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Jliomenko B.€., Bonoan 1. 1. «/locnioxncenns 6iopoydaprozo cnocody 3a21udnenns naivy

Hani ons 6ydisHuymea @yHOaGMeHmMI8 SUKOPUCMOBYBAIUCS we 6 Oanekiu OasHuni. Cnouamky nani
BUKOPUCIOBYBANUCL NPU  YWITbHEHHI TPYHMI6 3 MEmoi0 3HAYHO20 RNIOBUWEHHS HecY4oi 30amHOCmi OCHO8
@yHOamenmis, a nomim — 6 AKOCMI HeCyyux eleMeHmis, siKi MOJCYMb Nepeoasamu HASAHMAICEHHS L0 Naumu
@ynoamenmis na tpyum. Ilani cnoyamky euzomoenanu i3 ricomamepianie i 3abusanu pyunumu moromamu. 1 onosu
nane 3pi3anu Hudcye pieHsA 600U, 3AXUWAIOYU, MUM CAMUM, iX 6i0 OOMUKAHHA i3 nosimpam. B Oanuil uyac &
@yHoamenmobyoysanni euxopucmosyemucs oinvwi Hisre 100 munie nanw, AKi K1ACUDIKYIOMbCA RO MPbOMA HAUOITLU
Cymmesumy NPUSHAKAMU. ye no o0coOaIugicmio nepeoayi HABAHMANCEHHA HA IPYHmM (nani-cmitiku, 6ucayi,
VWinbHenHs, mepms);, — no cnocody 3aeaubnenHa abo 60yO0yeauHi naii 8 IpyHm (Wo 6USOMOGIAIOMbCA paniue i
3a2nUOAIIOMBCA 8 20MOBOMY BUAAOL; BUCOMOBIEHI 8 NPOEKIMHOMY NONONCEeHHI, KOMOIHOBAHI);, — no mamepiany:
oepeg sini, bemonHi, 3a1i300emoHHi, KOMOIHOBAHI.

Ilo ocobrusocmsam nepeoayi HABAHMANCEHHS HA [PYHM HAUOLIbULE PO3HOBCIOONCEH] NANL -CMIUKYU T 8UCAYI
nani. Ilani-cmitiku nepedaioms HABAHMANCEHH HA TPYHMU 8 OCHOBHOMY HUMNCHIM KiHYeM HA MANOCIMUCHYMUX
Ipynmax (ckanucmi, nicuaui, meepoi enunu). Bucsui nani nepeoaomv HAGAHMANCEHHSA HA JHOOI IPYHMU HUNCHIM
KiHyeM , @ MaKodc 3a paxyHoK Cui mepms no OOKo8itl noepxHi.

3 koowcnum pokom 6ce Oinbuie  HAbY8AE SUKOPUCMAHHS GIOPOYOAPHO2O0 OONAOHAHHS, MAK HA36AHUX
sibpomonomie. L[ mexuika yCniwHO SUKOPUCMOBYEMBCSA NPU CHOPYONUCEHHI HAOIUHUX (DyHOaMeHmi8 nio pisHi
cnopyou.

30iticnenna ckazanoco 8UMaza€ 6UUEeHHS i 0OCHIONCEeHHS npoyecy 8i6poyOapHO20 3a2nubNeHHs natb. d
MAaKoMC CMEOPeHHs HalOLIbW NPOOYKMUBHUX CHOCODI8 11020 BUKOHAHHA.

OOHuM 13 NepcneKmMuSHUX HanPsAMKI8 € 8npoeaoddceHHs yHoamenmis i3 naub npu 0yOiGHUYMeEi cnopyo npu
winvHill 3a6y008i @ Micmax i ceauuyax.

Takooic HeoOXiIOHO GIOMIMUMU, WO CROPYOICEHHS PYHOAMEHMIS i3 NAb OAE MONCIUBICMb BNPOBAVNCYEAMU
KOMNAEKCHY MEXAHI3ayiio | A6mMomMamu3ayiio mexHoI02IYHUX NPOYecis, Wo 3HAYHO Ni08ULYE NPOOYKMUBGHICIb pOOIm.

Bibpoyoaprne 3acnubnennss nanv € 00HUM i3 HAUOLIbWL NPOOYKMUBHUX CNOCOOI6 NOOYO08U HAOJIIHO20
@yHoamenmy nio pisHi cnopyou . Bibpoyoaphe 3a2nubnenisi, Kompe wupoKo 8npo8adiICyemvbCsi Ha OVOIGHUYMEI ,
HanexNcums 00 yOapHoi mexHonozii 3aenubnens nais. Memoo 6ibpoyoapnozo 3a2nubienns naub nOS2AE 8 MOMY, WO
npu 8iopayii cymmeso 3MeHWyIOmsbCs CUNU SUHUKAIOYO020 MePpMms I CUNU 3YEeNeHHs MIJDC Nanero i IPYHMOM, d 8
pe3yIbmami 3HAYHO 3MEHWYIOMbCS CUTU ONOPY 3a2TUONIeHHIO NAJI.

