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NIJIBUIIEHHSA PECYPCY ATI'PET'ATIB ABIAIIIMHOI TEXHIKA
3ACTOCYBAHHAM IOHHO-IIVIABMOBUX METO/IB 3MIIIHEHHSA

AHoTanis. HaBeneHo pe3ynbTaTH IOCTIKEHb MPO MOMIJIMBICTH MIIBUIICHHS PECYpCy
arperariB aBialliifHOT TEXHIKM 3aCTOCYBaHHSM I0HHO-TJIA3MOBUX METO/IIB 3MilIHEHHS. Bu3zHaueHo
nepeBard Takoro BUAY 3MIIHEHHS Iepe] TpaauliiHUM IIeMEHTYyBaHHSAM. Pesympraté OyIo
OTPUMAHO 3aBJSIKM PO3POOJICHOI0 aBTOpaMH METOAWKH IPHUCKOPEHOI OIHKH IMOKa3HUKIB
BTOMHOI MOIIKO/KYBAHOCTI, SIKa ICTOTHUM YMHOM 3MEHIIY€ 4Yac MOPIBHSIBbHOI ouiHkd. Ha
OCHOBI nux JIOCJ'IiI[)KCHI) B MOJAJIBHIOMY MOXKJIMBE BIPOBA/DKCHHA Ta BHUKOPHCTAHHA 10HHO-
IJIa3MOBUX TEXHOJIOTIH a30TyBaHHSA Uil TIOJIOBXKEHHS PECYpCHUX IOKa3HHUKIB arperaris
aBlaIlIfHUX JIBUTYHIB Ta TPAHCMICII TOBITPSHUX CY/ICH

Kurouosi cioBa: aBiaijiiiHa TexHika, MOBITPSHE CYIHO, MOJOBXKEHHS pecypcy, 10HHO-
IJ1a3MOBE a30TyBaHHS, aBlalliiiHUI ABUTYH, TPAHCMICIS aBlallifHOT TEXHIKHU, KOHTAaKTHa BTOMHA
MIIHICTE.

Abstract. The results of research on the possibility of increasing the resource of
Aeronautical Engineering units using ion-plasma strengthening methods are presented. The
advantages of this type of strengthening over traditional cementation have been determined.
The results were obtained thanks to the method of accelerated assessment of fatigue damage
indicators developed by the authors, which significantly reduces the time of comparative
assessment. On the basis of these studies, it is possible to introduce and use ion-plasma
nitriding technologies in the future to extend the service life of aircraft engine units and
aircraft transmissions.
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30UIbIIEHHST pecypcy aBiamiifHOI TEXHIKM B CydacHHMX OOCTaBHHAX Ta MPH ICHYIOUOMY
MTOJIOXKEHHI 31 CIPAaBHICTIO € aKTyalbHWUM, K HIKOJHW, 3aBHaHHAM. Pecypc arperaTiB ABHTYHIB Ta
TpaHCMICiii aBialiifHOT TeXHIKH BU3HAYAE€THCS 3AATHICTIO YHUKATH BTOMHOTO PYHHYBaHHS TIOBEPXOHb
TepTS 3aBASAKM KOHTAaKTHIA MIITHOCTI MaTepiamy. A BoHa MOXKe OyTH IMiJBUIIEHA [UIIXOM 3HIDKEHHS
MEeXaHIYHHX 1 TEepMIYHUX BIUIMBIB HA KOHTAKTYIOUi TOBEPXHI BHACTIIOK iX nedopmarii mpu tepri [1].

Cepen MeTOniB 3MEHIIEHHS TaKUX BIUIMBIB INMHPOKO BUKOPHUCTOBYIOTHCS XIMIKO-TEpPMIidHI
MeTOaM meMeHTamii. TakoX JUid IbOro 3aCTOCOBYIOTH a30TyBaHHA, Xxo4ya 1 B MeHImd wipi. e
MOB'SI3aHO 3 YSIBICHHSMH IPO TIepeBary meMeHTallii mepes a30TyBaHHSAM y (OpMyBaHHI 3MIITHEHUX
IapiB BEIHKOI MPOTSHKHOCTI.

