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MATEMATHYHA MO/JEJIb BIBPOT'ACHTEJIA

AHoTanisa. OJHHM i3 OCHOBHHX HAalpPAMiB TeXHITHOTO IMPOrpecy B MAalIHHOOYIyBaHHI ABIACTbCA DicT MIPOTYKTHBHOCTI i
TOYHOCTI MeXaHidHoi 06podKH JeTaneH, MOKpaIleHHA AKOCTi IOBEPXOHE, 0 06pobIA0TECA, KOTPi [I0B'A2aHi 3 VIOCKOHA-
TeHHAM BibpamifiHol cTifikocTi o61adHaHHA. Bibparmii o6MexyIOTh MiABHINEHHA PeKHMIB pi3aHHA NPH o6pobIIoBaHHI Je-
TameH, MOTiPIIVIOTE MOPCTKICTE MOBEPXOHB, CTBOPIOKTE HAKTEI BEPXHIX IIapie, IPH BOMY CYTTERBO 3HH3VIOTH TOUHICTE
0oGpolKH 1 CTIHKICTE PLKYHIOr0 IHCTpYMeHTY. BHHHKHEHHA KOTHEAaHbE OGYMOBISHO 3MIHOK PEXHMIE Pi3aHHA, 30BHIMIHIMH
CHIIaMH 1 3MiHO ITapaMeTpiB NPY:KHOI CHCTEMH BepcTaT-IIPHCTOCYBAHHA-IHCTPYMeHT-1eTans (BIIIM). I3 BeIHKOl KiTbKOC-
Ti MammHHOGYAIBHOIO 00IaTHAHHA HaHOITEM MOMIHPEHHMH SBIATRCA BEPCTATH 114 00podmoBaHHd Tin ofepTaHHA, TO-
KapHOi 1 kpyrio-miidyeatsHol rpynH (Gidem Hix 40%). ToMy 3Ha9He MiTBHMIEHHA TOYHOCTI i IPOIYKTHBHOCTI TOKapHOL
00poSKH HelKOPCTKHX AeTaleH THI Til oSepTaHHA ABIACTHCA aKTyalbHHM HalmpAMOM B MaIIHHOOYAiBHIH ramysi, a pos-
poGiIeHHA crocobiB 3aXHCTY Bid Bifpalif BiZHOCHTBCA 10 OCHOBHHX HaHOITRIN BA/KHHX HAYKOBO-TEXHIUHHX 3ajad. B da-
HHH Jac BiZomi pisHOMaHITHI MeTOIH i criocoSH 3HEKeHHA BifpaniH. To HHX MO/KHa BiIHecTH: GalaHCYBaHHA i 3piBHOBa-
JKeHHA MAIlHH, 3MiHa JKOPCTKICHHX, JeMNOYIOUHX i iHepIiHHHX mapaMeTpie o0IagHaHHA. [I71A MepeTideHHX cmocodiB Xa-
paKTepHa 1A KOXKHOTO pallioHanbHa 001acTh 3acTocyBaHHA. BifporacHTeTi MaloTh oco0IHBE NMPH3HAYEHHA, TAaK K BOHH
MOXYTE GyTH BHKOPHCTAHI He TiMBKH IIPH IPOSKTYBAHHI 1 CTBOPEHH] KOHCTPYKIIL, a i IIpH eKCILTyaTallii a4 MoKpalleHH:
He3aJ0BiTbHHX THHaMi9HHX AKOcTeH of8IagHaHHA, KOTPi BHABISHI IIPH BIPOBAaUKeHHI B BHPOSHHITBO. IlepeBara BiGpora-
CHTeIIiB TAaKOK IOTIATaE B TOMY, IO IPH 3HA9IHO MATHX 3aTpaTax Ha iX CTBOPeHHA i eKCILTyaTallild BOHH Jal0Th MOTH-
BicTh oTpHMaTH GaxaHHH e(eKT 3HIKeHHA piBHA BiGpamiil. IIpH po6oTi Bi6poracHTens GopiMye CHIOBI Iii, kKoTpi mepena-
I0TBCA Ha 06°eKT. 3MiHa BibpamiHHoro cTaHy o6’eKTa MpH NPHETHAHHI THHAMiYHOIO TacHTeId 3AiHCHIOETBCH AK IIIIXOM
[IepepO3MOIiTy KOTHBATHHOI eHepril Bil racHTend 1o 06’ eKTa, Tak i IpH J0IMOMO3i pO3CirOBaHHA KOTHBaHb. [1epIIHii cIIo-
cif 3ailicHIOeTbCA HATar o[UKeHHAM NPY)KHO-iHepHifHHX BIACTHBOCTEH CHCTeMH 06’ €KT-TacHTeTh Ha Pe30HAHCHY JacTOoTy.
JlpyrHH croci® ocHOBaHHH Ha IiJBHINEHH] THCHIATHBHHX BIACTHBOCTEH CHCTEMH IUIAXOM IPHETHAHHA 110 00’ €KTa I01a-
TKOBHX CIIEHiaTbHHX JeMI(YIO9HX eleMeHTiB. B TakoMy BHIAIKY FOBOPATE PO IHHAMIYHHH racHTeIs 3 TepTAM. B ocHo-
BY IHHAMIYHHX TaCHTETIE II0T0:KEeHO BHKOPHCTAHHA IIACHBHHX €leMEeHTIB (Mac, IpVKHH, JeMndepiB) i aKTHBHHX, KOTpi
MAarOTh BIACHI [Kepena eHeprii. J14 sHIDKeHHA Bibpamil, o BHHHKAIOTH IpH 00pofbi Ti oSepTaHHA, HaMH §YI0 CIIpOeK-
TOBaHO i JOCTiTKeHO BiGporacHTemIb.

