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YIOPOUYHEHUWSA JETAJIEV IBUTATEJIEM BHYTPEHHEI' O CIrOPAHUA
METOJAMHU NOHHO-IIVIASMEHHBIX U JIABEPHBIX TEXHOJIOT MU

Paccmompenvl pesynomamol IKCnepUMEHMATbHBIX UCCIE008AHULL NO NPUMEHEHUI) IA3EPHBIX U UOHHO- NIA3MEHHbIX
mexuoa02ull 0151 ynpouHerus Oemanell YOPCyHOK U NOPUIHesblX Koey osueamenell 6HympeHHe2o ceoparus. Komou-
HUPOBAHHOE YNpOUHeHUe Oemanell (OpCyHOK Osueamenell HYMPeHHe20 ceopaHus (1a3epHas 06pabomKa KaHAL08
pacnvliumens pOPCyHKU U UOHHO-NIA3MEHHOE HANbLIEHUE KOHYCA U2bl) 00ecneyunio nogbleHue ux cpoka cayxrcool
¢ 3 600 0o 8 000 yacos. Pezynomamul npogedénHbIX UCCae008anUll 0arm 03MOICHOCHb PEKOMEHO08AMb NPOYECCbl
UOHHO-NIA3MEHHO20 YNPOUHeHUs 0151 00pabomKu nopuiHessix Koiey cpedneobopomuvix ousenei. Cosmecmuwlil u3-
HOC nap ¢ MonuboenosviM nokpvimuem 8 2,2-2,5 paza menvuie, yem y nap, 20e nopuHesoe KOabyo XpoMuposaHHoe.
Coemecmublil U3HOC Nap ¢ aazepHvim ynpounenuem 8 1,6-1,8 paza menviue, uem y nap, ede nopuiHegoe KOIblyo Xpo-
muposannoe. Ilo oyenkam asmopos, 01 NepPeo20 KOMHPECCUOHHO20 KObYA Jyuule UCHONb306amb UOHHO-
nAazMeHHOe NOKpbimue, a 015 6cex OCMANbHbIX — 00pabOMKY 1a3epoM.

BBenenne

Jlnst perieHnst 3amay, CBA3aHHBIX C MTOBEHIIICHHEM
pecypca W HaA&KHOCTH JeTaledl W y3JIoB aBToO-
TPAKTOPHBIX W CYJOBBIX JIBUTATENCHd BHYTPEHHETO
CropaHusi, B MOCJIEIHEE BPeMsl HAYaIM HCIONB30BaTh
BBICOKOHEpPreTHUeCKHe CIIocoObl 00OpadOTKM MaTe-
pHAJIOB, TaKWe KakK JIA3ePHOEC TEPMOYNPOYHCHUE U
HMOHHO-TUTA3MCHHOE HATBUICHHUE, & TaKKe KOMOWHHPO-
BaHHOC YIIPOYHCHUE.

Ha coBpeMeHHOM 3Tare pa3BUTHS OOIICCTBA MPO-
rpecc B JBUTATCICCTPOCHUM CBSI3aH C MPUMCHCHUCM
HOBBIX TPYJHOOOPa0aTHIBAEMBIX KAPOCTOHKHUX, KOp-
PO3MOHHOCTOMKHX W W3HOCOCTOMKUX CTalled U CIuia-
BoB. OJTHAKO W 3TH MaTEepHAaJbl HE BCErJa YAOBICTBO-
PAIOT TPeOOBaHWUS, KOTOPHIC BBIIBUTAIOTCS B CBS3H C
BO3PACTAIONIMMHU HArpy3KaMH, pPacIIUPECHUEM uara-
30Ha paboYUX TEeMIIEpaTyp, BIMSHUEM BPEIHBIX (ak-
TOPOB OKpYyXatomiei cpenbl. IP(PEKTUBHBIM CITIOCOOOM
MOBBILIEHUS TONroBe4HOCTH fetaneit [IBC B ycnoBusix
MUKITHICCKUX HATPY30K, KOHTAKTHON YCTaJOCTH U W3-
HOCA SIBIISICTCS CO3/TAaHUE HA UX IMMOBEPXHOCTH MPOYHBIX
M3HOCOCTOMKNX cnoéB. Hampumep, miis neraneit Tom-
JIUBHOHM ammapatypsl C IIETbIO TIOBBINICHHUS WX 3KC-
IUTYaTalMOHHBIX XapaKTePUCTUK HanOoliee MIMPOKOE
MPUMEHCHHUE HAIUTA CITOCOOBI TTOBEPXHOCTHON 3aKal-
KH, XUMHUKO-TEPMHUYCCKHE METOIBI (I[EMCHTAITHS, a30-
THpoBaHuEe ¥ Jp.). OJHAKO BO3MOKHOCTH 3THX METO-
JIOB B 3HAYUTEIEHON Mepe y)Ke UCUCpPITIaHbI.

