KonkypcHasi padora

Pa3pabdorka u npoBeaenue oomeii kKpatupukanun (MacnOPpTU3ALMHN)
JuTelinbix ciiiaBoB B7KJI718, B7KJI125, B72KJI1220, B2JKM12

1. BBeaenue

C uenmpio oOecrevyeHus TEXHOJIIOTHUECKOrO CYBEPEHUTETa aBUACTPOCHUS
Poccutickoit ®denepaiu (PP) 1 ummopTozaMenieHus ra3zoTypOMHHOIO JIBUTATEIIs
(I'TH) SaM146 u3 OTEUECTBEHHBIX MAaTEPUAIIOB, CTOUMOCTb M 3KCILTyaTal[MOHHBIC
XapaKTEPUCTUKU KOTOPBIX HE JIOJHDKHBI YCTyNaTh 3apyOeKHBIM MaTepraiaM, a TaK ke
YYUTBIBAasE OTCYTCTBHE POCCHUHCKMX MaTEPHAIOB CPAaBHUMBIX TI0 (PU3HUKO-
MEXaHMYECKMM CBOMCTBaM MPUHITO PENICHUE O MPOBEACHUU MMACHOPTU3ALUU
marepuanioB BXKJI718, BXIJI125, BXJI220, BXMI2 nns BO3MOXKHOCTU
npumenenus B asurareie [1/]-8.

Ha ocHoBanuu TexHmdeckux TpeOoBaHuM K 3apyOexxHbIM MaTepuanam [1TAO
«OJK-Carypn» coBmectHo ¢ HMUIl «KypuaroBckuii uncturym» - BUAM
ONPENEIWIA MPEIBAPUTEIbHBIN TEPEUYECHb MPUMEHSEMBIX B  MPOU3BOJCTBE
OTEYECTBEHHBIX MATEPUAJIOB, IJIAHUPYEMBIX IJISl U3TOTOBJICHUS IE€TAJICH IBUTATEIS
[11-8. Opgnako juis Hambosiee OTBETCTBEHHBIX JIE€TaJiel, TaKMX Kak pabouue u
COILJIOBBIE JIOMATKK TypOuH HU3KOro u Beicokoro nasienus (TH/ u TBJI), a Taxxke
JeTalli 3aJiHero croedHoro y3na asuratens I1J1-8 TpeOyercs pa3paboTka HOBBIX
JIUTEHHBIX KAPOMPOUHBIX HUKEJIEBBIX CILJIABOB.

B pamkax BBITIOJHEHUS BBINICYKa3aHHBIX PabOT OMpeseieHbl MaTepHUaibl
JUTS TIPOBEJICHUS 00IIeH KBaTH(UKAIUK (TacIIopTU3AIINN )

- BXKJ1718 — ananor Inc0718 (nurelinblii BApUaHT);

BXKJI125 — ananor RENE125;
B2KJI220 - ananor RENE?220;
BXXMI12 — ananor AMI.

Pazpes THJI ¢ npumeHeHHMEM  MaTepUaIOB-aHAJIOIOB  IPUBEICH

Ha pucyHke 1.



BXXM200 (DS200)
BX180 (Waspaloy)
/
B}¥M12 /

(AM1) BXN220

(Rene220)

: BXN718
B¥AN125 (Inconel 718)

(Renel25)

2

BX718 (Inconel 718 p.qa.)

Pucynok 1 — Pa3pes TH/I ¢ npuMeHeHneM MaTepraioB-aHAJIOTOB

* [Tacnopruzanusa matepuana BXKM200 npoBoauiiack B pamkax padoT 1Mo ocBoeHUIo uzaenus «Pdy



2. IIpoBeieHHe KOHTPOJISI XMMHY€CKOT0 KOHTPOJIS IIUXTOBBIX

MaTepHuaJ0B-aHAJI0IOB

]_IJ'ISI OIIPpCACIACHUS OITUMAJIBHOIO XHUMHUYCCKOI'O COCTaBa IIACIIOPTH3YCMbLIX

MaTepruaJioB Ha Ipon3BOACTBEHHBIX MonHOCTAX HUL] «KypuaToBckuii nHCTATYT»

- BUAM Obir IMPOBCACH KOHTPOJIb XUMHYCCKOI'0O COCTABa HIMXTOBOI'O MaTCpHalla

HUIT

MepCaAaHHOIro

«Kyp4aToBCKHil ~ MHCTUTYT»

BUAM

B

KadyCCTBC

AaBaJIbYCCKOIro mMarcpualia 3apy6e>I<Hbe CINIaBOB-aHAJIOI'OB ABHUIATCIIA-IIPOTOTHIIA

MIPOU3BOJICTBA WHOCTPaHHBIX  (GUPM

«Cannon Muskegon Corporation»

)51

«HOWMET LTD»». Pe3ynbraThl XUMUYECKOTO aHAJIN3a PEACTABICHbI B TA0IUIIAX

1-4.

XHUMMYECKHUM COCTaB CIJIaBOB orpecacriiin MCTOA0OM aTOMHO-O3MHUCCUOHHOI'O

ananmu3a Ha ciekrpomerpe POTIMA 8300 dupmer «PerkinElmer» B cootBeTcTBUM

¢ MU 1.2.036-2011, MU 1.2.037-2011, MM 1.2.038-2011 m MeTOqOM BOJIHO-

JUCTIEPCUOHHON PEHTeHO(IYyOPECIIEHTHON CIIEKTPOMETPUU Ha YCTaHOBKe S4

EXPLORER ¢upmsr «Bruker Supporty» B coorBercteuu MU 1.2.071-2015

Tabnmuma 1 Xumudeckuii coctaB criaBa Renel25 mpousBoacta ¢upmer Cannon
Muskegon Corporation

Mecrto Conep:xaHue 3J1eMeHTOB, % macc.
aHaJIMu3a Ni Co| Cr| W | Mo| Al Ti | Ta Hf |W+Mo W+Re| C B | Zr
PIVIL o | oes | 876 | 691 | 181 | 486 | 230 | 373 | 151 | 872 | 691 | 011 | 0015|0081
«BUAM)»
Cannon
CM“Skeg9” Ocu. | 970 | 884 | 685 | 186 | 489 | 237 | 378 | 155 | 871 | 685 |0109|0015| 003
orporatlon
(CMC)
Tex%nqecmle
TpeboBaHus 95— | 87— | 66—| 16— | 46— | 23—| 36-| 14— 009—| 001|003
upvel | Ocit | 105 | °91 | 74 | 24 | 50 | 27 | 40 | 17 | 25 | T4 413|002 | oor
0oJiee
Mecto Coaep:kaHue 3JIeMeHTOB, %0 mMacc.
amaqmza | No |Re| V| Pt| Pd | Mg| O | N| S | P | Fe|Si|Mn|cu
OIYII <0000 00000,00
CBUIAM, | 0004 0000300011/ ™| 000002 00024 | 00004 (00004<0.0004 00002| 0021 0008 " | ¢
CMC | <005 |<005/<0008 <001| <0001 | <001 | 00002 0,0004 00002 | 00008| 002 <001 <01'00 Ofo
Texunueckue
TpedoBaHus 0.007
mpmbt | 01 | 010103 | 015 | 0,01 [0,00250,005%2%7| 0,01 | 0,2 [0,10/0,10/0,1
, He
ooJiee




Tabnuna 2 Xumuyeckuii coctaB craBa INCo718 mpousBoacTea pupmer Cannon
Muskegon Corporation

