrZ |Zaz
]Za~Zjuf_g "%gQg uklu " Kk _[*9g. g [e |%keens nmgdpbhgZe
lhiujz i_g Ze”ug ZeZ uva”ujf fdeg”edl_jeg d_ _clm]_ [heZ™ u> @
d'fejkml_dl_j f g km [mug ru Zji hcue Zg feg™ | eZklzg Zg
Zmuj d'fejkml_dl_j"e ibjheblhiujz lu |_jfbyeu ' ~_m~e Zflblug
dhdkl_m dzZf_jZ Z ZmZ Zc""Z |%keef_g he ~ _ldease "o L jfbye
"Z m EZklZzg Zg lhiujz Iu " *_m”"_g d_ceg | hiu-BB"K
g%Ilb” _keg”_  hku %”7ek [hcul_ fi_jzZImjz2Z kZ ZI [hcu ZcgZeuf
f gZc 'gef®_jo hlug™u ]Za j_"bfeg”_ hcuelue Zg d dejl
lhiujZz ['eegH¥u |%kee”e f gZ ur ueuf_g ' " _e_"Ne
"%g_ jZ"bhzZdlb\le dhfihg _gll_jf_g
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3-Fmj_| F gZc 'gefr_jef_g %g_ jZ"bh[_ek_g”"e azllzZjf_g ezZklzZzg Zg |
Figure 3 - Samples of cleaning of soils contaminated with oil products and radioactive substances

©o@z z& I'l*eme_j~_  lhiujZz {u jzZz”"bhzdlb\le azZllzj™u
uklu [mf_g " ~_m 'lI_ |Ibef?e ufehfedou je j f_g hjrZ Zg hjlz Z
f fdeg Khguf_g ZlZ) aZeZekWw& dgdupgaZclm Z [Z ullZe Zg
‘gefeg”_ [ "Zg %je f gZc 'gefNZjZeZyy_ JZ~ bhzdlb\le azllZjf_g
_jbleg | anZj [hefZc”u fukZewkl 1M&A%jle[s %j | jee ghjfz

Uklu | a ur ueugu _jelegnhekeZll@ijf_g Z1Z j_lezf_qgll_e
aZjZjkua"zZg®ujm %"~ _|I_ | _jfdoDFfbYebyeu Zmeikeaned gh
"~ _m]_ rujZ Zg IlhiujZz ['eedGJeg_> @ ©JZ"bhZdlb\le Ze"
ZgZ herZgueZ™u Uklu [Zk ZEpm~u kZzgblZjeu T
ur ueugu _jelegnekeKIHIH ©JZ"bZpbyeu
aZjZjkua™zZg®ujm %" _|1_ |_jflZorbefilkkyaOedle ZflZfZkua _Im”ne

"~ m]_ rujZ Zg lhiujZz ['e<”HEZgkbZjeu _j "~ e _je2- HKIIJ;
ZgZ he”"ZgueZ”™u ur uef_g MdZ[cbZe @n
km Z %) | jee _jleg”ee_j hkui rZpZbhzdlb\le Ze”u IZjf_g °
ZjZ Zg"Z jZ"bhgmdebnl_jnre ghijigdbl\dgd Zdlee jf_ g j_Il_e_"e
ru Zjm~"Z lbefre [heui |Z[ueZNuh>Z@ ZlukZlugru JAI je f_g
hjulug”u LhiujZ 1Z udhgp_gljZpbykugZ [ZceZguklu
reZfrzj"zZ u Ze™Mu 1Zj"Z u edklZmru “%g_ ZaZ klzZghzZ [_e
jZ"bhgmdeb”l_j Zmuj f 1JeeXkj"gNe 1ZjZt _lje | [hcu
ZgZeh]llZju [heui [Z[ueZ™u [jHDHZdIb\I|e Ze™u |IZjru “edl_n
"hx Z g f k_ meu _f k 2jZZchg”~Z d_c[*j fZ ua”™u izZjzf

Zmuklujm Z [hefZc™u JZ”"bhgrhhideb Mf j@- _kd_jeef_cne fuk
[hemu Ze™u IZj?"u hjrZ Zg hidZeurZjZeu [% ejb[_"_ %" |
aZf _jaefre Zmei d'aeg_ ZcgdZemlhgbdbe f g ljZgkmjZg we_ f_ ¢
JZ"bhgmdebn™| _j~e kbiZlu [heAdj®gZg kZ IZm reg ZjgZcu
obfbyeu "%g_ nbabdZeu ZkbZjZeZirg Z _| _|_"Ne

Ze~u Iz f_g Ilhiujz fZljbpZkug D_g hjug”"Zjug”™Z jZ”"bZpb
Zkb 1l _jef_g Zgu IZezZ™u F_bZAMZjf %9k _jeg | _dk_jm reg Zc
kZklu ugZz ZjzZfzZklzg jZ hhHZodBhe _jlegheke [ jueZm re

eZklZ urlzZj [*) Z1Z] _j_dr _:eedl_[]j_ueZm d _aeg”_]- ru uZg
‘uguklzj gZkhklu dhfij_kkh
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[ujeZj Z2 [ jueZm Z[fdelZju [jb]Z*"Zku f r_e_je Z[ue™Z Zg k% me_
km [ujugZz lhiujz Z Zadklm Z ZjgZe Zg kzgblZjeu
ZcfZ ugu ZmZkugZ “habf_ljdbdb '@ZewzZpkeZj ZjZklujueZ”™u
" jleace_"~e hgu g%lb _keg”™_ [ jueZm

$>7?;B?L
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:gghlZpby ~Zgghc klzZlv_ jzZkkfzljb\zZxlky \hijhku aZ]jyag_
\ha”_ckl\b_f jzZzAbhzdlb\guo hloh”h\ \ ahgZo g_nl_~h[ugb b kihkh|
l[jbkmlkI\b_ jZ"bhgmdeb”~h\ ~_ezZ_| hloh”u bklhggbdhf “he]lh\j_f_
hdjm Zxs_c Kkj_"u Bo fh gh h[_a\j_"blv f_Ih~Zfb Kk_iZjZpbb d
kms_ KkI\_gguf mf_gvr_gb_f h[t _fZ beb bffh[bebaZpbb

QZs_ \k_]h bkihevamxl |I_ogheh]bx hI\_j"~_gby klZ[bebaZpbb
f_Th~"Z hkl_deh\u\Zgby b \u_fdm wdkdZ\Zpbx< gZajweylZlghhHjZjmb
]Jimglz f_ITh~hf hI\_j°~ gby h[jZamxlky \ukhdhijhgqgu_ fhgheblgu_
hloh*u JZ~bhgmdeb”u \oh”yl \ khklZ\ h*ghjhfghc b mklhcqgb\hc fZ
"h[zZ\e_gbb hI\_j""Zxsbo j_Z]_glh\ Kihkh[ hgbkldb ]jmglh\ hl g_nl
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Abstract: In our century, in the conditions of scientific and technological progress,
design idea is aimed at creating new high-performance and high-speed equipment, at increasir
the capacity of machines and mechanisms to achieve a certain technological effect. However,
is not always possible to achieve that the noise arising from the interaction of parts does no
exceed standard value®SHA's requirements state that when workers are exposed to noise
above 90 A-weighted decibels (dB) at an 8-hour average time (TWA). The development of
measures to reduce noise requires an integrated approach, consisting in the use of noise reduct
tools at the source of occurrence, as well as tools and methods to combat noise in the path of i
propagation.The article discusses the study of the acoustic characteristics of samples afte
casting, hot forging, normalization, annealing and hardening. New structural steels alloyed with
chromium, silicon, manganese and nickel were smelted and their acoustic properties wer
compared with standard low-alloy steels after heat treatment - forging, normalization, annealing
and hardening. An experimental sample of steel 2 showed the best damping characteristics i
comparison with standard steels of grades 20L, 30L, 45L, 55L after all four types of heat
treatment. This steel is recommended for drill pipe parts, drill transmission.

Keywords: drill pipe; damping; sound emission; heat treatment.
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In our century in conditions of %, silicon of 0,8 % up to 1 %, nickel from
scientific and technical progress, the desigr0,75 up to 1,5 %. Hydrocarbons as the
idea is directed on creation of new high-additive synthetic pig-iron with the
efficiency and high-speed technics, onmaintenance of carbon of 3,9 % served.
escalating of capacities of machines andChrome promotes reception of high and
mechanisms for achievement of the certairuniform hardness of steels. The steel, alloyed
technological effect. Thus not always it is by chrome have higher hardenability. It being
possible to reach, that the noise arising atlissolved in ferrite and in cement renders
interaction of details, did not exceed beneficial effect on mechanical properties of
normative values. Noise of tooth gearingssteel that has predetermined its wide
voice-frequency components studied by themapplication in constructional steels [2,3].
are perceived as sharp enough though can Manganese raises durability of steel in
exceed a background level of broadband nois@ot-rolled products, and reduces red-
only slightly. The raised negativity of brittleness of steel. Nickel noticeably raises, a
subjective perception of voice-frequencylimit of fluidity of steel. Additives of
components sometimes is considered bynanganese of 1-1,4 % influence on low-alloy
LOQWURGXFWLRQ Rirequendy K prropertid? Ldf Hilloys. Silicon - a chemical
D P HQ G P Hh@ Weaswéd level [1-2]. element which is constantly present in steels,

In this connection an actual problemthus it renders significant influence on
there is a creation of alloys with raised structure and character nonmetallic inclusion.
damping properties with the low maintenanceSilicon is the most effective graphitosis in
of alloying elements, that positively affects steel, and presence of graphite raises
their cost. Such materials are, alloys of ironpropensity of steels to irreversible dispersion
with carbon. Steel - the most widespreadof energy of fluctuations.
constructional materials of which the majority Characteristics of sound generation of
of constructive elements of machines and thalloys investigated after hot smithery,
mechanisms working in a mode of impactsnormalization, curing, trainings. After
[2,3] is made. moulding, samples were exposed to smithery

As object of research have chosen ast t=1200K
standard constructional low-alloy steel 20L, At research of acoustic characteristics
30L, 45L, 55| beds are made of them, theof samples after smithery noise emission at
case, muff, braking disks, pinions. Details ofthe standard and developed alloys has not
boring pipes, chisel transmission, the plug, achanged almost. Except for FK-2 and FK-3 at
GHWDLO RIicazek @Ff Kidovie chisels, which level of a sound has gone down on 4
ratchets, and other responsible details, t@and 2 dBA, and a level of sound pressure on
which are made demands of the raisedhe average on 3 dB in compound frequencies.
durability. And new sucelted low-allow steel For the further research of influence of
FK-1, FK-2, FK-3, FK-4 alloyed by chrome, heat treatment on acoustic characteristics
silicon, manganese and nickel. alloys were exposed to normalization.

Principles of doping alloys in work are Normalization causes full phase
based on studying of diagrams of conditionrecrystallization structures of steel and
FeC, Fe-Cr, Fe-Mn, Fe-Si and Ni metal. eliminates coarse-grained, received at
Chrome, silicon and manganese concern tonoulding or smithery. Cooling on air leads to
number of most often used special alloyingdisintegration austenite at lower temperatures
elements. Additives of alloying elementsthat raises dispersiveness ferrite-cement
changed in following limits: chrome from 0,6 structures and increases quantity perlite.
up to 1, 2 %, manganese from 0,9 % up to 1,4
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Table 1 * acoustic characteristics of foundry constructional samples of steels after
smithery

LZ[ebpZ:dmklbg_kdb_ ozZjzdl_jbklbdb ebl_cguo dhgkljmd)
klZze_c ihke_ dh\db

Mark of | Levels of sound pressure, dB, in octava strips with compound freque| Level of
the Hz a sound,

sample 63| 125 250] 500f 1000 2000 4000 8000 16000 dBA

20L 49,9 | 88,9 | 91,7| 93,5| 105,8| 1055| 102,3| 107,3| 101,6 107

30L 53 659 91,2| 91,3 | 107,2| 107,4| 104,1| 106,8| 103,4 106

45L 48 87 92 92 107 108 104 106 102 109

55L 52,3 | 63 90,2 | 90 106 107 108 | 108 106 110

FK-1 48 87 90 92 104 105 105 106 106 107

FK-2 39 74 79 80 92 93 95 94 95 97

FK-3 45 78 80 85 97 98 97 97 98 100

FK-4 47 86 88 91 103 104 105 105 104 106
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105

+

95

85

75

LSP, dB

65

s )

35

63 125 250 500 1000 2000 4000 8000 16000 A
Frequency, Hz

—e—20L -—=—30L —a—45L 55 —*—FK-1 —e—FK-2 ——FK3 ——FK4

Fig. 1 £Characteristics foundry constructional of steel after smithery
Jbk O#£jzdl_jbklbdb ebl_cguo dhgkljmdpbhiggdbd klZe_c ihke

The microstructural analysis is lead by At carrying out curing in structure of
means of microscope MIM and the big an alloy of steel there are such processes as
microscope of reflected light NEOPHOT-32. homogenization, recrystallization and removal
The structure of a metal basis is certain abf residual pressure, which course does not
etching ream by a solution of nitric acid of 5depend on phase transformations into
%. The microstructure of alloy FK-2 is given structure of an alloy.
in figure 2. The microstructural analysis The temperature of heating at curing
shows about formation of fine-grained was equaled 1100-12060vhich is necessary
structure and increase perlite which in turnfor full course of the diffusion process,
has not affected acoustic properties ofleveling structure in separate volumes of steel.
investigated samples. The general duration curing (heating,

endurance and slow cooling 8 h.)
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As a result of diffusion curing the raises temperature recrystallization (7300
coarse-grained microstructure turns out. 0,5 h.), after which grain of ferrite accepts

The increase in steel of the oval or hdjm]eanfarm with the sizes 8-
maintenance of carbon and alloying elementgoints (figure 2 ).

e

Fig. 2 xthe Microstructure of alloy FK-2 after moulding (a), hot smithery (b), normalization figcu
(d), trainings (e)
Jbk FbdjhkljmdIimjz kiezZWke&Deblvy Z Jlhjyqg_c dh\db [ ghjfZebaZpbb
] azdz®db

At carrying out curing in structure of of residual pressure, which course does not
an alloy of steel there are such processes atepend on phase transformations into
homogenization, recrystallization and removalstructure of an alloy.

