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Beenenue

[opormikoBeie MaTepuaNbl MIHPOKO MpPUMeE-
HSIOTCS B CaMbIX Pa3IMYHBIX 00JACTAX MpPO-
MBIIUICHHOCTH, TPUYeM O00JIacTh MPUMEHEHUS
omnpezesnsier TpeOOBaHHUS K YHCTOTE TOPOIIKa, K
pasmepy u ¢dopme ux vactum. Kommepueckue
METaJNTHYECKUE TOPOIIKH TIPEACTABISIOT CO-
00ii, B 0CHOBHOM, YacTulisl 10 300 MM, ¢popma
KOTOPBIX B 3aBUCHMOCTH OT CIIOC00a MONTyYeHUs
BappHUpyeTcss OT chepuyeckoil 10 Kopalio-
BHUIHOM.

B mocnennee Bpemsi HaOmromaercsl TEHIICH-
IUsl yBeNW4YeHUs: 00bEeMOB MPOHM3BOACTBA ce-
PHYECKHX MTOPOIIKOB, YTO CBS3aHO C Pa3BUTHEM
QIIUTUBHBIX Ja3epHbIX TexHoiorui. Cdepuue-
ckas (opMma 4YacTHIl OOECIEUUBACT XOPOIIYIO
TEKy4ecTh IMOpOIIKAa W IO3BOJSET KOMITAKTHO
VIIOKUTh YaCTHUIIBI B CIIEKAEMOM CII0€, TIPUBOJIS
K (popMHUpOBaHUIO MPHEMIIEMOI TIIOTHOCTH T10-
my4yaemoro usnenus [1].

Bonpiioe 3HaueHne HMeeT TakXkKe IMOpH-
CTOCTh CAMHX IOPOIIKOBBIX YaCTHIl U HAINYHE
CaTeIUINTOB Ha WX MOBEPXHOCTH. Takke Mo-
pouiku cdepudeckoid  (HOpPMBI  MPENCTABISIOT
WHTEpEC TPU MPOU3BOJCTBE U3ACITHNA MO TEXHO-
snorun MIM, kak maTepualibl PUIIOEB, CBaApPOU-
HBIX DJIEKTPOJIOB H JIp.

OCHOBHBIM CITOCOOOM TIOTY4EHHS TIOPOIIKOB
ceprueckoil  (GOPMBI SIBISIETCS  paCIBUICHHE
paciiaBoB: ra3oBoe, BaKyyMHOE (pacTBOpEH-
HBIM Ta30M) WM HEHTPOOSKHOE (BpallaroIIuM-
cs1 asekTpoaom) [1].

VYcnoBus KaxIoro u3 3THUX MPoIeccoB obec-
MEYUBAIOT BBITIOJIHEHHE JIOBOJILHO BBICOKHX
TpeOoBaHuit K yncToTe MeTaiia. K HegocTaTtkam
OTHOCHUTCSl IIHPOKHN pazOpoc MoydyaeMbIX Ya-
CTHII 110 pa3MepaM H, CIIeIOBATEIbHO, OTHOCH-
TENFHO MaJIBIi BBIXOJ TOJHOTO M BBICOKas ceOe-
CTOMMOCTH TIOpPOIIIKA.

AJ'IBTepHaTHBOﬁ BBIIICTICPCYNCIICHHBIM MC-
TOJaM SIBJISIETCSI TEXHOJNOTHsI 0OpaboTKH TMMo-
POIIKOB TUTa3MOM, KOrja TMOpPOIIOK JI0OOH, He
chepudeckor, (GOpPMBI OIUIABIACTCS B IOTOKE
IJ1a3Mbl, B PE3YJIbTATC YE€ro 4aCTUIbI HpH06pe-
TAIOT NpaBWIbHYIO chepuieckyro Gpopmy. Oue-
BHUIHO, YTO IOPOIIOK, HOHy‘IeHHLIﬁ TaKHUM CIIO-
co0OM, JIOBOJIBHO JOPOT.

