© FOPULIKMM B. M., LUHENAEPOB T. P., BOBAEB K. M., 2020

Ly

YK 621.771:669.15

CTPOUTEJIBHBIE MATEPWUAJBI W W3LENTNA

DOI: 10.33622,/0869-7019.2020.10.09-16

JKcnnyaTauuoHHbIe XapaKTepUCTUKn
TOJICTOJIMCTOBOIO NpokaTta 3KOHOMHOJIErMmpOBaHHbIX
TepPMOYJy4YLUEHHbIX cTanen

Butanuii Muxaitnoeny FOPULLKUM, noKTOp TEXHUYECKUX HAayK, AMPEKTOp UHCTUTYTa, e-mail: v.goritskij@stako.ru
lFeopruii Padannosuu LUHEMAEPOB, kaHaMaaT TEXHUYECKUX Hayk, 3aB. nabopaTtopueit, e-mail: oem@stako.ru
KapumxoH MaxmymxoHoBud BOBAEB, nHxeHep, e-mail: k_bobaev@mail.ru

3A0 «UHUUMNCK nm. MenbHnkoBa», 117997 MockBa, yn. Apxmutektopa Bnacosa, 49

Annomauus. PaccmompeRO BAUSIHUE XUMUYECKOrO0 COCMABA U MOAWUHbBL AUCIMOBOIO NPOKAMA HA CMPYKMYPY, NPOKAAU-
BaeMocmb U KOMNAEKC MeXQHUYEeCKUX XapaKmepucmuk (npegea meKyuecmu, BpeMeHHOe CONpomuBAeHUe, YgapHas Bsi3-
Kocmb, MBepgocmp, NAACMUYHOCME) 3KOHOMHOAETUPOBAHHBIX cmaAel B mepMoyAyuuleHHoM cocmosnuu. C ucnoAb30Ba-
HUeM MemoguKu pAHKUPOBAHUSl BHINOAHEH GHAAU3 BAUSAHUS XPOMQ, MOAUOgeHd, Mapranyd, BoAbgpama, 6opa u HUKeAs
Ha cCmMpyKmMypy, NpOYHOCMb U YgAPHYHO BA3KOCMb MOACMOAUCMOBOTO NPOKAMA 5KOHOMAETUPOBAHHBIX cmaiel. Hccaego-
BQHO BAUSIHUe Mmuna cmpPykmypnl (peppum, Oelinum) u pasmepa 3epHa ¢eppuma Ha pabomy pacnpocmpaHenusl BA3KOU
mpewuHbl U CONpOmMUBAeHUE XPyNnkKomy paspywleruto. IToka3aHo BAUSHUE MOAWUHbI AUCINOBOIO NpoKama HA pabomy 3a-
pOXKgeHusi U pacnpocmpaHeHusl BA3KOU mpeuwjuHbl gAsi HeKOMOPbIX cmaiell. ABmopamu ygauHO NpuMeHeHad Memogukd
BApPUAUUOHHOTO psAga gASl PAHXXKUPOBAHUS OCHOBHbIX XAPAKMepUCMUK CIMAAU — YPOBHA NpegeAa meKydecmu U ygapHOU
Baskocmu. IloayueHHble ¢axmuueckue CBOUCMBA 5KOHOMHOAET'UPOBAHHBIX MOACMOAUCMOBLIX Cmaiell MOIym noMoO4b
KOHCmMpyKmopam B BblOOpe MeXHU4YeCcKUX peuleHull 0mBemCcmBeHHbIX 0O0BeKMOoB.

KaioueBbie cA0BA: 5KOHOMHOAETUPOBAHHAS MOACMOAUCIMOBAS CMAAL, NPOKAAUBAEMOCMb, YJAPHAS BA3KOCMD,
CMPyKmMypa, BbICOKONPOUHAs CMAAb, AerupoBanue, bellnum, geppum.
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Abstract. The influence of the chemical composition and thickness of sheet metal on the structure, hardenability and
complex of mechanical characteristics (yield strength, breaking strength, impact strength, hardness, plasticity) of
economically alloyed steels in a thermally improved state is considered. The analysis of the influence of chromium,
molybdenum, manganese, tungsten, boron, and nickel on the structure, strength, and impact strength of thick-rolled
economically alloyed steels was performed using the ranking method. The influence of the type of structure (ferrite,
bainite) and the grain size of ferrite on the work of propagation of a ductile crack and resistance to brittle fracture has
been investigated. The influence of sheet thickness on the work of the nucleation and propagation of a viscous crack for
some steels is shown. The authors successfully applied the method of variation series for ranking the main
characteristics of steel — the level of yield strength of impact strength. The obtained actual properties of economically
alloyed thick-sheet steels can help designers in choosing technical solutions for critical objects.

Key words: economically alloyed thick-sheet steel, hardenability, impact toughness, structure, high-strength steel,
alloying, bainite, ferrite.

BeepeHue

B Poccuu, kak v B cTpaHax Es-
pocoto3a, B MAlUMHOCTPOEHWU U
CTPOMUTENIbCTBE WCMOMb3YIOTCS CBa-
pyYBaeMble  3KOHOMHOJIErMpoBaH-
Hble JIUCTOBblE CTa/iM C MPeaesiom
Tekyyecth 650—700 MMa [1, 2].
PO 22-16-2005 «MawuHbl rpyso-
nogbemHble. Bbibop Matepuanos
NS U3rOTOBJIEHUS, PEMOHTA U pe-
KOHCTPYKLUMHU CBapHbIX CTaJibHbIX

KOHCTPYKLMIM» BK/loyaeT B cebs
OONbLUYIO JIMHENKY CBapvBaeMbIX
BbICOKOMPOYHbIX CTasiel TONLLUHOM
o1 3 go 50 mm. B cnucke pekomeH-
IyeMbIX CTasied — BbICOKOMNPOYHas
ctanb S690 QL B TepmoynyuiieH-
HOM COCTOSIHWM. JTa CTaslb C TOJI-
WrHOM nuctos Ao 50 mm obnapaert
MOBbILLEHHbIM COMpPOTHB/IEHHEM
XPYNKOMY pas3pyLUEHHIO.