Table 2 +Acoustical characteristics foundry constructional steels after normalization
LZ[ebpRZt :dmklbg_kdb_ o0ZjzZdl_jbklbdb ebl _cguo dhgkljmdpbhc
ihke_ghjfZzebazZphbhb

Mark of Levels of sound pressure, dB, in octava strips with compoung Level of g
the frequencies, Hz sound,
sample g3 155 2500 500 1000 2000 4000 8000 16000 9BA
20L 51| 90 93 94 106 | 106 | 104 | 107 102 107
30L 53| 91 95 96 106 | 106 | 104 | 108 109 110
45L 50| 90 97 97 107 | 110 | 106 | 109 104 112
55L 57 64 91 92 107 111 111 110 107 113
FK-1 52 | 89 92 94 103 | 104 | 105 | 104 105 107
FK-2 41| 75 80 82 94 94 95 95 94 97
FK-3 45 | 79 82 87 o8 95 96 97 97 100
FK-4 48 | 87 89 92 103 | 104 | 104 | 105 106 107
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Fig. 3 zCharacteristics foundry constructional steels after normalization
Jbk O£jzZdl _jbklbdb ebl_cguo dhgkljmdpbhgguo klZe_ ¢ ihke_ ¢

The temperature of heating at curingoval or rounded a farm with the sizes85-
was equaled 1100-120@0which is necessary points (figure 2).
for full course of diffusion the process, At full curing (A, +50° K occurs full
leveling structure in separate volumes of Stee'phase recrystallization ~ steel,  forming

The general duration of curing (heating, 5 stenite, described fine grain, therefore at
endurance and slow coolmgSho_urs.) cooling there is the fine-grained structure
As a result of curing diffusion the ,rqiding high viscosity and plasticity.
coarse-grained microstructure turns out. Thus, excessive rise in temperature of

The increase in steel of the . -
) . heating above a poin causes growth of
maintenance of carbon and alloying elements g POIN£., g

raises temperature recrystallization (7300 9rain austenite.
0,5 h.), after which grain of ferrite accepts

Table 3 tacoustic characteristics foundry constructiokalZ e after curing
LZ[ebBZ+ :dmklbqg_kdb_ o0Zjzdl_jbklbdb ebl_cguo dhgkljm
ihke_hl'b]z

Mark of Levels of sound pressure, dB, in octava strips with compound| Level of

the frequencies, Hz a sound,
sample 63| 125/ 250 5000 1000 20000 4000 8000 16000 dBA
20L 48 86 90 90 105 104 103 104 102 105
30L 50 62 79 89 105/ 105 104 106 107 108
451 49 86 90 91 105 110 105 107 104 112
55L 53 64 89 90 107 110 109 109 107 110
FK-1 46 85 87 89 103 102 103 104 103 105
FK-2 39 73 77 79 93 93 94 93 94 95
FK-3 43 77 79 83 97 94 98 99 96 100
FK-4 46 85 87 89 102 104 103 103 104 105
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Fig. 4 £Characteristics foundry constructional steels after curing
Jbk O#£jzZdl _jbklbdb ebl _cguo dhgkljmdpbhgguo klZe_ ¢ ihke_ hl'b

Acoustic  characteristics  foundry frequencies these values at standard samples
constructional steels after curing at impact arenuch more above (on the average on 6-10
given in table 3 and figure 4. A level of sounddB). The reason of it is formation martensite
pressure at the developed alloys depending ostructure the structure providing raised
compound octava frequencies basically arelissipation of sound energy.
lowered in comparison with  known On high frequencies at investigated
constructional samples on the average on 1@lloys FK-1 and FK-4 (from 2000 and 16000
dB, and a level of a sound on the average on Az) values of a level of sound pressure are
dBA. Among the developed samples the bespractically identical (LSR+=104dBA;
acoustic characteristics alloy FK-2 possesses.LSPiown - G % H.SPso0o - G%$

The level of sound pressure at low LSPis000 . G%$ FXULQJ KDV QR
frequencies changes from 39 up to 79 dB aprovided significant integration of grains and
1000, 2000 and 8000 Hz-93 dB, at 4000 andh thickening of borders of grains.

16000 Hz-94 dB. Whereas at these

Table 4 +Acoustic characteristics foundry constructional steels after training
LZ[eb@gZt :dmklbg_kdb_ o0ZzZjzZdl_jbklbdb ebl_cguo dhgkljmdpbhc
ihke aZdZedb

Mark of Levels of sound pressure, dB, in octava strips with compound| Level of a
the frequencies, Hz sound,
sample dBA
63| 125 250 500; 1000 2000 4000 8000 16000

E 47 85 88 89 101 102} 102 98 100 102

E 49 60 87 85 102] 102] 104 104 102 105

E 47 84 88 89 104 108 105 107 103 109

E 50 62 87 87 103 104 108 108 103 107
N D1 45 83 86 88 102 105 100; 103 100 104
N B2 36 71 75 77 92 91 92 92 90 91
N B3 40 74 77 79 79 92 96 94 95 98
N 4 44 83 85 87 100 101 103 102 100 102
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Fig. 5 zCharacteristics foundry constructional steels after training
Jbk O£jzdl _jbklbdb ebl _cguo dhgkljmdpbhgguo klZe c¢ ihke.

For details of the equipment which are due to full dissolution of cements in austenite
used in annealed a condition expediently tchere is observed.
use alloys FK-2 and FK-3. Analyzing tabulated data (table 4) and

Acoustic  characteristics  foundry figure 5 it is necessary to specify that
constructionalk | Z e after training at impact investigated alloy FK-2 has the least value of
are presented in table 4 and figure 5. a level of a sound (91 dBA) at which sound

Training consists in heating without generation on 11-17 dBA is less than at
access of air of steel on 30-5R@bove A, known foundry constructional steels. @&
with endurance of 30-40 minutes for end of102 dBA, LS0e=105 dBA, LSse=109 dBA,

phase transformations and the subsequerhtSssE=107 dBA).
cooling with a speed above critical. Cooling Also some lowered value of a level of
spent in oil. At heating steel on 30-5K0 a sound at sample FK-3 (LS=98 dBA) which

above pointA._, became with initial structure on 4-11 dBA is less tha_m at standekdZ e isc
s observed. The analysis of a level of sound

perlite + ferrite, gets austenite structure whichIoressure on frequencies shows, that on all
at the subsequent cooling with a speed abovgequencies (63-16000 Hz) there is a
critical turns infZjI _gkb| _ significant downturn of a level of sound
__ Rise in temperature of heating underpressure at samples FK-2 and FK-3. That also
training (or increase in duration of heating) confirms about increase damping abilities of
leads to dissolution of carbide, to integrationjnyestigated samples FK-2 and FK-3 after
of grain and homogenization of austenite.  training. Besides the level of sound pressure
_ The microstructure of alloy FR- on the average decreases on 4 dB though the
(figure 2 (and,) is characterized by sharply|eye| of a sound has on the average increased
expressed heterogeneous  structure at thgn 3 dBAafter training at samples FK-1, and
tempered condition (95 dBA) with the pr_4 where damping properties wish the best.
increased sizes of grains, and after training the Thus, by results of heat treatment it is
structure undergoes homogenization, due to lhecessary to tell, that at all four kinds of

goes decrease in noise level on 4 dBA{l®  thermal processing (smithery, normalization,
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improvement of acoustic characteristics anddecreased by all kinds of heat treatment on 8-
increase damping properties at sample ZK- 10 dB, and noise level on 10-12 dBA.
at which as a whole of BRIDLES has
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INNOVATIVE USE OF ELECTRODYNAMIC BRAKING
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Abstract. Currently, on the railways of Kazakhstan, the kinetic energy of moving mstssed
during traction rolling stock during braking is not recovered into the netwatks released in the form
of heat in the braking resistors. These losses can make up to 50% of &t eleetgy consumed from
the contact network. Consequently, the saving of electric energy on eledtostotk is possible due to
the beneficial use of braking energy. The solution to this problem is possiblbybosiing the recovery
mode, and by utilizing the braking energy.

The main difficulty in using the regenerative braking mode is not the conversion of kinetic energy
into electrical energy and its return to the contact network, but the adfilihe network to receive this
additional energy. This is possible when energy is consumed from the network by ancthierreling
stock in traction mode or by transferring it to a three-phase AC network. Tisadt is necessary to
convert the voltage into a three-phase variable, synchronized with the ndtwdrkquency and
amplitude.

The calculations for a given section show the possibility of fully progiginergy for the own
needs of EPS, from the recovery of dynamic braking energy through an energy storage device.

Research institutes and many authors have researched various options for using electricity derived
from electric brakes and electric train recovery braking, but this hasshtwegn successfully resolved.
Electric traction systems are not yet equipped with modern energy-recirculating equipment.

With the advent of powerful capacitors (capacitors and batteries), thergadthe brake power
has become even more intense. Modern energy-saving devices are widely used in elécle, ¥o a
lesser extent by rail and subway.

Currently, several types of energy storage elements are known - electrochsngieedapacitors
and kinetic - which can be considered in traction network energy.

Key words: Traction power supply systems (STE), energy elements (NE), traction motor (TED).
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wg_jlbykug Ibef?re iZcr"ZeZgm Zj Zkug”™Z f fdeg [heZ”u J_dmi_jZIb\
herZgm”~Z u g _Jea]e dugMbdiZeu wg_ jlJbygu we dlj wg_jlbykugZ | |
"%g_ hgu dhglzZzdleeed "~_ee]_ ZclZjm _f_k ~_eege hku hkufrz
f fdeg”e]ege “h lu u [heui 1Z[ueZ”"u We_dljh~"bgZfbdZeu l_"_m
g_ jeuf Ibefre iZc"ZeZgm Z wg_jlby "bgZ IZ urlZj [eh]Jug he”Zgr
" _ldeam]_ [heZ"u

L cegk'a™_jLZjluf we _dljes ZflZfZkua _Im =~ c_Kke LW@ W ¢
"bgzZz I1Z ur we_f_gll_je W@W I|Zjluf we_dlj ha Zel uru LW
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Dejeki_ Zae*jl* mZ ullZk%cd_kl_g”ejei kbgojhg”~Ze Zg
ZaZ klzZgdufej "he~Zjug”™Z |_ZcgZe™ujm d_j _d
d_aesg”™_ IZjueg ufzZeu jZfugu A_jll_m bgklbImllZju "
ha ZeuklZdbg IbdZeu wg_jd'il _1]_g Z\lhjezZzj»u we_dljh\han”
dmi_jZpbyezZgui "_ee]_ Zcl.we_dlj ihcua”Zjjgdmi_jZpbyeu
d Zeug Zg wg _jlby 1 " m d_aeg”_ ZeugZlug we _dlI
abklhjeZjugnz ‘uem iZc"ZeZgm”u %jl jee g k Ze
u ZjuezZ”"u ;e ruug dhgl ZjgZe Zg a_jll_me_j "ZkZ™u [
"_eekeg_g | lugueZlug [Zjeu f%k_e_ %ee ~ K%Ille r_ree]_g ' h
wg_j]lbykugu rzfzf g 1ljZcwe _dljf_g “Z[™Mu 1 Zm Tc_e_|je-
> f_d we_dljue ufzZeu jj_dmi_jZpbyeu wg_jlbygu Z[ue
we dlj wg_jlbykug g _fA» m~”e aZfZgmb jue ueZjf_g "Z["u |Zef
f fdeg "heu |I_"_m wg_j]lbykug mZllu kucuffueu lu
[heui [Z[ueZ™u ;e f% bgZ 1Z urlZj™u iZc"NZ [hemu
j_dmi_jzZpbyeu j_"bfre he”Zi dhg™_gkZlhjezj f_g [ZIZ]j_yeZ]
Il " m m4dZedZeZgui r_rm]_ [h mZlug ZeiugZ d_elejm ~ ful

J_dmi_jZlb\le [ m jdr_c_ | Kkle Wg _jlbygu kZ I.
he"Zgm”~Z u g_Jea]e- bug aZfZgZmb jue ueZj
dbg_IbdZeu wg_jlbygu we_dljhfh[bev”_j~_ Za Z9Z
wg_j]lbykugZ |l je_g”ejm "%l _fej he d'ee]eg”_ "%g_f Ijh"Z
dhglZdleeed "~ _ee]_  ZclZjm _ he”ZgueZ™u
hku hkufrZ wg_jlbygu Zem f fdeg”~edagt]e mZ ullZz wg _jlbygu
“h lu ug”"Z [heui |'j ;e wg_jbmyguz ur we_f_gll_jege [ejg_r_

J
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J
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[Zjluf j_ " bfeg” ] [Zk Z W ee ]déje- we _dljhobfbyeu km
‘ue ' ufzZeu jzfrzZjuf_g g_f_kdzZhgdizlhjezZj "%g_ dbg_IbdZeu
r nZaZeu ZcgufZeu "~ _ee*] [_j@Ajlajf ueu " _eecke wg _j]_IbdzZk

e g | lug Zzgnz f fdeg [heZ}dkliHen Z [heZ u Wg_j]lbygu
reg ru Zjue Zg d_jg_m " beesl3igdegZg hjug Xjl ~ d_elejee] g
Zfieblm”~Zkug [_j_l*g _ee]_