M Coaep:xaHue 3JiIeMeHTOB, % Macc.
CCTO aHAMA G T TFe [ND | Mo | Al | Ti |AI+Ti|] C | Co| B Cu
OI'YII «<BUAM» 527 | 188 [186] 506 | 310 | 056 | 091 | 147 | 0062 |0010|0,0052| 00036
CMC 5233 | 1898 |Ocu.| 493 | 302 | 054 | 090 | 144 | 006 |<005| 0005 | 0005
Texaunueckue
TpedoBanust (50,0 -|17,0 —|OcH|4,75|2,80—| 0,4— |0,65—
dupmbr CMC, | 55,0 [ 21,0 | . L550 330 | 08 | 1,15 | Sb7S | <0.08=1,0<0,006 <0,30
He 0oJ1ee
MecTo aHAIH3a Conep:kanue 3J1eMeHTOB, % Macc.
ceroamambarTaTTvn T P | S Bi Pb Se | Te Tl N | O
®IYIT «BUAM»| 0,021 |0,010 0,0020 0’%02 0,000020,00001<0,000020,00003| <0,00001|0,0019| 0,0007
CMC 002 | 002 [0,0016]0,0007|<0,00002<0,00005| <0,0005/<0,0002| <0,00002 | 0,0018 | 0,0004
Texunueckue
TPEOORAMNI | 55 | ( 35 10,015 0,015 0,00005 0,0005 | 0,0003 0,00005 00005 | — | -
¢pupmbr CMC,
He 0oJ1ee

Tabmuma 3 Xumuyeckuit cocraB cruiaBa AM1 mpousBojnctBa dupmsr HOWMET

LTD
Mecto Coaep:xaHue 3JIeMeHTOB, % Macc.
aHaJmn3a Ni | Ta |[Cr|Co| W | Al Mo Ti Hf Fe | Nb | Mn
OI'VIT
«BUAM» | Ocn. | 7,98 |7,42|6,42| 5,50 | 5,40 | 2,01 | 1,22 | 00007 | 0,019 |0,0157| 0,0002
HOWMET
LTD Ocn. | 7,90 |7,40|6,40| 5,40 | 5,40 | 2,0 12 | <01 | <01 | 001 | <001
Tex%nqecxne
TPEOOBAHHI 75-170-6,0-{50-(51~| 18- | 10~
upmbl | OcH. <0 <02 | V05| <005
L DupALL_ 85 (807060 |55 | 22 | 14 | 02|02
LTD
Mecto Coaep:xaHue 3JieMeHTOB, % Macc.
aHajau3a Si P S| C|Cu| Sn Ag Pb Bi As | Cd | Ga
OI'VIT <0,000|0,0001|<0,00001| <0,0000| <0,0000{ <0,000| <0,000
«BUAM, | 0006 | 0000200010004 7T T Ty Ty ] 8] B <0008
HOWNET | <002 | <001 |<001] <001/ <001 | <001 | <0000t |<00001 <A90| <0300/ <000/ 0010
TexHuveckue
TpedoBaHus
HPMBI
HOWMET | <005| 001 | 001|001 | 001 | 001 | 0,0005 | 0,0005 |0,00005/0,0025| 0,0025| 0,0025
LTD, ne
0oJiee
Mecto Copep:xkaHue 3j1eMeHTOB, % Macc.
aHaJIm3a In | Mg | Zr| B O N Tl Sb n Y Se Te
OI'VIT  |<0,000{<0,000/0,000|0,000 <0,0000 <0,000/<0,000|<0,0000
BUAMy | 01 | 4 | 7 | 1 |*0008/00008)<000001) <0005 =5 5 Ty
HOWMET 1<0000) <001 | <001 <001|00008|00002| <0000t |<00001{<00002| °%%| 000001
Texunueckue 00025 001 | 001 ]<0,0]/0,001]/0,001]| 0,0001 |0,0025]0,0025]0,002/0,000/0,0001




TpeOOBaHus 1 5} 5}
HPMBI
HOWMET
LTD, ne
0oJiee

Ta6numa 4 Xumuueckuit coctap ciiaa Rene220 mpousBoacTBa ¢upmMber Cannon
Muskegon Corporation

Coaep:xaHue 3J1IeMeHTOB, % Macc.

MecTo aHan3a

Ni Co Cr Mo | Al | Ti | Ta | Nb C B

®I'YII «<BUAM» | Ocn. 12,2 18,9 331 [0461,01|313| 505 | 0,03 | 0,004

CMC OcH. 11,99 1906 | 3,21 |050(1,00]3,23] 5,11 | 0,03 | 0,004
Texunueckue

TpeGoBaHUS Octt. 11,0- 180- [30-| 04|09 | 30 |50-|002-| 0,003

tlmpM%lmgle, He 13,0 20,0 34 |-06|-11|-35| 55 | 0,04 |-0,005

Coaep:xaHue 3JiIeMeHTOB, % Macc.

MecTo anaan3a

@) N S P Fe | Si [Mn | Cu Mg Zr
®I'YII «BUAM» | 0,0007 | 0,0006 | 0,0008 K0,0003]0,029 |0,014 D,0002k0,0007 0,0005 | 0,0006
CMC 0,0006 | 0,0005 | 0,0006 |0,0003]0,026|0,01 k0,001/0,001 | <0,004 | <0,001
TexHuuyeckue
TPeOOBANMA | 053 | (0075 | 0,005 |0,010 0,50 |0,10|0,05| 0,10 | 0,004 | 0,01
¢pupmbr CMC, He
0oJ1ee

AHalu3 pe3yJbTaTOB XMMUUYECKOTO aHAJIN3a, MPECTABICHHBIX B TaOIUIIaxX
1-4, moxa3bIBaeT, YTO XMMHYECKHI COCTaB IMEPEIaHHBIX 3apyOeKHBIX CIIJIABOB
Mapok Renel25, Inco718, AMI1 u Rene220 CcOOTBETCTBYET TEXHUYECKUM

TpeboBaHUsIM 3apyOexxHbIX NpousBoauteneit pupm CMC u HOWMET LTD.

3. Pazpaborka cranaaptHbix oopa3uoB npeanpustus (COII) ciuiaBos

BIKJI125, B/KJI718, B/KM12, B/KJI220

CTaOMIBbHOCTh XMMHYECKOTO COCTaBa IO OCHOBHBIM  JICTHPYIOIUM
DJIEMEHTaM SIBJISIETCS OJIHUM W3 KPHUTEPUEB BBICOKOTO KauecTBa CIIaBa U
CIIOCOOCTBYET OOECHeUeHUI0 TpeOyeMOoro YpPOBHS MEXaHUUYECKUX CBOWCTB
XKapONpPOYHbIX CIuTaBoB. COBpeMEHHOE CHEeKTpalbHOe 000pyaoBaHHE (OMTHKO-
OMUCCHOHHBIE  CHEKTPOMETPHI,  PEHTCHO(MDIyOpPECIEHTHBIE  aHAJIU3aTOPHI)
MO3BOJIACT OMpPENENATh COACPIKAHHUE JICTUPYIONINX JJIEMEHTOB W HAa OCHOBaHUU
MOJIYYCHHBIX PE3YyJIbTATOB KOPPEKTUPOBATH XUMUUYECKHUI COCTaB CIJIaBa BO BpPeMs

IIJTaBKH. I[OCTOBepHI)Ie PE3yJIbTaThbl aHAIIN3d XHUMHNYCCKOI'O COCTaBa CINNIABOB Ha




TakoM OOOpYJOBaHHM MOXHO IOJYYUTh TOJBKO NPU HAIUYMU CTaAHJAPTHBIX
00pas3I0B COOTBETCTBYIOIINX CILIABOB.

Kpome Toro, yunutbiBas y3kve MHTEpPBAJIbI JIETUPOBAHUS B pa3paOOTaHHBIX
CIUIaBax, JIJIi CHUKEHUS MOTPEIIHOCTU OMPENIENCHUS MIPU BBIXOJHOM M BXOJHOM
KOHTpOJIE HE0OXOAMMO, 4YTOOBI KajuOpoBka NpuOOPOB HaA MPEANPHUATHHU-
U3rOTOBUTENIC U MPEANPUITUH-3aKa3urKe Oblia BBIIIOJIHEHA MO OAHUM U TEM Ke
CTaHJApTHBIM O00pa3LaM.

st n3rorosnenusi komriektoB COIIl mpoBeneHo 1IecTh MIIABOK CILIABOB
BXXJI1125, BXKJI718, u iate mmaBox BXKM12, BXKJ1220.

