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Annomayusn. Be10op 3QPEKTUBHBIX METOIOB M yCTPOWCTB ISl TOBEPXHOCTHOTO YIPOYHE-
HUSI IEPEBOPEXKYIINX HHCTPYMEHTOB 3aTPY/IHEH M3-3a Pa3HOOOpa3ms nX KOHCTPYKIMH U yc-
JIOBHH KCIUTyaTaIlld. B ¢Bs3M ¢ 9THM pa3paboTka TaKUX yCTPOHCTB CTAHOBUTCS aKTyaIbHON
3agadeil. [lo maHHBIM JTUTEpaTYpHl, OMHUM U3 3()(HEKTUBHBIX CIOCOOOB MOBBIMICHHUS CPOKA
CITy OBl ZieTasieil MallinH ¥ HHCTPYMEHTA SIBIISIETCS 3JIEKTPOMCKPOBOE YIIPOUHEHHUE, UITH HIIEK-
TPOMCKPOBOE JIETUPOBaHME. I HEro NMPHUMEHSIOTCS TPOMBIIUICHHBIE 3JIEKTPOUCKPOBBIE
yctanoBku Tna «9OW» 1 «OnmuTpoH» ¢ pydHsIME BuOparopamu. OIHAKO WX MCIIONB30Ba-
HHE CYIIECTBEHHO YBEIMUUBACT TPYAOEMKOCTh U BpeMst yripouHeHus. Kpome Toro, kauecTBo
TIOBEPXHOCTH TOCJIE YNPOYHEHHUSI 3TUM CIIOCOOOM YacTO OBIBAET HEYHOBICTBOPHTEIBHBIM.
C menpi0 yMEHBIICHHS TPYJOEMKOCTH 3JIEKTPOMCKPOBOTO YIPOYHEHHS pa3paboTaHbl pas-
JIMYHBIE MEXaHU3HPOBaHHBIE YCTaHOBKU. OIHAKO MOOOHBIE YCTAHOBKY IPETHA3HAUCHBI IS
YIPOYHEHMSI KOHKPETHBIX JeTaled W HE MO3BOJISIOT YHPOYHSATh MHCTPYMEHTBHI PA3INIHBIX
KOHCTPYKIMH, B TOM YHCIIE U IepeBopexyue. KauecTBo MOBEPXHOCTH MOCIE YIPOTHEHHS
Ha MEXaHM3MPOBAHHBIX YCTAHOBKAX HE BCEINA YJOBIETBOpsET moTpedutens. st ymyudre-
HUSI CBOMCTB TOBEPXHOCTH TIOCIJIE JNIEKTPOMCKPOBOTO YIPOYHEHHUS 3a49aCTyI0 HCIIOIB3YIOT
JIONIOJTHUTENBHYI0 00pab0TKy METOAAMH TTOBEPXHOCTHOTO IJIACTHYECKOTO AehopMupoBanus,
TaKUMH KaK OOKaThIBAHUE W pacKaTbIBAHHE POJMKAMHU U IMIAPUKAMM, a TAKKE aIMa3HOE BBI-
maxuBaHne. KauecTBO MOBEPXHOCTH MOCIE JOMOJIHUTENEHONH 00paO0TKN STUMH METOAMH
CYIIECTBEHHO TMOBBIMIAETCS, OAHAKO BO3PACTAIOT TPYIOEMKOCTh U C€0ECTOMMOCTH TIpoIecca
ynpouHeHust. st yBenn4eHuss H3HOCOCTOMKOCTH JieTaneil MallliH ¥ MHCTPYMEHTA IeNeco-
00pa3HO CHMXEHHE BBICOTHBIX ITapaMETPOB IIEPOXOBATOCTH, MOBBINICHNE MUKPOTBEPIOCTH,
(hopMUpOBaHHE OCTATOUHBIX HANPSDKEHUI CHKAaTHsl, 9TO 00ECIICUMBACTCS METOIaMU MTOBEPX-
HOCTHOTO IDTacTHYecKoro aedopmupoBanns. OTCIoAa BBHITEKAeT HEOOXOIMMOCTh TIPUMEHE-
HUSI JJIEKTPONCKPOBOTO YIIPOYHEHHS OJJHOBPEMEHHO C MOBEPXHOCTHBIM IIIACTHYECKHUM JIe-
¢dopmuposanueM. VccinenoBaHbl KOHCTPYKIUS M OCOOGHHOCTH HMCIOJIB30BAHHSI yCTPOHCTBA
JUIsl YIIPOUHEHHS UHCTPYMEHTA. YCTPONUCTBO NMPUMEHSUIM JUIsl YIIPOUHEHMsI HOXKEN peiicMmy-
COBOTO CTaHKA, YTO ITO3BOJIMJIO TIOBBICUTH X cTOHKOCTh Ha 100 %. ITo cpaBHEHUIO C HIeK-
TPOMCKPOBBIM YIPOYHEHHEM PYYHBIM BHOPATOPOM OHO CHHMIKAET IIEPOXOBATOCTH YIIPOUHEH-
HOW TIOBEPXHOCTH U YBEJIIMYMBAET KaYeCTBO 0OPaOOTKH 3arOTOBOK. YCTAaHOBIJICHBI PEKHMBI
YIpOYHEHHs, O1arofapst KOTOPHIM BO3MOXKHO 3()(EKTUBHO YIPOUHSTD JIEPEBOPEKYIIHE HH-
CTPYMCHTBHI.
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Abstract. Choosing effective methods and devices for surface hardening of wood-cutting
tools is problematic due to the variety of their designs and operating conditions. In this regard,
the development of such devices becomes an urgent task. According to the literature, one of
the effective methods for increasing the service life of machine parts and tools is electrospark
hardening or electrospark alloying. Industrial electrospark installations such as “EFI”
(electrophysical measurements) and “Elitron” with manual vibrators are used for electrospark
hardening. However, using manual vibrators significantly increases the labour intensity and
hardening time. Moreover, the surface quality after hardening with manual vibrators is often
unsatisfactory. Various mechanized installations have been developed in order to reduce the
labour intensity of electrospark hardening. Nevertheless, these installations are designed to
harden specific parts and do not allow hardening tools of various designs, including wood-
cutting tools. The surface quality after hardening in mechanized installations does not always
satisfy the customer. Further surface plastic deformation treatments, such as rolling and
unrolling with rollers and balls, as well as diamond burnishing, are often used to improve the
surface quality after electrospark hardening. The surface quality after additional processing by
these methods boosts, although the labour intensity and cost of the hardening process increase.
To increase the wear resistance of machine parts and tools, it is reasonable to reduce the height
parameters of roughness, increase microhardness, and form the residual compressive stresses,
which is ensured by the methods of surface plastic deformation. In this regard, it becomes
necessary to use electrospark hardening simultaneously with surface plastic deformation. The
work presents the design and features of using the device for hardening. The device was used
to strengthen the thicknesser machine knives, which made it possible to almost double their
durability. Applying this device, in comparison with using the electrospark hardening with
a manual vibrator, reduces the roughness of the hardened surface and improves the surface
quality of the processed workpieces. The modes of hardening have been installed, making it
possible to effectively harden wood-cutting tools.

