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MOAEAMNPOBAHHE METAAAYPTHYECKHX MPUECCOB

YK 621.746.584

BanAaHne reoMeTprUH CaAUTKA Ha o6beM
OCEBOH PBIX(I0OCTH B HEM

A.H. PoMaluKkyH, KaHd. TexH. HayK, A.H. MaabruHos,
A.C. Toacreix, E.B. llampos, 10.(I. MarBeeBa, H.A. HBaHOB,
KaHa. ¢pus.-Mart. HayK, B.C. [Ay6, a-p TexXH. HayKk

OAO «HITO «[ITHUHUTMAII»
E-mail: cniitmash@cniitmash.ru

C ucnonv paspat i ¢ I[HUHUTMA-
Ille npoepammor «Kpynnoiii caumor» Ha npumepe 65-m
caumxa cmanu 10FH2M®PA ) Modeaup

U npoGedeH aHanu3 GAUSHUSL KOHYCHOCMU CAUMKA U O~
HOWleHUs 8bICOMbL MeNA CAUMKA K e20 cpeOHemy ouame-
mpy Ha 06sem 0ceaoil pbIXA0CmU U XapaKmep ee pacnpe-
Oenenus 6 caumke. Ilokasano, 4mo oceeéas noOpucmocnb
6 caumke A npu y KOHYCHOCMU
U YMeHbUIeHUU OMHOWEHUS BbICOMbL MeAa CAUMKA K €20
duamempy.

Karouesvie cro6a: modenuposanue, cAumox, paziuera,
2eomempusl, 0ceeas PbiXA0Cmy, QU3U1ECKas He0OHOPoO-
HoCHIb.

OAO HIIO «ITHUUTMAIILI» B x01€e MHOTO-

JIETHETO BBITIOJTHEHUSI TIPOTPAMM IO TIPOEK-

THUPOBAHUIO TEXHOJIIOTUY MTPOU3BOACTBA KPYII-
HEWIINX B CTpaHe CIIUTKOB ObLT pa3paboTaH CUCTEM-
HBI NMOAXOJ K CO3MaHMIO TEXHOJIOTUYU NPOU3BOACTBA
KPYITHBIX Ky3HEYHBIX CJIUTKOB, OCHOBAHHBII Ha CO-
YETAHUU MATeMaTUYECKUX METONOB U IKCIEPUMEH-
TaJIbHBIX AHHBIX, HAKOIUICHHBIX TPU MPOBEACHUH
J1abOpaTOPHBIX Y TIPOMBIIUICHHBIX 3KCIEPUMEHTOB
¢ TepMorpadupoBaHHEM OCTBIBAHHS CIUTKOB pas-
JINYHOM MacChl U UX METaLIOrpaduyeckoro uccieso-
BaHMSI.

O600LIEHHEM 3TOTO OIBITA CTaJl MPOrPaMMHBIN
KOMIUIEKC ISl MOJeTMPOBAaHMSI IIPOLIECCOB 3aTBEP-
nesanust «KpymHeiii  cnutok». [IpeumyinecTBoM
JAHHOW TPOTpaMMbI MO CPaBHEHUIO C CYIIECTBY-
IOIIMMU SIBJISIETCSI BO3MOXHOCTh y4€Ta OCOOEHHO-
CcTeil 3aTBepAeBaHMsSI OOJBIIMX OOBEMOB MeETAUIA,
B MEPBYIO OYepeIb NepepacipeneseHus MpuMeceit,

OKA3bIBAIOIIMX CYLIECTBEHHOE BJIMSIHUE HA XMMU-
YECKyl0, GU3UYECKYIO U CTPYKTYPHYIO HEOIHOPOJ-
HOCTU CJIUTKa U BO3MOXHOCTh KOJHYECTBEHHOMU
OLIEHKY 00bEeMa MOp B CIUTKE. AEKBATHOCTD TOJIY-
YaeMbIX B IIPOTPAMMe Pe3yJIbTaToB IOATBEpXIeHa
COIIOCTABJICHUEM C Pe3yIbTaTaMy IKCIIEPUMEHTAIb-
HBIX MICCIIEeTOBAHMIA .

B manHoii pabote nmporpamma «KpyIHbiii CIMTOK»
ObLTa UCIIOIb30BaHA [UISI M3YUEHUsI BIMSHUS TeoMe-
TPUM CIUTKA Ha ero (Gpu3MYecKyi0 HEOTHOPOTHOCTH
(06BEM OCEBOI PHIXJIOCTH).

