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POWER ENGINEERING AN D AUTOMATED SYSTEMS INSTITUTE :
HISTORY AND PROSPECTS OF DEVELOPMENT OF THE DIRECTION AUTOMATED SYSTEMS
Logunova C8, Barankova I.I., Andreev S.M., Chusavitina G.N.
Abstract In 2019, Nosov Magnitogorsk State Technicalyémsity is 85 years old. For the university, this term of life is
comparable to the life of the city of Magnitogorsk. For 85 years, the university has undergone several transformations
and at present, several leading directions for educational and scieotifities have been formed. The article provides
a brief history of the formation of one of the areas of the Institute of Energy and automated systems. The modern dire
tion of automated systems includes four departments: automated control systemsjngpand programming; infe
matics and information security; business informatics and information technology. Chairs, at present, conduct training
in undergraduate, specialist, graduate and postgraduate levels. The main scientific school is: thessdistdifiitation
of effective management of objects and processes based on the results of predictive modeling using computer technol
gy and modern software.
Keywords:Automated systems, informatics, programming, computing, information security, busiressatids, n-
formation technologies
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VECTOR MULTIPLICATIO N OF TWO VECTORS IN FOUR-DIMENSIONAL EUCLIDEA N SPACEWITH
APPLIED ASPECTS
Popov I.P.
Abstract.The aim of the paper is to define the vector product of two veditors 4 in four-dimension&Euclidean
space. We introduce the notiondfsplitting and symmetric -splitting of basis vectors, by which is meant the gran
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formation of Y into'Y % by replacingg by & vectorsg 8 Iig B hig orthogonal to edtother and all other
basis vectors of the original basis. The inverse problem is solved in sorferveaknown vector product the definition

of the coordinates of all three vectors'Yh. A condition is established in accordance with which the vemtoduct

3 $hf in'Y lies on one line with the projection of the sum of the basis vectors togfam@ perpendicular to the

vectors-|= and-H-. The results of the work can be used to solve multidimensional physics and engineering problems.
Keywords: gradient, function, partial derivative, integral, variable.
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ABOUT DIFFERENT APPR OXIMATIONS IN THE EL ECTROVORTEX FLOW SIM ULATION
Ivochkin Y.P., Teplyakov I.0O., Vinogradov D.A.

Abstract.Experimental and numerical resudts the influence of an external axial magnetic field on the structure of the
electovortex flows are presented. Numerical calculations were carried out using various magnetohydrodynamic appro
imations. A comparison of the results obtained using electrotignrand norinductive approximations, as well as the
results obtained when solving the complete MHD problem was nidedescribed methods can be used for simul
tion the structure of flows in the direatcfurnaces or in othexlectrometallurgical appatus.
Keywords magneticfield, electrovortex flow Biot-Savart law electrodynamic approximatipmorrinduction approix
mation,Full MHD problem NVIDIA CUDA.

Reference

1. Boyarevich V.V.[i dr.] Elektrovikhrevye techeniyZinatne, Rigal985.

2. KompanYa.Yu., Shcherbinin E.VElektroshlakovye svarka i plavka s upravlyaemymi M@®8tsessamiMashinostroenielMos-
cow,1989.

3. Yachikov I.M, Portnoval.V., Larina T.P.lzvestiya VUZov. Chernaya metallurgjy2018,no. 1,pp.28-34.

4. Yachikov .M., Pomova I.V., Larina T.PSteel in Translation2018, no. 48(1), pp-6.

5. Yachikov I.M., Portnova |.VVSciences of the Europ2016 no.2(2), pp. 6772.

7. Yachikov, I.M.Magnetohydrodynami¢s2016, no. 52(1), pp. 3€310.

8. Yachikov I.M., ZalyautdinoR.Yu.lzv. vuzov. Chernaya metallurgiy2014, no. 3, pp. 583.

9. Shcherbinin EMagnetohydrodynamic4991, no. 27, pp. 36811.

10. Prokhorenko V., Ratushnyak E., Stadnyk B., Lakh V., Kov&igh temperaturg1970, no. 8, pp. 37378.

11. Ivochkin Yu.P., Vinogradov D.A., Teplyakov |.QMatematicheskoe i programmnoe obespechenie sistem v promyshlennoy i
sotsialnoy sferakh2015, no. 2, pp. 138.

{101 v t:0m

RoBYSdde2 bk jIstcaldydz, L Oo. dzOBBtOLstedd Isjf dzsse ®FdzQ Rd W Hj

t ¢ 1 Email: vortex@iht.mpeiacru.

vjfdzwitse REBWC Oalzj ctisgdidz. dzOkzSC, Mmls. dOkzydz Mslstckziwdzd ¢ dzC

dIbdud MSdn EkMmlsOdaEmailligordeplyakoi@nailirup 1 .

