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K _dpbyBggh\Zpbhggu | ogheh]bb ijhba\h”kl\.
bkihevah\Zgby gh\uo fZlI _jbZeh\ b \ _s_ kI\ \ Ihf
Z""blb\gu_ | _ogheh]bb b 1l _ogheh]bb ~\hcgh
gZagZq _gby 1ihebf jgu_ dhfihabpbhggu I
gZghfzZl _jbZeu ijbjh*hih~h[gu_ | _ogheh]bb
fZrbghkljh _gb_ fZl _jbZewwlec dljogbdhb
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:gghlZpby klZIv_ hibku\Z_Iky ijbf_g_gb_ jh[hlbabjh\Zg
]ZeviZgbqg_kdbo ebgbc JZah[jZg kihkh[ j_Z] _glghc hgbkldb \h
fhr _jgbabjh\Zlv kbkl_fm k ihfhsvx Z~Zilb\gh]h j_]ImeylhjzZ dhlh
hilbfbabjh\Zlv ijhp_kk hqgbkldb \h”u iml_f ~bgHlfbodbkdhc j_
"habjh\db j_Z] _glh\ gZ hkgh\_ ~Zgguo h dZg_kI\_\h”u

A.M. Alekseyuk, V.V. Saroka, D.S. Karpovich
Belarusian State Technological University
Minsk, Belarus

APPLICATION OF ADAPTIVE CONTROL METHODS IN
REAGENT WATER PURIFICATION

Abstract. The article describes the use of robotic galvanic lines. The method of
reagent water purification has been disassembled. It is proposed to modernize the system
using an adaptive regulator that can optimize the water purification process by
dynamcally adjusting the dosage of reagents based on water quality data.

Jh[hlbabjh\Zggu_]Zev\Zgbagwidbmgih\ghlbZevguc

b \ gZklhys__ \J_fy gZb[he__ jZpbhgZevguc \ZjbZgl 2
\k_o Ibih\ ]Zev\Zgbqgq_kdbo i#htbla\hZkkh\h]h ~h

f _edhkcghh]h J_"bf ]b[dhc Z\IhfZlbaZpbb mgb\_jk
]ZeviZgbqg_kdhc ebgbb h[_ki_gb\Z_| kh\f_s_gb_ h[jZ]
ithihd_ ~ 1Ze _c ih bg®b\b"mZevguf | _ogheh]bqg_kdbf ij
1j_"\Zjbl_evgh]h iezZgbjh\Zgby jZ[hlu ebgbb jZ[hlZ \
jblf_ hij_~_dy jihgbf gz azZ]ljmad_ ijh]jZffbjh\Zg



jZ[hlu ebgbb Ahkimiguf g_ijhn_kkbhgZem \haf
dhjj_dpbb ijhp_kkZ h[jZ[hldb ~ 1Ze_c¢c \ ebgbb k ih
\hkklZgh\e _gb_f Ij_Jj\Zggh]h Z\IhfZlbg_kdh]h
g_1ij_julguf dhgljhe_f b “bZ]Jghklbdhc mZAgplkcduo kb
ebgbb

H[jZamxsb_ky \ oh”_ ijhp_kkZ h[jZ[hldb ih\_jogh
dbkeu_ klhdb s_ehqggu_ b ijhfulgu_ ihiz*zZxl \ khhl\
[ZdlgZdhibl_eb ijb ihfhsb gZkhkzZ Klhdb ihke_ gZ
thkimizxl \ j_Zdlhj Z\IhfZlbqgq_kdb \ ke_~mxslhbc ihke_ ~I

~hl h[t_fZ j_ZdlhjzZ ijhfulguo \ha s _ehqguo klhd
dbkeuo klhdh\ hl h[t _fz j ZdlhjZ Ihke_ hdhgqzZgby
i zdlhjz ijhbkoh”bl i_j f_rb\zgb_ klhdh\ Ijb ihk

i _j_f _rb\Zgbb klhdh\ \ j_Zdlhj ZzZ\lIhfZlbg_kdb "h]
dhZ]lmeyghdbkli_j f rb\zZxlky b Z\lhfZlbg_kdb "~hab
ba\_kldh\h_ fhehgdh >habjh\dZ ba\_kldh\h]h fhehqdZ
| o ihj ipdzZg_ [m”_| khhiI\_IklI\h\Zlv-agZdhgéx
hdhgqgzZgby A"habjh\db ba\_kldh\h]h fhehqgdz i
i _j_f _rb\Zgb_ klhdhYh}_j Zdazl_ f ijhbkoh”bl ~habjh\
nehdmeyglZ Ihke_ "habjh\db nehdmeyglZ kh” _j bif
I _j_f rb\Z |lky \' | _g_gb_ fbgml Z azZl ff rZedZ hkl:
Hkgh\guf wilZihf ijh\_~ gby ijhp_kkZ y\ey Iky k_~bf_g
hdheh ~"\mo gqZkh\ bebZg¢hyh@jdah \ujZ _gghc ]jZgbp
f ""m nZaZfb

Ilhke_ k_~bf _glZpbb hkz~"dzZ kbkl_fZ mijZ\e_gby i
N dZglZpbb \h~u dhlhjZy h[jZah\ZeZkv gZ” hkzZ"dhf
<h”~Z ihklmiz | ijb ihfhsb gZkhkz \ ijhf_"mlhqgguc [Z
gZdhie _gby hij_~ _ejhdgkg]hthtu \ [Zd_ Z\lhfzZlbg_kd
thklmizZz | gZ nbevlj IThgdhc hgbkldb

Ilhke "~ dZglZpbb klhdh\ \ j_ Zdlhj_ hkzZ”~hd ijb ihf
ithkimizZ | gZnpekM|j

lj ~eZ]Z Iky fh~ _jgbabjh\Zlv kbkl_ fm ZNZi
j_]meylhjhf :~Zilb\guc j_]meylhj y\eyijdkg §bhhh "hf m

dhihjuc iha\hey | kbkl_f_ z\Ihfzlbgq_kdb Z~Zilbjh
baf_gyxsbfky mkeh\byf b lj<[k\zggbykl | Z] glghc
hgbkldb \h~u Z~Zilb\guc j ]meylhj fh 1 [ulv bkihev

hilbfbazZpbb ijhp_kkZ hgbkldb b ihA™ _j"Zgby |j_[m _fr
\h”™u

ljhp_kk j_Z] _glghc hgbkldb \h”u \dexqZ | \ k_]Jy
obfbg_kdbo j_Z] glh\ gZijbf_j dhZ]meyglh\elgeb neh
m~rZe gby aZl]jyjd _gbgb_ Z~Zilb\gh]h j_ JmeylhjZ iha\l
kbkl_f_~bgzfbg_kdb j_Z]bjh\Zlv gZ baf_g_gby \oh”g



gZijbf_j baf g gby dhgp _gljZpbb aZ]jyag _gbc \ ih”*Z
gZkljZb\Zlv ijhp_kk hgbkldb “ey hilbibaZpbb j_amevlZ

HArgbf ba ijbf_jh\ bkihevah\Zgby Z~Zilb\gh]lh j_]r
j_Z] _glghc hqgbkld_ \h?~u yl\ey |ky Z\lIhfZlbq_kdZy
"habjh\db | zZl~glihh\guc j_]Jmeylhj fh | ZgZebabjh\
"NZggu_ h dzZq_kI\_ \h~u gZijbf_j k ihfhsvx *"ZIgbdh\ f
jG b Zg hkgh\_ wlbo ~"Zgguo hij_* eylv hilbfZevgu _
"habjh\db j_ZJjlglhbaf_g_gbb dzZq_kI\Z \h”u gZijbf
ith\ur_gb_  dhgp_gljZpbb aZ]jyag_gbc Z"Zilb\guc
Z\IhfZlbq_kdb dhjj_dlbjm_1 ~“habjh\dm j_Z] glh\ “ey
mjh\gy hgbkldb

ljbf_ggb_ Z~Zilb\gh]h j_JmeylhjzZz \ j_Z] glghc hqt
fh™ | memqrblv wnn_dlb\ghklv ijhp_kkZ hgbkldb kgba
j_Z]_glu b h[_ki_gblv [he__ klZ[bevgh_  dZq_klI\h
\hAuH”*"gZdh ”"ey _]h mki_rghc j_ZebaZpbb g_h[oh”Dbf
gZkljhblv DeéflinjzrZilZzpbb \u[jZlv khhI\_TklI\mxsb_ ~Zl«c
h[_ki_qgblv gz "gmx kbkl_fm k[hjZ "Zgguo h dZqg_kI\_
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\hagbdgmlv ijb bkihevah\Zgbb ~Zgghlh f_Ih4Zi Igaibf dzd ~ n
keh ghklb k gZkljhcdhc ijbgl_jz

S.A. Amosov, J.D. Kozlov, A.N. Ermakov

Kuzbass Stat&€echnical University namedlter T.F. Gorbachev
Kemerovo, Russia

CREATING PHYSICAL MODEL OF A DRILLING RIG MACHINE
APPLY ING 3D-PRINTING TECHNOLOGY

Abstract. This article describes the process ofldling rig machine modeling
using 3Dprinting method. The steps from creating a 3D model in CAD software, to
setting up and printing the model on a 3D printer are discussed. Attention is paid to
problems that can arise when using this method, such as printing defects and difficulties
with printer setup.

< gZmdpdkhke ~h\Zl _evkdhc eZ[hjZlhjbb pbnj
ljZgknhjfZpbb ij _"ijbylbc fikajyZékhpmh dhfie dkZ gZ [Za
Dma=LM” |ky jZajZ[hldZ [mjhrg_dh\hc fZrbgu ;

JZajzZ[hldZ gZoh”blky gZ wlZi_| _ogbqgq_kdh]h ijh_dlZ
=HKL + gZ ~Zgghf wlzi_ ij_~mkfzZljb\Z _|ky kh;:
fZzd _|1Z mklZgh\db “ey hp_gdb _  dhgkljmdlb\guo | _o

wdkiemzZlZpbohdgdbckI\ \ ijhp_kk_ ijh_dlbjh\Zgby
Bkihevah\Zgb_ fzZd _1Z ihalhey | m\b” |Iv \bamZevgh ]
~S_ 9gZ wlzZi_ |I_ogbq_kdh]h ijh_dlZ b \uy\blv ihl_
ijh[e_fu beb g_"hklZldb \ ~ _IZeyo dhgkljmdpbb aZzZjz
agzZqbl_evgh kgb Z_Iv\ hjrbyfhgchk ijhba\h~kI\_ b ihalhey
kwdhghfblv \j_fy b [x* _| > @ Kms_klI\m_1| fgh™ _KkI\F
"ey kha~Zgby fzZd_Ih\ < ~"Zgghc klzZlIv_ ij_2klz\
bkihevah\Zgby | _ogheh]bb )'0 i_qzZlv f_lh~hf ihl
gZieZ\e _gbyi_qZlb ijb ihkljh_gblkZz fZdgguc f_Ih”"
fZd_Ibjh\Zgby mkdhjy_ | ijhp_kk kha~Zgby fzZd_1Z b ~_
Ahklmiguf \ | _ogbqg_kdhf ieZzg_ ihkdhevdm iha\hey |
N 1Zeb keh ' ghc nhjfu k \ukhdhc Ihgghklvx > @ Kha?"
ithfhsvx ' ijbgl_jZ ih*jza”_ey_lkkh@azZ AgllZziu ' fh”_eb
ithAThlh\dZ d i_gqZlb i_qZlv ihklh[jZ[hldZ b k[hjdZ



_eb ;RF \ hdg_ ijh]jZffu $XWRGHVN ,QYHQV

WIlZi kha~zZgby ' fh” _eb \dexqZ | jZajZ[hldm
hit_dlZ k ihfhsvx ki_pbZevgh]h ijh]jzffgh]lh h[_k
gZijbf_j $XWR&$' $XWRGHVN ,QYHQWRU GV 0D]
ljb  jZajzZ[hld_ fh”_eb g_h[oh”bfh h[_ki_qgblv \ha
ithke_"mxs_]h wdkcrejidZfmZ eb \ nhjfZzl ~“himklbfuc "¢
hijZ[hldb ijbgl_jhf 1jb kha”Zgbb fZd _|Z ;RF bkihev
kj "Z $XWRGHVN.1Q& AQGWRU jbk

Ihke kha”*Zgby ' fh”_eb g_h[oh”bfh ihA]hlh\blv _
gZ ' ijbgl_j_ >ey wlh]h bkihevamxlkyjKiffpbZevgu _
keZck_ju dhlhju_ ijh\_jyxl fh™ _ev gZ hrb[db b hilbfb
"ey 1_qZlb wlZi [ue j_Zebah\Zg \ ijhpglffin)©lbObVK S|
dhlhjhc ij_"klZ\e .g[¥9Z jbk
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lhke _ ih~]lhlh\db fh”_eb azimkdz Iky i_qZlv gZ
>ey fzd_1Z ijbgyl iezklbd 3/$ gzZkljhcdb i_qZlb I
wdkljmA jz  fK | _fi_jzImjz i_qZlgh]lh klhez fK kd
40+ ff k J_dhf_g~m_fu_ gZkljhcdb i_qZlb fh gh gZcl|
ijhba\h~bl ey iezklbdZ GZ wlhf wizZi_ ijbrehkv klhedc



ijh[e_f 1Zdbo dzd g_"~hklzZlhqgZy Z~]_aby ijb dhlh
jZ[hlu ijbgl_jZz fh”~ _ev hlebizez hl i_qzZlgh]h klheZ
NZevgrZy i_qZlv ba®_eby g_ fh | [ulv.Bhba\_~ gZ jb

Jbk -J_amevlZl hlebiZgby fh”_eb hl i_qZlgh]h klheZ
>7Z99Zy ijh[e _fZ j rZ Iky m\_ebq_gb f Z~] _abb gZ
I_gZlguc klhe Kki_pbZevgh]h de_y “ey ' ijbgl_jh\
bkihevah\Zlv lud[diggc dZjZgrZr
H[jZlgZy ij_~“u”“ms_c ighbaetbrgyy Z”] _aby dh]~Z
hit_ dlI dhlhjuc i_qzZlZ lkybgdZj ' kebrdhf kbevgh

ijbebiz | d ieZlnhjf_ qlh aZljm~gy_ | _]h m~Ze gb_
?klv g_kdhevdh kihkh[h\ ij ~hlI\]Zs _gby badebrg_c Z
I _gZlb gZjbgl_j_ 9gZg_k_gb_ lhgdh]h kehy eZdZ "ey

de ¢ Kkij_y gZ ih\ _joghklv ieZlnhjfu beb Dbkihe\
kbebdhgh\uo ih*eh” _d ki _pbZevguo ebklh\ ba dZijhgZ
ba ihebZfb”rghc ie_gdb dZilhg LZd _ j_r_gb_f fh
baf_g_gbkljgZd i_qZlb baf_g_gb_ ]_hf_Ijbb fh”~_eb
jZkiheh  _gby gZ ieZlnhjf_ GZijbf_j "h[Z\e_gb_
kljmdImj ihehklv \ fh”_eb “ey kha”Zgby \ha“mrguo
ih\hjhl fh~_eb H§Z ]jZz"mkh\ gZ ieZlnhjf_ "ey i_qZlb
g_dhlhjuo fh”_daymwmgl'h\ _klv nmgdpby gZ]j_\Z ieZlnhjf
Wlh ihfh]Z | kgbablv Zz~]_abx 1Zd dzd \h \j_fy i_qZ|
hklu\Z_| kebrdhf [ukljh b g_ ebig_I d ieZlnhjf_ > @ L
ithdjulv i_qgZlguc klhe keh_f fZeyjgh]lh kdhlgZ wlh *Zz
e _]dh kgylv fh _exk \dbkl

lhke_ITh]l]h dZd ~_1Zev [ueZ mki_rgh gZi_qZlzZgZz

kgylv k i_qZlgh]h klheZ b i_j oh”blv gZ wlZi ihkIh[]jZ]
ihAr_jdb b ba[zZ\blvky hl ~A_n_dlh\ gZ fzd _|_ dhll
ihy\blvky \ ijhp_kk_ i_qZlb F_lh”Au ihklh[fZ[hldb a

iezklbdZ gZijbf_j gZ 3/$ ba dhlhjh]h [ue k~_eZg f
f edb_ ~ n_dlu fh gh mkljZgblv ijb ihfhsb ijhibjZgby
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kharZgbb ~Zgghlh fzd _1Z ihdjZkdZ ijhbkoh”beZ g_
ihke iheghc k[hjdb fh” _eb

Dhl]*Z \k_ ~_1Zeb ijhreb wlzZi ihklh[jZ[hldb ijhb
k[hjdzZ fzd_1Z kddZbbZxlky f_""m k#)[hc jbk
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[mMm"ms_c fZrpgw qglh agZqbl_evgh mijhklbl b mkdhjbl
ijh_dlbjh\Zgby
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ba” ebc mq _[gh_ihkh[b_ K : <Zkbg : X LZeZsmd
>hb Njz@hkd\Z FZrbghki1h200dh+ Kk

7. KZ[bjaygh\z : L FZzZd _ Ibjh\Zgb_\ ijhp_kk_ |
IjhlIAbiZz re_fZ \bjlmZevghc j_Zevghklb L KZ[bjay
NbezZlh\ :: Q_dmeZ \Z ;m~Ams__ fZrbghkljh_ghb
Fhkd\z Fhkdh\kdbc Jhkm~Zjkl\_gguc | _ogbqg_kdbc
bf gb G W ;ZmfZgZz gZpbhgZevguc bkke_ ~h\Zl evkd
2019. £t K 4-379.

8. | jfbgh\z > B KharZgb_ gZlmjguo b \bjlm
fzd _Ih\ ih~t_fghljZgkihjlguo fZrbg > B | _jfbgh\Z
j_kmjkhk[_j_]Zxsb_ | _ogheh]bb b h[hjm~h\Zgb_\ 7

kljhbl _evghc hljZkeglhjh” : elhjh~rkdbc ]hkmAZjkI\ g
| ogheh]bgmkgdbc jkbl_| bf < = Rmbk\Z-210.
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9. Fh” _ebjh\Zgb_ b \bjlmZevgh_ ijhlhlbibjh\Zgb_
Dhk _gdh He cgbd :g”*j_c <eZ”bfbjh\bg E < Dmag
GbdhezZz \ : < Hdé&hkghd :eFnz =+ k

10. Fh”_ebjh\Zgb_ b fZd_IbjhjEdre gghf
"baZcg_ mg_[gh_ ihkh[b_ < = ;ukljh\ 2 : ;ukl
FmjZlh\ F < 1ZgddglZjbg[mj] MjZevkdbc Jhkm~rZjkI\ _
Zjobl_dlmoghh  _kI\_gguc mgb\_jkbl_ Kk

11. >hjhn_xd& < FZd _Ibjh\Zgb_ dzd f_Ih™ fh™ _ebj
hit_dlh\ ij_~tijlgkljZgkl\_gghc kj_~u ijb bamqg_gbb h
Zjobl_dImjgh”baZcg_jkdh]lh ijh_dIlbjh\Zgby G < >hj
DhklbgZz < _klgbd Q_j_ih\_pdh]h Jhkm~ZjkK® _ggh]h n
2014. +< <« +Kb54.

M>D
H:.: :9gZgv_\Z : ? ;mjZdh\ B < ;mjZdh\Z < H
L K Dmag_ph\Z : = LdZqz
LZf[h\kdbc ]hkm~”Zjkl\_gguc |_ogbg_kdbc mghb'
LZf[h\ Jhkkby

NMGDPBHG:EVGUC G:GHKLJMDLMJBJH<:GGUC
DHFIHABL G: HKGH<? HDKB>: =J:N?G.:
FH>BNBPBJH<:GGUC ;BHIHEBF?JtEB=GBG B

OBLHA:G
:gghlzZpby JZajzZ[hlZg kbgl_a gh\h]h ]b[jb~gh]
gZghkljmdImjbjh\Zggh]h khj[_glZz gZ hkgh\_ hdkb”z

fhrbnbpbjh\Zggh]h oblhazZghf b eb]Jgbghf Bamqg_gZ dbg_Ibd
Z "khj[pbb bhgh\ k\bgmezfbldbegtdhh]l]h kbg_]h FK gZ jZajZ[hlZ¢
fZl _jbzZe_ MklZgh\le _gh qlh khj[pbhggZy _fdhklv khklZ\ey |

b fl] 1 ih bhgzf k\bgpzZ ijb \j_f_gb khj[pbb fbg

O.A. Ananyeva, A.E. Burakov, I.V. Burakova, V.O. Yarkin,
T.S. Kuznetsova, AG. Tkachev

Tambov State Technical University
Tambov, Russia

FUNCTIONAL NANOSTRUCTURED COMPOSITE BASED
ON GRAPHENE OXIDE, MODIFIED WITH BIOPOLYMERS -
LIGNIN AND CHITOSAN
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Abstract. The synthesis of a new hybrid nanostructured sorbent based on
graphene oxide modified with chitosan and lignin was developed. The kinetics of liquid
phase adsorption of lead ions and methylene blue molecules on the developed material
was studied. It watind that the sorption capacity is 1849.8 mg/g for MB and 324.6
mg/g for lead ions at a sorption time of 15 minutes.

Fbjh\h_ gZmqgh_ khh[s_klI\h \haeZ]Z | [hevrb_ ¢
m]e jh*gu_ gZghfZl _jbZeu \\bm bo mgbdZevguo
| iehnbabg_kdbo b obfbg_kdbo k\hckl\ Djhf_ 1Ih]h
gZghfzl _jbZeu fh]lml [ulv ihemq_gu ba ijbjh*gh]h hj]
kujvy b ke _"h\Zl _evgh y\eyxlky wdheh]bqg_kdb [_ahi.

ljbkmsb_ m]e _jhrguf gZghfzl _jbzezf k\hckl\zZ |
jZaf_j \  gZigmZg _ jZa\blZy ith\_joghklv j_Zeba
fZzdjhd\Zglh\uo b d\Zglh\uo wnn_dlh\ kihkh[klI\mx] L
j_Zdpbhgghc kihkh[ghklb Z"khj[pbhgghc ZdlIb\
wnn_dlb\ghklb \ gzZklghklb ijb hgbkld_klhgqguo \h~"
[ulh\hc \h”*hih~]lhlh\d_ j_ K ¢opZpBoghjZz*bjh\Zgguo
\hAguo kbkl_f > @

Kj_"b \k_o0o m]Je_jh”*guo gZghfZl _jbZeh\ hkh[_ggh
liZn_g eb[h _]h hdbkezhgdkh*"nh@dZ gZ dhlhju_h[ezZ"Z
mgbdZevgufb o0ZjZdl _jbklbdZfb \dexqZy agZqbl_evgm
Zdlb\ghklv \ukhémgmx”ih\ joghklv hlebgqgu_f _oZgbc
we dljbg_kdb_ b |I_jfbg_kdb_ k\hckl\Z > @

L f g f _g__ ijhfure_ggh_ ijbf_g _gb_ jZaebqg!l
liZn_gZ "ey m~"Ze gby Ihdkbgguo aZ]jyagbl e c jZaetk
Ijbjh”™u hl]jZgbg_ghzZz bag_ "hklZlhqghc Z "khj[pbhgc
wnn_dlb\ghklb hlghkbl _evghc keh ghklb b g_
wdhghfbg_kdhc p_e _khh[jZaghklb ijhfure_ggh]h ij
ih"h[guo khj[_glh\ QlhJu ij_h”he_ Iv wlh g _h[oh”bfl
Z "khj[pbhggmx kihkh[ghklv b ZdIb\ghklv ih"h[guo gZ
iml_f bo fh*bnbWfpdhfr b nmgdpbhgZebaZpbb [bhfhe «
ihebf _jzfb b g _hjl]Zzgbq_kdbfb kh_~bg _gbyfb > @

AZ ihke_~g__  \j_fy kms_kI\_ggh \hajhk bg
fh*bnbpbjh\Zgbx liZn_gh\uo fZl_jbZeh\ ©a_e
[bhihebf_ jZfb \ gzZklghklb oblhaZghf eb]gbghf

Eb]Jgbg h~gzZ ba |jkgh\guo [bhfZdjhfhe _dme
eb]J]ghp_eexehaghc [bhfZkku hfez”"Z | [hevrbf dl
dbkehjh~"kh” j"Zsbo nmgdpbhgZevguo [jmii I[Zdbo d-:
]brjhdkbevgu_  ]jmiiu b I|j_of_jghc kljmdImjhc b
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eh]l]bgguf dzZg*b”*Zlhf ey kbgl _aZ b fh*bnppbjh\Zgby
> @ Oblhazg ij_"~klzZ\ey | kh[hc ~_Zp _Ibebjh\Zgguc
\lhjhlh ih jZkijhkljZg_gghklb ihebkzZozjb*Z \ fbj
p_eexehau wlh h[s_"hklmiguc [x”  _lguc ijbjh”*guc ijf

P_evx jZ[hlu y\ey |ky kbgl_a b bkke_"h\Zgb_
obfbg_kdbo kIR\h&hj[pbhggh]h fZI _jbzZzeZ g9gZ hkgh\_
fh*bnbpbjh\Zggh]h oblhaZghf b eb]gbghf Z l1zd’
khj[pbhgghc kihkh[ghklb ihemq _ggh]h gZghdhfihablz
d aZ]jyagbl _eyf jZaebgghc obfbq_kdhc ijbjh”u

lhemq _gb_  gZghdhfihablZ aZdexgZehkv \ ke _
bkoh*gmx kmki_gabx hdkb”"Z ]jZn_gZ fZzk kmki_gal
HHH ©GZghL_oP _glj2 ] LZf[h\ Jhkkby MNaDH\beb F |
"ey "h\_~ gby kfpkb ~"h>Ze_  bklhggbd =®b]Jgbgz
eb]J]ghkmevnhgZl EK ithjhrdhh[jZaguc HHH ©:D<:(
DzZazZgv JhZkbwjbeb \ "bklbeebjh\Zgghc \h*_ ij _~\Zjk
gZ]j_lhc ~h hK \ | _q_gb_ fbg Hklu\rbc EK 7
kmki_gabx H= b ijh~he beb i_j f rb\Zgb_\ | _g_gb_
themq_ggmx kf_kv H= EK “h[Z\eyeb kob\ZxZfhc @] _ gl
CsH12NO, (Fengchen Group Co.,, Ltd., China iIj_"\Zjbl _evgh
jZklI\hj_gguc \ jZklI\hj_ mdkmkghcF dgaOHu >ey
emqgr_]h jZkij_"~ e gby oblhaZgz \ kf_kb H= EK
I _j_f rb\Zgb_ k bkihevah\Zgb_ f MA \ | _q_gb_
h[jZah\Zgby ]b”jh] _ey ihemqg_ggkh©X kh”™vj]BebE
gZ]j_\m \' I _qg_gb_ g ijb h K

AZ\ jrZxsbf wlzZihf kbgl aZ y\eyeZkv aZ]jmadZ
H= EK O \ ebhnbevgmx kmrbEdm ChinadFL KAy ]
aZfhjz b\zZgby h[jZapBEK" "l ihke_ _"mxs_c ebhnbebazZpl
| g _gb_ g gqlh kihkh[RRnwZglbxh[jEjbklh]h dzZjdzZkZz
\ke ~kI\b_ km[ebfZpbb jZkl\hjbl ey >ey \uyle _gb
khhlighr_gby H= EK b O [ueb \u[jZgu ke_“mxsb_ ijhih
100:1:1, 20:1:1, 10:1:1, 5:1:1, 2:1:1, 1:1:1.

KljmdIimjZz b fhjnheh]by ihemq_ggh]lh fZl_jbZe
bkke "h\Zgbftksvx kdZgbjmxs_c¢ KWF b ijhk\_gb\Zx
IWF we _dljhgghc fbdjhkdhibb jbk
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\ ]
Jbk -KWF Z [ b IWF \ ] bah[jZz _gby gZghdhfihablZ H=
(20:1:1)

Khlezkgh ihemq_gguf KWF b IWF bah[jZ _gbyf
fbdjhkljmdIimjzZz gzZghdhfihablh\ ij_~klzZ\ey | kh[hc iel
fZl _jbzZezZ jzZz\ghf_jgh ihdjulu_ ]jZn_gh\ufb ebklZfb H
glh gz fbdjhmjh\g_ g_ \uyle_gh *~ _n_dlh\ ]jZn_gh\hc k

>ey hij_" ekhgjfpbhgghc kihkh[ghklb gZghdhfihabl
highr_gbx d brgBEffB& dmeZzf f Ibe_gh\h]h kbg_]h FK
ijh\_~ gu dbg_Ibqgq_kdb_ wdki_jbf_glu \ h]jZgbqg_gg
Mkeh\by ijh\_* gby wdki_jbf_glZz ] khj[_glZz fe
K fl e "ey BEK fl e "ey FK ijb jG \j_fy khj[pbb
+ fbg Hilbg_kdmx iehlghklv jZkI\hjh\ kbgl Ibqg_kdh]
hij_~ _eyeb gz ki_dljhnhlhf_Ig HWMWH ©OWdjhk
Bg bgbjbg]® KZygdi[mj] Jhkkby ijb “ebg_ \hegu
JZ\gh\_kgmx dhgp_gljZpbyx llhigh f [Zeeh\ \ \h”guo
jZkl\hjZo baf_ jyeb k ihfhsvx wg_jlh*bki_jkk
j_gll]_ghnemhj_kp_glghc ki_dljhf_Ijbb kKi_dljhf_1j
7TKHUPR6FLHQWLILF 7KHUPRG6FLHQWLILF KR:

< j_amevlzl_ ijh\_~ gguo wdki_jbf _glZevguo bkke
hij_ ~ e gbx gZhdemd&hhlghr _gby bkoh”guo dhfihg
H= EK O ihemq_gu “"Zggu_ ijb\_"~ ggu_ gZ jbk
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Jbk - Khj[pbhggZy kihkh[ghklv jZaebgguo iZjlbc gZghdhfih
H= EK O ih bhgzZf k\bgpZ Z b ih fhe_diKeZf djZkbl_ey

Khl]eZkgh jbk mklZgh\le _gh qlh fZdkbfZevgmx
_fdhklvx dzd i&h FK f] ] 1Zd b ihPohgzf f] 1
N fhgkljbjmxl gZghdhfihablu k fzZkkh\uf khhlghr_gb_
]liZn_gZeb]JghkmevnhgZl oblhazg?2 jZ\guf M\ _
hilghkbl _evgh]lh kh”~ _j"Zgby \ dhfihabl_kf_kb eb]ghk
oblhazgzZ kihkh[klI\m _ | mf _gvr_gbx ihdZaZl e ¢ Z7k
itheexlZglh\

Bkke "h\Zgb_ \uiheg_gh aZ kq_I| ]jZglZ Jhkkbckd
nhg”Z 2-13-20074 https://rscf.ru/project/220.3-20074

Kibkhd bkihevah\Zgguo bklhggbdh\

ODXWHE® (OLPHOHFK 0 (QYLURQPHQWDO
FDUER®HG QDQRODWHRIQPHYWDO 6FLHQFH DQG 7t
YRO QR SS

<DQJ - +RX % :DQJ - 7LDQ % %L - :DQ
. 1DQRPDWHULDOV IRUDWXH HWP®RY DIQ RPI KBV W
1DQRPDWH U LYDRY QR SS

‘UH\HU "5 3DUN 6 %LHODZVNL & : 5XRII
RI JUDSKH@QKHHALBBIO 6RFLHW\YRKDY LRV SS

ALDQ + :DQJ - <DOQ / BMSWAHVLV R
PHWK\ODWH®XBHG JUDSKHQH R[LGH K\GURJHO IR
LRQV UHRRYRD®O Rl %LRUHVRXUFHVRIQ®BLRSUR
SS

9DQ +RD 1 OLQK 1 & &XRQJ + 1 'DW 3 $
3+ 7 3KXRQIUXDI 76 +LIKO\ SRURXV K\GURI[\D®
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R[LGH FKLWRVDQ EHDGV DV DQ HIILFLHQW DGVRU
UHPROIYPOHFXOHWRO QR SS

M > B66.7
A :;Z[ZoZgh\D Gd[Zjoh”"Z2 \RKh~bdh\Z
1LZrd _glkdbc ebfbgheh]bg_kdbc bgklbiml
2LZrd_glkdbc f_“bpbgkdbc i_"bZljbg_kdbc bg
LZrd_gl Ma[_dbklZg

KBGL?A DHIMG>H<HC D?J:FBDB K
BKIHEVAH<:GB?F L?JFHJ?:DLB<GUO
IHEBF?JGUO KH?>BG?GBC

gghlZpbyamqg_gzZ \hafh'igtekhy_gby |_ogbq_kdhc d_jZfb
dhjmg”~h\h]lh khklz\Z k bkihevahhidglgbfg dfdbpb&\yahd <\_"_gl
kbebdhgz kihkh[kI\m_| h[jZah\Zgbx ribg_eb b kbeebfzZgblz ijt
| fi_jZIlmjZo b ki_dZgbx d_jZfbg_kdbo "[jZaph\ ijb

Z.A. Babakhanovd, Kh.N. Akbarkhod jaev&, Sh. Sodiqova
Tashkent Institute of Chemical Technology
2Tashkent Medical Pediatric Institute
Tashkent, Uzbekistan

SYNTHESIS OF CORUNDUM CERAMICS USING
THERMOSETTING POLYMER COMPOUNDS

Abstract The possibility of producing technical ceramics of corundum
composition using silicenrganic binders has been studied. The introduction of silicone
promotes the formation of spinel and sillimanite at lower temperatures and sintering of
ceramic samples at f&

D _jZfbqg_kdb _ fZl_jBZegbqg_kdh]h gZagZq_ghb
N fhgkljbjmxl rbjhdbc ki_dlj k\hckl\ kid lglk\jZibo h|
bkihevah\Zgb_\h fgh]lbo hljZkeyo ijhfure_gghklb Bk
| ogbg_kdhc d_jZfbdb \ [ulm \dexqgZhle \gbk [y Dbe
hl]g_mihjghcjfinklhcdhc ihkm”~u d_jZfbq_kdbo ih\_joc
iebl ebga [ulh\hc we_dljhgbdb fbdjh\hegh\uo ij_h[jZ
Z\Ihfh[be_kljh_gbb hgb bkihevamxlky ijb balh
dZlZeblbq_kdbo g _cljZebaZlhjh\ d_jZfbg_kdbo nbev
ihA"mr_d [_ahizZzkghklbg_kidhdf jhihjh\ dezZizZzgh\  k\_«
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aZ blzgby ~Zlqbdh\ ~Z\e _gby | _jfbklhjh\ ~ZlIgbdh
dbkehjh”rZ aZsblguo kl_dhe ihjrg_\uo dhe_p

< Zwjhdhkfbg_kdhc ijhfure_gghklb | _ogbqg_kdZy
bkihevam |ky \ aZsblguo we f glZo dhkfbm\ulodbo g _e
[Zjv_jZo \Nukhdhl_fi_jZImjguo kl_dehizZd _IZo Ihieb\gu
\ f_"bpbg_ rbjhddvamkittky [bhd-jiZbbd@dhi_~bqg_kdhc
aZf_g_ kmklz\h\ ijhl_abjh\Zgbb b \hkklZgh\e_gbb .
dhklguo bfiezZglzZIlh\ ijb balhlh\e_gbb dh#vxl_jh\
bkihevam_Ilky \ \b"_ baheylhjh\ j _abklhjh\ k\_jo
dhg”_gkZlhjh\ k ]g_lhwe _dljbg_kdbo dhfi
fbdjhwe _dljhgghc mizZzdh\db

GZb[hevr__ jZkijhkljZg_gb_ ihemgbeb ba” _eby
hlebg&€lk_ky rbjhdhc jZkijhkljZg _gghklvx hkgh\gh]h
mklhcgb\hklvx b klZ[bevghddbkbqgnkaldh k\hckl\ <
gZklghklboghbqgq kdbc Jebgha f |jZ"bpbhggh y\ey Iky
hkgh\guo \b”h\ kujvy ”“ey ijhba\h?kI\Z dhjmg”~h\hc
lhjhrhd | _ogbg_kdh]h JigbgklZ\fdkh[hc rZjhh[jZagu _
kn_jheblgdehf jZlu djbklZze@ashjxaf jhf f_g_ fdf
Kj_~gbc jZzaf_j kn_jheblh\ kiikidfey |

< | _ogheh]bb d_jZfbdb @@; hkghdh i®f gyxl
|1Zd" [ euc we _dljhieZ\e _gucdhllhjmgemqgzZx|l iml_f
iez\db \ we_dljbg_kdbo “m]hdagbqi kghdh [Jebgha fZ
Kh” j7Zgb:@s;\ [_ehf we_dljhdhjmg”~_ khklZ\ey | b

<k _hijjhrdb 00 g_aZ\bkbfh hl I _ogheh]bb bo ihem
i_j_™ nhjfh\Zgb_f ih”\_jlZxl ijhdZeb\zZgbx ijb | _fi_

fK k p_evx h[_a\h b\zZgby bmklhc\qi®InR [he__
lehlgmxfh®*bnbdZpbx

>ey hdkb"Z Zexfbgby ijb hlkmlkl\bb fh*bnbpbjmxst
o0ZjZdl _jgu ke _"mxsb_ nZah\u_ ij WY lgby
Al;Os: -AlOs:. -AlOs> @ F_I1ZklZ[bevgu_ nZau hdkb”"Z Ze
Ijb \ukhdbo | _fi_jZImjZo ij_\jZslZ{bkevgmx NnZam .
Al,O3 dhjmg” NhjfbjhRAEQb\ aZ\bkbfhklb hl kh\hdmighkl

nZdlhjh\ e bl \ bgl _j\Ze_ | _f jzZflenj ihke_ q_]h
ke _~m_I [ukljuc jhkl ihjbkM,®;&hjflgdjhgghlh jzaf jz
b [he _ aZ kq_| ijhp_kkZ | Rj@k|QeébBarzplibfi jZImjz

b ijhAhe bl _evghklv ki_dZgby | _f [hevr_ jzaf j djbk
Al,O; Djhf_Th]lh ijbkmIki\b_ g _dhlhjuo kh_"fg gbc g¢Z
[3@ 1Zd _ kihkh[kI\m_| mdjmig_gbxes_ihgmdh jgbg"Z

fZ1 _jbZeh\ k \ukhdhc ijligighklky h]jZgbgb\ZIlv jhkl a_j.
kgb ZIv ihjbklhklv b memqrZlv ki_dzZgb_ WIh Ahklb]Z
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ki_pbZevguo ~h[zZ\hd ijZ\bevguf \u[hjhf b kljh]bf d
j_"bfz | _jfhh[jZ[hldDb

Ke “m_| hif_Iblv oKhZ kVhogbqg_kdbo d_jZfbd
hkh[_glhk oZgbqg\lkdibZxs ¢ kl_i_gb aZ\bkyl hl | _oghe
ithemqg_gby bkoh”gh]h kujvy dhfiZzdlbjh\Zgby b ki_d.
lhwlhfm fzZl_jbZeu h”gh]lh b Ih]l]h ~_ obfbq_kdh]h k
ithemqg _ggu_ jZaebqggufb kihkh[4d¥bdZdQ]rklI\ _ggh jZagu _
mjh\gb nbabdihg kdbo b f oZgbq _kdbo oZjzZdl_jbklbd
jZaghh[jZagu_ h[eZklb ijbf_g _gby

>ey ithemqg_gby dhjmg”~h\hc d_jZfbdb k Ij [m_fhc i
ijhgghklvx \hafh ' gh bkihevah\Zgb_ jZaebgguo f_Ih”h
ki_dZxsbo YWZ djbklZeebazZpby Zfhjngh]lh h[jZap.:
| jfhh[jZ[hld_ dhg”_gkZpby ba ]Zah\hc nZau gZ oheh
beb [ukljZy aZdZedZ jZkiez\Z f_Ih™ I\_j~hnZaghc
Hkh[uc bgl_j_k ij_"~klZ\eyxl bkke_ _"~h\Zgby h \ebyghb
hjl]Zgbqg_kdbo kh_"hbgpgkkuglki dZgby dhjmg”~h\hc d_jZ

K p_evxheimq _gby ba” _ebc | _ogbqgq _kdhc d_jZfb
jZkkgblZgu khklzZ\u \ khhiI\_Ikl\bb k |j_[hY¥2gbyfb d
dhjmg” h\u_ -keMgu_ Kk kh”_j 20 [HesO kh]eZkgh
=HKL -94 dhjmg”h\u_ b hdbhjmd&* ~h[Z\dZfb k
kh™ j"Zgb0;-6e b khhlgghkilh =HKL -
2006 k bkihevah\Zgb_f we_dljhdhjmg”Z ijhba\d”*klI\Z DZ
dZg_klI\_  fh~bnbdZlhjh\ ijhp_kkZ djbklZeebaZpbhb
d jZfbdb [ueb \u[jZgu hdkb” fZ]ghdhgtyhdkhdkbpb
dj fgby <\ " gb_ mdZaZgguo hdkb”~h\ \ dhjmg"l
kKihkh[kI\m _| kgb™ _gbx | _fi_jZImju ki_dZgby b baf_g g
dijbklZeebazZpbb dhjmg~h\hc d_jZfbdb ijb ki_dZgbb

< dzZg_kI\_|_jfhj_Zdlb\ghc k\yadb ijb ihemq_gbb d
fZl_jbZeh\ [ueb bkihevah\Zgy]dgbfgbkedb _ kh_"bg_gby
qZklghklb n_gbef Ibe ihebkbehdk3IIGRESS, Wacks( 6
Chemie GmbH, Munchen, GermgnyO bfbq_ kdkin&lZ\ h[h " _gguo
d jZfbg_Kdbdapihb\ _~ g \ I[Z[ebp _

LZ[ebpZObfbq_ kudkhklZ\ h[h " _gguo d_jZfbhpjZlagptha gZ
hkgh\  we dljhdhjmgA"Z

) Kh~ jZgb_ hdkb~h\ fZk
khkl 6L2 $&® )YH2 &D: 0J2 lh =HKL -94

$@ ! )H2
D K

-1 1,92 9566 0,44 0,18 1,80
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$@ ! )H2
D K

$CR ! )H2
D K

1-2 3,83 90,71 0,69 0,21 4,56

1-3 8,21 79,59 0,95 0,30 10,95

ljb h[ " b]_ d_jZfbg_kdbo h[jZaph\ ihemqg_gguo
we_dljhdhjmg”2000Gbhkgh\gufb djbklZeebq_kdbfb nZzZa.
yleyxlkydhjmg” ] _dkZ]l]hgZevgZy kbg]lhgby jhf[hw”jbq_
b ribg_ev dm[bg_kdZy kbg]lhgby k g_[hevrbf Kk
kbeebfZgAldlOs hjlhjhf[bqg_kdblkg jZeh]bq_kdbc khklZ\
kbgl abjh\Zgguo fZl _jbZeR\Ipabp

LZ[ebpZFbg jZeh]lbqg_kdbc khklZ\ kbgl _abjh\Zgguo
d jZfbq kdbj@aph\ gZ hkgh\ we dljhdhjmg”Z"'Kh[ b] ijb

< khklz\ Kh” j°Zgb_dhfihg glh\ \ fZI jbz
dhjmg”h Dhjmg”" 2 Ribg_eOd$Q KbeebfZg
d jzfbd $BL2

J ameviZlu j_gl]l] _gh]jZnbg_kdh]h ZgZedaZ "ey

d hjm g40:$#61,5 %, MgAbO4-33,2 % Al ,SiOs + ijb\_~ gu gZ
i bkl

lqt‘;eij A = A A - o-corundum

200 n - ‘s;l:inel‘t

A

- A .

450 | ) A

' [
2501 !
2004 | .
J .. | f
1 A sl e o ol A Aot Ln,
15.00 20.00 25.00 ¥ 35.00 W.‘UU -15.‘UU S‘J‘IUU 55‘IUU
1.541874 A)

CukKa Ztheta

Jbk->bnjzdlh]jZffz h[jZzapZ d_jZfbdB khklZ\Z

J amevlZlu j_gl] _ghnZah\h]h ZgZebaZ ihdZau\Z
kbgl _a_ dhjmg”~h\hc d_jZfbdb gZ hkghkgmwgZgljhdhj
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djbklZeebq_kdZy nZaZz 1] -tkljme iz &vrph
dhebqg_klI\Z hdkb”Z fZ]lgby h[jZamxl ribg_evgm»
h[_ki_gb\Zxsmx miehlg_gb_d_jZfbg_kdbo fZl_jbZeh\
hi" evguo djbklZeeh\ dhjmgMhZ]ZDBpgfgkbcch kh_"bg_gb
kbebdhg ijb gZ]j_ \Zgbb hl A h f& gZ \ha"mo _
\u* _e_gb_f m]Je_dbkeh]h ]ZaZ b hdkb”Z dj_fgby k i_j_«
kljmdImjhc HJ[jZah\Z\rbcky ijb wihf \ g_[hevrhf dhebq
dj_fgby \azZbfh”_ckl\m_I k hdkb~hf Zexfbgby b
h[jZah\Zgb_f ribg_eb b kbeebfzZgblZ KilmkkIRn[KKIm_dgh b
ki_dzZ2gh _jZfbg_kdbo h[jZaph)\

H[jZah\Zgb_\ dzZqg_kI\_k\yadb fZ]g _abZevghc ribg
dhlhjZy bkihevam_Iky dZd h]Jg_mihjguc dhgkljm
we_ dljhbaheypbhgguc fZl _jbZe ikd\déi gEymjhcfK b
\ukhdhc obfbg_kdhc klhcdhklvx kihkh[kI\m | ih\ur_g
dhjmg~h\hc d_jZfbdb

ljb wlhf kbgl_a fZl _jbZezZ gZ hklgimgA4dve dljh
ijbkmlklI\bdkbebdhgihhbkoh”bl ijb ]JhjZzah [he__ gbai
| fi_jZImjZo B0 "K gb’ _ g_f ljZz*"bpbhggZy | _fi_jZIi
ki_dZgby ribg_eb b dhjmg”rZ WIlh kihkh[klI\m_| a
wdhghfbb wg_j] Ibg_kdbo jZkoh”h\ ijb kbgl_a_ \ukt
h]g _mihjguo fZI _jbZeh\

Hij_ ~ e _gbabwafhozZgbq _kdbo k\hcklI\ h[jZaph\ ihdZ
qlh [he__ \ukhdhc iehlghklvxd]3fijb | _fi_jZImj_
kbgl azZ"K h[ez”Zx| khkIB\u khhI\_IklI\_ggh K-hklZ\ «

baz \ukhdh]h kh*ARZgbey Iky Ijm~ghki_dZ_fuf b
lj_ [m_1I [he__ &ukhdhjZImju | _jfhh[jZdhdohly ggu __
"Zggu_ k\b”~ | _evkl\mxl h \hafh ' ghklb ihemqg_gby d
d_jZfbg_kdbo ba”_ebc dhjmg”*h\hgh khklZA1500
"K dhlhju_ [ueb \u[jfgklI\ _dEilbfZevguo “ey ~Zevg_cr
bkke_ ~h\Zgbc

Cibkhdkihevah\Wwagdgklhggbdh\

FZlj _gbg K < H\_gqdbg ; ; Fygbg X < Bg~xd
Bkke ~h\Zgb_ \ebygby mkeh\bc f o0Zgbg_kdhc Zdlb
[ ehlh we_dljhdhjmg~Z b \ebygby ~h[Z\hd gZgdg
ihjhrdh\$O 20 7L2gZ nbabddhZgbqg kdb_ k\hckl\Z
ki_gqgghc d_jZfbdb Ba\_klby ¥fmah\LNbabdZ

&
.LP O - .LP 6 0 <RRQ "< 6LQJXODU *UDLQ %R>
'RSHG ZLWK 6LOLFD - $P &BUDP 6RF 9

ODF/DUHQ 50 &DQQRQ 0 $WRYDRIKQL5 3RBHVF
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3RULRQ & G6FKHX 8 7I1IQHU 0 5¢KOH $EQRU
DOXPLQD 6\QHUJHWLF HIIHFWV RI <WWULD DQ:
&HUDPLF 6RFLHW\ + 9 3

> ;Z"blgK Dmag_ph\Z : ? ;mjZdh\ B < ;mjZ
H: :gZgv:\D DZ"mfG Lbfbj]Zeb \
LZf[h\kdbc Jhkm~Zjkl\ _gguc | _ogbq_kdbc mghb'
LZf[h\ Jhkkby

=B>JHL?JF:EVGUC KBGL?A :DLB<BJH<:GGUO
' BHM=E?C G: HKGH<? <HAH;GH<EY?FUO
BKLHQGBDH< KUOVY

:gghlZpby< ~Zgghc jZ[hl_ ij_~eh  _gzZ f_Ih~bdzZ i _j_jZ[hl
k _evkdhohayckl\ _gguo dmevimj ih”kheg_qgbd jzZik khy |I]
\ukhdhwnn_dlb\gu_ Zdlb\gu_ mleb h[eddIlxgbkdbfrbbabdh
k\hcklI\Zfb hjb_glbjh\Zggufb gzZ ijbfdgnglmguo khj[pbhgguo
ijhp_kkZo m~Ze gby \j _~guo ijbf_k_c jZaebgghc obfbg_kdhc ijlt

D.A. Badin, T.S. Kuznetsova A.E. Burakov, |.V. Burakova,

O.A. Ananyeva A.Kh. Kadum, A.N. Timirgaliev
Tambov State Technical University
Tambov, Russia

HYDROTHERMAL SYNTHESIS OF ACTIVATED BIOCHAR
BASED ON RENEWABLE SOURCES OF AGRICULTURAL RAW
MATERIALS

Abstract. This work proposes the processing of agricultusaste (sunflower,
rapeseed, soybean, grass meal) into highly efficient activated carbons with physical and
chemical properties aimed at use in liggopdase sorption processes for removing
harmful impurities of various chemical natures.

Kbgl_ a ml]e jh~guo \ \ _islklf ]b~jhl_jfZevghc
dZj[hgbaZpbb =LD jZklbl_evgh]h kujvy jZaebqgh]h i
+tdhklhgdb ieh”h\uo njmdlh\uo *_j \v_\ jbkh\Zy r_ei
dhn_ kdhjemiZ hj_oh\ bgu_ hloh”u &k _evkdhoh
ijhba\h”*klI\Z gZ hkgh\_ p_eexehau fihZeaedhgmguo
dZj[hdkbf Ibep_eexehazZ fbdjhdjbklZeebq _kdZy p_e
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yley |ky h~rgbf Kihemidp\gby ihjbkluo m]Je_jh~guo fZI_jt
"ey j_r_gby wdheh]bg_kdbo ijh[e f

P_evx gZklhys ¢ jZ[hlu ihemqg_gb_ [x~"  _lguo khj]
fZl _jbZeh\ "ey wnhh diBb¥geh gby \j “guo ijbf_k ¢ ba \h
kj _~<ul[h]j m]e_jh~kh”_j Zs \|lMZyugtyg jZhhkeh\e ¢
ljZ"bpbhggh \ukhdhc mjh Zcghklvx k o dmevimj gZ
LZf[h\kdhc h[eZklb Lzd _  Z\lhjzfb bkke_"m_Ilky \
\\ A gby gZ klZ%kiblgl=lalZ Jghnuo gZghkljmdIimj Z bf_gc
hdkb”™Z ]jZn_gZ H=ih\krp gékgxj[pbhgguo k\hckl\

F IhA"bdBemq_ddyZaph\lhhf =LDaZdexdkw
ke "mxs_f \ Z\lhdeZ\ ba g _ j Z\ _xs_c¢ klZeb h[t_fh
aZljm Zeb baf _evqg_gguc ithjhrdhh[jZaguc IjhAr
"bkdeebjh\Zggmx \h"m ithf _sZeb \ kmrbevguc
ij_™\Zjbl _evgh gZ]j _luc ~h fK b \u”™_j b\Zeb \' | _qg_¢
Azl _f kh” _j"bfh_ nbevljh\Zeb gZ \h~hkljmcghf gZ}
ldZg _\uc nbevl]j "ey m~Ze _gby ih[hgguo ijh*mdlh\ j_Zc
ijb fK “h inkdgihnc fZkKie ih™"\_j]Zeb dZj[hgbazZpbb ijb
ihklhygghc ihrzZq_ ZjlhgZ kdhjhklv ihlhdZ e fbg \
gZ]j_\Zgby b \u”_j b\Zgby h[jZapZ ijb b f K
\'l _gqg gb_ gZkZ ijb dZ"*hc ba | _fi_jZImj >ey kbgl_ a.:
gZ kb aZ]ljmadb jZklbl_evgh]h kujvy \ Z\lhdeZ\ d Kk
"h[Z\eyeb hij_~ e _ggh_ dhebqg_kl\h kmki_gabb hdkb’
jZa\blby ihjbklhc kljmdImju [bhm]e_c¢ 1ijbf_gyeZkv
Zdlb\Zpby dZj[hgbabjh\Zgguo h[jZaph)\ >ey wlh]l
kf _rb\ZebbRjhdkibf dZebjywaebqghf khhilghr_gbb b
ihke_ qg_]h azZ]jm Zeb \ j_zZdlhj b ihf_sZeb \ fmn_e
:dlib\Zpby ijh\h*beZkv ijb ihklhygghc ih*"Zq_ ZjlhgZ
ihlhdZz e fbg \ wlzZiZz iml_f gZ]j_\Zgby b \u”_j b\Zg
ijb b fK kigdlh \'I| _q_gb_  qgZkZ ijb dZ ~hc ba |_f
lhke_ZdlIb\Zpbb ihemqg_gguc fZl_jbZe ijhfulZeb “bklb
\h~*hc \ ~Zevg_cr_f hklZldb s_ehqgb g_cljZebah\Z
dbkehlhc 1ihke_ q_]h fzZl_jbZe ih\lhjgh ijhfulZeb "bk
kmrbeb ijb 1.fK >

< |Z[ebp_ ijb\_~ gu iZjzZf_lju ihjbklh]lh ijhkljz
ithemq _gguo khj[_glh\
LZ[ebpZ<_ebgbgZ m”~_evghc ih\_joghklb b h[t_f ihj ZdIb\bjh\Z

mlJ]e c ba jZaebqgh]h jZklbl evgh]h kujv

H[jZza_p 1Zjzf_lju ihjbklhc kifmdimju
Swt 11 Srr * 1| Vorr kf ]

| DHG 2137,048 2037,930 1,003
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| H= DHG 1986,434 1594,801 1,052
| DHG 3244,298 2058,098 1,616
JZik DHG 3193,770 1927,473 1,664
KhWYPHG 1297,465 1102,136 0,663
LF DHG 3152,938 2017,343 1,653

*Swixm”_evgZy ih\_joghkl% ]i%e; W™ fevgZy ih\_joghkl%¥ Jih ")7 f
Voer +tm”_evguc h[t_f ihj ik ])7 kf

gZebabjmybpaie ke _"m_1| hif_Iblv qlindRbh{Z\dZ
liZn_&&ms klI\ _ggh g_\eby | gZ m”~ _evgmx ih\_joghklv
Ijb jZkkfhlj_gbb h[jZaph\ | DHG b | H= DHG
dhebqg_klI\h s _ehgb kms_klI\ _ggh m\_ebqgb\zZ | iZjzZf_
kljmdIimju ~_eZy wlb fZl_jbZeu i_jki_dlb\gufb "ey
Ihdkbqguo ijbd_k hkh[_gghklb hj]Zgbg_kdhc ijbjh”u

>ey=LBEfZl _jbZeh\ hij_~ _e_gZ khj[pbhggZy kihkh[g
highr _gbx d bhgzZf ly' euof bPtéel\1Zd"_ fhe _dmeZf
kbgl Ibg_kdh]h hjl]Zzgbg_kdfflhbdgZgbihely kbg _]h FK
Wdki_jbf_glZevgu_ Zgkke HMNhWh~bebkv \ h]jZgbg_gg
hit _f_\ klZlbg_kdhf j_ "bf_ GZqgZevgZy dhgp_gljZpb
jZkI\hjZ bhgh\ f 1ZeeZ h[t_fhf fe khklZw509Z f] e
fl e \_k khjxglz] <j_fy khjipbbfbg Ihemq _ggu_
NZggu_ ijb\ _NZ[ebp.

LZ[ebpZ:"khj[pbhggZy _fdhklv Zdlb\bjh\Zgguo m]e_c ba jZaeb
jZklbl evgh]h kujvy

H[jZa_p ‘Akhj[pbhggZy _fdhklv
Zn* PR+ FK

| DHG 28,6 92,04 1687,32

| H= DHG 44,61 132,1 2301,2
| DHG 40,38 112,31 2265,84
JZik DH:6 20,16 116,24 2873,29
KWYHG 19,21 64,29 1721,34
LF DHG 30,27 74,73 2685,27

Khlezkgh 1Z[ekp i _gv ZdIb\Zpbb hdZau\Z | kms_Kk
\ebygb_ gZ khj[pbx bhgh\ Iy  ®kloj[oHEgghYy fdhklv
fZl jbZeh\ m\_ebgb\Z zlky jZLaZ\_~ gbH=1z2d" _
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p_e khh[jZkhgjhpbhgygfdhklv & jZaZ \ur_ \ kjZ\g_gbb
k ZdIb\bjh\Zgguphmf[jZa H= ih hlghr_gbx d bhgzf Iy _
f 1Zehd IThoh Zy | g™ _gpby gZ[ex”Z _ |ky b ijb ba\
djZkbl_ey FK h”gZdh hilf_qgZ _Iky qglh \\_~ gb_ H= ¢
\eby | gZ khj[pbhggmx._fdhklv :M

Bkke "h\Zgb_\uiheg _gh aZ kq_I| ]jZglZ Jhkkbckd
nhg”"Z «-1320074, https://rscf.ru/project/223-20074.

Kibkhd bkihevah\Zgguo bklhggbdh\

6RUSWLRQ NLQHWLFV RI RUJDQLF G\HV PHW
JUHHQ RQ KLJKO\ SRURXV FDUERQ PDWHULDO $

6 ONUWFK\DQRXHIWN DO R $GYDQFHG ODWHULDOV I
+9R O 143 +'2, MDPW SS

;mjZdh\ : ? Dmag_ph\Z B K ;mgpZgh\\ZZ H
Fdjlqyg W K >vyqdh\z L | LdZg_\ : = =b”jhl_jfZz
\ukhdhwnn_dlb\gh]h m]e_jh~gh]h khj[_glZ gZ hkgh\_\
j_kmjkh\ @b”™d djbkl b bo iZdlbgLbkihewa
K =

M>D 2.398.193:633.11:631.84

F X ; eZr? < <_ijbldh\Z Kh[hge \
H Il LZjZg: = Ebirbg
1Bgklblml obfbb b obfbg_kdhc | _ogheh

2DjZzkghyjkdbc-pEXRegm\Zl _evkdbc bgklblml k_evkdh]h of
DjZkghyjkd Jhkkby

J:AJ:;HLD: NBABDBFBQ?KDB? K<HCKL<: B
J?AMEVL: LU IHE?<H=H BKIUL:GBY

;BHDHFIHABLGH=H M>H;J?GBY G: HKGH<? DHJU

KHKGU KH>?J@:S?=H :FFB:QGMX K?EBLJM

gghlZpblkjz*bpbhgguf gZijZz\e_gb_f mlbebaZpbb hloh”~h\ 7
dhju y\ey Iky ihemq_gb_ hj]J]Zzghfbg_jZevguo m~h[j_gbc ey k_
;hevrhc bgl_j_k ij_"kliheewgl gb_ m~h[j_gbc kihkh[guo d f_"e
\u” _e_gbx iblzl _evguo we_ f glhd h[eBf§Xmsbo wnn_dlhf
ijhehg]lbjh\Zggh]h ~_ckl\by > @
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M.Yu. Belash!, E.V. Veprikoval, A.Al. SoboleV,

O.P. Taran!, Al.G. Lipshin?
lnstitute of Chemistry and Chemical Technology
2Krasnoyarsk Research Institute of Agriculture
Krasnoyarsk, Russia

DEVELOPMENT, PHYSICOCHEMICAL PROPERTIES AND
BIOCOMPOSITE FERTILIZER FIELD TESTING RESULTS
BASED ON PINE BARK CONTAINING AMMONIUM NITRATE

Abstract. The traditional direction of recycling bark waste is to obtain
organomineral fertilizers for agriculture. Of great interest is the production of fertilizers
capable of slowly releasing nutrients into the soil and having a prolonged [@ffect

F_~e _ggh_\u”_e _gb_iblZl _evguo we f _glh\ \ ihqg!

bo [bh~hklmighkey jzkl _gbc ihwlhfm  mAh[j_
ijhehg]bjh\Zggh]lh 7~ ckl\by [he__ wnn_dlb\gu ih K]
ljzrbpbhggufb \h~AhjzZkI\hjbfufb mAh[j_gbyfb  Ihe

Zahlkh” _j"Zsbo m~h[j_gbc ih”~h[gh]h 2~ _ckl\by ij_
1jZdlbg_kdbc b gZmgguc bgl j k |Zd'bdzZ8ewah!l g
"hklb™ _gby \ukhdhc mjh Zcghklb b dZg_kI\Z k_evkdh
dmevimj

Hloh”u dhju khkgu ih k\h_fm fZkrlZ[m b jZkijhkljz
gZ | _jjblhjbb Jhkkbb yleyxlky gZb[he__ ~hklimiguf |
ihemqg _gby gh\uo \bAh\ m~Ah[j _gbc Ihkdhgdaghcdj \ kg
ijbjh~u jZaebqgZ_ Iky -icnbhbabkidibf k\hckI\Zf b dZibeeyjg
ihjbklhc kljmdImj_  bamg_gb_ \hafh ghklb kha”~Zgby
gh\uo Zahlkh”? j"Zsbo m~h[j_gbc y\ey |ky ZdIimZevghc

P_ev jZ[hlu khklhy2&jz\hld_ kihkh[Z ihemqg_gkt
[bhdhfihgh]h m2h[j_gby gZ hkgh\_ dhju khkgu kh?"
ZffbZggmx k_ebljm bamqg_ giodbfbyh kdababdhhcklI\ b
ijh\_~ gb_ihe \uo bkiulZgbc \ a_fe_ "~ evqg_kdhc ahg_
djZy

Kujv_f ey ihemqg_gby m~h[j_gby kkEmoZgzZdtia"mr
khkgu njZdpbbf Ijhp_kk ithemqg_gby m”h[j_gby \dexq.
hkgh\gu_ klZ”"bb ijbl]hlh\e _gb_ihjbklhc ih"eh db ba

gZg_k_gb_gZ ih"eh " dm ZffbZgghc k_eblju

>ey ihemqg_gby ih*eh db dhjm khkgu h[jZ[ZIlu\Zel
\h~rguf jZkI\INdOH ijb ke_"mxsbo mkeh\byo |[|_fi_jZImjZz
hK ijh~he bl _evghklv q agZq_gb_ ]b”jhfh"mey
I _j_f_rb\Zgb_ lhihf j_Zdpbhgguc JZKkI\hj ih”\
nbevljh\Zgbx >Ze_ _ ijh\h”beb ijhfuldm ih”eh db
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g _cljzebazZpbx hklzldh\ s _ehqgbNjBEKOshjdhgdZqg _gby
|brjhfh"me_c jZ\gu b khhi\_IkI\_ggh lh*"eh dm
\ha”mrgmoh]h khklhygby'Kjb

GZg_k_gb_ zZfftbZqgghc k_eblju fzZjdZz ©q? ijh\h”~be
ith*eh db __ \h~guf jZkl\hjhf H[t_f ijhiblhgqgh]h |
Zffbzgghc k_ebljufi gz k ] ih”eh'db khhI\_IklI\h\Z
\eZ]lh_fdhklb ih*eh db dhlhjmx hij_~ eyeb GlZ =HKL
d] ih*eh"db gZghkbeb ] ZffbZqghc k_eblju WIh
jZkkgblzgh 1zZd gqglh[fu m2h[j_gb_ kh”_j Zeh fZ
ljhiblhqguc jZklI\hj ~h[Z\ey®edh d_ ihhjpbyfb ijb
g_ij_julghf i _j f rb\Zgbb IljhiblZggmx ih"eh"dm miel
\u”_j b\Zeb \ azdjulhc 1Zj_ \ |I_q_gb_ q ijb dl
| fi_jZImj_ AZI_f kmrbeb “kmbhdhnkigklhygby ijb
105"K > @

Bkke "h\zZgby fhjnheh]bb Zahlkh}_gbdys gl m~"h
hkgh\_ ih”"eh db ba dhju khkgu \uy\beh \ukhdmx jZ
jZkij_"~_ e _gby qZklbp ZzZffbZqghc k_eblju gz _]h i
QZkIbpHNO; ehdZebah\Zgu ih djZyf djmiguo ihj ih”eh
aZihegyxl [he__ f _edb_ ihju gZijbf_j 1ihju rbjbghc h
fdf jbk Z |

GZ[ex™Z _fuc oZjzZdl_j jZkNHsNOsegHhlipn\ _joghklb
ith*ehdb [m”~_I| \ebylv b gZ m~Ze _gb_ ZahlZ ijb \a
m~h[j_gby k \h*hc EhdZebazZpby gZklbp ZffbZqghc k.
ithjZo ih”eh db hqg_\b”gh kihkh[gZ aZljmZg\ylv i_j_
ithg\_gguc jZkl\hj \ke_"klI\b_ \gmljb*bnnmabhgguo ijhyg

TM-1000_2742 2020.04.16  10:40 D26 x500 200um

TM-1000_2748 20200416 1050 D25 x1.0k 100 um

JbKL- IWFtbah[jZ _gby m~h[j_gby gZ hkgh\_ ih”eh db ba dhju
Z -[m\_ebq_gb_\ b[2]. jZa

AZ kg_ | wlhl]h fh™ | ijhbkoh”blv f_ e _ggh_ \ufu\z

\h~hc \ |_qg_gb_ "ebl_evgh]h \j_f gb qlh hij_*_e

ijhehg]bjh\Zggh]h ~ _ckl\by m~h[j_gby M"Ze gb_ \h~"

k eblju gZoh”ys cky ih djZyf djmiguo ihj kihkh[gh

[ukljh h[ &blv ih\ur_ggh_ kh” j Zgb_ ZahlzZz \ ihq\
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jZkI\hj_  glh g_h[oh”bfh “ey mkljZg_gby *~ nbpblZ w
iblZgby

Ke ~m_|I| hif_Iblv qgqlh kh” _j Zgb_ ZahlZ \ m~h[j_gl
fZk yley |Iky fzZdkbfZevguf b h]jZgbgq_gh hkh]
dZibeeyjghbklhcljkmdImju ih”eh db ba dhju khkgu
Ij_~"\Zjbl _evguo wdki_jbf _glZo [ueh mklZgh\e gh
ih\ur_gbb kh” j"Zgby ZahlzZ ®™wamZevgh gZ[ex"Z Iky
ith[ _e_gb_ qgZklbp m~h[j_gby aZ kq_| \ughkZ ZffbZc
njhglhf bkiZj_gby gZ \g_rgxx ih\_hodlnklInqgihbegh
glh \ wlhf kemqgZ_ mklhcqgb\hklv m”~h[]j_gby d \ufulZgt
[mMm~_| kgb Zlvky

Ozjzdl_j jzZkij_~ e _gby \_s klI\Z gZg_k _ggh]h
ijhibldb gZ ihjbkimx ih"eh dm az\bkbl hl |I_fi_jZImju
ljb ihemq_gbb Zahlkh”? j°Zs JH_mAimgbykmrdb
khklZ\eyezZ fzZdkb-fiesf "K ljbf_g_gb_ [he__ \ukhdhec
| fi_jZImju g _p_e_khh[jZagh ihkdHgvdifbViuggZy
k _ebljZz "bkkhpbbjm _| k h[jZah\Zgb f ZffbZdZ b Zahlg

L _jfhklZ[bevghklv ZffbZqghc k_eblju \ ijhp_kk_
mAR[gby ijb MK ihAI\_j"2rZxl j_amevliZlu kjZ\g_gby
ki_dljh\ ihemqg_ggh]h nNMENQs; gjibk b
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BoaHoBoe 4Ic.Io, CMJ
Jbk - BBki_dlju ihreh db baktkjuw Zahlkh”_jZs_]h
m~h[j_gby gZ __ hkgh\_ b ZffbZgghc k_eblju

< Biki_dlj_ ih]Jehs _gby m~h[j_gby _klv ihehku
fh'gh hlg_klb d dhe_[Zgbyf kljmdImjguo ]jmii ZffbZqgg

gZijbf_j ihehku ijb 1 zdIbkgf_kdb
hikmIki\m_| kf_s_gKH:.NGse\loki~ys ]h \ khklZ\ mAh[j_gby
ih kjz\g_gbx k bg”b\b mZevguf \_s_kI\hf jbk djb

>Zgguc nzdl k\b”A_|_evkl\m_| h[ hikmlkl\bb |_jfbq_kdh
ZifbZgghc k_eblju ijb \u[jZgghc | _fi_ jZHpjgbkymrdb m
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KjZ\g_gb-kB@Ijh\ ihA"eh db ba dhju khkgu ~h b ihke g

Zffbzqghc k_eblju ihdZaZeh hlkmlki\b_ k\b]Z __

ihehk jbk djb\u_
\azZbfh~_ckl\by

ih“eh db ba dhju khkgu

[bh~ hklImighklv ZahlZ
< j_amevlZl_[ueh
ke ~“mxs_]h khklz\Z
ZffbZqggZy k_ebljZz
khklzZ\ey |
\ujZsb\Zgbx
jhklhklbfmebjmxs_
dhju hikgu >Zggh __

m\_ebg_gbx gZlmju
g m”™h[j_gguf nhghf

p_gghklv \ujZs _ggh]h a_jgZz

LZ[ebpZOZjzdl jbklbdZ itik dbpu khi®DjZkghyjkdZy

m

b

\ \b~_

ijb]hlh\e _gh

fZk
fZk

5.9 kfamevlzl_
ir_gbpu

khjlz

ZahlZz
ijh\_~ _gby
©DjZkghyjkdZy
N ckl\b_ Zahlkh”_j"Zs_]1h m”~h[j_og
ih wnn_dlb\ghklb g_
ZffbZgqghc k _-eithhjur _gb_ mjh Zcghklb khklZ\beh
\g _k_gbb \ iZjh\h_ ihe_ ZffbZgghc k_eblju b
Zahlkh™ _j°Zs _]1h m~h[j_gby gZ hkgh\_
Zahlkh™ _j"Esm*h[j_gby gZ hkgh\_

“hij_gb_

kho

d]

0ZjZ

glh mdZaulZ_ | gZ hlkmlIkI\]
ihreh db k gZg_ \kfgyu® \ Bsg kilghklv
ihalhey |
ZffbZqgghc k_eblju
Zahlkh™_j"Zs ]t

jZgblv nhjfm g

ih"eh dZ ba dhju Kk

G

ZkuigZy iehlgh
ihe _\h]h hiul
a \L

p ]
p 1Z
dhju khkgu
dhju khkgu ijb\t
a_jgZ \ kjzZ\g_gbb k ZffbZqghc
glh ozZjzdl_jbam_| [he__ \ukhd
|Z[ebpZ

a>@

<ZjbZgl ihe \h]h hiul
. m~Ah[j_
lhdzZzazl_ev dh?LQe ZffbZqggl gZ ng
mAhﬂ gl k_ebljZz dhju
- khkgu
Qbkeh \ dheh dhehkdh 10-16 12-16 12-18
a_j g 35 36 37
FZkkZ a_jg! h~gh]lh a 0,042 0,043 0,044
kdhehkZ 14 1,5 15
ri 41,8 42,8 43,7
FZkkZ ] khehfu 2,9 3,0 2,9
Mjh Zcghklv a _jgZz 37,1 39,8 40,0
GZImjZ a_jgZ ] e 768 772 778
m~h[j_gb_ kh”~_j bl fZk Zahlz \ \b"_ ZffbZqghc k_eb

Kibkhd bkihevah\Zgguo bklhggbdh\

1. ; _eh\_ " p E :
| _jki_dlb\gu_ kihkh[u
Kujvy

ek X

<heq

Zlh\Z B

< E_A\_A \Z

i _j_jz[hldb \Ihjbggh]h eb]ghp_e
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DhamebgZz G K Kguldh\zZ L : <Zkbe_ _gdh : < Fb
Ebirbg : = LZjZzg H 1 JZajZ[hldZ Zahlkh”_j°Zs ]h m
hkgh\_ dhju khkgu b bamqg_gb_ _]Jh wnn_dlb\ghklb ijt
ir_gbpu \ a_®eevgd" kdhc ahg_ DjZkghyjkdh]h djZy
Kb[bjkdh]h n_~ jZevgh]h mgb\_ R120.4¥7 Obdby

+tK  -592.

