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METOIU AHAJII3Y IMHAMIYHUX ITPOLECIB Y JUCKPETHO-KOHTHHYAJIBHUX
CUCTEMAX TP IMITYJIbCHUX 3BY KEHHAX

VY poboti po3B’si3aHa 3aaya yAOCKOHAICHHS METOIIB PO3PAaXyHKY BiOpOyIapHHMX MAlIWH i3 ypaxyBaHHSM BiJUIAIITYBAHHS BiJl MOXUJIMBUX yIAapHHUX
pe3oHaHciB. Leit kpuTepiit 11 0OIpyHTYBAaHHS ITapaMeTpiB BiOPOyJapHUX MalIMH MPH IX NPOEKTHHUX JOCIIUKEHHSX paHillle He BpaxoByBascs. IIpore
31 301IBIICHHSM MaCH TEXHOJIOTIYHOTO BaHTAXY, MiJBHUILEHHIM POOOYNX YacTOT 30y/KEHHs BiOpalliif, a TAKoXK 31 3pOCTaHHSIM ra0apUTHUX PO3MipiB
TOHKOCTIHHHX KODITYCiB BiOpOMAIlIMH MOXJIMBICTb pealizaiii yAapHOro pe3oHaHCy pi3ko 3pocTae. TakuM YMHOM, KPUTEPIi Bi/UTAaINTyBaHHS BiJl TAKMX
PE30HAHCHUX PEKHMIB JUISl CyYaCHHX Ba)KKOHABAHTA)KEHMX MAIMH 33 PaxXyHOK OOIPYHTOBAHOro BHOOpY IapaMeTpiB iXHiX KOpHYyCiB BUXOIUTb Ha
nepumii miaH. Skpa3 Takuil HOBMIl minxix i OyB 3amponOHOBaHUN y poOOTI AN PO3paxyHKy BiOpOymapHUX MammH Ta GpoHemaruuH. /1 aHamizy
YMOB HACTaHHS PE30HAHCHUX PEKHUMIB IPU MEPIOJMYHOMY yAApPHOMY HaBaHTAXKEHHI OYJIH ITOCIIJOBHO PO3IJIIHYTI OfHOMAacoBa, OaratomacoBa Ta
KOHTHHYaJIbHa JTMHaMiuHi cucTeMu. [Toka3aHo, 1o yJapHMid pe30HAHC 3a BIJICYTHOCTI TEPTsS Pealli3yeThCsl 3a KPAaTHOCTI Oy/Ib-KOi BIACHOI YaCTOTH
KOJIMBAaHb KOPITYCY MAIMHK YacTOTi 30yKeHHs Bix npuBoxny. Kpim Toro, mst ¢ikcanii yMOB yIapHOTO pe30HaHCY 3aJIy4eHO HPOLENyPy THCETFHOr0
IHTerpyBaHHs CHCTeMH JudepeHNiabHUX PiBHAHb pyxy. OmepikaHi YUCIOBI pe3ybTaTH CIIBNAJAIOTH i3 aHANITUYHO ycTaHOoBIeHMMH. Ha momaTok
TakoX OyJ0 BM3HAYEHO, IIO Bi/UIAIITYBAHHS BiJl PE30HAHCHOI 4acToTH yxe Ha 5 + 10 % pi3Ko 3MiHIOE XapaKTep yCTaJCHOrO PEXHMY PyXy
BIOpOMALIMHY, NPUYOMY AaMIUTITYAM KOJNMBaHb CYTTEBO 3MEHHIYIOThCS. OTxe, Uil OOIPYHTyBaHHS IapaMeTpiB BiOpOMamIMH HEOOXiTHO
MAaKCHMI3yBaTH BiJUIAIITYBAaHHS CIEKTPY BJIACHUX YAaCTOT KOJMBAHb IXHIX KOPIYCIB SIK IPYXHO AeOPMIBHHX KOHCTPYKLIH BiJ 4acTOT, sIKi KpaTHi
gacTtoti npuBony. i peanizamii Takoro anroputMy y poOOTi 3ampONOHOBAHO aJaNTyBaTH y3arajbHEHWil MapameTpuunuii onmc. Sk BapiifoBaHi
napaMeTpy oOpaHi TOBIIMHH €IEMEHTIB KOPHYCIB, iXHi mepepi3n, cXeMH Ta KilbKICTh MiIKPIILTIOI0YMX pedep xopcTKocTi Toio. Byno ycraHoBieHo,
1110 BapilOBaHHs MEPEiYeHNX MapaMeTpiB 3ifiCHIOE Pi3HOMAHITHHI BIIMB HA «MIrpallifo» BIACHUX YacTOT CreKTpy. IIpy 11bOMy MOXKHA BUUJICHUTH Ti
mapaMeTpH, SKi HaiOiNBLIIO MipOI BIUIMBAIOTH HA BiJNAIITYBaHHSA BiJl YacTOT yJapHOro pe3oHaHcy. Ha MHOXHHI LUX mapaMeTpiB sKpa3 i
BU3HAYA€ThCS TOM iX HAOIp, AKMH 3a70BOJIbHAE KPUTEPiI0 MAKCHMAJIBHOTO Bi/UIAIITYBAaHHS BiJ| yAapHOro pe3oHaHcy. Takox aHanoOriuHi po3poOkH i
JIOCITIIPKEHHS BUKOHAHI 11711 OPOHEKOPITYCIB JIErKOOPOHbOBAHHMX MAIIIHH.
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METHODS OF ANALY SIS OF DYNAMIC PROCESSES IN DISCRETE-CONTINUUM
SYSTEMS UNDER PULSE EXCITATIONS

The paper solves the problem of improving the methods for calculating vibration-impact machines with regard to the adjustment against possible shock
resonances. This criterion for substantiating the parameters of vibration-impact machines in their design studies has not been taken into account before.
However, with an increase in the mass of the process load, an increase in the operating frequencies of vibration excitation, as well as with an increase in the
overall dimensions of thin-walled bodies of vibrating machines, the possibility of realizing a shock resonance increases dramatically. Thus, the criterion of
tuning out such resonant modes for modern heavily loaded machines through a reasonable choice of their housing parameters comes to the fore. Such a new
approach was proposed in this paper for the calculation of vibration-impact machines and armored vehicles. To analyze the conditions for the onset of resonant
modes under periodic shock loading, single-mass, multimass, and continuum dynamic systems were considered sequentially. It is shown that the shock
resonance in the absence of friction is realized at a multiple of any natural frequency of the machine body oscillations to the excitation frequency from the drive.
In addition, the procedure of numerical integration of the system of differential equations of motion is used to fix the conditions of shock resonance. The
obtained numerical results coincide with the analytical ones. In addition, it was also determined that the tuning from the resonant frequency by 5 + 10 %
dramatically changes the nature of the steady-state mode of the vibration machine, with the amplitudes of oscillations significantly decreasing. Therefore, to
substantiate the parameters of vibrating machines, it is necessary to maximize the adjustment of the spectrum of natural frequencies of oscillations of their bodies
as elastically deformable structures from frequencies that are multiple of the drive frequency. To implement such an algorithm, we propose to adapt a
generalized parametric description. The thicknesses of the housing elements, their cross-sections, schemes, and the number of reinforcing stiffeners, etc. were
chosen as variable parameters. It was found that the variation of the listed parameters has a diverse effect on the “migration” of the natural frequencies of the
spectrum. At the same time, it is possible to isolate those parameters that have the greatest effect on the detuning from the shock resonance frequencies. The set
of these parameters is used to determine the set of parameters that satisfies the criterion of maximum detuning from the shock resonance. Similar developments
and studies have been carried out for the armor hulls of lightly armored vehicles.

Keywords: mechanical engineering, operability, vibration-impact machine, shock resonance, adjustment from resonance, finite element method, hull,
armored vehicle

Beryn.  [lomampmmii  mporpec y  raimysi OynmiBHMNTBI (HATIPUKIIAJA, TPHUCTPOL VI YIIiITHbHEHHS
MaIMHOO Y TyBaHHS 00yMOBITIOETHCS piBHEM cyMmimiei), a TaKoK B IHIIMX Taly3aX HAPOIHOTO
PO3paxyHKOBHX METOINK CHHTE3Y €JIEMEHTIB rocrofapcTBa (CUTECHKOTOCIIOAAPCHKI, JOPOKHI MAIITHHY,

MIPOEKTOBAHUX MAIITWH, MEXaHI3MIB, MPUBOMIB. Y TeEpIIry YCTATKyBaHHS ~ XapuoBOI  MPOMHMCIOBOCTI  TOIIO).

Yepry Ie BITJHOCHTBCA 1O HANOUTBII HAaBaHTKEHHUX
MAaIllvH, HANPHUKIAJd, BaXKAX BiOpoymapHUX, OOHOBHX
OpOHBOBAHHMX MAIIIMH, €HEPTOreHEPYIUOro 00JIaHAHHS
TOLLIO.

Jns  mpuknangy, BEMMKOTOHAXHI  BiOpoymapHi
MaIlMH{ 3HAWIUIM CBOE IIMPOKE 3aCTOCYBAaHHA 5K
TEXHOJIOTIYHI MAIIMHUA Yy JIMBapHOMY BHPOOHMIITBI
(HampuKTa], MaIIMHU I BUOWBAHHSA JIWTBA), SIK
TIpHUYOIIAXTHE YCTATKYBaHHA (HAPHUKIAM, APOOapKH), y

Besnepeuna mepeBara Takux MamMH (a caMe MPOCTOTa
KOHCTPYKIIi 1 e(peKTHBHICTh BHKOHYBAaHUX OIEpariii)
CYIIPOBOKYIOTHCS] BUCOKHM PIBHEM JAIFOUHMX CHJI YIApHOI

© M. A. Tkauyk, €. B. JIynsos, . B. Aptsomos, JI. €. JIyHb0B,
A. B. I'paboscekmit, M. M. Tkauyk, A. 0. Bacumbes,
A. B. Haboxkos, B. B. Tporenko, P. I'. Heuaes,
B. 0. Conoseii, I1. M. Kaninin, 2024

Bicnux Hayionanernozo mexuiunoeo yuisepcumemy «XIly. Cepis: Mawurosnascmso ma CAIIP. Ne 2. 2024 93



ISSN 2079-0775

B32€EMOJIii TEXHOJIOTIYHOTO BAaHTAXY 3 MamuHowo. [Ipu
LIOMY, OCKUIBKH IIi CHJIM Oe3I0ocepeHbO BIUTMBAIOTH Ha
SIKICTh BHKOHYBAHOI TEXHOJIOTIYHOI omeparii, To i ix
YaCcTOTa, 1 aMIUTITya BU3HAYAIOTHCS MPU3HAYCHHSM Ti€i
YM iHIIOI MauHY. 3 1HIIOTO OOKY, MapaMeTpH €JIEMEHTIB
MIPOEKTOBAaHMX  BIOpOymapHMX  MaliMH  TIOBHHHI
3HAXOAWTHCS Y  TIEBHHX  CHIBBIJHOUIEHHSAX i3
eKCIUTyaTalliiHUMK  pexuMamu. Tak, IS BHOMBHHX
3apEe30HAHCHMX MAIlMH YacTOTH 30yMKEHHS TOBHHHI
TIEPEBHIIyBAaTH BJIACHI YAaCTOTH KOJHMBAHb KOPITYCY
MaIllMHY, BCTAHOBJICHOI'O Ha ONOpPHHX TNpYXHHaX, y 3-4
pa3u. Y TOH jke yac BJIACHI YacTOTH KOJIMBaHb KOPITyCY
BiOpoMamMHM  SIK  KOHCTPYKLii, IO  HPYXHO
nedopmyeTbest, MaroTh OyTr Ha 20-25% BHIIE 32 YACTOTY
30yprotouoi fii. TakuM YHMHOM, YTBOPIOETHCS JOCUTH
JKOPCTKAa CHCTEeMa TPOEKTHUX oOMexeHb. [Ipote
JIOIATKOBA, paHillle HE BHBUEHA IpOOJIEMa PO3PaxyHKY
LBOr0 KJIACy MAallMH IIOJArae€ y TOMY, IO, OKpIM
3BMYAHOIO PE30HAHCY Ha YacTOTi 30Y/PKEHHS, IO
3aJ[a€ThCSl TIPUBOJIOM, MOXJIMBI TAaKOXX pPE30OHAHCH Ha
yacrorax, KpaTHuX 30yprorouiil. Ile 3ymoBieHO
BJIACTUBOCTSIMM 3YCHJIb  YIAapHOI B3aeMOIii, IO €
NepioANYHUMH  (YHKIISIMU, DPO3KIaJaHHS SIKHX Y psl
@yp’e MICTUTH He JIMILIE OCHOBHY, alle 1 BUIL[ TapMOHIKH.

V 3B’s13Ky 3 UM JyTsl 3a0e3MeueHHsl mpale31aTHOCTI
Ha erami OOIPYHTYBaHHS NapaMeTpiB JOCHTiIKYBaHUX
MalIuH NOTPiOHE BIOCKOHATIEHHS METOAIB 1X PO3PaXxyHKY
JUISL  BIJUTAINTYBAaHHS, HANPHUKIAL, Bil MOMJIMBUX
PE30HaHCIB TIPH yJIapHOMY BAHTAXKEHHI Ha 4YacTOTax,
KpaTHUX OCHOBHIN 4YacToTi 30ymkeHHs (T.3. «yJapHUi
pE30HAHCY).

