2010




Becmuux benopyecxo-Poccuiickozo yrusepeumema. 2010. Ne 1(26)

VJIK 621.791.3

1O. A. Ilymapes, kana. TexH. Hayx, zou., B. I1. Kyankos, a-p TexH. nayk, npod.,
T. C. JIatyn, A. A. PaguenKo, KA. TeXH. HAYK

METOAUKH OIEHKA MEXAHUYECKHX XAPAKTEPUCTHK HASHBIX
COEJNHEHAI MPH CTATUYECKHUX U INHAMNYECKUX ACOBITAHAAX

B crathe paccMOTpeHa MpodieMa KOPPEKTHOI OLCHKA MEXAHMMCCKHX XAPAKTCPHCTHK MATHBIX COCIHE-
HH IPH CTATHHECKHX M AMHAMMUCCKHX HCMBITAHKIX. TTOKA3aH0, ¥TO MPH OMpEJCTEHUH CTATHYCCKOM IPOUHO-
CTH TASAHMIX COCTMHCHHH CTBIKOBOTO THIIA HCOGXOIMMO IO/TB30BATHCA MCTHHHOM AMATPAMMON PaCTsDKEHHA, a
719 KOMUYCCTBCHHOM OLCHKYH I(PPCKTa KOKTAKTHOTO YIPOYHEHHs MATKOH MPOCHONKH HASHOIO WBA NPWMEHATh
HCTHHHOE CONPOTHBICHHE Pa3priBy. IpeanoykeHa KOHCTPYKIHA 00pasua Alisl ONPeIeICHHS UMKAMIeCKOR Ipoy-
HOCTH NASAHBIX COEJMHCHHI METOJOM HW3THOA C BPAMEHHEM, 00CCICUMBAOMAS BO3MOXHOCTE WCCICAOBAHHA
BIMAHAA OCTATOUHBIX HATMPAKCHUN HA PE3YNMBTATH HCITHITAHMI H CHEDKCHHME PACcX0AAa JOPOTOCTOSINMX LBETHBIX
METAJLIOB HA HX H3TOTOBJICHHE.

BaxHeHIIHM HampaBJieHHEM COBep- ¢ markod npocnoiikoii [4]. Ocobenuocru
IIEHCTBOBAHHSA IPOLECCOB MaiKi ABIACTCA HAUPSKEHHOTO COCTOSHMS TAKHX COGHHE-
MOBBIIEHUE XapaKTepUCTHK paborocno- ritil npu pabore MOR Harpyskoit ofycrosne-
COOHOCTH mMAasiHbIX COGNWHEHHH, 9TO, B Hbl PA3NHYKEM B MEXaHHUYECKHX CBOFCTBAX
CBOKO Ouepenb, TpeOyeT COBEPIIEHCTBOBA- OCHOBHOTO METajlia H MSITKOH TIPOCTIOHKH
HHsL METOAMK HX MCIBITAHYIA. Marepuana nasHoro msa. IIpocnoiika npu-

OCHOBHBIMH KOHCTPYKTHBHBIMH TH- TIOSt IMEET TIPEAEI TEKYUECTH M MOJY b YiI-
MIaMH NasAHBIX COSTMHEHUN MM Karwuiap- PYFOCTH MEHBILHI, YeM ¥ TaseMOro KOHCT-
HOU maiike SIBAAKOTCH CTHIKOBOE M Haxje- PYKUHOHHOTO MaTepnasa. Ilpu pabore Tako-
croynoe [1]. I A. Huxonaes [2] otmeuan, IO COEAMHEHHsI TIOX HATPY3KOi MaTepual
YTO MASHBIE COCAUHEHHS BCTBIK, HECMOTPS TIPOCJIONKH HCHIBITBIBAET YNPOYHEHHE M €0
HA HAIHYUE «MSTKOH Tpocnoikm», ofna- TIPOYHOCTHBIC XaPAKTEPHCTHKH 3aMETHO T10~
AAKOT 3HAYUTC/IPHBIM MOTCHLMAJIIOM Al BeimaroTes. Ms-3a pasmus B monysax yn-
TIPUMEHEHUS. HX B MafgHbIX M3IEINHAX. pyrocTi B mpouecce oceBoro aedopMupo-
CTbIKOBbi€ MAAHbIE COSNMHEHUR BO MHO- BAHUS AHAMETP NPOCIOMAKH yMEHbIIAETCS B
IMX CHIy4asX MeHee MPO4YHBI, YeM OCHOB- GonbLuedl Mepe, 9eM MAMETP COSHHAEMBIX
HOIt MaTepua, 4To 0OYCIOBIECHO MEHbLIEH crepaktedt. TloaTomy npociofika HCTIBITHIBA~
MPOYHOCTBIO METAJLIA NAsHOTO MmBa. B u3- €T PacTsDKEHHE CO CTOPOHBI OCHOBHOIO Me-
REMIX, NOABEPraloWmXCs [OCHe Maiku Tajlla KaKk B PANUaIbHOM, TAK i B OKPYIKHOM
u3ru0y WM IUTAMIIOBKE, a Takxke pado- HanpasneHusx. Taxim oGpasom, npu uensl-
TAOWMX NpH OONbLIMX CTATHYECKMX Ha- TaHmy CTLIKOBOTO NAZHOTO COCAMHEHHS B
IPy3Kax, BOCHPUHMMAIOWMX AMHAMUYE- MaTeprane NpoCIOMKH PEaM3yeTcs Tpex-
CKHe HArpy3KH, CTHIKOBbIE NAsHbIE LBbI HE OCHOE  paCTADKCHUE, XapakTepusyemoe CO-
PEKOMEHAYIOTCS K PEAKO NPUMEHSIOTCS B CTABIAOWKMMY O, O, 4 O,. B pesynprare
npaxtuke nadke. OQHAKO OHU ABIAIOTCS 9TOTO MOBBILIAETCA NPEeN TEKYUECTH U MO~
BKHBIMH JJIEeMEHTaMH IOPYTUX Pa3HOBUI- HIDKAeTCsL TDIACTHYHOCTL Marepuana mpo-
HOCTEH MasHbIX COeMHEHHH, KOTOPbIE Ha- croiiki. COracHO ORHON M3 anmpoKCHMa-
XOIAT ropasno Oonee UIHPOKOe NpHMEeHe- it [1] npenen OpOYHOCTH TaKUX COEHMHE-
Hue. K HUM OTHOCATCA COENMHEHHs C Ha- HUi OTpezenseTcs CIeRymuM 00pasom
KNAJKaMH, CTBIKOBBIE COEIMHEHMS CTy- (puc. 1):
feH9aToro ¥ rpebenyaroro THnos [ 1, 3. sz 1 R
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CTyIKOBbIE TIASHbIE COSAMHEHHsT pabo-
TAKOT 1O/l HATPY3KOH AHAJIOMMHHO CBAPHBIM
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e o, — Tpemen TeKyyecTH Marepuana
NPOCIIOHKH MpH CBODOXHOM OJHOOCHOM
€ro pacTspkeHHH, R — pamnyc CTEpKHS,
&8,, — TONIMHA MATKOH NPOCIOMKH.

