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AHHOTaNNA

Hean wuccaenoBanusi. [l WHTEHCH(PHUKALNU
Croco0oOB pa3pabOTKH TpyHTa OOJBIIOE BHHUMaHUE
yAENSeTCsT N3MEHEHMIO (OPMBI OTBAIBHON IOBEPXHO-
CTH, KOTOPOE CBSI3aHO C IPOBEICHHEM HCCIIEeIOBAHUMN
10 OLIEHKE M3MEHEHHUS ITOKa3areled yCHIIMA KOMaHus
TpyHTa MW MPOU3BOAUTCIBHOCTH MalllMHBI, a TaK¥XC
YAENBHOTO TMOKAa3aTens — SHEPrOEMKOCTH Ipoliecca
KOIaHUs T'pyHTa. BBeneHUEe B CTPOM TEXHUKU C yCO-
BEPIICHCTBOBAHHOW M HAYyYHO-000CHOBaHHOH (hopMOit
OTBaJILHOM TMOBEPXHOCTU IO3BOJIUT PCIIMTL IMOCTaB-
JICHHBIE BBIIIE 33/1a49H.

3agaya, pemeHuo KOTOpOoH IMOCBAIIEHA CTaThs.
[Ipennaraemoe yCOBEpIIEHCTBOBAHHAS KOHCTPYKIIUS
MHOTOCEKIIHOHHOTO OTBaja MO3BOJSIET BapbUPOBATH
TMIOJIO’KEHUE CEKIMH 3a CUeT MX IEepPEMEICHHUS BIIEpe/-
Hazaa, UBMCHATH YIUJIbl YCTAHOBKHU B IIJIAHC U PE3aHUs,
YTO IMO3BOJISIET JIOCTUraTh PE3yNbTaTOB, CBS3aHHBIX CO
CHI)KEHHEM YCHWJIMH KOTAHWS TPYyHTA W TIOBBILICHUEM
IIPOM3BOIUTENEHOCTH MallluHbL. Pesynbrar nocruraer-
Csl 32 M3MEHEHHUS BBUIETAa CHCTEMBI T'MIPOLIINHIPOB
ynpaBJeHusl Kaxaoi cekuueir. Ob6ocHoBaHuMeM pabo-
TOCMOCOOHOCTH TIPEIaracMoi KOHCTPYKLUH SIBIISIFOT-
Csl COBpEMEHHBIE METOABI pacdyeTra Ha OcHOBe 3D-
MOJISIIUPOBaHNUA ycWinid B pabodeM 000pymoOBaHHUU
OTBaJja.

MeToabl HCCJIETOBAHMS 3aKITIOUAIOTCS B 000C-
HOBaHHWM BBIOOpA pPAcUYETHOH CXEMBI KOHCTPYKIIHH,
CHIOCOOOB 3a/ICTKU M PACTIpENEIICHUs] Harpy3Kd Ha pa-
06odyem oprane (oTBajie) P CaMOM HeOIaronpUATHOM
CIydae HarpyKCeHUSI.

HoBu3zna padorbl. PacueTs! ycunmii B pabouem
00OpyIOBaHNY OTBaja, MPOBEICHHBIE Ha OCHOBE 3D-
MOJIEIUPOBAHMS MO3BOIMIN YCTAHOBHUThH BIHSHHUE pac-
MpeJeNICHHON HArpy3Ku Ha OTBaje B ciiydae Habopa
IIOJIHOM NpPU3Mbl BOJIOYEHHS HA U3MEHEHHUE YCWIMH B
ITOKaX TUAPOLMIMHAPOB B MOMEHT IOTEPH HMU
YCTOMYMBOCTH, SIBJISIOLIEHCS IPUUUHON X OTKa30B.

Pe3ysabTaThl HecaeqoBaHusA. AHATU3 PacyCTOB
MTO3BOJIMII BBISIBUTH (PH3HUYECCKYIO TIPUPOIY HATPYIKCH-
HOCTH MITOKOB THAPOLMIMHAPOB B IpEAIaracMoii KOH-
CTPYKIIMH OTBajia OyIBI03EPOB M OICHUTH €€ KOJIHUJe-
CTBCHHO.

