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samile foladebis SemuSavebis ZiriTadi principebi

irakli abduSeliSvili, stu-s doqtoranti.
iuri kvirikaZe, stu-s profesori, 

vasil kopaleiSvili, stu-s profesori, 
levan kotiaSvili, ,,deltas” Termuli 

damuSavebis wamyvani specialisti,  

irakli qaSakaSvili, stu-s profesori

reziume

saqarTvelos teqnikuri universitetis 
„masalaTa Tvisebebis saswavlo-samecniero-kv­
leviTi centris“ da „samsxmelo warmoebisa da 
axali teqnologiuri procesebis mimarTulebis 
(kaTedris)“ TanamSromlebis mier dadgenilia 
samile foladebis SemuSavebis ZiriTadi princ­
ipebi, romelTa gaTvaliswinebiTac uwyvetad 
sxmuli milnamzadisgan unakero satumbo-sa­
kompresoro milebis sawarmoeblad iqna Ser­
Ceuli 40АГФТ foladis qimiuri Sedgeniloba 
da gamokvleuli iqna kontrolirebuli cxeli 
glinvis Semdeg sxvadasxva reJimiT Termuli da­
muSavebis gavlena mis meqanikur Tvisebebze.

Summary

Employees of “Educational-scientific-research Center 
of properties of materials” and “Chair of foundry and new 
technological processes” of Georgian Technical University 
established tube steels developing basic principles, against 
which was matched chemical composition of 40NMnVTi 
steel designed to produce seamless tubing pipes from con-
tinuous cast round billets and investigated the effect of dif-
ferent heat treatment conditions after hot controlled rolling 
on it’s mechanical properties.

********

sanavTobe sortamentis milebis muSaobis 
pirobebi rTulia da araerTgvarovani: sam­
uSao temperaturebis farTo intervali (-60-
dan 150-200ºC-mde), niSancvladi datvirTvebi 
saburRi da satumbo-sakompresoro milebis 
muSaobis procesSi, impulsuri datvirTvebi sa­
magri milebis kumulaciuri perforaciis dros, 
korozia daZabulobis qveS, gogirdwyalbadis 
garemoSi da sxva. muSaobis pirobebidan gamom­
dinare, sanavTobe milebs unda gaaCndes maRali 
meqanikuri simtkice da plastikuroba, winaaRm­
degoba daRlilobiTi da myife rRvevisadmi. 
rigi raionebisaTvis milebis masalas pirvel 

rigSi moeTxoveba winaaRmdegoba sulfiduri 
daskdomisadmi, xolo CrdiloeTis raionebisT­
vis _ maRali civmedegoba. sanavTobe sortamen­
tis milebis dasamzadebeli foladebis qimiuri 
Sedgeniloba, fosforisa da gogirdis garda, 
standartebSi ar aris reglamentirebuli, ami­
tom foladis markas damamzadebeli irCevs mow­
yobilobaTa konkretuli Semadgenlobis da sa­
warmos teqnologiur SesaZleblobaTa gaTval­
iswinebiT [1-2].

sanavTobe sortmentis milebidan mniSvnelo­
vani adgili uWiravs satumbo-sakompresoro 
milebs romelTa daniSnulebaa:

•• WaburRilidan plastebis produqtis 
(siTxis, airis, siTxisa da airis narevis da 
sxva) zedapirze amotana.

•• WaburRilSi siTxis an airis miwodeba (air­
lifturi eqspluatacia, WaburRilis gamo­
recxva, plastis hidrogangreva, plastis 
danaSalis mJavuri da TermomJavuri damu­
Saveba, misi gaxureba cxeli orTqliT);

•• WaburRilSi mowyobilobis Cakideba;
•• WaburRilze sakvlevi samuSaoebis Catare­

ba (sakvlevi mowyobilobebis CaSveba-amo­
tana da sxv.).

unakero satumbo-sakompresoro milebi mzad­
deba simtkicis Д, К, Е, Л, М, Р jgufis foladebi­
sagan moqmedi (ruseTis Tu dsT-sa da sabWoTa) 
standartebis Sesabamisad, romelTa mixedviTac 
milis masalis simtkice izrdeba Д-dan Р jgu­
famde [3-4].

