AHOTAIIA

Jlazapyx FO.B. TlinBuiieHHS €QEKTUBHOCTI yHIBEpCaJbHUX 3EeMIICPUHHUX
MaIlliH YJOCKOHAJIEHHSM KOHCTPYKTHUBHMX Ta KIHEMaTHYHHX MapaMeTpiB. —

Kgpamidikaiiitna HaykoBa mparis Ha IpaBax PyKOIHUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTYyMeHS HOOoKTopa (Qimocodii 3a
crnemianpHicTIO 133 «[asy3eBe  MmamuHOOyayBaHHsS». —  HaronansHuii

TpaHCTIOpTHUH yHiBepcuTeT, Kuis, 2023.

TpancnopTHe, LUBLIBHE Ta MPOMHCIOBE OYIIBHUITBO, (QopTudikaiiiine
oOnaHaHHS MO3UIIIHA, pyOeKiB, pailOHIB Ta MyHKTIB YIIPABIIHHS I11]1 4aC MiIT0OTOBKU
1 BEICHHSI B1iH 1 30pOMHUX KOH(IIIKTIB, SIK B YKpaiH1, TaK 13a il MeKaMHu, ITOB’ I3aHO
3 pO3pOOKOIO Ta MEPEMIIIIEHHSIM COTEHb TUCAY KyOIYHUX METPIB IPYHTY. BuKkoHaHHs
TakuX 00’€MIB poOIT MOXKIJIMBE BUKIIOYHO 3 BUKOPUCTAHHSAM BUCOKOITPOIYKTUBHHUX
3eMJICpUMHUX MalllMH, B TEpIly 4Yepry eKCKaBaTopiB Oe3nepepBHOI  Aii
NPOAYKTUBHICTh SKUX B YOTUPH — IIICTh pas3iB OuUIbIIa MPOTYKTUBHOCTI
OJTHOKIBIIIEBUX €KCKaBaTopiB. TakumMu 3eMIICPUIHUMH MallMHAMH IIBUIKO Ta
e(eKTUBHO MOXYTh OyTH pO3p0OJieHI TpaHIIei pi3HOro MUIHOBOTO MPU3HAYEHHS,-
KaHaJIW, KOTJOBaHHW, JAPCHaXHI CHCTEeMH. BHKOpHCTaHHA 3 I[I€I0 METOIO
€KCKaBaTOpiB Oe3mepepBHOI il JI03BOJIIE TMIABUIIUTH B JIEKIJIbKa pa3iB
MPOYKTUBHICTH Mpalli 1 THM CaMUM MPUCKOPUTH TEMIHU OyIIBHUIITBA HAMPUKIIAT]
TpyOONPOBOIB PI3HOTO MPU3HAYEHHS, €JIEKTPO- Ta TEJIEKOMYHIKAI[IHHUX MEpEX,
oOnaaHaHHs GopTUDIKALIMHUX CIOPYA.

KoHcTrpykinii Ta TeXHIUHI pilieHHs 3eMiepuitHux MamuH (3M) 6e3nepepBHOi
i1, B1IOM1 Ha II€¥ yac, MarOTh MPUHIIUIIOBUI HEAOJIK — MaJly YHIBEPCaJIbHICTh, a
ONyOJIIKOBaHI pPE3yJbTaTH HAYKOBUX JOCHIIKEHb, Y HAaNpsMKY CTBOPEHHS
yHIBEpCaIbHUX 3eMiIepUiHMX MamuH Oe3nepepBHoi nii  (Y3M), HocATh
HECUCTEMHHUN XapakTep Ta HE BPaxXxOBYIOTh B MOBHIH Mipl OCOOJMBOCTI, IIO
XapaKTepHI caMe JIJIs IbOTO0 KJ1acy MaruH. TpaauiiiifHi KOHCTPYKITii MallliH MaloTh,
SK TMPaBUJIO, BUCOKY €HEPrOEMHICTh PO3POOKH TIPYHTY, OLIbIIY METAJIOEMHICTD,

MEHIIy HaJlIiHICTh. be3 BpaxyBaHHS HEOOXITHOCTI YCYHEHHS BKAa3aHUX HEJIOJIIKIB



HEMOXJIMBE CTBOpPEHHS €QEKTUBHUX KOHCTPYKIIH poOodoro o0JiagHaHHS
3eMJICpUMHUX MaIlllMH Oe3MepepBHOI MAii, ONTUMAIBHOTO HOTO 3aBaHTAXXKECHHS Y
mporieci po3poOKu IPYHTY 1, SK pe3yiabrar, — 3a0e3leYeHHs BHUCOKOI
NPOAYKTUBHOCTI M1/ Yac po3pOOJICHHS IPYHTIB PI3HUX KATEropii CKIaJHOCTI.