IlocTanoBka 3agaun

[IprMeHeHrEe B ABUTATEICCTPOCHUH B ITOCIICIHUC
TOABI AIEKTPODUIUICCKAX METOMIOB YIIPOYHCHHUS 3HA-
YUTENBHO MOBBICHIIO PECypC HEKOTOPBIX JIETAJICH JBH-
rarenell BHyTPEHHETO CrOpaHusl.

Tak, Hanpumep, Jla3epHOE YIPOYHCHUE ITOBEPX-
HOCTEH TIO3BOJIIET BBHIOOPOYHO W3MCHHUTH CBOWCTBA
PA3MUYHBIX YIaCTKOB JETallCH, B Pe3ylbTaTe Yero mo-
my4qaroTcss Ooliee M3HOCOCTOMKHE IMOBEPXHOCTH 0e€3
M3MeHeHns mepoxoBatoctu. OmHaKo mpu 00paboTKe
MIPEIU3NOHHBIX TP HE3HAYUTENEHOE YBEIMUCHUE 3ep-

HA B METAJUIC MPHUBOIUT K OTPAHUICHUIO MIPUMCHECHUS
9TOr0 METOJA.

Hanecenne MOHHO-BaKyyMHBIX TIOKPBITHIH Ha OC-
Hose TyroruaBkux merayuios (TiN, TiC u ap.) 3Haum-
TENBHO YBEIMYUBACT IMOBEPXHOCTHYIO TBEPIOCTH Jc-
taned. [IpuMeHeHre dTHX MOKPHITUH B MPEIIM3HOHHBIX
mapax CHCPXKUBACTCS U3-3a YBEIIMYCHHUS pa3MEpOB Ha
2-4 MKM, B CBSI3M C YeM I 00pabOTKH nertaneil mau-
3eIBHBIX (POPCYHOK HEOOXOIMMO MMOM00paTh TaKhe
CXEMBI U PEKHUMBI 00pPaOOTKH, KOTOPBIE CMOTJIH OBl
MOBBICUTh M3HOCOCTOHMKOCTh U HE HM3MEHHUTH TI'€OMET-
PUYCCKHUE MAapaMEeTPhI COMPATacMOH Maphl.

enbio MIPOBCICHUS nabopaTopHO-
MIPOMBITIJICHHBIX HCCIICIOBAHUH SBIISIIOCH:

1) BBIABIICHHE XapakTepa M3HOCA B Mape TPECHUS
TOIUTMBHON CHCTEMBI «HUTJIAa — KOPIYC (POPCYHKH», a
TakkKe pa3padOTKa TEXHOJIOTHMH KOMOWHHPOBAHHOIO
MTOBEPXHOCTHOT'O YIIPOYHEHUS ATHX JETalied, 4TO IMo-
3BOJIHJIO OBI TIOBBICUTH PECYpPC M HAAEKHOCTH PabOTHI
¢dopcyHky;

2) pa3paboTKa TEXHOJOTHH Ja3epHOr0 yIPOYHE-
HUS TOPIITHEBBIX KOJICI] 1 HAHECCHUS HAa HHUX MOKPHI-
THI NOHHO-TIJIA3MEHHBIM HalbIJICHHEM.

Pe3yabTaThl HCC/Ie10BAHUT

Hccneoosanusn nazepuozo ynpouHeHUs pacnul-
aumens popcyHKu oeuzamens GHympeHHe20 c2opd-
HUus

HccnenoBanus poBOIWINCH HAa (OPCYHKAX M-
seneit VDS 24/24 AL-1 (1000 o6/muH, N = 900 kBT1) 1
VDS 48/42 AL-2 (750 o6/mun, N = 2300 kBr).

HccnenoBanus na3epHOro YIPOYHEHUS PaCTIBLIN-
Tens GOPCYHKH MPOBOIIINCH HA UMITYIILCHOM JIazepe
C IMana30HOM PETYITHPOBAHUS SHCPTUH
E =10-80 I>x, mnurenbHOCTbO ummynbca 2-10 wmc.
Juamerp mazepHOTo «IsaTHAY» M (POKYCHOE PACCTOSHUC
OBUIH CHENMANBHO aNanTHPOBAaHBI K JNAaHHOW KOHCT-
PYKIHHU pACTBUIATEICH.