3. :jbklh\ X B =hj~__\Z E = LhdZj_\ F F Dhfih
khj[_glu ©khev \ ihjbklhc fZljbp_2 kbgl_a k\hcklI\zZ |
JhkzZdzZz” gZmd -] kBQdZIZebaZ bfhj=kdh¥Z
Gh\hkb[bj&a”Zl_evKHh: G £2008. £362 k

4. Socrates G. Infrared and Raman characteristic group frequencies:
Tables and charts // John WileySons. +2004. £347 p.

M>D
| <; jgZpdbB : :e_dk < kxKf eh\
;_ehjmkkdbc JThkm~Zjkl\ _gguc | _ogheh]bq_kdbc m
Fbgkd_eZjmkyv

IEHLGUC G?EBG?CGUC J:KDJHC IEHKDHC
IH<?JOGHKLB IJHBA<HEVGHC NHJFU
NHIJF:EVGH? HIBK:GB?

:gghlZpbyx klZlv_ nhjfZevgh hibkZg Zelhjblf iehlgh]lh jZk
ih\_joghklb ijhba\hevghc nhjfu gZ njzZ]f_glu azZz”"Zgghc
ij_"gZagZq_ggujdf*gygby \ fZkkh\hf ijhba\h”klI\_ Knhjfmebjh
gbkeh\u_o0ZjzZdl_jbklbdb Ze]lhjblfZ ihal\heyxsb_hp_gblv _]Jh wn

P.V. Bernacki, | .A. Alekseey V.V. Smelov
Belarusian State Technological University
Minsk, Belarus

DENSE NONLINEAR CUTTING OF A FLAT SURFACE
OF ARBITRARY SHAPE: FORMAL DESCRIPTION

Abstract. The article formally describes an algorithm for dense cutting of a
surface of arbitrary shape into fragments of a given shape, intended for use in mass
production. Numericatharacteristics of the algorithm are formulated to evaluate its
effectiveness
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<\_" gb:e]hjblfiehlgh]h g_ebg_cgh]h jZkdjhy ieh}
ith\_joghklb ijhbal\hevghc nhjfu ~Ze__ :1J ijbf_gy_
jZkdjh_ dh b ijhba\h”kl\h h[m\b h”_ "~u bjf\Zeb |jZ
ijhba\h”?kl\h ba” _ebc ba N \Z b JZkdjh _

f 1Zeehh[jZ[hldZ ~G_dhlhju_ ij_A~ijbylby J kim[ebd
bkihevamx| ijhijb_1Zjgh_ azjm[_"gh_ ijh]jzffgh_ h[_
i Zebamxs__ wlhl Zelhjblf \ dhlhjh_ \ kbem eb)|

khlezZr _gby g dhafzfhklhyl evgh \ghkblv baf g gby
ijb\h~bl d IThfm qlh g_j_a g_dhlhjh_ \j_fy ijh]jZffgh_
fhjZzevgh mklzj_ \z_ | b i_j_klIZ_|I mkljzb\ZIv ihevah\Z
ithdZzazZl e ¢ < J _kim[ebd_ ; eZjmkv g_ hkms_kl\ey
ith*h[gh]h Zelhjb|fZ2ez]Z _fh_~Ze_ _ nhjfZevgh_ hibkZc
hijb_glbjh\Zgh gz ijbf_g gb_ _]1h \ fzZkkh\hf ijhba\
| ogheh]bq_kdhf pbde_ dhlhjh]lh ijbf_gy_ |ky jZkdjh
fZl _jbzZeZz

:1J hlghkblky d deZkkm |Ijm~"NP-fadboZ{E"3dq
bf xsbba[s ijbgylh]h j r gby < h[s_f kemqZ_ azZ"ZqZz
hilbfZevgh]h j_r_gby \ \b”m Ih]h glh 7~ey _]h \i
ithlj [mxlky g _hijzZ\"Zggh [hevrb_ \ugbkebl _evgu_ | k
qgj_af_jgh_ \j fy H[uggh 7~ey j r _gby |IZdbo azZ”~Zq i
w\jbklbg_kdb_  Zie]hjbdh\Zggu_ gZ [R]lj\ZhpZglh\
jZkdjhy

NhjfZevgh_ hibkzgb_  Ze]lhilkkiihljbf fgh _kl\h
ih\ _joghk?2 Lc[L#EL s&, "ey dhlhaZd*Xkghkhfugbke gby
bo f_juy agZq_gb_ \ h[s_f kemqgZ c gehgEBE{iZ |
lh\_joghkidbj ~klIZ2Yyxl kh[hc ijhklu_ fgh]J]hm]hevgbdb *

iheblhgu Ba\_klgh 1Zd>_  fglh[gé&kL\$d ¢
\ugbkebfufb f_jZidb kem Zsbo h[jZapZfb e_dZeZfb
jZkdjhy ih\_joghkl_cm~_f ~Ze__  ij_"iheZ]Zlv q

E:L&H LD2&D. & L! P!H

< j_amevlZIl_ jZkdjhy iy hp&kialky iheb]hgu
th*h[guHD. dhlhju_ [m”_f gZau\Zlv *_|Zeyfb < ijhba
N I1Zeb kem ZIl “ey ijhba\lwykijZ"bhee'Zledhb f qglh ba”_eb
_"bgkl\_gghdhlimj khilh \dexdzZ\ k_]Jy ijbfl_gy
g_kdhlevd I1Ze_c¢ ijbg_f g_dhlhju_ ~_1Zeb fhljml \oh”b
g _kdhevdh jZafgh ~kINhL [G&FLsSA _ dZ ~uc we_f_gl
Gdhlhjh]lh y\ey_Ilky djZlghklvx \oh ™ ~_gby ~_IZeb \ ba”

< h[s_f kemqgZ_ hi_jZpby ¢BKkldhjhy_hitg\n joigsh kb
hkms_kl\eylvky g_kdmetviith\ hzZlalv h \ZjbZhilZla Z o
jZkdjhy R L A@ATA | P+ ghf_j \ZjbZglZz
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Z.§L 4 aNL sa§=t fgh _kl\h iheb]hih\ W HAHD .,
ithemqg _gguo \lZlamajhjZz ba fgh . ll\dZeB b
Znnbgghlh ]h ij_h[j&ah\hdby kqblZIW.dlhH Z
\ ebqbg%nLA K. [m~_f gZau\Zlv f_jhc fghm~kiIfiz
lzd" _ |J_"|heZ]ZIv qlh fghh[el@dr&k\hckl\hf iheghlu
dhihjh_ hagzqZHb. gHa.§ Qly >jm]bfb kehiZfb
h[{t_"bg_gby fgh gklex[uf we_f_glhf e_dZehf. fgh _klI\
ij_ \urzZz_1I f_jm ih\_jaghklb

H]ljZgthf fZdkbfZevgh_ dhebqg_kl\h ihiulhd \Zjk

jZkdjhy \_ebd®Bght_~ f fgh _&JNKRE&PL sdys RQFE
\ZijgIh\ jdejhy <\ A ff_jm wnn_dIlb\ghklb *ey \Zjb.

a:R; L,n \_ebgbdgmdhlihjmx [m~”_f gZa\Zlvc*hklZIlhg

wnn_dlb\ghklvx \ZjbzglZz

H[hagZgbf ijhp_~mjm nhjfbjh\Z&pyh\Zjblhg hZA

b [m”A"_f aZibk®EZlv :Laiad;, RBL LA & «
F{]@L LA&;, RQP :jlmf_glZfb hi_jZlhjg\eyxlky
LyP2 += ih\_joghkigh  _klI\h h[jZapb\ fgh _klth
hibkul\Zxs__ djzZlghklv h[jZzaph\ ;m”~_f ~"Ze_ _ ij_"iheZ
dZ ~"hf \uiheg_gblemqgZcguf h[jZahf nhjfbjm RRky \ZjbZq
hi_jzlhj g_ y\ey |ky ~ | jfhgbjjmlBfgufeh\Zfb ijb
dZ ~"hf \uiheg_glklemqgZcguf h[jZahf ] g _jbjm _I|ky fgh~
% gh ijb wlhf h[eZ~Zxs__ k\hcklI\hf iheghlu Djhi
jZkij_~ e _gb_ \_jhylghkl_c¢c ih”h[jZgh |Zdbf h[jZ:
\_jhylghv  \u[hjZ h[jZEPZ ijb nhjfbjh\Zgh}p
ijhihjpbhgZevgh \_Gligbg djZlghklb khhlI\_lkl\mxs_ c
N 1Zeb

<\ _ "N f hi_jZlhj hibku\Zxshgbgpbi ihkljh_gby
jZg__ \\_"~zggh]h fgh _kI\Z \ZjbzZ&yIhAZjibglhy

ka: LA & ; 048 &PQM h[hagZqZ | pbde \uiheg _gb
hi_jZlhjz b "\Z mkeh\by ijb \uiheg_gbb dhlhjuo
] g jZpbb \ZjbZiglh\ijh~he Z_Ilky 1 j\imkeh\b _
a LhA& ;0488 wnn_dlb\ghklv k] _g_jbjh\Zggh]lh \Zj
f gvr_  ~hklZlhgghc<lhjh_ mkePRQEB dhebqg_kl\h
k] g _jbjh\Zgguo \ZjbZglh\ g_ ij \urZ_ | fZzdkbfZevgh_
ihiulhd jZzkdjhy \_eBqgbghc

?keb gZjmr_gh i_j\h_ mkeh\b_ 8lhhiflgegy klkly
\ZjbzZglIR® wnn_dlb\ghklv d&IK};nRES ?keb gZjmr_gh
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\lhjh_ mkeh\I8; hlihegy Iky \thﬂfgkhfh[hbo kemqgZyo
] g _jZpby \ZjbzZglh\ hklZzgzZ\eb\Z _Iky
lhkljhbf fgh® BILR$EL s&l= kh” _j"Zs__ \Zj@gzglu
\u[jZggu_ ih hrghfm bagghkhkkI\ IklI\bb kh ke ~“mxsbf
\ Ry O P8 A —
\ujZ> _gb_ ER§L P-kfgé[%éPLs_éiﬁ_éFﬂ,L F§]A_|{-°D&g EL sal
€50

>jm]bfb keh\zfb wiSLfAgh@p+wlh gZb[he_ _ wnn_dlb\gu_
\ZjbZglu ihiuldb jZkdjhy iRd_joghkl_c
>ey fgh _K&\b 2 hij_~_ebf f_i&8 LAGYHR b

120 L Afgd Lg, Z 1Zd°_ wnn_dIBig hkdy

Knhjfmebjm _f ~\_ o0ZjzZdl _jbklbdbierdghhijblfz
g ebg cgh]h j42&dklidyhc ih\ _joghklb ijhba\hevghc nhj
asyL a8 +xiehlghklv jZké&jhlg\ur _gb _f iehlghklb jZkdjhy
kgb Zxlky ijhba\h~kI\_ggu_ &)za;’L_—Zj/S@gR,ikj_’\g__
dhebqg_klI\h ihiulhd aZljZq_gguid\gZojgdkdjphcqg f \ur _
kj_ "g__ dhebg_klI\h ihiulhd | _f f_~e_gg__ jZ[hlZ _I
h[ _ki_g_gb_j Zebamxs__ Ze]hjblf

AZdexq_gb _

:1J hjb_glbjh\Zg gz fZzkkh\h_ ijhba\h”*kl\h o0zZjzd|
Zelhjblifza\heyxl z~_d\Zlgh hp_gblv _]Jh wnn_dlb\ghklv
fghlhdjzlghf ijbf _g _gbb 0OZjzdl _jbklbdb fh]lml Julv bk
aZdZagbdhf ijb nhjfmebjh\d_ Ij [h\Zgbc d Ze]hjblfm

Hq _\b~gh glh oZjzZdlaphkbbdhy y\leyxlky
\aZbfhazZ\bkbfufb ith\ur_gb_ agZq_gby h~ghc ba
kgb™ _gb_ ~“jm]hc

>\Z iZjZf_142]hjblfa8 "hklZlhggZy wnn_dlb\ghkl
\ZjbzglB B fzdkbfZevgh_ dhebq_kl\h \ZjbzZglh\ fh]n
bkihevah\Zgu ~ey gZkljhcdb jZ[hlu Ze]hjblfZ

<uiheg_gb_ijhp_Zemhamxsbo hiJHDhjmkdZ |
bo h*gh\j f ggh_ g_aZ\bkbfh_ \uiheg_gb_ qlh fh™ |
memqrblv agZq_gb_ oZ@Zdl _jbklbdb

Kibkhlbdkihevah\Zgguo bklhggbdh\
LDhjf _ @ E _ca_ jkhlp\ kle]hjblfu ihkljh_gb_b
ZgZebaFPFGH ;BGHF EZ[hjZlhjby agZgbl

< < Kf_eh\B ::jzdh\bg Dhf[bgZlhjgu_ Zelhjbl
hilbfbazZpbbbgkd :=LM + Kk
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' J ;bjfzg K : M]jxfh\ = D Fhlh\beh\

KzZgdl |l _j[mjlkdbc ]hkm"Zjkl\_gguc

e _khl _ogbg_kdbc mgb\_jkbl I bf K F D
Kzgdll_j[mj] Jhkkby

WDKI?IJBF?GL:EVGUC BAF?EVQBL?EV DHJU

:gghlZpby j_amevlZl_ZgZebaz kihkh[h\ b h[hjm~h\Zgby "e
hloh~h\ hdhjdb ~j_\_kbgu ij_"eh _gZ dhgkljmdpby Z]j_]ZIlgh]t
h[ _a\h"b\Zgby b baf _evg_gby dhju 1Ijb\_~ gh hibkZgb_ b ij
mkljhckI\Z j_amevlZlu wdki_jbf_glZevghip_kikizebah\ZgQygby
Aj_\_kghc dhju

A.R. Burman, S.A. Ugryumov, G.K. Motovilov
St. Petersburg State Forestry Engineering
University named after S.M. Kirov
St. Petersburg, Russia

EXPERIMENTAL WOOD BARK SHREDDER

Abstract. As a result of the analysis of methods and equipment for processing
wood debarking waste, the design of an aggregate device for dewatering and crushing
bark is proposed. The description and principle of operation of the device, the results of
an experimetal study of the process of crushing tree bark are given.

ljb i_j\bgqghc h[jZ[hld_ djm]Jeuo e_khfZl _jbZeh\
hi®" ey fhc é&dhkdb]Zxl agZqbl_evguo h[t_fh\ LZd gZ
ijb i_j_jZ[hld_ o\hcghc *j_\_kbgu hgbzkhklZ\gy x|
I _j_jZ[hld_ ebkl\_gghc #%"~h_kbguzZ ijb h[jZ[hld_ \
ijhba\h”kl\_gguo p_o0oZo e_khijhfure _gguo kdeeZ”h\ eb

glh \ kh\gdklib khklZ\ey | 7h feg® [iehlguo f
Fghl]hgbke _ggu_ bkke ~h\Zgby h kihkh[Zo bkiheva
"hdZau\Zxl p_e_khh[jZzaghklv fZkrlZ[ghc i_j_j
ith\ur_gb_ wdhghfbqg_kdhc wnn_dlb\ghklb Ij_"ijbyl
hjlZgbazZpbb ijhba\h?kI\Z Ih\ZjdlachiljdhHhnhd prbdh jdb

Kms_ kl\mxsb _ | ogheh]bb bkihevah\Zgby
Ij_~“mkfzljb\zxl __ baf_evq_gb_ Baf _evqg_gb _ h|
ith*kmr_gghc dhju hkms_kl\ey |Iky gZ jZaebqguo |biZ
fhehldh\uo f_evgbp hl_g_KkI\_ggu_ h[jZapu dhlhjuo h[
kms_klqugp g_~hklzldh\ 1h]*Z dZd h[hjm~h\Zgb_ ih
aZjm[_"gufb ij_"klz\bl_eyfb gZijbf_j ErdchhZgbyfb
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Erdwich, HBS, Morbark, Rudnick & Enners b Vecoplan hlebqgZxlky
[hevrhc gZ™_ "ghklvx > @

JZaf_ju baf_evg_gguo qZklbp dhju hij_"_eyxl gZij
bkihevah\Zgby Z bf_ggh \ dZqg_kI\_ lhieb\Z ijh"md
I _j_jZ[hldDb kujvy 7ey ijhba\h”*kI\Z kljhbl_evguo f
dhjhebl Zj[hebl ihdjulbc ~hjh] b Db]jh\uo iehsZ”h
1IZjdh\uo dhfie_dkh\

>jh[e_gb_ gZ fhehldh\uo f _evgbpZo k rZ
aZdj _ie_ggufb [beZfb beb j azZgb_\ dhjhjm[dZo jhl
hkgZs gguo gh™ \uf bgkljmf_glhf ithal\hey | Il
baf _evg_ggmx dhjm k jZaf_jZfb gZklbp g_f g _ kZg

HI" evguf gZijZ\e _gb_f ijbf_g _gby hloh”h\
yley |ky ~ bkihevakWkghf bhkayckl\ “"ey ijb]Jhlh\e
m~h[j_gbc dhfihklh\ ]jm[uo dhjfh\ b dhjfh\hc fmdb
"b\hlguo < wlhf kemqgzZ_~_eZl _evgh Z bgh]®*Z b
fbgbfbabjh\zZIv jZzaf _ju gZklbp dhju qglh fh | [ulv 7]
ijbf_g_gb_f ki_pbZevguo bafdeWvyghil _é&@[eqggh bf_xI ~\_
kilmi_gb baf_evqg_gby GZ i_j\hc kimi_gb ijhba\h”bl
bkoh~gh]lh ijh mdlZ gZ gZklbpu hl Arhl ffffa gZ \lhj

|
C

f g Ki_pbZevgufb baf_evqgbl _eyfb fh]lml [ulv gZijbf
a_jghbaf_evgbl_eb bebu ki_¢plbjhe¢mdgdb ljb  wlhf
g_"hklzldhf ihke_~gbo y\ey Iky g_h[oh”~bfhklv ij_»'
kmrdb dhju

lheh bl _evgufb nZdlhjzfb bkihevah\Zgby h
hdhjdb \ dzZqg_klI\_ m~h[j_gby beb kibfmeylhjh\ ihqg
kihkh[ghklv f _edh baf_evq_gghc dhjukmbep \ENZIVv b Z
g _eZl evgu_ "ey k_evkdh]h ohaycklI\Z we f glu k
ithg\_gguo \h"Zo Dhfihklu ba dhju y\leyxlky kIl _|
hjlZzgbq_kdbfb m~h[j _gbyfb 1Zd dZd dhjz kh”_j bl fg
Em[ygZy b ijbdZf[bZevgZy qZklv dhju [h]ZIZ ibl
we fglzZzfb g_h[oh”bfufb ey jZa\blby ihe_aguo fbdjhh
kh” j°bl hj]l]Zgbg_kdb k\yaZgguc Zahl dhlhjuc
hk\h[h ~Zykv klZgh\blky “hkIlmiguf *“ey iblZgby jZkl ¢

>hklZlhqggh f_"e_ggh jZaezZ]Zykv \ ihg\_ gZ ijl

e_| dhjv_\hbkthtfjez”~Z | \ukhdhc kihkh[ghklvx Zw
ithg\u b klbfmebjm _ | ~_yl _evghklv ihg\_gguo [ZdIl_jb
kfheu \oh”ysb_\ khklz\ dhju ihiz*Zy \ iZohlgmx a
[ukljh jZajmrZxlky b g_ \uvuaulZxl Ihdkbqguo y\e _gbc
dhfihklu qlh hkh[_gg#Zljke\egh hdZau\zZxl [eZ]hijbyl
\ha”_ckl\b_ gZ ]Jebgbklu_ ithqg\u

-34-



lh  ebl_jZImjguf ~Zgguf m\_ebg_gb_ mjh Z
\g k _gbb dhfihklh\ ba dhju ih kjZ\g_gbx k g_ m~h[j_
khklZ\ey | ih dZjlhn_exh a_jgh\uf b [h[h\uf dmevIimjZ-
50 ihih"kheg_ qgdy@¥n[3].
LZd ~_ ba\_klgh bkihevahkZeglwvkdhfjohayckl\ __

"ey 1ihemqg _gby 2~hihegbl_evgh]h j_kmjkZ dhjfh\ ¢
ZdlmZevgh \ jZchgZo Kk g_ [eZ]hijbylgufb "ey
dhjfhijhba\h*kI\Z ihdigab§gltbg_kdbfb mkeh\byfb Z |zZd"
mjh Zcgu_ ]h”u DhjZ hkbgu [_j_au jhéda\hpkIhZgZ nel
]Jjm[uo b khgguo dhjfh\ Z 1zd" hit_fbkluo dhjfh\
"h[Z\eyxl \ jZaebqgu _ dhjfhkf_kb

Bkihevah\Zgb_ dhju \ dZqg_klI\_ "~hihegbl_evghc
"h[zZz\db "ey k_evkdhohayckl\ _gguo "b\hlguo b ilbp h[
g_  Ilhevdh gZebqb f \ ggguoy*Ibhpeh]bq kdb Zdlb\gt
iblZzl _evguo \_s kI\ de_ Ilqg4dl@éb bgzZ "bjZ-11%,
kZoZiZ gh b ki_pbnbg_kdbo ZjhfZlbg_kdbo \dmkh\Lt
ithlj_[ghklv \ dhlhjuo g_ iheghklvx m”h\e I\hjy _
kdZjfeb\Zgbb "b\hlguf h[juggd4)o dhjfh\ >

< eZ[hjZlhjbb dZn_"ju | _ogheh]bb e _khaZzZ]hlh
Ijhba\h?kl\ KEZdd][mjl]kdh]h e_khl _ogbqg_kdh]h mgb\_
bf K F Dbjh\Z jZajzZ[hlZgZ b ijhreZ bkiulZgby hiulgZ:
"ey lem[hdh]h baf_evq_gby dhju ko _fZ dhlhjhc ijb\_~

JZ[4bf fZI _jbZehf y\leyeZkv dhjZ jZaebqguo ihjh™
k \eZ ghklvx « JZaf_ju bkoh”guo gqZklbp dhju kh
"ebgz « rbjbgz « lhesbgzZ ~h ff lhke_ h[jZ]l
hiulghc mklZgh\d_ fZdkbfZevgu_ jZaf_ju gqZklbp dhju
« ff ijbfbgbfZevghf gbke_ h[hjhlh\ gh  _c h[ fbg
ij_ \urZeb « ff ijb fZzdkbfZevghf gbke_h[hjhlh\ gh"
h[ fbg

Wdki_jbf _glZevguc baf_evqgbl_ev bk kh” j b
dhjimk Kk aZ]jmahgghc \hjhgdhc ith"Zxsbc rg_d 18
\ ihehklibjiadnk Z \u]jmagh_ hdgh i_j_dju\z_fh_ g_1i

hlghkbl _evgh dhjimkZ k_iZjbjmxs_c ieZklbghc KT ¢
baf _evgZxsbc hj]JZzg \uiheg_g \ Ad” ehiZkuguo

f 1 Zeebg_kdbo 1ieZklbg \ p_glj_ dhlhjuo bf__ Tk
hi\_jklb _ leZklbgddj _ieagu gZ o\hklh\bd_ \ZeZ
mklZgh\e _ggh]h khhkgh \gmljb ih"Zxs _]h rg_dZ Kk
kh\f_klghl]h azZ kqg_I "\mokImi_gqZlh]l]h \_jlbdZevgh]h
g aZ\bkbfh]h \jZs _gby hlghkbl _evgh ih?Zxs _]Jh rg_
j_"g_c qgZklb ] _ebdhb”Z rghdZxs ]JmklZgh\e _gu \
rZonIghf ihjy"d_ gh'b
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ITnockoctu
pe3aHus

Jbk - Ko _fZ baf_evqgbl_eyibjuki_j_ ~E\H” ke _\Z

Baf _evgbl _ev jZ[hlZ | ke _"mxsbf h[jZahf 1jb baf
dhju gZ \Ze mklZgZ\eb\Z 1ky kf _gguc gh  _\hc baf_ev
\uiheg_gguc \ \b”*-o0iZgubebo \ aZ\bkbfhklb hl Ij_[m_fhc
kl i _gb ihfheZ ehiZklguo f |Zeebg _kdbo ieZklbg
bahg g \ZjbzZgl k mklZghwh&Zklguo f_ |Zeebq kdbc
ieZklbg b k_iZjbjmxsZy ieZklbgZ kh kd\hagufb h
g_ih"\b ' gh mklZgh\le_ggZy hlghkbl_evgh dhjimkZ
baf_evqgZxsbc hj]Zg kh[bjZx| 1Zdbf h[jZahf qglhJu \
f_ ozZgbaf_ [ueb hpyzZah\iehkdhklb j_aZgby Ijb wlhf ehi
f I Zeebg_kdbo ieZklbg y\eyxlky gh Zfb Z k_iZjbjmx
6 xdhgljgh hf EhizZzklb ijhlb\hiheh ' guo gh  _\uo e
mklzZgzZ\eb\zZxl jZa\_jgmlufb hlghkbl _evgh ~jm] *"jm]Z
mleZ jZkI\hjZ ehizZkl_c

AZ]ljm fAic \ \hjhgdm kujv_\hc ijh*mdl ih*Z _|ky rg
gZijZ\e_gbb \u]jmagh]h hdgZz I~ ih™ A _ckl\b_f
ijhbkoh”bl ]jm[h_ jZajmr_gb_ dhju Z azZl_f \ i_j\hc
j_aZgby aZ kq_ | \jZsZxsboky ehiZklguo f_IZeebq_ kd
ijhbkoh”bl i_p\bdbfhe fZI_jbzZez "~Zevg_crbc ijhoh”™ _]l
kd\hagu_ hl\_jklby k_iZjbjmxs_c ieZklbgu b ~hihe
ihfhe \h \lhjhc iehkdhklb j_azZgby k ihke_"mxsbf \uoh
ijh mdpbb ba baf_evqgbl_ey

Am[qgZlZy 1 ZjZ \oh”~ghc \Ze dhlhjhc \j 2
we_dljh2lb e f gZ jbk mkeh\gh g_ ihdZaZg h[_
kh\f_klgh_ beb g_aZ\bkbfh_ \jZs_gby \ZeZ hlighkbl_e

lhykgyy ijh\_~ gb_ hi_jZpbb baf_evqg_gby dhju
hif _Iblv qlh bkihevamy 7~hihegbl_evguc ijb\h? 7"ey
am[qZlhc i_j ~"Zgb h gWeXh] b h[_ki_qb\ g_aZ\bkb
\jZs_gb_ gh _c fh'gh \jZsZlv bo k gZklhlhc jZ\ghc &
qg_f gZklhlZ \jZs _gby rg_dZ M\ _ebgb\Zy gbkeh h[hj
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agZgbl b kdhjhklv j_aZgby fh gh mf_gvrblv ih*Zgqm ¢
ke "~klI\b_  ijhihjpgdhgdaevgvrbl b \ _ebgbgm qZklbp d
\ujZ[Zlu\Z _fuo f_oZgbafhf j_aZgby JZaf_j gZklbp dhjt
hij_ ~ e g mjZ\g_gb_f > @
U,=U A/V, (1)

]"U,£ih~"ZgZ gZ dhxké@hjhklv ihrzZgb h[jZ[Zlu\Z_fh]
fZl jbzZeZ rg_dhft HfrX] @h” _c j_ "ms_]h bgkljyht glz f
kdhjhklv j_azZgby f k_d

LZd dzd fzdkbfzZzevgZy kdWjEkgZ ma&lg\dhyce kdhjhklb
\jZs _gby \ZeZ mfgh  _gghc gZbgZXkhiimmé& felXlkéle
\hafh ' gh j _Jmebjh\Zlv jZaf_j gqZklbp dhju f _gyy m]eh
\ZeZ

Hg \b”gh qlh ijb mV_eBqgZgbb ijb mf_gvr_gbb rz].
gh  _t kgb Z Iky \_®&bqgHdgZgZgbl b mf_gvrZ Iky \ _ebc
baf_evg_gguo qgZklbp dhju glZewdhic jlofklZgh\d_ “h

« ff

<g_"j_gb_ b ijhfure_ggh_ bkihevah\Zgb_ ij_"e
mgb\ _jkZevgh]h baf_evgbl_ey ihalhebl m\_ebqgblv \
Ijhp_kk ith”AJhlh\db dhju d bkihevah\Zgbx b jZkrbjbl
Ijbf_g_gby dzZd k\_" ¢ 1Zd b e_"Zehc dhju

Kibkhd bkihevah\Zgguo bklhggbdh\

bjfzg :J K\hcdbg N < M]jxfh\ K : K\hcdl
L ogbdZ b | _ogheh]by mlbebaZpbb dhjhhl\Zeh\ e k¥t
ij_"ijbylbc J fhgl \hkklZgh\e gb_ fh#& jgbaZpby
K -15.

=hfhgZx Ijhba\h”~kl\h Ihieb\guo [jbd_Ih\ >j \_
kujv_ h[hjm~h\Zgb_ | _ogheh]bb tfFhbdyzZjZFxIME
2006.+ k

Dhiuldh\ < < Hoehidh\Z G I Dhg”jZl _gdh H <
F < GZ\Zjbg ? Ihemqg_gb_ dhfihklh\ k bkihevah\Zc¢
ijhba\*"klI\ b bo ijbf_g_gb_ ljh[e_fu j_dmevib\Zpbb
[ulZ ijhfure_ggh]h b k_evkdhohayckl\_ggh]h ijhba\h”"|
gZmgguo Ijnv*hF_""mgZjh~ghc gZmgghc wdheh]bq
dhgn_j gpgbhzZzkgh”~rZj D=:MzK -179.

Wjgkl E D GZmf_gEh*"bgkdZy K B Dhjfh\u_
ijh~mdlu ba hloh™RhkdkZ E_kgZy ijhfure_gghklv

Kk
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L ogheh]by b h[hjm”~h\Zgb _ e _kguo kde
e _khh[jZ[Zlul\Zxsbo p_oh\ ihr  j_ ~ #<FBkdNZlydbgZz
F=ME + Kk

M>D
DZkZo Ihki_eh\ 2?2 H :h]*"Zg :J Pulzgl
;_ehjmkkdbc J]hkm~ZjklI\_gguc | _ogheh]bq_kdbc n
Fbgkd ;_eZjmkv

A:SBLGU? B :GLB;:DL?JB:EVGU? K<HCKL«<:
'BHIHDJULBC G: F:=GB?<HF KIRZ9?

:gghlZpb¥Xbgl _abjh\Zgu dhfihabpbhggu_ [bhihebf _jgu_ ih
oblha®deNs gZ ih\_joghklb kiezZ\BAZfZ]&byh~hf dhgnhdZevghc
fbdjhkdhibb mklZgh\e_gZ kl_i_gv bglb[bjh\Zgby ¢dlihg& gdhh[jZe
ih\_joghklb ihemqgq_gguo ihdjulbc 1I1hdZaZgh qglh fh*bnbdZpby
ihebf_jghc fZljbpu qzZkleNZfipb\h~bl d m\_ebq_gbx aZsblguo
k\hckI\ nhjfbjm_fuo ihdjui2bee.gZ

A.A.Kasach A.V.Paspel/ ? Bogdan, A.R. Tsyganov
Belarusian State Technological University
Minsk, Belarus

PROTECTIVE AND ANTIBACTERIAL PROPERTIES OF BIO -
COATINGS ON MAGNESIUM ALLOY AZ91

Abstract.Composite biopolymer coatings chitosgrCsN4 have been synthesized
on the surface of magnesium alloy AZ91. The degree of inhibition of E. coli biofilm
formation on the surface of the resulting coatings was determined using confocal
microscopy. It has been shown that modification of the chitosampolsatrix with g
CsN4 particles leads to an increase in the protective properties of the formed coatings by
20 85%.

FZ]l]gb_\u_ kieZ\u y\eyxlky gZb[he__ i_jki_dl
fZl _jbzZeZfb ~ey ba]lJhlh\e_gby [bh” _]jZ"bjm_fuo bfieZ
bo [bhkh\f_klibfhkilbdhdukn”_evghc ijhgqghklb b gba
iehlghklb H”gzZdh hilf_qgZ _Iky [ukljZy b g_jZ\ghf_jg.:
kiez\h\ fZ]gby \ nbabheh]bq_kdbo kj_~Zo dhlhjZy k
h[jZzah\zZgb_f fzZdjhkljmdImjguo ~ _n_dlh\ b g _dhglj
\ur_e_gb_f \h~ hjh"Z glh fh™ | f_&dgbbgylvkdb
0ZjZdl _jbklbdb bfiezZzglh\ b ij_iylklI\h\ZIlv nhjfbjh\Zgbx
|d Z db2].
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>ey ih\ur_gby dhgghabhmklhcgb\hklb fZ]gby b _
kieZ\h\ ijh\h*yl eZa_jgmx b-weeZadljggmbgh[jZ[hldm bo
ith\_joghklb Z 1Zd _ gZghkyl ihdjulby gZ hkgh\_ [bh
fZl _jbZeh[¥] Bkihevah\zZgb _ [bhihebf_jh\ \ dZqg._
nmgdpbhgZevguo ihdjulbc gZ bfieZglzZlZo y\ey Iky i_
gZijZ\e_gb_f \ h[ezZklb kha”Zgby [bhkh\f_klbfuo fZ
Zglb[zZdl_jbZevgufb k\hckI\Zfb

Ba\_klgh qlh ijbjh*guc ihebkZoZjb” oblhaZg 0ZjZ
ohjhr_c [bhkh\f_klIbfhklvx \ukhdbfb jZghaZ bl\eyxs
Zglb[Zdl _jbZevgufb k\hcklI\Zfb K p_evx memqr_gt
f oZgbg_kdbo b Zglbdhjjhabhgguo k\hckl\ nhjfbjm _fu
ith\ur_gby bo [bhkhhklEIbh\h”*yl fh*bnbdZpbx oblhazZgh
fZljbpu gZklbpzZfb [bhkl_deZ m]e_jh”guo gZghf
]Jb~rjhdkbZizlblZz b ~j Hkh[uc bgl_j_k ij_"klZ\ey | bk
g0ZghqZkl:N, "ey Zjfbjh\Zgby oblhaZgZ \\b"m bo obfk
bg jlghklb b g _Ihdkbqghklb Z 1Zd _ \ukhdbo Zglb[
k\hckl\

P_evx jZ[hlu y\eyehkv ithemq_gb_ gZAZZlgb _ \hf k
oblhazZzgh\uo ihdjulbc fh” bnbpbjh\ZgGNos FZIKABpZTb
bkke ~h\ZgEsbdguo b Zglb[Zdl _jbZevguo k\hckl\

Ihdjulby obllg&dNg ihemqgZeb f_Ih~*hf ih]jm  _gby
h[jZaph\ kiez\Z AZ]gby ij_~\Zjbl _evgh ijb]hlh\e_ggm:
\hA*gmx kmki_gabx oblhaZgZ kh”" _ j Zg@®MN, §ZghqZklt
dhebq_klI\ _ 35 ey hifhfin\e _gby kmki_gabhb
bkihevah\Zeb ihjhrhdNADNOBSMEI Zk fhe _dmeyjghc fZkkhc
50+ d>Z >ey kbgl _azZz gZgMgZklhyhf ibjhebaz \
dzZg_kI\_ ij_dmjkhjz ijbf_gyeb dzj[zfbr fzZjdb ©q *
h[jZaph\ ki&Z\Zk gZg_k_ggufb ihdjulbkibe&ihlsv \
| g _gb_ q ijb dhfgzZlghc | _fi_jZIimjg \ZkmZbefvghf
rdZnm ijb | _fi_jZImj_ fK >Ze  ih |_dklm h[jZapL
ihemqg_ggufb ihdjulbyfb h[hagiitg 163sN4,d ZAC;N,,
30C3N4, 40C3Ns b CsNgs \ aZ\bkbfhklb hl kh”™ _j"Zgby gZghqz
gbljb"Z m]Je_jh”~Z \ ijb]hlh\e _gguo kmki_gabyo

AZsblgu_ k\hckl\Z ihemqg_gguo ihdjulbc hp_gb
ihfhsvx f _ITh~h\ ebg _cghc \hevlZfi_jhf _Ijbb b we dljho
bfi_~Zgkghc ki_dljhkdhibb MklZgh\e_ghjjmdabbihl_gpl
kiezZ\Z $= \ gZljbcnhknzlghf [mn_j_  &;N <hklZ\ey
Ihl_gpbZe dhjjhabb h[jZaph\ k gZg_k _ggufb ihdjulbyf
oblhazgZ kf_s g dZ \ [he__ we _dljhhljbpZl_evgmx h]
ih kjzZ\g_gbx k h[jZaphf kiez\Z $= lehlghlxlv IThdZ
kiez\Z fZ]gby $= \ bkke_"m_fhc kj_~ ® khilz\ey |
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Ilhdjulb_ kKLW kihkh[kI\m_| kgb  _gbx kdhjhklb dhjjha
FhA*bnbdZpby oblhaZgZ gZ@GiNg glb\hgbibdIm\ ebq gbx
aZsblguo k\hckI\ nhjfbjm_fuo ihdjulbM\gfbgb
dhgp _gljZpbb qg&hibkp\ul 1N kmki_gabb oblhazgZz
bkihevam_fhc “ey ihemq_gby ihdjulby g_ ijb\h”bl d
th\ur_gbx aZsblguo k\hcklI\ nhjfbjm_fuo ihdjulbc

K p_evx bamqg_gby Zglb[Zdl _jbZevguo k\hckl\ |
ihdjulbc gz ihklomgh[jZaph\ nhjfbjh\Zeb [bhiezgdhb

bkihevah\Zgb f :LKKEsdh&fitdia coli < qZrdZo | _|jb gZ
ith\_joghklb ilehlghc iblZl _evghc kj-CliglhfgpxZe e | Z
nbdkbjh\Zeb h[jZapu kiezZ\h\ <ghkbeb ih fe “b”"
Fxee 4@bglhgZz iheghklvx ihdjulZyghklvh\_jo

klzg~Zjlbabjh\Zgguo f_1Zeebq_kdbo ieZklbg b ~h[Z\e
kmki_gabb fbdjhhj]J]zZzgbafh\ k hilbg_kdhc iehlghklvx

khhi\_Ikl\m _| dhg_gqghc dhgp® BH2pfeeb Bgam[bjh\Zeb

Ijb fK A\ I _qg_gb_ gZkh\ Mg_| j_amevlIZlh\ ijt
ijbf_g_gb_f dhgnhdZevghc eZa_jghc kdZgbjmxs_c fbd]
wlh]l]h bkihevah\Zeb fbdjhkdhi /HLFD 7&6 63( k i
h[ ki_q gb f /$6 $) F |1Zeebq_ _kdb_ ieZklbgu nbdk

kil _de_ hdjzZzkdm ij_izZjzIh\ ijh\h~*beb jZklI\hjhf '$3,
Kdzgbjh\Zgjlhba\h~beb ih \k_c lhesbg_ ij_izjzIlz \ iylb
GZ jbk Ij_~klZ\e gu j _amevlZlu bkke _

[bhie _gdhh[jZah\ZgbyE.[eOllIgZbch\ joghklb ihemqg _gguo
h[fjZzaph\ MklzZzgh\e_gh qlh gZ ihAZjogh{HarkidkyZ

ilehlgZy b h*ghjh”rgZy [bhie _gdZ |lhesbghc fdf 1lhe
hkgh\ _ oblhazZgZz ithdjulby hfezZ"ZxI yjdh \ujz
[Zd]_jbhklZIbg_kdbf ~_ckl\b_f jbk H[jZah\Zggu_ gz
oblhazgkh” j Zsbo ihdjulbc [bhie _gdb o0ZjzZdl_jbam
gbahc iehlghklvx jbk ih kjZ\g_gbx k [bhie_gdZzZfb
h[jZamxsbfbky gZ ih\_joghklb g_h[jZ[hlZggh]h kieZ\Z

2.

Jbk - Bah[jZ _gb_[bhie_ghd gZ ih\ _jogAX9b (B [pZagxh\
(D
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MklZgh\e _gh qlh chifjdd|4pdl_jbam_I|ky gZbf_gvr_
lhesbghc fdf h[jZamxs_cky. blhiechyddnbdZpby
oblhazgZz qzZklg@Mfbijb\h~bl d mf_gvr_gbx kl_i_gb
bg]b[bjh\Zgby jhklZ [bhie_gddh\fh | [ulv h[mkeh\e gt
[he_ g _jhilglhgoghklvx dhfihabpbhggh]h ihdgulby oblh
CNs dhlhjzy azZ kq_l [he__ gbadhc ]Jb”jhnh[ghklb b
kKihkh[klI\m_| aZzZdj_ie_glx b[Zzdhjfjbjh\Zgbx fZljbdkZz
[bhie_gdb

Jbk -LhesbgZ [bhiekgtlidgZ ih\_joghklb bkke_"m_fuo h[jZaph)\
ihke gZkh\ bgdm[Zpbb

Lzdbf h[jZahf ijh\_~ ggu_ bkke_"h\Zgby ih
mklZgh\blv qglh goa¢plkaghph\uo ihdjulbc gZ ih\_joghl
fZlgb_\h]h KABA\Kihkh[kI\m _| kgb" ™ _gbx kdhjhklb dhjjhe

jZaZ Fh”bnbdZpby oblhazgZ-GX.ghtgXtktbp Zfb
m\ _ebqg _gbx gubstkNhcklI\ nhjfbjm_fuo ihdj@8bbc gZ
ljbg_f m\_ebq_gb_ dhgp_gZpbb lgdkibgabb oblhazZgZz
[he 3 gf ijb\h~bl d "Zevg_cr_fm m\_ebqg_gbx aZ
k\hcklI\ nhjfbjm_fuo ihdjulbc

Ilhdjulby gZ hkgh\_ oblhaZzZgZzZ\uj e Zyginfl
[Zd] _jbhklZlIbg_kdbf ~_ckl\b_f b ozZjzdl_jbamxlky [F
lehlghklvx h[jZah\Zgguo [bhie_ dgdhablidd kjjb\gfbg b x
k h[jZaphf kiezZ\Z $=

Kibkhlkihevah\Zdgdubggbdh\
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2. Wu T. et al. Difference in formation of plasma electrolytic oxidation
coatings on MgLi alloy in comparison with pure Mg // J. Magrdky.
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G< ;hlhfzaR\Z> Kb~hjh\.:. =hem[2®F. @Zjkdbc
- ehjmkkdbc Jhkm~Zjkl\_gguc | _ogheh]bg_kdbc m
Fbgkd ;_eZjmkv
2KZgdl |l _j[mjkdbc Jhkm~Zjkl\_gguc mgb\_jkb
KzZgdl |l _j[mj] Jhkkby

HKH;?GGHKLB IE?GHBEMIJH<H>GBDH<"
IHEMQ?GGUO F?LH>HF OBFBQ?KDH=H HK:@>?GBY
BEB G:KE:B<:GBY

:gghlZpby 1jh\_~ gu bkke_ ~h\Zgby km[fbdjhgguo i€
ihemijh\h~rgbdh\:U¥'Zkx zijbf _j_ ihdjctBc ihemq_gguo f _Ih~hf
]brjhobfbqg_kdh]h hICBD" _ gblZdZnO bzZznS ihemqg_gguo obfbg_kdh]h
gZkeZb\SPDybeSBILAR GZb[he__ \ukhdZy kdhjhklv hkzZ ~ gby gZ

gf fbg aZnbdkbjh\ZgZ ijb b~ jhobfbqC#&IhHIRKkd ¢ hgbdlh
gZg_k _gb_ iZmOgdBb[he  kbevgh kgb Z | ijhajimpphkdv kIl _d
ihr"eh db k ~Ah

N.V. Bogomazova, V.D. Sidorov!, A.A. Golubevé, | .M. Zharskii !
1Belarusian State Tecnological University

Minsk, Belarus
2St. Petersburg State University,
St. Petersburg, Russia

FEATURES OF A'BY' SEMICONDUCTOR FILMS
OBTAINED BY CHEMICAL DEPOSITION OR
LAYERING METHOD

Abstract.Submicron films of AlVI class semiconductors were studied using the
example of CdS coatings obtained by hydrochemical deposition (CBD), as well as ZnO
and ZnS btained by chemical layering (SILD or SILAR). The highest deposition rate at
a level of 13 nm/min was recorded during hydrochemical deposition of CdS. It is noted
that the application of a ZnO film most significantly reduces the transparency of the
glass sibstrate from 90 to 40%.

Kh\j f ggu_ bkke "~h\Zl _eb ijh"he  Zxl Zdl
fZzl _jbZeh\_~gq_kdb_ bkke_ "h\zZgby \ jZfdZo dhlhjuo
ZdlmZevgu_ | _g” _gpbb jZa\blby nmgdpbhgZevguo ie_ ¢
Kji_~b gbo i_j_oh” +hid gZayjinkljmdIimjbjh\Zgguf ie_gdZz
bg"b\b"mZevguo kh_"bg _gbc b I\ _jAuo jZklI\hjh\
nmgdpbhgZevguo dhglZdlih\ \o\Wb™Z heb dhglzdlZ RhIld
gZ ] _I_jhi_j_oh” qglh iha\lhey | kms_kI\_ggh ih\ukblv v
fbdjh gZgb hilhwe _dljhgguo ije[A)jh\Zjy wnn_dlZf
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k\ jobg dpbb rbjhdhahggh]h hdgZ we _dljhggh]h L
hl]jZgbq_gby

Fh gh hif_Iblv qlh \ ] _ | _jhi_j_oh”~u m" _ ~Z\gh
rbjhdh_ ijzdlbg_kdh_ ijbf_g_gb_\ ihemijh\h~gbdh\uo
kK\_ITh*bh*"guo nmgdpbhgZevguo bklpmdfmyZba[eZklb
kharZgby nhlh\hevliZbqg_kdbo ie_ghqguo kljmdIimj ]._
rbjhdh bkke “mxlky gh bf_xI h]jZgbg_ggh_ ijbf_g _gb
g_"hklZlhggh \ukhdhc bgl_gkb\ghklb IZdbo kheg_qguc

< gZklhys__ \j_fy ey nhlh\hevliZbqg Ikndbd ] | _jh
dZg_kI\_ gZb[he__ i_jki_dlb\guo fZl_jbZeh\ ih]e
madhahggh]lh kehy jZkiCddéjbk2xligu  k_eSrgbld u
Aim]b_ ithemijh\h*glZdp kK kehy \uihegyxs_]h nmgd
rbjhdhahggh]l]h hdgZ Zdlb\gh bamqgzZxlky [|Zdb_ r!
ihemijh\hNgbdlZd oZevdh]_gis" w8 G& _ hAri]84],
TiO2[35],SNG, > @ Kj_"b mdZaZgguo fZl_jbzZeh\ k\_lhijhin
kehy [_kkihjgufb “"hklhbgklI\Zfb hdkb~h\ y\eyxlky bo
obfbg_kdZy b | _jfbg_kdZy klhcdhklv Z 1Zd _ | _ogheh]

< gZr_chE[ ijh\_~ gu kjzZ\gbl _evgu_ bkke_ "~h\Zghby
rbjhdhahgguo ihemijh\h~gb'dci\gdeidbkk@dS Z 1Zd" _
ZnS b ZnO ihemq_gguo ba jZkl\hjh\ ihkj_~kI\hf ijhyg
obfbg_kdh]h hkZz ~ gby beb obfbq_kdh]h gZkeZb\Zgby

le gd6GdS gZghkbebkv gZ ieZgZjgu_ ih”eh db ba
f_ ITh hf ]b*"jhobfbqg_kdh]h @BX ~ljgbwlhf djhf_ gbkluo
kil deygguo ih*eh _d \ jy®_ hiulh\ bkihevah\Zebkv i
dhlhju_ [ue ij_~\Zjbl _evgh gZiue_g kehc fheb[" _gZ
ihjyrdZz gf Ijb hikE "te ggdd8 \ dZqg_ KkI\_ dZlbhggh]h
ij_dmjkhjZ bkihevah\Zeky ZffbzdZlgu& jZklXlg] &G 62
Zgbhggh]lh ij _dmjEKkRj¥h] &6)1+L fi_ jZImjZz hkZ ~ _gby
khklz\eyez fK Z ijh*he bl _evghklv h[jZ[hldb \Zjvbjh
agZq_ghbc fbghb

le_gdnSb =Q2 1Zd _ gZghkbeb gZ kl_dehieZklbgu
ihke _"h\Zl _evgh]h obfbq_ kdh]BILAR klkeeZIBNLDg b y<
dZqg_klI\_ dzZlbhggh]lh ij_dmjkhjZ bkihevah\Zeky ZffbZq

F =Q63G ijb dhfgzlghc | _fi_jZImj_ Z \ dZq
Zgbhgghlh ij_dmjkhjzZF jZkI\N&S,03 ijb dhfgZlghc
| _fi_jZImj_ Bebuc jZklI\hD,#jb | _fi_jZImj_ i fK
ljh~*he bl _evghklv h[jZ[hldb \ \ZggZo khklZ\eyeZ k
hdhgqgZl _evgh]h hl'b]Z \ \ha”mrghc Zlfhkn_j_ khklZ\e
\' | _gb_ i fbg < wdki_jbf_glZo ih nhjfbjh\Zgbx |
dhebqg_kl\h pbdeh\ h[jZ[hldb \Zjvbjh\Zehkv hl A h
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J amevlZlu bkke _"h\Zgby ihemqg_gguo pbgdkh”™_j°
ihfhsvx kdZgbjmxs_c¢c we_dljhgghc fbdjhkdhibb mdZz
h[jZah\Zgb_ijb gZkeZb\Zgbb kiehrguo “hklZlhgqgh ieh
iehoh \ujZ _gghc djbklZeebqgghklvx jbk [h\
r jhoh\Zlhklvxloghdad\Zebkv Z2eQ giéblk [ >ey gbo " _

Ijb h~bgZdh\hf dhebqg_kI\_ pbdeh\ gZkeZb\Zgby
aZnbdkbjh\Zgh h[jZah\Zgb_ kms_kI\ _ggh [he__ lhe
thjyrdZz gf ih kjzZ\g_gbx KkKnbe kgdesfbgZ dhlhjuo
khklZz\beZ hdheh gf

Storena S

uuuuuuuuuuuuuuuuuuuu

nm 15.0kV x40.0k SE(U)

Jbk - We_dljhgghfbdjhkdhibg_kdb_ bah[jZ  _gby kdheh\ kl_de\
ihr"eh” _d k ie_gda8fZz b znO([ ihemqg_ggufb ijb obfbq_kdhf
gZkeZb\Zgbhb

Ilh "Zgguf we_dljhgghc fbdjhkdhibb hij_~ e _gZ

kdhjhklv nhjfbjh\Zgby pbgdkh”_j Zsbo keh_\
obfbg_kdh]h gZkezZb\Zgby dhlhjZy \Zjvbjh\ZeZkv hl
|Z[ebpZz HIf Ibf qglh ihemqg_ggZy kdhjhklv h[jZah\Z
ZnS ohjhrh kh]l]eZkk _dkyhghf_jghklyfb bhggh]h f_oZg
gZkeZb\Zgby > @ <ukhdZy kdhjhk|IZnO[)ZptW\lhdby ie ¢
h[mkeh\e _gZ j ZebaZpb_c f_ozZgbafZ dheehb”gh]h gZ

LZ[ebpZ>Zggu_ ih kdhjhklb hkz '~ gby ie_ghd

H[hagZq | Lhesb( ljh*he bl _e Kdhjhklv hkz "~ g
h[jZzapZ ie_gd|l klv hkz »
gf hlghkbl_e\y Z[khexlg]
pbde| fbg gf pbde gf fbg
:Q6
:Q2
&G6
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>ey ie_gbds ihemq_gguo f_Ih”hf Jb”*jhobfbqg_kc
hkz '~ gby ba jZkl\hjZ 1~ h~rgh\j_f _ggh ijbkmlk
dZlbhgguc b Zgbhgguc ij_dmjkhju m- _ \bamZev
ithemq _gguo h[jZaph\ k\b”_ | evkl\h\Ze h[ hkzZz " _gbb g
hrghjh~guo ijhajZgguo ie_gihdhoZjgt]h p\ _1Z 1Ih
nzZgguf ijhnbehf Ijbg_kdbo baf_j gbc Z\lhjh\ > @ \ bki
mkeh\byo ijb m\_ebqg_gbb ijh*he bl _evghklb hkz ~ g

fbg IlhesbgZz i€d\WhdajzklZ | hi Nh gf

NmgdpbhgZevgufb lj [h\Zgbyfb \ rbjhdhal
ihemijMdpbdzf ~ey nhlh\hevliZbg_kdbo ]_I_jhkljmdImj
"hklZlhggh \ukhdZzZy ijhajZzqghklv [he__ \ \bAbfh"
hilbg_kdh]h ki_dljZz we_dljhfzZ]gblgh]h baemqg_gby b
agZg_gb_rbjbgu aZij_s _gghc ahgu [he_ = w<

lh j_amevlzIlzZf ki_dljhnhlhf_|jbg_kdbo baf_j gbc \
"ebg \heg hl A h beb gf gZfb aZnbdkbjh

gZb[he_ _ kbevgh mf_gvrbehkv hilbg_kdh_ ijhimkdZg
ih"eh db ijb hkz '~ _ghdmHe jQHD

§1 Crexno /ITO Z 1
[ [
0 1+tih*eh @zie 7
50 2 —— IlneHxka 20Zn0O; 3 tie_gd 5
13 40ZnC; 4 tie _gd
: 60ZnC;5 +sie _gdZr

Jbk - Ki_dlju hilbg_kdh]h ijhimkdZgby ih~eh _d
k ie_gdzhtH Z ZnS(]

WIlh \ _jhylgh \ [hevr_c kl_i_gb k\yaZgh kh kljn
hkh[_gghklyfb iZ2nOydZ g_ k __ ih\ur_gghc Ilhesbgt
ihkdhevdm 7~ey @GaSghjd kms_kI\ _gghf m\_ebq_gbl
ijh"he bl _evghklb hkz ~ _gby hl h fbg b khhi\_|
lhesbgu ~h gf ijhajzqghklv ih*eh db g_ mf_gvrZeZz

jbk

Hlighkbl _evgh hij_ "~ e gl hibplmglk aZij_ s _gghc
ahgu fh gh hilf_Iblv qlh “ey gZb[he__ Ihgdbo ie_ghd r
S 73 w< gZ ihemqg_gguo Kki_dljZo g_ aZnbdkb
kh[kI\ _ggh]h ih]Jehs gby >ey f g _ rbjhdhahgguo iher
ZnH 4? w< Cds 73 w< kgZdljZo aZnbdkbjh\Zgu
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h[feZklb kh[kI\_ggh]h ih]Jehs gby \ *bZiZahg_ "ebg \h
gf khhil\_IklI\ _ggh WIlb agZq _gby [ebadb d kijZ\hqg
rbjbgu aZij_s _gghc ahgu > @ glh mdZaulZ | gZ
d\Zglh\hjZaf _jghl]h wnn_dlZ mrbj giby alZguy s g
0ZjZdl_jgh]h *“ey gZghjZaf_jguo ihemijh\h~gbdh\

0
T, % 100 1
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80ﬁvvvv
60
20
0
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1+tih~"eh ®zie g€uS
Jbk- Ki_dlju hilbg_kdh]h ijhimkdZgby kl _deygguo ih*eh”  _d k ie
CdSs
LZdbf h[jZahf bkke "h\Zgby km[fbdjd)gguo ie_
ithemq_gguo f_|h*hf ]bAjhobfbq_kdh]h hkzZ ~ gby Z
ZnO bZnS ihemqg_gguo obfbg_kdh]h gZkeZb\Zgby ihdZ:
ithemqg_gby hilbg_kdb ijhajZqguo h”*ghjh”guo ihemijkl
ie_ghd ij_"ihqglbl _e g f_Ih™ obfbg_kdh]h hkzZ ~ gb:
ithalhey | gZghkblv ie_gdBdSgkhijlkdhjhklvx [he
gf fbg Ki_dljlhihHijbg_kdb_ baf j gby mdZau\Zxl gZ
gZg_k_gb_ ZaOddésbghc hdheh gf f_Ih~hf obfbqg_kc
gZkeZb\Zgby g9gZb[he_ _ kbevgh kgb ' Z | ijhajZgqghkl
ith*eh db k N h < Ih _\j fy gZgd8fglh~"hé gdb
][b~rjhobfbg_kdh]h bhwZhespghc ~"Z° gf ijb\h”~bl d
mf_gvr_gbx hilbg_kdh]h ijhimkdZgby g_f g qg_f ~h

Kibkhd bkihevah\Zgguo bklhggbdh\

1.:g < < AZdhghf_jghklb ihemqg_gby gZghkljmdIm]
b oZevdh] _gb”h\ fCuZseSn\Mo, W b fZl jbZeu gZ bo
hkgh\_ "ey Ijb[hl_ogbdb b nhlh\hg¥|Zbdb gZbkd ~*
i Lhfkd i Kk
2. Lheklhc < | J_Zdpbb bhggh]h gZkeZb\Zgby Ij
gZghl _ogheh]bb < 1 Lheklhc i Mki ibb okfbb
K 183499.
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3. Optical properties of chemical band deposition CdS thin films / V.F.
*UHPHQRN >HW DO @ : ,QWHU 6FLHQFH FRQIHU
VWDWH SK\VLFV&30LQIVN

KijZ\hggbd ih we _dljhl_ogbqgq_kdbf fZl jbzZeZf
X < Dhjbpdh]h < < |Zkugdh\Z , Fo UBfZo\zZ \
F Wg jlhZlhfba~ZL 7 k

<!l ;hmnZe > 1 <Z[bs_\bg : < lygdh :: Q_
;_ehjmkkdbc Jhkm~Zjkl\_gguc | _ogheh]bqg_kdbc m
Fbgkd _eZjmkv

<EBYGB? L?FI?J:LMJU HK:@>?GBY KIEcFel
G: WDKIEM:L:PBHGGU? O:J:DL?JBKLBDB IHDJULBY
BA KMEVN:LGH=H WE?DLJHEBL:

:gghlZpbyWe dljhobfbg_kdbc kddd¥Zewdk eah h[ezZz"Z |
jy*"hf k\hckl\ [ez]h”~Zjy dhlhjuf gZoh”~ibf rdbjgdh_\
ijhfure_gghklb >ey ihemqg_gby-&hgZe&X| gbahebkke ~h\Zgh
\ebygb_ | _fi_jZImju gZ k\hckI\Z ihdjulby

V.P. Boufal, D.P. Vabishchevich, A.V. Pyanko, A.A. Chernik
Belarusian State Technological University
Minsk, Belarus

INFLUENCE OF DEPOSITION TEMPERATURE OF NI £0-FE
ALLOY ON THE PERFORMANCE CHARACTERISTICS OF
SULPHATE ELECTROLYTE COATING

Abstract.The electrochemical nickebbaltiron alloy has a number of properties
due to which it is widely used in industry. To obtain a nickélaltiron alloy, the effect
of temperature on the properties of the coating was studied.

