CTBOPEHHSI, TEXHIYHE OBC/TYTOBYBAHHSA, PEMOHT TA HAZTHHICTb MAIIHH

YIK 631.01:534.1

OHOIHKA MAPAMETPUYHOI'O KOJINBAJIBHOT O
NPOIECY 3 EHEPTETUYHOI TOYKH 30PY

O.M. Yepuuu, KaHI.TEXH.HAYK
Hayionanenuil ynisepcumem diopecypcis i npupodokopucnyeanis
Vipainu

Teopemuuno po32aanymi yMoau IMIHU MEXAHIYHOT eHepail npu 8UHaAYeHHT xXa-
pPakmepucmur RApAMempUyHUX KOIUEdHb.

Kurwouoesi cnosa: mexaniyna cucmemd, KOTUSATbHUL HPOYEC, 3IMIHA MEXAHIYHOT
eHepeil, napamempuiHi KOIUedHHA.

IIpo6aema. Xapakrep i 0cobIUBOCTI KONHBaABHUX MPOLECIB Yy Cllb-
CBKOTOCIIOJAPCHEKOMY BHPOOHMITBI CYTTEBO BILUIMBAIOTH HA IMPOAYKTHB-
HICTB, JOBTOBIYHICTE | HAaAiIHHICTE 00NaiHAaHHA, @ TAKOXK AKICTh MepepoOKH
npoaykuii [3-5]. Tomy nocaimkeHHs 1 po3paxyHKH NapaMeTpiB KOIUBAIL-
HHX [POLECIB € HEBIL EMHOIO YaCTHHOIO AUHAMIYHUX PO3PaXyHKIB.

Ha cporoguinrniil 1eHb MEXaHIYHUM KOJTHBAHHAM 1 IX MIPaKTHYHOMY 3a-
CTOCYBAHHIO MPHCBAYEHO 0arato HayKOBUX JOCHIIKeHE 1 nmybmikamiii [1-4,
6, 7]. Ane npobnema BHOOpPY METOAMKH JOCHIIKEHL Ta PO3pPaxyHKIB MpH
pO3B’A3aHHI HAYKOBUX 1 TEXHIYHHUX 3a7a4 3aJIHIIACTLCS aKTyalbHOIO.

Tomy mocmijkeHHS | aHali3 3MIHM MeXaHIYHOT eHeprii B KONUBaIbHUX
nporecax MeXaHIYHHX CHCTEM JOMOMOXKE He TUIBKH YCBIIOMUTH X (i3ny-
HY CYTHICTb, ajle 1 JaCTh MOK/IMBICTB iX MPOTHO3YBaHHS Ta PO3PaXyHKY.

Amnaji3z ocTaHHix gocaigkens Ta nmydiaikanii. Sk Bimomo, napame-
TPHYHI KOMHBAHHSA BHHHUKAIOTh y MEXAHIYHUX CHCTEMax, A0 AKMX MiABO-
IUTLCSA €HEPris BiJ 30BHIMIHBOTO [pKepelna, a mapaMeTpH CHCTeMH (3Kop-
CTKICTb, Maca, MOMEHT iHepLii) 3a7aHUM UMHOM MepIOAHYHO 3MIHIOIOTLCA
y daci. SIkmo craH BiIHOCHOTO CHIOKOI0 MapaMeTpHYHOI cHcTeMH Oyae
AKMM-HeOy/lb YHHOM MOPYIIEHO, TO BUHHKHYThH KOJIMBAHHS, IPHYOMY 3a-
JEKHO BiJ TOEJAHAHHS MapaMeTpiB CHCTEMH BKa3zaHi KOJMBAHHA MOXKYTb
OyTH sk 0OMekeHMMH, Tak 1 HeoOMEKEHO 3pOCTalOUMMHU B Haci. Y ocTaH-
HbOMY BHUMAJIKY TOBOPATEH [P0 MapaMeTpPHUHHI Pe30HAHC CHCTEMH.

Merta gocaimkenns. 301nblIeHHs HaAIHHOCTI Ta JOBrOBIYHOCTI Ciflb-
CBKOTOCMIOAPCHKHIX MAIIHH.