McxonHble naHHBIE, WUCIOJb3yeMble TPH KOM-
TIBIOTEPHOM MOJEIUPOBAHUU 3aTBEPIEBAHUS CIIUT-
KOB Pa3IMYHOW FeOMETPUH, ObUIH CIEYIOLINe: Mac-
ca MCCleyeMoro ciutka — 65 T; Marepuan pasiu-
BOYHOM OCHACTKM — CTajib Mapku 15J1; mpuObuibHas
HaJCTaBKa yTeIUIeHa acOGecTOBBIM KapTOHOM (TOJN-
mmHa cnost — 0,010 M), omHMUM CJI0EM IHAMOTHO-
ro kupnuya Mapku I1 (tomumumua cios — 0,065 m)
¥ TeIUIOM30IMpylomiel BcTaBkoi ProFax (tonmuiuHa
cnost — 0,065 M); 3epkaiio MeTajuia 3achINaioT Terio-
usonupymooeil cmecblo Nermat (TonmmHa ciost —
0,010 m) wepe3 10 MUH TIOC/IE OKOHYAHUS 3aTMBKU
MeTaJula B U3JIOXKHUILY; MapKa 3aJIMBaeMOil CTal —
10TH2M®A (Tab:. 1, ipu MoOIEeTMPOBAHUN UCTIONb-
30BaJIM CPEIHEE CONEPXKAHUE KaXIOTO 3JIEMEHTA);
TIPOINOJDKUTETBHOCTh PA3UBKU MeTaula — 25 MUH;
TeMIIepaTypa MeTauia nepen pasiuskoin — 1610 °C;
TeMIepaTypa OCHacTKu: u3noxHuipl — 100 °C, npu-

* Jly6 B.C., Pomamkus A.H., Makapsryea E.B. u ip. Meton pa3-
PabOTKHM TEXHOJIOTMH TIPOM3BOJICTBA KY3HEUHBIX CIIUTKOB // TspKenoe
MamuHocTpoenue. 2012. Ne 7. C. 11—23.
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1. 3apaHHblii TEXHHYECKMMH YCJIOBHAME M HCTIOIH30BAHHDII NPY MOAEINPOBAHUM XMMUYECKHMIi COCTAB
craau 10TH2M®A, a Takke pacyeTHble 3HAYEHNS TEMIEPATYPHI JIMKBHIYC H COMAYC ITOM CTAIN

ot CoznepxaHue JIeMeHTOB, % (Macc.) T, T,
€ Si Mn Cr Ni S P Mo \% Cu Al
Munumanssbii mo TY | 0,08 | 0,17 | 0,08 | 0,0 1,9 0 0 0,40 | 0,03 | 0,00 | 0,005 | 1256 | 1511
‘MaxkcumansHbit mo TY | 0,12 | 0,37 | 1,10 | 0,3 2,3 10,0200,020 | 0,70 | 0,07 | 0,30 | 0,035 1511 | 1486
‘Hcrionp30BaHHbII 0,10 | 0,27 | 0,59 | 0,0 | 2,1 {0,005]|0,007 | 0,55 | 0,50 | 0,01 | 0,02 | 1518 | 1499
B MOICITH
6buTbHON HamcTaBku — 150 °C, mommona — 200°C. IIpuHMManu, 4YTO TUIOTHOCTh XUIKO-TBEPIO-

.,]OJIH MPUOBUTBHOM YacTH CIWTKA ObUIA IOCTOSTH-
HOM U cocraBimsuia 20% oT oOmieil Macchl CIIUTKA,
TIPU OTOM OHA MMeJla MWINHIPUYeCcKyio hopmy u ee
HIDKHUN TUaMeTp OTIMYAJICS OT BEPXHEro IMaMerpa
tenma ciutka Ha 100 M. Kiomriens ciuTka Bo Bcex Ba-
pHaHTaX UMeJ OOUHAKOBYIO (HOPMY YCEYEHHOTO KO-
Hyca CJIeNyIOIKX pa3MepoB: BeicoTa — 0,3 M, HUX-
auit quamerp — 0,45 M, Bepxuuit guamerp — 0,6 M.
TIpy MozeTMpOBaHUM 3aTBEpEBaHUSI OBUIO YUTEHO
dhopMHpoBaHME TBEPIOW KOPOYKH CIIUTKA B IIPOLEC-
ce 3anuBKU. OOBEM 0CEBOI PHIXJIOCTU. PACCUUTHIBA-
JIM, IPUHUMAsST BO BHUMaHUE IOPbI, 00bEM KOTOPBIX
nipeBbImaet 1 cm.

