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B pabore wmccnemoBana  mmukpoctpykrypa Fe—Cr—V-Mo-C-
MOKPBITUH, BBIIOJHEHHBIX IJJA3MEHHOM HarulaBkoil mnopomka I[IP-
X18DHM. YcTaHOBIEHO BIUSHHUE PeXHMMa HAIUIaBKU HAa CPEAHUE IO
CEUCHUIO0 OOBEMHYIO JOJI0, YHCIO, AUaMeTp, (GakTop yIUIMHEHUS U
TUIONIA/b BHICOKOTBEPABIX YacTUll kapOuna Banaaus. [lokazaHo, 4To
yBeJIMUeHUE TOKa HaraBku oT 160 1o 260 A u yMeHbIIEHHE CKOPO-
CTH T0/Ia4¥ IPHCaZouHOro nopouka ot 1,1 1o 2,2 kr/a cocodcTByeT
YMEHBIICHUIO cpeaHux obvemHo# momu gactury VC ot 11 10 7 % u
(akropa ymmHenns ot 0,81 mo 0,64. OnpeneneHpl pexuMEI, odecrie-
YUBAIOIIUE OTHOCUTEILHO OAHOPOJHOE PAaCIpENeIeHUE YacTHLl Kap-
O6uma BaHAIMsA IO BBICOTE TIOKPBITHH.

KioueBble cjioBa:
[Tna3mennas mopomikoBas HaruaBka, Fe—Cr—V—Mo-C-cmas,
PEXHUM, MUKPOCTPYKTYpA.

Oco0CHHOCTBIO TEXHOJOTUW TUIa3MEHHOU HariaB-
KM SIBJISIETCS] KOHLEHTPUPOBAHHBIM BBOJA SHEPIUU B YNPOU-
HAeMylo nertanb. ImOoTHOCTH 3Hepruu, nepemaBaemasi OT
IUIA3MEHHOW CTPYyd K HarpeBaeMOW IIOBEPXHOCTH, Ha
OJWH-NIBA TIOpsAKa OOJbINE, YeM OT OTKPBITON HECKATOH
nyru [1]. DTo 06CTOATENHCTBO CIIOCOOCTBYET KPATKOBpE-
MEHHOCTH TEPMHUUYECKOTO I[MKJa HarIaBKU U (HOpMHUPOBa-
HUIO TOKPBITUH, COJAEpKaIUX MeTacTaOuinbHble (a3bl U
NepechIlleHHble TBEpAble pacTBOpH. B cBowo ouepens,
cpelM IUIa3MEHHBIX TEXHOJOTHH CIOCO0 IIa3MEHHOW Ha-

MJIaBKH TOPOIIKOM MO3BOJISIET 00eceYUTh BO3MOXKHOCTH

pa3ieNnbHOTO yIpaBlEHHs NpolieccaMyd BBOJAA SHEPTUHM U
NoJa4YM NMPUCAJTOYHOIO0 MaTepuana. A 3HAYUT, OTKPHIBAET LIMPOKHE BO3MOXHOCTH IJIs pery-
JUPOBAHMS PEKHMa HE TOJIBKO C TOYKH 3PEHUS MaKpOpa3MepoB (IIMPUHBI, BBICOTHI, JOJH OC-
HOBHOT'O Me€Tajllla B HAallJIaBJIEHHOM) TMOKPBITHH, HO W C MO3UIUH (OPMUPOBAHHUS B HUX pas-
JUYHON MHKPOCTPYKTYpHl. BiausHue pexuma Iia3MeHHON HaIUIaBKU Ha Makpopasmepsl ¢op-
MHUPYEMBIX MOKPBITHI HIUPOKO M3y4YeHO B [2—6] u apyrux paborax. B mocienHue rojpl moss-
JII€TCS BCe OoJible padoT, ONMUCHIBAIOIIUX CBSA3U PEKUMA HAIUIAaBKU ¢ GOPMHUPYEMOU MUKD O-
CTPYKTYpOH U cBOWCTBaMHU NMOKPHITUH [7—9]. HO 3T cBsA3M mo-npexXHEMY Majo U3Y4YEHBbl BBHU-
Iy pacTyLiero MHOrooOpasusi NpUMEHSIEeMBbIX JJIsI HaIlUIaBKU MTPUCAJOUYHBIX MaTepuaioB. Tak, B
Ka4yeCcTBe MPUCAJOYHBIX MAaTEPHATOB-KOMITO3UTOB UCIOIB3YIOT MHOTOKOMITIOHEHTHBIE Fe—-Mn-—
Cr-V-C, Fe-Cr—Mn-Ti-C, Fe-Cr-Ti-Mo-C, Fe-Cr-V-Mo-C, Fe-W-Mo-Cr-V-C, Fe-Cr-
V-C-B u zmp. cuiaBbl Ha OCHOBE ejie3a, 00ecrneunBaue MHOTOBAPUAHTHOCTh Kadye CTBEH-
HOTO U KOJIMYECTBEHHOTO ()a30BOT0 cocTtaBa (GOPMHpPYEMBIX B YyCIOBUSX HEPABHOBECHOU Kp H-
CTaJlTU3aIUU YIPOUHSIOIHUX CIIOEB.

