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PaspaboTka crneyansHOM TeXHONornM oTIivBK
CriTKa Oss NoBbILLEHVS TEXHVIKO-3KOHOMUHECKINX
rnokasaTeney NposBoOCcCTBa MosSibiX KOBaHbIX

mnagenin

) a3BUTHE TEXHUKHU 00y~
CNOBJIMBAET MOBbIllIEe-
HHME TpeOoBaHMI K CiayXeOHBIM
CBOMCTBaM M KAY€CTBY CTAJI KOBa-
HeIx u3genuii. Hapsany ¢ atum, co-
BPEMEHHBIE SKOHOMIYECKUE YCIIO-
BHS TPeOYIOT OT METAJLTYPIHYECKUX
TIPEATIPUATHIN ITOUCKA ITYTEH ITOBLI-
IIeHUsI DKOHOMMYECKo#t 3¢dex-
TUBHOCTH TEXHOJIOTHH HPOHU3BOACT-
Ba ITOKOBOK.

KauecTBo KOBaHO# 3arOTOBKH B
3HAYUTEIBHOU CTENEHU 3aBUCHUT OT
KaueCcTBa METAIA MCXOMHOIo Ky3-
HEYHOIO CIHTKA, YTO B CBOIO OYe-
penb ONpeAensercs TeoMeTpude-
CKMMH MapaMeTpaMH CJNTKA, TeX-
HOJIOTHEH BBHIIUIABKM, BHENEYHOM
00paboTku U pa3nuBKH craimm. Oc-
HOBHBIM CIIOCOOOM yMEHBIIICHHS
CTEINEHM Pa3BUTUA YCANOUHBIX Ae-
¢eKTOB MeTau1a CIMTKA SIBISETCS
BapbUPOBaHHE €r0 FeOMETPUYECKH -
MM [apaMeTpaMu C LieJIblo obecre-
YEeHHUS YCIIOBMI HAIIpAaBIECHHOTO 3a-
TBEpAEBaHUA MeTaUla CJAMTKA K
TNpUOBLIBHOM YacTH.

Tosbicuts 3dxpexTHBHOCTL NIPO-
M3BOACTBA IIOKOBOK BO3MOXHO 32
CYeT YMEHBIIEHUS BEJIMYMHBI Ky3-
HEYHOM O0pe3u, YTO MOXET ORITh
JOCTMTHYTO ITyTEM CHILKEHHUS 00Bbe-
Ma npUOBLIEHOM YacTH cuTKa. g
3TOTO B HACTOs1IIee BpeMs ILIIPOKOE
pacmpocTpaHeHue MOJYYWIO NpH-
MEHCHHE TEIUIOM30/ISILIUOHHBIX
BKJIAABIIEH, TEIUIOM3ONUPYIOLINX
M 3K30TEpMHYECKMX CMeceH uisd
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TIpUOBUTLHOM YacTH CIMTKA, YTO IO~
3BOJISIET CHM3UTb O0BEM NPUOBUIL-
HO# YacCTH Ky3HEYHOI0 CJIMTKA HOp-
MayibHOM JyiHbL 1o 10...12 %, npn
COXpaHEHHH YIOBIETBOPHUTEILHOM
TEIUIOBOM paGoThl IpHOLLTH.

CyuiecTBeHHOU npo6nemoii, or-
PaHHYHMBAIOIIEH BO3MOXHOCTH ITO-
BBILICHUs KaYecTBa MeTaUla U 3¢-
beXTUBHOCTD IIPOM3BOACTBA IIOKO-
BOK SIBJIIETCS TO, YTO M3 Ky3HEYHBIX
CJIUTKOB IIPOU3BOMST ITOKOBKH pa3-
JUYHOM KoHpurypaumu. B OAO
«bymMMan»  gns npoM3BOACTBA
CIUIOLIHBIX M ITOJBIX ITOKOBOK IIPH-
MEHSIOT IIPUOBUIBHRINA CIIMTOK HOP-
MQJIbHON JUTHHBI (C OTHOIIEHWEM
JUTMHEI K auaMetpy H/D = 1,6:2,5)
¢ obopatHo#i (V-00pasHoif) KOHYyC-
HOCTBIO, C YTCIUIEHHOH NpUOBUIb-
HOM HaACTaBKOM ¥ FEOMETPUYCCKH-
MM IapaMETpaMH, OPHEHTHPOBAH-
HbIMH HA IOJIy4YCHHE IUIOTHOM
oceBoif 30HEI. CJIMTOK BHIOMpAIOT
U3 HOMCHKJIATYPBI OTIIMBAacMbIX Ha
TIPEOIIPUSTHN CIIUTKOB U OIpEeisti-
10T B OCHOBHOM, HCXOJf U3 MacChl
W3NS, CPEHEN BEIMYUHBI BBIXO-
J1a TOZHOIO M HEOOXONMMOM BeJM-
YHUHBI YKOBa METAJUIa.

Mexay TeM, TpaaULIMOHHbIE
NpUOBUIBHBIE CIIUTKH C T€OMETPH-
YECKMMM HapaMeTpamMu, OpPUCHTH-
POBaHHBIMM Ha IOJYYEHHE ILIOT-
HOM MaKpOCTPYKTYpbl, UMEIOT DSl
CYLUECTBEHHBIX HENOCTaTKOB IS
NPOM3BOACTBA MOJIBIX ITOKOBOK,
cpeoy HUX:

e OoiblIOi 00BEM yHaNsgeMOro B
OTXOL MeTaula H3 TPUOBUILHOMK
HaiacTaBku (puc. 1, a, 6);
e SBHO BBIpAXEHHAsA CTPYKTYpHas
U XUMHYECKAad HEOTHOPOAHOCTH
(puc. 1 a, 8);
e 3HAaUMMOE pa3IMYMe B BEAMYU-
Hax MEXaHMYeCKHX CBOMCTB MeTall-
Jla 0 JUIMHE KOBaHBIX H3ENUi
HM3-3a HAIMYUA 30H IIONOXHUTEIb-
HOU M OTPHULATEIBHOH JMKBALUH
3JIEMEHTOB, COOTBETCTBEHHO B
BEPXHEH W HIDKHEN dYacTsx Tena
CIUTKA;
e MaJblid BHIXOA TOAHOIO, BO MHO-
roM OOYCJIOBJIEHHBI HEOOX0MUMO-
CTBIO HCIOJB30BaHMUSI  OOJBIIOH
NpubLUIBHON 4acTd, yoaisgeMoit
IpU KOBKe B oTXO0f [1, 2].
IToBeicHTh KavyecTBO MeTawIa
TOJBIX MOKOBOK BO3MOXHO IIyTeM
pa3paboTKH MapaMeTpoB HCXOHHO-
Io CIUTKa, 00eCIIeYnBaIOLIUX YCKO-
PEHHOe 3aTBepA€BaHHE MeTallIa,
YTO CHOCOOCTBYET CHIDKCHHIO XH-
MHYECKOl HeomHopomHoctu. Ho-
OuThcA MOBBHILICHUS 3DDEKTHBHO-
CTY NIPOM3BOACTBA MOJLIX ITOKOBOK
BO3MOXHO 33 CUET CHIDKCHHS Ky3-
HEYHO#i o0pe3d TIpH yIaJeHHH
BEPXHEH YacTU CJIMTKA U MIPOIIMBKE
3aroTOBKH, YTO, B CBOIO OdYepelb,
MOXeT OBITh [JOCTUTHYTO IyTeM
pa3paboTKu CIELHANLHON JIMTEii-
HOM OCHAaCTKH C YMEHBIICHHOM
TIpUOLUIbHOM YaCThi0 M OPHEHTHPO-
BaHHOW Ha (GOpPMHUPOBAHUE B Tejie
CJIMTKA OTHOCHUTEJILHO Y3KOM U COo-
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Puc. 1. Ocesas wmra (@), CTpyKTypHble 30Hb (6) NPAOLLIBHOIO CIATKR HOPMANBHOH
JJAHBI MACCO# 4,5 T H3 CTaMH 35 H pacTpeneienne yriiepona, cepil B hocopa B HeM (6):
lIHd)pu Y KpPHBBIX -—— MAacCOBasi KOHLCHTPALUSA COOTBETCTBYIOLHMX JICMCHTOB B METAJLIC,
1 — xopkoBas 30Ha; 2 — 30HA CTOJIOYATEIX KPUCTALIOB; 3 — 30Ha KOHYCAa OCAXKACHUS;
4 — 30HA Pa3TMYHO OPUEHTUPOBAHHBIX AEHAPUTOB; 5 — 30HA OCEBOH PEIXIOCTH; 6 — yca-

AOYHas paKOBHHaA

CPENOTOMEHHOM BIOIL OCH yCaaoy-
HOI1 paKOBHUHEI.

Ha puc. 2 npuBeneHsl npuMe-
HS€MBbIC HA NPEATPUSITHAX KOHCT-
PYKUMH M3IOXHHUL IS OTIMBKHU
KY3HEYHBIX CJIMTKOB [ TOJBIX
mokoBok. HecMorps Ha TO, 4TO
CINTKH TaKOTO THUIIA [0 CBOMM T€X-
HMKO-3KOHOMHYECKMM I10Ka3are-
JI5IM, 110 CPaBHEHMIO C IPUGBUTBHEI-
MH CIIMTKaMM TPaIULIMOHHOM reo-
MeTpuH, ©OoJjiee IOAXOmAT I
MPOM3BOACTBA MOJIbIX IOKOBOK, Ka-
XKIObIA U3 HUX UMEET CBOM CyIIECT-
BEHHBIA HEAOCTATOK.

Tak, HEROCTaTKOM CXEMHI OT-
JIMBKM MaJIONpUOLUILHOIO CIIMTKA,
MOTY4aeMOrO HEIOJHBIM 3aIoJIHE-
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Puc. 2. JInTeiinas OCHACTEA H HPOAOJID-
HOe ceYeHHE Ky3HEYHBIX CJHMTEKOB MJjIs
IPOHU3BOACTBA NOJBIX NOKOBOK:

a — MaNonpUOLUIbHBIN CIUTOK; 6 — Gec-
NpUOBUIbHBIH CNUTOK; 6 — YAJTHHEHHBIH
JBYXKOHYCHBIH CIIMTOK

HHUEM NpUOBUILHOI HAICTaBKH, SIB-
JISIETCS HEOOXOOUMOCTb UCHIONB30-
BaHUA TEIUIOM3O/ALIMOHHBIX MaTe-
puanioB. BecnpuOBUIbHRINA CIUTOK
001anaeT OTHOCUTENbHO HIMPOKOW
YCaZlOYHOIl PaKOBHHOI B BEpPXHEH
YacTH CJINTKA, KOTOPYIO VAAJSIOT C
KY3HEYHOH 00pe3bl0 IpH KOBKE,
YTO HE MO3BOJIACT CYLLECTBEHHO M0~
BBICHTD BhIXON rogHoro. Hemocrar-
KaMH YJUIMHEHHOT'O ABYXKOHYCHOI'O
CIIMTKA SIBASAIOTCA CJIOXHOCTb COOp-
KM JIMTEHHOW OCHAaCTKM M OTHOCH-
TENbHO OoJblliasi BHICOTA CJIMTKA
VIS pa3jINBKH.

TIpuGbuIEHBIE YIUTMHEHHBIE
cmutku (H/D > 2,5) 1o cpaBHEHHIO
C NpUOBUIBHBIMM CIIMTKAMHU HOD-
MQJIbHOM JUIMHEI [0 CBOMM TEXHM-
KO-9KOHOMHYECKHM II0Ka3aTeisIM
6onee 3deKTUBHEI LIS ITIPOU3BOI-
CTBa IOJBIX IIOKOBOK BCJICACTBHE
MEHbLIET0 00beMa NpUOLUIBHOMR
YyacTM ¥ MEHEe Pa3BUTOM XUMHYE-
CKOI1 HEOTHOPOXHOCTH. OIHAKO LISt
OTJIVIBKY NPUOBUIBHBIX YITHHEHHBIX
CJIMTKOB TpeOyeTcsl CrelaIu3npo-
BaHHEIN MapK UITOXHUIL, .

IIpobrema BrIGOpa JUTEHHOMN
OCHACTKH IS OTIMBKH ONTHMAJIb-
HOrO C TOYKM 3PEHHA KayecTBa U
9KOHOMUKH CJIUTKA TEM OCTpee,
yeM OoibiMii AWana3oH Pa3BECOB
CJIMTKOB IPOM3BOIAT Ha Ipearpu-
aruu. IlepeuncieHHbie MPOOIEMEI
SIBWIKCh OOHON M3 MPEIIOChUIOK

Insi pa3paboTK HOBBIX KOHCTPYK-
LM CIIMTKOB.

