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road machines, as: sticking and freezing of minerals to the working metal surfaces, increased wear, destruction
of metal structures of working bodies as a result of high dynamic shock loads. Exploitation of elastomeric
materials, taking into account their shelf life (7-10 years), which is comparable to the resource of construction
machines, is appropriate for use for all types and classes of working bodies. The use of elastomers in the working
equipment of construction and road machines is the most effective for bucket-type working equipment.
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MaremMatudHe MOICTIOBAHHS MMOBEIIHKY IPYHTY B
MPOLIECI MPOKOJTY

Y poboTi onucyeThes MiAXIM JO MATEMAaTUYHOTO MOJISIIOBAHHS MOBEAIHKU IPYHTY B HPOLECI MPOKOIY
AK Tedii >KOPCTKO-IUIACTHYHOTO CepelloBUINA. PyX cepenoBHINA pO3IIIANAETHCS B SHIEPEBHX KOOPAWHATAX.
PoGounii opraH MOJETIOETHCS aOCOJMIOTHO TBEPAMM KOHycoM. HaBonsThCs Ta OOIPYHTOBYIOTHCS OCHOBHI
NpUNYyIIEHHs. B mizicyMKy aHamiTHYHO BHBOJISTHCS BCi 3aJIEXKHOCTI, IO XapaKTePHU3YIOTh )KOPCTKO-IUIACTUYHY
TEUYIr0 — MMOJIS IIBUKOCTEH, IMIBUIKOCTEH nedopMalliii i HapyKeHb.
MPOKOJI, }KOPCTKO-INIACTUYHE CepeloBHUIIE, POOOYUIi OPraH, IPYHT, OIIip IPYHTY

IlocranoBka mnpobaemu. [lpyu mnpokianaHHi I1HXEHEPHUX KOMYHIKAI YacTo
HEOOX1IHO MEepEeTUHATH JOPOTH, TPaMBaiHI Ta 3ali3HUYHI KoJiii. Y OyIIBHMIITBI IEPEXOIB,
Hapasi, LIMPOKE 3aCTOCYBAaHHS 3HAWIIIM TEXHOJOrii Oe3TpaHIIeHHOro MPOKIATaHHS
KOMYHIKaIliil, IpU SKUX HE PO3PUBAETHCS TpaHIIEs 3 pyHHYyBaHHAM JOPOKHBOI'O MOKPUTTS U
NOpYIIEHHSIM pyxy TpaHcmopry. OpHuM 3  HaOUIbI  epEeKTUBHUX 1  IIUPOKO
PO3MOBCIOPKEHNX METOIB YTBOPEHHS CBEPIJIOBHHU € METOJ CTaTHYHOTO Mpokoiy. OmHaxk,
NPy HOro BUKOPHCTaHHI BUHUKAIOTh BEJIMKI HANPY)KEHHS B IPYHTI Ta Horo aedopmariis y
30HI pyXy po0O0YOro opraHy, 10 MOXXE BUKIMKATH SIK pyHHYBaHHS MOBEPXHEBOTO MIApy, TaK i
OJIM3bKO  pO3TAIlIOBAaHMX  IMIJ3€MHUX IH)KEHEPHHUX KOMyHIKauii. BenuunnHa 30HU
neGopMyBaHHs 3aJEKUTh BiJ BHIY IPYHTY Ta HOro (hi3sMKO-MEXaHIYHUX BIIACTUBOCTEH.
BoueBunp HeoOXi/IHE TOCIIHKEHHS MPOIECY YIIUIBHEHHS IPYHTY HaBKOJO OOKOBUX CTIHOK
CBEP/UIOBUHH SIK KOPCTKO-TIACTUYHOTO CEPEIOBHIIIA.
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AHaji3 OCHOBHHX /OCJHi:KeHb 1 myoOuaikamiil. Amnami3 Ccy4acHHX METOIB
Oe3TpaHIICHHOrO TPOKIAJaHHs 1HXXCHEPHUX KOMYHIKAIIM TIOKa3zye, 10 3 TOYKH 30py
MiHIMYMYy €HEpPreTHYHHX BUTpAT 1 COOIBApTOCTI BUKOHAHHSA POOIT HAWOLIbII epEeKTUBHUM 3
HUX € MeToj CcTaTu4yHoro mpokony IpyHty [l]. IlpoTte, BiH ngemo OOMEXEHHH MpH
BUKOPUCTAHHI, TaK 5K yJaBIIOBaHHA KOHIYHO-IWIIHIPUYHOTO POOOYOT0 OpraHy MoB’s3aHo 31
CTBOPEHHSIM CYTTEBUX 3YCUJIb, 1[0 BUKJIMKAE 3HAUHI HANPYKEHHSI Y MacHBl IPYHTY HaBKOJIO
CBEp/UIOBHHHM, siKa (OPMY€EThCS MUIAXOM HOro paiianpHOro ymiinpHeHHs [2]. Takox
BCTAQHOBJICHO, III0 OMIp YTBOPEHHIO CBEPJIOBUHU CTaTUYHUM IIPOKOJIOM 3aJIeKHUTh BIJ
napameTpiB pobo4oro opraHy, HAaKOHEYHHUK SIKOTO, 3BHYaiiHO, Mae ¢opmy KoHyca [3].
HocmipkeHHsmMu [4] BCTAaHOBJICHO, IO IONIMPEHHS 30HM BEJIUKHX HAMPYXEHb Yy TPYHTI
HAaBKOJIO CBEPJUIOBHHM BH3HAUYAETHCA 11 JiaMeTpoM U (Pi3UKO-MEXaHIYHUMHU BIACTUBOCTSIMHU
IpyHTY. Po3Mip 30HM TpPYXXHO-TUIACTUYHUX  JAedopMailiii  HABKOJIO  CBEPAJOBUHU
BCTaHOBJIIOBABCS €KCIIEPUMEHTAILHUM CITIOCOOOM Y X011 MOJIBOBUX JOCIIIKEHb Y TIPUPOTHUX
yMoBax. JlocmimKeHHs Mporecy MPOKOJIy CTaTHYHMM CIIOCOOOM 1 Hampy>KeHb y TPYHTI
HAaBKOJIO pOOOYOro OpraHy y XOJi YTBOPEHHS CBEpJIOBHHM BigoOpaxeni y poOoti [5]. ¥V
JOCJIIDKEHHI [6] BCTAaHOBIIEHO 3aKOH 3MiHHM HIUTBHOCTI TPYHTY 32 TOBIIMHOIO HAKOHEYHHKA,
BU3HAYEHO TUCK TPYHTY Ha MiJI3€MHI KOMYHIKAIlil, KOTpi 3HAXOAATHCS B 30HI Aii MpyKHO-
IUIACTUYHUX JedopMaliiii. Y Toil ke yac HeIOCTaTHbO JAOCIIIKEHUMH 3aTUIIAI0THCS TUTaHHS
MaTEeMaTUYHOTO MOJICNIOBAHHS MOBEIIHKA TIPYHTY B MpPOLECI MPOKOIY Ta aHAJITHYHOTO
BU3HAYCHHS 3aJICKHOCTEH, K1 XapaKTepU3yIOTh KOPCTKO-TIIACTUIHHH Mepedir mporiecy.

