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AnHoTamus. /[ co3maHUs TPYHTOBBIX TIPO-
THBOQWIBTPAIIIOHHBIX ~ JKPAHOB  HEOOXOIUMO
o0ecreunTh YCTPOMCTBO TOPU3OHTAIBHON IIEIN
JIOCTATOYHO OOJBIINX Pa3MEPOB MACCHUBE TPYHTA.
Hcmonmp30BaHUY TATOBBIX pabodWX OPTaHOB THIIA
OyJIb103€PHOTO OTBajIa TPEOYET OLICHKH JABJICHUS
TPYHTa Ha HOXX M CHJIOBBIX XapaKTEPUCTUK Pabo-
gero mporecca. BenmmunHa maBleHWs BIUSET Ha
Je(OpMHUPYEMOCTh TPYHTa B 30HE pabo4ero opra-
Ha, I3MEHEHHE TOPUCTOCTH CPEIbl, YCIOBUsI 00pa-
30BaHUS M YCTOWIHBOCTH CBOJIOB, OTBOJ TPYHTA B
OOKOBBIE TEXHOIOTHYECKHUE TIPOPE3N  T.II. 3aaada
YCIIO)KHSIETCSI OTCYTCTBHEM BHU3YaJIbHOTO KOHTPOIIS
IIENTIEBOTO PEe3aHus Ha TIYOWHE W YIPABISIEMOCTH
TIPOTIECCOM.

B mnacrosimell cratbe moJjiydeHa aHaJIUTHYe-
CKasi MOJIeJNIb JIABIICHHs TPyHTa Ha JIOOOBYIO IIO-
BEPXHOCTh MPSMOTO OCTPOTO HOXa TIPH IIETEBOM
pesanuu. OTmpeneneHbl CHUIbl, NEHCTBYIOIIHE Ha
HOX, YCTAQHOBJICHHBIA MOJ YIJIOM K TPAaeKTOPUHU
€ro JIBIDKEHUS, & TaK)KE€ YCTAHOBIIEHBI 3aBHCHMO-
CTH CHIJIBI pe3aHusi OT M3MEHEHHUS TOPHUCTOCTU U
pa3mepoB 30HBI jedopMalii TPyHTA MPH OTCYT-
CTBUH €r0 OOKOBOTO BBITIOPA.

[lo mpenBapuTENTFHBIM OIICHKAM pacueTHBIC
3HAYEHUs] 3THX TTapaMETPOB COBMAIAIOT C JKCTIe-
PUMEHTAIBHBIMU JTAHHBIMH H3BECTHBIX YUEHBIX
JUTSL TUTOIIAJIKA HM3HOCA HOXA, UTO TIO3BOJISET B
TATHHEWIIIEM OIEHUTh TATOBOE COTPOTHUBIICHHE
MIPOXOUYECKON MAIIMHBI, YIPABISThH MPOIECCaMu
CBO/I000pa30BaHUS M OTBOJIA TPYHTA IO CTOPOHAM
pabodgero oprana.

KaueBble ciioBa: 1ieneBoe pesaHue, Oyib-
JTO3EPHBIN OTBAJ, TEOCTATHYECKOE IABIICHUE, Je-
(dhopmanus rpyHTa, 00KOBOH BBITIOP.
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JABJIEHME I'PYHTA HA HOX
[1PU IIEJIEBOM PE3AHNN

PaccmoTpuM KBasucTalMoOHApBIN Tpoliecce
pe3aHusi TPyHTa MPSIMBIM IIUPOKUM TIJIOCKUM
HOKOM THIa OylbI03epHOro oTBaa [6, 7, 12].
CkopocTh HOXa HEe3HAuuTeNbHA (IOpsJIKA He-
CKOJIbKUX CM/C) U B MOJIEJIM HE YYUTHIBAETCSI.
Pe3anue mpoucxoauT B MaccuBe IpyHTa Ha
rIyOuHe, TPEeBBIMANEe KPUTUUECKYIO TITy-
OuHy pe3aHusi. Yroja pe3aHuss He Ooliee
10...15°. OtBOA rpyHTa B OOKOBBIE CTOPOHBI
orcyrctByert [1, 5, 9].

OcHOBHBIE CBOHCTBa TPYHTA, BIHUSIOININE
Ha MpoIiecC: CLEIUIeHHUE, YIIibl BHYTPEHHEro U
BHEIIHETO0 TPEeHHUs], TUIOTHOCTh M MOPUCTOCTH
cpelibl (10 U Tociie HarpyXeHus), MIIOTHOCTh
CKeJleTa rpyHTa.

Hcnone3yem mpexzae BCEro 3aBUCUMOCTH
JTABJICHUS] OT U3MEHEHUsl MOPUCTOCTH TPYHTA,

KaKk  OCHOBHOM  mpuuuHBl  JedopManuu
[4; C.130]:
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rie a — KoO3(QQUIUEHT YIUIOTHEHUS; ® — KO-
3G GUIMEHT TOPUCTOCTH; G — JIaBleHue; Aw,
AG — COOTBETCTBEHHO UX U3MEHEHMUSI.

Jis yka3aHHBIX BbIIE KOI(PPUINEHTOB
CITpaBe/IMBEI paBeHCTBa [2, 13]

m P
lto= o mp _Po o
Vo  mpg P
rae V — o0beM 3JeMeHTa TpyHTa Maccou mi;
Vip — 00BeM ero TBepaoi (aswl; p — IIIOT-

HOCTB 3JIEMCHTA I'PYHTA,; pr — IINTIOTHOCTH €Io

TBEPJI0# (ha3wl.

