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Cnocib BUroTOBNEHHS cTaneBoi Nigknagky 3 NoKpUTTAM, KU BKIOYAE CTafii: ogepXkaHHS cTanesoi
nigKNagkun; BUKOHAHHSA ranbBaHIYHOrO MOKPUTTHA CTaneBol Migknagku enekrponitom, wo mMae pH 2-6 i
MicTuTb 100-500 r/n NiSO4 i 1-15 r/n MoSz2, npu rycTuHi ctpymy 15-45 A/gm?, npotsarom 30-300 ¢ ans
CTBOpPeHHs wapy nokputTss Ni-MoS2; noTiM NpoMmMBaHHA CTaneBoi NigKrmagku i il CywiHHA ans
OAepXaHHA cTaneBoi NigKnagky 3 NOKpUTTAM.
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BuHaxig BigHoCUTBCA OO cTaneBoi NigKNagku, sika Mae CTIRKICTb 4O BOAHEBOrO OKPUXYYBaHHS, i
00 cnocoly ii BUrOTOBMEHHSA, 30KpeMa [0 CTaneBoi MiAKNaakuM 3 MOKPUTTAM, sika Mae BignoBigHy
CTiVKICTb 4O BOOAHEBOIrO OKPUXYYBaHHS.

BucokomiuHi ctani, Taki ak-oT gBodasHi ctani (DP), nokpaiieHi BucokomiuHi ctani (AHSS),
HaaBucokomiuHi ctani (UHSS) abo mapTteHcuTHi ctani (MS), xapaktepuayloTbCa BUCOKOK rpaHULEo
MILHOCTi Ha po3Tdar. Yepes Ui BNacTMBOCTI BUKOPUCTAHHA Takux cTanen y BupoObHMUTBI aBToMOOGinis
36inbLuMnocs y BiaNoBiaAb Ha BUMOTH, WO Npea'sBrsioTbCA B aBTOMODBIMbHI NPOMUCIIOBOCTI CTOCOBHO
3HWXKEHHS Barn aBTomobiniB 6e3 3meHweHHa 6e3nekn nacaxupis, 0cobnMBO ANS KOHCTPYKTUBHUX
KOMMOHEHTIB, TakMx SIK-OT CTillKa, i 3MiLHIOBalIbHUX KOMMOHEHTIB, Takux sk-oT 6amnep i nigcuniosay
OivHOT OBepi HeobXiaHI Ana NoganbLIOro NiABULLEHHS TXHBOI MILLHOCTI.

Kpim Toro, BCi BuWe3ragaHi crtani, siki npuaHayeHi Ons BUKOPUCTaHHS B aBTOMOOINSAX, TaKoX
MatoTb OYTU CTINKUMWN OO BUHUKHEHHSI CMPUYMHEHOIO BOAHEM CMOBINTIbHEHOrO PYMHYBAHHA SKi LLUIMPOKO
BiAOMi, SK cTani, CTiKi OO BOOHEBOro OKpux4dyBaHHA. [1ig BOOHEBUM OKPUXYyBaHHAM 3a3Bu4an
PO3YyMilOTb OKPUXYYBaHHS, CMpPUYMHEHE BOAHEM, SIKe YTBOPKETBCA Nig 4ac Takoi 00pobku, $K
ranbBaHiYHe NMOKPUTTS, eNeKTPONiTUYHE OYULLIEHHS abo nig Yac 3acTOCyBaHHA KiHLEBOrO NPOAYKTY B
Kopo3inHoMy cepefoBulli abo B aTMocdepi 3 BUCOKMM BMICTOM Bonoru. Llen BogeHb andyHaye B
AebekTHi 30HW, Taki SIk-0OT AUcnokadii, OTBOPM i rpaHuLi 3epeH B CTaneBoMYy NUCTI, pobnsym KpUXKUMM
AedEKTHI 30HU i CIPUYMHAIOYN NOTIPLUEHHS NIIACTUYHOCTI i XXOPCTKOCTI CTanesoro nucra, TMM camum
BUKINKaIOYM PYMHYBaHHS LibOro nig 4ieto cTaTUYHOro abo AnHaMiYHOro Hanpy>XeHHs.

Takum 4YVMHOM, 3aBAaHHS LIbOro BUHAxXO4y MOMsArae y BUPILWEHHI Unx Npobnem LINsXoM CTBOPEHHS
cnocoby i crtaneBoi nigknagky 3 MNOKPUTTAM, MNpMAATHOI ONsi BUKOPUCTAHHS B aBTOMOOINbHIN
NPOMMCIOBOCTI i, Ika Mae CTyniHb BOOHEBOro OKpuxyyBaHHSA MeHwe 30 %, nepeBaxHO MeHLwe 25 %,
a Ginbl nepeBaxxHO MeHLle 22 %.

Y nepeBaxHOMY 3iAICHEHHI CTaneBa nigknagka Moxe mMaTu:

- rpaHu1L0 MiLHOCTI Ha po3Tar He MeHwe 900 Mla, a nepeBaxHo BuLle 980 Mla,

- rpaHuUo NNnHHOCTI He meHwe 700 Mla, a nepeBaxHo Buwe 800 Mla.

IHWe 3aBAaHHS LbOro BMHAaxXOA4y TaKOX MOnsirae B TOMy, WOO Hagatu Cnocib BUFOTOBMEHHA LIMX
NigKIagok, AKMN € CyMICHUM 3i 3BU4aiHUMM NPOMUCIIOBMMM 3aCTOCYBaHHAMM, are 04HOYaCHO CTilKui
A0 3MiH BUPOBHNYMX NapameTpiB.

Tepmin "cTanesa nigknagka 3 nNokputTaM" Ans Uinerd UbOro BUHaxXOA4y BKMNIOYAE rapsyekaTaHy
cTanesy CMyry, XOrilogHOKaTaHWI CTaneBui NINCT, NSIOCKUA CTaneBuin NPOAYKT, 3BapeHY 3a BUKPINKOHO
3aroToBKY, 3aroToBKY Migknagky, sika MicTUTb oaunH abo kinbka enemeHTiB 3 rpynu C, Al, Si i Mn sk
nerywo4umx enemeHTiB, i 9ka Mae Ha nigknagui wap Ni-MoS:.

Llen BvHaxia ycyBae npobremy BOAHEBOrO OKPUXYYBaHHS LUMSIXOM MOKPUTTS ctani wapoM Ni-
MoS2, sk MicTUTb LWoHanmeHwe 0,3 % YactnHok MoS:2 no maci, npu ToBLMHI Wwapy He meHwe 0,1
MKM.

