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DIGITIZATION METHOD OF RAILWAY TR ANSPORTATION
FOR MINING ENTERPRIS ES

Mishkurov P.N., Rakhmangulov A.N.
Nosov Magnitogorsk State Technical UniversMagnitogorsk, Russia

Abstract.Problem Statement (Relevance)The trend towards digitalization of management actiwiteeimprove their

quality and efficiency creates prerequisites for solving the problem efime@limanagement of railway transportation.
Increasing requirements of structural subdivisions of mining enterprises to the timeliness of transportationlend the
sire to reduce transportation and storage costs as a result of reducing the size of the transportation lot lead te the compl
cation of both the composition of trains and the technology of their processing at industrial railway stations. The task of
optimizing the processing of trains and the movement of car uncouples on the public tracks of large mining enterprises
with a complex scheme of track development becomes critically impo@aigctives The design of the method of
digitalization of railway trasportation is based on the automation of formation and selection of the optimal sequence of
shunting operations both at a separate industrial railway station and on the railroad transportation of industrid enterpri
es.Methods Applied. It is shown thathte realization of the developed method is possible by describing the scheme of
track development of a railway station by a twertex graphOriginality is a new mathematical objeeta twovertex

graph with separate bijective vertices and edges, whichide® a correct representation of the railway station track
scheme in the simulation model as a result of additional consideration of the angle between the grapesdges.

The possibility and efficiency of digitalization of railway transportation essalt of automated construction of optimal
shunting routes using the algorithm of twertex graph optimization is proved. This feature of the proposed gkaph a
lows to correctly describe railroad switches in the simulation model. In addition, usingfiesed graph to provide an
effective search for optimal (shortest) paths using known methods without the need to perform additional calculations
for the correct modeling of train routes along the tracks of the railway st&tiantical Relevance.The deeloped

method allows working out optimal decisions on management of shunting work at railway stations and is offered for
implementation as a part of simulation models and intelligent transportation systems.

Keywords digitalization of railway transportatip norrpublic tracks, mining enterprise, railway station, transpott ne
work, technological operation, shunting route, shunting-Wval§, train, twevertex graph, bijectiveertex graph, sinr
lation model
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REDUCTION OF MECHANI CAL ENTRAINMENT OF S ILICA -BEARING
GANGUE MINERALS TO C ONCENTRATE BY OPTIMIZING THE
OPERATING PARAMETERS OF THE TECHNOLOGICAL PROCESS

Arabadzhi Ya.N.}, Orekhova N.N?, Tyulenev A.Yu? Baranova L.P?

Ural Mining and Metallurgical Company, Verkhnyaya Pyshma, Russia
’NosovMagnitogorsk Sta Technical University, Magnitogorsk, Russia
3SiberiaPolymetals, Rubtsovsk, Russia

Abstract.Efficient beneficiation of polymetallic ores is an essential issue, which has become more difficult due te the mi

eral complexity of ores, lower metal grades #ind dissemination of minerals. The purpose of the study was to identify

the relative importance of changes in pulp density, airflow rate and impeller speed at their aggregate impact on reduction of
the mechanical entrainment of fine gangue mineral pastielnd to establish the control limits of their values in the zinc

cycle of polymetallic ore flotation. In this study the effect of mechanical entrainment ofcsititaining minerals on the

reduced quality of froth product of zinc cycle of polymetatlie flotation was evaluated. The experiments were performed

to establish the operating range of optimal process parameters, providing efficient sphalerite flotation and minimizing the
extraction of SiQin the concentrate. The negative impact of exceseisection of each of the controlled parameters has

been experimentally reveald8y mathematical processing of the results of the complete factorial experiment tise regre
sion equation was obtained, which appropriately describes the correlation betweenttbed process parameters and

the ratio of mechanical entrainment of gangue minerals that enables more accurate prediction of the results when altering
flotation conditions. Airflow rate was found to be the most significant fattoe.reasonable dews on streamlining pe

formance parameters of the existing production by implementation of the obtained results provided, at the initial stage,
reduction of mass fraction of Si@h zinc concentrate by 15.66% of the initial level.

Keywords ratio of mechaital entrainmentzinc flotation, optimal process parameters, silica, airflow rate, impeller
speed
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Fig. 1. The results of a series of tests to determine the effect of pulp density on flpetiormance
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INCREASING T HE EFFICIENCY OF OPE N MINING THROUGH
IMPROVING SCREENING AND CRUSHING TRANSFER POINTS

ChebanA.Yu.

Mining Institute, Khabarovsk Federal Research Center of the Far Eastern Branch of the Russian Academy of Sciences,
Khabarovsk, Russia

Abstract.Problem Statement (Relevance)When conducting opepit mining, a large amount of technogenic waste is
generated, which is sent to rock dumps, as well as stacks of substandard ore, which may contain a significant proportion
of metal extracted from the subsoil. In anther of deposits of neferrous and precious metals, after explosive Inese

ing, the finesized ore mass is significantly enriched with a useful component, while the fine fraction of substandard
ores also has an increased metal content, sufficient foeffestive processing using heap leachi@gjective is just-

fication of a resourcsaving, lowwaste technology for the development of deposits of valuable mineral raw materials
with the separation of a productive fine fraction from substandard ores doeingransportation by combined autom
bile-conveyor transport by expanding the functionality of the screening and crushing transfer point of theRguarry.

sults. The article proposes a scheme of combined transport using an improved seoeestiiigg trasfer point, which

ensures the release of a productive fine fraction in the process of reloading the ore mass from road transpert to a co
veyor, which is collected in an accumulating tank, and then reloaded into a special vehicle for movementto the pr
cesing site. The possibility of using the solution proposed in the article in relation to one of the gold depositd-is consi
ered.Conclusions. Studies have shown that the separation of an enriched fine fraction from substandard ores at the
transfer point wil make it possible to additionally send ore mass containing more than 8% of the metal extracted from
the subsoil to heap leaching, and to reduce losses of gold from stored substandard ores by 1,74 times. In addition, the
removal of fine fractions from sutamdard ores will reduce the dusting of stacks and reduce the formation of toxic
components when stacks are exposed to atmospheric precipitation

Keywords:ore deposits, substandard ores, metal losses, enriched fine fraction, combined quarry traregrartg scr
heap leaching
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INVESTIGATION OF THE INTERCONNECTION BETW EEN VARIOUS
QUALITY INDICATORS F OR COAL DEPOSITS

Kislyakov V.E., Fedotov A.S., Snetkov D.S., Shwartskopf A.V.
Siberian Federal UniversifyKrasnoyarsk, Russia

Abstract.Problem Statement (Relevance)Maintaining a given level of quality of the extracted products is a task that
occupies a leading position in any production, especially in the extraction of ore mineitalse Bequirements for the

quality of coal products are no less fundamental, so the issues of dependence and interrelation of the qualitg-characteri
tics of coal deposits are relevant. Given the indisputable fact that the quality in the subsoil caroigee, desig

ers, researchers and technical specialists in production are forced to seek the most effective methods for predicting the
quality during the extraction and storage of minerals and improve methods for stabilizing the flow of extratted pro
ucts. Most studies suggest quality management methods during extraction by averaging or enrichment. Despite the high
efficiency, such a process increases the time for obtaining the final product, and, consequently, costs andrean be co
plicated by the high vaability of the quality of the products coming from the open pit. Therefore, flow stability plays a

key role in obtaining products of a given quali@hbjective. Is to analyze the deposit for coal quality distributiar d
pendencies for their further usethre product quality management procégsthods used The article uses the coreel

tion analysis method to detect distribution dependen€eginality. The results of the work will allow developing a

new approach to substantiating the height of the mihamgch, taking into account not only the equipment parameters,

but also the discovered dependeriResults This study includes generalized results of coal sample analysis anid ident
fication of quality distribution dependencies within the seam bound®&@uw@lusions A certain dependence makes it
possible to most accurately predict the quality of the mineral and thus will allow determining the direction aed param
ters of mining operations, in which the minimum variation in quality levels will be achi®vadtical Relevance.The
application of the results of the work in practice will allow stabilizing the quality level of the products supplied from the
open pit, thereby reducing the costs of averaging operations.
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MATHEMATICAL MODELIN G OF THE INFLUENCE O F EQUIVALENT COKE
SIZE ON THE CHANGE | N TEMPERATURE CONDIT IONS IN RADIAL ZONES
OF A BLAST FURNACE FOR VARIOUS LOADING A ND BLASTING
PARAMETERS

Kharchenko A.S?, Pavlov A.V? Yudina S.V}, Sibagatullin S.K?, Svechnikova N.Yu!, Yudin D.V.*

! Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
2 Magnitogorsk Iron and Steel Works, Magnitogorsk, Russia

Abstract Problem Statement (Relevance}-or the operation of a blast furnace with low specific coke consumption and high
productivity, an important condition is the uniform distribution of the chamggponents in its blast furnace throat. Rational
distribution of the charge and gases should ensure high efficiency of the reduction and thermal processes, as well as smooth
discharge of the charge without hangi@gjectives.By means of mathematical mouhgj, evaluate the influence of the dba

ing mode parameters and the distribution of the charge components along the radius of the furnace top on the gas temperature:
in the peripheral, axial zones of the furnace top and the ore crest. Derive statistindedefes of the temperature rat® b

tween the periphery, ore crest and axial zone of the furnace top on the loading parameters and blast characteristics when
changing the equivalent coke siResult. According to the results of the study, the increasmke size in furnaces with a

chute loading device was accompanied by spontaneous redistribution of coke, which depended on the blast characteristics and
loading parameters, including the initial mode of loading the charge components into the blastlfuthscesgard, statist

cal dependencies were derived for the ratio of temperatures between the periphery, ore ridge and axial zone of-the blast fu
nace on the loading parameters and blast characteristics. As a result of mathematical modelingalitliglzsdestat with a

share of the iron ore part of the charge to the mass of iron ore raw materials (IOR) and coke entering the blast fuhgace from
angular position stations of chute Nel®, 68 and 35, within the limits equal to 100, respectivel\3.447.1 and 42.6% at

constant backfill level, ore load, equivalent size of agglomerate and pellets, their share, hot blast pressure aratélast furn
gas, spontaneous redistribution of coke with an increase in its equivalent size was directed maiakigbzibne with some

of it flowing into the ore ridge zone. A decrease in the share of iron ore raw materials to the mass of iron ore rasanthterial

coke coming from the angular position stations of chute Nd. #om 100 to 69% with an increase listratio in the ore

ridge zone from 58.1 to 58.9% ensured a preferential flow of coke from an increase in its size mainly into the ore.ridge zone
An increase in the equivalent coke size under conditions of a lower fill level from 1.25 to 2.46 m wamatmbby its flow
predominantly to the center with some movement to the wall region of the furnaceRhaiotital RelevanceThe obtained

equations can be used to adjust the modes of loading of charge materials in the annular zones of the bthsbditirnbea

changing the equivalent coke size and operational assessment of the distribution of charge components in the throat, which
will allow a justified choice of rational parameters for the modes of loading charge into the blast furnace.

Keywords blast furnace, equivalent coke surface size, iron ore raw materials, rational distribution of charge, irathemat
cal modeling
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sdtedds 5. 1.

TRENDS IN THE DEVELO PMENT OF MAGNE SIOTHERMAL
TECHNOLOGIES FOR PRODUCING TITANIUM AND ZIRCONIUM
SPONGE

Kirin Yu.P .
Berezniki branch of Perm National Research Polytechnic University, Berezniki, Russia

Abstract Problem Statement (Relevance)ln 2021, Chepetsky Mechanical Plant JSC mastered the magnesiothehmal tec
nology for producing sponge zirconium. Sponge zircorisimidely used in the nuclear power industry as a structura-mat

rial for the production of nuclear fuel for domestic and foreign reactors. The development of production providesdor increa
ing the competitiveness of domestic sponge zirconium in the waat#tet and ensuring the independence of nuclear fuel
production from foreign supplier®bjectives.In order to increase competitiveness and reduce import dependence, the article
proposes to increase the efficiency of the magnesiothermal technologgducipg sponge zirconium by increasing eeui

ment productivity, reducing production costs, and improving the quality of the finished pidédtlabds used.To achieve

this goal, it is proposed to use the experience of improving the magnesiothermal tgcforgbogducing sponge titanium.

An analysis of the magnesiothermal technology for producing sponge titanium and directions for increasing its efficiency was
carried out. The key technological stage is identified such as the vacuum separation prod¢esscaniscered as the limi

ing stage of the magnesiothermal technology for producing sponge titanium. Its improvement is based on a sgt of develo
ments that ensured the intensification of vacuum separation, as well as the combined intensificatiedftibie and &

uum separation processes. As a result of the development implementation, the productivity of the reduction and aacuum sep
ration devices increased, energy costs decreased, and the quality of sponge titanium improved. A comparativitiamalysis
regularities of the processes of vacuum separation of sponge titanium and zirconium was carried out in order to assess the
possibility of using previously completed developments to improve the magnesiothermal technology for producing zirconium
spong. Originality. General regularities of the processes of vacuum separation of titanium and zirconium sponges were e
tablished Result. Based on the general regularities of the processes, general trends in the development of magnesiothermal
technologies foproducing titanium and zirconium sponge were formuld®edctical Relevance A set of developments of
magnesiothermal technology for obtaining sponge titanium is proposed, the use of which will increase the efficiancy of ma
nesiothermal technology for taining sponge zirconium, which will contribute to increasing the competitiveness of domestic
sponge zirconium on the world market and ensuring the independence of nuclear fuel production from foreign supplies.