[InoTHOCTH TpyHTa p sIBNIsIETCS (PYHKIIHEH
pPAacCTOSIHUSL OT MOBEPXHOCTH Cpe3a U M3MEHsI-
eTcsl TI0 MoKa3aTeabHOMY 3aKkoHy [15, C.51]. B
HaImuxX KoopauHaTax u o6o3HavyeHusix (Puc.l)
3TO OyHeT

p=pye, 3)

lf h o7
R — - —

Puc.1. PacueTHas cxema IIENEBOr0 Pe3aHus
TPYHTa OCTPHIM HOKOM: 4B — mpo¢ub
HOXa; [ — JUTHHA HOXKA;, O — YroJI pe3aHusi;
hpy — TOJIIMHA Cpe3a; /i — TOJIINUHA YIIOT-
HEHHOM 4acTH TPyHTa; G, — MaKCHMallb-
HOE JTaBJICHNE Ha HOXe (B TOUke 4)

Fig. 1. The design scheme of slot cutting of soil
with a sharp knife: AB — knife profile; / — is
the length of the knife; 4, — cutting angle;
hp is the thickness of the slice; 4 — is the
thickness of the compacted part of the soil;
G, —maximum pressure on the knife (at

point A)
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race poy — IJIIOTHOCTH I'PyHTAa B €CTCCTBCHHOM

3ajleTaHuu; k — TapaMeTp, 3aBUCSIIUI OT KOH-
CTPYKLMU paboyero opraHa, CBOMCTB IpyHTa U
XapakTepa pe3aHusl.

[IpuMeHsist 3aKOH COXpaHEHHUs BEIleCTBa B
COCTOSIHMM JI0 M IIOCJI€ YIUIOTHEHHS, MO>KHO
HanucaTh paBEHCTBO

h h
co(h+hy)=[pdz = [pyedz =
0 0
4)
= .ekh_1~ h+%
Po I Po 5 |

[Tocnennee paBenctBo B Qopmyne (4)
NPUOJIMKEHO, UTO CIIEYeT U3 Pa3JIOKEHHS eXp
B psia. Vcmonb3yst TOCIENOBATENbHOCTH pa-
BEHCTB (4), monydaem

hy =" h=""2, 5)

rae u =kh — ocHOBHOU Oe3pa3MepHbId mapa-
METP, MOJUICKAINNA ONIPENEIICHHUIO.

N3 ¢opmynel (5) crienyer, 4To O4eHb Ya-
cto u <0,5 u ommOKku paBeHCTB (5) HE mpe-
BoImaioT 20%.

[Ipu 3Hauenun napamerpa u nopsaxa 0,1
(KaK B pacCMOTPEHHOM B KOHIIE 3TOH pabOThI
MpuIokeHnn) omnoku P < 5% (310 mMarema-

THYECKHE OIIHOKH HpI/IGHI/I)I(eHHOFO PaBCHCTBa

(4))-

HanumeMm psip ciiencTBuil, NOTy4eHHBIX U3
dopmys (1), (2), (3):

1
c=0)——Aw; (6)
a
szpkp_pkpz_pkp(l_l)_oj=
P Po Po p) (7

= —(1+ )(1 —e® )z ~(1+ g Jkz

rae ®g, 6y — COOTBETCTBEHHO IHOPHUCTOCTH

TPYHTa W TE€OCTATHYECKOE JaBJICHHE B €CTe-
crBeHHOM 3ayieranun. OmmOKa IOCIEIHETrO
MPHOJU3UTENFHOIO PaBEHCTBA Jake Ha TPETh
MCHBIIIC OIHI/I6KI/I HpeI[I)II[YHIeI'O AHAJIOTUYHO-
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I'O paB€HCTBA, TaK KaK pAa OJIA e_kz 3HAKOIIC-

pemennslil. [Ipu z =k Oyner kz=u; c=o,,
MO3TOMY PaBEHCTBO (6) MOXKHO MPEJCTABUTH B
BUJIC
Mu . (8)
a
B TO xe Bpems Ipu TIepeMEeHHO# z aHaor
¢dbopmyusl (8) Oyner

GT:GO+

5(2) = oy + @kz. )

BbraucnuMm no 3akony Kynona-Mopa ka-
caTelbHYIO CUily F, NefCTBYIOIIYIO B CEYCHUN
BJ0JIb JUHUM (OA, 10 KOTOPOH NPOMCXOAUT
BEPTUKAIBHBIN CIBHT, IPUBOJAIIUN K cOpocy
HANpPsDKEHUsl, HAKOMMBIIEToCsl NMPHU YIJIOTHE-
HUM (cuiny F BBIYUCISEM Uil MOBEPXHOCTU
CJI0sl TPYHTA €AMHUYHOM TOJILIUHBI):

h

h
F = [x(o)dz = I(C+Gotg6+ tge-mkz]dz

0 0
2
= (C+00tg6)h+tgewkh— ~
a 2
zh(C+tg9w0+lzJ, (10)
a 2

rne C — cremieHue B rpyHTe; 0 — yroa BHYT-
peHHero TpeHusl; o(z) — naBieHue u3 Gopmy-
ael (9). B nocneanem npubinxeHuu GopmyIisl
(10) BenuunHa G UCKIIOYEHA, KAK HE3HAYM-

TenbHas B oomiel cymme o(z) [11].

C npyroit croponsl, BenuuuHa F paBHO-
JIEHCTBYIOIAsl BEPTUKAIBHBIX COCTABIAIONINX
JIpYrux cuil, AEMCTBYIOLIMX Ha paccMaTpuBa-
MBIl YIUIOTHEHHBIH CJIOM TPyHTa, PacIioiio-
KEHHBIH 1Moj ywyacTkoM Hoxa AB. CeueHue
3TOTO CJI0s €MIUHUYHOHN TOJIIMHEI I0Ka3aHO Ha
Puc.1 B Buae uersipexyronbuuka OABD (Bun
cOOKY).

Bo-niepBbIx, 3T0 BepTHKaJIbHAsI COCTaBIIS-
IOIIasi CUJI 1aBJIEHUS TPYHTA

F :cscplcosé}:%lcoséi, (11)
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rie o., =0,/2 — cpeaHee NAaBICHHE BJOJb

P
JTIMHIHN AB.

