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Y CCJIELOBAHHUE HANPSA)XEHHOIO COCTOSIHHA NPH OCAJILKE
NMPHU3M USMEPEHUEM TBEPIAOCTH

3. C. BAKCMAH, T. 1. AEJb, JI. M. CELOKOB

(TlpefcTaBieHa K NeyaTH HayYHBIM CEMHHApOM KadepH COTNPOTHBJEHHS MaTepHalos)

Ocajgxka npusm MexAy NapauyieJbHBIMU TJIMTAMU SABJSETCA pacrpe-
cTpanennoii omepauueil B o6paboTke MeTa/JIOB HaBjenueM. B pesynbrate
JeHCTBHA CHJ TPEHHSI HA KOHTAKTHBIX IIOBEPXHOCTAX B MpOLEcce OCaLKH
co3jaeTcsl HEOJHOPOAHOE TI0Jie HampsDKEHMiT W jaedopMaunuii. JHaHHE
XapakTepa paclpejieleHusT W BeJHYMHBl HaNpsyKeHu# npefcrasiaset Oosib-
mofl WHTEpec, TaK KaK MO3BOJSET W3YYHTb WE/bIf PAL BONPOCOB, CBSI3aHHBIX
C YKa3aHHOH TeXHOJOTHUecKoH onepanyedi (BbIACHCHHE M YCTPaHCHHE
NpUUlig TPELIMHOOOpPA30BAHHSA B 3aroTOBKAX, OUEHKA OCTATOUHBIX Hampsi-
JKEHHH, pacyeT MHCTPYMEHTa Ha NPOYHOCTb U T. A.).

J1. Tlpanntnem [1], MeTonaMu TeOpHHM HACAJbHO-IJIACTHUHBIX TeJ IO-
JIyUeHO aHaJHTHYECKOe pelleHHe pacCMaTpHUBAEMOH 3ajJaud, pa3BHTOE
B nanbHeiimem B. B. Coxosnosckum [2], JI. [I. TomaeroBeiM u ap. B pe-
3yJbTaTe 3THX HCCAEJOBAHHH MOJYUEHBl (OPMYJbl AJA pacuera yCHAH NpH
ocajike, MOCTPOEHBbI 3MIOPbI KOHTAKTHbIX Hampszkenuit. E. I1. YHrcoBbinm
[3] sxcnepHMeHTa RHO OIpENeNeHO HOpPMaJbHOe KOHTAKTHOe HampsiKeHHe,
a Takxe IMONAPH3ALHOHHO-ONTHUECKUM METOAOM YCTAHOBJIEHO pacmpeje-
JIeHMe HAUpsiKeHHI 1O I[ONEepeyHOMY CedYeHHI0 TOJOCH. B mocaenHem
cayuae NpeANosarasoch, YTO KaueCTBEHHO KapTHHA paclpeesenust Harpsi-
eHMIT mpu ympyrofl M NJAacTHYECKOH Ocajke OJHHAKOBA.

B macrosimeli paffoTe NpUBOAATCH pe3yJabTaThl HCCAENOBAHHA Hamps-
JKEHHOTO COCTOAHHSA NPH OCaJKe HPH3Mbl M3 YIPOUHSIOLIETOCs] MaTepHaJa,
BHIIOJIHEHHOTO u3MepenueMm TBepiocth [5]. Ilpu atom Obuio onpeneneHo
HaNpsXKenHo-AeGOpMUPOBAHHOR COCTOSIHHE MO TNOMEPEUHOMY  CEUEHHIO
NpPU3MBbl, ITOCTPOEHBl SMIOPBl KOHTAKTHBIX HaNpsXKEHHH W HCCIeL0BaHO
BJAUSHHE YIPOUHSAEMOCTH MaTepHasia Ha HanpskKeHHOe cocToAHue. kispecTHo,
utro npH OGOJBIINX OTHOMIEHHAX MAJHMHBI NpPH3Mbl K IIHDUHE B CpelHEH ee
uacTH Opd ocaike Jedopmanys sBAdercd  Wiockoid. Jlaa yTouHeHus
obaactu TmaocKoil nedopManuH UCHHITHIBAJNCh YeThipe ofpasua ¢ pasmepa-
mu nonepeuroro ceuenus 15X 15 um u gaunam 15, 30, 75 u 150 mm.

