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NMPO KOJINBAHHA, AKI
Onucye Y3ATrAJliIbHEHE
OAWOEPEHUIAJIBHE PIBHAHHA
PENEA

B cmammi po3ansiHymo pyx KonuearnbHOi cucmemu 3
O0HUM  cmyreHeM  8ilbHOCMI,  onucaHull  y3az2allbHeHUM
ougbepeHuianibHUM PiBHSIHHSIM Peresi. Y3azarnbHeHHs1 00Csi2Hymo
3aMiHot KybidHOo20 000aHKy, W0 supaxkae oucunamusHy cury 8
pigHSIHHI pyxy, Ha cmerneHesuli 0o0aHoK 3 0o8inbHUM 0odamHim
rokasHUKkoMm. [Jo AocnidxeHHs1 KonueasnbHOo20 rpouecy 3asy4eHo

memod eHepzemu4yHo20 6anaHcy. Kopucmyruducb — HUM,
cknadeHo HabnuxeHe dugbepeHujanbHe PiBHSHHA  068iIOHOI
epaghika  KonueanbHoO20 npouecy | nobydosaHo  lio2o

aHanimu4Huli po38’s30K, 3 SKO20 BUunIueae, WO KeasiniHilHi
PUKUIlHI a8MOKonu8aHHs MOXuei nuwe modi, Ko/u rnoKkasHUK
cmeneHs 6inbwutli 0OUHUU. Bi0 3Ha4YeHHSI noka3HuKa 3anexums i
3Ha4YeHHs amrnimyOu aemoKo/IU8aHb 8 YCManeHOMY PeXUMI.
BusedeHo KomrniakmHy ¢hopmynly Ons obyucrieHHsT  uiel
amnnimyou. B 3aezanbHomy eunadKy 0OOYUCIEHHSI 08’si3aHe 3
suUKopucmaHHaM mabnuui  eama-byHkuii. Y eunadky, Kosu
roka3HUuKk cmyrneHs1 OOpIiBHIOE mpboM amnnimyda eusieunach
makor, SK i 8 acuMrnmomu4YHOMY PO38’A3Ky pieHsHHS Pernes,
sakuli nobydysase Cmokep. Amnnimyda He 3anexums 8i0
rno4yamekosux ymos. A8MOKOIUBaHHST HEMOXXIIUEI, SIKUO MOKa3HUK
cmerneHs1 MeHwuli abo dopieHroe 0duHuyi, 60, 8 3anexHocmi gid
rnoyamkoeoz2o  eidxuneHHss cucmemu, e8idbysaembcs  abo
po3zolidyeaHHs1 KonueaHbk (npoxodums empama cmitikocmi) abo
crnadaHHs1 po3maxie 00 Hyrsi 3 06MEXEHOI0 KifbKiCmio YuKnis, Wo
3asguyall  criocmepieaembCs  MPU  BINbHUX  KOJIUBAHHSIX
ocyunssmopa 3 cyxum mepmsm. Lli enacmusocmi KonuearbHOI
cucmemu nidmeepOXeHO mMaKOX 4UCe/bHUM KOMIMTIomepHUM
iHmeepygaHHsiIM  OugbepeHuianbHO20  PiBHSIHHSI  pyxy  Ons
KOHKpemHux exiOHux OaHux. Y cepedosuuwii Maple rnobydosaHo
mpaekmopii pyxy ocuyusssmopa rnpu pidHUX 3Ha4YeHHSIX rnokasHuKa
HeniHitiHocmi 6 eupasi cunu 8’s3k020 0ropy ma nposedeHo
8i0r1oGIOHUL  MOPiBHSANIbHUL  aHani3, 4um  ridmeepoxeHo
adekeamHicmb HabUXeHUX aHanimu4YHUX po3e’sa3Kis.

Knro4oei cJiosea: KeasiniHitHi aBMmOoKOJIUBaHHS,
y3azarnbHeHe pieHsIHHS Pernes, Memod eHepeemu4Ho20 barnaHcy,
yucersbHe iHmezpyeaHHs 3adauyi Kowi.