For citation: Buglacv A.M. Device for Wood-Cutting Tool Hardening. Lesnoy Zhurnal [Russian
Forestry Journal], 2021, no. 5, pp. 134-141. DOI: 10.37482/0536-1036-2021-5-134-141

Keywords: electrospark hardening, wood-cutting tool, roughness, hardening modes, durability
of wood-cutting tools, device for wood-cutting tool hardening.
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Beeoenue

JlepeBopexymiie HHCTPYMEHTHI, TaKue KaK CTPOTajbHBIE HOXH, HOXHU Peii-
CMYCOBBIX U ()YyTOBAJIBHBIX CTAaHKOB, (hpe3bl, pabOTAIOT B JIOBOJIBHO CIOXKHBIX YCIIO-
BHSX: BBICOKHE CKOPOCTH PE3aHHs U yIapHbIE HAarpy3KH, BOBMOKHOCTD TOTIaJaHHs
a0pa3vBHBIX YACTHII B 30HY PE3aHUs — YTO NMPUBOAMT K UX OBICTPOMY 3aTYIUICHHUIO
[1-4, 11, 17-20, 25-29]. B cBsi3u ¢ 3TUM TIpo0IeMa MOBBIIICHUS] CTORKOCTH JTAHHBIX
WHCTPYMEHTOB TPeOyeT YCTaHOBICHHS METOJIOB UX YITPOUHECHHUSI.

OpnanM U3 3PPEKTUBHBIX METOJIOB MOBBIIICHHS CTOWKOCTH JIEPEBOPEKYIIIHX
MHCTPYMEHTOB SIBJIAETCS JIEKTPOHUCKPOBOE YNPOYHEHHE C HCIOJIb30BAHHUEM IpO-
MBIIUIEHHBIX yCTaHOBOK «DDW» u «Dmutpon» ¢ pydnsiM BuOparopoM. OmHako
ATOT METOJI MMEET CYIIECTBEHHBIH HEJNOCTATOK — 3HAYUTENBHYIO IIEPOXOBATOCTh
YIPOYHEHHOH MOBEpXHOCTH, Ra 2,5 MKM u Gosee, 4TO OTPHLATENBHO CKa3bIBACTCS
Ha CTOWKOCTH HHCTPYMEHTOB M KaueCcTBe 00paboTaHHBIX aeraneit [5-16, 21, 22, 30].