Keywords magnesithermal technologies, spoaditanium, sponge Zpbnium,vacuum separation

For citation

Kirin Yu.P. Trends in the Development of Magi@hermal Technologies for Producifiganiumand Zirconium
Sponge Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo Universiteta imosavafN/estnik of Nosov
Magnitogorsk State Technical University]025,vol. 23, no. 2, pp. 50-60. https//doi.org/10.18503/19927322025
23-2-50-60

Lodn iéiggq?d%é“ﬁfgé’ %Zég%-*o"é—c’&?é%gméwi
: . B ! 4 azl

1 dzOh j2 MmlsteOdzj Hdzv §B&sd) B g .;5!253{ B tg 1S ¢ Qg - Oh
g@ dqqudtsisgmtsdgz&qudgdgjq’.tsdzdlzcl)_Izﬁ'éésﬁgr]%gz%OG dgb;qtg@quggéqézgzi%J B q
S , 15} rJ 9 § h o . . .
Hiso ) lsOdzdzise 5O dag @.dynmsoﬁoplgdz @&,szzﬂqdiggﬁq i Egrgs ?B;,q di‘_gj gﬁ‘;fj
Mes2 bjrdsdsedd §sdzud ddys g EH@u&%EwwLﬁg_ dwonbo 0 w
hdsy dv sy I5jd, ubss IsilsKQRyuERHEEH | il 5 GR j “Qazr @ g o
Slsddudd b 5] SEOsdsEdH O SddddPeq & *rzf&ﬁ%% % d 5 ESPED?) dadats
SojlHis) 8Jshisylgls §ie)n ¥ 5HG YLD o R NYR@ s gaqw vy jdsy s
o sMiis Odzts o dzj ded ™ Is§ BtGO:dZtStGdA—I-HuJM w éidfﬂqu%%z%b quﬂ sz L 1
MY yqod dsds Ehbes2mbe i, §5HEH0aL ﬁ,%gg_s%ﬁs S Gl 2 |
9 LBdzz oL OddssH | 2Mlsedw fm'dﬁﬂsﬁ'&%c&lakﬁg{z Wi H%(I)EQIS-AIGOdZ,u

- d
Lkde O] otfmmlsOdse dzj dzdw s 0 s o dofs g ;
BO f) T + Mg+ MgCl,, Zr + Mg + MgCl) qsma;ﬂg@fégwf >, E Qa YEBEEoy uj ducz
sy oL@ ydd HdY BISHJ_EE%%WLS'&'E

By IsOzzseo wMmdatse dzr = € s BY Gidzj fﬁ sfed @
BOcdzdw R dzcBdHO digOcdzdw | Jetsd3 tor dzb J

[Ocdzd jlsj e yj MS OW Isj o@Ees s ¢

ssets yYydeStsddy sheotsjdd o 2021 ¢

UAYATYAYZEESY daT1 @ g g = To | 4 1 (0 Y I N Y Y Y Y A I Y T % O A O



frodf [ otratRcEd sA\RIMT SIRMS O [ [ |

otsHMiso O wHjtedtsets Istsff dzd of © Sl OLdfYtaz(m joprdy »  IsThtEEgdy) @i Iz tistg 20 € 1s @
Ctse [ 4, 5]. dL dzgjtey Qe j¥h j2? MmMlsOdzd 12m187110
[Hddds dL shdse d’ 7 dOf ttddvdzj tze & O L o0 didiedzd¥a f 9§ B @Y g sl
CdeC e j delssmif sMtse detsMisd off - fjgladuydpsledy  Rdddsstdstc lsas L O el O Is s 3 Is d Is C
®Bsflsd &y jls ttOMhdOstedo Ols’ tifdefosd™ 7' j e § Od B&jEsdets COYjMm
desfilsd BOG dathP Is Jstg Baiap s S d & - § gtz g j) fAJ @ dzjz w5 dzy idpB2%¢] tinjseyshsO s
YObtsets ydSsddy O Mudls- fds®r hajddede ffisteity deyodtisHidvls jedz s 28 Yy Ols t
dzsfMmisd tBtikzHse Odad VW, Mdzd Y ded ® fedsdid vo 5 H gk ezilzj 8 sfw o o
L OO, EZdaEzyh jddY COyjmses PsEBE YQlkeqm® stdEiesd Sfodz0. [ BtO
I d2Otsy dtszd Y ME 2 ddlsjcOlselhpjdbRigido gzls yOlstsets IsdlsOdzC
pjHjddY t fBHABSHOR € tjTisdaiY dziy Ozdzts® ¢ dzde'ts B dizj Weztstisf H O RO
i flsy M Ijd o dOMmistswh jj datcdsdsyf didalyJisath "o dfglelsjcHsiz] hsjdal-2 § o sy,
frls EMmMfjhdsets Mtejteh j dzfisdetse Rjdatéd'w . BOICHElR j ks jj dBEBEERIOY | OF f Ote
Cts?2 bjrndtsdsedd §tdizyj ddW] weeap) aond s§Cedids) dz0 o 6S s das]O.C Is j
A dz  fjlesQig'defk © o 5L d3stsy dzts ded f folsd{ i) BH A" o QzOx dzj dzd j - MO B
dzsets tsfrlsO Hd&v Mte j teh j s isos o Adzd tc EOECAEIQ RIS J tealtf @y dzj dzd v
M2 fgdetftetze yj dzdv ckB YOSy Gtsh S dh"sls st Qdzts o fizts f OHERNS zo
[dzv  dB0cdedj sjtedgdud MEtsets fesqd) NBY MsastmsRazeOpdaig v, fdad
sdlsOdz0 OClkzOd dz0 f§tetsB dzjx3O1 MyEed } fHtlpd v o 5EHls Odely g FPEPGd d & 0OC
filsd, §smMitd Sk td Yo dv,jlshhsifpwa QGds , H df¥s ¢ YstesEFlzL odEHdiRs®®  d 2
B sOdzdzd uj ME¢ B IsdlsOdzO. 8 - fEytag Cszjioy M NQ B deiisksd Bslgd ez o 1L
YOltsdts IsdlsOdaGs drzO dieGesin @O Hdgts dhs%)j tof G diFnlso so Odzdw  ftod G totso
HlsfmY d20 BOcded s edsd ud ME d p sthntsoOnzgsd’dzj daftw s Offase dAj flzdedzr d3d
sdlsOdz®@ dL jets IsjltcOn dzstelf H @ j dsBOREGS, d HEOO € I i 16302420 . Y HzO ¢ s
Ck ckByObtets Idls0dO s OBOE cad ® dzdfy di ocAsimsHirG PG R df $ BO &y d 5 d
BsIsC Lz 2O Isseo Otedz j  Otels@d mf 5 dzlausifpigdaisdel ¢ 6 4B aOds S8 fsdzds [ S te 5y

O [ 8] . 1 de®Pwyftegd §iz Gz p j Mdssd b q j dede” BESMC sesMisY 3d d § 5H OYd
9jlsflse j dzdets, yYjdz ckByOlstsctOomdls@dQ deofdsddiesjiddts: fde b s y O s 6 s
Mudls Mikh jmse j dzdese s kMsoQ-tch PDEpEatwrn Qded V| s BEBHtkizd s M s s
ydd tIsdn fitjHjdses [9], uBeddvw Mo Sf tomyjfdigo pdQl s aifstsizd rish
fdedL dls' MmMissdBshls: d&jlsOdddyj BSOdy | SEHEE@B sy dtss ' RdstcO. o
jots CtdliztojsstsipP s tead) s K | deddglstcli fladzj &8 dzd B3 Isd ez h-j 2 toisc

tor z2¢OR [8, 10, 11]. Mjifowoydd o o Ogedsid Me&dm daff €
vtejHd fjtej uddzj dedz’ = o " jC G jCrislgsdgst d P HEd F s J b tgd ui ME 2 Is
Hi dzse -MPFfREGYJY toj OC yd G dadets B 8 WBOBIBIE 5 Viogdey Q dedn. v
Cdfyjoerdd fjtejHjdsd Mise jdh j dzff) Hase Qatzg v dedgycwiBa) dejj dedly cfse j toh
Uimisets fesdLotHMise O 6z yAlsgsjclds] usdds QAP A, Is§n deBizsedd clzs
tommBssistedazs sh@E s dzsd3j wdzsfizdf o FEOMNEDHOISS ] HBjlstsHBsd - IS teC
9 OCHIZd OtcOydd ckzBuBbtcets Isddsmsdd [ §2 Mmded ) j dedw 1 daj GChskz @ ls tc O
letsyj M -y OEOEJI 6k UORFFOLOYEdISOdOsdz yj ded™w o- HHJ
fesosHYl ftod Isj B3 j teOlskztcdztshgly oo QY leflz df dbtssds daB & 5d BR D Ha- ¢ St. O
950110008 d 4 10bBds tls. Mls. 1 tod HORMGs MBSt d ¢ disttdHO dBOG
BOcdd?2 d jets ndzstedH wdpisigrn sigy Oddd otc jeBYWPIssds s dls Odzj
BOMmMmr i oMz j2 ¢ sdajg2Oudh RdkdOtctcsa sz des j zOdzts fiyls d
MOtstej, fndOYHO] BSd o fsHzs2dztHoddr] dafty -] oYY d L PROjEE Mo o3,
dZsets Isjf dzsotsets toj )y d BO &isdedjjtezinjodgmilsfo ts of Opddad 2 Isg - 8etkzdzts 6 d YJd M€
tedH BOcddY dMfOtws shv B doOsap fffitetse j ton dzsfisd tj O
ydtsdadets2 kOMMr, O LOLj& dL &tsdojnlsestl gy d2k] ity o HsHts Ols ts
ifmis: Yt dsjddy §jtj ikihojsidyjomiadsH jd fifeas@jlddmE) ¢ d Is- BOIs j 6
sls fsojtndtsiisd toj OCydsdadetsd Odg®inf Yy to 5y fHiyiiog e iz dstidz s y Ols 56
yofmis!:, o &Bjdk¢di f§ster d ¢ OfftfHdedmyetaizts ol sty i@ W2ds dpls @GzO] . )
[ dzv EHOMj ddy d&jlkzydr ¢ tdtisid eBigh dEls to jdspdzC dzBo St tf+H R tSH T
COf ddzdzv tetso G kzB YOt Isdls@dp@h puzhbhl sbBzd H df s h Uz gl e o
o' MsC slsj dgfwj teadlsHzjtotelsy ¢ O toj OC Vg dipjdadddse O Yl ' s dets 0 Odedz’ j 52O d M)
Yylsts sebkMmMdzcodzdo Oj s dzdL S ks ddesddo thdiisj dz detffidOo doff dafdlz- f tetsy,
MsC ks L djtetsj BEsMis! fesyddmP. Ml gl & dgzdad o B)&dgddsSmligistfs H 5o
sletsdz d dBBOcdzdw o RdzstedH O &GOG Uz & O g dzj dedz's Y Ols jsty sy ®td GupEap] M i
oL BBy dets ko jdzdyj dedj o8 s detffiftc Dzl €, eCrtsHi ts ¥ Isqf to dzts G B- BiSH |

B2 P i i i i1 iy i i v i v i T v rarvrrrrynvulijiylsidedi & T [iR(i.g U T=Pilgbei QTI21 R BTV



sdtedds 5. 1.

