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Jloc1IPKeHHST HaBaHTaXKEHb HECY4YO0i CUCTEMU
HaBaHTa)XKyBayda B 3aJI€KHOCTI B1J] TapaMeTpiB
IIAPHIPHOTO 3’ €HAHHS HaIlIBpaM

CraTts € Tepmor YacTHHOI LUKy JOCHIDKCHb IMapHIPHOTO 3’€THAHHA (PPOHTAIBHOTO
HaBaHTA)XyBaya BaHTaXoHiAHOMHicTIO 3T. I TMOpiBHAHHSA OOpaHO KOHIICMIII0 MOOYIOBH paMH 3axiTHUX
BUPOOHMKIB 3 IPHOIM3HO OJHAKOBOIO BAaHTAXOIIAHOMHOCTI, cTBOpeHO 3D Monens HOBOI paMH y HOTHPHOX
BapiaHTax 3 Pi3HOI BEIMYHMHOIO 3’ €JHYBAJIbHOTO HIAPHIpY. PO3IIsaaeThes ONIOKEHHS, KOJIM HABAaHTaXXyBad i
yac HaOopy MaTepiajy B KIBII 3yCTpidae HerepeOOpHY Mepemkony. AHani3yBaliuch HABaHTAKEHHS Ha
BEPXHPOMY Ta HW)KHBOMY 3’€JIHAHHI HamiBpaM Ta HaBaHTaXEHHs Yyciel pamu B IiioMy. Po3paxyHku
MPOBOJIMIIMCH B TUHAMILIl 3 BUKOPUCTAHHSM IPOrPAMHOI0 KOMIUIEKCY ISl IHKEHEPHOT'O aHali3y Ta YHCEeIbHOTO
MOJICTIFOBaHHS Ansys 3 BUKOPUCTaHHSIM MOJYJISl pO3paxyHKy pyxy. Komm’ioTepHe MozeiroBaHHs JTO3BOJISIE 3a
KOPOTKHH Yac 3MOJENIOBAaTH Pi3HI CIeHapii IMOBEJIHKM HECy4oi CHCTEMH HaBaHTaKyBadya B IIPOIeCi pOOOTH.
TakuM YMHOM OTpUMaHi pe3yNbTaTH, 33 SIKUMH MOXHA BHSBHUTH HEJONIKM KOHCTPYKIII Ta BHECTH 3MiHHM Ha
eTari MPOEKTYBaHHS, a TaKOXX 3€KOHOMMTH MaTepiajH, 4ac Ta KOIUTH Ha BHUTOTOBJICHHS JOCIIIHHMX 3pa3KiB
HOBOTO 00JaTHAHHS Ta MPOBEICHHS HATYpHUX BUIPOOyBaHb. 3a pe3yabTaTaMi MO>KHA BUSHAUHTH CIIA0Ki Micus
KOHCTPYKIIi{ Ta BHECTH 3MiHM Ha CTaii IPOEKTYBaHHS.

HaBaHTaxeHHs, CAD, CAE, Solidworks, Ansys, Hecyuya cucTemMa, IMHaAMiKa, IIapHipHa pama, MilHiCTh

IMocranoBka nmpodaemu. Hecyua cucrema (pama) (ppoHTAIBLHOTO HaBaHTaXKyBada €
OCHOBHHM e€JIeMEHTOM MamuHH. [Ipu pyliHYBaHHI paMu BCSl MallWHAa BHUXOJHWTH 3 Jamy,
HE3BAXKAIOUW Ha Mpale3AaTHICTh 1HIINX BY3JiB Ta arperariB (puc. 1), ToMy anst TpuBajoi Ta
Oe3nepepBHOT pOOOTH HABAaHTAXyBada pama IMOBHHHA BiAMOBIATH JKOPCTKHM BHMOTaM JI0
MIIIHOCTI Ta HaJIIWHOCTI. HaWBIAMOBIMANBHIMIUM €JIEMEHTOM Yy pami (PpoHTAIBHOTO
HaBaHTa)XyBaya € IapHipHEe 3’ €IHAHHS MEPEIHBOT Ta 33 JHHOI HAIliBPaMH.