IlocTanoBka 3aBAaHHsA. Meroro AaHOi poOOTH € MOCHI/KEHHS Ta MaTeMaTU4HE
MOJIETIIOBaHHS TOBEAIHKH IPYHTYy B IMpOILECI MPOKOIY SK Tedii >KOPCTKO-TUIACTUYHOTO
cepeoBUIIa.

Buxiaaa ocHoBHOro marepiajy. byaemo BBaxaTtu TpyHT, y SKUH BKOPIHIOETHCS
poOouMii IHCTPYMEHT MPOXiAHUIBKOTO CTaBYy, >KOPCTKO-IUIACTHYHUM CEpeoBUIIEM. Pyx
cepeloBHIa OyneMo pO3TIAIaTH B EUIEpeBUX KoopAuHaTax. PoOoumii 1HCTpyMEHT
3MO/IETIOEMO a0COIOTHO TBEPAUM KOHYCOM.

[IpuiiMemo Hagam Vv, — BEKTOpHE TIOJIE IIBUIKOCTEH, &g, — TEH30pHE IIOJIE
MIBUAKOCTEH nedopMalliid, oy, — TEH30pPHE TOJIe HAPYKEHb, Exy 1 Oxm — CAMETPUYHI TCH30PU
JPYTrOro paHry.

BBenemo 1o posrisiay cepeiHro MBUAKICTH nedopmariii (1), geBiaTop mBUAKOCTEH
nedopwmartiii (2), cepenHe HanpykeHHs (3) Ta 1eBiaTop HapyKeHb (4):

1 1 1
€ :§£KT.6KT ZESKT 25(821 + €22 +823); (1)
€xr = Er — 6}(1‘ & (2)
_ 1 _ 1 _ 1 .
0= EO-KT ’ 6}(1‘ = EO-KT =3 (0-21 + 03, + 0-23): (3)
Sgr = Ogr — 6KT © 0. (4)

€ 1 0 € iHBapiaHTaMU BIAMOBITHUX TEH30piB, TOOTO HE 3alieXkKaTh BiJl BUOOPY CHCTEMU
KOOpJWHAT.

