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H3z6ecmno, umo mooughuyuposarue 6OIbUIUX MACC HCUOKO20 MEMANNA PA3TUYHBIMU NPU-
CaoKkamu cyuwecmeenHo nogbluiaem Kavyecmao uz0enuil U ux SKCHIyamayuoHHylo CmouKoCme.

Peoice maxue npucaoku ucnonv3yom npu 60CCmMaHOBUMENbHBIX HANAABKAX, KOMHEHCUPY-
FOUUX USHOCUBULEUCS CIOU Oemalleli 8 IKCHIIyamayui. Jmo Cea3aHo ¢ meM, Ymo Uu3-3a HaHeceHus
Mano2o Clos, KOMREHCUPYIOue20 U3HOC, UUPOKO UCNOTb3YeMble MOOUGDUKAMOPLL U3-3A YCI0BUU
ObICMPOLL KPUCMALTU3AYUY He YCNe8alom pacmeopumscs 8 HCUOKolL gpase u, Kpome mozo, KOHYeH-
MPUPYACH 8 PA3TUYHBIX 30HAX NOKPLIMUS CNOCOOCMBYEN CHUMNCEHUIO KaYecmed U nompeoumensb-
CKUX C80UCMS U30eTULL.

B npeocmasnennoti cmamve nposeden ananuz pabom npumeneHus Mooupuyuposanus u
MUKPOJIE2UPOBAHUS 80CCMAHOBUMENbHBIX nokpuimutl. OH ceudemenscmayem o 8blcoKoU I gex-
MUBHOCMU GIUAHUSL MOOUDUYUPYIOUWUX NPUCAOOK HA KAYeCMBO 80CCMAHOGIEHHOU NOBEPXHOCU
demareui U3 pa3UyHbIX Mamepuaios u, pabomarowux 8 OMIUYarOWUxcs yciogusax (UsHoca, nogol-
WEHHbIX MeMnepamyp, pasiuynblx Hazpy30k). OOHaKo MHozue npumeHsiemvle KOMROIUYUL A6~
tomes sampamuvimu. [1oasmomy, 0cobeHHO 8axcHa nepcnekmueHOCmy UCCIe008aHUL, HANPABTIeH-
HbIX HA CHUDICEHUE CIOUMOCTU NOKPLIMULL 30 CYem UCNOTb30BAHUU BMOPUYHO20 CbIPbS UTU OM-
X0008 NPOMBIUIIEHHO20 NPOU3BOOCMBA 8 Kauecmae 000aA80K-MOOUPDUKAMOPOS.

OOHuM U3 MaxKux HaNPagIeHul A61Aemcs npuMeHerue 071 MOOUPDUYUPOBAHUSL OeMOHAYU-
OHHOU WUXMbL (8NEPBbLE, UCNONL30BANU MACHUMHYIO €€ cocmaesnsaowyio). [lna smozo ciedyem pe-
wumy credyioujue 3a0ayu. onpeoeiums ONMUMATbHBIL pamep 6800UMOU paxyuu, 0omo 00-
basku,; napamempul u Cnocob 86004 U OYeHUMb 0CODEHHOCIU CIMPYKIYPOOOPA308aHUSL 0I5l NOTY-
YeHUs MAKCUMATLHOO0 ¢hhekma obecneyenus mpebyemozo Kayecmaa u C80UCmae NOKPblmus.

Knroueswvie cnosa: moouguyuposanue, Mmukpoirecuposauue, uoc, cmpykmypa ceap-
HbIX WB08, OETMOHAYUOHHAS UUXNA, 30]IbHbLE OMX00bl, MUKPOMEEPOOCHb.

AKTyanbHOCTH npodaembl. B npeacrasienHoil padote 0606mena nadopmarus oo
WCITIOJIB30BAHUY PA3IMIHBIX MOIU(PHUIUPYIOMIUX U MUKPOJICTUPYIONIUX TPUCATOK IS TIOBBI-
IICHUS Ka4eCTBa ¥ YIPOUHEHHs MeTal1a MOKPBITHi. [Ipy pa3nuyHbIX METOAAaX HAIUIABKHU KPH-
CTAJUIMYECKOE CTPOCHHE TOKPBITHS, CBA3aHO C YCIOBHSMH IIEPEX0J]la CBAPOYHON BaHHBI M3
KHJIKOTO COCTOSIHUSI B TBEPJOE, SABJSIETCS OJHUM M3 (PaKTOPOB, OMPEICISAIONINX KaueCTBO U
CBOMCTBA 3TOTO y4acTKa MOKPHITHUS. [1]

[ToMrMO €CTECTBEHHBIX LIEHTPOB CaMOIIPOM3BOJILHOM KPHCTAUTU3AIMH PACILIABIICH-
HOTO MeTaJlsla CBAPOYHOM BaHHBI, CYIIECTBYIOT IICHTPHI HECAMOIPOM3BOJIBLHON KPUCTAILIH3a-
IIMU B BUJIE 3€pEH HOBOTO MeTajlla Ha TpaHule cruiaBieHus. [2]. Ha npakTuke 3To siBIeHUE
UCTIONB3YIOT JUII MOAU(MUITMPOBAHUS U MHKPOJIETUPOBAHUS BOCCTAHABIUBACMBIX MOKPHITHI
U1 U3MEJIbUEHHS KPUCTAJUIOB IIPH 3aTBEPAEBAHUH, UYTO MPUBOIAUT K U3MEHEHHUIO UX MEXaHH-
YECKUX CBOMCTB.