Pucynok 1 — PeMOHT mrapHipHOTO 3’€IHAHHs (DPOHTAIHLHOTO HABAHTAXyBada
Licepeno: https://www.youtube.com/watch?v=sVNd5uvLECM

© 0O.B. Illepbak, A.B. Cyminos, C.JI. Xauatypsn, 2024

111



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Col.10(41), Part |

AHaji3 ocTaHHiX AochaigkeHb i myOJikamiii. AHami3 HaBaHTAKEHOCTI HECYYOi
CHUCTEMH HaBaHTaKyBaua OyJIO pO3MVIAHYTO B CTAaTTsX [1-2], ame B HUX HE BpPaxOBYBaJHUCh
napaMeTpud pamu, aHaii3 OyB mpoBeAeHHMH y cratumi. Y poboti [3] 10 craTHYHOTO
pO3paxyHKy JOJaHO 1€ PO3PaxXyHOK Ha BTOMHY JIOBIOBIYHICTH KOHCTPYKINi, 3a
pe3yspTaTaMu SKoro OyJio OTpUMaHO Cia0Ki Micls iCHYI04Y0i KOHCTPYKIIii HECyuoi CUCTEMH,
a B pobotri [4] po3paxyHKH TPOBOIWINCH BXKE Yy JWHaMIMl 3 JOCIIDKEHHSIM pPyXy
HaBaHTaXKyBadya I/l Yac MpOI3/y M0 HEPiBHIN MOBEPXHi 3 MITHATUM HAITOBHEHUM KOBLIEM. Y
cTaTTAX [5-15] po3risHyTi 3araibHI MPUHIMIHN PO3PaXyHKIB HECYYMX CUCTEM PI3HUX MaIWH.

IHoctanoBka 3aBaaHHs. KOHCTpyKIis IIAapHIPHOTO 3’€IHAHHS HAIiBpaM Mae
MPUHITUIIOBO OJTHAKOBY cXxeMy. /[Ba, B pIIKMX BHUIMAAKaX TPH, ByXa OJHIET HAMIIBpAMH Ta MiCIIs
3 OTBOpaMH Ha IHIINM HamiBpami, KOTpi 3’€IHYIOTbCA (IKCYIOUMMHU MajbISIMHU. 3a3BHYAil
nepeBaXkHa OUTBIIICTh KOHCTPYKIIIM TaKUX paM BUTOTOBJICHI METOJIOM 3BapIOBaHHS €JIEMEHTIB
3 JMCTOBOTrO MeTainy (pHc.2), TaKOX 3yCTPIYalOThCS KOHCTPYKIII 3’€IHYBAIBHOTO IIAPHIPY
BUTOTOBJICHHI METOJIOM JHUTTS (puc. 3), ajie Taki KOHCTPYKIi € MEHII HaJIHHWUMH, HiXK
KOHCTPYKIIi 3 TMCTOBOTO METaTy 3 MPUYMHU BUHUKHEHHS Y JINTBI TIOP 1 PAKOBHUH.

Pucynok 1 — KoHCTpyKIList paMu 3 TMCTOBOIO MeTally HaBaHTaxyBaua Caterpillar
IDicepeno: 6yknem gppoumanvrux nasanmaoicysauie Caterpillar

Pucynok 3 — KoHCTpyKIIis 3’ €JHYBaAITBHOTO MIApHIPY PPOHTATBEHOTO
HaBaHTaxyBaua T-156b BUroTOBIEHA METOIOM JIUTTS
Iicepeno: pospobaeno asmopamu

OCHOBHOIO BIIMIHHICTIO TaKWX KOHCTPYKIM € BIACTaHb MK BEPXHIM 1 HIKHIM
3’enHaHHsAMH (puc. 4). Y Ttabmuni 1 3i0paHo mapameTpu HaBaHTa)XyBadiB 3aKOPJIOHHOTO
BUPOOHMIITBA Ta HaBaHTa)XyBad BITUYM3HIHOTO BUPOOHUIITBA XapKiBCHKOTO TPAKTOPHOTO
3aBoay T-156b, yci nani B3sti 3 6pomryp.

