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EKCNEPUMEHTAJIbHE AOCNIAXEHHSA 3MIHU 3YCUINA PI3BAHHA
3AJIEXXHO BIfJ YMOB PO3POGEKU I'PYHTY

NpoBepeHi eKcnepuMeHTaNbHI AOCNIMKEHHA LOAO0 BU3HA4YEHHA
3ycunb pi3aHHA B YyMoBax 6GnokoBaHoro, HaniB6sokoBaHoro,
acuMeTpu4YHO 6GNO0KOBAHOro Ta BiNbHOro cnocobiB po3po6KU FpPyHTY.
EkcnepuMeHTM npoBeAeHi Ha FpPYHTOBOMY KaHani Kadeppu
6yniBenbHMX, AOPOXKHIX Ta MeniopaTuBHux MawuH HYBITI. MpoBeaeHo
NOpPIBHANbHUA aHani3 36KHOCTI pe3ynbTaTiB eKCNepuMMeHTaJNIbHUX Ta
TEOpPeTUYHUX AOCAIMXKEeHb ANSA NillaHO-FAUHUCTOrO IPyHTY. BusHaueHo
CNiBBiAHOLWEHHA MDK BeJIMYMHAMM 3YCWU/Ib Pi3aHHSA FPYHTY NpU pi3HUX
yMOBaX M0Oro po3pooKu.

KnwuoBi cnoBa: rpyHT; 3ycunns; acuMeTpu4HOo O6n0KoBaHe
pi3aHHA; OnokoBaHe pi3aHHA; HaniBOJIOKOBaHe pi3aHHA; BiNbHe
pi3aHHA.

MocTtaHoBKa npo6nemMu. [1ns po3pobKM rpyHTY, 3aN€XHO Big YMOB
Ta TUMNY FPYHTY, BUKOPUCTOBYIOTbCS MAWWHM 3 TI'PYHTOPO3POOHUMMU
po604YMMM OpraHaMm Pi3HOrO TUMY: aKTUBHI, MACUBHI i NACMBHO-aKTMBHI.
Hanbinbworo nowupeHHs 3006ynmn poboui opraHm nacusHoro Ttuny. Lle
AOCTaTHbO MNPOCTI KOHCTPYKUil, wWo saABnaAwTb coboto ogHo abo
b6araToeneMeHTHi pobouyi opraHu, siKki po3pobnatoTb FPYHT, SK NPaBuUIo,
Ha [OOKPUTUYHUX rAnMbMHAxX 3@ pPaxyHOK eHeprii Tarada. Yci
I'PYHTOPO3pOOHI poboYi opraHu xo4 i pi3Hi 3a KOHCTPYKLiE ane MawTb
OOHY CNinbHY PYHKLUIO, AKA NONAra€ y BiAAINEHHI eneMeHTIB FpYHTY BiA
3arafibHOro0 MacKBY. IX KOHCTPYKLiSi MOBMHHA 6YyTM Takow o6
3abe3neyyBatMm 3AOIMCHEHHS pobo4oro npouecy 3 HAWMEHLIOK
€HEepProeEMHICTH.

Hanbinbw 3Hayywow CKIagoBOKW EHEProeEMHICTIO  poboyoro
npouecy po3pobKM TrpyHTY poboYMMM OpraHaMm € YMOBM PO3POOKMU
FPYHTY piKyuyMMun enemeHTamu (pisuamu, 3y6amu, ckpedbkamum Towo) [1-
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6].

Po3pobka rpyHTY FpyHTOPO3POOHMMM pPOOOYMMKM OpraHaMm Moxe
34iNCHIOBATUCA B YMOBax O/10KOBAHOro, aCMMETPUYHOro GJI0KOBaHOrO,
HaniB6JIOKOBAHOrO Ta BiNIbHOTO pi3aHHA FpyHTY [7].