1+d_kl_ Wg_jlby "bgZ IZ urlZj*u hjgZeZkmu
Table 1 - The location of the energy storage

Wg jlby "bgZ IZ urf Wg_jlby "bgZ IZ urlZj*u hjgZeZkm hj
Ibie
bl mAZgAu | LZjuf LZjluf| LZjluf
. : "_eeke|l "ue ' ufze
ihr"klzgghb| ih*"klzgghb| — jZfu
'k ug'ldea]erle + - - -
bg"mdpbhg”~u "bgZzZ |
Bg jpbhg”u "bgZz 1Z - + - +
Kmi_jdhg” _kZlhjeu - + + +
"bgzZ I1Z urlzj
Dhf[bgbje_g]_g - - - +
we_dljhobfbyeu
kmi_jdhg”_eZlhj
"bgZ 1Z urlzj
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$rekl _f_ Kmi_jdhg”_gkZll[hez™u [«jZ ibdled "%g_ drl_e] ¢
f g bg_jpbhg?u "bgZ IZ urlzjj_"bfr_j~_  khHrZg & Zg f &

mZllu[heZ”u hezZj~u ibdle 1Zg “h Zju | fi_jZImjz~rz hezZj™u
drl_e] g j_"bfrljMi_jZImjZguilbefreee]e |'f g cNe

d_ ~bZihahgug”ZKlzZg f& 1 + kmj Il _ wg_jlby

N ceg  fuk “ZkZc™u [¢)Z hie@¥ Uz urlZj™u 1z "Ze Zg |Ibil_je
f_gredle wg_jlby kbufrtiegirudle wg_jlby kZ IZm kbuffueu
we _dljhobfbyeu [ZIZ]j_ yeZ] Z "BEQZ ZHeéZlug wg _jlbygu
['f_g [heui d_e_"e "bgZ 1Z urlu kZzefZ ugZz ZlugZku

aZ jZajy"lZem j_"bfr _jogg_ f _gredle mZlu azZjy™lzZm jZajy"I
we_dljhobfbyeu "bgZ IZ urlZj miZldjgiu "bgZ 1Z urlu fZkkZkugZz
f gredle wg_ jlby kucufru¥g ugZlugZku [_jee]_g
Ibefreeedle "h Zju dhwnnbpb_gleg_ b_

1-kmj-Wg_jlby "bgZ 1Z urlzZjru kbizZllu d'jk_lderl_je
Fig.1 +Characteristics of energy storage

<:>x7ZmZ ukuf Zas*jl'mZ ullz 1Zjluf "~ _eee-d
ZddmfmeylhjeZju ?FGxkbu klZzgpbyezZjug”rZ _de Ibile "bgZ IZ urli
fhe _dmeyjeu Zddmfmeylhje. he~Zg'm_ heZceu [heui kZgZeZ"™u
fZoh\bdle "bgzZ IZ urlzj Ibilec;ej Z1Z] kbizZllZfZeZjugZ [ZceZguklu

we dljhobfbyeu ] g _jZlhfeZ kucuf”™u kmi_jdhg”_gkZlhj “%gQg
hj Zkug”u Zddmfmeyihgbdlieywe dljhobfbyeu Zddmfmeylhjeu
| fejee ZddmfmNi¥Qddij- gbd-ev[ZIZ]_ vy g f k_ heZj”u g_Jeae-g”
dz~"fbee Zddmfmeylh) gbld Few ZkZe Zg ]b[jb”~le "bgZ IZ ur

]brjb~le f_1Ze”u ZddnNatBeylh Zas*jl* mzZ ullz 1 jZ lu |h1Z u
k_jgbgZljbes Zddmfmeylhj | _fej herZjnZ %9 _ f Ijhihebl_g*

kl_dehiezklzg ~' ] _efZbhhbldk j_dmi_jZlb\le wg_jlbygu Ibefre iZc"Ze
dhf[bgbje_g]_g fZoh\bd kl® fuklZju =~ jleaceci "Hej reg
fZl_jbZeuzxhj]ZghiezZkl A Zjluf T _eeeed klZgpbyeZju kbuffueu
fZl _jbZekilzdeh\hehdgh "bgZ IZ urlzjf_g "Z[Mu | Zeui

we _dlj ue ufZeu jZfr"ZjugZg d_e leg

84



~ oo~ 2 A

AAE™ ™. o AAAQ (ALY 20K ISSN 1609-1817 The Bulletin of KazATC
‘EOODPEI ™AE(¢}TI8), R020 www.kazatk.kz 2020, Vol. 113, No. 2

[_"_m wg_jlbykugu mZlug iZc"ZeZgm wg_jlbygu g_f"_m?ne
khAz Zg d_ceg Zclz”~"Zg hgu rZjZeZjugu [e*je [heui |Z[ueZ™u
T_ee]_ ZcldheiuvarZjMZjlufugZ rZjZz [heZrZ-1%j<H_1le ijZdlbdZe!

“fkZchu fZ ua®“ueu uf_g Imug”™Z Zg Zm
:cgufZzeu Ih 1Z u we_dlj veufla_jll_m ~ fuklZjug Z° I I
['esfr_e jNe lZjluf ih~klZgptk A jll_me fZ ZezZ"Z u j||

kbufrueu lu wg_jlby "bgZ 1Z uh[t_dleke j leg”_ he’\ZgukIZ u Zz
“Z[Mu IZm ed_g ru ug”Zj f_g Ih IZ u <E K we _dljh\haug '
|_ogheh]lbyeu r_refr_jre 1ZeZ [heZ?u K_[_[* [ e we_dljh\ha”u
ZaZ klzgnz [ZiZjZf _lje_je Zgu |IZe Zg "~ %gQg_ ¢
we_dlje_g”ejee]l_g | _fej he”Zj'er_m =~ fuklZjugZ he ~ _lefre [}
Ilhdi_g ZflzfZkua _l+e]_g kZzgZeZ"u We dljh\ha |j_hklZIl
lhdlZz u he~ZguklZ u we_dljh)Y" c_kef_g “Z["u |Ze Zg [*tZ

iZjde j_hklZlbdZeu | Tham “Z "ZcugZ k%cd_k [ e
jue ueZzZjuf_g “Z[Mu IZe Zg we_dljh\ha”Zj”u <kl_g ru Zg
we_dljh\hanZzj iZjdeg [ kmj_Il_ djk I-e] g k
lheu lujueui “ZlI Zzg .= $ k_j_hklzZlbdZeu [|I_"_m c_ke [Z]
we _dljh\ha”~zZj j_dmi_jZlb\ledwe _ deh"ngfbdZeu I " m wg._
c_kef_g "Z[Mu |Ze Zg her"Zgm reg we d|j "bgzZ u
&a d a _Jeg”™_ ehdhfhd'f_Jef g ~ a_]_ ZkZIug bggh\z
we_dljhr"bgzfbdZeu |I_"_m "~ ciZc "ZeZgm %" eke [_jee]_g
2+xkmj_| L jZ lulh 1zZ u lIZjluf ha Zel urlu W@ "~_ <e”™_lee]_g d rled

lea[_1]-

Fig.2 +Simplified power and auxiliary circuits of DC traction motors

: herZguklzZ u k e[Z Zm%Wkluj ur 730 Za mZllu
kugue Zg %"Nek "%g_  we Ul dgkmadjazlhj MNZJaZ ['e]er j_Zdlhj

asg”ed Z leeqledmi_jZpbyc¢ kugue Zg % Neki_
g_jlbygu he"Zgm reg we_dljh*bgZfbdZeu wg_j]bygu
"bgZ I1Z urlu he~Zgm k e[Zku hgu Zju Zj&e _dljh\ha”u ‘ae
L- Z ufru dhee_dFhljZjLuf Z |l hg”uj ueZjugu Z
ljZgknhjfZlhju - ia_ld-r KJ dhflj kkhjugu e _lderle fZz
[ _JeKkl_Jer j_Zdlhj - HZjluf khjzZlug we_dlj ha Zel uru " %g
ha Zel uru- 15" _m j_abklhju | lugmu reg iZc"ZeZgueZ”™u
wg_jlby "bgzZ 1Z ubg\ Blhj -lj @Zeiu W@ | je_jeg_ zZ

| lugZlug lheu wg_jlby Z rZ Zc¢
85



AAE™ ™. o AAAQ (L8 2OR ISSN 1609-1817 The Bulletin of KazATC
‘EOODPEI ™AE{iT8s), R020 www.kazatk.kz 2020, Vol. 113, No. 2
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[Z] we _dljh\ha”u wg _jl. I lugm wg _jlbykugu fler_je
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"bgZ IZ urlwg_jlby kucuffrueuv '~

kucuffueu i_g d jg <E K we_dljh\hau reg
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AND THE RELIABILITY OF OPERATION OF THE NEW ELECTRIC CARS OF THE KZ
SERIES
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Abstract. Currently, the railway network of Kazakhstan is replacing and updating elexlirig r
stock (EPS) with the new generation KZ8A electric locomotives with improved eréfiggncy and
improved traction. To increase the efficiency of the planned directions anthemlof updating the
locomotive fleet, it will be necessary to solve important and complex scientifieniaational and
economic problems of managing the quality, reliability and efficiency offlées of locomotives at the
stage of their operation, as well as their maintenance and repair.

The renewal of the locomotive fleet and the improvement of the service of logeematade it
possible to significantly increase the speed and weight of trains, incraffse dafety, increase the
throughput and carrying capacity of roads and increase the workload of the country's railvpayttrans

New electric locomotives are serviced in four cases [4]:

- Preventive maintenance (during the next reception and equipping of the driver's crew, the
preventive maintenance of electric locomotives will be shown)

- Unscheduled Maintenance (Troubleshooting service identified during use or preventive
inspection)

- Scheduled maintenance (Scheduled maintenance)

- Repair Service Condition (Preventive and on-board computer signal checkup)

Experience shows that when determining the reliability of locomotives it is advigabl
distinguish: factory reliability, found by testing the equipment of gtedbcomotives in factory
conditions under standard conditions, technical conditions for setting up th{gmemtj operational
reliability, which refers to the reliability determined in the conditions of ajp@mr of an electric
locomotive on the line, taking into account its real load modes and service system.

Key words: Reliability, electric locomotive, failure, reliability indicators, locomotive malfiorct
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USING OIL ANALYSIS FOR OBSERVATION
MONITORING THE CONDITION OF THE LOCOMOTIVE EQUIPMENT

Ibraev Zheksenbi Saukenovich associate professor, Kazakh academy of transport and
communications named after M. Tynyshpaev, Almaty, Kazakhstan, ibraev59@mail.ru

Utepova Akerke Umirzakhovna assistant professor, Kazakh Academy of Transport and
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Yusupova Ayakoz Eseevnalecturer, Kazakh academy of transport and communications named
after M.Tynyshpaev, Almaty, Kazakhstan, ayakozuss@mail.ru

Abstract. The article discusses the use of oil analysis to monitor the conditimtahotive
equipment. The use of oil analysis has three main objectives: to monitor the confiitien ail, to
monitor the condition of equipment lubricated with this oil, and to measure theofgwellution. An oil
analysis can help make an informed decision based on the condition of the oil. It nmakeet® geerform
as many non-destructive and "bloodless" tests as needed, then make a repair lmisasian the data
received. If all the received parameters correspond to the required ones, then theeets toccarry out
repairs.
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Operation of locomotives is impossible without lubricants. Any mechanism thatlbtziag parts
requires lubrication. The quality of lubricating oils on the wear resistaineerking mechanisms is very
important. The article substantiates the need for a comprehensive approach to salbiemgrof
diagnostic control in order to determine the current state and residual tifacbines. The principles of
diagnostic control and basic analytical indicators are discussed.

