ISSN 2078-7405. Pesanue u uncmpymenm 6 mexuono2udeckux cucmemax, 2013, gvtnyck 83

YK 621.9
.. A6gynkepumoB, Cumdeporons, YkpanHa

TEXHOJIOI'MYECKOE OBECIHHEYEHHE KAYECTBA PE3bBOBBIX
COEJIMHEHWM JETAJIE HA OCHOBE ITOBEPXHOCTHO
INVTACTUYECKOT' O JE®@OPMHUPOBAHUSA

V oaniit cmammi npedcmasneni pesyrbmamu 00CiONCeHb, NIOBUUWEHHS AKOCMT NOBEPXHI 2/LYXUX
omeopie 6 IUMuUX Oemansix NHeeMOanapamypu 6UeOmo6IeHoi 3 aNOMIHIEGUX CHIABI8, Memooamu
N06epXHe8o20 naaAcmuuHo20 oegopmysans. [Ilpedcmasnenuii Oepopmyiouuti iLCmpyMeHm ma pelcumu
00poOKU, aHAi3 NOBEPXOHb MAKPOCMPYKMYPHUX 3HIMKI8, CMEHO Ol NepesipKu Ha 2epMemuiHicmb, a
MaKoolc aneopumm oo6pooKu i pe3yibmami.

B Oaunoii cmamve npedcmagienvl pe3yAbMAMbl  UCCIEO06AHUL, NOBLIUEHUS KAYeCHBa
NOGEPXHOCU  2TYXUX OMBEPCMULL 6 JIUMbIX OCMAIAX NHEGMOANNApPamypsl U3LOMOBICHHOU U3
ATIOMUHUEBLIX CNIABOS, MEMOOAMU NOBEPXHOCMHO20 NIACMUYECKo20 deghopmuposanus. Tlpedcmasien
Oeopmupyrowuil. UHCMPYMEHm U PedstcuMbl 00pabomKu, aHAIU3 NOBEPXHOCMEN MAKPOCMPYKMYPHbIX
CHUMKOB, CMeHO 0JIs NPOBEPKU HA 2ePMEMUYHOCb, d MAKIICEe AN2OPUMM 06PAdOMKY U Pe3YIbmambl.

This article presents the results of research, improve the quality of the surface of the blind holes
in cast parts pneumatic equipment made from aluminum alloys, methods of surface plastic deformation.
Submission of a deforming tool and processing modes, the analysis of surfaces macro-shots, stand to
check for leaks, as well as the processing algorithms and results.

ITocTanoBka TpoOJIEMBI M €€ CBs3b C HAYYHO-MPAKTUYCCKUMH 3aJ[adaMH.
Jlutee mon naBnenuem (JIIT/I), kak MaJOOTXOTHBIA U BHICOKOMPOU3BOUTENbHBII
MPOIIECC MOJIyYCHHsI TOYHBIX OTJIMBOK CJIOKHOM KOH(Urypamuu ¢ KauyeCTBEHHOM
MOBEPXHOCTHIO, IIMPOKO TMPUMEHSETCS B MAIIMHOCTPOCHHH, aBTOMOOWILHOM,
TPAaKTOPHOH, MPHOOPOCTPOUTENBHOW M MHOTUX JAPYTHX MPOMBIIUICHHOCTAX. [Ipu
JIITJ], moxydYeHHBIE IETald IOABEPTalOTCS MEXaHHUYeCKoW o0paboTke, KOTOpas
cocraBmsier He Oomee 1 — 3% or maccel orTinuBkU. OIHAKO Hapsmy C
npeumymiectsamu  JIIIJ[ wuMeer oIMH 3HAYUTENBHBIM HEJOCTaTOK — 3TO
MOBBILIEHHASI Ta30ycal0uHasl MOPUCTOCTb, U KaK CIEACTBHE — HU3Kasl IJIOTHOCTb U
TEPMETHYHOCTh  OTIMBOK JIUISI W3JCNUM, pa0OTaroIIuX TOJ  JaBICHUCM.
BakyymupoBanue mpecc-popM TpH JHUThe TMOJ JAaBJICHHWEM HE YCTpaHsET
MOJIHOCTBIO I'a30-yCaI0uHyko opucrocth[l1,2].

