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IKCHNEPHMEHTAJIbHOE U3YYEHHE TJACTHYECKOWM
AE®POPMALHUH OCECUMMETPHYHOTO BbICTYIIA B BUJE
KOHYCA

B. TI. MHTPODAHOB, I'. A. PAXBAJIOBA, K. H. UYKYBJIMHA

(ITpejcTaBienc HayyHBIM CEMHHAPOM Kaeaphl COMPOTHB/IEHHS MAaTepHa.doB)

BeileCTBHE BOJHHCTOCTH H  HIEPOXOBATOCTH IOBEPXHOCTEH TBEPABIX
TeJ MX KacaHue BCeria JHCKPeTHO.

ITosTOMY I/ aHAJIHTHYECKOro onpejeneHus Ae(opMalHu NOBepXHOCT-
HBIX CI0EB MaTepuana ABYX TBEPIBIX KOHTAKTHPYIOUHX Te] HCNOAB3YIOT
pasJauusble Moaeau [1].

Mojienn nOBEpXHOCTHBIX C/JI0€B MarepHana O0OBYHO NPEeACTaB/SIOT OCe-
CHMMETDHYHbIe BHICTYIIBI Pa3JIHYHON BBICOTHI, PAaCIONOMKEHHbBle Ha JKeCTKOM
HaH AedOpPMHDYIOLIEMCS OCHOBAHHA,

3Has 3aKOHBI AedOpMalUK €IHHHYHOTO BLICTYIA, a TAKXKe 3aKOH pac-
npefieJleHusi BEICTYTIOB [0 BHICOTE, BO3MOXKHO NOCTPOEHHE TEOPHH gedopMa-
IHH LepPOXOBATOl MOBEPXHOCTH TeJja.

PaccMoTpuM HekOTOpBble 3KClepPHMEHTaJbHBIE H TeopeTHYecKHe (aKThl,
NIOJIyYeHHbIE ABTOPAaMu MpH H3YYEHHH IJACTHUECKOH JedopMaldu OTAesb-

" HOTO BBICTYIA B BHJAE KOHYCa. JTO TO3BOJHT HECKOJBKO YTOUHHUTH 3aKOHO-
MEPHOCTH Ae(pOPMalHuU eIHHHUHOIO BHICTYIIA.

HM3specTHo, 4TO KOHYC $IBJSETCS XODOLIHM NPHOJIHKEHUEM K peablioi
(hopMe BBICTYIIOB, CYHIECTBYIOUIHX Ha [OBEPXHOCTH (2, 3]. HamMHu HcHBITHIBA-
JIUCb KOHYCHI, H3rOTOBJIeHHble u3 cranei 3, 10, 20X H umelowmmne, B OCHOB-
HOM, YroJj NpH OCHOBauuu 15°. DTOT yroua GamM30K K VLY HAKJIOHA MHKPO-
reOMEeTPHYECKHX 3JCMEHTOB pE€ajbHOTO Npoduaa ¢ o6LWHUM HanpaBJicHHEM
HOBEPXHOCTH [4].

ITpu sToMm HceaeaoBaluCh CAeRYIOUIHe BONPOCHL.

Pacrekanue MatepHala U TpeHHe B NJOCKOCTH KOHTAKTa

[lpy TeOpeTHYeCKOM HCCAeZOBAHHH OCECHMMETPUUHOTO HATIPSZKEHHOTO
COCTOAHHSA OTJENAbHOTO BBICTYIA IIOBEPXHOCTH, MOJEJHPOBAHHOIO B BH/E
YCEUEHHOro KoHyca [3], pacTeKaHHeM Marepuasta u TPEHHEM B IIOCKOCTH
KOHTaKTa aBTOp npeHereraeT

J71s1 xonmuuecTBeHHON ONEHKH pacTeKaHust MaTepHaJIa B IIJIOCKOCTH KOH-
TaKTa HaMu ObLIH I/ICHbITaHbI Ha CKaTHe KOHYCH H3 CT. 3 ¢ yMOM IPU OCHO-
BaHHH oT 75° Jo 15°

