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Annomauyus. Paboma nocssiwena 6160py memooos onpeoeneHusi Mamepuaios, NPUMEHAEMbIX OJisL U320MOBACHUSL POIU-
KOBUHMOBOLL nepeodayu 8 pamKax umnopmo3samewerus. Fcnoiwb306aiucsy cospementble Memoobl UCCACO0B8AHUSL — ONMUYECKAs
U pacmposas 31eKmpoHHAs. MUKPOCKONUS, USMEPEHUS MUKPOMEEPOOCIU C NPUMEHEHUEeM A8MOMAMUYecK020 MUKPOMEepOo-
mepa. B pesynvmame uszmepenuss MUKpOmMeepOoCmu Mamepuaia poauKoSUHMOGOU nepedayu ObLI0 NOJYYEHO ee YEeIudeHue om
779HV 6 yenmpe 0o 835 HV na 3y6usax demanu. Ha ocnose npogedenivix memanioepaghuueckux ucciedo8anuil Noay4eHa Muk-
POCIMPYKMYPA MEIKOU20IbYAMO020 MAPMEHCUMA C SPKO GbIPAICEHHBIMU YENOYKAMU KapOudoe Xpoma, MOauboeHa, 6anaus ¢
muxpomeepoocmoio 1200...1500 HV. Ilpu ucnonv308anuu MUKpOpEeHmeeHOCNeKmpaibHO20 AHAIU3A C NOMOUbIO CKAHUPYIOULE20
anexmponno2o muxpockona TESCAN LYRA 3 ¢ cucmemoti muxpoananuza Ultim MAX Ovina nonyuena ungopmayus 0 moueunom
XUMUYECKOM COCmase Mamepuana 0opazya, Habaro0anucs ciedbl 8binadenuss Kapoudoe uz Mampuysl ¢ HUSKUMU 83KO-NIACUY-
HbIMU c8olicmeamit. [lanvl pexomeHOayuu 0 noOX00AUUX OmMe4ecmeeHHbix Mamepuaiax-anaioeax. Pesyiomamot ucciedosanuii
Mo2ym bl UCNONIL306AHbL 6 KOHCIPYKIMUBHBIX PEULEHUSIX NO NPOSKMUPOBAHUIO U MOOEPHUZAYUU MAUUH U MEXAHUIMOS.

Kniwouegvle cnoea: ponvk, poNMKOBHHTOBAS Iepesada, JIMHEHHBIH NPHBOJ, MHKPOTBEPAOCTb, XUMHUYECKHH COCTaB,
MHUKPOCTPYKTypa
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Abstract. The paper is devoted to the selection of methods for determining the materials used for the manufacture of roller
drive in the framework of import substitution. Modern research methods were used such as optical and scanning electron mi-
croscopy, microhardness measurements using an automatic microhardness tester. As a result of measuring the microhardness
of the roller drive material, the authors obtained an increase from 779HV in the center to 835HV on the teeth of the part. Based
on metallographic studies, the microstructure of fine-needled martensite with well-defined chains of chromium, molybdenum,
and vanadium carbides with a microhardness of 1200...1500 HV has been obtained. In case of microrentgenospectral analysis
using a TESCAN LYRA 3 scanning electron microscope with the Ultim MAX microanalysis system, information was obtained on
the point chemical composition of the sample material, traces of precipitation of carbides from a matrix with low visco-plastic
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properties were observed. Recommendations are given on suitable domestic analog materials. The research results can be used
in constructive solutions for the design and modernization of machines and mechanisms.
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BBenenue

PonukxoBuHTOBas mepenadya — 3TO Mexa-
HU3M, HCHOJB3YIOUMIcS Ui mpeoOpa3oBaHUs
BpallleHUs1 BXOJHOTO Bajla B BO3BPATHO-NOCTYIA-
TEJIbHOE JBUKEHHE BBIXOJJHOTO 3BE€HA, HAIIPUMED,
mroka. OHa COCTOUT U3 POJIMKOB, KOTOPbIE PacIo-
JIOXKEHbI MEXIY IByMs Pe3bOOBBIMH IMOBEPXHO-
CTSIMU BBINOJHSIOIMIMMH, 10 CBOEH CYyTH pOJIb
BUHTA U Taliku. 3a CYET 3aMEHbI CKOJIbXKEHHUS Ka-
YEHUEM [JOCTUTaeTCsl 3HAUYUTEJIbHOE CHHYKEHHE
CHJI TPEHUS IIPU COXPAHEHHH BBICOKOM Harpysou-
HOU crmocoOHOCTH. Takas 0COOEHHOCTH POJIHMKO-
BHUHTOBBIX II€pe/1ad MI03BOJIMIIA UCIIOIb30BaTh UX B
JVHENUHBIX  3JEKTPOMEXAaHWYECKUX  IMPUBOJAX
(puc. 1), koTOpble MPUXOJAT HA CMEHY KJlacchue-
CKHMM THIpO- U THEBMOTIpuBoAaM [ 1]. OcHOBHbIMU
IPEUMYIIIECTBAMHU DJIEKTPOMEXAHUUECKUX TPUBO-
JIOB SIBJISIFOTCSL: TIOBBIIIEHNE KaueCTBa MO3ULIMOHU-
poBaHMs, NOBBILIEHHE 3HEProdp(HEKTUBHOCTH,
CHM)KEHHE JKCIUTyaTallMOHHBIX PacX0J0B, OTCYT-
CTBHE yTE€UeK paboyeil >KUAKOCTH, IMOBBIIICHUE
HAJIe)KHOCTU 32 CYET YMEHBIICHHUS KOJIMYECTBa
KOMIIOHEHTOB CHCTEMHI [2].

