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sadirsetacio naSromis mokle Sinaarsi

foladebze maRaltemperaturuli Termomeqanikuri

damuSavebis (mTmd) Seswavlam aCvena, rom optimalur reJimebze,

Termomeqanikuri faqtorebis (t0C, %, Vm/wm da sxva) gavleniT

simtkicis maCveneblebi izrdeba, xolo plastikurobis-

SenarCunebelia, Cveulebriv wrTobasTan SedarebiT sakmaod

maRal doneze. aseve, imave reJimebze, dafiqsirebulia

koroziamedegobis mosalodneli Semcirebis nacvlad, misi

gaumjobeseba. am procesebis ufro Rrma Seswavlam aCvena, rom

cxeli plastikuri deformaciis gavleniT malegirebeli

elementebi fuZeSi nawildeba ufro erTgvarovnad, vidre

Cveulebrivi wrTobis dros. mogvianebiT, igive faqtorebis

gavlena mTmd dros Seiswavleboda foladebis (20Т, 40ГСМФ,

40ГМФ, 30ГСТЮ, 38Г1Т, 40ГФ) bzarmedegobaze. austenitis

fragmentacia, meoradi fazebis dispersiulobis zrda,

malegirebeli elementebis Tanabari ganawileba, fuZis

“ganTavisufleba” malegirebeli elementebisagan da sxva iwvevs

bzarmedegobis zrdas. aRniSnul faqtebs (mniSvnelovan Sedegebs)

daemata, e.w. “axali fenomenis” kompleqsuri gavlena. Senadnobis

qimiuri Sedgeniloba misadagebuli teqnologiur process

(damuSavebas) + “Sleifi” <Ti+N+V an Nb, anda orive erTad V, Nb>

qmnian “axali fenomenis” gavlenis pirobebs (simtkicis

maCveneblebi izrdeba plastikurobis sakmaod maRal doneze

SenarCunebiT). eqsperimentulad dafiqsirebulia da gamoyenebulia

“axali fenomenis” efeqtebi Semdeg procesebze:

1) foladi 10ХН3МФТ-s Termociklireba 200C↔6500C

farglebSi, drekadobis zRvrebSi moqmedi daZabulobis qveS,

magaliTad, samarTulebis datvirTvebi (samuSao pirobebi)

liTonis gaWolvis (ganRruebis) dros (XX saukunis 80-iani

wlebi);
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2) maRali simtkicis ( Ϭd≥760 n/mm2) satumbo-sakompresoro

milebis warmoeba folad 40ГФТ-dan milsaglinav agregat “140”-ze

(2002-2004ww).

3) seleqtirebuli (C=0.17-0.22%; Si=0.25-0.40%; Mn=0.80-0.90%;

S≤0.02%; P≤0.02%) foladi 3mS-is glinva sortsaglinav dganze

“Sleifis” <Ti+N+V an Nb, anda orive erTad V, Nb>

Tanaarsebobisas saSualebas iZleva miRebuli iqnes SesaduRebeli

(C≤0.22%; CE≤0.43%) B500W tipis, unificirebuli armatura

denadobis zRvriT Ϭd≥500 n/mm2, cxladglinul mdgomareobaSi,

Termuli damuSavebis gareSe (2013-2015ww).

pirvel mimarTulebam bolo wlebSi miiRo aseTi saxe.

sakuTar eqsperimentul monacemebze dayrdnobiT, foladi

10ХН3МФТ Secvlili iqna kompoziciiT 08ХН4СДМФТ.

metalografiulma kvlevebma gviCvena, rom, arc Tu iSviaTad, axal

Senadnobs aqvs globuliaruli beinitis struqtura, romelmac

mniSvnelovnad Secvala samarTulebis gamZleobis maxasiaTeblebi

(1000, 1500, 1700 mili). yvelaferi keTdeba sawarmoSi, rom es

procesi iyos stabilurad marTvadi.

meore mimarTuleba, folad 40ГФТ-s gamoyeneba maRali

simtkicis satumbo-sakompresoro milebis warmoebisaTvis. es

mimarTuleba teqnikurad da mecnierulad konkurentunariania.

mesame mimarTuleba – seleqtirebuli fl 3mS-is gamoyeneba,

“SleifTan” erTad, B500W-s sawarmoeblad – es yvela aspeqtSi

dasabuTebuli mimarTulebaa. imisaTvis, rom dakalibrebis

mizandasaxuli cvlilebiTa da glinvis axali sqemebis

gamoyenebiT Seiqmnas pirobebi gvqondes stabilurad marTvadi

mTmd, moiTxovs gacilebiT met xarjebs, vidre B500W-tipis

armaturis warmoeba Cveni proeqtiT. Tumca orives erTdrouli

gamoyeneba iqneba saukeTeso: simtkicis maCveneblebi zrdasTan

erTad gaizrdeba mza produqciis sakonstruqcio simtkice. es

Cveni Semdegi etapia!
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dRes “axali fenomenis” moqmedebis sferos gasazrdelad

mobilizirebulia yvela SesaZlebloba. yvela Senadnobs,

romelic gankuTvnilia milebis instrumentis sawarmoeblad

damatebuli aqvs “Sleifis” <Ti+N+V an Nb, anda orive erTad

V,Nb>:

1. gamWoli dganebis samarTulebis sawarmoeblad

gankuTvnili Senadnobi 08ХН4СДМФТ;

2. avtomatdganis samarTulebis sawarmoeblad

gankuTvnili Senadnobi 200Х20ДН5ФТ;

3. Semomglinavi dganebis samarTulebis sawarmoeblad

gankuTvnili Senadnobi 350С1Ю2ДН5МФТ;

4. milsaglinavi dganebis saxazavebis sawarmoeblad

gankuTvnili Senadnobi 160Х16ДН5ФТ.

“axali fenomenis” struqturuli “gaxsna” axali teqnikuri

saSualebebiT, magaliTad, РЭМ-is gamoyenebiT garCevis

unarianobiT < 50-20Å-ze, bevr aspeqtSi Segviwyobda xels am

problemis mosagvareblad. Cveni pozicia SeiZleba ase

CamovayaliboT. Cven gavimeorebT profesor mesbaueris cnobil

gamonaTqvams: “sxvadasxva saxis makavSirebel Zalebs erTi qudi

unda exuros!” romelic brwyinvaled dadasturda momdevno

eqsperimentuli SedegebiT! CvenTvis gamodgeba ginie-prestonis

fazebis magaliTi. warmoqmnili meoradi fazebi, fuZesTan

koherentuli kavSirebiT, ganapirobeben simtkicis maRal

maCveneblebs (duraluminis miReba). temperaturis gavleniT

makavSirebeli Zalebis rRveva, momdevno koagulaciis procesebis

ganviTareba, ganapirobebs Senadnobis mTlian degradacias da a.S.

Tu warmovidgenT Zalze dispersiul meorad fazebs (TiC, TiN, VC,

VN da sxva) *), romlebic warmoadgenen ara gadaulaxav

winaRobebs-barierebs, maSin arsebul Sedegs (simtkicis

mniSvnelovan gazrdas_∆ d≥200-250n/mm2 da plastikurobis maRal

doneze SenarCunebas _ δ=27-35%) Seesabameba gadaadgilebis

*) zemaRali sisaleebi (≥70-100gpa) misaRebad gamoyenebulia
kvaziormagi nano-kristalebi - ncTiN/Si3N4/TiSi2.
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seriozuli Seferxeba (simtkicis zrda), romelsac mosdevs

plastikurobis zrda – dislokaciebis intensiuri gadaadgileba.

gvaqvs yvela safuZveli, rom gavakeToT daskvna: B500W

warmatebulad gaiara sawarmoo aprobacia (NN25X; 18XII; 16XIV; 12XVI

mm) da mzad aris farTomasStabiani gamoyenebisaTvis.

sadisertacio Temis aqtualoba

17.02.2015w. doqtorantma nugzar mumlaZem warmatebiT daicva

sadoqtoro disertacia, romelic miZRvnili iyo “A500C (A400C)

SesaduRebeli armaturis warmoeba Sps “rusTavi foladis”

pirobebSi”. misi strategiuli daskvna SeiZleba ase Camoyalibdes:

Tu stabilurad ar kontroldeba mTmd-is procesi, maSin am

damuSavebis Catareba mizanSewonili ar aris da mocemulia gzebi,

Tu rogor SeiZleba am problemis daZleva. ZiriTad

mimarTulebad rekomendebulia msoflioSi aRiarebuli

“kontrolirebuli glinva” *) romelic ZiriTadad xorcieldeba

foladebis modificirebiTa da mikrolegirebiT. yuradRebis

gareSe ar aris datovebuli firma SMS-Demag-is, udavod

progresiuli teqnologiuri procesi kontrolirebuli glinva

__________________________________________________________________

1) “kontrolirebuli glinva” – «Контролируемая прокатка» - “Controlled

Rolling” – CR;

2) “aCqarebuli gaciveba” – «Ускоренное охлождение» - “Accelerated

Cooling” – ACC;

3) КП с УО →ТМСР – Thermomechanical Controlled Processing = Controlled

Rolling – CR + Accelerated Cooling – ACC CR+ACC=TMCP.

