MIHICTEPCTBO OCBITH I HAVKU VKPATHU
3AIIOPI3bKUI HALIIOHAJIBHUM TEXHIYHUN VHIBEPCUTET

TU/XKIEHDb HAYKHA

30ipHUK Te3 IOMOBieH IOPiYHOT
HayKOBO-TIIPAaKTUYHOT KOH(PEPEHIIIT cepes CTYICHTIB,
BUKJIAJa4iB, HAYKOBIIiB, MOJIOJIMX YUCHHX 1 acMipaHTiB

18-22 xBiTHA 2016 poky

Tom 5

3AMNOPOMCKUNA

M. 3anopixKs



YJK 001
BBK Y 21
T39
PexomennioBaHo 10 BuiaHHs BueHoto pasioro
3anopi3bKOro HalliOHATEHOTO TEXHIYHOTO YHIBEPCUTETY
(mporoxomn Ne 12 Bix 23.05.2016)

VYnopsanauk Buconpka H. 1.

Penaxkmiiina xoseris:

Buyros FO. M., n-p TexH. Hayk, npodecop (BiAmOB. pea.)
3atiyesa B. M., xaua. nen. Hayk, mpogecop

Iewenxo JI. U., n-p Texu. Hayk, mpodhecop

Jlynvoe B. B., 1-p TexH. HayK, npodecop

Iliza JI. M., n-p TexH. HayK, mpodecop

Ipywxiscokuti B. I'., n-p ekoH. HayK, Ipodecop

Caoicneg B. M., KaH[. TEXH. HayK, JOLUEHT

Bucoyvka H. I, HauaIbHUK TaTEHTHO-1H()OPMAITIITHOTO BiIiTy

Te3u pgomnoBineil IpyKyrOTBCS METOJOM MNPSIMOTO BIATBOPEHHS TEKCTY,
NPEACTaBICHOTO aBTOPAMH, SIKi HECYTh BiJIOBIJAIBHICTD 32 HOro (opMy 1 3MicCT.

Tuxaenp Hayku. Te3n HOMOBiNEH HayKOBO-IIPAaKTHYHOI KOH(EpeHLIi,
T39  3anopixoks, 18-12 ksitHs 2016 p. / Penxon.: 1O. M. BHykoB (Biamos.
pen.) Ta in. — 3anopixoks : 3HTY, 2016. — 22c¢.

ISBN 978-617-529-147-4. (moBHe 3i10paHHs)
ISBN 978-617-529-146-7. (ToMm 5)

3ibpaHi Te3n NONOBiJEH, 3acCiTyXaHMX Ha IIOpIYHIA HAyKOBO-TIPAKTHYHIK KoH(pepeHwii

cepesl CTy/EHTIiB, BUKJIAauiB, HAYKOBIIiB, MOJIOAMX YYeHHX i acmipaHTiB. 36ipka BinoOpaxae

MIMPOKUI CIIEKTP TEMATHKM HAyKOBHMX JIOCII/UKEHb, sSIKi NPOBOIATECA Y 3amopizbKoMy

HaIL[iOHATbHOMY TEXHIYHOMY yHiBepcuteTi. 30ipka po3paxoBaHa Ha INMPOKHH 3arai
JIOCITITHUKIB Ta HAYKOBLIIB.

YK 001

BBK 4 21

ISBN 978-617-529-147-4. © 3anopi3bKuii HAI[IOHATBLHHUI
ISBN 978-617-529-146-7. TexHiyHUA yHiBepcuteT (3HTVY), 2016



3 MATEPIAJIIB IMEPIINX 35OPIB
TH®OPMALIITHO-KOOPIUHALNIINHOTO ®OPYMY
«3AMTOPDKKSA HAYKOBE»:

«[lix yac nmpoBexenHss koH(pepeHuii B  3amopizbkomy
HAI[lOHAJIBHOMY TEXHIYHOMY YHIBEpCHUTETI BifOyyacs BU3HAYaIbHA MOJis
— Ham OyJI0 TOMapOBaHO YHIKaJIbHWA BHCOKOTOYHHUUA BEPCTAT HOBOTO
nmokomiHHsS Zenitech WL-320. Mwu BAasyHi MeneHaTy, HalloMy
KOJIMIIHBOMY BHIIyCKHUKY, noueHty Onekcannpy borycmaeBy 3a
MOCTiIHHY MIATPUMKY OCBITH 1 Hayku B yHiBepcuteTi. Lleii craHok craB
moyaTkoM  (OpMyBaHHS  HOBOi ~ HAyKOBO-IOCHiAHOI  naboparopii.
BrieBHeHu#, 1m0 BXXe y HACTyMHOMY pOLi, MpH MPOBEACHI HACTyMHOI
KkoH(epentii, 70 30ipkM HAYKOBHX HaIpamioBaHb YBIHAYTh pe3yJbTaTH,
OTpUMaHi 3a JONMOMOTOI0 [BOro oOmagHaHHSA. lle — BuXig Ha HOBY
CXOJIMHKY B TIPOIIECi MiATOTOBKY BITIYM3HIHUX CTICIiaIiCTIB.»

Cepriit benikos, nmpodecop, pextop 3HTY

«Ha coBpemeHHOM »3Tare pa3BUTHS YKPAaWHCKOI'O TOCYIapcTBa
eMy HEeoOXOJUMO OIepPEeThCS Ha BCE OCTIDKEHHS COBPEMEHHOHW HayKH,
YTO JacT €My BO3MOXXHOCTh BBINTH M3 COCTOSHHUS 3aTSHYBIIETOCS
kpuzuca. Ho momokeHwe jaen TakoBO, YTO W CaMOH Hayke KpaiiHe
HeoOxonuma momotb. 1 oOpamiaroch K MPeCTABUTENSIM PETHOHAIBHOTO
Ou3Heca ¢ MPU3BIBOM IOCIEA0BATh MOEMY MIPUMEPY: 3alTH B POJHOU BY3,
Ha poAHYIO Kadeapy W MoMoub B OOHOBJIEHHH J1a00OpaTopwii, peMOHTE
ayIUTOPHUHA, B KOTOPBIX MBI TONydadd o0OpazoBaHWE, TNPEIOCTABHUTH
LETEBYIO CTUTICHWIO OJTapeHHOM MOJIOIEXKH, MO/I/IEPKATh
MIePCIEKTUBHEIN MPOEKT, TPOCTO MIOMOYb CBOEMY JIFOOMMOMY YUHTEII0.)»

Anekcanap borycnaes, 6uznecmen
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CEKIIA «TEXHOJIOT'TI MAIIIMHOBYIYBAHHS»
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Jlsns C. 1", Kosnosa O. B.2
' ton. 3HTY

* crapur. Buxt. 3HTY

OCOBJIMBOCTI IONIYTHBOI'O TA 3YCTPIYHOI'O
®PE3EPYBAHS 3 ABTOKOJIUBAHHAMUAU

OpesepyBaHHS TOHKOCTIHHHX JeTaled B yYMOBax [il aBTOKOJHBAaHb
CYIPOBOMXKYETHCS SK IPUCKOPEHHM 3HOCOM IHCTPYMEHTY, TaK i HOTipIICHHAM
SIKOCTI IOBepxHi. BuiiTH 3a Mexu 1ii aBTOKOIMBaHb a00 3HMU3UTH iX IHTEHCHBHICTH
IIPH YOPHOBIH 00p0oOIli MOXKIIMBO, SIK 32 PaXyHOK 3MEHIICHHS IIBUAKOCTI Pi3aHHA,
o0 TIPU3BEAE 10 3HIKEHHS NMPONYKTUBHOCTI, TaK 1 HUIAXOM BHOOPY TreoMeTpii
IHCTpYMeHTI, crioco0y (pe3epyBaHHs 0€3 3HUKEHHS POAYKTHBHOCTI.

Omnucana B ctarTi [1] MeToAMKA TO3BOJISE TOCTIIUTH BIUTUB BUIICO3HAUCHIX
cnoco0iB. Tak pe3ynbTaTh EKCHEepHUMEHTIB IPH MOMYTHHOMY Ta 3YCTPIUHOMY
(dpe3epyBaHHI IOKa3aiH, M0 B 30HI ()OPMOYTBOPEHHSI MOBEPXHi AeTaii B 000X
BUNAJKaX BUHUKAIOTH aBTOKOJMBaHHA. lle BinmOyBaeTbcs mpu 3ycTpiuHOMY
¢dpe3epyBanHi Ha BXxoni 3yba (pe3w, KOMU HAMMEHIA TOBIIMHA 3pi3y, TNPU
MONYTHOMY — Ha BUXO/Ii, KOJIM TaKOX TOBIMHA 3pi3y 3MEHIIYETHCS 10 KPUTUIHOT
BemmurHA. CIi Big3HAYWTH, IO PO3Max aBTOKOJIMBAHb B 30HI (POPMOOYTBOPCHHS
OiJIbIIIe TIPH 3yCTPIYHOMY, HiXK IIPH MOMYTHEOMY. Lle BIUIMBae Ha BUCOTY XBHJIb Ta
IOpCTKicTh 00pobienoi moBepxHi. [licis momyTHROTO (pe3epyBaHHS MIOPCTKICTH
ITOBEpPXHIi Ta BHCOTA XBIJIb MEHIII HIX IPH 3yCTpiyHOMY. HacToTa aBTOKOJIHMBAHb
TeX BIUIMBa€ Ha GopMyBaHHA mpodinro oOpodieHoi moBepxHi. [Ipu momyTHROMY
(dpesepyBaHHI BOHa Oijiblie, HDK NMPU 3yCTPIYHOMY, SIK HACNIZOK IIar XBWIb B
HEepIIOMY BUIAKY MEHILHIL, HIX B IPYTOMYy.