W ofeseotsHddzdMm! dO §tetsd)-" daff tzdz A @Az u@g @@ -igistdis®ry i i i) jo 2
o dzj dzd v i { OBOWH A d3j Is O Az w@swg 6) S % isEBERHP | cMHdOY . v OC 52
EdOEZO colrRufde 160 c§bUIOSEDdULiC sle®ljlsfin ftod CsdlsoCls)
RHId)@ZJH]deZCfJ GOL 6OB SsS & WiEh | Mise jj p® dzd gz s dztse 7 &ZSBO
& Isd TddEsEsd uj MSd) § S OL Ok grezg s )6 s dw a1y shLlO s fdespdz &
B
tc
J

ded
dzts
d
]
d
EByOltsets IsdlsOdzO: fsor fifddzfgd O 4 totf dyuseOtsHsdulslgr 2! dZisdgfstc @sH j toy
OtOlstse o tsMis Odixjofd @] dd efMgEL Lyjdgzef ‘o dH§ =~ dzste MO aBOdfzdz® ¢ -
tedtsL OlsteOIlsr , bkdzzyh ddsh' kO] fisl s Cfpdquddaste &n s d izgdza. 0¢ to
JthZdJJQCfrlE%ﬂISJ@Cdn LOHOY Oo¥ i Ddes izl b MEhHY W GF 1 d B sy m
dj2?2 dOcdzdjlsjtedsdyj MS 2 &-j 7 dztodfegdi® df Gsuizizdy j alad @ d ditzfgaly L Odz' :
séts dkOdzO, ftoj HEMdB3OItedo ApShisjtdts fridsiin fitfkts is @ j dzd js | sEOE s tcd H O
jforoydd $O0¢ ddadlsdeljn-jd siioe dso dioddad | Bp Edadudo 0j lsnhw
MCE2 bjRdmsdssdd, JJ ddistydeyditef 6@y d s o makj @ddseife” Lyj dftie L Olste
Y4 Mintso e GWPHPE] o tsMls Odats o dzjtsdsd W dzthytisch kiz® ) 3@k tzd d i jof Ofc@tsd I ) fif.
ddels j deifd W d S Oyds 1 Isdn f otsy jffiidfptgoh @Bls MW ] MsH j oy Odedj tsMisOlstst
I 1?2 Mmewid ftejHMMsOs ditlezBind v -fjpj QEFAGSH B § O Lcdz'Bdg OASE 5 Y d
ftesOdzOdzdL dietse Ols! tsdztso dg-J ded OF ss@iFslsiz] o dsts figissd dAfsthtsqj d dzlsj dzfd
Mtse o @QIEBHBOYdd kB YyOlsr A IsaftusiPigtOO dets o\flzfj talfdty dzd W
Yyjdz s wyjdSd otL &3y dasfyls-d f tdafjdpjfiptsjCiaddyj dadzaO gz j 1LOC sdats d3j to dats
fsdzdzj dzdz’ 7 t©OL tOBBIES HdvY Mitfdistdny i de s s PRUs[ty ¢ sBOY d 6§ s dad W
dzd jIsjtedid yj M 52 SjRdesczsc  p ' df tisuizizts j flaff v dzdairAswy@elizts I t§ 2 - to s dzd
ydtcl sded v . Cw Csdesd3d ud MSdn fsCOL Olsj dzj 2 C

17w dzj ded § lSth’:nLOQBdZtSd&;%%ﬁd(? é%@%ﬁﬁfq@éﬁiw S
o OC kipjdf OL@RF YOl = yqdet sdd G g RO Mnji ¥ 0@ HHBE LB YOG s
[Ocdzd jIsj ek U MS OV s j n@ss dits ez J fladaztz y jodzd W ¢ HBfzetse 2= 7 L OF
btsets ydtel sdif®d o€ fetety ®dzls nfn - r @fijrfjCea y dodts ¢ 2B yOlstse s ydte sdzd
MlsOdztso dzj dzd j IsjlstcOn dztsted i@ dayjdiagtdsdef dZD G dzif § EEs St QS 6 OL dzd Y«
Edsdez ¢ tudmlsSkz ckeyOltset ydALSHImdss ctisls oS ¢ dgP30u § gH WP Mmso
AdzstedHO, fjttjtOBBlCE dG-ls RO L Bl 1000DEHd HOEd daial ) dals- ) , i
Gts GkBYyOltsets yYydteStsdd® [2, yg3mmd7ldikje s Bhdj L OC tsdzisd3j todat
t OfmBslstedd3 thdsedr j L OCddasdd tfshls G zeFmMdNYO teOC yds
9 OCHdf O,eOydd ckeyolstsets yYydieddsdfiGeses, Wttddtotse Oded - € SdzH j
[ dzv tslsH jdzj dedV HtesHEC 5o gdy @S B ¢l dzd3O.6 dfdsi lsdl dedls H dzws - H O dadz"
UimSsets otmmisOdase dzj ded v dls | fisc OF tzfs e @@ CaudDiB® Sodh| stz o f s
B dvels PPEREEYJ® toj OC ydsdggesAsBBHodd edrn dzste©®, dzORY Hj dz
lsj B j tOBIBEY P 210MsOsyYdztsis B 08 @f dededzy EO2 d OS¢ s yOlsr 7
10°Bd3 tls. fyls. 1ted d&OT J§ SEOEpEEEY BROdB@GIY, O OCyj dL &j dzj dz
tdH Jdhyotwe sy dL  t6j OCHy( hipdstRdzdaz®@ i iy’ z off dAfisfjdafi 2 § stod Mis &
hj2 CtdHj dzZlMOYydj?2 1 Otetse j o ME tsdersfndelyO l4tiste oy s AistaycChn@EE d Hott®
pEEHEB2 HdA&v §SHHJ o) Odzeddsts oLdf) Hi@fdzdztafe f sls § f grEA{ 6 B Mdzj H Mise
RO gtstH;dzmouqqmmogmmqmrpLssQaznzdzs; ndzsmompu@m@uqmmon

Ostsets yYydtessddw oCdz¢ yojls
fipe ®Rdd fesdNRsHdl sfhf o BoE mbg} %ﬁ& H"l%ﬂﬁhédzm
cf‘hoq

b
h
e
]
L dzj
{
y
Is
)

&
QT ON-G
qu&

J

] OCydsddas? EOMM: Ct 7 s 66 d
qJ u{io alststgtdss:mffrr]]lsogc{q Wu;tsdﬁs'z % Udet s
fpw SG&EBJ, 9 (' &k yYodstsd j maumwww@memm$w ftotsy,
ow fy! ﬁ]dzdxjdijd3 M< O Mis df GUs@UHsr d § 51 Ot dsusld M st Bz dzd t
fsor h jsed s dzf) § 5O E difve jdch 5 diziiso 5o Odzad W  BOG dad § Is § te d30

I G q;a

g Tax—ga
T
S
=

O BOcddw dL d3j Sdn ftf sdzgPlhdhitesyolke s OgE®essddY,
Ctsdad ™ o Mdadyj ded v 4 dzj -t cy ARSI s Sty e b jlisifEe s DakzGe  BOG C
di bjdfjtobltr fiesylhgsdsclsy shzzdd fzds ' HEE yOset I
| B jtcObkztedzts? o7 Hjt6) S d Otsj Oyt dedas s ls @M gL .Is tf ficisss i€ 15 O fizj «
fsorhjddj IsjdsfjOlskie’ desemls df togfyiffbaliy j 6200 Zladgzj otsL O tEC
| 1

Oydd ceckByOltsets ydie$ ggdzdfiy] ffDOEOOUFHY k@ jYOifsts cisd ydte S tsdad W ;
jteObkztets? MisjdSd tjO0Ctte0 idf sdlajgidRejj ¢ § 2 5 HNNQ MRy
10008 Hdzv ftojHiSo 8O | dad vV tSurje®E ISG O ) B31S cotds jCHsifiCjddzh O ©  BO @
Zr-Fj . ubttkClkztcO CodHj &ZM@SO EOcddY d RdstedHO &O

IO TSFIO TN QR
@000 @FE

www.vestnikmagturu 7 T T T T T T T T T T VTTT VN TTTTTTVTTT VT TTTTTTYTTTIVTTT T BRIV



frodf [ otratRcEd sA\RIMT SIRMS O [ [ |

iMsCteOh jddj §tetsHsdy dlsf)d deptsiylsid  Istj e jtdPistiots r 0 ®lzOte ZXEdets 2 fls
fls Odzts o dzj dzd-Mj HOWAXE dzizis Y OIs s djtf ts tedzs Q todig@feitsty?) ) i § OBDEAd czs
fllsjd Mo B Misdese s Mso | " jlskdndsts sls Plsad dz0 . Is | 17 telisylgshghyf untsmis sd Is
frJCdE iy ddse 1Isdn fesyd MMey OCydsddts?2 &OMM" dRO afdpff'Oteq dadd

vOCdB tBLOLH, foshdisdd@stsdim O s M a1 i) tsSjsisijjdizl j tOls  to dzO W
ydd w©OLadlsdw™ RBOcdedd Isj telsd wgdfiShdine sis jd-mdftoday colg>v figds 2 Q@ = € 5«
jdzd¥ ckeBYyOl' 7 o) lsOdzdss. Ikted 2 oW ddg s iFO ipkjsH M@ dzdd
[Bhdj LOCBdsd3) edzsMisd - R BwEIEEER i s BF Ee@sztcO MY Ok dz
fOtOydd ckeyOlra Isdks0dz0 dd jyGtGEBEY H BGISS tc ks ldzls Of s f dz
9L d313>1 dzsmisd JdmYf sd L s Odsd V¢ deBhigldh1050a9 Y de® fglef BRI dis s Zflsd
9dteh jdlse so Odzd W BOcdd il pdubRcdror B G ESE&T DC yd s dedzts 2
fesdkzzyj ddwY ckeyOlr 7 &jlsOdzzsordzsj dziyd% S Oydvy -HicEQE DMPd o OF §
I COoudMmisej ©OCdn dzOf taDo firdgde?0 jasmils OUse 4 Mtk b H de@igz yh j ded v
“lsmw  feOCsdyj mddelgj ded Wd-GsgsE 0 Bazj dzdw s j B jtcOkzteds &3 e

.5"#

dzd j sj edsdud ME B2 IsjrndsdzscddofffoEEedY (cHzpYyQEgBecE O Myjls
sdlsOdzO, Clstster j Bsclkls B sy | s @Sl @C 4§ s EGBEs o BOMMO- 1 5
orh jdedw L WWJjCldodesMisd O cdggddd Isti ejdsdosiyMiCdis? dnifs L s Ols' o
sedd fodkzyj ddw ckzByOktcetsysdmEEBGYY 2 i tots f -5 tizly §f & 2O dz' dets j

t OBl fesetsHddzdn!' (t Bivkysda S s bistc ' -) R 5§ s
20§ e Oo dzj ded ¥ 3: d dzls j MYt ¥ ZOPStER®  Cslsste’ 7 L 9 5 dzv
ftod BOCMdBOd dets HEY Misd BSsRIslssi B § deRjsticd o dlds 5 Yl MBCjiE Ols Z o Iz

d dzls j dzfpd W dng@IH@’Ow@ﬁdZdZdS'tGJf@gHz%@dz%@ﬁ]fnl%odz@ Jrasddz 1050
M ftod §Jtj B ddsdg *dZJtGdZBUBHatsoC d

Isj e d COydy fesyj mMinpses -asmilso 7)o s
hjfoeoydd cksyuOkscs kdkOdO [ 6, v

t OmMmd3ts s tc diatp ot dsjddzddirO e tsdzj § f tSH !

Rdzls j degd# ¢ O OBOYHY - ft6d & Vu
BOdz dzts Hisf EzMisd Bs2 Isjdaf dede®js z te

O cOo dzj dzgdj Mow L Odes f fftse j teh j « YJHd Yy
sdedets? BOcGded jIsj tedgd yd M¢ 52 ISJndZtS( qles a2
fnzh j Mise j dzdzts o fsor hjded d- s¥dd  f otk
fjfoas d kB yOltsets Isdls0OdO- q % L‘, 1A b et
k) mhgiel Sariosoresars) dﬁ% AN Rl LCERES

d W
dzd v BOC g BOd dets WY EMisdds? @ hid Ve ‘ﬂjmﬁgpa%%th"”atg%'@“’éster

fesyj Mho, tsB M jyude Orn g2 ff]FS&lﬂBp(ﬂzfﬂlﬂiwfdgO‘Iqt@ﬁﬂfomm‘i‘i%'smth_iff]h
Is § dz' detsfyls d Ute;qucﬁ;ﬁ]ﬁ]{OdqutqulsidelSrﬁeotjstsmﬂsbl 18]MmdMmisd &' Y teOo dzj dzd
s ds  dzj dede 2 O iy OO el O tetediis] dzj s OY § 015 0SB0 WAL k& uiaEO s
YObsets IsdlsOdzO 9o ¢ dzt yOj Is 59 ls‘r]q’JISBOde,Ol dz;UQslgtﬂlﬂ]ﬁSmdededzﬂEq w0
Bse " &3 dzOctcj 9 Olsj dzv dzd Cde-HE:F -

@) BiyHE MG Gjbtselsr: 6_° @ i A e I
BOMME2, ZOCtj o 0Oj B2 9 -4

CdzH | &z OS5t ( HOdj j CtdgHj o i

pOCkEdids? MmMdMmisjdj. [ -d&2C yowo o U ww

My f OtOydd o dalzlstsj dadzd j tssuJIOBfon!zBDJz@BzEztsazOmermeasOtsfmdfnls,;d3r
HidzWwjl dzjeCtsf dzO0osCOv EOdddj o O] GHi@a@lbkod & fHKEshkdE] &3 (s
60O Ok ds?2 Mmisjdid tjbowls'r OGO EnaESIOHAMN igzd YOISSE &
fsHHjtY do Of Bipdzts dgO Iz 1o s 9 dzjo - ff fégy2. Gtreateahdigigra@ of the temperature profile
SsBOIduj MSsets tojebkdzwisste® dL dggntel usten ¢f thagduskial appadfaiyss 2
Bsh detsmisd dzOctcj 9 Olsj dzj 2 1+ dzj € Is tiosvpguapyseparatian gf spezgeditanjus j