< gZklhys_ _ \j_ fy rbjhfdgb \gm”~ ey Iky jZa\blbx
fghl]hdhfihg_glguo kiezZ\h\  Hkgh\hc [Zdbo ihdjulbc
dhfihabpby hl Ilj_o f_IZeeh\ kh”_j Zgb_ dZ ~h]h L
\Zjvbjm | hl ~h Z| glh ~Z | \hafh ghklv ihemqgzZl
memqr_ggufb -odabdhkdbfb b f_oZlgbl\hkedkd\Zfb
GZb[hevr__ jZkijhkljZzg_gb_ ihemqgbeb kieZ\u gZ hkg
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ith”]jmiiu ~ _e_azZ Kj_"b kiezZ\h\ ih*]jmiiu ~_e_aZ gz
bgl j_k ij_"klZ\eyxl| ihdjulby gZ hiGplFe dhéeZ\&Z 1L
0ZjZdl _jbamxlky memqgr_ggufb f _oZgbq_kuftbfb b dh

k\hckl\Zfb We dljhobfbq_ NdGeFekgpeZ\mkIimiZ | ih
k\hckI\Zf ojhfh\uf ihdjulbyf ijb wlhf g_ kh” _j bl dZgp_
we f _glh\

Kiez\u gb-dhd¥evle ah nhjfbjmxlky \ \b”_ I\ _j~u
jZklI\hjh\ \h \k_c h[eZklb dhgp_gljZpbc b thiml [ulv
f ITh~"hf we_dljhhkzZ ~ _gby ba IZdbo \h*guo jZzkl\hjh\ d
kmevnZfZlguc b kmmehkhpiNghc

< jZ[hl_ bkihevah\Zeb kmevnZlguc we dljhebl "e
ljhcgh]h kiezZ\Z < jheb [mn_jZ \uklmiZeZ [hjgZy d
fbgbfbazZpbb i_j oh”"Z | e\l dldh_ khklhygby \\h”b
Zkdhj[bgh\mx dbkeYdmbdZpbb

ljb m\_ebqg_gbb | _fi_jZImju hkZ ~ _gby Ijhcgh]h
Ni-Co-Fe hl A h fK m\_ebgb\Zezkv fbdjhl\_j~hklv ihd

~Ah +9 Iljb wilhf kj_~g__ Zjbnf_Ibg_kdh_ hldel
ijhnbdR, b \ukhlZ g _jh\ghkl _c ijhnbey ih 2 kylb IhgdZ
m\ _ebqg _gbb | _fi jZImju we _dljheblZ ~h fK mf _gvrZz
fdf 5 b fdf). 5bdjhnhlh]jZnbb ihdjulbc gZ hkgh
ljhcgh]lh kiez\Z ijb jZaebgguo |_fi_jZimjxézZh&Zgh _gby
gZ jHdk

Jbk Fbdjhnhih]jZnbb ihdjulbieCkFez\Z
ijb jZaebgguo |_fi_jZImjZo hkZ ~_gby ihdjulbc fK Z b f

Ba jbk ijb | _fi_jzZImj_  fK gZ[ex™Z _|ky gZ\h~hjz"
ithdjulby b \ukhdb_ \gmlj_ggb_ gZijy _gby dhlhju_
jZklj _kdb\Zgbx ihdjulby b hlr_emrb\Zgbx ljb m\ _
| fi_jZImju we _dljheblZ ~h fK we _dljhoGdbeg kdbc ki
hkz ~Z |ky \ \b~_ kljmdImjbjh\Zggh]h ihdjulby k \ukh
[e_kdodHghr _c Z*] _ab_c

Lzdbf h[jzahf \ jZ[hl_ bkke_~h\Zgh \ebygb_[|_fi
f_ ozZzgbg_kdb_ k\hcklI\Z b kljmdIimjm hkz ~Z_fuo ihdju
ljhcgh]h kieZ\Z ba kmevnZligh]l]h we _dljheblZ MklZgt
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fK ~hklb]Z _|ky fZdkbfZevgh_ agZohkb_ bfbdjhl\
fbgbfZevgh_ agZqg_gb_ r_jhoh\Zlhklb ihdjulbc LZd _
| fi_jZImj_  ihdjulby ihemqgzZxlky jzZ\ghf_jgu_ k \t
A dhjzZlb\gufb k\hckI\Zfb

Kibkhd bkihevah\Zgguo bklhggbdh\

1. Yufang Y. Preparation of F€o-Ni Ternary Alloys with
Electrodeposition / Y. Yufang // Int. J. Electroche®ui. £2015. £V. 10, no
1. £P.5164 5175

G G LZjZK odk DhijgG\< LZjZX gdh
KL 1ZrZyg < ;mp_gvV
1Bgklblml nbabdb bf_gb ;aBG:IGl ;iZgjmkb
2. ehjmkkdbc J]hkm~Zjkl\_gguc | _ogheh]bg_kdbc m
Fbgkd ;_eZjmkyv
SBgklblml nbabg_kdbo bkke_ ~h\Zgbc G:G :jf
rlzjzd :jf_gby

KBGL?A G:GHKLJMDLMJ F?>B F?LH>HF E:A?JGHC
'EYPBB < @B>DBID?>:0

:gghlZpby ~Zgghc jZ[hl_ f _Ih~hf gZghk_dmg”*ghc eZa_jgh
E: fbr_g_c ba f_"b b hdKb*"ztheimf§bgu dheehb”gu_ jZkl\hjt
gZghgzZklbp \ jZaebgguo "bArdhnZaguo kj _~Zo I|hdZazZgh ¢l
fhjnheh]b_c¢c gZghqzZklbp fh 'gh mijXu¢lyj¥ imrdhc kj_~u \
dhlhjhc hkms _kl\eyeky kbgl _a

N.N. Tarasenkd, V.V. Kornev?!, N.V. Tarasenkd,

S.T. Pashaya”RA.V. Butser?
1B.I. Stepanov Institute of Physics, NAS of Belarus
2Belarusian State Technological University
Minsk, Belarus
3Institute for Physical Research, NAS of Armenia,
Ashtarak2, Armenia

SYNTHESIS OF COPPER NANOSTRUCTURES
BY LASER ABLATION IN LIQUIDS
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Abstract.In this work, colloidal solutions of nanoparticles in various liquids were
obtained using nanosecond laser ablation (LA) of copper and copper oxide (ll) targets.
It was shown that the composition and morphology of nanoparticles can be controlled by
choosng the liquid medium in which the synthesis was carried out.

< ihke_"gb_ ]h”u [hevrhc gZmqgguc b ijZdlbqg_kd
1j_~klZ\eyxl gZghkljmdImjgu_ b gZghdhfihablgu_ -
gZghqZklbpu hdkb”h\ i _j oh”guo f _|IZeeh\ b ihemij
f I Zeehdkb?rgwZghlgkljmdImju dhlhju_ bf_xI rbjhdbc ki
Ijbf _g _gby \ gh\ _cr_c hilhwe _dljhgghc b eZa_ jghc
mkljhckl\_  kheg _qguo we _ f _glh\ k gkhjh\ b 2~ |
[bhf "bpbg_ b dZlZeba- @b Kj ~» gh\uo | _ogheh]b
ihemq _gby gZghqgzZklbp GObfwsgkifWwfp h[ez~Z | f _Ih”"
bfimevkghc eZa_jghc Z[eypbb \ "b~rdhklb BE:@ > @
< gZklhys ¢ jZ[hl_ f_Ih~hf 2\mobfimevkghc
I\ _j~hl_evguo fbr g ¢ \ jZaebgguo "b~dhnZaguo Kk
bkihevah\Zgby-ebdadboh\ jogikdgd\guo \ s kI\ beb
klZ[bebalZ\hjjueb themg_gu GQ b _"b hdRUD) 4jb
\ZjbZpbb izjzf _Ijh\ eZa_jgh]lh baemq_gby b k\hcklI\ b
>ey ijh\_~ gby wdki_jbf _glZ bkihevah\Zeky bf
gZghk_dmg~jue$xrGeZa j /27,6 7,, /6 ', _eZjmk
jZ[hlZxsbc "\mobfimevkghf j_ "bf_ HiKghhglyu
eZa_jgh]h baemqg_gby ke "mxsb_  "ebgZ \hegu (
f>" bfimevk 7ebl_evghklv bfimevkZ gk qZklhlZz
bfimevkh\ =pAZ2"@ dm f_""m k~\h_ggufb bfimevk
mklZgh\beb jZ\ghc fohkkhajbddhkd ihdZaZeb ij_~u”“ms|
bkke_ ~h\Zgby gZ[ex™"Z _I|Iky gZb[he__ wnn_dlb\gZy Z[
fbr _gb b \ke_7~klI\b_ wlh]h ijhbkoh”bl nhjfbjh\Zgb_d
jZkl\hjz k fZdkbfZevghc dhgp_gljZpb_c¢c GQ < dZq_
bkihevah\Zebkv f_|Zeebq_k@&ZklbfgZ2gdy fbr_gv ba
kij _kkh\Zggh]h i@Gy@rdz [eypbx fbr_g _c ijh\h”~beb
\'l_g_gb_ fbgml \ “"bklibeebjh\Zgghc \h*_ Zp _|hg_ b
kibjl _ lehlghklv fhsghklb eZa_ jgh]l]h baemqg_gby gZ
fbr _gb khklZ\eyeZ "l ®<I| Kf Fhjnheh]by jzZzaf j b
kljmdImjZz 1ihemqg_gguo GQ ihke_ bo hkz ~ gby |
ZgZebabjh\Zebkv k bkihevah\Zgb f kdZgbjmxs_c¢ b ij
we dljhgghc fbdjhkdhibb KWF b IWF Z lzd _ ijl
Z[khj[pbhd®/2ws ki_dljhkdhiby b j_gl]_ghkljmalmjguc Z
GZ jbk ij_"klz\e-lmah[YWF _ gby ihemqg_gguo GQ ihl
E: \ bahijhibeh\hf kibjl_ b :gZelthay_bah[jZ _gbc
ithdZau\zZ | glh ithemqg_gu d\Zabkn_jbg_kdb_ GQ
fhjnheh]b_c \h \k_o jZdfhjdaohjlhjuo e_"ZI \ bgl_j\Ze_
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A h gflyogZ[ex™Zxlky b g_[hevrb_ Z]ehf_ jZpbb k jZe¢
Ij_~ eZo hl ~h gf Gh b wlb djkdilgju  gKk]hp
yleyxlky j_amevlzZlihf Z]lehf_jZpbb \ ijhp_kk_ ijh[hi
h[ijZaph\ *ey ijh\_* gby baf_j gbc gZ we_dljhgghf fbd

Jbk - I WK bah[jZ  _gby GQ ihemqg_gguo eZa_jghc Z[eypb_c \ Zp_|I
f ~ghc fbr_gb ke \Z DbCl®Or kgjz\z

Ki_dlju hilbg_kdh]h ih]Jehs_gby wdklbgdpbb |
ithemqg _gguo Z[eypb ¢ f_~ghc b hdkb~ghc fbr_g c \ \h:
ijb\_~ gu gZ jbgzZ[e&ZZ |ky ihehkZ ibd k fZdkbfmfhf

gf qglh hlghkblky d ihehk_ieZaf_gghldu ih]Jehs g
k\yvazZgt k dhee_dlb\guf \ha[m ~ _gb_f we_ dljhgh\ ijh'
f 1ZeeZ 1jh\_* gb_ Z[eypbb \ *bklbeebjh\Zgghc \h”"_
g_ijb\h~bl d ihyle _gbx mdZazZggh]h ibdZ qglh h[tykgy_
[ukljuf hdbke _gb_f gZghqZklbp \ \hA_ GZijh\b\ eZa_ |
Zp_lhg_ ijb\h”bl d nhjfbjh\Zgbx f_~guo GQ 1ijbqg_f \b
1jZdlbg_kdb g_ azZ\bkbl hl IbiZz bkihevam_fhc bkoh"
djb\u_ b

HIf Ibf qglh ihke_ “hihegbl_evgh]h eZa_ jgh]lh |
ithemqgq _gguo dheehb”h\ g_knhdmkbjh\Zgguf dbgdhf \Ih
"ebgZ \hegu gf -@éBa<$pZ \h \k_o dheehb”™Zo gZ[ex"
ithegh _ bkg_agh\_gb _ thehku ih\_joghklgh]h
k\b" | _evkl\mxs__ h[ hdbke_ _gbb f IZeebqg_kdbo gZklb
bkihevam_fhc fbr_gb &X beb &X2 b khklZ\Z "b~rdhklb
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Jbk - Ki_dlju ih]Jehs_gby GQ ihemqg_gguo E: f_~ghc fbr_gb b fb
CuO \ "bklbeebjh\Zgghc \h_ b Zp_Ihg_

LZdbf h[jZzahlfZzk\hys _c¢ jZ[hl_ f_Ih~hf “\mobfimevk
BE:@ I\ _j~hl_evguo fbr_g c \ jZaebgguo b~dhnZaguo
bkihevah\Zgby-eld[Zdboh\_ joghkdgdh\guo \_s_ kI\ beb
klZz[bebaZlhjh\ [ueb ihemg_ Quw 6Q f KRikKbOZ
bkke_ "h\Zgu kKljmdIimjgu _ fhjnheh]bqg_kdb _ b
0ZjZd!l_jbklbddbjnZgguo GQ IhdzZazZgh qglh khklz\
fhjnheh]b _c gZghqgZklbp fh 'gh mijzZ\eylv \Zjvbjmy khk
fbr _gb b "b~dhc kj_"u \ dhlhjhc hkms_kl\ey Ilky
MklZgh\e _gh glh eZa jgZy Zl[eypby \ Zp _Ihg_
nhjfbjh\Zgbx GQ f I1Zeebqg_ &ftlhg gb*b b jZklI\hjbl ey gz
"bklbeebjh\Zggmx \h m iha\hey | nhjfbjh\ZIv ij_bfm
hdkb” u_ GQ Ijb Z[eyplhOfbr\hdg'b gZ[ex*"Z |ky keZ[Zy
rbjhdZy ieZafhggZy ihehkzZ k fZdkbfmfhf hdheh g
dhlhjZy iha\hey | k® _eZlv \u\hbdbbh GQjfbjE\eegq_ kdhc
f "b gZjy™m k hdkb~gufb gZghkljmdImjzZfb

< NZevg_cr_f ieZgbjm _lky bkihevah\Zlv ihe
gZghkljmdIimju Ney nhjfbjh\Zgby Zdlb\gh]h fz
nhlh\hevliZbg _kdbo we f glh\

Kibkhbkihevah\Zggadbggbdh)\
1.Zeng H., Du X.W., Singh S.C., Kulinich S.A., Yang S., He J., Cai

W. / Nanomaterials via laser ablation/irradiation in liquid: A review.//Adv.
Funct.Mat.2012; 22: P.1333.
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2. Tarasenko N. V., Butsen A. V. Laser synthesis and modification of
composite nanopacles in liquids Quant. Electron2010; 40:J 9861003.

3. N. N. Tarasenka, A.V. Butsen, N.V. Tarasenko, S.T. Pashayan.
Laser assisted fabrication and modification of metal oxides nanostructures.
©$SUPHQLD LQ IRFXV 623, (-28 3, RFIE), Armenia,
Yerevan: P. 91.

M>B21.7
< <hehdblbg B ? <hehdblbg.:
DZjz]Zg”"bgkdbc bg"mkljbZevguc mgb\_j
L fbjlZimzaZoklZg

W<HEXPBY FBDJHKLJMDLMJU F?>GHC IJH<HEHDB
IHKE? KDJMQB<:GBY < J:<GHD:G:EVGHC
KLMI?GQ:LHC F:LIJBPRHEHQ?GBY

:gghlZpb¥kke_"~h\Zgh \ebygb_ gh\hc |_ogheh]bb h[jZ[hld

ijh\hehdb gZ baf_g_gb_ __ fbdjhlaimedl@dju ~ _nhjfbjh\Zgby [ueZ
ihemqgq_gZ f_"~gZy ijh\hehdZ k ]jZ”"b_glghc kljmdIimjhc [Ih\_jo
baf _evg_g ~h gf gZ Jem[bgm 8§ ff >Ze_ _ jzZaf_j a_j_g 1
p_gljzevghc qzZklb ijh\hehdb b khklz\ey_ | fdf

A.V. Volokitin, I.E. Volokit ina
Karaganda Industrial University
Temirtau, Kazakhstan

EVOLUTION OF COPPER WIRE MICROSTRUCTURE AFTER
TWISTING IN AN EQUAL -CHANNEL STEPPED MATRIX AND
DRAWING

Abstract. The influence of a new technology of copper wire processing on the
change of its microstructure has been investigated. As a result of deformation a copper
wire with a gradient structure was obtained. The surface layer is crushed to 500 nm at a
G H S W Kmihl Rairther the grain size increases to the central part of the wire and is 4

m.

ljb \hehqg_gbb ijh\hehdb kj_~g ]h b [hevrh]h
bkihevah\Zgb_ [hevrbo h[ Zlbc b ke ~h\Zl _evgh
dhebqg_kI\Z pbdeh\ ~ nhjfbjh\Zgby g _p_e _khh[jZag
bkoh”guc "bZf _Ij ijh\hehdb h]jZgbg_g Z m\_ebqg_gb_
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ijb\h~bl d mf_gvrb@hxlj’Z ijh\hehdb Ihwlhfm \ ihke_ *
"NZ N _kylbe _Iby [hevrh_ \gbfZgb_ bkke_ _"h\ZIl e «
ithemqg_gbx mevljZf_edha_jgbkluo MFA klIjmdIimj \
kiez\Zo f_Ih*Zfb bgl_gkb\guo [hevrbo ieZklbq_kdbo
BI> \ klyab k \hafh ghkhyft j jddhilh\ur_gby \ gbo
ijhgghklb GZ k_]Jh~gyrgbc fhf gl d | _ogheh]byf
wnn_dlb\gh baf_evqZxsbf kljmdImjm hilghkylky f_Ih”u
fghlhpbdeh\hc h[jZ[hld_ j_Zebamxl ko_fm2ijhklh]h k
GZb[he__ bkke_~h\Zgguf b bkihékédamy¥Yey Ikylh
jZ\ghdZgZevgh_m]Jeh\h_1ij_kkh\Zgb_ JDMI

JZa\blb_f | ogheh]bc \hehg_gby b JDMI klZeh bo
\ h*bg dhf[bgbjh\Zgguc34@p_kEgguc kihkh[ h[jZ[hldk
"Z\e _gb_f iha\hebe ij_h”he_Iv ~\Z kms_klI\ _gguo
ijhp_kkz JDMImevlZd g _]h klZeh \hafh guf ~ _nhjfbjl
aZlhlh\db g_h]jZgbg_gghc 7~ebgu Z 1Zd _ hkms_kI\
AN nhjfbjh\Zgby g_ij_julgh b [_a h[jERRAKKgby ij_ kk

Dexqg_\uf hlebgb f bkke_ ~m_fh]h \ "Zgghc
kh\f _s ggh]h ijhp_kkzZ hl f-VhéeEg@ d@DWMley Iky Ih qlh
\ jZ\ghdZgZevghc kilmi_gqgZlhc fZljbp_ aZ kg_| __ \jZs
aZlhlh\db ijhbkoh”bl kdjmgb\Zgb_ aZ]hlh\db qglh iha\l
kha~Zlv “hihegbl _evguc mjh\ _gv » nhjfZpbb \h \k _f
k _g_gbb ljb 1hiz*"Zgbb az]mbgbelwgic\bagkljmf_ gl
ijhbkoh”~bl dzZeb[jh\dZ ihi_j _qggh]l]h k_q_gby azZ kq_l
dZgZeZ nbev_ju JZ\ghdZgZevgZy klmi_gqZlZy fZljbp
"h \hehdb h[_ki_qb\Z_ | j_ ZebaZpbx ihi_j _gghc b
k"\b]l]h\uo »_nhjfZzpbc qlh ihal\hey\guxkdjZgkiM led
ijhp_kkZ \hehgbaghynx ieZklbgghklv

< k\lyab k wlbf bkihevah\Zgb_ mkh\_jr_gkl\h\Zgg
A nhjfbjh\Zgby khqg_lZxs_]Jh \ k_[_ ko_fu djmq_gby ij
b deZkkbqg_kdh]h ijhp_kkZ \hehq_gby iha\hey | j_Z
\ukhdbcjhimgv ijhjz[hldb f_|IZeeZ b jZkrbjblv ]jZ
ijbf_g _gby ljZ"bpbhgguo dhgkljmdpbhgguo fZl
ljZdlbq_kdZy agZqbfhklv "Zgghc jZ[hlu aZdexqZ _Ilky
\g _"j_gby mkh\_jr_gkl\h\Zgghc | _ogheh]bb \ kms
\hehgbevgu_klZgu iml_f "HHih\enady h @ kms_ kl\ _ggl
baf g gbc \ dhgkljmdpbb klZgZ beb \'I| _ogheh]bb ~ nh
| ogheh]by iha\hey | ijhba\h?blv ijmldb b ijh\hehdm
f I1Zeeh\ b kiezZ\h\ b bf__| gZpbhgZevgh_ b f_""mgZjh
|1Zd dZd memqgrZ | ijhgghkibpulbedZjdZ kg | gZdhie gog
A nhjfZpbb b nhjfbjh\Zgby ]jZ”*b_glghc fbdjhkljmdIimju
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< dZqg_kI\_ h[jZaph\ [ueZ bktphdyaWh&lgdZz fZjdb
F rbzf _Ijwf5 ff \ | _jfbg_kdb h[jZ[hlZgghf khklhygbb
ithemqg_gby bkoh”ghc jZ\ghhkghc kijmdImju

Kmlv I _ogheh]bqg_kdh]h ijhp_kkZ aZdexqZ _ Iky \ *_
ijh\hehdb \h \jZsZxs_cky jZ\ghdZgZevghc kimi_gqgZlh
ithke_"mxs_]h \hehqg_gby FZljbpzZ \jZsjh\hleyhdibdlpm] hk
| f kzfuf kha”zZ | gzijy _gb_ azZ kq_l| jZ\ghdZgZev
ijhly " db b kdjmqgb\zZgby \ fZljbp_ <jZs_gb_f
hkms_ kl\ey Iky \ Kki_pbZevgh jZajzZ[hlZgghf f _o0Zgbz«
mklzZgzZ\eb\Z |ky \ ebgbx h[hjm~"h\Zgby \hehgbevgh]h
| oghebg kdhc kfZadhc qglh ihalhey | hkms _ kl\eylv il
\ fZljbpm b nbev_jm \ [ehd_ \hehqg_gby KfZadZ khkll
kljm db b kem bl ”~ey mf _gvr _gby mkbebc \hagbc
ijhly]l]b\Zgbb kI _j°'g_c g _j_a jZ[hgb_dZgz\db nbev _ju

>ey | _ZebaZpbbgghd Is ogheh]bb ijb »~ nhjfbjh\Zgl
f ~ghc ijh\hehdb bkihevah\Zeb ijhfure_gguc [Z].
\hehgbevguc klZgF< > nhjfbjh\Zgb_ ijh\h”*behkv ijl
dhfgZlghc | _fi_jZlmj_ k bkihevah\Zgb f fZjrimlZ <k
ijh\hehdb ihke_dZ ~h]h pbdezZ ~_ mhjkb\jdyZgbhy HXm
9oh Dhebqg_kl\h ighoMYh\gvr_gb_ ~bZf _1jZ ijh\hehdb ih
dZ " "h]lh pbdezZ ~ nhjfbjh\Zgby khklZ\eyeh ff Lz
ijhoh”h\ A nhjfbjh\Zgby fu ihemqgbeb ijh\hehdm ~"bZf_|
Kdhjhklv \hehq_gby [ueZ jZ\gZ kdhjkkipp\wabfgby
jZ\ghdZgZevghc kimi_gqZlhc fZljbpu [ueZ jZ\gZ h[ f

F 1Zeeh]jZnbqg_kdbc ZgZeba A nhjfbjh\Zgghc
ijh\hehdb kgZqZezZ [ue ijh\_~ g gZ hilbg_kdhf fbdj
gZ[ex™_gby h[s_]h \b”"Z baf_evqg_gby kljmdIimju Bkk
hilbg_kdhffodjhkdhi_ '\ ihi_j qghf k_q _gbb ihdZa
liZ*"b_glgmx kljmdimjmh\jgkghklguc kehc baf_evq_g ~h
gf gZ Jlem[bgm & ff >Ze_ _ jZaf_ja_j_g m\_ebqgb\Z _ Ik
gZklb ijh\hehdb b khklz\ey | fdf [Ijh~*hevgZy kljmdl
b iZjZeewgZ gZijZ\e _gbx \hehqg_gby \ ih\_joghklghf ke
jZ\gha_jgbklZ d p_gljm

GZ jkkihdZaZgu nhlh]jZnbb fbdjhkljmdImju ihemgq
ithfhsvx IWF | _j\h_ bah[jZ  _gb_ihemqg_gh gZ jZkklhy¢
hl ih\_joghklb ijh\hehdb ih\_joghlkkgu&Dkeddb”gh
liZgbpu a_j_g \hehdgbklu_ b bah]Jgmlu_ qglh hfuggh
[hevrh]imhedqg_ kI\Z ~ n_dlh\ kj_"gbc jZaf_j a_j_ g khkl
gf Ke_"mxs_-bBWHZ _gb_ [ueh ihemqg_gh gZ jZkklhy:
ff hl ih\_joghklb ijh\hehdb Kkj_dbgbc[kehc
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O I 55 _.5
Jbk - Hilbg_kdh_ bah[jz'_gb_ fbdjhkljmdImju ~_nhjfbjh\Zgghc f
ijh\hehdb ihi_j_qgh_ k_q_gb_

\
Ztxih\_joghklguc ketk¢ “‘fgbc kehp_dljZevgZy gZklv
Jbk - FbdjhkljmdImjz ~_nhjfbjh\Zgghc f_~ghc ijh\hehdb
ithi_j_gqgh_ k_q_gb_

A~ _kv knhjfbjh\ZzgzZ [bfh*"ZevgZy kljmdIimjZ dhlhjZ
f edbo a_j g k \ukhdhm]eh\ufb ]jZgbpZfb b [hevrbo a_

km[kljmdImjhc Kj_"gbc jZaf_j a_j_ g khklZ\ey | fdf
knhjfbjh\ZgZ IhgdZy kljmdImjzZ \ \b”_ kdhiygq ght “"bkeh
Djmigu_ a_jgZz kdhj__ \k_]h h[jZah\Zebkv ih

[ a”bnnmabhgghc j_djbklZedlZalZplkleb Ifd ijhbahreZ
"bgZfbg_kdZy j _djbklZeebaZpby a_jgZ g_ bf _eb |
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djbklZzeebq _kdhc j_ r Idb b g_ kh”~_j°Zeb [u » _n_dlh\
bah[jZz _gb_ [ueh ihemq_gh ba p_gljZevgh&@2\qgZklb ijh\]
KljmdIimjzZ ij_~klZ\ey | kh[hc yqg_bkimx “bkehdZpbhgc
AN nhjfZpbhggh]lh ijhbkoh ™~ gby kh kj_~gbf jZaf_jhf a
GZ[ex"Zxlky dZd djmigu_ a_jgZ k g_[hevrbf dhebqg_kI\
Z 1Zzd_ a_jgZ kh”™ _j Zsb_[hevrh_dhebqg_klI\h km[]jZg

<u\h”u

< jZ[hl_ bkke_"h\Zgz f_"gZy ijh\hehdZ ijh™®_nhjfbj
gh\hc | _ogheh]bb hlebgbl _evghc hkh[ _gghklvx dhlh
kh\fs gb_ \ h~ghf hqgzZ]_ ~_nhjfZpbb ko_fu k~\b]Z
jZkly  gbpyzdlbg _kdZy agZgbfhklv *Zgghc jZ[hlu aZde
\hafh ghklb \g _~j_gby mkh\ _jr_gkl\h\Zgghc | ogh
kms_kli\mxsb_ ebgbb mklizZzgh\hd iml_f td&¥e agby h”"
kms_ klI\ _gguo baf\ dhgkljmidZigite b j "HIf ogheh]bb

WIZ | _ogheh]by iha\lhey | ijhbaijilesh e [po\b Ilg u o
f I1Zeeh\ b kiezZ\h\ b bf__| gZpbhgZevgh_b f_""mgZjh
|1Zd dZd memqgrZ _| ijhgghklgu_ oZjZdl_jbklibdb aZ kq

A nhjfZpbb b nhjfbjh\Zgby ]jZ~b_glghc fbdjhkljmdIimju

>Zggh_ bkke "h\Zgb_ nbgZgkbjh\Zehkv Dhfbl _
FbgbkljkI\Z h[jZah\Zgby b gZmdb J _kim[ebdb DZaZokl
AP19676903).
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B ? <hehdblbgZ<hehdblbg
DzZjZ]l]Zg”"bgkdbc bg"mkljbZevguc mgb\_j
L fbjlZimzaZoklZg

W<HEXPBNBDJHKLJMDLMJU M=E?JH>BKLUO
IJMLDH< IHKE? J:>B:EMKGKHB=H<HC IJHLY@DB B
<HEHQ?GBY

:gghlZpbyx "Zgghc jZ[hl_ bkkebafmglkyb fbdjhkljmdIimju
ijmldh\ ba m]e_jh”rbklhc klZeb ikkeb]H¥hd Zjgnhghdb b \hehqg_gby
< j_amevlzl_ ijh\_"* _ggh]lh wdki_jbf _glZ [ueZ ihemq_gZ
fbdjhkljmdIimjzZz GZ ih\_joghklb ijmldZ [ueb ihemqgq_gu mevljZf_
a_jgZzZ jzaf_jhfdf Z \ p_glj_ fbdjhkljmdImjzZz kh kj_~gbf jzaf_jhf
fdf

|.E. Volokitina, A.V. Volokitin
Karaganda Industrial University
Temirtau, Kazakhstan

EVOLUTION OF MICROSTRUCTURE OF CARBON BARS
AFTER RADIAL -SHIFT BROACHING AND DRAWING

Abstract. This paper investigates the change in microstructure of carbon steel
bars after radial shear broaching and drawing. As a result of the experiment, a gradient
microstructure was obtained. Ultiine grains of 0.5 m size were obtained on the
surface of the bar, while in the centre of the bar a microstructure with an average grain
size of 7 m was obtained.

Ki_"b \k_o kms_kl\mxsbo \ gZklhys_ _ \j_fy g _ij
f Th~h\ gZghkljmdImjbjh\Zgby 7~ebgghf_jghe_azZ]hlh\}i
[ebadbfb d ijZzdlbg_kdhfm ijbf_g _gbx yleyxlky
jZ\ghdZgZevghc m]Jeh\hc ijhllyetlg gdgioyMb djbhg_gby >
| j\hgZqgZevgh gzZfb [ueh ij_~eh  _gh ij_~\Zjbl _evgh h]
ijh\hehdm f_Ih~hf JDMI Z azZl_f IjZ*bpbhgguf \hehqg_og
ebgbhdzZigz ~"Zgguc kh\f_s gguc f_Ih™ h[hagZqgbeky c
\hehqg_¢b_ >

Bkke "h\zl e@fbij>*eh” _gZ JDMIljhly 'dZ ijb dhlh
ijh\hehdZ fgh]lhdjzZlgh ijhly]lb\zZ Iky g_j_a Ki_
jZajZ[hlZgguc bgkljmf_gl k ~\mfy i_j k _dZxsbfbky
dZgZeZfb G_ijklw\gdhnhjfbjh\Zgby |j Zebam_Ilky aZ
ihke _"~h\Zl _evghc mklZgh\db gZ \hehgbevghf klZg_
bgkljmf_glzZ H[jZ[hldZ aZ]hlh\db kihkh[hf JDMIjhly d!
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d \ukhdbf agZq_gbyf kl_i_gb ~_nhjfZpbb k~\b]Z gZd
f 1Zee_ Z 1Zd _ d ahighighgggklb

< ]h*m gZ nZdmevl | _F=LM bf = B Ghkh\Z |
ijbdeZ”~gu_ bkke_ ~h\Zgby -iM\jZhdBEevighly d_ JKIj
[3@ ? _ ijhlhlbihf y\ey I|ky-k}¥BA&yghijhdZldZ

<hafh ghklv kh\f_s gby ijhp_kkhbgihihjc gigihdZldb
(1<l b \hehqg_gby jZkkfZljb\ZezZ4@ \ BKilmévah\Zgb _
ljZ"bpbhggh]h \hehg _gby \ dZq_klI\_ aZdexqgbl _evgh]h
jZaebqguo ijhp_kkh\ BlI> y\ey |Iky ohjhrbf \ZjbZglhf |
wlhf mkljzgyxlky \k_ g_"hklzZldb ij_~\Zjbl_evghc “
gZijoj g_h~rghjh”rghklv ]_hf_Ijbb ihjbklhklv b | ~
lhwlhfm fu ohlbf ij_~eh blv kh\f_s ggmx | _ogh
jZ"bZekdghb]h\hc ijhly 'db b \hBhgvxbyZgghc jZ[hlu
yley |ky bkke_"h\Zgb_ baf_g gby fbdjhkljmdIimju
m]e jh”bklhc klZeb ihkek"yEMb\Ahevighly db b \hehq _gby
>ey bkke_ "h\Zgby wnn_dlb\ghklb jZajZ[hlZgghc | _
ijh\_~ g eZ[hjZlhjguc wdki_jefi_gfyggd himldZo ba

m]e_ jh”~bklhc klzZeb fZjdb | j_~ "~ _nhjfbjh\Zgb _

hi"b]Zeb ijb |I_fi jZIkj ~ey ihemqghgby h~ghjh”~ghc

kljmdImju b mkljZg _gby \ebygb_ hklZevguo i_j_ ~_ eh\
Lzd dzZzd \ gZr_f mgb\_jkbl_|I_g_ bf__Iky iezZzg |IZ

"ey ihemq_gby 7~ebgghf_jguo ijmldh\ j_ r_gh \f_klh
k"\b]lh\hc ijhdzZldb hkms_kl\blk"\pAhb@devghdhy"
ijmldZ gZ klzZzg_ JKWJIkh\f_Kklblv wlhl ijhp_kk k ljZ~bpbh
\hehq _gb f gZitklZgF <LZd dZd aZ kq_|I| ijhly]b\Zgby aZ
h~rgh\j f ggh q_j_a kdj_sb\Zxsb_ky \Zedb b \hehdn
jZklylb\Zxsb_gZijy _gby dhlhju_ ijb\h*ykkdelnyf gvr_g
\hehg_gby AZ kq_Il jZkly]b\Zxsbo gZijy _gbc \"he:
ijhbkoh”bl [he_ _ jzZ\ghf_jgh_nhjfbjh\Zgby ijhnbey ijhl
aZlhlh\db

< hkgh\_ jZajzZ[Zlu\Zz _fh]lh gZfb ijhp_kkZ e_"bl |
jZ "bZekdghb]h\hc ijhly'db b \hehqg_gby dHIhjZy 1ih
ithemqgzZlv “ebgghf_jgu_ ijmldb k ih\ur_ggufb f_o0Zg
k\hckI\Zfb [Ijb ijhly]b\Zgbb azZ]hlh\dZ ~ _nhjfbjm _Ilky \
k g _gbb az kq_|I| ijhly]b\Zgbb _  qg_j_a dhgmkgu_ |
jZkihez]zxlky ih”® mldhfjm] ~jm]m 1h\ _joghklgu_ ke
aZlhldb bkiulu\zxl jZz"bZevgh_ kdjmqgb\Zgb_ qglh \ kh\
hi zZlb_f ~Z | \ukhdmx klI_i_gv ~ nhjfZpbb ihal\heyy
emqr_c ijhjz[hldb ih\_joghklb : \ kh\hdmighklb k |
k"\b]J]h\hc » nhjfZpb_c [hevr__ baf_evqg_gb_ kljmdImju
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Bkoh”~rgzZy fbdjhkljmdIimjzZz ihke_ hl ' b]Z -y\eyeZky
I _jeblghc[t _fgZy "hey i_jeblZ khklZ\ey | § Kj_"~gb
a_j_gn_jjblz § fdf jZklhygb_ f_ ""m ieZklbgZfb i_je
F 1Zeeh]jZnbq_kdh_ bkke_ _~h\Zgb_ gZ hilbgq_kdhf

ijmldZ \iih qghf k_qg_gbb ihdZau\zZ_|I glh \ j_a
N nhjfbjh\Zzgby f_Ih~hf jZ"bZevgh k”\b]h\hc ijhly " db b
themqg _gZ ]jZ”b_glgZy kljmdImjZ jbk lhwlhfm jZa”

ahgu ih\_joghklgZy g _cljZevgZy b p_gljZevgZy

Jbk - H[sbc \b}jZAb_glghc
k_dq_gb_

DZd \b”gh ba jbk ih\_joghklgZy ahgZ ijmldZ ih
p_gljZevghc ahghc agZgbl_evgh baf_evqZ_ Iky &
A nhjfbjh\Zgby < g_cljZevghc ahg_ ~ _nhjfZpby g
\_ ebdz ihwlphdIim;Z baf_evqZ_ |ky g_|Zd kbevgh

JZkkfhljbf dZ "mx ahgm [he__2)h”*jh[gh |jbk

ihi_j_qgh
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Zxih\_joghklgZy ah@ZcljZevgZy ahpgZglyZevgZy ahgZ
Jbk - FbdjhkljmdImjzZ klZeb fZjdb

DZd \b*rgh RZ jillk _joghklgZy ahgZ ijmldZ ih kjZ\g_
p_gljZevghc ahghc agZgbl _evgh baf _evqZ |ky &
A nhjfbjh\Zzgby LZd kj_"~gbc jzZaf_j n_jjblZ khklZ\ey
a”_kv ijhke_"b\zZxlky mevljZf_edb_ a_jgZ ihqglb jZ\ghl
LZzd _ gZ[ex"Z_|ky jZa[yp mbjbbZ jgZ [he__ f_edb_ A_
bf xI lhgdb_ ijyfhebg _cgu_ ]jZgbpu gbklu_ hl ~bke
g _cljZevghc ahg_ "~ nhjfZpby g _~hklZlhggh \ _ebdZ ih
baf evqgZ |ky g_1Zd kbevgh a _jgZ n_jjblZ mf_gvrz»
A~ kv knhjfbjh\zgz [bfhijseddggy kh[t _fgZy "~hey
njZ]f_glbjh\Zggh]lh n_jjblZ g_ \ukhdZ GZ[ex"Zxlky d
a_jgZ k jZa\blhc km[kljmdImjhc |Zd b f_edb_a_jgZ |
kKljmdImjm k gZebqgb f [hevrh]h dhebqg_klI\Z A
JZagha_ jgbklhklv \ kljmdImj_ fh gh llwegZdbqgb[tlykgb
ijhp_kkh\ j djbklZeebaZpbb gh \ gZr_f kemqz_ *_
ijhl_dz | ijb dhfgzZlghc | _fi_jZImj_ Z gZ]j_\ \ \hehd_ ¢
150-165"K  ihwlhfm ijhp_kk j _djbklZzeebaZpbb fh™ | ijhl_d
ith [_a*bnnmabhgghfm f_oZgbafm <ebk\yyadb k alpfgm\
ijhbkoh”~bl g_ aZ kg_I| *bnnmabhgguo ijhp_kkh\ Z aZz
kebygby a j g DZd fu agZ_f ijb \hehqg_gbb h[jZam_
| dkIimjZz ijb dhlhjhf hij_ ~ e _ggh_ dijbklZeeh]jZ
gZijZ\e_gb_ hdZaulZ _ |ky iZjZee evguf gghbyZ\é gbx
|1ZdZy hjb_glZpby a_j_g bgh]*Z ijb\h*bl d Ihfm (¢
g_hJ[oh”bfhklv \ khkms_kl\h\Zgbb hI*_evguo ]jZgbp f
h"bgZdh\h hjb_glbjh\Zggufb a_jgZfb b hgb gZqbgZxl h
hrgh [hevrh_ a_jgh lhemqg_ggu_ ~bkehdZpbb \ukl
kmljZgbpu \ j_amevlZl_g_]h ihyleyxlky h[eZklb hl
gbklu_ hl "bkehdZpbc
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< p_gljZevghc ahg_ fbdjhkljmdImjZ khklhbl ba djm
kj _~gbf jZaf_jhf fdf KljmdImjzZ ij_"klZ\ey | kh[hc
"bkehdZpbhggmx KljmdImjm A nhjfZpbhglgyh]h Ijht
gZ[ex"Zxlky dZd djmigu_ a_jgZ k g_[hevrbf dhebqg_kI\
Z 1zd _ a_jgZ kh”™ _jZsb_[hevrh_dhebqg_klI\h km[]jZg

<u\h~

JZajzZ[hlZzgZ gh\Zy kh\f_s ggZy | _ogheh]by h[jZ][h
ba m]e_jh”bklhc klZeb Ihemqg_ggZy ]jZ"b_glgZy fl
khanrz | I _jki_dlIb\m Ney bkihevah\Zgby wlbo i
fZrbghkljh_gbb b kljhbl_evklI\_ 1Zd dzd ijb 1Zdhf jZI
fbdjhkljmdImjuZ klkky™ ih\ur_gguc aZiZk 1ieZklbqgghklb
kjZ\g_gbx k ljZz*"bpbhgguf ijhp_kkhf \hehq_gby qglh
ijh\h~blv _ ~Zevg_crmx i_j_jZ[hldm Kk [hevrbfb k
A nhjfZpbb [_a ijh\_~ _gby ijhf_"mlhgguo hl b]J]h\ HJ[
liZz"b_glghc fbdjhkljmdIimju fiblghkhlfykggb f ~\mo
| ogheh]bc

>Zggh_ bkke_ _"h\Zgb_ nbgZgkbjh\Zehkv Dhfbl_
Fbgbkl _jkI\Z h[jZzah\Zgby b gZmdb J_kim[ebdb DZaZo
2 Jd

Kibkhbkihevah\Zggdbggbdh)\

1. G.V. Shimov, A.A. Bogatov, D.S. KovilFEM Simulation of
Copper Busbar Pressing on the Continuous Extrusion Line "Conform" //
Solid State Phenomena2018. £+ J 547551.

2. Naizabekov A., Volokitina 1., Volokitin A., Panin E. Structure and
mechanical properties of steel in the process §mgsirawing // Journal of
Materials Engineering and Performana019. +Vol. 28. +P. 17621771.

3 <: 0OZjblhgh\ F : IMeXdhMxZgh\ JZ~bZevgh
k"\b]lh\Zy ijhly’'dZ dzZd wnn_dlb\guc kihkh[ ih\ur_ghb:
dim]Jehc ijh\hehdb LimPuogddmiggthc dhgn_j _gpbhb

©ljh[e _fu b i_jki_dlb\u jZa\blby f IZeemj]lbb b fZrbgh!
bkihevah\Zgb f aZ\ _jr_gguo nmg”"Zf_gZgbébegumom bkke
GBHDJ?2 L ?dZl_jbg[mj]208MHC. 52EG532.

4 ? ; ;ehg”bgkdZy B = RmJ[bg Bkke_"h\zZgb_ \
| _ogheh]bb dhf[bgbjh\Zgby-\bidlih\lhgqghjhdzZldb b
\hehq_gby ijb ba]Jhlh\e _gbb ”"ebgghf_jguo ba”_ebc
fh _ebjh\Zgby h]jzifffghf dhfie_deform3D //
FZl jbZeh\ 7~+2018 +K -18.
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M>D
BG =2zd¢gbN\D Oh~2Z>" O > Zcéeh \
O F Oh~*ZgZaZzZjh\
1BgklbIml obfbb bf < B GGBdbZRgEdbkIZgZ

2LZ~"bdkdbc | _ogbg_kdbc mgb\_jkbl_I bf_gb Zdz”_fbdz
>mrZg[_ LzZ~ " bdbklzg

FBDJHKLIJMDLMJ: K<BGPH<H=H ;:;;BL ;D
SE6GE 6Q D K D:EB?F B N:AH<UC KHKL:<
IJH>MDLH< BO HDBKE?GBC

gghlZpbyklzZlv_ ijb\_~_gu j_amevliZlu bkke_"h\Zgby \e
"h[z\hdedy fdpdjhkljmdImijm ndlh\ hdbkébgpb\h]lh [Z{DPblZ
BE6E 60 IhdZzazgh qlh ~h[zZ\db e_]bjmxs_]h dhfihg_glZ km
baf _evgzZxl _]h fbdjhkljmdimjm F_Ih~hf JN: \uyle _gh qglh
hdbke_gby kiez\h\ khklhyl B2 h@dHE2"h\3E6QG6E 2 6E
3E6E 3BQ2 . 3E2 6R2

Dexq_\u_ keh\dbgph\luc [Z[[lD 3E6E 6D dZebc

fbdjhkljmdimjz JN: ijh~mdlu hdbke gby

|.N. GanieV, F.K. Khojaev?, J.H. JailloeVvt, H.M. Khojanazarov?
v, Nikitin Chemical Institute of the National Academy
of Sciences of Tadjikistan
2Tajik Technical University named after Academician M.S. Osimi
Dushanbe, Tajikistan

MICROSTRUCTURE OF LEAD BABBIT BK (PbSb15Sn10 D
WITH POTASSIUM AND THE PHASE COMPOSITION OF THEIR
OXIDATION PRODUCTS

$SEVWUBHWOUWLFOH SUHVHQWY WKH UHVXOWYVY RI D V
DGGLWLYHV RQ WKH PLFURVWUXFWXUH DQG R[LGDWLE
B3E6GE 6Q . W LV VKRZQ WKDW DG G LWVWARQVDRIWLB D @\OOH
LWV PLFURVWUXGFWMXWIDH-WLRQ UHYHDOHG WKDW WKH R[LGD
Rl R[LGHY 3E2 SE6EQ6E 2 6F SE®RE 3BQ2 . 3E2
. 6R2

Keywords:lead babbit BD (PbSb15Sn10), potassium, microstructure, XRD,
oxidation products.

P_ev gZklhys_c¢ jZ[hlu y\ey |ky bkke_~h\Zgb_ \eb
dZeby gZ fbdjhkljmdIimjm b ijh*mdlh\ hdbke_gbc k\bg
D 3E6E 6Q D

FzZl jbZehf bkke_ ~h\Zgby kem'be eblhc ijhfur
k\bgph\pZ[[bl kh”~_j Zsbc fZk b &E) hklZevBIin_
KieZ\u ~ey bkke_ "h\Zgby [ueb ithemqg_gu i#HbBOI_fi_jZIm
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zK \ rZolghc i_gb khijhlb\e _gby IbiZz KRHE Rbolh\d
ijh\h”*"beb k mqgzlhf m]zZjZ f_|Zeeh\ >ey bamq_gby \e
dZeby gZ fbdjhkljmdIimjm k\bgph\h]h [Z[[blZ ;D [ueb ih
kieZ\h\ k kh” _j Zgb _f dZeby \-"bZd¥Zkahg _

Fbdjhklgtmjm [Z[[blZ ;D SE6E 6Q D k dz
bkke_ _"h\Zeb gZ k\_Ih\hf fbdjhkdhi_- fzZMWdy Z;Bg-ZF ? >
>ey bkke_"h\Zgby fbdjhkljmdIimju bkke_"m_fuo h
ithemqg _ggh]h jZkiezZ\Z hleb\Zebkv pbebg”jbqg_kdb_ h[j.
10- ff b “ebghc ff DZ ~uk[jZa_p 1j_"\Zjbl_evgh
hlrebnh\u\Zeb h[_a bjb\Zeb kibjlhf b ihpwoc Zeb \
\h~guc jZkl\hj Zahlghc dbkehlu <j fy [jZ\e_gby khklZ'

k lhke_Ijz\e_gby fbdjhrebn ijhfulZeb \ ijhlhgghc
IsZzl _evgh \ukmrb\Zeb ijb " ZIb_f d mnkdtaghebpmfi]

[1, 2].

J amevliZlu bkke_ ~h\Zgby fodjhkljmdImju kie
hilbg_kdhf fbdjhkdhi_ fzZjdb ;BldFZ2kgZ ijb\_~ gu gZ
jbk >h[zZz\db dZeby d k\bgph\hfm [Z[[bIm kihk
baf _evg _gbx _]Jh kljmdImjguo khklZ\eyxsbo Kh]eZkc¢
khkygby kbkl -Pb&E) kljmdIimjZ [Z[[blZ khklhbl ba ke _ 7
nZah\uo khklZ\eyxsbo I _j\bggu _ dj bk ZAaale u 6 Q
w\l_dlbg_kdZy beb gzZklbggh i_jbl_dlbg_kdh]h ijhbko
dijbklZeeh\6 B&EQ <b”gh qglh ~h[Z\db dZeby 2h
agZqbl _evglkevgaZ | kljmdImjgu_ khklZ\eyxsb_ bkoh~gh
PbSb15Sn10.

&,

Jbk- FbdjhkljmdImju [ k\bgph\h]h [Z[[blZ :D 3EGE 6
khA_j°Zs_]lh dZebc fzk z [ \ ] A

>ey hij_~ e _gby \b”"Z b khklz\Z djbklZeebq_

IjbkmlklI\mxsbo \ ijbjh*guo b kbgl_abjh\Zgguo fZI
rbjhdh_ jZkijhkljZzg _gb _ gZoh”"yl j_gl]_gh\kdb _
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bkke ~h\Zgby ihfhsvx j_gll]_ghnZah\h]h ZgZebaZz
bkke "m _|ky dZqg_ kl\ _gguc lcdhkdbgZ\kI¥ZggjbZeh\
hij ™~ eyxlky izZjzf _lju we_f _glZjghc yqg_cdb djbklZ
\ s kI\ jzkkfzZljb\zZxlky I\ _j~u_ jZkl\hju b ij_\jZs _gby
ijhbkoh”yl \ fZl jbZeZo ih”™ \ebygb f | _fi_jZImju b
J gll]_ghnZah\uc ZgZeba \uihegy lkyZgZh[’sbqpZzdIhf _
gZagZg_gby IbiZ >JKKkblk bkihevah\Zgb f f _“~gh]h
fhghojhfZlbg_kdh]h baemq_gby &X D. \ m]Jeh\hf "bZiZ
f > @

H[jZapu ba k\bgph\h]h [Z[[blZ ;D 3E6E 6Q D kb
dZebc ih™\_j]Zebkv hdbke_ gbx ijb |I_fi_bhZImDpZo

Ilh j_amevlzZIZf j _gl] _ghnZah\h]h ZgZebaZ ijh"mdl
[Z[[blZ k dZeb _f mklZgh\e _gh qglh ijb hdbke gbb hJjZ
ke _~"mxsbo khIPhD\hRpesdd,, Pp(SNSb)Qs SkOs, PbShOs,
PSnQ, K4PbQ), KsSBOws jbk  WIlbsi_g_ehh[jZagu_ hdkb”u
keh gh]h khklz\Z g_ hlebgZxlky \ukhdbfb aZsblgufb |
yleyxlky ijbgbghc jhklZ kdhjhklb hdbke _gbb [Z]
e |bjh\Zgbb z dZeb f

CJbk ->bnjzdlh]jzZffu ijhAmdih\ hdbke gby bkohAghlh k\bgpl
[Z[[bIZ b kieZ\Z KZk dZeb).f

LZdbf h[jZzahf f_Ih~hf fbdjhkljmdIimjgh]lh ZgZel
m\ _ebqg_gbb djZzl mklZgh\e _gh \ebygb_ ~h[Z\h
fbdjhkljmdImjm k\bgph\h]h [Z[[blZ ;D 3E6E 6Q D N\
glh  ~h[zZ\db dZeby dzZd fh~bnbdzlhjz klIjmdIimju
baf _evqgZ_| fbdjhkljmdimjm bkoh”gh]h kiez\Z F_I
mklZgh\le _gh qglh hkgh\gufb nZaZfb h[jZamxsbfbky i
[Z[[blZ k dZeb_f y\eSpOkkdss BED; PBO,; PhygdO2; ShO;

NasSbG;; NaSbQ; PbShOe.
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Kibkhblkihevah\Zgguo bklhggbdh\

1.J _aZc ; <ebygb_ | _fi_jZImju hleBhdl) KNey\Z 3E
j_r_ldb ieZklbgu Zddmfmeylhjghc [ZIZ]j_b gZ iheyjk
\u® e _gbb dbkehjh~rZ \ k\bgph\uo dbkehlguo Zddm

We dljhobfby L -405. K
2.Dm[Zr_\kdbc H =hidbgk = HdbkeFgb_  f _1Z
F 1Zeemj]by -368.

3.Fmeeh \Z G F =Zgb_\ B GFZo¥Zhimeeh \ O :
Dbg _IbdZ hdbke_ _gby6kieZ2ab\ 3E b~rdhf khklhygbb @ |
nbabg_ _kdhc obfbb L -1672 K

4. <Zkbev _\ ? D GZofZgkhg F F DzZqg_kl
j_gll] _ghnZah\uc ZgZeba Gh\hkb[bjkd GZmdZ

M>D

B G =ZdgbJ\>" NZcame&hR\ AhdbjE\ Ohebldh\Z
!1Bgklblm!l obfbb bf < B GbdblbgZ G:G LZ" bd}
2Bgklblmb_j] _Ibdb LZA bdbklZgZ
3Lz~ bdkdbc | _ogbqg_kdbc mgb\_jkbl_ | bf F K
4LZ~ " bdkdbc gZpbhgZevguc mgb\_jkb
>mrZg[_ LZ”~ bdbklzg

IHL?GPBH>BG:FBQ?KDH? BKKE?>H<:GB?
EXFBGB?<H=H IJH<H>GBDH<H=H KAIE 1% K
D:EVPB?F < KIJWER?DLJHEBL: -GH=mNaCl

:gghlzZpbyhl _gpbhklZlbg_kdbf f_Ih~hf \ ihl_gpbh~bgZfbq |

i _“bf_ ijb kdhjhklb jza\zjldb ihl_gpbZez f< k ihdZaZg
fhrbnbpbjh\Zgb_ dZewvpb fiZk Zexfbgb_\h]h ijh\h~Agbdh\h]h kieZ\
AIT0.1  kihkh[kI\m_| kf_s_gbx ihl_gpbZeh\ k\h[hAghc dh

ibllbg]hh[jZzah\Zgby b j iZkkb\Zpbb \ iheh bl _evgmx h[eZklv ag
0,03% ghJdMaCl Kdhjhklv dhjjhabb kiez\h\ ijb wihf #§%. Z |ky gZ
Dexqg_\u_ kedeZfbgb_\uc AT®OA\ dZevmbec _dljh&aCl,

ihl_gpbhklZlbg _kdbc f Ih~ klZpbhgZjguc ihl_dpjiEebbihl _gpb:
kdhjhklv dhjjhabb

I.N. GanieV, R.J. FaizulloeV, F.Sh. Zokiro\?, L. Kholikova*
v, Nikitin Chemical Institute of the National Academy of Sciences of Tadjikistan

2Institute of Energy of Tajikista
3Tajik Technical University named after academician M.S. Oshimi

4Tajik National University
DushanbeTajikistan
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POTENTIODYNAMIC INVESTIGATION OF ALUMINUM
CONDUCTOR ALLOY AITi0.1%, WITH CALCIUM, IN AN
ELECTROLYTE ENVIRONMENT OF 0.03% NacCl

Abstract. Using the potentiostatic method in the potentiodynamaxe at a
potential sweep rate of 2mV/s, it has been shown that the modification with calcium
ZW Rl WKH DOXPLQXP FRQGXFWRU DOOR\ $07L
corrosion potentials in the environment of 0.03% NaCl pitting and regssm into the
positive range. The corrosion rate of alloys is reduced b$3%.
Key words:AlTi0.1 aluminum alloy, calcium, NaCl electrolyte, potentiostatic
method, stationary potential, corrosion potential, corrosion rate.

< [hevrbgklkemqgzZ \ \ we dljhl _ogbd_ bkiheva
Zexfbgby \ dZq_ _kI\_ ijh\h*gbdZ aZljm~g_gh Z qZ}
g \hafh gfada ]h gbadhc f _ o0Zgbqg_kdhc ijhgghklb Mij
oheh”ghc ~ nhjfZpb_c¢c 1ijh\h*gbdh\uc Zexfbgbc | _j
ijhgghklv ijb | _fi_jZImjZo 2 hem\ur_gb_ f_o0Zgbq_kdhc
ijhgghklb Zexfbgby \hafh ' gh aZ kg_| \\_~ gby e _]Jbjmx
|  kha”Zgby kiez\h\ < 1Zdhf kemqZ_f _oZgbq_ Kk
\hajzZklzZz | \uaulZy azZf _Igh_ kgb _gb_we _dljhijh\h”g

<ebygb _ jZaebgguo e |bjmxsbo we f glh
wedljhijh\h*ghklv b ijhgghklv Zexfbgby ihdZaZeb qlh
jhkl I\_j~hklb hif_gqzZ _Iky ijb \\_~ gbb fZehjzZkl
e ]bjmxsbo we f glh\ )H =U 0Q &U 7L &D b 0J
kms_klI\_ggh hlebgZxlky ih Zlhfguf "bzZf_1jZf hl Zexfbg
we _dljhihhghklv y\ey Iky hkgh\guf i1ZjzZf_Ijhf ijh\h~gh
fZl _jbzZeZ 1|h e _Jbjmxsb_ we f glu ke _m_| \u[bjZlv
\ebygby gZ baf_g _gby we dljhijh\h~*ghklb

< gZklhys \j fy kms_ kl\m | g _kdhevdh
fh*bnbpbjh\Zgby h~gzZdh g _| _“~bgh]lh fgvlgby \ j
ijh[e_fu ijbf_gbl_evgh d Zexfbgb_\uf kiez\Zf WIh h[n
\Ri_j\uo keh ghklvx ijhp_kkZ fh*bnbpbjh\Zgby
aZ\bkbfhklvx hl mkeh\bc ieZ\db-\bhjeblvyebygth f
g _dhgljhebjm_fuo ijbf_k_c¢c b dhfihg_glh\ dhlhju_ fh]n
baf _egyd  bkoh”gh]h a_jgZ kiezZ\Z <\h~bfzy \
fhrbnbdzZlhjz "h[zZz\dZ \ gZr_f kemqgZ_ IblZgZ "~he gZ
ke "mxsbf |j _[h\Zgbyf h[ez”~ZIv ~hklZlhgghc mklhc
jZkiezZ\ _ [_a baf_g_gby obfbqg_kdh]h khklz\z | _fi_jZI
Ah[Z\db "he’lgvz\puw _ | _fi_jZImju ieZ\e_gby Zexfbgby D
lh]h g_h[oh”bfh kKljmdImjgh __ b jZaf_jgh_ kht
djbklZeebg_kdbo j_r_Ihd fh*bnbdZlhjZ b Zexfbgby >

Jhev fh” bnbdzZlhjh\ k\h~blky d mf_gvr_gbx ih\_jc
gZly _gby gZ 1]jZgyo djbklZeeZ _¢lbhm\Kieikd [lghbx
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kdhjhklb azZjh ~ _gby p_gljh\ djbklZeebaZpbb AZf -
djbklZeeh\ ijb\h~bl d m\ _ebqg _gbx gbkeZ p_gljh\ djbkl
baf_evqg_gbx kKljmdImju HArgZdh g_Ildh]h jZa”™_
fhrbnbdZlhju i_j\h]lh b \lhjh]h jh*Z b e _]bjmhkZd _ we f_
dzd g_ | \_s_ kI\ jzZkl\hjbfuo lhevdh \ "b~dhf b Z[k
jZkl\hjbfuo \ I\_j~hf khklhygbb

P_ev jZ[hdddexgqZ_I|ky \ bkke_"h\Zgbb dbebygby
dZevpby gZ dhjjhabWweggdljhobfbqg_kdb_ k\hcklI\.
fhrbnbpbjh\Zggh]hzk IblZghZexfbgbfzZzjdb : 1| _
kieZATi0.1.

>ey ijb]lhlh\e _gby kieZ\h\ [ue bkihevah\Zg Zexfbc¢
; =HKL - Iblzg fZjdb L=HKL - b dZevpbc
f 1Zeebqg_kdbc fZjdb DMBO215 Ba mdZaZgguo
f 1Zeeh\ ihemqgZeb kieZ\u \ i_qZo I|biZz KWRiKE b \ ]
baeh gbpm hleb\Zeb kIl _j gb ~bzZf_ Ijhf b "ebghc
we dljhobfbg_kdbo bkke_ ~h\Zgbc JZ[hg_c 1ih\ _jogh
lhj _p we_dljhrZ G _jZ[hgmx qZklv h[jZaph\ bahebjl
kf kv dZgbnheb b 1ZjZnbgZ Il j_~ih]jm  _gb _f
jZ[heb jZkl\hj _Jh Thjp_\mx qZklv aZgqbsZeb gZ ~Zqgkt
thebjh\Zeb h[_a bjb\Zeb IsZl _evgh ijhfulZeb kibjlh
ithl]jm Zeb \ jZkI\hj we _dljheblZz 1D&O L _fi_jZImjm jZKk
ihA"” j"b\Zeb ihklhytgkcihfhsvx | _jfhklZIg OER

We dljhodpikdb  bkiulzgby  h[jZaph\  ijh\h~
ihl_gpbhkizlbq_kdbf f IhAhf \ ihl _gpbh~AbgZfbq_ kdhf
bfimevkghf ihl_gpbhkB&l  1Bh kdhjhklvx jza\_jldb

ihl_gpbzez f< k \ Kkj_"*_ we-dghjheb&O We dljh~hf
kjZ\g_gby kem be oehjb”RKkjhfhylgucexngdfbgh\uc
Bkke ~h\Zgby we dljhobfbg_kdbo k\hckl\ Ijhcguo kieZ
ih f Th"bd_ hibkzZgghc ¥H]jZ[hlZo >

J amevlZlu dhjjrmeeb hdyghobfbg_ kdbo bkke ~h\Z
Zexfbgb \kil&Z ALTi k dZevpb f we&jdMheblZz-
ghlh 1D&O ij_~klzZ\e_gu \ IZ[ebp_ Bkke_~h\Zgby ih
"h[Z\db dZevpby \ ij £ eZokihkh[kl\mxI| kf_s gbx
ithl _gpbzZezZ k\h[h~ghc dhjjhabb \ iheh bl _evgmx hl[eZ
ljb wlhf q_f [hevr_ dhebqg_klI\h ~h[Z\Hbevd_f iheh"
ihl_gpbzZe k\h[h~ghc dhjjhabb DZd \b”"gh ba |Z[ebj
kh” j"Zgby dZevpby \ bkoAlTighfikilegdgpbZeu dhjjhabb
iblIbg]lhh[jZzah\Zgby b j_iZkkb\Zpbb kf_sZxlky \ iheh
h[eZklv agZqg_gbc \ke_ "kl\b_ nhjfbjh\Zgbycmklhcqgb
le_gdb gZ ih\_joghklb we _dljh"Z

-68-



LZ[ebpZDhjjhabhgger dljhobfbg_kdb_ oZjzdl_jbklbdb o k w
Zexfbgb_\h]h ijh\h”gbklile\l\Jri k dzevpb_f \ kj_~_
we dljheblZ -gh]lh 1D&O

Kh” j°Zg We _dljhobfbg_kdb_ ihl_gpbl Kdhjhklv dhjj
dZevpby

l?‘ Izekz - ian bAC,

- 2\ dhj - 2dhj - % n -7 dr}’z ] FAZ

' k

0.0 0.685 1.120 0.610 0.660 0.048 160
0.01 0.670 1.108 0.600 0651 0.046 154
0.05 0.659 1.098 0.59 0.642 0.044 147
0.1 0.650 1.088 0579 0.633 0.042 140
0.5 0.640 1.080 0568 0.622 0.040 134

DhjjhabhggZy klhcdhklv Zexfbgby b _]h kieZ\h\ \
Z]j_kkb\guo kj_"~Zo \h fgh]hf azZ\bkbl hl klhcdhklb \
hdkbr"ghc ie_gdb Z 1Zd _ hl obfbg_kdh]h khklZ\Z
| jfbq_kdhc h[jZ[hldb ih\ _joghklb ~ 1Zeb Ba\ klgl
dhjjhabhggmx klhcdhklv Zexfbgb_\uo kieZ\h\ hljbpZlIl_
"h[Z\db "~ _e_aZ gbd_ey heh\Z k\bgpZ b *jm]bo ijbf_|I
jZaebqgu_ nZau

DhjjhabhggZy klhcdhklv 1Zdbo kieZgh\ltheypydh ey ||
obfbg_kdbf khklz\hf gh b o0zZjZdl_jhf djbklZeebaZphbl
nZa hij_~ eyxsbo bo kljmdimjm |h _klv nhjfhc bo \u
ba\_klgh fh~2bnbdZpb_ ¢ baf_evg_gb _f ~\hcguo b |jhi
\ kljmdImj_ kiez\zZ fh 'gh agZqgbl evghzbph§f &l dzd
k\hckI\Z 1Zd b dhjjhabhggmx klhcdhklv

lheh bl _evgh_ ~ ckl\b_ dZevpby gZ Zgh”gu_
Zexfbgb \hphhh”gbdh\kilhz YTi g_fh' | h[tykgylvky
lhevdh memqgr_gb f we_dljhobfbg_kdbo ihdZaZzZl_e
ijhp_kkZ beb miehlg_gb H 8aZabhlghl} kehy hdkb”h)
fZehjZkl\hjbfufb ijh~mdlZfb hdbke gby Klhcdhklv
aZ\bkbl 1Zzd"_ hl baf_g_gby kljmdImju ijb fh*bnbpbj
IblZzghf b dZevpb_f Ih _klv hl \_ebgbgu djbklZeeh\ n
kiez\h\ DZzZd ba\_klgh fh”bnbdZuhjkifdz\kZ jrhtd] mlj
kem blv f IZeeu bf xsb_ fZemx f_"Zlhfgmx k\
ke "h\Zl _evgh gbadmx | _fi_jZImjm ieZ\e_gby fZem
I\ _jAhklv D Izdbf f _IZeeZf hlghkylky b s_ehggha_ f_ e\

LZzdbf h[jZzahf mklZgh\e _gh iheh bl _evgh_\ebyg
dZepby gZ Zgh”gu_ o0oZjZdl_jbklbdb b kdhjhklb
Zexfbgb _\hJh\h”gbdh\kidz \ATi \ kj_~_ we_dljheblZz
0,03% gh]h 1D&O MklZgh\e_ggu__ aZdhghf_jghklk
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bkihevah\zlvky ijb jZajZ[hld_ ikhkHZ§b djhh'woo kiezZ\h\
gZ hkgh\_ Zexfbgmy wye dljhl _ogbdb b dZ[_evghc |I_o

Kibkhd bkihevah\Zgguo bklhggbdh\

FZevp_ \ F < Fh”bnbpbjh\Zgb_ klIjmdIimju f_1Z

kiez\h\ F F _|IZeemj]by Kk
Dmph\Z < A Ih]j_[gZ G/ Ohoeh\Z L K :exfege
gZ ch]lh hkgh\lshkgZgtpd > Ihjh]b k

3. =Zgb_\ B G Dhjjwebhdpthobfbqg_kdh_  ih\_"_gb
hkh[hgbklh]h Zexfbgby b _]h kiez\Z :D e _]bjh\Zggh]
@mjgZe ijbdeZ”ghc obfbb L-943. « K

4. =Zgb_\ B G NZcameeh \ J >° Aydbjh\ N R
dZevpby gZ Zgh~gh_ ih\_* gb_ Zexfbgb_\h]h ijh\h~gtL

$07L \ kj_~_ we _dljheblZz 1D&O Ba\_klby KI[=
¢ K 87.DOI: 10.36807/19998492021-58-84-33-37.
5. Ahdbjh\ N R =Zgb \ B G :KPglhk E W

<ebyghkljhgpby gZ Zgh”gh_ ih\_* gb_ kieZ\Z :D F
G J_kim[ebdb LZ" 20d®DklZg « K -98.

M>D

: K DZebgbd4 gdh Em]begk GbkkX Dhjh%e \
1. ehjmkkdbc J]hkm~ZjkI\_gguc |_ogheh]bg_kdbc m
2. ehjmkkdbc gZpbhgZevguc | _ogbg_kdbc mg
8GZmglglmgheh]bqg_kdbc iZjd ;GLM ©lhebl_og
Fbgkd ; eZjmkv

NHIJFBJH<:GB? FH>BNBPBJH<:GGUO IHDJULBC G:
"EXFBGB?<UO KIE:<:0

:gghlzZpby< jzZ[hl_ ijb\h~ylky ~Zggu_ ih nhjfbjh\Zghb
fhrbnbpbjh\Zgguo ihdjlgec dhlhjuo ~ _nhjfbjm_fuo Zexfbgb_ \i
kiez\Zo I1hdZazZzgh qlh lhesbgZ b dZqg_kl\h ihdjulbc azZ\bkyl \
hl khklz\Z we_dljheblZz Bkoh”~guc obfbq_kdbc khklz\ Zexfbg
hdZaulZ | g _agZqgbl_evgh_gZ obfbq_kdbc khklZ\ ihdjulby
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A.S. Kalinichenko?, V.L. Luhin?, V.S. Nis<, A.Yu. Korolyev?
1Belarusian State Technological University
Belarusian National Technical University
6 FLHQWLILF DQG 7THFKQRORJLFDO 3DUN R
Minsk, Belarus

FORMATION OF A MODIFIED COATINGS ON ALUMINUM
ALLOYS

Abstract.The paper provides data on the formation of modified coatings on some
deformable aluminum alloys. It is shown that the thickness and quality of the coatings
depend primarily on the composition of the electrolyte. The initial chemical composition
of the abminum alloy has little effect on the chemical composition of the coating.