K obnactsaM nmpuMeHeHHs! pOJIMKOBUHTOBBIX
nepeaay ¥ NpUBOJIOB HA UX OCHOBE OTHOCSTCSA: Ma-
IMIMHOCTPOEHHE, HANpUMeEp, pOOOTOTEXHHUKA, BBI-
COKOTOYHBIE CTAaHKU C YHMCIOBBIM NPOTrPAMMHBIM
yIpaBJIEHUEM, IEKTPUUECKasi CTPOUTEIbHAS TEX-
HUKa, aBUAIIMOHHAsl U KOCMMYECKasl IPOMBIIILIEH-
HOCTb, DHEpreTHKa u ap. [4 —5].

Puc. 1. J/IuHeliHblii 3J1eKTpOMexaHu4YecKuii npusoj [3]

Fig. 1. Linear electromechanical drive [3]

OrpanuueHueM A yBeIWYeHHs oObema
IPUMEHEHUs POJIMKOBUHTOBBIX II€peay sIBIIETCs

CJI0)KHOCTh T€XHOJIOTMUYECKOT'0 IIpoLiecca ux mpo-
U3BO/JICTBA, C YYETOM CJIOKHOU (POPMBI TOBEPXHO-
CTel TeJl KaueHMs U BBICOKMX TpeOOBaHMH K Xa-
paKTepUCTUKAM HCIOJIb3yeMoro marepuania. s
o0ecrieueHrss MaKCHUMaJbHOIO pecypca H3Aenus
HEO0OXOIMMO JTOCTUKEHUE BBICOKOI TBEPAOCTU U
HU3KOH I1IEpOXOBATOCTH IMOBEPXHOCTEH TpeHHUS.
OOecnieueHne NaHHBIX NOKa3aTeiaed OOBIYHO J0-
CTHTAeTCsl TEPMUYECKON 00pabOTKON € MOCIEey-
fouieil 00padoTkoit nuudosanuem. CymecTByOT
pasInyHbIe METO/bI TEPMOOOPAOOTKH 3ar0TOBOK,
Harnpumep, oObeMHas 3aKallka, 3aKaJKka TOKaMHU
BBICOKOH YacCTOTHI, IEMEHTAIIHs, a30TUPOBAHUE U
np. M3BectHa HayuHas paboTa, BBINOJHEHHAS
KoMIaHuen «J{nakoHT», B KOTOpOil paccMaTpuBa-
€TCsl MPUMEHEHNE a30TUPOBAHMS JIJIsl U3TOTOBIIE-
HUS 3JIEMEHTOB POJIMKOBUHTOBOM mepenayu [6].
A30THpOBaHNE NOBEPXHOCTH MOAXOIUT VISl yCO-
BEPILIEHCTBOBAHUS TEXHUYECKUX MapaMeTpoOB yT-
JIEPOAMCTHIX U JIETUPOBAHHBIX CTaJIel, coaepika-
mux yriaepoa B koHueHnTpauuu 0,3...0,5 % Bxitto-
yurtenbHO [7]. [lomyyaemass MUKPOCTPYKTYpa Mo-
BEPXHOCTHOI'O CJIOS M3/ETus, HACHIIIEHHAs a30-
TOM, COJIEP’KUT PACTBOPEHHBIE HUTPUIBI U IPUOO-
peTaeT MOBBIIIEHHYIO KOPPO3UOHHYIO CTOMKOCTb
U BBICOKYIO MMKPOTBEPAOCTb, HO M BBICOKYIO
XPYIKOCTb IOBEPXHOCTHOI'O CJIOS, YTO CHMXKAET
KayecTBO M IPOU3BOAUTEIBHOCTE 00pabOTKU
[8, 9]. Kpome TOro, 3T0 IIUTEIbHAS U I0POTOCTO-
A11ast oreparys.

Takxe B OTE€UECTBEHHON IIPOMBIIIJIEHHOCTH
aKTUBHO NPUMEHSUIUCh TPUBOJBI 3apyO0eXHOTO
MIPOM3BOICTBA, BhINycKaeMble kommnanuen Exlar.
[IpuBOJ, YacThIO KOTOPOrO SIBJISUIACH JAaHHAS Tie-
penava, MPUMEHSIICS B CUCTEME DPEryJIMpPOBaHUs
napoBoi TypOWHBI. YUUTHIBas, YTO MOCTaBKa 3a-
pyOexHON MPOIYKIMH B TEKYILIEH MOIUTHKO-IKO-
HOMMYECKON CUTYyallUu HE MIPEJCTaBIISIETCS BO3-
MO>KHOM, aKTyaJIbHO U LeJIeCO00pa3HO U3YUMTh U
NEPEHATh MOAXOIAIINN ONBIT 3apyOek HBIX KOJI-
JIET B YaCTH BbIOOpA MaTepuaioB U METOJIOB Tep-
MOOOPaOOTKM KOMIIOHEHTOB POJIMKOBHHTOBBIX
nepezaad.