Kiaw4oBi caoBa: MaTeMaTHYHA MOIENb, 13]'.61301"51ICHT(?CIBf BI[aCH]'.f BHM’}TLIeHi KOTHBAHHA. MeXaHiTHa CHCTEMA. THHAMIY-

Hi HaBaHTAKEHHA. MOIAT.IHEICTE, KOTHBATLHI SBHITA.

Beryn

3HIKEHHA BIOpaliil € OJHHM 13 IepPCIeKTHBHHX
HampAMIB, KOTPi 3B’ A3aHI 3 MpoOIeMaMH MIIIHOCTI. pe-
cypcy 1 Oesmeku [1-3]. BHHHKarO4i, B IpOIECi BHKO-
HaHHA TEXHOIOTIUHHX oOIlepamii, BiGpamifiHi HaBaHTa-
JKEHHA TIOTIPIIYIOTE POOOTY CHCTEMH, 3HHKYHOTH Ha-
IOIfHICTE 1 TPHBATICTh eKCILTyaTamii. [IpH eKcruTyaTarii
BEPCTATIB I €0 CHI Pi3aHHA MOKYTH e OopMyBaTH-
cA HOro MPY:KHI TaHKH. B PE3YIBTATI YOT0 3MIHIOIOTECA
YMOBH pi3aHHA, TepTd. BHHHKHEHHA KOIHBAIBHHX
ABHII TIPH POOOTI BepPCTaTiB BiJ €MHO BHABIAETHCA HA
TOYHOCTI 0OpOOKH, 3HIDKYE TEXHOIOTIUHI MOMKTHBOCTI
o0TagHAHHA, a TaKOK 3MEHIIYe HOro JOBTOBIUHICTE. B
3B'A3Ky 3 IIHM, IiIBHINIEHHA IIOKA3HHKIB JIHHAMITHOL
AKOCTI BEPCTATIB, B TOMY YHCII 1X BiGPOCTIHKOCTI. AB-
TA€ThCA aKTYaIbHOK 3aJa4ero.

Oria1 ocTaHHIX T:Kepel A0CTiAKeHb i ONyOTiKa-
miii. CTROpPEeHHA HOBHX THINB MAIllHH, a TaKOX VIOCKO-
HAJIeHHA ICHYIOUHX IIOCTIHHO BHMAraroTh YTOYHEHHA
METO/IIB IX PO3PaxXyHKY, IO TAKOXK IOB A3aHO 13 Heol-
XITHICTHO BHBYEHHA IHTAHb IHHAMIKH BiGpOTacHTENIB.
BimoMmi TpH KaTeropiii piGporacuTemie. [0 HHX BigHO-
CATBCA: BIGPOracHTEl VIAPHOTO THITY: TEPTA: THHAMITHI.