ITpou3BOACTBO IIOJBIX ITOKOBOK
MOXET ORITh ONTUMM3HPOBAHO ITy-
TEM YMEHbIIIEHHS 00beMa MpUOLLUTH
M BHIBOJA YCaJIOYHOII PakOBHMHEI B
OCEBYIO 4acTb Tejla CJIMTKA, YTO B
CBOIO OYepenb, 00eCIIeYnBacTCs 3a-
XOIaXVMBAaHUEM  BepXHEd  YacTu
CIMTKOB C MCMOJb30BaHMEM Hal-
cTaBoK 6e3 (GyTepoBKM (Ha3bIBae-
MEIX HaJICTaBKaMU-XOJIOIWIbHHUKA-
mu). HasHayeHue HaacTaBKM-XOJIO-
IWILHAKA B TOM, YTOOBI KOMIIEHCH-
poBaTh ycanKy 3aTBEpACBAIOLLEro
MeTaJUIa IO TeX IIOp, IT0Ka (HPOHTHI
KPHUCTAJUIM3AlUH, - IBUXYIIMECS B
TOPU30OHTAILHOM HAIpaBICHUH OT
OOKOBBIX CTCHOK HM3/IOXHMIIEI, He
cONMU3sATCS Ha HOCTAaTOYHYIO BENIHU-
YHHY, 00eCIIeYUB TEM CaMbIM MOy~
YeHHE B TeJI€ CIMTKA OTHOCUTEILHO
Y3KO# yCalOYHOM DAaKOBUHHI.

l'eoMeTprueckue  napaMeTpnl
Ha[CTaBKU-XOJIOAWIBHUKA JTOJDKHBI
obecreynTs (HPOPMUPOBAHKE B TelE
CJIMTKA YCaJO4YHO! PaKOBUHHI, KO-
Topas OyleT rapaHTUPOBaHHO yaa-
JIeHa C MEeTaUIOM IIpH IpPOLIMBKE
3arotoBky. OmHUM U3 3hdeKTHB-
HBIX CIIOCOG0B BO3ACHCTBHS Ha
JUaMeTp YCalO4YHOH pakOBUHH B
Tene CIUTKA SBIIEeTCs 3aMeHa 06-
paTHOl KOHYCHOCTHM, CTEHOK WH3-
JIOXHHUIIEI Ha NPIMYIO IyTEM yCTa-
HOBKM M3JIOXHMIIBI GOJIBLIHAM Cede-
HueM BHU3 (puc. 3). Ilpm 3TOM
HaJICTaBKa-XOJMOAWIbHUK OOJDKHA
o0ecreynBaTh:
® COCPEIOTOYEHHUE yCamO4yHOM pa-
KOBHHEI B LEHTPAIbHON YacTu
CJINTKA,

e JMaMETP YCaJOYHOH pPaKOBUHHI
B TIONEPEYHOM CEYEHHH CJIMTKA
IOJDKEH OBITh MEHBbLIEC IUaMeTpa
00J1acTH OCEeBOI 30HKI CIMTKA, yaAa-
JIIEMOM MPHU NPOLIUBKE 3arOTOBKU

Ana cHUXEHUs 3aTpaT Ha OC-
BOECHHE CJIMTKOB HOBOTO THMINA HC-
IOJIb30BAJIM KOMITBIOTEPHOE MOJE-
JIMpPOBaHMEe C HCIMOJb30BaAHHEM
afjanTUPOBAaHHOIO IIPOrPaMMHOIO
xoMIiekca «Crystal»>. B paHHOM
NporpaMMHOM KOMIDIEKCE MaTeMa-
THYECKOE MOJEIMPOBaHIE TUHAMM -
KHA TEMIIEPaTypHOIO IOJA U OUHA-
MHKH GOPMHUPOBAHUS J1e(EKTOB
yCcaiK{ B MpoLiecce 3aTBEpACBaHUSA
CIIMTKA pEAIM30BAHO HA OCHOBE




@) 2)

Puc. 3. Cxema cOopKn JHTeiHOM ocHA-
CTRH IJd TOJYYeHHS 3aX0JOXREHHBIX
CJIMTKOB ¢ 00paTHOii (@) B npamoii (6)
KOHYCHOCTBIO H Pe3yJIbTATH MOIEIHPO-
BaHHA PacnoNoXeHnd Ae(eKTOB yCAAKH
B 3THX CJHTEaX (6) H (2), COOTBETCT-
BEHHO

YUCJIEHHOTO pEIICHUSI YpaBHEHMI
MaKpOCKOIIUMYECKOA TEOPHUM KpH-
CTA/UIM3ALMK CIUIaBoB  Bopwuco-
Ba—_KypagsiieBa IpH 3alaHHBIX yC-
JIOBHSIX TEIUIOQTBOAA OT CJIMTKA, a
TakKe M3BECTHRIX 3HAYEHMI TEIUIO-
€MKOCTH M TEIUIONPOBOTHOCTH OI-
pelleIeHHOM MapK# CTaIk [IpH Te-
Kylieil reMnepatype. B anropurme
MOMCKA pELICHUS HCIONb30BaH
METOJ KOHCYHBIX pPa3HOCTEH Ha
cetke. Ilpouecch oOpa3oBaHMst
KPDHCTA/UIHYECKHX 30H B 0ObEMe
3aCTHIBAIOILETO METajla MOJEIM-
POBaJI HA OCHOBE aHaJIM3a TEMIIE-
PaTypHHIX NOJIEl ¥ IOJieil rpaau-
€HTOB TeMIIepaTyp.
MonenpoBanue I0Ka3aJIo
(puc. 3, 4), yTO IIPU OTIIMBKE CIIUT-
KOB B OCHAaCTKy C OIMHAKOBBIMH
TEOMETPHYECKUMM  ITapamMeTpaMu
HauboJiee OJAroNnpusiTHOE pacrio-
JIOXEHME YCaIOUYHON PaKOBHHBI MIO-
JIydaercs IpH YCTAHOBKE M3JI0XKHMU-
L6l BEPXHKM TOPLIOM BHM3 Ha ITOJ-
IOH (CAMTOK C MpAMOM WU
A-06pa3HOii KOHYCHOCTBIO). B aToM
cyyae MaKCHMMAIbHBIA JUaMeTp
ycamouHoi pakosunsl (Dy ) co-
craniser 22...24 % OT quaMeTpa Te-
J1a cmtka. Ilpu ycraHOBKe M3JI0X-
HMIB Ha TIONIOH I OTIMBKY

CIIMTKOB ¢ obpatHoit ( V-06pa3Hoit)
KOHYCHOCTBIO, MaKCHMAaNbHEIA
JHaMeTp yCcaloyHOi paKOBUHEI CO-
crasiser 23...27 % (puc. 4), T0 ecTb
OTHOCHUTENIbHOE YMEHBIIICHUE IHa-
MeTpa YyCaJO4yHOIl PaKOBHUHH IIpU
M3MEHEHUU KOHYCHOCTH ¢ 0Opar-
HOM Ha MpsSMYI0 COCTaBlIsSer, B
cpenHeM, 8 %.

