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YNPYTOE NPEABAPHTEJIbHOE CMEIULEHHE
H )KECTKOCTb MEXAHHYECKOTO KOHTAKTA

B. H. MAKCAK

(Ilpeacrapaena HayuHBIM CEMHHApOM Ka(elpbl COMPOTHBJCHHA MaTepHANIOB)

B nauno#i pabote paccMaTpHBAeTCs C/IBHT CONPHKACAIOLIHXCHA NMOBEpPX-
HOCTell, BBI3BAHHBIA CABHUTralOLIeH CHJIOH, MeHblieH, 4yeM CHJda TPEHUS, H
Ha3blBaeMbiil mpeaBapuTeabHbIM cMelieHHeM [l1]. KMasBectHo [2], uto mnpu
NepBOM HarpyKeHHH KOHTAaKTa CMeLleHHE SBJSETCA YIIPYFOIJIaCTHYECKHM H
10 cBOeH BeJHyHHe GOjbille CMelleHHi, BbI3BAHHBIX TMOCAEIYIOMHM Harpy-
KeHHeM B TOM :Ke HanpaBJeHHH CHJIaMH, He TMpPeBHIUAIUMK TePBYIO.
OObIYHO B YCTaHOBMBIUMXCS NpOLEccax HMeeT MeCTO BTOPOH cayuail. Takue
cMelleliHA HasbiBawoorcss ynpyrumu [3], Tak Kak nocse yaajieHust CABUTaio-
ied H CXKHMAlOMEH CHI OCTATOUYHBIX CMelleHHH HeT, U B o6wmeM BUle Xa-
paKTep HX OT CABHTAIOWIEr0 YCHJAHA NOKAa3aH OAHOH U3 KPHUBBIX Ha pHC I,a.
M3 pucynka BuAHO, yTo GoabiieMy KO3(D(PHLHEHTY TPeHHs, ¢ OLHOH CTOPOHHI,
COOTBETCTBYeT OGoJsbilasi >KeCTKOCTb CBSI3H, C JAPYrod CTOPOHBI — GoJjbliee
npeasapuTeabHoe cMemleHde. COOTBeTCTBEHHO (odblie ynpyrui [2] u BTO-
poit (BO) Bossparbl. [n1a npeaenbHOro ynpyroro IpeiBapuTe/]bHOIO cMe-
UIeHHsl 3KCHepHMeNT NOKa3blBaeT JUHHEHHYI0 B3aUMOCBS3b ¢ KO3(pdHULHEHTOM
TPeHHs, OlHAKO NpPU MaNblX 3Ha4YeHUsAX OCAeNHEero BeJHuYHHA CMellleHHs He-
CKOJBLKO HHXKE, UTO, BO3MOXKHO, OOBACHAETCA yBeJHUEHHEeM BJHSHUS alare3u-
OHHOH COCTaBJfAOHIEH NPU MalblX CHJAaX CABHrA.

B3auMocBsisab yInpyroro npefBapHTeNbHOrO CMelleHHs U Ko3dduuHeHTa
TPEHHA MOKOA 1T0Ka3aHa Ha pHc. |, 6. JIunuu | coorBeTcTBYyeT CMeEIleHHe pH
MaKCHMaJbHBIX cHaax caBura P=fN. [Ipu nocrosinHo# cuae ckatia N H
onpefe/eHHON HempeAeNbHOH CHJe cABUTa P CHHXKeHHI0 KoaddHUMeHTa Tpe-
HHSI COOTBETCTBYeT yBeJHueHHe cMelieHHs (auHuu 2—13). OgHako yMeHb-
IWeHHIo Ko3hduUHeHnTa TPEHUS TPU TMOCTOSHHON CHJe CABHrCA CYLIECTBYET
npejes, KOTOPbIH onpefgesasercst paBelctBoM P=fN. [lanbHelillee CHUKEHHE
ko3¢ duunenta TpeHus TpebyeT CHHXKEeHHS CcABHraoued cuiaol. [Ipu 3TOM
BeJHUHHA YNPYroro mpeABapUTeNbHOTO CMeiieHHst yMeHblaeTcs Nno JHHHH |
(puc. 1,6).

