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MATEMATUYHA MOJEJIb BIGPOI'ACUTEJIA

AnoTtanisi. OMHNM i3 OCHOBHUX HAIpsIMiB TEXHIYHOTO IIPOTPeCy B MAIIMHOOYIYBaHHI SIBISIETHCS PIiCT MPOJYKTUBHOCTI 1
TOYHOCTI MEXaHIYHOI OOPOOKH JieTanel, IOKpaIIeHHS SKOCTI MOBEPXOHb, 0 00POOIISIOTHCS, KOTPI TTOB’sI3aHI 3 yIOCKOHA-
JIEHHAM BiOpaIiiiiHoi criiikocTi oOiaaHanHs. Bibpariiii 0OMeXyroTh MiIBUIICHHS PEXHUMIB pi3aHHs IMpH 0O0pOOIIOBaHHI Jie-
TayeH, MoripIIyloTh MOPCTKICTh ITOBEPXOHB, CTBOPIOIOTH HAKJISTI BEPXHIX IMIAPIiB, IIPH [[bOMY CYTTEBO 3HH3YIOTh TOUHICTh
00poOKH 1 CTIHKICTB Pi’KydOro iHCTpyMeHTY. BUHMKHEHHS KOIMBaHb 00YMOBIICHO 3MiHOIO PEXKUMIB Pi3aHH:, 30BHIIIHIMU
CHJIaMH 1 3MIHOIO ITapaMeTpiB MPY)KHOI CUCTEMH BepCTaT-IIpHCTOCYBaHHA-1HCTpYMeHT-neTans (BIII). I3 Bemmkoi kigpkoc-
Ti MaIIMHOOYIBHOTO 00JIafHAaHHS HAHOUIBII IMOMIMPEHUMH SIBIISTIOTHCSL BEPCTaTH U1l 00pOOIIOBaHHS T 00epTaHHS, TO-
KapHOI 1 KpyrJo-nutidysanbHoi rpyn (6iasnr Hixk 40%). ToMy 3HaYHE MiBUINEHHS TOYHOCTI i MPOAYKTUBHOCTI TOKApPHOI
00pOOKH HEXXOPCTKHX JeTalIeH THITY TiJl 00epTaHHS SBIISETHCS aKTyaIbHHM HarpsMOM B MaIIMHOOYAIBHiH raimysi, a po3-
poOIIeHHs CIOCco0iB 3aXUCTy Bif BiOpariii BiTHOCHTHCS O OCHOBHHMX HaHOUTBII Ba)KHMX HAayKOBO-TEXHIYHUX 3a/1ad. B rma-
HUI 9ac BiZioMi pi3HOMaHITHI METOIH 1 criocoOu 3HMKeHHS BiOpartiid. /o HuX Mo)kHa BiJHECTH: OajlaHCYBaHHS i 3piBHOBa-
JKEHHsI MaIllvH, 3MiHa XOPCTKICHUX, JeMI(YIOUYNX 1 IHEepIiHHIX mapameTpis obiagHaHHs. [ nepenidyeHux crnocoOiB Xa-
pakTepHa JUIsl KOXXHOTO pallioHabHa 001acTh 3acTocyBaHHs. BiOporacureni MaloTh 0cCOONMBE NIPU3HAUSHHS, TaK SIK BOHH
MOXXYTb OyTH BUKOPUCTaHI HE TUIBKH IIPU NMPOEKTYBAHHI i CTBOPEHHI KOHCTPYKILI, a 1 IPH eKCILTyaTallii s MOKpaIleHHs
HE3aJI0BUTFHHUX JUHAMIYHHX SIKOCTEeH 00JaHaHHs, KOTpPi BUSBIICHI IIPH BIPOBa/DKEHHI B BUpoOHHUITBO. [lepeBara BiOpora-
CHTEJIiB TaKOX IOJSATa€ B TOMY, IO NIPH 3HAYHO MAJIMX 3aTparax Ha iX CTBOPEHHS 1 eKCIUTyaTallil0 BOHHU JAalOTh MOXIIHU-
BICTh OTpHUMATH OakaHWil eeKT 3HIKEeHHS piBHA BiOpauiil. [Ipu pobori Bibporacurens Gopmye cuinosi aii, KOTpi nepena-
I0ThCsl Ha 00°€KT. 3MiHa BiOpaIifHOro cTaHy 00’€KTa TPH NMPUETHAHHI JUHAMIYHOTO TacUTeNs 3MiHCHIOETHCS K MUIIXOM
Mepepo3NOALTY KOMMBAIBHOI €Heprii Bijf racuTelst 10 00’ €KTa, TaK i Py JIONOMO31 PO3CifoBaHHS KOJIMBaHb. [leprmii cro-
¢i0 371ifICHIOETBCS HAJIATOJKEHHSIM TIPYXKHO-IHEpLIiHUX BIaCTUBOCTEH CHCTEMHU 00’ €KT-TaCUTElb HA PE3OHAHCHY 4acTOTYy.
Jpyruii crioci6 ocCHOBaHMI Ha MiBUIIEHHI IMCUIIATUBHUX BIACTHBOCTEH CHCTEMH IIISIXOM IPUEIHAHHS JI0 00 €KTa 0713~
TKOBHX CICLIAJIBHUX JEeMI(YIOUNX eJIeMEHTIB. B TakoMy BUIa Ky roOBOpSATH PO AMHAMIYHHI racHTENb 3 TepTAM. B ocHo-
BY AWHAMIYHHMX TaCHTEIIB MMOJOKEHO BUKOPUCTAHHS MACUBHUX €JIEMEHTIB (Mac, MpyXuH, AemidepiB) i aKTUBHUX, KOTpi
MAIoTh BIIacHI JpKepera eHeprii. /11 3HmKeHHs BiOpalliil, 110 BUHUKAIOTh IPH 00poOLIi Tii o0epTaHHs, HAMH OYIIO CIpOEK-
TOBAaHO 1 JOCHIPKEHO BiOPOracuTesb.