Are mompH BiJI3HAYEHHX IIO3MTHBIB MOMYTHBHOTO (pe3epyBaHHs, CIil
3ayBaXMTH, 110 TOYATOK pi3aHHS 3 OUIBIIOI TOBIIMHU MPHU3BOAUTH JIO TOTO, IO
JeTayb Oiiblie BIITUCKAEThCS, 1 MPHITYCK, IO 3pi3a€ThCs, MEHIIMH, HDK MpU
3YCTPIYHOMY.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. BaykoB 10. H. Pa3paboTka METOAMKH OIIEHKH YPOBHS aBTOKOJICOAHWH
TOHKOCTEHHOM JeTaiu mpu ee KoHIeBoM ¢pesepoBanun / [fO. H. Baykos, A. U.
I'epmames, C. U. Hans, u gp.] / CydacHi TexHONOTii B MammHOOYIyBaHHi, 30.
Hayxk. [Ipanp. —Xapkis, HTY «XIII», 2015. — Bun. 10. — C. 3—13.
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BUKOPUCTAHHSA ®LJIBTPY CABUIIKOI'O-I'OJIESA 1JISA
AOCUKEHHA KOJIMBAHD 1P ®PE3EPYBAHHI
TOHKOCTIHHUX JETAJIEU

[Mpu Mexani4HIH 00poOIi MOXKYTh BUHUKATH BiOpamii eJeMEHTIB TeXHOIOTTIHOT
cuctemu CIII3. [osiBy KonmMBaHb 3B’SI3YIOTh 3 Pi3HUMH (Di3HUHUMH NpUYrHamMH [1, 2,
3, 4]. BuB4eHHS KONMBaHb 3py4yHE 3BICTLI II0 OCIHJIOTPaMax KOJIHMBAJIBHOTO
TIEPEMIIIICHHS Pi3abHOTO IHCTPYMEHTY (1) 0OpoOITFOBaHOT IeTati.

CkrnagHicTh BHBYEHHS KOJIMBaHb NPH (pe3epyBaHHI TOHKOCTIHHOI JeTaii
moysirae B TOMYy, IO BIIXWJICHHS TOHKOCTIHHOi JeTaii, BHKJIHUKaHI
pereHepaTHBHAMH aBTOKONWBaHHSIMH [l, 4], HakIamaroTbCS HA BIIXHIICHHS,
BUKJIMKaHI BUMYIIEHIMHU KOJIMBAaHHAMH.

Jnst neTanpHIoOro IOCTi/KEHHST PEereHepaTHBHUX KOJMBAaHb OCHMJIOTpaMaM
MIPONIOHYETBCS  PO3IUIATA OCHWJIOTPaMy Ha CKJIAJOBY, BHKIMKAHY BHMYIICHUMH
KOJIMBAaHHSAMH 1 aBTOKOIMBAHHAME. POOUTECS 11e B HACTYITHOMY TOpsiaKy. Criodatky i3
3arajibHOI OCIMJIOTPaMU BUIIULSIEMO JAUISHKY, Ha SIKiH BiZIOYyBa€eThCS pi3aHHS OITHUM
3yoom. IlotiM ocrmmorpama oOpoOIIsieTbCs 3rapKyrounM  (QinbTpoM CaBHIKOTO-
lomess [5]. 3mmamkeHa ocIiorpaMa € TEPEMINICHHIM TOHKOCTIHHOI —JieTali,
BUKJIMKQHUM CHJIOIO BIDKMMAaHHS, 0€3 IepeMilieHb, BUKIMKAaHUX aBTOKOJIMBAHHSIMU.
SIKmo 3 MOYATKOBOI cut- TpaMH BITHATH 3DI/DKEHY cut- TpaMmy OTPHMAaeMo
TIepEeMIIIIeHHS TOHKOCTIHHOI IeTalli BUKJIMKAaHE aBTOKOJIMBAHHIMHU.

Buxopucrannst mpu 3riamkyBanHi cut- rpamu  (itetpy CaBuikoro-I'ones
MOKa3ye Kpalli pe3y/ibTaTH B MOPIBHAHHI 3 aMpOKCHMAIIEI TOJIHOMAMH, psiIaMu
®yp’e i pinbTpom [ayca. Lle mos’s13aHO 3 MeHIINM KpaiioBuM edexrom. Kpim Toro
¢imeTp ayca crioTBOproe GopMy CHUTHAITY.

Onmcana MeTonnKa OOpPOOKH OCIIIOTPaM JIO3BOJISIE OIIHIOBATH aMILTITYIH
BUMYIIICHNX 1 aBTOKOJMBaHb, YACTOTY ABTOKOJIMBAHb, & TAKOXK ()a30BE 3PYIICHHS
ABTOKOJINBAHb.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Altintas Y. Chatter Stability in Metal Cutting and Grinding / Y. Altintas,
M. Weck // Annals of the CIRP. — No53 /2. — 2004. — P.619-642. 2. XKapxos U. T
Bubpamun mpu o6pabotke ne3BuitHpiM mHCTpyMeHToM / M. I'. JKapxos. — JL:
MamuHoctpoenue. Jlenunrp. Ota-nue, 1986. — 184 c. 3. Kymunor B. A.
JNunamuka crankoB / B. A. Kyaunos. — M.: Mammnoctpoenue, 1967. — 360 c. 4.
Cheng K. Machining Dynamics: Theory, Applications and Practices / K. Cheng. —
London: Springer, 2008. — 341 p. 5. Introduction to Signal Processing
[Onexrponnslit pecypc] / Sophocles J. Orfanidis. — Rutgers University, 2010. — 795
p. —Pexxum noctyna k kaure: www. ece. rutgers. Edu / ~orfanidi / i2sp.
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? nor. 3HTY

MIANOTOBKA MMOBEPXOHbB JETAJIEN ITIJI HAHECEHHSI
IHOKPUTTA

Ha nmanwmii MoMeHT icHye 0Oe3iid croco0iB MiATOTOBKU IMOBEPXOHBb IMEpe.
HaHECEHHSIM IIOKPUTTIB Ha jeTaii. [IOKpUTTS pO3ALISAIOTE Ha HaIIapoBaHi 1
mudy3iiHi. [CHyI09i MeTOaM HaHECCHHS TTOKPHUTTIB AUIATHCS HAa HACTYITHI OCHOBHI
TpymH: XiMi9HE OCAIDKCHHS, CICKTPOXIMIYHE OCaDKEHHSA, Ta30TepMidHe
HaIlWJIeHHs, BaKyyMHe HamwieHHs, nudysiliHe HacuueHHS. HesanexHo Bin BHIY
MTOKPUTTSI CKJIATHICTD BHHHMKAE€ TPH HEOOXITHOCTI MOIMEPEeNHBOI MiArOTOBKU
JeTajei CKIaIHoro Ipodito.

Metoro poboTH OyB MOIIYK METOMIB MMiJrOTOBKU CIOKHOMPO(UIBHBIX
TIOBEPXOHB MiJl HAHECEHHS TIOKPUTTIB.

ITpu BUOOpPI TOro abo iHIIOr0 METOAY MIATOTOBKH HMOBEPXHI OPIEHTYIOTHCS
Ha HACTYNHI YMHHHUKH: CIIy)KOOBE NpH3HAYEHHS JAeTani 1 il KOHCTPYKTHBHI
0COOJIMBOCTI; BUJ TIOKPUTTS, IK€ HAHOCUTUMETHCS 1 BIIACTUBOCTI, 1110 HABOISATHCS
Ha TIOBEPXHI IiJ] MOKPUTTS; eKOHOMIYHA JOIIFHICTE; EKOJIOTIYHI HOPMH.

Bubip meromy 3BOmUTBCS A0 BWU3HAYCHHS IIepeBar i HEHONIKIB BHUXOITIH 3
rmapaMerTpiB, sKi CTaBUTh I ceOe Oe3mocepenHbo MiaImpHEMCTBO. Po3ristHeMO
OCHOBHI METO/TH TTiITOTOBKH MOBEPXOHb, III0 MAFOTh CKIIATHUHN (paCOHHMIA ITPOQLIb.

[MeckocrpyitHasobpaboTka — Ie XojogHa abpa3uBHa 0OpOOKa ITOBEPXHI.
3abe3medyeTbcsi BHCOKA SKICTh ITOBEpXHI, 30€piracTbcs MNOYATKOBA TOBIIHMHA
Metarmy. Hemomiku: HEOOXimHICTP B CHeWiadbHO OONAaJHAHOMY MPHUMIIICHHI;
BHCOKA BapTICTh YCTaTKyBaHHs 1 BATPATHUX MaTepiaib.

EnexTpoimmynbcHa 00poOka — 3/IHCHIOETBCS 32 JOTIOMOTOK EJIEKTPOY-
IHCTpYMEHTY y BUIVIAII AWCKa ab00 HECKIHYEHHOI CTPIYKH, sKa IepeMilaeThCs
BiJHOCHO 3aroTiBi. [lepeBaru: BUCOKa TOYHICTH 1 HEBEJIHMKA MIOPCTKICTh TOBEPXHI;
BIJICYTHICTh HarpiBy Jnerani B mpoueci oOpoOku. Hemoniku: MOXIMBICTB IMOSBU
MIKpPOTPIIIIH.

VYnbTpazBykoBa 00poOka 3acHOBaHa Ha eQeKTi 30UIbLIEHHS epo3iiHOol i
KaBiTallii aKTHBHOCTI 3BYKOBOTO TIONII TIPH [OJABaHHI B piAWHY JpiOHUX
abpa3uBHHX 3epeH. [lepeBaru: BiACYTHICTP MiCIsA 0OPOOKHM 3aIHIIKOBOI HAIPYTH;
00pobKa KPUXKOTO, TOKOHETPOBOMAIIETO 1 HEmpo3oporo marepiamy. Hemosmiku:
BEJIMKi 9aCTOTH MU POOOTI; BEIHKe SHEPTOCIIOKIBAHHS 1 BUTPaTa BOIH.

EnexrpoximiyHa oOpoOka. [lepeBaru: Brcoka sikicTh noBepxHi. Hemomiku:
HOTYKHI JpKepelia CTPYMY; BEJIMKa BUTpaTa eNEKTPOJITY, 3MiHa XIMIYHOTO CKIIaay
TOHKOTO TIOBEPXHEBOTO LIapy.