Bcmyn. ABTOKOMMBaHHSA LUe MOLWMPEHUI O2n110 nimepamypHux  Oxepen i
BapiaHT UMKNIYHOI 3MiHM Yy 4Yaci napaMeTpiB pyxy MocmaHoeka npobsemu. ABTOKONMBAHHS €
Pi3HUX CUCTEM, CMPUYUHEHUIA HEKONMMBAmNbHUM  PI3HOBUAOM  HENHIMHWX  KOonmMBaHb. ToMmy B
oxepenom eHeprii. 3 HAMW MalOTb CcnpaBy B  HEMiHIMHIA AuHaMmiui, sK nNpaBuno, npuainawTb
aKycTuui, enekTpo- | pagioTexHiui, MexaHili, aBTOKOMMBaHHSM HanexHy yBary. Le
MeTanoobpobui, CiNbCbKOrocnoapcbKoOMy  CroCcTepiraeTbCHa Ha NpoTAsi TpuBanoro vacy [1, 2,
BMpoOHMUTBI, Towo. OTxe, Baxnmeo 3Hatm 3, 4, 5, 6]. Kpim TOro, aBTOKONMBAHHSAM
3aKOHOMIPHOCTI aBTOKONWBaHb, B MOAENOBaHHI  NPUCBSAYEHi okpeMi BuaaHHA [7, 8, 9] Ta iH. B
SAKUX BaXXNUBY POrib Bigirpae piBHAHHA Pernes. OCTaHHi poku po3pobneHy Teopito

BUKOPUCTOBYIOTb  ANsi  PO3B'SI3aHHA  Pi3HMX
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iHXeHepHux 3agay. Tak BuknageHun B [5]
HaMNpPOCTILIMIA BapiaHT Teopii, Konn NpUAMaeTbLCA
MUTTEBA 3MiHa 3HA4YeHHs koedilieHTa TepTs, Oyno
BUKOPUCTaAHO B [10], npu  OOCHIOKEHHI
aBTOKOMMBaHb CKpebKoBoro koHeeepa. NMoganbLue
y3arasibHeHHs Usi Teopis ogepana B nybnikauisx

[11, 12]. Bigoma Teopis KBasiniHinHnX
aBTOKOJSIMBaHb, BUKNageHa B [5], Oyna
3actocoBaHa B [13] ana aHanisy pobotu

BibpaLiiHOT po3nyLlyBanebHOT nanu KynbTueaTopa.
Ha BigmiHy Big BkasaHux nybnikauin, TyT
po3rNagaemMo KOMMBaNbHUMA pyX, SKAUA OMNUCYE
y3aranbHeHe AudepeHuianbHe piBHSAHHA Penes.

KnacnyHe piBHsSIHHS Penesa mano  kyGivHy
HeniHiMHICTL Yy BWMpasi gucunatmBHol cunm i
Bidirpano BaXnMBy poflb B MOAENOBaHHI

aBTOKOSIMBAHb Yy €neKTpo- i pagioTexHidi [4, 14].
TyT po3rnsgaemMo 1oro Ginbll 3aranbHUA BapiaHT,
WO Mae CTeneHeBYy HENiHiIMHICTL 3 poAdaTHIM
NMOKa3HUKOM CTeMNeHs.

Memoro  pobomu OOCTIiIXKEHHS
MOXTNBOCTI BUKOPUCTaHHSA y3aranbHeHoro
PiBHAHHA Penes ons mogentoBaHHS KBa3iNiHIMHMX
aBTOKOMVBaHb Ta aHanis ocobnusocTen
OMUCAHOIO HUM PYyXY.

3acobomM [OCArHEHHS MOCTaBIIEHOI METK
Oepemo MeToA eHepreTudHoro GanaHcy, SKWN
cuctemaTtnyHo BukopucTtoByBanu B [11, 12]. Onsa
nepesipku [OCTOBIPHOCTI HabNMKEeHNX
po3paxyHKoBUX OpMyn MNpOBOAMMO [OOAATKOBO
yncenbHe KoMM'toTepHe iHTerpyBaHHs

€

b+ (al —b)e(1t v

a, = a, exp %t)

a(t)

w=~c/m; b:ﬁ; A =
a, = a(O)— noyaTKoBE BiOXUITEHHSA CUCTEMMU Bifg,

NOSTIOXXEHHS piBHOBAru; F(z)— rama yHkuis.