B aToit cBsi3u pacter unciio paboT Mo uccie-
JIOBAHUIO BO3MOXKHOCTH HCIIONIB30BAHUS  T10-
polIKOB Ooyiee HU3KOro KadectBa. Tak, B [2]
MPHUBOANTCS WH(GOPMAIUS O BO3MOXXHOCTH HC-
MOJIb30BAHUS B YCTAHOBKE JIA3EPHOTO CIICKAHHS
Hec(epruecKuX TOPOIIKOB THUTaHa. To ecTh
TEOPETUYECKH B OMipkaiiimeM OyayrieM MOXKHO
0KMIaTh CO3IaHUS HOBBIX BO3MOKHOCTEH HC-
MOJIb30BaHUsI 00Jiee JICIHIEBBIX MOPOIIKOB HU3-
KOro KayeCTrBa B BBINICYKA3aHHBIX TEXHOJIOTHAX
WM K€ YCOBCPHICHCTBOBAHUA CYHICCTBYIOHIUX
Oonee SKOHOMHUYHBIX CIIOCOOOB TPOHM3BOJCTBA
ITOPOUIKOB JIA MOBBIMICHWA NX Ka4CCTBaA.

AHaau3 nyoJuKanui

C y4eroM BBIIIECKAa3aHHOTO BbI3bIBACT UHTE-
pec MoydeHHe TOPOIIKOB C MOBBIIICHHOH Te-
Ky4eCThIO M HACBITHOH TIOTHOCTBIO 00JIee IKO-
HOMUWYHBIMH CHOCO63MI/I, 4YeM TpaaulMOHHBIC.
OIHMM U3 TaKuX CIOCOOOB SIBJISCTCS pacCIIblLie-
HHE PACIlJIaBOB BOJIOI BBICOKOTO JIaBJICHHSI.

ITporrecc pacmbUicHUs] PACIIIABOB BOJIOW SIB-
JSIETCS PACTIPOCTPAHEHHOI TEXHOIOrHEH Moiy-
YEeHHs METAJUIMYECKUX TOPOIIKOB CIUIABOB Ha
OCHOBE JKele3a, a TaKkkKe HHUKEIS M MEJH.
N3BecTHO, YTO MOPOUIKH, TOJYyYEHHBIE TPU
OOBIYHOM pACIBUICHHH PACIJIABOB BOJIOH, UMe-
IOT BBICOKYIO AOWCIICPCHOCTH MW HEIPABUJIBHYIO
Kopautoo0pasHyo (opMmy uactuil. Takue mo-
polIKH 007afatoT Oojiee HU3KOH CHITYYECThIO,
OIHAKO MOTYT OOECIEYUTh MEHBIIYIO IOPH-
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CTOCTb MOPOIIKOBBIX U3JIENHH, a TAKXKE, B OTIH-
yre OT c(epUvecKUX IMOPOIIKOB, MOTYT OBITh
oonee A(h(PEKTHBHO CKOMIIAKTHPOBAHBI B XO-
JogHOM cocTostHuH [1].

Hexoropsle aBTOpBI yTBEpXkAalOT, YTO pac-
MBIJICHHEM BOJIOH TMONYYHTh cepuyeckue Io-
poriku Henb3st [3]. B To ke Bpemst B psizie padbot
OTMEUaNoCh, YTO JaHHBIA CIIOCOO MO3BOJISIET
peryianpoBaTh MHUKPOCTPYKTYpPY U (opMy uHa-
CTHUI[ TIyTEM HU3MCHEHHS PESKUMOB PACIIBLICHUSI.
OmHM ©3 TEpPBBIX YINOMHUHAHHHA O TMOJYYCHUH
MOPOIIKOB C BBICOKMM BBIXOJIOM YAaCTHII, OJIH3-
KX TI0 hopMe K chepUvIecKUM U CBSI3aHHBIX C
MPUMEHEHUEM BPAIAIOIIUXCsl TTOTOKOB BOJIBI,
BcTpevatotTest B padorax O.C. Huuunopenko [4].
[o3xke ObLT pa3paboTaH CHOCOO MOMydeHUs cde-
pPOMAATBHBIX YaCTHI] «B cMepue» [5]. B macros-
mee BpeMsi BEIIyTCsl UCCIIENOBAHUS IO TONTyYe-
HUIO MENKUX C(hEepuvecKuX IOPOIIKOB 3aKpy-
YEeHHOM cTpyell BOJBI BHICOKOTO AaBieHwus [6].