EnexTpoHHOnpoMeHeBa 00poOka — 00poOKa eJIEeKTPOHHHUM IPOMEHEM,
NPUCKOPEHHUM [0 BEJIMKHX SHEepriid i cpoKyCcOBaHMX B TOCTPOHAINpPABIIEHI MOTOKU
eJleKTpoHiB. [lepeBarn: MOXIIMBICTh IIMPOKOTO PETYIIIOBAHHS PEXUMIB 1 TOHKOTO
YIpPaBJiHHS TEIUIOBUMH IIPOLECAMH; TNPHIATHICTh Ui OOpOOKM MeTajeBuX i
HEMETaTIYHUX MarepiaiiB. Hemomiku: HEOOXITHICTh 3aXUCTY BiJl pCHTTCHIBCHKOTO
BHUIIPOMIHIOBaHHS, BIiHOCHO BHCOKa BapTICTh 1 CKJIAIHICTh YCTAaTKyBaHHS,
HEOOXiTHICTh TIAMOOKOTO BaKyyMy, CKIaIHO 3a0€3IeYNTH PiBHOMIPHICTE 0OpOOKH
(acoHHHX TIOBEPXOHb.

JlexamipyBaHHS — IIe TEXHOJIOTIYHA Omeparlisi, 3AiiCHIOBaHa Oe3rmocepenHbo
mepen 3aHypeHHSIM JeTajedl B TajbBaHiuHI BaHHHU. [lepeBarm: BHCOKa SIKICTh
noBepxHi.  Henonmiku: ~ BHKOPHCTAHHS ~ TOKCHYHHMX  PEYOBHH;  BEJIHMKE
€HEeproCIOKUBaHHS 1 BUTpaTa BOJU.

I'antoBka — mpolec OYUIIEHHS TOBEPXHI HEBEIMKUX 3ar0TiBEJIb 1 IeTanei 3a
JIOTIOMOT010 abpa3uBHUX pedoBUH. [lepeBarn: MOXIMBICTH OJHOYACHOI 0OpOOKH
BEJMKOI KUIBKOCTI JleTaiei; JOCTYNHICTh BKMBAaHUX MaTepiajiB 1 IMOpiBHsUIbHA
HECKJIaIHICTh KOHCTPYKLII yCTaTKyBaHHS. Hemnoiiku: HEMOXIMBICTH 00poOKM
IyXke JApiOHMX 1 BHCOKOTOYHHMX TOHKOCTIHHHX JeTaied; HepiBHOMipHa
IHTCHCUBHICTh 3HIMAaHHS METalIy II0 TOBEPXHi, sKa MPHU3BOOUTH 1O TipmIol
00pOOITIOBAHOCTI BaYKKOIOCTYITHUX JUITHOK 1 TOBEPXOHb JeTalICH.

O0poOka MexaHIYHUMH IIiTKaMHu. [lepeBarm: TMOKpAaIIyeTbCcd YHCTOTA
MMOBEpXHI — (PAaKTUYHO BiAJANAETHCA PBAHWN 1 MPUTHYTHH MeTan 3 0OpoOJIeHMX
MTOBEPXOHb, 3MEHIIYETHCS MOPCTKICT 0€3 BUAATEHHS OCHOBHOTO METAaNy i 3MiHU
pO3MipiB neTaii; OOMeKeHa pi3albHa 3JaTHICTH — METall 3HIMAETHCSA TLTBKH Ha
KpPOMIIi 3 YTBOPEHHSM MaJIeHBKOTO pajiycy 3a KOpoTkuii uac. Hemomiku:
oOMexeHa pi3ayibHa Jisi(He BUIAISE BENUKI 3aIUPKU 3 BHCOKOMIIIHMX MaTepiajiB) i
HEBHCOKAa TeMmeparypa B 30HI 00poOku(3 11 30imbIIeHHAM BinOyBaeThCs
TUTaBJICHHS MOJIMEPHOTO MaTepiay i HaJWIaHHS HOTo Ha MOBEPXHIO JeTalli, OTXKe,
MOTpiOHA T0IaTKOBa 00POOKA IO 3HATTIO IIBOTO HAJMILIOTO IIApY).

O6pobka B mcCeBOO3piKeHOMY Imapi abpasuBy. IlepeBarm: mpm
IHTCHCHUBHOMY TIEPEMIITyBaHHI BUPIBHIOETHCS TIOJIE 1 YCYBA€ThCS MOMIIUBICTH
3HAYHUX JIOKaJbHUX NeperpiBaHb; MPOCTOTa 3aBAaHTAXKCHHA 1 IEPeMilllCHHS
OXmkaemMoro wmarepiamy. Hemonmiku 1pOr0 cmocoOy: TOpPIBHSHO HEBHCOKA
MPOAYKTUBHICTD 1 AKICTb 0OpPOOKH meTaneil 3 BaXKOOOPOOIIOBaHMX MaTepialliB —
TUTAHOBUX 1 )KapOMIIIHUX CILIABIB.

Haii0inpm momupeni MeToau 0OpoOKH CIOKHONPOPHILHBIX AeTalel mepe
HAHECEHHSIM IOKPHUTTIB 3 METOI IIATOTYBaTH MOBEPXHi, ITOJINIIUTH SKICTb,
HaBECTH CIPHUSATIIMBI BJIACTHBOCTI MOBEPXHEBOIO MIApy, JMAIOTh MOJKIJIUBICTDH
30UIBIINTH TEPMIH CITY>KOM 1 HaIIHHICTh TIOKPUTTIB.



YK 620.115: 621.992.4
IneBaka K. C.', Tonuap H. B.
eryn. tp. M-122 3HTY

? now. 3HTY

AHAJII3 MOXKJINBOCTI BUKOPUCTAHHSA IIITKOBUX IUCKOBHUX
IHOJIMEPHO-ABPASUBHUX IHCTPYMEHTIB /IUIS1 OBPOBKH
JEPEB’SIHUX BUPOBIB

YopHOBY 00pOOKy [HepeB’sSHHX JeTajeld, Hampukiang, B MeOieBiid
NPOMHUCIIOBOCTI BHKOHYIOTH (DYroBaHHSM, (pe3epyBaHHIM, a YHUCTOBY —
nuTipyBaHHAM, HaldacTime cTpidkoBUM. [1OoTiM NpPOBOASTH JOJATKOBY XIMIUHY
00poOKy i mokpuTTs JsakodapOoBUMH Marepiamamu. Ha nakoBaHiii TOBepXHI
0cOoONMMBO TOMITHI JIpiOHI HEpPIBHOCTI, TOMY M OTPUMAaHHS BHCOKOi SKOCTI
MOBepXHi ii NUTiQYOTh KiTbKa pa3iB, TaKOX MOXKIUBE IOULTI(GOBYBaHHS
;:[ecpeKTHI/Ix Micie. Kpim Toro mnridyBaHHS 3MEHIIYE BHTPATy naxopapboBux
MarepiaiB. 3 onIAoy Ha BiIHOCHO BHCOKY pr}lOMlCTKlCTB mporecy uuTigyBaHHs
MOUIYK HOBUX, OUTBII MPOJYKTUBHHX METOMIB Ta IHCTPYMEHTIB JUII BUKOHAHHS
LIBOTO MPOIIECY € AKTYAIBHHM.

Mertoro nmaHoi poOOTH OyJI0 MPOBECTH aHaNi3 MOXKJIMBOCTI BUKOPUCTAHHS
BiZITHOCHO HOBUX IIIITKOBUX JIMCKOBHX IMOJIIMEpHO-aOpa3uBHUX iHCTpyMeHTIiB (ITAI)
Jutst QiHIIHOT 00pOOKY JepeB’THUX BUPOOIB.

ITAI — € iHcTpymMeHTOM o0OepTanbHOI Aii 1 ABJIsIE COOOI0 MeTaneBy abo
IUTACTMAacCOBY MAaTOYMHY, B SKIH 3aKpilUIGHO BOJIOKHA, IO CKJIAJafOThCS 3
oJTiaMiTy — MIITHOTO BHCOKOEIACTHYHOTO TIOJTIMEPHOTO MaTepiany — i piBHOMipHO
posnoaiieHux B HhOMY abpa3uBHUX 3epeH. OcoOmuBictio [TAI B excrmyararii €
oOMeXxxeHHs TemnepaTypHoro pexxumy a0 80...120°C.

3aBOSKH BOJIOKHHCTIH CTPYKTypi, SIKa TOBTOPIOE KOHTYp OOpOOIIOBaHOI
MTOBEPXHI, 1 MMM 3YCHJUIAM Di3aHHA, TaHUM HEKOPCTKHAM IHCTPYMEHTOM TaKOX
MOXJIMBa 00pO0Ka CKIaIHONPOQITBHUX 00’ €MHHX JepeB’THUX BUPOOIB.

ExcniepuMeHTH MPOBOIWIN Ha JepeB’ssHUX Opyckax 3 Oyka i Oepesu. bpycku
3aKpiIUIIOBaJIM B Jielarax Ha ruiockonuriyBansHoMy Bepcrari 31°61. Pexxumn
00poOKH TOJIiIMEpHO-a0pa3sMBHUMH IHCTPYMEHTaMU: MO3I0BXHS nogada S = 1..3
M /XB, OKpy)XHa IIBWAKICTH V' = 17 M/c, Harir — XapakTepusye CTYIiHb
MIPUTHCHEHHS IHCTPYMEHTY 10 aetani — i =0,5...2,5 mm.

[MapameTpu iHCTpyMeHTY: muckoswmii [TAI miamerpom D = 120 mwm; miametp
BOJIOKOH dB = 1 MM, BWIT BONOKOH L = 22 MM, Marepian abpasuBy 63C,
3epHUCTICTh F90. O6po6Ky npoBoxumu 6e3 30TC.

midysanns ITAI B310BXK BOJIOKOH Ja€ Kpamry KicTh 00poOIeHol moBepxHi,
MTOPIBHSAHO 3 HANPSIMKOM IIOTIEpeK BOJIOKOH. JlocsraeTbess mopctkicte Ra = 0,32
MkM 3a omgmH mpoxin ITAI IloBepxHs riamka, mMatoBa. BoJOKHHCTa CTpyKTypa
JiepeBa He POSIBIISIETHCS.
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[Tpu BenukoMy 301IbIIEHHI, TOPIBHIOIOYN 3BHYaliHI HUTiIQOBaHI MOBEPXHI 1
00poGunieni ITAI, MOXHa TOMITHTH HasIBHICTh MUIKOI MWJIONMOAIOHOT THpCH Y
3amaguHax Mikponpo¢ino y mepmux, i ii MOBHY BiACYTHICTH y Apyrux. Tupca
BHMITAETHCS. BOJIOKHAMH, 3aBJSIKM YOMY BUTPATH Ha JIaK 3HAYHO 3MEHIIYIOTHCS, 1
SIKICTh TIOKPHUTTSI TOKPAIYETHCSI.