Sxmo ans HaBaHTaxyBada T-156b Oyno oOpaHo miapHipHE 3’€IHAHHS 3 BiJCTAHHIO
278 MM MIX IIapHipaMH, TOMY 1[0 BCS paMa B34Ta 3 CUIbCHKOrocnoaapcbkoro Tpakropa XT3-
150K Ta miHIMaIhbHO MOJEpHI30BaHA I HABAHTAXKYBAJIBHE OOJIATHAHHS, TO JJIS 1HIIMX
OpURHATHX [0 aHajiily Mojeled HaBaHTaXKyBadiB HE 3pO3yMUNO, 3a SKUM INPHHLUIOM
oOupaBcst JaHWH MapaMeTp 1 SK BiH BIUIMBA€E Ha HABAHTAXXCHICTh paMH.

112



[SSN 2664-262X IenTpanpHOyKpaiHChKuil HaykoBuit BicHuk. Texniuni Hayku. 2024. Bum. 10(41), u.]

Pucynok 4 — BincTaHp Mk BEpXHIM i HDKHIM IApHIPOM 3'€ THAHHS
Jicepeno: 6yxkiem gpponmanvhux naeanmaoicysavie JCB

Tabmuus 1 — [apamerp A Hecyuoi cucteMu (pPOHTAIHLHUX HABAHTAKYBAaUiB

Mopaeab HaBaHTaKyBauya 06’eM KoBIIa, M ITapameTtp A, MM
JSB 4267X 2,1 580
VOLVO L60F 1,7 555
Caterpillar 924K 1,7 420
XT3 T-156b 1,5 278

Licepeno: pospobneno asmopamu

Bukiaang ocHoBHoro marepianay. [IuTaHHS HaBaHTa)XKEHOCTI KOHCTPYKIIH pamMu 3
pI3HUM MapamMeTpoM A MOXJIMBO BHUPILIMTH 32 JJOIOMOTOI0 KOMIT IOTEPHOTO0 MOJETIOBAHHS,
BUKOHABINM aHAJli3 JUHAMIKK pyXy. MeTol aHami3y € BUSBJICHHSA BIUIMBY pPi3HUX
KoH(piryparmiii Hecy4doi cucTeMH Ha 1 HaBaHTAXKEHICTh, Ta sKa 3 KOHQIrypamii €
ONITUMAJILHOIO 3 TOYKH 30py HaJiiHOCTI. J{JIs IIbOTO 3a JOIIOMOTOI0 IPOrpamMH TPUBHUMIPHOTO
moaemoBanHsa Solidworks Bepcii 2022 Oyo CTBOPEHO paMy y YOTHPHOX Bapiamisix 3 pi3HUM
napamerpoM A: 555mMm, 500mm, 450mm, 400mMM (puc. 5) Ta BCTaHOBJIEHO Ha Iaci
HaBaHTaxxyBauya T-156b. Po3paxyHku mpoBOAMIMCH 3a JOMOMOIOK) MPOTPAMHOTO IMAKETy
Ansys Bepcii 2024R2. IloctanoBka 3amaui Oyjia BHUKOHAaHAa B PO3PAaXyHKOBOMY MOAYJI
«Motion». byna po3risiHyTa MOAETs BUKOHaHHS poOOYOTO MPOLECY HABaHTa)KyBadeM, MpH
SKOMY MallliHa MiJ 4Yac HaOMpaHHS MaTepially B KIBII CTHKA€ThCS 3 HEMepeOOpHOIO
MEPEIKO/IOIO.

[Ticns moOymoBu 3D Mopenel, KOXKeH 3pa30K IMIOPTYEThCS Y CepeloBUIE Ansys B
okpemuii Motysib Motion y po3ain Geometry. Takox y po3aurn Engineering Data momaeTscs
martepiay, 3 skoro BurotosieHa 3D wmogens. Ha nHacTtymHoMy kpoui y po3auni Mesh
OymyBaiack ciTka 3D momeni (puc. 6).
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a— 555 mm; b— 500 mMm; ¢ — 450 mm; d — 400 mm.