] OCyqdsdds2 &OMM'  &OcdY o 0Y &z 5
e e ot o ot E,SJ{B%JE ﬁzo%%dzrﬂcﬁ %@Z@ﬁ)%@ﬁm@rdad?égnf:

boee2 gowr dnfowr:: d&onn %d%%] thJ &F%%E%Eé%g;mismr

BOcddY d RdstedHO &OC dzd v

; . . Is JoCyds
GHj CtdH,dhdekzys shv  do JG'tS Izlsts (%z [
t OmMMmdistsisted d3 Ist31jJtsOlslzt!adz.f adzq’a '%Otémom%bd;%xdm?

dzj dzdztsc 5 O § g @ OB @ Y| izdLdsls

BAT T T T T T v T v T T r v v rarvrrvvyuvoulijiylsidedi & T [iR(l.g U Teilgbei QTI2I R BT T



sdtedds 5. 1.
e(t) =y, -&( ) Sktdr o lSt]’thsW d d&zj ds -f@jm@m@@@qlz,gzoq
jmewoLk) by o)ced esand 81 dedln f 4P B, B O TLTY,
Sou L dsj daj cad dsBP s - dagl oS S8 g oo 55 0
1_{q’a.oshq’: fSHHJ ey Oded | Ls,r& tg LRk R %%S.Iz q‘%ggl]’tslstg'cj—adzw;@
d &Pt @O MsOHdd s ey Izluq‘@s d%??tsd%,j@lstsa €] ¢k d
Caf ) w3 Jenden eyl COhFETIRREG, BB BoEE @

- . n j dz
q das | otzfnqquommom@watdscussu@%% _%%;fy % o e o dis

6 i 1 r
dzdw, Hdv Cthtttets, §OC ] f& %hmiadgf W'déﬂgd%dg%d%dé dzﬁtetsdu
dzd v S st ifygd Ode@EEd d Moy dided s o & S

3 &l 4 F 9

)

&
.
N=
&
r: &

k@l yj dzj MistsBteOL dats § 5o " M- daff ¢ + Oitsdztsdytsdztsfrjls +
O Hts BOS Md 3O dz! dzts HtSITHIZijlSdﬁ%Eg§ s Q{Eqs imMmMO EftOe
RL 9 J Mmlsdzts, Yt Utsisﬂlsdzmcflsg;tgz%mcgls Ebqugs YAdftde ts @ J I
COlwds?2 o HjL)sd ©jOLYds EQI&&QE%?E'J’O B%d&Bis &l Foso Odadzs?
MBCLOh jdd L O Mmujl eisdjjd spydses St djdd" ]

5O ¢ 5du0dd " 2 Bipisfyd manpd do O B U OfsSE\S; ) fifj j 00Ozl ¢ k8 yOlssa
Is d Is O dzO [lh]-_ kEfmdzse !;tstH'dzfn_ohgq f Otctse d
I fesdr hdzj dedzs? §OCIdC] ¢ lKGHG ‘O@*@Olhéac%qw IPEMNY wstedH o
M ZuOMmisdjd Isjn des@sE6htHGES U QUsGLq B CisogH ] dznOls i
dZsets d dOHj ) dsets QtsqlSqunglstE%t$%u% CEME MOS & @z n | dad J
SftejHidvil fHsd)dls] d dgfyls' g oltd S YY) f = dzls § dzf
o OC HKEE OttOyd( U‘SJ@H‘?J@E‘Z‘*@”&L‘%J‘E}H&H@SJ 55 d&ZOY H | C tasdzH | dzfy O
L OH Odzdzsets otej dsj dzd o' MsC Izl J © -'tgwgr@éWJEptagdibB@ gL

] OCyqtsdds? GONMN k¢ d YOGS @D & o
vOCts? MYtshses Csdstsdy d ZEdid] P& GyddarfiRsdd # Of% d& dfed o
Shse j ddshisd ol OBRAY do OfF B G © gzp | OltstcO ftEamisH(d
SlHjd dasds Of f OO, ﬁb@tﬁﬂﬁ@ﬁ&#dﬁt@t@_ga%‘n% o Geelzd j Ist
dLetsHdIlsj dz' desfmls d ﬂtctsu;ﬂjf@BaHchdzmijoq‘s%chdzd“ 1 to
ste©ls [ 20] . I ®©ORS On ML H Odzdzts Oo lstsd3OIs 1
rdzv oy OYdd ¢ks YOk sy JiddsQO 1 uRi fndwo wddE tdtde yOols s
Hslsjted3d ud ME et Ut@"bfwf(lfﬂ@ﬁ%é@t&‘blﬁt{e‘@lét[& &1 § ff t6q dzd d
st Isjf dzQp ey @& j L 0C 6 dtdin s o Tl n O EOCYj f
B dd" EOeddy d Jjet ~dstdy 6 & B URES 6 5y oS delseB Qe dy | © 1
d mesishv  Hdv BSdd ISBH"Z‘SGXW'%&MH;JB@H O&Eteo (o2 dd
Hedy dlsj dz dsfisd d dSBQJd%BO@g%%tadZ&%d.ZC&“L W8S N MiO¢ 15 dtds j f dzts o
misOdatso dzj dats, ulSE Y15 WWQ&W%EGM%%%B% By Lo R Eige
Bsets 0 (HEHHOBOYd QC &z dgyQly B3 o e O] ded j bL- toj OF
OO sy des ©OLHJ dzdls!  d2Q - Hpd ¢ ol ISOW (gu ﬁb@q’ oddd Oy ¢ st
dzd v tshdztso dzs@ 5 d3© ¢ dizaf W J ff].ISE:dZBésdlgszjcfdztS' J &o 52 sOHdd o €t
yqdddets2  gOMMr  fmdjHlze et g @&ﬂ&gﬂhi@&ﬂﬁ%bas sj i dz
B .
9

SUYJ sdsdzts 2 BO

dgj L dzOUd s dz dese s € sdzd U Mis g g i
Cod3f sdzj dzlstso  (SCtsds 2% 5 d@g S e B 3
qLd3j dzj ded ¥ Y lstej B BSEts @,;-%%Bf&@{ 1 g B@w ;M
(gl odn @omstsaus v anh)d Vg vd a%ég;uogqu-a Do
) u dJ d dz¥f ts Is © woa
plststes? MmlsOHJ( ljtstsu;fr]ﬁjo_dzq‘?dégtgs% cg o5 4 63‘?. ,}’g ts%' " d I
ded v zilskzydn (o sdy dstd - fdERnh Y Qdgtiwl €k B BHBREco wo ¢
dGsds ¢ §eOCqUjMCq fishisy dgas g Ty Kig Jmelips &2 !

[dzv BEdyqE ISsfueg 1 dzj dzd ©- dstidy, 52 kflsOHdd
dzd ¥ § syd MipOY Ode@Qirflzfcs G'ZBW?E‘EG fEEREMY wjosLcswOj B2 ¢
COL OB EISOAO OolstsdOldL dtisoOgdOf y on @ G © ekl k-2 B e
SRy pugoT G0 STE) v 84l by b s e gfocy | 27
dL i dzj dadj  Slste B Py Pl s | Is OIRRIOBION 52O d dals j e o CA G g
§ RksedHO ®BOcddY dL toj @S eeestad v §%§® bRy’ " Jddi B

f
®O

i w i i O U e o b OO,
p0jlsfw COC oL Bk j dd j f@qmmgb tsf& %g T&(qulsjjﬂmqmmm

www.vestnikmagturu 7 T T T T T T T T T T TTT VT TTTTTTVTTT VT TTTTTTYTTTI VT TT T BAETVTT



frodf [ otratRcEd sA\RIMT SIRMS O [ [ |

dsdzsedd f§ tsdzikzyjsdds'O dza®k ss@dstistni dzEy nd-Mp PORBBBId, s tclbHj dvjc
esh s dLEzyj d&f dtse dv  d dzlsdpmigijddiddc Oydd fesyjmmo
otsMmMsOdetso dzj dedv 5 j stcOR dzitedHO IdOdZO BOedzd j 5. 1 toj

dztsy § dz' Isjrdssdzseduimcdy tjydh o] H e {tesyjnno (@)
fsorh jdedz d3d MEtstesMmMisw i3 Jf sHOUYd Isjlsts ttdHO Is

kOO o OffOtOlr otMisOdisyg ggs r'azﬂzgz 8?2 ioffoLO
(OCdC] d0cdad s todsduj mcsc&% SRR it P EEM o

wo
hjddj MSttesmisd §sHOY] Is;lsgscé)ﬁ
sMhdetse de d3 6 MbteMsd ddelsj ddmdfdfEud
¢ s, COC BkEyJ tbbdkj yodztsm! e ts qg&kj . d .,
u;fr]fr]o o sMmlsOdztso dzj dzdw M sflﬁ] Qq’ d Qis %ﬁs
bjlbtcOn REGBOHD Eribkuh 0jl - f ol é[hs ¢ 35 ngz Cf q;ceuqq
YOoktsets kdkOkO d fser h Ojus %%44 £? lcf ‘35 g O §OLC
et Ddsed. ) silksdk aisll;%teté;gg jH yd G c@ﬁ] tE Ut@‘su«iﬁlf’]
YyjmMmo etsmmsOdesse dzj dzdv (L k& Ys C#zt%f% GGEZJB BEREQq g
90CkEd&dks?2 MjfowOoydd [ 12, 13rddfdhdi s odmdy Os0yfd e OCyd
lsor hjddj Isj &Y j-ipOfs@isOnpdBOGIg™E §tod ¢ jtcj d3i delielsty @ £ O &2t
ybscets ksdls0dO HEts BOCMdBOd desj High & Nis Y Btk s fzO P dd § OHk 2 i3C
WodzW jIsfypw tSHdzd &3 dL tej MizftsdL didazy danidd d $Q@Qdd yf & tzipEE - SO G da
Me. 1mStd Sk ftod §oorh | dabdess g i3 jftc Aidifelzts o OO Wz M-y j Is
mifoLoydd d kdzy"jddd ¢Oouifldlsads tzfdedey X Zidati@®Ed Odatfjdz" &3 ¢t
fkh jMise j dzdzgs oL tcOMsOj s RS ts@lstnts” , SstsHs daf [d2 ffls o digijd® SSYs s s te ts @
sdzdzs 2 BOMMd BRsdsd HO BOY dzdovts L disdft O jldss kspthdstsn W % 2L d sdzdzr 2
kjd Mlsets, $OC §sCOL' 90l YROEFHOO TeibHcoEHNOEREZgHY jIs
Yolstsets IsdlsOdzO, tlsCtcr o Ofids hdgshigls of Co st tsipisy teidtsdashiylls dff Qs @SOS dsts dzd;
d¥dCoydd fesyjmMmo otMinlsOWpe dicdzdMwils adi¥ tddd s sgtzd yde
#so &3 Misde" 2 fsHAatsH € (dzls §f defiydisdiS gisd diz' fiasBsd Mifwas y jsimo,
o sMls Odzts o dzj efgdj"f Ode Oo @ ¢ Iz dmjBHelzs L yPjdsOIsfy [ 16, 19] .
shdj Bhdsedz §j L IsOfr [7, 16]ktcjHdztsyjdas dL dgj dedls! d3j = Odad L ¢
i10 fjttotsd O shMEzh jfglssjds) st toff Ol Wtzjsded § todf 3 dzj dac
BOI j B3O dUd ME 52 d&sH Hygdy OfetO=fgRigh ifCs Ho@HWOE B tej B¢ Y d s dedzti> B3O M
czBYOktset Isdls0OdzO. fiude Ojls Mmdedy J afg v dovcliduaded, Isogr
i1 O olbtstesdz + SO j M dhfsdortg gy dd BRkj dObdddd o dzdud

o3 @l 2y =
%%E“] 3 ‘g Hiﬂ%é&cﬂfm.i dzd ¥

M2 dBsHjdd ttOLtcOB O 8 @ Sd®iff By dgfzdzdzf c @9 R EOISEBkdasc s ¢
fJOlkztcdz d3 Off tf ©OcPdzjsds o OOk gplas 2OMIMI O 1 © ft.OCIsdej 4t &3
ydd. 1 fmshsos Mdflsj ' & tOdeidg dafld 8 F Gz ISk Olsze & to s dgj dzd J o
SftejH]dzjddy &Bsdjdsh] SO isEYURGaEGy » OkdWz Btej OC yd sdedes?2 BOMMT
fsHHiteySd fteddwisdwy tjh Fddmecpambdy tc Qdsde] difffds stk es zjIs o da
ar 3 i gt SCtsdzH | ZMOI i O. B3Qcidese daP™ | ¢ OH P WO HE @S CO-j i ¢
B kY cObdaglszidznd d ¢ Ofgdf Ote @§ gdeRdzts, 50" N j dzd s JifCOtd@syiplsdd [olC
flsjd3 fSHHjtY OdedW BOSC MO 28 HET ZMisdBs2 s &Y
cOlkter d MsCtwOh jddy LOhHyuyils jCcee’ § tofismd@isdilt j d@ dzf 6OC Is d 1
isd ftesyi MMO d Mmdedy j dedv | Hzj B dzts iz©ds i) I sO@EOf G EzB yBlssets |
110 btejl! jd3 Ofj ¢ tshdy | wga oheLdgd? | sy BEsH sdy disj daz d
PftcOo dzj ded ™ Isj 3 j 6Olsktcdzlss  tofgded Wz d jts Mizdzjj diso@RGOl W-ted 60O
My Mo d3j Mis dzOY d ¥ dzlf 16 tzfy §f &) 1 & O¢ to fstiHpstEOdAs, tOMMBSs28]j dz@ o OB S
dzj dzdw g EZyjlstsd bkfmte jthj-dilsh 58 OdpizimB o js j {f teafdyiste @ Ute Ojn Bis Is to
MCdn t]y d Eispf QO Wiz [dzv-  dglsdedztse © fdpjtalc S SHe BHO H@ZY  fdzd
osHMIse jdzde’ » EMdzseadwia 1 CMY¢ bHYReO@ddds &Eike) &KkEs-2fnj B j
M stesmisd §sHOYU] IsjlsteOn dzts thdsief O ¢ bsefUs@IEEOs 5o Is P4 A e Ciiss M ls O 9 dzv

