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THE AUDIT OF OPERATIONS OF IMPORT AND EXPORT
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ABSTRACT: Externally, the economic activity is one of the most important sectors of the modern economy. With
globalization, the operation of export and import became locomotive and driving force of our economy, despite the
fact, that our country is an active participant in these processes there are many problems in this area, to solve these
problems an important role is played by the audit. State structures, as individuals to make decisions necessary to have
reliable and accurate information. Audit FEA-a is fairly complex and lengthy process, because range of activities ex-
ceeds the limits of state borders and the need to take into account both local legislation and international. Based on
the data submitted by the audit planned operations on export and import, in turn, affect the growth of the economy.
The study of this question is a positive impact on our economy.

KEY WORDS: export operation; foreign economic activity; import operation.
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AYOMUT ONEPALMIA MO MMMOPTY U SKCNOPTY
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PeueH3eHTbI:
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AHHOTALMA: BHelWwHAA 3KOHOMUYECKAA AeATENIbHOCTb - 04HA U3 3HAYMMbIX OTPaAc/ieit COBPEMEHHOW SKOHOMMKMU.
B ycnoBuax rnobanvsaumm onepauum Mo 3KCNOPTY U MMNOPTY CTA/M JIOKOMOTUBOM W ABUNKYLLENW CUAOW Hawewn
9KOHOMMKU. HecmoTpA Ha TO YTO Halla CTPaHa ABAAETCA aKTUBHbIM YYACTHUMKOM 3TUX MPOLECCOoB, CyLLeCTBYeT Macca
npob6sem B 3Ton cdepe; B pelwleHnn 3TUX Npobaem BaxKHylO ponb MrpaeT ayauT. FOCCTPYKTYpam, KaK M YacTHbIM
Muam, gas NPUHATUA peleHnn HYXXKHO MMETb AOCTOBEPHYH WM TOYHYO MHbopmaumto. AyauT B3[-a goctatoyHo
CNOXKHbIA U ANTENbHDBIA NPOLLECC, T.K. apean AeATe/IbHOCTU BbIXOAMT 3@ PaMKM roC. FPaHUL, U HaZ0 Y4MTbIBaTb Kak
MeCTHOe 3aKOHOZaTesIbCTBO, Tak U MeXayHapoaHoe. Ha ocHOoBe AaHHbIX, MPeACTaBleHHbIX ayAUTOM, MJIAHUPYHOTCA
onepaumu o 3KCNopTy U UMMNOPTY, KOTOPble, B CBOKD o4epeab, BNMAIOT HA POCT 9KOHOMMKU. M3yyeHune sToro Bonpoca
NOIOXKUTENIbHO OTPA3UTCA Ha Hallel SKOHOMMUKE.

K/NNFOYEBBIE C/IOBA: BHeLWHEe3KOHOMMYECKana AeATe/IbHOCTb; onepaLma MMNOopTa; onepawma sKkcnopTa.
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INNOVATION TECHNOLOGY OF OBTAINING HIGHLY EFFECTIVE LUMINOPHORE
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ABSTRACT: There is elaborated new technology for obtaining high-performance luminophor. It allows improving
the quality of luminophor in compliance with the international standards and reducing cost price by 26 %. All this was
reached by substitution of light petroleum with the liquefied mixture of propane and butane and by changing the
technological process during the extraction by analogy with the Soxhlet apparatus principle. It is noticeable, that
energy prices are rather less, because propane-butane mixture evaporates much easier, than light petroleum.

Luminescent characteristics of the old luminophore are much lower in comparison with the new one, because light
petroleum dissolves small amount of resinous substances and domestic gas is less active in respect of resinous
substance. Therefore luminescent intensity of the new luminophore is twice greater and amounts 480% in comparison
with the atandard uranyl nitrate.

The new luminophore is rather inexpensive in comparison with other synthetic variations. It is characterized by
high stability and easy flushing ability

The new highly effective luminophore satisfies requirements of the international standards on quality. Besides, the
luminescent defectoscopy is prospective in use in many fields of science and industry, such as medicine, biology,
analytical chemistry, criminalistics, production of luminescent dyes, printing production, etc.

KEY WORDS: defectoscopy; intensity; luminescent; luminophore; synthetic.
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MHHOBALMOHHAA TEXHO10IMA NONTYYEHUA BbICOKO3®PEKTUBHOIO IIOMUHO®POPA

Xutunpm I.LL. locynapCcTBEHHbIN YHUBEPCUTET M. UB. dxkaBaxuwwsuamn, MHCTUTYT GU3MYECKON 1 OpraHu-
yeckon xumum, I'pysua, Téunucwn, np. Yasyasagse 1
E-mail: guram2011@yahoo.com

Kokunawsunum P.T. [JenapTamMeHT 3aWuTbl OKPYKalolWeh Ccpeabl, WHXEHepuu U 3KONOTUW, [PY3UHCKUIA
TexHu4eckui yHmsepcutet, I'pysua, 0175, Tounucwn, yn. M. Koctasa, 69
E-mail: kokilashvilir@mail.ru

PeueH3eHTbI:

W. YukBangae, accou. npodeccop [enapTameHTa XMMUKN daKyabTeTa TOUHbIX U eCTECTBEHHbIX HayK TBUANCCKOro
rocyfapcTBEHHONO YHMBEPCUTETA UM. UB. [XKaBaxuLLBUAN

E-mail: iosebc@yahoo.com

F. Asanm, 3. l'eanawsunum, npodeccop [enaptameHTa XMMWUYECKON M BMOIOTMYECKOW TEXHOJIOMMIA daKybTeTa
XMMMUYECKOM TEXHONOTUM U MeTanayprm Y

E-mail: z.geliashvili@gtu.ge

AHHOTALUMA: PaspaboTaHa HoBasa TexHONOrUs MoJsydyeHus BbicOKO3ddeKTUBHOro ntomumHodopa, Hnarogaps
KOTOPOI KayecTBO StOMMHOGOPA MOBBILAETCA A0 MEXAYHAPOLHOrO YPOBHA U ce6eCcTOMMOCTb YMEHbLIAeTca Ha 26%.
3TO [OCTUrHYTO NyTem 3ameHbl NETPONEMHOro 3dMpa Ha CHKUKKEHHYIO MponaH-byTaHOBYID CMeCb, a TaKXkKe
BBELEHMEM B TEXHONOTMYECKMI npouecc NpuHUMNa annapata CoKcneTa Ha CTagum 3KCTpakuuu. [Mpu sTom
YMEHbLUAOTCA S3HEePro3aTpaTsl, T.K. NPonaH-byTaHOBas cmecb UCMApAETCA ropasao serdye neTposielnHoro apupa.

JIIOMWHECLEHTHbIE XapPAKTEPUCTUKM CTaporo AtoMMHOPOpa HamHOro cnabee Mo CPaBHEHUIO C HOBbIMM, T.K.
neTponenHbln adup, nommmo ntoMmmnHodopa, IKCTPArMpyeT U CMONUCTbIE BELLECTBA, a ObITOBOM ra3 MeHee akTUBEH NO
OTHOLLEHUIO K cMo1laM. [103ToOMy IIOMUHECLEHTHAA MHTEHCUMBHOCTb HOBOTO IOMUHOPOPaA BABOE BblLLE U COCTAaBAAET
480% no cpaBHEHMUIO C 3TAJIOHOM — a30THOKMUC/IbIM YPAHUJIOM.

Cnenyet OTMETUTL 3HAYUTENIbHOE YMEHbLUEHWE CTOMMOCTM HOBOrO JIIOMMHOGOPA MO CPaBHEHWUIO C APYrUMM
CUHTETUYECKMMU NtoMUHOPOPamMK. HOBbIM NOMUHOPOP XapaKTepM3yeTca BbICOKOW CTAabWIbHOCTbIO M JIETKO
CMbIBaeTCA.

HoBblii BbICOKO3hDEKTUBHbIN NtOMUHOGDOP, KOTOPbLIA COOTBETCTBYET TpeboBaHMAM MeXAyHapoAHbIX CTaH4ApPTOB
KayecTBa, KpomMe JIIOMUHECUEHTHOW AedeKTOCKONUM NMPUMEHSETCA B TaKMX OTPACASAX KaK: meauumHa, buonorus,

aHanTU4eCkKaa xXmumma, KOUMMUHANNUCTUKa, NPOU3BOACTBO IIOMUHECLLEHTHbIX KpaCMTGHEI‘;I, nonmrpad)vm nT.M.

K/TKOYEBBIE C/TIOBA: nedeKTtockonus; MHTEHCMBHOCTb; IIOMUHECLLEHLMA; NIOMUHOGDOP; CUHTETUYECKUIA.
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INNOVATIVE APPROACH TO RECYCLING OF SHOCKPROOF TIRE-CASING

R. Labadze Scientific-engineering centre "Utilization", Georgian Technical University, 69, M. Kostava
str, Thilisi, 0175, Georgia
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G. Khitiri Iv. Javakhishvili Thilisi State University, institute of physical and organic chemistry, Georgia,
Thilisi, Chavchavadze avenue 1.
E-mail: guram2011@yahoo.com

R. Kokilashvili Scientific-engineering centre "Utilization", Georgian Technical University, 69, M. Kostava
str, Thilisi, 0175, Georgia
E-mail: kokilashvilir@mail.ru

A. Sulamanidze Scientific-engineering centre "Utilization", Georgian Technical University, 69, M. Kostava
str, Thilisi, 0175, Georgia
E-mail: arthuzsulamanidze@gtu.ge

J. Kerkadze Scientific-engineering centre "Utilization", Georgian Technical University, 69, M. Kostava
str, Thilisi, 0175, Georgia
E-mail: j.kerkadze@gtu.ge

Reviewers:

I. Chikvaidze, associated professor, Department of chemistry exact and natural sciences, TSU

E-mail: iosebc@yahoo.com
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ABSTRACT: Storage and burial of shockproof, tires and all kind of rubber waste are economically ineffective and
ecologically hazardous. During long-term storage the secondary wastes can emit toxical agents to atmosphere, that
will disturb the ecological balance. At the same time, shockproof tires experience insufficient changes in the moment
of expiration of service life. That in its turn creates an opportunity of attainment of big economical effect during its
secondary processing.

Scientific-engineering center “Utilization” of Georgian Technical University has developed the pyrolysis method of
processing of shockproof tires, wherein tires under temperature influence decompose into solid, liquid and gaseous
products, that takes place at 300°C.

It is shown in the work, that processing of shockproof tires is two-way profitable: first, it protects the nature from
contamination and second, there are produced useful products, such as “stove” fuel, carbon, as the component of
mastic for bitumen production and gas, which is used, as heating agent for returning back to production.

KEY WORDS: briquetting; ecology; pyrolysis; shockproof; “stove” fuel; recycling.
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AHOTAUMUA: CknagmpoBaHue, 3aXOpPOHEHME aMOPTM3NPOBAHHbLIX MOKPLIWEK U BCEX BUAOB PE3MHOBLIX OTXOA40B
ABNAETCA IKOHOMUYECKN HEIPPEKTMUBHbBIM MU IKONOTMYECKM OMACHBIM. B yCNoBUAX ANNTENBHOIO XpaHEHUA BTOPUYHbIE
OTXOAbl MOTYT BbIAENATL B OKPYXKAIOLLYIO Cpesy OTPaBAsOLLME BELLECTBA, YTO Camo no cebe HapyLLIMT 3KoNornyeckoe
paBHoBecue. B TO e Bpemsa, amMOpPTM3MPOBaHHblE MOKPbIWKN B MOMEHT WUCTEYEHUA CPOKOB IKCNayaTauum
MCMbITbIBAOT HE3HAUYUTENbHblE WU3MEHeHMA. OTo, B CBOK o4vepenb, AaeT BO3MOXHOCTb AOCTUXKEHUA 60/blIOoro
3KOHOMMYecKoro a¢deKTa npy BTOpUYHOM nepepaboTKe.

Hay4YHO-MH}KEHEPHBIM LEHTPOM «YTunu3auma» Py3MHCKOTO TEXHWYECKOrO yHUBEepCUTeTa pa3paboTaH MMPOAM3HBIN
MeToZ, nepepaboTKM aMmopPTU3MPOBAHHbIX MOKPBILLEK, MPYU KOTOPOM MOKPbILKW NOA BAUAHUMEM TEMMEPATYPbI pacnaiatoTca
Ha TBEpPAbIE, }KMAKME 1 ra3006pa3Hble NPOAYKTbI, YTO NPOMCXOAMT Npu TemnepaType 300°C.

B paboTe nokazaHo, 4TO nepepaboTKa amMOPTM3MPOBAHHbLIX MOKPbIWEK ABAAETCA BbIFOAHOM MO ABYM
HanpaBNeHWAM: BO-MEpPBbIX, OHa 3alWMWAeT MNPUMPOAY OT 3arpA3HEeHWA W, BO-BTOPbIX, MOYYAKOTCA NONE3Hble
NPOAYKTbl, TaKMe KaK MNeyHoe TOM/MBO, Yrosib, KakK KOMMOHEHT MacTWUK, AAA Npou3BoacTBa 6UTyma, M ras,
MCNO/Ib3yeMbIi Kak 060rpeBatoLLMil areHT 419 BO3BpaTa B NPOU3BOACTBO.

K/TIOYEBbIE CJTOBA: aMoOpTM3NPOBaHHbIN; BpMKETUPOBAHME; «EYHOE» TOMINBO; NMUPON3; YTUAN3ALMA; SKONOTUA.
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ABSTRACT: There are given results of study of Kvareli shales with the purpose of obtaining of porous materials.
There was established by the study of expanded shale obtained via thermal processing, that change of characteristic
properties is determined by the conditions of thermal processing (temperature, time) and granulometry of materials.
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ABSTRACT: As a result of the research there is estimated, that liquid product, obtained by means of low-
temperature pyrolysis process of worn-out tires represents complex mix of 5159 compounds (Figure 1,2), which
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mainly consists of hydrocarbons with the number of carbon atoms C4-C40 (alkanes, cycloalkanes, aromatics) and
heteroatom organic compounds (oxy gen, sulfur, nitrogen, bromine, chlorine).

KEY WORDS: alternative fuels; Pyrolysis; scrap tires; utilization.
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oo ZC; ool 1 doxbg xodyg®o gogols dmiy-
@mds, smolio @sdo; 04; — 1 doxdg of@oggdols

xo99@0 somsbo  goodo; TA; — i

QoMY YOS,
dox by ©JB0ggool  wo@mgdyagds, smobo  @sMo;
TP, — i doxbg 35boggdbol modgdoymgds, smsbo
@o@o; OP; — 1 dox by 3Mgoo@gdols 30miEgb@gdols
3oobsdpg m3gMoEoygmo dmagds, smolio gsmo;
B, - i

doxby  3Mgeodby  powslbobrgmo

30396 gd0L mebbol JmEgemds, smobo @odo;
NP; — i doxdg §dobos Imggds, smslo go@o; P; —
1 dox by 30m3Egbdo 3M90d by, smslbo @o@o; HP
— 1 doxbg Imggdol go@sbsbowols bm@ds, smslo
@o@o; IKj — 1 d0xby 0bggbHodgdgeo gododamols
dJogymmmds,  smobo  @odo; AK; — 1 dox'by
Lo{golo sjaombgdgemo  godo@ogols dmEyemds,
smolo @s@o.

