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JIONOJIHUTEJbHOE CONMPOTHBJIEHHE CPE3Y, BbI3BIBAEMOL
HOPMAJIbHbIM JABJIEHHEM

H. P. KOHAXHWH

(Ipe:cTaBaeno nayynp cemunapom Kadeapsi compotnsienis matepuados TITH)

MHKDPOBBICTYMBI HIEPOXOBATOH MOBEPXHOCTH, paboTaiolllel HA CKOJbXKe-
HHe, B Mpollecce TPEHHs NTOBEPXHOCTEH HCNBITHIBAIOT Aedopmaln CBHTA.

Ecan k BLICTYNY, HMEIOLIEMYCsl Ha MOBEPXHOCTH, KpoMe Cpe3atollell
CHMJIBI, NMPUJOKHTL €Ule Harpysky B HalpapieHHH, NepreHIHKy.spHOM
K 7110114 1Ke C,IBUra, TO MPOYHOCTb BLICTYNA HA CPe3 YBEJAHUHTCA.

B uacTHOCTH, MHKPOBHCTYMBI 1IepOXOBATOH MOBEPXHOCTH BO BpeMs Tpe-
1Hst paboTaloT Beer1a i NPUCYTCTBUU TAKOTO AaBJeHUs.

Hepsarun b. B. [3] B oaHo#t u3 cBoux pador, paccMarpuBas BbLIBHHYTHIII
HM 3aKOH TPEHHS, BLICKa3blBAeT MBIC/b O TOM, 4TO NpPH naacTuueckoil pedop-
MALMH CABMIa HOpMaJIbHOE JaBJeHHe JOJKHO TMOBbIIAThL CONPOTHBICHHE
3TO#H 1eopmaiui.

Bpuaskmen I1. [2] BrOC/ 1€ ACTBHH 00HAPYKHI 3TO ABJEHHE. Ou npoBo/iui
OMbITH ¢ 1ehOpMHUpPOBaHHEM MaTephasa Ha CABUL NMPH OOJNbIIMX YAEJTbHBIX
1ABJEHHSX, OPH  3TOM MM OBbLIO 3aMeueHo HOBBIICHHE CONPOTHBAEGHII
vaTtepuana tegopmaium.

Kpareasckuit M. B. [5], BeLABHIrast CBOIO TeOpHIO IS pacyeTa Ko u-
LMEHTA TPEeHUs, IPHHUMAaeT BO BHUMaHHE YBe/HUeHHe CONDOTHUBJCHHA CPE3Y
ILepOX0BaTOCTel, 00yCI0BICHHOE HOPMAJBHBIM J1aBJIEHHEM, JlefICTBYIOUIHNM
Ha M/01La/ Ky KOHTAKTa.

Hacrosmas craTbs CTABHT CBOE IeJIbI0 10KAa3aTh, UTO [I0MOJHUTEABHOE
CONpOTUBIEHHe CBHIY, BRI3BaHHOe TIPHCYTCTBHEM HOPMaJibHOIl  CHJIBI,
06yCa0BAEHO IBYMs OCHOBHBIMH (bakTOpammu: ympouHeHHeM MaTepuana
Ha TJOUATKe CABHId, MPOHCXOAALLNN BCJEACTBHE [I1ACTHUECKOID  CHATIHAA
ero HOPMa/bHOIL HATPY3KOH H 0coBBIM COCTOSHHEM BellecTBa, BhI3BaIIHPIM
JlefICTRHEM HOPMAJAbHOTIO JAaBJICIHHSL.

VKa34H110€ COCTOSHHE BRIeCTBA MOKHO HA3BATh «CTeCHEHHbIM» COCTOA-
nneM. ORO 3aKJHYAETCH B TOM, UTO MaTepHaJ, B OTCYTCTBHH HOPMaJdbHOU
crabl paBoTAIOWMIl Ha CABUT B Opedesax ynpyrocti, npu HaJUUMH HOpMaJib-
HO[l HATPY3KH HCOBITHIBAET CABHI M0 32KOHAM N/1acTHYeCKoi jgedopmallHii,
IPH 9TOM €ro CONPOTHBJEHHE FBJAECTCHA MOBBILICHIBIM. [Ipu yjpaneHuu cuabl
3TO COCTOSTHME «CTECHEHUS» McuesaeT U MaTepuald CHOBa npuobperaer CrHo-

coGHOCTh paboTaTh 11a C/IBUT YIPYTO.
BLICKaZ3aHHOe MOJ10KEHHe HaMi ObLIO H3YUEHO HA ONbITAX C sIBJCHHEM

1pe1BapUTEABLHOrO CMEIEeHH L.
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Kaxaplil U3 yKaszaHHBIX ABYX GAKTOPOB BHI3bIBACT CBOIO JOJI0 JOM0J- -
JHTEJILHOTO CONPOTHBJIEHHS CABHTY.