psMmlsOdzaso dzj ded v, 5B j MY jiase o Osshjdhif j G Oded Aad | § Ws ds' " 6z dzdzs & t
Hisdzy dlsj dz' detsisd ftetsyj MinQ - olsstn frpls@fgufiapiz Odzd ¢ d Iz Bsdpfip.tzcsd: dis  Is O ¢
Bsj COyjMmsots ckeyObtcs-sdOQdo sEE ipdGOREdE Y dBekEs jfp -ttj 0C y
Hitey Odzd® =ndzsteO. dd j &3 shdese desce s € 52§ Wzsipl e ®, BQd
I Soyjmbej Stedljtedw dezlss demesl 6B Puse §f c BOE kPSS o' H ey CO
BIUujMSs2 bkjndsdksedd §6dzqdhids | dds yu@sisE 5d Rls qoagftodz] dzls s o
dmysdz L 2J Isfmw ftetsdL o tsH dIs jyin dazdnjs ' € PO Y Pe©drdB 2 o 3@ME- H dzv
MY RdstedHO &Ocdd™Y dqL ddj &S dn

BET T T T 71T 77 7T 77 7 7 7 77 7 v i i v rivr v ilijifylsided & 1[iRi.g o) i=PigsboiQ 021 BT 1 1



sdtedds 5. 1.

sOdse 52 ckeCd. wdzadygded) § sy e st s Hsp W MLl ddzd dzj 2 dats 2
tsB | MY jsipfe @jO Mujls kdj dz [ j dipiyts lsejjdidsiodddd” fls joddte s te d Is d3ts o
tcOlkztedztsets GeOHdJ dzlsO { zlgj-d3 fded » § dad W Ctstgtsfr]lsd dzOc@

90 jOCydBdds? &OmMmr H 9 Aw/y dEZGFaYefedy  j ¢ @

dzOf tc 0o dzj OZCfW dzO fr]lsqu’cff{)rGfr]_l C=tslsgd, daf o AsgSuiswz e dﬁsdz ds tsd ts to
Wiy Cq SR dOX H dad J G tBJOQSHdﬁ&%ZB? SO RO ERIRTG ShpImsg seud

fls: © 18,6 Au/u dam Oyt fOHEBMOSCS, v ) fesuddid off ot

= 7504 . dztsd3 I dzj ec B SHOBH ] Glsddyojlshw
v.°C fMsClsj & j Obkicds? Hjf@asasddd
(Mmgd ). d dBidls Hej dedL Ctsilsj di3Y J
A ftejHEMBOSEdo O h dj dOCLde d 6o

| &2 &On@H Odgdy i3 ™MS ssmisw dgd .

! fsLotsdkdd fMddLdls: ©woOBtyk: Isj Bt
Yu Mujl MsCtoh jddvY ftsHdetsj d d

i skztedzs?2 or HjteySd. wdzjHo-Olsj dz

! | sy slsj tod ftosd3 " dzj dzdets 6t of

Y

ta gllél gS?tGOUdd d, Mmtilse j Ildffteldseyj dpdgo,
tdmMu 8y jtcOllztedsr 2 ftesW dadz fon A € B w dzts Is dats gdis dzj o ts
Of § Ot Ols @) jof ERECAL GIZBuqust,SG “d@ o g nl{jztstquoG d3(DGszE,)qW

sdls0dzO0 Ytod {§dte] dj dede5ds &%6&6&}&&'@‘5Md3“teoslztedzrlzog i totsW

Fig. 3. Temperature profile of an industrial apparatus |, #ifOoLOoydd ©OLEOBSkOd OdesEdl
for vacuum separation of sponge titanium

ey S f 0o dz C
with vari able energy supply E 354 H%ufliz Is?j :dz?sdzﬁs?;z?’zwéﬁq%%ﬁdfcggj
vOCE2 IsjdifjwOlbkziedy 2 (eshi i BR OdfzOBY Odgd ' §deH J deMO Sk
Bsh s dMmisi & § tetsc te O d3dpdzts € 5 Bdrdgdedeh oz Jdg® , IS Jyfigas e 52 OO iz L
fls ©o dzj dedgth2 O HdW e fttsyj MmO [29] .

V() eft) ufi) V(1) esodd mlsdzO (dals ] azing W c®yd ¢
: ® e . detso dzj ded ¥ -j § O@OREE Yo' " jdedj
f sHOYHtORjzstcdHO IsdlsOdzO,j - f ted d3J
T B dedzgse s L dzj e s sHO SH.O WO OC v
COR HOdzdzse s 2O tcOo dzj ded ¥z- & € O
{ dielb&lS sziedOw Mo j kO mqmsﬁlﬁﬁd%@ %Z E%&Pslé:@fﬂ@ o MmNl Odzso d
EftcOo dzj ded™ Isj B j eOlslzts H'a{g E% %l tOMMdsOlstcd o O smw
fesd h dzj dzdgs € 5 @mﬂ@@@@@%p Y O R \disde'd df Ots Jsfif ISIDGAOd
CEw® s sdk0dkO ftd f i) degdgs%g&qofmm@ﬁsmmogq WodzWjlsmw
Fig. 4. Structuraldiagramofthesoftwarecontrolsystemar " §ded f_r]Qtsthsfr]lsq’ dMmy O jedzd ¥ dC
for the temperature profile of an industrial g:gx g:tsdtgé S;vyvgsfzqqul’ wBOMM- L O f
apparatus for vacuum separation of sponge wow 1
titanium with variable energy supply 4o 3 MisdzOvY  ( dalstg lamidfiy figft€®O y ¢ & fny fif
o dztso dzj ded v -fgfj fe0ALOafd § o) HZMKBOIStE
1 HJWED T W ZdeC ydvy L 3PPdedets Gisz sLhdgOjU shdetse dz’ j L sOfr [16, 24

dzd W Isj B j eOlskzter fesW ddv 1Qfof GfcjQdseGs d3 91Ozl O dzO dzd L dtolz ®
i f OtOydd o L Oodmddstsiisd- tdsj §ediesidsByitds § §j ®15 WO o( fidgj ©C yd sd
CeOBBO kYteOo dzj ded™ Isj BY Ptc Qsdzjtaes’ &5 o dgtSH @ w2y 83 O didzs e 5 d3O M
8OKO), CtbtsOv Mihistdls ddLn diteddH O WOl bk as HE rBH®L O { s
dzr = MOHd2 fsyj MNO. CkEHM § OtOydd.

10 MsOHdd dOcte]j o0 Is PatPadaBi§) @ ZOMBBE R 1 sOfj ©OLcOB OIS ¢
ter  f o zo 5L cOMsOj s § S-dzddey YdEE2 5@ EMNOBL dzj toyded 4 j ted § MY
misd o MtslsejMmisoadd M OkcstdwPBEE@dy kjtodRsHdWWzrdd bkdj d h g

E{)= o X @ dL®Jdejded ds dzOf 6Oo6 dzj ded™ I5J &Y J 16
ey OCydsdedats? d3CdNifrpjd Yoke d ts RjdfO x4 dzQ ak
GHKi= 9 TAusiW W dydj dals qtetsqtstgtq@ns@@@ e mBgseshisy &d.

10 MIsOHdd orHjty¢d L GH-O .q" A qj‘i' IGOLBU?\OBO.ISr_
Sbtodzs @ 5 Wb 45 tsohst 2O fls O d B:?G?%E %gadé? Olsad%diq% d‘iéﬁg;‘f;
] OC yqdEddzs?2 BOMMT L OH O dadetd Bd A PEFUY § 1 0 18 &

UAYATYAYZEESY daT1 @ g o= To 1 4 1 (0 Y I N I Y N Y Y Y I I % O A A O



frodf [ otratRcEd sA\RIMT SIRMS O [ [ |

fjtej Bj dedatsets YtsHOBHO 1 dzj tec d dndfd g 20 ¢ y 4 s tgeds P dzidsiadim 1.t iz fj 2
fsflsOs fMdMmisj Bdls ke ¥ Eal dls B30 wdOPdRdits? d GjLjteor 2B L O B+
fSHHjtYSd Y tcOo dzj dzd W ¢ ts dzH dzﬂqb%%nsts% 1Pfr]dztsadz.ow
L OHOYO MdMisj &'dddst e e &@Ew : f,]og -J c
bafjf OtOydd §tod q4m4d34dma|ztsd3fm‘5& ? H‘%Cfs‘%qc’ '5 tG’
CtcOh jdzdj LO Mujls  bBcB Utstsﬁ [ % ﬁﬁf@)g
d Mmdedjy fakzdc e sL OlstcOls

]
0
9
)
h

\@%

/

i1 0 yjlse j tolsushiz! WJJHmdedlf;émf{sff&ISﬁ ssqqzo jdzdj fetse

CECteOBRAdSEts kfteOs dzj dzdw s j 15@5 gsgzd d5-fesdL ¢
§ § Ot Ols G j of GROA g d tsfnlthlsfr}ISSOE“u l&zf’ﬁi’ gate:stmﬁisuqq (20 i tej
ifMlsedd f tOMmisstsj ddzdds aH*rzmzo@@Mdsotqtmm nEHBGId jdefy MC d2 ) izt
dscoydd Mo d3j MisdzOW d dzls indzid ¥ ¢ ¢ OYF M0futc i GpMMmtse ot _
sOdzts o dzj dzd iy j f Ote @Gk i3y tez Yy J2stddg O dz fiyts 94jOte BOBO 1. ¢. , 1 jlstelzdz !
j dzimls o tso Odzdz = Is;.-.dztsdztchfuJfnﬁdzﬁﬁ]Bt@bedst%CBHdZé@QIzlz@} I
M foLoydd 559 M. _
1BmdBdyj MSOY Isjrdsdzsedy Isdls0dzO
1 OC dz¥ yJ dzd § viisddetse 1. uw., sOwLddz R. ¢., m
1983. 245
_ufr]lsOd_zBadszzf .Bth{cj ls;daHJquqoisq_lw'ggazaglst{W d}(ﬂ © 1. -, wuCt
sjittdBduiMSdn bjrndsdsed? §isdlkyd df s 6 2B s n i§H© dddz 5 yols s
d ydtestsddw. 1tjHds)]jd Yok diz%ydt OLﬂsgamtsLstsqus@cdzd
Isjteddsd i MSts2 Isjrndetsdzse dd Qs Bz dzd)\© dze tz 8 oufifXisitoc tsu ISl Is O das s Ote § ok
ftoedd3j dzgj dedy S Blsttesets fBrotsizde. o imdlead i + ¥ RSafsH O ftod
dzsmls! dBOcded jlsjtedsdyj MCts2B-Isj ASdets @O J f -f'ts kit R Rdz§ X © Llpdsi se, 19
yoltsets yduSsddw, vyt BiHjBSOEEHEHso cd @6l Grhrm , 10k
Rt Codl bkt dsshng sihtse dzts fids d @@QE} T&‘é%ﬁﬂ%‘f@ls 5§ b dtath By @ Q@fzg ded v )
¢t yYydweStddy @O Kdiess sd0 tsrdziﬁg dZ'SI%_BB%b, q‘ff{fg(%ﬁéé’& Buollsztsftsm
o dMd & kods uise @ ks ksl 8 BF  CE8 D7 sstghlzdztsa o
Byyd » MO st. ®jlsOddte: Fujsdds How kLo f
LEAMES GdljEObEer  SOPELECdY Yo bW R dbowdsoe. |
1. vsOteOMmtse ¢ . 1. [ ilsOdzizztce dw Bdgd@d@ 5>[1:, RsddzcWpiSd®rm 1 . 1. U
BCdzdcOe, 2003. 328 f. dZO TS to 15 A @ bldad S50 Isj 3 j 2O ter
2. [ jsOdkzdzztee v ydwltsddw d cowdzaﬂgmtsp NPEoL &g $o s YOSBE s lsq’ls
l1dGite J.c., r;dzq’fr]tsao 1 - P WL QR dzC t dzl$ to ts dzdg o J.3430. Q0Ddz 9 .
I.¢., 1JnQdsSHd'® dfdz 1J..,] ., Afdﬂﬁ25791/as¢062019676
[ jlsOdkzdzzteedw, 1979. 208 ). 19.sdteddz 5.1 ., vdasigpe b. dj.-, 1 @ dds.
3./0cdedjlsjtedsdw toj HSdR d3j Is Odzdztsdrd jd dgjnls SpftadaO oldsjots td  df tdifdmn e H dzw
r.1., Jjoadise r.[ ., [dilsCtdaj ddy .Isjf @Bty jte] dasdhpisds ff to
COBMS 2 ROcdzdjor 2 LOotH. ubldfOdmEs? 20RACd 188 GOcddw d =nd
4. t sMOsdR Mo jteh ddz ydieSsdedj or R Wleists’ and/dgd W /S @ d fls] JEOdS dzts ¢ o W
G OL j WRL: https://www.ng.ru/economics/202D- 2021. "28.DOI:d0.16593/2229400/2021.4.02.
05/100_175205102021. html (OOl SBED" S&EhUDIZJV 4 . RORM) MO o