B oanuii wac, npu npoexmyeanni 8iopomonomie Ounamiuni pakmopu npu ix excniyamayii He 6paxo8yHmMvCs.
Tomy wHaoiiinicme modchHa nidguwumu, AKWO HA cmaoii ix NPOeKmy6aHHs 6PAX08Y8AMU XEUNbOBULl XapaKmep
HABAHMAIICEHb 8IOPOYOAPHOI MeEXHIKU.

Biobpoyodapne 3acnubnenus nanv Hamu po3enioanocs y 3aEmMo0ii MEXaHiUHUX i eleKmpoMAasHImHUX npoyecie
i 6 pezyibmami 6y1a OMPUMAHA MAMEMAMUYHA MOOelb OUHAMINHUX Npoyecié npu pobomi ibpomonroma, Kompa
BKIIOHANA HENIHIUHI OupepeHyianvhi pieHAHHA pyXy Mmac eibpomonoma [ JiHilHe OughepeHyianvhe pDiGHSHHS
eNeKMPOMACHIMHUX A8ULY 8 O8USYHI NPUBOOY.

Ananizyiouu ompumany iHghopmayio Mo’CHA AKYEHMy8amu, wo 8i6poyoapHoOMy Memooy 3a2iubneHHs NAlb
Mano npudineno ysazu i wupoka ingopmayis — npakmuyno eiocymus. Tomy s61A€mMbcsi aKmyaibHumM CmMeopenHs
NPOOYKMUBHUX 3PA3KIE GIOPOMOIOMIE, MeMOOUK iX PO3DPAXYHKI6 I NPOBEOCHHs HAYKOBUX OO0CHIONCeHb OUHAMIKU
pobOOYUX NPOYeCis YUX MAWUH HA WO | HANPAgieHa 0aHa Mazicmepcoka poboma.

B oaniu pobomi namu meopemuuno 00cniodicero, 3 BUKOPUCMAHHAM Mamemamuiro2o 3acmocyuxy MathCAD,
OUHAMIKY 8IOpOMONIOMA i OMPUMAHO De3VIbMamu KOMmpi MOXiCYmb Oymu GUKOPUCMAHI NpU NPOeKMY8AHHI mda
BUSHAYEHHI OUHAMIYHUX HABAHMANCEHb NOOIOHUX 8IOPOYOAPHUX MAULUH.

Ipu pospaxyrKy 8I0poMonomie Ha CMamuyiHy tl ymomaeHy MIYHICMb KOIUBAIbHI NPOYect KOHCIMPYKYI ma ix OUHAMIYHI
HABAHMANCEHHA, 8 Yell Yac, He epaxosyiomuvca. OOHAK ix Hecyuy 30AMHICINb MOXHCHA 3HAYHO NIOBULYUINU, AKUJO ) POSPAXYHKAX
npu ix NpoeKmy8anHi 6paxo8yeamul ixHi amMniimyOHO-4acmomHi xapakmepucmuxu. Biocymuicmo oic ymounenoi memoouxu
PO3PAXYHKY CYYACHUX GIOPAYTUHUX MAULUH, 8 THOMY YUCTE | 8IOPOMOSIOMIB, 018 30TUCHEHHS eeKMUBHO20 3AHYPEHHS
PIBHOMAHIMHUX NATbL YCKAAOHIOE IXHE NPOEKMYBAHHS i eKCNLyamayiio.

Memoto cmammi € gucgimienHsa pe3yibmamis MamemMamuyHo20 MoOeNI08aHHA KOIUBANbHUX Npoyecie npu
3a2nubaeHHi nanb 8i6POMOIOMOM MA BUSHAYEHHS OUHAMIYHUX HABAHMANCEHb HA 11020 eleMeHmu.

B pobomi meopemuuno 0ocniodceHo, 3 GUKOPUCMAHHAM MAMEMAMUYHO20 NPOSPAMHO20 Cepedosuuyd
MathCAD, ounamixy mexanizmy npueoda gi6pomoroma i OMpumMaHo pe3yibmamu KL MOXCYmb Oymu UKOPUCMAHL
npuU NPpOeKmy8anHi, PO3PAXYHKY MA 6U3HAYEHHI OUHAMIYHUX HABAHMAJICEHb NOOIOHUX GIOPAYIIHUX MAUIUH.

