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CORROSION RESISTANCE OF «TUBE — TUBESHEET>
WELD JOINT OBTAINED BY FRICTION WELDING

EXTENDED ABSTRACT:

Shell-and-tube heat exchangers are widely applied for implementation of
various processes at ventures of fuel and energy complex. Cost of production and
reliability of heat exchangers of this type is to a wide extent determined by corre-
sponding characteristics of tube bundle, «tube — tubesheet» is its typical joint in
particular when welding operations are used in order to attach tubes to tubesheet
in addition to expansion. When manufacturing such equipment of heat-resistant
chrome-bearing or chromium-molybdenum steels including steel 15H5M, the pro-
cess of fixed joint manufacturing gets significantly more complicated and costly
due to the necessity to use thermal treatment before, during and after welding
(this problem is particularly applicable for manufacturing of large-size equip-
ment). One of the options to exclude thermal treatment from manufacturing pro-
cess is to use «non-arc» welding methods — laser welding, explosion welding as
well as friction welding. Use of each of the welding methods mentioned above
during production of heat-exchange equipment has its process challenges and pe-
culiarities.

This article gives a comparative analysis of weld structure and distribution
of electrode potentials of welded joints and parent metal of the joints simulating
welding of tube to tubesheet of steel 15H5M using the following welding meth-
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ods: shielded manual arc welding, tungsten-arc inert-gas welding and friction
welding.

Comparative analysis of macro- and microstructures of specific zones of the
studied welded joints showed that the joints produced by arc welding methods do
not exhibit evident inhomogeneity of the structure after application of thermal
treatment which is explained by the correctness of thermal treatment. Joints ob-
tained via friction welding are characterized by structural inhomogeneity of the
welded joint zone metal microstructure.

The ultra-fine-grained structure obtained as a result of friction welding
makes it possible to speak of a qualitative improvement in the structure of com-
pounds as a result of exposure to a metal at the nanolevel.

The conducted study of electrode potential values in specific points of parent
metal and of welded joints obtained via different methods showed, that from the
electrochemical corrosion point of view the «tube — tubesheet» joints obtained
by friction welding without thermal treatment are highly competitive in terms
of corrosion resistance with similar details obtained via arc welding methods.
This fact allows to consider the friction welding method of «tube — tubesheet»
fixed joints manufacturing as an alternative for arc welding methods, which in
its turn not only allows producers to obtain «tube — tubesheet» fixed joints with
high level of strength and plastic properties without thermal treatment but also
significantly reduce energy and labor costs on manufacturing of tube bundles of
shell-and-tube heat exchangers, including those made of steel 15H5M.

Key words: Shell-and-tube heat exchangers, «tube — tubesheet» joint, steel
15H5M, energy costs reduction.

DOI: dx.doi.org/10.15828/2075-8545-2017-9-4-97-115

MACHINE-READABLE INFORMATION ON CC-LICENSES (HTML-CODE) IN METADATA OF THE PAPER

<arel="license” href="http://creativecommons.org/licenses/by/4.0/"><img alt="Creative Commons License" style="border-

width:0" sre="https://i.creativecommons.org/1/by/4.0/88x31.png" /></a><br /><span xmlns:dct="http://purl.
org/dc/terms/" href="http://purl.org/dc/dcmitype/Text" property="dct:title” rel="dct:type">Corrosion resistance

of «tube — tubesheet» weld joint obtained by friction welding. </span> by <a xmlns:cc="http://creativecommons.org/
ns#" href="Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2017, Vol. 9, no. 4, pp. 97-115. DOI:
dx.doi.org/10.15828/2075-8545-2017-9-4-97-115. (In Russian). " property="cc:attributionName" rel="cc:attribution
URL">Rizvanov R.G., Mulikov D.Sh., Karetnikov D.V., Cherepashkin S.E., Shirgazina R.F. </a> is licensed under a <a
rel="license” href="http://creativecommons.org/licenses/by/4.0/">Creative Commons Attribution 4.0 International
License</a>.<br />Based on a work at <a xmlns:dct="http://purl.org/dc/terms/" href=" http://nanobuild.ru/en_EN/
nanobuild-4-2017/" rel="dct:source”> http://nanobuild.ru/en_EN/nanobuild-4-2017/</a>.<br />Permissions beyond the
scope of this license may be available at <a xmlns:cc="http://creativecommons.org/ns#" href="ufa.savjulia@gmail.com”
rel="cc:morePermissions”>ufa.savjulia@gmail.com</a>.

e 98
http://nanobuild.ru

info@nanobuild.ru

A



2017 - Vol.9 - no.4 /2017 - Tom9 - N4 Nanobm

IN RELATED SECTORS

References:

1. Mulikov D.Sh., Rizvanov R.G., Karetnikov D.V., Fayrushin A.M. Ocenka vozmozh-
nosti primenenija svarki treniem dlja izgotovlenija teploobmennogo oborudovani-
ja iz stali 15H5M [Evaluation of friction welding application for manufacturing
of heat-exchange equipment of steel 15 H5M]. Svarochnoe proizvodstvo [Welding
industry]. 2016, No.3, pp. 47-51. (In Russian).

2. Karetnikov D.V., Rizvanov R.G., Mulikov D.Sh., Balandina A.G., Fayrushin A.M.
Pat. 2524468 Russian Federation, IPC51 V 23 K 20/12, V 23 K 31/02. A meth-
od to obtain «tube — tubesheet» joint by friction welding/ applicant and patent
owner Ufa.UGNTU. —2012149757/02; appl. 21.11.2012; publ. 27.07.2014, Bull.
No. 21, 6 p. (In Russian).

3. Rizvanov R.G., Karetnikov D.V., Fayrushin A.M., Mulikov D.Sh. O vozmozhnosti
primenenija svarki treniem dlja izgotovlenija svarnyh trubnyh puchkov iz stali
15H5M [On possibility of friction welding application for manufacturing weld-
ed tube bundles of steel 15H5M]. Doneckij nacional nyj tehnicheskij universitet
«Progressivnye tehnologii i sistemy mashinostroenija» [Advanced mechanical en-
gineering technologies and systems]. 2014, No. 4 (50), pp. 168-173. (In Russian).

4. Tkatchenko G.P., Brif V.M. Izgotovlenie i remont kozhuhotrubchatoj teploobmen-
noj apparatury [Manufacturing and repair of shell-and-tube heat-exchange equip-
ment]. Moscow, Mashinostroenie, 1980, 160 p. (In Russian).