JdzsctcOHtse | B lsttdzez. ¢ dePtz Him[§ OB B COISStcdd Isj f dzstsB d3j dzO o

MisOdzs o € O~ Emnillvinogradpyd@gmail.com

{1torr A rfc Argert f1 o

RotsySddzg ©BOD dzdyder » BOCdedlsscdHtetsH d dzOBd yj MS d
i

d M
S.1. RotySddz R.J. vjiftzvfObB] BZPsdu HhtkiscEO
d MydOod deRoL9.iW7jit ©ri.C. 1823,

G
]
z

dJ i

ftcdB dz
G tc O dzd3dzts §

BB

Ivochkin Y.P., Teplyakovl.O., VinogradovD.A. (2019) About different approximationsin the electrovortexflow simulation
Software of systems in thiedustrial and social fields, (1): 18-23.

[ Olj BOdujMStsj d ftceOdnba] dtzs] Mg j oFRPREe ZED M3 O 7



[ 5H | &zd tetso Odzd j

L[ $69.178.2.036.61

Mo/ rRYT CAanrsuvRIRYWLIR? ) [ 1 o1 RC RURTOL J1
IMmfoérrr1RC L1toOAREGRIIM CJ (sut g fdlRJI1TRC RM
toemfreé 1 G psfutafm vl (Y odm

cudséwse RrR. ., Vopslkdedsmeo @ .RI..1 ., 1
O dzdets s OO Y Is j dzr dzlzs Y OMmls: L Olafic @IS fedbotso)jts 2 IsfOatsfH HESHsO ofday j Is
tctso Odzgdzr 7 { dzj CIstetsH 5 si sz Mdedy J dedd dr Ky flzdzs dzticddB 56 0O
Wy dzWw jlsfgw OdzOdzdL 4 W dodetsfisd dMmfsdz L 5o Oded W 57 dz@pr H j dzd W
fOtdlsj &z dzgsGts R dzOY w BpsCsots? ftojterndsmisd ctcOWdlsdtetse
stesHEzeseor i 4 yodn Istej OL detwasts IstsiCtO) dfjlzdsdptly s firfin difj ifile fOdatfdy  de
v . 1 s0dkOddL Jicso Odets Isjf dztso sy MsMisswdaj ctwOW dlsdtetso Odac
ftod LOHOdd 7 Gitd®kjbbtedyj MSdrn d Isjn dsdsce &0 fSudifs Ofiate Eafp fis
dMfadse @@q jso 56 5 Hrs@®isHigvdedsy lse jMisd Isjfds ks {djSlstsHO
fsmiskzf Os h d2 o tMjots2 COdZOd&Zz cOL, ddijshd2 daj Btsdz h s Isj ff dz
MsOoaddzr » M IsjBfjwOskes? MosEswds Q ki IsstolsjHiOdzs dstO § djtg Higf dsofdety eH
o Odety f zso s MoMisswddj d k6Ot GHeOM Sds dRs S5t Ouzi? - Is b fZ3 % G icdss dst
bSO adgiMisddsmis: 8 12 Is. 15C0LO0ds, yYlsts HdzW HEZetodA §j uj
s a3 jsts¢d M tsdz! Ltso Odzedj] oBHWdSEs tSAdzOYHjdedw 1 dzj Slstotsdztse f tSi
Estc® tOL O. vVMisOdztso dzj dzts, Yylsts fsHOYO otsSHT o Mdmisj sk dMmt C
dzd j21 iz dzz s f sfmdzj 9 Cdzs yjdedw Ists@®c ts R RO 1 Jsdepwizd d tc @¥d ©d s g
9 HEeseara fJjyOms disy jls BT Is! toj Ctsd3] dzH s Odzets H dzv  fydadsy j dzd W
o' n 4 yor dBOdts? jBEsMisd fomMisswddztets d  jtoj i3] dedetsets IstsC s
sdzt yjor jHmesoo@v  j y' , G tc OV oflind tOtce] Gdzdiz: Mztsi| dz st sl L j dzd J el
lojH]jddJ
] kEfdzsedwn Motej d3j dedzs? tor dzsydets? 1 C tsdzsesd § d
dvis! CodSktejdyds Bdeser dd dzdH j OB 5 f tesH4L o SH T
MisOoh dC O MisOd dzts?2 Mstst HKEBINMEOD zdz® " § sHzPls j Y dzs Pls ! {f te
dz7 ) fesdLotsHdlsjdv, Jdis2a D7 sty eezOVC OQffpsg Oy
t
[

