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BBEAEHWUE

OcHoBHbIMK  HanpasneHuAMI Da3BUTUA HapopHoro xosaictea CCCP Ha
1976 — 1980 rr., npuHATLIMKU XXY cvesnom KINCC, npeaycmartpusaetca cos-
A3HWE HOBbLIX BbHICOKOKAYECTBEHHbIX MaTepuanos, B YMCNO KOTOPLIX BXOAAT
LWTAMNOBLIE CTaNK.

Kak uasecTHO, cTORKOCTS UHCTDYMEHTORB AnA 06paboTku meTannos u Apy-
TUX MaTepnanoe BO MHOIroM npefonpeaenseT NPOU3BOANTENLHOCTb MALUMHO-
CTpPOUTENbHbLIX NPEANPUATUIA, B cBA3M ¢ 3TUM NpumeHeHne Hanbonee nporpec-
CHBHBIX MHCTPYMEHTaNsHBIX CTanei, OBECNEYMBAIOWINX MAKCHMANLHO BO3-
MOXHYIO CTOMKOCTb MHCTPYMEHTOR pasHoro HaZHAYEHWUA, a8 TaKKe NpPaBunb-
HOE WMCMONbL30BaHMe UX C yueTOM BUAA obpaboTku U THna oGpabaTbiBaems!x
MaTepManos ABNAETCA BaxHOW HAPOAHOXOIANCTBEHHOI 3apayeit.

Pazsutue orevecTeeHHoro MELIMHOCTPORHNA ¥ MEeTannyprm, Npou3BoACT-
BO W ucnonb3osatne BCe B BOMbWKMX 06bemax KOHCTPYKUMOHHBIX maTepua-
NOB COcneumMansHbLIMKU CBOMCTBAMY  (MHOrMe U3 KOTOpbLIX ABNAOTCA TpyA-
HooGpabarsisaemeimu) |, MHTEHCUMKAUMA npoueccos obpaboTku AaBneHu-
EM ¥ pesaHuem Hen3Ge)HO COMPOBONAANUCE MOHMKEHWEM CTOMKOCTU WH-
CTPYMEHTOB W AaBHO yxe Tpebosanm CylyecTBeHHbIX M3MeHeHUi B mapouy-
HOM copTameHTe W CTPYKType npoussoacTea (noTpe6nenun) MHCTPYMEH-
TanbHbIX CTanen.

K koHuy 60—x roaos OCHOBHLIMU MATEPUANAMU, NPUMEHAEMbIMI anAa
M3roToBneHnA paloynx UHCTPYMEHTOR LWITAMMOE rOpAYEro U XONoAHOro fae-
DOPMUPOBAHUA, BbINK CTaNM 3X2B8d, 4X8B2, BXHB (6XHM, BXHT, 5XI'C)
7X3 (8X3), tvna X12 (X12M, Xx1201) |, X6B®, 9XC, X, XBI, Y7, Y8, Y9,
Y10, ¥11, Y12 COOTBETCTBEHHO. B HeGonbwnx obuemax vcnonb3osanuce 6o-
niee Nporpeccustisie cTanu (4X5B20C, 4X4BAM®C, 4X2B5M®) , nocTaense-
mble no FOCTy, a Takke Heckonbko MapOoK HOBbLIX CTane’ — No TexHuvec-
KUM ycnosuAM, OpHaxko HeYNOBNETBOPUTENLHLIA KOMNNEKC OCHOBHLIX
CBOWCTE GONLLUIMHCTEA U3 3THX cTaneid NpUBOAVN K HU3KoN CTOMKOCTM TARMe-
NOHArpY*eHHLIX WTAMMNOBLIX UHCTPYMEHTOB, 4TO B 3HaWATENLHOM CTereHu
CAEMKMBANO LWIMPOKOE BHEAPEHUE HOBbIX npoueccoe 0bpaboTKU MeTannos
AABNEHUEM W NMPOTPECCUBHLIX KOHCTPYK UWMOHHBIX Matepuanos. B onpenenen-
HOM Mepe HU3KaA CTOMKOCTD oBBbACHANACH Takke W OTCYTCTBMEM YeTKOM
CheuMan1saunn WTamnoBsix CTaneil B 338BUCUMOCTH OT TUNOB TEXHONOrMYec-
KWX MPOLECCOB M XapakTepUCTUK WITamMnyembix MaTepuanos, 4YTO B CBOK
ouepeas Buino obycnosneHo OTCYTCTBMEM HAAEKHLIX KPUTEPUEB OLEHKY
DU3NKO-MexaHNYeCKUX CROCTR WTAaMNOBLIX CTANeN,

JT1o norpebogano CO3RAHWMA U NPUMEHEHUA WTAMMIOBLIX cTaneir, obnagaw-
LMX  KOMMNNEKCOM BECBMA BLICOKMX hH3NKO-MexaHUYeCKUX CBOJICTE:
matepuan pabowx WUHCTPYMEHTOR B COCTORHUM BbICOKOW TBEpAOCTH (AnA
MHCTRYMEHTOB ropasero AedopMupoBaHuA He mewee HRC 45 — 50, xonoga-
Horo HRC 60 — 62) momkex ofBnagate BbICOKWUMU TENNOCTOWKOCTLIO, CO-
MPOTUBNBHUEM CMATWO, UIHOCOCTONKOCTBIO W YROBNETBOPUTENLHOW ninac-
TUYHOCTLIO NPU HOPMANBHBIX 1 NOBBLILIEHHBIX TeMnepaTypax.

Bnarogapa paGortam, BbinonHeHHsIM 10.A.Iennepom, A.N.Mynresbim,
B.U.3anecckum, B.®.TpaxTtenbeprom, a Tarske E.B.CmupHoBbiM, .M. Anek-
ceesold, C.B.MapkuHeim u Ap., B nocneanwe 10 — 15 neT 6uin AOCTUTHYT Cy-
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lecTBEHHLIA nporpece B paspaboTKe HOBLIX WTAMNOBLIX CTanei, YTouHeHun
KpUTephes OUEHKW WMx paboTocnocoBHOCTA M paunoHanbHeix oGnacTeid npu-
MEHEHMA, 3TO NPMBENO BO MHOTMX CAYYaAX K CYLWECTBEHHOMY NOBbLILEHUH
CTOMKOCTK wWwiTamnos. Hapaay ¢ coafiaHvem U BHeApeHueM HOBbIX cTanei Bbi-
NN BLINONHEHL! PaBOTLI NO COBEPLUISHCTBOBAHWID TEXHONOTUW KOBKHW 3aroTo-
BOK MHCTPYMEHTOS W PeXXUMOB TEPMUYECKOI 06paboTKK nocneaHwWx, paspa-
BOTKE TEXHONOIUW W ONPEeAENEHMI0 PauMOoHaneHbIX ObnacTed npUMeHeHWA
TepmMomexatiueckoil obpaBoTku, uccnegoBaHuio BNUAHWA paduHUPYIoLLMX
nepenfaBoB Ha (HU3NKO-MEXAHUYECKWME W 3KCNNyaTauWoHHbIE CBOACTBA CTa-
neit U TA., MHOMME U3 KOTOPLIX CNICCOBCTBOBaNK AanbHeRWemMy NOBbILEHWIO
CTOMKOCTH LITAMNOBBIX UHCTPYMEHTOB.

Mpy HanuCcaHUy KHUFK BLIMM UCNIONB30BaHLI OTEYECTBEHHbIE U 3apyBexXHbIe
PE3YNLTAThI UCCNEADBAHNA KHCTPYMEHTaNBHbLIX CTanen.

rnAasAl 'OCOBEHHOCTU 3KCNNYATALUMWN WTAMMOB,
XUMUYECKWA COCTAB U KNACCUGHNKALNA
WTAMNOBLIX CTANEW

1 YCNOBUA PALOTh! WTAMITQBAX
UHCTPYMEHTQR. FOPAYEE JE®OPMHPOBAHUE

OCHOBHBIMKM TEXHONOTMUECKUMKM ONEpauuAMU TopAYero aedopMyUpoBaHUA
ABNAKOTCA. 06beMHaAA wWTamMnosKa (npeccosaHwe, Beicagka, KanmbBpoBka u
ap.) , dopmoBka, rubka, peaka, ceoBoaHaA KosKa Ha monotax, Haubonee
TAMENOHArpY)eHHbIE U3 HUX — OMNepauuM NpeccoBaHuA, BbICAAKWU M TOUHOM
LWITaMMOBKMU.

Ana ropAsero aehopMMpOoBaHUA WUCNOMNL3YIOT LUTAMMNOBOUHLIE MOMOTHE W
KPYBOLIWNHbLIIE MALLUWHLI PA3NMUYHbLIX KOHCTPYKUWWA (Npecchl, ropu3oHTansHo-
KOBOYHbIE MaluWHBl W T.A4.) . CkopocTs paedrOpMUpOBaHUA NpU LWITAMNOBKE
Ha MONOTax 3HaYMTENbLHO BbilLE, YeM NPU LLITAMMNOBKE HE KPUBOLWWMMHBLIX Ma-
wuHax. [inA nepeeix oHa coctaenrer 5 — 8 m/c, ana sropeix 0,5 — 1,0 m/c.
DpUKUMOHHBIE NPECChI NO CKOPOCTH AethOPMUPOBAHWA 3aHUMAIOT MPOMEXY-
TO4UHOE nonoweHwe. B nocnefHue rofbl NOABUNCA HOBLIA TEXHONOrWMUECKMWA
Npouecc — BLICOKOCKOPOCTHAA LUTAMNOBKA, KOTOPaA 3BHWMAET OAHO W3
nepsbiX MECT CpeAW NpOrpeccKBHbIX Npoueccos oBpaboTku meTannos pas-
neHWeM, TaK KakK NO3BONAET U3roTaBAWBATL NOKOBKU CNOXHOW KoHbUrypa-
UMK U BLICOKOI# TOYHOCTH M3 MHOTMX KOHCTPYKUMOHHLIX (B TOM uucne TpyA-
Hopedopmvpyembix) ctaned wu cnnasos. lllTamnoBky B 3Tom cnyuae ocyuie-
CTBAAIOT Ha BLICOKOCKOPOCTHLIX MOROTax W TMAPOBUHTOBLIX Mpeccax, Ha-
yaneHaA CKOpPOCTh AechopMUPOBAHKMA KOTOpsIX coctagnAer go 10 —30 m/c.

Mo ycnosuAM paBoTbl WITAMMOBLIE WHCTPYMEHTLI ANA rOpAR4ero aedop-
MHUPOBAHUA MOXHO PasAennTb Ha TPK OCHOBHbIE FPYNMbI:

NpeccoBble WHCTPYMEHTH! — paboTaldT B YCNOBUAX CPaBHUTENLHO Med-
NEeHHOrO HArPYMEHWA, YTO NPUBOAUT K ANMTENLHOMY KOHTaKTy C 3aroros-
KO# M COOTBETCTBEHHO 3HAWATENLHOMY Pa30rpeBy MX NOBEPXHOCTY;

VHCTPYMEHTLI MONOTOBLIX WTaMNOB — PaboTawnT B YCNOBUAX YREPHOrO
Harpy®eHus, Npu 3TOM BCNEACTBWE KPaTKOBPEMEHHOrO KOHTaKTa MHCTPY-
MEHTOB C 38roToBKON WX MNOBEPXHOCTL pasorpesaeTcR fo BGonee HU3KKUX
TEMMNEPATYP, YeM NPeCCOBLIX;

MHCTPYMEHTEI ANA BbICOKOCKOPOCTHOro aethopmupoBaHuA — npetepne-
BalOT BLICOKME YAApHBIE HArPY3KKU W yAenbHbIE AaBReHNUA . [TpUHUNNMANBHBIM
OTNWYMEM B YCNOBUAX WX paboTbl ABNAETCA KPaTKOBPEMEHHOCTL TENNOBOTO
W CUNOBOro B3aNMOAEHCTBUA .

Takum 06pasom, MOXHO YKa3aTb Ha CNeAyHOUME OCHOBHbLIE XapaKTepHbie
0coBeHHOCTH pPAaBoTel MHCTPYMEHTOB NPU TOPAYEM AehOPMUPOBaHWUA:

1) BUICOKWIA Pa3orpesB WTAaMMNOBLIX MHCTPYMEHTOB
B npouecce pab6orun. Mo aauHeim K.A.lTennepa, C.U.Gensckoro,
H.®.MepkynoBa » gp., TemnepaTypa NogepxHOCTHLIX Cnoes (TonwwuHoMA A0
! Bpems AehopMMpOBAHNA HE CKODOCTHLIX MONOTAX W TMADOBUHTOBLIX NpPeECcax

coctaenaeT 0,001 — 0,006 c; Ha WTaMNOBOWHbLIX MonoTax 0 012 — 0,014 C; Ha npeccax
01-04c



0,6 — 1,0 MM) LLITAMMOBLIX MHCTPYMEHTOB CKOPOCTHBIX MOSTOTOB U NPeCcoB
MOXeT AOCTUraTh NPV LITAMIOBKE XKAPONPOUHLIX U APYFUX TPyAHOABHOPMU:
pyemsix matepuanos 650 — 750°C; npu 3TOM OCHOBHEA Macca WTamna oc-
raeTcH nporpetoit ao 400 — 500CC. Mpu HEKOTOPsIX NPOUECCax ropAYero
NPECCOBAHUA MOBEPXHOCTHLIA CNoi pabouux yacTel wWTaMnos rayGuHoi B
HECKONBLKO MUKpOH pazorpesaercA ao 900 — 1000°C. MakcumaneHbie Tem-
neparypkl pasorpesa NOBEPXHOCTHLIX Cnoes pabouAx yYacTeil MONOTOBLIX
LITAMIOB AOCTMraloT, No AAHHBIM Tex e uccneposateneit, 500 — 550°C.

3HGUATENLHOE BNMAHME HA TENROBOW BanaHe WTaMNOBLIX MHCTPYMEHTOB W
ocobeHHo Mx paBouwx noBepxHOCTE OKa3LIBAIOT THM W KaYecTBO CMa3KH,
a TaOKe MeTOof, U MHTEHCUBHOCTL OXNaXAEHWA;

2) opHOBpEMEHHO® BO3AeWCTEBMUE ULNMKNUYECKHW W3-
MEHAKWWMUXCA TemMnepaTyp 1 AaBneH#M i Hanoxenne “pa-
Gounx’* (T1.e. obycnoanesHeIX conpoTuBneHnemM AediopMUPOBaHUI0 MaTepua-
na 3arOTOBOK) W TEPMUYECKWUX HANpRXEHUH B COYETaHUN C KOHCTRYKTUBHO
HENZBENHBIMM (De3KIE NepexOdbi, MECTHbIE YrnyGneHus u T.n.) 1 TexHono-
ruyeckMMy (noopessl, pUCKKU) KOHUEHTPaTOPaMK cnocobCTBYeT BOZHMKHO-
BEHMIO B TEfE LLUTAMINA CMOXHOrQ HaNpPAXEHHOT O COCTOAHNA;

3 6onbwHue yAenNnbHbie JaBNeHWA Ha MHCTPYMEHT.
OHy 3aBUCAT OT BMAA LWITAMNYEMOro MaTepuana, TEMNEPaTypPbl Harpesa, KoH-
durypaumum aetanu, KayecTsa CMa3Ky, CTeneHy YOaneHuA OKanuHbl, BENUYA-
Hbl M3HOCa WTamna v 1.0.