B mnpoMBIIIZIEHHOCTH Ha pa3IMYHBIX TPEANPUATHIX B TEXHOJIOTHYECKUX
mporeccax o0ecredyeHne TePMETHIHOCTH JIUTHIX JIeTajei BBITIOIHICTCS METOOM
MPONUTKHA B BaKyyMe€ M NPUMEHEHUWEM pa3iu4HbIX repmetrukoB. Ho, BcieacTBue
BITUSTHUS JIMHEHHBIX U OOBEMHBIX TEMIIEPATYPHBIX PACIIMPEHHWA Ha W3JENHE B
mpoIiecce IKCIUTyaTalu, STH METO/bI HE 00ECIICUNBAIOT ITOTYYCHHS TePMETHIHBIX
Pa3beMHBIX COSIUHEHHH.

© U./1. A6oynkepumos, 2013

10



ISSN 2078-7405. Pesanue u uncmpymenm 6 mexuono2udeckux cucmemax, 2013, gvtnyck 83

TexHosornyecknii Nepexoa BaKyyMHUPOBAaHHS TIPH JIUTHE MO JIaBICHUEM HE
yCTpaHseT IOJHOCTBIO Ta30-ycanouHyto mopuctocTs.[3] He mnpencrasmsercs
TaKke BO3MOKHBIM C MOMOIIBIO TEXHOJOTHYECKHUX IIPUEMOB YAAIUTh BO3IYX C
npecc (GOpPMBI U ra3bl, BOSHUKAIOIINE OT CTOPaHHUs CMa3KH.

CrnemoBarensHO, wWiIM B mporecce (OPMHUPOBAHUSA  PE3bOBI, WK
MpeBapUTEIBbHO Mepel HUM HEOOXOJMMO («3aKPBITh» 3TH MOPHI U H30JIMPOBATH
ux JIpyr ot apyra. OZHUM M3 IPUEMOB TEXHOJIOTHYECKOTO MpOoIecca MOXKET
SIBJISITHCS IPUMEHEHHE JIePOPMUPYIOIIEr0 HHCTPYMEHTA.

AHanu3 JUTEepaTypHBIX HCTOYHHMKOB II0Ka3aJl BO3MOXKHOCTH ITOJIyYEHHUS
pe3b0OBbl  TaHHBIM ~ METO/IOM, HO TPOYHBIX MaTEpPUAIIOB HE CKIOHHBIX K
OXPYIMYHBAHHUIO U PACTPECKUBAHHIO B Tiporiecce aeopmupoBanus. [4]

B cBs3M ¢ 3TUM IS TOJIyYeHHUs MIOTHOTO OE3MOPHCTOTO MOBEPXHOCTHOIO
CJIOS  BO3HHKAE€T HEOOXOAWMOCTh pa3padOTKH TEXHOJOIMH OOecHeueHUs
TepMETHYHOCTH PE3bOOBBIX COCIMHEHWH TpH H3TOTOBICHWH JeTayneil u3
MaTepuaoB C ra3o-ycaJ04HOH MOPHUCTOCTHIO Ha OCHOBE pa3pabOTKH TEXHOJIOTHH
BKJTFOYAOLIYIO B ce0s 1e(OPMHUPYIOINI HHCTPYMEHT.

Hayunast HOBH3HA 3aKIIFOYaeTCsl B TOM, YTO:

- IpeIJIOKEH  HOBBIH  TEXHOJNOTHMYECKHH  mpomecc B oOecrieueHHun
TepPMETUYHOCTH PE3bOOBBIX COCIUHEHUH MPH M3TOTOBIECHUM JeTaled u3
MaTepHaJIOB C ra30-ycaJ0uyHON MOPUCTOCTHIO;

-Ha OCHOBE WCCJIEJOBAHUS IIpoIlecca IOBEPXHOCTHO ILIACTHYECKOTO
nedopmupoBaHusl BrepBble pa3pabOTaHa MOJENb, IO3BOJIIIOIIAS ONPENCTUTh
reOMETPUYECKHE MapamMeTpbl J1e(GOpMHUPYIOIIEr0 HHCTPYMEHTAa W PEKHUMBI €ro
padoTEI;

- Ha OCHOBE 9KCTIEPUMEHTAILHOTO aHaM3a MaKpOCTPYKTYPHI
MOBEPXHOCTHOTO CNOsl B OoTiNMBKax U3 cmuaBa AKI2M2, moidy4eHHBIX METOJI0M
JIMTBS TI0]] 1aBJICHHEM, YCTAaHOBJICHBI ITapaMeTphl 1e(hOPMHUPYIOIIETO HHCTPYMEHTa
JUIT 00pabOTKH TITYXHX OTBEPCTHIA.