(1) gmadygmsdo gymswo bsgomgdol dogme-

dodgogeno dohggbgdagdols holidom dogowgdo:

D101 =

=1

=Yi-;  (Q; +L;+Bt; + CK; + 3K;) 3)
521[(»0(1:)1'33@]:
=Yiey (OP+Y,+PK,+H; +B;+D); (4

F(t)=X!_,(Q; + L; + Bt; + CK; + 3K;) X

(OP; +Y;+ PK; + H; + B; + D;)>0 —>max, (5)

oo Q; @0l 1 dox by 3Omeygdicool (3mdbsby-
H960l) AgomobsEnosb sdmboggdo (somslo @e-
©0) > Aobolsbwgmgds dgdwgyo Rm@Igeom:

Qi = Wil (6)
boog Wi oGol  Ggomobgdgmo  3GmEydagool
(Amdbobygdol) Inigdygemds, 33610 Th—36m-
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@obsEoosb dgdmlogsgno, smsbo @oo; Bi— i
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dobboo  aoobogobgdya  odbs  Lodo@mggarml  §F)  gobsblyg®o  dohggbgdergdo [L2]. sbognobols
90 9]BMmgbgdagdoggo  Lob@gdol  (2005-2014  gegagoo dmEgdgemos 1-geo bognJo.

gboogno 1
bsJomggaml Lobgedfogm gmgd@@mbobdgdol gobsbly@o
85h39693egdo (2005-2014 §F)
faxgdo
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
©obobgmgds smabo @s@o
Fgdobogargoo
72559 57 409 47 297 46 651 42872 50 085 54952 54154 61337 86 210
dOdgmgogosbo o
Hoggoo 82135 96 530 114 255 158 294 336721 511628 706 301 997 982 957538 | 1008553
dodobady  oJHogy-
b0 17 629 23785 32113 48907 36132 59119 141 909 46317 65732 69 838
bgm 5JHoggdo
99 764 120315 146 368 207 201 372853 570 747 848210 | 1024359 | 1023270 | 1078391
3o30f >0
130275 -106342 | -75268 17858 171 006 209 236 293 080 282 437 219 806 259 842
3Mdgangomosbo
FornRydysdydo 200 797 209 966 199 449 159 541 177 259 326 449 410832 620 187 712 835 686 584
30dpobotg  gogg-
Ogemgogoo 7765 16 691 22187 29 802 24588 35062 144 298 121735 90 629 131965
Lgem  goggdgmy-
g0 208 562 226 657 221636 189 343 201 847 361511 555130 741922 803 464 818 549
Lgm  goggdgmy-
5020 > godoGogeo 99 764 120315 146 368 207 201 372853 570 747 848210 | 1024359 | 1023270 | 1896940
dogosbo  sdmbsygdo
Lom3gdsiom  bsgdos-
60d0s6 72559 57 409 52540 5347 83918 62 097 59321 60171 75413 76 535
3905/ bo@sgo  Im-
3900L  aosbsbswom
5892505307 22582 1912 28 868 30576 41742 526 24 605 -14 553 57525 3654
bog@om dmpg-
55/ bo@ogo oy
a0 Favobogols -35 667 -4421 27548 27763 99 462 3812 19275 -10 862 -63 035 3572
oEabogo 3G M-
Gaboo 1716 2262 1716 3154 4873 5597 5356 4694 4182 -9 689
Lgbbgdol  obaomodl-
foragos 0 1729 3885 5476 2 3701 0 8298 8582 | -24448

l-gae  gb@ogndo  sbobyao gobsbly®o dohgg-  Fpa@omdol dosbsbosmgdangdo. sbao®odol Jgwg-
bgdagdol  dobgogom aobolobmgds  gobsbby®o  ggd0 dmigdygemos 39-2 3bMoando.
3bGogoo 2
LoJodmggemlb Lobgendfogm gangJ@@mloldgdol gobsbly®o dpg@spmdols
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dobggbgdemgdo (20052014 §F.)

Yemgdo

olisbgagdo

#

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

bog@nem @oggo-

1. ©YGAMdol jmggo-
3096(0 2,27 1,43 1,45 1,64 1,47 1,69 0,98 0,38 0,73 0,64
boghmem gopsb-

2. | woligbsdosbmdols
30980309660 2,09 1,88 1,51 0,91 0,54 0,63 0,65 0,72 0,79 0,80
30m396(0L ©o-

3. Rodgol 3mggo-
309660 12,16 | 1,85 17,82 10,69 7,57 1,09 5,59 22,10 12,76 0,28
bo0obgglBoEom

4. 3o30@omols Ggb-
Ho0geg@mds ROI | -0,40 -0,09 0,26 0,13 0,55 0,03 0,05 -0,01 -0,24 0,07
ROA- 5@ 0ggdols

5.
GgbHedgmaGdmds | -0,36 -0,04 0,19 0,13 0,27 0,01 0,02 -0,01 -0,06 0,003
SGR- dpgy@oo

6. bAwols gmggo-
(3096(0 0,273782 0,041573 -0,365999 1,554653 0,581629 0,018219 0,065767 -0,038458 -0,286776 0,013747

o3 3b®oaols dmbszgdgdom, 3Gmybmbodmgdols

530M™O 920 9L g0 Jmpgmom, hoGotws dEa@smm-
bdols dohggbgdemols g@dgangs@osbo 3Gmabmbomgds.

dbbgogro  gbgdamgbgdagdoggmo  3md3sbools
dpa®oEmbol  3GMybmbodmgdols  og3Bm@ga®gliyge

35b@mEgosl gdbgds Lobyg:
Y=ay '+by~?+c, (7)

oo a, b s®ob M930gbools  3mgxn03096@G b0,

Omdmgdoz  330hggbgdl  dglodsdobo  goJGm@ol

3530 9bol bo@olibl Lod@mabmbm dshggbgdgm by,
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@bdogoo 3

bogotmnggmml LobgamdFogm gagd@®mbol@gdol gobsblydo dpa@mspmdol
3Omabebymo dshggbgomgdo (2012-2020 §F.)

Lsghom @oggoee@mdol jmgno3ogbdo
Azg ”771*" 'Z 70.[82‘,0 g’i’ ’(7).3 y Sy b bob gebimamyds Y=0.T1%y~1+(-0.04)%y~2+0.34
2012 2013 2014 2015 2016 2017 2018 2019 2020
3Omabmbyao dohggbgdgamo 0,38 0,73 0,53 0,64 0,55 0,61 0,55 0,58 0,55
Je8ogo bowowy Log@nm osbrobybs@osbmdols jmggoEegbdo
A=1.06, B=-0.45, C=0.31 SFHmzbmbol 3obBmagds Y=1.06%y 1 +(-0.45)*y~2+0.31
30mabmbymo dohggbgdgema 0,72 ‘ 0,79 ‘ 0,759047 ‘ 0,804131 ‘ 0,751348 ‘ 0,809185 | 0,735386 | 0,8176745 ‘ 0,7166756
Izwdogo bowowy 36m(336G0L Lsgs@gol 3mgge30g6@o0
A=0.32, B=-0.76, C=2.46 3Bmgbmbols 3obmagds Y=0.32%y~1+(-0.75)*y ~?+2.46
36mpbmbamo dohggbgdgmo -2,10 ‘ 12,76 ‘ 0,62 ‘ 0,28 ‘ 12,50 ‘ 2,18 | 6,18 | -6,31 ‘ 2,79
Jew8ogo bowowy bo0bgglgoom godo@omols @gb@sdgmy®mds
A=-0.06, B=-0.23, C=0.33 3G5600b0b gobBmargds Y=-0.06%y 1 +(-0.23)*y~2+0.33
30mybembymo dohggbgdgemo -0,04 ‘ -0,29 ‘ 0,011 ‘ 0,069 0,098 ‘ 0,097 0,099 | 0,098 ‘ 0,098
Jedogo bowowy ROA-5J803g30l (936@d9ma@mds ( 5%<g>tgos)
A=0.33, B=-0.199 C=0.053 SBmzbmbol gobHmayds Y=0.33%y~1+(-0.199%-2)+0.053
3G0a60bamo dohggbadgeo 0,020 ‘ 0,017 ‘ 0,014 0,035 0,330 ‘ -0,200 | 0,023 | -0,097 ‘ 0,321
Izg@dogo bowowy SGR-8pa®op0 b@E®al jmgno3ogbdo
A=0.006 , B=-0.25 C=0.26 3Gmgbmbol 3obHmangds Y=0.006%y1+(-0.25%y~2)+0.26
3Mmabmbymo dohggbgdgemo | -0,03846 ‘ -0,28678 ‘ 0,01375 ‘ 0,26753 ‘ 0,00267 ‘ -0,25109 | 0,00143 | 0,26619 ‘ 0,00195

3o 39 Sbogrodl sogdggdgdeds Lsdsmmggenmls
929JHO09690390039mo Lolihydol ggmewo boge-
©g00L Lognml gm®ddomgdol 3emdamgds. 3 dob-
bom gLfsgamogn odbs 2012-2014 Fargddo gergd

BOMgbgMagdoggeo  LolEgdol syLodmedgao g

dmFdgdols Igogagdo [1, 2] dgbodsdologw, hodmys-

@03 FEno©o  bogogdol  (Jgdmwobgds-gowo-

bgool) boFyolio 0bgmmdsios dg4 b®oaoli Laboo.

agb®ogno 4
boJstmnggeml bsbgedfogm gagd@®mboldgdol gymspo
bogowgdol 8mddsmds (2012-2014 §F.)

BP0 bogowgool Labggdo Fengdo

000 @oto 2012 | 2013 | 2014

RYeoo bogoegdo Lomdgdszom Lsddosbmdowasb

g 9d5/(boGogo) dmggdols (10741) | (57525) ‘ 3654

30GgJBoMgds:

(339ms s dmAE0bsG0S 32409 33096 51122

do@Momspo  Lodysmgdgdols aolbgolgdowsb Fom- | 1918 1827 2529

dmdmdoao bodoao, (dobws

{30bws gobobliy®o (dgdmlogoao)/botygdo (528) 61455 (5280)

Ygdmbsgogmo a®sb@gool sdm@@Gobooowsb (3812) (528) (3357)

(33800 4b960:

doMop 900 1591 (3320) 320

bogod®m s bbgs dmmbmgbgdo (25842) 7060 1615
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302G dge 9o
3563 gd0 (3024) 2234 13417
5356Lgdo (5465) 803 (8110)
Lbgo Logowabobomm gomogdaagdgdo 43924 (504) (54)
Logod®m s bbgs gomogdyegdgdo - (624) 10320
Ygbeygogmo gymspo Lablmgdo - 960 2397
RmoEo bogogdo 3Gm3gbGol yowsbrsdwg aob- | 44064 44934 68573
bm® (309090900 M3gM5(30950056
3osbeoao 3GM39630 (9689) (4182) (4694)
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Ygdembsgoo dodomswo Lsdgomgdgdol Ggomobe- | - - 595
(3000056
d0G00mo0  boTgomgdgdol ©s 5@SI>GIG0Sm Y@ | (258902) (90434) (72804)
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LsobggbBoEom bogddosbmdsTo 3o3myYgbgdymo | (251670) (87132) (69500)
{dobos gymaswo Labli®gdo
BP0 bogowo Bobsblig®o Lsgdosbmbdowsb:
Ygdmlogangdo Lgbbgoowsb 156840 67840 38750
G9bHOYJHaM0bYoY@o  gomEgdgmgdgdol  sbyo- | (3232) (2922) (5431)
oL@ gos
Lgbbgdol obasmodbFm@gds (8298) (8582) (24448)
Fdobps  gyaowo  Lobldgdo  gobsbly®o  bsd- | 145310 55797 8871
dosbmdowsb
§Fdobes  (999300905)/ bOws  gymosp  Lablmgodo | (66990) 9417 (1745)
©> 3000 3303580 96@0
bAps Fdobps gumew Lobl®gddo ws domo gygo- | 89764 21878 32914
gogbBo 1 05bgMols dpamdsdgmdom
bagogeghe gg@bol gdygemdol ggadto gamee | (896) 1619 (42)
Lobl@gols ©s oo g330g5e096@9dby

d9-4 @bGoedo  sbobymo Jmbogdgdol o  @odo o dobo pAdgengsosbo  3GMybmbo@gde.
333099090 3Gmy@sds  excel-ol  dgdggmdom  hoBodgdgmo j3a g0l dgogagdo dmzgdgemo dg-5
YgLOgees  Gamoo bogogdols Logrml obys-  3b®ogndo.

agbogno 5
R0 bogsgdol Logmeml bsddmabmbem 8shggbgdmgdo (2012-2020 §F.)

olisbgem 9o .
IR femgdo

2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016 ‘ 2017 ‘ 2018 ‘ 2019 ‘ 2020

d9©dog0  Lowowg A=0.21, B=
0<.2;])$213C:324425.§$4$?(J B0 bo3ogd0l Lognoem

350560000 gobBmangds Y=0.21*y~1+0.04*y "2+24425.74

RY@oo  bogogdols  Logrmls
bo3dmpbmbem dshggbgdgao,
2050 godo 21878,00 32914 31127 32165 32262 32402 32466 32499 32518
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395 @bOogdo sbobyano dmbo3gdgdo  g30hgg-
bgol, G gaogdB@mgbgdagBogame bolihgdsl dgwe-
dogo  dgbodhybgdyamo o3l gymowo bogowgools
©aEYoomo bageen, mgdzs gl Jgegae doefygmos
boliglbgoo godo@omom ©s s@s ggmbmdogydo bod-

d05bmbols aoydxmdglgdom. Lsds@mggaml gengd@-
Omgbgda9doggeo  Lol@gdol ¢gobsblydo Jwga@e-
Mools o doMmgol Jgdmmogsbgdyao dgmmeo-

300 doegdyao  dgogagoo  dmagdgmos  Dgdoxe-
dgoge 3g-6 3bGowndo.

agb®ogano 6

LoJotmggeml LobgmdFogm geg@®mbolEgdol gobsblydo Ipadopmdol Jggsligdol

Ygreomgdomo Ishggbgdemgdo

Fangdo 2012 2013 2014 2015 2016 2017 2018 2019 2020
Loghmm moggogdmdol joggeEegbdo
365J30300 s3G@mdotigdgmo bmdds (X) Kyspooramay 22
3606mbymo dohggbgdgmo X 0,38 | 0,73 0,53 0,64 0,55 | 0,61 | 0,55 | 0,58 | 0,55
boghme goesbralybs@osbmdol jmggoEegbdo
365J30300 s3G@mdotigdgmo bmdds (X) Kysoongow <03
36mybobymo dohggbgdagmo X 0,72 0,79 | 0,759047 | 0804131 | 0,751348 | 0809185 | 0,735386 | 08176745 | 0,716675
3003gbG0b sxgsGgol gmggeEobydo ]
36580400 53Gmdodgdgmo bm@ds (X) Koy 1,312
3606mbymo dohggbgdgmo X 2,10 | -12,76 0,62 | 0,28 | 12,50 | 2,18 | 6,18 | 6,31 | 2,79
boobggbBoEom godo@sgmols Ggbdsdgmg@mds
365JB0gom 53GmdoGgdgmo bemdds (X) Kisotiggss =051
3606mbymo dohggbgdgmo X -0,04 0,29 | 0,011 | 0,069 | 0,098 | 0,097 | 0,099 | 0,098 | 0,098
ROA-5380g980L Ggb@sdgmadmds( 5%<jstyas)
36580400 53Gmdodgdgmo bm@ds (X) Ky 50606 >0
3606mbymo dohggbgdgmo X 0,020 | 0,017 0,014 | 0,035 0,330 | 0,200 | 0,023 | 0,097 | 0,321
SGR- 3watisgo bérol jmggo309680
36580300 33Gmdodgdygmo bem@ds (X) Ka3650°0
36epabmbymo ds5hggbgdgmo X 0,00195

-0,03846 | -0,28678 | 0,01375 | 0,26753 | 0,00267 | -0,25109 | 0,00143 |

0,26619 |

Cashflo —gmspo bsgsmpgdo

dpatopmdol jHhodg@oydol dmmbemgbs

f(t)>0 —>max

36mabmbymo Ggoma@o dohggbgdgmo (000 21878 32914

260)

31127 32165 32262 32402 32466 32499 32518

dg-6 gb®oando InEgdyao Gobsblydo Iy @e-
mdols dgliobgd Bmbsigdgdol dgomgdomo  sbo-
@obo bomeo a30h39693L, @m3 LoJotmggenmls

LolbBgdol  gobsblymo

929JHOMgbgG B0 390
dadomobol dshggbgdemgdo LOgmop ggd 3obiy-
bmdl ©>

hodmmhgds 3M5]Bogz0m oy gbogn br®dgol.