[pu HEOOXigHOCTI, 30iNbITyIOYH HATAT 1 Ounbmie 1,5 MM, MOXXHA HOTATKOBO
BHJAIIATH IIap 0OpoOIFOBaHOT MMOBEPXHI y M SIKUX TOPiJ AepeBa.

BucHOBOK:  mOIITKOBI  mMONiMepHO-aOpa3sWBHI  IHCTPYMEHTH  ITOKa3aJd
3aI0BITBHI pe3ynbTaTH NpH NUTiGyBaHHI JepeB’sSTHUX BUPOOiIB. AJe BOHHU
NOTPEOYIOTH ITOJAIBIIOTO BUBYCHHS.

YK 621.8:621.7.015

Hepesana I'. A.', Tpiums I1. P.2, Tonuap H. B.?
'cryn. rp. M-122 3HTY

ety rp. M-121m 3HTY

3 o, 3HTY

BUKOPUCTAHHA JIBOX - TA TPbOX KOMITAHEHTHHUX
JUHAMOMETPIB JJ151 BUBHAYEHHSA CUJI OBPOBKH
HEXOPCTKUMHU TUITAMU IHCTPYMEHTIB

3 KOKHMM POKOM Tpe.’ sBISIFOTHCS yce OUTBII BHCOKI BHMOTH IO SKOCTI
Jerajedl i onTuMizanii BUTpAT Ha iX BUTOTOBIICHHS. TOMY BIPOBaIXKEHHS HOBHX
MeToZiB (iHIITHOI 00pOOKH € aKTyanbHUMH. EmacTwyHi iHCTpYMEHTH Ha OCHOBI
monimepHo-abpa3uBHUX (I[IA) BOJNOKOH HEMIOAABHO 3’SBWIHMCA Ha PHHKY
iHCTpyMeHTIB. {1 Kpamoro BUKOPUCTAHHS yCiXx MokiuBocTel I1A iHCTpyMeHTiB
CJTiJI IOCKOHAJBHO JIOCIIJDKYBATH iX CHJIOBY [if0 HA OOpOOIIIOBAHY MOBEPXHIO LIS
yHi(ikalii 11poro Meroay o0OpoOku. Lle nacTb MOKIUBICTB: MPABUIILHO MiAOUpaTH
PEKUMH Pi3aHHs; MOHU3UTH TEIIOBUI BIUIMB HA IMOBEPXHIO; IMiIBUIIUTH CTIHKICTh
IHCTpyMeHTy; 3a0e3nednTH HEOOXiIHY SIKICTh JAeTajl; BHOpaTH ONTHMAJIbHY
MOTYXXHICTh €JEKTPOJBUIYHA MINHUHJAENS; pPO3paxyBaTH NPUBIA  TIOJAHHS,
KOHCTPYIOBAaTH 3aTUCKHE OOJAIITYBaHHS BEPCTATHOTO MPUCTOCYBAaHHS.

JocmipkeHHsS B Iilf 00JacTi 3a3BWYail 3BOIATHCS JIO BH3HAYCHHS TOJOBHOI
CKJIJIOBO{ CHJIM Pi3aHHS B iIealIbHAX CTATHYHHUX YMOBAX, IO JAJIEKO BiJ] peabHOCTI.

Po3pisHstorh  MeTomm  BHUMIpY —CHI:  eKCIIEpHIMEHTAJIbHO-aHAJITHIHHUH,
MTOTYKHOCTHHH, TEH30PE3UCTHBHBIN, IT'€30PE3UCTUBHHUM, ONTHKO-TOJIPU3AIOHHBIH,
BOJIOKOHHO-ONITHYHIH, TUIACTHYHIH 1 PyXHii AeopMarii, MeXaHITHHH.

MeTtonu BUMIpY CHIIM 00’ €AHYIOTh B HACTYIIHI TPYIH: YPIBHOBOKECHHS IIyKAHOT
CHJIM CHJIOIO TSDKIHHSL TLJIa BiZIOMOI MacH; BUMIp NPHCKOPEHHSI TiJIa BiZIOMOI MacH, JI0
SIKOTO TIPHKJIAJICHA IIIyKaHa CHJIA; YPIBHOBAKEHHS IIIYKAHOT CHIIM €JIEKTPOMArHiTHOO
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CHJIOIO; TIEPETBOPEHHS CHJIM B TUCK PIIMHM 1 BUMIP L[bOTO THCKY; BUMIp nedopmariii
NPY’KHOTO EJIEMEHTY CUCTEMH, BUKJIMKAHOIO IYKaHOO CHJIOHO.

Haii0inpIn mommpeHuM MpUCTPOEM ISl BUMIPY CHIIH € AMHAMOMeTp(Bin aAp.—
rped. o0vopg — «crwiay 1 PETPE® — «BUMIPIOIO»). BiH ckiagaeThcs 3 CHIOBOT
JIAHKY 1 BIUTIKOBOTO MPHUCTPOIO. Y CUIIOBIH JIaHII BUMIpPIOBaHE 3yCHIIIS BUKJIMKAE
neopmarito, ska Oe3mocepeqHbO abo dYepe3 IepeAady  MOBIIOMIISETHCS
BI[UTIKOBOMY TIPHUCTPOI0. JlMHAMOMETpH MiAPO3AUIIOTECS HA TPYXKHUHHI,
TiIpaBliyHi, MEXaHIuHi, eNEeKTPH4Hi. 3aJeKHO BiJ KIJBKOCTI BHUMIPIOBAHUX
BEJIMYUH BOHM MiAPO3NUIAIOTECS Ha OJHOKOMIOHEHTHI (FZ), JBOKOMIIOHEHTHI
(Fx, Fz), rpuxommonenTHi (Fx, Fy, Fz) i Tak gami.

EnextpuuHi nuHAMOMETpH € HaWOUTBII YYTIMBHMH, OCKUIBKHM BOHH
MAaJIOTHEPIIiHI 1 JTO3BOJAIOTH POOUTH 3amKC OBICTPONPOTEKAIOMIMX IMPOIIECIB 3a
TUCAYHI 1 CTOTUCSIYHI YAacTKM CeKyHAM. Taki JWHAMOMETpPH TIEPETBOPSTH
MEXaHIYHy [0 CHJI pi3aHHS B JIETKO BHMIDIOBaHI EJIEKTPUYHI BENWYMHH. Y
o0JIaINTYBaHHS  €IEKTPUYHUX JUHAMOMETPIB  BXOISTHh JATYUKH  EMHICHI,
KOHJICHCATOPHI; IHAYKTHBHI 200 TEH30METPHYECKHE.

Ha panmit MoMeHT icHye O€31i4 KOHCTPYKIH CIHJIOM3MEPHTETBHBIX
NPUCTPOIB, ale B OCHOBHOMY BOHH IIpHB’s3aHI 10 BHIY OOpOOKH, BHIY
IHCTpYMEHTY, YCTAaTKyBaHHS. Y OUIBIIOCTI 3 HUX fAK BIITIKOBUX IIPHUCTPOIB
BUKOPUCTOBYIOTBCSI TEH30IATYHKH.

HepmomikamMn TEH304aTUHMKIB €: BHUCOKAa JKOPCTKICTH CHCTEMH; HEYyCyBHA
HECTAaOUTBHICTh TPaXyIOBAJIFHOI XapaKTEPUCTHKH TEH30METPHUECKUX OalloK;
BUCOKI TiCTEepe3uCHi e(eKTH BiJ THUCKY 1 TeMIlepaTypd Ha TEH30pe3UCTOpax;
HH3bKa CTIMKICTh NPH Il yIapHUX HaBaHTaXeHb 1 BiOpaIliii.

Ockinbku ipu 00podui [TA iHCTpyMeHTaMu iCHY€e psill TAKHX TUPEKTHBHUX
YMHHHKIB, K MiHIMaJbHE 3HIMaHHS METajly, Maja CHJIOBa Jisi, HE3HaYHA yJapHa
Jist IHCTPYMEHTOM, TpOTE IO BUKIMKAE BiOpalilo, BXKMBAaHE YCTAaTKyBaHHS —
py4Ha numpManivHa, IIOCKOILTI(hyBaTBHUMI BepCTar, Jiemara abo CreiycTaHoBKa
3 TOPU3OHTAIBHUM KOHBEEPOM, CKIaJHUIA OOpOOIIOBaHHMH KOHTYp IeTalel,
OakaHa TPOCTOTAa KOHCTPYKIii i HU3bKAa BAapTICTh TUHAMOMETpA, TOMY ICHYIOUi
IMHAMOMETPU He MPUIHATHI A8 BHKOPHCTAHHSA B LUX JOCTiIKeHHsX. HuHi
aKTyanbHa po3poOKa TPUKOMIIOHEHTHOTO IMHAMOMETpPA 3 CHIIOM3MEPHTEIBHBIM
MIPUCTPOEM 13 3ATHICTIO TaCiHHS yIApHOI Aii IHCTPYMEHTY 1 JOCUTH YyTIMBOTO. B
SIKOCT1 BIJJTIKOBOTO TPHUCTPOIO 3a KPUTEPIEM IliHA — SKICTh HAHOUIBIN MigXOAATH
IHIYKTUBHI Aartduku. [lepeBaroro Takoro MpPUCTPOIO, SIBISETHCS MOJKIUBICTH
BUMIpPY HU3bKUX Ha/JIMIPHUX 1 TU(EpeHIiaJbHUX 3yCHIIb, JJOCUTh BUCOKA TOYHICTh
1 He3HaYHa TeMIlepaTypHa 3aJIeXXHICTb.
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VIIK 621.8:621.7.015

Ipxenko A. B.!, Heuirtaiino M. B.2, Tonuap H. B.?
'cryn. rp. M-111 3HTY

ety rp. M-121m 3HTY

* ow. BHTY

BUKOHAHHSA ®IHIITHOI'O ETAITY BUT'OTOBJIEHHS JIOITATOK
I'TA HA 5 - KOOPIUHATHUX ®PESEPHUX BEPCTATAX

Opesepni 00poOmoBaneHi neHTpr 3 UIY mIMpOKO BUKOPHCTOBYIOTHCS B
pi3HEX Tamy3sx mpomucioBocTi. OcoOnnMBO pamioHanNbHE IX 3aCTOCYBaHHS B
aBHAJBUTaTENIECTpOCHNU. TodHICTh OOpOOKM Ha IIMX BepcTarax JJO3BOJISIE
yCceOiYHO BHKOPHCTATH iX IS PI3HUX cTamid oOpoOKu: OOAWPHOI, YOPHOBOI,
HaIiBYUCTOBOI i 4MCTOBOI. [ Hy9YKICTh HANAIITyBaHHS IIMX BEPCTATiB IO3BOJSIE B
HalKOpOTII TEepMIHM TIEPEHAJarogUTH I1X Ha BHPOOHHUITBO JAeTayedl iHIIOL
KOH(Irypauii(HOMEHKIATypH) B OIMHUYHOMY i IpiOHOCEPIHHOMY BUPOOHHUIITBI.