3aTBepAeBaHe MeETaUla CIWTKA
C 3aXO0JIOXECHHOM BEpXHEl YacThiO
MPOUCXOOUT OBICTpee, 4eM 3aTBep-
JeBaHUEe IPUOLUIBHOIO  CIIMTKA
BCJIEACTBME 3aMEHBl YTEIUIAIOLEH
HaJICTaBKH HAaACTaBKOMN-XOMOMUIb-
HHUKOM, YTO CHUXAET CTPYKTYPHYIO
M XMMHYECKYI0 HEONHOPOMHOCTD
merawia. OO0beM  3aXONOXEHHOM
BEpXHE YacTM MeHblle o0beMa
TIpUOLUTBHOM YacTH, YAAIIEMOM IIpU
KOBKE B oTX0l. 810, B CBOIO OYe-
penb, MO3BOMSET YBEJIMYUTh BHIXOI
TOIHOro MeTayuia ciurka. ITomoxmu-
TEJIBHOU YEPTON TEXHOJIOTUU ABISI-
€TCA BO3MOXHOCTb HCITOJIb30BAaTh
OIVH MapK M3JIOXHHUIL VIS OTJIMBKU
CJIMTKOB C COCPEAOTOYCHHON BIOJb
OCH YyCagO4YHOH pPaKOBUHOH A
MPOM3BOICTBA MOJIBIX TIOKOBOK, TaK
¥ CJIMTKOB JJIfE CIUTOIHEBIX ITOKOBOK
NpH MCHOJb30BAaHNU YTCIUIEHHOMN
NpUOBLUIbHON HamcTaBku [3].

C Uenpio DpOBEPKH aI€KBaTHO-
CTM pe3yJbTaToB MOIEINPOBAHUSA
KPUCTAJUTU3aIMM U OLIEHKU XHMH-
YeCcKOil HEOMHOPOMHOCTH ObLT OT-
JIMT CJIMTOK C 3aXOJIOXKEHHON BepX-
Heii yacTbio Maccoii 2,07 T u3 cTanu
SXHM® ¢ npsamoii (A-0Opa3Hoit)
KOHYCHOCTBIO. CTajib BBHIILIABIISIA

1200

BeicoTa CIMTKa, MM
—

[~ ]
s 88 8

g

O

0)

[~

0 300 600
Iupuna, MM
a)

[}
N
<:’ A
.
e
e
!

VA
| .
. 3 y ¢ 7y
Q 1
23 T.\_‘L\ﬁ ’\‘ \
T
22 \ A &
21 L meT T T1T7 7T
2 6 10 14 18

Macca cnuTKa, T

Puc. 4. Pe3yasrarsi MoaeMpoBAHHA pac-
NOJIOKEHHSA YCANX0IHOM PAKOBHHBI B CJIHT-
KaX ¢ 3aXOJIOXEHHOH Bepxmeli 9acTnio ¢
00paTHOH B NpsAMOit KOHYCHOCTBIO:

B — CIIUTOK ¢ 00paTHOM KOHYCHOCTHIO;

® — CIINTOK C ]'IpﬂMOﬁ KOHYCHOCTBHIO

B 25-TOHHO# 3JIEKTPOLYTOBOM ITe4YH
JCII-25 ¢ BHeneyHOM 06paboTKOM
M BaKyyMHMPOBaHUEM Ha YCTaHOBKE
MEeYs-KOBII 110 TEXHOJIOTUH C OKMC-
JIEHUEM YTJIEPOAA, OCATOYHBIM pac-
KHCIEHWEM M padUHMPOBAHUEM
OA BBICOKOOCHOBHBIM IIUIAKOM.
I'yGokoe pacKHCIeHHE CTAIH IIpo-
BOJWIN ATIOMUHUEM.

Pesynprarel u3yueHus dusmye-
CKOM, CTPYKTYPHOI U XMMHUYECKOMI
HEOJHOPOIHOCTH OIBITHOTO CJIMTKA
MpUBeJEHBI Ha pUC. 5. XUMHYECKHUH
COCTaB MeTaJUIa OIPENE/ISUIM Ha CIIeK-
TpaTEHOM aHamuzarope CS-200 u
SPECTROLAB-MS5. IMorpeur-
HOCTb U3MEpPEHMII COOTBETCTBOBA-
ama TOCT 18895—97, TOCT

22536.1—88 u T'OCT 12344—03.

Puc. 5. Ocesas mimra (@), CTpYKTypHbIE 30HM (6) CIATEA C 3AX0JOXKEHHOH BepX-
Hel gactpio Maccoif 2,07 T cram SXHM® u pacnpenejesde yrieposa, cepsl H

docdopa B HeM (6):

undpsl Yy KPUBHIX — MacCOBasi KOHLCHTPALMsl COOTBETCTBYIOLIMX 3JIEMEHTOB B METaJUIe;
1 — KopkoBast 30Ha; 2 — 30Ha CTOJIGYATBIX KPHCTAUTOB; 3 — KOHYC OCAXICHUA; 4 — 30-
Ha PazIMYHO OPHEHTUPOBAHHBIX JCHAPUTOB; 5 — ycalO4Hasl PaKOBHHA




CpaBHeHME ITONYYEHHBIX JaH-
HBIX C pe3yJIbTaTaMM UCCIIeIOBaHUSA
CIMTKA HOPMAIbHOA TI€OMETPUU
(Maccoit 4,5 T u3 cramm 35) moka-
3BIBACT, YTO B CTPYKTYpE CJIMTKA C
3aXOJIOXCHHOA BEpPXHEH YacThIO
MEHEE pa3BUTa 30HA KOHYCa OCaX-
IeHus. 30HAa CTOJOYATHIX ACHIPH-
TOB B CIUTKE C 3aXOJOXEHHOM
BepxHeil uyacThio Oojiee pasBuTa,
YTO CBUIETENLCTBYET O 3aTBEpIAECBa-
HMM METaJljia CJIUTKA ¢ npeobnana-
HHEM MeEXaHu3Ma MOCJIeN0BaTeb-
HOM KpUCTAUIM3aLVH.

