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3anpononosano memoo 00CHIONHCEHHSA MEXAHIYHUX KOAUBANLHUX CUC-
mem i3 pO3NOOiNeHUMU NAPAMempamu 3d iX CHeKMpaibHUM IMNeOaHCcOM,
AKUL UWLYKAEMBCS 3A 6IOHOWEHHAM CUSHANIE 30YPHOI CUlu 00 WeUOKOCMI ne-
pemiwenns. Pospobnreno memoo adanmuenoz2o HANAUWIMY8aHHS CUSHATY 30)-
PHOI' cunu i3 BUKOPUCMAHHAM ULYMONOOIOHO20 CUSHATLY, WAISAXOM AHANI3Y
BIOKIUKY cucmeMu HA ye 30ypeHHs i nocunients tio2o enausy. IIposedeno uu-
Clo8uUll I HaMypHull excnepumenm 01 30ypeHHs MeXaHIYHUX KOAUBAHb HA
NpUKIAdi HamsaeHymoi Mmemanegoi CmpyHu.

Knrwwuosi cnosa: cnekmpanvhuii imneoanc, cuia Amnepa, mexawiumi
MOOU, WYMONOOIOHUU CUSHAT, HAMACHYMA CMPYHA.

Beryn. MaremMaTHuHI Ta €KCHEpUMEHTAIbHI JTOCHIIKEHHS KOJUBaHb
PI3HOMaHITHUX (PI3UUHUX CHCTEM IPOBOAATHCA JUISl MOSICHEHHS SIBUIL, TIPO-
THO3yBaHHS CHUCTEMHHMX peakilifi, XapaKTepUCTHK, AJIS CIPHUSIHHSA pO3poOli
CHCTEM Ta JeMOHCTpalii iX >kuBydocTi. [lIMpoko Taki METOIM BHKOPHCTO-
BYIOTBCS JIJIS IIaTHOCTHKU TEXHIYHOTO CTaHy CHUCTEM 1 MexaHi3MiB [1].

Orusig aiteparypHux aaxepedn. /s 1OCTiKEHHS MEXaHIYHUX CHC-
TEM BUKOPHCTOBYIOTHCSI aHANIITHYHI 1 eHepreTudHi Metoau. OauH i3 iHop-
MaTUBHUX METOJIIB JOCITIKEHHS Ta ieHTU(IKAi] MEXaHIYHUX 00’ €KTIB €
3HaXO/HKCHHS BJIACHUX KOJIMBaHb 00’ €kTy [2]. [Ipy mocmipkeHHI CTPYKTYpH
CHCTEMHU BUKOPUCTOBYIOThCS TAaKOXX PI3HOMAaHITHI METOAM CTAaTUCTUYHOI 00-
po6kwu [3].

BumnaakoBi KoJMBaHHS BHBYAIUCh 3 TOYATKy MHUHYJIOTO CTOJITTS.
Ans6ept Eiftnmreiin (1905) 3aificHUB nepIinvii MaTeMaTUYHUN aHai3, SKUN
MO>KHa OyJ10 O PO3IIIIHYTH K BUIAIKOBHUI aHami3 BiOpalii, Koiu BiH Moje-
JIIOBaB OpPOYHIBCHKUN PyX YaCTOK, CYCIIEHIOBAaHUX Yy PIIKOMY CEpEIOBHIIIL.
YucaoBi JOCHIHKEHHS, pe3yJIbTaTH SKUX Mi3Hile OyayTh BUKOPHCTaHI s
TIOSICHEHHSI BUTAJKOBOT BIOparlii MexaHi4HI CUCTEMHU IPOBOJUIMCS TPOTS-
TOM JecATHIITh, a B 1930 poui HopGept Baitnep hopmanbHo BU3HAUUB crie-
KTpajJbHy IIUIBHICTh CTAI[IOHAPHOTO BHITAJIKOBOTO TMPOIECY, TOOTO BHIMAJ-
KOBUI TIpollec y THMYacoBOMY craiioHapHoMmy ctaHi [4]. CnekTpaibHa
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UIUTBHICTh € BaXJIMBHUM KUIBKICHUM OIMCOM CTAalllOHAPHUX BUMAIKOBUX
MIPOIIECIB, 110 BAKOPUCTOBYIOTHCS CHOTOJIHI B JJOCIIJIKEHHSX.