Jna crmao BIKJI125, BXXKJI220 m BXXJI718 3anuBka mpowu3BOIMIIACh
METOJOM PABHOOCHOTO JIUThS MO BHITLJIABIIEMBIM MOJEISAM Ha ycTaHoBKe YIIIID-
4

st ciimaBa B)KM12 3anuBka npousBoauinack metogoM LMC (liquid metal
cooling) Ha mpombinuieHHOW YycraHoBke YBHK-9A ¢ wucnons3oBanueM
MOHOKPHUCTAILTMYECKUX 3aTPaBOK ¢ KpucTayorpapuyeckor opuentanueii (KI'O)
<001>.

OrnpeneneH XUMUYECKUH COCTaB BBIIUIABIICHHBIX IIJIABOK — COJIEPKAHUE
JETUPYIOIIUX 3JIEMEHTOB AaTTECTOBAHO C IOMOIIBID METOJOB AaTOMHOIO-
SMHUCCHOHHOTO W MaccC-CIEKTPOMETPUUECKOTO aHalW3a C MpeABapUTEIbHBIM
pactBopeHuemM npo0d B cmecu kuciot. s cmaBa BXKJI718 B kommiekT COIT 6611
JOTIOTHUTENBHO BKJIIOYEH oOpasenr uHOocTpaHHoro wmetamwia (ol Ne4dV7156),
XMMHUYECKUU cocTaB kKotoporo arrectoBaH Bo HUILI «KypyaroBckuii HHCTUTYT) -
BUAM. Cognepxanue JErMPYOIIMX HW  MHUKPOJIETHUPYIOIIUX  DJIEMEHTOB
BbILIaBJIeHHBIX ciiaBoB BIXKJT125, BXXJI718, BXXM12 u BXJI220 nepeMeHHBIX
COCTaBOB MPHUBEIEHO B TabmuIe 5 (MpoTokossl ucnbitTanmii NeNe 11721-621-2020,
11148-621-2020, 11119-621-2020, 11804-621-2020).

Tabmuma 5 CoxpepxaHue JETHPYIONIUX W MHUKPOJCTUPYIOMINX 3JIEMEHTOB B
crtaBax BOKJI125, BXKJI718, B KM 12 u B)XKJ1220 nepeMeHHBIX COCTaBOB

Mapka | NoNe Coneprkanyie JITUPYFOIIHX YIeMEHTOB, % Macc.

CIUIaBa NI C Co| Cr | Fe [INDJAITW ] Ti]|Ta|[Mo]|Hf| Zr

IUL B
20-38« |OcH. 0,058 9,09 | 9,86 5,58/6,06|3,17/3,15|2,69|1,13|0,012|0,0003

BXUI125] 20-39k | Ocs. 0,088/ 9,48 | 9,31 - - 15,06(6,59|2,66|4,11]2,26|0,84/0,033| 0,005

20-36x [OcH.| 0,11 9,56 | 8,79 | - - 14,9316,82|2,34/3,76/1,82]1,37]0,044| 0,020




20-37x {OcH. 0,116/ 9,83 | 8,63 | - - 14,89(6,89|2,47|3,80]1,99|1,34/0,056| 0,036
20-40k |OchH. |0,156/10,56| 8,56 | - - 14,62]7,58|2,293,47{1,71|1,47/{ 0,10 | 0,039
20-41k |OcH.| 0,18 |10,91/ 8,00 | - - 14,11/8,10|1,91/4,54(1,22|1,76]0,073| 0,009
20-82x 52,3/ 026 | - |16,621,0(4,10{1,02] - |1,12] - 3,81 - - -
20-83k (52,9012 | - [1/5]/195[4,50[0,70] - |1,41] - [3,34| - - -
BIIT718 20-61J1153,0 /0061 - [18,9]18,55,05/0,51] - |0,89] - [3,04] - - -
20-84k [ 52,710083| - [20,5]|17,51(5,45[0,30] - |0,70] - [2,79] - - -
20-85k [52,0[0010] - |22,5]16,5(6,00[0,10] - [0,42] - [2,44] - - -
4V7156|52,3 0060 - [19,0]19,0(4,93[0,54] - |0,90] - [3,02] - - -
20-42x [Ocn.| - [7,46|6,38 | - - 15,01]6,06|0,88|8,48]1,63| - - -
20-43k [Ocn.| - [6,95|691| - - 14,42(6,55|0,46|8,93]1,22| - - -
BAKMI12| 20-15k | Ocu. | - [6,46|7,29| - - 15,38[5,57|1,22|8,10[2,04| - - -
20-44x [ Ocn.| - [595|790| - - 15,79]5,04/1,54|7,48]2,31| - - -
20-46k | OcH.| - |547]850| - - 16,32/4,46|1,97/6,91]2,60| - - -
20-76k | Och. | 00561001 208 | - 458|097 - [142{260|374| - - 10,0008
20-77x | Ocu. |0037]1097| 198 | - 550|060 - | 12 [329|34/| - - 100021
BAU1220] 20-5M | Och. |0030|1198| 187 | - [494]049| - 101|328/ 2/3| - - 100044
20-81k | Ocu. |0013]1306| 17,7 | - [559|0065 - | 06 383|301 - - 10,0051
20-80k | Ocu. | 001011403 166 | - |610|0,/7] - [091[258]|272| - - 10,0093

W3 BBIIUIABIIEHHOTO MeETaula H3TOTOBJICHO 4 KOMIUIEKTa CTaHAAPTHBIX
00pa3IoB MpEeANPUATHS JIUTCHHBIX KapOMPOUYHbIX HUKENEBBIX cruiaBoB BIXKJI125,
BXKJI718, BXXM12, u BXJI220. Odopmienst nacopra COIT NeNe CO-28-20,
C0-30-20, CO-29-20, CO-31-20.

4. Pazpaborka texHumyeckux ycjaoBuii (TY) Ha JuMTBIe NPYTKOBBIE
3aroroBkH cijiaoB B72KJI125, BXdKM12, B/KJ1220

Ha ocHOBaHMM pe3yJIbTaTOB KOHTPOJIS XUMUYECKOIO COCTaBa 3apyOeKHBIX
CIUTABOB-aHAJIOTOB M pa3paboranHbix c mpusiedenrnem HUI[ «KypuaroBckuii
UHCTUTYT» - BHUAM OTEeUeCTBEHHBIX JMUTEHHBIX KAPOIMPOUYHBIX HUKEJIEBBIX
craoB BXKJI125, BXXMI12, BXKJI220 BbInmylieHbl TEXHUYECKHUE YCJIOBUA Ha
auTble NpyTKoBble 3arotoBku (JIII3) m3 naHHBIX CIUIaBOB, coaeplkaiiue B cede
TpeOOBaHMS K TOCTAaBKE, MapKUPOBKE, XPAHEHHIO, KPUTEPUSIM XUMHUYECKOIO
COCTaBa U MEXAHUYECKHUX CBOWCTB!

- TY 1-595-3-1860-2019 «JIuThie TPYTKOBBIE 3arOTOBKH W3 JUTEHHOTO
KapoIMpOYHOro HUKeneBoro craBa Mapku BXKJI125» (ITpunoxenue I);

- TY 1-595-3-1861-2020 «JIutble MPYTKOBBIE 3arOTOBKH U3 JIMTEHHOTO
YKapoIMpPOYHOro HUKeNeBoro criasa Mapku BXXM12y» (ITpunoxenue [1);

- TY 1-595-3-1874-2019 «JIuThle TpYTKOBBIE 3arOTOBKH W3 JUTEHHOTO

KapoNpoyHOro HuKeneBoro cruiaBa Mmapku BXKJI1220» (IIpunoxenue E).




TY 1-595-3-1659-2017 «JIuTble NPYTKOBBIE 3arOTOBKM W3 JIUTEHHOTO
xaponpouHoro criaBa mapku BIKJI718» pazpaboransr HULL «KypuaToBckwuii
uHCTUTYT» - BUAM panee .

