
·<·.~a· -·~:>-~· .. 
"'"' ~~'.'~·fc 

YJJ.K 631.363 nocrymma B peAaKLlllllO 08.04.08 

AHA~HTl¥IECKOEOEOCHOBAHHEIIAPAMETPOBKO~EEAHHHlllTAHTH 
C HE3ABHCIIMOH MAHTHHKOBOHHABECKOH 

HCHCTEMOHCTAEH~H3AQHUBBEPTHKAJlbHOHil~OCKOCTH 

IO.C. 6ll13A, ll1.C. KPYK, A.ll1. IAVl.QYKOBCKll1Vl, IO.B. 4ll11APEB 

6enopyccKuii 2ocyaapcmaeHHb1i1 a2papHbti1 mexHu1.1ecKuii yHuaepcumem, MuHcK, Pecny6nuKa 6enapycb 

B CTaTbe npep,no>KeHa KOHCTPYKLllllR He3aa111c111Moi1 MaRTHlllKoeoi1 HaaecK111 wTaHrn c c111crnMoi1 crn6111n1113a4111111 e eepT111KanbHOi1 
nnocKocrn. AHan111T1114eCKlll on111caH npo4ecc KOne6aH111i1 wTaHrn e eeprnKanbHOi1 nnocKOCTlll 111 nony4eHbl 3aa111c111MOCTlll AnR onpeAeneHlllR 
111x napaMeTpoa np111 pa6ore npeAno>KeHHOi1 c111creMbl cra6111n1113a4111111. 

In the article the design of an independent pendular suspension bracket of a bar with system of stabilization in a vertical plane is 
offered. Process of fluctuations of a bar in a vertical plane is analytically described and dependences for definition of their parameters are 
received at work of the offered system of stabilization. 

BeeAeHa.te 

B npoljecce pa6orb1 arperara Koneca onpb1CKl1Ba

rem:1 Kon11py10r HepoaHOCTl1 nosepxHOCTl1 nonsi, a pe3ynb

T8Te 4ero 06pa3y10TCSI B03MYl.l.leH11SI, KOTOpb1e yepe3 paMy 

nepeAa10rcsi pacnpeAe1111Te11bHOlil wTaHre, Bbl3brsasi ee 

Kone6aHl1SI. 0Hl1 npl1BOASIT K TOMy, YTO HepaBHOMepHOCTb 

pacnpe.QeneH11si pa6oYero pacTBopa no 06pa6arb1Bae

MOlil nosepXHOCTl1 pe3KO 113MeHSleTCSI' YTO OTpalKaeTCSI 

Ha KaYeCTBe BblnOJlHSleMoro TeXHOJ10rl1YeCKOro npoljec

ca, sneYeT nosia11eH11e yyacTKOB c nepe.Q0311poBKolil npe

napaTa, a CJleAOBaTeflbHO, yse1111YeH11e Harpy3Kl1 Ha 3KO

I10rl1IO OKpy>Ka10111elil cpeAbl 11 nOBblWeH11e eepOSITHOCTl1 

HaKonneHl1SI OCTaTOYHblX KOJ111YeCTB cpeACTB Xl1M113a41111 

B KOHeYHOlil npO.QYKL.\1111 pacTeH11eBOACTBa. no3TOMY BalK

HblM HanpasneH11eM ycosepweHCTBOBaHl1SI KOHCTpyK4111i1 

noneBblX onpb1cK11BaTenelil sisnsieTcsi pa3pa60TKa 11 ycTa

HOBKa MexaHlil3MOB 11 Cl1CTeM, 06ecney11aat011111x nnaa

HOCTb XO,Qa pacnpeAef111TeI1bHblX WTaHr 11 noCTOSIHCTBa 

BblCOTbl 11X pacnOI10ll<8Hl1SI HaA o6pa6aTblB810ll.lelil noBep

XHOCTblO BO BpeMSI pa60Tbl. 