Taxum 00pazoM IeNbI0 UCCIIEI0OBAHUS SBIIS-
eTcs BRIOOp Marepuana i U3rOTOBJICHUS POJIU-
KOB IJIAHETapHOM POJMKOBUHTOBOH MepeiadH.
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MaTepHaJILI H ME€TO/bI

OOBEeKTOM HCCIeOBaHUS SIBISUICS MaTe-
puan posvka (puc.?2), HCIOIb30BABIIETOCS B

IIJIJAHETAPHOU POJIMKOBUHTOBOM Iepeaye, Mpous3-
BeneHHbIH kKommnanuen Exlar. B pabore Obu1 pac-
CMOTpPEH MaTepuasl CTajb C COJACpKaHHEM YTIie-
pona okozo 1 %.

Puc. 2. UcciienoBanublii odpasen:

a — BHEIIHUH BUA 00pasia; 6 — TpexMepHas MOJENb POJUKa MO F€OMETPUUECKHM IMapaMeTpaM; 6 — TpexXMepHas MOJEINb

pOJTHKa B pa3zpese

Fig. 2. The studied sample:

a — Physical configuration of the sample; b — a three-dimensional model of the roller according to geometric parameters;

¢ — a three-dimensional model of the roller in the section

Jns metamiorpauyeckux HMCClea0BaHUMA
MaTepHaia, poJMK ObUI pa3pe3aH 3JIeKTPOIPO3H-
OHHBIM METOJIOM Ha JIBE€ 4acTu BIOJb ocH. llep-
BBl 00paser (MOJIOBHHA JE€TAJIN) UCIOIb30BAJICS
JUI U3MEPEHUS TeOMETPUUYECKUX MTapaMeTpoB 00-
pasma. Bropoii o6paser — 11t H3roToBJICHUS IILTH-
(0B, U3MepeHUs] MUKPOTBEPAOCTH, ONpeAeTIeHUs
coJiepKaHus yriiepojia U TOYEYHOT0 XMMHUYECKOTO
cocraBa marepuana. [[ns mpoBeneHus Meraio-
rpaduyecKux uccieA0BaHui 00pa3iipl MaTepraa
OBLIM XMMHMUYECKU MpOoTpaBieHbl 4 % pacTBOpoM
a30THOW KHCJIOTHI B CIUpTE. AHAIU3 YCIOBHOIO
pa3mepa 3epHa ObLI MPOBEAEH IO CTaHJIApTHOU
MmeToguke ASTM E1382 — 97, ASTM E112.

Ji1s 6osiee TOYHOTO ONPEAEICHUS COAepKa-
HUS yriepoja B oOpaslie Marepuaia OblI MpoBe-
JeH OoOmMi aHalu3 IyTeM CXKHUraHus IMpoObI

sl

‘a)‘

Marepuana. Coxaepxanue yriepoaa 1,08 %, co-
nepxxanue cepsl 0,0004 %.

Jis onpeneneHuss MUKPOTBEPAOCTH MaTe-
pHana HCIOJIb30BAJICS ABTOMATHUECKUH MHKpO-
tBepaomep FM—300. MUKpPOpPEHTI€HOCTIEKTPaIb-
HBI aHAJIU3 TIPOBOJIMIIN C TIOMOIIBIO CKAaHUPYIO-
mero snekTpoHHoro mukpockona TESCAN
LYRA 3 ¢ cucremoii mukpoananuza Ultim MAX.

JKCIEepUMEeHT

B pesynbTare uaMepeHus: MEKPOTBEPAOCTH
oOpasiia marepuajia TOJYYCHO paclpeleieHue
MHUKpPOTBEPJIOCTH, CPEIHEE 3HAYCHUE 10 00pasiLy
paBHo 779 HV, a BONM3M 3yOuaTOii 4aCTH pOJIMKA
MUKPOTBEPJOCTH BBIIIC U B CPEITHEM COCTABIISET
835 HV, (puc. 3, Tabu. 1).
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Puc. 3. PacnipenesieHe MUKPOTBEPAOCTH 10 MaTepuasy oopasua (8 qopo:kex):
a — naHopama o0pasiia ¢ HAHEeCEHHBIMH TOYKAMHU U3MEPEHUI; 6 — rpad K pacnpeieieHiHe MUKPOTBEPIOCTH

Fig. 3. Microhardness distribution over the sample material (8 tracks):
a — panorama of the sample with the measurement points plotted; b — graph of microhardness distribution

Haykoémkue TexHOJI0THU B MaltuHOCTpoenun, Nel (163) 2025
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1. MuUKpOTBEPAOCTH MATEPHUAJIA POJINKA