Foy9b9d e Immbemgbgdls d339mGo©
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ABSTRACT: There is outlined the scientific substantiation of optimal modelling in terms of financial sustainability at
the major electric power processing instituation. The analysis has been conducted on the grounds of international ex-
perience in management and financial sustainability. According to the outcomes of the research, the optimal econo-
metrical criterion for assessment of the financial sustainability has been generated. The criterion function is to provide
maximization of the positive cash flows balance monthly, quarterly and yearly in terms of the commonly accepted
boundaries of the financial stability indicators. The article outlines optimal ways of the financial sustainability as well
as it illustrates innovative approaches of optimal econometrical modelling and major management methodology to be
used at the electric power processing institution. This methodology implies universal function, that could be imple-
mented at financial management of any institution.

The outcomes received from the research are based on the example of Georgian State Electrosystem. According to
the research, Georgian State Electrosystem has to undertake major event for improvement of the financial sustainabil-
ity, as well as being up to date with the challenges of the modern environment. In order to improve the current state,
it is necessary to involve the country government, as well as provide long term (3-5 years) electricity transportation ta-
riff according to RAB method, Venture capital entry.

KEY WORDS: cash flows; econometrical modelling; electric power system; management; sustainability.
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AHHOTALMA: Ha ocHoBe aHanu3a MMUPOBOrO OMbiTa OUEHKM GMHAHCOBOM YCTOMYMBOCTU U YMPABAEHUS, Hay4yHO
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cobnofeHne B eXXeMeCaYHbIW, KBapTaibHbIM M rogosol nepuoabl.CoBepLIEHHO HOBbIM NOAXOAOM pelleHa 3ajauva
ONTUMANbHOTO 3KOHOMETPUYECKOrO MOAEAMPOBAHMA U ynpaBneHua QUHAHCOBOWM YCTOMUMBOCTBIO  KPYMHbIX
3NEKTPO3HEPreTUYECKMX KOMMaHUK. [peasioXKeHHAaa MeToAMKa HOCUT YHMBEPCa/bHbIN XapaKTep U €€ ycnewHo
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npousBoAcTBa. MonyyeHHble pe3ynbTaTbl anpobUpoBaHbl Ha MPUMEPE SNEKTPOIHEPTETUYECKON cUCTeMbl [py3uu.
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SCOPUS CODE 2105

BUSINESS-AS-USUAL SCENARIO (BAU) FOR GEORGIAN ENERGY SECTOR DEVELOPMENT

G. Arabidze Department of thermal power engineering and energy efficiency, Georgian Technical Uni-
versity, 75, M. Kostava str, Thilisi, 0175, Georgia
E-mail: giagiorgi@hotmail.com

I. Pkhaladze Department of thermal power engineering and energy efficiency, Georgian Technical Uni-
versity, 75, M. Kostava str, Thilisi, 0175, Georgia
E-mail: ipkhaladze@yahoo.com

Reviewers:

G. Gineishvili, professor, Department of thermal power engineering and energy efficiency, faculty of power engi-
neering and telecommunication, GTU

E-mail: gogigin@yahoo.com

V. Museliani, chief scientific worker, condidate of technical sciences, LLC “Engineer 2088”

E-mail: v.museliani@gmail.com

ABSTRACT: : Impacts of different programs and policies of Georgia’s energy sector development are evaluated in
business as usual scenario (BAU). The primary energy consumption by 2030 will reach 7189 thousand tone resulting in
increase of 72.2% compared to 2012. One third of increase will fall on natural gas. By the year 2030 the country will
get an additional capacity, namely, 2601 Mw from HPPs, 50 Mw from the wind plants, 160 and 230 Mw from thermal
plants operating on coal and natural gas. In total the new generation capacity of 3 041 Mw will require 3 831 million
Euro investments, the majority of which will be covered by the private sector, including residential sector.

According to the base scenario, the growing demand and growing prices will result in significant increase of fuel
supply prices by 2030 and instead of current annual cost of 1 167 million Euro will reach 2 180 million Euro. This will
have a serious impact on country’s foreign trade balance.

According to the base scenario, the installed capacity of HPPs will reach 5731 Mw. Starting from 2018 25-35 %
from the installed capacity of 5 731 Mw will be exported.

KEY WORDS: Business as Usual Scenario (BAU); carbon emission; energy intensity; investments; primary energy.
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CLIEHAPWI1 PA3BUTUA CEKTOPA SHEPTETUKMU TPY3UU TPAAULIMOHHBIM NYTEM BU3HECA
(BAU)

Apabupgse I.0. [JenapTameHT TenNosHepPreTukM U 3HeprodapPeKkTMBHOCTM, [PY3UHCKUI TEeXHUYECKMUI
yHuBepcuTert, I'pysus, 0175, Téuaucwn, yn. M. Koctasa, 75
E-mail: giagiorgi@hotmail.com

MNxanapse U.3. [JenapTameHT TennosHepreTukM U 3HeprodpPeKTMBHOCTM, [PY3UHCKUIA TeXHUYECKUi
yHuBepcuteT, Ipysua, 0175, Téuaucu, yn. M. Koctasa, 75
E-mail: ipkhaladze@yahoo.com

PeueH3eHTbI:

. TmHenwsuan, npodeccop JenaptaMeHTa TENNOIHEPTETUKMN U IHEPrOIPPEKTUBHOCTU daKynbTeTa SHEPTETUKN U
TenekoMmmyHuKaumm Ny

E-mail: gogigin@yahoo.com

B. MycenunaHu, cTapwinii HayuHbl COTPYAHMK, KaHANAAT TeXHUYecKux HayK 000 «UHxKeHep 2008»

E-mail: v.museliani@gmail.com

AHHOTAUMA: CornacHo cueHaputo pa3BuTMA bBM3Heca TPagULUMOHHbLIM MyTEM, OLEHEHO BAMAHWE PA3/IMYHbIX
nporpamm Ha pa3BUTUE 3HepreTudeckon cuctemol Mpysun. Jo 2030 roga nokasatenb NepBUYHOrO MNoTpebneHus
9Hepruun gocturHeT 7189 Tbicad THI, Bo3pacTeT Ha 72,2% no cpasHeHuto ¢ 2012 rogom. OgHa TpeTb pocTa NnpuaeTca Ha
NPUPOAHbIN ras.

B 2015-2030 roapbl CTpaHa AO/KHA MNOAYYMTb AONOJHUTENbHbIE MOLLHOCTM, B 4YacTHOcTM, 2601 merasaTTt oOT
rMAPO3NEeKTPOCTaHUMM, 50 meraBaTT OT BeTPAHbIX aneKTpocTaHuMin, 160 n 230 meraBaTT OT TEM/I03/IEKTPOCTAHUUN,
paboTalolmx Ha rase 1 Ha yrne. HoBasi MOLLLHOCTb 3/1eKTporeHepaumin coctasut 3 041 meraBaTT, UTo TpebyeT, B Lienom,
MHBECTUUMI B pasmepe 3 831 MUANMOHOB €BPO. BO/bLUYIO YacTb 3TUX MHBECTUMLMI ByAeT OoCyWwecTBAATb YaCTHbIN
CEeKTop, BK/oYas 6biToBoM cekTop. Ha 2030 roz, no 6a3oBomy CLeHapWio, 3HAYUTENIbHO yBeaMYaTCa pacxogbl Mo
CHabKeHuMto ToNIMBOM, YTO ByaeT 0byc/IOBAEHO pacTyLLel NOTPEOHOCTBIO U PACTYLMMMU LeHaMU - OT CYLLECTBYHOLLMX
Ha cerogHAWHMM aeHb 1 167 mmunnmoHoB eBpo A0 2 180 MUAANOHOB €BPO, YTO 3HAYUTE/IbHO MOBAUAET Ha GanaHc
BHELUHe TOPros/n CTPaHbI.

Mo 6a3ncHoMy cueHapwuto, YCTaHOBAEHHAA MOLLHOCTb 31EKTPOCTaHLUMIM, COrNacHO AonyLeHuo, agocturHet 5731
meraBaTT. C 2018 roaa 25-35% BblpaboTaHHOM 31EKTPO3HEPTUM MONAET Ha SKCNOPT.

K/TKOYEBBIE C/IOBA: MHBECTULMWN; UHTEHCUMBHOCTb 3HEPIMU; NEepPBUYHAA 3SHEPrus; CLUeHapui passutua busHeca

TPaAUUNOHHbIM NyTEM,; SMUCCUA yriepoaa.
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UDC 624.023.93
SCOPUS CODE 2215

META/I/IMYECKUE COCTABHbIE BAJIKU C TMBEKOM CTEHKOM

O.l. Xasapapse

JenapTaMeHT rpa*KAaHCKOro U NPOMBILLJIEHHOTO CTPOUTENLCTBA, [PY3NHCKUIA

TeXHU4YecKkuit yHmusepcuTteT, Fpysus, 0175, Téunucu, yn. M. Koctasa 77

E-mail: 0.xazaradze@gtu.ge
@.I. Bepynawsunu

[JenapTaMeHT rpakA4aHCKOro U NPOMBbILIEHHOTO CTPOUTENbCTBA, [PY3UHCKUI

TEeXHWYecKuit yHusepcuTteT, pysus, 0175, Tounuck, yn. M. Koctasa 77

E-mail: l.verulashvili@mail.ru

B.LW. Typawsuau

[enapTameHT rpa4aHCKoro 1 NPOMbILLIEHHOTO CTPOUTENbCTBA, [PY3UHCKII

TeXHW4Yeckuit ynusepcuTeT, [pysus, 0175, Téunucu, yn. M. Koctasa 77

E-mail: Begigeorgia@yahoo.com

PeueH3eHTbI:

3. 33yr6ama, npodeccop JenaprameHTa TEXHONOMMI MPaXKAaHCKOro U NPOMBbILAEHHOMO CTPOUTENLCTBA U CTPOUTENbHbIX

maTepuanos ctpoutenbHoro dakyabteta MY
E-mail: z. ezugbaia @mail.ru

Jl. BanaHumBage, npodeccop [enaprameHTa rpayk4aHCKOTO W MPOMbIWIEHHOMO CTPOUTE/ILCTBA CTPOMTENIbHOTO

dakrynbreta [TY
E-mail: balanchivadzelia@mail.ru

AHOTALUMUA: PaccmatpusaloTca meTanimyeckme coc-
TaBHble 6anKu ¢ rMbKoI, oueHb TOHKOW CTeHKOW. Pacuer
6anoK € rMBKMMM CTEHKAMM CBA3AH C U3yYeHWeMm noBe-
AEHUA CTEHOK, KaK TOHKMX MAACTUHOK. lMpenAtcTBuem
3HAYUTENbHOMY YBEAUYEHUID TUOKOCTU CTEHKM CAYKWUT
noTepa MeCTHOM YCTOMUYMBOCTU CTEHKM; CTEHKA, NOTEPAB
YCTOMYMBOCTb, 0BPaA3yeT CKNagKM Mexay pebpamu Kect-
Koctn. Mpu stom Hanka npesBpalLaeTca B PACKOCHYH
depmy. B npakTMKe 4yacto npumeHaloT 6ankm c Bep-
TUKanbHbIMW pebpamu xKecTtkocTu. B paboTte pebep,
NOAKPENAAIOWMX TMOKME CTEHKU WMCMOAb3yAa 3aKpUTU-
YecKyto paboTy CTeHKM, MOXKHO caenaTb 6anku 6onee
TOHKOCTEHHbIMMU.

MpumeHeHMe 6anoK C o4YeHb TOHKUMM CTEHaMMU
YMECTHO npu CTabunbHOM HanNpaBAeHUW [encTBuA
CTaTUYECKUX BPEMEHHbIX HArpy3oK.

Takum 06pasom, Mcnonb3ysa 3aKpUTUUECKyto paboTy
CTEHKM, MOXHO AenaTb 6anku 6osiee TOHKOCTEHHbIMU, B
pes3ynbTate MoJy4yaTb 3KOHOMMUIO MeTanna. CocTaBHble
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ABYTaBpbl C TMOBKOW TOHKOM CTEHKOW [atoT 3KOHOMMUIO
MeTanNa, No CPABHEHMUIO C 0ObIYHBIMU TMOKMMW CTEHAMM
(15+20%).

K/IIOMEBbLIE C/IOBA: 6anKka; rvMbkas CTeHKa; OByX-
TABPOBOE CEYEHME; 3aKPUTUYECKas CTagus; M3rnbarowmi
MOMEHT; yCTOW-

MOMEHT CONpoTUBAEHUA; MPOYHOCTb,

YNBOCTb.

BBEAEHUE

Basku ¢ rmMbKoi, o4yeHb TOHKOM CTEHKOM NOABUAUCH
BMNEPBble B KOHCTPYKLMAX KapKacoB JjieTaTeNbHbIX an-
napaToB. M3BecTHO, 4YTo eciuM B 6asnke ABYTaBPOBOroO
ceyeHus, paboTatowein Ha M3rnb, ymeHblaTb TONLLMHY
CTEHKM, TO YyBE/NMYMBAETCA ee TIMBKOCTb, Torga Cym-
MapHas NaowWaab CeYeHMs NoACOB U CTEHKW, HalgeHHan

M3 YCNOBMA NPOYHOCTU, TaKKe ByAeT YMeHbLUATbCS.
Ha nepBsoit ctaanm paboTbl 6ankn ee  rnbKas CTeHKa

OCTaeTcA MJIOCKOM, Kak M B 0b6bluHOM 6anke. OaHako
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HabntogeHua 3a paboTol TOHKOM CTeHKM B banke,

VIMelOUJ,eVI BEPTUKabHbIE pe6pa EeCTKOCTHU, NOKa-

3bIBAIOT, YTO CTEHKA, NOTEPAB YCTOMYMBOCTb, obpasyeT
mexay pebpamu,

CKNnagKku HanpaB/aeHHblE

FNaBHbIX PacTArMBaoLWUNX Hanpﬂ)KeHMﬁ.

BAONb

OCHOBHAA YACTb

Ecnm metannmyeckon 6aske ABYTAaBPOBOrO CEYEHUS,
paboTatowen Ha M3rMb, ymeHbluaTb TOJILIMHY CTEHKW,
yBeanumnsaeTcs ee rMOKOCTb, TO CymMMapHas niowaab
CeyeHus MOACOB W CTEHKM, HalAeHHas W3 yCi0BUSA
MPOYHOCTM, TaK»Ke ByaeT yMeHbLaTbCA.

MpenaTcTBMEM 3HAUUTENbHOMY YBEMYEHUIO TMBKOC-
TU CTEHKW CAyXKaT noTeps CTEHKOMW MECTHOW YCTOMYM-
BOCTU M HeXejaHWe YCAOMKHATb KOHCTPYKUMIO 6anku
YCTPOWCTBOM NPOAONbHBLIX pebep KecTkocTn. OgHako
HabnoaeHuns 3a paboTolt TOHKOM CTeHKM B Basike, Umeto-
el BepTUKanbHble pebpa XKeCcTKOCTU, NOKA3bIBAKOT, YTO
noTtepsB YycTol4yMBOCTb, 0b6pasyer

CTeHKa, CKnaaku

Mexay pebpamu, HanpaBieHHble BAONb  aBHbIX
pacTArMBaloWMX HanpsaKeHUM—3aKkpuTMyeckaa paborTa
cTann - n banka NPOAO/KAET HECTU AENCTBYIOWYIO Ha

Hee Harpysky (puc.1).

