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Pabora mocBsimeHa co31aHNI0 MaTeMaTHYECKONH MOAENH CTEH/A MCIIBITAaHU YIPYTHUX JJIEMEHTOB Ha OC-
HOBE aBTOKOJICOATENILHON DJIEKTPOMEXaHUYECKON cucTeMsbl. Mojenbs HeoOXoauma Juis TPOBEACHHUS aHaan3a
MPOIIECCOB B JCKTPOMEXAHUYCCKUX CHCTEMAaX JJICKTPOABUIATEIb—YIIPYIUN IEMEHT U s pa3pabOTKH METO-
JUKY TPOEKTUPOBAHUS UCTIBITATEIbHBIX CTEHJIOB YIIPYTHX JIEMEHTOB.
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Abstract

The paper deals with the development of a mathematical model of the stand for testing elastic elements on
the basis of a sdlf-oscillating electromechanical system. The model is required to analyze electromechanical
processes occurring in such systems and to develop the methodology of designing testing stands for elastic
elements.
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Beeoenue Hccnedyemasn cxema cozoanusn

A6MOK0N1eOAMeIbHO20 pexcuma
[Togxon K MOCTPOCHUIO aBTOKOJIEOa-

TEIbHBIX MPUBOJOB [1], mpu KOTOpOM pea- B 3aBucHMOCTH OT Ha3HA4eHHUS KO-

JM3yeTcsi MATKUI peBepc, Ha OCHOBE 001IIe-
ro TPHHLUUIA [OCTPOCHHS aBTOKOIEOa-
TCIBbHBIX MCXaHNUYCCKHUX CUCTCM PA3OMKHY-
TOT'OTHTIA- SIBJIICTCSl HAHOOJIee PaloHab-
HBIM B CHCTCMaAx, I'IC MNPUCYTCTBYCT KOH-
CepBaTUBHAS Mapa «Macca» — «ylnpyrocTb».
OI[Ha U3 TaKUX CHUCTEM — CTCHM AJId UCIIbI-
TaHWs YIPYTUX DJIEMEHTOB, B KOTOPOM B
Ka4YCCTBC «MacCChbI>» BBICTYIIACT BaJI ABUT'A-
TEJs, 8 B KAUeCTBE KYIPYTOCTU» — HCIIBI-
TYyEeMBI 3JIEMEHT, HAlIpUMeED, IPYKUHA.

© Pymuenko 0. A., Kosnos A. B., 2013

ne0aTeNbHBIX KOMIUIEKCOB M TEXHOJOTH-
YeCKUX YCTAaHOBOK Ha 0a3e acCHHXPOHHBIX
AIIEKTPONPUBOJIOB TEPHOAMYECKOTO JIBH-
KEHHSI MOXKHO TOCTPOUTH Psii cxeM (yHK-
IIUOHAIBHO-CTPYKTYPHOMH OpTraHu3aIuu
CUJIOBOH YacTH aBTOKOJIEOATENbHBIX 3JICK-
TponpuBoIOB. B pabore paccmaTpuBaeTcs
cXema, MpejcTaBlieHHasl Ha puc. 1, B KoTo-
POl peayKTop HE MpeoOpa3yeT BpalleHHe
B KoJieOaHMsI, a BBINOJHSIET BCIIOMOra-
TEJNBHYIO POJIb — MpeoOpa3yeT BO3BPATHO-
BpalllaTelbHOE JABM)KEHHE Baja 3JIEKTpPO-
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JBATATENsl B BO3BPATHO-IIOCTYIATEIbHOE
JIBWKEHHE TNPYXKUHBI. B KadecTtBe pemyk-
TOpPa MOXET BBICTYNIATh IIKWB, HACAXKCH-

HBIA Ha BaJl BUTATENs, C IPUKPEIIEHHBIM
K HEMY TPOCOM.