Wap Ni-MoS:2 3a unm BuHaxoOoMm 34aTHUA BUTPUMYBATK MpoLec 3BaptoBaHHA Tak, Lo Len wap
Ni-Mo0S2 3a UMM BUHaxo4o0M MOXHa BUKOPUCTOBYBAaTK Y BUPOBHULTBI aBTOMOGIMIB.

Llen cnocib cneuianbHO MOSICHIOETBCS B ONUCI AN OUiHKM BuHaxogy. Cnocib, 3rigHO BMHaxoay,
MOXe OyTy 34iINCHEHU NMPOLLECOM, SIKUI CKNAgAETbCs 3 MOCNIAOBHMX 3a3HAYEHMX B ONUCI CTagdin:

3 MeTo AeMOHCTpaLlil LUbOro BUMHAxody MapTeHCcuTHa cTanb obpaHa B AKOCTI nepeBaKHOro
30iiCHEHHA cTani, 3 koI Oyde BWUIOTOBMEHUA  XONOAHOKATAHWWA CcTaneBui nucT, wob
NPoAEeMOHCTPYBaTW nepeBaxHi eeKkTn LUboro BUHaxoay. BukopuctaHHs MapTeHCUTHOI cTani He Mae
po3rnagaTmucs K 0OMeXeHHsT Liboro BMHaxofy, a crnocid Lboro BUHaxogy mMoxe OyTu peanisoBaHui
Ha Oyab-sikin cTani, sika mae oguH abo kinbka enemeHTiB C, Mn, Al i Si B AKOCTi neryounx enemMeHTiB.

CraneBa nigknagka 3 MNOKPUTTAM 3rigHO BUHaxody Moxe OyTtu BurotoBneHa 6Oyab-akum 3
HacTynHux cnocobiB. MepeBaxHuii cnocib nonsrae B ogepxaHHi BUNuBKn-Hanisgabpukaty 3i ctani 3
XiMiYHUM CKNaZoM 3rigHO BUHaxony. Po3nvBaHHs MOXe NpoBOAUTUCS K Y 3NMBKU, Tak | 6e3nepepBHO
y BUrNSAAI TOHKMX cnsabiB abo TOHKMX CMyr, TOGTO TOBLWMHOKW 6nm3bko 220 mm gns cnsabie go
OEKINbKOX AEeCATKIB MiNiMeTPiB AN5 TOHKUX CMYT.

Hanpuknag, cnsab, wo mae XimiyHui cknag, ctani, BUroToBnsioTb MeTogoM 6e3nepepBHOro nNuTTs,
npM uboMmy crnss6 HeobOB'A3KOBO MiAAAeTbCA MPSAMOMY M'AKOMYy OOTUCHEHHIO B MpOLECI
©e3nepepBHOro po3nuBaHHS, Wo6 YHUKHYTU OCLOBOI NikBauii i 3ab6e3neunTn BigHOLEHHSA NOKanbHOro
BYrneu 00 HomiHanbHoro Byrreuto Hwkde 1,10. Cnsab, ogepxaHwi B npoueci GesnepepBHOro
po3nMBaHHS, MOXe OyTM BUKOpUCTaAHWA ©Ge3nocepeaHbO MpU  BUCOKIM  Temnepartypi nicns
0Oe3nepepBHOro po3nuMBaHHs abo Moxe OyTu cnoyaTky OXONOMKEHWUA OO0 KiMHaTHOI TeMmnepaTtypu, a
NOTIM HarpiTUin 4nsa rapsavoi NpoKkaTKu.

Temnepatypa cnsba, Skui nigaaeTbea rapadi npokaTui, cTaHoBUTH WoHanmeHwe 1000 °C i He
Oinbwe 1280 °C. lNepeBaxHo maTu Temnepatypy cnsba 6Ginbwe 1150 °C, ockinbkn Hwxk4e Uiei
TeMmrnepaTypu NpoKaTHUW CTaH MifaaeTbCa HAAMIPHOMY HaBaHTaXEHHKO i, KpiM Toro, TemnepaTtypa
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cTani MoXe 3HM3UTUCA OO0 TeMnepaTypu NepeTBopeHHS dhepuTy Npu YUCTOBIN NpokaTui, B pe3ynbTaTi
yoro crtanb Oyae npokodyBaTUCA B CTaHi B CTPYKTYypi AKOro € nepetBopeHuin ceput. Tomy
TeMmnepaTypa cnsba nepeBaxHO € AOCUTb BUCOKOHD, LLIOD rapsiya npokaTtka morna 6yTu 3aBeplueHa B
pianasoHi Temnepatyp Bia Ac3 go Ac3+100 °C kiHueBa TemnepaTypa NpoKaTK/ 3anuiianacs Bulle
Ac3. Cnig yHukaTy NOBTOPHOro HarpiBaHHs npu TemnepaTypax Buwie 1280 °C, ockinbkn BiH €
OOpOrMM y NpOMMUCIIOBOMY BifJHOLLEHHI.

KiHuesun gianasoH TemnepaTyp npokatku Big Ac3 o Ac3+100 °C € nepeBaxHUM AN 04ep>KaHHS
CTPYKTYpY npugaTHOi Ansa pekpucTanisauii i npokatkn. HeobxigHo, Wwo6 OCTaHHIN Npoxig npokaTky
BUKOHYBaBCA Mpu TemnepaTtypi Buwe 850 °C, ocCKinbku Hwxk4e UIEi TemnepaTtypu cTaneBui nnUCT
AEMOHCTPYE 3HAYHE 3HMKEHHS NPOKoYyBaHoCTI. OgepKaHuin TakuM YMHOM FINCT OXONOOXKYIOTb NOTIM
3i wewnakicTio oxonomkeHHs euwe 30 °C/c oo TemnepaTypu 3aMoTyBaHHsI Huxkye 650 °C. [NepeBaxHO
LWBMAKICTb OXONomXeHHs He nepesuilye 200 °Clc.

MoTiM rapsyekaTaHui cTaneBui NUCT 3MOTYIOTb B PYNOH MpW TeMnepaTtypi 3MOTYBaHHSI HuXKYe
650 °C, Wwob yHWKHYTW oBanisauii, i nepeBaxHO Hwmx4e 625 °C, Wwob YHUKHYTU YTBOPEHHS OKanuHu.
MepeBaxHW giana3oH Takoi TemnepaTypu 3MoTyBaHHSA ctaHoBuTb 400-625 °C. 3MoTaHun B pynoH
cTaneBun rapsiyekaTaHum NUCT OXONOAXKYI0Tb A0 KIMHATHOI TeMnepaTypu nepes TuM, siK nigaaTtu noro
AO0AaTKOBOMY Bignany B 30Hi rapsymnx CTaHiB.