Came TOMy, CTBOPEHHS MPUHIUIIOBO HOBUX KOHCTPYKIINA 3eMIIECPUITHUX
MalIuH 0e3nepepBHOi /i1 3AATHUX OJTHUM 1 TUM caMuM pobouum opranom (PO), 6e3
HOTO KOHCTPYKTHUBHUX 3MiH, 3MIMCHIOBATH BIiAKOMYBaHHS MPOTSHDKHUX BHUIMOK
p3HUX JiHIAHUX po3MipiB (Y3M) y pI3HHUX IPYHTOBUX YMOBaxX € aKTyaJlbHUM
3aBJaHHSM. BUpIlIeHHS [bOTO 3aBJaHHS 3HAYHOIO MIpPOI0 PO3LIUPUTH chepy
BUKOPUCTAaHHSA BHCOKOE(EKTUBHUX 3EMIICPUMHUX MAIIUH MiJ 4Yac OyJIIBHUITBA
KaImTaJIbHUX 00 ‘€KTIB PI3HOT0 TEXHOJIOTIYHOTO IPU3HAYEHHS, TPY BUKOHAHH1 POOIT
N0 PEKYJbTUBALl IPYHTIB Ha 3a0pyAHEHUX TEPUTOPIAX, (opTU(IKALIHHOMY
oOnajHaHHI MICHEBOCTI Ta OO0’€KTIB, 30UIBIINTH €(HEKTUBHICTH BHPOOHHIITBA
MaIlliH 3aBJASKU I1JIBUIIEHHIO OOCSTIB CEpIMHOrO0 BUTOTOBJIEHHS OJHOTUIIOBUX
MaITH TOIBITHOTO BUKOPUCTAHHS.

3a pe3yabTraTamu auceprauiiHoi pod0OTH BCTAHOBJIEHO HACTYITHE.

JlucepTaliis € 3aBepiieHO0 HAyKOBO-I0CI1THOI0 pOOOTOIO, B IKil TEOPETUYHO
y3araJlbHEHO Ta TMPaKTUYHO BHPIIMIEHO BaXJIMBY HAyKOBO-TEXHIYHY 3a/iaqy
MIIBUIIEHHS €()EeKTUBHOCTI yHIBEpCaIbHUX 3emiiepuiHux wmammH (Y3M)
Oe3nepepBHOi [ii, 3AaTHUX BIJKOIYBAaTH B IPYHTaX MPOTSKHI BUIMKH PI3HUX
JIHIAHUX PO3MIpPIB Ta TEXHOJOTIYHOTO MPU3HAYECHHS IUISXOM YIOCKOHAJIEHHS
KOHCTPYKTHMBHHUX MapaMeTpIB Ta KIHEMAaTUKH MepeMilieHHs pobodoro oprany (PO)
B 32001 0e3 mepeHaiaro/pkeHHs poOodoro oOnagHaHHs. lle mae MOXIHMBICTD
po3mmpeHHss chepu 3acTOCYBaHHSA 3EMJICPUMHUX MaliuH Oe3mepepBHOT i
MO3/IOBXXKHBOTO KOTAaHHS, IIJIBUIICHHS e()EKTUBHOCTI BUPOOHHUIITBA 3aBISKU
30LTBIIICHHIO OOCSTIB CEPIHHOTO BHUTOTOBJICHHS OJIHOTHIIOBHX MAIIMH Ta iX
MOJIBITHOTO BUKOPUCTAHHSI.