5. Tukaev R.F., Ibragimov 1.G., Fairushin A.M., Sisanbaev A.V. Sravnitel nyj analiz
svarnyh shvov v uzle «truba — trubnaja reshetka» kozhuhotrubchatogo teploob-
mennogo apparata iz zharoprochnoj stali 15H5M, poluchennyh razlichnymi spo-
sobami svarki [Weld seams comparative analysis in «tube — tubesheet» joint of
a shell-and-tube heat-exchanger made of heat-resistant steel 15H5M obtained by
different welding methods]. Neftegazovoe delo [Oil and gas engineering]. 2013,
No. 5, pp. 363—375. (In Russian).

6. Halimov AA., Zharinova N.V., Halimov A.G., Fayrushin A.M. Obespechenie tehno-
logicheskoj prochnosti svarnyh soedinenij iz martensitnyh hromistyh stalej tipa
15H5M [Process strength implementation for weld joints made of martensitic
chromium steels such as 15H5M]. Neftegazovoe delo [Oil and gas engineering].
2012, No. 3, pp. 102-108. (In Russian).

7. Tcherepashkin S.E., Latypov O.R., Kravtsov V.V. Metody korrozionnyh issledo-
vanij: ucheb. posobie. [Corrosion research methods: handbook]. Ufa, RIC USPTU,
2014, 86 p. (In Russian).

8. Salakhov T.R., Yamaliev V.U., Dubinsky V. A field-proven methodology for real-
time drill bit condition assessment and drilling performance optimization [A field-

e QO
http://nanobuild.ru info@nanobuild.ru



10.

11.

12.

13.

14.

15.

16.

17.

2017 - Vol.9 - no.4 /2017 - Tom9 - N4 Nanobm

IN RELATED SECTORS

proven methodology for real-time drill bit condition assessment and drilling per-
formance optimization]. In Proc. of SPE Russian Oil and Gas Technical Conference
and Exhibition. 2008, pp. 281-288. (In Russian).

Yamilev M.Z., Ibragimov 1.G., Fayrushin A.M., Salmin A.N. Sovershenstvovanie
tehnologii vypolnenija svarnogo uzla «truba - trubnaja reshetka» kozhuhotrub-
chatyh teploobmennyh apparatov, izgotovlennyh iz martensitnyh stalej [ «Tube —
tubesheet» weld joint manufacturing technology update for shell-and-tube heat
exchangers made of martensitic chromium steels]. Neftegazovoe delo [Oil and gas
engineering]. 2009, No. 1, pp. 194-197. (In Russian).

Yamilev M.Z. Sovershenstvovanie tehnologii izgotovlenija uzla «truba - trubnaja
reshetka» kozhuhotrubchatogo teploobmennogo apparata iz zharoprochnoj stali
15H5M: diss.... kand. tehn. Nauk [ «Tube — tubesheet» weld joint manufacturing
technology update for shell-and-tube heat exchanger made of heat-resistant steel
15H5M: PhD thesis]. Ufa, 2011, 108 p. (In Russian).

Halimov A.G, Bakiyev A.V. Razrabotka tehnologii mehanizirovannoj svarki v srede
zashhitnyh gazov stalej tipa 15 H5M [Development of machine welding technolo-
gies for heat-resistant steels such as 15 H5M]. Proc. of conference RIC USPTU.
1998, pp. 51-52. (In Russian).

Lashchinskii A.A., Tolchinskii A.R. Osnovy konstruirovanija i rascheta himiches-
koj apparatury: spravochnik [Basics of designing and calculating chemical equip-
ment: a reference book]. Moscow, Alliance, 2008, 752 p. (In Russian).

Zainullin R.S. Resursosberegajushhie tehnologii v neftehimicheskom appara-
tostroenii [Resource-saving technologies in petrochemical apparatus building].
Ufa, TRANSTEK, 2000, 348 p. (In Russian).

Khalimov A.G., Zainullin R.S., Khalimov A.A. Tehnicheskaja diagnostika i ocenka
resursa apparatov [Technical diagnostics and resource evaluation of equipment].
Ufa, USPTU, 2001, 408 p. (In Russian).

Bakiev A.V. Tehnologija apparatostroenija [Technology of Apparatus Engineer-
ing]. Ufa: USPTU, 1995, 297 p. (In Russian).

Tukaev R.F., Fairushin A.M., Sisanbaev A.V., Kuchukov T.M. Sovershenstvovanie
tehnologii izgotovlenija uzla «truba-trubnaja reshetka» kozhuhotrubchatogo
teploobmennogo apparata iz stali 15 H5M primeneniem lazernoj svarki [Improve-
ment of the technology for manufacturing «tube — tubesheet» of a shell-and-tube
heat exchanger made of 15H5M steel using laser welding]. Proc. of SPbSPU, 2013,
Ne 3, pp. 1179-1185. (In Russian).

Mulikov D.Sh., Karetnikov D.V., Rizvanov R.G., Fairushin A.M. Modernizaci-
ja konstrukcii uzla kreplenija trub k trubnym reshetkam kozhuhotrubchatyh
teploobmennyh apparatoviz stali 15 H5M [Modernization of the construction of
tube-to-tubesheet assembly of shell-and-tube heat exchangers made of 15 H5M

P 100!
http://nanobuild.ru info@nanobuild.ru



2017 - Vol.9 - no.4 /2017 - Tom9 - N4 Nanobm

IN RELATED SECTORS

steel]. Neftegazovoe delo [Oil and gas industry], 2015, Ne5, pp. 398-410. (In
Russian).

18. Berliner Yu. I., Brif V.M. Analiz primenimosti sovremennyh metodov kreplenija
trub k trubnym reshetkam [Analysis of the applicability of modern methods of fas-
tening tubes to tubesheets]. Vysokoproizvoditel nye metody svarki v him. i neft.
mashinostroenii [High-performance welding methods in chemical and petroleum
engineering], 1970, Ne 3, pp. 3—12. (In Russian).

19. Korol'kov P.M., Khanapetov M.V. Sovremennye metody termicheskoj obrabotki
svarnyh soedinenij [Modern methods of heat treatment of welded joints]. Moscow,
Vysshaya shkola [Higher school], 1987, 112 p. (In Russian)

20. Vill' V.I.Svarka metallov treniem [Welding of metals by friction]. Moscow, Mashi-
nostroenie [Mechanical engineering], 1970, 176 p. (In Russian).

21. LukinV.1., Koval'chuk V.G., Samorukov M.L., Gridnev Yu.M., Zhegina I.P. Issledo-
vanie vlijanija parametrov svarki treniem i termicheskoj obrabotki na kachestvo
svarnyh soedinenij zharoprochnyh deformiruemyh nikelevyh splavov [Investi-
gation of the influence of friction welding parameters and heat treatment on the
quality of welded joints of heat-resistant deformable nickel alloys]. Svarochnoe
proizvodstvo [Welding industry], 2011, N¢ 4, pp. 26—30. (In Russian).