BoiBoabl. V3MeHEHNE BEIUMYMHBI Harpy3kud Ha
OTBaJIe TO3BOJIUT ABTOMATH3WPOBAThH IPOIECC YIPaB-
JICHUS CEKIUAMH OTBajJIa JJIA UCKIIFOUCHUSA MPECBBIIIC-
HUsI Harpy3KH Ha paboyee 0OOpyJOBaHME CEKIMH OT-
Baja.

KitioueBble cj10Ba: 0TBai, CEKLIMH, 000pyI0OBa-
HHUE, aBTOMAaTu3aIus, pabounii mpoIece, TPYHT, pa3pa-
6otka, 3D-MoneupoBaHue.
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Abstract

Study objective. To intensify methods of soil
mining, much attention is paid to changing the shape of
the dump surface, which is associated with conducting
research to assess changes in the indicators of digging
forces and machine performance, as well as the specific
indicator i.e. the energy intensity of the digging pro-
cess. The introduction of equipment with an improved
and scientifically based form of the dump surface will
allow us to solve the tasks set above.

The task that the paper is devoted to. The pro-
posed improved design of the multi-section blade al-
lows varying the position of the sections by moving
them back and forth, changing the angles of installation
and cutting, which makes it possible to achieve results
related to reducing digging efforts and increasing ma-
chine productivity. The result is achieved by changing
the extension of the hydraulic cylinder control system
for each section. The grounds for the operability of the
proposed design is modern calculation methods based
on 3D modeling of forces in the working equipment of
the dump.

The research methods include substantiating
the choice of the design scheme of the structure, meth-
ods of sealing and load distribution on the working
body (blade) in the most unfavorable case of loading.

The novelty of the work. Calculations of the
forces in the working equipment of the blade, carried
out on the basis of 3D modeling, made it possible to
find out the effect of a distributed load on the blade in
the case full drawing prism on the change in forces in
the rods of hydraulic cylinders at the time of their loss
of stability, which is the cause of their failures.

The study results. The analysis of calculations
made it possible to identify the physical nature of load-
ing of hydraulic cylinder rods in the proposed design of
the bulldozer blade and to quantify it.

Conclusions. Changing the load on the blade
makes it possible to automate the process of controlling
the blade sections to avoid exceeding the load on the
working equipment of the blade sections.

Keywords: dump, sections, equipment, automa-
tion, workflow, soil, development, 3D modeling.

Acknowledgements: The authors acknowledge the members of the editorial board of the journal and the reviewers.

Reference for citing:

Shchepalin DE, Sladkova LA. 3D modeling of forces in work equipment of bulldozer blades with extendable sections.
Transport Engineering. 2026,7:62-71. doi: 10.30987/2782-5957-2026-7-62-71.

BBenenne

YcoBepiieHCTBOBaHUS paboyero 00o-
pyIoBaHUsl OyibI03epa C BBIIBHKHBIMH CEK-
IIUSIMH, TTO3BOJISIONINX HM3MEHATh B IMPOIECCe
pa3paboTKU TPYHTA YTIIBI PE3aHUs, YCTAHOBKU
B IJIaHE M HCMONB30BaTh dPPEKT yMEHbIIIe-
Hus kodddunmenta 6mokupoBku (puc. 1) [1,

2, 3], MO3BOJIIET CHMXKATb SHEPIOEMKOCTb
mporecca KOMaHWS TPyHTA, YBEJIMYHBATH

IIPOU3BOAUTENBHOCTh HA IPYHTAX Pa3IMYHON
KaTeropuu TPYJHOCTU pa3pabOTKH, a TaKkKe
AJIs1 BO3MOKHOCTH aBTOMATHU3allK IIPOLCCCa
yrpaBiieHus [4].

Puc. 1. Pabodee o6opynoBanue Oyinpao3epa
Fig. 1. Working equipment of a bulldozer
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KoHcTpykuusi ¥ NpUHIMI JeCTBUS YCOBEPIIEHCTBOBAHHOM CeKIIMM 0TBaJIa Oy/abao3epa