Aue Ha maHW# Yac po3poOIIeHi i 3aCTOCOBYIOTBCS HOBI METOIHM a30TyBaHHS, SKi MAlOTh 3HAYHI
mepeBard HaJa IIeMeHTamiero. J[ns BU3HAYEHHS eKCIUTyaTallifHUX MOKa3HUKIB (y TOMy ducm i
PECYPCHHX) KOHCTPYKIIHHUX MaTepiajiB, 3MIITHEHHX 32 HOBUMH METOJaMH, HEOOXITHO MPOBEICHHS
JMOBIOTPUBAIMX Ta KOIITOBHUX BHUNPOOyBaHh Ha BTOMHY MIIHICTP Ha MAaIlMHAX TEPTS, SKi
MOJIENIOIOTh pOOOTY arperaTiB aBialliiiHOi TexHiku. Takuii craH NUTaHHS OOYMOBIIOE OOMEXEHY
KUTBKICTh JIOCTI/DKEHh IO BIUIMBY a30TyBaHHS HA BEJIMYMHY KOHTAaKTHOI MIIIHOCTI Marepiaiis,
0COOJIMBO 10HHO-TIA3MOBUMH METOJIAMHU a30TyBaHHS, SKi MAIOTh ICTOTHI BiIIMIHHOCTI Ta IepeBaru
nepes TpAAMIiHHIME TIYHUMH METOIaMH Ta30BOr0 a30TyBaHHs [2-7].

B Vkpaini mnpoBomsThCS 1HTEHCHMBHI JOCHIIXKEHHS 1 pPO3poOKKM 0araTOKOMIIOHEHTHHX
OaraToyHKI[IOHATHPHIX MTOKPUTTIB Ta METO/IB iX HAHECEHHS Ha MOBEPXHi 3 MpeIu3iiiHoI 00poOKOIo,
SIKYy TOTpeOYIOTh JeTalli BY3/iB Cy4aCHHX arperaTiB JIiTakoOymyBaHHS, KOCMIYHOT TEXHIKM Ta iHIINX
ramyseii [6-8]. Taki >x IOCIiIKEHHsS] MPOBOAATHCS 1 3a KOpIoHOM [9-12]. Po3pobnsitoTeest 1 meronu
MPUCKOPEHUX BHUIPOOYBaHb TAaKMX BHCOKOMILHUX TpUOO CHPSDKEHb, IO TAaKOX BIIKPUBAE
MEePCIEeKTUBY MOJAIBILIOro iX nomupenHs [13].



[Iupoko BukopuctoByeMmi B mpomucioBomy BupoOHuUUTBI AT «®DEJl» meromu miaazmoBoro
MPENU3IHHOr0 a30TyBaHHS «ABIHIT N» [5-7], MawTh ICTOTHI BiAMIHHOCTI 1 TepeBaru mepesn
TpaIULIHHUMH TPYOHHMH METOIaMH ra30BOTO a30TYyBaHHS, a caMe:

- 3HaYHe CKOpOUYeHHA (B 2-3 pa3u) TpUBaJOCTi TU(Y31HHOr0 HACHYEHHS a30TOM ITOBEPXHEBOIO
1apy CIUIaBiB Ha OCHOBI 3aj1i3a IIPH 3araJIbHOMY CKOPOUYEHHI Yacy TEXHOJOTIYHOr O IIUKITY 00pOOKH 110
3-5 pasis;

- IO3BOJISIFOTH MOBHICTIO YHUKHYTH BOTHEBOI KPUXKOCTI;

- 3a0e3MmevyIoTh 30epeKeHHsT PO3MIpiB (a30TyBaHHS «B PO3MIp») 1 BUCOKY YHCTOTY O0OpOOKH
MOBEPXHI, 3HMKEHHSI KPUXKOCTI a30TOBaHOrO Mmapy 1 opMyBaHHS HITPHIHHX 30H BCIX CKIaaiB Oe3
mip, BHACIIIOK YOT0 HE MOTPiOHO JOOIPAIIOBAHHS TOBEPXHI MiC/IsI a30TyBaHHS.