Keywords: exploitation, lubricants, analysis, oils, service, diagnostics.
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ljb JeZ\guo p_eb gZ[ex"Zlv aZ khklhygb f fZkeZ gZ[ex
h[hjm~h\Zghdau\Z fh]lh wibf fZkehf b baf_jylv mjh\ _gv aZ]jyag.
fh™ | ihfhqv \ ijbgylbb h[hkgh\Zggh]h j r gby bkoh”y ba khk
kfuke \uihegylv klhevdh g_jZajmrZxsbo b ©[ _kdjh\guo&l_klh\
ijbgbfzZlv j_r _gb_ h j_fhgl_ hkgh\u\Zykv gZ ihemqgilggmqg_ "gZgig u
iZjZf_lju khhiI\_IkI\mxI Ij_[m_fuf Ih Ih]*Z g_| g_h[oh”bfhklb \ui

Dexqg_\u_ kewdkiemzZlzZpby kfZahqgu_ fZl jbZeu ZgZeba
h[kem b\Zgb_ ~bZ]ghklbdz

<\_" gb_ WdkiemzlZpbihf kemqzZ_ ]1ZjzZglby gzZ”_"ghkl
| _ieh\hah\ g _\hafh'gz [_a khigemgdgudgby ehdhfhlb\h\ \ur_

fZl _jbzZeh\ Ex[hc f_oZgbaf bk[kktb&jm]h]h \brZ j fhglZ Fhg
I[jmsb_ky qgZklb l[j [m_| kfzawpZdphw kfZahqguo fZk_e ehdl|
DZqg_kl\h kfZahqgqguo fZk ika\hegyZ | ke_"blv azZ "bgZfbc
baghkhklhcdhklv jZ[hlZxsbo fbaZgbaght < k\lyabilky\wibflky

hg gv \Z gh < klzZlv_ h[Wkgfm\gdhXlv ijh]jghabjh\zZIlv \j fy \
g _h[oh”~bfhklv dhfie_dkgh]lh iljgah"gdh\d azZz ij_"~ evgu_ agZqg_¢
j_r_gbx ijhle _f "bZ]ghklbghkdtély | ijhba\h~blv  k\h_\j_f
dhgljh&y p_evx hij_~ e _gby |jdimngl]h g_ A"himkdZy hldza!
khklhygby b hklZlhggh]lh j_kmé&Kiefdzdgpbb AZljzZlu gz m}
H[km ~ gu ijbgpbiu ~bZ]ghklbbdZah\hgzZgbl _evgh \ur_ k\h_\j

dhgljhey hkgh\gu_ ZgZeblbmglkzdbgZklhys_— \j_fy kms_Kkl
ihdzZaZl_eb agZqgbl _evgh_ dhebqg_kl\h jZajz

F_Ih”u j_r_gbyK _j\bkgh kh\j_f _gguo kKj_"~KkI\ | ogbg_
h[kem b\Zgb_[m~"_|I gZb[hahgljhey b "bZ]lghklbjh\z
wnn_dlb\guf ijb Ahklb hgWdu\Zxsbo maeh\ b h[hjm~

gZb[hevrdhlwnnbpbblkillZevah\Zgdlydhfhlb\h\

ehdhfhlb\h\ bgzZzgq_ ]h\hjy ]7_ Bkke ~h\Zgb _

mjh\ _gv gzZ”~_ "ghklb b f gvr_ ihl_jwijilbbZaZoklZzg_ wdkiemZlb
k_j\bkghf h[kem b\Zgbb | _fl _ffedvhau LW dhlhju_ ijhoh”yl
ijb[uev J_fhgl ih | _ogbgkkjdbkgh_ h[kem b\gog*bqgghklv
khklhygbx? ijb k_j\bkghf h[kei p\Wkgddh h[kemKHZ2gbgh\hah\

ehdhfhlb\h\ yley Iky gZImhe \ DZaZoklzg - kmlhd

i _jki_dlb\guf b ih ih\ur_ Wbk y\ey |ky “h\hevgh [hevrbf k
gZ”"_"ghklb b ih khdjZs_gbx ladljgd_ < dhlhjh]h g_h[oh”~bfh
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gZ[ex™_gb_ aZ khklhygb_f h[agi*guZdbibhjgh]lh fZkeZ >ey ”"“ba_evc

Hrgbf ba wnn_dlb\guo kihkh[mM\lglly dkg | ieh\hah\ LW : b LW FCLC

ijbf_g_gb_ ki_dljZzevgh]h ZgZe3eaatalEtektrieGE) j_dhf_g” "m_1I| hi[bjZIlv
Ki_dljZzevguc ZgZeba ihphheyfhlhjgh]lh fZkeZ g9Z ZgZeba

hp_gblv |_fi baghkZ hkgh\guio jBh*Bggbklvx "g_c DZqg_kl\h
| ieh\haguo "“ba_e ¢ Z |zZd fhldppuoklI\tzk _e | _ieh\hah\ LW : b
jZ[hlu \ha”“mrguo b fZkeyguo bbWewh\ "he gh khhi\_IklI\h\Zlv

] jf _Ibgghklv kbkl_fu hoedzZ}Zfblyzf ijbgyluf kkhpbZpb _c

]h~rghklv fZkeZz < tkkkgpb@ebklh\ ih | _ogbq_kdhfm
"bZlghklbjh\Zgby iheh  _ghh[kenmhb\Zgbx | _ieh\bM®A)

h{klhyl_evkl\h qlh dhgp_gljZpbyjbdZgdked s klI\Z bkiulZgbc b
ijh mdlh\ baghkZ hkgh\guo fZP _jliizee R\ASTM). Bkihevah\zZghb _
khojzgy |ky ijZzdlbg_kdb ihklhygdelazZjbfzkez bf__| Ijb JeZ\guo p_
ghjfZevghf | ogbg_kdhf kigZlreyagzbv aZ khklhygb f fZkeZ gZ[ex
"b]zl _ey b j_adh \hajzZklzaZ khklhygb f h[hjm~h\Zgby kfZaulZ _
hldzazfb >bZ]ghklbjh\zZgb_ wijhf\h MZakehf b baf_jylv mjh\_gv

khihklzZ\eyy ithemq_ggu_ jaZingabZlgbc WIih ijh]jghabjm_fuc
ZgZebaz fzkezZ ijb bkijz\gh jiZ[N]Zxbkbgpuc kihkh[u |_ogbg_kdh]h
fZkeyguo b \ha”mrguo nbeWwl[jkKeom bkzZdhly]lghabjm_fuc ihlhfm
ij_™ evgufb ihdzazl _eyfb gbh fhk_ | kgbablv k_jvzaghklv ihehfhc

ij_~u”“msbfb j_amevlzZIzZfb 1j NurhgkdzZ\blv \hafh ghklv ieZgbjh\Zghb\y
A"himklbfuo ghjf ih dhgp_gljGpbbglbh\guc ihlhfm qglh iha\hey |

fZke _ f_1Zeeh)\ mdZaul\ZkgbabgZ qzZklhlm hldZah\ b klhbfh

g_Z" _d\Zlgmx jZ[hlIm khijyZ2daguo

N 1Ze_c GZijbf_j ih\ur_gghP_ev ZgZebaZzZ fZkeZz

kh~ jZgb_ dj_fgby Z 1zZd _ xHij_~ e _gb_ ih\ur_gghlh

hdkb”h\ Zexfbgby k\b"_| _ebaghkZz

g _bkijZz\ghklb nbevljh\ ljb xHij_~ e _gb_ " _1]jZz"Zpbb fZkeZz

\h~u \ fZke_ ]h\hjbl h g_]_jf xHij_~_e_gb_ aZ]jyag_gby fZkeZz

kbkl _fu hoezZ ~ gby @ _ e _ah xHij_~ e _gb_ \hafh ' guo

hfuggh gZ |_fiu baghkzZ \Ze.ihehfhd

gZkhkz Ojhf k\b"_ | _evkl\m_ xljh\_jdZ bkihevam_fh]h fZkeZz

ihjrg _\uo dhe_p ih”rbigbdh\ xHilbfbazZpby f "k_j\bkguo

F v kem bl ihdZazl e f bag bgl_j\Zeh\

ih~"rbigbdh)\ \deZ”ur_c x<hafh ghklv ba[_"ZIv g_gm guo

ijhgbdgh\ _gby \h”™u ba hcj _fhglh\

"b]Zl _ey :exfbgbc mdZaul\Z_ Hij_~ e _gb_ ih\ur_gghlh

ihjrg_c ljbf_g_gb_ ki_dljzbaghkZz

ZgZebaz fZkeZ iha\hey_ | "~b: Khklz\ hi~*_evghFhhg glZ

khklhygb — ~\b]Zl ey ih gzZba\_kl_g beb fh | [ulv \uykg_g 1

dhebqg_kl\m dZ ~h]h f IZijhba\h”bl_ey lhjrgb k" _eZgu ba

hi* _evghklb Zexfbgby ith~ rbigbdb kdhev' _gby
?keb j_amevliZlu ZgZebkh”~_j ZI k\bg_p mihjgu_ rZc[u b \Ime

ihdZaul\zZxl glh wdkiemzlkh~ _j zZI f ~v \Zeu am[qgZlu_ dhezk

oZjZdl_jbklbdb fzZzkeZ ijb[ebrzZjbdh\u_ ih~"rbigbdb khklhyl ba

ij_ "~ evgh "himklbfuf agZq_gbkieZ\h\ " e_aZz 'gZeba fZkeZz

"hklbleb ij_~_eh\ Ilh  "he bkihevah\Zeky-&k b jZa\b\Zeky gZ

i_j_™Zgh ij_"mij_"~_gb_ qglh _e_aghc "~hjh]_ Kh_"bg_gguo RIZIh
fZkehf ijh~he _gb_ jZ[hlu | Hkh[uc bgl_j_k ij_"klzZ\eyeZ kh[h¢
azZij_s_gh Kbkl_fz ki_dljzevgij_"~_\j_f _ggZy ihehfdZ ih”rbigbdh\
fZzkez ihfh]z_I| \ iezZgbjh\Zgtkdhev  _gby \ ~\b]Zl_eyo ehdhfhlb\kh
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dhlhju_  h[uggh bf_xI ihdjul\j_f_ gb Gb _ fhlhjgh_ fZkeh
k\bgpZz beb heh\Zz Hjb]lJbgZ [ueh ih”\_jlgmlh k_jvzaghfm i_j_

aZdexqZezZkv \ |hf qlh[u Zg GZ[ex"_gb_ az mjh\g
bkihevam_fh_ fhlhjgh_ fZkeaZ]jyag _gby
m\b”™_Iv kh™ _j bl eb hgh Lj_Ivy JezZ\gZy nmgdpby Z

hevrbgkl\h bamqg_gguo ijh[ k fZkeZ alh gZ[ex™ _gb_ azZ mjt
k_[_ k\bg_p Qlh \ dhg_qghfaZ]jyag_gbc AZ]ljyag_gby fh]r
hidjulh 1zZzd wlh Ih qglh jhi\gmlj_ggbfb b \g_rgbfb <gmlj
k\bgpZ kb]gZebabjh\Ze h gZ aZ]jyag_gby h[jZah\u\Zxlky
ihehfd_ ih”~rbigbdz f_ ozZgbqg_kdhc kbkl_f_ [1Zdb_ dZz

Hij_~ e _gb_ 7~ _1]jZ"Zpbb baghkZ beb ijh”~mdlu k]lhjZgby
gZ[ex™ _gb_ aZ khklhygb faZzZ]jyag_gbwlk km[klZgpbb dhlf
:gZeba fzZkezZ 1Zd"_ iha\lhey_lkms_kl\mxl \ hdjm Zxs_c¢ kj_*»
aZ khklhygb f fzZ\Ye®Z gKh fZke*he gu ijbkmlklI\h\ZIlv \ fZke _
A 1jZ"bjm_l-aZba _]h kihkh[gjZkijhkljZg_ggu_ ba gbo wlh ]Jjya
j_Z]bjh\zlv k ZlIfhkn_jguf db AZljyag_gby fhlml g_ihkj_"k
hdbke gb_ Wihl ijhp_kk jZzajmrzZlv kfZaulzZ_fh_  h[hjm~*
ijbgbghc jhklZ \yadhklb b h=jyav y\ey |Iky Z[jZab\hf b fh"
dbkehl ljbgbgu ih  dhlhjtijbgbghc ih\ur_ggh]h baghkz ~»
ijhp_kku fhlml mkdmwbHvkykhd \h~rzZ ~  y\ey |ky ijbgbghc | Z)\
jZ[hgZy | fi_jZImjZz b ijb f _1Zeeh\ AZ]jyag_gby fh]lml 1Zc
aZljyag_gbc >ey ijbr"Zgby ki_ijbgbghc " _]jZz"Zpbb fzZkeX dh
jZ[hgbo k\hckl\ \ fzkeh ~k\hx hq_j_"v hdzau\z | g_]-
jZaebqggu_  obfbg_kdb_ \_ s wnn_dl gZ f oZgbg_kdmx k
"h[zZz\db g_ \hkihegyxlknfBerhzljh~mdlu k]hjZgby lzdb_ dzd
k I _ g _gb _f \j f gb jZzkoh”mx y\eyxlky ijbgbghc jhklZ \yadhklt
ijhp_kizd>_ \_~ | d ~_1]jz~"Zpb”™_ezZy _1h f_g__ wnn_dlb\gu
glh hagzZzqZZkeh g_ fh | kethoezZ”bl _ev b dzZd kfzZadzZ WIh
\_gqgh b i_jbh”"bqgq_kdb “he"gtba\_kl_g 1Zzd _ dzd \lhjbqguc b

| jbh”~ kf _gu fzZkezZ azZ\ kh Ze_gbx baghk g_fh | [ulv n
fghlbo nZdlhjh\ lZdbo dgh hg fh™ | Julv mf_gvr_g WIh h
h[hjm~h\Zgby ijbf_g _gb_ b hqglh fZe _gvdb_ gZklbgqdb baghkZz
kj_~"Z gh [_a ijh]jZffu ZgZepbjdmebjmxl| \ Pkled_bo dhebq_Kkl
g _\hafh'gh magzZlv dh]*Z f_agZqbl_evgh m\_ebgb\zZ Iky Ih

;hevrh_ dhebq_klI\h nbabq baghkz fh]lml gzZqZzZlv ihiz*Zlv
obfbg_kdbo |_klh\ fh™ I Julv am[vyfb r_kl _jzg Z agZgbl hg
"ey gZ[ex”_gby azZ khklhygbjzZz[hlZlv \ [he__ ly zeuo mkeh\by
fzkez b mjh\gy ijbkz~hd k\hx hqgq_j_"v fh™_1 [ulv ijbgl

Qzklh 2 _ljz~"Zpby fzZkezZ fhih\ur_ggh]h baghkZ ~jm]bo dhfil
j_amevlZlihf ihjhggh]h djm]Z f _oZgbqg_kdhc kbkl_ fu

hldehg_gb _ gZijbd_jhevrhi Hij_~ e _gb_\hafh ' guo ihehf
i j_li_\v fh™ | klZlv ijihdbghall K\yaZzgguc k gZ[ex”_gb _f
fZkeh AN 1ljZMbjm | g_fghlh khklhygb f h[hjm*h§Zgebwn fZke?Z
ijhbahclb g _[hevrhc jhkl \'fh | bkihevah\zZlvky 7ey hij_7

ljh[e _fZz a~_kv \ |Ihf qglh m\hafh'guo ihehfhd Bgh]”Z j_an
\yvadhklb mf_gvrbl Kkihkh[ghkZgZebah\ fZkeZ fh]lml kb]JgZeba
AN ckl\h\Zlv dZd hoezZz”bl_ev Ihf glh ih\ur_gguc baghk dh
i_j_li_\Z klzgh\blky [he__ \ujgZqZeky ihy\beky azZ hq_gv
ijbgbghc ~Zevg_cr_c "~ _1jZ"Zi_jbh~ \j_f gb ohly ij_"u"msZy
lheguc f_ oZgbq_kdbc hldZ fh]lezZ J[ulv iheghklvx ghjfZevgh
ijhbahclb \ g_h"b~Zggh dhjhlc\Zz"gh b ij_"~klz\ey_| kh[hc hI"_
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lhevam hij_~_e_gb_ gZklmdhlhjh_ bkihevam_Ilky \hafh gh C
ih\ur_ggh]h baghkzZ < kemqg.j_dhf_g~h\Zgh ijhba\h”"bl_e f