Ih\ur_gb_ wdkiemZlZpbhgguo k\hckl\ jZ[hq_c ih
N |1Ze ¢ y\ey |ky \Z'ghc azZz*"Zq_c fZ2@bghikijh gglhywsh
dZkZ |ky » IZe_ ¢ ba]hlh\e_gguo ba p\ _Iguo kieZ\h\
[hevrbgkl\ 0ZjZdl _jbamxlky gbadbfb ljb[hl_og
k\hckI\Zfb Kj_~b fgh]lhh[jZaby p\_Iguo kiezZ\h\ \Z
1jZdlbg_kdbc bgl_j_ k ij_"klzZ\eyxl Zexfbgb_ \u_ kieZz\
Ijbf_gy fu_ \ Z\Ihfh[bevghc Z\bZpbhgghc b *jm]bo h[

Kms klI\m_| agZqbl _evgh_ dhebqg_klI\h kihkh[h)\
iIjhgghklguo k\hckl\ \ g2&lgdiklbuoZzkieZ\h\ Hgb bf_xl
k\hb ij_bfms_kI\Z b h]jZzgbg_gby H~gbf ba f_Ih”~h\
ih\ _joghklguo k\hckl\ Zexfbgb \uo kieZ\h\ y\‘ey |ky we
ieZaf_ggZy h[jZ[hldZ iha\heyxsZy kha”Zlv dZd b
hdkb”~bjh\Zgb _ ijhgqgh_ ihdjulb jMMkikhdhchlebgbb hl
fbdjh~m]h\h]h hdkb”~bjh\Zgby dh]*"Z gZ ih\_joghklb
kehc ba hdkb”"Z Zexfbgby ijbieZafdgdedlghjZ[hld_
fh gh nhjfbjh\ZIv fh*bnbpbjh\Zggh_ ihdjulb_

< jZ[hl_ bamqgZebkv h[jZapu ba * _nhjfbjm_fuo Ze
kig\h\ fzjhd > L :F] b :> >ey ZgZebaZ \ebygby
we _dljheblZz gzZ o0zZjzdl_j b khklz\ ihdjulby hiulu
bkihevah\zgb f jZklI\hjZ n_jjhpbZgblZ dZeby we_d
\hevnjhfZlZ gZljby we _dljhebl

GZ jbk ijb\_~ gu lhih]jZnbb ihjullbghiklke ihd
h[jZ[hldb \ we dljhebl _
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\
Jbk - Nhlh]jZnbb KWF ih\_joghklb h[jZaph\ ihemqg_gguo ijk
h[jZ[hld_
\ we _dljhebl £kiezZ\ > LzKieZ\ :F] zkieZzZ\ :>

'gZeba jbkmgdh\ ihdZaulZ | glh ih\_joghklb \k_
0ZjZdl_jbamxlky gZebqgb f ihjbklhklb Ijbq_f jzZaf_j ih
obfkhklzZ\Z h[jZzaph\ LzZd _keb “ey h[jZaph\ ba kieZ'
jZaf_jihj g_ij_\urZe fdf 7ey kiddiZlh Ney¥Kie
F] + fdf lhke_"g_ _ agZg_gb_ fh gh h[tykgblv g
fZ]gby \ khklz\_ kiez\Z Djhf_ Ih]lh ihdjulb_ gZ h[jZ:
> L oZjZdl_jbam_Iky [he__ g _jZ\ghf_jghc Ilhesbghc ih
Aim]bfb h[jZapZfb

NZah\uc khklzZ\ ihdjulbc g_agKlighbhleogfio@Zhddh]h
khklz\z fzZ1 _jbzZeZ h[jZaph\ jbk Obfbq_kdbc ZgZ
k\b~ | _evkl\m_|I h Ihf qlh _]Jh khklz\ hij_ "~ ey Iky
" e_ahf b dj_fgb_f dzZd gZb[he_ _ Zdlb\gufb we f glZ
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Jbk - Ki_dlju h[jZaph\ baZ b :F] |

Wilh ~ ih~I\_j"~Z |Iky b obfbg_kdbf khkIZ\hf if
|Z[ebpZ Dbkehjh” ijbkmlkl\m_| \ agZqgbl_evghf
ithdjulbb gh hg \_kv gZoh”blky \ kl\yaZgghf \b”_ hdb
"_e_azZ dj_fgby

LZ[ebpZObfbg kdbc khklzZ\ ihgduhbjyzap ba kiezZ\Z :F]

Element (keV) mass%rror%At% Compound mass%
O 0.000 41.27 0.00 0.00 0.00
Al K 1.486 21.26 0.30 30.16 Al203 40.16
SiK 1.739 13.63 0.39 37.16 SiOz 29.17
FeK 6.398 23.84 0.26 32.68 FeO 30.67
Total 100.00 100.00 100.00

Ozjzdl_j ihdjulbc agZgbl_evgh f_gy_Ilky ijb hJj
we_dljhebl_ Ihdjulb_ nhjfbjm_fh_ gZ h[jZap_ [he_.
ih Thesbg_ b kms_kI\ _ggh mf_gvrZ |ky kj_"~gbc jZaf_ |
HrgZdh hl*_evgu_ ihju-jzadfjhd_ _s_ ijbkmlkl\mxI \
ithdjulbb ;he__ \ukhdZy ihjbklhklv b [hevrkbc jZaf_
ij_"g_fm oZjzZdl_jgu ey h[jZaph\ ba kieZ\Z :F]

NZah\luc khklZ\ ihdjulbc knhjfbjh\Zgguo ijb h[jZ
we _dljhebl_ f_ gy_Ilky hg_gv kms_Kl\Z\gghgbxbk I
h[jZ[hldhc \ we _dljhebl_ gh g_agZqbl_evgh ba
obfbg_kdh]h khklz\Z h[jZapZ dZd b *"ey we_dljheblZz
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Jbk - Nhlh]jZnbb KWF ih\_joghklb h[jZaph\ ihemqg_gguo ijk
h[jZ[hld we dljhebl xkiezZ\ > L[zkiezZ\ :F] zkieZzZ\ :>
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Jbk- Ki_dlju ih\_joghklb h[jZzaph\ ba > L Z b :F] [ ihk
h(jZ[hldb \ we _dljhebl_

LZ[ebpZObfbg kdbc khklz\ ihdjulby gZ h[jZzap ba > L we_dlj

Element (keV) mass%Error%At% Compound  mass%
O 0.000 42.47 0.00 0.00 0.00
NaK * 1.041 1.06 0.43 244 Na.0O 1.43
Al K 1.486 42.21 0.24 82.72 Al,0s 79.75
CrK 5411 3.67 0.27 3.73 Cr.O3 5.36
Fe K 6.398 3.80 0.28 7.19 FeO 4.89
W L 8.390 6.80 1.64 3.91 WOz 8.58
Total 100.00 100.00 100.00
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gZeba obfbg_kdh]h khklZ\Z ihdjulby ithemq ¢
h[jz[hld_ \ we _dljhebl_ |Z[ebpZ ihdZau\Z | jhk
hdbkb Zexfbgby ihglb \ jZazZ HIlkmlklI\m _| \ ihdjt
dj_fgby gh aZlh ijbkmlklI\mpdyhdigkbZglZl\hevnjzZfz
Highkbl _evgh_ kh”~ j"Zgb_hdbkb "~ e _aZ kgbabehkv [
Kh” j"Zgb_ dbkehjh”~Z \ ihdjulbyo \ \b~_ hdbk_c knl
ijb h[jZ[hld_ \ jZaguo we _dljheblZo ijZdlbg_kdb g_ ba

LZdbf h[jZahf Ijh\_~ ggu_ gblykke htiz\&zZ e b
\hafh ghklv nhjfbjh\Zgby fh”bnbpbjh\Zggh]h ihdju
A nhjfbjm_fuo Zexfbgb \uo kieZ\Zo MklZgh\e gh
we dljheblZ hdZaulZ | hij_~ eyxs__ \ebygb_gZ o
nZah\uc khklz\ ihdjulby Z Ilzd _ jZ\ghf_jghklv b dZqg_}
Obbbgq _kdbc khklZ\ bkke ~h\Zgguo h[jZaph\ g _agZqgbl_
nZah\uc b obfbg_kdbc khklZ\ ihdjulby ?]h \ebygb_ [h
dZqg_klI\h ihdjulby b _1h jZz\ghf_jghklv

JZ[h1Z \uiheg_gZ ijb nbgzZgkh\hc ih”~_j°d_ Fbgbkl_jkI\Z h[

J kim[ebdb ; _eZjmkv \ jZfdZo aZ”"Zgby =IGB ©OFZI _jbZekl
fZl _jbZeu b | _ogheh]lbb? ih”ijh]jzffz ©OWe _dljhfZ]gblgu_
ieZaf _ggu_ b eblnbgfzpbhggu_ | _ogheh]bb h[jZ[hldb b kha

fZl_jbZeh\a
Kibkhd bkihevah\Zgguo bklhggbdh\
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AN. GZjame&h '\G :eb 2B G =Zgh® \
12 zrn bdkdbec |_ogbg_kdbc mgb\_jkbl | bf zZdz~ fbdz
SBgklblml obfbb bf < B GbdblbgZ G:G LZ~ bdl
>mrZg[LZ” bdbklzZg

<EBYGB? @?E?A: G: BAF?G?GB?
L?JFH>BG:FBQ?KDBO
NMGDPBC PBGDHEXIFBGB?<H=H KIE:<:
Zn55Al

:gghlZpby Ijb\_~_qgu j_amevliZlu bkke_"~h\Zgby baf_c
| jfh"bgZfbqg_kdbo nmgde)&:xfmkgg)dhhﬁh kiez\Zz =Q $0O0 k "_e_a
ljbf_g_gh ba\_klgZy m~_evgZy |_iehzfdhklv wlZehggh]h h[jZ
bkihevah\zZgb f kdhjhklb her"‘_gby h[jZaph\

Dexq_\u_ kehpBgdhZkexfbgb_\uc kiez\ =Q $O j_"bf
©hoezZz ~ gby?2 "~ e aZ wglZeviby wgljhiby wg_j]lby =b[[kZ

Z.F. Narzulloe\t, J.N. AlieV?, I.N. GanieV?
L2Tajik Technical University named after academician NDShimi
3V. Nikitin Chemical Institute of the National Academy
of Sciences of Tadijikistan
Dushanbe, Tajikistan

INFLUENCE OF IRON ON CHANGES IN THE
THERMODYNAMIC
FUNCTIONS OF THE ZINC -ALUMINIUM ALLOY Zn55Al

Abstract.The results of a study of changes in the thermodynamic functions of the
zincaluminum alloy Zn55Al with iron are presented. The known specific heat capacity of
a standard copper sample is applied using the cooling rate of the samples.

Keywords:zinc-aluminum alloy Zn55Al, "cooling” mode, iron, enthalpy, entropy,
Gibbs energy.

P_ev jZ[hlu aZdexqZ I|Iky \ bkke y"h h\[H\wib \ebyg
e _aZ gZ | _jfhrbgZfbg_kdb_ nmgdpbbeXkigd\Z =Q
ijbdeZ”~gu_ h[eZklb bkihevah\zZgby klhghlz endielXigZ x|
ljZgkihjl 1h\Zju gZjh~gh]h ihlj [e_gby b we dljhijb[h]
his__ fZrbghkljh_gb _

Pbgdh¥Xlexfbgb_ \u_ kiezZ\u ijbf_gyxlky \ dZq_
dhgkljmdpbhggh]lh fZl_jbzZez \ ijb[hjhkljh_gbb \ iheb
ijhfure_gghklb \ Z\bZpbhgghc ijhfure_gghklb \ Z\Ihf
iIjhfure_gghklb ey ba]hlh\e _gby ij_~f_Ih\ ~hfZrg _]h
AZsblz hl dhjjinlamb_kl\ey Iky \ aZ\bkbfhklb hl kh

-76-



f 1Zeebg _kdbo ihdjulbc k\hckl\' dhjjhabhgghc kj_
baheypbb ih\_joghklb beb ijhy\ey Iky ijhl_dlhjgh_
ihdjulbc ijb bo gZjmr_gbb >hihegbl _evgh_ e ]bjh\Z¢
ihfhsvx jZaebqguo we f_glh\ugZfghihidZaZggu_ k\hckl\.
b ozjzdl_jbklbdb < ihke_"gb_ ]h”u pbgd dZd hkgh\Z
fZl _jbzZeZ bkihevam_fh]l]h \ kbkl_fZo we_dljhobfbq_
g _nlyguo j_a _j\mZjh\ dhjimkguo dhgkljmdpbc km~h
km~h\uo kbkl _f b “"jm]bo f_IdbeehithegkdpedpZkem ggh
IjbagZgb_ > @

>ey bkke ~h\Zgby gZfb [ueb ihemqg_gu k_jby kieZ\
i_gb we_dljbg_kdh]h khijhlb\e_gby KRHE \ bgl_j\Ze_
500 fK ba pbgdz fZjdb P =HKEexfbgby fZjdb

=HKL + b ]h eb]ximje ahf Eb]ZImjZ Zexfbgby
" _e_ahf JH ij_"\Zjbl_evgh kbgl_abjh\ZezZkv \ \Zd
ihr "Z\e _gb_f bg_jlgh]lh ]ZaZz Kh”_j Zgb_~_e azZ \ |
khklZ\eyeh fZk <a\_rb\zZgb_

ijhba\h~beb gZ ZgZeblbqgJkdbok\|kgphklvx?® dJA
Rbolh\dZ kiez\h\ ijh\h*"beZkv k mq_Ihf m]ZjzZ f_1Zeeh
i_qv we _dljbg_kdh]h khijhlb\e_gby KRHE ~h fK
Zexfbgbc b pbgd azl _f \\h*"beb eb]ZImju Zexfbgby k
ijh\_~ gby hiulZz ba ihghlgiegdgB]imleb\Zeb \ ]jZnblh\m
baeh gbpm h[jZapu "bZf _Ijhf ff b "ebghc ff

Bkke ~"h\Zgb_ baf g gby | jfh*bgZfbg_kdbo nmgd
Zexfbgb_\h]h kiez\Zz =Q $O0 k "_e_ahf ijh\_~_gh ih
m~ _evghc | _ieh_fdhklb wlZehggh]h h[jZeapZdgia f_"b k
kdhjhklb hoezZz ~ _gby h[jZaph\ > @

Wdki_jbf _glZevgh_baf_j gb_ | _ieh_fdhklb y\ey_ I}
f IhAhf hij_~ e _gby | _jfh~*bgZfbq_kdbo kWckI\ \_ s_
Baf _j gb_ | _ieh_fdhklb ijh\h*behkv gZ mklizZgh\d_ ko

jZ[hlu dhThjhc ij _~kIZ}E[h|Bh >

AgZy m” _evgmx | _ieh fd¥klkd wjlizkelbbgEoezZ ~ gby
wlZeh@'(;Asb baf_jy_fh]h h@'gzﬁgthZkku h[j Zva poim,
fh gh jZkkgbliZliehzfdhklv g_ba\_klgh]h %\ihs_kI\Z
ke_"mxs_c mjZ\g_gbb
%@_é.éﬁA
o L @
@A
lhemq _ggu_ \ oh”_ wdki_jbf _glZ azZ\bkbfhklb I_
h[jZaph\ hl \j f gb hoeZ'~_ gbyewhbphgdihhkieZz\Z
Zn55Al hibku\Zxlky mjzZ\g_gb _f \b~AZ
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T L SR e (L L),
(2)
I
jb "bnn_j gpbZpbb mjz\gtg¥dey kdhijhklb hoezZ ™ gby
h[jZaph\ ba kiez\Z =Q $0O k "_e_ahf bf__f

AL I lyeve (e boyeuw,

d 250w W v

(3

)

K ijbf_g_gb f mjz\g_gby Sigima ] Pt fue v

| fi_jZlmjghc aZ\bkbfhklb m”~_evghc | _ieh_fdhklb kie
" e_ahf \ bgl_j\Ze_ | _fixjZDmijhemqg_ _gh mjZ\g _gb _
C% a bT? cT® dT“ (4)
ljb \ugbke _gbb | _fi_jZImjghc azZ\bkbfhklb baf
wglZevibb wgljhibb b wg_j]lbb =b[[kZ4&h nue\y_gbyf
iIjbf _g _gu bgl _]jZeu hl m”~ _evghc | _ieh_fdhklb ih mjzZ\

0 0 b, 2 Cos 3 d_y 4.
[H*(T) H°(T)] aT T, >0 T §T o 72T T (5)
0 0 T Cor2 42 0.3 35,
[S°(T) S°(T,)] c’:lll’]_l_O bT T, > T T, 3 T 715 (6)
[G°(T)-G° (T) ] =[H°(T)-H® (T,)1-T[S" (T)-S’ (Ty) ], (7)

1™ Ly D

< |Z[ebp_ ij_"klZ\e _gu j_amevlZlu jZkq_ 1Z b
wglZevibb wgljhibb b wg_jlbb =b[[kZ ey pbgdh\h]h ¥k
"_e_ahf g_j_a D

LZ[ebpZ fi_jZImjgZy aZ\bkbfhklv baf_g _gbc | _jfh*bgZfbqg_
nmgdpbc pbgd&ldihbgb_\h]h kkeZ®™® k " _e_ahf b wlZehgZz

(CufzZjdb F
KiezZ\

L WIZel Zoseaiay | (D+0.01%] (1)+0,05%] (1)+0.1% | (1)+0,5%

>4:6;, F*4 YA E TATOOTAANA

300 | 0,7120 1,2411 1,26988 1,27595 1,28276 | 1,290312

400 | 39,8686 | 69,6924 | 71,30713 | 71,6442 72,0274 | 72,45606

500 | 80,1679 | 141,052 | 144,3264 | 145,001 145,777 | 146,6539

600 | 121,4193| 215,649 | 220,6639 | 221,683 222,872 | 224,2241

>5*:6; F5*i{;d“E :iA-;CI&ODO0TAANA

300 | 0,0024 | 0,004033 | 0,004246 | 0,00426 | 0,00428 | 0,00431

400 | 0,1154 | 0,193365 | 0,205538 | 0,20651 0,20761 0,20884
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500 | 0,2058 | 0,342954 | 0,368345| 0,37007 | 0,37205 | 0,37428
600 | 0,2816 | 0,467235 | 0,507428 | 0,50978 | 0,51251 | 0,51561
46, F)4d, A E A TEOO0TAANA
300 | -0,0042 | 0,031264 | -0,00393 | -0,00395 | -0,00397 | -0,00399
400 | -6,27802| -7,65338 | -10,9080 | -10,95980| -11,0184 | -11,0837
500 | -22,7266| -30,4249 | -39,8460 | -40,03390| -40,2482 | -40,48810
600 | -47,5615| -64,6913 | -83,7931 | -84,18580| -84,6366 | -85,14400
ljbf_gZghbLn D

Ba IZ[ebpu ke_"m_I| qlh k jhklhf |I_fi_jZImju b Kk
" e_aZ wglZeviby b wgljzidyflpdplg dihjh kiez\Zz =Q $0
" e_ahf m\_ebqgb\zZxlky Z agZqg_gb_ wg_j]bb =b[[kZ
M\ _ebq_gb_ wglZevibb b wgljhibb kieZ\h\ hl dhgp_gd
k\yvaZzg k _]Jh fh*bnbpbjmxsbf ~ ckl\b_f gZ fbdjhkljmdIr
Zexfbgb _\h]h I\_j*h]h jZklI\hjZ \ kiezZ\_ =Q $0O b m\_
wlhf kl_i_gb ] _ I _jh]_gghklb kljmdIimjguo khklZ\eyxsl
kieZ\h\

Kibkhidkihevah\Zgguo bklhgqgbdh\

eb _\ >~ H[bAh\ A =ZgbZé&xBog bad
azZsblgu _ ihdjulby gh\h]h ihdlhéfgggykdbakdhckl\Z
pbgd Zexfbgb \uo kiezZz\h\ k s _ehqggha_f _evgufhb
= jfZgby Ba”Zl_ evkdbcAMBERTACdemic Publishing-

k

D gbg < : Ex[ebgkdbc ? Y Pbgdh\u_ kieZ
F 1Zeemj]by k

<ebygb_ ~ e aZ gZ baf_g _gb_| _jfh*rbgZfbqg_ ki

pbgdh\h]h kiezZ\Z =Q $0O B G =Zgb \ > G :eb_\ A
Obfby Wdheh]by Mj[EZgblbodesds \k_jhkkbckdhc gZmq
1jZdlbg_kdhc dhgn_j _gpbb k f ""mgZjbhiigut mqgzZklb_
2021. £K 843.

L fi_jZImjgZy aZ\bkbfhklv | _ieh_fdhklb b b
| _ jfh~"bgzZfbq_kdbo nmgdpbb kiez\Z $D e _]bjh\Zggh]
=Zgb_\ B G HIZA" " hgh\ K W B[jhobfh\ G N FZof
L iehnbabdzZ \ukhdbo 12019.4FZImj<« - K -31.

=Zgb_ \ B G KzZnZjh\ : = HAbgZ \ NJ Yd
DZ[mlh\ D L_fi jZImjgZy aZ\bkbfhklv | _ieh_fdhklb |
| jfhAbgZfbq_kdbo nmgdpbb kieZ\Z :@ k heh\hf

P\_lgzZy f_IZeemj]byx -K -28.
<ebygb_IglZgAa” _evgmx | _ieh_fdhklv b baf_¢
L jfh~rbgZfbq _kdbo nmgdpbc kiezZz\Z =Q $0O N F
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=Zgb \ > G :eb_ \ := KzZnZjh\-1<_KlghkK4bd
Jhkm~ZjkI\_ggh]h mgb\_jkbl 1Z | _ogheh]bb-K ~"baZcgZ
26-31.

M > B74.023

; < <hcl_oh\kdbc K : =jbg _\bg : N :gbd_
;_ehjmkkdbc JThkm~Zjkl\ _gguc | _ogheh]bq_kdbc m
Fbgkd ;_eZjmkyv

WG?J=HWNN?DLB<GU? J?@BFU H;J:;HLDB
DJHFHD E:FBGBJH<:GGUO >J?<?KGHKLIM@?QGUO
IEBL F?LH>HF NJ?A?JH<:GBY

:gghlZpby gzZklhys__ \j_fy g _jdmjkhk[_j_"_gb_ y\ley_lky
hr"ghc ba gZb[he_ _ ZdlmZevguo azZ”~Zq ”"ey ijhba\h”*"kl\Z H"*gl
j_r_gby ~Zgghc az”~zZqb fh _I [ulv mklZgh\le_gb_ jZpbhgZevq

f_ozgbg_kdhc h[jzZ[hldb ~j \_kbgu b ~j \ kdioqbXZxjbtZeh\ h]
li [m_fh_ dzq_kI\h h[jz[hldb ijb fbgbfZevguo wg _j] Ibg_kdbo a

B.V. Voitechovsky, S.A. Grinevich, A.F. Anikeenko
Belarusian State Technological University
Minsk, Belarus

ENERGY-EFFICIENT MODES OF PROCESSING THE
EDGES OF LAMINATED CHIPBOARD BY MILLING

Abstract.Currently, energy and resource conservation is one of the most urgent
tasks for production. One of directions for solving this problem can be the setting of
rational modes of mechanical processing of wood and wood materials that ensure the
required qualiy of work with minimal energy costs.

< f_[_evghc ijhfure_gghklb rbjhdh_ jZkijhkljZg_gb

eZfbgbjh\Zggu_ ~j_\_kghkljm  _ggu_ ieblu E>KII ;
dihfhd az]hlh\hd ba ~Zggh]h \b~zZ ~j_\_kgh]h fzZIl_jb
nj_a_jh\Zgby h[_ki_qgb\z_|I \ukiihdh _ihenhg@_ Khc

ih\_joghklhzd dzd_\"kghkljm _qgqgu_ ieblu h[ezZ"Z>

ith\ur_ggufb Z[jZab\gufb k\héaoki\d#g kI\_ j_ "ms_]h
bgkljmf_glzZ ijbf_gwxb ba]Jhlhl\e _ggu_ ba fZl _jbZek
h[ezZz"Zxsbo ih\ur_gghc baghkhklhcdhklvx I\ _j*ru_ Kkie.
b "]
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Nj a jh\Zgb_ djhfhd E>KIlI y\ey |ky “h\hevgh wg
ijhp_kkhf H~”rgbf ba kihkh[h\ kgb  gby ihlj [ey_ fhc f
ith\ur_gby dZq_kI\Z h[jZ[hldb y\ey |ky kha”Zgb_ m
j__msbo we_ f glh\ Wnn_dlb\ghklv wlh]h ijb_fzZ ~ey
AN\ _kbgu wdafkigliZzevgh “hdzZaZgZ \ jZ[hlZo < > E _kd
. F < _drbgZ > @ H”"gZdh wlb j_amevlZlu g_ fh]lml [u
eZfbgbjh\Zgguf ~j \_kghkljm  _qgguf ieblzZf \ kbem Kki_g
nbabdhoZgbqg_kdbo k\hckI\ *Zggh]h ~j_\_kgh]h fzZIl_jb
\j fy mklZghhe qlh kharZgb_ m]JeZ gZdehgZ ijb nj_
eZfbgbjh\Zgguo "j_\_kghkljm  _qguo iebl ihal\hey |
kilhdhklv j_ "ms_]h bgkljmf_glzZ >

P _evgZklhysbktkke ~h\Zgby y\ey Iky hij_~ e _gb_ \
hkgh\guo | _ogheh]bg_kdbo nzZdlhjh\ mihafg&dehgzZ j_
mlhe j_ aZglkkdhjhklv j MMZdbgsbgZ kgbfzZz_fhijh kehy
lhesbgZ kljm d¢Z wg_jlh_fdhklv ijhp_kkZ nj_a_jh\Zgby

< jZ[hlZo >@ ijb\_* gu j_amevlZlu ijh\_"_ g
bkke ~h\Zgbc ih hij_* e gbx \ebygby hkgh\guo |
| ogheh]bg_kdbo nZdlhjh\ gZ fhsghklv aZljZqb\z
pbebg”jbqg_kdhf VWghbjhdjhfhd eZfbgbjh\Zgguo
A\ _kghkljm™ _gguo iebl H~gZdh fhsghklv ijhp_kkZ
f j_ozZjzdl_jbam_1 Jh wg_jlhaZljZlghklv Fhsghklv il
wlh jZ[hlZ hly_ & g¥ogbp_\j_f gb >jm]hc \Z 'ghc \_el
rbjhdh ijbf_gy_fhc \ | _hjbb j _azZgby 7j_\_kbgu b “
fZl _jbZephWey |Iky m~ _evgZy jZKhlZ j _aZgby

A
K —, 1
v, (1)

1" *azZljZg_ggZy jZWlZhpt f kgylh]lh k®ehy kf
LZlf h[jZzahf m”"_evgzZzwliZ[lZladZljZzqb\zZz_fZy gZ
kgylb_ 3 kft_fZ kljm db LZd _ m”_evgZy ijB[hlZ j_a.
jZ[hl_ hkljuf bgkljmffh 'gllhfulv \ujZ" _gZ q_j_a fhsghklv

o

]*"No zihlj_ ¢y fZgsghklv ijb hkljhf gh=xrbjbgZz
h[jZ[Zlu\Z _fhc djhfdE\ _ebqbgZ kgbfzZ fh]lh ijbimkdzZ 1
Vs tkdhjhklv ihcZqb f fbg

S, Zn

® 1000 °

3)
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1 ;&ih”rZqZ gZ §thz tgbkedgh” _crln £qZklhlZ
\jZs_gby j_"ms_]h bgkljmf _glzZz fbg

s &
z h’

s
]*axkj_"gyy lhesbgZ kljm #Yb zfff 1j nj_au ff
60 lsggﬁv (5)
]V tkdhjhklv j_azZgby f k

Ih~rklZ\b\ agZq_gby ba3-nhjfmahjfmem b
ij_h[jZah\Z\ ihemqgbf

w5 P

K —— (6)

bazVv

<ujZ _gb_ bkihevaht2y jZkqg_ |Z m~ _evghc jZ[hl
j_aZgby

ljb ijh\_~ _gbb hiulh\ ijbf_ g g f_Ih® ieZgbjh\
wdki_jbf_glZ b \u[jZg PeZgijh\_"wgly jbf _glZ [ueZ
ki_pbZevgh jZajZ[hlZgZ dhgkljmdpby k[hjghc pbebg?"]

k baf gy fufb m]eZfb gZdechgZhfdbmb m]eZfb j aZgb
j b KL).

(4)

Jbk- Wdki_jbf_glZevgZy nj_az
Mkeh\by ijh\_~ gby bkke ~h\ZghjbZgZeahylbidgu k

\ jZ[hl4@ Hkgh\gufb i_j_f ggufb | _ogheh]bqg_kdbfb n
Ijbgylu m]he gZdehgZ | _&pan)\heefZgaZgby / kdhjhkl
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j_aZgWVy lhesbgZ kj_azZ_fh]lh kety kijbigyd IhesbgZ
kKljm  db

< j_amevlzl_ klZlbklbg_kdhc h[jZ[hldb ~Zgguo
mjZ\g_gby j_]j_kkbb *ey gZgZevghc fhsghklb

N,= 598,98 55T 7 9,63 G 59,75/~ 64,84 °~ 178,56 ~
1,19V? 6682,75&8 0,426~ 41,73 & G14L¥ a " -~

N _d\Zlghklv ihemqg_gghc fZI1 _fZlbgq_kdhc fh” _eb ih
ijh\_ghc ihd)bl_jbx Nbr_jZ
GZ hkgh\Zgbb ihemq _gghc aZtblgbZlgkZlébiah\ebygby

I _j_f gguo | _ogheh]bg_kdbo nZdlhjh\ gZ m” _evgmx |
ijb nj_a_jh\Zgbb djhfhd eZfbgbjh\Zgghc 7j_\_kghk
ileblu b k® _eZgu ke_~“mxsb_ \u\h”™u

MkdB\e _gh qlh gZdehg jf ogle#honjweau ijb
h[jZ[hld_ eZfbgbjh\Zdgglo ijb\h"bl d kgb  _gbx
wg _jlh_fdhklb ijhp_kkZ gZ gb g _f mjh\g_\Zjvbjh\Zgby
\ jog #\ jZaZz

Jhkl m]JezZz j_aZgbym\uab\yZ gb_ m” _evghc jZ[h
j_aZgby \ jZaZ gZ gb g _f mjh\g_ \Zjvijg¥Zgby \
\ jog f

Kidjhklv j aZgby g _h”ghagZqggh \eby | gZ wg
ijhp_kkzZ Hkh[_ggh wlh ijhy\ley |Iky gZ gb g_f mjh\g_
nZdlhjh\ J~_ hi Ah f k gZ[ex"Z _1ky jhkl m”"_ev
j_aZgby \ jZaZ Z aZzZl_f ijb ~"Zevg_cr_f th\ _ebq_g
iZ™ _gb_\jzaZz

ljb m\ _ebqg _gbb \ _ebgbgu ijbimkdZ k A h ff
b gme_ \hf m\h\gbjh\Zgby i _j f gguo nzZdlhjh\ gZ[ex”
1ZN» _gb_ m~_evghc jZ[hlu J-_ aZgjw \khhI\_IklI\_ggh b

lhevdh gZ gb g _f mjh\g_ijb jhkl_ijbigkfexMkKy "h
g_agZqgédvguc jhkl
M\ _ebqg_gb_ IThesbgu kljm db hl Ah ff

mjh\gyo \Zjvbjh\Zgby \uaulZ | j _adh_ iZ™ _gb_ wcg
ijhp_kkZ nj_a jh\Zgby GZ jZkkfZljb\Z_fuo mjh\gyo hi
gZ gb g f mjh\g_\Zjvbjh\ZgbgA \ jogdZ jZaZz

Kibkhd bkihevah\Zgguo bklhggbdh\
Ebkdb\ < > Bkke_ _"h\Zgb_azZ\bkbfhkl ¢ kbeh\uo |
ithdZaZl _e _c¢ ijhp_kkZ pbebg”jbg_kdh]h nj_a jh\Zgby

iheh™ _gby e _a\by hlghkbl _evgh gZijZ\e _gby.j aZgby
dZg”™ | _og A\ + kK
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< drbg : F Bkke_ ~h\Zgb_ ijhp_kkZ pbebg”
nj_a_jh\zZgby ~j_ \ _kbgu Ihgdbfb \bglh\ufb gh Zfb Z\Ih
dZg”™ | _ogxFZmd + Kk

3 <hcl_oh\kdbc ; < =jbg_\bg K Hkh[_gghk
I\_fMhkiezZ\gh]lh bgkljmf_glZ ijb nj_a_jh\Zgbb eZfbgt
>KIl gZdehggufb gh zZzZtgm~u ;=LM K_j ,, E_kgZy
AN j_\hh[jZ[ -kjIvi2010. £<ui IX K £55.

4 =jbg_\bg K : <hcl_oh\kdbc ; < Bkke _

| ogheh]bg_kdhc klhcdhklb ijb nj_a_jh\Zgbb eZzZfb
A\ _kghkljm™ _gguo iebl gZdehggufb j _apZfb Lim~u
E_kgZy b *_j_\hh[Ky£AQX £<ui ;9,,tK  286.

5 :gbd__gdN : Njb?jbo : I J_dhf_g”~Zpbb ih f_Ih/
ijh\_~ gby bkke_~h\Zgbc \ h[eZklb f_oZgbq_kdhc
eZfbgbjh\Zgguo 7~j_\_kghkljm  _qgguo iebl Lim~u ;=

E kgZy b A~ | \hh[jy2A0mtf +<ui IX. 2K 817

M > 621.396.669.8

> :=jbgxd GHebn jh\bg Bmohjmdh\Z
L : > cg:dBA:e_r _\bqg
;_ehjmkkdbc JThkm~Zjkl\ _gguc | _ogheh]bq_kdbc m
Fbgkd ;_eZjmkyv

IH>:<E?GB? IHF?0 < A:FDGMLUO DHGLMJ:O
J?=MEBJH<:GBY

gghlZpbyey mf_gvr_gby \ebygby rmfh\ baf _jbl _evgh]h d
ijhp_kk j_]Imebjh\Zgby \ dZq_kI\_ nbevljZ J[ue bkihevah\Zg
hl]jZgbqgbl_ev lj_ “eh” _gu jZaebggu_ |hgdb mklzZgh\db b
JZkkfZljb\Z _fhc kljmdbajr[hlZzge]lhjbufgZkljhcdb kbkl_fu k
mjZ\ey fuf h]jZgbgbl_e f "ey ihemq_gby km[hilbfZevgh]h ih”"Z\

D.A. Hryniuk, N.M. Oliferovich, I.G. Sukhorukova,

T.A. Deineka, A.O. Aleshevich
Belarusian State Technological University
Minsk, Belarus

INTERFERENCE SUPPRESSION IN CLOSED CONTROL
LOOPS
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Abstract. To reduce the influence of noise from the measuring channel on the
control process, a controlled limiter was used as a filter. Various installation points and
variants of the structure under consideration are proposed. Algorithme haen
developed for tuning a system with a controlled limiter to obtain suboptimal noise
suppression.

K_]h~rgy ihy\behkv fghlh j r _gbc ih memqr_gbx
j_I]mebjh\Zgby azZ kq_I| \\_"* gby \ kljmdImjm | ]Jmeb
j_ImeylhjZ we nfkghhlggh]h j_Z]bjh\Zgby gZ baf_g_gby
f_""m \uoh”guf kb]JgZehf hl baf_jbl_evgh]h ij_h[jZa
kb]gZehf az~Zgby > @ A”™_kv ijhy\beky g _"hklZlhd de
j_]mebjh\Zgby keh ghklv h[_ki_gq_gby [ukljh™ _ckl\by
\ukhdh]h mjh¥gpy Ynbaf_ jbl _evghf dZgZe_ WIZ ijh[e_f
[hevr_ mkm]m[ey Iky ij_h[jZah\Zgb_f ZgZeh]h\h]h kb]c¢
\ | _ogbg_kdbo mkljhcklI\Zo | ]mebjh\Zgby Ih  wlt
[hevrbgkl\h Ibibgguo Ze]hjblifAimeldh\Zgby bf_xlI
jZaebqgu_ \ZjbZglu \kljh_gmaaohj k]l]eZ b\Zgbx Ij_g”*Z h
baf_jbl_evgh]h mkljhckl\Z < g_dhlhjuo ijbkmlklI\m _1 n
gZklhlu NGQ i _j\h]h ihjy*dZ < ZgZeh]h\uo mkljhckl
j_Zebah\Zgh gZ j _abklhjZzo b dhg” _gkZlhjZo < pbnjh
Z\IhfZlbazZpbb fh ghvikble¢bllpbnjh\mx j ZebaZpbx NGQ
nbevlj [ _Jms_]h kj_~g_1]h

Bkihevah\Zgb_ g ebg _cguo nbevljh\ ~ey j r _gby
rmfh\ g_ y\ley I|ky j ~dbf DZd m _ hilf_gZehkv \ur_
| ogbg_kdb_ mkljhcklI\Z bf_xI \kljh_gguc nbevlj [_]ms_
Bgh]~rzZ 1zZf djbkmlklI\m_|I nmgdpby bkdexqg_gby ba
agZq_gbc agZq_gby k gZb[hevrbf hldehg_gb_f Nbevl
ith kmlb y\ey |Iky g _ebg _cguf nbevljhf Bkihevamx
nbevljZpbb k ijbf_g_gb_f f_Ih*Z gZbf_gvrbo d\Z*jZIh\

Nbevlj [_Ims_]h kj_N&gGD bB_fhgkljbjmxl emqgrmx
"bgZfbdm gZ i_j _oh”~guo ijhp_kkZo H”gZdh ke _"m _|
gbo ozZjzdl_j g ijhb]jur NGQ ih p_g_ b dZqg_kl\m ijb k
j_"bfZo <uoh”hf fh™ _| [ulv dhf[bgZpby jZ[hlu NGQ b
aZ\bkbfhklb hl I_dms_c “bgZfbdb > @

MijZ\ey fuc h]jZgbgbl_ev y\ley Iky g
thwlhfm wnn_dlb\ghklv f_klZ _]1h mklZgh
p_e_c b "bgZfbdb h[t_dlIZ mijZ\e_gby

HArgbf ba \ZjbZglh\ ih”Z\e_gb_ y\ey Iky bkihe
mijZ\ey fuo h]jZgbgbl_e_c NMH < bkekigz g |
h[_ki_qgblv kgb ™ _gb_ rmfh\ g_Ihevdh ~ey ih\ur_gby
jZ[hlu bkihegbl _evgh]h f_oZgbafZ gh b "ey m~h[kI\Z
| _ogbqg_kdbf izZjzf_Iljhf NMH ke _"m_1| jZkiheZ]Z

_ebg_cguf i
\db \h fgh]h
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baf_jbl_evgh]lh ij_h[jZzah\zZl_ ey 1jb g_h[oh”bfhklb
e _]dbhpc bf jZ[hlu Ihevdh bkihegbl _evgh]h f oZgbafZ NI
mklZgh\blv m~_ ihke_\ugbke gby hrb[db QZklguf ke
\ZjbzZglz fh™ I [ulv mklZgh\dZ mijz\ey fh]lh h]jZgbqgbl_
mkbe gby kb]J]gZeZ hrb[db Hkh[_ggh _keb dhwnnbj
j _ImeylapZqbl _evgh [hevr _ Wlh memqgrbl _]Jh jZ[hlm
\k_]"Z kms_kl\mx| h]jZgbg_gby k\yaZggu_ k pbnjh\t
bgnhjfzZpbb DZzZd \Zjbzgl fh ' gh bkihevah\Zlv NMH
iIjhihjpbhgZevikphch “bnn_j gpbZé&vghkltklZ\eyxsbo
j_ImeylhjzZz ihkdgévl[jevgzZytiqgxi¥ ih k_[_ ohjhrh
kgb Z | \ebygb_ rmfZz NbevljZpbx k ihfhsvx mijZ
hl]jZgbqgbl ey emqgr_ ijhba\h”blv lThevdh ey dhglmjZ h
|1Zd dzZzd hg fh | \ghkblv kms_kI\_ggu_ g _ebg _cgu_
baf_jbl _evguc dZgZe eyewnZdhgjzh _[jZfb emqr_ ijbf_gyl
deZkkbg _kdb_ih”oh”u d nbevljZpbb

Fh™ I [ulv ij_"eh” _gh g _kdhevdh \ZjbZglh\ k
mijZ\ey _fhlh h]jZgbgbl_ey jbk \ dhlrguo dhwr
nhjfbjm_1| g _dhlhjh_  dhfijhfbkkgh_ agZq_gb_ f_"~n
kgb™ _gby Zfiebhfm”aub \j f ggufb az~_j dZfb

-0 Bh-amc

| B N N
Jbk -KIjmdImjNIMHF tk]leZ b\Zxsbc nbewllb]JgZe ihke _
nbevljz
AgZq mbkZfhf ijhklhf kemqgzZ_ fh* | ij_~klZ\eylv iZ]

gZ \uoh”_ nbevljZz k mijZz\e_gb_f mjh\g_f h]jZgbqg_dg
\_jog_c b gb'g_c ]jZgbpu

- 0 a,
Q® (1)
Sgown 0 &

>ey mf _gvr_gby \j f gguo az” _j _d ijb ~bgzZfl

baf _g _gbb \oh”~ghlh xZjZdbhgZevguf [mX_I mqgblu\Zlv
kdhjhklv baf_g _gby \oh~ghlh izjzf_ljz GZijbf_j nl
mjh\_gv h]jZgbqgq_gby ih nmgdpbb
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3Sp O b?ﬂ a8  gSyp Y ‘b% a,
® dc behlp oy (2)
Sdown O bd_t(T a, down Y ‘ba a

?s_ h~rgbf \Zjbzglhf fh™ _| [ulv dZkdZ”~gh_ ihkljh_c
ijb dhlhjhf ihke_~mxsbc dzZzkdz” [m”~_1| bf_la f_gvr__
g _fij_~u“msbc

>ey hp_gdb ij_"eh” _gZ kljmdImjzZ azZfdgmlh]h
Ij_~klZ\e _ggZy BZ bk dhfie _dkghc hp_gdb ij_"“eh"
j_r_gby \ ~Zgghc kljmdIimj_ \ _ebqbgZ aZiZa”u\Zgb
agZq_ 9,115 15].

>bki_jkby khanrz\ZezZkv \kljh_ggufMatladp KAEIhjhf \
agZq_ glRyf[B 0,00003 0,0001 0,0003 0,001 0,003 0,01].

>ey \u[hjZldjiby gZkljhcdb [ueZ ijhba\_~ gZ gZkl
"Zgghc kljmdImju ih jZaebgguf bgl _]jZevguf djbl_jbyf

L5
.

j_1
-9

JbR- KIjmdImjZ h[t_dIZ bkkey™MRZ]prye "Zlghtdd jZIhj
i _j_"Zlhgghc nmgdpbb
\ ij_h[jZah\Zgbb EZieZkZ

tw tm
IAE I, 3{dt omin; (3) ITAE 1, 3tdt o min; (4)

0 0
tm tm
l;  3t°dt o min; (5) 1, 3x |udto min; (6)
0 0
tm ty
ISE I, 3t omin; (7) lg 3*dt o min; (8)
0 0
tM tl\/|
I, %°t%dt o min; 9) Ig  3x* u®dt o min. (10)
0 0
J amevlzZl gZkljhcdb fh 'gh \b™ _Iv \ |Z[ebp_ GZ

[hevr_ \eby | gZ djbl_jbb k \j_f_dpgtef Hljedngr _ \
gZkljhcdZo "ey d\Z*jZlbqggdudy gjblg4Qgbl. evgu
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LZ[ebpZGZkljhcdb {tB3YmeylhjZ "ey djditdb \

| B> R l1 I> I3 l4 I5 le |, ls

K R. [ 398327282 105 | 3,84 | 3,96 | 3,57 | 0,995
P Re | 3,92] 295 235| 104 | 3,88 | 3,93 | 3,47 | 0,852

R | 13,7]16,5| 18,8 | 515 | 929 | 125| 14,7| 49,5
Re | 14,1 18,1| 22,2| 516 | 9,39 | 12,7| 154 | 50,0

ti

R | 59,6395 31,5/0,0091| 94.1| 63,8| 48,0 9,20

td Rs | 58,7 | 34,4 | 24,6 | 0,0001| 93,5 | 62,5 45,0 0,0003

< j_amevlZl_ \\_~ gby NMH agZq_gby bgl _]jZevgh]
dhlhjhfm [ueb gZkljh_gu dhglmju j_Jmebjh\Zgby ihdZa
f gvr_ q_f gZ ;he__ Ihlh \j_fy i_j_oh”gh]h ijhp_kKk
bkdexqg_gb_f mf_gvPkelbkv\j fy i _j ohfjdip]lhkkZ
baf _gbehkv g_agZgbl_evgh |Ih ~bki_jkby mf_gvrbeZk
ihjy*dh\ 1Z[ebpZ

LZ[ebpZHIghr_gb_ ~bki_jkbb [_a NHM b k NHM ijb fbgbfba:
ih <<|

W R Rs R4 Rs Re Ry

0,1 697,0 2162 7774 24545 58223 148320

1 698,6 2159 7757 24525 53237 195344

5 698,0 2155 7671 19904 35530 152292

15 928,3 2636 8259 15825 16050 31093

Ba jZkkfhlj_gguo \ZjbZglh\ kZfu_ emqgrb_ |_&
ijhr _fhgkljbjh\Ze >NHM ljbf _g_gb_ "ey hij_"_e_g
ihal\hebl ihemgblv _s_ [hevrbc wnamew|lZlzddbh |
ijh~ _fhgkljbjh\ZIv b Zelhjblf d\Z”~jZlbgqgh]h k]eZ b\Zghb

ijh\ _j_gh \ ke _"mxsbo jZ[hlZo ;he__ 1h”~jh[gh
ij_"klz\e_g \ > @
>ey ijbdezZ~gh]h bkihevah\Zgby ke _m_1| j_di

ke "mxsbc ihke_ "h\Zl _evgGZKplgdda] |meylhjZ k
mq_Ihf izZjzf_Ijh\ rmfZ k ihfhsvx bgl_]jZevgh]h d
<ZjbZpby Ihesaddle time fh gh h[_ki_qgblv fbgbfmf
bgl ]jZevgh]h djbl_jby 1Ihke_ wlh]h ihemqgZ_ f ih nt
gZkljhcdb j_]meylhjZz GZoh”~bf gZkljhcdb ~ey klZlb
hf_ki_qgb\Zy \'i_j\mx hq_j_~v ih*"Z\@ZklhZbr\@affAN G Q
beb "jm]J]h_ j r _gb_ 7"ey mXgéhggbbyijb]j*bgZfbqg_kdbc
ijhp_kkZo b h[_ki_q_gby [ukljh”®_ckl\by
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KIHKH; IJHBA<H>KL<: >J?<?KGH<HEHDGBKLHC
IEBLU KJ?>G?C IEHLGHKLB K NOHiKH; :
I JHBA<H>KL<: IHKUR?GGHC <H>HKLHCDHKLB

gghlZpbyZkkfZljb\Z Iky kihkh[ ijb]lhlh\e_gby ~j \_kgh\heh

ieblu kj_"g_c iehlghklb kmoh]h kihkh[Z ijhba\h”kI\Z ih
\h~hklhcdhklb ey bkihevah\Zgby .\h \eZ guo ahgZo
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E.V. Dubodelova, A.D. Zarovsky?
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Vitebsk, Belarus
2Belarusian State Technological University
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Minsk, Belarus

METHOD FOR PRODUCING MEDIUM DENSITY FIBER BOARD
WITH DRY PRODUCTION METHOD FOR INCREASED WATER
RESISTANCE

Abstract. A method for preparing drprocess mediurdensity fiberboard with
increased water resistance for use in wet areas is being considered.

leblu kmoh]h kihkh[Z ijhba\h”~kI\Z kj_~g_c iehlghl
k _1h~rgy gZb[he__ \hklj_[h\Zgu gZ ihlj_[bl_evkdhf
khZe gbx \ J _kim[ebd_ ; eZjmkv b kljZgZo ?:WK i
F>N \ hkgh\ghf h[s_]h gZagZq _gby qglh h]jZgbgb\Z _
Ijbf _g gby JZajZ[hldZ | _ogheh]bb F>N ki _pbZevgh]h
| g ih\ur_gghc \eZ]hklhcdhklb iha\hebl kha”Zlv bg
fZl _jbdeZd “ey \gmlj_gg_]h jugdZ 1Zd b *"ey wdkihjlz
NZevg  aZjm[_ v _

Hkgh\gZy p_ev ih\ur_gby \h*hklhcdhklb ~j \_ kgh\l
iebkh[_ki_q_gb_ ihklhygkI\Z k\hckI\ \h \] f gb b g _ba

nhjfu ijb wdkiemZlZpbb ijb i j f gguo mkeh\byo \e
| fi_jZImju Ba\_klgu kihkh[u ijbrZgby ieblZf \h~hkll
ijhde &  ><I ijhibldz ith\_joghklgZy h[jZ[hldZ

eZdhdjZzkhgqgufb b iezghqgufb khklz\Zfb [Ijb wlhf 7e
\h~hklhcdhklb ijbf_gyxl obfbqg_kdib” jhndh[kBZIhju
bgrbnn_j glgu_ d \h®_ g_ jZkl\hjbfu_ b g_ gZ[moZxs
kharzxl f_oZgb{dZkdlh "ey ijhgbdgh\_gby \ ~j \_kgu_ q
\h”u mf_gvrZxl kdhjhklv kfzZgqb\Zgby \hehdgzZ \t
Ij_"hI\jZzsZ_ | ~ _nhjfZpbx gZ[moZgb_ \ |_qg_gb_ hij
ijhf_"mldz \j_f_gb Ih _klv \j_f_ggh bahebjm_|I| fz
\ha” _ckl\by \g _rg_c kj_~u > @

Bkhevah\Zgb _ n_ghenhjfZev”®_]b”~guo kfhe
dZj[Zfb hnhjfZev”®_]b”guo kfhe DNK thalhey |
mklhcgb\hklv iebl d \eZ]_ gh g_ kgbfzZ_1I ijh[e_fm kfh
ijb]Zjh\ > @

< dzZq_kI\_ ]Jb~jhnh[bazlhjz fh _| [ulv ijbf_gzg kn
eb]gbg Z k KKKJ kfheZ HdIhkdgpablv
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]brjhnbevghklv \hehdhg ijb h*gh\j_f gghf memqgr_ghbb
iebl \hafh gh ijb bkihevah\Zgbb kfheu gZ hkgh\_ihel

Z k KKKJ Z k KKKJ dj_fgbchj]zg
kh_"bg_gbc Z k KKKJ KKKk kbgl _Ibqgq_kdbo
\hehdhg Z k KKKJ Z k KKKJ g_nl_il
kfhe Z k KKKJ b 7]

Ba\_klgu kihkh[u Ijb~r"Zgby \h*hklhcdl

Nj_\_kgh\hehdgbkluf ieblzf k hrgh\j_f_gguf kgb _gb_f
imlzf h[jZ[hldb \hehdglkkihhckbgl Ibg_kdbfb kfhezZfb
oehjbjh\Zggufb eZl_dkZzZfb \h*hjZkl\hjbfufb Zglbil
ijhibldhc ]hlh\uo iebl Zglbibj_gZfb b dzZj[Zfb*"hf_eZ
kfhehc h[jZ[hldhc ih\_joghklb iebl dZj[ZfbA"hf_eZfbgh
\W\ A~ gb_f \ \hehdgbklmx fZkkm fbggpZesgoao>gd@ih
G _"hklzldZfb \ur_mdZaZgguo kihkh[h\ y\ey |ky khojz
beb kgb  _gb_ \h*hklhcdhklb iebl lj _[mxlky “hihe
hi_ jZpkbhibldZ b kmrdZ iebl

Wnn_dlb\gufb fh*bnbdZlhjzfb Aj_\_kguo \heh
ijhba\h~kI\_ ><1 y\eyxlky kihikdh\u gZeeh\h]h fzZzkez >
HArgZdh \hAhklhcdhklv ijb wlhf ih\urZ _Iky g_agZqbl_e\
Ijbf _g _gb_ g gZkus _gguo "bjguo dbkehl k [hevrhc fh
fZkkhc \oh”ysbo \ khklz\ [Zeeh\h]h fZkeZ

< dzZzg_kI\_ ]1b~jhnh[gh]h \_s_kI\Z \ hkgh\ghf j_dh
bkihevah\ZIlv iZjZznbg Z 1Zd _ \_s_kI\Z h[ezZ"Zxsb _ ]
k\hckI\Zfb i_ljhezZlmf ]Zq p_j_abg \hkdb wnbju b
jZaebqgu_  dm[h\u_ hklZldb 1ZjZnbg hl[eZ™Z | ¢
]Jbrjhnh[gufb k\hcklI\Zfb b ijbf_gy_ Iky \ \b”_ wfme\
jZkieZ\Z X@

Ba\_klgZz dhfihabpby Ney ba]Blh\e _gby
AN\ _kgh\hehdgbklu_ ieblu kj _~g _c ielglBkliPhl Zg
GHQVLW\ ILEUHERYIUXG ZY N\ _kgh _ \hehdgl

fh*bnbpbjh\Zggmx dZj[ZfbrhnhjfZev”_]Jb*gmx kfhem
ithebwlbe _gihebZfbghf IWI1: Ihédb HOQG] diloh”hf
ijhba\h”~kl\Z [IWI: b f_ezZfbgZz hi\_jAbl_ev b ]b”~jhn
iIZjZnbg G _~hklzldhf 2~Zgghc dhfihabpbb yl\ey |
| _ogheh]bqgq_kdZy ijhjz[hldZ bkihevah\Zgby IWI: b \uk
ih bkihevah\Zgbx f_ezZfbgzZ |Ijb wlhf ihklhyggZy \h”~hl
"hklb]Z _Iky

Bamg_gZ \hafh ghklv ihemq_gby ><I h[eZ”Zxsbo
Ib~rjhnh[ghklvx > @ G_"hklzldhf ~Zggh]h kihkh]:
"hihegbl _evgZy | _ogbqg_ k#&dgZAdghk jdipbyfh*bnbpbjmxs_]h
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khklzZ\Z gz ih\ _joghklv ><I k ihke "mxs_aollh jfhh[jZ]
agZgbl_evgh ih\urz | aZljZlu gZ ijhba\h?klI\h ijh*mdptk

<hafh  _g kihkh[ ijbr"Zgby \eZ]hklhcdhklb ]b”jhnh]
bkihevah\Zgb _f g_iheyjguo m]Je_\h*hjh~h\ iZjZnbgu
lhgdh”bki_jkguo wfmevkbc kmki_gabc gZ hkgh\_
G_"hklzlé&hhikh[Z y\ey Iky ijbrZgb_ ieblzf IThevdh \j_
\h~*hklhcdhklb

ljb\h~*blky kihkh[ ]b”jhnh[baZpbb 7~j_\_kguo fZIl_]
bkihevah\Zgb _f iZjZnbgh\h]h g_nlygh]lh \hkdzZ \ \b"_ ¢
> @ G_"hklzldhf kihkh[Z y\ey_ |ky ihemqg_gb_ Ihe\
\eZ]hkddhklb ~j_\_kguo iebl I|j_[m_Ilky ki_pbZevgh_ h
Ney ih”lhlh\db gZgh”bki_jkbb

AZ"Zq_c¢ gZklhys ¢ jZ[hlu y\ey |ky gb~rZgb_ iel
ithklhygghc \h*hklhcdhklb

MdZazZzggZy azZz~zZqZ j_rZ _lky \\_"* gb_f \ ba\_klgm
\dexgqZxsmx ~j_\ _kghlgh \WeZh[Zfb *hnhjfZev”® _Jbrgmx kffl
hi\_j~bl_ev iZjZnbg b dzZj[Zfb” ]b”jhnh[babjmxsmx

dhebqg_ kI\ _ « hl fZkku Z[k kmo \hehdgZ
=b~Ajhnh[babjmxsZy “"b~dhklv ij_~klzZ\ey | Kkh[hc

jZkI\hj gZ hkgh\_ dj _fg _hj]l]Zgbq_ kdecdckedbhh ghlu

k fZkkh\hc "he_c¢ Zdlb\gh]h \_s klI\Z « Ohjhrh kf

kh kfhehc g_ kgb Z | kdhjhklv b Kkl_i_gv hI\_j ™
h[_ki_qb\zZy ijb wlhf ihklhyggmx \h*hklhcdhklv

ljb gZg_k_gbb gZ h[jZ[Zlu\Zz_fu_ \hehdgZ *j
ZedbekbebdZlu dZgdyl kigab”™ ~ ckl\b_f ijbkmIlkl\mxs _
\ha“mrghc kj_*_ m]e_dbkehlu Kk h[jZah\Zgb_ f Zedbe
ihebkbehhdkzZgh\ H[jZah\Z\rb_ky kh_~bg _gby \aZbf
hi\_jr"bl_e_f DNK hdbkyfb b ]b*jhhdbkyfb \oh”ysbfb \
th™\_j]Zxlky ih” bo M c¥delwg cr_c ihebdhg” _gkZpbhb
h[jZah\Zgb f gZ ih\_joghklb \hehdhg g_jZKkl
\h*hhllZedb\Zxs _c lezgdb edbekbebdhgZlu 0
k\yaulZxlky 1Zzd"_ k kheyfb \oh”ysbfb \ khklz\ ~j \_ k¢
lj_bfms_kI\Z ZedbekbebdhgzZlh\ i_j ™ ~jih|jiidid Jb”jhnh
aZdexqZ _|ky \ Ihf qglh bo ijbf_gyxl \ \b”_ \h”guo jZklI\
bf x|l aZiZzozZ b "hklZlhqgh ~zr_\u

JZkoh” ]Jb~jhnh[babjmxs_c¢c "b~dhklb hij " ezg
hkgh\Zgbb bkke_ "~h\Zgbc khklzZ\ey | « d Z[k k
hilbfZevguc jZkoh” Ohhabpbx Jhlh\yl ke “mxsbf
h[jzahf HdjZr_ggh_ ~j_\_kgh_ \hehdgh kf_rb\zZxl kh
1ZjZnbghf dZj[Zfbrhf ljhde__ggmx fZkkm kmrzZl “h

« >h[Z\eyx| ]b~rjhnh[babjmxsmx "brdhklv ihke
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nhjfbjmxl ~j_\_kgh\hehdgbkluc dhezjxb hkm]hjkg
Ij_kkh\Zgb _ J amevlZiiuoZobhabdkdbo bkiulZgbc iebl
ba]J]hlh\e _gguo \ ijhfure_gguo mkeh\byo ijb\_* gu \ |Z]
gZeba ~Zgguo ijb\_~zgguo \ IZ[ebp_ ihdZau\Z
kjZ\g_gbx k ijhlhlbinf g_agZgbl_evgh gh mf_gvrZ_ I}
k\h[h~gh]h nhjfZev”_1b~Z \ iefblaZog bgb &ldh ihdZaZzZl e
ilebl memqrzZxlky 1jbf_g gb_i1j _"eZ]Z _fhc dhfihabpbt
\h*hkkcdhklv iebl J_dhf_g"m_fuc jZkoh” ]b”~jhnh[be
"brdhklb khklzZ\ey | d Z[k kmo \hehdgm ijbf_j

LZ[ebpNbabdhoZgbg kdb ihdZaZl eb iebl

Dhebqg_kI\h \\h"| .
AR[ZVhd fZkkK NbabdhoZgbq _kdb_ ihdzZazl_ebh
> = lihgghkl P

i o ks g g; - £_~< _ol

= v« |2 |2]8s|a | %9 > | 2|2 N

= z LIN| =< | 0 a o | e |

- N | —| €2 | a =S| = - | < N —

= N | < N =T T | = o

= = _ =

I o
1 10,3 0,1 | 1,0 0,1 |33,32| 0,72| 15,6 | 0,17 6,91 ijb_fe_fh
2 10,3 0,1 | 1,0 0,2 |38,23| 0,88| 13,8 | 0,21 6,84 ijb_fe_fh
3* 10,3 0,1 | 1,0 0,3 |41,65| 0,98 | 13,6 | 0,24 6,79 ijb_fe_fh
4 10,3 0,1 | 1,0 0,4 |41,32| 0,92 | 14,6 | 0,22 6,73 ijb_fe_fh
5 10,3 0,1 | 1,0| 05 |3512|0,84| 153 | 0,18| 6,78 g _ijb_fe f
6 10,5| 0,15 | 1,0| 0,1 |34,07| 080 14,7 | 0,20| 7,34 ijb_fe fh
7 105| 0,15| 1,0| 02 |39,04|0,82| 148|022 | 7,28 ijb_fe _fh
8 10,5| 0,15 | 1,0| 0,3 |37,89| 0,89 | 14,4 | 0,24 | 7,25 ijb_fe fh
9 105| 015| 10| 04 |41,85/0,84| 149|020 | 7,23 ijb_fe _fh
10 10,5| 0,15 | 1,0| 0,5 |37,16|0,87| 150 0,23| 7,17 ijb_fe fh
ljhlhlbi 10,3 | 0,10 | 1,0 0 40,20| 0,75 | 27,0 | 0,06 7,80

ljbf _gZgb_ hipjiya[moZgb_|hesbgu ihke_ pbdebq_kdh]h |I_klIZ
tijhgghklv gZ ihi_j _qggh_ jZkly  _gb_ ihke_pbdébqg_kdh]h |I_klZ
*lhesbgz iepnl ff

Lzdbf h[jZahf \dexg_gb_ \ dhfihabpbx ]Jb*jhnh[be
"b~rdhklb iha\l\hey | ihemqgblv ihklhyggrmX) \gfihklhcdhk
Ijb\h~bl d m\_ebq_gbx kjhdZ wdkiemZlZpbb iebl b jZk
bo ijbf_g_gby I|j_"eZ]lZ_fZy dhfihabpby ijhreZ ijhfu
ijh\_jdm o ®') H:H ©<bl_[kd”]j_\2 gZqgZlh _z ijhfure_g
ijhba\h”*klI\h b j ZebaZpby ihemq_gghc \h*hklhcdhc ic¢
k jlbnbdzl khhiI\_IklI\by @'ZX +iebMklhcdm¥% <«

?\|ZabckdZy iZl _glgZy hjl]ZgbaZpby aZj ]bk
?\jZabckdaxxy\dm OKihkh[ ijhba\h*"kI\Zehdgbkkiya
ieblu b *j \\kghdgbklZy ieblz2 ih® ghf_jhf ?:
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Kibkhd bkihevah\Zgguo bklhggbdh\

Dzjzk_\ ? B Dbk_e \ B X F_jkh\ 2?2 > Dbk_
<h”hklhcdhklv 7j_ \_kgh\hehdgbkluo iebd FH[ah] bg
<GBIBWBe_ kijhf A k

;_d_Ih\ < > H[k_~r_\kdzZy =G JZa\blb_ kmoh’
ijhba\h”~kl\Z ~j_ \_kgh\hehdgbkluo iebl az pwh[_"hf HJ[atl
<GBIBWBe_Kijhf A K

> fg_gdh G K Iljhba\h”kl\h \h~hklhcdbo b h]g_
Nj_\_kguo iehl\ _kgihhehdgbklu_ ieblu Lim~u <k_khxat
gZmig og dhgn ith ijhba\h”*klI\m b ijbf_g _gbx "j_
\hehdgbkluo fZl_jbZeh\ b iezklbdh\ ] :jozZg]_evkd Il
. > ;h]lhfheh\Z =GLD KKKJ A F A A K

=Zfh\z B : PZj_\ =Bjbgljlhk\ Dhfihabpby [Zeeh\h]h
fZkeZ b ihebbahpbhgZlih\ *ey \hAhklhcdbo ><I > \
| hjby b ijZzdlbdZz lh~ j_~ E_hgRk\bgdhgZ] gZmq
ijZzd dhgn fZjlz +KI| +K

=Z\jbexd K N =Zedbg | <aZpdyhmMhlb kguo iebl
iZjZnbgh\hc wfmevkb_c¢c ®Wjphj\Adkgu_ ieblu | _hjby b
ijZdlbdZz lh~r j_~ E_hgh\lygZ&_~"mgZj IigZcq
dhgn fzZjlz +KI| +K

'hl1Zq _\ > | _jki_dlb\u ijbf_g_gby \hkdh
gZgh”~bki_jkbc 7ey ]Jb”jhnh[baZpbb ~j \ _kguo fZI_
Khklhygb b i_jki_dlb\u jZa\blby ijhba\h”~kI\Z ~j_\_ ki
lh~ j_~ =gmlh\hc ? | Kk[hjgbd fhdeddh)jh"ghc gZmq
ijzd dhgn fZjlZz ]x;ZeZ[Zgh\h =K

M > B47.32:539.23
A K =mjbgz
Bgklblml obfbb gh\uo fZl _jbZeh\ GZpbhgZevghc ZdZ” fbb
Fbgkd ;_eZjmkyv

LIB,HEH=BQ?KDB? K<HCKL<: FHGHKEH?< G: HKGH<
G?G:KUS?GGUO @BJGUO DBKEHL

gghlZpbgkke ~h\Zgu Ijb[heh]bqgq_kdb_ k\hcklI\Z fhghkeh _\
he bgh\hc b wimdh\hc dbkehl ihemg_gguo gZ dj_fgb _\hc ih\_|
hdmgZdipgo&ing? b E_gltxeh”™ Il E; MklZgh\e _gh qglh fhghkeh
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E; klZ[bevg__ d f_oZgbqg_kdhfm \hgh_rkjbdd rZgVlgjlz q_f
ihdjulby ihemqg_ggu_f Ih~hf hdmgZgby
Z.S. Gurina
Institute of Chemistry of New Materials of the National Academy
of Sciences of Belarus
Minsk, Belarus

TRIBOLOGICAL PROPERTIES OF MONOLAYERS BASED ON
UNSATURATED FATTY ACIDS

Abstract The tribological properties of monolayers based on adid erucic
acids obtained on a silicon surface by-dipating and LangmuiBlodgett (LB) methods
have been studied. It was found that LB monolayers are more stable to the mechanical
effects of a steel baf indenter than coatings obtained by dipating.