SlnoHCKHMe WccieoBaTeNy 3a CYET YCOBeEp-
IICHCTBOBAHUS y3J1a PacHbUICHHS JOCTUTIH 3a-
METHBIX PE3YJIbTATOB MO IMONyYSHUIO paciibliie-
HUEM BOJIOH «B cMepue» CHepuvecKuX HacTHII
Ha OCHOBE CIIJIABOB JKelle3a, MeNH, cepedpa, 10-
CTaTOYHBIX JIJISI UX KOMMEPUECKOW peasn3aiiu
[7]. beu1O M3ydEeHO BIMSHUE HA BBIXO]T TOPOIIIKA
TakuX (aKTOpOB, KaK JaBJICHHE BOJIbI, yroJl ara-
Kd, yrom 3aBuxpeHus. OjHaKoO aJleKBaTHOW
¢duznveckoll MoJenu, KoTtopas OO0BSCHsUIa OBl
nmepexoq OT 00pa30oBaHMs KOPALII00OPa3HBIX
YacTHll K CeporIabHbIM, aBTOPHI HE Tpeia-
raror. B menom, Teopermueckoe 00OCHOBaHHE
MeXaHU3MOB (POPMUPOBAHHS YACTHUI] CepHrue-
CKoii (hOpMBI B TIpollecce PaCIbUICHUSI METAIIIOB
BOJIOH B UTEpaType pparMeHTapHO U HETOITHO.

IMean 1 mocTaHOBKA 3a1a4M
Takum 00pa3zoM, TMpeACTaBISIET HWHTEpEC
o0ocHOBaHHE (OpMHUpOBaHUs chepHUeCKOn
(unu 6NM3KOM K HEl) GOpPMBI YaCTHIL TOPOIIKOB
METAJUIOB TIPH PACIBUICHUU BOJIOW BBICOKOTO
JABJICHUSI C HCIOJb30BAHUEM 3aKpY4YCHHOM

CTpyH.

OcHOBHO# MaTepuaJ UCCIeT0BAHUS

HccnenoBanust TEXHOIOTUYECKUX PEKUMOB
nmojiydeHusi c(heporIaIbHBIX MOPOIIKOB MPOBO-
nuni Ha onbiTHOM nuHuM ['TI YxkpHWHcnen-
CTajgh 1O MPOU3ZBOJICTBY BOIHO-PACIIBIIICHHBIX
TIOPOIIKOB HAa TIPUMEPE CPEAHEYTIIEPOIUCTOTO
¢deppomapraniia ®Mul1,0. VY3en pacnblicHHS
BKJIIOYAJ TUAPABIMYECKYIO (POPCYHKY BBICOKOTO
JIaBJICHUS KOJBIIEBOTO THUIA W BCACHIBAIOIIYIO
TpyOy C BCTPOCHHOI B Hee (hOPCYHKON HHM3KOTO
naBiieHUsA. Bo BpeMs mpoBeneHus: SKCIIEPUMEH-
TOB HCITOJIb30BAIHCH pa3HbIC BApUAHTHI HACAIOK

(OpCYHKH, KOTOpbIe oOOecreunBaId pPa3HbIH
VIENBHBIA pacxoi BOABI W yrol aTakh IIpH
MPSIMOTOYHOM PACHBUICHUM, a TaKkKe HOBas
KOHCTPYKIIMSI HAacaJloK, KOTopas IO3BOJISIET
MPOBOANTH SKCIEPUMEHTHI TI0 PACTIBUICHHUIO «B
cMepue» [8].

Jns ontumuzanun Guzndeckux (rpaHcKia,
(dhopMa 4acTHIl) ¥ TEXHOJOTHYECKUX (TEKY4eCTbh,
HACBITIHASL MJIOTHOCTH) CBOMCTB TOPOIIKa Baph-
WPOBAIIM JIABJICHHE BOJBI, PAcXoJl BOABI U pac-
T1aBa, TeOMETPUYECKUEe TapaMeTpsl (OPCYHKH,
yroJl aTaku.

[Ipu ucnonbp3oBaHUH (OPCYHKH KOJNBILIEBOT'O
THTIA, TPOTOTUIIOM KOTOPOH siBisieTcs popcyHKa
Mannesmann AG [9], ObUT JAOCTUTHYT pPEKHM
pacmbuieHHsT B JBOWHOM BO3IYIIHO-BOASHOM
cMepde, TpU KOTOPOM OOpa3oBBIBAIMCH Yac-
TULBI  cheponanbHOil  («kapTodeICBHIHON)
¢dopwmsr (puc. 1, 6).