22. Khalimov A.A., Zharinova N.V., Khalimov A.G., Fairushin A.M. Obespechenie
tehnologicheskoj prochnosti svarnyh soedinenij iz martensitnyh hromistyh stalej
tipa 15H5M [Provision of technological strength of welded joints of martensitic
chromium steels such as 15 H5M]. Neftegazovoe delo [Oil and gas industry], 2012,
Ne3, pp. 102-108. (In Russian).

23. Ivanov L.A., Muminova S.R. Nanotechnologies and nanomaterials: review of in-
ventions. Part 1 // Nanotehnologii v stroitel’stve = Nanotechnologies in Con-
struction. 2017, Vol. 9, no. 1, pp. 88—106. DOI: dx.doi.org/10.15828/2075-8545-
2017-9-1-88-106. (In Russian).

24. Ivanov L.A., Muminova S.R. New technical solutions in nanotechnology. Part 1. Nan-
otehnologii v stroitel’stve = Nanotechnologies in Construction. 2016, Vol. 8, no. 2,
pp. 52-70. DOI: dx.doi.org/10.15828/2075-8545-2016-8-2-52-70. (In Russian).

DEAR COLLEAGUES!
THE REFERENCE TO THIS PAPER HAS THE FOLLOWING CITATION FORMAT:

Rizvanov R.G., Mulikov D.Sh., Karetnikov D.V., Cherepashkin S.E., Shirgazi-
na R.F.Corrosion resistance of «tube — tubesheet» weld joint obtained by friction
welding. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction.
2017, Vol. 9, no. 4, pp. 97-115. DOI: dx.doi.org/10.15828/2075-8545-2017-9-
4-97-115. (In Russian).

P O N
http://nanobuild.ru info@nanobuild.ru

A



2017 - Vol.9 - no.4 /2017 - Tom9 - N°4

B CMEXHDbIX OTPAC/IAX

YK 621.791.14

Astop: PUSBAHOB Pug I'apudosuu, 1-p TexXH. HAYK, Ipod., PemepaibHOE TOCYAapPCTBEHHOE
0r0I:KeTHOe 00pa3oBaTeJIbHOE VUPEsKAeHe BhICIIIero 00pasoBaHusa Y PUMCKUHI rocyJapCcTBeHHbBII
He(pTAHOM TeXHUYECKU YHUBEepPCUTET; yia. KocMoHaBToOB, 1, r. Yda, Poccus, 450062;

Astop: MYJINKOB [lenuc IllaMmuabeBuu, mpemnogaBaTesb, @egepaaibHoe TOCYIapCTBEHHOE OI0AKEeTHOe
o0pasoBaTeJbHOE YUPEXKAEHE BBICIIIET0 00pa3oBanusa ¥ GUMCKUI rocygapCcTBeHHBIN HeQTAHOM
TeXHUUYeCKUil yHuBepcuTeT; yi. KocmoHasToB, 1, 1. Yda, Poccus, 450062;

Artop: KAPETHUKOB Jlenuc Bragumuposuu, KaHz. TexH. HAyK, O0IIl., PemepaabHOe rOCyJapCcTBEHHOE
G0 KeTHOE 00pa3oBaTeIbHOE YUPErKIeHIe BLICIIIero o0pa3oBaHusa ¥ GUMCKUN rocy1apCcTBeHHBIN
He(DTAHOUN TeXHUUYECKHUII yHUBepcureT; yJja. KocmouasToB, 1, r. Yda, Poccus, 450062;

Astop: YEPEITAIIIKHH Cepreit EBreanesunu, KaHji. TeXH. HAyK, IOIEHT, PenepaabHOe roOCyIapcTBEHHOE
0r01:KeTHOE 00pas3oBaTeJIbHOE YUPerKAeHNe BhICIIIeTr0o 00pasoBaHusa Y GPUMCKUHI rocyJapCcTBeHHbBIN
HepTAHOM TeXHUYECKU YHUBEepPCUTeT; yia. KocMoHaBToB, 1, r. ¥Yda, Poccus, 450062;

Astop: ITUPTASUHA Peruna ®upraToBHa, MaructTpaur, @enepasbHoe TOCYyTapCTBEHHOE OO KeTHOe
o0pasoBaTeJIbHOE YUPEXKIEHE BBICIIIET0 00pa3oBanmusa ¥ GUMCKUI rocyZapCTBeHHBIN He(PTAHOM
TexXHUUYeCKUi yHuBepcureT; yJi. KocmonasToB, 1, r. Yda, Poccus, 450062

KOPPO3MOHHASI CTOMKOCTb CBAPHOI0 COEJUHEHUS
V3JIA «TPYBA — TPYBHASl PELLETKA>», NOJIYYEHHOI0
CBAPKOW TPEHUEM

AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

Ko:kyxoTpyOHBIE TENJI0O00OMEHHHUKHM IIMPOKO NMPUMEHAIOTCS IJA peajusa-
MY PAa3JINYHBIX MPOIECCOB HA MPEANPUATUIX TOILIMBHO-I9HEPreTHIECKOT0 KOM-
miaexkca. CToMMOCTh IPOU3BOACTBA U HAAEKHOCTh TEIJIO0OMEHHUKOB 3TOT0 THIIA
B 3HAUYHUTEJbHON CTEIEeHH OIpeaeaeTcad COOTBETCTBYIOIIUMH XaPAKTEePUCTHKA-
MH TPYOHOTO IIyYKa, y3eJI «Tpy0a — TpyOHas pelieTKka» ABJAETCA ero XxapakTep-
HBIM COeIMHEHMEM, B YACTHOCTH, IIPU MCIIOJIb30BAaHUU CBAPOYHBIX ONEePAIUM JJII
MPUCOEeTUHEHUS TPYO K TPyOHO# pelIeTKe B AOMOJHEHNE K pa3BajbiioBKe. Ilpu
M3TOTOBJIEHNH TAKOTO 000PYIOBAHMA M3 JKAPOMPOUYHBIX XPOMUCTHIX MJIH XPOMO-
MOJHOJEHOBBIX CTaJjieil, B ToOM uucJjge u3 craau 15X5M, npoiecc mpou3BOICTBA
Hepa3beMHBIX COCTUHEHHII CTAHOBUTCI 3HAUYHMTEJIBHO 00Jiee CIO0KHBIM M JOPO-
TOCTOANIIMM HM3-3a HEOOXOAMMOCTH NMPUMEHEHU A TePMHUYECKOii 00pabOTKH 10, BO
BpeMsd M IIOCJIe CBapKu (3Ta MpodaeMa 0COOeHHO MPMMEHNMA IIPH M3TOTOBJIEHUH
KPymHOradapuTHOTO 000pyaoBaHusa). OMHNM U3 BAPUAHTOB UCKJIIOUEHU ST TePMHU-
YeCKOil 00padOTKH M3 TEXHOJOTHYECKOTo Ipoliecca ABIAETCS HCIOJb30BaHUE
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«HEIYTrOBBIX» CIIOCOOOB CBAPKH — JIa3€PHOI CBAPKM, CBAPKH B3PBIBOM, a TaKKe
cBapku TpeHueM. Hcmoab30BaHHME KasKIOT0 U3 METONOB CBAPKM, YIIOMSIHYTBIX
BBIIIIE, BO BpeMsA IMPOU3BO/ICTBA TEIJIOOOMEHHOT0 000PYI0OBAHUA HMeEET CBOM TeX-
HOJIOTUYECKHeEe MP0o0JIeMbl 1 0COOEHHOCTH.

