OTPABOTKA PEXVMOB POTALIMOHHOW
CBAPKN TPEHVMEM POTOPOB I'T4 N3 X
HKAPOTPOYHbBIX HUKENEBBIX CT/TABOB "

NH>KeHep-TexHOoNOr 1K., MarmucTp | CS® \ ‘
dunman AO «OOK» «HANO» 3 / a
AHnunnoros A.A.




BBEAEHWE @ oaK

AKTYanbHOCTb: B COBPEMEHHOM ABUraTeNecTpoeHUM BO3pPacTatoT TpeboBaHMA K MaccCe, KEeCTKOCTU U
pecypcy rasotypbuHHbIx asuratenen (M), B YaCTHOCTU, K pOTOpPaM KOMMPECCOPOB BbICOKOIO M HU3KOro
pasnennsa (KBA v KHA). BaxHbiMm HanpaBaeHnem ABAAETCA 3aMeHa B KOHCTPYKLMW POTOpPOB BONTOBbLIX
COeAMHEHNI Ha cBapHble. Kpome TOro, B aBMALMOHHOM U PAKETHOW MPOMbIL/IEHHOCTU NepexoaAT Ha
MCNONb30BaHME HOBbIX MaTepnanos ¢ 6osee BbICOKMMU MEXaHUYECKMMWU CBOMCTBAMU. TaKMMKN ABNAIOTCA
rPaHy/Mpyemble XapOonpouyHble CnaBbl, O4HAKO, OHWU CYUTAKOTCA HECBAPMBAEMbIMU KNACCUYECKUMMU
MeToAaMM CBapPKWU MNaB/IEHMEM, M3-33 BbICOKOM CKAOHHOCTM K 06pa3oBaHMIO ropaYnx TpewmH. ITy
npobsemy No3BoONSAET PEWNTb POTALMOHHAA cBapKa TpeHnem (PCT). 3TOT meToa OTHOCUTCS K CBapKe Npu
TemnepaTtypax HUXKe TemnepaTypbl NAaB/IEHUA, YTO NO3BONAET N3DEKATb FOPAYMX TPELLUH.

HoBu3Ha: npumeHeHune PCT B oTedecTBEHHOM npounssoacTee potopos M

I'IpaKmquKoe npumeHeHue: 3aMeHa 60NTOBbIX U LIJTVI(I)TOBbIX COG,CI,MHGHMVI Ha CBapHble ANA
YMeHbLUEHNA MaCCbl Usgenuna.

Llenu paboTtbl — 3anycK CEPUIMHOM TEXHOOTMM CBapKKu poTtopos M/A.

3apaum:

1. OtpaboTka TexHonornm PCT Ha KOHCTPYKTMBHO-NOA00OHbIX 3nemeHTax (cTanbHble KM3 a4na KOHTPOoAA cTabuAbHOCTH
paboTbl YyCTAaHOBKM M FTeOMETPUN NOSYHaeMbIX CBAPHbIX y310B; KIN3 meHbLlero guameTtpa U3 matepmana,
COOTBETCTBYHOLLEIO N34eNU1I0; NONHOPa3mepHble KIM3 n3 matepunana, COOTBETCTBYHOLLENO U3LENNIO);

2. CBapKa MoAe/nibHbIX CeKuMit (NPOTOTUNOB) ANS NOATBEPKAEHMUA FEOMETPMUUYECKON TOYHOCTM NONY4aEeMOro U3aenus,
OTPaboTKM NpoLecca MexaHUYeCcKoM U TepMuYeckoit 06paboTKK, a TaKKe NpeaBapuUTe/ibHble CTEHAO0BbIE
MCMbITaHMA U CTEHAOBbIE UCMbITAaHMA Ha ABUraTene;

O6beKT uccnegoBaHMA — CBapHOWM POTOP KOMMPECCopa BbICOKOTro AaBneHua (KBA)



B3AUMOZEVCTBME «O/IK» C MTI @ oK

vy

>
Cd

P
Cxema obbema MCCI'Ie,CI,OBaHMﬁ B 3aBUCMMOCTU
OT NapaMeETPOB CBapmnBaeMbIX ,CI,ETaJ'IEﬁ

YcraHosKa PCT Model 2000B

CBapHoun bapabaH, N3roToBNEHHbIN
Ha MTI Model 2000B

Llenb npoBeaeHNA NOAroTOBUTENbHbIX PAabOT: onpegeneHne AMana3oHa pPeXXMMoB CBapKK ans obecnevyeHmns Tpebyembix CBOMCTB
CBapHoro coegmHeHuA

*E — yaenbHana saHeprua [Ax/mm?]; P — aasneHune cBapku [6ap]; V — CKopocTb BpaLleHUA MOBEPXHOCTM CTbiKa CBAapPHOrO LIBA B
LleHTPe TO/WMHbI CTEHKU [m/c].



