U3BECTHA

TOMCKOT'O OPAEHA TPYJAOBOTO KPACHOI'O 3HAMEHH TMOJMUTEXHHUECKOTO
HHCTUTYTA umenu C. M. KHPOBA

Tom 157 1970 r.

HCCJIELOBAHUE NPEABAPHTEJIbHOTO CMELLEHUS
MNPHMEHHUTEJBHO K KAYEHHIO KOJIECA MO PEJIbCY

|3 P KoHsxaH |
(IlpeacraBieHna HayyHEIM CceMHHAPOM KadeAPbl CONPOTHBAEGHHSI MAaTePHAJIOB)

CMellléeHHe HENnOABHIKHOro KoJaeca

Hns ucciaenoBaHUsl H3HOCA TOBEPXHOCTEH KOJMEC M PEeJbCOB OT YCTaJo-
CTH, HeOOGXOAMMO 3HATb BEJHUHHY IpPEJBAaPUTENBHOTO CMCIIEHUSI UX OTHO-
CHTEJIBHO ApYr' Jpyra.

Ilo onbitam H. A. Kapnosa [1] sHaueHHe yKa3aHHOrO MHKpPOC/ABHIa
B 3aBHCHMOCTH OT HODMAaJIbHOH HArpy3KH BbipaxKeHO GopMyJoi

el (

rae § — Be/qHYHMHa NpeJBapUTeJbHOrO cMelleHuss, N — HopMaJ/bHas Harpys-
Ka, K — HeKoTophll KO3 pHIHEHT, paBHbIA s crajau 8,3 108 ke/cm?,

B npusenenHoil ¢opmyse cratuueckwit Ko3QpUIHEHT TPEHUST HE CO-
IepKHuTCS, OH BXxoaur B BeanuuHy K. Hamu nmpoBoausuce GHBITHI ¢ MHKPO-
cMelleHHeM 00pasloB Ha npubope, KOTOPHIfi ABAAETCA HEKOTOPLIM yCOBep-
uweHcTBoBanueM npuéopa A. B. Bepxoeckoro [2], peayabTaThl 3KcHepuMeH-
TOB MOATBEPAHIN 3aBUCHMOCTD, faHHyI0 H. A. KapnoBeim- Kpome Toro, Hamu
HCCIEeA0BAJach CBfI3b BEJHUHHBl MPEJABADHTENIBHOTO CMEINEHHSI TaKXke
¢ x03((HIMEHTOM CTATHUECKOTO TpeHHsi W, MyTeM HNOBTOPEHHSA TeX e
ONLITOB IpPH Pa3HBIX 3HAUEHHAX TOCAeXHER,

Huxe npusenennl pesyabTaThl B Buie TabJHILEL

VK 18,4-10¢ 1010t 9,3. 10 5,5-104 4,510

1
— 5,6 2,8 2.5 1,6 1,33
Ps

Ecau 0o THM JaHHBIM NOCTPOMTH TIpadMK B KoopauHaTax V k;

— , TO yCMaTpHBaeTcs JWHeHHas 3aBHCHMOCTb

s
VK = l/R_l ,
. Hs
rje VR— K03QUIHEHT MPONOPLUOHANBLHOCTH.
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[loncraBus 310 B Bbipamenne 1, moayunu

Se= 1/% )

Sy — BeJIMYMHA YOPYroro MpeBapHTENbHOTrO CMeLICHHS,
R — xoabduuHenT, 3aBUCAILKMA OT MaTepHasa M XapaKTepHayollui coboi
ZKeCTKOCTb KOHTAKTda B TaHIeHIMaJbHOM HaNpPaBJeHHH. _

Tak kak MHKpOCMelileHHe B AaHHOM CJyudae SIBJASAETCS YIPYroi Aedop-
MauMed CABHIa MaTepHaloOB B KOHTAaKTe, a [IEpOXOBATOCTb INOBEPXHOCTEH
BO BceX omnbiTax Oblla NpUMeEpHO ONMHAKOBOH (7 MK), TO CJACZOBAJNIO CAe-
JlaTb HOMBITKY CBsi3aTh KOo3dpuunent R ¢ Moaysem ciasura G, ucciaenoBas
JJ1si 9TOr0 HECKOJNbKO MaTepHalloB.

Bo Bcex mocnexymouiux onbiTax BepXHWI o0pasel] MPHMeHSJICA OAHH H
TOT K€, HM3TOTOBJEHHbIH M3 3aKaJeHHOH craJjH, HHKHHe o0pasnbl  ObliaH
ClleNanbl M3 PAa3HbIX MaTepHaJOB; WX KOHTAKTHbie Njollaixn obpabaThiBa-
JIHCb OJLHOM M TOH Ke HaXKAauyHO# WIKypKod. B ombiTax samepsinach BeJHYH-
Ha NpeABapHUTEJIbHOrO CMelleHHUs Sy ompeaensancsd kKo3p@UUHEHT TPEHHS
»Ms“ W 3aTeM 10 ¢opMyJe 2 Haxogu1ach BeanyHHa R.