C 3T0#1 HeJbID Ha KOHTAKTHOH TNMOBEPXHOCTH [IPHU3M BJOJb OCH CHMMET-
pHu OBLTM HaKEepHEHH TOUKY uepe3 4 Mu, mocjae 4ero obpasubl 0CaXKHBAIHCDH
na 10%. Vismepenne pacCTOAHHA HAKEPHEHHbIMH TOYKaMH [ocJe
OCaZlkKH [ajl0 BO3MOXHOCTb OIpeAeJHTh OceByic Aedopmaunumd e, . Buuio
YCTAHOBJIEHO, UTO HAa PACCTOSHHH, PaBHOM OJHOH BbICOTE OT TOPLEB, OCeBast
nedopManus NPaKTHYECKH OTCYTCTBYET.

C yyeTrom 3TOro AJ1si OCHOBHOH cepuu OLLIM NPHHATH NPH3MHEI KBajpart-
HOI'0 CeueHHf CO CTOPOHOH 24 mm W ANUHON 77 MM, H3TOTOBJEHHbIE H3
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Hepxasetomen crann X18HIT (o, = 26 ke/mm?, o, = 62 ke/mm?). Boibop
Marepuasa OObACHSETCS BBLICOKOH YIPOUHAEMOCTbIO 3Toi cranu. Fccneno-
BaJINChb OBa o6pasna, noasepruyteie ocaake Ha 10% u 30%. OcameHHbie
00pasubl paspesasuch B CpeiHEM MO MJIMHE ceueHds. B monyuendHoMm ceye-
HHH TI0CJIe NOJHPOBKH H3Mepsiach TBEpHOCTb aJIMa3HOH NHPaMHAOH TOJX
Narpysxkoi 20 xe.

Teepiocts usMepsinach B 80—100 Toukax. PeaysnbTathl H3MEPEHHSH
TBEPAOCTH ObIIM YyCpPEJHEHL M MPOBEAEHBl H30CKJAAPH, I[OKasaHHBIe Ha
npaBol NoJoBHHe pHC. l. BenelcTBHe cHMMETpPHH NPU3MBI Pacyer BbIMOJ-
HAICA AJisT ONHOH YETBEPTH CEUeHHs.
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Puc, 1. Dmopel KOHTAKTHBIX HANPSIKEHHA, CETKA JHHHA CKOJbXKEHHS H H30-
ckaapul npH ocagke 10%: O — aaa cramu X189T, []— naas upeadbHO-maac-
THYECKOTO MaTepHaJa.

IpegsapyurenbHo GBLT MOMY4YeH TAaPHUPOBOYHLIf rpa UK, CBA3LIBAIOLLMIT
TBEPAOCTb C HHTEHCHBHOCTSIMH KAaCaTCAbHBIX HaNpAXKEHHH ©u aedopmauuil.
OH Obl1 TOCTPOEH MO pe3yjbTaTaM HCOBITAHHA  HCCACLYEMOK  CTAJMM HA
ocepoe cxaTtue. C 3TOH Lesblo AeBATh WIIHHIPHYECKHX OGPA3LOB C OTHO-
IIEHHEM BBICOTBl K JHaMerpy, paBHmIM 1,5, 6bIIM  OCa)KeHHl B YCJIOBHAX
TUIATEJNbHON CMasKH 10 AehopMauHuil pasauuHOii cTemeHH. TBepaocTh H3me-
psiJach B MEPHAHANbHOM CEYeHHH, INOC/e MOJHPOBKH.

C nomoIbi0 TapUPOBOYHOTO IpaduKa MO PACHPEJeTeHHI0 TBEpIOCTH
B OCaEHHbIX Npusmax OwMa onpemeneHa GyHKnua K(xy) AAT KAKAOTO
13 06pasnos.