Astopu I'aBpumiH A.H.. Araratkina O.0.. PoXXKOB
II.C..Cikopa E.A. [4] po3pobdma BiGporacHTelb

B’A3KOT0 TePTA,, AKHI MOKe BHKOPHCTOBYBATHCA B Ma-
IMMHHOOYAVBAaHHI MPH METaT000po0Il I1d TalleHHd KO-
JTHBAHB IPH TOKAapHIH 1 MITiQyBaNBHIA Omepamiax aeTa-
7eH THITY Ti o6epTaHHA. 3aponoHOBaHA aBTOPaMH KOH-
CTPYKIIiA BiOpOTacHTeNA MOTTTHHAE €HEPTi0 KOITHBAHb 3a
PaxyHOK B A3KOT0 TEPTA B ABTOMATHYHO HATIATOJKEHOMY
miama3oHi. HemomikoM 3alpoOHOBAHOTO BiGPOTaCHTETT
€ By3pKa c(epa BHKOPHCTAHHA — TUTBKH 114 TiT odep-
TaHHA, B TOMY 9HCII, HH3bKHH [T1alla30H POGOTHX JacTOT
1 HEMOKITHBICTE TIepeHAaTaKH YacTOT TallleHHA BiGpariii.
Takox BiOpOracHTEIs Ma€ CKIagHY OYIOBY.

Aptopom BormmianMm JILA. [5] 3anpomoHOBaHa KOH-
CTPVKIIiA BiOporacHTensd yaapHOI Iii. AKHI Moke OYTH
BHKODPHCTAHHI A 3HIKEHHA PIiBHA BiGparni Ha GLIbII
BHCOKHX YacToTax. I1ig uac poGoTH BiGporacHTEIb po3-
CiIO€ €HEpril KOTHBAHb 3a PAXyHOK yJapy MacH BiGpo-
TAcHTEIA 110 OCHOBHIH Maci, 0 KOTHBAeTbcd. Hemormi-
KOM 3aIIPOIIOHOBAHOT 0 BiGPOracHTeNA ABIAECTHCA BiACY-
THICTh MOMIHBOCTI I€PEHATaJKH YacTOTH KOIHBAaHb,
IO TacAThCA. [ PYIIOI aBTOPIB IIiJ KepiBHHITBOM I aB-
pumira A H.[6] po3poGieHHii JUHAMIYHHI caMoOHac-
TPOKOBAHHH TacHTENIb KOIHBaHb. I acHTelb Moxke OyTH
BHKODHCTAHHH B MAaIIHHOOYAYBaHHI 111 3aXHCTY BiJ
BiGparmii pizHHX 00 eKTiB. J[0 HETOMIKIB MOXKHA BigHEC-
TH BIICYTHICTH MOZKIHBOCTI OIEPAaTHBHOI 3MIHH YacTo-
TH BiOporameHss.
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Vnpaseainna 6 ckaradnux cucmemax

BHaileHHs HeBHpillleHHX paHillle YACTHH 3ara-
JbHOI mpodaeMH. ICHYIOTE TE€XHOIOTIUHI i KOHCTPYK-
THBHI METOIH IIiIBHINSHHA BiOpPOCTIHKOCTI BEpCTaTIB.
TeXHOTOTIYHI METOOH Peali3yIOThCA IIIAXOM OITHMA-
JBHOTO PO3TANIYBAHHA 30H Pi3aHHA. ONTHMI3allil peKH-
MIiB pi3aHHA. KOHCTPYKTHBHI METOOH peaTi3yIOThCA
HACTYITHHM YHHOM:

CTBOPEHHAM OLTBII KOPCTKHX KOHCTPYKINIH;

I IBHINEHHAM TOYHOCTI BEPCTATIB:

GaTaHCYBaHHAM OOSPTAIOTHX CHCTEM:

BHKOPDHCTaHHAM pIi3HHX TacHTeTiB, poboTa AKHX
OCHOBaHA Ha PO3CIFOBAHHI eHeprii KOTHBaHb.

BiTBmIicTh i3 KOHCTPYKTHBHHX METOIIB peamli3y-
€TBhCA TUTBKH Ha CTAIiAX CTBOPEHHA 007agHAHHA 1 Horo
MOHTa)Ky. balaHCYBaHHA 1 BHKODHCTaHHA T'aCHTEIIB
HAHOLIBIN IMiTXOHTH /T4 3MOHTOBAHOTO BEpPCTaTa.