Tlpn manbix TONLHHAX NPOC/IOEK, Xa-
PAKTEPHBIX AN KamWUISpHOH nNaHkH, pe-
3ysbTatsl pacietos 1o popmyne (1) nnoxo
COTNIACYIOTC € OKCTIEPUMEHTATLHBIMU
naHHbIMK. Hampumep, npH TONLIUHE TPO-
crotiku &,,= 0,08 MM 1 panuyce crepxHs
R = 6 MM nPOYHOCTH CTHIKOBOTO MasHOTO
COenMHEeHUsT JOJLKHA B 15 pas mpeBbluaTh
TIpeneN TeKy4ecTH MaTepuana TPOCIOHKH,
Ha npaxTuke HaOmogaeTcs ropasno MeHb-

Was CTeNeHb YNPOYHEHUS M MPEeNessl
TIPOYHOCTH CTHIKOBbIX MASHBIX COXMHEHHI
MPEBBIIAIOT  IIpene] NPOYHOCTH HCIIONb-
3yempix npumoes B 2,5...3 pasa [1]. ITo-
BHAMMOMY, M3-33 IUIOXOH CXOOMMOCTH
pACYETHBIX PEe3yJILTATOB C OKCNEPUMEH-
TagbHbIMU JaHHBIMH aBTOpBI [S] mpu mo-
CTPOEGHHU 3aBHCHMOCTH OCEBBIX HATpPsIKe-
HMit paspylLIesus OT OTHOCHTeAbHOMH TOJN-

B 0bnacTu ToH-

o _ 5nl’
INUHBI IPOCNIOAKH y = =

KHX TIPOCJIOEK anNpOKCHMHPYIOT COOTBET-
CTBYHOIIYH) KPHBYFO OTPE3KOM TOPH30H-
TanbHOI1 npsaMoii (puc. 2).

Puc. 1. CxeMa WCTIBITAHUA Hi PACTSHKSHHE CTHIKOBOFXO MASHOTO COCAHHEHHS C MSITKOM HPOCIOMKOH
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Prc. 2. 3aBHCHMOCTh CPEAHMX OCEBBIX HANPMKCHMI Pa3PyCHUA OT OTHOCHTEILHOH TOMIHHL! IPOCAOH-

X (o JaHHBM [5])
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Bce 5T0 yKaspiBaeT Ha HAIM4YKE Cy-
I(ECTBEHHBIX MPOTHBOPEYUit B OLIEHKE He-
cylielt CcrocoBHOCTH MastHBIX COeTHHEHHH
CTBIKOBOrO THIIA, @ Takke Ha HEOOXoaM-
MOCTb HOBBIX NTOAXONOB K 3T0# npobieme.

Jlnst mpaBrbHON OLHKH MaTepHaia
HEoOX0AMMO ACHO MOHUMATB, YTO OOBIMHO
W3MepSEeMbIE H HCIIONb3YEMBIE MU OLEHKH
paboToCrocOOHOCTH NastHbIX COETHHEHNUH
MEXaHUYECKHE CBOCTBA (BPEMEHHOE CO-
MPOTHBJIEHWE, OTHOCUTENBHOE YANMHEHUE
M CY)KEHHE) OMpPEeAessIOTCs B NnacTHye-
ckofl 061acTH MPH HATIPSHKEHHOM COCTOSI-
HUH, KOTOPOE YacToO He NOAJAeTcs CTPo-
roMy KOJM4ECTBEHHOMY nozcueTy. Ho cux
HOp MpH aHANU3e NPOLECCOB PA3pyLIeHus
MasHBIX COGNMHEHHIT NPHHKMAIOT BPeMeH-
HOE CONpPOTHBNEHHE O, H OTHOCHTENLHOE

yAJuHeHHe & 3a OCHOBHbIE BakHeiinine
MexaHnueckue cBoiictBa. OnHako 5TO
CTIPaBEeNIMBO TONBKO NS MANOIIACTHY-
HBbIX METAJNIOB, ¥ KOTOPBIX MAaKCHMAaJibHas
Harpyska OTPaXaeT COMPOTHBIEHHE pa3-
PyLWEeHHIO, a YIUIMHeHHE — MAKCUMAJIbHY IO
neopMaIuIo, BBIAEPIKUBAEMYIO MaTepHa-
JoM RO paspyineHms. Hro ke kacaercs
MACTUYHBIX METAJUIOB, WUIPAlOUIUMX Hau-
Gonee BaXHYIO POJNb B TEXHHKE, TO AN
HHX MaKCHMJIBHOE YCOBHOE Hampsbke-
HUE, ¢ OHONH CTOPOHBI, H MaKCHMAallbHOE
HCTHHHOE HaupspkeHue, C APYroi, nocTH-
Tar0TCA B pasuIHbIC MOMEHTbI z(ed)opma—
LMK ¥ IOITOMY BENHYUHA O, XapaxTepy-