1. PosrnaHemMo KonuBanbHUN pyX, KWK
onucytoTe Bupasn (2), (3) npu v>1. Y ubomy
BUNaaKy:

lim ™" =0 2 —lima

t—ow t—o

(t):bﬁ,

1
HesanexHo Bif a,. Akwo a,>b™v =a., To

BMKOHYETBCA HEPIBHICTb a(t)> a.. Mpn a, <a.
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OundepeHLiansHOro piBHAHHA  pyxy i
pesynbTaTty y BUrnsagi ocumnorpam.
BuknadeHHs1 OCHOBHO20 Mamepiany.
byoemo BUKOPUCTOBYBATU TEPMIHOMOrito
MeXxaHiku, siKky, npy noTpebi, MoXHa 3aMiHUTU Ha
enekTpoTexHiyHy [4]. [llepemiweHHa cuctemu

X(t), Ak dyHkuio  uyacy i,
ondepeHuianbHUM PIBHAHHAM:

nogaemo

onucyemo

mx—kXx+k,[X sign(X)+cx=0, ()

B AKOMy m- Mmaca ocuunsTopa; k; >0,k, >0—

KoediuieHTn onopy; v>0— NOKa3HMK
HeniHinHocTi; C — KoediuieHT NPYXHOCTI; Kpanka
Haf X 03Hauae noxiaHy 3a yacom 1t .

Mpu v=3 piBHAHHA (1) nepexoguTb Yy
BigoMme piBHAHHA Penes [4, 14].

B poboti [15] posrnsiHyTO
KOMNMBaHHSA ocumnAaTopa,
andepeHuianbHUM PIBHAHHAM:

MR + kX + K, [X| sign (X)+cx=0.
nepeqg k,
BiApi3HseTbCa Big (1). Tomy gani ckopuctaemocst

pesynbtatammn pobotm [15]. Y BignosigHoCTi Ao
Hel, Tenep:

BiflbHi
onucadHi

BoHo niwe 3HaKoOM

3

x(t)~ a(t)cos(wt); )
: vzl
npu
v=1
V+2 1
w1512

Mae Micle a(t)< a.. Omke, B 3anexHocCTi Big
CniBBiAHOLIEHHSI MiX a; | a., PO3Maxu KOnMBaHb

acUMMTOTMYHOrO MPsIMYIOTb 3BEpXy abo 3HWM3Y [0
3HaYeHHs1 aMnniTyan ycTaneHoro Uukny g,, ska

F(v+2j
ZCD

noaaeTbcs oPMYIoto:

1
1-v

v-1
a|okee " \ 2 (4)
.z r[v+3j
2
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1“[5):3\/;; F(3)=2 i 2. =2 M, TO6TO A
2 2

c

Axno v=3; @w=1c7*; ; TO

2

wlk
=

2

Take $K B acMMMNTOTMYHOMY pO3B’A3Ky B [14].
Taknm YMHOM, Npu v >1 PiBHAHHSA (1) | BUpa3un (2) i
(3) onucyloTb KBa3iniHiNHI  aBTOKONMBAHHS, LO
MaloTb B YCTaneHoOMy pexumi amnnitygy a,, Ska
He 3aneXxuTb Bif a,-

PosrnaHemo npuknag. [na npoBeaeHHs

po3paxyHkiB npuimMaemo: m = 1kr;
k, =10 He/m; k, = 0,8 Hc?/m?; v=2;
c=3600H/mM. Ona umx paHux: w=060 c*;