Knrouosi cnosa: mamemamuyna mooenv, OUHAMIKA, KOMUGAHHS, Gibpayis, eibpomonom, 6i6poydapHuii cnocio,
3a2nUONeHHs NATb.
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Liutenko V.Ye., Bondal 1.1. «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

Konu He Mae MOXJIMBOCTI CIOPY/DKYBaTH 3BHYAWHI CTPIYKOBI ()YHIAMEHTH B BHUMAAKY
HEIOCTaTHBOI HECYYOl CIIPOMOXKHOCTI BEPXHIX MIAPIB IPYHTY BUKOPHCTOBYIOTh (PyHIAMEHTH i3
najib — KOMIUICKC TMaib sKi 00’€qHaHI B €IUHY KOHCTPYKIIIO, IO Tepe/Iac HaBaHTKEHHs Ha
OCHOBY, TifomBy ¢yHnamenty. DyHIaMEHT i3 Mmanb BKJIIOYAE MMalli PI3HUX KOHCTPYKIIHN 1
pocTBepk. HailOinbm momupeHuil ynapHuid MeToH 3ariauOJIeHHs Tallb BHKOPHCTOBYIOTH JUIS
3arnuOIIeHHs Maib B yCi BUAM IPYHTIB (KPiM CKaJIbHHUX) BiOPOMOJIOTaMH.

AHaJIi3 0OCTAHHIX T0CTiIKeHb Ta MyOJdiKani

Hamu y>xe HarosomryBanoch Ha Te, 110 6arato yBaru NpUAUISIETHCS, B HAI 4ac, BIOpaiiHii
TEXHIII TpU CHOPY/DKEHHI (YHIAMEHTIB 13 Tajgb. 3HAYHA YyBara TaKOX MPUIAUIETHCS
BUKOPUCTAHHIO BiOpOyAapHOro crmoco0y 3ariauOieHHs nainb Npu MoOyqoBI pamioHaTbHUX
dbyHIaMEHTIB, MOCTIB Ta iHImUX cropyd. s BHUKOHAHHSA ILOTO Tpeda IMOCTIMHO BHUBYATH
BiOpoyaapHe 3arau0IeHHs ajib 1 3A1CHIOBaTH HAHOLIbII pallioHaIbH1 CIOCOOU HOTO BUKOHAHHS.

TeopeTnune MiAIPYHTSI AJs CTBOPEHHS BiOpaliiHUX MamuH OysJ0 3aKkjiaJieHo e Yy
kommaboMy PansHcekoMmy Coro3i, B TOMY YHCII TOCT-PaJASHCBKOMY IPOCTOPI Ta Cy4acHii
Ykpaini. {umu nutaHHAME 3aiiManucs HaCTYIHI BUAATHI HAYKOBIII Ta IPOBIIHI IHKEHEPHU, TaKi K
L.I. AptoGoneBcekmii, A.Il. baGiueB, I.I. bnexman, LI. buxoscekuii, [.®. ['oHuapeBwuy,
b.I.Kprokos, €.€ Jlagennen, O.C. Jlanens, B.I1. Hagyruii , I.I. Hazapenko, A.O. CniBakOBCbKHiA,
JLII. CrpenbnikoB, S.I'. IlanoBko, B.O. IloBimaiino, B.M. IlotypaeB, B.H. ®panuyk, I1.A.
Ceprees Ta iH.

B mepioni 50-x pokax mepmiicte B o06nacti BiOpamidHOi TeXHIKH Oyl0 3a HAYKOBIISIMH
3axigHoi €Bponu Ta [liBHiuHOT AMepuKkH. Alle Mi3HillIe ,3a JesSKUii yac, 32 OCHOBHUMH HampsMaMu
BITYM3HSHI HAYKOBII YK€ BUTIEPEKAIN 3apYOIKHUX BUCHHX.

Baromuii Bkiaa B po3po0iieHHs 1edaaHCHUX MPUBOIIB BHECTH HaykoBill HarioHansHOro
TipHUYOTO yHIBepcHTETy Ta [HCTHTyTY TeorexHiunoi mexaHiku (M. Juinpo) b.I.Kprokos, B.II.
O®panuyk, B.I1. Hagytuii, B ToMy 4mcii 1 iX HaykoBHil kepiBHUK akaaemik B.M. [lotypaes [1].
Koo iX AistIbHOCTI KOHLIEHTPYBAJOCh Ha Ne0aJaHCHOMY NPUBOAY, II0 BUMarajlo CTBOPEHHS
3HaYHO NPOCTUX KOHCTPYKLIH 31 3HAUHUMM 30ypIOBAIbHUMH CHJIAMHM JUIS TPOMI3IKUX
BIOpOMAIIMH FpHUYO0I00YBHOI ramysi.