- IOJIyYeHBl ~ Pe3yJIbTaThl  HMCCICAOBAaHUS  3aKOHOMEPHOCTEH  mpolecca
nedopMUpOBaHHUS TITYyXUX OTBEPCTHIA.

Lens uccnenoBanus. Pa3zpaboTka TEXHOIOTHH H3TOTOBIEHHUS T€PMETHUHBIX
Pe3bOOBBIX COCTMHEHUH TNPH M3TOTOBICHHH JeTajled M3 MaTepuaioB C ras3o-
yCaZo4HON MOPHUCTOCTHIO HA OCHOBE NMPUMEHEHHS MOBEPXHOCTHO IIACTHIECKOTO
neOpMHUPOBAHUSL.

JUis HOCTHKEHNS TIOCTABJICHHOM 1IeJIN PEIIeHBI CIEAYIONINE 3a1ayun:

- IPOBEJIEH AaHaJIM3 METOAOB TIOJIyYCHUS TEPMETUYHBIX Ppa3zbeMHBIX
COEIMHCHUT;

- co3aHa pacueTHas MOJENb MOBEPXHOCTHO IIACTUYECKOTO
nedopmupoBanus crutaBa AK12M2 noyd4eHHOTO JINTHEM T10]1 IaBIICHUEM;

- QHAJMTHYECKH ONpeJIeJICHbl TapaMeTphl 1eOPMHUPYIOIIEro HHCTPYMEHTa U
PEXMMBI 00pabOTKH;
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-Ha OCHOBE MOJENH CKOPPEKTHPOBAHBI MapaMeTphl IeQOPMHPYIOMIETO
WHCTPYMEHTA U PSKUMOB 00pabOTKH;

- Ha OCHOBE TEOPETHUYECKHX M OKCIEPUMEHTAIBHBIX PE3yJIbTaTOB CO3JaH
IepOPMHUPYIOMINA  HHCTPYMEHT, CHOCOOCTBYIONIMI TIOBBIIICHHIO —KadecTBa
MTOBEPXHOCTH PE3BOOBBIX COCTUHEHUI B TIYXHX OTBEPCTHSX NETaled W3 CIIaBa
AK12M2, noxy4eHHBIX METOJIOM JIUThS IO/ JaBICHUEM;

- OKCIICPUMCHTAIEHO YCTAHOBJICHO BJIMSHUC KOHCTPYKTUBHBIX OCOOCHHOCTEH
Je(OPMHUPYIOIIETO HHCTPYMEHTA Ha 00CCTIICUCHHE TEPMETUYHOCTH COCTUHCHUS;

- pa3paboTaH arOPUTM BBIOOpA TEXHOJOTHH 00PaOOTKH;

- IPOBE/ICHBI UCTBITAHUS AC()OPMUPYIOIIETO UHCTPYMEHTA U €r0 BHEIPCHHE
B ITPOM3BOJICTBO.

BcenenctBue nnst uccnenoBanus 3akoHomepHocTted MexaHuku IIITJ[ mauThix
AITIOMUHHEBBIX CIIJIABOB NpEeAJIo’)KEHa  Cleaylolas — METOJUKA! T
OCYLIECTBIISIETCS 110 HAPY>KHOM MOBEPXHOCTU LMIMHIPUUECKOW JTUTOW 3arOTOBKH

(puc. 1) [5,6].
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Pucynok 1 — Mozens uccnenoBanust 3akoHomepHocTel mexanuku [1I1]],
JIMTBIX aJIFOMMHHEBBIX CIUIABOB
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JUis  3arOTOBKM 3arOTOBOK C  IUIOTHOCTBIO p=2.664 r/cm®,p=2.685
r/em®,p=2.735 r/em® u mHCTpyMenTOM ¢ yriom nedopmammm 4°,5°,8°  mpwm
ckopoctsix nepopmamuu £=3,77 m/muH, E=4,75 M/MHH W TONepedHOH mHopade
Sri=0,05 MM/06. MBI mONy4YwiaM caMyro KadecTBeHHYIO ToBepxHocTh(Ra 0.65)
mocye 12-14 nukinos aedopmarum.

