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Afegb m ijh_dIim\Zgge * jh[hle gZdhibgm\Zevgh€ (¢
i_g_c \ ijhp_ke m*hkdhgZe _ggy | _ogheh]-€
Kuznetsov M., Kryachko G. Sigarev E.
Changes in the design and operatiof the accumulatory part of

domain furnaces in the process improving fuel technology

F_Ihx jh[hib } \by\e_ggy afeg \ ijh_dIm\Zgge ¢ jh[hle gZdhibgm\Zevgh€ qZklbgb “hf_ggbo i_o
gbo m~A"hkdhgZe_gghwehl+«€ ieZz\db Z 1Zdh" ajhklZggyf ihIm ghkle « iblhfh€ ijhAmdlb\ghkle Z]j_
F_Ih~"bdZ "hke*~"_ggy aZzkgh\ZgZ gZ \bdhjbklZgges gh\hlh ie*oh”m “h hpegdb |_ogheh]eqgbo
e gZdhibgm\Zevgh€ gqZklbgb “hf_ggbo i_qg_c ijb \b\dlbgighi§r ghllgiiEZp-€jAa ijhneex\Zggy i
g_cazZi_jsh®” gZkm o02ZjzZdl_jgbc "bgzfeqgbf jha\bldhf dhgkljmdpec Z]j_]ZIs\ « |I_ogheh]s€ \
J_ameviZlb "hke«”AZghihgh\Zges 0ZjZzdl_jbklbdb I _ogheh]eggbo fh eb\hkl_c ]hjgZ « gZdhibgm
gZklbgb i_ ZytZdh" djbl_js€ ~ey hpegdb pbo ozjgdklipgbkhdd}fm gZdhibgm\Zevgh€ gZklbgb sh
ijboh”ylvky gZ hrgm ih\eljy@pJamifitm geklv h*rge}€ ih\eljygh€ nmjfb « \e~rghkdbc ~h ijhlblhd
\h€ gZklbgb i_q+* h[7}@an&dimdZzagh sh ijb ijh_dIm\Zgges « _dkiemzlzZp+€ "hf_ggbo i_q_c [Z
ieMjbfm\ZIlb djbl_8v&. *§yJyi 9Z fegefZevgh fh eb\hfm je\ge Z djbl_js€ ihIm ghkle ih\eljygh€ n
fb §si&egZ fZdkbfZevghfm <klZgh\e_gh |_g”*_gpyxgZjgsim\Zggy \bkhlb 1hjgZ e a[eevr_

gyf dhjbkghlh h[T}fmi_ g ¢ GZ kmgzZkgbo i_gZo gZ3dhhjdk ghtZ Il[i\}m \bfkhlZhlhjgZ aj

klzez \ k_j_"~gvhfm gz IlhdZazZgh sh \bi_j_"~"Zxq_ ajhklZggy ]Jeb[bgb amfinamn m ihje\gygg-
fejZfb ipneex h[mfh\le_gh g_ leevdb ch]h dhgkljmdpecghx nmgdpe}x Ze_ c kmlh |I_ogheh]eqgl
\mg amfinm \eA{}*gm} dhdkh\m gZkzZ"~"dm \¢® e_sZ”e sh mg_fh eb\ex} ml\hj_ggy lhl_jfZgm
jhaezZz”~gZggyo oh"m i_qge kl\hjx} aZizZzk |_ieZ gbt¢g[klevtimf_sgghjlh ijhp_km Z 1Zdh" ijbcfz}
mqgqZklv \ pbdee gZdhibg_ggy ¢« \bimkdm ijh*mdle\ iez\db Hkdeevdb amfin } qZklbghx jh[hq
aZijhihgh\zZgh afegblb ie”"o«” "h \bagZq_ggy ih\gh€ « dhjbkgh€ \bkhlb “hf_ggh€ i_qe* ;eevr
\bkhlhx kee®\\Z ZIb \e~rklZgv \e” e_sZ”e "h \_jogvh€ djhfdb hihjgh]lh deevpy neZgpy dh mc
dhjbkghx*h dhgmkm Z[h ehldZ aZkbigh]h ijbkljhx \ gb gvhfm jh[hghfm iheh _gg-

GZmdh\Z gh\bagZ jh[hlb ihey]Z} m h[]jmgIm\Zgge gh\blo hjb-gmlbi «[\ ogioeh|*pg’bok fh eb\h

|_c ]hjgZz « gZdhibgm\Zevgh€ gqZklbgb ~hf_ggbo i_g_c Z IZdh" h[]jmgIim\Zgges g_h[o*"ghkle
Z[h f_jl\bc rZj rhklbf _e_f_glhf ijhneex

ljZdlbqgZ aZgbfeklv jh[hlb ihey]Z} \ jhajh[pe j_dhf_g~"Zpec sh™hlpadjy<fen Jafeggh\ drzgk
ibgm\Zevgh€ gZklbgb "hf_ggbo i_q_c ijb ijh_dIm\Zgges gh\bo « fh"_jgeaZp+€ ©hkgmxgbo Z]j_]
\hfm ie”*oh”~e "h \bagZqg_ggy dhjbkgh€ « ih\gh€ \bkhlb ijhneex i_q-

Dexgh\e keh\Z ~hf_ggZ ieq gZdhibgm\ZevgZ qaktggZ djbjgje€Emflimmgheh]eqgZ fh eb\eklv
_e_f_gl ijhneex \bkhlZ i_q-

The purpose is the detection of changes in the design and operation of the storage part of blast furnaces, due to im-

provements in smelting technology, as well as increasing power and specific productivity of units.

The methodology based on the use of a new approach to assessing the technological capabilities of the furnace and

storage part of blast furnacesin the study of design and practical information on the profiling of furnaces over a period of

time characterized by dynamic development of units and cast iron smelting technology.

Findings The proposed characteristics of the technological capabilities of the furnace and the storage part of the fur-

nace, as well as criteria for assessing these characteristics - the share of the storage part per air lance V_nch / n_f, the

power of one air lance and the relative to the countercurrent part of the furnace/ V_pr. It is shown that in the design and

operation of blast furnaces itis desirable to maintain the criteria V_nch / n_f and V_nch / n_chl at the lowest possible

level, and the criteria of air lance power and V_zum / V_pr at the maximum. There is a tendency to slow down the height

of the furnace with increasing the useful volume of the furnaces. In modern furnaces, for every additional 1000 m3 of

usable volume, the height of the furnace increased by an average of 9%. It is shown that the outstripping increase in the

depth of the sumpin comparison with other dimensions of the profile is due not only to its structural function, but also

purely technological, namely the sump castiron heat, which increasesthe inertia of the blast furnace process, and also

participates in the cycle of accumulation and release of smelting products. Since the sump is part of the working space

of the furnace, itis proposed to change the approach to determining the complete and useful height of the blast furnace.

More specifically, the full height should be considered the distance from the ladder to the upper edge of the support ring

(flange) of the grate cover, and useful - to the cone or tray of the backfill device in the lower working position.

7KH VWXG\TV RULJLQDOLW\ LV WR MXVWLI\ WKH QHZ SULQFLSOHV Rbfi&« H DSSURDFK
furnace and storage part of blast furnaces, as well as to justify the need to consider the sump or dead layer as the sixth

element of the profile.

The practical value is to develop recommendations on the direction of changes in the design of the furnace and storage

part of blast furnaces in the design of new and modernization of existing units, as well as a new approach to determining

the useful and complete height of the furnace profile.

Keywords: blast furnace, storage part, furnace, sump, change, criteria, technological capability, profile element, furnace

height.

<klmi _dim\Zgge gh\bo Z[h j_dhgkljmx\Zgges <kgn

l[jhneeve\gmljergec h[jbk jh[hgh]lh ijhklZjim\ <e” iZjZf_lje\ ijhneex @afmBa\
"hf_ggh€ i_qe } \bjerZevgbf _e_f_plhfeijtblyy _n_dlb\geklv ¢ j_ameviZlb\geklv ~h

Dmag}ph\ E>LM Kuznetsov Maksim - DSTU
Djydh = Xd Il g >>LM Kryachko Genadii +c.t.s., DSTU
Kel]Zjvh\F+~ 1 g >>LM Sigarev BEvgen #d.t.s., DSTU
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iez\db Z 1zZdh" Iljb\Zeeklv [_azZ\ZjZcgh€<_gktr&mgvhfm mq[h\hfm \b”r"Zgge > @ \+"fe
IZpe€ i_g* Lhfm \ ijhp_ke m~hkddgzeh ggihkNhfe]Z}Ivky | _g”~_gpey a[eevr_ggy \bk
gh€ |1 _ogheh]e€ \er[m\ZxIvky kmll}e ghjgz m \pafjb\H]lh rZzjm amfinm gZ e_sZ"-
jZo ¢ Kis\\erghr_ggyo jhafeje\ hdj_fbolhjg~faglhf kI\_j*"m}lvky sh amfin fZ} \bgy
ijhneex dh\h dhgkljmdpecg_ agZqg_ggy ©ijbagZqg_gg)
:gZe*a hklZggeo "hkee?" _gv IZ im[erdZpeL£\ " *b azZih\g_gh]lh jerdbf qZ\mghf } a[
< -80-0 jhdZo OO klheeslly m nZgh\bogily*2&2_sz~s i_qe ~gbsz f_IZehijbcfZzqz \
gyo dhebrgvhl]h KJKJ [meZ jhalhjgmiicgimphgiz€ ~«€ ihlhde\ gZ\mgmb\@HZh" Z[jZ
"bkdmkey a ijb\h*m jha\bldm ijhn{ex aghkmvdbmkhf H[T}f amfinm g_ \oh”blv m dh
eedZpec [Mm\ "hkblvtj=dghbd\Ze_ggygjZzhfN}f ~hf_ggh€ i_q<2 Kee” aZagZfiblb sh p
kvdh€ kbkl_fb ijh_dim\Zggy> ighn*bgijbagZq_ggy \¢~ih\e~Z} mklZe_gbf ihlJey”rzZf \ I_
pbih\h€ h[%jmglh\Zgh€ djblbdb aZzZ\bslZglgy g\b&h]b€ ~hf_ggh]h ijhp_km
ijhib\hlhdh\h€ gZklbgb i_g_c > @ e« DeYKblger_ \bagZq_ggy deevdhklh _e_f_gle\
ghkle }fdhkle ThjgZ h[T}fm ijhlblhdh\h€xtdfidgb dhehrgbd rgodiZzZj aZie_qgbdb -
jh[hghlh ijhklhjm > @ lhjg > @ F_jl\bc rZj Z[h amfin gX ijhlyas 7|
A gqZkm ijh\_~_ggy "bkdmke<€ fbgmEhlHeg¥kngeg_ kijbcfZ\ky yd \Z eb\bc _e_f_gl
l[ib ~_kylbeelly AZ p_d&\glhkean f_IZem[h«gh]h ijhklhjm hkdeevdb \\Z Z\ky 1Zdbf sh
agZqgh ajek k_j_"gec h[f}f a[m~h\EZgbfZ\lZI jodhgk]eqgh]h agZgq_ggy ohqgz ~Z\gh \
jmch\zZgbo ~hf_ggbo i_q_c ih\kx~ghmygZkivilagmfinm m pbdee gZdhibg_bfgy * \biml
i_j_ o™ a \"m\Zggy ]JZahih”e[gbo kK |j¢hdble\ a&Zadb gZ sh a\_jgm\ m\Z]m Z\lhj > @
gbde\ dhdkm gZ ibeh\m]Jeevg_iZeb\h GZ "h~rZldh\m nmgdpex amfinm a\_jlZxlv m
Lhfm e« kvh]h~ge ~hkee”” ggy afeg\nthifeméé _gge > @ ~_\dZam}lvkyo gZ |I_ sh
\Zgge i_q_c ghihHheeggy g_ \ljZlkZeh [Edggy ©f_jl\h]h® rZjm Kkijby} klZfeecazZp-€ |
evghkle Hkh[eb\h p_ klhkm}lvky gZdehgimzkdZgmE JhjgZ aZ jZomghd a@Zggh]h af:
gZklbgb ijhneex ~hf_ggbo i_qg_c jahgyp azd¥Zkm |_iezZ \ iflhdgZsm} mfh\b jh[hlb
r_ggy nhjfm\Zggy * gZdhibg_ggy ifhrihdbd)ygdd nmijf kijby} klZ[ecaZp+s€ ydhkle qZ
db Py qZklbdgZlZehijbcfzZq ij_"klZ\e_g&LZ Zev \ hklZggeo ~hkee~" _ggyoy > @
l]hjghf « amfinhf f_jI\bf rA&jpffdeklx shfh\Zgbo gZ \“hkdhgZe_ggy ijhneex i_q_c m)
jhafesm}livky fe° \ekkx gZ\mggh€ évhldlb e fs@le\ gZdhibgm\Zevgh€ qZklbgb g_ |
AXx [eevr dhgdj_Ilgh fe" je\g_f \bohZm dy}dZley {©hgqz pe _e f _glb « ]Jhjogxlve amfin f.
\mggh€ evhldb \ amfine « e_sZ”"x > @bgyldh\m \Z eb\eklv "ey j_ZeeaZp+*€ ~hf_g
‘\lhjb jh[hlb > @ ihdZaZeb sh kdebihggkndh
kh\h€ gZkzZ~"db gZ e_sZ”e \eA"[m\Z}Ivky GZAZihfl\dh® h~ghagZqghkle \ ih]Jey”"Zo gZ \
dheb djblbggZ Jeb[bgznGmhiky Z} iBagj “bfm \bimkde\ ijhAmdls\ ieZ\db a ]hjgz >
qdb d; Ih[lh ydsh nZdlbggZ ]eb[bgzOam£inmhkiZgge.c qZk kihkl_jeJZ}Ivky 1_g”_gp

ZAh\h P dhdkh\b fzk%[\evr ggy ljb\Zehkle \bimkdm < abb_gr_ggy o
Zora evgy) mioP s © h mdl+\ iez\db \ Jhjg+ >Z @ g_ ke-

m f_l|ZehijbcfZqge agZoh”blvky m |eZ\Trﬂ%§ gm%bJZg-r \bkeh\e g azklj ' _ggy >
z ydsh@o,OEt Ih fZkb\ dhdkm ijhke’s4 g |hkeZ[e_ggy eg_jpecghkls Ahf_ggh]h i

e_sZ”v a g_]ZIb\gZtke-"dZfb €€ mcygm\laay\gZkee~hd af_gr_ggy fZkb ijhAmdle\ ie
lekey ihy\b a]lz”~zZgh€ jh[hib > @ a f.\lkx|2dwipkdmzqge G_ ah\kef ykgh yuae afegb \
jh[hgh€ ih\_joge e_sZ”s kiZeb kmll}\\zxajkklZzhbdhdkh\rpegifhZafege j_ "bfm \bi
leb[bgZ « h[f}f amfinm hkh[eb\h §Z kdjbH&iez\e\

\Zo /\jhib > @ Ydsh fZzdkbfZevgZi]leb[bgZ amf

nm klzZghf gZ jed g_ i_j_\bsnf\2abZ Nhjfmex\Zggy f_Ib ~"hkes”" _ggy

klzghf gZ jed py leb[bgZ “hky]eZ \_ebgmghphib } \by\e _ggy afeg \ ijh_dIim\Zg¢
f sh [meh agZqgh [*evr_ g« j_dhf.giWivdghgadhibgm\Zevgh€ qZklbgb ~hf_ggbo

"hkee""_gge > @ h[mfh\e _gbo m~hkdhgZe_ggyf | _ogheh]+€ ieZ

<boh”ygb a pbo h[klIZ\bg fh"_jgeadpeah -*aghkizZggyf ihim > ghkle «hilbithdhbE ij
gbo ~hf_ggbo i_q_c crez \ gZijyfdm ahRWwr zgpyZle\
\bkhlb ]JhjgZ « amfinm > @ LZjh_gZijbkhaeiZe’z i hkgh\ghlh fZ1_jeZem
dihf Mdj>-ijhf_am_ney ~hf_ggh€ ihqg+ < <Bkl\~gbf fZI_jeZehf ey ZgZe«&m [meb \b
je klZes h[T}fhf [heh i_j_"[Zg_gh @f ~Zge ijh jhafejb Ibih\bo jZ~ygkvdbo i_q_c
evr_ggy \bkhlb ]JhjgZ « amfin@ frijhib *q ¢ djZz€g k\eIm a jha\bg_ghx f_IZemj]e}x AZ
. f az ihi_j_ngef ijhnee_f > @ jHA©ZHfIO_[meb \bagZq_ g+ aZ]Zevges dhjbkgs |
fh™_ \bdebdZIlb aZiblZzggy I_ sh "ey i_g_e fZahfthp}fhf amfinm \eAghr _ lygy dhj
rhlh h[1}fm aBdplf< /gZde}\kvdhlh fklghlh h[f}fm JhjgZ ~h h[1}fm ijhiblhdh\h€ qZ
emjlecghlh az\h*m h{[f}fhfi_q«fAZikjs"~hf ggbo i_@WP&c\+"ghr_ggy h[T}fmbgZdhi
|1Zees h[T}fhf [meh ijbcgylh fZc Z h{envzevghe qzklbgb i g c ~h h[T}fm ijhiblh
dhim \bkhim }thj§z qZklbgBy &6 \*~ghr_ggy h[T}fm amfinm ~h

h{T}fm 1h@®&8g aZkldm h[f}fm gZdhibgm\Ze
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gh€ qZklbgb sh ijboh”*bezZky gZ h~*gml_ih\eljjhgahey” i_j\bggbo ~h j_dhgkljmdp:
nmjfm Z[h gZ h*g_ nmijf_g_§yhlgbs_ jZomgdh\bo oZjzdl_jbkbldillgihda I[Z[e

>ey hpegdb kijhfh ghkle 1hjgZ « wzddEbym@ae\Z blb sh ijhp_k ijh_dIm\Zggy Il
gh€ qzklbgb i_qe¢ azZ[_ai_gm\zZlb _n_dB\gaKvjeapwimi_g_c [m\ jhaly]gmlbc m ag
\bkhdhl_fi_jZImjghE % peehfm [mehh aZijhfie ' dm gZkm [hfm mk_j_~g_ge ~"Ege* fZxI
gh\Zgh o02zZjzdl_jbklbdb sh ihk_j ZgvhZNn&@®zq Z 9_ maZa]Zevgqubc 0zZjzdl_j >\
xlv €0 | _ogheh]sqges fh eb\hkle L “ogheli}dd fhd . y\eyxlv kh[hx jpha\
eb\eklv 1hjgZ hpeg_gh ~\hfz dpgiakjdyppdhd ~\ho i_jrb3o jZrygkvdbo ijh_dle\ i_«
h[ffm gZdhibgm\Zevgh€ qzZklbgb ih qesh[B}hifjbo - fihy\Z ydbo "ZIh\ZgZ k_]j
Ablvky gZ h~Agm ih\eljyg8&y, durjfihimkge "bghx -0 < -0 jhde\ QO kI Ijh_dlb i_q_c

3
Ix ih\sljygh€ nmjfb az ~mllyf \ h~bgbpx qZkm y flmeb \blhihie_g- A
Hkdeevdb nmjf_g_ \hlgbs_ \er hrge}E52n\eljyghe I_d+ hITHNT . f
nmjfb h[kem]h\m} \bagZq_gbc k_dbhj Rfimieepky-onjhdzo lhlkihe«lly 1jh_dlb i

Ib ih \_jlbdZes Ih i_jrbc djbl_jec ihK_j¢ AJIhfhf . *ijbizrzxlv gZe b
ihdZam} az[_ai_q_ggy h~gbf nmjf_gbfd-bhlﬁbs f£9Z -+ jhdb _ |
dhgdj lgh]hfm[fhjgZ a+ amfinhf >hm]bc!yjlibfZggy h*gZdh\h€ \bkhlb JhjgzZ « ch
| jec ~Z} afh]m hpegblb ihim gsklvmihghkgdi® dhjbkgh]hghl@pfray i_jrh€ Jjmib

jfb o €€ \h]gbszZ vyd ~ _j_eZ |_ieZ ~eiy q_ZeaaBpBpEfhf \eo/ Ape kIVhfx\Zeh

"hf_gghlh ijhp_km is"kld ~ey h[f_"_ggy |_ogheh]eqgbo fh'eb
L_ogheh]eqgm fh eb\eklv gZdhiblgmiZevigtj§zqds ajhklzggyf h[f}fm i_g_c LZc

Ibgb i_qe* 1Zdh® hpeg_gh "\hfZ ibhdXZaghkdpigr jhdm gZ \k_khxagec gZjzZ”e "hf_¢

ldhx H[fm gZiblgm\Zevgh€ qZklbgb hshaijbjéegm ~hk\erhf jh[hlb ihIm gbo ~hf_ggb
Ablvky gZ hrgm qZ\mggmlgyhldnghkgbd ¢ Z 1Zdbfb Ih”e ijZ\hfejgh \\Z Zebky Z]j
Ah ijhiblhdh\h€ qzklbgb i_qe h[T}fhhi[Taddhfinm ® fiherhfeyehkv > @ ijh
&oi®o Hkdeevdb ri\b~deklv \b"Ze_ggygijhhkidlgx }fdeklv ]hjgZ \dZaZgbo i_qg_«¢
ieZ\db + aZ[_ai_q_ggy ~hklZlgso je\geklipfgodghk|nhjkm\Zggy oh"m GZd§Z]Zggy
dhdkh\h€ gzkzZMN&khh '~ mfh\ jh[hlbyih\khjlb aZih\g_ggy ]hjgZ a[sevr_ggyfbdeevdh
gbo nmjf aZe “blv azZ e.grbo h~rgZdh\bmkmdfth\ \eevim\Zehky gbavdhx ydeklx Ih]l
gbkeZz gZ\mggbo evhlhd i_jrbc ihdzagublhkigbjo nmleyjgbo + "heh[gbo fZk M a
gvh hpegx} kiZg dhdkh\h€ gZkz~db sRbdggailydhyi_g*mizZez [m~mi\Zlb ~hf_gg-
\ h[T}fe gZdhibgm\Zevgh€ gZklbgb >jm[bdhhdzadbdeevr_ a "\hfZ gZ\mglgbfb evl
ihk _j_~gvh hpegx} \erih\ergmklamti[fijn bZfb < ih”"Zevrhfm ijzZdlbdZ ihdXazZez *
ijhiblhdh\ec qZklbgb i_qe sh fz} agZakfygyw iié dehf_g“Zp°€ gZ\«lv ey ~hf_gg
\bagZqg_gge jZpehgZevgbo \_ebqgbgh sghfB}tiythkle ~.f
f_gghlh ijhp_km =« jhafes_ggy dhdkh\h&ggrewde \+"ghkgbc h[f}f amfenm kihl
\eAghkgh ih"m e_szZ~"e 1Z\ky "ey i_[d4fhf f+0,08 & 9&

ljb jhajZomgdm nhjfm ]hjgZ « amfifmgijbecdey i_qge ° +002 & <+~ghkglh dhj
eb lpeegjbgghx Jhzojmghd d&dhbh [} fm kghlh h[f}fm ]hjgZ gZc[eevr_ agZq_ggy
1hjgZ8 a“+g gh aZ mfh\b shyZnfgbkgZ kihkl_je]Z}Ivky ~ey i_qe+ h[T}fh&0,06 f
\bkhlZ Jhjgz f_gr_ ih\gh€ljgdb-tdlgpr j § sh \erih\e”~Z} kmqgZkgbf iZjzfcljzf g
afe] f\erklZgv \en \_jogvhe€ djhfdb dhggZ ~h g ney ige h[f}fthf ° fHAgzZd
js\gy jhafes_ggy ih\-liygbo nmjf « 92 J RENSYL azm\z bib sh agzqgbc h[f}f

gv Ae]lhjbahglm ih\eljygbo nmjf ~h Adaoddizazc h[f}fht Skeerf\\Z®

12

rezdm i_j_» ihqZldhf \bimkdm ijh"mdiry (& | C ge :
fkd-6vdb Ani gg- iiq- Mdizegb 1zal PraJ_aazgb _g- Jeblbgm = LT}

gh Ibih\bc dhjbkgbc h[f}f Ih y\ey} ijZdlbggbc
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<bgbdZz} iblZzggy qghfm g_a\Zdxqhkij®pxeb a h~rge}€ klhjhgb agZqgZ lh\shgZ \h
" _g* gZ [*evrhkle i_g_c \bkhlb ]JhjgZ ejlemhijtmfZgB\m e_sZ"e \o~ ~h kl» aZe_"gh
jZ"ygkvdbo i_qZo ijb kijbyleb\bo < _dkiremAlZfpm i_qge a “jm]h€ \erkmlgeklv ie"e_s.
gbo mfh\Zo “hky]Zebky “hkblv \bkidhehdgegdy gZ i_qZo aZrm\jhhde\_ |

Tabnuus 1 — XapakTepucTuka npodino TUNoBWX pagAHCERMX Nedei 3a gaHumn [11]

FopucHuil ob’em, M’ lopH 3ymndp Vo, il Vol Vap | Vaul/Vp Vpu G Vel
Ges 30 npoTH | giaMmeTp, | BUCOTA, K ! BucoTa, | 0DEM s ;‘p ﬂ:-" KiCTh e
aymndy | aymnchom | TokoBMi M il TR M 1f’,YM.M3 = chypm,
Vo ) g
1033 1057 [ 72 3.2 ] 0,600 2 113 0,70 0,03 0,13 0,27 14-16 5171
1386 1470 1195 5.2 3.2 116 0,450 24 140 0,70 0,02 0,12 0,27 16 5.8
1513 1568 1377 5.6 3.2 128 0,766 o5 183 0.0 0,04 0,74 043 18 10.2
1719 1790 1495 9.1 3.2 143 1,099 [ 214 [ 0,10 0,05 0,74 0,50 18 11.9
2000 2082 1704 ERE] 3.5 187 1,707 82 269 011 0.05 0,76 044 20 13.4
2300 2369 1958 10,5 3.8 242 1,650 ] 317 0,12 0,04 0,76 0,78 20 15,6
2700 256 2176 11,0 3.9 275 1,699 167 436 0,13 0,08 0,27 0,59 | 20-24 | 21.5-1782
3000 3164 2566 11,6 3.9 306 1,740 164 430 [ 0.07 ] 0,60 28 17,5
3200 3334 2763 120 3.9 328 1,785 134 467 0,12 0.05 017 EY 28 16.5
5000 5180 4257 147 EX) 577 1,713 189 766 LS 0,04 0,18 0,33 3642 | 21,3-182
5500 5715 4501 15,1 5, EEY] 1,200 275 1056 | 0,19 0,05 0,23 0,26 40 264
CepefHi 3HadeHHA gnA TT-Tu nedeil: 0,12 0,05 07 0,39
CepefHi 3HadeHHA ANA nedel 3 giameTpom ropHa 14,7-15, 7 m: 0,76 0,045 0,20 0,32
"' Kg, - kopucHWiA 0B'em Be3 yacTkw B aymndi
Tabnuua 2 — XapakTepucTuky npodinio noTyxHux nedeil Anowii, 3axighoi €sponu i CLUA, nobygosanux B 70-x pokax XX cT. 3a gaHumu [14]
Hazea neui, OB'em, m” TopH Symndgy [ VI [ Vi Ve | Vel Vap | Vo | KIMBHCT T,/
pik KO PUCHUIT npotu | aiametp [ eucota | kg, ' | eucota, | obem | m’ ;;;p ﬂ,-' b ng.
nycky Gea 3 Toko- | dim he W v, M Ve = by, | ow?
aymndd | aymncho E:ruu i e ng
¥ M T
«Kashima», Japan, | 4080 4304 3400 | 73,800 | 6,300 792 1,500 24 7076 | 0.23 0.07 0,30 0.28 38 26,7
Ne2, 1973
«Oitax, Japan, NeT, | 4758 4597 3265 | 14.000 | 5,200 646 1987 359 | 1005 0.20 0,11 0,31 0,56 38 264
1972

«indiana Harbars, | 4773 4402 3424 1 73715 | 4995 290 1.540 227 g7 | 0.7 0.07 0.24 0.38 40 204
USA, Na7, 1980

«Fukuyamas, ESETE 4399 3519 | 13,800 5750 710 1,350 202 072 | 0,20 0,06 0,26 0,28 A0 228
Japan, Ned, 1971
«Sparrows Points, | 4220 4440 3453 | 13565 5715 5] 1525 220 907 | 0,20 0,06 0,26 0,32 38 237
USA L wa.
CepenHe AnA 4166 4412 3412 13,776 5,592 684 1,580 246 930 0,20 0,07 0,27 0,36 240

neveii 3 d.13-14 m
aKashimas, Japan, | 4500 4896 3693 | 14,100 5,300 681 2,100 3% 1077 | 0,18 011 0,29 0,58 40 26,9

«Rr:?ita:i?al(: 4572 4887 3748 | 74.000 | 5400 677 2.050 315 992 1 0,78 0.08 0.26 0.46 36 276
«Frﬂlgk1dy1agr§;n: 4677 4543 3873 | 74.000 | 6200 500 1.500 231 1037 0.27 0.06 0.27 0.79 47 245
«Kas |mg1541g?;:§1 5050 5315 4096 | 15.000 | 5,100 724 1.500 265 989 | 078 0.06 0.24 0.37 40 247
T:Uﬂ:;ajglgg NeZ, | 5070 5285 3987 | 74800 | 4,765 244 2.085 215 IR BAL 0.05 0.19 0.40 40 19.0
Cep;ﬂg,:s,qnﬂ 4762 3046 3866 14380 5233 685 1,847 284 970 0,18 0.07 0.23 0.42 245

neveii 3 d-14-15m
"' K5, - kopucHWii ob’em Bea yactkn B aymndi

_dhghfeqge ihdZagbdb" KijZ\Z \ |h#m jsloegd ‘h&l jhdZo gZ i**e_szZ~g_ ithdeljyg_

lgy \bkhlZ ]hjgz "ey ijbcfZggy ijh"mdén\*iefdgdbes dhf[egh\Zgm e_sZ~v agbab\ fZkrl
dhfi_gkm\ZeZkgve[ggyf gbkeZ \bimkdimegn@dZggy e_sZ"- Ze_ g_ mkmgm\ ml\F
Z g_"hklzlgy leb[bgZ amfinm e<gl_mkb®ybib2migg Jeb[®ymb2 Z[h nZdIlbggh]lh h[T}fm
\Zggyf \_jogvhlh rZjm \h]g_Iljb\e\ easdfrmai_j_~ \b” m\dhx i_q_c [_a ih\eljygh]

Tabnuya 3 — XapakTepucTuen npodpinio cydacHnx JoMeHHWX nedel 3a gaHumn [8, 9, 14, 22, 23]

Haaa_a OB’em, m” TopH Symndgy Vo vl Vo Vap | Voud Vip 1’;y+~ Kinekic | 1,/
neui, De3 3 NpoTH | AIaMeTp | BUCOTA | Kg, | | BACOT | 0D EM - ;;P ! Tb Ny,
(npoekTyBansHik) | aymnchy | symncho | Toko- d..m how | wlowd| am Ve = dypm, | w?
] BN - M3 Ng
v
np

«KAMET-CTATE», 15713 1571 1242 8400 4000 175 1043 58 233 0,74 0,05 0,79 0,33 20 116
No1, (Yepginpomes)

TMpe3eHTauia [8] 13713 1385 1258 T7a00- [ 4000 205 1500 [ 27T 0.6 0.06 0.22 0.35 20 13.8

(Ykpainpomes) 8600
Hoogowens» Ne3, | 2732 2798 773 10050 | 4500 277 2270 | 166 413 0,76 0.09 0.25 0.60 28 158

«Hoogowens» Ned, | 2373 2475 1600 10400 | 4238 273 2012 | 152 427 0.5 0.08 0.24 0.55 30 142

«Cesepctancs Ned [ Z700 2633 2402 77000 | 4400 323 2770 | 133 156 0,13 0.06 K] 047 28 16.3
pip (MeHrinpomes)

«Tissen Shials Ne1, [ 4476 4687 3599 13700 | 4859 520 2205 | 271 797 [NES 0.08 0,72 0.52 40 19.8
©PH (Tissen Shtal)

«Shougange, Kutain [ 5500 6103 4670 15500 5400 735 3200 | ®O03 1338 | 0,18 0.13 0.79 0,82 47 31.8

«Tissen Shtale N2Z, [ 5573 B0Z0 4479 14400 | 5700 667 2980 | 507 174 | 0,15 0.7 0.26 0.76 47 28,0
@PH [Tissen Shtal)

I Kgy - KOPUCHUIA 0B'em Be3 yacTkn B aymndi; ' - 3MiHHWA No BUCOTI

ml\hj_ggyf 1Zd al\Zgh€ ©yfb® JImcgm\hghehe 'sgdy e_sZ"e k\erqZlv ~"Zgee> @ a vy
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A"hfh sh h[T}f \brZgh]h dhaeh\h]h_gZyirggphfm raz\h”e f DZzZffygkvd_ gZ ~hf_g
kib i_qzZf ]1Zema- h[ﬂ}fhf?’lrkdeZ\f R m~hkdhgZe_ghbtbé¢bijh_dI h[f}fhf

ijb Ibih\hfm jhafeje amfifm G_\dh 4 f3 j_dhgkljmch\Zgec m jhpe ae a[eevi
gblb jbk sh jhafefba@yifae\ \ fZkb\Z2df}fm a Ap o d NMeZf _1j 1hjgZ af[eevr_gh
e_sZ"e g_ ihklmiZebky jhafejzZf ]hjgm gz f Z ch]lh \bkhlm gz f Deevdeklv

AZ]Zevghx azZdhghfejgeklix h[mfh\eglydxnnkjf a[eevr_gh a ~h e h[eZz”"gZgh
pbnedhx ]_hf_lj*€ ijhneex } a[eevg_ggwggZ\&hldb
I1Z° _ggy h[f}fm gZdhibgm\Zevgh€ qZkIb@E i_qge gZGh\hekdh]h f_IZemjle£gh]lh a
hrgm ih\eljygm nmjfm Z§h aéjh_g ] \h\h*m sh fZez h[‘ﬂ}f3 e [MezZ aZ"mlzZ \

gbs_ ae ajhklZggyf dhjbkgh]lh h[T}lfmjlipg_[ecne® \klZgh\le_gh ih\eljyge nmijfb a:

\Z°dh [Zgblb gZ ijbdez”~e i_g_c h[T}fhflbih\bo ¢ a[eevr_gh \bkhIm ]JhjgZ a Ibih\
2 Ap\ 1Z[e sh af[sevr_ggy gqbkfeZhnmjff > @

gZ h~gec « lec "_ i_qe* af_grm} og)&HlIZ" Mygkrelh\ec f_IZemg]gBde\ OO kI \eA[m\ky

hrgm ih\eljygm nmjfm \ k\hx g_jlm pkmHi\Zeml}j_ezZh[ezZkle ijh_dIm\Zggy  [m"

I_ogheh]eqge fh eb\hkle ]hjgZz gbpl\Z ~hf_ggbo iz@anckbeey nZoe\pe\ [metl

GZ\+lv gZ 1Zd a\Zgbo aZ kmqgzZkghkijyfir*Zp=}gZ klI\hj_ggy Z]j_1ZIls\ \'_ebdh€
dhfizdlgbo ~hf_ggbo i_gZo ihgbgZxqgbylakle Lhfm ZgZeea e<gnhjfZp<€ ijh jhafejb
de\ OO kI dZielZevge j_fhglb i_jrhih jd&ZjgyZghlh i_jeh m ~Zxlv afh]lm hpegblb k
}"gm\Zebkv a dhgkljmdlb\gbfb afedZfhbggh&Edl[Zab ey ih"Zevrh]h jhlagkldm €o
klbd gZdhibgm\Zevgh€ qZklbgb ikgddp~thf <gdZle ihim~>ge i_qe* jeagbo f IZemj]:
< Q_j_ih\ _pvdh]h f 1Zemj]lecgh]lh JefeR k\elm jhafes ge \ ihjy*dm alieevr_gg
h[T}fhf 3f[meZ hkgZs _gZ ~"\hfZ gZ\ibgkgflth h[T}fm <« ih~ee_ge gZ "\ ]jmib \e
evhldZfb azZfeklv h~ge}€ ih\eljygbfid e@rhjfirfo J[hjgZ
aZfeklv Ibih\bo > @ GZ >geijh\lavdhfm f_lZe