Kaw4doBi cioBa: maremMaTuyHa MOJECIIb, Bi6p0FaCI/ITeJ'H>, BJ'IaCHi, BI/IMyLI_IeHi KOJIMBaHHA, MeXaHivyHa CHUCTEMaA, ,I[I/IHaMi‘I—

Hi HaBaHTa)KEHHSI, [TOJATIMBICTh, KOJMBAJIbHI SBHUIIA.

Beryn

3HMKeHHsT BIOpaliil € OAHUM i3 MEepPCHeKTUBHHUX
HAIpsIMiB, KOTpi 3B’s13aHi 3 MpoOJieMaMu MILHOCTI, pe-
cypcy i 6esnekn [1-3]. Bunukaroui, B mpoieci BHKO-
HaHHS TEXHOJIOTIYHHX OIepalliid, BiOpaliiiHi HaBaHTa-
JKEHHsI TIOTIpPIIYIOTh POOOTY CHCTEMH, 3HWKYIOTh Ha-
JIHHICT 1 TpUBaJicTh ekcruyararii. [Ipu ekcruryararii
BEPCTATIB MiJ1 €10 CHJI pi3aHHS MOXYTh Jie)OpMyBaTH-
csl HOTo TIPYXKHI JTAHKH, B PE3YNIBTATI YOTO 3MiHIOIOTHCS
YMOBU pi3aHHS, TepTs. BHHUKHEHHS KOJIMBAJIBHUX
SIBUII] TIpU pOOOTI BEpPCTaTiB BiZl'€MHO BHSBIIIETHCSA Ha
TOYHOCTI OOpOOKH, 3HIDKYE TEXHOJOTIYHI MOMIIHBOCTI
oOagHaHHSA, a TAaKOXK 3MEHIITYE HOro JOBrOBIYHICTH. B
3B’S3Ky 3 IMM, MiABHUIICHHS MOKA3HUKIB IHHAMIYHOI
SIKOCT1 BEpCTATiB, B TOMY YHCIi iX BiOpOCTIHKOCTI, 5B-
JSIETBCS AKTYaIBHOO 3a7a4elo.