PesynbTaTel M3MEpPeHHS TBEPIOCTH PACIH(POBAHLI METOAOM, ONHCAH-
HbIM B paGote [5]. Ilpu pacundposke B obaactu ABL (puc. 1) pemanacs
safava Kouwmn, B o6aactu ACD pemanace HauanbHas XapaKTepHCTHYECKAS
3anaua, B OCTAJIBHBIX 006.1acTAX pemanuchb CMellaHHble 3ajauyd. ['paHHUHbIE
YCJIOBUST TpH paciidGpoBke ObIIH TIPHHATH CjefyloniHe: GOKOBas 1oBepx-
HOCTb CBOGOAHA OT HArPysKH, BAOJb OCEH CHMMETPHH YTOJ HAK/JIOHA JHHHM
CKOMbKEeHUs paBeH 45°, TpeHueM B Touke A (puc. 1) Ha KoHTaKTHOM moBep -
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HOCTH NpeHeGperanock. B pesyinTare pellieHHs MOJYUCHBI —CeTKa JUHHA
CKOJIbKEHHH, TIOKA3aHHAsl HA JEBOH NOJNOBHHe pHC. 1, smiopbl HAIpPsiKEeHUH.
st Gosblueit ocaixky 3MIOPL HANpPSIXKEHUH 1151 BEPTHKaJbHOH OCH CHMMET-
pHH MOCTPOHTb He YHAloCh BBHAY HENOCTATOYHOCTH TI'DAHHUYHBIX ycnosrm
ITo sTOi »Ke NPHYHHe HAUPA}KeHHs o, H O, AJA TOPU3OHTAJbHOH OCH
CHMMeTpUH He ObIIM onpejedeHnl B o6aacTH, G6AH3KOH K LEHTPY CCUCHHA.
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Puc. 2. 2niopsl TAABHEIX HAOPsKEHU BAOML TOPH3OHTAJDLHON
ocu cuMMetprn: O — ocaaka 10%, [ — ocaaxa 30%, /A — ana
HAeaJbHO-NIACTHYCCKOrO MaTepHaJa.

Sra yacTh 3MIOPH OblIa AOCTPOEHA MO aHAJOCHH C MeHbIIeH 0CafKoH H
nokaszaHa Ha rpaduke NYHKTHPOM.

mope 6, W O, BAOJAb TOPH3OHTAJbHOH OCH CHMMETPHH MOKA3aHEI
na puc. 2. OHH He SBJSIOTCS MOHOTOHHBIMH H HMEIOT TIO JBa MeECTHbIX
sxctpemyma. Ilpu MeHblIefi ocajke MaKCHMYMBl He SIDKO BbIPayKeHbl,
B 0COGEHHOCTH y 3MIOPH O, HO ¢ YBEJMUSHHEM CTEMEHH OCAJKH BbIpaxKa-
10TCH OUeHb pe3ko. [IpM 5TOM TakKe IPOHUCXOAHT CMELIEHHE 3KCTPEMYMOB
BIOJIbL FOPH3OHTAJbHOH ocu. [Ipum MeHbIlell ocaake OHH pacHojararTcs
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Ha PaccTOfHHH !/3 8 oT Kpas ceueHus (rae 8 — LIMPHHA NPH3MHI), a TIpH
Goabueli ocagke — Ha paccrosHuu !/, 8. [lpu ocanke 10% HanpsixeHne
g, BO BCeX Toukax pacrarupaiouiee. C yBejHueHHeM CTCMEeHH OCAJKH OHO
MEHSeT 3HAaK B IEeHTpe 00pa3la, ¥ TaM CO37aeTcsd HampsKeHHOe COCTOsAHHE
TPEXOCHOTO CXKaTHA. JMIOPH ¢, U 0, OTJAHYAITCA OT 3MIOP, MOAYYEHHBIX
NPH HCCIELOBAHUM HANPSKEHHOTO COCTOSHUS MOJISPU3AUHOHHO-ONTHYECKHM
meronoM [3]. Pasinuve cOCTONT B HAMUUHH PE3KO BHIPAMKEHHOI'O MaKCHMY-
Ma npd OOJBIIOH CTENEHH OCAJTKH M MECTHbIX 3KCTPEMYMOB.