5. Pazpaborka IlporpaMM M MeTOAUK MpPeABAPUTENbHBIX HCIBITAHUI
onbITHBIX mapTuii ciiasoB BoKJI125, B KXM12, BXKJ1220

JIJist yCTaHOBJIEHUSI COOTBETCTBHUS OMBITHBIX MapTUH CIJIaBOB TPeOOBAaHUSM
TT paspaboransl IIporpaMMbl ¥ METOAMKH TPEIBAPUTENBHBIX HCIBITAHUN
ONBITHBIX MApPTUWA JIUTEHMHBIX >KapONPOUYHBIX HHKEJIEBbIX cruiaBoB BIXKJI125,
B2KM12, BXXJ1220, Brimroyaroniue:

- OIIPEAETIEHNE XUMAYECKOTO COCTaBA;

- UCIIBITAHUE HA KPATKOBPEMEHHOE PACTSKEHUE,

- UCTIIBITAHUE HA JUTUTEIIbHYIO IPOYHOCTb.

Jnsa cmaa BXKJI718 mnpenBaputenbHble ucnbiTaHus MpoBeneHsl HULL
«KypuaroBckuit uHCcTHUTYT» - BUAM panee, 3a cueT COOCTBEHHBIX CPEACTB
WHCTUTYTA.

6. U3roroBiieHHe M NpoOBeJdeHHEe NMPHEMOYHBIX HCINBITAHUI ONBITHBIX
napruii ciiiasos BoKJI125, BKJI718, BAKM12 u BAKJI1220

Nzrotosnens! onbiTHbIe NapTiu cruiaBoB BXKII125 (tur. Ne20-103:m), BXKJI718
(1. Ne20-61JI), BXXM12 (1. Ne20-100m), BXKJI220 (. Ne21BXKJ1220-46J1) u
MPOBEJICHbl WX MPUEMOYHbIC HCMBITAHUS B COOTBETCTBUU C pa3pabOTaHHBIMU
nporpamMmmMamMu U MeTonukamMu. OQopmileHBl aKThl HM3TOTOBJIEHUS OIBITHBIX
MapTUH.

Pe3ynpTarhl NMpHEMOYHBIX UCHBITAHUN OMBITHBIX MAPTHI MPEICTABICHBI B

Tabiumax 6-13.

Tabnmuma 6 XWMHYECKUH COCTAaB ONBITHOM IMAPTUHM JUTECHHOTO KapOIPOYHOTO
HukeseBoro cruiaa BXXKJI125 (mpueMovHbIe HCTIBITAHUSA)

Conep:xaHue 3J1eMeHTOB, % Macc.

Ne . Ni | Co |Cr|] W | Al | Ta | Ti | Mo]| Hf | C |Nb| Mg

20-103a
(onbrtHass  |Ocn.| 9,79 18,93 7,19 | 4,74 | 3,98 | 2,36 | 1,90 | 1,56 | 0,11 (0,011/0,004

napTus)




T3 u TV 1-595-3- 95— (8,7 -
1860-2020 |9 | 10,5 | 9,1 <0,11<0.,01
. Conep:xaHue 3JieMeHTOB, % Macc.
N Fe | Mn | Si o]
20-103a
(omeiTHan  |0,0350,0005/0,031 0,0006
napTus)
T3 u TY 1-595-3-
1860-2020,ue | 0,2 | 0,1 | 0,1 0,0025
Oonee

Tabnuma 7 XUMHYECKUM COCTAB ONBITHOM IMAPTUU JUTECHHOTO KapOIpPOYHOTO

HukeseBoro cruiaa BXXJI718 (mpueMovHbIe HCTIBITAHUA)

Conep:kaHue 3J1eMeHTOB, %0 Macc.

Ne 1. Ni Cr

Fe

Nb

Zr

20-61J1
(onbITHA 52,8 | 18,9

1
napTus)

18,5

4,95

0,

02

TB3uTyY

1-595-3-150,0 —|17,0 —

1659- | 550 | 21,0
2017

17,0

20,0

4,65 —
54

0,03

Conep:xaHue 3J1eMEHTOB,

Ne 1. Ta cu

Si

Mn

20-61J1

(onwsrTHa | 0,006 | 0,005

A 4 4

napTus)

0,07

0,005

0,0034

T3uTyY

1-595-3-
1659- | 0,1 | 0,2

2017, e
OoJtee

0,2

0,1

Tabnuna 8 XHUMHYECKUM COCTAaB OMBITHOM MAapTUU JUTEHHOTO KapOIMpPOYHOTO

HukeneBoro cruiasa BXXM12 (mpuemovHbie HCTIBITAHUA)

Ne 1.

CojeprxaHue 3JIEMEHTOB, % Macc.

Ni

Fe

Nb

20-100s1 (onbITHast mapTus)/OcH.

0,02

0,005

T3 u TY 1-595-3-1861-2020 |OcH.

<0,2

<0,05

Ne 1.

ConeprkaHue 3JIeMEeHTOB, %

0

N

20-100.1 (onbITHAsI MAPTH$)|0,0003

0,0005

0,0003

T3 u TY 1-595-3-1861-2020,

He Ooiiee

0,05

0,001

0,001

Tabnuma 9 XuUMHYECKUM COCTAaB OMBITHOM MAapTUU JUTEHHOTO KapOIPOYHOTO

HukeneBoro cruiaa BXXJI1220 (mpueMovHbIe HCTIBITAHUA)

No .

ConepsxkaHue 2IeMeHToB, % Macc.

Ni [ Cr [Co| Nb | Ta | Mo

| AL | C [Hf|W




21BIKJI220-46]1 (omwrmnas | oy 118 97 12,00 5,21 |3,16| 3,25 | 1,04 | 0,54 |0,032(0,0350,22
naprTus)
11,0
18,0 — ~!50-130-/30-| 09- |04-10,02-
TV 1-595-3-1874-2020 OcH. 20,0 1;0 55 | 35 | 34 11 0.6 | 0,04 <0,05|<0,5

No it CopeprkaHre 3JIeMeHTOB, % Macc.

e Mg | Zr Fe | Mn | Si Cu P S N o]
ZIB’Kﬂzi‘;ﬁfpﬁ §°‘"’”“a” 0,00140,001400,0230,00030,0080,0007/0,000530,000700,0007 0,0019
T3 TV 1-595-3-1874-2020, 104 | 001 | 05 | 0,05 | 01 | 01 | 0,01 |0,0050,0075| 0,003

He Oosee
Ta6muma 10 MexaHudeckde  CBOMCTBA  ONBITHOM  MapTHM  JIMTEHHOTO
YKapornpoyHoro HukeneBoro crasa BJKJI125 (mpuemovHbIe HCTIBLITAHUA)
WcnbrTannsa Ha
VcpITanms Ha KPaTKOBPEMEHHOE PACTsDKECHUE
JUIATENBHYTO TIPOYHOCTD
. s e s e T=870°C, | T=950°C,
Ne T=20°C T =450 °C T=650°C T =900 °C o—415MDna | o=250MTTa
631 60,21 551\111 651 60,21 857\111 651 60,21 657\111 637 60,21 857 \Pl 6 6
MIla | MIla |%|%| MIla | MI1a |%|%)| MITa | MIIa |%|%|MIla|MIla| % | % | ©" || &% | %1
20103 | 1090| 970 5.213/1090[ 980 6,211 1080( 930 [7414/ 790 | 710 [135245 106 | 11 | 90 | 8.1

1140 | 930 |10[12] 1100| 970 [8,214) 1110| 930 9,815 770 | 700 28| 121 | 11| 71| 11
T3, He menee | 1000 | 820 |5(6]1000| 820 |5]10[ 1000 820 |5 {12 650 | 550 3/ 60 | 53] 4
TY 1-595-3-

1860-2020, ne| - - -1 - - |-]-|1000| 830 |5|-| - - -1 60 | 53| 4
MCHEE
Tabmuma 11  MexaHudeckue CBOMCTBA  OMBITHOW  MapTHH  JIUTEHHOTO

»)aponpoyHoro HukeneBoro cruiasa BXKJI718 (mpuemouHble HCIIBITAHUA)