1. Microhardness of the roller material

Howmep nopoxku oOpasiia
3HaueHus 1 5 3 4 5 6 7 3
Cpennee 3nauenne HV (50 r) 767 | 782 | 786 | 773 | 789 | 835 | 754 | 739
CranapTHOE OTKIIOHEHUE 204 | 256 | 21,7 | 21,3 | 17,5 | 39,3 | 51,6 | 38,8
Joseputenbublit uHTEpBaI (95 %) 733 | 9,2 | 7,93 | 7,77 | 6,51 | 14,6 | 9,27 | 8,22
OrtHocuTeNbHAs TOYHOCTD, % 096 | 1,18 | 1,01 | 1,01 | 0,83 | 1,75 | 1,23 | 1,11
Pa3max 3HaueHuit 96,7 | 107 | 78,2 | 110 | 77,4 | 178 | 309 209
[Ipu npoBeneHnH MeTaIorpaduIECKUX UC- B ce0s1 KapOuIbl, KOTOPbIE MOKHO BHJIETh Ha He-
CJIEJOBAaHUN YNAJIOCh OINPENEIUTh MUKPOCTPYK- TpaBJIEHOMN MOBEPXHOCTH (puC. 4, 2).
Typy Marepuana (puc. 4, a — 8), a TaKKe IrpaHuUlbI, Cpennuii  aumaMeTp  3€pHa  COCTaBUJI
dbopMBI W pa3sMepbl 3€peH W  BKJIIOYCHUU 3...4 MKM, 4TO TOBOPHUT O MEJIKO3EPHUCTOM CTPYK-
(puc. 4, 0, ). MUKpOCTpYKTypa IpeICTaBIIsACT CO- Type MaTepuaa.
00l METTKOUTOJIbYATBI MAPTCHCHT, BKITFOYAFOIINN

SEM MAG: 1.82 kx SEM MAG: 1.14 kx WD: 9,04 mm L LYRAS TESCAN SEM MAG: 647 x WD: 9.03 mm
View field: 108 pm View field: 182 pm Det: LE-BSE 50 pm View field: 321 ym Det: LE-BSE 100 pm
Performance in nanospace Performance In nanospace

2) 9) e)

Puc. 4. MukpocTpyKTypa N0OBEepXHOCTH 00pa3ua:
a, 6 — N300paKeHNsI MUKPOCTPYKTYPBI OBEPXHOCTH 00pasiia ¢ Kapouaamu; 6 — n300pakeHUss MUKPOCTPYKTYPBI ¥ 3HAYCHUS
MHKPOTBEPAOCTH KapOUJIOB; 2, J, e — TaHOpaMa IMOBEPXHOCTH C KaBePHAMH IOCJIE BBINABIINX BKIIOYCHUIT

Fig. 4. Microstructure of the sample surface:
a, b — images of the microstructure of the sample surface with carbides; ¢ — images of the microstructure and microhardness
values of carbides; d, e, f— panorama of the surface with cavities after the fallen inclusions

Haykoémkue TexHOJI0THU B MaltuHOCTpoenun, Nel (163) 2025
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Puc. 5. CHUMKHU IOBEPXHOCTH 00pa3ua (@) ¢ ceTKOM 115 onpejiejieHUsi pa3mMepa 3epHa (0)

Fig. 5. Sample surface images (a) with a grid for determining grain size (b)

3. Pasmepsl 3epen

3. Grain sizes

20 MKM

Benuuuna Snauckme

puc. 5, a puc. 5, 6
O01ee KOIMYECTBO H3MEPEHHBIX 3€pPEH, 71 443 703
KonuecTBo 3epen Ha 1 mm?, m 45216 71753
Cpennsist IIomaas 3epHa, a MM> 0,000022 (22 mxm?) 0,000014 (14 mxm?)
CTanmapTHOE OTKJIOHEHHUE, § 24,3 13,8
95% moBepurenbHbI mHTEpPBaA, 95% CI 2,31 1,04
OTHOCUTENBEHAA TOYHOCTE, % RA 10,4 7,5
Howmep 3epna, G 12,51 13,18
CpenHuli yCIIOBHBIN pa3Mep 3epHa, | 4,19 Mmxkm 3,33 MKkM

[Ipy mpoBeneHMM MHUKPOPEHTTCHOCTICK-
TPaJbHOTO aHAJIM3a C TIOMOIIBIO CKaHUPYIOIIETO
anekTpoHHoro Mukpockona TESCAN LYRA 3 ¢
cucreMoi Mukpoananusa Ultim MAX Obu1a nomy-
YeHa MHPOpMALHUs O TOYCYHOM XUMHUYECKOM CO-
cTaBe MaTepuasia oOpasna. XHUMHUYECKHH COCTaB
OJTHOPOJIEH 10 BceMy 00pasily, IOMOJHUTEIbHO
UCCIIEIOBaHbl BBICTYIAIOLIME pelbedHbIe Kap-
Ounbl W uepHble BKIOYeHHS (Tabm. 4). beum

MPOBECACHBI UCCIICAOBAHUA YCPHBIX BKJIIOUEHWN Ha

MOBEPXHOCTU 00pasiia, KOTOpPbIE IIPU BbINAIEHUU
00pa3yloT KaBEpHBI, Kpasi HEPOBHBIE B MEJKHX
TPEINHAX, 3TO MOXET FOBOPUTH O TOM, YTO Kap-
OuIBl BBIMATM M3 MAaTPHUIBI MEJIKOUTOIHYATOTrO
MapTEHCHTA, KOTOPBI 00J1a/1aeT BEICOKOH TBEP/IO-
CTBIO M ca0bIMU BA3KMMHU CBOWCTBAMH, T. €. MaT-
pHIIa HE MOXKET yAep>KaTh KapOHUbl.