MapAyekaTaHui cTanesun NMCT Moxe ByTK NiggaHWn HEOBOB'A3KOBIN CTadii BUOaNeHHs oKanuvHu
ONA BMAanNeHHs OKanuHW, fka yTBOpWUIacs niga 4ac rapsiyoi npokaTku, nepen HeobOoB'A3KOBUM
Bignanom B 30Hi rapsumx crtaHiB. [oTiM rapsiyekataHuid NMUCT Moxe OyTW nigaaHuMn OoOaTKOBOMY
Bignany B 30Hi rapsumx ctaHiB npu temnepatypi 400-750 °C npoTdroMm LioHanMeHwe 12 rog. i He
Oinbwe 96 rog., Npyu UbOMY TeMnepaTtypa 3anuwaetbest Hkye 750 °C, wob YHMKHYTU 4acTKOBOro
nepeTBOPEHHSA MIKPOCTPYKTYPU rapsdol npokaTku i, OTXKe, BTpaTW OAHOPIAHOCTI MIKPOCTPYKTYpW.
lMicna yboro HeoboB'A3KOBa CTafist BMAANEHHS OKanvHW 3 LbOro CTaneBoro rapsidekataHoro nucra
MOXe OyTu BUKOHaHa, Hanpuknag, LNsaxXoM LaBneHHst Takoro nucrta. Llen ctanesuin rapsdekaTtaHum
nucT  niggalTb  XONOAHIM npokaTui Ans  OAepXaHHA XONogHOKAaTaHOro CTaneBoro nucta  3i
3MeHLLEeHHAM ToBLMHM Ha 35-90 %. MoTiM ogepKyroTb XONOgHOKaTaHWI CTaneBuin nucT.

lMicna uboro xonogHokaTaHWMM CTaneBui NUCT HaANPaBnaTb B LMK 6e3nepepBHOro Bignany ans
TepmiyHOi 06pobkn, sika Hagae cTani Uboro BUHaxo4y HeobXiaHi BNacTMBOCTI i MIKDOCTPYKTYPY.

Mpu Bignani xonogHoKaTaHOro CTanieBoro NnMcta XonogHOKaTaHUM CTaneBun NUCT HarpiBaloTb 3i
LIBMAOKICTIO HarpiBaHHs, sika nepesuwye 2 °C/c, a nepeBaxHo nepesuwye 3 °C/c, o TemnepaTypu
BuTpuMmyBaHHa Big Ac1l go Ac3+100 °C, ge Ac1 i Ac3 ans KOMMO3WTHOrO CTafieBoro nucra
pO3paxoByOTb 3a pe3yribTaTtaMy eKCNePUMEHTANbHOIO ANNaToOMETPUYHOIO OOCTIAXKEHHS.

XonogHokaTaHWin cTaneBuin NUCT BUTPUMYIOTb MPpU TeMnepaTypi BUTpUMYyBaHHA npotsaroMm 10-500
c, wob 3abesneunT NOBHY pekpucTanisauii CUNbHO 3MIUHEHOI BUXiQHOT CTpPyKTypu. [loTim
XONOAHOKaTaHW CTaneBui JMCT OXONOOXKYHTb 3i LUBMAKICTIO oxonogxeHHs Ginbwe 5 °C/c po
TemnepaTtypu MeHwe 550 °C, a nepeBaxHO MeHwe 500 °C i, HeOOOB'A3KOBO, XONOAHOKATaHWM
ctanesum nuct sutpumytoTb npotarom 10-1000 ¢ npu Temnepatypi Big 150 °C go 500 °C gns
HagaHHA HeobxigHOI MIKpPOCTPYKTYpM cTani LubOro BUHaxoAdy, NOTiIM OXOMOMKYKTb XONoAHOKaTaHWN
cTanesuin NUCT AN OAepXaHHA NigKnagkyM 3 XornogHokaTaHol cTani.

MoTim nigknagKy 3 XonogHOKaTaHOoI CTari 3aHypoTb Y KACNWNA Wasnesmi po3ynH Ha 5-100 ¢ npu
TemnepaTypi 30-100 °C anga akTuadii NOBEPXHi ANd ranbBaHiYHOro NOKpUTTS.

MoTim wap Ni-M0S:2 HaHOCATb enekTPOOCaKEHHSIM Ha MOBEPXHI0 XOMNoAHOKaTaHol cTanesol
nigknagku. Wap Ni-MoS: cknagaetbca 3 HikeneBoi maTtpuui, B Ky 3arnmnbneHi yactuHkun MoSo.
YactuHkn MoS2 noBuHHI ctaHoBuTM noHad 0,3 % mac. Big 3aranbHOro wapy nokpuTTs, Wwob Hagatu
NMOKPUTIA cTanesin nigknagui BiAnoBiAHY CTiMKICTb 4O BOAHEBOr0 OKPUXYYBaHHS, a MepeBaXxHO He
mMeHwe 0,4 %, a 6inbl nepeBaxHo He MeHwe 0,5 %. Y nepeBaxHOMY 34iNCHEHHI NpUCYTHICTb MoS:2
Moxe Byt obmexeHa 3 % 3 EKOHOMIYHUX NMPUYUH.

Wap Ni-M0S2 enekTpomiTM4HO HaHOCATb 3 po34mHy, Wo Mmictute NiSOs4 i MoSz, B dkomy
koHueHTpauis NiSOs crtaHoBuTb 100-500 r/n, a koHueHTpauis MoS: crtaHoButb 1-15 r/n, gns
OLEPXXaHHSA CTIKOI 0O BOOAHEBOro OKPMXYYBaHHA MigKnagku 3 xorogHokataHoi ctani. KoHueHTpadito
MoS: nigTpumytoTe Ha piBHi 1-15 r/n, ockinbkn npucyTHicTe MoS: Buwe 15 r/n B npoueci
€NeKTPOoOCaMKEHHS 3HMKYE edDEKTUBHICTb ocamkeHHSA Ni yepes NocuneHHst peakuii BUgineHHs BOOHO
nig Yac enektponisy. fdianasoH koHueHTpaLuin NiSO4 € onTUMisoBaHUM ANSA OfepXaHHS AO0CTaTHbOro
ocamkeHHs Ni i BnpoBampkeHHSA YacTHOK MoS:2 B HikeneBy ocaXeHy MaTpuuio Nig Yac HaHeCeHHs
ranbBaHi4yHOro NokpuTTSA. MNepeBaxHa KoHUeHTpauis MoS2 ctaHoBuTb 2-14 1/n, a 6inbl nepeBaxHo 3-
12 r/n. NepeBaxHa koHueHTpauisa NiSO4 ctaHoBuTb 100-400 r/n, a Ginbw nepeBaxHo 150-400 r/n.