N\
\

ol

Puc. 1. ToHKOoCcTeHHana 6anka

[Nna BOCNPUATUA MECTHbIX Harpysok W ANS OrpaHu-
YeHMA ANMHbI OTCEKa Yalle BCero NPUMEHSIOT Baiku
pebpamm KeCcTKOCTU, MMEILMMM TaKoe e HasHayYeHue,
KaK v B 06bluHbIX bankax. B paboTe pebep, noakpennato-
WUX TMOKME CTEHKM, eCTb U CBOM OCOBEHHOCTU, onpeae-
naemble paboToW CTEHOK B 3aKpWUTUYECKOW cTaguu. Ta-
KMM 06pasom, MCNoNb3ys 3aKPUTUYECKYD paboTy
CTEHKM, MOXKHO AenaTb 6anku 6o1ee TOHKOCTEHHbIMM, B
pesynbTaTte No/sy4YaTb IKOHOMMIO MeTasa.

MpumeHeHMe 6aNOK C OYeHb TOHKMMM CTEHKamu
YMECTHO npu cTabuibHOM HanpasAeHUW OeNCTBUA CTa-
TUYECKUX BPEMEHHbIX Harpy3oK, MOCKO/IbKY paboTa TaKux
620K NPV NepemeHHbIX MO HaNPaBAEHUIO NOABUXKHbIX U
AMHAMUYECKUX Harpy3Kax eLle HegoCTaToOuHO U3yyeHa.

AHann3 ocobeHHocTel paboTbl 6anokK c rMHBKMMMU
CTEHKamMM CBA3aH C M3y4YeHMeM MOBedeHUA CTEHOK, Kak

TOHKMUX NAacTUHOK. Pabota u pacyeTr Takux 6anok,

mmeruwmnx 6 < ﬂcm <13, cywecTBeHHO OTAMYAKOTCA OT

TPaANLMOHHbBIX 6aNOK C YCTOMUYNBOM CTEHKOM.

Ha nepBoli ctagum paboTbl 6anku ee rubKas CTeHKa
ocTaeTca MNJOCKOM, Kak M B 0bblyHOM 6anke .Ho no
NPOTAXEHHOCTM 3Ta cTagua paboTbl KOPOTKa M 3aKa-
HYMBaeTCA MNoTepelt YCTOMYMBOCTU CTEHKM, T.e. nepe-
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XOO0M B 3aKpWUTUYECKylo cTaauio paboTbl. Bo BTOpo
3aKpUTHYECKOW cTagum paboTbl y:ke He cobatogaetcs
JIMHEMHas 3aBUCUMOCTb MeXAy AedopMaumsammn CTEHKM
M Harpysko.

Pa3BMBaloOTCA 30HbI BbiNy4YMBaAHUA CTEHKU C 06paso-
BaHMEM PACTAHYTbIX CKNAAOK, HATAMKEHME KOTOPbIX Bbl-
3bIBAaeT MECTHbIN U3rMb MosAcoB baskM, a TaKXkKe cxatue
nonepeyHbIx pebep KecTKOCTU U U3rnb onopHbIX pebep
B M/IOCKOCTM CTEHOK. JTa CTagus 3asepliaerca Ao0c-
TUXKEHWEM HaNpaXKeHUAMMU npegena TekyyecTu gy ambo
B OTAENbHbIX TOYKax CTEHKM, AnMbo B noscax (uau
OAHOBPEMEHHO).

B TpeTbeit CTagMu pas3BMBAlOTCA MAacTUYeckue ae-
dopmaumm B CcTeHKe M B noscax. Hapactaet nporub
6anKkn; MHTEHCUMBHOCTb pocTa npormba K KOHLY 3ToW
CTaAMM pPes3Ko MoBblWaeTcd M B OTcekax 6anku obpa-
3yeTca NAacTUYecKUin mexaHusm: 6aska nepexoauT B
npeaenbHOe COCTOAHME C MOSBNEHMEM Ype3MepHbIX
OCTaTOYHbIX AedopmaLmii.

Mpu panbHellem, Aaxke He3HauUTebHOM BO3pac-
TaHWM Harpy3ku 6anka TepsaeT Hecyllylo crnocobHOCTb
NMbo BCNeacTBME NOTEPM MECTHOM YCTOMUYMBOCTM MONKM
C}KaTo-U30rHyTOro nosca, NMbo u3-3a noTtepu YCTOM-
YMBOCTU NOACA B MNNOCKOCTU CTEHKMU.
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Puc.2. PaboTta oTceKka TOHKOCTEHHOU 6ankm Ha Qu M

Bcneacteme cneundukm pabotbl 6anku ¢ rubkomn
CTEHKOM W pelleHne NPaKTUYECKUX 3a4a4y NPOeKTUpO-
BaHWA 3TMX 6ANOK OMMpaeTcA Ha MOCTPOEHUE OTHOCU-
TEAbHO MNPOCTbIX MoAenei npeaenbHbIX COCTOSHUNM
3/1IEMEHTOB CeYeHMA B PasANYHbIX YCN0BMAX PaboTbl.

npaBOMepHOCTb nocnegHero noagxonaa obocHoBaHa
a)
< <
M @ M
= =
= =

pesynbTaTaMy OBLUMPHBIX 3KCMEPUMEHTOB, NpPUBEAEH-
HbIX MCCNea0BaTENAMM.

Pacuet 6an10K ¢ rM6KMMM CTEHKamMK

OcobeHHocT paboTbl M pacyeT 6anok ¢ rmbkumm
CTEHKaMK CBA3aHbl B MNEPBYIO ovepeab C U3yyeHWem

noseaeHnA CTeHOK, KaK TOHKUX N1aCTUHOK.

r)

5/

L
]

Puc.3. 3ntopbl HOPMaNbHbIX HaNpAXeHui O'X npu yucTom usrunbe :
a) otcek 6anKu; 6) pacueTHoe ceyeHue: B) r - ax anIopbl:

B YNpYyroi 3aKpuTUYecKon ctagum (B) u pacuetHas (r) B npeaenbHOM COCTOAHUMU

PaccmoTpum paboTy oTceka 6anku B yC1oBUAX, BAN3KMX
K ycnoBuaAm uuctoro msrmba, Korga nonepevHas cuia
OTCyTCTBYET, MO0 HEe3HauuTesbHa MO BennyuHe. Bbiny-
YeHHanA YacTb CTEHKM NPaKTUYECKK BbIK/IKOYaeTcs U3 paboTbl
yKe B ynpyroi cragum aedpopmMupoBaHus,
HOPMa/bHbIX HanPsAXeHWin B cedeHMM 6aM3Ka K MOKa-

n anopa

3aHHOW Ha puc. 3,8. B npeaenbHOM COCTOAHUKN HanpAaXKeHuA

B MNoACax AOCTUraloT npeaena TEKy4ecCTn-o v, Npu4em B

CKaTOM MOACE YacTb CTEHKM HEMOCPEeACTBEHHO MPUMbI-
Kalowasa K nosacy. dbPeKTMBHO BK/OYaeTcs B paboty u

3MIOpa HaMPAXEHWI B CKaTON 30HE, BMECTO 3HaYeHUA O v,
-0y, BBOAAT pacyeTHOe COMPOTWB/IEHWE MaTepuana Mo

npeaeny Tekyyectn-Ry . [na paspesHbix 6anok ¢ rmbkoin
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CTEHKOW CUMMETPUYHOTO ABYTaBPOBOrO CEYEHMA, HECYLLMX
CTaTUYECKYIO HarpysKy v M3rmnbaembix B MNOCKOCTU CTEHKM,
KaK NpaBWio, CNeAyeT, MPUMEHATb CTa/lb C MNPeaesiom
TekyuecTv 4o 430 MMa ( 4300Kkrc/cm?).

Mpo4HoCTb 6anoK

[ABYTaBPOBOro CeYeHus, HECYLLMX CTAaTUUECKYHO HarpysKy,

Pa3pe3HbIX CUMMMETPUYHOTIO

n3rnbaembIix B MIOCKOCTU CTEHKM, YKPENNEHHOW TONbKO
nonepeyHbiMn pebpamm KecTKkocTu (puc.2) ¢ ycnoBHOM

TMBKOCTbIO CTEHKM 6 < Ay, <13, cneayeT nposepaTb
no ¢opmyne
(M/M)*+(Q/Q, )'<1, (1)

roe M n Q — 3HaYeHnA MOMEHTa U nonepequVl Chnbl B
paccmaTpnBaemom ce4eHnu 6an|<14;
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M, — npepenbHoe 3Ha4YeHMe MOMEHTA ,BblUNCIAMOE

no ¢popmyne
A 0,85 1
MR, th? | =L 22 (1-—) |; 2)
th  Aw A
Q, - npeaenbHoe 3HayeHWe MoMnepevyHom Cubl,

BbluMcasemoe no popmyne

Q,=Rst-h ;Lf+3,3(1_1£).ﬁ'_” : (3)

s R 1+H2
t 1 h - ToAWKHa 1 BbICOTa CTEHKU;
As- nnolwasb ceveHna nosca 6anku.
Te U U - KPUTMYECKOE HanpsXeHue W OTHoleHue
pa3mepoB OTCeKa CTEHKU;
no-
MeHbLLEeN.

OTHOLlEeHWe 6onbliei CTOPOHbI CTEHKU K

[ - KoadpduumeHT, BbluMCAAEMBbIN NO dopMmynam:
npu

a <003 f=0,05+5« > 0,15, (4)

npn0,03< @ <01 £=011+3 <04. (5)

8\|’:\2/min2 (h 2 + a2 ),
t-n"-a

MUWUHUMaNbHbIN

3pecb

rae Wi MOMEHT  CONPOTUB/IEHUA
TaBPOBOrO CEYEHWMA, COCTOSAILLLErO U3 CHKATOro nosica b6asiku m
BbICOTOM

npuMbIKatoulero CTEHKU

0,5t ‘/E/Ry (oTHoCUTENbHO COBCTBEHHOM OCU TaBpa,

K Hemy ydacTka

napannenbHoi noacy 6aniku); a - war pebep *KecTkocTu.

JIUTEPATYPA

P w N e
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MonepeyHble pebpa KecTKOCTW, CeYeHUe KOTOPbIX

cnefyet MNPUHUMATb, AOJXKHbl BbiTb pPaccYUTaHbl Ha
YCTOMYMBOCTb KaK  CTep)KHM, CKaTble cuioi N,
onpegensemon no popmyne
T
N=3,3-R,-t-h(1-—Z ). Buz_ (6)
Ry 1+p

3HayeHue N cregyeT NpMHUMATL He MeHee cocpeso-
TOYEHHOM Harpy3Ku, pacrnosioXKeHHON Noa pedbpom.
PacueTHylo A4/MHY CTep)KHA cneayeT NPUHMMaTb

pasHoit h ¢ = h-( 1- B), Ho He meHee 0,7°h .

CummeTpuyHOe [ABYCTOpOHHee pebpo  cnegyet
paccynTbiBaTb Ha LeHTPaNbHOE CXKaThe, O4HOCTOPOHHEee
Ha BHeLEHTPEHHOE C)aTue C  3KCLEHTPUCUTETOM,
paBHbIM PACCTOSHUIO OT OCU CTEHKM [0 LIeHTPa TAXKECTU
PaCcyYeTHOro CeYeHUA CTEPXKHA.

B pacuyeTHOoe ceuyeHMe CTEPXKHA cleayeT BK/IOYaTb

ceyeHue pebpa KeCTKOCTU M MOAOCHI CTEHKMU LIMPUHOMN
0,65t ./E/ Ry cKkaxpaoi ctopoHbl pebpa.

Ycnosus obecneyeHua obuien yctonumsocTn 6anok c
rTMBKMMM CTEHKAMM Te e , YTO U B 0BbIYHbIX BanKax.

3. 3AKJ/IMEHUE

B cTaTbe paccMOTpeHbl NPOYHOCTb M YCTOMYMBOCTb
[BYTaBPOBOM COCTaBHOM 6ankuM c rMBKoOM o4yeHb TOHKOW
CTeHKoW. [1ByTaBpbl C rMBKOM TOHKOM CTEHKOW obecne-
YMBAKOT 3IKOHOMWIO METaNNa MO CPAaBHEHMUIO C MpPOKa-
THbIMM AByTaBpamu (15+20%).
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ABSTRACT: There are considered the metallic composite beams with flexible ultra thin walls. The analysis of beams
with flexible walls is connected with the study of the wall, as thin plate’s behavior. To the significant increase in the
flexibility of the walls is obstacle there is the local wall buckling and after buckling wall forms a fold between the ribs.
At that beam turns into a truss girder. In practice often are applied beams with vertical stiffeners. Due to involving of
reinforcing ribs it is possible to use more thin-walled beams.

The use of beams with very thin walls is appropriate for stable direction of static load action.

Thus using supercritical work of wall it is possible to make a thin-walled beams, resulting in a savings of metal.
Composite beams with flexible thin-walled saves metal in comparison with routine flexible walls up to (15 + 20%).

KEY WORDS: beam; bending moment; buckling wall; firmness; moment of resistance; section; solidity; super
critical stage.
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ABSTRACT: On the basis of study of current dependence on voltage in case of different capacities the group of
current-voltage characteristics for microwelding machine, according to resistance was constructed by us. The received
group of characteristics was described mathematically by us, in particular with the seventh order polynomial and with
minimum error (1,5%) it coincides with experimentally obtained current-voltage characteristic.
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ABSTRACT: On the basis of Evans’ conceptual theory,
a new equation of changing the effective area of
diffusion has been tested and the formulas have been
obtained, that allow constructing the kinetic curves of
oxidation for alumina forming heat-resistant alloys. The
main criterion of a correctness of mathematical modeling
of real processes consists in the coincidence level of
experimental and kinetic curves, that in this case is quite
acceptable.
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corrosion

INTRODUCTION
Nearly equiatomic Fe-Cr solid solutions containing
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about 4.0 wt% Al and 0,25 wt% La or Y are high-
temperature heat and corrosion resistant in addition
to the convenient production technology. The specific
weight gain of the best alloys of this system is extre-

melylow — up to 13000C [1].

Growth of a continuous protective layer on the
surface of rare- earth metal, containing alumina
forming heat resistant alloys, is caused by a substance
transports through the initial oxide layer, where grain
boundary diffusion is blocked by the dispersed
particles of thermodynamically stable Perovskite
Phases. This is equivalent to reduction of the effective
diffusion area and leads to transformation of the
oxidation law from parabolic to logarithmic one [2].

Kinetic models of the oxidation processes of alloys
could be considered as simplified diagrams of the
ambient conditions, in which they are located. A number
of theories have been developed describing the kinetics
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of the indicated processes; for instance, according to
Wagner’s theory it becomes possible to correctly
describe the process of the scale appearance, where the
geometric dimensions and the structure of the interface
alloy-scale remains constant in the course of oxidation
reaction [3]. At the same time, there is no doubt, that the
growth kinetics of thick scale is mostly controlled by the
components of its microstructure.

Occurrence in a protective oxide layer of the diffusion
impenetrable or less permeable phases, so-called
diffusive barriers, reduces the effective area of diffusion
since with the advent of the specified phases certain
micro sites of scale cease to participate in the process of
its growth. The theory, advanced by Evans [4], has
proved most suitable for the description of the

mechanism and kinetics of alumina forming scales.

THE BODY OF THE ARTICLE
From Evans’ theory it follows, that alumina scale

growth submits to the regularity:

k
daw P _—kw
T Iwe (1)

or, in the form of integral:

W.m g,’t:l:l:l2

Qs o

1
W= (k- kT +) (2)

Where W is a specific weight gain of oxidized object
over time 1, k is a constant of reduction of diffusive
stream, and k, is a constant of parabolic oxidation rate.
This kinetic equation is obtained on the grounds, that on
the places, which are free of diffusion barriers the scale
growth is described by a simple parabolic law.