[Ipu ananisi cuctemu GopMyeTbCsl CYKYIHICTh 30yPKYIOUMX CUTHAIB,
SK1 B3a€EMOIIOUM 13 JJOCHTIJKYBAHOIO CTPYKTYporo (popMyroTh iHPOpPMATUB-
Hui BiIKIUK [5]. KoxHa 13 4aCTMH MEXaHIYHOT CUCTEMH MOXKE PO3IJISIIaTh-
sl IK YMHHUK XBUJIEBOTO PIBHSHHS, SIKE MOB’A3y€ MIX COOO0I0 MOTEHIIHHY 1
KIHETUYHY €Hepriii fuHamMi4HOro npouecy. B 3anexxHocTi Bia (13U4HOI CyTi
BapTO MO PI3HOMY HIAXOIAMTU JIO PO3MIIALY LIMX MapaMmeTpiB SK PoO3Nojijie-
HUX 9H 30CEPEDKCHHX.

MeTto10 nociigkeHHsl € po3poOka MeToay (OpPMyBaHHS CUTHAITY JJIs
30ypeHHsl KOJIMBaHb MEXaHIYHUX CHCTEM 13 pO3MOJIJICHUMH NapaMmeTpami,
IUIAXOM aJJalTUBHOTO HaJalTyBaHHS Koe(]ilieHTIB QuIbTpa Ta 3 BUKOPHUC-
TQHHSAM IIyMOTOJIIOHOTO CUTHATy, IJisl TIIBUIIEHHS TOYHOCTI BHU3HAYCHHS
CHEKTPAJIILHOTO IMIIE/IAHCY Ii€] MEXaHIYHOT CUCTEMH.

BuKk/1ageHHs] 0OCHOBHOI'O MaTepiaJty.

BrnactuBoCTi MEeXaHIYHOI CUCTEMHU B MOBHIM Mipi ONMUCYIOTbCS XBUJIE-
BHM DPIBHSHHSIM, K€ BU3HAUa€ MOBEIIHKY II€1 CUCTEMHU B 3aJIEKHOCTI BIJ
BIUIMBY 30BHIIIHIX CHJ. B 3aleXHOCTI Bl KOHCTPYKIII CUCTEMHU DPIBHSIHHS
MOJKEe TIPUMMATH CKJIaJHI (GOpMHU. AHAIITHYHUN PO3B’SI30K TaKUX DPiBHSIHb
yTpyaHeHui. JlocaiiHuKN ONMUCYIOTh iX JUIs BUIAAKIB MpocTux (opM 1 Ha-
BOJISITh PO3B’SA3KU B JIOBIIHUKOBIHN JiTeparypi [6]. JocmimkeHHs: TuHaMIYHOT
MOBEJIHKM CUCTEMH Ha IMPaKTHIl NPOBOJATH OJHUM 13 METOJIB HATypHUX
JIOCITIJKEHb, SKI Ha3UBaIOTh METOJIOM JIMHAMI4YHOTO omopy [7]. Hns mocmi-
JDKEHHSI MEXaHIYHOI KOJIMBAJIbHOI CHCTEMH PO3TJISTHEMO HATATHYTY CTPYHY,
sIKa ’KOPCTKO 3aKpiIuieHa MK JIBOMa ToukaMu (puc. 1).
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Puc. 1. Cxema HaTATY CTPYHH MK IBOMa HEPYXOMHUMHU TOYKAMHU

Bumymieni KonuBaHHS HATATHYTOI CTPYHH Tpu 30ypeHHI rapMoHii-
HOIO CHJIOIO OTMCYIOTHCS PIBHSAHHM [8]:

0y d 20y -
¥+2§5—Co yzf(x)'ej , (1)

r . o
ne & =—— — KoeQIili€HT 3aTyXaHHS KOJMBaHb CTPYHH, ¢, = |— — (pa3zoBa
2p P
. .  oplx,t)
IIBMIKICTh MOMMPEHHs 3TMHAKYAX KOTHBaHb B CTpyHi, f(x)= -~
ox-p
TPUCKOPEHHS, 110 OTPUMY€ eIeMEHT CTPYHH NpH ii Ha Hei cumi p(x,t)-x .
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P03B’s13K0M 1aHOTO PIBHSIHHS € CyMa PO3B’SI3KIB /ISl KOJIMBaHb CTPYHH
B YCTaJ€HOMY 1 B TeEpexXiJHOMY pexuMi. Y MepexiIHOMY pexXHUMI
PO3B’SI3KOM € MHOKHMHA 3aTyXalOYuX TapMOHIMHUX KOJUBAaHb 13 MapameTpa-
MH, 1[I0 BU3HAYAIOTHCS T€OMETPUYHUMHU PO3MipaMu CTpyHH [8]:

y1 X, t Ze -sin(mzx)Am -cos(a)mt—(pm), (2)

m=1

mic E )
e o, :—L — YacTOTa KOJHMBAHHI m MOOHU, C = /— — IIBUAKICTB IIO-
yo,

B3JIOBXKHIX XBWJIb, £ — KOeQIUI€EHT HpPY>KHOCTI MaTepially CTpyHH, A, —
aMILIITYyJa MOAM KOJMBAaHHA, ¢, — (pa3a MOAU KOJIMBAaHHA. AMIUIITYAH MOJ

3aJICKaTh Bi}l IMOYaTKOBUX YMOB.

. . 1 .
[licns mpoxXoaKeHHs MepexXiAHoro mpouecy (¢ >>7 = E) BJIACHI KOJIU-

BaHHSMH CTPYHH 3TaCHYTH 1 3aJUIIATHCS TUTBKU Ti KOJWBaHHS, SKI BUKIHU-
KaH1 30ypHOIO CUJI010. BiZlMOBITHO APYTHM PO3B’SI3KOM €

ow1)=f(x)-e". 3)
[TincraBuBmm 1o GyHKHi0 y audepermianpae piBHIHHA (1) oTpuMa-
€MO:

82 ja)t 8 jwl‘ 82 ot
o) atz LG o L. “r=S)e, 4)
3BIIKHA
(o +28j-) yx)e™ - oa—y—f(x)ef”f- 5)

[Ticns cripoIeHHS OTPUMAEMO :

2
ot 26 oh)-c S - 1(x)=0. (©)
Po3B’s30K N1aHOTO PIBHSIHHS IS y(x) MOke OyTH 3HaMJIeHO Yy BHUII
pany:

)= £ -sin[’””j , %)

2
" (micoj —0’ + j2lw

ne f, — KoeQilli€HTH, 110 BU3HAYAIOTh YACTKy 30ypHOI CHUIH, pPO3KJIAAEHOI

2
mrc, 2
=, , MOJKHA 3aIlUCATU BU-

10 KOXKHIH 13 Mo1. BpaxoBytrouu, mo (

pa3 Uil TOIIYKY YacoOBOi 3alIeXKHOCTI aMIUTITYAH KOJIMBAHHSA CTPYHU IPHU
30ypeHHI ii 30BHIITHHOIO CHUJIOK) 13 YaCTOTOK @ :
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o0
. (mmx
y(x,1)= z 5 J:’” . -sin -cos(w-1). )
m=1 a)m —@ +‘]2§a) L
Matoun 3anexHICTh IJIs TEPEMIIICHHS] CTPYHH B Yaci MOJYKHA 3HAWTH
IIBUAKICTE 11 MEpeMilleHHs, BPaxOBYIOUH, M0 MIBUAKICTh € MOXITHOIO Bif
TepEMIIIEHHS 110 Yacy:

U(x,t)z%z—a)-i S -sin mﬁxj -sin(@-1). 9

m=1 602—602+j2§a) Z

m

OCKUIBKH IMIIEAAHC € BIIHOIIEHHAM CUIN 10 IIBUIKOCTI

z :af—’", (10)

m aU

m
TO MOXHA BWJIUIUTH CKJIQJIOBY, SIKa ONKCYE PEAKII0 CTPYHHW Ha 30BHIITHE
rapMoHiliHe 30ypeHHs UTS m MOJAH y BHII

e
z,(x. @)= L/ (11)

2

Do+ j26,
[0

3 maHoi opMmynH BUIHO, IO IMIIEAHC HA m MO OyJie 3alexarTu Bij
NOJI0XKEHHsI NPUKIaAaHHs 30ypHOI CMIIM X, YaCTOTU MOJAU @, 1 3aTyXaHHs
Ha 1 Mol &, .