VYaOCKOHaJeHHs  METOJUK Ta  METOJIB  pO3paxyHKiB, a TaKOX  CTBOPEHHS
eKCIIEPUMEHTAJIbHUX 3pa3KiB BUKOHYBaJlM HaykoBIl KuiBcbkoi mikonu BiTpoTexHIKH 1O.D.
YyOyxk, I.I. Hazapenxko, B.b. SIkoBenko [2] ta iH. Po3pobiena ixHs BiOpariiiHa TeXHiKa YCHIIIHO
BIIPOBAJKyBaJacs JJIs yIIIJIbHEHHsS] OETOHHUX cyMillei B OyniBeNnbHIN ramysi.

Po3pobenHss TpumacoBHX BiOpalifHMX MallMH BUKOHYBAJM HAyKOBII Ta MpPOBiIHI
imkenepu JIsBiBchkoi momitexniku B.O. Ilosigaiino, P.I. Cimin, B.A. [lurens, B.Jl. Ydimues,
O.B. T'aBpunpuenko, FO.I1. Hlonogi#t, A.JI. becrianos [3]. Bonu cTBOpuiIu Ta JOCTIAWIN IUTHNA
pAo Malo — Ta cepeAHbOrabapUTHHUX BIOpallMHMX MAIIMH JUIsl PI3HUX HampsMiB, Ae Oynu
3aCTOCOBaHI AMHAMI4HI TacCHUKU. OpUTriHabHI KOHCTPYKLIT po3p0o0sieHNX IUX BiOpoMaIliuH Oyiu
TPUMAaCOBHMH, aJi€ B OCTATOYHUX PO3PaXyHKOBUX CXEMaxX BOHH PO3TIISIAIUCH EPEBAKHO SIK JIBO
— OJTHOMAcCOBI.

B cBoro depry, HEOOXiTHO TAaKOXX BIAMITHUTH BaroMWi BKJIAJ B BHBYCHHS KOJIMBATHHUX
IpPOIIECiB MEXaHIYHUX CHUCTEM HACTYNMHHUX 3apyOikHux BueHux Kosmana JI.[4], Tonmma A. [5],
Waraninra H.[8], Karurana 1. [9].

3arnubneHHss manb BIOPOYJApHUM CIIOCOOOM € OJIHIEI0 13 OCHOBHMX OTepamiii mpu
CIIOpPY/DKEHH1 pi3HUX (QyHIaMEHTIB mia pi3Hi OymoBu. B cBOW uepry ciia BIAMITHTH, IO Bij
SKOCTI MOOYIOBH (yHAAMEHTY 3ajekaThb HaaIHHICTh, MIIHICTb, CTIMKICTh, a TaKOX TEPMiH
CITy0u OyTI0BH.

BiOpoynapue 3arnubOneHHs Nadb € OJHUM 13 HAHOLIBII palioHaJbHUM CIIOCOOIB
CHOPY/DKEHHSI HAIIHOrO 1 €KOHOMIYHOro (yHAamMeHTy miJ pi3Hi cnopyau. Bibpoynaphe
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3arnuOIeHHS Majb, SKE IUPOKO BIPOBAKYETHCSA B OYIIBHUITBO HAJIEKHUTH J0 BIOPOYIapHOTO
crioco0y 3aHypeHHs Tajib. 3arJuOJICHHS Tajdb 3AIMCHIOITH pi3HI BiOpomosnotu. [lumu
YCTaHOBKAaMHM 3aHYPIOIOTh JIETKi, BaXKKi HaJli, 00OJIOHKH BEITUKOTO JliaMeTpa y pi3HUX IPYHTaxX, B
TOMY 4ucii MiHUX. PoOoTa BCix BHIB BIOPOYAapHUX 3ariaubItoBaviB 0a3yeThCcsl HA 3HAYHOMY
3MEHIICHHI KoedilieHTa TepTs MK I'PYHTOM 1 MOBEPXHEIO Majli MiJ B3a€MOJIIEI0 3yCHIIb 1 iX
KOJIMBAHb.

ITocTanoBka npodaemu

MeTor0 cTaTTi € BHUCBITJIEHHS Pe3yJIbTaTiB MaTeMaTUYHOI'O MOJEIIOBAHHS KOJIHBAJIBHUX
MPOILECIB MpHU 3araubJIeHH] Majgh BIOPOMOJIOTOM Ta BU3HAUEHHS IUHAMIYHUX HABAHTaXCHb Ha
HOTO €JIeMEHTH.