[hevrZy qZklv ih\j_"~ _gbc ijh <Z gh hif_Iblv glh g_dhlhju_

g _dhlhjhc Ihqd_ hldzZzaz |h kf_kb fzZzk_e fh]lml [ulv g_hlebgbfu h
j_fhgl fh™ _| Julv agZgqbl_evgh *jm]bo ijh*mdlh\ dhlhjuo ~Z°_ g_I
ijbgylb_f Zdlb\guo f_j “h Ih]hij_"ijbylbb

ijhbahc”_I HilbfbaZpby f_"k_j\bkguo
ljh\_jdZ bkihevam_fhlh fzbgl_j\Zeh\
ljh\_jdZ bkihevam_fh]h :gZeba fZkez fh _1 bkihevah\ZIlvk
\Z gZy \hafh ghklv ijb bkihe”"ey hilbfplz f_"k_j\bkguo

ijh]ljZffu ZgZebaz fZkezZ Dhbgl_j\Zeh\ E_| "\Z~pZlv gZazZ”" [ue |Z
fzkezZ ihklmiz | \ eZ[hjZlhjb\her_[guc i_jdoh" gu fZkeZz0

ijhkbl mdzazlv dzZdh_ fZkeh qZkh\ lhqglb \k ijhba\h”bl_eb
Qzklh wlh a\mqgbl [Zzd ©Kd.:h[hjm~h\Zgby ij_"ibku\l\Zeb _]h b Juc¢
fZkeh fu bkihevam_f"2 HI\ _Ig\Z ghdlh k®_eZe ~\b]Zl_ev _]1h fh™_e
\hijhk bgh]*Z fh _| hg_gv m~lgZz dzdhf h[hjm~h\Zgbb mklZgh\e
fZkeh dhlhjh_ bkihevam_Ilk”*\b]ZIl_ev dZzdh_ gZagZq_gb_ m
dhlhjh_ h"b~rZe deb_gl Ih fh «h[hjm~h\Zgby beb ]*_ wlh [m~_1Il jZ[hl
h g kdhevdbo \_sZo < om”~G_dhlhju_ "\b]Zl _eb [ueb mklZgh\e _
bkihevam_ Iky fZkeh dhlhjh gZ [mev~ha_julhdgadbh]jmagbdb beb
j_dhf_g”~h\Zgh beb \hh[s_ g_]j_c”™_ju ;mev”~ha_j gZijbf_j fh™ |1
"ey ~Zgghlh ijbf_dc gblylhju jZz[hlzlv ©f_"e_ggh? fh _| ©O[ukljh?
fhjkdb _ "\ b]Zl_eb b A fh™ I kdj_[hd lhedZlv WIZ _~bgbg
ehdhfhlb\h\ bf x| ih~rbigbdb | _ogbdb fh]l]eZ jh\gylv a_fex beb kljhhb
kh~ _j°zZ1 k_j_[jh b wlb ih”*Zf[m jZ[hlZIlv \ D\Z Amem +GZIlZe

j_Z]lbjmxl k fzZzkezfb dhlhju_=Zml_g]_ beb \ kK j_"bg_ imklug
hkgh\Zggu_ 9gZ pbgd_ ijhilb\h DZeZoZjb WIh [ue kemgZc ©ihgbgbl
Zglbhdbkebl _evgu _ ‘"hrgbf dexghf2 i _jbh”™ kf_gu fZkeZz \
ljhba\h~bl_eb fZkeZz "ey qZkh\ ~ey M\Db]ZI_ey

ijbf_g _gbc balJhlz\eb\zZxl f Hg \b~gh glh _klv, fZrbgu

fZkeZz [_a pbgdZz gh wlh jZ[hlZxsb_ ©gZ e_]dbo jZ[hlZo?
©h[uggh_2 fhlhjgh_ fZkeh ij©ohjhr_c2 hdjm'Zxs_c¢ kj_~_ b Kk
\uoh”m ba kljhy ~\b]JZl_ey m\_ebq_gguf bgl_j\Zehf kf_gu fZke.
dhjhldbc kjhd HrgZdWwlZ azZ~"ZgqZ gbdh]*Z g_ [ueZ |
Hiul ihdZau\Zz_I1 qlh g_ij:\uiheg_gZ [_a ihfhsb ZgZebaz fZke
bkihevah\Zgb_ fZkeZ qzZklZy ?keb \u Kkh[jZebkv m\_ebqgblv i _jbtf
ijzdlbd_ |1 _ogbg_kdh]h h[kemkf_gu \Zr_]lh fZkeZ \u “he'gu agZl
ijhba\h?*kI\Kf rZggu_ fZkeZ 1dh]”~Z fZkeh hdhgqgZl_evghh _]jZ*"bjm_
kb]J]gZebabjh\zlv h Ihf qlh ¢fhf_glzZ dh]~Z hgh “he gh [ulv azZf_g_

h[mq_gb_ i_jkhgzZzez \h\e_«*h |Ih]J]h dzZd hgh fh _I ijbg_klb dZdh
h[kem b\Zgb_ h[hjm~h\Zgby eb[h \j_ "

fzk _e \hafh'gh g_ [m~_I| ijGZ~h ihgbfzZlv qlh hilbfbaZpby hagZq
hizkghklb "ey kjhdZ kem [u b qlh i_jbh”~ kf_gu fzZkez fh _I Julv
\iheg_ ijb_fe_ _fuf gh wlh ]Jrmf_gvr_g \ " _kldbo mkeh\byo
Ajm]bo ijh[e_fguo fhf_wdkiemzZlZpbhb beb \JZ "~ _[ghc

cevl _jgZlb\gu_ [j_g”u b khjlhdjm Zxs_c¢ kj_~_ WIh hagzZqz_| jt
[ulv ijb_fe_ _fu \ h~rghc kbImklhbfhklb bkihevah\Zgby fZkeZ [jm
g_ijb_fe_fu \ ~jm]lhc \ ki_pijhklh_\ h[hjm~h\Zgby H~”gZdh \f_kI_
ijbf_g_gbyo _klv rzgk e hilbfZzevguf kjhdhf azZf_gu fZkezZ fu
1ZjZglbb h[hjm~h\Zgb _ ij_"~ihez]lZz_f [he__ "he]lbc kjhd kem"
ij_""~_\j_f_ggh \uclb ba kljhy "\b]Zl_ey b "h[Z\hqggZy klhbfhkl
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h[kem b\Zgby [m~_| hijzZ\"Zg: :gZeba fzkez fh _| ihfhqv
bg\ _klbpbc h[hkgh\Zggh]h j_r_gby bkoh?
<hafh ghklv ba[_"ZIv g_gkhklhygby fZkezZ Bf__1| kfuke \u
j_fhglh\ klhevdh g_jZajmrZxsbo b ©[_kd
J _fhgl h[hjm~h\Zgby | _klh\  kdhevdh gm gh azl_f ij
ijh~bdlh\zg wfibjbg_kdbfb \j_j_r_gb_ h j_fhgl_ hkgh\u\zZyl

bgl_j\ZezZfb [m”v |Ih dbehf_Ijtihemqg_gguo *"Zgguo ?keb \k_ ih
dZe _g”Zjgu_ bgl_j\Zeu WIb izZjzf_lju khhI\_IklI\mxIl |j_[m_fuf

\j_f_gthfuqgh [_jmlky hl kj_1h]*Z g_I g_h[oh”?bfhklb \uih
bklhjbg_kdhc ~Zlu ?keb kj_"¢j_fhgl Lhqgh IZd "_ _keb \_jg
hldZzaZ ljZgkfbkkbb gZktj_ameviZlu ZgZebaZz fZkeZ |

kfuke iezZgbjh\zZlv azf _gm fzdjblbggh Ih]*Z j_dhf_g"m_Iky k
wlhl ijhf_"mlhd \j_f gb ?"b¢azf_gZz

ijhfe_fz \ Ihf qglh kj_"g_wlhj <u\h”ljbf_g_gb_ ki_dljZevgl
kj_"~g__ \jlfjy*ibkZggu_ bgl_jZgZebaZz fZkeZ itha\hebl m
azZf _gu g_ bkdexgZx!l ij_ "~ \gZ”™_ "ghklv wdkiemZlZpbb ehdhi

hildZau b k “~jm]hc klhjhgu ihfh | hilbfbabjh\Zlv kjhdb aZ
maeu [m~Aml j_fhglbjh\zZlv fhlihjgh]h fZkeZ nNey "ba_ ¢
azf _gylvky dh]jrz hgb "\b]zZl_e _c | _ieh\hah\ LW

jZ[hlhkihkh[gu

EBL?J:LMJ:

[1] :gZeba fzkez \ k\h_\j_f_gghcfZblzdghkibd[hjm~h\Zgby >We_dljhgguc
J_"bf "hklmiz KWWS ELW O\ :),Q | >ZIZ h[jZs_gby

[2] :gZeba hljzZz[hlZggh]lh fZkeZ ZgZeba kfZahd "bZ]ghklIWdekZ difEadgguc
ji_kmjk@ J_"bf "hklmiz KWWS ELW O\ SEEW\ >ZIZ h[jZs_gby

[8] :IhfghZz[khj[pbhggZy ki_dljhkdHlibiy by >We_dljhgguc j_kmjk@ J_C
KWWS ELW O\ &%U=V >ZIZ h[jZs_gby

[4] BgnjzZzdjzkgZy ki_dljhkidbby*by |I_j_ba”~Zgb_ >We_dljhgguc j_|
A"hkiImKZWWS  ELW O\ 8/ (T% >ZIZ h[jZs_gby <« ? : 1Zgdh\

[5] =hjxgb_ kfZahqgu_ fZl_jbZeu wgpbdehi_"bqg_HWdpz\higqghidi\wc jkeh\Zj
< F RdhevgbdR\Z L_oghbgnhijf k

[6] Fzg] L >j_a_ev M j_» KfZadb Ijhba\h”~kl\h ijfbhopgbgdh_j -khhckl\z
Zgle ban ihr j_~ < F RdiKd{gbBHR\VZ Ighn_kkby k Nbl
Lihc_j > gZeba fzZk_e Hkgh\u Hd_jijbk gZgle_ ih~ j_» ? : Gh\b
F < Dbjxobgl[+ PHI Ijhn_kkby k

[71 ljz\beZzZ 1_ogbg_kdhc wdkiemzZlZpbb h[kem b\Zgbly gh]h fihgi\db ghéha
khklzZ\Z ljbdZa FbgbkljZ bg"mkljbb b bgnjZkimjdImjgDlhajZeklAgy J_Kkin
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TO THE QUESTION OF TESTS OF PASSENGER CARS WITH A TILTED BODY

Musayev Janat Sultanbekovich Doctor of technical sciences, Associate Professor, Kazakh
Academy of Transport and Communications named after M.Tynyshpaev, zh.musaev@kazatk.kz

Akhmetova Patam Turganovna, Cand.Sci.(Eng.), Associate Professor, Kazakh Academy of
Transport and Communications named after M. Tynyshpaatimetova@kazatk.kz

Ivanovtseva Natalya Viktorovna, Cand.Sci.(Eng.), Associate Professor, Kazakh Academy of
Transport and Communications named after M.Tynyshpaev, n.ivanovceva@kazatk.kz

Aytuganova Zhansaya Maratkyzy, Lecturer, Almaty State college of transport and
communications, zhansaya.ajtuganova@mail.ru

Abstract. The article deals with the conditions and results of running, dynamic and impact on the
track tests of passenger cars "Tulpar-Talgo". Shows the effect of the acugl@tat and profile of road
for experimental research of dynamic qualities of passenger cars in operating condgiovell as the
structural differences between the new modifications of passenger cars with tililpgr-Talgo".

A brief overview of the roller stands, allowing to carry out a full cycleesfs of rolling stock, its
individual components and systems in stationary conditions. It is shown that erisitteds of roller
stands does not allow to simulate the creation and change of the outstanding cefdrifegah curves
on a train with a lack of cant, which is especially important for tests of passenger cars equippedywith bo
tilt.

Completion of the existing stands in this direction can be based on the Eimolfatentrifugal
forces with the help of a special mechanism that creates a forceieffecertain direction and at a given
point of the crew part of the tested car. Recommendations for modernizationeastthertch for railway
crew with a bodey tilt in the curve are given.

The article presents the results of determining the dependence of the anglenafiamchf the
car body and centrifugal force on the speed of the train and the radius of thdtdarshown that with
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an increase in the speed of the crew and a simultaneous decrease in the radius &, ttie @amtrifugal
force will increase, and the centrifugal force acting on the body createsaninthat tends to reduce the
angle of inclination of the body due to the deformation of the spring suspension.

Keywords: passenger car, body tilt system, tests, roller stand, modernization.