COBPEMEHHbIE MATEPUAJTbl — TPAHY/TUPOBAHHbIE XAPOMPOYHbIE HA HUKENIEBOW OCHOBE @ oakK

B paboTe ncnonb3ytoTca KaponpoyHble HUKeNeBble CNAaBbl, B TOM YMCAE FPAHYINPYEMbIE, N3TOTOBAEHHbIE
MEeTOA0M ropsiyero nsoctatnyeckoro npeccosanusa (FM)

MexaHuueckue coiictea, 20 °C AnutenbHasn MUY npu 650 °C
NPOYHOCTb f=1 ry, N=10*
LUKNOB

BB751nN 1545 1173 14,5 15 28 1084 1099
BX178N 1650 1180 18,5 14 40 1130 1400
BX17514 1570 1177 14 17 37 1050 1275

aNn741n 1352 882 17 19 31 980 1150

Xumunueckui cocras BB751N,%
C Si  Mn Ni S P Cr Ce Mo W Vv Co Nb Ti Al B Pb Mg La

N8 004 po po 500 po po 10- po 4-5 25- 04- 14- 3- 25- 377- po po po po
- 03 03 9- 0.01 0.01 12 o0.01 35 08 16 3.5 3.1 4.2 0.01 0.07 0.01 0.02
0.08 59.8 5 5
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OBOPYAOBAHUE - MALLNHA CBAPKW TPEHMEM MCTU-400 f) oK

70
5 MakcumanbHoe paboyee gaBneHue B 320
rMApPaBAMYECcKON cucteme, Krc/cm?
BennunHa oceBoro ycuams, max/min, T-c 40-400
Mnouwaab CBAPMBAEMOro ceyeHus, max, Mm?2
- }KapomnpoYHble CTanu 10 000
- KOHCTPYKLUMOHHbIE CTanu 35 000
MaMEeTpP CBapMBaAEMbIX 3arOTOBOK MO 3aXKNUM
1, 2 — cTaHMWHbI; Z A P P L 410
max, Mm
3 — wnuHAaenbHan 6abkKa; 7
4 — Kopnyc; 5 — rmapounnmHap, 8 6 600
6 — nAuTa; 7 — HanpasAsAoWMe pesbebl; 7 2500
8 — KapeTka; 9 — 3axum; 10 — MHEePUMOHHbIN MeXaHMU3M > 4400
MOMEHT NHEPLUN MAXOBUKOB, Kr-m
o o 6300
Yctponctso mawmnHbl ceapodHou MNCTU-400 8200
. 10 100
MaKcumanbHasa HayabHaA YacToTa BpaLLEHUA
wnuHaena, 06/muH
- CO BCEMW MAXOBUKaMU 300
- 6e3 MaxoBUKOB 600
Mpon3BogMTENbHOCTb, CBAPOK B Yac 4
Macca cTaHKa, T 85
labapuTbl CTaHKa, M
- AINHA 9,3
- WMPUHA 6,0
- BblCOTA 3,1

KIM3 nog ceapky 1 npoLecc cBapku




[lpu Hamusuy
UHOUK AL NOBMOpLUme

MAPLUPYT OTPABOTKU TEXHO/IOTUWN HA KIM3

@ ok

: Yeprobasg mexasyqeckas lepruveckas oopaoomka
[puoopemexuve azomobox K177 BXO0HOU KOHIMPO/ b - - -
puoep P 00panomka 0715 CHAMUS HANPSX eHUL
|
Yucmobas mexaryeckas : =
~ Kormpons onepauuoHsil (KUY) fopadomka
o0pacomKka

{

(bapka K17

Kowmpone Bu3slaibHeil
U USMELLIMESIbHbil]

KoHmpons onepauuoHHsL
(kM)

Uszomobnerve oopasuy ol
07151 POBEGeHUS UCTBIMAHUL

[epruHeCKkas o0paoomsa

Mexanuqeckas oopadomka
(Yanerue zpama)

KoHmpo/ib Bu3alyasisHeil
U U3MEDUME/IbHbIL

KoHmpo/s (KanuingpHsil
+ ONOAHUMEALHLIL MEMOG)