Po3paxyHok 1 oOOrpyHTyBaHHS  palliOHaJIbHUX
rnapaMeTpiB  BiOpOyJIapHUX MallMH 3 ypaxyBaHHIM
NepioAnYHOT yaapHOi Jii CTPUMYETBhCS TUM, IO ICHYIOUI
METOAUKH HE BPAaXOBYIOTh MOXUIMBOCTI BHHHKHEHHS B
eNIeMEHTaX MAaIMHA PEe30HAHCHUX PEKUMIB. Y TOH Ke
yac Taka HeOe3IeKa Ul CyJacHHX Ba)KKOHABaHTaXKEHHX
MallliH ~ 3POCTa€, OCKUIBKM PEeXUMH 1X poOoTH
IHTeHCU(DIKYIOThCS, a TUKTOBaHI OOMEXKEHHS Ha SIKICTh
BUKOHAHHS TEXHOJOTIYHUX oOmepaiiii 4u 0OoioBOro
3aBJAHHA 1 INparHeHHS IIOHM3UTH Macy LHUX MalIuH
NPU3BOJMUTH JO TOrO, IO CIEKTP BJACHUX YacTOT
KOIIMBaHb KOPITyCiB 3a paxyHOK (OpM, BUKIHKAHUX
NPYXHOI  1e(OpMAIi€l0  KOHCTPYKIIii, TOLUIMPIOETHCS
BHU3 & A0 poOoYMX 9acToT ix 30ymkeHHs. [lpn mpomy
BaXJMBO IIPOTHO3YBAaTH MOXIIMBI  €KCIUTyaTamiiHi
mpobaeMu 1 3amo0IrTH M yXKe Ha eTalli MPOEKTYBaHHS.
IIpore ani 3aco0iB po3paxyHKOBOI imeHTH(IKaIil
PEXUMIB Tak 3BaHUX «yIAPHUX PE30HAHCIBY, aHI METOIB
pO3paxyHKy NapaMeTpiB MalldH, IO Ja€ 3MOTy
3MIACHUTH BiIJIAINITYBaHHS BiJl PE30HAHCHUX PEKUMIB
poboT 1 THM camMuM 3a0€3MEYUTH iX Mpare3IaTHICTD,
HATeTep y JOCTaTHIN Mipi He po3pobneno. [lpu mpomy
MOTPiOHO BIAMITHUTH, MO ICHYIOUI METOAM aHAII3y
MOAIOHMX [UHAMIYHUX CHCTEM TIIpH BiOpoymapHOMY
30y/DKEHHI TPaJUIIiHO pO3TILAAIOTh SIK 00’ €KTH aHAI3y
IVCKPETHI CHCTEMH, TOHi SK €JIEMEHTH CY4acHHX
HOBOCTBOPIOBaHHX MAIIWH MPOSBISAIOTE ce0e Ha HIDKIHX
(dopMax KOIMBaHb K >KOPCTKI Tina (TOOTO MMCKpETHI
CHCTEMH), 8 Ha BHUIIMX — SK KOHTHHYaJbHI MPYKHO
nehopMiBHI cucTeMu. Y 3B’S13Ky 3 MM iX MOKHa YMOBHO
Ha3BaTH JTUCKPETHO-KOHTHHYAJbHHMH CHCTEMaMU. Y TOH
’Ke d[ac T1oTpeda IpPOMHCIOBOCTI, 30pOMHHX CHI,

CHEPreTUKH Ta IHIIMX Taly3edl y Takux MeTojax
pOo3paxyHKy icHye i1 3pocrae. TakuM YHMHOM, CKIIAJIOCS
NPOTHPIYYS MDK MOXJIMBOCTAMH ICHYIOUHX METOINK
PO3paxyHKy TaKUX MaliuH i BUMOTaMH
MamHOOynyBaHHS.  Omke,  pO3B’s3aHHA  IHOTO
MPOTHPIYYs, @ caMe BIOCKOHAJICHHS METO/IIB PO3PaxXyHKY
TaKOro THITy MAIlMH y YacTHHI aHali3y AWHAMIYHHX
mpoueciB 'y HHX 1 OOIpyHTYBaHHS palliOHAJIBHUX
MmapaMeTpiB 3 ypaxyBaHHSIM 3alloOIraHHS MOXITUBOCTI
BUHHMKHEHHS PE30HAHCY IPY MepioauyHIN yaapHii aii Ha
4yacToTaxX, KpaTHUX 30yIKYBaJbHUM, € aKTYaJbHOO
3a7a4ero MaIIHO3HABCTBA, TaJTy3eBOro
MAaIIMHOOYIYBaHHS, MEXaHIKH TBEpAOro ae(opMiBHOrO
TiJIa 1 JUHAMIKA MAaIlIHH.

3 iHmoro Ooky, OoOHOBI OpOHBOBaHI MAIlMHH, SKi
OCHaIlleHI OOMOBUMM MOIY/ISIMH 13  MaJIOKaTiOepHUMU
aBromMaTnuHUMHK Tapmatamu (MAT), migisraiors mijg aito
PEaKTHUBHMX CHIJI Biljiadl TNpW 3[ilCHEHHI CTpuUTHOM i3
BJIACHOrO 030poeHHs. SIKIO 1ie CTpiipda Yepror, TO
CHJIOBE 30ypPEHHS! Ma€ BUIISIIT HU3KU IMITYJIBCIB, KOKEH 13
SKMX Ma€ CKJIaHUN po3nofin y yaci. Lle onuHnuHe cunose
30ypeHHs € 32 PUPOJIOI0 PEAKTHBHOIO CHIIOKO BiJadi IpH
ctputb0i 13 MAI, sike BU3HAYA€THCS THUIIOM rapMaTH Ta
Ooempuraca Ha OCHOBI PO3B’SI3aHHSI 33/1a4 BHYTPILIHBOL
OamicTuky. Y  3aranbHOMY BMIAAKY 3aCTOCYBAaHHS
poskiananns y pag Dyp’e Takoro 4acoBoro posnominy
Hee()eKTHUBHE, OCKUIBKM Pe3yNbTyloua alpoKCHMALis Mae
IITY4YHI HEXapaKTEePHi CIUIECKH.

Te & MOXHa BIJHECTH 1 JJO €HEProreHepyruoro
00NaIHaHHs, SIKE MOXKE IMUISITAaTH CHIOBUM 30YPEHHSM,
SIKI CTOXaCTHYHO PO3IOJIUJICHI Yy Yaci, a TAKOXK JI0 6araTbox
THIIMX MAIIKH.

MerTa i 3aBaaHHs AocTaigKeHb. Memoro pobomu €
BJIOCKOHAJICHHS METOMIB  PO3PAaxyHKy JHHAMIYHUX
MPOLECIB y KOpIycaX MAIllUH SK JUHAMIYHUX MPYKHO
JneopMiBHHX CHCTEM MUILSIXOM aHami3y BiOpoyJIapHHX
MpoLEciB 1 OOIPYHTYBaHHSI TMapaMeTpiB IPOEKTOBAHUX
MallMH 33 KpUTEpIEM BIUIAINTYBAaHHS BiJ YIapHUX
PE30HAHCHUX PEKUMIB, & TAKOXX CTBOPEHHS HA LI OCHOBI
Npale3JaTHUX  KOHCTPYKIIH MallMH 3  BHCOKHMH
TEXHIYHUMH 1 TAKTHKO-TEXHIYHIMH XapaKTEPUCTUKAMH.

Jliis MOCATHEHHS IOCTABJICHOI METH IIOCTaBJICHI i
pO3B’si3aHI  HACTYIHI  3a60awHsi HAa  PO3BHTOK 1
y3araJpHEeHHS JOCHiKeHs [ 1, 2]:

— TPOBECTH aHAJI3 ICHYIOUMX METOIIB PO3PaXyHKY,
KOHCTPYKIIN 1 yMOB poOOTH MAaIllUH MPH BiOpoyIapHOMY
30y/[UKeHHI 1 Ha Iiif OCHOBI BH3HAYUTH HANPIMHU
JIOCHIKEHD;

— YOOCKOHAJHMTH MAaTEeMaTHYHy MOJENb aHaJli3y
IUHAMIYHUX TIPOIECIB Yy KOpIycaX MaIliH TpH
BiOpoymapHOMY 30yIKeHH] SIK JICKPETHO-
KOHTHUHYaJIbHUX CHCTEM 1 aJalTyBaTH IapaMeTpUYHHI
MiAXiI 70 oOTpYHTYBAHHS PalliOHAFHIX MapaMeTpiB X
MalllMH 33 KPHUTEpiEM BiIJIAINITYBaHHS Bill YAAapHUX
pe30HaHCIB;

— peami3dyBaTH 3alpOINIOHOBaHY MaTEeMaTHYHY
MO Yy  BUDAOL ~ KOMIDIEKCY  aJTOPHUTMIB,
KOMITIOTEpPHHX TIpOrpaM 1 MoOJeNel, HaIlJeHuX Ha
pO3B’s3aHHA 3a/1a4 JIMHAMIYHOTO aHaNI3y 1
OOTPYHTYBaHHS ITAPAMETPIB OKPEMHUX THUIIIB MAIIIUH,

—  3IIMCHUTH 4YHCEIbHMHA aHam3 JIUHAMIYHHX
nporeciB 1 OOTpyHTYBaHHS IapaMerpiB Ha TpUKIazax
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KopmyciB  BiOpoymapHOi MamMHA IS BUOWBaHHA
BEJTUKOrO BarOHHOTO JITBA Ta OpOHETpaHCIopTepa 3a
KPHUTEPieM BiJIAIITYBaHHS Bl yIapHUX PE30HAHCIB;

—  3MICHUTH  eKCIEePUMCHTANBHI  JIOCIIPKCHHS
JMHAMIYHMX ~ TIpOLECiB y  BiOpoydapHid  MarmHi,
CIIPOEKTOBAHII HA OCHOBI PEKOMEH[AINH 3a pe3y/IbTaTaMu
JIOCITi [KEHB.

AHami3  iCHYlOYHX  MeETOHIB  pPO3pPaxyHKY,
KOHCTPYKIiH i ymoB poGorm mammH. Y poborti
OCHOBHA yBara 30Cepe/DKCHa Ha aHaji3i METOJiB
PO3paxyHKy €JIEMEHTIB MAlllMH INpu Aii BiOpOymapHOTo
30y/KeHHS Ha TIpUKIaAl BiOpOyIapHHX MalllH Ta
KOpIYCIB JIETKOOPOHhOBaHMX OOHOBUX MaIIMH. 30Kpema,
MPOAHAJTI30BaHI KOHCTPYKIIIT, YMOBH E€KCIUTyaTallii Ta METOI!
PO3paxyHKy TiapamerpiB BiOpoMariv, 10
BUKOPUCTOBYIOTBCS y PI3HOMAHITHHX TaTy3s1X
TIPOMHUCIIOBOCTI (TIPHWYI MalIMHK, CUTHCBKE TOCTIONAPCTBO,
niepepoOKa TPOIYKTIB, JIMBapHE BHUPOOHHIITBO  TOIIO).
BimHaueHo, mo cepel IMX MalMH OCOOIMBO BaXKKUMH
YMOBaMH EKCIUTYaTallil BiJ3HAYAIOTHCSA BIOpalliiiHi BHOWBHI
MalllMHA U1l BUOWBKHM KPYITHOTO JIMTBA, SIKI BXOZSTH JIO
CKJTaTy aBTOMATHU30BaHUX JIiHii. [[i MarmHu BiOPI3HAIOTHCS
BHCOKMMH YaCTOTaMHU BiOpalliii, 3HAYHUMH TabapuTaMH Ta
3HAYHOKO MACOI0 TEXHOJIONYHOTO BAHTAXY. Y 3B’S3KY 13 1M
TpaJIULIIHI METOJIM PO3PAXYHKY TXHIX MapaMeTpiB BUXOISTh
3a MeXi cBOro 3acrocyBanHs. Lle crocyerbes, 30kpema, Tiel
0o0CTaBMHY, IO JUI1 TaKUX  BaOKKOHABAHTAKEHHUX
BEJIMKOra0apUTHUX MAIIMH BEIMKY pOAb IOYHUHAIOTH
BiirpaBaTy JIMHAMIYHI MPOLIECH, SIKi BINOYBAIOTHCS Yy IXHIX
KOpIycaX, W10 HpyKHO Jedopmyrotecs. Ilpu mpomy,
BPaXOBYIOUH 3HIDKEHHS BIIACHUX YacTOT KOMBAHb i3 POCTOM
rabapuTiB KOHCTPYKLIiH IXHIX KOPITYCIB, MOXJIMBE HACTAHHS
PE30HAHCIB Ha YacTOTaX BJIACHUX KOJMBAHb KOPITYCIB IMX
MalllMH, sIKi KpaTHi 30ypIOFOYUM YacToTaMm (HalpuKiIa[, Bil
o0epTaHHsI MPUBOJHKX AeOalaHCHHX BastiB MaiiH). e — ak
3BaHI «yJapHD» PE3OHAHCH, M0 BUHUKAIOTH TpU il
TIEPIOAMYIHAX CUJL, SIKI MICTSITh Y CBOEMY CKIIJl TAPMOHIKH
PI3HOI KPaTHOCTI.

Kpim Toro, Oyiu Takok IpOaHA30BaHi METOAU
aHaAI3y JMHAMIYHMX TIPOIECIB Yy BiOpOMamMHaX SIK
HENIHIHHUX ~BIOpOyIapHUX CUCTEMax. bBuIbIICTh IUX
METO[IIB OIepye i3 BIOPOYJapHOI0 CHCTEMOIO SIK CHCTEMOIO
31 CKIHYEHHHM YHCIIOM CTYIIHIB BUIFHOCTI, TIPHYIOMY I
ONHUCY PYXY KOPIYCY MallMHH Ta TEXHOIOTTYHOTO BaHTaXy
3aITy9ar0ThCS MOZEIi aOCOMIOTHO JKOpCTKuX Tl Lle He mae
3MOTM BpaxOBYBAaTH [MHAMIYHI XapaKTEPUCTHKH, IO
BJACTUBI €JIEMEHTAM MAIMH SIK TPYXKHO Jae(opMiBHUM
KOHCTPYKIILSIM.