B HacTosimiee BpeMs cTpemMiIeHHE CHU3UTh KOHIEHTPALMIO OCTPOAS(PUIUTHBIX 3JieMe H-
toB (W, Mo, C0) B H3HOCOCTOHKMX KOMIIO3HIIMOHHBIX MaTepHaiaX BBHI3bIBAET IMOBHIIICHHBIN
WHTEpEeC yYCHBIX K CIUIaBaM, BHICOKOJIIETHPOBAHHBIM BaHajueM. Banaauii 6oiee CHIIbHBIN, YeM
W, Mo, Cr [10], xkapOunoobpa3yromuii 3eMeHT, 00pa3yeT BBICOKOTBEpble (MUKPOTBEPAOCTh
HV_ 50 2900 MIla), tyromnaBkue (Topapnenns=2850 °C) [11] menkonucnepcHbie [12] n30bITOU-
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Hble KapOUAbl, OTHOCUTEIFHO PABHOMEPHO paclpeaeicHHbIe B 00beMe MaTpUILIbl KOMIIO3UTa U
3} GeKTUBHO 3amuInamnme ee oT u3HamuBanusa. CIUIaBbl, BRICOKOJIETUPOBAHHBIC BaHATUEM,
CIIOCOOHBI YCIEMHO KOHKYPHPOBATH C BBICOKOXPOMHUCTBIMH UYTYHAMHU H OBICTPOPEKYIIUMHU
cransmu [13, 14]. Pa3putne mogoOHBIX MaTEpPUAIIOB B KAaYECTBE MPUCATOYHBIX MPHU JYTrOBOM
HaIlJIaBKE CAEPKHUBAJIO CIIOCOOHOCTH BaHalIWsi 00pa30BBIBATH LINMWHENH, TPUBOASIINE K TPY I-
HOOTACIUMOCTH NIIAKOBOW KOpku [6, 15]. [Ipm HamraBke B cpeae 3allMTHBIX T'a30B 3Ta IpO-
Onema TepsieT CBOKO 3HaUYMMOCTh. CIIaBbl ¢ BBICOKMM COAEpPKaHUEM BaHAAUs MOTYT YCIICIIHO
NPUMEHSTHCS ISl HAMJIaBKU IIHEKOB SKCTPYJEPOB U TEPMOILIACTOB, pabOUYUX 3JIEeMEHTOB P O-
KaTHBIX CTAHOB, HACOCOB, AeTayieil, TOABEP)KEHHBIX MHTCHCHUBHOMY aOpa3sWBHOMY H3HAIIWBa-
HUIO, HAIIPUMEP JIEMEHTOB 3€MJIEPONHON TEXHUKH.

B paborax [16, 17] Obu10 MOKa3aHO, YTO C yBEJIWYCHHUEM MOTOHHOW dHEPTUU (YMEHb-
HIEHUEM CKOPOCTHU HAIJIaBKH M yBEJIWYEHHEM CHUJIbI TOKa MPU IMOCTOSIHHOM pacxoje MOpOoIIKa
1,9 kr/4) HamIaBKH B HCCIEAYEMBIX IMOKPHITUIX HAaOIIOJAETCS POCT CPEIHUX NTHAMETPOB Hac-
Tan Kapouaa Banaaus ot 1,1 mo 1,9 MkMm, HeOonblIoe yMeHbIICHHE WX OOBEMHOU AOIU OT
10...13 % nmo 8...9 % u yMeHwlieHHe cpeaHero yucia yactull ot ~ 800 mo ~ 200 Ha ¢ukcu-
pyeMoii IIomaay MEKPOCTPYKTYphI TToKpbITHii (10° MKkM?). OmpeeneHo, 4To ¢ YBEeITUYEHUEM
MOTOHHOW PHEPTUU HAIIaBKU M3HOCOCTOMKOCTH MOKPBITUNA HUCCIENYEMOU CHUCTEMBI JIETUPOBA-
HUs cHuKaeTcd [18]. A MUKpPOCTPYKTypa MOKPBHITUN, HAHECEHHBIX TOKOM MPSIMON MOJSIPHOCTH
B 250 A co ckopocThio 6 M/4 pu pacxone 1,9 kr/a u Tokom B 220 A mpu pacxoze 1,45 kr/4 u
ckopocTH 4,5 M/4, COAEPKUT YaCTUIBI KapOwaa BaHA WS BRITIHYTOW ()OPMBIL.