Puc. 1. Cxema MOCTPOCHUA MEXaHMYECKOM YacTH aBTOKOJIE0ATEILHON CHCTEMBL 3J1 — eKTpOABUIATEIb Bpa-

marteabHoro aBmkeHus; P — penykrop; IIP — mpyxuna

Kak wusBectHo [2], MexaHudeckas
MOIIHOCTb, BbIpaOaThiBaeMasi 3JEKTPOBU-
rateieM B KoyeOaTeabHOM pEXUMe, B OT-
JMYME OT MOUIHOCTH, IOJIy4aeMoH Ipu
BpalllaTeIbHOM WIH JIMHEWHOM JIBHYKEHUH,
UMEET HE TOJIbKO AaKTHUBHYIO, HO M pPEaK-
TUBHYIO COCTaBIISIOILYIO.

PeaxTuBHas cocTaBistoniasi MEXaHu-
YECKOM MOIHOCTU «UHIYKTUBHOIO» Xa-
pakTepa Bcerja MPHUCYTCTBYET Ha BBIXOJE
JJIEKTPOABUraTENs U3-3a HAJIMYMSL Ha Baly
MOMEHTOB MHEPLMH U JBWKYILIHUXCS Macc.
PeakTuBHas coCTaBISAIOIIAS  MEXaHWYE-
CKOM MOULIHOCTH «EMKOCTHOI'0» XapakTepa
a100 CHenUaabHO CO3/1aeTCsl Il KOMIIeH-
CalMM <UHIYKTUBHOW» pEakTUBHOW CO-
CTaBJsiIOLIeH U OOecrieueHus aBTokoseda-
TENBHOIO JBH)KEHHUS 32 CUET Pa3MELICHUS
Ha BaJly IO3UMLUOHHOIO 3JEMEHTa B BUIC
NPY>KUHBL WM MasiTHUKA, MO0 IMOJTydaeT-
Csl 3a CYET yNpYyLMX M JucOallaHCHBIX Ha-
IPY304YHBIX yCUIIMM. B cTeHIaX UCTIBITaHUS
yIOPYTUX 3J€MEHTOB He TpeOyeTcs CHelu-
aJbHO BBOJAUTH HO3UIMOHHBIN 3JIEMEHT —
OH IPHUCYTCTBYET B BHJIE HCIBITYEMOIO
YIOPYTOIO 3JIEMEHTA, HallpUMeEp, NPy KUHBI.

Bu1600 ypasnenusa osusicenusn
A8MOKoNe0amenbHOl Cucmemol
6 a0COIIOMHBIX NePeMEHHBIX

Ha ocHoBanuu TPETHETO 3aKOHAa
Hrrorona IJid yIrJIoBOro ABHUXKCHUA B 00e-
nux O606H.I€HHBIX CXEeMax MOIXKHO 3aIIMcCaTtb
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ypaBHEHHUE PABHOBECHS] MOMEHTOB Ha Bally
JIBUTATEIS

M}:{m—l + M)K.T + MC.T + Mnos. = M3M 1 (1)

riae My — CyMMapHbIi TUHAMAYECKUH MO-
MEHT; My, Mcr — CyMMapHbIE MOMEHTBI
KUIKOCTHOTO U CYXOr0 TPEHHSI COOTBETCT-
BEHHO; Mi05, M5y — CyMMapHbIii TTO3ULIMOH-
HBIi1 1 AJIEKTPOMAarHUTHBII MOMEHTHI.
Harpy3odnble MOMEHTBI pabouux
MaIlliH BEChMa pPa3HOOOpa3HbI, HO Yalle
BCEr0 3TO MOMEHTHI, IMPEJCTaBICHHBIC B
neBoi yactu ypasuenus (1). OrpannuunBa-
SICb 3TOW HArpPy3KOH, 3alMILEM YpaBHECHHE
o0Iero Harpy’aromero MoMeHta M, Ha
BaJly JIBUTATEJIA:
2
M =3, 9@,

do
nTUE 2 ot

dt

. d
+ MTPZS|gnd—(tP+ Cs0, @)