VcnpITanus Ha KpaTKOBPEMEHHOE PacTsKEeHNE Hcnbrranus
Cono —omn o eeno HA JJTATESIBHYIO TIPOYHOCTh
Ne . T=20°C T=350°C T=50°C pu T =650 °C, 6 =620 MIla
G, | 6oz, |05 |V, | Gy, | Oo2 | O, ¥ 0% Gy, | Go2, |05 | Y, -
MIla {MIla| % | % [MIla|MIla| % | ' MIla|MIla| % | % ?
20-611 990 | 910 (145[29| 850 | 810 (12| 32 | 770 | 730 |8,8| 29 70
870 | 740 |135(25| 800 | 660 (235 29 | 780 | 640 | 18|33 64
T3, He MeHee 830 [640|5|8|610|560| 4| 6 |550({510|6|8 23
TV 1595346592017, ¢ | gao | eao 5 1| - | - | .| - | . | . |.|. ”s
MeHee
Tabmuma 12 MexaHudeckde CBOMCTBA  ONBITHOM  MapTHH  JIMTCHHOTO

YKapoNpoOYHOro HUKeIeBoro ciiasa BJ KM 12 (mpueMoYHbIe MCIBITAHUS)

HcnbITanns Ha KpaTKOBPEMEHHOE VicnibITanys Ha JUIMTENBHYHO IIPOYHOCTD
No 1L pactsokenue mpu T = 650 °C T =850 °C, =600 MIIa | T=1050 °C, c =180 MIla
6;, MIla | 6¢,, MIla |55, % |V, % T,4 05, 4 T,4 05, U
20-100 1220 1050 | 64 | 14 144 22 89 155
! 1220 1050 | 6 | 13| 128 24 93 27
T3uTY 1595318612020, | 1550 | gg5 |50 | 60| 60 10 60 10
HE MCHEEC
Tabmuma 13 MexaHuveckue CBOMCTBA OMNBITHOW NapTHH  JUTEHHOTO
YKapornpoyHoro HukesneBoro crasa B/KJ1220 (mpuemovHbIe HCTIBLITAHUSA)
WcnbrTanms Ha
No . Wcnprranus Ha KpaTKOBPEMEHHOE PacTsHKEHHE JUIATEILHYIO
TIPOYHOCTDb




o _ o _ o _ o _ o T=650°C, | T=750°C,
T=20°C T=200°C T=400°C T=600°C T=800°C —680MITac=380MITa
631 60,2! 55! \P, 651 60,21 651 \P, 651 60,21 651 \Pv 631J60,2j 651 \P, 631 60,21 65: \Pr
MITaMITa| % | % MITaMIla|%| % [MIlaMIla] % |% MIIaMIlal % | % MIlaMIlal % |%
21B7KJ1220- (11101850 8 | 18 |1130 740 |20{20,51060| 730| 13 |20{1050 720 (12,5 17 |650|55020,545| 268 172

46J1 1150850 16,811,51120 740 |16/21,51100 720(17,526|920|670| 15 |20,5620|530| 14 |25 189 131
T3, ne menee (1020840 3 |5,6|920|7403,7/6,8|850|680|3,616,8 800|670|2,8(5,3|520|530|3,1/5,9 100 100
TY 1-595-3-
1874-2020,me (1020/780{6|10| - | - (- - | - | - | -|-| - | - |-|-|-}|-1|-]- - 100

MCHCC

Ha ocHoBaHuu PE3YIBTATOB IMPUCMOYHBIX HCIIbITAHUN ONBITHOM I[mapTuun

1,9 T,4

criaBa BXKJ1220 monyyeHo OTKIIOHEHUE 110 YCIOBHOMY INPENIETy TEKYYECTH
C 1enpi0 MOBBINICHUST YCIOBHOTO Mpenena Tekydectu criaBa BXKJI220 B
cooTBeTcTBUM ¢ TpeboBaHueM TT CKOppEKTUpPOBaH €ro pPEeKUM TEPMUUYECKON

00pabOTKHU 3arOTOBOK 00Opas3IoB.

7. PazpaboTka nporpamm nacnoprusanuu ciiiasos BXKJI125, BXKJI718,
BKM12 u B7KJ1220

Jlist ompejeneHus BUJOB, PEKUMOB M OOBEMOB HUCIHBITAHUMN i1 OOIIEH
KBAUIM(PUKALUA JIUTEHHBIX KApOIPOYHBIX HHUKENEBBIX cruiaBoB BXKJI125,
BXJI718, BXMI12 wu BXJI220 paspaboransl [IporpamMmmsl mnacrnopTH3anuu
YKa3aHHBIX BBIIIE CIUIABOB.

B mporpammbl macnopTh3alMd  BOLUIA CIEAYIOIIAE BHIbI HWCIBITAHUN:
ONpEICJICHNE XapaKTEePUCTUK KPATKOBPEMEHHOW MPOYHOCTHU U ILIACTUYHOCTH MPHU
HOPMAJIbHOM U MOBBILICHHBIX TEMIIEpaTypax; ONPEACICHUE YIAPHOUN BI3KOCTH MPH
HOPMAaJIbHOM U MOBBIIIEHHBIX TEMIIEPATYpaX; ONPEAECICHUE MPEAEIOB UINTEIbHON
MIPOYHOCTH M TIOJI3YYECTH MPH MOBBIMICHHBIX Temmeparypax Ha 6azax 10, 100, 500
gy u 1000 u (anga AIATETBRHOM MPOYHOCTH); TMPEAEIOB OrPpaHUYEHHOU
BeiHOCTMBOCTH MUY n MHILY Ha rimagkux oOpasmax u oOpasiax ¢ HaJape3oM Ipu
HOPMaJbHON W TIOBBIICHHBIX TEMIIEPATypax; OMNPEACICHUE TBEPAOCTU MpHU
HOpPMAaJILHON TeMIepaType; XapaKTepUCTHK OOIe KOPPO3UOHHOM CTOMKOCTH B
YCJIOBUSIX KaMephbl COJIEBOr0 TyMaHa, KaMephl TPOIMMYECKOTO KIMMAaTa, a TaKXKe
HaTYpHBIX YCJIOBUSX YMEPEHHOTO KJuMaTta MpoMmbliuieHHon atMocdepsl (MLIKU,
r. MockBa) U yMEpEHHO TeIuioro kimmara npumopckoit atmocdepsr (I'LIKU, r.

['eneHKUK), CTOUKOCTH K CYIb(OUIHO-OKCUIHOW U XJIOPUIAHOW KOPPO3HUH TMPHU



NOBBIIICHHBIX ~ TeMIIepaTypax, ONpeaeieHne (PU3MUYECKHX  XapaKTePUCTHK
(TIIOTHOCTH, YAEIBHOTO AJIEKTPOCOMPOTUBIICHHS, TEMIIEPATYpPHOTro Koddduiirenrta
JUHEWHOTO  PACIIMPEHUS, YACIBHOM  TEIJIIOEMKOCTH, TEIUIONPOBOJAHOCTH,
temriepatyp (a3oBbIx mpeBpamieHuii) craBoB BXXJI125, BXKJI718, BXKM12 u
BIKJI220.

8. BplIILIaBKa ONBITHO-NPOMBILLIEHHBbIX NapTuii cmjaBoB BIKJI125,
BKJI718, B KM12 u BXKJI220 nus npoBeneHusi ooOumeid kBajaudpukanun
(macnmopru3anun)

s mpoBeneHust oOmie KBaMM(PHUKAIMK BBIILJIABICHO IO JBE OIBITHO-
IPOMBIIUICHHBIE TMApPTHH JIMTEUHBIX >KapOIPOYHBIX HHUKEJIEBBIX CIJIABOB MAapoK
BXKJI125 (rumaBku NeNe20BXKJI125-185B, 20BXXJ1125-210B), BXKJI718 (miaBku
NeNe 20BXKJI718-127B, 20BXKJI718-135B), BXXMI12 (mmaBku NeNe2(0BXKM12-
167B, 20BXKM12-195B) u BXJI220 (rutaBku NeNe20BXKJ1220-58B, 20BXKJ1220-
60B). OgopmiieHbl aKThl U3TOTOBJIECHUS OIBITHO-IPOMBIIIJIEHHBIX MAPTHI.