Matepuan pacubUTATEIs UMEN CICTYFOITNA Xu-
MHYECKHi cocTaB, Mac. % (Tadm. 1).
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Tabnuna 1. Xumuueckuit cocraB Matepuaia Hc-
CIIEIyeMOT0 pacHbUIUTeNs! (POPCYHKH ABUTATEISA

CopepxaHue KOMIIOHEHTOB, Mac. %o

C Si Mn Cr Ni | Mo Fe

0,12- | 0,17- | 0,25- | 1,35- | 4,00- (0,30- Ocrans-
0,17 | 0,37 | 0,55 | 1,65 | 4,40 [0,40] Hoe

Wrna pacmsuiurens GopcyHkr ObLIa H3rOTOBIICHA
u3 Matepuana P18, koropblit uMen ciaeayomuil XumMu-
YecKuid cocTas, Mac. % (Ta0im. 2).

Tabnuma 2. X¥MMUYeCKHii COCTaB MaTepualia Wr-
JIBI PACTIBUTATENS POPCYHKH ABHUTATEIS

CopepxaHue KOMIIOHEHTOB, Mac. %

C Cr \%% A\ Fe

0,72- 3,80- 17,0-

0,83 4,40 18,5 1,00-1,40/ OcransHOE

HauaneHass o00paboTka ocCyliecTBislack MpH
temneparype 920-980°C na rtmyouny 0,6-0,7 MKMm.
IToBepxHOCTHas TBEPAOCTH MaTepuajga COCTaBIsIA
HRC 57.

IMocne uMITyIHCHOM JTa3epHO 00pabOTKM KaHa-
JIOB pacmbUIUTENst POPCYHKH MHKPOTBEPAOCTD YIIPOU-
HEHHOrO cnog ysenuumnack p0 H, = 800-840 MIla,
riryonHa ympouHéHHoro cnost cocrasmsuia 0,07-0,09
MM.

JI71s1 MOBBIIEHNsT U3HOCOCTOMKOCTH KOHYCA UTJIbI
HA €ro MOBEPXHOCTh HAHOCUIIOCH IIOKPBITHE HA OCHOBE
TiN TommmuHON 3-5 MKM C ITOMOIIBIO YCTaHOBKH «By-
natr 3T». Hauanbnast TepMuueckas oOpaboTka maBaia
TBépRocTh He MeHee HRC 60.

MuxkpoTBEPAOCTh MOKPHITHS COCTaBIsUIa HE Me-
nee H,= 2400 MITa.

OlLieHKY CBOMCTB IMOKPBITUM BBINOJHSUIM MO Be-
JIMYMHE MUKPOTBEPAOCTHU, U3MEPEHHOH B IIEpECEUCHUH
kocoro numida npu Harpyske Ha muaeHtrop 1H. [lo-
TIOTHUTENBHYI0 HHPOPMAIMIO 0 MUKPOCTPYKTYPE CII0sI
U COCTOSIHAY MOBEPXHOCTH MOIYYaad ¢ MOMOILBIO OI-
THYecKoro Mukpockona «Heodor-21» u anekrpoHHOTrO
MUKpOCKoIa Stereoscan.

HcnibiTannst ©I3HOCOCTOMKOCTH YIPOYHEHHBIX 00-
pasuoB npooAwIuch Ha MamnHe Tpenuss CML-2 u Ha
paboraromieM aABHTaTese B J1a00PaTOPHBIX YCIOBHUSIX.

PaccmoTrpeHHOe KOMOWHHPOBaHHOE YNPOYHEHHE
JIU3ETBHBIX (POPCYHOK O00ECHEeYMIO ITOBBIIICHNUE HX
cpoka ciryx0b1 ¢ 3 600 mo 8 000 gacos.

Tpyr0€MKOCTh TEXHOIOIMUECKUX ONEpanuil co-
craBmina 5-10 % ort TpymoéMKocTH H3roToBICHUS (op-
CYHKIU.

Hcnonp3yemble B paboTe TEXHOJIOTUYECKHE ITPO-
LIECCHI MOT'YT OBITH MPHUMEHEHBI JUTS TIOTYIeHUs! TUTYH-

KEPHBIX Tap JeTajled TOIUIMBHOM amlmapaTrypbl, a Tak-
ke JieTajel ra3opacipeeTuTeIbHbIX MEXaHU3MOB.