OpHiero 3  mpoOjeM Tpd  BHUTOTOBJIEHHI  JIOMATOK  Ta30TypOIHHUX
neuryHiB(I'T/I) € pyune momipyBaHHS Ha (iHIIIHOMY eTari IX BHTCOTOBJICHHS.
[pomec melt myxke TPYIOMICTKUM, TpHUBaIMi, MOHOTOHHUH 1 BHMarae BHCOKOI
kBaiiikarii poOiTHHKA.

Mertoro mi€i poOOTH OyNO MPOBECTH aHaTi3 MOXJIMBOCTI BIPOBAKCHHS
noniMepHo-abpasusHoro inctpymenty(ITIAT) mms mpoBenenns ¢imimmHoro eramy
00poOKku omaTku Ticist (pesepyBaHHA mpoditro mepa Ha 3.5 KOOpAWHATHUX
¢pesepuux Bepcrarax 3 UIIY, He 3HIMArOuM JIONATKH 3 BEpCTaTa, IO JO3BOJIHUTH
3MEHIINTH Yac 0OPOOKH 1 TOHU3UTH JOIIO0 PYIHOI Mparli.

[IAI — e BimHOCHO HOBMIi HEBMBYEHMil BMJ HEOPCTKHMX iHCTPYMEHTIB,
BUKOPHUCTOBYBaHHH [T (iHIITHOI 00poOKM neranert pizHoi KoH(Irypamii 3 pisHIX
MmarepianiB. [IpyHICTh BOJOKOH IHCTPYMEHTY HO3BOJIsIE OOpOONIATH TOBEpXHI
cKiaaHoro npodinro. [HCTpyMeHT € MeTaneBorw abo IIIacTMAcOBOIO MAaTOYHHOIO,
Ha SIKii 3aKpilUicHi MOJHAMHIHBIC BOJIOKHA 3 BKIIOYCHHSAMH aOpa3suBHHUX 3EpEH,
SIKl 1 BUKOHYIOTh MIKpOpi3aHHs. 3aBJSIKM BUCOKIH €1aCTHYHOCTI, 3arajibHe 3yCHILIA
pi3aHHS Iy)Xe Maje, IO CIPUSTIMBO ITO3HAYAETHCS MPU 0OpOOIi HEXOPCTKUX
JleTaielt, 1o IKUX BiaHOCATLCS tonaTku ['T/1.

OCKUIBKH 3HAaYHA YaCTWHA JIOIATOK BHTOTOBILIETHCS 3 JKAPOMIIHUX THTAHOBHX
CIIaBiB, HEOOXITHO BimMmiTuTH, 110 3actocyBaHHs COTC 060B’s13K0BO TpH iX 00poOIIi
ITAI, OCKiNbKM BOHM MAarOTh HU3BKY TETIONPOBIAHICTS. [loiMepHa OCHOBA BOIOKOH
IAI BTpayac TpouHOCTHBIE BIACTMBOCTI Tipu Temmeparypi 80.120°3, Tomy
TEMIIEpaTypHHUIl PEKUM BHMAarae OCOOJIMBOTO KOHTPOIIO, IO, IPOTE, MAE 1 CBOIO
NO3UTHBHY CTOPOHY — rapaHTOBaHAa HEBHCOKA TEMIIEpaTypHa Jlisi Ha OOpOOIIOBaHy
noBepxHio. JlocmipkyBaHi BepcTaTn 3a0es3meuyioTh mieape oxonomkeHns COTC
Ppo0040i 30HM KOHTaKTy «IHCTPYMEHT-IETAIIbY.
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[TapameTpu iHCTpYMEHTIB:

— nuckoBmii TTAT nmiamerpoM D= 75 MM, mmpura B= 20 mm, Buiit
BOJIOKOH L = 15 MM, miameTp BOJIOKOH oy = 1,2 MM, MaTepian abpasuBy 63C,
3epHucTicTh F280;

— kinnesuit TTAT nmiamerpoM D = 32 mwm, BumiT BosokoH L= 8 MM, miameTp
BOJIOKOH Gy= 0,6 MM, marepian abpazuBy 63C, 3eprucricts F320.

PexxymMu pi3aHHS: TOMOBXKHE TMONaHHS S = 1 M/MiH, BHAKICTE V= 4.6 M/c,
HaTsr i= 1.1, 5 MM, oniepeure moganus omin = 0,4 MM.

Juckosuit TTAI no3Bonsie mparroBaTH TiTbKH 3i CIIMHKOKO i KOPHUTOM JIOMATKH.
BupanenHs TOHKOTO IIapy IpHITycKa Matepiaiy 3adesnedye mopcTkicTs Ra 0,63 M.
[Ipu npoMy BXiZHA i BUXiTHA KPOMKH 3aJIAIIAIOTHECS TPAKTHYHO He3aiiMaHUMH.

Kinnesmit TIAI nosBomse mpamoBaTn 3 ycCi€r0 IOBEPXHEIO JIOMATKL
3nilicHIOeThCS uKcTOBA (iHilHA 00poOKa, OTpUMyBaHa mopcTKicTh Ra 0,32.0,2 MkM.

B pesynbrari BHKOHaHOI POOOTH MOXHA 3pOOWTH HACTYNMHHH BHCHOBOK:
3aCTOCYBaHHS 3.5 KOOpIMHATHUX BepcTatiB Juisl QiHimHOi 00poOku nonmarok ['T/]
MOXIJIMBO, aji¢é BHMara€ IOJANBIIOT0 BHBYEHHS, OCKUIBKM Ha JIaHWUH MOMEHT
3aJMIIMIACS HHU3Ka HEBHBYEHHMX 3allMTAaHbh BIIHOCHO aJanTarlii MpOrpaMHOTO
3abe3nedeHHs, o ounmeHH0 COTC i Tomy moioHe
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CEKIIIA «TEXHOJIOI'ISI BAPOBHUIITBA ABIAIIIMHUX JBUT'YHIB»

VK 621.452.007
bnaryn B. E.
cTya. rp. M-721m 3HTY

W3IOTOBJIEHUME JETAJEM I'TJI U3 KOMIIO3UIIMOHHBIX
MATEPHAJIOB C TIPUMEHEHUEM HAHOTEXHOJIOT Ui

HaHoxoMno3uTHBIE MaTepuaibl CWIBHO OTJIMYAIOTCS OT OOBIYHBIX.
VYcoBepIIeHCTBOBaHNE MX CBOMCTB OCHOBBIBAETCSI TJIABHBIM 00pa3oM Ha
JIETUPOBAaHUH OCHOBHOTO MaTepHajd. OJTHM IIyTeM OBbUIM CO31aHbl HOBBIC
KPHCTAUINYECKHE CYNEePCIUIaBhl U CyIepKepaMHKa.

Hanoxommno3utHple MaTepHansl u3-3a odeHb majoro (<10 HM) pa3mepa
3epeH W 3HAYUTENIBHOW DPOJM TPaHWYHBIX OO0JACTeH, OKPYKafoIMX OTIENbHBIE
3epHa, BeAyT ce0si MHaue M0 CPaBHEHUIO C OOBIYHBIMH Marepuanamu. [loatomy
OHH 00J1aJ]al0T COBEPILICHHO HOBBIMU CBOWCTBAMH.

WpneanusupoBaHHasi MOJENb CO  CBEPXTBEPABIM  HAHOKOMIIO3UTHBIM
MIOKPBITHEM MOKazaHa Ha puc. 1, a. Ha puc. 1, 6 mpencraBieHo cxemarnieckoe
U300pakeHNE OTHOTO U3 HAHOKOMITO3UTOB cucTeMbl Ti-Si-N.

PI/ICyHOK 1 — Cxemarnueckoe I/I306pa)l(€HI/IC HaHOKOMITIO3HMTOB.

a — WJIeaM3UPOBAHHOE HAHOCTPYKTYPHOE MOKpbITHE (1 — HAHOKpHUCTALHTBL, 2 — amopdHast
MPOCIIoiiKa); 6 — cTpoenue HaHOKOMIIo3uToB — TiN / o — Si3N4 / nc — TiSi2.

TpatuIMOHHBIM MaTEpPHAIOM JJIsI M3TOTOBIICHNUS JIOMIATOK Ta30TypOMHHOTO
meuratens (I'TJ) m npyrux neranmeid ropsSdell CEKIHMH CIIY)KAT HHUKEICBBIN
KaponpoyHbIH criaB. Kak anbTepHaTHBa HUKETIEBBIM CIDIABaM paccMaTpHUBAIOTCS
JIETKHE U OYEHb CTOIKHE OTHEYIIOPHbIE MaTEpHalIbl — KEpAMUIECKHE KOMITO3UTHBIE
Martepuansl (B T. 4. HAHOKOMIIO3UTHBIE), 3BTEKTHYECKH KPHCTAJUIN30BaHHAsS
KEepaMHKa M BEICOKOTEMIIEpAaTypHbIE HHTEPMETALTHIBL. Lenb HOBBIX pa3paboTok —
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IMOBBICUTH HAACKHOCTH U PECYpPC, CHU3UTHL BCC JABHUIATCIIA, YMCHBUIUTH pPacxo]
TOIUIMBA M BBIOpOC okcumoB azora NOX. Yike ceifyac HEKOTOpPbIE TEXHUYECKHE
pemieHnst B aBHManMOHHBIX [T/l W pakeTHBIX [BUraTteisix pealu3yroTcsi C
HCIOJIb30BAHUEM HAaHOTEXHOJIOTHH.