N3obperenne akanemukoM K. K. XpeHOBbIM Kepamuueckoro (roca CTajo NepBbIM Iia-
T'OM B JISTUPOBAHHWH METaJlJla CBAPHBIX IIIBOB, TaK B paboTe [3] ObLIO MOKa3aHo, 4TO CTPYKTYypa
cBapHBIX BOB Jetanel u3 cranu 30XI'CA nox kepaMudeckuM (IIrocoM, CoepKalieM THTaH,
UMEET MEJIKO3EPHUCTYIO Pa30PHECHTUPOBAHHYIO CTPYKTYPY, @ IIOB, BBIMTOJHEHHBIN MO TIIAB-
JICHBIM (PITFOCOM KPYITHO3EPHHUCTYIO — TPAaHCKpUCTAIUIUTHYI0. KoHllepH «®DosbKCBaren» pexo-
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MEHJIyeT POBOAUTH MUKPOJIETUPOBAHUE CPEIHEYTIIEPOIUCTHIX CTAICH, MPUMEHSIEMBIX JIJIsl U3-
TOTOBJICHHUS IATYHOB, BMECTO UCIIOJIB3yEMOT'0 paHee TEPMOYIIPOUHEHHUS. DTO MTO3BOJISIET CHU-
3UTh CTOMMOCTH IaTyHa Ha 38%, T. K. CTOUMOCTh TepMOOOPAOOTKH, U3-3a pacXxoa SIHEPTOHO-

curenei, coctaBiageT 10 25% oT o0IIe CTOUMOCTH AETAJIH.

AHaJIN3 NOCAeIHUX MyOIUKAIUIA 10 TaHHOI npodiaeme. B padote [4] mokaszaHo, 4To
nipu Mukponeruposanuu 0,27% Bananuem potopHoii ctanu 25X2H2M® nabintoiaeTcst HOBbI-
HIeHHE €€ MPOYHOCTHU U MPOKaTUBaeMOCcTU. MukposerupoBanue TuTanoM (10 0,06) u 6pomom
(10 0,0032%) ctanu 651" pu U3TOTOBICHHUH Jall KyJIbTHBATOPOB MpeICTaBICHHOE B padoTe 5]
MIPUBEJIO K TOBBIIICHHUIO MPOYHOCTH, TBEPIAOCTH, TUTACTUYHOCTH U YIAAPHOU BA3KOCTH paboueit
MOBEPXHOCTH METaJlIa, YTO MO3BOJWIIO B 2,1 pa3a MOBBICUTH UX HAJIEKHOCTh U JIOJITOBEYHOCTb,
Ha 20% H3HOCOCTOHKOCTh 1 Ha 17% CHU3UTH METAINIOEMKOCTh. DPa30BbIM aHAIN3 IIOKA3all, YTO
MOBBIILICHUE COTPOTHBIICHUS CTAlld U3HOCY, OOBsCHSIETCS (popMHUpOBaHHEM KapOOHUTPUIOB
TATAaHA U YaCTUIHO Oopa.

Mexanu3m BiustHUS MUKpo100aBok Ti, V, Nb Ha CTpyKTypy U CBOMCTBa HU3KOYTJIEPO-
TUCTBIX CTallel paccMOTpeH B pabdote [6]. IloBbIIeHHE MPOYHOCTH CTalTu MUKpOHoOaBkamu Ti,
V u Ni (10 0,1 %) ¢ 06pazoBaHueM qUCIEPCHBIX KAPOOHUTPHIOB, SBISIOLIUECS [IEHTPAMU KpHU-
CTAJUTH3AI[UHU, MO’KHO OOBSICHITh YMEHBIIIEHUEM pa3Mepa 3épeH. [IoBbIleHrne yiapHoi BsI3KO-
CTH | TTIOpOTa XJIaTHOJIOMKOCTH CTaJIi, oO0ecrieunBaeTcs padhuHupoBaHueM (heppuTa IMpu BBOJC
MUKPO100aBOK Bo3zaeiicTBueM MukpoaodaBku 0,04% V. DTo oka3biBaeT BIUSHUE HA U3MEIb-
YyeHue 3epHa GpeppuTa U yMEHbIIEHUE B CTPYKTYPE JI0JIA IEMEHTHUTA U MEPIInTa.

[ToBbImIeHUE TTpHIETIA TEKYUECTH Gr, ABTOPHI PA0OTHI [ 7] OOBACHSIOT YBEIUUECHUEM JTUC-
MIEPCHOCTH TepinTa (BKJIaJ] €ro B MOBBIIIEHHE Gr cocTaBiseT 10 60 — 65 %), 6 10 30 %.