1. Anam3 icHyrouuX KOHCTpyKLiii Y3M Oe3nepepBHOi [ii, iXx poOo4oro
oOnajiHaHHS Ta TPOIECIB KOMAHHA IIMPOKUX BHUIMOK B TPYHTI CBIIYUTH, MPO

BIJICYTHICTh CUCTEMHOI'0 HAYKOBOTO MIIXO0Ay J0 BHOOPY KOHCTPYKIIIH poOOYOro



oOJaJiHaHHS Ta MalIMHU B LUIOMY. TeXHIYHI MOJIMBOCTI BIIOMUX KOHCTPYKIIIH
poGouoro obnanHanHs ¥Y3M A0cATIN CBOET JOCKOHAIOCTI, @ PE3EPBU MiABUIICHHS
iX MPOYKTUBHOCTI MPAKTUYHO BUUEPIIAHO.

2. BcranoBneHo, 1o peaiizallisi IBOJIAHKOBOI, TBOBICHOI cxeMu HaBicku PO
Ha 0a30Be IIaci 3 IHAMBIAyaJIbHUM HPHUBOJAOM OIYHOTO MEPEMIIeHHS KOXKHOI 3
JAHOK 3a0e3rneuye po3poOKy I'PYHTY CTPY>KKaMH PIBHOMIPHOT TOBIIIMHU B PEKUMI
BISTBHO-TIOCTYIABHOI MO1a4i Ha 3a01# Mij yac KOMaHHs UPOKUX BUIMOK.

3. Briepiiie cMHTE30BaHO MEXaHI3M Ta AJITOPUTM IIPHUBOJY IIEPEMILLIEHHS B 32001

JIBOJIAHKOBOT'O, JBOBICHOTO TIPYHTOPO3POOHOTIO POTOPHOTrO poOOUYOro 0OJaaHAHHS
VY 3M 0Oe3niepepBHOI aii, 110 3a0e31euye po3po0IeHHS IPYHTY CTPY>KKaMU PIBHOMIPHOI
TOBLIMHU HE 3aJIEKHO B1Jl LIMPUHU BUIMKU. BUpPIBHIOBaHHSI TOBILIMHY CTPY>KKH B IIJIaH1
3a0e3MeuyeThCcsl LUIIXOM JOBOPOTY MPOMIKHOI paMu poOOYOro OpraHy B KIHIII
KO’KHOTO HaIIBLIUKITY pOOOYOro MpoLecy.
ExcniepumeHTanbHO MIATBEPAXKEHO a€KBaTHICTh pO3pOOIEHOT MaTeMaTUYHOI MOJIENI
(dyHKIIOHYBaHHS poOodoro obmagHanHs Y3M npu po3po0ieHHI BUIMOK IIUPHHOIO
3 —4,5 M B pexxuMi MaKCUMaIbHOT TPOTYKTUBHOCTI MAaIlIMHU. BiIXUICHHS BETUYUHA
TOBIIMHH PO3POOIIIOBAHOI CTPY>KKH Bl pO3PaXyHKOBOI HE niepeBulye 3,7 %.

5. EkcriepuMeHTaIbHO MIATBEPIKEHO MOKITMBICTH PO3POOKH IPYHTY CTPY>KKAMH
PIBHOMIPHOi TOBIIMHU B TUIaHI POTOPHUM poOourM opraHoM Y3M 3a ymMoBH HOro
BISUTHHO-TIOCTYNAJTBHOTO TIEPEMIIIEHHS B 32001 110 TPAEKTOPI, 1110 MOI10HA /IO JIEMHICKATH
bepuysuti, 3aBIsSKu JOBOPOTY IMPOMDKHOI paMu poOOYOro OpraHy B KIHITI KOXKHOTO
HaMiBLUMKITy poO0YOro npouecy, Ipyu cTaduIbHIi podoTi rigponprsoaiB PO.

CunoBl HaBaHTaXEHHS Ha poOoYOMy OOJaJHAHHI 3MIHIOETHCS BiJ HYJs
JI0 TIEBHOTO MaKCUMYyMY 3a KOXK€H HamiBIMKI. MakcuMasbH1 3HAUE€HHS CHUIIOBOTO
HABAHTAKEHHA B KIHIl KOXXHOTO HAMIBLUUKIY, 0€3 JOBEpTaHHS MPOMIKHOI pamu
po0OoYOro oprany, CTAHOBJIATH: KPYTHUM MOMEHT Ha poTopi — 67 + 74 kHwm; cuia
TATH HA poOouomy oprani — 19 + 21 kH; 6iuna cuna va PO — 70 + 80 xH.