Jbkmgh#iJhafejb ©yf@mfine\ \ fZkb\Zo e_s¥ZFFDZ JN HaZ\h”m of
N >a_j bgkvdh]l]h Mdjz€gzZz aZzZ ~Zgbfb > @
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Jhaley”™ jhajZomgdh\h€ e<gnhjfZpe€ gZ\ ihjdlw§g\ge a ijhneeyfb ioqgjhde\ gZ
IZ[ebpe ihdZazZ\ ~_sh g_hgedm\Zge RbgrZkgb&zif qZzo kmll}\h ajhkeb Z[khexlgZ \b
af_gr_gy \bkhlb JhjgZ [eevr ihim gl€gh&kgbc h[f}f amfinm \erghkgh idhlblhdh\h&
h[f}fhf ]Jjmib i_g_c « h*gZdh\bc \ l_j _Kipghfmeds dhjbkgh]lh h[f}fm ]hjgZ
jbkgbc h[f}f ThjgZ H[T}f ijhiblhdh\h€ HEk[kedbbc +gl_j k \bdebdZ} iblZggy sh”

pe}€ ]jmib ajek a "3nZ[h ofz Z2agZqgh]lh ajhklZzggy \bkhlb ¢« h[f}fm amfinm '
h[T}f gZdhibgm\Zevgh€ gZklbgb gz jhdZgzo@ gHd « \ijh~h\" gZklmigbo & _kylbecelv
ajhklzggy Jleb[bgb amflinnh[f}é¢m a $h ihje\gylb jhafejb ijhneex >1 < Dib\hje"

f3 Z[h gz Lh[lh s_ \ jhaleydddhfm ]jm~ge j lh~e gZcpdevirhgs \ k)

i _jeh~e kihkl_js]ZezZky |_g”~_gpey gZ hdfddtf_ggyf a ihim gbfb i_qZfb kvh]h" _ggy
h[f}fm amfinm \eAghkgh dhjbkgh]h kre[}fmz\_klb gZklmige ~Zge ><Zf_lj ]hjg:
0Z2&45i& ey [*evr ihim gh€ ]jmib i _g<c Djb\hje klZes sh klZgh\b\ f ajek “h
A gbo \ Mex i_j \Z gh-\ jhdZo ‘jgk f gZ > <« \ 2LWD > @ Ih[lh ebr_ gz <
a AR Z[h gz khiz 1hjgZ hklZzggvh€ i_qge \ ihje\gwgges a djb\
L _ogheh]eqge fh eb\hkle \_jogvhjh PHiyzakm@ a “h f Z[h gz Dhjbkgbc
f_gh€ ahgb g_ ih]«jrbebkv \gZke«~hdhfitizigAthjevrhe€ \ kiele >1 < m =\Zgvyge |
hkgZs_ggy ih\eljygbfb nmjfzfb i_q_c a[9@¥ Dhj_y > @ "m_j_\bSb\ IZdbc "_
ghlh h[f}fm Ihfm h[T}fg_ gz\zZglz _dll}dz>h~gnPjb\hje"klZes gZ GZ ijhIb\Z]m
ih\eljygm nmijfm fzZc _ g_ afegpBUkigh Bbf g_ "m _ kmll}\bf afegZf Jeb[bgZ amfinm
1Z} iblZggy qhfm \ jZae a[eevr_ggy gX\WmgbKglygyy>l <« « aZ\KLMDDDVhgey sh

h[f}fm gZdhibgm\Zevgh€ qzZklbgb i q-fZ@dvhAgamf i\ Thjgz t ajhkez ~h f> @
liygm nmjfm ~hf_gge i_qge+ \_ebdhlh h[ffim mzghibjb jZab \ ihje\gygges atihqZlidh\bf
Ahklzlgec je\_gv I_ieh\h]lh klzgm Jhjgxzf*jrf_amjfinm >1 < Djb\hje klZes f

\_gv “hky]Z}Ivky azZ jZomghd dhf6ZLgkagodkl amfinm yd \Z eb\h]h _e_f_g
\eAqf}fghlh \ied)wklZggy \_ebghgbal ijhneex ydbc fZ} g_ l-evdb dhgkljmdpecg_
evr_ggyf ihlm ghkle ih\eljygbo nmaf Az 9GRbMmg_ agZq_ggy ke+" aZagZqblb gZkli
ghx deevdekix Amlly LZd ijb hrgzdhVhc ivdfghKg.t_iogec qZklbge ch]lh Hf}fm \+"[i
\bljzle ~mily ® fob\ gz i_qge h[f}fhf® }yky jmo = fZkhh[feg ijh mdle\ ieZ\db mijh"
a nmjfZfb gZ h~gm nmjfm ih/\Z3}|oy‘kyI0bdf9m \bimkdm « gZih\g_ggy jhaieZ\s\ > @

Amlly |h~e yd gZ ifhde h[cnff a nm g lh Ajm]_ jerdbc qZ\mg amfinm ijb ~"hklZl
fb+ £ o\ - Ih\sbge rZjm kijby} kieb\Z&®xh€hgzkz db
< 1Z[e gZ\_"_ge 0Zjzdl_jbklbdb ]j94b i€gS£&""x ~"b\ jbk sh mg_fh eb\ex]}

ijh_dim\Zevgbde\ jhafses g+ \ ihjyrdm &}BvfhghgsIm ijb jhaeZz”gZggyo oh"m ~hf_

dhjbkghlh h[1}fm GZ\_~_g+ ~rzg- k\-N§ZMBjhKkgf_ a_j_a g_"hklzlgs Z[Khexlgs 1Z

i_"_ggy |_g~_gpeo€jhde\ fbgmeh]lh kih@bKg* leblbgb Jhjgz « amfinm gZ i=q+ < Djb'

klhkh\gh h[f_" _gh]h ajhklZggy \bkhlb KlEffz "\elZ + g_~hklZlgx ]Jeb[bgm amfinm

af~evr_ggyf h[f}fm i_q_c Aleevr_ggy 9ANieMmei « K_\_jklZes m jy~e dZfiZgec i_q
ofz

a[m~h\Zgbo + ijZpxxqlkdher» GO, q- J.d'rq—gbj__gg_y Ihl_jfZgaZzklb]l]eh]l]h dhdkhjhaieZz
&

g c a AR 3fZ[h m jZaoo_ngZeng gZklbgZ dhdkh\h€ gZkiZz"db m f_
ijba\_eh ~h ajhklZggy \bkhlb ]1hjgz a 1Pofgqe Af_J_l\theZk_y gZ Ikl ajZkgpblebc
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J_amevIZIB \bdhjbklZggyf jhajh[e_gh€ fh~_ee ~“hkee" _gh "bgZfeqge ijhp_kb byde \eA[m\Zxlv
kl_fe f_ogeafm aZlbkdzZggy Ijm[gh€ azZ]lhlh\db <klZgh\le_gh sh dh_nepe}gl "bgZfegqghkle ]e

kdez~z} ydbc agZqgh i_j \bsm} ijbimklbf_agZq_ggy AZijhihgh\Zge1l_ogeqge* jer_ggy ™
[_ai_qgbo "bgZfeqgbo gZ\ZglZ  _gv m Je*jhkbkl_fe itsday@Zbifo mtdhfef_grblb g2k kijZpv
\m\Zggy ]*"jhjhaih”*eevgbdZ a k_d ~h k_d 1Z \bdhjbklh\m\ZIlb m ]Je~*jhpbesg”js ]Zevfe

"h\"bghx dZf_jb ]Zevim\Zggy m ff

GZmdh\Z gh\leeyZ_n_dlb\gh]lh \jZom\Zggy o\bevh\bo \eZkIb\kl{Zec t*jhffZI]fZIbggec

fhr_ee i_j _"[Zq_gbc \b[*j jZpehgZevgh]h rZ]m ~"bkdj_IbaZp+€ gZ hkgh\s ZgZekam "bgZfeqgh¢
jZes gZ \ieb\ a[mj_ggy o0ZjzZdl_jgbc ~ey “"Zgh]h Je?jhijb\h"m < ydhkle I1Zdbo \Heb\e\ a[mj_gg
kgh]lh ijb\h~ m glreqZkZ \k_ \bkImizZxlv ijzdlbggh fblI}\_ kijZpvh\m\Zggy d_jmxqgbo _e_f_gle\

jZilh\Z amibgdZ jh[hghlh hj]Zgm gZ ijb degpe ch]h jmom LZdbf gbghf 7~ey dh gh€ a ]e~jh
\aylh jZpehgZevg_ gbkeh "eeygkd ghadBllyai_gm} aZz*"ZgmfrHqb2ZKdggh€ fh”_e-

I1jZdlbggZ agZgmselfAdlbgqgZ agZgmseklv jh[hlb ihey]Z} \ jhajh[e_gec fZI_fZlbfgec fh"_ees yo
a\hey} a \bkhdhx "hklh\ejgekix ZgZeecam\ZIb ih\_"egdm Je*jhkbkl_fb f_oZgeafm azZlbkdzZggy

\ieb\m jeaghlh oZjzZdl_jmfmrBpizdBahges j_"bfgbo iZjZf_lje\

Dexgh\e kehf\ZrbgZ azZ\ZglZz m\ZevgZ f_oZgeaf aZlbkdZggy J]*"jhkbkl_fZ ijhpZkb o\bevh\e |
glZz" _ggy "bgZfeqge ijhp_kb i_j _oe~ge ]Je*jhjhaih”eevgbd qZk kijZpvh\m\Zggy ijbkljec JZe
Purpose. The purpose of the work is to study the dynamic loads that occur in the hydraulic system of the pipe blank

clamping mechanism of the loading machine of the ring heating furnace of the pipe rolling unit 140 and to develop

measures to reduce them.

M ethodology. The research methodology is based on the use of mathematical modeling methods and fundamental

laws of hydraulics and hydrodynamics. A mathematical model of the study of dynamic processes occurring in the

hydraulic system of the pipe blank clamping mechanism has been developed, which takes into account wave processes

in long hydraulic mains. A distinctive feature of the developed mathematical model is the possibility of choosing a

rational discretization step based on the analysis of the dynamic response of the hydraulic main to the influence of the

disturbance characteristic of this hydraulic drive, in order to effectively take into account the wave properties of hydraulic

mains.

Findings. Using the developed model, the dynamic processes that occur in the hydraulic system of the pipe blank

clamping mechanism were investigated. It was established that the dynamic coefficient of the hydraulic system is 1.39,

which is significantly higher than the permissible value. Proposed technical solutions to reduce dangerous dynamic

loads in the hydraulic system are thatitis necessaryto reduce the activation time of the hydraulic distributor from 0.30

sec to 0.15 sec, and to use a brake device with a brake chamber length of 15 mm in the hydraulic cylinder.

Originality. Inorder to effectively take into account the wave properties of hydraulic mains in the mathematical model,

the choice of arational discretization stepis provided based on the analysis of the dynamic response of the hydraulic

main to the influence of the disturbance characteristic of this hydraulic drive. As such effects of disturbances in the

conditions of the pump drive, the almost instantaneous activation of the control elements and the sudden stop of the

working body at the end of its movement appear most often. Thus, for each of the hydraulic mains, arational number of

k; division sections was taken, which ensures the specified accuracy of the mathematical model.

Practicalvalue. The practical significanceof the work lies in the developed mathematical model, which makes it possi-

ble to analyze with high reliability the behavior of the hydraulic system of the clamping mechanism, which is exposed to

various influences in a wide range of mode parameters.

Keywords: loading machine, clamping mechanism, hydraulic system, wave processes, pressure, dynamic loads, tran-

sient processes, hydraulic distributor, activation time, braking device.

<klmi <bkhdbc gZnhddhdhggbc 1Z \bjhdqbc ihl_gpeZe kI\hj_gbc \ MdjZ€gj \ hl[eZ
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gh€ f_IZemjle€ 1Z \ Ijm[ghfme\bjh[gbieN agb’ _ggy \bljZl gz ~hihfe ge hf_jZpe€ ih
gbkee \b\e\ gZrm djZ€gm \ jy”™ i_jgrh\Mbld\me la@ghlh\db ~h nhjfm\Zggy Ijm[b aZ jZo
ghfm \erghr_gge djZ€g k\elm G_alZ jZpghggdZvdjh€ dhgkljmdp€ f_oZgeafel o jenN\|
abkge y\bsZ \ \bjh[gbgec kn_je MWdjZEL?Z cighkhe €0 \maees\ |Ijb pvhfm \bebdzZ m\zZ
"m} aZcfZlb dexgh\e ihabpe€ m k\ebe Kepy}iVikKjh[ghkees~  _ggx iblZgv yde kijyfhlZge
de\ Ijm[gh€ ijh*mdp+*€ < \bjh[gbpl\eiHgmilr_lggjy *~bgzZfeqgbo oZjZdIl_jbkdbd Je"jZ\e
ijhfbkebh jhal\bg_gbo djZ€g k\¢Im Mdjg®@Z kikdfZ} Z)lim] I1Z agb’ _ggy gZ\ZglzZ  _gv \
h~rg ea i_jrbo fekpv fZxqgb agZqgg ilgnkKigklle j1 bfZo jh[hlb
| _gkb\ghfm jhalbldm Ijm[gh€ ijhfbkeh\hKPR\ZAG|Z m\ZevgZ fZrbgZ deevp Wh€ gZ]je\:
yeh ihklecg_ m~hkdhgZe_ggy | _oghebh&dgbqgeiMtbppithgm} i_jre hi_jZpe€ ie~]hlh\db Ij
ke\' klI\hj_ggy ihim gh€ gZmdh\h€ [Za®Z]hlh\db ~h ijhdZldb \ ihlhpe LI: jh[hlz
>ey aZ[_ai_q_ggy _n_dlb\ghHgm[h[hywWh€ kmll}\h \ieb\Z} gZ jh[hIm \kvh]h Z]j_1Z
jhdZlgbo Z]j_]Zls\ Ll: g_h[o*~gh KkI\tnelgfg h>Rk\ dkiemZIZp*€ azZ\ZglZZm\Zevgh€
gh\gh]h ¢« ~hihfe'gh]lh mklZldm\Zggy ghgb?rilhnd¥aZZ\ sh h~gbf a hkgh\gbo ch]h g_~h
jy"m \bfh] 1Zdbo yd \bkhdZ ijh"mdlbYggblavdZpzZz”ecgeklv 1Z g_azZ”h\eetgZ jh[hlZ
gZ e« [_azZ\ZjscgZ jh[hlZz fh eb\eklv Z\|ihkBkdaZpLEhdj fZ m ]Je*jhkbkl_fe a¥lbkdZggy
Ahljz j_fhglhijb~rZlgeklv ¢ egrbf \bfE]Zfghgd«aAalhlh\db kihkl_je]Zxlvky ie~\Bs_gges "bc
[_aigmxlv \bkhde -_olygtheqge ihdZagbddzZ\ZglZ _ggy ydeyliybah \boh"m a ezZ"m
\bjh[gbpl\Z \maee*\ 1Z _e _f_gle\ ]Jerjhkbkl_fb < ]e*jhkbk
?dkiemZIizZpey |_ogheh]eqgh]h mmlZddklhkdgdm}lkvky ahehlgbdh\bc Je"jhjhaih”eevg
ijh\h~""m}ivky \by\e _ggyf m gvhfm g _"beddjpl]¥jde\eeqgbf d_jm\Zggyf qgmk KkijZpvt
ih\ yaZzge a neabqgbf 1Z fhjZevgbf \EIgZgygondth]lh ijZdlbggh g_ i*”ey]Z} j_Imex\Z¢
<gZkees~hd pvhlh a yl\ey}lvky g_h[be*ddkd?¢ pvhiikd dhfihgh\dZ ]<*"jhkbkbdy aZzZlbkd:
gZe_ggy hl[ezZz%gZjhajh[hd gh\bo dhgkljmgt&€ azZ]lhlh\db azZ\zZglZ m\Zevgh€ fZrbghb
I1Z aZfegb g_"hkdhgZeh]lh mklzZldm\Zggy \dt\lgfZ]je\Zevgh€ i_q°* jbk \barhgZgZ a d
< hklZgges jhdb hkh[eb\_ agZg_dgydbidApbezlZ | _ogheh]eqgbo fejdm\Zgy |[_a mjZ
N jgeazZpey ckgmxghlh mklzZldm\Zggy dy:\ieb\anf~h\"bg Ijm[hijh\h”"e\ gZ WZjzZdl_j *
Ilhx i**\bs_ggy h”bgbqgh€ ijh*mdIEB\ggKFf=qgldo]ijhp_ke\ m Je?jhkbkl_fe

4 2 6

Jbkmghdljbgpbih\ZokfZ azZz\ZglZz " m\Zevgh€ fZrbgb Ijm[gbo aZ]hlh\hd m deevp_\m g
| e

1 +ihjlZze Z[h _klzdzZz~Z\eahd tgZkhkgZ klZgp2y*~jhpbesg”j f_oZgeafm dblZggy o

[hIm x]e”"jhpbeeg”j f_oZgeafm aZlbkdZggy Ijm[gh£€_aZthjhfidbZ dqgijb\h"
i_j_km\zZggy \eadaoh[hl taZlbkdgbc ijbkljec

gZeea ecl_jZlmjgbho ~Zgbo 1Z ihklzgldshz]e*jhkbkl_fZ feklblv ~h\]e fZ]ekljZees
ijh[e_fb >ey hpegdb ydhkle jh[hlb ]Je*phkjZidIl filgh ~ey azZ\ZglZ m\Zevgh€ HZrbgb a ¢
aZlbkdzZggy |Ijm[gh€ aZ]lhlh\db az\ZigdbimijBewyghf€ |h ijb ZgZeeaes i_j _o**gbo ijhy
fZrbgb deevp_\h€ gZ]je\Zevgh€ i_q+* \ kithpg kR[ojt*gh \jZoh\m\ZIlb o\bevh\e y\bsZ D]
dim\zZggih\bggZ [mlb aZzZ[_ai_q_gzZ fhspb\™w&yvg h[o**ghkihr pHarhiree _gbo_iZjZf
\bagZq_ggy \ieb\m dhfihgm\Zevgbdk jeie\g}y kidhg”~ghr_ggy fe o0ZjzZdl _jgbm gzZkhf a
[jmdlib\gbo izZjzZf_lje\ Jerjh_e_f_gle¥ rj\bdaghoeeqzZkhf ijh[s]m Zdmklbgghx o\be_x ~h\
geklv gZ~ecgeklv ¢ ydeklv jh[hlb kGZAZZekljbs Xd @ Ydsh pe 0ZjZdl_jge gZkb kmi
iemZlZpes€ + fh” _jgeaZp+€ azZ\ZglZ  m\@delvehE\f¥kbgB g _h[os*gh \[Zoh\m\ZIb
IZdh® \bgbdzZ} g_h[ot]tg\ekiM peebc jy~rIe\gyggy ]e*jhf_oZgedb sh hibkimxlv h~gh
mlhggxxgbo jhajZomgde\ gbc gldpehgZjgbc jmo \fyadh€ je*bgb } d\Za
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gbfb je\gyggyfb ]Jei_j[heeqgh]h Ibim rLky ydhko jhajh[dZ aZoh”e\ ih €0 agb _ggx
[Z]1Z1h kihkh[e\ \bjer_ggy Ahdj_fz \"dre\2RbhRgh€a ihklZ\e_ghx f_lhx \bjer_ge gZ
jh[hle F / @mdh\kvdh]h > @ \bdhjbklgtmazZz\R¥gigy jhajh[e_gZ fZl fZlbgfgZ fh"™ e
Ihn >9:ezf[_jZ sh ~"Z} gZhggm dZidbgkesthriggy ~bgzZfeqgbo ijhp_ke\ m ]¢*jhkbk
gy m~Zjgh€ o\bee gr THY*kljZe- oZgeafm aZzZlbkddggly€ljaZz]lhlh\db \bdhgzg-
?n_dlb\gbc kihke[ \bjer_ggy o\bevh\ih]lbgps “hkee” _ggy j_ "bfe\ jh[hlb ]Je*jhk
gyggy jhalbg_gbc E F LZjdh > @ hihfdoy]J@}i\jasb8ib jhalhgm [Z ]Zevim\Zdgy j_d|
jbklZgge hi_jZpecgh]lh f_Ih*m |Ijb pvh¥agejZprdywZevges j_"bfb jh[hlb Je~jhkbkl_fb
je\gygv \ ijb\Zlgbo ihos~"gbo a\h”bJjvky FRZIZ¢jZeb 1Z f_Ih*"b "hke*"GZAHJG¥K"
jZ€qgbo hi_jZpec gZ” nmgdpeyfb shlzZ\baggd@zZxéum fZl_fZlbggbo fh”_e £ aZzZklh

0ZjZdl_jelb\m a[mj_ggy gbo \jzdlbpe "bgZfeqgbo jhajZomgde\ j_Zeyv
;eevr rbjhdbfb fh eb\hklyfb \heh”eWjth&kdk!| f->@ fh gzZ ajh[blb \bkgh\hd sh
\hjeagbp_\e f _Ih*b i_j_I\hj_ggy je\lmygudhklej fZI_fZlbggh€ fh"_ee ydZ \jZoh\m}

\Zlgbo ihoe”gbo \ kbkl_fm a\bgZcdgbo\hbin_pdlogpkeljmdpe€ « jh[hlb Je*jhkbkl_fb az
evgbo je\gygv Fh”_ex\Zggy gZ :HF ]¢/mIgbd€qaprghlh\db az\zZglz m\Zevgh€ fZrbc
ijbkljh€\ a mjZom\zZggyf o\bevh\bo pjh\the€kgzZ]\\Zevggh&li_ "hpeevghb\bdhj
[jm[hijh\h~e jjinj@_gh K G Dh _\gedh\bklhym@&zIb kbkl_fm ~bn_j gpeZevgbo je\g)
IblZggy jZpehgZevgh€ ih[m~h\b fZh_fZjlb\gogfofihoe"gbo a g_eegecgbfb b g_klZp
N _ee ijb "hkee”” _gge aZ "hihfhl]hxh?HBE o\thlevnepe}glZfb i _j_I\hj_gbfb- degp_
\bo ijhp_ke\ \ Je~rjhkbkl_fe sh kdeZ*@ZybikWwba f_Ih~ hf \ kbkl_fm al\bqZcgbo ~
AT j_eZ “ble_ggy ~h\lh]h g_jhal]Zem|_ghdBeljgbo je\gygv a ]jZgbggbfbbmfh\Zft
[hijh\h~"m < kbeh\h]h Je~jhpbeegnj2a KKidefitpiakjz€qgbfb je\gyggyfb P_ B'Z} fh e
jh[hle 1: G_f_jh\kvdh]h > @ \\ekjiv[(KIBAbj_ggy [Zah\h€ ~bgZfeqgh€hfh”_e-
@ | >mkZgxd@d>IZ \ jh[hlZo 1 : FA2mjZaxhey} a \bkhdhx ~hklh\ejgeklx ZgZeeam\Z
F _1Z « aZz\"Zggy "hke*BZ gvhlh~gerfyegdm J]Je*jhkbkl _fb f_oZgeafm aZlbkdZgg)
gZk ZdimZevghx azZ”~Zq_x ijb ijh_d&ImazZzglglh\dbrhaz\ZglZz m\Zevgh€ fZrbgbh ydZ
e*””_gge J*Mjhijb\h~m a ~h\]bfb gzie+jylvfiy 1*i'ejb\m jeaghlh oZjZdhdmfm ~2Zi
fZ]lekljZeyfb aZebrzZyhbkKy + \k_[edg_ahge j_ bfgbo izZzjzf_Ije\
yle _ggy \ieb\m kiljmdIimjb ijb\h*m Ich]hJhajefyg fh Ibih\m jhajZomgdh\nh ko_fm
je\ e iZjzZf _lje\ gzZ\ZglZ  _ggy gZ oZjzZkbkjbkbbdbozZgeafm aZzZlbkdZggy Ijm[gh€ a.
i_j_oe~rgbo ijhp_ke\ Lhfm f_Ihx jh{hldZ}zZYhken\Zevgh€ fZrbgb deevp_\h€ gZ]j
AT ggy “bgZfeqgbo ijhp_ke\ \ ekgmxqgeaqe]ajpkbhkgbf ijp\h~hf dhljZz gzZz\_"~_gZ ¢
|_fe f_oZgeafm azZlbkdZggy Ijm[gh€& aZ]hlh\db aZz\
glzZ"m\Zevgh€ fZrbgb deevp_\h€ gZ]je\Zevgh€ i_q-
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JbkmghdJhajZomgdhkodZfzZz Je~jhkbkl_fb f_ozZgeafm azZlbkdZggy |Ijm[gh€ ZZ]hlh\db
"m\Zevgh€ fZrbgb deevp_\h€ gZ]je\Zevgh€ i_q- LI:
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M\_kv pbde jh[hlb ]Je*jhkbkl_fb £ oZg @fm a v g
IbkdZggy Ijm[gh€ aZzZ]hlh\db az\zgdz" m\Z—evghlé — —— V] v©;
rbgb dezAZ}lvky a A\ho nZa jh[hgh]lh oh¥m 1z o W 2 d © )
ehklh]l]h ohm 7ey dh 'gh]lh a ydbo oZJde i9Z KWy
kljmdImjz ]Je~jhf_oZgeqgh€ kbkl_fb R U _k

Hkgh\gZz az”~zZqz fzl_fZlbggh]lh fh"_ex\Z . :
kdeZ%Z}?vky m \qbang:gg-qubd]eh]_iZfE j)\(h-[h *?kd j+"bgb m J-"jhiz]vidjze-
oZgeafm azlbkdZggy I|jm[gh€ aZ]hmhh\dbbadZ\WAglZjs~bgb m Je2jhfz]CkIfZzes
\Zevgh€ fZrbgb 1Z ~bgzZfeqgbo ngh\’ZJgIZ!h_m pelgl ]**jZ\esqgh]lh hihjm 1Z ZeZf 1j Je"j
jhtZ]ekljZeyo \ aZe_-ghkle \e" 1_oghehlz&gbr«rih\eAgh dhhjrbgZIZ ij_lbgm ]
dhgkljmdlb\gbo 1Z j_"bfgbo iZjZf e "]jhﬂf'}('b(ljze' 1Z gFkklbgihgh€ je~bkgb
|_fb f_oZg-afm aZlbkdZggy Ijm[gh% _Hl!)]“b q<tfv jhaih\kx~" _ggy ijm gh€”o\bes m ]

\ZglZ'm\Zevgh€ fZrbgb . el . N
lib kdez~rZgge fzI fzIibqghlh hibkmiMjgheKli¢es 12 \bagzaztivky a \bjz"_ggy

yde ijhibdZxlv m ]e~jhkbkl_fe f _wdgeafmka
gy Ijm[gh€ aZ]lhlh\db aZz hkgh\m Hmeh \a
"bggm [Zam klI\hj_gm K F Dh™_\g-e dh\bf

> @ 1Z m ih~"Zevrhfm jha\lbg_gmil2n jrf‘lgi AN

jtmﬁ‘,l.j_"g_gbc fh mev h[f}fgh€ ijm ghk
l*"jhfZ]ekljZes Wbp@ZyZj}d" _ggy

ljb klI\hj_ge fZl_fZlbggh]h hibkm ijh yde
ijhibdzZxlv m J]e~jhkbkl_fe [meb ijbcgyle gZkimige § 1
ijbims _ggybkd jh[hgh€ je*bgb kI\hjh gbc @gZk 1 d

khf ihklecgbc \IjZIb je"bgb m Je~jlwkbkl_Te \egk ? !
lge gZ\_~ _gbc fh mev ijm ghkle JerjhfZ]ekljZe _c ©

gB c’k;)lZe_\b|V \eN |bkdm 1Z |_fi_jZlInrjb jh/{hEl]?Elithmev ijm ghkle jeAbgb 1Z fZI
"bg
FZI_fZlbggz fh"_ev "h\]h€ J*"hfZ]ikzidf* Ipd[hijh\Bl "tz C+r«Zf 1j 1Z Ih\sbgZ

kbkl_fb a jhaih~ee_gtffo ljizfb "ey gklegdb Ijm[hijh\h"m

klZeh]h jmom j_Zevgh€ ijm gh€ je"bgb ShHpkmldykYkbk! fb \ fZI _fZlbggec fh~_es

j*\gyggyfb > @ \bdhjbklh\m}Ivky djeq@mb\dn \bc f_Ih" i_]j
INhj_ggy je\gygv \ ijb\ZIgbo ihoe"gbo \ kbkl_
al\bgZcgbo ~bn_j_gpecgbo je\gygv Je\gyggoy
i_j_INhj_g_ 1Zdbf qgbghf azibr_Ivib¥E ~ey L
Neeygdih@M]erjhfZ]eklpZadb]ey”s

dvii B 1j Rj ij T _[
dt Uk~j 2 k]
@
% E V- V; .
dt kW TR

]
,j tghf_j ~"eeygdb 1Z g~ _dk J+~jhfZRXdfBeklv jmom jh[hgh€-j=¢ bgr\gps M
Ih€ J+~jhfZ]ekljZes fh _ [mlb \bjZ _gZ m \b]ey
[,j t]enjZ\eeqgbc -hhi€ Leeyglthh M AjhkZ]e
Q|,] |’J E; (3)

liZesE +ijb\_~ gbc fh~ mev ijm ghklh€”e
‘ j*ibl_"_g jm-g %M osiensz ihij_dghi_j_j-atheM ]

]-"jhfZ]-kIjZkei-_FrZ] “bkdj_IlbaZp+€ yHbez\bpgze.

N s _ leAKIZ\b\ m 1Z ajh[b\rb i_j_I\hj_ggy
azylvky a \bjz' oyl /ni. Ly 1z nps o o (Zihggm tha ev JeAjnfZ]ekijZes
"h\>bgZ Ibkeh ~eeyghd jhdptEllyeMhkz]¢haih”ree_gbfb iZjzf_ljzfb

l[jZe-
dQi; fj Pi 1j R N :rQ_ ‘ o
dt UK, C AT
) : 4)
Bi,j -
dt kj ij Ql,j Q 1j

>ey _n_dlb\gh]h \jZom\Zggy o\bkkevh\bdbpzdgegbc \b[*¢j jZpehgZevgh]h rZgm ~bkdj_I
Ib\hk ¢ hdj_fbo J]e~jhfZ]ekljZe_c m_ fips€egZihkgh\e ZgZeeam ~bgZfeqgh® j_Zdpe€ |
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l[jZes gZ \ieb\ a[mj_ggy o2Zjzdl_jgbc ~ "Zgh]T:_h o . dxs
Je~jhijb\h~m < ydhkle 1Zdbo \ieb\«\ a[-ra-tr gg@—\—~ =
mfh\Zo gZkhkghlhZijg@ogzkler_ aZzb\k x F dtoe ()
kimizxlv ijzdlbggh fbll}\_ klijvhlm\Zgjg)y d E . dx - 8§

jmxgqbo _e_f_gle\ 1Z jZilh\Z amibgdZ jh[RghIn e - - -7 4 @ ©
1]1Zgm gZ ijb degpe ch]l]h jmom LzZdbf gbghf "ey éhF r
gh€ a Je~jhfZ]-kljZe_c [meh \aylh Zp-bgZpyvgep @ tibkd \ ihjrg_\ec < rlhdh\ec i

keh ~eeyghd jhak[jbll)sh aZ[_ai_gqm} a%ﬁ\zggor@- ]-"jhpbe-Ei‘j-ZFr 4ih[hqZ iehsz
lhggeklv fh"_e- ihjrgy 1*~jhpbesg”jZ m ihjrg_\ec <hrihdh\e
Mfh\hx kijy]Zggy ~\ho kmfe gbo Ve q Y 20 .\,0 .
avagn ol T9eY g e gt gbe, S &g 9 «\0 sihgzidh\be h[1}f ihjrg_\he
Qi Q1) Q2 rilhdh\h€ ihjh gbgb ]<"jhptQ@:g*[@ +
AfegZ Ibkdm m \e~ih\s~Agbo ihjh gbgdBUZlgjrig[hah€ je~bgb \ ihjrg_\ec <hrihdhi.
\bo ]<~jhpbeeg”je\ hibkm}lvky ~bn_j_dh-aBbtblr ihpbe-ytfihhjrbgZlZ iheh _ggy
\gyggyfb jhfhgh]h hj]Zgm ]+"jhpbe.g”"jZ
Jmo jh[hgh]h hjl]Zzgm f_oZgeafm mZlbkdZz
[gh€ aZzZ]lhlh\db az\Zglz m\Zevgh€ mfZrbghb

Hvky
2
X X -
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A : e A \jZoh\m\ZIb g_ jZilh\eklv KijZpvh\rm\Zggy
gbo ljm[hijhih?ed gbdh\bo ]+Ajhjhaih~rsevgbds\ iehss ijhosAg
j_lbgm ydbo afegx}lvky ih aZzdhgm > @
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NZjlgbo f_Ih~e\ JnmllZ

J_amevlZIlb "hkees" Mgon"e j ZeemaZpe€ k
kl_fb je\gygv m ijh]jZzfghfm k_j _~h\bse 6LF
0$7/$% [meb hljbfZge j_ameviZlb ~hkes?
"b@feqgbo ijhp_ke\ \ Jerjhkbkl_fe Z 0Zge-al
IbkdZggy Ijm[gh€ aZ]hlh\db azZ\ZgZ2Z m\Ze
rbgb deevp_\h€ gZ]je\Zevgh€ i_q° &I: J
[ZIb ~“hkee”"_gv gZ\_"~_g* gZ jbk ey jh
ohm 1Z gZ jbk ey a\hjhlgh]l]h ohm f_
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Jbkmghdt J_ameviZlb ~“hkee”"_ggy j_"bfe\ jh[hlb «kgmxgh€ ]e*jhkbklI_fb f_oZg

lim[gh€ azZ]lhlh\db ijb jh[hghfm oh”e

21



33 ! wxr e |ISSN 1022335 <1,2022

s 10 | 030

E P v §
= o gl ! Jo2e 2 5
s =g
E 2 - > 5
22 Iwo——, . 5%
HE s o 2 F
~ "' L E
o vv ET o,
5 E g3
Jas} < P =
= il 5]
EE 2=
¥ S 4+ q012 5§ -
2 <
2 - =
o O 2 E
: . i
K ?E 2 | Joos = B
22 e =

g 2

= 0 | | L | A 0

0 0.25 0.50 0.75 1.00 1.25 1.50
Yac t, cex

Jbkmghdt J_ameviZlb "hkee”" _ggy j_"bfe\ jh[hlb <kgmxqgh€ ]e*jhkbkl_fb f_oZgea
[fjm[gh&€]alh\db ijb a\hjhlghfm oh"s

< j_amevlizZle "hkee"" _ggy j_ bfe\ jhjhpgbePg”jm gZ ijb degpe jh[hgh]lh 1Z a\hjhl
jhkbkl_fb f_oZga&fimkdZggy Ijm[gh€ adiik\db~hfbfb azZkh[Zfb ijba\_~_ ~h kmll}\h]
[meh \klZzgh\e_gh sh ijb ijh_dlghfm g[*b¥r_jggy pbdem jh[hlb f_oZgeafrmv P_ \e~[m
[hib g_[_ai_gqge ~bgZfeqge gZ\ZglZh _&kyylhmim]e&jh \erhfe aZkh[b ]Zevim\Aggy \ hkgt
kbkl_fe g_ \bgbdzxlv H~gzZd [megh YklZgHre~h\Zge gZ ijbgpbic "jhke®lxdBggy |
sh gZ ijb degpe jh[hgh]lh 1Z a\hjhigh]hGatibs\mj jhaleygmlh iblZggy aghd_ggy “~bag:
pbeeg"jm f_oZ@AllbrhdZggydegp_\bd igbo gzZ\ZglZ _gv jZpehgZevgbf qZkhf azZdjblly
"_ggyo \bgbdZz} jZilh\Z amibgdZ ibjrgmxXahjmp]le*jhjhaih®"eevgbdZ 1Z aZkkhkm\Zggy
e*g”™jZ gZ “hjkldbc mihj djbrdb Je*jh@deelgtizlZevimxgh]lh ijbkljhx m \b]Jey”es dhge
sh ijba\h”~blv ~h jzZilh\h]lh gzZ\ZglzZ o§lgklhylzdz \_j_1_gZ
jeav[h\_ af}l~gahgigykoh ]Je*jhpbeeg”jZ a dibjef pvh]im~mlv \bagZqg_ge-eyhp-hgZ
dzfb Gz\Zglz _ggy yde \bgbdZxlv m bsfbjhjkfklbfekgmxgh€ Je~jhkbkl_fbaZf _ozZgeafm
i_j_\ermxlv fZdkbfZevgh ~himklibfe HkZZ ooy Ijm[gh€ am hilhjsdh® €€ jhalhgm Ijb
Ijb pvhfm dh_nepe}gl ~bgzZfeqghkle Jp¢hHRbkigZbb [m~_ jha]Jey”~ZIlbky jZpehgZevgb
gZ ijb degpe jh[hghlh oh”m 1Z a\hjhlgjyhhd hYerhdkblly 1Z azZdjblly d_jmxqgi]lh Je~jhjh:

gh\blv Da |:|,Z FlZ P_f‘-evgbdz .I.bI_Zggy af[eevr_ggy gZkm \e~djblh

o . jmxghlh pejhjaih”reevgbdZ 1Z a[eevr_ggy qgb af
agZgh i_j_\bsm} ~himklbf_ agZq_ggy gdfh__g%')p'i}ehs- ch]lh ijhos~gh]lh i_j lagm gZfb j
Im ~bgZzfeqghkle “ey Je”"jhkbkl_f ydbeyAAlskgXy_[m~_ Ihfm sh p_ ijba\_~_ ~h a]

Da Hdjsf ITh]h [meh \klZgh\e_gh Fshdh pbdem jh[hlb f_@Z¢bktAggy lim{gh€

. . I . . ..aZ]lhlh\db azZ\ZglZ m\Zevgh€ fZrbgb

jeh” ‘jhalhgm ihjrgy ]e"jhpbesg”im ijb JRPWAYM (m~r " ihey]zIib m Ihfm sh[ j_dhf_g

1z a\hjhlghfm oh”+ ohqZ = g_\bgbdZxi,9iAape HB-hgzevgbc ihjyrhd jH{hib d_jmx

gZ\ZgIZg_\g . h‘ gzd k|hk.l_1-]ZxIv.ky dw?b]\,z\ BYhaihreevgbdzZ ijb ydhfm ~pgzZfeqge g

Ibkdm m _ihjh gbgZo J-"jhpbe-gjm sy i@\ plVerjnkbkl _fo [meb [ gZcf_grbfb

“h ijhib\Zggy ahehlgbd-\ J-"jhjhaih?-evgddihinkpki_fe \bdhjbklh\m}Iivky q+~jhjhaih’
M ijhp_ke jhalhgm 1Z JZevim\Zggy J*"jZ\e* hlh .~ .