A T T
2 : g 0 1 tc
0.01
0,024

AREE

Puc. 1. lN'padik aBTOKONMBaHbL NpU

LLlo6 opepxaTn iHdopmaLito Npo Noxubkn
dopmynun (3) B Tabn. 1 i Tabn. 2 HaBegeHo
3Ha4YeHHS MakCUMYMIB BiOXWUMEeHb OcuuMnATopa Bij
MOMOXEHHs1 piBHOBArM i 4ac iX [AOCATHEHHS,

ma mexHorsoegissx
2020

r2)=1 2 _3V7_ Topi no copmyni (4)
2) 22
ogepxyemo a. ~ 0,0491 m. [Mepiog ycTtaneHo

27
LMKNY KonueaHb ctaHoButb T = — ~ (,1047 c.
w

Mpu a, = 0,01 m nepexigHuin npouec byae matu
HapocTaldi  po3Maxm  KonuBaHb, a  npu
a, =0,08m — BoHu GynyTb cnagati 3 MAMHOM
yacy t. Lle NiaATBEPOXKYOTb rpagoikm
KONMvBarnbHOro Mpouecy, OAdepXaHi 4YMCroBUM

KOMM'IOTEPHUM iHTErpyBaHHAM piBHAHHA (1), Sk
nogaHo Ha puc. 1i puc. 2.

Puc. 2. N'pachik aBTOKONMBaHL NpuU
V=2,3,=008 ™

iHTerpyBaHHAM piBHAHHA (1). 3HayeHHA nikiB B
Tabn. 1 ogepxxaHo npu a,=001mas Tabn. 2 —

npu a, =0,08 M. lNosHayka * BiOHOCUTbLCA OO0
pe3ynbTaTiB YNCESbHOrO IHTerpyBaHHS.

obumcneHi no dopmyni (3) i KOMM'HOTEPHUM
Taobnuus 1.
3HauyeHHs Max X(t), npn a, =0,01 m
i 10t :20%7 ¢ 10%a(t), m 10t.. c 10°x(t. ). m
1 1,0472 1,481 1,0488 1,482
2 2,0944 2,070 2,0971 2,072
3 3,1416 2,708 3,1448 2,711
4 4,1888 3,314 4,1921 3,317
5 5,2360 3,820 5,2395 3,824
6 6,2832 4,199 6,2869 4,204
7 7,3304 4,462 7,3344 4,467
8 8,3776 4,634 8,3821 4,638
9 9,4248 4,742 9,4298 4,747
10 10,472 4,809 10,478 4,813
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Po3bixHiCTb pesynbTaTiB po3paxyHKy He  MeTod eHepreTuyHoro H6anaHcy, SkuMm BUBEAEHA B
CYTTEBI. Axwo pesynbTatu yucnosoro  [15] copmyna (3), Tex [pae  3ad0BiNbHI
iHTerpyBaHHﬂ, TOOTO 3HA4YeHHs X( *)BBa)KaTVI pe3ynbTaTtin. [Moxmbka MeHLla 0gHOro BiACOTKA.
YMOBHO TOYHMMM, TO NPUXOANMO A0 BUCHOBKY, LU0

Tabnuus 2.
3HaueHHA Max X(t), npu 3, =0,08m
i 100-2 | 1074(), m 10t., c 10°x(t.).
1 1,0472 6,366 1,0509 6,364
2 2,0944 5,679 2,0998 5,679
3 3,1416 5,338 3,1482 5,339
4 4,1888 5,154 4,1965 5,156
5 5,2360 5,051 5,2444 5,054
6 6,2832 4,992 6,2923 4,995
7 7,3304 4,958 7,3403 4,961
8 8,3776 4,938 8,3882 4,941
9 9,4248 4,926 9,4361 4,930
10 10,472 4,919 10,484 4,923
2. Y Bunapky, konu v=1 piBHAHHA (1) BigbyBaeTbcA po3ronayBaHHS KOMnvBaHb,

MOXe MopenoBaTtM Tpu BapiaHtu pyxy. [lpu  NignopsgkoBaHe — eKCroHeHUianbHOMY  3aKOHY,
k1<k2 BOHO ONUCYE BiMbHI  3aTyxatoyi TODTO CrOCTepiraeTbCsi BTpaTa CTIAKOCTI cUCTEMM.