BiaroBimHo, poaHatizyBaBIIN pOOOTH TAKUX YIEHHX
sk Lopcekuii, IlanoBko, bapuan, I'paGoBcbkwmid,
bnexman, Iepera, ®pamuyk, Cepmok, AHIpPEEB,
Kupnuenko, dpyxurin, Hicorcsknit, Ky3po [1 — 3] ormcani
TIEBHI MOJIEI, & TAKOK MOMKITMBOCTI Cy9acHHX ITPOTPAMHIX
KOMIUIEKCIB U1  aHAN3y  [OWHAMIYHAX  IIPOIIECIB,
Halpy)XeHO-Ie(OpPMOBAHOTO CTaHy Ta T'EOMETPHYHOrO
MOJICITIOBAHHS ~ MAIMMHOOYMIBHUX  KOHCTPYKIiH, Oy
BU3HAYCHI HANpSAMKH JIOCIIDKeHb, M0 TOIATAIOTH
BIIOCKOHAJICHHI ICHYIOUHX METOIiB PO3paxyHKy
BiOpOyJapHHUX MAIIIVH 13 YpaxyBaHHAM MOXJIMBHX yTapHUX
pesonancis [7, 8].

Okpim TOrO, yBary NpUBEPTAIOTH MOJETI Ta METOIH
JIOCITI/DKEeHb TMHAMIYHMX TIPOLIECIB Y OpOHEKopITycax IpH
3MKACHEHHI CTPUTHOM i3 OOWOBMX MOIYIIB, OCHAIICHHX

MATI. 3okpema y poborax [9 — 12] Bim3HaueHo, MmO
OPOHEKOPITYCH JIETKOOPOHROBAHIX OOHOBHX MAIMH MArOTh
JOCTATHBO TYCTHH CIEKTp KONMHMBaHb. BimmoBigHo, 1e
T JBUIIYE MOXUIMBICTh BUHUKHEHHS PE30HAHCHUX PEXKUMIB
ix 30ymmkenss. [Ipy boMy HYDKYI BIAcHI YaCTOTH KOJIMBaHb
BI/IMIOBI/IAIOTH BJacHUM (hOpMaM KOJIMBaHb OPOHEKOPITYCIB
SK TBEpAMX TIT Ha TpPYKHHX omopax (cucrema
MiZIPECOPIOBAHHS), & BHIIIi — SIK MPOCTOPOBUX TOHKOCTIHHHX
KOHCTPYKIIiH.

OpHieto 13 0coONMBOCTEN MMHAMIYHHX TPOLIECIB Y
OpOHEKOPITyCaxX JICTKOOPOHBOBAHMX MAIMH € T€, IO Y
CY4acHHX YMOBAaX, 13 OISy Ha iCHYIOUl TeHZEHIi (110
MITBEP/DKYETECS TaKOK yMOBaMH OOHWOBHX /i TPOTH
KpaiHu-arpecopa), Temin cTpiibou i3 MAT, 1o ycTaHOBJICHI
Ha OOMOBMX MOMYIISIX, MOYKE 3MiHIOBaTHCS. CBOEIO Yeproto,
1 Oo0CTaBMHA 1€ JIOJATKOBO YCKJIAJHIOE 3a/ady
BIUTAIITYBaHHS Bil HeOQKaHUX PEKUMIB HABAHTHKEHHSI.
Takox  cmig  3a3HaYMTH, 10 1  OpOHEKOpITyCH
JIErKOOpOHBOBAaHNMX MAIlIMH, SIK 1 KOpPIyCH BiOpOyIapHHX
MallliH, TPUPOJHBO PO3AUIAIOTHCS HA JMCKPETHY 1
KOHTHHYAJIbHY YaCTHHH, & BIITaK — PO3JUISFOTECS CIEKTPH
BlacHMX (OopM KONMBaHb HAa T. 3. «TIPAHCILIIHI)
(BIINOBIIAI0TH KOJIMBAHHIO KOpITyca SIK TBEPJOro Tijia Ha
NPYKHHUX omopax) Ta «aedopMaliiH» (BiINOBIIAIOTH
NPYKHOMY Jie()OpMYBaHHIO BIIACHE EIEMEHTIB KOpITyca).

OCHOBHMMH TpoONeMaMy, IO CTPUMYIOTH aHaJl3
JUHAMIYHUX TIPOLECIB y KOpIycax 3a3Ha4eHHX THIIB
MallliH, € BIACYTHICTb 3pyYHHX Ta  e(eKTHBHHX
IHCTPYMEHTIB BapilOBaHHS iXHbOI KOMIIOHOBKH, CTPYKTYpH 1
(opmu. Lle 3aBaxkae po3B’si3aHHIO SIK 337a4 aHAI3Y, TaK i
CHHTE3Y.

MartemaTH4Ha MoJeJdb AaHAII3y AMHAMIYHHX
npoueciB 'y Kopmycax MallMH IpuU Bi0poyaapHomy
30yIKeHHI SIK AMCKPETHO-KOHTHHYAJILHMX CHCTEM.
PosrsHemo 3a1ady BIOCKOHATIEHHST METOMIIB PO3PAXyHKY Ha
TPUKIIAJI BOKKOHABAHTKEHHX BEJIMKOrabapuTHHIX
BIOpOyZIapHUX MAIIIMH 13 ypaXyBaHHSM MOKIIMBOCTI YJJAPHOTO
pE30HAHCY Ha 4acToTax, IO BINOBIAAIOTH JedopmMaryi
KOHCTPYKIUT sIK TiJia, 10 MPYKHO JedopMyethes. Po3rsHyTi
JIeKITbKa acriekTiB i€l mpoOnemu. [lo-mepiiie, BUBUEHHS
XapaKTepy pyxy BIOPOMAIIIMHH SIK JMHAMIYHOI CHCTEMH TIPH il
TMEPIOIMYHMX YIAPHO-IMITYJIbCHHUX HaBaHTaxeHb. [lo-ipyre, 1ie
TpoIielypa TIepexomy Bif OJHOMACOBOI 1O OararoMacoBOi
crcteMi. |, HaperTi, 1ie TOMMPEHHs TMIX0My Ha AMCKPETHO-
KOHTHHYyaIbHI crictem [1, 2, 11].

PosrmsHemMo  po3B’samHs meprioi  3amadi.  Criodatky
TIPOBEZICHO BW3HAYCHHS UYTIMBOCTI KOPITYyCY BiOpoymapHOL
MAIlMHA /10 Jii TIepiOMYHIK HABAHTAKEHb 13 MOXJIMBICTIO
BUHVKHCHHA YIJApHIX  pE30HAHCIB, KpAaTHUX  YacToTi
30yproBanbHOI crm. Ha prcyHKy | HaBeneHa aMIDTTYIHO-
YacToTHa xapakrepuictika (AUX) MOYaTKOBOI KOHCTPYKITI
KOpITyCy BHOMBHOI MAIIHA Ui BHUOWBAHHS BEIMKOTO
BATOHHOTO JIMTBA, B3ATOI SK THIIOBA BAKKOHABAHTAKEHA
BiOpOyIapHa MarmHa.

Bumnro, mo ax no wacrorm 100 I'mp piBeHs airodoro
HaTpy)KeHHS TIOPIBHSHHMI 13 HATPY)KSHHsSM BiIl [T CWIM Ha
ocHoBHI wacrori (16Tmm). Lle cBimumTe TPO MOTEHINHHY
HeOe3eKy yIapHOro pe3oHaHcy. Ha minrBepmkeHHs Ha puc. 2
HaBenieHi  KoediienTn  Pyp'e-po3KiIaiaHHs CHIM  yJIApHOI
B3aEMOZIIT
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F..)=F + i F! cos(nco*t)+

n=1

@

+iFi25in(no)*t), n 0

n=1

1 2,...:,

Ie m*:va*:Zn/T*,m*,v*,T*— KpyroBa 4acroTa
30ymkenns (cl), wacrora (I'm) i mepion KomuBaHb (C)
BIJITIOBIJTHO).

TakuM YHHOM, AaKTYalIbHICTh aHATI3y yMOB
BUHHKHEHHS YJaPHOrO PE30HAHCY JUISL TAaKOro THITY

KOHCTPYKIIIH ycTaHOBJIeHa. I3 mMeToro (hopmyBaHHS yMOB
BUHHWKHEHHSI YIApPHUX PE3OHAHCIB PO3IVITHEMO CIOYATKy
CHCTEMY 3 OIHHM CTyleHeM BuIbHOCTI (puc. 3, a). Tino
pYyXa€eThCsl Y3/IOBX OCI MiT JTi€l0 cepii ynapHUX IMITYJIbCIB
(puc. 4):

mX+kx+cx=F . (1),
abo 2)
X+ 2nx+o’x = Ae(t), A=F__(t)/m, .

Cxema pobotn |~
BibpoMawWnHn ;

N

reomer-
pU4Ha

MoZenb

Kopnycy

-
5,08e-2 f

Amplitude (MPa)
o
o

0,13

AMX

{HanpyeHHA
¥ Kopryci)

MApuknaneHHA
yAapHoro
HaBaHTaXeHHA
Ha pewiTkn
BiGpomawMHn

0,125 12,5 375

Frequency (Hz)

50, 62,5 %5, 87,5 100

PucyHok 1 — AMITTITYAHO-4aCTOTHA XapaKTepHCTHKA TSI TIOYATKOBOTO BapiaHTy KOHCTPYKLIi BUOMBHOI MAILIMHH: 3aJISKHICTb
HOPMAIIBHNX HANIPYXKEHD Y3/IOBXK NIOIOBKHBOI 0ci Matmin o, (MI1a) B oropi aebanaHcHnX Balis 111 OTHUM i3 BB Bi/| 4aCTOTH

30ymennst (y gianazosi i 0 o 100 I'ty) HaBanTaxkeHHssM 1| MH, npuksiazieHiM JI0 TONOTHA BUOMBHKX TPATOK

MiX UMMM IMITYJIbCAMHU TUIO 3MIMCHIOE BiJIBHUIMA
pyx. st BU3HAUYCHHS YCTAJICHOTO TEPIOJUIHOTO PYXY
AQHAJITUYHUM CHOCOOOM BHUKOPHCTOBYIOTHCS YMOBH
npunacopyBans [1, 2, 4, 5]

X (0+0)*=x(0+T*-0);

Je O —Jeskuii MOMEHT I0YaTKy 4eproBOro mMepiony
pyxy (6=T*.n,n=012..); y cniBBigHomeHHsx (3)
JBl YACTHMHU BU3HAYAIOThCS HA NOYATKY Iepioay (ToOTo
B MomeHT O+0), a B npaBiii yacTHHI — Y KiHIll B MOMEHT
0+T —0. Jlam BBaxkaerscst 0=0.

3
% (0+0)*= % (0+T *—0)+S/m, @
= .
1000 — 200
% cos
800 | / \ 2% =
/ 150 \ 20
e 5 ZT—™
600 — 5‘; ____'__,_ALE 150
1 ()} 2 4 8 2 10100 -
400 — 50 -
1 o
Interpolation
200 @ —— - Fourier o 2 4 6 8 ac
| = w — ~ / \
0 3 T 5 T 1) T 2 T 2 R —iaadl L) T ¥ ‘1
0.002 0.004 0.006 0.008 0.010 0.012 0.014

X

Pucynok 2 — Po3nozin cim yrapHo-iMITystbcHOT B3aeMOzii Funm(t) (kKH) MiXk BAOMBHOIO MAIIMHOIO | TEXHOMOMYHIM BaHTaKEM Ha iHTepBasi
HEHYJIBOBOTO 3HaueHHs (15 MC) Ta 1i ojaHHs y BUMTISL 4acTHHHOI cyMH psity @yp’e (muB. popmyiy (1)):
@ — TMOYaTKOBHI YaCOBHUI PO3IIOLI CHITH YIaPHO-IMITYJIBCHOI B3a€MOIT 1 i HAOMVDKEHHS y BUTIISIII YaCTHHHOL cymu psimy Oyp’e Ha

inTepsani 15 mc; 6 — posnonin koedirientis ', kH, (mpu kocuiycax) 3a HoMepaMu rapMOHiK 1 ; ¢ — posnozin koedimientis F 2, kH, (mpu

CHHYyCaX) 32 HOMEPaMH TapMOHIK
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3BiicM BHU3HAYAEMO YMOBH DPE30HAHCY 3a
BIICYTHOCTI  TepTs, SKUH CIOCTEpIraeTbcs NpHU
KpaTHOCTI Tepiony 30ypIOBabHUX CHII BJIACHIN 4acTOTi
CHCTEMH:

X+ o’X = A(p(x).:> @

X =a, sin ot + o, cosot = (5)
x(6*>= x(T* —8*)

2{5((5*): AT =5 )+s/m. ©

{ o, =a,sineT +a,cosmT; -

o, =0, CosoT —a,sineT +S/(m-o);
= o,=S/2meoctgeT */2; = o,=S/2mwe, (8)

ctgoT */2 - 0 = oT */2=nx,

©)

= 2t/o*x0/2n=n=>o=ne*;T*=T-n.

TakuMm yrHOM, SIK BUILIMBAE 3 PiBHSHB (9), y cucremi
peanizyeTbcsi Oe3NiY  YJApHUX PE3OHAHCIB, TMOYMHAIOUM 3
OCHOBHOTO 1 TMOTIM — HAa PEKAMAaX PI3HOI KPaTHOCTI
n(n=2,3...) 32 BJACHUMHM YaCTOTAMH (O  BITHOCHO
30ypIOBAIGHOI TIEPIOIMYHOI CWIM ®*  (abo JoNBHOCTI 3a
TepioZIaMH BiZINOBITHO).