Henpro HacTosIIEH pabOTHI ABJISETCS MCCIEAOBAHUE U3MEHEHUH CpEelIHHUX JO0JIH, YUCa,
nuameTpa, GpakTopa yIJIMHEHHS YacTHI] KapOuaa BaHaJ Us, PABHOMEPHOCTH UX pacIpeleiICHUS
B 3aBHCHUMOCTH OT CIJIBI TOKA HAILUIABKU MPSMOW MOJSPHOCTH W CKOPOCTH IMOJadd MPHUCAT0U-
HOTO MOPOMIKA.

MaTepuaJjbl 1 METOAMKHU UCCJIeI0BAHUS

B kadecTBe HAIJIABOYHOI'O MaTepHaia B pabOTe MCIOJIb30BAJICS HPOMBIIIICHHBIA I10-
pomrok IIP-X18®HM ¢pakmueit ot 125 mo 200 MKM cieay0mero XuMAHIeCKOTO cocTaBa (Mac.
%): 2,1...2,4C, 17...19 Cr, 2...3 Ni, 7...8 V, 2,0...2,6 Mo, Fe — ocaoBa. B kauecTBe OCHOB-
HOT'O MaTepuaja UCIOJb30Baidu MmiuacTuHb u3 ctanu 20 pazmepom 250x100x10 MM, moBepx-
HOCTHh KOTOPBIX MPEeABAPUTEIbHO NUTH(OBAIIACE.

[HokpeiTua Hanocunu Ha cepuilHo Bbimyckasmedcs BHUNDCO ycrtanoske YIIH-
303YXJI4 ¢ BomooxnaxaaeMbIM MIa3MOTpOHOM. st 6osiee BEICOKOTO YPOBHS 3aIIUTHI CO3/a-
BA€MBIX YIPOUYHSIOMINX CIOEB OT BPEIHOTO BIWUSHUS aTMOC(HEpHOTO BO3JyXa Ha IUIA3MOTPOH
YCTAHABJIMBAJIU YCTPOHUCTBO JOMOJHUTEIBHOrO 00JyBa 30HBI HAIUIAaBKH. B KauecTBe IJIa3Mo-
00pa3ymrIero, TPaHCIOPTUPYIOIIETO M 3aM[UTHOTO ra30B MPUMEHSIN aproH BBICHIETO COpTA.
[TokpeITHS HATIIABIAIW 332 OJMH MPOXOJ TOKOM IPSIMOW MOJIIPHOCTH (OTPULATEIBHBIA TOJIOC
CHJIOBOHM IIeMHU MOJKJIIOYEH K BOJ0OOXJIAXJIaeMOMY MEIHOMY O3JEKTPOAY C BOJb()pamMoBOi
BCTABKOM JUAMETPOM 5 MM, a IMOJIOKUTEIbHBIA — K 00pabaTkiBaeMoOii 1iacTuHe). PaccTosHue
OT TIa3MOTPOHA 110 m3Aenus coctasisuio 10...12 MM, pacxon miazmoodpasyroriero raza 2...3
n/MuH, TpaHcmopTtupytomero 10...16 n/muH, mus nomomHWTedbHOTO mHoaayBa mo 10...15
n/muH, Hanpspkenue Ha ayre 30...39 B. Jlng moapoOHOro wcciegoBaHHs M3MEHEHUW B 110 -
cucteme BeicokoTBeproro VC kapouna Fe—Cr—V—-Mo—-C-nokpeiTuii B paboTe cuily Toka u3Me-
Hsiiu B Auana3one 160...260 A ¢ marom B 20 A, pacxoa NpUCaJOYHOTO NOPOLIKAa — B JUamna-
3one 1,1...2,2 kr/u ¢ marom 0,3...0,4 kr/4, CKOPOCTh HA3HAYAIIM U3 PaHEE OMPEACICHHOIO OII-
THMaJbHOTO JHalia3oHa paBHOW 6 M/4 (Tabnuua).

D¢ dexTuBHAA MOTOHHAS YHEPTUA IS BCEX PEKUMOB HAIUIABKH PacCYUTHIBAIACh CO-
rinacao 'OCT P UCO 857-1-2009 «Ceapxka u poactBerHbie mpolecchl. CiaoBapb». b dekTuB-
ubiii KITJ] marpeBa u3genus ayrou npuaumanu paBHbeiM 0,56...0,62. DbdekTUBHBIA pagnyc
MSITHA BBOJA TEILJIa B U3JI€JIUE COCTABISI OKOJIO 8 MM.
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Taoauna. [TapaMeTpsl peXUMOB IIJIa3MEHHON TOPOMIKOBOI HAIJIABKH