3yeT y 3TUX MaTepHhasioB HEKOTOPYIO Cpen-
HIOK) OPAMHATY [MATPAMMBI HCTHHHBIX
HanpsOkeHu#. DTO B MONHON Mepe OTHO-
CUTCS U K NOAABIOLEMY 60ﬂbmlf1HCTBy
MIPUIOEB.

Io nawemy MHEHMIO, TIpM aHamu3e
HPOLECCOB, HMEIOWIMX MECTO B CIyJasx
PAcTsKEHMst CTBIKOBBIX ITASHBIX COEZAMHE-
HHH, HEXOCTATOMHOE BHUMaHHE YIENEHO
ABNEHMI0 0OpasoBaHMs WMEHKM HA CTaH-
napTHbIX o0pasuax, MOABEPIIUMXCA HOMHbI-
TaHUIO JUIS ONPENENiCHuUsl Npeena Mpod-
HocTi. Kak m3BeCTHO, MpPEenenoM MpOYHO-
CTH MaTepHana mpy PacTsLDKEHUH MM Bpe-
MEHHbIM CONPOTHBIEHNEM O ,, HA3bLIBAKT

OTHOUICHHE MaKCHMAaJIbHOTO YCWUJIVA, KO-
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Topoe crocobeH Bbimepxkath obpaser, K
€ro HaualbHOH ILJOIa7M IIOTIEPEUHOTO

cedenus [6]. Cnenyer 3ameruts, uto O,

HE SIBIIETCS HANPSDKCHHUEM, TIPH KOTOPOM
paspyuaercs obpasen. Bo-mepseix, OHO
CBSI33HO C HArpy3KOi, IPHIOXKEHHOH Ha
CTaZMK TINACTHYECKOTO AeGOpMIpPOBAHUS
0e3 paspymeHns obpasla W TIOITOMY He
HMEIOIIEil OTHOLIeHHs K TIpoLieccy paspy-
meHnd. Bo-BTopblx, OHO He y4HTBIBAeT
YMeHBIIEGHHA [OTICPEUHOrO cedeHuss 00-
pasna B mpouecce aedopmuposanys. Ecmu
UCHONB30BATH PACTArMBAIOMIYIO CHITY B
MOMEHT pa3pyiIeHHs o0pasua U OTHECTH
ee He K HadaJIpHOM MIOLIAAH CedeHus, a K
(haKTUHECKOMY CeYeHHUIO MEHKH, TO oIy~
4UM BENHYHHY Sy, HAa3bIBAEMYI0 HCTHH-
HbIM CONMPOTHBJICHHEM Pa3pLIBYy M KOTOpPas
Gonblwie mpenena mpowHOCTH O, . Takum

obpa3oM, mpefes MPOYHOCTH [IPHTIOES,
HCTIONB3YEMBIX IS MAfiKi CTHIKOBBIX CO-
€[IMHEHUM, SBNAETCH YCIOBHOH BeslHuu-
HOM, MO KOTOPOIi HeNmb3sl CYHTh O AeHCT-
BHTEILHON TNPOYHOCTH 3THX MaTepHAIOB
NPK WX PACTAKEHHU B CTECHEHHBIX YCJIO-
Buax. Jlia amammza paccMaTpHBaemMoro
npouecca pa3pylienus CThIKOBOTO NAasAHO-
IO COENUHEHMS M CBA3AHHOIO ¢ HHM IPoO-
Hecca KOHTAKTHOTO YMPOYHEHMS ClexyeT
HCTOJIb30BaTh HCTWHHYIO NMAarpamMMy pac-
TSDKEHHsl, KOTOpas CTPOHTCA C Y4eTOM
YMEHBINEHH TUIOWAAN NONEPEYHOro ce-
YEHMS] U MECTHOTO yBeJIu4eHHs aedopma-
UMM MCHbITBIBaeMOro obpasua. Jpyrum
OTJIMYMEM HKCTMHHOH AMAarpaMMbl pacTs-
KEHHUA OT yCHOBHGﬁ ABIACTCA HMCIIOIB30-
BaHHE HCTUHHBIX OTHOCHUTEIBHBIX yanu-
Heﬂl/lﬁ, y‘iHTbYBaKJU.IHX Henpepbmﬂo U3ME-
HSIOUIYIOCS JUTMHY O0pasua M HepasHO-
MEPHOCTb pacripenieieEus  aedopMaumii,
KOHLEHTPHUPYIOHMXCS B O0IACTH IIeHKH.
Baxnelimumu mapameTpaMu WCTHH-
HOIl JMarpaMmbl PacTSKEHHS SBIAIOTCS
HUCTHHHOE COTPOTHBICHUE PaspeiBy Sy H

HCTHHHOE YIUIHHEHHE IIPH paspuise &, ,
KOTOPbIE MOKHO OTIPEJENHTD 110 Pe3yIbTa-
TaM CTAaHNAPTHBIX MEXaHHYECKHUX HCIbITa-
Huil caeay oM obpasom:
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(2

riae Pp — BeNUIuHA PaCTAruBaroLieH Chilbl
B MOMEHT paspbiBa; £y — IUIOWAKb [Ome-
PEYHOro CedeHUs WEHKY Moce pasphiBa
obpasna.

