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Jlromenko B.€., Bonoan I. 1. «/Jocnioxncenns 8iopoyoaprozo cnocoody 3a2nudieHHs naiby

Ilani onsn 6ydisnHuymea QyHoamenmie SuKopucmogysamucs we 6 oaneki Oaenuni. Cnouamky naui
BUKOPUCOBYBANUCH NPU  VUWITbHEHHT IPYHMIE 3 Memol0 3HAYHO20 NIOBUWEHHS Hecyyoi 30amHOCmi OCHO8
@ynoamenmis, a nomim — 6 AKOCMI HECYUUX eleMenmis, SKi MOXCYMb nepedasami HaGaHMAadNCeHHs 6i0 naumu
@ynoamenmis na tpynm. Ilani cnouamky eueomosnany i3 ricomamepiania i 3aousanu pyunumu monomamu. 1 onosu
nane 3pizanu Hudcue PIeHs 600U, 3AXUWAIOYU, MUM CAMUM, iX 610 OOmuKaHHs i3 nogimpsm. B oawuili uac 6
@dynoamenmoOyoysanti suxopucmogyemucs oOinout Higie 100 munie nanv, AKi K1ACUQIKYIOmMbCsL RO MPbOMA HAUOLIb U
CYMMESUMU  NPUSHAKAMU: Ye NO 0coOnugicmio nepedayi HABAHMANCEHHA HA TPYHM (Nani-cmiiku, eucaui,
VWIbHEeRHs,, mepmsi);, — No Cnocoby 3aznubienHs abo 60YOyeanHi Naii 6 IPYHM (Wo 6USOMOGISIOMbC Paniue |
3a21UON0I0MbCA 8 20MOBOMY 8UTAOI, 8ULOTOBNIEH] 8 NPOEKMHOMY NONOMHCEHHI; KOMOIHO6aHT), — no Mmamepiany:
Oepes ‘sui, 6emonHi, 3a1i300eMOoHHI, KOMOIHOBAHI.

Ilo ocobrusocmsim nepedaui HABAHMANICEHHS HA [PYHM HAUOLIbUE PO3NOBCIOONCEHT NANL ~CMIUKU | GUCAYL
nani. ITani-cmitiku nepedaiomv HAGAHMANCENHA HA IPYHMU 6 OCHOBHOMY HUMCHIM KIHYeM HA MANOCTUCHYMUX
IpyHmax (cxkanucmi, nicuaui, meepoi enunu). Bucsui naui nepedaiomv HAGAHMANCEHHS HA JHOOI [PYHIMU HUNCHIM
KiHyeM , a Makoxdc 3d paxyHox CUi mepms no OOKoSiti NOGepXHi.

3 KkoorcHum poxom ece Oinvuie  HAOYBAE BUKOPUCMAHMA 6IOPOYOApPHO20 OONAOHAHHA, MAK HA38AHUX
sibpomonomie. s mexuika ycniuHo GUKOPUCOBYEMbCS NPU CHOPYOICEHHI HAOIHUX (yHOamenmie nio pizHi
cnopyou.

30itichenns CKA3aHO20 BUMALAE BUBYEHHSI | OOCHIOJNCEHHS Npoyecy GiOpPOyOapHo20 3a2iubNeHHs Nalb. d
MAKOHC CMBOPEHHS HANOLTbU NPOOYKMUBHUX CHOCODI8 11020 BUKOHAMHSL.

OO0HUM i3 NEPCReKMUBHUX HANPSIMKIG € GNPOBAIICEH ST (DYHOAMEHMIE i3 Nalb npu 6YOIGHUYMEE Chopyo npu
wWinbHil 3a6y006i 6 Micmax i cenuuax.

Taxoorc neoOXiono siomimumu, wo cnOpyoONcenHs: PYHOAMEHMIB I3 NAlb OAE MONCIUBICIL GRPOBAOICYBAMU
KOMNJIEKCHY MEXAHI3ayiio | d8mMomMamu3ayiio mexHoai02i4HUX npoyecis, ujo 3HaUHO Ni0GULYE NPOOYKMUBHICTb POOIMm.

Bibpoyoapne 3acnubnenns namv € oonmum i3 HauOLIbW NPOOYKMUGHUX CHOCODI6 NobOY008U HAOIIHOZ0
Gynoamenmy nio pizni cnopyou . Bibpoyoapue 3aznubienns, Kompe wupoko 6npoeaoicycmovcsi Ha OyOieHUYmMSI
Hanexcums 00 yOapHoi mexnonozii 3aenudnenns nans. Memood iopoyoapHo2o 3a2nubneHHs nanb NOAALAE 8 OMY, WO
npu 8iopayii cymmego 3mMeHuLyiomvbCa CUlU SUHUKAIOU020 Mepms i CUnl 34ennieHHA MIdC naneio i IpYHmoM, a 8
DPe3Vabmami 3HAYHO 3MEHULYIOMbCA CUAU ONOPY 3A2TUONIEHHIO NAJI.