Jng olleHKHW CTeNeHH pa3sBUTHS
JNUKBALIMOHHBIX IIPOLECCOB  MC-
TONB30BAIA BEAMYHHY KO3 duiu-
€HTa JIMKBALlMM 3JIEMEHTOB k;, pac-
CYUTBHIBAEMOrO 1o GopMmyiie:

ki = ([{1min/max — [i1)/[ilx - 100 %,

e [i]yin/max — MUHHMAIBHOE
(g ciydas pacyeTa OTpHLATE/Ib-
HOl JIMKBaIlMM) M MaKCHMAaJbHOE
(st cy4yast pacyera ITOJOXHUTENb-
HO# JIMKBallMM) COHEPXAHUE BJie-
MEHTa i B MeTaJUIe CUTKa, %; [i], —
COIepXaHKUEe JIEMEHTAa / B KOBLIE-
BO#i 1Ipo0e MeTayula CIuTKa, %.

B 1abn. 1 ana cpaBHEHMS MpU-
BeJIeHBl PE3YJIbTAThl pacyera crere-
HM JIMKBAIUH yriaepoaa, ¢ocdopa u
cephl MeTajUIa MPUOBLIBHOTO CIIUT-
Ka Maccod 1,7T u3 cram
38XH3M®A u ONHITHOIrO CJIMTKA C
3aXO0JIOXKCHHOM BEpXHEH YaCThIO
maccoii 2,07 T u3 ctamm SXHMO®.

Pesynurarhl MiccenoBaHus oKa-
31, YTO B OTIMYME OT IIPHOLLIL-
HBIX CJIMTKOB, METAJU1 KOTOPBIX 00-
JIalaeT SIBHO BHPAXEHHBIMHM 30HAMU
NOJIOXMUTEJIBHON M OTPULIATEILHOM
JIMKBAIlM¥, B CJIMTKE C 3aXOJIOXKEH-
HOM BEpXHEH 4acThbIO JMKBALUSA ME-
Hee pa3BUTa. YCTAHORIEHO OTCYTCT-
BHE TIOJIOXUTEILHOM JIMKBAIIMKA Ce-
pu M ¢ochopa IO TOPU3OHTY
BepxHeii YyacT Teja cautka. Cpas-
HUTEJIbHEIE Pe3yJIbTaThl pacyeTa CTe-
TIEHH JIMKBALMHU 3JIEMCHTOB B IIPH-
OBUIBHOM CJIUTKE ¢ YTCIVISIOLICH
HaJCTaBKOH U B CIMTKE C 3aX0JjI0-
XKEHHOM BEPXHEH 4acThIO MMOKA3AIH,
YTO METaJUI CJIMTKA, OTJIMTOIO C Hall-
CTaBKOM-XONOAWILHUKOM XHMUYE-
cku GoJiee OMHOPOIEH.

CpaBHeHHe pa3MeEpPOB YCATOUHORM
DPakOBHMHEI B OMBITHOM CJIMTKE, OII-
PEAENICHHBIX 3KCIIEPUMEHTOM M MO-

CreneHb JTUKBAIMEA 3JIeMEHTOB METAJLIA CIMTEOB

Ta6nuual

TonoxurenpHas NTUKBauusa, %:
yriaepona +10,8 +1,9
CepBI +18,8 0
dochopa +18,0 0
OtpuuaresibHas THKBauus, %:
yriaepoaa -3,1 -3,8
cephl —6,3 —20,0
docdopa -9,1 -15,8
CymMapHas JuKBauus, %:
yroiepona 18,9 5,7
cepHl 25,1 20
docdopa 27,1 15,8
TabGauua?

21 | 89,5 8,4 2,1
30 | 91,5 7,0 1,5
41 | 898 7,5 2,8
51 | 90,6 7.2 2,2
60 | 90,2 7,9 1,9
78 | 91,0 7,0 2,0
9,6 | 908 7,6 1,6
108 | 91,0 7.6 1,4
12,0 | 90,4 78 1,8
13,5 | 90,5 7.8 1,6
153 | 91,1 74 1,4
17,2 | 91,1 7,4 1,5

apamMeTphl pa3paboTaHHBIX CIHTKOB C NPAMOI KOHYCHOCTBIO C 3aXOJIOXKEHHON BepXHeil JacThio

2,9 61,1 1,82 10
2.6 52,0 1,82 10
23,7 45,5 1,69 10
21,7 39,5 1,69 10
0,1 38,9 1,65 11
2.8 36,0 1,60 9
23,8 32,6 1,61 10
21,8 37,0 1,62 10
23,2 31,6 1,62 10
2,9 34,5 1,62 10
24,2 33,0 1,62 10
22,3 34,9 1,58 10

JIETUPOBAHMEM 3aTBEPICBAHUS, ITO-
Ka3aJ10 yAOBIETBOPHTEIILHYIO CXOIHU-
MOCTb PE€3YyJIbTaTOB, YTO IOCIIYXWIO
OCHOBAaHUEM ISl BHEJAPEHHUSA CJIMT-
KOB C 3aXOJIOXEHHOH BEpXHeil 4a-
CTBIO C MIPSIMOI KOHYCHOCTBIO B IPO-
MBIIUIEHHOE IPOM3BOACTBO IS W3-
TOTOBJCHUSA TTOJIBIX U3ETUIA.
HancraBKu-XONOAMIBHUKA OBbi-
JIM CIPOEKTUPOBAHBI ISt CYLIECT-
Bytoniero B OAO «bymmain» mapka
M3OXHUL., HW3MOXHULBE HMEIOT
mnapamerp H/D = 1,6...1,8, xoHyc-
HOCTb Ha 00e cropoHel — 10 %,
BCETrO MapK H3JIOXHHUII BKIIOYAET
JBEHAIIATh TUIIOPa3MEPOB M Ipex-
Ha3HaueH AJI1 OTIMBKH TIPHUOBLIb-
HBIX CJIMTKOB Maccoif or 2,2 jo
19,0 T BepxOBHIM CIIOCOOOM. AHa-
JIM30M BHIMMyCKaeMO# Ha IpearnpH-
SITHM HOMEHKJIATYPh! TIOJIBIX ITOKO-
BOK OBLJIO YCTAHOBJICHO, YTO BEJIU-