[IpumeneHrne MexaHU3UPOBAHHBIX YCTAHOBOK MPH 3IEKTPOUCKPOBOM yIIPOUYHE-
HUH HE BCETJa BOBMOKHO M3-32 0COOCHHOCTEH KOHCTPYKIMH YIPOUHSEMBIX AeTalel
MAIIIH 1 JepEBOPESKYIIEro HHCTpyMeHTa [23]. KauecTBo M M3HOCOCTOMKOCTE TTOBEPX-
HOCTeH nocie 00paboTKK Ha MEXaHU3UPOBAaHHBIX YCTAHOBKAX OCTAETCSI IPUMEPHO Ta-
KHM K€, KaK ¥ TI0CJIE DJIEKTPOUCKPOBOTO YIIPOYHEHHSI C PyYHBIM BHOPATOPOM.

JononanTensHas 00paboTKa MoCIie MEKTPOMUCKPOBOTO YIIPOUYHEHHS METOJAMHA
MTOBEPXHOCTHOTO TIACTUYECKOTO0 JiehopMupoBaHsl (0OKaTEIBAHUE, paCKaThIBAHUE, all-
Ma3HOE BBIMIAKMBAHKE) TPUBOIUT K TOBBIIICHUIO TPYAOEMKOCTH U C€0ECTOMMOCTH
yrnpodyHeHus [24], TOPTOMY BO3HHKAET HEOOXOIUMOCTh Pa3pabOTKU M MUCCIISIOBAHUS
METOJIOB U YCTPOWCTB ISl YIIPOUHEHUS JIEPEBOPEKYIIETO HHCTPYMEHTA.

Obwvexmbl u Memoobl UCCIE008AHUSL

PazpaboraHo ycTpoiicTBO Ui YyIPOUHEHHsI IEPEBOPEKYIIETO HHCTPYMEHTA,
[IO3BOJISIOIIEE YMEHBIIUTH IIEPOXOBATOCTh YNPOYHEHHBIX MOBEpXHOCTEH Ra 10
0,16-0,32 MKkMm.

YcTpoicTBO (CM. PUCYHOK) TIPEICTABISET COOOM MUCK-3IEKTPOa [, M3rOTOB-
JICHHBIN U3 JICTHPYIOIIEr0 MaTepraia, U IUCK 2, Ha KOTOPOM 3aKPETUICHBI POIHKH 3.
JIMCK-31eKTPO/T M TUCK, U30JIMPOBAHHBIE IPYT OT APYyTa MPOKIAJKOH 4, yCTAaHOBJICHBI
Ha AIIACTUYHOM BTYJIKE 5 M CKPETICHBI O0JITaMK 6, H30JIUPOBAHHBIMH OT JHCKa-3JICK-
Tpoza, a Takxke raikamu 7. ONBITHBIM IIyTEM YCTaHOBJICHBI OIITUMAIIbHBIE pa3Mephl
ponnkoB: auametp — 10—20 MM, paguyc pabodeii gacTu — 2—4 MM, BETHMYNHA BbUIETA
pomukoB — 3—5 mMm. Pagmyc paGoueil qacTu qucKa-3IieKTpoa mesecooOpa3HoO BhIMOI-
HATH PaBHBIM paJinyCy pabouell 4acTu pOIUKOB, CKOPOCTh BPAICHUS MHCTPYMEHTA
8-30 m/c.

[TonmokuTenpHbIN MOTIOC UCTOYHUKA MUTAHUS TOJKIIIOUAIOT Yepe3 NPy UHY §
Y MIETKY 9 K MOBEPXHOCTH JIMCKA-3JIeKTPo/ia (aHOM), OTPHUIIATEIbHbII — K 00padaThI-
BaeMoi getayn (KaTomy).

DopMHpOBaHHE TTOKPHITHS OCYIIECTBIISIOT CICSAYIOIINM 00pa3oM: HHCTPYMEHT
3aKPEIUISIOT Ha BaJTy CIICIMAIBHOTO TIPHBOJIA WM CEPUITHOTO CTaHKa (HanpuMep dpesep-
HOT0), TTOJICOEIUHSIOT K ICTOYHUKY ITUTAHMUS ¥ BKITFOYAIOT IPUBOJT BpaIlieH s Aucka. [Ipu
BpaIlleHUM MHCTPYMEHTA BBICTYMAIONMN HaJ TOBEPXHOCTBIO JMCKA-3JIEKTPOsia POSTHK
Pa3MBIKaeT IeMb «aHoa—Karomy. [ Ipr 3ToM BEICBOOOXKTaeTCS pa3ps, COMPOBOKIAIOIINI-
Csl IEPEHOCOM MaTepualia JIFicka Ha TIOBEPXHOCTh JIETAlH, M MPOUCXOHT TIOCIEyToIee
MIOBEPXHOCTHOE TUIACTHYECKOE Je(hOpMUpOBaHNE HE3ACTHIBILIETO ITOKPHITUS POIAKOM.
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Cxema YCTpoﬁCTBa JUTA YIIPOYHEHUS ACPEBOPECIKYLICTO NHCTPYMECHTA