We suggested application of a complex parabolic
equation, as the initial level:

2
w2 w
PR (3)
p “p
or in deferential form :
aw 2 ()
de Ky /2k s W

A new parametric equation to describe the high
temperature oxidation of alloys with decreasing diffusion
area is obtained [5]:

2 kW 1 kw
=E[e (kW—1)+1]+k—kr(e -1) (5)

Where k, is a linear constant of oxidation rate.

Fig. 1. Oxidation kinetics of alumina — forming alloys at 1200°C in air.
1 - An experimental curve; 2, 3 — theoretical curves (Equations (5) and (2)).
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Fig. 2. Oxidation kinetics of alumina forming alloys at 1300°C in air.
1-An experimental curve; 2, 3 - theoretical curves (Equations (5) and (2)).

Experimental oxidation curves of the investigated
alloys and kinetic curves of the same composition on the
basis of the equations (2) and (5) are shown in Figures (1)
and (2).

Thus, comparative testing of experimental alloys with
decreasing effective area can be carried out within the
scope of these two models (2) and (5).

Oxidation Parameters of the Alumina Forming
Alloy at 1300°C During 300 hours in Air

Parameters of oxidation Values of Parameters
K cm2 g 1.36
Ko, mgz/cm4 h 2.07
ke, mg/cmzh 0.83
W, me /cmz 2.06
References

For construction of the theoretical curves calculating
formulas were used:
W = 0,74/n(1,96+7 +1) (6)

T=5, 19[e1’36W (L,36W —1) +1] + 0,88(91'36W -1) (7)

The curves constructed on parametric equation
describe well the experimental curves while in the case
of constructing these same curves on classical equation
the differences with the experimental curves are clearly
visible.

CONCLUSION

Evans’ famous kinetic equations are obtained on the
grounds, that on the places, which are free of diffusion
barriers, the scale growth is described by a simple
parabolic law. A closer mathematical treatment of the
oxidation parameters permits obtaining a new equation of
oxidation, based on a complex parabolic law and com-
parative testing of alumina forming heat resistant alloys
can be carried out within the scope of these two models.
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ABSTRACT: In modern plasmatrons, during turbulent
delivery of plasma flow, as soon as plasma flow leaves
the nozzle, the powder particles melt and accelerate not
only in axial direction, but also in radial direction; they
mix with surrounding cold atmosphere. As a result takes
place reduction of velocity of particles of sprayed
material, oxidation and respectively non-heated particles
originate in the zone of coating formation and quality of
coating layer is getting worsen.

Use of high-enthalpy laminar flows enables us to
change the quality of spraying and to
characteristics of coatings [1-3].

improve

KEY WORDS: plasma spraying; powder particles.

INTRODUCTION

One of the methods of materials generation is an
application of special coatings on constructional material
with the use of low-temperature plasma. Plasma flow is
characterized by relatively simple adjustment of energy
and gas-dynamic parameters.

ISSN 1512-0996
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Receipt of plasma coatings from powdered materials
becomes more and more topical. Such coatings are used
in machine building, aviation,

metallurgy etc.

power engineering,

THE BODY OF THE ARTICLE

The deposition efficiency may be expressed by
powder utilization ratio B, if the input electric power is
known

BzGc/Gp
Where G. — mass of coating deposited per unit of time
(spraying output); G, — powder consumption (quantity of
powder introduced in to the plasma torch — atomization
output.

The losses of powder are mainly caused by splashing
and small vaporization of coating material in plasma. The
powder utilization ratio decreases with incomplete
melting of sprayed particles [4].

If the solid or fused powder particles appear in the
jet, they strike and rebound from coated surface,

As literary analysis shows, the powder utilization ratio
depends on many factors: velocity and temperature of
particles, location of powder feeding point and other. As
it was mentioned, the particles velocity increases in
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laminar flow. The difference between the velocities of
laminar and turbulent flows is small with the distance to
100 mm. With the increase in a distance from the nozzle
tip this difference increases and particles are heated in
laminar jet during dwell time up to the temperature
above melting point. Laminar plasma jet has small angle
divergence 1-3°, which leads to the increase in powder
deposition ratio. In laminar plasma flow at the same
thermal power of plasma the powder particles are
heated and accelerated in comparatively long plasma jets
with  comparatively temperature  and
corresponding vaporization. The dissociation of material
becomes slower, but the powder utilization ratio rises.

moderate

To conduct the comparative research at turbulent and
laminar plasma flows, the experiments were performed
on the 80x80x4 mm sample plates. The powder
utilization ratio was defined depending on the basic
spray regimes. The powder NPA-80 was utilized. The
coatings were deposited during 20 s. All materials were
fed into the plasma torch in the quantity of 25 g/min.
The plates were treated by abrasive-flow machining
before spraying. Spraying was conducted during two
hours after surface preparation. As the plasma-forming
gas argon was utilized, which consumption changed in
the range of Q=2-4 m>/h. Operating current [=300-400 A.
For the turbulent plasma there were used nozzles having
diameter 6 mm, while for laminar plasma — 7-8 mm. In
both cases argon was used as the transporting gas.

Selection of spray distance plays a great part as for
largest powder utilization ratio achievement, as well for
getting of high level of coating quality (adhesive strength,
density, etc.).

Theoretical calculations of spray distance [5] are
based on the simplified techniques of distance measu-
rement [6], necessary for complete melting of sprayed
particles. Such a approach does mot give opportunity to
find the distance, at that not only the temperature, but
the particles velocity is optimal from the point of view of
coating quality. Therefore, the selection of spray distance
was conducted experimentally.

It was stated, that the maximal coating quality is
achieved at the spray distances L=100-120 mm when
using turbulent plasma. In this range the powder
utilization ratio is slightly varied, however at the distance
L>120 the powder utilization ratio and coating quality
drastically fall.

Absolutely another pattern takes place when using
laminar plasma flow. The powder utilization ratio does
not become worse with increasing spray distance from
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small diameter of nozzle tip to substrate, when L=140-
150 mm.

It is known, that the location of anode spot affects
the quality and stability of coating features. A.V.
Novoselov and A.F. Puzryakov experimentally show the
impact of anode spot location to the plasma spray
coating process. It is stated, that the best productivity
and ratio B take place at @=0, i.e. the spot is located
opposite to the powder feeding hole. The maximal
coating quality corresponds to such location of anode
spot. These experiments show, that spray process and
coating properties depend on the location of arc and
anode spot in the plasma torch [7].

The powder utilization ratio was experimentally
investigated depending on the location of inlet hole
(Figure 1.). The experiments were performed only for
laminar plasma flows at arc power 8500 W and argon
using as plasma-forming and transporting gas. The
powder was fed through one hole. As it is shown on the
figure, the maximal powder utilization ratio takes place
when takes place feeding the powder through the lower
part of small diameter channel.
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Figure 1. Change of powder utilization ratio § depending on
feeding point

It should be noted, that the ratio B drastically falls
and correspondingly the coating quality become worse,
when feeding the powder in the region of large diameter.
Seemingly, at that the laminar flow pattern becomes
worse. So, the powder is fed dipper in the channel of
nozzle, the effectiveness of powder heating and utili-
zation ratio is higher.
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Figure 2 shows a dependence of powder utilization
ratio on the arc power. Analyzing the dependence it is
possible to define the optimal arc power. At small arc
power, the powder practically is not melt and the ratio
is minimal. The powder utilization ratio 3 increases with
increasing arc power and correspondingly plasma power.
Ratio B decreases seemingly due to increasing of sprayed
powder vaporization.

Powder consumption is 25 g/min. The powder was
delivered through one hole (1, 3) and three holes (2, 4).

Spray distance L=120 mm.

Thus, the arc power providing so-called “minimal
thermal power of plasma” provides also a penetration of
all particles.

It also follows from the dependence (see fig 2), that
the maximal value B is achieved at powder feeding
through three holes angularly related to each other at
120°. At that the powder is distributed uniformly on the
cross-section. Application of laminar plasma flows
increases the powder utilization ratio 3 1.4 times.

Also the dependences of powder utilization ratio on

the quantity of powder are investigated (see fig. 3).
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Figure 2. Dependence of powder utilization ratio f§ on the arc power
for turbulent (1, 2) and laminar (3, 4) plasma flows
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Figure 3. Dependence of powder utilization ratio § on powder consumption G,
introduced in to the torch for turbulent (1, 2) and laminar (3, 4) flows
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The powder was delivered through one hole (1, 3)
and three holes (2, 4).

Arc power — 8400 W. Spray distance L=120 mm.

The change only of fed powder quantity considerably
affects the B ratio.

When the quantity of powder introduced into the
plasma jet increase, the local overcooling of plasma
occurs and there comes a moment, when the quantity of
the molten powder particles becomes to be decreased.
The maximal spray productivity foreruns to this moment.
Due to the powder feeding through three holes at the
same quantities, the more uniform distribution on the
nozzle section does not lead to noticeable cooling of
plasma. Therefore, here the ratio B is higher, than during
powder feeding through one hole. These experiments
were performed at spray distance L=120 mm. It should
be noted, that the comparative analysis was not
performed at spray distance L>120 mm, because the
coating quality, adhesion and powder utilization ratio
become drastically worse at turbulent plasma flows. As
for the application of laminar plasma flows, the coating

quality and ratio B do not change at spray distance
L=140-150 mm.

So, the application of high-enthalpy laminar plasma
flows provides the following:

- Increasing of particles velocity;

- Minimal divergence angle 1-3°;

- Heated particles move in longitudinal direction, that
excludes their mixing in the ambient air.

- Increasing of sprayed particles temperature.

All factors listed above promote the increasing of
powder utilization ratio % times at the same regimes (arc
power, quantity of fed powder, etc.).

CONCLUSION

The powder utilization ratio is determined depending
on the location of powder feeding point, arc power
(thermal power of jet) and quantity of fed powder.

It is found, that application of high-enthalpy laminar
plasma flows increases the powder utilization ratio 1.4
times.
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WAM KMCNOPOAA W NPOAYBKY pacniaBa MHEPTHbIM ra3om
CHM3y. MpUPOAHbLIV ra3s U BO34yX UAN KUCNOPOZ, BAYBaOT
M3 BCTaBJ/IEHHbIX OAHa B Apyryto Tpyb HeBogooxnaxaae-
MOM ras’oBO34YLWHOW WAM Ta30KUC/IOPOAHON TFOPENnKou,
pacnosioXeHHOW B OTBEPCTUWM PA3/IMBOYHOrO CTaKaHa
LWnbepHoro 3aTBopa M 06CbINAHHON CYyXMM OrHEYyNopHbLIM
neckom. [MpupogHbIA a3 nNoJaeTcs 4epes HapyKHyHo
Tpyby, a BO34yX WAM KUCNOPOL — 4Yepe3 BHYTPEHHIOH.
KoBLU-Neyb HaKpbIBAOT NPUCOEAMHEHHBIM K Fa3004UCTKe
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npod)eccop [JenaptameHTa meTannyprum,

maTepuanosegeHnA wu O6pa6OTKVI MeTannos

B/IEHUA LUMXTbl CBEPXY 3S/EKTpUYEcKMMM ayramu. Mocne
pacnnaBieHUA LWKXTbl C/MBAIOT MEPBUYHLIN LWAAK HaK-
JIOHOM KOBLLA-MeYn, KOTOPYHO Nocae 3TOro BO3BPALLAlOT B
MCXOOHOE MOJMIOXKEHUE, 3arpyaloT B Heé dntocyowme
006aBkM M GOPMMPYIOT BTOPUYHBIN WnaK. Mpu 3ToMm,
BMECTe C OHHOM NPOAYBKOW MHEPTHLIM Fra3oMm, Hayrnepo-
YKMBAHMEM MPUPOLHLIM Fa30M MU 06e3yrnepoXKnBaHu-
€M, KUMEHNEM, PAaCKUCAEHNEM, NerMpoBaHnem, obeccepu-
BaHWem, gedochopaupen npomcxoauT romoreHmsauma
XMMMYECKOr0 COCTaBa M TemnepaTypbl FOTOBOM CTaju.
MNpUMmeHeHMe 3TOM WHHOBALMOHHOW TexHonorun obec-
neunt 6onee BbICOKOE KauyeCTBO CTanW, BbICOKYH dddek-
TUBHOCTb W HU3KMe 3aTpaTbl Ha €& NPOU3BOACTBO.

K/NHOYEBbBIE CJ/IOBA: BO34yX; BbiNiaBKa B KOBLUe-
neyun; AOHHas NPoAyBKa Yepes WnbepHbIii 3aTBOP; UHEP-
THbIM ra3; WHHOBALMOHHAA TEXHO/OTMA MNPOW3BOACTBA
CTa/N; Ka4yecTBO; KUC/IOPOA; KOaKcuanbHble Tpybbl; Ha-
YyrNepoXnBaHve nNpPUPOAHbIM ra30M; HEBOAOOXNAXKAA-
emMasi ropesika; NPUPOAHbINA ra3; CHUMKEHUE U3LAEPHKEK
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NPOM3BOACTBa; LWAaKoobpasylouwme peareHTtbl; sdpdek-
TUBHOCTb.

BBEAEHUE

B obo3pumom byayuiem cambiM MPOYHbIM, HaEX-
HbIM M YAO6HbIM KOHCTPYKUMOHHbIM MaTepuasom BCé
ewe byaeT ABNATLCA CTa/lb, rO40Bas BbiN/JaBKa KOTOPOW
Ha Halwel nnaHete 3a nocnegHue 25 net noytn yaso-
MNacb M B TEKyLLeM roay nporHosmpyetca cebiwe 1,5
MUWUNANAPA0B TOHH. HecmoTps Ha cnocobbl U YCTPOKCTBA,
BbIN/J1aBKa CTa/M OCYLLECTB/AETCA MO Hay4yHbIM 3aKOHO-
MEPHOCTAM  BE/MKUX YYEHbIX MPOLAOro CTONEeTUs,
OCHOBbIBAKLWMMCA TO/IbKO Ha 06e3yrnepoXnBaHMK cTa-
NIenNaBUNbHOMN BaHHbI.

TpagUUMOHHAA TexXHO/orMA NPOM3BOACTBA CTaau
MMeEeT caeaytolme CyLw,ecTBeHHblE HEAOCTATKU:

1. loToBaA cTanb MNocTynaeT B CTanepas/IMBOYHbIE
KOBLUM, TAEe HECMoOTpA Ha crnocobbl BbINAaBKM, ANA
KOMMEHCAUMN MNoTepb TemnepaTypbl NPu BbIMyCKe Ha
¥énobe B cTanepas/IMBOYHOM KOBLUE W BO Bpemsa pas-
JINBKK, NAABKY BO BCEX M/IaBW/bHbIX arperaTax neperpe-
BatoT Ha 100+120°C Bbille HOMWHANbHOMW, YTO BbI3blBaET
CYLLECTBEHHbIV Nepepacxos, TOMN/AMBa, 3N1EKTPO3HEPruu,
OrHeynopos, APYrux MaTepuasioB, CHUXKEHWEe Mpoms-
BOAMTE/IbHOCTM arperata M KayecTBa CTaaM BCAeacTBMe
YBENMYEHUS KONIMYECTBa HEMETa/IIMYECKUX BK/IOYEHUN
(ocobeHHo rasosbIx).

2. Kaxpaa 3agaHHaA MapKka ctanum TpebyeT cooT-
BETCTBYIOLWErO PACYETHOIO COAEpKaHuA yrnepoga npwu
pacnnaBneHUn, ONTUMANbHOCTb KOTOPOro HEe MOXKeT
onpeaennTb Aaxe COBPEMEHHOEe [MOKONeHMEe BblYUC-
NIUTENIbHBIX MalUWH, @ NO 3TOW NMPUYMHE YacTbl C/yyau
,MATKNX” pacnnaeneHnin no yrnepogy, NepeLlnxToBoK,
noABanokK ([03aBanoK) M AONAMBOK 4yryHa, neperpysos
NnaaBoOK, OCHOBHOro 060pyaoBaHMA, NOTepb MeTanna,
CpbIBOB 3aKa30B 33Z,@aHHbIX MAPOK CTasiei ¢ yxyaweHnem
MX KauyecTBa, aBapWIHbIX CUTyauuit Npu BbINJaBKe W
pasnuBkKe.