KOIMMBaHHSA, ne 3MEeHLUEHHSA po3maxis Mpn  k =k, Maemo BinbHi  HesaTyxaioui

Biﬂ6yBa€TbCﬂ 3a 3aKOHOM reOMeTpI/ILIHO'I' KONMUBAaHHS 3i cTanor aMI‘IJ'IiTy,EI,OFO ao .
nporpecii, a KonuBanbHU NpoLeC He OBMEXEHNN
y uvaci. Akwo k1 > k2, To 3rigHo 3 (3),

XM

0.008

\/o s N1 Lo

Puc. 4. Npacpik konuBaHb
npuv=05, a, =0,008 M

Puc. 3. Npadchik konuBaHb
npu v=05, a, =0,011 m

3. PosrnsHemo pani 6inbw petansHo  grpary crivikocti, 60 lim a(t)=co. Mpu manomy

Bunagok, konm 0<v<l1. Tenep y copmyni (3) t—c

1 NoYaTKOBOMY BiAXUNEHHI a, <a., 3 NIVHOM t,
H All-v)t _ 1-v .
lim e*®Y)t = oo Omxe, sikwo 3, >b*" =a., 70, 3venwyerses a(t), To6TO  BiAOYyBaETHCS

t—owo
aHanoriyHo nonepeaHbLOMY BMNaaKYy, MaemMo cnagaHHA po3MaxiB KolMBaHb, ane uewn npouec

TPVBaE NuLLE Ha NPOMIKKY t € (0; t*), ne
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Takum 4YMHOM, NPOLEC BIiflbHUX KOJIMBaHb
cKnagaeTbcsl 3 OOMEXEHO! KiNbKOCTi LMKMIB, WO
BNacTUBO CUCTEMAaM 3 CYXUM TEPTAM, SKLLO HEMaE

TyT npu v>0. Cyxe TepTa € komnu v=0. Toai

BiflbHi  3aTyxawudi KONMMBaHHSA 3 OBOMEXEHO
KiNbKICTIO LIMKNIB MOXIMBI 3@ YMOBM, LLIO:

ne F; =k, — cuna cyxoro TepTs. Taki KofMBaHHs
HEMOXIUBI, AKIWO a, > a., 60 cuctema BTpayae

cTinkicte. OTxe, nmpu 0<v<l Maemo BifbHi
KONWBaHHS, LU0 3anexarb Bif No4aTKoOBKUX YMOB.

3 meto anpobadii 3anmcaHux dopmyn
posrnsiHemMo  npuknaau.  [Ons  npoBeAeHHs
po3paxyHkiB npuiimaemo: m=1 kr; k;, =10 Hc/m;
k,=4 H(c/m)¥% v=05; ¢=400 H/m. Tpu
TaKux BXiOHMX w=20 ch
I'(1,25) ~ 0,90640; I'(1,75) ~ 0,91906;
b=0,099535 m¥?; a, =0,009907 M. 3HayeHHs
rama-yHkuii B [16]. MMpwu

OaHuX:

B3ANMM 3 Tabnuui

M

P N

T
06

Puc. 5. Npadcpik konuBaHb
npu v=0, a, =0,03 M

BucHoeku.

OocnigxeHHs nokasarno, Wo y3aranbHeHe
piBHAHHA Penesa B 3aneXxHoOCTi Big 3HaAYEeHHS
nokasHWKa HeniHInHOCTI y BMpasi cunu onopy,
MOXe OonucyBaTu, SIK KBasiniHilHi aBTOKONMBAHHS 3
YCTaNeHUM pPEeXMMOM, WO He 3anexuTb Big
noYaTkOBMX YMOB, TaK i BiflbHi KOMMBaHHA, 3

57

ma mexHoJ102isiX
2020

a,=0,011 m (a,>a.) Maemo poaroigyBaHHs

KonuBaHb (BTpaTy cTilkocTi) , @ npu a, = 0,008 ™

(a, <a.)- Lo

BinobpaxeHo Ha  Bibporpamax  KOnuBaHb

BignoBigHo Ha puc. 3 i puc. 4. Bibporpamu
OA€epXaHi YMCENbHUM HTEerpyBaHHSAM PIiBHSHHS

).