B nanHoii cTaTbe Mbl MOATBEPIHM 3TO Pe3yJbTATAMH ONBITOB, OpOJE-
JtaHHBIX HAMHU Ha JIEPEBSHHBIX H CTAJbHBIX 00pa3lax He MeTO/0M HpeiBapH-
T€JbHOTO CMELIEHHs, a8 OOBIUHLIMH cnoco6aMu 1eOpMUPOBABUA.

[na onbrros 6BI1H B3siTH 06pasnsl, GopMa KOTOPBIX MO3aUMCTBOBAHA
y bobapeikosa U. H. [1] (puc. 1).

Cpes no AByM mJollazKaM MPOMU3BOAMJACS Ha Da3pbIPHOH MaliHHe Ty-
TE€M BbIIEPrHBaHusd OJHOH yacTH ob6pasua u3 Apyroii.

Hast Toro, 4toObl BHISIBUTH BJIHSIHHE YIPOUHEHHST M MOTOM «CTECHEHHS»
KaK10T0 U3 HHX B OTAEJbHOCTH, HCIBITaHHe 06pa3loB GbIIO CIEeNAHO TpeMms
crocoHaMHi.

1. Cpes npousBoausacs 6e3 NPUNONKEHHST HOPMAJbHOTO 1aBJEHHS .
K NJOLAaAKaM CABHra C TeM, YTOOL NONYYUTb UHUCTHIH cpe3, To ecThb §e3:
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Puc. 1. Jepesanubii 06pasetl ;is HCIBITAHAS HA CPE3 1O IBYM

naomaakaM HNVTeM pacTArdpaHus.

yUacTHst HOPpMaabHBIX Hanpsikenud. McnbiTanne HeCKo/.bKHX 00pasuon Io-
KazaJo B cpeaHeM =, =29 ke/cu?

2. Bo BTOpOM oOnbiTe BLISBHJIOCH BJHSIHHE Ha CONPOTHBJEHHE Cpe3y
YIPOUYHEHHsI MaTepHasa, BHI3BAHHOTO JeHCTBHEM HOPMAaJbHOTO j1aBJeHHH.

K olpasuy meprneHIuKyasipHO K €ro IJOLIaAKaM CABHIA TIPUKAAIbIBA-
Jach cxumawumas cuna N myteM 3axaTHs HCIOBITYeMOro Gpycka B cjaecap-
Hble THCKM. YCHJIMe HaXKaTHs H3MepsIoCh NMPH NOMOLLM KOHHYECKOro Kpe-
iepa (4], BCTaBIEHHOTO MeXKIY OTHOM M3 Ty6OK THCKOB M CTAJBHOM 3aKalleH-
HOH MJIACTHHKOM, MOJI0OXKEHHOH Ha GOKOBYIO IIOBEPXHOCTh 06pa3lia, Kax pas
HanpoTHB cepeIHHBl maollaAku 6yayiiero cpesa. B THeckax Opycok ocraBadi-
Csl B TeUEHHE JIBYX YacCoB, IIOCJe Yero MOoABepraJscs cpesy BoJib BOJOKOH TaK
JKe, KAK H B NpeIblIyilleM OMNbITe.

Hanpsixenne tenepp yxe noayunmiocs 1, =42 x2/cm%, TO €CTb 110 CPaB-
HEeHHIO ¢ MpeAbAYIHAMHU Goabiue Ha 13 ke/cm2, wau Ha 45 . DTo MoBblUeHHEe
COMPOTHBJAEHHA MPOU3OLUI0 BCAEICTBHE YIIDOUHEHUA MAaTEPHaNa, BHI3BAHHOTO
npeABapHTeNbHLIM OGKAaTHEM B THCKAX HOpMaJjbHBIM paBiaeHuem N=250 xe.

3. Jlna Bbigsaenns spdekra «crecHeHHs» MaTepHasa Ha MJAOLLAAKE
CJIBMIra HOPMaJ/bHbLIM /1aBJECHHEM Cpe€3 NPOH3BOJIHJCS Teleph yXKe B HPUCYT-
CTBHH TaKOro JaBJEHHUSI.