3a TMX caMHX YMOB, MpPH JOBEPTaHHI MPOMDKHOI paMu B KIHIII KOXHOTO
HAIIBIIMKITY POOOYOro MPoIecy, CUIOBI HaBaHTAXKEHHS Ha pobodoMy oOJagHaHH1

VY3M 3HIKYIOTBCSA 1 CTaOUTI3YIOThCS, a iX MaKCHUMajlbHI 3HAUYEHHS CTAHOBJISTH:



KPYTHUH MOMEHT Ha poropi — 45 + 48 kHwm; cuna Tarum Ha pobodoMy oprasi —
15 + 17 xkH; 6iuna cuma vHa PO — 35 + 45 xH.

Pe3ynbrat eKcrnepuMEHTANIbHUX JOCHIKEHb OTPUMAHO 3 BEIMYHUHOIO
BiHOCHOT moxuOKku BuMipioBanb 10 % 3a moBipuoi BiporigHocTi 0,95 1
MOBTOPIOBAHICTIO IOCTIIIB 5.

3acTocyBaHHA CTBOPEHOTO MexaHi3Mmy nepeminieHHss PO B 3a0oi 3
aQIaNTHBHUM JIO0 IIBUAKOCTI PyXy MAIIMHW KEPYBaHHSIM [03BOJISIE€ 3MEHITUTH:
KPYTHUH MOMEHT Ha poTopi — Ha 34 %; cuiy Tsaru Ha poOoyoMy OOaJiHaAHHI — Ha
20 %; 61yny cuity Ha poboyomy oprani — Ha 47 %.

6. EkcrnepuMeHTanbHO BHU3HAYEHO 3aKOHOMIPHICTh 3MIHM TPHUBAJIOCTI

JoBepTaHHs poMixkHOi pamu PO, 110 3a6e3medye po3poOaeHHs IPyHTY CTPYKKaMu
HE3MIHHOI TOBIIMHH B 3aJIE;KHOCTI BIJI IIBUJIKOCTI ITOAa4l MAIIMHH, 110 MOKJIAJICHO
B OCHOBY QJITOpPUTMYy KEpyBaHHS TMEPEMINICHHSIM poOO4Yoro opraHy B 3a00i.
OnTuManabHa TPUBAIICTh JOBEPTAHHSA MPOMIDKHOI paMH y PEXKHMI MaKCUMaJbHOT
NPOAYKTUBHOCTI ckiagae 1,1 ¢, 1O J03BOJIAE 3MEHIIMTH MaKCUMaJbHI
HaBaHTaX€HHS Ha poOodoMy obiiagHanHi 10 80 %.
TexHiyHa TPOMO3HUIlSI IO CTBOPEHHIO KOHCTPYKII pobouoro oOmamHaHHs Y3M
MOJIATAaE B OPUTIHAJIBLHOCTI MEXaHI3My HaBIIIyBaHHS IPYHTOPO3POOHOTO pOTOpa Ha
0a30BOMY I11aCi Ta AITOPUTMY HOTO TIEpEMIIIIEHHS B 32001 B MPOI1IECl KOTIAHHS TPYHTY,
3axulileHa nateHToM Ykpainu Ha BuHaxig No 114779, a 1i peanizaiisi 3a0e3neuye
301IBIIIEHHS TEXHIYHOT MPOAYKTUBHOCTI poO0OYOro objajHaHHA MamuHu B 1,9 — 2
pa3u OPIBHSAHO 3 BiIOMUMU aHasioramMu ¥Y3M 6e3nepepBHOT [ii.

8. IlimtBepmxkeHa pobOoya TimoTe3a IOCHTIKEHHS, IO ITiIBHIICHHS
MPOIYKTUBHOCTI POOOTH MAIIMHHM, MIHIMI3allisl Ta BUPIBHIOBAHHS 30BHIINIHIX
HaBaHTaXX€Hb Ha poOoyomy oprani Y3M B mpoiieci KOMaHHs HIUPOKUX BUIMOK B
IPYHTI 3a0€3MeUyeThCsl MUITXOM BUPIBHIOBAHHS TOBIIUHU CTPYKKU TPYHTY, IO
3p13y€eThCs poOOYMM OpPraHOM BIPOFOBXK POOOYOro IHMKIY B PEXKUMI BisIIBHO-
MOCTYIAJTLHOTO TIEPEMIIIICHHS B 32001.