PucyHok 5 — JlociiHi 3pa3ku paMmu 3 pi3HUM napamerpom A
Hoicepeno: pospobnero asmopamu

Ansys
2024 R2

803 403

PucyHok 6 — IToOyoBaHa ciTka Ha MOJIEJIi Ta MOBEPXHSX, SIKi B3a€EMOJIIIOTH MiX COOOI0
Locepeno: pospobaeno agmopamu

Ha erani Bu3HaueHHs YMOB PO3paxyHKy y po3aiuai Setup (puc 7) BHU3HAYAIOThCS BCi
MOBEPXHI, 1110 KOHTaKTYIOTh MIX COOOIO Ta THI IXHBOTO KOHTakTy. Lle Moxe OyTH KOHTaKT
bonded, no separation, frictional ta frictionless. Taki Tuu KOHTaKTIB BiqoOpax)arThCs B TEIl
contacts. TakoX 3agarOTbCs INAPHIPH PYXOMHUX Ta HEPYXOMHX €JIEMEHTIB MoOJem 3
3a3HAYEHHsAM TUIy mapHipa. [[ns Koiic 3amaeTbes TUM ImapHipy revolute Ta planar, mms
3’€IHaHb HaliBpaM 3ajaeThcs mapHip cylindrical. s ycix iHIIMX €JIEMEHTIB MOAENI JUIs
BCTAHOBJICHHs 1X peaJibHOI Macu 3adaeTrhcs TUN ImapHipy fixed. HacTymamm kpokxom
JIOJTA€THCS CUJIa TpaBiTallii Ta BIACTHBOCTI JUI1 KOHTAKTYIOUHUX 00 €KTIB, Taki sIK Koe(ilieHT
TEepTSL.

VY poszaini Solution 3amaeTbes yac, BIPOJOBXK SKOT0 OyAe po3paxoBYBATUCH PYyX
MOJIeI Ta KUTBKICTh KPOKIB pO3paxyHKy. Jlam po3paxyHOK 3aIyCKa€eThCsl HA BUKOHAHHS.
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H(E Connections

Bl i Contacts (Wheels)
o v "B, Frictional - 5YS\Koneco npase-2 To SYSYlosepxHsA
--("O_‘ Frictional - 5YS\Koneco nise-2 To SYSYTosepxHa
--(‘9.\ Frictional - 5YS\Koneco npase-1To SY5YlosepxHa
V‘Q Frictional - SYS\Koneco nige-1 To SYS\ToEepxHa
£ fa Joints
--("';\ Flanar - 5¥Y5\oneco npaso-2 To SY5\Most_simple-1
--(":“ Revolute - 5YS\Most_simple-1To SYSWKoneco npase-2
2 Planar - SYS\Koneco nise-2 To 5YSWMost_simple-1
Revalute - 5¥YS\Most_simple-1To SYSKoneco nise-2
Fixed - Ground To SYSYlosepxHa
Flanar - 575 \Most_simple-2 To SYS5\WKoneco npase-1 2
Revolute - 5YS\Most_simple-2 To S5YSWoneco npase-1
Flanar - 5¥5\Most_simple-2 To 5Y5\oneco nise-1
Revolute - 5YS\Most_simple-2 To SYSWoneco nise-1
Fixed - 5YSVlispama nepeans-1 To SYS\Most_simple-1
Fixed - SYSWpoHwTe#H MocTa 3aaH. 1-1-solid1 To SYSYost_simple-2
Fixed - 5YS\Most_simple-2 To S5YS\KpoHwTelH MocTa saaH. 2-1-solid 1
Fixed - SYSWpoHwTeiH MocTa 3a0H. 2-1-solid1 To SYSYispama 3aaHa-1-solid1
Fixed - SYSWpoHwTein mocTa 3aaH. 1-1-solid1 To SYSYispama 3aaqs-1-selid1
Cylindrical - SYSYlisypama sagHa-1-solid1 To SYSYispama nepenHa-1
Cylindrical - SYSYliBpama nepeaHa-1 To SYSViBpama s3anHA-1-solid 1
Fixed - 5¥YSYlispamMa nepeans-1 To SYSVCTpina ¢ koswom+TL1-1