Pe3yabTaTn noc/iakeHHs

Sk y>ke HaMH B1I3HAYAJIOCHh TE, IO Cy4YacHi BIOPOMOJIOTH MArOTh CKIAAHY OYyIIOBY, KOTpa
MOYXe BIOpOYJapHUM CIIOCOOOM SIKICHO 3ariHONIOBATH TMaji MPH CIIOPYIKEHHI Pi3HOMaHITHUX
byHIaMEHTIB .

Takox MOXeMO KOHCTaHTYBAaTH MpPO BIOPOMOJIOT SIK MPO €JIEKTPOMEXaHidYHy MaliuHy. B
nporeci poOoTH BOHA BUKOHYE BiIOpoyaapHy Jito Ha naito. BiOpariliny Ait0 Ha Malto BUKIUKAIOTh
nebanaHcy, B pe3yJabTaTi 40ro BUHUKAIOTh BEPTHKAIBHI BiIIIEHTPOBI criti. Hamu mpuitHsaTHii 11st
JOCTIIKEHHS CIIPOEKTOBaHUH BiOpoydapHUil 3aru0aoBay maib.

BpaxoBytoun Te, mo B BiOpoyAapHHiA 3arin0IItOBay MMajb BXOAATh NPYXKHI €IEMEHTH, IIe
MeTasieBl KOHCTPYKIIi 1 BiOpaTop, Aif0Yl CHIM SKUX MalOTh 3MIHHHUH XapakTep, TO MOXKEMO
KOHCTaHTYBAaTH , III0 TIPX pOoOOTI MAIIMHK IPU BIOPOYIapHOMY 3arirOICHHIO Nalb MPYXKHI JaHKH
KOJIMBAIOTHCS 1 CTBOPIOIOTH JIOIIOMIXKHI HaBaHTAXKEHHS.

[IloOu cHpoCcTUTH pO3paxyHKH 3aCTOCOBYEMO MaTeMAaTHYHY NPUKIAIHY Mporpamy
MathCAD.

BibGpoynaphi 3arnu6ioBadi majgb MpeACTaBIAIOTh COO0K KOJUBAIIbHY MAacOBY CHCTEMY 3
BEJIMKOIO KUIBKICTIO BuIbHOCTEH. IIpyXH1 JaHKM XapaKkTepU3YyIOThCS PI3HUMH MaCOBHUMHU
MOKa3HUKAMH.

Tak sk yke BiJI3Ha4ajI0Ch, cyyacHi BiOpoyJapHi 3ariavOiIio0di MalliHA IPEACTaBISIOTh
co00r0 TpyXHY 0araToMacoByK) CHCTEMY, IO BOJIOAIE€ HECKIHUEHHHM YHCIIOM CTYICHIB
BUIbHOCTI. OjHaK MOXHa BUIUIMTH HAHOLIBII  XapakTepHI eJeMEHTH BiOpoydapHOi
3ariau0III00Y01 CUCTEMU IIMX MalIKH. Lle mass 3 orojloBKOM 1 HaKOBaJIbHEIO, KOPITYC BIOpOMOJIOTA,
€JIEKTPOJBUIYH 1 yJJapHa YacTHHA BIOPOYAAapHOro 3araubioBaya, a TakoK Horo mpuBij.

[Ipu BpaxyBaHHI NOJATIMBOCTI HEPYXOMOI YaCTUHU ( HAKOBaJIbHI, OrOJ0BKa HaJli 1 caMoi
naJii) BiOpoyaapHOro 3ariau0iaroBayda, X04a BOHA CKJIA/Ia€ 3HAYHO BEJIHMKY JKOPCTKICTh, B JAHOMY
BUMAJIKY PO3PAaXyHKOBY CXEMy MAIlIMHU i3 TPUBOJIOM, TAJICIO 3 OTOJIOBKOM i HAKOBAJTHEIO MOXKHA
HPEICTABUTH Y BUIIISI TPUMACOBOI MPYKHOT cuctemu (puc.l).

Ha cxemi (puc.l) BiOpoynapHe 3arnuOiieHHs naii nepefdayaeTbes 3MIHCHIOBATH 3a
JIOTIOMOT010  €JIeKTponpuBoja. EnemMeHTH 00epTOBMX YacTUH MNPHUBOJA, Nl 3 OrOJOBKOM,
HAKOBAJIBHS, SIKi BOJIOJIIIOTh 3HAYHUMH JKOPCTKOCTSIMHU 1 HEBEJTMKUMH JIOBXHHAMH, TPUHMAEMO
K JJAHKH 13 30CEpePKEHIMH MacaMu.