Ha ocHOBe NMpoBEJEHHOrO aHajHM3a MOBEPXHOCTEH MaKpOCTPYKTYPHBIX
CHHUMKOB TOBEPXHOCTEH, MOIYYEHHBIX 10 nedopmupoBanus (puc. 2, a) U mocie
(puc. 2, 0), c ucrnonp3oBaHreM nporpamMmsl «FemtoScan Online» ycTtaHoBIEHO,
YTO HA KAYeCTBO MOBEPXHOCTH HCCICAYEMON MOIEIH M3 aJIOMHHHEBOTO CILIaBa
IPU MOBEPXHOCTHO-TIIACTHYECKOM JIeHOPMUPOBAHUH BIHSET KOJHYESCTBO LUKIIOB
U yroi aepopManuH.

4000
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Pucynok 2 — MakpocTpyKkTypa MOBEpXHOCTH JI0 U TIOCTIe

13



ISSN 2078-7405. Pesanue u uncmpymenm 6 mexuono2udeckux cucmemax, 2013, gvtnyck 83

Ha ocHOBaHWM TpPOBEICHHBIX ONBITOB M aHANM3a UX PE3YJbTaTOB ObLI
CIPOEKTHPOBaH AeHOPMUPYIOLIMHA HHCTPYMEHT (pHC. 3) JUIS TIIyXUX OTBEPCTHI B
OTJIMBKAaX U3 aJFOMUHHUEBOIO CILIABA.

Co3/1aHHBIN HHCTPYMEHT COCTOUT M3 XBOCTOBHKA U AehOpMUPYIOILEH yacTy,
KOTOpasi B CBOIO OYepe/lb MMEET 4eThipe AeGOpMUPYIOIINX Tepa, Yroj HAaKIOHA
9THX JNe(OPMHUPYIONINX YacTed COCTaBmsieT OT 3 J0 7 TpagycoB y
nedopmupyromeit  uyactu ecte 3abopuas  (d3), medopmupyromas  (dcp),
kayuopytomas (dep, 0.5) m aust 00paTHOrO BBIXOAA HWHCTPYMEHTAa W3 JIETAIH
obpartHsblii KoHyc[7].

Zxl5
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Pucynok 3 — lebopmupyronuii ”HCTpYMEHT IS TITyXUX OTBEPCTHIH

OmnpeneneHbl mapaMeTpsl U PeXUMbI pabOThl MHCTPYMEHTA AJisi 00paboTKu
TIIyXUX OTBEPCTHH & UMEHHO!

L,— mmmHa pabodeil YacTH MHCTPYMEHTA PACCUUTHIBACTCS B 3aBUCUMOCTH OT
MTOJIA4X U3 COOTHOIIICHHS:

L,=N,S 1)
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rac
N06:Nz;um/Nnep (2)

N,ep — UMCIIO PabOYHX NEpbeB UHCTPYMEHTA; Ny, — YHCIIO LHUKIIOB, HEOOXOAUMBIX
JUTSL TOTTYYCHUsI KAUeCTBEHHOM MOBepXHOCTH; N,5— YHCIIO 000POTOB MHCTPYMEHTA,
py KoTopoM Oyzer obecneueHo Heobxoaumoe N, ipH 3anaHHbIX N, (3-4)

KanuOpyromas d,, ompenensercs U3 CXeMbl I pacdeTa JuaMeTpa IIOf
pe3nby du (puc.4.) [8]

Dcep=du 3)
rae
du=2r=5S/4 tan’l(a)—h (4)
cosa—1
y A
»
_ cosa

Pucynok 4 — Cxema Juist pacuera CpeiHero AMaMeTpa OTBEPCTHS 10| pe3b0y

Ha ocHOBaHWM TOJYYEeHHBIX MAHHBIX ObLIa MPEIOKEHA HOBAas METOIWKA
MOJyYeHHsI Pe3bOOBBIX COCIMHEHUH B TIIyXHX OTBEPCTHUSIX KOPITYCHBIX AETaleil ¢
razo-ycaJo4yHol MOPUCTOCThI0O B dYacTHOcTH u3 ciuiaBa AK12M2, kotopas
3aKJII0YaeTCsl B TOM, YTO IOCJIE€ MEXaHM4YECKOH 00pabOTKH, a MMEHHO Olepanuu
CBEpJICHME ¥ 3CHKEPOBAHWE, MPUMEHSETCS IIOBEPXHOCTHO IIIACTHYECKAs
00paboTka 1eGOPMUPYIOITUM HHCTPYMEHTOM.