4)Ускоренное охлождение после контролируемой прокатки при производстве

толстолистовых трубных сталей на стане 3600 ПАО «МК» «АЗОВСТАЛЬ»

Матросов Ю.И.; Цкитишвили Э.О.; Попов Е.С.; Кошвелов Г.Н.; Холодный А.А

Металлург №9 2013-с. 77-83.
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aCqarebuli gacivebiT (Vgac=200C/wm), e.w. globuliaruli beinitis

miRebiT. damuSavebis Sedegad miiReba erTgvarovani struqtura

zomiT d=0.5-2mikr(f+B), nacvlad d=4-8mikr; Cveulebrivi

kontrolirebuli glinvis dros (f+p). miRebul Stripsebidan

(qarxana “azovstali”) mzaddeba maRali simtkicis didi diametris

gazisa da navTobis satransporto milebi (milebi damzadda-

SeduRda xarcizskSi, xolo specialuri gamocdebi warmatebiT

gaiaraitaliis, aseve, specialurpoligonze.

mzaproduqciagaegzavnamomxmarebels).

faqtiuradrekomendebulidaskvnebi Cvens

miergaTvaliswinebuliadagadadgmuliawinnabijimTavarmiznisken,

rogorgadavideTB500W-swarmoebaze. espirveli,

rodesacsaboloodgaxdebanaTeli, rommTmd-

isgamoyenebaaRarSeiZleba.

miuxedavadyvelafrisadidstimulsiZlevaSedegebimiRebulinavTobi

sadagazissatransportomilebiswarmoebaSi (SMS_Demag-i)

daCvencveZebTekonomikurgzebs, romlebicmiesadagebaSps

“rusTavisfoladis” foladsadnobdasortsaglinavsaamqroebs.

aqSeiZlebadavasaxeloT:

1) ualuminod, mxolod <Si+Mn>-iT arasrulad ganJanguli,

seleqtirebuli foladi 3mS-is srulad ganJangvis xerxi ▭100mm

Camosasxmelad;

2) glinvis axali sqemebisa da “Sleifebis” erToblivi

gamoyenebis SesaZleblobebi struqturis samarTavad;

3) dakalibrebis modernizacia mimarTuli glinvis axali

sqemebis gamoyenebisas.moWimvebis gadanawileba mimarTuli XIII-XIV

galebze, romelmac unda Seumsubuqos muSaoba axal pirobebSi

galebs IX-X-s da XI-XII (XIII-XIV galebis amZravebs). es ki

saSualebas mogvcems vmarTod mTmd-is rTuli procesi.

pirveli (rigiT) saSualebas iZleva ar SevaCeroT sakvleo

samuSaoebi da imavdroulad xeli ar SeuSaloT muSaobaSi

saamqros. meores amuSavebas Wirdeba dakalibrebis modernizacia
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ise, rom moinaxos gzebi Tu ara yvela profilze – nawilze

mainc, SevasruloT samuSaoebi.

Cven migvaCnia, rom yvelafris ucvleli datoveba

danaSaulia. aqedan gamomdinare saWiroa: 1) gamoeSvaT srulad

ganJanguli da modificirebuli 18AT; 2) dakalibrebis

modernizacia, romelic saSualebas mogvcems arsebul pirobebSi

daviwyoT muSaoba #1 sqemaze -NN32, 28, 25 mm-is gamoSveba; 3)

aRniSnuli saSualebas mogvcems CavayenoT Cvens samsaxurSi cx.p.d

da imavdroulad gamoviyenoT ukve cnobili (30ГСТЮ-dan)

mikrolegirebis efeqti oRond axla atomur azotTan erTad.

gvaqvs didi imedi, rom austenitis fragmentacia ( ∆ET=2000-

3000 n.m.) + ara rTuli “Sleifi” <Ti=0.030-0.045%; N=0.01-0.015%>

Zalian migvaaxloebs d≥500 n/mm2, δ=25-32% da sxva. aRniSnulis

gamo, sadisertacio Tema aqtualuria da imavdroulad gamarTuli

ekonomikuri TvalTaxedviT.

amocanebi da maTi gadawyvetis gzebi

 SeiZleba Tu ara arsebul pirobebSi (uCd-is rekonstruqciamde)▭100mm struqturis (farTo gagebiT – makro, mikro) gamosworeba.

ualuminod, <Si+Mn>-iT arasrulad ganJanguli,

seleqtirebuli foladi 3mS-is gamosasworeblad

SemoTavazebulia ganJangvis xerxi, romelic aRmofxvris arsebul

xarvezebs.

 rogor SeiZleba mcire wonis nadnobebis (10-15 t) glinva ise,

rom ar gvqondes teqnologiiT gamowveuli SeCerebebi.

Tu sawarmo gadava ualuminod, <Si+Mn>-iT arasrulad

ganJanguli, seleqtirebuli fl 3mS-is srulad ganmJangav xerxze

(18AT-ze), es mogvcems saSualebas nadnobebi davajgufoT did

partiebad (50-100 t). yvela aspeqtSi gaumjobesdeba saamqroebis

(foladsadnobi + sortsaglinavi) ekonomikuri maCveneblebi.
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 SeiZleba Tu ara damamTavrebeli ujrebis miaxloeba

gamacivebel sistemasTan. ra dadebiTi efeqtebi aqvs mas da ra

aris saWiro amisaTvis.

sortuli saamqros muSaobis detalurma analizma aCvena,

rom am TiTqosda rTul kiTxvaze gacemulia pasuxi sortul

saamqroSi arsebuli teqnologiebiT. SemoTavazebul glinvis

axal sqemebs Zireulad sxva datvirTva aqvs. SeiZleba ase

CamovayaliboT. deformaciebis damTavrebiT IX-X da XI-XII

galebze arsebuli pauzebi gacivebis sistemamde sakmarisia, rom

Catardes metadinamikuri rekristalizaciis procesebi. aRniSnuli

ujrebis gadatana XIII-XIV galebis nacvlad iZleva saSualebas

axali deformaciis ulufebiT (μXIII-XIV=1.5-1.8) mniSvnelovani

wvlili iqnes Setanili struqturaTa formirebis sakiTxebSi,

amitom saWiroa XIII, XIV, XV, XVI galebze Catardes

modernizacia, pirvel rigSi Seicvalos amZravebi. arsebobs am

RonisZiebis Catarebamde erTi Sualeduri varianti: moWimvebis

gadanawileba mimarTul XIII-XIV galebze, deformaciebis

Semcirebisaken IX-X, XI-XII galebze, rom amZravebs SeumsubuqoT

muSaoba.

 rogor SeiZleba standartis moTxovnebis farglebSi naglinis

mTlian sigrZeze (Tavi, Sua, bolo) gaTanabrdes meqanikuri

Tvisebebis maxasiaTeblebi.

Cvens xelT arsebuli monacemebiT glinvis axali sqemis

(#1) aprobaciam (NN28, 25 mm) aCvena, rom deformaciisa da mTmd-is

axali pirobebi ayalibeben Tanabar Tvisebebs naglinis mTlian

sigrZeze. aseve, naCvenebi iqna, rom B500W-s glinvisas da Td-s

gareSe yalibdeba erTgvarovani Tvisebebi. Sesamowmebelia

ganJangvis axali meTodis gamoyenebis Semdeg (18AT) rogor

icvleba Tvisebebi naglinis mTlian sigrZeze.

 ramdenad srulad axasiaTebs armaturas, mis xangamZleobas

gamoyenebuli (ukve tradiciuli) maxasiaTeblebi ( B– simtkicis
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zRvari; d – denadobis zRvari; δ7 – fardobiTi wagrZeleba da

Runvaze gamocdis dadebiTi Sedegi).

doqtor n.mumlaZis sadisertacio naSromSi “xazgasmiT” ari

mocemuli, rom aucilebelia, tradiciulTan erTad, gamoviyenoT

rRvevis (ngrevis) totaluri energia – ET n.m. da rRvevis (ngrevis)

totaluri – kuTri energia a j/sm2. orive erTad da

sakonstruqcio simtkicis damaxasiaTebeli maCveneblebi:

dartymiTi siblante , j/sm2 mdgenelebiT ჩ+ გ, pirveli –

bzaris Casaxvaze daxarjuli kuTri muSaoba ჩ j/sm2, meore –

bzaris gavrcelebaze daxarjuli kuTri muSaoba გ j/sm2; Tso –

gamyifebis temperaturuli zRurbli, temperatura (liTonis

gamocdis), romlis drosac myife-kristaluri da blanti-

boWkovani mdgenelebis raodenoba erTmaneTis tolia (=50%);

fardobiTi wagrZeleba mdgenelebiT δ=δ1+δ2yelis fardobiTi

Seviwroeba mdgenelebiT ψ=ψ1+ψ2; δ1da ψ1axasiaTeben liTonis

plastikurobis unars, xolo δ2da ψ2 liTonis winaRobas

ngrevisadmi; JIC n/mm – bzarmedegoba misi dadgenis miaxloebiTi

meTodi jei-integralis gamoyenebiT, risTvisac damaxasiaTebelia

nimuSebze miRebuli Sedegebi SeiZleba gadatanili iqnes mza

produqciaze; saWiroebis SemTxvevaSi gamocdebi daRlilobaze -1

n/mm2. seleqtirebuli foladidan miRebuli Sedegebi da

monacemebi sakonstruqcio simtkicis dadgenis dros, mogvcems

srul warmodgenas armaturis medegobaze – xangamZleobaze.

dacvaze gamotanili debulebebi – ganzogadoebuli

(dasabuTebuli) siaxleebi

1. ualuminod, mxolod <Si+Mn> - iT arasrulad ganJanguli,

seleqtirebuli foladi 3mS-is srulad ganJangvis xerxi ▭100mm

Camosasxmelad.

ganmJangvelebidan Al-is iZulebiTma amoRebam ▭100mm-is

uwyvetad Camosxmis SeuZleblobis gamo warmoqmna arasrulad

ganJanguli liToni xarisxis gauaresebiT, romelsac emateba or
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eleqtrorkalur RumelSi warmoqmnili, ukontrolod darCenili,

atomuri azoti. Cven miznad davisaxeT, gamogvenaxa gzebi am

mdgomareobis mosagvareblad.

foladis gaSvebisTanave cicxvSi vawvdiT saWiro aluminis

50% (5kg Al), romelic maSinve dneba da iZulebiT ireva. es

mdgomareoba grZeldeba Txevadi foladis cicxvSi naxevramde

amosvlamde (aRniSnul periodSi adgili aqvs aluminis ganJangvas

3FeO+2Al→3Fe+Al2O3, warmoqmnili Jangeulis swrafad awidvasa da

AlN warmoqmnas). Semdeg etapidan ganJangvis procesebSi

monawileobas iReben siliciumi da manganumi, sruldeba

tradiciuli procesebi da bolos cicxv-Rumeli ikavebs Rumelis

adgils. dayenebuli “TeTri” wida aqtiurad monawileobs

foladis rafinirebaSi. saerTo analizis gagebis Semdeg,

vumatebT 5kg Ti-s da Tu axalma analizma aCvena Ti≥0.02%, maSin

foladi sruladaa ganJanguli, warmoqmnilia naerTebi (TiC, TiN,

AlN, VC, VN vanadiumis damatebis SemTxvevaSi da sxva), romlebic

aqtiurad monawileoben struqturaTa warmoqmnis procesSi.

saWiroebis SemTxvevaSi, yovelgvari garTulebebis gareSe

SegviZlia sruliad ganJangul folads davumatoT: “Sleifi”

arsebuli < + + > an modernizebuli < + + an anda

orive erTad , >∗).
2. glinvis axali sqmebisa da “Sleifebis” erToblivi

gamoyenebis SesaZleblobebi struqturis samarTavad Sps

“rusTavis foladis” sort-saglinav saamqroSi

amJamad SemoTavazebulia glinvis ori axali sqema:

#1 – NN32,28,25mm profilebis glinvisas damamTavrebeli galebis

IX-X, Seucvleli gadatana XIII-XIV galebis nacvlad da #2 –

NN22,20,18mm profilebis glinvisas damamTavrebeli galebis XI-

XII, aseve, Seucvlelad gadatana XIII-XIV galebis nacvlad.