3aMICTh CEPEeAHbOTO HANPYKEHHs 3pYYHO PO3IIIAJATH TUCK p — BEJIMUYUHY, KOTpa Mae
I[IJTKOM BU3HAYCHUN (DI3MUHUHN 3MICT:

p=o. )

Tuck € ckansipauM nosneM. Pazom 3 THCKOM OyZeMo po3riisgaTi APyre CKaJSPHE MOJIe
— minbHICTh p. lllinbHicTh cepenoBuiia, KOTpe aAepopMmyeThcs, pp mepeadadaeTbes
noctiitHot0. [Ipn nedopmariii mMITEHICTE MOXHA MPEACTABUTH B BUTIISI

p=potap, (6)
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ne Ap — npupicT MiIBHOCTI.
[Tonanpiie TeopeTHUHE JOCIIDKEHHS Oy1e TPYHTYBATHCS Ha MPUITYIIICHHI, 1110

14p|
P« 1. (7)
Po
Jlnst rpyHTIB HepiBHICTh (7) MOXHA BBaXKaTW TUIBKA JIyXe€ TPyOUM TEpIIuM
HaOmkeHHs M. OTHaK, IOTO TOBOIUTHCS MpUHMATH, 00 MO0y yBaTH MAaTEMATUYHY MOJEIb.
B iHmomy BUManKy 3aBJaHHS BUSBIISIETHCS HAA3BUYAHHO CKIIATHUM.

MiX KOMIIOHEHTAaMH TEH30PIB €y 1 Sk ICHYE 3B'A30K — cIiBBiHOMEHHA JIeBi-Mizeca
[7]:
ekmz/lkm.SKma(S)
ne A>0 — HeBU3HAUYCHUI MHOXKHUK, BPaXOBYIOUM YMOBY TeKydocTi Miseca [8], koTpa
Ma€ BUTTISI:
1 —r2
ESKm SKm_Ty; (9)
1€ 7, — MeXa TEeKy4OCTI ITpX 3CyBi. s TpyHTIB L BEIMYMHA € QYHKIIEIO BITHOCHOTO
YIIUTEHEHHS:

A
o=n() Y = o vl <1 (10)

OcTtaHHS HEPIBHICTh BUTIKAE 3 HEPIBHOCTI (7).

Bin Benu4MHM p 3al€XUTh HE TUIBKM 7,, ane i TUCK. byJaemo Hajani mia THCKOM p
PO3YMITH HaUIMIIKOBUHN THCK, TOOTO THUCK, 3yMOBJICHUH €0 3yCUIII pOO0OYOro OpraHy Mnpu
IPOKOJII.

SIkicHa 3aJIeXHICTh p(y) 300pakeHa Ha puc. 1.

oA

_—
oy

Pucynox 1 — fkicHa 3anexHicts p(y)
Loicepeno: pospobaeno agmopamu

Di3uyHUI 3MICT BEJIUYMHU ) MOJATAE B TOMY, IO OPHU Ii JOCATHEHHI BCA BOJIOTa 3
b
TPYHTY BHUTICHSETHCS U TIPU I[bOMY BUKOHYETHCS TaKa PIBHICTb:

. dp _
lim,, ¢ o= k, (11)

ne k — 00'eMHHIT MOTYJTh a0COTIOTHO CyXOT'O TPYHTY.
Bemnunna yp; ans  peanpHuUX TpyHTIB JexuTh y iHTepBami (0,1+0,2) [9] i
HiATBEPIKYETHCS B IEPIIOMY HAOIMKEHHI MPUITyIIeHHM (7).
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Bynemo BBaxkaTu, 110 OIip I'PYHTY BH3HAYAETHCSA, B OCHOBHOMY, OIIOPOM MOPIBHSHO
BY3bKOT'0 LIapy, KOTPHUI MPUJIIATae 10 poOOYOro OpraHy:

Y=Ys. (12)

Otxe, BEIMYHHY T, MOXKHA BBAXKATU IMOCTIMHOIO Ta TAKOO, IO JIOPIBHIOE BEIMYMHI
7,(ys). ToMy HUKYE CKpi3b HepedadaeTbes, o

T,=const. (13)

Bigmitumo, 1mo 3ragasi 3alexHOCTI p=p(y) 1 7,=7,()y), a TAKOXK BEJIUYUHA Y CYTTEBO
3aJIeXKaTh BiJl IIBUIKOCTI HABAHTAYKCHHSI.