Benywue npouzsoguteny EBpo-
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coto3a ebinyckaoT ctasib S690 QL,
KoTopasl yLOBNETBOPSIET WK Mnpe-
Bocxogut TpebosaHus EN 10025-6
non csoumu GpeHpamu. Hambonee
ussectHbl Mapku Dillimax 690,
Naxtra M700, Maxil 690, Aldur 700
QL, Weldox (Strenx). B Poccum
npousBoguTcs ctasb  Severweld
690 (7= 8...80 mm), koTOpas rapaH-
TUpYeT yaapHyto Bs3kocTb KCV-40 >
30 Ik /cm2 u KCV-70 > 40 Ik /cm2.
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Mapka cranu Severweld 690
Bk/toueHa B P/l 22-16-2005, ra-
paHTUpyeT Z-CBOMCTBA MUHUMYM
vz = 35 % npu TonwmHe nucta
20 mm u 6onee. Hanbonee agp-
(peKTUBHA CTaslb /11 CTPOMUTESb-
HbIX KOHCTPYKUMM 3[aHWK M
NOABEMHO-TPAHCMOPTHOTO ~ Ma-
LUIMHOCTPOEHHS.

Cranu cemenictea S690 QL,
obnagatoLme BbICOKOW NMPOYHO-
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Kak BugHO W3 mabsa. 1, xu-
MUWUYECKUH cocTaB cTanen
Supralsim 690 TonwmHon 4, 16
n 25 mm no anementam Si, Mn,
S, P, Cr, Cu, Mo, V, Al npakTu-
UECKM He pasfiMyaercs (3a MCK-
JIOYEHUEM COofepXKaHus yrie-
popa). Konuuectso yrnepoga
gospacTaeT Ha 0,2—0,3 mac. %
Ha KadKObIM «LUar» TOJLLMHDI
nucta. Heckonbko oTtniMuaertcs

saemoctb (C,,, < 0,55). OgHako
B iMTepaTtype A0 CUX Nop Hepo-
CTaTOYHO CBEOEHWMH O BJIMAHWUMU
TOJILLMHBI NPOKaTa Ha KOMMIEKC
3KcnyaTauroHHbIX CBOWCTB
ctann S690 QL B wHTepBane
ToNWMH npokata 20—60 MM 1 o
TOM, KaKMM COYETaHWeM XUMHYec-
KMX 3/IEMEHTOB MPU 3IKOHOMHOM
NIerMpoBaHuM [OCTUraeTcs ONTU-
MasibHbIM KOMIMJIEKC 3KChyaTauu-
OHHbIX CBOMCTB MO TOJILLMHE JIUCTa.
Llenb pabotbl — uccneposaHue
B/IMSIHUS XMMMUYECKOro cocTaBa M
TO/ILWMHBI NpoKarTa BnioTb Ao 50 u
60 MM Ha nMpoKanuBaemocCTb U Xa-
PaKTEPUCTUKH MeXaHUUYEeCKUX
CBOWCTB, B TOM UMC/le COMPOTHBIIE-
HUE XPYNKOMY paspyLUEeHWIO CTasiu
Tina S690 QL B TepmoynyuwieH-
HOM COCTOSIHUM.

MeTtoauKa 3KCNepUMEHTOB

Ina wuccneposaHua Obian  Uc-
Nnosb30BaHbl  (PParMeHTbl  JINCTOB
ctanen Supralsim 690 u Magstrong
W600 (W700) pasmepom 300x400
MM, KPOMKW KOTOpbIX (C npwunyc-
KOM, PaBHbIM TOJILLIMHE IMCTA) Noj-
Beprajii MeXaHM4ECKOM 3aUnCTKe OT
CNefoB pesa U TEPMUYECKOTO BO3-
nenctensa. XMMHUYECKUNA aHau3 co-
CTaBa MeTa/i/la NPOBOAW/IM ATOM-
HO-3MWUCCUOHHbIM  METOJOM MO
FOCT 18895—97 «Cranb. Metop
(POTOINEKTPUUECKOTO aHaIU3a».

UcnbitaHus Ha pacTsikeHue 06-
pasuos tvna lll no FOCT 1497—84
«MeTtannbl. Metogpl UcnbITaHWI Ha
PacTs>KEHUSI» W WCMbITaHWS B Ha-
npaB/eHWU TOJLIMHbI MpoKaTa, a
TaKXXe WCMbITaHUA Ha CTaTUYEeCKWH
uarmé  obpasyos no [OCT
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Puc. 1. Bausnue moawunsl aucma t

Ha Bpemenroe conpomuBaeHueog (1),
npeden meky4ecmu o , (2) u omrocu-

”

mesnsHoe yoauHeHue o’ (3) cmanu
Supralsim 690 (3amereHnHbie cumBonasl

coomBemcmByiom o06pa3yam u3 HaPYICHLIX
cnoeB aucma)

14019—80 «Metannbl. Metopp! 1c-
NbITaHUA Ha U3rMO» BbINOJIHEHbI Ha
ucnbiTatenibHon Mawwune  LL-40.
N3mepeHne TBEPHOCTU METOAOM
Bukkepca npoBoanIv B COOTBETCT-
Bun ¢ FOCT 2999—75 «Metannbl 1
cnnaebl. Meton v3amepeHus TBep-
nocTtu no Bukkepcy» Ha TBepaome-
pe UT 5010-01 npu Harpyske 100
H. Ucnbitanus Ha yaapHbli M3rub
BbIMOJIHEHbI HA MasTHUKOBOM KOr-
pe tvna MK-30 Ha obpasuax ¢ msr-
KuM (Tunbl 1 U 4) U oCTPbIM KOH-
ueHtpatopoM (tvnbl 11 v 14 no
FOCT 9454—78 «Metannbi. Metop
UCMbITAHUA Ha yaapHbIM U3rub npu
MOHU>KEHHOM, KOMHATHOW W MOBbI-
LUEHHbIX TeMnepatypax»).