TakuM 4MHOM, BIACTHBOCTI CTPYHH MOKHA BU3HAYUTH 32 JOMOMOTOIO
iMIeaHcy, 3HalICHOT0 Ha 9acToTax ii MOJI.

Cuna, npukiaaeHa st 30ypeHHs CTPYHH, PO3MOIUISETHCS O BCIX MO-
Jax, B TOYIll Jii CyMapHOi cuinu f (x,t) CTpyHa Oyje 3MiiCHIOBATH IepeMi-
mieHHs. [IppuoMy B milf TOULl aMIUTITYAH BCiX MOJ OyAyTh PiBHI, OCKUIBKU
BOHU BU3HAYAIOTHCS MOJOKEHHSIM CTPYHH B IIPOCTOPI.

{06 mocmiguTH MOBEIIHKY KOJMBAIBHOI CUCTEMH B ILIIOMY HEOOXis-
HO (hopMyBaTH CYKYITHICTb TapMOHIWHUX CHJI, SIKi, B3a€EMOJIIOUU 31 CTPYy-
HOIO, TIPU3BENYTH JI0 TIOSIBY MIBUIKOCTI 11 mepeMinieHHs. B 3anexxHocCTi Big
3aTyXaHHs Ha TMEBHIN MO/l 3MIHIOEThCS T0OpOTHICTh. Cuita MpuKIIaaeHa 10
CTPYHU BHKJIMYE MPHUPICT MIBUIKOCTI MPOMOPLUIHHUNA 10 IMIENaHCY Ha ik
gacToTi. ToMy 31 3MEHIIEHHAM &, 4acToTa 30ypHOi CHJIM IOBHHHA SIKOMOI'a

TOYHIIIIE CHIBIIAAATH 3 @

n
0 1 mpukITazeHa cuja He MpU3Be/e A0 3pOCTaHHS IIBUIKOCTI.
BuUKOpHUCTOBYIOUM IIMPOKOCMYIOBMM CHUTHAJI CUIM IPUKIALEHOI 10
CTPYHH MOYKHA 30ypUTH BCl MOJY OJHOYACHO 1 TUM CaMUM MPUIIBUIIITUTH
JOCIIJKeHHS iMnenancy. € 6arato crnoco6iB (OpMyBaHHS IIUPOKOCMYTO-
BUX CHUTHaIIB. [l TOCHIPKEHb KOJIMBAJbHUX CUCTEM YacTOT BUKOPHCTOBY-
€Tbcsl cTprOKonoioHa Gopma 30ypHoi cun. O HAK BHACHITOK KOPOTKOYa-
CHOCTI BILTUBY 30ypHOi criin Oyae OTpuMaHO OOMEKEHY TPUBAJICTh KOJIH-

, IHaKIIIe IMIIeJTaHC Ha 11 Mol Oye OJU3bKUN 110
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BaHb y PEXUMI BUIBHHX KOJHMBaHb, AKi CKJIAIHO JOCIIIKYyBaTH 4epe3 ixX
HIBUAKOIUTUHHICTD. J[1s1 TOCHITKeHHS BUKOPUCTAHO HIYMOMOTIOHHMA CHUT-
HaJI, KUY MUISIXOM NIEPIOIMYHOTO TIOTIOBHEHHSI €HEPrii B KOHTYpi MIATPUMYE
TpuBajie koiauBaHHA [9]. Henonikom Takoro cursany € AMOBIpHICHA MOSBa
MEBHOI CMEKTPaIbHOI CKJIaJ0BOi. ToMy Oys0 po3poOiIeHO aganTHUBHUN aji-
roput™ (popMyBaHHs CUrHally 30ypeHHs, SKMH Ha OCHOBI LIYMOMNOAIOHOTO
CUTHAITy 1 3 ypaxyBaHHSIM BIJKJIMKY CHCTEMH, OpMye CUTHAT 30ypeHHS i3
ONTUMAJIbHUM aMIUTITY THUM CIIEKTPOM JUIsl TOYHOT'O BUAUICHHS IMIIE/IAHCY.