B npennaraemom paboueM o6opymoBa-
HUU Oynbro3epa yOpaBlIeHUE CEKIHUSIMH 3
OCYIIECTBIISIETCS THAPOLMIUHApPAMHU 8, 3a-
KpEIUIEHHBIMU B LIAPHUPHOM YCTpOMCTBE [3]
CO CTOpPOHBI TMOPIIHEBOM YaCTH, pa3MEIIeH-
HOW Ha momepeyHou Oaiike 9, )KEeCTKO Coeu-
HEHHOH ¢ ToJKarmuMu opycbsmu 4. [1IToko-
Basl 4acTh THAPOLMWIMHAPOB IIAPHUPHO 3a-
KperuieHa B KpOHIITeWHax 5, 6 u 7, pa3me-
IICHHBIX B TPEX Pa3HbIX TOYKAX Ha THUILHOMN
CTOPOHE Ka)J0il CEKLHH 3 OTBaja C BO3MOXK-
HOCTBIO MOBOPOTa TUAPOLUMUIUHAPOB § OTHO-
CUTENIbHO oceil mapHupoB. [Ipu sTOoM Tpu
TOYKHU pa3MELIEHUsI KPOHIITEHHOB 5 1 6 pac-

IOJIArat0TCsl HA BEPTUKAIH ThIJIBHON CTOPOHBI
OTBaJIa, @ KPOHIITENHBI 6 U 7 — IO TOPU30H-
TaJIM KaXKJI0U ceKuu 3 oTBaia 1.

[Ipy  OgHOBpPEMEHHOM  BBIABUKEHUU
IITOKOB TMAPOLUMINHAPOB, PACIIOJIOKEHHBIX B
kponmreitHax 5, 10 u 6, 10 npoucxoaur us-
MEHEHHE yTjla YCTaHOBKHM OTBaja B IUIAHE, a
MPU OJHOBPEMEHHOM BBIJIBUKEHUU IITOKOB
TUAPOLMINHAPOB, PACIOJIOKEHHBIX B KpPOH-
mreitHax 6, 10 u 7, 10 usmensierca yromn pe-
3aHuUs [1], 9TO TO3BOJISET MHTECHCUDUIIHPO-
BaThb MPOLECC KOMaHUs TPyHTa OTBAJIOM
Oynbao03epa.

3D-monenupoBanne ycwinid B paboyemM 000py10BaHHH CEKIIMH 0TBAJIA

s Bepudukanmum ucciae0BaHui, mpo-
BeleHHbIX B [l], mpennaraercs 3-D mopnens
pacyeTra ycwiuid Ha pabodeM 00OpyAOBaHUH
MpeagaraeMoro oreajna Oyibao3epa.

OnHoM M3 3a7ay SBJISIETCSA OLIEHKA YCH-
JU Ha 3MeMeHTax pabodero oOOpyHOBaHMUS,
B YaCTHOCTH, TUAPOLMINHAPOB, B IIpOrpamme
«Kommac — 3D v 19», koTopast umeer 0a3y
JTaHHBIX 00 OCHOBHBIX MaTepHajaX, HUCIOJb-

Puc. 2. PacuerHas cxema MOJEIH:

a — pa3OreHNe Ha KOHCYHBIC 3JICMEHTBI; O — BRIOODP KPEIICHHUS

Fig. 2. Calculation model:

3ys Oubnmoreky APM FEM (npOoYHOCTHOM
aHaJIU3 C MCIIOJIb30BAHUEM METOJ[a KOHEYHBIX
3JIeMEeHTOB) [6, 7].

BriOpanHas KOHEYHO-2JIEMEHTHAsI CETKa
JUI PacCUMUTHIBAEMOW KOHCTPYKLIHUU COAEp-
KUT 82894 KOHEUHBIX AINEMEHTOB B (hopme 4-
X Y3JI0BBIX TETPadipoB U 22763 y3ioB (puc. 2
a). Y3Ibl KpEIUICHUsS CTEePKHEH — MIapHHUPBI

(puc. 20).

0)
Puc. 3. Harpy3ska, ne#icTByro-
Iast Ha OTBAJ
Fig. 3. Load acting on the blade

a — breakdown into finite elements; 6 — fastening selection

B mpennaraemeix Merogax pacuera [8,
9] nna onpeneneHust yCUIUd B TUAPOLUINH-
Jpax, Harpy3ka Ha paboueM 00OpyAOBaHUH
OyJba03epa BO BCEX MSTH PACYCTHBIX IOJIO-
YKEHUSX MPUHUMAETCS IPUBEIECHHOMN U cocpe-
JOTOYEHHOM IO pPEXyIed KPOMKE OTBaja,
YTO TIO CYTH IIO3BOJIAET OICHUTH JICUCTBHE
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TOJIBKO YCWJIMSL pPE3aHusl PAaBHOMEPHO pac-
IIPEACIICHHOrO 110 OTBAJILHOW ITOBEPXHOCTU. B
npejiaracéMod HaMH PacyeTHOM CXeMe YyCH-
JIME COINPOTHUBIIEHUS KOMAHUIO TPYHTA CUMTA-
€M PaBHOMEPHO pacCIpEAesICHHON M0 OTBAJIb-
HOW TOBEPXHOCTH, T.. B MOMEHT Habopa
MOJTHOW Mpu3MbI BosioueHus (puc. 3). B pac-