CTpyKTypy CTasiM M3yd4asiM Ha
TpaBsieHbIX WaMdax C MOMOLLbIO
CBETOBOro MuKpockona Heodpot-32
npy yeenuuennu B 200 1 500 paa.
TpaBneHue WAUGOB OCYLLECTBAANM
4 %-Hbim pacteopom HNOj3 B 3Tu-
noeomM cnupTe. Bann 3epHa deppu-
Ta ycraHasnmsanu no FOCT 5639—
82 «Cranu u cnnasbl. Metogp! Bbl-
SIBNIEHWSI U OMpPELE/IEHUS BE/IMUMHDI
3epHay. KoadpdpuumeHT aHM30TpO-
MUK yOaPHOM BA3KOCTH ONPEAENH
no metoguke padortbi [3].

Pe3ynbraTbhl 3KCNEepUMEHTOB
M ux obcyxaeHue

XWMHUUECKHIM cocTae cTanu Sup-
ralsim 690 npuseneH B maba. 1.

COoAepXKaHWe HUKeNs: npu Tos-
wuHe nucta 4 v 16 MM OHO CHu-
>kaetca ot 0,45 po 0,18 mac.
%, a npu TonumHe 25 MM — B 2
pa3a. [na noeblweHWs npoka-
JIMBAEMOCTU CTaJIi  TOJILLIMHOM
60 MM B MeTanne yBesMuMM
copepykaHue xpoma B 2,7 pasa

U MonnbaeHa npumepHo B 2 pasa,

a TaK)Ke CHWU3WIM Cofep’KaHHe Me-

ou B 2,2—3 pasa. [lononHutenoHo

IONSi U3MesbYeHUs1 3epHa dheppuTa

B metann seenu 0,022 mac. % Ba-

Hagusa. CocTaB McciefoBaHHbIX

NNaBoOK yAoBneTsopsieT Tpebosa-

Huam TY 4835-042-04637473 3a

UcKoueHuem comeprkaHna W, Ko-

Topbit B TY 4835-042-046374-

2013 otcytcTayer.

YBenuueHue TOALMHbI  JIUCTA
oKasblBaeT cnaboe BAUSHWE Ha
MPOYHOCTHbIE XapPaKTEPUCTUKK WC-
cnepyemon ctanu (puc. 1). Heko-
TOPOE CHWXKEHWE 3HAYEeHWH Gp ) M
OR Npw ToNWwMHe nncta 60 mm ogu-
HaKoBoe /1 MPWUNOBEPXHOCTHbIX
(co2 = 674 MIMa) n cpeanHHbIX
(c0,2 = 675 Mrla) cnoes cranu. Cu-
cTeMa flerupoBaHus obecneuvsaert
dopMHUpoBaHHe B MCCeOyeMbIX
JUCTaxX OMMHAKOBbIM TUM CTPYKTY-
pbl: 6eiHnT+hepput (puc. 2a-G).
C yBeflMueHWEM TOJILIMHBI JIUCTA
BO3pacTaeT pasMep 3epHa deppu-
Ta (maba. 2).

B cpepuHHbIX cnosx nucta Ton-
wuHow 60 MM pasmep 3epHa NoBbI-
waetca go 6anna 9. OTHocKTeNb-
Hoe Yya/iMHeHWe cnabo pacTeT ¢
yBEJIMYEHWEM TOJILLUHDI IUCTA, O/1A
t= 60 mm gocturas & = 19,5 %.

He BbiIBNEHO CyLLECTBEHHbIX
U3MeHeHW TBEPAOCTH MO nonepe-
UHOMY CEUYEHWIO SIUCTa NS CTaslu

MPOMBILLUNIEHHOE U TPAXOAHCKOE CTPOUTEJ/ILCTBO 10/2020
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a —x200; 6—0 — x500

Puc. 2. Cmpykmypa cmanu Supralsim 690 (a—8), cmanu Magstrong W600 (2) u W700 (3) npu moswune aucma
t=25mm (a, 6), 60 mm (8—0) na paccmosruu 1/4t (a,8) u 1/2t (6, 2, 3)

1. Xumuueckuii cocmaB nucmoBozo npokama cmanu Supralsim 690

TonwmuHa nucra, CopepxaHue anemeHToB, Mac. %
MM
C Si Mn S P Cr Ni Cu Mo Al Ti Vv w
4 0,15 | 0,29 1,21 0,007 0,009 | 0,59 | 0,45 | 0,18 | 0,21 | 0,037 | 0,002 | < 0,005 | 0,018
16 0,18 | 0,29 | 1,21 | 0,007 | 0,009 | 0,59 | 0,18 | 0,18 | 0,21 | 0,036 | 0,002 | < 0,005 | 0,014
25 0,20 0,3 1,25 | 0,007 0,009 | 0,59 | 0,23 | 0,23 | 0,20 | 0,035 | 0,003 | < 0,005 | 0,011
60 (y noepxHo-| 0,17 | 0,27 | 0,66 | 0,009 | 0,009 1,55 | 0,16 | 0,08 | 0,44 | 0,033 | 0,004 | 0,021 |< 0,01
CTU NIUCTa)
60 (cepeguna | 0,17 | 0,31 | 0,71 | 0,008 | 0,009 1,6 0,15 | 0,08 | 0,46 | 0,035 | 0,006 | 0,022 |< 0,01
CeyeHus)
TY <0,22|<0,86| <18 [<0,012|<0,025| <1,6 | <2,1|<0,55/<0,74(> 0,13 - 70,14 -
4835-042-04637
4-2013
Supralsim 690 (puc. 3). Cpegtue LOna cpaBHeHWsi CO CTa/blo  HbIX C/IOSIX BO3pacTaeT KOJIMYECTBO
3HauyeHus TBepOOCTM Ha npuno- Supralsim 690  wcnonb3oBanu  deppuTHbIX 3epeH (cm. puc. Ze). C