B oanuii wac, npu npoexmysanni iopomonomie OuHamiuHi haxmopu npu ix ekcniyamayii He 8paxo8yiomvcsl.
Tomy Haoditinicme ModcHa NIOBUWUMY, AKWO HA cmMadii iX NPOEKmMy8aHHs GpPAXOBYEAMU XEUNbOBUL Xapakmep
HasanmasiceHb 8iOPOYOapHOi MexXHIKUL.

Bibpoyoapne 3aznubnenns nane Hamu po3ensiodanocs y 63aeMo0ii MEXAHIYHUX | eNeKMPOMASHIMHUX NPOYecis
i 8 pe3yniomami 6y1a OMpUMAHA MAMEMAMUYHA MOOelb OUHAMIYHUX Npoyecié npu pobomi ibpomonoma, Kompa
BKIIOYANA HeNIHIUNI Oughepenyianvii pisHsHHs pyXy Mac ibpomonoma [ JiHiliHe Ougepenyianvhe piGHsIHHS
eNeKMPOMASHIMHUX ABULY 8 OBUSYHI NPUBODY.

Ananizyrouu ompumany iH@opmayio MOMCHA AKYeHmMysamu, wo 8i6poyoapHomy mMemooy 3a2iubneHHs naib
Mano npudineno yeazu i wiupoka ingopmayia  npaxmuyno iocymus. Tomy A6IAEMbCA AKMYANbHUM CHBOPEHHS
NPOOYKMUBHUX 3DPA3KIE 8IOPOMONIOMIE, MeMOOUK IX PO3PAXYHKIE | NPOBEOeHHA HAYKOBUX OOCHIOHCeHb OUHAMIKU
Ppobouux npoyecie yux Mawur Ha wo i Hanpasiena oana mazicmepcbka poboma.

B oaniti pobomi Hamu meopemuyro 00CiONCEHO, 3 BUKOPUCMAHHAM MameMamuyno2o 3acmocyHky MathCAD,
OUHAMIKY GiOPOMOIOMA | OMPUMAHO Pe3yIbMamu KOmpi MOXCYmb OYmu SUKOPUCMAHI NPU NPOeKmy8aHHi ma
BU3HAYEHHT OUHAMIYHUX HABAHMANCEHb NOOIOHUX 8iOPOYOAPHUX MAULUH.

Tpu pospaxyHky 6ibpomonomie Ha cmamuyny 1 ymomaeHy MiyHiCmb KOIUBAIbHI npoyec KOHCMPYKYILL ma ix OUHAMIYHI
HABAHMAdICENHS, 8 Yell Hac, He 6paxosyiombcs. OOHaK ix Hecywy 30amHICb MOJICHA 3HAYHO NIOSUWUIMU, KO Y PO3PAXYHKAX
npu ix NPoeKmy8aHHi 6paxo8yeamul iXHi AMIIIMYOHO-4ACMOMHI Xapakmepucmuxy. Biocymuicms s ymounenoi Memoouxu
PO3DAXYHKY CYUACHUX 8IOPAYIUHUX MAWUH, 8 MOMY YUCT I 8IOPOMOIOMI8, O/ 30iliCHeHHs eqheKMUBHO20 3aHYPeHHs
PDIBHOMAHIMHUX NATb YCKAAOHIOE IXHE NPOEKMYBAHHS I eKCHIYAmayiro.

Memoio cmammi € 8ucgimiens pe3yibmamie MamemamuiHo2o0 MOOeI08AHHS KOIUBAIbHUX NPOYecie npu
3a2aUbIeHHT NAlb BIOPOMOIOMOM MA GUSHAYEHHS OUHAMINHUX HABAHMAICEHD HA U020 eeMEHMU.

B pobomi meopemuuno Oocuiddceno, 3 BUKOPUCTIAHHAM MAMEMAMUYHO20 NPOSPAMHOZ0 Cepedosulya
MathCAD, ounamixy mexanizmy npueooa 6i6poMoIOmA i OMPUMAHO PE3YAbIMATIU K MONCYMb OYMU GUKOPUCTNAHI
npu RPOEKMYB8AHHI, PO3PAXYHKY MA SUSHAYEHHI OUHAMIYHUX HABAHMAICEHb NOOIOHUX 8IOPAYIIHUX MAUUH.

Knrouosi cnosa: mamemamuyna moodenv, OUHAMIKA, KOMUGAHHS, GlOpayis, eibpomonom, 6ibpoyoapHuii cnocio,
3aenubeHHs nab.
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Liutenko V.Ye., Bondal I.l. «Investigation of the vibration impact method of pile deepening»

Piles for the construction of foundations have been used since ancient times. The piles were first used in soil
compaction in order to significantly increase the load-bearing capacity of the foundation bases, and then as
supporting elements that can transfer the load from the foundation plate to the soil. The piles were originally made of
timber and hammered. The pile heads were cut below the water level, thus protecting them from contact with air. At
present, more than 100 types of piles are used in the foundation, which are classified by the three most important
features: this is a feature of the transfer of load to the soil (piles, hanging, sealing, friction); - by the method of
deepening or embedding piles in the soil (previously produced and deepened in finished form; made in the design
position; combined); - by material: wooden, concrete, reinforced concrete, combined.