B mnepBoM mnpHOIMKEHUH 3aBUCUMOCTH
ATOTO JaBJlieHHus BAoJib AB nuneiHa [3, C.176,
Puc.95].

Bo-BTOpPEIX, 3TO BepTHKaIbHas COCTaBl)
IOIasi CUJI TPEHHsI TI0 JIOOOBOM TMOBEPXHOCTH
HOXa

F, :chtgu-lsinﬁzc—;tgu-lsiné‘), (12)

race W — Yyrojl BHEIIHETO TPEHUS T'pyHTa I10

KeJesy.
IloncraBum B pasencrso F' = F) —F,, co-
OTBETCTBYIOIIIME  3HAUCHUs ®3  (HOPMYI

(10)...(12), mpenebOperasi, Kak yKa3bIBAIOCH
BBIIIE, 3HAYEHHEM G, (3HaK "—" COOTBETCTBY-

€T pa3HOHANPABJICHHOCTHU cuil F'1 u F?)

|
h(Cng‘”0+ ,z):

a 2 (13)

=%(1cos§—tgu-lsin8)

[ToncraBuM 3Hauenue / u3 popmynsl (5) u
o, u3 (8) B paBeHcTBO (13), omyckas o),

u a 2

M ul cos 8(1 - tguth)

2a

(14)

PaznenuB paBenctBo (14) Ha /cosd u u3-

H
[cosd

1
2tg5(c+tg9w0+ zj:

MEHUB Ha g0, MOJyYuM

u a 2

(15)
~ (1+ coo)u(1
2a

= — tgutgd).
Teneps momuoxuM (15) Ha © 1 ToAETUM Ha

Ma(l—tgptg&:
2a
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4tgd - aC

2tgbtgd - u 2
—u®. (16
(1+ 0 X1 —tented) v 1o

1—tgutgd

B PpE3YyIbTATC NMOTYIUM KBAJIPATHOC ypaB-
HCHUEC, U3 KOTOPOT'O MOXKHO HalTH u,

u?>=Bu+ A, (17)
e
B 2tgOtgd A= 4tgd aC (18
1 —tgutgd 1—tgutgd 1+ o

Wrak, makcuMmanbHOE JaBlieHWE Ha IIO-
BEPXHOCTH HOXa G, (B Touke A) MOXHO
Halitu 1o ¢opmyie (8), MOJACTaBUB B Hee
€IMHCTBEHHBII  TIOJOXUTENbHBIH  KOpEeHb
KBaJipaTHOro ypaBHeHus (16).

[IpoBepuM pe3ynbTaT MO SKCIEPHUMEH-
TAJIBHBIM JIAHHBIM, B3STHIM W3 M3BECTHBIX HC-
TOYHHUKOB [3, 15].

OnpITHBIE TOKa3aTeNId JaBJIEHUS TPYHTA
BJIOJIb HOXa (N1 TUIOMIQJKH — HW3HOCA)
[15, C.176, Puc.95], cornmacuo pabore Amuro-
Ba [.W. pu uccrnenoBaHuu pe3aHusi CyrJIUH-
KOB ¥ TJIMH OIBITHBIM HOXXOM C JIMHAMOMET-
pudeckoit Tenexkoi (Puc.2).

VYron & =7°; 3HaueHue yrjia BHYTPEHHEIr O
TpeHust O u cueruieHuss C BO3bMEM MTPOMEXKY-
TOYHBIMH U3  TIPUBEJEHHBIX  BeTpoBbIM

[3, C.191, 193]: C=1,O,IIaH/CM2, 0=16°,
| =8° (3HaueHHUs yrjla BHENIHErO0 TPEHUs [

IpU TaKuX G U O B MIMPOKHX Iperenax, Kak
BUIHO u3 (opmyisl (17), Ha pe3ynbTare He

P, MH/m?
0,6 //
05 -~
/
04 //
0,3 d
o
1 2 3 4 I eMm

Puc.2. Dmiopa naBieHns Ha MIIOMIAIKe
n3HOCca HOXKa (manubie [.U. AnnmnoBa)

Fig. 2. Pressure chart on knife wear surface
(data by G.I. Alipov)
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CKaXyTcsl). 3HAUEHHE BENUYMHBI @ HaXOJUM
u3 Tabn.7 pabotsr [15, C.50]:

A® Ag
a =———| B 00OO3HAYEHH SIX UCTOYHUKA - — |

Ac Ap

ar~ 0015 _ 0,03 CMz/KF.

3

Jl1g Haniero rpyHTa nopucTocTh ®, ~ 0,6

[15; C.49, Puc.13].
Boeruncnsiem koadpduumentet 4 u B 1no
dhopmynam (17, 18)

A= &-0,03CM2/KF-1KF/CM2 ~
1—tg8°tg7°

3 012-003 4 h00.
0,99-1,6

5 2:tgl6%tg7° 2-027-0,12

~ ~ 0,064 .
1—tg8°tg7° 0,99

Haxoagum KOPEHb KBaJIpaTHOTO YPABHCHUMA

(17)

~ 0,032 +,/0,001+ 0,009 ~ 0,13.

[To dopmyne (8) HalimeM 3HaueHUE Mak-
CHMaJIbHOTO JIaBJICHUS G

1,6 )
o, ~—-0,13k[/cMm” =~
T 0,03 /

b

~6,9-9,8-10* H/m? = 0,67MH/m>

10 ——

0.8

06—
\

T——— ]

T
T
|

0.4

0 02 04 06 08  10P xr/m?
Puc.3. KomnpeccuoHHBIE 3aBUCUMOCTH
JUTSI CyTJIUHKA
Fig. 3. Compression dependences for loam
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UM B mpenenax HempepbeiBHOcTel 0,57...0,77

MH/m.
3Ha4eHUus G, HaiiJleHHbIE SKCIIEPHMEH-
tanbHO [.MI.AMmoBBIM, COCTaBISIIOT B Cpe-

Hem 0,6 MH/M2 U B COOTBETCTBHHM C JIMHEN-

HOM perpeccueil MMeEIOT Tako e pazdpoc
3HAYEHUN.