Pe3ynbTaThl XMMHUYECKOTO aHaiu3a MpeicTaBlieHbl B Tabiumax 14-17.

PGSYHBTaTBI HCIBITAHUN MEXaHUYECKUX CBOMCTB InpcaACTaBJICHBI B Ta6JII/IIlaX 18-

21,

Tabnuna 14 XuMuyeckuii coCTaB JIUTEHHOTO KapOIPOYHOTO HUKEJIEBOTO CIUIaBa

BIKJI125 (onbITHO-IPOMBIILJICHHBIE TAPTHH)
Coaep:xanue 3jeMeHTOB, % Macc.

Ne .

Ni | Co Cr W Al Ta Ti Mo Hf C Nb | Mg

20}_31{:?]3125 Ocn.| 969 | 873 |6.86| 484 |378| 2,41 | 1.86 | 1,51 | 0.12 0’91 0'%02
20BAUTI2S | 1970 | 870 |6,80| 481 |381| 243 | 1.87 | 152 | 0,12 |9.91]0.001

-210B 6 | 9
T3uTY 1-

95 |87 |66-| 46— |36-| 23— | 16- |14 009

595&%'21(?60' Oct.| 905 | 901 | 74| 50 | 40| 27 | 24 | 17 | 013 |S01|=001

Ne 11 Coaep:xanue 31eMeHTOB, % Macc.

S e TMn T S T Re | Pt | Pd | Cu P S T N o)
20BIKJ11230,02[0,000( <0,00 0,005 <0,0000 | <0,00 | <0,000| <0,000 {0,001 [0.000| 5 0008

185B | 7| 3 | 5 | 0 5 1| 5 5 2 | 4 !
20BJKJ11250,02(0,000( <0,00 0,004 | <0,0000 | <0,00| <0,000| <0,000 {0,001 [0.000| 5 500

210B | 4 | 3 | 5 | 2 5 1| 5 5 0 | 5 !
TV 1-595-3-

1860-2020, | 0,2 | 0,1 0,1 0,1 0,3 0,15 0,1 0,01 |0,0075| 0,005 0,0025
He 0oJsiee




Tabnuna 15 Xumudeckuii cocTaB JIUTEHHOTO KAPOIMPOUYHOTO HUKEIEBOTO CIIIaBa
BXXJI718 (onbITHO-IIPOMBINILJIEHHbIE APTHH)

Ne w1 Conep:xanue 3jieMeHTOB, % Macc.

- Ni Cr Fe Nb Mo Al Ti C Co W Re Hf | Zr
2031}12{;1]3718'53,65 18,1318,06 5,07 | 3.00 | 0,68 [0,94| 0,064 | 029 | 022 |0019/0.0140020
2OB§£];18'53,72 1864 |1817| 498 | 299 | 056 |095| 0058 | 03 | 017 |0,01400,0090,005
T3uTY 1-

50017.0-117.0-465-| 28— | 03— [0.65- 0,02
595-2%-117659- w0l 910 12001 oa | a1 br M0e] %es | S0 | sLo | <002|<003 003

No it Conep:xanue 3jieMeHTOB, % Macc.

o Ta | Cu | Si | Mn P S Re Bi Ag Pb N O
OB 18-

¥ 0,0320,00810,0580,0058 0,002 | 0,004 (0,0191<0,00001i<0,0001<0,000010,0038 0,001
20B§£B7 185 0240,0034| 0,06 0,00190,00350,00150,014<0,00001<0,0001/<0,000010,0026, 0,003
T3uTY 1-

595-3-1659- 01| 02 | 02| 01 |0,015]|0,005]|0,02| 0,0001 | 0,0005| 0,001 | 0,005 -
2017, ne
0oJiee

Tabmuma 16 XuMu4deckuii cOCTaB JIUTEHHOTO YKapOIPOYHOTO HHUKEJIEBOTO CILIaBa
BXXM12 (onbITHO-IPOMBIIIICHHBIC TAPTHH)

Coaep:xaHue 3J1eMeHTOB, % Macc.

Newt | NilTa| cr [co| w | Al Mo | Ti| ¢ | Mg | HE | Fe| Nb
Zoﬁgghglz'oCH. 7.98| 7.40 |6,37| 558 |5.22| 1.99 |1.16(0,0010/0,0019| 0,0001 [0,011] 0,0022
20131>91<51\§12-OCH_ 7.88| 7.78 16,38 | 5.48 |5.22| 2,00 |1.21/0,0012/0,0013| 0,0001 [0,019] 0,0048
TY 1-595-

75-170-160-/50-(51| 18|10

3-21082601- Oc ' | 50 100 | a0 |55 | 5 |14 |S00L|<001| <02 |<02| <005

N Coaep:kaHue 3J1IeMeHTOB, %0 Macc.

Wt Mn [ si] zr | B P s [ cul sn | Ag Pb Bi 0
DOBIKM12-

O 210,00010,0030,00020,00010,001700,00060,00040,00006.<0,00003<0,00001<0,000010,0009
DOBIKM12-

. ~710,00040,0070,00090,00010,000150,00090,00050,000101<0,00005<0,00001<0,000010,0006
TY 1-595-

3-1861- | 0,05 |0.05| 0,01 | 001 | 0,01 | 001 | 001 | 001 | 0,0005 | 0,0005 |0,00005 0,001

2020




He 0oJiee

Tabnuua 17 XuMuyeckuil cocTaB JIUTEHHOTO KapOIPOUYHOIO HUKEJIEBOrO CIUIaBa
BXXJI220 (onbITHO-IIPOMBIIIIJIEHHbIE IAPTHH)

CojaeprxaHue 3j1eMeHTOB, %0 Macc.
Ni Cr |Co| Nb | Ta | Mo | Ti Al C | Hf |W
20BXXJI220-58B Ocn. |18,8312,04] 5,17 | 3,15 | 3,31 | 1,02 | 0,47 |0,032|0,031/0,28
20BXXJ1220-60B Ocn. [19,01 111,95 5,25 | 3,20 | 3,22 | 0,98 | 0,50 | 0,027 |0,0340,26

180|119 50_|30-130-109-|04—|002-
20,0 55 | 35 | 34 | 11 | 06 | 004

No .

TV 1-595-3-1874-2020 | OcH. <0,05|<05

13,0

Coaeprxanue 3j1eMeHTOB, %0 Macc.
Mg Zr Fe | Mn Si Cu P S N 0

20BXJ1220-58B 0,00150,0011/0,024/0,00030,0033/0,0005/0,00040,0007/0,0006| 0,0010
20BXKJ1220-60B 0,00120,0017/0,0190,0004( 0,003 |0,0007/0,0005/0,0005/0,0007| 0,0009

T3 TY 1-595-3-1874- | 304 | 001 | 05 | 005 | 01 | 01 | 001 |0,005[0,0075 0,003
2020, ne 00s1ee

No .