Orasa ocTaHHIX TKepes JOCTiAKeHb i myOmika-
niil. CTBOpEHHS HOBHX THIIIB MAIllMH, a TAKOX YIOCKO-
HAJICHHA ICHYIOYHMX IIOCTIHHO BHMAararmoTh YTOYHEHHS
METOMIB iX pO3paxyHKy, IO TAaKOX IIOB’S3aHO i3 HEOO-
XIHICTIO BUBYEHHS NHUTAaHb TUHAMIKH BiOpOTaCHUTEINIB.
Bimomi Tpm kateropiii BiOporacuremiB. J[o HHX BigHO-
CATBCA: BIOpoOracuTeni yaqapHOTro TUITY; TEPTS; AUHAMIYHI.

Astopu ['aBpunin A.H., Arratkina O.0O., PoxxoB
I.C,Cixopa E.A. [4] po3pobunu BiOporacurensb

B’A3KOTO TEpTS,, AKHH MOXKE BUKOPHCTOBYBATHCS B Ma-
MMHOOY/yBaHHI NPH METaJo00poOI| ISl TalleHHs KO-
JIMBaHb MPU TOKAPHIH 1 1LTIYBaNbHIN omepamisx gera-
Jiel TUIY Till 00epTaHHs. 3alpOIOHOBaHA aBTOPaMU KOH-
CTPYKIIisl BiOpOracHUTENs MOTJIMHAE SHEPTI0 KOJIMBAaHb 32
PaxyHOK B’SI3KOrO TEPTS B aBTOMaTHYHO HAJIArOKEHOMY
nianasoni. Hemonmikom 3ampornoHOBaHOrO BiOporacurenst
€ By3bka c(epa BUKOPHCTaHHS — TUTBKH Ui TLT 00ep-
TaHHS, B TOMY YHUCJ, HU3bKUI Aiana3oH poOOYMX 4acTOT
1 HeMOXKJIMBICTH TIePEHaIa K/ YacTOT TallleHHs BiOpariif.
Taxox BiOporacurens Mae CKIagHy OymIoBy.

Astopom bomninmm JLLA. [5] 3anpormoHoBaHa KOH-
CTPYKIIis BiOporacuTens ymapHoOi mii, sSKui Moxe OyTH
BUKOPHUCTAHUH U 3HIDKCHHS PiBHS BiOpamii Ha OimbIn
BHCOKHX dacToTaX. [lig gac pobotu Bibporacurens pos-
CiI0€ eHepTiio KOJIMBAHb 32 PaxXyHOK yaapy Macu BiOpo-
racuTes 10 OCHOBHIM Maci, 10 KoiauBaeThcs. Hemori-
KOM 3aIPOIIOHOBAHOTO BiOPOTaCUTENS SBISETHCS BIICY-
THICTh MOXXJIMBOCTI TEpEHANAAKH YaCTOTH KOJIHMBAHb,
IO racaTbes. ['pymoro aBTOpiB i KepiBHUNTBOM [ aB-
pumina A.H.[6] po3poOneHunii muHAMIYHWKA CaMOHAC-
TPOIOBAHMI TaCHTENh KONWBaHb. [ acuTenp Moxe OyTH
BUKOPUCTAHMI B MAaIIMHOOYAYBaHHI IS 3aXHUCTY Bij
BiOpamii pisHUX 00’€KkTiB. Jl0 HEMOMiIKiB MOKHA BiJHEC-
TH BIICYTHICTh MOJIMBOCTI OIIEPATUBHOI 3MiHH YacTO-
TH BiOporameHHs.
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BunisieHHs HeBHpilIeHUX paHilie YacTHH 3ara-
JIbHOI Mpo0aeMHu. ICHYIOTh TEXHOJOTIYHI 1 KOHCTPYK-
TUBHI METOJM TWiJABHIICHHSA BiOPOCTIKOCTI BEpCTaTiB.
TexHOMOrUHI METOIM peai3yloThCs IUITXOM OINTHMa-
JIHOTO PO3TAaIlyBaHHS 30H Pi3aHHS, ONTHMI3aIil pexu-
MiB pizaHHA. KOHCTpPYKTHBHI MeTOAM peasi3yloThCs
HACTYITHUM YHHOM:

CTBOPEHHSM OLTBII dKOPCTKUX KOHCTPYKIIiH;

ITiIBUIIEHHSM TOYHOCTI BEPCTaTIB;

0aJaHCYBaHHSIM 00EpPTAIOYHX CHCTEM;

BUKOPHUCTaHHIM DI3HHX TacuTeNiB, podoTa SIKHX
OCHOBaHa Ha PO3CiIOBaHHI €HEprii KOJIMBaHb.

Binbmricte 13 KOHCTPYKTUBHHX METOJIB peaji3y-
€THCS TUIBKU Ha CTaMisX CTBOPEHHS O0JIaJHAHHS i HOTro
MOHTaXy. banaHCyBaHHS 1 BHKOPUCTAaHHS T'aCHUTENIB
HANOLIBII i AXOINUTH JJIS 3MOHTOBAHOI'O BEPCTATA.

Haii6inpin yHiBepcagbHUM SIBISIETBCS METOJ BiO-
poranieHHs BiOpaliii MeTanopi3ajJbHUX BEPCTATIB 3 BU-
KOPHCTaHHSIM TaCHTENIB KOJIMBaHb, TaK SIK BiH HE BUMa-
rae BTpy4aHHsS B CUCTEMY BEpCTaTa i IPU MOXKJIHUBOCTI
MOXe BiOporacuTesnb MiJICTPOIOBATHCS IIiA Pi3HI THIH
BepcrariB. Ilpore, pu migOoOpi i BUKOPUCTAaHHI MOTIIH-
Ha4iB MOXKYTh BHHUKATH yXe€ HOBI IPoOJeMH, 3B’ s3aHi
3 IX KOHCTPYKTUBHUMH 1 TEXHOJOTIYHUMHU OCOOIHMBOC-
TsMu. Ha choromHimHiii MOMEHT He icHye HaHOiLIbII
YHIBEpCAJIBHOT0, 10 IIMUPOKO BUKOPHCTOBYETHCS, BiO-
poracsiaoro MpUCTPOro, SIKUi OU MiAXOMUB 10 OibIIOC-
Ti TPYI BEPCTaTIB, i TUM OB 10 BCIX.

Jlana po0oTa 1 HampaB/icHa Ha BUPIIICHHS, 3 BUKO-
pucrannsam 3acrocynky MathCAD, nutanb cTBOpeHHS i
JOCIIDKeHHsT BiOporacuTess, KOTpUH BIANOBiZaB O
BUILE IIEPEeNIiYeHNM BUMOTaM.

IMocranoBka 3aBaaHHs. Merow wi€l poboTH €
CTBOpPEHHS a/IeKBaTHOI (DI3MYHOMY IIPOILIECY MaTeMaTu-
4YHOI MoJIeNi BiOporacurens.

Bukaan ocHoBHOTO MaTepiany

Jiist TeOpeTUYHUX JIOCII/PKEHb BIOpOracurens Ha-

MH po3pobieHa po3paxy-

HKOBa CX€Ma TalleHH:

KOJIMBaHb, siKa 300paxe-

Ha Ha puc. 1. Ha pospa-

XYHKOBill cxemi (puc. 1)

JneMidyrounit 00’ ekT, mif

SIKUM  TIpUHAMAEThCS  Jie-

Tanb, MO O0OpOOIAETHCA,

Cn e MIPEICTABIEHUN  30Cepe-
IDKEHOI0 Macoro M.