The most widespread piles - pillars and hanging piles - are the most widespread. Piles are used to transfer soil
loads mainly to the lower end on low-compressed soils (rocky, sandy, hard clays). Hanging piles transfer the load to
any soil at the lower end, as well as due to the friction forces on the side surface.

With each passing year, the use of vibration impact equipment, the so-called vibrating hammer, is increasingly
beginning. This technique is successfully used in the construction of reliable foundations for various structures. The
implementation of the above requires a thorough study and study of the process of vibration shock piles. and creating
the most productive ways to accomplish it.

One of the promising areas is the introduction of pile foundations in the construction of buildings with dense
construction in cities and towns.

It should also be noted that the construction of pile foundations makes it possible to implement complex
mechanization and automation of technological processes, which significantly increases the productivity of work.

Vibrating piles is one of the most productive ways to build a solid foundation for a variety of structures. The
vibration shock absorption, which is widely implemented in construction, is a percussion technology for deepening
piles. The method of vibration-shocking deepening of piles is that the vibration significantly reduces the forces of
emerging friction and the adhesion force between the pile and the soil, and as a result, the resistance to the deepening
of the pile is significantly reduced.

The vibration impact of the piles was considered by us in the interaction of mechanical and electromagnetic
processes and the result was a mathematical model of dynamic processes in the operation of the hammer, which
included nonlinear differential equations of motion of the mass of the vibrating hammer and a linear differential
equation of electromagnetic phenomena in the drive motor. Implemented the created mathematical model, we built
graphs that characterize the process.

The vibration impact of the piles was considered by us in the interaction of mechanical and electromagnetic
processes and the result was a mathematical model of dynamic processes in the operation of the hammer, which
included nonlinear differential equations of motion of the mass of the vibrating hammer and a linear differential
equation of electromagnetic phenomena in the drive motor. Implemented the created mathematical model, we built
graphs that characterize the process.

Analyzing the information obtained, it can be emphasized that the vibration-shock method of pile-driving has
received little attention and broad information is practically absent.

Therefore, it is important to create productive samples of vibratory hammers, methods of their calculations
and to conduct scientific studies of the dynamics of the working processes of these machines, which is what this
master's work is aimed at.

In this work, we theoretically investigated, using a mathematical application MathCAD, the dynamics of a
hammer and obtained the results that can be used in the design and determination of the dynamic loads of such
vibration impact machines.

When calculating the hammers for static and fatigue strength, the oscillatory processes of structures and their
dynamic loads are not taken into account at this time. However, their load-bearing capacity can be significantly
increased if their amplitude-frequency characteristics are taken into account in their design calculations. The lack of
a refined methodology for calculating modern vibrating machines, including vibratory hammers, for the effective
immersion of various piles complicates their design and operation.

The purpose of the article is to elucidate the results of mathematical modeling of oscillatory processes in
deepening piles with a hammer and to determine the dynamic loads on its elements.

In the work, the dynamics of the mechanism of vibrating hammer drive was theoretically investigated, using
mathematical software environment MathCAD, and results were obtained that can be used in the design, calculation
and determination of dynamic loads of such vibrating machines.

Keywords: mathematical model, dynamics, oscillations, vibration, vibrating hammer, vibration impact method,
deepening of piles.
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Beryn

Konn He Mae MOXJIHMBOCTI CHIOPYMXKYBAaTH 3BUYalHI CTPIUYKOBI ()yHJAMEHTH B BUIIAJKY
HE/IOCTaTHBOI HECY4Oi CIHPOMOXKHOCTI BEpXHIX LIapiB I'PyHTY BUKOPUCTOBYIOTH (DyHIAMEHTH i3
NaJb — KOMIUIEKC TMajb Ki 00’€HaHI B €IMHY KOHCTPYKIIIO, 110 NEpeaac HaBaHTAKEHHS Ha
OCHOBY, TigomBy ¢yHaamenty. DyHIaMEHT i3 Majdh BKIOYAE Maji PI3HUX KOHCTPYKIIH 1
poctBepk. HaiiOinpm momupeHuil yaapHUid MeTox 3ariuOJeHHS Talb BHKOPHCTOBYIOTH JUIS
3ariuOIeHHs MaJlb B yCi BUAM IPYHTIB (KpPiM CKaJbHHUX) BiOPOMOJIOTAMH.

AHaJIi3 0CTaHHIX J0CHiZKeHb Ta myOJikanii

Hamu y>xe HaroomryBaioch Ha Te, o 0arato yBaru NpUAUTIETHCS, B HAI Yac, BiOpamiiHii
TEXHIIl MNpU CHOPYKEHHI (yHAaMEHTIB 13 Naab. 3HA4YHAa YyBara TaKOX MPUAUIAETHCS
BUKOPUCTaHHIO BIOpOyJapHOro crnocoOy 3arjaubjeHHs Najlb HpU [O0OYAOBI palliOHaIbHHUX
(yHIaMEeHTIB, MOCTIB Ta IHIIMX crnopyA. Jias BHKOHaHHA IbOoro Tpeba IMOCTIMHO BHUBYATH
B1OpoyaapHe 3ariuOiIeHHs Hallb 1 311ICHIOBaTH HalOUIbII pallioHaIbHI CIOCOOM HOr0o BUKOHAHHS.