Bananue cKHUMAIOLETO YCHJHSL Ha NpeABapUTe]bHOE CMEUICHHE MNOKa-
3aHO Ha pHC. 2, a ¥ 2, 6. YBesinueHHe CHJ/Ibl C3KATHS, TaK e KaK H KO3(pPHUH-
€HTa TPEHHs, ¢ OJHOH CTOPOHBI, YBEJHUHBAeT JKEeCTKOCTb CBSI3H, C JpYyroi
CTOPOHBI, YBE/JHYHBACT 3HAYEHHE TIPENeThHOTO CMEllEeHH .

Tax xax nmpeaBapuTesbHOe cMellleHHe ompejesnsiercsi AedopMauner wie-
pPOXOBaTO# NMOBEPXHOCTH, TO €CTECTBEHHO NPEANONOKHTb BJIHSHHE pa3MepoB
1IEPOXOBATOCTEH Ha BEIHUMHY cMelleHust. [IpoBesenue Takoro sxcrnepuMeH-
Ta SBJSETCS BeCbMa C/HO0XHLIM, TaK KaK TpebOyeT HCKIAKUYEHHS Pa3JHYHOTO
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Puc. 1

a) I'pacbuku noJMHLIX YOPYTHX NpejBapH-
TeAbHBIX CMelleHHiT 119 KoadgHuHeHTOB
Tpenus coorpercrBenno: 1} 0.22; 2) 0.29;
3) 04; 4) 0,51; 5) 0,56, Cranp 3. Uncrora
o6paboTkn nosepxHocTell A 8, N==45 kr.

6) paduxn  B3aHMOCBA3H  YNPYIoro
[IpeBAPUTENBHOIO CMeileHHsT H XK03pdu-
iHeHTAa TPEHUS! MOKOS 1A CHJ  CIBIHra,
JIMEIOILHX ~ COOTBETCTBEHHO  CJe1YlollHe
3HAYEHHs B KI!
1) fN; 2) 24, 3) 22; 4) 20; 5) 18;
6) 16; 7) 14; 8 12; 9) 10; 10) 8;
11) 6; 12) 4; 13) 2. Crans 3. N = 45,V 8

BJAHAHUA APYTHX NapaMmeTrpoB Ha cMe-
weHHe, [ToayunTD e KOHTaKTht ¢ OAH-
HAKOBBIMH KO3((HLUHCHTAMH TpPeHHS
HC NpPeACTaBdsicTCsi BO3MOXKHBIM. O-
HaKO, HeCMOTPS HAa 3TH TPYAHOCTH,
IONBITKA INPOBEACHHA TAKOro 3KCIe-
pumeHTa Bce e Oblia ciaenasa. ka3
pHc. 2,8 BHIHO, 4TO Aas Gojlee Tpy6bLIX
IOBePXHOCTeH BeJHYHHA  CMellCHHS
HeCcKoabKO Goablie. Tak, cMmelieHpe
obpasua ¢ uHcTtoTON o6pabotkn V4
6oJbuie, YeM C YHCTOTOH V5 (K0o3(]-
ULHEHTBl TPeHHSI NPHMEPHO OJHHA-
kKoBble). CMewmieHue Aast ofpasna c
unctoToll o6paborku V9 oxaszanochb
HCCKOJIBKO 0oJblie, yeM ¢ YHCTOTOH
V5, 0AHAKO 3TO MOXHO OODBACHHTDL
TeM, YTO 3Ta mnapa HMesaa Ko3pdi-
IHEHT TPCHHUA 3HAUHTEJNbHO MeHbIIHH
(cMelleHHA 1I0KAa3aHbl NMPH OLHHAKO-
BbIX cHaax casura). To, uto BansiHHE
ko3 puuHeHTa TPEHHUS BEJHKO, BHI-
HO 110, KpHBOH 4, X/t KOTOPOH KOM-
TAKT TOT K€ CaMblil, 4TO H AJs Kpi-
poil 2. PasHuna Jdlb B TOM, 4TO
KO3 PHUHEHT TPCHUA 34eCh clle HH-
Xe o pased 0,2