B nanHOI cTaThe MPUBOAUTCA CPABHUTEJIBHBIN aHAJIU3 CTPYKTYPBI CBAPHOTO
IIBA M paclpeaejieHudA 3JIeKTPOTHBIX MOTEHI[UAJIOB CBAPHBIX COeIMHEHUN U OcC-
HOBHOT'O METAaJIJIa IIBOB, UMUTUPYIOIIUX COeTUHEHNE TPYObI C TPYOHOI penieTKon
u3 craau 15X5M ¢ ucmoab30BaHHEM CJIEAYIONUX METOA0B CBAPKU: PyYHAA Ayro-
Basd CBAPKa MeTaJIJINYEeCKUM IMMOKPBITHIM 3JIEKTPOJA0M, IyroBas CBapKa BoJb(pa-
MOBBIM 3JIEKTPOIOM B CpeJie MHePTHOTO ra3a M CBapKa TpeHueM.

CpaBHUTEJIBHBIN aHAJN3 MAKPO- H MUKPOCTPYKTYP OIpeaeIeHHbIX 30H MC-
cJaeayeMbIX CBAPHBIX COeIMHEHUI MOKAa3aJ, YTO COeJUHEHU A, MMOJIyYeHHbIe MeTO-
JaMM JYTOBOM CBapPKH, HE MPOSIBJIAIOT ABHON HEOTHOPOTHOCTHU CTPYKTYPBI IOCJIe
NMPOBEeAEHNUSA TEPMUUYECKOH 00padOTKH, YTO O0'BACHAETCS NMPABUIBHOCTBHIO IIPH-
MeHeHHA TepMooOopadoTku. CoequHeHN, MOJyYeHHbIE CBAPKOIl TPEHHEM, XapakK-
TEePU3YIOTCSA CTPYKTYPHON HEOTHOPOTHOCTHIO MMKPOCTPYKTYPHI METAJJIA 30HBI
CBAPHOTO COeTMHEHHU.

ITonyueHHas B pe3yjabTaTe CBAPKH TPEHHEM YIbTPAMEIKO3EPHUCTAA CTPYK-
Typa MO3BOJISIET TOBOPUTH O KAYECTBEHHOM YJYUYIIEHHUH CTPYKTYPHI COeTUHEHU T
B pe3yJbTaTe BO3IeMCTBUA HA METAJIJI HA HAHOYPOBHE.

IIpoBenenHOe McClIeIOBAHNE 3HAYEHHI 3JIEKTPOTHOr0 IMOTEHIMAJa B KOH-
KPEeTHBHIX TOYKaX OCHOBHOTO METAJIJIa U CBAPHBIX COeIMHEHUI, MOJyYeHHBIX pPas3-
JUYHBIMH METOTaMH, MTOKA3aJI0, YTO C TOYKH 3PEHHUA 3JICKTPOXUMUUYECKON KOp-
po3uM COeTUHEHU A «TpyOda — TPyOHas pelieTKa», MoJy4YeHHbIe CBAPKOM TpeHUueM
0e3 TepMHUYECKO 00padOTKHU, ABJIAIOTCA BeChbMa KOHKYPEHTOCIIOCOOHBIMHU C TOY-
KU 3PEeHUA KOPPO3SHMOHHOM CTONKOCTH C aHAJIOTHYHBIMU AeTAJIAMM, MOJyUYeHHBIMH
MEeTOJAMM AYTOBOM CcBApKH. ITOT (paKT MO3BOJIAET PACCMATPHUBATH METO/ CBAPKH
TPEeHHEeM y3Jjia «Tpyba — TpyOHAsA pemieTKa» KakK aJbTEePHATHBY METOIaM JYro-
BOIl CBaAPKH, 4YTO, B CBOIO 0UYepe/b, TI03BOJISIET He TOJBKO IMMOJIYUYUTH y3eJ «Tpyda —
TPpyOHasd pelieTKa» C BHICOKMM YPOBHEM IPOYHOCTH U IJIACTHUYECKHMX CBOMCTB
0e3 TepMHYEeCKOM 00pa0OTKHM, HO TAKKe 3HAUYUTEJIbHO CHU3UTH YHEePreTHuYecKue
M TPYAOBBIE 3aTPATHI HA M3TOTOBJIEHNE TPYOHBIX MYYKOB KOKYXOTPYOHBIX TEIJIO-
00MEHHHKOB, B TOM 4uncJje u3 craau 15X5M.

KaroueBsie cjioBa: KOXKYyXOTPYyOHBIE TeIIJIO00OMEHHUKY, COeINHEHUE «Tpyda —
TpyOHAas pelneTka», craiab 15X5M, cHu:KeHUe sHepro3aTpar.
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XUMHUYECKON, HepTrexuMuueckol u HedTenmepepadaTbIBaIOIei

OTpaciaAX IIPOMBLIILJIEHHOCTH, B YCJOBUSIX BBICOKHX TeMIIEpPaTyp
U OKHUCJINTEJLHBIX CEPOCOEPIKAIIUX CPell, HePeIKo IPUMeHaeTcsa 000y a0-
BaHMe, M3TOTOBJIEHHOE M3 JKAPOIPOUHBLIX XPOMUCTHIX M XPOMOMOJINOEHO-
BbIX cTaJseii [12, 13]. Cpeau mpounx MapoK IITUPOKOe IIPUMEHeHUe AJIS U3T0-
TOBJIEHU S IIEUHOT'0 1 TeIIJIO0OOMEHHOT0 000PYAOBaAHMA HAXOAAT CTAIN MAPKU
15X5M, 12MX u r.x1. Exxerogso, B makeTe 3aKa30B, II0 JAHHBIM Pa3JIUUYHBIX
3aBOJIOB-MU3TOTOBUTEJIE TOJOOHOT0 000PYIOBaAHUA, N0JIA JAHHOTO BUIa 000-
pynoBaunus gocturaet 20% [15].