Bemuuuna by merko onpenensercs
oOMepoM paspymIeHHOro obpasia, a 3Ha-
yenue pacrsrusaomedl cuist Pp bukcu-
PYETCS IIPH NPOBEAESHNH HCIIBITAHUS.

Bemmuuny &£, MOXKHO ONpenenuTh
H3 YCJIOBHsI paBEHCTBa OGBEMOB MaTtepua-
13 10 U TOCTE WCTBITAHUS MO CIeRyoLIeH
dopmyse:
g, = l 1
e =L 3
jiig

HcruHHas auarpaMma pacTsKeHHs M
HCTHHHBIC HANPSAXCHUS UMEIOT 605“:]].[14171
dusHdeckuil CMBICH, YeM YCIOBHBIE. BhI-
BOJIBI, C/ACIaHHEBIE HA OCHOBAHMM AAHHBIX
00 YCNOBHBIX HANpsUKEHUSX, TPHBORAT K
OUIHOOUHBIM 3AKITIOYEHISIM.

Tlo namemy MHeHHIO, paboTa MATKOM
ﬂpOCJ’IOﬁKH MAasiHOTO CTBIKOBOrO IIBa HU-
uyeM He OTJIMYAETCA OT XOPOLIO M3YUCHHOM
paboTel pacTsaruBaemMoro obpasua, cHab-
JKEHHOro BbITO4KOH [7]. Makcumanshas
HATPY3Ka y Takux o0pasioB BBHIY MAaJoil
nedopmanuy M Manoi H3MEHAEMOCTH MO-
MEPeHOro cedeHust (TaK e, KaK y CTBIKO-
BBIX NaAHBIX COEJHHEHHII) IPaKTHHECKU
OTBEYAET MOMEHTY PaspylUeHHsS, KOTOpO-
My COOTBETCTBYET MCTHHHOE HANPSLKEHUE,
Gonbluee, seM O, . Takum o6pasom, Bbi-

TOYKa (Hanpe3) y MIACTUYHBIX METAJIOB
NPEMSTCTBYeT 0Opa3sOBaHMIO INEHKU H TI0-
HIDKEHMIO HArPy3KM 3& CUET CHUDKEHMS
[UIOWAAM [ONEPEeYHOrO CEUEHMs, Xapak-
TepHOTo futst Tankux obpasnos. IToatomy
U [UIACTHHYHBIX METAIOB CIEAYeT CO-
MOCTABIATL IPOYHOCTh HAAPEe3aHHOro 00-
pasua He ¢ BPEMEHHBIM CONPOTHBICHHEM

O's,, , @ C UICTHUHHBIM COMPOTUBICHUEM pas-

peiBy Sk [7]. AnanoruumbiM oGpasoMm u
TPO4HOCTH CTHIKOBOTO TAsHOTO COGAMHe-
HUsl, NPH PACTSDKEHWM KOTOPOro Iieiika
TaK)ke He oOpasyercs, AOMKHA CPaBHH-

Mawunocmpoenue. Memaniypeus

BaTBbCsi C BEJIMYUHOMN Sy

Takum 00pa3’oM, M KOIHYECTBEH-
HOM OLICHKM YIIPOYHEHHUS CTBIKOBBIX CO-
enuHeHuH ¢ MATKOH rpocioiikoit mpu Ma-
1Ol ee OTHOCHTENBHON TodImuHe Y cre-
AYET HCIIOJIb30BaTh HCTHHHOE COMPOTUB-
JIeHUe PasphiBy Sy OJIst OLEHKH MPOYHOCTH
COEMHEHUH TAKOTO TUIIA.

ConocrasneHue HaHHBLIX [0 [IPOYHO-
CTH IMaAKUX ¥ HaApe3aHHbIX 00pasnos mo-
Ka3blBaET, 4TO B PANE CRYUacs, HAPHMED,
JI KPYTOBBIX HaApe3oB TiyGuHOH 1 MM,
MPOYHOCTL Hazpe3anHoro obpasua Grmnska
K Benmuune Sy rnanaxoro obpasua. Jius 06-
pasuos ¢ Oomburedt riryGmuoil Hanpesa M
bonbuym panuycom B BepLIMHE Hafpe3aH-
Hbiif 0Opasen; MoXkeT ObITh TpOYHee rian-
KOTO JaKe TPH COMOCTAaBIEHUM DO Mapa-
metpy Sk [7]. Hampumep, nms crama
40XH2MA npu riyOrHe KpyroBoro Hajape-
33 2 MM M paIMyCe NpH BEpLIMHE Hanpesa