Tabmuma 18 MexaHudeckue CBOMCTBA JIUTEWHOTO KapOMPOYHOTO HHUKEIEBOTO
criaBa BXXJT125 (onbITHO-POMBIIILJIEHHBIE TAPTHH)

HWcribiTanms Ha
JUTTEJIbHYO IPOYHOCTD
T=870°C, | T=950°C,

6=415MI1a | c=250MIla

HcnbITanys Ha KpaTKOBPEMEHHOE PaCTsHKEHHE

Ne . T=20°C T=450°C T=650°C T=900°C

631 60,21 551 \Pv 6131 60,21 851 \Pv 651 60,21 851 \Pl 6}31 60,21 851 \Pl 6 6
MITa| MI1a |%|%]| MITa| MITa|%]| % | MIla|MIIa|%]| % |MIla|MIla| % | % | ©% | % T | &9 | 051

1040| 920 6,813 1000| 910 | 5| 11 |1070| 840 7814 | ooy b 2y | 11 | 5| 119 | 125 82 ] 48

20BKCIT125- 1070/ 850 [6.812, 119 | 13 | 88 | 73
1080| 910 [7.811] 1060 | 920 [7.8135 780 | 790 155235

18B | 1000| 910 | 5 12/ 1100| 930 [3.815,510%0| 890 | 7143 795 | 735 15| 17| 109 [ 125 | 59 | 54

8155 1080 | 880 (7.8 14 85 | 105 | 62 | 65

1040| 930 | 5 (13,5
20BXJI125- 1050 930 5,212 1000| 930 (74115 1080| 890 |58 12| 780 | 730 |7,6(235 135 | 135| 78 | 7,9

210B 1040| 920 | 6 11 1100| 930 82155 1100| 890 | 8| 13| 780 | 730 11,5 26| 112 | 14 | 88 | 10

T3, ne menee |1000| 820 |5|6]|1000| 820 |5/10]1000| 820 |5|12|650 | 550 |2 |3 | 60 | 5 | 30 | 4
TY 1-595-3-
1860-2020, e | - - - - - |-|-1]1000( 830 |5| - | - - |-|-160] 5|3/ 4

MeHee

Tabmuma 19 MexaHndeckrne CBOWMCTBA JIMTEHHOTO KapOMPOYHOTO HHUKEIEBOTO
criaBa BXKJI718 (onbITHO-MPOMBIIILJIEHHBIE TAPTHH)

I/ICHLITaHI/Iﬂ Ha Kpa"H(OBpeMeHHOG paCT;DKCHI/Ie I/ICHLITaHI/Iﬂ Ha
—ono _agpo _capo JUIATENBHYIO IIPOYHOCTH
Ne . T=20°C T=350°C T=550°C nipu T=650°C, c=620MI1a
6Bv 60,21 851 \Pr 681 60,21 857 \Pv 6B1 60,Zv 851 \Pr
MIla | MITa | % | % | MITa | MITa | % | % | MIla | MIla | % | % 51
51
1080 | 950 |165| 26| 880 | 790 (21,0{33| 820 | 760 [14,5|37
20BIKII718-127B | 1050 | o20 |25 |31 | 940 | 860 |15.538| 820 | 740 |19.5|44 (752
1100 | 1000 | 9,8 |16,5| 860 | 760 | 19|34 | 860 | 810 |9,6 |42 62
20B)KJ1718-135B 1040 | 930 |215|30| 950 | 870 |(11,5/20| 890 | 820 | 11|36 79
1010 | 920 |11 33| 930 | 860 |13|32| 830 | 770 |17,5/49 54
T3, He menee 830 | 640 | 58| 610 | 560 | 4 | 6| 550 | 510 | 6 | 8 23




TY 1-595-3-1659-2017,
He MeHee

830 | 640 | 5| 8 - - - |- - - - |- 23

Tabmuna 20 MexaHndyeckue CBONCTBA JIMTEHHOTO KapONPOYHOTO HUKEIIEBOTO
criasa BXXM12 (onbITHO-IpOMBINLICHHBIE TAPTHH)

VcTibITaHust Ha KPATKOBPEMEHHOE VicnibITanus Ha [UTMTEIbHYHO IPOYHOCTD
No o pactsoxenue ripu T = 650 °C T=850°C,c=600MIla | T=1050°C, c=180 MIla

65, MlIIa 60'2, MlIla 85, % \P, % T, 49 55, q T, 49 65, q

1230 | 1020 | 66 |115| 133 24 60 195
20BKM12-167B 1220 | 1010 | 7 | 11| 110 27 95 35
1240 | 1050 | 96 |155| 117 225 76 11
20BKM12-195B 1180 | 1010 | 9 |155| 117 28 75 32
T3nTY 1:505-3-18612020,| | o | 50| - 5 0 50 0

HE MCHEE

Tabmuma 21 MexaHMYEeCKHE CBOMCTBA JIMTEHHOTO >KApOMPOYHOTO HHUKEIEBOTO
crutasa BXXKJ1220 (onbITHO-POMBIILICHHBIE TAPTHH)

Wcrerranus va
I/ICHBITaHI/Iﬂ Ha Kpa”H(OBpeMeHHOG paCIH)KeHI/Ie JUINT eﬂLHy[O
POYHOCTH
Ner - T — -  [T=650°C. | T=750°C,
T=20°C T=200°C T=400°C T=600°C T=g0°c | L 06 TG
651 60,21 851 \Pl 631 60,21 851 \Pl 6131 60,21 851 \Pv 6}31 60,21 851 \Pl 631 60,21 851 \Pv q q
MITaMITa % | % MITaMITa % | % [MITaMITa % | % MITaMITa % | % MITdMITa%| % | © b
hOBIT2201 ﬁ;g ggg 161;?12'2 1080790 | 7 1951020 720 | 9 114,51040| 720 105160 660|570 4.8 13| 191 150
53B A1431160 770 | 12 11851110 750 | 10 [1751020| 740 10,0215 700| 630 4.6 97| 132 162
1220 860| 9 [165
1160|790 10,5 17 |1130] 720 [12,0119,51060| 740 [11.518,0 630 | 560 9,617,0
ZOB)gOOBmO' gjg ggg 173é 7115 1140/ 780 10 [19,51160] 750 [12,0119,51080| 740 | 9.4| 17 | 640 | 580 (0,6 14 i% i(l)i
811511740/ 760 10,5 21 11101 720 11 | 15 [1100| 700 | 15 19,5 690 610 5,0 14
fzﬂ‘z 1020840 3 |5.6]920|740(3.7|6.8| 580 680 |36/ 6:8| 800 | 670|2:8|53|520( 5308159 100 100
TV 1-505-3]
1874-2020,1020780| 6 (10| - | - |- |- - [ - |- - |- |-[-|-|-|-]-] - 100
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N3 tabmun 14-21 BUAHO, YTO XUMHYECKHH COCTaB M MEXAHHYECKHE
CBOMCTBA OMBITHO-IIPOMBIIUICHHBIX MAPTUN JIUTEUHBIX KAPOMPOUYHBIX HUKEIIEBBIX
crutaoB BXKM12, BXKJI125, BXKJI220 u BXKJI718 cooTBeTCTBYIOT TpeOOBaHUSIM
TV Ha cninaBsbl.

9. Paspaborka u odopMieHne mnacnoproB Ha cmiaaBsl BIKJI125,
BKJI718, B/ KM12 u BXKJI220

Ha ocHOBe npoBeIeHHBIX UCTIBITAHUHN pa3paboTaHbl U O(DOPMIICHBI TTACTIOPTA
NoNe 2013 «JIuteiinpiii xaporpouHblii HUKeNeBbIN crutaB mapku BXKJI125», 2009
«JluTelinplii  xKapompouHblii HUKeneBbld cmiaB  wmapku  BXJI718», 2012
«JIuTeiHpIl KaponmpouHbId HUKENEBbIM cruiaB Mapku BXMI2» u 2014

«JIuteitHplil kaponpouHbli HUKeNeBbl criaB Mapku BIXXJ1220» Ha nutelinbie



JKapomnpoyHble HHKeNeBble cmuiaBel Mapok BXKJI125, BXKJI718, BXMI2 wu
B2XKJI220 co crnenyroiieit 001aCThi0 IPUMEHEHHUS:

- Jluteitnplii xaponpouHsiii HUKeneBbid criaB BJKJI125 npennasnauen aiis
U3TOTOBJICHUSI TYpOMHHBIX JIONATOK, PabOTOCHIOCOOHBIX IMPHU TEeMIeparypax [0
1000 °C.

- Jluteitnpii xaponpouHsiii HUKeneBbid criaB BJKJI718 npennasznaden aiis
W3TOTOBJICHUSI KOpIyCHBIX netaneit [ T/, paboTocrmocoOHBIX MpU TeMIlepaTypax
1o 650 °C;

- Jlurelinplil xaponpoyHblii HUKeNEeBbI cruiaB BJKM12 npennaznauen miis
W3FOTOBJICHHUSI TYpOMHHBIX pabOYMX JIOMATOK C  MOHOKPUCTAJUIMYECKOH
CTPYKTYpOM, paboTocnocoOHbIX npu Temieparypax 10 1100 °C u kpaTKOBpeMEHHO
1o temneparypsl 1150 °C.