OcHoeHasi 'laCTb 
B sas1-1c1-1Mocrn OT cnoco6a 06ecneYeH11si nocTo

SIHCTBa paccTOSIHl1SI Mell<,Qy o6pa6aTbfBaeMblM o6beKTOM 

11 WTaHrolil pa3J111Y8IOT Cl1CTeMbl aKTl18HOlil, naCCl1BHOlil flt 

KOM611HlltpOB8HHOlil CTa611111113a41111, 113 KOTOpblX ABe noc

Jle,QHl1e w1-1p0Ko 11cnonb3YIOTCSI B KOHCTpyK411six cospe

MeHHblX onpb1CKl1B8Tenelil. 

npeAnaraeMasi KOHCTPYKL.\11SI cra61111113a41-111 WTaH

rlll (plilc. 1) OTHOCl1TCSI K naCClilBHblM Cl1CTeMaM 11 OCHOBa

Ha Ha 11cnonbsoaaH1111 ynpyr11x aneMeHTOB raweHlilSI K0-

11e6aH1-1lil. noAB11)f{H8SI paMKa (6) 38KpenneHa Ha WTOKe 

r11APOL.111f111HAPa (5). Hl1)f{Hl1lil KOH81.1 KOTOporo Kpenl1TCSI 

Ha nnacrnHe (4), COeA11HeHHOlil c OCTOBOM onpblCKl1Bare

JlSI np11 noMOll.111 ABYX npylKl1H (1 ). np11 n0Mo11111 pon11Koa 

(9) paMKa MO)f{eT CB060AHO nepeMell.18TbCSI B Hanpaansi

I01l.111X OCTOBa onpb1CKl1B8TeI1SI (8). WTaHra (7) 38Kpenne

Ha Ha nOAB11)f{HOlil paMKe (6) wapH11pHbfM C08A11H8Hl1eM 

(10), 06ecne41-1aa1011111M ee spall.laTenbHOe ABl1lKeH11e. 

raweHfl1e KOJ1e6aHfl1lil WT8Hrl1 B aepTl1K8JlbHOlil nnOCKOCTl1 

06ecneY11aaeTCSI npy)f{l1H8Mfl1 (1 ), (3) fl1 aMOpTl138TOpaMlr1 

(2). np,,, aroM wraHra coaepwaeT cnO>KHoe AB11t>KeHf11e no 

OTHOWeHlr1IO K OCTOBY onpblCKlr1BaTeI1SI: nocTynaTeflbHOe 

BMeCTe c paMKOlil B HanpaBilSllOll.111X fl1 Bpa111aTeilbHOe OT

HOC"'1TeJ1bHO paMKlr1. np11 nocrynaTeilbHOM - ocyll.leCTB

JlSleTCSI raweH1-1e Kone6aH1-1lil npylK1r1HaM1r1 (1 ), a np1r1 apa

ll.l8TenbHOM - aMOpT1r13aropaMlr1 (2) lr1 npy>K1r1HaM1r1 (3). 

m· im"" 

P111c. 1. CxeMa He3ae11c1r1Molil MasiTHlr1Koeolil HaBeCK1-1 

WT8Hrl1 c C1r1CTeMOlil cra611m1sa4111r1 B eeprnK8IlbHOlil nnoCKOCTl1 

Kone6aTenbHOe ABlr1>KeH1r1e wraHrn onpb1cK11BaTe

nsi MO)f{eT 6b1Tb 0011CaHO ypaBHeHl1SIMl1 narpaH>Ka BTO· 

poro poAa (1, 2]: 

rAe t - speMsi; 

q - 0606111eHHasi KOOPA11Hara; 

q - 0606111eHHaS1 CKOpOCTb; 

Q - o6o6ll.leHHasi c1r111a; 

EK - K1-1HeT1r1YecKaS1 3Heprnsi c1r1cTeMbl. 

(1) 

Pas11o)f{1r1M ABlr1ll<eH1r1e c11creMb1 (p11c. 1) Ha nepe

HOCHoe nocrynarenbHoe ABl1)f{eH111e BMecre c 1.1eHTpoM Mace 

WTaHrlil 11 OTHOClr1T8IlbHOe no OTHOWeHl1IO K Cl1CTeMe KOOp

AlllHaT, ABl1)f{Yll.lelilcsi nocrynarenbHO BMecre c 3Tl1M 4eHT

poM. Tor.Qa, no reopeMe KeH1r1ra, Kl1HernYecKaR aHepr11si 

Clr1CTeMbl B a6comoTHOM ABlll)f{eHl/llr1 CKfl8Ab1BaeTCSl 1113 Kl1-

HernYeCK0'1 :meprn1r1 4eHrpa M~cc E~. ec1111 B HeM cocpe

AOTOYl1Tb BCIO Macey AB111lKYll.18111CSl ClllCT8Mbl, 111 Kl1HeTl14eC

KOlil 3Hepr1111 wraHrn E; OTHOC111TeJ1bHO 4eHTpa Mace: 

(2) 
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E r 1 ·2 c=-aq1 ; 
2 

m - Macca CL<ICTeMbl (HasecKa, wraHra, :meMeHTbl 
cra61m1113a1.11·rn); 

.Sc - CKOpOCTb 1.1eHTpa Mace WTaHrlll; 
a - K03cpcf>L<!L\VleHT V1Hep1.11o111, 

a Ami nocrynaTeJlbHOro .QBlll>KeHVIR YaCTL-1 Clo1CT9Mbl B Ha
npaBJ1RfOll.\11X 

,92 ·2 .2 
.S = .S = .i = q· "'E(2) = m c = mq2 = mz . 