BenuuuHOi 0,5 MM OTHOIIeHKE O = 1,1
Sg
[7]. WHpiMu crnoBamu, B 3TOM ciyuae
CpeHee HaNpsKEHHE Y HAAPEe3aHHOTo 00-
pasua Ha 10 % npembimaer BenuquHy Sk
rnaakoro obpasna. Takoe npesblienve,
BEPOATHO, 00BACHAETCS BAMSHUEM OOBEM-
HOTO HAMNpSDKEHHOTO COCTOSIHUS B CPEITHUX
30HaX Haape3aHHoro obpasua.
[pencrasnsior uHTEpEC AaHHBIE O
BnsHUA (GOpMbI 06PAsIOB HA PE3YNETATEI
MEXAaHWYEeCKHX MCIBbITaHuH, onyOiuko-
BanHple B [8]. CoracHo 3THM naHHBIM,
pasMuYHbIe PA3HOBUAHOCTU KOHLEHTPATO-
POB HANPSKEHUH, HMEIOIMXCA Y HCIIBITBI-
BAEMbIX O0PA3LIOB, HOBBIIAIOT XapakTepH-
CTHKH NPOYHOCTH  HH3KOYIJIEPOANCTON
cranu. OnHako HauGoJibliee yNpouHeHNe
obecneurBaeT HMEHHO BBITOYKA LIMPHHOM
0,4 MM nuameTpoM 10 MM, BBITOTHEHHAs B
LEHTPaNbHOH 4acTy 0oOpasia JHaMeTpoM
18 mm. Tlpm >TOM yCHOBHBIH mpexen
mpoYHoCTH noBbiaercss ¢ 400 Mila
(rnanxuit obpazen auamerpom 10 mm) mo
640 MIla (y obpa3ua ¢ BHITOUKOi1). OnHo-
BPEMEHHO OTMEUAETCS CHIDKEHHE I110Ka3a-
Teneit mnacTadnocTH. Hanpumep, orHocu-
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TENbHOE CYHEHHE yMEHbLIAETCS ¢ 69 % y
riankoro odpasua 1o 22 %, XapaxkTepHbIX
s 00pasua ¢ BBITOYKOH.

Crnenyer oTMETUTb, 4TO B JUTEpa-
TYPHBIX HCTOYHHKAxX OTCYTCTBYKOT JaH-
HbIC, HSOSXO)IHMHQ AN OUEeHKH YIIpo4YHe-
HUst OpuIloeB B 067acTH MaIbIX 3HaUEHUI
napamerpa 4 . [lo nawemy mHeHmIO, 3TO

00yCIOBIEHO TeM, 4YTO HeHCTBYHOIHE
craspaptei, sHampumep I'OCT 21930-76
IIpunou onoesinHo-ceuHYOBkIE He TPebyoT
OMNMPEAENEHISt MCTHMHHOTO CONPOTHBJIEHHUS
PaspbiBy TPH NPOBEACHHH MEXAHUYECKHX
MCTILITAHMI TIpurioes. JTO HE MO3BONSET

" BBIIOJIHATH PALMOHATbHOE KOHCTPYHpPOBa-
HUE MasHbIX COEAMHEHMI CTBIKOBOTO THIA
U T€M CaMbiM OIPaHHYHBAET HX TPUMEHe-
HHE B MPOMBIMIACHHOCTH, MNPENSTCTBYET
Pa3BUTHKO MAWKH.

[TporeneHHble HaMK MeXaHUYECKUue
vcnbrranust npunost [TOC 40 nokasanu,
YTO Y OJIOBAHHO-CBHHLIOBBIX IIPHIIOEB OT-
cyTcTByeT dmsuueckoe ynpounenue, ofy-
CNIOBIEHHOE HAKJIETIOM, & OTHOCHTENIBHOE
cyxenue gocruraer 100 %. o sarpynus-
eT ompeneseHHe BENHUMHBI Sk. Pesynera-
ThE 3TUX HCIILITAHUI HE NMOATBEPIMIN ajlb-
TEPHAaTHBHOTO pAa3JEEHHst pOJNM  Kaca-
TeNbHBIX ¥ HOPMAAbHBIX HAnpsUKeHUH U
NoKa3ain Haaudue ABYX CTafuil rpouecca
PaspyLIeHNS:

1) momrorosuresnpHas (roBpexkaae-
MOCTB), BBI3BAHHAS IJIABHBIM 00Pa3oM Ka-
CaTeNBHBIMY HATIPSDKEHUSIMM,

2) moreps yCTOHYHBOCTH (JIABUHHOE
paspylieHHe), BbI3BaHHass B OCHOBHOM
PACTATHBAIOIMMH HATIPSKEHUAMH,

B npouecce 3KCIUIyaTalnH MasHble
COeMHEHHS YacToO MOBEPraloTCs BO3JEH-
CTBUI0 TIEPEMEHHBIX HAIPY30K, [O3TOMY
LUUKIIMYECKast [IPOYHOCTD SIBIAETCH BaXHOU
XapaKTepUCTHKOI HX paboToCHOCOBHOCTH.
Onnako paboTOCTIOCOOHOCTh TASHBIX CO-
SIMHEHMI MPH HUKIHYECKOM HarpysKeHHH
UCCNEAOBAHA HELOCTATOUHO IOJHO ¥ MpH-
BE/ICHHbIE Pe3yJLTaThl NAleKO He BCerma
KOPPEKTHBI.