\bdhgZ\qh]h f_oZgeafm dheb\ZevgoZij]ﬁ 3Ry Y%%bcg"”_zf"’ﬁ)\_a@ kz ohqz al-"gh a

feqge gZ\ZglZ'  _ggy ijhy\eyxmMignimyh[€hTh 1_ogeqo&Z¥ZdI_jbklbdhx qgZk kmnjZpvh\

as Agb _ggy \dZaZgbo y\bs } \_evfb\ZgdmZagg@mh~bivky m 0f05xa3,0k .

az”zq_x 1Z fh _ aneckgx\Zlbky jeagbfBH@gNGhiPpey Je~jhjhaihreevgbdZ ih[mAh\ZgZ |

|he-|r._ggyf ]e~jZ\eeqgbo oZJZFjI_thklbq%?_.hq_fsh qzk \e~djblly 1Z azdjbllyrh [m~_ h~g

[o\ d_jm\Zg.g.y aZkIhkm\IZg.gyf jeagbo \oﬂ}'l_gﬁﬁﬁhjo\bdhgz}fh Ahkeer' _ggy ~bgzZfsqg

!bkdm 1Z Ijbk|_]h€\ "_fl_n-!m\Zggy kﬂj\ﬁl,b__@gyf yde [mAmlv \eA[mAjhlbkkIl nfe]f

iZpehgighe ]-"jhko_fb i_j_oh"hf 9Z,dql0gMBkdzggy Ijm[gh€ az]hlh\d& az\ZglZ |

ZiZjZlmjm a ijhihjpecgbf d_jm\Zggyf dgqhienibikign jeaghfm gqzke kijzpvhim\zZggy d

f_lh~rZfb sh azZklhkh\mxlvky “ey dh jg‘r'i‘i'dhﬂ’ﬁ'q-’\jhjhaih"-evgbdz

j_lghlh Abiz~dm \ J_ameviZlb ~hkes" _ggy j_ bfe\ Hh[hib ]e7]
Agb _ggy "bgZfeqgbo gZ\ZglZ _&v phil"tHhkP 0zgeafm azlbkdZggy Ijm[gh€ az]t

|_fef_oZge-abtilbkdZggy Ijm[gh€ aZ]hlhigbzgL\ m\zevghe fZrbgbhed-gXhj+\Zevghe

glZz" m\Zevgh€ bZmbg_jeh” amibgdhb |-thig¥l,] m i_jeh~ \erdjblly d_jmxgh]lh V+~jhjhaih”
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gbdz \ aZe_"ghkle \er gZkm ch]lh KkifZplh\@eWdgowggy [*evrZ Z g
ij_~klzZ\e_ge* gZ jbk ijb jh[hghfmhlZeakimhlgbddhjlb f_oZgeafm

fm oh”e Jerjhpbeeg”"jZ

J_amevlZlb

"hkeen

99y j_ bfe\ h[hib ]:

>hkee”" m\Z\ky j_"bf ]Zevim\Zggy kKbkyyfbmf_oZgeafm aZlbkdZggy Ijm[gh€ a
degp_\hfm iheh” _gge dhlglkgdbtdhd \ jaz\ZglZz m\Zevgh€ fZrbgb deevp_ \h€ gZ]j:
| _ghf >h\'bgZ dzZf_jb ]Zevfm\Zggy [me@d hmbc¢_jeh” ]Zevim\Zggy m degp_\hfm ih
ylZ je\ghx ff 1z ff >h\"bgzZ daf_jg_YkdZ\e_ge+ gZ jbk ijb jh[hghfmhIZ a\hj
fm\Zggy f_grZ Z g-° ff \1jZzqZ} dhghkmjmd&Me"jhpbeeg”jZ
gbc k_gk 1Z g_fh'eb\Z m j ZecaZpEZ+€ >h\'bgzZ d

z
gg 0.07 ;);
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§[ E 0.06 E‘)E‘—
0 Mecen | Maener | aeren | aercer
1) 2) 3) 4)
JbkmghdJ _amevliZlb “hkee”" _ggy j_"bfe\ jh[hlb ]Je*jhkbkl_fb f_oZgeafm aZlbkd

jhfhghlh oh*m Zz oh”m \ aZe_"ghkle \er” gZkm \e~djblly ahehlg
gbdz
gZk kijZpvh\m¥Zggyk _d

qzk kijZpvh\m¥Zggyk d

Iz a\hjhligh]lh [
gZk kijZpvhitm\zZggy
gZk kijZpvhitm\zZggy
H[Ih\hj_ggy_amevIZI|sA ZgZeeam vj_&mEBgghb \bdhjbklZgge ]e"jZ\eeqgh]lh ijbklj
[Zle\ “"hkee""_ggy "bgZfegqgbo ijhp_ke\]Zdkim\Zgypde gZ ijb degpe jh[hghlhloh®m Iz
\er"[M\ZXxIvky m Je~jhkbkl _fe f o0ZgeafnyhaldlbkidZggly aZe “ghkle \er ~h\"bgb ]Zevf
ijb \enrdjblle d_jmxgh]lh ]Je”*jhjhaih”ZevighbdZ ~ecdb \bkgh\dm sh gZc[eevr ijbrZIgl
e_"ghkle \er gqZkm ch]lh kijZpvhim\Zg@ysZglskgqZhA bghx Je"jZ\edhkdphph Ji¥e
ijhl_ sh m ]Jerjhkbk[mfeZ%l¥ky ydek@h hrigZggy m ff Ijb 1Zdec ~"h\ bges Zjbkljhx
dh\e "bgZfeqg-e ijlhp] kob~ge ijhp eMdm\Zggy ~"bgzZfeqge gZ\ZglZ  _ggy m ]J*"j
yde \erN[mM\ZxlXKybkmgdm fegefZevge yd ijb jh[hghfm 1Z a\hjhlghfm
]Jerjhkbkl_fe ijb gZke kijZpvh\m\aggh"p2dhjhb pvhfm agZgqgh a[sevrm}lvky pbd:¢
ihrneevghd,dby0,30k _ ydekgh hrgZdtibg aZ jZomghd jhaly]m\Zggy jm bfm ]
ydgZ ihgzldm jh[hghlh 1Zd - a'\mjhlrgv_h]hzq gy m aZktm p_c \Zj-Zgl } g_ adlkef ~h
()\h" qb a \bs_ kdzZazghlh dh gz j_
Njeagyxlvky leevdb gzZkhf €0 ijhle ngg ?I . bAZlab o bf 1Zevim\z
hljbfZzgbo ~Zgbo fh gz ~eclb \bkgh\d 3 ilhpbeev.r IJJm mgdcgg \bo ]|h§¥ mgg
L] i N i
[revr g_i1b Z'gb“li} qZk k"Zp"h\'"\Zgbd[{’] };mh 1Z a\hjhlghfm oh”s a \bdhjbklZgg
jhaih -evgbdQ,lﬁZ _ _ jz\e-qghlh
"bgZfeqjdplko fifih p bkgZAfeqge

ijbkljhx ]Zevim\Zigglyx "m\
M j_amevlZle ZgZeeam
fe f_@zZbealffrevim\Zggy

ijhp_kb yde \eA[m\ZxIvky m
6) yde \erA[m\¥xhvKerjhkbkl_ ihjrgy m degp_\hfm itheh  _gg-
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ihfhlhx Je"jzZ\eeqgh]lh ijbkljhx ]ZewimpZddgm ~pbde jh[hlb fZrbgb af[eevrblvky Ze_ ¢
\"bghx m ff ydekgh h~gzZdh\e yd ijpmh[hgfim_gkh\Zgh agb’  _ggyf qZkm KkijZpvh
IZzd « ijb a\hjhlghfm oh”e |Z \eNjeagyXdyRky JePihjhaih”~eevgbdZz

agZqg_ggybikkdm r\b~dhkle 1Z i_j fes_ggy Ijb
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Jbkmghdl _amevliZlb "hke«""bfgy jjh[hlb Je*jhkbkl _fb f _oZgeafm azZlbkdZggy gZ ijk
jh[hgh]lh oh"m Z 1Z a\hjhlgh]lh [ oh”m \ aZe_"ghkle \e®~ "h\"bgZ dZf_jb ]Zevfn
"h\"bgz dzf_jb ]Zevfm\Zggy ff "h\"bgz dzZf_jb ]Zevfm\Zggy ff

A f_Thx i_j_\ejdb ijZzmhkiZzlazijthih@meviZlb ~“hkee”" _gv k\erqZlv ijh ®hpeevgek
\Zgbo |I_ogeqgbo jer_gv [meh \bdhgZghglvhjgHbighihgmxlvky
"hkee~ _ggy j_"bfe\ jh[hlb ]Je~jhkbkd_fb £b&@ydb
afm aZzZlbkdZggy Ijm[gh€ aZ]hlh\d azZz\ZglWhajhie_gh fZI_fZlbggm fh”_eg “hkee" _
gh€ fZrbgb J_ameviZlb "~hkee” _gv gybgBgafghgbo ijhp_ke\ sh \eA[m\BAxIvky m ]
ijhp_ke\ yde \eA[m\ZxIvky m Je~rjhkbkl _Kbkil dZgtadbmgeafm aZlbkdZggy Ijm[gh€ aZz]t
aZlbkzggy Ijm[gh€ aZ]hlh\db ijb jh[h@ZidglZbk\Zevgh€ fZrbgb deevp_\h€ gZ]je\Z
IZ a\hjhlghfm jbk oh”e a aZijhihgh\Zlgbfb ydZ \jZoh\m} o\bevh\ehijhp_kb m
gZkhf kijZzpvh\m\zZggy ]J*~jhjhaih?e®vdbh& [b2jhfZ]ekylpZ
jZ\eeqghlh ijbkljhx JZevfnHU4ibdge _]j

v P

. Mlla

mn

i

|

IIBuaKicTs NEpeMimenHs v, M/c Ta
MEPEMINICHHA X , M HOPIIHA T1IPOLHIIHAPA

, Mlla1a mrrokogiii p
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e

MOPIIHEBIH P

0
0 025 0.50 075 o 125 1.50 175

Yac t, cex
Jbkmgha J_ameviZlb ~hkes~"_ggy j_ bfs\ jh[hib J+~jhkbkl_fb f_oZgeafrd azlbkdZg
Jhih\db ijb jh[hghfm oh~s
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0 0.25 0.50 0.75 1 ”“ 1.25
Yac t, cex

JbkmghdJ_ameviZlb ~“hkes”"_ggy j_"bfe\ jh[hlb ]+~jhkbkl| _fb f_oZgeafrd aZlbkoc
Jhih\db ijb aVhjhighfm oh”e

AZijhihgh\zgz fzIl_fZlbqgZz fh”_ev Apm\jhdhphfm 1Zd « a\hjhlghfm oh”e ]Je”~jhpb
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Fha _ex\Zggy \ieb\m j_bfm dyhATadlG gZ fZkhh[fe

ijhp_kb 1Z reZzdhmlI\hj_ggy m dbkg_\hfm dhg
Kamkina L.V., Mishalkin A.P., Kamkin V.Yu., Mianovska Ya.V., Dvorkovy O.I., Isaeva L.E.

Modeling of the influence of the bath blowing mode on mass exchange

processes and slag formatin in the oxygen converter

ghlZpey
F_I1Z <klzZzgh\blpZpehgZevgbfbijh"m\ZggdgglkZ reZdhml\hj_dpgy\bdhjbklZdpAa~bpecgbo
IZ "hkeerglZd_jeZewdaz[_ai_gmxiv_dlib\giZnegm\Zg¢Federdereb\Btferhdhkees"blb
\ieb\ afegb h¥bjgZfegqghlh klZgm dhg\_jl_jgh€ \Zggb gZ klecdeklv nml_jm\Zggjy ijh[e_fgbo al
I_jZ 1Z \1jZlb f_1Zem a \bghkhf \bdb”"Zfb a dhjhevdZfb f_IZem sh aeb\Zxlvky a* reZdhf
F_Ih~bdZ jh[hle \bdhjbklZgh f_Ih*"b oheh”ghlh 1Z \bkhdhl_fi_jZImjgdy hijhp" kewx\Zg
\biez\db klZe+s Ijb ijh\_~_gge+ _dki_jbf_gle\ a oheh”gh]lh fh”_ex\Zggy ~hljbfmdZebky j_"bfm
gy\ je*bgm kljmf_ge*\ ]Zam gZ ajZadm « fh"_dtaa@\Z[flat_gqvggyfa G\ dhg\_fHlepb G\
[bgZ \Zggb gZ fh”r_ees 1Z "exqlhfim dhsgrh)"bgZ j_Zdpecgh€ ahgb ijb \bkhdhl_fihjZImjghfm f
N _ex\Zgge \bagZqZeZkv yd "h\"bgZ i_j\bggh€ j_Zdpecgh&dHdb gitkmdhgghdi® "eey
db sh ml\hjx}Ivky ijb ijhgbdg_gge 1Zah\h]h kljnmFes gfh\ibYEZqinf a a@Z[ggyf ih*e[ghkle
]_hf_lje€ fh~_ees 1Z ajZadZ \\Z Zeb g_h[os~gbfbANE&y hikbZgrdh ~"Zgbo "ey ydekgh€ |Z de-e
dekgh€ hpegdb yd ]Je*jh~bgZfeqgh]lh klZgm dhg\_jl_jgh€ \Zggb 1Zd « \ieb\m afmgb kihkh[m |Z
\Zggy \Zggb gZ-wm=dbgidh [ekb\hkle jZnegm\Zggy klZee aZ qZkhf ijhp_km >h~Zldb\hx mfhihx }
fZggy mfh\b je\ghkle \erghr_ggy iehsbgb \Zggb ~h iehsbgb \gmljergvh]lh i_j_jeam khiezZ ijh*
6\Zggb 6khiez fh~_ev 6\Zggb 6khiezZz ajZzahd gZ fh"_e+ 1Z ajZadm
GZmdh\Z gh\balgjZlbggh h[%jmglh\Zgh |Z _dki_jbf_glZevgh is?I\_j~" _gZ ~hpeevgeklv \bdhjbk
ey \klZzgh\e_ggy \ieb\m g feecegrdibhp_kb IZ i_j_I\Vhj_ggy \ dhg\_jl_jgec \Zggegj_"bfm ijh"m\:
gy “"ey oZjzdl_jbklbdb ydhlh \b[jZeb]r2ZjERrblgZfeqgbc nZclihjhje\gx} kie\\e~rghr_ggx
/ja, G\ < k\hx gq_jlm ~h\"bgZ j_Zdpecgh€ ahgb sh mljbfm}ivky ijb ijhgbdg_gges ]Zah\h]h kil
aZe_"blv \eN egl_gkb\ghkle ijh"m\Rgy4 /ja a
<i_jr_ ey \bagZqg_ggy i** gZk ijh*m\Zggy dbkg_f aZezam mhg\pjl\hpth€h®wZggh\ +gl_gkb
ghkle i_j \h"m kejdb \ reZd "ey "¢«ZiZahgm afegb \fekim \ gvhfm \m]e_px \bdhjbklzgkt
\bagZqZ} klZg i_j_ferm\Zggy \Zggb i*” qZk €€ {jjhamGAggy dyhy thgZ i_j\bgghE j_Z
pecgh@tmhydZ mli\hjx}lvky ijb ijhgbdg_gge dbkg_\h]h klIjmf_gx \ f_IZe_\bc jhaiezZ\ 1_j\bggZ j
ahgz } ~ _j_ehf ml\hj_ggy imabje\ KH aZ j_Zdpe}x )H2 & )H &2 yde \e”rih\e”r"Zxlv aZ <gl_
j_ferm\Zggy \Zggb reyohf mi\hj_ggy pbjdmeyp-Zero\ihZigde\ fyde \ k\hx g_jlm \e”ih\e”rZxlv aZ
ljzgkihjl _e_f_gtMhferhd ~h f_"» f-d&2d
IlhdZaZzgh sh \ az*"Zghfm ~«ZiZahge afegb \fekim \ f_IZe_\hfm jhaieZ\s \m]Je_f@x aZe_"geklv 1
e_ggy a f_IZem \ reZd kejdb \e~ JerjhrbgZfefiahlBNQEKbIym_dklj_fZevgbc 0Zjzdl_j < p_c
gZk dheb “hky]zZ}Ivky fZdkbfZevgbc _n_dl i_j_ferm\Zggy \Zggb ijb gZy\ghklZz g_h[o*~gh€ h
dh\h€ nZab r\b~deklv j_Zdp+€ ~_kmevnmjZpe+€ "ey "Zghbo mfh\ } fZdkbfZevghx < ih~Zevrh
ljZ~"bpecgh€ ko_fb dhg\_jim\Zggy "ey ydh€ oZzZjzdl_jgh jead_ i*"\bs_ggy \feklm \ rezZdm

r\brdeklv j_Zdpe€ "_kmevnmjZp+e€ s_ ijb "hklZlgec r\b~rdhkle f_IZe_\bo ihlhde\ af_g
ljZzdlbgqgZ agZgbfeklv
Agb _ggy *gl_gkb\ghkle ijhf*mXZggly€ \Zggb \ mfh\Zo j_ZeecaZp+€ \bieZ\db klZe+ \ eZ[hjZIh]j

¢
\

dbkg_\hfm dhg\_jl_je a\_jogef dbkg_\bf ijh*m\Zggyf a f I o\ ~h f | o\ mb a[eevr_gg-
\Zggy gZ ie"\bsbeh ihdZagbd ~_kmevnmjZpe€ >h\_"_g@yh_&€&ige€vr_ikingelvlhmazZpe
\_jr_ggy “hkylgmlh aZ jZomghd jZpehgZevgh€ hjl]ZgeaZp+€ i_j ferm\Zggy jhaieZ\m \ dh¢

\enNih\e”rgZ I1Z _n_dlb\gZ a lhgdb ahjm azZ\_jr_ggy "_kmevnmjZpe€ klZee r\brdeklv "hklZ\db f_
pecgh€ ih\_joge aZ[_aingbeh)jb\ygygges a [*evr \bkhdh «gl_gkb\gbf ijh"m\Zgg¢f \Zggb dbkg_
deklIx j_Zdpe€ ~"_kmevnmjZpe€ gZ f_"e-jbAih sjbnp¥hffeagZq_ggy ihdZaghdZ /b6 6 >6@ i*"\|
ehkv a ~h

Dexgh\e keh\Z klZev dhg\_jl_j i_j_ferm\Zgdy A\hdgbhZggyw ]Je*jh~"bgzZfeqgbc nzdlhj ~»
kmevnmjZpey reZdhml\hjxxge kmfere \eroh”b \bjh[gbpl\Z

Abstract.

Jurpose. Establish rational modes of bath blowing and slag formationwhen using traditional and experimental materials
that ensure effective refining of steel from harmful impurities. To investigate the influence of the change in the hydrody-
namic state of the converter bath on the stability of the lining of problem areas of the converter and the loss of metal
with removal, emissions, with metal balls merging with the slag.

Method. The work uses methods of cold and high-temperature modeling of the steel smelting process. When conducting
experiments on cold modeling, the mode of penetration of gas jets into the liquid on the sample and the model was ob-
served with the provision of Lrz/Nv (model) =Lrz/Nv (converter). Nvis the depth of the bath on the model and the work-
ing converter. Lrz - the length of the reaction zone in high-temperature simulations was determined as the length of the
primary reaction zone, and in the cold one - as the length of the jet section formed when the gas jet penetrates the lig-
uid. These conditions, together with ensuring the similarity of the geometry of the model and the sample, were consid-
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ered necessary and sufficient for obtaining data for qualitative and quantitative assessment of both the hydrodynamic
state of the converter bath and the effect of changing the method and parameters of blowing the bath on the physico-
chemical features of steel refining according to the time of the process. An additional condition is compliance with the
condition of equality of the ratio of the plane of the bath to the plane of the internal section of the nozzle of the blowing
nozzle: (Sbaths/Snozzles) model=(Sbaths/Snozzles) sample on the model and sample.

Scientific novelty. Theoretically substantiated and experimentally confirmed the expediency of using to determine the ef-
fect on physico-chemical processes and conversion in the converter bath of the blowing mode, for the characteristic of
which the parameter - hydrodynamic factor equal to the ratio LrzI/Nvwas chosen. In turn, the length of the reaction zone
that remains when the gas jet enters the bath depends on the intensity of blowing: Lrz ~ K q0.4.

For the firsttime, the parameter that determines the state of mixing of the bath during its oxygen blowing - LrzI/Nv - was
used to determine the intensity of sulfur conversion into slag during the oxygen blowing of the iron-carbon melt of the
converter bath for the range of changes inthe carbon contentin it 3.0...0.25. where Lrzl is the length of the primary re-
action zone, whichis formed when the oxygen jet penetrates the metal melt. The primaryreaction zone is the source of
the formation of CO bubbles according to the reaction FeO + C = Fe + CO, which are responsible for the intensity of
mixing of the bath through the formation of circulating flows of metal in the bath, which in turn are responsible for the
transport of impurity elements to the metal-slag boundary.

It is shown that in the given range of changes in the content of carbon in the metal melt, the dependence of the removal
rate of sulfur from the metal into the slag on the hydrodynamic parameter LrzI/Nv is extreme. At this time, when the
maximum mixing effect of the bath is achieved, in the presence of the necessary basicity of the slag phase, the speed of
the desulfurization reaction for these conditionsis maximum. In the future, in the case of the implementation of the tradi-
tional conversion scheme, which is characterized by a sharp increase in the content of iron oxides in the slag
(15...17%), the speed of the desulfurization reaction decreased even with a sufficient speed of metal flows.

Practical significance.

Reducing the intensity of metal bath blowing in the conditions of steel smelting in a lab oratory oxygen converter with up-
SHU R[\JHQ EORZLQJ IURP P W PLQ WR P WPLQ ZKLOH LQFUHDMLQJ WKH EORZL(
phurization rate . Bringing the desulfurization reaction to its fuller completion was achieved due to the rational organiza-
tion of mixing the meltin the converter bath: the appropriate and effective rate of metal delivery to the reaction surface
from the point of view of the completion of steel desulfurization ensured a higher speed of the desulfurization reaction at
the border compared to more intensive blowing of the bath with oxygen metal-slag distribution. At the same time, the
value of the indicator Ls =(S)/[S] increased from 6.4 to 10.5.

Key words: steel, converter, mixingof the bath, blowing modes, hydrodynamic factor, desulfurization, slag-forming mix-
tures, production waste
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} ijbgbghx €€ klI\hj_ggy jhajh[dZ XihfkhZemihaydZ \bagzZqz}Ivky r\b~deklx Zkbfee
icqgh€ h[jh[db a f_lhx iheeir_ggy ydhlkidkdh¥te]*h a\ZigzZ ieqgbf reZzdhéxigviélg
"hkylg _ggyf gZ~gbavdh]h \fekim \ fmRAédy_ ggydboefeqgh Zdlb\gh]h hkgh\gh]h rezd
nhknhjm ZahIlm dbkgx Z[h |I_ sh \ @hgbhhfmaz\ mfh\Zo af_gr_ggy gZkm ijh m\
a[eevr_ggyf ijdNhmghkle Zlj_1Zls\ f[rZd \h€ \Zggb dbkg_f kmll}\h af_grblvky
ijhe]ghjh\Zge nRoalbddge hkh[eb\hkle REgi]dv \bdhjbklZggy *"_kmevnmjmxqgh]h ihl_g
ijhp_km reZdh\h€ nzZab |h\_"egdZ kejdb \ f_[Zees ie”"

< j_amevlZle aZ jZomghd af_gr_ogwgyijgZhmzZgoywagzZqzZz}Iivky r\b~deklx azZk\h}ggy
\Zggy dhg\_jl _jgh€ \Zggb ~hkylgmhk a&agibgZggeZghf Z Kkis\\e~ghr_ggy jhaih”ee_gc
km pbdem ijhp_km a a o\ ~h a okejcksth g Zg@ghd hf « f_[Zehf 6 >6 @ aZa\lbc
i*"\bsbeh ijh~mdlb\geklv ilhpkirehbijazZze_ “blv \«» hkgh\ghkle reZdm
gbghx jy*m g_]Zlb\gbo _n_dle\ | _ofghehMqfhydbo \biZz*"dZo af[eevr_ggy \feklm )H?Z
jZzdl_jm hkgh\gbfb a ydbo } reZdm af[eevrm} \e~ghr_ggy 6 >6 @ Ze_ p

- agb” _ggy _n_dlb\ghkle \bdhjbkhZglwygZqijlyfih€ j Zdpe€ f° >6@ 1Z )Hg2 Aleevr
p_ke \biez\db gZie\ijh"mdIm neabdghgy!| JERIbmgreZdm ijbkdhjx} r\b~rdeklv reZdhm
\mgm [|Z oefeqgh€ |I_iehlb _dahl_jfeggbey j ZidZgef gbghf a[eevrm} hkgh\geklv |Z

deklv reZzdm J_amevliZlb "hkes”  _gv ihdZaZe
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dh_nepe}gl jhaih~eem [m~_ gZc\bsbf hyyddghmedyggy gZc[eevr jZpehgZevgh€ ko _
geklv rezdm klzZgh\bekfekl YH2 klZgh\thdevdhkle jhafes _ggy ijh*m\Zevgb& ijbkljh
21% [2]. klhkm\Zggy vydbo 7Z} fh eb\eklv j_]Jmex
Lhfm \Z eb\h ijbkdhjblb reZzdhmI\hhddbkexhZevgh]h ihl_gpeZem “mlly haz oh*
ijZpx\Zlb i« \bkhdhhkgh\gbf rezZzdhfpiskhmgZkegm\Zggy)ma&emhh]lh jhaiezZ\m
ijh*m\Zggy “ey ihdjZs_ggy “_kmeXnmj2pk€hfl]ld*jh*bgzZfeqgbc klzZg H&g\Zglglhg
em H”rgzd hkdeevdb ie* qZk ijhVoagZgddtlvky kihkh[hf e\ _~ ggy Zdbkgx
hgedm}lvky agZqgh]lh ag_ke+jg_ggyg of H[atbghmdfy ko_fhx jhalZrm\Zggy ijbklj
rblb \\_"ggy kejdb aZ jZomghd \bdhjBleizggy*m\Zggy Ih kimiegv gZ[eb _ggy "ml
i_j_~gvh h[jh[e_gh]lh gqZ\mgm a gbavjdbbfnickétzNdb ~h hilbfZevgh]h [m”_ \bagZc
kejdb 1Z nexkh\bo fZl_jeZee\ a gbavdiffZjgkbhfr\b~rdekix j_Zdpec jZnegm\Zggy f
kejdb ~ey \bjh[gbpl\Z klZee a gbavdbE \Zkdibf \¢6LK 0Q 3 6 \ 0ZjZdl_jgbo ah
k+jdb-5% \Zgghb \' ydbo \eA[m\Z}Ilvky jZnegm\Zgg
Lzdbf gbghf I_ogheh]leqgZ fh éb\Nk{er ind
fZggy ydekgh€ klZeo \ dhfdBZZdImZegvgek ¢j_eZfb neabdfhqggbo 1Z I_ieh\bo i_j
I_gkbnedZpe€ ijhp_km a f_lhx af[eevithggyv dh]ohg\_jl_je } dbkg_\bc kljmfegv
ijh~mdlb\ghkle agb " m}livky \ agZq@g-cife¢y agbgbdg _ggy \ aZeecah\m]e_p_\bc |
Ibf_ \e”~ r\b~rdhkle gzZ\_~ _ggy Zdlb\ghJhareZdwhwha mlI\hjx} \ \Zgge dhghhlddj
nhjfm\zZggyf g _h[oe*”*gh]lh ihl_gpeZem hHbpkewedgpdh sh deevdekgh \bagZqZ}lvky
osfeqgbo \eZklb\hkl_c 1Z Zelhjblfim thljEIhZpdbkgx ydbc \erih\ergh ~bhh mfh\ |
gZevghlh \bdhjbklZzggy aZ qzk ijh~m\ZggyftqlZteo - deg_Ilbggbo \bdhjbklh\m}liv
\h€ \Zggb dbkg_f > @ hdbkex\Zggy “~hferhd f_IZe \h]h jhaieZ\m
>hkylg_ggx agZqgbo ihdzZagbde+\ dkigigMhjdbhkindhx oefeqghx kihje*rg geklx ~h
ijhp_km gZ gZrm ~mfdm [m”_ kijbylj_am[ewlizI-\Zghhh \bdhjbklZggy ~gho ihl_
g_ggy fh eb\hkle Jgmqgdh]lh j_ZIm\Zggy Zemilvindbkex\Zevgh]h ihl_gpeZem Zdlb\
j_"bfm gZ afegm reZdh\h]h jhaieZz\m a@bkgbhx jjhagbg_gh]lh \ f_IZe \ec \2Zgge 12
j_jhaihem \dezZ"m j_Zdpec \ h[kyaes eXxdgbvih]hz e {f lyfekhd f_I1Ze \h€ \Zgghb
f "o jhaihfeem frlt2&d a "hky]g_ggayfrky]zZxlvky az”~Zgbc oe<feqgbc kdgz”™ 1Z |
kbfZevgh fh eb\bo kmfZjgbho n_db\ [jEp@gmAdh€ klZee gZ €€ \bimkfdidZXad\r H
gy ghbho ~" _j_e sh } nzdlhjzfb dhfie_kikgh]h
gZeea \ieb\m izZjzf_lje\ Je~jh*"bg\ZAghdh]hieb\m gZ ijhp_k jZnegm\Zggy \ f_I.
klZzgm gZ ijhp_kb ¢ y\bsZ \ dhg\_jl_jgaZ2ddgg+~ey klI\hj_ggy reZdh\h€ nZab aZz:
<azZ}fhn~ey kljmf_gx dbkgk\m]aZpeabdefeqgh]h kdezZ” m 1Z \eZklb\hkl_ch\ dhg\_
jhaiez\hf 1_j\bggbf nzZdlhjhf sh \bagZgZ} reZdhml\hjxqg- fZl_pZeEdIhj
hkh[eb\hkle hkgh\gbeosfeajgdblo i_j_I\hjagvgergvh€ "e€ < jp daZgih2«€ \gmljergeo |z
\ f_IZe_\ec \Zgge* 1Z reZdh\ec nZae+gdb&kig\gergrodmzZdlhje\ \ieb\m gZ ijhp_kb \ h[T]
\_jl_jz } Vaz}fh”ey kijmf_gx dbkgm aZazZé&k&h\Zggb 1Z gZ f-f dZreeddZecamxlvky
le_p_\bf jhaiez\hf@ Reyohf j_Imevh\2ghiW»"*ge oe<feqge j_Zdpe€ 20 \hhkgh\gf
\bdhjbkligyg hdbkex\Zevgh]lh ihl_gpkZénfeqgbc oZjZdl_j aZ[_ai_qm} j_ZeeaZpex |
pecgh€ ahgb ijb mfh\e kiI\hj_ggy hkghbdbeFhdihezZdhes \ dbkg_\hfnje dh@g\iid_
\er[m\Z}Ivky jZnegm\Zggy f _I1Ze \h]lhghjfmaieZ\bfe [ _a \bdhjbklZggy ah\gergeo *
\enr ~hferhd f_IZe_\h]lh jhaiez\m a ~Hkydp\lo®yfg_jl+€
kdez m 1z | _fi_jZlmjb f_1Zem yde g_ hl&dYfe gbeghf _n_dlb\geklv ijhp_kin vyd
kIVhj _ggy klzZ[eevgbo mfh\ ebAlggphagqgzZ} ydeklv klZee [m”_ \bagZqZlbky jZp-t
F;EA \bdhjbklzggyf neaddflqggh]lh 1Z |_ieth\h]h i
M~hkdhgZe ggy dkod Yh jghlh h ijl _gpeZem f_IZemjlecgh€ kbkl_jimn diKg\_jl
p_km yd hkgh\gh€ eZgdb gzZkdjsabgh&Zjlogh\dh]d&€\hj g« ijb d_jh\Zghfm az gZij
[gbpl\Z klzZzee fh eb\h ijb ih~Zevrhfmiebleb gz ijhp_kb \ dhg\_jl _jgec \Zgge* nZz
e_ghfm ~hkee”” _gge \ieb\m Je*jh*byZahdgkigvhZ "€
Ilhjm gZ neabédgge ijhp_kb < i_j I\Nhj_ggPhgdel _jgbc ijhp_k a \bdhjbklZggyf \_jc
\eA[m\Zxky \ h[T}fe f_IZe _\h€ \Zggb IA]gZmlby azZcfz} ~hklZlgvh \_ebdm qZkl
f 1Zerezd Hkh[eb\h \Z eb\bf \bjer_gggepvthtkle klZee sh \bieZ\ey}lvky Kihkh[hf
iblzggy } ”"ey \klZgh\le_ggy jZpehgZewgBevghflh\ jZnegm\Zggy \boe~gh]lh aZeesah
\bdhjbklZggy gh\bo reZzdhml\hjxxqgbo \hZh_jjhladeZ\m sh nhjfm}Iivky jerdbf i_j jh[
jZnegmxqghlh ijbagZq_ggy hkh[eb\h gg¥m dikkfgHXe \e~ih\erghx qZkldhx klZe_\h]h
I_ogh]_ggbo fZl_jeZees\ kidt@feqqamela\eickey ch]lh jhaiezZ\e_ggy > @ Ijb pvhfm ~h
kib\hkle ydbo nhjfmxIlvky \ mfh\Zo #&oh[&jimiggh€Zggy jZpehgZevgbo nzZdlhjs\ akl
|_ieh\h€ h[jh[db KljmdImjZ ihlhde\ \#é€egldpkdm nbwlbk[pevr ih\ghfm & jZp-
ghkle jhalbldm 1Z jhafes_ggy ydbo \gde¥ghtm fajg gZkhf \bdhjbklZggx hdbkex\
aZe_"blv IljzZzgkihjl 1_iehlb 1Z fZzkb g hikygh\ebh\Zevgh]h ihl_gpeZem f_1Ze \h€ re
\_jl_jgh€ \Zggb ih\bggZ nhjfm\ZIbkyZ rledehh€ nZab kbkl_fb sh “hkee* " m}lvky
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Reyohf afegb mfh\ \az}fh~«€ dbkg_\WHop wmljlZpay \ f_I1Zee \m]Je_px 2% ihkIimih\_
aZesah\m]e_p_\bf jhaiez\hf \"_ gz i _jrggyo\q_j _a af_gr_ggy _n_dlm i_j ferm\Zgc
ebg& ijh*m\Zggy \Zggb azZ[_ai_qr}iykev[zydzfb KH mih\eevgx} pbjdmeypex ihlh
s_ggy hdbkex\Zevgh]lh ihl_gpeZem reZdliZh&hEZaZab sh i_j ghkylv aZebrdb ~hfer
| fi_jZlmjb f_IZem 1Z reZdm |Z ijbkdhje o gjk\ gZ'm f lZ2eZzd P_ } ijbgbghx
gbg_ggy \ gvhfm rfZldh\h]lh \Zigz KlkhkxmlwwRHplh aZlmoZggy j_Zdpec jZnegm\Zggy
mfh\b "~ey e<gl _gkb\gh€ "~ _ nhknhjZp+€slZ ggdygkdim hdbkex\Zevghfm [Z Zkbfeeypec
j_Zdpe-£€ ag_kejgZggy f_1ZefmZevik ihilhgpeZes reZdh\h€ nZab
fmegl_gkb\g_ hdbkex\Zggy \mle_px ijba\ljZlb "jr"dh€ f_IZe_\h€ nZab A¥fegZ +gl_g
af_gr_ggy hdbkex\Zevgh]lh ihl_gpeZgmklerdZdfmkp_ mliI\hj_ggy [mev[Zrhdh KH sh }
kIVhjxxlvky mfh\b “ey ~_kmevnmjzZpéendilhizemibkew\Z\gyle_px 1Zdh" \ieb\Z} gZ
Ijbkdhj_ggy pe}€ \Z eb\h€ j_Zdp+€_ \ miihkhdm dbkchfm kie_kde\ f_IZem gzZ™ je\g
\hdhg\_jl_jghlh ijhp_km 1Zdh" aZe Kithldecht€ \Zggb ydzZ \ k\hx qg_jlm \ieb\Zz
r\brdhkle jhaqgbg_doygsKlihjpec \Zigz \ljizlb je~rdh€ f_lZe_\h€- n@abHxdjef \IljZI
ghfm rezdm ydhfm kijby} ie*\bs_oggyf\ Igvemimah\bdb”*Zfb q_j_a ]Jhjeh\bgm dhg\_jl_
kb"m azZeeazZz GZ degp_\hfm _I1Zisg ijh/bm\iZglgyddgljhex gz~ J«~jh~"bgzZfhrfygbf klzg
\ jl _jgh€ \Zggb dbkg f ijb ~hkylg_og\@gogrhfiip eb\_ mli\hj _ggy ¢ egrbo _h_dle\ g ]Z
[jZpe€ \ gec \ml]e_px gb'q_ : ghlbkb¥YgEdI_jm h]lhe_ggy ih\_joge f_IZem e’
hdbkex}lvky aZeeah Ijb \bimkdm f_IZjgmMm\Ziggy aaZecah\m]e_p_\h]h jhaieZ\m dbl
gZkldhx degp_\h]h rezZzdm aZzZ jZomghdb&nyldMhdlghkm \h]g_Iljb\e\ \e~rihtm~rgbo ahg
a[eevr_ggy ih\_joge \az}fhne€ f 1Z&2 \hEmMNZ grey dhg\_jl_jz 1Z egre Hlhe_gg
dh\h€ nZa reyohf gqzZkldh\h]h \bdhkbkiZggyehghe€ qgzZklbghb \h€lZih\_joge }bijbg
ex\Zevgh]lh ihl_gpeZem reZdm ydbcgh¥x hk1Zghghoh]lh \lhjbggh]lh hdbkex\Zggy aZe
o\bebgZo ijh~m\zZggy i**\bsb\ky |Z \rmHkebexgfy aghkm \h]g_Iljb\e\ reZzdhhh€ ahgb \
IZe_\h€ nZab ~hky]Z}BAEHN\ 2"hadgb”™ _ggyZNvky \ i_jeh” gl _gkb\gh]h hdbkex\Zggy
klZzee Zdlb\gh]lh dbkgx 1Z \m]e_px LUadpk gegbhf \Z°dh dhgljhevh\Zgh]h a[eevr_g
ijb \bimkdm f_IZem \ klZe_jhaeb\gbc Wdepgrcijhpjek” ieZ\db r\b~rdhkle pbjdmeype€ f_|I
\az}fh~e€ hdbkex\Zevgh]h ihl_gpe4Zemhnedidch\thkh nZab 1Z \ i_jeh~b ie*\bs _ggy |_fi
fh\Zzgh ah\ge reyohf ijh*m\zZggy \Zggbhjzdmikh ff 1 Zem reZdm 1Z \fekIim \ gvhfm )H2
\ergh\ex\Zevgh]lh ihl_gpeZem f_1Ze \WWgm\Zgdahbky ijb af_gr_ge r\b~rdhkle hdbkex\Zg
ydbc bagzqz}lvky degp_\bf \feklhf \m]e_px
aZdeggm}lvky LZdbf gbghf Je~jh~bgZfeqgbc nzZdlhj } ~"_j