Posrnsinemo, HaMH CIpOeKTOBaHUM, BIOpoydapHUil 3ariu0ioBay Ik TPUMAcOBY CUCTEMY
(puc.1). [IpuBeneHHs BCiX Mac CUCTEMH, )KOPCTKOCTEH NPYKHUX JIAHOK, a TAKOXK CHJI Ta MOMEHTIB
poOuMoO 110 oci 00epTaHHs POTOpa eNEKTPOIBUTYHA.

Ha po3paxyHnkoBiii cxemi (auB. puc.l) NpuiHATI HACTYIHI TO3HAYCHHS:

J, — MoMeHT iHepIii poTopa eeKTPOIBUIyHa ;
M, — npuBeneHa Maca 1e0anaHciB ;

M, — npuBeIeHa Maca KopIryca BIOpOMOIIOTa, EIEKTPOIBUTYHA 1 HOTO yIapHOI YaCTHHH;
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M, — npuBesieHa Maca HAKOBAJIbHi, OrOJ0BKA MaJjli 1 caMoi MaJli;

C, — puBeJieHa JKOPCTKICTh 3y04acToi nepeaaui;
C, — IpHBe/IEHa JKOPCTKICTh NPYKHUH;
@,, X,, X; — KyT IIOBOPOTY, JIiHiiHI TIepPEMIILEHHs BIANOBIIHO NepuIoi, Apyroi i TpeThoi
mac;
X =0,0174r @— 3anexHicTs MiXk KyTOBHMH i TiHITHUMH IIepeMilLICHHIME Mac;
r=e =300mm — excuentpucurer nebanancis;
M (; — IpUBE/ICHIIT MOMEHT CHJI OTIOPY IepeMilieHHs (0bepTaHHs) AebalaHCiB;
— NPUBEJCHUI MOMEHT CHJI OIIOPY MEPEMIIICHHS ITaJli;
My e e epe ;

M (t) — MOMEHT eJeKTpOJIBUTYHA NIPUBOJA; V — BIACTUBUHN KOe(ilieHT qucHTIAIl].

Jlist cknamaHHs PiBHSHB PYXy Ta E€IEKTPOMArHiTHOTO CTaHy EJIEKTPOABUTYHA IMPHBOJA
CKOPHUCTAEMOCS HACTYITHUMH PIBHSAHHAMH Y dhopwmi (puc.1):

Jip, —mex sing, —c¢,(x, —0,0174rp) = M (t) -i* =M ; 1)
(m, +m)X, —mee (¢, sing, + (0‘12 COS@;) —Cy (X —X,) =0; 2)
MX; +Cy (X, —%,) =—M; (3)

MOMEHT MPHBITHOTO €IEKTPOJABUTYHA BUPA3UMO TU(PEPCHITIATBLHOIO 3aISKHICTIO [6 — 7]
M(t) = A +AM @)+ Ax (1) @

ne Ay, A, A, —nocriiiui enexrpoasurysa. ITocTiiiHI BUSHAYAIOTHCS BUPA3aMIL:

2M, . 1 ., 2M,
A) = S ! Ai = S ! AQ = S ! (5)
k WO WS
ne M, — kpuTHuHMIl MOMEHT eNEKTPOABHIYHA; S, — KPHTHYHE KOB3aHHS pOTOpa
eTIeKTPOJIBUTYHA; (), — CHHXPOHHA KYTOBA IIBHAKICTh €JIeKTpoABUryHa; { —1ac.
Mexi BUKOpUCTaHHSI PiBHAHHS (4) 0OMEXYIOTHCS 3HAYCHHSIMH MOMEHTY [6, 7]

[Ticns mepeTBOpeHHs HEMiHIMHI AudepentianbHi piBHAHHSA (1 — 3) Ta 3aMiHU 1 TOHMKEHHS 1X
HOPSIIKY, JJIsl MOKJIMBOCTI piteHHs ix Ha EOM 3 Bukopuctanusam nporpamu MathCAD, OynyTh
MaTH BUTJIS:

q (t) = w(t);
C4(s(t)-0,0174e q(t))+M (t)-My;
- 3,—0,0174e sin(q(t)) !

w(t)
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Puc.1. Po3paxyHkoBa cxeMa HaBaHTa’KeHHSI MeXaHi3My NpHBOJa BiGpoyaapHoro 3aryimoJaroBaya mijx yac
MYyCKY NPUBiIHOT0 MeXaHi3My

u(t) = p(t);
. m_e w?(t)cosq(t)+c, (s(t)—u(t))
PO ==+ m,)-283Tsinq(D) '

s'(t) =k(t); (7)
C2

() =~ 12 () ~u(®) - e

RO
A AO,0174e A

t . C 1(S(t)_010174e q(t))+M (t)_MC,ZZ .
o(t) = ), -00I74esin@@@)