CpeaHvie 3HaueHWA COMPOTMBREHWA AethOPMUPOBaHWUI0 HEKOTOPLIX LUTaM-
nyembiX matepuanos npveegeHsl B Tabn. 1. ConpotuBnexive Aedropmuposa-
HUIO CTaned W CNNasoOB B 3HAYMTENbLHOW CTEMEHW 3aBUCUT QT CKOPOCTH Ae-
(hopMMpOBEHMA (C NOBLILIGHWEM CKOPOCTU — COMPOTUBNEHKE Aedopmuposa-
HUIO, KaK NPABuWno, Bo3pacTtaeT) . I1a 3aBUCUMOCTS B ofliuem Bue BhipaxaeT-
ca cnenywowum obpazom [12] : a =04 ( V/V,)", TAE O 1 0g — HaNpRXEHUA,
COOTBETCTBYIOWME CKOPOCTAM Aechopmuposanna V' 1 Vo n—koadduumeHT,

TaGnuya 1 5
ConpoTtuansyue dehopmuposaniiio HeKoTopsix craneld (no daHHbM
10.11.Coz puiwura, M.A.lanoroea, A.H.XKywerko)

‘
I ramnyembie Temnepatypa ofipatorku pasnesven,| Conpotvanedue _pedopmu-
MaTepuansi g BABHUK , KTC/MM
HAYANO I oweu || Il

45, 45X, 30XIT 1180 850 2-12 10 — 20
12X2HB®A 1220 850 5-19 18 - 34
3IN395 1150 900 930 17 - 34
BT3-1 1050 850 1335 20- 560
ane17 1220 1050 16 40 100105

Npumesanue |- cramuueckoe warpysenwe (npecc); Il - auHamweckoe (mo-
naT) .

1 CreneHs Aedopmaumn 30%; npu GoNelKMX CTENeHAX AedopMaumt BeMYUHY YASNL-

HbIX AGBNEHUHA MOXET BuiTh B 0BA PA3E GoNblie YKa3AHHLIX 3HAYEHUIA.
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3aBMCALLMIA OT Tuna maTepuana u TemnepaTyps AedopMuposanus’ , Moatomy
YAenbHbIE AGBNEHNA NPY WTAMINOBKE Ha MONOTAX BbILLE, Yem Ha npeccax (cm,
Tabn.1) , a cpeaHve yaensHsie AaBREHUA NPY CKOPOCTHOM AedopMUPOBaHUN
HB8MHOr0 NPeBLILLAIOT TAKOBLIE NPY LWTAMMOBKE Ha NPecCax U MoNoTax W coc-
Tagnaxt ot 30 Ao 90 Kre/mm® NpU AeiOPMUPOBAHUA ARIOMUHNEBSIX CRRa-
BOB M KOHCTPYKUMOHHBIX cTanen u ceeiwe 100 — 150 kre/Mm? — TpyaHoae-
thopmmupyemeix cranei ncnnasos [ 6] .

XonoaHoe nechopMupoBaHue

OcHoBHele ONepauMi XOROAHOrO AehOPMUPORAHUA KnaccuhLUMpOBAHLI CRie-
Aylouwinm obpasom [6] : a) pesxa — oTpeska, Beipy6ka, NnpobusKa, Npocey-
ka; 6) rmbka -- rubka, CKpYYMBaHWE; B) BBITAXKE — BbITAXKAE, OBTANKA,
npoTAXKa; r) copmoska — pensetiHan IOPMOBKa, pacTAxKa, oT6OpTOBKaE,
npaska; A) obvemHan wWTamNoBKA — MpeccoBaHue, Bbicaaka, Kanvbposka,
YeKaHka v ap.

Haubonee rmuenoHarpyskeHHbIMK ABRAKTCA onepauun obbemHol wtam-
noeku (npeccosaHve, BeicafKa) U pesku (Buipybka, npobueka) . Beneacr-
Bue BonblwMX YAENbHBIX A2BNEHWN, CROXHOHANPANKEHHOrD COCTOAHNMA U Bbi-
COKWUX TemnepaTyp paszorpesad paGoyux yacTerd MHCTPYMEHTOB B npoLlecce
PatoTbl CTOMKOCTL NOCREAHURX BO MHOTWX CNYYaAX ABNAETCA HEYAOBNETBO-
puTenbHOR. BONBWKMHCTEO ApYrMX ONEpauMii XONOAHON LWTAMMNOBKW HE Bhl-
3bIB3ET OCOBLIX OCNOXKHEHUIA, CBA3AHHLIX CO CTOMKOCTLIO, MO3TOMY YCROBWUA
paboTbl 1WTAMNOBLIX WHCTPYMEHTOE PACCMOTPEHhl B OCHOBHOM NPYMEHW-
TenbHo K 06beMHOA WTamnoBKe u peske. YenosuA paBotel  UHCTPYMEHTOB
npy 3TUX ONEPAaUMAX ROCTATOYHO MONHO MOXKHO OXAapaKTepyu3OBaTh BENWYW-
HOWM yAenbHbIX AABNEHWIA, XapaKTepoM HATPYXeHWA U TemnepaTtypoi paso-
rpesa nx pabounx yacTei.

YneneHele AaBNeHWA NpeAONpeAenAIOTCA CBONCTBAMMW  LITAMNYEMBIX
MaTeEpPUanos, CKOPOCTLIO W CTENEHLI0 Aechopmauri 3aroTOBOK, BUAOM CMa3-
KW, KOHCTpYKuMe# getanu u T.n. Bemuuna yaensHuix gasneqHu# npu npec-
cosaHuu gocTuraeT 220 — 250 kre/mm® u Gonee [6,7 u ap.] .

Mo xapakrtepy HarpyeHUA XonoaHoe Aed)OPMUpPOBEHWE MOXHO pasfe-
NUTb HA ABa OCHOBHLIX BUAA: MNABHOE — WITAMNOBKA Ha rMAPABIMHECKUX
N MexaHuyeckux (AnA oB6beMHOrO NpeccoBaHMA) MpPeccax Co CKOPOCTLIO
HarpyxeHua 0,1 — 0,4 m/c ¥ YABPHOE — LWITEMMOBKAE HA YeKAHOYHLIX W FO-
PAYBILITAMNOBOYHLIX Mpeccax CO CKOPOCTLO Harpyxeuua 05 — 1,0 m/c,
Ha XONOAHOBLICAAOUHLIX ARTOMATax W BbICTPOXOAHLIX Npecc-aBTOMAaTax Co
ckopocteio 0.5 — 1,5 m/c [4,9] .

Temnepatyphbie ycnoevA paboThl UHCTDYMEHTOB MEHAIOTCA B LWUPOKOM
AnanasoHe B 3aBUCMMOCTU OT XapakTEPUCTUK LWITAMITYEMOrQ Martepuana u
TexHonoruyecknx ocobeHHocTet npouecca. Tak, B HauBONbWEN CTENEHW

pasorpesawnTCA MHCTPYMEHTLI NPU xonoaHoi obbemioi wiamnoske ( U B
YACTHOCTHM, MpPKU TAKUX OMepauyMAX, Kak MpeccosaHue, BLICAgKa) W OTAENLHBIX
onepaumMAx Npobuexn (pybxu! .

1
KoadwbuuMeHT BO3PacTaeT™ C© NOBLIWEHWEM TemNEpaTypbl  AedOpMMpoBa-

wam [ B ],



Ha puc. 1 NOKa3aH XapaKTep UIMEHeHUA TeMNepaTypsl BbICAAOUHOTO RyaH-
COMa B 32BMCUMOCTU OT €ro CpeaHei cKopocTU. PesynbTatei WCCNeAoBaHWA
AVHAMMIKIA PA30rpeBa BhICAAOYMHBLIX MaTPUL [10] noxasanu, 4TO yxe npu-
MepHO Yepes 5 MuH Nocne Havana patoTel YCTaHABAMBAETCA KBasUCTalMoHap®
MBIt TENNOBOH NOTOK. C YBEAVHEHVEM AVWAMETPA BbICEXMUBAEMOW rONOBKM
{cTenenn pediopmaunm 1 06wema aedop-
MUPYEMOTO MeTanna) npu ycTaHoBwB-
lteMcA npoliecce TemrepaTtypa pasorpe-
BA UHCTPYMEHT2 BO3PACTaeT W AOCTUTaeT
ua nosepxHocTy 150—170°C.

g
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P wc. 1. Harpes 8eicagO4HOro NyaHcoHs

| B8 33BMCMMOCTH OT CPEeAHEeR CHOPOCTH

4 i 2] aethopmuposanun | 4]
g2 a4 06 ag i¢

Temnepamypa ngancona,’C

1 — recaaunsHuW apTomar; 2 — 0AHO-
{peduss LKOpOCTS yOapHbid nipecc-asTomaT; 3 — asyx-
nyaHeona , Mic yARPHbIH npecc-aBTOMaT

Buinv nccneaoBaHbl TaKe TeMnepaTypHsle YCNOBMA paboTbl WTaMNoBLIX
WHCTDYMEHTOB ApY ABYCTOPOHHEM XOROAHOM NPECCOBAHWA NOPLUHEBLIX Nanb-
uet asromobuneii (matepwan —crams 15 [4] ).

Tabnuual
VCTanGeUugWaACA TEMNEPaTYDa NDBEDXHOCTY URCTDYMENTA 8 3a8UCUMOCTUY
OT NPOUIBCOUTENHHOCTU 3ETOMATE U 8UOE OXNANOEHUR

Temnepatyps, OC Oxpaxcaaowwan cpeaa NpoussoauTensHocTs, | MNopaua
witim
160 — 180 Macro ( HGez nasneHuA) 15— 18 Pyunan
250 — 265 Bes oxnaxaedus 15 —-18 To xe
120 - 130 Macno® 28 Ak
YecKan
280 — 300 Bes oxnamaeHun 28 To we

E ]
Moa sasnenvem

B 1abn. 2 npuBeaeHsl TemMnepaTyps!, KOTOPbIE XapaKTepHb! ANA WHCTPY-
MEHTOE NpY YCTAHOBUBILUEMCHA pPEXUME paﬁOThll. Xapaktep WU3IMeHeHWA
TemnepaTypsl MHCTPYMEHTOB NpW MNpeccoBaHvW Mansues nNpeacTasned Ha
prc, 2. Buano, 4T0O Ha MOBEPXHOCTU MHCTPYMEHTOB UMEIOTCA 3HaYWTenbHbie
KoneBaHWA TEMNEpaTypPsl: B HaYankHLIR MOMEHT NpeccoBaduA (npu conpu-
KOCHOBEHW NyaHCOHa C XONOLHOW 3aroTOBKOW) TemnepaTypa pPesko nagaer,
SATEM NOBLILIABTCA.

1
B aeRcCTBUTENLHOCTH ypOREHL TEMNEPATYD 3IHAYMTENBHO BbILUE, TAK KAK WX 3aMe-
pArs na paccrosdun 0,3 - 0.5 mm 01 nosepxHocTi.
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BbiCOKONErMpOBaHHbIE LUTAMMNOBLIE CTanu o6nafaloT HW3KOA Tennonpo-
BOAHOCTHIO, MO3TOMY OTMe4YeHHbie KonebGaHwA TemnepaTypsl B OCHOBHOM
NPOUCXOAAT B NOBEPXHOCTHLIX CNOAX WHCTPYMEHTOB W, eCTECTBEHH(). OKa-
3LIBAIOT BAWMAHWE Ha ypOBEHL W XapaKTep pacnpeaeneHuA HanpAMEHWUN,

2 R "'j ] ]
200t \ TR -
! 556
B i 509
|
" | | ABARY AL ; 450
& w  ugg
“ . c [ : ELT)
E |
. 300
0 o 20 E N 20 36 42 56 &6

Bpema , ¢ txopocms dedpapmupslonus , iwun

P 1 c. 2. XapaKTep W3meHeHWA Temne- P n c. 3. Wamenenve TemnepaType
DATYPbI NYBHCOHOB NpH  XONOAHOM 8 30HE DAEIAENEHWA B 33BUCHMOCTH OT
NPECCOBAHWA CKOPOCTM AedopMUpoBaHMA NPU Npo-
6uBKke — BeipyGKe 3aroToBOK pas-
nusHOR TonwuHe! (undpe: Ha KpMBBIX)
rgm;auurpaa {7}, 12 {2) n 16 mm (3)

OTBETCTBEHHbLIX 32 06Pa30BAHME M PA3BUTME MUKDOTDELLMH, KOTOpLIE B AaNb-
HelleM NPUBOAAT K YelYHYaTOMY CKanbiBaHWIO YHacTKOE Metanna Ha pa
Bounx NOBEPXHOCTAX U BbIXOAY MHCTPYMEHTOB U3 CTPOA.

JKCnepUMEHTLI MO 3amMepy Temnepatyp npu npobueie — Bhipy6Ke Ha
npecc-asTomarax, nposefieqHbie ©.M.MuxaiineHko u ap. [9] , nossonunu
YCTaHOBUTL, YTO TEMMepaTypa ABRAETCA (yHKuMed cKopocTH pediopmMu-
pOBaHMA W TOonwKuHbl paspybGaemoro mavepwana (puc. 3) u npu onpeaeneH-
HbIX YCROBWAX mMOXeT pocturate 500 — 530°C. W3mepeHue Temnepatyps!
B Tene BbITAXHONW MaTpUubl MOKA3ano, YTO OHA CYLLECTBEHHO 3aBWUCUT OT
Temra paboTei Npecca M BenuYMHbLI 3a30pa U MoeT gocturate 180°C: op-
HOBPEMEHHO BbINO YCTAHOBNEHO TaKKe, 4TO pPEaKwdi nepenas Temneparyp
NPOUCXOAUT B CnNoe ToNWWHOW okono 0,3 mm.

B Tom cnyvae, Korga TeMnepaTtypa pasorpesa MHCTPYMEHTOB MpeebiludeT
Temneparypy OTNycKa, NPOMCXOAWUT PasynpoyHeHWe LUITAMNOBOW CTanu, 4To
CONPOBOMAZETCA CHWKEHMEM TBEPAOCTM pabounmx yacTed M NPUBOAWMT K
Npe)xaespemMeHHOMY BbIXOAY WHCTPYMEHTOB U3 CTpOA. T*’"“‘“’__QEESE;_ Ha-

ero uarepmm, KaK_TennocToMKOoCTb, T.6. CNIOCOBHOCTL COXPaHATHL HEOOXOAK-
Mbiii VDOBEHb CBOCTB Npy Harpese Ao 450 — 5500C.

" lanbilE PACCMOTPeHb! OCHOBHLIE NPUYMHBI BLIXOAA U3 CTPOA LITAMNOBLIX
WHCTPYMEHTOB, Npudem rNaBHOE BHUMEHWE YAENeHO WHCTPYMeHTam, CToW-
KOCTb KOTOPLIX B TOW WAKU MHOW CTEMeHW CAepKUBAET WWPOKOEe BHeApeHwne
HOBbIX NpoueccoB 06paboTKKM AaBNEHWEM W NPOTrPECcCUMBHLIX KOHCTPYKLUM-
OHHBIX MaTepuanos.



2. CTORKOCTb M OCHOBHBIE NMPUYUHbI
BbIXOOA U3 CTPOAR TAMEITOHATPYXKEHHMbBIX
WTAMITOBLIX HHCTPYMEHTOB

BenwwiHa W xapakTep pacnpesencHuA BOZHUKaIOWMX B MHCTPpyMeHTax (B
npouecce AehOPMUPOBAHWUA) HANPRAXKEHWA 38BUCAT FNABHLIM obpasom or
KOHCTPYKTMBHBIX OCOGEHHOCTEN WHCTDYMEHTOB W 3HauYeHui YAENbHBIX
BaBneHWiA.