B pabote [8] mokazano, uyto ornuBku u3 ctamu 110I'13J1 ¢ mukponobaskamu V u Ti
OTJIMYAIOTCS OT CEPUIMHONW MEHBIICH CKIIOHHOCTH K ()OPMUPOBAHUIO JACHAPUTHON CTPYKTYPHI,
OTMeYaroTcs 60Jiee BEICOKOW MPOYHOCTHIO, BA3KOCTHIO, ITIOTHOCTHIO M H3HOCOCTOMKOCTHIO.

AHanu3 pacCMOTPEHHBIX PabOT MO3BOJSET 3aKIIOUYHUTh, YTO JIETHPYIOIIHE MUKPOJIO-
0aBKH, paCTBOPsIEMbIC B METAILJIE U HE PACTBOPSEMBIE B HEM, OKAa3bIBAIOT CYIIECTBEHHOE BIHS-
HUE Ha YCIIOBUS KpucTau3aunuu. OHU BIUSIOT Ha MOBBIIIEHUE YCTOMYUBOCTH MTEPEOXIIAKAEH-
HOTO ayCTEHUTA MPOKATUBAEMOCTH CTaJIH, H3MEIBYAIOT 3€PHO, TOBBIIIAIOT TUCTIEPCHOCTD EP-
JUTA, 3aMEeUIAIOT NIaJIeHHEe TBEPAOCTH MIPH OTITYCKe, (POPMHUPOBAHUE METIKOAUCIIEPCHBIX BKIIIO-
YeHHI CIOCOOCTBYET CO3JaHUIO TOKAIBHBIX HATPSKEHUH U YBETHUEHUIO TNIOTHOCTH JTUCIIOKA-
W, YTO TOPMO3UT UX CKOJIbKEHUE.

Takue MexaHU3MbI BO3ACHCTBHSI MUKPOJIETUPYIOMUX U MOAUPHUIMPYIOMIUX TTPUCATIOK
o0ecreunBarT HE0OXOAMMbIC TTOTPEOUTETHCKIE CBOMCTBA U3/ICTHH.

AKTYalnbHOCTh MIPUMEHEHHUS MUKPOJIETHPOBAHUS U MOIUMDUIIMPOBAHUS JUISI TIOBBIIIIE-
HUS KayecTBa HAIJIaBJICHHOTO CJIOS MOJATBEP)KJIAeT PsJl HOBBIX HAYYHBIX pa3pabOTOK B 3TOM
obnactu. Tak, B padote [9] mpencTaBieHs! uccieaoBanus 1o BBeacHuo 1-3% Ba B anekrpon-
HOE MOKpBITHE. ABTOPBI OTMEYAIOT, YTO TaKoe MOAU(UIIMPOBaHHE 0OECIIEUNBAET BBHICOKYIO
TPEINHOCTOWKOCTh CBAPHBIX COSAMHEHUM, TaKOU MeTO A (HEKTHBEH KaK JUIS UCTIOIb30BaHUs
B YCIIOBUSIX BO3JYILIHOM Cpe/bl, TaK U B KOPPO3HOHHO-aIPECCUBHBIX.

MoaudunupoBaHue CTPYKTYpbl HAIUIABICHHOTO METalljla HaHOAWCIIEPCHBIMU KapOu-
namMu Bosib(pama 1o maHHbM [10] crmocoOCcTByeT nepepacipeieIiCHHI0 KOMITOHEHTOB MEXKTY
rpaHullaMU ¥ 00bEMaMu 3€peH. Y MEHbIIIEHUE pa3Mepa 3EpeH 00ecreurBacT MOBBIIICHUE TIpe-
JIEJIOB TeKY4ECTH U MPOYHOCTH, IJIACTUYHOCTU U JePOPMUPYEMOCTH CTANIH, & TAKKE CHUKAET
K02 (QUILIMEHT TPEHUS B MPOIIECCE IKCILTyaTaI[UH IeTaICH.

[Ipu cBapke KapOMpPOYHBIX HUKEJEBBIX CIUIABOB JJISl MOBBIIICHUS CBOICTB MeTaia
mBa B padore [11] mpuBeAeHBI pe3ynbTaThl MPUMEHEHUS AUCIIEPCHOT0 HHOKYISATOpa — Kap0o-
HUTpUJa TuTaHa. [Ipu uccnegoBaHUM MUKPOCTPYKTYPHI MOAU(PHUIIMPOBAHOTO IIBa BBISBICHO,
9TO KapOUIbl IMEIOT KOMIIAKTHYIO (POPMY M PacIoIOKEHBI OHU B OOJIBIICH Mepe 1O TpaHUIlaM
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3€peH, YTO U SABISAETCS YIPOUYHIEMBIM (DaKTOPOM TPHU IKCIUTyaTallud B YCIOBUSAX, Tlie Tpedy-
€TCs TIOBBIIICHHAS KapOPOYHOCTD.