100y MWD cOSQ(0)-C, (S(0-u(D)
() ==+ m,)= 283Tsin(q@))

b(®) = — 2 (s(0) - u(V) -

m3
F(t) = me w’ (1),
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ne 0(t), d(t), b(t) xyrose Ta niniiini npuckopeHHs BiAMOBIAHO POTOPA ENEKTPOBUIYHA
1 Mac

m,ta m,; F(t) - sinuentposa cuna inepuii neGanancis.

3nificHeHa HACTYITHA 3aMiHa:

e =a(); =W () =9 % =ul); x,=p)=u () x =s(t); x =k()=
=s'(t); o®)=w(t)=q(t); d(t)=p(t)=u"(t); bt)=k'(t)=s"(t). ®)

[ToyaTkOBi yMOBU MalOTh BUTJISIL:
(t=0);g(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.
Po3B’s13aHHS cucTeMH HENMiHIMHUX PiBHSAHD (7) 3AIMCHIOEMO Ui TMPHBOAY BiOPOYIApHOTO

3arnmoIIroBaya (BiOpOMOIIOTa) 3 €IEKTPOIIPUBOIOM, 110 MAKOTh MapaMeTpH, HaBeIeH] B Ta0mIsx 1 1
2.

Tabmuus 1
Ilapamerpu npuBoja BiGpomMoJioTa
OHH.HHHI Yucnosi OIM.HHIH Yucnosi
[TapameTpu BUMIpIO- [TapameTpu BUMIpIO-
3HAYCHHS 3HAYEHHS
BaHHs BaHHS
J 1 K" M? 1,275 i — 2
m, KT 11600 v Hcl m 25
m, KT 3500 C, Hw/pan 6,05-10°
C, H/m 2-10° r M 0,3
M cn Hwm 50 M, Hwm 1500
Tabmums 2
3HayeHHS NOCTIHHUX eJIeKTPOABUIYHA IPUBOJAA BiOpoMos10Ta
Pesxcv pooTH KyroBa mBuKicTh IToCTIliHI €1eKTPOIBUTYHA
Tun enexrpo- poTopa eNeKTpo-
€JIEKTPO-
JIBUTYHA BULVHA JIBUT'YHA, Ao A1 A2
FIBHTYH pan/c
MTB 512-8 Po6oua
N =50 kBt Xapaxre- 75,4 67105 —-0,9471 |- 1495
n =720 o6/xs. pHUCTHKA

[Ticnst pimieHHs cCHCTeMH HENiHIWHUX piBHSHB (7) 3 BUKOpHcTaHHsAM 3actocyHky MathCAD
OTPUMY€EMO BEJTMYMHU MOMEHTY €JIEeKTPOABUTYHA MEXaHi3My IpUBOAa BIOPOMOJIOTa, KYTOBI, JIIHIHHI
nepeMilieHHs e0anaHciB, Kopiyca BiOpoyIapHOro 3ariuoiroBaya 3 OroJOBKOM Maji 1 majii , poTopa
€JIEKTPOJIBUTYHA 1 1X IIBHIIKOCTI, @ TAKOX — X KyTOBI PUCKOPEHH (puc. 2 — 8).

[ToGynoBanuii, B pe3ynbTaTi peanizauii Ha3BaHOi Hporpamu, rpadik 3MiHU MOMEHTY
eJIEKTPOBUTYHA TIprBO/Ia Biopomostora M(t) Ta BianieHTpoBO1 crim inepiii gebanancis F(t)
rad rad/s
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Puc.8. BinmentpoBa cmaa iHepuii ne6anancis F(t) Ta MOMEHT €JEKTPOABUIYHA IPHBOJA

si6pomosora M (t)

PosrnsinyBimmm  moOynoBanuii rpadik (puc. 8) MOXKHA TaKOX KOHCTAaHTYBaTH, IO
Bi/IlIeHTpOBa cuita inepuii neGanamncie F (t) depes 1 ¢ HaGyBae CTAIOro 3HAYCHHS.