HaykoBa HOBH3Ha OTpUMaHHX Ppe3yJbTATiB IMOJATa€ Yy BHPIIICHHI

BKJIMBO1 HAYKOBO-TEXHIYHOI 3a1a41 — CTBOPEHHS HOBOT'O TUITY POTOPHOTO poO0YOTro



oOJlafHaHHS YHIBEpCAIbHOI 3eMJIEPUITHOI MAIIMHU Oe3nepepBHOI il MiABHUILEHOT
MPOAYKTUBHOCTI, 1110 TOCSTAETHCS 3aBISKU MEPEMILIICHHIO poO0UOro opraHy B 32001
M0 TPA€EKTOPIi, KA OMHMCYETHCS PIBHAHHAM JIEMHICKaTH bepHyiii Ta 00yMOBIOE
BUPIBHIOBAaHHSI 1 3HWKEHHS 30BHIIIHIX HaBaHTaKEHb Ha POOOYOMY OpraHi 3aBIsSKU
PO3POOJICHHIO I'PYHTY CTPYKKaMU PIBHOMIPHOT TOBIIUHH.

Brepiue: — po3po6sieHo anropuTM Ta MEXaHi3M MEePEMIIlIeHHS JBOJIAaHKOBOTO,
JIBOILIAPHIPHOTO IPYHTOPO3pOOHOTO pododoro oprany Y3M B 3a00i, 1m0 3a0e3neuye
PO3pOOJIEHHS TPYHTY CTPY>KKaMHU PIBHOMIPHOI TOBIIMHU HE 3aJI€KHO B1Jl IIUPUHU
BUIMKH;

— CTBOPEHO MaTeMaTHU4Hy MoOJeNb (pyHKIiOHyBaHHS Y3M Oe3nepepBHOi Jii
BIJITTOBIJTHO JIO0 PO3POOJICHOTO aJITOPUTMY MEpEMIIICHHS poO0YOro OpraHy B IpoIieci
BISTLHO-TIOCTYTIAIBHOI TI0/1a41 poO040ro oOaiHaHHs Ha 3a01if;

— BCTAHOBJICHO (DYHKIIIOHATbHY 3aJICKHICTh TPUBAJIOCT] JOBEPTAHHS ITPOMIKHOT
paMu IPYHTOPO3POOHOTO POTOPHOTO poOOYOro OpraHy B KiHIIl KOYKHOTO HaITIBIIMKITY
KONaHHS NIMPOKUX BUIMOK B IPYHTI, 3aJIEXKHO BiA IBUAKOCTI noaayi PO.

VY 10cKOHAJIEHO CXeMy Ta MEXaHI3M peaisailii aJanTUBHOTO IMEePEeMIlCHHS
pPOTOpHOTO poboyoro oprany ¥3M B 32001 3aJI€XKHO BiJT MIBUAKOCTI 110/1a41 MAILIMHU.

OTpumany MOAAIBIIOTO PO3BUTKY METONOJOTIA  (I3UYHOrO 1 (Pi3HKO-
MaTeMaTUYHOTO MOJICTIFOBAaHHS B MPOIIECI IPOBEICHHS TEH30METPUYHUX BUTIPOOYBAHb
Mojieni podouoro oprany Y3M 3 BUKOPUCTAHHSIM CTeHJA (hI3UKO-MAaTEeMaTHYHOTO
MOJICITIOBAHHS Ta YHIBEPCATbHOI TEH30METPUYHOI MMIJBICKK JUIi BU3HAYCHHS
MPOCTOPOBOI0 HABAHTAXKEHHS poO0Y0ro odaagHanHs Y3M mij yac KOnaHHs IPYHTY.

IIpakTHYHe 3HAYEHHSI OTPUMAHKUX PE3YJIBTATIB MOJIATAE Y.