BEPXHOCTHbIX (2 MM OT KPOMKH /W~
CTa) U CpeluHHbIX cnosx (2 MM oT
OCEBOW JIMHWK) COCTaBNANU [ONs
tonwmH 4; 16; 25 n 60 mm —
2620+3; 2690+3; 2680*x4 wu
2530£4 H/MM2 cooTBeTCTBEHHO.
Ha puc. 3 npusepeHbl gaHHble
Mo B/IMSHWIO TOJILMHBI JIUCTA Ha
yaapHyto Baskoctb KCV npu tem-
nepatype ucnbitabus —40 u —60
°C. BugHo, uto B 0Bomx cnyuasx
MHWHWManbHble 3HaueHusi KCV Bbi-
asnsaorcs npu —60 °C ans obpas-
LIOB M3 CPEAMHHbIX C/I0EB CTaslk U
yactTh 00pasuoB M3 HaPYXKHbIX
cnoes. Bcnepcteue cHuxeHusa co-
nepxkaHus W B cranu Supralsim
690 (cm. mab6s. 1) yposeHb yaap-
HoM Bsiskocth KCV60 = 38
>k /cm2 obecneueH npu TONLLMHE
nucta go 50 mm BkaouMTENBHO.
Mpu 6onblued TONLLMHE BO3MOXEH
pyck nonydenuss KCV Hwxe Hop-
MaTHBHbIX 3HaueHui KCV-0 > 34

ok /cm2,

ctanb Magstrong W600 (W700) c
TtonwmHor nucta 10, 30 1 50 mm.
XUMHYEeCKUM cocTaB CTanu npep-
ctasneH B mabs. 3. C yBenuueHu-
€M TOJILMHBI JIUCTA CHWXAeTcsl Ha
0,1 mac. % copep>kaHue yrnepo-
[a, ocCTajibHble XWMUYEecKue 3ne-
MEHTbl OCTalOTCA MPaKTUYECKHU He-
M3MEHHbIMKU 3a WCKItoueHueM B,
KOTOpbIM BBOOMUTCS B MeTann gAs
TONWMHbI ArncTa 50 MM. 3HaueHus
Gp, G0 C MOBbILIEHUEM TO/LLMHDI
nucTa Heckonbko (Ha 10 Mla ansa
og 1 20 MlMa ans o ») cHuxaroTcs
C YBE/IMYEHWEM TOJILLMHBI MpoKaTta
(puc. 4). OTHocuTeNbHOE yaNWHe-
HUEe MPaKTUYECKW He MeHsleTcs C
POCTOM TOJILLMHbI JIUCTA.

Kak BugHo U3 puc. 5, B ctanu
Magstrong W600 Habniogaetcs
Pe3Koe CHWXXeHWe TBEPAOCTU Ha
pacctosHuu ~10 MM OT noBepxHO-
cTv Metanna. B cpefuHHbIX cnosix
MeTasina TBEPAOCTb CHWXaeTcs Ao
2500 HV10. MNpu atom B cpefuH-

10/2020 TMPOMBbBILLJIEHHOE U TPAXAOAHCKOE CTPOUTE/ILCTBO

LeNblo MOBbILEHUA NpOKasBae-
MOCTH CTaJIu B Hee BBeJIU LOMNOJIHH-
tenbHo 0,16 mac. % Ni v 0,0011
mac. % B. B pesynbrate pacnpe-
JeneHuWe TBEpPOOCTM B  CTalu
Magstrong Bepcun W700 no Bcemy
ceyeHuo nmcta TonwmuHon 50 mm
NPaKTUYECKHW MMeeT OAWHAKOBbIM
XapakTep.

B cranu Magstrong W600
(f = 50 MM) u3-3a orpaHWUYeHHOM
NPOKaNMBaeMoCTH hopMHpYyeTCs B
OCHOBHOM (hepPPHT C OCTPOBKaMM
6enHuTa (cm. puc. 2e2). Menkosep-
HUCTbIM peppUT+HOEHHUT B NIMCTax
TonwmrHon 30 MM cMeHsieTca pas-
HO3€EPHWUCTbIM  cheppHUTOM+OenHU-
TOM MpH TonwmHe nucta 50 mm. B
pe3y/nbTate 3aMeTHO CHWXaeTcs
TBEPAOCTb MeTaiNa B CPEefUHHbIX
cnosix nucra TonwuHow 50 mm
(puc. 5). YBenuueHue B meTasnie
HWUKeNsi U BBedeHWe Oapa, NOBbl-
Las NpoKa/MBaeMOCTb, hOPMUPY-
IOT B JiMCTax TonwmHou 50 mm
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Puc. 3. Bausnue moawunel aucma t
Ha ydaphyro Bazkocme KCV" Ha no-
nepeyHsix 06pasyax npu memnepa-
mype ucnoimarnus —40 °C (1) u —60
°C (2) cmanu Supralsim 690 (3ame-
HeHHble cumBosbl coomBemcmByrom
06pa3yam u3 HapyICHoIX c0eB
aAucma)