Coznanue KOpITyCOB COBPEMEHHBIX I'TH, 00eCTICUYNBAFOIIINX
HEeNpoOWBaeMOCTh TpH OOpBIBE JIOMATKH, HEBO3MOXHO 0€3 MpUMEHCHHS
HOBEHIIINX, B TOM YHCIIe KOMITO3UIIMOHHBIX, HAHOMaTepuaaoB. BeiOop MaTepuaion
JIOJDKEH OCHOBBIBATHCS HA AETATLHOM M3yYEHUH NX MEXaHWYECKHX CBOICTB, B TOM
Yycie, MPOSBISIOMINXCS MPH  yOApHBIX B3aUMOJCHCTBHAX M B  YCIOBHAX
TIOBBIIIEHHBIX TEMIIEPATYDP.

YK 621.453.3
Mengenes A. C.
cTya. rp. M-721m 3HTY

U3IOTOBJIEHUE JIETAJEM I'T/] C IPUMEHEHUEM
UHTEHCUBHOM IVIACTUYECKOM JE®OPMAILIMA

HccnenoBanus  mocnemHUX — ABYX — JAECATWIETHH — IOKa3allk,  dTO
(G QEKTUBHBIM CIIOCOOOM TOBBIIICHUS MEXAaHWYECKUX CBOWCTB METAIJIOB U
CIIaBoB sBisieTcss (opMmupoBaHue YM3-HAHOCTPYKTYp € pa3sMepoM 3€peH B
CyOMHKpPO- ¥ HaHOKpHCTAJUIMYeCKOM nuamazoHe wmeromamu MUIIJ[. Taxue
CTPYKTYpPBI 00/Ia1al0T YHUKAIBHBIM COYETaHNEM (DPHU3UKO-MEXAaHHUECKHX CBOMNCTB,
TaKMX Kak BBICOKHE IIPOYHOCTh M IUIACTHYHOCTh, BBICOKAsl YCTaJIOCTHAsS
JOJITOBEYHOCTh, HM3HOCOCTOHKOCTh. POPMHpPOBAaHNE HAHOCTPYKTYp pealu3yercs
3a CYeT WCIONB30BAHMSA OOJNBIIMX cTemeHedl apedopmarmu (CO CTEHEHAMH
e=3...10 u Oomee) mnpuM CpPaBHUTENBHO HHU3KHUX TeMmIeparypax (HIKe
0,3...0,4 Tmn).

B noxnane paccMOTpPEeHBI TEXHOJIOTHYECKHE OCOOCHHOCTH U BO3MOYKHOCTH
WCIIOJIb30BaHUS MaTepHaloB, NonydeHHBIX Meromamu WIIJl (kpydenue mon
ruapocratndeckuM naapieHueMm, PKVYII, BD, BcecTOpOHHIOW H30TEPMUYECKYIO
KOBKY) s wusrorosneHus pneraireid ['TJ[. I[lockombKy HCIONB3YIOTCS 0OCO00
LICHHBIE XApPOIPOYHbIE CIUIaBBl HA OCHOBE JXEJe3a, HUKENS M THTaHa, CIEAyeT
OTMETUTH BIISIHHE HAHOCTPYKTYpPHPOBAHMS HA MX CBOWCTBA. JKapormpodHOCTH B
9THX Marepuanax obecliedunBaeTcs HamuaueM Oombmoro (cBeime  50%)
KOJIMYECTBa HAHOPA3MEPHBIX WHTEPMETAUIMIHBIX YacTHI C KOTCpPEHTHBIMHU
TpaHUIlAMA ¥IH TOHKOIUTacTHHYaToi (~100 nm) c¢azer. Ilpu wm3rotoBneHUN u
SKCIUTyaTallii TaKUX AeTayleid, KaK IUCKH, JOMAaTKH, KOJblla, U3 ATHUX CIIJIABOB,
HEOOXOJMMO YYHUTHIBATh BO3MOKHOCTh IPOTEKAHUS MPOIEcca PEKPHCTAIUIN3AINN
npu Temmeparypax Bbime 0,3...0,4 Trui. Pexpuctaiin3upoBaHHBIE CTPYKTYpPBI
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XapaKTepU3UPYIOTCS YBEIMUEHHBIM pazMepom 3epHa, MOHKEHHBIMHU
MPOYHOCTHBIMU U TUIACTUYECKUMU XapPaKTEPUCTUKAMH.

N3 wmatepuanos, mpousBeneHHbx Metomamu WIIJl, wu3rotaBiuBaroT
HAIOJIHUTEIM WHHOBAIIMOHHBIX MOJIBIX HIMPOXOPIHBIX BEHTHJIATOPHBIX JIOMATOK,
KOTOpbIE XapaKTEPU3YIOTCS BBICOKOW YyNIENbHOM MPOYHOCTHIO MPU 3HAUUTEIBHOM
obnerdeHnn KOHCTPYKIWH. [IIMpOKO MCIONB3YIOTCS TUTAHOBBIE CIUIABBI ¢ YM3-
CTPYKTYpO#, oOnamaromme Maloi MaccOd W TOBBIIICHHON HAIe)KHOCTBIO, IS
MPOU3BOJICTBA JIOMATOK, JUCKOB M MoHokoinec ['TJ. Jlnsg H3roTOBIEHUS
KOPITyCHBIE [eTajie HCHOJB3YIOTCS HAHOCTPYKTYpHUPOBAHBIC AaJIOMHHHEBBIE W
MarHvieBble CIUIABBL, KOTOPBIC XapaKTEpU3YIOTCS ITOBBIIIEHHOW MPOYHOCTHIO
(1,52 paza) u cBapUBaEeMOCTHIO B CPABHEHUH C MUKPOCTPYKTYPHBIMH.

YIK 621.438
Hoxenko /1. C.
cTya. rp. M-721m 3HTY

U3IrOTOBJIEHHUE JIONIATOK TYPBUHBI I'TJI C IPUMEHEHUEM
HAHOTEXHOJIOT UM

Cospemennble razorypounnsie nasurarenu (I'T) TpeOyrorT npuMeHeHUs
KAPONPOYHBIX CIUIABOB IS JIONATOK TYpOMH C BBICOKAM KOMIIIEKCOM
TEXHOJIOTHUECKUX, MEXaHWYEeCKMX U OSKCIUTyaTallMOHHBIX CBOMCTB. Y CIIOBHSA
paboThl yKa3aHHBIX JAeTaJel KpailHe HarpsDKCHHBIC, CBSI3aHHBIE C ITOBBINICHUEM
TEeMIIEpaTyphl T'a3a Ha BXOJIE B TypOHHY.

[lepcrieKTUBHBIM ~ HamNpaBJICHHWEM  IIOBBIMIEHUS  JKCIUTyaTallMOHHBIX
XapaKTepUCTHK pabo4Mx JIOMATOK TypOWHBI SBISETCS MOAM(DHUIIMPOBAHHE
JKApOIPOYHBIX HHUKEJIEBBIX CIUIABOB HAaHOYACTUIIAMU TYTOILIABKUX COCHHHCHHﬁ,
VHHALMMPYIOIINX KPUCTAJUIU3ALUIO.

B nmanHOM J0KIane paccMaTpuBaeTCsl TIOBBIINICHUE KavyecTBa JUIMHHOMEPHBIX
nonatok ['T/] 3a cuer oOBeMHOro MOAM(MHIMPOBAHMUS >KAPOIPOYHOTO HHKEIIEBOTO
crasa JKC3 IK-BU HanoucniepcHBIMUA KOMITO3UIMSIMHU.

W3BecTHO, YTO yMEHBIIEHHE pa3Mepa KPHCTAJUIUTOB HIDKE HEKOTOPOU
TIOPOTOBOM BEITMUYMHBI MOXET HPUBOANUTH K 3HAYMTEIFHOMY M3MEHEHHIO CBOMCTB
METAUIOB W CIUIaBOB. Takue 3(QEKTH MpOSsBIAIOTCA, KOTZA CpPeTHWH pasMep
KpUCTAJUIMYEeCKUX 3epeH He mpepbimaer 100 HM, u Hambojee OTYETIMBO
HaOIIOAar0TCs TIpH pazMepe 3epeH Menee 10 HM.

MenKko3epHUCTbIE CIUIaBbl B CPAaBHEHHHM C KPYMHO3EPHHCTHIMH HMEIOT
IMOBBIIICHHBIC 3HAYCHUA TBEPAOCTU, COIMMPOTUBJIICHHUEC YCTAJIOCTH U IJIACTUYHOCTH
Opy KOMHAaTHOM ¥  TOBBINEHHBIX TeMmmepaTypax. CremoBarenbHO, B
yIBTPAMENKO3EPHUCTBIX ~MaTepHalax HanpshKEHHs —paclpelesslioTcsl  Cpeau
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OOJIBIIIET0 YKCIIa TPAHMUIIL, YTO IIPHUBOAUT K MOHIKEHHOMY YPOBHIO JieopManny Ha
KOKIOW rIpaHule. B KpyNHO3EpDHHUCTBIX »K€ MarepuagaXx Ha OJIHO 3€pHO
MPUXOAUTCS  OoNbIIasl  JIOKaNbHas Harpy3ka, 4YTO SIBISIETCS  NIPHUYMHOU
MIPEXXIEBPEMEHHOTO PACTPECKUBAHMS 110 TPaHHIIAM 3€PEH.

C uenpio ONTHMH3AIMM MaKpPOCTPYKTYpBI, MOJy4eHHs pPaBHOMEpPHOMH
TIOJIMIAPHYECKON, METKOKPHCTAJUIMUECKOH CTPYKTYPhl HAa TYpPOWHHBIX JIOTIaTKax
6b10 ompoboBaHO Moamduuuposanue criasa JKC3J/IK-BU HanOMMCIIEpCHBIMU
nopomkamu Ti(C, N) B TaGeTHpOBaHHOM BHJIE.