OTpyMaHnii  pe3ylbTaT MOXKHA PO3MOBCIOMUTH  Ha
BHIA/IOK CHCTEMH 3 KIHLIEBUM YHCIIOM CTYTICHIB BLILHOCTI

MX +CX =Y f_ (1), (10)

e X ={X,X,.. Xy}, Y={¥Y,,..Y,]' — Bexrop-
CTOBIILI y3araJIbHEHUX KOOPIMHAT 1 HABAHTKEHB BiJIIOBIITHO,

M,C —wmarpuiii Mac i IPY>KHKX XapaKTePHCTHK,
adynxmis f, (t) Mae BUISIL, HaBeEeHMIA Ha pHC. 3, TUTBKH 3
OJIMHUYHOIO aMILTITY/IO.

SIk BiZIOMO, 32 JIONIOMOTOIO MIEPETBOPEHHS H TTOYATKOBY
cucremy (10) MoxHa 3BecTd 10 HAOOPY POALUICHHUX PIBHSHB
BITHOCHO BiacHux hopm Zi:

HiZ=H-X;W=H Y=
Z,+ P2y =W, f, (0,1 =1 N

1)

[lpy mpOMy B CHITYy HE3AIEKHOCTI IMX PIBHSHb OTPUMYEMO
Ha0OpH YMOB HACTAHHS PE30HAHCY

p,=0*n; T*=T-n; i=12,..,N,n=123,.... (12)

8*

0 7= 2T*  3T*. t

Pucyrok 3 — Po3riois mepiomuaHol IMITYSIbCHOT CHITH Y Yaci

Ili pe3oHaHcH HacTalOTh MpPU KPATHOCTI  TEPIOmy
30ypIOBAIGHOI CHITH TIEPiofty OYIb-SIKOrO BIIACHOTO KOJIMBAHHSL.
JU aHamizy JWHAMIYHMX TponeciB y podori Oyrna
3aCTOCOBAHA TAKOXK TPOLIEAYpa YHCEIBHOIO IHTErpYBaHHS 3a
Meroriom Pynre-Kyrrn. Ha mepmiomy erami 151 3amada Oyma

pO3TVIIHYTA HA TIPUKIA TMPOCTHAX JUHAMIYHHX CHCTEM 13
OJTHI€TO 1 31 CKIHYCHHIIM YFICIIOM CTYTICHIB BUTHHOCTI 1 T TAHAX
Tl TIepiomuuHNX iMImyieciB. [li cHCTeMH YTBOPIOFOTECS i3
TIPOCTOI OHOMACOBOI IIUTSIXOM JIONIABAHHS HOBUX JIAHOK (JTVIB.
puc. 4 a, 0, B).

Pucynok 4 — Onso- (a), a18o- (6) i TprMacosi (6)
JIMHAMIYHI CHCTEMH

INosHavarourt ¢ sk Koe(illieHT, IO BH3HAYAE
MEPIONMYHICTD il IMITYNIbCY (KPATHICTh BJIACHHX YacTOT
YacToTi  30y/DKYBIBHOI ~ CHJIM), OTPUMYEMO  HACTYIIHI
Pe3yIbTaTh:

1) /11 OMHOMACOBHX crcTeM — Tipu o, € {1,0;2,0;5,0}
(i yKcna) CIOCTepIracThCs Pi3KE 3POCTAHHS  AMILTITY/L
KOJIMBaHb Y JIOCIIDKYBaHI CHCTeMi — YIapHHiA PE3OHAHC.
[lporo He criocrepiraerbcsi NMpu ApoOOBHX o . HaiOumbii
AMILTITYIA JOCSTAIOTHCS Ha OCHOBHIN 4acToTi (oc1 = 1,0) , Jai
3 JIMCKPETHHAM 3POCTAHHSM O, BOHH 3MEHIIYIOTHCS (PHC. 5);

2) y GaraToMacoBHX CHCTEMax XapakTep IUHAMIYHOrO
TPOLIECY — TAKUI KE.

1
0,9
0,8

0,7
0,6

0,5 —

0,4 / — — —~——

0,3 I \/ —

0,2

0,1 \7

0 )
0 1 2 3 4 5

PucyHok 5 — 3aneKHOCTI aMITTITY/I KOJIMBAHb YCTATCHHX Bif
Koe(hilieHTa MOBTOPHOCTI IMITYJTBCIB, BiTHECEHHX JI0 AMILTITY/IH TIPH
a=1

Kpim Toro, mocmimikeHi OUTApe30HAHCHI pexiMH. I3
pE3YIIBTATIB  WHCEFHOrO  MOJEIIOBAHHA —~ BUIHO, IO
BiIAIITYBAHHST YaCTOTH Bim pe3oHaHCcHOI Bke Ha 10%
TIPA3BOMIHT JI0 SIKICHO THITIOl TIOBEIHKH cUcTeMH. [Ipn oMy
KUTBKICHO 116 BUPKAETHCS Y 3HIDKEHHI aMITTITYIU y JICKUTbKa
pasiB (puc. 6). Takum uYmMHOM, IJI BiPIAIITYBAHHS BIJ
PEe30HAHCY NPH y/IapHOMY 30Y/DKEeHHI IOCUTh HE3HAYHO[ 3MIHN
YacTOTH 30BHINIHBOrO 30ypeHHS a00 BIACHMX YacTOT
KOHCTPYKI MaIIIFHH.
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Takok Oyio 10CIiHKEHO BIUIMB B’SI3KOTO TepTsl. B'sizke
TepTst y BIOpOyHapHii CHCTeMi € YMHHUKOM, IO CTPUMYE
3pOCTaHHs aMIUTITY/I BUMYIIEHHX KOJMBaHb. [Ipu oMy 1ieit
BIUIVB THM CHJTBHIIIIC, YAM BHIIEC KOS(IIEHT IeMIT(pyBaHHS.

Ha mnacmynnomy emani 3niiCHEHO TOMMPEHHST 1
aJaNTallil0 MATEMATHYHMX MONENEH JUIA  JOCIiDKEHHS
MOXJIMBOCTI YJJAPHOTO PE3OHAHCY 13 CHCTEM i3 KiHIICBHIM
YUCJIOM CTYIEHIB BUIGHOCTI Ha BHIIQJOK JIMCKPETHO-
KOHTHHY&IBHUX CHCTEM, SIKUMH, IO CyTi, € KOpITyCH
BIOpOMalIMH Ha TIPYKHHX oropax. JlucKkperHa dacTthHa
CHCTEMHU CKJIAJIA€THCSl 3 KOPITYCY, IO MOJEIIOETBCS  SIK
JKOPCTKE TUJIO Ha TPY)KHUX OMOpax, 1 ONHCYEThCS ICTHMA
CTYNeHsIMH BUTbHOCTI. KOHTMHYyaJbHa 4YacTHHA MOJEIIOE
KOpITyC SIK TMPYKHE TUIO, Ae)opMallisi SIKOTO OIMUCYETHCST
HECKIHYEHHNUM YHCIIOM CTYIIEHIB BUTBHOCTI. [3 3acTocyBaHHSIM
Metony ckinueHHrX efieMenTiB (MCE) 111 cuctema onmcyerhest

SIK JINCKPETHA, TIPOTE 3 BEJIMKIM YHCIIOM CTYIICHIB BUIBHOCTI. Y
CWIy aHajorii piBHSHb Ui KOHTHHY&JIBHHX —CHCTEM,
orpuMannx Jwckpermsaniero 32 MCE, pieasaEM (10), Taki &
SIBHIIIA 1 YMOBH CIIPABEIUIHBI 1 U1 KOHTHHYATBHHX CHCTEM.
Tpn 1FOMy MOKHA PO3IUIMTH TPAHCIALINHI 4acToTd o'
(TIPaKTHYHO BiIMIOBINAIOTH PYXY KOPITYCY SIK YKOPCTKOTO Tijia
Ha TPYKHKX oropax) i nedopmartiiiii ©° (iM BiIOBiTarOTH
(hopMH KOJTFBAHB TIEPEBKHO 32 PAXYHOK MPYXKHOL edopMmartii
TUIa KOprycy). TakiuM 4YWMHOM, 3IMCHEHWI TIepexii Bif
CACTEMH 3 ONHHM CTYIICHEM BUIBHOCTI JIO CHUCTEMH 3 IX
CKIHYCHHOIO KUTBKICTIO, a ToTiM — 1o piBHsHs MCE mist
KOHTHHY&IBHOI CHCTEMH, TOOTO 3ajady Y3araibHeHO Ta
PO3ILIHPEHO.

(0-10% [1-1% [ base = +1% i 10%

i |
|
=

;
AMITITY/Ia KONIMBAHB,

Bi/lHeceHA /10 aMIVHTYIM o =
KOJIMBaHb TIpH o, =1 E
" 06 =
0,4 =
s l=
AR —
0,2 ai=

SN

AR

0 [FEmn

%IIIIIIIIIIIIIIIHIIIIII

= |[HE M Es

0,5 1

15 2 5

KpatHicTb yacToTH iMITY/IBCHOT Aii BIZIHOCHO MEPioAy MEPIIOro BIACHOIO

KOJIMBAaHHA CUCTEMHU

PrcyHOK 6 — 3aIe)KHOCTI aMILTITY]| yCTAICHHX KOIMBAHb OHOMACOBOI CHCTEMH, BiIHECeH] 110 amrunity pu o, =1,
TIPY PI3HKX BiVIALITYBAHHSIX BiJl pe30HAHCHOI yacror (+1%, £10%)

Crmparounch  Ha  TIPOUTIOCTPOBaHI  Pe3y/bTaTd
PO3B’SI3aHHS 33/iad aHAJ3Y, B POOOTI MpENCTABICHHI HOBHUI
MAXiq J0 BU3HA4YeHHS HeOesneyHux (i3 TOYKM  30py

BUHUKHEHHS. ~ YJAPHOrO  PE3OHAHCY) PE&KUMIB  pOOOTH
BEJIMKOTa0ApUTHUX ~ BAKKOHABAHTAKCHHWX  BIOPOyIapHUX
MariH. OKpiM TpaUIiHHIX BAMOT:

o*/ o, >k, 13)

e K, =3+4 — 3 BAMOr 3apE30HAHCHOrO PEKUMY POOCOTH
MalliHY,

o /o*>k,, (14)
ne k =12+125 — 3 BAMOr BiACYTHOCTI pE3OHAHCY Ha

OCHOBHIll 4acToTi 30Y/DKEHHS PESKUMY pPOOOTH MAIIMHH,
BHMATa€ThCs 33 J0BOJICHHS HOBHM:

njuESQ?/w*Snju} j=2,3,...N. (15

e n, =085+0,9; pu =115+12— i3 yMOBH BiICYTHOCTI
YIApHIX PE30HAHCIB.

Tpy 1ROMY TPAHCTAIAHI YACTOTH @ ,..®0, HE
TIOBHHHI BUXOIMTH 32 Mexi €, , a medopMariiiiHi 9acToTd He

TIOBMHHI TOTPAIuIITH B odmacti €2, , Tobro (puc. 7):

o)iT €eQ,,i=1..6, (16)

o] ¢Q,UQ;. an

YmoBu (16), (17) € KpuTeplaTbHO-OOMEKYBAITHAMH.
[Io6 3anOBONMBHUTH LM KpPHUTEPLSIM Ta OOMEKCHHSM,
HeoOX1/THO BapiroBaTH ISSIKUMH TapaMeTpamMy BiOPOMAIITHH.

TakuM 4YMHOM, MaTeMaTHU4HA MOLENb  YIAPHOIO
PE30HAHCY TIOMMpEHA 13 [CKPETHUX Ha  JCKPETHO-
KOHTUHYaIbHI JMHAMIYHI CHCTEMH, IO A€ MOXJIVBICTh
BpaxyBatii nedopmariiiHi  opMH  KONMMBaHb  CHJIOBHX
eJIeMeHTIB BiOpoymapHrx MarmH. Lle BinpizHse 10 MOk Bif
TPAIMIIIAHAX MATEMAaTHIHUX MOJENEH I ONHOMACOBHX
crcTeM ab0 CHCTEM 3i CKIHYCHHIM YHCIIOM CTYIICHIB BUTBHOCTI
[13,14].

Sk 3aBeplIANIbHUN €IEMEHT 3alpONOHOBAHUM METON
OOIPYHTYBaHHS ~KOHCIPYKTHBHHX pIIlICHh 1 TApaMeIpiB
BIOpOYZIapHMX MAIIMH 332 KPHUTEpIEM BIPIAINTYBAHHS Bil
pE3OHaHCY TpH [l TEPIOAVYHMX YHApHWX  IMITYJIECIB.
PosrsiHEMO  OCHOBHI  BIIMITHI - OCOOJIMBOCTI  TIOCTABJICHOTO
3aBIAHHSL

1. O6'exm (wampuisan, BiOpOy#I@pHa MAIIMHA) €
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JUCKPETHO-KOHTUHYAJIbHOIO CCTEMOIO.

0 o o o ©
0}
. D
0 Q) o, @
3
* D D !
0 o, 05 [0

Pucynok 7 — Jlo kpurepiiB Bi/pIallTyBaHHs Bijl PE30HAHCHUX
PEKUMIB POOOTH BIOPOMAIIIMHI

2. Kpumepiamoni  eemwuny.  basosi  inghopmayivini
napavempu — BIacHl JedopMalliiHi YacToTH KOJIMBaHb —
BU3HAYAOTHCS 13 CIIBBIHOILICHD

det(c(p)—sz(p))=O:>oa‘j’ =0, j=12.. (18)

j+6

G(p)=G,, = const; (19)
1(p)— max . (20)
Kpurepiit  (20) 1wKTye TeHZAEHIUI Tepepo3NouLy

BapiHOBAHMX TapaMeTpiB i3 MPHHIMITY MIHIMyMY JMHAMITHOL
HaBaHTKEHOCT] KOPITYCY BiOpOMaIMHH.

3. Ilpocmip eapitiosanux napavempis. Ha BinMiHy Bi
TPAIMIIIAHUX TAXOMB, B Il POOOTI aJarmoBaHUN METOM
y3arajbHEHOr0 MapaMeTPUYHOr0 MOZIETIOBAHHS [ ?5], stkuii 1ae
MOXKITMBICTD BapifOBaTH He JIWIE YUCEbHI Mapamerpy, aie i
KOHCTPYKTHBHE BHKOHAHHS, CTPYKTYpPY, BHIVII IepepisiB
€JIEMEHTIB KOpITYCY TOILO, TOOTO Y3arajbHeHi rapamerpy p.