ro pacruiaa coctasiser 7,1 T/M°, IIOTHOCTH TBEp-
noro — 7,8 1/m’. Koabduument oGseMHOM ycan-
KV XWIKO# cramy cocrasmsier 0,0001 °C™, TBEpAOW
cramu — 0,00006 °C~'. Termmodusuueckue cBOCT-
Ba MaTepuajoB Pa3IMBOYHON OCHACTKU U pas3ivBae-
MOIJi CTaJIU TIPH Pa3IMIHON TeMITepaType TIPUBEIEHBI
B TaOm. 2.

B kauectBe BapbMpYeMBIX ITAPaMETPOB paccMa-
TPUBAIU KOHYCHOCTb TeJia CIIUTKA Ha 06€ CTOPOHBI
(K, %) v OTHOILIEHUE BBICOTHI TEJIa CIIUTKA K €T0 CPEl-
HeMy nuametpy (H/D). 3aBucuMocTs 00beMa 0CeBOM
PBIXJIOCTH MCKAJIM B BUZIE YPABHEHMsI PETPECCUU BTO-
poro nopsuka, umemouiee Buz (1)

2. TCHJIOIIDOBOB.HOCTB M TEIUIOEMKOCTh MCNOJIb30BAHHBIX NIPH MOJEIMPOBAHUM MATEPHAJIOB

[ Temmeparypa,C [ 100 [ 200 [ 300 | 400 [ 500 | 600 | 700 | 800 [ 1000 [ 1400

Cranb 35J1 (MaTepuas pa3IMBOYHON OCHACTKH)
A, Br/(M-K) 0,69 0,71 0,66 0,58 0,59 0,6 0,65 0,66 0,79 1,06
Cy, Ix/(xr-K) 770 820 860 910 1010 1080 1090 1080 1160 1210
Acbect
A, Br/(M-K) 0,144 | 0,168 | 0,192 | 0,216 | 0,240 | 0,264 | 0,288 0,312 | 0,360 | 0,456
Cp, ix/ (xr-K) 1032 1128 1197 1253 1303 1374 1402 1461 1520 1679
IITamot mapku L1
A, Br/(M-K) 1,01 1,05 1,08 i igy 1,16 1,19 1,25 1,26 1,34 1,48
C,, Ix/(xr-K) 203 212 220 228 235 241 247 251 256 261
ProFax
A, Br/(M-K) 0,11 0,12 0,14 0,16 0,19 0,22 0,24 0,26 0,48 0,60
C,, Ix/(xr-K) 872 901 982 1063 1120 1152 1168 1175 1205 1289
Teruton3osiys IPUOBUTHHON YacTH (SKBUBAJIEHTHOE 3HAYEHHUE)
A, Br/(m-K) 0,292 | 0,347 | 0,402 | 0,457 | 0,512 | 0,567 | 0,622 | 0,677 | 0,787 1,007
C,, Ix/(xr-K) 1,23 1,287 1,34 1,389 1,434 1,475 1,512 1,545 1,599 1,659
Teruouzonupyromias 3ackilka 3epKaia IpUesUTH
A, Br/(M-K) 0,085 | 0,114 | 0,143 | 0,172 | 0,201 0,230 | 0,259 | 0,288 | 0,346 | 0,360
Cy, Ix/(xr-K) 262 614 697 741 773 800 826 850 896 987
Cranp 10TH2M®A (pazmvBaemasi CTaib)
A, Br/(M-K) 38,4 37,9 36,8 36,8 24,5 32,4 28 27,2 27,7 27,7
C,, Ix/(xr-K) 502 511 523 536 544 553 561 569 582 590
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3. Ilnau YuCJIEHHOTO DKCIIEPHMEHTA

Howmep pacuera X, X% X X-X, X et Xop Viuops CM°
1 1 1 1 1 +0,33 +0,33 8
2 1 -1 1 -1 +0,33 +0,33 219
3 1 1 -1 -1 +0,33 +0,33 0
4 1 -1 -1 I +0,33 +0,33 0
5! 1 1 0 0 +0,33 —0,667 9
6 1 -1 0 0 +0,33 —0,667 95
7 1 0 1 0 —0,667 +0,33 98
8 1 0 -1 0 —0,667 +0,33 0
9 1 0 0 0 —0,667 —0,667 65

Y= By+ B.X, + BX, + B.X\ X, + BX + BXy?, (1)

rae X; u X, — He3aBUCHMBbIE IEPEMEHHBIE, COOTBETCT-
BYIOIIME B JAHHOM CJTyJyae KOHYCHOCTH CJIUTKA M OT-
Howenuo H/D; By, B, B,, B;, B, u B; — xoabdu-
LIMEHTHI PETPECCHH, KOTOPHIE ONPEEIISUIM HA OCHOBE
JIAHHBIX YHCIIEHHOTO 9KCIEPUMEHTA.