Bce BONPOCH!, CBA3AHHBIE ¢ IIPOBEAE-
HHEM DKCTIEPHMEHTAIBHBIX KCCIeNOBaHMIT
LHKIAMECKOH NPOYHOCTU THASHBIX COSHMHE-
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nuit, permamentupyiorcs OCT 26446-85
[9]. XapaxrepHbiM IIPHMEPOM UCTILITAHUH,
NPOBEACHHBIX B IOJHOM COOTBETCTBMH C
OTUM CTAHJAPTOM, SABJAKTCA HMCHBITAHHA
TagHbIX HAXJICCTOYHbBIX coemme!—mﬁ, B KO-
TOPBIX KCIIONIB30BaHa CXeMa TJIOCKOro
KOHCOMBHOTO  M3ruba, peKOMEHAyemast
TOCT 26446-85 [9]. Ilpu 5TOM aBTOpBI
[10] ycranoBumum, 4TO BO BCeX Cily4dasix, He-
3aBHCHMO OT BENMYMHBI HAXJIECTKH, pasme-
POB ranTeneil, TeMnepaTyphl HCHLITAHNS U
BENTUUMHBI HAMPSDKEHHUH, TpeimmHbl o0pa-
3YIOTCA B TATeNAX BOB. Takue pesynbra-
Thbl UCHITAHHUI 3aCTABIIAOT 3a0yMareCiA O
METOAMYECKOH KOPPEKTHOCTH MPOBEACHHO-
O HCCICAOBAHMA. Bem, INpU UCTIBITAHHNAX
OpYyTHX BUIOB (HAaIpUMep, Ha CTATHIECKOS
PACTSKEHNE) U TEMIIEPATYPa HCIBITAHMS, U
pa3Mepsl ranreneii, i, Tem Oonee, BeMUMHA
HaXJIECTKU WJIH pa6o-iee HANpsDKECHUE ca-
MBIM 3aMETHbIM M J2Ke PelualoluM 00pa-
30M BAMSIOT HA OKOHYATENIbHbINA PE3YbTAaT.
B 370l cBs3u HeoOxonMMo NMoxpobHO pac-
CMOTpETh OCOOEHHOCTH HAMPSLKEHHOTO CO-
CTOfHNMA TNPH HU3rHOe HAXJIECTOYHOrO fa-
CTMHYAaTOro o0pasiia, CXeMma HarpysKeHus
KOTOPOTro NMOKa3aHa Ha pHC. 3.

MakcHManbHOe HOPMANbHOE Harpsi-
JkeHHe B 00JIacTH HAXJIECTKH Ha y4acTke
Mexny muockocTsiMu S; u S, [5] onpene-
nsiercs no hopmyne

M,

M,
W, b2o)

max _

@

rae M — MakCHManbHBI M3rubarmuil
MOMEHT B oOJacTy Haxnectku, W, — mo-
bh? .

P
h — BbicOTA Cedenun B 00JIACTH HAXJIECTKH,
k=20, b — mmpunHa nnacTug; & ~ ToMuMHA
MRACTHH.

PacrpeneneHre HOPMAIbHBIX Hanps-
sxeHMH, 0003HaYeHHOE KaK g1 Ha puC. 3, B
COOTBETCTBHM C HANPSKEHHBIM COCTORHUEM
u3ruba TakoBO, YTO Ha NMOBEPXHOCTH OOpas-
Lia HamNpsSKCHHS MAKCHMAJIBHBI, & B HCHIbL-
THIBAEMOM NaSHOM IiBE UX BEJMYMHA PaBHA
Hysmo. Taxum 0Opa3om, cxema HarpyskeHus,
pexomerayemas I'OCT 26446-85, ne cos-

MEHT CONPOTUBJICHNA CeUeHus, W, =
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naer pabodeil HArpy3KV B OCHOBHOM KOH-
CTPYKTUBHOM 3NEMEHTE MCTIbITHIBAEMOTO
NAsHOTO COEAMHEHMS] — NAsHOM LIBE U UC-
MBITAHAI [OABepraeTcs (akTudecku oc-
HOBHOH Marepuan. D10 sBIFCTCA Cephes-
HBIM €€ HEJOCTATKOM IIPHHIUIHAILHOTO
XapaKrepa. AHANOIMYHBIM 05PA30M MOKHO

Sl [<J]

ONpeae/IuTb MaKCHUMalbHOC HOPMAbHOE
HaIIPSDKEHHE 38 NPEACTIaMH HAXJIECTKU!

. M 6M,
max 2: A. 5
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Puc. 3. Cxema npoBCACHNS UCTBITAHNA HAXJICCTOYHOIO MASHOIO COCAMHCHHS HA KOHCONBHBEA M3rud mo

TOCT 26446-85

IMockonbky wu3rubaroIe MOMEHTHL
M1 u M, npuMepHO ONMHAKOBBI, TO MaK-
CHMaJbHOE  HOPMaJlbHOE  HalpsikeHHe
oF%, uMerolee MecTo B 00NaCTH TANTeNH,
Gosee ueM B 4 pasa NPEBbILLAET 3HAYCHHE
HOPMANbHEIX HANpSDKEHUHA O, nefict-
BYIOLIMX B 06/1aCTH HAXJIECTKHL

Yrobut Gonee TOYHO OLEHHTE pac-
npenenenne pabounx HANpsKeHHH npu
NPOBEIeHHH HCIIBITAaHUH B COOTBETCTBUH C
TOCT 26446-85 u y4ecTh BIHAHHE KOH-
LEHTpauuu HanpsokeHuH, obyCclIoBneHHoOM
PE3KHM H3MEHEHHEeM CEHYEHHs IO Kpasm
HAXJIeCTKH, OBUTM MPOBEIEHDI PACUETh Me-
TOAOM KOHEYHBIX 3IE€MEHTOB C HCIIONb30-
BaHHEM NPUKNagHOR porpamMMbl
COSMOS. D1u pe3ybTaThl OKA3A/M, YTO
pacmpezieNeHre HANPDKEHHE B PeabHOM
NasHOM COSIMHEHWH H B MOHONHTHOH Je-
TaJIM aHaJOru4HOH HOPMBI U Pa3MEPOB, HE

Mawnocmpoenue. Memaunypaus
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UMeoLieif NasHOro I[UBA, INPAKTHYECKH
ofuHakoBo. VIHBIMH ClOBaMH, Hajau4due
NAastHOrO LIBA HUKAK HE BIMAET HA HANPs-
KEHHOE COCTOsiHue 0OpasloB mpu Harpy-
JKEHIM WX TIO0 CXEMe KOHCOABHOrO m3ruba
(puc. 4). TIpu 3TOM Hanu4ue rajTeiiell He:
CKONBKO CMSATYAET PacIIpeeNeHue Harps-
JKEHHI. DTO elle pa3 MOKa3blBaeT, H4TO
CXeMa MCIIBITAHMI MastHBIX HaXIECTOYHBIK
COeNHHEeHHH Ha KOHCOJBHBIN W3rud, npu-
BEJICHHAS HA PHC. 3 M COOTBETCTBYIOINAS
tpebosannsam F'OCT 26446-85, xapakte-
pusyercsi BecbMa CnabbiM BO3AEHCTBHEM
Ha MasiHbIi [IOB CHbITHIBAEMOrO o0pasLa.