4. Ancopummu  nOulyKy — payioHQIbHUX — DilieHb.
VzaranbHeHMH ~— MapaMeTpydHMil  OMMC  Jla€  3MOry
3aCTOCOBYBAaTH, a TaKOXK aJanTyBaTd Jyisl  TIOUIYKY

palioHaJIbHUX  PillleHh TPaJMIIiHI &ITOPUTMH, 30KpeMa,
HanpyKiIaJ, METON TOKOOPIMHATHOIO  CITyCKY, METOJ
BHIIA/IKOBOTO MOIITYKY TOIIIO.

I3 MHO)XMHM BapiiOBaHMX MapamMeTpiB BUICHOBYOTHCS
Ti, 10 YWHATH HAWHOUTHII 3HAYHWI BIUIMB HAa 3MiHY
kputepianbHol  (yHkiii. TakuM uuHOM, y poOOTI Ui
OOrpyHTYBaHHsI MapaMeTpiB BiOPOYJAPHHX MAIIMH ITOCTaBIICHA
HOBA 3aJ]aya Ha OCHOBI HOBHX KPHUTEIiB 1 0OMexeHb. 1le mae
3MOry TlepeifTi 1o noOyOBY Ha L1iif OCHOBI MapaMETPUYHUX
YHUCETbHUX MOZIENEH 1 MPOrpaMHUX 3aco0iB, 10 PEaTi30BYIOTh
CTBOPEHY MaTeMaTu4dHy MOJIEITb.

AHamoriueuii  maxigy — 1yl OpOHEKOpITYCiB
JIETKOOPOHBOBAHMX MAIIWH, 13 TIEIO JIMIIE BiZMIHHICTIO, 11O
HABAHTAKEHHS BU3HAYAETHCA HE B3aEMHHMM PYXOM KOpITyCy 1
BAHTKY, @ PSKAMOM BeJleHHs BOrHIO i3 MAI.

i 2
@opMyBaHHA
CKIHYEHHO-eIeMeHTHOI MOIeli

Fy

Moyns TeHeparii
TMapaMeTPH30BaHO1 TEOMETPHUHOT

@ 1

Moayns aEamTizy UyTIHBOCTI TA
BH3HAYEHHA MHO/KHHH 3HAUVIITHX Po

F 3

BiOpaLiiHOT MAIIHHE Mojieni BifpaiifiHoi MATAHE | mapaMeTpis =0
'Y
romanou Kg (p;) rovanou Ke (p) | p, 5
H =
Solid Works % E
I =
g E
BE
Pin 0 =
o0 VI ]
Amnaii3 BIaCHHX YacToT 1 D, | Ouinka AKOCTI IpOEKTY Mogyns YTOTHEHHA g 5
(bopM KOIHBaHb I:I(p,, ®; &)*) mmapaMeTplB ? g
w @ Pin=pitAp; é g
£
BuxijiHa cTpyKTypa Ta P

F 3

napaMeTpH MalllHHH

Pucynok 8 — Crpykrypa crieliasi3oBaHoro nporpaMHO-MOIETEHOrO KOMITIEKCY

KoMiieke anropurmis, KoMn'il0TepHUX MPOrpam
i Mopeneil, HaniieHHX Ha Ppo3B’sA3aHHSI 3aJ1a4
JUHAMIYHOTO aHANi3y i OOIpYHTYBaHHSI mapameTpiB
okpemux TUmiB MammH. [l peamizamii ommcaHOol
MaTeMaTHIHOI  MOJET, OyB CTBOpEHHH  Ta
YIOCKOHAICHUH CreTianizoBaHuH TIPOTrpaMHO-
monenbHuil komiuieke (CIIMK) «Bibpoymap» [1] (puc.
8). Hagenena crpykrypa CIIMK ommicana y 3araisHOMY
Bursigi. [lpm 1i peamizamii y KO)KHOMY KOHKPETHOMY
BUIMAJIKYy OKpeMi MOIyJi MOAN]IKYIOTECS, aJanTyioun
CIIMK no Ttoro um iHmoro o0'ekTy. 3amponoHOBaHi
QITOPUTMH CTBOPEHHS 1 BAapilOBAaHHA TI'€OMETPHUYHUX

MOJICNICH eNIeMEHTIB JOCHTiPKYBAaHMX BiOpoMammH Ha
OCHOBI TEXHOJIOTI{ y3aralbHEHOTO TTAPAMETPIIHOTO OITUCY.
IIpomeMoHCTpOBaHI MOXIIMBOCTI 3MIiHH TapaMETPUIHIX
Mozeneil. OOcar BapilioBaHMX MapaMmeTpiB TMpH IHOMY
MOKE€ TIOIOBHIOBATHCS 3aJISKHO BII 0OCOOIMBOCTEN
MPOEKTOBAHOI MAIMHU. Y 1IbOMY BUMAJKy Ha JIOJATOK A0
BIZIOMOi HOMIHAJIBHOI CTPYKTYpH BiOpomarmmHu Oymn
PpO3TIIHYTI BapiaHTH 3MiHK 10-TH pi3HHUX MapameTpis.

Ha recroBomy mpuknami mpoBeneHa —ampooOaris
AITOPUTMIB ~ TONIYKY  MakcuMyMmy  (yHKmioHama
BIUTAIITYBAaHHS BiJ] PE30HAHCY TPHU TIEPiOAMYHIN yaapHil
mii. Tlomyk parfioHaJbHHX TIApaMeTpiB  3IIHCHIOETHCS
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JIOCHTH IIBHUAKO, a (DYHKIIOHAT SIKOCTI TTOKPAILYeETHCS Y
JIeKiIbKa pasiB. LluM caMuM HiATBEp/HKYETHCS MOXKIIUBICTD
YIOCKOHAJIEHHS [TapaMeTpiB MPOEKTOBAHMX BiOpOMAIIIHH.

CrBOpeHMiA i OIMMCaHUH CIIeITiaTi30BaHMH
TIPOTPaMHO-MOJIETIbHAN ~ KOMIUIEKC €  IHCTpyMEHTOM
PO3paxyHKIB, sKi TOKJIaJCHI B OCHOBY PEKOMCHIAINN 13
TIPOEKTYBaHHSI KOPITYCiB BIOpOYIapHUX, a TaKOK IHIIOTO
THITY MAIIIHH.

[NoniOHMit ke mNpPOrpaMHO-MOIETBHUIA KOMIUIEKC
po3poOIIeHni 1 JUIsl aHaJ i3y JMHAMIYHMX TIPOLECIB Yy
OpOHEKOPITyCcax JErKOOPOHHOBAHUX MAIIIHH.

YucenbHuil aHadi3 auHAMIYHUX mnpoueciB i
OOIPYHTYBaHHSI MapaMeTpPiB Ha NMPUKJIAJaX KOpPHYciB
BiOpoyrapHoi MamMHU VIl BUOMBAHHSA BeJHMKOI0
BArOHHOr0 JIMTBA Ta OpoHeTpaHcmopTepa 3a
KPHTepieM BiVIaIITYBaHHS BiJ yIapHMX pPe30HAHCIB.
Y  pobori 3pilicHeHe OOIpYHTYBaHHS — MapameTpiB
BIOpOMAIIMHA Ha npukiadi BUOWBHOI MAIMHKU IS
BUOMBAHHA BEJMKOrO BaroHHOro JMTBA. I3 necatu
BBCICHHX Y3arallbHCHHX [apaMeTpiB p BHU3HAYEHI 5
(p, — py), SIKi TOKa3amM HAHOLTBII CYTTEBWI BIUIMB Ha

JIMHAMIYHI XapaKTePUCTHKH.

30Ha A
3ona b
! .
A o

BapiiioBanuii mapaMeTp P, — TOBILIHMHH YCIX TaHeNeH,

3MIHIOBaHI MPOTOPIIiHHI 6a30BOMY HAOOPY BEITHYUH

31 pebpo

Ha CTOPO Y’/

BapiiioBanwmii mapamerp P, — cxema po3TalllyBaHHS
pebep TiacuIIeHHs Ha KOpITyci BiOpoMaImHu

Pucynok 9 — Ipukiamu BapioBaHNX HapaMETPiB KOPITYCY
BiOpOMAIITHHI

Sk npuknan Ha puc. 9-11 HaBeneHi pi3Hi BapiaHTH
BHUKOHAHHS KOpPITyCy TNpHW 3MiHI mapaMmeTpiB pi 1 pu,
3arajbHa Maca KOHCTPYKHii Ta 3MiHa 1mi€i Macu
BHACJIIOK BapilOBaHHS pi, PE3YAbTATH PO3PAXYHKY

3MiHH CIEKTPY BJIACHUX YacTOT mpu 3Mini pi (A*—
3MiHa CIEKTpy, TOOTO BapiaHT QyHKuioHana |(p)). Tyt
A*:Z|vi(pk)—v*-n|, Je MiACyMOBYBaHHS IO n,
v <100 I, 3mificHIOETBCS 32 BIACHUMH YacTOTaMH V,

jo 100 T'mp i, BIiAMOBIAHO, 3a YaCTOTAMH MOXKJIHMBHX
yIapHUX pe30HaHciB V*-n Big 16 mo 96 I'm (v* = 16
I'm, n=1+6) (puc. 12).

04
035 Av/Am, L
/]

LA

025 /

02 g
015 ,/

01

Am/m, %
0,05
0 |
05 1 15 2 25 3

Pucynok 10 — BigHocHa 3MiHa BiAJaIITYBaHHS CHEKTPY
BJIACHHX YaCTOT KOPIYCY BIOpOMAIIMHU BiJ pE30HAHCIB
y aiana3zoni 10 100 'ty A*/Am Biz BiZTHOCHOT BETHMYIHA
3POCTAHHST MACH MPH PI3HUX CXeMaX OpeOpIHHST

0,06
005 /// -\\
o
0,04 e
0037 Av/Am,
L,
001 aAm/m, %
0 I —
1 15 2 2,5 3 35 4 45 5 55

Pucynok 11 — BigHocHa 3MiHa Bi/UIAIITYBaHHS CHEKTPY
BJIACHHX YaCTOT KOPIYCY BIOpOMAIIIMHU BiJ pE30HAHCIB
y miana3zoni o 100 'y A*/Am Biz BiIHOCHOI BETMYMHA
3pOCTaHHS MACH TPH PI3HUX TOBIIMHAX 11K OMOp
1eOATAHCHNX BaJIiB

04

0,35

03

0,25

0,2

0,15

0,1

YyBcTBUTENLHOCTD,ML/KT

0,05

06o6LeHHble NapaMeTpbl

Pucynok 12 — IlizcymkoBa miarpama, 1o UIroCTpye
CTYIIIHb YyTJIMBOCTI CIIEKTPAJIFHIX BIACTUBOCTEH 0
3MiHH y3aralbHEHNX MapaMeTpiB P — Pv

Jlisl BU3HaUeHHS HaBaHTaKyBAJIBHOI 3/IaTHOCTI Ta
BiOpOMIITHOCTI OyB 3MiCHeHUH PpO3paxyHOK
HanpyXeHo-1e)OpMOBAaHOTO CTaHy Bix mii ymapHOro
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HABAHTAKECHH IMH. PiBenn €KBIBJICHTHHX
JIMHAMIYHUX HarpyxeHs 3a Misecom gocsrae 95 Mlla,
mo Ha 5% HWKYe, HDK Yy IIOYaTKOBOMY BapiaHTi

2) aMIUTiTy/1a KOMMBaHb MAILMHK: po3Max — 2,5- 1073,
MIPUCKOPEHHS BaHTaxy — Oym3pko 10-12 g;
3) Maca kopmycy Bchoro Ha 10 % mepeBuiye macy

KOHCTPYKIIii KOpITyCy. M0YaTKOBOTO ii BapiaHTy, KU € Henpare3JaTHHIM.
TakuM 4YMHOM, MOXKHA BIJMITHUTH, MO0 Yy Taxum YHHOM, i3 3aCTOCYBAaHHIM
BJJOCKOHAJICHIf Ha OCHOBI 3aIpOIIOHOBAHOI METOJIOMIOT 1 3alporoHOBaHOTO B poOOTI miAxomy, Mopjened i
BiOpOyJapHii MaluHi: MIPOTrPaMHO-MOJIENIBHOTO ~ KOMILIEKCY — OOIpYHTOBaHIi
1) 3abe3rneuyeThCsl HaBaHTa)KyBalbHa 3/IaTHICTB palioHaNbHI TIPOEKTHI PillleHHs 1 po3po0JieHa TeXHIUYHA
MamuHA (Maca TEXHOJOriyHoro BaHTaxy 10T) npu JIOKyMEHTallisl Ha BIOCKOHaJIeHy Mammny (puc. 13).
30epekeHH] BIOpOMIIIHOCTI KOHCTPYKIIiT;

100 -
- LD @

57 M %0 1

us bl

a4
]

g,”" Homep Tuactom T
[] (AENNNNRRNNRNRED
3‘-32 11 16 21 2%

‘I,B"

0,612

0,382
015 123 5 ns 50, @5 75 87,5 100

Frequency (Hz)

Pucynok 13 — CrekTp BIIaCHUX 4acTOT KOJIMBaHb KOPITYCY YAOCKOHaIEHO! BUOWBHOI MaIlIMHH, OTPHMAHOr'0 3 ypaxyBaHHSIM pPeKOMEH/IAIii
3a pe3y/bTaTaMy iTepaliifHoro yrouHeHHs apaMeTpiB (a) Ta HOro aMILTITyIHO-4aCTOTHA XapaKTepucTuka (0)

3nificHeHi OAiOHI TOCHIHKEHHSI 1 1S aHali3y UHaMIYHUX TpotieciB y OpoHekopiycy BTP-80 (puc. 14).