3aTyXaHHA KONnnBaHb,

PospaxoBaHa no c¢opmyni (5) Tpusanictb
KOMMBArbHOrO pyxy CTaHoBUThL t~ ~ (0,915 C, LWo
Y3roaXyeTbcsa 3 Bibporpamolo Ha puc. 4, ge npu
t>t" x(t) MOHOTOHHO NpsiMye Ao HyRIs.

Aavo v=0, k,=F =4H, 710, npn
30epexeHHi pewwTn BXigHUX daHux, obuyucneHe 3a
copmyrnoto (6), a. =0,02546 ™. OpepxkaHi ans
HbOrO rpadiku KOnvBaHb YNCENbHUM
iHTerpyBaHHsAM piBHAHHSA (1) 306paxeHo Ha puc. 5
i puc. 6.

Ha puc. 5 maemo BTpaTty cTinkocTi, 60 BiH
ofepxannit npu a, = 0,03 ™, To6TO KoMK @, > a.-

Ha puc. 6, sk ogep>xaHo npu a, =0,024
M, OIS CUNKN CyxOoro TepTda i «Big €EMHOro B’sI3KOrO

onopy» Mpu3BOAUTE OO0 3aTyXalumx KONvMBaHb 3
0OMeXXeHOH0 KinbKiCTiO LMKNIB.

Puc. 6. Npadcpik konuBaHb
npu v=0, a, =0,024 m

0BOMEXXEHOI0 KiNbKICTIO LMKNIB A0 X NPUNUHEHHS. Y
OpyroMy BWMMNagKy, B 3aneXxHOCTi Bif MoYaTKOBUX
YMOB, MOXe [MpOosIBNATUCb [MHaMiyHa BTpaTa
CTIKOCTIi, KOnn cuctema cTilika 3a Manmx 30ypeHb
CTaHOBUTLCS HECTIMKO 3a «BEITUKMX» 30ypeHb.
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O KOJNIEBAHUAX, KOTOPbIE ONMUCLIBAET
OBOBLUEHHOE AN®PEPEHLUUAIIBHOE
YPABHEHME PENEA

PaccmoTpeHo aBwxkeHue konebartenbHon
CUCTEMbI C OfHOW CTemneHblo cBOOOAbI, ONUCaHHOE
0606LLeHHbIM AnddepeHumnanbHbiM ypaBHEHMEM
Panesa. O6o6LuieHne  OOCTUrHYTO  3aMeHOM
Kybuyeckoro crnaraemoro, KOTOpoe BblpaxaeT
ANCCUNAaTUBHYIO CUNY B YPaBHEHUWN ABUXEHUS, Ha
CcTeneHHoe cnaraemoe c NMPOU3BOSIbHbLIM
nonoxuTenbHbIM nokasatenemM. K nccnegoBaHuio
konebaTenbHOro npoiuecca npuBEYEH MeTo4
aHepreTuyeckoro 6GanaHca. Wcnonb3ys  ero,
COCTaBneHo npubnumkeHHoe auddepeHLmansHoe
ypaBHeHue ornbatollen rpadmka konebarenbHoro
npouecca W MNOCTPOEHO €ero aHanuTuyeckoe
pelueHne n3 KoToporo cnepyer, yTO
KBasunMHenHble (PPUKLMOHHbIE aBTokonebaHus
BO3MOXHbl NuWb TOrga, kKorga nokasarternb
cteneHn OGonbwe eauHuubl. OT  3Ha4YeHus
nokasatens 3aBUCUT W 3Ha4YeHWe aMnauTyabl
aBTokonebaHun B YCTAHOBMBLLUEMCH pEXMME.
BbiBegeHo KOMMaKTHY0 dopmyny ans
BbIYMCMEHUSA 3TON amMnnuTygbl. B obwem cnyyae
BblMMCIIEHME  CBA3AHO C  WCMOMb30BaHWEM
Tabnuubl ramma-yHkuun. B cnydae, «korga
rnokasaTenb CTEMeHW paBeH TpemM amnnuTydam,
oKaszanacb TakoW, Kak W B acCUMNTOTUYECKOM
pelweHnn ypaBHeHuss Panesi, koTopoe nocTpown
Crtokep. AMmnuTyga He 3aBUCUT OT HavarnbHbIX
ycrnoBun. ABToKkoneb6aHnsi HEBO3MOXHbI, €CIu
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nokasatenb CTEMEHW MEHbLINA WUAn  paBeH
eavHunue, Tak Kak B 3aBMCUMOCTU OT HauvalbHOro
OTKJIOHEHMS CUCTEMBI nponcxoguT unm
packaymBaHue konebaHumn (nposiBNsieTcs
HEeyCTOMYMBOCTb  CUCTEMbI) UNK  ybbiBaHWE
pa3mMaxoB K HyMn0 C OrpaHUYeHHbIM KONMYECTBOM
UMKNOB, 4YTo O0ObIMHO  Habnwogaetcsas  npwu
CcBOOOAHbIX KOMebaHusAX ocuunIATopa C CYXuUMm
TpeHnem. AT cBONCTBa KonebaTenbHOM CUCTEMbI
noaTBepPXKAEHbI Takxe YNCIIEHHbIM
KOMMbOTEPHbLIM WHTErpMpPOBaHNEM
anddepeHunansHOro ypaBHEHUS ABMXEHUA ANs
KOHKPETHbIX UCXOOHbIX AaHHbIX. B cpegoe Maple
NMOCTPOEHO TPAEKTOPUN ABWXEHMS OocuunnsaTopa
npu pasnuyHbIX 3Ha4YeHunaX nokasaTens
HENMMHEMHOCTN B  BbIPaXEHWN CUMbl  BA3KOrO
COMPOTUBIIEHNST U NpPOBeAeH COOTBETCTBYHLLUNA