C 2 K 2 2 2 
YpaeHeHVle narpaH>Ka .QJlfl 3TOro nocTynaTenbHOro 

ABH>KSHVIR ll!Meer BVIA 

~(8E~2) J- 8E~2) = + 
d a. a Qn Q.n., 

t q2 q2 
(3) 

rAe Qn - noTeH1.111anbHafl c11na .Qeyx napannenbHblX 
npy>K111H 1 (p111c. 1 ); 

Q.n. - A11tcc1-1naT11BHafl c111na conpoT11sneH11R 
aMoprn3aTopa 2. 

06o6ll.\eHHasi noTeH1.111anbHasi c111na ABYX napan
nenbHblX npy>KVIH paeHa 

Q =- 8En_ 
n 8q2. 

.0,nR npVIHRTblX o606ll.\eHHblX KOOp,Q11HaT q = z, np111 
3TOM noTeHL\11tanbHafl 3Heprnfl pasHa 

rAe C2 = 2c1. C1 - >KeCTKOCTb npy>Kl1Hbl 1. 
0TKyAa 

(4) 

0606ll.\eHHaR ,QVICCVlnaTHBHaR c11na conpOTlllB!leHVIR 
aMoprn3aropa 

(5) 

rAe µa - 0606L1.1eHHbllil K03cpcp1111.1111eHT conpornene
HVIR aMoprn3aropa. 

np111HV1Maf1 BO BHlllM8Hllle Bblpa>KeHVIR AflR E~2), Qn IA 
Q.n., ypasHeHIAe (3) np111MeT BlllA 

mz = -2CzZ - µ.i, 

lllillll 
(6) 
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r,Qe r = ~ b2 - k 2 

C1, c2 - nOCTOflHHble VIHTerp1-1posaH11tR; 

(10) 

np1-1 b = k. 
Bo ecex 3TlllX cnyYasix 1113-3a MH0>1<11rensi e-bi sen1o1Y111-

Ha z cTpeM111TCR K HynfO c so3paCTaH1-1eM speMeH111, ro ecTb 
3aTyxaeT. np111 Ma!lblX 3HaYeHl1RX K03cf>cpHi.-IH9HT8 38TyxaHVIR 
(b < k) 3aryxa10ll.\ee ABH>KeH1-1e 111Meer Kone6aTenbHblX xa
paKTep, a np111 6onbWVIX (b > k) ABlll>KeHl!le CHCTeMbl He RBilfl
eTCR KOne6aTeJlbHblM, OTKilOHeHHe Cl-ICTeMbl 3KCnOHeH4"1-
anbHO CTpeMl-ITCR K paBHOBeCHOMY HyneeoMy nono>KeHl-lfO. 

.0,nR Oni.1C8Hl1R KOne6aTenbHOro AB"1>K9Hl1R WTaHrn 
e ypaeHeH11111 JlarpaH>Ka e KaYecrse 0606L1.1eHHolil KOOPAl-1-
HaTbl np1o1MeM yron nosopoTa wTaHrn cp. Tor.Qa ypasHeH111e 
np111MeT B"1A 

~(f}Ek )- oEK = _ oE~ +Q'' 
dt &p o<p acp g 

(11) 

r,Qe E' - noreH1.11o1anbHaR 3Heprnsi wraHrn; 
Q1.n. - o6o6ll.\eHHaR c111na .. conporneneH1-1R aMop

Tlll3aropoe wraHrn; 
EK - onpeAensieTcR cpopMynolil (2). 

noreH41118JlbHaR 3H9pr111R ClllCTeMbl COCTOlllT 1113 
noTeH411anbHolil 3Heprn111 nonelil c11n TR>Kecrn E~ 11 c111n 
ynpyrocrn E~. 