4eTHOU cxeme (puc. 30) yuyTeHO HIapHUPHOE
3aKperyieHue TUAPOLMIMHIPOB B OMOpax Ha
OanKe W OTBaJe, a TAaKXKE JKECTKOE KPEIUICHNE
MOTIEPEYHON OAJIKH.

YuuteiBas, YTO OTBajgbHAas MOBEPX-
HOCTh  TpelCTaBisieT co0oil  MacTuHy,
Harpy3Ky, JIEUCTBYIOIIYI) Ha KaXIyK CEK-
LMIO0 OTBaJIa IPU MPSIMO-YCTAaHOBJIEHHOM OT-
Basle, NpUHUMaeM pasHoii 0,47 H/mm? = 0,47
MITa.

a)

L(eyeHue 4

Jns oLleHKH M3MEHEHUsT YCWIMM B LITO-
Kax THAPOLMIMHAPOB HCIOIL30BAICS METOJ
CEYCHUH, B COOTBETCTBUU C KOTOPHIM THUIPO-
nunuHAp 8 (puc. 1), mpencTaBiIeHHBIA B BUIC
crepxHs (puc. 4a), pa3OuBancsi CEUCHHUSIMH
Ha paBHbIE ydacTku mimHOM | (puc. 40), a
KaXJl0€ Ce4YeHue JeNuiIoch Ha 6 yacteil
(puc. 4B).

Puc. 4. Metoauka omnpenencHNs N3MEHEHUS YCHIIUH B CTEPKHIX PACUCTHON CXEMBI 110 [UTHHE U [0 CEUCHUSIM:
a — HyMepalus CTep)KHel; 0 — Ce4eHHs 10 JIMHE CTEP)KHS; B — TOYKU 3aMepa B IIOIIEPEYHOM CEUCHUH
Fig. 4. Methodology for determining changes in forces in the design model bars along their length
and across their cross-sections:

a — bar numbering; b — cross-sections along the bar's length; ¢ — measurement points in the cross-section

OTcuer JIMHBI CTEP’KHEN BBIIIBUHYTHIX
IITOKOB TUJIPOLMIMHIPOB MPUHUMAJCS C
OTIpE/ICJICHHBIM II1aroM, Ha4yWHAas OT KPOH-
TEHHA KpEIUIeHUs TUJPOLMIMHIpa, YCTa-
HOBJICHHOTO Ha morepedHoi Oanke. Otcuer

HAuYMHAJICS OT TOYKU |, pacrosigoKeHHOW Ha
MPOJIONBHONM 00pasyromeit cTepxHs. bbuto
BBIOpaHO 10 ceueHuid MO KaXXIOMY CTEP)KHIO
C COOTBETCTBYIOIIMMHU aiuHaMu 853, 850 u
777 MM TipH OIPSIMO YCTAaHOBJIEHHOM OTBAJIE.

AHajm3 ycuJmi B padoyeM 000py10BaAHUM CeKLIMU 0TBaJIa 0yJba03epa.
I'paduueckas nHTepnpeTals U3MEHEHUS YCUIMH M TEepeMElIeHHH B CTEP)KHAX B OTCEKE

MPUBEAECHBI HAa PUC. 5.
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6) 5)