< mfh\Zo ~hky]lg_ggy agZqgh€ hcehkgxhZdhRlesh j_Zeeamxlvky ie” gZk ijh*"m\Z
iecqgh]h reZdm jha\blhd j_Zdpe+€ hkibldérg\ZghygtiEgbZg\bagZqZxgb hkh[el\hkle nea
g_f aZeeaZzZ ijba\h”blv ~h i_j_jhaih®eahodeggkomlZ |_ieh\bo ijhp_ke\ m \Zgge dbkg
gZijyfdm afeevr_ggy dhgp_gljZpe€ dhgdlgigimih Lhfm s~ qzZk ijh*"m\Zjggy dhg\_j
dbkgx \ f_1Ze_\hfm jhaiRZ\h[s]Zxdkifmgh€ \Zggb dbkg_f azZ ~hihfh]hx \lbh[hjm €€ j
AhArZIdh\bf ijhrm\zZggyf f_IZe_\h]h jhaZeX\gboaizZjZf_lje\ g_h[o*~*gh a[sevrm\ZIb _n_
aZebrdZfb \m]e_px g_cljZevgbf ]dahifhakbbdighlh o0Zjzdl_jm <Z'leb\lbfglzZdke
klZzggy 1Zzdh]lh |I_ogheh]eggh]lh ijbchfmdB hddhgedq Ygy \ieb\m Zelhjblfm ijgh*m\Zggy
dhg\_jl jZo dhf[egh\Zgh]h ~“mlly agbadbb dthkdhf gZ hkh[eb\hkle mI\hj _ggy reZdm
eb\h]h je\gy \fekl \ klZee \m]e_px RZ aWhgmighd€] aZ*XlmagZq_ggy \ieb\mx hdbke
a\bleh gz f_ " frleZed j Zdpe€ hdbkexkXeygyr~gh\ex\Zevgh]h ihl_gpeZem 1Z deevdl
aZebrde\ \mJe_px yde ~hklzZ\eyxlvihy Nimk’eb *glbjad reZdhmiI\hjxxgbo fZl_jexZees\ jZnegr
eypecgbfb ihlhdzZfb je~dh€ klZee hZ dailth’ijdagZq[lygy
nZevrhfm agbablb \bljZzlb n_jbhkddA\e\Fh gz kI\_j*"m\Zlb sh \ mfh\ZokdhjhldhqZz
gbghf \ mfh\Zo jZnegm\Zggy aZeeafghkle_db¥%wamlh\d\ jl jghlh ijhp_km hljbfZggy
jhaiez\m \ dhg\_jl_je dhfrghnZligh] akiZzes rbjhdh]lh ki_dljm ydhkle 1Z ihpbagZq_gg)
jZomghd ijhm\Zggy \Zggb g_cljizewghZ}WahfaZz jZomghd jZpehgZevgh]lh \bdhjbl
agbam kl\hjxxlvky mfh\b 7~ey i_j jhdikéxémhevgh]lh [1Z \e~*gh\lex\Zevgh]lh ihl_gp-
dbkgx \ kbkl_fe-felzee j_Zdpey hdbkexX\23gy\h€ rezZzdBE\HZ€alh\h€ nZa a \bdhjbklZz
\m]e_px gZ[eb Z}Ivky ~h je\gh\Z]b ggb mhlwvkib\gbo nZdlhje\ ah\gergvR€ "e€ A]
\fekl m klZee dbkgx 1Z \m]Je_px i**"\bsmplgkyqg@kam*ijh*m\Zggy aZ jZomghld ihgb g«
]**gh]lh f_l1Zen@® <bdhjbklzggy I1z"dh]lhgkbdéghkle ijh*m\Zggy \Zggb dbkg_f \ j.
eh]egghlh ijbchfm aZzZ[_ai_gm} agb’ lydydibigh® g h[oe*ghkle ie*\bsblv kimiegv
n_jhkiez\«\ 0Q 1Z $O0 "ey kl\hj_ggy #wbfdhAjbjkiZggy
N _ggy fedjhe_]m\zZggy 1Z fh*bnedm\Zgdpp yHp¥gm&Im\Zgge jZpehgiefvdpd iZ
klZes ijh~m\Zggy dhg\_jl_jgh€ \Zggb a \_jogef Z

>hpeevgh \W\Z ZIlb sh aZ mfh\b igkldbdp-ggh\gdgbf ~mllyf gZc[eevr “hpeevgbf } ~»
kb\ghkle ih~"Zqe dbkgx hkglhygbf ynwdh&kes”" ggy \ieb\m afegb iZjZf _Ije\ ijh*m\Zggy
\ieb\Z} gZ afegm J]e*jh~rbgZfeqgh]lh klZgmhA*Bgdglheqpbc klZg \Zggb [Z ih\fyaZgbc a
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i_j_[*] ijhp_ke\ « y\bs \ h[kyaes \Zggb]tthghlhdmZ1Z oe<feqgZ \azZ}fh”efihglg2 a dr

1Z gZ f_"e+lZerezd [Zfb \h]g_ljb\e\
J _amevlzZlb _dki_jbf_glZevgbo ~“hkeer"~2gkee”” ggy \ieb\m afegb r\b~dhhkle pbj
<bkhdhl_fi_jzZlmjg_ fhr _ex\Zgbhy p*€ ¥ 1Zem \ \Zgge dhg\_jl _jZ gZ kmfZjgb

ke _ggy a \bkhdhl_fi_jZImjgh]lh fhA_é&x&ggmjZp+€ klZes sh ~hky]Z}Iwky aZ q
ijh\h*"beb a \bdhjbklzggyf d] fh~_e-\dhpgy \Zggb dbkg_f

jZ < ydhkle hkgh\gbo iZjzZf_lje\ ythe 0Z3BdEZIghah ijb ~hkee”"_gge ~"_kmevnmjZ|
xlv Jerjh~"bgZfeqgbc klEZgi*VZgdk €8nijltem ie® gZk \biezZ\dbZ kNBkhdbl_1_j
\Zggy ]Zah\bfb kljmf_gyfb 1Z \badzZqbxjgshkth”_es dhg\_jl_jZ a dhf[egh\Zgbf ~
eb\hkle nesdrdhggbo 1Z | _ieh\bo ijhp_keBagwdgZeb gZc[eevr jZpehgZevgbc azZ \Dbl
jbklZzeb r\brdeklv jmom jerdh]lh f_IZeng2kmkgkbgbobgb 1Z _g_j]*€ Zelhjblg reZdhn
IZ ehdZevgbo pbjdmeypecgbozxdtkglgejZpy &b \bdhjbklZgge “hkee~rgbo rezZzd ml\hj
I|_gkb\geklv i_j_ferm\Zggy \Z&gb \kh2 fZIl_jeZes\ jZnegmxqghlh ijbagZq_ggy I1Z
Im kmpeevgh]lh kie_kdm jerdh€ nZabelzrgZe\Ih*MpgzZfegqgbc klzZzg \ dhg\_jl_jg
kihdecgh€ \Zggbh G% 1Z egr- \Zgg-

Kie\\erghr_ggy i_j_jh[gh]lh gZ\mgm I[2dklzgbf_glZfb gZ ]e"jZ\eeqgbo hjhahjbo
\hlh [jmolm ijb afege kihkh[m ijh*m\ggy\klZgh\beb sh ]Je*jh~bgzZfeqgbc klZg
\ZjeZglm jhalZrm\zZggy ijbkljh€\ ~ey ihH”memdbklgw mI\hj_ggyf \ h[kyae \Zggb i-
\ dhg\_jl_jgm \Zggm ehfm [meh lihdls¢gbfmdzZggy hkghlgh]h |Z ehdZevgbo pbjdm
\beh Kdez” qZ\mgm afegx\Zehdhiglmijp\ 1Ijb ~hgghfm ijhZmgybggzijyfdb
j_"gvh \klZgh\e_ghfm Ze]lhjblfm \bie2Zv&b IlglZés€ kljmf_gx 1Z [mev[ZrhdZ]Zam Kk
ydZ ijh\h~bebkv gzZ fh”_eyo dhg\ gl _klv aijb j\_jogvhfwhgb gZijzZ\e_g- ijhlbe_
gvhx “~hgghx 1Z dhf[egh\Zghx ijh*m\ddkx dhg\\e~rfeggeklv \bagZqZ} hkh[eb\hkle i
|_jgh€ \Zggb dbkg_f lez\db ijh\h*"bebkezWydb &2Ze+ \ dbkg_\bo dhg\_jlvjZzo a \
dezZzkbqgghx ko _fhx a Yodtyjbk]Zrbpecdixo *hgghx 1Z dhf[egh\Zghx ijh*m\dhx
rezd ml\hjxxgbo \Zigh iezZ\bdh\bd rizlYdzihdZagbdksdlghkle \bdb”e\ jerdh€ nzZa
kee"gbo rezZd ml\hjxxqbo yde hljbfdhgehkyijgh€ \Zgghb ZgZeh]leqgh “~hkee”
mfh\Zo kieevgh€ |_ieh\h€ h[jh[db gy™m | @ghmeZ h[jZgZ \bkhlZ kmpeevgh]h Ki
gbo \e?*oh”e\ > @ >hkeenrge fZl_jeZasth ‘ohigZKZBHky [_aihk_j_~gef \bfejhf \bk
feklbeb az~Zgm deevdeklv iejh\m]e_pxZ jglebgghgmfzZxlivky ~hkblv \_ebdes h[ky]b
ihoh™_ggy )H2 $0 2 0Q2 [_a \e”Ajb\m \e”r hkgh\gh]lh hH{TfZadhZg'ey

AZ"ZqZfb \e~ jZpehgZevgh]lh \bjenbag¥gydlmy \bkhlb kmpeevgh]lh kid_kdm \|
aZe_"blv je\_gv |_dbgghhieggbo ihdZamhdeb nhlZ deghachfdm <e~hfh >*@ sh |
dhg\_jl_jgh]lh ijhp_km yde \bjernhxidlekIv\ kteb\Zggy \_ebdbo ]Zah\bo h[T}fe\
kee""_gge [meb i H[N}fb je~bgb yde jhalZrh\zZge ie" r.

- "hkee”"  _ggy \ieb\m afegb egl_gkb\géXdm mB{m\ZxIv ijb[ebagh 1Zdm kZfh r\b’
deevdhkle kdeZ” m IZ \eZddwnhkdZc\ljAich s\b~rdeklv \boh”m imabjy gZ ih\_jogx |
_e_f_gle\ f_l1Ze_\h€ \Zggb a \bkhdhZorkoghjd r\b~rdhkle jmom f_IZe_\h& nZab ~
g_gekix "h dbkgx aZ jZomghd \lhKogghkim €0 \bé&bdh <gl_gkb\gbf ijh*"m\Zggyf \Z¢
ex\Zggy q_j_a ih\_joge f_IZem h]lheJggaZ[saigdgm\ZeZ \_ebqgbgm iZjZf_Iljm /]
ijh"m\zZggy [*evr _ ihdZam} sh ~ey pbo mfh\ r\b”

- "hkee”" _ggy \ieb\m afegb +gl_gkb\ghkr nhdlgm i** rezZzdhsfm}jabtZq_ggy
gZ \bkhlm kie_kde\ f IZem sh }ydpeDjpHbgghx r\b~rdekix jmom f _IZe \h€ nZa
dhgljhex} \ljzIm f_|Ze _\h€ nZab a €€Zj\WfdbéZdmn } - fk |I_j_\bs_ggy pvh]h
g_j_a ]Jhjeh\bgm dhg\_jl_jZz agZg_ggy sh \klzZgh\e _gh _dki_jbf_glZz

- \klZgh\e_ggy \ieb\m gZ r\b~d-klv iamd\krhblv ~h af_gr_ggy gl _gkb\gh
l]g_ljb\e\ ijh[e_fgbo ahg nml_jm\zZggyjZzdhrgmiZggy f _IZem \¢” kejdb « a[eevrm} r'
jm 1Zdbo kdeZ”h\bo yd f_0ZgeqgZ H *yaplhkdmélglimelj nml_jm\Zggy \ ahge rezZdh\|

ihykm 1Z]e

LZ[ebpy
<ieb\ Je~jh~bgZfeqghlh iZjzf_Ijm /ja, +\ gZ aZ\_jr_geklv ijhp_km ~_kmevnmjZ
| _je ijb ijh~m\Zgge \Zggb dbkg_f a\_jom

lja, +\ <b”~"Ze_gh kejdb Kdez” gZ\mgm \ f_|Zeh rbheéole iezZ\db
% C Si S

0,35 21 2.91 0,29 0,027

0,55 28 2,88 0,30 0,026

0,75 24 2,90 0,28 0,027

?dki_jbf_glZevge j_ameviZlb sh ijbglrgkb\ghkle » kmevnmjZpe€ f_IZdédm \e" 7
IZ[ebp- k\enrqZlv ijh _dklj_fZevgm "ad&€ggy kixggb : kZdvr_gfy <gl_gkb\ghkle
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ijh m\Zggy dheb /ja, +\ ! g_ ijbabhydB heljy ~ey ijh*m\Zggy dhg\gjl_jgh€ \Z
hgedm\Zgh]h i**\bs_ggy r\b~rdhkle i_jgbh*ydXe-)dlexqgZeZ \bljZlb gq_j_a \_pogx nmjfi
\'rezd ijbkljh€ ~ey ~hggh]h ijh~m\Zggy < klZgh\beZz
?9_jl*y 9Z”~ r\brdh]lh ]Zah\h]h kljmf_gxf ®h Jhaih”ee \bljzlI ih\eljy ijb
azZzgmijx}lvky \ jerdbc f_l1Ze 1Z [mewBf[dgh¥adghfm ijhA*m\Zgge klZgh\b\ a\_jom
nhjfmxlv hkgh\gbc fzZdjhpbjdmegpmdggbc -dfh o\ agbam - f o\ a je\ghfejgbf
sh az[_ai_gm} <gl_gkb\gm ~hklz\dh 7thaihidehfl ih\eljy ih ijbkljhyf ~ey ijh"m\Zggy
em ~h j_Zdpecgh€ ahgb ~h_fZeée reZzd Z[h a ih"Zqg_x qghjg@am”~p_gljZzevgm nmjfm *~h
AgzZqgbc +gl_j_k ij_~klZ\eyxlv jhameviIZib &\ a je\ghfejgbf jhaih~eehfh aZebrd
kee""_ggy \ ydbo _dki_jbf_glZewgh \h€lzZpgakbdb ]Zam ih egrbf ijbkljhyf ey ~hggh#
\Zeb r\b~rdeklv ihlhde\ jerbgb :p \ dH@a9qlifig=lgy
\Zgge ijb afege eghlglkbAmlly AJe~rgh a AZg j_amevIZIZfb _dki_jbf_glZzbvgh]h A
fb  sh ijb\_~_gh 8 ¥4 @ py \_ebgbg<2 _ggy \klZghle_gh sh ie*chf \_jogvh€ n
afegx}lvky \ "eZiZahge \o/ Ahoo A f kb Reyr Nsh mizZggy f_lZe_\h€ \Zgghbf gzZz/ je\
agZqblb sh ijb "hkylg_ges fZdkbfZevgbhlodeodgdE dZggb ijba\h”blv ~h afeevr_ggy ie
r\brdhkle f_IZe_\h]lh ihlhdm a[eevrblvkiyhe_og\dy €€ ih\_joge gZx"hdZe<[g4a
deklv aghkm nml_jm\Zggy reZal\hHHm id¥kn{j=\"h as agZqgbf a[eevr_aggyf <gl_
ghd f_oZgeqgh€ 7~«€ ihlhdm ydbc ickley\@iZib] ZipayjmaZzdm\Zggy je~bgb 1jb jhaih”ee
gvh]lh afegx} gZijyfhd jmom 1Z aZ jZolAghdhj€ Zdevad hkle -]Zak IgZE\ "ey mh~?
\az}fhnre€ )YH2 reZdm a dhfihg_glzZfb\Xlylgy kKMAgh\le _gbo ~h”~Zldh\h \ ~ghse 1Z jhal

(MgO, C). rh\Zgbo kbf_ljbggh ih dhem gZ \e"klZge \e"
Djblbgghx r\b~rdekix jmom f_IZe \hé@hmdap ij ydZ \bagZqZzZ}lvky yd <gl_j\Ze agz
rZjhf hkgh\gh]h rezdm } \b k I1Uj fegefZevg U fZdkbfZevg_ ~hkyl]Zxlvky

s_ggy pvhlh agZq_ggy sh \klZghbe_g&cf dkie jklmi_ge h]lhe_ggy f_IZem\ <hgb KklZ
f _glzevgh ijba\h”~blv ~h af_gr_ggyy eyhv diky \ZjsZglm jWggdym*hggbo nmjf ih
ghkle jZnegm\zZggy f _IZem \e¢~ Kkejdbdhem[gevimiklZgs- U [cey e afeevrmxlv
r\brdeklv aghkm \h]g_Ijb\e\ nml|_jm\Zggy \ ajbbgghalZrm\zZgge "~hggbo ijbkljh€\ gZ
rezdh\h]lh ihykm AZ j_amevlIzZIZfb \bkYkdBfefi \e* \_jlbdZevgh€ hke dhg\_jl_jZz
jZIlmjgh]lh fh”_ex\Zggy ijbpeXx\db\ klZe¢g¥Zeea j _amevliZle\ oheh”gh]h fh~*ex\Zggy
dhg\_jl_je a \_jogef ijh"m\zZggyf dbkgbllv \kH I_ sh \ jZae dhf[egh\Zgh& sjin*m\db
gh\e_gh sh ijb a[eevr_gge r\brdhElIe jmom f_Hkgh\ghlh “mlly ih”~Z}Ivky a\_jom
e_\h€ nZab i*® rZjhf reZzdm *h f k kimiagham q_j_a ijbkljh€ sh jhblZrh\Zge« k
AN _kmevnmjZpe€ aZeecah\m]e_p_\h]lg jhalibggh idf dhem gZ \e~klZg- U g U \e* h
rbezkv a ijb f k ~h P_ k\v*"dbjZ ~hky]Z}Ivky fegefZevgZ \bkhlZ kie_k
ijh ih]ejrggy Jl*”*jh~"bgZfeqghlh klZgm je~dlyd\_ydZ ozZjzdl_jbam} fh eb\e \IjZIb f_lZe
I_jgec \Zgge sh \iebgmeh gZ mfh\h_Z&bfoedhorre Ijb ~hkee""_gge ]Je"jlr*bgZfe
reZzdhf ijh~Amdle\ j_Zdpec "_kmevnmjZghfh Klizigoth dhg\_jl_jgh€ \Zggb f_Ih~Ahf \\_~_|
ghfm )H6 > @ Aghk i_jbdeZah\m]a_pZylglh hEk_jm ijb j_ZeeaZpe+€ ijb\_"~_gh€ Kk
jm\Zggy \bagZqg_gbc _dki_jbf_glZevghmdly jeamajeZgle\ jhalZrm\Zggy ijb"m\gbo i
1Z1Zfb ljvho ieZ\hd a az]zZbVgbhli~oquig kljh€\ \klZgh\e_gh ihkeZ[e_ggy r\b~dhkle jm
gy \Zggb dbkg_f o\ k1Zgh\b\ ijbjetblghlZ\o hkgh\ghfm pbjdmekptmghfnP _d
dbkgx sh azZ[_ai_gm\Zeb r\b~rdekdv Hmoim*agh i*hkylZ}Ivky aZ jZomghd ijhlb"e€ it
\ jog_\hfm rZje jerdh]h f_IZem f BEh mtfthjxxlvky “~hggbf 1Z \_jogef ~mllyf P _
LZdbf gbghf r\b~Ardeklv aghkm \h]g_Iljbi\Ba\mMihivZoh agb™ _ggy r\b”rdhkle \boh”m ]Zal
_dki_jbf_glm kdez”~Z} a ff o\ HhjdlbredegZ ih\_jogx \Zggb ¢ \e~ihgp"gh ~h a
_dki_jbf_glZzevggge ~halheyxlv ajhkblb_g§lgy \bdb”e\ jerdh€ nZab
gh\hd ijh I_ sh ey i*"\bs_ggy _n_dlb\gZldlIsf*gbghf ijb dhfdeghi\B*m\pes je*bgb
kmevnmjZpe€ |1Z af_gr_ggy g_]Zlb\ghlh j\iebkimnhkeg€ \_jogx 1Z "hggmjahbjdge]Zah
]**jh~bgzZfeqgh]lh nzZdlhjZz gZ klecdgklkljmfl gmVizZkey €0 \azZ}fh”«€ jhaledExlvky \ gZ
gy dbkg_\h]h dhg\_jl_jz iblhfz \bljzdskh dokdgrke dhg\_jl_jZ ~h kleghd Z}N_]ZIm sh
ih\bggzZz aZzZ[_ai_qblb \bdhgZggy "®,20\brmg deevdeklv imoabjs\ sh ml\hjxxlvky h~ghq.
f k Z af_gr_ggy €o jhafejm ijba\hbblggyh ag
<ieb\ iblhfbo \bljzl ~mlly 1Z ko \bkdhhh kie_kde\ jerbgb gz” je\g_f \Zgghb
jhalZrm\Zggy gZ kimiegv h]lhe_ggyhtakijhdeyhtmdklZge
]h f 1Zem 1jb ijh\_"~ gge fh" _ex\Hggy Aggb ' oggy \_ebgbg kie_kde\ je*bgb a+ a[cev
ehrgbo <« \bkhdhl_fi_jZImjgbo fh"_eywyyf dhg\h”eem qgZklbgb ~hggh]lh “mily ih ~gbs
[ _je\ \_jogvh]h 1Z dhf[egh\Zgh]lh *mlly_TaAlkee”*hky]Z}Ilvky ijb -t hjegtvfm iph"
gh 1Zdh™ \ieb\ iblhfgdl\bmlly 1Z ko_f tBylge q_j_a h~bghgge khieZz hke ydbo jhal_:
jhalZzrm\Zggy gZ kimiegv h]lhe_ggyhtaahdgBazZ}jfhd€ ~mlly a \Zgghx g_ gZdezZ” Zxlv
]h f_1Zem Ijb ijh\_"~_gge _dki_jbf ~gle\bkhbdhedmpeevghlh kie_kdm jerdh€& nZab fzdl
ghlh fh~_ex\Zggy a[_je]ZeZkv ihklecgla¥ aA}Zelv\oZZ} ijb[ebagh \_jogvhfm ijh"m\Zgg
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GZ hkgh\e hljbfZgbo j_amevlZle\ \bkliadhl| hfkgh\e ihje\gyevgh]h ZgZeeam |_at
jZlmjgh]lh fh~_ex\Zggy \biezZ\db klZeshkz"gldd iez\hd \klZzgh\e_gh shgm i_jeh:
fhr _ee dhg\_jl _jZz dhf[tght4glhty \klZgkb\gh]h hdbkex\Zggy \m]e_px dheb ~hky
e_gh sh azZ jZomghd i_j_jhaih®eein dZikdvfgbe€gbb r\b~rdhkle pbjdmeypecfhbo ihlh
jZlb dbkgx Z kZf_ reyohf agb’ _gogy dhfma-yljgkb\geklv ijh*m\Zgggydibkgm
gx nmjfm a \e~ih\e~rgbf ieM\bs_ggyf q_dbaa\hggm ~hpeevgh h[f_"m\ZIb mfh\hx /ja
\ h[kyae dhg\_jl _jgh€ \Zggb ml\hjx}Ivky azZ]Ze@G§Z ~ey ~hggh]lh - ~mpdly>"
ahgZ a« agZqgbf hdbkex\Zevgbf ihl _gpeZehf &h }<bdhgZggy \dZaZgbo nfh\ [Zdl
j_anevlZlhf \az}fh~e€ ~\ho ijhlbe \'gly}g&gpZ ggx \ljZl f_IZem a gZ
e_gbo dbkg_\bo kIjmf_ge\ P_ ijba\hhblvdhhegh\Zghfm ijh*m\Zgge dhg\_jl_
af[eevr_gy qZkldb h[ky]m \Zggb yAbdZggdfiza \Wi*Zq_x hklwhdgkg_\h]h ~mlly a\_
aZgZ aZl]ZevgZ ahgZ a i*"\bs_gbf hdbkexXzZéwgBEidh\h]h agbam “~ey ml\hj_ggy
ihl_gpeZehf Ijb \bdhgZgge mfh\ /jaahges GaZ}fh"e€ €0 j_Zdpecgbo ahg yd m:

1z /ja > G\ aZlZevgZk hklonedZp-€ ijhp_km jZnegm\Zggy f_l1Zel
ex\ZevgZ ahgZ ml\hjx}lvky ijb[ebagh Ahkerjhdge¢hpeevgh aZ[_ai_qblb \HdhgZgg)
aZ leb[bghx \Zggb €€ qZklbg- \b /ja, A\ 8§ = lja, > §
:gZe+a d-qghlhfZl _jeZee\ k\ergblv s(D,3=0ey G\ Ijb agb ™ _gge \feklm \mpe_px \
"hkylg_ggy \feklm \m]e_px \ jhaiezZ\eZ\e ~h "hpeevgh ~hgg_ ijh*n\Zggy i

ijZzdlbggh agbdzZxlv dhglmjb \lhjbggh€blb Zzipabgh@es agb  _gbf hdbkex\Zevgbf i
ahgbh > @ < p_d_¢h azZnedkh\Zg_ klpef&lehft kmferrx dbkgx 1Z Zjlhgm ijb €
i*"\bs_ggy r\b~rdhkle Zkbfeeype€ rezdhife\dritight\ gg- Ijb agb™ _gge \feklm \m’
]h \zZigz \feklm \ reZzdm )H2 I|Z i-f*\bs fgbAed gb ' q_ -ijh"m\D leevdjb Z
i_jZImjb f_1Zem 1Z reZzdm < ijhfbkeh\ltlhghhifRWdhjbkimxqgb \ [¢evrec feje hdbkex\Z
_dkiemZzZlzZpe€ dhg\_jl_je\ a dhf[egh\ZigphxgppZemreZdm
dhx ijb "“hky]Jg_gge dhgp_gljZpe€ \mJeapdpXZghfm ~eZiZahge afegb \fehlm \ f_
0,10 azZ\_jrmxlv ijhm\zZggy dlhkgfm ghaiezZ\e \m]Je_px aZe_"geklv r*rdhkle
om IZ i_j_oh”ylv gZ ijh"m\dm \Zggb leewdy Zjthdgthfa f_IZem \ reZd \e* ]Je"jh"bgZ
Z[h Zahlhf agbam a f_Ihx \bdhjbklzZzggyj@Z [Amhlja, G\ ghkblv _dklj_fZiéggbc o
aZ qZk kmfekghlh ijh*m\Zggy hdbikkex\zevygdRh jibf _glZzevgh gZ iezZ\dZo [_a i-"
| _gpeZem rezZdm |1Z af_gr_ggy ~h fh ehihfib \iffok fbdhjbklZgge “hkee”*gbo xeZd ml\
\ f_IZee \m]e_px dZ dbk gbo a az~zZgbf \feklhf iejh\m]le_px &D2 IZ

l*"\bs_ggy iblhfh€ \bljZlb dbkgx ijsan\hirlhbiZge \ mfh\Zo kieevgh€ |_ieh\h€ h
Ah a[eevr_ggy r\b”dhkle hdbkex\Zggy\Borlegp& kmfere \klZgh\e_gh shbi_jrbc f
NeZiZahge ch]lh \fekim \ f_IZee \eA KPOMf rbrd¥Ytkle 96 2ZHkky ijb \bHhj
&PLQ <bkhlzZz kie_kdm f_lZe_\hElagayp dBERgXx gZ ijh*m\Zggy \Zggb GZ ie
je\g_f kihdecgh€ \Zggb aZe_"blv \eANexthfhkilmjfb ~ey ijh*m\Zggy sh ijba\h”|
hdbkex\Zggy \m]éZpghkblv _dklj_fZevgbecZImoZggy j_Zdpe€ ~_kmevnmjZpe€ p_
o0ZjzZdl_j 22 fegefZevge agZq_ggy "“"hkhkzkbAky ijbger_ ijb \bdhjbklZgge ebr_
agZqghfm agb ' _gge \ f_IZee \m]Je_px dblkgx < p_c qZk dheb ~hky]zZ}Ivky fZdkb
\m]e_px < p_c gZk dheb e+gl_gkb\gekdvdmi\hj feagmw\Zggy \Zggb ijb gZy\ghkle
imabje\ KH agZggh agb m}ivky \bkhl®d Righ& chrkgth\ghkle reZdh\h€ nZab r\b~dekl
IZe_\h€ nZab \bagzZqzxlvky \ \bkjghhghfmkmevnmjzZp+€ ~ey ~Zgbo mfh\ } fZdkbfze
dbkgx < i_jeh” gbavdh +gl _gkb\gh€ ihRZmydibfrdh\ jZae j ZeeaZpe€ |jZ"bpecghf
\ jl _jgh€ \Zggb g_cljZzevgbf ]Zahf lmglddm\ \jleb@ggy ~*ey ydh€ oZjzdl_jgh jead
gZ kie_kdm ~hky]Z} k\h]h fegefmfm s _ggy \feklm \ reZdmehdaZeecaZz

>ey aZ[_ai_qgq_ggy klzZ[sevghkle Jet*)b~rdgklfvwdjp Zdpe€ ~_kmevnmjZp+s€ s_ ijb "
\Zggb ydzZ \e~rih\enrZ} aze Ifdkkhh[fegdb~rdhkle f_IZe_\bo ihlhde\ af_grm\zZezZky
ijhp_kb \ dhg\_jl _jgec \Zigamy i*"\bs_dgbdhjbklZgge "hkee”"gbo rezZd ml\hixxqgbo “
r\brdhkle hdbkex\Zggy \ml]e_pxhky b r\b~d_ jhagbg_ggy \ZigZ 1Zd « af_

o\ ~hpeevgh 7ey ijh*m\zZgYfykimj\areZdm hdkb"e\\akepaZhim ~h

\_jogx nmjfm agb m\Zlb +gl_gkb\gekl®2,8lly ~ey
ierjbfdb r\b~rdhkle j_Zdpe€ hdbkex\Zggyxieblel phi_jZImjb 1Z \feklm \m]ehpx gZ
gZ pvhfm je\ge Z dhf[z@\Zabid \bljzdmk Ijh\e~gbfb nzZdlhjzfb sh \klZgh\e_g
dbkgx af[eexgb \bljZIm g_cljZevgh]lh 1ERe*»~q_gge _dki_jbf_glZevgh <« yde \bag
j_a ijbkljh€ sh jhalZrh\zZge \ “"hggrc affAghbgiet*jhrbgzZfeqgh]lh klZgm dhg\_jl_jgh
lg_ljb\dh]h nml_jm\Zggy ieZ\bevgh]HZ Z}§_ Vil gZ hkh[eb\hlbl=fepabdhijhp_ke\
|_jki_dlb\gbf ijbchfhf gZ gZrm ~mfdm gfh  _¥iljZImjZ f_IZem 1Z \fekl \nmgvhfm
[mlb \bjer_ggy ~Zgh€ azZ~Zqe reyohfeapgb’™ Zpgyieb\ fegefZevgbc gZ ihoggZldm ijt
hdbkex\Zevgh]h ihl_gpeZem ]Zah\Wba@y RBgdbg Z \ ih"Zevrhfm ~h agb _nggy \fek
reyohf jha[Zz\e_ggy dbkgx ZjlJhghf Je_px \ f_IZee ~h ]Je"jh~bgzZfediZz dhg\_
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gh€ \Zggb aZe_ “blv \ hkgh\lghfm m\e«a¢hAfelggy \ sh feklylv &D2 )H2 I1Z & \ aZ”™Zg
le_px \ f_IZe- kie\\erghr_ggyo > @

>ey gl _gkbnrn€dzipj_ ferm\Zggy \Zgghb<e® jZpehgZevgh]lh d_jm\Zggy jmbfhf ijh~
i_jeh”b iez\db dheb i*"\bs_ggy r\bmdizggypbdtdig\_jl _jgh€ iezZ\db aZe_ “ZIlv degp_\-
eyp*€ je~dh€ nZab aZ jZomghd amevjZkbZgjpypy km h”*_jKodhdh ydeZem > @
\gmljergvh]lh hdbkex\Z%glg\tex\Zevghlh Lihfm a f_Ilhx \klZgh\e_ggy \azZ}fghlh \ieb\m |
| _gpeZem f_IZem I1Z reZdm e<klhighhaghfm}lvihy mAZggy 1Z reZdhmlI\hj_ggy ijh\_"~ _g
peevgh \bdhjbklh\m\ZIb AhArZidhVh *hk@digp ieZ\dm gZ d] fh~_es dhg\_jl _jZ a
ah\gergMh \lieb\m LZd \ mfh\Zo \_hogvmhlBEgigyf f _IZe \h€ \Zggb dbkg f Z< ydhkls
"m\Zggy \Zggb a \bdhjbklZzggyf dbkgdhm€\ mmxffph]h fZl_jeZem \bdhjbklZgh ~hkee”
ydZ hoheh” " m}lvky-\@aZhxZomghd agbaZegwh]lZgp_\bc Z]lehf_ jzI ydbc hljbfzgh a
hdbkex\Zevgh]h ihl_gpeZem ~mlly ‘rewblhijjaliZggyf | _ogh]_ggbo fZl jeZes\ Z kZ
e _ggy dbkg_\h]h “mlly g_cljZevgb#b (2Zfdb Zdbkgdithg\ jl _jgh]h p_om 1z
eh]egqgh ijhp_km :H> >hkblb\gbfk}zZztl g cljZecazZp+s€ _e_dljhdhjmg”"m fAj]Zgp_\h]lh
dh™ \bdhjbklZzggy nmjf “ey ijh*m@ZagdyZlma khglrhf "bki_jkgbo \e”olln~e\ \
eg"b\e*mZevgbfb i**"\h~Zfb dbkgx 1Z jAjdgpi\Z \BgZ 1Z \m]e_pvfeklygbih fZl_jeZ
ljh*m\Zggy \Zggb Ilsevdb Zjlhghf &gbiaph\mie€gxa ydbc hljbfZgh reyohf | _ jfeqgh€ '
\_jrzevghfm _I1zZi« } _n_dlb\gbf \ kidjfhdpie€ \e*oh”e\ jhkebggh]h ihoh”~  _ggy <f
\biez\db klzZzes \ dhg\_jl_jZo dhf[egh\AbbFr gemmlIZ]ehrbole \eroh”e\ feg_ jZevgh€ ]
ljb j_ZeeazZpe+€ debklikglwkh[m a \bdhjlkkdleZz”z\ [ecey <fekl \ Z]ehf_jZle aZeecaZ
gyf dbkg_\h€ nmjfb ydZ hoheh" " mzIvky]Agpkhx yde \ Z]ehf_jZle agZoh”bebkv m \b
reyohf agb™ _ggy hdbkex\Zevgh]h ihl_khgkdém AmM[Z\ 0Q[2\ IZ €0 kihemd a KZH Iz

ly ih ZgZeh]*€ a ijhp_khf :H> regdl2f chdez”rZ\ \e¢~ih\e~rgh \ fZk 4
jha[Z\e_ggy Zjlhghf ljb \fekle KZH 1Z 6L2 [cey fZk hijbfZeb
< mfh\Zo dheb i_j ferm\Zggy \Zggbhkehkghc Z]ehf_jZl a hkgh\geklx <fekl

ghfm \bagzZqZ}lvky deg_IHephXljmfjgAboe~rgec Z]ehrbole isjhim]Je_px klZgh\b\

Z kzZf_ gZ i_jrec o\bebge ijh*m\ZdggyfEk ijbsh ijb\_eh ~h agb’ _ggly NbljZI
kylg_gge dhgp_gljZpe€ \m]e_px " "bpgZgpldvriZeb\Z \ i_j jZomgdm gZ \m]e_p\
_n_dlb\gbf kihkh[hf ie*"\bs_ggy r\b~rdhkkdtbpb dhdk gz GZ~ebrhd iejh\m]e_px
dmeype€ f_IZem ~ey mfh\ ijh*m\Zggy [\Zaggh bk dljffofZggy fepghkle g_h[mergh€ ~e)
a\_jom ahklzZ}lvky is~"\bs_ggy €€ e+dhjpkbAgdkls\ mfh\Zo -dbhigy_jlhjgh]t ij

e_  algh a dezZkbgghx |_ogheh]e}xp \lbireZz\db

kl1Zzee \ dbkg_\hfm dhg\_jl_je a \_jogef Ijb"mMARZ_*_gge* "hkeergh€ iez\db i_jrzZ ihjpe
gyf hkgh\ghx az~Zqg_x sh \bjerm}lvk¥hge-ihgpo reXhjkmgbo ydzZ klzZzgbBezZz a

dm ijhm\Zggy \Zggb dbkg_f } alXthratoqag@dg¥evgh€ fZzkb \\h~*bezZkv gZ ih\_jog
r\brdhlh jhagbg_ggy rfzZldh\h]lh \ZymzZIZEe_\Ké&k\Zggb gZ k_d ijh"m\Zggy €€ dbkg_
1Z}Ilvky aZ jZomghd is*chfm mneyjbthf YdA}fh~«€ gqZkldb KZH ydZ \oh”belZz “h kdeZ
af_gr_ggy -<gl_gkb\ghkle ijh*m\Zggly lsdrrighdh &aZ2Zpladgp_\h]lh Z]lehf_jZIm a 6L2
Ablv ~h af_gr_ggy ihlhdm ~hferhd fydbemmMhhjx}Iivky aZ jZomgHEdgtyddkehg-ex
fekpv €0 \azZ}fh”re€ ax+ dib\kgofe i_j\bggh&Amgm hljbfZeb reZzd a hkgh\geKde] a

ahgb 1Z kZglz f "o f dZeZzd < j_amevikdFe j_"bfm ijh*m\Zggy \Zggb dbkg f [meb \g
af_grm}lvky e<gl_gkb\geklv j_Zdpec hdbeexdjgdionmjfZz g_ ie~rgefZeZkv gZ” je\g_f
dj_fgex fZjlZzdEx\m]e_px sh \ k\hx gZgpm \ kihdecghfm klzge P_ ~ha\heb

af_grm} deevdeklv | _iehlb g_h[os"gh&I|Zdyerab\dZlb Je~jh~"bgZfeqgbc |Z 1| _ieh\bc |
]h mI\hj _ggy hkgh\gh]h reZdm \Zggb [_a mfggy -<gl_gkb\ghkle ijh*m\Zggy