Pesyabrarte: OHbITOB npeicrasjieHHble Ha pHC. 1 @, MOKAa3biBaIOT, YTO
pacTekallHe MeTa/]aa B IVIOCKOCTH KOHTAKTa CYUIECTBYET /151 JaHHOTO KOHYCa
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TOJBKO TMPH ONpeleseHHbIX Harpy3Kax. B npeiedax H3MEHEHUS CAKHMalileil
Harpy3kd OOJBIIHHCTBO KOHYCOB [I0Ka3a/jd, 4TO JAHAaMeTp KOHTaKTa dg
C POCTOM Harpy3KH cHauajsa MNpPeBOCXOAHT JHaMeTp Hele(pOpMUPOBAHHOIO
KOHYyCa Ha TOH Ke BblcOTe d , a 3aTCM CTAHOBHTCs MeHblie ero. [Tocaennee
06CTOATEILCTBO Hauboaee YETKO MPOSIBAAETCST AJ51 KOHYCOB € VIJIaMH  NpH
OCHOBAHHI, MEHBIWIHMH 40°.
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Pue. 1.

B HexkoTOpoM aHMana3oHe Harpysok pacrekaiide MeTajja VBeJAHUYHBACT
niomaab GpakTHUeCKOro KOHTaKTa 1o CpaBHEHHIO ¢ reoMeTpHYeckoii Ha 409, .

BansHue TperHs Ha AeopMallHIO BHICTYMA HCCA€0BAN0Ch Ha KOHYCAX,
BBIMOJIHEHHBIX H3 cTaad 20X, ¢ yraom npH ocHoanun 30°,

B 3xcnepuMenTax TpeHMe YMEHbLIAJO0Ch NMPH MOMOILLH CBHIIIOBBIX NPO-
KIaJOK H CMa3KH, COCTOAINeH H3 KOJAJOHIHOTO rpaduta H MaulHHHONG Mac.1a,

OnpiTel MOKa3anu, UTO B AHana3oHe HArpy3ok Ao 50 ToHH Tpenue 1.a
HeeselyeMblX KOHYCOB BeCbMa He3HAaYUTENbHO H3MEHSI0 AMaMeTp KOHTAKTa.
CxKaTHe JIBYX KOHYCOB, CO€JIHHEHHBIX B BEPLIMHE H COCTABJSIOUINX OJHO 1[e-
Joe, IOATBEPIHIO 3TOT pPe3yJbTaT (H3BeCTHO, YTO B AAHHOM cjayyae Koli-
TaKTHOe TPEHHe OTCYTCTBYET).

YnpouHeHHe MaTepHasa KOHyCa NpH CKATHH

OcHOBHOH OCOOEHHOCTDHIO IJAACTHUECKOH jAedopMailll  MeTaJJ0B AB-
JdeTc ee HeOJAHOPOJHOCTDL, COMPOBOXKAaeMad JoKajHsauuei [5] B 0TAedb-
HBIX OonpelesieHHBIX Mecrax ouara Tpenuns. ['eoMeTpuueckas ¢opma Kouyca
vBeanyuBaet 3pdext nokanusauuu. [Tocaeansas HeMzberKiio cBsI3ana ¢ Joka-
JH3aUHel YIIPOUHEeHHH.

Jns KauecTBeHHOro ONpejesieHHst XapaKTepa MPOsBJACHHS JOKaJAH3aUuH
YIpOYHeHHs MaTepHaJa Npu naacTH4eckoil AedopMalni KoHyca HaMi OblIo
NPOBEJEHO H3YUE€HHe H3MEHEHHH TBepAOCTH MO IIOCKOCTAM, NPOXOASIIHM
yepe3 AHaMeTpasbHo 11POTHBOINONOKHBIE 0Opasviowne. Konvesl GbIH CAKATH
pP4a3/JHYHBIMH VCHJHAMH, 84 34TeM pas3pe3adbl HO YKa3adllblM TMJOCKOCTAM.
ITmockoeTn tulaTesbHo NoJHPOBaANCh. TBEpIOCTh 3aMepsjach Ha npubope
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TK-2 crneuna/tbHo mnofXoGpPaHHHIM KOHYCOM H3 TBEPAOCIAABHONO MaTe-
puaJfa.