MeTol po6oTn € NpoBeneHHS NOPIBHANBHUX EKCNEePUMEHTANIbHNX
OOCNIAXKEeHb MO BU3HAYEHHIO 3yCcunb A 6/I0KOBAHOro, aCMMeTPUYHO
6/10K0BaHOro, HaNiB6JIOKOBAHOIO Ta BiSIbHOrO CNOCO6IB pi3aHHA FPYHTY 3
BM3HAYEHHSAM CMiBBIAHOLIEHHS X BEJIMYNH AN CynNillaHNX PPYHTIB.

Buknaa ocHoBHOro Marepiany. [locnig)KeHHs nNpoBOAMAUCH Ha
FPYHTOBOMY  KaHani kadeopn  «byaiBenbHMX,  AOPOXKHIX  Ta
MeniopatueBHux MawmuH» HYBITI. pyHTOBMI KaHan npeactaBnsie cobow
6eTOHOBAHY MICTKICTb NPSIMOKYTHOrO nepepidy 3 po3mipamm 10x1,8x1,5 ™,
3anoBHEHY nonepeaHbO PO3MYLEHO | YWiNbHEHO MilaHO-TIMHUCTO
cyMmiwwio BonoricTio (w=14%). 3a uncnom yaapie winbHoMipa OopHAI
(Cys=4-ypapn) ue rpyHT 1-2 KaTteropii — TBepOUMN CyMiCOK 3i LWiNbHICTIO
p=19..2,0r/c™m.

Ons npoBeneHHs pocnigis Ha 'PYHTOBOMY KaHani
BUKOPUCTOBYBABCS AMHAMOMETPUYHUN Bi30K, 306 parkeHnn Ha puc. 1.

Puc. 1. 3aranbHui BUrnsg rpyHToBoro KaHany 3 AMHAaMOMETPUYHUM Bi3KOM Ta
[OoCNigHUM 061afHaHHAM

Ha pawmi Bi3ka 1 ycTaHOBNEHO HABICHY PaMHYy KOHCTPYKUiO 2, Ha il
nobogin NNaCTUHI 3 3aKpINAETLCS eKCnepuMeHTaNbHUN
I'PYHTOPO3PO06HMIN poboUMIA OpraH 4, SKMK NpuU pycCi Bi3Ka Yepes cucTeMy
BakeniB 5 pie Ha auHamoMmeTp 6. [ns peryno4yoro nepemilleHHs
HaBICHOI KOHCTPYKLiT B rOPM30HTANIbHOMY Ta BEPTUKANIbHOMY HamnpsiMKy
BUKOPUCTOBYIOTLCSA PYYHI MAaXOBUKHK 7.

EneMeHTV eKcnepnMMeHTaNbHUX FPYHTOPO3POBOHNX poOOYMX OpraHiB
Ta I'PYHTOBI YMOBW, B SIKUX MPOBOAMIMUCH AOCNIOXKEHHS, NpeacTaB/ieHo
Ha puc. 2 Ta puc. 3.

[ns KOPEeKTHOro BM3HA4YeHHSA CMIBBIAHOWEHHSA MK Be/IMYMHAMMU
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3yCUNb pi3aHHA FPYHTY NpM Pi3HMX yMOBax MoOro po3pobku nig 4ac
NPOBEAEHHA EKCNepMMEHTY HeobXigHO [AOTPMMYBATUCH [OKPUTUYHO
rMMBMHHMX YMOB poboTu ansa Bcix cnocobax po3pobku rpyHTy (h < hy).
ToMy, Ons npoBeOeHHS eKCMepuMeHTY, rubuHa pisaHHa (h) Mae 6yTu
PiBHOK HAMMEHWIN 3 KPUTUYHUX TMBMH [ns  6/IOKOBAHOrO,
HaniB6/IOKOBAHOro, acMMeTpMYHO ONOKOBAHOro Ta BiNbHOrO crnocobis
PO3POOKK FPYHTY NPU HANMEHLLOMY CMiBBIAHOLWEHHI LUMPUHM Pi3aHHSA 00
rnméuHu (b/h) y HassBHOMY FpyHTi.