Maca o006’ekta My

/\G:Z(l m HPEZICTABIAE CODOK0 Cy-

MapHy Macy Jneraii, IIo

r 00poOIse€TRCS 1 TITYHXKE-

pa BiOporacurens. B maci

IUTYH)Kepa BpaxoBaHi Ma-

CH BCIX pyXOMHX ereMe-

HTiB racurens. demmdy-

ounii  00’ekT  (meranb,

LLLS

Cz

/\/z—q(t)AL i

C1 Ci

F(t)
77T 77
Puc. 1. Po3paxynkoBa
cXeMa TalleHHs KOJIMBaHb

mo o0poOisIeThCsa) 3a-
KpiTUIeHWA B TepenHiii i 3aamnid 0abkax, M0 MarTh
xoperkocTi C,; 1 C,4; . IIpu 0OpoOui Ha meTans nie

36yproroua cita pizanas F (), kotpa mepemaersest Ha

CYNOPT, 10 MAa€ KOPCTKICTh C . JIas rameHHs Koju-

BaHb JIO J€Tali, M0 OOpOONIETECS TPUETHYETHCS BiO-
poracurens, 10 MOJIEITIOETHCSI Macol0 PYXOMUX eJieMe-
HTiB BiOporacurenss M, i Macoro IUIyHXKepa, 110 B3ae-
MOJIi€ 3 TIOBEPXHEIO JIeTalli 1 BKIIIOYAE CTUCHYTI MIPY>KH-
HH 3 J)KOPCTKICTIO Cj, . Bibporacutens Mae BIacHy skop-
CTKICTh KOHCTPYKII Cy .

B po3poOneHiii HaMu MaTeMaTH4HIH Mojemi
(puc. 1) mix xapakTepucTukamMu 00’€KTa , TOOTO, KOpC-
TKICTIO C; IPHUHAMAIOTHCS HPHUBEIEHI KOPCTKOCTI CHC-

temu BITIJ [1]:

_ (Cn6. + C3.6.)Cc

+cy+cypy s (D)
Cno. +Cs5.tC¢

np.

Ae Cp, Cyr Cev CugiCogCpp, — KOPCTKOCTI JeMrdy-

I04Y0ro 00’€KTa, JeTaii, 1m0 OOpOOIIIOETHCS, CYIOpTa,
MePEeHbBOT 1 3aTHBOT 0a00K, ipyxuH, H/M.
PiBHSIHHS pyXy 3aITUIIEMO B TAKOMY BHIJISII:

m X;+C X1 +Cpa (X = Xp)+vX1=F(t); (2)
m2 X.2+C2X2+QZ(X2—X1)+VX2=0, (3)
ne F(t)=P,; P,
TOTa BUMYIIEHUX KOJNMBaHb 00 €KTa, C; vflxoe(_biui-
X1, X0, X1, X2 —

HepeMileHHs 1 MBUAKOCTI Mac My 1 M, ; t — yac.

— cuia pizannsi, H; m— komoBa vac-
€HT, L0 XapaKTepU3ye 3aracaHHs;

[TouaTkoBi yMOBH TpejicTaBuMO y BUrsimi (1 =0)
X10=0, Xp0=0, X10=0, X20 =0, Fy =0. (4)

Hus 3pyunocti pinienns nva EOM cucremu pis-
HSIHb 3 BHUKOpHCTaHHsM 3actocyHky MathCAD mpuso-
JIUMO 11 10 TaKOro BUIIISAY:

my 27 () +Cyz(t) + Cpp [2() — (1) ]+ v2 (1) = F(b);
My () +Coq(t) +Cpz [A(t) — 2(t)]+ v (1) = 0.
Z(t)=v(t);

vy =-292 0y, G240 Y2+ L)
m m m m

q () =d(t); )
d'(t)= -2 q(t)- C12 q +C12 2(0) - q'(t);
2 2
k) =-2%2 50y S2 90y Y 2+ LRy,
h my
() = - 2 q@) -2 L +C12 20)- '),
my my

ne k(t),n(t) opuckopenns 3ocepemkeHnx mac My i
m, . ITicast mizcTaHOBKM MaHMX i3 Tabn. 1 otpumaemo

V (t) = 0,57F (t) —151393z(t) — 22164 2(t) +
+22164q(t) —8v(t);
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Z(M)=v(): q®)=d@:;
d'(t) = 219142(t) —8d (t) -