OCco0eHHOCTHIO TOJYUEHHsI CBAPHOIO COeAUWHEHUs «TpyOa — TpyOHAasd
pelreTKa» Mpu M3TOTOBJIEHUU TPYOHOTO myuka m3 craiau 15X5M aBiasdercs
Heo0XOAMMOCTh IPEeABAPUTEILHOTO IIOAOTrPeBa KaKAOro y3Jia, COMYTCTBY-
IOIIIero MoAOorpeBa, HCKJUaloinero oxJjaskaeHme Huke 300°C, a Taxike
IIPOBeeHNEe BLICOKOTEMIIEPATYPHOI'O OTIIyCKa (PaBHOMEpPHLIN HarpeB Bce-
ro anmapara mo temmnepatypsl 750...760°C, BeiAep:KKa IIPU STOH TeMIepa-
Type U IocJieayoIiee MeajJeHHoe oxaakaerne) [11, 14]. Bece atu onepamnuu
C IeJbI0 YMEHBIIIeHUA BEPOSITHOCTH PA3BUTHUA 3HAUNTEJIbHBIX BHYTPEHHUX
HaIpAKeHUH u JedopManuii HeoOX04MMO BECTH CO CKOPOCTSAMM, He IIPEeBhI-
mrarorruMu 70...100°C/uac, 4TO He TOJBKO IIPUBOIUT K YCJI0KHEHIIO TEXHO-
JIOTUUECKOTO IIpoIlecca N3roTOBJIEHUS allllapaTa, HO U ero yaopo:kanuio. He-
00X0QMMO OTMETUTD, UTO IO IIPOBEJEHUA TePMUUECKON 00pabd0TKI U3aejIne
IIocJe CBapKM He PeKOMEHIyeTcs IIOABepraTh MeXaHWYeCKHM HarpyskKaM
1 TPAHCIOPTHUPOBATh, 4 HEIOCPEICTBEHHO OTHYCK HEOOXOAMMO IIPOBOAUTH
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He3aMeIJINTEeJbHO mocjie cBapku [6, 9, 10]. OueBugHO, UTO BHINIIEYKa3aHHBIE
MephI IO 00eCIeYeHUIO CYIITeCTBYIOIET0 TEXHOJOTUUECKOTO IIPOIlecca usro-
TOBJIEHUSA TEIJIOOOMEHHOT0 000PYAOBAHUA ABJIAIOTCA TPYAOEMKUMHU U 9HEP-
FOEMKUMH, a CaM ITPOIlEeCC M3TOTOBJIEHUS 000PYIOBAHUSA IO JAHHOM TEXHO-
JIOTMY MHOTOKpaTHO Bo3pacraer [19, 22].

IIpuMeHeH1E COBPEMEHHBIX TeXHOJIOTUM, B TOM YHcJje B 00JIacTH ammna-
PaTOCTPOEHUS, TO3BOJISIET JOCTUYDL 3HAUUTENbHBIX SKOHOMUUYECKUX U TeX-
HOJIOTMUYECKUX pe3yabTaToB [23, 24]. Ha Tekyiuit MoMeHT pa3pabaThIBaeT-
cs HeCKOJIbKO aJIbTePHATUBHBIX TEXHOJIOTUI CBAaPKH y3Ja «Tpyba — TpyOHAas
peleTKa» U3 KapOIPOUYHBIX MapPTeHCUTHLIX cTaseir Tuma 15X5M, npu Ko-
TOPBIX 34 CUET UCKJIIOUEHNUA IIPEIBAPUTEIHLHOTO, COITYTCTBYIOIIET0 IIOA0Tpe-
BOB U IIOCJI€CBAPOYHOI TePMOOOPAOOTKY CHUIKAIOTCS TPYIOEMKOCTD 1 9HEP-
rosaTparhl IIPU M3TOTOBJIEHUU TEIJI000MEeHHOTro obopynoBanusd [1, 3, 5, 8,
16—-18].

OxuuM 13 mpeajiaraeMbIX CIIOCOOOB ABJAETCS CBaApKa TPeHUEM C IIPHU-
MeHEeHUEeM IONOJHUTeJIbHOI BBapmBaeMou BTyJKU [2, 3]. BeaencTBue Tex-
HOJIOTMYECKOM 0COOEHHOCTHU AaHHOTO crmocoba cBapku [20, 21] B KOHCTPYK-
IIUU y3Jia IPOBeJleHa MOJAEPHUBAIUSA B YACTU U3MEHEeHUA KOHCTPYKTUBHOTO
WCIIOJIHeHUA TPyOHOU pemieTku. Ha puc. 1 mokasauma ¢gororpadus paspesa
SKCIIEPMMEHTAJIbHO CBAapPEHHOTO y3Jla, MMUTHPYIOIIEr0 MPUBApPKy TPYOBI
K TpyOHOII pelieTKe (CBapKa IPOBOIMJIACh Ha MaIlIUHE IJIA CBapKMW TPEHUEeM
IICT-20T, npoussoactea OAO «KTUAM» r. Henabuuck). [[asa yopoleHns

Puc. 1. ®oTorpacdus sxcriepuMeHTAJILHOTO 00pa3ia B pa3pese
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DKCIIEPUMEHTOB MCCJIeJOBAHUA MPOBOAUJINCH HAa CBApPHBIX y3JaX «Tpyba —
9KBUBAJIEHTHAS BTYJKAa», B KOTOPBIX BTYJIKA MOJAEJIUPYET TPYOHYIO peIer-
Ky. uameTp sKBUBAJEHTHON BTYJIKU OIIpeaesajcsa coryiacHo [4].

YuurbiBaAg TpeOOBaHUA K KOPPO3MOHHON CTOMKOCTHU IIPU SKCILIyaTa-
NN TEeIJI0O00MEHHOT0 000pPYyIOBaHUS, M3TOTOBJIEHHOTO M3 »KAPOIIPOUYHBIX
MapTEHCUTHBIX CTaJell, ObIIN IPOBeJAeHbl MUKPOCTPYKTYPHBIE U KOPPO3U-
OHHBIE MCCJIEJOBAHUSA II0 OIleHKEe XapaKTEepPUCTUK y3Ja «Tpybda — TpyOHasd
pelIeTKas, MoJIy4YeHHOTO CBAPKOI TpeHueM 0e3 MPUMeHEHUA TEPMUUECKOM
00paboOTKM B CpaBHEHHUU C 00pasiiaMu, N3TOTOBJIEHHBIMU AYT'OBOI CBAPKOI
10 CYIIECTBYIOIIEHN TEXHOJIOTUY C IIPUMEHEeHEM TePMUYEeCKNX OllepaIuii.