Haii6inpmn yHiBepCaTbHHM ABIAETHCA METOXI BiO-
poramreHHA BiOpariif MeTaaopi3aJbHHX BEPCTATIB 3 BH-
KOPHCTaHHAM TaCHTEMB KOJIHBAHb, TaK AK BIH HE BHMa-
rae BTPYYaHHA B CHCTEMY BepCTaTa 1 IPH MOKIHBOCTI
MOJKe BIOpOTacHTETh IMIACTPOIOBATHCA I Pi3HI THIH
BepcTaTiB. IIpoTe. mpH migdopi i BUHKOPHCTAHHI MOTTIH-
Ha4iB MOKYTh BHHHKATH YK€ HOB1 NMPOOIeMH, 3B A3aHi
3 IX KOHCTPYKTHBHHMH 1 TE€XHOJOTIYHHMH OCOOTHBOC-
TAMH. Ha choromHimHii MOMEHT He iCHye HaiOiabIm
VHIBEPCAIBHOI'0, IO IIHPOKO BHKOPHCTOBYETHCA, BiO-
poraca4oro MpPHCTPOR. AKHH GH MIAXOIHB 10 GiIbIIOC-
Ti IPYII BEPCTATIB. 1 THM O17IBINE J0 BCIX.

Jlana poGoTa 1 HampaBJIeHa Ha BHPIIIEHHA, 3 BHKO-
pHucTaHHAM 3acTocyHKY MathCAD, muTaHh CTBOpPEHHA 1
IJOCTITKEHHA BiOporacHTeIi. KOTPHH BIANOBiZaR OH
BHIIIE [TePeTideHHM BHMOTaM.

IlocTaHOBKA 3aBOIAHHA. MeTor 1€l poGoTH €
CTBOPEHHA a/IeKBaTHOI (hi3HIHOMY IIpOIlecy MaTeMaTH-
YHOI MOJEMi BiGporacHTeA.

BHK/1a1 0CHOBHOTO MaTepiaay

JInA TeopeTHYHHX JOCTiIKeHb BiOporacHTeId Ha-

MH po3podieHa po3paxy-
HKOBa CXeMa TallleHHA
KOIHBaHb., AKa 300paie-
Ha Ha puc. 1. Ha pospa-
XVHKOBIH cxemi (pme. 1)
aeMIdyroumHit 00’ KT, mia
AKHM IPHAMAETbCA [le-
Talb, IO 00poOIAEThCA.,
IpeIcTaBIeHHR 30cepe-
TKEHO Macoro 111.
Maca o0’exkta mn
IpencTaBige codoK Cy-
MapHy Macy JeTani, IIo
00poBIAETECA 1 ITYHKE-
pa BiGporacurend. B maci
ILTYH)KEPa BpaxoBaHI Ma-
CH BCIX PYXOMHX eleMe-
HTIB racureni. Jlemmdy-
UHi 00'eKT (JeTamsb.
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Puc. 1. PozpaxyHEOBA
cxXeMa rameHHs KoIHBaHb

mo o0po0ideTseda) 3a-
KPIIUTeHHI B TIepedHiil 1 3aamHifi Gabkax. IO MamwTh
KOPCTKOCTL C,5 1 C;5 . IlpH o0polLi Ha OeTanb Ji€
30yproroua cHia pizaHHA F(f). KoTpa IepedaeThCA Ha

CYIOPT, IIO Mae KOPCTKICTh ¢, . I rameHHA KOIH-
BaHB [0 JETali. mo 00poOIIeThCA NPHETHYETECA BiO-
POTacHTeNb, M0 MOJETIETHCA MAcoK PYXOMHX eleMe-
HTiB BifporacuTena 7, 1 Macow ILTyHAepa, IO B3ae-
MOJII€ 3 MIOBEPXHEI0 AeTali 1 BKIHYAe CTHCHYTI IPYKH-

HH 3 JKOPCTKICTIO ¢}, . BifporacHTens Mae BIacHY &Kop-
CTKiCTh KOHCTPYKIII ¢, .

B po3pobneHiii HaMH MaTeMaTHYHIH Mogemi
(puc. 1) mig XapaKTePHCTHKAMH 00’ €KTa . TOOTO. KOopC-
TKICTIO ¢ TNPHAMAIOThCA IPHBEISHI KOPCTKOCTI CHC-
Temu BITIT [1]:

+c5+Cp (1)
Cng. TC36 TC¢

np.