[as 31oro o6pasell B NONEPEUHOM €ro HATpaBJAEHHH CAaBJAUBAJCA TP
[OMOUWH CTPYOUHHBI, HMEIOLEel BHI NPAMOYTOJNBHOH paMky, CcHaGKenHoll
BUHTOM, 110CPEACTBOM KOTOPOTO M BBI3BIBAJAOCH NomepeuHoe cxkatue. Cuaa
Ha)KaTHd BUHTOM CTPYOUMHBI HM3Mepsiach Tak Ke, KAK H BO BTOPOM OIIBITE,
C IOMOLIbIO KOHHYECKOIO Kpelliepa.

ITo ycHane ObIIO MOACGPAHO TAKUM JKe T0 BeJHYHHE, KaK H B Npeb-
avinem cJayuae, ¢ TeM, 4YTo6bl 3dextT ynpouHeHHst OT CxKaTHsl OBl TOT Ke,
TO ecTb 1, =42 Ke/cm2.

Ho nanpsi:enne cpesa, Tenepb yzKe B DPHCYTCTBHH HOPMAJIbHON HATPY3-
KM, OKa3zaJsoch <9=502 ke/cm?, To ecTh Goablle Ha 35%.
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YBeJuueHre COMPOTHBICHNS MatepHata 3a cueT BIsiinsg 00ony (an-
TOPOB, TO €CTh VIPOUHEHHS H «CTECHEHHS», COCTAB/ACT B cyMMe 23 ke ¢t
naun 809,. ~

Hawm ynapaaoch noayuuTh 1o100Hoe YBeJAHUEHHE CONPOTHBICNH Cpesy
6osee, uem ga 100%, o1Haxo, npu 3TOM HapysKable OBEPXHOCTY 00pPA3ILOB
OKa3bIBAJKCh CMSITBIMH, UTO HE 1aBaJ0 BO3MOMHOCTH MOBLICHTD HOPMaJbHYIO
Harpysky ewe Goapue. KpoMe Toro, v o6pasel Ipy HCNLITAHUA HC BBIACDKH-
BaJ1 Ha Pa3pbIB.

Kpome onucatinoro ucese oBanus, Hami OblIH [IPOBETEHB TAKMKE OTDITLI
wa Matepuane cragb-3. [Ipn 3TOM 06pasubl npexieil QGopybl  0KazagUCh
HENpHI0THBIMH BCJEICTBHE MaJjoil pasiHulbl B NPOYHOCTH CTAJH 11a Pa3pbls
u cpes. Jlaa Toro, uto6el obecnednTh 00pasly BO3ZMOKHOCTH Cpe3a BMECTO
paspbiBa, MPUXOIHIOCH HA3HayaTh OUEHb Maayi0 UIHHY st [0LLATKH
crBUra. BedeicTsHe 3TOTO NMPU HCMbIvaHUI MOJIVYAACH CHIbHBIA M3rHb Tex
yacTell 06pasiia, KOTOPLI® 110CA€e BbULePIrHBaHHA HAXOMAUEN s MeR 1Y HHMI
cpesaemMoil 4acT 00pasyloT BUAKY € KOHUAMH, OTOTHYTBIMH HAPYIKY, a 0po-
TUBOMOMAOMKHBIMH [0 LIHHE UacTaMd — BO BHYTPb. CuaeixoBareblio, HA M0
UAAKY CARMIA B O1HOM €€ KOHLe NefCTBYIOT —CHRHMAIOUIHEe HaNpaKeni:
n3ru6a, a B APYroM — pacTsirMBalollue TOro e u3rnda. YKazaHuble Hanpsi-
JKEHHST ¢XKAaTHSI C03.1aI0T na MJ0LIATKe CIBHIa «CTeCHeHioe» COCTOsiHHe, UTn
B JIYHIICM CJYUde CHJIbHO HCKAMKAET PEe3yabTaTbl OMBITA, & B XYIUEM ¢l1y-
nae NpPUBOINT K paspbiBy oOpasua.

[To 3Tofl npHUMHe A5 ONLITOB CO CPe30M Oblid B3ATLI 0OPA3IEl B BHE
LTHEAPE, CHabXKenoro Ha cepe/iiiie ero BhICOTbl KPYIVIBIM OYPTHKOM Mpti-
MO\ TOJILHOTO CONCHHS, COCTABMSIOUIM ¢ 00Da3ioM oo uedne (puc. 2).
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Puc. 2. O6pasen Ang HCHbITAUKY 11a ¢ped CTAIBHOrO Ovpruka:
4 — CPe3 B OTCYTCTBAM OOMUMHOIO KOJILUE,
8 — Cpe3 B O0KHMHOM KOJbIE.