Cuna Cxopocts | Pacxon | Iloronnas
Pexxumsbr | IlosnsspHOCTB Hanpsxenue

TOKa, HalUIaBKH, | IOPOILIKa, | 3HEPrus,

HaIUIaBKH TOKa A Ha ayre, B w/a . K JTokc/ oM
1 160 30...31 1,1 18
2 180 31...33 1,1 22
3 200 32...34 1,1 24
4 200 32...34 1,5 24
5 200 32...34 1,9 24
6 220 34...36 1,1 28
7 220 34...36 1,5 28
8 220 34...36 1,9 28
9 npsmas 220 34...36 6 2,2 28
10 240 36...38 1,1 31
11 240 36...38 1,5 31
12 240 36...38 1,9 31
13 240 36...38 2,2 31
14 260 37...39 1,1 34
15 260 37...39 1,5 34
16 260 37...39 1,9 34
17 260 37...39 2,2 34

OO6was miomaae UCciaeayeMbIX MONEPEYHBIX NUIH(POB COCTOSIIA U3 TUIOMAAH OCHOBH O-
ro metama (FO) u mromaan ynpodHeHHOTO CiI0s, KOTOpasi, B CBOIO O4Yepellb, MOXKET OBITH ycC-
JIOBHO pa3JlieJicHa Ha JIBE COCTaBHBbIC 4acTH (puc. 1): mepBas, OoJiblllasg U3 HUX — IJIOIIA]b Ha-
miaBieHHoro mertaia (F2), BTopas, MeHbIIas — MJIOMIAAbL NPOIJIABICHUS YIPOUHIEMOH JeTa-
au (F1). OTu niomanu, a TakXe A0 Y4acTHUs OCHOBHOT'O MeTajljla B HAIUIABJICHHOM IOKP bI-
TUM ONpENEeNsd Ha YEeThIpeX IOIMEpeyHbIX Makpouutndax, NpoTpaBICHHBIX B TeueHHEe 15 ¢
4%-m pactBopom HNO;3; B C,Hs0H.

MUKpOCTPYKTYpPY HOKPBITUH HCCIENOBAaJIM Ha MOMEPEYHBIX MUKpouutudax, BeIpe3aH-
HBIX M3 30HBI YCTAHOBMBIIEIOCS PEXHMa, C MOMOIIBI ONTHYECKOro MuKpockoma Olympus
GX51. nst OeHKH PaBHOMEPHOCTH CTPYKTYPHI MO TONIIHUHE (HOPMUPYEMBIX MOKPBITUH IO
OCH TOKPBITHH, OT TPAaHULBI CILUIABICHUS K WX BEPIIHHE, MPOKAJIBIBAIH JOPOXKKY YKOJIOB (Map-
KepoB) anMa3Hoi nupamuaoi (yrona npu BepmuHe 136°) mpu Harpyske B 0,981 H ¢ marom 300
MKM (puc. 1). CpaBa u cieBa 0T KaXXJI0TO MapKepa aHAIN3UPOBAII MUKPOCTPYKTYPY.

F1

N\ A

Puc. 1. CxemaTnuHoe n3o0paskeHue Mda 1 cxeMa pacCTaHOBKU YKOJIOB allMa3HOW MHUpaMHI0N

Yactunpl kapOuja BaHaJus, BBIABISEMble pelbe@HBIM MMOJUPOBAHHEM IO METOJHUKE
[19], uccnemoBanmu ¢ mnpUMEHEHHEM METOJ0B IH(PPEpPEHIHANHLHOTO HHTEpPhHEPEHIINOHHOTO
KOHTpacTa M TEMHOINOJbHOro ocBemeHus. C momompio aHanu3atopa uzobpaxeHuir SIAMS
700 ouenuBanu oO0bemHble monu dactun VC, ux cpenHue nuamerpsl, CpeaHuil GakTop ymau-
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HEHHs, PACCYUTAHHBIM KaK OTHOLICHHE OPTOTOHAJIBHOM MaKCHMMalbHOW MPOCKIMHA YaCTHUIBI K
MaKCHMAaJIbHON MPOEKIMH YaCTHIIbI, U YHUCIO YACTHIl, TPUXOIAMMUXCSA HA CAMHHUILY IUIOIIAIN
mmda (10* mxwm?).

Pe3yjbTaThl U 00CY:KIEHHE

AHanmu3 MHUKPOCTPYKTYPHI Ha MOBEPXHOCTH NUIM(GOB MOCIE HX MOJHPOBKH MOKAa3al,
YTO BBICOKONPOYHBINA Kapoua VC B 3aBUCUMOCTH OT PEKUMa MOXKET OBITh MPEICTABICH MEJI-
KUMH PaBHOOCHBIMHU 4acTuUllamMu (puc. 2, a) CpeJHUM pa3MepoM MeHee 1,5 MKM, KpYIHBIMU
OTpaHCHHBIMH YaCTHUIIAMH CpeXHUM pazMmepoM ot 1,5 go 1,9 Mm (puc. 2, 6), MEITKUMH BBITS-
HYTBIMU OCKOJKOOOPa3HBIMH BKIKOYECHUSIMH (pUC. 2, 6) U KPYINHBIMH BBITSHYTHIMH BKJIOYE-