I'yctuny ctpymy 15-45 A/gm? 3actocoBytoTb npoTsarom 30-300 ¢ nig Yac HaHeCceHHs ranbBaHi4YHOro
NOKPUTTA ONsi BNPOBagKEHHST YacTUHOK MoS2 3 BMicToM He MeHwe 0,3 % mac. B Hikenesin matpuui
wapy Ni-MoS: i gns JocsarHeHHs ToBLWMHM wWoHanmMeHwe 0,1 Mmkm gnga wapy Ni-MoS:. MNepeBaxHo,
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MaTu TOBLUMHY wwapy Ginbwe 0,2 MkM, a 6inblw nepeBaxHo Ginbwe 0,3 MKM. AKWO ryctnHa CTtpymy
meHwe 15 A/gm?, yacTnHkm MoS: 3 BMicTom He meHwe 0,3 % He BnpoBamxyBaTUMyTbcst B Ni-
MaTpuuto, BHacnigok 4oro He OpPMYeETbCS KiHUeBWA Lwap, wo Mmictutb Ni-MoS2. Temnepatypy
HaHECEeHHSs ranbBaHiYHOro NOKPUTTS Ha XOMNOAHOKaTaHy cTaneBy Nigknaaky 3assuyan nigTpumMmytoThb Y
mexax 30-90 °C, Toai gk pH enexkTponiTy nigTpumyoTb y Mexax 2-6. lNepeBaxkHUn gianasoH rycTuHu
CTPyMy Mpu €eneKkTpoocamkKeHHi cTaHoBuTb 15-40 A/gm?, a 6Ginbw nepeBaxHo 15-38 A/gm2.
[MepeBaxHWU Yac HAHECEHHS ranbBaHiYHOro NOKpUTTS cTaHoBUTb 50-250 ¢, a 6inbw nepesaxHo 60-
200 c.

Micna uboro XxonogHokaTaHy cTaneBy MigkNagky npoMMBaOTb Oyab-sikuM  BignoBigHWMM
PO3YMHHUKOM, TakKMM $IK, Hanpuknag, eTaHor, i CcywaTb, BUKOPUCTOBYKOUW, Hanpuknag, rapsye
noBiTp4, Wo6 ogepxaTu cTanesy Migknagky 3 NOKPUTTSIM.

Ha ctaneBy nigknagky 3 nokputTaM MOTiM MOXe OyTu HaHeceHe NOKpUTTs Byab-sKnuM 3 BigoMUX
NPOMMWCMOBUX MPOLECIB, TakUX $K-OT enekTpoocamkeHHs, JVD (CTpyMWHHE HaHeCeHHS MOKpUTTSA
ocamkeHHaMm napu), PVD (ocagkeHHs 3 napoBoi ¢hasn) TOLLO.

MoTim moxe GyTM NpoBeaeHUn nogansLunin HeoboB'A3koBUIA Bignan npu Temnepatypi 150-300 °C
npotsarom Big 30 xB go 120 rog.

Y nepeBaxXHOMY 34iACHEHHI XiMIYHMI CKag CTaneBoi NigKNagku, Ska BUKOPUCTOBYETLCS Yy Cnocobi
BMHaxo4y, € TaknM:

Byrneub npucyTtHin y kinekocTi 0,05-0,5 %. Byrneup € enemeHTOM, HEOBXigHMM ANA NiABULLEHHS
MILHOCTI cTani ubOro BMHaxody LUNAXOM YTBOPEHHA (a3 HU3bKOTEMMNEpPaTypHOro nepeTtBOPEeHHS,
Takux sIK-OT MapTeHcuT, GenHiT. KpiMm Toro, Byrfeub TakoX Bifgirpae Kno4voBy ponb y cTabinisauii
ayCTeHiTy, OTXe BiH € eNeMeHTOM HeoOXigHMM Ansi 36epeXeHHs 3anuLLIKOBOro aycTeHiTy. Takum
YMHOM, BYrfeub Bigirpae AOBi KNHOYOBI poni: ogHa nonsarae y nMiABMWEHHI MILHOCTI, a iHwWwa Yy
30epexeHHi ayCTeHiTy AN HafdaHHs nracTuyHocTi. Ane BMicT Byrneut MeHwe 0,05 % He 3moxe
cTabinisyBaTn ayCTeHIT B AOCTATHIN KiNbKOCTi, HEOOXigHIM Ansa cTtani uboro BuHaxogy. 3 iHworo 60oky,
npu BMicTi Byrneuto Ginbwe 0,5 % ctanb noraHo NiggaeTbCs TOYKOBOMY 3BApOBAHHIO, WO OOMexye
3aCTOCYBaHHA Ans aBTOMOBINbHMX AeTanen.

BmicT mapraHuto B ctani uboro BuHaxogy ctaHoButb 0,2-5 %. Lleh enemeHT € rammareHHuM.
MeTolo gogaBaHHA MapraHul € OAepXaHHs CTPYKTYpWu, WO MICTMTb aycTeHiT. MapraHeup €
eremMeHToM, AKui cTabinidye ayCTeHiT npu KIMHaTHIA TemnepaTtypi Ans OAepXaHHSA 3anuLKOBOro
aycteHiTy. KinbkicTb MapraHuto woHanmeHwe 0,2 % mac. € 000B'i3koBot0 Ans 3abesnedeHHs
MILHOCTI i 3MiLHIOBAHOCTI cTarni UbOoro BMHaxoA4y, a Takox Ans crabinisauii aycteHity. Takmm 4nHoM, B
NpeacTaBNeHoOMY BUHAxXOAi NepPeBaXHUM € Oirnbll BUCOKUIA BiACOTOK MapraHuto He MeHwe 2 %. Ane
Konn BMICT MmapraHui nepesulye 5 %, ue Npu3BOAUTL OO HECNPUATIMBUX edeKTiB, Takux $K
YNOBINbHEHHS MEPETBOPEHHSA ayCTeHITy Nid 4Yac OXOMOMXEeHHs nicnsa Bignany, WO YMNOBINbHIOE
YTBOPEHHS iHLWKNX MIKPOCTPYKTYpHUX cknagosux. KpiMm Toro, BMIiCT MapraHuio Bule 5 % Takox
noripLiye 3BaploBaHiCTb L€l cTani, a LinboBi MOKa3HUKM NNACTUYHOCTI MOXYTb BYTW HE JOCATHYTI.