B pabote [12] paccMoTpeHa TEXHOJIOTHS MPUMEHEHUSI HAHOMATEPUAJIOB MPU BBICOKO-
TeMIIepaTypHOH 00pabOTKE HUKEIHXPOMOBBIX CILJIABOB MPH AJIEKTPOIIIAKOBOM JTUTHE U AJICK-
TPOIILJIAKOBOM CBApKE.

JInst momy4yeHus CBapOYHOTO IIIBa C CYIIECTBEHHO YJIYYIIEHHBIMU TPOYHOCTHBIMU Xa-
pakTepucTukamu B padote [13] mpencraBieHa TEXHOJIOTHUS JIa3epHOM CBapKU C BBEICHHUEM B
IIIOB TIOPOIIIKA TYTOTUIABKOT'O COSAMHEHUs KapOu/1a Wi HUTPUJIa TUTAHA, C HAHOPAa3MEPHBIMU
yacTuaMu. OTMEUEHO, YTO B 3TOM CIIy4yae YMEHbIIAETCS pa3Mep HEMETAUNIMYECKUX BKIIHOYE-
HUA, TOBBIIIAIOTCS MEXaHUYECKHE CBOMCTBA (Gr, O), BO3PACTACT B HECKOIBKO pa3 OTHOCUTEIb-
HOE y/UIMHEHHE.

[Iporecc na3epHoii CBapKu ¢ MPUMEHEHHUEM HAHOMOIM(PUKATOPOB B BUJIE CMECH HAHO-
nopoikoB TyromnaBkux coenunenuit TiN, TiC, Y203 npeacraBnena B pabote [14]. Kommosu-
[IUsI HAHOCWJIACh B BUJIE CYCIIEH3MH HAa TIOBEPXHOCTh CBApMBAEMbIX TIacTHH. OHA MO3BOJIMAIIA
MOBBICUTH CKOPOCTH CBApKH MPHU TOU e MOIIHOCTH JIyda 3a CYET yBelnnueHus KodpduimeHta
TIOTJIONICHHUS] MHTEHCUBHOCTH JIA3€PHOTO U3TYUYCHUSI.

JlazepHas cBapka cTadd ¢ TUTAHOBBIM CIUIABOM TaKXkKe paccMOTpeHa B padore [15].
[IpoBeneHbI IKCIEPUMEHTHI, BO BPEMSI KOTOPBIX UCIIOIH30BATN KOPPO3UOHHOCTOUKYIO CTAh U
TUTAHOBBIU CIUIAB C MPOMEKYTOYHBIMHA BCTABKAMHU, TAK)KE CBAPOUYHOE COCTMHEHHUE C BCTaBKOM
Ha oCHOBE Meau M1, koTopbie 00Ja1af0T JOCTATOYHO BHICOKOW MTPOYHOCTHIO.

B pab6ore [16] npuBeneHs! 3eMeHTbI-MOIU(DUKATOPHI (Tab.1.), KOTOpBIE PEKOMEHI0-
BAHO MPHUMEHSATH B COCTaBE (PYHKIIMOHAIBHBIX MOKPHITUH JJIsl YAYUIIEHUS TIPOIecca CBapKH,
CBOMCTB U CTPYKTYpPhI HAIJIABIICHHOT'O METaJla.

B pabote [17] oTmMeuaeTcs, 4TO K IEPCIEKTUBHBIM CBAPOUYHBIM MaTepHaiaM OTHOCUTCS
MOPOIIKOBAsI MPOBOJIOKA, TO3BOJIAOIIAS MUKPOJIETUPOBATh U MOIU(UIIMPOBATH METAILT 1IIBA B
IUPOKUX MPHUJIETaX.

[TonyuyeHuro CBapOYHOTO COEAUHEHUS C BBICOKOW YJapHOU BSA3KOCTBIO MOCBSIIECHA pa-
6ota [18]. YcnoBuem aiist OTydEHUsI TAKOTO COSUHEHUS, SIBJISIETCS IOCTHKEHUE OTPE/IEIICH-
HOTO 0anaHca MEeXAy TUTaHOM, OOPOM, KUCJIOPOJOM M a30TOM, a TAaKXKE€ aKTUBHBIMU PACKHUC-

JIMTCIIbHBIMHU 3JICMCHTAMM.
Tabmmma 1.
CocraB QyHKIMOHAJBHBIX MOKPBITHIA, YJIYYIIAIUUX NPOLECC CBAPKH

DNeMeHT [TnoTHOCTH T/cM® | ATOMHas Macca TeMnepaTy%)a TeMnepaTyf) a -
mraBjeHus ~C nerus °C

Maruuit 1,74 243 651 1107
Kanpmuii 1,55 40,1 848 1487
CrpoHuuit 2,6 87,6 769 1384
bapwnii 350 137,3 125 1637
Jlantan 6,19 138,9 920 3469
Hepuit 6,7 140,1 795 3424
[Tpazeoqum 6,78 140,9 935 3127

MukposierupoBaHyie CBApOYHOT0 COETUHEHUS TOPOIIKOBOM IIPOBOJIOKOH, YCTAHOBIIECH-
HOW Ha OJTHOM Jyre Mpu MHOTOAYTOBOM CBapKe paccMOTpeHO B pabore [19]. DxcnepumeHT
IPOBOJIMIIA C UCIOJb30BAHUEM JIBYX MapOK IMPOBOJIOKH CILJIOUIHOTO CEYCHHsI M TPEX MapoK
METaJUTOTIOPOIIKOBOM MTPOBOJIOKH, TIPEACTABICHHBIX B Ta0x1 2. [Ipn 3TOM OPOMIKOBYIO ITPOBO-
JIOKY MCIIOJIb30BAJIM Ha BTOPOH Jyre B MHOT'OZYTOBOM CBapOYHOM IIPOLIECCE.