Onopel 6, H 0, BAOJAb BEPTHKAJBHOA OCH CHMMETPHH IPH MCHBUICH
OCajiKe MOKa3aHbl Ha pHC. 3. JMIOpbl HABPSXKEHUI He MOHOTOHHBI, HaNpsi-
JdKEeHHe o, ABaxkabl MeHsieT 3HakK. OHO HONOKHUTENBHO  Ha KOHTAKTHON
NOBEPXHUCTH M B lleHTpe ceueHnus. [lo xapakrepy SHIOpbl  He COBNAAAIOT
¢ smopamu, noaydenssimu E. I1. Vaxcosbivm [3]. B nccienoBanum noaspii-
3aIlHOHHO-CITHUECKHM METOJOM HAIpsizKenne o, MOHOTOHHO YMeHbUIAeTCH
K LEHTPY, OCTaBafiCh OTPHUATEIbHBIM BJOAL BCel OCH, a ¢, HE3HAYUTEIHLHO
VBeJUUMBACTCA K UEHTPY. BJoAb BepTHKAALHOH  OCH HaNpsXKEeHHOe
COCTCAHHE BE3Jle OIHOPOIHOE.

[lpu pacwndpoBKe pe3yJbTAaTOB HU3MEDEHHA TBEPLOCTH y obpasua,
ocaxennoro na 10%, ymasnoch TONYUHTb 3MIOPHl KOHTaKTHDIX Hanpmxeﬂmi

npeacTasientble Ha puc. 1. KpnBasa HOpMasibHBIX HaNpsilKeHHil ¢, HMeCT
BOTHYTHII XapakTep ¢ MUHHMYMOM Ha OCH CHMMETPHH, B TO e BpCMs
COTAACHO HCCcaeqoBaHuio [3] OHO B 3TOM TOUKe HMeeT MAKCHMAJpHOe 3Ha-
venne. ONHAKO aHaAu3 pesyabTaToB HccdexoBaHus [3] mokasmBaer,  uToO
¢ YMCHDLIICHHEM OTHOIIEHMs IIMPHHBI o6pasila K ero BhICOTe 3I0pa o,
Bce GoJiee BbipaBHUBAETCH.

BLio npemsoxeHo, uTo MONAYUeHHABIH BOTHYTHIE XapakTep 3niOpLl ¢,
ONpeAesieTcst YIPOUHsIeMOCThIO MaTepHana. [lns npoBepKH 3TOrO HPEANO-
J0JKeHHsT OLLT OCYIIECTBJIEH pacyer [JJs HIEaJbHO-NJIACTHYECKOro MaTepli-

asa npu Tofl xe dopme rpamui. Pacnpepenewue o, aad 3TOIO  cayuas

. 3”
I0Ka3aHO HYHKTHPOM Ha PHC. 1 B macmtade g_ ., rge K — UHTEHCUBHOCTL
’ K

KacaTeJbHHIX HAMPSIZKEHHH — OJMMHAKOBAs B Kaxaol Touke. Okazanocs,
4TO 3MOpPA O, SHAUUTENLHO BBIIPAMJIACTCS. HekoTopass BOrHYTOCTb, OHe-
BH]HO, oG bsICHsCTCH KPHBOJHHENHOCTHI0 GOKOBOIO KOHTYypa.

Panee A. . TomeHoBbM [4] MeTOZOM JIMBHI CKOJTbKEHHUA Obiia HOCT-
poeHa 3Mwpa HOPMAJbHOTO KOHTAKTHOIO HampAXeHus i o0pasuop C He-
GOJbIIMM OTHOLIGHHEM WIHPHHBl K BBICOTE. JMIOpa, NMOJYyyeHHAss HaMH Ans
111€4JbHO-TIIACTHYHOTO MaTepHaJsa, OueHb XOPOLIO COBMAJaeT ¢ MOC/AeJReH.