<\_~ gbFbdjhwe_dljhf_ozZgbqg_kdb_ kbkl_fu F\
rbjhdh ijbf_gyxlky \ jZaebqghf h[hjm~h\Zgbb gZ
fZeh]Z[Zjblguo mkljhckl\ 1Zdbo dzZd | _e _nhgu b ¢
azZzdzZgqgb\Zyhkdwphdkdhc b \h_gghc[l]l._Nébgldlgc kdb _
jZaf_ju FWFK fhlml \Zjvbjh\ZIvky hl fbdjhf_Ijh\ ~h
fbeebf 1jZz Hgb ba]Jhlh\e _gu ba dhfihg_glh\ jZzaf_ jhf
fbdjhf_IjhQ kemqgzZ_ fbdjhkbkl_f hlghr_gb_iehsZ”b ih\_
d h[t_\mebdh ihwlhfm gZ jZ[hlhkihkh[ghklv FWFK km
\eby | baghk dhlhjuc ijhbkoh”~bl \gmljb dhglzd
fZl_jbzZeh\ qglh ijb\h~bl d kgb _gbx ijhba\h”bl_evghk
kem [u "Zgguo mHK|hckI\ >

Dj _fgbc dhlhjuc yley Iky gZb[he_ _ bkihe\
fZl jbZehf ij _pbabhgguo maeh\ Ij _gby FWFK ih”™\_j ¢
bkilbjZgbxaBagbadhc m”Zjghc \yadhklb b hlkmlkl\by _
kfZa®h FbgbfbaZpbb |Ij _gby b baghkzZ ~ |Ze_c¢ fZrbg b f
fh gh “"h[blvky aZ kg _| bkihevah\Zgby aZsblguo ihdju
kh_~bg_gbc ijbjh~rgh]lh ijhidko? "<ghlyq_kI\_ |1Zdbo
\ s kI\ fh]lml J[ulv bkihevah\Zgu "bjgu_ dbkehlu
kh~ j°Zlky \ ju[v_f "bj_ dmg ml_ dzZdzZh jZik_ ir_
ijh~mdl[3Z d].

>ey nhjfbjh\Zgby aZsblguo ithdjulb
fbdjhwe _dljhf_obobkbkld f FWFK bkihevamxlky jZaeb
f Ih~u 1Zdb_ dZd p_ gljbnsplhhxq)htmfgbhd@chtycb ©
coating? kath]Zg)baEgg]fx;éh" I E; b | > @
AZsblgu_Fbgfmevibkehb |hemq_ggu_ ith 1 _ogheh]bb E
jZaghh[jZagh _gijgb_ \ jZaebqguo h[eZklyo gZmdb b
lj_bfms_klI\h "Zgghc | _oghelgbtpbl _evgu_ wdhghfbqg_k
azZljZlu g_lj_[m_|I \Zdmmfbjh\Zgby b \ukhdbo I_fi_jZI
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P_ev ~Zgghc jZ[hlu knhjfbjh\ZIv aZsblgu_ ihdju
FWFK gZ hkgh\_ he_bgh\hc H® WDwjchkikéhl b
bkke "~h\Zlv bo Ijb[heh]bqg_kdb_ k\hcklI\Z

FZl _jbZeu b f_lkh"Zzq_kI\_ih”"eh db "ey nhjfbjh\Z¢

ihdjulbc HD b WD bkihevah\Zeb ijyfhm]hevg
ieZklbdghghdjbkliZeebq _kdh]h dj _fgby dhlhju_ ij _™\Z
ihA\_jlZeb ]b~jhnbebazZpbb ®ipZEGHED bH.SO, \

khhighr_gbb ih h[t_ fm \ 1 _q_gb_ qzZkZ ijb I _fi_j

Fhghkehb &Z hkghMD bWD nhjfbjh\Zebh"hf
]hjbahglZevgh]h hEE i{bidbyjoghkfilgB\e lmbdhlhjh _
kKhhi\_IkI\m_I nZah\hfm khklhygbx e_ g&NKjhWWh]h ke
ie _gdzafG f gZ mklzZzghtd_ H>H ©OFbdjhl_klfZrbgu?
J kim[ebdZ ; _eZjmkv bkihed®mi DPZklbljhjhnhjf_ k
dhgp_gljZpb_c f] fe < dZg_kI\_ km[nZau bk
"bkbeebjh\Zggmx \h m | _fi_ jKnkjh@ FhghkeWd
nhjfbjh\zZzeb 1Zd _ f _Ih"hf hdmgZgbyzjihREh)db \
oehphjf  k ZgZeh]bgghc dhgpkanjlElly ¢ j f s _gby
iheh db ff k

Lib[hl_ogbg_kdb_  bkiulZzgby ihdjulbc hkms_KkI\
fbdjhljb[hf_Ij_ \hadijZkgmizl _evgh]lh IbiZz dhlhjuc gZbJl
lhqgh \hkijhba\h”bl fZeu_ dhglZdligu_ gZ]jmadb |
kdhev' _gby maeh\ 1|j_gby FWFK Mkeh\by Ijb[hb
ijbeh” _ggZy gZdjma@zZbg™ _gkhZevghc rZjbd "bzZf _Ijhf

ff klZe® "ebgZ oh”Z by30f6flhjdh ebg cgZy
kdhjhklw ff k L _klbjh\Zgb_ h[jZaph\ ij _djZsZeb
"hklb™ gbb agZq _gbc dhwnnbph~®442]l|L gdyb gk
ihemqg _gguo fhghkeh \ hp _gb\Zeb ZgZebabjmy ijh
ith\_joghklb g_j_ a bkgmkkB*"Zgguc » n_dl \ bo klijmdIlm
"Zgguf ZlibhKgkh\hc fbdjhkdihesbgZ fhghfhe_dmeyjguo
keh HD b WD g_ ij_\urZ_ | gf

J ameviZlu b h[km &Zgb]jZnbd_ aZ\bkbfhklb
dhwnnbpb_glzZz 1j _gby hl qgbkezZ pbdeh\ kdhev _gt
1j_~klz\e _gu ~Zggu_ ih Iljb[heh]bg_kdbf k\hckI\Zf fh
hkgh\_ he_bgh\hc b wjmdh\hc dbkehl ihemqg_gguo
hdmgzgbjffgbh \Zy ih*eh"dZ [_a ihdjulbyljZajglrZ Iky
hr"gh]h pbdeZ kdhkelwghgbib g gZkus gguo "bjguo dbk
mf_gvrZaclhwnnbpb_ gl k) djbygb _\hc ih\_joghklb \ JZ e
b \u~_j b\zZxl b pbdeh\ kdhev'  _gby klZevgh]h rZ
Khhi\_IkI\_ggh ~h “hklb" _ gy &glhg\jg by fdNfch ke hc
WD ihemq_gguc f_Ih*hf hdmgZgby m~Zey |lky ba

ih\_joghkl ¢ ihke_ pbdeh\ Lzdbf h[jzahf Ijb[he
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k\hckl\Zz fhghkeh_ \ E; fhghg _gZkus_gguo “bjguo
memqrZxlky ijb m\ _ebqg _gbb 7“ebgu Zedbevghc p_ib
ijbg_f f_IhkjdahglZevgh]h hkzZ ~ gby iha\hey | knhijf
[he_ mihjy*hg_ggu_ b h”ghjh”rgu_ fhghkehb 1ih Kk
ithdjulbyfb ihemqgq _ggufb f_Ih*hf hdmgZgby

Koydpdpuunenr rpenns

Yucio IHKJI0B CKOJIbREHHA

Jbk *AZ\bkbfhklv dhwnnbpb_glZ Ij _gby hl gbkeZ pbdeh
kdhev  _gb¥ih\ _joghklv dj_fgby [_a iAdjfihidplykehc HD
fhghkehc WD ihemq_ggu_ f HfthhgihtkEhc WD ihemqg_gguc
f Th~hf hdmgZgby

AZdexq_gbBkke_ "~h\Zgu l[jb[heh]bqg_kdb _ k\hc
ithdjulbc gZ hkgh\_ he_bgh\hc b wimdh\hc dbkehl knh

dj_fgb_\hc ih\_joghklb f_Ih~lyf bhdnhgzZlglmgheh]bb
E _glfxyZeh”" Il MklZgh\le_gh qlh fhghkehb E; klZ[t
f oZgbg_kdhfm \ha” _ckl\bx bg” _glhjZz q_f ihdjulby
f Th~hf hdmgZgthgghkehb he _bgh\hc b wjmdh\hc dl
ithemq _ggu_ f_Ih~Ahf E; \u”_j b\Zxl ~h pbdeh\ kdhev
Lhgdhie_ghqgu_ fZl_jbZdhghzkakgh¥E; he bgh\hc
b wimdh\hc dbkmhl[ulv bkihevah\Zgu \ dZq_kI\_ aZs
ithdjulbc \ maeZo |j_gby fbdjhwe _dljhf_oZgbq_kdbo ml

Kibkhdkihevah\Zggdbggbdh\

1. :. Abdelbary Li Chang Introduction to engineering tribology /
Abdelbary A., Chang Li // Principles of Engineering Tribolog2023. +P.
1 £32;

2. 1lhdjulblg _glfxjZeh~" Kz kghthghg _gZkus_gguo
"bjgudbke/h{. < Kbgvd [\tbg]// Central asian food engineering
and technology+2023. +t9 RO 3. ¢P. 5462,
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3. He_bgh\Zy dbkehlzZz K\hckI\Z b ijbf_g _gb_
dbkehlu >We dljhgguc j_kmjk@ J_ " bf
https://www.umeks.ru/articles/oleinovakeslotasvoystvai-primeneng-
oleinovoykisloty/ ~ZI1Z h[jZs _gby ;

Wimpbgh\Zy [db&etdlphgguc ]j_ _kimjlbf “hkimiZz
https://www.atamanchemicals.com/eruamd u25887/?lang=RU ~"ZI|Z
hljZs_gby :

5. A.E. Salamianski, V.E. Agabeko¥ Tribological Properties of
Composite LangmuiBlodgett coatings obleic acid with molybdenum
disulfide nanoparticles // International Journal of Nanosciet&# 9 £Vol.

<3 &4 £P. 1940068l +19400683.

M>D -155.4

F > =msbg > ZeWHXI\Z ? : FZjbgbg : K Ih]jm”~bg
<ylkdbc J]hkm~Zjkl\_gguc mgb\_jkbl
Dbjh\ Jhkkby

BKKE?>H<:GB? <EBYGBY BGL?GKB<GHKLB IJHP?KK
BFIMEVKGHC E:A?JGHC H;J:;HLDB G: <?EBQ?GM
=EM;BGU B L<?J>HKLB FH>BNBPBJH<:GGH=H KEHY

:gghlZpbyH~rgbf ba i_jki_dlb\guo gZijZ\e_gbc ih\ur_gby n
f oZgbqg_kdbo k\hckl\ f_IZeeh\ yl\ey Iky bfimevkgh_ eZa_jgt
klZlv _ ij_"klZ\e _gu j_amevlZlu eZa_jgh]h miplagg _gby
dhjjhabhgghklhcdhc klZeb O G

M.D. Gushchin, D.V. Ostaltseva, E.AMarinin, A.S. Pogudina
Vyatka State University
Kirov, Russia

RESEARCH OF THE INFLUENCE OF THE INTENSITY OF THE
PULSE LASER PROCESSING PROCESS ON THE VALUATION
OF THE DEPTH AND HARDNESS OF THE MODIFIED LAYER

Abstract. One of the promising directions for improving the physical and
mechanical properties of metals is pulsed laser radiation. The article presents the results
of laser hardening of shafts made of corrosio HVLVWDQW VWHHO O G

Ihbkdb b bkke_~h\zZgpbphlggagl\ f_Ih~"h\ h[jZ[hldb k
p_evx ih\ur_gby wdkiemZIlZpbhgguo k\hckl\ [mA"ms_]h
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[ueb ZdImZevghc az”*Zq_c \ fZrbghkljh_gbb Hrgb
I _jki_dlb\guo f_Ih~h\ y\ey Iky ih\ _joghklgh_ | _jf
mijhgqg_gb_ ijb ihfhsb bfimevkgh]hgegfly.jgh]h baem

=eZ\guf ij_bfms_klI\hf *Zggh]h f_Ih*"Z y\ey Iky \he
ithemqg_gby I\ _j*hc baghkhklhcdhc ih\_joghklb k khojZ
kK j~p_\bgu qlh iheh bl _evgh kdZau\Z |ky gZ ijhqggh!
lzd"_ kgb Z_Iky \_jhylghklv \hagbdgh\_gby dhjh[e_
[ez]lh~rZpbadbf \gmlj _ggbf gZzZijy gbyf \hagbdZxshbf
ith\_joghklghf mijhgg _gbb bfimevkguf eZa_ jguf ba
Hi_jZpbb Ih eZa_jghfm fh"bnbpbjh\Zgbx lZzd ™ _
bkihevah\zlvky \ dZq_kI\_ hdhgqzZl_evghc h[jZ[hldb
ith*h[jZgguo j_ "bfZo memqrzZ\ZdkykIv_jihdhjoghklb [_a
baf_g_gby ]_hf_Iljbb ih\_joghklgh]h kehy h[jZ[Z
fZl _jbzez > @

>ey ijh\_~ gby bkke_ _~h\Zgby \ dZqg_kI\_ mijhqgy_
bkihevah\Zeky r_klb]jZgguc \Ze ba dhjjhabhgghklf
O G k bkoh~ghc I\_jAMHRMvxZgguc kieZ\ h[ez~Z |
\ukhdhc ijhgghklvx b klhcdhklvx d dhjjhabhgguf \he
kiezZ\h\ b bkihevam I|Iky 7“ey ba]hlh\e _gby ba”_ebc
Z]j_kkb\guo kj_"Zo Wdki_jbf _glZevgu_ bkke_ _"h\Zghb
gZ bfimevkghf I\_jrhl_e\xghfVEZaNZ00.

>ey hp _gdb ijhp_kkZ mijhgg _gby ih\ _joghklb [ueb
baf j gby I\ _j2hklb b ]Jem[bgu mijhgqg _ggh]h kehy ijl
j_"bfZzo Baf_j _gb_ I\_j~hklb ih f_Ih*m <bdd_jkZ [ueh

thfhsvx Z\IhfZlbq_kdh]h I\_j~hf_jZ L<F < ebqgbgZz
mijhgahgh kehy [ueZ ihemqg_gZ \ |Jj_amevlZl_ b
fbdjhI\_jrhklibbdpghl\_j~hf_j -IFL

lhke_ ijh\_*_gby wdki_jbf_glZevguo bkke_"h\Z

ijhba\_"~_ g jZkqg_Il bgl_gkb\ghklb eZa_jgh]l]h baemq_g!
j_"bfz < [hevrbgkl\_ kemqgZ_\ 7~ey wiéahhglbklivhevam)
fhsghkMW, <I?2f> @ jzZkkgblu\Z_fmx ih nhjfme_ gh
\_ ebgbgZ ozjzZdl_jbam_1| Ihevdh hl* _evgh \ayluc bfime
bgl _gkb\ghklb bfimevkgh]h ezZa_ \W Hjkiheavearh §Z @b lyv
nhjfmeZ > @ dhlhjZzy mqgblu\Zy nZdlhjbgmf Igb
ijhp_kk bfimevkghc eZa_jghc h[jZ[hldb p_ebdhf
Eb 2
Wp SIO~W<I/f (1)

1" ?2xwg_j]lby bfimevkz >"

S tiehszZ”v iylgZ eZa_jz f

2trbjbgZ bfimevkZ Kk
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Eph _. 2 ~

W, %T’>/ff k (2
] _ nxtdhebqg_kl\h bfimevkh\ gZ mqgzZkld_
t+trebl_evghklv h[jZ[hldb mqgqZkldZ k

S tiehszZ”v mqgzkldZ “~bgbqgghc "ebggu ff

< IZ[ebp_ ijb\_~_gu iZjZf_lju j_"bfh\ eZa_jghc h]
j_amevlZlu aZf_jh\ Jem[bgu b I\_j~hklb mijhgg _ggh]h
agZq_bhoy gkb\ghklb eZa jgh]h \ha”_ckl\by

LZ[ebpZ&J amevlZlu wdki_ jbf glZevguo bkke ~h\Zgbc

Kdhjhk QZkIl Kb| Rbjbg ﬂ\zzajfé | We

.| hlizihl z ezl Z Tho| L\oir =emib e
b h[jZ[| Ihd bfime ;o\ IV +S ff .

ff fbg| Idb 3 Z kz f £
1 90 3 50 5 1 374 0.107 6.5
2 90 15 50 5 1 495 0.205 7.05
3 90 3 50 8 1 386 0.185 10.34
4 90 15 50 8 1 457 0.279 11.22
5 90 3 130 5 1 376 0.187 16.9
6 90 15 | 130 5 1 353 0.249 18.33
7 90 3 130 8 1 377 0.141 26.9
8 90 15 | 130 8 1 371 0.321 29.18

GZ hkgh\_ ZgZebaZzZ j_amevlZlh\ hiulh\ ij "klZz
|Z[ebp _ hif gz f qlh ijb j_"bf_ <« Jem[bgZ aZdZe_
gZbf _gvrzZy Z ijb j_HgfZb{hevrZy FZdkbfZevgZy I\ _j*h
aZlhlh\db ihemgbezkv ijb j_"bf_ <« ith kjZ\g_gbx k

IN\_j*hklvxh\ukbeZkvHVZ fbgbfZevgh I\_j*hklv ihemqgbe:
ijb j_ "bf_ « IN\_j*hklv ih\ukbeZkwWHYk_]h gZ

GZ jbk b bah[jZ _gu ]jZnbdb azZ\bkbfhklb ihe
j_amevlZl_jZkq_Ih\ b ZgZebaZ kh[jZgguo *Zgguo
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h , M

035
0,
1.l S — I . 0 SN N S S
- 1 I
0,2 I |
ed=="" 1 1
0,15 | ! ! ! | I
1 1 I I 1 I
01 1 1 1 I I ! 1
I | 1 | ! 1 ! I
0,05 | | ! ! ! | ! I
' I I ! ! ! I 1 I
0 1 l .I .l .I 1 .l l
6,5 705 1034 1122 169 1833 269 2918
W, IR/imms2-c)

Jbk +=jZnbd®Z\bkbfhklb Jem[bgu fh bnbpbjh\Zggh]h kehy
bgl_gkb\ghklb h[jZ[hldb

550
500
450 |

aoo [

350

o 6,5 7,05 10,34 11,22 16,9 18,33 269 29,18
Ws, IR/ 2-c)
Jbk +=jZnbdb azZ\bkbfhklb I\_j*hklb fh bnbpbjh\Zggh]h ke
bgl _gkb\ghklb h[jZ[hldb

ljhZgZebabjh\Z\ ithemqg_ggu_  ]jZnbdb [ueb

ke "mxsb_ \u\h”u

K ih\ur_gb_f bglhlgbkb\g@Za jgh]h \ha”_ckl\b:
m\_ebgb\Z_Iky ]Jem[bgZ mijhgg_ggh]h kehglhWIh k\y
| ieh\Zy wg_j]by ihemqg_ggZy aZ h”bg bfimevk g_ mk
jZKkij_~ _eblvky \ fZl _jbZe_ ™ 1Zeb ~"h gZklimie_gby Kk
j_amevlZl_ qg_]h m\_ebdmz iKy]jlem[*hklZIhgqgZy "e
nZah\uo ij _\jJZs _gbc

L\ _j~hklv \ j _amevlZl_ih\ur_gby bgl_gkb\ghklb
mf _gvrZ |ky 1Zd dZd m\_ebgb\Z _Iky dhebqg_kl\h | _ie:
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h[jZ[Zlu\Z_fhc ahgu \ jZg__ h[jZ[hlZggmx \ | _ame
th\urz Tky kIl _hligwkdZ

Kibkhd bkihevah\Zgguo bklhqgbdh\

;_euc : < |h\_joghklgZy mijhggyxsZy h[jZ][l
Ijbf_g_gb_f dhgp_gljbjh\Zgguo ihllkgh\ wg_jkbb

6HUJHHY ' * O0ODULQLQ ( $ O0ODULQLQD 1
7KH FKRLFH RI SXOVH ODVHU UDGLDWLRQ PRGHYV
,23 &8RQIHUHQFH 6HULHV ODWHULDOV 6FLHQFH C
u

=jb]lhjvygp : = L_ogheh]bg_kdb_ ijhp_kku
h[jZ[hldb mqg_[gh_ ihkh[b_ = =jb]lhjvygp B G R
Fbkxjh\ ih”~ j ~Zdpb_c¢ : = =2Z2jbFhkv\FA M bf
ZmfzZgzZ 2 k

=msbg F > G _\bgbpugzZz < K HklZevp _\
lhlm~bgzZ : K FZjbgbg ? K_jl__\ > = Nhjfbjh\Zg
b f Ih~"bdb jZkq_I1Z bgl_gkb\ghklb ijhp_kkZ eZa_ jghc
H[s_klI\h GZmdZ Bggh\ZpbbK[j@GbDO fZI_jbZeh\
<k jhkkbckdhc gZpbhgZevighddbqgimlmghdhgn j gpbb
ijbmjhg_gghe dlibx <yl=Mo «hfZo Dbjh\ bxgy
]h~rzZ Lh£Dbjh\ <ylkdbc J]hkm~Zjkl\_gguc magK\ _jkbl |

G B :jlxoMH ; >hjf_rdbfy = ;ZjZrdh
;_ehjmkkdbc J|hkm~Zjkl\_gguc | _ogheh]bg_kdbc m
Fbgkd ; eZjmkv

IMLB IH<UR?GBY IJHQGHKLB IJBEEBJH<:GGH=H
D:J::FB>:

'gghlZpbyZkdju\Z _|ky ijh[e_fZ khojZg_gby dZq_kI\Z ijh”
\uimkdzZ_ fhc ijhfure_ggufb ij _"ijbylbyfb MklZgh\le _gh qlh "ey
ijhgghklb dzZj[zfb"Z gZ [hevrbgkl\_ ijhfure_gguo ij_"ijbylbc bki

DND lj_ ~eh  _gZ Zevl_jgZlb\gZy fh”"bnbpbjm¥szywkghi[Z\dZ
fZ]gby lhemqg_ggu_ j_amevlZlu eZ[hjZlhjguo bkke_"h\Zghb
j_dhf_g~h\Zlv _ Ney ijh\_"*-ghyurkiuggho bkiulZgbc gZ

A ckl\mxsbo ijhba\h~kI\Zo
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1 , SUWNXNXKRBY 'RUPHWVKNLLQDUDVKNR
%H ODUXV L7HF KQFDOWRILFDO 8QLYH
OLQVN %HODUXV

0(7+2'6 )25 ,1&5($6, 7" ( 675(1*7+ 2) 35,//("
85($

SEVWUBHWSUREOHP RI PDLQWDLQLQJ WKH TXDOLW\
LQGXVWULDO HQWHUSULVHYVY LV UHYHDOHG ,W KDV EHHQ
XUHD .).LV XVHG DW PRVW LQGXVWULDO HQWHUSULVHV
EDVHG R@WIDXIP KDV EHHQ SURSRVHG 7KH REWDLQHG UHV.
XV WR UHFRPPHQG LW IRU FDUU\LQJ RXW SLORW WHVWYV C

< mkeh\byo Zdlb\ghc kZgdpbhgghc iheblbdb eh
p_ithqgdb i_j \Zedb Ih\Zjh\ iN\htpAkgHkibg jZevguo
M~ h[j_gbeZjmkb b Jhk&kdplbebkv klZeb [he__kkeh gufb
[hevrbf dhebqg_klI\hf ijhf_"mlhqguo dihhglgizq _glh\
_klI_kI\_ggbpmm*mgby ndddf kdbo k\hckl\ fbg jZevgu
m~h[j_gbc \ j_ameviZIl_7~ebl_evghc IljZgkihjlbjh\db fg
i_j_\Zedb Db "ebl_evgh]lh BgZkloky ijmba\h”bl_eb
klZedb\Zxlky k g_"~h[jhkh\_klguf ih\_~ gb_f dhgljZ] g
k p_evx kgb gby kahbj  d g _h[hkgh\Zggh ih”\_j].
khfg gbx dZqg_klI\h \uimkdZ _fhc ijh*mdpbb

<k _\ur_hibkZggh_"~Z | lheghd "ey memqr_gby c
0ZjZdl_jbklibhd&h[_ggh nfbalZdbqg kdbo kkhgklevx
khojZzg _phbleZf glbjh\Zgguo dZq_ klI\ _gguphtimddZazl e «c
Ijb ithiz"Zgbb d dhg_qgghfm ihlj_[bl_ex

< mkeh\byo Zdlb\ghc i _j \Zedb fbg _jZevguo m~h][
\gbfZgb_ gZ ijhba\mVkled |ky ijhgghkllmdkZgimkdb <
ijhgghklv ]JjZgme dzZj[Zfb"Z azZ\bkbl hl g _kdhevdbo nZ
ihemqg_gby I\_jAZ]ftb"dZZjljZgmebjh\Zgb_ beb ijbeebjh\z
gZebgb_ \h”u k\h[h~gh]h ZffbzdZ kj_"g_lh jzZaf_j.
kh~ _j"Zgb_ dhg”bpbhgbjmxsbo "h[Z\hd

< J_kim[ebd_ ; _eZjmkv dZd b gZ ihklkh\_lkdhf i
"ey m\_ebqg_gby 1ijhqghklb ]jZgme dZj[ZgwhZz b kh
mf_gvr_gby iuebfhklb \ ih*"Z\eyxs_f [hevrbgklI\_ bkil
dZj[zZzfbr hnhjfZev”_]Jb~guc dhgp_glpghllhpu¢D\\h”*blky
\'dZq_klI\_ dhg”bpbhgbjmxs_c “h[Z\db ihke_ klZ”bb \u

Hr"gZdhdZd i1hdZaZe \uiheg _gguc ZgZeba ebl j
bgl jgbklhggpdh\gZgbgzZ | gZ[exmXlhikcygb\Zy fbjh\Zy
| g™ _gpby ih khdjZlsihglvah\Zgby DWDh k\yaZgh k | _f
glh \oh”ysbc \ khkiz\ nhiNfZev”™ ]b” hdZaulZ_| kbevc
ml]g_IzZxs__ "~ _ckl\b_ gZ jhkl jZkl_gbc b ijhjZklZgby k_
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<hijhkm memqr_gbfy ndgbdhkdbo k\hckl\ fbg_jZevg
m~ h[j_gbc ihk\l\ys gh agZgbl_evgh_ dhebq_kl\h gZm
im[ebdZgbcevx bkke_ "h\Zgbc j_ameviZliu dhlhjuo ij_"~
\ "Zgghf "hdey¥Yey |ky bamepbypgdh kh” jZgby hdkb”".
fZlgby gZ ijhgghklv ijbeebjh\Zggh]h dZj[Zfb"Z

< dZq_kI\_ h[t_dlZ bkke_"h\Zgby \u[jZg ijbeetk
dzZj[Zzfb” p_oZ dZHZHb®jh~gh :ahl?2

| j_~ithemqg_gb_f fh*bnbpbjh\Zgguo ]JjZgme \ eZ]
mkeh\byo [ue ijhba\ba gdzZfigke\ gguo oZjzZdl_jbkl
bkoh”rgh]lh dzZj[Zzfb~Z ijh[m dhlhjh]h hlh[jZeb kjZam ih
dbiys_]h kehy [_a ~“h[ZYe_dbw[[XNIDIdb ih\_joghklgh
Zdlb\guf \_s_klI\hf Zglbke_ "b\zZl_e f JZkk_\ ijhJu hk
gZ " _ebl_e_  kj_"~g_ d¢aborbhteu24© 2 ~ey hij_~ e _gby
liZgmehf_ljbg_kdh]h khklz\z \ Ihf gbke_ b jZkrb
mklZgh\e_gby kj_"*g_]h jZaf_jZ ]jZgmeu J _amevlZlL

|Z[ebp_
LZ[ebp&=jZgmehf_Ijbg_kdbc khklZ\ bkoh”gh]h ijbeebjh\Z
dzZj[zZfb"Z
FZkkh\Zy "hey |jBbamekgzZzab_jhf hI\_jl Kj_~gH KIZlbq_K
’ “ff ff | ~bzf_ I ijhqghkl

ff ff ff ff ff liZgm dlk ]
ff

LZdbf h[jZahf hij_~ e _gh qglh hkgh\ghc njZdpb_
njZdpby ff Z kj_"gbc *"bzf_Ij ff

>ey fh”2bnbpbjh\Zgby \ eZ[hjZlhjguo mkeh\by
dzj[Zzfb”"Z ba "Zgghc ijh[u [ueZ jZkieZ\e_gZ b \\_" _g
gZ hkgh\_ fZ]Jgby < dZqg_kI\_ fh~*bnbdZlhjZ bkiheva
Dmevmjkdh]h f_klhjh ™~ _gby | _j_f_rb\Zgb_ hkm
fZlgblghc f _rZedhebjhXgdgb_ hkms_klleyeb iml_f aZ
jZkiezZ\zZ \ ibi_ldm b ~bki_jlbjh\Zgb_f \ ljZgknhjfZIhjq
AZl_f ba ihemqg_gguo ]jZgme hil[bjZebkv JfEdmeu njZdj
khbaf_j gby ihdZaZl_e_c k ]jZgmeZfb ihemqg_ggufb ¢

LZdbf °~_ h[jZahf dbhemgdmeu [_a fh*bnbdZlhjZ 1jhqgg
baf jyeb gz ziizjzZ| IBdZazl_eb ijhqghklb \ aZ\bkbfhk
gZebqby fZ]gby \ IThc beb bghc nhjf_ _]Jh kh”™ _j Zgby

|Z[ebpZo
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LZ[ebpZlhdZaZl_eb ijhgghklb ]JjZgme dZj[Zfb"Z
fhrbnbpbjh\Zgghljizlhf fZ]gby ihemq ggh]h ba [jmkblZ

0J2
ljhgghKkl

dlk ]

LZ[ebpZ&lhdZaZl_eb ijhgghklb ]jZgme dZj[Zfb"Z
fh*bnbpbjh\Zgguo [jmkblhf

0J2
ljhgghk

dlk ]

Bkoh”y ba ihemq_gguo 7~Zgguo ke_"m_| hif_
j _liZgmEjgb \ *"Zgghf kemqgZ_\ eZ[hjZlhjguo mkeh\byc
\W\hrZ fhrbnbpbjmxsbo “h[Z\hd kihkh[kI\m _| ih\ur_gbx |
K\yazZzgh wlh k gZklbgguf m~Ze _gb_f \h”u b k\h[h”~gh]
jZkieZ\e _gbb ]JjZgme

<u\h”u

lheh bl _evgh_\ebygb_ I\ _j*h]h [jhlkbkXy@Zghhqggh
k | _f qlfhxsb_ky \ jZkiezZ\ bdWZj§ZfZkl\hjbfu_ gZklbpu
yleyxyk aZjh?urzZfb I\ _j*hc nZau mkdhjyxsbfb ijl
dibklZeebazphbpzdh 4F2ehjzZkl\hjbfuo fh jhbdXI
jZkiez\ _ dzZj[Zfb*"Z \Z gh fZzdkbfZevgh jZ\ghf_jgh jZkij
h[t_ f_ jZkiez\ZkgaPlkbki_j]lbjh\Zgby b kha”Zlv mkeh
bkdexqZxsb_ Z]j_Jbjh\zZgth "bgvkdBphjz \ kj_~_ jZkieZ\.
dzj[Zzfb"Z

GZijhlb\ ihdZazZgh qlh ijb \\_~ ggbljzIi&@zj[Zzfb"
fZlgbyb km\ _ebq_gb _f kh%thj Zgby ijhgdhkdwme
mf gvrZ Iky WIlh \ua\d@ldhh glblfjzZzl fZ]gby h[jZam _ | |
dzj[zfb~rhf I\ _jjakd\hj bhlhfm g_ djbklZeebam Iky \ \t
hi* _evghc nZau

Kibkhd bkihevah\Zgguo bklhggbdh\

=HKL - Dzj[Zzfb™® L _ogbg_kdb_ mZXeh\by F
KIZg™"Zjlbgnhjf
Dheurdbg : K Fh”"bnbpbjh\Zgb_]jZgme ijbeebj
dzZj[Zfb"Z b | _ogheh]by ihemq_ ¢iKyNMyfnre"ldkggbc
gZ hkgh\_dzj[zfbrzZ | _jfv ]
> F =hjeh\kdbc E G revlirme _j < B Dmq
L ogheh]by dZHEZfIOWiby
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M>D

? < >m[bdh\kdZyjbgxdF <Q _imjdh H:ji_glbc
;_ehjmkkdbc Jhkm~Zjkl\_gguc | _ogheh]bq_kdbc m
Fbgkd _eZjmkv

<HAFH@GHKLB IH>>?J@DB KEH@GUO <UQBKE?GB(
G: IHE?<HF MJH<G? KBKL?F MIJ:<E?GBY

:gghlZpbyey ih\ur_gby wnn_dlb\ghklb nmgdpbhgbjh\Zgby
mijZ\e _gby | _ogheh]lbqg_kdbfb ijhp_kkzZfb kms_kl\mxl| h]jZgbqg_
ljZ"bpbhgguo | ogbg_kdbo j_r_gbc zZgdgia ™ _kh\j_f gguo
bgnhjfZpbhgguo | _ogheh]bc b \ugbkebl _evguo j_kmjkh\ | _oghb
Z\IhfZlbazZpby “ey jZkrbj_gby \hafh 'ghkl_c ZgZebazZ b mijzZ\e_g

E.V. Dubikovskaya, D.A. Hryniuk , M.V. Chepurko, D.O. Arpenty
Belarusian Stat&éechnological University
Minsk, Belarus

CAPABILITIES TO SUPPORT COMPLEX COMPUTING AT
THE FIELD LEVEL OF CONTROL SYSTEMS

Abstract. To improve the efficiency of process control systems, there are
limitations from traditional technical solutions. Aanalysis of modern information
technologies and computing resources of technical automation tools was carried out to
expand the capabilities of analysis and management

ljh]jzffbjm_fu_ eh]bg_kdb_ dhgljhee_ju IED vy
dexqg_\uf we f _glhf \ ijhfuzélhg@hlwazZzpbb h[_ki_qgb\Zy
mijZ\e _gb_ b dhgljhev gZ”~ jZaebqgufb ijhba\h”
ijhp _kkZfb IED ij_"~klzZ\eyxl kh[hc nhjfm dhfivx
ijbf_gy fuo \ijhfure_gguo kbkl _fZo mijzZ\e_gby b *"jm]b
1~ g_hJ[oh”bfh hkms_kl\eylv pbnjh\h_ mij.
we jtih[hjm~h\Zgb_f Hgb kha”Zgu ”"ey \ukhdhc ijh
gZ”"_"ghklb Z bo ijh]jzffbjh\Zgb_ hkms_kl\ey Iky ij
ki_pbZebabjh\Zggh]h ijh]jzffgh]l]h h[_ki_qg_gby iha
\uihegylv jZaebggu_ nmgdpbb mijZ\e_gby < 1jZ
Z\IhfzlbazZpbb qgzZklh kippf gayuxdb ijh]jZzffbjh\Zgby
hij_~ e _ggu_ klZg”™"Zjlhf-3WD

HrgZdh ijbgpbiu aZeh _ggu_ \ klzg~™3jl_ FWD
klZzgh\ylky g_"~hklzZlhggh Z~Zilbjh\Zggufb "ey wnn_dlb
azZ"Zq mijZ\e_gby | _ogheh]bg_kdbfb ijhp_kkZfb
jZajZ[hldb khlg\gub IED b bo dexq_\hc kljzZlI_]Jbb \g_*
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Zelhjblfh\ mijzZ\e _gby 1zd _ ij_| _ji_\Zxl baf_g_gby
ij_"gbo aZdjuluo kbkl f gZ i_j ~gbc ieZzg \uoh”bl /LQ
hkgh\guf kl _j g f\ j ZebaZpbb “Zgguo Ze]hjblfh\

Kms_klI\m _| fgh _klI\h \ZjbZigghu\o iph]ZZiZjZIguo
j_r_gbc \ h[feZklb ijhfure_gghc Z\IhfZlbaZpbb
bkihevah\Zgb_ 3\WKRQ ij_~hklzZ\ey_| g_kdhevdh
1j_bfms_kI\

Python 2 wlh \ukhdhmjh\g_\uc bgl_jij_Ibjm_fuc
ijh]ljZffbjh\Zgby dhlhjuc [ue kha”*Zg |htihygh \Zg
Jhkkmfhf Hg ba\_kl_g k\h_c ijhklhlhc we_]Zglghklvx
S\WKRQ vy\ey |ky bgl_jij_Ibjm_fuf yaudhf qlh hagZz
\uihegy Iky ihkljhggh k thfhsvx bgl_jij_1ZlhjZz Z g_ dh-
\ fZrbgguc dh” WIlh mijhszZ | ijhp_k&ZZahZ|jhlgdbib h
|1Zd dzd ijh]jzZffbklu fhiml g_f e _ggh \b” _Iv j _amevlZI
S\WKRQ gbjhdh_ ijbf_ g gb_\ jZaebgguo h[eZklyo
gZmqgu_ bkke ~h\Zgby jdaeh[hldbc \ A\IhfZlbaZpbx
h[jZ[hldm ~Zgguo fZrbggh_ h[mgggic bhkderekldl Z
1Zzd” _ \ k_I \hf b kbkl_fghf ijh]jzffbjh\Zgbb

S\WKRQ ih”A™ _j°'b\Z_| [hevrbgkl\h hi_jZpbhgguo
\dexqZy :LQGRZV PDF26 b jZaebqgu_ ~bkljb[mlb
kjZ\g_gbb k *"jm]bfb yaudZfb 1Zdbfb dzZd & S\WKRQ
[he_ _ \ukhdh]h mjanZgk\tbalh \ujZabl_evgh]h kbglZd
dhlhjuc \h fgh]l]bo kemqgZyo gZihfbgZ | _kl_kI\ _ggt
hirbjgh]h gZ[hjZ \kljh_gguo kljmdImj ~Zgguo |Zdbo
dhjl_"b fgh _kI\Z b keh\Zjb 3\WKRQ h[eZ”Z | h]jhfgu
[b[ebhl_d b nj_cf\hjdh\ dhlhju_  iha\heyxl jZajZ]
wnn_dlb\gh | rZlv jZaghh[jZagu_ aZ”Zqgb Qlh
mgb\_jkZevguf yaudhf ijh]jzffbjh\Zgby Z 1Zd _ ijb\e_
\u[hjhf *ewjjZ[hlgbdh\ jZ[hlZxsbo \ jZaguo kn_jZo

L fg_ f g _ Zdlb\guc | _fi jZa\blby 3\WKRQ 1Zd
kh[hc k\hb Ijm~ghklb Ihklhyggu_ h[gh\e_gby kha”Zz
kh\f_klbfhklb f_"~m \_jkbyfb 3\WKRQ dzZd bgl_jij_Ib
\ukhdhpjh\gy g_ fh' rmjdpgdlv k & ih kdhjhklb b
wnn_dlb\ghklb H~”gZdh wlh ij_h”he_\Z |ky bkihevah\Zz
gZibkZgguo gZ & b ij_~\Zjbl _evgh kdhfibebjh\Zggu
kemgZyo 3\WKRQ \uihegy | jhev kdjbilh\h]h yaudz
wnn_dlb\gmx bgl _]jZpbx k kdéabk i\ Zighhufi gZ &

Bgl ]jZpby ijh]jZzffbjm_fuo eh]bq_kdbo dhgljhee_ jh
1j_"~hklZ\ey | rbjhdbc gZ[hj ij_bfms_kI\ *ey Z\IhfZlba
yleyxlky gZ”~_"gufb b ijbkihkh[e_ggufb d Ijm~guf ijhfut
mkeh\byf mkljhckl\Zfb qlh ~ eZ | bohbr*&gvguf \

-107-



mijZ\e _gby we_dljhh[hjm~h\Zgb_f \ jZaebgguo k_
mklhcqgb\hklv iha\hey | kha”zZ\Zlv gZ~ "gu_ kbkl_ fu
kihkh[gu_ kijzZ\eylvky k °~_kldbfb I|j _[h\Zgbyfb ijhba\
khihdmighklb k rbjhdbf ki_dljhf nmgdpbhgZevguo \h
Python ihemqgZ_ f fhsguc bgkljmf_gl ”“ey jZajZ[hldb k
Zelhjblfh\  mijzZ\e _gby b | _r_gby jZaghh[jZaguo
Z\IhfZlbazZpbb

=b[dhklv b mgb\_jkZevghklv 3\WKRQ \u”_eyxl|l _]h
yaudh\ ijh]jzffbjh\zZzgby WIZ hkh[_gghklv h[e_]gqZ_
gh\bgdh\ \ ifhdjE\Zgbb b mkdhjy | Z~ZilZpbx bg _g_|
agZdhfuo k yaudZfb BWD

ljb \k_o ij_bfms_klI\Zo bkihevah\Zgb_ 3\WKRQ g_\
hilbfZevguf \u[hjhf Ney \k_o ZKi_dlh\ k\yazZg
ijh]ljZzffbjm_fufb eh]bg_kdbfb dhgljhee_ jZfb GZ
bgl ]JZpBAWKRQ k ki_pbZebabjh\Zggufb ZiiZjZlgu
ijh]ljZffgufb kbkl _fzZfb fh™ | ij_~klZ\eylv Ijm~ghklb ih kj
k bkihevah\Zgb_f "jm]bo yaudh\ LZd" _\ kemqgZyo ]"_
k\yvab k h[hjm”~h\Zgb_f beb j Zevguf \j_ f g f IEI
Ij_"~ihqglbl_evguimIfhulv yaudb ijh]jZffbjh\Zgby [|Zdb_
j_e _cgZy eh]bdZ beb kljmdImjbjh\Zgguc | _dkl G _h[oh”
hp_gblv \k_ \hafh ghklb yaudZzZ ijh]jzffbjh\Zgby i_j_
ijh_dlz

Bkihevah\Zgb_ 3\WKRQ k ijh]jZffbjh\Zggufb eh
dhgljhee jZfb fhlvl plue _khh[jZaguf \ jZaebgqguo kemn
Hluggh emqr_ \k_]h \hkihevah\Zlvky 3\WKRQ dh]*Z 1]
azZz™"Zq h[jzZ[hldb \ukhdh]h mjh\gy WIh \dexqZ | \ k_
ZgZebazZz ~Zgguo \bamZebaZpbx b ijbf_g_gb_ f_Ih”"
h[mqg_gby d "Zggutf kh[FAyg

GZ yaud_ 3\WKRQ kms_klI\m_| g_kdhevdh ki_pk
[b[ebhl_d ij_"gZagZq_gguo “ey jZ[hlu K IED |Zdb_ dZ
python VQD S LZzd _ \hafh'gh bkihevah\Zgb_ [b[ebhl
gZagZq_gby 7~ey ihke_"~h\Zl _evghc k\yab gZijbf_j
\azZzbfh”™ _ckl\by k IED qg_j_a ihke_"~h\Zl _evgh_ kh_~
I _j_"~"Zqb "Zgguo \ b ba IED g_j_a k_I_\h_ kh_"~bg_gb_
ijhilhdheu 1Zdb_dZd ORGEXV beb (WKHUQHW ,3

>ey \aZbfh”_ckl\by k IED b mijZz\e_gby bf fh gh bk
[b[ebhl _dm S\ORGEXN "gZagZq_gZ "ey jZ[hlu k ijhlh
ORGEXV dhlhjuc rbjhdh bkihevam_|ky \ ijhfure_gghc Z
"ey h[f_gZ ~"Zggufb f_""m nPRORGKEAXAMbih" " _j"b\Z_| dzZd
ithke_~h\Zl_evguc ijhlhdhe ORGEXV 578 1Zd b k_I_
ORGEXV 7&3 Wlih_I| ihbkhlegvah\zlv [b[ebhl_dm ~*
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\azZzbfh” _ckl\by k mkljhckI\Zfb ith~ j"b\Zxsbfb jZ
nbabq_kdb_ bgl_jn_cku ;b[ebhl_dZ ij_~hklZ\ey | hJ[r
nmgdpbc ey ql _gby b aZibkb jZaebqguo Ibih\ *Zgguo
[Zclu -[blgu_ Db[blgu_ p _ekeZgb\ s kI\ _ggu_ qgbkeZ |
Aim]lb_ Qlh A _eZ | S\ORGEXYV mgb\_jkZevguf bgkljmf_
NZggufb k jZaebggufb mkljhcklI\Zfb

>ey jZ[hlu k [b[ebhl_dhc S\ORGEXV ke_"m_|I
mklZgh\dm wlh]h bgkljmf_glZz Z azl_f ijbf_gblv _]h
kh_~bg_gtbyijhlhdhem ORGEXV 7&3 k ijh]jzffguf eh]b
dhgljhee jhf IED Ilhke mki_rgh]h mklZgh\e _gby k\y
nmgdpbb S\ORGEXV ey ql_gby b aZibkb *"Zgguo \ j_]
|ED

Fghl]b_ nzZdlhju \ gZklhys__ \j _fy ijb\e_dZxl| \gbhfZg!|
ijhljzffbjz\gby 3\WKRQ [Ij_ "~ \k_]h Bg"mkljby ij_
kh[hc dhgp _ipbx pbnjh\hc ljZgknhjfZpbb ijhba\h”*klI\Z
kh\j f ggu_ | _ogheh]bb bgnhjfZpbb b k\yab bgl_]j
ijhfure_ggu_ ijhp_kku kha”zZ\Zy mfgu_ Z\IhfZlbabj
\aZbfhk\yaZggu fu kbjlba\h”*kI\Z Qlh baf_ gy | g2
Ij_~klZ\e _gb_ h ijhfure_gghc Z\IhfZlbaZpbb

?s_ h~rgbf \Z guf Zki_dlhf klZe ijhfure_gguc Bgl
\ s ¢ ,,R7 dhlhjuc ij_"klZ\ey_ | kh[hc k_Ilv nbabg_k
h[hjm~h\Zgguo "ZlgbdzZfb ijh]jzffguf h[_khcq gb _f
| ogheh]b _c¢ ey k[hjZ b h[f_gZ “"Zggufb g_j_a Bgl_jg_
d kebygbx bgnhjfZpbhgguo | _ogheh]bc b hi_jZpbhggu
jZajmrZy ljZ"bpbhggu_ ]jZgbpu f_""m ki_pbZebklZfb \
< dhg_qgqghf blh]_ mkljhckl\Z ,,R7 bkihevamxl i
bgnhjfZpbx ~ey hilbfbaZpbb k\h_c jZ[hlu

<ha\jZzszZykv d 3\WKRQ jZkkfhljbf _]h kbevgu_
dhgl_dkl_ ijhfure_ggh]lh bgl _jg_IZ \_s_ ¢ ,,R7 lj_
ke ~m_| hiIf_Iblv kihkh[ghklv 3\WKRQ wnn_dlb\gh
hirbjgu_ h[t_fu "ZggwWbjueh 2Yb <Zg Jhkkmf kha”"Zl_e
S\WKRQ jZajZ[hlZe yaud k”~_ezZ\ _]1h \ukhdhqgblZ _ fu
dexq_\uf nzZdlhjhf ijb kh\f_klghc jZ[hl_bg _g_jh\ gz~
_Ih ih””_jrd_

Hkh[h_ \ebygb_hg hdZaul\Z | \ h[eZklb fZrbggh]
O/ b bkdmkkl\ _ggh]dhlzbgBBe |* Ze]lhjblfu hkgh\Zgu
NZgguo Z g_ g9gZ y\gh aZdh”bjh\Zgguo i1jZ\beZo Ijbf
\dexqZ | \ kK_[y IZdb_ h[eZklb dzZd ijhnbezZdlbqg_kdh_
Z\lhghfgZy jh[hlhl _ogbdZ < ~“Zgghc kn_j_ [hevrbgkl\h
bgkljmf_glh\ fZrbdomlglhgbhy |1Zdbo dZd 3\7TRUFK b 7HQ
lZzd"_ h[eZggu_ k_j\bku \jh~r_ $:6 6DJHODNHU h

-109-



ij_"hklZ\eyx| \kljh_ggmx ih*" _j°dm "ey 3\WKRQ

AZimkdZy \uqbke_gby gZ i_jbn_jbcguo mkljh
bgl ]jbjh\Zggufb ]jZnbqg_kdbfb ijhp_kkhjZfbjbeb bkihe\
ehdZevgh]h rexazZz ,,R7 ”"ey ImfZgguo \ugbke gbc
Ijbf_gylv h[mg_ggmx fh?_ev gZ f_kl_ > @ < h[eZklb
aj_gby g_h[oh”bfh]h ey Ih]l]h qlh[u jh[hlbabjh\ZggZ
glhlh \aylv fZrbgu bkihevamxl|l k\hb dZf _ju \ jheb ]JeZa
jZkihagzZ\Zlv h[t_dlu > @

G_kdhevdh Z\lhjh\ jZkkfzZljb\Zx|] 3\WKRQ dzZd Zevl_
[2- @ b \ukhdh p_gyl _]Jh ij_bfms_kI\Z < dhg_gghf b
bkihevah\Zlv 3\WKRQ 7“ey j r _gby azZ”~Zq Z\lhfZlbq_k
klZgh\blky g_khfg_gguf ij_bfiresy kiblgf _g_jZ ih
Z\IhfZlbazZpbb
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? :>ugvdhl = DjmikdZy
;_ehjmkkdbc gZpbhgZevguc | _ogbg_kdbc mg
Fbgkd ;_eZjmkyv

BGL?EE?DLM:EVG:Y MI:DH<D: H;AHJ L?G>7?7GPBB
BGGH<:PBB

:gghlzZpbylhlj_[bl_eb azZbgl_j kh\Zgu \ ihdmid_ [_ahiZ

ijh~mdlh\ iblZgby < k\yabakZwlliZzipgl ee_ _dimZevgu_ miZdh\db
hlke_ "b\Zxsb_ khklhiyjgBmdlz b ij_"hI\jZsZxBdmidm
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g dZq_kI\_gghlh Ih\ZjZz < kIZIv_ jZkkfZljb\Zxlky hkgh\gu_ \
miZdh\hd bo ij _bfms_kI\Z b g_~hklZldb i4bliZd) _gb g% fgpbb
b i_jki_dlb\u jZa\blby

El.A. Dynko, P.G. Krupskaya
Belarusian National Technical University
Minsk, Belarus

INTELLIGENT PACKAGING: OVERVIEW, TRENDS,
INNOVATIONS

Abstract Consumers are keen to purchase safe food products, prompting the
creation of intelligentpackaging that monitors product condition and prevents the
acquisition of substandard goods. This article delves into the primary types of such
packaging, its corresponding merits and demerits, its global applicability, as well as
trends and future prospescof development.

DZg_klI\h ijh*mdpbb gZijyfmx aZ\bkbl g_ lhevdh hl
| _ogheh]lbqg_kdbo izjzf_Ijh\ \ ijhp_kk_ ijhba\h”kl\Z gh
~z 0jZg_gby < khhlI\_IlklI\bb k bkke_ _~h\Zgb_f N:H \
fZzkrlZ[_ | _jy_lkwubjegkku\z Iky ijbf_jgh [|j_Iv ijh~*mdlh
Ij_~"gZagZq_gguo "ey ihlj_[e_gby qg_eh\_dhf qglh v
ijbf_jgh fbeebzj~Z Ilhgg \ IHdhght ]JhmjZindlh\ b
h\hs ¢ Jh”~h\h]h mjh Zy bkihevam _ |Iky -g@Zwnn_dll
nbabheh]bg_kdh]h f_|IZ[h&bjfZ igkigZ\bevguo mkeh\b
0jZg_gbyihjgb \ualZgghc jZafgh _gb_f fbdjh[h\ GZj
| fi_jZImjgh]lh j_"bfZ \eZ ghklb b ]Zah\h]h khklzZ\Z fh
nbabheh]bg_kdbc f_IZ[hebaf h\hs_c¢ bhrjmglh\*\wglh \
mkdhjy | bo[llhjG@dijbffykiy\ey IkyZ]hijbwlakj*hc
Ney jZa\lblhyafgh _fpmyhnehju [Zd dZd hghhRm_j bl
Zahlbklu_  \_s klI\Z I'Mwuhfm kha”~Zgb b\gwon_dl
| _oghehllbcp_evx kgb _gbyijhimymdlih\ iblZzgby iml_f
\ha”_ckl\by gZ \ur_mihf¥dbhljw_ hKkkx ZdimZevguf
gZijZ\e_gb_f bkke_"h\Zgbc

MiZzdh\dZ b]jZz_1| dexqg_\mx jhev \ ij_~hl\jZs_gbb a
ibs_\uo ijhAmdlh\ \ha~_ckl\b_f obfbq_kdbo \_s_kI\ f_
ith\j_ "~ gb_f iuevx | _fi_jZIlmjgufb baf_g_gbyfb \ha”
k\_1Z \ezZz ghklvx b bbdWl[Zfwnn_dIb\gh_ kj_~klI\h 2
m\_ebq_gby kjhdZ o0jZg_gby b khdjZs_gby ihl_jv b ih
lhebf_ jgZy miZdh\dZ ~h kbo ihj g_ ijhy\beZ k\h_]h f.
ithl_gpbzZezZ \ mf_gvr_gbb ihl_jv b ijh*re_gbb kjhdZzZ ]l
\hafh ghklb fhiml [ulv gpuZgbabhkzhevah\Zgbb | _ogheh]t
1ZjZglbjmxsbo \ukhdb & Aagjinh\Zjpphb _gbqg_kdhc h[jZ[hldDb
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b h[jZs_gby k ijh*MhdpiZdh\u\ZgbylZzd _ ijb kljh]hf
kh[ex” ghbibkeh\bc o0jZg _gby \ oheh”bevg@hbh mkeh)\
kh\j f ggu_ bkke_ "~h\Zgby \ hfgzbklh mighba\g_ klhyl
gz f_klGZ k_]lh”gyrgbc ~ _gv \u”~_eyxlky i_jki_dl
gZijZ\e _gby \ hl[eZklb miZdh\db \dexqZy \g_"j_
dhfihg _glh\ h[ _Kki_gb\Zxsbo ~hihegbl_evgu_ nmg«
fhgblhjbg]Z jZaebgguo iZjzZf_Ijh\ k\yaZgguo k ijhke
[ _BiZkghklvx DbkldZig miZzdh\Zgguo ijh*mdlh\ WIh 2Zd
jZa\b\Zxs _ky gZijZhemggbegZal\Zgb_ ©bgl _ee _dimZe\
miZdh\[@Jz2

Bgl _ee_dimZevgZy miZdh\dZ kipkt fezy tkyihdzZd
kKihkh[gzhjfbjh\Zlv ijbgbfZlv nbdkbjh\Zlv b h[f_gb'
bgnhjfZpbf c mjh"mdlhf b ihlj_[Bl je WBf j Zevgh]h
\j f gb<g ~j_gb_\ miZdh\dm ki_pbZebabjh\Zgguo
kihkh[guo h[gZjm b\ZIlv b kb]ddbababjl\Zye hg rgbo b
\gmlj_ggbo izZjzf_Ijh\ \ ijhp_kk_ ojZg_gby I|ljZgkihj
j_ZebazZpbb ijh*mdpbb jZkrbjbl nhgafpnbggKldvgu
miZdh\db Z HEdKi _gbl k\h_\j f ggh_ bgnhjfbjh\Zgb _
mqgZklgbdh\ jugdZ h gZjmr_gbyo |ZdWdo jZdchjbaf g g
0jZg_gbveyZ ghkib\j "~ gb_ middibdbdjh[bheh]bg_kdZy
ihjgZzGZb[he = ZdIlmZevghc bgl ee _dilmZevgZy miZdh\
kdhjhihjlysboky ijh*mdlh\ \ Ihf gbke_ 7ey fykghc
ijh*mdpbb njmdlh\ b h\hs_ ¢

Bgl ee _dimZevgmx myZdhkddih¥™ b h\hs ¢ fh gh
mkeh\gh jZa”_eblpymidur\bg”bdZlihju bBYZ bl ju
\dexgZxl \ k_[ybfdHgdhg kdibg”"bdZlhjgu_ wlbd_Idb bel
iezgdb b bg”bdzlhj | _fi_jZImju Tal)\j fZbdbdb
ithrjZa”_eyxlky gZ [bhk_gkhju b obfbg_kdb_ k_gkhj

Wilbd -leigp"bdZlhju kha“Zggu_ ba dmekhdhobhe
ihebf _jh\ qZs_[\kedhdeb ihebkzZozjb"khqg |Zgbb k
obfbg_kdbfb beb gZlmjZevgufb djZkbl_eyfb ij_~klZ\
gZb[he_ _ jZkijhkljZg fggglnd¢ dimZevghc miZdh\db
hp_gdBdboZjZd!l_jbklbd ijh*mdpbb ba njmdlh\ b h\hs
k\_~ _klv b ki_ehklv iml_f baf_g _gby p\_|IZ ljbgp
bgrbdZlhjh\ ke "mxsbfc Ihg\ _lbaf gy |ky \ j amevlZ
obfbg_kdh]h \azbfh”~_ckl\by f_""m djZkbl_e f b
f IZ[heblZzgdh k\b” _| _evkb\ai_ g hgbb dZq_kI\Z ijh*mdlZz

< dZq_kI\_ obfbg _kdbo ojhfh] _gguo djZkbl e _c
f Ibeh\uc djZkguc n_gheh\uc djZkguc [jhfn_gheh\u
[jhfdj_aheh\uc nbhe_ Ih\kfdhljy G gZ wnn_dlb\ghklv
bgrbdZlhjguo wlbd_Ihd k h~*gbf djZkbl_ekf\Z'ey hp_
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k\_"bo ijh*mdlh\ bo h]jZgbg_gguc “bZiZzahg p\_Ih\uo
g_q_JIldhklv \ jZaebqg_gbb khklhygbc h]jZgbgb\Zxl bo
| hwlihfmjhV¥h*ylky bkke_~h\Zgby ih kha”*Zgbx wlb¢
g_kdhevdbfb djZkbl_eyfb “ey memqgr_gby gm\kl\bl_e\
wnn_dgh]h h[gZjm _gby mom”r_gjhy* n&ZmiiKld Z
g_h[oh”bfh mbwlu\d_gpbZevgmx I|hdkbp&iplolly
obfbg_kdbo djZkbl_e_c \ ibs_\u_ ijh~mdlu < k\yab |
gZlmjZevgu_ dgZ&BH dmjdmfbg ZglhpbZgu b ib]Jf_glu
klZgh\ylky Ijbhjbl_Igufb Ney bkke_ _"h\Zgbc h[_
A"hkimighklv b [ _ahiZkghklv \ mfghc miZdh\d_ njmdlh\
BgrbdZlhju \j_f_gb b |_fidfBIlmymn_dlb\gh
Ijbf_gyxlky ~ey fhgblhjbg]Z | _fi_jZImjguo dhe [Zgbc

ihklz\hd ibs_\uo ijhAmjdlhdf_j Zevgh]h \j_f gb qlt
h[_ki_qgqb\Z | dhgljhev dZg_kI\Z b [_ahiZkghklb ijh"md
>Zlgibd hit_~bgyy dhfihg_glu b glbnbdZ

ij_h[jZzah\Zgby we_dljhgbdb hlh[jzb_dldyZ[kbdbZeZ
kb]lJgZeh\ ] gl jkjpigZe qgq_j_a \azZbfh”_ckl\b_ dhfihi
b _glbnbdzZpbb k h[gZjm b\zZ_fuf \_s_klI\hf WIh bc
fhrbnbdZpbx j_p_ilhjZz b ihke_"mxs__ ij_h[jZah\Zgb _
we dljhgguc kb]JgZe ~ey hlh[jZ _gby k bkihevah\Zgb_
Ij_h[jZah\ZgbyZq_klI\_ dhfihg_glZ h[gZjm _gby m njl
h\hs ¢ fhJ\wmkimizlv ijhAmdlu f_|Z[hebafZ kujvy dbk
wlbe g b Zev”™ ]b”u Z 1Zd"_ wg”™h] _ggu_ \_s_ KklI\zZz I
I _klbpb”~h\ fbdjhhj]jZgbafu

< aZ\bkbfhklb hl \azbfh”_ckl\by dhfihg_glZ b”*_gll
ZgZebabjm_fuf \_s_KklI\hf jZaebqgzZx|l [bhkkdlhju b c
k _gkhju < [bhk_gkhjZo \_s_kI\Z bkihevam_fu_“"ey Z
ba n_jf_glh\ Zglbl_ e Zglb]_gh\ gmde_bgh\uo db
Obfbg_kdb_ ~Zlgbdb jZz[hlZxl gZ hkgh\_ j_Zdpbc f_""n
b ZgZeblzfb dhlhju_ ] _g_jbjmxl kb]JgZeu bh"e_ "Zst
ithke_"mxs_fm ZdZebam

Bgl ee _dimZevgu_ miZdh\hggu_ kbkl _fu "ey fykgt
\dexgZx!l \ k_[y bg”*bdzZlhju | _fi_jZImjdj_F fggpZlmjgh
bgr"bdzZlhju bg”bdZlhju p_ehklghklb miZdh\db dheh
bgr"bdZlhju fbdjh[bheh]bqg_kdhc khjgb b [bhk_g

BgrbdZlhji_jZImpummgdpbhgbjm _| gZ hkgh\_ |Ih]lh ql
ith\ur_gbb | _fi_jZImju Zdlb\gh_ \_s_kI\h i_j_oh”bl ba
"b~rdh_ khklhygb _ \ j_amevlZl_  q_]lh wlbd_Idz
h[jZah\Z\rmxky "brdhklv b gZklblggdx@¥yl ip\qZlguc
rljbedh” -83a qg_]h \ihke_"kl\bb ihlj_[bl_ev g_ f
hlkdZgbjh\ZIlv bkihjg_gguc I[BNZ)j gZ dZkk _
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Dhehjbf _Ijbg_kdb_ bg”bdZlhju fbdjh[bheh]bqg_kdh
bg*"bdZlhju p_ehklghklb miZdh\db baf_gyxl p\_I ijb \a.
k \ s kI\Zfb dhlhju_ \u”_eyalklycfbdjdu\Zxs _c ihjgm
glh JTh\hjbl h[ gZjmr_gbb ihlj_[bl_evkdbo k\hckl\ ijh~r
\j f gb k fhf_glZ \kdjulby miZzdh\db \ kemqgzZ_
p_ehklgBklb

< bgl ee_dimZevguo miZdh\hgguo kbkl _fZo 1Zd" _
|1ZdZy | _ogheh]lby dzd ZkldkghZ” bhgglbnROIBpbb
>7ZggzZy f _Idz ij_"~klz\ey_ | kh[hc mkljhckl\h k jZ”*b
fbdjhgbihf b Zgl _gghc Ij_"gZagZg_ggufb "ey [_Kk
I _j_"Zqgb ~"Zglghpj _kku \Nodgheh]®RBPIF agZgbl _evgh
memqgrbeb bgl ee dimZevgmx miZdh\dm iha\lheyy [h

hij ~ eylv dZq_kIVh ijhAmdpbb b ij ~hI\jZsZlv __ ihjgr
AZlgbdh\ dhgljhey b f_Ihd 5)," jZkrbjy_| \hafh ghklb |
5)," \ fhgblhjbg]_oheh”h\hc p_ib Z bdd _ mij

| fi_jZImjhc b \eZ ghklvx ijb ibsiddl\ch” *mdlh\
lj_bfms_kI\Z H) ,I'nd ih kjzZ\g_gbx kdht4bw \dexqgZxl
"bklZgpbhggh_ mijzZ\e _gb_ kihkh[ghklv h”gh\]j f _ggh
jZaguo f_klZo b \hafh ghklv 0jZg _gby jZaghh[jZaghc
"ey bglbnbdZpbb ijhfimdpbb

G _kfhljy gZ fgh]l]hgbke _ggu_ ij_bfms_kI\Z bggh\
miZdh\db 7~ey ijh*mdlh\ iblZgby \dexqZy [he__ v
bkihevah\Zgb_  kujvy memqr_gb_ [_ahiZkghklb i
khdjZgb_hloh~hrhs _klI\m _| jy”™ ij_iylkl\bc [dhlkyu  1j_
Ij_h~he _Iv ~ey rbjhdh]h \g_~j gby bgl ee _dlmZevgh
ijhfure_gghkkkgh\gu_ ijh[e_fu rbjhdh]h ijhfure_ggh
bkihevah\Zgby bgl _ee_dimZevghc miZdh\db \dexq
[ _ahiZkghklv dhfihg_glh\ bgl _ee_dlmZevghc
gm\kl\bl_evghkldZhbd étbgghklv ihdZaZgbc \ukhdZy kll
ijhba\h~klI\Z \hijhku ijZz\h\h]h j_]mebjh\Zgby b i
ihlj_[bl_eiafb

G _kfhljy gEms_kl\mxshj iylkl\by \g_"j_gby
bgl ee_dlmZevghc miZzdh\db m _ _klv ijbf_ju _ _ ijl
ijhba\h~kljzZajzZ[hlZggu_ [bhk_gkhjgu_ kbkl_fu | _j\Z
jZajZ[hkd&gfiZzgb_c¢ 7R[LQ*XDUG \kljzZzb\Z _Iky g _ihkj_
miZdh\dm b ij_"klZ\ey_ | ba kh[jywaeghadmy\kghZglbl_eZ
dhlhju_ h[gZjm b\zZxl| [he_ag_I\hjgu_ [Zd]l_jbb /LVWHI
<lhjZy [bhk_gkhjgZy kbkl_fZ kha”"ZggZy )RRG 6HQW
koh™  ij _~"gZagZq_gb_ h~gzZdh fbdjhhj]Zgbafu h[gZjr
ithfhsb bffmgheh]bg_kdboWlZzdpbapbb kl\yazZgu k h[eZk
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rljbedh”~Z b _keb \gmljb miZdh\db gzZquéé&€lkgjafgh Z
fbdjhhjl]ZgbakKgblzZlv gZh\Zgk ihemddlky

GZ | _dmsbc fhf gl ba i _jki_dlb\guo gZijZ\e gbc
dhgp _ipby bgl _]jZpbb [bhk_gkhjh\ -fkbkd fhc 5
h[_ki_qgqb\Zy \hafh ghklv fhgblhjbg]Z khklhygby ijh”"md
\j f ghhzd _ gZijzZz\e _gbyfb "ey [mMm"msbo bkke "~h\Zghb
dhehjbf_Ijbgq_kdb_ bg”*bdZlhju &k bkihevah\zgb _ f
djZzkbl_e_c¢c b ih\ur_gb_ klZ[bevghklb[lblogpu I1Z >G
kihkh[gu_ jZkihagZzZ\ZIlv aZiZzo b \dmk bkihevah\Zgb
hloh~h\ ey kha”Zgby dhfihg _glh\ bgl ee _dimZevghc

LZdbf h[jZaQgf e _dimZevgZy miZdBa®yZqgq _ggZy
ey fhgblhjbg]Z ijh*mdlh\ \ hé&pn[ kddhhkibjlysboky
ij “hklz\ey | \hafh ghklv ihlj_[bl_eyf ba[_"ZIv i
g _dZqg_kI\_ggulo ahiZzkg\wwZgh\ b fbgbfbabjh\ZIv jbkdb "e
a“hjh\vy G _kfhljy gZ Zdlb\gu_ bkke_"~h\Zgby \ w
kms_ kl\mxsb_ g _~hklZldb ihdZ h]jZzgbgb\zZxl fZkkh\h
bgl ee _dimZeXZdhbohd

Kibkhd bkihevah\Zgguo bklhggbdh\

'mjZd EgQ ee _dimZevgZy miZdh\dZ “ey h\hs_ c |
deZkkbnbdZppki bdib\u bkihevah\Zgby E Q ;mjzZd : C
F B Ibkzjlad'jth\v_ ibs_\Zy b [bhl_#02Beidl]by \ui
1 k 80

J \mpdZy B@lFee dimZevgZy smigtimddZh |
dZzq_klI\Z fykZ b fykghc ithFmdphmhpdZy < < GZkhgh'
<k h fyR019.+<« K 151

K_f_gh\zZ: >hklb " _gby b i_jki_dlb\u jZa\blb
thebf_jghc mizdh\dbhéywkZZpjbdzZlhY K_f _gh\Z < <
GZkhghGz F J \mpdZy >b " @ L ogbdZ b | _oghel
ijhba\h”kd2018. £L < 161 £174
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F < >y gdh B : E_\bpdbc < = Em]bg : K =
;_ehjmkKkdken*ZjklI\_gguc | _ogheh]bgq_kdbc mgb\_
Fbgkd ; _eZjmkv

<EBYGBT20: bV:0s G: L?OGHEH=BQ?KDB? K<HCKL<:
'EXFHKBEBD:LGUO KL?DHE

:gghlZpbyw jZ[hl_ ij_"~klZ\e_gh kjZ\gbl_evgh_ \ebygb_ F
| eemjZ b \ZgZ”~by gZ | _ogheh]bg_kdb_ o0Zjzdl_jbklbdb djbk
kihkh[ghklv b \yadhklv s_ehqguo ZexfhkbebdZlguo kl_dhe ij
"ey hkeZ[e_ _gby we dljhfZ]gblgh]h baemdlgbjhkAb FaYekhgh gZkl

M.V. Dyadenko, I.A. Levitskii, V.G. Luhin, A.S. Glinskii
Belarusian State Technological University
Minsk, Belarus

THE EFFECT OF TeO2 AND V20s ON THE TECHNOLOGICAL
PROPERTIES OF ALUMINOSILICATE GLASSES

Abstract. The thesis presents a comparative effect of tellurium and vanadium
oxides on the technological characteristics (crystallization ability and viscosity) of
alkaline aluminosilicate glassedesigned to decrease electromagnetic radiation of the
ultrahigh frequency range.