TunuuHoe pacnpefejeHde TBepAOCTH 10 ILUIOCKOCTH pa3pe3a IpeacTaB-
JieHo Ha puc. 2. CiefoBaTeNbHO, JIOKAJbHOCTb ILIACTHUECKOH AeOpMaluu
KOHYCA CIELH(HYHO BHIpA3UIacCh B 06PA30BaHHH 30HBl MAKCHMAJbHOTO
ynpoudenust AB.
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Puc. 2.

AnanornuHoe M3MeHeHHe YIIPOYHeHHs Ha6dI0[aJ0Ch HAMH [IpH 3aMepe
MHKPOTBEPAOCTH MO paspesy mnpoledopMHpOBaHHOro obpasua, MOACJHPO-
BaBUIETO TeJO C LIepoxoBaToil noBepxHoctblo. [lociennass noayuamaach
nyreM QpesepoBAHUS CTaJbHOH NMOBEPXHOCTH CHElMANbHOH ¢ppe3oii. MHoXKe-
CTBO NHPAMHI, I1OJyYaeMblX IIPH. 3TOM, HMHTHPOBAJH MHKPOHEDOBHOCTH
NOBEPXHOCTH.

Onpenesnm aHaJIHTUYCCKH pa3Mepel 30HBl MJIACTHYeCKOH gedopMauui
KoHyca. OxapakTepusyeM ee pasMepoM 10 OCH KOHYCA H Ha30BeM IyOHHOI
30HBI MJAACTHUECKON nedhopMaliiu.

M3BecTHO, UTO ¢ BO3pacTaHHEM HArpys3ok B Tesle 06pasyloTcs 0o0aacTH
TEKY4eCTH, KOTOPble OTTPaHHYHBAIOTCA OT YNPYroOil YacTH Tesa NOBEPXHO-

CTAMH % = const= rie 'Y — KO3(Q@OHIHEHT TNPONOpUHOHATLHOCTH
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AeBHATOPOB HanpsaxKeHHss H jAedopmanud., HMcmoabsys HenpephiBHOCTb Ha-
' npseHHH M neopMalnil Ha NOBEPXHOCTH paszjena YIPYroi u niacTu4ecKoh
obaactell, HailleM JAns KoHyca raybMHY 30HBI IJdacTHUecKofi pedopmanud.

Has storo Bocnoapdyemces pemtenueM A. M. Jlypee nas ynpyroi aedop-
Maluu KoHyca [6] u ycaoBueM maacTuuHoctH Museca.

PaccmMoTpuM KOHYC € YIJOM pacTBopa 22, HarpyKeHHLIH cujioi P,
IPHJIOKEHHOH K €ero pepuuHe. Bepumudy xOnyca npuMeM 3a Havano cge-
PHYECKOR CUCTeMBbl KOOpAMHAT (2, ¥, v). Has cayuad, korjaa cuaa jeicr-
ByeT BJ0Jb OCH KOHYCa—BAOJb OocH 2 (nipu P >0 KOHYyC CXaT), HMeeM,
COTJIACHO [6], caenyiomue nanpsKeHus B TOUKE € KoopauHartami (2 = R,
=10, <)
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Cpaientie TTySHI 301 IACTHYECKON LepopMalwn Konycos (2a=140°),
onpejegennblX N0 H3YYCHHIO TBEPAOCTH C TEOPETHUECKOH T1yOHHOH, BBIUHC-
JeHnoit mo Gopmyae (3}, nokasano Ha pHe. 3. Xopoulee COBIaJIeHHe Teope-
THUECKUX Pe3yJbTaTOB C 3KCHEPHMEHTabHBIMH [MO3BOJAeT NPHMEHATh HOp-
Myay (3) 148 aHaJUTHYECKOrO Onpejedenisi TiayGHHbBI 30Hbl MJIACTHYECKOIL
nedbopmaunu Konyca. -
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Anaaus dopMyasl (3) moxasslBaer, 4To TJAyOHHA 30HBl [1JACTHYECKOI
JeOpMAUKH C YBEJUYEHHEM VIJIa YMeHbIIaeTcs.