CxeMa Harpy:xeHus ¥ 3aKperLieHHs
UCIILITHIBAEMOTO HAXJIECTOYHOIO MasHOTO
coeaunenns no I'OCT 26446-85 mpeno-
[pefesieT BO3HMKHOBEHHE W Pa3sBHTHE
YCTAJIOCTHBIX TPELMH CHAYala B MaTepua-
Jie ranrenedt (Beb MMEHHO 3TOT MaTEPHAN
HAaXOAUTCS HAa [IOBEPXHOCTH, TIE HOp-
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MaJIbHBIC HAMPAKEHWS JOCTUrar0T MakCH-
MaJIbHOM BeIM4HHBL) B MOJHOM COOTBETCT-
Bau ¢ puc. 4. M3noxeHHOE IOKa3bIBAET,
YTO CXeéMa [MOIepedHoOro usruba ¢ KoH-
COJIbHBIM Harpyxexuem obnamaer cnaboii
uHPOPMATUBHOCTIO, He obecneynuBaeT

pewieHust 3amad, CHOPMYJIMPOBAHHBIX B
T'OCT 26446-85, 1 NOITOMY HCIOJIB30Ba-
HHE 3TOM CXEMbL JUIst MPOBEACSHUS YCTANO0-
CTHBIX HCIBITAHWH TNAasIHBIX COENUHEHHH
HaxXJIECTOYHOr0 THMa HEJIL3s NPU3HATh Le-
11eco00pa3HBIM.

OO1acTh HANPDKEHHE BETHYHHOR
85...95 MI'Ta Ha HOBCPXHOCTH o0pasua

OB61acTs MAKCHMATBHBIX
Hanpsokenuit 32 MITa
B 00NACTH NAFHOIO MIBA

Puc. 4. PacnpeaenCHEC HMTCHCHBHOCTH HANPSKECHUE B MASHOM HAX/ICCTOMHOM COCAMHCHHM IPH €ro

KOHCONBLHOM H3rHbe

Takum 00pa3zoM, HEOOXOAMMO BO3-
DePXKATBCS OT UCIIONb3OBAHIS CXeMbl KOH-
COMBHOTO M3ruba HAXJIECTOYHOIO COEHH-
HEHHs TUIACTHH M NPHHATb CXEeMy H3ruba
BPALIAIOLIErocs 00pasua, TaKkxke Mpemy-
cmotpennyo 'OCT 26446-85. s storo
Hamu Obuta paspaboTaHa KOHCTPYKIHs 06-
pasua, B KOTOPOH M3 AOPOrOro masemoro
Marepuana (HanpuMep, MEH) BbITOTHEHBI
TONBKO HeOONbIIas BCTABKA W CTEPIKeHb
(puc. 5). OcranbHbie 3j1eMEHTbl 00pasua
BBINOJHEHBl U3 CTAJH, YTO MO3BOIMIO CO-
KPATUTh PACXOM AOPOTOCTOSIIUX HCITBITHI-
BAEMbIX LIBETHBIX METAJLIOB HE MEHee, YeM
Ha 75 %. Kpome Toro, B npeanaraemoit
HaM¥ KOHCTPYKUMH OOUIas OCh CTEPKHA U

M . Memaniypa:
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BCTaBKH MOXET CMEIUATLCS OTHOCHTENBHO
OCH 3aKPEIUIIOIHX TUIACTHH HA BEJIMYKHY ¢
(cm. puc. 5). DTO NO3BONSIET MPOBOAUTH
HCIMBITAHKWA B YCJIOBHUAX BOSZ[eﬁCTBI/Iﬂ Ha
HCIBITHIBAEMBIH NasHblil OB HE TONbLKO
M3rHOAIoIIero, HO U KPyTSLIEr0 MOMEHTa.
Hanpx)]cel-mx Cpe3a OT KPyTSLEero MOMEH-
Ta AOCTUTAOT MaKCHMyMa Ha KParQ nasHo-
ro msa (TaM k€ MaKCHMaJbHbl M HOp-
MaJibHbIe Hanpsokenust). OHK Takoke H3Me-
HAIOTCA MO CXEME CMMMETPHUYHOrO LMKIa,
T. K. B TIPONECCe BPALICHHA KPYTALIHA MO-
MEHT W3MCHSET HE TONbKO CBON BEIWUYH-
HY, HO ¥ HamnpapJICHUE. Hx BEJIMIHHY
MO>KHO ONpenenuTs no hopmye
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rae R — panMyc CTepKHs; J, — NONsApHbii
MOMEHT HHEPLIMH Ce4YeHHs CTepxkHs;, W), —
MONSPHbIA MOMEHT CONPOTHBIEHUS Cede-
HHsI INCKA.

OKOHYATeNbHO MAKCHMAJbHbIE Kaca-
TENbHBIE HATIPSKEHUA UMKIA ONMPEnessITcs
1o dopmyae

_16Pe
Tnax = 7Z‘D3

) Y]

rae D — nuamerp crepxns, D = 2R.