9
wo:
w
H

(World Steel Association, WBA tsff B dzd S 59 OdzO HOdzdze | BB BJtetso s5d3
CobtB BePBHEJL o SHMso 5 of e e ddgClzdsy, 3f 2016 ¢ GH
BdzteH Is. { shfdw vetor stsps dglf fif S j ) LAfAHR O O[S Ip]dejaiite gl |

ydgdese ' d3 dde4tsOd3 s ffeemdicaBisiflso it sp)@ded o © dalz )
fs Mmdedy jded® MmMjBjMmMssdBsmisd o lsOddO.
ltd Hz0oCj MlsOdzd 1 dzj S bicdk®d s dzBizlhrf sH@Bisd L |
ftesHEMBRHE O dzv jIs fMistsd BsMls! cwOW dlsdtetse Odzdzr & oz
G s

Mdzdy Jdedd dm EHJ dz dzts tcOfMn sH Ol Bd dzv § Iy ff) dizzBIE B P«
StesHEZGE B "AMAEHYJ2C tots ddzsetsds L Oodmdls Is dm s f
Mots2Mmlse OldsmMW jtor §juyd, IsidifjtcOlkztcdyr » Efgeztso 2
o jtendesmisd 1 dzj SlstesHO. U j B jteOlskztcdats] tsdzjts-5 tej !
o jton dzsisw o fit§H o jCtdsds@sstds fijw  Mkh j Mise | dzdes iz € d dzi dz
Mts2CtsMmMisd | ¢ o ddlsjttObikztcj] ftoj HdzOEOE sw tOL dzd A
2O ftsojtndatsils: L dzZjCltesHO Bedy L stedatsets Odalsdis€ o

L

1

2

S ddd OHej L Josady Bt e @GRS 52 5o j 68 dshisd  d dj
B ¢OL O&d, WWiCldody j tjL!BESOT j gtsdzfnlstslzt;uqq
OCIsdoedz §j HJ2MIse ftocdosHWh ji19]. fdedy J dzd O~

[fdztse dz 5q dzj HisflsOlsC Odq djfdnsdzqu"bwwmasrsﬁqmsm@wmqﬁgs@
fsd LEzjd & Stdftsdjdstss, mdsy Ow d&jlstsHdSO- dzO dz
Odz dzgs?2 Of f O Ols . GOt Mdde des Mdedy O s ¢ € t5dzts o
1S d k®Rjd hOjls +WWjClkdodasils: 1 todagl tief) tizgl 1 ) Y dojj dz
ftosdsr M dzj dgdzr & { dzj SktesHEZE®BO T & fj YyOn .

1 Odetsdzjj {UWjClkdeodr &3] sy dets MudlOls: Mmifsmtss:
' CEOWdsdiose Odzdzscd s | dzj StesHO L O Mujls jet f§toc
UjttiL GMjos?2 ¢ OdOd St G iz0 fdadds  jdi dimfgH df i Ots
jets BoSBo?2 (o jthdtsimisd. 1o jHjddj {SMYgtedd,
ddw 16 dz0 Hkewso' S §jyuOn CwO02dz L Olslsjrhdafisj i® diz

24 [ ObjBOsduimMEs) d f§tceO®diar] dizs]l N j FpPY szl nW j

§
qw
s
S
-




[ 5H | &zd tetso Odzd j

ftedyddzOds, ¢ dzOo dz" disd LS Fjsslsjedsthj @ st tg de v  teigt sndsdz'
Mde desmis! dL dzkEyjddwY HEG d dzj ftesL tOYydzOWY M@ HO ¢
sOr. Cbkts ftcdotsHdls € dzj sBrtsHdB@sMIsd ftososHdls!
2O kdesfy ctcOWdlsO M dMmYf fdz SLERYO dedlsjjde dis jrts tligtdsidjwigj i< d

Ajdz s  tvCeedMs] sy OdzOdzdL 1 WW jiClkdodesisd @MY tsdz
YHidzdw cteOWdlsdteso Odzdz" =  dzj S IstesHisSe G OL B5d3! - §f SHC
Bscts SR ZOYHjddY otHB?2 R BSCo 2 (O sSEhis giod |
kst Mmisswddj + dzj StesHO d Mmdedy jdedj dr tOMmRts
Codif ! vIsjtedesets dBSH | dzd teso Oded v .