BiiusiHne OCHOBAHHUsI KOHyca Ha ero aediopMaLuio

Jas onpenenenust BAUSHUA OCHOBAHHS HA JAedOpMauHio BHICTYIIA ObIIH
HCNBITAHBI KOHYCHl C Pa3JMYHBIMU MO BeJHYHHe LIHAHHIDHYECKHMMH OCHOBA-
HUAMHU. ['paduku 3aBUCUMOCTH MeXAY MJAOHIAAbI0 KOHTAKTa, YKOPOYEHHEM
KOHYCa H 0CeBOIl HarpysKoil npejcTaBaeHbl Ha pHC. 4.

ITH 3aBUCHMOCTH IOKAa3bIBAIOT, UTO BJHSHHE OCHOBAHHS IPOSIBJIAETCS,
HayuHas ¢ HEKOTOPOH HArpy3KH, M YBE/JHUYHBAeTCHd 3aTeM ¢ POCTOM  [0-
CaeHed,

HintepecHo 3amMeTHTh, UTO HATPY3Ka, NPH KOTOPOH HAYMHAET NPOSBIATh-
Cs1 BJAHSIHHE OCHOBAHH{, ONpejessieTcss MOMEHKTOM JOCTHMKEHHA BepXHero
VPOBHS OCHOBAaNMsl 30HOIT NnaacTudeckoit fedopmanuu. Ciael0oBaTenbHo, 3Has
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BBICOTY KOHYCa, MOXKNO, HCNOJB3YS YpaBHeHHe (3), OIPEACJHTh BEJINYHHY
3TOH HarpyskH, noJaras npu 3ToM BeJHYHHY R paBHOH BbICOTe BHICTYila.
OtMmerum, uto B onbiTax C. B. Afin6unaepa BAMSHHE OCHOBAHMs Ha Aedop-
MalHIO KeHYyca He Obl1o O0HApYHKeuo. ITO MOKHO OOBLACHHTbL TeM, UTo.
B onbitax C. B. Afin6unaepa [2] ncnbiTeiBaauch o6pasisl ¢ GOAbLIOH BBICO--
TOH KOHHYeCKOIl YaCTH J1PH CPaBHUTENbHO HeOOJIBIIUX YCHIUSAX.
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Puc. 4.

XapakTepHbLIM [1J51 KOHYCOB C MACCHBHLIMHM OCHOBAHHSIMH SIBJAAETCSH:
(haKT NOCTOSHCTBA CPEAHEr0 KOHTAKTHONO HANpsKeHHs, KOTOPOe B HALINX
ONBITAX PaBHsIOCH 3,3 npefiena TEKYYECTH NPH PaCTAXKEHHH.

KpoMe TOr0, BAnsiHHe OCHOBaHHS NPOABJAAETCS B YBEAHUCHHH 1HATA30HA
HaTpY3KH, NMPH KOTOPOH NMPOHCXOAMT pacTekaHWe MeTadjaa [0 KOHTaKTy.
OTMeruM, 4To B npoltecce AeOPMHUPOBAHHS pacTeKaHHe MaTepHajna s
06pAa3lOB ¢ MaCCHBHBIMH OCHOBAHHAMH  CTAHOBHUTCSl NOYTH NOCTOSIHHBIM
(pue. 1,6) mocse Toro, Kak 30HA IJIACTHYECKON AeOPMALMH JAOCTHTHET
BEDXHET0 YPOBHS OCHOBAHHSI.