3amicTh [lekapTOBUX KOOpPAHMHAT X, V, Z Y JQHOMY BHIIAAKY 3PYYHO KOPHCTYBATHCS
chepuuyHUMHU KOOpJIMHATAMH 7, O, ¢ (puc. 2).

VY chepuuHiit cucteMi KOOpIUHAT

Vi = Vr V2 = Vg, V3 = Vg,
€11 = &y €22 = €995 €33 = 5(p(p;
€12 = &rg; €13 = Ergs €23 T €9 (14)
011 = Opr; O22 = 0gg; 033 = Ope;
012 = Org; 013 = Opg; 023 = Oggp-

3B'S30K MDK BEKTOpaMH IIBHAKOCTI Ta TEH30pOM MIBHIKOCTEH aedopmartiit
BU3HAYAETHCS hopmynamu [10]

A

Metlal

M

Pucynok 2 — KoHyc 3 KyToM po3TBOpY 20t 00TIKAETHCS JKOPCTKO-TIACTHYHUM CEPEOBHUILIEM:
1, 0,  — chepuuHi KOOpIUHATH AEsSKOT TOUKH M cepenoBHIa
Loicepeno: pospobaeno agmopamu

v, 10vy
S
1 dv,

[ _tg —
0P =3 51n96(p+rc‘g +

__1(0vg |, 10v, v@)_
STQ_Z(OT +r69 r)’ (15)

1 1 0v, 0v, v,

fro = 2\ sind dop or T ;
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1 Ov(p_l_ 1 Jvg -
%0 =2\ 90 Tsingap Ve 97 )

[Tonsi, KOTpUMH XapaKTEpPU3Y€EThCSI MEXaHIUHA MOBEIHKA CYLIIBHOTO CEPEIOBHUINA,

MOBUHHI 33JI0BOJILHATH 3alMCAaHUM HIDKYE AudepeHIlialbHuM piBHIHHAM. [lepmie 3 HUX —
PIBHSHHS HEPO3PUBHOCTI:

1 0

1 0
sinf 06

sinf % (p . V(p) =0.16)

PiBHsIHHS pyXy NP HEXTYBaHHI CHJIAMH 1HEPLIi NEPEXOASATh y PIBHIHHS PIBHOBAru:

%%(rz-p-vr)+ (p vy - sind) +

aO'Tr + laO’rg 1 6Vr(p

or r 060 r-sinf @7r

1
+ ;(2 “Opr — Ogg — Oy + Trg - ctgh) = 0;(17)

do. 0 160’99 1 aVQ(p 1 . A
or T7 26 T rome P +?[(099 — Oyy)ctgl + 3 - 0] = 0; (18)

001 n 10094 1 0vype
ar r 00 rsinf Jd¢

1
+ ;(3 “Opp + 09, " tgh) = 0. (19)

BucnoBku. PiBasHHS (17)-(19) pazom i3 cmiBBimHomenusmu (1)-(4), (8) 1 (9)

JI03BOJISIIOTh 3HAWTH BCi XapaKTEPUCTUKHU >KOPCTKO-TUIACTHYHOI Tewii — IMOJIS IIBUIKOCTEH,
MIBUJKOCTEN edopMartiil i Hanpy KeHb.
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Mathematical Modeling of Soil Behavior in the Process of Puncture

Modern construction involves the laying of a large number of various engineering communications.It is
often necessary to arrange crossings under highways, railway tracks and other ground structures, the destruction
of which during open trench development is a very expensive procedure. Recently, the technology of trenchless
laying of engineering communications has become widespread.The simplest and quite effective is currently the
most common method of static puncture. This method of well formation is characterized by the occurrence of
significant stresses in the soil around the working body, which can have a destructive effect on engineering
objects located nearby, both in the soil and on the surface. There is an urgent need to study soil behavior during
puncture, in particular, using mathematical modeling of the process.

The paper describes an approach to mathematical modeling of soil behavior in the process of puncture
as a flow of a rigid-plastic medium. The movement of the medium is considered in Euler coordinates. The
working body is modeled by a completely solid cone. The main assumptions are stated and substantiated.
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Pressure was considered instead of average stress. The density of the deforming medium was assumed to be
constant.Under pressure was understood excess pressure, i.e. pressure caused by the action of the effort of the
working body during a puncture.It was believed that soil resistance is determined mainly by the resistance of a
relatively narrow layer adjacent to the working body.Instead of Cartesian coordinates, spherical coordinates were
used in this case.As a result, all the dependencies characterizing the rigid-plastic flow are analytically deduced —
the fields of velocities, deformation velocities and stresses.

loader, articulated frame, hydraulic drive, steering, dredging, research, mathematical modeling
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