Jazepnoe ynpounenue nopuinesvix Koney us
6bICOKONPOUHO20 YY2YHA

HoHHO-NTa3MeHHOE U J1a3epHOe YIPOUYHEHHE MOo-
BEPXHOCTEH TPHUMEHSUINCh Takke sl 00paboTKh
TIOPUIHEBBIX KOJIEI M3 BBICOKOIIPOYHOro uyryna BY
50-1,5 gns gusens 6UH 25/34.

MonnbaeHupoBaHue — HM3BECTHBIM CrOco0 I10-
BBIIICHUS] M3HOCOCTOMKOCTH TPYIIUXCS TTOBEPXHOCTEH.
ITosToMy B KauecTBe MaTepuasa, KOTOPbI HAHOCHUIN
HarblUIeHueM Ha ycraHoBke «bymat-3T», Obu1 BeIOpaH
UMEHHO MOJINOICH.

[Nepen HambUICHHEM KOJbLA MPOXOMIN OYUCTKY
B YJIBTPa3BYKOBOM BaHHE M B TieromeM paspsae. Ilo-
cJle BAKYYMHPOBaHHSI KaMepa YCTaHOBKH 3aIlOIHSIACH
a30TOM, MOKpPHITHE HUTPUIOM MOJHO/IEHa IPOBOAU-
jJoce B TeueHue 1,5-2 gaca. TonmuHa MOITY4EHHOTO
crmost cocrapnsna 7-10 mMxm, muxporsépaocts H, =
2200-2500 MIla. [/Ing cHATHS BHYTPEHHHX HampsikKe-
HUH, TIOCJIE HAIbUICHUS JIETaId MEIEHHO OXJIaXKAa-
JINCh BMECTE C KAMEPOM.

JlazepHast 00paboTKa MOPIIHEBBIX KOJEL OCYyIle-
CTBJISUIACh ITYYKOM H3JIydeHus: Kpyrioi ¢opmsel. Hc-
TOYHUKOM YIPOUHEHHS CIYXKMJIO JIA3€PHOE CTEKIO C
HeoguMoM. Pasmepsl myuka perynupoBanuchk. Ilepen
00paboTKOH KoJiblla 00€3)KUPHUBAINCH, NPH HATHINN
P’KaBUMHBI OHA YJAJISIach, KPOME TOTO, TIOBEPXHOCTH
KOJIeIl HE JTOJDKHBI MMETh BMSITHH, 3ayCEHIIEB, 3a00MH
U Jpyrux noBpexaeHui. OO6padoTka MOpIIHEBBIX KO-
Jiell TpOM3BOAWIACH HAa BPAIIAIONIEMCA YCTPOWCTBE.
Jiss oTpaboTKN PEXMMOB HCIIONIB30BAJIMCH 00pa3Ilbl-
CBHJIETENH, HAa HUX 3aMEpsUINCh IITyOnHa 00pabOTKH 1
MHUKpOTBEPAOCTE. [lo pe3ynpraTtaM 3amMepoB IPOM3BO-
JIach KOPPEeKTHPOBKa peXUMOB. JlazepHas oOpaboT-
Ka ocylecTBisiack B TeueHue 20-30 MUHYT, IpU 3TOM
OpuTa mocturHyTa ToMmmHA cinos 80-100 MkM, MHKpO-
teépaocts H, = 1 200 MIla.

CpaBHHTENBHBIE  HM3HOCOCTOWKHE  WCIIBITAHMS
IIPOBOJIMITMCH Ha 00pa3nax MOPIITHEBBIX KOJIEI:

- IMEIOIINX NOHHO-TIJIa3MEHHOE HAIbUICHUE HUT-

PHIIOM THTaHa;

- IMEIOIINX XPOMOBOE ITOKPBITHE 110 TEXHOJIOTHU

3aBona «IlepBoMalickIu3enbpMan;

- YIPOYHEHHBIX JIa3epoM (MOIMOAEHIPOBAHHE).

HcnpiTanyst TpOBOMWINCE HAa MAallWHE TPEHHS
CMII-2 no cxeme «kononka-ponuk». Komoaxa usro-
TaBIMBAIACh M3 MaTepHaja BTYIKH (KOMIUIEKCHO-
JIETUPOBaHHBIH YYr'yH), @ pOJIMK — W3 Marepuaia
nopuiHeBoro koibia BY 50-1,5, ynpounéHHOro coot-
BeTcTBytommM obpazoM. KommuectBo 1mkioB — 500
000. Harpy3ka Ha KOJIOAKY YCTaHaBIMBAJIAChb PABHOU
Harpy3Ke Ha IepBO€ KOMIIPECCHOHHOE KOJIBIO JU3EIs
UH 25/34, Temneparypa mMacia, IoaBaéMoro Ha Tpy-
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1IMecss MOBEPXHOCTH, MOJJIEpXKHUBAJIAaCh B TUANa30HE
90-110°C.