a) 6) B) T)

y
Puc. 2. EneMeHTU eKcnepMMeHTanbHUX I'PYHTOPO3POOHMX pO6OUYMX OpraHiB:
1) 3MiHHiI HOXKi 3 pi3HOI0 WKMpKHOIO pi3aHHA (b): a) 0,02 M; 6) 0,025 M; B) 0,05 ™;
r) 0,1 M; r) 0,2 M; 2) 3MiHHi CTOSIKM 3 Pi3HMM KYTOM pi3aHHs (a,): o) 40°;
€) 30°; x) 20°
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Puc. 3. TpyHTOBI yMOBMK: a) AN BiNbHOro pi3aHHs; 6) AN8 HaniB61OKOBAHOrO
pi3aHHS; B) AN aCMMETPUYHO 6/10KOBaAHOMO pPi3aHHSA

Micns BIONOBIOQHMX PO3pPaxyHKiB, O/I1 HAWMEHLIOro 3Ha4YeHHs
b/h=0,25 pns npoBeAeHHA €eKCNepUMEHTY Oyno NPUUHATO TANOUHY
pi3aHHs BenuumHow h=0,1 M. [ns acumeTpuyHo BNOKOBAHOro pi3aHHS
npu b/h= 0,25 pobounin opraH Mae NpaLOBATU HA 3aKPUTUYHIN FTINOUHI.
OcKinbKkn ONns yHUMKHEHHS uboro Tpeba 6yno we 6inble 3MeHWYyBaTH
rMMOUHY NPOBEOEHHS EeKCMEePUMEHTIB, WO BXe 6yno He AoUuinbHO, TOMY
eKCNepuUMEHT A1 TAKOro BapiaHTy He NPOBOAMBCS.

Bu3HayeHHS 3ycuab 3a pi3HUX YMOB pi3aHHA FPYHTY NpoBOAM0CS
Ha TPbOX PIBHSAX CMIBBIAHOWEHb LWWPUHM Pi3aHHA A0 TNMOMHK ans
HacTynHux 3HayveHb b/h= 0,25; 0,5; 1, rnnbuHi pisaHHa h=0,1 M Ta KyTi
pi3aHHA a,= 30° (aK HaNbiNbLW BXMBAHOMY).

PeecTpauis Ta 3anuMc eKcnepuMeHTanbHUX AaHUX 34INCHIOBANUCH
HAaCTyNMHUM  YMHOM: 3YyCWUJINSA, WO AiSAW  Ha  piXKydi HOXI 4
'PYHTOPO3pOOHUX pobouMX oOpraHiB 4epe3 cuctemy Baxenie b,
nepeaarTbCa Ha ANHaAMoMeTp 6, KU ix peecTtpye i nepepae Ha [K, Ha
AKOMY MPOBOAUTBLCSA 3anuc MOTOKY 6e3nepepBHUX PEECTPOBMX [AHUX
3ycunb pisaHHa. OTpuMaHi paHi npeacTtaBnsoTbcs B UMPpPOBOMY Ta
rpadiuHomy Burnagi (puc. 4-6).
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Puc. 5. EkcnepuMeHTanbHi AaHi 3ycunns pisaHHs npu cnieBigHoweHHi b/h=0,5:
a) 6noKoBaHe pi3aHHsA; 6) HaniB61oKoBaHe pi3aHHA; B) BiflbHe pi3aHHs;
r) acuMeTpMyHO 610KOBaHE pi3aHHA
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Puc. 6. EkcnepuMeHTanbHi AaHi 3ycunns pisaHHs npu cnieeBigHoweHHi b/h=1:
a) 611oKoBaHe pi3aHHsA; 6) HaniB61oKoBaHe pi3aHHA; B) BiflbHe pi3aHHs;
r) acuMeTpMyHO 61OKOBaHE pi3aHHA