ITposiBnenuem BAHSHHS OCHOBAHHS OyIeT i 3HAYHTENbHOE [IOBHILIEHHE
CONpOTHB/eHHST AePOPMHPOBAHUIO €IMHHYHOTO BBICTYNA, KOTOpOE HAaG.I0-
JlaeTcd, eC/1M Ha OOIIEM OCHOBAHHH OJHOBPEMEHHO CKHMAaTh HECKOJBKO
BBICTYIOB.

J1s1 KosIMYeCTBeHHOA OLLEHKH 3TOT0 SBJACHHA GbIIH HCHbITAHBI o0pasibl,
NPENCTABMAOMNe KOHYCH HAa UHJIHHIDHYECKHX OCHOBaHHAX. Bokpyr xomyca
BBITAUHEAJICA TPEYToabHBIA KOAbLEBOHA BhlCTYN. OKa3aloch, YTo NPH paBeH-
CTBE CHJI, C2KMMAIOIIHUX KOHYCHI, HaJlH4YHe TPEYTOJAbHOrO KOJIbIUEBOrO BHICTYIA,
AeopMHPYEMOro OJHOBPEMEHHO ¢ KOHYCOM, YMEHBIIAI0 MA0La/4b KOHTAKTA
nocieaHero Ha 50—70% 10 CpaBHEHHIO C IJION[A/[bl0 KOHTAKTa OfHHOYHOTO
KOHYyca. ’

JLONONHHTENBHO K 3TOMY OCYIUECTBAAAOCH BAABIMBAHHE 3 3aKaJCHHBIX
11apukoB d = 8 MM B IJIOCKYIO IIOBEPXHOCTH CTAJBHOTO 06pa3lia. ¥ MeHbLie-
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Hie PAacCTOAHUS MeXKAY LWapHKAMH CHHZKAJ0 BEJHYHHY WX BHeJApeHus.
B onpiTax ¢ mapHKaMH, KacawlHMHCH APYT APYra W pPacloJOXKEHHBIMH Ha
‘paccTosiHHAX 3d, pasHHLA BO BHeApeHUAX coctaBuaa 30%.

IlepeunciaenHble 3KCNepHMEHTAJbHBIC (PAaXKThl NMO3BOJASIOT cAeaaTh cJae-
JVIOILlHe BBIBOJBL: '

|. PacTrekanue MeTadJa Mo KOHTAKTY, CHHMaeMOro 0o OCH KoHYcCa,
¢ YBeJMUeHHeM Harpy3ku CHauaja pacTeT, a 3aTeM yMeHbiIaeTcs A0 HYJS.

Ilpu nanpHelimeM yBeaUYeHWH HArpy3KH ILIOMAAb KOHTAKTA CTAHOBHTCS
MeHbUIe CeYeHHs1 Ha TOM 2Ke YpOBHeE.

2. BausiHHe CHJI TPeHHA 1O KOHTAKTY Ha AeOpMalHio KOHYCOB C yIJOM
pactBopa 120° He3HauHTeJNbHO.

3. OcHoBaHle o06pa3la ¢ KOHHYECKHMM BBICTYNOM CYLLECTBEHHO BJHAET
Ha ero aedopMalHiO NoCJae TOro, Kak 30Ha IJIACTHUECKOH JedopMaluH a0-
. CTHTHET BEPXHEero ypOBHsI OCHOBAHHs. JTO BIHSIHHE YBeJHYHBAeT CONPOTHB-
JeHHe KOHyca JeOpPMHPOBAHHIO.

4. Ilpy c3KATHH HECKOJbKHX BBICTYNOB, KOTOPble PAacHoJIOXKEeHbl PAI0M
1 UMeloT o6lilee OCHOBAHHE, COMPOTHBJEHUHE Ne(OPMUPOBAHUIO KAXKAOTO M3
HUX 3HAYHTEJBHO NOBBILIAETCH,
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