Puc. 1. ®opma gactur nopomka ®Mu1,0 B 3a-
BHCUMOCTH OT TUMA (OPCYHKHU: a — OOBIYHAS
MOHOCTpYHHAs THIpaBiIndyeckas (OpCcyHKa,
0 — dopcyHKa, reHepUpYIOIIas ABYCIONHBIN
cMmepd

ITopoiiiok, MONy4EeHHBI «B CMEpUe», MOoKa-
3an Oosiee BBICOKYIO HACBHITHYIO IJIOTHOCTh
(8 1,6-1,8 paza) m TeKy4ecTb C BBIXOJOM TO-



BicHuuk XHAAQY, sun. 88, 2020, 7. |

HBIX (paxuuit 95 % u DONOTHUTEIBHBIM MTACCHU-
BHUPOBAHHUEM IOBCPXHOCTH YaCTHULI. HpeHMyme-
CTBOM Hamield (hOpCYHKH Tiepesi KOJIbIEBOH MO-
HOCTPYWHOM CTaJI0 PE3KOE CHUKEHHE YPOBHA
mryma (co 130 mo 60 nb) B mporiecce pacmbuie-
HUS, 00YCIIOBIICHHOE HUCKIIOUEHHEM B3aHMHOTO
CTOJIKHOBCHHS BOAAHBIX ITOTOKOB.
[Ipenmnaraemas cxema pacrnbUIEHHS pacIliaBa
npuBeneHa Ha puc. 2. Kak BuUIHO U3 puCyHKa,
pacmbuieHHe HIeT 0e3 HENOCPEACTBEHHOTo Co-
MPUKOCHOBEHUS TTOTOKA BOJIBI CO CTpyEi Meral-
ja. Bpamaromnuiics MOTOK BOABI C OOJIBINOM
CKOPOCTBIO BBITEKAET M3 KOJIBLIEBOW IIETU U
oOpasyeT 1ieHKy B (hopMe rumnepOonouaa Bpa-
IICHUS, B TIOJOCTh KOTOPOTO, BJIOJb €ro OCH,
MOCTyMaeT CTPyd pacIUIaBIEHHOrO MeTala.
[TpuunHoOi HAOIIOAAEMOr0 pPaclbUICHUS B JIaH-
HBIX YCJIOBHSX SsBIsieTcs (popMHUpOBaHUE JBY-
CIIOWHOT'0 BO3AYIIHO-BOJSHOTO CMep4Ya: BOJS-
Hasi BOpPOHKAa NPUBOJUT K BCACHIBAHWIO Ta3a
(Bo3myxa) M MHHUIMHPYET BpaIlEHHE Ta30BOrO
cronba (BKIItOYasi BOASHOM Tap) B €€ MOJOCTH.
B pesynbrare pacnblieHHME IPOXOIUT B JBE CTa-
AWU: BpallaromuMmcs BO3AYLIHBIM ITIOTOKOM, a
3aTeM — BpaIarolUMCs BOISHBIM.
Tf- —-
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Puc. 2. Cxema pacmbuieHHsSI CTPyHd paciuiaBa
JBOMHBIM CMEpUYEM «BOfa-ras» (a) u pacrmpe-
JiefieHHe CKOpOoCcTeld B CHCTEME «BOja-Tas-
MeTaUD» B pailoHe «meperieiika» (BepTH-
KaJIbHOE HamnpasiieHue) (0)

I"a30BBIN MOTOK, BOZHUKAIOIIWKM 3a CYET ac-
nrupanoyy MOTOKOM BOJbI, HAarpeBacrciad M CMcE-
MIMBaeTcs C 00pa3yIOMUMCST BOISHBIM TapOM.

[Ipu sToM 3a cuer pacHIMpeHHs] CMECH Ta30B
pe3Ko Bo3pacTaeT AaBiieHue. B palioHe «mepe-
melka» CKa4doK JaBJICHHS TOCTUTAeT MaKCHMY-
Ma, TIPUBOJIA K PE3KOMY YBEITHYEHUIO CKOPOCTU
ra3oBOro IOTOKa W, B pe3yjibTare, K paciblie-
HUIO CTPYH MeTaJlja.

CkopocTh Ta30BOro croiba OmpeaessieTcs
CKOPOCTBIO TIOTOKA BOJIBI (pHC. 2, 0), U st 3¢-
(EeKTHBHOTO pacTbUICHHs] OOJNBbIIOE 3HAYCHHE
HMMEET TOJIIIMHA Ta30BOM MPOCIIOHKH O, KOTO-
pas 3aBUCHUT OT COYETaHUS T'€OMETPHUUYECKHUX
napamerpoB (opcynku. [Ipu onTumManbHOM
3HAYCHUH O,, CKOPOCTh T'a30BOI'0 TIOTOKA, C y4e-
TOM TOTEeph Ha TPEHHE, COOTBETCTBYET CKOPO-
CTSIM, XapaKTEPHBIM JUIs Ta30BOTO PACIIBUICHHUS.