DKCIEePUMEHTDI, 11POBEACHHBIC Ha
MarepHa/aax, HMeIOIHX pa3JHuHble
MOAYJH CABHUra, MOKa3aJ/JH TOJbKO HX
KOJIHUECTBCHHOC BJHAHHC Ha CMellie-
Hue. M3 puc. 2,2 BHAHO, 4TO CMELIEeHHEe
NpH OJHON W TOH Ke CHJe CABHUTra
MeHblle NPCACAbHOH, IJs MarcpHasia
C MEHbIIMM MOJYJIEM CIBHIa — BBhIllIE.
XoTsl KOHTAaKT MEAHbIX 00pasloB HML
K03 (PHLHEHT TPCHHUS HHKe, 4CM KOH-
TAKT CTaJbHplX 00pasloB, pasHHUa B
CMCILCHHSIX NOKa3blBaCT OUYEBHIAHOCTH
BJIMAHNSA MOMYJs CABHra.

st Bpibopa KOHTAKTa ONTHMAa/n-
HOH »KECTKOCTH 4aCTO NPCACTABAACTIA
HHTCPECHbIM 3HAHHE ero TaHIreHIH-
aJbHOH TMOAATJIHUBOCTH OT HCCJIexye-
MbIX BBl napaMmerpoB. [Ilox moaar-
JUBOCTbIO 3/J€Chb NOHHMAETCH BEIHYH-

Ha CMCLICHHS, NPUXOAsIUIasACs Ha CAMHHIY cIABHrapollero ycuaus. MameHc-
HUe NMOLATJAHBOCTH KOHTAKTa B 3aBHCHMOCTH OT C/IBHMAI0LUECIO YCHANA ISl pas-
JIHYHBIX KO (QHIHEHTOB TPEHHs! 1TOKOS NoKa3aHo Ha puc. 3, a. Ilpn xocruxKe-
HHH CIBHTAIOUIMM VCHJIMEM CBOEro Nperes]bHOro 3HayeHHsd T0JaTJHBOCTH
KOHTAKTa HEeOTPAaHHUEHHO Bo3pacTtaeT. XapaKTepHO, UTC [IPH MaJbiX YCHIHAX
CIBHFA TOLATJAMBOCTbL NOCTOSIHHA W He 3aBHCHT OT Ko3h@HUHEHTa TPeHHs
[4]. [Mocnepnee BUAHO TAaKkKe H M3 pUC. 1, a, ThecMelleHHs B Hauajde CIBHTa
coBnanaiorT. B orTauune oT Ko3dduuHeHTa TPelus CHAa CKATHA 3aMETHO

BJAWAET Ha HadaJbHVYIO NOAATIAHBOCTD,
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Puc. 2
a) I, 2, 3, 4, 5 —rpacduku npeaBaPHUTETbHOIO CMEILCIHS
OT CHJI CIABHFA IS CHJA C/KATHA, MMEIOWHX 3ilaueHus co-
orBetctBenne 5, 15, 25, 35 u 45 xr. 6 — rpaduk npesnsa-
PHTEILHOTO CMELIeHHst OT CHAbl casura, pasuofl fN (uo
aamupiM M. P, Kousixuna).
0) 3aBHCHMOCTb BeJHYHIBLI CMeELIeliHs OT HOpMaJjbHOH l1d-
rpy3kd aas cayuass P=fN (no maunuim H. P. Kouaxuua).
B) Yupyrde npejgBapHTEablbe CMEUEIHA A1 o0pasuos ¢
yucToToil o6paborku: 1 — V5, 2—VY, 3—V4, 4—-V9
B KOHTaKTe ¢ 00pasuoM, HMelounM 08padoTKy MOBEPXHOCTH
8 xkaacca uucrotel. Koad¢HunenTs TPeHHS COOTBETCTBY-
olux nap pasusi: 1 —0,63; 2—047, 3—0,6; 4—0.2
Crans 3, N=45 kr.
r) VYmpyrue npeapapHTeabHble cMelLleHHs: | — KOHTaKTa
cTanbiblx ©oO0pasuoB ¢  Ko3hduuueuramu tpenus 0,58;
2 — KouTtakra MealHX 00pasuoB ¢ KO3QQHUHEHUTOM TpelHd
0,45. N=45 xr, V8