A€ €. Cy. Ccn Cpg 2Cy5Cpp — KOPCTKOCTI JeMIGY-
0Y0ro 00’€KTa, JeTali, Mo oOpoOGIIEThCA, CYIIOpPTa,
MepenHbol 1 321801 6a00K. mpy:KHH. H/M.

PiBHAHHA PYXY 3aIIHIIEMO B TAKOMY BHITIAI:
m X+ CX; +Cp (X - X)) +v X1 =F@): (2

ne F(f)=P.: P.— cuia pizaHHi, H: ©®— xoroBa Jac-
1

TOTa BUMYVIISHHX KOIHBaHB 00°€KTa. ¢ V— Koedili-
€HI. 110 XapakTepH3ye 3aracaHmi: X;.X,.X1.X>2 —
IepeMilIeH T 1 MBHAKOCTI Mac y 1 m, : t —1ac.

ITouaTKOBI YMOBH IIPEACTaBHMO V BUIIIADL (£ =0)
Xjp=0. Xp0=0. X10=0, X20 =0, F, =0.(4)

Jna 3pydHOCTI pimeHHA Ha EOM cHCTEMH piB-
HAHB 3 BHKOPHCTaHHAM 3acTocyHKY MathCAD mpuBo-
JHMO 11 10 TAKOTO BHITIAAY:

mz(O+Ciz(0)+Cpy [2(0) - q(O)]+vz"(6) = F(0):

Mg (1) + Cog(t) + Cip [a(®) —2(1)] + v (1) = 0.

2 () =v0):
v =9 oy G2 ey Y e LRy,
Hr'l .’1 i‘h’l Hr'l
q'(r) =d(?): )
) C
d()=——=q()- L2 -()- —q (1)
, m ny ny
k(=-S5 - G2 gy - Yo+ L Py
i my
n(t) = —&q(r) - @q(r) + G2 (- Lq‘(f)-

1y M, 1y M,
ne k(f).n(f) OpHCKOpeHHA 30CepelKeHHX Mac 7y 1
m, . ITic/IA miAcTaHOBKH JaHHX 13 Tadl. 1 oTpHMaeMo

v () = 0.57F(f) ~151393=(r) — 22164=(¢) +
+22164¢(F) — 8v(7):




Cucmemu ynpaeiinua, Hasicanii ma 36'a3xy, 2021, éunyck 3(65)

ISSN 2073-7394

SO =vD): ¢@O)=d@):
d (t)=21914=() - 8d(f) -

(6)
—26299¢(r)—21914¢(1):
k(t)=0,57TF(t)—151393z(t)—22164z(¢) +
+22164¢(r) - 8v(7):
n(r) =21914z(t) - 8d(t) — 26299¢(¢) — 219144(1):
[TouaTKOBI YMOBH MawTh BHIAD (1 =0):
2(0)=0, g(0)=0.v(0)=0. d0)=0,

F(0)=0, k(0)=0, n(0)=0. (7

Po3p’s3aHHA CHCTEMH pIBHAHE (5) podumo mma
BiGporacuTend, IO Mae IapaMeTpH. AKI HaBeleHI B
Tadm. 1. JI14 BH3HAUSHHA IMPHCKOPEHb B CHCTEMI TH(e-
PeHIaTpHEX PIBHAHG (5) 3aIlHcaHi Ba PIBHAHHA IPHC-

Kopes K(f) macu Z'(f)=K(1). ta N(r) wmacu
OM=N@.
Tadauya 1 —IIapaMeTpH BidporacuTens
Tapaverpu OE[HHH]II Yucaoei
BHMipHBaHHA 3HAYEHHSA
my KT 1,754
n; KT 1,774
B, H 3998
® c! 209
v — 14
&) Him 265543
C» Hm 38876
c, H/m 46654

B pe3ympTaTi po3B’fA3aHHA CHCTEMH pPIBHAHE (5)
OTPHMYEMO 3HAUSHHA TIEPEMIlIeHb, MBHAKOCTEH, a Ta-
KOK IIPHCKOPEHP JeMI(yrouoro ob’ekTa 77, Ta pyxo-

MHX JaCTHHH BiOPOTacHTENA M, .

[Tig gac TeOpeTHYHHX JOCTITKEHb 3MIiHIOBATIOCH
CIIIBBIAHOMIEHHA KopcTKocTe C, /(). ami NpHBOOH-
MO HaHOITBIN XapaKTePHI pe3yiIbTaTH OOYHCIEHB, AKI
MiATBEPIKYIOTh 3HIDKEHHA aMIUTITYIH IeMI(VIUoro
ob’exta ().