M>D

@ KFmkZ \l L:of _Ih\VZ G 8\Zgh\p3L\@ F:clm]zgh\z
!DZzazZokdzy zdz” _fby ljZzgkihjlz b dhffmgbdZpbc bf F Luguriz_\Z
2:efZlbgkdh&m~Zjkl\_gguc dhee_~" ljZzgkihjlZ b dhffmgbdZpbc ] :e

D <HIJHKM BKIUL:GBC I'1KK:@BJKDBO <:KHGH<
G:DEHGY?FUBMAH<HF

:gghlZpby klZlv_ jZkkfhlj_gu mkeh\by b j_amevIZlu oh”~h\u
ih \ha”_ckl\bx gZ imlv bkiulZzgbc iZkkZ bjkdbdeVihhghhdZaeg
\ebygb_ nzZdlbqg_kdh]h khklhygby ieZgZ b ijhnbey iml
wdki_jbf _glZevguo bkke_ "~h\Zgbc "bgzZfbg_kdbo ©Z]dagkhl\ \VZI
wdkiemzZlZpbhgguo mkeh\byo Z 1zd °“_ ijb\_~_gu dhgkljmd
fhrbnbdZpbb iZkkZ bjkdbo \Z]lhgh\ k gZdelhgév]éimah\Z L eiZ]j

<uiheg_g djAgac) dZldh\uo kl_g”h\ iha\heyxsbo ijh\h”blv
bkiulzgbc ih"\b ' gh]h khklZ\Z _]h hI® _evguo maeh\ khekhhkiof \
lhdZzazgh qglh kms_kl\mxsb_ fh”_eb dZzZliche\he ykil_d¥fbYbpgh\ZI\
\hagbdgh\_gb_ b baf g gb_ g ih]Zr_gguo p_glslbjo \gdpbkbe gZ_
ih_a”n ijb gZebgbb g_"hklzldZ \halur_gby gZjm gh]h j_evkZz
bkiulzgby iZkkZ bjkdbo \Z]l]hgh\ h[hjm”~h\Zgguo kbkl_fzZfb gzZdel

>hjz[hldZ kms_kl\mxsbo kl_g~h\ \ wlhf gzZijz\e_gbb fh _
bfblZpbb p_gljh[_"guo kbe k ihfhsvx ki_pbZevgh]h fkoedgiafz
\ha”_ckl\b_ \ hij_~_e_gghf gZzZijz\e_gbb b \ az~Zggkld |hq
bkiulm_fh]lh \Z]hgZ >Zgu j_dhf_g~Zpbb ih fh”_jgbaZpbb Kkl
"_e_agh”hjh gh]h wdbiz Z k gZdehghf dmah\zZ \ djb\hc

< klzZlv_ ijb\_~ gu j_amevlZlu hij_~ e _gby azZ\bkbfhklv
\ZlhgZ b p_gljh[_"ghc kbeu hl kdhjhklb "\b"_gby ih_a”~zZ b jz~
glh ijb m\_ebq_gbb kdhjhklb "\b"_gby wdbiZz Z b h”gZVybmlkh
dijb\hc p_gljh[_"gZy kbezZ [m~_| \hajzklzlv Z "~ ckl\mysilyegzZ
khanrz | fhf_gl dhlhjuc klj_fblky mf_gvrblv m]J]he gZdehglZ dm:
j_kkhjghlh ih~\_rb\Zgby

Dexg_\u_ keh¥kkZ bjkdbc \Z]hg kbkl fZ gZdehgZ dmal
dzldh\uc kl_g~ fh~_jgbaZpby

Ilh_anz k gZdehgyjZ\gh\_kb _ glh fh 1 ijb\_kl
dmah\Zkb Z gTiding train) - iZ" _gbx
Ibiih_a~k\ f_oZgbafhf gZdehgzZGZ ijzdlbd_ "~ _e_agh”hjh gu
\Z]hghjb ith\hjhl_ ihal\heyxistbklhbl ba qgq_j_ “mxsboky ijyf
ijhoh”blv ih\hjhlu gZ hleggdb djb\uo mqgzZkldh\ |1Zd gZijbf_
"hjhlk [vr_c kdhjhklvx [_a hsmgZkbg  -kedgZu bf_ _Iky
"bkdhfnhjlzZz iZzkkZ bjzZfb djb\uo mqzkldh\ imlb Ijbqg_f |

?2keb h[ugguc ih_a” ~\b dibyugzZmgzkldh\ imlb jZAbmkhf f
ih\hjhl_ k [hevrhc kdhjhklvxf- Ih j@gZbmkhf [he_ 308. f +

iZkkZ bjh\ gZgbgz | A _cklVh\RRAd ba\_klgh gZz \Z
p_gljh[_"gZy , klbeZhgb | _jyx*\b msbcky ih djb\hc kh kdhjl
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AN _ckl\m_1 JhjbahglZevgzZy p_ighjhd*rzZgZy khklhygby ~_e_agh”hjh gt
kbez > @HgZ kihkh[kI\mhdhlgz ih ijyfuf mqzkldzf imlb b
hijhdb”u\Zgbx \Z]lhgz \ugb\dfl jZz"bmkhf k\ur_ f \

g _ijbylgu_ hsms _gby m iZkkjZ @pre\wvIgdl _ bkiulZgbceb[lZdbo
i_j_]ljm Z_1 gZjm guc j_evk o iflaylduo hsms_gbc \ \Z]lhgZo ih_a”"Z
klzlv ijbgbghc kf_s _gby i_j \\hapfihoahd g_gZ[ex"Zehkyv

]Jjmah\ K p_evx dhfi_gkZpbb ~_ ©OKlery dib\ bkiulZl_e_cd ijbr_e

p_gljh[_"ghc kbeu \ djb\hc g&Z4meégqgcgbx glh dhgkljmdpby
j_evk mdez”u\zZxl \ur_ \gmlj eggadgh®hjh gh]l]h imlb dhglzZdlghc k_
ijbg_f fZdkbfZevgh “himk\ihfizIbg_kdhc ehdhfhlb\ghc
\halur_gb_ gZjm ' gh]h j_evkZ lkgdgd&jwhb¥Zpbb :EKG iha\lhey_| khklZz
mqgZkld_ khklzZ\ey_| ff \Z]lhgZfb bkiZzgkdhc nbjfu ©3DWHDC

>ey mkljZg_gby WDIghR2 b we_dljh\hahf .= $ hkms_kI\e

kms_ kI\ _ggh]h g _m~hl[klI\Zz “Kbargklky gZ hl" _evguo mqgZkld?Z
ih_a”rZ k gZdehgy_fuf dmag¥hfjzZ\e]l*gby 'ktZzgZefzZlu kh

iheh” _gb_ \Z]lhgZ j_]mebjm_Ilkghijhklkfd I"h df q b j_Zebah\u\zZl
kbédg jpbizkkb\guc gZdehg ijbbe¥db” _gbb \ djb\uo [_a gZjmr_gby
mijZ\ey dhyivxl_jhEZdlIb\guc dhfnhjlz iZkkZ bjh\ g_ih]Zr_ggh_

gZdehg dhfi_gkbjmy \hagikdihysbgb_  2[1f k_d
p_gljh[_"gu_ kbeu b iZkkZ bj <g_ bkiZgkdbo \Z]lhgZo [ue
hsmsZ_ | g_m~h[kI\ mklZgh\le_g baf_jbl_evguc dhfie_dk

>ey A"himkdZ \ wdkiemZfZpbx]hjbahglZevguo b \ _jlbdZevg
\Z]hgghc ijh*mdpbb |j_[m_Ilky mkdh} _gbc maeh\ \Z]hgZ b we_dljh\h:
jZaebqguo bkiulZgbc k p_evxb\Wwiwykgl gowguo ih_a”dZo k baf_jbl_evg

khhi\_lkl\by ih"\b gh]h idhhifli2\ Zd k h f jZ[hlZeb ki_pbZebklu
N ckl\mxsbf 1j_[h\Zgbyf ghjfdhfiigiybb ©3DWHQWHY 7DOJR?
| _ogbg_kdhc “hdmf_glZpbb [j_~\Zjbl_evgh [ueb

LZd khlezZkgh iezZgh\ jZRKklmsgbhe gu ih_a”~db iml_baf jbl e
| ogbgq_kdbo \hafh ghkl ¢ gZpbhwA&ygdZ k g_h[oh”~bfhc ZiiZjZImjh

"_e_aghec “hjhlb - GZmmgdlhkdhihf >ey ijh\_jdb

bkke_"~h\zZl_evkdbf p_gljhf \Zb®&D ckl\by jZ[hlu Ihdhijb_fgbdZz
©DL@?® GBP ijb \g_"j_gblbglzdighc k_1Ib i_j_n bkiulzgb_f
wdkiemZlZpbx gZ "_e_aguohkmbjK]lXe_gu ith_a~db \Z]lhgz Ne

DZaZoklzgZz \uihegyebkyv Kodkh pH Kiggbuy dhglzZdlighc k_Ib
bkulZzgby \Z]hgh\ bkiZzgkdhc nbjhfu j_amevlZlzhikiulZgbc
©3DWHQWHYV 7DOJR?2 k we_dkjih\hehdbkiu$:HZOGD © L@?2 jZajZ[hlZ
mqgZkld _ cefigllzigZz dhfie _dkgu_ f_jhijbylby ih j_r_gbx
Wdki_jbf glZevguc khklz\ khkddA¢&qgbaih\ur_gby kdhjhkl ¢ ~\b" _gb
\Z]hgh\ b we_dljh\haz .= $ ih_&Whha? ijb 1ZjZglbjh\Zgghc
kh\_jrbe ih hrghc ih_a~d_ ih [fZhj@dkmghklb iZkkZ bjh\
cefZluklzgzefzZlu b :kkZg#ZZlu BkiulZgby \Zlhgh\ - L eiZj
klzgz kdhjhklvx df q gz L&feb] h gh\hc fh~bnbdzZpbb jbk
kh kdhjhklvx gZ df ijd\hfyoebkv f_""m klZgpbyfb Fhcuglu |
"b'_gby ba :efZlu \ :klZgm KhkbdA\bdénZzjz]Zg~bgkdhc h[eZklb

q fbg b q fbg ba :klZgu>édy wlbo p_e_c¢c J[ue aZdexqg_c
cefZlu [ _a mqg_I1Z bf \rboky aZ”hjh\thj gZ k_jlbnbdZpbx \hkvfb Ibih

< oh~_ ijh\_"~_gby bkivZdgobh\ gz khhI\_IklI\b_ Ij_[h\Zgby

gZb[he__ hilbfZevghc "ey [_ahidlgpgklbdb]h | ]Jezf_glz Lzfh _ggh
dhfnhjlz iZkkZ bjh\ hij_~_e_gXxhoddhdhlkHv[_ahiZkghklb ~_e_agh”hjh’'g
"\b' _gby ih_anz df q K ihrh\go “Idht] h khklz\z Bkiulzl_evguf
] _hljZnbg_kdbo hkh[_gghkl_c pl_gjbhlhjbgpZzagZqgq_g DZaZoklZgkdbc p
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k_jlbnbdzZpbb gZz "_e_aghhhhhegpbby \_glbeypbb
ljZgkihjl _ lj_~\Zjbl_epmgb dhg”bpbhgbjh\Zgby

ijh\_~ gu bkiulZzgby dmah\h\ \Z]h@lZ\ A\bgZfbq_kdb_ bkiulZgby
g f pdhf E_cipb]_ b _amegviZiggZijZz\e _gu ~"\Z khklZ\Z ba \Z]

bkiulZgbc p_glj_~Zgguc fhf_gl gZ h~ghf ba khklZz
D))(QIJLQHHULQJ &RQVXOWLQJh\ AN gujfZjgbBhZjbl _evgu_ bkiu
yleyxlky iheh bl_evgufb W fhgghc kbkl_fu Gz \lhjhf ki
khhi\_lkI\mkIf ghjfZIb\Zf \ h[edhk\bj_gu ~bgZfbqg_kdb_ oZzZjzdl_
[ _ahiZkghklb "_e_agh”hijib’ gitnjdh "~ _gbb khklzZ\Z djb\uo fz
l[jZgkihjlz < p_glj_ 57$5DLO7THESY VIHQD QPZAbmkZ 1j_™\Zjbl_
<_g_ ijh\h*bebkv bkiulZgby \ZZWWek\g giby ih h[hbf khk
khhi\_lkl\b_ iZjZf_Ijh\ kbkeh fbol_evgu_

Jbk KizZ\gbl_evgu_ ]1Z[Zjblgu_ jZaf_ju YEXregih® L meiZj
Figl+©L eidjZev]h® \Z]hg”"Zjugu kZeuklujfZeu ]Z[Zjblled 'er_f”

<h \k_o \Z]lhgZo bhMhevguo maeh\ b kbkl_f > @
fh*bnbdZpbb 1LEBeXjh m\_ebf§ @@z gb h~bg ba kl_g~h\ g_
rbjbgz \ZlhgzZ gZz kZglbf_ljhbfib NujlohZdAv \hagbdgh\_gb_ b ba

gZ kZglbf _1jz KZgmaeag ihlZrelgguo p_gljh[_"guo

ijhklhjg__ \ jZazZz KiZevgl_ckhedksbo \ djb\uo gZ ih_a
IZd"_ m\_ebg_gu Dhjb*hj klZegZlejopqb g g_"hklzldz \halu
kzglbf _Iljh\ gZjm gh]lh j _evkZ LZdZy kblmZ