3acTocyBaHHS X TPaJMLIAHUX METONIB Ta30BOr0 a30TYBaHHS BUMAara€ IMPOBENCHHS OyXKe
TPYAOMICTKUX, CKJIaJIHUX OIepalliii BUCOKOTOYHOTO MEXaHIYHOro NLTiIQYyBaHHS, SIK, HAPHKIAM, MPH
BHUI'OTOBJICHHI JieTayiell 3y0uacTux Imepejad BUCOKOI TouHOcTi. [Ipu 1pomy, uepe3 ¢opMyBaHHS
KPUXKOTO HITPUIHOTO MIapy HEoOXigHO, yacoM, 3inutidoByBaTH Horo Ha rimouny g0 0,1 mm, mo
MOX€E CTaHOBHTH 3HA4HY YacTHHY BCHOTO 3MIIIHEHOTO MIapy 1 SK HACIHiJIOK, ICTOTHE MOTipIICHHS
MeXaHIYHUX XapaKTEePUCTHK.

ABTOpaMH TPOBOAMJIMCS TPUOOJIOTIYHI JOCHIIPKEHHsSI BIUIMBY IUIa3MOBOTO a30TYBaHHS 3a
texHonoriero AT «DE/]» Ha koHTakTHY MilHIcTh Bil BToMu ctam 20X3MB® 'OCT 20072 npu TepTi
KOUGHHS 3 MPOKOB3YBAaHHSM IIOBEPXOHb 1 IOPIBHSIHHA OTPHUMAaHUX pPE3YJbTAaTiB 3 KOHTAaKTHOIO
BTOMHOIO MIILIHICTIO TaKOl K CTaJli, 3MIIHEHOI 3a TPAIMIIIIHOI TEXHOJIOTIEI Ira30BOI IEMEHTAIIIl.
Bonu mokasajy, 0 3HOCOCTIHKICTh 3pa3KiB, 3MIIHEHHUX a30TyBaHHSAM «ABIHIT N», iCTOTHO BHIIIE,
HIXK 3pa3KiB, 3MII[HEHUX TPAIULIIHHOI0 [IEMEHTAIIIE0.

[IpoBeaeHO aHaI3 CTPYKTYPHO-EHEPIeTUYHOIO OalaHCy eHeprii MOBEPXHEBUX IIapiB B yMOBaxX
KOHTaKTHOI B3a€MOJIil, SIKUI JIO3BOJIMB BU3HAYUTH KPUTEPid YTOMHOI MIITHOCTI MarepiaiiB: MHTOMa

EHeprisl pyWHyBaHHS 32 OJUH LUK HaBaHTaXeHHS Emn. Ha ocHOBI mporo ¢opmyiaroBaHO yMOBH
MPOBENICHHS MPUCKOPESHUX BUIPOOYBAaHb Ha KOHTAKTHY BTOMHY MIIHICTh 3 BUKOPUCTaHHSM METOIY
akyctuaHoi emicii (AE): iMIynbcHE HaBaHTKCHHSI O MAaKCHUMaJIbHHX BEIHYHH 3 PEECTPAITIEI0
KUTBKOCTI NMUKIIB JO HAaCTaHHS YTOMHOT'O IOIMKO/KeHHsS. Ha 6asi mporo po3poOiieHO METOIUKY
TIPUCKOPEHOI OIIHKHY MTOKA3HHUKIB YTOMHOI MIITHOCTI ITOBEPXHEBUX MMIAPIB KOHCTPYKIIMHIX MaTepialiB,
sIKa ICTOTHUM YHHOM 3MEHINYE Yac EKCIEPUMEHTANBbHOI OIIHKA TP IPOBEIACHHI IMOPIBHAIBHUX
BHNPOOYBaHb PI3HWX KOHCTPYKIIMHWX MaTepialliB 4M TMOPIBHSAHHS DPI3HUX BHIIB X Momudikarii
(3mimHeHHs). Metox peectpattii curHany AE ekcriepuMeHTaIbHO BU3HAYEHO SIK 3PYYHHM Ta TOYHUIN
IHCTPYMEHT KUIBKICHOT OLIHKH [TapaMeTpy yTOMHOI OMIKOKYBAHOCTI Ny