5, 1 859 0% IsjrndsdzsedYy §sdizyjfigdedy qaci@Gsiyets ({isdls@®dzdls/ dzOtc®. s dtcd dz
sdls: 1 CMfstels WHjtodzse s URLs Y dzdlo JOS § J to b df tc @ tzO lt‘sﬂJ]@Isisd301$qSLqu’W

https://stranaosatom.ru/2021/10/08/novayehrologiya cdd. 200 89 T6. H.
polucheniyac i r koni ya/ (HOLO tBtcQ@lg daddf dz2 3. 2 2400 H._[ O-s tsdzls tet

6. usotej d3j dede’ | dzOf tcOo dzj dzd Wd fr]tsatg@;mdaﬂzﬁjbdzsa{@dkdﬁwﬂsddstq’GsMO%dzOq’tsc[Btstsr
sdw ftoesdLoatsHMisa O kB yYyoldsets fdsdlsPdzO U ff @[asdigdziquj.,l.SquzlstGlsdzJ,
btsdzMCd2 ¢. 4., 14SSite 1.A. d H2. -68./ 5581’15 2003. - 2(13).
g. -16.1 2.sdteddz 5.1 ., stsOJa g. ] . 1 GSHH] oY

7.1 4 Sslstste’ § tod L zdds dstOds® dzfiy s o ff] s \j HAlig@ o dzj dzd d € tsdzH § dzf) O Is 5@t d3 of {
fsdzyd dedv ckByObtsets IsdlsOdzO tOYdd . cRgig@asct. sdlsDgO-&, | jfil
6.1 . 1ObsdM¢d2 d Ht. [/ Ao jBimlo lziz@irds 2128 0 q &. 11@. 146
d . 94 B 1.2932..

8. ulsOdzjls dzd IsdlsOdz Hjh jodzj - L Bglefte@z [ 5 fi ot jsCddaf ov@itsotc O 1 . 1 . H
tcOBtslsCd dagi ftciter oadets? Isj n dzts dztsmtfdia(O o dgE) cilelfdj IS todd judeMm@ Istststaly Of §f O
ftesdL o sHMise.0f .Is d[lstofdaPdzts ), &4 & . JteOydad PSSO tsets dlsOdzO [/ / 1 s
r.1l. ltwklsySse d Hte. [f20. vdsO8d. ZBB80L5. ~3(49). wuw.14

9./ dMmissf OH 1. ¢. uvMte jteh j dzgnlsH.bEOBdzd 2 0 BZOT UA[ | s fpfzff2uin ¢ OM2 A j H ] teC
Mitses sy MMO §odkzyd ddv kgtfofiipes ¢ e YBisddzts? M juiG@EEydd ¢k

BET T T T 77T 77 7T 77 7 i 7 i i i v i i v i i yr v ilijifylsided & 1 [iRi.g U i=PigbeiQ 21 BT T 7



sdteddz 5.

sdteddz; LOwoedlsjdz d { Olsj dzls s stanur® prallsciiodTitan [Tjtasigm], d20fLS; (3(495): TR 2
Isdls@@Es dzd j o 7 2 Cs&B g azehk 7 @-/'OZ(InRu:ns)
wodz. 03.02.1993; ffksd 20 .91Ustofad B.A..Improvedent of tBes magnétermal po-
251 0Ols. 2061774 {tMmd2mM¢ Ow . A j Hgeds Bnphtaining dpdnge titdhiird iB orderdtd rdd@centhe |
s smMB@8zbddzs?2 MJj f OteOydd ¢ ks ytéks & ienpuritissdrekondiaicheskiydbaudit i rezervyopr
sdtcddz;, LOwWoadlsjdz d ¢ Olsj dzls s tuzalisiva [Ddshnapgy dudit agd) preducfioh reserves],
i sds@B@sded jor 2 Ctsd3BddzOs®- ~ 2012;B0(%))31814. 5in Russ.) L
wodz. 16.03.1993; fksdz 10. A6 Pelrd0LE5., Lysak \d&/., Malkbw E.V. Assessment of the
6.t s d&3j MisdzO™ tcOL OB BISC O Isjj-n dzstiatend rarkef inthed dgiseft dgeopolitiatcedarazment.
dzd v 9 OF ki d3dzs2lz By GflsOtas@sy disi Rls © dz@rolflemy .eRspertizg v avtomobildorozhnoy otrasli
teddz, ¢.1. 1 Obtsdmcd2, 1.dq-. 1 [Préblemsofedpertistsin the/altombtigechpdsaad indwabtryfi
flsj d3r . Vi teOo dzj dzd 4 , C ts dzls to ts d2022;(4(5)): 1RAD IdARuUBEIS d € O. 2007.
9L 1. 7 11. Mastushkin M.Yu., Kusakina Yu.N. Solving the problem of
27.C dzj e tsfmB jtoj O h dj ted ) dd3r str@rsitotz wg dzte® modelj of pibduetigithightech pral-
GkBYyOlstsets IsdlsOdzO / w. [ . 1 4 d3qgtd(agispthe edample.of titarfuih wldgdezhdurtardl .
sdted dz, td!. widztbosfdsdztsH j ¥ dzOW  dzO kz RiyOnawehndssBdovatelskify zhurndinternational Scie-
toj edtsdetse : -WOMpEOM ¢sdi- MidicRegeanb toarnalf 2083;(3(105)):1889. (In Russ.)
ZsH" 7 EyddZ@ fn (1 jtjLdd S d)- 2BGa@iids Y.4zv Petukd 4A)N., Galitgkig dit.V:, Olesov
ejLddCtsomMCd2 Wddzd Odz ) | wlsid, dz@wG., SduigieydRiAdTitan [Titacizels Mescaw: Metls
2 01 4213216. lurgiya, 1983, 559 p. (In Russ.)
28.sdteddz 5.1 ., s dtct v dats od LIS dsdls. j13. Rezdichankizty #\., Ustinay V.S.) Karyazin I.A., Khalimov
fjtcOkztedzOW o 0OCEZEZBERZOY Mmj § Otc ®H.cKhimicheskays Gkhisaibtiya titafi@henizal teh-/
1 Oz dsdgtss dzed ud MEd2 o J Misded € 1 tsansldgy ofvitaniung). MMdsdow: Nauka, 51983, 245 p. (In
4 227-229. Russ.)
29.sdteddz 5.1., 1ji€Cite 1. A.d- 14ORedyakin ¥.Y.2Geger V.E., Skygeiuk ty t§@agniete-
sdzdzOv Y SHH YO Ekftc0o dzjdelzd v nikchefkdesmoizvaypstio jgybdhdgtends titdvilsgnetothe:
Hy dzZMOIststc® o (tetsdL o sH/Mishd j Mlis dagalprodadian sf spsngdstitmz®]. Moscow: Metallurgiya,
40O saMEtSE s GisMizH Otels ogj- dzdzts1974, 216 p. AndRdise.) MS s6 s kzdzd 9 §
MmMdlsjlsOG. 20@48. -~ 1(37). & 15 Aleksandrovskiy S.V., Titarenko A.l., Cherepanova E.A.

Povedenie kisloroda pri proizvodstve gubchatogo titana
References [The behavior of oxygen in the production of spongeititan

1 T AV Metallurgiva ti Metall f titaniuml. um]. Moscow: Tsvetmet, 1989, Iss.1,_52 p. (In Russ.)
Magssgv\\//: IKC Af:dz:ggrﬁggaggggeggrg%ﬂ Ighirg.l;m] 16. Kirin Yu.P., Bekker V.F, _Zatonskly A.VSpvmestnoe .

2. Baryshnikov N.V., Geger §/E benisova N.DXazain proektirovanie tekhnologii i sistemy upravleniya vakuumnoj
AA., Kozhemyakin VA, Nekhamkin LG., Rodyakin ~ Separaisiey gubchalogo ftana: ruymaflya [Joint design =

’ i i ) technology and control system for vacuum separation o
V.V., Tsylov Yu.A. Metallurgiya tsirkoniya i gafniygMet 0 . 9 T )
allurgy of zirconium and hafnium]. Moscow: Metallurgiya, slpoigge titanium: monograph]. Perm: PNRPU, 2008, 124 p.
1979, 208 p. (In Russ.) (In X uss.) . .

3. Drobot D.V., Melnikov D.L., Detkov P.G., Nechaev V.N, 17-Z€lkman AN., Korshunov B.G.Metallurgiya redkin
Magnieermiya redkih metallov i ih splavoyMagne- metdl o v : u ﬁl\r/} N &n ! Ir(a dl }’la‘. v lﬁ'z I? v
tothermy of rare metals and their alloys]. Solikamsk: yat svetny [. etakutgiaol rare metals: a textboo
Solikamskiy magnieviy zavod, 2021, 172 p. (In Russ.) for universities specializing in Metallurgy of néerrous

4. Rosatom has made a zirconium breakthrobigizavisira- metals]. Moscow: Metallurgiya, 1991, 432 p. (In Russ.)
ya gazeta [Independent NewspaperfmAvailable: 18.Kirin Yu.P., Bilfeld N.V., Tikhonov V.A. Robust adjts

https:/vww.ng.ru/economics/20210- ment of the temperature caviter of the sponge titanium

05/100_175205102021.html (Accessed April 23, 2024). ;’acu[‘l”g SeF_’alra“O“ pfocgﬁomylshlennye AS(ljJ i kont*uo |
5. The new zirconium production technology will increase the 'S Lindustrial automated control systems and controllers},

export of nuclear IOfuel. Strana Ros%¥om [A country,  2019:(6):310. (In Russ.pOI: 10.25791/asu.06.2019.676.

Rosatom] Available: https://strana 19.Kirin Yu.P., Tikhonov V.A., Angelher A.Yu. Application

rosatom.ru/2021/10/08/novajemologiyapolucheniya of drying theory meth(_)ds for the study gnd control O.f heat

cirkoniya/ (Accessed April 23, 2024). and mass transfer during vacuum cleaning of sponge titan
6. Kirin Yu.P., Zatonskiy A.V.,’Bekker V.F. et al. Modern um_from magnesium and magnesium chlorltsﬂestnlk_

directions of improvement and development of sponge tit P NIPU. Khimicheskaya tekhnologiya i biotekhnologiya

; P o . Py [Bulletin of PNRPU. Chemical techn@g and biotechrie
gﬂ;ns.g)roducnon.'ﬂtan [Titanium], 2003;(2(13)):1416. (In ogyl,  2021: (4y1728.  DOL: 10.15593/2224

. - 9400/2021.4.02. (In Russ.)

7. Kirin Yu.P., BekkerV.F., Zatonskij A.V. Some results of A - _
improving the process of obtaining sponge titanilisve- 20.Kirin Yu.P., Zatonskiy A.V., Bekker V.F et_ al. Criteria for_
nye metally [Non-ferrous metals], 2009;(12):984. (In the end of the'proqess' of vacuum separation of"spoage it
Russ.) ' ' nium. Avtomatizatsiya i sovremennye tekhnolfgiitoma-

8. Lupinos S.M., Grishchenko S.B., Prutckov D.V. et al. Will 21 ':i((_)r_] a?(d nF;lodsrn tecgnLoI(é?ieﬁp(I)a(fB):G-g. (InRuss.) . ¢
titanium become cheaper tomorrow? On thespects of -Kinn Yu.P., Kraev S.L. Control of vacuum separation 0

developing a continuous technology for magtirymal i- sp_onge_ti_tanium in auton_nated process control systems.
ping 9y g Pribory i sistemy. Upravlenie, kontrol, diagnost[kzevices

1.

www.vestnikmagturu 7 T T T T T T T T T T VTTT VT TT T TTTVTTT VT TTT TN YTTT T TT T RGN



frodf [ otratRcEd sA\RIMT SIRMS O [ [ |

and systems. Management, omitoring,
2015;(2):5863. (In Russ.)

22.Kirin Yu.P., Kraev S.L. Decision support in the capacitor27.
management of the sponge titanium vacuum separgtion a
paratusVestnik Kostromskogo gosudarstvennogo uriivers
teta im. N.A. NekrasoviBulletin of Kostroma State Un
versity named after N.A. Nekrasov], 2013;(1)32 (In
Russ.)

