HU3BECTHY
TOMCKOTO OPIOEHA OKTABPLCKOM PEBOJIOLIMKW M OPJAEHA
TPYJOBOI'G KPACHOI'O 3HAMEHHM TIOJIMTEXHWYECKOI'O HMHCTHTYTA
HMMEHH C. M. KHPOBA

Tom 188 1974

BJHUSHHUE YIJIA PE3AHUS HA XAPAKTEP
PA3PYIIEHHS MEP3JIOrO I'PYHTA

H. T. BACOB, I0. H. JIV3T'¥H

(ITpepcraBnena kadeapod TOPHEIX MallHH, PYJHAYHOIO TPAHCIOPTa H TOPHOM MeXaHHKH)

B GonbminHCTBe c/ayuaeB rPpyHT — pbixJsag ropHas mnopoja. Huas usyde-
HHSl 3aKOHOB MeXaHHKH TaKOil IMOPOAbl MHOFHE HCCJe[0BaTeJUd HCHOJL3YIOT
CTPYKTYPHYIO CXeMy 3aMelleHHs], MpeacTaB/IsIomyo cobolt Habop oTAeIbHbIX
YacTHI ApaBUAbHOR QopMbl (uaile mapoobpasusix). C reoOMeTpHYECKOH TOY-
KH 3peHHs AJs IJIOCKOH 3ajaun HauGosee BeposiTHON cuurtaercs [1] crpyx-
Typa ¢ YKJIaJKOi YacTHL, o0ecreynuBalouieil ueTelpe TOUKH KacaHHS.

[Ipn mpomep3aHuu rpyHTa BOJA, HMEWOWIAsCsl B ero nopax, KpHCTalJlu-
3yetcd. MexXay MUHEPAJbHBIMH YACTHIAMH MOHBJAKTCA COM3MEPHUMBIE C HH-
MH YacTHUH Jbja. B TakoM ciydae IPYHT MOXKHO NPEACTABHTb CTPYKTYPOH
¢ 6osee MJIOTHO¥ YKJAaJAKOH uyacTHl, obecneuyBailell mecTb TOUGK KacaHHus
1J19 J0cKol 3axaud. [I[pouHOCTh TPYHTa NMPH 3TOM PE3KO BO3pacTaer.

Onnako U B TaKOM COCTOSHHH TPYHT o6Jajaer CHOCOOHOCTbIO YIIOT-
HSTHCS IPH COOTBETCTBYIOIUHX Harpy3kKax, MOCKOJNbKY Jaxe NpH INJIOTHOH
yKJIanKe paBHOBEJIHKHX Mmapoobpa3HbBx dYacTHI, OOGLeM TIop -AOCTHraeTr
26% [2].

Ilpn paspyuieHdn Meps3JOoTO TPYHTa HHCTPYMEHTOM C YIJIOM pe3aHHs
=90° B Haua/bHbLIf MOMEHT NMPOUCXOAUT CXKATHE IPYHTA Ha BEJHUHHY, CO-
OTBETCTBYIOLIYI0O MAaKCHMaJbHOH YIPYrOH M OCTaTOYHOH jJedopmanuam rpyH-
Ta JUIS HaHHBIX YCJIOBHH (TeMmepaTrype, BJaXKHOCTH M T. 1.). B pesyabrare
NIPOH30HJeT MeperpyniHpPOBKA TBEP/bIX YAaCTHI TpyHTa no Gojiee MIOTHOH
YIaKOBKH 3a cyYeT peaju3anuu nop. dedopmauns HaxoZAIErocs Nepei pes-
oM 00beMa IPyHTa NPOUCXOAMT MOJA NeHCTBHEM CHABl pe3aHust U CHJbI Tpe-
HHA Ha NepefHell TPAHH pesla, KOTOPbIe NPONOPIUOHANBHE MeXaHUUECKHM
XapakTepuCcTHKaM ropHoii noponabl. Cujia TpeHHS NPeNsTCTBYeT MNepeMerle-
HHIO (OpMHpPYEMOTO 3JeMeHTa CTPYXKKH BBEPX, a MAaCCHB FOPHOH NOPOJH —
ero nepeMeumleHuo B cTOpoHLl. B pesyabrare mpoucxonur o6beMHOe HaIpH-
JKEHHOE COCTOSHHE 3JIEMEHTAa CTPYXKKH C KOHIEHTpalHeH KacaTeJbHBIX Ha-
NpsiXkKeHHA 7O NJOCKOCTAM, NPOXOASIINM IO TpaHfM pe3la B HanpaBJcHHH
ero JABHXKeHHS.