Hcnonp3oBaHne B MHOTOAYTOBOM CBAPOYHOM ITPOIIECCE TAKUX TOPOIIKOBBIX IIPOBOJIOK
MO3BOJIMIIO CHU3UTH B coenHeHUsX C-1 — C-5 MOroHHyro SHEprui0 CBapKU BHYTPEHHHX U
HapyXHbIX IBOB Ha 8-12%.
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Tabmuma 2.
CoueTaHue CBapPOYHBIX MATEPUAJIOB.
VYcnosHbiit Ne co- CoueraHue CBapOYHbIX ITPOBOJIOK Mapxka ¢uroca
eIMHEHMS
C-1 SaMo
C-2 S:Mo+S;TiB
C-3 SoMo+S3TiB+Fluxocord 35 25 3D ®CA YT A 650-20/80
C-4 SoMo+S3;TiB+Power Pipe 3D-Ni
C-5 SoMo+S3TiB+Power Pipe 3D-Ni

Pe3ynpTaThl XUMUYECKOTO aHANIK3a 1B, METALTIOTpaPUIEeCKIX UCCIEAOBaHUN 1 MeXa-
HUYECKHE UCTIBITAHUMN TTPE/ICTABIICHBI B TA0. 3,4.
Tabmmma 3.

XuMH4YeCcKHii COCTAaB MeTA/LJIa IBOB CBAPOYHBIX COeIUHEHU I

MaccoBas 10J1s1 2J1eMeHTOB, %

C Mn Si P S N1 Vv Mo Ti Nb B

Cl | 0,075 | 1,54 | 0,10 | 0,013 | 0,003 | 0,14 | 0,01 | 0,27 | 0,009 | 0,03

c2 | 0,07 | 1,58 | 0,28 | 0,015 | 0,004 | 0,13 | 0,02 | 0,19 | 0,025 | 0,04 | 0,0024

C3 | 0,06 | 1,69 | 0,31 | 0,010 | 0,003 | 0,12 | 0,02 | 0,22 | 0,030 | 0,03 | 0,0024

C4 | 0,07 | 1,58 | 0,27 | 0,011 | 0,003 | 0,59 | 0,02 | 0,25 | 0,025 | 0,03 | 0,0025

¢s | 007 | 1,72 1 0,39 | 0,011 | 0,004 | 0,82 | 0,018 | 0,25 | 0,018 | 0,03 | 0,0015

[IpencraBnenHsie B Tabi. 3 pe3ysbTaThl CBUJAETENBCTBYIOT O IOCTATOUYHO OJIM3KOM XH-
MHUYECKOM COCTaBE BCEX CBAPOUHBIX COCAUHEHUN, 32 UCKIIIOUeHHEM coenHeHnid C-4 u
C-5, y KOTOpPBIX HECKOJIBKO TOBBIIIEHO COJIEPIKAHNE HUKEIIS.

Tabmuma 4.
MexaHu4ecKue CBOHCTBA CBAPHBIX LIBOB
VYcnoBHbiii Ne [Ipunen texyuectu [Ipunen npouynoctn OTtHocuTenpHOE
oOpa3sna Mlla Mlla yasMHeHue, %
C-1 560 640 22,0
C-2 620 690 23,0
C-3 620 710 2355
C-4 650 720 25,0
C-5 640 710 23:5

[Tony4eHHbIE NaHHBIE TOKA3bIBAIOT, YTO MPUIEI IPOYHOCTH METAIUIA IIBA MUKPOJIETH-
POBAHHOI'O MOJIMO/IEHOM HaXOJATCS HUKE TPAaHUIIbl HOPMATUBHBIX TPEOOBAaHUM NJIsi CBapOU-
HBIX COEJJMHEHUI U3 cTaseil TpedyeMoro Kjacca IpoO4YHOCTH, @ MHOTOKOMITAHEHTHOE, MUKPO-
JIETUpOBaHKUE MOJIMOEHOM, TUTAHOM, OPOMOM M HUKEJIEM MO3BOJISI€T MOBBICUTH TPOYHOCTHBIE
CBOIMCTBA MeTajlIa 1IBa.