C menpio pa3pabOTKH TEXHOIOTUH HM3TOTOBIICHHUS TE€PMETHYHBIX Pe3bOOBBIX
COCIMHEHUII MNpU U3rOTOBJICHUU JAETaleil U3 MaTepualoB C TIa30-ycaJlO04yHOH
MOPHUCTOCTBIO MPEIOKEH anroputM (Puc. 5).
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3ar0ToBKA

Bexpumte ope, Tpemmmt,
paKoBuHSL 1 a0

OGpaGoTRa 2e(bopMIpyIOTIDS IICTpYMCETITON

[tpermrrsa o naryyaee

Pucynok 6 — Ctenn ais nposepku Ha repmernynocts [TIKP16

B pesynbrare 06padoTku 50-TH OTBEpCTHI KOpITyca MTHEBMATHYECKOTO KpaHa
JIe(OPMHUPYIOIIMM HHCTPYMEHTOM IIOJTyYCHBI CICTYIOIINE IOKA3aTeIH:

- OTKJIIOHEHHE OT HOMHHAJBHOTO pa3Mepa IOoJ| HaKaTKy pe3b0bl He Ooee
10,0MmKM;

- IPOM3BOAUTEIILHOCTH TIporiecca aedopMupoBaus — 10 60 mT./d;

- IBHOC J1e(hopMHUPYIOIIEro HHCTpYMEHTa rociie oopaboTku 50 meraneit — 10MKwm;

- CTOMKOCTD JIe()OPMHUPYIOLIETO HHCTPyMEHTa JI0 MoJiHoro n3noca — 5000 wr.;

- epOXOBATOCTh IMOBEPXHOCTH OOpa3yIomeld OTBepCTHS A0 MOIYYCHHUS
pe3bbbl — Ra=0,32 — 0,16MkM.

HcnblTanusa npoBOJUINCH HA BEPTHUKAIbHO-CBEPIMIIBHOM cTaHke Moj. 2H125.

B xauectse COTC ucnosnp30Baiy pacTUTENLHOE MAcio Ha OCHOBE PAriCOBOTO
Macia [0 COCTaBy BXOAALIMX KHCIOT CXOXKEE C OJIEMHOBOM KHCIOTOH
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pexomenayemoir nmpu I amomunueBsix crmuiaBoB. COTC mnopaBamu B 30HY
00pabOTKHU C MOMOIIBIO0 TEXHUKH MUHIMAaJIFHON CMa3KH.

IIpoBepka Ha repMETHYHOCTh NpOBOAMIAch Ha cteHae s uznenus [IKP16
(puc. 6) Ha 3aBoge YAO «IlneBmaTmkay,

BrIBOBI:

1. lpennoxeH HOBBIH TEXHOJIOTHYECKHH TMporecc B  OOeCHeUCHHH
TePMETHYHOCTH PE3bOOBBIX COCAWHEHWH TIPU M3TOTOBICHHWM JETallell W3
MaTepHaJIOB C Ta30-yCaJOYHOH MMOPUCTOCTHIO.

2.Ha ocHOBe wmccieJOBaHUS TIpOIecca IMOBEPXHOCTHO IUIACTHYECKOTO
nepOopMHpOBaHUS BIEpBbIE pa3zpaboTaHa pacdeTHass MOJENb, IO3BOJITIONIAL
OMpPENEeIUTh TEOMETPUYCCKHE MapamMeTphl Ae(OpMHUPYIOIIET0 HHCTPYMEHTa U
PEKHMBI €ro paboThI.

3 Ha OCHOBE AKCIIEPUMEHTAIHHOTO onpeeneHus CTPYKTYPBI
MOBEPXHOCTHOTO CJIOS B OoTmBKax u3 ciwiaBa AK12M2, monydeHHBIX METOJ0M
JUTHS TIOJ] JaBJIEHUEM, MOIYYEHBl PE3YyJbTaThl UCCIEJOBAHUS 3aKOHOMEPHOCTEH
nporecca 1ehopMUpPOBaHUS TITyXHUX OTBEPCTHI.