Kowmpore (KanunnsgpHsil
+ GONOAHUME b HEL MEMOL)

[Ipobederve uccredobanuy u
UCTILITIAHUL:

1 Memannozpagus,

2 @pakmozpapus;

2 Ha MY

3 Ha paspsib (o, /

4. Ha dnumenbHyw npoYHocme
&850
T/

[Tepexod k cbapke K17
00/bWezo duanempa
U K ompacomse p-ob
chapky noAHopasMepHol
cexuyul auckol pomopa
nocae noslqerys Ha Kl
mpeoiemex cloucmb

I

cbapHozo coeduHeHUS
1/ ODPCRBYEHIA
CImaoiIbHOL ocaokt




3CKN3bl CBAPHbIX KIM3, UCMOJIb3OBAHHbIX /1A OTPABEOTKU PEXXNMOB PCT @ oaK

e NN SN
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1. PSS CapHoit KM3200 § é
8 & «Konbua» ¢ § %
A\ A SN =N\
CsapHble Kl CBapHasa cekuyma mn3 CBapHana cekuma uns

«BTynKku» KM3400 «O6oaa» KMN3400 «Anckn»




BHELLIHWI BN, CBAPHbIX KMN3, UCNOJ/Ib30OBAHHbIX /1 OTPABOTKM PEXXMMOB PCT @ oaK

CBapHble BTY/IKM Pa3/IMYHOM CBapHble KonbLa c rpatom u 6es

KOHGUrypauum c rpatom u 6es CeapHas cekuma KM3400 «Ob6bopa»




M3rOTOBJIEHWUE MOAE/TbHOW CEKLMW N3 MATEPUAJIA BB751M AUAMETPOM 400 MM

@ ok

/7]0,12 /700,28 |/7]0,11 /7|0,08| [/7]0,07 /7)0,13 /70,12
//]0.13]A] //10.42a] [//]0.41A] //10.52]a] [//]0,52A] //10,36]A] //10.35]A]
0,06 o (0,05 (0,03 o (0,06
cagka Ocagka cagka
0,095 75 /10.35[g] Eao /1011 6.7 /10.32]g]
! ! !
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
T T T T T T |
| | | | | | |
| | | | | | |
’ 1 1 ‘ ‘ 1 1 ‘ ‘ 1 1 ‘ 1
A A A Ly A A ‘ —h, A A ‘N A '\,‘
Olo.03[ ™ o oal ! oot
/10,288 177 E /]0.24]g]

KOHTpONb reomeTpumn CBapHOM MOLENbHOMN CEKLMM

MpaduK cBapKM CHATUWe rpaTa v NOAroTOBKA K LUKANYECKMM UCMbITaHUAM
MOAENbHOM CEeKLUUU ANCKOB




NPOBEAEHWUE UCCNEAOBAHUIA MOAENBHOW CBAPHOM CEKLMM @ oaK

Pesynbrathbl MUCNbITaHUI Ha pactaxKeHue

BpemeHHoOe
. . |HauanbHas naowaab| YcnoBHbIN Nnpegen 2
\ETIIE] LLnpuHa paboueii | TonwmHa paboueit COMNpOTUB/NIEHUE O, OTHOCUT. yANNIUHEHUE
Ne o6pa3ua nonepevyHoro TEeKy4ecTu o, ,, Mlla
(I ELE] yactu b, mm yactn h, mm ’ MMa nocne paspbiBa 6, %
ceueHua Fy, mm? (1127 MnNa no TY)
(1519 MMa no TY)
1.1

2,96 2,90 8,584 1151 1607 15,1
1.2 2,95 2,90 8,555 1052 1535 13,2
1.3 2,95 2,89 8,526 1135 1612 15,1
2.1 2,95 2,91 8,585 1133 1540 13,2
BB751N 2.2 2,95 2,90 8,555 1162 1544 13,2
2.3 2,95 2,89 8,526 1125 1557 15,1
3.1 2,95 2,90 8,555 1113 1604 14,9
3.2 2,95 2,90 8,555 1052 1602 14,7
3.3 2,90 2,91 8,439 735 1609 14,6
1600 T_é .é
= “m-B |
% 1000 - °= % a00]
% 800 m:_:=: m—; E Looad
S eoop fo v—g ,_g § 800
£ 00 o= ®w-= g T
8 BN S S
'i—g]'ﬂ"l'"l""l”""“‘lp_ nlzé;;;;.é;1'“'11'21'31'“'5{51?"*% =
\\.1______2_3\9_1 2 3 NedopMaUmna Npu pacTaxeHun (%) \\j'* 1 2 l\. 1 2 AebopMauna npu pacTskeHn (%)
Obpaseu Ne 1.2 no [unarpamma pacTaxeHus O6pa3zey, Nel.3 go [narpamma pactaxeHus
WCMbITaHWiA 1 nocne obpasua Nel.2 NCNbITaHWI U nocne obpasua Nol.3
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MAPLUPYT OTPABOTKU TEXHOJTIOT CBAPKU