JZajZ[hldZ nmgdpbhgZevguo kIl _deh\b”guo fZl jbZ
dhfie_dkhf k\hckI\ ij_~hij_~ ey | \ i_j\mx hq_j_
| ogheh]bgghklv dhlhjZy hjiZ " pdyhglkly | _fi_jZImjghc
aZ\bkbfhklvx \yadhklb kIl _deZ b mklhcgb\hklvx _]h Kkl
khklhygby

JZh1Z thk\ys gZ bamqg_gbx \ebygby hdkb”h\ | _eem
gZ djbklZeebaZpbhggmx kihkh[ghklv b \yadhklv Zex
kl dhe \ bgl _j\Ze adg0ql Zgbkc

K p_evx ihemq _gby ba” ebc hkeZ[eyxsbo we d
baemq _gb_ k\ jolukhdhqgZklhlgh]h *bZiZahgZ kbgl _a
s ehgguo ZexfhkbebdZlguo kl _dhe fh”bnbpbjh\Zggu
TeO, bV,0Os \ dhebq_klx  fhe k rzZ]hf fhe

Kbgl a kl_dmes_ klkeyeky \ ]JZah\hc ieZf_gghc |
i _jbh~bg_kdh]h ~ _ckl\by ijb fZdkbfZevghc MKfk jZImj_
\u”® _j dhc ijb g_c \ I _g_gb_ ¢

I h j_amevlZIZf A\ pgmphhgguo oZjzd!l_jbklbd
mklZgh\le _gh qlh ZexfhkbebdZlgu_ kIl dde¥ZheldexqgZxshb
TeO, eb[hV,0Os ijhy\leyxl ijbagZdb nZah\h]h jZa”_e_ gb
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\ujZ[hld_ We diljdglgkhdhibq_kdb_ kgbfdb h[jZaph\ Kkl
\dexqgZxsbo fheD, be¥W,Os ij_"klZ\e_gu gZ jbk

Jbk tWe _dljhgiphljhkdhibg_kdb kgbfdb h[jZaph\ kl_dhe
\dexqZxsbdhe 15TeO:2(3, 15V20s(])

DZd ke_"m_1| ba jbk kil dezZ k kh”eZgb f
0ZjZdl _jbamxlky nhjfbjh\Zgb _f ih \k_fm h[t_fm kl_dez
kd _e _Igh]lh h[ebdZ jzaf_fjdf zZ \\_~ gb_  V.®Dhe
\uaulZ | h[jZah\Zgb_djbklZeeh\ \ nhjf_kn_jheblh\

Dzd ba\_klgh > @ kms_kI\_ggh_ \ebygb_gZ nZa
kil _dhe audZxl kljmdIimjgu_ \azZbfh”_ckl\by f_""m
dhfihg _glZfb Z 1zZzd _ ijhgghklv we _dljhklZlbqg_kc
hij ~ ey fZZCIzZZ tazjy™ dzZIBhgdhhj*bgZpbhggh _
gbkeh

Ba\_klgh qglh klIjmdIimjgZy T¢@@bjh\dklZ\ey |
kh[hc h~rghklhjmhg@§bgthh\Zgguc fgh]lh]jZggbd kh k\h[h
we dljhgghc iZjhc b \ukhdhfh[bevgufb ZdkbZevgufb k\

:dIb\gh_ \azbfh”_ckl\b_ 1Zdbo fgh]h]jZggbdh\ ijb
k\h[h"guo we dljhgguo iZ]j k g_gZkus_ggufb-bhgzZf dtk
\bAbfhfm g_ h[_ki_qgb\zZ_|I h[yZals\ Zeghgg h f
Zexfhkbebdzlghf kI _de_ijhqguo dh\Ze glguo k\ya_ c
IbiZSi®©OHe bebAlOHe WIh gZ gZr \alJey b \uau\z
kljmdIimjgmx “~bnn_j gpbZpbx b dZd j_amevlizZl g_k
jZkiezZ\Z

< jZ[hl_ ijh\_~ gh bamq_gb_ \yadhklbl®k dhe \ 7l
1® 1Z k dhlhjuc "ey jy*"Z kl_dhe \ Ihf gqbke_ ijhfu
khklZ\h\ y\ey |ky g _~hklZlhggh bamqg_gguf

Bamg_gb_ \yadhklb \ ~Zgghf ~bZiZahg_ iha\he
ih\_~ gb_ kl_dez ijb _]h i_j_oh”_ ba \ukhdh\yadh]h
khklhygb_ ~ Z Hgdgblv \ebygb_ ijbjh”u b wd\b\Ze g
kh” j Zgby \\h~bfuo hdkb”~h\ gZ “Zgguc ihdZaZl _ev
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GZ jbk ijb\_~ _gh \ebygb_ hdkb”h\ |_eemjzZ b
\vadhkigu_0Zjzdl_jbklbdb kl_dh&0\IHEgk j\Ze

9 pr

5,5

5,5

600 650 700 750 800 850 600 650 700 750 800 850 900

- I
Jbk L _fi_jZImjgZy aZ\bkbfhklv \yvadhklb ZexfhkbebdZlg
kl dhe fh”~bnbpbjh\Zfgu®©eO:2(3, V20s(])

DzZd ke_"m_1| ba bk gb_hiklbrazf 0, \
dhebq_kI\_ hl ~h fhe hfmkeh\eb\Z | kf_s _gb_ djl
\ \ukhdh!l_fi_jZImjgmx h[eZklv \ #Q "Kgljfbog@lhf k
jhklhf | fi_jZImju "Zggh kf s gb_ f ""m djz
dhgp _gljZpbhggufb ij ~ ezZfbTdthbajf Zgypylky hl N h
42 "K

Ke “m_| hlf _Iblv qglh \ bgl j\Zz€A®agZ &k gbc
1iZz*"b _gl \yvadhklb \ur_ q_f \ bgl_j\Ze®la&Zgkq _gbc gb" _

ljbf_gZl _evgh qglh dhgp_gljZpby hdkb”*"Z | _eemjZ

ij ~ ezat fhe ijzdlbg_kdb g_ hdzau\Z_ | \ebyg
| fi jZImjm h[jZzapZ ijb agzZq_gbb 1Zykdhillh
ij "iheh bl _evgh fh™ | K\bA_|_evkI\h\ZIv hi

dhgp_gljZpbhgghc azZ\bkbbhklbglyadhek!| \UIrZ k
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Lh klv ijb "Zgghf agZq_gbb \yadhklb ij_~iheh bl _ev
baf _g _gb_ kljmdIimjgh]h \e Biyg BkOp d&®" h\

GZijhlb\ \\_~ gb_ hdkb”"Z \ZgzZ~by \ khklZ\ bkke “
\azZf_&O0, \ dhebqg_klx_ fhe \waZz _| kf_s_gb_
| fi_jZImjghc azZz\bkbfhklb \yadhklb \ \ukhdhl_fi_jZImjc
=jZ”"b_gl \yadhklb ijb wlhf hklzZz _Iky ijZzdlbq_kdb ih|
khklzZ\ey | "K*

Ihkdhevdm kl_deZ \dexqZxsb_ hdkb” \ZgZ”by \ d

fhe kdehggubldzZeebazpbb djb\u_ | _fi_jZImj
aZ\bkbfhklb \yadhklb ~ey gbo ij _~klzZ\e®®gZ kh agZq_
Gb _ wlhc \_ebgbgu Zdlb\gh jZa\b\zZxlky ijhp_kku
jZa™ _e _gby hljZz Zxsb_ky gZ djb\hc | _fi_jZImjghc &
\yvadhklb

GZ jbk ijb\_~ gl ke¥xgh_ \ebygb_ hdkb”~h\ |I_eer
\ZgzZ~"by \\h"bfudiDaXfdlgebq 50A¥he

9 ¢
85

8t
75 F

7 F

600 650 700 750 800
L fi_jzInkz

Jbk inZ\gbI_engMadhklv ZexfhkbebdzZlguo

DzZd ke_~m_1| ba jbk \W\_ Mg \azf 8@\
[hevr_c kIl _i _gb ih\urz_ | \ kj_"gM"K g¥%adhklv
bkke "m_fuo s _ehqguo ZexfhkbebdZlguo kl _dhe q f
dhebq_ KéDh Ijbg _fb\gl j\Ze agZqg_gbc We&Edlzkl ik
jZaebqgb_\h \ebygbb fbgbfZevgh b khkdzZ\ey | ihjyrdZ

<ukhdZy ijhgghklv _~bgBigf(ghc kdypabfhev “hey
dhlhjhc kgb Z |ky \ jZfdZo mdZaZgguo wd\bfheyjguo
kKihkh[kI\h\Zlv mf_gvr hkblx bk&keé "m_fuo kl_dhe h~"rgZ
ijZdIbd_ gzZ[ex”Z _Iky ijhlb\hiheh guc wnn_dl
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GZ gZr \aljJey” m\ _ebq_gb_\yadhklb hiulguo kil _dl
hdkb~Z dj fglle® 2,05 k\yaZgh k kbehc ihey dZlbhgZ
>blp_ex b we_dljhhljbpZl_evghklvx >eghehdkb”gl
we _dljhhljbpzZl_evghklv ij_"*klZ\ey | kh[hc wg_j]bx
dZlbhghf \Ze _glguo we_dljhgh\ ijb kh_~bg_gbb _]h |
0ZjzZd!l_jbam_I| kbeh\h_ ihe_ Zlhfgh]lh y*jZ b azZ\bkbl
kil _i_gb wdjzZgbjh\Zgby y*jZ dZd aZdhgq_ggdgfibfb we _dl]
|1Zd b hI*_evgufb we_dljhgzZfb Ih \_ebqgbg_ we_dljhhl
b kbeu ihey ih >blp_ex dZlbhgu | _eemjzZ \ZgZ”"by
\hajZklzZxl \ ke_"mxs_f ihjy~d_

"ey we_dljhhljbpzZN°evghk$H Tet(2,1) [2];

ey kbeu ihey SiZIbhgZzv® Te*(1,92) [2].

DZd ke _"m_| ba ijb\_" gguo ~Zgguo fbgbfZevgZz
oZjZdl_jgzZz "ey bhgZzZ dj_fgby JZaebgby \ ~Zgghf |
dZlbhgh\ dj_fgby \Zgz~"dybb Il eeakj¥mxI| h IThf qlh hg
hdZau\Zxl jZaebqgh_ iheygbldmxsgZ dbkehjh”® dhlhjuc
hlebgZ Iky ijhgghklvx _“bgbigghtdzZdygufb \ur_
dZlbhgzi® f \ur_ kbeZ ihey \\h*"bfR{hbB&IbHg¥Z \
[hevr_c kl_ i _gb hg iheyjbam _ | dbkehjh” -I2 hkeZ[ey |
k\yab Kk wlbf-\bAbhfhfm nhjfbjmx\xgZ2bchb
| eemjkh” j°Zsb_ kljmdImjgu_ h[eZklb h[eZ*"Zxsb _
\ukhdhc ijhgghklvx k\ya ¢ >ey bo jZajul\Z g _h[oh’
\ukhdb_ azljzlu wg_jlbb qglh \ujz Z |ky \ ih\ur_ghbt
\yvadhklb kI _dhe

JZaebgb_ \h \ebygbb hdkb” h\ | _eehy&@dhklvZgZ”*b
ZexfhkbebdZlguo kl _dhe h[mkeh\e gh [he_ _ \ukhdhc w
VO d>" fhev \ kjZ\g_gbblé k\yawx fhev > @

LZdbf h[jZzahf bamg_gh \ebelybV,dsd KbHhdfuo
\aZfS, gZ djbkliZeebazZpbhggmx kihkh[ghklv b \yadhk
ZexfhkbebdZlguo kl_dhe Hij_* e _gu dhgp_gljZpbhggu
kh~ _j"Zgby h[_ki_gb\Zxsb_ mk\zZb\Z_fhklv s_ehqguf
ZexfhkbebdZlguf kIl _dehf

Kibkhd bkihevah\Zgggbdhklh

1. El-Mallawany R. A.H. Tellurite glasses Handbook Physical
Properties and Data / R. A.H.-Elallawany. tNew York: CRC Press LLC,
2002. £525 p.

2. Scholze, H. Glass: nature, structure, and properties / H. Scholze.
SpringerVerlag: New York, 19914454 p.
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B : ?\dh\bhg: I1jhlZk
;_ehjmkkdbc Jhkm~Zjkl\_gguc | _ogheh]bqg_kdbc m
Fbgkd ; eZjmkv

KH<J?F?GGU? F?LH>U IJH=GHABJH<:GBY E?KGUO
IH@:JH<

:gghlZpby klZlv_ ZgZebabjmxlky ijbgbgu b nZdlhju \hagbd
ih>Zjh\ \ e_kghf fZkkb\_ [Ijb\h”blky hibkzZgb_ b ijh]jzffZ hkgh)
ijhlJghabjh\Zgby e _kgh]lh ih"ZjzZ gZ hkgh\_ klZlbklbg_kdbo "Zgc
ijb \ha“mrghf fhgblhjbg]_ e _kgh]l]h nhg*gbf<gijy]ljibaffoh” d
ijhlghabjh\zZgbx NZxsbc \hafh ghklv mgblu\Zlv \_jhyl
jZkijhkljZzg _gby h]gy \ jZaebgqguo gZijZ\e _gbyo

|.A. Evkovich, P.A. Protas

Belarusian State Technologidahiversity
Minsk, Belarus

MODERN METHODS FOR FOREST FIRES FORECASTING

Abstract. The article analyzes the causes and factors of fires in forests. A
description and program of the main stages of forest fire forecasting are provided based
on statistical data obtained from aerial monitoring of the forest fund. The program uses
a forecasng approach that makes it possible to take into account the likelihood of fire

spreading in various directions.

ljh[e_fZ e_kguo ih Zjh\ EIl hg_gv ZdlmZevgZ "e:

ihkdhevdm e _kghc nhg” azgbfz 1 ijbf_jgh | _jiblh
< [hjv[_ k ebkgafzjzfb \Z'gmx jhev bljZ_ | bo jZg
h{gZjm _gb_ ~k ihke _~mxsbf ijh]ghabjh\zgb _f i

jZkijhkljZg _gby h]gy
ljh]jJghabjh\Zgb_ e _kguo ih Zjh\ h[t_~bgyxl ih]
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nZdlhju j_ev_n f_klghklb kmohklv Ibiu e_]Jdh\hkiez
ij_~f_Ih\ b bo bklhqldgdigbywa&ey ZgZebaZ b ijh]jghabjh’
jbkdh\ \halhjZgby \ e_km > @

=eZ\gZy hizkghklv aZzdexqgZ_|ky \ Ihf qlh ijb [eZ
mkeh\byo \ kmoZy jZKkIbl _evghklv hlhgv
jZKijhkljZzgblvky gZ [hevrb_ iehsZ”b \ | _q _gb_ g
ijhf_"mlidz \jbfkd kdhjhklvx df gZk |Ijb wlhf jZagu_
e_kguo ih zZjh\ \_"mjZadlyfimmh Bo hkh[_gghklb g_h[oh’
mqgblu\Zlv \ ijhp_kk_ hkms_kl\e_gby f_jhijbylbc ih ebd
\' e _ kghf nhg”_

E _kgu_ ih Zju ih*jZa” _eyxlky gZ ih”a_fgu_ I|h
gbah\b_\_joh\u_ \ aZ\bkbfhklb hl Ihl]h dzZdb_ yjmku e
| _jjblhjbb \h\e _q _gu \ ijhp_kk jZkijhkljZg_gby h]gy
ith Zjutkzfu_ jZkijhkljZg_ggu_ \ ijbjh™_ ;hevrbgkl\h
ih zZjh\ gzZqbgzZxlky dzd gbah\u_ dhlhju_ fh]lml ihlhf
ithra_fguebb\ _joh\u_ \ aZ\bkbfhklb hl IbiZz e_kguo ]
fZl _jbZeh\ b debfZlbg_kdbo mkeh\bc

ljbgbghc [hevrbgklI\Z e _kguo ih Zjh\ yxeyhlky q_e
g_[j_"ghklv ijb ihevah\Zgbb \ e _km h]Jg_f \h \j_fy jZ[h
AZ ijhr_"rbc ]hr gZ | _jjblhjbdb J; ke@djmB v
ijhbahreh ih zZjh\ < kjzZ\g_gbb k ]h~hf bo dh
kgbabehkv gZ ith Zjh\ beb gZ]h*m \ a_e _guo m]h”vy
ithimrbeb \halhjZgby gZ h[s_c iehsBR™s_ \K JhlZjz
Jhjyl e _kZ \ x ' guo h[eZklyo ; eZjmkb kZfh_ [hevrh_
ih zZjh\ k gZqZezZ ]1h~Z [ueh \ ;j_Xxlkdhc=hn[fe Z2kikbd hc
h[eZklb \ha]lhjzZzgby \ =jh*"g_gkdhEbgkdh4l,

Fhlbe_ \kdhc b \ <bl_[kd[Rl

KIZIbklbdB\ji ~ gby e _kguo fZkkb\h\ ih ZjZfb
ithke_"gb_ e_| ith ~Zgguf Fbgbkl_jkI\Z e _kgh]h
J_kim[ebdb ;_8FjmKklZ\e _gZ gZ jbk
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Jbk £>bgzfbdzZ ih\j_ "~ gbc e_kguo gZkzZ ~_gbc
ihZjzZfb

& U f<-

% *(

o

Ya

Ih"Zju ba fgh _kI\Z ijbjh”*guo b Zgljhih] _gguo nz
hdZau\zZxl ~hfbgbjmxs__ g _]Zlb\gh_ \ebygb_ gZ k
"bgZfbdm e_kguo wdhkbkl f gZghkyl e_kghfm nhg”"
fZl _jbZevguc b wdheh]bg _kdbc ms_j[

>ey gZmqggh h[hkgh\Zgguo mki_rjgdue ~gekd\gZ gZ
ij_~“mij_ "~ _gb_ ijh]Jgha jZa\blby b ebd\b”"Zpbx e kgl
lj _[m_Iky jZajZ[hldZ khhI\_TklI\mxsbo dhfivxl_jguo fh
\dexg_gb_ \ khklzZ\ kbkl_f ih*™ _j°db ijbgylby j_r
Ij_"hl\j]Zs _gbx klbobcguo [ _"kl\bc \ e _kZo

Bkoh”y ba \uZglghdh g_h[oh”bfh \u[jZIv 1Zdhc f_
bkke "h\zZgby dhlhjuc k h~ghc klhjhgu iha\hebe
0ZjZdl_jgu_ gq_jlu bamqgzZ_fh]lh y\e _gby b hkms_kl\blv
Aimlhc klhjhgu "NZgguc f_Ih™ ~he g [ulv \ fZIl_j
hlghr _gbb ~“hklmiguf b \ulEtMtgudgmigfZzpbhggh _fdbc b
[ukljuc j_amevlzl JZajz[hlZggzZy fzZ| _fZlbqg_kdzZy fh
[ulv bkihevah\ZgZ “ey hp_gdb b ijh]Jghabjh\Zgby \ha”"
ih>Zjh\ gZ hdjm Zxsmx kj_"m k mq_Ilhf dzd fh gh
dhebqg_kI\Z nzZdlhjh\

<uihegb\ ZgZeba ujZafedhfh\ mkliZgh\beb qglh ~*
j_r_gby az~zZgb ijh]jghabjh\zZgby e_kguo ih Zjh\
fzl _fZlbg_kdbo fh”_e ¢ fh | [ulv ijbf_gbf ijh]jZffguc
MathCAD b MathLAB < dZq_kI\_ bkoh”~guo ~"Zgguo
ijhlghabjh\Zgby ijhp_kkZ jZkijhkljiZg ZgByy ee K glkh

kdhjhklv \_1jZ f k
gZijZ\e_gb_\_Ijz
\b” ih"ZjZ gbah\hé \_joh\hé ih~a_fguc
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deZkk ]Jhjbfhklb
deZkk ih Zjghc hizkghklb ih]h”u
fZkrlZ[guc dhwnnbpb_ gl hij_* eyxsbc jZkklh
f _klghklb
agZq_gby \ _jhylghklb jZkijhkljZg_gby h]lgy ih
j_amevlZl_ h[jZ[hldb Zwjhnhlhkgbfdh\
dhhj*bgZlu hqzZ]Z \halhjZgby
"ebl evdhkivgb ijhjghaZz
>ey hp_gdb ih Zjghc hiZzkghklb ih]J]h*"guo mkeh\k
bkihevam_ |ky dhfie _dkguc ihdZaZl _ev dhlhjuc mqgblL
nZdlhju \ebyxsb_ gZ ih Zjgmx hiZkghklv e _kgh]
Hkgh\gufb wlzZizZfb fZIl_fZIbg_kdh]h fh”_ebjh\Zgby y\e:
gZeba ijhp_kkZ jZkijhkljZzg_gby e _kgh]h
hij_ ~ e _gb_IbizZz kj_"~u [bh]_hp_ghaZz
JZkq_| k\hcklI\ kj_~u dhwnnbpb_glh\ i j ghkZ b
kljmdImju kj_~u
<u[hj f_Ih*"Z gbke_ggh]lh j_r_gby aZ”~Zqgb
Qbke _ggh_j r_gb_azZ”ZmathlABh]jZff _
ljh\ _jdZ ihemqg_gguo j_amevlZlh\ fh” _eb
FzZl _fZlbg_kdh_ fh” _ebjh\Zgb _ MathLAB]|jlZidb o
hit_dlh\ ijbjh”ru dzZd e_kghc ih zZj ij_~klZ\ey_ | kh[F
g_jZaju\lguc pbde hl bkke_ "h\Zgby ijh[e_ _fu ~h ~ 1Zevg
jZkq_Ih\ ihdzZaZl _ellk\gwklib_dh[t_dIZ M gZ hkgh
kharZgguo fZl _fZlbg_kdbo fh” _e ¢ hkms_ kl\ley Iky \u
wdki_jbf_gl \ ijh M&ZKEAB.
ljb bamg_gbb [|Zdbo keh 'guo fgh]lhdhfihg_glgu
k\yaZzgguo k \hagbdgh\_gb_f b jZkijhkljZg_gb_f e_ kg
lZzd" _ bamhgf bo \ha”_ckl\by gZ hdjm Zxsmx kj_"m
fZl_fZlbg_kdh]h fh”_ebjh\Zgby y\eyxlky gZb[he_ _ wni
m~h\le _|\hjyxl kh\j_f_gguf lj_[h\Zgbyf JZajz
fzl _fZlbg_kdbo fh”_e ¢ \hagbdgh\ _gby b jZkijhkljZg
ith zZjh\ thalhey | ij_~kdZz\azZlvgbo qglh kihkh[kI\m | [he
wnn_dlb\ghc [hjv][_ kh klbob_c¢ h]gy

Kibkhd bkihevah\Zgguo bklhggbdh\

ljh[e_fZ [hjv[u k e_kgufb ih ZjZfb We_dljhggu«
[https:/cyberleninka.ru/article/n/problerryorby-s-lesnymipozharami
>ZI1Z h[jZs _gby ]
2.E_kgu_ ih"Zju \ ;_eZjmkb \ ]h*m klZlbklbdZzZ |
We dljhgguc | _[kitpgKsputnik.by/20220705/lesnp@zharyv-
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belarusiv-2022godustatistikai-prichiny-1064422919.htm@ >Z1Z
h[jZs_gby ]

Fbgbkl _jkiI\h e _kgh]h ohayckl\Z J _kim[ebdb
We dljhgguc-j>KWjWS POHK[EXs@ gl¥¥1.2023]

M >1B21.9.048.7

? 1 ?ebk__\Z 1 Keb\zZ 2?2 < L_j gl
GZpbhgZevguc bkke_ _~h\Zl_evkdbc mgb\_jkbl_
Fhkd\Z Jhkkby

WE?DLIJHGEMQ?<:Y FH>BNBD:PBY IH<?JOGHKLB
EXFHF:LIJBQGH=H DHFIHABPBHGGH=H F:L?JB:E:

‘gghlZpby jZ[hl_ jzZkkfhlj_gZ | _ogheh]by fhAbnbdZpbb ih\_j
ZexfhfzZljbqgh]lh dhfihabpbhgghl]h fZl_jbZez :F] 6L& we.
emghf Hij_~\ebglgb_ iZjzf _Ijh\ h[jZ[hldb Z bf_ggh kdhj
h[jzZ[hldb IhdZ emqgZ b IbiZ jza\_jldb gZ fbdjhkljmdIimjm b
k\hckl\Z ih\_joghklb MkiZgh\e gh -@lhgw&ydljhggmbdZpby

iha\hey | ih\ukblv I\_j~hklv ih\_joghklb

E.P. Eliseeva A.P. Sliva, E.V. Terentyev
"National Research University "MPEI"
Moscow, Russia

ELECTRON BEAM MODIFICATION OF THE SURFACE OF AN
ALUMINUM MATRIX COMPOSITE MATERIAL

Abstract The paper considers the technology of surface modification of an
aluminum matrixcomposite material (AMg3 + 5%SiC) by an electron beam. The
influence of processing parameters, namely, processing speed, beam current and scan
type, on the microstructure and mechanical properties of the surface is determined. It is
established that the ettron beam modification allows to increase the hardness of the
surface.

<\ " gbDhfihgpbhggufZl jbZeu y\eyxlky deZkkhf
] I jhnZaguo fZl _jbZeh\ khklhysbo ba gZihegbl ey
dhf[bgZpbb k Zexfbgb \hc fZljbp_c h[eZ"Zxs _c
ieZklbgghklvx \ jheb gZihegbl_ey fhlml \uklmizlv \ul
dZj[brugZijbf_j6L& DhbpoehggtiZl _jbZeu gZ hkgh\_
Zexfbgby khg_IlzZxI \ k_[_ ohjhrb_ f_oZgbq_kdb_ b Ijb]
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k\hcklI\Z HglimkezZ\eb\Z | bo ijbf_g _gb_ \ ijhfure_ggh
dZq_kI\_ Zglbnjbdpbhg{lio kieZ\h\

Fhrbndapby ih\_joghkKibxfhfZljbgguo dpbilh@gduo
fZl _jbZeh\ fh | [ulv hkms_kl\e _gZ k ihfhsvx ~ nhjf.
h[jZ[hldb gZdZlu\zgb _f hfb[jhmAZju\hf
we _dljbZzgbqg_kdhc h[jZHhgbHcbajki_dlbgfu Ih™Nh
yley Iky h[jZ[hldZ 1ih\_joghklb dhgp_gljbjh\Zggufb
wg jlbb 1Zdbfb dZd eZa_ jguc emagvek\&ljihqgdy em]di b
[2 H].

ljb ijbf_g_gbb f_Ih~h\ ih\_joghklghc fh”bnbd.
ithal\heyxsbo bafl gplv h[jZ[hldb \ rbjhdhf ~bZiZahg_
thyley |ky \hafh ghklv j_kelejhg\Z]liv\Z b hoeZ ~_gby
\j _fyij_[u\Zgby fzZIl_jbZeZz ijb \ukhdbo blifemagmhyZo
lj _[m_fmx Jem[lZde _QeyjmdIinbjrk\hckihX joghklgh]h
kehyZd ~_ h[jzZ[hldZ ZexfhfZljbgguo dhfihabpbhgguo f.
dhgp_gljbjh\Zggufb ihlhdzZfb wg_j]lJbb kgb Z | dhv
ih\_joghklgh]h Ij _gby b ih\urZ | bRhghkhklhcdhklv

ljbf _g_gb_ jZa\_jldb we_ diJEggb]hhimjpghklghc
fh*bnbdZpbb ihalhey | i_j jZkij_"_eylv ied@ghlklv fhs
m\_ebqgb\Zlv kdhjhklv hoez ~ gbylhh\[edphkiblylgh
\eby ITlggmdIimjm h[jZ[hlZggh]h kehy

Ihkdhevdm Zexfbgb \u_ fZl jbZeu kdehggu d
ithjhh[jZah\Zg&@xh\Zy aZsblzZz Dbkihevam_fZy ijb ~m]
eZa_jguo kihkh[Zo fh”bnbdZpbb g_ kihkh[klI\m_I
dhebqg_klI\Zz » Waldljhgotg _\Zy h[jZ[hldZ ijhba\h”*blky
\Zdmmf_ g omi'Z qlh h[_ki_gb\Z_ | Zdlb\gmx ~ _]Za
"b~rdh]h f_1ZeeZ b mf_gvr_gb_ dhebq_kI\Z jZklI\hj_ggu

LZdbf h[jZzahf p_evx ~Zgghc jZhkke YeWZdhky
\ebygby izjzf_ Ijh\ | wefhdljheogighd fh*bnbdZpbb
ZexfhfZljbqgh]h didhgagfihl jbzgZz fbdjhkljmdIimjm b
fbdjhI\_jrhklv ih\_joghklb

F IThr"bdZFh~bnbdZpbx ih\_joghklb hkms_kl\eyeb
ZexfhfZljbgghf dhfihabpbhgghfFflzZ% jHZ&  6d&
mklZgh\d_  -®4&12D k mkdhjyxs_ f gZijy _gb_f d<
r"Z\e _gb_\\Zdmmfd®icldzf | _

< dZg_kI\ j\h]h Ibiz jza\[udB bkihevah\zZgZz
ithi_j _qggZy jzZa\_jldb Ibiz ©ijyfzy2 1jb ~Zgghf Ibi_
imghd kdZgbjm _| ih\_joghklv hl h”gh]lh djZy ~h ~jm]
ihke qg_]h i_j [jZku\Z |ky \ gZgZevgh_iheh _gb_ b p
ih\lhjy ITklkjb wlhf we_dljhggZy imrdZ "~\b  _Iky ihklImiz:
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\"hev h[jZapZ Z we _dljhgguc imghd kdZgbjm_[| i
ithi_jg_gghf gZijZ\e_gb_ kK qZblhjhkZ

<lhjhc Ijbf_gy_fuc Zia\zjldb ©bfimevkgZy?
ithrjZamf_\Z | "\b" _gb_ wemdKhlygigh?hee gguf rzZ]hf
f_ ""m IlhgdzZ¥ey m\ _ebqg_dgihhjhklb hoeZ " &y
fbgbfbazZpbb | _jfbg_kdh]h \ebygby khk_"~g_c¢c Ihqgdb
ith\_joghklb hkms_kl\eyeb k ijhimkdZfb b ihke_"mxsbf
khk_"~g_c ,lhpok_ . [>ey hkms_kl\e_gby ihEdpdh Kk
we dljhggmx imrdm i_j f sZeb \ g _ij_julghf j_ "bf_ ki
kdhjhklvx Z we _dljhgguc imghd hldehgyeb \ bfimev
RbjbgZ ahgu h[jZ[hldb \h \k_o0o kemqgqZyo khklZ\beZ f

\’/_\\//\

nepemelieHve
nyLiKn co nepemeLieHue
CKOPOCTLIO vV NyLwKK co

5 4 CKOPOCTEIO V

CKaHUpOBaHue nyqKofvl c 000 000QOO0OOOPOOODO
vactoTton f=3..24 'y 1 2 3

Seassssscce) el e2e%o

\ASSSCANKNTANES ARSI

[
Jbk Ko _fu h[jZ[hldb ijb jza\_jldZi¢yfZiy2 Z b bfime
[ Bl *bklhggbd | _ieu "brdZy \ZggZ
] taZdjbklZeebah\Z\rbcky f_|Zee

H[jZ[hldZ h[jZaph\ ba ZexfhfZljbggh]h dhfihab]
fZl _jbzZeF] fZk 6yk\h~*bezkv ih |j_ "bfzf
Ij_~klzZz\e_gguf \ |Z[ebp_ QZklhlm jZa\_jldb ih”[bj
h[jZzahf qlhJu h[_ki_qb\Zlv i_j djulb_ \Zebdh\ ijb
kdhjhklb h[jZ[hldb

F 1Zeeh]jZznbqg_kdb_ bkke ~h\Zgbyh[igpdapZbeb gZ
\uj_aZgguadhi_j d gZijz\exgb h[ighldb H[jZapu
aZij_kkh\u\zZeb \ | _jfhieZklbqgq_kdbc n_ghevguc dhfiz
ih\_joghklv f_oZgbq_kdb, rebbhph\Zedb [jZ\betey
\uy\le _gby fbdjhkljmdIimju

Bkke "h\zgb_ fbdjhkljmdImju ijh\h*"beb gZ hil
fbdjhkdhi_ =HLVV 2EVHUYHYbyoPohlm mBaébjg gby
ijh\h"bebkv gz I\_jrhf_j_ ROSHUW :LOVRQ ,QVYV
+DUGQHVYVY 7THVWHU 69' ih f ITh m <bdd _jkZ k gZ
\u™_j'dhc ih® gZ]jmadhcGZ kKdAamigtr mgzkld_ ijh\h~behl
ith  baf_j gby aZl f "Zggub mKpghgoyelkw \ [Z[ebpm
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LZ[ebp&J_"bfu we _dljhgmgf_\hc fh*bnbdZpbb ih\_joghklb
(F] fZk 6L&

Kdhjhk Lhd QZzZklhl lhlhggZ
J imrdly | imqd jZa\_jld Lbi jza\_jld| wg_j]by
. > N f

J
ff fhg| , f: =p f

ljyfZy

ljyfZy

BfimevkgZy

BfimevkgZy

BfimevkgZy 1Z 3
ijhoh"Z

BfimevkgZy

J amevidhke h[jZ[hldb ih azZz”~Zgguf j_ "bfZf hp_g!
dZq_klI\h nhjfbjh\Zgby ih\ _joghklb b Jem[bgm hieZ\e ¢

H[|Zapu ba ZexfhfZljdbbimlechbpbhggh]h fZIl_jbZeZ
F] 6L& [ueb h[jZ[hlZgu ih | £+bfBk< Ihke _

h[jZ[hldb m \k_o MhzZZeayhX |ky klZ[bevgh_ nhjfbjh\Z
ih\_joghklb

>ey hp_gdb k\hckl\ h[jZ[hlZggh]h kehy [ueb h
baf g gb_ Jem[bgu ijhieZ\e _gby ®dZz4Zg” hblibh dhgp _
h[jZapH¥Z[ebpZBa |IZ[ebpu \b”*gh qlh gZ \k_o h[jZapZo
ijhiez\e _gby m\_ebgb\zZz Iky ih f_j_  h[jZ[hldDb ql
aZzdhghf_jgh k\iya&kagh gguf gzZ]j_\hf

LZ[ebpZ&J _amevlZlu baf_j gby ]Jem[bgu b fbdjhI\_jrhklb dhfihal
fZl jbZeZ ihke ih\ joghklghc h[jZ[hldb we dljhgguf imqdt

—em[bgZ Kehy| Fbdjhl jAhK Lbi
) fdf +9 fbdjhkljmd] >bef?n|n_<:/\ﬁl<kgz|
gZqdeh| dhg | 9Zdel dhg | gZ&el dhg

Ilhke h[jldth dhfihablguo fZl _jbZeh\ [ueZ bkke *
fbdjhkljmdImjz h[jZBpRX_o h[jZapZo hkgh\ghc f_I:
ij_~klzZz\ey | kh[hc k\ _leu_ a_jgZ I\_j~h]h jZkl\hjZ
Zexfbgby k \u” _eb\r_cky ih ]JjZgbpzZf \lhjbggh bafulhc
jbk Z g<dhlhjuo f_klZo f_""m a_jgZfb \klj_gZ Iky
w\l _dlbdZ "\mo nZa \ \b” _yqghjehimkishok]h jZkl\hjZ gZ
hkgh\ Zexfbgby b dj _fgb _\hc nZau Kj _~gbc jZaf j a_
thjyrdz fdf
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<hieZ\e _gguo kehyo ihemqgbeb fbdjhKljmdé¢miju Ibi
Ibi fbdjhkljmdimpklZ\ey | kh[hc I\ _j~ruc jZkl\hj Zexfbg
"bki_jkgufb \dexqg_gbyfb ih \k_fm h[t_fimLddZyy jbk
kKljmdInmjZZapdwXjzdl_jg4 ~"&yhY 24,6

<lhjhc Ibi ih fbdjhkljmdImju fh~bnbpbjh\Zggh]h
gZ[ex™Z |ky \ hpj4apbfzf <gZ dhg_qgghf mgzZkld_ h[jZ[h]
jbk \' Fbdjhkilgimjz ij_"~klzZ\e_gzZ f_edbfb a_jgzZfb I\
jZklI\hjZz Kk \dexq_gbyfb -balhylhoggth c nZau
ij_bfms_klI\ _ggh ih ]jZgbpzZf a_j g 0OZjZdl_jguc jZ:
IN\_j~h]lh jZkI\hjZ khklz\ey 1dithjy~rdZz

D Ij_Iv_fm Ibim hlghkbliky jh[jzfan gZ dhghfqg
mqgZkld_ h[jZ[hldb] jBkdjhkljmdIimjZ fh~bnbpbjh\Zggl
f 1ZeeZ ij_"klZ\e_gZ dijmigufb a_jgZfb b \u®_e _gb_f n
dj_fgby ih ]JjZgbpzf a_j_g

Ba[ulhggZy n
gZ hkgh\_ dj

=jm[Zy w\l_d
f_""m a_jgzf

\
Jbk tKlIjmdImjZz hkgh\ghlh Z fh"bnb]pbjh\Zggh]hf_IZeeZ [
'F] 6L& 0

H[km * ghGZ fbdjhkljmdIimjm b k\hckI\Z ih\_jog
h[jZaph\ hdZau\Zxl \ebygb_izjzf _lju j_"bfzZz h[jZ[h]
jZa\zjldb Ijb m\ _ebqg _gbb | _ieh\eh  _gby ijhbkoh”bl
a_jgZz ith ]jZgbpzf a_j_ g nhjfbjmxlky \lhjbggu_
ke ~h\zZl _evgh mf_gvrZ |ky Kkl¥bdjhh\_jdghklb
GZb[hevr__ m\_ebg_gb_ I\ _j~hklb ijhbahreh gZ j_"bf
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kdhjhklvx h[jZ[hldb b ijbf_g gb_f bfimevkghc jZa\_ jl
ithal\hey | m\ _ebqgblv kdhjhklv hoezZ ~ _gby 1Ijb m\_ebc
hoez ~ _gby ijhbkoh”bl baf_evq_gb_ @&j_jigby dZj[b’
Abki_jkgh jZkij_ "N eyxlky ih \k_fmjhkRt).fm a_j g

Kgb™ _gb_ I\_j*hklb gZ g _dhlhjuo h[jZapZo ij
\ke_"kI\b_ mf_gvr_gby kh”_j Zgby joghdkdgh¥ keh _
\ke_ "~klI\b_ \ukhdhc mijm]hklb BgJZgkdb\ghklv ibdZ
fZz]l]gby gZ h[jZzap_ hJ[jzZ[hlZgghf gZ j_ "bf_ <« \ M\Z jZa
gZ h[jZapZo h[jZ[hlZgghf ih j_"bfzZf « dzd k
ijhbahreh kgbTfbdphl\_j~hklb ih\_joghklb

Bkoh”y ba ihemqg_gguo j _amevlZlh\ baf_j gbc k.
m\_ebqg_gb_ fbdjhI\_j*hklb ih\_joghklb ijhbahreh ijb h
j_bf_ |Z[elh.pldb h[jZ[hld_ [ueZ bkihevah\ZgZ [he\
kdhjhklv i _j f s gby imrdb b kfimlehkgghh jZ[ ki _qgbeh
[hevrmx kdhjhklv hoeZfljZaglpy h[ezZi*rZdlha jgbklhc
"bki_jkghc kljmdIimjhc

AZdexq _gb_ We dljhgeoglg \Zy fhr"bnbdZpby
dhfihabpbhgguo fZl _jbZeh\ itha\hey | m\ _ebqgblv
ith\_joghklb gZ hij_~ e _gguo j_"bfZwbde higg” kepcl
fbdjhkljmdIimjm ihemqgb\r_]hky kehy Ijb\eh\"_egogy gbb |
ijhbkoh”~bl bkiZj_gb_  fZ]gby b dzd ke "kl\b_
fbdjhI\_j~Ahklv 1h\_joghklb IThwlhfm p_e_ _khh[jZag__
bfimevkghc jZa\ _jldb

Lbi jZa\_jldb hdZeabyghh g_ Ihevdh gZ kdhjhl
hoeZ ~ gby h[jZ[hlZggh]h kehy gh b gZ nhjfbjh\Zgb_
ljbf _g _gb_ jZa\_ jldbchbflim2vkydnalhey | ihemqgblv
klz[bevgh_ nhjfbjh\Zgb_ ih \k_c¢c ih\_joghklb k g_ag
j_ev_nhfljb wlhf mf_gvrZ I|ky "*eblbfamgegvklZz b
m\_ebgb\Z_Iky kdhjhklv hoezZz ~_gby

Kji_~b jzZkkfhlj_gguo jh[jpdhmldb dhfihabpbhgguo
fZl_jbzZeh\ bfimevkguc f_IhZflb KdEjfhkjv h[jZ€{hldb

ff fbg Ihd e€mqzZ f: h[_ki_gb\gZbf _gvrmx

bgl gkb\ghklv bkizj gbybafZegty gb_ & jgZzd _
gZb[hevr__ m\_ebqg_gb_I\zj~hklb ih\_joghklb

Kibkhd bkihevah\Zgguo bklhgqgbdh\
1. Fbo_ \ J K cexfhfZljbgddihabpbhggu

fZl _jbZeu dZj[b~rguf mijhgg_gb_f "ey j r_gby aZ”Zq ¢
J K Fbo__\ L: Q_jgurh\Zz Kk
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2. Fbo_\ J K | _jki_dIb\gu_ ihdjulby k ih\ur_g
ljb[hl_ogbqg_kdbfb k\hckl\Zfb ba dhfihabpbhgguo fZI
hkgh\_ p\ _lgueHh\IZ2&kZ1 _og gZmd Fhkd\z J
2018.- k

3. Fbo_ _\ J K JZajzZ[hldZ baghkhklhcdbo ~lI
gZiheg _gguo dhfihabpbhgguo fZl _jbZeh\ b ihdjulbc b

dZzg”™ | _og g9gZmd aZsbs gz m |\
Fbo__\ Zhf K_j]_-\bqg - Kk

4. =jb]hjvygp : = EZa jgZy | _ogbdZ b | _ogheh]
Dg F_Ih~u ih\ _joghklghc eZa_ jghc h[jZ[hldb Mqg_|[
\mah\ : = =jblhjvygp : G KZnhgh\ ih” j-F : = =jb]

<ukr rd - k

5. Keb\Z $ | Hkgh\u | _ogheh]bdmwe\hatljhggh

k\Zjdb mq_[ ithkh[b_ I Keb\Z J < Jh™~yHKbgZ ? <

Ba”Zl _evkl\h FWB Kk

. G > fbAh\ :? @mdzj_\
GBM ©OFWB?2
Fhkd\Z Jhkkby

NBABDH?0:GBQ?KDB? K<HCKL<: IHEBF?J:
©:WIJHL?DK?2 >EV?Q:LB WE?F?GLHE:

:gghlZpbyKIlZlvy ihk\ys gZ hij_"_ e gHxoZgiajp dkidbo
k\hckl\ dhfihablz COS$ISANRQFH[2 f |h~Zfb jZkly _gby b
bgkljmf_glZevgh]h bg” _glbjh\Zgby \uyle _gZ hilbfBevgZy | _fi
i_qZlb HDM-1_ogheh]bb ijh\_"~ gh kjzZ\g_gb_ k ~Zggufb ijhba
MklZgh\e _gZ \hafh ghklv [_ah[jZaph\h]h hijoZgboqbkdbrobabdt
k\hckl\

Dexqg_\uehkZihebf ju dhfihablu m]Je_\hehdgh bgkljmf_gl:
bg”_glbjh\Zgb_ bkiulZgb_ gZ jZkly _gb_

A.N. Demidov, A.E. Zhukarev
I1DWLRQDO 5HVHDUFK 8QLYHUVLW\ ©0RVFRZ 3RZ
Moscow, Russia

PHYSICAL AND MECHANICAL PROPERTIES OF THE
©%$(527(;2 32/<0(5 )25-PRINTING OF THE UAV
ELEMENTS

-131-



Abstact. The article is devoted to the determination of the physieohanical
properties of the Aerotex composite (SAN+CF) by stretching and instrumental
indentation methods, the optimal temperatur8 printing using FDM technology was
revealed, and a comparison with the manufacturer's data was carried out. The possibility
of an ugly determination of physical and mechanical properties has been established.

Keywords:polymers, composites, carbon fipastrumental indentation, tensile
testing.

<\_"_gb_

< 9gZklhys  \j_fy gZ[ex"Z _ |lky klj_fbl_evguc
ijhba\h”~kI\Z ihebf_jh\ b dhfihablh\ gZ bo hkgh\_ bo b
\ kZfuo jZaguo h[eZklyo jughd )'0 )XVH®@3HSRVLWL
I_gZldm\kI\m | ihlj _[ghklv \ gh\uo dhgkljmdpbhgguo f
dhlhju_ jZkrbjyxl \hafh ghklb Z~~blb\guo | _ogheh]bc
dhfiZzgb_c¢ 3)LODPHQWDUQR" Jue kha”Zg gh\uc \Kki_
i_gZlb dhfihabl gZ hkgh\_ ihebf jZ 6%$1 klbjheZzZdjtk
gZiheg _gguc \melledg BF z Carbon Fiber ih” gZa\Zgb f
©O©$SHURWH[2 > @

>ey bkke_ "h\zZgby | _jfhieZklbqguo ihebf_jh\ bkit
Z""blb\gu_ | _og®WEhdBbditive Fabrication,AM = Additive
ODQXIDFWXULQJ Hrgbf ba IZdbo f_Ih”~h\ y\ey I|ky ij
gZeh _gBkieZ\e _gghc ihebf jtFADMM. DMl ogheh]by
ithalhey | ij_h[jZah\ZIv \bplmfhévemA j Zevgmx > @

P _evx "~Zgghc klzlvb y\ey Iky hij & e gb_
f oZgbg_kdbo k\hckl\ dhfihablz ©$SHURWH[2 f_Ih"Zfl
bgkljmf_glZevgh]h bogbywlbjhiy\e gb hilbfZevghc
| fi_jZImju i_qZlb kjZ\g_gb_ ihemqg_gguo ”“Zgguo
ijhba\h~bl_ey Ihfbfh wlh]h g _h[oh”bfh gZclb aZ\bkb
f Th~hf jzZkly  gby b dbg _Ibg_kdbf bg” _glbjh\Zg
[ ah[jZaph\hc hp_gdb \J f ggh]h khijhlb\e _gby

Ih~1hh\dZ h[jZaph\ d bkiulZgbyf

Wdki_jbf _glZzevgh_ bkke ~\Zoddgbgbladhidn k\hckl\
\uihegy |ky k bkihevah\Zgb f iehkdbo h[jZaph\ IbiZz

11262 Wkdba h[jZapZ ij ~klZ\e Z ibk
1) L
3 =

Jbk tH[jZa_p "ey bkiulZgbc
Z+h[jZa_p |biZz <: ih1226K2017;
[tadb]azZ]hh[jZzagh_aZiheg_gb_\ \bjfimZeelghc &3$'
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H[jZapu ey bkiulZgbc ihemqZeDb-iijbglihjfh siln
FDM-I_oghelh]bdhfihal@EHURWH[Zapu ~ey bkiulZgbc
i_qZlzxlky ih 1j_f ]jmiizf ih iylv h[jZaph\ \ dzZ 7]
| fi_jZImjzd'K "K b "K 1Zjzf _lju gZkljhcdb 4 _qgZlb
ijbgl_jZ ijb\_ "~ gu \ IZ[ebp _

LZ[ebp&l1ZjzZf lju gZkljhcdb i qgZlb

L fi jZImjZ kfilKeZ 105+i _j\uc kehctke "mxshb __
AZiheg,®b 100

<ukhlZ kehy ff 0,2

RbjbgZ ebgbb ff 0,6

Kdhjhklv i qZkb ff 60

JZkiheh  gb h[jZapZ ijl =hjbahglZevgh
Dhebq klI\h ebgbc \ dhgl 3

lj_ "~ _ q_f bkiuhZjZxapu azZf_jyxl bo jZ[hddgnx ~"ebgm
rbjbgnb b lhesblgm ihemqg_ggu_ mkj_~g_ggu_ ~Zggu
dZ ~"hc ]jmiiu ijb\_~ gu \ I[Z[ebp_ ith themqg_gguf
jZkkgblu\Zz _Iky iehsZ”v ihi_j_d@h]lh k_q_gby
LZ[ebp&=_hf ljbg_kdb_jZaf ju h[jZaph)\

< ]jmiu h[jZag h, ff b, ff |y, ff Fo, ff2
| (230"K 2,1 51 30 107
1l (240"K 2,3 5,2 30 11,9
11l (250"K) 2,5 51 30 12,7

ljh\_~ gb_ bkiulZgbc

Bkiulzgby ”"ey hij_~ e gbyoZgbapdkidbo k\hckl\
dhfihablZ ijh\h"bebkv gZ mgb\ jkZevghc jZaju\lghc fz
5982 £jb k

Jbk +tH[sbc \b® we_dljhf_oZgbg_kdhc bkiulZl_evghc fZrbq
IQVWURQ Z dj_ie_gb_ h[jZapZ \ aZ bfzZo ijb bkiulZgt
jZkly  _gb_ [ ijbkihkh[e_gb_ ey bkiulZgbc bgkljmf_glZevc¢

bg”_glbjh\Zgb_f \
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< ijhp_kk_ bkiulzgbc h[jZaph\ jZklyjh\@®bfky ]bkljl

AbZ]jZffu
Abz]jZffu

\

dhhj*bgzZlZo g2Zi
bgkljmf_glZevgh]h

fynihghZpbly+ / b
bg™ glbjh\Zgby

\

dh

gZ]jmadiZj f s gB _+h) +jbk

\"Z\eb\Zgb _

\uihegyehk

kn_jbgq_kdbf bg”r _glhjhfDbZf_lijhf

80 : | 20
£ | % 15 B
Z 60 : 2 = %// %j
Q : s
a m - /
X : 3 & /4/;/7 /
85l # L N N & -/ /ﬂ/
2 20 2 5 AN
£ jﬂ‘f‘/"‘}’f - ////

0 : 0 e

0 1 2 3 4 5 0.0 0.1 0.2 0.3 0.4
Oedopmauns [%] MNepemewerne [mm]
z [

Jbk £>bZ]jzffu ihemqg_ggu_ ihke_ bkituldZyjzdfuz
jZkly  _gby h[jZaphzZ]jZffu bgkljmf_glZewghlhlbjh\Zgby
h[jZap D\ ff
1 £230"K 4 MK #250"K
gZeba j_ameviZlihtfnb&Zlgthly kdbo bkiulZgbc
;ueb hij_ " e gu f _oZgbqg_kdb_ o0Zjzdl _jbklbdb
h[jZaph\ ijb jZaguo |_fi_jZIlmjZo i_qZlb fZl_jbZeZ
ithemqg_gguo f_Dh#ihfqZIbFDM 1 _ogheh]bb
Ilh ~bz]jzffzf jzZkly _gb_ hij_"~ _eyeb mkeh\guc
| dmqg_kkb \j_f _ggh_ khijhlb&e tit"mev mijm)]hklb
hlghkbl evgh_ dhg _ggh(g).m”ebg _gb _

| h AN VAIVAR VA bgkljmf_glZevgh]h bg” glbjh
hij ~ eyebkv ke ~mxsb_  k\hckl\Z ithdZa®l ev mij
I\ _j~hklv gZ ij_ " e I*¢mgl%Ip*hklv ijb fZdkbfmf_

gZ]ljmadh; b fh mev mijm]hkKlbkqg | ijh\h*"beky mqgblu\Z
glh H*mev mijm]hklb fZlkhb¥geZ f gvr_ fh"mey mijm]hk
bg" glHjZ' gL tsr{swzA Z agZgbH gh ij_g_[j<dv

\j_fy jzZzkq_IzZ I\_¥pkimgblu\ZeZkv mijm]Zy ih”*Zleb\h
bkiulZl_evghc fZrbgu > @

LZ[ebpZ A F 0Zgbqgq kdbh[kXlaphl\
JZkly  gb Bgkljmf glZevgh bg” g
&s | 6 FIZ' F1Z % | M FIZ % X A
FlZ FlZ FlZ Flz
T=230°C
56 | 71 | 4000 | 35 | 1223 | | 97 | 3712
T=240°C
52 | 58 | 3849 | 21 | 687 | 54 | 77 | 3154
T=250°C
42 | 48 | 3779 | 17 | 632 | 50 | 70 | 2970
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>ey hp_gdb \j f ggh]lh khiBhib¥& kgmy Kkl\m |
klZlbklbqg_kdZy h[jZz[hldZ [hevrh]h gbkeZ wdki_jbf_glZ
ney f 1Zeebg _kdbo fZI _jbzZeh\ > @ Qlh dzZkzZ I|ky g
fZl _jbzeh\ ihebf_jh\ b dhfihablh\ gZ bo hkgh\_
dhjj _eypbhggZy k\yav gZ ~Zgguc fhf_gl g Juled\ klgZ
hij " e gu khhilgPkg*@by*ey dZ ~hc ]jmiiu hiZaph\
|Z[ebpZ

LZ[ebpZAgZq _gby dhwnnbhBbtnglh\

Dhwnnbpb L turkK L tvr'K LtwfPK| Kj ~g_ _ agZ

Py *$aj 0,720 0,755 0,686 0,721

AZdexq_gb_

;uebijh\_~ gu nbabahgbq_kdb_ bkiulZgby I1j_o ]jn
h[jZaph\ gZi_qZlZgguo ijD-iijibfdlshZz 1ijb jZaguo
| fi_jZImjZo i_qZlblihoy'®Weh]lbb H[jZapu [ueb ih”*\_j]gr
bkiulZgbx gzZ jZkly gb_ b bgkljmf_glZevgh_ bg”_g
j_]bkljZpb_c¢ ~bZ]jZieb\2gby b jZkly _gby GZch_
\hafh ghklv hij_~ e _gby \j_f_ggh]h khijhlb)
bgkljmf_glZevguf bg” _glbjh\zZgb _f highr_gb_ \j_
khijhlb\e é&ldy I\ _jr"hKkKEBaihdZaZebkv ijbf_jgh h*"bgZdh\u:
"ey \k_o ]jmii glh ~Z | \hafh ghklv_Ih2&jZmhhlZIlv
hij_ ~ e gby \j_f ggh]h khijhlb\e _gby ih ihdZazl_eyf I
thebf_jh\ b Zjfbjh\Zgguo dhfihablh\ gZ bo hkgh\_

Kibkhd bkihevah\Zgguo bklhggbdh\

1. 352 $(527(; >We dljhgguct J Kmmjfk @
Ah k1 miZ https://lwww.filamentarno.eu/ru/glavnaya/pdo-aerotex175
0369918465005.html

2. Ae_gdh F : GZ]Zcp_\ F < >h\[ur < F Dbl
| ogheh]bb \ fZrbghkljh_gbb ihkh[b tFleyGR DbN_jh\
N=MI| ©G:FB Kk

3. FZIxgbg < F FZjq_gdh\ : X GmoZ : KIZk ¢
Hp _gdZ mijm]hc ih”~Zleb\hklb I\ _jAhf_IjZ ijb dbg._
bg” glbjh\Zgbb fzZl jbZeh\ AZ\h~"kdZy eZ[hjZlhjby
fZl _jbZeh\ Lhf -63. K

4. FZIxgbg < F FZjg_gdh\DZjXf[ _dh\ F :
F_ozZgbqg_kdb_ b | _ogheh]bg_kdb_ bkiulZzgby dhgl
fZl _jbZeh\ mqg_[gh_ ihkh[b_ ey \mah\ ihFj ~ FZIXc
BarZl _evkdbc "hf FWB Kk
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| K AZoZjh? Rdmjh < = =emobo
MjZevkdibkm~Zjkl\_gguc e_khl_ogbq_kdbc mgb\_
?dZl_jbg[mj] Jhkkby

BKKE?>H<:GB? NBABRGB®:GBQ?KIB
K<HCKL< DHFIHABLH< K IHEBF?JGHC N:AHC
P?L:L: P?EEXEHAUNBK-M>H;J?GBYFB

:gghlZpbyx jZ[hl_ bkke_ _"~h\ZgzZ \hafh ghklv bkihevah\Zghb
nhknhgZebcgh]h m~Ah[j_gby \ dZq_kI\_ gZihegbl_ey "ey ihebf_j¢
k Zp_Ibep_eexehaghc fZljbp _c

PHYSICAL AND MECHANICAL PROPERTIES OF
COMPOSITES BASED ON CELLULOSE ACETATE AND NPK
FERTILIZERS

Abstract.The work investigated the possibilityusing nitrogen, phosphorus, and
potassium fertilizers as a filler for polymer compositions with a cellulose acetate matrix.

M~h[j_gby yleyxlky hrgbf ba mKghdbo
h[_ki_gb\Zxsbo \ukhdmx ijh*"kdébdgbklayckl\_ggh]h
ijhba\h”?kl\Zz < k\ydbgkijwjb\gh \_"mlky bkke_~h\Zg
gZijZ\e_ggu_ ilgMir_gb wnn_dIb\ghklb bkihevah\Zghb
m~h[j_gbc Z flggbfbazpdbd \ha” ckl\bc gZ hdjm Zxsm
Kji_ ~m

IhklZ\e _gguo pfhegh ~h[blvky iml_f jZajZ[hldb
m~h[j_gbc k f_~e_gguf beb dhgljhebjm_dobf f\uk\hJ[l
A ckl\mxs_Jh \_sDklWwlhfm deZkkm m2h[j_gbc hlgh
fZljbggu_ khklz\u fZehjZkl\hjbfu_ hj]l]Zgbg_kdb_ kh_~
b m~h[j_gby k ihdjuMucf Ibi bf_ | kljmdImjm: dhfihabl
m~h[j_gb_ bkihevam _ |ky \ dZg_klI\_gZihegblZey Z fZ
bljd jhev [Z}& dhgljhebjnijksbnnmabx b \uk\h[h * _gb_
\h*hjZklI\hhbfbki_jkghc nZau m{h[jpapyihemqg_gby
dhfihablguo m~h[j_gbc \ dzq_klI\_ ithebf_jghc
j_dhf_g”m_Iky bkihdZbah\wdek hlghkbl_evgh gbadhc
]Jbrjhnbevghkiwkhdhdb”jheblbg_kdhc klIZ[bevghklvx
ophrbfb f_ozZgbqgq_kdbfb k\hcklI\Zfb dhlhju_ [ueb [u |
ijhlib\hklhylv [ukljhfm \uk\hYh*hjgbRXhjbmutd[j_gbc
2. < Ih _ \j_fy \ dzq_kI\_ fZljbpu g_elnay bkihe
dimighlhggZ gu_ kbgl_Ibg_kdb_ | _jfhieZklu |Z d
1jZdlbgq_kdb g_ ih™\_j _gu [bh”_]jZz*"Zpbb b [m~ml
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"helhkjhqggh_ g _]Zlb\gh_ \ha” _ckl\b_ gZDhjtjfm Zxsmx
lhlh  klhbfhklv b wdheh]bqghklv ijbf_gy fuo fZIl_jb.
yleyxlky \Z gufimZdlhjzfb dhlihju_ mqgblu\Zxlk
bkke ~h\zZl egflBZ\gb_ bkke ~h\Zgby ihdZau\Zxl \haf
bkihevah\Zgby ieZklbnbpbjh\Zggh]h Zp_1Z1Z p_eexeh
ithebf _jghc fZljbpu Ney ithemqg _gby dhfihablh
eb]Jghp_eexehagufb gZihdghll eylhf gyy kM i g
Zp _lbebjh\Zgby Zp 1Z1Z p_eexehau kh”_j Zgb_ b Ibi
leZklbnbdZlhjh\ fh gh \ rbjhdbo ij_*_eZo \Zjvbjh\Zlv
nbabdhoZgbqg_kdb_ k\hckl\zZ fZl _jbzZezZ gh b _]h kil
jZaeh _gbx \ |Pmnevx gZklhys c¢ jZ[hlu y\eyedikv bkke “
nbabdhoZgbqg _kdbo k\hckIl\ dhfihablh\ NBKZiheg ggu
m~h[j_gb_f b ihebZdjbeZlhf gZljby

>ey ithemqgdlgtinablguo m~Ah\{jdAddcklihebf jghc
fZljbpu i1jbf _gyedqoy [ZI p_eexebdUélbnbpbjhi\&Zgg
ljbZpbghfb Ijb[mlbenhknEBHlkikh\h_ khhlghr_gb_f_~~m
ihebf _jhf b iezZklbnbdzZlhjzfb 7~ey \k_o h[jZaph\ Kk
khhi\_ITkI\ _ggh fZkq < dZq_KkI\_ nmgdpbhgZevglL
A"h[Z\Ib&kihevahNBRK "h[j gb_ kh”_j°Zs fZk Zahl
fZk hdkb”"Z nhknhjZ b fZke dyphdkeo\Vh2 kd\Z HHH
©ONhkZ)}jhdhebzZdjbezl gEkNMNB319501-002089472008 b
AN\ _kgmx fmdm fygjddba\h*kI\Z HHH ®XgZcl

Kf r _gb_ dhfihg _glh\ dhfihabpbhgguo fZ1 |
ijhba\hbgZ \ZevpZo fZ{32b 1> ijb  -170 "K
KlZzg~Zjlgu_ h[jZapu balhlh\beb f_Ih~hf ]Jhjyq_]h ij
J p_ilmju dhfihablh\ ijb\_~ gu \ 1Z[ebp _ >ey dZ "he

hij_~ eyeb I\ _j*hklv ih ;jbg_eex ih =HKbgghklv ijb
ba]b[_ ih =848L b m~"ZjgZy \yadhklv ih RZjib =HKL
2015.