rJie (@ — yTroJl MOBOPOTAa BaJia IBUTATEIIS.
Hcnonb3ys TUnoBbie GpOpMyIibl MpH-
BEJICHHS MApaMeTPOB HArpy3kd K Baiy
ABUTATECIIA, Haﬁ,[[eM PACUCTHBIC COOTHOIIC-
Hus Ut K03 UIMeHToB caaracMeiX B (2)
C Y4ETOM CXEMbI MEXaHHUUYECKOH 4acTh aB-
TOKOJIeOATeILHOM cucTeMbl (CcM. puc. 1).
[MTonyurM BbIpaKeHHE UIsI CyMMap-
HOrO MOMeHTa mHepuuu. s sToro npwu-
BEIEM MAacCy TMPYXUHBI, COBEPIIAOIIYIO
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JIMHEWHOE JBIKEHHE K BpallaTeIbHOMY.
Ha ocHoBanum 3akoHa coxpaHeHust (pa-
BCHCTBA) 3amaca KUHETHYCCKOW DHEPTUU
IIpU €ro Iepenade OT NOCTYNaTEIbHO JABU-
XKYIIETOCs Tella BPaIlaTelIbHO JBHXKYIIC-
Mycsl Tely

2 2
‘an "0 _ mnp "Vip .
2 2
2
3 :mnp'Vnp:m ‘i2
p wz p '

JAB
Takum o6pazom,
'JZ = JJIlE + ‘Jpeﬂ + an = JJI[E + ‘Jpeﬂ + mnp 'i2 !(3)

rie Jus, Joen, Jip — MOMEHTHI MHEPLUU JBH-
ratess, peayKTopa, IpyKHH, My, — Macca

NPYXKHH, | — IEPEaaTOYHOE YUCIO PEAyK-
TOpa,
. Vg
p
|l =— 4
® ( )

B

I7I€ Oy — YTJIOBasi CKOPOCTH Bajia JABUTaTe-
Js1 IPU CKOPOCTH TMOCTYMATEIBHOTO (IBH-
KEHUSI TIPYKUHBI V.

Hanee mnomnyduM BbIpaXXCHUE UL
CyMMapHOTro Ko3()puIueHTa »KUAKOCTHOTO
tpenus (nemmnduposanus).. s sToro
npuBeneM  Kod(DPUIUEHT | KUIKOCTHOTO
TPEHUS TPY>KUHBI, ¢ KOTOpas COBEpUIACT
JTUHEHOe MABM)KEHHWE K BpallareIsHOMY
JBIKEHUIO Baja jsurarens. IIpu stom Oy-
JIEM CUUTaTh, YTO CUJa KMAKOCTHOIO Tpe-
HUS IBHXKYIIET0Cs Tesla MPOHOPLHUOHATIbHA
MEepBON CTEMEHU CKOPOCTHU €ro JIBUKEHUS.
Ha ocHOBaHMM paBEHCTBA MOIIHOCTH IPH
ee rnepeaaye OT MTOCTYNaTeNbHO JBUXKYIIE-
rocsi Teja_.BPallaTelbHO JBIKYILEMYCS
Tely

M, ,-o,=F.,-v

K. T JB K.T up?

Torna
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Hy=H, +H, +H, =

()

rae Hys, Hpen, Hup — K03 duninents sxun-
KOCTHOTO TpeHHs (meMrnpupoBaHus) OT
JIBUTATEIIS, PEAYKTOpa M TPYXKHUHBI COOT-
BETCTBEHHO.

[ToryauM BBIpaXCHHE I CyMMap-
HOTO MOMEHTa CyXOro TpeHHs (TouHEe,
ko3 urmenta cyxoro tpenus). s ato-
ro mpuBeaeM Kod((HIMEHT cyxoro Tpe-
HUS TPYXUHBI, KOTOpas /COBEpIIAcT JIn=
HEHHOE JBW)KCHHE “K-. BpallaTelIbHOMY
IBIDKEHHUIO Baja jAsurateirsi. Ha ocHOBa-
HUU PaBEHCTBA MOIIHOCTH MPH-ee IHepe/a-
4e OT MOCTYHAaTeNIbHO JBIIKYIIETOCS Teia
BpaIaTeIbHO ABIKYIICMYCS TETy

— i2
=H,+H,,+H, 1",

M, -0 =F

cr " P cr "V

np;
(M’Tp'np -Sgn 03;13)'(% :(FTp.np -Sgn vnp)-vnp;