HUsiMHU (puc 2, 2).
8
2

Puc. 2. MukpocTpyKkTypa MOKPBITHH, BBINIOJHEHHBIX Ha pexumax Ne 1 (a), Ne 12 (6), Ne
14 (s, 2)

o

[Ipu HamnaBKe MOKPBHITHM TOKOM mpAMoi monsipHocTH 220...260 A B UX CTpOCHUU
Ha0JII01aeTcsl MAaKpOHEOAHOPOIHOCTh pacnpenenenus yactuy VC crexyromero xapakre-
pa: OT rpaHHLBl CIUIABJIEHUS K NMOBEPXHOCTH YNPOYHSIOMIETO CJIOS 0Js YacTHUIl KapOuaa
BaHAJWs YyBEIWYMBAETCS, KaK M CpelHEee MX YHUCIO, CPeAHUN AUaMeTp yMEHbIIaeTcs, a
dakTOp yAIHHEHUS COXpaHsAETCs MpPaKTHUYeCKH O0e3 m3MeHeHwui. [I[puueM MHTEHCUBHOCTD
9THX U3MEHEHUW B yKa3aHHOM JHMalla30HE TOKOB 3aBHUCHUT OT pacxoja MPHCAJOYHOIO IO-
pomika (puc. 3, a, 6) W CBsI3aHA C MPOIUJIABJICHHEM OCHOBHOTO METa/lla W TPaJUECHTOM
TeMIlepaTypbl 1O BBICOTE MOKpHITHH. Tak, mpu ckopocTu mojgauu 1,1...1,5 kr/4 umcio
yacTul Ha ¢ukcupyemMoil miuomanu nuiuda ysenuuuBaetcs B 1,6...2,2 paza, gonst — B
1,1...1,3 pa3a, a cpeguuil nuamerp ymeHbimaetcs B 0,7...0,9 pasa. Ilpm pacxomax
1,9...2,2 kr/4 uncnao yacTui yBenudubaercs B 1,1...1,6 pasa, gons — B 1,15 pasa uiu cia-
00 M3MeHseTcs, CpeIHUI AUaMeTp HJIM HE3HAYMTEIbHO YMEHBIIAeTCs, WM KoJyiebiercs
OKOJIO HEKOTOPOW Cpe/THEN BEINYHHBI.
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®dakTop YIIMHEHUS 4YacTUIl KapOuja BaHAJIUS IO CEUYCHUIO HAILUIABICHHBIX TOKa-
Mu 220...260 A mOKpHITHH c1a00 U3MEHSETCS UIH HECKOJBKO CHMIKAETCS K MX IMMOBEPXHO-
ctu (puc. 3, 8).
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Puc. 3. smenenne uncna vactun (a), cpennero auamerpa (6) u dakropa ymiuHeHus (8)
YacTUIl KapOuaa BaHAIWs OT TPAHUIBI CIUIABICHUS K MOBEPXHOCTH MOKPBITHI, BBHIIIOJHE H-
HBIX TOKOM 260 A (L- paccTosiHME OT JTMHUHU CILIABICHUS )

[Ipu mannaBke TokoMm 200 A co cKOpocCThIO momaun mopomka 1,5...1,9 kr/a mons
yactun VC, X 4HCII0, CpeHUN AuaMeTp U GaKTOp yAJIHHECHUS MO0 CCUCHUIO YIPOYHSIONI e-
ro ciost cinabo U3MEHSIOTCS, a ¢ pacXxoaoM 1,1 KIr/4 OT rpaHHIBI CIUIABICHUS K MOBEPXHO-
CTH MOKPBITUA YUCIO yBeauuuBaercsa B 1,7 pa3a, nuameTp ymensiaercs B 0,82 pa3sa.

TakuMm 00pa3oM, OTHOCUTEIBHO OJHOPOIHBIM B MAaKpooOBEME pacmpelereHUueM
YacTUIl KapOuaa BaHAAHUs XapaKTEPU3YIOTCSA MOKPHITHS, BEIIOJHEHHBIE ToKaMu 220...260 A
npu pacxone nopomka 1,9...2,2 xr/4, Tokom 200 A mpu pacxozae 1,5...1,9 kr/4. B mokpsI-
TUSX, HamjaBiaeHHbIX ToKamu 160...180 A npu MUHUMaIbHOM PacxXxoAe NPUCATOYHOTO IO-
pomka, pacnpenenenue gactul VC Takke HEpaBHOMEPHO, OJHAKO 3Ta HEPaBHOMEPHOCTh
HE CBs3aHa C IPOIJIaBJICHUEM OCHOBHOI'0 METaJllIa U ONKCAaHa B HAIIMX NPEAbIAYLIUX pado-
tax [16, 17].