W\

el

\

Puc. 5. KoHCTpyKuHa 06pa3sia UL HCIBITAHKH Ha MHKIHYECKYK) NPOYHOCTH, CHAGKCHHOTO BCTABKOM U3

MCIBITEIBAEMOIO MATEPHANA: 1, 2 — JIHCKH; 3 — KPETeXKHEE OTBEPCTHS, 4

TaseMor

Paznutue B MaTepUanax, U3 KOTOPBIX
M3TrOTaBJIMBAIOTCS TIACTHHA U Pa3jIMuHbIe
3IeMEHTH NpefnaraeMoro obpasua, npu-
BOIMT K 0OpasoBaHMIO OCTATOYHBIX TEp-
MUYECKMX HANpPsUKCHMH B HeM. OTH Ha-
NPSDKEHHS] MOTYT OKa3aTh 3HAUMTENbHOE
BIIMSIHUE HA Pe3yJIbTaThl HPOBONMMBIX HC-
nbiTaHui, uckaxas ux. [lostomy Hamu
GbUIO NPOBEXEHO MCCIENOBAHUE ITOJIsS OC-
TAaTOYHBIX HAMPSUKCHWH, O0OYCIIOBJIEHHBIX
pasznuuneM B KkoabduumeHtax Tepmmue-
CKOTO PACIIMPEHHs] MATEPHANOB, MCMOJNb-
3yeMblX B KOHCTpYKuuH oOpasua. beuno
YCTAaHOBJIEHO 3HAYMTEIbHOE BIMSHME, KO-
TOpPOE OKa3bIBAET TONIHHA BCTaBKM HE
TONIBKO Ha BENUYMHY HANPSIKEHMI, HO H Ha
xapakrep ux pacnpenenesus. Ilostomy,

ppais
P
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CTepikeHs M3 MAsEMOro MaTepuaia; 5 — BCTABKA M3

P 6 — Honsl # nasHb woB; 7 - NPAKPCIIAOWHE Nasublif mop.

U3MEHAsT TOMUHHY BCTABKH, MOXHO B LIU-
POKHX [penenax peryjaupoBaTh Hamps-
JKEHHOE COCTOSHKME B UCTIBITHIBAEMOM Mast-
HOM I1Be. DTO MO3BONAET N30eKaTh UCKa-
JKEHUS PE3YNbTATOB UCIBITAHNH OXHOPOX-
HBIX NasHBIX COeIuHeHHii, obycioBieH-
HBIX BO3AEHCTBMEM TIOJI OCTATOYHBIX
TEPMHUYECKHX Hanp}l)l(eHHﬁ, H C yCIIEXOM
TIPUMEHSTE  00pasipl IAaHHOrO THMA B
npakTuke. Ilpu wmccnenoBaHuy BAKSAHMS,
KOTOPOEe OKa3bIBAafOT OCTATOYHbIE TEPMH-
YECKME HANPSUKEHUS Ha  LHKIMYECKYFO
TPOYHOCTb, CGAYET NPUMEHATL BCTABKM
HeOOJIBIIOH TOMIIMHEI HopsiAka 1 MM u 32
CHET 3TOTO CO3[aBaTh OCTATOUHbIE HAIPS-
KeHUst BenunHOH 1o 100 MITa.
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Buigoost

1. VCTaHOBEHO, YTO MCTHHHOE CO-
TNPOTHBJIEHUE DPaspbiBy SBIAETCS BaXKHOH
XapaKTEPUCTUKON IPHUNOEB U €ro Heobxo-
JIMMO BBECTH B JEHCTBYIOLIUE CTAHIAPTHI,
uto obecnieunt Gonee >(heKTHBHOE KOH-
CTPYMPOBAHKE MasHbIX COSOUHEHHH CThl-
KOBOT'O THIIA.

2. IToka3aHo, YTO HCIBITAHHS NAgHbIX
HAXJIECTOUHBbIX COENVHEHHH Ha LMKIHYe-
CKYIO TPOYHOCTb MO CXEME KOHCONbHOIO
w3ruba He 0OecrnevnBaOT JOCTIDKECHUA Iie-
neit, nocraeneHnbix I'OCT 26446-85, u
OJKHBI OBbITh UCKIFOHYEHD! M3 ITOTO CTaH-
napra.

3. TIpeanoxeHa KOHCTPYKIHUS [asHO-
ro obpasia [yl TPOBENCHMS HCTILITAHUI
Ha U3ru0 BpAMAIOLIVMXCs 00pPasLOB, OTIH-
YaKOWAACs JKOHOMHYHOCTBIO, BBICOKOH
JOCTOBEPHOCTBIO TOJTYYaeMbIX HAHHBIX U
BO3MOJKHOCTBIO TPOBEIEHMA HCCISA0Ba-
HHI BJFSHHUA OCTATOYHBIX TEPMHYECKHX
HANIPSUKEHUI Ha UMKTMHECKYI0 HPOYHOCTD
NasHbIX COSAHHEHMH.
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Benopyccro-Poccuiickuit ysuBepeuteT
Marepuan nocrynun 22.04.2009

In article the problem of a correct estimation of mechanical characleristics solder bonds at static and dy-
namic tests is considered . It is shown, that at definition of static capacity of solder bonds of butt type it is neces-
sary to use the true stress-strain diagram and for a quantitative estimation of the effect of local strengthening of
a soft interlayer of the solder bond to apply true tear resistance. The design of the sample for definition of cyclic
strength of solder bonds by a bend-and-rotation method, providing the possibility to research the influence of
residual stress on the results of tests and decrease in the expense of expensive nonferrous materials on their
manufacturing has been offered.
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