YUHA MAaKCHMAJBHO JOIMYCTHMOIO

OTHOCHUTEJIBHOTO JUAMETpa ycanod-
HOI paKOBHHBI, KOTOpasi OyzeT yaa-
JIeHA ¢ METAJUIOM IpU INPOILIUBKE
3arOTOBKH, JIOJDKHA COCTaBJIATh HE
Gonee 25 % or nuaMeTpa CIUTKA.
C moMOoLIbI0 KOMITBIOTEPHOTO MO-
JeIMPOBaHUsA 3aTBepICBAHMUSA ObLLI
OIpe/ieIeH HEOOXOMUMBIiA 1151 hop-
MHpPOBaHMS 3aJaHHOIO pa3Mepa
yCalloYHOM pakOBHHBI OOBEM 3aX0-
JIOXEHHOM BEpPXHEIl YaCTU CJIMTKOB,
Koropsit cocrasui 7,0...8,4 % obwe-
Ma CJIMTKa.

C uenpl0 MUHUMU3ALMHU KONMH-
YECTBa IEMEHTOB JIMTEHHON OCHa-
crku B OAO «byMMaln», HajcraB-
KY-XOJIODWILHUK OJHOTO pasMepa
TIPOEKTUPOBAJIM /ISl CJIMTKOB JIBYX
OMDKHUX pa3BecoB.

B ta61n. 2 npuBeaeHbI TapaMeTPhI
CIIPOEKTUPOBAHHAIX CIIUTKOB C IIps-
moii (JI-o6pa3HOi) KOHYCHOCTBIO C
3aXOJIOXKEHHOM BEPXHEH YacThiO.




Ta6auua3

Mexannqeckse CBOHCTBa HOKOBOK, H3TOTOBJICHHBX H3 CJIHTKOB

¢ 3aX0JI0XKEHHOH BepXHei 9acTbi0 H NPHOBUILHRX CJIHTKOB

C 3axono- | Cpenxee 292 494 31 62 128 158

XEeHHOW | 3HaYeHWe

BepxHe#t [A 41 42 7 17 71 16

YacTeIo W, % 14 8,5 22,6 27,4 55,5 10,1
Cpennee 297 500 29 59 126 164

TIpn6buis- | 3HAYEHHE

HBIi A 57 55 8,4 20 78 23
W, % 19,2 11 29 .| 339 61,9 14

IIpuMeyaHHeE. A — pasHULA MEXIY MUHUMAIBHBIM H MAaKCUMAJIBHBIM 3HAYEHU-

€M MEXaHU4YECKOro CBOMCTBA.

IIpuMeHeHME CITUTKOB C IIPSIMOiA
KOHYCHOCTBIO C  3aXOJOXCHHOIt
BEpXHEH YaCTbi0 BMECTO NMPHUOBLIL-
HBIX CJIMTKOB JUJI1 H3TOTOBJICHHS
HOJBIX MOKOBOK A0 IOBLILLEHHE
BBIXOJA T'OJHOIO METa/Ula CIMTKA B
cpemHeM Ha 7,2 %. 3aMeHa YTEIUICH-
HOIl NpUOBUILHOM HAACTaBKM Haj-
CTaBKOM-XOMONMJILHUKOM obecre-
YWIO 3KOHOMMIO TEILIOM3OISALU-
OHHEIX MATEpHAIOB M CHU3WIO
TPYAOEMKOCTb, MOATOTOBKM JIMTEM-
HO#M OCHACTKM. YMEHBUICHUE MAaCChHI
CJIUTKOB TI03BOIMJIO ITOBRLICUTH ITPO-
MYyCKHYI0 CIIOCOOHOCTb PpajIMBOY-
HOTO IIPOJIETa 32 CYET COKPALLCHUSA
BpEMEHH 3aTBEPAECBaHMS CIIUTKOB U
CHM3UTh pPacXol ra3a Ha HarpeB
CJIMTKOB Tiepel; KOBKOii [6].

Bmisinne HOBHILEHHOH XWMU-
YECKOM OTHOPONHOCTH MeETaula
CJIMTKOB C 3aXOJIOXEHHOI BepxXHeH
YaCThIO Ha paCIIpee/ICHUS MEXaHU~
YEeCKMX CBOMCTB M€Ta/lla MOKOBOK
HCCAenoBalM Ha obpasuax, oro-
OpaHHBIX OT IOKOBOK TUMa Tpy0a,
M3TOTOBJICHHBIX K3 CIMTKOB CTaIM
09I2C, OTIAMTHIX B H3JIOXHMIIB
C YTENAAIOMMKM  HaJCTaBKaMu
¥ HalCTaBKAMHU-XOJOAWIbHUKAMM.
MeTtamn nOoKOBOK OBUT MOABEPTHYT
TepMOOOpaboTKe — HOpMaIU3aLUK
C OTITYCKOM Ha KATETOPHUIO IPOYHO-
ctu KI1245, TOCT 8479—70. O6-
Pasikl OTOMpaIX OT KaXKIOro KOHLIA
TIOKOBKH, YTO COOTBETCTBYET I'OJIOB-
HOW M JOHHOM 4YacTsAM CIUTKA, Ha
paccTosTHUM 1/2 TOMUMHBI CTEHKH
TpyOnl. Hcnbitanuss Merawia Ha
pacrspxenre nposomwid o T'OCT

=8

1497—84. YaapHy1o BA3KOCTb OIIpe-
nensma mo TOCT 9454.

J1g conocrapieHus YpOBHS Me-
XaHUWYECKUX CBOMCTB, CpaBHHUBAIA
YCPEOHEHHBIEC 3HAYCHMI MEXaHHYe-
CKHX CBOWMCTB Me€TaUla IIOKOBOK,
M3rOTOBJIEHHBIX U3 CJIUTKOB C 3aXO0-
JIOXEHHOM BEepXHEI YacThIO, M IIPH-
OBUIBHEBIX CJIUTKOB.