C moMOIIIBIO MPEATIOKEHHOTO CII0C00a MOAN(PHUIIMPOBAHUS MOYKHO JOCTHYB
3HAYUTEIHHOTO W3MEIBUEHUSI MaKpOCTPYKTYpHl Jomatok TypOunsr [T/, B
HEMOOMU(PHUIMPOBAaHHOM CIDIaBe pasMmep 3epHa cocrtaBmsin 3...10 MM, B
MoaudunrposasHoM — 0,5...1 MM. A Taxke TOBBICHTh MpEeT MPOYHOCTH GB Ha
15-20%, ynapuyto Bsizkocth KCU Ha 40...44% U OTHOCHTEIBHOC yIUTMHEHHS O B
1,5-2 pa3a.

VK 621.452.007
ITanacenxo U. B.
cTyA. rp. M-721m 3HTY

HAHOIIOKPBITHS 1 HAHOILIEHKHU ITPU
MMPON3BOJICTBE JETAJIEN I'T/I

HoBeiii ypoBeHb pa3BUTHS aBHALMH B OYIYIIEM MOTYT OOCCHEUHUTH TOJIBKO
HOBBIE MHHOBAIIOHHBIE HAHOTEXHOJIOTHH, B TOM YHCJIEe HAHOTIOKPBITHS M HAHOIUICHKU
Ha pa3NUYHBIX JeTasix MamwuH. HamOompimee pacmpocTpaHeHHE — TONYYHIA
CcIieyrommue cnocoOs! (POPMUPOBAHHS HAHOIDICHOK M HAHOIIOKPBITHH KaK: OCaXKICHUS
BEIIIECTBA Ha TIOIOKKY M3 Mapora3oBoi (ha3bl WK IUIA3MbI, a TAKKE U3 PaCTBOPOB,
00pabOTKKM TIOBEPXHOCTH, OCHOBAaHHBIC Ha TaKMX IIPOIECCaX a30THPOBAHUS U
THApHpOBaHus, o0paboTka aTomamu Oopa, TUTaHAa W APYTHUMHU eMeHTamu. Cpenn
TEXHOJIOTUI OCaXK/ICHHS BEIIIECTBA Ha ITOJIIOKKY U3 PACTBOPOB OCOOCHHO 3 (PEKTHBHO
JJIEKTPONTUTUYCCKOE ~ OCAXKICHWE, O0CCIICUMBAIOIIEE  PACHIMPEHHBIA  CIEKTP
BO3MOYKHOCTEH IT0 PEryJIMPOBAHHIO TTAPaMETPOB TIporiecca ocaxaeHus. Ha mpakTrke
Ba)KHAas POJb OTBOAWTCSA TEXHOJOTHSIM OCAKICHWS, IIO3BOJIIIOIINM ITOJTydYaTh
SMUTAKCHATHHBIC HAHOIUICHKH. BO3MOXKHBI MTOTYyYCHHMsS] TaKWE BHUIIOB TTOKPHITHI Kak
aIMa30IoJ00HbIE M KepaMHUYECKHe HaHOIUICHKH, MHOTOCIIOHHBIE KOMIIO3HUIIMOHHBIE
TIOKPBITHSL.

OPO3HOHHO-KOPPO3MOHHOCTONKNE TMOKPBITHSA UIS 3aIlIWTHl CTANBHBIX U
TUTAHOBBIX JIONAaTOK Komnpeccopa ['T/I.

Jlis panee pa3pabOTaHHOTO CEPHUHOTO IPO3MOHHOCTOMKOIO MOKPBHITHS U3
MHOTOCJIONHOTO ZrN, TMepexol Ha acCUCTUPOBAHHOE OCAKIEHUE IMO3BOJISET
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MOBBICUTE 0oJiee 4eM B JIBa pa3a 3PO3HOHHYIO CTOMKOCTh KOMIO3WIUH. J[is
HAHOCJIOMHBIX  TOKPBITMA  aCCUCTHPOBAHHOE  OCaKIEHHE  oOeclednBaeT
YBEJIMYEHUE 3PO3UOHHOMN CTOMKOCTH B AECATKU Pa3 110 CPAaBHEHUIO CO CTOMKOCTBIO
MOKPBITHH, TOJXYYEHHBIX NpU OOBIYHOM HOHHO-IUIA3MEHHOM  OCaKJCHUH.
ITokxa3aHo, 4TO APO3UOHHASI CTOMKOCTh HAHOCIOMHBIX MOKPHITHH CHUXKAETCS MpU
YMEHBIICHHN TOJIIMHBI HAHOCIOEB U HanOoJiee BHICOKOW CTOMKOCTBIO 00JIafaloT
MOKPBITHS ¢ TOJIIMHONW HAaHOCNOEB Ha ypoBHE 50-80 HM. YCTaHOBIEHO, 4TO AJIS
THUTAQHOBBIX CIIABOB JIyYIIMM 3PO3HOHHO-KOPPO3HOHHOCTOHKHM ITOKPHITHEM
sBisieTcst  HaHocnoiHoe TokpeiTHe Ti/CrN (AO) co cpemHeil TONMWHON
HaHocinoeB  S6HM. Jlng  cranm  OyYIIMMH  TOKPBITHAMH  SIBISIIOTCS
AL + (momud.) + CrC (AO), (NiCrTiAlHf) C + CrC (AO). B menom moxazaHo,
YTO Cpelu IMOJIyYeHHBIX HAaHOCIOWHBIX 2D MOKpBHITHI Ha OCHOBE HUTPHUIOB WU
KapOMJIOB METaJUIOB HauOoyiee BBICOKOW 3PO3UOHHOM CTOMKOCTHIO 00iamaer
komnosunus cmraBa BT 1-0 ¢ mokpeitueM TiN/ CrN ¢ TommuHOW HaHOCTOS
~70 HM U ¢ xonmdecTBOM HaHocioeB 350—400. YcraHOBIEHO, YTO 3pO3HOHHAS
CTOMKOCTB 3TOTO MOKPHITHS CHUXKAETCS C YMEHBIIEHUEM TOJIIIUHBI HAHOCIOEB.

VK 621.438
Cnasroponcekuii O. A.
cTya. rp. M-621m 3HTY

HN3T'OTOBJIEHHE JIOITATOK KOMITPECCOPATT/ C
INPUMEHEHUEM HAHOTEXHOJIOT A

IIpencraBnena mHpOpMAIs 0 HOBOM METO/E€ MHTEHCHBHOM IIaTHYECKON
nedopmanuu — BUHTOBOM 3kcTpy3un (BD). Paccmorpum pasnmmunsie cxemsr BO,
OIMCaH OMBIT pealu3alMyd 3TOr0 Tpoliecca, aHauu3upyercst BiusHue BD Ha
MEXaHUYECKHE XapaKTepUCTUKH Ti-cruiaBa.

B HacTositiee Bpemst OOJIBIION HHTEPEC B MUPE MPOSABIIETCS K MaTepraiaM
¢ Ha"octpyktypoii (HC) n ynprpamenkozepuuctoit (YM3) cTpykTypoit (pazmepsl
3epua 10...100aM wm 100...1000 HM cooTBeTcTBEHHO). Takue Marepuabl
00J1a/1a10T YHUKATEHBIMH (PH3UKO-MEXaHHUECKUMH XapaKTePUCTHKAMH.

OnmunM w3 Hambonee 3(P(EKTHBHBIX METONOB IONYYEHUsI OOBEMHBIX
3arotoBok ¢ HC um YM3 cTpykTypoil sBIsieTCS HHTEHCHBHAS IIIACTHYECKas
nepopmanmst (MUI1J]), ocHOBHas menb KOTOPOH — HakoIuleHHe aedopmarmu B
3arotoBkax ©Oe3 wm3meneHuss wux ¢(opmer. K mpomeccam WIIJ  otHOcATCS:
paBHOKaHanpHOE yriioBoe (PKY) mpeccoBanme, BcecToOpoHHSS KOBKA U JP.

Ocob6ennocThio mpoiieccoB UITJ] sBiasieTcst To, 9T0 (popMa 3aroTOBKH TIOCIIE
ITOJIHOI'O UKJIa ):[e(bOpMaI_[I/II/I MMPaKTUYECKU COBIAJACT C HCXOHHOﬁ, YTO ITO3BOJIACT
oOpabaThiBaTh €€ MHOIOKpaTHO. B pe3ynprare OONBIIMX —IIIACTHYECKUX
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neopmanuii  MeTauloB  (SKBHBaJCHTHAs Je(opMaiiist COCTaBJIAET OOBIYHO
e;=1510). Pa3mepsl UX CTPYKTYpHBIX JIEMEHTOB YMEHBIIAIOTCA U JOCTHUTAIOT
3HaueHul, xapaktepHoix st HC u YM3 matepuanos. Beneactsue sToro Metasmuibl
nmocne MWIIJ] mnpuoOperaroT yHUKaJIbHBIE CBOMCTBA, MHOTME U3 KOTOPBIX
MIPEACTABISIOT TPAKTUYECKU WHTepec. B yacTHOCTH, OHM 001amaloT BechbMma
BBICOKOH IUTACTUYHOCTHIO B COYETAHNH C BHICOKOH IIPOYHOCTBHIO.

OcHoBHast waes BUHTOBOM odkcTpy3unm (BD) cocromr B TOM, dTO
MIPU3MATHYECKYIO 3aTOTOBKY IPOIYCKAIOT Yepe3 BUHTOBYIO MaTpuiy (puc. 1 6).

Kanan BuHTOBOM Matpumbl moka3aH Ha puc. 1 6. OH COCTOMT U3 Tpex
YYacTKOB: 3axogHoro 1, BuHTOBOTO 2 M KanumOpytomero 3. [lomepedynsie cedeHus
BCEX YJaCTKOB OJMHAKOBBI.

XapaKTeprCTHKOW BHHTOBOTO YYAacTKa, SIBISIETCS YToid [3 HAKJIOHAa BHHTOBOM
JIMHUM, HAaKOOJIee YIAIICHHON OT OCH MaTpPHIIBI, K OCH KCTPY3uH (CM. pHc. 1 a).

PucyHnok 1 — BunToBas sxkcTpy3us

a — cXeMa BUHTOBOT'O KaHaJia; 6 — SKCTPY3Husl CIUIaBa Yepe3 BUHTOBOH KaHaIl
(Tpo10MIbHBIIA pa3pes); 6 — CXeMa IPOXOXKIEHHS 3ar0TOBKH 4epe3 BUHTOBOH KaHall.