API-s (American Petroleum Institute) anu ani-s 
(amerikis navTobis instituti) standartebis 
mixedviT satumbo-sakompresoro milebi mzad­
deba Н-40, J-55 da N80 simtkicis jgufebis 
foladebisgan, P-105 _ maRali simtkicis jgu­
fis foladisgan; gogirdovan garemoSi mo­
muSave milebi _ C-75 da L80 simtkicis jgufebis 
foladebisgan [5].

civi klimaturi pirobebis mqone regionebi­
sTvis calkeuli firma milebis awarmoebs uary­
ofiT temperaturebze gazrdili dartymiTi 
siblantis mqone foladebisgan.

zogadad Tu ganvixilavT sanavTobe milebis 
warmoebasTan dakavSirebul problemebs, davi­
naxavT, rom maRali simtkicis milebis miRe­
ba, maTi Tvisebebis uzrunvelyofa simtkicis 
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jgufebis Sesabamisad, ori ZiriTadi gziT aris 
SesaZlebeli: pirveli gza aris foladis legire­
ba ZviradRirebuli, umetes SemTxvevaSi, mwvaved 
deficituri elementebiT da Semdeg foladis 
nawarmis _ milebis saTanado Termuli damuSave­
ba, meore gza aris foladis optimaluri da ma­
Ralefeqturi qimiuri Sedgenilobis SemuSaveba, 
misTvis Sesaferisi da swori deformaciuli Tu 
Termuli damuSavebebis racionaluri reJime­
bis SerCeva konkretuli qarxnis teqnologiur 
mowyobilobaTa SesaZleblobebis, tradiciaTa 
da gamocdilebaTa gaTvaliswinebiT. es meore 
gza xSir SemTxvevaSi upiratesia. is iZleva Zvi­
radRirebuli malegirebeli elementebis ufro 
iafiT Secvlis SesaZleblobas da iTvaliswinebs 
warmoebis masStabebs, produqciis samomxmare­
blo Tvisebebs _ fassa da TviTRirebulebas. 
amasTanave is moiTxovs foladis struqturaTa 
warmoqmnis procesebis Rrmad da dawvrilebiT 
Seswavlas Termuli damuSavebis sxvadasxva re­
Jimze, rac iZleva foladis Sinagani resursebis 
srulad gamovlenisa da gamoyenebis saSualebas.

rogorc literaturis masalebidan Cans, jer 
kidev didia moTxovnileba Cveulebrivi simtki­
cis sanavTobe (kerZod, satumbo-sakompresoro 
da samagr) milebze, magram meores mxriv yo­
velwliurad izrdeba moTxovnileba simtkicis 
maRali jgufebis milebze. meqanikuri Tvisebeb­
is aseTi Sexamebis miRwevas ki mxolod mileb­
is Termuli damuSavebiT Tu axdenen. Termuli 
damuSaveba gulisxmobs wrTobas (an normaliza­
cias) da maRaltemperaturul moSvebas. Termu­
li gaumjobeseba SeiZleba im samile foladebSi 
ganxorcieldes, romlebsac gadacivebuli aus­
tenitis maRali medegoba gaaCnia, rac saWiroa 
gacivebis siCqareTa farTo diapazonSi, austeni­
tis daSlis dabaltemperaturuli produqtebis 
(martensiti, beiniti), aucilebeli raodenobiT 
Camosayalibebelad [6].

airsanavTobe satumbo-sakompresoro milebis 
dasamzadeblad sxvadasxva qimiuri elementiT 
legirebuli foladebia gamoyenebuli, romleb­
Sic struqturaTa warmoqmnas da saWiro Tvise­
baTa formirebas gamodnobisa da deformaciuli 
Tu Termuli damuSavebis dros, ganapirobeben 
iseTi elementebis malegirebeli, mikromale­
girebeli Tu mamodificirebeli gavlenebi, ro­
goricaa: manganumi, siliciumi, qromi, molib­
deni, vanadiumi, titani, bori, azoti da sxva [7].

milebis xarisxis zrda upirveles yovlisa da­
mokidebulia samile foladebis xarisxze, maTSi 
mavne minarevebis – gogirdis, fosforis, aire­
bis raodenobis Semcirebaze, rogorc foladis 
dnobis, ise misi Rumelgare damuSavebis proces­
Si. yovelive es ki moiTxovs agreTve Camosxmis 
procesebis srulyofas, foladis warmoebis 
martenis meTodze uaris Tqmas da eleqtrork­

alur dnobaze gadasvlas, liTonis damuSavebas 
cicxv-RumelebSi, uwyvetad sxmuli milnamzadis 
gamoyenebas da sxva [8].