BmicT kpemHito B cTani uboro BuHaxogy ctaHoBuTtb 0,1-2,5 %. KpeMHin € KOMMOHEHTOM, SKWIA
MOXe 3aTpuMMyBaTWU BUAINEHHs kapbigiB npu nepecTaproBaHHi, TOMY 3aBOSKW MPUCYTHOCTI KPEMHIO
ayCTeHiIT cTabinisyeTbcs nNpu KiMHaTHIM TemnepaTypi. KpiMm Toro, 4epes noraHy po34YmHHICTb KPEMHILO B
Kapbiai BiH edekTMBHO iHribye abo ynoBinbHIOE YTBOPEHHs kapbigiB, WO, TaKOX CNPUSiE YTBOPEHHIO
KapbidiB HM3bKOI LWINbHOCTI B OEWHITHIA CTPYKTYpi, SIKi HagalTb cTani uboro BMHaxody ii OCHOBHI
MEXaHiYHi BNACTMBOCTI, Taki SK-OT rpaHuus MiLHOCTI Ha po3tar. OgHak HenponopuinHWiA BMICT
KPEMHIl0 He fae 3a3HayeHoro edekTy i NPU3BoANTbL A0 Takux Npobnem, siK BignyckHE OKPUXYYBaHHS.
ToMy KOHLIeHTpaLito KOHTPONIKTL He GinbLue 2,5 %.

BmicT antominito ctaHoBuTb 0,01-2 %. B LbOMYy BUHaxoAi antoMiHin BUOANSE KUCEHb, NPUCYTHIN Y
po3nnaBneHin ctani, Ansa 3anobiraHHa yTBOPEHHIO ra3oBoi dhasn KUCHIO Nif, Yac npoLuecy 3aTBepaiHHS.
AnOMiHIN TakoX ikcye B cTani a3oT 3 YTBOPEHHAM HIiTpUAy antoMiHilo, 3MEeHLIYIYN po3Mip 3epHa.
Buvwwun BmicT antomiHito, Buwe 2 %, 36inbwye Todky Ac3 OO BUCOKOI TemnepaTtypu, TUM CaMuMm
3HWXKYIOYM MPOOYKTMBHICTL. BMmicT anominito 0,8-1 % MoXe BUKOPUCTOBYBATUCS NpWU AOL4ABaHHI
BMCOKOI KiJTbKOCTi MapraHLo, Wob ypiBHOBaXXUTW BNIMB MapraHuto Ha TOYKU NEPETBOPEHHS i npouec
YTBOPEHHS ayCTEeHITY 3anexHo Big Temnepartypu.

Cipka He € BaXNIMBMM €NeMEHTOM, ane MOXe MICTUTUCS K OOMillka O cTani, i 3 TOYku 30py
LbOro BMHaxo4y BMICT Cipku nepeBaxHO Mae OYyTU HACTINbKN HU3bKMM, HACKINbKK Lie MOXNMBO, ane 3
TOYKM 30py BUPOOHUYMX BUTpaT He nepeBuwye 0,09 %. Kpim Toro, skwo B cTani € Ginbl BMCOKUIA
BMICT CipkM, BOHa B3aemofi€e 3 YTBOPEHHSAM cynbdifi, 0cOONMMBO 3 MapraHuem, i 3HWXKYE CBIN
NO3UTUBHUIA ePEKT Y LbOMY BUHAXOA,.

BmicT cocopy B cTtani uboro BuHaxony ctaHoBuTb 0,002-0,09 %. docdop 3HUXKYE 30aTHICTb A0
TOYKOBOMO 3BaplOBaHHA i MNACTUYHICTb B rapsyoMy CTaHi, 30Kpema, 4yepe3 MOro CXUNbHICTb [0
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nikeauii Ha rpaHuuax 3epeH abo cninbHOI nikBauii 3 MapraHuem. 3a UMxX MNPUYMH KOO0 BMICT
obmexeHun 0,09 %, a nepeBaxHo Hk4ye 0,06 %.

Bwmict asoty obmexenun 0,09 %, wob yHWKHYTW CTapiHHS maTepiany i MiHiMi3yBaTh BUAINEHHS
HITPUAIB antoMiHilo Nig Yac TBEPAiHHS, SKi NOripLUIYIOTb MEXaHiYHi BMacTMBOCTI cTani.

BMmicT Xxpomy B pynoHHii KOMNO3UTHIN cTani Lboro BuHaxody ctaHoBuTb 0-1 %. Xpom € Baxnnsum
enemMeHTOM, sikun 3abesneyye MILHICTb i 3MiLHEHHS CTani, ane npu 3acTtocyBaHHi Buwe 1 % noriplwye
4YNCTOTY NoBepxHi cTani. Kpim Toro, BMicT xpomy meHwe 1 % yKpynHioe CTPYKTYpy aucnepcii kapbigy B
OEMHITHMX CTPYKTYpax, OTXKe MiATPUMYE HU3bKY LLINbHICTb kKapbiay B 6enHiTi.

Hikenb moxe OyTn gogaHui sik HEOOOB'A3KOBWUM erneMeHT y KinbkocTi 0-1 % pans 30inbLieHHs
MILHOCTI cTani i mokpalleHHs ii yaapHoi B'A3kocTi. [Ins ogepXaHHA Takux edekTiB NOTPiIGHO MiHIMyMm
0,01 %. OgHak npw BMIcTi BULe 1 % Hikenb BMKIIMKAE NOTPLUEHHS MAAaCTUYHOCTI.

Migb moxe 6yTM goaaHa sik HeOOOB'A3KOBUIA eneMeHT Y KinbkocTi 0-1 % anst 36inbLUeHHS MiLHOCTI
cTani i nokpaLlleHHs ii KOpOo3iiHOiI CTiNKoCTi. [INs ogepXaHHs Takmx edekTiB NoTpidoHo MiHiMym 0,01 %.
OpHak, konu ii BMicT nepeBuLye 1 %, BiH MOXe MOripLUIMTU 30BHILLHIA BUTNSA4 MOBEPXHI.

MonibgeH € HeoboB'A3kOBUM enemeHToM, o ctaHoBuTb 0-0,5% B cTani UbOro BMHAXOAY;
MonibaeH Bigirpae edekTMBHY B pONb MNOKpaLleHHi 3MiuHioBaHOCTi cTani. [lpoTe [opaBaHHS
mMonibaeHy HagmipHO 36inbluye BapTiCTb AOAaBaHHSA NEryruMx erieMeHTiB, TOMY 3 €KOHOMiYHUX
NPUYMH Noro BMicT obmexeHun 0,4 %.