Jl1s OLleHKW BIUSHUSA CUJIBI TOKA U CKOPOCTH IMOJa4H MOpPOIIKa Ha CPeJHHE IO Ce-
YEHHUIO HAIUIaBJIEHHOTO CJIOS YMCIIO, 00BEMHYIO 010, AMAMETp, IUlomanb u Gaktop yamu-
HeHus yactun VC Obutn mocTpoeHsl rpaduku, npuBeleHHble Ha puc. 4. s yMeHbIICHUS
BIIMSIHUSL pa30aBIICHUSI CTPYKTYPBI IIOKPBITHS OCHOBHBIM METaJJIOM, MUKPOCTPYKTYpa BOIH-
31 MapKepoB, pacnojaratomuecs Ha miomanu Fl, He yduThIBanach NpHU OINpeNeNeHUH
CpPEIHUX 3HAYCHUH.
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Puc. 4. Cpennue no cedenutoo ¢axkrop ymuiuHeHus (a), auametp (6), uucio (6), oobemHas nons (2) u

wiomiap (0) gactui; VC B 3aBUCHMOCTH OT CKOPOCTH T10JIa4H MTPUCATOYHOTO MTOPOIIIKa
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YBenmuueHne CKOPOCTH IMojadu mopomka oT 1,1 mo 2,2 Kr/d mpw ITOCTOSHHOM TOKE B
260...220 A cmocobctByeT yBenuueHuto ¢akrtopa dopmsl ot 0,64...0,68 mo 0,75...0,80 coorBercr-
BeHHO (puc. 4, a). YBenudenue (akropa yIIMHEHUS CBHUACTSILCTBYET O CHHXKCHUHU CTETICHH M JOJIH
BBITSIHYTHIX dacTril VC U pocTe KOJINYECTBa PABHOOCHBIX BKJIFOUCHUIT (pHcC. D).

f, % f. %
| 181 __
127 157
102 [ 127
8- .
] 97
6] .
47 61
24 33
0 T T T T — T 1 O- T T T T LI B R 1
00 02 04 06 08 1.0 00 02 04 06 038 1.0
Fl Fl
a o

Puc. 5. Pacnpenenenne yactuiy VC B 3aBucumMoctH oT (akTopa ymimHenus (f) B meHTpe moKpsITHI,
BBITIOJTHEHHBIX TOKOM 260 A, mpu pacxone 1,1 kr/4 (@) (cpemuuii ¢pakrop yamunenns 0,64) u (6) mpu
pacxone 2,2 kr/4 (cpenuuit paxrop yamuaeHus 0,79)

CrtpykTypa, onmuchIBaeMasi CpeTHAM (pakTopoM yutnHeHus, paBHbIM 0,78 1 Oonee, comep KUt
B OCHOBHOM PaBHOOCHKIE BKJIOUeHUs. [Ipu HartaBke Tokom 200 A dakTop yATuHEHHS ¢ YBEIHIEHH-
eM pacxojia mopoiika jo 1,5 kr/4 yBenuuusaetcs ot 0,74 no 0,81 u ganee He mensiercs. [1pu Haras-
ke mokpeITuil Tokamu 180 m 160 A wactuubl VC B HUX ONHCHIBAIOTCS CPEAHUM (aKTOPOM (OPMBI
0,77 u 0,81 yxe mpy MUHUMAJIBHOM PAacXoj€e MOPOLIKA.

Takum 00pa3oM, ¢ yMEHBIIEHHUEM CHJIBI TOKa MPSIMOI MOJIIPHOCTU M YBEJIMYEHHEM Pacxoia
MPUCAIOYHOTO TOPOIIKa cpeqHuid (GakTop yamnHeHus yBennunuBaetcs ot 0,64 o 0,81 mo 3akowny,
ONMM3KOMY K IMHEHHOMY, M 3aTeM IIEPECTaeT 3aBUCETh OT ITUX MapaMeTPOB.