Diagram of a device for hardening wood-cutting tools

[lon nelicTBHEM >IAaCTUYHOM BTYJIKHU MOCJE BBIXOJA POJIUKA U3 KOHTAKTA C JETAIbIO
BOCCTAHABIIMBACTCS KOHTAKT C HEM AMCKA-31EKTPOAA U 3aMBIKACTCS LEb «aHOA—Ka-
Toa». B mpouecce 3aMbIKaHUsI IPOMCXOIUT HOBBIM MCKPOBOH paspsii, oOecreunBa-
IOLIUI MEPEeHOC Ha MOBEPXHOCTH JIETaIM HOBOHM MOPLMH JIETHPYIOLIETro Marepuara,
COTIPOBOXKIAIOIIMNCS BBITNIAXKUBAHHEM HAaHECEHHOTO CJIOS POJIMKOM IIPH TPOXOKIe-
HUU TOKa 4YE€pe3 ydyacTOK KOHTakTa. JIBMKEHHE MOoJauu JAETald OTHOCUTENIBHO HH-
CTPYMEHTA MPOU3BOJAT BPYUHYIO I MEXaHUYECKH OT IMPUBOAA CTAHKA.

OnucaHHOE YCTPONCTBO MCIOJNB30BaIM Ui YNPOUHEHUS CTaHJAPTHBIX
HOXKEH pEeHCMyCOBOTO CTaHKa, HM3TOTOBIEHHBIX u3 cramu X6B®d, mo ux 3an-
HEW TOBEPXHOCTH, Ha pacctosHue 10-15 MM, HauMHas OT peXyHEH KpPOM-
KM, C WCIOJBb30BaHUEM OHIIEKTPOMCKPOBON YCTaHOBKH «IJIUTPOH 22A» H TO-
pusoHTaIbHO-(ppe3epHoro cranka OP82II. VcmelTaHWe HOXEH BBITIONHSIN Ha
peiicmycoBom ctanke CP6-7 mpu 00pabOoTKe COCHOBBIX 3arOTOBOK B TeUeHHE 8 4.
Ha HOXEBOI1 Ban ycTaHAaBIMBaJIM YIIPOYHEHHBIH U HEYNIPOUHEHHBIH HOXH, 4TO I10-
3BOJISIIO TECTHPOBATh MX B OJMHAKOBBIX YCIOBHUAX. MI3HOC HOXKEHl ompenensiu mo
M3MEHEHMIO PAINyCa PEXKYyIIeH KpOMKH Ap U IIMPUHBI Ad, 3aMEPEHHBIX JI0 U MOCIIe
ucnbpITaHuil. Pamnyc pexyiel KpOMKH HAXOIWIH C TIOMOIIBI0 HHCTPYMEHTAIBHOTO
MHUKPOCKOIIA 10 €€ OTIEYaTKy Ha CBUHIIOBOM IUIACTUHE, IIUPUHY HOXKA — HA OIITHYE-
ckoM muHoMepe M3B-2.
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Pesynomamot uccredosanus u ux oocyscoenue

HcnpiTanus mokaszajid, 4To 3Ha4yeHUue Ap HEYNPOUHEHHBIX HOXKEU COCTaBUIIO
48-54 MKM, a yIpoyHEHHbIX — 27-32 MKM, Aa paBHa 86—92 MKM y HEYIPOUHEHHBIX
1 47-63 MKM y YIPOUHEHHBIX HOKEH. DTH JaHHBIE CBUJIETENBCTBYIOT O CHU)KEHUU
M3HOCA HOXKEH peHCcMyCOBOIO CTaHKa MOCje YHPOYHEHHsI C TOMOIIbIO ONHMCAHHOIO
ycTpoiictBa. JlanbHeias sKcIulyaralus YIPOYHEHHBIX HOXEH IoKaszaia, 4To MX
CTOMKOCTB COCTaBJISIET B CpeAHEM 16 1, B TO BpeMst KaK HEYTIPOYHEHHBIX — TOJBKO § d.

ONEeKTPOUCKPOBOE YIPOUHEHHE HOXKEH PelicMyCOBOIO CTaHKa C Py4HBIM BH-
OpaTopoM TaKKe MO3BOJIAET YBEIMUUTD UX CPOK CIIy>KObI 10 16 4, onHako Ha 0Opabdo-
TaHHBIX MOBEPXHOCTSIX 3arOTOBOK BHU3yalbHO MOKHO HaOmionaTh pucku. [Ipuannoii
UX TOSIBICHUS, KaK OBbUIO YCTaHOBJICHO, SIBJISIFOTCSI BBICTYIIBI-ILIEPOXOBATOCTH, CHOP-
MHPOBABIINECS MTOCIE YIPOYHEHUS HOXKEN IIEKTPOUCKPOBBIM METOZIOM C ITOMOIIIBIO
pyuHOTO BHOparopa.