N\ (lenp -Sign vnp)'vnp
.Ip .
Sgno,, o,

E

Tp.Ip Vr[p -F .
— " tp.aip
(,0JJB

CnenoBartenabHO,

/
Msz = MmB +M + MTp_np =

Tp.pen

=M, » tM (6)
r11€ Moy s, Mip pen — MOMEHTBI CYyXOIO Tpe-
HUS OT JIBUTateis U peaykTopa (TouHee,
K03 UIMEHTEl cyxoro TpeHus); Fpnp —
CHJIa CyXOTO TPEHHS OT MpPYKUHBI (TOYHEE,
KO3 PHUIUEHT CyXOro TPEHHS).

[TommyduuM BBIpaXeHHE AT CyMMap-
HOTO KO3 dumueHTa xectkoctu. Jjis 3to-
ro mnpuBeneM Kod(DPHUIMEHT KEeCTKOCTH
MPYXUHBI, KOTOpasi COBEPILIAET JIMHEHHOE
JIBUKEHHE K BpaIaTeIbHOMY JBUKCHHUIO
Baja naBurarens. Ha ocHoBaHuM paBeHCTBa
MOIIHOCTH TIPH €€ Tepejade OT MOCTyma-
TEJIbHO JBIJKYILETOCsS Tejla BpallaTelbHO
JBUXKYIIEMYCS TETY

M, o,=F.,-Vv

1103 1B 1103

ppen T FTp-np 1

op ?
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(Cl/1p 'A(P)’

ZCHP-AS-VHpZ 'i2

Ap-o,, P

0, =(C,y -AS)-v

/
mp

rae AS — BelIMUYMHA JTUHEHHOTO pacTshKe-

Hus (CKaTWsl) TPYKUHBI, BBI3BIBAIOIIAS

MOBOPOT BaJia IBUTATENS HA BETUIUHY AQ.
Takum oOpazom,

/
C; = CHB + Cpe]1 + Cnp =

(7)

rae Cus, Cpens Cop — KOIPPUIIHEHTHI 5KECT-
KOCTH JBUTATENS, PEIYKTOpAa W MPYKUHBI
COOTBETCTBEHHO.

DJIEKTPOMarHuTHBIA MOMEHT JBWIa-
TeNsl MPEACTaBUM amnMpOKCHUMAaIuel ero
MEXaHUYCCKON XapaKTEPUCTHUKU ITOJTHMHO-
MOM BHJIa

2
M =al-d—(P+0L2~(d—(pj +

= C;us + Cpeﬂ + C11p

™ dt dt

3 K
+a3-((l—(fj +...+ax-(z—fj , (A8

rze o, ..., Ox — IIOCTOSTHHBIE KO UIIeH-
Thl, KOTOpPBHIE OMNpPEACNAIOTCS W3 yCIOBHS
COBIIAJICHUSI PEAIbBHOW MEXaHWYECKON -Xa-
PaKTEepPUCTUKHM JBUTATES U XapaKTepu-
CTHKH, aNIpOKCUMUPYEMOUN BBIPAKECHUEM
(8); k — creneHb MOITHHOMA.

Jupppepenuyuanvroe ypasuenue
osudCceHu

O0benunss B ypaBaenun (1) coor-
HoureHust (2)..4(8), ‘zamumem muddepen-
[IMAIbHOEC YPaBHEHHE IBIDKCHUS paccMmar-
pUBaeMoii* aBTOKOJICOATEIbHON CHUCTEMBI
1Sl CXeMBI Ha puc. 1:

d? . d
Js dt(ZP+H C;tp szSign E(P+
do do)’
+ =0 —+ 0O, — | +
Co=0y ot ) (dtj
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rae J, Hs, Mys, Cs — koo dumments!,
omnpezenacHHbIe BeipakeHHsMH (3)...(7).