PaBHOMepHOCTP  paclipenese-
HUS MEXaHMYECKMX CBOMCTB IO
KOHIIaM IIOKOBOK OLIEHMBAJIM IIO
CcleAylolei 3aBUCMOCTH:

W= [(Mpax — Mpyin)/Mcp] - 100 %,

rae W — xoaddunmueHt paBHO-
MEPHOCTHU MEXaHMYECKHUX CBOMCTB,
%; Mmaxs Mmin, Mg, — Makcu-
MaJIbHOE, MUHHMMAJIbHOE U Cpel-
Hee 3HaYEHHE NAaHHOM MeXaHHYe-
CKOil XapaKTepUCTHUKH COOTBETCT-
BEHHO.

AHaM3 TIpEACTAaBACHHBIX B
Ta6:1. 3 JaHHBIX 1TOKa3aJl, YTO MPoY-
HOCTHBIE M IUIACTHYECKHME CBOMCT-~
Ba, a TAKXE BEJIMYMHA YIAPHOI BA3-
KOCTH MeTajUla IIOJIbIX ITOKOBOK
TIPaKTHYECKH HAXONITCA Ha OTHOM
YPOBHE, TIPUMEHUTEILHO ISt YCIIO-
BHii IPOMBIILJIEHHOTO IIPON3BOACT-
Ba ¥ YAOBIECTBOPSIOT TPeOOBaHUSIM
F'OCTa. Ilpu 3TOM, M€Ta/UI MOJBIX
MOKOBOK NMPHUOBLUIBHBIX CIMTKOB 00-
JIaJlacT HECKOJILKO OOJIBIIMM 3Haye-
HUEM TIPOYHOCTHHIX CBOMCTB, HO
MEHBIIMM 3HAYE€HHEM ILIACTHYE-
CKMX CBOWCTB, YTO BEPOSATHO 00B-
SICHAETCS1 OONblIEH TUKBaIME yr-
JIEPOAA TIO BBICOTE ¥l CEYEHMIO NIpH-
OBUILHBIX CIIUTKOB, IO CPaBHEHMIO

CO CIWTKAMHM C 3aXOJIOXEHHOM
BEPXHEH YacThIO.

3HaueHue Ko3(dduIKEeHTa paB-
HOMEPHOCTH paclpelcicHus Mexa-
HUYECKMX CBOMCTB MeTauia IIo
KOHIIaM MOKOBOK, OTKOBaHHBIX W3
CIIUTKOB C 3aXOJIOXEHHOW BEpXHE
yacthio B 1,1...1,4 paza MeHblle,
YeM IIOKOBOK, OTKOBaHHBIX U3 IIPU-
OBUIBHBIX CIMTKOB. BTO 00YyCIIOBIIE-
HO 6onee paBHOMEPHBIM pacmpene-
JICHUEM JIMKBUPYIOIIUX 3JIEMEHTOB
[0 BBICOTE CIMTKOB C 3aXOJIOXKEH-
HOM BepxHEH 4acThbIO.

VIoBNTETBOpUTENEHAS  CXOOM-
MOCTb (PaKTHYECKHX pa3MEpPOB yca-
IOYHOH PaKOBHHBI, COCPEAOTOYCH-
HOM BIOJIb OCH CIIMTKA C PAaCYeTHhI-
MM pe3yJIbTaTaMHd MOIENMPOBaHHSA
KPUCTAUIM3ALMHA, a TaKKe HCClie-
JOBaHUsI METaJl1a CJIATKA € 3aX0J10-
XKEHHOU BepXHel 4aCThIO, [TOKa3aB-
LIAE IOBHIUECHHYIO XUMHUYECKYIO
OZHOPOAHOCTh MO CPaBHEHHIO C
METaJLIOM TPaJULMOHHEIX CJIMTKOB
C YTCIUICHHOM HAICTaBKOH, SBU-
JIUCh OCHOBaHUEM Il BHEAPEHUSA
pa3paboTaHHBIX TApaMETPOB CJIMT-
Ka s BCEro mapKa M3JIOXHMIL
TIPEATIPUSATHUS.

CropoeKTHpOBaHHEIE Ky3HEUYHBIE
CIIMTKU C 3aXOJ0XEHHOH BepxHeu
YacTbI0 OTBEYAIOT IIOCTaBICHHBIM
nesisiM. BHeapeHue cImMTKOB 11 I10-
JIBIX TIOKOBOK IO3BOJIWIO YJIyYIINTh
TEXHUKO-IKOHOMMYECKHE T10Ka3a-
TEJIY [POU3BOICTBA 32 CYET YBEIM-
YeHUs BBIXOZA TONHOIO MeETalia
CIIMTKA B cpefHeM Ha 7,2 % U 3KO-
HOMUH TEIUVIOM3O0JIALIMOHHBIX MaTe-
puaioB. MeTa/m oCeBOMl YacTH ¢
ycaloO4YHOM paKOBHUHON yIalsdloT
MpHU MPOIUMBKE 3aroroBoK. CIuTKu
C 3aXOJIOXEHHOM BEpXHEil 4YacThiO
XapaKTEePU3ylOTCA  ITOBBIIICHHOM
XUMUYECKOII OTHOPOAHOCTBIO Me-
Tajuia, cOopKa JUTEHHON OCHACTKH
I CIIMTKOB MEHee TpynoeMka. Ot-
JIUBKa CIIUTKOB HE TpeOyeT CIelu-
IBHOIO TapKa HU3JIOXHMIL [4].

JaKmouenne

PaccmoTpeHn! KOHCTPYKIIUHA
CJIMTKOB JJIs1 IIPOM3BOACTBA ITOJBIX
NOKOBOK. B KauecTBe onTMMaIbHO-
IO CJIMTKA VISl MOJBIX IIOKOBOK IO
CBOMM TEXHHMKO-3KOHOMUYECKUM
TIOKA3aTeJAM IIPEVIOXEH CIIMTOK C
3aXOJIOXEHHOM BEpXHE#l YaCThBIO.




s 3axomaXuBaHUsA TaKWX CIIHT-
KOB BMECTO YTEIUIMIOLICH TMpU-
OBUIbHOII HAICTaBKHU CJEAYET MC-
NO/Nb30BaTh HEDYTEPOBAHHYIO Hal-
CTaBKY-XOJIOAWIbHHUK, TIO3BOJISAIO-
myio ¢opMUpoBaTL CIMTOK C
COCPENOTOYECHHOM BHOJIb OCH Yca-
JIOYHOI1 paKOBUHOM.