Puc. 5. I3MeHeHne HAMPsKEHHO-1epOPMUPOBAHHOTO COCTOSIHHUS B CEKIIMH TIPEIaraeMoro oTBajia OyJibao3epa:
a — nepeMelenus, MM; 6 — Hanpspkenust, MIla; ¢ — MHAUKATOPHAS IIKaja H3MEHEHUS HANPSKEHHMH
Fig. 5. Change in the stress-strain state in a section of the proposed bulldozer blade:
a — displacement, mm; 6 — stress, MPa; 6 — stress change indicator scale
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Ha puc. 5 BuaHo, 4to Haubonee Harpy-
JKEHHOM SIBIIETCS 4acCTh OTBAJIbHON MOBEPX-
HOCTH, PacoJIOKEHHOM 3a THAPOLMIHHAPOM,
PAaCIIOIOKEHHBIM 32 IITOKOM PacIOiI0KEH-
HBIM TI0 TOPU30HTAIH, YTO OOBSCHSIET MPHUIH-
HY W3HAIIMBaHUs JIOOOBOTO JIMCTa OTBaja B

BepXHEW ero 4YacTtd (W3 TPAKTHUECKHX
HaOMI0IeHUH OyJIB03€pPOB B MPOIECCE DKC-
IJTyaTaium).

Busyanuzanusi pacnpeneneHusi yCUini
B CTEP)KHSIX TOKAa3bIBAET, YTO MEHEE BCETO

Harpy3ka MPUXOAUTCSA Ha ctepkenb 2. [Ipu-
9YeM BEJIMYMHA JTUX YCHJIMH W3MEHSETCS B
3aBUCUMOCTH OTBCIINYUHBI pacnpeﬂeneHHoﬁ
10 OTBaJly HArpy3KH, YTO BHUIHO B CpaBHH-
TeIHHOM BapHaHte (puc. Sa, 0).

Pe3ynabTaThl  pacdyeToB = HM3MCHCHHS
HaIllpSDKEHUNM B CTEPXKHAX CEKUUU OTBaJIA
MpUBE/ICHBI B Ta0I. 1.

I'paduueckas mHTEpHIpeTanyst U3MeHe-
HUS HANPSDKCHUH B CTEPIXKHSAX MPHUBEICHBI Ha
puc. 6-8.

Harpy>X€H CTEpXKEHb3, a MaKCUMaJbHas
Tabmuma 1
Pesynbrathl pacueTroB usMeHeHus HanpsbkeHuit (MIla) B cTep)KHSAX CeKIMM OTBaja
Table 1
Results of calculations of stress changes (MPa) in the rods of the dump section
Howmep Howmep ruppormnuHapa (CTep>KHS) B COOTBETCTBUH € puc. | u 4a
CE4YeHHUs 110 Crepxens 1, qmuna L= 853 Mm

JUIMHE Touka | TOuKa 2 TOuKa 3 Touka 4 TOUKa 5 TOUKa 6
1 231 230 235 196 210 220
2 191 172 173 190 207 205
3 193 157 159 195 220 218
4 191 147 145 190 232 230
5 197 135 127 189 246 243
6 193 121 120 204 254 248
7 198 107 107 201 272 267
8 193 100 95 185 274 277
9 205 87 80 191 300 300
10 204 91 81 225 306 306

Crepxenb 2, nuHa Ly = 850 MM

TouKa 1 TOYKa 2 TouKa 3 TouKa 4 TOYKa 5 TOYKa 6
1 184 218 224 229 202 202
2 167 185 194 209 200 185
3 151 180 200 226 208 178
4 131 171 215 246 216 170
5 117 164 218 264 225 166
6 100 163 230 282 244 170
7 83 158 250 292 240 154
8 61 158 250 319 255 161
9 52 138 238 336 250 139
10 38 146 258 352 260 160

Crepxenb 3, niauHa Lz = 853 MM

TouKa | TOuKa 2 TouKa 3 Touka 4 TOUKa 5 TOUKa 6
1 201 191 220 182 171 171
2 179 187 187 178 168 170
3 181 191 196 178 164 165
4 177 195 198 177 161 160
5 179 200 202 174 164 157
6 178 203 209 180 150 156
7 178 212 213 179 146 150
8 177 211 215 182 143 145
9 177 214 224 179 142 142
10 187 218 220 186 135 142
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Puc. 6. 3MeHeHne HanpsHKEHUI 10 ITTMHE CTEPKHA | B Toukax momnepedHoro ceuenus 1, 2, 3,4, 5, 6.
Fig. 6. Change in stress along the length of rod 1 at cross-section points 1, 2, 3, 4, 5, 6.
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Puc. 7. 3mMeHeHne HANIPsDKEHUH IO AJTMHE CTEP)KHSA 2 B TOUKAX MOMEpedHoro ceueHus 1,2, 3,4, 5,6
Fig. 7. Change in stress along the length of rod 2 at cross-section points 1, 2, 3, 4, 5, 6