4. Conepma}me XUMHUYECKHUX 3JICMECHTOB B MaTepHuaJjie, B MIPOLECHTAaX

4. The content of chemical elements in the material, in percentage terms

ONeMEHTHI [ToBepxHOCTD KapOust UepHble BKIIOUEHUS
Si 0,4 0,1 0,3
\Y 0,2 4,3 0,9
Cr 5.8 42,2 16,3
Mn 0,8 1,0 0,9
Fe 91,5 46,8 79,1
Ni 0,0 0,1 0,1
Mo 1,2 54 23
\ 0,1 0,2 0,0
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Oo0cy:xnenne pe3yjbTaTOB

Onupasich Ha pe3yJIbTaThl, IOTYYSHHbIE TPU
UCCIIEJIOBaHUM 3apy0eKHOro o0pas3ia, MOKHO
cenaTh BBIBOJ O 1L1e71eco00pa3HOCTH IPUMEHEHUS
OTEUYECTBEHHOI'0 MaTepHalla C aHaJOTUYHBIMU XU-
MHUYECKUM COCTaBOM U CBONCTBaMH.

Hcxons U3 MUKPOCTPYKTYpBI MaTepHaia 00-
paslia ¥ TMOJIYyYEeHHOH MHUKPOTBEPAOCTH, MOXKEM
paccMOTpeTh CTajlb UHCTPYMEHTAIBHYIO OBICTPO-
pexyuryto Mapku P18. OcHOBHOE CBOMCTBO 3TOM
CTaJIM BBICOKAs TEIIOCTOMKOCTh, KOTOpas obecrie-
YUBACTCS BBEJICHUEM BOJIb(ppama u Jpyrux Kapou-
000pa3yIoMX 3JIEMEHTOB-XpOMa, MOJIUO/ACHA,
BaHaaus. B pesynbrare jerupoBaHus HHCTPY-
MEHTBl M3 TaKUX CTaleld COXPaHSAIOT BBICOKYIO
TBEPJOCTh, JOMYCKAIOT 00JIee MPON3BOIUTEIBHBIC
PEXKHUMBI PE3aHUS, YEM U3 YIIEPOJUCTBIX U HU3KO
JICTUPOBAHHBIX CTaliell. MUKpPOCTPYKTypa OBICT-
popexyieit craiu Mmapku P18 nmocne okoHyaTennb-
HOU TepMHUYECKOH 00pabOTKU MOKET OBITh CIIETy-
fomer (puc. 6, a, 6): MapTEHCUT OTIYCKa U Tep-
BuuHble KapOunael [10]. Ilocne BbLACpKKH TpU
temriepatype 1230 °C B TeueHue 2 MUH, OXJIaXkae-
HuU B BoJe, ornycke npu 500 °C aBa paza no 1 u,
OXJaXJIECHUU B BOJAE, IOJIy4aeTcs TBEPAOCTh
841HV.

[Ipy 3TOM B MHKPOCTPYKTYpE HECKOIBKO
KPYIHBIX YaCTHUII PACTIOIOKEHHI LIerToYKaMu. Tem-
neparypa OTIyCcKa JIe)KUT B pallOHE BTOPUYHOTO
TBepaeHUsA. OUeHb MEJTKOIUCIIEPCHBIE BbIACIICHUS
BBI3BIBAIOT NIOTEMHEHUE CTPYKTYphl. Pacronoxe-
HUE KapOWJOB BaHAAMS YyKa3blBaeT HAa OpPHUEHTA-
A0 UCXOHBIX MAPTEHCUTHBIX Uil KapOub! Ba-
HaJusi HAaCTOJIbKO MEJIKM, YTO HEBO3MOXKHO CYy-
TuTh 00 ux Gopme. CBeTIble U KPYTJIbIE YaCTUIIbI
COOTBETCTBYIOT KapOuaam tuma MesC. [lns
YMEHBIIICHUST KapOWJAHOW HEOJHOPOJHOCTH |
YIIyYIIEHUS SKCIITyaTalliOHHON CTOWKOCTH MaTe-
pHAJIOB PEKOMEHIOBAHO HCIIOJIH30BAHHUE TMOPOIII-
KOBBIX TEXHOJIOTHIA.

IIpy cpaBHEHMM XMMHUYECKOTO COCTaBa MC-
clieyeMoro Mmatepuaina (coiepaHue yriepoaa
1,08 %), co cipaBOYHBIMU TaHHBIMH OBLIO BBISIB-
JICHO, YTO OJMKaUIIMMU U3 IIUPOKO MPUMEHUMBIX
aHAJIOTOB MOTYT OBITH TOJIIMITHUKOBBIC CTaJH
(Tabmn. 5). MuUKpOCTPYKTypa MaTepHraia ucciaeao-
BaHHOr0 OO0pa3lla aHaJOTUYHA MHUKPOCTPYKTYpe
mapukonoamunHaukoBoi cranu IX15 nocne 3a-
KaJIKU C HU3KUM OTIyCKOM (pHC. 6, 8), C MHUKpPO-
CTPYKTYpPOI1, COCTOSIIIEH U3 MApTEHCUTA UTOJIbYa-
TOTO ¢ yacTuIlamMu kapouaos [10].