AHam3 pe3ylbTaToB UCCIIEI0BAHUM TO3BOJIMII YCTAHOBUTh PEXKHMMBI YIIPOUHE-
Hus: HanpspkeHue — 28-32 B; pabounit Tok — 0,9-1,0 A; ckopocTh mofgayun — 4—5 m/c;
YHCII0 MPOXOA0B — 4—5; CKOPOCTh BpallleHHs! AIEKTpoga-nHcTpyMeHnTa — 8—30 m/c;
MaTepuasl JucKa-anekrpona — TBepabii cma BK60OM, BK6, BK8; marepuan ne-
(hopmMupyromux poauKoB — TBepasli crutaB BK20, BK25.

Raxnouenue

[ToBepxHOCTHOE YIIPOYHEHHE AECPEBOPEKYIIUX UHCTPYMEHTOB SIBISIETCS d(¢-
(eKTHBHBIM CIIOCOOOM TOBBIMICHHS X CpOKa CITy:kKObl. OHAKO 1eTIeco00pa3HOCTh
MIPUMEHEHUS TOTO MIIM UHOTO METO/Ia MIOBEPXHOCTHOTO YIIPOYHEHHS BO MHOTOM 3a-
BUCHUT OT KOHCTPYKLIMM HHCTPYMEHTA, TEXHOJIOTUH €TI0 U3TOTOBJICHUS], YCIOBUH JKC-
Iutyataiuu. B cBsi3u ¢ 3TUM BO3HHMKAET HEOOXOJUMOCTb AAaJbHEHIINX UCCIEJOBAHUN
C LEeIbI0 Pa3pabOTKK M COBEPIICHCTBOBAHMUS METOIOB IIOBEPXHOCTHOTO YIIPOUHEHHS,
000PYIOBaHHS U YCTPOHCTB [Uis 9 (HEKTUBHOTO MPUMEHEHHUS STHX METO0B. Pe3yib-
TaThl UCCIICAOBAHUN MOTYT OBITh MCIIOIB30BaHbI Ha MPOU3BOJCTBE /ISl OBBIIICHHS
CTOHKOCTH JIEPEBOPEIKYIIEr0 MHCTPYMEHTA U CO3TIaHNUS OAHKOB TaHHBIX ISl BEIOOpPA
METO/la YIPOUYHEHHUS IEPEBOPEKYILETO HHCTPYMEHTA C YUETOM YCIOBUH 3KCILTyaTa-
LUH.

CIIMCOK JIUTEPATYPbI / REFERENCES

1. Amamuukuii B.B. JlepeBooOpabarbiBaroniye CTaHKA U WHCTPYMEHTBI. 5-€ W3I.,
crep. M.: Akanemus, 2009. 400 c¢. Amalitsky V.V. Woodworking Machines and Tools. Mos-
cow, Akademiya Publ., 2009. 400 p.

2. byrnaes A.M., boxadeBa M.II. MccrnenoBanue GpakTopoB, BIUSIOMUX Ha Oe3omac-
HOCTb CTAHOYHHKOB JIEPEBOOOPaOATHIBAIONINX CTAHKOB // Be30macHOCTh KU3HEACATEIHHO-
ctu. 2015. Ne 3. C. 3—6. Buglayev A.M., Bokachyova M.P. Safety — Factor Research of Wood-
working Machinary Operators. Bezopasnost’ zhiznedeatel 'nosti [Life Safety], 2015, no. 3,
pp. 3-6.

3. Byrmae A.M., bokaueBa M.II., CuBakoB B.B. Cranku mis o6paboTKu KpyTIBIX
coprumeHToB // 13B. By30B. JlecH. xkypH. 2016. Ne 6. C. 122—129. Buglaev A.M., Bokacheva
M.P., Sivakov V.V. The Roundwood Assortment Machines. Lesnoy Zhurnal [Russian Forestry
Journal], 2016, no. 6, pp. 122—129. DOI: https://doi.org/10.17238/issn0536-1036.2016.6.122



https://doi.org/10.17238/issn0536-1036.2016.6.122

ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2021, Ne § 139

4. byrnaes A.M., bokaueBa M.II., CuBakoB B.B. VccrnenoBanue BO3MOKHOCTH CHH-
JKeHHs BUOpanuu aepeBoodpadareiBaromiero obopynosanus // 3B. By3os. JlecH. sxypH. 2017.
Ne 3. C. 132-142. Buglaev A.M., Bokacheva M.P., Sivakov V.V. Study into the Feasibility of
Reducing Woodworking Equipment Vibration. Lesnoy Zhurnal [Russian Forestry Journal],
2017, no. 3, pp. 132-142. DOI: https://doi.org/10.17238/issn0536-1036.2017.3.132

5. Bypymkynos @.X., Jlsanaxkun B.IL., ITymkun U.A. MukporeoMmeTpuss U Hecylas
CHOCOOHOCTh TOBEPXHOCTH, 00pa3oBaHHAasi 3JIEKTPOMCKPOBOW HaruiaBkoi // TexHosorus
mammHoctpoerus. 2001. Ne 4. C. 29-34. Burumkulov F.Kh., Lyalyakin V.P., Pushkin L.A.
Microgeometry and Bearing Capacity of the Surface Formed by Electric Spark Surfacing.
Tekhnologiya Mashinostroeniya, 2001, no. 4, pp. 29-34.