*arnaxuli tempiT viTardeba navTobisa da gazis satransporto

milebis warmoeba. arsebuli meTodebis gamoyenebiT SemuSavebulia
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kompozicia: C<0.10%; Si<0.40%; Mn<2.0%; V≤0.15%; Nb≤0.10%; Ti=0.01-

0.02%; N0.007-0.01% + danamatebi (Cu, Ni, Cz, Mo...≤0.65-1.30%).

am moqmedebas hqonda Tavidan aseTi safuZveli. glinvis

damTavrebidan gacivebis dawyebamde, arsebuli pauzebis dros

ganviTarebuli metadinamikuri rekristalizaciebs nulamde

dayavT cxeli plastikuri deformaciis (cx.p.d) gavleniT

Seqmnili efeqtebi. miaxloeba Seamcirebs am uaryofiT gavlenebs,

xolo SenarCunebuls daafiqsirebs gamacivebeli sistema.

am muSa hipoTezis uaryofa moxerxda im analizis

SedegebiT, romlebic mocemulia doqt. n.mumlaZis sadisertacio

naSromSi. glinvis axali pirobebiT profilebis NN32,28,25;22,20,18

mm eqnebodaT igive pirobebi rac aqvT N16mm, gansakuTrebiT

NN14,12 mm-s, rodesac plastikuri deformaciis damTavrebisTanave

iwyeba swrafi gacivebis (dafiqsirebis) procesi. naCvenebia, rom

miRebuli Sedegebi Sesrulebuli saSualo ariTmetikuli

gaTvlebiT kargia, xolo statikuri analiziT (histogramebiT)

miRebli saSualo donezea. jer-jerobiT moxerxda sawarmoo

eqsperimentebi ganxorcielebuliyo profilebze N28 da N25-ze.

N28mm-is Sedegebi mocemulia n.mumlaZis disertaciaSi, xolo

Sedegebi miRebuli N25-ze gaanalizebulia z.tabataZis naSromSi.

pirveli - N28mm-is glinva XIV galidan gamoqveynebulia, xolo

N25mm-s Sedegebi CaSvebulia gamosaqveyneblad. am masalebis

mixedviT SeiZleba Tvisobrivi daskvnis gakeTeba. ra Tqma unda,

rogorc iyo aRniSnuli VIII galidan pauzas XIII galamde TiTqmis

nulamde dayavs cx.p.d-is efeqtebi metadinamikuri

rekristalizaciis moqmedebis Sedegad. am dros deformaciebs

XIII-XIV galebze arsebul struqturebSi SeaqvT cx.p.d-is axali

ulufebi. maTi gavlena dafiqsirebulia taivanis gamomcdel

danadgarze raodenobrivad. Cveni gaTvlebiT (arsebul

monacemebze dayrdnobiT) rRvevis (ngrevis) totaluri energiis
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nazrdi (∆En.m) miT metia, rac didia deformirebis sidide

(gamoWimvis koeficienti ) XIII-XIV galebze; am monacemebze

dayrdnobiT ∆E =1000 n.m. yvela SemTxvevaSi, faqtebi faqtebad

rCeba, pauzis Semdeg axalma deformaciebma Tavisi dadebiTi

kvali datoves. es maSin, rodesac iglineboda arasrulad

ganJanguli kompozicia – fl 3mS. masalaTa Tvisebebis

laboratoriis (axla – “mTssc”) maragnakeTiT (folad 35ГС

Secvla 30ГСТЮ) titani SemcvelobiT Ti=0.030-0.045% dadebiTad

moqmedebs struqturaTa formirebaze da aseve,

koroziamedegobazec. foladi 30ГСТЮ Tavisuflad akmayofilebda

moTxovnebs ( d>400n/mm2, δ5=28%, JIC=74n/mm). am monacemebze

daydnobiT iqna rekomendirebuli axali (ara rTuli) “Sleifi”

<Ti=0.030-0.045%; N=0.01-0.015%>. srulad ganJangulma,

seleqtirebulma (C≈0.18-0.22%; S=0.25-0.040%; Mn=0.80-0.90%; S≤0.02%;

P≤0.02%) fl 3mS Termuli damuSavebiT unda mogvces monacemebi,

romlebic daakmayofileben maRali simtkicis moTxovnebs d≥700-

800n/mm2, δ≥18-20% da a.S. xolo cxladglinul mdgomareobaSi Td-s

gareSe roca ngrevis jamuri energiis nazrdi iqneba toli:

∆ET=2000-3000n.m denadobis zRvari gveqneba toli d≥500n/mm2, δ=25-

35%, JIC=80-90 n/mm, sagrZnoblad iqneba gaumjobesebuli

koroziamedegoba. aRniSnulis (namdvilad sasurvelsa da

saWiros!) ganxorcielebas sWirdeba: 1) XIII, XIV, XV, XVI

amZravebis Secvla ufro mZlavri agregatebiT da xisti

maxasiaTeblebiT; 2) dakalibrebis modernizacia ise, rom XIII-XIV

galebze gamoWimvis koeficienti iZleodes struqturis

fragmentacias, romelic gamosaxuli iqneba ∆ET=2000-3000n.m

jamurad. es ki iqneba Tanamedrove “glinva kontrolis qveS”.

3.taivanis manqanis mier gacemuli monacemebis maqsimalurad

gamoyeneba, rac dagvaaxloebs produqciis (armaturis)

sakonstruqcio simtkicesTan
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dRes taivanis 100 tonian kompiuterul manqanis mier

amobeWdil monacemebidan gamoyenebulia umniSvnelo nawili: B -

simtkicis zRvari, d – denadobis zRvari, fardobiTi wagrZeleba

– δ7.

aRniSnulis garda Cvens mier maqsimalurad aris

gamoyenebuli kompiuteris (manqanis-danadgaris) mier amobeWdili

monacemebi. maTi gamoyenebiT vangariSobT

SK – ngrevis (rRvevis) WeSmarit winaRobas, n/mm2;

δ7 (δ1+δ2) fardobiTi wagrZelebis mdgenelebs;

δ1 – fardobiTi wagrZeleba Tanabari, yelis warmoqmnamde,

liTonis plastikuri deformaciis unari - %.

δ2 – fardobiTi wagrZeleba yelis warmoqmnis Semdeg,

rRvevisadmi winaRoba - %.

ψ (ψ1+ψ2) – yelis fardobiT Seviwroebas - %;

ψ1 – fardobiTi Seviwroveba yelis warmoqmnamde - %;

ψ2 – fardobiTi Seviwroveba yelis warmoqmnis Semdeg - %;

pirveli axasiaTebs liTonis plastikurobis unars, meore

rRvevisadmi winaRobas.

ET – rRvevis totaluri energia, n.m;

– rRvevis totaluri kuTri energia, j/sm2;

orive maxasiaTebeli erTad iZleva naTel warmodgenas liTonis

(armaturis) xangamZleobaze.

qvemoT moyvanilia magaliTi Tu rogor xdeba aRebuli

monacemebis angariSi.

es yvela Sedegi Zalian gagviadvilebs aRebuli armaturis

sakonstruqcio simtkicis dadgenas ( , = ჩ+ გ ჯ/სმ2 T50 ;Sk ;δ7 (δ1+δ2)

ψ= ψ1+ ψ2 ; , , , σ ).
miRebuli Sedegebis praqtikuli mniSvneloba

dacvaze gamotanil sam ganzogadoebul (dasabuTebul)

debulebas-siaxles, Tan axlavs realuri praqtikuli

mniSvnelobebi.
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1. ualuminod, mxolod <Si+Mn>-iT arasrulad

ganJanguli, seleqtirebuli (C=0.18-0.22%; Si=0.25-0.40%; Mn=0.80-

0.90%; S≤0.02%; P≤0.02%) foladi 3mS-is srulad ganJangvis xerxi

gankuTvnili ▭100mm-is uwyvetad Camosasxmelad. SemuSavebuli

xerxi-meTodi saSualebas iZleva SedarebiT iafad srulad

ganJangoT foladi, romelic Camoisxmeba uwyvetad ▭100mm-is

misaRebad. am xerxma gagvixsna gza, raTa gavagrZeloT muSaoba

B500W-ze. win gasakeTebeli bevria da rac mTavaria ISO-s

standartis aTviseba gardaualia. damoukideblad aRniSnulisa, am

xerxis-meTodis warmoebaSi danergva mogvcems: gaumjobesdeba

kvadratisa da mza produqciis xarisxi; neitralizebuli iqneba

(AlN+TiN) azotis aqtiuri atomebi; Seiqmneba SesaZlebloba

gavaerTianoT nadnobebi SedarebiT did partiebad (50-100 t),

aRniSnuli mniSvnelovnad gaumjobesebs saamqros ekonomikur

maCveneblebs; am meTodma unda Seamciros TvisebaTa sxvaobebi

naglinis sigrZeze (Tavi, Sua, bolo); did xans SegveZlo

CamonaTvalis gagrZeleba, magram aq mTavaria Cven SegviZlia, Tu

amis survili iqneba Zalian male “gaviaroT” armaturis nomrebis

Seswavla da gadavideT sakonstruqcio simtkicis Seswavlaze. ise,

rom pirvel debulebas moqmedebis didi diapazoni gaaCnia.