Micna npoBeaeHHS CTaTUCTUYHOMO aHanily OTPMMaHOro LndpoBoro
MACUBY €KCNePUMEHTANIbHUX AAaHUX PO3PAaxOBaHO ycepeaHeHi 3HAYEeHHS
3yCWUNb pi3aHHA [as YCTAaNIeHOro pPeXuMy, siKi HaBedeHo B Tabn. 1.
YcTaneHun pexXuM pi3aHHA BCTAHOBJIOBABCS Bi3yaJlbHO 3a 3MiHOW
dopMm rpadivyHOI 3anexHocTi B 4Yaci. [na po3paxyHKiB [o yBaru
6panuca oTpuMaHi eKkcnepuMeHTanbHi paHi nicns 10c no uyacy
npoBeAeHHS AOCNIAIB AN BCiX IX BapiaHTIB.

Taébnuus 1
EkcnepuMMeHTanbHi aHi 3ycunb pi3aHHS
b/h | P H | PusH |[8Pus%| Pus H | 2P0 | o p | AP
, , , " % " %
0,25 | 564,23 -—-- -—-- 295,25 | 52,3 | 235,96 | 41,8
0,5 | 608,94 | 901,08 | 147,9 | 371,97 | 61,1 250,3 | 411
1 868,25 943,4 108,7 | 617,94 | 71,2 4747 | 54,7

MpuM. Ps, P.s, Pus, Ps — 3ycunna pi3aHHsa, BignoBigHO, npu 6G10KOBaHOMY,
acMMeTpuYHo OGSI0KOBAHOMY, HamiBOMOKOBaHOMY Ta BilbHOMY cnocobi;
AP — BifHOLIEHHSA 3yCUb Pi3aHHA 00 3yCUnnsa npu 6J10KOBAaHOMY pi3aHHi

Ona nopiBHAHHA 3 [aHMMWU TeopeTUYHUX pocnigkeHb [7]
napanenbHo 6yno nNpoBeAeHO aHANITUYHI PO3PaxyHKM 3YCUNb pi3aHHSA
ANS aHANoriYHMX napamMeTpiB Ta YMOB B3Aa€EMOAII HOXa 3 FPYHTOBUM
cepepnoBsuLieM (Tabn. 2).
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Tabnuus 2
Po3paxyHKOBI AaHi 3ycunb pi3aHHSA
b/h | PoH | PuH |APu% | Pu H |APu%| PoH | 50"
0,25 691,1 - - 430,65 | 62,31 | 235,39 | 34,1
0,5 758,81 824,3 | 108,64 | 498,08 | 6564 | 302,68 | 39,9
1 894,21 959,75 | 107,33 | 632,93 | 70,78 | 437,27 | 48,9

lMpum. Ps, P.s, P.s, P — 3ycunnsa pi3aHHs, BignosigHo, npu 6G510KOBaHoMY,

acMMeTpuYHO 6GS0KOBAHOMY, HamiB6MOKOBaHOMY Ta BilbHOMY cnocobi;
AP — BifHOLLIEHHSA 3yCUb Pi3aHHA 00 3yCUnnsa npu 6J10KOBAaHOMY pi3aHHi

3a paHuMmu Tabn. 1, 2 oTpuMaHo rpadiku 3anexHocTi 3ycunns
pi3aHHSA

PiXXy4Mx  eneMeHTiB  IpYHTOpPO3poOHMX  opraHiB  Big
CNiBBIAHOLWEHHSA WWPUHN HOXa b J0 rMnbuHn po3pobru h (puc. 7) Ta
rpadikm  3anexHocTi  BiAHOCHOro  3ycunna  pisaHHa AP Big
cnieBigHoweHHS b/h npu pisHnx cnocobax pizaHHs (puc. 8).
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Puc. 7. 3aneHicTb 3MiHM 3ycUNNa pisaHHs 3a pi3HUMKU cnocobamm: (----- ) -
TEOPEeTUYHI AaHi; (————) — eKcnepuMeHTanbHi AaHi; a) — 6nokoBaHe;
6) — acumeTpunyHo 610KOBaHe; B) — HaniBb6noKoBaHe; r) — BinbHe
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Puc. 8. 3aneHicTb 3MiHM BiHOCHOMO 3yCWUJINS Pi3aHHSA 33 Pi3HUMM cnocobamu:
(~——=) — ekcnepuMeHTanbHi gaHi; (------ ) — TeopeTuuHi gaxi; 1) - BinbHe;