Pasmenmum o00e dYacTh ypaBHEHHUS
Ha Cs:

Jy d(p+H do MTpg'
C, d? C, dt Cs dt

3
232(5 2
“c, dt c ldt) c Lt

L% (d(p]
C, \dt
Ilpueedenue ypasnenusn 06UNCeHU

K KAHOHUWYECKOul hopme
6 OMHOCUMEIbHBIX NePEMEHHBIX

C OEJBK0 IMOJTYYCHHA BO3MOXHOCTHU
HUCHOJIB30BATh JIA aHa/In3a YpaBHCHHA U3-
BECTHBIE KJIIACCHUYECKUEC MCTOAbI 3aITMIICM
YpPaBHCHUA B OTHOCHUTCJIBHBIX 110 BPCMCHU

TEPEMEHHBIX.
BsBenst 3aMeHEbI
2
T = oof; d_q)=(p; d_(P:('p,
dr dr?

I'IC T — OTHOCUTCIIBHOC BPEMI, (P — CKO-
POCTH BaJia JOBHUIATCII, (p — YCKOpPCHUC

Baja JBUTaTels; Mg — COOCTBEHHAs 4acTo-
Ta KoJieOaHMH aBTOKOJIEOATENLHONM CHUCTE-
MBI, OTIpeiesisieMast IO BBIPAXKEHUTO

NPEJCTaBUM YpaBHCHUE JIBIKCHHS B Ka-
HOHHYECKOH (opme:

I\/I
1 gfeth, b,
o dr Cz ° dr
. do oy
x Sgn —+=—
g (‘Do dtj ¢ g X

(324
dt) C, %

ety

(O o
dr
8-z

G
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OKOHYaTEIBHO MOTYyYUM VYpaBuenue (9) BMecTe ¢ BbIpaxe-
HUSMH, TPEICTaBIEHHBIMU B Ta0n. 1, sB-
JISETCSI MAaTeMaTHYEeCKOH MOJIEIBIO OIMMCHI-
(9) BarOIICH pabOTy CTEHJa UCIIBITAHUS YIIPY-
TUX 3JEMEHTOB, IMOCTPOCHHOIO IO CXEME

G+ @=—p,SIgne + (nz —py)e +

+ a0 P g o+ T

rae Wi, ..., Uk — KO3hOUIHESHTHI, onpee- Ha puc. 1.
JsieMBbIe TIO0 BBIPAKCHUSM, IPEACTABIICH-
HbIM B Tadi. 1.

Tab6n. 1. BeipaxkeHus uist onpeaesieHns K3 QUIMEHTOB, BXOIIINX B ypaBHeHHe ABrkeHUs (9)

Koadduuuent Beipaxenue Koaddumuent Bsipaxenue
2

T8} woHy /Cy Ha oL, /Cs
3

u2 M1py /Cy Hs o 03 /Cy
-2

U3 g 0, /Cy o @y~ Oy /Cy
3aknwuenue peHIaibHoe ypaBHeHue nBrxkeHus (9) c

MOCTOSIHHBIMU KO3 (ULIMEeHTaMU, YUYUTbI-
BAIOIMMU_[1apaMeTphl 3JIEKTPOCETH, IBU-
raTessi M Harpysku. [lanpHedmmil aHamus
ypaBHeHMs (9) MO3BOJIUT BBIIBUTH B3aUMO-
CBS3b..yKa3aHHbIX NapaMeTpoB Ui YCIIO-
BHI{ 3aITyCKa U YCTOWYMBOU pabOTHI dJIEK-
TPOIIPUBOJIa CTEHJIa B aBTOKOJIE0ATEIIbHOM
pexKHUME.

BrnepBbie co3gaHa MaTeMaTHYecKast
MOJZIeJb CTEHJA, IMPEIHAa3HAYEHHOTO JUIs
JUHAMHYECKUX HCIBITAHUNA YIPYTHX 3JIe-
MEHTOB U IOCTPOCHHOTI'O Ha OCHOBE aBTO-
Kosie0aTeabHOM IIEKTPOMEXAHUYECKOM
CUCTEMBl <«AaCUHXPOHHBIA JIBUraTeflb —
npyxuHa».  Maremaruueckag . MOJEIb
MpeaCTaBisieT cobor HenmnHeHoe audde-
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