2. glinvis axali sqemebisa da “Sleifebis” erToblivi

gamoyenebis SesaZlebloba struqturis samarTavad

glinvis axali sqemebis safuZveli SemdegSi mdgomareobs:

nomrebis NN12, 14 mm da nawilobriv N16 mm – garda yvela (NN18,

20, 22; 25, 28, 32) profils aqvs soliduri pauza deformaciebis

damTavrebidan gacivebis intensiur dawyebamde. Cvens mier galebis

(IX-X; XI-XII) Seucvleli gadatana XIII-XIV galebis nacvlad

saSualebas iZleva struqturaTa formirebisas SemovitanoT

cx.pl.def-is “axali ulufebi”, romelic darCenilTan erTad

Seqmnis austenitis axal aRnagobas, romlis sazomaT Cvens mier

Semotanilia ngrevis (rRvevis) totaluri energiis nazrdi ∆ETn.m.,

Tu is iqneba ∆ET=1000-3000 n.m. farglebSi gveqneba saSualeba

CavataroT “kontrolirebuli glinva”, iqneba garkveuli sididis
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(saxis) efeqti – es pirveli. Cven didi xania ukve viyenebT

“Sleifebis” gavlenas (magaliTad: <Ti+N+V>). Cven sakuTari

gamocdilebidan avarCieT “iafi gza” (1), xolo msoflios

supermowinave teqnologiebidan avarCieT SedarebiT Zviri (2) gza:

1) Cveni <Ti=0.030-0.045%; N=0.01-0.015%>; 2) superTanamedrove

<Ti=0.030-0.045%; N=0.01-0.015%; V=0.10-0.15; Nb=0.08-0.10%>, e.i.

gamoviyenebT yvela saSualebas, rom mTmd-is Semdeg maRali

simtkice gamoyenebuli rTul konstruqciebSi. meore <Ti+N> +

cx.pl.def-is efeqtebi mogvcems sasurvel B500W-s gazrdili

sakonstruqcio simtkiciT, e.i. meore (rigiT!). debulebas didi

ornairi datvirTva aqvs, rogorc Teoriuli, aseve, praqtikuli.

3. taivanis manqanis mier gacemuli monacemebis

maqsimalurad gamoyeneba, rac dagvaaxlovebs produqciis

(armaturis) sakonstruqcio simtkicesTan, saWiro 12

maxasiaTeblidan es gza iZleva saSualebas davadginoT 7

maCvenebeli. Tu aTvisebuli iqneba (albaT, sjobda Tu

nebadarTuli iqneba) B500W-s warmoeba, maSin nimuSebis damzadeba

rTuli ar aris, magram Sreobrivi aRnagobis dros Cveni gza

erTaderTia, rom miuaxlovdeT ISO-s moTxovnebs (Sk, δ= δ1+δ2,

ψ=ψ1+ψ2, ET, ). albaT, gadadeba ar aris saWiro, armaturis

Sefasebis saqmeSi gamoviyenoT energetikuli (Cveni midgomiT,

struqturulic!) maxasiaTeblebi ETn.m; j/sm2.

literaturis mimoxilva

armaturebis klasifikacia da maTi ZiriTadi Tvisebebi

armatura aris rkinabetonis konstruqciebis erT-erT

ZiriTadi Semadgeneli elementi, romelic  misi eqsploataciis

mTeli periodis ganmavlobaSi unda   akmayofilebdes Semdeg

ZiriTad moTxovnilebebs: mas unda gaaCndes maRali

teqnologiuroba warmoebaSi, maRali  simtkice da plastikuroba

xanmokle da xangrZlivi datvirTebisas, sxvadasxva temperaturul
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pirobebSi eqsploataciisas, aseve unda gamoirCeodes

koroziamedegobiT,  unda  gaaCndes  SeduRebis  maRalunarianoba

savele  pirobebSi  da a.S.

armaturebs rkinabetonis konstruqciebSi muSaoba uwevs

RerZul SekumSvebsa da gafarToebebze, romlebic ZiriTadaT

ganisazRvreba teqnologiuri da konstruqciuli faqtorebis

erTobliobiT, romlebSic zemoxsenebulTan erTad Sedis betonis

simtkice da plastikuri Tvisebebi,rkinabetonis konstruqciis

damzadebis teqnologia, gansakuTrebiT ki armaturis

sakonstrucio elementebis formebi da maTi miRebis

teqnologiebi, rac saSualebas iZleva  damatebiT gaizardos

armaturis betonTan SeWiduleba da grexvisadmi mdgradoba.

yovelive zemoT  Tqmulis gaTvaliswinebiT SesaZlebelia

racionalurad iqnas SerCeuli konkretuli obieqtebis

mSeneblobisaTvis gamoyenebuli rkinabetonis konstruqciisaTvis

ama Tu im saxeobis armatura da Sesabamisi   foladis marka,

romlisaganac damzadebuli  iqneba es  armatura da romlis

ZiriTad kriteriumebadac gvevlineba: meqanikuriTvisebebi,

romlebic ganisazTvrebian RerZuli statikuri gaWimvebiT;  myife

ngrevisadmi midrekileba, romelic ganisazRvreba gamocdiT

dartymiT siblanteze; xangrZlivi simtkiciT anu xangamZleobiT,

romlis   Sefasebac  SesaZlebeliagaWimvaze xangrZlivi

gamocdiT, koroziuli daskdomisadmi medegobiT mravaljeradi

ganmeorebiTi datvirTvebisas; reologiuri TvisebebiTda sxva.

SeduRebadoba sadac igulisxmeba ara marto SeduReba ama Tu

im SeduRebis meTodiTa da saSualebebis gamoyenebiT,  aramed

miRweul iqnes saWiro meqanikuri Tvisebebi, xangrZlivi simtkice

da saSualebebi romlebic gamoricxaven SeduRebis nakerebis

myife ngrevas; aRniSnuli garantiaa imisa, rom „savele pirobebSi“

SeduRebis dros da, aseve, Termomeqanikuri damuSavebisas, ar

warmoiqmneba „lartyiseburi“ martensiti, masTan dakavSirebuli

sirTuleebiT;  teqnologiuri Tvisebebi e.i. misi teqnologiuroba

damuSavebisa da eqsploataciisas, romelSic igulisxmeba
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teqnologiuroba SeduRebisas e.i. SeduRebis dros standartuli

mowyobilobis gamoyenebis SesaZlebloba.

meqanikuri Tvisebebis SenarCuneba kontaqturi eleqtro-

gaxurebisas SeduRebis dros;  cnobilia, romarmaturis

teqnologiuroba ganisazRvreba, rogorc TviT foladis,

romlisganac Sesrulebulia armatura qimiuri SedgenilobiTa

da damzadebis teqnologiiT. aseve,  armaturis sawarmoeblad

gamoyenebuli teqnikuri mowyobilobis ganviTarebis doniTac.

msoflios mraval qveyanaSi (mag,gfr-sa, iaponiasa da

didbritaneTSi) maRalmtkice foladisagan Sesrulebuli

armatura diametriT 6-16 mm ZiriTadSi iwarmoeboda swori

wnelisagan.

1974 wlidan evropaSi (kerZoT gfr-Si) iwarmoeboda maRali

simtkicis cecxladglinuli armatura diametriT 20-32mm, qimiuri

SedgenilobiT: C=0,3%; Si=1,3%; Mn=0,7%; Cr=2,7%. romlis

meqanikuri Tvisebebic iyo σв≥1350mpa, σ0,2≥1100mpa, δ5≥7%, magram am

qimiuri Sedgenilobis foladebis naklia  is rom, isini  Seicaven

malegirebuli elementebis gazrdil raodenobas. erTis mxriv

ltolva imisaken rom gazrdiliyo gamoyenebuli masalis

simtkicis zRvari da meoris mxriv Semcirebuliyo

ZviradRirebuli maregirebeli elementebis procentuli

Semcveloba, evrepuli qveynebis umravlesobasa da iaponiaSi

miznad daisaxes aradaZabul armaturad farTod gamoeyenebinaT

armaturebi   ganmtkicebulni gamoWimviT an grexviT. magram maT

seriozul naklovanebebad SeiZleba CaiTvalos sakontaqto

SemaerTebeli  SeduRebebis sirTuleebi da  SedarebiT gazrdili

TviTRirebuleba, romlebic ganpirobebuli iyo imiT rom,

damzadebis Semdeg mas utardeboda moSveba 400-5000C-ze, Semdgomi

Senelebuli gaciebiT, romelic mimdinareobs specialur kameraSi.

xSir SemTxvevaSi gantkicebis Semdeg maT utardebaT

dabaltemperaturuli moSvebac. am saxis armatura mzaddeboda

gluvzedapiriani, romelTa boloebzec moWrili iyo kuTxvili,
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amasTan armaturasTan erTad kompleqsi moicavs aucilebel

SemaerTebel elementebsac.

saarmature foladis gazrdili moTxovna meoris mxriv dRis

wesrigSi ayenebda meore albad ufro mniSvnelovan sakiTxs:

saarmature namzadis xarisxis moTxovnebis gamkacrebas, rac

aucilebels xdis maTi damzadebis teqnologiis ganuwyvetliv

gaumjobesebasa da srulyofas.

Sedegebi da maTi gansja

1. “axali fenomenis” gamoyeneba B500W-tipis armaturis

sawarmoeblad

1.naCvenebia, rom Tu kompoziciis struqturaSi aris, e.w. “Sleifi”

<Ti+N+V>, maSin sxvadasxva pirobebSi vlindeba, e.w. “axali

fenomeni” (magaliTad: 1) folad 10ХН3МФТ-dan damzadebuli

gamWoli dganebis samarTulebis eqspluataciis dros; 2) folad

40АГФТ-dan miRebuli milnamzadebis glinvisas, satumbo-

sakompresoro milebis misaRebad, milsaglinav agregat “140”-ze; 3)

18АФТ-tipis foladidan armaturis, NN 25, 18, 16 mm, glinvisas

sortsaglinav dganze), Senadnobebis simtkicis maCveneblebi

mniSvnelovnad izrdeba, plastikurobis sakmaod maRal doneze

SenarCunebiT. aRniSnulis gamo, Seswavlis stadiaSia Cvens mier

SemuSavebuli, milsaglinavi dganebis instrumentebis

sawarmoeblad gankuTvnili Senadnobebi: 08ХН4СДМФТ,

200Х20ДН5ФТ, 350С1Ю1ДН5МФТda sxva;vfiqrobT, rom kidev ufro

gafarTovdeba “axali fenomenis” moqmedebis are.