C yuerom npaHHbIX pabotel [10], mporecc
(opMHpOBaHUS Kareidb MOXHO INPENCTaBUTH B
BHJIE CIIENYIOIIEeH MOCIeI0BaTeIbHOCTH.

1) UcxonmHast cTpys MeTajiia 3a CueT BCaChl-
BaIOILIErocs ra3a M TPEHHs Ta3a O MOBEPXHOCTb
BOJIBI IPEOOpa3yeTcsl B KOHMUECKYIO TUICHKY.

2) Io mepudepun MICHKH paciiaBa BO3HU-
KaloT TMPOAOJBHBIC W TONEpPEeYHbIE KONeOaHMs.
U3 makcumymoB BOJIH (DOPMHPYIOTCS MHKPO-
CTpYH, KOTOpBIE 3a CYET pa3BUTHS KoJeOaHH
pacrnanaoTcs Ha Karliy.

3) Kannn HaymHaroT 3aTBEpAEBaTh B 30HE Ta-
30BOM MPOCIIOMKHM (Ta3 IJIIOC BOASHON Map) H
Jasiee B Mapo-KaneabHOW 30HE OXJIaKISHUS HU-
xe (oKyca pacIblUICHUSI.

4) Karm oKOHYaTenbHO 3aTBEpPAEBAIOT MPH
KOHTAKTE C BPAIIAIOUIIMCS IOTOKOM BOJBI.

[IpucyrcTBHE ra30Boi NPOCIONKHA OKa3bIBa-
€T Ha pe3yibTaT KPUCTAJUIM3AIMM Kallelb pe-
HIaroIee 3Ha4eHue.

W3 Teopun pacnblieHHs METaNIOB M3BECTHO,
9r0o (popMa MONyYaeMbIX YaCTHUI] OMpPeeNsieTcs
COOTHOIIICHUEM BPEMEHH 3aTBEpIEBaHU U ce-
poummzanmu [11]. IIpeumyimiecTBOoM Tra30BOro
pacmbUIeHHs SBISETCA Mayasg OXJIaKIaromas
CIIOCOOHOCTh Ta3a, BCIEACTBUE YETr0 YaCTHIIBI
3aTBEPJIEBAIOT TIOCIE TOTO, KaK CTaHyT cQepu-
yeckuMu. [Ipy pacnbuieHHH BOIOW obecreunBa-
ercsi ObicTpoe oxnaxkneHue. Kpome Toro, mpu
OOBIYHOM pacIbUICHUN BOJIOH Ha (OPMY YaCTHUIL
OKa3bIBAaeT BIMSHHE WX CTOJIKHOBEHHE C BOJOU
W JpYTUMHU YacTULAMH. B pe3ynbraTe 4acTHIIbI
(OpMHPYIOTCST HENMPaBWILHONW (OPMBI € IIEpPO-
XOBaTOW TMOBEPXHOCThIO. B Hamiem ciyuae, 3a
CUET BHUXPEBOT'O JIBWKCHUS M OTCYTCTBHS Ipsi-
MOT'0 KOHTaKTa CTPYH paciuiaBa ¢ BOJIOW 4acTH-
LBl MEHbIIEe CTAJIKUBAIOTCS APYT C JAPYroM U
WCTIBITHIBAIOT MEHbIIIEe NeOPMUPYIOIIEe BIIHsI-
HUE Ha QOopMy.

OxnakneHue 4dYacTUI] B Mapo-KareabHOH
30HE HIKE (OKyca paclbUICHHS OCYIIECTBIISCT-
csl, TIIaBHBIM 00pa3oM, 3a CUET BBIHYXKICHHON
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KOHBEKIIUU. JTO IMO3BOJSET YAaCTHIIAM MPUHSTH
¢dopmy, O6mHM3Kyr0 K cheprudeckoil, 10 MOMEHTa
WX TIOJTHOTO 3aTBEPCBaHUSI.

MHUKpPOCTPYKTYpa TIOJIYYEHHOTO TIOPOIIKA
(puc. 3) suencras, YTO TOBOPUT O BHICOKOI CKO-
poctH oxnaxaenus [12].