Oco6nmBicTIO IOMIYKY iMnienancy ctpyHu y Buai (11) € te, mo BiH Bu-
3HA4Ya€eThCs y JUHAMIYHOMY pexumi 3riiHo (10). Ockibky B MOYaTKOBHUH
MOMEHT 4acy IIBHJKICTh BCiX TOUOK piBHa 0, TO icHye HeBU3HaueHicTh. Ha
HOYaTKy JOCITIJDKEHHS O CTPYHM HEOOXI1JAHO NMpUKIAcTu 30ypHY CUITy Ui
301IBIICHHS i1 IMBUIKOCTI. Y 3alPOIIOHOBAHOMY TIXOIi MOIIYKY IMIIETaHCy
(dopMyeMoO Takuil curHai 30ypeHHs, P SIKOMY CyMapHa IIBUIKICTb 110 BCiX
MoJiax OyJie MaTH Hamepes 3a/jaHe 3HaYCHHS.

Jlis HafaHHs 3MILEHHS CTPYHI BUKOPUCTOBY€EThCS cuiia Amnepa. [lpu
MPOTIKaHHI CTPYMY CTPYHOIO, YaCTHHA SIKO1 3HAXOJUTHCS B MarHITHOMY II0-
i, ll€e MeXaHI4Ha CUJIa, U0 MPU3BOIUTH /10 3MILICHHS CTPYHH HEepPIEeHIUKY-
JSIPHO JI0 JIiHIM Hampy>KeHOCTI MarHiTHOTO ToJst. [Ipu mboMy pyx cTpyHH B
MAarHiTHOMY I10JIi BUKJIMKA€e cuity JIopeHIa, sika BUHUKA€E Ha KIHIHX CTPYHH 1
MPU3BOJMTH JI0 MOSIBH eneKTpopymiiHoi cumm [10]. Tomy MexaniuyHa cuia
(bopMyeTBhCSI CTPYMOM, a IIBHUJKICTH MEPEMILICHHs CTPYHU BHU3HAUYAETHCS
HaTpyTor. AMIUTITYIa HAanpyTH € (QYHKINEI0 MBUAKOCTI 1 CTpyMy, SIKUH BU-
3Ha4ya€ CUIIy B3a€EMOJIIi CTPYHH 13 MarHiTHUM II0JIEM 1 TapaMeTpaMH KOJUBa-
apHOI cuctemu. L{i mapamerpu 3ama0Thes KoeimieHTaMu y BUI MakCUMa-
AbHOT eHeprii ctpyMy Im, sikuif BUKOPUCTOBYETHCS Ui 30yKEHHS KOJH-
BaHb 1 Koe]ilieHTa BIAMOBIAHOCTI MIXK CTPYMOM 1 HAIIPyTolO, SIKUH BUpaxae
CHIBBIAHOIIEHHS MK CHJIOKO 1 HIBHIKICTIO k, . IIponec 30ymxeHHs npoxo-

JTUTH IUIIXOM HUGPOBOi 00pOOKH AMCKPETU30BAaHMX AaHUX. YacToTa amc-
KpeTH3alii BU3HAYa€ThCSI MAKCUMAIIBHOIO JIOCIIJKYBAaHOIO YacTOTOK KOJIH-
BaHHS, a KUIBKICTh TOUOK JUCKpeTH3alii N — po3AUTbHOIO 3/1aTHICTIO CIIEK-
TPaJIbHOI MIITLHOCTI 30ypIOBaHUX KOJIHBAHb.

VY pesynbraTi poboTH anroputMy GopmyeTbes Habip KoedilieHTIiB Mo
KOJKHIH 13 CIIEKTPaJIbHUX CKJIQJIOBHX 30ypIOIOYOro CUrHaidy. BIuB mux Ko-
edilieHTiB Ha BXITHUHA LIYMOMOAIOHMI CHUTHAN aHAJOTIUHUKN 10 (QUIBTpY-
BaHHA. UMM MeHIIa BapiaTUBHICTh KOHKPETHOI CIIEKTPaJbHOI CKJIAJ0BOI y
CUTHAJII BIJIKJIMKY, TUM MEHIINHA KOeilieHT PiIbTpa.

