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Anomauia. Y cmammi sucgimieHi numanHs, no8 s3aHi i3 po3poOJeHHAM HOB0I
BIMYUSHAHOL  IHCMPYMeHmMAanbHol  neeosanoi  cmani  mapku 7XHM®DE  ons
BUCOMOBNEHHS 0epesopi3anbHUX Nul. 3a3HA4eHo, WO HA36AHI NUIU  paHiule
BUL0MOGIANU 13 THCIMPYMEHMAIbHUX Ne2osanux cmanet mapok 9X® ma IXDOM, saxi
BUNIABIAIUCDH Y POCIUCHKIL (hedepayii ma i3 HUX 6UOMOBIANU 0epeBopi3aibHi nuiu. 13
HAOYMmMAM He3AaledCHOCmI yi nuiu cmaiu Oeiyumuumu i SUHUKIO NUMAHHS
PO3pPOOIEH S BIMYUSHAHOL THCMPYMEHMANbHOI 1€208aHOI CMAili 0N 8USOMOGIIEHHS
HA36AHUX Nujl. 3a 0OCHOBY OVIU 835Mi I0OMI J1e208AHI IHCMPYMEHMAIbHI CIAli ma 00
IXHb020 XIMIYHO20 CKIAOYy 000amMKO80 OVIU B88e0eHi MaKi elemeHmu K HioOil,
Kanoyill, amoMiniti ma piokoszemenvHi enemenmu. Ompumanu HOBY GIMUUIHAHY
J1e208aHy iHcmpymeHmaaviy cmaiv mapku 7XHM®B, axa y nopieuanui iz 8ioomumu
CMANAMU MA€ psao cymmesux nepegae. J{o HUX MONCHA GIOHeCMU 3HAYHE 3HUMCEHMHS
eMicmy WKIOAUBUX OOMIUOK CIpKU ma gocghopy, uo 00caeacmvpcs K MexHoa02i€i0
BUNIABNEHHS MA B68€0EHHAM V CKIAO Cmali 000amKosux eiemenmis. BeedenHs
ANIOMIHIIO NPUBOOUMB 00 3MIHU [ AKOCMI [ hopMu pO3NOOITY HeMEeMAiUHUX BKIIOUEHb,
Wo nidBUWYE NIACMUYHI XAPAKMEPUCMUKY Ma 30i1bULYE ONip 8 I3KOCMI PYUHY8AHHSL.
Cmanb HO80I MapKu GIOPIZHAEMbCS OLNbUL BUCOKUM 3HAYEHHAM YOAPHOI 8 SI3KOCMI
(0cobnu6o 3a 8i0 eMHUX memnepamyp), ONOPoOM BUHUKHEHHS Md PO3NOBCIHOONCEHHS
MPIWUH.

Knwuogi cnoea: incmpymenmanvHa ae208aHa  Cmalb,
CMpPYKmypa, 61acmueocmi, eKkCniyamayis

XIMIYHUU  CKAAO0,

ITocranoBka npodsaemu. OCHOBHA
Maca JEpeBOPI3AIBHUX 1HCTPYMEHTIB
BUTOTOBIIIETHCS 13 1THCTPYMEHTAIBHUX
JIETOBaHMWX CTajeil. 3a3HadeHi crTaii
MalOTh MOKpAIICHY pi3alibHy 3[aTHICTh
YHACIIJOK HAassBHOCTI y IXHBOMY CKJIaji

TaKUX  JICTYBAJIbHHUX €JIEMEHTIB  SIK
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MOII0/IeH, BaHAIlA, XpoM, BoJb(pam,
KpEeMHiH, TUTaH, MiJb, KOOAILT, HIO01M,
UpKOHii 1 T. 1. [1-3]. He3Baxkaroun Ha