KCV, Ox/cm’
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Puc. 4. A3menenue BpemeHHoz20
conpomuBnenus (1), npedesna meky-
yecmu (2), omHocumenvHo20 Yonu-
HeHnus o (3) u yoapHoi Bazkocmu
KCV" Ha nonepeunsix o6pasyax
cmanu Magstrong W600 u W700.
Temnepamypa ucneimanus 06pa3yoB
—40°C (1)u —70 °C (2)

CTPYKTYpy 6elHuTa C OTAe/IbHbIMU
3epHamu dpepputa (cm. puc. 20).
N3 puc. 4cnepyeT, uto yaapHas
Baskoctb KCV Ha nonepeuHbix 0b-
pasuax nokasbiBaeT BbICOKUW YpO-
BEHb BA3KOCTHbIX CBOMCTB. Bce
3Hauenus KCV pna temnepartypsl
ucnbitaHna —40 u —70 °C Bbiwe
200 [x/cm2. ns Bcex wcrbiTaH-
HbIX 0OPa3LOB U3 SIMCTa TOMLLMHOM
30 MM gons BA3KOW COCTaBAsAIO-
wer B usnome gocturaet 100 %.
B cooteercteun ¢ CTO MMK
324-2016 pna cranm Magstrong
W600 ynapHasa Bsaskoctb KCV npu
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2. Xapakmepucmuka cmpykmypsl AucmoBozo npokama cmanei

muna S690 QL
O6o3HaueHue | OnucaHHe CTPYKTY- Pasmep OnucaHue CTPYKTYpbl BAONb
ctanu (Tonwm- pbl nonepek 3epHa B npoKaTtku
Ha JIuCTa, MM) NpoKaTKu 6annax no
FOCT 5639
Supralsim 690 BeiHut+dpep- 11 B ocesoi 30He nucTta Habnoaa-
(4) pMT+Kap6M,DLbI; men- eTCa NIMKBaLMOHHAs HeoAHOPOA-
KO3EepPHUCTbIN nakeT- HOCTb B BMJE YETbIPEX NOJIOC
HbIl GelHuT. B 3ep- wupuHor 0,005 mm kaxkpas. B
Hax dheppuTa OCTaNlbHOM YaCTH CeUeHUs NucTa
NPUCYTCTBYIOT Kap- nos0CcyYaToOCTb OTCYTCTBYET
6uabl
Supralsim 690 BenHut+ep- 10 B ocesoi 30He nucTa Habnoaa-
(16) puT+Kapbuapl; cpe- eTcsa cnabosblpaXkeHHas SMKBa-
IHe3epHHUCTbIN Bei- LMOHHasA HEOAHOPOAHOCTb B BH-
HuT. B 3epHax dep- [ie ABYX NpepbiBUCTbIX MNOIOC
puTa NPUCYTCTBYIOT wupuHou 0,008 mm kaxkpas. B
Kapbubl OCTaNIbHOM YaCTH CeUYeHUs NUcTa
NoJI0CYaTOCTb OTCYTCTBYET
Supralsim 690 To xe 10 B oceBsoll 30He nucta Habnoaa-
(25) €TCs NPEepbIBUCTas IMKBALMOH-
Has HEOAHOPOAHOCTb B BUAE
Tpex nonoc wupuHoi 0,008 mm
Kaxnas. BugHa cnabosbipakeH-
Has B BUOE «OCTPOBKOBY» YeT-
BepTas JIMKBaLMOHHAs HEOAHO-
POLHOCTb
Supralsim 690 To xe 10 B ocesol 30He nucta Habnoaa-
(60). MNpwuno- IOTCA OfHa HenpepbiBUCTas M
BEPXHOCTHbIM [lBe npepbiBUCTble cnabosbipa-
cnon (0-15 mm >KeHHble JIMKBALMOHHbIEe HEOAHO-
OT MOBEPXHO- pogHocTu. Mo rpaHuuam Heko-
CTW JIUCTa). TOpbIX 3epeH heppHTa M nake-
Ocesas 30Ha 9 TOB GeiHUTa BUAHbI BblAe/IeHHA
(30 MM ot no- kap6unos
BEPXHOCTH Jiu-
cra)
Magstrong MenkosepHUcTbIN 11 MNMonocuatocTb ¥ NUKBaLMOHHASA
W700 (10) |dpepput + 6einuT + HEOAHOPOAHOCTb MO CEYEHHIO
Kapbubl JIUCTa He BbIAB/IEHDI
Magstrong MenkosepHUCTbIM 11 B ocesoll 30He HabnogaeTcs
W600 (30) |depput + 6eiHuT + npepbiBUCTas NoJoca NoBbILEH-
Kapbuabl (B 3epHax HOMW NNOTHOCTH FPaHML, 3€PEH U
heppuTa) BblAeNneHui kapbupos. B oc-
TasIbHbIX yyacTKax wwaudga nosno-
CYaTOCTH U JIMKBALMOHHOW He-
OAHOPOLHOCTH MO CEYEHUIO JIUC-
Ta He Habnogaetca.
Magstrong PasHozepHucTbIf 10,5 MonocuatocTb U NUKBaLHUOHHASA
W600 (50) |depput + BelHut + HEOQHOPOAHOCTb MO CEYEHHIO
Kapbuabl (B 3epHax JIUCTaA He BbISIBJIEHDI
theppuTa)
Magstrong PasHozepHucTbIf 10 To ke
W700 (50) 6elHnT + dheppuT

(kapbuabl B 3epHax
theppuTa)
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3. Xumuueckui cocmaB cmanau Magstrong W600 (W700)