Hya10 (pHC. 2, auanHud | puc. 3,6). Jas pasnHuHBIX CABHIalOLIUX YCHAHH
KPHBble NOAATIAHBOCTH INOJYYalOTCHd SKBHIHCTAHTHBIM IepeMellleHHeM HX
BA0Ab ocu N. C yBesuueHHEM CHJBI CXKATHS MOAATAHBOCTb KOHTAKTa VMEHb-
LIaeTcs, 4TO XOpowo corjacyercss ¢ ykaszanuem M. B. Kpareabckoro [1] o
BO3pacTauleil XKeCTKOCTH CBA3H. Buausuue kKo3hduiHeHTa TPEHHS NOKA3aHO
Ha puc. 3, 8.
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Teopernueckoe onucatue mpouecca MoxeT OBbITb OCHOBAHO Ha NpeACTaB-
TeHUsIX 0 CABHIe e[lJHHHUHOIO BLICTYIla B COOTBeTCTBHH C pewlenHeM P. Mun-
ANMHA A5 CABHra YNPYrux cdep ¥ IPHHATHH HempepBLIBHOIO 3aKOHa pac-
NpeaeJeHHst BbICTYNOB II0 BbICOTE COMVIACHO KPHBOH OIIOPHOH [OBEPXHOCTH
[5, 6]. CornacHo 3TUM TNpeaCTaBJIeHHAM BEJIHUHHA CABHCAIOUIETO YCHIHS
B KOHTaKTe HIEPOXOBATbIX MOBEPXHOCTEH 3amUILETCS B BH/E
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Pue. 3
Fpacduxku rTanreHuHaabioil 101aTJANBOCTH KOHTAKTA
4) Ha NYTH €ro HarpyXeHusd CIBHTAIOWIHM YCHIHEM A9 KOI(h(HIUHEHNTOB Tpelns MOKos:
1) 0,68, 2) 0,55; 3) 0,46; 4) 0,26; .5) 0,22; 6) 0,16, Craab 3, N=45 gr.
B) B 3aBHCHMOCTH OT CXKHMaIOIIEro YCHINA NPH  CJIeAYIOUWHX CABHTAIOHMX  YCHJIHAX!
1y P==0; 2) P=1 kr; 3) P=2 kr, Meuab,
B) B 3aBHCIIMOCTH OT Ko3Pduuueuta Tpenus NOKOA A48 CHI cABura B kr: 1} 24; 2) 20;
3) 16; 4) 12; 5) 10; 6) 8 7) 6; 8) 4, 9) 2, Cranp 3, N==45 kr

n n
rm - .
P= (" Pdn,+ | Pidn, (1)
0 ”fm
rae P’ — caBuratpouiee ycwiue Ha eJlHHHYHOM BBICTYHE; M, -—UHCAO CAe-

I{AIOLWHXCA BLICTYIOB; 1, — YHCJI0 KOHTAKTHPYIOUIHX BBICTVIOB,
A b(v—1) x2dx
3 »"— .
27 fmax V. Frp Fron

dn, (2)
C yuerom pewmenuss Munannua [7] u 3anauu [epua BesuuuHa CiBH-
ralolero yCHAUs KaxkJA0ro CMellaioulerocsl BLICTYNa MOXKeT ObITb IIpeAcTaB-