E~ =Pzc =0, 
Tai< KaK ;~ ·= Zo = p_ 
CneAOBaTellbHO E = £Y 

n n 

' A.CT A.CT c [ 2 
"En = -c Jzdz --c Jzdz = - /..;CT -

z-A.CT z+A.CT 2 

-(z -ACT )
2 
]-~ [ A2CT -(z +A.er )

2 ]= cz2
, (12) 

2 
rAeZ = <j>Xl; 

Xi - paCCTORHll1e OT l..(9HTpanbHOlil TOYKl1 no.Qse
ca WT8Hrlll AO TOYKl1 KpenneHll1fl npy>Kl1H Ha WTaHre. 

.QelilcTs11TenbHO F = c3M, /iS = F, Fz = cliz, 
M C3 

Fz = Fcosa./iz =--, 
cos a 

F Fcosa Fcos2 a 2 
c=-= =---=C3COS a, (13) 

!iz !iz !iS 

rAe a - yron ycTaHOBKl1 npy>Kl1H OTHOClllTe!lbHO rop11-
30HTa!lbHOlil nnoCKOCTl.1; 

(7) C3 - >KeCTKOCTb npy>Kl1Hbl 3. 

PeweH11e 3Toro AIA¢cf>epeH4111anbHOro ypasHeH111R e 
3aBlllCIAMOCTlll OT COOTHOW9Hl1R Me>K,Qy sem1Y1AHaM111 b Ill k 
Bblpa>KaeTCR OAHOlil 1113 Tpex cpopM: 

z = e-bt Asin(k1t +a) np111 b < k, (8) 

c yYeTOM (12) 06061.J..1f:!HH8fl c11na, COOTBeTCTBYfOll.\aR 
noTeH411anbHolil 3Hepr11111 Err, paeHa 

· oE'n 2 (14) Qn = --- =-2cx1 cp = -cncp, 
. 8cp 

rAe en = 2cx~. 
Onpe.Qen11M o6o6ll.\eHHYfO c1111y Q~. Bbl3BaHH~fO c1·molil 

co~ornene.!:!_1o1R aMopTti3aTOpoe, nponop1.1110HanbHOl1 cKopoc
rn F = -v.S (v - K03ct>cf>l1LlllleHT nponop41110HanbHOCT111) c a 



rAe 3a = tj>xa 111 oz= O<pxa - coorneTCTBe':!.!:!O CKO
pocTb 111 nepeMe1.1.1eH111e T04Klll np11111o}l(eH111R c1mb1 F ; 

j3 - yron ycraHOBKlll aMoprn3aropa orHocf1ne11b
HO BepTlllKanbHOl1 oc111; 

Xa - paccTO.RHllle OT cepeA11Hbl WTaHfl'I AO l.l9HT
pa TO'-IKlll KpenneH111.R Ha Hei:1 aMoprn3aTOpa. 

. ,2 
Q

, vcp a 1 • 
=-~-=-µ<p, 

A cosj3 
2 

' VXa 
rAe µ=---. 

cosj3 

(15) 

01..1eBlllAHO, B paccMaTp111BaeMOl1 ClllCTeMe pean1113y
eTC.R cny1..1al1 6011bw11x conpornBneH111l1 b > k 1-1 np11MeH111Ma 
3aB111c11MOCTb (9). B 061.J..1eM cny1..1ae MO}l(HO np111H.RTb, 4TO z 
no 3KCnOHeHTe CTpeMlllTCR K Hymo c HeKOTOpblM K03cp¢111-
l.lllleHTOM n, T.e. z ~ Ce -nt. Tor,Qa 

3 = :i = -Cne-nr = De-·nt 
c ' 

(16) 

r,Qe D=-Cn, 

a KlllH9Tlll'-leCKa.R 3HeprnR paBHa 

(17) 

r,Qe Icy - MOMeHT 111Hep1..1111111 OTHoc111renbHO oc111 y. 
np111H111MaR BO BHlllMaHllle nony4eHHble Bblpa}l(eHlll.R 

Ami K111Her1114ecK0Vi 3Hepr111111 111 06061.1.1eHHblX c111n "13 ypaBHe
HlllR JlarpaH>Ka, nonyY111M A111¢¢epeHL.1111anbHb1e ypaaHeHi-rn 
Kone6aH111C1 unaHrn B ¢opMe 

(18) 

rAe Bxce -nt - 06061.1.1eHHaR c1ma nepeHOCHol1 c11nb1 
lllH9PLl111111, KOTopytO MO)KHO paccMaTplllBaTb KaK MOMeHT 
napbl ClllJl, o6pa30BaHHOl1 nepeHOCHOVt ClllJlOVt lllHepL.t111L1 Ill 

c111nol1 TR)K9CTlll nonOBlllHbl WT8Hrl1 c nneYOM, paBHblM pac
CTO.RHllllO Xe OT cepe,QlllHbl WTaHrn AO L1eHTpa T.R)KeCTlll OA
HOl11113 nonOBlllH WT8Hrlll. 