4. BoiOpaH anropuTM TpH H3TOTOBJICHUH AETaleld W3 MaTepHajoB C Ta3o-
yCaI0YHOH IIOPUCTOCTHIO.

5. Pesynbratel BHeaApensl Ha YAO “TTHeBmaTuka” (T. Cumdepornons).

CnucoKk WCIOJb30BAHHBIX HMCTOYHHMKOB: 1. A6Oyaxepumos H./]. Texnonormueckoe oOecreucHHe
TePMETHYHOCTH Pe3bOOBBIX coemuHeHui meranedl / BicHuk XMeNbHHIBKOTO HAI[IOHAIBHOTO
yHiBepcutery. Texniuni Haykn — XmenbHunpkuit: 2012. — Ne 6. — C. 38-41. 2. A60ynxepumos H.J1.
Ilaoepun B.H. 1loBbIICHNE TePMETHYHOCTH JIUTBHIX JETajlei ITHEBMOAMNapaTyphl H3rOTOBICHHBIX W3
AIIOMHHUEBBIX CIUIABOB C IIOMOIIBIO OECCTPY)KEUHBIX METUYHMKOBY» MeXIyHapoIqHbIl HaydHO-
texHnueckuii coopank BAK «Pe3anne m MHCTpYMEHT B TexHosormuecknx cucremax», HTY «XITHW»
(r. XapskoB), Beimyck 74, 2008, ¢.3-6.3. 460yaxepumos M. J]. Iladepun B.H. Pacuer npexnmonaraeMoro
oObeMa MOPUCTOCTH M HEMETAUIMYECKHUX BKIIOUEHHH NPU MPOEKTUPOBAHHU OTIUBOK, MOIy4aeMbIX
JIMTHEM TIOJ] IaBJICHNUEM, U UX BIHMSHHE HE HETEPMETHYHOCT. YUeHbIe 3amicKi KpUMCKOTo HHXEHEPHO
— Tefarormyeckoro yHuepcurera. Beimyck 16. Texumdeckue Hayku. — Cumdeponons: HALL KUITY,
2008. C.54-57 4. Menvwarkoe B.M., Ypnanoe I'Il., Cepeoa B.C. beccrpyxedHble METUYUKH. M.,
«Mammnroctpoerney, 1976. -167c. 5. Posenbepe O.A., Lexanos 10.A., Hleiikun C.E. Texaonormdaeckas
MeXaHHUKa Je(OPMHPYIONIETO MPOTATHBaHusA. BopoHexkckas roc. TexHomnor. akaa. — Boporex, 2001.—
200 c. 6. Lleuxun C.E. HaydHble OCHOBBI TEXHOJIOTHYECKOTO YIIPABICHHS MHKPOpEnbedoM
TIOBEPXHOCTH U YIPOYHEHHE MOBEPXHOCTHOTO CJIOS NpH AehopMupyromeM npotsrusanuy. Juccep. Ha
HoJTlydeHue HaydHoi creneHn A.T.H. Kues:-2008. 7. A60yaxepumos M./l Criocod momydeHHs
KaueCTBEHHOIl IOBEPXHOCTH INMyXUX OTBEPCTUH B JeTalsAX IIOMyYCHHBIX IHTheM. MaTtepHais
MEKTyHapOTHON HayYHO-TEXHUUYECKOH KoH(pepeHInn «MammHoOyIyBaHHs YKpaiHH O4nMa MOJOJHNX:
nporpecuBHi inei — Hayka- BupoOHuutBo» 3HTVY (r. 3amopoxse), 2010.8. A60yrxepumos H.J].
TexHomoruueckoe oOecIeueHIe TePMETUIHOCTH PE3b0OBBIX COSIUHEHHI [IPU W3TOTOBICHHH JeTaieil
U3 MaTepuajoB C Ta30-yCaJO4YHOH MOPHCTOCThIO. MeEXIyHapOIHBIHl Hay4YHO-TEXHUYECKHH COOPHUK
BAK «Pe3anne 1 HHCTpyMEHT B TeXHOJOrHIeckux cucreMax», HTY «XITW» (r. XapbkoB), BeITycK 79,
2011, ¢.3-8.

ITocmynuna 6 peoxonneeuto 02.07.2013

17