MIPUBEIEHY BEJIUKY KUTBKICTb
JeTyBaJIBHUX CIIEMEHTIB IS
JePEBOPI3AIBHOTO IHCTPYMEHTY

HaiJacrimne 34aCTOCOBYIOTh MapraHcCliib,
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XpoM, BaHafid, Boidb(pam, MomibmeH,
HIKEJIb Ta TUTaH. B po3riaBieHy craib
13 mwmxTtH ab0  MmMYHUX  Ta3iB
NOTPAIUISIOTh TAKOX TaKl €JIEeMEHTH SIK
cipka Ta Qocdop, SKI BBAKAIOTHCS
K1 JUTMBUMU JOMIIIIKaMHu. B 3a1eKH0CTI
B1Jl BMICTY BCIX JICTYBaJIbHUX €JICMEHTIB
CTaJi MOJUISIOTHCS Ha HU3BKOJIETOBAaHI
(BMICT eneMeHTIB He Oumpmie 2,5 %),
CepeHbO JIETOBaH1 (BMICT €JIEMEHTIB B
iHTepBani Bix 2,5 go 10,0 %) Ta
BHCOKOJIETOBaHI  (BMICT  €JIEMEHTIB
oubie 10 %). Bci BoHM 3HalnumM
3aCTOCYBaHHS y BUT'OTOBJICHHI
JepeBOpI3aIbHUX IHCTpYMEHTIB. e Taki
cram K 9X®, 9XOM, 6XC, 9XC,
X6B®D, 9X5B®D, 8X6HDT,
6X6B3CM®, 8X4B4dI Tta inmi [4, 5].
OcHOBHA KUIBKICTh JI€PEBOPI3ATBHUX
IHCTpYMEHTIB 13  JaHUX  CTaJIeH
BUTOTOBIISIACH y POCIACHKIH (enepariii,
IO CHOHYKajJo TNEeBHUK JediuuT B
VYkpaini. [Toctana npobiiema po3poOuTu
CBOIO BITYM3HSHY 1HCTPYMEHTAJIbHY
JIETOBaHY CTallb JJIi TaKUX OCHOBHHX
BUJIIB IHCTPYMEHTY, SK pPaMHI IWJIKH,
CTPIYKOBI MWJIKH Ta KPYIJl MWIKU. Y
CHIBIIPY>KHOCTI 3 YkpalHCbKuM
HayKOBO-JIOCTIAHUM 1HCTUTYTOM
«Creucranpy (M. 3anopixkxs) Oyra
po3pobJieHa cTadbh JJIsl  3a3HAYEHUX
BUJIIB IHCTpyMeHTIB Mapku 7XHM®B.
Meta npoc/izKeHHSI — BU3HAYUTH
CTPYKTYpPY Ta BIACTHUBOCTI CTall MapKu
TXHMODBb.
MeTtoauka JgociaikeHb.  J{s
MOPIBHSHB B3SUIM JIBI MapKH JIETOBAaHUX

crageit 9X® 1 9XOM, sKi HIUPOKO
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34aCTOCOBYIOTBCA  JId  BUTOTOBJICHHA

JEPEeBOPI3ATbHUX THIJI. XIMIYHHHA CKIIaJ]

CTalleli BHU3HAYAJIM 32 JIONIOMOTOKO
PEHTTeHO(ITYOPECIICHTHOTO
ciektpometpa XRF B iHCTHUTYTI

enekTpo3BapioBanHs iM. €. IlaTona
HAH
PentrenodayopectieHTHHI aHai3 — 1€

Ykpainu.

OIMH 3 He 0araTbOX HEPYHHIBHUX
MetoaiB. Po3mip 3pa3kiB crani 25x25 mm
a00 KpyT J1aMeTpoM 25 MM.
Pesyabratn aociaimkennb. Ilig
gyac  po3poOJICHHS  CTajli  MapKu
7XHM®b Bona Oyna  JeroBaHa
HACTyTHUMHU  eleMeHTamMu B %
Byrienb — 0,78; mapramenr — 0,45;
xpom — 1,0; Banamiii — 0,2; momiOaeH —
0,25; wmikenp — 1,1; wmiobii — 0,2.
Byrneup