Hanpaxenuss B dopMupymoonemMcs saeMenTe CTpyXKa 6yayT O0JbIIHMH
BGJIH3W NOBEPXHOCTH NepejiHell rpaHu pe3la W Ha PIyOHHeE, COCTABJAIOILIEH
0,75 ot ronuunsl ctpyxku [3].

[anbHelilee yBesHUeHHe CHJIBI pe3aHHs BHI30BeT B (OPMHUpYIOHIEMCS
3JIeMEHTe CTPYXKKH NpeNe/dbHO HANMpsXKEHHOEe COCTOAHHUE lipexk/Je BCero B 30-
He MaKCHMAaJIbHBIX AaBJEHHH, OTKyla W Ha4YHYT Pa3BHBATbCs TPEUIHHBI OTAE-
JleHHs1 'OCHOBHOIQ 3/JeMeHTa CTPYXKH. Beser 3a pacmpocTpaHeHHeM TpellnH
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OT 30HBI MAKCHMAaJ/IbHBIX JaB/JAEHHH B CTOPOHY /IHEBHOU MOBEPXHOCTH 110 MJ0C-
KOCTH, PACHOJNOXKEHHOH NOA Yr/ioM ¢ (paBHbIM YIJy BHYTPEHHEro TpeHusd
rpynura), U mno OGOKOBBIM TJOCKOCTAM MAaKCHMaJbHBIX KacaTe/blibIX Hamps-
KeHUH NPOH30IIeT CABHI OCHOBHOIQ 3J1eMeNTa CTPY KKIL.

B ¢BA3M ¢ TeM, uUTO CABHr 3JjeMeHTa CTPYXKKH B IJIOCKOCTH pe3allus
IPOHCXOMIT MO YyIVIOM K TOPH3OHTY, Mepejl pe3loM BCeraa IIMeeTcsl HeKOTO-
pBuli nepeMeunblll 00beM TpyHTa, H [O3ITOMY YCHJS pe3alids, naaasi B Mo-
MEIIT OT/leJIelldsT 1eMelTa CTPYHKH, HHKOT1a He JOCTHraloT HyJs. Jaabueii-
[ree NnpoaABHzKEeHHE pe3lla Bbi3bIBAE€T Pl }{€60.HbU_IIIX CKQJIOB, yBeJHfILIHBEIET
nJaoulalb KOHTaKTa ¢ IPYHTOM, KOTOpas, KpoMe BCEro npouero, 3aBHCHT OT
MJIACTHYHOCTH Mep3JIOro I'pyHTa, U NpOLEce pe3aHHs MOBTOPAETCS B OMHCAH-
HOM BhILIe MOPSiIKE.

[Iponcxonamue npu peszanuu noa yriom o=90° npoueccsl cBHaeTeNb-
CTBYIOT O TOM, 4TO Mpoduiab GOPO3/bl B CBOEM IIONEPEUIOM CEUCHHH He J0J-
K€H HUMeTb pa3BaJja, H 3IKCHepPHMEeHTAaJIbHble HCCAe/0BaHHA 3TO NOJATBEPIK-
NaloT.

[Ipu paspymeHns Mep3Jioro rpyHTa pe3UOM-KJHHOM B MOMEHT ero co-
NPUKOCHOBEHHS € TPYHTOM [IPOHMCXOIHT BYlABJIHBAHHE OCTPOTO LITAMIIA
BOJM3H OTKPHITOH MOBePXHOCTH. YCHJAHS s 3Toro TpebyioTcs HeboJbllue.
YBeJuueHHe MOBEPXHOCTH CONPHKOCHOBEHHS TepeaHell TpaHu € IPYHTOM
NMPOUCXOAHUT 34 CUeT YIJIOTHeHHS oO0beMa TpyHTa, HaxoAslerocsd mnepex
pesnoM-kaHHOM. [lo Mepe nanbHefilero ero mNpOABHKEHHS VMIOTHAETCS
Bce GoablHil 00beM H TakKAM 06pa3oM GOpPMHPYETCA 3JeMEHT CTPYKKH.
ITpu s3ToM ycHIHS BIABJHBAaHHS BO3pacTaiorT. [Ipum NPOABHKEHHH pesila B
TPYHTe eMy, KPpOMe CHJI CONPOTHBJEHHSI YIJIOTHEHHIO, NPHUXOAHTCA MPE0o-
JeBaTb CHJbLI alAre3HH MexKAy IepeMelllaloLUMUCA YacTHYKaMH (OpMHpYe-
MOT'O 3JIEMEHTA CTPYKKH H OCTAIOLHMCA B MaCCHBE TPYHTOM.