CpPaBHUTENbHBIA aHanu3, 4YeM noAaTBepXaeHa
a0eKBaTHOCTb  MPUOMKEHHBIX — aHaNUTUYECKNX
peLueHun.

Knoyesbie crnoga:  KeasusuHeUHbIe

asmokornebaHusi, 060bweHHoe ypasHeHue Pares,
Memod 3Hepaemuyeckoz20 6anaHca, YUCIEHHOE
UHmMezpuposaHue 3adayu Kouwiu.

ON OSCILLATIONS DESCRIBING A
GENERALIZED DIFFERENTIAL RELAY
EQUATION

The motion of an oscillatory system with
one degree of freedom, described by the
generalized Rayleigh differential equation, is
considered. The generalization is achieved by
replacing the cubic term, which expresses the
dissipative strength of the equation of motion, by a
power term with an arbitrary positive exponent. To
study the oscillatory process involved the method
of energy balance. Using it, an approximate
differential equation of the envelope of the graph
of the oscillatory process is compiled and its
analytical solution is constructed from which it
follows that quasilinear frictional self-oscillations
are possible only when the exponent is greater
than unity. The value of the amplitude of the self-
oscillations in the steady state also depends on
the value of the indicator. A compact formula for
calculating this amplitude is derived. In the general
case, the calculation involves the use of a gamma
function table. In the case when the exponent is
three, the amplitude turned out to be the same as
in the asymptotic solution of the Rayleigh equation
that Stoker constructed. The amplitude is
independent of the initial conditions. Self-
oscillations are impossible if the exponent is less
than or equal to unity, since depending on the
initial deviation of the system, oscillations either
sway (instability of the movement is manifested) or
the range decreases to zero with a limited number
of cycles, which is usually observed with free
oscillations of the oscillator with dry friction. These
properties of the oscillatory system are also
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confirmed by numerical computer integration of the Keywords: quasilinear self-oscillations,
differential equation of motion for specific initial generalized Rayleigh equation, energy balance
data. In the Maple environment, the oscillator method, numerical integration of the Cauchy
trajectories are constructed for various values of problem.

the nonlinearity index in the expression of the

viscous resistance force and a corresponding

comparative analysis is carried out, which confirms

the adequacy of approximate analytical solutions.
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