Jella B BHJIe

. . A(l—p)ng ny |
p=iN |1— |12 ="
= ‘{ [1 zthmm«a-—x)J ’ ©)

a AJaa NpOoCKaJJdb3bIBAIOIIETrO BLICTYIIA

Pi=IN, (4)
rae Ni — CXKumawllee ycH/JHe Ha eJHITHYHOM BBICTYIIE.
N = 1’§8( Con oo Elu (e 1) (5)
5" \ Fup+7ron I—p? '

€ — OTHOCHTEJIbHOEC cOnnzKeHue IIOBerHOCTE}(’I,
=1 =) (FapF Foon) * N 12 (6)
= 1 vl 6
0,94 bK . A EA,
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11,

3nech u Buime A, — KOHTYpHas miowaab; b, v —napaMerpsl KPHBOH

" onopHo# noBepxHocTH H Ky — noctosinHast uHTerpuposaiud no H. B. [lem-

Kuly [6]; Amax — MaKcHMasbHast BBICOTA HEPOBHOCTEH; Inp, Fron — PAMHYCHI
BLICTYNOB B NIPOJIOJIBHOM H IIONI€PeYHOM HanpaB/ieHHuAX o6pabotku; N — cuna
CXKAaTHA KOHTakKTa; [— KoaddHLUHEHT TpeHHs NOKos; A — BeJAHUYHHA CMe-
IEeHHUS; N,, Ny, A; — KO3QMHUUHEHTH IVMIABHBIX KPHBH3H BBICTYNMOB; E — Mo-
AyJb YOpyroctd; p-—kospouuunent Ilyaccona; y-— kosdpdHUHEHT, yuHTHI-
BAIOUIMH 3JJIMIICHOCTb €IMHHYHOrO MATHA KacaHusa [7].

YpoBeHub 7 BEPIIHH BLICTYNOB, PasTPaHMYMBAIOIKA CMEILAIOIIHECT H

IIPOCKa/Ib3bIBAIOLIME BBICTYIbI, ONPELeNTHTCS H3 YCJAOBHS NpeldeJbHOro cMme-
weHHs npu P; =fN,

_A(— ) n,n,
QX fhmax . (7)

Hs (1) ¢ yuerom (2) =+ (7) mociie HHTErpHPOBAaHHA H HEKOTOPOrO Mpe-
06pa3oBaHUs MOJTYUYUM

m—=e

o T M) g, 2—2—1}
= fgf1— |1 M) rare |~} (8)
OTKy#a cMelueHHe '
2 fehmax [ ( g )—J
A= . . IR U |
TR R ©
H NoLaTJ/JHUBOCTDb
._dA 4y&hmax * t;: |
6_. d~  (24+-D(1—p)n,n.q (l—ﬁ) ' (1o

31ecb T H g — yleJbHble CABHTAIOIHE H CHUMAWOILHE YCHIUSI. '

Ananusz cdopmya (9) u (10) noaATBep:KAAET XOPOINEE HX COOTBETCTBUE
IKCMEPUMEHTANbHBIM TaHHBIM.

Peay/bTaThl 3KCIEpHMEHTA/NbHOIO H TEOPETHYECKOrO HMCCJAeLOBaHHSA TO-
3BOJIAIOT CKa3aTb, YTO HAHOOJbIIed TaHreHIHAJbHOH KECTKOCTH KOHTaKTa
COOTBETCTBYIOT: 1) MaKcHMaJibHOe NpHIKATHE NMOBEPXHOCTeH; 2) HaHOOJbIIHH
MOAYJIb YHNPyroctd; 3) Gogbuiee 3HaueHHe KoadduuueHTa Tpenus;, 4) Jayu-
mast YHCTOTa MeXaHHueCKOH o00palboTKH KOHTAKTHPYIOLLEH NOBEPXHOCTH.
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