5. XuMH4YecKHH COCTaB CILJIABOB

5. Chemical composition of alloys

DJIeMEHTBI 9X5B® X6BD P18 IX15
Si 0,1...0,4 0,15....0,35 0,2...0,5 0,17...0,37
A% 0,15...0,3 0,5...0,8 1...14 0,17...0,37
Cr 4,5...5,5 5,5...6,5 3,8...44 1,3...1,65
Mn 0,15...0,4 0,15...0,4 mo 0,5 0,2...04
Fe ot 90,4 ocTajbHOE ocTajabHOE ocTajbHOE
Mo - mo 0,3 mo 1,0 -
w 0,8...1,2 1,1...1,5 17...18,5 -
Ni - mo 0.35 mo 04 mo 0,3
C 0,85...1 1,05...1,15 0,73... 0,83 0,95...1,05
S 1o 0,03 o 0,03 o 0,03 1o 0,02
P no 0,03 mo 0,03 o 0,4 mo 0,027
Cu - mo 0,3 - no 0,25
Co - - mo 0,5 -
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Puc. 6. CTpykTypa CX05KMX MAPOK CTAJICH:

a, 6 — cranb P18 mocne otmycka; 6 — ctanp [IIX15 mocrne 3akanku ¢ HU3KUM OTIyCKoM, yBenuaerue x 1000

Fig. 6. The structure of similar grades of steels:

a, b — HSS 18 after temper; ¢ — roller-bearing steel Crl5 after quenching with low tempering, an increase of x1000

Tak OnM3KUM MaTepuaIoM, HUMEIOUIUM
CTPYKTYpPY MEJKOUIOJbYaTOr0 MAapTeHCUTa C
BKJIIOUEHUSIMU KapOUI0B, SIBISETCS MOAIITUITHUKO-
Bas ctanb LIX15, 11 koTopoit XapaKkTepHbI BbI-
COKasl TBEPAOCTh, U3HOCOCTOMKOCTD, COIIPOTUBIIE-
HUE KOHTAaKTHOW YCTaJOCTH B COYETAHHM C XOPO-
II€H BSI3KOCTBIO MOCIIE CIOKHON TEPMUIECKOM 00-
paboTku (3akasika c TEeMIIepaTyphl
840...860 °C B macno, Harpetoe 10 60 °C, oTnyck
mpu 150...170 °C). D11 BeIroHBIE HAM CBOWCTBA
MO3BOJISIIOT pekoMeHaoBaTh cranp [IIX15 B kaue-
CTBE aHaJIora 3apy0eKHOT0 MaTepuana poJiuKa.

Hcexons U3 XuMUYECKOro cocTaBa MCCIeno-
BaHHOr0 0o0Opa3lia, B Ka4ecTBe MaTepuaia — 3aMe-
HUTEJIS MOTYT OBbITh HCIIOJIb30BaHbI CTallb HHCTPY-
MeHTaJIbHas JierupoBaHHas 9XSB® u cranb uH-
cTpyMeHTanbHas mramnosas X6B®. [1pu cpaBHe-
HUU MUKPOCTPYKTYpPbI MaTepuaia oopasia ¢ yno-
MSIHYTBIMU CTQJIIMU TIPU OLIEHKE KapOUIHOW He-
OJIHOPOJHOCTH OTOXKKEHHBIX 00pa3I0OB CTAIN BU-
UM COOTBETCTBHE co IIKAJIOU 2
TI'OCT 5950-2000, . e. ci1abo BhIpasKeHHAS MOJIO-
CYaTOCTh, TOHKHE CTPOUKHU KapOUIOB. DTH CTaU
HOJIXOJAT MO TBEPAOCTH U MEXAaHUYECKUM CBOM-
CTBaM, UCIIOJIb3YIOTCS JUIsl U3TOTOBJIEHUS HOXKEH,
UHCTPYMEHTA JUIsl XOJI0IHOM ehopManiuu.

3akao4eHue

Taxum 006pa3zom, B pe3ysibTaTe UCIOIb30Ba-
HUSl METAIO(U3NYECKHX METOJOB AaTTeCTaluu
METAIIMYECKUX MaTepuasIoB IMPeaoKEeHbl IMOJ-
XO/JIbl K pEIICHNIO TPO0OIIeMbl BEIOOpA OTEUECTBEH-
HBIX MaTEPUAJIOB JJIsl U3TOTOBJICHUS POJIMKA POJIH-
KOBUHTOBOHW Ieperayl B paMKax HMMIIOPTO3aMe-
IIEHUS.

[IpuMeHsIHCh SKCHIEpUMEHTAIbHbIN U aHa-
JUTUYECKUA MeTo/Ibl BbIOOpa MaTepualioB C

TpeOyemMbIMU XapakTepucTukamu. [Ipu BbeiOOpe
MaTepuaia ObUTM UCTIOIb30BaHbl 3a/laHHbIE HAMU
ornpezeNieHHbIe TPeOOBAHUS K CAMOMY MaTepuay.
3areM 3TH TpeOOBaHMUA MBI CPAaBHWIM CO CBOWA-
CTBaMHU MaTE€pHUaJIOB, U3BECTHBIMU U3 JINTEPATYp-
HBIX HWCTOYHUKOB WJIM IOJIyYEHHBIMH B PE3YJIb-
TaTe UCTIBITaHUA. B uTore Obun 0TOOpaHBI MaTe-
pHalibl, yAOBJIETBOPSIOUIME BCeM CchHOpMyIHpo-
BaHHBIM TPEOOBAHUSIM.