Haubonee npocran kowndmrypauua XapaKTepHa ANA MHCTPYMEHTOB XoO-
TIOAHOTO U TOPAYEro NpeccoBaHWA (BLIAABNMBAHMA) @ TaKKE HEKOTOPBIX
TUMNOB NYaHCOHOB, BbITANKWBATENEH 1 NPOLUMBHUKOB ANA rOpAYEro o6bem-
HOTO AelOPMUPOBAHUA. TaKMe WHCTPYMEHTh UMET, KaxK npasuno, oce-
CUMMETDUYHYI0 (HOPMY M XapaKTepusylOTCA (MpU KaYecTBEHHOM W3roTOoR-
NeHWK) HanuuMem CpaBHUTENBHO HeBONLILIOrO KONWYecTBa MecT, cnocob-
HbIX CAYXUTb 3thhbeK TUBHBLIMMK KOHUEHTpaTOpaMu HanprxeHwid. [etanu
THNa NyaHCOHOB, BbITANKWBaTeNed, NMPOWWBHUKOB W T.4. paboTaloT B ycno-
BUAX CKATWA ( OAHOOCHOI'C MAKM HEPABHOMEPHOIOD BCECTOPOHHEro) W npo-
aonsHOro waruba. Kak 6Buino ormeveHo, BennuuHa YAENbHBIX AABAEHWI B
cfy4ae XONOAHOTO NpeccosaHuA AocTuraer 200 — 250 krc/mm?, npu ro-
pRYel witamnoeke 4o 30 — 90 kro/mm? u Gonee.

WccneposannA, npoBederHbie ¢ NOMOLWBI0 METOAE doToynpyroctu [8] ,
noKasanu, MTO None HanpAXeHWHd, BOHUKaOWee B NPABUNLHO CKOHCTPYM-
POBaHHbIX W TIWATENLHO U3rOTOBNEHHLIX NyaHCOHaX (BbiTanKusaTenAx), xa-
PAKTEPUIYETCA CPaBHUTENLHOW OAHOPOAHOCTLI. OQHAKO U B MHCTpYMeH-
Tax NpOCTOA KOHMUIYPauMU UMEIOTCA OTAENBHBIE YHACTKM (Topusi, mecra
conpAmeHuA paboumx W NOCAfOYHLIX NOBEPXHOCTEN M T.4.), B KOTOpbIX
NOKAnbHLIE HaNDAXEHUA MOTYT MPEBbIWATL 3HAYEHWA CPERHUX YAEMbHBIX
AasneHui. [epepacnpenenewme AeiiCTBYIOWMX Ha UHCTPYMEHT Harpysox
M BO3HUKHOBEHWE NOKaNbHbIX HANPAMEHWH XapaKTepHb! W ANA LUTAMOB
(BCcTaBOK) , wcnonbayembix Npu ropAvem 06LEMHOM AsopmupoBaHm; no
3TOH NPUYMHE BENUYMHA HANPAXEHWA B OTAENLHBIX YHacTKax rpasiopel Mo-
WET 3IHAYNTENLHO NPEBOCXOAWUTL CPeAHWE YAeNbHble AABNEHWA, YTO CROco6-
CTBYET MpPe)KACBPEMEHHOMY BbiXOAY UHCTPYMEHTOB M3 CTPOA.

BossukHOBEHWE B Mpouecce LITAMNOBKM 3HAYMTENbHBIX TEMNEepPaTypHbIX
FPAMEHTOB MO CEYeHMI0 WHCTPYMEHTOB, a TaKk)ke UMKNWvecKwii xapaktep
TeNnNoBOrO BO3AGHCTBUA B COYETAHMM C UMKIMYECKM U3IMEHAIOWUMUCH
HANPFYKEHWAMMW  (BbI3bIBAIOWMMMW Pa3BUTUE MNACTMYECKON Aethopmaunn B
Mukpoobremax) cnocobereyer 3HAYUTENbHOMY BO3PACTAHWUIO CKOPOCTH And-
(Y3MOHHBIX NPOLECCOB M CYLIECTBEHHO YCKOPAET Tennosoe pasynpouHeHne,
@ COOTBETCTBEHHO U BbIXOA WHCTPYMEHTOB U3 CTPOA.

B 1abn. 3 u 4 npuseneHsl NpUMeEpPL! CpeaHeli CTOMKDCTH U OCHOBHbIE npu-
HWHLI BbIXOAA U3 CTPOA LITAMMOBLIX WHCTPYMEHTOB ANA XONOAHOTO M rOpA-
4ero AehOPMMPOBAHMA'. AHANUS 3TUX PEIYNLTATOB, AAHHBIX 3ABOACKON
NPaKTUKY, @ TaKXKe UCCNEAOBaHWIA CBMAETENLCTBYET, YTO B pAge cny4aes
CTOMKOCTb TAXKENOHAr PYXEHHbIX WHCTPYMEHTOB BecsMa BnmaKka K npepeny,

1
YKazanwuble ageck w panee undpel B OCHOBHOM XaPaAKTePU3YIOT CTOMKOCT: g0
NEPBOro BOCCTAHOBNEHUA
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Tabnuua 3 ——
Cpedwan cTOIKOCTs WTBMNOSLIX UHCTPYMetTOg (C, ) ONA OCHOBHBIX ONepa

Xono0HolU wWremMnosiu

Hanmenoasuna n XapaKTepucTuKa
TEXHONOTMYECKWX Onepauni

I
; C,. ThiC.T,
i

OcHOBHbIE NPUYHHBL
BLIXOAE W3 CTPOR

Peaka (maipylxa, npoBuexa, oTpes-
KB W T.A) . 5
a) BuipyBKa u NpoupKa OTBEPCTWA

B 38r0TOBKAX U3 KOHCTPYKUWOH-
HiiX MaTEepWanos

6) npeurINOHHEA BeIPYBKa N3NENWA

B SNEKTPO- ¥ PAANOTEXHAYEC KO
NPOMBILINEHHOCTH

11. NucTopan WTAMNOBKA:

a) rubKa, BeTRKKE U HOPMOBKA Ae-
Tanei HeBONLLWMX PAIMEDOE
npocTol hopMme!

6) waroTosneHWe AETANSH NOBLILLEH-
HOW TOYHOCTH CRARHMTENWHO He-
Gonslnx pasMepos

B) M3roTOBNEHUE KPYNHEIX M30ENWA
CNOMHOW GOPMBI

111, O6wemuoe NpeccoBaHue

1.

KanuGpoaKs u yeHKaH Ka:

a) W2roTOBNEHWE MIAENWA NPOCTOR
HOpPMBI U3 HNIKOYTNEPOANCTRIX
W MANONErMpOBaAHHLIX CTaneH

6) KanubpOoBKa W YEKBHKA aeTanan
CROWHON GOPMBE W3 BLICOKO-
NPOYHBIX METEPUANoB

BeicagKa:
M3IrOTOBNEHWe BeTaneil U3 UBEeTHbIX
CNNasos, HU3KO-, CpeaReyTrNepogn-
CThiX W RErUPOBAHHLIX CTANSH
(YABPHBIE YCTIOBMA HArpYKeHWa)

. MpeccosaHue:

8) warotomnexwe RETaneil n3 UBSTHLIX
CMNapos, HW3IKO0-, CpeAHeY T Nepoau-
CTeIX W MANONErMpOBAHHLIX CTaneH
npu crenexdn gecdopmaumn 04 — 0.5
W yaeneHeix gasnesmax 140 krc/mm
WIrOTOBREHME AETANGH W3 HUIKD-,
CPEAHEY I MePOANCTRIX M MARONEry-
POBAHHLIX CTANSH NP CTENBHW AB-
copmaummn 0.5 — 0,65 1 YAenbHbIX
nasnenunx 140 — 180 krc/mm
8) OfHONEPexXOAHOE NPecCOBAHUE A8-
Taneil U3 KOHCTDYKUMOHHBIX CTaneit
¢ Gonewwmn creneHAMmu aedopma-
UMM npw meux*unuuunx
180 — 220 xrc/mm” w Gonee

6

—

50 — 2560
10 — 100
200 — 500
100 — 260
50 — 200
100 — 350
50 — 100
50 — 200

30-100
20 - 50
10 — 40

W3roc, vCTaNOCTHOE paspyLue-
Hue

BuikpawwsaHue W wWIHoC pa-
60WMX KPOMOK, XpynKoe pas-
pyLIEHUE

Wanoc

Wanoc pabounx wactei,

CXBaThHIBEHME

W3HoC ¥ BeiKpawnBanwe pa-
BOYMX KPOMOK, CXBBThIBBHKE

yacted

Wanoc  pabounx

Mavoc M cmATHE pabowix
KPOMOK,XPYTKO® pa3pyLieHine

XpynKog paspywesue #3-
HOC

Xpynkoe paspyuesine, ws-
Hoc paBowix yacTei

Xpynkoe paspywenne,
CMATHE 1 BBIKDALLMBaHWE
paBounx wacren

XpynKoe paspyLusHne,
CMATHE W BbIKPALLNBAHAE

pabownx yacTei
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Tabnuuasd

CrolikocTs U NPUYUHB! 8b1X008 U3 CTDOA WTAMIOELIX 8CTAGOK NpU U320TOBNSHUU
3820T0G0K TYPBUHHBIX TONaToK u3 cnnaea XH77THOP

{rno danmsim C.M. Tuwassa, A.fl.llixatosa u dp.)

Mapka | Bua |{McxoaHaa ;TBE{J&DC’TI: CroiikocTey| [pusviHe: BeIXCAE U3 CTPDOA
WTaMNO- |BCTEBKMW |TBEPAOCTL |NOCNE IKC- wr.
BOik cTanm HRC |nnva'rauuu'
52 43 300 Tpeuwmna
Hwkwar 52 40 100 To xe
EXHM 46 39 210 lMpoceaanne durypsi
49 43 210 Wanoc
BepxHAA 43 43 300 MNpocepaHue durypist
49 43 400 W3anoc
56 36 500 TpewmuHa
HwxHaa 52 39 650 To we
4X56B20C 46 39 500 Wanoc
40 40 100 MNpocesanue GUryps!
BepxHar 46 41 400 Tpewuna
49 43 500 Wanoc
48 46 1160 WaHoc, pasrapsble TPeWmnHb!
HuxHan 47 45 1250 To we
4X4ABMOC 50 47 1310 i
49 46 1180 e
BepxhHAn 48 47 1400 =

!B aoHax HauBonbwero pazorpesa (3amxoBOn vacTu) .

HW)Ke KOTOpPOro nonyxeHve nevaneit 06paboTKoN AaBNeHWeM CTaHOBUTCA Ma-
nopeHTatentHEmM.

Tak, cpok cny»xbsl NyaHCOHOB ANA XONOAHOT O NpeccoBaHuA, paboTatowmx
npu yaenoHbix aasnennax 200 — 220 krc/mm?, B GonblMHCTBE CNyYaes He
npesbiwaer 10 — 20 Thic. M3flEMA; CTOMKOCTL NPOLMBHBIX W (HOPMYIOLLUX
NY4HCOHOB, BbITalliKMBaTened Npyu ropAdeld o6LEMHOW WITAMNOBKE Ha npec-
cax coctaBfireT 6 — 20 Thic., MaTpPUU ANTA FOPAYETrD NPECCOBAaHWA AeTaneil
Tuna knanaHoB 25 — 10,0 Tbic., WTaMNOBLIX BCTAaBOK ANA W3TOTOBREHWA
W3AENWIA TUNA TYPOUHHBIX NONATOK HEPXKABEIOWMX W >KApOMpOYHBIX MaTe-
puanos 800 — 2000 wr. Ewe Gonee Huskol CTOWKOCTBIO OGNAAaOT WH-
CTPYMEHTBI NpH AehOPMUPOBEHIUK HA BHICOK OCKOPOCTHLIX MOMOTaX M Mpeccax.

Kak 6110 oTMeueHo, paGoToCcnocoBHOCTL TRXENOHAr pY)KeHHLIX WHCTPY-
MEHTOR ONpPeAenAeTCA PAKOM TEXHOMOTUYECKUX U KOHCTPYKTUBHLIX (hakTo-
pos. OAHaKO aBTOpaMK OCHOBHOE BHUMEHUWE YRENEHO PACCMOTPEHMIO TEeX Chy-
yaems, KOraa8 CpoK cnyxbbi MHCTPYMEHTOB MOYTU MONHOCTLIO ONpPeAenAeTCA
""paboTocnoCOBHOCTLIO MHCTPYMEHTamMEHBIX Marepwanoal. Kak canaerens-
CTBYET HAKOMNEHHLWA ONbIT, K HUM OTHOCATCA XPYNKOE pa3pyLueHne, name-

1r'lpl»s XOPOWD OTNameHWoM OBOPYAOBaWWM CTOMKOCTs MHCTPYMEHTOB Npeionpe-

OENAETCA B OCHOBHOM (DWMINKO-MEXBHUWECKWUMM CBORCTBAMM WHCTPYMEHTANBHBIX
cranei.
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HEHWE TeOMETDHUYECKWX DAIMEDPOB WHCTOYMEHTOR, 4 TAKWE 3aNOWACHWE W
PasBUTHE TPELLMH TEPMOMEXaHWUECKON YCTanocT.

XpynkKoe paspyeHus. — OAHA M3 OCHOBHLIX MPU4MH HUIK O
paGorocnocoBHOCTH TRKENMOHArPYKEHHLIX WHCTPYMEHTOB ANA XONOAHOTrO
nedhopmuposaduA  (cm. Tabn. 3). Tak we Kak W ANA APYrux onNepaumin
LWTAMNOBKH, NPeXAeBPeMEHHbIE MONOMKW WHCTPYMEHTOB YKAa38HHOIO Ha-
3HAYeHWA CBA3aHbI B PAAE CIY43EB CO CNyYyalHbIMU Neperpy3Kamu, KoTo-
Phbi2 BO3MOMHb! JDKE NPW HEIHEWATENbHBIX, H3 NEPBBIA BATNAL, OTCTYNREHN-
AX OT TeXHONOrMM U 0coBeHHO OnacHbl ANA MHCTPYMEHTOB C KOHCTPYKTUBHO
Heu3berkHeIMU KOHUEHTpaToOpaMn HanprxkeHuid. BmecTte © Tem xpynkoe pas-
pYLLEHNE NYaHCOHOB ANA XONOAHOr0 NPEccoBaHWUA, MMEIOWMX NPOCTYI0 op-
MY W KauecTBEHHO W3rOTOBMEHHbIX, TAKKE BCTPEYAETCA [OBONLHO YacTo.
Cneayer OTMETUTB, 4TO BbLIXOAY W3 CTPOA NpPeALIECTBYET OfpeAeneHHbIM,
uHoraa BeceMa anuTenskbid (1500 -~ 16000 wramMnosoK) nepwof 3IKcnnya-
Taumn. Mocneanee oBCTOATENLCTBO CBUARTENLCTBYET O TOM, 4TO XpynKoe
paspyLIeHne WHCTPYMEHTOB oDYCNOBNEHO B OCHOBHOM HE HEAOCTaTONHbLIMM
MCXOAHbIMW MPOYHOCTBID M NNACTHUYHOCTLIO LUTAMMOBbLIX CTanei, a onpefe-
NEHHbIMKU M3MEHEHUAMIK KX CTPVKTYPbI B Npoyecce AediOpMUpOBaHWA,

OAHOW U3 NMpyYMH, NPYUBOARALLMX K NOCTENEHHOMY BO3pacTaHWo AeACT-
BYIOLWWX Ha MHCTPYMEHT HanpRKeHWH, MOXET ABNATLCA U3MEHEHWE ero reo-
METDUM M3-38 CMATUR 1 U3Hoca. Mo aaHHeiv &.[1.Muxadinesko n ap. [ 9],
yAeneHele ycunuA npu npoSueke neHtsius Bp.O® 6,5— 0,15 so3pacTaior
Ha 10 — 15% npu onpeaeneHHON CTEMeHW 3aTYNNEHWA PEXKYLed KPOMKHM.
Anr npoceuHbix W BbipYBHBLIX WTAMNOB CROXHOW KOHWUrypauwu 3Toro
MOMET OKa3a8TbCA [OCTAaTONHO, 4TOGbI TpewwHe! obpasoBanuce B Haubonee
ONacHbIX CEHEHWAX. YKa3zaHwpld NpUMED XOPOLWO WANKCTPUpYET BIAUMO-
CBA3b TaKux, KasanoCo Obl, PASHOPOAHLIX XaPAKTEPMCTUK, KaK BEpOAT-
HOCTh XPYMNKOra PazpylleHud, WIHOCOCTOWKOUTL, CONPOTUBAEHAE MANLIM
nnacTuueckum  AedopmMauvamM W TENROCTOMKOCTb WTAMNOBLIX CTaneil,
BmecTte c TeM oH B mManoi ctenedy moxeT GbiTh PACpoOCTPaHeH Ha TAXeno-
HarpyXeHHbIe WHCTPYMEHTBI XonoaHoW oGvemMHOW wWTamnoeku, HawbBonee
8epoATHOM (B 3TOM cAyvae) NPeACTABMARETCA CXeMa YCTANOCTHO-XPYNKOro
paspywenna’ . C M3BECTHLIM NPUBIVKEHUEM €€ MOXKHO pacnpOCTPaHWTh
W Ha WHCTPYMEHTLI ANA ropAYero fedopmMuposaHnA. BepoATHOCTE XpYNKo-
TO PaspylernR WHCTDYMEHTOB ANR TODPRYETO AehopMWpOBaEHWA oCoBEHHO
BO3pacTaeT B TeX CAYYaAX, KOrAa CTPEMACH NOBLICMTL COMPOrMBNEHWE CMA-
TUIO M WIHOCY, CYWECTBEHHO 38BbILWAIOT WCXOAHbIE 3HAYEHUA TBEPAOCTH
(no HRC 52 — 56) .