3. BbINycK cTann M3 NNaBWUIbHOrO arperata conpo-
BOXOQeTcA €€ BTOPUYHbIM OKUCAEHWEM, 3HaYyUTeNb-
HbIMM NOTEPAMM, CHUNKEHWEM KayecTBa, YBEAUYEHUEM
pacxoZia packucauTenein, CTpallHbIM  3arpA3HeHMeMm
atmocdepbl, yXyAlWeHWem YCcioBUIA Tpyda BMmecTe C
3KON0OrMYECKMMM NOKasaTensimm NAaBMAbHOrO arperaTa,
npeanpuATUA N PerMoHa.

4. B cBA3W C Tem, YTO NPOU3BOACTBO CTaN BO BCEM

MWpe PacTET, B OCHOBHOM, 3a CYET BBOAA CBEPXMOLLHBIX
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3/1EKTPOAYrOBbIX MeYer C Pe3KUM yBeNMYeHUEM noTpe-
6neHns 3N1eKTPO3Heprnn, cospaérca 6bonbluas yrposa
ana byayuero aeduumnta U Kpusmnca No 31eKTPOIHePrum
BO BCEM Mupe.

5. CoopyrKeHWe N1aBUIbHbIX arperaTtoB — KOHBEPTEPOB
W 3N1EKTPOAYIOBbIX NeYel ¢ MOLLHbIMM TpaHchopMaTopamm
— TpebyeT OFpOMHbIX KanmuTasZbHbIX  3aTpaT npwu
CTPOUTENLCTBE COBPEMEHHbIX CTa/IENIABUIbHBIX LLEXOB.

6. MOMMMO OrpOMHbIX KaMBIOXKEHUW, pacxodbl Ha
9KCMAYaTaLUMIO WM KanuTajbHbIA PEMOHT MAABU/bHbIX
arperaTos, mMatepuasibHble U TPyAoBble 3aTpaTbl OYEHb

BE/IMKN N YyOIOPOKAIOT ce0eCTOMMOCTh CTaJIH.

OCHOBHAA HYACTb

B 80-Tble roabl Ha PMK (PyctaBckom meTannypruyec-
KOM KOMbBUWHaTe) Bnepsble B MUpe Hblia OCyLLECTBAEHA
BbIN/J1aBKa CTann BAYyBaHWEM NPUPOAHOro rasa u Bo3ayxa
M3 cTanesbinyckHoro oteepctna 200-TOHHOro cranenna-
BMIbLHOTO arperaTa ¢ OrPOMHbIM 3KOHOMUYECKUM 3ddek-
TOM, NPUYEM CpPeaHAA NO Lexy MNpoAO/IKUTENbHOCTb
nnaskn ot 8,5 yacos ymeHblmnacb o 4,15 yacos npwm
YMEHbLUEHMM pacxoaa YCIoBHOro Tonamnea ot 170 Kr/T go
88 Kr/T, a BbIMYCK BCEX OMbITHbIX MIAaBOK OCYLLECTBAEH
6e3 TAXKENbIX TPYAOBbIX 3aTpaT Ha pasfesiky CTafnesbl-
NMYCKHOrO OTBEPCTMA BbIHOCOM HEBOLOOX/1AXKAAEMOW
NPOAYBOYHOMN rOPesIKK C MOMOLLBIO PA3IMBOYHOMO KpaHa
(puc. 1). Ha ykasaHHbIn ,Cnocob BbinnaBkM cTann”
noayyeHo Astopckoe cauaetenbcteo CCCP [1].

Mo3aHee, nocne rnyboKoro Hay4yHoOro aHanausa npo-
Lecca HalMX 3KCMEePMMEHTOB, BbiAB/IEHbI HOBblE 3aKO-
HOMEPHOCTM 3aBUCUMOCTU 06E3YrnepoXmnBaHMUA U Hayr-
NepoXMBaHMA CTanu OT TemnepaTypbl, COOTHOLIEHUA
06bEMOB NPUPOAHOrO rasa M BO34yXa, a TaKXKe Cym-
MapHOro coAeprKaHua yrneposa B NPUMpPOLHOM rase, 3a
yto MexayHapoaHaAa aKagemua aBTopaM  HayYHbIX
OTKPbITUIN N U306pPETEHUI BblAANA ANNAOMbI Ha Hay4YHble
OTKPbLITUA C cepebpsaHOli 1 3010TON MeaanaMmmM naypeata
Hobenesckon npemun M.J1. Kanuubi[2].

B nepuop npoBegeHMA 3STUX YCMELWHbIX Hay4YHbIX
aKcrnepumeHToB Ha PMK TaKKe 6blna paspaboTaHa Tex-
HO/IOTUA BHeMneyHol 06paboTKM cTanu nyTém eé npoay-
BKM 4Yepe3 oTBepcTMe WwnbepHoro 3aTBopa CTasiepasnu-
BOYHOIO KOBLUQ WMHEPTHbIMM rasamu, LWAakoobpasyto-
WMMKU CMECAMU N MUKpOAErMpytowmmm aobaskamu c
COBMELLEHMEM MPOLLECCOB PACKUC/NEHUA-NErMpoBaHuA.
YKasaHHaa TexHonorma, Kpome PMK, BHeapeHa Ha
MHOruxX 3aBogax Poccumn 1 YKpauHbl, a eé nateHT Kynuam
dupmbl , Kpynn“ n,,MaHHecman” (puc. 2) [4].
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HemeLKue CcTanennaBublMKMA YCOBEPLUEHCTBOBAAN  3TOro 6osee TEXHOIOTMYHDBIM BapuaHT 6e3 npekpalleHus
TEXHO/IOTUIO MPOAYBKM M PA3/IMBKM KUAKOW CTann Mpu-  npoaysku Ao MHJI3 paspaboTaH B IPy3MHCKOM TexHUYeC-

MEHEeHMEM AByXKaHanbHoro wubepa [5], ogHako nocne

KOM YHMBEpPCUTETE U 3anaTeHToBaH B [py3un [6] (puc. 3).

OmxopAwpme rass

Tonnuao + N0y (mabumoumei) /-r n-1)0,

L. 00,1 1)0, 2H,+0,—2H,0

: 2+ 0,—2H,0 ,
1 T_— 2 +Hj 1({}"’(]1——'2(101 ,I 1
L 13 2C0+0,— 200,

~——a C0,;+2F¢

1 1 |
bl 3FEI e,05+Fe

- . l Lo i [ \
wlmm 2FeOH+Si—2Fe+8i0, FeO+C—Fe+(C0O FeO+Mn—Fe+MnO f—T—L
L (;‘j 2Fe+0,~+2Fel Fe0+CO-Fe+CO,t 2Fe0+C-+2Fe+CO ;1

2C+0,~+2C0t 2Mn+ O,-»2MnO Si+ O,—+SiO;
2FeS+30,+2Fe0+2S0,t 2MnS+30,+2Mn0O+2S0 ;1
FeS+2Fe0-+3Fe+S0 ,

2Fe0 +0,~+Fe;04
HQ'D 1 +2FeO—rF3203+ COo1t

% +2F30H2FE+C +2H,01
|

t MnS+2MnO-3Mn+S0 , t

Puc. 1. MpoayBKa }KMAKOM BaHHbI ra30B03AYLIHOM CMECbIo Yepes

CTazieBbliNYCKHOE OTBEpCTUE NeYun

Puc. 2. BHeapéHHasn B Mpy3um (Ha PMK), Poccum, YKpanHe u KynaeHHas Hemeukumu pupmamm
TEXHONOrUA KOBLUOBOM 06paboTKM XKNAKOM CTaNu BAYBaHUEM UHEPTHbIX ra3os
1 WnaKkoo6pasyoLmx peareHToB Yepes WnbepHbIit 3aTBOp

C YYETOM BbIWEN3INOKEHHBIX YHEeaAUTENbHbIX HayYHO-
NPOU3BOACTBEHHbIX PE3Yy/IbTAaTOB HOBbIX 3aKOHOMEPHOC-
Tell NPOLLeCCOB HAyrNepoXKMBaHMA U 06e3yrneposkmsa-
HUA Bblaa MocTas/ieHa 3agada yWTUM OT TPaAMLMOHHOM

ISSN 1512-0996
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TEXHOMIOTUWN  BbIHYXKAEHHOrO neperpesBa MmeTansna Ha
100+120 °C nyTém BbINJABKU CTa/M B OAHOM MoOZep-
HM3MpoBaHHOM arperate Tmna AKOC c npoayBKoi He-
BOL0OX/1AXKAaeMOI ropesikol Yepes WubepHblit 3aTBOpP
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NPUPOAHbLIM Ta3oM W BO3AYXOM WU KUCAOPOAOM (B
nepuvoabl 3aBafiKW, MNABNEHUA U OOBOAKM), a 3aTeM —
packucieHnem M 06paboTKOM MHEPTHbIMM rasamu U

= Ar

peareHTamu M nocneaytowen passiIMBKON U3 3TOFO XKe
KosLwa Ha MH/13.

MNpogysouHan TpybGka

. MpogysouHoe oTeepcTHe Wubepa

. O6nacTe :aMOpaXWBaHUA MeTanmna

Puc. 3. Cuctembl NPOAYBKU CTaM UHEPTHLIMU Fazamm M padpUHNPYIOLMMU peareHTaMm:
a) HoBas rpy3uHckasn; 6) HemeuKas

Takum 0b6pa3om, U3 NOTOYHOM CTaNENNABUAbHON NMHUK
— CTafienniaBWbHbIA arperaTt, CTaneBbIMYyCKHOW ¥Enoob,
CTanepasnInBoYHbIN KoBw mMan AKOC, obpaboTka meTanna
MHEPTHbIMW Tasamu, peareHTamu u MH/3 — uckaounnm:
TNaBHbIM arperat — neyvb CO CTasIEBbINYCKHbIM OTBEPCTUEM,
XEnobom AN BbIMycKa CTanu, C CaMbiM  TAXKENbIM,

TPYAOEMKMM  MPOLLECCOM  3aKPbITUA-OTKPbITUA  NIETKM,
BbINYCKOM META/IIA B PA3/IMBOYHbIN KOBLU; BbIHYKAEHHbIN
neperpes ctann Ha 100+120 °C, yxyALwatowmin eé KayecTtso,
CTPALIHO 3arpASHAIOLLMI OKpYKaloLyto cpeay, NopTAWmi
3KOJIOTMYECKME MOKasaTenn npeanpuatia u permoHa. Mo
NPeaNOXKEHHOM TEXHOMOMMM BCE MNPOLECChl MAaBAEHMS,
[OBOJKW, PACKUCNEeHUA U 06paboTKM MeTanna MHEPTHLIMM
rasamMmM W peareHTamMM nNPOBOJATCA B OAHOM MoAe-
PHM30BAHHOM arperate C HarpeBom CTasM TONbKO A0
HOMWHANbHOM TemnepaTypbl.

Pa3paboTaHHaA Ha OCHOBaHWM BblLLEYKa3aHHbIX Hayy-
HbIX OTKPbITUIA TEXHOMOrMA BbINAABKU-padUHMpPOBAHMUA
CTann rNybuHHON NpPOAYBKOW CHU3Y ra30BO34YLIHOM
(rasokucnopogHoit) cmecbio 4yepes LWKNBepHbIA 3aTBOP
CTaNepas/IMBOYHOIO KOBLUA M HarpeBOM CBEPXY 3/1EKT-
po3Hepruelt 6bina 3anaTeHToBaHa B Poccuu [7], Kutae [8]
W nateHTyetcsa B Fepmanum (puc. 4).

Mocne TWATENbHOIO M3YyYeHUs XMMMUYECKUX COCTABOB
NPUMPOAHOro rasa MecTopoxKaeHuit Poccun, TypKmeHuM,
YKpauHbl, AsepbaingrkaHa, Y3bekuctaHa, MpaHa u Mpysum
YCTAHOB/NIEHO, YTO MAKCMMasIbHOE CYMMApHOE coAepiKa-
HWe yrnepoaa B KybomeTpe NPUPOAHOro rasa cocTaBaseT

0,760 Kr, a muHumanbHoe — 0,439 kr. ChegoBaTenbHo, B
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npowecce BbINAAaBKU cTann Ha 73 % 6onblue yrnepoga
nocTynaeT B NPOCTPAHCTBO arperaTta, a nocne pacnias-
NEHWA, U B XWUAKYIO BaHHY, B eAMHULY BPeEMEHU U3
€UHCTBEHHOr0 MCTOYHWKA — NPUPOLHOrO rasa.

Takum o6pasom, Obla HallgeHa HoOBasA 3aKOHO-
MEPHOCTb — Hayr/IepOXKMBaHME CTaNeNNaBUbHOM BaHHbI
(npn eé rnybuHHOM nNpoayBKe 4epes CTafeBbINyCKHOE
OTBEPCTME TrA30BO3AYLIHOM WAWU TA30KUCIOPOAHON M
LWNaKoobpasyloLlei cmecsimm) NPsMo NPONopPLMOHANbHO
3aBUCUT OT CYMMapHOro COAEPNKaHWA Yyrnepoga B Npu-
poaHom rase (puc. 5) U cooTHoweHUs obbéma Bo3ayxa
WAK Kncnopoga K o6bEmy NpUpoaHoro rasa. YeennueHuve
3TOrO COOTHOLUEHWUA NPUBOAUT K OKUC/IUTENIbHOMY MpPO-
ueccy,
No3BO/IMNO YCOBEPLUEHCTBOBATb MNPOLLECC BbINIABKM C

a YMeHblUEHME — K HayrnepoXuBaHuiwo. 3TO
pelweHnem OYeHb BAXKHOM A/A  CTaNenaBU/IbLLMKOB
npobaembl — ONTUMaNbHOTO MO yriepoay pacnaasieHus
CTa/fennaBuNbHON BaHHblI B COOTBETCTBMM C 3adaHHOM
MapKOW, UCK/IOYAOLEN MArKME PacniaBneHns, noasanku
(a03aBankun) M 4OAMBKM YyryHa, aBapuitHble CUTyaLmMKn Npu
BbIN/IABKE U Pa3/INBKe CTa/u.

Mbl ycoBepLIEHCTBOBAAM 3anaTeHTOBaHHble B Poccun
n Kutae cnocob v ycTpoMcTBO BbiNAaBKM M 06paboTku
CTann B OOHOM arperaTe oOpraHusaumer nogaynm me-
Ta/IMYECKMX WNXTOBbLIX MaTepuanos 6e3 cHATUA CBOAa U
3/1eKTPOA0B C AyroBOro NaaBM/bHOrO arperaTa.

lPy3naTeHT BblAan NAaTeHT Ha YCOBEPLIEHCTBOBAHHbI
OBYWKNOEPHbIMA cTasennaBuabHbIM arperat (puc. 6) [9],
pa3paboTaHHbIN Ha OCHOBaHMM HOBbIX 3aKOHOMEpPHOCTEN
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HaLUMX Hay4YHbIX OTKPbITUIA. B 3TOM arperate oguH wubep
CO CTaKaHOM ONTMMasbHO BONLLIOTO AMameTpa npea-
HasHayeH AN MPOAYBKM ra3sOKMC/IOPOAHOMN CMEcbio M
YCKOPEHUA pacniaBieHnn WUXTbl MOLHbIM dakenom, a

SiMn
et | Bokent o
Fedin

BTOpOVI, CO CTaKaHOM ONTUMa/IbHO MeHbLUEero agnameTpa,
= AnAa nNpoayBKMU UHEPTHbIMU FrasaMn U peareHtTamum un

nocaeayoweit PasanBKN CTaau.