Teopetnune miAIPyHTS A7 CTBOPEHHS BIOpaliiHMX MamuH OyJlo 3aKiaJeHo ILIe y
konumHboMy PagsHcbkomy Coro3i, B TOMY 4YMCHl MOCT-PaAsiHCBKOMY MPOCTOP1 Ta Cy4acHii
VYkpaini. HuMu nuranHsaMu 3aiiManucst HaCTYTHI BUJaTHI HAYKOBIII Ta TPOBI1JIHI 1H)KEHEPH, TaKi K
LI. AproGoneBcekmii, A.Il. babGiue, I.I. bmexman, I.I. buxoBcekmii, [.D. T'oHuapeBwuu,
b.I.Kproxkos, €.€ JlaBenaen, O.C. Jlaneus, B.I1. HanyTuii , 1.1. Hazapenko, A.O. CniBakOBChKUH,
JLII. Crpenbnikos, S.I'. IlanoBko, B.O. IloBinaiino, B.M. Ilorypaes, B.H. ®panuyk, I1.A.
Ceprees Ta iH.

B mepioni 50-x pokax mepmricte B 00nacTi BiOpamidiHOI TEXHIKH OyJi0 3a HAYKOBIISIMH
3axinnoi €Bponu Ta [liBHIYHOT AMepukH. AJie mi3HIIIe ,3a ASSIKUN Yac, 32 OCHOBHUMHU HAPSIMaMH
BITUM3HSHI HAYKOBIIl YK€ BUTIEPEIKAIIN 3apyO1>KHUX BUCHHUX.

Baromuii Bitanm B po3po0iieHHs ne0aTaHCHUX MPUBOJIIB BHECIH HayKoBIl HartioHansHOTO
ripHUYOro yHiBepcuTeTy Ta [HCTUTYTY reoTexHiyHoi mexaHiku (M. [uinpo) b.I.Kprokos, B.IL
®panuyk, B.I1. HagyTuii, B Tomy uucii 1 iX HaykoBui KepiBHUK akaaemik B.M. [Torypaes [1].
Kono ix AisyIbHOCTI KOHIIEHTPYBAJIOCh Ha JAe0alaHCHOMY MPHUBOJY, L0 BHUMAarajiao CTBOPEHHS
3HAQYHO TMPOCTUX KOHCTPYKIIHA 31 3HAYHUMH 30ypIOBATPHUMHU CHJIAMH I TPOMI3JIKHX
BiOpOMAIIIMH T1pHUYO0100YBHOT rajysi.

YaockoHalleHHS ~ METOAMK Ta  METOMAIB  PO3paxyHKIB, a TaKoX  CTBOPEHHS
eKCIEPUMEHTAJIbHUX 3pa3KiB BUKOHYBaJM HaykoBIl KwuiBcbkoi mikonu BiTpoTexHiku FO.D.
UyOyk, I.I. Hazapenko, B.b. SIkoBenko [2] Ta iH. Po3po06iena ixHs BiOpariiiHa TexXHiKa YCITIIITHO
BIPOBAKyBajacs JJis YIIUIbHEHHS OCTOHHUX CyMIIlIei B OyIiBeNbHIM ramsysi.

Po3pobennss TpumacoBux BiOpalifHMX MallMH BUKOHYBAJIW HAyKOBII Ta IPOBIAHI
imkenepu JIpBiBchkoi momitexHiku B.O. Ilosimaitno, P.I. Cimin, B.A. [llurens, B.J. Ydimues,
O.B. I'aBpmiibuenko, FO.I1. Illonogii, A.JI. becnanos [3]. Bonu cTBOpriM Ta JOCTITUIM IUTHIA
psao Malo — Ta cepeAHbOrabapUTHHX BiOpaliHUX MAalIWH JUIS PI3HUX HaAmpsMiB, ae Oynu
3aCTOCOBaHI JUHAMI4HI TacCHUKH. OpUTiHANBbHI KOHCTPYKIiT pO3po0IeHHX X BiOpOMAaIIH Oyiu
TPUMACOBHMH, aJie B OCTATOYHUX PO3PAXYHKOBHX CXeMaX BOHU PO3TIISIAINCH IEPEBAXKHO 5K JIBO
— OJIHOMACOBI.

B cBoro uepry, HEOOXiIHO TAaKOXX BIIMITHUTH BaroMHMi BKJIaJ B BHUBYEHHS KOJUBAJIBHUX
MPOIECIB MEXaHIYHUX CHCTEM HACTYNMHUX 3apyOixkHMX BueHMX Kommana JI.[4], Tonmma A. [5],
Waranima H.[8], Karunana 1. [9].

3arnubneHHss manb BIOpOYJapHHUM CIOCOOOM € OJHIEI0 13 OCHOBHUX OIepaliil mpu
CHOPYJUKEHH] pI3HUX (QYHIAMEHTIB mia pi3Hi OymoBu. B cBoro yepry ciuing BIAMITHUTH, IO Bif
AKOCTI MOOyZ0BU (hyHIAMEHTy 3ajie)KaTh HaJIMHICTb, MILHICTb, CTIMKICTb, a TaKOX TEPMiH
CITy>k01 OyJTOBH.