J amevlZlu bkiulZgbc-f_ obalbghkdbo k\hckl\
dhfihablh\ ijb\_~ gu \ IZ[ebp_ WdkliZ lilbK |lpdZ ke g h
aZ\bkbfhklb k\hckl\ dhfihablh\ hl KMPK-mZlgpy dbgbo
ithebzZdjbagzZlliby*p \ kghc fmdb ij _"klZ\e _gud bdb[ebp
liZnbqg_kdb_ bgl_jij 1ZpBb gZ jbk

M _ebqg_gb_ kh~A"NPKZaoBW[j gby \ ihebf _jghc fZljbp_
\ p_ehf g _]ZIlb\gh kdzZalW\4d"hikybgZbk b ~ _kldhklb
fZl _jbzZezZ qlh k\lyaZgh k iehohc kAaf _KppbflkkKlA/x n
p _eexehau k iheyjgufb fhe _dmeZfb \ohMBKsbfb \ kh
AZ\bkbfhklvj*hklb fZl_jbzZezZ BEgkh"ihjebzdjph£lZbx
bf | wdklj _fZevguc o0ZjZdl_ | FbgbfZevguo agZqg_gb
"hklib]lZjb kh”_j"ZghdbZdjbeZlZ ihjy™Mdzk .
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ljb m\ _ebq _gbb kh™ mgdbygby dhfihabl _
gZ[ex"Zehkv iZ™ _gb_ ijhqghklb(jhkb2).bagblygb
kh” j"Zgby ihebzZdjbezlZz gz ijhgghklv ijb bal]b]
wdklj fZevgmx oZjzdl_j b 1zZzd ~_ wdklj_fmf nmgdpb
gZ[ex™Z _1ky \ h[eZKHk

LZ[ebpZKhklZ\ h[jZaph\ ihemqg _gguo dhfihablh\

A, & 1(%*(& &/ (, 65U % -X
a . E W< o(# ! éﬁi”/gf/
[0) o 1o (I3 4 (4
& A %lfe | 1 (, & ¢ # 1 & [, A 6 HE@H( <
ioUl dUR iouUd dAUI
AU ioUn iUR diUb
iTuUi TiU6 dUb AdU A
diug iUl oU1l diUb
iU f Tiu6 ioUo ATU I
TAUDQ iTu6 Ui ATUT
TiUT iiuo ioUo doun
ToUd iUi iiuoé AoUd
TTU6 TTU6 dUi dAUR
i TAUQG iTtu6 iUl ATUT
i ifU6 iAnUG iTU6 iduUo
A TAUQ iTUo Ui ATUT
. diUT AU dUi AiUR
5 iTud ouUt ioUo 0iU6
A TOUQ iouUT iUi AOU I
5 iaud 6UT fiuo 67U1T
5 iui iouUl iTUoé 06 Ui
LZ[ebRZJ _amevlZlu bkiulZgbefnbZptdh kdbo k\hckl\
h[jZaph\ dhfihablh\
Ghf i lhdZazl_eb k\hckl\ dhfihablh\
h[jZa_[i' L\ _j~hklv iH ljhgghklv ijf M*"ZjgZy \yad
1 ;jbg eex FI balb[ FlzZ RZjib d>9df
1 186 46 4,0
2 114 27 3,1
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3 76 29 7,7
4 131 23 2,9
5 66 23 7,3
6 126 36 5,2
7 135 40 4,2
8 148 39 51
9 81 20 4,8
10 93 34 4,9
11 114 34 4,6
12 90 31 5,6
13 150 35 3,9
14 110 39 55
15 158 47 4,4
16 102 43 6,0
17 75 34 6,0
IlhdZaZl _ev m~Zjghc \yadhklb jZkl_ | ijb m\_ebqg_gt

NPK-m~h[j_gby b kgb Z 1ky ijb m\_ebq_ghbb Kh-
ihebzZdjbezIlzZz gZljby jbk
LZ[ebpZWdki_jbf glZeé&vghbklbg _kdb_ azZ\bkbfhklb

ihdZazl e _c k\hckI\ dhfihablh\ hl kh”A_j ZgbgZiyNPK_kghc fmdb
mAh[j_ghey b ihebzdjbezlZ g3ljby

KIZIbklbq_kd
IhdZazl _eb K J_]j_kkbhggZy az\bk 1zjzt_lju
2 Kl hrbJd
. | Y1=162,378 Zs3- Z5?

L\ _j~hklv i "5 " i
A Zs 71 Ag=+ A 12 FIZ
jbg_eex Py 75 Ag= 71 A= 10| 91

lihgqghklv ij| Y2=78,83-0,997;-4,517- £z
ba]lb[_  PwE |0,047°+0,1275°>+0,07Z1 & 10*| ,83

110
MEZI9ZY 1Y 3 vi=34440192,+0,1967; - s

(ng) 0,004242 - 0,002Z52 - 0,012 & 105 | ,88
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L\zjrhklv Fl1Z

N_jTZg
bzdjbe
Zk

NPK-m"h[_j_,g_ 25
Jbk- AZ\bkbfhklv I\_jAhklb ih :jbg_eex hNRK" j Zgby
m~h[j_gby b ihebzZdjbezlzZ gZljby ijb kh™_j"Zgbb f4k\_kghc fmd

FhAmev mijm]hk

NPK-m"h[_j_,g_ 25 tZk
Jbk- AZ\bkbfhklv ijhgghklb ijb ba]Jb[_ hl kh”~_j Zgby 13.
mAh[j_gby b ihebzZdjbezZlZ gZljby ijbjkh"kghzgbbdZ k

C

fo

d>"

Jbk- AZ\bkbfhklv m~Zjghc \yadhklb hl khomjtgbyby 13.
b ihebzdjbezlZ gZljby ijb khj_} Zghl fmd&Kk

< p_ehkitbevah\dAdgMPK-m~h[j_gbc dZd b ihebZdjbeZ
gZljby hdZaul\Z_| g_]Zlb\gh_ \ebygb_ gZ (Zkkfhlj_g
f oZgbg_kHbhcklI\Z fzZl _jbzZzez H”*gZdh dhf[bgbjmx kh
wlbo dhfihg_glh\ \ khklZ\_ dhfihablz fh gh “h[blvky f
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1Z" _gby wdkiemZlZpbhgguo k\hckI\ ba”_eby | h
ijhgghklb b ~ _kldhklb [|Zdhc fZl_jbze [m~_| ij_\
g_gZiheg _gguc ihébkwhdbacgehlghkljzaz \ Ih™_ \j fy
khojZgyy kihkh[ghklv m [bhjZaeh gbx b hdZau\Zy wn]
| jki_dIb\guf gZijZ\e_gb_f NZevg_crbo bkke “
1j_"klzZz\ey |Iky bamqg_gb_ kdhjhklb \u®_e_gby ba dhfihe
M~ h[jyxs_c¢c nZau b ilmdkd_kihk]mebjh\Zgby

Kibkhidkihevah\Zggudbqgbdh\

6KLSL@IXUIDFH PRGLILFDWLRQ RI S\URSK\OC
SURSHUWLHV BROVHBLY WRO\VRLOWKDQH FRPSRVLWH D
FRQW WRHOMHBMDEH IHBWLOLDHIUDQJ 5$SUVOCELDQ -RXUQD
Rl &KHPLVWWY :

%DBDAHYLHZ RQ PDWHULDOV PHWKRGV WR SU
FRDWHG XUH® HWDBRDROLJHWX=LODWXU@D © RN DJAR@®W U F
5HOHDVH =9 3

Bkke_ _"h\Zgb_ mm&Zmpdyg kdbo k\hckl\ dhfihabpbhg
fZl_jbZeh\ k ihebf_jghc nZahc "bZp_1ZIZ p_eexehau b *

Il K AZozjh\ D : Mkh\z : ? Rdmjh < < B
> j_\hh[jZ[Zlu\ZxsZy ijhfuret gghtklv =K
lhemqg_gb_ [bhdhfihablh\ k ithebf_jghc r
ieZklbnbpbjh\Zgguo Zp_1Zlh\ p_eexehau Kk jZaebqggh
Zp _lbebjh\Zzgby : ? Rdmjh < < =Zemobo D : Mkh\Z

\ukrbo mq_J[guo aZ\_" gbc Ex kghf« midZe
+'2,

M>D
G K Abggbd H < DZ”Mujh\Zz
KZgdl |l _j[mjl]kdbc Jhkm~Zjkl\_gguc wdhghfbg_kdbc mg
KzZgdl |l _j[mj] Jhkkby

D <HIJHKM J:A<BLBY PBNJH<H=H
F:L?JB:EH<?>?GBY < JHKKBB

gghlzZpby klzlv_ jzkkfhlj_gh kh\j_f_ggh_ khklhygb_ b h)
ijbf_g_gby pbnjh\h]h fZl _jbzZeh\_~ _gby knhjfmebjh\Zgu
ij_iylkl\mxsb_ jZa\blbx ~Zggh]h gZijZ\e_gby b hij_~ e _gu i
pbnjh\h]lh fZl_jbzZeh\_~_gby \ Jhkkbb
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N.S. Zinchik, O.V.Kadyrova
St. Petersburg State University of Economics
SaintPetersburg, Russia
ON THE DEVELOPMENT OF DIGITAL MATERIALS SCIENCE

IN RUSSIA

Abstract.The article examines the current state and areas of application of digital
materials science, formulated the challenges that hinder the development of this direction
and identified the prospects of digital materials science in Russia.

lh\k _f_klgZy pbnjh\bazZpby azZljZ]b\Z | \k_ gh\u_ k
b ~“bdim_1 gh\luc ih?"oh” d j_ambékkalZfhgZmegkdbo
jZajzZ[hlhd < keh b\rboky h[klhyl _evklI\Zo g_h[oh”Dbfl
]hjbahg!l nhjfbjh\Zgby b jZa\blby pbnjh\uo | _ogheh]b
mki_ro\lg_"~j _ggu_ ijZdlbdb IbjzZz bjh\ZIv bo Nmg~"rZf_
gZmqgu_ bkke_~h\Zgby b dhgp_ilmZevgu_ jZajZ[h
h[ezklv fh” _ebjh\Zgby gh\uo fZl _jbZeh\ k i_jki_
k\hckI\Zfb b bgkljmf_glu pbnjh\h]h fZI_jbZeh\_~_ gby

Pbnjh\h_ fZl _jbZeh\_ " giwltk glhrhgly h[t_"bgyxsZy
fZl _jbZeh\_~ gb_ b \ugbkebl _evgu_ f_Ih*u “ey bkk
ijh_dlbjh\Zgby gh\uo fzZIl_jbZeh\ Bkke_~h\Zgby ijh)
gZijZ\e _gbyf jZajZ[hldb gh\luo fZl jbZeh\ memqr _g
fZl _jbZeh\ bamqg_gby kljmdimju fZlhjbieim\g gZb ZIhfc
ijhlghabjh\Zgb_ ih\_~ gby fzZl _jbZeh\ \ wdklj_fZevgu
Bamqg_gb_  kljmdIimju k\hckI\ b ih\_~ gby fZI_j
fhe _dmeyjghf b Zlhfghf mjh\g_ ijhbkoh”bl k bkihe
dhfivxl_jgh]l]h fh”_ebjh\Zgby kbfmeypbb b ZgZebe
Dhfivxl_jghh”™ _ebjh\Zgb_b kbfmeypbb ihfh]zZxl| ij_"kd:
k\hckI\Z b ih\_"~ gb_ fZl _jbZeh\ “h bo nbabqg_kdh]h
ihalhey | mkdhjblv ijhp_kk jZajZ[hldb gh\uo fZl _jbZel
azZljZlu gZ bo | _klbjh\Zgb_ <hafh ghklv fh” _ebjh\Zgtk
|Zdbo oEjpbklibd fZlI _jbZeh)\ dzZzd ijhgghklv weZkl
| iehijh\h~ghklv b ij kKihkh[klI\m_| kha~Zgbx [he__
e _]dbo fZl _jbZeh)\ nNey Z\bZpbhgghc b Z\lhf
ijhfure_gghklb ih\ur_gbx wnn_dlb\ghklb kheg _qgguo
Kbfmeylhju iha\heyxl bkke BamagzZewf b hp_gb\Zlv
\ha” _ckl\b_ gz fZI _jbZeu \ukhdbo I _fi_jZImj \ukhdh]h
obfbg_kdbo \_s_kI\ ihfh]Jzy \ jZajZ[hld_ gh\uo f
\u™ _j ' b\Zxsbo wdklj fZevgu_ mkeh\by ~ey ijbf_g _gby
Zwjhdhkfbg_kdhc wg_j]_Ibg_kdbgeh]ig¥ keZfchlu ih
kha"Zgbx gh\uo fZI_jbZeh\ \dexqZ_| g_kdhevdh wlZih
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LZ[ebpZWIZiu kha”“Zgby gh\luo fZl _jbZeh\

GZbf_gh\Zg
WIZ wlZiz Hkgh\gu_ ~_ckl\by
WIZi ij "ihez]Z_| bkih
. wdki_jbf_glZevguo NZgguo Ih
1 Kf[gll Aggg;ﬁ i_amevlZl_ ezZ[hjZlhjguo bkiulZgbc
= ij "urmsbo bkke ~h\zZgbc kb

fh ebjh\Zgby

KharZgb_| >ey ZgZebaZ b bamq_gby fZl_j
2 dhfivxl_jgu{ dhfivxl_jgu_ fh™ _eb kKljnidl mjjuz
fh" e ¢ | \dexqZy Zlhfu fhe dmeu b bo \aZil

Ilhyley |ky \hafh ghklv ijh\h”*"blv w

. fﬁff'e"bx.'h—\lzgh ZgZebabjh\ZIlv ih\_~ gb_ fZI_jbzel
kamle bgt mkeh\byo  gZijbf_j baf g _gb_

YPOU Az\e gby b A"jmigpo\yp \gmlj ggbo n

GZ wlzi_ ijh\h~ylky \ugbke _gby nb

4 gZeba "Zg fZl_jbZeh\ ZgZeba kljmdImju

\aZbfh~_ckl\by f_"~m ZIhfZfb b
|1Zd" \uyle gb azZdhghf jghkl c &

J_ameviZlu ihemqg_ggu_ \ oh”_ ij
<Zeb”™Zpby "he gu [ulv ijh\_j_gu b ihnl
5 | wdki_jbf_glz] wdki_jbf_glZevgh glh ij_"iheZz]Z
ihAM\_j "~ _ghh nbabqg_kdbo bkiulZzgbc b I_klbjh\Zz
j Zevguo mkeh\byo

Ilhke \Zeb”™Zpbb j_amevlZlh\
HilbfbaZpby ihemg_ggu_ agZgby b ~Zggu_
6 NZevg_cr_| bkihevah\Zgu “ey hilbfbazZpbb k\h

bkke_"h\zZg jzajzZ[hldb gh\uo fzZl_jbZeh\ beb 7
bkke "h\Zgby

=eZ\gh_\gbfZgb_bkke_~h\ZIl e _c gZijZ\e_gh gZ |
hljzkeb gh\uo fZl _jbzZeh\ dzd kZzfh\hkklzgz\eb
kmi_jdhgkljmdpbhggu_ fZl_jbZeu pbnjh\u_ iZkihjlzZ f
kharZgb_ bgnjZkljmdImju mkdhj_gghc jZajZ[hldb
KhanZxlky fZl _jbZeu dhlhju_ kihkh[gu kZfh\hkklZgZ\e
agZgbl qglhg wd[Bevgh]h |_e nhgZ g_ [m~_I| |j_kdZI\y
1ZN" _gbb Z g_m~ZqgZy iZjdh\dzZ Z\lIhfh[bey g_ ijb\_~
Z\Ihk_j\bk JZajZ[Zlu\Zxlky h[e_]g_ggu =+ fZl_jb
m]e_ jh~hgZiheg _ggu_ fZl _jbZeu gZ hkgh\_ gh\uo k\ye
IWDD b ij |1Zd gZau\jdhygklknmdpbhggu_ | _jfhieZklu
dhlhjuagZgbl_evgh e _]Jg_ gqg_f |jZ*"bpbhggu_ dhgklj
fZl _jbZeu klZev IblZzg beb Zexfbgbc >ey Z\Db
iIjhfure_gghklb \g_ _7~j gb_ 1Zdbo fZl _jbZeh\ iha\lheb
kilhbfhklv ]Jhlh\uo ba”_ebc aZ kqg_l khdiZZs _gby
dhfihg _glh\ m\_ebgblv f_ "k _j\bkguc bgl _j\Ze h[ke
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kgbablv \u[jhku m]e_dbkeh]h ]ZaZz KharZgb_ b
pbnjh\hlh izZkihjlz fzZI _fbZweh\dljhggh]h ~hdmf_glZz
kh” j°Zs_]h bgnhjfZpbx h k\hckl\Zo b oZjzdl_jbklbdZo
fZl _jbZexhfh]Z | memqrblv dZq_klI\h b gzZ®_ "ghklv fZI
mijhkliblv ijhp_kku dhgljhey dZq_kI\Z b ih\ukblv wn
ijhba\h~klI\Z < Jhkkbb pbnjh\u_ iZkihjlZz fZl_jbZeh
jZajZ[Zlu\Zxlky b \g_"jyxlky \ IZdbo hljZzkeyo dzd
obfbg_kdZy ijhfurlelvgdkljhbl _evkl\h b *jm]b _

Hg \b~gh qlh \ Jhkkbb pbnjh\h_ fZl jbZeh\_~_
hljhfguc ihl_gpbZe h”gZdh hklZgh\bfky gZ kms_kl\mx
b h]jZgbqg_gbyo D gbf fh gh hlg_klb g_"hklZlhgguc
mjh\_gv pbnjh\h]h fh” _ebjh\Zgbykknijgtihgivd {fh\
gZ [Za_ bkdmkklI\_ggh]h bgl _ee _dlZ hol\Zl nmg
bkke_"h\Zgbc beb mjh\_gv Z\IhfZlbazZpbb b J
ijhba\h”~kl\_gguo | _ogheh]bc djhf_Ih]h g _o\Zldm b
mgbdZevgh]h-lgdamggh]bg _kdh]h h[hjm~h\Zgby b ieh
dii_| _gpbc fbjh\h]h mjh\gy \ h[eZklb obfbb f_oZgbdb
gZgh ahmjh\g_ ihgbfZgby gm 2~ ijhfure_gghklb gZ ]
kljzl _1bgq_kdh]h ieZgbjh\Zgby

Pbnjh\h_ fZI_jbZeh\_» ghkxwlhJhlgdbkdkb| evgh gh\Zy
bkke "h\Zl evkdZy h[eZklv dhlhkZy hptgZggy b f _Ih”u
fZzl _jbzZeh\_~ gby k Dbkihevah\Zgb f kh\j_f gguo
| ogheh]bc Hkgh\gu_gZijZ\e _gby bkke ~h\Zgbc \
\dexgZxl \ k_[y jZajZ[hldm gh\uo f_Ih2h\ b bgkljmf
ZgZebazZ b fh™_ebjh\zZgby k\hckl\ fZI| Zi& Z’&Zlp\g ukch ®* Z g &
bgnhjfZpbhgguo kbkl f Ney 0jZg _gby b hi
fZl _jbZeh\_~q_kdhc bgnhjfzpbb Z IZd _ ijbf_g_gb_ bl
bgl ee dlZz b fZrbgghlh h[mqg_gby Ney j_r_gb
fZl _jbZeh\_~ gby D eb” _jZf jZajZ[Zlu\Zxsbf
| ogheh]lbq_kdb_ j_ r_ glbhyeyZivdh fdbo hljZke ¢ fh~
hlg _klb ]JhkdhjihjZzpbx JhkzZIhf b jy® ~jm]bo ijhfure
bggh\Zpbhgguo ij_"ijbylbc bkke ~h\ZI_evkdb_bgklt
Bgklblml fZrbgh\_~ gby bf : : ;eZ]lhgjzZ\h\Z Bgklbln
obfbgq_kdhc nbabdb kj_~b h[jZegBbV¥Ijkeou g tio\
Fhkdh\kdbc ]Jhkm~Zjkl\_gguc | _ogbg_kdbc mgb\_jkb
Zmfzgz HKZbdimjlkdbc ihebl_ogbq_kdbc mgb\_jkbl_

<_ebdh]h -KZlgdImjlkdbc Jhkm~ZjklI\_gguc fhjko
| ogbg_kdbc mgb\ _jkbl I >Zevg_ \hklhgguc n_~ jZevg
b ~j 1_j_"~ bkke_"~h\zl_eyfb klhbl az”~ZqzZ kha”zZgb

ijh_dlbjﬂ\_Zgbx jZajzZ[hld_ b ijbf_g _gbx gh\uo fZI_
\_ s kI\ >ey j_ r _gby azZz”*Zqgb [ue knhjfbjh\Zg P _glj dl
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GLB ©Pbnjh\h_ fZl jbZeh\_~ gb_ gh\u_ fZl _jbZeu L
\uklmizZxshg¢zc\ _jhf jZa\blby pbnjh\h]h fZl _jbZeh\_ " _
Jhkkbb

hevrhc ihl_gpbZe aZeh g \ pbnjh\hf fZl _jbZeh
aZdexqZxsbcky \ khdjZs_gbb \} f gb b jZkoh”h\ gZ
gh\uo fZl _jbZeh\ memqr_gbb bo k\hckl\ b kha”.
wnn_dlb\guo | _oghel)lbékijpgb M~ k _]Jh~rgy ~hklb"  _gb
fZl _jbZeh\_~ gbb \ *hiheg_gbb k gh\u_ pbnjh\ufb bgkl
yaudZfb iha\heyxl h[hclb h]jZzgbg_gby ijh_dlbjh)
kKihkh[kI\mx| jZa\blbx khljm~gbq_kI\Z f_""m gZm
ijhfure_ggufb hj]J]ZgbaZpbyfb glh h[ &kn_gb\Z | ih
dhgdmj_glhkihkh[ghklb jhkkbckdhc ijhfure_gghklb

Kibkhd bkihevah\Zgguo bklhgqgbdh\

1. FZl _jbZeu gh\h]ht W& dljhgguc jzkKR4jk@
https://atomvestnik.ru/2023/03/30/materialgvogceveka/

2.L_g” _gpbb pbnjh\h]h fZl jbZeh\_~ gby \
>We dljhgguc j_kmjk@ = URL.:
https://compositeworld.ru/articles/market/ide4af6c0b2e200121f9576

N R Ahdbjh\

LZA*"bdkdbc | _ogbg_kdbc mgb\_jkbl_| bf F K
>mrZg[_ LzZ”~ bdbklzg

L?FI?J:LMJG:Y A:<BKBFHKLY DHWNNBPB?GL:
L?2IEHHL>:QBEXFBGB?<H=H KIE:<: :D F K

:JB?F

'gghlZpby < klZlv_ ijb\_~ gu j_amevlZlu bkke_~h\Zz
| _fi_jZImjghc azZz\bkbfhklb dhwnnbpb_glZ | _iehhl*Zqb Zexfbgb_
D F k [Zjb_f \ ~bzizahg_ |_fi_#ZIBjuMklZgh\e_gh qglh
fh*bnbpbjmxsbc dhfihg_gl \ bamqg_gghf dhgp_gljZpbhgghf bgl_]
fZk mf_gvrZ_| dhwnnbpb_gl | _iehhI*Zgb bkoh”gh]h kiezZ\ZzZ

Dexqg_\u_ kehé&Zfbgb \uc kiez\ :D F [Zjbc | _iehzfdhkl
dhwnnbpb_gl | _iehhl*ZqZz
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F.Sh. Zokirov
Tajik Technical University named after academician M.S. Oshimi
Dushanbe, Tajikistan

TEMPERATURE DEPENDENCE OF THE HEAT TRANSFER
COEFFICIENT OF AK12M2 ALUMINUM ALLOY WITH BARIUM

Abstract.The article presents the resultisaostudy of the temperature dependence
of the heat transfer coefficient of the aluminum alloy AK12M2 with barium in the
temperature range of 3@B0O0K. It has been established that the modifying component in
WKH VWXGLHG FRQFHQW U Dradudefthel ieqt drahsfer coefficientisf
the initial alloy.

Key words: AK12M2 aluminum alloy, barium, heat capacity, heat transfer
coefficient, standard.

GZklhysZy jZ[hlZ ihk\ys _gZ bkke_ _"h\Zgbx \ebyg
[Zjby gZ dhwnnbpb gl 1ZexlithdbZdb]h kiez\Z :D F <
ebl_jZImj_ ijZzdlbqgq_kdb hlkmlkl\mxl wdki_jbf_glZevgu
dhwnnbpb_glm | _iehhl~Zgb wlh]h kiez\Z Bkke_ "~h\Zghb
aZ\bkbfhklb dhwnnbpb_gl I _iehhl”*Zgb Zexfbgb_ \h]h ki
kK [Zjb_f ijh\_eb imlzf bafiehzghhKIb > @

>ey ijb]lhlh\e _gby kieZ\h\ [ue bkihevah\Zg Zexfbc¢
; =HKL - dj fgbc djbklZeebqg kdbc-825HKL
f ~v fZjdb FH =HK-L b[Zjbc f _IZeebq_kdbc fZjdb
F+ LM-4-465 KieZ\u ~ey bkke ~h\Zgbygwéeb ihem
rZolghc i_gb we _dljbg_kdh]h khijhlb\e _gby IbiZ KRHE
| fi_jZImj - f K KhklZ\ ithemq _gguo kieZ\h\ \u[hj
dhgljhebjh\Zehkv \a\_rb\Zgb _f h[jZaph\ ~h b ihke_ k
|1Zd"_ obfbg_kdbf ZgZebahf AZI _f ijh\h~"beZkv \u[hjo
bkke "h\Zebkv kieZ\u m dhlhjuo ~h b ihke_ kieZ\e _
fZkk g _ij_ \urZeZ hlg exfbgb_\uc kiezZ\ :D F k
ith™\_j]Zeky obfbqgq_kdhfm ZgZebam gZ kh”_j Zgb
dhfihg _glh\ \ P_gljZevghc azZ\h~kdhc eZ[hjZlhjbb Z
dhfiZzgbb =Ml.eBh’ Ba ihemqg_gguo kiezZ\h\ hleb\.
pbebg”jbg_kdb_ h[jZapu "ebghc ff b "bzZf _Ijhf ff

DzZd ba\_klgh > @ | ieh_fdhklv I\ _jA~uo | _e
©hoez ~_gby?2 hij_~_ey_ I|ky ih mjzZ\g_gbx
8T -
0 o m @ M
Cp, Co m, &T .’ 1)
@ N
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I~ m ¥, fZkkZ wlzZehgZV, fZkkZ bkke_ ~m_fh]h
h[jZzapZT/dW, dT/dW, + kdhjhklb hoeZ '~ _gby wlZehgZ
h[jZaph\ ba kiezZ\h\ ijbf?Zjg#Zdmng

>ey hij_"~ e gby kdhjhklb hoezZ * gby kljhyl
hoeZ ~ gby h[jZaph)\

lhemq _ggu_ djb\u_ hoezZ ~ gby h[jZaph\ ba
hibku\Zxlky mjZ\g_gb_f \b*Z

T L 2P L)e ™ (L Le ¥l @

H[jZ[hldZ |j_amevlZlh\ baf_j gbc b ihkljh_gb_
ijhba\h”*bebkv k ihfhsvx 1ijh]jzff 06 ([FHO b 6LJF
Dhwnnbpb_gl dhjj_eypbbsnkhklZ\be g3h ih~I\_j " ~rZ |
IjZ\bevghklv \u[hjZ Ziijhdkbfbjmxs_¢ nmgdpbb <j

bgl _j\Ze nbdkzZpbblmjdi kKEklZ\eye k Hlighkbl _ev
hrb[dZ baf_j gby | _iehzfdhklb \ bgl_j\Ze_ hl fK
khkiz\eyeZ “  Z \um* fX @

J ameviZlu bkke ~h\Zgby | _fi _ jZImju hoeZ "~ _gby
kiez\h\ ij _~klZ\e _gu gZ jbk Z < h[s_f kenbgd_ ihemq
| fi_jZImju L hl \j_f gb hoez ~ gby 2 2~ey hJj
Zexfbgb _\h]h kiez\z :D F k [Zjb_f ihdZau\zZxl|l g_ij
mf _gvr_gb_| _fi_jZImju h[jZaph\ b wlZehgZ ih f_j_ bo
GZ djb\uo hoezZz ~ gby | jfbg_kdbo wnn_dlh\ k\yaZgc
ij_ \jZsgb_f g_ h[gZjm _gh

>bnn_j _gpbjmy mjZ\g_gb_ ith 2 ihemqgZ_f mj.
kdhjhklb hoezZ ~ gby h[jZaph)\

dL 12 L Ly ww (b Loy ww®

aw2sT w w9
AgZq_gby dhwnnbpb_glh\ \ mjZ\g_gbb "ey bk

kieZ\h\ ijb\_~ gu \ I1Z[ebp_ Ih wlhfm mjZ\g _gbx [ueb
kdhjhklb hoez ~ gby h[jZd&phk ki¢Z\X]jZnbqg_kdbc
\b” dhlhjuo ij_"klZ\e_§ gZ jbk
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N a —-dT/dT. K'c
800 ) 5ot

3TanoH (Cu mapku M0OO) Vs
—— 3ranoH (Cu mapku M0O) weeenemeee Cninas AK12M2 /_//

7004 WS\ Crnnas AK12M2 | —————- +0,1%Ba

S

______ +0,1Ba 1,5 { ——-—- +03%Ba /////

800 1 T e TIT St s
——— +0,5Ba 0% /_// j//

500 4

400

300 A

2[I}D 4[I}D GII}D Sil}[} 10I0[} 1200 300 460 560 BlIJO ?EIJO SlIJO
Jbk - =jZnbd baf_g _gby | _fi_jZImju hl \j_f gb hoeZ ~ _gby
kdhjhklv hoez ~ _gby h[jZaph\ hl | _fi_jZImju [ ”"ey h[jZaph
Zexfbgb _\h]h kiez\Z :D F k dZevpb_ f fZk
b wilZzehgz &X fZjdb F

LZ[ebpAgZgby dhwnnbpb'lgl®\ "L 2\ mjZ\g_gbb Ney
Zexfbgb \KjezZ\Z :D F k [Zjb_f b wlZehgZ &X fZjdb F

Kh~ j°Zgl Lo- - -
[Zjby \ kie| ol &1 |2 gy | oWy |2
fZk K Kl/c K/c
0.0 174.73 | 76.92 |424.43|394.99 2.27 1.07 |293.76
0.1 22022 |133.70/369.66|388.85| 1.65 | 095 |292.71
0.3 271.41 1164.441320.55|460.98 1.65 0.70 P91.57
0.5 163.22 | 89.29 [419.59|395.05 1.83 1.06 |296.85
1.0 166.21 | 84.75 |407.43|389.67 1.96 1.05 |297.74
WI1Zehg|277.41109.73|390.83|543.51 2.53 0.72 (308.35

Ilhke ijh\_~ gby ihepghfgkbb ihemqg _gh ke "mxs
his__ mjZ\g _gb_ "ey hibkZgby | fi jZImjghc aZ\bkbft
| ieh_fdhklb Zexfbgb_ \h]h kiez\Z :D F k [Zjb_f

C, a bT cT? dT°. (4)

Bkihevamy ihemg _gu ke _~“mxsb_ mjzZ\g _gby |
aZ\bkbfhklb m”~_evghc | _ieh_fdhklb *ey kiez\Z :D F
co ™™ 72273 1,379X 1.07710°T? 699710 'T3(R=0.9997)

b kiezZ\h\ k [Zjb_f fZk

0.1%: C2 72204 1.38T 1.07710°T? 6,99710'T?;
0.3%: Cp 77567 123 823710'T? 541710'T?

0.5%: C2 75771 115T 7.06710°T* 4.67710'T? (5)
(5)1.0%: C2 81582 0.79r 1.15710°T* 106710'T®
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K bkihevah\Zgb_ f agZq_gbc m”_evghc | _ieh_fdhkl
hoezZ ~ gby h[jZaph\ \ugbke g dhwnnbpb_ gl |
Zexfbgb \h]h kDeZKFZ k [Zjbihf mjZ\g_gbx

(6)

I L bzl _fi_jZImju h[jZapZ b hdjm Zxs_£ kj_"~u ¢
iehsZ”~v ih\ _joghklb b fZkkZ h[jZzapZ khhI\_1klI\ _ggh
GZ jbk ijb\_~ gu j_amevlzZlZz jZkqg_1Z dhw
| iehhl*"Zgb Zexfbgb _ \hDh kiekZ|Zjb \fazZ\bkbfhklb hl
| fi_jZlmju <b”gh qlh ~“h[Z\db [Zjby b I _fi_jZImjZ m)
dhwnnbpb_gl | _iehhl*Zgb Zexfbgb _ Fh]h kiez\Z

o, BT/(a3K)

CrnnasAK12ZM2 (1)

< +0,1%Ba -

Jbk -L_fi_jZImjgzZy azZ\bkbfhklv dhwnnbpb_glZ |_iehhl*Zgb
Zexfbgb \KkjezZ\ZD F k [Zjb_f

LZdbf h[jzahf \ j 'bf_ ©hoeZ'~ _gby2 mkl:

dhwnnbpb_gl | _iedek¥bgb \kia6z\ZD F k [Zjb_f
IhdZazgh qlh k ih\ur_gb_f I _fi_jZImju b kh”™_j Zgby [Z
dhwnnbpb_gl | _iehhl®*Zgb m\_ebqgb\Z _ Iky

Kibkhlbkihevah\Zgguo bklhggbdh\

1. Dbjh\ K : Dhaeh\ :pdbcKZe OZjZ[Z"a_ > W
Baf_j _gb_ | _ieh_fdhklb b |I_iehlu iez\e_gby f_Ih~hf h
F HHI Nba -INZ=dM k

2. Ahdbjh\ N R =Zgb \ B G KZg]h\ FF BJ[jhob
<ebygb_  dZevply j@Zmjgmx az\bkbfhklv | _ieh fdhkll
baf_gqb\hklv | _jfhAbgZfbq _kdhc nmgdpbb kiez\Z

L iehnbalkhdbo | _fi_jZImjL ¢ K8T2.
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> X BJ]gZlh\_p : G =Z\jbexd
;_ehjmkkdbc ]hkm”Zljkdghgeegudg_kdbc mgb\_jkbl_I
Fbgkd ; eZjmkv

IJH;E?FU G: KL:>BB G?CLJ:EBA:PBB <
|IIJHBA<H>KLNPK M>H;J?GBC B IMLB BO J?R?GBY

cgghlZpby jzZ[hl_ jzkkfZljb\Zxlky ijh[e_fu \hagbdZxsb _
klZzZ"bb g _cljZebaZpbb ijb iNPKanhhkj\gby IhdZazZgh qlh fgh]b
ijh[e_fu fh]lml [ulv mkljZg_gu ijb ijbf_g _gbb "\moklZ~bcghc Zff

D.Y. lhnatavets, A.N. Hauryliuk
Belarusian Stat&éechnological University
Minsk, Belarus

PROBLEMS AT THE NEUTRALIZATION STAGE IN THE
PRODUCTION OF NPK FERTILIZERS AND WAYS FOR THEIR
SOLUTION

Abstract The paper discusses the problems that arise at the neutralization stage
during the production of NPKeftilizers. It is shown that many problems can be
eliminated with the use of tastage ammonification.

Qbke _gghklv fbjh\h]h gZk_e _gby g_mdehggh j.
ijhlJghabjm_1 qlh d ]h*m gZ ieZg | _A_fey [m”_ 1| |
g _eh\ _d k_cqgZk fregheh Qlh[u h[_ki_qblv I1Zdh_ dhebqg
ijh2h\hevkl\b _f gm gh gZjZsb\Zlv k evkdhohay
ijhba\h”~klI\h qglh ijb\_~ I d ih\ur_gbx kijhkZ gZ fbg
m~h[j_gby

>ey jhklZ jZkl_gbyf g_h[oh”bfu Ijb iblZl _evguo
Zahl nhknhj b dZebéhelgu Hgbv \ ihq\_ azZf _gblv ~jn
Aim]Z hgb g_ fhlml > nbpbl ohly [u h*gh]h ba gbo ijb
mjh Zcghklb Ihiheg _gb_ azZiZkh\ wlbo we _f_glh\ \ ihqg
lhevdh azZ kq_l \g_k_gby fbg_jZevguo m”h[j_gbc k
\g k_gb_ “hklZlhqggutfiéeehdkguo m~h[j_gbc y\ey Il
h[jyaZl_evguf mkeh\b _f ithemqg _gby \ukhdbo
k _evkdhohayckl\_gguo dmevimj

DzZd ihdZaZe ZgZeba hkgh\guo fbjh\uo |_g”~_gp!
ijhba\h”*klI\Z dhfie_dkguo fbg _jZevguo m~h[j_gbc !
gZijZ\e_gb_f y\ey |Iky ~"Zg¥gbtZgb gfhsghkl ¢ H~”gZd
m\_ebqg_gb_ fhsghkl_c gZ fgh]bo bf_xsboky ijhba\h”k
kms_klI\_ggh]h baf_g_gby | ogheh]bqg_kdh]h ijhp
hfmkeh\e_gh | _f qglh dZd ihdZaZe ZgZeba ebfblbjr
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| ogheh]bq_kdh]h ijhp_kkZ y\eyebkly\Kighhop kidigdb
gZklghklb \ _ebgbgZ m”_evgh]h \eZ]hktzfZz

ljbf _g_gb_Ijm[qZluo j_Zdlhjh\ jZ[hlZxsbo ijb ba[
"Z\e _gbb b ih\ur_gghc | _fi_jZImj_ iha\hey | ”~hklb
\eZ ghklb nhkk@mlesmnzZlghc imeviu i_j ™ ]jZgmebjh\Zg
ke "h\Z|_ ekglablv ihklmie_ _gb_\eZ]b gZ klIZ2bx ]jZgm
kmrdb | f kZfuf kgbablv gZ]jmadm gZ kmrbevgh_
HrgZdh ijbf_g _gb_ ~Zgghc ko fu k\yazZgh k | _f ¢l
h[jZamxsbcky ijb g _cljZebaZpbb ihklmiz-1 \ Zffl

liZgmeylhj := bebgiZjZjZgmekmhirpedm ;=K | f
kZfuf m\ _ebqgb\Zy h[sbc jZkoh”™ ]Zah\ q_j_a gbo jbk
H20 ¢ pacmbopom
Ho SO H20 & zazobyo
@aszy
Dowee |
H20 ¢ adcopduyuorrsrm KomHecmbo
CIMOoKarL __ Peakmaop- H20 | [ parynupobarue
HEUmpany3amap U cywka
|
!
H20 ¢ pacmbopor He0 6 npodyxime
HiPO:

Jbk -JZkij_~_e_gb_ \h”u ijb h~ghklZ*bcghc ko_f_ ZffhgbaZzj

lh\ur_gb_  jZkoh”Z JzZah\ ijb\h”*bl d \ugm ~_
m\ _ebg _gbx dhebq_kI\Z ijhkZku\Z _fh]l]h \ha"moZ ¢
m\_ebqg_gbx kdhjhklb | _iehghkbl_ey \ k_q_gbb ;=K ijh
[he f edbo ]jZgme ba ahgu jZkiueZ imeviu | _f kz
ghjfZevguc j_"bf \ithmblkkZ ]JjZgmebjh\Zgby b m\ _eb«
ihklmie_gb_ iueb \ kbkl_fm hgbkldb hloh”ysbo ]Zah\

HibkZggu_ \ur_ g_"hklzZldb fh]lml Julv mkljZg_
Ijbf_g_gbb ~\moklZ*bcghc ZffhgbaZpbb dhlhjZy i]
g _cljZebaZpbx kf_kb nhknhjghc b k_jghzjdiidkee kl \ ~\n
ijhf_"mlhqgguf hlI\h~hf h[jZah\Z\r_]hky ijb g_cljZebaZz
jbk

Jbk - JZKij_~_e_gb_ \h*u ijb "\moklZ~bcghc ko _f_ ZffhgbaZ,
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LZ[ebpZL _ieh\u_ wnn_dlu j_Zdpbb ZffhgbaZpbb dbkehl b dheb
bkiZjy fhc \h~u

L _ieh\hc wn| BKiZjy_TKy \
J_Zdpby F>" dfhev d] dfhev

162 1+ 1+ 62

32 1+ 1++32

1++ 32 1+ 1+ +32

DZd \b~gh ba I1Z[ebpu JZkkgblZggu_ | _ieh\u_

dhebqg_klI\h bkiZjy_fhc \h~u 1ijb ZffhgbaZpbb k_jgh
agZqbl_evgh \ur_ ih kjZ\g_gbx k nhknhjghc dbkehlhc
m~rZeylv agZgbl_evgmx gZklv \h?u \ ]Zah\mx nZam ihk
Zffhgbmkxzb Z |lzd _ \Zjvbjh\zZIv khklZ\ ihemqgZ_ fuc
m~h[j_gbc > @

Kibkhd bkihevah\Zgguo bklhgqgbdh\

1. Dhghgh\ : < Kl jebg < G ?\"hdbfh\Z E B
| ogheh]bb dhfie_dkguo-m~ "hQbohrc - k

2. 1Z]Ze rdbg > : Imlb j ZebaZplZbhjgnggbhhb
Ahklmiguo | _ogheh]bc ijbf_gbl _evgh d ijhba\h”~kl\n
kmevnZlkh” j"Zsbo 13. 13.6 m~h[j_gbc Limm~u GBM

e Ibx hkgh\Zgby bgklbImlz \ | <heh]™Z >j \ghklb
L K 284.
M>D

. < <Z\beh\ G K BJ]gZlh\bqg
;_ehjmkkdbc gZpbhgZevguc | _ogbqg_kdbc mg
Fbgkd ;_eZjmkyv

D:G:LGHEHQGU? KBKL?FU >EY IJ?H>HE?GBY
<H>GUO IJ?IYLKL<BEVL?JG:LB<:
FHKLHKLJH?GBX G: L?JJBLHJBB J?KIM;EBDB
?2E:IMKV

:gghlzZpby< klzZlIv_ hif_qgZ |ky kleeh dph azljZlghklv
fhklhkljh _gby qglh Ij_[m_I [he__ wnn_dlb\guo b wdhghfbqggu
DzZgzZkgbhqgu_ kbkl_fu ij_~klzZ\eyxl kh\j_f ggu_ dhgkljmdpbb
klZevguo Ijhkh\ [ehdh\ b dj_i_"guo we_ f _glh\ < klZIv_ ih~q_]j
]b[dhklv b wdhghftwepnkdiZly\ghklv < p_ehf KklZlvy ih”"q_jdb\z
ijb\e_dzZl_evghklv bkihevah\Zeghygddg&bgH f ~ey ij_h”"he_gby
\h~guo ij_]jz"
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A.V. Vavilov, N.S. Ignatovich
Belarusian National Technical University
Minsk, Belarus

CABLE -BLOCK SYSTEMS FOR OVERCOMING WATER
OBSTACLES - AN ALTERNATIVE TO BRIDGE CONSTRUCTION
ON THE TERRITORY OF THE REPUBLIC OF BELARUS

Abstract The article notes the complexity and cost of bridge construction, which
requires more efficient and economical methdispeblock systems represent modern
structures based on steel cables, blocks and fasteners. The article highlights their
flexibility and costeffectiveness. In general, the article emphasizes the attractiveness of
using ropeblock systems to overcome watéstacles.

< gZklhys_  \j_fy fhklhkljh_gb_ y\ey Iky h~gbf
\Z°'guo b keh ' guo \b~h\ bg _g _jguo jZ[hl <f_ kI_
kljhbl_evkl\h fhklh\ |Ij [m_I| agZqgbl_evguo aZzZljzIl \j_f
nbgZgkh\uo kj ~KkI\ <hagbdz | g_h[oh”bfhklv
Zevl_jgZlb¥Ygum*h\ ij_h~he_gby \h*guo ij_]jZ” dhlhju_
[u [he__ wnn_dlb\gufb b wdhghfbqgufb

DzgZipdhhqggu_ kbkl _fu y\leyxlky h~gbf ba i_jki_dl
\ZjbZglh\ j_r _gby wlhc ijh[e_fu Hgb 1ij_~klzZ\eyxl
kh\j f ggu_ dhgkljmdpbb khklhysb_ bahkdB&evwguo Ijh
dj i _"guo we f glh\ Hkgh\gZy b”_ y wlbo kbkl f aZde
glh hgb iha\heyxl kha”Zlv ijhggmx b gZ~ "gmx dFr
kihkh[gmx ij_h”he_\ZIlv \h~gu_ ij_iylkl\by

J kim[ebdZ ; eZjmkv dZd h~”gZ ba gZb[he_ _ \h”h
\ ?\jhi_ klhedd&mgeZkioh*"bfhklvx ij _h”~he_gby fgh _kl\:
b ha j < k\lyab k wlibf jZkkfh[ehyguad ZdXligh dzZd
Zevl_jgZlb\u fhklihkljh_gbx y\ey Iky \_kvfZ ZdimZevgl

lj_bfms_kI\Z dZedlgduo kbkl_f aZdexqzZxlky \ |
]b[dhklb b wdhghfbynkddéb\ghklb Hgb ihal\heyx
ij_h~he \Zlv ”"“ebggu_ jZkklhygby f_""m [_j_]1Zfb ¢
[hevrhc iehsZ”b "ey mklZgh\db b fh]lml [ulv e_]dh ~_f
I j_g_k gu \ ym]h_ f_klh Djhf_ ITh]lh wlb kbkl_ fu
bkihevah\Zgu ~ey jZaebqgqguo pmebaf \KidxhgzZy® 1Zd _
aZf_gm mklzZj \rbo fhklh\

HAgbf ba gZb[he__ yjdbo ijbf_jh\ mki_rghc j_=
dZgZdpgdhgghc kbkl_fu y\ey_ I|ky kbkl_fZ \ Jhjh~_ lhehp
J]h2m 1Zf [ue ihkljh_g i_r_oh”guc fhkl g_j_a j_dm AZi
Ijb ihfhsb dzZglellgdpghc kbkl_fu WIh klZeh agZqgbfuf kh[u
"ey lhjh~Z b ijb\e_deh \gbfZgb_g_Ihevdh "bl_e_c¢ ¢
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LZdhc fhkl klZe g_ lhevdh h[e_]Jg_gb_f ey "bl_e_c
Ahklhijbf_gZl_evghklvx ~h[Z\b\r_c Jhjh”m hkh[uc rZjf
HArgzZdh g_kfhljy gZ \kklIigZ bdtgdédpmguo kbkl f
hgb bf_xI b g_dhlhju_ g_"hklZldb Hkgh\guf ba gt
aZ\bkbfhklv hl ihJ]h*"guo mkeh\bc < | j "~h ~v beb
ithlebylv gZ [_ahizZkghklv bkihevah\Zgby IZdbo kbkl_f
mq_klv \ebygb_ ijbeb\h\ dhlhjazZlvihimé _ kikdZggh _

\ha”_ckl\b_ gZ jZ[hIm kbkl_fu

< hklzZzevghf d[edAlgih_ kbkl wlh i_jki_dlb\gh_
j_r_gb_ ijh[e_fu ij_h”he_gby \h~guo ij_]jZ» gZ |_
J kim[ebdb ; eZjmkv Hgb h[ezZ”Zx| jy~hf ij _bfms_k
N eZx|l bo ijb\e_dZl_ebgufevadywzZgby Djhf_Ih]Jh jZa\b
wlhlh \b”rZ Zevl_jgZlb\gh]h fhklhkljh_gby fh™ I ijb\_ kIl
gh\uo jZ[hgbo f_klI b kibfmebjh\Zgbx Imjbklbqg_kdhc b

lj_bfms_KkI\Z bkihevah\Zgbyehdgdqduyalgtkbkl f
hqg_\b”gui_dhuo 1Zdb_ kbkl_fevagdgZgidhghfyl \j_fy b
kj ~kiI\z gz ijh_dlbjh\Zgb_ b kljhbl_evklI\h fhkl
g_hJoh”~bfhklb \ mklZgh\d_  nmg”"Zf_glh\ b ih"™_j
dhgkljmdpbc 1Zd dZd dZgZlu b [ehdb fh]lml [ulv a
kms_ kl\mxsbo khhjm ™ _gbyo beb Aim]bo \kihfh]
dhgkljmapby

<h\lhjuo dZgiedhgggu_  kbkl_fu h[ez”Zx]l \ukhdl
]b[dhklvx Hgb fh]lml [ulv mklZgh\le _gu gZ [hevrb _
f ""m aZ]lhjh~rgufb mqzZkldzZfb hkljh\Zfb beb gZph
1Zjdzfb ]~_ kljhbl_evkl\h fhklh\ g_jZpbhgZevgh beb
Wlh hkh[_gghvdgdlmZd jjblhjbb ; eZjmkb ]~ _fghlhgbk
ha jZ b [hehlZ kha”*Zx!l| ij_]jZ”u ~ey jZa\blby bgnjZkljr

Djhf_ Ih]lh dZehlgdu  kbkl fu hlebqgzZxlky \ukhd
gZ”_"ghklvx b [_ahiZzkghklvx Hgb ijhoh”yl kljh]b_ b
kKhhi\_ITklI\mxI f_""mgZjig™gjfzkladzq kI\Z b [_ahizZkghk
LZzdb_  kbkl_fu fh]lml \u”_j b\ZIlv agZgbl_evgu_ g
h[ _ki_qb\Zlv [_ahiZkgh_i_j f s gb_ex”™_c¢c b ]Jjmah\

< aZdexq_gb_ fh gh kdZaZlw hagldwu d Zkgal gy lifhu
| _jki_dlb\gh_ j_r_gb_ ijh[e_fu ij_h”he_dpZ” \h~guo
G _kfhljy gZ g_dhlhju_ g_"hklZldb wlb kbkl_ fu bf_xl
Ij_bfms_KkI\ dhlhju_ "~ _eZxl bo ijb\e_dZl_evguf
bkihevah\Zgby gZ |_jjblhjbb J_kim[ebdb ;_eZjmkyv
jZa\blb_ b kh\_jr_gkl\h\ZglehqdeZkdrk! f fh™ | klZlv
hrgbf baxgéduo nZdlhjh\ jZa\blby bgnjZkljmdIimju b In
kljZzg_
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Kibkhd bkihevah\Zgguo bklhqgbdh\

<Z\beh\ : < H ijbf_g_gbb dzZgzZlgh]lh ljZgkihj
<Z\beh\ : : RZ\_ev G K BJ]JgZlh\bdghkdBg *g |
< + K

F_ozZgbazZpby blbZYWpbxy ~hjkljiypibl _evgh]h
dhfie_dkzZ >We _dljhgguc j_kmjk@c KEh”jbgZeukdhc
gZmglglogbq_kdhc dhgn_j _gpbb | _~dhe . < <Z\beh
N @Fbgkd ;GLM zK

Bl]gZlh\bqg G K :gZeba bkihevah\Zgby d

ljZzgkihjlzG K B]gZlh\bg : : RZWlunf \mah\
bg g _jghogheh]bqg_kdh]h ijhnbey Khxagh]h Jhkm~ZjklI\
fZl _jbZeh\ ] Fbgkd hdly[jy ] ;_ehjmkkdbc
gZpbhgZevguc | _ogbqg_kdbtFhgkt jkBLM £K

< <Zhhe G B ; _j_ah\kdbc : : RZ\_ev (
B]gZIh\bq ©H p_e_khh[jZaghklb |Jl§éhggg|lmykdbkg2flgh
ijb kha”Zgbb kj_"kl\ ljZgkihjlbjh\Zgby? =hjgzZy f_
fZrbghkljh_gb_ < +K

BlgZlh\bg G K H[hkgh\Zgb_ dgbkdguodpbb b
iZjZf _ljh\ dhevp_\hc iZkkZ bjkdhc dZgzZlghc "hjh]b
Bl]gZlh\bg gZmg jmd : : RZ\ _ev >hjh gh_ kljhbl
bg g _jgh_ h[_ki_g_gb_,,{El J’an@Zth"ghc gZmqggh
I ogbq kdhc dhgn_j gpbb >We dljhgguc j _kmjk@
F_""mpgw¥rghc gZmmopghbg kdhc dhgn_j gpbb khkl
Kh[he \kdZy ? F @mdpgkiddbcGLM =K

UDK 66.074.663.541.12

. 3 $EGXUDNKPDQRY 5 0 ODGLHY =6

Sh.P. NurullaevN :Ismailova
Shurtangaschemical complex
Tashkent Institute of Chemical Technology
Tashkent, Uzbekistan

PHYSICAL AND CHEMICAL PROPERTIES OF PURIFYING
SULFUR-CONTAINING GAS EMISSIONS FROM PRODUCTION

Abstract. To further purify sulfurcontaining flue gas emissions, we have
proposed a method for utilizing these gases using an aqueous solution of ammonium
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carbonate in the presence of a 2% limestone solution Ca{QHg developed procedure
for this method descrilsdghe sequence of activities that must be performed to successfully
test a sulfur production plant to ensure the required standards for the degree of utilization
of harmful sulfur emissions into the atmosphere. The renewability of adsorbents gives
them aéchnological advantage, with repeated cycles of use for the purification of similar
colloidal disperse systems.

Key words: adsorption, absorption, regeneration, recycling, composite
absorbents, scrubber, sulfur, waste sulfontaining process gases

G :BkfZbeh\Z : 1 :[*mjZofhgh\ R I GmjZeeZ

J F FZ"b_\ A K :ebohgh\Zz
RmjlZgkdbeo]lizfdbly _kdbc dhfie_dk

LZrd_glkdbtbdlh ogheh]bq_kdbc bgklblml
LZrd _gl Ma[_dbklZg

NBABDBBFBQ?KDB? K<HCKL<: HQBS?GGUO
IJHFURE?GGUO K2KH>?J@:SBO <U;JHKH<

:gghlZpbyey “hhqgbkldb k_jhkh” j"Zsbo ~ufh\uo ]Zah\uo \u
gzZfb ij_~eh”_g f_Ih®” mlbebaZpbb wlbo ]Zah\ k ijbf_g_gb_f \h~
Zffhgby dzZj[hgzlz \ ijbkmlkl\bb ghlh jZklOa@H)bak klgydz
jZajzZ[hlZgghc ijhp_"mj_ wlhhhbkKuVB "Fky ihke_ "h\Zl _evghklv
f jhijbylbc dhlhju_ g _h[oh”~bfh \uihegylv 7"ey mki_rgh]lh i
Zijh[Zpbb mklZgh\db ihemq_gby k_ju k p_evx h[_ki_qgq_gby
kl _i_gb mlbebaZpbb \j _~guo kK _jgbkluo \u[jhkh\ \ Z|
<hah[gh\ey fhklv Z"kWhgzlglbY ij _bfms_klI\h \ | _ogheh]bb ijb
fghlhdjzZlghf pbde_ bkihevah\Zgby ey hgbkldb ih*h[guo dheeh
kbkl_f

Dexg_\u_ kelZV&hj[pb¥[khj[pby_] g _jZplnjbebaZpby
dhfihabpbhggu_ Z[khgjnglu j k_jzhloh?*ysb_ k_jhkh”™ _j Zsb _
| ogheh]bg_kdb_ ]Zau

An analysis of foreign and domestic production practices accumulated
in the field of natural gas purification shows that for the purification of
sulfurous natural secondary gases, alkanol amines such as
monoethanolamine (MEA), diethdamine (DEA), triethanolamine (TEA),
methyldiethanolamine (MDEA) are most often used), diisopropanolamine
(DIPA), diglycolamine (DGA), composite absorbettMDEA+DEA and
others [14]. When replacing DEA with MDEA, it becomes possible to
selectively extracH,S and its mixtures with COn cases where complete
gas purification from C@is not required or the 1$ concentration in the
extracted acid gases {6t+CQ) must be no higher than 40%, which allows
process them in Claus plants.

In recent yearslarge natural gas fields have been discovered in
Uzbekistan (Ustyurt, Kandym, etc.), containing significant amounts,8f H
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and CQ. In the gas processing industry of our republic, an alkaline cleaning
process is used to utilize flue gasad/e have proposka new option for
conducting the technological process and recycling flue gases using an
aqueous solution of NaOH alkali in the presence of a 2% solution of
limestone Ca(OH) The use of limestone {2 aqueous solution) in the
presence of ammonium carlada and the resulting interaction of these
reagents, such as ammonium hydroxide®H, makes it possible to replace
the currently used NaOH to purify gases from,S@ing calcium and
ammonium containing reagents on an industrial scale, for example in
ShGCIC.

When wet scrubbing sulfur dioxide waste gases using limestone in the
presence of ammonium carbonate, the resulting ammonium sulfide
(NH4)2S0; can be remixed with Ca(OHaccording to the equation

g;6 7E i s L—NfC)ﬁTQEI{lI' g -V

and calcium sulfide can be treated with oxygen to produce gypsum
CaSQ +0. The NHOH obtained according to this scheme can be
additionally sent to a scrubber for wet cleaning of sulfurous waste gases.
However, for this, the concentration of the aqueousisolaf NH;OH will
need to be brought to the required value, i.e. up to a concentratigt086.5
To save financial costs on the purchase of new process equipment, it is
recommended to use alB% aqueous solution of NBH for post
purification of waste thisulfur dioxide gases for a sulfur production plant,
instead of the 10% aqueous solution of NaOH alkali proposed in the project
for a sulfur production plant.

Based on the research carried out on the proposed scheme for post
purification of waste gasesoim sulfur production, the main changes were
made: replacement of process water with mineralized water; preparing a 5
10% aqueous solution of NBH and feeding it into a wet scrubber;
regulation of the temperature of the exhaust gases after the scrueier af
complete evaporation by supplying demineralized water through the control
valve to the upper part of the scrubber; supply of,®H solution to the
pump discharge line, i.e. directly, for irrigation, and not into the bottom part
of the scrubber, as isirently carried out under the project; into a container
intended to supply demineralized water for the preparation ofl@%%
NH4OH solution, as well as circulating the ammonium hydroxide solution
with a pump and pumping the prepared /@H solution into e supply
container; replacement of pumping equipment with more efficient ones;
recommend installing additional equipment with a larger capacity for
preparing NHOH solution; selection and installation of a flow meter on the
supply line of a 510% NH,OH sdution in a wet scrubber.
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A method for purifying sulfuicontaining exhaust gases using an
ammonium hydroxide solution is carried out by the interaction ofQ\HH
reagents and sulfur dioxide, i.e. by the following chemical reaction

62 2 62 :b;

62 + 2 + 62 :B;
1+ 2+ + 62 1+ 62 + 2:a;
or 1+ 2+ 62 1+ 62 + 2:§;

Based on this interaction process, we can say that with increasing
concentration of sulfur dioxide, the degree of its purification should increase
to a certain valueExperiments were carried out to study the effect of SO
content in the gas phase on tlegee of purification using a B0% NH,OH
solution. At the same time, the &€ontent in the model solution varied from
0.85% to 0.26% volumeThe research results are shown in Fig. 3. With a
SO, concentration in the gas mixture of 0.85%, the degree dafiqation
(depth) is 8578% volume. A decrease in the Stntent in the exhaust tail
gas leads to an increase in the degree of purification, for example;.at C
0.33% and &o2= 0.26%, the degree of purification is, respectively98%
and 9799% of he volume. The reaction temperature of sulfur dioxide flue
tail gases using NMDH solutions has a significant impact on the chemical
capture process. Thus, the efficiency of binding sulfur dioxide withNH
increases in the temperature range of-200 f.&

Fig.1- The influence of the
content in the gas mixture
on the degree of purification
using ammonium hydroxide:

RlsL L wlsr’,
ws L txJ zwsF
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CreneHb o4ncTen SO,, 9

In the low
temperature zone (200 f& WK Hordellxt ® (NH),SGs. In this
regard, the use of the NBIH reagent makes it possible to purify gases from
sulfur dioxide SQ@ calcium, and ammoniufoontaining reagents on an
industrial scale.

Calcium carbonate CaG@Obtained by the interaction of Ca(GH)nd
(NH4)2CO; can be recommended as a secondary raw material for the
production of technical soda (M20s). Solid waste ammonium sulfide can
be partially oxidized with atmospheric oxygen to produce ammonium sulfate
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(NH4)2SOy, which can be recommended as an ingredient in ammenium
containing mineral fertilizefThe reaction of tail flue gas sulfur dioxide with
Ca(OH) has a significant impact on the chemical capture process.

Based on the multomponent nature of exhstugas emissions from
gas processing plants, to increase the selectivity and efficiency of post
treatment and utilization of sulfmontaining substances, we have proposed
a dry SQ separation method in combination with wet purification of such
tail gasesusing Ca(OH), (NH,).CO; and NHOH at the sulfur recovery
plant. For this purpose, a new adsorbent has been proposed, synthesized
based on waste from the chemical industry of the republic. Adsorbents
conventionally designated AK and AK:2 are in solid form with a grain size
of 0.3 mm. 'EBsting of new adsorbents was carried out at the Central Factory
Laboratory of ShGChC. The initial )8 content in the natural gases tested
was 0.0654 mol%. The weight of the AKadsorbent was 106.41, and the
AK-2 was 105.05 g. The S@dsorption isothermsing AK-1 and AK:2 is
shown in Fig. 2.

100 Fig.2 - Dependence of the
degree of purification SOz
(adsorption isotherm) on
its concentration: 1-AK -1;
2-AK- DW f&

%
©
o

(=2}
o

When using
adsorbent AKl, the
degree of purification of
natural gas k5 was
93.0% andwith AK-2 -
91.0%, and in addition,
the adsorption of S&from AK-1 goes up to 98.9% (0.3% Gy@nd with
AK-2 to 8889% (0.253.0% Csg). The dependence between the
concentrations of the adsorbed substance (mol/mol of adsorbent) on
temperature is shown Fig. 3.

N
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Fig.3- The
influence of
temperature on
the degree of
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With increasing adsorption temperature, the equilibrium concentration
of the adsorbed substance decreases; it has also been revealed that the
activity of adsorbents AKL and AK:-2 depends on the temperature of the gas
mixture being purified and the conceatton of the component absorbed in
it.

To effectively purify a composite absorbent solution by filtration
through a sorbent, some characteristics of activated cadabmnina, silica
gel, and zeolite are considered (table 1 and table 2).

Table 1 - Physical and colloidal characteristics of sdents

Name of sorbents kg/m?3 S,cm? V,cmd
Activated carbon 765 560 760
Alumina, Al20s 1205 480 680
Silica gelAl203+SiO, 1800 540 700
Zeolite NaO+AbO3+Si0Oz+CaO 1456 600 750

The given adsorbents in all respects are acceptaltafdication and
filtration of a composite absorbent solution from mechanical impurities.

As can be seen from the data presented, the sorbents used (activated
carbon, aluminum oxide, and silica gel) showed various positive results in
their absorption pragrties, but in terms of service life, solid sorbents will
exceed the properties of activated carbon. The renewable nature of
adsorbents (regeneration with hot water steam) gives them a technology
advantage, with repeated cycles of use for the purificafisimilar colloidal

disperse systems.
Table 2 -Comparative characteristics of cleaning the working solution using
various adsorbents
Regenerated 20% solution of
Saturated MDEA+DEA+ additiveafter purification

Indicators of working

solution solution for on sorbents
regeneration Activated Sorbent Silica gel
carbon (Al203) g
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Solution color Gray Light Light Light
green yellow yellow yellow

Density : 8, gr/m® 1,092 1,045 0,040 0,034
Composition H2S, mg/l 863 38,5 21,8 16,8
K H, % mol 2,19 0,24 0,02 0,02
Hydrocarbons

IHomo). % 26,8 30,0 30,8 30,7
jG 8,1 10,8 10,9 11,0
Solution viscosity, 5.1 4.4 41 4.0
mmé/sec

Based on the testing of adsorbents synthesized using waste from the
chemical industry of the republic, neadsorbents AKL and AK:2, it was
established that the adsorbent, conventionally designated,Adé&n be
recommended for the dry method of purification of sutfantaining gas tail
emissions
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M > B21.357:546.74
H< DZcfh\pg< @bebgkdh& JZId_\bq
;_ehjmkKaben”Zjkl\_bgougcheh]bqgngkdbcgkbl |
Fbgkd ; eZjmkv

OBFBQ?KDH? HDBKEMEFE?JH>GUO G:GHLJM;HD
>EY KMI?IJDHG>?GK:LHJH< B BKLHQGBDH< LHD:

gghlZpby jzZ[hl_ jzZkkfzljb\Z_I|ky f_Ih® hqgbkldb b hdbke
m]e_jh~guo gZghljm[hd “ey kmi_jdhg”_gkZlhjh\ b bklhggbdh\ |
kf kb k_jghc b Zahlghc dbkehl MklZgh\e _gh qglh hdbke _gb_
ih\urz_ I h[jZIbfhklv ijb pbdebjh\Zg3th m]e_po gZghljm[hd
“h

O.V. Kaimovich, V.V. Zhylinski, D.S. Ratkevich
Belarusian State Technological University
Minsk, Belarus

CHEMICAL OXIDATION OF CARBON NANOTUBES FOR
SUPERCAPACITORS AND CURRENT SOURCES

Abstract. The method of purification and oxidation of carbon nanotubes for
supercapacitors and current sources using a mixture of sulfuric and nitric acids is
considered in the paper. It was found that oxidation in a mixture of acids increases the
reversibility whe cycling in 20% HSCG, carbon nanotubes to 0.99.