O0pasipl AJId KUCCJIEMOBAHUSA MUKPOCTPYKTYPHI IIOATOTABIWBAJIMN IIO
Mmertonuke, nsjaoxkeHHON B 'OCT 5639-82. MccienoBaHUA MUKPOCTPYKTY-
PBI IPOBOIUJINCH HA ONITUYECKOM MUKPOCKOIIE C PA3JIUUYHBIM YBEJIUUYEHUEM.
Ha puc. 2—5 nmpuBeaenb! (poTorpaduu MUKPOCTPYKTYPHI MeTajljia TPyOHO
pelreTKu, MeTaJjia Tpy0d, CBapHOIO IIBa M BBAPpMBAeMOI'0 MeTaJlja IIPU McC-
IMOJIb3OBAHUY PA3JIUUYHBIX CIIOCOO0OB CBapKMU.

Ha puc. 2 npeacraBiieHa MaKpo- 1 MUKPOCTPYKTypa obpasiia, cCBapHOe
coeMHEHNE KOTOPOT'O BBIMOJHEHO CBAPKOM HEIJIABAIMUMCS dJJIeKTPOIOM
B cpefie 3aIllUTHBIX ra3oB (aproHa) ¢ IPUMEHEHUEM TepMUUYECKUX oIllepa-
U (COMYTCTBYIOIIETO IMMOOTPEBA I BBICOKOTEMIIEPATYPHOI'O OTIIyCKAa ITOCIe
cBapkm). MUKpPOCTPYKTYypa OCHOBHOTO MeTajljla TPYOHOII pemieTKu IIpen-
cTaBjsgeT coboit (peppuT ¢ popmoii 3epeH, O0JM3KOI K PAaBHOOCHOM, M Kap-
OuabI, pacupeneieHHbIE HEPABHOMEPHO IO I'PaHUIAM U Tesy (hepPUTHBIX
3epeH. MUKPOCTPYKTypa MeTajjaa TPyObl IpeAcTaBJIseT coboii 0oJiee BBITS-
HYTbhI€ B HaIPaBJIEHNY IPOKATKU 3epHa (heppuTa 1 KapOuabl, pacupeaeaeH-
HbIe HEPaBHOMEPHO I10 TPAHUIIAM 1 TeJ1y (hepPUTHBIX 3epeH. MUK POCTPYKTY-
pa MeTaJjijia CBapHOTIO IIBa MPEICTABJIAET COOOM BHITAHYTYIO B HAIIPABJIEHU U
KPHUCTAJLIN3AINY CTPYKTYPY, COCTOAIMIYIO 13 (heppuTa U KapOUIOB, pacipe-
JleJIeHHBIX HEPABHOMEPHO 110 TPAHUIIAM U TeJTY (DePPUTHBIX 3epeH. 30HA Tep-
MHYECKOT0 BINAHUA OTCYTCTBYET, UTO CBA3AHO C TEPMUUYECKOM 00paboTKOI
coeMHEHUA HETIOCPEeACTBEHHO II0CJIe OIepaIii CBapKU.

Ha puc. 3 npeacrasjieHa MaKpo- U MUKPOCTPYKTypa oOpasiia, cBap-
HOe coefUHeHNe KOTOPOTO BBIMOJHEHO PYYHOU AYTOBOM CBApPKOM IIOKPHI-
TBIMU JJEKTPOJaMU TaK ’Ke C NMPUMEHEHHEeM TEePMHYEeCKUX OIlepamuii.
MuKpoCTPpyKTypa OCHOBHOTO MeTaJjijia TPYOHO! peIleTKU IIPEeACTaBJIAET
coboit hepput ¢ GopMoii 3epeH, 0JM3KO0M K PABHOOCHOI, 1 KapOUabl, pac-
nmpenejJeHHbIE HEPABHOMEPHO II0 T'paHUNAM M Teay (eppUTHBIX 3epeH.
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cbaprou wob

; MPYOHAS PEWETK

Puc. 2. MukpocTpyKTypa 00pasia, moJTy4eHHOTO CBAPKOH
HeIJIABAIIUMCS 3JIEKTPOIOM B cpejie 3aAl[UTHBIX Ta30B:
a — MaKpPOCTPYKTypa CBAPHOTO COeAUHEHUs; 0 — MUKPOCTPYKTypa MeTaJLia
TpyOHOHI pemreTkHu (x 500); B — MEUKPOCTPYKTypa MeTajiaa TpyosI (x 500);
I' — MUKPOCTPYKTypa MeTaJijia cBapHoro 1mBa (x 500)

MurpocTpyKTypa MeTajjaa TPyObl IIpeacTaBasdgeT co00ii 00Jiee BLITIHYTEIE
B HaIlpaBJIEHUU IPOKATKM 3epHa (peppuTa m KapOUAbI, pacupeneeHHbIe
pPaBHOMEPHO II0 TPaHUIAM U Tesly (epPUTHBIX 3epeH. MUKpPOCTPYyKTypa
MeTaJjljia CBapHOTO IIIBAa IIpelCcTaBJsAeT cO00M BBITAHYTYIO B HalpaBJIeHUN
KPHUCTAJIN3AINU CTPYKTYPY, COCTOAIIYI0 13 (peppuTa M KapOumoB, pac-
IIpeJeIeHHBIX PABHOMEPHO 110 TeJly (GePPUTHBIX 3epeH. 30Ha TePMUUYECKO-
T'0 BJAUAHUA TaKKe OTCYTCTBYET.

OTrMeTuM, UTO pasHUIA B MUKPOCTPYKType 00pasIioB 13 BTYJIOK, CBa-
PEHHBIX TYTOBLIMU CIIOCO0AMU, TPAKTUUYECKU OTCYTCTBYET. OTOT (PaKT 00'b-
SICHSIeTCS IPOBEJeHNEM B 000UX CIyYadAX OAMHAKOBBIX II0 TUITY U PEIKUMY
HarpeBa TepMuuecKux omnepaiuii. Kakomy cmoco0y oTmaTh IIpeAouTeHune,
B JAHHOM CJIy4dae OIIpeaessieTcsa yCJIOBUIMU IPOU3BOACTBA.
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Puc. 3. MukpocTpyKTypa odpasua, moxydeasaoro PA/L:
a — MaKpPOCTPYKTypa cBapHOTO coeauHenusa PAJl; 6 — MUKPOCTPYKTypa MeTaJLia
TpyOHOHI pemreTku (x 500); B — MEKPOCTPYKTypa MeTajiaa TpyosI (x 500);
I' — MUKPOCTPYKTypa MeTaJjia cBapHoro 1mBa (x 500)