[ Mdzs o dzOW Y Ofls

ltod i3 dejteWi d Isd to s ez EzbizigB H 581 Oyj 2 G OL O yJtejL tsmy
Hiso sdz! dets f iE@ ® dgtelzh Plls ¥ tc oW H 1€ dm dztedBHEA Y j e Istsd3 yd fr
Emlsts2 ydesmisd ¢ sicj ddddrj SHiztetsH © tdsdhddfCupslo Omsted d ff) dz @ ezd v .
sdJ fiecgdsdv jls ttOBEISOIS! dzO ftsor h jdzdzr 7 dzOF VW y J
dzd uj MSC di3d d &Bj Is Qdfoditad cjdiusjoifXdgiddzd f te

15 ®Oj BOIdUj MS B2 &BHj d&d, OmMMdskis] ddss? o
CtcOBBO cuvjfaseots] MomMisswdd] ctOWdldiotse Odzdzse s ¢
COdzOdze [ 16 ] dzO 1t defip@ ded2ORBOdBDilder, M 5 dzH ozl | 18izd ® dzgf - = 5
dzr 7 HOdzdzr 7, bjfdst¥dLrduyj mMSdrs Mo &2 i)Mierosaft@acas® d d
[d20 Lotz jls OdOdzdL Jtetso Ols! sjf dzsotsj fMtsflstsw da
GOL O jugtsdnjjle 52 COdzOdz fted L GH Ofdzdds fr daty deERi g fisds @R
s tej Hj dzv s h docloBitsfipigs® stk B ods?2 f j ud .

l COyjMmkej tBi jCIO tsH j dzq tetd0D,dzd ¢ dzjo¥ "BdcjO dah dzjt +
tOL dgpuzj " dzd 2 BOOACB) I8t OB Iste s ji ddSds IS injistshipls.d W
] ISfr]tGJ HiW&gfEd3t Isj tcdzse 5 i3S H § dzd tots o Ohgis(jvH dif jtRdzizlay ] B0 ta Gds
o jtondesfisd | ¢ sls B j, 3dfssHSO algildysEscHEDMn joostsRstcRYOHE0 do
BZidad, 1 vy s dz@ig@ zB s &P e thgang I3ANH &R, . Ylsts Mmtej Hdgv W
BsCtsots? o jterndesisd  dzj ClstetsH O ,d Lisky dg'fylds'inwfydzO & tis
tcOMatsHO i dzZOYoHEE® Mg @fc CHO LB, dZOH O j Is slsdetsd Is j dz! dats
o' MsCt2 Isj{ @tej Uy ils jsje LHHAFDY jOdzdsi0Afy Sigts M2OGE dzv j Is
148C 1 S cG) s bts eadzdwdzedj Httkzedr cOLBo dzO Isj B jtcOlskz

7170 T 780 15 oG
776.5 \ 760 //
775.5 \\_ 720 //
V, /g I kA
775.0 700
0 30 60 90 120 150Q 25 28 31 Mg
tdf. 1. 10edmddshisd MicjHdyi?2 iIBFBEPOPEE® o EEHEEA Qs HEED E

fhjots?2 GdBmBOddOBj ddY kSO HEzed fttd wLOMABH,] ofSHT
10 tedfm. 1, B HCOLOdRZO L OsdMmddtsmis! fMmtcj Hdzj 2
ktsCO HEZeEd fted WdSMdese Oddizmds ttGREASH | UstsSH tf o H G
fMtej Hdzv v [ diftfgiotgjQdsizdis s cteOW dlsdtetso Odzdesets 1 dzj € Ist
sBi Whdgw JIsfpw  Isj &3, ylsts dzO d&zOctcjo BECBots? o jton
Hjdzjdedj, Stbttks] ftesdmMoisHdls s ofMmj ke sBi j Bz !
COL GRszOyE®@ St odizlstej dedzs ¥ MlsjdeC 2 BMjosets ¢ OdC
ZOGtcjo O BtsCBsoats?2 o jtendesmisd  dzj SlstetsH O.
] tjLkzd O] ®sHj ddteso Odzgd™ §sdzzyj dz SOCyj
(edfm. 2, 0) d Mistshmisd (tdfm. 2,0 OrROd2OF ZO HEA2VN j
COLBo, dmMitd Lkjd &350 HO: DY J(CJOE] orduides, Ylsts

[ Olj BOdujMStsj d ftceOdnba] dtzs] Mg j ofRPREo ZED M5 O R



[ 5H | &zd tetso Odzd j

otsHBBteHISE ftesdMAtsHdl Istsd $t5 dz0 dOYyOd dasds kEyof
B' fllstets dzOcGtejo Ojlsfw HEt Isj &3 j tc OfsRdgts ¢ th) 5df B Pls df taizts
Ldzj StesHO. oOteetsdz 5 Hazddzj SCOROEO ctoj jlsmw tsisd
sj B jeOkter , Yt  BMsOd df j ¢OL' o B &OKIsd
L' fted Mot d ‘OGO & fsdaf s BB O BB RO 2/ ), s o1
flsOlstsydzs Hdzw MlsOBddzdL Oydd cEttejddw HEGC.