2) — HanisbnokoBaHe; 3) — 6/10KOBaHe; 4) — acMMeTpUYHO BIOKOBaHe

MaKkcuManbHa  po36iXKHICTE MK~ eKCnepuMeHTaNbHUMKM  Ta
TEOPETUYHUMU OAHUMU OTPUMAHUX abCONMOTHMX Ta BIAHOCHUX 3HAYEHb
ana 6noKkoBaHOro pisdaHHA cTaHoBuTb 19,8%; pna acuMeTpuyHO-
6nokoBaHoro 9,3%; pnsa Hanie6nokoeaHoro 31,4%; onsa BinbHoOro cnocoby
pizaHHsa 17%. OTpuMaHa po36iXKHICTb MiXK eKCnepuMeHTaNbHUMKU Ta
TEOPETUYHMMUN [AHUMU  3YCWb Pi3aHHS MOSACHIOETLCA CKJAQHICTHO
AOTPUMAHHSA OAHOPIAHOCTI i TOYHOCTI FPYHTOBMX YMOB MPW NiQroToBui
€KCNepuMEHTIB 3a pi3HUMM cnocobamu.

BucHoBku. [lpn po3pobui NacMBHMMW  IPYHTOPO3POOHMMM
opraHamu TBepaoro cynicky 1 kateropii Ha rnnouHy h=0,1 M 3 BonoricTio
rpyHTY w=14% pAnsa cnieeBigHoweHHs b/h=0,25...1,0 BigHOCHe 3ycunns
Pi3aHHS NpU acuMeTpuU4YHO H6noKoBaHOMY pi3aHHi ctaHoBUTb 110-150%
Bil 3ycmnns 610KOBAHOro pi3aHHS; NpyM HaniB6/1IOKOBAHOMY pi3aHHi —
50-70% Big 3ycunns 6710KOBAHOroO pi3aHHA; MpW BiNbHOMY pi3aHHi — 40—
55% Big 3ycnnna 610KOBAHOMO pi3aHHS.

Mpn 36iNblUIEeHi LWWPUHU PiXKYUYUX €SIEMEHTIB I'PYHTOPO3POOHMX
OpraHiB BNAMB CMNiBBIAHOWEHHS WWMPWUHM HOXA b 0o rMnbuHn po3pobku h
Ha 3YCUNNS pi3aHHSA 3MEHLWYETHCS.