Tpu npoBeneHUU CEepUu PacyeToB MPUAEPKUBA-
JIMCh LIEHTPAJIBHOTO OPTOTOHATBHOTO KOMITO3ULIMOH-
HOTO TUTaHa BTOPOTO Topsiika (Tabi. 3 u Tabi. 4).

PesynsraTsl  MOIENMPOBAHUSI  IPENCTaBICHEI
Ha puc. 1 u B Tabm. 3.

Ha ocHOBe TaHHBIX SKCIIEPUMEHTA ObIIN OIpEne-
JIEHBI UCKOMBIE KO(MOUIMEHTH! PErPeccuu U moy-
YyeHa CJIeaylolasl 3aBUCHMMOCTh [UIsi 00BbeMa 0CeBOM
PBIXJIOCTH (TIOPUCTOCTH):

Vaop = 54,9 — 495X1+542X2—
— 52,75X.X%, + 0,256X;” — 2,75X;%. 2)

TToBepxHOCTh, ONMUCHIBaeMasi ypaBHeHHEM (2),
MpeacTaBieHa Ha pUC. 2. AHaJIM3 IOJyYEHHOTO
yYpaBHEHMsI TOKa3bIBAET, YTO YMEHbLIEHHE OObBe-
Ma OCEeBOM IMOPUCTOCTU MOXET OBbITh JOCTUTHYTO

4. ®aKTOpbI M YPOBHH MX BAPbMPOBAHNSA B YNCIECHHOM
9KCIIEPUMEHTE LISl CIMTKA MACCoii 65 T

1:3

Puc. 1. Xapakrep pacroioxeHusi 0CeBoii PIXJIOCTH (BbI-
JieJieHa CBeTIIbIM LIBETOM) B CJIUTKE Maccoii 65 T B 3aBuCH-
MOCTH OT KOHYCHOCTH ¥ OTHOHIEHHS BbICOTbI TeJIa CIATKA
K €ro cpeiHeMy AMaMeTpy 1o pe3yIbTaTaM KOMIbIOTEPHOIo
MOJIETHPOBAHHS:
a—H/D 2,25; K=2%,; m,p—2930M 6— H/D 2.2
= 10%:3V; m,,,— 58 cM’; 6 — H/D = 2,25; K = 18%
Vm,p =45 cm; 2 — H/D— 1,5, K= 2%, hop 131 eM;
J0— H/D=1 5 K= 10% nop—33CM e— H/D=1,5;

K=18%; Vyop = 6 0% 2 — H/ D=0,75; K=2%; Vyop=0:
38— H/D=0,75; K= 10%; Vo, = 0; u — H/D = 0,75;
K=18%; Vyop =0

VYenosHoe VYpoBHu akTOpOB
0603HaYeH1Ee
®dakrtop B Marema- B Haly | KON
Tiueckoy | PATPHOM | poBaH-
MOZENH maciurabe | HoM BUZIE
KoHycHOCTB clTUTKa X 2 -1
10 0
18 1
OTHOLIEHUE BHICOTHI X, 0,75 -1
TeJIa CIUTKA K CPei- 1,50 0
HEMY €T0 JUaMeTpy 2.25 1
38
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Puc. 2. 3aBucuMOCTh 00beMa 0CEBOI PBIXJIOCTH OT KO-
HYCHOCTH CJIATKA MACCO# 65 T M OTHOLIEHHUS BHICOTHI TEla
CJAMTKA K CPEIHEMY ero JUamMeTpy