Ha pucynky 4 nokasana 3mina nepemimennst macu U (t) =m, xopmyca BiGpomonora 3
BIOpaTOpOM, EJICKTPOJIBUTYHA 1 YIAPHOI YACTHHH, 1110 MOJISIIFOE MIPOIIEC 3aHYPESHHSI TTaJli B IPYHT.
Maca m, (puc. 6) BKIIO4ae Macy HaKOBaJIbHi, OTOJIOBKA Maii 1 camoi naii. 3MiHOIO MacH

NPUBAHTAXKYBAIBHOI IJIMTH, 4 TAKOK KOPCTKICTIO NIPYKUH C, € MOXKJIHMBICTE CyTTEBO 3MIHIOBATH

poboui mapameTpu BIOpPOMOJIOTA 1 TUM CaMHUM MOJCIIOBATH TPOIEC 3arjJuOJIeHHs Taii, 10
JI03BOJISIE 1€ poOUTH OOY0BaHA HAMU MaTeMaTHYHa MOJIEb.

[ToOynoBani Hamu Tpadiku (puc. 2 — 8) cBiT4aTh TAKOXK 1 IPO T, IO B MPOIIEC] 3aHYPEHHS
najib BIOPOMOJIOTOM BiJIOYBAIOThHCS HEMiHIMHI KOIMBaIbHI Iponecu. I3 oTpuMaHuX HemiHIHHUX
PiBHSHB ( 7 ) MOXHa OTPUMAaTH HACTYIHY 1H(OpMaIliio:

— obepTaHHs Ae0alaHCIB 31 CHIOETHCSI HEPIBHOMIPHE;

— KOJIMBAaHHSI KOPITYCYy BIOPOMOJIOTA 3 OTOJIOBKOM TTaJIi 1 Mati BIOYBArOThCS HECUHYCOITaIbHI;

— KOJIMBAaHHSI KyTOBOI IIBUIKOCTI 00epTaHHs JieOanaHCiB 1 KOJIMBAHHS KOPITYCY BiOpoMoioTa 3
Or0JIOBKOM ITaJI1 1 aJTi B3a€EMHO BIUIMBAIOTL OJUH Ha OHOTO;

— TIOCTaHOBKA 3a/1aui MPO KOJMBAHHS KOPIYCy BiOpOMOJIOTa 3 OTrOJIOBKOM Malli 1 majmi €
HENTIHIHHOIO.

Jlnist mepexiTHuX TMpOIEeCiB, MOKa3aHUX Ha pUC. 2 — 8 , XapaKTepHe KOJHMBAHHS KyTOBOTO
1 JIIHIHHUX TIepeMillleHb, IIBUIKOCTEH, a TAKOXK iX MPUCKOpeHb. ToMmy po3paxyHOK poOouux
pexuMiB  BiOpoymapHOro 3ariuOiroBada HEOOXITHO BHUKOHYBAaTH Ha OCHOBI  PIBHSHB
€JIEKTPOMEXAaHIYHOTO CTaHy CUCTEMHU.
3acTOCyBaHHS YMCIIOBUX METOIB IHTErpyBaHHS HENIHIMHUX NUdepeHIiaIbHUX PIBHSIHb PYXY 1
€JIEKTPOMArHITHOTO CTaHy PO3LIMPIOE MOXKJIMBICTh BUKOPHCTAHHS PO3pPOOJIEHOI METOJIUKHU IS
BU3HAUEHHS JMHAMIYHUX HaBaHTaXEHb Y €JNEeKTPOMAIIMHHIA Ta MeXaHIuHId cHucTeMax
BIOpPOMOJIOTIB.
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Bucuosxku

[Ipu BHKOpHCTAaHHI CTBOPEHOT MaTEeMAaTHYHOI MOJEINi € MOXKIIHUBICTh TMPOBOJMTH aHAIi3
HepexiHUX MpoIeciB mpu poOoTi BiOpoMoOsOTa 3 ypaxyBaHHSIM HEPO3PUBHOI B3aeMOIi
€JIEKTPUYHOI MAIIMHY 1 MEXaHIYHOT YACTHHU TIPUBOTY.

Y po0oTi TEOpPEeTUYHO MAOCIHIIKEHO, 3 BUKOPUCTAHHSAM MaTeMaTHYHOTO MPOTPAMHOTO
cepenosuina MathCAD, muHamiky MexaHi3My IIPHBOa BiOpOMOJIOTA.

OTtpumani pe3yabTaTu JOCITIKEHHSI MEXaHI3My MPUBOJIAa BIOPOMOIIOTA, 3 BUKOPUCTAHHSIM
MateMaTHuHoro mporpamuoro cepenopuma MathCAD, MoxyTte OyTH BHKOpHCTaHI IIpH
MPOSKTYBaHHI, PO3paxyHKy Ta BHU3HAYCHHI JUHAMIYHMX HaBaHTaXCHb MOMIOHHMX BiOpamiiHmx
MaIlH.
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