- PO3poOJIeHHI TEXHIYHOI MPOMO3HUIIii 0 CTBOPEHHIO KOHCTPYKIIi poOOYOro
oOnaaHanHs Y3M, 110 mpaltoe y pekuMi BisUTbHO-TIOCTYNANBHOI 1Mojjaul Ha 3a0iif 31
CIPOMOXKHICTIO KOTIAHHS B TPYHTI MIMPOKUX TPOTSDKHUX BHUIMOK PI3HUX JIHIMHHX
pO3MipiB O€3 KOHCTPYKTUBHOTO TMEpEHANIAIITYBAHHS,

- MiABUIIEHHI e(PEeKTUBHOCTI poOodoro obiagHaHHg ¥Y3M ya0CKOHATIECHHSAM
KIHEMaTUKA TPUBOAY TEPEMIIICHHS IBOJAHKOBOTO, IBOIIAPHIPHOTO POOOYOTO

opraHy B 3a00i, 10 3a0e3nedye KOMaHHS IIUPOKUX MPOTSKHUX BUIMOK B I'PYHTI



CTpY’KKaMH PpIBHOMIPHOi TOBIIMHM Ta MIHIMI3allil0 30BHIIIHHOTO CHJIOBOTO
HABAHTAKCHHS MAIIIWHU;

- po3poOJIeHHI MEXaHI3My IepPEeMIIICHHS JIBOJIAHKOBOTO, JBOIIAPHIPHOTO
IPYHTOPO3POOHOTO POTOPHOTO PoOOUOro oprany ¥Y3M 3 aganTUBHUM KEPyBaHHSIM
B IIPOILIEC] KOMaHHS IUPOKUX BUIMOK Y IPYHTI.

Peamizariiss  pe3ysnbTaTiB  JIOCHIKEHb, JIO3BOJIMJIA PO3POOUTH TEXHIUHY
MPOMO3HILIII0 Ui CTBOPEHHS BHUCOKOe(deKkTHBHOI Y3M, 10 3axuIileHa MaTeHTOM
VYkpainu Ha BuHaxig Ne 114779, rexHiuHa NpOAYKTUBHICTb 5IKOi y 1,9 — 2 pa3u Bula
ICHYIOUMX aHAJIOT1B.

TeopeTnyHi Ta MpakTHYHI pe3yJbTaTH pOOOTH, IO OTPUMAaHI PH MPOBEICHHI
JUCEPTAIIMHUX ~ JIOCHIJKEHb  BUKOPUCTOBYIOTh Y HaBYaJIbHOMY IIpoOIeci
HanionansHOro tpancnoptHoro yHiBepcurery (M. KuiB) Ha kadeapi iHxeHepil
MaIllMH TPAHCIIOPTHOrO OYyIIBHUIITBA MPH MiATOTOBII (axiBIiB creriagbHocTi 133
— “T"amy3eBe MaIMHOOYIyBaHHS ’, @ TAKOK BUKOPUCTOBYIOThCS B isTbHOCTI [IpAT
[TpoMHCTIOBO-BUPOOHMYMI THCTUTYT 3BAPIOBAIILHO-130JSLUIAHUX TEXHOJOTIH MpU
OyaiBHUIITBI TpyOompoBoAiB “Hadrorazoymizomnsiis’.

KuirouoBi ciioBa: yHiBepcanbHa 3eMilepUiiHa MAalllMHA, 3eMJIEpUIHI MalllMHUA
Oe3rnepepBHOI i, pOTOpHHI poOoYMii OpraH, yHiBepcallbHa 3eMJICpHiiHA TEXHIKa,
MaIIuHU I 3€MJITHUX POOIT, TPYHT, KOTIAHHS IPYHTY, MJIAHYBaHHS TPAEKTOPIi,
KepyBaHHA PYXOM, MOJEJb, MaTeMaTHU4Ha MOJeb, (I3MUYHAa MOJEINb, MacuTao,
EKCIIEPUMEHT, TIEPEMIIICHHS, IMBUAKICTh, MBUIKICTh PyXYy, MOMEpEeYHa IJIONIIMHA,
CHWJIa, HAaBaHTAXEHHS, KDYTHUA MOMEHT, €(DEKTUBHICTh, KOHCTPYKTHBHI TapaMeTpH,

KIHEMaTH4HI MapaMeTpH, AITOPUTM, IIPOLIEC, POTOP, HABICKA.
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ABSTRACT
Lazaruk Yu.V. Improving the efficiency of universal earthmoving machinery
by perfecting structural and kinematic parameters. — Research paper printed as

manuscript.
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When preparing and conducting wars and armed conflicts both in Ukraine and
abroad, transport, civil and industrial construction, fortification of positions,
boundaries, districts and control points is associated with the development and
movement of hundreds of thousands of cubic meters of soil. Such work is possible due
to high-performance earthmoving machinery, primarily continuous excavators, the
productivity of which is four to six times more than the productivity of single-bucket
excavators. Such earthmoving machinery can quickly and efficiently develop trenches
for various purposes, such as canals, pits, drainage systems. The use of continuous
excavators for this purpose enables to improve labor productivity several times.
Therefore, the construction pace of pipelines of various purposes, electrical and
telecommunication networks, fortification structures, for example, is accelerated.