30

2000

T,'C ,__/.—'-_--__"':'-'-'_-"-: "/"" W, m/c
/’ o // Wi
’
1500 -2 ¥4
r : i 20 ="
1000 i | —r Asor ;.-/-'_,..': o ——— — Asor
N | = = = Apron = = =Apron
. : ! — |—Bogopog 10 —— Boaopon
500 ) I
I J
7
. _____,___...-——'/ H, vy H, mm
0 0

0 500 1000 1500 2000 @ 0 300 1000 1500 2000

tdm. 2. RLBjdjdd] OORBilstcse s50tkjdii ehbtsects ¢ O0dz
O stetsfilsd zOB HOE N jets ¢ OL O
Hdzj HEo Ols j dz' dagts, COLBo] G0 &OYWQ dAfHL oy dY i s sl

ZOdz e OL BT Mstcs dzOGtj 9 OjIsMw HEs Isj B jteOlkkzte, M
2 bifdsj B3 sMmisd dMfsdz! L] 3 4 & @udadg .d3 Y € & ddg @ esth
HdzW HOdzdzes e 5 Ists$ tootda a0 frds Oy disd3 G taHj GHQIES jWIs )] i3 j tc O

LdzOydls d tOMmntH ¢t difissfdssodeiazde W 1 () & Hstdedst sk d
mMzsed?2 jets tOBwlsr o §Jjyd MmMkh jMmMlsekjls t{flddod

JHdaz dL fjwemfjShdods » flisj?2 Mmdedyjdzed™ Isj BYJ
s¢dmdzj dzgdw wWodzw jIsimw fteddsd dzj dzgdy dMYy Otedlsj dzisdetse 5
Bts?2 Mdmisj iz Jj 4 tsh jddwy dO sBtstteokzs (o jten dtsil
dmf Oted Is sdzdaBRy aitg dzgd v, Cobtstets] dBsdsdtokzjlshy GOtz
StctsHBBH j oy Olsj dzv  ( ted M. 3) . VitcOodzj dzgdd tOfs-SH S
BOGdzd Isdz" = C dzOff Odetse d v telgjpH Iz, st @AY HABONdZjoddd . o ¢
Csdemtsdzj 2, d cldts tots IS dtgj HMddz izt disirimpg ] 2tc Hfdeloyels dp-dzv
Hdo dHEZOdz dzgs € € O H gl O fldzj dpiz dzts @ficfth ko Ftg® ) Hs jOd]O'S ¥ |
9 Ols! My Olsr2 oLHEZAR Hdv ftesHikzoCd d o fjtedtHT, ¢

razv  drizuyjddvw dmfotdEhizsdesc so GR@PY H G thdy ! = Is ]
¢c/SHjdZJteso Odzedj bjf dzseosets MsmMisswdadw 1 dzj ClgtetsH O
dzd , s dMOdzedets 211 8] LcOBBEOBORERET fftsLotsdzvjls ftejHJ
detsy ctOWdISO Hdv fJtco tsdzOay OdzO aztf fn ddfEAd] ldafi o I J )€ tsC
GjtdRBjIstcdd, HtosatsHWh jes yYjtejL dgjcoets ksCO d otjd
O sOCy | Bl fOLCOBR) stcso oaBHWAdSEtS ttn dZOY H J dad v .

[ dzv ftcso jHjdedWw C 3! 6 Isjtodesets isH J dzd to sdg-O dad W
Csmisd rkIuv do dgd Mistf Befgldf'td dzd tedets tsHJ ZOC s 82 f tsdzj
Bsh desmisd. -1 R2dzezO @ 3 j dzad § dzQLO0H2E5E00 RlH Gizts M Ei FLRORO0Az S
l. 1 HtesB s IsjnddasecdU2Nd jl 2 Gidfdigds'ta’ z jrdgflj 1 to
ftcdojHidzr o t©WOBBIS] [ 19]

Il sdzkyjdz L OadMmddssmisd EZHJj dzt desets e Ow® ctOWd
ZORtYHjddY o fjud H LSt ftod dOddydd d sl
re¥yl2 d Al gtwdm. 4). Jdudes, ylsts M ke jdzdyj ddjd
di Osfids © Istsdzh ddzgr Mlsj C O h j2 otsHWAs?2 f§dzj dgCd -d L K

sdn
Is

Is
¢
¢
G
O]
iz

d
descéts tsh dzOY H j dad W . v MilsOdats 9 dzj dzts, Yylsts Hd&zv tBtsd
SR O HJ ddY ) tcO i uoHs dz0e tistHid df L 6dzjB IstctsH  fyded ¥ O
COLOM CEFltsd scdB, sHedsodw | dy zdzs ©OBsIsO s Isted ¢

26 [ ObjBOsduimMEs) d f§tceO®diar] dizs]l N j FpPY szl nW j



5) .