1. NN 25, 18, 16 mm armaturebze miRebuli Sedegebi

damajereblad adastureben:

(N25mm - σB=660 n/mm2, 657 n/mm2,σd=526 n/mm2, 511 n/mm2; δ7=27%, 30%);

(N18mm - σB=684 n/mm2, 689 n/mm2,σd=561 n/mm2, 599 n/mm2; δ7=31%, 35%);

(N16mm - σB=699 n/mm2, 699 n/mm2,σd=575 n/mm2, 571 n/mm2; δ7=27%, 32%);

rom foladi 18АФТ saSualebas iZleva ISO-s moTxovnebis

dacviT (cxlad glinviT, Termuli damuSavebis gareSe!), miRebuli
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iqnas unificirebuli, SesaduRebeli armatura B500W-tipis,

denadobis zRvriT - σd ≥ 500 n/mm2.

mniSvnelovania Sedegebia agreTve armaturis Termuli

damuSavebis Semdeg

(N25mm - σB=864 n/mm2, 864 n/mm2,σd=795 n/mm2, 786 n/mm2; δ7=18%, 20%);

(N18mm - σB=843 n/mm2, 852 n/mm2,σd=782 n/mm2, 779 n/mm2; δ7=18%, 16%);

(N16mm - σB=873 n/mm2, 865 n/mm2,σd=811 n/mm2, 796 n/mm2; δ7=16.5%, 19%),

rac Tavisi masStabiT damoukidebel Seswavlis sagans

warmoadgens.

orive mdgomareobaSi (cxladglinuli da Termulad

damuSavebuli) Catarebuli metalografiuli kvlevebis Sedegebi

kargad avseben meqanikuri gamocdebis monacemebs.

2. armaturis glinva axali sqemebis gamoyenebiT XIII–XIV

galebidan, misi xarisxis gaumjobesebis mizniT Sps “rusTavis

foladis” pirobebSi

simtkicis zRvari B=675n/mm2; denadobis zRvari d=550n/mm2

fardobiTi wagrZeleba δ7=18%; rRvevis totaluri energia

=10000n.m; rRvevis kuTri totaluri energia =2100j/sm2;

gamoWimvis koeficientis mniSvneloba μ= icvleba.

*) NN25,28,32mm SemTxvevaSi: **) NN18,20,22mm SemTxvevaSi:

N25mm → 2.16 - 1.69 N18mm → 2.57 - 1.94

N28mm → 1.72 – 1.35 N20mm → 2.08 – 1.63

N32mm → 1.32 – 1.03 N22mm → 1.72 – 1.35

glinva SemoTavazebuli sqemiT XIV ujridan-galidan kalibrebis

Seucvlelad, simtkicis zRvari B=650n/mm2; denadobis zRvari

d=550n/mm2; fardobiTi wagrZeleba δ7=21%; rRvevis totaluri

energia =13000 n.m; rRvevis kuTri totaluri energia =2500

j/sm2. Tu SevadarebT axal (XIV galidan glinvas) Zvels (X

galidan glinvas) gveqneba aseTi suraTi ∆ B = − =650-675=-
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25n/mm2; ∆ d = - = 550-550=0; ∆δ7 = δ - δ = 21 − 18 = 3%;∆E =

E - E = 13000-10000=3000n.m; ∆ = − =2500-2100=400 j/sm2.

miRebuli Sedegebi Tavsdeba Termuli damuSavebis Teoriisa da

praqtikis farglebSi. X galidan glinvisas, arsebuli pauzis

(~4wm) gavleniT wrTobis dawyebamde, metadinamikuri

rekristalizaciis gavleniT TandaTanobiT ispoba cxeli

plastikuri deformaciisas miRebuli – warmoqmnili fragmentebi

austenitis marcvlebSi. aseTi struqtura Termodinamikurad

kargad emorCileba gadacivebas momdevno →α gardaqmnas

(raodenobrivad is povebs B-s zrdaSi Tavis adgils ∆ B=-25n/mm2).

sxva maxasiaTeblebi, gansakuTrebiT energetikuli (ET, )

ganicdian plastikuri deformaciis axali ulufis gavlenas,

rasac adgili aqvs XIII-XIV galebze. aRniSnul Sedegebs

daamSvenebda metalografiuli analizis Sedegebi, magram mainc

win gadaidga nabiji, romelmac calsaxad aCvena, rom cxeli

plastikuri deformacia, rogorc Zlieri instrumenti

struqturaTa formirebis saqmeSi, unda iyos gamoyenebuli ara

brmad, aramed kvalificiurad, harmoniulad mikrolegirebasTan

erTad, Cvens SemTxvevaSi “axal fenomenTan” erTad.

N28mm-is glinvisas XIII-XIV galebidan gamoWimvis koeficintis

mniSvneloba tolia =1.72, ngrevis totaluri energiis

cvlileba Seadgens ∆EN= − ≈ 1900n.m [4]. N32mm-is glinvisas= 1.32, e.i. Tu zemoaRniSnuls CavTvliT kanonzomierad,

maSin ngrevis totaluri energia unda Semcirdes, Cveni

gaTvlebiT ≈1000 n.m-mde. Tu ganvixilavT glinvis axal meore

sqemas, maSin is ufro marTvadi unda iyos vidre pirveli.

imisaTvis, rom Catarebul iqnes preciziuli eqsperimentebi

aucilebelia mogvarebuli iyos deformaciebisa da deformaciis

siCqareebis sakiTxebi. es mogvcems saSualebas teqnologiuri

procesebi gavxadoT stabilurad marTvadi. idealur SemTxvevaSi,

fragmentirebuli austenitis gaciveba sxvadasxva siCqariT

mogvcems saSualebas avarCioT sasurveli diapazoni, sadac
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gveqneba maRali simtkice, Sexamebuli Seumcirebel

plastikurobasTan. Tu dafiqsirda orive faqtoris

(simtkice+plastikuroba) zrda, es iqneba umaRlesi rangis Sedegi.

mizanSewonilia samuSaoebi Catardes aseTi TanmimdevrobiT:

1) srulad ganJanguli, seleqtirebuli foladis 3mS-is miReba;

2) maqsimalurad ekonomiurad iqnes gamoyenebuli titani da

gansakuTrebiT vanadiumi (“Sleifi” <Ti=0.01-0.015%; N=0.008-

0.014%; V=0.08-0.13%>) B500W-s sawarmoeblad profilebze

NN32,28,25;22,20,18;16;14,12mm;

3) airCes profilebi sruli kvlevis Casatareblad,

sakonstruqcio simtkicis dasadgenad;

4) gagrZeldes samuSaoebi deformaciis (glinvis) axali sqemebis

(#1,#2) Seswavlis orive reJimze (Termuli damuSavebis gareSe da

Termuli damuSavebiT!); aucileblad gaisinjos NN22,20,18 (sqema

#2), maTi yovelmxrivi SeswavliT; aseve saWiroa ganmeordes

eqsperimentebi profilebze NN28,25,32mm (sqema #1); gaisinjos

axali “Sleifi” <Ti=0.030-0.045%; N=0.008-0.014%> glinvis axal

sqemebTan (#1 da #2) erTad;Seswavlili iyos yvela saWiro

maxasiaTebli koroziamedegobis CaTvliT.

3. ualuminod, mxolod<Si+Mn>-iT arasrulad ganJanguli,
seleqtirebuli foladi 3mS-is srulad ganJangvis ekonomiuri
xerxi,gankuTvnili ▭100-is uwyvetad  Camosasxmelad  u.C.d-ze

1.SemuSavebulia meTodi, romelic saSualebas iZleva, teqnikuri

Seferxebebis gareSe, gavagrZeloT muSaoba B500W-s detalurad

Seswavlaze.

2.dasabuTebulia teqnikurad da teqnologiurad argonis

gamoyenebiT liTonis areva azrs kargavs. igives Seasrulebs

azoti (rac Cvens angariSSi mogvcems +100 lars). or

eleqtrorkalur RumelSi warmoqmnil atomuri azoti

gadayvanili iqneba TiN. es ki sxva warmoqmnil qimiur naerTebTan

(TiN, AlN, VC, VN, TiC da sxva) erTad miiRebs aqtiur monawileobas

struqturaTa CamoyalibebaSi, rac “axali fenomenis” safuZvelia.
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seleqtirebulifoladi3mS damuSavebuli SleifiT

<Ti+N+V>Camosxmulი ▭100 mm SeiZleba   gaiyidos  mza

produqciis B500W-is fasad,  es  ki erTigadamuSavebis mogebaa!

4. SesaduRebeli (C≤0.22%; CE≤0.43%), unificirebuli armaturis

B500W-s warmoeba denadobis zRvriT d≥500 n/mm2 cxladglinul

mdgomareobaSi, Termuli damuSavebis gareSe

miRebuli Sedegebis gansjis dawyeba SeiZleba daviwyoT

gamodnobili foladebis qimiuri Sedgenilobebis ganxilviT.

foladi 18АФТ kargad aris SerCeuli. gansakuTrebiT pirveli

dnoba #7874: C=0.20%+Mn=0.80% da Sleifi <Ti=0.019%; N=0.013%;

V=0.19%>. folads cxladglinul (Td-sgareSe!) mdgomareobaSi

aqvs d=511-575 n/mm2, B=657-699 n/mm2, δ=27-35%, δT(δ1)=19-23%, ψ=22-26%,E =17049 n.m.; a =3476j/sm2 da am TvisebebTan Sexamebuli

metalografiuli kvlevis Sedegebi. Zalze sainteresoa NN25, 18,

16 mm struqtura.

migvaCnia, rom B500W-sTan erTad Sesrulebuli mTmd-is Sedegebi

Zalze mniSvnelovania samSeneblo saqmeSi gamosayeneblad, amitom

es Tematika, e.w. B500W-s paralelurad Sesrulebuli saqarxno

aprobaciebis Sedegebi, imsaxurebs damoukidebel ganxilvas

(ufro detalur kvlevebs).

garda aRniSnulisa, Cvens yuradRebis centrSi iyo da aris

ori Zalze mniSvnelovani sakiTxi: 1) foladis SeduRebadoba da

2) foladis-armaturis koroziamedegoba betonSi. ISO-s axalma

moTxovnebma es (arsebuli) problematuri moTxovnebi

gaamartiva.imisaTvis, rom vawarmooT unificirebulia B500W-s

tipis armatura aucilebelia daculi iyos ori piroba:

gamoyenebuli kompozicia unda pasuxobdes ISO-s moTxovnebas

C≤0.22%; da CE≤0.43%. ukve axali midgomiT Zalze gamartivda

SeduRebis problemuri sakiTxebi.Tu daculi iqneba es

moTxovnebi, maSin savele pirobebSi Sesrulebuli SeduRebebi

iqneba “jansaRi”, yovelgvari Td-s gareSe.ISO-s meore moTxovnam
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(CE≤0.43%) sakmarisad gaarTula d≥500 n/mm2 miRebis sakiTxi,

magram es gza ufro gaazrebulia mecnierulad vidre A500C-is

miReba mTmd-iT.