@ ok

Pazpasomka K/ 3azomobok duckob ang

- [[puoopemerie 3azomobok K177

BXxooHou KoHmposb

YepHobag mexaryyeckasa

MOGE/IbHIX U CEDUUKEIX pomapal, K117 o0paoomka

|
[eprieckas 0opaoomka HICmODA MEXDHIECKTA ~ Kowmpone onepayuokHsil (KVIM) Llopacomka
019 CHAMUS HAaRPIXeHUL odpasomka 2 pay _ o

!

(bapka K117

20 cexyuu K117 - 125 K179
(100 cbapok)

KoHmponb Bu3iyansHeit
U UMEDUIME/IbHbIL

JepMuYyeckas oopasomka

]

Mexarnu4eckaq oopaoomka
(Ydanernue zpamal

KoHmpo/ie Bu3yaisHeil
U UIMEDUME/TbHbIL

Rowmposs (kanunngpHsi
+ GONOAHUME/IbHEL MEmOas)

KoHmpons (KanuasgpHsil
+ GORO/HUMEbHeIL MEMOG)

KOHMPO b OREDALUOHHIL
(KnM)

H3zzomobrerue oopasyob
019 NPOGEGeHUS UCTIHIMAHLL
1480 oopazyob vz 1 cexyuu)

[lpobederue uccreaobaruy v

UM AHUL:

1 Memannozpagus;
2 @pakmozpagus;
2 Ha MY

3 Ha paspeb (0,)

4. Ha dnumenssyw nposHocms o)

[lepexad k cbapke MogesbHOU
Cexkyuy duckob pomapa nocse
noayqerus Ha K13 mpeoyersix
choucmb chapHozo coeouHEHUA U
ODECNEeYEHUSA CMAoU/IbHOU OCA0KUY
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MAPLLPYT U3TOTOBJIEHNA POTOPA (cBapka moaenbHbix cekumm Nol1-3)

@ oak

[lpuodpemerue 3azomobok P YepHobag mexaruqeckas | /eprudeckas oopaoomka
ans MOge/ibHeX pomapol v 00padomKa 07151 CHAMUS HANpAXeHul
|
Yucmobas mexaruveckas KOHmpo/ib ONEPAUUOHHBIL [ e FPomap N°T Paspeska Ha o00pasuys,
00padomKa KM — a UCCAPIo0aRuS U UCTIBIMaRLS
i | |
- a 03
Cbapka modensii pomopob | | Kowmpors Busyaersi | _| BOKYYMHaT mepuseckas Pomaps N2 u N7
-_ry | U UIMEDUME/TbHbI ~| oopadomka | Ompadomka npoyecca
ARl | Ompacomka KoOHOMPYKYULY OKOHYAME/IbHOL MEX.
I H ‘ - ‘ MepMO@UKCamapos 00pacomxy
“‘ Mexaru4eckas 00paoomka Y ,
= = Al B Yoanerve zpama -
f pamg) KOKmpo/s BU3LanbHeL [pecbapumeibHyie
\ U UIMEDUME/IbHbI cmeraobyie
] UCTILIMAarUS
S N N KoHmposb (KanuanspHsil Y
IRIRIR + O0N0/HUME bHAIL MEMOG) : ’
| ‘ N A Kormposne (kanumispreld || | Beimycimume
/ \‘ } 7 1 + JONOAHUMEILHBIL MEMOs) npedbapume/ibHoe
SR KOHmpo/b OnepauyuoHHsl /9 wa coapry u 70

7 pomopa

(RVM)

+
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MAPLLPYT U3TOTOBJIEHMNA POTOPA (cBapka moaenbHom cekumm Ned)

@ ok

BXOGHOU KOHMpOo/ib

YepHobas mexanuyeckas oo0paomka —=

[epmuyeckas oopadomka
07151 CHAMUS HAADAX EHUL

Yucmobasg mexaruqeckas

00panomxka

f

KOHMPO/Ib ONEDALILOHHBI

ki)

lapadomka

!