Pemas kBanpartHoe ypasuenue (17) u noa-
CTaBIIsisl €0 B PABEHCTBO (&), MOIy4uM 3Haye-
HUE MaKCHMAJIbHOTO JAaBJIeHWs] TPYHTa Ha
MIOBEPXHOCTh HOXa B 00IIEM BHUIE

1
5, =0, N (ON) + tgeth
a | 1-tgutgd
tg’0tg’d 4tgdaC - (19)

(1-tguted)®  (1-tgutgd)l+oy)

Ecnu mepBoe craraemoe 1oji KOpHEM He
npesbiaetr 20 % OT BeIWYUHBI BTOPOTO (Kak
B PAaCCMOTPEHHOM CJIy4ae), TO ¢ OmMuOKOH [
<10 % MOXHO HCHOJB30BaTh YIPOIIECHHYIO

bopmyiy

o +1  tgbtgd

GT = GO + 1
a —tgutgd 20)
a 1—tgutgd

3ameuanue 1. Tlopuctocts TpyHTa () B

dopmynax (19), (20) B psae ciydaeB MOJIE3HO
3aHmxkaTh (B npenenax 10 %) mis coxpaneHust
MPUHATON B HAIIEH MOJENH JINHEMHOCTU KOM-
MIPECCUOHHOMN KPUBOH ® = o)(cs) (Puc. 3), B3s-
o m3 [15; C.49],

3ameuanue 2. llpu 3HaUeHWHM NapaMmeTpa
u > 0,5 ommOka BEIYUCIIEHUS MaKCUMAaJIbHOI'O

JAaBJICHUS HA HOXKE G, OT 3aMCHBI 3KCITOHCH-

THI ¢ ee NPUOHKEHUSIMHA MOKET IIPEBBIIIATEH
20 %. B paccMoTpeHHOM € TpHUMEpe 3Ta
ommbka — opsiaka 6 %.

Wrak, MBI oOIpenemidi MaKCHUMalbHOE
JIaBJI€HHE I'PyHTa, BO3HUKaIOIee Ha JO0OOBOMH
MOBEPXHOCTU MPSIMOTO IJIOCKOTO OCTPOTO HO-
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’Ka IIpU WIEJIIEBOM pPE3aHUU. AHAIUTHYECKas
MO/IEJIb MOKET OBITh UCIIOJIb30BAaHA ISl OLICH-
KM COCTOSIHUsI TPYHTa IIPH YCTPONCTBE I'OpU-
30HTAJIBHBIX II€JeH U NPOTUBOQUILTPALIMOH-
HBIX DKPaHOB.

Bemmuanabr JaBJICHHUA O BBIYMCJICHHBIC

TS
mo dopmynam (19) u (20) ans CYrJIMHKOB,
MPAaKTUYECKH TTOJTHOCTHIO COBIAIAIOT C IKCIIE-
pPUMEHTATFHBIMU 3HAYECHUSMH, TOTyIeHHBIMA
10.A.BerpoBbiv, I'"M1.AnunoBeiM U Apyrumu
aBTOPaMH JUTSI TUTOTIAIKU M3HOCA HOXKA B aHa-
JIOTHYHBIX YCIIOBHUSIX M MMEIOT TaKOW ke pas-

OpocC 3HaYCHHUIA.

COTIPOTUBJIEHUE
INEPEMEHIEHMIO HOXA

M3yuum Temephb Mpollecc pe3aHus TPyHTa
Ha TJIyOWMHE MAacCHBa, TJI€ TOBEPXHOCTHBIE
a¢p¢dexTsl He mnposBistoTcs. CuuTaeMm, dYTO
CKOpPOCTh HOKa HEBEJIMKA, a YroJI Pe3aHusi J10-
cratouHo Man (mopsiaka 10...15°). Paccmar-
pHUBaEM YCIIOBHE «3aKPBITOTO» pe3aHusi, KOTaa
MOTOK TPYHTa OTPaHWYEH C OOKOB B TUIAHE.
[Toatomy rpyHT nedopmupyercst 1060BOM 1O-
BEPXHOCTBIO HOXa TOJNBKO B BEPTHKAIFHOM
HAIpPaBJICHUH.

Cunraem, 4To Mpoliecc KOCOYroIbHOTO pe-
3aHUS IPOUCXOUT TPH OTCYTCTBUU JKECTKOTO
SIpa YIUIOTHEHHS W HEXECTKOTO BBIIOpa
rpyHTa 1epes Hoxkom. Ipsmas AA’ na Puc.4
MepIeHIUKYIIIpHA TUIOCKOCTH Pe3aHus TPyHTa
ABC; nnockoctu AA'B u AA"™ B! napannens-
HBI (3TO TIOBEPXHOCTH CKOJIBKEHHS TPYHTA); O
— YTOJ pe3aHus TPYHTA; Y — yroj pe3aHus B
TUTIaHe.

~L

L C
—
/
il
I !
/AH BH
/ b
A/,
S
A B

Puc.4. Hox, yCTaHOBJICHHBIH TIOT YTIIOM
K TPAEKTOPHUH JBIKCHHUS
Fig. 4. Knife mounted at an angle to the
trajectory of movement
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HKECTKOE SJTPO

AN IJIaCTHYECKAasT

30Ha

B[I
a

A 1

Puc.5. JlepopmupoBanne rpyHTa epea HOKOM
Fig. 5. Deformation of the soil in front of the knife

IlocTanoBKa 3agauu

W3 nureparypsr [3, C.53, 58] usBectHO,
gto pu O < 20°...30° KecTkoe WU HEXKECT-
Koe («4ysoK») sSiApo BbIMOpa oTcyTcTBYeT. Ha
Puc.5, a mokazaH HOX C SIIpPOM YIUIOTHEHUS
(BBIITOPOM, HAPOCTOM) U IJIACTUYECKOM 30HOM
neOopMUPOBaHUSI TPYHTA («IYIKOM»); Ha
Puc.5, 6 — snpa ymioTHeHHs: HET (TOYHEe,
«4yJOK» HE BBIXOJUT 32 MPSIMYIO KPOMKY).