W3 naHHbIX Tabn.5 BUJHO, YTO MPH MUKPOJETHMPOBAHMM CBApOYHBIX COEAMHEHUMN
TOJIKO MOJINO/IEHOM HE yJIaeTCsl JOCTUYb TpeOyeMoro nokasareisl yAapHOH BI3KOCTH (He Me-
nee 70 JIx/cM?), a IONONHUTEILHOE MUKPOIETHPOBAHUE TUTAHOM, OPOMOM U HUKEIEM MO3BO-
JI€T 3HAYUTEIBHO MOBBICUTD ATY XapaKTEPUCTHUKY.

Buumanus 3acnyxkuBaet padota [20] B KOTOpOI IPEITI0KEHO UCTIOIB30BaTh J€TOHAIH-
OHHYIO IIUXTY, HOJIYYESHHYIO OT YTHJIM3alUU O0ETPUNacoB, [ MOAUDUIIMPOBAHUS KHUIKOTO
MeTajia IpU BOCCTAHOBIICHUH WU3/1EJINH HAILJIABKOM.
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Taxoii moxon Kk BbIOOpY MOoAM(ULIMpPYIOIIEH NpUCaJKH OCOOCHHO Ba)kKEH, MOCKOJIBKY
OHA COJEPKUT Pa3IMYHbIE KOMIIOHEHTHI, a TAK)KE HAHO- U MUKpOaJIMa3bl U HEe TpedyeT 00b-
IIMX 3aTpaT, TaK KakK sBJISAETCS MOOOUYHBIM IPOAYKTOM.

Tabnuna 5.
IlnacTuyHoOCTb cTaANEH CBApHOI'o 1IBa
Ne V napnas Bazkocts KCV, JI5k/cM?, TIpU TeMIiepaType HCIBITAHHI
oOpa3sia Munyc 40°C Munyc 60°C
Merajut mBa Jlurelinblii cruiaB Merayur mBa Jlureiinslil crias

C-1 72 49 68 | 152 | 139 | 96 37 22 41 37 37 67

C-2 158 | 234 | 146 | 128 | 98 63 146 | 188 | 141 | 30 38 30

C-3 174 | 143 | 179 | 215 | 221 | 243 | 83 160 | 169 | 81 104 | 50

C-+4 169 | 144 | 135 | 186 | 244 | 193 | 133 | 132 | &9 173 | 61 | 206

C-5 252 | 193 | 191 | 240 | 233 | 241 | 207 | 180 | 165 | 87 | 163 | 134

B pabote [21] uccnenoBanu crienuanbHbIe METObI BBEJCHUS BTOPUUHON IIMXTHI JJIs
MOIH(DHUIIMPOBAHKS PU BOCCTAHOBJICHUH JICTATICH HAIJIAaBKOH.

[IpoBeneHHbIe HCCIEIOBAHUS MMOKA3AIH, YTO IIMXTY, MOJYYCHHYI0 METOJIOM JIETOHA-
MM MO’KHO Pa3esuTh MO COCTaBy M (pakiuu. MarHuTHas (Gpakius, COACPKUT OKCHIIbI JKe-
7e3a ¥ MeJIM, a Tak¥Ke yriepo] (HaHO- 1 MUKPOAJIMasbl, Malyko A0 rpaduTa). He MmaruutHas
COJICP)KUT T€ e KOMITOHEHTBI, HO JKeJIe30 B BHJIC Mopomka. KpyrHas Gppakius coaep uT B
OO0JIbIIEH JOJIe MATHUTHYIO U B — MEHBIIEH HE MATHUTHYIO COCTaBJISIONIYIO.

XHWMHUYECKUH COCTaB JICTOHAIIMOHHOM IIMXTHI TpUBeeH Ha puc. 1. [TokazaHo, OobIryIo
JIOJIF0 HE MAarHUTHOM IIMXTHI COCTABIISACT yriaepoa. U3BecTHO, 4To anMasHas Gpakius He Tia-
BHTCS TIPU TEMIIEPATYPAX IJIABKH JICKTPOAYTOBBIM METOJIOM M TaKHE BKIFOUCHUS M3MCHSIOT
YCIIOBUS KPUCTAIUTH3AINH, SBIISSICH MUKPOXOJIOAMILHUKAMHU.

mC

Cu

1 2 3

Puc.1 — Xumuueckuii cOCTaB NIMXTHI YTHIN3HPOBAHHBIX §oenpunacos no cogepxannio C u Cu:
1 — marnuTHas (ppakuus (KpynHas); 2 — MeJIKasi MATHUTHAs ppaknus; 3 — He MAarHUTHAs paKuus.