Currently known designs and technical solutions of continuous earthmoving
machinery (EM) have a fundamental drawback - low universality. Moreover, the
research results, published in regard to creating universal continuous earthmoving
machinery (UEM), are non-systematic and do not fully take into account the
peculiarities typical for this type of machinery. As a rule, compared to single-bucket
universal excavators, traditional machinery designs have high energy consumption
of soil development, higher metal capacity, lower reliability. Unless the specified
disadvantages are eliminated, it is impossible to create effective designs of the
continuous earthmoving machinery operating equipment and to optimally load it
when developing the soil. As a result, it makes it impossible to ensure high
productivity of soil development of different complexity.

Thus, the creation of fundamentally new designs of continuous earthmoving



machinery capable with the same activator, without its structural changes, to excavate
long trenches of different linear sizes (by UEM) in different soil conditions is an
urgent problem. Solving this problem will greatly expand the scope of the use of
highly efficient earthmoving machinery when constructing the facilities of various
technological purposes, when reclamating the soils on contaminated territories,
fortifying the area and facilities. It will also improve the efficiency of machinery
manufacture due to the increase in serial production of the same type machinery for
dual use.

According to the results of the thesis, the following findings were established.

The thesis is a completed research paper which theoretically summarizes and
practically solves the important scientific and technical problem of improving the
efficiency of continuous universal earthmoving machinery (UEM). It is capable to
excavate long trenches of various linear sizes and technological purposes in the soil
without readjusting the operating equipment by improving structural parameters and the
kinematics of the actuator movement in the face. It makes it possible to expand the
scope of application for continuous earthmoving machinery of longitudinal digging,
to improve the efficiency of production due to the increase in serial production of
machinery of the same type and its dual use.

1. The analysis of the existing continuous UEM designs, its operating
equipment and the processes of digging wide trenches in the soil shows the lack of
a systems scientific approach to selecting the operating equipment designs and the
machinery as a whole. The technical capabilities of the known UEM operating
equipment designs have reached their perfection

2. It has been established that the implementation of a two-link, double-axis
scheme of the actuator mounting on the base chassis with an individual drive for
lateral movement of each of the links ensures soil development with shavings of
uniform thickness in the mode of translational and rotational supply to the face when
digging wide trenches.

3. The drive mechanism and algorithm for moving the two-link, double-axis soil

development rotor operating equipment of continuous UEM in the face have been



synthesized for the first time. It provides soil development with shavings of uniform
thickness regardless of the trench width. The shaving thickness is aligned in the plan
by additional rotation of the actuator intermediate frame at the end of each half cycle
of the operating process.

4. The adequacy of the developed mathematical model of the UEM operating
equipment operation has been confirmed experimentally when developing 3-4.5 m
wide excavations in the mode of maximum machinery performance. The deviation
of the developed shaving thickness from the calculated value does not exceed 3.7%.

5. It has been experimentally confirmed the possibility to develop the soil with
shavings of uniform thickness in the plan by the UEM rotor actuator under the
condition of its translational and rotational movement in the face along a trajectory
similar to Bernoulli's lemniscate. It is possible due to the additional rotation of the
rotor intermediate frame at the end of each half-cycle of the operating process and
with stable operation of the actuator hydraulic drives.

The loads on the operating equipment vary from zero to a certain maximum for
each half cycle. The maximum values of the load at the end of each half-cycle without
the additional rotation of the intermediate frame are: torque on the rotor —
67 + 74 kNm; traction force on the operating equipment — 19 + 21 kN; lateral force
on the operating equipment — 70 +~ 80 kN.

Under the same conditions, when the intermediate frame is additionally rotated
at the end of each half-cycle of the operating process, the loads on the UEM operating
equipment decrease and stabilize. Their maximum values are: torque on the rotor — 45
+ 48 kNm; traction force on the operating equipment — 15 + 17 kN; lateral force on
the operating equipment — 35 + 45 kN.