23.Kirin Yu.P., Kiryanov V.V. Improvement of condenser
control of the sponge titanium vacuum separation apparatus.
Noviy universitefNew university], 2015;(21):26-30. (In
Russ)

24.Kirin Yu.P. Sposob vakuumnoy separatsii gubchatdgo t
tana [The method of vacuum separation of spongy ititan
um). Patent RF, No. 2070593, 1996.

25.Kirin Yu.P. Sposob vakuumnoy separatsii gubchatdgo t

tana [The method of vacuum separation of spongy ititan 29.

um]. Patent RF, No. 2061774, 1996.

Kirin Yu.P., Zatonskiy A.V., Bekker V.F. et al. Joint deve

opment of technology and control system for vacuura-sep

ration of sponge titaniunPribory i sistemy. Upravlenie,

diagnostics],

28.

26.

1 s fyls 2 §806RaR:;

kontrol, diagnostika[Devices and systems. Managemen
monitoring, diagnostics], 2007;(9)I0. (In Russ.)

Nemchinov S.M., Tihonov V.A., Kirin Yu.P., Kiryanov
V.V. Energysaving modes of vacuum separation of sponge
titanium. Molodezhnaya nauka v razvitii regionov: mater
aly 4y Vseros. konf. studentov i mdyh uchenyliYouth
science in the development of regions. Proceedings of the
4" All-Russian Conference of Students and YoungnScie
tists]. Perm: Bereznikovsky branch of Perm Nationet R
search Polytechnic University, 2014, pp13216. (In
Russ.)

Kirin Yu.P., Kiryanov V.V., Tikhonov V.A. Low
temperature vacuum separation of sponge titanNand-

no tekhnicheskiy vestnik Povolzhj&cientific and Tel-
nical Bulletin of the Volga region], 2014;(5):2229. (In
Russ.)

Kirin Yu.P., Bekker V.F., Zatonskiy A.V. formation sp-

port for the control of the thermal regime of the condenser
in the production of sponge titaniuMestnik Saratovskogo
gosudarstvennogo tekhnicheskogo universj@tdletin of

the Saratov State Technical University], 2009;(1(373):84
86.(In Russ.)

fieddvlsO C00p.20850zd € Ol &l dEP.06REZD dzO

Submitted28/06/2024; revised1(/02/2025; published30/06/2025

sdweddz Sted?
1 jtey
1dtwejLddCd, tshmdw.

Email: u.p.kirin@yandexru.
Yuriy P. Kirin 7 PhD(Eng), Associate Professor, Senior

196®Esd@ls Isjndduyimcdn
L dzd € 50 TR iSO Oy s O d dascts dmMmdzj Hise Ol j dz MCSE s

@OES, HBYjds, fMsowhd

Researcher,

Berezniki Branch of Perm National Research Polytechnic UntyeBgrezniki Russia

Email: u.p.kirin@yandexru.

eCT T T 7T1TTT7T7T1TT7T71T 17T 7717177777177 7170

Tl IJ Ifl’] Isi dZCfI (NI ,[IR{IU L:I']_ 'I'WB]'QTBZT PBIT T



J]JtOmMy o w.¢., | ZOLSOO s.1., skttsyt dd

ISSN 19952732 (Print), 2418003 (Online)
U $69;66.061.34; 66.065.2
DOI: 10.18503/1998732202%5-23-2-61-70

Pflovuvy ft rRYJJravensRID tfcf?r3am1ofdf ¢
RYT AJuaanf i RIud W\l Y3 frulrd

J]JtOmMy o w.¢., | dZOLBOO s.1., sktsySddz rR. [., skLdzy
vOdK blsjteBkteeMS 2 cEtedd 2 kded o | telfyd e jOlsplskidy 5j letOds,tc iy iy £OIs § to d dz'

¢ dzdzs s ONEMIsSOdes0 CO L OHOU] ( OCk®ED Gk’ ZGObEBE sofes(d [ &
i dz b j2 dbiddy "EMY BEEFEBO0O fosdLobHMiss O WEMWskds?2 Cdhdslks
Bsdz hddzhise j Mdzuyoje wOMfesmlsicOds ds jet RtOdzj dedj® slsCter Is
hj2 MejHT, d&OLlkh jddj J Mmisjviswy)jdest s6 sxpis dodkstOs  Jdzjitstiss] jto) dz

dzr &3, bkttse jdz kisddzdLOoydd WshHysecdfmMO MjesHdY MmO dv jls
0,1 HB 0, 9% tjHCtL jdgjd! dg" m { dzj d3j dzstse, yYlsts foLotsdw jls to
LIRd a3 s Agrdias o .o @BDIgrh. j dzdj Stdif dzj SMdesmisd  j toj @ QedEdsCdgl -df =i W t
SsHsd LO Mujl ftweadzyg dzdv HBY tsdzdedlsj dz' detse s fosrRiBE @ -1vlz 9 dH
B J B gedy NEd?2 MsMisOs tBteOL yion WdthfijiisoetftaftipO tff tefjtaits] Hdizj Sdis
L d3dMid sdedzts?2 MY j Clstetsd3y Isted di, i3 dgtista WsEzEpCdodzd stz ¥ t§ @ d JLipd) € Is tots o
dHjdZsd¥ S Oydw MOHS e tdjdiSlss vkl dis fzizE ¢ joRpEsiOitixirges dnd)jy dz® dzts ¢
ltGBdLSJHJdZOO(DlﬁISﬂ&f@J@dMYELdZ@GIS BjIsSHO dzO tsBtOL YyoOrn W scdi
st dL YshMisttdsO d OfOldlkO; fodzyj ddsets ft HJGCHHEOIS dt
f sdzlz u d Olzd;tidzﬂﬂil-lﬁﬁﬁHJdZJ dz' L dzOyd ded ™ fMlsj § jyddd Sots dgeQjtdmfisridyO Isf £ dD d
SBKOL ytse Isjndetsce j dzda® Bts 4 Wols W w20d fsif@zse Délzd4] + S MY J tod d3d dzls O dz' ©

ded dLodzj ujded™ tojHCGL & d& & BjlsOdkdss o ©Ofss Stes{ Misj §
flsOo d ®8 5B%B: jfid j oddiod Odzls’ HOM dgj 2N j 65 oF Hj dzj ded™ 16 HE &
o' hjdzOudoe OdzdY L O Mmujls MO HJ ded v INte@6Cjlsddjup) S O dz¢f JoEOMEWIsstdndst:
st difdj Hise Odzd2 cisclkls B'Is! fod®i dj dz HEY O kOESS &
hjdzsydy 8 B3 sBH IS
S il @Mt scdy M, ©jHCEL jdjd d j | dj k) ds', &OdsodsdH:"
hj dzOudoe Odzd §
E JjttOmMyos w.¢., | &ZOLBO9O s.1., sktwsyStdd RrR. |
[ &z ydldtetse Oded W

) S blsdas dta jordEjtoyjjdedijdz dz T 4 dzj dij dzls 5 e-h i dzts Y deiydl S sl I 6O & Ot B
ttOMmy o, $. T - | ZOL 590, R.[. skt yCS didj MisldedIC. [sCzldad]lsyssgets to k.
dzsets Isjrndzdy MEtsets Izdzq’a 4 6 d2As3.12.0° &d-18. https//dararg/1q.185093819997322 0 2 5 .
202523-2-61-70

@ ©) s tsdzlsy HAgls if fsgrdzy j daCrehtjv@ Commons Attribution 4.0 License.

The content is available under Creative Commons AttributiOrLi€ense.

UAYATYAYZEESY daT1 @ g g = To | 4 1 {0 Y I N I Y N Y Y I I 5% O A O


https://doi.org/10.18503/1995-2732-2025-23-2-
https://doi.org/10.18503/1995-2732-2025-23-2-

frodf [ otratRcEd sA\RIMT SIRMS O [ [ |

ASSOCIATED RARE EARTH ELEMENTS EXTRACTIO N FROM
PHOSPHOGYPSUM BY CARBONATE -ALKALINE METHOD

Gerasev S.A., Glazova K.D., Kurochkin 1.0., Kuznetsov V.V., Litvinova T.E.
Empress Catherine 1l Saint Petersburg Mining University, Saint PetersbusgiaRus

Abstract Problem Statement (Relevance)t least 500 million tonnes of phosphogypsum-flsgduct of phosphoric acid

and phosphate fertilizer technology) are in Russian dumps. In most cases, it is common to store phosphogypsum by open
method, which ingtably leads to environmental pollution, disturbance of the natural landscape and loss of vatmable co
ponents. According to literary data, the level of phosphogypsum utilization today is approxintateBhtsphogypsum
consists of from 0.1 % to 0.9 % thfe rare earths, consequently it is an available secondary source of theseOhjtels.

tive is an increasing of phosphogypsum processing level by carbalkatane method due to obtainining an additional
rare earth producMethods Applied. Chemical compsition of phosphogypsum samples and productive solutions was
determined by ICP analysis, the morphology of phosphogypsoynSEM, and the rare earth metal sediments ideatific
tion1 by XRF analysisOriginality. Carbonatealkaline method approbation wearried using different originated o
phogypsum samples (formed from phosphorite and apatite; obtained by dihydrate ahgdsataitechnology; dumped

and freshly obtainedResult. Conversion level of calcium sulphate into calcium carbonate was de¢erfointechnoge

ic phosphogypsum samples and was 9884 %; based on experimental data obtained degree of rare earth metals extra
tion into solution was 561%8.2% for sum rare earth; variants of further rare earth metals extraction from leaching solution
by sedimentation with oxalic or phosphoric acid were propd3edtical Relevance Scientific results can be applied for
development of phosphogypsum utilization technology by carbaticaéine method.

Keywords phosphogypsum, rare earth elements, kamithes, carbonate complexes, conversion, leaching
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Table 1. Chemical composition of different originated phosphogypsum samples, wt. %

1 BB md 3duj &2 fpsflsOs, d&3OM.

spwg 464y [MBBJ dds—FFT55 PO, | SO | FeO, | ALO; | LnO,
1 | sqdediidedneols (| 4,39 | 5597 | 1,73 | 022 | 0,19 018 | 032
2 |sddsdh mg J.qff; éﬁd‘zé 4101 | 5568 | 249 | 0720 0,19 0,10 | 0,33
3 | viwify mlaﬁd:'j‘ij“fs”dzt‘; 3870 | 5839 | 162 | 057 | 0,40 011 | 021
4 | viwigy ol j ‘j g tt‘;(jzl 3859 | 5852 | 1,67 | 051 | 042 011 | 0,18
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Table 2. Rare earth elements content in diéf@ originated phosphogypsum samples, wt. %

Soun| ldcds [nse ) dm s g st TS R L
1 | sddzdh (r‘sqls‘;aqo” d:f( 0,10 0,09 0,05 0,03 0,04 0,01
2 | sddedf, 5 i j qﬁ '?stﬁz( 0,09 0,09 0,03 0,03 0,06 0,03
3 | viwify mlstid)lz'j?c{s”d 0,08 0,01 0,03 0,01 0,05 - 0,03
4 | viwejgy fnL j ‘j j ; t;i 0,07 0,01 0,02 0,02 0,04 - 0,02
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View field: 100 pm
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Fig. 1. Images of different originated phosphogypsum sam@iesample 18 is sapmple 29 is sample 3gis sample 4
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Fig. 3. Degree of rare earth metals extraction from different originated phosphogypsum
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COMPLEX OXIDE CERAMI CS OF RARE EARTH ELEMENTS
FOR NUCLEAR REACTORS

Sharipzyanova G.Kh.
Moscow Polytechnic University, Moscow, Russia

¢ dzsids © yThe article is devoted to the problem of improving the operational performance of nuclear reactor systems,
the relevance of which increases with the development of scientific, technical and technological poogrexfsthe
conditions for the sue&ssful use of ceramic materials as absorbing elements for thermal neutron reactors is a detailed
study of their microstructure and operational propertiEsamics based on hafnates and oxides of rare earth elements
under certain conditions shows high hessistance and radiation resistance, therefore, in order to achieve optimal reg
latory operational characteristics of the materials used, it is extremely important to control the conditions for obtaining
complex oxide ceramics, which allows obtaining &fghase structures with high density and an ideal fluorite lattice in

these conditions. Such an approach to solving the problem at the design stage not only improves the absorbing prope
ties of materials, but also significantly increases their servieautitler high temperatures and neutron irradiatien. R

search shows that adding certain rare earth metal oxides improves the mechanical properties of materials, making them
more durable and efficient. Further development of this area opens up new horizomsréwing the safety and &ff

ciency of nuclear power. The materials of the article are of interest in modernizing technological processes of nuclear
technologies at the design and initial development stage, as well as in training highly qualifieistpanilordinary

readers. The results obtained in the course of complex studies require further understanding. The results of the studies
also showed that dysprosium hafnate, like other materials with a disordered structure, have high radiation. i¢sistance
has been established that a change in composition determines synthesis, and the use of various methodsrallows obtai
ing materials with differentiated properties, which directly affects the physical and operational characteristics.
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MATERIAL COMPOSITION OF SLAG FROM THE SREDNEURAL SK
COPPER SMELTER