Oo6paserr, TOJYYEeHHBIN CBAapKOII TPEeHUEM, OTJINYaeTcsd KaK II0 MaKpo-
(puc. 4) TaK 1 I0 MUKPOCTPYKTypE (puc. 5). OTanuurebHbIE 0COOEHHOCTH:
® MHKPOCTPYKTYpPa OCHOBHOTO METAJIJIa TPYOHOM PeIleTKU IIPeACcTaBIAeT

co0OM OTITYIIeHHbIN OCTHUT;
® MHKPOCTPYKTypa MeTaJljla TPYObI IIPeACTaBJIAeT CO00Ii BBITAHYTHIE

B HAITPaBJIEHUU IPOKATKY 3epHa (DeppuTa 1 KapOuIbl, pacipeeeHHbIe

PaBHOMEPHO II0 TPAHUIIAM U TeJy (PePPUTHBIX 3€PeH;
® MHKPOCTPYKTYpa MeTaJjljia BBApMBAeMOM AeTajiu IpeicTaBJIsgeT co00i

copOUTOOOPa3HYIO CTPYKTYPY, COCTOAIIyI0 U3 (heppuTa M KapOugos,

PaCIIOJIOKEeHHBIX PABHOMEPHO II0 I'PAaHUIIAM U Tey (GepPPUTHBIX 3ePeH;
® MHKPOCTPYKTYpa MeTaJjljia CBAPHOTO IIIBa IIPeACTaBIAET COO0M KPYIHO-

WUT0JIbYATHINI MAPTEHCUT;
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TTLYOHAS PEUIEKa

Puc. 5. MukpocTpyKTypa 00pasia, moJJy4eHHOTO CBAPKOMH TPeHUeM:
a — MUKPOCTPYKTypa MeTajaa TpyoHoi pemreTKH (X 500); 6 — MEKPOCTPYKTypa MeTajlia
TpyOsI (X 500); B — MUKPOCTPYKTypa MeTaJjia BBapuBaemoit geraan (x 500);
I' — MHKPOCTPYKTYpPa MeTaJljla CBapPHOTO IIIBA IIOCJIe TPAaBJI€HUA B CIIUPTOBOM
pactBope 15% asorHOi# KucaoTs (x 500)
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® mMukpocTpykTypa Merasiia 3TB co cTopousl TpyOHOI pelieTKu 1 BBa-
puBaeMoii JeTaju IIpeacTaBdeT co00 copOUTOOOPA3HYIO CTPYKTYPY,

COCTOAIIYIO 13 (heppuTa U KapOua0B, PACIOJJIOKEHHBIX PABHOMEPHO II0

rpaHUIlaM U TeJay (hePPUTHBIX 3€PeH;
® MUKpOCTPYKTypa MeTaia 3TB co cTOpoHBI TPYOBI COCTOUT U3 MEJTKOM-

roJIbYaTOT0 MapTEHCUTA U TJIOOYIAPHBIX KapOuI0B, HAJTNUYNE KOTOPBIX

CBUETEJILCTBYET O IleperpeBe MeTaJljia TPyObl ITPU CBapKe.

Ilna maHHOTO BHUJAa CBApPKM XapaKTepHO OOJBINIOE pas3janyme B MUKPO-
CTPYKTYype II0 cCeUeHUI0 00pasiia. ITO MOKET CIIOCOOCTBOBATh BOSHUKHOBE-
HUIO BJIEKTPOXUMHUYECKON HEOTJHOPOTHOCTH MEXKIY OTIEJbHBIMH 30HAMU
usnenand. B ciiyduae KOHTaKTa U3IEJIUH C aTPECCUBHBIMU 3JIEKTPOJUTAMEI MO-
I'YyT BOBHUKHYTh MUKPOTA/JIbBAHUUECKUE DJIEMEHThI, KOTOPhIE CIIOCOOCTBYIOT
YCKOPEHUIO0 KOPPO3MOHHBIX ITPoIleccoB. KaK IMoKasbIBaeT IpaKTUKAa, pa3py-
IITeHe CBapPHBIX KOHCTPYKIIUUA B TaKUX CIAydYadX IIPOUCXOAUT, KaK IIpaBuU-
JIO, TI0O CBAPHOMY IIIBY WUJIU 30HE TepMUUecKoro BiausHusa (3TB).

B s/1eKTPOXUMHUUYECKOM OTHOIIIEHUU CBAPHOE COeqNHEHUEe TPeICTaBIIA-
eT cO00M CJIOMKHYI0 MHOTO03JEKTPOAHYIO CUCTEMY, COCTOAIIYI0O B OCHOBHOM
U3 II1BA, 30HbI TEDMUUYECKOTO BIAUAHUA ¥ OCHOBHOT'O MeTaJjja, MEeXIYy KOTO-
PBIMU BO3MOJKHBI Pas3/IMUYHBIE COOTHOIIEHUSA 3JIEKTPOAHBIX MOTEHI[UAJIOB.
[7]. Onpenenenue sHaUEHUH 5JIEKTPOAHBIX IIOTEHIINAJIOB O3BOJIAET CYAUTH
0 KOPPO3UMOHHOI CTOMKOCTH 30H CBAPHOT'O COeNUHEHNs, YCTAHOBUTL HAM0O-
Jiee YA3BUMbBIe yUacTKu. VIaMepeHUEM 3JIEKTPOAHBIX MOTEHITMAJIOB MOYKHO
BOCIIOJIL30BATBLCA IJisI BbIOOpa HamboJsee 6e30MacHOT0 B KOPPO3SUMOHHOM OT-
HOIITEHU U MEeTOIa 1 PeKruMa CBapKu.

Haunbosee 6saronpuATHBIM pacIiipefieIeHNEM IIOTEHIINAJIOB ABJIAETCS
caydyall paBeHCTBa 3JIEKTPOAHBIX ITOTEHIIMAJIOB IIIBA M OCHOBHOTO METAaJI-
aa (¢, = ¢_ ), Korga OyzeT uaTu mporiecc obireid paBHOMEPHOW KOPPO3UH.
B peasbHBIX YCJIOBUAX IIPOU3BOACTBA CBAPHBIX KOHCTPYKIIUH JOOUTHCSA I10-
ITOOHOT'O PaBEHCTBA MOBOJBHO CJ0YKHO, II09TOMY IIPEANIOUTUTETbHBIM ABJIA-
eTcs CMeIleHne 3JeKTPOJHOr0 IIOTEeHIINaaa CBapHOro IIIBa B CTOPOHY 0oJiee
MMOJIOYKUTEJbHBIX 3HAUEHUM, KOTJa aHOJHOE PacTBOPEHNE IIEPEHOCUTCSA Ha
OCHOBHOI MeTaJIJI ¢ OMHOBPEMEHHBIM CHUKEHNEM CKOPOCTH KOPPO3UM IIIBA
(0, > P,,,)-

B cBsA3u ¢ HepaBHOMEPHBIM XapaKTEPOM KOPPO3WU CBApPHOTO COEIN-
HEeHUS MacCOBBIN ITOKal3aTeJb He XapaKTepu3yeT ero KOPPO3SUOHHYIO CTOM-
KOCTh. IloaTOMY 1 OIEHKU KOPPO3MOHHOM CTOMKOCTU CBAPHBLIX 00Pa3IloB
OBLII MCITIOJIb3OBAH METO/ N3MEePEHUA 3JIEKTPOAHBIX IIOTEHITNAJIOB.
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PesyabTaThl uccaeqoBaHUMA IPUBeIEHbBI Ha puc 6.