© O.M. Yepnuu.
Mexanizauis ta enexrpudikamis cinbebkoro rocnogapersa. Bum. 97. 2013,

344



MEXAHIZALLA TA ETEKTPHOIKALL CLILCRKOT0 TOCIIOJAPCTBA. BHITYCK 97,

Meroaun pocaigpenns. BUKkopucTaHi METOAH TEOPETHUHOI MEXaHIKH
Ta Teopii KONUBAHD.

PesyapraTtn gochaigkenn. [ns oTpuManHg eHEepreTHUHUX CHIBBIIHO-
HMIEHb Y NapaMeTPUYHOMY KOJHBAJIBHOMY IIPOIECI CIOYATKY PO3MISHEMO
eIeMEHTapHe PIBHSHHS TapMOHINHHOIO KOJHBAJILHOIO PYXY, KOJIH y3araib-
HeHa KoopauHaTa ¢ i1l moxXiJHa 3MIHIOIOTLCS MPOMOPLIHHO CUHYCY 13 ap-
TYMEHTOM, 110 JTIHIHHO 3alIeKUTh BiJ Hacy:

g=A-sin(et+a), (D

ae A —amnaiTyaa; @— konosa abo HUKIIIYHA YaCTOTa; ¢ — NovyaTkoBa dasza
KOJIMBAaHb.

[Ipu upomy ammuityny A4 Oyaemo BBaKaTH MOBUILHO MIHIHBOIO (YHK-
i€ y NPHIYIIEHHI, IO 3a OJHWH NEepioJ KOIHUBaHbL Jr”:—zi BOHA Majo

o]

3MIHIOETBCS Y TIOPIBHAHHI 3 11 cepelHiM 3HaueHHAM. Take NpUNYLIEHHS B
MeXKax Mepiozly KOJUBaHb A€ MOKIHBICTh BBAKaTH aMILTITYy CTalIO0 Be-
NUYHHOI0, 110 JAOPIBHIOE T cepeiHbOMY 3Ha4YeHHIO. BBaxkaTuMeMo Takoik,
110 3MiHA aMILTITyAH KOoJduBaHb Oyae BiaOyBaTHCh JHIIE IPU MEePexol Big
OJHOIrO Mepioay KOMUBaHb A0 HACTYMHOTO.

Hani Bu3HauuMo 3MiHy Mexaniunol eneprii AE rapMoHIHHHX KOTHBAaHb
3a Biapizok vacy Af, 1o gopisuioe nepioay T :

AE=E(t,)-E(1,), (#3)
Ae-Ai =t~ =T.
Jns uporo cknagemo audepennianbie piBHAHHS Y BUIISAL
mg+cq=0(4.1), 3)

Ae m, ¢ — BIANOBIAHO IHEPHIHHUH 1 KBa3inpyskHUIl Koedinientu; O — Be-
JIMYHHA HEKOHCEPBAaTHBHOI y3araabHEeHOT CHIIH.

[Tomuoxumo niBy i npasy yactuny piBuauus (3) wa gdt [5] 1 oTpuma-
€MO:

dE = Qg ()

Toai 3mina mexaniunoi eneprii AE rapMoHIHHHUX KOIHBAaHB 32 Hepiol
T Gyne 1OpiBHIOBATH:

AE = [Qqgdt, (5)
ne Qgdt =0dq .
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Bupa3s (5) nokasye, 1o BeIW4YuHA 3MIHH MeXaHIYHOI eHeprii AE mpH
rapMOHIHHOMY KOTUBalLHOMY ITpoleci 3a nepion 7' nopiBHIOE poOoTi He-
KOHCEPBATHBHUX y3araJbHEHHX CHIL

Tobro, npu noxaruiit 3MiHI MexaHiuHoOT eHeprii AE rapMmoHiiiHoro xo-
nuBaneHoro npouecy (npu AE > 0) ammuiiTyaa konusBaHb Oyae 3poctat (
AA > 0), npu Bix eMHii 3MiHI MexaHiunoi eneprii AE (npu AE <0) amn-
maiTyaa konuBaHb Oyae 3MmeHmyBaTtuch (A4 <0), a mpu BIACYTHOCTI 3MIHH
(mpu AE =0) aMmiTyaa 3aJIUIUTECS NOCTIHHOW (A4 =0).