>ey pbo mfh\ hkh[eb\h gZ iezZz\hZdbklgavfdhRklZghle _gh sh je*dhjmoeb\bc hkgh
le_p_\bo fZjhd klZee ijb \bdhjbklZggserzdbmdthjb?dZ\ky \ _ iekey o\bmbgb ijh”
osfeqgh ©oheh”gbo?® qgZ\mge\ wqavZggy AffKgr_ggy hkgh\ghkle rezZdm i_jrh]
>6L@'qZ\ \klZgh\e_gh shhdhjljtdh~m ~h "halhebeh ihgbablbZch]h I_fi_

gZkgh egl_gkb\geklv ijh*m\zZggy f_IZlen\m€idZvgbggy : gZy\geklv m ~hkee~ghfm Z]
dbkg f a\_jom fh _ \bagZqZlbky ydZlsjahdkb”?e\ fZj]Zgpx |1Z aZeesaZ Kkijbyeh [e«¢
G\ Z "ey "hgghlh /pan*ly "r\b~rdhfm jhagbg_gge \ reZdm \zZigZ yd_ ijhc
L _ogheh]leqgZ "hpeevgekly ik*Xbsx gtny_t ~gvh€ | _ieh\h€ h[jh[db] \ ijhp_Kke
I_gkb\ghkle ~mlly \ mfh\Zoijhpdtkebhf_jZpe+€
jZnegm\Zggy dhgljhex}lvky r\bArdekIx gZAm]lggnjpey "hkeergh]lh Z]lehf_jZIlm \\h”"be.
hkgh\gh]lh reZzdm h[%jmglh\Zgh jhamefhZlgfbjeadh]h agb ™ ggy \ reZgmegH2
ke ggy > @ < gvhfm azZ”~ZqzZ \mi\d\jbglgythghdb Hkgh\geklv reZdmbiekey jhac
ghlh jerdh jmoeb\h]h reZdm gZ i_jrbp gpdpebgZlch€ ihjpe€ Zlehf_jZIm klZgh\beZ a
ijh"m\Zggy \bjerm\ZeZky reyohf \bdbjkhzygdxlb osfeqghlh ZgZeea ijh[ f_IZem 1Z
"hkeergbo rezd mdbogxkZIl_jeZees\ peevi\dZlv ijh |_-ogddghfeqgm ~hpeevieklv \bd
ijbagZqg_ggy 9Z hkgh\e fZI_jeZes\ Ihogbhklggdyh hkeergh]hfZgegph\h]h Z]ehf
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jZIm hljbfZgh]lh a \bdlyjbkllZggh]_gg\boge \m]e_px [Z kdeZ"m reZdm \jZoh\m
\erohne\ f IZemjlecgh]lh 1Z jhkebggh]pvhHfemh”€0 \ieb\ gZ e+gl_gkb\geklv jhafej
gy Klmiegv ~_nhknhjZp+€ klZee klZgmb&gd_agy 1Z qzZzk <kgm\Zggy ]Zahhbbo imob
N kmevnmipZpe£€ <fekl fZj]Zgpx \ klZz&ihxzZq_jlm } nzZdlhjzfb yd ihablb\gh]h «gl
jZomghd ch]lh i_j jhaih®eem fe¢° reZdigbkxvIZi fj ferm\Zggy \Zgghb Izd + g_]ZIl
IZe_\hx nZaZfb \bjek a Ah kielk\m\ gz ijhp_k \biez\db klzZe+ \ljZIb f_
degphfm rezZdm -yH9%; MnO ~ 5,8%. \h€ nZab

LZdbf gbghf \bdhjbklZggy ~hkee<~gh]h Zlettgheh]eqgZ fh eb\eklv hljbfiZggy dh
jZIlm gZ hkgh\s | _ogh]_ggbo fZl jeZek\jgh€a\klZkelv \bkhdh€ ydhkle a” _[eevrh]h
jharbjblb ki_dlj nmgdpehgZevgh]h ijcadg2\d gldy gZ\_"~_ggy ZdIb\gh€ reZdh\h€ n
fZl_jeZee\ hljbfZgbo reyohf €0 |_[iehalz€ Ziglhfib neabiklygbfb \eZklIb\hklyfb gZ st
db \ ijhp_kZo \bjh[gbpl\Z klZe- \ieb\Z} kdez” deevdekg_ Kkie\\erghr_ggy

<BKGH<DB mi\hjxxgbo dhfihg_gle\ 1Z Zelhjblf €0 \\_~

Ijb dhf[egh\Zgec ijh"m\pe jerbgbgd_jh& kogx f_lZe_\h]lh jhaiez\m |_jki_dlIb\
hkge \_jgx 1Z ~“hgm nmjtBbpyah klijmfijgrklZ\ey}Iivky \bdhjbklZgdhmidehjxxqgbo
ickey €0 \az}fhne€ jhaledZxlvky \ gZijghdgm¥dhhtkeijbagZzq_ggy kdedéfeggmeabd
dhg\_jl _jZz ~h kleghd Z]j_1ZIm shva[de¥krib\hkde ydbo nhjfmxlvky \ ijhp_ke Kie
deklv imobje\ sh mli\hjxxlvky h~ghg zZkgilehWvh&fh[jh[db fZl_jeZe+\ |_ogh]l”ggh]h i
r_ggy €o jhmfdjba\h”~blv ~h agb™ _ggy \lghlb
kie_kde\ jerbgb gZ” je\g_ \Zggb \ kihdecghkrbdlibdklZggy ~hkeergbo fZl _jppZes\ r
AfegZ Kkis\\e~rghr_gv \bljzZl "mlly sh imhAEjdxkpo jZnegmxgh]lh ijbagZq_ggy 1Z Z
a\_jom |Z agbam fh _ [mlb _n_dlb\ghZlnmbchiikfgh\e fZl jeZee\ | _ogh]_gfh]lh ih
j_Imex\Zggy jhafes _ggy \ h[kyaes \Dbggb qbogp a&halheblv iheeirblb \_~ _ggy rezZdh
khdbf hdbkex\Zevgbf ihi_gpeZeh j_"bfm \biez\db klzZee ie*\bsblb _n_dlb\¢
< mfh\Zo \bjh[gbpl\Z klZes \ dbk\®bdbjdkdhggy dbkgx jharbjb\ ijb pvhfm « Kk

\ jl _jZo a \_jogef ijh"m\Zggyf \Zggb namgdd pglyyZevghlh ijbagZqg_ggy fZl-jeZes\
\bljzZzlb dbkgx gZ a i_j_oh~hf \g" dKhadee \eZklb\hkle ydbo kwphjfeyolhf €0
I_gkb\ghlh ijh*m\Zggy dhg\_jl_jgh€ \dggdh\dh€k dp[fh[db \ mfh\Zo h[_jlh\h& i_qg° a
Ah h[%jmglh\Zgh +gl_gkb\gh€ “~halghebbklZjpgwff \lhjbggh]h ihl_gpeZem kbjh\bg
r_gge ijhomdlib\gjhlplekm kmll}\h ier\bsbgb jhe€ \eroh”"e\

Ah kimiegv jhaih”eem kejdb fe ZreZzdhf »efy I\bagZqg_ggy i** gqZk ijh*"m\Zggy c
ehf 1Z agbablb \IjZzlb f_IZem a \b[phk&ZZlke+bh\\m]Je_p_\h]lh jhaieZz\m dhg\_jl_jgh€

ghkhf egl_gkb\ghkle i_j_\h*m kejdb \Zrigah grey "-
3. J_amevizZlib \bkhdhl_fi_jzZImjghklh afhdbe\fekim \ gvhfm \mle_px : Ahpe
\Zggy \az}fh”e€ dbkg_\h]lh klIjmf-_gm &abahgb&hzZlb i ZjZf_1j sh \bagzZqlz} Je7jt

le_p_\bf jhaiez\hf kI\_j~"mxIv_jsih~rde gZfeqgbc klZg \Zggb i*" qZk €€ ijh2m\Zggy
I_gkb\ghlh hdbkex\ihdgy px "~“hpeevgh A&, G\ IhdZaZgh sh \ azZ*"Zghfm "eZiZah
rblb iblhfm \bljZlm dbkgx Z[h aghk m\Mzlkbimhdbf_IZe_\hfm jhaieZ\s \m]e_px aZe_
ex\Zevgbc ihl_gpeZe dbkg_\bo kIjmf_mdb dbkobAZe ggy a f_IZem \ rezZd kejdb
d_jh\Zgh]h ah\ge jha[Z\e_ggy €o g_cl{yefvdph ]/ja, G\ ghkblv _dklj_fZedrgbc o.
ahf | | FZdkbfZevge aZ \_ebgbghx afZq_ggy
1Zjzf_ljb j_"bfm ijh*m\Zggy dhg\dpkigh€ kmevnmjZpe€ ~"hkylZxlvky ijb \bdh]
\Zggb yde \BabZogneatodktieqge hkh[ebVkdee~"gbo reZdhml\hjxxgbo gZ hilggh\e | ¢
\biez\db klgeh[os"gh \klZgh\ex\Zlgbo a«~oh"e\
mjZom\zZggyf ihlhggh€ | _fi_jZImjb Z \feklm \ ¢
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>hkee " ggy \eZklb\hkl ¢ e _dljh*gbo i_d-e\
Malyi E.I., Chemerinskiy M.S., Starovoyt M.A.
Research ofproperties of electode pitch

F_1Z >hkee”" _ggy-roedbgdbo ijhp_ke\ sh ijhoh”ylv fe  jhaieZ\e_gbf i_dhf « IZ jAbfb gZih\gx\
gZftdhfihg_glhf ]jZnelh\Zgbo _e_dljh~e\ 1Z azZijhihgh\Zges f_Ih”"b \bagZqg_ggy j_heh]eqgh€ ih\
i_dm

F Ih"bdZ >hkes”' _ggy j_hehqgib€iildm ijh\h”"beb a \bdhjbklZggyf f_Ih~e\ afegb djZch\h]h dml

afhgqm\zZggy Z ih\_jog \e \eZkl@RbdhjbtlZggyf f _Ih~bdb ijyfhlh \bagzq_ggye+g~_dkm afhq

\Zggy
J_amevlZlb <bagZqg_gh sh djZch\bc dml afhgm\Zggy g_ fh'_ [mthfZEkhiexydbklishdZaghb

hkdeevdb \eg aZe_"blv \en Z~] _aecgh€ Zdlb\ghkle i_dm a \m]Je_p_\bfb gZih\gx\Zqzfb

GZmdh\Z gh\bagZ <i_jr_ ihdZaZgh sh oZjzdl_jbklbdb fepghkle ]jZnelh\Zgbo _e_dljh”e\ h[mfl
I1Zde nZdlhjb yd eg”_dk afhgm\Zggy djZch\be dmmé afhlym\ZgidygZldh\h]lh i_jeh"m Z"]_aecgh€
\az}fh”e€ _e_dljh~rgh]lh i_dm a \m]Je_p_\bfb gZih\gx\ZqzZfb

ljZdlbgqgZ agZqmseklv AZ j_amevlZfb jh[hlb \klZgh\e_gh sh i_\gbc ihdZagbd \e”ih\e”"Z} aZz
ijbgpbim y\bs sh \eA[m\Zxlvky ijb afhgm\Bggb\khv*Z\Ghpegger_hoZzZjzdl_jbam\ZIlb ih\_»

gdm _e_dljh~rgbo i_de\ i*” gZk \bjh[gbplI\Z ]jZnelh\Zgbo \bjh[e\

Dexgh\e keh\Z djZch\bc dml afhgm\Zggy e<g”~_dk afhgm\Zggy 1jZnelh\Zge _e dljh”"b _e_dljh~"
asy dh]_asy j_heh]leqge 0ZjZdl_jbklbdb

Goal. Research of physico-chemical processesthat take place between molten pitch and solid fillers +components of

graphitized electrodes, and proposed methods for determining the rheological behavior of pitch.

Method. The study of the rheological behavior of pitch was carried out using the methods of changing the marginal wet-

ting angle, and the surface properties of pitch - using the method of direct determination of the wetting index.

The results. It was determined that the marginal wetting angle cannot be an absolute indicator of its quality, as it de-

pends on the adhesive activity of pitch with carbon fillers.

Scientific novelty. It was shown for the first time that the strength characteristics of graphitized electrodes are deter-

mined by factors such as the wetting index, the marginal wetting angle, and depend on the initial period of adhesive in-

teraction of the electrode pitch with carbon fillers.

Practical significance. According to the results of the work, it was established that a certain indicator corresponds to the

general principle of phenomena occurring during wetting, which makes it possible to more fully characterize the behav-

ior of electrode pitches during the production of graphitized products.

Key words: electrode pitch, graphite electrodes, adhesion, cohesion, wetting angle, wetting index, rheological character-

istics.

<klmi GZc\Z eb\erbf ihdZagbdh#Z _ghdljfrklhx aZe_"blv \e” djZch\h]h dgnlzZ afhgm
e_ieZ\bevghlh \bjh[gbpl\Z } iblhfZ gybljgddbc mi\hjx}Ivky gZ f_"e jerdh€ 1Z I\_j
_e_dljh~re\ M | _ogeqgh jhalbg_gbo dpZ&gzZbjzielh\fizc dml afhgm\Zggeh]-ohn Z
\bljZlZ 1jZnelh\Zgbo _e_dljh”e\ klZgh)btM_jlbkjilbdZ <eg 0ZjZdl_jbam} iehsm jhaled
Agvhfm - d] | klzee Iblhfz \bljzIZ _ibdg&lidh\m r\b~deklv afhgm\Zggy 1Z qZk jhaled
Ne\ \elgbagygbo ieMipm}fkieb\Z}Ivky \ershN\mZ]Zees \bagZqZ}lvky jh[hlhx Z"]_a*€ > @

d] | klZes ?dkiemZlZpecge 0ZjZdl_jbkMdh+yjZm*bgb ~h IN_jrh€ ih\_joge hibkm}h
Ih\Zgbo _e_dljh”*e\ \bagZqzZxlvky \eZlkNhfbflyfbgyggyf >xij_ > @

\boe~gbo kbjh\bggbo dhfihg_gle\ 1Z ijh@skzfbE&H F Jy 1)
\azZ}fh”«€ ijb |_jfhoefeqgec ie~]hlh\pe Lhimwg thh[hlZ Z"] _a-€

o*"gh ~hkees”blb-on=falgdk ijhpskb\e~

\Zxlvky fe* jhaiez\e_gbf i_dhf 1Z I j*bflb\gyggy >xij_ m ih}"gZgges a je\gyggyf Xg
ih\gx\zZqzZfk dhfihg_glhf ]jZnelh\Zghblo >e@d ~ha\hey} \bagZqgblb jh[hlm Z~] _as€ jeo
jh~e\ 1Z aZijhihgm\ZIb f_Ih”*b \baglZqg>xgjy-Xgh&

]*qgh€ ih\_7~egdb i_dm >Zlb ZgZeea _n_dlb\ghkle &L isE?KQA

\azZ}fhne€ jerdh€ nZab i_dm m ijhp_(jgo hljbfZggy

liZnelh\Zgbodljae\

'gZeca ecl_jZIlmjgbo "~Zgbo IZ iMkIZgbwj&Imj z~]_a+€ fh gZ yd fejm gZ gkb\ghkls
[e_fb <bjh[gbpl\h ]jZnelh\Zgbo _d d}jfn™e\e W\ho jeagbo dhglZzdimxgbo nZa Ih[lh k
agzqzZ}llvky ijhp_khf \aZ}fh”e€ \m]e_padrgshZhh gZkbq_ggy g_dhfi_gkh\Zgbo ih\_jo
gx\Zge\ JjZnelh\Zgbc dhdk ]jZneEZ I\bjdhKigd] 1jb pvhfme g je\gyggy \bagzqz}
pbl ]hedh\bc gZnlh\bc dhdk 1Z <g &|jhpaigd\eiv azebrddhthio gkh\Zgboa a\ y
gbf i_dhf kihemdggthfihg_glhf _e_dljh"geho sh [sevr; Ibf f _gr_ aZ Ibo kZfbo mfh\
fZk ?n_dlb\geklv \aZ}fh"e€ jerdh€ nAAZaigwdn \

ijhp_ke hljbfZggy J]jZnelh\Zgbo _e gdljh"AY.®gK a nhjfmehx e _]dh jhajEom\Zlb je
FZebc\P_ q1Zgh\bg 1 g M>MGL Malyi E #d.t.s., USUST
Q_f jbgkvdboZFcdhj]ech\ikgllg M>MGL Chemerinskiy M. +c.t.s. USUST
KIZjh\hclZkey gZlhe+s€tgZ g M>MGL Starovoyt M. *c.t.s. USUST .
S

38



33 1 3

< 1,2022 ISSN 1028335 # # i sty

\Zgm jh[hIm Z~]_a+€ je*bgb hkdeevdb Waebgbghtgshafhgm\zZggy

\oh”ylv ~h g _€ ih\_jog_\bc gZly] « djZzwavbckdsjhaledZggy

ierNZxlvky \bfejm 95 L9 F 9 } jh[hlhx jhaledZggy N-eabqc
Jelghd"gm jh[hlm Z"]_a-€ fh gZ ihj-kayAdl_gygy \bjzZzam iheylz} \ Ihfm sh \_

\gh\Z ghx jh[hlhx dh]_a<€ Dh]_a-y \Baadhihal\dmIz adgymbAagZqZ}Ivky® kis\\e

ahd fe° \gmljergefb fhe_dmeZfb IleeZ dghr\ ggyZokbe fe'fhe dmeyjgh€ \azZifhnreg

h~ge}€ nZab sh ozZjzdl_jbam} fepyeklyviidrger@ke nZab fo° fhe_dmeZfb he+~bgb -

\Zgbo lee 1Z fh eb\eklv ijhlb”reylb ah\geegyh§m ih\ joge jhar+em nZa

amkbeex Lh[lh jh[hlZ XKi]jbwa} jhaledZg@d  _ \bdhjbklh\mxgb azZ]Zevghijbcgyle |

djZi_ev + afhgm\zZggy Zijdhgre~€vhfmqge ijbgpbib fh gz ih[eqgh i_j _~[Zqblb i

> @ Qbf jeagbpy fe' gbfb |Ibf cgl sgkbdgdm jealljhigtdm m \bjh[gbghfm ijhp_ ke

dZggy 1Z agzZqger_ afhgm\Zggy qZk \b]lhlh\e_ggy _e_dljh~rgbo \bjh[e\
M gZcijhklerhfm \biz*dm jh[hlg "hh]_aF€&| jezeb 1Z f_Ih~ b ~“hkee”r  _ggy GZ is’
je\gx} A ijbcgylh€ dhgp_ip*€ fb \bdhjbklh\mbZeb f_|
9Lt (3) "ygh€ djzZiee Yd ~hk\e~q_ge ajZadb "~hke

_e_dljh~rge i_db kihemqggbc <« ijhkhgm\
A_ fgh'gbd \dZam} gZ ihy\m “\ho(gd{ebo hAd yamxgbc i_d } hkgh\gbf dhfihg
dh\bo aZz jhafejhf « \eZklb\hklyfb ih\_jehdVjnfigh€ fZkb 1Z \bagZqz} _dkZem2ZlZp
ihfeem jeti@gZ Lbf kZfbf jh[him dh]_rrAHkle e dljh”"Z Hkdeevdb a \m}e _p_\b:
"gZ jhalJey”Zlb yd fejm fe'fhe_dmeyjgli€-\azZghhtb@hjbklhimxIivky \eg y\em} kh[hx
\ h[kyaes ]hfh]_ggh€ dhg”_gkh\Zgh€ nZeibf_j2@ ydbc gz~Zes ijb \biZe_gge- 1Z 1jZ
ljb i_j_Vhj_gge* je\gyggy Xg]Z a Ybdhzhkbhd gqm} degaklmjiZzdh\dm h~ghjergh]h ]j:
gyf \bs_gZ\_~_gbo je\gygv ijboh”~bfh Nh\WgjZdhgheeIm
’)KOLa—Fs (4) Ijhkhqm\Zevgbc i_d Z[h ©O-<fij_JgB&I® fZ} \

A A R oA N"g_geklv ea ]jZnelh\Zgbfb az]hl
Wa £ n[RIZ Z"]_a-€ j+\bgb s afﬂg]md}ljh’\ \ Ch]h \bdhjbkiZggy ~Z} fh eb\s|

i"_leeh Absblb seev ihn |
i . WA eevgeklv _e _dljh~Z 1Z aBgbablb |
ko £jh[hlZz dh]_a-€ j+7bgb |\, [ihp k \eA[m\Z}ivkop Zevightm ZiZjZle
a i 1 N 1 1
A+ Kki=Aghr_ggy \bohrylv jthbiiélng.hlageZ\ Z i_d ih~rZ}Ilvky m jhaiezZ\e

mfh\b afhgm\Zggy
0:k<Wa< :k tafhgm\Zggy

LZ[ebpy
OZjzZdl_jbklbdZ _e_dljh*gbo i_ds\
lhdZagbdb ljhkhgm\Zevgbc A\ yamxqgbc f@jdb
L _ fi_jZlmjz jhaf ydr_ggy f 60 67
<boe<” e_Idbo j_gh\bg 61 58
Ahevgeklv 0,3 0,3
FZkh\Z qzZkldZ j_qh\bg
g_jhagbggbo m lhemhé 20 30
m oegheege- 3 7

M ~Zghfm \biZz*"dm kee” aZagZgblbexdtivdrmevikmkbevgm rZnm a ~\_jpFxifb yde
"hkeer"m\Zghlh fZl_jeZem klZgh\blZ htey” h\_G\edhgp_ M kmrbevgh€ nZnb \klZ
NZee “hkeer"m\Zgm ijh[m az\zZglZ mxhviy fEZIZblpXk «a pbnjh\hx \e~_hdZf_jhx 1zd
ij_kZ ij_kmxlv seevgbc [jbd_I Thi_Z *"gvdhdmeyj dZf_jb ijyfm\Z\ m hley~h\_ \e
l[jbpy 1Z \deZ”bre ij_kzZ fzZxlv [mlb "kmpplflrZnb GZ fhgelhje dZf_jb \erh[jZ"Z}I
HljbfZgbc [jbd_I a\Z mxIv a lhqgeklx fybd_I| ajzadzZ sh “hkees”"m}lvky =« gq_j_a
jhalzrh\mxlv gZ _1Zehggm i**deZ”~dm fRKbjhihhébowkyl hc nedkZpey L_fi_jZImjgbc |
a d\Zjph\hlh kdezZ Yd ie~dezZ”~db fh ' mbf [mZBjsdlggy rZnb \bagzZqz}lvky Z\IhfZlIt
jbklZge reenb a JjZnelmpblEglgZnlh\h]h\d" Ah fK ae r\b~rdeklx fK o\ Ijb p
dkm |Z <g afegm dhglzZzdligh]lh dmlZ afhgm\Zggy aZib

D\Zjph\_ kdeh jZahf sa [jbd_Ihf azZ\@HkZ gXIve~_hdZf_jm lekey _dki_jbf_glm I
m kdeygdm ea ijbl_jlhx djbrdhx jbk ~Zge JMylthlgyhv m ijh]jZfm ([FHO j _ljda_
ahgm d\Zjph\h€ kdeygdb gq_j_a \*~jhKihxdlvean djggelyfe "bgzZfedb afegb djhch\h]h ¢
gZih\gxxlv Zjlhghf DjZg azZdjb\zZx\v gmMkZggly aZze_ "gh \e* | fi_jZImjb jbk
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Jbkmghd Djziey gZ I\_jrec ihd\Zgpk\Z kdeygdZ a ijbl_jlhx djkrrdl\hidgph\Z

ierdezZz”rdZibje] a i_dmerjhklhd «a djZghf “eyggy Zjlhgm

2

30

r

0 LI LA LA L L L BN BN A DI LD LA DL L L L L LR L LR B |
100 120 140 160 180 200 220 240 260 280 300
Temnepartypa, °C

HOBHH KYT 3MOYYBAHHA, I'pag
pe snlaoa ol vw pnloaoalayasl
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Jbkmghd DjZch\bc dml afhgm\Zggy i_dm Z a\ yamxgh]h [ ijhkhgm\Zevgh]h

J _amevlZlb ~hkee”” _ggy >ey jharlydlggyoZjzdl _jbam} deevdeklv ZdfhaaZegth]h f

“eb\hkl_c “hkee”" _ggy ih\_jog_\b& \eZ kltj\fimehx
|_¢c i_dm [meh \bdhjbklZgh f_lh~"btm |jganHsrr (5)
agZqg_ggy *g”_dkm afh@m\lZ_gcgthelZlagbd A %
ih\gx} dech\bc dml afhgm\Zggy sh m dhfie_ dke .
~ha\hey} h[ }dIb\gh hpegblb ih\_’\-@dm I—d %]gl dmdekw?;hq]m\Zggy i_dm
heh]e hfm ijhp_ke \bjh[gbpl\Z Zn :
?e_d]Ith"g-\ Ijbjjfze-aZp-J(%[gf_FI)h"m 3J/d |—z &36‘8 gZ isdhf fZkZ dmevhd |
gZih\gx\zZq \bdhjbklh\m\Zeb dmevdb a d\ZJph\h]h
kdg djmigeklx ff <bdhjbklh\mxIlv Ijm[dm

ibk a “Zjhfepghl]lh f_IZem ~¢Zf_ _hhf ff 2
\"bghx ff 1Z gb gvhx ijh[dhx a gjeav[e_

gyf GZ ~gh Ijm[db azZ\ZglZ ' mxlv dknevdb m deevdh
[ ] ih\_jogx \bje\gxxlv Ih\_jo dojmevhd az\z
IZ"mxlv ~“hkee""m\Zgb&efzh jdeevdhkle ]

Lim[dm \klZgh\exxIlv \ rZnm « gZ]jg\Zxlv ~h de
p_\h€ |I_fi_jZImjb fK aes r\b~rdeklx fK o\
Dheb | _fi_jZlmjZz ~hky]lZ} fK ishp_k gZ]j
\Zggy ijbibgy}lvky Z Ijm[dZ a fZl _jeZehf sh
"hkee""m}lvky hoheh”"m}lvky "h EZfi_jZImjb g
\debrgvh]lh k*h\bsZ A hoheh” _gh€ Ijm[db
alj]\bggm}ivky gb gy ijh[dZ Afhq_gbc fZl _jeZe

gr.-.
S/

aZebrz}lvky m Ijm[pe Z g_ afhqg_gbc \bkibkm}dhky Lim[dZ \bagZqg_ggyng”

JhajZzomghd ijh\h”ylv \e~ihlergh ~h \Zygw +g@y djlh~*gbc i_dtgZih\gx\zZq
dmevid sh \bagzZqz}lvky e<g”_dkhf jbk
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H[]h\hj_ggy j_amevliZle\ <bagZghggwm Igdiso sh \e*"[m\Zxlvky ijb afhqgqm\Zgges 1Z
dZagbde+\ yd djZch\bc dml afhgm\Zafly]mz ihdhdkgger_  hoZjzZdl_jbam\zZlb ih\_~
afhgm\zZggy 7~Z} hpegdm _n_dlb\ghkle_afhidjintrgbwogh€d+\ ijb \bjh[gbpl\e ]jZnelh\Zgt
a”Zlghkle i_dm \m]e_p_\h]h gzZih\gx\Apm[*\mfh\Zo
\bjh[gbgh]h ijhp_km hkdeevdb ijbZpvhfirhdZ8[Zg\h sh o0Zjzdl_jbklbdb fefpmghkle ]jZn
vk ijhp_k kde_x\Zggy \keo kdezZ h\bbglko jecgh&ljh~e\ h[mfhlexxlv [Zde nzZdlhjb
_e_dljh~rgh€ rbolb g _dk afhgm\zZggy djZch\bc dml Aafhgm\Zgg

AZijhihgh\Zge f_Ih~bdb ih \bagZd_ggx plvo\r” ihgZldh\h]h i_jeh®m Z~]haecgh€ \a
dZagbdes\ ~hkblv r\b~rde 1Z g_ \bfAh]ZRKNE "herZdth*gh]lh i_dm a \m]Je_p_¥fb gZih\g
\hlh h[ez~gZggy Ih[lh fh 'mlv \bdhjbkd\fra\ZIlbkv
gZ i*"ijb}fkI\Zo ~ey hpegdb ijhp_ke\ kdeba\d@hgyghdzach\bc dml afhgm\zZggy g_ f
dhfihggle\ _e_dljh~gh€ rbolb " [mlb Z[khexlgbf ihdZagbdhf ch]la ydhkle |

<bkgh\db LzZdbf gbghf \klZgh\kb_gdvdlsh\egy aZe_ “blv \e~ Z~A] aecgh€ Zdlb\ghkls
agZq_gbc ihdZagbd \e?ih\enrZ} azZ]Zewghempijblgidp gZih\gx\zZqzZfb

;*[eeh]jZneqgbc hibk
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NINDEBINYE®D.{ ¢cETNRY] MAOONAA
OZjZdIlfjoZgeqgmbgm\ZggyZghe*dhkdeygbo

kmfer ¢ sh kljmdImphiZjg»djho\bevh\hfm k_j ~h\b

Solonenko L.I., Repiakh SlI., Uzlov K.I., Karpova T.P.

Mechanical destruction characterof sandsodium-silicate mixtures

structured in steammicrowave environment

F_1Z>hkee"bolZjzdl_lZz jhajh[blhiblafegbZjzZzdl_jfmoZgeqgjmbgm\Zogae¥ghe*dhkdeygbo
kmfer_\eMgZkédljmdimjm\ZgpFjhfedjho\bevh\kfmn ~"h\hse

F_Ih*bdZe<pgeklv gZ jhaly] kljmdImjh\Zgbo kmfeb_gAbppeZZyc2 fh"H/BXih\e~gh "h =HKL
23409.7. KljmdImjm ih\_johgv jmcgm\Zgd'y hksdeglgbo kmfer_c "hkes*"m\Zeb gZ jZklph\hfm _e_dljhg
fm fedjhkdhfJ?F 1 ijb ijbkdhjx\Zevgec gZijmas \e" ~h d< ¢ kbeR REmffhmhd"rZ \«~

jbggbo _e_dljhgZo a ~+Zf_Ijhf ahg”Z \e" ~h gf

Jhajh[dm hibkm f_oZgeafm jmcgm2dbkdiesdiytn kmfer_c \bdhgZgh azZ j _amevliZIZfb ZgZe
a*klZ\e_ggy \bdexq_ggy |Z mazZ]lZevg_ggy \*~hfbo |Z hljbfZgbo Z\IhjZfb I'Zylg&ojh[hlb _dki_]
I1Z | _hj_Ibggbo "hkee~” _gv him[eedh\Zgbo m \«~djblbo gZmdh\bo ~° _j eZo a ZgZeecah\Zgh€
J_amevIZIG_ aZe_"gh \e~ \fekim je~rdh]lh kdeZ \ kljmdiprjhdBERgeeyigsZddmfere 0ZjzZdl_j €€
jmcgm\Zggy aZe_ "blv \e M pedkmoibev h\hi€[db ydbc a+ a[eevr_ggyf qZkm h[jh[db afegx}Ivky \
Z~]_ascgh]lh ~h aferZgh]h « dh]_ascgh]h <e2~ih\e”~gh ~h jhajh[e_gh]h hibkm f_6Zgeafm jmcgm
]_ascgh]lh ~h dh]_aecgh]h f_oZgeafm jmcgm\Zggy \bdebdZgh oZjzZdl_pfyo\hqBE keZrd "ghkle ie
Z~]_ascgh€ fepghkle \ kbk]efdd\iZdph 1Zd » dh]_aecgh€ fepghkle jeAdh]h kdeZ \ fZg _1Zo km
pvhfm afegZ dh]_accgh€ fepghkle jeAdh]lh kdeZ m gqZke ijb fedjho\bevh\ec h[jh[pe fZ} _dklj_f:
\hg_\b~v amfh\le_igd kfimheef_jbazZpe+€ kbeedZIm gZljex a je*dh]lh kdeZ i*” qZk ch]lh ~_]enjZI
GZmdh\Z gh\baig4r_ jhajh[e_gh hibk afegb 0ZjzZdl_jm f_oZgeqgghlh jmetdml@gyybicsZgh
kmfer_c \e” gZkm €0 kljmdImjmiZdjhpyp \beiZhhhfm k_j "h\bse

ljZzdlbggZz agZqbfekldljbfZge ~Zge “halheylv jharbjblb my\e_ggy ijh \eZkdb\hkle ieszZgh
jerdhkdeygbo nhjf |Z f_oZgeaf €0 jmcgm\Zgge i f_oZgeqgbf \ieb\hf hpegblbmfh eb\hkle kil
jm\Zggy \ iZjtdjho\bevh\hfm k_j_"~h\bse pee_kijyfh\Zgh \b{hEE>r yZigyfbZ ijZdlbgqgbo ~ec

\ qZklbge d_jm\Zggy je\g_f \eZklb\hkl_c kljmdImijjrVaidika e ygbgphkmfer_c

Dexqgh\e kehi\sZghs"dhkdeygZ kmfer fZg~ _1Z iesbgdZ je~d_ kdeh kljmdimjm\Zggy jmcgm\.
asy dh]_aey fepgeklv

Purpose . There were nature investigation and description development of sand-sodium-silicate mixtures mechanical

destruction nature changing according to the time of their structuring in steam-microwave environment.

M ethodology. Structured mixturestensile strength has been determined on LRu-2e model device in accordance with

GOST 23409.7. Sand-sodium-silicate mixtures fracture surfaces structure has been studied using scanning electron mi-

croscope SEM-106I model at accelerating voltage of 20 to 30kV and probe current of 4 /A to 30 A in secondary elec-

trons with probe diameter of 1000 to 200nm.

Sand-sodium-silicate mixtures destruction mechanism description development has been carried out based on analysis

results, comparison, exclusion and generalization of known and obtained by the authors of this work experimental re-

sults and theoretical data, published in open scientific sources devoted to present analysis subject.

Findings. Regardless of sodium silicate solute contentin structured sand-sodium-silicate mixture, its destruction nature

depends on steam-microwave treatment time, which changes from adhesive to combined and cohesive with treatment

time increasing. According to fracture mechanism description developed, transition from adhesive to cohesive fracture

mechanismis caused by the time dependence character of both adhesive strength in quartz -sodium-silicate-solute sys-

tem and cohesive strength in sodium silicate solute in mixture cuffs increasing. Atthe same time, sodium silicate solute

cohesive strength changing over time during microwave treatment is of an extreme nature and, obviously, caused by

sodium silicate from sodium silicate solute polymerization degree during its dehydration.

Originality. For the firsttime, description of sand-sodium-silicate mixtures mechanical destruction changing nature de-

voted to their structuring in steam-microwave environment time has been developed.

Practicalvalue. Dataobtained make it possible to expand the understanding about sand-sodium-silicate molds proper-

ties and their destruction mechanism under mechanical influence, to evaluate the method of structuring in steam-

microwave environment possibilities, to purposefully choose research directions and practical actions in terms of struc-

tured sand-sodium-silicate mixtures properties level regulation.