YKasaHHple Ipoilecchl MPOAOJKAIOTCS A0 TeX NMop, moka aedopmupye-
MBIl 00ObeM TPYHTA He IOCTHUTHET NpeAebHO HANPAKEHHOTO COCTOSHHSA.
Tosbko mnocse 3Toro Npou3oHeT CKOJM OCHOBHOTO 3JEMEHTA CTPYKKH C
peasu3aigedl NOBEPXHOCTH HaHMEHBLIETO CONMPOTHBJEHHSA. 3Ta TOBEpX-
HOCTb 3aBHCHT, MOMHMO YrJjia pe3aHus, H OT IJOTHOCTH Mep3Jioro TPYHTa.

B ToM cayyae, KQria IWIOTHOCTb TPYHTA HEBEJHKa, a CJAEI0BATEJBHO,
U CHJIbl aJTe3UH MeXJYy YacTHHAMH TaK)Ke HeBeJHKH, IPONUCXOAHT OTAeJe-
HUe 3JeMeHTa CTPYKKH aHAJOTHYHO OTAENEHHIO TPH pe3aHHH pe3UoM C
yraoM, 6amskum k 90° Ilpm stom passana Goposawl He HabAOLAETCS.
B Mep3.n0oM rpyHTe CONPOTHBJAEHHS MO MJIOCKOCTSM CPe3a CTAHOBATCS 0O0JIb-
IIHMH 1O CPaBHEHHIO C CONPOTHBJEHHAMH B HaNpPaBJIeHHH IEHETBHS OTPHI-
Balowed cusabl. Peseu-kauH, NefiCTBYs HAa pacnopHyi Cpely 4YaCTHI, CBS-
34HHBIX JIbJOM-LEMEeHTOM, BBI3bIBA€T B TMJOCKOCTH TIONEPEYHOro CeueHHs
pesa BepTHKaJbHble PACTACHBAIOIIME HArpy3KH. [IpH INOCTHXKEHHM Tpeleb-
HO HANPsAXKEHHOro COCTOAHHA 00pa3yeTcss BHIKOJ 3JE€MEHTa CTPYKKH B
nonepevyHoM ceueHun, umewoueMm ¢opmy, npubanxawomylocs K dopme Tpa-
HelnH.

DKCIMepUMeHTAJJbHble HCCIe0OBAHHS II0KA3bIBAIOT, UTO NPH yraax pe-
3aHus B npenenax 90°>a>60° nuHUS OTIeJeHHsT OCKOBHOrO 3JeMeHTa
CTPYXKKH TIDOXOAMT B INIOCKOCTH pe3aHHs MNOf YIJOM, NMPHUMEPHO PaBHLIM
yrJay @ BHyTpeHHero TpeHud. OIHAaKO yCHJHMS De3aHus NMPH 9TOM Pe3Ko OfT-
audalores [4]. [IpoHcXOZHT 3TO MOTOMY, YTO H3MeHeHHMe YIJa o BbI3bIBAET
H3MEHeHHEe 3HAYeHHH HOPMaJbHBIX H KacaTe/bHbIX COCTABJSAIOUIHX CHJ pe-
sanus. Ilpu nefictBum pesua ¢ o=90° Ha Mep3Jblil TPYHT KaK PACHOPHYIO
cpeny c¢ yraom ¢~ 30° cocTaBisiOllas CHJIBI Pe3aHHs, AEHCTBYWOILAS [0
JINHHH OTAeJIeHHs] 3JeMeHTa CTPY:KKH, Oy/eT paBHa

Pygo= P tgp=0,577 Pyg>.
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[Ipn a=60° ycunue, pacxofayemoe Ha OTAeJeHHEe 3JieMeHTa CTPYXKKH,
PGOO:PGOO sina COS(P:O,75 P60<>.
Veunus, HeobxoauMble Ha o6pa3oBaHue JBYX ONHHAKOBbIX, BHOBbL 00paso-

BAHHBIX NJOLIAJeH, B PABHLIX YCJAOBHUSIX pPa3pylIeHHSA JAO0JKHEBI OblTb paBHb

MexXAy coboil, T.e. Pgy=Por.
Torna

Peye=0,77 Pyee.
DKcnepHMeHTH TOKA3aJH, 4TO YCHJHS pesanus npu a==60° cocrasisior

75% oT ycuauil pesanus npH o=90° pas rauuw, 77% mas necka u 73%
[5] Aansa cyrauuxa. '