6. bypymxynos @.X., Jlsnsaxun B.I1., ITymxun U.A., ®ponos C.H. Dnekrpouckponas
00paboTka METaJUIOB — YHUBEPCAJIBHBIH CIIOCO0 BOCCTAHOBIICHUSI M3HOLICHHBIX AeTaieil //
MexaHuzanust 1 aeKTpuduKaims cesbekoro xossicraa. 2001. Ne 4. C. 23-28. Burumkulov
F.Kh., Lyalyakin V.P., Pushkin [.A., Frolov S.N. Electric Spark Treatment of Metals — Univer-
sal Method of Restoring Worn Parts. Mekhanizatsiya i elektrifikatsiya sel skogo khozyaystva,
2001, no. 4, pp. 23-28.

7. Bypymkynos @.X., Jlansxkun B.II., VBanos B.U., Yepkacos B.B. Boccranosine-
HUE U YIIPOYHEHHE JIeTaleil 1 NHCTPYMEHTOB KOHLIEHTPUPOBAHHBIMHU NCTOYHUKAMH Teria //
PemonT, BoccTanorienue, moaepausanus. 2003. Ne 9. C. 35-39. Burumkulov F.Kh., Lyalya-
kin V.P., Ivanov, V.I., Cherkasov V.V. Restoration and Hardening of Parts and Tools with
Concentrated Heat Sources. Remont, Vosstanovienie, Modernizatsiya [Repair, Recondition-
ing, Modernization], 2003, no. 9, pp. 35-39.

8. bypymkynoB @.X., Jlesun ILII., Cenun I1.B., MBanos B.U., Benuuxo C.A., Ho-
HOB [1.A. D1eKTpOrCKpOBbIe TEXHOJIOTUH BOCCTAHOBJICHHS M YIIPOUHEHHMS JeTalled MaIliH 1
HHCTPYMEHTOB (Teopus u npaktuka). Capanck: Kpacusrit Oxts10ps, 2003. 504 c. Burumkulov
F.Kh., Lezin P.P., Senin P.V., Ivanov V.I., Velichko S.A., Tonov P.A. Electrospark Technology
for Restoration and Hardening of Machine Parts and Tools (Theory and Practice). Saransk,
Krasnyy Oktyabr’ Publ., 2003, 504 p.

9. Bepxotypos A.Jl. @opMupoBaHHe MOBEPXHOCTHOTO CIIOS METAJIOB MPHU 3JIEKTPO-
UCKpOBOM JierupoBanuu. Brnamusoctok: [anbrayka, 1995. 323 c. Verkhoturov A.D. The For-
mation of the Surface Layer on Metals during ESA Process. Vladivostok, Dal’nauka Publ.,
1995. 323 p.

10. I'mecun B.A., Iogny6usixk B.SI., bypymkynos ®.X., Msanos B.M., Bopucenko
E.b., I'necun N.b. DnexTpouckpoBoe JerNpoBaHNE TOBEPXHOCTH HA YITIEPOAUCTBIX CTANIAX U
YyTyHE C TIOMOII[IO AJIEKTPOIOB U3 CHIIMIIMIIOB MOJIHO/IeHa 1 Bonb(dpama // Marepuanosee-
nue. 2007. Ne 7. C. 41-54. Gnesin B.A., Poddubnyak V.Ya., Burumkulov F.Kh., Ivanov V.I.,
Borisenko E.B., Gnesin I.B. Electric-Spark Alloying of Surfaces on Carbon Steels and Cast
Iron by Means of Electrodes from Molybdenum and Tungsten Silicides. Materialovedenie
[Material Science], 2007, no. 7, pp. 41-54.

11. 3oroB I'A., ITam¢punos E.A. [ToBbilieHre CTOWNKOCTH AEPEBOPEIKYIIETO HHCTPY-
MeHTa. M.: Dkosorus, 1991. 304 ¢. Zotov G.A., Pamfilov E.A. Increasing the Durability of
Woodworking Tools. Moscow, Ekologiya Publ., 1991. 304 p.