Hiobin npucyTtHin B cTani upboro BuHaxody Yy kinbkocTi 0-0,1 % i nigxoguTb OnNA YTBOPEHHS
KkapOoHITpMAaiB AN HagaHHs MILUHOCTI cTani UbOro BMHaxoAy LUSSIXOM OUCNEPCIAHOIO 3MiLHEHHS.
Hiobin Takox BnnMBaTUMe Ha PO3Mip MIKPOCTPYKTYPHUX KOMMOHEHTIB 3a paxyHOK MOro BUAINEHHS Y
BUrNSAi kapboHITpMAiB i yNoBiNbHEHHS pekpucTaniauii B Npoueci HarpiBaHHsA. Taknm 4nHoM, GinbLu
ApibHogucnepcHa MIKPOCTPYKTypa, sika YTBOPHETLCS HaNpPUKIHLI BUTPUMYBaHHS Mpu TemnepaTypi i,
SIK Hacnigok, nicns Bignany, Lo npussBeae A0 3MiUHeHHs1 BUpoby. OgHak BMicT Hiobito Buwe 0,1 % €
€KOHOMIYHO HefoUiNbHUM, OCKifbKM CcnocTepiraeTbCa edekT HaCMYEeHHs WNOoro BhnvBy, TOBTO
[04aTKOBa KiNbKiCTb HiOBi0 HE NPM3BOANTL 40 NiABULLLEHHS MILHOCTI BUPOOY.

TutaH gogalTb 40 cTani Lboro BuHaxoay y kinbkocti 0-0,1 %, sk i HioGin, BiH BXOAWTb 4O cKnagy
KapOoHiTpMAaiB, TOMy Bidirpae ponb Yy 3MiLUHEHHi. Ane BiH TakoX YTBOPIKOE HITPUAW TUTaHy, SKi
BVMHUKalOTb Npu 3aTBepaiHHi BUnuBkuK. Kinbkicte TutaHy obmexera 0,1 %, Wo6 YHUKHYTM YTBOPEHHS
rpybux HiTpuais TUTaHy, WKigNMBUX Ans opmyBaHHA. AKWO BMICT TutaHy Hwkye 0,001 % BiH He
BMMMBAE Ha cTanb LUbOro BUHaxoay.

BmicT kanbuito B cTani uboro BuHaxogy ctaHoButb 0,001-0,005 %. Kanbuih gogatwTb y cTanb
LbOro BMHaxoay sik HeOOOB'A3KOBUI eneMeHT, 0cobnmBo nig Yac 06pobkm BkMoYeHb. Kanbuin cnpusie
pacpiHyBaHHIO cTani, iKCylo4uM WKIANUBUA BMICT Cipku B KyNACTiA OpMi, TUM CaMUM YMOBINbHIOYY
LIKIOAMBMIA BNANB CipKW.

BaHagii € edekTMBHUM AN NigBULLEHHS MILHOCTI cTani 4epe3 YTBOpPEHHs Kapbigie abo
KapOOHITPMAIB, i 3 EKOHOMIYHOI TOYKM 30pYy MOro BepxHs rpanvusa ctaHoButb 0,1 %. IHWi enemeHTwy,
Taki gk uepin, 6op, marHii abo UMPKOHIA, MOXXHA AoAaBaTh OKpemo abo pa3oM B Takux MponopLisx:
uepin < 0,1%, 6op < 0,003 %, marHin < 0,010 % i umpkoHin < 0,010 %. [Oo 3a3HayeHux
MaKCMMarbHUX 3HayeHb BMICTY Li eneMeHTn 0O3BONsATb NOAPIOHIOBATM 3epHO NpW 3aTBepAiBaHHI.
PewTa cknagy ctani cknagaeTtbes i3 3anisa i HEeMUHYYMX OOMILLIOK, SKi YTBOPIOOTECH B pesyrnbTarTi
00pobKu.

MikpocTpyKTypa cTaneBoi nigknagku 3 NOKpUTTAM MOXe BKNtoyYaTy 0yab-aKky ogHy abo kinbka a3
3aNIULLKOBOrO ayCTEHITy, MapTEHCUTY, MapTEHCUTY BiAMYCKaHHS, OEnHiTy BignyckaHHs, depuTy i
OenHiTy. Lli MIiKDOKOMNOHEHTM MOXYyTb cTaHOBUTM He MeHwe 90 % MIKpPOCTPYKTypu CTanesoi
nigknagku 3 MnokpuTTAM UbOro BuHaxody. Ha pogaTok [0 BuUlesraaHol  MIKPOCTPYKTYpu
MIKPDOCTPYKTYPHi KOMMOHEHTMW, TaKi AK-OT NepniT i LeMEeHTUT, TakoX MOXyTb OyTW NpucyTHiMu B
cTanesiv nigknagui 3 NOKPUTTAM, ane B 3arasbHii KinbkocTi He Binbe 10 %.

Mpuknagu

HacTtynHi Tectn, npuknagw, intocTpaTuBHi npuknagy i Tabnuui, Aki npegcTasneHi B onuci, He
HOCATb OOMEXYBaIbHOrO XapakTepy, i MOBMHHI po3rnsgaTtvcs nuvwe 3 iNCTPaTUBHOK METOH i
BigOOpaXxaTUMyTb NepeBaru Lboro BUHaxoay.

Crani 3 pisHMMKM cknagamu npegcTtaBneri B Tadbnuui 1, B AKil NMOKasaHi ABa NpUKIagv ckrnagy
ctani, Ctanb A i Ctanbe B, a B Tabnuui 2 npepctaBneHi napameTpu, WO BUKOPUCTOBYHOTbLCA OIS
HaHeceHHsi nokpuTTst NiMoS2. lMicns uboro B Tabnuui 3 npeacTaBneHi MIKPOCTPYKTYpU CTaneBoro
nucTa, ogepxaHi nig Yac BunpobyBaHb, a B Tabnuui 4 npeacTaBneHi pe3ynbTaTty OLiHOK BOAHEBOrO
OKPUXYYBaHHS i MeXaHi4YHMUX BMacTUBOCTEN.
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Tabnuuysa 1