0O6beKkT CopepxxaHue anemeHToB, Mac.%
C Si Mn S P Cr Ni Cu Al Mo Nb B
Jluer (2= 10 mm) 0,09 | 0,33 | 0,68 | 0,002 | 0,008 | 0,49 | 1,74 | 0,47 | 0,045 | 0,35 | 0,04 =
JNucr (t = 30 mm) 0,08 | 0,32 | 0,68 | 0,002 | 0,010 0,5 1,71 | 0,48 | 0,042 | 0,36 | 0,04 -
Jluer (£ = 50 mm W600) | 0,07 | 0,32 | 0,68 | 0,001 | 0,009 0,5 1,68 | 0,48 | 0,040 | 0,36 | 0,04 =
JNucr (¢t = 50 mm W700) | 0,08 | 0,35 | 0,68 | 0,003 | 0,007 | 0,49 | 1,84 | 0,45 | 0,041 | 0,35 | 0,04 | 0,0011
Cranb Magstrong W600, | 0,08— | 0,3— | 0,65— | < 0,005|< 0,012 |0,45— | 1,65— | 0,4— | 0,02— | 0,3— | 0,02— | < 0,005
W700 (CTO MMK 0,10 0,4 | 0,75 0,55 1,9 0,5 0,05 | 0,38 | 0,04
324-2016)
HV,,, kr/mm’ a [o,,], MNa 6 [Mn], [Ni] [Mo]
1 800 4 0.4
290 - 700 s
280 600 o o 103
210 500 i 102
400
260
300 1 10,1
2000 20 30 a0 50 4 200 i
100 0 0
Puc. 5. A3mepenue 3nauerul mBep- 23456789N N
docmu HV10 no nonepeyHomy ceye- B KCV', [l /o’
Hulo aucma moauwurHod 50 mm cmanu ”
Magstrong W600 (1) u W700 (2) 500 A sl 4 o
? 11\ s i
R 400 i ] W ) 3 0,06
Temneparype —70 °C Ha npogosb- 200 1005
HbiXx obpa3uax Ao/mKHa  ObiTb ' 2 {004
KCV-70 > 50 >k /cm2. CnenyeT oT- | 200 10,03
METUTb BbICOKYIO U3OTPOMHOCTb s B 0,02
YOApHOM BA3KOCTU WCCNenyeMown 100 " To,01
CTaJlu. ,
' 0 1 2 3 4 5 6 7 8 9 N
KoadhchnumeHT aHuzoTponuu yaap- 0 123456789 N

Hoi Baskocth K, = KCV™ /KCV",
roe KCV™ y KCV™ — ynapHas Bss-
KOCTb Ha NPOJOJIbHbIX U nomnepeuy-
HbIX 0Opa3uax COOTBETCTBEHHO
[3]. 3Hauenus K, npu Temneparty-
pe vcnbitaHu —40 u —70 °C co-
CTaBWJ/IK: 051 IMCTOB TosLwmMHoHn 30
mm — 1,01 u 1,02, a ona nucros
TonwmHon 50 mm — 1,02 1 1,01 co-
OTBETCTBEHHO.

C uenbto onpefeneHqs creneHu
B/IMSIHUA XMMUUECKUX 3/IEMEHTOB Ha
3KCMJ/lyaTaluMoHHbIE XapaKTEPUCTH-
KW MEXaHWUYECKUX CBOMCTB WCMOJIb-
30Ba/IM MeToaAMKy pabotbi [4]. Mo-
CKOJIbKY Mpefen TeKyyecTu cTasnieu
3aBMCWUT OT KOHLIEHTPALMK MHOMMX
XUMUUECKUX 3/IEMEHTOB, TO BCe
MHOECTBO  3KCMEPHUMEHTA/IbHbIX
3HaUeHWM npefena TeKydecT npo-

Puc. 6. CBsa3b Bapuayuontozo psda N (1—9 — ycaoBuere nopssdkoBeie Home-
pa napmuii) no cHuxceHuio npedena meky4ecmu o, , (a, 6) u No CHUNCEHUIO
ydapHoli Bazkocmu KCV" na nonepeyHblx 06pa3yax npu memnepamype
ucnermarnus —40 °C (8, 2) ¢ codepicaHuem xumMuyecKux 31emeHmoB

(mac. %) 8 cmaau muna S690 QL

PaH>XMPYEM B NOPSAKE MOHOTOHHO-
ro U3MeHeHUs (CHUXKEHUSI) 3TOM Xa-
PaKTEPUCTUKU. 3ateMm, COXpaHss
nocnefoBaTe/IbHOCTb B TaKOM BapH-
aLMOHHOM PAZY, PACCMOTPUM BNUS-
HUe COAep>KaHUsi XUMHUUYECKUX 3Jie-
MEHTOB Ha Npeaes TEKyYecTH.

Ha puc. 6a, 6 npueegeHo co-
JLepXKaHue XUMUUYECKUX 3/IEMEHTOB
B MUccnenyembix ctanax tina S690
QL, ynopsifoyeHHbIX N0 Mepe CHU-
>KeHus npegena Tekydectu ot 808
no 674 Mlla. BugHo, uto copep-
>kaHue yrnepoga [C] He oTpakaeT

10/2020 TMPOMBbBILLJIEHHOE U TPAXAOAHCKOE CTPOUTE/ILCTBO

XapaKkrepa U3MeHeHWs npeaesa Te-
KydecTu. YacTtuupl Kapbugos Ha-
6/1104al0TCs BHYTPU 3epeH dheppu-
Ta W Mo rpaHvLaM 3epeH.