PesynbraThl McclienOBaHMS IO-
Kas3aji, 4YTo 3aMeHa ¢yTepoBaHHOIA
NpUOLUTLHOM HAICTaBKM HAICTaB-
KON-XOJIOAWIbHUKOM  COKpAILIAET
BpeMsl 3aTBepIEeBaHMA CJIMTKA, B pe-
3yJIBTAaTE Y€ro MeTal CJIUTKA obna-
JaeT TMNOBHILHEHHOM XUMMYECKOH
OIXHOPOIHOCTBIO. DTO CIIOCOOCTBY-
eT noBhleHuo B 1,1...1,4 pasa cra-
OMIBHOCTH TIOKa3aTesieil MexaHHU-
YECKHUX CBOMCTB MeTa/UIa MOJIBIX
TIOKOBOK.

VYcraHoBI€HO, YTO 3aMeHa 00-
PaTHO KOHYCHOCTH CJIUTKA C 3aX0-
JIOXCHHO¥ BepXHeil YacTbIO Ha IIps-
MYIO, JOCTHTAaEMOE ITyTEM IepeBO-
poTa  M3JNOXHULILI, YMEHBILACT

VIK 621.793

OTHOCUTENILHEI AMaMeTp ycaxod-
HOil pakOBMHBI B TeJI€ CIMTKA B
cpeaHeM Ha 8 %.

Hcnonp3oBaHue CIUTKOB C 3a-
XOJIOXXEHHOM BEpXHEHA YacThiO MO-
3BOJIJIO YBEIMYUTH BRIXOI T'OTHOTO
MeETaJUIa CJIUTKA IIPU IPOU3BOACTBE
MOJIBIX IIOKOBOK B CpEJHEM Ha
7,2 %, obecreuwyio SKOHOMMIO Te-
IUIOU30/IALMOHHBIX ~ MaTepHaIOB
TIPUOBUTBHEIX HAICTaBOK, CHU3WIO
TPYAOEMKOCTb IIOATOTOBKY JIUTEH-
HOI OCHACTKM U pacxojl a3a Ha Ha-
IPEB CIMTKOB Iieped KoBKoi. Tex-
HOJIOTHSI OTVIMBKU CIIUTKOB C 3aXO0-
JIOXEHHOU BEpXHEH 4YacThio He
TpeOyeT NPUMEHEHMS CIICLIMATIBHO-
TO IapKa W3/I0XHMUII,
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DVHMLLIHOE MasMeHHoe YrpoYHeHE MHCTRpYMEHTa

oA TpyaHoobpataThiBaeMbIX MaTeprarios

) OTPacisiX TAXEJIOro
—Jowd MAIIMHOCTPOCHHUS aK-
TyajibHa 3ajlaya IMOBLILICHUS M3HO-
COCTOMKOCTH M paGoTOCNOCOOHO-
CTH MHCTPYMEHTa 1)1 TpyaHooOpa-
0GaTHBaCMBIX MAaTEPHANIOB, TAKHX
KaK BBICOKOMPOYHBIE CTAIH U YyTY-
HEI, XapOIIPOYHbIE CTAIM U CIUIaBbl
U Ipyrue MaTepUabl.

TexHomornss GUHUIIHOTO IUIA3-
meHHoro ympouHeHus (DITY) ny-
TEM HaHECEHUsT M3HOCOCTOMKOIO
HAaHOMOKDHITAS HAa OCHOBE COEIH-
HeHMil kpemHusa (puc. 1, 2) maer
BO3MOXHOCTb PELIMTD 3TY 3aaqy C
MMHUMANbHEIMH KAIIUTAIbHRIMH U
IKCIUTYyaTAUMOHHBIMI  3aTpaTaMu
6e3 MPMMEHECHHUsSI BaKYYMHBIX CHC-
Tem [1, 2].

JaHHas TEXHOIOTMSI OTANYAETCH
MaJIbiM 3HEPTONOTPEONEeHHEM, MO-
OWIBHOCTBIO M  3KOJIOTUYECKOM
4YucToTOI. B pesynbraTe Ha 06paba-

- THIBaeMOii TOBEPXHOCTH GHOpPMUPY-

€TCSI TOHKMi CIOH YNPOYHSIIOLIETO
TNOKPHITUA TOJNILUMHON  IOpSAKA
0,5...2 MKM, KOTOpDHIii HE TOJBLKO
COXpaHSIET MCXOAHYIO IIEpOXOBa-
TOCTh ITOBEPXHOCTH, HO ¥ 3aJIe4H-
BaeT MUKpOIedEKThI, ¥ CO3MAET MOA
IOKPLITUEM B METAUIE CXHUMAIO-
LIMEe OCTaTOYHBIC HAaMPSKECHUA,

6JIarOTBOPHO CKa3bIBAIOIIMECH Ha
paboTocrioCOOHOCTH HHCTPYMEHTA
B CaMBEIX BHICOKOHArpyXeHHBIX pe-
XUMax.

ITokpriTHe, BKTIOYaOlEe Kap-
OMJ, OKCHI Y1 HUTPUJI KPEMHHS, Xa-

PaKTepU3yeTCs BBICOKOH MUKpPO-
TBepaocThio — J0 52 I'Tla (ipy Ha-
rpy3ke Ha uHaeHTop Ao 9,8 MH
(0,5 rc), XapoCTOMKOCTHIO IO
1000...1100 °C. TocTaTo4HO BEHICO-
KO€ YIEJIbHOE 3JIEKTPOCOMPOTHBIIE-
Hue MOKphTHa (p = 10° OM - M),
obecrieunBasi HEOOXOOUMHIE M-
3JIEKTPHYECKHE CBOMCTBA, MCKITIO-
yaeT JEKTPOKOHTAKTHOE CXBaThI-
BaHWE TPYLUUXCA MOBEPXHOCTEIA,
MOBHILUAA W3HOCOCTOMKOCTb MHCT-
PYMEHTAa.

ITonaBaeMbie B yroBoii IU1a3MO-
TPOH Naphl CHEIUAIbHBIX XHUIKHX
peareHToB B pPe3yJIbTaTe IUIa3MOXHU-
MMYECKMX peakiuii o6ecneynBaloT
dopmupoBaHHE HEOCPEACTBEHHO
Ha YIPOYHAEMON IIOBEPXHOCTH