The results of experimental studies were obtained with a relative error of 10% at a
confidence level of 0.95 and a repeatability of experiments of 5.

The use of the developed mechanism for the actuator movement in the face
with the control adaptive to the speed of the machinery enables to reduce torque on
the rotor by 34%; traction force on the operating equipment by 20%; lateral force on
the actuator by 47%.

6. The regularity of the change in the duration of the actuator intermediate



frame additional rotation has been determined experimentally. It ensures the soil
development with shavings of constant thickness depending on the speed of the
machinery supply. It has been the basis of the algorithm for controlling the actuator
movement in the face.

The optimal duration of the intermediate frame additional rotation in the mode
of maximum productivity is 1.1 s. It enables to reduce the maximum loads on the
operating equipment by up to 80%.

7. A technical proposal has been developed regarding the creation of the UEM
operating equipment design. The proposal implies the originality of the mechanism
for hanging the soil development rotor on the base chassis and the algorithm of its
movement in the face when digging the soil. The suggested technical proposal was
protected by a patent for the invention of Ukraine No. 114779. Its implementation
ensures the increase of operational productivity of the machinery operating
equipment by 1.9-2 times compared to the known similar continuous UEM.

8. The working hypothesis has been confirmed that machinery productivity
improvement, minimization and equalization of external loads on the actuator of the
continuous UEM when digging wide excavations in the soil is due to the alignment
of the thickness of the soil shavings cut by the actuator in translational and rotational
movement in the face during the operating cycle.

The scientific novelty of the obtained results lies in the solution of an
important scientific and technical problem — the creation of a new type of rotor
operating equipment for a continuous universal earthmoving machinery with
improved productivity. It is achieved due to the movement of the actuator in the face
along a trajectory described by the Bernoulli lemniscate equation and causes the
equalization and reduction of external loads on the actuator due to the soil
development with shavings of uniform thickness.

A mechanism and algorithm for moving the two-link, two-swivel soil
development actuator of the UEM in the face have been developed for the first time,
ensuring soil development with shavings of uniform thickness regardless of the

width of the excavation.



A mathematical model for the continuous UEM operation has been created for
the first time in accordance with the developed algorithm for the actuator movement
in translational and rotational supply of the operating equipment to the face.

The functional dependence of the duration of the intermediate frame additional
rotation of the soil development rotor actuator at the end of each half-cycle when
digging wide trenches in the soil on the speed of the operating equipment supply has
been established for the first time.

The scheme and the mechanism for adaptive movement of the UEM rotor
actuator in the face have been improved depending on the speed of the machinery
supply.

When determining the spatial load of the UEM operating equipment during
soil digging, the methods of physical and physical and mathematical modeling have
been further developed based on tensometric testing of the UEM actuator model with
the use of a physical and mathematical modeling testbed and a universal tensometric
mounting.

The practical significance of the obtained results implies the following:

- the development of a technical proposal for creating a design of the UEM
operating equipment which operates in the mode of translational and rotational supply
to the face with the ability to dig wide, long excavations of various linear sizes without
constructive reconfiguration;

- improving the efficiency of the UEM operating equipment by perfecting the
movement drive kinematics of the two-link, double-swivel actuator in the face, which
ensures the digging of wide, long excavations in the soil with soil shavings of uniform
thickness and the minimization of the machinery external load;

- the development of a mechanism for moving the UEM two-link double-
swivel soil development rotor actuator in the face with adaptive control when digging
wide excavations in the soil.

The implementation of the research results enabled to develop the technical
proposal for the creation of a highly efficient UEM protected by a patent for the

invention of Ukraine No. 114779, operational productivity of which is 1.9-2 times



higher than of existing similar machinery.

The theoretical and practical results obtained in the dissertation research are
used in the educational process of National Transport University (Kyiv) at the
Department of transport construction machinery engineering when training students
majoring in “Industrial engineering” (133), and are also used in the activities of PJSC
Industrial and Production Institute of Welding and Insulation Technologies in the
construction of pipelines by “Naftogazbudizolyatsiya”.
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machinery, rotor actuator, universal earthmoving equipment, earthmoving
machinery, soil, soil digging, trajectory planning, motion control, model,
mathematical model, physical model, scale, experiment, displacement, speed,
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parameters, kinematic parameters, algorithm, process, rotor, hitch.
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