Vkazauublfi OypTHK Cpe3ajcsa ¢ UMJIHHIpA nyTem MpoTajdHBaHHA TNOC-
JIe/IIeTo Uepe3 OTBEPCTHe B CTaAbHOH MaTpHlle Tak, HTO HHIHHAPHYCCKHH
cTepIKeHb IPOXOUT Yepe3 OTBePCTHe MATpPHIbL, a OYyPTHK, Cpe3asnch, ocra-
BAJICA Ha BepXHel M/ollajlke noc/e/Hel B BH1e CHATOrO KOJiblid.

Jas yacHenns BJMSHHS YIPOYHEHHs Marephada M ero «CTECHEHH»
jla COMPOTHRBJEHHE CPe3y ONbITHI  [POBOJAHMNCE B TAKOM K€ MOPAJKe, Kak
W NpH HCTIBITAHHH A€PeBa B Mpeabl1yIHX OfbITaX.

I. BYpTMK XOTsi H CPE3aeTcs Co CTepzKHst 00pasia, 1o Ipu 3TOM OH HCIIbi-
ThIBAET TaK:ke u jdedopManuio u3ruda, BCaeICTBHE Uero CPe3antoe KoJIbllo
IOAVYAETCH He IJIOCKHM, @ HeCKOJIbKO BBIBEPHYTHIM Hanoiobne noaen Wus-
nbl. DTO yKasbiBaeT wa To, UTO B [JIOWAJAKe Cpe3a J1eHCTBYIOT CKHMAOUHC
M pacrarupalouye HanpsKenas usrnGa. [lepseie co3malor  CTecHeHide
M yIpouHeHHe MaTeplia/a H M03TOMY Cpes He MoAVHaeTcs cBOOO,1THBIM.
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dns onpelenenns BeAVUMHBl HANPSMKEHHsT UUCTOrO Cpesa AaHHOTO Ma-
TepHaaa ObLAM UCTBITAHBL O6PA3LBl NPSIMOYTO1BIIOr0 CEUeHUs Hepepe3biBa-

HueM va mawumne ®pemona. [Ipu stom nosyunnoce < ¢=2300 ke/cm?. Cpe-
3aHHe Ke OYPTHKOB MPH NOMOIIM MaTPHILl Ha fpecce CXKaTHa 140
“oy =4700 kefcm?, pasuuna =, -— 7, 0==2400 ke/cm® noayuunacn, 6aaronaps

VIIDOUHEHHIO K «CTEeCHEHHIO» MaTepHaJa Ha I0ulaj ke cpe3a HOPMaJdbHBIMH
uanpsixkenusmu usruba (puc. 2 6).

IIpn 3TOM, yeM MeHbUle B35iTa BeicoTa OypTuUKa obGpasiia, Tem Gonablie
u3rub, TeM BhilUe NMOoJyddeTcs HanpsxeHue cpesa. Tak, Hanpumep, v 6ypru-
Ka BLICOTOH B | MM M HAPY!KHLIM 1uameTpoM 16 mm npu nuamerpe crepxiie-
BOH uyactu o6Gpasua, paBHoMm 10 wma, HanpaxeHde cpedy MOAYVUANOCH 10
8000 re/cm? Bmecto 2300 npuw CBOGOJHOM Cpe3e TOTO Ke MeTaJna.

[ToaTomy B onbiTax nmpHVeHs1MCh 00pa3ibl ¢ OYPTHKOM, HMEIOLIHN Bhi-
coty 3—4 mm. boabuie 3TOro ykazaHHYO BBICOTY B3ATb ObLIO  HeAL3s
M3-3a TOTO, UTOOBI He €031aTh Ype3MepHbIX HAMPSIKEHHH CHKATHS HA LHIMH -
pHUECKON uacTtH ofpasla BC BpeMsl NPOTAJKHBAHUS [OCACAHEro uepes
OTBePCTHE MATPHILLL.

2. ONbITH 710 BLISICHEHHIO 3JIHSTHUS YIIPOYHEHUS CKATHEM NPOHU3BO/MINCD
caeayloiuM obpazoM. DypTHk BMecTe ¢ WHJAHHIPHUECKON vacTbio oOpasila
cHayaJsa 3arnpeccoBbIBAJCH B CJerKa KOHHUECKOEe OTBepCTHE MAaCCHBHOIO
CTAJbHOIO KOJibIla TYTeM HaxKaTHsi Ha BEPXHIOW TLIOCKOCTb €ro BTYJKOIL.
3anpeccoBka jejanach ¢ TOH Lesblo, YTOObLI C031aTh pajvajbHoe o0XKaTue
oyprtHka (puc. 2 B). O6paser nocje BbIIPECCOBBIBAJCH U3 OOKHUMHOTO KOJb-
f1a o6pPATHO M 3aTeM HCIBITBLIBAJCS HA CPe3 TAK e, KaK H B IIPeAbL1yLIe)
OfbITe.