Crpusie TEPMIYHOMY

3MILHEHHIO, 3a PaxyHOK JOoro
TUMYACOBUH OIIp Ta TBEPAICTh 3HAYHO
M1IBUINYIOThCS. BBeneHHs Hikento Bif 1
10 5 % 3HUKYE XOJIOJHOJIOMKICTh CTaIl
Ta 30UIblIyE TeMmepaTypHUM 3amac
B’s3KOCTi.  Mapranenp 3a  CBOIM
BIUIMBOM IIOJIOHHN [0 HIKEIIO, ajie
3HAYHO JEEBIIMUA. XPOM IO3UTHUBHO
Jli€ Ha MEXaHIYHI XapaKTePUCTUKH yKE B
KUIbKOCT1 2 % BIJ 3arajibHOro o0cAry.
Bananiii 30u1blIye TBEpIICTh CTami, il
TUTACTHYHICTH Ta MMOKPAIIy€e rapTyBaHHS.
MonibaeH MiABUINYE TEIUIOCTIMKICTh
cTaii, aje BiH JOCUTh noporuid. Hiobiit
BBOJSATh JIJII 3HWUKEHHS BIIAMYCKHOI
KPUXKOCTI CTaJIl.

[licas BUIIABIEHHS CTajl MapKu
TXHM®b Ha MeTaypriiHOMy

koMmOiHaTi [IAT «3amopixcrans» OyB
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BU3HAUEHUN 11 XIMIYHWN CKJIaJ Ta 3

METOIO0 TIOPIBHSHHS TaKi JOCIIHKCHHS
IpoBENM Uil cTaner mapok 9XP ta

9XDOM.
XIMIYHOTO CKJIaqy CTaJield HaBeIeHI Yy

Pesynmprat  gocmimpkeHHS

TaOIUII.

PesyabTaTn aociaigkeHHsi XiMiyHOro ckiaaay craied 7XHM®b, 9X®,

IXDPM
HasBa elleMertis MacoBa 707151 €JIEMEHTIB, % B CTAJIIX MapOK

9XD 9XDdM 7XHM®Db
Byrnens 0,80 -0,90 0,80 -0,90 0,68 -0,78
Kpemnuii 0,15-0,35 0,15-0,35 0,15-0,35
Mapraneins 0,30 - 0,60 0,30 -0,60 0,25-0,50
Xpom 0,40-0,70 0,40-0,70 0,30-0,60
Monibaen — 0,15-0,30 0,10-0,20
Bananiii 0,15-0,30 0,15-0,30 0,15-0,30
Hikenb — — 0,20 -0,40
Cipka, He OibIe 0,03 0,03 0,01
docdop, He OlbIIe 0,03 0,03 0,015
[Hmi enemenT Hio6iit 0,15 — 0,30

VY crans 7XHM®b BBOAMIN TaKOXK
Kanbliit 13 pospaxynky 0,01 % wmacu
crutaBy Ta amoMidii — 0,05 % wmacu
CILTaBY.

BigMIHHOIO OCOOJIMBICTIO HOBOI'O
CKJIaJly CTaJll € 3HAYHE 3HUKEHHSI BMICTY
LIKIJIJIMBUX JOMIIIOK CipKu Ta ¢ocdopy,
0 JIOCSITAEThCS  SIK  TEXHOJIOTIEIO
BUILJIABJIEHHS TaK 1 BBEACHHAM KaJIbI[lIO
Ta PlIKO3EeMEeITbHUX €JIEMEHTIB.
BBeneHHs TakoXX alfOMiHIIO TTIPHUBOAUTH
70 3MIHU 1 SKOCTI 1 OpMHU PO3MOALTY
HEMETaJIIYHUX BKJTIOUCHb, 11(0)
MIPUBOINTH JO TiIBUIIECHHS TUTACTHYHUX
XapaKTEPUCTUK Ta 30UIBIICHHS OTOPY
B’SI3KOCTI pyHHYBaHHS.