1. KpuTUYHOrNMOMHHI  OBOSIPYCHI  IpyHTOpO3nywyBayi : MoHorpadis /
C. B. Kpaseub, M.Tl. Ckobntok, 0.B. CriHbo, P.B. 3ops ; 3a 3ar. pea.
C. B. KpaBug. PisHe : HYBITI, 2018. 235 c. 2. MawuHu gnsa 3eMasHUX pobiT:
HaBu. nocib6. / J1. A. Xmapa, C. B. KpaBeup, B. B. Hiuke Ta iH. ; nig 3ar. pen. npod.
J1. A. Xmapu ta npoo. C. B. KpaBus. PiBHe; [HinponeTpoBcbK; Xapkis, 2010.
575c. 3. Kpaeeup C.B., CynoHes B.M. TanoHoB 0.0. Bu3HauyeHHs
KPUTUYHOTIMOUHHUX CUN pi3aHHS TPYHTIB Ta €HEeProeEMHOCTI NaHLroBO-
CKpebKOBMX TPaHLWEWNHUX EeKCKaBaTopiB. BicHMK XapKiBCbKOro HalioHasbHOro
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aBTOMObINIbHO-A0POXHLOro yHiBepcuTeTy : 36. HayK. np. Xapkis : XHALY, 2021.
Bun. 92, 7. 1. C. 192-199. 4. Kpaseub C. B. Teopia pynHyBaHHS poboumx
cepepoBuLy, : HaBY. noci6. PiHe, 2008. 124 c. 5. Kpaeeub C. B., byHasza 0. 3,
CynoHee B. M., F'anoHoB 0. 0. BU3Ha4YeHHS LOBXMWHM NIeMeLLa Ta CUJIN Pi3aHHSA
rPpYHTY pisusamu (3y6amn) TpaHWweNHMX eKcKaBaTopiB. BicHuk XapkiBCbKoro
HaLioHanbHOro aBToMobi/IbHO-[0POXHLOr0 yHiBepcuTeTy : 36. HayK. Np. XapKiB :
XHALY, 2020. Bun. 88, 1. 2. C. 78-85. DOI: 10.30977/BUL.2219-
5548.2020.88.2.78. 6. Kpaseupb C. B., Heungtok A. A, Kocsik 0. B. MawuHun gns
NPoKAagaHHa NiA3eMHUX KOMYHiKaLi (HayKoBi 0CHOBM CTBOPEHHS) : MiAPYYHUK
/ 3a 3ar. peq. C. B. Kpaeusa. PieHe : HYBITI, 2018. 270 c. 7. Jlyk'aHuyk 0. I1,,
CtenaHtok b. |. BM3HaueHHs CMIBBIOHOWEHHS 3yCWSb 3a Pi3HUMU BUOaMu
pi3aHHSA I'pyHTY B BaratoeneMeHTHUX pobouymx opraHax. IHHOBaUiNHI TexHOMOrii
PO3BUTKY MalInHObYAyBaHHS Ta €QEeKTUBHOI0 (QYHKLiOHYBaHHS TPaHCMOPTHUX
cuCTeM : yeTBepTa BCEYKpalHCbKa HayK.-TeX. iHTepHeT-KoHbepeHuis, 26-27
KBiT. 2023 p. PiBHe : HYBITI, 2023. C. 43-46.
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Lukianchuk 0. P., Candidate of Engineering (Ph.D.), Associate
Professor, Stepaniuk B. l., Master of Industrial Training, Forsiuk S. L.
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EXPERIMENTAL STUDY OF CHANGES IN CUTTING FORCE DEPENDING
ON SOIL DEVELOPMENT CONDITIONS

For soil development, depending on the conditions and type of
soil, machines with soil-developing working bodies of various types
are used: active, passive and passive-active. The most widespread are
passive-type working bodies. The most significant component of the
energy intensity of the working process of soil development by
working bodies is the conditions of soil development by cutting
elements. Experimental studies were conducted to determine the
cutting forces in the conditions of blocked, semi-blocked, asymmetric
blocked and free methods of soil development. The experiments were
carried out on the soil channel of the Department of Construction,
Road and Land Reclamation Machinery of the NUWEE. A comparative
analysis of the convergence of experimental and theoretical research
results for sandy-clay soil was carried out. The ratio between the
values of soil cutting forces under different conditions of its
development is determined. When developing hard sandy loam of
category 1 with passive soil-developing tools to a depth of h=0.1 m
with soil moisture w=14% for the ratio b/h=0.25...1.0, the relative
cutting force during asymmetric blocked cutting is 110-150% of the
blocked cutting force; during semi-blocked cutting — 50-70% of the
blocked cutting force; during free cutting - 40-55% of the blocked
cutting force. With an increase in the width of the cutting elements of
the soil-developing tools, the influence of the ratio of the knife width b
to the development depth h on the cutting force decreases.

Keywords: soil; effort; asymmetric blocked cutting; blocked
cutting; semi-blocked cutting; free cutting.
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