'Y

Teomempuuna moodensy kopnyca

‘Moodens npyschoi niogicku

Pucynok 14 — TecroBa mozens Oponekopiryca BTP-80 i3 0aMHAKOBOIO TOBIIMHOO MAHENEH Y Pi3HHUX MPOSKIIISX
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Byzon migBicku (BepTHKaTbHA KOPCTKICTH 1-TO 1
4-ro moctiB — 500 H/mm, Bci iHmmi sxopctkocti 250
H/mm, nemndysanns 50 He/mm).

Kopnyc —  «moHOTOBmIMHKa».  BapitoeTbcs
ToBIMHA [4, 5, 6, 7, 8]-10° M.

13
2.
11

10

4 5 6 7 8

Pucynok 15 — 3mina 7- BlTacHOI 4aCTOTH BiJI TOBIIIMHH
naneneit kopmycy (I', M)

19

17

15

13

11

4 5 6 7 8

Pucynok 16 — 3miHa 8- Bi1acHOi 9acTOTH BiJ TOBIMHHI
naneneit kopmycy (I, Mm)

Po3paxoBani BnacHi 4yactotu i (OpMH KOJIUBaHb
6ponekoprycis (puc. 15, 16, Tabn. 1-5)

Takox 31iliCHEHO aHaii3 BIUIMBY Di3HOI KUIBKOCTI
TOCTPUTIB Y 4ep3l Ha HampykeHo-1eOpMOBaHHIl CTaH
6ponekopmycy BTP-80 (puc. 17-25).

Tabnuus 1 — Bnachi gopmu konusanb 6ponekopiyca BTP-80 i3 Topimnamu maneneit 4 mm (41073 m)

N i
yacrora, 11

dopma

1
2,9675

1,541
13737
1,2083
1,03
006261
065224
052188
035151
018115
0010784

3,5402

14841
13
1,1658
1,0017
083757
067344
05003
034517
0718103
001684

4,1131

1,4805
1,347
1,168
1,013
085719
070137
054554
038971
023389
0075062

4,8953

1,288
1,2251
1,1615
1,0078
1,042
097053
090638
084323
077958
071593
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IIpodosoicenns maon. 1

N i

dopma
gacrora, 11 P

5
5,863

1,585
1,364
1,1965
1,031
086758
o7
053664
037
02057
02

5,9583

1,5985
14234
1,248
1,01
089709
072286
05477
037261
015748
000235

7,8979

56408
503
43077
3,724
31471
25218
1,3065
1272
064588
0020575

9,99

45m
43000
1,783
28
21,6638
21573
16141
0767
03397
00000103

12,793

56173
4,904
43714
3,7485
3,155
L5006
1,879

10
13,864

1.2567
)
74
42736
0,0019773

06073
8545
640
32057
2178
14,27
5263 .
sa7 |
48805
410
307
2,8081 |
117
T3
]
o a0t

0010764
96131
53415
1,0650
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Saxinuenns maon. 1

N i
4acToTa, dopma
'y

12
14,458

48021
42702
3,738
3,206
2,673
21423
16103
1,078
054642
0018456

13
14,946

30M7
25
24053
2,056
1,758
1.3861
10464
070663
03669
0o

14
15,455

40
3775
33087
18
1360
16636
418
0810
045
00017933

15
15,991

69013
61372
5373
46091
3,85
3,081
23169
15528
078078
0024713

=
>

Ta6mus 2 — Brachi Gopmu konusasb 6porekopiryca BTP-80 i3 TopimmHamu nanenei 5 mm (5107 m)

N i
4acToTa, ®opma
'y

1
2.7145

13024
1,2388
1,085
093172
077817
062463
047108
031753
0716399
0010443

3.1935

1,34
1,1845

1,468

069931
075171
060411
045652
030802
016132

0013725 '
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IIpoodosoicenns maon. 2

N i gac-

dopm
ToTa, 'y opma

3
3.7626

1,2821
11525
1,028
089313
076346
0638
050414
037448
024481
011515

4.4348 :
092451
0887
08513
091460 /
077808 \
074148
070487
066527
063186
055505

5.3402

12769
1,1389
1,0008
086174
072467
058659
044891
031045
017238
00313

5.4659

13708
1,2206
1,004
022014
076001
061367
46
031921
016897
0018737

9.2785

45216
4,019
3,523
3,026
25229
2,033
1,5236
1,039
052429
0004622

11.526

3368
30079
2639
2,578
18828
15077
11327
075764
036259
007407

15.504

57368
5105
1368
387
31808
25526
19153
1.2
064087
oouesE:

-
-
=
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3axinuenns maon. 2

N i gac-
ToTa, I'1I
10
16.429

dopma

11
16.504

930
82755

7,16
62077
51738
2139
3106
2on2
1083
0,0043893

12
17.641

13
17.78

41017
3,646
31007
27350
22797
18041
13687
091323
04571
0002243

14
18.931

041519
00087047

15
19.797

0007760

Ta6muusa 3 — Brachi gopmu konusans 6ponekopryca BTP-80 i3 Topimnamu naseneit 6 mm (6-1073 m)

N 1 gac-

dopma
ToTa, I'II P

1
2.5105

12752
1,147
00409
08535
071205
057238
043191
029124
015067
0010102
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IIpoodosoicenns maon. 3

N i gac-
ToTa, 'y

dopma

2
2.9313

1,284
1,094
03583
e
088817
055311
041805
026299
01473
ounaseT

3.4757

11534
1,030

002518
081106
060603
058281
046568
035456
024044
012631

4.0734

07825
07545
072575
0697
066826
063051
061076
05801
055326
052852

4.9123

1,136
020267
067172
75077
062083
050888
036704
026600
014604
0085097

5.0783

1,2208
1,0861
095174
08173
06804
054854
041414
027974
01534
0010043

10.403

34232
3,0467
1,6702
1,297
18171
1,5406
1164
078761
041109
0,034582

13.169

3,663
34532
3,003
25097
2160
1,734
1,3045
08m71
044196
0015209
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3axinuenns maon. 3

N i
4acTora, ®dopma
I'n

9
17.905

1,406
1,2074
1,1463
095515
088401

063236
054172
039057
023843
0083282

10
18.275

5,3608
47656
41704
35752
5
2398
1,78%
1194
050523
0,0040346

11
19.088

84538
7518
65758
56368
46977
37567
28197
18806
08416
0002568

12
20.905

47743
4,461
37178
3,188
26612
21320
16006
10763
054707
0019674

13
21.037

14
22.352

4,056
36061
31563
37065
3,2567
1,806
1357
080722
04574
0,0075811

15
23.577

6019
53775
47061
4046
3363
26017
20002
1.34%8
067739
000533

108 Bicnux Hayionanernozo mexuiunoeo yuisepcumemy «XI1ly. Cepis: Mawunosuascmeo ma CAIIP. Ne 2. 2024



ISSN 2079-0775

Tabmms 4 — Brachi hopmu konuBass 6porekopiryca BTP-80 i3 Topmumavu maneneit 7 M (7- 1073 m)

N i gac-

dopm
ToTa, 'y opma

1
2.3432

1181
10519
09215
0713
066107
05308
040054
027028
014002
0009753

2.7241

11394
10133
088843
07629
03740
051202
030655
026108
013562
001017

3.2411

1,052
05224
0,39

074637
064344
054051
043758
033464
023171
012878

3.7846

073994
0,7106

068126
065192
0,62258
050825
0,56301
053457
050523
047589

5.5682

1,0098
080007
07801
068026
05704
046055
035069
020084
013038
001125

4.7553

1,114
090
068
07450
0620
049905
037607
02590
01301
00071235

11.345

2,676
23015
2,008
1,795
1,5084
1,2099
081629
062324
03010
0037144
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IMponorxenns tabdm. 4

N i gac-

dopMm
ToTa, 'y opMa

14.938

39677
35289
30001
26513
22125
17m7
13349
08961
048791
0018513

19.441

1,3603
1,2176
1,079
097
078061
06463
050428
036162
02199
007623

10
21.04

48138
42708
3,784
32105
2,6%61
2,117
1,6073
1.0729

11
21.653

053848
0,004064
73008
64600

12
24.002

37380
3,341
2,900
2,403
3,088
1,637
1,486
083345
041835
00032417

13
24.202

3005
34576
3,0056
25097
21617
1,7208
1,2978
0B

56790

4560

4058

3

2478

16

08tes:

00065005

043388 ' -

00019201

14

25.731
1338
38575
Ekh
i
a7
1975
14482
0069
04867
004017
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Saxinuenns maon. 4

N i
4acToTa, ®dopma
I'n

15
27.307

55334
49195
43055
3,616
3,0776
14687
1,697
1,2358
061t
0,0078997

Tab6muus 5 — Bnachi gopmu konusanb 6ponekopiyca BTP-80 i3 Topimnamu maneneii 8 mm (8-1073 m)

N i
4acToTa, ®dopma
I'n

2.5551

1,067
e
ogst
o717
05958
04709
036028
0448
0167
00063655

<

3.0462

097805
088357
078208
0635
60012
050563
041115
031667
022218
01277

\

1
2.2037
1,106
008434
086240
078083 |
0gten?
040632 |
037506 g
075321
01313
0000434

3.5482
070045
067143
064241
061238
058436
055533
052631
040720
046826
04334

4.2854

033798
083502
073386
06917
052073
042766
03856
022354
012147
0019408
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IIponoykenHs Tabn. 5

N 1 gac-
ToTa, 'y

dopma

4.4821

pRCGH

DRIl

030445
069009
037Ed
LRk
0347
023367
01182
0005364

12.201

2,068
1,0656
1,7244
1482
1,242
1,0007
0,73054
057183
0:
0,035011

16.674

3809
3446
3007
25883
2,1505
1,7306
13017
087287
044401
0015151

21.026

1.29M
11537
10164
08Tt
07416
08M27
04669
032953
019216
0054796

10
23.762

54756
2867
2259
361
30028
2436
18261
1218
060309
00017535

11
24.198

000055324

12
26.901

037055
e
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3akinuenns mabn. 5
N i gac-
dopma
ToTa, I'II
13
27.276
3501
ALY
L
2,36
1,957
15082
1,198
079329
040M8
00016605
14
28.425
1,568
1,177
097872
023969
070066
056163
04226
026358
014455
00055191
15
29.088
44475
3,8551
34627
2,9703
24779
1,985
14932
1,0008
050839
0,016003
T g
steps | Time [s] |[v 2] |[v vM] [ Z[M)
-10000 11 D, 0, D, 0,
21 1.e-002 |0, 0. 0.
-20000 3|1 1.1e-002 | -50000 |0 0.
41 2.1e-002 | -50000 (0O 0.
51 2.2e-002 | 0. 0, 0.
-30000 6|1 0,15 =0, =0, =0,
.
-40000
-50000 l—l
015
Xapaxmepucmuxu nocmpiny (mpueanicmso imnynscy 0,001c), 1 nocmpin
38,824
30,
E 20,
10,
3,067e-12
0, 2,502 5,62 7,5e-2 0,1 0,125 0,15
3mina makcumymy noGHUX nepemiuenb y KOHCMPYKUii
438,73
— 300,
e
= 200,
100,
271788
0, 2,5¢.2 5,8-2 7,582 0,1 0,125 0,15

3mina makcumymy eKkeieaneHmHUX HAnPYyHceHsb Y KOHCMPYKYIi

Pucynok 17 —YacoBi po3mofifii XapaKTepPUCTHUK HATIPYKEHO-Ie(OPMOBAHOI0 CTaAHy OPOHEKOPITYCY
BTP-80 (1 moctpin)
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430,73
382,88
235,08
287,17
23932
191,47
143,62
05,766
47,913
0,06135

34972
0,026803

Kapmunu posznoodiny exeisanenmnux nanpyscens, Mlla (vac — cepeduna
nocmpiny)
Pucynok 18 — [IpocTopoBi po3moIiyin XapakTepUCTHK HAIPYKEHO-IeOPMOBAHOTO CTaHy OpPOHEKOPITYCY
BTP-80 (1 moctpi)

3 4
’ 3
2

1
1
0 0
| 1
2D =2
3 -3

0 0,05 0,1 0,15 0 0,05 0,1 0,15

Pucynok 20 — I'pacik 3MiHM KyTa KOJIMBaHb TOTOHHOT'O KLTBIIS

Pucynok 19 — I'pagik 3MiHM KyTa KOJIMBaHb (TpaIycu) . .
i1 9ac IoCTpiTy

TIOrOHHOT'O KiJIBLI ITiJ1 9ac mocTpiny (c)

0.
Steps |Time [s] |[w X [N] |[v YN |[w 2N
-10000 1 0. ‘ 0. ‘ 0. |*1 |
1e002 0. . .
1.1e-002 50000 0. 3
_20000 212002 50000 O, 3
2,2e-002 0,
4.2e-002 0. . )
-30000 43e-002 50000 0. .
53e-002 50000 0, 3
0000 e h ) .
-50000

Xapaxkmepucmuxu nocmpiny (mpusanicms imnyascy 0,001c), 2 nocmpinu

ooo e

oo e

o o [t [ | wn [ [ | |—

=]

coooo e
cooe e

0,15
47,375
an,

= 30,
E ,
= 20,
10,
3,067e-12

o, 2,5¢-2 582 7,5¢-2 0,1 0,125 0,15

3mina maxcumymy nognux nepemiuieHy y KOHCMPYKUii

670,2
500,
= 400,
= 300,
200,
100,
2,7178¢-8

0, 2562 562 7,5¢-2 0,1 0,125 0,15

3mina makcumymy eKkeieaneHmHUX Hanpyyicensv y KOHCMPYKYii

Pucynok 21 — YacoBi po3mofifii XapaKTepUCTHUK HATPYXeHo-IeGopMoBaHoro crany Oponexopiycy BTP-80 (2 mocrpism)

Taxkum 9iHOM, TS BiUTAINTYBAaHHS Bill HEOE3METHMX

4 pexmMiB  30yIDKEHHS pPO3pOOJTICHI peKOMeHpalii, sKi
TIOIISTAIOTh B YCTAHOBII] IIIBENEPIiB Ta CTIHOK (edeKTHBHiIIe
-1 TIOPIBHSIHO 13 TIOTOBIICHHSM OpOHENHCTIB), @ TAKOX Yy

TMIEPIIOYEProBOMY BIUTAIITYBAaHHI BiJ BIAcHOI (opMHU
KOJIMBaHb, SIKa BIATOBIZA€ BUTHHY Ii0AIITOBOTO JIMCTa
-0,05 0,05 0,15 (o Haiibibm Hebe3neuno). 11 pexomMeHnaii BTineHi pu
MmopnepHizarii BTP-80YM ta BTP-94b.