BiGpoynapHe 3arnubOieHHsS Maiab € OJHUM 13 HaMOUIBII panioHaJbHUNA CIIOCOOIB
CIOPY/KEHHsI HaAIHHOrO 1 eKOHOMIYHOro (yHIaMeHTy Iif pi3Hi cnopyau. Bibpoynaphe
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3arauOIeHHs Majb, SKE IMUPOKO BIIPOBAPKYETHCS B OyIIBHUIITBO HAJICKHUTH 0 BiOpOyIapHOTO
criocoOy 3aHypeHHS Tallb. 3ariuOJIeHHs TMaidb 3IiIHCHIOITh pi3HI BiOpomonotu. [{umu
yYCTaHOBKAaMHM 3aHYPIOIOTh JIETKi, BaXKKi maJii, 00OJIOHKH BEJMKOTO JliaMeTpa y pi3HUX IPYHTaxX, B
TOMY 4Hcli MilHUX. PoOoTa Bcix BUIIB BiOpoynapHUX 3ariuOitoBayiB 06a3yeTbesi HA 3HAYHOMY
3MEHIICHH] KoedilieHTa TepTs MDK I'PYHTOM 1 MOBEPXHEIO Maji MiJl B3a€MOJIIE€I0 3YCHIIb 1 iX
KOJINBaHb.

IMocTanoBka mpodJeMu

MGTOIO CTaTTi € BI/ICBiTJIGHH?I pesyanaTiB MaTEMAaTHUYHOI'0O MOJCIIFOBAHHS KOJIMBAJIBHUX
MPOLIECiB TIPH 3arJIMOJICHHI MMajb BIOPOMOJIOTOM Ta BH3HAYEHHS JWHAMIYHMX HABAHTaXXCHb Ha
HOTr0 €JIEMEHTH.

PesyabTaTn gociaixkeHHs

Sk yxe HaMH BiJ3HAYAIOCh TE, 110 Cy4acHI BIOPOMOJIOTH MArOTh CKJIaJHY OYJIOBY, KOTpa
MOXK€ BIOpOyJapHHM CIOCOOOM SIKICHO 3arjvOJroBaTH Majli MpU CIOPYPKEHHI PI3HOMAHITHUX
(yHIaMEHTIB .

Takoxx MOXkeMO KOHCTaHTyBaTH IpPO BIOPOMOJIOT K IPO €JIEKTPOMEXaHIuyHy MaluHy. B
nporieci poOOTH BOHAa BUKOHY€ BIOpOyaapHY [0 Ha maito. BiOpariiliHy 1it0 Ha a0 BUKIHNKAIOTh
nebanaHcy, B pe3yibTaTi YOro BUHUKAIOTh BEPTUKAIbHI BIAIEHTPOB1 cuiii. Hamu npuitHsaTuii ans
JOCHIIKEHHS CIIPOEKTOBaHM BIOpoyJapHuil 3aru0IroBay mnajb.

BpaxoByroun Te, 1o B BiIOpOynapHH 3arau0ioBay Naib BXOASTH MPYKHI €JIEMEHTH, e
MeTajeBl KOHCTPYKIIi 1 BiOpaTop, Aif04i CHJIM SIKUX MalOTh 3MIHHHUM XapakTep, TO MOXKEMO
KOHCTAHTYBAaTH , 110 TIPYU POOOTI MAIIIMHU TIPH BIOPOYAapHOMY 3ariMOICHHIO TTajlb IPYKHI JIAHKH
KOJIMBAIOTHCS 1 CTBOPIOIOTH JIOMOM1KH1 HAaBAaHTaYKEHHSI.

[IloOu crnpocTUTH pO3pPaxXyHKH 3aCTOCOBYEMO MaTeMaTU4YHy TMPUKIAAHY Mporpamy
MathCAD.

Bibpoynapni 3arnu6iroBadi najib MpeaCcTaBIsOTh COO0I0 KOJMBAIBHY MAacOBY CHCTEMY 3
BEJIMKOIO KUIBKICTIO BiIbHOCTEH. [IpykHI JaHKKM XapaKTepU3YIOThCS PI3HUMHU MaCOBUMH
MOKa3HUKAMH.

Tak K ye BiJ3Ha4aja0Ch, Cy4acHi1 BIOpOyaapHi 3arjauOIII0r0Yl MAIllMHU MPECTaBISIOTh
co0010 TMpyXHy 0araToMacoByK CHCTEMY, IO BOJIOAIE HECKIHUCHHHM YHCIOM CTYICHIB
BUIbHOCTI. OmHaK MOXXHA BUIUIMTH HAHOUIBII  XapakTEpHI e€JIeMEHTH BiOpoyIaapHOi
3ariau0I0I0Y0i cucTeMy UX ManiuH. e mass 3 oro10BKOM 1 HAKOBaJIbHEIO, KOPITYC BIOPOMOJIOTA,
€JICKTPOJIBUTYH 1 yJIapHa YaCTUHA BIOPOYAapHOTO 3arjn0IoBava, a TAKOXK HOTo MPHUBIL.