OonropeyHoCTh TaKUX CpPABHMTENBHO KPYNHOrabapuTHLIX WHCTPYMEH-
TOB, KaK BCTAaBKM ANA WTAMNOBKA AeTanei TuUNa TypBUHHBIX NONATOK,
Pbi4aros, WATYHOB, KONEH4YaTe!X BANoB U T.4., CYLUECTBEHHO 3ABMCHUT Takke
M OT NPUHATOW TEXHONOrMK UX MEXAHMYECKON M TepMUyeckod obpaboTku.
AnA npeaoTBpalleHUA KOpPOGAEHVWA Ha MHOTUX 32BOAAX MPOBOMAT TEPMM-
YeCKylo 06paboTKy OKOHYaTeNbHO WM3rOTOBMEHHBIX MHCTPYMEHTOB (C
nocneayowen HeGonwwod cnecapHoit gosoaxoil) , BKmMouaowWweid 3aKanky

! Bonee noapoGHocm. & ra. I,
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¢ rnyGoKMM NOACTYXKUBAHWEM UMM C OXNAaXNAEHWEM Ha CNOKOWHOM BO3aYXE.
3710 NnpueoaAMT, Kak Npasuno, K oGpazosaHMIo CTPYKTYPHON HEOAHOPOAHOCTH,
BbIPAM@IOLLEHCA B YACTUMHOM PazBMTWHA MPOMEKYTOYHOTrO NMPEBPaWeHMA B
UBHTPanbHbiX 30HaX WHCTPYMEHTOB WNWU BbLIAENEHWO W3 aycTeHuTa HeGnaro-
NPUATHO PACNONOMKEHHBIX Kaptuaos.

WamenHeHWe reoOMEeTPHUUYECKUX PAa3MEPOB UHCTPY -
M e H T 0 B. Bece Gonee yxecTouaowmecn TpeboBaHUA, NPEABABNAEMEIE K TOY-
HOCTW paaMepoB LWITAMIIOBOK B COMETAHWW C YBENWUMBAOLWMMCA OGLeMOM
NPOM3BOACTBa AeTanei M3 TPYAHORe(OPMUDYEMBIX MAaTEPWanoE, NPUBOAAT
K TOMY, 4TO Npy ropAYem AedopMUpPOBaEHMN UCKaXEHWE reomMeTpum (hurypsbl
CTaHOBUTCA OAHUM U3 OCHOBHLIX BULOE BLIXOAA UHCTPYMEHTOB W3 CTPOA.

OcHOBHBIMKM  NpOUBCCaMK, ONPEAENAIOWMMI  AONrOBENHOCTE paounx
YACTEW TAKOro TWMa LITaMMNOB, ABNAIOTCA CMATHE M u3HOC. B cBOO ouepeds
CKOpPOCTb WX MPOTEKaHKA NpM NpasMnbLHO BbIGPAHHOW MapKe cTanu WU UCxXoa:
HOM TBEPAOCTM MMMMTUPYETCA B OCHOBHOM TENNOCTORKOCTLIO Martepwana
pabounx wacTed wramnos. Hanpvmep, TBEPAOCTL MHCTPYMEHTOB w3 CcTanew
™Mna 3X2B8¢, 4X5B2¢C v ap. B npouecce 3Kcnnyartauuw B Haubonee Ha-
FPY>KEHHBIX YACTAX WHCTPYMEHTOB MOXeT cHvkaTbcA Ha HRC 5 — 15 yxe
nocne HebonbwoOro Konuuwectsa wramnosok (500 — 1200 wrT). 370
oBCTOATEMLCTRO CBMACTENLCTBYET O TOM, YTO COMPOTUBNEHWE CMATUIO M W3-
HOCY ONpefenneTcA He TONLKO WCXOAHLIM YPOBHEM CBOWCTB MHCTPYMEHTA Nb-
HOM CTanW, HO U CKOPOCTLID X UIMEHEHWUA B NPOLECCEe 3KCMAYATaUWN.

B cnyuae MHCTPYMEHTOB XONOAHOTO AehOPMUPOBAHMA BLIXOA W3 CTpPOA
nocneaHMx MO WM3HOCY uYalue BCero MPOWMCXOAWT npu Beipybke, npobuBke,
BbITAXXKe, o6paTHOM BblaaBnueaHud U 1.n. [pU 3TOM W3HOC NPOWMCXORWUT
B OCHOBHOM W3-33 aBpasuBHOro BO3AEWCTBMA MaTepuana 3aroTOBKW W 4a-
CTMUHO YCTAMOCTHOrO BbIKPalWKMBaHWA pabounx 4acTed WHCTPYMEHTOR
(sbipy6Ka, npobueka) .

3apoXaeHVe W pasBUTHUE TPEWWH TEPMOMEXaHM-:
YECKOMW YCTanocTu. PazBuTue NpoUECCOB, CEA3AHHLIX C ABNEHUAMMH
TEPMOMEXEHWYECKOM YCTaNoCTH, XapakTepHO ANA 6GOnblUMKHCTBA Marepua:
nos, paboOTAOWMX B YCNOBMAX UMKNWYECKM W3IMEHAIOWWXCA Temnepatyp
v npaenenvid. O6pazoBaHwe W pasBUTHE TPeLIMH YKAa3aHHOro NpoucxoXaes
HUR ABNANMCH A0 HEAABHEro BPeMEeHW OfHOW M3 OCHOBHLIX NPUYMH BbIXO*
A2 W3 CTPOA LITBMNOB ANA ropAYero AedopMUpPOBAHWA HAa MonoTax W
npeccax. B CBA3V C yCNOXHEHMEM TEXHONOrMM WTAMNOBKKU U POCTOM Npo+
W3BOACTBA W3fenwili W3 TpyAHoaechOpMUPYEMbIX MATEpUanoe Ha nepsod
MECTO, KakK Yywe O6bin0 OTMEuYeHO, BbIABWMHYTblI TaKWe NpWMuYMHbI BbIXOAE
M3 CTPOA, KAK XDYNKOE pa3pyLleHWe, CMATME W M3HOC paBounMx uvacTen.
Tem He MeHee ANA MHOIMX TEXHOMOrMYECKWX ONEpauwi {I"DBBHhIM‘ o6«
pasom, Npy WTaMNoBKe feTaned U3 KOHCTPYKUMOHHBIX cTaneid v yBer-
HbIX CMN2BOB) CHATWE LUTAMMOB C 3KCNNyaTauwu u3-3a o6pasosaHWA Ha pa¢
GouMx NOBEPXHOCTAX TPELWMH TEPMOMEXAHWYECKON YCTanocTH ABNAETCH
OCHOBHOW NPUWUMHOA.

PaccmoTpeHHbIe OCHOBHBIE BUALI PA3PYLLEHWA WTAMNOBLIX MHCTPYMEHTOR
KaK NpaBuno, He BCTPENSIOTCA B “'wicTOM Buae'', a passuBaoTcA nubo napan-
nenwHo, nubo NORBREHWE OAHWX AetheKTOB RBNAETCA CNEACTBMEM HANWuUR
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Apyrux. Tak, pazeurue TPEWWH TepMOMEXaHMuecK ol YCTanocTy npusogur
K MOBbLILEHHOMY U3HOCY WiTaMMoB, PA3PYWeHUo Mx 1 1.

ABBNEHNMAMM, 3HAYUTENLHBLIM B3aUMH
Tepuana Earoroaxn, 06pa3osaHueM oKanuHe! 1 T.0.
O6wen Take ABNAETCA U Bce Bonee yetk
BPEMA TEHRGHUMA Y)KeCTOYEeHUS TpeGoanm
wraMnyemeix uzgenwi, a cnefoBatensHo,
CTPYMEHTOB B Nepuoa akcnnyaraymu.

. MNposeaeHHbi amanua No3BONAET ONpefennTL OCHOBHbLIE TpeboBaHuA, Ko-
CTS;:;:T;::»%H obnanarb marepuan TAXKENOHAT DYXEeHHBIX LITAMMIOBLIX MH-

1. Ona onepaywii ropAYero AethopmMuposaHuA — MUHUMAanNLHAA CKOPOCTL
TEMNoBOro pasynpouHennn, obecnewsalowan AOCTATOYHO AMUTENBHYIO 3KC-
NNyaTaumio MHCTPYMEHTOB Mpu Temnepatypax 600 — 700°C v 6Gonee: yaos-
NETBOPMTEeNLHAA NAABCTMYHOCTL NOCHe TepMudecKon oBpaBoTkuy Ha TBE’pnOCTb
HRC 45 — 50 v BbicOKOE CONpOTUBIEHNE CMATUIO U M3HOCY.

2'. Ana onepauvit xonoaHoro BeOpMUpOBaHUA — noBbILLEHHaR Tenno-
CTOMKOCTb (He Hue 400 — 4509C) ; cnoco6HocTs NPOTUBOCTORTL BO3AEH-
CTBYIO yAensHbIX AasneHuil go 200 — 220 krc/mMm® 1 Bonee B TeueHue 00-
CTaTOMHO ANUTENLHOrD BpeMeHUu u BbICOKARA M3HOCOCTONKOCTL (nocneakee
ocoBeHHn sacHo AnA BbIPYBHLIX WwTamnos) .

Wramnoesie CTanu ANA ropAYerc m XOnoaHoro AGlbOpMHpOBaHMﬂ AONHKHBI
TaKxe obnagate ymoBneTBOPUTENLHLIMM TEXHONOTU4ECKUMN CBOMCTBAMM
(xopowan NPOKanuBaeMoCTs, manan aedopmupyemocTs npu TepMUYecKon
06paboTke, yaosneTBopuTEnsHan WA yemMocTs 1 06pabaThiBaEMOCTL PE3aHMU-
em) . Hapaay ¢ atum cranu ANA MHCTPYMEHTOB XONOAHOMO Aethopmuposanun
He NOMKHLI UMETL B CTPYKTYpPE GOMbGro KONM4eCTBa KpynHeIX uabbiToy-

.Hblx Kapbupos, Hanuyme KOTOopbix, Kak Gyaer noxaszaHo HWXXe, oTpUuarTens-
HO BAMARET Ha NPOYHOCTL M BA3KOCTh}'
4

W K cTabuneHocTy pasmepos un-

3. XUMHYECKUE COCTAB i KITACCUOUKALNA
UWTAMIMOBBIX CTANEA

Xvumityeckuid cocras u Ha3HaueHue WTamnoBeix cTaneit s CCCP pernameHTu-
pyerca NTOCT 5950 — 73 “Crans MHCTRYMEHTaNsHaA nervposaHHan’ . Kpome
ITOTC, pAA HOBbIX MapOK CTanei NPOW3BOAAT no TEXHUYBCKUM YCROBUAM
B sasucumoctu ot ycnosuii 3KCNAYyaTaumMn LUTAMNOBLIE CTANKU AENAT HA aae:
I PYNNbIi: ANA FOPAYEro ¥ XONoaAHOro AedhopMMpOBaHUA.

15



Danbwe npusefeH KpaTKuil aHanus HEKOTOpbIX ocobBeHHoCTen nernposa-
HWA, CTPYKTYPb! W CBOWCTE OTEYeCTBEHHLIX W Hawbonee pacnpoCTpaHeHHbIX
3apyBexHbIX WTAMNOBLIX CTaneit. XUMUYECKA CoCTaB CTanein M UX Knaccu:
thrkaurA' No OCHOBHbLIM CBOWCTBAM NpuBeaeHs! B 1abn, 5.

CrannanAaropAadero aeopmMupoBaHua

Mo xapaxkTepy nervpoBaHWA K COYETAHWIO OCHOBHLIX CBOWCTB, NpALBpeTae-
MbIX NOCHEe OKOH4YaTEeNnLHOM Tepmuueckol obpafoTku, cranu AR ropAYerc
NeropMUPOBaHUA YCNOBHO MOXHO pa3zbnTe Ha Tpu rpynnel: 1) ctanu yme-
PEHHO TENNOCTOMKOCTU W MOBbLILLEHHOA BA3KOCTW; 2) NOBbILUEHHON Ten-
NOCTOMKOCTW U BA3KOCTW; 3) BLICOKONW TennocroikocT. OBuum xapaKTep-
HbIM NPU3HAKOM cTanei 3TMx rpynn ABnAeTcA Gonee HU3IKOE NO CPaBHEHWIO
CO CTanAMW ANA WHCTPYMEHTOB XOMOAHOro AethOpMUPOBaHWA COAEpPWaHWe
yrnepoga (0,3 — 0,6%), uto npeponpeAenAeTCA NOBLILEHHBIMU TpeBoBaHK-
AMU K HUM OTHOCUTENBHO BR3KOCTM U Pa3rapoCTOUKOCTH.

Cneayet oTmMeTuTh, 4TO BONLLIKHCTBO 3apyBexkHbIX cTanel HECYILECTBEHHO
OTNVYAIITCA NO XMMUYECKOMY COCTABY U CROMCTBAM OT OTEYECTBEHHLIX aHa-
NOTHUYHOrO HasHaveHWA. [103TOMY Mbi HE NMPUBOAMM WX 8HAMNWU3a, 38 UCKMoYe-
HUEM HEKOTOPBLIX MApPOK, aHAMOrM KOTODLIX OTEYECTBEHHAR MPOMBILINEH-
HOCTb HE NPOU3BOANT.