Cven gansaxilveli dagvrCa dnobebi: 2) #71143 (C=0.22%;

Mn=0.71%; <Ti=0.026%; N=0.006%; V=0.15%>) da 3) #71551

(C=0.22%;Mn=0.67%; <Ti=0.014%; N=0.013%; V=0.13%>), romelTa

gamoyenebadakavSirebulia N12 mm armaturis warmoebasTan. #71143:

d=505-514 n/mm2; B=689-729 n/mm2, δ=27-27.5%; δT(δ1)=20-21%; ψ=21%;

ET=2407.5 n.m; =2130 j/sm2. #71551: d=514-523 n/mm2; B=622-629 n/mm2,

δ=31-34%; ψ=24-25%; ET=2706-3056 n.m. =2395-2704j/sm2.N12mm

armaturaze miRebuli Sedegebi kargia, magram nadnobis qceva

gamoWimvis koeficientis Semcirebisas didi diametrebis

glinvisas undaiyos dadgenili eqsperimentalurad.

saqarxno eqsperimentebze dayrdnobiT dadgenilia, rom

stabiluri Sedegebis misaRebad aucilebelia teqnologiur

procesTan erTad gvqondes seleqtirebuli fl3mS:

C=0.20-0.22%, Si=0.25-0.40%; Mn=0.80-0.90%; S≤0.02%; P≤0.02%

da “Sleifi”<Ti=0.015-0.02%; N=0.010-0.015; V=0.10-0.15%>profilebze

N25X mm; N18XII mm; N16XIV mm; N12XVI mm miRebulia dadebiTi Sedegebi,

e.i. cxlad glinvis Semdeg, Termuli damuSavebis gareSe,

miRebulia unificirebuliB500W denadobis zRvriT d≥500 n/mm2.

eqsperimentaluri nawili
sakvlevi masala da kvlevis meTodika

kvlevis obieqti: fl 3mS markis uwyvetadsxmuli ▭100mm namzadis

miReba da sxvadasxva diametris (NN12,14,16,18,20,22,25,28,32 mm) A500C

klasis armaturis warmoeba sortsaglinav dganze Termuli

damuSavebiT; B500W klasis armaturis miReba Td gareSe folad

18АФТ-dan (18АФГТ).

kvlevis meTodi: kvlevis gamoyenebuli meTodebi moicavs

dnobis teqnologiur cikls mza kvadratuli namzadis miRebamde.

foladis dnobas induqciur RumelebSi, foladis dnobis
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dupleqs-process (eleqtrorkaluri Rumeli + cicxv-Rumeli)

foladis qimiuri Semadgenlobis kontroli xorcieldeba

“ARL3460” tipis da axali speqtografebis gamoyenebiT, rac

saSualebas iZleva sxva elementebTan erTad, dadgenili iqnes

atomuri azotis Semcveloba! (24 qimiuri elementi + CE-

naxSirbadis eqvivalenti) foladis gaJangva warmoebs mxolod

ori elementis (Si+Mn) gamoyenebiT, vinaidan alumini, Cineli

specialistebis rekomendaciiT, romlTa zedamxedvelobiT aSenda

el.foladsadnobi saamqro, amoRebuli iqna gamJangvelebidan.

rogor moqmedebda gaJangvis xarisxi 100 mm-iani kvadratuli

namzadis mikrostruqturaze aqtualuri gaxda mas Semdeg, rac

komerciuli miznebidan gamomdinare saWiro Seiqmna misi gayidva.

kvlevis gegma Cven gvqonda mosazrebidan, Tu rogor moqmedebs

gaJangvis xarisxi (misi siRrme) foladis Txeldenadobaze.

SerCeuli iqna meTodi Txeldenadobis dasadgenad. samsxmelo-

safasono saamqroSi Camosxmuli iqna saWiro geometriis mqone

sxmulebi da saremonto-meqanikur saamqroSi damzadda kokilebi,

romelTa gamoyenebiT vadgenT foladis Txeldenadobas (“nexenZi-

samarinis” U-s magvari sinjis meTodi) kokilebi xurdeboda erT

mudmiv temperaturaze (tgax=5000C) kamerul RumelSi. vswavlobdiT

gauJangav liTons, xolo Semdeg, igive temperaturaze

Seiswavleboda gaJanguli liToni. gaJangul liTons hqonda

ufro maRali svetis simaRle, vidre gauJangavs (gadasvla 9 mm-

dan 6 mm-ze) samive gamJangvelis (Si+Mn+Al) erTdrouli gavlenis

Sesaswavlad saWiro Seiqmna ufro Rrmad gagveanalizebina

kvlevis meTodika. Tu am elementebis gavleniT Semcirdeboda

Txeldenadoba ise, rom Seiqmneboda problemebi uwyvetad

Camosxmis dros, maSin saWiro iyo sxva RonisZiebebis Catareba.

aRniSnulTan erTad, saWiro Seiqmna araliTonuri CanarTebis

Semcveloba liTonSi minimumamde yofiliyo dayvanili da

gogirdisa da fosforis Semcveloba yofiliyo zRvrebSi S≤0.02%,

P≤0.02%, rac moxerxda dupleqs procesis aTvisebis Semdeg. 18АФТ

tipis kompoziciis Seqmnam da sawarmoo eqsperimentebma gasces
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pasuxi amocanas: Tu alumini amcirebs Txeldenadobas, saWiroa

misi Secvla titaniT. problemis sirTulis gamo mizanSewonili

Seiqmna es Tema gadawyvetiliyo calke-damoukideblad. zemoT

Tqmulis gamo, yuradRebis centrSi aRmoCnda uwyvetadsxmuli

liTonis geometriuli zomebi da sxvadasxva saxis defeqtebi,

maTi gavlena kvadratuli namzadis xarisxze. Casatarebeli Td-is

(wrToba-TviTmoSvebis) kontroli xorcieldeboda uSualod

armaturaze meqanikuri gamocdebis (gamocda gaWimvaze da gamocda

Runvaze) CatarebiT. gaWimvaze gamocda tardeba 100 tonian,

kompiuterul “СУ-6040А12”tipis manqanaze (taivani), xolo Runvaze,

am miznebisTvis modernizirebul wnexze. metalografiuli

kvlevebis Casatareblad mzaddeba nimuSebi (Slifebi). maTi

preparireba xorcieldeboda 3.5%-iani HNO3-is gamoyenebiT,

mikrostruqturebi Seiswavleboda metalurgiuli mikroskopis

Neophot-21 saSualebiT. x100, x400, x800k.z. gadidebiT. struqturebis

gadaReba warmoebda cifruli aparatis saSualebiT. Termuli

damuSavebis kontroli xorcieldeboda mikrosisalis gazomviT

mTel diametrze (upiratesad, centri da gare zedapiri)

naSromis ZiriTadi Sedegebi

B500W tipis armaturis warmoebas fl 18АФТ-gan

sortsaglinav saamqroSi aqvs sirTuleebi, romlebic

dakavSirebulia, rogorc el.foladsadnobi, aseve liTonebis

wneviTi damuSavebis procesebTan. aucilebelia el.foladsadnobi

saamqros indeqciur RumelebSi gamodnobilma foladma gaiaros

damuSavebis sruli procesi cicx-RumelSi. saWirod migvaCnia

degazaciis srulad CatarebisaTvis nadnobebis vakuumireba.

mizanSewonilia uCd-s gaukeTdes modernizacia, rac saSualebas

mogvcems Camoisxas ▭≥120 mm (rac gamoiwvevs sortuli saamqros

nawilobriv modernizacias,  iqmneba saSualeba gaJangvis procesi

Catardes tradiciuli wesiT (Si+Mn+Al), xolo am RonisZiebebis

Catarebamde aucilebelia: mesame gamJangvelad (Si+Mn)

gamoyenebuli iqnes titani Ti=0.02-0.03%, imis gamo rom nadnobebis

saSualo wona 11-15 tona, aucilebelia foladebis qimiuri
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Semadgenlobebis seleqtireba (C=0.17-0.22%; Si=0.25-0.40%; Mn=0.80-

0.90%; S≤0.02%; P≤0.02% titanisa da vanadiumis danamatebiT 18АФТ)

rasac moyveba warmoebis mowesrigebasTan erTad, didi ekonomiuri

efeqti.

saqarxno eqsperimentebze dayrdnobiT dasabuTebulia, rom

folad 18АФТ-dan “Sleifis” (Ti+N+V) gamoyenebiT, Termuli

damuSavebis gareSe, miiReba B500W-sTvis saWiro struqtura da

meqanikuri Tvisebebi.

glinvis sqemebis modernizacia – damamTavrebeli ujredebis

miaxloeba gamaciebel sistemasTan (mag. NN25,28,32 mm SemTxvevaSi

IX da X ujrebis Seucvlelad gadatana XIII-XIV ujredebis

nacvlad) saSualebas iZleva stabilurad miviRoT mTmd-s Semdeg

meqanikuri Tvisebebis maxasiaTeblebis maRali kompleqsi,

gansakuTrebiT rRvevisadmi winaRobis kuTxiT (rRvevis totaluri

energia ET n.m. da rRvevis totaluri kuTri energia a j/sm2).