Ben111Y111Ha nepeHocHol1 c111nb1 111Hep1..111111 

F il .. C 2 -nt B -nt rrep = marrep = mz = m n e == e . 

rAeB = mCn2. 

Tor,Qa 06061.1.1eHHaR c111na nepeHOCHOl1 c111nb1 
lllH6PLlllllll 

(19) 

Pa3Aen111s Bee YneHbl ypaeHeH11R (18) Ha Icy• nony
YlllM ypaBHeH111e B Blll,D,e 

(20) 
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• µ' , p:;rr Exe 
r,Qe 2b ==-;k == -; B0 =- . 

lc:y Icy Icy 
(21) 

PeweH111e HeOAHOPOAHoro ypaBHeH111R (20) npe,QcTa-
BlllM B BlllA6 

r,Qe cp1 - 061.J..1ee peweHllle ypaeHeHlll.R (20) 6e3 npa
BOl1 4aCTlll, 

<p2- 1..1aCTHbLe peweH111.R nonHoro ypaeHeHlll.R (20). 
<p2 1111.1.!eM B Blll,Qe 

Q -nt 
<!>2 = oe · 

no,Qcraen.R.R 3TO Bb1pa>1<eH111e a ypaBHeHMe (20), no
ny4aeM 

(22) 

061.1.1ee peweH11e ,Q11cj:lcj:lepeH1.1111anbHoro ypaBHeH111.R 
(15) 6e3 npaBoVI 4acT111 

-b't I -

cp1 = e A sin(oot +a), 

~ I 2 > 2 rp,e ro=(k) -(b) 

A'-. aMnn111ryAa Kone6aHL.1VI. 

, TaKiii'M -o6pa30M, 

(23) 

(24) 

-b'tA' · ( •, Bo -nt <p = e sm (J)f +a ) + 2 , • 2 e , (25) 
n -2bn+(k) 

r,D,e A
0 

L.1 a' - KOHCTaHTbl, onpe,Qem1eMbre HaYanb
HblMlll ycnOBL.-1.RMlll. 

BTOpol1 4JleH e (25) no 3KcnoHeHre crpeM111Tc.R K Hynt0. 
nepBblril 4J19H npe,D,CTaBn.ReT co6ol1 3aryxat01.J..11119 KOne6a
Hlll.R c p,eKpeMeHTOM KOne6aHl-1Vt 

___ nvx0 

-b'r,1 mlqcosJ3 
e =e 
2n 

r,Qe 7[ =- (26) 
ffi 

• 1tVX 

b 1] = ml c~sj3 - 11orapL.1¢M1114eCKL.111 ,QeKpeMeHT 
KOne6aHllll1. cy 

3aKnl04eH1-1e 
060CHOBaHa He06XO,D,lllMOCTb He3aBlllCl1MOrO Kpen

J19Hll151 WT8Hrlll K OCTOBY onpblCKL.1BaTem1 Ill 111cnonb30B8Hlll.R 
MexaH!l13MOB raweH111s:i ee KOne6aH111Vi. npep,no)KeHa KOHCT
PYKL.111151 He3aBLl!Cl1MOl1 M8.RTHlllKOB0Vt H886CKVI WTaHrlll c Cl1C
T9MOril raweH"151 Kone6aH11ilt s sepniKanbHOilt nnocKocr111. 

B pe3ynbTaTe rnopern1..1ecK111x 1-1ccne,QoBaHL.1l1 pa6o
Tbl npe,t:lflO)KeHHOilt KOHCTPYKLIV1"1 nony4eHbl 3ae111c111Mocrn 
AJUI onpe,QeneHlll.R xapaKTeplllCTlllK 38TYX8IOl.J..llllX KOne6aHlr1Lil 
WTaHn-1 a eepTlllK8nbHOilt nnOCKOCTlll B 38Blr1ClllMOCTlll OT ee 
pa3Mepoe, napaMerpos c111creMbl cra6111n1113al\"1111 111 oco6eH
Hocreilt ycraHOBK!ll ee oTp,enbHblX y3noB. 
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