JIns1 ucnoap30BaHMs TAKOW MIMXTHI PEIJI0KEH HOBBIM METO, KOTOPBIN 3aKIH0YAECTCs B
MIPEIBAPUTEIILHOM Pa3felieHUH MOPOIIKa Ha (PAKINH, €r0 IPOCYIINBAHUY, APOOJICHHUH C TI0-
CJIEIYIOLMM BBEJICHUEM COBMECTHO C JIEKTPOJOM WM B BUJE LIIMKEPHOTO MOKPHITUS C TO-
crenyromuM paciiaBiearneM. OcoObIil HHTepec mpeAcTaBiseT padora [22], B KOTOpO# uccie-
JIOBAJIUCh CBOMCTBA MOKPBITHI, HAHECEHHBIX ¢ pa3nuyHOi fgomeit (015% 10 20%) 301bHBIX OT-
x0710B 3mueBkoit 'POC Bo ¢umoc. MccnenoBanue CTpyKTYphI OKa3ajio, YTO MPH YBEINYCHUU
JIOJTU 30JIbHBIX OTX0A0B BO (hitoc (10 20%) 3HaYUTETHHO BO3POCTIO KOTUYECTBO HEMETAJTHYe-
CKHX BKJIFOUEHHH U TIOp, TAKKE YBEIMUMUBAETCS HEOAHOPOAHOCTD, KaK MO BETUYHHE 3€PHA, TAK
u popmupyeMomy TpoocTuty. O6paszer ¢ 5% moiei 301bHBIX OTXOJ0B BO (PJIFOC UMEET MEHb-
mme pa3Mepsl 3€peH, yem nokpeitus ¢ 10,15 u 20% nobaBkamu. DTo HATIAIHO MTOATBEPXKIACT
Y aHaJIU3 TBEPAOCTH MOTYYEHHBIX MOKPBITUI MPEICTaBICHHbBIN Ha pUC.2.
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Puc. 2 — 3aBucuMOCTb TBEPIOCTH NOKPHITHS OT /10JIH BBEIEHHOIi 100aBKH 30JIbHBIX 0TX0/10B BO (h1roc:
1 - HB (d wapuxa = S MM, mpu Harpy3ke 750 kr), 2 — HB (d yapuxa = 10 MM, npu marpy3ke 3000 xr), 3 HRC[22]

3nauenwne TBepaocth 10 32 HRC, mpu mose 30apHbIX 0TX00B BO dutroce mopsiaka 20%,
YTO HUXKE YPOBHS UCXOIHOTO MOKPHITHS (TBEpAOCTh MOKpbITUS Oe3 nobdaBku 35 — 38 HRC),
aBTOPBI CBA3BIBAIOT ¢ (HOPMUPOBAHUEM TTOBBIINIEHHON TOPHUCTOCTH B TTIOKPHITHH.

PesynbpTarel u3MepeHUii MUKPOTBEPAOCTH MOKPHITHS MO TIyOnHE (Ta0i.6) mokas3bl-
BAIOT, YTO XapakTep M3MEHEHUH MUKPOTBEPAOCTH MEXAy oOpaslamMu aHAJIOTHYCH M3MEHE-
HUSIM TBepaocTH, oteHeHHOoM mo HRC. Xapakrep pacnpeneneHus MUKpPOTBEPAOCTU MOKPHITHS
10 TUIyOWHE, B 3aBUCUMOCTH OT JIOJIM 30JIbI BO (hIFOCE TpecTaBieH Ha puc.3. MakcuManbHOe
3HAYEHHE MUKPOTBEPIOCTU UMEET KpUBasi 2, XapaKTepU3yIolas MOKpbeITUE ¢ 5% 301bHOM J10-
0aBKoi1, a MUHUMaNIbHOE KpuBasi 5 — ¢ 20%.

Tabmurma 7
Pacnpenenenne MUKPOTBEPAOCTH NMOKPBITHS N0 IIy0UHE HAMIABJISIEMOIO CJI0sI B 3aBUCUMOCTH
OT 1014 30J1b1 BO (u1toce [22].

No % PaccrosiHue OT MOBEPXHOCTH K CEPEIUHE, MM

Wi | moaxa 0,05 1,0 2.0 3.0 4,0
1 | be3 muraka 322 298 337 440 238
2 5 433 402 456 518 240
3 10 375 326 378 472 243
4 15 304 262 283 374 236
5 20 280 256 262 357 237
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Puc.3 — Pacnpenenenne MUKPOTBEPIOCTH NOKPBITHS 10 ITy0HHe B 3aBHCHMOCTH OT J0JIH 30JIbI BO (h11oce:
I — mosepxnocth; I — padoumii cioii; 111 — nepexoanas 3ona; I'V — 30Ha TepMUYeCKOro BIHSHHUS; V — 0CHOBHOIi MeTaJLI.

1 — 0e3 100aBKH 30JIbLHBIX 0TX00B, 2 — 5% no06aBku, 3 — 10% nodaBku, 4 — 15% nodasku, 5 — 20% nodaBku [22].

[IpoBeneHHbIC HCCIIETOBAHNS YKA3bIBAIOT HA 11EIECO00PA3HOCTh BBEAEHUS 5-7% 30I1b-
HbIX 0TX0A0B 3MueBkoil 'POC Bo Quroc Ans MOKPHITUI, HAHOCUMBIX aBTOMAaTHYECKOU TyTO-
BOU HAIJIAaBKOM, C 1EIbI0 YMEHBIIICHUS 3€pHA, TTOBBIIICHUS TBEPIOCTH U MPOYHOCTH.