B rtabGiuue HuKe npoBenensl 3HaYeHHs R u MOayJeH caBura A
HEKOTOPDHX MaTepHaJsoB.

Marepuan | 3ak. crane | Craap 3| Yyryn Menr | Bpousa Llnux Jlatyun

R-107% wzjcm? 23 19,7 14 11 8,8 7,5 6,25
[ adaliin - T .
G-1078 kejeu? 0,9 0,8 0,55 0,40 | 0,38 0,37 0,30
[To 3TuM JaHHBLIM NOCTPOE€H rpaduk puc. 1.
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Puc. 1. HekoTopas koppeasuust mMexpy kosdouimentoM R
H MoAyaem casura G

C HexoTOpelM npubaMKeHHeM GyieM CUHTATh, YTO Ha rpaduke puc. 1
nabaoAaeTCs JHHeHas 3aBHCHMOCTh Mexay G u R, Torja
G =W2R, (3)
3necs ¥ — koabduLHeHT NpONOPUHOHAIBHOCTH.
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Kak BBHIICHHJIOCH 3KCIEPUMEHTAMH € MNOBEDX HOCTAMH, HMEIOLIHMH
MHKPOHEPOBHOCTH OT 1 1o 12 mukpoHoB, BeqnunHa ¥ OT wIepoXoBaTOCTH
He 3aBHCHT.

Jas BceX HCHIBITAHHBIX MaTepua/oB OH MMeeT B CPe/JHEeM 3HaueHue
Y = 0,02, oTxJI0HSACH OT ONBITa K ONLITY MHOTAa 40 12% B oGe cropo-
HBl, TIPHYEM HEONnpejeqeHHEM 00pasoM,

M3 cosmectHoro pewenus (2) u (3) noayuaercs

Sx = ‘If}"s ‘/1Y
Uy

l'lpeu,napme.ﬂbﬂoe CMelleHHe NPH KaYeHHH KoJeca No pedancy

Ilpn Haxkatum Koseca Ha penbc cujoir N B Mecrax HMX Kacalus
o0OpasyeTcsl KOHTAKTHAas NJOWIAJKa B BHJAE SJIJIMICA, PAaCMOJOMKEHHOTO
60JbIIOH OCbI0 MOMEpPEeK NYTH. JTa MJOLajKa BO BpeMs JBHIKeHHs nepeme-
HlaeTCS BJAOJb penabla.

BBujay pa3iuyhs B HOPMaJbHOM JaBJCHHH Ha Pas3sHbIX TOYKAaX KOHTAKTa,
06YCI0BAEHHOrO PasHOCTBIO BHICOT MHKDOBBICTYNIOB M KDHUBU3HON COIIpHKa-
CawlIuXCcs TMOBEpXHOCTeH, AaBJeHHEe IO MHKDOBLICTYHAM paclpeiessiercs
HepaBHOMepHO. Tak Kax MHKPOZJIEMEHTHI KOHTAKTa HaxKaTbl I0-pasHOMY,
TO ¥ CHJla CTATHUECKOTO TPEHHs HAa HUX pasiauyHa [3].

Bosbmem Ha penbce HENOABHIKHYIO NJIOUIAAKY, PABHYIO KOHTAKTHOH, M
nycTb Mo Hell mepemeriaercss KoJgeco. [BHKyIIMHCS KOHTAKTHBIH 3JJHINC
CHayaNa KOCHeTCs BbIOpAHHOTO HaMu HENOJABHXKHOIO 3JIIMIICA, IIOTOM COBHa-
JleT ¢ HUM M 3aTeM COHJeT ¢ Hero. Berynasa nHa nannoe MecTo, Kejeco nocre-
NICHHO HarpyxKaer ero 10 Makcumyma cujoét N, Tak kak Hauboabuiee 1aB-
JICHHE HMeeT MeCTO B LeHTpe ABHKYyLleficsi KOHTAKTHOH MJIOMIAJKH, KOJECO
pasrpyzKaer ee 10 Hyas. B 3To ke BpeMfl KacaTesJbHO Ha IJIOWAMKY pejib-
ca JgelcTByeT TArOBOe YCHJHME, HAampaBJeHHOE OTHOCHTEJbHO TOJIOBKH
peabca B CTOPOHY, MPOTHBOIMOJOXKHYIO EBUKEHHIO.