B cransx Supralsim 690 B nancrax
TonwuHon 25—60 mMm npokanueae-
moctb obecneunsaetca [Ni] v no-
BbilueHWeM  cofepkaHus  [Mo]
(N5-N9), [W] (N8, N9, N3) u tpex-
KpaTHbIM MOBbILIEHUEM COLEP>KA-
Hus [Cr] (N8, N9) ansa tonwmHbl 60
mM. Ona TonwmHbl 4 (N4), 16 (N2),
25 (N3) 1 60 (N8, N9) mm ucnonbso-
sasm 0,001—0,0011 mac. % W. B
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ctanax Magstrong W600 u W700
CKBO3Hasi MPOKa/IMBaeMOCTb JIUCTa
TonwuHon 30—50 MM pgocTuranach
[Ni] (1,7—1,74 mac. %) (N5-N7)
u [Mo] (0,34-0,36 mac.%) (N5-N7)
npv yMepeHHoOM comepykaHun [Mn]
(0,7—0,8 mac. %) (cm. puc. 56).
Hecmotpss Ha ykasaHue WMeTb B
ctamm go 0,005 mac. % B, B ctanu
Bepcun Magstrong W600 Bo Bcex
UCCNefoBaHHbIX TOJLMHAX OH OT-
cytcteyet. OfHako B nnaeky cranu
Magstrong W700 gns TonLwmMHbI nn-
cra 50 mm Beenm 0,0011 mac. % B,
uTO OBYC/IOBU/IO NPOKA/IMBAEMOCTb
CTa/lM C (POPMHUPOBAHUEM OENHMT-
HOW CTPYKTYpbI (cm. puc. 20). Ons
nonyueHuss Gonee Menkoro 3epHa
aycteHuTa B nnctax 30—50 mm npu-
MEHW/M JIErMPOBaHWE MeTasl/IoM
[Nb] (N5-N7). B cranu Supralsim
690 ona 3mesnbyeHHs 3epHa aycre-
HUTa B MeTann TonwmHou 60 mm
eoannu 0,027 mac. % [V] (N8,
N9). OpHako 3TO OKaszanocb Head-
hekTHBHbIM. BepostHo, Hagexna
BO3Naraslacb Ha KapOOHUTPWAbI
BOJIbppama, a TakXKe Ha Haauuue
[Ti], koTopbIi obpasyeT KapOOHUT-
puap! Ti(C,N), KoHUEeHTpauus KoTo-
poro gns TonwuHbl 4, 16, 25 n 60
mm coctasnsna 0,002, 0,002, 0,003
n 0,004—0,006 mac. % cooTseTtcT-
BEHHO.

Mo aHanornuHon metomuke [4]
pacCMOTPEHO BJ/IUSHWE XUMMUEC-
KUX 3/1eMeHTOB (CTPYKTYPHbIX chak-
TOPOB) Ha U3MEHeHWe yJapHOM BS-
3KOCTM Ha nonepedHbix obpasuax
KCV" (cm. puc. 66, e). 3HaueHus
KCV" cHwkatoTcs npu Temnepary-
pe ucnbitaHna —40 °C ot 310 go
155 Ix/cm2, 1. e. B 2 pasa. U3
puc. 68 BUOHO, YTO Yriepog, Heno-
CPefCTBEHHO He B/MSET Ha ymdap-
HYIO BA3KOCTb WCC/ieflyeMbIX CTa-
nen. Peskoe cHwxenne KCV" ot
N =1 po N =2 obycnosneHo, no
BCEM BMOMMOCTH, OFpPaHUYEHHbLIM
copnep>kaHuem [Ni] u 6onee Bbico-
KMM (MO CpaBHEHWIO C OPYrvMM
nnaBKkamu) copAepXaHWUem cepbl
[S]. CornacHo [5] nosbiweHue Hu-
Kens B CTanu NPUBOLMT K yBenuue-
HUIO «OCTPOBKOB» ayCTEHWTa, KO-
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4. Mexanuyeckue cBolicmBa cmanu B HanpaBieHuu MoAWUHbI NPOKAMAa

0O603Haue- YcnoBHoe BpemeHHoe Mpeaen OtHocuTenb- | OTHOCHUTENB-
HHEe CTaJlu 0603Haqe- conpotuBne- TeKy4YecTu HOoe yA/iuHe- HOe cyXe-
(tonwmHa | Hue obpasua HHe Ogz, o1z, MMa Hue 5z, % Hue ¥z, %
nucra, MM) MMa
Magstrong 2.1 766 736 33,6 68,7
W700 (50) 2.2 763 734 33,6 67,1
2.3 762 734 33,6 66,5
Supralsim 3.1 852 748 13,7 33,3
690 (25) 3.2 857 765 13,7 30,6
3.3 860 157 13,7 21,7
Supralsim 4.1 760 608 15,7 71,5
690 (60) 4.2 766 661 16,7 71,2
4.3 745 629 15,7 70,7

5. 3nayenus pabomer 3apoicOeHus az u pacnpPocmpaHerus ap BasKolii

mpewuHol 8 uccnedyemolx cmanix

HaumeHoBaHue ctanu | TonwuHa az ap Mpumeuanue
nucrta, MM
A/ cm?

Supralsim 690 4 38 102 =
16 38 162 -
25 38 162 =

60 48 202 OceBas 30Ha

60 40 220 MNoeepxHocTHas 3oHa

Magstrong W600 50 54 206 -
Magstrong W700 50 64 195 =

TOpble BbI3bIBAIOT POCT Pa3MepoB
BA3KMX SIMOK, UTO OOycnoenuBaer
MNOBbILIEHUE YAAPHOW BA3KOCTU.