Keywords: sand-sodium-silicate mixture, cuff, sand grain, sodium silicate solute, structuring, destruction, adhesion, co-

hesion, strength

Klzg iblzgdy oZgeafb klIjmdIimjim\Zg\h”e \eA[m\Z}Ivky \ | ameviZle €0 [RNjZIZp-
c a jeagbfb azZ ijbjh*hx kihemagZfbi ggy gh\bo djbklZeh]e?jZle\ i \gh€ nhjfb °

fb \erfegch”bg \e® hrghlh Ahdj_fZ ZenhknzZlge kihemf@ydZ2ehnhknzZlb I\_jrgmlv aZz
ghlebgbklbo kmferZo I\ j*gmlv aZ dfFdhZImeypilcggldhg” gkZpecgbf f oZgeafhf
f_ozZgeafhf I\_jreggy jhaqbge\ Jeikm |_jfhj_Zdlb\ge kfha&B iheedhg”_gkZpecghbf f

Khehg gekhfbeZ hje\gZdl g M>MGL Solonenko L. *c.t.s., USUST
J_fyoK jledZgh\bg*l g M>MGL Repiakh S. +d.t.s., USUST
MaehDhklyglblgZgh\bg*l g M>MGL Uzlov K. #d.t.s., USUST
DZjih\E_lygZ_lje\gZM>MGL Karpova T. - USUST
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oZgeafhf > @ | M GZ \eNfegm \eN egrobriZipleoZgdbas~addlyj _ascgbc Z[h dh]_aescgh
fZl _jeZes\ jerd_ kdeh fh™ I\ _jrelb aZzZ oAageatthdmcgmgdg kbkl_fb ijhoh”h h~g
iheedhg” gkZpe€ agwfghbhdgvhdm gh\bo Zkgh yd a \e~rrZjm\zZggyf Z~]_ab\m \¢~ km[k
"bo \'y mgbo o<feqgbo kihemd > m I1&d Z{hjm£gdhh\Zggyf fZl_jeZem Z"] Jab\m =« Z]JI
eypecgbf f_oZgeafhf ijb ~_]e"jZIZpe+€ >kljZIm @ Z[h
aZ jZomghd af gr ggy chlh \h~rg_\h]h Mdgaglmbs gzZk Ibi jmcgm\Zggy E”~]_aecgbo
Z[h i*"\bs _ggy kbeedZIgh]h fh*mey Ilhemqgq_gv ydbfb ahdj_fzZ } kljmdIimjh\Zge ies
G_a\Z Zxgb gZ agZqg_ jhafz€lly jprdbgdafpye kmfere 1IJK sh kljmiddymjh\Zg
I\_jreggy kihemqggbo fZl jeZee\ m kmfledjboalZgZe\hfm \bijhfegx\Zgg- \bagZqgzZxl
gbfb ey \keo kihemqgbo } f_oZge-afbkgondhnecpgh¥h f_Ih~"Zfb ~hkee”"_gv h\_johgv o
gy i*™ MNelx ah\gergvh]h gzZ\ZglzZz _ggyklisghdhd\Zjph\h]h iekdm kmfere ickey €€ jmcg
}vky ~h ghbdj_fzZjbif_oZgeqghfm \iebhebgivhfm \eamZevgh hpegxxlv \b]Jey” ajmcgh\
kljmdImjh\Zgm isdsi@Zfprm \b*eeyxlv gZkidhggel fe ' qZklbgdZfb \h]g_Iljb\dh]h fZI_jeZe
Ibib jmcgm\ZggyerE§ kgt kmfere « BZh% ih\_johgv jmcgm\Zggy fZzg _I 1Z
ZN]_ascgbpmcgm\Zggy ijhoh”_ \bde¥Xggheaghkgh€ deevdhkle \bagZgzZxlv \b" jmcg
jZomghd \e~rrZjm\Zggy Z"]_ab\m \e” kmfkrdsZlm ybdhkle ijbdez"m ko_fb bZ ah\gerg:

ih\_jogyf €0 dhglZdIm Jey” iesbghd dmeyklh€ nhjfb \ kljmdIimjh\Z
dh]_aecgbjoncgm\Zggy ijhoh”~_ Z[h ihWK”" hklZzgdzZfb ajmcgh\Zgh€ fzZg\_Ib ij_~klZ
ab\m Z[h ih km[kljZIm e _gh gz jbk > @
| 2 1 2
T r
; 3 P 3
z [
A
R

.. y « S ]
JbkmghdaKo_fb Z [ 1Z ah\gergec \b]ley” i*tsgdb dmeyklh€ nhjfb \ kljmdImjh\Zge-c
IJK a hklzgdzZfb ajmcgh\Zgh€ fzZg _Ib azZ zZ*|ZadbpgbdecgbfA [ ] f_oZg+afhf
sbgdz xtaZebrhd fzZg _IB&kih\_jogy jmcgm\zZggy fZg _Ib

Q_j\hghx eege}x gZ jbk \bree_gthjiddprlénjdbhfihg_gle\ kbkfhfbogtmm €€ jm
ajmcgh\zgh€ fzg _Ib Z “h\lbf azmzjdrhZghgy
\_jogx jmcgZpe+€ fZg _Ib l[**\bs ggy Z~] _aecgh€ kdeZ r\m€bgepghkle

<boh”yqb a aZ]Zevgh ijbcgylbd]lmya gZijyfe\ ie~\bs ggy aZ]Zevgh€ fepghkle 1Z
ascgZ fepgeklv kljmdIimjh\Zgh€ 1JKpyd  _ggy h[kbiZevghkle eb\Zjgbo nhjf |1Z kljb ge
jh[hl1Z ydm ihlje[gh \bdhjbklZIb "t g>ey pvhlh gZijbdez” \ 1JK i_j_» ijb]Jhim\Zgg
debdZlb jharee_ggy €€ dhfihg_gle\aitd\Zjph\bc ickhd hem mxlv \h*gb€/dajhbghf
ih"eem jhaih”eem nZa Lhilh Z~]_égZljm > A@pe}x ~ f_Ihx ~h aferm\zZglyy d\Zjp
kdez~zZ}Ilvky a ~\ho dhfihjg[hlile\jhajb\\h]h iekdm a je~dbf kdehf ijb kmregge 1JK fec
fe'fhe_dmjgbo a\fyade\ jh[hlzZz Z"*]lA\bevh\bf \bijhfegx\Zggyf d\Zjph\bb iskhd i
jhlhlb sh \bljZzqz}Ivky gZ ~ _nhjfZpexi_j_~gvh]lh afhgmxlv \h~hx 2] @@ f
gle\ zZ~] _ascgh]lh kihemqg_ggy jh[hlZpg-kmhjfiZzmeE \ieb\zZxlv ih\_jog_\_ gZlylm\Zg
W+ n A pvh]h \bledZ} sh afepg_ggy jZ®dhahchgtitrg k \b]Jey” ih\_joge a_l_g \h]g_
kihemq_ggy ijba\h”blv ~h ajhklZggy Kihdih]ldy gZih\gx\ZgZ fh”"mev ijm ghkle kbesc
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gZljex a jerdh]h kdezZ iheyjgeklv jertlshhbh KHe&b\lr ijh\_klb hihk_j_~dh\Zgbc \b
ih\_joge a_j_g \hlg_Iljb\dh]lh gzZihvwax¥Zigzjhajh[dm dhfie_dkm aZoh”e\ "dy afegb
iegv iheef_jbazpe€ jerdh]h kdezZ \heblglbgZh\ly*ch[o*gh]lh jel\gy A ijbdezZ”~gh€ Ih
l]h ihdZagbdz gz f_"« jh\@begmdb]lh kdeZeaaZpey pvh]lh gZ ijZzdlbpe “ha\heblv m
a_jgZfb \h]g_Iljb\dh]h gZih\gx\ZqZ m\fpkloXohedhjhlblb | _jfegZIB yZl \bjer _ggy
gghlh fZl_jeZem \ kmf[dB« Ih|s h ijh[e_f i*"\bs_ggy ydhkle ihlhggh]h \bjh[g
< k\hx g_jlm ihqZldh\Z fepydd€ kdifvZ \ jZae €0 aZe_"ghkle \e~ \eZklb\hkl c e
Imjh\Zgh€ kmfere aZe “blv o \er f 0ZghgfmZ kHjb'age\ sh \bdhjbklh\mxlv
ghlh Z~]_aecgh]h aferZgh]l]h €€ jmcg®XZggh]htdpe \bdhjbklZggy \«*hfbo ZgZe
pvhfmdh]_aecgZ fepgeklv nhjfm\Zevgbazeéz "lghkl_c g_ ~Z} fh eb\hkle q_j_ a o0Zj
g_\bo kmfer_c¢ vyd ijZ\beh az\>'"b \ jpabgmeXggyblpyg fepgeklv kljmdIimmh\Zgbo
fepghkle Z~]_aecgh€ > « @ fer_c 1Zd ¢ jh[hlm €0 f_oZgeqgh]h?jmcgm\;
Lzdbf gbghf j ZevgzZ Z~]_ascgZ-fepgkrkla [jbbg 1Zdh]h klZgm } kdez”~geklv \b
ydh€ kmfere aZe_ "blv \eA® A~ n_dlghkleoniZi@ddbkmh fimcgm\Zggy kljmdImjh\Zgbo km
osfeqgh]l]h kdeZ”m nZa kbkl_fbljkihik hdimh€&zle “geklv \¢~ [Z]ZIvho gbggbdes\ Yd
jm\Zggy \_ebgbgb aZebrdh\bo gZijm\-ghfgzZzfyZe<lbqges halee \*¢h[jZ Zxlv ebr_
jhaihceem nZa rhjkldhkle 1Z gqbklhZb ah\yadge &~ h[f_"_gbf gbkehf izZzjzft_lje\ kr
kilbghd iekdm j_ev}nm ih\_joge nhjflr_IZ jebafdjmyd ijZz\beh hdj_fbfb \baz~rdzfb
iesbghd « fzZg _| fe° gbfb oe+feqgh€ WhdEjpNtphiKh eb\bo \ZjeZgle\ \azZ}fhbec nZa
dhglZzdimxgbo fe' kh[hx ih\_johgv afgf\Zghkhe jhalJey”ZxMhkdyj fZ J_[eg”™_|
ih\_jogeZklbghd lhsh Lhfm }~bgbf dedbqggfefogeklv kljmdimjh\Zgh€ kmfere j dh
ihdZagbdhf sh ozZjzdl_jbam} <klbggmjhayjlg \m\Z\hoaZ nhjfmehx > @
lee [_amfh\gh } | _jfhrbgZfeqgZ jh[hlZ Z"]_a-£€
ydZ g_ aZe_"blv \e® mfh\ \bijh[m\Zgv f_oZgeafm_ ‘1 I
mfh\ nhjfm\zZggy Z”]_a€cgh]h kihemqg_ggV¥I1zk grlo )
gbggbde\ ijblZfZggbypdpm kvm fere 02 ’
Az ~Zgbfb : F EykkzZ 1JK fZxlv dh]_aecgbc

f_ozg-af jmcgmizggy > @ gZ "mfdm : :n @MAR\KYY w4 fepgekbgrbleAmZevgh]h
]h kljmdImjh\Zge kmfere i_j \Z gh jm g' Ib fe' qZKIdZflE\Vemtere |

N
c,agm Vi
dh]_a+cgbf f_oZgeafhf + +gh’e az acf-rg Wy) irs f dZfi Vemtore
Ghd] accgbf 1 vzgeathf > @ 1ib pykEos T IEIRibKINKI. kmefiers "@ec ~e2f |

\eAdh]_ascgh]h ~h Z~]_ascgh]h f_oZg-aEf%rﬂT']‘e}%c k fz'éﬁﬂ m[ygircj J_H \iebl \fekim
R ; i mqa . _j*Zem \ kmfere oZjgZdl_jm
fh™_ ijhoh”~blb aZ jeagbo mfh\ m Ihfm qi)ke- ie ;
\b fo\fekl Kih hih fZ1 ie7 \ grlqy Iﬂ. , fepghkle gZ klbkd gZ_jhaly] Il
[2215—993’ m kihemqgh] 2o MY hjfb qzkibghd kmfere Insh azn
%(Ygé(rlé Ib kbf g_ f_gr_ nhjfmeZz

° ° . Ie e glp
Dh]_a-cgm fepgeklv je"dh]h kdeZ A%’Eg(q# Ze+lbgge aZeséghhki~ZXlp
|

[mr~ydbf kihkh[hf a[eevrmxlv aZ {Zo . ;
\bs _gg¥kImi_gy chlh ihesf_jbazpe-€ |jb\igl§7p gvh h*ghagzag_ 1 _hj_lbgg_ myle_gg
[

f !
AL - . m m gbggbde\ sh \oh”ylv '\ kdez?
azl\_j*-ehfm jerdhfm kde+ \ hkgh\ghfy Enlj\>ll<ljmdlmjh\Zgh€ kmfere yd gz \ obe

Ib ijbkmlgs BSi@ * fhghf_jgbc dj_fg_a . s -

eZgpx dh\s 1Z pbdesqge hee]hf jb ta« F QT'giLIg,qudub R I\h—]ghv ‘Shghébz iig%?gzkgﬁfng\

esf_jghkls g_ [+eVESIO, +]-7jZIN\Zg+*ihe 4p\gho Ze g ~hkiZlgvh AhkesA' gbo gz

f_jb dj_fg_a_#8i0; +dj_fg_a_f kijmdImjhx\pbidm ijhp_ke\ klijmdImjm\Zggy kbmfsr_c

[ebavdhx *h d\Zjpm \Zjgbo nhjf 1Z kljb ge\ } 1JK vyde kljmdImjm
A pvhlh \bledZ} sh dh]_a~cgZ fpg1k|Wradi@sthevhihim k. j Ah\bse  jhihiz

ky a \ljZlhx je~rdbf kdehf Je*jZIgh€ \hlé\it]yfm @Zagmajh[dm hibgzd!|_ jof oz

qzkhf Z[h |_fi_jZImjhx kmreggy IZAZ€gdequTH imcgm\Zgwgey gx

"zZgbfb > @ gZc[eevrh€ fepghkle KkiymdIimyjhyg &b Ojn[nie \bdhjbklh\thXZépgbc

kmfer_c gZ hkghtih]jh kdeZ “hky]ZX'Vdiizg_%%c iekhd fZjdHp aD\fekIhf Jebgb ~h

aZebrdh\-c \heh]hkle «_ P._ hagZq ,aZSfI'ZthX \hAhijh\sAgmZijpdm jerd
aze_ geklv  fepghkle  kljmdImjh\Zgltygen a kbeedZIghf fhAme f v iblhfhx
jerdhkdeygh€ kmfere \e~r gZkm kmr-ggg.k|x 3] &Zjlhgge klZdZgb Afphafej

_dklj_fmf Dj-f 1hdh\bs ggy dhl_a-tohghP8ay  ff |m[dm ihe-mj_IZghim IleZ
kle jerdh]h kdez ~“hky]Zxlv a\nfhegdyf\L gy ‘g\Zjph\hlh iskdm 1Z chlh kljmdIm]
eyjghiZkh\h]h jhaih”eem nZa \ jerdhimiKG@pel® \ iZpmjho\bevh\hfm k_j_~h\bse a.
\bs_ggyf kimi_gy djbklZes-qghkle avl\ greablh Ea > @ T

"dhlh kdez fh~bnedZpe}x je"dh]h KdeZdegllbiydix\zeb gz _e_dljhggbo 42]Zo a
IhjZfb Z[h «grbfb fh bnedmxqbfb ~NZ\AZTh Eziz \hayghlh aZjyrm reg kijmdlr
Ihsh , . _ gy kfer_c kdez”rzez ] KljmdIimjm\Zggy
LZdbf qbghf agzZxqb oZjzdl_j \i&b\NM,dBag@4ldjho\bevh\ec i_q+ a fZ]g_Zjhghf g
evgh€ kdezhhi\m@ls jmcgm\Zggydhehk oy gny ihim geklv <1712 qzklhihx \bijhfs
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\Zggy ==p QZk j_}kljm\Zeb k_drdgibfegby dZ maz]Zevg_ggy \**hfbo [Z hljbf.
lhgqgeklx k >ey kljmdIimjm\Zggy gZXXThWjZzfphafzgh€ jh[hlb _dki_jbf_glZevgbo 1Z |
sZeb \ p_glje h[_jlh\h]h lgheMse evgx\Zj Ibggbo ~hkee”” _gv him[eedh\Zgbo m \e~"¢
gy ieZzdh\Zgh]lh iskdm ijh\h”"beb gX& \«gymkdthdbo«""_j eZo a ZgZeeah\Zgh€ |_fZlbdb
ey ch]h ijhke\Zggy djeav kblh a hk_j "dh#Z ~hkee"" >gwkes"blb 0ZjZdl_jHZ jhaj
ff >ey \bijh[m\zZgv ajhdpbagh€ nhjfb[lkb hibk afe@hzdl_jm Zgeqgh]h jmcgm\Zggy
kljmdIimjh\Zgh€ gzZ\Z db \bjeaZeb fy oZgKqggbf reqZkm €0 kljmdIimjm\Zggy m iz
ohf a \bdhjbklZggyf e_ah\h]h egkljmffgdiphoVUheafh\hfm k_j_"~h\bse
jb ajzade\ ih i_j_Ibgm €0 jmcgm\ZggyJ\bimpmBIb "hkee”  _gv AZ j_anevIZIZfb \:
rlzg] _gpbjdme_f a lhqgeklv ff evgbo kihkl_j_"kb&gh\le _gh sh ozjzdl_j f
Fepgeklv gZ jhaly] kljmdIimjh\Zgho &hdgegqgt]h jmcgm\Zggy 1JK kljmdImjh\Zgh€ a
agzZqZeyZ ijbezZ%fh”™ LRu-2e \e”*ih\e~rgh ANhhp_khf a aZ fZkhx]lhj«ddgZ aZe_ "blv \e~"
=HKL KIjmdImjm ih\_johgv jmcdjp\Zghlle FrjAhp_km ae af[eevr_ggyf gqZkm ydh
IJK “hkeer*"m\Zeb gZ jZkljh\hfm _ef «dlphfgghfiwky \e~ Z~] _aecgh]lh ~h o\ "h aferz
dihkdhfh~ J?F 1 ijb ijbkdhjx\Zevgdec g o\ ¢« dh]_aecgh]lh ihgz® o\ Zsh \bledZ}
ijmase \on ~h d< « kbee kljmfm dhgezam~jbk
30 PP.m \lhjbggbo _e_dljhgZo a ~+zZf_ljhAZetgrg2klv fepghkle ijb jhaly]m\Zgges 1JK a
VoA Ah gf azZ fzkhx jenrdheh Ke” Ijb\Zehkle €€ h[jh[db \
Jhajh[dm hibkm f_oZgeafm jmcgm\Z§pfedliko\bevh\hfm k_j_~h\bse ij_"klZ\e_gZ
dhgZgh az j_amevliZIZfb ZgZesamb a9KIZIN& ggy \

=]
53 E - 3mimmaHuit
g g 2
a %E\ Anresifinuii | anresiigo- Koresitinui
= )E 5 Kore3iiHmii
=S KoresifiHo-
o aare3iinui
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Yac cTpyKTypyBaHHS TIIAHO-PIAKOCKIISTHOT CyMIIIT
B MapO-MIKPOXBUJILOBOMY CEPEIOBHILIL, XB
JbkmghdKo_fZ sh”h ozZjzdI_jm jmcgm\zZggy |JK \e~ qZkmf«&i§hlo]\jhddhb\RfirZ
j_"h\bse
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Jbkmghd AZe "geklv fepghkle ijb jhaly]lm\ZggesaldKzZ&khx jerdh]h kdezZ \k™ |jb\Zeh
I« €€ h[jh[db ‘fedjho\bevh\hfm k_j_"~h\bse

A ZgZesam oh™”m aZe_"ghkle gZ jbk*Zgbdb dihlhibh> @ Ijb pvhfm a]Jefgh a ahl[jZz
fZdkbfZevgh€ fepghkle "hkee”r " m\ZgZ giyrhfgZ ik 0zZjzdl_j f_oZgeafm jmcgm\Zggy
12} gZa o\bebg«€€ hljh[db \ -iZimfere gZ o\bebge h[jh[db afegx}lvky a-
fedjho\bevh\hfm k_j ~h\bse ickhghllghghZghlhdh]_a<Zg¢h_aecgh]l]h ~h dh]_aecgh]h
agb m}ivky Lh[lh gZy\geklv fZdkpfmfmftgA\oZjZdl_jm jmcgm\Zggy 1JK kljmdImj
~*m} \bkgh\db yde ihi_j_~gvh [meb ghf[eZjgéedjho\bevh\hfm k_j_"Rv¥phsZ]
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ascgh]lh ~h dh]_aecgh]h fh eb\h ihyklgbibehtph]gZ gbo fedjho\bevh\h]h \bijhfegx
ghx jeagbp_x \ oh”s aZe_ "ghkl_c &a"a&etghghpZkdhf ~b\ jbk
] ascgh€ fepghkle kljnEdIdKh\ZQhljb\Zeh

| 5 B

MILHICTB

O —
0 TA T

JbkmghdaAZe “ghkle fepghklZ~] _aecgh£fdh]_ascgh€
3 taZlZevgh€ kljmdIimjh\Zgh€ 1JK \«” |jb\Zehkls €€ h[jh[db
\iZjpfedjho\bevh\hfm k\bhse \bijhfegx\Zggyf

<eMjih\e~rgh ~h ko_fb gZ jbk gh igBlddgh[jjmcgmkBogymjh\Zgh€jhbk” _

[db fedjho\bevh\bf \bijhfegx\Zggyf dibldexggZ aZ dh]_aescgbf f_oZgeafhf
fepgekkijmdIimjh\Zgh€i IJRbsm} €€ £~] _a<bkgh\d®_aZe “gh \e~ \feklm je~rdh]h kd
gm fepgeklv sh ihykgx} Z~]_accgbc fkig@dgdemfjfhivZgec 1JK o0ZjzZzdl_j €€ jmcgm\Zg
gm\Zggyimdimjh\Zgh€ QIK_a gZkcf\p “blv s* gZkm -fZghho\bevh\h€ h[jh[db ydbc
gh ae+ afeevr_ggyf kimi_g f ~_JenjzZladperjsgdhihgZkm h[jh[db afegx}lvky \er Z:
kdez \ fZg'  _Kipmdimjh\Zgh€ A Kbqgbggh]lh ~h aferZgh]lh « dh]_aescgh]h
Z"]_a*cgh€ 1Z dh]_aescgh€ fepghkld klZxdv”rHM\gZgih\*"h jhajh[e_gh]lh hibkm f_oZ
fb Z[h [ebavdbfb h”"gZ ~h h~"gh€ "b\jmbgthmZggyZi_j_o" \e~r Z~] _aecghl]lh ~h dh

jbk e jmcgm\Zggy €€ gZ[m\Z} aferZgtflge@aZymzdimcgm\zZggy \ejbpZgh odhde

jm |_jhf oh™”m aZe_"ghkle i*~\bs_ggy \ qZke vy
A+ afere ggyf Ijb\Zehkle h[jh[db Z"heagh&Zfepghkle \ kbkljefedd\kKdeh hd « d

Ab\ -x gZ jbk I1Z dh]_ascgZ gZbj\ok]_aecgh€ fepghkle jerdh]lh kdezZ \ fZg _IZo

fepgeklv ijhrh\"'mxlv afegx\Zlbkv Igbphvhfgb a pvh]h fh eb\h dhgklZIm\ZIlb s
Z"]_a+cgZ fepgeklv fhghlhggh i \Bsndhllvkaecigh€ fepghkle jerdh]h kdeZhoam qZk-
gmqgb ~“h i_\gh€ f_ "¢ Z dh]_abicgZgfeplgekhAec h[jh[pe fZ} _dklj _fZevgbc oZjzdl
rm}lvky ~h i_\gh€ f]j emeviZle pvh]h ghg_&b”*v amfhle_gZ klmi_g_f ihe+$¥_ jbazp
gZk. Z"] _aecgZ fepgeklv i _j \bsm} dh]ldAlaggZljyex\ a je*dh]h kdeZ i« qZk ch]h ~_

;*[eeh]jZneqgbc hibk

1 =jbfabg B : lhghfZj_gdh H B FZjbg_gdh > < ?\Imr_gdh G KkZBkineg dbh\Z
]bikh\uo nhjfF_IZee b eblv_ MdjZbgu «x-8 (285- K -44.
>\hjdeg E C ;m~”e\_evge* \fy mqe fZIHjeZeb Je\g_ GM<=l k
FZamjzd L : GzZghfh~bnedh\zZge ihjlezg~p_f_glge dhfihabpe€ 1Z r\b "HhI\_j~g
ghle"bk dzZzg”® |_o gZmdGZpehgZevgbc mge\_jkbl | ©Ev\e\kvdZ iheel_oc¢

k

4, Dimlbebg : G =mfbgkdbc X X Jmk \bg H : Ih\ur_gb_ wnn dilb\ghklb bkihe\
dhevguo kf _k ¢ Q Dhf[bgbjh\ZgghEbrmvjbgfg [Gbemij]by < K -44.

5. N_~hlh\ : : <ZogbgzZ L G Lbimgbg : : K\bjbrh\ : < Bkke_"h\Zgb_ \ebyghb
k\hckl\Zz dzZj[zfbrhnhjfZev™ _]b~gh]h k\lyamxs _]hEb kitdg ojgbdN Xdbc .'203@ Ze
< K -143.
> fgqmd YX ;eImfb fh”~bnedh\Zge kfheZfb h~_j Zgbfb a n ghevgh€ njZtpe€ dzf
eb "bk Ahdl t6kekloefeqge |_ogheh]«€ 1Z et ogepyZ IZ [ eheg _g_j*¥ GZp-
evgbc mge\_jkbl_ | ©Ev\e\kvdZ iheel _o0gedz2a Ev\e\

7. Bs gdh K K ljbrZldh : ; Gh\bdh\zZ L B E [~ \ 2?2 < <abeh’\_ckI\b_ bahpl
jZkI\hjzfb kbebdzZlh\ s_ehqguo <fukhedtihe _dmeyjgu_ kh_"bg_gb_ K_lby
< K -791.
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hkgh\e jerbggh]h kdezZz ~bk “hdl 1_o gZmd MdjZ€gkvdhb ~_j Z\gb
gghlh ljZgkihjlm OZjd-e\ k
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PESTRR-RS

<ieb\ ]Zjyghe€ A_thpr-g gZ kljmdimjm_ B mKl€ gelizne s

Vakulenlo I. Alex., Bolotova D., Perkov O., Plitchenko S.

Effect the hot deformation on austenite structure of the carbon steel

F_1Z <bagZqg_ggy \ieb\m I_fi_jZImjb « kimi_gy ]Zjygh€ ieZklbgqgh€ ~_nhjfZpe& gZ jha\blhd a[*]j¢
jbklZeeaZpZmkl_geIm \m]e_p_Kkh€hRhbae~r < ydhkle fZl_jeZem ey "hkee”~"_gv \bdhjbklZge \m]e_p
\e klZes a dhgp_gljZpe}x \Gh]e_px sh \e”rih\e~r"Zxlv fZdkbfZevghfm ¢ fegefZevghfm agZq_ggx \
f_"Zo fZjhgqghlh kdeZ"m ~ey kmpeevghdZlZgko Zewagdqolmobbhesfeqgbo _e_fZgle\ \eNih\en

eZ \bfh]zf ghjfZIb\gh€ "hdmf_glZp+€ gZ aZe+sagbqgqge* dhe_kZ AjZadb “ey “hkB<"" _gv fZeb nhjf
f_Ijhf 1Z \bkhlhx ff Jeagm klmiegv ieZklbgqgh€ »_nhjfZp+€ hljbfm\Zeb ijb klbkg_gge as r\b~¢
A nhfZpe€ ihjyrdm >ey gZlje\m ajZade\ ~h | _fi_jZImj ]Zjygh]lh h[lbkg_ggy \bdhjbklZge gZ]je\Ze
_e_dljbgge i_qgqe dzZf_jgh]h Ibim |Ijb gZ]js\e ajZade+\ a”*ckg_ge aZoh”b sh azZwh[*]Zxlv hdbke_gq
ghfm agb’_ggx dhgp_gljZpe€ ZIhfe\ \hlejpxyoZ Ie&ey |_jfeqgh€ h[jh[db ajZade\ I1Z f_oZgeqgh€
i*~"lhlh\db ih\_joge \byle_ggy kljmdImjb Zmkl_ge+Im a”~eckgx\Zeb a \bdhjbklZggyf ljZ\gbdZ gZ hl
re jhagbge\ a kheygh€ IZ iedjbgh\h€ dbkehl Kljmdlimjm klZe_c "hkee~""m\Zebllge” k\eleh\bf fedjh
feja_jgZ Zmkl_gesIm \bagZgZeb az f_lh~bdZfb d-evd-kgh€ f_bzZekhdiZneg§gyf khed Z1b

jb \m]e_p_\h€ klZees \bagZq_gh sh aZ mfh\ ie*\bs_ggy |_fi_jZImjb \«?*iZem Ybgbdg_ggy kljmdl
ghjerghkle Zmkl_geIm h[mfh\e_gh afe gjlfn)a\fbluﬂmgae[ifrdh\héij djbklZesazZp+s€ IlhgbgZxqgb \e#
]Zquh]h h[Ibkdm\Zggy ijhihjpecgh kimi_gx ieZklbggh€ ~_nhjfZp+«€ jha\blhd a[¢jdh\h€ j_djbkl:
f_ozZgeafhf jmom \_ebdhdmlh\bo f_" ijb\h”blv ~h ih?je[g_ggy a_jgZ Zmkl_g°-h®  nhjfm\Zggx
kljmdIimjb 1jb kimi_gyo ]Zjyqh€ ~_nhjfZp«€ f_gr g+~ seevghkle "bkehdZps g_"hklZlgvh ~e:
\Zggy azZjh~rdm “ey jha\bldm a[ejdh\h€ j_djkaZeanp € aZ f_ozZgeafhf jmom \_ebdhdmlh\bo f_
agZqgh r\bAr_\eA[m”~_Ivky j_dhf[sgZpiya"jgEbdiZiyg_~_nhjfh\Zgh]lh Zmkl_ge+Im sh ijba\_~

“h jhanee_ggy a_j_g gZ hdj_fe njz]f_glb 20 jhafej [m" \bangZIbky seevgeklx "bkehde-c <
1Zjyghlh h[lbkdm\Zggy Dmlb jZahj-}gIZp-€ fe  njz]f_glzfb fZxlv ijhfe ge agZf_ggy fe  f_"Zfb &
dbfb dmlzZfb jZahje}glZpe€ I1Z km[f_"Zfb sh \bagZqZ} €o gbavdm fh[eevgeklv >ey IZdh€ kljmdlr
a[sjdh\h€ j_djbklZecaZpe€ \ Zmkl_gele [m~_ \e~r[m\ZIlbky aZ f_oZgeafhf jhaqbg_ggy f_" a_j_g
\bgbdZz} agZzqgZ g_h~ghje~rgeklv kijmidimgh Xtm(ngZ}Ivky jeagbp_x \ jhafejzo fir kmkerge-fb a
gZfb ~h A~ _deevdhGZdmalh\Z gh\bagZ < aZe_"ghkle \¢~ mfh\ ]Zjyghlh h[lbkdm\dggy \mle_p_\h€ k
agZq_g_ agZgq_ggy ieZklbggh€ ~_nhjfZpe€ sh jha“eey} jha\blhd a[*jdhl\h€ay gpkiZreeaZp+s€ Zmk
jeagbfb f_ozZgeafZfb AZ gbavdh]h agZg_ggy ]Zjyghlh h[lbkdm\Zggy dheb seevghkle "bkehdZp:-
N"ey nhjfm\Zggy aZjh~dZ a[+*jdh\h€ j_djbklZecaZp+€ aZ f_oZgeafhf jmom \_ebdhdmlh\bo f_~ \e~[
I1Zggy a_j_g Zmkl_geIm az fjl&Zgeafhhy f_" a_j_ g 1jZdlbggZ agZgmse<klv <bagZq_ggy \ieb\m |
fi_jZImjb « klmi_gy 1Zjygh€ iezZklbqgh€ ~ nhjfZp+€ gz f_ozg-af jha\bldm a[sfjdh\h€ j_djbklZes
eblv hilbfeam\Zlb | ogheh]-x h[lbkdm\Zggy az]lhl-\db kmp-evghdZIZgh]h aZecagbqgh]lh dhe_kZ
Dexgh\e keh\z klZev | _fi_jzZImjz ~_nhjfZpsy Zmkl_ge+l jhafej a_jgz a[+jdh\Z j_djbklZesazp:
Purpose. Determination |nf|uencetemperature and degree of hot plastic deformation carbon steel on the development

secondary recrystallization of the austenite. M ethodology. The carbon steels with a concentration of carbon by 0.55

and 0.65%, which correspond to the maximum and minimum values within the brand composition for all-rolled railway

wheels, were used as material for the research. The number of other chemical elements met requirements of the docu-

mentation for railway wheels. The samples for research had the form of cylinders with a diameter of 20 and a helght of

40 mm. Different degrees of plastic deformation were obtained during compression with a deformation rate of 10° s*

Chamber-type electric heating furnaces were used to heat the samples to temperatures of the hot pressing. When heat—

ing samples, measures are taken to prevent oxidation and alocal decrease concentration of the carbon atoms on their

surfaces. After heat treatment of the samples and mechanical preparation of the surface, detection of the structure of

austenite was carried out using of the etching based on a mixture of solutions hydrochloric and picric acids. The struc-

ture of the steels was investigated under a light microscope. The size of the austenite grain was determined by the

methods of quantitative metallographic. Findings. The study structure of the carbon steel determined that under condi-

tions of increasing the annealing temperature, the occurrence of structural heterogeneity of the austenite is caused by a

change at mechanism of the development secondary recrystallization. Starting from 10% of hot pressing, in proportion

to the degree of plastic deformation, development secondary recrystallization by the mechanism of movement of the

large-angle boundaries leads to grinding of the austenite grain and the formation of a homogeneous structure. At de-

grees of hot deformation less than 10%, the density of dislocations is not enough to form a nucleus for the development

secondary recrystallization by the mechanism of movement of the large-angle boundaries. As aresult, recombination of

the dislocations in grains of hot deformed austenite will occur much faster, which will lead to the separation of grains into

fragments. Their size will be determined by the density of dislocations introduced duringhot pressing. Disorientation an-

gles between fragments have intermediate values between boundaries with large disorientation angles and subbounda-

ries, which determines their lowmobility. For sucha structure, development of the secondary recrystallization in austen-

ite will occur by the mechanism of grain boundary dissolution. As aresult, there is significant heterogeneity structure of

the austenite, whichis determined by the difference in sizes between neighboring grains up to several times. Original i-

ty. Depending on the conditions of hot pressing of the carbon steel, the value of plastic deformation is determined,

which separates development the secondary recrystallization of the austenite by qualitatively different mechanisms. Ata

low value of hot deformation, when the density of dislocationsis not sufficient for the formation of a nucleus of the sec-

ondary recrystallization by the mechanism movement of the large-angle boundaries, the growth austenite grains occurs

bythe mechanism of dissolution of the grain boundaries. Practical value. Determining effect temperature and degree of

hot plastic deformation on the mechanism of the development secondary recrystallization will allowto the optimize tech-

<Zdme_gdhttl ig M>MGL Vakulenlo I. +d.t.s., USUST
;hehlh\Z > tBIAE Bolotova D. +DPZL
I_jdh\ H #£dl g 1QE:GM Perkov O. #c.t.s.
leelg_gdh KdH, />MGL Plitchenko S. *c.t.s., USUST
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nology crimping the blank of the all-rolled railway wheel.
Keywords: steel, temperature, deformation, austenite, grain size, secondary recrystallization.