(6)
—26299q(t) —21914q(t);
k(t) =0,57F (t) —151393z(t) — 22164 z(t) +
+22164q(t) —8v(t);
n(t) =21914z(t) —8d(t) — 26299q(t) — 21914q(t);
IMouatkoBi ymoBu MaroTh BUrsia (t=0):
z2(0)=0, q(0)=0, v(0)=0, d(0)=0,

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

Po3B’si3anHs cuctemu piBHAHB (5) pobumo st
BiOporacurens, 110 Mae€ MapaMeTpH, SKi HaBeJCHI B
Tabn. 1. JIns BU3HAUEHHS [TPUCKOPEHb B CHCTEMI aude-
peHIaTBbHUX PiBHSAHB (5) 3amucaHi JBa piBHSIHHS IPHC-

kopers K(t) wmacu Z'(t)=K(t), ta N(t) wmacu
Q(t)=N().
Tabnuys 1 — Iapamerpu BiOporacuress
TMapamerpn O.;:[mmui Yuciosi
BUMIPIOBAHHS SHAYCHHSA
my KT 1,754
m, KT 1,774
P, H 3998
Q) ct 209
v - 14
G Him 265543
G Him 38876
&) H/m 46654

B pesysibraTi po3B’si3aHHS CUCTEMHU pIiBHsHB (5)
OTPUMYEMO 3HAYCHHS IIepeMillieHb, IIBUAKOCTEH, a Ta-
KOX IIPHCKOpEHb IeMI(yro4oro od’ekra My Ta pyxo-
MHX YaCTHUHU BiOporacutens m, .

[lix yac TeOpeTUYHHX HOCIIIKEHb 3MIHIOBAJIOCH
criBBinHowenHs xopcrkocteit Co [ Cy . Jani npuBoau-
MO HaMOULIBII XapakTepHi pe3yJabTaTH OOYHCIICHb, SIKi
MiATBEPKYIOTh 3HM)KEHHsI aMILTITYIU AeMI]yrdoro
06’exra (my).

Ha puc. 2 npuBeneHo o0UUCIIeHI 3HAYCHHS aMILTi-
TyOu Macu Ny, siKa IpeacTaBise AeMI(yodnii 00’ ekT
npu crmiesignomenni C, /C; =0,01, a Ha pucynky 3 —
npu criBBiaHomenni C, / C; = 0,005. [lopiBHsiHHS 3Ha-
4YeHb aMIUTITyad Macd My Ha puc. 2 i 3 mokasye 3HH-
JKeHHs 11 B [OBa pa3d TMpPH  CIiBBiJHONICHHI
C, /C; =0,005, sixe SIBASETHCS HAWOLIBII ONTHMANb-
HuM. Ha puc. 4, 5 npuBezieHi 3HaUeHHS IETKUX OCHOB-
HUX MTApaMeTPiB OTPUMAHUX IPH JTOCITIHKEHHSX.

[opiBHiotoun moOynoBaHi rpadikm, SK 3 ypaxy-
BaHHSAM 3aracaHis VvV Tak i 6€3 HbOro, MO)KHa 3pOOUTH
BHCHOBOK, IIIO 3HAYCHHS BiJIPi3HAIOTBCS HECYTTEBO 1
BHU3HAYCHI MapaMeTpW MArOTh OUTBII TOYHI 3HAYCHHS
TPU ypaxyBaHHI 3aracaHHs V.

24107

m

1x10

— 107

~ x0T

Puc. 2. 3mina nepemimenns Z(t) = X; Macu my

(ammigymu nemmndyrodoro 06’ ekra) BibGporacuTels),
CnisBigHomenHs sxopcrkocteit Cy / C =0,01

1x107°

5x107°F

0.5

— x0T

~ x0T

Puc. 3. 3mina nepemimenns Z(t) = X; macu my

(ammigymu nemmngyrouoro 06’ ekra) BibGporacuTers),
CnisigHomenHs xopcrkocteit C, / C =0,005

]
—0.6- o

—-200

Puc. 4. 3mina mBuakocri V(t) = Z'(t) Ta NPUCKOPEHHS
K(t) =Z"(t) macu my Bibporacuress

Jns mepeximHuX TpoIeciB, OKa3aHWX Ha pHC. 2,
3,415, xapakTepHe KOJHBAHHS NIEPEMilIeHb, ITBUIKOC-
Ti 1 IPUCKOPEHB MPYKHUX JTAHOK BiOporacuTes.