Catarebuli kvlevebis safuZvelze naTeli gaxda, rom

tradiciulad saWiro maxasiaTeblebTan erTad (simtkicis zRvari

- ϬB, denadobis zRvari – Ϭd, fardobiTi wagrZeleba – δ7 da

gamocda Runvaze) mniSvnelovani adgili unda daikavon rRvevis

totalurma energiam ET da rRvevis totaluri kuTri energiam -

, radgan orive maxasiaTebeli erTad iZleva srul warmodgenas

aRebuli masalis xangamZleobaze, rac metia ET( ) miT maRalia

aRebuli produqciis medegoba. unda iyos miRweuli, rom

gamomcdeli manqanis mier dafiqsirebuli rRvevis totaluri

(jamuri) energia kontroldebodes gaTvlebiT, romlebic

Sesrulebuli iqneba imave eqsperimentebis monacemebis

gamoyenebiT. saerTod, am mimarTulebas mniSvnelovnad

gaaZliereben dartymiTi siblante mdgenelebiT [a0.25(aC+ag)],

gamyifebis temperaturuli zRurbli (T50), bzarmedegoba (JIC) da

sxva am kuTxiT mimarTuli eqsperimentuli monacemebi.

taivanis kompiuteruli gamomcdeli manqanis gamoyenebiT

damajereblad iqna dadasturebuli, rom aRebuli liTonuri
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masalis rRvevaze, cxladglinur mdgomareobaSi, ixarjeba ufro

meti energia, vidre misi Termulad (mTmd) damuSavebis Semdeg.

sxvagvarad, Termuli damuSavebiT plastikurobis maxasiaTeblebi

(δ, ψ) garkveulad mcirdeba, romelTa xarjze izrdeba simtkicis

maxasiaTeblebi. aRniSnuli erT-erTi mniSvnelovani daskvnaa,

romlis safuZvelze aucilebelia sawarmom gamouSvas SeduRebadi

(savele pirobebSi) armatura B500W cxladglinul

mdgomareobaSi, Termuli damuSavebis gareSe. es masStaburi

amocana Cvens mier warmatebulad iqna gadawyvetili  “axali

fenomenis” - <Ti+N+V>-is gamoyenebiT.

daskvna

 gaanalizirebulia doqt. n.mumlaZis sadisertacio naSromis

yvela punqti, romelTac Cven veTanxmebiT. xSirad saubaria

calkeuli ubnebis rekonstruqciaze da a.S. gaviTvaliswineT ra

sawarmos dRevandeli ekonomikuri mdgomareoba, arsebul

saerTaSoriso fonze, miznaT davisaxeT xom ar arsebobs gzebi

(albaT bilikebi) mdgomareobis gamosasworeblad. aRniSnulis

gaTvaliswinebiT, Cveni yuradRebis centrSi aRmoCnda:

- foladis srulad ganJangvis procesi da or

eleqtrorkalur RumelSi dnobisas foladSi gadasuli atomuri

azotis neitralizaciis sakiTxebi;

- maqsimalurad swrafad gvqonoda sruli monacemebi B500W-s

armaturaze profilebis mixedviT da xom ar saWiroebs “axali

fenomeni” raime koreqcias arsebuli rTuli nomenklaturis

(NN32,28,25;22,20,18;16;14,12 mm) aTvisebisas;

- radgan galebze XIII, XIV, XV, XVI amZravebis Secvla

problematuria, daisva sakiTxi xom ar SeiZleba dakalibrebis

modernizaciiT SevumsubuqoT XIII-XIV galebis amZravebs

datvirTvebi (ra Tqma unda, roca isini Canacvlebuli iqneba,

morigeobiT, IX-X da XI-XII galebiT);
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- N25 mm armaturis axali sqemiT glinvis Sedegebis analizma

cxadyo, rom dakalibrebis modernizaciam SeiZleba Zireuli

cvlilebebi Seitanos struqturaTa formirebis sakiTxebSi;

- radgan B500W-s aTviseba neli tempiT mimdinareobs, es

avtomaturad iwvevs Senelebas arsebuli teqnologiiT

gamoSvebul produqcias Cautardes sruli analizi, misi

sakonstruqcio simtkicis dasadgenad, amitom xom ar SeiZleba

taivanis 100 toniani kompiuteruli manqanis-danadgaris mier

mocemuli monacemebis ufro srulad gamoyeneba.

 ualuminod, mxolod <Si+Mn>-iT arasrulad ganJanguli,

seleqtirebuli (C=0.18-0.22%; Si=0.25-0.40%; Mn=0.80-0.90%; S≤0.02%;

P≤0.02%) foladi 3mS-is srulad ganJangvis xerxi gankuTvnili▭100mm-is uwyvetad Camosasxmelad. vixilavT dupleqs process (15

tonian eleqtrorkalur RumelSi dnoba foladis qimiuri

Sedgenilobis misaRebad, rafinireba-dayvana cicxv-RumelSi).

foladis gaSvebisTanave cicxvSi vawvdiT saWiro aluminis 50% (5

kg, Al), romelic maSinve dneba da iZulebiT ireva. es mdgomareoba

grZeldeba Txevadi foladis cicxvSi naxevramde amosvlamde

(aRniSnul periodSi adgili aqvs aluminiT ganJangvas

3FeO+2Al→3Fe+Al2O3, warmoqmnili Jangeulis awidvasa da AlN-is

warmoqmnas). Semdeg etapidan ganJangvis procesebSi monawileobas

iReben siliciumi da manganumi, sruldeba tradiciuli procesebi

da bolos cicxv-RumelSi ikavebs Rumelis adgils. dayenebuli

“TeTri” wida aqtiurad monawileobs foladis rafinirebaSi.

saerTo analizis gagebis Semdeg, vumatebT 5 kg Ti-s da Tu

analizma aCvenaTi≥0.02%, maSin foladi sruladaa ganJanguli,

warmoqmnilia naerTebi (TiC, TiN, AlN, VC, VN vanadiumis damatebis

SemTxvevaSi da sxva), romlebic aqtiurad monawileoben

struqturaTa warmoqmnis procesebSi. saWiroebis SemTxvevaSi,

yovelgvari garTulebebis gareSe SegviZlia srulad ganJangul

folads daumatoT saWiro komponentebi (magaliTad, “Sleifebi”:

arsebuli <Ti+N+V>, modernizirebuli <Ti+N+V an Nb, anda orive
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erTad V, Nb> koroziuli medegobis gaTvaliswinebiT. 1) <Ti=0.030-

0.045%; N=0.01-0.015%> 2) <Ti=0.030-0.045%; N=0.01-0.015%; Cu=0.8-1.2%> da

sxva). bolos, srulad ganJanguli foladi miewodeba uCd-s, sadac

Camoisxmeba ▭100 mm.

 N25 mm armaturis glinva tradiciuli (IX-X galebidan) da

axali sqemiT (XIII-XIV galebidan), miRebuli Sedegebis analizi

sawarmoo aprobaciis Sedegad dafiqsirebulia:

∆ B= Ϭ - Ϭ =650-675=-25 n/mm2; ∆ d= Ϭ - Ϭ =550-550=0;

∆δ7=δ -δ = 21-18=3%; ∆ET=E -E = 13000-10000=3000 n/mm;

∆ = - = 2500-2100=400 j/sm2; miRebuli Sedegebi Tavsdeba

Termuli damuSavebis Teoriisa da praqtikis farglebSi. X

galidan glinvisas, arsebuli pauzis (~ 4wm) gavleniT wrTobis

dawyebamde, metadinamikuri rekristalizaciis gavleniT

TandaTanobiT ispoba cx.pl.def-isas miRebuli-warmoqmnili

fragmentebi austenitis marcvlebSi. aseTi struqtura

Termodinamikurad kargad emorCileba gadacivebas momdevno

→ gardaqmnisas (raodenobrivad is povebs B-s zrdaSi Tavis

adgils ∆ B=-25 n/mm2). sxva maxasiaTeblebi, gansakuTrebiT

energetikuli (ET, ) ganicdian pl.deformaciis axal ulufis

gavlenas XIII-XIV galebze.

Cvens xelT arsebuli eqsperimentul monacemebze

dayrdnobiT (glinva axali #1 sqemiT – IX-X galebis Seucvleli

gadatana XIII-XIV nacvlad) da Catarebuli gaTvlebiT, axali

sqemiT ganpirobebuli energetikuli nazrdi (ET n.m.) NN32,28,25 mm-s

glinvisas unda gaizardos, Sesabamisad, 1000; 2000; 3000 n.m.

farglebSi. es ki mogvcems saSualebas “ara rTul SleifTan”

<Ti=0.030-0.045%; N=0.01-0.015%> erTad vmmarTod mTmd-is procesi.

aRniSnulis damadasturebeli iqneba damuSavebis Semdeg

simtkicis zrda plastikurobis SenarCunebiT, rac Cvens

SemTxvevaSi miiRweva austenitis fragmentaciiT da meoradi

fazebis dispersiulobis gazrdiT.
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glinvis axali sqemebi (#1 da #2) da dakalibrebis

racionaluri – mizanmimarTuli gamoyeneba saSualeba mogvcems

stabilurad vmmarTod struqturaTa formirebis procesebi

armaturis glinvisas Sps “rusTavis foladis” foladsadnob da

sortsaglinav saamqroebSi, rac B500W-s ganxorcielebis

sawindaria!