CTanw yMEpeHHOW TeNNOCTOWKOCTU U NOBbLIWEH:
HOW BA3KOCT W KB3Tol rpynne oTHOCATCA CTank, NpeAHA3HAYEHHBIE B
OCHOBHOM ANA W3roTOBNEHWA MONOTOBLIX WTAMNOB, paboTaownx B
YCNOBMAX YRAPHOrO HArpy»eHWA WU OTHOCUTEeNsHO HebBonblOro pasorpesa
rpasiopsl B npouecce wramnosku (ao 500—550°C) . Bece cranu obnagawoT
NOBBLILEHHON BAIKOCTHIO U MPOKANMBAEMOCTBIO NPU YMEPeHHOW TENNOCTOR-
KocT. MoBbiLEHHAA BASKOCTL W J3eT BO3MOXKHOCTE MCMNONL3OBATE X ANA

M3roTOBNEHWA LUTAMNOBLIX KyBUKOB WM BCTABOK ANA MONOTOBLIX LWITAMMOE,
Mo TemnepaTypHbiM 0BNacTAM npumeHennA W pasmepam paBownx uacTen
LWTAMNOB CTanu YCNOBHO MOXHO PasfenuTs Ha ase noarpynnel. K nepsow
otHocATeA ctank tuna BXHM (5XHB) , koTopsie nocne 3aKankW ¥ OTNYyCKa
npu 450—500°C npuoGpetator Teepaocts HRC 43 — 45, Takue Temnepaty-
pbl OTAYCKa NpeAonpefenATCA XapaKTepoM NErupoBaHUA CTanein; npwcyr-
cTeve HebOnbwMX CcoAepwaHWi KapSuAoo6paszylWMX INEMEHTOB Xpoma
(0,6 — 1,5%) v monubaena unu eonspama (0,2 — 0,7%} cywecTseHHO 3a-
ASPXMBAET Pacnafl MapTeHCUTa NPY HAarpeee, HO HeaOCTaTOYHO AnA obecne-
YEHUR BTOPMYHOrO TeepaeHwa’. OTa rpynna cTaneil Q0 CPABHUTENLHO He-
LABHETO BpeMeHK Gbina OCHOBHOIA ANA WHCTPYMEHTOB MONOTOBLIX LWITAMNOSA,

B nocneanve roast 8 CCCP Geinu paspaboTaHsl U NONY4WNU LMPOKOE Npu-
mereHue Takve ctanu, Kak 3X2MH®, 4XM®C v BX2MH® (A N-32) . Npume-
HeHwe cTanu 4XM®OC ecneacTeue ee Gonee BLICOKOW TENNOCTOMKOCTHA U NpOU-

X KnaccupuKaura craneit n0  OCHOBHbIM CBOWCTBAM ABNAeTcA Hawbonee
NPeanoY THTENLHOR, TAK KBK OHAa ONPELRENRETCA YCNOBMAMK paboThl LUTAMNOBHIX WHCTPY -
MEBHTOR

g Tsepaocte HAC 43 — 45 nocne 60nee BICOKUX TeMNEPATYD OTNYCKA (Benue
) npuoBiperaieT, KAk OyaeT NOKa3aHO, TONLKO BTOPUYHOTBEPAELLME

500 —
WTAMNOBLIE CTANM
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FHe INeMEHTL

i

Tabaruyab

XumuvecKuil cocTae oTevecTeensx u 380y BenHsIX WTAMNOSbIX CTaNe]
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u
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2
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| §
’E 2
g
:
x Ao
$
g

1,40—1,80

HUSHHOU 883K OCTY
0,15-0,30

.50-0,80 0,40-0,70
1,30-160 0,40-0,70

I'. CTAIIN A1TA FOPARYETO JEGOPMUPOBAHUA
0,60--0,90

1. Cranu ymepernod rennoctolicocty u noss

0.15-0,35 0,50—0,80 0,50--0,80
0,15-0,35 050 080 0
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0,25-0,60 1,20—1.60

0,500 560
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0,

SXHB
5XHBC
5XI'™Mm

5
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60
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0
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0
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Mpodonueetue Tabn. 5

K MuHecKuii cocTas cranei, %

g aneMeMTL!
o < | = & i | Mo |~ Rpyra
1) c I : TR 040 —_— p—
5,00 1,60 1,50 v
Tuna €35 1.00 0,30
AXEBMOC =
: 1 1,00 1,50
tH-12) 500 - 140 /
Tuna 5XSMHOC 0,60 1,00 040 ‘ 035 _
{Unimack 11} o 325 - 2,60 4 =
TwnadX3aM30C  04u 1,00 @ s Sl ki 5
{H-10) . 00 4,25 0, ' r
Tuna 040 1,00 0,30 o
4XBBAMSC o ~ _
{H-14) 30 250 4,50 - L
Tuna 3x§‘m 0,30 0,20 0-
(X30WCr V53] 3. Cramu eswoKoll TeAROCTOIKOCTY 020050 _ _
2,20-2,70 7,50-8,50 1% it _ =
3X2B8® 0,30-0,40 °"5“g'§g 3'3,223'3 2.20-3,00 450-550 0,60-0.90 o,sg—ﬁ:gg i 0,06—0,15 Nb
4xJBEMO  030-040 9180 060 250-320 300-360 080-1.10 150-
5X3B3MOC  045-052  0,50-0,80 ’ o _ 4,25 Co
Tuna 0,40 0,30 0,30 4,00 4,30 2,20 .
4AX4BAM2KAD
(H19) 9.50 - 0,40 -
Tuna 3X3B9O 0.30 0,30 0,30 3,28 ‘
H-21) _ 1,00 =
Twm 050 0,30 0,30 1200 e
5X12B1201
{H-231 13,50 - 0,40
Tuna 5X3B130 0,50 0.30 0,30 300 4
(H-24) 18.00 _ 1,00 -
Tuna 5X4B181 0,50 0,30 0,30 4,00 ’
(H-26)
fTpodonmerue ratn. 5
Xummueckuii cocTas cranei, %
Crane e
i c Si Mn cr w Mo v Ni Apyrue anesmeH T )
Tuna 0,60 0,30 0,30 4,00 6,00 5,00 2,00 -
6X4BEMED2
{H-42)
Tuna 0,65 0,30 0,30 4,00 9,00 0.90 0,70
6X4BOM1®
{XBOWCrMoV94)
Trna 3X2BOK50 0,30 0,25 0,40 2,00-3,00 9,00-1000 — 0,30--0,50 - 5.0 Co
2X6B8M2K8  0.22-0,30  0,30-0,600,15-0,40 6,50-7,00 7,00-8,00 1,80-2,30 0.10-0.25 = 7,60-8,50 Co
(3n748)
Tuna 0,30 0,30 0,30 10,00 6,50 2,00 - = 98,50 Co
3X10B7M2K10
Tuna Lo 0,10 0,15-0,40 0,15-0,40 180-2,30 6,00-700 560-650 0,30-0,50 2,00-2,50 11,00—12,00 Co
X2B6MBK12H2 -
11 .CTANK 471A XONOAHOMO [JEGOPMUPOBAHUA
1. Cranu noesiwenrol (esicoroil) uswococTolixocTu
X1204M (AW-51) 2,00-2,30 0,20-0,40 0,20-0,40 12,00-13,50 - 0,50—0,80 3,40—4,00 —
X604M (3N770) 1,66~1,756 0,20—0,50 0,20-0,40 5,70—6,50 - 050-0,80 3,70—4,20 =
X12BM .- 2,00-2,20 0,20-0,40 0,16-0,40 11,00-12,50050-0,80 0,60—0,90 0,15-0.30 -
X12 2,00-2,20 0,15-0,35 0,15-0,40 11,50—13,00 = = — _
X12M 1,45-1656 0,15-0,35 0,15—-0,40 11,00-12.50 - 0,40-060 0,15-0,30 “
X12¢1 1,256—1,45 0,15-0,35 0,15-0,40 11,00-12,50 o - 0,70-0,90 =
Tuna X12M1® 2,20 0,25 0,30 12,00 = 0,70-090 0,20-0,50 s
(-4
Tuna X12MHKOC 1,50 0,50 0,30 12,50 = 0,80—1,15 0,35 0,15-0,50 0,70-3,50Co
(A5




le

fApodonwerue rabn. 5

Xumnueckuit coctas craneid, %

i FeMENTs!
o c | s | wm | e | w | me | v | wn | AB&pymes
4,00 -
Tuna X12€4M  220-250 036 0,30 12,50 —  080-1,10
TT;’M 383  180-240 040 0,60 12,00—15,00 2 503,50 - -
g 13,00 1,40 = 4,00 =
13048 2,10 0,30 0,80 A : 328 =
i:: ;(505330 M  2,15-250 0,30-080 0,30-080 525 095-1,30 0,80-1,30
AT) B B it B
1".ma Xa®4 2,10-2,30 gg gﬁ ;,gg ~ o o -
1 220-2.40 Y 5 =
';.ér;.xmw 1:12)5-1.15 0,15—0,35 0,16—-0.40 550-6,50 1,10-:,50 g,?os_—gg 5
580 0,85-1,00 0,15-0,40 0,15-0,40 450-550 0,80—1,20 . -
g)’gsmr 0.80-0,80 0,15—0,35 0,15—0,40 5,00-6,00 - ]
40—0 5-525 - 090-1,15 0,15—0,50 - -
BMIF® 095-1,05 0,10-0,40 040-0,85 4,75 080 . =
1::: :ﬂuwa 1,20-1,30 0,10-0,40 0,40-0,60 5,00-550 - 105-125 090

2, BropuwioTaepieiowjue CTamil ¢ SbicoKUuM conparu:rn:)ma: x:u:h
A J E =
8x4B2C2M¢® 080090 1,60—2,00 0,25—0,50 420490 180-2,30 080

ool 150 2,30_2180 =
11X43;L2¢3M 1,06-1,15 1,40-1,80 0,20-050 350-420 2,00-2,70 030-0

X r

0' L (] i

1,156 o
4 0'30 2,50 v
Twna X4M3C28® 1,00  1,70-200 030 <
lpodonwenue ragn. 5
XumuecKuit coctan cranei, %
Crans | - y - i % 3 -
. B (o4 I S _I'_ Mn Cr [ w | Mo Vo | N Apyrue anemente
3 BeicoxonpovHbe cranu ¢ noesiwenHod ydapHod easkcocTeio

7XI2BM 0,68-0,76 0,20-0,40 1,80-2,30 1,50-1,80 050-090 0,50-0,80 0,10-0,25 -
7XTHM (OW-56) 0,67--0,74 0,20-0,40 1,40-1,80 1,20—1 B0 - 0,50-0,80 0,10-0,20 0,80-1,20
Tuna XI2M (A4} 0,95-1,05 0,10-0,40 1,75-225 0,80-1,20 - 0,80--1,20 = -
Tuna 7XT2M 0.65-0,75 0,10-0,40 1,75--2,25 0,80-1,20 1,20--1 50 - -
{AB)
Tuna XI2B 1,22 0,35 2,00 1,40 1,50 - - -

050-0,60 0,50--0,90 015040 550-6,50 250 320 060-020 0,50-0.80 =
6X4AM2GLC 057-065 0,60-0,90 0.15-0,40 3,80—4,40 - 2,00-2,40 0,60—C,90 -
(An-55)

Mpumewanwun 1 Coaepmuuacem,:nq:ocd:

0pa He npeasiuaer 0,030% (0
KOBOro nepennaaa cogepmanue Cepbl He Sonee 0,015%

L20%) wawmoro anementa, a B cranu Nocne INeKTpoLINa-

Mapxu, ctanu o6osnaveriHe AW uan 3N ¢ cootseretn MEPOM BLINYCKAIOTCA NO TEXHUUECKIUM YCOBWAM, OCTaN bHbie OTEYE
CTBEHHbLIE MADKK NPOK3BOAATCA B cooTsercreuu ¢ FOCT 5950-73




HocTH no cpasHeHuio ¢ 5XHM oBecriewnsaeT NoBbILIEHHE CTONKOCTM 1 pacluy-
pAET TeMnepaTypHoid AUaANA30H WTEMNOBKW {koeku) . OpHako BcnepcTeve
oTCYTCTBUA HUKeNA ctane 4XM®C xapaxtepuayercAa Hernyboxkoi npokanu-
BAEMOCTLI0 W GOnee YYRCTBUTENbHA K KOHUEHTPAUMWU HaNprKeHWH, vem
BXHM. Nostomy ee yenecooBpasHo WCNONL30BATE ANA LWTAMMOB NPOCTON
thopmbl anameTpom (cTopoHoi} ao 350 mm.

Crane BX2MH® ([W-32) nO YypOBHIO [h3MKO-MEeXaHWYECKWX CBOWCTE
npmBnuKaeTCA K CTanAM NOBLHUEHHON Tennoctolikoctn?®, a BeICOKaR yAap-
HAaA BA3ZKOCTL W YAOBNETBOPWTENLHAA NPOKANUBaEMOCThL MO3RONAKT C yCne-
XOM WCMNONL3OBATH €8 ANA KPYNHOrabapMTHuLIX MONOTOBLIX W NPECCOBLIX
wramnos. lupokoe npumeneHue 3Toit cTanm BaameH 5XHM obecneuwsaer

nosesllueHue crolikocTy B 1,56 — 2,6 paza,
Ana Menkux MOMOTOBLIX LWITamnos npu aethOpMUPOBAHKUKM NETUPOBaH-

HbIX KOHCTPYKLMOHHBIX, HEPXKABEIOLLUX M X@pOonpoyHLIX CTaneit U cnnasos
uenecooBpazHo UCTIONL30BATL CTANW NOBLILLIBHHOW TENNOCTORKOCTH 4X3BM®,
AXABM®DC u 4XEMPC (cm. Tabn.b) , oBecneunpalowue 3Ha4MTENLHOE NOBbI-
LWEHWE CTOWKOCTH N0 CPABHEHMOD C YKA3a8HHBIMMK paHee MapKaMu.

K paccmaTpuyBAEMOii rpynne CTanei MOXHO TaKke OTHECTU W CTaHAAPTHbLIE
cranm 7X3 u 8X3 (FOCT 5950—73) . Oanako BCREACTBUE HVUSKOro ypoeqA
DUIRKO-MEXBHUIECKITX CBOHCTE MX WCHONbIVIOT {OrpaHuyenHc) 8 UHAMBN-
AYansHOM ¥ MENKOoCepUiiHOM NPOVU3BOACTBE ANA WHCTPYMEHTOB (u ux pera-
neid) rOpU3OHTANBHO-KOBOUYHLIX MALLIKH Y NPECCOoB.

Cranu tuna 5XHM (6XHB) wupoko pacnpocTpaHetini. B pAge cTpaH wc-
NoNb3y10T Takxke BesHmKenesbie crany Tuna BXI'M, a Takxe BGonee Tenno-
CTOMKue CpeaHenervpoBaHHbie XpomomonubaeHosaHaavesble cranu. [AnA
KPYNHOraGapuTHbIX LUTAMNOBLIX KyBUKOB 3a pyBekam NPUMEHRIOT Npermy-
LLECTEEHHO XxpoMomonubaeHossie ctanu ¢ 2,0 — 4,0% Ni. Mpumepb! HekoTO-
pbIX cTaneil, Hanbonee OTNMUAKDLWMXCA NO COCTABY OT OTEYeCTBEHHLIX, MpUBe-
aeHbl B Tabn. 5.

CtTanwvw NOBLIWEHHOW TENNOCTOMKOCTN M BA3ZKOCTHW.
Mo TennocTOMKOCTH, BAZKOCTA W MNNACTUYHOCTA CTANKW BTOPOWA Tpynnbl

(4X4BM®C, 4X5B29C, 4XEM®C u ap.) 3aHUMAaOT NPOMEXYTOUHOE NONOKeE:
HME MeXAy CTanaMu NepBoid W TPeTseid Fpynn 1 UX NPUMEHAIOT B OCHOBHOM
ANA M3rOTOBNEHUA MNPEecCoBbIX BCTABOK, WHCTPYMEHTOB ANA BbICAAKWA U Bbl-
paBMeaHuA.B nocneaHee Bpema cranu 4X4BM®C u AXBEM®C wHaxopsT
gce Bonee WMPOKOE NPUMEHEHWE ANA W3IOTOBAEHWA LUTAMNOBBIX UHCTPY-
MEHTOB BbICOKOCKOPOCTHBIX MHEBMATUMECKUX MONOTOB W MMADOBHHTOBLIX
npeccos,

XapakTepHoi O0COBEHHOCTHIO CTaneid BTOPOIA Fpymnnel ABNAETCA KOM-
NNEKCHOR NeruposaHne M CKIAOHHOCTE K AUCHEDCMOHHOMY TBEDAEHWO NpW

oTNYyCKe B MHTEpBane Temneparyp 500 — B50CC, 4TO HABIAETCA UX npuH:
UWNWERBHLIM OTAKYMEM OT craneid Tvna 5XHM (5XHB)}. Gonee BbIcCOKUA

ypoBexs neruposahwA (ao 2,5--5,5% Cr, 2,0-3.0% W v Mo; 1,0% V) 6na-

E Cosganue v npumeHeHve ctaned 4XMOC w BEX2MH® npaktiueckv 3anonHung
CYUIECTBORA BLIMA PAHBE PA3NLIB MO TENNOTTORKOUTI MEXKAY CTANAMK ANA MONOTOBBIX 1
NPBCCOBBIX LWTAMMAOB,
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FONPUATHO BIWAEGT HA MPOYHOCTh, NPOKANWBAaEMOCTb W TENNOCTONKOCTHL
cTaned U AdeT BOSMOXKHOCTE UCNONL3OBATE WX ANA NPECCOBLIX MHCTPYMEH-
TOB, pasorpesadLUXCA B Npouecce paBotsl Ao 620 — 6500C.