BukoprcTaHHS YHCIOBHX METONIB IHTETPYBaHHS
IudepeHIiaTbHuX PiBHSIHD JO3BOJISIE BHKOPUCTOBYBATH
3aIPONIOHOBaHY METOJMKY I PO3paxyHKy AHHAMIY-
HHX HAaBaHTAXEHb Y MEXaHIYHUX CHUCTEMax TaIllCHHS
KOJIMBaHb 3 BUKOPHCTaHHSIM BiOpOracHTEINiB.
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3107

2:107F

1:107F

—1x10F

— 2107

— 310
Puc. 5. 3mina epemimenns Q(t) = X, macu m,

Ta ii mBuakocti D(t) = Q'(t) =X,  Bibporacures

BucnHosku

1. B poboti Ha OCHOBI aHai3y TEHAEHIINH PO3BUT-
Ky TEXHOJOTiYHOTO OONaJHAHHS MPU3HAYCHOTO IS
i IBUIIICHHSI BIOpaMiiiHOT CTIMKOCTI BepcTaTiB Iist 00po-
OKM JieTanell THITy TiJl 0OepTaHHs Ta ICHYIOYMX TEXHid-
HHX pillIeHb BiIOPOTacHUTENIB, a TAKOXK 3 BUKOPHCTAHHSIM
MareMaTH4yHOro 3actocyHky MathCAD, nociimkeHo

BiOpalliifHy cMCTeMy B OCHOBY SIKOi TOJISITa€ 3MiHA iHe-
PLIMHUX 1 OPCTKICHUX BJIAcCTHBOCTEH BiOpO3axmCHOI
KOHCTPYKIII.

2. B po0oTi BH3HAUYCHI MEpPEMIIllEHHS, MBUAKOCTI
Ta TPUCKOPEHHS JIAHOK BiOPO3axMCHOI CHUCTEMH 3 BiO-
poracureneMm , a TaKOX TEOPETUYHO JIOCII/KEHO, 3 BU-
KOPHCTaHHSIM MAaTEeMaTU4HOrO IIPOrPaMHOIO Cepesio-
Bura MathCAD, ix nuHamiky.

3. 3acTocyBaHHS YHCIOBHX METOJIB IHTEIpYBaHHS
midepeHiadbHUX PIBHSIHD PyXY A03BOJISIE BUKOPHCTO-
BYBAaTH 3allpOIIOHOBAHY METOAUKY JJIsl PO3PAaXyHKY -
HaMiYHMX HaBaHT@XEHb Y NOAIOHMX BiOPO3aXMCHHX
CHCTEMaX .

4. Pe3ynbTaTH JOCTIKCHHS BiOpOTracuTess, 3 BH-
KOPHCTaHHSIM MaTeMaTHYHOT'O MPOrPaMHOro Cepesio

Buia MathCAD, MoxXyTh OyTH BHKOpUCTaHI NpH
NPOEKTYBaHHI, PO3PaxyHKy, BU3HAUCHHI OCHOBHUX IIa-
paMeTpiB Ta AMHAMIYHMX HaBaHTa)XEHb B JIAHKaX TOJi-
OHMX BIOPO3aXHMCHUX CHCTEM.

Bukopucranus pO3pobIIeHOro Ta
JIOCITIJPKEHOTO BiOporacurens 31 3MiHOIO iHEepHiHHUX i
JKOPCTKICHUX ~ BIACTUBOCTEH CHUCTEMH [a€ 3MOTY

3HU3UTH AaMIUIITyLy KONMBaHb O0’€kTa y 2 pasy,
PO3LIMPUTH POOOYY HYACTOTHY 00JacTh 1 IiJBHIIUTH
HPOAYKTUBHICTH 0OPOOKH.
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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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