HccrnemoBaHUA 9JIEKTPOIHBIX IIOTEHIIMAJIOB 30H CBAPHOT'O COEIUHEHU S
IIPOBOAUJUN B COOTBETCTBUU C OOINEIPUHATON MeToAuKoi [7]. dierTpo-
XUMUYECKNe M3MepeHUs 3aKJIUaJNCh B PETUCTPAIlNU 3JIEKTPOIHBIX IIO-
TEHI[MAJIOB XapaKTePHBIX 30H CBApPHOTO COeIVHEHUA XU OCHOBHOTO METAJI-
Jla CHeIaJbHBIM 3JeKTPOXMMUUYECKUM IIyIIOM. SHaUeHUNE 3JIEKTPOIHOTO
MMOTEHIINAJIa PEeTUCTPUPOBATIN BOJBTMETPOM C IIOTPEIITHOCTHI0 M3MepPeHu’it
+5%.

W3 puc. 6 a caengyeT, 4TO CBAPHOM IIIOB, BLIIIOJHEHHBIA PYUYHON JYTOBOMI
cBapkoii, umeer noreHnuag muayc 0,31 B (XC9) u aBaaerca OoJiee OJiaro-
POIHBIM IO OTHOIIIEHUIO K METAJIIY KaK TPYObl, TaK 1 TPYOHOII PEIIeTKH.

chapHou wob a cbaprou wob 6 cbaprou wob 2
on || e [Na298 || g5 F -028 8
gn || ez | [N0268 0298
e || HEL | gng || 2L 918
\ 0398 {1 |

IMPYOHas
PELIBITKT

mplYoHas

auemka mpyoa

mploHas

PEWEMKA mpyda

v
\J

Puc. 6. Cxema Touek 3aMepa M pe3yJabTaThl H3MEPEeHU I MOTEHI[MAJIOB 00Pa3I[0B:
a—PIIC; 6 — PAIl; B — cBapKOil TpeHUEM

PesynbTaThl m3MepeHUsA MOTEHIIUAJIOB 00paslia, IMOJYUYeHHOTO PYUHOM
aproHHO-IyTroBOM cBapKoii (puc. 6 0), mokasaam, 4TO MOTEHIUAJI IIIBa TPaK-
TUYECKU OAUHAKOB C MOTEeHIIMAJIAMU TPYOBLI M TPYOHOU peIeTKU, YTO 00'h-
SICHSETCA IeficTBUeM OKOHUATeJbHON TepMUYeCKO 00paboTKU.

I obpasiia, IMoJIyYeHHOTO CBapKO# TpeHueM (puc. 6 B), BUAHO, UTO II0-
TeHI[MAaJI CBApPHOTO IIIBa U BBAPMBAEMOM ieTai paBeH WU 00Jiee TTOJI0XKUTe-
JIeH, 4YeM MOTeHI[UAJIbI MeTaJljla TPYObl 1 BTYJIKU.
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Taxum 06pasoM, ¢ TOUKY 3PEHUA BJIEKTPOXUMUYECKON KOPPO3UM M3e-
JIUs, TTOJyJyaeMble CBapKOU TpeHUeM, He YCTYIIaloT KOPPO3MOHHOM CTOMKO-
CTH UBJIEJUAM, IIOJIYUeHHBIM TYTOBBIMI METOLAMU CBAPKH.

C yueToM MMEIONINXCA JOCTOMHCTB U OCOOEHHOCTEN IPUMEHEeH!s cBap-
KM TPeHHEeM OUeBUIHO, UTO JAaHHLIN (paKT II03BOJISET B JaJbHENIIIeM paccma-
TPUBATh TEXHOJOTHIO CBAPKMU TPeHNeM HaHHBLIX THUIIOB CTajJel KaK ajJbTep-
HATHUBHYIO IYTOBBIM CIIOCO0AM.

BoiBoAbl:

® I puMeHeHUe CBapKM TPeHUEM IJA M3TOTOBJIEHUS y3Jia «Tpyba — TpyO-
Has peIleTKa» TeIIOOOMEeHHBIX ammnapatoB m3 crajaum 15X5M mpuH-
IIUINAJIbHO BO3BMOXKHO, B T.U. 3a CUET UBMEHEHUA KOHCTPYKIIUU y3Ja,
1 TI03BOJISET 0e3 IPUMEHEeHUs TePMHUUYECKUX OIlepaIuil IMOoJydUuTh He-
pasbeMHbIEe COeJUHEHU TPYO ¢ TPYOHOM pEeNIeTKOM, KOTOphIe XapaKTe-
PUBYIOTCS BLICOKMMU IPOYHOCTHBIMHY U IIJIACTUYECKUMHU CBOHICTBAMU;

® cBapHOe coeqWHEHWUeE y3Jia «Tpyba — TpyOHas pelleTKa», IMOJYyUYeHHOe
CBapKoOU TpeHUEM, XapaKTepuayeTcsAd HEOTHOPOIHOCTHIO MUKPOCTPYK-
TYPBI METaJIJIa MIBa U 30HBI TEPMOMEXAHUYECKOT'0 BIUAHUA;

® cBapHOe coeqWHEHUe y3Jjia «Tpyba — TpyOHAasA peIlleTKa», IMOJyUYeHHOe
CBapKoU TpeHUeM 0e3 IMPpUMEHEHUA TePMUUYEeCKUX ollepaliuii, odjaamaer
paBHOMEPHBIM pacupeeaeHIeM 3JIeKTPOAHBIX ITOTEHIINAJIOB XapaKTep-
HBIX 30H CBAPHOT'O COeANMHEHUS ¥ OCHOBHOI'O MeTaJjlja, UTO CBUAETEJIb-
CTBYET O TOM, UTO B IIPOIleCCe AKCILIyaTAllUN B KOPPO3MOHHBIX cpeaax
CKOPOCTH KOPPO3UHU OCHOBHOT'O METAaJLJIa U METaJlJla CBAPpHOT'O coeanHe-
HUA OyAeT OJMHAKOBOI.
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