[Ipu BpaxyBaHHI MOJATIMBOCTI HEPYXOMOI YacTHHHM ( HAKOBaJIbHI, OT'OJIOBKA TaJIi 1 caMoi
naii) BiOpoyaapHOro 3arfau0iioBaya, Xxoua BOHA CKIIAJa€ 3HAYHO BEJIHUKY JKOPCTKICTh, B TAHOMY
BUIIAJIKy PO3PaXyHKOBY CXEMY MallIHH 13 MPUBOIOM, MaJCI0 3 OT0JIOBKOM 1 HAKOBAJIHEI0 MOKHA
MPEACTABUTH Y BUIIISI TPUMACOBOI MPYXHOT cuctemu (puc.l).

Ha cxemi (puc.l) BiOpoynmapue 3arnuOieHHs Haini nepenadadaeTbes 3IACHIOBATH 3a
JIOTIOMOTOI0  €JIEKTPOINpuBOia. EneMeHTH 00epTOBHX YacTWH MPUBOJA, Majsl 3 OrOJOBKOM,
HAKOBaJIbHS, SKi BOJOJIIOTh 3HAYHUMU KOPCTKOCTSIMHU i HEBEIMKUMH JTOBXXHHAMU, TIPUAMAEMO
K JIJAHKH 13 30CE€PEPKEHUMHI MacaMH.

PosrisiHemo, HaMH CIPOEKTOBaHUH, BIOpOyJapHUl 3ariaubIoBay K TPUMACOBY CUCTEMY
(puc.1). IIpuBeaeHHs BCiX Mac CUCTEMH, KOPCTKOCTEH MPYKHUX JTAHOK, a TAKOXK CHJI TA MOMEHTIB
POOHMO /10 OCi 00epTaHHS POTOPA EINEKTPOABUTYHA.

Ha po3paxyHkoBiii cxemi (AuB. puc.l) NpUIHATI HACTYTIHI TO3HAYEHHS:

J, — MomeHT iHepuii potopa enekrpoasuryHa ; M, — npuBeaeHa Maca aebanancis ; M, —

IIpUBEJICHAa Maca KopITyca BIOpOMOJIOTa, eNEeKTPOIBUTYHA 1 Horo yaapHoi yactunu; M, — npuBeneHa

Maca HaKOBaJIbHi, OrOJIOBKa Masi i camoi naji; C, — mpuBeieHa )OopCTKicTh 3y0uacToi nepeaadi; C,
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— IIpUBEJICHA )KOPCTKICTh NIPYKHH; (@), X,, X; — KyT HOBOPOTY, JIiHIiHI IEpEMILlIeHHs BiNOBIIHO

nepuroi, apyroi i tpersoi mac; X =0,0174rp— 3anexHicte MiX KyTOBUMH 1 JiHIHHHMH
nepemimennsavu mac; I'=€=300mmu — excuentpucurer neGanancis; M., — npusencHmit
MOMEHT CHJI OIopy InepeMilieHHs (oOepTraHHsA) nedanaHciB; M., — NpUBEIEHUH MOMEHT CHI
ornopy nepemirueHss naii; M (t) — MOMEHT eNeKTpOJBUTYHA IPUBO/IA;  V —  BJACTHBHH
KoeilieHT TucHmanii.

Jnist cknajaHHS PiBHSHB PyXy Ta €JIEKTPOMAarHiTHOTO CTaHy €JIEKTPOABHIYHA TPHBOJA
CKOPHUCTAEMOCS] HACTYITHUMH PiBHAHHAME Yy Gopmi (puc.1):

AN

Jip, —mex sing, —c,(x, —0,0174rp) = M (t) - i* =M ; 1)
(M, +m)X, " —mee (¢ Sing, +@,*C0S@,) —C, (X —X,) =0; (2)
MyX; +C, (% —%,) =—My; ©)

MOMEHT MPUBITHOTO EIEKTPOABUIYHA BUPA3UMO M (EPEHITIATBHO0 3aIexHICTIO [6 — 7]

M) = A+ AM O+ A% @

ne Ay, A, A —nocriiini enexrpossurysa. I1ocTiliHi BUSHAYAIOTHCS BUPA3aMH:

2M, . 1 ., 2M,
A= A A= ©)
k WS Wy
ne M, — KkpuTMYHMII MOMEHT eNeKTpOIBHIYHA; S, — KPUTHYHE KOB3aHHS pOTOpa
eJIEKTPOIBUTYHA; (I, — CHHXPOHHA KyTOBa IIBH/KICTh €JIeKTpOABUryHa; t — vac.
Meski BUKOPUCTaHHS PiBHSAHHS (4) 00OMEXYIOThCS 3HAYCHHSIMHA MOMEHTY [6, 7]

[Ticnsa mepeTBOpEHHs HeMiHIMHI qudepenttianbHi piBHAHHS (1 — 3) Ta 3aMiHM 1 TOHWKEHHS 1X
MOPSAKY, U1 MOXIIMBOCTI pimeHHs X Ha EOM 3 Bukopucranusam nporpamu MathCAD, 6yayTs
MaTH BUTJIS

q (t) = w(t);