Baf_g_g ”"“baZcg bgl_jv_\Z g¥._o ey bkiulZzgby ith_a”h
Ibih\ \Z]hgh\ Ilhy\bebkv kh\g4dedqgty fufb dmah\zZfb > @
gh\u_ Ibiu \Z]Jhgh\ Lmjbkl k f_kFAfb jgbaZpby kms__kl\mx
"ey kb" gby DZzZ ~h_ dmi_-\Z]klghp\"hbag\ kwlhf gZijz\e _gbb
deZkkZ h[hjm~h\Zgh fhcdZfb HzZdhphb\dZvky gZ bfblZpbb p_gljt
<Z]lhgu ]jdgZkkzZ kgZ[ _gu kkefbk ihfhsvx ki _pbZevgh]lh f_o
mAh[kI\ZBmi_ ~“ey bg\Zeb”h\ hkf§asZgh _]h kbeh\h_ \ha”_ckl
jZa”~\b gufb \oh”~gufb A jvhbj_ N e _gghf gzZijZz\e_gbb b \ a
dhjb~hj b kdezZ~gufb ih~t fgbhgdb kwdbiZz ghc qgZklb bkiul
dZ "hc klhjhgu hl \oh”ghc "\ _jWw]hgZ

GZjy™*m k oh”h\ufb bkiulZgbyfbebqgbgz wlh]h kbeh
\Z]hgh\ ijh\h”ylky gZImjgu_ HAkReafNZgyby hij ~ ey Iky ba ke
gZ kl_g”"Zo jZaebgghc dhgkljmdppjz ™ \ghbhd
gbke gZ dzZldh\uo kl_g”~Zo GZ wdbiz®™ ~\b msbcky \ djb

Kh\j f ggu_ dZldh\u_ k[sgfukemqgz_ ~ _ckl\mxIl ~\_ hi
ihal\heyxl ijh\h~blv iheguc kbeudekbez Iy  _klb b p_gljh[_"g
bkiulzgbc ih”\b ghl]h khklz\gbk _]h
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Jbk >¥b°_gb_ wdbizZz Z k gZdehghf dmah\zZ \ djb\hc
Fig.2 t+Movement of the crew with the tilt of the body in the curve

<ujzZ'  _gb_ "~ey “~hiheghbl hégdhjhf gghf mf_gvr_gbb jZ"bmk-.
mleZ gZdehgZ dmah\Z [m”~_I béjbxhd” p_gljh[_"gZy kbeZz [m~_|
\hajzklzlv ljb azZ”Zgguo iZjzZf |jZ«
gZb[hevr_]lh agZqg_gby p_gljh[_"gZy Kk
"hklb]Jg_ | \ mkeh\byo "\b" _gby wdbiz".
C p_evx hij_~_e_klyjhklvx df g ih djb\hc f HgZ
azdhghf_jghklb baf_g _gby khklZdbyby dG G_h[oh”bfuc mlhe
p_gljh[_"ghc kbeu kdhjhklv gXbehgblyy dmah\Z ijb dhlhjhf gZklm
wdbiZ*Z b jZ*"bmk djb\hc \Zjvihihe\Zebkv dhfi_gkZpby g_ih]Zr _ggh]
ijhp_kk_ fh™_ebjh\Zgby > @hdhYdh yekdhj_gby ~he _g [ulv jZ\g
kdhjhklb 2A\b" _gby wdbiz Z Zjbdhdhgkljmdlb\guf khh[jZ _gbyf
bgl j\Ze agZg_gbc hl ~h mWihe Zy2eghgzZ dmah\zZ \Z]hgz g_ f
jZ"bmkZ djb\hc i hl Ah if_\WzZKkz z < wlhf kemqZ_ gZb[hevr_
wdbiz*zZ \dexqZ_l \ k_[y fzkkeoZaodrgdN\B_gljh[_"gZy kbeZ "hklb]g_|
\ZlhgZ b "\mo |_e_~_d qglh khh\b_ llkgibbgyhbiZ Z kh kdhjhklvx df
khklzZ\ey | d] b [ d] ih djb\hc f b khklz\bl dG LZdb:
J amevizZlu jZkg_lh\ ijb\ [jgah§z p_gljh[_"gZy kbeZ khklZ\ey
jbk [ebadh \_kzZ Ibibggh]h \Z]hgz q
Hqg_\b”gh glh ijb m\_eb&vébhsmlibfh
kdhjhklb "b®_gby wdbiz z b
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Jbk AZ\bkbfhklv m]J]eZ gZdehgZ dmah\zZ \ZlhgZ b p_gljh[_"ghc kbe
ih_a”Z b jZz"bmkZ djb\hc
Fig.3 tDependence of the angle of inclination of the car body and centrifugal force on the speed of the
train and the radius of the curve

Dz ~"Zy djb\Zy ]jZnbdZzZ yX¢lyldky c dhgkljmdpbb \Z]h
j_amevibjmxs_c¢ agZq_gbc p_ghjhrbfjppudbgzZfbg_kdbfb dzZqg_kI\.
kbe b khhiI\_IklI\m_1I ihklhygghémjhzhbmkimdzZazl _eyfb \ha”_ckl)\
djb\hc ba az~Zggh]h bgl_j\Ze@z LhgelbagE*"hjh ' guc imlv gZj

ebgbyo ]jZnbdzZ khhiI\_IklI\mxl lagZdbgbkdbfb jZkq_lgi

kdhjhklb bkke "h\Zgbyfb ij_"mkfhl
Hrgbf ba ]eZ\guo \hihlhkaXl evgh b wdki_jbf_gl:

dhfihgh\db kl_g~z Ney bkikk2gBb\Zgby dhlihju_ dzd

" e_agh”™hjh 'gh]h wdbiz Z k yye&yelkghf azZ\ _jrZxsbf wlZi

dmah\Zz \ djb\hc yley |lkyijh\hdjbkh\Zgby b ihkljhcdb \Z]h
jZkiheh  _gby bfblzZlhjz wlhc fkBeugbdlZpbb kms_kl\mxsbo \Z]
klv dhhj*bgZlu lhg_d _]h ijbbhe®#xg mbwqr_gby bo ijhqghkl

f "~m kl_g~hf b \Z]hghf < #fkgehf\tbgyokdbo ithdzazl
kl_g~z ijbeh” _gb_ bfblbWdkKihgbf _glZevgu _ bkke_ "I
p_gljh[_‘ghc kbeu d p_gljm fZ2kik\RZYyhigyZ |Zd " k p_evx ~Zevg
ik\brbfhfm g_ "Zkl ~_ckl\bjlzawdmx | _hjbb ijh_dlbjh\Zgby b
dZjlbgm jZkij_~ e _gby kbe "h&k[\ngygdikdilc\ "~ gby \Z]lhgZ
dzd gZ hl*_evgu_ maeu \Z]lhgdkienldhZpbb hkh[_ggh ijb
|l e "dm we_ f glu ly]h\h]h M\IKdHjheklydZd\b"™ gby
b gZ k\yab f “Am gbfb JZajzZ[hldZ b \g_"j_gb_ kIl _c¢
Ke_’\m_l lZzd" _ hif IblvgZlmllyuo bkiulZgbc ~_e _agh”hj
N ckl\mxsZy gZ dmah\ p_gljh[ih™dBygkbeZkhklZz\Z \ |hf qgbke
kha~z | fhf_gl dhlhjuc kliZKbZKpjkdbo \Z]hgh\ k gZdehgh

mf_gvrblv m]l]he gZdehgZ dmahig dZzZj kgglbx \hikhkibnbdZpbb
N nhjfZpbb j_kkhjghlh ih”\_rbWgbjy_fhqguo bkiulZgby ih”\b"

<u\h”u >ey kharzZgltyklzZ\Z _1h maeh\ b *"_1Ze_c
jZpbhgZevghc "helh\_gghc b gZ”~_ "gh

EBL?J:LMJ:

[1] ;j _ah\kdbc : F 1Zjg_\kdbc : = Lboh\ F K >bgZZbidZlw iYke&’Z bl k\db c
\Zlhgh\ dhfiZgbhb 3IDWHQWHV7DOJR 6 $ k iZkkb\gud_¢Fgled G Bbn@lh
2/2007.

[2] Fmkz_\ @ K GZad_gh\Z ; ; DZldh\uc kl_g” "eyegdgmidyb dpkoulZjbgl
1ZI_g¢Z ihe_agmx fh~_ev ¢« h [xe 23]
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bkiulZgbc ih_a”~h\ k gZdehgy_ fufb dmah\Zfb gZ dzZldh\dhg kZgg®OIB <_klgbhd Gz

k[ gZmq Ij L_fzZl \ui LjZzgkihjlgh_ &z pwdljiG g _ Q&RL. + « *
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kdhjhklguo ih_a”h\
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THE REDUCTION OF GREENHOUSE GAS EMISSIONS FROM ROAD TRANSPORT IN
CITIES OF KAZAKHSTAN
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Kazakh Academy of Transport and Communications named after M. Tynyshpayev
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and Communications named after M. Tynyshpayev

Maral Izteleuova, assistant professor Kazakh Academy of Transport and Communications,
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Abstract. The development of society is impossible without transport, for this reason |\itish a
shortcomings, it is not possible to abandon it. However, it is possible, using madetifisdiscoveries
and technological developments, to significantly reduce the negative effectsatioattransport has on
the environment. Therefore, along with the development of new directions for reduaingul
emissions from internal combustion engines, it is first necessary to infltleactactors that allow
reducing harmful emissions from vehicles with modern engines when performing transport work.

The current unfavorable environmental situation in most megacities and itiegascdue to the
fact that most often the criteria for the efficiency of transport systen@afieand business expansion,
rather than the balance and sustainability of the urban environment based owritiespof resource
conservation, environmental friendliness and safety.

At the same time, the common view that the transition to a market noddetonomic
development and the concept of delegated self-regulation will automatically solve iadinerental
problems proved to be untenable.

The city of Almaty is facing a high and constant increase in car travdthvhas negative
economic and environmental impacts, such as increased traffic congestion, incr@asetinte, and
pollution. 170,000 tons (92%) of the city's pollution is generated by motor tranapodrding to the
Department of natural resources and environmental management of the cityaidf. AThe number of
registered cars in the city exceeds 800 thousand units. Emissions to the atmosphere of BOfthosea
older than 7 years) are much higher than the permissible standards.

Monitoring of greenhouse gas (GHG) emissions from vehicles suggests thaotkisvill be
carried out regularly and it is likely that it will soon be mandatorynfiost cities in the Republic. This is
a great part of the practical need for our Republic to successfullyifslfnternational obligations to the
world community. This will not only improve the transport situation in di@dar city, which already
entails a certain benefit for the city, but will also contribute to immg¥he annual mandatory National
reporting of the Republic.

Thus, reducing harmful emissions from car engines is a major national eécoaodsocial
problem. Therefore, it is necessary to determine as accurately as polssitdendunt of harmful
emissions on the car, which will allow you to more accurately predict the remaining resource of the ca

Keyword: Transport, environment, emissions, greenhouse gas, alternative fuels.

M>D

=DZcjZlduiauAblbe mh\@®;Zc[mjZ \Z@@g[bjh\F Bal_e _th\Z
!DZazZokdzy Zdz”_fby ljZzgkihjlZ b dhffmgbdZpbc bf_gb F Luguriz_\

KHDJ:S?GB? <U;JHKH< I:JGBDH<UO =:AHK<
HL :<LHFH;BEVGH=H LJ:GKIHJL: < =HJH>:0 D:A:OKL:G:

:gghlzZpbyzZa\bhlhs _kI\Z g _\hafhaghjZzgkihjlZz ih wlhc ijbgbg
\k_o _]h g_"hklzldZo hldzZzazlvky hl g_]h g_I \hafh ghklb H:
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bkihevamy kh\j f ggu_ gZmqggu_ hldjulby b | _oghehbqggkdb_ jZajZ
kgbablv g_]Zlb\gu_ ihke_"kl\by dhlhju_ hdzZau\zZ_1 Zz\lIhljzgkihjl
kji_"m Ilhwildhdnpny”m k jZajZ[hldhc gh\uo gZijZ\e_gbc h[_ki_gb\Zxsb
\j_~guo \u[jhkh\ 2\b]Zl_eyfb \gmlj_gg_]h k]lhjZgbg_ _HR[ohNwfk hq_j_~
\ha”_ckl\h\ZIv gZ |_ nZdlhju dhlhju_ iha\heyxl kgbablv \j_~
Z\Ihfh[beyfb k kh\j_f _ggufb *\b]Zl_eyfb ijb \uiheg_gbb ljZgkihjlghc |

Dexq_\u_ kehpZgkihjl hdjm ZxszZy kj_"~Z \u™_e_gb_ iZjgbdh\
Zevl _jgZlb\gh_ Ihieb\h