AHanu3z puc. 6, 7, 8 MOKa3bIBAET, YTO KAKI0E
W3MEHEHUE HANpsHKEHUN G = )i XapaKTepu3y-
€TCs JINHEMHON 3aBUCUMOCTBIO THIA G = )i =
al +b, rae | — paccTossHHE HAYMHAS OT KPOH-
MITeHHA KPEIUICHUS THUIPOIWIMHIPA, YCTa-
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HOBJICHHOTO Ha TOIepeyHo Oanke 10 cle-
JYIOIIETO 1 -T'0 HOMEPEYHOro CeUYEHUs!, Xapak-
TEPU3YEMOT'0 COOTBETCTBYIOIIEH TOUKOM OT 1
1o 10 (tabn. 2) npu cperHECTaTUCTUYECKOM
koddunmente paccesaus He menee 0,8.
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Fig. 8. Change in stress along the length of rod 3 at cross-section points 1, 2, 3, 4, 5, 6

Tabmuma 2
3aBUCHUMOCTH U3MEHEHUS HAMPSKEHUH 10 IJTMHE CTeP)KHEN MO CeYSHHSIM
Table 2
Dependencies of stress changes along the length of rods by cross-sections
Touxka Ha nmonepeyHoM HOMep CTEPKHA
CEYCHUHU CTEPKHS Hanpsxenns, MIla
1 2 3
1 -0,776x+203,87 -16,545x+199 40 20,957x+186,67
2 -13,727x+210.2 -6,830x+205.67 3.551x+182,67
3 -15,018x+214,80 5,945x+195,00 -0,957x+186,67
4 1,612x+187,73 15,861x+188,27 0,455x+177,00
5 11,594x x +18833 7,260x+190,07 -4,060x+176,73
6 11,212x+189,73 -5,024x+196,13 -3,563x+175,40

Takxe 13 MOJTy4YeHHBIX 3aBUCUMOCTEH B
Tabn. 2 u Ha puc. 6—8 oYeBHIHA MAPHOCTH
W3MEHEHHUS HaIpsDKEHUH B CTEPXKHSAX CHUCTe-
MBI 110 CEYEHHIO B 3aBUCUMOCTH OT pacmlpee-
JIEHHOW HAarpy3Kd IO IOBEPXHOCTH OTBaJIa,
npeularaeMoil KOHCTPYKLUH.

Jpyrumu  cioBaMu THUIAPOLMIMHIPSI,
3aKpeIUIeHHbIE Ha THUIBHOM CTOpOHE OTBaJa
Ha OJIHOM ropu3oHTanu (crepxHu 1 u 3),
UMEIOT OJIMHAKOBYIO MApHOCTh HAIPSDKEHHH,
KOTOpBIE MOKHO ONHCATh JIMHEWHBIMHU 3aBU-
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cuMOCTsIMU. [Ipy 3TOM napHble HaNpsHKEHUS
HUMEIOT COOTBETCTBYIOIINE IPYT APYTy HEBBI-
COKHE IOIPEIIHOCTH.

B nonepeunsix ceueHusix crepxkuen 14
— HaIpsDKEHUs MPAKTUYECKU MOCTOSHHBIE MO
BCEH JUIMHE CTEpKHs, B TOUKaxX 2—3 A Tua-
pounnuHapa 1 HampspkeHHe HO JJIMHE CHHU-
&Kaercs, a sl TUAPOLMIMHIpPA 3 TOBBIIIAET-
ci. B rtoukax 5-6 nmns ruzpoumnmHapa |1
HanpsDKeHWe MO JUIMHE TOBBIIAeTcs, a s
TUIPOLMIINH/IPA 3 CHUXKAETCS.




CoBceMm MHaye BBITJSIUT KapTUHA IS
CTEpXKHA 2, pacloJIOKEHHOTO0 Ha OJHOMN Bep-
TUKAJIU CO CTEp>KHEM 3. YCuius B TOUKax 3 U
5 BO3pacTaroT MO JJIMHE CTEPXKHS 2, a B TOY-
Kax 5 u 6 cHKaroTcs. Ycunus B Toukax 1 u 4
MMEIOT KOCOCHMMETPUYHOE U3MeHeHue (B
TOUKE | — CHMKEHUE HAIpPSKEHUs, a B TOUKE
4 — BO3pacTaHue).