" Fixed - SYS\abiHa i kanoT-1To SYSYispama saaHA-1-sclid1
EI-----‘/E' Contacts (Rama)
--,/‘D.\ Frictional - SYSVlispama 3aaHa-1-solid1 To SYSVliBpama nepeaHa-1
] ", Frictional - 5YS\Nispama nepeans-1 To SYSYispama sagnA-1-solid1
£l {8 Contacts
: i B, Frictional - SYS\CTpina ¢ koswaom+M1-1To SYS\osepxHa
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L Mesh
=, Motion (D5)

------- ¥ ‘@ Initial Conditions
------- - IIH Analysis Settings
By 59 ContactFrictionProperties (for wheels)
B ¥, Contact Friction Properties
- B, Contact Friction Properties 2
- B, Contact Friction Properties 3
g ¥, Contact Friction Properties 4
Bl E‘ JointLoadProperties (for wheels)
(Q Joint Load Properties
- ¢ &2 Joint Load Properties 2
- 42 Joint Load Properties 3
(Q Joint Load Properties 4
------- ¥ Standard Earth Gravity
....... "W, Contact Properties
------- . Contact Properties 2
....... ¥, Contact Properties 3
B <clution (06)

1] Solution Information
90 Equivalent Stress
/T8 LLlapHup BepxHilt
‘/lﬁ‘_q! LLZpHHR HIHKHIA

Pucynoxk 7 — BikHO HajamTyBaHb YMOB PO3PaxXyHKY

Hoicepeno: pospobneno agmopamu

[Ticns mpoBeAeHUX MPOTPaMOI0 PO3PAXYHKIB OTPUMAEMO 3HAUEHHS HAMpyXeHb 1
3yCWib, SIKI JIIFOTh HA BEPXHE Ta HWKHE IMIApHIpHE 3’€IHAHHS, Y BHUIJISAL KOJIBOPOBOTO
TPagi€HTy B CHHBOTO JO YEPBOHOTO KoJhopy. CHHIM KOJIHOPOM TIOKa3aHi HaiMeHII
HABaHTA)XCHI YaCTHHM, a YAM OUTbIIE KOJNIp HAOIMKAETHCS JO YEPBOHOTO, TO THM OLIbIIe
HAaBAaHTa)XCHHSA Ha BIAMOBIAHIN AuisgHui mojeni (puc. 8). Takoxk 3a3HaueHi HaBaHTAXKCHHS
dopmytoTecs y BUrsai rpadiky (puc. 9).

D Passa wonan (5550

Ansys

2024 R2

19485 Max

00025964 Min

PucyHok 8 — HaBaHTakeHHS, SIKi TiIOTh Ha paMy 3 mapameTpoM A=555mm
Loicepeno: pospobaeno asmopamu
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Pucynok 9 — I'padiki HaBaHTaXKEHOCTI Y MPOCTOPi HAa BEPXHbOMY (a) Ta HIKHbOMY (b) HiapHipax
Jicepeno: pospobneno asmopamu

Ha rpadiky (puc. 10) 3BeaeHO oTpuMaH1 pe3ynbTaTH HAaBAHTAXEHOCTI YCIX 3pa3KiB
pam, 3 SIKUMHU BHJTHO, 110 HAaBAaHTAXKECHICTh HECY4Oi CUCTEMU MPH BUKOHAHHI oreparlii Habopy
Martepiaigy B KIBII 1 3yCTpidi 3 HEMEPEOOPHOIO MEPEIIKOI0I0, MA€ CXUIIBHICTh JI0 3POCTAHHS

BIJIMOBITHO 110 30UMBINCHHS TapaMmerpy A pamu. BiamoBigHO MOXKHA 3a3HAYUTH, IO IS
TAKOT0 BUMAJKY IMapaMeTp paMH A TTOBUHEH OyTH HAaHMEHIIIHM.