PaccmarpuBaemsiii Hamu ciyyait (Puc.5,0)
MPUBOJUT K TPEANONOKEHHI0 O TOM, 4YTO
SMIOpa JaBJIEHUH HAa MEPEHIOI T'paHb HOXa
UMeeT MPHUOTU3UTENBHO TPEYTOIbHYI0 (hopMy
(Puc.6). 3necy 6o — reocraTu4eckoe JaBjieHUE
(B €CTeCTBEHHOM COCTOSIHMHM TPYHTA), MOCTO-
SSTHHOE JUIsl JIAaHHOW TJIyOMHBI pE3aHus; G —
JIaBJIEHUE y BEpXHEU KpOMKH Hoka [16].

[TockosibKy BbIIaBIIMBaHUE IPYHTA MPOMC-
XOJIUT Yepe3 BEPXHIOI KPOMKY, CUUTaeM, YTO
JIaBJICHHE G CYIECTBEHHO MEHbILE Gz, U B
OKOHUaTeNbHbIE (POPMYIBI HE BOUIET (Go SB-
JISIeTCsl TIOCTOSIHHON JIOTIOJIHUTEIBHON COCTaB-
nsomeil B o0IeM JaBlIeHUH, JeHCTBYOIEM
Ha HOX CO CTOPOHBI IPYHTa, HE 3aBUCHUMOM OT
€aMoro Ipoiiecca pe3aHusi).

Op

)
J

i o) B

Puc.6. Dmiopa naBieHns Ha iepeHen
TpaHH HOXKa
Fig. 6. Pressure chart on the knife front
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Torma cpennee naBieHue Ha JT0OOOBOH Trpa-
HU HOXAQ:

Gy
ch =7. (21)

CuurtaeM, 4TO MHPUHA HOXKA (pa3mep Tie-
penneit kpomku) BC = b B HECKOIBKO pa3
Oosbllle JUIMHBI HOXa (pa3mepa OOKOBOM
kpoMkn) A'B = 1.

OmnpenenuM IaBleHNE Gp Y BEpXHEH KPOM-
KM HOXKa W JICHCTBYIOIIINE HA HETO CHIIBI Yepe3
TE€OMETPUUECKUE TapaMeTPhl PE3aHus, YroJl
TPEHUS TPYHTA MO HOXY [L © COOCTBEHHBIE Xa-
PaKTepUCTHKH TPYHTA.

B3anMocBs3b 1aBJIeHNsI G ¢ H3MeHEHNEM
MOPHUCTOCTH U Pa3MepaMH 30HbI
negopmanun

[IpencraBuM moNOXKEHHWE HOXA B TPYHTE
Ha Puc.7. 3aech Ay — BBICOTAa HOXKA, paBHas
BBICOTE NPOPE3H; /i — TONIIMHA 30HBI Jiedop-
MaIlu¥ HaJ Mpope3bto; M — HeKoTopas TouKa B
ATOM 30HE, HAXOJSIIASICS HA PACCTOSIHUU Z OT
€€ BepXHEH rpaHuIIb.

O6o03HaunM: Go, po, W — JABJICHUE, TIIOT-

AN -

A4

.
A i

H y S gl

Puc.7. IlapameTpst 30HBI Aedopmarin
TpyHTa Tepel HOXKOM

Fig. 7. Parameters of the soil deformation
zone in front of the knife
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HOCTh U K03()(pUIIMEHT MOPUCTOCTH BHE 30HBI
negopmanuy; 6, p, ® — AaBlIeHHE, INIOTHOCTD
1 KO3(p(ULIHEHT TOPUCTOCTH B TOUYKE M; Op,
Ps, ®p — JTABJIEHUE, ITIOTHOCTH M KOA(HUITMEHT
nopucroctu B Touke A Bepxneit kpomku me-
penHeil rpaHu HOXa.

[TopucrocTh UrpaeT OCHOBHYIO pOJib B CO-
NpOTHBJIEHUN pe3aHuto rpyHTtoB [4, C.130].
3anuiieM COOTHOIIEHUs, AHAJIOIMYHO pac-
CMOTpPEHHBIM BBIIIE:

lto P P (22)

Ve mlpy P
riae V' — o0beM njieMeHTa TPyHTa Maccoil mi;
Vr — obbem TBepaoi ¢aser (6e3 mop) ‘njuj
AJIEMEHTA; Pr — IJIOTHOCTH €T0 TBEPOH (a3bl

(ompenenenne ®);

do

—=-a, 23
2o ° (23)

riae a — ko3 dunuent ymiotnenus [ 15, C.48].

p=pye h=2), (24)
rae k — xoa(pdunrenT, 3aBucAIUi OT TPyHTA
n Hoxa [15, C.52].

B gactHom cnydae (nipu z = 0) u3 dpopmy-
bl (24)

Po =pye (25),

u, nens (25) Ha (24), nonydaem:

Po_ gk, (26)
p

Teneps u3 popmynsl (22) Oyner:

1+ =21, 7),
Po
au3 (22), (27) u (26) 6ynert:
o :p_m_p_m:p_m[p_m_lj:
PP P\ P . (28)

=(1+a, )(5"‘5 — 1)
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Cuntas kodpduuueHT a B mperenax
HAIIET0 PaCCMOTPEHHUsI TOCTOSIHHBIM, U3 (23) u
(28) MOXHO TIONYYUTH (C YY4ETOM TOTO, YTO Go
OITyCKaeM IIpU CPaBHEHHH C Gg)

1

o, %0 -0, 2—2(60—(00):
; (29)
=l+a)0 (l—e_kz)
a

B YaCTHOM cllydae (1pu z = s y BepXHel KpOMKHU
HOXa):

- 1+%(1 ) (30)

Gp

N3 3akoHa coxpaHEHUs MACChl, UHTEIPHU-
pysl IUIOTHOCTh TPYHTa BJOJb BEPTHKAIU JIO
nedopMupoBaHusl TpyHTa U 1ociie (cMm. ¢op-
Myiy (26)), uMeeM

hy+h h
jpodZ = Ipoekde ,
0 0
1503051
kh
e -1
Po (hH + h) =Po
k
Haxoanm 3nece fy:
kh
h, = eleh ) (31)

Cunraem anamorumgno [8, C.86, 87], uto
CKOJIb)KEHUE YaCTUI[ TPYyHTa TMPOUCXOJIUT B
IIOCKOCTAX, HapasienbHbIX AAB.