Puc. 3. Mukpoctpykrypa mnopomka ®MHuI,0,
MOJIY4E€HHOI'O PAaCIbUICHUEM BOJIOH «B CMep-
4ey, ppakmus +63-100 mm, X400

BeimonHeHHbIe HAMH pacueThl MOKa3aiu, YTO
pacIblUICHHBIE YaCTHUIIBl OXJIAKIAIOTCS CO CKO-
pocteio mopsinka 10° K/c. Takas CKOpOCTB
OXJIQXKJICHHUST XapaKTepHa Ul PEXUMA ITy3bIPh-
KoBoro kurenus Boasl [13]. Cnexyer 3aMeTHTh,
YTO T0J00HAsI CKOPOCTh OXJIaX/IeHHs HaOIro1a-
ercsl M B cllydae OOBIYHOT'O PACTIBUICHHS MeTajl-
JIOB BojioM. Mcxomst U3 3TOro, MOKHO CJelaTh
BBIBOJI, UTO PACIIBUICHHE «B CMEpUe» JaeT Ipe-
UMYIIECTBO 3a CUET yBEJIMYCHHS BPEMEHHU 3a-
TBEpPJICBaHUS Karelb, YTO CIOCOOCTBYET IOJY-
YEHUIO YaCTHII ChepHuecKOil POPMBI.

C yderoM MOJENH PAcHbUICHUS W TEXHHYE-
CKHX MapaMeTpoB ToxydeHa GopMymna Juisi pac-
yerta MEJAMAaHHOIO pa3Mepa 4YacTHI] IOpOIIKa,
MOJTy4aeMOoro «B CMepUe»:

0,4 0,2 10,63, 0,03 _—0,177,-0,34 ~0,3 ~—0,3
d,, =2,91ypy.De " Yue Pr Ve GiGro
034 _ 1,-034
=V s

THE Vie, V2o — KHHEMATHYECKast BSA3KOCTH Me-
TaJlTa ¥ BOJBI COOTBETCTBEHHO, M”/C; Pises P20 —
IJIOTHOCTh MeTajiyla U BOIbI COOTBETCTBEHHO,
kr/M’; D¢ — IMaMeTp MCXOIHOM CTPYH MeTauia,
M; Yue — YACHbHAS IOBEPXHOCTHAS SHEPIHS,
21>K/M2; Vo, Vi — CKOPOCTD IBUYKEHHS BOJISHO-
ro IOTOKa M ra3a COOTBETCTBEHHO, M/C; G,
G0 — yIelbHas Macca METajula U BOJbI COOT-
BETCTBEHHO, KI/C.

dopmyna Oblia NHpoBepeHa Ha CTaIsIX U
cruiaBax, B ToMm yucie ®Mul,5, P6MS, nuraty-
pax Ha OCHOBE MapraHiia, CIUlaBax Ha OCHOBE
anromunus, Meau. [Ipu aToMm B hopMysie BMecTo
CKOpPOCTH ra3a B TypOyJEHTHOM IOTPaHHYHOM
cioe O, HCIOJb30BaIM BBIPAXKCHHE JJIS CPE-

HEl CKOpOCTH Traza B TMOTPAaHUYHOM CIIOE
V.= 0,85 Vo [10]

[Topomiku ¢eppoMaprania, MoIy4eHHbIC IO
ONMCAHHOW TEXHOJIOTUH, OBLIM ONPOOOBAHBI
MPH U3TOTOBJICHMM OOMa3KH CBapOYHBIX DJICK-
Tpo0B. Pe3ynbTaThl MOKa3alu CHUYKEHUE YPOB-
HsI Ta30BBIACTICHHUS BO BPEMsS M3rOTOBJICHHUS 00-
MazouHoi Maccel B 10...30 pa3, 4To UCKIIOYaeT
€e BCIy4YMBAHUE NPU M3TOTOBJICHUU 3JICKTPO-
JIOB, XapaKTePHOE IPU HCIIOJIb30BAaHUHU MOPOIII-
KOB, ITOJIYUCHHBIX MEXaHMYCCKMM H3MEIIbUCHH-
€M, 3a CUeT B3aUMOACHUCTBUA C JKUIKUM
CTEKJIOM; IIOBBIIICHHE IUIACTHYCCKOW IPOYHO-
CTH O00Ma3KH{; TMOBBIIICHUE YAAPHOU BSI3KOCTH
cBapHoro msBa B 1,3...2 pa3a mpu OTpHUIATENb-
HBIX TEMIIEpaTypax.

BriBoaBI

[Mony4enue cdeponanbHBIX TOPOIIKOB Me-
TaJJIOB BOJIOM BBICOKOTO JABIICHUST BO3MOXKHO
MO TEXHOJIOTUH PACIIBUICHUS «B CMEpUe».