KonrakTHOe KacaresbHOe HampsiKenHe ., ysenudusaerca ¢ 0 Ha Heko-
TOPOM PpAaccTOSIHUM OT Kpas ceueHust A0 MaKcaMyma, 3ateM Hajxaer o U
Ha paccToaHmu '/ b OT LeHTpa. Jawpa T,, COBHAMAET C 3MIOPOH, NOMAYUEH-
noii E. I'l. ¥YHkcoBbiM [3] npH MJIOCKOHA OcafKe CBHHLOBOro o0pasua.

Pacuer nedopMHUpYyIOLIETro YyCHA4A, BHIONHEHHBIH 1O 3000paM ¢, Ha
FOPH3OHTA/ILHOM OCH CHMMETPHH ISl 0GOMX 0CaloK i IO 3Mope ¢, Ha
KOHTAaKTHOH mnoBepxHocTH aasi ocainxu 109, mnokasan, uro pacuerHoe je-
(popMHpYIOILEE YCHJIHE BO BCEX CJyuyasX 3aBbIICHO MO CpPaBHEHHIO C (ak-
THYCCKHM cooTBeTcTBeHHO Ha 7%, 5% mu 109%

Taxkasi cpapHMTenbHO HebosbLIas MOTPEHIHOCTb YKAa3BIBAeT Ha [oOCTa-
TOUHO BBICOKYIO TOUHOCTb BHIIIOJHEHHOI'0 pacdeTa.

B caydyae njockoil pedopMalMH MO TBEPAOCTH MOXKHO ONPEACJIUTb
Ae¢OopMHPOBAHHOE COCTOSIHUE BIOJb oceﬁ cummerpuu [6]. Ha puc. 3
fpeJCTaBleHbl 3MIOPH  AedopMauuid e,=-—e¢, . [lepopMaluu MOHOTOHHO

BO3pACTalOT K LEHTPY obGpasua. Has HpOBepKH NPOH3BONHIIOCH CPasHeHHE
cpeaHer gedopManuH s BEPTHKAJbHOH W TFOPH3OHTAJBHOR OCell CHMMET-
pHH npu 00OHX cTeleHsX OCaJKH ¢ JethopmMainued, HAAZEHHON 10 H3MEHEHH O
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pasMepoB IMonepedHoro ceuenus. [las MeHbIlIel OCajKH CpeilHsid lle(bOpMau-
LM OKa3anach 3aBbimeHHoli Ha 30%, B TO BpeMs Kak JJas GOJbUICH
OCalKH OHA COBIALAET C JAEHCTBHUTENbHON. DTO MOXKHO OOBACHUTH TEM. 410
TOUHOCTL METOJa HCCAeAOBAHHS Ne(OPMHPOBAHHOTO COCTOSIHHA IO paciipe-
JeJIeHRI0 TBEPAOCTH B 06JACTH CPeIHHX OCaJoK (20%—30%) OGonpmian H
CPABHUTEJBHO MaJja B 06aacTu Manbix edopmaiuit [6].

ITo pesyabTaTaM NPOBEJEHHOrO HCCNEAOBAHHS MOXHO CHAENATb C/iely-
I0lllMe OCHOBHBHIE BBIBOAHL:

1. Hanpsikenro-1e¢OpMHPOBaHHOE COCTOSTHHE NMPH MJOCKOH — 0CaiKe
npusM HeogHopoaHo. Ilpu HeGOJNBIIHX CTENEHAX OCaJKH B LEHTPAJbHOU
yactd o6pasHa HUMeeT MeCTO DA3HOMMEHHOe  HanpsKeHHOe — COCTORHMC.
C pocTOM cTemeHd OCAaJK{ HaNpsXKEHHE O, MEHseT 3HAK B LEHTpe Ha
OTpPHIATENbHLINI M 3/eCh BO3HHKAeT TPEXOCHOe CXKaTHe.

2. HanpsizkeHHOe COCTOsiHHE 3aBHCHT OT YNPOYHAEMOCTH MATEpHI.Jia.
OJHOMMEHHOE HAMpPSI:KEeHHOE COCTOsiHHe y Oojee YHPOUHSEMOro MaTepiHana
HacTymaer NpH MeHBbIIeHl ocajke, ueM y MeHee ynpOouHgeMOro.
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