RWILFRIEAS

[ri—

Puc. 4. OgHowmbepHbIii arperaT A/1A COBMELLEHUA TEXHOIOMUM BbINIaBKH,
packucneHus u o6paboTku ctanun

80 1

] W e n * 1
=] =] = =] = =
P P T S T L P TS ST

Poct cremens HayIIIePOAHBAHA CTAIISTUIAB HIIbHOH BAaHHDIL, %
[
=
PR

0

0.400 0.500 0.600 0,700 0.800
CyMMapHOe cOmepsKaHH YIIIepoaa B

ANMKAHAX TTPHPOIHOTO Ta3a, KI/Ky0.M

Puc. 5. BansHue cogepiaHua yrnepoga B NpPMpoAHOM ra3e Ha pocT
CTeNneHn HayrnepoXKMBaHUA CTaNenNaBUNbHON BaHHbI
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BbinnaBKka ctann u eé paduHMpOBaHME HAYMHaEeTCA
3arpyskon cneunanbHbiMK 6aapAMKU B KOBLU-MEYb OTCO-
PTUPOBAHHOM U B3BELIEHHOM WNXTbl BMecTe ¢ ¢parocamum
(n3BecTblo, BOKCUTOM, NNABMKOBLIM LIMNATOM WAU Ap.).
MnasneHne WKUXTbl HAYMHAETCA OAHOBPEMEHHO CBEPXY
3N1EKTPOAYroM U CHM3Y MOLWHbIM (paKeNoMm HeBOAO-
OX/1AKAAEMOIN TrOpenikn, BCTaBAEHHOW W 3aTpambo-
BAHHOM CyXMM KBApLLEBbIM NECKOM B CTaKaHe ¢ 60bluMMm
AnameTpom WKbBepHOro 3aTBOpa, rAe NO BHYTPEHHel
Tpybe nopaétca BO3AYyX MAM KMCOPOA, a B HapPYKHOM
3a30pe — NPUPOAHbIV ras.

BO3HMKLWME BO BpeMSA 3aBaJIKM, NNABAEHUA U OCAAKM
WKXTbl cBOO6OAHbIE O6BEMBI 3aMONHAKOTCA 3a/IMBKOW
XUOKOTO YyryHa 4yepes cneumanbHbl Enob, a Ha 3a-
BOAaX, T4e €ero HeT — nojayeit MeTanan3MpoBaHHbIX
OKaTbllWen C LUefbid MAKCMMasbHOIO MCMO/b30BaHMA
TOHHaa arperata (cxemy MoZayun OKaTblleh He Mnoka-
3blBaeM, TaK KaK MOKa He Nojly4yeH MaTeHT), nocne yero
nojaya MeTanIM3MpPOBAHHbIX OKaTbiWel NpeKpalaeTca
3N1EKTPOMMMNYNIbCOM annapata onpeaeneHus ypPOoBHA
XKUOKOTO MeTanna.

B npouecce nnaBaeHWUA CKAuMBalOT NEPBUYHbIN LWAAK
TMAPaBAMYECKMM OMyCKaHWEM BHU3 M HAKNIOHOM KOBLUA-

nevyun BO3BPALAKOT 3TOT arperat B UICXOAHOE MOoJsI0XKeHue,
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3 3aTemM HaBOAAT HOBbIN, BTOPUYHbIA LWAAK MYTEM Npu-
Cafkn QAloCyloWmMX matepuanos (Hanpumep, W3BECTH,
6OKCUTA, NJABMKOBOrO LlWNaTa M Ap.) B MNeyb-KOBLW M3
cneumanbHbix BOYHKEpPOB-A03aTOPOB Yepes 3acbinHoe
YCTPOMCTBO.

Mo xumunyeckomy aHanusy nepsoW npobbl ycTa-
HaB/IMBAETCA PEXUM MPOAYBKW KUAKOW cTann. Ecam B
npeasaputenbHol npobe cofepikaHue yrnepoga Haxo-
anTca B npeaenax TpeboBaHMI UHCTPYKLMM ONA 334aH-
HOM MapKK CTasn, TO COOTHOLLEHWE BAYBaeMbIX 06 bEMOB
BO34yXa MAW KMCNOPOLA M NPUPOAHOIO rasa Aepar gin
BeAEeHMA npouecca B OKUCNUTeNbHOW aTmocdepe. Ecam
pacnnaBneHue ,Kpenkoe“— Bbllle HOMWHAAbHOFO MO
yrnepoay, TO ANA YCKOpeHuAa npouecca obesyraepo-
MBAHWA BblWEYKa3aHHOE COOTHOLIEHWE YBENNYMBAIOT.
Ecan pacnnasneHue no yrnepoay HuW»Ke ONTMMANbHOrO
ANA 33JaHHOW MapKKW CTaan, 3TO COOTHOLUEHWE YMEHb-
LIAOT yBe/nYeHMemM 06bEMa NPUPOLHOIO rasa U YMeHb-
weHnem obbEma BO34yXa UM KUcnopoda, Bcaeactsme
4yero MpU KUNEHWUU KUAKOM BaHHbl BMecCTo obesyr-
NIePOXKMBAHMA UAET Mpouecc eé HayrnepoXXmBaHuMA A0
BbIMYCKa 3a4aHHOM MapKu CTanu.

Takum o06pasom, M3 TEXHONOIMYEeCcKoro mnpoecca
MCKOYAlOTCA NOoABaKKU ([,03aBanKK) XONOLHOMO YyryHa,
BbICOKOYrNepoAMCTbIX CMAaBOB W MaTepuasos WK
OOJIMBKM KMUAKOTO YyryHa, YTO BbI3bIBAET Neperpys neuu,
CTaNepas/IMBOYHbIX KOBLUEM W Pa3/IMBOYHBLIX KPaAHOB,
Co3faHue aBapWUWHbIX CUTyauui Mpu  BbiNJaBKe MU
pa3nueke. 3Ta 6onblwas HepelwéHHas npobiema mupo-
BOro macwrtaba B CTanennaBuIbHOM MPOU3BOACTBE B
NpeanoKeHHOM MpoLecce pellaeTca No-HayyHomy, bes
HEMPUATHbLIX M aBaPUNHBIX CUTYALNNA.

Mocne pacnnaBneHusa WnbepHbI 3aTBOP C 6onbWKNM
OTBEPCTMEM, MpeaHa3HauyeHHblt TOMbKO ANA pacnna-
BNIEHUA LUMXTbl, OKOHYaTe/IbHO 3aKpbiBaeTca. [pouecc

NPOAYBKM U 3KCTeHCUBHOE pPadUHUPOBaHME WMHEPTHbIM
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rasom 4yepes BTOPOW WKNBEPHbIM 3aTBOP C ONTUMA/IbHBIM
ONA  Pas/IMBKM  OTBEPCTUEM MPOLO/KAOTCA BO BCe
nepuogbl 3aBajskM W nnaeneHus. lMocne 3aBeplueHUn
nnaBieHUA U 3aKpbiTua H6onbworo wubepa, nepexoaat
Ha WHTEHCWBHYIO NPOAYBKY BaHHbl MHEPTHbIM rasom U
peareHTamu. Yem 6Gonblie pasneHne u o6bEM nopa-
BAeMOro MHePTHOrO rasa, TeM MHTEHCUBHEE BOCXOAALLME
CHW3Y BBEPX rMApPaBANYECKME TEMOBbIE NOTOKM XKUAKOM
CTaNn, YTO YBE/IMYMBAET NOBEPXHOCTb CONMPUKOCHOBEHMA
WaaKa C MeTalJIoM U WHTEHCMBHEEe MPOUCXOOMUT accu-
MUAALNA, NEPEXOL BCEX HEMETANIMYECKUX BKAIOYEHUHN,
B TOM YMC/e ra3oBbIX, U3 METas/a B LWAAK U B aTMOC-
depy. C aTUMKM npoLeccamMmy COBMELLAETCA roMoreHmsa-
UMA XMMWYECKOro cocTaBa W TemnepaTypbl MeTanna.
Ecnun Tpebyetca rnybokoe obeccepuBaHue, gedpocdopa-
UMSA, TO HY»KHO CHATb HACbIWEHHbIW cynbdugamm, docoda-
TamMM U APYTIMMWU  BPESHbIMW  COEAMHEHMAMM LUAAK,
HaBeCTM TPETUI LWNAK M C YBESIMYEHMEM MOAAYM TaKMX
peareHToB, Kak CaC,, SiCa, SiA, Mg u ap., MOXHO
[06UTbCA MaKCUMANbHOTO yaaneHus cepbl n docdopa.
[BywinbepHaa Kosl-neyb obopysoBaHa MOCTOSHHO
LEeNCTByOWEeM annapatypo Ana W3MepeHus Temne-
paTypbl
yrnepoza B HeW U YPOBHA KMAKOro meTanna.

KUAKOM CTanu, MPOLLEHTHOIO CoAepyKaHuA

Mocne Nofy4eHUs Kenaemoro aHan3a HeneperpeToro
METasNa C ONTUMANbHOM ANA Pa3IMBKM TemnepaTypon, ¢
YY4ETOM coaeprKaHua yrnepoda M TOro, 4to Temnepartypa
¢byTepoBKM KOBLUA yrKe cbanaHCcMpoBaHa C TeMnepaTypoit
KUAKOW CTaNn, OH OTK/AOYAETCA OT CTaLMOHApPHOM nogaym
NPUPOAHOrO rasa, Bo3ayxa, KMCA0poda U MHEPTHOTO rasa
M3 MarucTpaau, OTCOeAMHAEeTCA OT CBOAA TIMAPaBAU-
YECKMM OMyCKaHMEM BHM3 OMOPHOro CTeHAa MOAEPHMU-
30BaHHOro CTaneso3a W oTnpasnAaetca Ha MHJ/3 ¢
NpoAyBKOM MeTasnna aproHoM M3 CMOHTMPOBAHHOIMO Ha
CTanepas/iMBOYHOM KoBlue 6annoHa. Pa3nvMBKa Hauu-

HaeTcA C NpeKpaLLeHnemM NpPoayBKU.
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3AK/TIOMEHME

3anateHToBaHHaa B Poccun n Knutae TexHonorus Bbin-
NaBKM CTanM B OAHOM arperate OAHOBPEMEHHbIM Har-
peBoM CBepxy 3neKTpoagyroi (nuTaemoli oT TpaHcoop-
maTopa MolHocTbio 25 MBT) 1 cHM3y dakenom BayBae-
MbIX MPUPOAHOrO rasa W BO34yxa WAM Kuciopoaa, no
CPaBHEHUIO C TPAANLMOHHBIMK, XapaKTepumsyeTca caeayto-
LLMMU NPEUMYLLECTBAMM:

1) Otnagaer HeobxoAMMOCTb B OTAE/bHOM CTajnen-
NaBUAbHOM arperate (Hanpumep, B KoHeepTepe, B ACM co
CBOMMM MOLLUHbIMK TpaHcdopmaTopamm U ap.) U Heob-
XOAMMbIX ANA UX Pa3MELLEHMA BbICOKUX NEYHbIX MPOETOB,
COOpPYXKaeMbIX M3 KPYMHbIX CTafibHbIX KOHCTPYKLMMI, 4TO,
KPOME CHUMKEHMA OONbLUIMX KanNWUTa/IbHbIX BOXKEHUI U
KanuTaNbHbIX 3aTPaT, 3KOHOMMWT [OPOrocToAlMe MarHe-
3UTOBble, XPOMOMArHe3uToBble U ApYyrnue OrHeynopHble
matepuansl. lnaBneHue WnxTbl, LOBOAKA-PadUHMpPOBaAHME,
packncneHne-nerMpoBaHne U Harpes MeTanna BMecTe C ero
XMMUYECKOW W TeMMNepPaTypHOW roMmoreHusaumen ocyLlecT-
BNAIOTCA B KOBLUE-NEYM CO 3HAYUTE/IbHbIM YMEHbLUEHUEM
pacxofa 3NEeKTPO3IHepruM, TemnepaTypbl BbiMIaBKM, 3HA-
YUTEIbHBIM Y/y4LIEHWEM SKOHOMUYECKUX, KQYECTBEHHbIX U
9KOJIOFMYECKMX MOKa3aTeNiel NPOM3BOACTBA.

2) U3 TpagMUMOHHON MOTOYHOM TEXHO/OTMM MPOU3-
BOACTBA CTa/IM WUCK/IKOYAKOTCA OYeHb TAMXKENble, TPy[oé-
MKMe NpoLLecchbl OrHeYNnopHOM KNagKu CTanennaBuibHbIX
arperaToB, TOPKPETUPOBAHUA KOHBEPTEPOB U Me4yei, Ha-
BAapPKM NOAMH Meyelt U UX 3anpaBKW, OTKPbITUA-3aKPbITUA
NETKM 1 BbINyCKa MeTanNa B KOBLU, BTOPUYHOE OKUC/IEHNE
MeTas/la Ha BbINyCKE, YemM YMEHbLUAeTCA KO/AMYeCcTBO
SHOOTEeHHbIX, 9K30TeHHbIX BKIIOYEHMI B CTaAu U 3Ha-
4ynTeNbHO — BbIGPOCHI B aTMOCheEpY.

3) PacnnaBneHue WnXTbl OAHOBPEMEHHO CBEPXY 3/1EK-
TPUYECKOW AYyroh U CHU3Y MOLLHbIM Fa30KMCNOPOAHbLIM
¢dakenom npomcxogut bbictpee, yem B CIM, HeCcmoTpsA Ha
meHblylo (B 3-4 pasa) notpebnsemyto KOBLIOM-NEYLHO
3neKTpoaHepruo. MolHbin daken, obpasyemblit npoay-
BAaEMbIMW CHU3Y NPUPOAHLIM FAa30M WM BO3AYXOM WU
Kucnopozom, 6ObicTpee yem B AYyroBOM Neyn WAM B
KoHBepTepe pacnnasut 200 TOHH LWWXTbl M Harpeet
MeTann Ao OnNTMManbHOM TemnepaTypbl. Mo npeasapu-
TeNbHbIM  pacyétam pacxoAbl NPUPOAHOrO rasa W
3/1eKTPO3HEPrMmM COCTaBAT cooTBeTCTBEHHO 110 M3/T 1 155
KBT/T ctann. C yBennueHnem pacxoga npuMpOAHOro rasa
MOXHO YMEHbLUUTb Pacxos CpaBHUTENbHO Bonee Aopo-
roro TOn/MBa — 31eKTPOSHEPTUN.

4) KoBswWw HarpesaeTcs B MNpouecce MaaBKM, Temne-
paTypa ¢yTepOBKM M KMAKOW cTann cbanaHcMpoBaHa WU
HEeT HeobxoAMMOCTM B neperpeeBe meTasna Ha 100-120°C
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BblllE€ HOMWHANBHOIO, YeM 3HauYU-Te/IbHO YMeHbLIaTCs
yAesbHble pacxoapl
3HAUMTENbHO YAYYLWIMTCA KayecTBO MeTanna, TaK Kak

TON/AMBa W APYrMX MaTepuasios.

pacTBOPMMOCTb ra30B B MeTa/l/ie YBe/IMYNBAETCA C POCTOM
TemMnepaTypbl U cTanb ByaeT cofeprKaTb MeHblUe Heme-
Ta/IIMYECKMX BKNHOYEHMI, B TOM YNC/IE — Fa30BbIX.

5) 3HauMTeNbHO NOBbIWAETCA NPOU3BOAUTENBHOCTb
Lexa, Tak Kak B TaKOW e CTeneHW COKpallaeTcs Bpems
NMOTOYHOrO TEXHO/MIOTMYECKOrO LMKAA BbINIABKK, BbIMYCKa,
pacKkucieHunsn, BHeneyHoW 06paboTKM CTanu, NPoAyBKM-
padunHMpPOBaHUA, TPAHCMOPTMPOBKK KoBLLa K AKOC-y.