MNoebiweHue copeprkarus [S] B
WHTEpBaJie MasibiX KOHLEHTpaLWH
(0,002—0,008 mac. %) conpoBo-
JLaeTCs CyLLeCTBEHHbIM CHUYKEHUEM
yZapHoM Bs3kocTu [6, 7]. B uHTep-
Bane ot N =5 gpo N = 9 BnusHue
BK/IIOYEHWHM CY/lbpMAOB MapraHua
Ha cHuwxkeHne KCV" BospacTtaer
BC/IEACTBUE YBEJIMUEHUS B MeTaslle
KOJIMuecTBa BKAtOYeHWH MnS (cm.
puc. 68). BnusHue anoMuHus Ha
KCV" npocnexueaetcs cnabo, se-
POSITHO, M3-3a Masloro KosiebaHus
ero cogepxkaHus B ctansx (0,033—
0,045 mac. %). OnHako Habnoaa-
eTCcs COBMafeHWe MaKCHUMasibHOro
copepxxanus [Al] B meTanne c 3a-
MensieHMeM crnaga 3HadeHus KCVN
B BapUaLMOHHOM psLYy.

Kak BugHO 13 maba. 4, pna vc-
cnefyembix cTanen TOJILMHOM OT
25 po 60 MM BbIABNSAETCA BbICOKUM
YPOBEHb NPOYHOCTHBIX (GRz, OTZ) U
nnactuyeckux (dz, Yz) CBOWCTB B
Z-HanpaBnieHnu nucta. B cooteet-
cteum ¢ TOCT 28870 npokat npwu
TonwuHe 50 n 60 MM cooTBeTCTBY-
eT TpeboBaHUAM K rpynne Kayectsa
Z35. MNpokar TONWMHOM 25 MM
ctanu Supralsim 690 cooTBeTcTBY-
eT TpeboBaHWIO rpynmnbl KayecTsa
Z25. lNoHWyKeHHas NnacTMUHOCTb B
JIMCTax TosLWwmMHOM 25 MM, roe co-
nep>xanue [S] cocraensno 0,001
mac. %, obycnoeneHa NMKBaLMOH-
HOM HEOOHOPOLHOCTbIO B BMUAe
Tpex nonoc TosnwmrHon 0,005 mm
Kaxkpas (cm. puc. 26).

PesynbTtatbl  MchbiTaHWM  Ha
CTaTUYECKUN U3rub, BbINOJIHEH-
Hbin B cootBetctBuM ¢ [OCT

MPOMBILLUNIEHHOE U TPAXOAHCKOE CTPOUTEJ/ILCTBO 10/2020
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14019, nokasanu, uyto BCE OO-
pasubl U3 SIMCTOB 0benx craneu
TonwuHor 4—60 MM BbigeprKanu
UCMbITaHUS Ha CTaTUYECKUW W3-
b Ha yron 180° 6e3 noseneHus
pPacc/ioeHUH U TPELLMH.

B uenom cranu Supralsim 690 u
Magstrong W700 xapakTtepuaytoT-
CA  BbICOKOW XN1aJ0CTOMKOCTbIO,
ocobeHHo ctanb Magstrong W700
(cm. puc. 66, e). C atTum cornacy-
eTCs  BbICOKMH YpOBeHb pPaboTbl
pacnpocTpaHeHUsi BA3KOW TpeLu-
Hbl (mab6s. 5). B cootBeTcTBUM C
pabotoi [8] nna cranei ¢ eppuT-
HOM U (PEPPHUTHO-NEPSIUTHOM CTPY-
KTYpOW KpWTUUecKas Temneparypa
XpynkocTu Ty cBsizaHa ¢ paboToi
pacnpocTpaHeHUst BA3KOW TpeLu-
Hbl 0p COOTHOLLUEHUEM

Ja
VSkd”

Ty~ -

rae Sk — WCTMHHOE paspyLuaioLlee Hanps-
>XeHue; d — pa3mep 3epHa heppuTa.

Kak BuoHo w3 maba. 5, pna nu-
ctoB TonwmHor 50 1 60 MM 3Haue-
HUS ap BapbupytoTca oT 195 po
220 [ /cm2,

BoiBopbl

1. C nomoupio METOAMKU paH-
>KUPOBaHUS MeXaHWYECKUX
ceomcTs (o 2, KCV) nokasaHo, uto
nosiHas MpPOKaaMBaeMOCTb McCCle-
[LOBaHHbIX ~ 3KOHOMHOJIErMPOBaH-
HbIX CTaJiIen B IMCTax TonwmHon 50
n 60 MM gocturaercs nytem 3Ko-
HOMHoro neruposaHusa Cr, Mo, Mn
u W gnsa ctanu Supralsim 690 u Ni,
Mo, Mn, Cr v B (0,0001 %) nna Ba-
pvaHTa Magstrong W700.

2. JlucToBOM NpoOKaT TOALLMHOM
10—50 mm cranu Magstrong W700
M TonwmHOM 4—60 ™M crasm
Supralsim 690 obnagaer BbICOKOM
npouyHocTblo  (Gpp > 660—700

MMa), nnactuuHocTbio (8 > 15 %),
paboToM pacnpocTpaHeHWsl BA3KOH
TpewmHbl (ap > 195 [bk/cm?) u
xnapoctomrkoctbto: KCVP_ 5o > 40
Dok /cm2 pns ctanm Supralsim 690,
t = 60 mm n KCV";0 > 195
Dox/cm2, t = 50 MM pgns cranw
Magstrong W700.

3. YcraHoBneHo, 4YTO JIMCTOBOM
npokar cranerd Magstrong W700
TonwuHor 50 mm u Supralsim 690
ToNwmMHoM 60 MM cooTtBeTcTByeT
TpebosaHuam FOCT 28870 k rpyn-
ne kayectea Z35.

4. Mo paHHbIM MeTannorpadgm-
UeCKoro aHanM3a, ctanb Supralsim
690 obpasosaHa B OCHOBHOM na-
KeTHbIM 6enHuTOM ~+ 3epHamu
tepputa + Kapbugamu, Torga Kak
ctanb Magstrong W600 (W700)
obpasosaHa 6onblueld  YacTblo
depputom, a Magstrong W700
NS TONWMHbI vcta 60 Mm — Gen-
HUTOM + Kapbugom.
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