<klmi nhjfm\zZggy kljmdIimjb Zmkl_geIm kee” jhe
AZ i_\gh]h kie\\erghr_ggylmjbi_ fXb yd h~gm e<a kdeZ”h\bo | _ogheh]s€m\b]hlh\
dhkle 1Z klmi_gy ieZklbggh€ ~_nhjfZppeenhglydglZigbhbto aZesagbhqgbo dhee«k
as afepg_ggyf \ \m]e_p_\bo klZeyn fzZxgZé¢maleel jglbo ~ _j_ e
Ilhd ijhp_kb ihffydr-ggy Rhjfm\Zggyg kljmikh[eb\hkle nhjfm\Zggy kljmdImjB \ j_an
Imjb Zmkl_geIm \ ijhp_ke 1Zjygh]lh h{IdKkpyaghdbgl[Ibkg_ggy f_IZe_\h]h #ZIl_jeZer
klZzee \ agZqgec klmi_ge \bagZqz}lgky]ZeghTfghri\b]Jey~re fh ' mlv [mlb a\h®_ge At
gyf \ hal\bldm ijhp_ke\ ~ nhjfZpecghlhgZadgygi \gh]lh kie\\e~ghr _ggy f¢ " ~0hfZ dhg
gy 1Z ihffydr_ggy i*key aZ\_jr_ggy %gblipfZppp_kZfb "bgZfeqghlh afepg_gg)
> @ AZ \bkhdbo | _fi_jZImj dhelb ri\bffd/dkrlvggM i _j\Z gec [eevrhkle \biZ~de\

p_ke\ ihffydr_ggy \ Zmkl_gele i_j \bsjddIbjddhkih\gZ \erkmligeklv gZkeerde\ \eon
fepghkle \enr jeZklbggh€ ~_nhjfZpe€ #jhrRykdXxlvkynhjfZpecghlh afepg_ggy h[mfh)
mfh\b jhal\bldm ~bgZfihd§hth_ggy f Dhmll}\bf i_j_[eevr_ggyf \ieb\m ijhpgZ _ke\ ~b

ie_dk \eZklIb\hkl_c f_IZem iskey IZdh€-dqgmhjfidpfe/ dr_ggy
fZeh \enjeagyl}lvky \er g_~_nhjfh\Zgh]h XtdZgm~ ey [eevrhkle khjlZf_glm f_lZehijhi
lhe "_ gqZk az \+~ghkgh g_\bkhdbo ijhph&h]\ujdblw\e_ggevigmpalZzghbo aZee.aghqgg!
| _fi_jZImj h[lbkdm\Zggy agb’ _ggyhr\lwhehkle greckgx}lvky g_ aZ mfh\ [[ai_j_j\g
a\bldm ijhp_ke\ ihffydr_ggy fh _ kijblplbgapgy azZ]lhle\db Z \ ~_deevdZ Zihke+"h
_@x gqZklbgb _n_dIlm ~_nhjfZpecgh]hiafepBjsgg¥erghkgh \bkhdh€ r\b~rdhkle iezZ}
sh gzZ[m\Zlbf_ \bagZqg_gh]h \e~[bldm fYZnkjlifhpelen dh ge ihh”"bgge h[lbkg_ggy a.:
ghfm klzZzge Zmkl_gelm Nhjfm\Zggy kljmaimepx Bkl i \ghx | _ogheh]eqghx \\bljbfd
gelm azZ IZdbo mfh\ } hrgbf ea gZijyfdeahd?jbsggbmy mfhi\Zo Ljb\Zesklv \bijbfdb h
dhfie_dkm \ezZklb\hkl_c \m]e_p_\b¢ keézgZc ljEghihjlm\Zggyf azZ]hle\db g4 ihlje[g
eb\h ey \bjh[s\kd&dz*ZxIvky a _e_f g]JNAl 1Zjygh]lh h[lbkg_ggy GZ i*~kHZ\e pvh
ebdbo i_j lbge\ > @ jfm\Zggy degp_\h€ kljmdIimjb Zmkl_geIm
AZ]Zevgbc \blJey” aZe_ "ghkle "mxdZJygl€if* _nhjfZpe€ azZe_ ~Zlbf_ \e~ m_\ghlh
T_ggy \en klmi_gy 1Zjyqgqh€ iezZklbqgh€zZggwnhijjfizgddlligimp _ke\ kljmdIimjhmI\hj_ggy &
h[mfh\e _gbc ydekgbfb \e~rfegghklyfb Abphalglgimo [Z klZlbggbo mfh\ G_a\Z Zxqt
ijhp_ke\ kljmdImjgbo i_j_I\hj_gv <jZphkghkgkdezZz~gm ko_fm ]Zjygh€ i¢Zklbqggh
afegm nZah\h]h kdezZ "khbo\nk]Z2epc \ aZ&p+€ gZ jeagbo _1ZiZo h[lbkg_ggya aZ]hle\
“ghkle Ve~ | _fi_jZImjb gZ]je\m jha\bllgbgphgdhke«dhe_kz f_ozZgeaf nhjfm\Zggy Kklj
kljmdImjgbo i_j _I\Nhj_gv [m”_ \bagZqZhkly gehih \ azZ]Zevghfm \blJeyp*«sjth  _ [ml
gmxgbf \ieb\hf \e~ hdj_fh€ nZab €€kifd\@eheht 8§d q_jlm\Zggy jhalbldmp ijhp_k:-
Z[h kmfzZjgbf j_amevlZlhf ~ey [Z]ZkhngZagd¥€ Ikb ihffydr_ggy f_[Zem Ijb Hvhfm
I_fb > @ < aZ]Zevghfm \b]Jey”e “eg_gimlle_pg¥mo ggy gZ[m\Zxlv ijhp_kb ~bnm
klZzec. \ Zmkl_gelghfm klZge _n_dIlbhgh&Zkhj_jdghkm ie® gZk I_ogheh]eqgh€ iZma
A“hx ihrbj_ggx ieZklbggh€ | _q<€ } f_"kblkag jggyfB AZ ZgZeh]e}x a ijhp_jkzZfb klj
kml[a_j_g Ijb pvhfm \_ebgbgZ ijmhgbo gdZijl\hj_gv 2Amyxlv \bagZq_ah]h jh
"_ggy } ijhihjpecghx \_ebqgbge hihjm fblldnm _ijpoZz gZ]je\e ~_nhjfh\Zgh]lh f_Idem kI
Zmkl_gelm jhaih\kx” _ggx ieZklbgghgg+"_afrjdb ie*"qZk ]JZjygqh€ ieZklbgqgh€ *_r
p*€ sh \ kl\hx g_jlm \bag@ZeZ}kyx \m{mfhle_ g+ 1Zdh" jhalbldhf m i_\gek ihkees"
gbadb \bagZgq_gbo gbggbde\ =heh\gbfb "bg¥tmab}fb ih\_jg_ggyf ihees]lhgeaZp:-
hiej djbklZeegqgh€ j_reldb Zmkl_geIm ji difk$Zeg@Zpe}x AZ]lZehf hkgh\m _
"bkehdZpec jhalZrm\Zggy 1Z azZ]ZevigdfgdevgegklvZmkl _gelm klZgh\eylv ijhp_k
"bkehdZpec deevdeklv f_" a_j g sh Bmkihaggxlwgky agh™ _ggy gZdhibg_gh€ deev
gZ reyom €0 jmo[®. Gixsir klZ\e pvh]h nkdle\ djbklZeeqgh€ [m*h\b \ j_ameviZIle ie
\erghr_ggy fe  ijbjhklhf deevdhkle 4 _n™dhh\jf&djd€ \m]e_p_\h€ klZee A e<drh]h [h
IZeeqgh€ [m~h\b \ ijhp_ke ]Zjyghlh Ah[lbgyd mi\egghhkle ~_ n_dle\ gzZkzZfi_j_" ~bke
\m]e_p_\h€ klZees « kimi_g_f €0 Zge]Elypegmh ihgydpmahbldhf ydekgh jeagbo ij
ijbfmkh\h]l]h hoheh”” _ggy [m~_ fZlb \IpjekZ\evdhice ijb jhalbldm i_j\bggh€ j_djbkl:
\ieb\ gZ nhjfm\Zggy degp_\h]h kljiddlmjghld_G8y f_" a_j g a \_ebdbfb dmlzZfb jz
gm Zmkl_gelinhp_ke ih"Zevrh]lh hohehyylZpgg aZ a[sjdh\h€ | _djbklZecaZp+€ ~"he
gZijbdez? \bagZq_ghlh _e_f glz aZevdbgbqg'dhaldh\h agbablb gzZdhibg_gm s
dhe_kzZ gZkee"m\zZggy kljmdimjghlh RbkgehdZmpkd_g2bn < ijb\_klbaZhe«gh\ gh®
gZ[m\ZIlbf_ \bjerZevghlh agZq_ggy ijzefpabbbldibggbo oZzZjzdl_jbklbd ~_nhjfh\Zg
ijhp_km i_jeelgh]lh i_j NGZgigyklZ\lm plv_1Zemlgrbc ijhp_k ihffydr_ggy ~ _mmhjfh\Zg
]Jh ~h~rZldh\e "hkee™" _ggwflB\tiZke gZkhyh f_IZem aZkgh\Zgbc gZ jhalbldm j_dh
g_ggy kieevgh]lh \ieb\m |[I_fi_jZImjb IknhkftmiZgly€ ~bkehdZpecgh€ kljmdIimjb AZ
1Zjygh€ iezZklbqgh€ ~_nhjfZpe€ \m]e_pjhm€k kiZer[gZgzZ} i_j_fes_ggy yd hdj_fbo
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ehdZpec IZ«debo pPbkehdZpecgbo m]imhmhEh%d _gge f_I1Zem \e¢~ klijmdIimjgh]lh klZgm
j_amevlizZle \boh®m ~bkehdZpec gZ f_ "getmj_bhjadhgkylgh a+ klijmdIimjhx \m]ek p_\h€ klZ
gelm \e~r[m\Z}Ivky agb’  _ggy gZdhibqg egyh€-sr2emhk]ZjyqZ ieZklbggZ ~_nhjfZpey kijl
"bkehdZpec ;eevr_ |hlh m ijhp_ke Bjhkiksgggydeevdhkle i _jeelgbo dhelgec ;_a k
"bkehdZpec g_h~feggh \eAr[m\Z}Ivky ewnghmhZproay*eevgh]lh \jZom\Zggy klImi_gy 1Z r
\k_j_"bge a_j_g Zmkl_ge-Nbo fh” Zjldda"sedrhkle ]Zjygh€ ieZklbggh€ ~_nhjfZpe€ \byle_
a [*evr gbavdhx \eZkghx _g_jle}x 1Z gchaZygyrthoeZ[dh]h dhj_eypecgh]h aifyadm fe
[mMmAh\hx km[f_" \ ihje\gygge a f_"ZfEZféda_p gg&Z Zmkl_gelm 1Z i_jeclgh€gdhehg+«€ |
\_ebdbfb dmlzfb jZahje}glZpe€ <jZoHmMXgbhyaWhegbdg_ggy |Zdh]h kie\\eAghr_ggy a
"geklv klmi_gy hihjm km[f_" jmom "bkehg ZpgZ \ath&dZdgejgtfkle jhalbldm ijhp_km

[mMAh\b dmlZ jZahje}glZpe€ |Z «gkidd aqpfhldbdtXpesE \ k_j_"~bge a_jgZ Zmkl_geIm a-
lhggbc _n_dl ihffydr_ggy f_IZem i_rj_@8@¢xfbdh]lh jhafejm iekey azZ\_jr_ggy ]Zjyqgh
AhklzZlgvh kde2dgkgh ydsh azZ [Zjwgh§lbkd_ggy klZee > @ AZ j_amevlZIZfb ~hke
Ibggh€ 7~ _nhjfZpe€ nhjfm\Zggy knZf > @-%jmfe_gh ijbims_ggy sh knhjfh\Zges f_ "

}vky h~rghqzkgh a [_ai_j_j\gbf \\ k* _ggyémb k_j ~bge a_j_ g Zmkd¢_gAlimM\rh\bgg
ehdZpec Z _g_jl*€ ~“bkehdZp+€ gh*hkl@ddkhe TayagZg_ggyf dmle\ jZahje}glZpe€ \eon
"hezZggy km[f_~ kmfajgdcazZz oZzZjzZdIl \hébdbfb « fZebfb dmlzZfb jZaljp}mhzZp-£

k\h]lh \ieb\m gZ \ezZklb\hkle f_IZem [mfm ipraefgb&dZagzZqg_gbo fedjhh[ }fe\' @ dmle\ jZa
afepg_ggx A hley™m gZ p_ kee” hqgidprlilheieghib agZgghx fejhx \bagZgZlbfmly
jhafejm km[a_jgZ gZ nhjfm\Zggy klimdkmeymgXtxkiMPbkehdZpec sh \\_" ge ¥y f IZe az
gelm iekey azZ\_jr_ggy ]Zjyghlh h[kbkghlygh[ltrleg_ggy GZ\_~_g_ ijbims bggy fz} \
gh \ azZe_"ghkle \er mfh\ ](Zjygh€_ ieakZlmggh€ihykg_ggy Ihy\Z \gmljergeo f_" jha’
nhjfZps€ \ieb\ \e” nhjfm\Zggy km[kNnmadlmgtgEokl_geIlm gZkijz\~e i_j ~[Z2qZ} \aZ}f
_e_f _gle\ fh™_ fZlb ydekgh jeagbc \iegha\hjdbgpjbklZesqgbo j_relhd fe  kdnke~rgefb 1
\m klijmdIimjm Zmkl_gelm AZ mfh\ kdhldbglZfibijlgih dml sh } ijhihjpecgbf seevghk
Im seevghkle "bkehdZpec \er"ghkghhg \bkbOBZpecd < j_amdgnlZlebplvdhZxgtho ki
fl[rgZpey ~“bkehdZpec ijb nhjfm\Zggk kiHfj_gvikdjbklZeeqgh€ j_reldb Zmkl_geIm ih\
12} \e~r[mlbkyiifdgh]lh jha\bldm ijhp_kKmIZgrhklZlgvh ~ey ihjmr_ggy mfh\ fhghlhggtl
]eeype€ ~bkehdZpec < pvhfm \biZz aghklhddy_iadgeclgh€ dhehge+€ ijb haheh”~  _gg-
km[kljmdIimjgbo _e_f_gle\ a \_ebdhx émjh]GZgrkNklZ\e pvh]h jhafej njZ]lfmgIm \ a_jg
[m~A_ kmijh\h*"m\Zlbky [_a _n_dlm ikiJgdlimggly\bg_g h[f_"m\ZIlb ajhklZggy i_jecsl
A _nhjfh\Zghlh ZmklYdekmgh e¢grbc f_oZddeedfge€ AZ \bkhdbo kImi_ge*\ ]Zjygh€ iezZ
kljmdIimjgbo afeg kihkl_je]l]ZHplewrijpg® nhjfZpe€ dZjlbgZ ydekgh <grZ hAgZqgbc |
jhafejm kml[a_j_g Z[h ©j_djbklZesazZp lyggieqgirikpeklibfme jhalbldm a[ejdh\h€ j_djbk
> @ <gZkee™rhd i_j_fes_ggy "bkehdZpZp-©"aXgmlpZgeafhf i_j_fes_ggy f_" a_j_g a
rgeo hk_j ~de\ km[a_j_g ~h i_jbn_jecgbdbfbeygrhtiZzfb jZahje}glZpe€ kijlmylbf_ nhjf
\eAr[m\Z}Ivky ihkimih\_ ajhklZggy dmlZggxah#ghje~rgh€ Kljhlkij g<fjidohWm

[Zpe€ fe° kmkergefb km[a_jgZfb GZ igbklZhe fpvh]lad_j_g a \_ebdbfb dmlZfb jZahje}g
ijhihjpecgh jhafejm km[a_jgZ ke khqgedm\Wdpfhjlyd azZjh” ' _ggy 1Zd « ZgZ]eeyp+€ "k
IZggy _n_dIlm ihffydr_ggy f_lZemm Ip#d\_ktmiegv agb _ggy deevdhkle "bkehdZp-c
}ivky gzZ\_~ g_ iheh  _ggy \e~hfbfbg_ dkirjphfbf a_jghf fZ} [mlb \bshx g+ ea \_ebdl
IZevgbfb ~Zgbfb > @ H~”ghqzZkgh ar ajhikHdgggfimdeb\eklv ijhp_ke\gynhkfpmdaignjb

1Z jZahje}glZpe€ fe° kmkenrgefb fedfhhZfikZfhelte "h mfh\ JZjygh]h h[Ilbkg_ggy m [e¢€
[m\Z}Ivky hgbs _ggy fANZazgZdgh€ deeVhidMde\ mkdezZ”gx} i_j "[Zqg_ggy hkh[eb\hk
oZhlbggh jhalZrh\Zgbo “bkehdZpec IphailZldilbhgghp_km i_jeelgh]lh i_j_I\hj_ggy Ijh
ih\gz afegz izjzf _lje\ ijbfmkh\h€ BHjekdbZmtav]jhafz€lly ihykg gv sh”h fZoZgeafm
iyg_ ~_nhjfh\Zgh]lh klZzgm M jZaes dhadHim€ @ge_ "ghkle jhafejm i_jeelghl€ dhehg-£
jbklZzesazZpe€ gZ fekpe2 ajhklZzggy kmka jkghklZnkkiimdIimjb Zmkl_geIlm iekiey ]Zjyqgh#€
gele kmijh\h*"m}lvky a[_j_~_ggyf dgZlhgtr€gZkhhjfZpe€ \m]e_p_\h€ klZe-

gb | _dkimjb iezklbggh ~_nhjfh\Zgh]lh f_IZelld 3Z@azZ\"Zggy "“hkesXbawZq_ggy

GZ i*"klzZ\e pvh]h afegZ Z[h ihkeerh\W\gbk\jhal\bfihdZImjb <« kimi_gy ]Zjygh€ ieZklbo
ijhp_ke\ kijmdIimjgbo i_j_I\hj_gv azZ j2agthgfZpe€ gz jhalblhd af[ejdh\h€ j_djbklZe-
geafe\l fh _ ydekgh afegx\ZIlb kljmdhmijghbklIkgZ2mZ\m]e_p_\h€ klZe-

kl_gelm ie~rgzZk ]Zjygh€ ieZklbgqgh#€] *»_nFkjfdp*€EdXm ydhkle fZl _jeZem 7~ey ~hkees” g\
e p_\h€ klIZep ameviZle hoheh”” ggy \WalgbklZge \m]e_ p \e klZee a dhgp_gljZpe}>
\h€ klZees hkh[eb\hkle \gmljergvh€ ¢[me'hpk 55nmekl| g sh \erih\erZxlv fZdkbfZe

Im gZ[m\Zxlv \bagZg_gh]h \e~[bldm gyZmjhaa¥bbrimZevghfm agZqg _ggx \ f "Zo fZjhqc
ijhp_ke\ i_jeelgh]lh i_j_I\hj_ggy >eckihtdezasn ey kmpeevghdZlZgbo aZeeagbqgbo
IZevgh]lh ZgZeeam fedjhkljmdIimijb ]#jyeavdkXIZgbmprbo oefeqgbo \seihf\edlZeZhN\ bf
le_p_\bo klZe_c \bagzq_gy yvyHgkpE&dZf ghjfZlb\gh€ ~hdmf_glZp+€ gZ aZeecagbqg:
e_"ghkle jhafejm i_jeclgh€ dhehg+€ ijbZihwghgdhbmrey ~hkee” _gv fZeb nhjfm pbeeg
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NeZf _ljhf 1Z \bkhlhx ff Jeagm XKlnikZlghi_ije ghke ~ey [eevrhkle f_I1Ze_\bo fZI_]
klbggh€ ~_nhjfzZp«€ hljbfm\Zeb ijb kilblkgZggslwey azZ kis\\e*ghr_ggyf
r\brdekIx A~ _nhjfZp-€ ihjff’k'am>ey gZlje\m L;~K Ls, Q)
ajZade\ ~h I_fi_jZImj 1Zjygh]lh h[lbkg_gfylL;uldfi_jZImjZ ijhpKksdh_nepelgl
jbklzZzge gZ]je\Zevges _e_dljbgge i_q° dZfl jigh]BIdbjizn khee"mk az "eZ]jZfhx-klZgm
Ijb gZ]je\e ajZade\ a”sckg_ges aZoh2b\nslle _dgHihgJaZe_"ghkle \¢A "hkeer*"m\Zgbo i
xlv hdbke_ggx 1Z ehdZevghfm aghbl'_d&aX dhgpataibcfZ} jeage agZq_gdfhjyb
jZp+*€ Zlhfe\ \m]e_px gZ €0 ih\_jogyol_Ffekpe&lnibf 1Zjyghlh h[lbklg_ gdly_nepe}gl
ggh€ h[jh[dBad}\ 1Z f_oZgeqgh€ ieM]iKKhadbkie\\e*ghr_ggyf Ney [Z]1Zlvho f_IZe
\_joge \byle _ggy kIjmdIimjb Zmkl_gelnmzaN=&Zlegk\XkdBgh\blv agZq_ggy ihjy~dm
a \bdhjbklzggyf ljZ\gbdZ gZ hkgh\le kejZeam\phaqb \bkhdm r\b~deklv “bnmaescgh]
ge\ a kheygh€ 1Z isdjbgh\h€ dbkelZl iKljmydhlkmmijol | _fi_jZImje h[lbkg_ggy aZ]h
e ¢ “hkes”" m\Zeb i*” k\eleh\bf fedphkahentglBghéhkdh UK "hpeevgh hdj_
fej a_jgZ Zmkl_geIm \a&gZgBébdZflb dhpegblb kljmdIimjge afegb \ Zmkl_glle a je¢
dekgh€ f_I|Zeh]jZne€ Ilhf \m]e_px aZ gZk gZ]j*\m aZlhle\db "ey
J_amevliZlb ~"hkee”"_gv |Z €0 h[]lhleZkdlgygh€ ~_nhjfZpe€ GZ jbk gz\_"~_g:
AZ]lZehf | _fi_jZlmjgbc e+gl_j\Ze jha\bldmjZijmp]e_p_\h€ klZ&tr Ka ickey gZ]je\m ~h
ke\ kljmdIimjgbo afeg sh azZkgh\zZges gj admon &fcig hZim |

AN

]
JbkngHd <ieb\ |I_fi_jZImjb gZ]jedm Z[= \+ 1+ A+1000 UK gZ kljmdIimjm
Zmkl_geIlm klZee- a Aleer_ggy

AZ ZgZeecahf kljmdIimjb fh gzZ \badZkiplmgysh HrgzZzd g_"hklzlgy ihif geklv
ijhihjpecgh |_fi_jZImje gZlje\m peedhfgBhgegedm\&ghlZjyqgh]lh klibkg_ggy azZphle\db
k_j_"gec jhafej a_jgZ Zdnklapedmrm}ivigph]h dhe_kZ } h~ge}x a ]Jheh\gbo igbhgbg i
Ijb gZ]js\e ~"h fegefZevgh€ |_fi_jZIimjbgyhkdt”jZImjb ieZklbggh€ ~_nhjfZps€ ~h
\Zgh]lh e<gl_j\Zem kihkl_je]Z}Ivky rhjfm@ggyn thdm \jZoh\mxgb \bkhdm mb~dekl
kiZlgvh h~rghjergh€ kljmdIimjb Zmkl_gedmcghgk fZEhi g _ghkm ijb |_fi_jZImje 0&
jhafejhf a_jgz « f@&%Z i«"klz\s pvhlhgkegZqgh]h i**\bs_ggy |_fi_jZImjb ih\bggh
\WZ Zlb sh I_fi_jzZlmjb gZ]je\nD=0,64)K ~hklzZlgvh ~ey ijbkdhj_ggy jha\bldm a[e<jdh
fz} [mlb ~hklzZlgvh 7~ey nhjfm\zZggy jd\oktZjgla&Zp€ « a[eevr_ggy k_j_"~gjivh]h jha
kljmdIimjpmkl|_geIlm a \e~rghkgh ~"je[gbhfZ aZijghlf geImh >ieecRbs _ggy |_fi_jzBnjb g
ljhihjpecgh ie"\bs_ggx | _fi_jZImjb §j#}m\mh o & kmijh\h~"m}Ivky g_ ebr_
afeevrm}lvky g_ leevdb k_j "gec jtkafg[eeVvigZggmfijb[ebagh \ "\Z jZab 2Ze_c ih
| _ gelm Ze_ + g_h~ghjergeklv kljmdZmijbthXx peagfdqgh€ deevdhkle fekpv \ kljmdIimje
dbf gqbghf h[f_"_ggy ih I_fi_jZIlmjZ ggtfbmjalf_glzfb f_~ a_j_ g jbk d ihagz
lhie\db fh _ \bjerblb yblglmfZggy jerghdy kljeedhx <e~rkmligekliv.'gqZk]bgbfh gz
jgh€ kljmdIlmjb a_j_g Zmkl_geIm i[j_ thadeydqZiibhyd k\e*gq_ggy ijh ihqZlhd afegb
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afm jha\bldm a[esjdh\h€ j _djbklZesgZpeXligZ jr\orhdzZklv i_j fes ggy f_"b a_jgZ [m~"_
gy f_" a_j_ g Z[h €0 jhagbg_ggy > h @hkA-eghk]k [jhihjpecghx \ hkgh\ghfm | _fi_jZIm
dm g_agZqgZ deevdeklv 1Zdbo fekpvgZhje\mk\e<qtglbkgZ r\b~rdeklv ajhklZggy jhafej
ijh ijbgbgb egrh]lh ihoh”" _ggy og#Z\hjbgeZz”ijb a[sevr_gge ch]lh Z[khexlghphh jhafejm

gbdg_ggy y\bs eed\Zpecgh]h ihoh”" _f§gyg >¥ckghgh af_grm\Zlbky HI°_  qgbf [cevi
ydsh \erkmlgeklv njz]f_gle\ f_~ a_j_ gjhadkl ggdm Ibf f_grhx [m~”_ \erghkgZ r\b
ijb I _fi_jZImje UK \e7rih\e~rZ} fhfl gldrkikgZh]h ajhklZggy ;eevr_ pvh]lh aZ \bkhd

dm afegb f_oZgeafm a[ejdh\h€ j_djbklZiegd¥Zppr€gdhjesifim ijhihjpecgh r\b~rdbkle “bnma
[*evr \bkhdbo | _fi_jZImjZo nhjfm\Zggghgh hfgkhi_j ghkm ajhklzZlbf_ cfhjejgeklv nh
je~rgh€ kljpbdimm\bgg_ hljbfZlb kmlI}\bi]HmMZggy nemdIimZpec jmrecgh€ kbeb a[ejdh\F
dhj_ggy :gZeea kljmdimjb iekey gZ]pRidesaZprl < gZkee hd pmh]lhkckdZ” gh
ibk \' k\e~rgblv ijh ih~Zevrbc jhalibgbfaiaZlb h~gZdh\m r\b~rdeklv i_j_fes
dh\h€ j_djbklZecaZpe€ az f_ozZgeafhffjmoamjfg \ajeagbo fedjhh[T}fZo f_Zem Z
i_g Zmkl_geIlm le~\_j2~"m} gZ\_"_g_onmhehggyfgy_dkimjb j_djbklZeeaZpe- € > @ kl1Z}
nhjfm\zZggy ~hklzZlgvh h~rghjmtdmgb kZng_fh eb\h LZdbf gbghf \ jZae jhalbldm af[e¢jd
| _gelm a jhafejhf a«jgzfdf 1Z nhjfhx j_djbklZesa&p+€ oZgeafhf jmom f_"ha_j g o
sh gZ[eb m}lvky ~h ihees_"jm OhgfgZz\ nhgfidoa_ j g [ebavdZ ~h \bimdéh]h [Z]ZIh
h[T}fZo f_IZem k_j_~gec jhafej fh'v. [gh8Zz* _d«e h~gh [m~ mlv nhjfm\Zlbky hk_j_“
dZ [eevrbf «130 fdf Ze_ kljmdImj2 \KljmdIimjb a \bagZqg_gbfb hagzZzdzZfb g_h~ghje~
gh azZebrz}Ilvky ~hklzZlgvh h~ghje"dhxA[kEdbfggy jhafejm a_jgZ azZz f_odgeafhf jha
ghf gz]je\ Mi_jZImj UK g_ ijb\h~blvgrlygy f_~ fZ} k\h€ \e~rfegghkle LZd jhaqgbg
afegb f_oZgeafm a[ejdh\h€ | _djbklZedfaZpe£:" yazZjgaZb ijb\h~hlvijb[ebagh i
hagzdzZfb \e~ih\enrZ} f _oZgeafm i_j_fesS\eggh]h_"a[eevr_ggy jhafejm a_jgZ < j_ame
a_j_g a \_ebdbfb dmlzfb jZ@ahjd}lglp€\brdeklv a[eevrdg@§m”_ agZqgh [-evrhx \
\bs _gge | _fi_jZImjb gZ]je\mUKhpeedhf hmje\gygges a f_oZgeafhf jmom f_~ a_j g ;e
dm\zZg_ ijbkdhj_ggy ijlbbpmkaedcghlh fZkpvh]h jhaqbg_ggy f_~ ijb\h~blv "h nhjfm\Zgc
j_ghkm Kkijbylbf_ a[eevr_ggx k_j_~gvhdhjjmafkjmpbneggh€ nhjfb azZ\"ydb \bdjb\e_c
a_jgZ Zmkl_gelh ]jbk [Zdec kljmdIlinjef_itzZjf jbk 1, ] le~"I\_j~"mxIlv gZ\_"~ hg_ ihe
gygh a |_fi_jZlmjhx UK ijbkmligw [*evg@ydveeygdb kljmdIimjb Zmkl_geIm aZ \bljbfl
deklv h[ej\Zgbo f_° _j_g ihagzqg_ggly fkljzdchhjx UK a ih\geklx Z[h gqZkldh\h \e~k
sh k\e~rgblv ijh \-’\ih\- gm qZkldmdphalgelibmnjz]f_glzfb f_° a_j_g ihagZg_ggy Kklje
kiZeeaZp+€ Zmkl_gelm azZ f_oZgeafhf ghtegbghlgdy fgZeh]leqge "eeygdb kijmdIimjb a-
ajg>@ GZ]je\ f_IZeﬁs\KDh I [sevr 0ZjZdl_jgbdgzHzfb a[sjdh\h€ Z_djbkl
ijh\hA*"m}lvky \e~ih\ergbfb afegZfb leljmAldmgbaz f_oZgeafhf jhagbg_ggyhf_ "~ a_j_g
Zmkl_geIm 1,jBk Ijhihjpecgh ie*\bs_ggkllje]Zxlvky azZ ih~"Zevrbf ie*\bs_ggyf I_fi
fi_jZImjb gZ]lje\m kmll}\h a[eevrm}IvkjZIkijhflgZz]je\m1,jbk LZdbf gbghf ag ajhklz
geklv ~“haghhg_ggy hdj_fbo f_" a_jm ogyif hifi_jZImjb gZ]je\m afegZ f_oHBgeafm afe
fhle_g_ 7e}x jeaghfZgelgbo gbggbde\\hhgbdikdBecsaZp+€ } h~ge}x &gbkobh\gbo ij
\e~r \gmljergeo gZijm _gv jeagh€ hijbgbtlly_ogoy kljmdimjgh€ g_h~rghjerghkle ZmkI_q
AT ggy "h eed\Zpe+€ o-feqgbo j_anfEglte _p \h€ klZee < ihje\gygges a* %IKeex a

le \bljbfdb f_1Zem az | _fi_jZIidk jbaga[sevr_ggy \feklm \m]e_px %h ijb\_eh

py \ jhafejZo fe' kmkergdftb fo_jgrhKy]*h ydekgbo afeg \ 0ZjZdl_je nhjfm\Zggy kljmc¢
Ib ~h e [eevr_ jZae*\ kdezZ”Zxgb gl 4d\zlel \g¢Im i**qZk gZ]je\m ~h \e~ih\ergbo |_fi_
~ho fdf jbki, A LZdbf gbghf kljmdImjbk Zm Ihje\gyevgbc ZgZdbdaZzazZ\ g_agZqgm

| _gelm klZee 8 K ickey gZ]je\m @900 afegm ae+ ajhklZggyf \feklm \m]e_pX klZee H’
UK fh gZ \\Z Zlb je\ghfejghx a \e2ihVeglhba lpbf ijbjekl \feklm \m]e_px \ klZee kijl
j_"gef jhafejhf a_jgZ Zmkl_geIlm Ijb @pein_gigx kljmdIimjgh€ g_h~ghje~rghkle Zmkl
oZgeaf a[-jdh\h€ j_djbklZecazZps€ " agBygshkep*\m\Zgh]lh gl _j\Zem | _fi_jZImj L
ih\enrZ} i _j_fes_ggx f_" a_j_g >hky]Z%éykklpee a% K dheb ijb I_fi_jZImfK
ghfejgeklv kljmdlmjb aZ\"ydb ijZdlbgghk @y gXdhiem nhjfm}ivky \erghkgh jelghfej
r\b dhkle jmom f_~ a_j g sh aZ[_ai_ghhhdEmijZja_ j g Zmkl_dsl@d jakhklZggy
fes_ggy g2 |jb[ebagh hrgZdh\e \-"kllzgi k€kmj \ampe_px ~h kmljh\h" m}lvky bydekg

IZI- hrghgkZtkgaeldg _ggy f_° kmke~rghro fb_pfggZfb jhkZ lhjmqgq «a a_jgZfb jhafejhf
kylZ}lvky je\ghfejgeklv kljmdIimjb Zmkihjyldm ZdfH ckgmxlv "eeymidb g2ldy [

ifz a_j_g fzZ} \bley” \blmdeh]h [Z]Zéwdinflgdod z fdf I1e~\bs _ggy | _fi_jZl&hjb g
R\b~rdeklv ajhklZzggy k_j_?~gvh]h jhafejme\an jgZfX ijZdlbgqgh g_ \*~[behky gZ kljmdIn
kl_gelm [m”~_ agZqgh f_grhx \ ihje\gyggnkd fidoZR,jhk KljmdIimjgZ g_h~rghjergeklv 1Z
afhf jhagbg_ggy f_" a_j_ohfidhegsmm B[kk_j ~gec jhafej a_jgZ Zmkl_geIm
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Jbingited <ieb\ |I_fi_jZlmjb gZ]jeuwm Z[zx \+ 12950 UK gZ kljmdIimjm Zmkl_gelr
klZzee a % K Af[eevr_ggy

aZebrbebky ijZzdlbggh g_alfhggeib_h~ge}x a ]Jheh\lgbo ijbgbg miI\hj_ggy kljm¢
afeevr_ggy |_fi_jzZIimjb kmijh\h~" m}lvky hjirghjerghkle Zmkl_gelm \ \m]Je_A_\bo k
kmxqgbf ajhklZggyf kljmdIimjgh€ g_mtrgdgehpthkllkdan ydsh i_jeelg_ i_j _I\hp ggy fZ
kl_gelm 1Z k_j_"~gvh]lh jhafAmZaq_¢gd@d agZq_gm kimiegv mkizZ~ d mmZglyiyh kd|zginh
az | _fi_jzZlmj gZ]lje\m fK kdeZebh\«Zimkl_geIm jbk Ilh mI\hj_ggyg kfjmdImjg
\e~gh jbk] ¢ fdf LZdbf gbghf §e~ghje~rghkle Zmkl_gelm aZ ]Zjyqghlh hh[lbkdm
ghkled\ "ey klZe_c a jeagbf \feklhf \mbeggx dZ[mlb i_\gh]lh agZq_ggy >eckgh i
[*evreteje ih\ yaZge a* afeghx f_oZgeatim R[ndHihj&ix i_jeclgh€ dhehg+€ \m]e_p_\h
j_djbklZesazZp+€ A ihje\gyevgh]lh ZgZlkegm\ +Rijedlm jibk z 1ZjyqzZ iegklbqgZz
Zmkl_gelm jbk 1z aZ h~"gZdhZ |fZpejZlgdbmdZ} \bagZqg_gh]lh \ieb\m gZ fhjn
]Jj*\m af[eevr_ggy \fekim \m]e_px \ kjZeegkiilmy}i_jeeIm sh i*"N\_j*""m}hwky nhj
jha\bldm a[¢jdh\h€ j_djbklZesaZp+€ aZggybzgeadtdh€ deevdhkle dhehgec a g_j_
jhaqbg_ggy fa_j_ g LZdbf qbghf jHa\bhAHx jbk[-]
\dZazgh]h f_ozZgeafm af[ejdh\h€ | djbklZecaZp+€ }

dp,@!% w1
12 A2

® X3
10 S Y

*
10 20 30 40 50 dp, fdf

0

8

) *‘k‘ =
\ §l‘;,IE

2

JblingBd Kie\\erghr_glgde \ aZe_"ghkle \er \fekim \m}kd,45; 2 +0,47; 3 +0,54; 4 +0,56
% K \ ]Zjyq_dZlZgbo klZeyo aZ ~Zgbfb > @
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Jbknpgd KljmdIimjZ ktde K tkeyeniZerd > |@ieZklbgh€_nhjfZpE[ \ £18;
]+ ijb 1_fi_jzZImg fK > AQeevr_gis0.