Ha purc. 2 mpuBeeHO 0GYHCICH] 3HAYCHHA aMILTi-
TYOH MacH 7. AKa IMPeICcTaBIde AeMI(YIOUHH 00’ €KT

npH cmieigHomenHi C, /C; =0.01. a Ha pHCYHKY 3 —
npH chieiaHomerHi C, /) = 0,005. ITopiBHAHHA 3Ha-
YeHb aMIUITYIH MacH 774 Ha pHc. 2 1 3 mokasye 3HH-
JKeHHA 11 B [OBa pasH MpPH  CIIBBIJHONIEHHI
C, /C;=0.005, Axe ABNA€TbCA HAHOLIBII OINTHMATB-

s

HEM. Ha pHc. 4. 5 npHBeaeHl 3HaUeHHA IeIKHX OCHOB-
HHX TTapaMETPIB OTPHMAHHX IPH JOCITTKEHHAX.

[TopiBHrOIOYH MOGYIOBaHI rpadikd. AK 3 ypaxy-
BaHHAM 3aracaHHA V Tak i 6e3 HbOro, MOKHA 3pOOHTH
BHCHOBOK. IO 3HAYeHHA BIOPI3HAKTHECA HECYTTEBO 1
BH3HAaYeHI MapaMeTPH MAarTh OLIBIN TOYHI 3HAYCHHA
IPH ypaxXyBaHHI 3aTacaHHA V .

24107

m

_3
110 T

as ! 1.5 2.

PHc. 2. 3MiHa epeMimeHHs Z(f) = X; MacH
(aMmizyns qeMndyroogoro o6’ ekra) BiGporacHTen),
CriBBinHOMIEHHA KOpCTKOCTeH €, / C; = 0,01

_1
110 T

LS

as

— 507

3
- 1«10 ™
PHc. 3. 3MiHa nepeMimerHs Z(f) = X MacH

(aMmmizyns qeMndyrogoro of’ekTa) BiGporacHTemn),
CriBeizHomeHHA ;xopeTkocTel C, / € = 0,005

0.4

V()

—04F

= 0.4

Puc. 4. 3MiHA MBHIKOCTI V(1) =2Z '(3‘) Td IIPHCKOPEHHA
K(r)=Z""(r) macu m; BiGporacurens

JI1A mepexiHHX MpPOIIeciB, IMOKa3aHHX Ha PHC. 2,
3.4 1 5, xapakTepHe KOIHBaHHA IePEMIIIeHb, IBHIKOC-
Ti 1 IPHCKOPEHb MPY/KHHUX JTaHOK BiGpOracHTEN .

BHKOpPHCTAaHHA YHCIOBHX METOIB IHTETPYBAHHA
mudepeHITiaTbHEX PIBHAHD J03BOJIAE€ BHKOPHCTOBYBATH
3aMPOIIOHOBAHY METOIHKY T4 PO3PaxXyHKY JIHHAMid-
HHX HABAHTA)KE€Hb y MEXaHIUYHHX CHCTeMaX TallleHHA
KOJTHBAHb 3 BHKOPHCTAHHAM BI1OPOTacHTEIB.
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PHc. 5. 3MiHa nepemimeras Q(f) = X, MacH i,

Ta il meHIKOCTI D(f) = QI (t)= X, BiGporacHTensa

BHCHOBKH

1. B poGoTi Ha OCHOBI aHaTI3y TEHIEHITIH PO3BUT-
Ky TeXHOIOTIYHOTO O06TafHAHHA TPH3HAUEHOTO 1A
IIBHINEHHA BiGpalliitHol CTIHKOCTI BEpCTaTiB U1d 00po-
OkH meTasell THITY Tim o0epTaHHA Ta ICHYFOUHX TEXHIU-
HHX pIIIeHh BIOPOTACHTEIE. 8 TAKOK 3 BHKOPHCTAHHAM

BiGpamiiHy CHCTEMY B OCHOBY fKOI ITOIATa€ 3MiHa iHe-
PUIfiHHX 1 KOPCTKICHHX BIACTHBOCTEH BiOpO3aXHMCHOI
KOHCTPVKIIIL.