IIpoBeieHHBIE HCTIBITAHUS ITOKA3a/IH, YTO:

- HauOOJBUINH M3HOC MPHUCYTCTBYET y XPOMHPO-

BaHHBIX 00pa31I0B MMOPIIHEBBIX KOJIEII;

- HauMEHBIIWHA W3HOC XapaKTepeH Uil 00pa3loB

MOPLIHEBBIX KOJIEI] C MOJHUOICHOBBIM MOKPBITH-

eM.

COBMECTHBI HM3HOC I1ap C MOJHOJECHOBBIM I10-
KpplTueM B 2,2-2.5 pa3a MeHblle, YeM y map, Iae
MIOPIIHEBOE KOJIBII0 XPOMUPOBAHHOE.

CoBMECTHBIN U3HOC Map C JIa3epHBIM YIIPOYHEHU-
eM B 1,6-1,8 pasa MeHbIe, yeM y nap, IJe NOPIIHEBOE
KOJIBIIO XPOMHUPOBaHHOE.
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SMILHEHHS JETAJIEM IBUI'YHIB BHY TPIILIHBOI'O 3r OPSIHHSA METOA0OM HOHHO-ILTASMOBHX I
JIASEPHHUX TEXHO.JIOI'TIA

JL. II. Knumenko, I1. A. Pegniox, O. @. Ilpuwienos, B. 1. Andpees, C. M. Conogiios

PosrnsHyTO pe3ynpTaTH eKCIIepUMEHTANbHHUX MJOCHIIKEHb IIOJ0 3acCTOCYBaHHS JIa3epHUX Ta HOHHO-TIIIa3MOBHX
TEXHONOT1M I 3MIIHEHHs [eranei (OpPCYHOK 1 MOPIIHEBHX KiJielb IBUTYHIB BHYTpIiIIHbOro 3ropaHHsi. KomOinoBaHe
3MII[HEHHS eTaneil (JOpCYHOK JBUTYHIB BHYTPIIIHBOTO 3TOPSTHHS (J1a3epHa 00poOKa KaHANIIB pO3MINIIOBada (GOpCyHKHU Ta HOHHO-
IUTa3MOBE HAIWJICHHS KOHYyca TOJIKH) 3a0€31e4mIo i IBUIIeHHS X TepMiHy ciryx6u 3 3 600 no 8 000 roxun. PesynsraT npose-
JICHUX JIOCII/UKEHb HAlOTh MOXKIIMBICTP PEKOMEHIYBATH IIPOLECH 10HHO-IUIA3MOBOTO 3MIITHEHHS Ui OOpPOOKH MOPIIHEBHX
KiJIens cepeqHp000epToBuX au3eniB. CHiNbHUN 3HOC Tap i3 MONMiIOAEHOBBIM IOKPHUTTSIM y 2,2-2,5 pa3u MEHIIH, HiX y map, ae
TIOpIIHeBE KiTbIle XxpoMoBaHe. CHUTBHUM 3HOC Hap i3 Ja3epHUM 3MiIHEHHSM B 1,6-1,8 pa3u MeHImmMH, HiX y nap, e MOpIIHeBe
KiJIbIle XpoMOBaHe. 3a OIiHKaMH aBTOPIB, JUIS IEPIIOro KOMITPECIfHOro KNI Kpallle BUKOPHUCTOBYBAaTH HOHHO-IUIA3MOBE I10-
KPHTTSI, a U1 peIITH 00poOKY JIa3epoMm.

STRENGTHENING OF UNITS IN ICE BY ION-PLASMA AND LASER TECHNOLOGIES
L. Klymeko, P. Revnyuk, O. Pryshchepov V. Andreev, S. Solovyov

The results of experimental research on the use of laser and ion-plasma technology for strengthening of details of injectors
and piston rings for internal combustion engines are considered. Combined hardening of parts injectors internal combustion en-
gines (laser processing channels of a sprayer and ion-plasma spraying cone needle) has improved resource. Considered the com-
bined hardening diesel injectors ensure the improvement of their life with 3 600 up to 8 000 hours. The research results allow to
recommend the processes of ion-plasma hardening for processing piston rings medium-speed diesel engines, Joint wear pairs
molybdenum coated 2.2-2.5 times less than in pairs, where piston ring chrome. Joint wear pairs with laser hardening 1.6-1.8
times less than in pairs, where piston ring chrome. The authors, for the first compression ring better use of ion-plasma coating,
and all the rest - processing laser.
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