Hlanpsikeune cpesy moayuuiaoch  7;=5000 ke cu?, 10 ecTb OonLiIL,
yem j0 oGxkaTtug Ha 300 ke/cm?. Jan"oe nonoaHHTenwHOe HATIPSKEHUe 110-
SIBU10CH 04aro1apst yIpOUHEeHHIO, J10TOJHUTEIbHOMY K TOMY VIPOUHEHHIO,
KOTOpPOE BHI3BIBAJIOCH HOPMAJBHBIMH HAMpPsixKeHHMAMH H3rH0a. OHH CJAOXKH-
JUCh ¢ HANPAMKEHHSIMH CXKATHS KOJbLOM W NOTOMY ofllee HampsmeHic
C/KaTHs Ha IMIouianKe cpe3a OblAo Oosblile, 4eM HOPMAaJdbHble HANPAKeIHs
TOJBKO O 01HOTO M3ruba B Mpe1bl1YILeM ONbITe.

3. B Tperbem onbiTe OYPTHK TAKKe BIIPECCOBLIBALCA B OOKUMIIOE KOJD-
L0 C TeM JKe HaTsAroM, UTo U Mpexie, HO CPe3 ero MPOH3BOAHJICA PAMO
B KOJblle, OT €CThb B NMPUCYTCTBHH PalvaJbHOTO AdaBjeHHs, HOPMaJbHOTO
K LHJAHHIPHUYECKON N0 aKe CABHra.

B 3TOM cayuae HanpsiKeHHe cpe3a paBHANOCh T,—=5700 x2/cm?, TO ecThb
Godblie, ueM 80 2 onbiTe Ha 700 xe/cm? Tlo cpaBHenuo o CBOSOAHBIM Cpe-
30M 310 coctasaser 29%.

TaknM 06pa3oM, ONBITBl [OKA3BIBAIOT, UTO HaNpAKeHHe cpe3a BoOOUle
CKJaAbiBaeTcsl H3 HeCKOJbKHMX HanpsKeHHH, o0yC.JIOBJACHHDLIX pasfHUHbIMH
(pakTopamu:

T, — HANpsiKenue 4UCTOro Cpesa, 34aBICiAlIee OT NPHPOLL MarepHaJia;

<, - CONPOTHBJEINIE OT YIPOUHEHIST MaTepiatd a ILOALKe CIABHTA
BBLI3BAHHOIO HOPMAJIbHBIMH CXKHMAKUIMH HanpsKeHiaaMil 13ruda;

<, — COIPOTHB/EHE, BbI3BAHHOE  CTeCHeHHeM" MaTepliala HOPMaab-
HBIMU HATIPAKEHHAMH H3THOA;

%, — HAllpsiKeHile, BLI3BAHHOE YIIPOUHEHHEM HOPMaJBNLIMIL HATps-
KENEMH CHKATHS;

<., -— HATPSKEHUs, BHI3BAHHBIE ,CTECHEHIEM® MaTepia/ns HopMasbibl-
Il HANPSKCHUAMH CXKATHS.

CaejloBateqbHO, o0llee HAaUpsSKeHue Cpe3a nyxHo onpeiensarh o
VpaBHenio
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3akawuenue

{. HopyaabHble Haupsi:KeHus, 1eHCTBYIOLHE 1A NJOLLAKE CPe3a, Bbl3ii-
" B2IOT /ICMOJHHATEJbHOE COMPOTHB/ICHHE CABHTY JBYX BUIOB: COMPOTHBJEHHE,
6OyCa0B/ICHHOE VIIDOYHEHUWeM MaTepuana, H BTOPOe COMNpPOTHBJeHHE, 00Ve-
JIOBJCHHOE «CTecHeHHeM» pewlecTBa. Ilpu yi1ajenun HOPMagabHOH HATPy3KY
BTOpOE COMPOTHRJICHHE HCUR3AET.

2. Tlpu pacuere CcOOTBETCTBYIOWIMX AeTajiell MalllHH Ha Cpe3 JONOJHH-
TeJbHble CONPOTHB/CHHA, COCTABAIOUINE 3HAUNATEIBHYIO BeJNHUHHY, Cleayer
VUHTBHIBATH.
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