2. B poGoTi BH3HAYCHI IEepPEMIIEHHA, IMBHIKOCTI
Ta IPHCKOPEHHA TaHOK BiOPO3aXHCHOI CHCTEMH 3 BiO-
pOracHTelIeM . a TAKOK TEOPETHYHO JOCTIKEHO, 3 BH-
KOPHCTaHHAM MAaTEeMaTHYHOTO IIPOrPAMHOI0 Cepeo-
Buma MathCAD, ix THHAMIKY.

3. 3acTocyBaHHA YHCIOBHX METOJIB IHTErPYBaHHA
mudepeHITiaTbHEX PIBHAHD PYXY [103BOJIAE BHKOPHCTO-
BYBATH 3aIPOMOHOBAHY METOAHKY /I PO3PaXyHKY TH-
HAMIYHHX HABAHTAKCHb V TMOMIOHHX BiOpPO3aXHCHHX
CHCTEMAX .

4. Pe3yIbTaTH JOCTIIKEHHA BiGpOracHTeNId. 3 BH-
KOPHCTaHHAM MaTEMaTHIHOI'O IIPOTPaMHOI0 CEPEI0

puma MathCAD. M0KYTe GYVTH BHKOPHCTaHI TIPH
IPOSKTYBAHHL, PO3PaXyHKY, BH3HAUEeHHI OCHOBHHX IIa-
paMeTpiB Ta AHHAMIYHHX HAaBAaHTAKeHb B JTAHKaX IOIi-
OHHX BiOpPO3aXHCHHX CHCTEM.

BuxopucTtaHHA po3pobiaeHoro Ta
OOCTIIKEHOr0 BiOpOracHTEIA 31 3MIHOK IHEPHIHHHX 1
KOPCTKICHHX ~BJIacTHBOCTEH CHCTEMH [a€ 3MOTY
3HH3HTH aMIUTITyOV KOMHBaHE O00'€KTa V 2 pasi.
PO3MIHPHTH PO0OTY HYACTOTHY 00TacTh 1 IiJBHIIHTH

MAaTEMaTHYHOTO 3acTocyHKY MathCAD, mocmimkeHo  HPOIYKTHBHICTH OOGPOOKH.
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Mathematical model of the absorber
V. Lyutenko, V. Mastyukh

Abstract. One of the main areas of technological progress in mechanical engineering is to increase the productivity and accu-
racy of machining parts, to reduce the quality of the surfaces being machined, and to improve the wear resistance of the equipment. Vi-
brations interfere with the increase of the cutting mode during machining of parts, impair the surface finish, create a sticking effect on the
upper spheres, while significantly reducing the machining accuracy and the rigidity of the cutting tool. Occurrence of wobbles is caused
by changes in cutting modes, external forces and changes in parameters of the Lathe-attachment-tool-component (LATC) system. Out of
a great number of machine-building equipment the most widespread are workbenches for machining of bodies of wrapping, turning and
circular grinding group (more than 40%). Therefore, a significant increase in accuracy and productivity of turning of non-rigid parts of
the wrap-around bodies type is an urgent issue in the machine-building industry, and the development of methods of protection against
vibrations is one of the most important scientific and technological tasks. At the present time there are various methods and ways of
reducing vibrations. They can include: balancing and alignment of machines, change of rigidity, damping and inertia parameters of the
equipment. Each of these methods is characterized by a rational area of application. Vibration absorbers have a special purpose, as they
can be used not only in the design and construction of the structure, but also in the operation of the equipment to improve non-adverse
dynamic properties of the equipment that are seen in the implementation of the production. The advantage of vibration absorbers also
lies in the fact that at significantly low cost of their creation and operation they can obtain the desired effect of reducing the level of vi-
brations. During operation. the damper forms a force force that is transmitted to the object. Change of the vibrational state of the object
when the dynamical damper is connected is performed both by re-transmission of the volatile energy from the damper to the object, and
by means of spreading of the volatilities. The first method is carried out by applying the load-inertial properties of the system object-
absorber to the resonant frequency. Another method is based on increasing of the system's dissipative properties by adding additional
special damping elements to the object. In such a case we speak about dynamical damper with friction. Dynamical dampers are based on
the use of passive elements (masses, springs, dampers) and active ones that have their own energy sources. To reduce vibrations, which
occur during processing of bodies of rotation, we have designed and tested a vibration damper.

Keywords: mathematical model, damper, intrinsic, forced oscillations, mechanical system, dynamical loads, suppleness,
oscillatory phenomena.
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