B pa6ore [23] mpencTaBieHbI TEXHOJIOTHH pa3paboTaHHBIE B HHCTUTYTE SJICKTPOCBAPKU
uMm. E.O. [Tatona no s1eKkTponuiakoBoi nepepadoTke METAIOOTXO00B Pa3IMUHbIX METAILTYP-
THYECKUX MPOU3BOJICTB, KOTOPBIE MOTYT MCIIOJB30BATHCS B HAIUIABOUHOM IIPOU3BOACTBE. Tak,
JOTIOJTHUTENBHOE JieTupoBaHue MOKpeITHs BanaaueM (0,1 — 0,15%) 3a cuet BocCTaHOBICHUS
€ro 13 30J1pHBIX 0TX00B TOC, moaBaeMpIX B IIAK MPHU 3JIEKTPOLLIAKOBOM HAIJIABKE IITAM-
1oB cTpykkoi ctanu SXHM nmpuBoIuT K NOBBIMIEHUIO UX CTOMKOCTH Ha 30%.

[IpuBenenHbIil aHanu3 paboOT CBUACTENBCTBYET O BBICOKOM 3()(DEeKTUBHOCTH MIPUMEHE-
HUS MOJIU(DUITUPOBAHUS U MHKPOJIETUPOBAHUS BOCCTAHOBHUTEIBHBIX MOKPBHITUH. OCOOCHHO
BAKHA MEPCIEKTUBHOCTh UCCIEIOBAaHUM, HAIIPABICHHBIX HA CHI)KEHHE CTOUMOCTHU IMOKPBITHI
3a CUET UCIOJIb30BAHUU BTOPUYHOIO CHIPhSl WM OTXOJIOB MPOMBIIIJIEHHOTO MPOU3BOJICTBA B
KauecTBe 100aBOK-MOAU(PUKATOPOB.

BoiBoablI.

1.BoimonueH aHanu3 BAMSHUS MOAW(UIMPOBAHHBIX MPHUCANOK, KOTOpbIE oOecreyu-
BAIOT MOBBIIICHUE Ka4yeCTBAa BOCCTAHOBIIEHHON IMOBEPXHOCTH JIETANICH U3 Pa3IUUYHBIX MaTEpH-
aJioB U, paboOTaIONINX B OTIWYAIOMIMXCS YCIOBHUAX (M3HOCA, TIOBBIIICHHBIX TEMIIEPATyp, pa3-
JIMYHBIX HArpy30K).

2.MHorue npuMeHsieMble KOMITO3HUILIMH SBJISIFOTCS 3aTpaTHbIMH. BMecte ¢ TeMm moka-
3aHO, 4TO 3((HEKTUBHBIM JIUTSI MOU(PUITIPOBAHNS MOXKET OBITh U HE 3aTPAaTHOE BTOPUYHOE ChI-
pBE. DTO 1ITaKH, 307161 U IETOHALIMOHHAS KX Ta. BriepBbie mocneaHss Oblia HCTOIb30BaHAa IS
3aBapku JIe()eKTOB B YYT'YHHBIX W3JICTHUSAX U MPH BOCCTAHOBICHUU U YIPOYHCHHUH CTaTbHBIX
1531 (SN150% 8

3.YuuteIBas, NepCreKTUBHOCTh TPUMEHEHUS TSI MOAU(DUITMPOBAHUS JETOHAIIMOHHOM
IINXTHI IJIAHUPYETCS BIIEPBBIE B pabOTE MCIOJIB30BATh MATHUTHYIO €€ COCTABIAIONIYIO. J{7s
ATOTO CJIEJIYET PEUIUTh CIEAYIONIUE 3a/lau: ONPEJEIUTh ONTUMAJIbHBIA pa3Mep BBOAUMOM
bpaxiuy; 10110 100aBKH; MapaMeTpsl U cioco0 BBO/A U OLIEHUTh OCOOEHHOCTH CTPYKTYpPOOO-
pa3oBaHus Ui MOJNYYSHHUs] MAaKCUMAIBHOTO d(dekTa odecnedeHus TpedyeMoro KauecTpa
CBOMCTB MTOKPBITHS.
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Summary
Omelchenko L.V. Modification and micro-alloying restorative coatings

1t is known that retrofitting of the large masses of liquid metal substantially improves
quality of different additives and their operating firmness wares.

The presented article is devoted to the analysis of works on applying of modification
and microalloying of reductive coatings. It speaks about high efficiency of influence of the mod-
ified additives on quality of the recovered details' surfaces from different materials and working
in different terms (wear, enhanceable temperatures, different loading). However, a lot of used
compositions are expensive. That is why potential of the researches directed to the cost cover-
ages'decline, at the expense of using secondary raw material or wastes of industrial production
as additions-modifiers is very important.

One of such directions is using of detonation charge (first, to use her magnetic constit-
uent) for retrofitting. To be able to achieve the goal it is necessary to decide the next tasks: to
define the optimal size of the entered faction, stake of addition; parameters and method of input
and to estimate the features of gelation to get maximal effect of providing of the required quality
and properties of coverage.

Keywords: modification, micro-alloying, flux, structure of welded seams, detonation
charge, ash waste, micro-hardness.
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