-6

Pucyrnok 22 — TI'padik 3MiHH KyTa KOIUBaHb TIOTOHHOTO
KUTBLIS TTi]] 9ac MOCTPLITY
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7
an
35
w78
17,929
13,168
10,408
63076
34672
0036803

Kapmunu po3nodiny cymapnux nepemiugens npu maxcumymi
nepemiugenv, Mm (uac — cepeouna nepuiozo nocmpiny)

o IS

Kapmunu po3nodiny exeisanenmnux nanpysycenv, Mlla (vac —
cepeouna opyz2020 nocmpiny)

430,73
382,88
335,08
28717
21932
19147
143,62
95,766
47,913
0,06135

15,812
14,254
12,605
1,137
95782
50107
64612
42,9027
3,3442
1,7856

MMm (wac — cepeduna Opyz02o0 nocmpiny)

3791
30037
26,84
253
187,76
150,23
112,69
75,154
3761
0,081985

Kapmunu poznodiny cymapuux nepemiujenv npu maxcumymi nepeminjensv,

Kapmunu po3noodiny nosnux nepemiuienv npu MaKcumymi nepemiuiets,

MMm (wac — cepeouna nocmpiny)

Pucynok 23 — IIpocTopoBi po3moainy XapakTepUCTHK HallpykeHo-aedopmoBaHoro crany opone kopirycy BTP-80 (2 mocrpisnm)

55,745

[mm]
w
(=]

3,067e-12
0, 2,582 582

-10000
-20000
-30000
-40000
-50000

Xapaxkmepucmuku nocmpiny (mpueanicms imnyaocy 0,001c), 3 nocmpinu

Steps | Time [s] |[v [N |[v ¥ [N] |
0, 0, X

=}

1.e002 |0,
1.1e-002 | -50000
2.1e-002 | 50000
2,2e-002
4,2¢-002
4,3¢-002 50000
5,3e-002 | -50000
5,42-002 |0,

7,42-002 0,

7,5¢-002 | 50000
85002 50000
866002 0.
0106 0.
015 -

=

o

0,15 14

Ileeee e P o e eEEe

1=

0.

[v ZiM |
0

GGG I I )

7,58-2 0,1 0,125 0,15

3mina maxcumymy nognux nepemiuieny y KOHCMPYKuii

816,91

625,
500,
375
250,

[MPa]

125,
2,7178e-8
0, 2,562 5,62

7,5e-2 0,1 0,125 0,15

3mina makcumymy eKeieaneHmHUX Hanpyyicensv y KOHCMPYKYii

Pucynok 24 — YacoBi po3moiyii XapakTepUCTUK HapyKeHo-aepopmoBaHoro crany opone koprycy BTP-80 (3 moctpism)

ExcnepuMeHTANIBHI JAOCTIKeHHS] TUHAMIYHHMX TpoueciB y BiOpoynaphiii MammHi, cCpoekToBaHili Ha OCHOBI
peKoMeHaaliil 3a pe3yJbTAaTAMHU JOCTIIKeHb. [T TepeBipKu Mpare3laTHOCTI CTBOPEHOI MAIIMHW 3arllaHOBaHI i

3IIMCHEH]

eKCTIeprMEeHTAITbHI JTOCTIDKEHHS. Poborn
BHUKOHYBAJIVICS HA MAIITHI BUOWBAIOYOi TPAHCIOPTYIOUO1
aBTOMaTH30BaHOI (opmyBanbHOi JiHIT «KW-2» y [TAT
«A30BMAIIl» B ymoOBax peajbHOrO TEXHOJOTIYHOTO
nporecy. IIpu BiOpamifHOMy JOCHTIPKEHHI MPOBOIUBCS
BHMIp KOJMBAaHb y ABOX B3a€EMHO IEPIECHANKYISPHUX
HanpsMax 3a JOMOMOror0 BibpomepeTBoproBadiB. Cxema
X po3TalryBaHHS Ta MiCIS pO3MIIEHHS — Ha puc. 26, 27.
Hnsa  mocmimkeHHS 1 peectpamii  BiOpOKOIMBaHB

BUKOPHCTOBYBaJacs BIAMOBIMHA  KOMITIOTEPHU30BaHA
BHMIipIOBaJIbHA i peecTpyBaibHa TeXHiKa
(BiOpoTIEpETBOPIOBAY-aKCETIEPOMETP 1Y -50,

nigcwroBad Y-®HY, ananoro-mmdposuii nepeTsoproBad
E-330, nporpama-cikcaTop).

Ha puc. 28, 29 naBeneni BiOporpamu, oTpuMaHi
npu JIOCIIIKEHHI IMHAMIYHOTO BaHTaXEHHS
METAJIOKOHCTPYKIii BHOWBHOI MAalIMHM Yy Tporeci
BUOWBAHHS TPYJKH 3 BETUKAM BarOHHHM JINTBOM.
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Amnamiz  BiOporpaM ImoOka3zye, IO  XapakTep TIPUCKOPEHb BiIPi3HAETHCS. JIOMIHYIOTH IPUCKOPEHHS Y
pO3TONiTy BiIOPONPUCKOPEHb OTHAKOBHN IS PI3HUX BEPTHKAIBHIN IUIomuHI — 10 5-8 g.
TOYOK MAIIMHHU 1 Yy pI3HMX HampsMax, IpoTe pPiBEHb

o I
= oA E0 e I oou P oow WD oon om

ooy oD oo WD o OO
e o— D od WD & P m L R s A N =
R R T A == Sl gl = e T8
B e = L WL e T R R il T i
Aot e o o T o = oon o otw ol o— v ho &

Kapmurnu po3nodiny exeiganenmunux nanpysycens, Mlla
(uac — cepeduna nepuiozo nocmpiny)

Kapmurnu po3noodiny cymaprux nepemiuiens npu
Makcumymi nepemiuiensb, Mm (uac — cepeouna
nepuiozo nocmpiny)

— i o — o sl
SR e 5o E= = =]
P N N L= N N A e e N Wi L/
e S = R T M= Y
— o o o OO S e e EUwhREEMY o
[ S A R TR e L 1 = ]

@

T T .

Kapmunu po3nodiny exeieanenmnux nanpysycens, Mlla

Kapmunu po3nodiny cymapuux nepemiuiens npu (uac — cepeduna dpyz020 nocmpiny)
Makcumymi nepemiuiensb, Mm (vac — cepeouna
0py2020 nocmpiny)

19,711
17,862
16,014
14,185
12,317
10468
86198
67713
40238
31,0743

@

Kapmunu po3nodiny cymapuux nepemiwiens npu Kapmunu po3nodiny exeisanenmuux nanpyycens, Mlla
Makcumymi nepeminiensb, Mm (vac — cepeouna (uac — cepeouna mpemuvo2o nocmpiny)
mpemuvozo nocmpiny)

Pucynok 25 — IIpocTopoBi po3moaiiay XapakTepuCcTHK HaIpykeHo-aedopmoBanoro crany opose kopiycy BTP-80 (3 mocrpism)

TToaummHIKOBBIE

. Koprnye
JaTupky BHOpOMAITHBI

Pucynok 27 — MicIist yCTaHOBKH JaTYUKIB

Pucynok 26 — Cxema yCTaHOBKH aKCENepOMETpiB
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OpaHIE, 4

Enitipoy s

Bicvx; 66 ¢; 7g

Pucynok 28 — IIpuknax Bibporpamu (Touka 1)

e

poyEKOpeHie, g

Ev6)

=

Bicoy; 1 ¢; 9g

Pucynok 29 — Ipuknax Bibporpamu (Touka 2)

Amnauiz pe3yabTaTiB eKCIIepPUMEHTAIIbHUX
JIOCITI/DKEHb BIOCKOHAJIEHOi BiOpOyAapHOi BHOMBHOI
MAIIUHU Ja€ OCHOBY ISl TAKHX BHCHOBKIB.

1. TlinrBepmxeHi pe3ynbTaTtu YHCEbHUX
JOCII/DKEHb JUHAMIYHUX IIPOLECIB 1 pO3pPaxyHKY
napamerpiB MammHu. [ToxuOka po3paxyHKOBOI Mopeli
3a mpuckopeHHsmu ckiragae go 20% (puc. 30), 3a
BJIACHAMMU YacToTaMu — 10 2-3%.

100
80

60 /

2(}'{ _',r‘ “/ I

\ illd
| Il

40 il i || i
(T |

=)
—]
— |

-20

40

60

0.06 0.18 03 042 t mc

Pucyrnok 30 — IopiBHsUIbHI YacOBI PO3MOALTH TPUCKOPEHB,
3a(hiKCOBAHMX €KCIIEPUMEHTAIBHO (TOHKA JTIiHis) Ta
PO3paxoBaHKUX YKCIOBUM CIIOCOOOM (TOBCTA JIiHisH) B KOPITYCi
yIOCKOHANEHOi BiOpOyIapHOl MAIIMHH (IPHCKOPEHHS — M-C’2,

4ac — MLTiCEKYH/IH)

2. Ha ocumnmorpamax OpUCKOPEHb TOYOK BiJICYTHI
BHCOKOYACTOTHI CKJIAJOBI 1CTOTHOI IHTEHCHUBHOCTI, IO

CBIIYMTh TIPO 3aJOBUIbHE BiUIalITYBaHHA 11 BiA
yIApHUX PE30HaHCIB Ha BHUCOKHX JedopmaiiiiHux
4acToTax.

3. YnmockoHaneHa BiOpoynapHa MalluHa
MPOJIEMOHCTPYBaJIla  MIIHICTh,  HABAaHTAXXYBAJIbHY
3JJaTHICTH 1 JIOBIOBIYHICTb.

AHasioriyni  JOCHiKEHHA  34iicHeHHI 1 A
oponekopriyciB BTP-80YM Ta BTP-94b. Bonu Takox
miarBepmid - eeKTUBHICTh  3/IHCHEHHS 3axomiB 13
BI/UIAINTYBAHHS BiJl HEOE3MEUHUX PEKHUMIB 30Y/DKCHHS, a
TAKOXK aJIeKBAaTHICTh i TOYHICTh YHCENBHOrO
MOJIEITIOBaHHSL.

Pesynbratit OCHIKEHb BIPOBAKEHI Y MPAKTHUKY
MPOSKTYBaHHS 1 MOXYTh OYTH BHUKODHCTaHI IJIst
PO3paxyHKy IIMPOKOr0 KIIACy IOJIOHHX MAIIiH.

BucHoBku. Y po0oOTi omucaHi BJIOCKOHAJEHI
MMiIXOM, METONH 1 MaTeMaTHYHI MOJEN IS aHali3y
MUHAMIYHUX TIPOIeciB 1 OOIPYHTYBaHHS IapameTpiB
KOpITyCiB MamIiH TpHu BiOpoymapHOMy 30yMKeHHI Ha
OCHOB1 ypaxyBaHHS MOXIIUBOCTI YIapHOTO PE30HAHCY
Ha YacTOTax, LIO BiANOBIJAIOTh NMPYXHUM KOJHMBaHHIM
KOpITyCy, a TAaKOX Ha OCHOBI p0O3p00IIEHOr0 TPOTrpamMHo-
MOJIEIIEHOTO KOMIUIEKCY 3AIMCHEHI JOCTILKEHHS PyXY

BiOpoymapHHuX MallIiH Ta OpoHeKopIyCiB
JerKOOpOHBOBAaHMX MalllMH, Ha 0a3i yoro po3pobieHi
HayKOBO  OOTpyHTOBaHi  pekomeHmamii 3  ix

MIPOEKTYBAHHS, 1[0 € PO3B’SI3aHHSAM HOBOI aKTYaJbHOI 1
BXJIMBOI HAyKOBO-TIPAKTWYHOI 3ajadi. OCHOBHUMH
HayKOBHMH 1 NMPAaKTUYHUMHU pe3yNbTaTaMH BHKOHAHHX
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JIOCITi/KEHb € HACTYIIHI.

1. AHnami3 cTaHy MUTaHHS MiATBEPIWB, M0 HA
TENepilHIA Yac BIJACYTHIH TOBHOIO MIpO0 IIXix i
MaTeMaTU4Hi MOJIENi JJIsl aHalli3y | CHHTE3Y MallHH IpH
BiOpoymapHOMy  30yDKEHHI, SIK1 BpPaxOBYIOTh
MOXIJIUBICTh YIapHOTO PE30HAHCY IXHIX EIIEMEHTIB Ha
BHCOKHX YacTOTaX IIPH MPYXKHIHA nedopmarii kopiycy.
Ha miif ocHOBI copMynbOBaHI 3aBAaHHS JIOCIIKCHB,
CHpsIMOBaHI Ha CTBOPEHHS TaKHX MiJXOMIB, sIKi MalOTh
BJIACTHBOCTI LJIECTIPSIMOBAHOT'O BapiaTHBHOT'O
YIOCKOHAJICHHSI KOPITYCIB TPOEKTOBAaHMX MAaIlIdH 3a
KpUTEPIiEM BiJUTAIIITYBAHHS BiJl YIAPHOTO PE30HAHCY.