6

3

desGts tsn dzOXY H j dad W
(tedfm.
Y J tsidzQdzO

LMisOdats 9 dzj dzts,

15

[ 5H | &zd tetso Odzd j

G, krit

ftcd tOL dzgr n

tcOMmn BHOR
Yylksts f sHOYO
o C dzs yJ deq v

G, kit

o 1) wyddadils f ©Mdzd

=
-

—_

—

—

(=] — (&) ("] e
1

0

-—-‘"_‘..-L;-’

-~
ot —
e

0.2

0.4

0.6

0.8

1

—1

---2

----- 4

t.a

9 SH'T

T T
__5':::;,_;_;%
@ 0 ] ks
0 0.2 04 0.6 0.8 1
tdm. 3. sbdmMbbkS {dm. 4. VOt cCOWJdIdita Odzdsts
dimf Otedlsj dz' dzgsets Br( RZOSBYHjddw o fiud fon bsCsd
GO dlsdtetso Odzdzs G5 (i Otelsj dz' detsGts 5 dzOyIH2j dfcterd Hic
SHSfSHo SHWH OW cOMASHOROY BH WWAMALH o HT O
Iso j embddzj C ISt & sz [ &312:370, 6 30/ B3 /4y
dmyf Oted Isj dz' dgedyy s
lted dMftsd LseOddd fMdMmisjdr feddzudlsj d &sces
WiCkdodatsilsd dMysd Lo OdedW 1+ dzj Clstetst dzj eadd o C
Cts2 HBdjdz BT Is! tOydsdzOdza dzt BsBOMgg tizn & f s iz Q
jdz dzsEé s tOMOtSHO oW dlsdietse OdzdetsEts 4 dzj § IsMetsH O

f sHDo O &3
®- fmdml

sts¢ O.

tdm. 5. UVHjd2 d&F 2
tsa dzOY H § dzd¥12: Bi yj kelj w

I T 9oBHT

1.] tots O deleifall® fAfsdzts o 5] Mtsfmistsw dad j
YyjtejLr tmjos?2 CO0dOdk ftcod LOHOddk » 6 jtdjlstedyd MSEd
tcOB t5Isr-501 &}

]l tjusiOd, dBsH ] dzdetso:0dzdwy EMmlsOdzse dzj dats
TdmMf sdz LESOLOER]JYE 5 tfsdz@pEsdgvadd & j Misd Isj §f dzts tslis! - dzj € |
dzsdz tsBi Jd3gi, IsO¢C COC fHosmskzfoOehd2 o tMmjotk- ¢ OdzC
fsmMsOead® = M Isj B jolsztgck MEEYdEsolzd]) YEteHed to
Btsdz: hlzs Isj ff dztsj BC tsfls
Tftcd wOEwOBLJd®Go Odzflet BtoctsH Of dzj HisMIsOlssydatse ts  H dzW
HJOMJ stc® oL OMISO E{Wg;HW@ﬁgﬁlgt@@l&&ﬂs@%t fmizh
sd B3Odz: dz" 2 Ists¢ Hdzv CBHOWSEs Cisdddgj IStdad n1 dzndste d 2 J
2.1 etsOdzO dzd Usd) tf wles@dety Mtsmistsw dzd i ctOW dIs d tc 8D-0 dzdzts
ded iy Oted Is pEzzAB EHaf I so 52 59 jton datslis (.

]l tjusOdk] dBsH] zdetso:0dzdwY EkMmilsOdztse dzj dzts
ilsj @B jtcOlsztce® © o jtorndzj?2 foodzseoddzs 1 dzj Sktosdg®O Mmizh
d34 todets 00 IBj5dz' WQL, Uj B § edujjdg 5 Als fiHzdevin lspoudld,, 1A
tcOfMmn tsH | CdzfeBdazg bjs, yYyJ B © 18l IsOCB2 NJ Ijff dzsst

COMAtSH CcLO¥dldise Odzdzscts { dzj StesHO o
027108 tedsq dB1 \ $36 flz, 42 y 3G §la, S5 &3d dz.