2500
B -
------------------ I IERTLL L
2000 »
< 1500
E A N
- (Y o A sy Stress top hinge
2
2 8 Stress bottom hinge
«2 1000
+++he+ Force top hinge
««+«M++ Force bottom hinge
500
.—/-_——/.
e & * -
0 * B

400 450 500 555

A, mm

Pucynok 10 — I'padik HaBaHTa)KEHOCTI YOTHPHOX 3pa3KiB PaAMU 3 PI3HUM MapameTpom A
Iicepeno: pospobaeno agmopamu
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BucHoBku. [lannii METOA KOMIT'TOTEPHOTO MOJICIIOBAHHS POOOYOro MpoLecy MalliHA
Jla€ MOYJIMBICTh Y TIOBHIM Mipi OI[IHUTH IMOBEMIHKY HECY4Oi CUCTEMHU YW 1HIIMX CJICMEHTIB
MaIllMHU 32 KOPOTKHHM Yac 1 3pOoOMTH BHCHOBKM MIOAO CJIA0KMX MiCllb KOHCTPYKIIii, He
BJIAIOUHUCH JI0 BUTOTOBJICHHSI BUPOOY B MeTal Ta HE IPOBOJISYM HATYPHUX BUIIPOOYBaHb.

VY mopanplioMy CIiJi IPOBECTH aHANI3 MpPU 3YCTPidi 3 MEPEIIKOA0I0 LIEHTPOM KOBIIA,
3MIHATH KYT MiIHOMY KOBIIA, a TaKOX JOCIIAUTH po0OOoUi MPOIECcH, Taki SK MepeMilleHHS
HAIlOBHEHOT'O KOBILIA 10 MICIIsl pO3BAaHTAXXEHHS, pyX HaBaHTa)KyBaya 10 HEPIBHIM MOBEpPXHI,
pyX Ha CXWJl Ta IHII IS OTPUMaHHS MOBHOI KapTUHU HAaBaHTa)KEHb IMPHU PI3HOMAHITHUX
curyarisx. [licas oTpuUMaHHS TOBHOI KapTUHM MOXKHa 3pOOMTH BHCHOBOK IOJO
IPOEKTYBAHHS HECYYOi CUCTEMH 3 ONITUMAIBHUMHU MTapaMeTpaMHu.
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Study of the Loads of the Load-carrying System Depending on the Parameters of the

Hinged Connection of the Half-frames

This work is the first part of a series of studies of the hinge joint of the bearing system of a front loader
with a lifting capacity of 3 tons. For comparison, the concept of building a frame of Western manufacturers with
approximately the same load capacity was chosen and a 3D model of the new frame was created in four to three
variants with different sizes of the connecting hinge. The situation when a forklift encounters an insurmountable
obstacle while picking up material in a bucket is considered. The loads at the upper and lower joints of the half-
frames and the load of the entire frame were analyzed. The calculations were performed in dynamics using the
Ansys software package for engineering analysis and numerical modeling using the Motion calculation module.
The same conditions (boom position, time and speed of movement) were taken as the initial data for all
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prototypes of the new bearing system. Computer modeling allows us to simulate various scenarios of the loader's
load-bearing system behavior during the work process in a short time. In this way, we get results that can be used
to identify design weaknesses and make changes at the design stage, and we save material, time, and money for
the production of the first samples of new equipment.

This method of computer simulation of machine operating processes allows a complete assessment of the
behavior of the supporting system and other elements of the machine and draw conclusions about design flaws in
a short time, without manufacturing a metal product and conducting full-scale tests.