*arsebuli standartis miTiTebiT ara sistematurad, did

partiebze,  unda   xorcieldebodes   gamoSvebuli   produqciis

sakonstruqcio simtkicis dadgena. dRevandeli

realobidangamomdinare Td-s gavleniT miRebuli Sreobrivi

struqtura ar iZleva saSualebas mza produqciidan damzaddes

specialuri nimuSebi. aRniSnulis gamo, midgoma romelic

saSualebas mogvcems maqsimalurad srulad iqnes gamoyenebuli

taivanis 100-toniani kompiuteruli danadgaris mier sistematurad

mowodebuli monacemebi, romlebic garkveuli gadamuSavebis

Semdeg dagvaaxloeben sakonstruqcio simtkicesTan Zalze

aqtualuria.

dRes manqana-danadgaris mier amobeWdil monacemebidan

sistematurad, gamoyenebulia mxolod: B - simtkicis zRvari,

n/mm2; denadobis zRvari – d, n/mm2; fardobiTi wagrZeleba – δ7, %;

am sameuls emateba calke danadgarze ganxorcielebuli Runvaze

gamocdis Sedegi (dadebiTi an uaryofiTi). aRniSnulis garda

Cven, garkveuli meTodikiT, vangariSobT (an gadagvyavs sasurvel

sidideSi) manqanis mier amobeWdili sidideebidan fardobiTi

wagrZelebis mdgenelebs δ=δ1+δ2; δ1– farTobiTi wagrZeleba

Tanabari, yelis warmoqmnamde - %, δ2– farTobiTi wagrZeleba

yelis warmoqmnis Semdeg - %; yelis farTobiT Seviwroebas,

mdgenelebiT ψ=ψ1+ψ2, %; ψ1– fardobiTi Semcireba yelis

warmoqmnamde, ψ2– fardobiTi Seviwroeba yelis warmoqmnis Semdeg

- %. δ1 da ψ1 axasiaTeben liTonis (masalis) plastikuri

deformaciis unars, xolo δ2 da ψ2 axasiaTeben ngrevis (rRvevis)

winaaRmdegobis unars. ngrevis (rRvevis) WeSmarit winaaRmdegobas

– Sk, n/mm2; rRvevis totalur energias - ETn.m.; rRvevis totaluri
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(jamuri) kuTri energia - , j/sm2. boloori iZleva naTel

warmodgenas armaturis xangamZleobaze. aRebuli mza produqciis

sakonstruqcio simtkicis dasadgenad saWiroa gvqondes:

dartymiTi siblante mdgenelebiT - a0.25=aC+ag, j/sm2; foladis

gamyifebis temperaturuli zRurbli – TSO, es is temperaturaa,

rodesac dinamikuri datvirTvis qveS liTonis rRvevisas miiReba

reliefi TanafardobiT 50%/50% - myife (kristaluri)

mdgeneli/blant (boWkovan) mdgenelTan. rRvevis energiebi ETn.m.;

, j/sm2; bzarmedegoba JIC n/mm; daRliloba . sul

sakonstruqcio simtkicis dasadgenad: a0.25=aC+ag, j/sm2; TSO; Sk;

δ(δ1+δ2); ψ=(ψ1+ψ2); JIC; ET; ; .

cnobebi disertaciis moculobisa da struqturebis Sesaxeb

disertacia warmodgenilia 167 gverdze, Seicavs 14 cxrils,

36 naxats, gamoyenebul literaturis 97 dasaxelebisagan

Sedgenil nusxas.

disertaciis struqtura tradiciulia: Sesavali; 1.

literaturis mimoxilva; 2. Sedegebi da maTi gansja; 3.

eqsperimentuli nawili; daskvna; gamoyenebuli (citirebuli)

literatura.

disertaciis struqturas qmnis Tanmimdevruled

ganlagebuli titulis gverdi - Tavfurceli, xelmowerebis

gverdi - doqtoris akademiuri xarisxis mosapoveblad

saqarTvelos teqnikuri universitetis qimiuri teqnologiisa da

metalurgiis fakultetis sadisertacio sabWoSi disertaciis

ganxilvis rekomendacia, saavtoro uflebis gverdi, reziume

qarTul enaze, reziume inglisur enaze, Sinaarsi, cxrilebis

nusxa, naxazebis (suraTebis) nusxa, Sesavalis, literaturis

mimoxilvis, Sedegebisa da maTi ZiriTadi teqsti da gamoyenebuli

literaturis nusxa.

informacia naSromis aprobaciis Sesaxeb

• sadisertacio naSromis masalebi moxsenebuli iqna:
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saqarTvelos teqnikuri universitetis 83-e saerTaSoriso

konferenciaze 2015 wlis ivniss.

“ualuminod, mxolod <Si+MMn>-iT arasrulad gaJanguli

foladis srulad gaJandvis xerxi”

doqtoranti    zaza tabataZe, xelmZRvaneli profesori vasil

kopaleiSvili.

• sadisertacio TemasTan dakavSirebiT gamoqveynebulia 4

(oTxi) samecniero statia (2012-2015 ww) da Seqmnilia 3 (sami)

gamogoneba:

1) axali fenomenis” gamoyeneba B500W-tipis armaturis

sawarmoeblad

2) armaturis glinva axali sqemebis gamoyenebiT XIII–XIV

galebidan, misi xarisxis gaumjobesebis mizniT Sps “rusTavis

foladis” pirobebSi

3) ualuminod, mxolod<Si+Mn>-iT arasrulad ganJanguli,

seleqtirebuli foladi 3mS-is srulad ganJangvis ekonomiuri

xerxi,gankuTvnili 100-isuwyvetad  Camosasxmelad  u.C.d-ze

4). SesaduRebeli (C≤0.22%; CE≤0.43%), unificirebuli armaturis

B500W-s warmoeba denadobis zRvriT Ϭd≥500n/mm2cxladglinul

mdgomareobaSi, Termuli damuSavebis gareSe.

5)o. barbaqaZe, v. kopaleiSvili, z. tabataZe da sxv.  ,,liTonuri

nad-nobis gamodnobis xerxi“  saidentifikacio nomeri  12962/01

romelzedac 2014-03-04-dan gacemulia dokumenturi daskvna

#155886 patentis gacemis Sesaxeb.

6) o. barbaqaZe, v. kopaleiSvili, z. tabataZe  da sxv. Senadnobis

temperaturis sazomi Termowyvili“ saidentifikacio nomeri

12961/01, romelzedac 2013-01-11-dan gacemulia dokumenturi

daskvna #142062 patentis gacemis Sesaxeb.

7) o. barbaqaZe, v. kopaleiSvili, z. tabataZe da sxv.

metalurgiuli Rumelebis macivebeli mowyobiloba

saidentifikacio nomeri 12960/01, romelzedac 2013-12-03-dan

gacemulia dokumenturi daskvna #152921 patentis gacemis

Sesaxeb.
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Abstract

High Temperature Thermomechanical Treatment (HTTT) change on steel
showed that at optimal regime, by thermomechanical factors (t0С, Ɛ%, Ѵm/s, etc.)
influence, strength indicators increase and plastic properties preserved at rather high
level, than at the General Heat Treatment. Also, at the same regimes, was observed
improvement of corrosion resistance instead of expected reduction. Deeper researches
of these processes showed that influence of Hot Plastic Deformation provides more
uniform distribution of the alloying elements, than at General Heat Treatment. Lately
influence of the same factors was studied on steels (20Т, 40ГСМФ, 40ГМФ,
30ГСТЮ, 38Г1Т, 40ГФ) crack resistance at HTTT. Austenite fragmentation,
dispersion increase of secondary phases, uniform distribution of alloying elements,
root “Release” from alloying elements caused crack resistance increase. To the
mentioned facts (important results) was added so-called “New phenomenon” complex
influence. Chemical composition of alloy for the technological process (treatment) +
“loop” <Ti+N+V or NB> create influence conditions of “New phenomenon”
(strength indicators increase with plasticity preservation at rather high level). It is
experimentally recorded and “New phenomenon” effects used at next technological
processes:

1) Steel 10XH3MФT thermocycling in 200C ↔ 6500C limits, in elasticity limits
under acting stress, for example, load of mandrels on piercing stands (80-s of
the XX century);

2) Production of high-strength tubing Ϭ ≥ 760 N/mm
2 from steel 40ГФT (2002-

2004 yy);
3) Rolling of selected steel 3sp (C = 0,17-0,22%; Si=0,25-0,40%; Mn =0,80-

0,90%;  S≤0,02%; P≤0,02%) on bar-rolling mill with existence of “loop”
<Ti+N+V ან NB> helps us to get  weldable unified rebar (C≤0,22%; Ceq≤
0,43%) B500W with Ϭ ≥500 N/mm

2 in hot rolled condition, without heat
treatment (2013-2015 yy).

In last years first direction has taken next appearance. On the basis of our own data,
Steel 10XH3MФT was changed by composition 08XH4СДМФТ. Metal graphic
researches shown, that new composition has structure of Globular Bainite, which
importantly changed mandrels’ resistance characteristics (1000, 1500, 1700 pipes).
Everything is done at premises to make this process stably controlled.
Second direction - usage of steel 40ГФT to produce high-strength tubing. This
direction is technically and scientifically competitive.
Third direction – usage of selected steel 3sp with “loop” to produce B500W – it is in
all aspects documented direction. To provide conditions with help of sizing changes
and usage of rolling new schemes, HTTT should be stably controlled and it
requires more expenses, then B500W rebar production as per our project. But
simultaneous usage of both will be the best: with increase of strength indicators will
be increased constructive strength of finished production. This is our next level!
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Nowadays, to spread the acting sphere of “New phenomenon” are mobilized all
possibilities. In all compositions, which are intended for pipe instrument production,
added “loop” <Ti+N+V or NB>:

1. Composition 08XH4СДМФТintended for production of piercing stand
mandrels;

2. Composition 200Х20ДН5ФТ intended for production of automated stand
mandrels;

3. Composition 350С1Ю2ДН5MФT intended for production of sizing stand
mandrels;

4. Composition 160Х16ДН5ФT intended for production of rolling
standsrulers;

“New phenomenon” structural “release” with help of new technical possibilities, for
example, usage of RAM with distinguish possibility of <50-20 А, in many aspects
will help us to solve this problem. We can define our position in next way. We
will repeat professor Messbauer’s known expression: different types of connecting
powers “must be covered by one and the same hat!” And it was proved perfectly
with next experimental results!! For us we will take Genie-Preston phases
example. Formed secondary phases, root with coherent unions, provide conditions
for strength high indicators (production of duralumin). Destruction of connecting
powers by temperature influence, development of next coagulation processes,
provides composition’s full degradation and etc. If we represent dispersal
secondary phases (TiC, TiN,VC, VNand others)*, which represent surmountable
barriers, then serious delay of movement (strength increase) corresponds to
existing result (strength important increase ΔϬ ≥ 200-250 N/mm2and plasticity
preservation at high level δ=27-35%). Strength increase is followed by plasticity
increase – intensive movement of dislocations. We have all required for next
conclusion:
B500W successfully got through plant approbation (NN25X; 18XII; 16XIV; 12XVI mm)
and it is ready for full-scale usage.