Cpennue nuamerp ¥ wiomans yactuy VC B 3aBUCMMOCTH OT CHJIBI TOKA U CKOPOCTH ITOJa4u
MOPOIIIKAa U3MEHSIOTCS 10 OoJiee CI0XKHOMY 3akoHy. Ilpu HamaBke Tokamu 260...240 A cpenuuii mo
CEYEHHIO TuameTp (TUIOIaab) YacTHUIl TUIABHO YBEIMUMBAETCS IO MEpe YBEIMYEHHSI CKOPOCTH MOJIa4H
nmopomka ot 1,5 +0,1 (2,75...2,61 +£0,40 MKMZ) mo 1,90..1,77 £0,20 mxm (3,87 £0,76...3,36 +0,60
MKM’) COOTBETCTBEHHO (pHC. 4, 6, 0), a CpeIHee JHCIIO YacTHI] KoneOnercs B auanasone ot 242 £40
10 310 £33 win iaBHO yMeHsbInaercs ot 347 +74 no 267 +44 (puc.4, ). IIpu narutaBke Tokom 220 A
cpenHuil uamertp ciaabo n3MeHsercs B mpenenax 1,62...1,67 MKM, TUIONIA I HE3HAYUTEIFHO CHIDKA-
ercsa ot 3,02 +0,72 mo 2,83 £0,28 MKMZ, a YrcIo yacTuil pacter ot 274 £61 o 388 +41. IIpu Hamnas-
ke TokoMm 200 A amameTp xonebiercs B quamnazone 3Haduenuid ot 1,44 +0,10 mo 1,25 £0,11 MM, mio-
mans ot 2,23 £0,56 no 1,40 +0,24 MKMZ, a uncio yacTtul Bo3pacraer ot 404 £98 no 621...522 +57.
Hanecenne mokpeitusi npu cuiie Toka, paBHoi 180...160 A, ¢ MUHUMaIbHBIM PacXOAOM IMOPOLIKA
obecrieurBaeT GOPMUPOBAHKE TIOKPBITHH, COAEPKAIIUX YACTHIIBI KapOHa BaHA/IWsl CPEJIHUM IO Ce-
yenuto auametpom 1,45 +0,11 u 1,29 £0,07 mxwm, miomansio 2,3 £0,35 MKM? 1 1,68 £0,2 MKM? B KO-
nryectBe 446 £80 u 620 £71 WITYK COOTBETCTBEHHO.

Oo6cyxkaenne

Wzmenenune cpepnnx oObeMHOM 10H, Yncia, Gopmbl 1 pazmepos dactull VC B Fe-Cr-V-Mo-
C-MOKPBITHAX B 3aBUCUMOCTH OT PEXHMa HAIJIABKH MOXKHO CBSI3aTh C JBYMS IPHYMHAMU: BO-TIEPBBIX,
C M3MEHEHHMSAMH XHMHYECKOIO COCTaBa; BO-BTOPBIX, C PA3IMUYUSIMU B CKOPOCTH KPHUCTAJUIM3ALUH U
MOCJIEAYIOUIEro oXJIaxaeHus. [lepeMeHbl XMMUYeCKOro cocTaBa MpyU U3MEHEHNH CHIIBI TOKa U CKOPO-
CTH TIOJIaY¥ TIPUCAIOYHOTO MOPOIIKA CBSA3aHBI C YBEJIHMUYCHUEM WIIH YMEHBIICHUEM JIONH YYaCTHs OC-
HOBHOT'0 METaJlIa B HATUIABJIIEHHBIX MOKPBITUSIX U C TPOLIECCAMHU BBITOPAHUS JIETUPYIOIIUX JIEMEHTOB
B Xo/e HariaBku. Ha puc. 6, a npuBeneHa 3aBUCUMOCTb cpeiHeil 00bemMHoi nonu yactun VC ot nonu
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y9acTHsl OCHOBHOT'O MeTalljla B HAaIUIaBIEHHOM. BHAHO, 9TO ¢ yBenmdeHHeM MocieHeil 00beMHast 10-
ISl UMEeT TEHJICHIIUIO K CHUKCHUIO, a IKCIIEPUMEHTAIbHBIC TOUKU MIPU 3TOM XapaKTePU3YIOTCS OOJIb-
M pazopocom. Ha puc. 6, 6 npuBeeHBI 3aBUCUMOCTH, IOCTPOCHHBIE TI0 JaHHBIM MHUKPOPEHTI€HOC-
MEKTPAIFHOTO aHANM3a, (PaKTHIECKOTO COAEPIKAHMUS JISTUPYIOIINX IEMEHTOB OT CHIIBI TOKa HaIlJIaB-
kd. BugHo, uTo ¢ yBenmuenuem Toka 6ostee 200 A 1o 250...260 A cHmwxkenue konneHTparmu Cr, V u
Mo B nokpeitun nocturaet 20...25 %. Takke Ha puc. 6 6 TPHUBEIIEHO POTHO3UPYEMOE COJICPIKAHUC
KKIOT0 XHMHUYECKOTO AJIEMEHTa, BEIYHCICHHOE 10 CTAaHAAPTHONH METOAMKE, YUYUTHIBAIOIIEH paz0as-
JIeHWEe HAIUTaBJIICHHOTO METaJlJla METAJLTIOM OCHOBHI [20].

HecootBeTcTBHE MpOrHO3UpPYeMOro M (aKTHUECKOTO COAEpP)KaHUS 3IEMEHTOB B MOKPBITHU
MOYKHO OOBSICHUTH BBICOKMM cpoacTBoM Cr, V u MO K KHCIOpOIy M MX YacCTUYHBIM BBITOPAHHEM.
[Ipuaem ¢ yBemmdennem Toka 10 250...260 A pa3Huiia ctaHOBUTCS Hamboee cymecTBeHHOW. OTMe-
TUM TaKKe MOHIWKEHNUE CBOOOHOM SHEpPruy 00pa30BaHUs OKHCIIOB YIiepoja ¢ MOBBIIICHHEM TeMIIe-
parypsl [21]. Tak, npu 1220 °C sneprust C cranoButcst paBHoii sHepruu Cr, a npu 1620 °C — paBHoi
sHeprum V. CrenoBarenbHO, KOHIIGHTPAHA YTIEpoJa ¢ pOCTOM TOKAa B HAIUIABJICHHOM CIIO€ TaKkKe