Yka3aHHbIE OCOOEHHOCTH I€OMETPHUM KaHalla NMPHUBOJAT K TOMY, YTO IpH
BBIJIaBIMBAHUM 4Yepe3 Hero (opma 3aroTOBKM HE HM3MEHSETCS, 3TO MO3BOJSET
OCYIIECTBIISITh €€ MHOTOKPATHYIO SKCTPY3HIO C IIETbI0 HAaKOIJICHUS] HHTCHCUBHBIX
nedopmanmii. I[Ipy 3TOM IPOUCXOAUT U3MEHEHUE CTPYKTYPHI M CBOWCTB 3arOTOBKH
IIPY COXPAaHEHUH UACHTUYHOCTH HaYaJIbHOM U KOHEUHOH ee (hOpMBI.

Jns MCKITIOYeHHs BBICOKOTEMIIEPATYPHOTO BO3JEHCTBUS Ha CTPYKTYpY
CyOMUKPOKpUCTAIINYECKUX Ti-CIJIaBOB € IOBBIMICHHBIMH MEXaHWYECKHUMU
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cpoiictBamu  MetogoM UIIJ], ¢opmooOpa3oBaHue JIOMATOK MPEII0KEHO
MIPOU3BOAUTH OJJHUM W3 IMPOTPECCHBHBIX METOIOB MEXaHUYECKOW 0OpabOTKH —
BBICOKOTOYHBIM CKOPOCTHBIM (hpe3epOBaHIEM.

®opmooOpazoBaHre IMOBEPXHOCTEH JIOMATKH OCYIIECTBISIETCS METOJOM
CIHPAIBHOTO BBICOKOCKOPOCTHOTO (pe3epoBaHMs, B COOTBETCTBUU C KOTOPHIM
npoduns JonaTkh o0pasyeTcs IyTeM MHOTOKpPaTHOro OrubaHus ¢pes3oi ¢
MOCTOSIHHBIM TIepeMeNIeHHeM MO BBICOTe Jomatku (cMm. puc. 2). Ilpu Tom B
npouecce (pe3epoBaHUs OCYIIECTBISETCS TOYCYHBI KOHTaKT HWHCTPYMEHTa W
o0pabaTbsiBaeMOil TTOBEpXHOCTH. KOJIMYECTBO NPOXOAOB YCTAHABIUBAIOT, HCXOMS
13 TpeOyeMoH IepoxXoBaToCT 00padOTaHHOM MOBEPXHOCTH JIOTIATKH.

B nponiecce 00pabOTKH, ¢ LENBI0 MCKIIIOUCHUS YIApeHUS HHCTPYMEHTA, C
3JIEeMEHTaMU KOHCTPYKIIUH (PUKCHPYIOIIETO JCeTalb MPUCIOCOOICHHUS, YIPABISIOT
BEKTOPOM HHCTPYMEHTa, YTO JOCTHIAeTCs OJHOBPEMECHHOW pabOTOH BCeX IISITU
KOOpJIMHAT CTaHKa.

Pucynok 2 — ®opmoobpa3oBaHue nepa JIONaTku CIUPaTbHBIM
BBICOKOCKOPOCTHBIM (hpe3epoBaHHEM

VK 629.7.03
Taiinyk 1. JI., 3abutuc A. X., [lemak A. B., Pynenko M. 1.
cTyan. rp. M-612 3HTY

OIIEHKA ITPOYHOCTHU U TPOTHO3UPOBAHUE PECYPCA
PABOYHUX KOJIEC ABUAIIMOHHBIX I'TIl HA OCHOBE UNCJIEHHBIX
METO/I0B C TIPUMEHEHUEM PACUYETHBIX MOJIEJIEN
BBICOKOI'O YPOBHA

CoBpeMeHHbIE YHCICHHBIE METOABI (TJIaBHBIM 00pa3oM, METOI KOHEYHBIX
3HCMCHTOB) COBMECCTHO C BKCHepI/IMeHTaMI/I ITIO3BOJIIIOT € MHUHHUMAJIBHBIMHA
MaTepUAIbHBIMM  3aTpaTaMH OIPENEIATh YPOBEHb IPOYHOCTH JEeTaled U
MIPOTHO3UPOBATH PECYPC JIETAJICH U Y3JIOB aBUAIIMOHHOTO JIBUTATEIIS.
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Ucnonp3oBaHue pacyeTHO-3KCIEPUMEHTAIBHBIX METO/JOB JEXKHUT B OCHOBE
COBpeMEHHBIX cHucTeM pa3paboTku ['T/[. KommbroTepHOEe MOIEIMPOBAHHE MPH
MPOEKTUPOBAHUM  JTUCKOB  KOMIIpeccopoB aBuanmoHHbix [T/ mo3Bosser
obecrieunBaTh TpeOyeMBI YpPOBEHb HANPSHXKCHHOCTH W, COOTBETCTBCHHO,
TpeOyeMsIii pecypc.

TBepaoTensHas MOJENb HCCIEAYEMOrOo OOBEKTa IOCTPOCHA CPEeICTBAMHU

NX Unigraphics — cucTteMoil aBTOMAaTH3MPOBAHHOTO NPOEKTHPOBaHMSA, JliIs
pabots! B UGS ObIIM HCIIONB30BaHBI pabodne YepTeKH TUCKa U pabodeil JIOaTKu
KOMIIpeccopa.

Koneuno-amemenTHasT MOJens Co3aHa B MPOTPAMMHOM KOMILIEKCE
«ANSY S». MaTtemaTideckuii aHaan3 KOHCTPYKIIUH FITH SBJICHUS IPUMEHIETCS HE
K pC€aJIbHbIM SBJICHUAM, 4 K HEKOTOPBIM MATEMATUYCCKUM MOJICIIAM 3TUX SIBJICHUH.
IlocraHoBKa 3amaun — 3TO TOYHAas (HOPMYJIHPOBKA MaTeMaTHYSCKOW Mojend. B
OCHOBE CO3[]aHMA MaTeMaTH4eCKOH MOJENHU JEKUT METOJ KOHEYHBIX IJIEMEHTOB,
OJIUH U3 YHMCIIEHHBIX METOJIOB.

CyThb MeToJa KOHEYHBIX 3JEMEHTOB 3aKJFOYaeTCsl B TOM, YTO OOJIACTh,
3aHAMaeMas KOHCTPYKIHEH, pa30uBaeTcs Ha MHOJKECTBEHHOE UHCIIO TIOJJ00IACTEH.
[MocnenHue HOCAT Ha3BaHUE — KOHEUHBIX DIIEMEHTOB, a CaM IPOIeCC Pa3OWBKH —
redepauueit K. O. cetku.

Pacuernas Momens — 3TO KOHEYHO-3JIEMEHTHAs MOJENb C y4eTOM BCEX
BO3MOJKHBIX BHEIIHWX HArpy30K: 9acTOTa BpAIleHHs, Y4eT IEHTPOOEKHBIX CHII,
pacripesieleHHBIX a’pOJMHAMIUYECKUX TAaBJICHUN Ha JIOMATKH; Y4eT HEIHHEHHOTO
KOHTAKTHOTO B3aMMOAEUCTBHS JMCKAa C JIOTIATKOW; TeMIepaTypHOEe TOJe;
3aJaHHBIC OTPAHUYCHUA nepeMemeHHﬁ.

B kadecTBe pe3yibTaTOB pacdyeTa aHAIM3UPYIOTCSA:  paaualibHBIC
nepeMenieHnss pabdodero Koieca; pajuanbHble HANpsDKEHHS;  OKPYIKHBIC
HaNpsOKEHUs; DKBUBAJICHTHBIE HANPSOIKEHUS, CIyXKallue OCHOBAaHHEM s
Ha3HA4YEHUs pecypca AeTalu.

PaccmarpuBaroTcss HEKOTOphIE METOIBI yBENMUEHHsS pecypca. llepBwiid
METOJ] — TEPENpOTATHBAaHUE 3aMKOBBIX I1a30B C YBEIHYCHHEM paauyca
COTIPsDKEHMSI TOHBIITKA Ta3a. BTopoil MeTos 3akifoyaeTcsi B YCHIICHUH JTUCKA, TO
€CTh BBINIOJIHUTH yCHJICHHE 00043 M, COOTBETCTBEHHO, CTYMHUIIBI. TpeTuii MeTos —
Tepexo]] Ha «IBY3YyOYIO eIOUKy».

bnarogaps Bo3MoxHOCTSIM pacueTHOro komruiekca «ANSYS» MoxkHO u
HCO6XOZ[I/IMO MAaTeMaTU4€CKu OICHUTb BCC MNPCAJIOKCHHBIC MEPOIPHUATHA U
BbIOpaTh Haubojee ONTHMAIbHBII BapHaHT, YTO COKOHOMHUT CpEICTBa Ha
MaTepuall, U3TOTOBJIECHUE U UCTIBITAHUS JeTalH.
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Haykoee euoanns

TU/XKIEHDb HAYKHU

36ipHUK Te3 TOMOBiAEH MOPidHOT
HAaYKOBO-TIPaKTHYHOT KOH(EpEeHIIii cepes CTYACHTIB,
BHKJIQJa4iB, HAYKOBIIiB, MOJIOJMX yUEHHX 1 acIipaHTiB
18-22 xBiTH 2016 poky

Tom 5

Ynopsinuuk Bucoyvka H. 1.
Texuiunuii penaxrop Bucoywvka H. 1.
Bignosigansuuii 3a Bunyck Bucoyvka H. 1.
Bepcranns [ puns /[. B.

OpuriHai-MakeT HiATOTOBICHO B HAYKOBO-IOCIIHI YaCTHHI
Ta peJaKiiiHo-BuaaBuHOMY Bimaim 3HTY

[Mignmucano a0 apyky 29.08.2016. ®opmat 60%84 1/ 16. YMm. apyk. apk. 1,28.
Tupax 20 mpum. 3am. Ne 730.
69063, m. 3anopixoks, SHTY, Byn. XKykorcekoro, 64, apykapus SHTY

Cainonrso cy0’exra BunaBHu4oi cripasu 1K Ne 2394 Bix 27.12.2005.