Tak kak peansno [15, C.49] 3HaueHue BbI-

®—0
paXCHUA

<0.4...0,5, To u3z Gpopmynsl
I+ o,

(28) cnenyet, 9TO HKCIIOHEHTY
2

t
e =1+t+—+...

MOJXXHO PAa3JIOKHUTDb B psll, OTpaHUYNBAsACH IIPpH
HeO6XOI[I/IMOCTI/I OJIHUM WJIKM JABYyMS YJICHAMU

psna.
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[Toatomy dopmynsl (30) u (31) Gynem uc-
MOJIb30BaTh B BHJIE, COOTBETCTBYIOIIEM (f =
kh):

1
5, =20, (32)
a
"
t
hy=hs. (33)
(TTOCKOIIBKY
1+kh (kh)2 1—kh
e N Bkt

k k 2 2
Cuibl, AelicTBYIOLIME HA eIMHUYHYIO
IUIOIIA/IKY MepeHel TPaHu HOXKa

O003HaYUM BEKTOPHI U OCH KOOPJMHAT Ha
Puc.8 (touxu A7, A™ B" coorercTByIOT 060-
3HaYeHHBIM Ha Puc.4). CucreMa KoopJuHAT —
NPSIMOYTOJIbHAS JIEKaPTOBA.

Bexropst £1 = (1, 0, 0); £> = (siny, cosy, 0);
{3 = (— coso, 0, sind). Ilo ompenenennio Bek-
TOPHOTO IIPOU3BEICHUS BEKTOP

i ik
lyxly=|siny cosy O |=
—cosd 0 sind

= (sin dcosy, —sindsiny, cos dcos y) ,

NEPNCHAUKYJIAPECH K MJIIOCKOCTHU HOXa U UMECT
JUTAHY (OTIpeNeNIIeMyI0 TIPSMBIM BBIYUCIICHH-
em):

f:\/l—sinzycoszéi (34)

Takum 06pa30M, HaXoaAuMM COCTaBJIAIOIIUC
JaBJICHUSA G HA CAMHWUYHYIO TUIOIIAAKY I1JIOC-
KOCTH HOXKa:

-1 . |
G, =—-8Indcosy-G; 6, =—sindsiny-c;

cZ:_—lcos?}cosy-c, (35)

rae kod(pdUUMEHTh NpU G COBMAJAIOT C
HAINpaBISIOMIMHA  KOCHHYCaMH HOpPMald K
TUTOCKOCTH HOa. COOTBETCTBEHHO COCTABIISI-
folye cuiabsl TpeHust Oynyr (Ha Puc.8 —
c,/l3, cl XOY):

G = — G tgU cosd;
oy = 0; (36)
Gz = © tgu sind.

YciaoBue paBHOBeCcHs TPYHTA
Ha/l INIOCKOCTHIO HOKA
H OIIpe/iesIeHNe HANPSIKEHUS G

PaccmoTpuM  cioii  rpyHTa  TOJIIIMHOMN
dy = 1 Haa MIOCKOCTRIO HOXA B TpeJenax 30-
HBl Aedpopmaruu. ITOo Kocas  IpH3Ma
AT AV BIVBIDIDIVBVBI (Pyc.9).

Koopaunatsl u coctaBnsioniue cuil ObUH
paccMOTpeHb! BbilIe (B . 3 CTaThy) JUIsl TUIOC-

Puc.8. Cxema cnit, AeCTBYIOINX HA HOXK
Fig. 8. Scheme of forces acting on a knife
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xocty Hoxka. st rpanu A'DBYBT cnenyer
MIOMEHSATH 3HAKH COCTABISIONMX. Bosis rpa-
un AMADYVD™  npomcxomut pasrpyska c
BEPTUKATBHBIM  CJBHIOM  HAKOIJIEHHOTO
Hanpsokenus. o 3akony Kynona-Mopa kaca-
TeJIbHOE HATIPSKEHHE HA HJIEMEHTE 3TOl rpanu
HAIIPaBJIeHO IIPOTUBONONOXKHO ocu OZ //
ATA™ y pasho:

ox=c+ o120, (37)

I7Ie ¢ — CICIUICHHE; G — JIaBJIeHHe (HOpMasib-
HOe HampspbKkeHue); ® — yroa BHYTPEHHEro
TpeHUs.

TTonnast cocraBisiromasi Baoab ocu OZ
CHJI, JEHCTBYIOIIUX Ha J3Ty TpaHb, OyneT

SAZUAIVDIVDZU
Ha cpejlHee KacaTeJIbHOe HaIpsDKEeHHe, JaBiie-
Hue e neprneHaukyisipio OZ). Ilnomans

paBHa hdy _

cosy cosy
u3 popmyin (29), (30) 1 BO3MOXKHOCTH JIMHEH-
Horo mpuomkeHns 1 — e ¥ = kz, o koTopom
TOBOPHUJIOCH BBIIIIE, JTABICHUE

‘o (Wwiomaab, yMHOKEHHAs

(tak kak dy = 1). Ucxons

(6}
G§p=c+73tg®.