12. JlesammoB E.A., Kynpsimos ALE., TToroxkes 1O.C., Bakaes I1.B., CBupumosa T.A.,
3amynaeBa E.UM., Munonnu C., Togoposuu M. MccnenoBanue BIMSHHS NapaMETPOB HUM-
MYJIBCHBIX Pa3psiloB Ha MAacCOIEpPEeHOC, CTPYKTYpY, COCTaB M CBOMCTBA 3JIEKTPOUCKPOBBIX
nokpbITHit Ha ocHOBe TiC-NiAl, MoaudUIIMPOBAaHHBIX HAHOJUCIIEPCHBIMU KOMIIOHEHTaMH //
U3B. By30B. lIBeTHast metautyprus. 2004, Ne 6. C. 39-46. Levashov E.A., Kudryashov A.E.,
Pogozhev Yu.S., Vakaev P.V., Sviridova T.A., Zamulaeva E.I., Milonich S., Todorovich M.
Investigation of the Effect of Pulsed Discharge Parameters on Mass Transfer, Structure, Com-
position, and Properties of Electrospark Coatings on Basis of TiC-NiAl Modified by Nan-
odispersed Components. Izvestiya Vuzov. Tsvetnaya Metallurgiya [Izvestiya. Non-Ferrous
Metallurgy], 2004, no. 6, pp. 39-46.



https://doi.org/10.17238/issn0536-1036.2017.3.132

140 «H3BecTus By30B. JlecHoi :xxypHaa». 2021. Ne 5 ISSN 0536-1036

13. Mynusn FO.U., Bepxotypos A.Jl., Knumos JI.A., Bracenko B.]l. MccnenoBanue uz-
HOCOCTOMKHX HECIUIOLIHBIX MOKPBITHH, 00pa30BaHHBIX 3JIEKTPOUCKPOBBIM JICTHPOBaHHEM //
Tpenne u uznoc. 2004. Ne 6. C. 650-655. Mulin Yu.l., Verkhoturov A.D., Klimova L.A.,
Vlasenko V.D. Investigation of Discontinuous Wear Resistant Coatings Formed by Spark Al-
loying. Treniye i iznos [Friction and Wear], 2004, no. 6, pp. 650-655.

14. Hukonenko C.B. HaHocTpyKTypHupOoBaHHEe MOBEPXHOCTHOCTH CTAlH 35 3JIEKTpO-
HCKPOBOH 00paOOTKOW HOBBIMH 3JIEKTPOJHBIMU MarepHajaMyd Ha OCHOBE KapOuJa BOJIb-
¢dpama ¢ nodaskoit HaHONopouka Al,O, // BectH. mammuocTpoernus. 2011. Ne 6. C. 47-51.
Nikolenko S.V. Surface Nanostructuring of Steel 35 by Electrospark Machining with Elec-
trodes Based on Tungsten Carbide and Added Al,O, Nanopowder. Vestnik mashinostroeni-
ya [Russian Engineering Research], 2011, no. 6, pp. 47-51. DOI: https://doi.org/10.3103/
S1068798X11060189

15. Huxonenxo C.B., Bepxotypos A.Jl. HoBble anekTpoHble MaTepHabl A dMIeK-
TPOUCKPOBOTO JieTupoBaHus. BramuBocrok: Jlampaayka, 1995. 218 c. Nikolenko S.V., Verk-
hoturov A.D. New Electrode Materials for Electrospark Alloying. Vladivostok, Dal’nauka
Publ., 1995. 218 p.

16. Hukonenko C.B., Bepxorypos A.Jl., Komaposa I'Il. 3akonomepHOCTH 00pa3oBa-
HUS M3MEHEHHOTO ITOBEPXHOCTHOTO CJIOS IIPH 3JIEKTPOUCKPOBOM JICTUPOBAHUHM // YIIPOUHS-
rore TexHoioruu u mokpeitus. 2008. Ne 4. C. 20-28. Nikolaenko S.V., Verhoturov A.D.,
Komarova G.P. Laws of Formation of the Changed Superficial Layer at Electrospark Alloy-
ing. Uprochnyayushchiye tekhnologii i pokrytiya [Strengthening technologies and coatings],
2008, no. 4, pp. 20-28.

17. Mamdunos E.A., ITnmommuna ["A. Bo3MOXXHOCTH W NEPCHEKTUBHBIEC ITyTH I10-
BEIIICHHST pabOTOCTIOCOOHOCTH MAaIlMH M O0OPYAOBaHUS JIecCHOTO Komiuiekca // M3B. By-
30B. JlecH. xypH. 2013. Ne 5. C. 129-141. Pamfilov E.A., Pilyushina G.A. Possibili-
ties and Prospective Ways to Increase Working Capacity of Forest Sector Machines and
Equipment. Lesnoy Zhurnal [Russian Forestry journal], 2013, no. 5, pp. 129—-141. URL:
http://lesnoizhurnal.ru/upload/iblock/716/le1.pdf

18. TMarent 2573357, MIIK B27C 9/04. CraHok s o0paOOTKu OpeBeH:
Ne 2014143820/13; 3asBin. 29.10.2014; omy6m. 20.01.2016 / A.M. Byrmaes, M.II. bokauesa,
B.B. CuBaxos, narentoobnanarens ®I'BOY BIIO «BpsiHCK. TOC. MHK.-TEXHOJ. aKam.». 7 C.
Buglaev A.M., Bokacheva M.P., Sivakov V.V. Machine for Log Processing. Patent RF no. RU
2573357 C1, 2016.