1P TOBBILIEHUM KOHYCHOCTU CJIMTKA ¥ YMEHBIIIEe-
uuy 3HayeHust H/D. HanMeHplrasi BEpOSITHOCTb 00-
Da30BaHMS NOP B CIUTKE UMEET MECTO NPU HU3KUX
sHaueHusax H/D v BbICOKO# KoHYcHOCTH. [Ipu 3Ha-
geHuu H/D = 1 06beM OCEeBOil PBIXJIIOCTH OJIM30K
X HYJIO TIpU T1000# KOHYCHOCTH. IIpu KOHYCHOCTH
18% 06BeM 0CeBO PHIXJIOCTY TAKXe OIM30K K HYJIIO
npu 3HayeHuu H/D B mpenenax IUTaHa 3SKcCIie-
DUMEHTA.
CiieiyeT OTMETHUTB, YTO YBEIUYCHHE KOHYCHO-
CTH CJIUTKAa, YMEHbLIAIoIee 00BeM OCEBOM pBIX-
JIOCTH, HETaTUBHO OTPaXaeTcs Ha CIOXHOCTH TeX-
HOJIOTUU KOBKHM, YTO CBSI3aHO C HEOOXOAMMOCTBIO
' NpUOAHWs ITOKOBKE IMIMHIPHUYECKOH (OPMEL.
TTo3TOMY CllelyeT CTPEMUThCSI OOECIeUUTh HyJie-

BYIO TIOPMCTOCTH CIUTKA NPU MUHUMAJIbHOM 3Ha-
YeHUM KOHYCHOCTH.

AHAJIOTUYHBIA ONTUMYM MOXET OBITh BBISBIEH
¥ B OTHOLIEHUM BeMYUHbl H/D. YMeHblIEHUE 3TOI
BeJIMYMHBI IPUBOIUT K YMEHBIIEHHUIO 00bEMa OCEBOM
PBIXJIOCTH, ONHAKO MPU MaIbIX 3HaueHusx H/D 3Ha-
YYMO YBEIUYMBAETCS CEUCHUE 3aTBEPIEBAEMOro 00b-
eKTa, MPSIMbIM CJIEICTBHEM Yero sIBJSIeTCS yBearde-
HUE er0 XUMUYECKOM HEOIHOPOIHOCTH.

BBIBOABI O HAMpaBICHUU U CUJIE BIWSIHUS pac-
CMOTPEHHBIX (HAaKTOPOB Ha XapaKTEPUCTUKH YCAIKU
CIpaBeUIMBbI TOJIBKO IJIsI BBIOPAaHHBIX WHTEPBAJIOB
WX U3MEHEHUH.

3akiouyeHue

Ha npumepe ciauTka Macco 65 T U3 cTalu
10TH2M®A 1ipoBeieH aHAIN3 BIUSIHUSI KOHYCHOCTU
cnutka U otHouieHus: H/D Ha o0beM OCEBOW phIX-
noctu. TToka3aHo, 4TO OceBasi TIOPUCTOCTh B CJIUTKE
MOHOTOHHO YMEHBLIAETCS NMpPU yMeHblueHuu H/D
¥ TIpM yBenwdeHuM KoHycHoctd. Ilpu 3HayeHUu
H/D = 1 06beM OCEBOI PBHIXJIOCTH OJIM30K K HYJIO
Mpy JI000# KOHYCHOCTH. IIpM KOHYCHOCTH OKOJIO
18% 00BEM OCEBOI PHIXJIOCTU TakKe OJTM30K K HYJIIO
npu J1060M 3HageHuu H/D.

Tlosy4eHO KBagpaTMYHOE YpaBHEHHE, CBSI3blBa-
Jolliee 00BEM OCEBOM PHIXJIOCTH C Tapamerpamu H/D
u K.

BrIBOZIBI 00 ONTUMAIBHOCTH T€OMETPUYECKHX T1a-
DPaMEeTpPOB CIIUTKOB CIIPABEUIMBBI TOJIBKO B UCCIIENO-
BaHHbIX TIPEIEIIax U1l KPUTEPUSI 00bEMa OCEBOM PhIX-
JIOCTH.

YBAXXAEMBbBIE ABTOPbI!

O6pawaem Balie BHUMaHNe Ha U3BMEHEeHNe yCc10Buii nyonnkauun ctarei
B XxypHanax 000 «Hayka n TexHoJ/10rum».

CTaTtby, NOAYYMBLUME MONOXUTENbHBIA OT3bIB PEeLEeH3eHTa, MOryT ObiTb ony6sm-
KOBaHbI MPU YCIOBUM 3aKJTIOYEHUS KaxXAblM M3 aBTOPOB CTaTbu JIMLLEH3UOHHOIO
porosopa ¢ Mspatenem (OO0 «Hayka v TexHonorum»). TeKCT Aorosopa pasmelleH
Ha cTpaHuue http://www.nait.ru/authors/index.php.
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