mokled Tu ganvixilavT zogierTi elementis 
gavlenas foladis struqturasa da Tvisebebze  
SeiZleba aRiniSnos, rom naxSirbadi, romelic 
foladis qimiuri SedgenilobaSi, cementitis 
(Fe3C) saxiT imyofeba, raodenobis zrdasTan er­
Tad zrdis foladis simtkices, sisales, dreka­
dobas da amcirebs plastikurobas, dartymisad­
mi winaaRmdegobas, auaresebs damuSavebadobas 
da SeduRebadobas.

siliciumi foladis SemcvelobaSi mcire 
raodenobiT Sedis, gansakuTrebul gavlenas 
foladis Tvisebebze ar axdens, xolo sili­
ciumis raodenobis gazrdasTan erTad izrdeba 
foladis drekadi Tvisebebi, magnituri SeRw­
evadoba, koroziisadmi winaaRmdegoba da Jang­
visadmi winaaRmdegoba maRal temperaturebze.

manganumi, iseve rogorc siliciumi, Cveu­
lebriv naxSirbadian foladebSi Sedis SedarebiT 
mcire raodenobiT da gansakuTrebul gavlenas 
foladis Tvisebebze ar axdens, magram manganumi 
rkinasTan warmoqmnis myar xsnars da ramdenadme 
zrdis foladis simtkices da sisales amasTan 
umniSvnelod amcirebs plastikurobas. igi akav­
Sirebs gogirds naerTSi MnS da xels uSlis, 
foladis mavne naerTis FeS-is warmoqmnas. garda 
amisa, manganumi aris ganmJangveli elementi. man­
ganumis maRali Semcvelobis dros foladi iZens 
gansakuTrebiT maRal sisales da cveTisadmi 
winaaRmdegobas.

gogirdi foladisTvis mavne elements war­
moadgens. romelic mas FeS-is saxiT Seicavs. 
es naerTi amyifebs folads maRal temperatu­
raze da rogorc cnobilia, cxeltexadobisa 
da wiTeltexadobis movlenebs iwvevs. gogirdi 
zrdis foladis cveTis unars, amcirebs daR­
lilobisadmi winaaRmdegobas da koroziamed­
egobas.

fosfori agreTve mavne elementad iTvleba 
foladisTvis. is rkinasTan warmoqmnis naerTs 
Fe3P, romelic ixsneba rkinaSi. am qimiuri naer­
Tis kristalebi Zalze myifea, Cvulebriv isini 
marcvlebis sazRvrebSi ganlagdebian, asuste­
ben kavSirs marcvlebs Soris da amis Sedegad 
foladi dabal temperaturebze, Zalze maRal 
simyifes iZens, rasac, rogorc viciT, civtexa­
doba ewodeba. fosforis uaryofiTi gavlena 
foladze gansakuTrebiT Tavs iCens naxSirbadis 
maRali Semcvelobis dros.

titani zrdis foladis simtkices da sim­
kvrives, xels uwyobs marcvlebis zomebis Sem­
cirebas. is kargi ganmJangveli, mamodificire­
beli, mikromalegirebeli da malegirebeli el­
ementia, Tanac aumjobesebs foladis korozia­
medegobas.
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vanadiumi zrdis foladis sisalesa da simt­
kices, iwvevs struqturis dawvrilmarcvlovne­
bas, aumjobesebs struqturasa da Tvisebebs, 
magram amasTan deficituri da ZviradRirebuli 
elementia.

cnobilia azotiani, vanadiumiT, niobiumiT da 
titaniT legirebuli, dispersulad gasalebadi 
foladebi. es ukanasknelni xasiaTdebian wvrild­
ispersiuli nitridebis warmoqmniT marcvlebis 
sazRvrebSi, rac xels uSlis am marcvlebis zr­
das da iZleva foladis denadobis zRvris da 
dartymiTi siblantis zrdis saSualebas [9].

foladis qimiur SedgenilobaSi Semavali el­
ementebi: alumini, siliciumi, vanadiumi, titani 
da sxva azotTan urTierTqmedebisas warmoqmni­
an nitridebs, romlebic mniSvnelovnad gavlenas 
axdenen foladis struqturasa da Tvisebebze, 
maT Soris, austenitis marcvlis zomebzec.