MoBsbiweHHan yaapHan sAaakocTs cTanei 4X3BM®, 4X4BM®C y 4X5MPC
NO3BONALT KCMNONL3OBATL WX ANA HEBOABLIKMX MONOTOBLIX LUTAMNOB NDU Ae-
thopMupoBaHuKM CTanei M CNNaBoB NOBbILEHHON MPOMHOCTY, nonyyan npwu
3TOM CYLLECTBEHHBIA BEIMMPLILW B CTOMKOCTU NO CPABHEHWID C KNACCUYECK UMK
MonoToBsiMM cTanAMK. OcoBeHHo adtheK TMBHO MCMIONLIOBAHUE 3TUX CTaned
Ana pabounx scrasok. Crane 4X2B2ZM®C no xapakTepy NeruposaqHun u oc-
HOBHLIM CBOWCTBAM OTHOCUTCA K CTafAM NOBLILLEHHOR TENNOCTOWKOCTU M
BA3KOCTW. BmecTe ¢ Tem owa o6nagaeT HauMeHblEN CKNOHHOCTHIO K pasy-
NPOYHEHUID U NO3ITOMY ee UCNOoNL3YIOT B OCHOBHOM ANA MPECCOBLIX UHCTPY-
MEHTOR, NPeTepNeBaloNX 3HAYUTENbHBIE TEMNEPaTYPHO-CUNOBLIE Harpy3Ku.

3a py6Gexom W3 3TON rpynnel HauBonbliee PACNPOCTPAHEHWE HAXOMAT CTa-
nm Tuna 4X6M®C 1 3X3M3d. MpoussoaAT Takke U APYrue CTARM; XuMuUue-

CKWi cocTae Hanbonee XapakTepHsix NpuseseH B Tabn.b.

Crtanu BoICOKOM TennocToMWKOCT W TennocrolkocTs aToii
rpynnel craned pocturaer 660 - 6809C. XapakTepHoil 0COBEHHOCTBIO WX
ABNAEGTCA NOBbIWEHHO? cogepxavue BOnbpamMa UNK CyMMbi BOnbthpama W
monuoaeHa B Konuyectsax 3 — 6% B cranax Tunos 5X3BIMOC v 4X2B5MP,
8 — 10% — Tunos 3X2B8d 1 12 — 18% tunoe 5X3B13®1 u 5X4B184 1.

Cpeaw 3Toii rpynnet cTanelt 40 CPABHMTENLHO HEAABHErO BPeMEeHW Hanbo-
nee pacrnpocTpaHeHHoOW B GonbliMHCTBE CTpaH fAwna Mapka 3X2B8¢

(3X3B9¢) . OnHako B nocneaHee gecATUNETUE MOTPeGIeHWe 88 CYWECTBEHHO
YMEeHBLUMNOCE, TAK KAK Ha4anu WWPOKO UCMONb3OBATE KOMANEKCHO-NErupo-
BaHHbie Bonee TennocToMKue ctanu Tuna 5X3B3MPC, 4X2BEM®D u ap. Mpu
Harpese Boiwe 680 — 6900C cikopocTs pazynpoOYHeHMA LITAMIOBLIX CTAanel
Tvna 5X3B3M®C pesko BoapacTaeT U PaINUYMiA MO TBEPAOCTY MEXAY BCEMU
CTanAMKU, BXORALWLWMU B TDYNNy BLICOKOW TENNOCTOWKOCTH, NPAKTUYECK U He
HaBniopaetcA. 310 OBCTOATENLCTEO CBUAEBTENLCTBYET O TOM, YTO AnA cTaneil
Ha OCHOBE Qa-kenesa ¢ KapGuaHbIM ynpoyHeHWem TemnepaTypsl pasorpesa
nopAaka 690 — 700°C ABNAWTCA NpefenbHbIMU,

O6pawaeT Ha ce6A BHUMaHWE HANUYUE B MAPOMHUKAX MHOT X CTpaH, B TOM
yucne CWA, ®PIT ®paHumu, AnoHuy, BICOKONErMDOBAHHLIX CTANEH ¢ cogep-
waHuem BONbPaMa MNK Cymmel Bonkpama U monubaeHa ao 12 — 18%, xo-
TOpbie ABNAIOTCA NPAKTU4ECKW NONHbIMUK aHanoramu GbICTPOPEXYLUX cTanei
Tuna PEMS, P9, P12 n P18 c conepxanuem yrnepoaa 0,5 — 0,6%. 3y rpynny
CTaneid NPUMEHRIOT ANA HEKOTOPLIX BUAOB NPECCOBLIX M XONOAHOBLICAL0M-
HbIX MHCTPYMEHTOB B OTHOCUTENLHO HeBOoNbLIMX MacluTabax.

Kax nokasan¥ pesynbTaTel WCCAEAOBaHWMIA NOCREAHMWMX NeT, fansHeiilee
NOBLIWEHKe TENNOCTONKOCTI BCIMOMHO NMPK CO3AAHUN AUCTICPCHOHHO-TBEp-
Aefolux CTaneil C WHTepPMeTanAuAHLIM UM  KOMMABKCHBIM  YIDOYHEHWEM.
Takoro Tuna cramm npvmenAloT B8 npomsiwnenHocts CCCP, ®PT, fAnonuy,
®paHunn U apyrux ctpan. Mpumepom wx ABNATCA cTanu 2X6BBM2ZKS
(3N745), 3X10B7M2K10 u tuna X2B6MBK12H2 (cm. Tabn.5), 3tk cranu
coxpaHAT TBepaocTs HRC 38 — 40 npw Harpese go 720 — 760°C npu nocra-
TOUHO BLICOKO NPOYHOCTM U YAOBNETBOPUTENLHON nNnacTUMHOCTU. HanBonee
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uenecoobpastbie 0BNacTU NPUMEHEHUA 3TOW rPYNNbi cTaneil — Marpuuel ANA
rOpAYEro APEcCOBaHWA, pabovue BCTABKU ANA TAXENOHAr pYXeHHbIX npecco-
BbIX wramnos. CTolikocTs MHCTpYMmeHTOB M3 cranu 2XBB8M2KB (3M745)
(Npu npeccoBanuv XapONPOoYHBIX W HEPKABEIWMX CTaned u cnnasos) B
NATL — [eCATL pas NpPesbillaeT CTOWKOCTb 8HANOrUYHbLIX MHCTPYMEHTOS U3
cranm 3X2B8® [1].
Aanv ANA XCNOAHOTO
nehopMUpOBaHMUA

B cBA3Y ¢ MHOrooBpasuem TEXHONOrM4eCKUX onepaynii xonogHoro aedopmu-
POBaHWA B NOCNEAHWE FOABI CYLLECTBEHHO BMAOWIMEHMNUCE M PACLUMPDUNKCE
TpeBoBaHmKA, NpeabABNREMbBIE K MaTepuanam, MCNonb3yembiM ANA M3roToane-
HUA TUMOBLIX WHCTPYMeEHTOB. 370 noTpeGoBano onpeaeneHHoW cneyvanuaa-
UMK LWITAMNOBLIX CTanei, B KOTOPbIX MOXHO BbIENUTE TPW OCHOBHbIE rpyn-
neb! (cm. Tabn. 5) .

Mo atoMy npu3HaKy cTank ANA TAXKENOHATPYXEHHBIX WTAMNOB MOXHO
pazaenuTs Ha Tpu rpynnel (cm. Tabn. B) : 1) cranu noeeiwerHoW (BbiCOKO)
M3HOCOCTOMKOCTH, 2] BTOPUYHOTBEPAEIOWME CTANM ¢ BLICOKWMM CONPOTHUB-
neHvem CMATHIO; 3) BLICOKOMPOYHLIE CTANKU C MOBLIWEHHOW YAAapHO BA3-
KOCTbIO.

Cranv noBLWEHHOW (BeICOKOW W3IHOCOCTORKOCTMW.
HawBonee XapakTepHbIMM NpeACTaBUTENAMM  ABRAITCA cTanu Tuna X12,
koTopbie coaepxat 1,4 — 2,5% C u 11,0 — 13,0% Cr u gononHWTeNsLHO neru-
poBaHbl B HEBONLLWKWX KONWYecTBax MonubaeHOM, BaHaauemM U BONbgpamom
{8 pasHbix couetaHuAx). 3Ty rpynny craneid NpOW3BOAAT ANA XONOAHOMO
npedopmuposanun. Kpome atoro, 8 CCCP u apyrux ctpaHax npov3BoAAT Bbi-
COKOXPOMUCTBIE CTan¥ C NOBbILEHHbIM COfepKaHvem BaHaauA (no 4,0 —
5,0 %), 4To cnocoBeTeyeT Pe3KomMy NOBbLIWEHUIO U3HOCOCTONKOCTH.

XapakT1epHOit 0COBEHHOCTBLIO CTane 3TOW rPynnbl ABMAETCA 3HaYMTeMb-
HOE KONMWYECTBO M3ObITOYHLIX KapbuooB, PpacnonoMKeHHbiXx B BUAE CTPOK
UNW CETKW, Y4TO MNPUBCAUT K CHYXKEHWIO NPOYHOCTH, YAEPHOW BA3KOCTU M
YBENWMEHNIO aHM3OTPONWUKM CBOACTB. BmecTe ¢ Tem 3Ta OCOGEHHOCTL CTPYK-
TYpb! CTanei npeaonpesenAeT WX OCHOBHOE TEXHONOTUYECKOe NpenMyule-
CTBO — BbLICOKYIO M3HOCOCTOMKOCTL. [lONONHUTENLHOR NErMpoBaHuve cranei
Tuna X12 (2,0 — 2,5% C) sonethpamom, MonubaeHom, saHaguem (X12BM,
O-4,0-5,SKA2 n ap) cnocobBcreyer HEKOTOPOMY YAyulleHuio pacnpegene-
HWA KapbuaHo# asbl, NACLIMPAET TeMMNepaTypHble WHTepBanbl aycTeHuTH-
33UMM U HECKONBKO NOBBLILWAET NPOYHOCTHbie cBoiicTBa. MonoxutensHoe
BAMAHWE HA OCHOBHBIE W TEXHOMOMMYECKWE XapaxkTepUCTWKMW BbICOKOXPO-
MUCTBIX CTaned, coaepawmux sonstpam (Monubaes) v BaHaauiA, oKadwiBaet
CHWKEHMe KoHueHTpauuu yrnepoaa go 1,2 — 1,7%. Ho v atu cranu nocne
TepmMuYeckoii obpaboTku na Teepaocte HRC 61 — 63, obeiuHo pexomeHaye-
MYI0 ANA TAXENOHArPYXXeHHbIX WHCTDYMEHTOB, 06NafanT NOBbILEHHOM
CKNOHHOCTHID K XPYNKOMY pPazpyiueHunio. YKasadHelid ypoBeHs TBEPAOCTH
BonblmHcTBO cTanei Tuna X12 coxpaHaioT nocne 3akanku ¢ 980 — 10500C
v oTnycka npu 160 — 2009C. Cranu tuna X12BM npoRENAKT CKNOHHOCTL K
BTOPUYHOMY TBEpAeHWO nocne 3akanku ¢ 1000 - 10400C, npuo6petan TBep-
paocte HRC 5961 nocne ornycka npu 500—5200C. OgHako npu 3TOM KX
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NPOYHOCTHEIE XapakTEPUCTUKW AUWbE HEMHOro NPeBbILLANT YPOBEHL, AOCTM-
raemsil B pe3yNeTaTe HU3KOTEMMNEPATYPHOro oTnycka. lMocne sakanku Ha
BTOpUuHYlo TBepaocTe (¢, = 1100 + 1150°C) u Tpex-yeThipexKkpaTHOro
otnycka npu 500 — 530°C cranu Tuna X12 NPOABARIIT CKNOHHOCTH K BTO-
PAYHOMY Tsepaennio, npuobpetan Teeppocte HAC 59-62, Oanako Harpes
noa sakanky po 1100 — 1150°C npusoaut K 3HAUUTENBHOMY YKPYNHEHWIO
3epHa aycreHnTta (N 5 — 8), uTo orpMuaTensHo BnWAeT Ha NPOYHOCTL M
BR3IKOCTh.

MoHWKeHHbIE TENNOCTOWKOCTL W Npeaen TeKY4eCTU Npy CXATUM or paHu-
YMBAIOT NPYMEHEHWe 3TOM rPYNMbl CTanel ANA TAXENOHAIPYXKEHHbIX UHCTPY-
MeHTOB. OCHOBHO® Ha3HaueHUe UX — WHCTPYMEHTHI ANA BoIpY6KM 1 npobus-
KW  BbICOKOMPOYHLIX MaTepuanos, HaKaTkK, 0BbEMHOro npeccoBaHWA
{g < 150 + 170 kre/mMm?) |, BCTABKU BLITAXKHBIX U POPMOBOYHLIX LLITAMNOB,
8 TAKX¥E BCTABKM MHOroBaaaHbIX MaTpUL W KOPMYCsl COCTaBHbLIX NyaH-
COHOB ANA 06BEMHOrO NPECCOBAHMA, 3IKCMNYATUPYEMBIX NPWU YAEABHBIX
AagneHnax Ao 160 — 170 krc/mm? .