19. TumrommHa I A. TloBbIIIeHIEe H3HOCOCTOWKOCTH AETaNel U HHCTPYMEHTOB Jiepe-
BornepepabarsiBaroriero ooopynosanus // Kauectso u xxusub, 2014. Ne 1. C. 44—49. Pilyushina
G.A. Increase of Wear Resistance of Details and Tools of the Wood Processing Equipment.
Kachestvo i zhizn’[Quality and Life], 2014, no. 1, pp. 44—49.

20. ITumrommnaa T'A., [Tamdpumos E.A., leBeneBa E.B. IloBbimenne m3HOCOCTOM-
KOCTH CYYKOPE3HBIX HOXKEH MHOTIOONEpalMOHHBIX JIECO3aroTOBUTENILHBIX MaiuH // M3B.
By30B. JlecH. xypH. 2019. Ne 6. C. 174-184. Pilyushina G.A., Pamfilov E.A., Shevele-
va E.V. Wear Resistance Improvement of Delimbing Knives of Multifunctional Logging
Machines. Lesnoy Zhurnal [Russian Forestry Journal], 2019, no. 6, pp. 174-184. DOI:
https://doi.org/10.17238/issn0536-1036.2019.6.174

21. lMommecor B.B. DnexTponckpoBoe JETHPOBAHNE CTaNEH AMEKTPOIHBIMU MaTepH-
anamu TiC-untepmerammu. CBOWCTBA ANIEKTPOAOB U HAHECEHHE MOKPBITHH // DIEKTPOH-
Has oOpaboTka marepuanoB. 1995. Ne 3. C. 9-12. Podlesov V.V. Electrospark Alloying of
Steels with Electrode Materials TiC-Intermetallic. Properties of Electrodes and Coating.
Elektronnaya obrabotka materialov [Electronic Processing of Materials], 1995, no. 3,
pp. 9-12.



https://doi.org/10.3103/S1068798X11060189
https://doi.org/10.3103/S1068798X11060189
http://lesnoizhurnal.ru/upload/iblock/716/le1.pdf

ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2021, Ne § 141

22. ITsauun C.A., 3aBogunckuii B.I', [Tyraueckuit M.A. [lepeHoC MeTaIOB ¢ aHO/AA
Ha KaToJl TP JIIEKTPOUCKPOBOM BO3JCHCTBHH // YHPOUHSIOMINE TEXHOJOTHH U TTOKPBITHSL.
2007. Ne 11. C. 7-13. Pyachin S.A., Zavodinsky V.G., Pugachevsky M.A. Transfer of Metals
from Anode to Cathode at the Electric Discharge Influence. Uprochnyayushchiye tekhnologii
i pokrytiya [Strengthening technologies and coatings], 2007, no. 11, pp. 7-13.

23. Camconos I.B., BepxorypoB A./l., bokyH I A., CrerueB B.C. DmexTponckpoBoe
JETHPOBaHNE METAJUIMYEeCKNX moBepxHocTei. Kuen: Hayk. mymka, 1976. 220 c¢. Samsonov
G.V., Verkhoturov A.D., Bovkun G.A., Sychev V.S. Electrospark Alloying of Metal Surfaces.
Kiev, Naukova Dumka Publ., 1976. 220 p.

24. TexHONOTHS KOHCTPYKIIMOHHBIX MaTepHAIIOB. 6-¢ U31., ucnp. u gom. / A.M. Jlanb-
cknit, TM. BapcykoBa, A.®. Bs3oB u ap. M.: MammHocTpoenue, 2005. 592 c. Dal’skiy
A.M., Barsukova T.M., Vyazov A.F. et al. Technology of Structural Materials. Moscow,
Mashinostroyeniye Publ., 2005. 592 p.

25. Axelsson S.A. The Mechanization of Logging Operations in Sweden and Its
Effect on Occupational Safety and Health. Journal of Forest Engineering, 1998, vol. 9, iss. 2,
pp- 25-31.

26. Darmawan W., Rahayu 1.S., Tanaka C., Marchal R. Chemical and Mechanical
Wearing of High Speed Steel and Tungsten Carbide Tools by Tropical Woods. Journal of
Tropical Forest Science, 2006, vol. 18, no. 4, pp. 255-260.

27. Engsas J. Accidents in Small-Scale Forestry. Research Note 251. Swedish
University of Agricultural Sciences, 1993. 121 p.

28. Liden E. Forest Machine Contractors in Swedish Industrial Forestry. Report 195.
Garpenberg, Swedish University of Agricultural Sciences, 1995. 43 p.

29. Pamfilov E.A., Pilushina G.A., Polosov V.I. Conditions of Maintenance of Stable
Frictional Contact of Submitting Rollers Woodworking Machines. Proceedings of the
BALTTRIB 2007 International Scientific Conference. Kaunas, 2007, pp. 67-71.

30. Topala P., Slatineanu L., Stoicev P. Physical and Chemical Processes during the
Machining by Means of the Electro-Erosive Method. Nonconventional Technologies Review.
2010, vol. 14, no. 1, pp. 50-54.