ITpu uboMy BBaXKaemo, 110 Yy 3arajllbHOMY BHIAJAKY 3a Mepiof KOTHBaHb
T Benuuuna 3MiHH MexaHI4HOI eHeprii AE Moxe MaTH 1Bl CKIIaJ0Bi

AE =AE, +AE_. (6)

Inpgekc 31 3HakoM Minyc napamerpa AE o3Haudae, 10 eHepris Bi KOIH-
BATLHOT CHCTEMH BiZOHpaeThCs, a 31 3HAKOM IUTIOC — 110 €HEpris 10 CHCTe-
MH JIOJIA€ThCA.

Tak, nanpuknaf, B iiealbHOMY BHUIAJAKY BUIBHMX FapMOHIMHHX KOIH-
BaHb MeXaHiuHOT cucTeMu 0e3 omopy BeNHYMHA y3aralbHEHOI CHJIHM Bif-
cytas (Q =0) 1 3riguo (5) 3mina 1i eneprii Bigcytus: AE =0, a ammityaa
KOJIUBaHb Oyne cTanoio BenuuuHoto ( A = const ). Y Bumajky aii Ha BiNlbHI
TapMOHIMHI KONHBAaHHA CHIIH OMOPY BEIHYMHA 3MIHHM MEXaHI4YHOI eHeprii
AE Oyne Bi1’€MHOIO, @ KOTUBaHHS OyayTh 3racanbHuUMU (A4 <0).

ITpoananizyemo Temep 3 MO3HIIHM 3MiHM MeXaHIuHOI eHeprii mapame-
TPHUYHY KOTHUBAIBLHY CUCTEMY 31 SMIHHOIO JKOPCTKICTIO c(t) npu Ail Ha Hel
CHIIH OTIOPY.

Hexait xopcTkicTh gaHoi MexaHiqHOI CHCTEMH 3MIHIOETLCS 33 TapMo-
HIHHUM 3aKOHOM

c:co(l—gsinﬂz), (7)

Ie ¢, — 104aTKOBa ’OPCTKICTh MeXaHIUHOI CHCTeMH; £ — BellMYKHA INu-
Ounu nynecanii; {2 — yacToTa HapaMeTpUUHOro 30yIKeHHS.

ITpu ubomy 3aKOH 3MIHHM CHIH ONOPY B JAHOMY KOIHBAILHOMY MpOLEci
OyzeMo BBaxaTH JTIHIHHUM:

Q=-bq, (8)

ne b — koedillieHT IPONOPUIHHOCTI CHIH OMOPY.
Toai nudepenuianbie piBHAHHS, IO OMHCYE AaHY MNapaMeTPUUHY KOIH-
BaILHY CHCTEMY Ma€ BUIIISN:

mg+bg+c,(1-&sinQt)g =0, 9)
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[Tepenecemo y npaBy 4yacTHHY piBHSAHHA (9) HEKOHCEPBaTHBHI CHJIH 1
OTPHUMAEMO!

mg+c,q =c,eqsin €t —bq , (10)

VY axocTi HaOMUKEHOro Po3B’sA3KY OCTAHHBLOTO PIBHAHHA OyaeMoO BBa-
JKATH TapMOHIHHI KOJTHBAHHS BUIY

q=A-sin(k,t+a), (11)
le .
ne k,=,|—> — cepeaHs 4acTOTA BUIbHUX (BIACHUX) KOJIUBAHb CHCTEMH.
m
I3 Bupasy (5) MokHA OTpUMaTH HACTYNHE 3HAUEHHs 3MIiHM MeXaHiuHOI

eHeprii, o NiABOJUTLCA 0 KOMHBAaIbHOI NapaMeTPUIHOT CHCTEMH 34 IIe-
piox T :

T
AE, :coa_[gcjsinﬂrdf, (12)
i}
abo 13 BpaxypauuaMm (11):
T
AE, =c k,eA® jsin Qi sin(k,t + @)dt , (13)
27 g
ne T =— — nepiof KONUBaHL MapaMeTPUIHOT CHCTEMH.