<\_" gb_ Keh b\rZyky h[oh”bfhklb ~ey mki_rgh]h \uiheg_g
g_[eZ]lhijbylgZy wdheh]bq_kdZkAtkbd mfZpbmo\Zjh~guo h[yaZgghkl_c i_
[hevrbgkI\_ f_]Zihebkh\ b @bjphilgufo khh[s_kI\hf gZr_c
]hjh~h\ y\ey Iky ke_"klI\b_f Jhjkim[glkhdhc WIh iha\hebl g_ lhev
gZs_ \k_]lh djbl_jb_f wnn_dhe\gklbbv I|jZgkihjlgmx kbImZpbx
nmgdpbhgbjh\Zgby ljZgkihjlgubhgldgklghf ]hjh~_ qlh m _ \e_q_|I
kem Zl ihemqg_gb_ ijb[ueb b jEKk[i¢ lih ~ ezggmx \u]h m "~ey ]hjh"Z
fZkrlZ[h\ [bag_kZ Z b dm~_| Kihkh[kI\h\ZIlv memqr_ghb:
k[ZzeZgkbjh\Zgghklv b mklhcgliWgkiv h[yaZl _evghc GZpbhgZev
]Jhjh~rkdhc kj_"~u gZ hkgh\_ ijiblmgjblighklb J_kim[ebdb

j_kmjkhk[_j_~_gby wdheh]b LZdbf h[jZahf mf_gvr_gb _
[ ahiZkghklb > @ \j_"~guo \u[jhkh\ Mblzl_eyfb
<f _klI_ k |1_f jzkijhkljz ZzZ\lhfh[be_c¢ y\ey |ky \Z'g_cr_c gZjh”"
lhgdZz aj_gby h Ihf glh i- ohayckl\_gghc b khpbZevghc ijh[e_f
jughgghc fh~ _eb wdhghfKe_ _~h\Zl _evgh g _h[oh”~bfh dzd fh"
jZa\blby b dhgp_ipbb ~_e_]lhgg__ hij_"_eylv dhebg_kl\h \j_"g
kzfhj_]Imebjh\Zgby Z\Ihf \u[jhkh\ gz ZzZ\lhfh[be_ qglh iha\heb
iha\hebl j_rblv \k_ wdhet[he__ Ihggh ijh]lJghabjh\zZIlv hklZlhqg

ijh[e_fu hdZazZezZkv g_khklhyl j_kmjk Z\Ihfh[bey

=hjh” :efZlu klZedb\Z_lky R _ev b az”~Zgqb bkke_"h\Zgby
\ukhdbf b ihklhygguf j PK [dav x jZ[hlu yley Ilky jZajZ[hldZz
i_j_™"\b _gby gZ Z\Ilhfh[beyb Ih”dldp_kdbo hkgh\ ~"ey khdjzZs_gl
hdzZzau\lZ_| g_]Zlb\gh_ wdhghYbghjkdb\ bizZjgbdh\uo ]Zah\ hi
wdheh]bq_kdb_ \ha”_ckl\by I|zdthfhdBdvigtkllh 1jZzgkihjlz \ ]lhjh~Zo
aZlhjh\ gz "~hjh]Zo jhkl \j DODZgBEoklZgz

ih_a~db b aZ]jyag_gbhgg2%) Hkgh\gZy gZkBaf_g_gby
aZljyag_gbc ]hjh~Z \ujZ[.dhlhju _ ijhbkoh”yl \ fbj m-
Z\lhljZzgkihjlhf khleZkgh hljZabebkv gZ fgh]bo hljZkeyo DZaZol

MijZ\e _gby ijbjh~rguo j_kmB _keb fu ijh*he bf ih”A™ _j"b\Zlv

j _]mebjh\Zgby ijbjh*hihevah\zgZf_g_ggmx iheblbdm \ h[eZKIk
efZlu Dhebqg_klI\h aZj ]bkljtwdheh]bg_kdh]h fure _gby a_e gl
\ ]Jhjh~_ Z\lIhfh[be\arz | jZa\blby Ih \ highr_gbb fgh]bo k_dlhj
lukyg _"“bgbp <u[jhku \ ZIfhkgZr_c Nyl _evghklb gZf h b~z _fh
Z\hfh[be_c |_o qlh klzjr_ eijb™_Iky f_gylv g_ lhevdh bo \gmlj_gg

ij_\urZx! “himklbfu_ ghjfu > @kljmdImjm gh b kms_klI\_ggh
Fhgblhjbg] az \u[jhi_j_kfzZljb\Zlv h[sbc ihr"ohn b

iZjgbdh\uo ]Zah\ I= hl zZ\lhl\azZbfh”_ckl\b_ f_""m gbfb LZdhc

ij_"ihez]lz_| glh  wlz jZ[h ih*oh” ijb\h”*bl dzZd dZqg_klI\_gguf [Zi

ijh\h~blvky j_]Imeyjgh b _klv \d dhebqg_kI\_gguf baf_g_gbyf j_amevl.
glh \ kdhjhf \j_f_gb [m”~_| h|gZr_c "~_yl _evghklb ?keb k_]h~™gy
"ey[hevrbgkI\Z ]Jhjh~rh\ j_kim[bf__f \hafh ghklv fgh]lb_ ijhp_kku
wlhf _klv [hevrZy "hey ijZ dhgljhebjh\Zlv b hligblu\Zlvky \
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mijhszgghf nhjfzl_ 1h _klv \_jiihyflyhklZ wlh ~hklb]Z_Iky g _k
glh k baf_g_gb_fglhZlmmkZjZguiklyfb > @

©jZa\b\Zxsbcky? gZ ©jZa\blmx?2 kh[ex™_gb_ h"bgZd|
ihf_gy_lky b nhjfZz hlg_lghklbjzaflZghklb

g dhlhju_ [Zah\u_ dhfihg_glu f Wkihevah\Zgb_ h~gbo b

highr_gbb \ayluo kljZghc gZbgkpyaf j gby
hlyazl_evkI\ |j_"~ihez]Z_fu_ baf_¢g_dblkyhevah\Zgb_ h~gbo b
"he gu dhkgmlvky dzZd m _ [ueh \Wdgadgdhwnnbpb_ glh\ 7ey
fghl]bo hljZke_c \ |hf qgbkiEbkkbc m]l]e_dbkeh]h ]Zaz
Z\lhljzZzgkihjlz dzZd h~gh]lh ba JeZ\®pkohevah\Zgb_ h”gbo b
bklhqgbdh\ wfbkkbb iZjgbdhVup \hZgho dhwnnbpb_glh\ ”“ey

=\ J_kim[ebd_ wfbkkbc f_1ZgZ b aZzdbkb ZahlZz
Jughd iehoh ijbkihkZ[eb\Z_Iky Hdkihevah\Zgb_ h”ghc nba

N_ckli\byf bf_xsbf i_jki_dlbhkgnXxu ~ey jZkq_1Z wfbkkbc

gZijZ\e_gghklv \ hlghr_gbb bgl_g kh\ ijbf_g_gb_ h~"bgzZdh

[Mm*msbo ihdhe_gbc b k\yadeglkbnkdZpbb bf xs ]hky
bkihevah\zZgb_f j_kmjkh\ gZohWwdbptke &
his_kI\ _gghc kh[kI\_gghklb K wlbokh[ex”_gb_ ijZ\bevgt
ihabpbc kms_kl\mxsb_ |jZ"ekdkkdinbdZpbb bkihevam _fh]lh It
ih"oh”u d mijZ\e_gbx wdheh]bgifkdkin¢ex” gb_ \k_o g_hJoh
[ ahiZzkghklvx ZzZ\lhljZgkihjlghdjkpktrnfub ihke ~h\Zl _evghklb rz
l]hjh~rzZ g _kfhljy gZ ijh\_* ggu_ gZimmemg_gguc hiul \ jZfd
bkke "h\zZgby g_ \ iheghc Afujiheftylnfh]lh ijh_dlZ \ _jhylgh
h[_ki_gblv mkeh\by Z~Zilb\ghkllZ &lb&h\Zig “ey *jm]bo ]Jhjh”~h\ D
ih hlghr_gbx d "bgzZfbd_ b hkhjlhgjghkilydgbfzxl qglh \ [hevrbgk
]hjh~rkdhc kj_"u k\h_f jZkg_lu [m~ml \_klb \
KgblzZ Iky qlh Zgljhih]_gduZfepmidpbjh\Zggu_ b ih”]Jhlh\¢
dhgp_gljZzpbb \ ZIfhkn_j_ iZkgbphXedbdklu
]Zah\ ijb\h~bl d ih\ur_gbx | _fi < hl[ezZklb kgb _gby aZ]jya
b baf g _gbx debfzlZz Djhf_ \ha“moZ ke _“m_1| ijbagZlv qlh
\_jhylghklv qlh ijb *Zevg_cr_J _kim[ebdb ih \u[jhkZf agZqgb
M]e jh~rghlh jugdzZz J_kim[ebij_ \urzZxl _\jhi_ckdb_ Hkgh\ghc
j_Zebah\Zgu hij_~_e_ggu_ \u[jhkh\ \ h[eZklyo DZaZo
lhjlhleb b khdjZs_gby 1= \ijboh”blky gZ ]hjh*kdb_ gZk_
]Jhjhrkdbo dhglehf_jZlh\ < wimgdlu |Ijb wlhf \ JThjh*kdhc ah¢
mqg_| b jzZzkg_lu [m~ml ijhba\\u[jhkh\ ljZgkihjlz gzZfgh]h ij_\u
khhi\_Ikl\mxs_c¢ f_Ih~heh]bb \u[jhku ih #jm]bf k_dlhjzf Ijbgy
"he ' gZ [m~_| hiI\_qgZlv fgh]bf \ ]hA*m leZg f jhijbylbc
djbl_jbyf b Ij_[h\Zgbyf Khhl\_j_ZebaZpbb Dhgp _ipbb ih i
IZdhc ih?oh” kms_klI\_ggh h J kim[ebdb DZaZoklZg d CF
f ITh~heh]bg_kdb_ \hafh ghklkwdhghfbd_ gZ ]h”u \dexqZ_ | dh

wfbkkbc | = hi N yl_ef_jhijbylby b ibehlgu_ ijh_dlu
Z\lhljZgkihjlz WIh, klyiazZ\grhx j _r_gby ihklZz\e _gguo azZNZc
hg j,%kvl_f qglh ihemqgq _ggu_ h ljZgkihjlghf k_dlhj_

jZkq_I_ \u[jhkh\ hll=]hjh~h\ < j_kim[ebd_ k ]h~rZ gZ
ij_"klZ\e _ggu_ \ ©GZpbhgZevijZdlbg_kdbc wlZi j_ZebaZpbb
h dz~zklj_ Zgljhih] _gguo \uwg_jlhk[_j_" _gby \ JZ T
bklhggbdh\ b Z[khj[pbb ih]Je=hkm~Zjkl\_gghc ijhljzf

iZjgbdh\uo ]Zah\ g_ j_]Jmr©o©Wg _ jlhk[_j_" _gb_ a gZijzZ\
Fhgj_Zevkdbf ijhlhdhehf JD2gZ kgb  _gb_ wg_jlh_fdhklb <
[ulv khihklZ\bfu b kjzZ\gbfu \gmlj_gg_J]h ijh*mdlz ~Ze_ _ <
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f g__ q_f gz hl mjh\gy Lzd dZzd D\ZaZoklzg_ "hey
Kh]lezZkgh NZgguf ihqglb Z\Ihfh[be_c¢ klZjr_ e | \ujhkez *~h
wg_jlhj_kmjkh\ kljZgu bkihe63% dhebq_kl\h e_]Jdh\uo Z\lhfh[be_
kg_I| ihlj_[e_gby [_gabgzZz 2zZ\I\JD aB” khdjZzlbehk®,6% gZ
[4]. bkhklZ\bedhgZp fZy Hég
Kms_kl\mxl "\Z hkgh\guo_"“bgbp Mf _gvrbehkyv dhebq_ kI\l
[hjv[u k aZ]jyag_gb _f ZlIfhkn_ Z\Ihfh[be_c \hajzZklhth hle_3
-Xjb"bg_kdbc jZzajzZ[hldZ gZ N h lukyq _"bgbp
ijbgylb_ khhlI\_IklI\mxsbo azZb\hajzZklhf " 31 gZ ~620,9
ghjfZlb\guo "hdmf_glh\ lukygb _"bgbp AZf Igh m\_ebgbe
-l_ogbqg_kdhEZagz[hldZ ghdhebqg_klI\h e_J]dh\uo Z\Ihfh[be_c
"blzIl_e _c ijbf_g _gb_ gh\u \hajzklhf hi*h e 31 g242,2%,

ihA™ _j"Zgb_ ™\b]zZl_e_c \ |_"h lukygb _~bgbp LZd _ \ujhkeh
bkijz\ghf khklhygbb h[_a\jdhebqg_kl\h Z\Ihfh[be_c kIZjr_ e |
\j_"*guo dhfihg_glh\ \ hljZ[ gZ "p4afeg _"~bgbp W lh
]ZaZo hlh[s_]h gbkeZzZ Z\Ihfib[d&Zcock\Zg
< p_eyo kgb ' _gby wg_j] \fzZ_ ] " @0%).
wdhghfbdb jZajzZ[hlZgu Kk\ur_ K ~jm]hc kKlhjhigh[e _fZz
ghjfZlb\h\ wg_jlhihlj_[ehkethygy_ Iky |_f glh \ DZaZoklZc¢
mi\_j"~ _gu lj_[h\Zgby Z\limfh[bevguf ljZgkihjlhf ihlj_[ey_Iky
wg_jlhwnn_dlb\ghklb Ney \ akg\ghf ~_r_\uc gh wdheh]bq_k
ljZgkihjlZz b we _dljh™\b]Zl_ e t¢jyajgweylh wlbebjh\Zgguc [ _ gabg
k\ur _ | ogbq_kdbo klzg”"EHh\j'ihgb _ k\bgpzZ \ [8@abg_
wg_jlhwnn_dlIb\ghklb GZiKEKkeZ \gegby | ] €92 ¢ :B ] e
©Wg_jlhwnn_dlb\guc ljzZzgkihjl3zm\eébuh kljZzgu [hevr_ ijhba\h”yl
]h~Z kgb ™ _gb_ ihlj _[e_gbywulkhdbhbhdilZgh\uc g _wlbebjh\Zggu:
Z\Ihfh[bevguf "_e_agh”hjh "dugablg \ Yihgbb\tKR: + \

Z\bZpbhgguf ljZgkihjlhf gzZDZzZgz~_ + \Jhkkbb b ~jm]bo kljZgZo
H[gh\e _gb_ Z\lhizZzjdZ j_kim[ebkd®=Ndheh
[3].

Jik - Bkihevah\zZgb_ |Ihieb\Z ih \b~rZf 1luk IThg \ ] :efZlu
Fig. 1- Fuel usage by type (thousand tons) in Almaty
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