COW dlsdicss Odadzts

[ Olj BOdujMStsj d ftecieOdna] dtzs] Mg j oFRPREe ZED W] 6O 7



[ 5H | &zd tetso Odzd j

I fsHOYO otH"™ o MmMdMmlsi Bk dmf OtedIsj dz! dzse 5 LiBr dzOY +
Bd dzlzls §f smdzg O©C dz¥ yj dedwv Ists¢

3. tedd3j dzdi dzedji dMmMYy Otedlsj dz' detse s tSn ZOY HJ dzedW GCtcOW
f4Juyoms dBsydls BT Is! tj Ctsd3d dzgHtso Odets Hdzw  Mded y J dzed Vv ¢
3" = HEeBoa'" R ] yor BOAs?2 jBEtsMisd §shmistsw ddktsets d
sfdmtsC dMf sdz? L s€ Bedzdz” = d Mis tsydzd
1. vjtwtedtstedwy MsOdzd: https:// www. steell and. ru/ news/ met
2. sdzs¢ sz yJ o, 1. 1. llsd Mdedy J dedv tOMrBHO ctOWdbdicss C

yJ e, R. [ . cudsétse, ¢. 1. d4 Ote" IYJDG d&d Isits cfipee. M € [: d Ig 4 DBGIjM [ tgtf y Ju
51i 56.

3. [(cettese, ¢.J). CdjSktsfdOodd dr j §4ud ujtedsg?2 :diyasdiz e
zteedw, 1985. 280 f.
4. ¢.f). wwwf 1381738, [fsrR 105] 7/085. ufsfse twjcjdjtoy

7
ddzj SHIEO=t® , 1. ¢. skdkzOCtse, |.s. [ kBttsoadds ®©fkzedz. 15.03. 109§¢

5. 10I. 2218676 tA [srR 1051 7/07 uwfsimtse o tsfMmlsOd®s dzj dzd W
dzj Qo ddzt dzr 7 i ud?2 [/ ¢.1. dwlsOHddykzs, 1 .RrR. #bOHddykzSs, 6
6. oudgp. B700776, [srR 1051 7/085. wfsfmtse L OMdIsr L dzj Clste
eamMtsdzC ddz, ©. R. {'tsufg, sfkeBdz 23.12.1991. J1s8dk -~ 47.

7. 1OV dlsdtese Odzdz" §j { dzj SlstesHr d M JydoOdzdL dtetse Odedz" § MmdMmls
Yyintseampty 3dtej. SGL Group [/ / [ iOdzzze2if] M2E8,) ABsdL 9 5H M
8. JtwkzHdzdy&cd?2, 1 { 1 Elsd Mdzdy j ded¥ EHJjdz dese s teOMABSHO Gt

dz' = 4 uyon [/ [. [ 4 .1 REmad@Cyfed, 2 /1 .fs.dds ! sits teds BisgOEI@ dzdzitate. d W1.0 O

101.

9. sOBdzz¢tsoamMEd2, ¢.A. sOICd2 MfttOQotsyddsc  dzj SlsteBMmisOdzj o
&z ¢ soMC.Ow .[ | sOdzdzEtceadw, 1994. 352 M.

10. JtekHdedysd2, l.1r1. 1 dzdw dzd § ¢ Cetzd 3@EIOEIE JsAC SseaO W G4 Ictste @ dedz
. JtEHddys¢d2, ¢.rR. {(BYECte, ¢.TRAI2IN] QM@= // [ dls! |
1. rrmsddzo, 1. z. RMftsdz L soOdzedj Isjrdztsej dzdzr = lsaBHESe [
dzi CstesHBsC ddz@,. Zzu. .Fr Ms OB Odsoa © / / vy j -~ d 2014.77ud. 34248 .4/ 0 = d d3d

g. T4A9

13. Schwabe, W.E. The Mechanics of Consumption of Graphite Electrodes in Electric Steel Furnaces / W.E. Schwabe //
Electric Furnace Proceedings1971.i pp. 140 145.

14. John, R. Montminy Vibration Resistant Thread Design to Prevent Loosening of Graphite Electrode Joints on an
Electric Arc Furnace / R. Johnhitp://acs.omnibooksonlineom/data/papers/2007_D032.pdf

15. cudStse, R.[. [BH]jddJtseoOdd) Isjfdsetsets MtsmMisswddw ¢t
COdzOdz / R. [ . cudéte, R.J. 1B6BldseO, [.1. 17 fdtetse [/ J] M
citls 1tdapdiiue 11850

{.
1
1
i

16. cuds&tseo RrR. [ ., 1T mtetse [ . 1., ] stielsdzgso © R. J . [ Bhjdzdctse
sjdzt Mlsots t A B 6. ticdMbttOydd ftoescteORBE HAv CI1 [ -~ 201
17. Mokhov, V.A. Simulation of the thermal state of graphitized edelets in an arc furnace with allowance for evap

ration cooling / V.A. Mokhov, .M. Yachikov // Russian metallurgy (Metallyp013.i = 6 4. 465 470.