Ha mouaTtky nocnmipkeHHs cepellHsl MIBHAKICTb BHU3HAYA€THCS HAmpy-
TOI0

U=0. (12)

HynpoBi1 Takok € ycCl CHTHaIM BIAKIMKY, TPEICTaBIICHI TUCKPETHUM

Ha0OpOM, 3aJICKHUM BI1JT IHIEKCY I
u,=0,iel0,N-1]. (13)
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dopMy€eThCsl IyMONOIIOHNI CUTHAT 13 HOPMAJIBHUM 3aKOHOM PO3IIO-
JUTy aMIUTITYyAd 1 HyJTbOBUM MaTe€MaTUYHUM CIIOAIBaHHSIM
s, €[-11]. (14)

st iboro curnany BuzHauaetbess CKB

1 N-1
RMS = |—>"s7 . (15)
N3

KoedimienT kopekiii BUMaIKOBOIO CUTHANy IIYKA€ThCS 13 MipKyBaH-
HS, 110

_U,-U
k, -RMS’

ne U, — MakcuMalibHe 3Hau€HHsI HaIllPyT'H, sKa IPONOpLiiHa MaKCUMAaJIbHIN

(16)

IIBUJIKOCTI MTEPEMIIIIEHHS CTPYHH.
[Ticnst bOTO MIYKA€ETHCS 30y IKYIOUUNA CUTHAT CTPYMY 32 (hOPMYJIOIO

i :Kn-si-i-ﬁ. (17)
kZ

CtpyMm momaeTbes Ha JOCTIIKYBaHY JaHKY 13 iMriegancom Z. IIpoxo-
I519d uepe3 Hel popMyeThes craj HanpyTu u, (l), KU TUCKPETU3YETHCS Y

HabIp u,,.

BHKOpPUCTOBYIOUH IIi JUCKPETHI 3HAYCHHS MIYKAEMO CIICKTP CUTHATY
BIJIKITUKY
N-1

U, =— u, e 18
5 =5y 2l (18)

VYci cKIIamoBi CHEKTPY 3aJICKHO BiJl BiJIAIGHOCTI 0 JOCTIHKYBaHOL
YaCTOTH JAIOTh CBi BHECOK y KOJHMBaHHS. BiIKIuK MOB’s3aHMA 13 3pOCTaH-
HSIM IIBHUJIKOCTI MEPEMIIIEHHS CTPYHH Ha Pi3HUX YacTtoTaxX. CHeKTp mpu il
ITYMOTIOIIOHOTO CUTHANY 30ypEeHHS Ma€e BUMAAKOBUM BUTIsA. s momans-
101 0OpOOKHU CIEKTP BIAKIUKY YCEPETHIOETHCS PE30HAHCHOK XapaKTepUC-
TUKOIO BUTY

k
27-j—n
J N

2
@

K(“’)zm.w,+j-é.(w2—wf)’ (19)

ne O — NOOpOTHICTh yCepeTHEHHS.

YcepeaHeHHs MPOBOAUTHCS 32 TOTIOMOTO0 HACTYITHOT (hOopMyIIH

o n’ N

UAZn= rar UZk'k-n+j-Q-(k2—n2)’ne[o’?_l] (20)

JInst KOXKHOT 13 CHEKTPAIbHUX CKJIAJOBHUX IIYKAETHCS JUCIEPCIs 3HA-

YeHb B Yaci, OTpUMaHa BHACIIIOK HAKOIIMUCHHS PE3yJIbTaTIB MOMEePEIHBOTO
miaoopy, 3a GopMyIIOI0
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1 M-1p
DU, = \/WZ[UH—UM]Z, (21)

q=0

ne U, — cepeiHe 3HAYEHHS CHEKTPAJIbHOI CKJIAZOBOI A1 M MOCIIIOBHO
MIPOBEECHUX LUKIIB 30y/keHHs, U, — aMILTITy1a CTIIEKTPAIbHOI CKJIa/I0-