In addition, it is necessary to obtain a general understanding of the loads in various situations, for
example, when the center of the bucket comes into contact with an obstacle, when the angle of the bucket is
changed, when moving a full bucket to a dump point, when driving the loader on an uneven surface, when
driving on a slope, and others work processes. Further analysis should be carried out to obtain an overall picture
of the loads in various situations, such as when moving the forklift to the unloading point, when moving the
forklift on uneven ground, when driving on a slope and during other work processes. After obtaining the overall
picture, you can begin to design a supporting system with optimal parameters.
loading, CAD, CAE, Solidworks, Ansys, bearing system, dynamics, hinged frame, strength
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BraockoHaneHHs MaTeMaTHYHO1 MOJIEI1 3y0UaToro
3a4eIJICHHS IECTEPEHHOT0 HACOCY MOOLIBHOT TEXHIKH

VY naHifi CTAaTTi MPOMOHYETHCS BAOCKOHAIIEHA MaTeMaTHYHA MOJAETHh poOOTH 3y04aToro 3aderuieHHs
[IECTEPEeHHNUX TiAPOMAIINHAX, 5Ka 0a3yeThCs Ha TOMY, IO MIBHIKOCTI OOEpTaHHA IIECTepeHb 1 pamiycH, II0
3'€JHYIOTH OCi OOEpTaHHA 3 TOYKOIO 3a4eIieHHS 3y0iB, € pi3HUMH. Lle MosICHIOEThCS THM, [0 3yOH IIeCTepEeHb,
Marou¥ €BOJIbBEHTHUI PO]1iib, MalOTh IEBHE POKOB3YBaHHS IIPU PYCl OJIUH MO OZHOMY.

BpaxyBaHHs1 11bOro (hakTOpy € Ba)KIIMBUM KPOKOM y PO3BUTKY Teopii IHIecTepeHHHX rizpomamiuH. [le
JIO3BOJIUTH CTBOPUTH MaTeMaTH4YHI MOJIEI, SIKi 3MOXKYTbh HOSICHUTH Taki crienngiuHi SBUIIA, SK MyJIbCaLlis THCKY
1 Hojadvi, pyx piAMHM y BiJCiYeHIH NMOPOXKHMHI, XapakTep 3MiHM HaBaHTAXXEHHS Ha IJIIUITHUKK Hacoca Ta
MOTOpPa, a TaKoX ITyJbCAI[il0 KPYTHOIO MOMEHTY B IIECTEPEHHMX rifpomoTopax. Llei HOBHMH miaxim Moxe
CYTT€EBO BIUIMHYTH Ha PO3pOOKY OiblI e(heKTHBHUX 1 HAIHHUX T1pOMAIIHH.
€B0JIbBeHTHI npodgini 3y0iB, KOB3aHHS eBOJILBEHTHUX OBEPXOHD, lIeCTEPEHHUI HacoC

IToctanoBka mnpooGaemu. [llupoke 3acToCcyBaHHS IIECTEPEHHHX TiAPOMAIIUH B
TiIpaBIIYHUX CHUCTEMax IMOSICHIOEThCS MPOCTOTOI0 1 KOMIIAKTHICTIO iX KOHCTPYKIIIi,
HAJIHHICTIO, MaJIOI0 TPYJIOMICTKICTIO 1 HH3bKOIO COOIBApPTICTIO BUTOTOBJICHHS, 3PYYHICTIO
00CIIyroBYBaHHS, MOKJIMBICTIO O€3M10CepeIHBOr0 iX 3'€IHAHHS 3 MPUBOJHIUMU MEXaHi3MaMH.
[Tomanpire MiABWIIEHHS TEXHIYHOTO PIBHSA IIECTEPEHHHX TiIPOMAIIMH HEMOXIJIHBE 03
NOJANIBIINX TEOPETUYHUX Ta EKCIEPUMEHTAJIBHHUX JAOCHIPKeHb. A ToMy, AaHa poOoTa,
IPUCBSIYEHA OJHOMY 3 HEJOCTATHHO BUBYEHHX TEOPETHUHUX aCMEKTIB (PYHKIIOHYBaHHS
riZipoMarivH, 0€3CyMHIBHO, € aKTyaJIbHOIO.
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