AIV

AIII

A[I

Puc.9. [Ipuzma rpyHTa Ha T0OOBOI TPaHU HOXKA
Fig. 9. Prism of soil on the frontal edge of a knife

I/ITaK, HCKOMas COCTaBJIAIOIIas paBHa

(c+%’tg®]. (38)

cosy
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OHa JTo/KHA PaBHATHCS BEPTUKAITBHON CO-
CTaBJISIIOLIECHA CHJIBI, JEHUCTBYIONIEH Ha mepen-
HIOIO TPaHb HOKa Ha ydacTke, rae dy = 1. 3to
CIIeyeT W3 MPEIIOJIOKEHUST 00 OTCYTCTBHU
COOTBeTCTBYIOIMX cuil Ha rpansax A" D!"B"BY
u B"B"BVB" Tak kak reocraTmueckoe JaBie-
HUE Go He yJuThIBaeM. bokoBeIMU 3 dekTaMu
TaK)Xe TMpeHeOperaeM, MOCKOJIbKY IIHPUHA
HOXa b CyIlecTBEHHO OOJIbIIE ero JUIUHBI /[ U
BC€ TIOIA/IKM CKOJIBXEHUS UIACHTHUYHBI).

[Inomane nepeanet rpanu HOXKa Sy

Sy =Spp /cOSQ, ,

rJie TUIOMIAAb MPOEKIIMK STON TPaHU Ha TUIOC-
kocth ABC paBHa Snmp = [ cosd-bcosy u
HAIPaBISAIOMNI KOCHHYC HOPMAlld TpaHH C

1
ocbto OZ paBeH COSQ, = 7c058 -cosy (u3

(dhopmyel 35).
3HaunT

S, =Ibf . (39)

BepTukanbHble COCTABISIIONIME CHJI JIaB-
JeHusl U TpeHus noiaydum u3 dopmyn (35) u
(36), MeHsist 3HAK HAa TPOTUBOTIOJIOKHBIMN:

1 .
G, =—GCosdcosy; O =—otgusind.
CpenHee HampsDKEHHE, COTJIACHO TIPEIIO-

c
noxeHuo (21), 6, =—*

3HauyeHUEe BEPTHKAIBHONW COCTaBIISIONIECH
CHJIBI (CO CTOPOHBI Iepe/IHEN TPaHu HOXkKa)

SH (O-ch _GTZCD) =

=lbeB lcosé‘cosy—tgysiné = (40)
21
=lbcos5c0s9/ﬁ l—ﬁthg(S .
cosy

PaznenuB pasenctBo (40) Ha bcosy, mo-

Jy9AM 3Ha4eHHWE OJTON CHJIBI Ha Y4YacTKe
dy =1. llpupasusiem ero 3nadeHuto (38):
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lcos§%{l ﬁg’utgé}

cosy
e
= c+
cosy

Tak kak [/ = }_l“ ;ah=
sind

(33)), To, moCTaBISISL 3TU BBIpaXKeHUs B (op-
Myny (41) u cokpamas Ha A, , IOJTy4UM

E e P Y
2tgd cosy tcosy

HOI[CTaBJ'IH}I B IOCIICAHCEC BBIPAXCHHUC

(41)

t_

" , 13 Gpopmynsl (32) nonydum
T O

o, {1 ﬁgﬂtg&}

cosy
2tgd . (42)

:—2(1+w0)[c+$tg®}
2

o,a

O6o03HaunB JuIsi KpaTHOCTH B (Gopmysie
(42) BenmmuHUHBI

§" = th Lo 2(1+(,00)C
AT g5 a
cosy
|
0 = “”0 t0@, 43)

MOJIYUYUM KBAJApPATHOC YpPAaBHEHUC JJISI HAIIPA-

KEHHS G :

oz =28"[¢' +5,0]. (44)

Jnst ananusa ypaBHeHusi (44) npuBenem
CIeNIyIoIllNe MaTeMaTHYeCKHe pPacCyKJIeHUs
[10, 14]. 3anumeM ympoiieHHOE KBaJapaTHOE

2
ypaBHeHHE G~ =1+ 206, KOTOpOE UMEET KO-

peHb o+ V1+ o? (C TOMOIIBI0 TTPOU3BOIHON

22

a+V1+a’

Jerko mnposeputh, 4yro 0,8 < ———— <1
200+1

(mnst a>0), TO ecTh
o =092 +1]=1,8a.+0,9

JTaeT KOPEHb ¢ ommoOKoit He 6omnee 10 %).
Kopenb 3TOr0 ypaBHEHHUS NEPEXOIUT B

KOpeHb ypaBHeHHS (44) Tpu HEKOTOPOM W3-

MEHEHMM MaciTada eauHuil. AHaIor gopmy-

bl 6 =1,800+0,94/1 s ypaBHeHus (44)

o, =1,85"0 +./1,65"¢’ (45)

WIA HENOCPEJCTBEHHO Yepe3 MapaMeTphl HO-
’Ka U TPyHTa, U3 paBeHCTB (43) moayyum JaB-
JIeHHe Y BepXHel KPOMKHU HOXkKa

1,8tgS5tg®(1+ @, )cos y
o, = +

' a(cosy - \/1 —sin’ y cos” 5)tg,utg5

(46)

s 3,2tgé(1+ o, )c

a (cos y— \/1 —sin’ y cos’ 5)tgytg5

Ecmu p, 6, y Mansl (Hanpumep, Korjaa o u
< 25°) B TaKoii cTeneHu, 4To

tgdtgu<0,2 u y<30°, (47)

TO MOXHO I0JIb30BaThCsl YIPOIIEHHON (op-
MYJIO#

o, =- (I+a,)+

(48)