Tak kax cumja TpeHHs NpPsIMO NPONOPLHOHAJbHA HOPMAJbHOW cHJIe, TO
Ha NAHHOH HeNOJBHYKHON IJCINAJKe OHa BMeCTe ¢ HOPMAaJbHOH Harpyskou
cHauaJja BO3pacraer, 3aTeM YObIBAeT, OCTaBasCh IMPOIMOPLHOHATIBLHON HOP-
ManbHON Harpyske. Beuay jelicTBuTenbHOCTH 3akoHa TpeHus Kynona ans
KaXJOr0 MHKDPOBBICTYNA LIEPOXOBATOH MOBEePXHOCTH TPEHHE HAa HHX Hcue-
3aeT BMeCTe ¢ Ha)KaTHEM, M BO BpeMs NPOXOAa ABHXKYIIEHCs KOHTaKTHOH
N0 AAKH 4epe3 HemOABHKHYIO MOCTCNEHHO BO3PACTAIOT M 3aTeM YOBIBAWT
KaK KOJHYeCTBO AeHCTBYIOIIMX MHKDOBBICTYNOB, TaK H CHJAa CTAaTHYECKOro
TpeHHsi BMeCTe ¢ HOpMaJbHOH HArpysxoi.

AHaJIOrMYHO 3TOMY HAMH TIPOBOIMJINCH ONBITEL Ha oOpasuax crajib 10
craau. [Ipy MX CMeNI€HHH OJXHOBPEMEHHO NPHK/IAABIBAJUCh HOpMaJsbHad
HArpy3Ka M cMelllalolilee YCHJIHE TaKHM o6pa3oM, YTOOBl OHH BO3pacTanu U
yOLIBAJIH, OCTABASICh NPONOPUKMOHANbHBIME APYT APYTY.

OauH ¥3 ONBITOB OBLT TPOBEAEH NPH IMOCTOSIHHON Harpyske N =45 #e
U AJf CPABHEHHS — JAPYroil IpH MEHANIeMCsl [1aBJeHHH, TIpH 3TOM OTHO-

WEeHUH CHIT e = FzO,G. Pesy/bTaThl 3THX ONLITOB II0Ka3aHEl B ABYX

caefylolIUX TabaHUAax:

[MepBblil onbIT

N xz 45 45 45 45 45 45
P ke 0 5 10 15 20 25
S, MK 0 0,076 0,184 0,304 0,448 0,620
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Bropoii onbit

N k2 0 5 15 25 35 45
P k2 0 3 9 15 21 27
S, MK 0 0,132 0,324 0,148 0,572 0,712

Ecau no mansbiM TaGJul HOCTPOHTH Ipaduxku B Koopjaunarax P; S,
TO B NEpPBOM cCJyuae IMOJy4aeTcsi KpHBasi, pPAacCloJOKeHHas BBINYKIOCThIO
BB¢pPX, BO BTODPOM Xe caydae — Haodopor. Bo BTopom cayuyae, npu nocre-
[IEHHOM YMEHbILIEHHH OO0€HX Harpy3oK, OCTaBJAs HX [POMNOPLEHOHAILHBIMU

P
APYr ApPYIY, T. €. IPH P, = ~ =0,6, npeaBapHTeJbHOE CMELICHHE HE Mpo-

HCXOJHUT, BEPXHHHA 06pa3el OTHOCHTEIbHO HUKHCTO HeHOABHKeH. MHKPOBbI-
CTYNbI, YIPYro CABHHYTHIE NPEABAPUTENbHBIM CMEILEHHEM, B MPOLECCe yKa-
3aHHOHA pPa3rpy3Kd MOCTENEHHO OAHMH 3a LPYTHM IPOCKaJb3bHBAKOT H Onaro-
Jlapss MHKPOTPEHHIO HpeBpallaloT CBOIO YAPYro-MOT¢HUHAJNBHYIO 3HEPTHI
B TemaoTy. bBJaarogapsi 3TOMY M IPOHCXOJAUT INOTEPs 3HEPTHH B KOHTAKTE
NpH KaueHHH KoJgeca mo penabcy. [laomann rpadukoB COOTBETCTBYIOT BEJH-
YHHEe MOTePb SHEPTHH B KOHTAKTE.

3aBHCHMOCTb BEJHYHHbI npeaBapUTEJIbHOTO CMELUIEHHUA OT COOTHOILUEHHA

1] 3 P
CMeEeUlaled CHAblI U HOPMAJIBHOH HATPY3KH . = —]V

L5 BBLIAIBJICHHS BEJHMUMHBI VIPYFOro MHUKPOTPEHHA OT COOTHOIHEHHSI
cMelllaollell CHJAbBl U HOPMAaJbHOH Harpy3k NPOBOJUJHNCH ONBITH HA Tex iKe
obpasuax. HarpyxeHHe HOpMaJbHBIM yCHAHEM H CHJAOH CMelleHHs Aena-
JOCh OJHOBPEMEHHO IIPM NOCTOSIHHOM HX cooTHoweHuu p. =0,1; 0.2; 0,3:
0,4; 0,5; 0,6, npu xo3adduuHeHTEe cTaTHUeCKOoro TpeHust ;== 0,67. Cmele-
HHEe KaXKIblil pa3 NMPOU3BOJAMACCH MO TeX NMOp, MOKa CUIa He JOCTHrasjga 3Ha-
yegusa N = 45 xe.