[Mpuunnoit oOpazoBanusi cheponIamTbHBIX
YaCTHI SIBIISIETCSI OTCYTCTBUE MPSIMOTO KOHTAKTA
Kamenp Merajuia ¢ Bojaoi. PacmbuieHue ocy-
LIECTBIISIETCS. BOJOW, HO Yepe3 TOHKHUM CIION ra-
3a. [Ipu sTOM OonblIOE 3HAYCHUE WUMEET TOJ-
LIMHA Tra30BOM Mpocinoiku. ITpu onTuManibHBIX
napaMerpax pacIbUIeHUs] JOCTUTACTCS YBEIH-
YeHUE BPEMEHM 3aTBEpJCBAHUS Karelb, 4TO
CIIOCOOCTBYET TMONYYEHUIO dYacTull chepude-
cKol wim O1m3KoH K cepudeckoi GopMbl.

C ydeTroMm TIpeIOKEHHON MOJETH M TEXHU-
YEeCKUX MapaMeTpoB paclblIeHUs ObLIa Moyde-
Ha QopMyna ISl ONpEAeNcHUS MEIHaHHOTO
pa3Mepa 4acTHUIl OITy4aeMOoro MopoIka.

[IponemMoHCTpHpOBaHA BO3MOXHOCTH yIyd-
IICHUSI KaYECTBEHHBIX XapaKTEPHUCTHK IOPOII-
KOB (heppoMapraHiia, HCHOIb3yeMbIX s 00-
Ma3Kd CBAapOYHBIX 3JEKTPOAOB, WYyTEeM HX
MPOM3BOJICTBA PACHBIJICHUEM BOJIOH BBICOKOTO
JaBIICHUS «B cMepuey. [1opoIoK, momydeHHbIH
3THUM CIOcoOOM, oOmamaer OOoNbIIeH TeKyde-
CTBIO, OOJBIIEH HACHIIHON IIJIOTHOCTBIO II0
CPaBHEHHIO C ITOPOIIKOM, TONXYYEHHBIM O0BIY-
HBIM pacIbUICHUEM BOJIOH U, TeM Oolee, Mexa-
HUYECKHM HU3MEITbYCHUEM.

[IpeanoxeHHslid  cnoco0 MpeACTaBIsETCS
MEPCIIEKTUBHBIM ISl TIONyYeHUsT cdepouaib-
HBIX MTOPOIIKOB Ha OCHOBE JKelie3a M ero CIuia-
BOB, a TaKKe ME/IM M €€ CIUTABOB IPH COXpaHe-
HUY MIPEUMYIIECTB BOASHOTO PaCIbUICHHS.
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OTpuMaHHA NOPOHIKiB 3 (hOPMOIO YACTHHOK, OJ1H-
3bKOI0 10 c(epUYHOl, PO3NMJIEHHSM pPO3IIABiB
BO/I0I0

Anomauia. Buznauennsa npooénemu. B ocmanuiu yac
cnocmepieacmvcsi meHOenyist 30iibulerHs. 00cs2i6 6u-
KOPUCMAHHS CheputHux nopowikie. Ane uepe3 6UCOKY
eapmicmo cheputHux NOPOWIKIE, OMPUMAHUX 34 Mpa-
OUYITHUMU TEXHONIOZIAMU, NPeOCmassie thmepec Yoo-
CKOHA/IEHHs! HASIGHUX OLbUl eKOHOMIYHUX CNocobis ix
supobrnuymea. Mema. Memoro € obtpynmyeans ¢o-