CyTTeBUM B 0COOJIMBOCTI
XIMIYHOTO CKJIaJy HOBOi MapKu CTalll €
3HIDKEHHSI BMICTY BYTJICIIO, a TaKOX
BBEJIEHHS HIKEIO Ta HIoOir0. Cralp
HOBOI MapKH BIJIPIZHSAETHCS  OUIBII

BHUCOKUM 3HAYEHHSIM YAApHOI B’SI3KOCTI
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(0co0MMBO 3a BiJI’€MHUX TEMIIEpaTyp),

OIOpOM BUHHUKHEHHS Ta
po3noBclopkeHHs  TpimuH.  Cranmb
TXHM®b IIepeBEPIIYE TaKOXK

noka3Huku craiert 9Xd 1 9XDOM 3a
B’SI3KICTIO pYVHYBaHHS Ta
NOBIrOBIYHICTIO M1 4Yac MUKIIYHOIO
BUTHMHY 3 oOepranHsMm. Bubip cxemwu
JeTyBaHHs 3a0e3leuye B CTalll HOBOI
Mapkd 3a  OJHAaKOBOi  TBEPJOCTI
MIPAKTUYHO OJTHAKOBI MEKY MIITHOCTI Ta
MIMHHOCTI 31 cTainsiMu 9XD 1 9XDM.
BucHoBKH.

1. Po3pobnena B VYkpaini HOBa
IHCTpYMEHTAJIbHA JIETOBaHA CTallb IS
BUTOTOBJICHHS JIEPEBOPI3ATBHHUX T,

2. CyrreBUM B  OCOOJMBOCTI
XIMIYHOTO CKJIaJy HOBOi MapKH CTajll €
3HIDKEHHSI BMICTY BYTJICIIO, a TaKOX
BBEJICHHS HIKEIIO Ta HI00110.

3. Cranp  mapku  7XHMO®Ob

BIJIPI3HSIIETHCS OLIBIII BHUCOKHUMH

ISSN 2223-1609



TexHika i enepreruxka AIIK

Cipxo 3. C., Cropoxk O. B., Oxpimenko C. M., TopumwieBchkuii . II., Crapum €. A., llleBuyk JI. M.,
Hipens H. JI., Heinrich Nickel

3HAYCHHSAMH yJIapHOi B’SA3KOCTI Ta B’ I3KICTIO pyWHYBaHHS Ta
OTIOpOM BUHUKHEHHS Ta MOBIrOBIYHICTIO MIiJ Yac [UKJIIYHOTO
PO3MOBCIOKEHHS TPIITUH, TEPEBEPIITYE BUTHHY.

nmokasHuku craiied 9Xd 1 9XPM 3a
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STRUCTURE AND PROPERTIES OF STEEL GRADE 7XHM®b FOR
MANUFACTURING WOOD CUTTING SAWS
Z. Sirko, O. Storozh, S. Okhrimenko, D. Torchilevsky,
E. Starish, L. Shevchuk, N. Tsiren

Abstract. The article covers issues related to the development of a new domestic
tool alloy steel of the 7XHM®FE brand for the manufacture of wood-cutting saws. It is
noted that the aforementioned saws were previously made from alloyed tool steels of
the 9X® and 9XDM grades, which were smelted in the russian federation, and wood-
cutting saws were also made from them in the russian federation. With the acquisition
of independence, these saws became scarce, and the question arose of developing
domestic tool alloy steel for the manufacture of these saws. The purpose of the research
is to determine the structure and properties of steel grade 7XHM®E. Well-known
alloyed tool steels were taken as a basis and such elements as niobium, calcium,
aluminum and rare earth elements were added to their chemical composition. We
received a new domestic alloyed tool steel of the 7XHM®FE brand, which, in
comparison with known steels, has a number of significant advantages. These include
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a significant reduction in the content of harmful sulfur and phosphorus impurities,
which is achieved both by smelting technology and by introducing additional elements
into the steel composition. The introduction of aluminum leads to a change in the
quality and shape of the distribution of non-metallic inclusions, which increases the
plastic characteristics and increases the resistance to fracture viscosity. The steel of
the new brand is distinguished by a higher value of impact strength (especially at
negative temperatures), resistance to the occurrence and propagation of cracks. Steel
7XHM®EK also surpasses the indicators of steels 9X® and 9XDPM in terms of fracture
toughness and durability during cyclic bending with rotation. The choice of the
alloying scheme ensures that the new brand of steel, with the same hardness, has
almost the same strength and yield strength as 9X® and 9XDPM steels.

Keywords: tool alloy steel, chemical composition, structure, properties, operation

Ne 4/104, 2023 Hayxkogi nonosini HYBIIl Ykpainu ISSN 2223-1609