PesyabraThl ONBITOB NOKa3aHbl B TaGJHIE.

P
Tabania MOKasHBaeT, 4YTO uyeM OoJablie OTHOLLIEHHe-j—V—, TeM Houblle

BeJIHYMHBI YIPYroro CMEUIeHHS MaTepHata KOHTAKTa.  IJTH OMNBITBl, Kax
6bl10 CKa3aHO, MPOXOJAWIH MNpU TOCTOSIHHOM KO3(QdHIUHMEHTEe TPEeHUA [ s,
II0O3TOMY BJIHSIHHE €ro He BblICHEHO. UTOObI BLISCHUTb 3TO, MLl B KAauecTEe

. P
Mepbl CMeLUeHHs] BEIGpANH BEJMUHHY ¢ = ——, 3TO OBLIO CAETaHO HA OCHO-
He
BAHHH HEKOTOPBLIX AOMOJHHUTEJIBHBIX ONBITOB.
Panee HaMu Oblnl HalijleH KO3(¢uuueHT R — KaK MOCTOSHHAS BEJHYMHA
IJIf1 CMellleHHsl TNpH noctosHHom N. B Hacrosimem xe caydae, xorga Mbt
HMeeM JeJO ¢ IepeMeHHOH Harpyskoii N, BeqnudnHa R He OCTAeTca MOCTO-

AHHOMH.
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Ha rpapuke noayudaercs npuMepHO JHHEHHAA 3aBHCHMOCThL MEXJLY

KecTKOCThI0 R 1 KOs(hdHUHEHTOM CMelleHHs o = B IPH 5TOM HE3aBHU-
te
CUMO OT (-, TOYKH JOMATCA HA OJHY H Ty XKe TPAMYl0, HanpuMmep, Tod9-

KH, OTMeueHHHe uubpamu 0,2; 0,4 u 0,58.
[To HakJOHY mpsiMOA rpaduka npuMeM

VR = Vb,

rie Vb — KoadpHUHEHT TPONOPLHOHANLHOCTH, HHAUe R = b.a?,

B onuTax co Crajibio OO TOJy4YeHO Npu TOCTOstHHOM N R =
= 19,7-10% wejcm* u3 mocaen-
Hero rpaguka Toxe JAJas CTaJu

b =10,5-10%x2/cu® ux orHoOlle- {-\
HHEe L =1,8. . B- o
b 13 ;
[TpubauxeHHO BO3bMEM 158
5 2. Ilpeanonaaraem, 4To OT- 20 4
R 15 p4 L
JHYHe —— OT 2 TOJIyYHJIOCh 02
v 10 02
H3-33 Pa3JuuMda B LIePOXO0BATOC-
TAX MJOIAN0K B ONBLITAX NEPBOH
U BTOPOH cepuil. 5 13
Takum 00pasoM, NpHHUMAEM 4 |
R =2s. ; t 2 3 4 S5 & &

Panee MB HMeJH _
Puc. 2. Tlpumepnasi JAHHeHHOCTL 3aBi-

N i
Sk = 1t l/_l_?_ : cumoctn VR 1 «.
[4

M3 [OocJeaHero rpaduxa

R =10a2-b,
MOJACTARJAA TOCJACAHEe BhipAX<eHHe B NpeJblayliee, MOJAYUUM
N
Sp=1v —
N s a’b
paHee ko3adpduuuent OblJa MPeACTaBJeH Kak
G
Y =—,
R
CJ/Iei0BATeNbLHO
g G
2b
OTKYAa
G
2¥

G .
3aMmenup Aas S, BeJHUHHY b = ETR Hafigem

INWT
Su =t ‘/ Gaz
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B nocieanem peIpaxkeHuH 3aMeHHM & = Bs  kak Gw0 IPHHATO panee,
e
TOT/A
Sy =1 l/——qu)Wc
v Gus
HJIH OKOHHYATEeabHO
N
Srr = \IIPC 2_0— » (5)

ITo 3T0# popMy/ie MOKHO NOACUUTHIBATE BEJAHUHHY NPEABAPUTEALHOrO CMe-
LICHHSA KaYeHHU KOJeca MO peabCy NpH HAJHYMH TATOBOTO YCHJIHA.
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