; (I+a,)c

Cocrapasiiomue cuJ, 1eicTBYIOIMNX
HA JIO0OBYIO MOBEPXHOCTH HOXKA

HaxomnMm BEPMUKAIBbHYIO COCMABIAIOULYIO
F z CYMMapHOﬁ CHJIBI, ITIOJACTABIIAA BBIPAXKCHUC

(46) B PaBEHCTBO (40), rjie
T =cosy— ftgutgd,
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1,8tg5tg@(1+ w, )cos y
+
T
F =Ibl ? cosoT =
2 \/3,2tg§(1+a)0)c
+
aTl
%sin5tg®(l+a}0)cosy+
—i| “
\/O,9sin25(l+a)o)cT
+
a

HJIK, paCKpbIBasg 3HAYCHUC T,

[0,9(1+ o, |
(—O)sin5cosytg®+
a
_ 0,4(1+ )

Fo=ip|  [0404@) s

+ a

\x(cosy —\/yl—sin2 ycos’ O tgutg5)c
L ) i

YrpouieHHblli BapUAHT 3HAYEHUsI COCTAB-
nsromiedt F, npu ycnosuu (27):

0,9(1+a,) .
(—wo)s1n5tg®+
F =1Ib ¢ . (50)
+\/0,4(1+a)0)csin25
a

(3amerum, 4TO coOCTaBisIOIIAs CHIBL F)
HaIpaBlieHa BHU3).

bokosasa cocmaenaowas conpoTUBIEHUS
HOXY Fy = SHGpr. TloxcraBisast crozia 3Hade-

uus popmyin (39), (35), (21), (46), nonydum

1 o
F =Ilbf —sinosiny —= =
) ff 7

0,45sin’ §sin 27(1 + a)o)tg® .
coso -al
\/O,8sin3 5(1+a,)csin® y
" coso -al

3

=1b
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TO €CThb

I+
0,45sin” 'sin ZyMtg®
a +

cos§(cos y— \/l —sin’ y cos’ 5tg,utg§)

0,8sin’ 5(1+ @, )csin’ y
+

acos 5(cos y— \/1 —sin’ y cos’ 5tgutg5)
(51)

VYrpouieHHbIi BapuaHT npu yciioBuu (47):

sin® & (1+ @)

0,45 5 ——>sin2ytg® +
F,=1b €0 ¢ .(52)
\/O,8sin35(1+a)0) .
+ csin® y
cos O a

(Cocrapmsitorast  F,,  HampaBieHa BJOJIb
ocu OY).

Topuzonmanvuas cocmasnsiowas (cuna
pe3aHusi TpyHTa)

F =S,

O, TO

TX Cp

O-B

= lbf{% sind cos y 5

+tgucos o

o, |
2
=Ib[sin S cos y + figucosS]x
0,9tg5tg®(1 + w, )cos %
+

" aT
+\/O’8 tgd(1+ o, )c
a T

To ecTb cuna pe3aHus paBHa

F =Ib[tgScosy + fgu]x

O,9(1+a)0) S o
) a—Tsm cos ytg® + ’ (53)
0,4sin 20
+.——(1+w,)c
\/ aT ( 0)
rue
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f:\/l—sin2y00525; T =cosy— ftgutgd.

YrpolieHHbIi BapuaHT CHIIBI pe3aHusl, TpH
ycioBuu (47), 3aUCHIBACTCS TaK:

F = lbtg(5+,u)><
X (54)
0,9(1+a)0)
a

+\/—O’ 4(1 i) )C sin20

a

sin O cos ytg® +

X

HJIN

F, =0.9/btg(5+ p)R|Rcos 1tg® + e |, (55)

f1+(o .
F,I[CR: 0S11’16_
a

BbIBO/1bI

1. PazpaGoTana MOJENb 1IEJIEBOTO Pe3aHUs
rpyHTa IPOCTPAHCTBEHHO OPUEHTHUPOBAHHBIM
(YCTaHOBIIEHHBIM TIOJ] YIJIOM K TpPaeKTOPUHU
€ro JBMXKEHMsS) OCTPbIM HOKOM IIPU OTCYT-
CTBHHM OOKOBOT'O BBIIIOPA, KOT/Ia BECh TPYHT B
MOTOKEC, YIUIOTHAACH, BAABJIMBACTCA B CBOIBI
IPOPE3H.

2. YcraHOBIIEHA 3aBUCUMOCTh JIaBJICHHsS Ha
J000BYIO TpaHb HOXKA OT U3MEHEHUS IOPHUCTO-
CTU T'PYyHTA, yrjla BHCIIHCTO TPCHHUA U pa3MeE-
POB 30HBI J1e(hOpMAIIHH.

3. AHaJIUTHYECKH OIpeJ/ieleHbl COCTaBIIsA-
IOIIMe CHJI, JEHCTBYIOIUX Ha EIUHUYHYIO
IUIOINAAKY JI00OBOH TpaHM HOXKa, M IOJIHAs
CHJIa pe3aHusi TPYHTA.
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Crevice cutting model under geostatic
pressure

Mykhailo Sukach

Abstract. To create soil anti-filter screens, it is
necessary to provide a horizontal gap device of a
sufficiently large size to the soil mass. The use of
traction working bodies such as a dozer blade re-
quires an assessment of the pressure of the soil on
the knife and the power characteristics of the work-
ing process. The pressure value affects the deform-
ability of the soil in the area of the working body,
the change in the porosity of the medium, the con-
ditions for the formation and stability of the arches,
the removal of soil into the lateral technological
slots, etc. The task is complicated by the lack of
visual control of slot cutting at depth and process
control.

In this article, we have obtained an analytical
model of soil pressure on the frontal surface of a
straight sharp knife with slot cutting. The forces
acting on the knife installed at an angle to the path
of its movement are determined, and the cutting
force is determined depending on the change in
porosity and size of the soil deformation zone in
the absence of lateral outflow.

According to preliminary estimates, the calcu-
lated values of these parameters coincide with the
experimental data of known scientists for the knife
wear area, which will make it possible to further
evaluate the traction resistance of the cutting ma-
chine resistance, to control the processes of arch
formation and soil removal on the sides of the
working body.

Keywords: slot cutting, bulldozer blade, geo-
static pressure, soil deformation, lateral discharge.
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