TeopeTHYHO BCTaHOBJICHO, IO OCHOBHHM (DAKTOPOM, SIKUH BIUIMBAE HA YTOMHY KOHTaKTHY
MIITHICTh MaTepiaty € Koeilli€eHT TucUNalii eHeprii, MOCTIHHUN JUII KO’KHOTO 3 MaTepiaiB.

3anpormoHOBaHAa METOJMKA TPHCKOPEHO! OIIHKM MMOKa3HUKIB BTOMHOI ITOIIKOPKYBaHOCTI
KOHCTPYKIIIMHAX MaTepialliB iCTOTHUM YWHOM 3MEHIIy€E Jac MOPIBHAIBHOI OlliHKH. BoHa Moxe OyTH
BHKOPHCTaHA MPH po3poOIli HOBUX KOHCTPYKIIHHUX MaTepialiB ab0 croco0iB X 3MillHEHHSI.

Pesynbrati AoBroTpruBanux BHIIPOOYBaHb Ha 0a3i 1 MIIH. IUKIIB MiATBEpIWIH BHCHOBKH,
3po0JieH1 TicIsl MOPIBHSUIBHUX BUIIPOOYBaHB 32 PO3POOJIEHOI0 METOIWKOIO IMPHUCKOPEHOI OIliHKH
MMOKa3HWKIB YTOMHOI MONIKO/KYBaHOCTi. [HTerpaspHa 0araTONMKIIOBA CTIHKICTh A0 YTOMHOIO
3HONIYBaHHS 3pa3KiB, 3MIITHEHNX a30TyBaHHAM (10HHO-TIIa3MOBE a30TyBaHHS «ABiHIT N» 3 TTHOMHOFO
mapy 0,25 mm), B 10 pasiB Bumle, HDK y 3pa3KiB, 3MII[HEHUX I[EMEHTAII€0 (3 TJIMOWHOIO IIapy
1,2 mm). Tlormubnenni ¢pakrorpadivHi, MIKpOCTPYKTYpHI 1 (ha30Bi AOCHIIPKEHHS OCOOIMBOCTEH
MOBEPXHEBOr'0 APy CTANECBUX 3Pa3KiB, 3MII[HEHUX TPAJAUIIHOI [[EMEHTAIIE0 Ta I0HHO-TIAa3MOBUM
A30TyBaHHSAM, BUSBWIM TPUYAHK 3HAYHOI TEpPEeBAard IOHHO-TUIA3MOBOTO a30TYBaHHS Mepes
[EMEHTYBaHHSM 33 TOKA3HUKOM BTOMHOT MiITHOCT.

Ha ocHOBI 1MX JTOCHIDKEHb B TOAATBIIOMY MOXIIHUBE BIIPOBAKCHHS T4 BUKOPUCTAHHS 10HHO-
MIa3MOBUX TEXHOJOT1H a30TyBaHHS 3aMICTh [IEMEHTYBAHHS JUIs TOJIOBXKCHHS PECYPCHUX MOKA3HUKIB
arperariB aBiallifHUX JBHUTYHIB Ta TPAHCMICIl TIOBITPSHUX CyJleH, IPUHMAIOYH JI0 YBard TaKoX Taki
TepeBaru a30TyBaHHS, SIK 30€peXeHHs] PO3MIPIB Ta BUCOKOI YUCTOTH OOPOOKH TMOBEPXOHB, BHACIIIOK
4Oro Bijlaiae HeOOX1THICTh IX MEXaHIYHOI JOPOOKH TiCIsl 3MII[HEHHS.
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