6) NMyTém perynmpoBku KoadduumeHTa M3bbITKa KUC-
IopoAa Mo OTHOLLEHMIO K MPUPOAHOMY a3y UCKAoYatoTCA
LKpenkne” n ,msarkme” pacnnasieHus no yriepoay, Yem
6e3 noaBanok (403aBafoK) WU OONMBOK YyryHa rapaH-
TUPYHOTCA BbIMYCKM 3aZaHHbIX MapoK cTanel 6e3 cosgaHua
aBapUIHbIX CUTYALLMI NPU UX BbINIaBKe.

7) 3HauWMTEeNIbHO COKPALLAOTCA BbIBPOCHI, TaK KaK
OTCYTCTBYET OCHOBHOW CTaNeNaBuAbHbIA arperaT co CBO-
MMM OPraHM30BaHHbLIMW M HEOPraHM30BaHHbLIMWU BbIGPO-
caMu, 0cobeHHO, NMpW BbiNycKe MeTanna B Kosw. [Mpu
NpoAyBKe MeTanNa rasokMUC/IOPOAHOM CMECbIO U MPU ero
06paboTKe MHEPTHbIMM ra3amun U peareHTamMu, MenKoau-
CnepcHble BbIOPOCHI MPU MPOXOXKAEHUM CHU3Y BBEPX B
KUOKUX CNOAX MeTasla M WAaKa PacniasaaloTca, W,
KPOME YNyYlLEeHUA IKONOTMYECKUX MOoKasaTenew, yBenu-
YyMBaeTCA BbIXOA roAHOro MeTanna.

8) CoBmelLeHMe MPOLLECCOB BbIMIABKM M 06paboTKu
KUOKOW CTanM B ofHOLWMBEpHOM arperate ycTynaeT no
HagE&XHOCTM UCMONb30BaHMA ABYLIMOBEPHOMY (TaK Kak B
nocnegHem c/iydae, nocse PacnaaBAeHUA WKXTbl, wWnbep
CO CTakaHoM 6osbwoOro AvameTpa A8 NOA3YM rasa U
BO3JyXa WAM KUCAOpPOZa 3aKpblBaeTcs, a npouecc npo-
OyBKM 1 06paboTKM KMAKOro MeTanna MHepTHbIMWU ra-
3aMM U peareHTaMu HagEXHO BeAETca yepes Apyron LWwu-
6ep Co CTAaKaHOM MEHbLLEr0 — ONTUMA/ILHOTO AMAMETP],
paccynTaHHOro ANA pa3anBKM Ha MH/13).

9) HeobxoaAMMO OTMETUTb, YTO NPEeasIoKEHHas NOTOY-
Has /JIMHMA NPOM3BOACTBA CTa/M NPEBOCXOAUT MO Npo-
W3BOAMTENIbHOCTU TPAAMLMOHHbIE TEXHOIOTUM, TaK Kak
LWMXTY MOHO PacnnaBAATb ABYMA UCTOYHMKAMM Tenna —
3/71eKTPOAYrO CBEPXY M MOLLHbIM AELIEBbIM [A30KUC-
NIOpPOAHbIM  (rasoBO34yLWHbIM) NAaMeHeM  CHM3y. [nA
BbIMYCKa OAHOr0 MUJ/IJIMOHA TOHH CTanu noTpebytoTca 1
AKOC (nutaemsbili oT TpaHchopmaTopa MOLLHOCTbIO 25
MBT) n 10-12 200-TOHHbIX pPa3MBOYHbLIX KOBLUEW, B
KOTOpble, TaK e, KaK M B 3NEKTPOMneyu, MeTassiIo/oM
6yaeT 3arpy»KaTbca cneupanbHbiMm 6aabamm.
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10) MNpeanoxeHHasa TexHoAOTMYecKana JMHUA MNPOU3-
BOACTBA CTa/IM MO HAAEKHOCTU TaKKe MpeBoCxoauT
TPAAMUMOHHYIO TEXHO/IOTMIO BbINIABKM CTaM B KOH-
BepTepax, MapTEHOBCKMX, NEKTPUYECKUX U APYrUX Meyax,
TaK KaK WMCK/OYAEeT B CTafiennaBUbHbIX arperaTtax onac-
HOCTb MpOedaHuA AHWLLA, MoAa, OTKOCOB, MNepedHux u
3afIHUX CTEH, CTA/NIEBbIMYCKHOTO OTBEPCTUA U KENoba Kua-
KMM METaN/IoM, TO ecTb — NoTepu Lol nnaeku W, cie-
[0BaTe/IbHO, OJIMTE/IBHOTO BbIXOZAA M3 CTPOA OCHOBHOMO

JIUTEPATYPA

CTaNenaaBu/bHOrO arperata M3-3a BbllLENEPEUNCNEHHDbIX
NPUYMH.

11) BHeapeHue npeacTaBAEHHOW TEXHOMOMMU BbiN-
NIaBKM M KOBLUOBOW 06pPaboOTKM CTann B Meyn-Koslue —
AKOC-e gacT B MMpPOBOM MacluTabe OrpoMHyH 3KOHOMMIO
KanB/OXEHWMN, 3NIEKTPOIHEPTUM, MATEPUASIBHBIX U TPYAO-
BbIX 3aTpaT, GUHAHCOBbIX PECYPCOB C Y/yyLEeHNEM YC/Oo-
BUI TPYAa, KQYeCTBEHHbIX, SKOHOMUYECKMX U IKONOrNYec-
KMX MOKasaTtenen npeanpuaTnii U perMoHos.
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ABSTRACT: Proposed innovative technology of steelmaking in the ladle-furnace comprises loading of the burden
made up of metal scrap and fluxes, bottom blowing of natural gas and air or oxygen for smelting the burden from
below by flame of gas-air, or gas-oxygen torch, equalizing temperature and chemical composition in the volume of
melt, adding slag-forming constituents, shutting off feed of natural gas and air, or oxygen and blowing the melt by
inert gas from below. Natural gas and ai,r or oxygen are blown via non-water-cooled gas-air, or gas-oxygen nozzle
made up of tubes inserted one into another and arranged in ladle slide gate pouring cup hole and dusted by dry
refractory sand. Natural gas is fed via outer tube and air or oxygen — via inner tube. Ladle-furnace is closed by crown
with electrodes for additionally smelting of the burden by electric arcs and it is jointed to gas cleaner through crown.
After meltdown of burden, primary slag is drained by tilting of ladle-furnace, which latter moves to the initial position
to be feed with fluxing additives and forming of the secondary slag. Now, blowing by inert gas from below along with
carburization by natural gas, or decarbonization, boiling, deoxidizing, alloying, deep sulphur removal,
dephosphorization there is performed homogenization of chemical composition and temperature of finished steel.
Application of this innovative technology will provide higher quality of steel, higher efficiency and lower production
costs of steelmaking.

KEY WORDS: air; annular tubes; bottom blowing through slide-gate; carburization by natural gas; cutting of
production costs; efficiency; innovative technology of steelmaking; smelting in ladle-furnace; inert gase; natural gas; ;
non-water-cooled nozzle; quality; slag-forming agents; oxygen; efficiency;
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ABSTRACT: There are considered traditional and the latest methods of manufacturing muzzles of military and
hunting small arms and obtaining threaded grooves produced in other developed countries. Comparative analysis of
these methods in order of quality is given.
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AHHOTALMA: PaccmoTpeHbl TPaAUUMOHHBIN, a TaKXe HoBelilue cnocobbl M3roToBAeHUA CTBOJIOB 6OEBOro u
OXOTHUYbEro CTPESIKOBOTO OPYXMA C HAape3HbIMM KaHaBKamu, NMPOM3BOAMMOrO B Pa3BMTbIX 3apybeXKHbIX CTpaHax.
MpuBeAEH CPAaBHUTENBHBIN aHAN3 3TUX CNOCOBOB MO KayYecTsy.

B paboTe paccMOTpeHbl MCNo/b3yemMble /1A MNPOU3BOACTBA CTBOJIOB CTPE/IKOBOTO OPYMKMA CTain U UX
TEXHONOTMYECKME NPENMYLLECTBA NPWU U3FOTOBNEHUMU PA3IMYHbIMUK cnocobamum.

Ha ocHOBe aHanuM3a uccneaoBaHUi JaHbl peKOMeHAAUMKM no pa3paboTke AelWwéBOro, NPoCcToro M CoBEepPLIEHHONO
npougecca M3roToB/EHUA CTBOJIOB M MONYYEHUA B HUX HapesHblX KaHABOK A1 CTPE/SIKOBOINO OPYXKMA, a TaKXkKe

cooTBeTCTBYtOLEro obopynoBaHMUA.

K/IIOYEBBIE C/IOBA: 60eBoe W OXOTHWYbE CTPE/NIKOBOE OpPY)KME;, MaTepuasbl; HapesHble KaHaBKMW; CTBOJ;

TEXHONO0rnA N3rotoBaeHUA.
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ABSTRACT: There is proposed the new technical solution in the creation of competitive anticorrosive direct enamel
coatings, significantly improving the efficiency of infrastructure mega-projects. In the paper there is described the
mathematical model to estimate the behavior of pipe-line constructions. The operating parameters of “black” (non-
coated) and coated pipes are compared.
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yHuBepcuTeT, I'pysus, 0175, Téuaucwn, yn. M. Koctasa, 69
E-mail: i_berdzenishvili@gtu.ge

Cupagse M.T. [JenapTamMeHT XMMUYECKOW U BMONOrMYecKon TexHOIorUA, [PY3UHCKUMIA TeXHUYECKUi
yHuBepcuteT, Ipysua, 0175, Téuaucu, yn. M. KocTasa, 69
E-mail: manana.siradze@yahoo.com

PeueH3eHTbI:

DxK. WeHrenunsa, npodeccop JenapTamMeHTa XMMUYECKON U BUONOTMYECKON TEXHONOMMA paKybTeTa XMMUYECKOM
TEeXHONOTUU N metannyprum MY

E-mail: j.shengelia@gtu.ge

T. Nonapae, accou. npod. [JenapTaMeHTa XMMUYECKON U BUONOrMYECKON TeXHONOTNIN daKyNbTeTa XMMUYECKOM
TEXHONOTUU N metannyprm MY

E-mail: t.loladze@gtu.ge

AHHOTAUMA: MNpepanaratoTcA HOBble TEXHUYECKME pPeLleHMA B CO34aHUM KOHKYPEHTOCMOCOBHbLIX aHTUKOp-
PO3MOHHbIX OAHOCNOMHbLIX 3MANeBbIX MOKPbITUM, 3HAYMTENbHO NoBbiWwatowme 3GGEKTUBHOCTb MHOPACTPYKTYPHbIX
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K cBenennio aBTopos!

COOpHMK HayuyHBIX TpPYAOB ['Py3MHCKOrOo TEXHHYECKOTO YHHBEpCHUTETa sBiseTCS pedepu-
PYEMBIM MEPUOJUUECKUM H3JaHHEM, KOTOPOE BBIXOAMT B CBET YETHIpE pa3a B rojl (IepBbli HOMED
BKJIIOYAeT nepuoj ¢ lsHBaps no 31 mapra, Bropoid Homep — ¢ 1 anpens no 30 utoHs, TpeTUi HOMEP
— ¢ 1 uronst mo 30 ceHTaOps u yeTBepThIi — ¢ 1 okTsI0ps Mo 31 gexabps).

Haznauenue C60pHI/IKa — COEeMCTBHUE Pa3BUTHIO HAYK, HOBBIX JIOCTHIKEHHU U YUYCHBIX U CIICIUA-
JIMCTOB, OIICPATUBHAA Hy6J’II/IKaI_II/I$[ MaTCpraJIOB U PE3yJIbTATOB HCCIEIOBAHUM.

[IpuHUMAIOTCS CTaThH HAa TPY3UHCKOM, QHTJIMHCKOM M PYCCKOM si3bIKax (IyOIHKYIOTCS Ha S3bIKE
OpUTHHATA).

Jlis coTpyAHUKOB [ 'py3MHCKOr0 TEXHUYECKOTO YHUBEPCUTETA CTaThU MyOIMKYIOTCS OECIIaTHO.

KomnuectBo ABTOPOB CTATbU HE NOJIKHO IIPCBBIIIATH 3.

B cOopHuke medararoTcs CTaTbM, Kacalolluecs pe3yJbTaTOB HOBBIX HCCIEIOBAHUM MO ClEy-
IOLIUM TEOPETHUYECKUM U MPUKIIATHBIM OTPACIISIM:

e CrpoutenbcTBo

e DHepreruka, TeJI€KOMMYHUKALIUN

o ['opHOE neno-reonorus

o XuUMHYECKas TEXHOJIOTUS, METAJLTY Prus
o Tpancnopt, MamIMHOCTPOEHKE

e Apxurekrypa, ypOaHUCTHKA, TU3alH

o bu3HEC-MH)KEHEPUHT

e Hudopmaruka, CHCTEMBI yIIpaBICHUS

o HuxeHepuHr arpapHbIX HayK U OMocucTeM

[Ipennaraem nopsaok oopmiieHUs: HAyYHBIX CTaTEH:

e OO0BeM paboThl onpexaensiercs: hopmarom Oymaru A4 ¢ uaTepBaioM 1,5, comepxaiieii He MEHee
YETBHIPEX CTPaHUII (ITOJISt = 2CM), CO CTIMCKOM JINTEPATYPHI.

e Crarbs H0/DKHA OBITH BBIMONHEHA B BuAe Qaita doc wim docx (MS Word), 3anmucannoro Ha
JTF000M MarHUTHOM HOCHUTEIIE.

e JIns rpy3WHCKOTO TEKCTa ucnoib3yercs mpudt Acadnusx, pasmep 12.

e Jlyig aHTTIMHCKOTO M pycckoro TekcToB — mpudt Times New Roman, pazmep 12.

e B Hauane cTaThu IOJDKHA COAEPIKATHCS CIEMyromas HHGopMaIus:
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VYK (YHuBepcanbHas qecaTudHas KI1acCU(PUKAIIHS).
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o SCOPUS CODE (Knaccuukarop Hay49HBIX )KypHAJIOB, KOTOPBINA HocTyreH B «M3marenbe-
koM gome ['TY»)

o ®DamMumusi, UMs1, OTYECTBO aBTOPa (aBTOPOB).
AJlpec 2JIEKTPOHHOM MOYTHI aBTOpa (aBTOPOB) U KOHTAKTHBIN TelIeOH.

o

o Hazpanue nemaprameHTa Ha TpeX sI3bIKaX.

e B crarse nmonazaronoBkaMu cienyeT BbIICINTH BBEJICHUE, OCHOBHYIO YacCTh U 3aKJIIOYEHHUE.

e KoMIbIOTepHBI BapHaHT PUCYHKOB WU (POTO JOJDKEH OBITH BBHIOJIHEH B JIIOOOM Tpadmuec-
KoM (opmare pacriozHaBanueM He menee 150 dpi.

. Cratbs A0JDKHA UMCTb aHHOTAIIWMIO UM KIIIOYCBLIC CJIOBA HA I'PY3HMHCKOM, aHTIINHCKOM M pyc-
CKOM A3BIKax.

e Crarbsa nomxHa OBITH HallMCaHA TPAMOTHO, C COOIOIEHUEM TEPMHUHOJIOTHH, O€3 CTHIIUCTHYEC-
KHX U T'PpaMMaTHICCKUX OIINOOK.

e ABTOp (aBTOpBI) OTBETCTBEH 32 COJIEP)KAHNE M Kaue€CTBO CTATHU.
Jlnis ipeAcTaBIeHUs CTaTbU HEOOXOUMBI CIIETYIOIINE TOKYMEHTHI:

o JIBe peueHszun
Odopmienue nopsiaka petieH3un cM. http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

e Brimmcka U3 mpoTokoia 3aceqaHus OTPAciIeBOW KOMHCCHU HAy4YHO-y4eOHOH JUTepaTypbl
¢bakynpTeTa.
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