B pesynbTare uccieqoBaHus HOMYYUIH Clie-
IYIOIIME KPUTEPUU: XUMHUYECKUN COCTaB HCCIIe-
qyeMoro Marepuana (comep)kaHue —yriiepoja
1,08 %, uTO cpa3y UCKIHOYAET IPUMEHEHHE A30TH-
poBaHMsI), MUKPOCTPYKTYpPY Marepuajia odpasia
(MEnKOUronbuaThlii MapTEHCUT C BKIIIOYEHUSMU
KapOMIOB), a TakXKe MHUKPOTBEPAOCTh (CpenHee
sHauenue 779 HV, BOmu3m 3yOuaToil 4acTu po-
JMKa MUKPOTBEpIOCTh coctaBisieT 835 HV). lns
JanbHenIel pa3paboTKu U3TOTOBICHUS! POJIMKOB
POJUKOBUHTOBOM Tepeaud ObUTHM  BBIOpAHBI
HanOoJsiee TEPCIEeKTUBHBIC CIIEAYIONINE OTede-
CTBEHHBIE MaTepHUabl: I10CJIE COOTBETCTBYIOIIEH
TEPMUYECKOH 00paboTKM Tpedyemble CBOICTBa
MOTYT IOKa3aTh ObICTpopexymas crtaib P18, mox-
munaukoBas cranb IIX15, uHCTpymMeHTanbHas
JerupoBaHHas ctaib 9XSB® u UHCTpyMEHTasb-
Has mTamIoBas craib X6BO.

[TpakTHyeckas 3HAUUMOCTb PAOOTHI COCTOUT
B IPEUIOKEHHOM METOZe 1M0A00pa OTeUeCTBEH-
HOT'0 MaTepuaia BMECTO 3apy0eKHOTO C OXO0/5-
LIMMH 10 MUKPOTBEPAOCTH, MUKPOCTPYKTYPE, XU-
MHYECKOMY COCTaBy M CBOMCTBaM. Marepuansl
cTaThy OyIyT MOJE3HBIMH B O0OJIACTH MAaIIMHO-
CTPOEHUS, HANpUMEpP, B BJIEKTPUYECKOH CTpOU-
TEIbHOU TEXHUKE, aBUAIIMOHHOW U KOCMHUYECKOU
MIPOMBIIIJICHHOCTH, SHEPTEeTUKE U JIP.

Haykoémkue TexHOJI0THU B MaltuHOCTpoenun, Nel (163) 2025
«Science intensive technologies in mechanical engineering», Nel (163) 2025 15



MartepuaJioBe/ieHHe B MAIIMHOCTPOCHUH
Materials science in mechanical engineering

CIIMCOK JIMTEPATYPbI

1. Anexcannn C.A. u ap. IlepcnekTHBbI pa3BUTHS TEX-
HOJIOTUH ¥ PHIHKA IPUBOJHBIX PELICHUI: Kyla ABMKETCS MPH-
Boj // CoBpeMeHHBIE TexHOJOrHM yrpasnenus. 2013. Ne. 11
(35).C. 1-12.

2. YBapos M.M., Maraues P.P. Anropurm otpaboTkn
TEXHOJIOTUU HU3IOTOBJICHUS ACTAIN pOHHKOBHHTOBOﬁ Tiepe-
Jla4yr Ha TokapHoM aBroMmare «l1IBetiriapckoroy tuma / Merai-
noo6padotka. 2014. Ne. 4 (82). C. 45-49.

3. DeKTpoMexaHn4ecKHe IPUBOIbI [ DNEeKTPOHHBIH pe-
cypc] URL: https://szd-e.ru/elektromekhanicheskie-privody-
emp/ (nata oOparenus 06.10.2024).

4. IIpombinieHHOCTh — Exlar [DnexTpoHHBIH pecypc|
URL: https://www.cw-actuation.com/en-gb/industries (nara
obparrenus 06.10.2024).

5. PomnkoBunToBble nepenaun SKF karamor [Onek-
TPOHHBIH pecypc] URL:
https://avsnab.ru/uploads/manufacturer document/file/699/PB
IT SKF.pdf (mata oOpamenus 06.10.2024).

6. UBanenko A.O., TyabkoBa HU.A., YBapos M.M.
TexHoIOrHYECKHE 0COOEHHOCTH a30THPOBAHUS PE3bOOBBIX T10-
BEPXHOCTEH OTBETCTBEHHBIX JIETaJeil 3IEKTPOMEXaHHIECKOTO
npuBoza // Mi3Bectus BhICIIMX yueOHbIX 3aBeneHuu. [Ipubopo-
crpoerne. 2018. T. 61. Ne. 4. C. 360-367.

7. Husson R. et al. Consideration of residual stress and
geometry during heat treatment to decrease shaft bending //The
International Journal of Advanced Manufacturing Technology.
2014. T. 72. C. 1455-1463.