austenitis marcvlis zoma, garda liTonis 
bunebisa, damokidebulia gaxurebis temperatu­
rasa da xangrZlivobaze. im foladebSi, rom­
lebic narCeni aluminis sakmao raodenobas 
Seicaven, austenitis marcvali, garkveul tem­
peraturamde gaxurebisas, naklebad icvlis 
zomebs. marcvalis intensiuri zrdis dawyebis 
temperatura da marcvlis zoma mniSvnelovani 
maxasiaTeblebia naxSirbadiani da legirebuli 
foladebisTvis.

austenitis marcvlis zoma did gavlenas 
axdens foladis meqanikur Tvisebebze Ter­
muli damuSavebis Semdeg. wvrilmarcvlovan 
foladebs gaaCniaT gazrdili denadobis zRvari 
da am ukanasknelis simtkicis zRvarTan Tana­
fardobis ufro maRali mniSvneloba did dar­
tymiT siblantesTan erTad.

0,5%-mde naxSirbadis Semcveli naxSirbadiani 
foladebis gamyifebis temperatura dabla iwevs 
maTi normalizaciis Semdeg.

austenitis marcvlis zomebis maregulire­
bel faqtorTa Soris erT-erTi mniSvnelovania, 
foladis ganJangvis xarisxi, anu foladSi Set­
anili aluminis raodenoba.

wvrilmarcvlovani naxSirbadiani foladis 
misaRebad (marcvlis zoma №5-8) e. w. gaxsnili 
(narCeni) aluminis raodenoba  unda iyos zRvreb­
Si 0,015-0,030%. rac Seexeba titanis nitridis 
gavlenas foladis daZvelebasa da austenitis 
marcvlis zomaze 0,02-0,04% titanis Semcvelo­
bis dros), igi ufro sustia, vidre magaliTad 
aluminis nitridis gavlena.

swored zemoTqmulis gaTvaliswinebiT aris 
Cvens mier SemuSavebuli 40АГФТ tipis foladis 
qimiuri Sedgeniloba (cxrili 1).

cxrili 1. 40АГФТ tipis foladis qimiuri Sedgeniloba

qimiuri elementebis Semcveloba masur %-ebSi

C Si Mn V Ti N Al Ca≈ S≤ P≤

0,36-
0,44

0,25-
0,40

1,30-
1,50

0,01-
0,14

0,01-
0,025

0,007-
0,01

0,025-
0,035

0,005-
0,01

0,02 0,02

am foladis astoniani dnoba (cxrili 2) 
gamodnobil iqna eleqtrorkalur RumelSi 
ruseTis q. volgogradis metalurgiul qarxa­
naSi ~wiTeli oqtomberi~.

cxrili 2. volgogradis metalurgiul qarxanaSi 
gadmodnobili 40АГФТ foladis qimiuri 
Sedgeniloba

dnobis

#

elementebis Semcveloba, masur %-ebSi

C Si Mn S P V Al Ti Ca N

253247 0,40 0,33 1,36 0,016 0,017 0,08 0,029 0,015 0,017 0,014

dnobam gaiara Rumelgare damuSaveba cicxv-
RumelSi da uwyvetad iqna Camosxmuli mrgvali 
milnamzadebi diametriT Ø110mm, romelTaganac 
saqarTvelos teqnikuri universitetis masal­
aTa Tvisebebis saswavlo-samecniero-kvleviTi 
centrSi gaWimvasa da dartymiT siblanteze 
gamocdebiT gamokvleuli iqna laboratoriul 
saglinav dganze kontrolirebuli (gaxurebis 
temperatura 900ºC, glinvis siCqare 1,5 m/wm, moW­
imvis xarisxi 32%) cxeli glinvisa da sxvadasxva 
reJimze Semdgomi Termuli damuSavebis gavlena 
40АГФТ tipis foladis meqanikur Tvisebebze.

gamocdebi gaWimvaze CavatareT standar­
tis [10] Sesabamisad FPZ-100 markis gamomcdeli 
manqanisa da reversoris gamoyenebiT III tipis 
xuTjerad cilindrul (hantelis formis) 
nimuSebze nominaluri diametriT 6 mm. gaWimvis 
procesi xorcieldeboda 3 mm/wT siCqariT gaWim­
vis mrudis CaweriT. vsazRvravdiT denadobisa 
da simtkicis zRvrebs, fardobiT wagrZelebas 
da Seviwroebas WeSmarit winaRobasTan erTad da 
dartymiT siblantes standartis [11] Sesabamisad 
Sarpis tipis 5x10x55mm zomebis nimuSebze МК-30 
tipis 300j energiis urnalis gamoyenebiT.