[Ipuyem u3MeHEHHE MapHBIX HAMPSKE-
HUN OTHOCUTEJBHO FOPU30HTAIIN MPOUCXOIUT

CUMMETPUYHO, YTO CBUJETENILCTBYET O HAJIM-
YUU MOTEPU YCTOMYMBOCTH CTEPKHSAMHU IPHU
3alaHHON Harpyske. Jlpyrumu cioBamu, BO-
JIOKHA CTEpXHEH, MMEIIIHE TEHACHIMI K
YBEIIMYEHUIO, SIBJISIOTCS PACTIHYTBIMH, a BO-
JIOKHA CTEpXKHEH, MMEIIIHE TEHACHIMIO K
YMEHBIICHUIO, SIBJISIIOTCS CKATHIMU.

[TonydeHHBIN BBIBOJ MNOATBEPKAACTCA
pe3yabTaTaMu UCCIEAOBAHUS NIEPEMEIICHUI B
cTepkHsX (Tadu. 3).

Tab6muma 3

Pesynbratel onpenenenus uamenenus nepemeniennit VSUM (mm)
B FMIPOLIMIIMHPAX CEKIIMH OTBaJa

Table 3

Results of determining the change in displacement VSUM (mm) in the hydraulic
cylinders of the blade section

Howmep ceuenus mo Howmep ruppormmuHapa (CTep>KHS) B COOTBETCTBUH € puc. | u 4a
JUTHHE 1 2 3
1 0,18 0,21 0,11
2 0,62 0,79 0,22
3 1,02 1,24 0,36
4 1,34 1,66 0,48
5 1,59 1,9 0,58
6 1,73 2,1 0,64
7 1,76 2,11 0,67
8 1,64 1,89 0,67
9 1,4 1,47 0,64
10 0,98 0,85 0,6

W3 tabn. 3 BUAHO, YTO BEIMYMHA OTHO-
CUTEJIBHBIX MEPEMEIICHUN HE MPEBBIIIALT J0-
MYCTUMYIO TPU BBIOPAHHBIX JTMHAX CTEPIK-
Hel (IITOKOB TUAPOLMIMHAPOB) Oonee 500
MM.

o = N
" [ " [N} "

BennunHa nepemeleHmnn, mm

o

0 2 4

I'paduueckass uHTEpHpeTanus MpoBe-
JEHHBIX MCCIICIOBAHUN NpUBEAEHA Ha puc. 9
U Tpe/CTaBiIseT coO0H KpUBbIE BTOPOTO MO-
paaka.

y2 =-0,0741x% + 0,9078x - 0,7187
R?=0,9841

R*=0,991 .
\ 3
y3 =-0,0128x2 + 0,1986x - 0,1023
R*=0,9944
6 8 10 12

[TonoxkeHne ceyeHUA Ha CTEPKHE

—eo—Paal

Papg 2

Pag 3

Puc. 9. 3meHeHune nepeMenieHuit o AauHe CTep)KHS 3 B TOUKaX MomnepeyHoro ceuenus 1, 2, 3,4, 5, 6
Fig. 9. Change in displacements along the length of rod 3 at cross-section points 1, 2, 3, 4, 5, 6
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3MHI/IpI/I‘-ICCKI/Ie 3aBUCUMOCTH IIPpU KO-
s urnuente paccesauss He menee 0,98 u no-

BEpUTENIbHOM BeposiTHOCTH 0,95 KpUBBIX (pHC.
9) nmpeacTasieHsI B Ta0. 4.

Tabmuma 4

3aBUCUMOCTH U3MEHEHUS IIEpEMENIEHUI A, MM IO JUIMHE CTEPKHEH 110 CEUEHUAM

Table 4

Dependencies of the change in displacement A, mm along the length of the rods by sections

Howmep crepxHs

1

3

—-0,0539x2 + 0,6973x —
—0,5327

~0,0741x2 + 0,9078x —
—0,7187

—0,0128x2 +0,1986x —
—-0,1023

Ha puc. 9 BugHO, 4TO SKCTPEMYM KaxK-
0N (YyHKIMM JISKUT MOCEpPEeIUuHE KaXKOoro
CTEp>KHSI, YTO COOTBETCTBYET BBHIOpaHHOH 3a-
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