2. Jns ommcy BiOpoy#apHHUX MallvH Ta
OpOHEKOPITYCiB aJlanTOBaHUI y3arajJbHeHUH
rapamMeTpuuHUN MigXifd, 10 Hajae mupin (TOpiBHIHO
i3 TpaauLi HHUMH) MOXJTUBOCTI BapiroBaHH:
KOHCTPYKTUBHHX CXeM 1 mapamerpiB. Jlis aHaimizy
JMHAMIYHUX TIPOLIECIB y UX eneMeHTax
3arpoIIOHOBAaHO BUKOPHCTaTH eKCrpec-MoIen,
eKBIBAIEHTHI y CEHCI JUHAMIYHUX XapaKTEPUCTHK
JociipKkyBaHuM — o0’ekram. Ha  ocHoBi  Meromy
CKIHUEHHHUX EJIEMEHTIB 3alpOIOHOBAHWI Iepexin Bij
JIMCKPETHO-KOHTUHYaJIbHOT MOZEl KOpIycy 10 HOro
JeTaIbHOT  TUCKPETU30BaHOI MOJENi, NpUUOMYy 3i
30EpeKEHHSIM YCIX XapaKTepPHUX BIACTUBOCTEH JUIs
ypaxyBaHHsS MOXJIMBOTO yJapHOro pe3oHaHcy. Kpim
TOro, ymepiue po3poliieHa CTpYKTypa LinboBOI (QyHKIIT
JUIsL PO3B’SI3aHHS 3a/adyi OOIPYHTYBaHHs MapaMeTpiB
BiOpoOyIapHUX MalluH Ta OpoHekopiyciB
OpOHETPaHCIIOPTEPIB 13 BiUIAIITYBAHHIM Bijl YIapHOrO
pe3oHaHCy. Y IJloMy 3ampoNOHOBAaHMH MigXim i
MaTeMaTh4Ha MOJEb BIJPI3HSIIOTHCS BiJ] ICHYIOYHX
YPaxyBaHHAM  MOXJIMBOIO  YIApHOIO  pE30HAHCY,
MapamMeTpUYHUM OIKCOM 1 CHOCOOOM OOIpYHTYBaHHS
napamerpiB  KOHCTPYKII eJeMEeHTIB BiOpOyAapHUX
MaliiH Ta OpOHEKOPIYyCiB  OpOHETPaHCIOPTEPIB,
BIJICYTHIMH y TIONEpe/iHiX po3poOkax. 3okpema, i3
Oe3nocepeHIM BUKOPHCTAHHSIM CIPOIIEHUX MOJeien
MPOaHANII30BaHUI XapaKTep JAWHAMIYHUX MPOIECIB Yy
BiOpoMaIuHi 1pH 1i podOTi, a TAKOK YCTAHOBIIEHO, IO
Ha BIJUIAINTYBaHHS BiJ YIAPHOTO PE30HAHCY YHHSThH
CWJIBHUIN BIUIMB BapilOBaHHS YacTOT 30Yy/DKEHHS Bij
PE30HAHCHHX, a TAKOXK B’S3Ke TepTa. IX 30iblIeHHS
MIPU3BOAMTE 0 OaraTOKpaTHOrO 3MEHIICHHS BiOpamii y
MamuHi. TakuM 4MHOM, 3alPOIIOHOBaHA BIOCKOHAJIEHA
METOHOJIOTIYHA OCHOBA JOCIIKEHb, IO Ma€ HOBI1
SKOCTI 1 MHPII MOXIUBOCTI AN PO3PAXyHKY
BiOpoymapHUX MaIIiH Ta OpoHeKopITyCiB
JIErKOOPOHBOBAHUX MAIIIUH.

3. Po3pobiena maTeMaTHdHA MOJENH peajlizoBaHa
Y BUIJLIAI CHEMialli30BaHOTO TPOTrPaMHO-MOAEITHHOTO
KOMIUIEKCY, SKHA Ma€, Ha BiIMIHy Big paHime
CTBOPEHHX, IHCTPYMEHT aHami3y 1 OOIpyHTYBaHHSA
mmapamMeTpiB BiOpomarmH Ta OpoHeKkopmyciB
JIETKOOPOHBOBAHUX MaIiH 3a KpHUTEpieM
BITAINTYBaHHSA BiJ yOapHOro pe3oHaHcy. Komrmiekc
moOyJOBaHUM 32 MOAYABHUM TIPHHIUIIOM 1 MOXKE
MepPEeHAAIITOBYBATUCS HA TOH YM 1HIIMI THI MaIlWuH
IIJISIXOM 3MIHM OKpEMHX MOAYIB, IO POOUTH #oro, Ha
BiIMIHY BiJl YHiIBepCAlbHUX 1 CIEI[ialbHUX CHCTEM,
Habarato eQeKTHBHINIMM SK 3 TOYKH 30Dy
ONEPaTHBHOCTI, Tak 1 30€pekeHHS  MIMPOKHX
MOKJIMBOCTEN MOJENIOBaHHSA. [3 H10ro 3acToCyBaHHIM y

mporeci  po3B’si3aHHA TECTOBUX 3aad  BU3HAUCHI
XapakTepHI OCOONMBOCTI IMHAMIYHHX TIIPOIECIB Y
BiOpoyIapHHX MallIHaX Ta OpoHeKopITycax
JIETKOOPOHBOBAaHMX MaIIMH, 30KpeMa, BCTAHOBJIEHHH
claOKWil BIUIMB 3MiHM TapaMeTpiB BHCOKOYACTOTHOI
YACTHHMA MAIMHK HAa HU3bKOYACTOTHY. TaKMM YHHOM,
HE3HAYHOI0 MIpOI0 3MIHIOIOYHM KOHCTPYKIII0 OCHOBHHX
CHJIOBUX €JIEMEHTIB MallliHHY, MOKHA
BIJUTAINTOBYBATHCS BiJl yAapHOTO pE30HAHCY Ha
BUCOKMX  4YacTOTaX, HE  IIOTIpUIyIOYH  SIKICTh
TEXHOJIOTIYHOTO TIIPOLleCY YM BUKOHAHHS OOHOBOTrO
3aBJlaHHs, SIKy B OCHOBHOMY BH3HAa4ya€ HU3bKOYACTOTHA
CKJIaZIOBa MAIIMHU (TOOTO Ta, IO MPOSBISETHCS MpH 11
MOZIETIOBaHHI SIK JKOPCTKOTO MiJOr0 Ha TPYKHHUX
onopax). lle myxe BaXIMBO 3 TOYKH 30py CTparerii
MPOEKTYBaHHS TaKMX MallWH, Jal04d MOXKIMBICTH Ha
MepIIoMy eTart rodansHO GopMyBaTH iXHI rabapuTHI i
MacoBi  XapaKTEpHCTHKM 3a  KpUTEpiEM  SKOCTI
TEXHOJIOTIYHOI ~ omepalii 4Yd BHKOHaHHS OOHOBOTO
3aBJaHHSA, a IMIOTIM BIJHOCHO HE3AJIEXKHO JIOKAJIBHO
YTOYHIOBAaTH  CTIPYKTYpY 1 TMapaMerpu  OKpPeMHX
eJIEMEHTIB 32 KPHUTEPIEM BIJUIAIITYBAaHHS BiJl YIApHOTO
PE30HAaHCYy.

4. Ha mnpuknani BiOpoymapHOi MalIMHH JUIs
BUOMBaHHSA BEJIMKOTO JIUTBA OYyIM  BCTAaHOBJIEHI
3aNeKHOCTI  ii  MUHAMIYHMX — XapaKTepUCTHK  Bij
KOHCTPYKTHBHHX TapaMmeTpiB KOpPIyCy, 10 BHKOHAHO
yrnepuie.  BcraHoBieHo, 1m0 3 TOYKH  30py
BIJUIAINTYBAaHHS BiJl YIQpPHOTO PE30HAHCY BapilOBaHHS
OKpEeMHUX MapameTpiB (HampuKiaza, oOpeOpiHHS CTiHOK)
eekTUBHE B OOMEKEHUX MeXaX, a IHIIUX (HAIpUKIa,
TOBII[HAa BUOMBHUX I'PaTOK) MPaKTHYHO He BIUIMBae. Ha
NPUKIAAI KOHKPETHOI KOHCTPYKILii Oyimu po3polieHi
pekoMeHnaanii i3 OOTPYHTYBaHHs OCHOBHUX
KOHCTPYKTHBHHX TapaMmerpiB 1 cxeMm BiOpoymapHOi
MAalMHA 1711 BUOWBaHHS BEJIMKOTO BAaroHHOT'O JIMTBA.
e nmamo 3Mory HPHCKOPHUTH IPOLEC NPOESKTYBaHHS,
3a0e3MeUNTH TEXHIYHI XaPaKTEPUCTUKH 1 30eperTu Macy
BUOMBHOI MalllMHU Ha PiBHI 21 TOHHH IpU 3HMKEHHI
HampyxeHb Ha 5-10 % 1 BignmamryBaHHI BiJ 4acToT
YIAPHOTO PE30HaHCy, IO JAaj0 MOXIIHUBICTH YIBidi
NOHM3UTH JUHAMIYHY HABaHTAXXCHICTh MAaIIMHU Ha
BHCOKHX dYacTtoTax. CtocoBHO OponekopmyciB BTP-
80YM Ta BTP-94b ycranoBnena Oinbia epeKTHBHICTH
MiACHIEHHS BHYTPIIIHBOI CTPYKTYpH, OCOOIHBO Yy
BEepXHIll mpoekiii, TOPIBHIHO 13 MOTOBIICHHIM
OpOHENHCTIB, 31715 OiTBII OIIEPaTUBHOTO
BiJUTAIITYBaHHS BiJl pE30HAHCHUX PEKUMIB 30YKCHHSI.

5. Y Xomi eKCHepUMEHTaIbHUX [OCHiIKECHb
BJIOCKOHAJICHOTO BapiaHTy BiOpoymapHOi MammHA OYyB
MATBEPUKCHNN  SKICHUA  XapakTep 1  KUTBKICHI
XapaKTePUCTHKA Ta OMUCAHMX y pOOOTI pe3ynbTaTiB
aHAMITUYHUX 1  YHCEIbHUX  JOCHIIKEHbD, 11 (6}
MATBEPIIKYE €PEKTHBHICTD 3aMPOIIOHOBAHOTO IMiIXOIY,
aJICKBATHICT MOOYIOBaHUX MaTEMAaTUYHHUX MOJEIeH,
TOYHICTh OTPHMAaHUX pE3yAbTATIB 1 JOCTOBIpHICTH
po3pobieHnx  Ha  iX  OCHOBI  peKOMEHMAIIH.
BcranoBneHo, mo MOXMOKAa YHCETHHOTO BH3HAYCHHS
aMIUTITY]] BiOPOIPHCKOPEHB 1 JOMIHYIOUMX KOMITIOHEHT
HaIpy)KEeHb Y HAWOUIbII HaBAaHTA)KCHUX EJIEMEHTax He
nepesuiye 15-20%, a 3a 6a30BUM IMOKa3HUKOM (TOOTO
3a BiacHUMH dYactotamMu) — 10 5 %. IlomiGwi
pe3ynbTatd 1 JUId OpOHEKOPIIYCiB JIErKOOPOHBOBaHMX
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MaIlnH.
6. Ha ocHOBI pO3pOOIICHUX peKOMEHAAIiN
BJIOCKOHAJICHA  KOHCTPYKISl ~ €JMEeMEHTIB  BHOWBHOI

MAaIlllMHY, Y TOMY YHCJIi ONOp IiIIMIMITHUKOBHX BY3IIB
neOaaHCHUX BaiB, MAPEIIITHUX OaloK, OOKOBHH
KOpIycy Ta iHIHX eneMeHTiB. CrpoeKkToBaHa MalliHa
30epirae SIKICTb TEXHOJIOTIYHOi oOrepaunii BHOMBaHHA
mutBa. Ilpm  1pOoMy — MDKPEMOHTHHH  TepMiH
30iMbLIyETECS  HA 10-15%. Hdns  kopmyciB
JIETKOOPOHBOBAHHUX MAIMH JOCSTHYTO BiAJIaIITyBaHHS
Ha 70% BiJ pe30HAHCHUX PEXHUMIB 30Y/PKESHHSI.

Po3pobiieHi  ymocKOHaJleHI METOAM  PO3PAXYHKY
BiOpOyIapHUX MaIMH MOXYTh Oyt BUkopucTaHi B HJII,
Kb i Ha mianpueMcTBax pi3HUX Tairy3ed, siKi 3aiiMaroThCs
PO3pOOKOI0, JIOCITI [DKCHHSIM, BUTOTOBJICHHSIM i
eKCIUTyaTalliel0 BiOpOMAIlMH PpI3HUX THIIB 3 METO0
OOIpYHTYBaHHS  palliOHAJIBHUX  MapaMerTpiB,  MIO
3a0e3MevyloTh BIUIALITYBAaHHS Bifl yIapHUX PE30HAHCIB
Ha 9acTOTaX, KPaTHHUX 30YPIOI0Yii. AHAJIOTIYHA CTPATETis
MOXe OYTH 3aCTOCOBaHa IMPU OOTPYHTYBAaHHI TEXHIYHUX
pillieHb  IHIIMX  MOMIOHMX  €JIEMEHTIB  MAIlHH
BiHCHKOBOTI'O Ta IIUBIIBHOTO NMPU3HAYECHHS.

HocnimkenHs BuKoHaHI 3a mpoektom HOJY
No2023.04/0036 «locnmimkenHss Ta  po3poOka
OPUCTPOIO I BIJHOBJICHHS €JIEMEHTIB BiHCHKOBOI
TEXHIKH HIISIXOM JIMCKPETHO-KOHTHHYAIBHOTO
3MIIHEHHSI KOHCTPYKIIii».
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