8. Kykcenosa JL.U., AnexceeBa M.C., Kozios /I.A. 3a-
BUCHMOCTb TI0Ka3aTesledl 3KCIUIyaTallMOHHBIX CBOWMCTB a30TH-
POBaHHBIX CTaJlell OT CTPYKTYPHOTO COCTOSIHHS TIOBEPXHOCT-
Horo ciosi / HaykoeMKHe TEeXHOJIOTMH B MAIllMHOCTPOCHHH.
2023. Ne 3 (141). C. 23-37. DOI 10.30987/2223-4608-2023-
23-37. EDN BRVZVU.

9. Ilerposa JLI'., Benamosa U.C. T'azonuxnuueckue
MPOIIECCHl XMMUKO-TEPMHUYECKOH 00pabOTKHU: peryJiMpoBaHue
CTPOCHUSI a30TUPOBAHHOTO CJIOSI B JKeJie3e U ctaysix // Hayko-
E€MKHe TEeXHOJOTHH B MammHocTpoeHun. 2024. Ne 7 (157).
C. 3-14. DOI 10.30987/2223-4608-2024-3-14.  EDN
SOPPKT.

10. ATyIac MUKPOCTPYKTYp UYEPHBIX U LIBETHBIX METAJLIOB
Y CIUIABOB: YUIe€OHOE HATJISTHOE ITOCOOHE ISl CTYICHTOB BY30B
rpymmsl crienpansHocTeit 74 06 Arpounmkenepust / BIATY,
Kagenpa Texnonorun MeTaimios; [cocT.: A. A. AHIpyIIeBHY U
np.]. Munck, 2012. 97 c.

11. Cranb uHCTpyMEHTaIbHas OBICTpOpEXKyIIas [DIek-
tporHEIA pecypc| URL: https://markmet.ru/strukturi-stalei/386
(mata obpamienust 21.10.2024).

REFERENCES

1. Aleksanin S.A. et al. Prospects for the development of
technology and the market for drive solutions: where is the drive
heading // Modern control technologies. 2013. No. 11 (35).
P. 1-12.

2. Uvarov M.M., Magdiev R.R. Algorithm for develop-
ing the technology for manufacturing a roller-screw transmis-
sion part on a Swiss-type lathe // Metalworking. 2014. No. 4
(82). P. 45-49.

3. Electromechanical drives [Electronic resource] URL:
https://szd-e.ru/elektromekhanicheskie-privody-emp/ (accessed
06.10.2024).

4. Industry — Exlar [Electronic resource] URL:
https://www.cw-actuation.com/en-gb/industries (date of access
06.10.2024).

5. Roller screw drives SKF catalog [Electronic resource]
URL: https://avsnab.ru/uploads/manufacturer _docu-
ment/file/699/PBI1_SKF.pdf (date of access 06.10.2024).

6. Ivanenko A.O., Tulkova I.A., Uvarov M.M. Techno-
logical features of nitriding of threaded surfaces of critical parts
of an electromechanical drive // Bulletin of higher educational
institutions. Instrument engineering. 2018. Vol. 61. No. 4. P.
360-367.

7. Husson R. et al. Consideration of residual stress and
geometry during heat treatment to decrease shaft bending // The
International Journal of Advanced Manufacturing Technology.
2014. Vol. 72. Pp. 1455-1463.

8. Kuksenova L.I., Alekseeva M.S., Kozlov D.A.
Dependence of performance indicators of nitrided steels on the
structural state of the surface layer // Science intensive technol-
ogies in mechanical engineering. 2023. No. 3 (141). Pp. 23-37.
DOI 10.30987/2223-4608-2023-23-37. EDN BRVZVU.

9. Petrova L.G., Belashova 1.S. Gas-cyclic processes of
chemical-thermal treatment: regulation of the structure of the ni-
trided layer in iron and steels / Science intensive technologies
in mechanical engineering. 2024. No. 7 (157). P. 3-14.
DOI 10.30987/2223-4608-2024-3-14. EDN SOPPKT.

10. Atlas of microstructures of ferrous and non-ferrous
metals and alloys: a teaching aid for university students of the
group of specialties 74 06 Agroengineering / BSATU, Depart-
ment of Metal Technology; [compiled by: A. A. Andrushevich
et al.]. Minsk, 2012. 97 p.

11. High-speed tool steel [Electronic resource] URL:
https://markmet.ru/strukturi-stalei/386 ~ (date ~ of  access
10/21/2024).

Bknao aemopoe: Bce aBTOPHI CAETaN SKBUBAJICHTHBIN BKJIAJ] B TOATOTOBKY ITyOJIMKAIIUH.
ABTODBI 3asBJISIOT 00 OTCYTCTBUM KOH(DJIUKTA MHTEPECOB.

Contribution of the authors: the authors contributed equally to this article.

The authors declare no conflicts of interests.

Crates noctynuna B penakuuto 10.11.2024; onoOpena nocne penensupoBanus 30.11.2024; npunsra

K nmyonukanuu 12.12.2024.

The article was submitted 10.11.2024; approved after reviewing 30.11.2024; assepted for publication

12.12.2024.

Haykoémkue TexHOJI0THU B MaltuHOCTpoenun, Nel (163) 2025
16 «Science intensive technologies in mechanical engineering», Nel (163) 2025