Tabnunua
Yennue P pesanus Yenane P pesanns p —p
Yroa pesaHus, o, epad | no TIOCKOH NOBEPXHOC-| M0 CBOJOAHOR mMOBEpX- Po—P, ke l:) €%
™, ke HOCTH, K& ¢
[Tecox ¢ = —15°C
90 ' 73,4 40,0 33.4 83,4
60 55,2 30,8 224 79,3
45 ‘ 47.8 . 283 19,5 69,0
30 , 417 23,2 185 797
Capna ¢ = —15°C
90 158 734 : 84,6 115
60 119,8 55,2 64,6 117
45 103,7 50,8 529 104
30 88,8 42,4 46,4 109,5

[Ipu pesanuu no cBoBoAHOH TexHosorHH ¢ yraom oa=30°+60° Kak
NOKa3KBalOT 3KCIePHMeHTAaJbHble [aHHBE, YCHJIHS pPe3aHds H3IMEHAITCH
NPONOPIUOHANLHO H3MEHEeHHIo Tomaned ckosaa. Tak, njaomanb CKogaa npu
a=45° cocrasaser 70,8% oT miaowanu ckoaa npu o=90° a ycuaua pesa-
HHs, N0 JAHHBIM 3KCIEePHMEHTAJbHBIX HCCAEJOBAHHH, COCTABJSIIOT 69,2%
AJsl Mepadoll AJuHb, 70,8% mas mepsaoro mecka u 65% mas cyramnka [5]
oT ycuauit pesanus npu a=90° Ilpu yrae peszanus o=30° njomaib CKo-
na cocrasasier 57,8% or nuaomanu ckoaa npu =90 a ycuius pesaHus
cocTaBasior 57,7% mast rauns, 58% aas necka W 55% st cyrJnHKa [5]
OT ycuJHil pesauus npu a=90°

Tlpn pesanuu no IVIOCKOH MOBEPXHOCTH NOSABJAIOTCH OGOKOBble INOBEPX-
HOCTH Tpopesd. B Tex cayuasix, Korja He NPOMCXOLHT pasBaja NpopesH,

HCKOMas MJolaib MOXKeT OblTh HalijleHa H3 BhIpaxeHus

0,542

Fo= —22%
Sina cosa

Boxkosple niomaan cxkona mpu a=30°, a==60° n a==90° paBHbL MeXIy CO-
6oi1 u coctasastor 115,5% or GokoBoll mioinaiu npu o=45"

Yceuaus pesaHus, HAyUIHe Ha o6pazoBaHHe OJMHAKOBBIX IJOIALeH
1pope3H, H3MEHSIOTCS] NPONOPILHOHANBHO YCHJIHMIO pe3aHds TPH pe3aHuu Io
cBoGogHoi TexHoJsiorud (taba. 1). Tak, ans nmecka oHo cocTaBjasieT B Cpel-
- HeMm 80,8%, a nas rauun 114%.

ConocraBjiende OTHOCHTEJNbHEIX BEJIHYUH YCHJHSA pe3daHud, HAYLIMX Ha
o6pasoBanHue GOKOBLIX MJIONIAfell MPSMOYroJLHOMN Tpopesn npu a=45° ¢
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QHaAJMOrHYHBIMY BeJHYMHAMM NpPH APYyTrUX yrjax pe3aHus 1oKas3blBaeT, 4To
paccMaTrpHBaeMble yCHJHS H3MEHSIOTCS NPUMEPHO MPONOPLHOHAJLHO H3Me-
HCHHIO OOKOBLIX MJoOMLaAedl npope3d. Tak, Aas 1necka 3TH YCHJAHS COCTAB-
astiot 117%, a gaa raunsl 109,5 0T aHaJOTHUHBIX yCHJHI pe3aHus IpH
o=45°.

ITpu pesanuu 110 nJaockofi NoBepXHOCTH NPOHUCXOAMT Pa3BaJ [JOLLALH
N0lIePeuHOro CeYeHHs, HO Pa3BaJ HAYMHAETCSl He CO JHA HNPOPesH, 4 B HHK-
Hed ee yacTH. OObsACHSETCA TO TeM, UTO OTPBIB 3JIeMeHTa CTPYKKH 3anas-
AbIBAET OT AehOpMAaUMH BAABJIMBAHHSA OCTPOro IITaMNa H MHPOHCXOLHT yKe
IoCJ/I€ BHEAPEHHs OCTPHA pe3la Ha HeKOTOPYIO BeJHUHHY.

Takum oOpasom, yron pesaHHs onpeiesseT Xapakrep paspyLIeHHs
rpvata. Ecau npu a==90° paspymeHre NpoHCXOAMT B OCHOBHOM 3a Cuet
AeopManuil CxKaTUs H CABHTa, TO NPH MEHbUIHX YIJiaxX pe3aHHsi paspylle-
HHe HJeT B pe3yabTaTe Pa3BHTHA AedopManuil CKaTHA H OTPbIBA.
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