3paskn | C | Mn Si Al Cr Nb S P N B Ti

A 0,25]0,50| 0,20 | 0,050 |0,50| 0,025 | 0,004 | 0,008 | 0,005 |154/mnH | 0,025

B 0,30/0,50| 0,20 | 0,043 | 0,50 | 0,025 | 0,001 | 0,006 |0,005|154/mnH | 0,025

B tabnuui 2 npencraBneHi napaMmeTpu MOKPUTTS, HAHECEHOro Ha ctani Tabnuui 1, sKki NOBUHHI
OyTn HaHeceHi Ha cTani, Wwob HagaTy cTani CTINKOCTI A0 BOAHEBOro okpuxyysaHHs. Cknaaum ctani 11-
16 cnyxaTb ANs BUTOTOBMEHHA CTani CTiMKOW A0 BOOHEBOro OKPUXYYBaHHS BignoBigHO A0 BUHAxXoAy.
B uin Tabnuui TakoX BKasaHi cTani MNOpPIBHAHHA, sKi No3HadveHi B Tabnuui sk R1-R4. lepen
HaHEeCEeHHSIM MOKPUTTS, CTani SK 3rigHO LbOro BUMHAXOAy, Tak i cTani MOPIBHAHHA MigaalTb rapsadin
npokaTui 3 KiHLEeBOW TemnepaTtypor raps4oi npokatkum 890 °C, a noTiM 3MOTYHOTb B PYMOH Npu
620 °C, nmicna 4oro nigaawTb XOnogHi npokatui 3 obTuckaHHAM 60 %. XonogHokaTaHy cTanb
BignantoioTb npu TemnepaTypi 880 °C, a noTiM OXONOMKYTb OO0 KiIMHATHOI Temnepatypu ans
OLEpXXaHHS BignarieHoro XxonoAHOKaTaHOro CTaneBoro fMcTa, Ha AkMW HaHocATb NokpuTTs NiMoS:
BiQNOBIOHO OO YMOB, 3a3HayYeHWx Yy Tabnuui 2, Ana odepXaHHs cTani, CTiNKOi OO0 BOAHEBOrO
OKpUXYyBaHHS.

Tabnuugsa 2
3pasku cTani | BunpobysaHHsi | NiSOa (r/n) I\(/Ir(/)nS)z CTp;n):l(;/T?:/ZMZ) pH TelvlnepcaTypa, Yac, ¢
A 11 300 5 20 3 50 180
A 12 300 5 25 4 55 180
A 13 300 8 30 5 45 180
B 14 300 5 20 3 50 180
B 15 300 5 25 4 55 180
B 16 300 8 30 5 45 180
A R1 300 5 10 4 60 180
A R2 300 8 10 6 50 180
B R3 300 5 10 4 60 180
B R4 300 8 10 6 50 180

| = BignoBigHi BuHaxoay; R = NOpiBHAHHSA; NiAKpeCcneHi 3Ha4YeHHA: He BiAnoBigalTb BUHaXoay.

B Tabnuui 3 HaBedeHi Nnpuknagun pesyneTaTtiB BUNPOOyBaHb, NPOBEAEHNX AN YiTKOro NOSCHEHHS
BMHaXiAHMLUBKOI O3HaKm cnocoby LbOro BMHaAxody, B sKOMY knto4yoBi napametpu wapie NiMoS:2
BM3HauYeHi LWnaxomM BUMiptoBaHHSA 3a gonomoroto CEM nonepeyHoro nepepisy, a kKoHueHTpauito MoS:2
BuMiptoloTb MeTogom GDOES (OnTtuyHa ewmiciiHa Mikpockoniss TRiHHOro pospsay). Y  BCix
BMNPOOYBaHHSIX MIKPOCTPYKTYpa Gyrna NoBHICTIO MapTeHCUTHA.

Tabnuusa 3
BunpobyBaHHsA ToBLUMHA eneKkTpoocaaXeHOoro wapy (MkKM) MoS:2 (% mac.) B Ni-MoS>
11 0,3 05
12 04 0,5
13 0,7 1,0
14 0,7 1,0
15 0,7 1,0
16 0,7 1,0
R1 0,4 0
R2 07 0
R3 0,7 0
R4 0,7 0

| = BignoBigHi BMHaxoay; R = NOpiBHAHHA; NigKPECNeHi 3HaYEeHHS: He BiANoBiAaTb BUHaxXoay.

B 1abnuui 4 HaBegeHi nmpuknagu pesynbTaTiB BUNpoOyBaHb, NMpOBeAEeHUX Ans AeMOHCTpauil
MeXaHiYHUX BrlacTMBOCTEN i CTIMKOCTI 4O BOAHEBOrO OKPUXYYBAHHS, BUMIPSHUX Yy BUrMsSAi CTyneHs
BOOHEBOrO OKPUXYYBaHHA ANA cTanen BuMHaxody i cTani MNOpIBHAHHA BignoBigHO OO0 MeToay,
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ony6nikoBaHOro B XypHanbHin nyonikauii nig Haseow "Graphene coating as a protective against
hydrogen embrittlement" (FpadeHoBe NOKPUTTA AK 3axmcHUI 6ap'ep NPOTYM BOLHEBOrO OKPUXYYBAHHS)
y MiXXHapogHoMmy XypHani 3 BogHeBoi eHepreTuku 39 (2014) ctop. 11810-11817.

PesynbTatu HaBeaeHi gani:

Tabnuuga 4
BunpobyBaHHs CryniHb BOgHEBOrO OKpux4yBaHHSA (%) TS (Mla) YS (Ma)
11 0 1621 1355
12 0 1650 1358
13 0 1660 1360
14 19 1795 1560
15 20 1808 1555
16 19 1787 1546
R1 85 1370 1350
R2 85 1350 1350
R3 43 1790 1545
R4 85 1570 1350

| = BignoBigHi BMHaxogy; R = NOpPIiBHSAHHSA; NiAKPecrneHi 3HavyeHHs: He BiAMNoOBigalOTb BUHaXoAY.
OOPMYIIA BMUHAXOLOY

1. Cnoci® BUroTOBIEHHS CTaneBoi Nigknaaky 3 NOKpUTTAM, SIKMIA BKIOYAE Taki cTagii:

3abeaneyeHHs cTaneBoi Niaknaaku,

BWKOHAHHS €MNeKTPOOCaMKEHH Ha CTanesin nigknagudi B enektponiti 3 pH 2-6, skun mictutb, r/n:
NiSOs - 100-500, i MoS: - 1-15, npu ryctuHi ctpymy 15-45 A/gm?, npotsarom 30-300 c gns
dopmyBaHHs wapy nokputta Ni-MoSz;

npu ubomy wap Ni-MoSz MiCTUTb MakcumanbHy KinbkicTb YacTuHok MoS:z - 3 % mac.;

nicns UbOro MPOMMBAOTb CTaneBy MiOKNaaKy i cywatb i AN odepXaHHs cTanesoi Nigknagku 3
NOKPUTTAM.