0
Binnopigno BenuuuHa 3MIHH MeXaHIYHOI eHeprii, M0 BIABOAUTLCS BiA
KOJIMBAJILHOT MapaMeTPUYHOI CHCTEMH 3a el mepiojl BU3HAYAEThCS SAK!

T
AE:—quszO, (14)
0

ado srigHo [5].
AE_ =0,5pcA’, (15)

ae y — koedilieHT po3ciloBaHHS.
Y Bunmagky napaMeTpHYHOTO PEe30HAHCY MEXaHIYHOI CHCTeMH IIpH
Q =2k, B pesynbrati inTerpyeanus (13) orpumaemo:

AE, =0,5¢c,64 cos2a . (16)

Tobto MakcuMyMy miaBeseHoOi MeXaHIuHOT eHeprii 10 napaMeTpUUHOl
CHUCTEMH BiAmoBijgae 3cys dasn a =0.
Takum uuHOM 13 BpaxypaHHsaM Bupasis (15) i (16) 3mina MexaHidHOI
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eneprii AE xonuBajJbHOI MapaMeTPUYHOI CUCTEMH B YMOBAaX pe30HaHCY
BHU3HAYAETHCS SIK

2 2
AE=AE —-AE =0,5¢,64™ —0,5pc,A". (17)
YMOBI 3aTyxaHHS KOIMBAaHb BiANOBiAae HepiBHicTE AE <0, konu rin-
Omma mynbcanii & MeHIIA HIkK I KPUTHYHE SHAYCHHA &,

g<e, =L (18)

/4

Hepisuicts (18) 3abesneuye auHAMIYHY CTIMKICTL CHCTEMH 1 mapame-
TpUUYHHH pe3oHanc Oyne nogasnenuit (A4 — 0).

Bucnosku. Beranosneno, mo HaBiTh OpH YMOBI £ << 1, He 3BajKao4u
Ha piBHAHHS (9), mapaMeTpuYHuM 30YUKEeHHSM HEXTyBaTH He Bapro. Sk
BHJIHO 3 HepiBHOCTI (18), y HbOMYy BUNAJAKY BEITHUUHY IMTHOMHHU MyNbcamii
£ Tpeba MOpiBHIOBATH HE 3 OJUHHIIEIO, a 3 HOr0 KPUTHUYHHUM 3HAYEHHAM
&,y » IKE TAKOK, SIK MPABUIIO, CYTTEBO MEHILE 33 OTHHULIO.

Y HaBeAeHOMY BUNAJAKY PO3TIAHYTO JHIIE OJWH 3 HAHMPOCTIMIMX BH-
JiB MapaMeTpPUYHUX KOJIHBAHB 31 3MIHHOIO 32 TAPMOHIMHHUM 3aKOHOM KOP-
CTKICTIO r:(f) npu Aii AiHiHHOT cunH onopy. Ajle pO3TIAHYTHI aHAT3 3Mi-
HH MEXaHIuHOI eHeprii TaKoro KOJIMBAILHOTO MPOLECY Aa€ MOXKINBICTH
posrnaaaTy # iumi, O11bII CKIaAHI, KOTHBAIbHI IPOLECH Ta BUSHAUUTH IX
ONTUMAaNBHI PEKUMH.
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OHEHKA INIAPAMETPHYECKOI'O KOJIEBATEJIBHOI'O IPOUECCA
C DHEPTETHYECKOM TOYKH 3PEHUS

TGO})E?RH‘IGCK!{ PAccMOmpPenbl YCI06UA USMEHEH A MexaHuueckoll IHep2uu npu
OH]}E(}EJ‘I(’.HI{H Xapakmepucmur napaMempuiecrkux Kxonebarnu.

Knrwouegnte croea: mexanuveckas cucmema, KxonebamenbHblll npouecc, UiMeHe-
Hle MeXaHu4ecKkoll IHeP2UY, RAPAMEeMPUHECKUE KOoneOaHUA.

ESTIMATE OF THE PARAMETRIC VIBRATIONAL PROCESS FROM
THE POINT OF VIEW OF ENERGY

Requirements of change of a mechanical energy are theoretically viewed at
definition of performances of parametric oscillations.

Key words: mechanical system, the oscillatory process, the change of the me-
chanical energy, parametric oscillation.
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