18. cuyds¢se, R.J[. [BHjddJtseOddj Ikjfdsceotsets mMmistswd@d"w cteC
NHdedd [/ R. . cud<tse, R. I . l stelsdztso O, [ . 1. I T mstetseoj -/ 1 M
M2 bijfdkjrddtd d drn ttijip&OIsPigds Ztcf it ECREP dzaz8 HB d .
19. cuydé¢se, R.f. RMitd Lo Oded | taftfiptfCooiedy Isnj dz' digists ldste HHABO X H gzt
tOMrBHO o HEZEBO' A HJjyYyoms OS2 JBECtsMisd / RrR.[. (Ccuyudkctss, R
Bdzj 3" 4 dzj € Istects 3] isvQjdarizeteds dffiglC ) IsROLd2dO s | dz MCid2 1§ ddd®Blivtey v, 2
[ ObjtedOdz o tstinjsHz ABLOGL019:
[ ObjtdOd f tedds¥ Is .08.2019k B dzd € (
INFORMATION ABOUT THE PAPER IN ENGLISH

ANALYSIS OF THE EFFE CTIVENESS OF FORCED COOLING OF GRAPHITIZ ED ELECTRODES TO
REDUCE THEIR CONSUMPTION IN ELECTRIC ARC FURNACES
Yachikov .M., PortnovaV., Bystrov M.V.
Abstract. A significantpart of the cost of finished products in steelmaking is the cost of graphitized electhadés,
why reducing their specific consumption igelevant problemThe object ofthe articleis to analyze the effiency of
using electrode cooling when gas is supplied through the axial channel and evaporative cooling of the lateral surface of
graphitized electrodes in order to reduce their consumption in-pir@ge AC and DC electric arc furnaces by studying
on compuiter models. The thermal state of the graphitized electrode during gas supply through the axial channel at the
given geometric and technological parameters under the conditions eb@8peration was analyzed. It was found
that the use of gas coolimgakes it possible taemovethe heafrom the electrode to a small extent, since the gas-ente
ing the axial channel, which has a small heat capacity, quickly heats up to temperatures comparable to the temperature
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of the electrode itself. Also, using computémslation, the thermal state and burning of graphitized electrodes for
threephase and direct current arc furnaces with a capacity of 12 tons were analyzed. It is shown that for arc furnaces
operating on direct and thrgdhase alternating current, the wdfewater cooling of the electrodes can reduce graphite
consumption by about one and a half times. It was established that the water supply to the evaporative cooling system is
most rational within 12 minutes after turning on the current. The use of ewjyercooling of graphitized electrodes

in arc furnaces can be recommended to reduce their consumption on existing and designed arc furnaces ofismall capac
ty of direct and alternating currents.

Keywordsarc furnace, graphite electrode, evaporative coptingphite frenzy.
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INFORMATION ABOUT THE PAPER IN ENGLISH

INTELLECTUAL INFORMAT ION SYSTEM IN EDUCAT ION
Ersultanova Z.S., Aytbenova A.A., Dauletbaeva G.B.
Annotation. In this article, the autirs give definitions to such concepts as information and intellectual systems. The
formulation of the task AAutomation of the educational
considered as well as the relevance of applying IIgher education, in particular the use of an electronic semsor d
vice with video observation and pattern recognition, followed by collecting data about students present in classrooms
during classes, which i s aut oeadacttiomalrproceds astalwholet Theactitiecats® s w
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sets out complexes of robotic devices, the use of which will allow the preparation of the hardware and technical part of
the task.

Keywords:Intellectual systems, neural networks, artificial life, autom#tpaprocesses, sensor, face recognition, r
botic systems, microcontroller, intellectual functions.
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INFORMATION ABOUT THE PAPER IN ENGLISH

TESTING i METHOD FOR QUALITY C ONTROL OF KNOWLEDGE STUDENTS
Brimzhanova S.S., Atanov S®agarina L.G

Abstract.Computer testing technology provides an independent assessment of the quality of education. Thescharacteri
tics of the test are validity and reliability. For the objectivity of the assessment oftstudewledge, it is necessary to
conduct an examination of test items. In the examination of the test must be considered: brevity; consistency; correct
form and content; representativeness; compliance with the goals of testing; uniformity of the fedbralsks of one
test; variety of forms; variety of structure.
Keywords:Testing, intelligent systems, forms of testing, Unified national testing, suicide, knowledge base, Kazakhstan,
project.
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