PMYBAHHSL NOPOUIKIE MEMAi6 cheputHol (abo OnuzbKol

00 Hel) gopmu 6 npoyeci po3nuieHHs 60000 BUCOKO2O
MUCKY 3 GUKOPUCIMAHHAM 3AKPYYEHO20 CIPYMEHSL.
Memooonocis. Ha niocmasi pesynvmamie po3nuieHHs
CEepeOHbOBY2NIEYEB020 PEPOMAPLAHYIO 3 BUKOPUCHIAH-
HAM MOOUGhixosanol Kitbyesol 2iopasniunol hopcyHku,
a maxooic 8I0OMUX JIMEPAMypPHUX OQHUX NPOAHANI3Z0-
6aHo ymosu Onsl chepoiousayii Kpaneib memany nio
yac posnunenus «8 cmepuiy. Memooom mamemamuu-
HO20 MOOEII0BAHHS BUBLOCHO HANIGEMNIPUYHE DIGHSHHS
O/151 BUBHAUEHHSL CEPEOHbO20 MEOIAHHO20 PO3MIPY UdC-
murox nopowry. Pesynomamu. Ha npuxnadi posnu-
JIeHHST  (DepoMapeanyio niOmeepONCeHa MONCIUBICTIb
OMPUMAHHS NOPOUIKIG 3 (DOPMOIO YACTNUHOK, OIUZLKOIO
00 cghepuunoi, posnuieHHIM 800010. 3anponoHo8ana
Moodenv posnunenns. Tloxkazano, wo eniue 30iticHiocmy-
¢l 800010, ane yepe3 MOHKULL wap 2asy, 6e3 npsmoo
KoHmaxkmy eoda-wemai. Bemuxe 3nauennss mae mog-
WUHA 243068020 Npowapky. Y pasi onmumansHux napa-
Mempig po3nuieHHs. 00CA2AEMbCsl 30IbUEHH  Yacy
3ameepoiHHs Kpaneib, Wo CIpuse OmpuMantio 4acmu-
HOK cghbepuunoi abo 6auzbkoi 00 cepuunoi ghopmu.
Haykoea noeusna. 3anpononosana mooeib po3nuieH-
H5l po3naasie 600010 «6 cmepuiy. OOIPYHMOBaHI YyMO8U,
HeOOXIOHI O/l hOPMYBAHHS YACTUHOK C@epuyHoi abo
cghepoioanvhoi opmu nid wac po3nuieHHs po3niaeie
600010. Ompumano iHdicenepne pieHaHHA Ol GU3HA-
YeHHsL  MeOiaHHO20 pO3MIpY — HACHMUHOK — NOPOUIKY.
Ilpaxmuuna yinnicme. Onucana mexmonocisa € nepc-
NEeKMUBHOI OJsL BUPOOHUYMBA NOPOWIKIE Memanie 3
uacmunkamu cgepuynoi abo 6auzekoi 0o Hei ghopmu.
Buxopucmanmns ompumanux nopowixie gepomapeanyio
0151 0OMABKU 36aPIOBANIHUX €/leKMpOo0i6 NOKA3AI0 Ne-
pesazy nepeo MeaeHuMy NOPOUKAMU: BUKTIIOYEHHS CHY-
YYeanHs 0OMA3KU N0 4ac 6USOMOBIEHHS eleKmpoois,
Kpaugy niacmuyny MiyHicms 06Masku ma 6uwy yOapHy
6 A3KICb 36APEHO20 WBY 30 HE2AMUBHUX MEMNEPANYD.
Knrouosi cnoea: nopowok, posnuienHs 600010,
cmepu, ghopcyrka, popma wacmuHok, cghepoiousayis,
38apIOBAIbHI €1eKMPOOU.
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Obtaining powders with particle shape near to
spherical by water atomization of melts

Abstract. Problem. Recently, there is a tendency to
increase volumes of use of spherical powders.
But due to high cost of spherical powders obtained
by conventional technologies, improvement of cur-
rent more economical methods of its production is
interesting. Goal. The goal is to substantiate for-
mation of metal powders of spherical shape (or near
to it) at high-pressure water atomization with use of
swirl jet. Methodology. On the basis of results of
atomization of medium-carbon ferromanganese with
use of modified annular hydraulic nozzle and well-
known literature data, conditions for spheroidization
of metal drops at atomization «in spout» are ana-
lyzed. By mathematical modelling method the sem-
iempirical equation for definition of average median
size of powder particles is deduced. Results. Using
the example of atomization of ferromanganese, pos-
sibility of obtaining powders with particle shape near
to spherical by water atomization is confirmed. The
model of atomization is proposed. It is shown that
impact is carried out by water, but through thin gas
layer, without direct contact of water and metal.
Thickness of gas layer is important. At optimal pa-
rameters of atomization solidification time of drops
increases, that is favourable for obtaining particles
of spherical shape or near to it. Originality. Model of
water atomization of melts «in spouty is proposed.
Conditions needed to form particles of spherical or
spheroidal shape during water atomization are sub-
stantiated. Engineering equation to determine medi-
an size of powder particles is obtained. Practical
value. Described technology is promising to produce
metal powders with particles of spherical shape or
near to it. Use of obtained powders of ferromanga-
nese for coating of welding electrodes demonstrated
the advantage over ground powders such as elimina-
tion of swelling coating during production of elec-
trodes, better plastic strength of coating, and higher
impact strength of welded seam at negative tempera-
tures.

Key words: powder, water atomization, spout, nozzle,
particle shape, spheroidization, welding electrode.
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