K_j_"g} agZgdggwmdez~rZ}Ivky \ e<gl_jjhKe hdjef kmllI}\h€ ih~h[b k\e~gblv ijh ekg
« fdf le*\bs _ggy | _fi_jZImjb h[lbk\@gpgy i_\gbo \e~fegghkl _c >ey klZe c i*key ]
Nh UK “ghqgqZkgh ae ajhklZggyf k_ghigvhIbkg ggy ijZdlbggh ~ey \kmh]h ~hkee«
jhafeim a_jgzZ ijba\h?blv ~h nhjfmdzZ§gghkhjmgl_j\Zem | _fi_jZImj a[_j*]f}Ivky g_af
Imjb a i_\gbf kimi_g_f g_h~ghjeBSghklegeikdit nhjfb a_j_g Zmkl_gelm <« \erkmlgeklv
Iljbkmlgeklv m KkljmdIimje klZee a_j_gieZklblgghlen "anhji@Zpe€*_gZ kijmdIimjz } j
agZqgbfb \e~rfegghklyfb m jhafeje keeamra]ZyiiZibrghgzZkghlh \ieb\m \bkmdh€ |_fi_]j
yd k\e~q_ggy ijh ihgkbhdimjhe[sjdh\hiE jjldjlZ g_"~hklZlgvh]lh kimi_gy ieZkllZggh€ ~ _nh
klZeeaZpe€ azZ f_oZgeafhf jhagbg_ggp*€ ~ > @y Pn_dlb\gh]h jhalbldm jZdjbklZe-a
i*"N_jA"m}lvky \erkmligeklIx hdj_fbo njgi€_glE\floZgeafhf i_j_fes_ggy f_" a_jgZ Zmk
f_"Zo a_j_g 5bk ihagZq_ggy kljeed@hxim <]
oh\mxgb sh ijhihjdecghjhklz} fh eb\eklwdsh jha]Jey~Zlb Z[khexlge dangZigh ggy
nhjfm\Zggy nemdImZpe+€ seevghkle@”bklehhZprlcy yd ¢ ijb \eMiZees bk . ZgZeh
\elv aZ g_\_ebdbo iezZklbggbo ~_ nhjfdprjiZdjhpidéb\m \feklm \m]e_px \ klZee K_j_
j*\ghfejgh]h jhaih”eem 7bkehdZpec gphaifejel@a "bgfsZmkl_gelm ~ey klZee a K i
kljmdIimjb \ k_j "bge a_jgZ peedhf \bijlsmzigh »e@® h~rgZdh\bo | _fi_jZImj [Zjygh]h h
< j_amevlZls ih~"Zevrh€ j _dhf[egZp-dbkokebdZplZes a K jbk ¥dsh ihje\g
\er[m\Z}Ivky g_ leevdb jhanee a_jgZ \Zhbk kIghmhdhb giZkey aZagZq_ghlh h[lbkg _ggy
njZ]f_glba dmlzZfb jZahje}glZpe€ \e~rfeppldZNeijb |_fi_jZImje UK \by\ey}lvky st
agZq_gv a\bgZcgbo f_° a_j g Ze_ cleavddZzi{®\dy ggy dhgp_gljZp*€ \m]Je_px \ Zm
fedjhgZijm™ _gv < j_amevliZle 1Zde H_"gZ[m mlvipba\h?blv ~h ijbjhkIim jhafejm a_jgz
eh”elb dmlzfb jZahje}glZpe€ sh fzZxbwmlkjhfelgr ijb[ebagh gZ jbk JZahf a
agZq_ggy ey f_~ a \_ebdbfb « fZebfbkihkIZfb Z}I@ky ajggeyrg_ h~ghjerghkde kljm
Z jhafej kZfbo njz]fadgle\ Zlbf_ \eh gkdjb Zmkl_geIlm \ peehfm jblkbgbghx ]
ibg_gh€ seevghkle “bkehdZpec ]ZjyghplvihHbKg aghgklZggy klbfmem jhalbldm a[bjZe
GZ\_"_gZ ko_fZ ihykgx} nhjfm\zZggy kljgndkhjgh&€zZpe€ az f_ozZgeafhf jhagbg_ggy f_
g_h~rghjerghkle Zmkl_gelm ydZ g _fhbgmag_ [ ieMks gge \feklm \m]Je_px & klZeb Ik
Adh\ZgZ ijb hoheh” _gge i_jeslghx kgyghlmhx_IZevgbf ZgZeeahf 0ZjAdd_jm nhjfm
\m]e_p_\h€ klZes jbk < j_ameXlZgy kdimgMmjb Zmkl_gelm ijb \e*iZed IZ ]1Zjyqght
kibgghkle klZees 1Z €€ ljesbghklecdeskIVbkZglbdgrlvgZ gZ[m\Z} i_\gh]lh igZdlbgghlh
\gm aZe_"geklv \en je\ghfejghkle kljmdlimjEnZmadgZgea deg_Ibdb afegb k_j ~gvh]h jl
Im \ peehfm > @ Ihje\gyevgbc ZgZeae-ggsnz\zdIl jfm_jZImjb 1Z \_ebgbgb klZjygh€ ie
nhjfm\zZggy kljmdIimjb Zmkl_geIm ijb VbYyigle ~jbihjfZpe€ GZ jbk ij_"klz\e_gzZ aZz
. e \ j_amevlzZle 1Zjygh]h h[lbkg_ggkldgXe” \¢kim \m]e_px \ klZee |_fi_jZImjb 1Z
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kimi_gy 1Zjyghlh h[lbkg_ggy :gZeesaklgpzig® peoklbqgh€ ~ _nhjfZpe€ i_jg\bsm} «
aZe_ “ghkl_c k\e~rgblv sh aZ ihkleoghgE |afgZjZlggy ~ey ihqZldm jhal\bldm j _djbk
jb a[eevr_ggy kimi_gy ieZklbqgh€m ahjffZpZgdkafhf i j fes ggy f_ "~ a_ jd > @
ijh\h~""m}ivky peedhf hgedm\Zgbf "bkil_jjnaZeggygfdkl4 peedhf \bijZ\*"Zgbf > @ >e¢
kljmdImjb Zmkl_gelm <jAdh\imgdkdh\bidykg_ggy \ieb\m \fekIm

\ ]
Jbingh® <ieb\ \feklm \m]Je_px \ klZeZ | % K\ ] < I_fi_jZlmjb £2Z\
1100 UKe[ ] 1Zjygh€ ~_nhjfZpegZkljmdImjm Zmkl|_gelerevr_ggy

d, m d, m
180 k 190 A
130 140 -
80 - —— 90
30 T T 40 T T
10 30 50 0% 10 30 50 0%
z [

Jbinghd AZe_"geklv jhafejm a_jgZ Zmkl_gelm \en \feklnZ \IA]e_px K[ km
i_gy O I1Z I_fi_jZlmjb h[lbkg_ggy klZewx+f X * fK

\mJ]e_px klZee gZ jhafej a_jgZ Zmklisheim N\k@m}lvky kljmdIimjhx Zmkl_geIm jb
kl1Zz}fhky Kkie\\e~rghr_ggyf Ney hpZgdd_hffiggeklv nhjfb a_j g Zmkl_geImd jbk
Imjb ihgZldm j _djbklZeeaZp+s€ AZ | _admjevIZkZdb ¢ghk@® jhafejm a_jgZ Zmkl _gelm \
\_ebgbKnkees” ijbcgylb je\ghx gy ~_nhjfZp<€ jbk \dZamxlv gB ijZdlb«

lr ~0,4 Ls, 2 \g_ az\_jr_ggy a[+*jgh€ j_djbklZeeaZpes€ /

N g 21_fi_jZImjZ ihgZldm jhal\bldm[hddjb\bkhdZ gmlebtb4kdhkls ajhklZggy a_j_ ¢
[ZesaZp*€ A mjZom\Zggylks aglZ” "ggyjZmkl_geIlm ~h |1 _fi_jZImjb 1Z klmi_gy ]Zjy
fhx klzgm aZdevlehpv > @ af[cevr_ggyhjfekdd > @ fh _ [mlb \bdhjbklZgh ey "k
\m]e_px klZes \en ~h K ijba\\Zgg9h RIjmdIimjb &aAZ ghklecgh€ r\b~rdhkle
Nih\lergh]lh agb lgggjp[ebagh gZ « U&Zklbggh€ 2~ nhjfZpe€ ih~je[g_ggy Kkljm
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fh gZ ~hky]lb \+~ afeevr_ggy klmigly® gibedZk | bjdp k ijbckz3fIh86. AgZqg_gg¥X ih

N _nhjfzZpe€ Z[h agb  _ggy | _fi_jZIimjbl-tgjpmmhbagZqZeb ickey eh]Zjbnfm\Zggy Kki-

kilbkdzZggy f_IZemfeggeklv | _oghelk]e€Nghbggy

g_ggy aZlhle\db aZecagbqgqgh]lh dhen kZ \bdexqlgf=I§A-nig0 ()]

“eb\eklv afegb klmi_ge\ ~_nhjfZpe€ gZ iAZkiAhZmeam Kkie\\elofh+ flg0 jbk

h[ezrgZggboh”~ygb a pvh]lh |_fi_j&Imijblkdb O, IgF=I1g: &H=-0igF/0g0 ?dkihg_glZ

g_ggy aZebrZ}lvklyf ha fh eb\bo |I_aghehdeZqzZz} gmleb\eklv Zmkl_geIm ~hkjha\bldm

gbo iZjzZf_ljs\ ey afegb kljmdIimjb ZnmkéegZpr€ st~ |_fi_jZImhi€ jERkIbggh€ ~

i*"I\_j~"m}lvky jblA f_Ihx \bagZq_gdy olgjfZp«€ jbk NhjfZevgh azZ aZe_"ge<klx

di_jm jha\bldm ijhp_ke\ nhjfm\Zggynklgmddmglyyzhje\gx} iehse a_jgZ ZmklageIm a jh

ki_geIlm ie~ qgZk ]Zjyqghlh h[lbkg_ggyfejbfdpjbilekey _dkljZiheyp+s€ kie\\lgFg-hr_ggy

NZge jbk AZ]Zehf afegZigBaZmil agfflbd gZ ~_nhjfZpex OhqzZz az ~Zgbfb > ¢

\enr kimi_gy ~_nhjfZpe€ 7ey i_\gh€ |2 finhZifhgbe ijb 1_fi_jzZImje U&Z g_ ~hkl

ierihjyrdh\m}lvky kie\\erghr_ggx > @Ilgvh ~ey afegb jhafejm a_jgZ hljbfZge iZjZf_

F=$0, (3) je\gyggy ibk 1Z[e \dZamxlv gZ j_Ze

N F tiehszZ a_jgZk ¥, k tdh_nepe}gjl nlafegda sh fZ} ~"h~rzZIldh\_ i*~I\_j~"_ggy > @

fb a_jgd xtjhafej a_jg&xkImiedv nhjfZpe€AZ ~"Zgbfb @ ~ey klZee+ ea k_j_"geh \feklhf \

en xihklecgejZoh\mxqgb sh nhjfzZz akj_Je Zpmx ickey ~_nhjfZpdifb U& 1Z iZmab

I _gelm ~ey ~hkee""m\Zgh]h gl _j\Zem5 K fijl@zlmj -

kilmi_ge\ ~_nhjfZpe€ gZ[eb Z}Ivky I”h [Z]Zlhdm

lgF | lgF | m k
[
3.7%» 3'9-\ 1.4
33 \.i.\. 3'5\ R 12
25 \h 2.7 . 08 T
1 12 14 16 o 1 12 14 16 1Ig0 100 300 500 700 d., {
Z [ \
Jbimglvd AZe_"gekFvklIZe ¢ a D L K [ \eM kimi_gy 0 Iz I£fi_jZImjb %
+ X % G 1Zjyghlh h[lbkg _Kigy¥\*~ghr_ggymfieds \

a_jgZ Zmkl_gelm klZgh\blvfdf Z ke lkgmxq_ hphgijhihjpecg_ kie\\e*ghr_ggy
ey » nhjfZp«€ ~hkyl]Z} « fdf GZm-da \eMih\e~rZ} kimi_gx ]Zjyghlh h[lbkdm\Zggy
hkgh\e ZgZeesam \e~"hfbo j_ameviZIZ\ %. @jzZldhhhkfb ms\bagZqzZ} jhev » _nhjfZpe
gbo _dki_jbf_glZevgbo ~Zgbo bk ghblagafeopghggy ijb nhjfm\Zgge azZjB~"dZ j_djb

sh ihdagbd klmn_\gkie\\e*ghr_gge _ @a¥eZpe€ deevdeklv ~_n_dle\ djbklZeeqggh€ [m
“blv \«~ gbadb gbggbde\ \ieb\m gZ ajAKj¥gfyma_hdkbkg _gge [m”_ \bZpZhZjb
Zmkl_gelm \ ijhp_ke ]Zjygh€e" ieBKlDbgghliEmdIimjgbo i_j I\hj_gv \ Zmkl_gele AZ ZgZ
\ml]e_p_\h€ kdggoh\mxqgb < kgm\Zgg¥ fKHkfimjgbo i_j I\hj_gv \ Zmkl_ge-he iekey ]Z
evghlh agZq_ggy ihdZagbdzZ kimi_gy ]®hhbhhk\gxggy seevghkle ~ n_dge\ djbklzZe
> @ aZe_"gyklvZzPebley” gh€ [m”~h\b g_"hklZlgvh ~ey nhjfm\Zggy aZjt
n=2 4m 4 ds, (5) j_djbklzZzeeazZpe-€ Dhfi_gkm}lvky gv ~hklZlgy

N'm,glZs} ozZjzdl_jbklbdb yde \ebihtekdh \» dhde\ djbklZeeqgh€ [m~h\b afeevr_gg
agzZqzZxlv \ieb\ gZ ajhklZggy a_jgZhzZmjibl\ gethklea fgdm[Zpecgh]h i_jeh"m Znhjfm\Zgg)
dm kIlmi_gy ~_nhjfZpecgh]lh afepg_ggyjhtjikmlghtkkdzeeazpe€ JZahf k pbf agzZqgh
_e_f_gle\ km[kljmdIimjb ¢éhklyb\bljbfddbc jha\blhd ijhp_km km[kljmdImjgbo i_j_I\hj
f_1Zem iekey aZzZ\_jr_ggy ]Zjygh€ A_BijkZpge€le ikeg[lbkg_ggy [m~_ igmrm\
<jZoh\mxgb sh aZ |I_ogheh]*}x ]ZZyqlb€ mfmhgf nhjfm\Zggy azZjdjbkiZeeaZp-€ <
pe€ aZlhle\db aZeecagbqggh]h dhg_kZ jliebhewele [m*mlv \bgbdzZlb f_"« a_j g a gb:
aZebrz}lvky ijZdlbggh ihklecgbf Kkie\\PH[gbrvgglgix GbavdzZ fh[eevgeklv IZWh€ f_"« h

fh™_ [mlb kijhs _gbf ~h \b"m \e_gZ i*M\bs_gbf je\g_f mihjy*dm\Zggy ~bkeh
m§ M 6) pec \ ihje\gygges a* a\bgZcgbfb f_"Zfb sh fz

:gZeca jhajZoh\Zgbo mgkdagviZ[e \_ebde dmlb jZahje}glZiEi€hj> ggy@fa’
jbk Ney \erih\ergbo I_fi_jZImj hZjygh€a®_magb _ghx jmoeb\ekix kee” jhaley”ZIt

jfZzpe€ 1Z \feklm \mJe_px \ kiZee \hZampgzZedhkéhkh[s\ mih\eevg_ggy jhkim ZmKkl_c
\eklv ekgm\zZggy \az}fha\l yadm fe  gbféd_jdk ie*\gzZk \bljbfdb f_IZem fe  y[lbkdm\Zg
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fb aZ \bkhdbo | _fi_jzZImj Iekey aZ\_jriZggyntifm\Zggy ijhneex h[h"m f _VZe ie~"
Ibkdm\Zggy aZzZ]lhle\db gz ij_kZo jkRafky a[ jgZ jZmghfm h[lbkdm\Zggx g& Iljvho\.
I_gelm \ h[eZKimhkhZgh\blw fdf GZ\hfm ijhdZlighfm klzZg-

IgA, IgA, -
1 W
4 4 1
2
2 2 3
— ¢ D S —
0 pe !\)!H . < ! !
900 1000 1100 £ 900 1000 1100 £
Z [

Jbimghd <ieb\ \fekim \m]Je_px \ klZes [#0,65% K IZ |_fi_jZImjb ]1Zjyqh]hgh[lbkg_
gy dgA x(1),n £ m- (3).

LZ[ebp
AgZq _ggy iZjZf lje\ Kie\\erghltZ gv ~ey \e”ih\ergbo | fi jZImj ]Zjygh]h h[lbkg_
1ZjzZ 0,55 % K | 0,65 % K
f_1j L fi jZImjZK

950 1100 1150 950 1100 1150
IgA 3,57 4,8 5,24 4,2 4,53 5,0
n 0,51 1,04 1,17 0,78 0,8 0,99
P§ #n 1,49 0,96 0,83 1,22 1,2 1,01
da, fdf 115 470 770 240 340 590

LZdZ ko_fzZ ihkees~h\ghlh h[lbkdm\Zdgldkj fgbxerh -~ ae agb’  _gbf agZq_gbyf dmlz
fh™_ [mlb \bdhjbklZgZ "ey j_ZecaZpy€}dloplEebk]@ LzZdbf gqbghf ih*je[&_ggy a
dhgljhevZgh]lh agb” _ggy | _fi_jZIlmjb I~rgakm 1Z i**\bs_ggy je\ghfejghkle kljmdlIn
fZpe€ >ey aZ]lZevgh]lh klmi_gy 1Zjlyghlh_H¢gm h[h*m kmpeevgh dZlZgh]h aZe-ag
kdm\Zggy gZ ijhdZlghfm klZges IgFaZe_kaghkfh  _ [mlb ~hky]lgmlIbf az\*ydb a[_j_
f(lgQ jbk Ney klzZe*%aK ijb |I_fi_jZImjzZklbgb _n_dlm ~_nhjfZpecgh]lh afepg_gg
ijhdzldb f& keer hgedim{Zbmvdh agb” _gge I|_fi_jzZImjb ijhdZldb gZ ijhdZI
fdf Z ~ey klZee @ C ijb[ebagh fdklzge > @
>ey [eevr \eA7rZe gbo \e” ih\_joge h[f}fe\ ©ljRGmM\db
NN nhjfZpey ~hje\gx}da *_deevdZvale-e ljh]j_kmxq_ ajhklZggy kljmdIimjgh€ g_
rblvky ~h 4 fdf \e”rihigZ@Mh]eqgge"gkle Zmkl_gelm a i**\bs_ggyf I _fi_jZImijtk
j_amevlZlb [meb hljbfZges ijb \b[hje hiiZefZevgm&h\e_g_ afeghx f_oZgeafmd a[ejdh
I_ogheh]e€ ]Zjygh€ ieZklbggh€k_ Ay~ nhjbkp2€-azZp+s€ \ \m]e_p_\ec klZe-
gvh\mle_p_\h€ klZee > @ < j_ameviZle \DAdhjpkdZggybo mfh\ \e*iZem akeevr_gg
iZjZf_lje\ kie\\e~rghr_ggy 1Z \baigZtmgygw]dé_px \ klZee kijby} ajhklZzggx k_j_~
IbfZevgbo aghgmgy s [meb j_dhf_g~h\Zagfeim a_jgZ Zmkl_geIm
|_fi_jZImjz 1Z kimi_ge ieZklbggh€ ~_nhjfZp&€ YWeyiZlgyevgeklv “"bkehdZpecj "ey nh
hljbfZggy kljmdImjb a ~je[gbf a_jghf fA\Zggyesamh~rdZ af[ejdh\h€ j_djbklZeeaZp-

hijbfgbo j_amevlizZle\ \bagZq_gh sho@dbtdgflgfgymom \_ebdhdmlh\bo f_" ijb\h~l
kljmdIimjb Zmkl_geIm a "je[gbf a_jghfhadgkemh]-qlgimdimjgbo i_j_I\hj_gv \ Zmkl_
jbk 1Z 1Z]e aZ[_ai_gm}lvky agb’ _fogyZgledfhf jhagbg_ggy f_" a_j_ g

jZlmjb degpy ]1Zjygh€ ~_nhjfZpe€ a ARe hgeklv f_ozZgeafm jhal\bldmd a[ejdh

« f& Z kimiegv klbkg_ggy [ebavibklZeeaZp Zmkl_gelm \en | fi_jZImjb « kli

[meh azZijhihgh\Zgh jhadZebldeevdZ]Zjlygh€ ~_nhjfZpe€ ~halheblv hilbfram\Zlb
i\ > lIZevgbc ZgZeca kljmdIimjb ZmkEhgebm hiHblZa&ad\Zggy azZ]lhle\db kmpZevgh dZ
sh 7~je[gZ kljmdImjzZz a_j g a[_j*]lZ}Iveya@lZzdgnib dhe_kZ
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F _Ih*b \eamZeecaZp+€ Je*"jh*"bgZfeqgbo ijhp_ke\ |
fhr _ex\Zgge ijh*m\Zggy
Mameshyn V.S., Nizyayev K.GZhuravlyova S.V.
Methods of visualization of hydrodynamic processes in "cold" md-

eling of blowing

M kl1Zlle h[]h\hjxxlvky hkgh\ge i_j_\Z]b IZ g_"heedb gZcihrbj_gerbo f_Ih*e\c\eamZeecaZp-¢
gbo ]J**jh~"bgzZfeqgbo ihlhde\ Jhaleygmlh knZghgy€ohpeZZNhphEgdy sh \bdhjbklh\m}lvky
F_lhx pvh]lh "hke+”" _ggy [meb jhajh[dZ hjb]legZevgh€ f_Ih*"bdb \eamZesaZphr€ Je jh~bgZf:
ihfhlhx j_hkdhieqgh€ je~"bgb I1Z ZgZe+a hkh[eb\hkl_c €€ aZklhkm\Zggy ijb oheh”ghfm fh"
dhg\_jl_jghith~m\Zggy _ o _ ,
>ey hljbfZggy j_hkdhieqgh€ je*bgb [meh aZijhihgh\Zgh \bdhjbklh\m\ZIb \h” m 1Z kmobc i
ie]f_gl fZjdb .:

AZ j_amevlzZlzZfb ijh\_~_gh]lh ©oheh”gh]lh? fh~_ex\Zggy ijh~m\db \klZgh\
\bdhjbklZggy j_hkdhisqgh€ je"bgb aZlvaglgm}\kd@[FesaZp-€ de"jh bgzfe
gbo pbjdmeypecgbo ihlhde\ ¢ “hal\hey} \bagZqZlb gzZijyfhd jncom <+ jhaih
gbo ihlhde\ sh nhjfmxlvky \ je~rdec \Zgge * \klZgh\blb ehdZesaZpesx aZkle

Dexqh\s keh\Z 1JH>M<D: =1>JH>BG:F1QG1 |IHLHDBJ?IKAIW EUAGP J1>BG:

This article discusses the main advantages and disadvantages of the most common methods of hydrodynamic cir-

culation flows visualization. The areas of their use and used equipment are considered.

The purpose of this study was to develop an original methodology for visualizing hydrodynamic flows using rheo-

VFRSLF IOXLG DQG DQDO\]|H WKH IHDWXUHV Ricanvéierbdmng Q 2 FROG”™ PRGHOLQJ R
To obtain a rheoscopic fluid, it was proposed to use water and a dry pearly pigment.

BDVHG RQ WKH UHVXOWY RI WKH 3FROG" PRGHOLQJ RI EORZLQJ LW ZDV GHWHUP
the stable visualization of hydrodynamic circulation flows, allows to determine the direction of movement and distri-

bution of circulation flows that form in the liquid bath and establish the localization of stagnant areas.

Keywords: BLOWING, HYDRODYNAMIC FLOWS, VISUALIZATION, RHEOSCOPIC FLUID

A fhf_glm k\h}€ ihy\b-dbigy_jhjgbte\ « \_ebdh€ deevdhkle rde*eb\bo ]Za-\
ijhp_k ijhcrh\ g_j_a jy» m~hkdhgbe jgvafesdshggy _dki_jbf_glZevgh]h 1Zhj_}kljn
nedZpec kiX\g_ \ijh\zZz~" _ggy khi_e EZhZely[eZ"gZggy i_j_rdh~rZfb |_ogheh]e
i_j_oe~ gZ [Z]Zlhkhieh\s nmjfb ijhy\iZhpghlgh_ > @ H~”gbf ea f_lh”*e\ sh ~ha
Ilhje\ “"hggh]lh ¢ dhf[egh\Zgh]h “midy h\BdhjbkdZdjm~ghse } neabqg_ fh” _ex\Zgg
gy [Z]Zlhyjmkgbo nmjf ijb pvhfmhch]h Neagfhg_ fh"_ex\Zggy [Zam}Ilvky gZ |
l]*qggbc [Zabk sh ihey]zZ} \ ihr"Zqgekklgthk gelifdbh[b fe° hjb]JegZehf « fh"_eex s
gx \ jerdbc gZ\mg aZebrzZ\ky Lz §lgbefb\eklv [_aihk_j_~gvh]lh i_j_gbk_ggy
gbghf ijh*m\Zggy } h~gbf a dexgh\bdgbe faZzdhghfejghkl ¢ gZ j_Zevgbc Z]j_
le\ dbkgd\thg\_jlhjgh]lh ijhp_km ydbcage I*ghkle \er gZy\ghkleejilkkiZke\ gbo
db aZ[_ai_gm} hdbke_ggy “~hferhd ggdevgmnedabggc fh” _ex\Zggy fh ' _ hmlb j_
egepex} kdezZ”ge ]+~ jh~bgZfeqge ijhp_¥bghydid-llbhgeth~rg_2 ~hkee”b ijh\h"ylv &
\ieb\Zxlv yd gZ o<® iez\db o\bevhard@lyfdoy jetbgzZfb sh fzxlv |_fi_jBImjm [
\Zgge IZ afejgXgg€ r\brdeklv-leikhkhi avdm ~h defgZlgh€ 1Zd « ©]Zjyqh® ~"hke
j_ghkm IZd ¢ gZ aZ]lZevdhghfoeqedahtylv a jhaiezZ\e_gbf f_I|Blehf >
dZagbdb ijhp_km \bg_k_ggy [jbabe\ \Bdb{ewr\ijhklbf m j_Ze-@dheth”g_2
ghkb aghk nml_jh\db 1Z egre > @h"Mea\gogdmyd_ ~halhey} \bdhjtklh\mx
pbf ZgZeea o0ZjZdl_jm jmom Je*jhhbgkZlmagbdZiRkrghkgh ~_r_\e fZl_jeZeb _n
de\ sh \bgbdzZxlv m dhg\ZgirjgdZ hpe\ddgdZlb o0ZjZdl_j \azZ}fh*+«€nZl "3 bg
\ieb\m jeagbo nzZdlhje\ gZ pe ihlhdb fedm kIX2_ieZ\bevgh€ -\Z@gbf > Zge-af 1Z
eb\e 7~ey jhamfeggy aZdhghfejghkl_aZddlghdesjdhkle \bghke\ 1Z -\b@b"<XZ»a a
dhg\_jl_jghlh ijhp_km <b\g_ggy q]*"gmygb ghffrfIh"e\ ZgZeeslbgqgh€ oefe€l ihl_gp
gbo ijhp_ke\ gZ ijhfbkeh\hfm Z]jZZl=y ihdkg"mdlhf_ljey dhehjhf_ljey Ibljhf
g_ ae* agZqgbfb Ijm~ghszZfb ih\ yaZzghb&jey~dgdly iblZzggy fZkhi_j ghkm dhfihg
geklx rde”ebdbp [ _ai_ggbo nzZdlhjek "4 i"h_ferm\Zggl8pk
e*r"gbde\ m \bJey”e \bkhdhl_fi_jlZZmjgblgbjhigha _~_gge ©oheh”~gh]lh? fh"_ex\z

FZf_rbg Ze_j*K jlech\ kgl g M>MGL Mameshyn V. *c.t.s., USUST
Geayl\hbPlyglbgblhjh\bgrl g M>GIL Nizyayev K. *d.t.s., USUST
@ mjZ\evh\3IKZgZe_je€\gdl gM>MGL Zhuravlyova S. *c.t.s., USUST
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dbkg -dthg\_jl _jghlh ijhp_km yd k_j ¢ba\dbdl _j jmom aZ[Zj\e_gh€ nZab ¢ nedkm}lvky

sh fh” _ex} jbdf_|IZe [eevreklv “hkeisbgphdx\Zggy <gl_gkb\ghkle azZ[Zj\e_ggy \ h[kya-

\bdhjbklh\mxlv \h*m ohqzZ fh 'mlv az\@ggb\midlibgrbdzlhjb fh mlv \bdhjbklh\m\ZIbky

C *gre je"bgb gZijbdez”™ jImlv >Z@rbijtdzg[ki_dlj j_gh\bgtch~@jhofde

gbc kibjl > @ _ihdkb~gm kfhem > g®clZ shgaghbdgsh > @f _Ibeh\bc gh j\

Ney \b\g_ggy iblzgv ih\ yaZgbo a ZHdLebefinfeh\bc kbgec dbk@&@nhipkgh\gbc

“bfe\ \ijh\Z~" _ggy jhaih\kx~IZgg®Z <g”~bdZlhj [jhfdj_aheh\bc imjiéinjgEc >

fhre€ ]Zah\h]lh klIjmf_gy a fh”_exxqhklggtibghixee |be _gmzZpgh@bc [Zj\gbd > @

\gZkee~hd ~hklZlgvh dhgljZklgh€} dZflbiple yaXbc kbgee n>gh@nlZze_€g > @

fhhe€ fe' nzZazZfb fh eb\h h[f_"blbkyjhehdibg i_jfZg]lZgZim dZemxeviZ@®he

\eAr _h nedkZpe}x ijhp_km Ih "ey ZgZer\bro pdji\ghd ->ch@ « lehkmevnZl gZljex 1Z

pecgbo ihlhde\ m je~rdec \Zgge qgq_jha «dghahjeklv \

"b g_h[os~gh agdpllhi€ogx \eamZe+saZpekibdeZ"b \eamZeecaZp+€ ]J**jh~bgZfedb je~d
GZcijhklerbc f_Ih” sh ~“ha\heyi \*Zggd®ZajZomghd \\_~_ggy *g”"bdZzZZhjZz sh aZzZ]

\ZIb Je~jh~bgZfeqge ijhp_kb [Zam}lvikgxpZAhsfievgm jerbgm ijb ©oheh”r*ghfm?2 fh~

evkghfm \\_"_gge \ jerdm \Zggm nZgkmAgegvojkhhlgbo f_IZemj]Jecgbo ijhp_ke\ ij_"klZ

j_Z] glm eg”bdZlhjz @} |vokky

|

-

\ AN
Jbkmghd >hkee”” _ggy J**jh"bgZfeqgbo ijhp_ke\ a \bdhjbklzZggyf je&gbo \b~e\ 1jZk
Ihje\ sh aZ[Zj\exxlv fh" _evgm je*bgm

Z | eg”bdy¥lphagbg i_jfZg]ZzgzZim dZXejag}Zijh*m\zZggy \ fh”r_ee dhg\_jlhjz > @ |
ijboh\Zg_ ~hgg_ ijh*m\zZggy \ fh”_ee ih~h\h]h klZe_ieZ\bevgh]lh Z]j_]ZIm > @

\' ]Jxeg”bdZlhj mevljZnehe_Ilh\bc [Zj\ggbd "> g@y 4g”~bdZlhjZ h[ky] fh"_ees \beb\gbpe ]
tnZj[m\Zggy fh~_evgh€ je*bgb ijb gZih\g_gge fh*_ees gZ

N xeg”bdzZlihj f_Ibe_gh\bc kbget\ > _@gy\egrbdZlhjZz \ h[ky] fh*_ee dh\rZ a ~al\hg
ih~e[ghx dZf_jhx ~ey h[jh[db iZjhih~e[gbf niZ]Jog\dgdy fh"_evgh€ je*bgb g_j_a k

AZ\"ydb gZhqgghkle 1Z ijhklhle ¢ Zideladpt€m"je~rdec \Zgge \gZkee"hd Rherghkgh r\b"
gbc f_Ih” rbjhdh azZklhkh\m}IlvkyxijbjhfhVbje\gx\Zggy dhgp_gljZp<€ ]jZz™N}glZ <g”~bdZzl
\Zgge* ]J*"jh~bgzZfeqgbo y\bs ijZzdIEZqgZ \kRe\kWkifm h[ }fm fh*_e-

e _ieZ\bevghbo ijhp_ke\ H~”gZd ~Zxgb BEhalhbgds f [h~"hf \eamZecaZpe€ ydbc fh mlyv
j_amevlzlb ijb \b\g_gge qZkm afera@\ezdgg¥lIblZijb "hkee”" _gge 0AjZd1ihbkl

ZgZeesae+ iblzgv fZkhi_j_ghkmheygd hj_ athrad\gzZfeqgbo |I_gec m klZe_ieZ\bevgbo Z]j_]ZIz
\ghx fejhx kihkl_je¢]Zlb aZ jmohf pbjdmeékphigkhohieqgZ I|jZkk_jgZ \eamZeeaZpey >
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F_Ih” [m\ jhajh[e_gbc m j i kkheelljbhpbih\Z ko_fZ méhbzgihl*rklz\e
dhjbklh\m\zZ\ky gZijbdez? Ney “hkeibk ggy @

ijbkleggh€ Imj[me_glghkle > @
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! - 47 V. gl
Jbkmghd Ko_fz mkIZgh\db \bfejm fbll}\bo r\b~dhkl_c f_Ih~hf kljh[hkdhieqg
1 +Ijm[qZklZ <fimevkgZ ezAfsZebgZ +h[ }dIb\ -ijbafzZz -dZgZe a ijhahjbfdp kil

dZfb - nhlhZ[h deghdZf_jZ
ljbgpbi kljh[hkdhiseqgh€ |jZk_jgh€ \eA@m'YZkghf i_j Ilbghf aZalbgqZc \bkimizZ}

pe€ [Zam}Ivky gZ \bfejx\Zgge afes- gghgizZk Ebhghdk\« helky | k\eleh\bf gh™ _f Z |
[jZk _je\ m azZ”Zghfm i_j_jeas ihlhdmanedblgbhZ tbfejx\Zggy } fblI}\_ ihe&k_ r\ib~c
]Zam azZ qzZk fe efimevkZfb " _jxeZldbmhd¥d”~Zgec iehsbge > @ OZjadl_jg_
\Zggy > @ Yd ljZk_jb fh'mlv \bdhghyklH}HR ZjpZ dZjlbgZz ydm aZa\bqZc h~"
Nje[ge IN_jre Z[h jerderdig2k]Zah\hfim iihb kljh[hkdhieggec \eamZesaZp+€ ihlhde\
pe I\_j*e qZklbgdb Z[h ]Zah\e [mev[Zhdb \r\ibtdmp&k|_c jmom ihlhde\ jhdjZoh\
je~bgb hilbgge g_h”ghje~rghkle yte glibgh_’kk\Z\e g gZ jbk > @

jxxlvky \ ihlhpe je*bgb gqb ]Zam gZ]js\Zggyf Z[h

\W_~ ggyf gm hjergh€ j_qh\bgb > @
Undpwu 6ina ctpinok

icTb NOTOKIB, CM/XB

5

Conno

z
Jbkmgh&es" b [jZk _je\ m je"bg-

ijb nedkZp+<€ €ogvh]h

Z+1jZk _jgZ dZjlbgzZtipe_ r\b~Adhkl_c jmom ihlhde\ je~bghb

GZ ihgzZldh\bo _1ZiZo aZklhkmXZggm\EXgh[h[ky] ¢ ydeklv egnhjfZpe€
dhieqgh€ \eamZe+sazZp+€ ~ey ih[m~ h\b\gE&ee*h\dbayZqgh€ Ijm~ hfekldhkle
kl_c jmom I1jZk_je\ o \erih\ergh \b&gZqg_lghly_Kbm jhalbldm kmqgzZkgbo plb
dhkl_c jmom ihlhde\ jerbgb \bdhjgkllehtheZab*imhaZibkm
gm h[jh[dm |jZk&_{d&jlbg

km\Zggy eZa_jgh€
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\e f _h”*b \eamZecaZpe€ ihlhde+\ yde %aphd ZRalicteZage Velocimetry (Tomographic
tpbnjh\h€ IjZkk _jgh€ \eamZeeazZp+€ PIV)[37].

M aZe_"ghkle \enr deevdhkle dhfihg_d@lda\b\dZzc kbkl_fzZ sh azZ[_ai_qm} pbnjh\m
dhkle afes_ggy ljZkk _jz yde j_}kbhmXjlZkikbjgim \eamZeeaZpex \dexqZ}_ esfimevkgbc I
\_ N gge “hkee”" _gv ijbcgphb \iZgZjdhleevgbc eZa_|j gZcgdjel@rexfegec
Ae dhfihg_glb + h[ }fge Ijb dhfithglgdbzZlh\bc 1G <$* a ih”\ecghx ]Jheh\dhx sh
b pbnjh\h€ 1ljZkk_jgh€ \eamZecaZpe8bdh@klh\m}lvky yd ~°_j eh hk\ele_ggy fZe

>h iezZgZjgbo f_Ih”e\ \eAghkylvkyv8DWEKImPQjk jb sh ~hrZxlvky \ |_qgex -
Image Velocimetry (PIV), Micro Particle Image ki_peZevge djhkdhjj_eypecge dzZfljb sh j_}k
Velocimetry  (Micro PIV), Particle Tracking jmxIlv k\eleh yd_ \eA[b\Z}Ivky qZkldZf > @

Velocimetry (PTV). Ijbgpbih\e ko_fi_ZeeaZpe+€ ieZgZjghlh Iz
>h h[ }fgbo f_lh~e\ \erghkylvkyh[6WghUMHR_Ih~"m pbnjh\h€ |jZkk_jgh€ \eamZe-a
Particle Image Velocimetry (Stereo PIV), Tomog- pe*€ gZ\_~ _ge* gZ jbk > @
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Jbkmgh&o_ _fb j ZeeaZpec ieZgZjghlghlld H[ Ih m pbnjh\h€ IjZkk_jgh€ \eamZeecaZp-£€

Z- ko_fz 3DUWLFOH ,PDJH 9HORKbOPHAWURPRJWDSKLF 3DUWLFOH ,PDJH 9HC
(Tomographic PIV).

>h hkgh\gbo i_j \Z] pbnjh\h€ ljZkk _$bh®jbklZggy j_hkdhieggbo je"byg "ey \eamZe
amZeeazZp*€ aZal\bgZc \e"ghkylv KijaZpegfy]dZjh2bgzfeqgbo | _qec \i_jh_ [meh aZzij
IhfZlbapey ijhp_km ih[m~h\b ihee\ r\bhdhkZgh lhe_f FZIlekhf > @ < \ gZmdhlbo ~hke
fegefZevgZ a[mjx\ZevgZ 7ey gZ ihled  \pddkoe hgZz je*bgZ \bdhjbklh\m#vky ijb \ea

fZebo jhafeje\ [1jZk_je\ \on "h Zesbddpe€ |_dZ€ _Rehjlz > @ 1Z dhfejhd
> @ 1Z rbjhdbc ~bgzZfeqgbc ~ZiZehy; \bZjzZz > @

jix\Zgbo r\b~rdhkl_c ijhl_ kdezZ”geklv \J _dkKidhieqgZ je*bgZ } kmki_gaelyx \ ydec azZ\”
ZIZp+s€ 1Z \bkhdZ \Zjleklv KkipEpe€hjadllo gZy\ghkls "bki_jkgh€ nZab fh gz kihkl_je]ZIl

[iZ _ggy qgzZklhd gZklh } i_j_rdh~hHx mZ\bdhghf ]Je*jh~"bgZfeqgbo ihlhde\ g_ha[jh}gbf
IZgge "Zgbo f_Ih”re\ \eamZeeaZp+£€ hdhf M ydhkle “bki_jkgh€ nZab fh mlv \bkImiZzl
<boh”yqb a hkgh\gbo i_j \Z] Izhg Z\dreectdl§jhige hfledhieqge gZklbgdb sk fzZxlv \

aleygmlbo f_Ih~e\ \eamZecaZpe€ J-Khhr*bpaff2qghgy dh_nepelglz aZelhfe_ggy gZij
ihlhde\ [meh aZzZijhihgh\Zgh \bdhjbkdBEtmkEZkKrZ f_IZe_\s emkhqgdb i3]f_gl Zexfege
hjbl]egZevgm f_Ih"bdm ©ohéheéghigyyWh€ nZj[b 1Z «gr Z [_ai_j_j\ghx nZahx } \h"Z
ijh m\Zggy a \bdhjbklZggyf j_hkdhie@dh€jqjagbgjp~de hjl]Zgeqge kihelmldi
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