(bapka modensHozo pomopa N4

O -y B A

WS B Nl

|

|

|

KoHmpose BuayarsHei
U UIMBDUIME/TbHbIL

BakyymHas mepmu4eckas
oopacomka

AOHMpO/b

[

!

f

i Mexaru4eckasg 00paoomka
— | (Yganenue zpama)

KoHmposs Bu3alarsHeil
U UIMBPUIME TbHbIL

CmeHdobeie ucnsimarys
Ha dbuzamene

!

[

!

RoHmpo/b (KanuanspHsil
+ J0N0MHUMEIbHLIL MEMOG)

Kowmpo/b (Kanu/ispHsil

+ JON0AHUMEIbHBIL MEMmad)

Bbinycmume
okoHYamebHoe TY Ha
cbapky v 70

!

!

KOHMpPo/ib 0NepayUuorHbIL
k)

OKOHHame/bHas Mex.
00pacomka

lpu ycneimHsix
UCTILIMAHUSX NEDEUMY K
CEOULHOU MEXHOADZUL
chapku pomopob
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MAPLUPYT U3TOTOB/IEHNA POTOPA (cBapKa cepuiiHbIX pOTOpPOB)

@ ok

(bapka oopasya-urmumamopa
14 chapku Ha napmuw pomapol)

llpuodpemenue 3a0z0mobok Byodiol KoHmEOb YepHobasg mexanuyeckas Tepruveckas oopadomka
CEDUIHOZO pOMOpa P 00pabomka 049 CHAMUS Hanpaxexul
|
|
Yucmobag mexawuyeckaq KoHmpo/b OnEpayUOHHAIL KoHmpo/s 0nepayuoHHsil
00padomka (K Adopasomka (Kkm (caysavnas)

]

(bapka napmuy pomopob

Lol SRR \ SIS BhNL) Yy

Konmpone BusyaisHeil

U USMEPUMEALHEIL

Kowmpose BuslyaibHeil
U UIMEDUME T HbllI

!

i

Mexawuyeckas oopacomka
(Ydasenue zpamal

Konmpone (kanunngprei
+ (0M07KUMEbHEIL MEMOG)

!

!

Kowrmpore (kanuiispHei
+ GONOAHUMEbKAIL MEMOG)

KoHmpoab OREQAULOKHI

(Kim)

!

KoHmpo/s onepayuorHeil

K
!

00pasomKa

BakyymrHag mepruqeckas | |

Pomapsi

[lpobepxa cmaduibHocmy ocasky

Obpazey

Hecredobanug u
ULCLManyg

UKOHYaMENbHAT MEXAHUYECKaT
o0pacomKa

+

Koxmponk
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3AK/IFOYEHVE 1 BbIBOb! @ oak

* HakonneHa TeopeTn4yecKan 6a3a OTpa6OTKM peXnmMosB CBApPKnM Ha oTe4eCTBEHHOM O60pYﬂ,OBaHMM, noay4yeHbsbl
NpPaKTU4eCkne HaBblKU pa6OTbI, O6CJ'Iy)-I-(MBaHMF| M Hanagkm YCTaHOBKU pOTaLI,MOHHOl‘;I CBApKN TpeHUEeEM
oTevyeCTBeHHbIMU CrieunainCtamu,

* [lony4yeH NONOKUTENbHbIN pe3ynbTaT oTpaboTkm pexxnmos PCT Ha K3 anametpom o 410 mm;
* CocTtaBneH mapuwpyT oTpaboTKK pekMmoB Ha NoIHOpPa3MepHbIx KI13;

 CocTtaBneH MapwpyT MOATBEPKAEHUA KOPPEKTHOCTU NOoAO06pPaHHbIX PEXMMOB MOCPEACTBOM CBAPKU
MOAENbHbIX CEKLIUN.

MepcnekTuBbl paboThl:
* (CBapKa potopos KB/ ra3zoTypbuHHbIX ABUTraTENEN U3 TPAHYIUPYEMbIX ¥KaPONPOYHbIX HUKENEBbIX CN13aBOB;

* CsapKa potopoB KH/ ra3oTypbuHHbIX ABUraTeNel U3 TUTAaHOBbIX CNaBOB.
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@ oak

Cnacubo 3a BHUMaHue!