BO1 q -TOro MUKITY 36yﬂ}KeHHﬂ.
33 3Haﬁj:[eHHM CHeKTpOM JJIA KOKHOT i3 CHeKTpaJIBHI/IX CKJIaI0BUX
I_HyKaeTBCH CepeI[H€ 3HAYCHHA aMHHiTyI[I/I
UOZn,q = (1 - a). UAZn ta- UOZn,q—l H (22)

1€ — KOe(illi€HT yCepeJHEeHHs, IKUi BU3HAYa€ 4ac HApOCTAHHS aMILTITYAH
KOJIMBaHHSI.

Jani mykaerscsi 3BOpoTHE mnepeTBopeHHs PDyp’e 13 BUKOPUCTAHHAM
OTPUMAHOIO CIEKTPY

1 N-1 2z j~£n
un:ﬁk:OUOZk-e N (23)
Yacosa opma cTpyMy 30ypeHHsI BU3Ha4a€eThCs 3a (popMyIioro
_ N-1
=L L T (24)
k, \ N4

30ypeHHs Isl KOHKPETHOT YaCTOTH 3aKIHUYETHCS 32 YMOBH BUKOHAHHS
OJIHIET 13 YMOB:
- IUCTIEpCis Ha JIaHIM YacTOTI1 IOCATIIa MIHIMyMY ;
- IPOUIIIa MAaKCUMaJIbHA KUTBKICTh ITHKITIB;
- cepeHe 3HAYSHHS aMILTITy I MIEPEBHIIY€E 3aaH1 MEXI.
3a iHIIUX YMOB JIOCIIDKEHHS MTOBTOPIOIOTH B Mexax (14)-(24).
Pe3yabTaTu gocaigxenHsi. s mociimkeHHss poOOTH OMUCAHOTO Me-
TOJly Mi0Opy cUrHaITy 30ypeHHs OyJIO MPOBEICHO YHUCIOBHIA EKCIIEPUMEHT B
X011 IKOTO OyJ10 miAi0paHo BiAMOBIAHI TapaMETPH.
MakcumainbHe 3HaueHHs Harpyru Oyio npuitaato U, =2.

IMnenanc Ha BUOpaHiit 4acToTi npuitHiaTo Z =1.

KoeditieHT cniBBiAHOMEHHS CUIHM 1 BUAKOCTI k, =0.7 .

Koedimient ycepeanenns a =0.993.

Pe3ynbpTaTi 4MCIOBOrO €KCIIEPUMEHTY HABEACHO Ha PHC. 2.

BukopucroBytoun po3po0ieHuit MmeToa Oyio mpoBeaeHo 30ypeHHs KO-
JUBaHb CTPYHU B Mar"iTHOMY MoJjii. BiiacHi 9acToTH CTpYHH AOCIIHKYBaJIH-
cs B Mexkax a0 10 kI'u. Tomy wacrota nuckperusarii Bubpana 22 kl'm. O6-
poOka 3milicHroBanacs kaapamu mo N=2000.

CTpyKTypHY CXeMy HPUCTPOIO I minoopy popmu curnainy 30ypeHHS
CTPYHHM HaBe[eHO Ha puc. 3. BumipioBaHHS HampyTH, MPOMOPLIHHOI 10
HIBUJIKOCTI MEPEMILICHHsI CTPYHH 1 CTpyMy 30ypeHHs, 3/iiiCHIOBajOCs aHa-
noro-dposumu neperpoproBadamu ADC1 1 ADC2.
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a) 3QJICKHICTH HAIIPYTH, TIPOMOPITIHHOT 10 MIBUAKOCTI IMEPEMIIIICHHS CTPYHH,
0) pe3yabpTaT IPOMIKHOTO BH3HAUYEHHS IMIIEIaHCY,
B) IUCIIEPCisl aMIUTITY AU BiAKITUKY
Puc. 2. Pe3ynbraTti 4nciIoBOroO €KCIIEPUMEHTY 3 MiA00py CUTHATY 30Y-
PEHHS OJIHIET 3 TApMOHIK