Erokhin Yu.V., Kozlov P.S., Zakharov A.V., Shiryaev P.B., Leonova L.V.
Institute of Geology and Geochemistry, RAS Ural Branch, Yekaterinburg, Russia

Abstract Problem Statement (Relevance)The Sredneuralsk Copper Smelter is a major produdalack copper, sulfuric

acid and superphokate fertilizers. Over almost 100 years of operation, the plant has accumulated a huge amount of slag,
including copper smelting production. At the moment, the plant is actively processidixeqdast) slags, extracting sulfide
concentrate with precisumetals from them. As a result of crushing, new waste masses are formed at the plant in the form of
dusty black slag. Further utilization of these masses requires a detailed understanding of the mineral compositigs.of the sla
Unfortunately, the mateti@womposition of the SUCS slags obtained by previous researchers looks quite contradictory and
requires revisionObjectives. Study of the material (mineral) composition of slags from the Sredneuralsk copper smelter o
tained during the smelting of coppiiphide oresMethods Applied. The chemical composition of the slag was determined

using an XRF 1800 Xay fluorescence wave spectrometer from Shimadzu, and the composition of the mineralsrwas dete
mined using a TESCAN MIRA LMS, S6123 scanning electromaagope with an INCA Energy 450-Max 80 energy a

persive device from Oxford Instrumei@#&G UBr RAS) The latter device was also used to take photographs of the minerals.
Originality . The examination of the material composition of slags was carriedsmg the modern nomenclature of the
Commission on New Minerals of the International Mineralogical Association and using the methods of classical mineralogy.
Results.We have examined and supplemented the mineralogy of cast slags of the Sredneuralsknetigpelt has been
established that they are composed of fayalite and ferrous augite with the presence of magnetite, glass and chrome spinelide
(chromite and magnesiochromite). The sulfide component is mainly represented by cubanite and bornie, bgsislaite,

sphalerite, galena and -Amalogue of cubanite. In addition, arserstlbnide mineralization is noted, composed of
breithauptite, westerveldite, cuprostibite and allargentum. Metals and intermetallides are respectively represented by copper
and auricupridePractical RelevanceThe studied copper slags are sent for additional processing, since they contain a large
amount of copper and zinc sulfides, as well as an admixture of gold and silver. At the same time, magnetite concentrate can b
extracted from these slags, which will reduce the volume of waste dumps by 20%. In general, dusty slags can be considered as
manmadeiron ore. Unfortunately, the technologies for extracting iron from silicates are still too expensive, but if to take into
aacount the zinc, copper and other elements that are extracted along the way, then perhaps it will become profitable.

Keywords fayalite, augite, magnetite, sulfides, mineralogy, slags, Sredneuralsk Copper Smelter
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Table 1. Chemical composition of fayalite and augite, %t.

édt;g% Sio, Cr,0; Al,O3 FeO CuO ZnO MgO CaO 2 i3d3
AOW dzd Is
1 29,89 - 66,59 - 1,37 1,37 0,78 100
2 29,49 0,48 64,17 0,30 2,16 2,19 1,21 100
3 2986 0,30 62,78 0,36 2,65 2,61 1,44 100
4 2944 0,49 62,96 0,60 3,08 2,74 0,69 100
dbocdls
5 43,43 2,79 450 28,69 - 1,05 1,90 17,64 100
6 43,55 2,45 4,40 28,13 - 1,30 1,79 18,38 100
7 4453 2,14 3,45 28,19 - 1,58 1,95 18,16 100
8 45,94 1,37 3,15 26,98 - 1,82 2,62 18,12 100
stedfmlsOdzdzsrn dd3sd ud MSEdJ W tstedslz dzr fiteifmujlsy d© ¢
1 (Fe1.8MJ0.0ZN0.08C3,092.0d Siz.0d04]
2 (Fey7dMd0.112N0.05C .04, 01)2.0d (Sio.08Al 0.091.0094]
3 (FeL7aMd0.19ZN0.07/C8.08C W.00)2.0d (Sio.0AA 0.001.0004]
4 (FeL78Mg0.142N0.06C 8,04 W0.00)2.0d (Sio.08Al 0.02)1.0004]
5 (Cay.7d@.291.0dF€.7dM90.12C10.06ZM0.09) 1.0d (Si1. 767l 0.22) 2.006]
6 (Can.siFen.191.0dF€.7M90.11Cr0.082N0.04)1.0d (Si1.76Al 0.292.0006]
7 (Cay.sd.201.0dF€.78V190.1C10.0#ZN0.08)1.0d (Si1.887 0,17 2.006]
8 (Cay.7dF@.201.0dF€.78M0.16ZM0.06C 0.0 1.01 (Si1.84A 0.15)1.606]
s OB dZdMOOBdyud MSd2 MtsMisOe% h§f ddzj dzdH O, BzO0M.
Table 2 Chemical composition of spinelides, \#t.
(.!') dzgsé S|Oz T|02 Al 5,03 Cr,03 Fe0, FeO Zn0O MgO CaO Iz d3d3
[ Ocdzj IsdIs
1 0,78 1,30 5,49 - 60,37 28,86 2,74 0,19 99,73
2 0,98 1,18 5,29 1,11 59,33 29,24 2,73 - - 99,86
3 0,63 0,25 8,42 10,85 47,03 28,69 2,78 1,19 - 99,84
4 0,44 1,19 6,24 20,22 3940 27,25 4,32 0,74 0,28 100,08
mtets d3d Is
5 1,43 0,41 6,03 47,24 13,25 23,71 6,08 2,08 0,20 100,43
6 1,21 7,21 57,54 4,57 18,68 5,08 6,28 - 100,57
[ Ocudgfsn s3] Is
7 0,55 7,73 63,15 1,86 11,57 3,31 12,12 100,29
8 0,48 8,15 66,14 1,75 2,82 - 20,94 - 99,28
stedflsOdzdzsn ddB3d ug MSdj Wistedslzdzr o f§jtejfpujlsy dz
1 (Fey.91Zn0.eCay.01)1.00(F€L60Al 0.24T10.04510.03)2.0004
2 (F&.92ZN0.8) 1.00(F€167A1 0.23510.04Cr0.03T10.09)2.0004
3 (Fen.67ZN0.6MJ0.08) 1.01(F€1.20Al 0.36CT0.31Slp.02 T 0.00) 1.0d04
4 (Fen.84ZN0.1M0.04C 8 09)1.01(F€1.08CT0.50Al 0.27T i 0,050 02)1.0004
5 (F&.71ZN0.16MJ0.11C 090.06(Cr 38F & 36Al 0265005 T 10.01)2.0104
6 (Fén.54M do.32ZN0.13)0.9( Cri.56Al 0.20F €0.12510.04)2.0104
7 (Mgo.60-€n.32ZN0.08)0.99( Cri.63Al 0.30F €0.05510.02)2.0004
8 (Mgo.08€.07)0.9d(Cr164Al 0.30F €,04Si0.02)2.0004
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PROVIDIN G THE ACCURACY OF THE THREAD DURING MILLIN G
BASED ON THE CALCULATIO N OF THE MOVEMEN T
OF THE TOOL SETUP

Malkov O.V., Karelskiy A.S.

Bauman Moscow State Technical University, Moscow, Russia

Abstract Problem Statement (Relevance For the manufactureof internalthreads threadmilling cutteris usedasthe
mostflexible and versatileprocessingnmethod,which is not inferior in performanceo tap processingTo achievethe
highestproductivity, the threadshouldbe processedor its entirelengthwith toolsin one completerevolutionaround
thethreadaxis,asaresultof whichthe angularandradialmovemenbf theendof thetool increaseslueto its cantilever
attachmentn thetool setupandthe mismatchof the axesof thetod andthe thread.This is the reasonfor the appea
anceof ataperthreadunderthe actionof the cutting force, the forecastingof which will allow you todeterminethe ge-
ometric parameter®f the newtool, aswell asadjustthe parameter®f the cutting modeto obtaina threadof a given
accuracy.Objective. Is to developa theoreticalmodel for calculatingthe taperof the thread,basedon a theoretical
modelof the cutting force duringthreadmilling with threadcutters.Methods Applied. Thetheoreticalimodelof thread
taperafter threadingwasimplementedn the PTC MathcadPrime 3.1 program.Originality . The sequencef calcub-
tion of thetaperof theinternalmetric threadformedduring radialandangulardisplacemenbf thetool adjustmentue
to theforceinteractionof thetool with the workpieceis proposedThe calculationusesa previouslydevelopedheorei-
cal modelfor calculatingthe component®of force whenthreadingwith athreadcutter,andalsotakes intoaccountthe
influenceof atool adustmentcontaininga collet chuck.Result. The efficiency of the proposedheoreticalmodelfor
calculatingtaperwhenmilling with threadcuttersis confirmedby acomparativeanalysisof the calculatedapervalues
with experimentallata,which showeda similar trend.Practical Relevance Theresultsof a computationakxperiment
usingcomparativeanalysiswith experimentatlataon the taperof realthreadsampleshowedthatthe maximumcalou-
latedtapervaluesexceedhe experimentalalues,and may be a limitation for solving optimizationproblemswhende-
signinga newtool usingthe proposectalculationmethodology.

Keywords thread milling, thread milling cutter, cutting force, modelitaperof thethread cut layer
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Fig. 1. Calculationscheméfor determiningtheradialandangulardisplacementf thetool adjustment
lis colletchuck 2 is threadmilling cutter,3 is theresultingthread 4 is threadolerancdfield, 5 is distortion
of the threagrofile along thethreadlengthl atpointa, 6 aredistortionof thethreadprofile atthe beginning
of thethreadat pointb
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FEATURES OF STRUCTURE FORMATION AND TEMP ORARY CHANGES
OF MECHANICAL PROPER TIES OF HOT-ROLLED REINFORCING
BARS MADE OF STEEL 25G2S

SychkovA.B.%, Zavalitshin A.N.%, AtangulovaG.Ya.?, Malashkin S.02, Shecsheei.A.*, KasimovD.T.!

'Nosov Magnitogorsk statedenical universityMagnitogorskRussia
LLC ¢l E TSseé, Ufa, Russia
PlastrifeRusiaLLC, Pl ast,

Abstract.Problem Statement Relevanceg. In the practice of production of reinforcing rolled products, bothralbed

and thermally strengthened accogliio the scheme of interrupted or intermittent (thermal cycling technology) luenc

ing with selftempering using the heat of pr@l heating in the flow of section mills, a number of features of the fo
mation of the microstructure and variability over timfethe mechanical properties of the reinforcement are observed.
Objective. Establishment of patterns of changes in the properties of reinforcing bars over time. Developmelmt of met
ods forreliablecertification of rolled metal productdethods used.Resarch methods used were retesting the prope

ties of rolled products at certain intervals, as well as determining the microstructure of rolled pidewetsss.The

newless lies in the establishment of patterns of changes in the meclpaopeaties ofeinforcing bars over time, pr

dicting the achievement of the level of characteristics over time depending on the production-gtlegmeduction of
reinforcement in a hatlled state and with heat strengtheniResults. The physical reasons for the iaility of me-

chanical properties over time include: hydrogen reversible embrittlement of carbon aaltbled steels with marg

nese and silicon; hydrogen aging, especially of reinforcement produced in twdldubistate, which consists in rexu

ing theyield strength values in such metal (in some cases below standard values) and the ratio of the yield strength to
the temporary tensile strength. This is facilitated by high temperatures at the end of rolling, which cause the formation
of large austeniti@nd then actual grains. Hydrogen aging is that withRhv2eeks from the date of the initial test, the
values of the yield strength and the ratio of the yield strength to the temporary tensile strength are significantly reduced
by 5560 MPa and to 0.58.50, respectively, and is due to the fact that in the process of diffusion release of hydrogen
from micropores and Atrapso, including structural ones
released and plasticity increases localybsequently, over time (up to 1 year), the yield strength values asymptotically
approach the initial values and are higlactical RelevanceIf you do not take into account the behavior of meeha

ical properties over time, then you can incorrectlstifemetal products when assigning them to a specific consumer
order. In the hotolled stat dynamic and collective recrystallization, abnormal structure formatione, abnormal structure
formation of the reinforcement is also possibleelective replacemérf pearlite with upper and lower bainite with
embrittlement of the metal. A technology is proposed that eliminates this phenomenon, consisting of accelérated coo
ing of the rolled product with refinement of the austenite and, accordingly, the actuabigifaé rolled product.

Keywords:hot-rolled and thermally strengthened reinforcing bars, mechanical properties, variability of properties over
time, hydrogen embrittlement and aging, dynamic and collective recrystallization, abnormal structure formation
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Fig. 1. Time change in the strength characteristics of reinforcing bars with a nominal diameté&tSoifrit0
of strength class Alll (A400) made sfeel of 25G2C grade according to GOST 5781.:
a is temporary tear resistargg B is yield strengtts
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