. C4(s(t)-0,0174e q(t))+M (t)-Mc;
W)= 3, -00i7éesin(Q@)

46



TexHiuHHi cepBic arPONPOMHCIIOBOIO, J1iCOBOI0 Ta TPAHCHOPTHOI0 KOMILIEKCIB
Technical service of agriculture, forestry and transport Ne18’ 2019

it

c:

Puc.1. Po3paxyHkoBa cxeMa HABAHTa:KeHHSI MeXaHi3My NPUBO/JA BiOpoyaapHOro 3arymoJoBaya mija yac
NMyCKY NPHUBiIIHOr0 MeXaHi3My

u™(t) = p(t);
. m e w?(t)cosq(t)+c, (s(t)—u(t))
PO=—"Tm+m,)-283Tsin@@®))

s'(t) =k(t); (7)
OO =~ 22 (s(0) - u(®) -

3

w =20 Ay A,
A AO0,0174e A

¢ 4(s(t)-0,0174e q(t)) +M ()M,
o(t) = 7, -00I7desin(q(D)

d(t) = e W (t)cosg(t) +¢, (s(t) - u(t)).
(t)= ((mu+ m,)—2831sin(q(t)))

b(t) = — 2 (s() ~u(®) -~ <2,
F(t) = me wA(t),
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ne O(t), d(t), b(t) xyrose Ta niniiini npuckopeHHs BiAMOBIHO POTOPA €NEKTPOABUTYHA
i mac ;M ta M_; F(t) - imuentposa cuna inepuii neGanancis.

3nilicHeHa HACTYITHA 3aMiHa:

=04 @i=w (=9 % =u(t); x,=p)=u () x,=s(t); X', =k(t) =
=s'(t); o(t)=w'(t)=q (t); d(t)=p (t)=u"(t); b(t) =k (t)=s"(t). ®)

[ToyaTkoOBiI yMOBH MatOTh BHIJISIII;
(t=0); q(0)=0; w(0)=0: u(0) =0;
p(0)=0; s(0)=0; k(0)=0; 0(0)=0; d(0)=0; (9)
b(0) =0;M(0)=0; F(0)=0.
Po3p’si3anHs cucteMu HENMHIMHMX piBHSHB (7) 3IIMCHIOEMO Ui TIPUBOAY BIOpOYyIapHOTO

3armoIoBaya (BiOpoMOoIIoTa) 3 €JIEKTPOIIPUBO/IOM, III0 MAOTh ITapaMeTpHy, HaBeIeH1 B TaOMUIIX 1 1
2.

Taomms 1
IlapameTpn npuBoaa BidpomoJioTa
Ia OHHHHH_I Yucmosi N OHHHHH_I Yucnosi
paMeTpu BUMIPIO SHAYCHHS apaMeTpu BUMIPIO SHAYCHHS
BaHHS BaHHS
J; KT M? 1,275 i — 2
m, KT 11600 1% Hcl m 25
m, KT 3500 C, Hw/pan 6,05-10°
C, H/m 2-10° rn M 0,3
M cn Hwm 50 My Hwm 1500
Taomums 2
3HayeHHs NOCTiliHMUX eJIEKTPOJBUIYHA MPUBOJA BiOpoMoaoTa
Pesxcim poGoTH KyTtoBa mBuKkicTh ITocTiitH1 €eKTPOIBUTYHA
Tun enexrpo- pOTOpa EIEeKTPO-
€IIEKTPO-
JIBUTYHA JIBUTYHA, Ao A1 A2
JIBUTYHA
pan/c
MTB 512-8 PoGoua
N =50 kBt XapaKTe- 75,4 67105 —0,9471 |- 1495
n =720 o6/xB. pUCTHKA

I[Ticnst pireHHsT CHCTEMH HEMHIMHUX piBHsHB (7) 3 BUKOpHcTaHHsAM 3actocyHky MathCAD
OTPUMY€EMO BEIIMYMHU MOMEHTY €JIEKTPOJIBUTYHA MEXaHI3My IMpUBOJa BIOPOMONOTA, KYTOBI, JIiHIHHI
niepeMillieHHs JiebalaHCiB, KOpITyca BiOpOyAapHOro 3arinOiIoBada 3 OrojoBKOM Majli 1 maji , potopa
eJIEKTPOJIBUTYHA 1 TX IIBUJIKOCTI, & TAKOXK — IX KYTOBI PUCKOpeHH (puc. 2 — 8).

[loGynoBanuii, B pe3ynbTaTi peaii3alii Ha3BaHOi Mporpamu, rpadik 3MiHU MOMEHTY
SNIEKTPOJIBUTYHA MPHBOIa BibpomosioTa M(t) Ta BiaeHTpoBoi cuiu iHepiii gedanancis F(t)
rad rad/s
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q O(t) macu Q(t)
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Puc.8. BiguenTpoBa cumia iHepuii ne6amanciB F(t) Ta MOMEHT €JIEKTPOABMIYHA IIPHBOJA

siopomosora M (t)

PosrnsnyBmm moOynoBanuii rpadik (puc. 8) MOXKHAa TaKo)X KOHCTaHTYBAaTH, IO
BI/IIICHTPOBA cuJjia iHepIlii aebanancis F (t) yepe3 1 ¢ HaOyBae CTaIOrO 3HAYCHHS.