DACI1

AD
5 [] Cl1
Uy
|
i, ti
ADC2
>U
i, i

L

Puc. 3. CtpyktypHa cxema MpUCTPOIO JiIsl 30ypeHHS KOJMBaHb CTPYHHU
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Curnan 30ypeHHs 110/1aBaBCsl Ha MEPETBOPIOBaY HapyTa-CTPyM 13 BH-
xony 1udpo-anamoroBoro neperoproBaua DACI. IllymononiOHuii curnan
(GopmyBaBcs (PI3MIHAM JHKEPENIOM LIyMy [ ;;, AMILITY/y SKOIO KOHTPOJIIO-

Bajia Hampyra i3 Buxony DAC2.

Pe3ynbratu 3pocTaHHs IMIBUIKOCTI KOJWBAaHHS CTPYHHU BHACIIIOK Tif-
0opy nmapameTpiB 30yXKYIOUOT0 CUTHATY HaBEJCHO Ha puc. 4.

I3 HaBenmeHnoro rpadiky BHIHO, 110 HA MOYATKYy 30ypEeHHS BHUIIQIKOBHIA
curHasi (opMyBaB BHIIQAKOBY (pOpMy IIBHIKOCTI CTPYHH, IIOKH HE
3’ siButMcs: Moau. Tlicis woro curHan 30ypeHHs OyJ10 YTPUMaHO MOKH IIBH/I-
KICTh HE 3pOocia IO yCTAIEHOTO 3HAYECHHSI.

u(t)

Puc. 4. Pesynbratn 30ypeHHS KOJIUBaHHS CTPYHHU

BucnoBok. Po3po6iieHO MeToA AOCHTIIKEHHS BIACHUX KOJMBAaHb Me-
XaHIYHOI CHCTEMH Ha MPUKJIaJli HATATHYTOI METaJeBOi CTPYHM HIISXOM IIO-
CTYTNOBOT'O HaNAIITyBaHHS Koe(DImieHTIB (QuIbTpa, SIKUH 3 BHUKOPHUCTAHHIM
IIyMOTIO/IIOHOTO CUTHAITY (hOpMy€e CHEKTp 30ypIOI0Yoro CHUTrHaY, IO Aalio
MOXIMBICTh MIATPUMYBATH MOJM CTPYHH TPUBAIWN 4Yac 1 301IBIIMTH TOY-
HICTh BUMIPIOBaHHS iX CKJIQJIOBUX.

3anporoHOBAHO MOCTIAOBHICTh OOYHMCIICHD I HAJIAITYBAaHHS CHUTHA-
Ty 30ypeHHs 1 BBeIEHO KpHUTEpil 3aKiHUEHHS MpOLeCy HalamTyBaHHA. Po3-
poOJIeHN METOJ JOCIIKEHHS MePEBIPEHO 3a JIOMOMOTOI0 YHCJIOBOTO €KC-
MEPUMEHTY 1 3 BUKOPUCTAHHSAM JIaOOPATOPHUX AOCHIHKEHb NpU 30ypeHH1
METAJIEBO1 HATATHYTOI CTPYHHU.
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THE EXCITATION OF WAVES IN MECHANICAL OSCILLATION
SYSTEMS FOR DISCOVER THEIR PROPERTIES USING
THE SPECTRAL IMPEDANCE

Yu. Yo. Streletsky', R. B. Dunets?
'Ivano-Frankivsk National Technical University of Oil and Gas;
76019, Ivano-Frankivsk, Carpathian str., 15;
e-mail: momental@ukr.net,

’National Lviv Polytechnic University; 79013, Lviv, Bandera str., 28;
e-mail: roman.b.dunets@Ipnu.ua

The method of research of mechanical vibrational systems with
distributed parameters according to their spectral impedance, which is
sought by the ratio of the signals of the force of force to the speed of
displacement, is proposed. Are developed the method of adaptive adjustment
of the signal of excitation force using a random noise signal, by analyzing
the system's response to this excitation and increasing its influence.

A numerical and full-scale experiment was conducted to excite
mechanical vibrations on an example of a stretched metal string.

Key words: spectral impedance, Ampere’s force, mechanical mods,
random noise signal, stretched string.
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