M]e jh”rgu_ gZghljm[db MGL rbjhdh bkiheva
we dljhgbd _ khj[pbb \h*hjh~Z p_gahjZo b dZlZe
kmi_jdhg”_gké@jgu h[eZz~Zlv \ukhdhc h[t_fghc iehlgt
wg_j]bb Z fZl_jbZeu we_dljh*h\ ~“he'gu [ulv miehl
hlez”"Zx| ozZjzdl_jbklbdzZfb 1ij_\hkoh”ghc we_dljhijh\
| _iehijh\h~ghklb \ukhdhc obfbqg_kdhc klZ[bevghklvx
m”_evghc ih\_joghklvx lkehhg\@ew \Z guf gZijZ\e_gb_
bkke_ "h\Zgbc \ h[eZklb we dljh~guo fZl _jbZe
kmi_jdhg”_gkzZlhjh\  H b”Z_Iky qglh wlh ihkem bl I
jZajzZ[hldb \ukhdhwnn_dlb\guo m]Je_jh*guo[lkmi_jdhg”"_

HAgZdh MGL b ]jZn_g y\eyxkEkyf bjphdhfulf
fZl _jbzZeZfbadbad [hevrhc m~_evghc ih\_jllghklb b
e_]Jdhr*hkimighc m#th¥eyvokbaklb ijb\h~bl d kgb _gbx
_fdhklguo ozjzldbda> Djhf_ Ih]h ijZdlbg_kdh_ bkiheva
MGL h]ljZgbg_gh hlkmlkl\b_f dhgljhebjm_fuo f_Ih”h
ZdIb\Zpdh*MbnbdZpbh3MGL
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ljh[e _fZ aZdexqZ_|ky \ hjl]ZgbaZpbb | _ogheh]
| _ogbq_kdb \hafh guo f_Ih”~h\ Zdlb\Zpbb MGL b |
wnn_dlb\ghlklb >

P_evx ~Zgghc jZ[hlu y\ey |ky dipgrnodpflgdp Kk avireo
dhg”_gkzZlhigruaok!\ b fhjnheh]bq_kdhakKlimdlkeju bo
obfbg hked h[jZ[hldb \ dhgp_gljbjh\Zgdgaedghikc _jbhc
nhknhjghc dbkehl b i_j _dbkb \h~ hjh*ZzZ

< dZqg_kI\_ bkoh”guo MGL bkihevah\Zebkv fZl _jbZ
iehlghklvx ~h k¥ khklhysb_ba Zfhjngh]h m]e_jh"Z g_

\_k m]e ohg'gah\hehdhg "bzfi0ghf *ebgkc
15fdf b fgh]hkl_gguo m]e_jh”rguaodbgZdghhjfmBDhgd b
"ebghcdO fdf ithemqg _ggu_  ba\haN@d@gyphc kf_kb \
g_jZ\gh\_kghc ieZaf_ \ukhdh\hevigh]h jZajy*Z ijb Z
"Z\e _g%b >

>ey ZdIb\X¥pdlb m~rZe_gby Zfhjngh]l]h m]Je_jh*Z b nj.
dZlZebazlhjZzevhkl\ZgZz kf_kv k_jgldlghc dbkehl
d\ZebnbdZpbb ©o g 2 \ h[t_fghf khhighr_gbb
ijh\h~beb ijb | _fi_jZImj_ f& ijh*he blo gZkhklvx ~h

GZ jbkij_"ENe _gu bah[jZ _gby kdZgbjmxs_c we _dl
fbdjhkdhibb KWF bkoh”guo b ZMI®Lbjh\Zgguo

'

PR A 8 e
MAG: GORMN. HV: 15,043 WDi420 mm s 25

/ Y e
~ f A
* | ay ‘-' -
= g - 0 & .
> A A . .
e L
2 T L v__‘ P o
\
5

yA [
Jbk - KWFbah[jZ  _gb_ bkoh”guo Z b Zdlb\bjh\Zgguo [ m]e |
gZghljm[hd

:dib\Zpby \ kf_kb dbkehl ijb\h”*bl d m”~Ze_gbx Z]
g_kljmdImjbjh\Zggh]h m]e_jh*Z

AZjyrghajy*gu_ b \hevlZfi_jhf _Ijbg_kdb_ bkke “
ijh\h"beb Ij_owe_dljh~rghc nb_cdfhsb ihl_pbhklzlZz
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AUTOLAB Baf _j gby ijh\h*"beb %l SO} b F DHG ijb
| fi_ jZImj K
Ih ~"Zgguf djb\uo pbdebqg_kdhc \hevlZdb jhf Ijbl

jZkkgblZgu aZiwlghgu_ oZjzZdl _jbklbdb Z 1zZzd _ h[jZI
ijhpkkZ aZjyady~"Z iml_f khhilghr_gbyfdhklkVviglagy™Z

d m”_evghc _fdhklb aZjy}Zajy®gjw glbzjzdl_jbklibdb
bkoh”guo NIGYkIZ\e gu \ [Z[ebp_

LZ[ebpZAZjyhjZajy*gu_ oZjZdl_jbklbdb bkoh”"guo MGL ijb

jZaebgguo kdhjhklyo jZa\ jldb ihl ¢lp3¥ &Z \F DHG
Kdhjhkly ?fdhklv aZjy1 ?fdhklv jZajy”2| H[jZIbfhkl\
jZa\_jldl De
ihl_gpbZg 20% F | 20 %HSOy F DH| 20% F
f< k H2SOy DHG HSQy | DHQ(Q
5 249,6 + 14,4 + 0,058 +
10 1053,0 | 3840,0 + 2000,0 + 0,52
28 58,0 360,0 + 168,0 + 0,46
46 96,0 125,0 + 65,0 + 0,52
64 49,3 59,5 + 24,5 + 0,41
82 30,4 42,0 + 12,0 + 0,29
100 22,4 27,8 + 8,6 + 0,31

H[jZIbfhklv ijhp_kk4ZafyyZZ~"ey bkoh”guo MGL izZ"

k m\_ebq_gb_f kdhjhklb jZa\_jldb qlh k\yaZgh k
ijhp_kkhf gZdhie_gby azjy*Z | _ hdbke_gb_f b \h
f 1ZklZ[bevguo fhe_dme \h*hjh”Z dhlhjuc h[jZah\Z
pbdebjh\Zgby mkeh\byo [ukljhc kf_gu iheyjghklb we
h[jZzah\Zgb_ \h~hjh”~Z \ ]JZah\hc nZa_ fZeh\ _jhylgh
pbdebjh\Zgby ijhl_dZ | k h[jZlIbfhklvx ijb f<

mdZaul\Z | gZ hdbke_gb_ ih\_joghklb bkoh”guo MGL
AZjyrghajy®*gu_  oZjzZdl_jbklibdih\zgdum\ MGL
Ij_~klZ\e _gu \ IZ[ebp _

LZ[ebp&ZAZjyrgHajy®*gu_ oZjzZdl_jbklbdb Zdlb\bjh\Zgguo MGL i]
jZaebgguo kdhjhklyo jZa\_jldb ihl_¢pSittezZ \

Kdhjhklv jZza\ | ?fdhklv aZjy ?fdhklv | H[jZIbfhk
ihl _gpbZeZzZ ] De jZajy"Z B¢

10 802,7 720,0 0,99

28 142,5 114,0 0,80

46 135,0 105 0,70

64 47,3 31,5 0,60

82 28,5 23,8 0,83

100 18,8 15,0 0,80
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;he_ Ih]lh ijhp_kKZapj9ZZ\ s _ehqghf we _dljheb
g _\hafh g qglh k\yazZgh k nhjfbjh\Zgb_ dbkehjh”~kh”"_
dbkehlgh]h ozZjzdl_jZz

Wiki_jbf_glZevgh ith~ I\ _j°~ _gh dbgkeh gb_h
gZghfzZl_jbzZgbkmlkl\bbjghcZbhlgtibkehl j _amevlIZIl _
dhlhjhlh \ fZl jbZe m~Zeyxlky gZghqgZklbpu gbd_e:
k"\b]lm [ZeZgkZ nZjzZz~»_ \kdhc b g _nZjzZz™»_ \kdhc |
NZxs_l1h \hafh ghkbevigiZd h[jZIbfhc jZ[hlu fZl_jbZeZ i
pbdebjh\Zgbb h[jZIbfhklv bl iglvghjAukhdhf mjh\g_
fdhklb

ljh\_~ ggu_ bkke ~h\Zgby ihdZaZeb glh jZa
| ogheh]by iha\hey | agZgbl _evgh memqgrblv bo d-:
dhebqg_klI\ _ggu_ihdzZkZle&€lhaqlhafh guf bkihevah\Zgb _
\ kmi hjg™ gkZlhjZo b bklhggbdZo IhdZz

Kibkhd bkihevah\Zgguo bklhggbdh\

1. Hjeh\ < X DhfzZjh\ : F EyibgZ E : Iljhba\h”k
bkihevah\Zgb_ | _ogbg_kdh]h m]Je jh*"Z ~ey\h abg Y]
©:e_dkzZg”j) ImlfzZzg? k

2.JZdh\ W = GZghljm[db b nmee_j gu F Eh]hk

3.Fbs gdh K < LdZg_ \ : = M]e jh*"gweu gZghfZ
ljhba\h~kl\h k\hckI\Z ijbf_g gb_ F FZrbghkljh_gb_

Kk

4. <b]”hjh\bqg < B Fbs gdh K < LdzZqg_\
GZghkljmdImjbjh\Zggu_ fZl _jbZeu b | _ogheh]bb k
khklhygb ijh[e_fu b 1i_jki_dlb\u < klgbd LZzZf
Jhkm~ZjklI\_ggh]h_kdljgbgmgb\_ jkbl 1Z 4. L <
Jm[jbdZz lj _ijbgl Kk

5.>jha”h\bq < ; @bebgkdbc < < @7*Zghd K :
< L _abku ~hdezZ”h\ lylhc jhkkbckdhc dhgn_j_gpbhb
ijh[e_fu \h*hjh*ghc wg_j][Ibdb2gky][jy R17-K

218.
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. B DZevdh
;ZjZgh\bgkdbc J]hkm~Zjkl\_gguc mgb\_jk
:ZjZgh\bgb ; _eZjmkv

BGGH<:PBHGGH? IJH=J:FFGH? KJ?>KL<H >EY
I JH=GHABJH<:GBY KHPB:EVGH
WDHGHFBQ?KDH=H J:A<BLBY J?=BHGHX<

:gghlZpbylzZajz[hlZzggh_ ijh]jZzffgh_  kj_"~kl\h ijh]lghabjh\.
khpbzZzewdhghfbg_kdh]lh jZa\blby j_]lbhgh\ h[_ki_qgb\Z_I| hi_
ihemq_gb_ bgnhjfZpbb ”"ey ijbgylby wnn_dlb\guo j_r_gbc K
kh\j f gguo f_Ih~h\ b | _ogheh]bc wlh \ukhdhdzlga\kld ggh_ j_r

bkihevah\Zgbx \ j_Zevguo mkeh\byo ?]h ihl_gpbZe jZkdju\zZ_I|
mijZ\e _gby j_]bhgZfb b ih\ur_gbb wnn_dlb\ghklb ~_yl evghklb

A.l. Kalko
Baranovichy State University
Baranovichi, Belarus

INNOVATIVE SOFTWARE FOR FORECASTING SOCIO-
ECONOMIC DEVELOPMENT OF REGIONS

Abstract.The developed software for forecasting the secionomic development
of regions ensures the prompt acquisition of information for making effective decisions.
Utilizing modern methods and techagies, this higkguality solution is ready for real
world application. Its potential lies in optimizing regional management and enhancing
the efficiency of organizational activities.

BgnhjfZpbhggu_ |_ogheh]bb BL 1j_"klZ\eyxl
khihdmighklv bgkNmff_Idh"h\ b I _ogheh]bc dhlhju_ khe
ojZgyl h[jzZ[Zlu\Zx] b i_j_"Zxl bgnhjfZpbx < kh\j_
his_kI\_ BL klZgh\ylky g _hlt _fe _fhc qZklvx [bag_kZ
gZmdb b ih\k_~g _\ghc "bagb > @

ljbf_g_gb_ g_cjhk_I_c \ ijh]ljghabjh\Zgbb wb]jZz_| \Z
\ jZaebqguo h[feZklyo lZdbo dzd nbgZgku
a“jZ\hhojzZg_gb_  ljzZgkihjl fZjd_Ibg] gZmdZ b |_o
kbkl _fu ij_~hklZ\eyx|l \hafh ghklv ij_"kdZau\Zlv [m"ms
bkoh”u ijhp_kkh\ b baf g gby \ jZaebgguo kbkl _fZo >

< nbgZgkh\hc kg_pjhk_1Ib bkihevamxlky Ne
ijh]lJghabjh\Zgby p_g 9gZ Zdpbb dmjkh\ \Zexl| b klZ\hd
a”jZ\hhojZg_gbb hgb ihfh]zxl ij_"~kdZau\Zlv jZkijh
wib” _fbc b \_jhylghklv aZ[he_\Zgby iZpb_glh\ hij_
aZlhe \Zgbyfb < IljZgkihjlghc Kn ijbf ggyxxhiky I"ey
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ijhlghabjh\Zgby ihlhdh\ [IjZgkihjlZ b memqr_gby r
ljZgkihjlghc bgnjZkljmdImjhc

ljh]ghabjh\zgb_ 1zd " _ bf_ | \Z°'gh_ agZqg_gb_\ fZj
hgh ihfh]Z | ij_~kdZau\Zlv ih\_~ gb_ ihlj_[bl_e_c b j:
wnn_dlb\gu_ fZjdulbgdlhzl ]Jbb < gZmd_ b | _oghet
ijhlghabjh\Zgb_ g_cjhk_I_c ijbf_gy_Iky 7ey jZajZ[h
fZl _jbZeh\ e _dZjkl\ _gguo ij_iZjZIh\ we _dljhgguo r
Ajm]lbo ijh”Amdlh\ lj _ [mxsbo ij_~\Zjbl_evgh]h Zg
hij " e gby k\hckl\ > @

LZdbf h[jZzahflghabjh\Zgb_ g_cjhk_1_c¢ b]jZ_| dext
jhev \ ih\ur_gbb wnn_dlb\ghilkhlp |Kkdg kmijZ\e _gbb
jZaebqggufb kbkl_fzZfb b kha”“Zgbb gh\uo ijh*mdlh\ b |_

>Zgguc gZmqgqguc ijh_dl ihk\ys g ijh[e_f_ ijh]gha
bgrbdzZlhjh\ khphwdkeglgtbg_kdh]h jZa\blby j_]Jbhgh\ ?]h
yley |Iky jZajZ[hldZ ijh]ljZffghlh kj_ ~klI\zZ iha\h
I _j_h[mqgZlv g_cjhggu_ k _Ib ba deb_glkdh]h I ]
hkms_ kl\eylv Z\lhjhae¥aph%Z| e ¢ jZa”_eylv ihevah\Zl_
jheyf mqgblu\Zlv \k_ ~ ckl\by ihevah\Zl _ey k aZibkvx
ijh\h~blv ijh]jghabjh\Zzgb_ nbdkbjh\ZIv ~Zggu_ ihke
kljhblv jZaebggu_ ]jZnbdb gZ hkgh\_ ijhJghah\ dh
NZggu_ ey h[mihkdpy &by ]jZnbdh\ g _j a \aZbfh”_ ckl
nZceZfb kha”rzZ\ZIv b m~Zeylv ihevah\zZl e ¢ ij_»
\ZjbZglz ijh]jghabjh\Zgby \aZbfh”_ckl\h\ZIv k "Zc
hfmqg _gby g _cjhgghc k _Ib ba ihevah\Zl _evkdh]h bgl _
bf Iv \hafh ghklv hhdljzZliZuijd bkoh”ghfm khklhygbx

H[t _dlhf bkke_ ~h\Zgby y\ey |ky jZajZ[hldZ ijh]
kj_ _~klI\Z Ney i _j_h[mqg_gby g_cjhgguo k 1 _c Z
thevah\zZl_e_c¢ mq_lZ bo ~_ckl\bc \ [Za_ ~Zgguo ijh
nbdkZpbb ~Zgguo ihkljh_gby ]jZnhdh\ *"Addguadlbjh
kharZgby b m~Ze_gby ihevah\zZl_e_c¢c \azZbfh”_ckl\by
h[mqg_gby b hldzlz ijh]jZzffu < oh”_ jZ[hlu [ueb bki
f _ Ih~u ijh]jzZzffbjh\Zgby jZ[hlu k [ZaZfb "Zgguo ZgZetk
fZrbggh]h h[mqg_gby

lj_~f _|Ihf bkke_ "~h\Zgby yWa¥Zgly kjh]jZffgh]h
kj_ ~klI\Z Ney ijhlghabjh\Zgby bgrbdZlhjh\ kh
wdhghfbg_kdh]h jZa\blby j _]bhgh\ kljZgu

AZ"Zgq_c¢ gZmqgqgh]lh ijh_dlZ y\ey |ky jZajzZ[hldZ
dhlhjh_ iha\hey | ijh]jghabjh\Zlv h b”Z_ fuc ~hoh” ih
"Zgguf BHD <<I| hNNod _bbg\ _klbpbb

>ey ijh]jghabjh\Zgby ihevah\zZl _ev “he” g \u[jZlv h
Ibih\ jZzkqzlz k~_ezlv \u[hj fh gh \ \uiz~"Zxs_f f_g
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jZkqzlz2 ihke_ \u[hjZ k]_g_jbjmxlky kljhdb 7ey \\h
kljhdb hlebgzZxlky \ aZ\bkbfhklb hl \u[jZggh]tlZdbiZ jZKk
dz ~Zy ba gbo kh”™ _j bl ihykgbl evgmx bgnhjfZpbx
"Zggu_ “he’'gu [ulv \\_ "~ gu \ g__ <k_ "Zggu_ ihke_ i
\u\_" _gu ithevah\ZIl_ex \ ihe ©BgnhjfZpby? I
ijhlghabjh\Zzgby b \u[hjZ Ibih\ jZkqgzlh\ ihdZaZgu gZ jb

@ FnaeHoe mMeHD
o o noanjoBamene
Cmamyc: Aquunucmpamop: TestAdminlser

MeHIo: Pacyémsl
AavHme zpacuka Unhopuaiua

Tepeobyuenue Tym bygem Buifiogumbca Bea undgopuauun

Tun pac4éma

jompac . I

Tun 2zpaguka

NMocmpoums

Cojgams noasjoBamean

Ygqaaume noasjoBamean

BBequme unBecmuuuu

[EQ
UnBecmuuuu B DK

Aona pacxogoB Ha obpajoBanue B BBII
Mpocqyumams

Jbk <u[hj IbiZ jZkqzI|Z ©HIljZkeva

# Tnasnoe menro - O *
Unipo 0 noanjoBameae
Cmamyc: Aguuuucmpamop: TestAdminUser
MeHio: Pacuémel
AaHHuie 2paduka Unopuayun

Tlepeobyuetiue BxogHuie ganmeie: Q311 111
BxogHble gaHHble: UHBecmuuuu B OK: 122

Tun pacuema BXogHble gaHHbie: Aoia pacxogoB Ha obpa3obanue B BBIT: 5

lpeqnoaozaemile gOXogbl NO NOAYYEHHLIM JaHHBLIM: 16144

Tun 2paguka

lNocmpoume

Cojgamb noabjoBamensn

Ygaaums noasjoBamean

Bequme unBecmuuyuu

Npocyumame

Jbk - Ijh]gha k Ibihf jZzkqzlZ ©HIljZkeva
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Ihke_  ijh]jghazZz \k_ "*Zggu_ nbdkbjmxlky ”"ey il
liZnbdz kZf ]JjZnbd fh gh ihkljhblv ihke_ \u[hjZ IbiZ
\uiZ"Zxs_Jh f_gx ©OLbi ]jZnbdz2 b gZ ZliblyhdZvdghidm
bf Iky \hafh ghklv ihkljhblv Ijb 1IbizZz ]jZnbdZ |'f
ebg _cguc b Jbklh]jzZzffZz 1I1hkljh_gb_ ]jZnbdh\ ihdZaZgh

800 - 800
2 600 1 5 600
[=] =]
= be
o =]
= 400 ~ 400

200 A 200

T T T T T T T T T T T T
0.0 02 04 06 08 10 0.0 02 04 06 08 10
D30 WMHBECTUUMW B OK

800
Z 600
Q
=
o
= 400

200

ng.r(l)ﬂ pagfonOBo:‘a 06(;-:303;1;?4(3 B Egﬂ
At $Q= 0B
Jbk Ihkljh_gb_ ebg _cghlh ]jZnbdZ k Ibihf jZkqzlZ ©HIjZke:

3aBUCMMOCTb AOX0A0B OT MHBECTULIUA

10000 E HBECTALMM
BN Noxogel

8000 -

6000 -

JeHexHble CYyMMbI

4000 1

2000 -

O -
0.171.182.173.174.175.176.177.178.189.14.0.181.182.183.184.185.186.18
KaTeropuin nHBECTULIMA

A4S $Q=ED
Jbk - Ihkljh_gb_ ]bklh]jZffu k Ibihf jZk gblZZ@bljIZ

JZajzZ[hlZggh_ ijh]jZffgh_ j_r_gb_ ”"ey ijh]ghat
bgrbdzZlhjh\ khphdreglghbqg_kdh]h jZa\blby j_]bhi
ij_"hklz\ey | \hafh ghklv hj]j]ZzgbazZpbyf b Jhkm~Zjkl\n
themqgZlv bgnhjfZpbx h | dms-wdhigihgbd ekdhc
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h[klZzgh\d_ gkh[Kl\Nm _ | ijbgylbx wnn_dlb\guo j_r_gbc
hkgh\_ ijh]jghaguo ~Zgguo Wlhl bgkljmf_gl kih
ith\ur_gbx wnn_dIb\ghklb ~_yl evghklb hj]ZgbaZpbc b
mijZ\e_gby j_]JbhgZfb gZ mjh\g_ ]hkm~ZjklI\Z

ljbf _g_gb_ kh\j f gguo f_Ih"h\ b | _oghkeh]bc \
jZajZ[hldb Ijh]ljZffgh]h dhfie_dkZz h[_ki_qbeh k
\ukhdhdZqg_kI\ _ggh]h ijh~mdlZ dhlhjuc nmgdpbhgbjm
J]hih\ d bkihevah\Zgbx \ | Zevguo mkeh\byo

LZdbf h[jZahf kharzZgb_ ijh]jzffgh]l]h dhfie_d
ijhlghabjh\Zgby bg”*bkdplhgzewgihghfbg_ _kdh]h jZal\blby
j_]bhgh\ h[ez~Z | agZqgbl _evguf ihl _gpbZehf b fh
Ijbf _g _gb_\ jZaebqguo h[eZklyo k\yaZgguo k z
ij_ "kdZazgb f khwdHBghkolhg kdbo ihdzZaZzZl e _c

Kibkhd bkihevah\Zgguo bklhgqgbdh\

1. Gh\bdh\zZz <I_jKi_dlb\u jZa\blby Jhkm~Zjkl\_ggl
mijZ\e _gby \ dhgl_dkl_bgnhjfZpbhgguo I _ogheh]bc

>g_\gbd gtZ0h% k< +K

2.DZevdh : B Bkihevah\zZgb_ijhfilh\ dZd [mMm"msZ
\' kn_jZo "bag_"_yl evghklb g _ehi]HdB[pZladpdEZghlp\g:
B DZevdh KhippZé¢vigg kdzy ih*™ _j°dZ ebp
hl]jZgbq_ggufb \hafh ' ghklyfb a~hjh\vy | _hjby b ijZdlbc
klzl _c¢c ih fzl _jbzezf 9,, F_""mgZjhZghlq gdihaggh
dhgn_j gpbb ¥eliZZy ]h™rZ  ITh™ gZindpgh cc j XA<
;hl]bgkdhct Kbfn_jhihev H[s_kl\h k hljZgbq_go
hi\_IklI\_gghklvx ©Ba”*Zl_evkl\h Lbih]jZndiy ©-jbZe?
182.

3.DZevdh : B -ZigpZgbkbdzZ dexq d kljmdIimjbjh\Zz
"Zgguo b jZalblbx fZeh]h b kj_"~g_]h [bag_kZ ;
FZl hZeu "hdezZ”~lke\ F_""mgZjh~ghc -lgbgmghkdhc
dhgn_j gpbb ij_ihrzZ\Zl _e_c¢ b kim”~_glh\ < ><MO LHF

Zij_ey ]h~rz 44l _[kd <bl_[kdbc ]hkm”ZjklI\_gog
| ogheh]bg_kdbc mgb\_ kbl 4303.

4. Expdh | Kbkl_fzZ mhgZgby Zedh]lhevgh]h hivyg_g

| | Expdh ? = RZih\bg : B DZevdidlbd_GZmdZz
fZl_jbZeu ,9 F_""mgZjZzddZmhgn ;ZjZgh\bqgb fZy
]\ q -\hFh[jZah\Zgby J_ki ;_eZjmkv ;ZjZgh\bq

j_ "dhe <Pebfmd jer "j>@ ;ZjZgh\bgb ;Zj=M
Q 2 K 220.
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M>D

: < N_hdlbklh\: DzZf g I\G > ]lyj gdd & ibdh\
'HHH DLF
HHH-Kggh\Zpbhb
Fhkd\Z Jhkkby

BKKE?>H<:GB? <EBYGBY IEHLGHKLB D?J:FBQ?KDBUC(
FBR?G?C G: K<?JOIJH<H>YSB? K<HCKL<: <LKI
IJH<H>GBD: KHKLXYBA,CU30O7

:gghlZpbyZ[hlZ ihk\ys gZ ba]lhlhle _gbx d_jzZfbg_kdbo fbr_g c
\ukhdhl_fi_jZImjgh]h k\_joijh\iCugkdZey<%eXa_jgh]h jZkiue_gby b
bkke_"h\Zgbx \ebygby k\hcklI\ b ozZjzdl_jbklbd fbr_gb gZ k\hckI\Z i
k\_joijh\h~rgbdh\ IThdZazZzgh qlh m\_ebqg_gb_ Ilhesbgu iezgdb ba <
m\_ebqg_gbx djblbg_kdh]h IhdZ ijb g_baf_gghklb nZahgdbh khklz\zZ fl

A.V. Feoktistot, A.A. KameneV? P.N. Degtyarenkd, V.N. Chepikov?
lc KTM

2Ic S-innovations

Moscow, Russia

STUDY OF THE INFLUENCE OF THE DENSITY OF CERAMIC
TARGETS ON THE SUPERCONDUCTING PROPERTIES OF THE
YBA2CU307 HTSC CONDUCTOR

Abstract. We study of the influence of the properties and characteristics of the
ceramic target on the structure and properties of the resulting superconductor films. We
produce YBgCwO; ceramic targets of different density for deposition of HTSC layer. It
was shown that the thickness increase of the HTSC film leads to an increase in the critical
current, while the phase composition of the target and film remmicsanged

<\_"_gb_

K fhfglZz hldjulby \ukhdhl_fi_jZImjguo k\_joijh\h”
[ue ijh\_~ g jy® bkke_ _"h\Zgbc h[t_fguo b lhgdhie_ gt
k\_joijh\h~gbdh\ < qgZklghklb [hevrh_ \gbfZgb_
\ukhdhl_fi_jZlmjguf k\_joijh\h”~ysbf lhgd@afZ ibogdZf k
ijbf_gbfhklb b hkmsklbl\lBF& jZaebqguo f_IhAh\ hkzZ "_
lhgdbo ie_ghd bfimevkgh_ eZa_jgh_ hkzZz ~_gb_ ¢
bkihevam_ |ky 7ey ijhba\h?klI\Z f IZeebqg_kdbo d
k ]g Ihwe dljbg_kdbo b hilbg_kdbo Ihgdbo 1ie_gh
k\_joijh\h~*ysbo |hgdbo ie_ghd > @ c[ejhlklhZjy bk\
mgb\_jkZevghklb Hkgh\gufb iZzjzf_ljzfb hkz ~_gby 3/
iehlghklv wg_jlbb ezZa_jZ bfimevkZz | _fi_jzZlmjz
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"Z\e _gb_ dbkehjh*Z > @ <ebygb_ wlbo i_j f gguo
ile_gdb rbjhdh bamgZehkv H”*gZdh \ebygbc fbr_gb
ithemqgZxl IThgdb_ ie_gdb j_~dh bkke_"h\Zehkv 3/' |
YBaxCwO; <% &2 h[uqgh bkihevam_|I I\_j~hl_evgmx Kki
fbr_gv DzZd ijZ\beh ki_gq_ggZy fbr_gv bf__1 a
fbdjhkljmdIimjm qlh ijb\h”bl d hq_gv r_jhoh\Zlhc L
ith\_joghklb LZjd _ih\lhjghf eZa_jghf \ha”_ckl\bb
ith\_joghklv fbr_gb klZgh\blky r_jhoh\Zlhc glh r
fbdjhkljmdImjm b k\hcklI\Z ihemqZ fuo ie_ghd > @
dZqg_kl\h ih\_joghklb fbr_gb 1Zdh_ dZd ]JeZ~dhklv
hrghjh~rghklv khklz\Z b gihedbdbby? Ingdl h*ghjh~ghklv
dZg_kl\h iZjh\ \u[jZku\Z_fuo ba@fbKeghb*hxZl|l _evgh
h"br"zZ Iky qlh memqr_ggZy fbdjhkljmdIimjz fbr_gb
emqrbf k\hckI\Zf b memqr_gghc fbdjhkljmdImj_ hkzZ " _
P_evx "Zgghc klZlvb y\ey Ilky\ddkkeby'm\Zgdl jbklbd
fbr_gb gZ |hgdb_ ie_gdb <%&2 9gZg_k _ggu_ Kk ihfhe
dZz "hc fbr_gb gZghkbebkv Ihgdb_ ie_gdb AZI _f
fobdjhkljmdImju ie_ghd b fbr_g _c baf jyeb k\ joijl
k\hckI\Z ie_ghd b ZgZebabjh\Zeb \ebygb_ fbr_gb gZ i

F_Ih*"bdzZ wdki_jbf _glZz

< gZklhys f bkke_ "~h\Zgbb fu bkihevah\Zeb
I\ _jA*hnZagh]h Kki_dZgby bjahjh IhkhejZgby ke ~mxsZy
kf r_ gb_  kbgl_a "jh[e_gb_ ihfhe ijdphhhrdeZ gb_ ij_
Ij_kkh\Zgb _ kmrdb b h[ b] < dZq_kI\_ bkoh”~g
bkihevagblZv ihjhrdf; 8aCQ b &X2 qgbklhlhc
lhjhrdb \a\_rb\Zebkv \ kl _obhf _Ijbg_kdhf khhilg

I _j_f rb\ZebV-©h[jZaghf kf kbl e\ | _qg_gb_ q é
ijhdZeb\Zeb ijb | _fi_jZImj_ fK \l_q_gb_ g lhemc
Aih[beb \ jhihpoh_\hc fgkepr \ I_qg_gb_ fbgml Ihke
Aijh[e_gby ihjhrhd baf_evqZeb \ I _qg_gb_ g\ rZjh\hc
khhlighr_gbb fZIfjleXeb_|_eZz lhemqg_gguc ihjhr
m\eZ gyeky kl\yadhc gZ hkgh\_iheb\bgbeh\h]h kibjlZz
fZk k\_jo H[jZapwu MblkidZ jZaf_jhf ff o ff

Ij_kkh\Zebkv ijb "Z\e_gbb ij_kkh\Zgby FIZ lhemqg_og
h["b]Zebkv ijb |_fi_jZImj_ f K fK b f Mkeh\by

lhgdbo ie_ghd [ueb ke _"mxsbfb BkihleeapB0Z ebkv eZ
Coherent*ebgZ \hegu b ilgfeh " db ba OZkl_ee&hy\K fy
hkz '~ gby | _fi_jZIlmjZ ih*eh db ih*" _j " b\ZeZkv gZ r
fK Z ~Z\e _gb_ khklZ\eyeh a I1Z Fbr_gb balh
jZaebqguo mkeh\byo bf _xI jZagmx fbdjhklymdImjm
jZaghfm \aZbfh” ckl\h\ZIbfkeZa"4dgaf emqghf Ihke_
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hkz ~ gby ie_gdb ihdju\Zzeb k_j [jhf ihke_ qg_]h
Zlfhkn_j_ dbkehjh”Z gZkh\ ijb K hklu\Zgb_ ki
fbr_g _c¢c hij_~ eyeZkv k ihfhsvx fbdjhf_|jZ Bkke_
fbr_g_c¢c kh\_jrZehkv k ihfhsvx j_dl§nghdkidfh]lhZz
5L*DN8 6PDUW /DE \ 2&bZijZzadmgkh\ NZau b hjb_glZptk
ie_ghd 1Zd"_ [ueb ijhZgZebabjh\Zgu k bkihevah\Zg
ZgZebaz djb\hc dZqZgby ibdh\ Fhinheh]bx it
fobr g ¢ b ie_ghd bkke_ _~h\Zeb k ihfhsvx kdZgl
we _dlglhdh fbdjhkdhiZz KDUO =HLVV (YR

>ey baf j gby Ihdhg _kms ¢ kihkh[ghklb \ujZs gg
1j_"\Zjbl_evgh ihdjuluo Ihgdbf keh_f k_j_[jZ ijb
fZ]g _ljhggh]h jZkiue _gby bkihevah\ZeZkv mklZgh\dZ
baf j gby djblbg_kdh]h IhdzZ oghdb*relggfhldggu_ gZ
dZImrdm mklZgZ\eb\Zebkv \ mklZgh\dm ithalheyx
djblbg_kdbc Ihd ih "ebg_ 7KHYD 7YWkmis jkfhdgZlky glu
g _j_a _fdhklv k "brdbf Zahlhf \ dhlhjhc mklZgh\e g
gZfZ]lgbgb\Z _Iky ihe_f ihjy*dZ iefLeghdHy&ebd rg_
fZ]lgblgh_ ihe_ j_]bkljbjm_Iky ijb ihfhsb ~Zlgbdh\
j_amevlZl_ ihemqgZeb jZkij_~ e _gb_djblbg_kdh]h Ihdz
dZz ~"Zy ba ie_ghd dZeb[jh\ZeZkv bkihevamy q_luj
f ITh"bdm >ey wlh]h bkihevamxlky mfgXZajz etebghc *
dhgp_ e glu E _glZ azZdj _iey Iky f_ ""m ~“\mfy lhdh\ufb
himkdzZ_ |ky \ "b~rdbc Zahl AZlI_f ijh\h~*blky jZa\_jlc
ithfhsb bklhggbdZ 6RUHQVHQ b ijb ihfhsb ihl_
dhglZdlh\ ih"dexg_gguo d gZgh\hevf IZmIkyH\WKO
gZijy _gb_ k e _glu < jJj_amevlZl_ 4dBéimpZyky \hi
0ZjZdl_jbklbdz Bkihevamy djbl_jbc fd< kf hij_~_ey.
djblbg_kdh]h Ihdz lh ithemq_gguf agZghglZy djblb

f
_q
/\h'

Ijh\h~blky i_j dZeb[jh\dZ bagZgZevguo djb\uo
J ameviZiu b imo™h[gkb
GZ jbk ij_"klz\e_gZ fbdjhkljmdImjzZ ihjhrdzZ <9

ihke  ~jh[e_gby b ihfhez >ZgguzjzZiHjhbtad Iky
g bahf Ijbg_kdhc nhjfhc qZklbp k jZzaf jZfb hl Ah
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Jbk - FbdjhkljmdImjZ ihjhrdZ <%D &X 2 ihemqg_ggh]h ihk
ihfheZ ijlm\_ebg_gbb o

NZah\uc khklZ\ ih JbI\ _ev®”m ihemqg _gguo fbr _g_c

\ IZ[ebp_ lhemqg_ggu_ ~Zggu_ k\b” | _evkl\mxl| h]

\ebygby | _fi_ jZImju h[ " b]Z gZ nZah\uc khklzZ\ fbr_g_
khklZ\ fbr_g _c¢ fbr_g_c ij_"klZYel28 WKW2Za,Z23%2 b

hklzldzfb dzZj[hgZlZ [Z)jby

LZ[ebpZNZah\uc khklZ\ ihemqgq gguo fbr_g_c

wt.%
Y- Y-
123 211 CuO BaCO3
YBCO900 86,6 7,7 4,9 0,8
“ 1,5 0,3 0,3 0,4
YBCO905 87,1 7,9 4,8 0,2
“ 1,3 0,3 0,3 0,2
YBC0910 86,5 9,7 3,9 0,0
“ 11 0,3 0,3 0,0
< |Z[ebp_ mdZazZgZ iehlghklv ihemqg _gguo
M\ _ebqg _gb_ I _fi_ jZImju h[ b]Z hl ~Ah fK ijb

m\_ebqg_gbx ie_hlghklb h[jZaph\ aZ kqzl mkdhj_gby ijhy
ijb ih\ur_gbb |_fi_jZImju
LZ[ebpZ lehlghklv ihemg_gguo fbr_g_c

H[jZa p &g AOT Ié?esbgz ie:
YBCO900 2,95 2033
YBCO905 3,07 2149
YBCO910 3,27 2375
< |Z[ebp_ mdZaZgu lhesbgu ihemqg_gguc e_gl B:
"Zgguo ke “m_| glh m\_ebq_gb_ iehlghklb fbr_g

ithemqgZlv e_glu [hevr_c Ihekslbgu*m fhf bgl_j\Ze _
lehlghkl _c fbr_g@uG% M\ _ebqg _gb_ lhesbgu <LKI kel
fh™ | [ulv k\yazgh k m\_ebqg_gb_f dhebqg_kI\Z bkizZjy_
©iylg_2 eZa_jZ ijb Ihf qlh m\_ebq_gb_ iehlghklb g
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dZq_kI\_gguf baf_g _gbyf kljmdimjuafbpd @ gbXx |Z
nhjfbjh\Zgb_ fhgheblguo kljmdImj b ij

GZ jbk ij_"klz\e_gZ fbdjhkljmdImjZ ihemqg_gguo
bkke "m_fhf bgl _j\Ze_ | _fi_jZImju h[ b]Z jZaebqgby \
h[jZapZo g_ Db” _glbnbpbjmxlky >ey \k_o bkke_"m_
gZ[ex™"Z |ky diggb_ gZklbp >ey \k_o h[jZaph\ gZ]e
fbdjhkljmdImjZ keZ]ZxsZyky ba djbklZeeh\ [ebadhc ¢
nhjfu Ihjbklhklv ij_"~klzZz\e_gzZ f_"djbklZeebg_kdbfb

ol L 8 % t' J ::.
o N G
¥ VBCoT) S Slee

8

N

= D al A =
75mm No.=9574 Time:164428  WD=75 mm Photo No. = 9576 Time :16:46:59 WD=75mm Photo No. = 9578 165310
TEEEAE T TN

ka-dejHHj%dlmjifbh@@QcUb m\ _ebqg_gbb o

GZ jbk ijb\_~ gu agZq_gby djblbg_kdh]h IhdZz
e gl <LKI >ey fbs%g? agZqgq_gby djblbg_kdh]h |
khklz\eyxl “ . Ney fbr_gb-<%&2: "ey fbr_gb
YBCO910- “ K m\_ebqg_gb_f lhesbgu e _glu k\_joijh\h
ih\urz _1ky a®¥qdjdlbg_kdh]h IhdZz
‘"A:”WIWWWW

360000 370000 380000 00! 10000

position [mm]

Jbk - AgZq_gby djblbg_kdh]lh IhdZ YBOOI0D} XBEDAO5

b <%&2
AZdexq _gb
< gZklhys ¢ jZ[hl_ [ueb ihemqg_gu fbiCughb khklz\Z
ijb jZaebgguo | _fi_jZImjZe h[fK]Z fK Db f
MklZgh\e _gh qglh \ bkke_~m_fhf bgl_j\Ze_ | _fi_jZIm

baf gy |ky nZah\luc khklZ\ ihemqg_gguo fbr_g_c
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| fi_jZImju h[ b]Z ijb\h~bl d m\_ebqg_gbx iehlghklb if
fbr g _c \iehlv ~h ] kf Baf_g_gb_ iehlghklb fbr_g_«
YBaxCwO; \ mdZazZgghf bgl _j\Ze_iehlghkl_c ijb\h”bl d m
lhesbgu <LKI ijb bfimevkghf eZa_ jghf hkzZ ~ gbb M
lhesbgu <LKI ithalhey | Ahklb]Zlv [hevrbo ag
kK\_joijh\h~Abfhklb b khklZ\ey_ lineenygegghuec ba fbr_ghb
YBCO910- o
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DzZf g \'I G >_]lyj_gdh
HHH-Bggh\Zpbb Fhkd\Z Jhkkby

<UKHDB? AG:Q?GBY IEHLGHKLB DJBLBQ?KDH=F
LHD: B KBEVGUC IBGGBG= < >EBGGHF?JGUO
<UKHDHL?FI?J:LMJGUO E?GI=K IHDHE?GBY

cgghlzZpbyZ[hlZ ihk\ys gZ ijhba\h”kl\m k\_joijh\h”ysbo
\lhjh]lh ihdhe_gby HibkZgu | _ogheh]lbg_kdb_ \hafh ghklb d
ijhba\h~kl\m k\ _joijh\h~gbdh\
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A.A. Kameney, P.N. Degtyarenko
LLC S-innovations, Moscow, Russia

HIGH VALUES OF CRITICAL CURRENT DENSITY AND
STRONG PINNING IN LONG -LENGTH HIGH -TEMPERATURE 2 -
G SUPERCUNDUCTORS TAPES

Abstract.The work is devoted to the production é6Zuperconducting tape. The
technological capabilities of the company for the production of superconductors are
described.

< ihke_"gb_ ]h”u kikhkjhgh qZklguo dhfiZgbc
jZajZ[Zlu\Zxsbo k\_joijh\h*ysb_fZ]gblgu_ kbkl_fu "ey
| _jfhy”~ _jghlh kbgl_aZz ijb\_e d g_h[oh”*bfhklb n
ijhba\h~kI\Z \ukhdh!l_fi_jZIlmjguo k\_joijh\h*ysbo <LK
]h ihdhe_gby [he__ qg_f \ ~_kylghbyabgg@\Zphbbi¥
klzez eb”_jhf \ ijhba\h”kl\_ <LKI e_gl \lhjh]lh ih
ij_~eZ]lZy \ukhdhijhba\h”bl_evguc b gZ”~_ "guc ijh~md
<%&2 jbk

Ibggbg] \boj \hc klIjmdImju 1ijb gbadbo | _fi jZI
kbevghf fZ]gblghf ihe_ \ <LKI e_glZbkinilik\dh\fe\ g ij
fZljbp_  <%&2 kemqgZcgh jZKkij_~ e _ggufs gZghqZl
WiblZzdkbZevgu_ gZghqZklbpu < 2 y\leyxlky ithemdh]_
hlighr_gbx d fZljbp_ <%&2 b ihjh *zZxl fgh _klI\h 1Ih
A n_dlh\ 1Zdbo dzZd “bkehdzZpbb g_khhlI\_Ikl\by gZg
\hafh'lgp ehdZevgZy dbkehjh”rgZy g _kl_obhf_Ijby dl
ithez]zZxl y\leyxlky wnn_dlb\gufb p_gljZfb ibggbg]Z
[jbdhkh\Z

Bkihevah\Zglh "ey memqr_gby ibggbg]Z hlebqgZzZ |
kms_kl\mxsbo ih?*oh”h\ \ kha”Zgbb e_gl \ dhlhjhf |
bkihevamhkkik[ kha”*Zgby bkdmkklI\_gguo p_gljh\ ibggb
\' 5(%&2 gZ hkgh\_ %D=U2 %=2 > @ < "“hiheg_
keh ghklb ihroh”~zZ BPI IZd _ y\eyxlky keh gufb gZghk
|1Zzd dzd bf_xI I_g”*_gpbx d kZfhhjl]ZgbaZpbb \ gZ
ij_~ihglbl_evgh hjbZgdhjh\\*"hev gZij&h&kbg ko &2
glh ijb\h~bl b d baf_g_gbx Zgbahljhibb < j_amevlZl_
ij_"klZ\ey | kh[hc k_jv_agmx ijh[fe_fm \ ijhba\h”*kl\_
gj_a\uqzZcgh kljh]Jh]h dhgljhey ijhp_kkZ b km  _ghby
hilbfZevguo iZjZf_Iljh\ h[jihlkhdthevdm ~Z°_ g_agZqgbl_e
hldehg_gby khklzZ\Z b beb mkeh\bc jhklZ fhlml ijb\_
baf g gbyf gZghqgZklbp \.<LKI ie_gd_
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Jbk -lhe_\Zy aZ\bkbfhklv djblbg_kdhc iehlghklb IhdZ ijk
| fi_jZImjZo b D ijhfure_gguo <4i]jkKihelhg@l gby jZaguo
ijhba\h~bl_e_¢c > @

Hlikmlkl\b_ ~"hihegbl_evguo mkeh g _gbc \ keh_ <
"hihegbl _evguo obfbg_kdbo kh_~bg _gbc b hj]JZgba.
ibggbg]Z 9gZ g9gZghkljmdIimjghf mjh\g_ iha\lhebeh
gZ”_"gh_ djmighk_jbcgh_ ijhbadhlglglZhhkgKV_ <% &2
kh kemgZcgh jZkij_ " ezggufb g@ghqglhklb[p Xxibgbeh
eb” jkiI\h dhfiZzgbbg®P\Wpbb2 > @ < ~hdez”~_ ij "klZ
Ijbf _ju j_Zevguo ijhba\h?kl\ _gguo oZjZdl_jbklbd e g
\ukhdbfb o0Zjzdl_jbklbdzZfb beglgd kjidh ehjh2
: ff2 ijb D \ fZ]gblghf ihe _ Le ih kjz\g_gbx k ™
ijhba\h”~bl_eyfb lhke mki_rgh]h aZ\_jr_gby g
jZkrbj_gby ijhba\h”*kI\Z gug_rgyy fhsghklv dhfiZgbb
[he df <LKI-gh ghdhe gby rbjbghdH~» ff

Kibkhd bkihevah\Zgguo bklhggbdh\
Zhaietal, IOP Conf. Ser: Mater. Sci. Eng. 1241, 012023 (2022)
Chepikovet al, Supercond. Sci TechnoB), 124001 (2017)

1Y
2.V.
3. C. Senatoret al In abstract book: EUCA3019, September-1.
4. A. Molodyk et al, Sci. Rep11, 2084 (2021)
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E @ _em”dd Xoq DZjimr ddE\K DZjimr _dh\Z
: < Dhgh\ZehHZ< B]gzZt _gdh
1©GIP G:G ;_eZjmkb ih fZl_jbZeh\_~_gb
2. ehjmkkdbc Jhkm~Zjkl\_gguc mgb\_jk
Fbgkd ;_eZjmkv

M<?EBQ?GB? BAGHKHKLHCDHKLB DHFIHABLGUO
IHDJULBC G: KIE:<? F:=GE31 Q:KLBP:FB-BN

gghlZpby< ~Zgghc jZ[hl_ 7~ey ihemqgq_gby ihdjulbc k [F
baghkhklhcdhklvx \ imeKali\lopwded dljheblbg_kdh]lh hdkb”~bjh\Zgby
ih\_joghklb fZ]gb_\h]h kiez\zZ $= b k sh eevheg\Ze mhknghguc
we_dljhebl k *h[Z\dhc ihjhrdzZ]ggEldopghldkgbljbEBN)[hjZz K

A.L. Zhaludkevich?, SA. Karpushenkov!? L.S. Karpushenkava'?,
A.V. Kanavalavat, O.V. Ignatenko!
1 SSPA "Scientific and practical materials research center of National
academy of Science of Bels
2 Belarusian State Univetgi
Minsk, Belarus

INCREASING WEAR RESISTANCE OF COMPOSITE COATINGS
ON AZ31 MAGNESIUM ALLOY WITH h -BN PARTICLES

Abstract. In this work, to obtain coatings with greater wear resistance under
plasma electrolytic oxidation conditions on the surface of the AZ31 magnesium alloy, an

agueousalkaline phosphate electrdly with the addition of hexagonal boron nitride (h
BN) particle powder was used.

Bgl_j_k d fZ]gb_\uf,KeeZAW2iZjy bo gbadhc iehlghkl
\ukhdhc we_dljhijh\h~ghklb g_lhdkbqgghklb m”_evgh
ohjhrbf ebl_cguf k\hktiklVZfey | bo bkdigkbvahdzqg_kI\_

i _jki_dlb\guo fzZl_jbzZeh\ \ f_"~bpbg_ Z\Ihfh[be Kk
Zwjhdhkfbq Ikdbjon]bpbeh  _gbyo > @ < ijhfure_gghk!
ohjhrh aZj_dhf_g”~h\Zeb k_[y kieZ\u AZ]gdwnlkjpbgdhf
hfez”Zxl \ukhdhc bAkkbqlyg ohjhr_c ijhgqghklvx gh
hkdqh\guf bo g _"hklzZly\tefy lkybadZy baghkdklhlodh
ih"\ _j° _gghklv dhjjhabhgghfm j@ajrRr Igbdbxiezaf ggh
we_dljheblbg_kdh]h hdkb”bjh\Zgjloy gyyWtc ~ey
nhjfbjh\Zgby hd&kibfiglablguo ihdgulbh\ joghklb e_]dbo

f 1Zeeh\ b bo \KAeKlghb ~jy\ey |ky hlghkbl_evgh gh\uf
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hg _gv i_jki_dlib\gufijhZd kiZdhdkb” bjimkmhgbkl\ey Iky
\ \hAguo wdheh]bqg_kdb [_ahiZkguo jZklI\hjZo we _dljhe
nhknzZlh\ kbebdzIlh\ b Z3x&lhgXjlhfly >ijh\_"1\Ylly
ijhp_kkiZb \ukhdbo gZijy _gbyo hdkb”bjh\Zgby
khanrZxlky mkeh\by \hagbdgh\ _gby djZldh\j_f gguc
fbdjhjZzajy*h\ k \ukhdhc Ic \igmd]JmjhhkeijBgh”*bl d
nhjfbjh\Zgbx gZ ih\_joghklb h[jZ[Zlu\Z_fh]lh kiez\ZzZ
dhfihablguhdjulbc kh”_j"Zsbo \ukhdhl_fi_jZImjgu_ hd
nZau ba we_f_glh\ hdkb”bjm_fh]h kiezZ\Z b dhfihg_glf
NZ  _keb hgb gZohtyhky \ y\EX I\ _j*uo gZklbp >
Bkihevah\zZgb_ LQ VLWX \ we_dl{beblZbdgZ kMm gZgh
jZagih]lbiz 1Zdbo dZd ihjhkNdAILDED ~Gibb\h”~bl d bo
\g_"j_gbx \ kljmdImjm ihdjulby \h \j _fy IWH h[jZ[hldDb
gZ fhjnheh]bx ihjbklhklv b baghnkhidjne dhi]itv
dhfihablgh]h ihdd8@@y B "gH&Zdheo jki_dlb\guo "h[Z\hd
y\@ Iky ihjhrhd ] _dkzZ]hgZevgh]h-B\N)[4p"Z [h)Z
P_evx "Zgghc jZ[hlu bbkegehlkVZgb_ \ebygby ~h[Z\
gZklpdkzZ]hgZevgh]lh gblipZ g4zZfhknheh]bx khkIZ\ b
baghkhklhcdhklv dhfihablguo ihdjulbc ithemqg _gguo
s _ehqghf nhknZwgéfdljhebl  \ mkeh\byo- ieZaf ¢
we_dljheblbg_kdhc h[jZ[hldb fZ]gb_\h]h kiezZ\zZ $=
H[jZapiZ]gb_\h]h kABZ\ZZaf_jhf o o i_ff~"
hdkb”"bjh\ZfjboZgbqg akdjbsZeb hl aZ]pyagl gdd& _gghc
hdkb”~ghc ieregdbhedghc [mfZ]l]hc a jgbklhklvx hl
ijhibjZzeb wlbeh\uf kibjlhf b kmrbebdggd W& mo _
dZlh*"Z bkihevah\Zeb klZevgmx ieZklbgm IWKH h[jZ[hl]
bkihevah\zZgb f bklhggbdZ ihklhkgghdhigghatZ yq cd_
hit _fhf eh®§ghf we dljhebl_Z kh” jZ= DHG b
] e sPOr k *h[Z\e_gb] £ gZghdjbklZeebq_kdir]h ihjhrd.
BN. <j_fy hdkb”~bjh\Zgby \Zjvbjh\Zeb hl A h ille
mkgh\le _gghf fZdkbfZevghf gZijy _‘dhbdbyhdkb”bjh
iehlghklb |hdZ: kf Khhilghr_gb_ \j_f gb bfimevkh
ijhl_dZxs_]h IlhdZ \dexqg_gh \udexq_gftsfkl:XhklZ\eye
Babk \[brgh qglh ihkdbgml IWH h[jZ[hldb dh]*Z ¢
ith\ _joghkhlhjz[zZlu\Zz _fh]h kiezZ\Z gZ[ex"Zxlky fbdjhjz
fZeh]lh b [hevrh]h jZzaf _jZz gh fbdjh*m]b [83s\ g_ ihy\
kemqgZ_ we _dljheblZ k “hH-BNdihjbb&kodokitd azZf "e gb
jhklZz Ihesbgu ihdjulby Ilhke _~g__  h[mkeh\e_gh
bgdhjihjbjh\Zgguobymhfjhf dhfihablghf ihdjulieb gZklbp
BN dhlhju_ ijhy\eyxl “bwe_dljbg_kdb_ k\hcklI\Z b aZzil
nhjfbjm_fh]lh hdkb”~gh]h jilnidjulbly
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Boaonposog,

Jbk - Ko_fZ mklZzgh\db *ey IWH h[jZ[hldb Z aZ\bkbfhklv baf
lhesbgu ihdjulby Yj_Hlgb hdkb”bjh\Zgby fhjnheh]by ih\_joghkl
IWHihdjulbc ihemqg_gguo \'I_qgq_gb_ fbg [_a-%1b k “"h[Z\dhc

KhleZzkgh ebl_jZImjguf "Zgguf > @ bgdhijihjbjh\Zg
%1 \ kljmdImjm dhfihablgh]h ihdjulby ijhbkoh”bl ih
f oZgbafm Zdhj2klbpBN ijbebirb_ d ih\_joghklb
ihkl _i_ggh h[\hezZdb\zZxlky nhjfbjm-rdfbknzldklh”gh
keh_f J gl]l_ghnzZah\ihdjzagZetkahjfbjh\Zgguo \ [Zah\hf
we _dljhebl_ b we dljhebh-BXk \"h[BbkbbhimgZyo ihdZaZe
Ibibgguc nZah\uc khkllZe&bd] kdbo kljmdIimj 0J2
Mgs(PQy), Baz fZeh]h jzZaf jZ -§Zkllbp b bg _jlgh]h
\g_"j_gby \ ihjbklmx KMMmkKémymhgb g h[gZjm b\Zxlky
\b”_ djbklZeebq_kdbo nZa b y\eyxlky j _gl] _ghZfhjngu

GZjbk ijb\_~ gu ihi_j ggu_ k_g_gby dhfihab
ihdjulbc ihemqg_gguo ihke -h[jZpgldWH klZg”~Zjlghf
we_dljhebl_ b k ~h[Z\e_gtni qElkdhpnkKih]jZey b
h[hbo mkeh\bc ikidgdaa¥ZZglh ihdjulby ih lhesbg_ fh gh
jZa™_eblv gz ~\_ Hleldkldb kba hkgh\lgh]h ihdjulby
liZgbgzs_]h k f_IZeebq_kdhc ih*e[lzjrh¢ghgdbhgh]h
lhesbghc hdhehdf < kljmdImj_ hkgh\gh]h ihdjulby \
kemgZyo gZ[ex~Zxlky o0ZjzZdl_jgu_ ]hjbahglZevgu_ b
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ithju b dZgZeu hklzZ\rb_kyhKkef NglZ@ iijh[h_\ bkdjh\uo
jZajy”~h\ LhesbgZ ihdjulbc g_jZ\ghf_jgZz glh hir
f oZgbafhfih\_~ gby IWH ijhimlkkZihke_ ~h\Zl _evgh]h
\hagbdgh\_gby fbdjhjZajy®*h\ k ihke_~“mxsbf hieZ\e_gb
ihke bo aZlmoZgby

>

KaHaJl paspsiaa

KaHaJI pa3psija

ka dejhh|h]Janb thguo gbc IWH |hdjulbc ihemqg_ggt
\ [Zah\hf we _dljhebl_ Z b\ we dIJhebI -Rorh\2\dhgb_] e K
fbg

Khl]eZkgh NZgguf wg_ jlh~bki_jkbhgghlh ZgZe
ihemqg_ggu_ ihdjulby kh”_j ZI we_ fdofuhgkigkh¥Z b
we dljheMylAl,O,P,Si,K bNa H kh”_ j"Zgbb \ ihdjulbyo gZkl|
h-%1 fh ' gh km”blv ih gZebgqbx ZahlZ LZd \ ihdjulbyo
we dljhebl_[_a “~h[zZ\db qZklbp nhgh\h_ kh” _ j Zg

|J_\urZ_I fZkk Z \ ihdjulbyo ihemqg_gguo \ we_
"h[Z\dhc qZk%lp Kh”™ _j Zgb_ ZahlZ khklZ\eyeh hl

hdkb”~"bjh\Zgby ~h fZkk fbg hdkb”bjh\zZgby |
ithdjulbc knhjfbjh\Zgguo \ | _q_gb_ fbg IWH hJj

kh~ j"Zgb_ Zahlz \ ihdjulbyo dzZd \ [Zah\hf we_ dlIj
we _dljhebl_ [REZ\abjiZ[dlbg_kdb g_ hlebgZehkv 1zZd dzd
fbdjhjZzajy”u g_ kihkh[kI\mxI| \g_hBNgbx qZklbp

< ~Zgghc jZ[hl_ ijh\_~ _gh kjzZ\gbl _evgh_  bkk
baghkhklhcdhklb ihemqg_gguo ihdjulbc ijb bklbjZgbl
rZjbdhf k p_evx hij_~ e gby fZdkbfZevglod "d4hjecnadb
"ey bo Dbklbjzgby “~h ih\_joghklb fZ]dB[édbplZz kieZ\Z
BkiulZgb_ fZ]gb _\h]h kiez\Z [_a IWH ihdjulby ihdZ
klZevghc rZjbd gZqbgZ_| bgl_gkb\gh bRIDdjZIMbih\_jog!
fbgbfZevghc gZ]jmabd[jAamG Iy Jem[htZ¥E dhe vy

< |Z[ebigh\_~_gu "ZHpaghkhklhctdWIiHbihdjulbc
ithemqg_gguo \ [Zah\hf we bdkirdhZ\dha@a gENIlgp K
\k_o \j_f_gZo hdkb*"njkyzydy_agZq_gby kdhjhklb ba
1Zjlg_jZ klZlbg_kdh]h YpygbWH ihdjulbc k "MBNZ\dhc K
f gvr_ q_f ey ihdjalbgzZkiBBp LZd _ gZ emqgrmx
baghkhklhcdhklv mdZaulZxl b agZq_gby dhwnnbpb_gl.
agZqbl_evgh [hevr_ iyl K "h[Z\d@M.c K
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LZ[ebplzZjZf_Iju bkiulZgby gZ baghk ijb fZdkbfZevguo gZ]jmadz
IWH ihdjulbc gZ fZ]Jgb_\hAXieZlhemqg_gguo k "hBXK\lAc

[Zah\hf we dljhebl \ 1 g gb_ b fbg IWH h[jZ[hIdb
- | 7] NY 2N AgZq_gb_ © <
Q-I T, |N| 25 ) dhwnnbpb_glz @~
« =5 IS o = bklbjZgbly > | lsn
N =z s o o o= [ ~xo% g
= 2 | El @NDT >0 x o c—2o5"
T NN 237 | N | 2] 0= < | oNN_e
v | o Iz 1, 2 N _ ST =%
o ';‘_Q ;‘__. x~ N
IWH H
IWHK % 1 H
IWH H
IWHK % 1 H
IWH H
IWHK % 1 H

LZdbf h[jZzahf fh gh mlI\_j"~ZIv qglh k m\_ebq_gb.
IWH h[jZ[hldb baghkhklhcdhklv ihdjulbc m\_ebqgb\
ith™\_j~Z |Iky g_h[oh”bfhklvx ijbeh” _gby [he__ \ukhdl

G "ey fbg G "ey fbg b G "ey fbg IWH hJjz
bkibjZgbihdjulby k qgzZklBplzBafK g gby dhwnnbpb_ glZ
lj_gby ihdZau\Zxl qlh IWH ihdjulby ihemqg_ggu_
we dljhebl_ ijb IZzdbo "~ gZ]jmadZo j(ZajmgZebkv r
BkiulZgby ithdjulbc gZ baghkhklhcdhklv ithdZaz
bgdhjihjbjh\Zggu_ og2klbidweey x|l agZgbl _evgh m\ _ebqgb
baghkhklhcdhklv dzd fzZ]gb_\h]h kiez\zZ 1Zzd b [IWI
ithemqg _gguo gZ ih\_joghklb kiez\Z \ [Zah\hf we dljhetk

;eZlh™ZjghWIZ[hlZ \uiheg_gZ \ jZfdZo aZ"Zgb30251GB gZ
]h*ru ©FZI_jbZeh\_"~_gb_ gh\u_ fZ4hjtZgdb2b ih”ejh]jZffu
©GZghkljmdIimjgu _ fZl _jbZeu gZghl _ogheh]bb gZ«
©GZghkljmdIlmjza @ azZ”~Zgby ©Bkke_~h\Zgb_ ijhp_kkh\
oZjZdl_jbklbd ihdjulbc ihemq_gguo f -Méhéljegbhfbggkdh]h
hdkbrbjh\Zgby k gZghkljmdImjzfb?2
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M > B65.7.038.5

.<Ydm[,evm.DZkZY:. Ebibg]
;_ehjmkkdbc |hkm~ZjklI\_gguc | _ogheh]bq_kdbc n
Fbgkd ; eZjmkyv

BG=B;BLHJG:Y A:SBL: M=E?JH>BKLHC KL:EB <
J:KL<HJ:O D:J;B=>HFB:QGHC KF?KB

'gghlZpbly_|h”*Zfb we_dljhobfbg_kdhc ebg_cghc \hevIZfi_jh
b ]jZ\bf_Ijbb mklZgh\e githebylbe gihebZfbg g_ hdZaul\Z_
bglb[bjmxs_]h ~_ckl\by gZ ijhp_kku dhjjhabb m]e\ jh~bklhc
dZj[bhffbzZzgghc kf_kb ;&K dhjjhabhgghc klhcdhkldp klZeb jzZ\_
Wlh hagzZzqzZz_| qlh m]e_jh~bklzy klZev \ ijbkmlkl\bb mdzZa
bglb[blhjZ highkblky d -ikldnle dbdh

$ 9 <DNXEHO $ $ .DVDFK < $
%HODUXVLDQ 6WDWH 7THFKQRORJ
OLQVN %HODUXYV

1+,%,725< 3527(&7,21 2) &$5%21 667A(87 1216
2) &$5%,'60021,80 0,;785(

$SEVWBVWE®YWJ) HOHFWURFKHPLFDO OLQHDU YROWDPPHW
ZDV HVWDEOLVKHG WKDW SRO\HWK\OHQH SRO\DPLQH GRF
FRQWURO SURFHVVHV RI 6W FDRADHREQ GMHVRHQVXQHD GODP P!
VSKHULFDO FRUURVLRQ UHVLVWDQFH RI VWHHO LV 7K
LQKLELWRU GHVFULEHG DEBERWMHW WO G@WDVVLILHG DV ORZ

< gZklhys_ _ \j fy gZ | _jjblhjbb J _kim[ebdb ; e
dzZg_kI\_ "bAdh]h \ukhd@hwmnfligdbjZevgh]h m~h[j_gb:
ijhba\h~blky b bkihevam _ I|kyfiZ4pgaotby ghf kv D:K
=eZ\guf g_"hklzldhf D:K y\ey Iky _ \ukhdZy dh]
Zdlb\ghklv ih hlghr_gbx d m]Je_jh~bkluf dhgkljmdpbhg
bkihevam_fuo ”“ey ba]hlh\e _gby | aZdgmggh\ brey
ljZgkihjlbjh\db "b~"dbo m~h[j_gbc Qj_af _jgZy dhjjhat
D:K fh™ | kihkh[kI\h\ZIlv gZjmr_gbx p_ehklghklb j a j
__ 0jZg_ghby glh \ k\hx hqg_j_"*v gZghkbl 1 _ogh
wdhghfbg_kdbc b wdheh]bg_kdbc ms_j[ HArgbf b
wnn_ki\lguo f_ITh”~h\ ijhib\hdhjjhabhgghc aZsblu klZe_c
bkihevah\Zgb_ bg]b[blhjh\ dhjjhabb ijb\h*ysbo d It
kZfhijhbal\hevguo we dljhobfbg_kdbo ijhp_kkh\ \ dh
kj_"~Zo b dzZzd ke_7kl\b_ baf_g_gbx f_ozZgbq_kd
f 1Zeebg_kdbo dhogkdpuodptzl_jbZeh\ \ ijhp_kk_ b
wdkiemzZlZpbb < gZklhys__ \j_fy hlkmlkl\mxI|l kbkl_fZ
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bkke_ ~h\Zgby g_ihkj_~kI\_ggh f oZgbafh\ b db
hkh[_gghkl_c¢c dhjjhabb klZze ¢ \ D:K Z |1zd _
bg]b[bjmxs ]Jh ~ ckl\by wdheh]bg_kdb [\ ahiZkguo
ijb]h*guo *ey \\_~ gby \ khklZ\ m~h[]j_gby

P_evx bkke_ _~h\Zgby iyb&daekkdhwnn_ wudlb\g
g_lhdkbqglgg]b[blth\dhjjhamde jh*bkl&Zaec\ jZkl\hjZo
dzj[zfbZhfbZgghc kf_kb

Hp g _gZ \hafh ghklv bkihevah\Zgby Z~bibgh\hc

dzq_kI\_ bglb[blhjZz GZ jbk ij "klZ\e _gZ ~bgZfbd
\_kh\h]h ihdzaZzl ey dhjjhabbdXjpetffblzqy ke
~h[z\dZfb Z~bibgh\hc dbkehlu Ihke g dhijjh

bkiulZgbc \ kj_Rh™ g ' Zs_c¢ bg]b[blhjZz gZ[ex™Z _Ilky j_
mf_gvr_gb_ agZq_gbc \_kh\h]h ihdZaZl_ey dhjjhabb
bkiulzgbc \_kh\hc ihdzZzazZl_ev dhjjhabb ktzZzeb Kkl
ZffbZgghc kf_kb ijZdlbgq_kdb_ g_ baf_gy_|Iky > 7
aZ\bkbfhklb h[mkeh\e_g h[jdah\jopth kilbgXklZeb kehy
ijhAmdlh\ dhjjhabb h]jZgbgb\Zxsbc dhglzdl f
dhjjhabhgghc kj_~hc Ijb \\_~_gbb Z~bibgh\hc dbkehlu
hl #2Ah 2] "¥gZ[ex"Z |ky kms_kI\_ggh_mf _gvr_gb_k
dhjjhabb klzZeb kI < ijbkmlkl\bbke&hbub\gthlredaqbkl\
102 ] "Yihke _ q wdkihabpbb \_kh\hc ithdzZazZl_ev
bkihevam_ fhc klZeb mf_gvrZ Ilky ijZdlbg_kdb \ jZa
Kj_"g__ agZq_gb_ihdzZaZl ey aZsblighgjh\henn dlI
dbkehkhkl&y 8883% ;Zee dhjjhabhgghc klhedhklb
IjbkmlklI\bb "h[Z\db Z~*bibgh\hc dbkéffblzg\gtZjkh~ kb
1Z\ _g WIlh hagzZqZ | glh mj]e_jh*bklzZzy klZev \
mdZaZggh]h \ur_ bg]b[blhjZ hlghkblky d ]Jjmii_ \_kvfZ
MklZghle_g aZsblguc wnn_dl fheb[?*ZlZ gZljby \
dzj[WwzffbZgghc kf_kb GZ |jbk ij_~klz\e _gzZ "t
baf_g_gby \_kh\h]h ihdzZazl_ey dhjjhdBEp[bRhZeb Kkl
ZffbZqghc kfkkb j Zs ¢ fheb[*ZI] gZljby \ dhebqg_kI\ _
A h ]3~f Ba ihemqg_gguo aZ\bkbfhkl ¢ ke _“m_| ql
fheb[*"ZlZ gZljbyZdgad dhebq_klI\Zo hdZaulZ_| kms_Kk
bglb[bjmxs__ ~ ckl\b_ < ijbkmlkl\bb fheb[*ZlZ gZlIjl
ihdZazl_ev dhjjhabb klzZeb kIl ijZzdlbg_kdb g_ baf_gy_
Wlh mdzZaulZ | h klZ[bevghklb knhjfbjh\Zgghc aZsb
bglb[blhjZz
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Jbk - AZ\bkbfhklv flgh\_ggh]h \_kh\h]klizhetz &&Il \gyf_ghb
\ D:K [_a bg]b[blhjZ b k ~h[Z\e_gb_f Z~bibgh\hc dbkehlu

Jbk - AZ\bkbfhklv flgh\_ggh]h \_kh\h]iZhekz &ZIl \pyf _gb
\ D:K [_a bg]b[blhjZ b k ~h[Z\e _gb Zlfheb[*Z1Z g

ljh\_~ ggu_ bkke_ _~h\Zgby ihal\hebebzmklZgh\blv
\ukhdbfb agZq_gbyfb aZsblgh]h wnn_dlZ b Kl z
bglb[bjmxsbfb k\hcklyZkd\hjZo dZZ[fiBAEgghc kf_ kb
h[ezZz"Zx| "h[Z\bibdhcdbkehlijb dhgp _gljZpbb 3 ] ~f
b fheb[*Z1Z gZjlpbdhgp gljZpbbd. ] ~f
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