K 3Tto# rpynne oTHOCRTCA Take cTanu ¢ 5,0 — 6,0% Cr, He6GONLWHWM CO-
aepxanvem Bonb(pama, monwbaeHa W BaHaaWA, coaepKawiwe yrnepoa B
npeaenax 0,80— 1,10%; wavbonee WMPOKO M3 HUX UCNONL3YIOT CTanL X6BO.
Crant ¢ 5,0 — 6,0% Cr BcneacTeve NOHWXEHHOIO cofiepaMUA  Yrnepopa
1 KapbuacoBpasyiowmnx 3NemMeHTOB MMEIOT MEHBLLSE KONWYeCTBO K Gonee
GnaronpuATHoe pacnpefeneHe M3BLITOYHBIX KapGULOB, 4TO cnocobereyer
MOBLIUEHUIO MPOYHOCTM W YAAPHOW BAZKOCTH MPW OAHOBPEMEHHOM CHM-
XKEHUN TENNOCTONUKOCTH M M3HOCOCTOWKOCTM MO CREBHEHWIO CO CTANAMM TH-
na X12. Mo yposHwo ocHOBHLIX CBOWCTB cTanu Tuna X6B® saHumaror npo-
MEXYTOYHOR MONOXEHUE MEXAY MapKamu Tuna X 12 u 8X4B2C2Md,

BropuuHoTBepACGWWME CTANMC BLICOKUM conpo-
TUBNeHUEeM CMATMY . NoasneHwe 310l rpynnbl cTaneil 6bino Bbl-
3B2HO pACWMPEHWEM NPOLECCOB XONOAHOrQ AehopMUPOBAHUA WM 3HAYM-
TENbHLIM  yBENWuYEHUEM YAENbHOTO O6BEMA BLICOKOMPOUHLIX, KaK npa-
BU10, TPYAHEAEOPMUPYEMBIX KOHCTPYKUMOHHBIX CTaneil, NoABepraemsix
obpabotke paBneHuem. B CCCP BbiCOKONPOYHbIE WTAMNOBLIE CTANW NOH-
Bunuch B8 KoHue 60-x ronom. Cranu 3to#l rpynnbi ABNAIOTCA KOMMNEKCHO-
nernpoBarHbiMu’ , XapaKTepU3ylTCA NOHWKEHHOW KapbugHoW HeogHopoa-
HOCTbIO W, KakK cheacTeue, NOBLHULEHHOW NPOMHOCTHIO. OHKU CKNOHHBI KO
BTOPUYHOMY TEEpAEHWMIO NpPW OTNycKe B o6nacTu TemnepaTyp 520 — 560°C,
YTO NpeponpeAenneT MX MOBLILEHHYIO TENNOCTOMKOCTh; KapGuibl, Bbige-
NWBLIMECA B NpoOUeCcCe TEEPAGHWA, & TakKe W3BhITOUHLIE Kap6uabl ofec-
NEYMBALOT CTANAM NOBBILUEHHYID M3HOCOCTONKOCT.

Mocne oKoH4aTeNLHO TepMUYECKOl 0BPaBOTKN PACCMATPUBaEMbIE CTaNu
obnaaaioT BbLICOKOW NpouHOCTe ( 2300 Kre/mm?) , yaapHON BR3KOCTHIO
(* 3 — 4 xrc -m/cm?) u npegenom TekywecTM npu cxatuu (Ao 260 -
280 krc/mm?) . MoBbILIEHHAS TENNOCTOMKOCTL NO3BONAET WCNONb30BaThL UX
ANA UHCTPYMEHTO8, NpeTepneBalwiux pasorpes pabouwnx wacTeit no 400 —

1
OcHOBHBIE RErUpYOWKE INEMEBHTHI: Xpom, monbdipam, MonubaeH W BaHaguil npw
conepmuanuu yrneposa 0.8 — 1,2%.
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450°C. 37Tu ctanm HaubBonee NONHO COOTBETCTRYIOT TPeBOBAHUAM, NPEArAB-
NAEMbIM K MaTepuany paBodero MHCTDYMEHTa TAKEMOHArPYIEHHbIX WTam-
Nnos XonogHoro AeopMMpOBaHMA; UX NMPUMEHRIT B OCHOBHOM AR UHCTPY-
MEHTORB, NpPETePneBaIOWLMX 3HAYUTENLHLIE YAENbHLIE AAaBNEHWA W pa3orpes B
npouecce pabotbl (onepaumu oBBEMHOrO NPECCCOBAHWA, PE3KM, BLICIAKK
n kannBposku) .

BoicoKONMpOYHSBIE CTANW C NOBLIWEHHONW yoapHpH
BA3KOCTBL0.Crann, BXoAAWMKE B TRETHIO rpynny, No ocoBeHHOCTAM ne-
TUPOBAHWA MOMXHO pasfenuThk Ha Ape noarpynnsl. K nepsoil U3 HAX OTHOCAT-
cA Mapku Tuna 7XI2BM, tuna XI2M, XI'2HM u ap. { cm. Taén. B) , coaep-
wauwe okono 2% Mn u HeBonblive KonuuecTBa xpoma, monubaeHa (sons-
tbpama) , sanHagmA. B nocnearue 10 — 16 neT cTanu Takoro TUNa NOMYYUIK
3HayutensHoe pacnpoctpadexwe B CWA, AHravmm u AnoHuu, ¢ KOHUA Npo-
WNOTO GEeCATUNETUAR MX Hayanu npumeHaTs B CCCP. XapakTepHoit ux ocobeu-
HOCThH) ABMNAETCA CNOCOBHOCTL NPUHAUMATL 3aKaNKy Ha BO3AyXe W COXPaHATL
NOBLNLIEHHOE KONWYECTBO OCTATOYHOro aycTeHMTa. Mo aToil NnpuyMHe Wramnbl
W3 BLICOKOMApraHUOBUCTLIX CTaneil NonyvawT MUHWUMansHYWw Aedopmaipmio
Npy 3aKanke ¥ ManoyyBCTBATENLHLI K Hagpe3sy. Mo cpaBHeHUIO CO CTanAMM,
copepxawmmu 50 — 12% Cr, atv cTany WMeoT HaMHOro MeHbLLYI0 Kapbua-
HYI0 HEOBHOPOAHOCTL. BbicOKOoMapraHuosucTeie CTanu oBnanawT BLICOKON
NPOKanWBaeMOCTLIO M Mano CKAOHHLI K 0Be3yrnepoKuBaHUio Npu TEpMUyec
Koit 06paGotke [1] .0O6nanan Bbicokoi NpouHocTsio (a0 370 — 380 krc/mm? |
U yAapHoit BR3kocTeio (1o 12 — 15 kre-mfcm? ), ata rpynna craneit oTHocuT-
CA K ManoTennocToONKuUM, TBEPAOCTL, paBHyto HAC 57 — 59, oxn npuobpeTta-
0T nocne otnycka npu 170 — 2000C. OcHOBHOE Ha3HAYEHUE BLICOKOMAD! aH-
LOBUCTLIX CTaneit — M3roTOBNEHWE MHCTPYMEHTA ANA NPeLUUIUOHHON Bhipyb-
KW, NPOBUBKW, BLITAXKM W (DOPMOBKM M3AENMHA U3 HUIKOYrNEepoANC bIX
CTaneil y UBeTHLIX CNNasos.

Ctanu eTOpOU noarpynnsl 6XEB3IMPC u 6X4M2DC, Tak »e Kak KU Tuna
8X4B2C2Md, 8X4B3M3d2, X4M3C2B®, obnanawdT CKNOHHOCTLID KO BTO-
PMUHOMY TBEpAeHHIo M MMEIOT NOBbIWEHHLIE TeNROCTOMKOCTL U CONPOTUB-
neHre CMATUIO NO cpaBHeHMw co cranamu 7XI2BM, XI2M, u 1.4. 310 pac-
wmpreT obnacTu MX pauMoHansHOro NpUMeHEHWA W NO3IBONRET UCNONL3ORATH
ARA M3roTOBNEHUA MHCTPYMEHTOB YAAPHOTO BbAaBNUBAHWA, BhICAAKW W T 4.

Hapagy ¢ pacCMOTpeHHBIMWM CTANAMW BO MHOMMX CTpaHax B KauecTee ma-
Tepuana MHCTPYMEHTOB TAMENOHarpy)KeHHbIX WTaMNoB XONOAHOro, 8 MHOT-
Aa v ropAuero ob6vemHoro aediopMUpoOBaHKA, UCNONL3YIOT BLICTPOPEXYIOLLME
cranv. OcobeHHO APKO 3Ta TeHAEBHUMA BoipaxkeHa B CIIA, ¢PI, TAP 1 Axr-
nmm | 8, 12, 13 uap. ] . VX npumeredne ANA MHCTPYMEHTOB XONOAHOFG
NpPeccoBaHUA, MMEIOLWLErD CPaBHUTENBHO NPOCTYIO KoHdUrypauwo v Hebonb-
wue pasmepsl, NO3IBONAET NMONYYMTH AOBONLHO BLICOKYID CTOMKOCTE §ijgh
yAenbHBIX AaBneHuax Ao 220 — 240 krc/mm>. [pu 2T0M MCNONL3YIOT CTanM
P6M5KB, PEM5, P12, P1204K5E, a B otgensHeix cnywaax—P18 n P18K392.

Henoctatkom GoLICTPOPEXYLUKWX CTaNed ABNABTCA HANWYME 3HAYMTENLHLIX
KONMWYECTB KPYNHbIX M30bITOwHbIX Kapbuaos, KOTOpbie, ABNAACHL 3thdeK Ths-
HbIMU KOHLUEHTPAaTOPaMU HaNpRXKeHWH, cnoCcoBCTBYIOT CYLWECTBEHHOMY OX-
pYNYMBAHMIO CTaned faxe NpU CTaTMYeCKOM Harpy»eHud. OTpuuaTtensHoe
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BnMAHKUE n3BbITOUHEIX Kapbuaos Ha ceoCTEA cTanm ewe Gonee cunsHO Npo-
ABAAGTCA NPYU UMKNWYeCKUX (NYyNeCUPYIOWMX]) Harpyskax.

Kparkuil aHann3 HeKOTOPLIX oCOBEHHOCTEN NErupoBaHWUA, CBONUCTS U Npy-
MEPHOFrO HasHaueHWA Haubonee WMPOKO ucnonkayemesix 8 CCCP witaMnosbix
CTanei cBMAETENLCTBYET O HanWMuKM CPeAM HUX PRAA MPYMn, WKWpPOKO fpuMe-
HAEMLIX M B Apyrux cTpaHax. B nocnegHwe roabl 3Tv rpynnel 4ONONHUAKCH
3KOHOMHONEIMPOBAHHLIMM € BbICOKUM YpPOBHEM (UINKO-MEXaHUYeCKMUX
CBOWCTB MHCTPYMEHTANLHBIMU CTANAMU KaK ANA FOPAYEro, TAK U XONOAHOTO
RehOPMUPOBAHWA, YTO NO3BOMMAC B PARE CNYYAER CYLLECTBEHHO MOBLICHTE
CTOWKOCTb MHCTPYMEHTOB.

MoppobHo BRMAHME NErVPYIOLUMX INEMEHTOB Ha CTPYKTYPY W (hu3uko-
MEXaHU4ECKME CBOMCTBA LITAMMNOBLIX cTanei paccmoTpeHo B rn.dll, a pexw-
Mbl TepmuuecKoi ob6paboTku, CBOWCTBA ¥ Haubanee paudoHansHbie o6nacTy
npUmeHeHWA cTanm — B radY n Y.

FrinABA Il ,J{ZTPYKTYPA M CBOWCTBA WTAMMOBBLIX CTAMNENR;
¥ METOAbI WX UCCNEAOBAHUA

1 CTPYKTYPA 1 ®A308bIA COCTAB CTAMEA
NOCIE OTXUFA, 3AKAJIKH M OTITYCKA

OTox¥KeHHO® COCTORHHKE

CTpyxTypa WTaMNOBLIX .CTaRei nocne OTXWra COCTOMT M3 nepnwuta v n3bbi-
TO4HLIX KAapPGUAOB, XapaKTep pacnpefencHmMA W AMCNEPCHOCTL KOTOPbIX 3aBu-
CAT OT XMUMMYECKOTr0 COCTaBa KOHKDETHOW MapKu U TeXHONOTUYeCKWX OCco-
BeHHOCTEN ee NPOoU3BOACTBA. CNocoBCTBYA YCUNEHUMIO ASHADMTHON M 30HaML-
HOW NUKBAUKK, TAKHWE ANEMEHTh!, KaK Xpom, Bonbdipam, monubaen u apyrue,
YBeNUYMBAIOT HeOAHOPOAHOCTL NMMTOro MeTanna |14, 15] , uTo npuBOAUT Npu
nocneayiowem nepeaene K o6pazoBaHmio NMONOCHATLIX CTPYKTYP, OpUEHTUDO-
BaHHbLIX B HanpasneHuu pedopmauun. XapakTepHbiMKU NPUMEPAMA MOTYT
CNYXUTL KapbBuaHbie NONOCYATOCTL U NMKBALKMA B 383BTEKTOMAHBIX CTANAX,
a TaKXKe pasapobNeHHan CeTKa UNK CTPOKMW NePBUYHbIX Kapbuaos B BbICOKO-
nerupoBanHeiX cTanax. HeogHopoanoe pacnpegenedwe KapbuaHo# dassl AB-
NASTCA OAHCA M3 MPUYAH CYLLECTBEHHOTO CHIDKEHWA AKCIMTYATAUWCGHMbLIX W
TEXHOMOMMYECKNX CBOMCTB LUTaMNOBLIX cTaneh. B kpynHoraBapuiHbix 3aro-
TOBKEX OTPUUATENsHOE BRWAHKME O0KasbiBalOT TAKIXKE HEePaBHOMEPHOCTL pac-
npeieneHA BpeaHbiX NPUMECeA U PasHaA NNOTHOCTL NO CEYEHMO.

WcxonHan (1.e. hopmupylowanca B Npauecce KpUcTannmsaumu, nepegena
W NpeaBapuTeNbHON Tepmuveckoid o6paboTikn) CTpyKTYpa okazbiBaeT Gonk-
woe BAuAHWE Ha 06pabaThiBaeMOCTs WTAMNOBLIX CTANEN U KX NOBEASHWe NPH
sakanke u ornycke. W3dTepmuveckuin oTxur (BhicoKuiA oTnyck), obbiuHO
WMCMONBAYEMbIA B NpPaKTUKE METAMNYPIUYECKMX W MALLMHOCTPOUTENbHbIX
NpeanpUATHA, MAN0 U3MEHAA XapakTep pacnpeieneHns U AWCTIEPCHOCTL Nep-
BMUYHBIX KapBMAOB, B 3HAYMTENBHOW CTeMNeHk BO3AENCTBYeT Ha COCTOAHUE 3B-
TEKTOWAA B CTANAX C OTHOCUTENLHO HEBLICOKMM COAB[NHAHWEM NETUPYIOLLMX
aneMeHTOB. B aTo# rpynne martepyanos nNepnuT, B 3aBMCMMOCTU OT PEXUMOB
oTHMIa, MOweT DbiTh 3EPHUCTLIM WM NAACTUHYATLIM, BOSMOXHO Takwe o6-
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pasoBaHmke cmeladHbix cTpyKTyp. C Toukw 3peHuAa o6paBaThiBaemocTu pe-
38HUEM W YCTOMMWBOCTM NPOTUB NEperpesa ONTUMANLHOW ANA Manonerupo-
BaHHLIX CTaneil ABNAETCA, COrnacHo AaxHbiM pabot [ 1] w [ 6 ], capyx-
TYpa 3epHUCTOrQ NepnuIa.co. CPEAHMM Pa3MepoM vacTuu 1.3 — 1,6 mrm.

" BLicoKonerMpoeakHbie CTanu BCneacTBue GONMblieid YCTOWYMBOCTM NpO-
TWB pacTBODEHWMA MNPW Harpege cneuwanuHbiX KapbuaoB, ABARILWKMXCA NPU
OXNAKAEHUW LEHTDAMU KpUCTanAM3auun ANA BbifENAIOWMXCA 4aCTUW, WM No-
HW>KEHHOR g Y3UOHHOW NOABMMHOCTY 3NEMEHTOR B KDUCTaNNN4YecKow pe-
LWeTKe Xemne3a XapaKTepuayOTCA MEHbLUSH YYBCTBUTENLHOCTHIO K peXXumMam
oTHMra W NpmobpeTalT, Kak NpaBuno, CTPYKTYPY MenKOAMCNEPCHOTO 38p-
HUCTOro (copbutooSpaszHoro} nepnuta.