- JIuTelinbli xKaponpouHblil HUKeNneBbld criaB BXXKJI220 npennaznaueH s
u3rotoByieHust kKopmycHbix neraneit ['T/], paboTocmocoOHBIX MpHU Temreparypax
1o 750 °C.

KBotsl mpeBocxojctBa cruiaoB BXKJI125, BXKJI718, BXKM12 u BIXKJI1220
HaJl 3apyOeKHBIMH CIIaBamu-aHajgoramu Renel25, Inco718, AMI1 u Rene220

MpeICTaBIICHBI B TaOmiax 28-31.

Tabmuma 22 CpaBHUTENbHBIC TIOKa3aTeNMn CBOWCTB crutaBa BIXKJII25 ¢

3apyoexHbIM aHasiorom Renel25 (NK10CWATaTD)

HaunmenoBanue xapakKTepUCTUKH BICTI25  |NKIOCWATaTD * KBoTe! peBocxoacTBa, %
P P (PD) (Dpanmws) P A > 70
T, °C JlnurenbpHasi NPOYHOCTD (CpeHNe 3HAUCHHS)
6100, MIla 345 330 5
900 0500, MIla 265 240 10
01000, MIla 230 210 10
G100, MlIIa 150 140 7
1000 o500, MTTa 95 90 6
MexaHuuecKkue CBONCTBA MPU UCIIBITAHUSAX HA KPATKOBPEMEHHOE PACTSKEHHE
_ (cpeiHue 3HAYEHNS)
o5, MIla 780 710 10
900 00,2, MIa 732 670 9
o, % 11,5 4.3 B 2,7 paza
o5, MIla 490 410 20
1000 00,2, MIla 380 370 1
0, % 14 5 B 2,8 paza
0, MIla 261 230 13
1100 00,2, MIa 210 210 -
0, % 10,5 7,5 B 1,4 paza

‘DMD 0429 Snecma (®pannuus); [IpeacraBieHsl cBORCTBA IS OTIMBOK C PABHOOCHOH CTPYKTYpOii

1ocje TepMUIEeCcKoil 00paboTKH.




Tabmuma 23 CpaBHUTENbHBIC TTOKa3aTeH cBOKUCTB cruiaBa BXXJI718 ¢
3apy0exubM ananorom Inco718 (NC19FeNb)

BXKJI718 NC19FeNb*
HanmenoBanue XxapakTepUCTUKU KBotsl npeBocxoactaa, %
(PD) (dpanmms)
T, °C MexaHnyeckue CBOMCTBA IIPU UCIIBITAHUAX HA KPATKOBPEMEHHOE PACTSKEHHE
(cpenHue 3HAYCHHMS)
o, MIla 1060 990 7
20 60,2, Mlla 940 880 7
3, % 17 9 1,9 pa3za
G5, Mlla 910 870 5
350 60,2, Mlla 830 775 7
3, % 16 7,5 2,1 paza
G5, Mlla 870 850 2
400 Go,.2, MIIa 810 770 )
0, % 15,5 7,5 2,1 paza
o5, MIla 830 810 3
500 Go,2, MlIla 770 750 3
0, % 16 9 1,8 paza
o5, MIla 840 800 5
550 Go,2, Mlla 780 730 7
3, % 14,5 10 1,5 pa3a
G5, MlIla 810 780 4
600 602, MIIa 750 730 3
S, % 15,5 10 1,6 paza
G5, MlIla 800 760 5
650 Go.2, MIIa 740 700 6
d, % 14 8,5 1,6 pa3za
o, MIla 680 670 2
700 Go,2, MlIla 640 630 2
0, % 8,6 5,7 1,5 paza

[Ipenen orpannuenHo# BeiHOCTUBOCTH Tiprt MILY Ha 6aze 1 10" upkioB npu R; =0, f=1 '

(cpenHue 3HAUEHUS)

350 | Ae, % |Ha rmaakux oOpasmax| 0,65 0,62 5

'DMD 0423 Snecma (Dpanmus).

Tabnuna 24 CpaBHUTENbHBIE TOKa3aTean cBOUCTB ciiaBa BXXM12 ¢ 3apy6exxHbIM
anamorom AM1 (NTa8CKWA)




HanvenoBanve XapakTeprcTuk BAMI2 NTaBCKWA' KBoThI mpeBOCXOACTBA
(PD) (Pparps)
T,°C JlnuTenpHast IPOYHOCTH (CpeaHNe 3HAYCHHUS)
1100 0100, MIIa | 135 127 | 6
MexaHn4YecKue CBOWCTBA MPHU UCIIBITAHUSAX HA KPATKOBPEMEHHOE PACTSIKEHUE
(cpeHNE 3HAYCHUS)
oz, MIIa 730 620 18
1000 60,2, MIla 545 420 30
0, % 29 17 B 1,7 pa3
oz, MIIa 440 370 19
1100 002, MIIa 315 225 40
0, % 34 18 B 1,9 pa3
oz, MIIa 310 270 15
1150 002, MIIa 220 175 26
3, % 33 18,5 B 1,8 pa3

IIpezen orpaHuueHHOM BEIHOCIUBOCTH 1Tpy MHLLY Ha 6aze 1-10" nukios npu R,=-1 (0), f=50
I'11 Ha raakux oOpasnax (CpeaHue 3HaUYCHUs )

20 | omeoMIla  [-]| 400 | 300° | 33

TIpesen orpanuueHHOM BEIHOCIUBOCTH ripy MITY Ha 6ase 1-10" nukios
(«kectkuit muky) npu R, = 0, f=1 I'ii Ha raagkux oOpasiax (cpeaHue 3HaAUCHHS)

650 | omaMIla  |-| 645 | 600 |

*DMD 0479 Snecma (®©panuus).

[IpencraBiensl 3Ha4eHUs Mpeea orpaHndeHHON BeiHOCIUBOCTH MHILY Ac/2 Ha 0Gaze 1-10°
nukioB mpu R, = 0. [lo coorBercTBytomieil nuarpamme ['yamaHa aMImmuTyAbl HampsoKEHUR
SKBHBAJICHTHEHI ITpu R, = -1.

Tabmuma 25 CpaBHuUTenbHBIE TOKa3aTelu CBOMCTB cruiaBa BXXJI220 ¢
3apy6exxubiM anajorom Rene 220 (NiCr19Col12NbTaMo)

HayeHOBaNHe XapaKTEpHCTHKH BJKJ1220 NiCr19Co12NbTaMo* KBoTb!
(PD) (Dpannus) IPEBOCXOJICTBA, %o
T oC MexaHuYecKre CBONCTBA ITPU UCIIBITAHUAX HA KPATKOBPEMEHHOE PACTSHKECHHE
’ (cpenHue 3HAYCHHMS)
20 o3, MIla 1230 1165 6
3, % 9,4 5,8 B 1,6 pa3za
200 o3, MIla 1140 1075 6
3, % 10 7,1 B 1,4 pa3za
400 o3, MIla 1110 1010 10
d, % 11 7 B 1,6 paza
600 oy, MIla 1060 960 10
0, % 11,5 5,3 B 2,2 paza
700 0, % 9 4,6 B 2 pa3za
750 0, % 8 4.8 B 1,7 paza
800 3, % 6,7 6 12

[Ipenen orpannyeHHo# BeIHOCTUBOCTH Tipu MILY Ha Gaze 1-10* mukitoB mpu R, =0, =1 Tt
(cpenHme 3HAUCHUS)

750 | Ae, 0 | MO TTAARX 05 0,45 11
oOpasmax
'DMD 0472 Snecma (®panmms).
I'maBHBIN MeTaLTypr B.U. 1abpoB

Havanpank TO YI'Mer A.B. Tpouukuii