2. Cnocib 3a n. 1, 3a AskMM pH enekTponiTy cTaHoBUTL 2-5.

3. Cnoci6 3a n. 1 abo 2, 3a gkmum koHueHTpauis NiSO4 B enektponiti ctaHoBuTb 100-400 r/n.

4. Cnocib 3a 6ygb-akum 3 nn. 1-3, 3a kMM KoHLUeHTpauis MoS2 B enekTponiTi ctaHoBUTb 2-14 /1.

5. Cnoci6b 3a bygb-skum 3 nn. 1-4, 3a 9kuM cTaneBa nigknagka, Wo niaaaeTbca 3a3HadeHin cragil
€eneKTPooCaKeHHS, iBNsiE COOO XONoAHOKAaTaHUI cTaneBuin NUCT, odepXaHuii Ha Takux cTagisx:
3abe3neyeHHs ctaneBoro Haniscabpukary;

HarpiBaHHs 3a3Ha4yeHoro Hanisgpabpukaty go temnepatypu 1000-1280 °C;

npokaTka 3a3Ha4yeHoro HanieabpukaTy B ayCTEHITHOMY [iana3oHi, Npu LbOMY KiHL,eBa Temnepartypa
rapsi4oi npokatku nepesullye 850 °C onsa ogep)kaHHA CTaneBoro rapsyekaTaHoro nucTa;
OXONIOKEHHA MWCTa i3 cepegHbOl LWBMAKICTIO oxonomkeHHs Buwe 30 °C/c go Temnepatypu
3MOTYBaHHSA Hxye 650 °C; i 3MOTyBaHHS 3a3HaA4YeHOro rapsiyekaTaHoro n1cTa B PyroH;

OXOJTOKEHHS 3a3HAYEHOro rapsiyekaTaHoro imcta 4o KiMHaTHOI TemnepaTypu;

HeobOB'sI3KOBE BWKOHAHHS CTafdil BMAAneHHs okanuHW 3 3a3Ha4YeHoro rapsiiekaTaHoro CTaneBoro
nncTa,;

HeoOOB'sI3KOBE BMKOHAHHSA Bignany ctaneBoro rapsyekataHoro nucta 3a Temnepartypu 400-750 °C;
HeobOB'sI3KOBE BWKOHAHHA CcTafil BMAANEeHHs OKanuHW 3 3a3HA4YeHOro rapsidekaTaHoro cTarieBoro
nucra;

XOmnoJHa NpokaTka 3a3Ha4YeHoro rapsiyekaTtaHoro ctaneBoro fnucTa 3i CTyneHem o0TucHeHHs 35-90 %
ONs ogepXaHHS XONoAHOKaTaHOro CTanieBoro JIcTa;

noTiM BWKOHAaHHSA Bignany LUMASXOM HarpiBaHHA 3a3HayeHOro XOnoAHOKaTaHOro CTaneBoro nucta 3i
LIBKMAKICTIO HarpiBaHHs, sika nepesuwye 2 °C/c, 4O TemnepaTypy BUTPMMYBAHHS, Ska CTaHOBUTb Bif
Ac1 po Ac3+100 °C, 3a skoi noro Butpumytotb npotarom 10-500 c;

NoTiM OXONMOPKEHHsT NncTa 3i weuakicTio binbwe 5 °C/c go Temnepatypu Hwkde 550 °C, npy ubomy
nig Yac 3asHa4yeHoro OXONOMXKEHHS XONOAHOKaTaHWIA CcTaneBun NMUCT HEOOOB'I3KOBO BUTPMMYHOTL 3a
TemnepaTypu B gianasoHi 150-500 °C npoTtsrom 10-1000 ¢ ans ogepxaHHs XonogHoOKaTaHoI cTanesoi
nigKnaaku;

noTiM XonogHokaTaHy cTanesBy nNigknNagky TpaBnaTb KucrnoTtow npoTtdrom 5-100 ¢ B AianasoHi
TemnepaTtyp 30-100 °C.

6. CtaneBa nigknagka 3 NOKpUTTSM, BUFOTOBMIEHA BiAMNOBIAHO 4O crnocoly 3a 6yab-akum 3 nn. 1-5, B
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akin wap Ni-MoS: mae ToBWMHY wWoHaMmeHwe 0,1 MKM i sikuin MicTuTb WwoHanveHwe 0,3 % mac.
YyacTUHOK MoSoa.

7. CtaneBa nigknagka 3 nOKpUTTSAM 3a n. 6, B akin wap Ni-MoS2 mae ToBLUMHY LLioHanMeHLwe 0,2 MKM.
8. Cranesa nigknagka 3 NOKpuTTAM 3a n. 6 abo 7, y akin wap Ni-MoS:2 mictuTte woHanmeHwe 0,4 %
Mac. 4acTMHok MoSo.

9. Cranesa nigknagka 3 NoKpuTTaM 3a 6yab-akuM 3 nn. 6-8, B AKil CTyNiHb BOOHEBOrO OKPUXYYBaHHS
Takoi cTanesoi NigkNaaky 3 NOKPUTTAM CTaHOBUTb MeHLwwe 30 %.

10. CtaneBa nigknagka 3 NOKpUTTAM 3a Oyab-skMM 3 M. 6-9, B SKi cTanesa nigknagka 3 NokpuTTam
sBNse COOO0 XONOAHOKAaTaHUM CTaneBui NUCT, SKUI MICTUTL Taki enemenTn, y % mac.:

0,05<C=<0,5,

0,2<Mns<5,

0,1<Si<2,5,

0,01=Al<2,

0<S<0,09,

0,002=<P<0,09,

0<N<0,09,

i MOXXe MICTUTK ofMH abo Kifbka Taknx HeOOOB'A3KOBUX €NeMEHTIB, Y % mac.:

0<=Cr<1,

0<Ni<1,

0<Cusx1,

0<Mo<0,5,

0<Nb=<0,1,

0<Ti<0,1,

0<Vv<=0,1,

0<B<0,003,

0<Mg=<0,010,

0<Zr<0,010,

0,001=Ca=<0,005,

peLuTa CKrnagaeTbes i3 3anisa i HEMUHY4YMX JOMILLOK, SIKi yTBOPIOKOTLCH B pe3ynbTati 06pobku.

11. CraneBa nigknagka 3 nokpuTTsaM 3a Oyab-akum 3 nn. 6-10, B ki 3a3HayeHa nigknagka mae
rPaHunLI0 MiLHOCTI Ha po3Tar He meHwe 900 MMMa i rpaHnuo NAMHHOCTI - He MeHwe 700 MlMa.

Komn'totepHa BepcTka J1. LlixaHoBCbka

1O "YkpaiHcbkuil HaUioHanbHWUIA ogic iIHTENeKTyanbHoI BNacHOCTi Ta iHHoBauin", Byn. Amutpa MoaseHka, 1, M. Kuis — 42, 01601