OcHoBHble TUNwW KapBuaoB nUXx ceoMCTBaA Bcranax
C OTHOCHTENbHO HEBBICOKUM COMEPWAHWEM XpPOMa, Bonbtpama, monubaexa
W BaHagwA KapbuaHan cbasa npeAcTaBneHa B OCHOBHOM LEMEHTUTOM, UMEID-
wuM pombuveckyio peletky (@ =4,516+4,517 &; b =5,078 +5,0794; ¢ =
= 6,728 + 6,730 A} w nnotHocys oxono 7,62.107% kr/m®, Kap6uasi
FesC {(M;C) xapaKTepuayiTCAR CPaBHWTENLHO HEBONLLWON TEBEPAOCTLIO U MO-
ryT aedopmuposarecA [ 17 | . ATOMBI KENE33 B L@MEHTUTE MOTYT BbiThb 3a-
meleHsl mapraduem _(ao 100%), xpomom (a0 18%), monnbaeHom v BONb-
bpamoMm (po 1%) 3 BaWagwit, TUTaH, UMPKOHMIA U HUOGBKWIA NPaKTUuYecKU He
BXOAAT B coctas M,C [ 1, 17, 18 ] . Neruposaknbi uemenTUT oBnapaer
NOBLILEHHOW YCTOWUMBOCTLIO MPOTUE PACTBOPEHWA WM KOanecueHUnn, umeer
Bonbilylo AucnepcHoCTs W Gonee GnaronpuMATHOE pacnpeaeneHve no cpasHe-
Huio ¢ Fe,C.

CneumansHbie Kapbuawsl 06pasyloTCA Npu AOCTIDKEHUW ONpefeneHHoro
COOTHOWEeHUA MexAY KapOupoobpasyowmnMu 3nemeHTamn KU Yrnepoaom.
O Tune xapfunos B 'MOHONErUpPOBaHHBIX' COCTEBAX MOMHO NPUBAMEHHO
CYAUTL MO M3BECTHLIM AWMArpPaMMaM PaBHOBECWA; OAHAKO WB 3Tom cnyuae
B pe3yNsTaTe KOHUEHTPAUMOHHLIX GNyKTyauuidi BO3IMOXHLI OTKIOHEHWA OT
OKWAAEMOr0 COCTOAHWA. Tax, Hanpumep, 8 paBote [ 19 ] xapBuabl Tvna
M;C; Buinu obHapyeuul B cTanu WX15, XOTA NpU coaePMAHUAX XPoMa A0
3% paBHoBecHOW (ha3oli B8 NOAOGHLIX MapKax ABARETCA uUemenTUT. Ewe
Gonee cno)eH BONPOC MPOTHO3WPOBAHWA BO3MOXHOIO TUNA KapbBuaoB B
KOMMIEKCHONErMPOBaHHLIX ChNaeax, ANA KOTOPhIX, Kak NpaBuno, xapax-
TEPHO OAHOBPEMEHHO NPUCYTCTBME 4YaCTULL C Pa3fNMYHOW KPUCTANMMUECKON
pewetkoi (MyC 1 MC; M;3Cq, MgC v MC; M;C; n MC v T.4.) . B mHoro-
KOMNOHEHTHLIX CTanAx, KpoMe Toro, Kapbuabl ABNAIOTCA 0ObLIYHO CNOXHEI-
MY TBEDALIMM DACTBODAMYM, CTUIIBI MEXBTOMHBLIX CBA3EW B KOTODBIX BO
MHOTOM ONpPeRenmAIoTCR B3aumofeicTamem metann — yrnepoa [ 17 ] . 31o
IWMPOKO WCNONBL3YIOT B MPaKTHKe CO3AaHWA U TepmivecKkoin o6paboTku Wi+
CTPYMeHTaNbHBIX CTaned’ .

HaHHbie 0 Tune, NapameTpax KPUCTanNMUeCKON pewweTkun, NNOTHOCTH W
MUKDPOTBEPAOCTH KapGuaos, NPUCYTCTBYIOWNX B WTAMMNOBBIX CTanAx, Npik
BeaeHbl B Tabn. 6.

! Hautonee TunnuHBIM NpMMepoOM ABNABTCA BBEASHWE B cocTas GONLWKHCIva .
COKONErMpoBaHHLIX cTaneil 3 — 4% Cr, yRennuusaiowiera pacTeopHmMOcTs npu u:n‘
we kapbupos tuna M, C »w MC.
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Tebnuya 6
KapBudnan gase wramnoassix craned [1,2]

Kapbuas Tun kpucrannuyecKon TeepaocTh Flnomoth.
PELIETKIA HV riem

Fo3C(M;0) Pombuseckan® 860—1250 7.62
CrqC3 {M4Ca) TpuronansHan* 10501250 ~6,915
Cr 23Cs, Ky6uueckan*’ 1000-1100 ~§,97
Flg1W2C5 tM23C6} *
FosW3C(MgC)  KyGuueckan® 1000-1100  10,49—11,34
ve (MC) KyBuyecken*® 2100—2800 ~5,36

*l9 4516 A— 4,517 &; b=5,078 A-80794; ¢ = 6,728 A—6,730A.*% g =
=1394 A—-1398A; c=496A—4523A g =1064 4&; ** q =11,04 &;*5 5 =415

®a3zcpbA cOCTAaB CTanel U Npoueccsl,
NnpoTeKalwWMWe Npr 3aKanke W OTNnycke

Npy 38xanke WHCTDYMEBHTOB OTHOCUTENLHO HEBONBLLNX Pa3IMEDOB CTPYK-
Typa WTaMnNoBbIX Ctaneid ANA XOnOAHOro M ropA4ero AetopPMUPOBAHWA
COCTOUT M3 MapTeHcuTa, OCTAaTOYHOro aycreHwta w kapBupos (taén. 7).
B cnyyamx, koraa He 06ecnevynBasTCA HeOBXOAUMAA KPUTHYECKAR CKOPOCTb
OXN@KABHWA, BO3MOXHO Takxe dOpPMUpPOBaHWE CTPYKTYP TWMa sepxHero
vnu HikHero BeliHuTa,

OTnyck Ha 388aHHYI0 TBEPAOCTh NPUBOANT OGbLIYHO K HYACTUYHOMY WK
NONHOMY pacnagy OCTATONHOFO AaycTeHuTa' W yBenmMueHWIo COAEpMaHUA

Tabnuya 7
KonuwecTeenHbie COOTHOWENUA CTPYKTYDHBIX COCTAGNRIOWUX 6 WTAMNOGEHHIX CTANAX
Orwur 3axanka ’ CJTn\J.rcK'1
Crans Tuna T~

kapBuabl, % | Kapbune,% | A L% | xapGuasl, %! Ager %

X12 16—18 12-14 25-30 13-20 2—15
6X6B3MeC 10-18 612 20-30 12-18 2% 16
BX4B2C2M0

8X4B3M302

4X2B5M® 10-13 2-5 6-8 57 =
BX3B3MeC

3X2B8®

4X5EMeC 6~12 2-6 5-12 -8 -
4X5B20C

4X4BMpC

1
*"IANA XONOAHOWTAMNOBAHMBIX CTBNGH OTMYCK HA T8épaocTe HRC 60—62, anm ropa-
sewTamnosaniesix HAC 45 — 5O,

** Mocne Tepmuueckoii o6paboTky Ha BTOPUUHYID TBEPADCTH

————

1
HMckmouenne B 3TOM OTHOWeHMK COCTaanAeT HUIKOTEMNEPATYPHLIA (180—220°C)
OTAYCK WTAMNOBLIX CTANEA ANA XONOAHOrO ASHOPMUDOBEHUR, NPAKTUNECKN HE BIWAID-
LUK HB KOMMUECTRO OCTATOMHOID 8YCTeHUTA
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KapbuaHoit dhasel. Kak npu 3akanke, 7aK U Npu OTNYCKE COOTHOLLUEHWE
MEXAY CTPYKTYPHbLIMKW COCTaBMAIOWMMMW ONPEeAEenATCA XUMMYECKKUM CO-
CTaBOM CTAMNENR K PEXUMAMN TepMUUeCKOoW 06paboTkA.

3ak a n K a. Harpes noa 3aKanky v BbIAEPNKA NPY TEMNEPATypax ayc-
TEHUTH3ALMK  COTIPUBOXAAOTCHA NPOTEKAHWEM PAAA  B3AUWMOCBA3AHHLIX
npoueccoe: dhazoebiM (Anddy3WOHHLIM) @ > Y-NpeBpalleHneM, pacTeope-
HueM Kapbuaos ¥ NepepacnpegeneHuem 3MEMEHTOB MeXAY CTPYKTYPHbIMK
COCTABNAKAUMMK, YBENMYEHKEM Pa3MepOB ALMCTBUTENLHOTO 3epHa aycTeHunTa.
Mocnearee oByCnoBNeHO CTPEMASHMEM CHCTEMBI K YMEHBLUEHUIO CBOGOAHON
3Heprun U MOXeT BbITk € n3BeCTHLIM NPUBMIKEHVEM ANA TBEPALIX PacTBO-
POB BLIPAKEHO crieayiolueil sasucumocteio | 20 @

v,
O -0 - k,1eRT, (1

rae D v Dy — KoHeuHsI M HauanbHblid pa3mepsl 3epHa; 7w T — BpeMA 1 Tem-
nepaTypa H30TePMUYECKON BLIAGKKW; kg — KOHCTaHTal, NPONOpUUOHanLHaR
atoMHoMY 0Obemy, NapameTpy PelueTKU U YAensHOW NOBEPXHOCTU rpaHnu;
Q — axepruA akTUBauMK camoaugdysvun no rpaHvuam sepeH. B cnyvae wram-
noBwiX cTanei ypasHeHue (1) moXeT xapakTepw3acBaTe KMHETUKY pocTa 3ep-
Ha TONLKO B NPOLECCE HarpeBa, Bbi3bIBAKOLErO NONHOE PACTBOPEHNE Kapbu-
AOB, T.8. B YCNOBWAX, PEAKO BCTPRUSOLWMXCA B NPaKTUKE TEpMUYECK O obipa-
BOTKYW peansHbIX WHCTPYMeHTOR. MexaHuam BNMAHKA M30LITOYHBIX YaCTUL, Ha
NPOUECChl POCTa 3epHa NPy NOBbILWEHHLIX TEMNepaTypax 3aK/MovyaeTcR, No-
BUAMMOMY, HE TONLKO B YHUCTO MEXAHNYECKOM TOPMOXKEHVN NepeMeLLaoLnx-
CA rpaHuil, HO U B CTUMYNUPOBAHUW PEK PUCTANNM3AUMOHHBIX ABREHUIA, NONY-
YAOWMX Pa3BUTHE BCREACTBME TEPMWHYECKOrO Haknena mMaTpuubl BKIIOYeHWA-
MU, Y KOTopsiXx KoadibuumeHr o6beMHOro paclumpeHuA OTAWYEETCA OT Koad-
thuumeHTa 06BEMHOTO PacLLVPEHUA MaTPULLbI.

TemnepaTypHbie UHTepBansl ahgexkTuaHoro 'GapsepHoro’’ geicTBUA Kap-
BUAOB NPAMO CBA3@HLI C UX TUNOM W XMMUUECKUM cocTaBom. B cranAx, co-
Aepyawmux npemmyuwectseHHo M3 C, Hawany WHTEHCMBHOrO pOCTa 3epHa co
OTBETCTBYIOT (NMpu 06bIYHLIX CKOPOCTAX ¥ NPOAOIMHKUTENBHOCTH Harpesa)
TemnepaTypel 800 — 8700C [ 1, 21 | , B KOMNAGKCHORETMPOBAHHLIX U Bbi-
coxkoxpomucTeix 1000 — 11000C+, Benuuuma peiicTBMTENLHOrO 3epHa ayc-
TEHNTA OKa3bIBAET CYLLECTBEHHOE BAMAHWE Ha AUCNEPCHOCTb (pasmep nnac-
TUHOK) MapTEHCUTE M MexaHWYeCKWe CBOWCTBA cTanei He TonbKO B 3aKa-
NEHHOM, HO ¥ OTMYLIEHHOM COCTOAHMAX. B cBETe CoBpeMeHHbIX NpeacTas-
NEHWA 0 CTPOEHWM METannoB W CMNABOB rPaHuubl 38PEH MOXWHO paccmart-
pYBaTL KaK 4acTHbIA chyvaid AUCIOKAUMOHHOW rpaHMubl, Koraa yron no-
BOPOTa KPUCTAnNoe OAWH OTHOCMTENLHO APYTOro BEMK ¥ MO3TOMY AApa
AMCNOKAUMA CNMBAKOTCA B amopdiHY0 MPOCNONKY MeXay KpucTannamu
[ 22 ] . Takan npocnofika NONMOCTLIO PasAenAeT CoCeAHWe 3epHa U B 3TOM

* WMcrnioueHue COCTABAMOT CTANN C BLICOKUM COASDXKBHAEM BAHAIWA MNW BONLpPEMa
Tuna 3X288¢, 5X3B3MEC, 17X604M 1 gp , ans KOTOP:IX NPOUECChI CoOBUPaTENLHOW pe-

KPUMCTANNM3BUMK NONY4MHOT HakB0oNee WHTEHCHMBHOE PDAsBWTME Nocne Harpesa go 1160 —

1180°C,
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e oTnuyve oT rpauvy Bnokos, o0pa3oBaHHLIX PAAAMM NapannensHbix Awnc-
NOKAUMA ¥ AONYCKEIWMX B OTLENbHbIX MECTaxX HEeNpepsIBHbIA Nepexoa
peleTru OAHOr0 KPUCTanna B pelueTKy Apyroro.

MonHoTa NpOTEKaHWA MaPTEHCUTHOrO NpeBpalleHuA B NpoLecce oxnaxae-
HWA NOCNE AYCTEHUTU3ALUWM C ONpefeNeHHOW KPUTUYECKOW CKOPOCTL0 NPAMO
CBA3HA C BENWYMHOW 3€pHa, NNOTHOCTLIO AeHEKTOB KPUCTANNMMECKOro
CTPOGHUA | KaK TEpMWUECKOTO NPOMCXOXASHWUA, TaK M BO3ZHMKAOWMKX B pe-
3yneTate (ha30BOrO HaKNena) , HanpAMEeHHbIM COCTOAHUEM W XUMUYECKHMM
coctagom Y-hazwi. BnuArue nocnegHero axkTopa NPOABNABTCA, rNaBHbIM 0O-
pasoM, NOCPEACTBOM W3MEHEHWA YCTORWMBOCTW NEPEOXNAaNAGHHOTO aYCTeHW-
T4 M CMEWEHWA TEMNepaTypHuiX MHTepBanos NpeepaweHwA (pucd, a). Cne-
AYET DTMETHTh, YTO NPUMEHUTENLHO K PaccCMaTPMBaCMOW rpynne mMatepuanos
M3BECTHLIE COOTHOLLEHUA MEXKAY COREPNaHWMEM NErvpylolMx 3NeMeHTOB W
nonoxenvesm M,, M, 4acTMMHO CNpaBefnWBLI NULLL ANA LUTAMMOBLIX CTanei,
WCNONL3YEMBIX ANA TOPAYEro AeOPMMPOBAHMA WU YAAPHBIX WHCTPYMEHTOB
(<05%C).

ANA MHOroOKOMMOHEHTHLIX COCTABOB C NOBbIWEHHLIM COAEpMaHuem Yyrhne-
popa (> 0,7%) 3HaueHun M, 34BVCAT B OCHOBHOM OT KOHLEHTPauWM 3T0roO
aNemMeHTa B TEEPAOM PacTBOPE W NWWL HEIHAYMTENLHO WIMEHATCA Noa
HeWCTBUEM XPOMA, BONshpama, saHaaua U monubGaeHa { puc. 4, 6) .

HecmoTpA Ha yKasaHHbie ocoBGeHHOCTH, OBWEH ANA BCEX WTAMMNOBbLIX CTa-
nein TeHAeHUMeW ABNHETCA NOBbIlLEHWE cofepxaHWuA {%) ocTatowHoro aycre-
HUTa Npy 3akanke. Tak, Hanpumep, B KOMNNEKCHONErpoBaHHLIX U BLICOKO-
XPOMUCTBIX CTANAX ANA XONOAHOrO AehOPMUDOBAHWA KOMMHECTBO A, . MO-
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