nmagact, a TEMIIbI 3TOTO IMaJACHHUA COU3MEPUMBI C TEMIIaMHU YMCHBIICHHUA COACPIKAHUA V u Cr
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Puc. 6. 3aBucumocTtr 00beMHOM qomm gactull VC OT M0IH y9acTHsi OCHOBHOTO MeTalljla B HaIUIaBIICH-
HOM TIOKPBITHH (@) ¥ HHTETPATBHO# JI0JIH JISTHPYIOLIMX 3JIEMEHTOB B ITOKPHITHH OT TOKA HAILIaBKH (0)

VYBennueHne CKOpOCTH KPUCTAJUIM3ALMN C YMEHBIIEHHeM cuiibl Toka oT 220 go 160 A cro-
coOCTBYeT (POPMUPOBAHHIO OOJIBIIOTO KOJIMYECTBA MEIIKOJAMUCIIEPCHBIX YacTHIl KapOu/ia BaHA U PaB-
HOOCHOU (hOpMBI. DTO XOPOIIIO COrIacyeTcs ¢ JaHHBIMU PabOThI [22], r1e moka3aHo, 4yTo C yBeJIuYe-
HHEM CKOPOCTH OXJIaXKACHUS JINTON CTalld B €€ CTPYKTYpEe pa3Mephl KapOMIOB BaHAAMS YMEHBIIAIOT-
cs, 00beMHas MX JI0JI YBEJIMUMBAETCS, a pacipesiesieHe CTaHOBUTCS Ooisiee ogHOPOAHBIM. [j1g 00B-
SICHEHHSI K€ MPUYHH POCTa CPEIHUX MO CEUSHHIO JUaMeTpa W TUIOIIAAN YacTHIl KapOuaa BaHaIHs C
YBEIMYEHHEM pPacxojia MPUCAJ0YHOr0 MOPOILIKA B MOKPBITUSAX, HAMIABIECHHBIX TokaMu 240...260 A,
TpeOyeTcs NpoBeIeHHE AOTIOIHUTEIbHBIX HCCIEJOBAHHM.

BeiBoabI:

1. OTHOCHTENBHO OJTHOPOIHBIM paclpeiesieHueM YacTull Kapoua BaHaAWs MO BBICOTE Xapak-
TEepPU3YIOTCA TOKPBITHS, BBIMOJIHEHHbIE ToKamMu 220...260 A mpu cKopocTH THOAauu MPUCATOYHOTO
nopomika 1,9...2,2 kr/4, Tokom 200 A mipu pacxoze 1,5...1,9 xr/q.

2. VI3mMeHeHne cuibl TOKa MpsIMOM MOJIIPHOCTH B auanas3oHe 160...260 A u ckopocTH nojauu
MPUCAIOYHOTO mopomika ot 1,1 g0 2,2 Kr/4 crmocoOCcTBYeT M3MEHEHHUIO CPEIHUX 110 CEYEHUIO 00BhEM-
Hoit monu vactull VC ot 6,8 £0,4 mo 10,8 +£0,7 %, nuamerpa ot 1,25 £0,07 go 1,9 £0,2 mMxm, gucna ot
240 +£38 1o 621 +£60.

3.YMeHbIIIeHNe CHJIBl TOKa MPSIMOH MOJIAPHOCTH U YBEIMYEHHE CKOPOCTH MOAAaYN MPHUCaI0U-
HOTO TIOPOIIIKA CIIOCOOCTBYIOT yBEeJIMUeHUIO cpennero (akxropa ymuHeHus ot 0,64 no 0,81 mo 3ako-
HY, OJIM3KOMY K JIMHEHHOMY, [TOCJIE YEerO OH IePECTaeT 3aBUCETh OT 3THX IapaMeTpOB.
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4. 3aduxcupoBaHHbIe M3MEHEHHUS (OPMBI YaCTHI] KapOuIa BaHAIHUS OT PABHOOCHOM K BBITS-
HYTOM CBsI3aHbI, BO-TICPBBIX, C U3MCHEHUEM B XO/JI¢ HAIUIABKU HAa PA3JINYHBIX PEIKUMAX UHTETPAIILHOTO
XUMHYECKOT0 COCTaBa (DOPMUPYEMOTO MOKPHITHs (110 MPUYMHE Pa30aBICHUS OCHOBHBIM METAJZIOM U
BBITOPAHUS JICTHPYIONINX 3JIEMEHTOB), BO-BTOPBIX, C PA3INYHON CTEMECHBIO MEPEOXIIAKICHUS BaHHBI
pacruiasa.
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