TiToeuli poziciisTvis vcdidiT 3 nimuSs da 
Semdeg vangariSobdiT dasadgeni sidideebis saS­
ualo ariTmetikul mniSvnelobebs. gamocdebis 
Sedegebi warmodgenilia cxrilSi 3.
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foladis mdgomareoba

meqanikur TvisebaTa 
maCveneblebi

σ
0,2

σ
s

S
k

δ
5

Ψ KCV

mgpa mgpa gpa % % j/sm2

milnamzadi glinvamde 390 710 1,5 28 57 56

cxlad glinuli 655 980 1,4 16 39 73

cxlad 
glinuli+normalizacia 
900°C

660 960 1,6 18 54 110

cxlad 
glinuli+moSveba 600°C 630 850 1,4 21 58 123

cxlad 
glinuli+normalizacia 
900°C+moSveba 600°C

660 890 1,6 22 61 142

1. arsebuli foladebisa (40ГТ, 38Г1Т, 
40ГФ”400” da 40ГФ”140”) da atomuri azotis 
gamoyenebiT SemuSavebulia samagri da satumbo-
sakompresoro milebis sawarmoeblad gankuT­
vnili, unificirebuli (optimizebuli) 40АГФТ 
tipis foladis kompozicia: C=0,36-0,44%; Si=0,25-
0,40%; Mn=1,30-1,50%; S≤0,020%; P≤0,020%; V=0,01-
0,20%; Ti=0,01-0,05%; Ca=0,005-0,01%; N=0,007-
0,016%, romelic mxolod erTi elementis _ va­
nadiumis cvlilebiT iZleva saSualebas, orive 
milsaglinav agregatze (“400”-sa da “140”-ze) va­
warmooT ara marto simtkicis “K” _ σd≥500n/mm2 
(V=0,01-0,04%) da “E” – σd≥560n/mm2 (V=0,07-0,20%) 
jgufebis unakero milebi, aramed garkveuli 
seleqtis gamoyenebiT, SesaZlebeli xdeba simt­
kicis ufro maRali jgufebis (“Л” – σd≥660n/
mm2 da ~n~ _ σd≥760n/mm2) unakero milebis an 
sxva produqciis miReba. sxvagvarad, amoxsnilia 
masalaTmcodneobis erT-erTi mniSvnelovani da 
rTuli amocana dcxladglinul mdgomareobaSi 
maRali denadobis zRvris σd≥760n/mm2 mqone 
masalis miReba.

2. 40АГФТ tipis foladze Catarebuli kv­
levebis Sedegebze dayrdnobiT naCvenebia, rom 
kontrolirebuli glinva, ganxorcielebuli 
mizandasaxulad da foladis racionalurad Se­
muSavebuli qimiuri SedgenilobiT, struqtu­
raTa Camoyalibebis procesebis marTvis saSu­
alebas iZleva dakristalebidan mza produqciis 
miRebamde, Tanac ise, rom foladis qceva te­
qnologiur xazze daemsgavsos funqcionalur 
masalas. am foladis qimiuri kompozicia xels 
uwyobs milnamzadis civad udefeqto daWras 
(dayofas), xolo meore SemTxvevaSi _ milebis 
cxlad glinvis dros, meqanikuri Tvisebebis 
maRali maCveneblebis miRebas (dnoba #253246 
_ σs=1030n/mm2, σd=750n/mm2, δ5=13,5%, Ψ=54%). 

pirvel SemTxvevaSi masala amJRavnebs plasti­
kurobis sakmarisad maRal marags. moyvanili 
TvisebaTa kompleqsi, miRebuli cxlad glinvis 
Semdeg, axalia. Cveni pozicia (~muSa hipoTeza~) 
SeiZleba ase CamovayaliboT: maRal temperatu­
raze deformaciisas myari xsnaridan (austeniti­
dan) gamoiyofa Zalze wvrildispersuli fazebi, 
romlebic xels uSlian marcvlebis fragmen­
tebis erTmaneTis xarjze zrdas. azrobrivad, 
aseTi struqtura cxladglinul mdgomareobaSi 
emsgavseba ganmtkicebul duraluminebs, rode­
sac meorad fazebs koherentuli kavSiri aqvs 
fuZesTan. aRniSnulze miuTiTebs TvisebaTa 
garkveuli depresia Termuli damuSavebis dros.
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