Ha pucynky 4 nokasana 3mina nepemimenns macu U (t) =m, xopmyca BiGpomonora 3

BiOpaToOpOM, €JIEKTPOJBHUTYHA 1 YIAPHOT YaCTHHH, 110 MOJIEIIOE MPOIIEC 3aHYPEHHS TaJll B IPYHT.
Maca m, (puc. 6) BKIIO4Ya€e Macy HaKOBalIbHi, OTOJNIOBKA Maji i camoi maii. 3MiHOO MacH

NPUBAHTAXKyBaJIbHOI IIJIUTH, & TAKOXK JKOPCTKICTIO IIPY>KUH C, € MOXKIIUBICTb CYyTTE€BO 3MIHIOBATH

pobodi mapameTpu BIOpOMOJIOTA 1 THM CaMHUM MOJEIIOBAaTH MPOLEC 3arjuOJIeHHS mali, M0
J03BOJISIE 1€ pOOUTH TOOY/JOBaHA HAMH MaTeMaTHYHA MOJICb.

[ToGynoBani Hamu rpadiku (puc. 2 — 8) cBimyaTh TaKOX 1 PO TE, IO B IPOLIEC] 3aHYPECHHS
najgb BiIOPOMOJIOTOM BiJIOYBAIOThCS HENIHIMHI KOJMBAJIBHI MPOIECH. 3 OTpUMaHMX HENIHIMHHX
piBHSAHB ( 7 ) MOKHA OTpUMAaTH HACTYIIHY iH(OpMaIlito:

— obepTaHHs ebaaHCiB 3/[1HCHIOETHCS HEPIBHOMIPHE;

— KOJIMBaHHSI KOPITyCYy BIOPOMOJIOTA 3 OTOJIOBKOM Tl 1 ITaji BiIOYBalOTHCS HECHHYCOiJalbHi;

— KOJIUBAaHHS KyTOBOI IIBUAKOCTI 00epTaHHs /1eOalaHCIB 1 KOJMMBAHHS KOPITYCYy BiIOpOMOJIOTa 3
OTOJIOBKOM TIaJIi 1 Iati B3aEMHO BIUTMBAIOTh OJIMH HA OJHOT'O;

— TIOCTAQHOBKA 3aJayl MpO KOJMBaHHSA KOPIyCy BIOpOMOJIOTa 3 OrOJIOBKOM Majii 1 mai €
HEIHIAHOIO.

Jlnist iepexiiHuX MpOoIeciB, MOKa3aHUX Ha pUC. 2 — 8 , XapaKTepHE KOJUBAHHS KYTOBOT'O
1 TIHIHHUX TepeMillleHb, IIBUIKOCTEH, a TAKOX iX IPUCKOpeHb. TOoMy pPO3paxyHOK poOouux
pexxumiB  BiOpoygapHOro 3arnuOiroBaya HEOOXiHO BHUKOHYBAaTH Ha OCHOBI DIBHSHBb
€JIEKTPOMEXAHIYHOTO CTaHy CHCTEMHU.
3acTocyBaHHs YMCIOBHX METOMAIB IHTEIPYBaHHS HENMIHIMHMX Au(epeHIiaIbHUX PIBHAHb PYXY 1
€JIEKTPOMArHiTHOI'O CTaHy PO3LIMPIOE MOKJIMBICTH BUKOPHCTAHHS PO3pOOJIEHOI METOJIUKHU JUIs
BU3HAUCHHS JUHAMIYHUX HAaBaHTAXEHb Y EJIEKTPOMAIIMHHIA Ta MeXaHIuHId CcucTemMax
BIOPOMOJIOTIB.
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BucHoBku

[Ipu BUKOpHCTAaHHI CTBOPEHOI MAaTEeMAaTUYHOI MOJETi € MOXIIUBICTh HMPOBOIMTH aHAII3
NEepexiIHUX MpoLeEeCciB Hpu poOOTI BIOpOMONOTa 3 ypaxyBaHHSM HEPO3PHUBHOI B3aEMOIL
€JIEKTPUYHOI MAIIMHY 1 MEXaHIYHOT YaCTUHU MPUBO/LY.

Y poboTi TEOpEeTHYHO MAOCIHIIPKEHO, 3 BUKOPUCTAHHSM MaTEMaTHYHOTO MPOTrPAMHOTO
cepenosuiia MathCAD, munamiky MexaHi3My IPHBOa BiIOPOMOJIOTA.

OTtpumani pe3ynpTaTd JOCITIHKEHHSI MEXaHi3My NPUBOJIAa BIOPOMOJIOTA, 3 BUKOPUCTAHHSM
MaTeMaTU4YHOro mporpamaoro cepenopuma MathCAD, MoxyTe OyTH BHKOPHUCTaHI IpH
MPOSKTYBaHHI, PO3paxyHKy Ta BU3HAYCHHI JWHAMIYHUX HABAHTAXXEHb MOJIOHWX BiOpariitHux
MaIlIVH.
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