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PparopHa I1AH0BK0
łiHOiHTyT MamHHOBeAeHiia h m .  A.A. EaaronpaBOBa AH CCCP
0 303 ByKiCEHHH KOJISBAHHŹ 3 TEXHCJIOrHHECKHX CHCTSMAX TlfflA
IlPOTHrHBAHHH

PeątOMe. HoKa3aHO, hto b cacreMaz inna npoTarHBaHHa npa boshhk- 
H0B6HKH CH JI HeKyjI OHOBa XpeHHBL B 03M0XH0 B 03<5yXAeHKe KOHeCaHHii pa3~ 
jihhhoM npKpoĄH. B oąhom cjrynae 3Tk KOJiefiaHHH MoryT 6htb o6i>HCHeHii 
nepaOAK’-iecKoa CMenoM ycToilRHBbiz cootohkh8 chctbmh, a b ApyroM -  
B03HHKH0BeHneM aBToKOJieSaHHft. YKasaHH nym  noAafiiteHHa KGJie6aHHa b 
o6ohx ciiyH aax,

B c o E p e w e h h h x  TexHOJionreecKHX i r p o r te c c a x  irapoK o pacnpocTpaHeHN 
paanH H H H e y o ip o f ic T B a  h  c h c t b m h  r a n a  n p o ra rH B a H H fl.  K  h h m  o t h o c h t c h  

CHCTeivTH BOJIOHeHHH H IipOTflSKH IipOBOJIOKK,  KaJElOpOEaHIIH 3 a T 0 T 0 E 0 K , 

B H T flrH E aH K H  c jo iT K a  K3 K p iic T a ju m  s a c o p a  ycTaHOBOK HenpepHBHOH p a 3 -  

jq e b kh  M eT aJD ioB , j ie H T o -  a  HHTenpoTflXHHe M exaH03M n h  M H o ra e  npyrae.

Ph c .I
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Ha pnc.1 npeflCTaBJieHa Mnoßaa cxeMa npoTHTHBaHHfl: oôpaôaTHBaeMàa 
3aroTOBKa I npoTflriiEaeTGH nepe3 KanndpoBOHHoe oTBepcrae MaTpHipj 2 
c noMontBK) MexaHH3Ma bhthrHBarota, BKJiKHaiomero thHymne pamoui 3 h 
3JieKTpoaBiiraTejrL 4. Ha 3aroTOBKy co CTopoHH THHymirx pojihkob h co 
CTOPOHH MaTpimH JießCTByiOT CHJIH TpeHHH PA (THHymafl CHJia) H Fe (ch- 
jia conpoTKBJieHHH), onpemeJLHK>mne ABHseHHe 3aroTOBKH c HeKOTopoß 
cpe^Heñ CKopocTBB % =con$i .

ripn onpemeJieHHHX ycjioBHHX b paccMaipHEaeMoñ GHCTeMe MoryT b o3-  
HiiKHyTL KOJieöaiffla, KOTopHe, KaK irpaBHJio, BpemHo CKa3HBas)TCfl Ha Te- 
Herae npouecca h Ha KanecTBO nojiynaewioH 3aroTOBKn [lj .

Ruh a H a jiH 3 a  p a ccw a T p iiB a eM O H  CHCTeMH B o c n o jiŁ 3 y e M C H  c jie m yK sm i- 

mh MomeJiBHHMH npejLC TäBJieH H flM H . IIp iiM e M , H To H a  oÓ paÓ aTHBaeM yio 3 a -  

ro T O B K y  ( c T e p ïc e H t)  m e iicT B y io T  tojibko npoAOJiBHHe chjih Fa h Fe , 
n p im e M  B B H £y MaJIOCTH IipO TflKeHHO CTH 30HH KO H TaKTa POJIHKOE H M aT p H - 

I f f l  CO CTepiKHeM 3 TH CHJIH Ó yjieM  CHHTaTB COCpejIOTOHeHHHMH B CeHeHHflX  

A h B.  B p e a n B H u x  y c jio B i iH X  x a p a K T e p n c T H K a  chji TpeHHH oöhhho coä- 
e p sH T  n a jia K u iH fi y n a c T O K  n p n  M a jm x  c K o p o c r a x  CKOJiBKeHna ( p n c . 2 )  h 
B n o jiH e  ym oB JieTB cpH TeJiB H o annpoK C H M H pyeTC H  H enojiH H M  K yd ira e cK H M  

nOJIHHOMOM:

Fa (Va) = A/a (J-ao ~ J ai Üa + J as Vą ) t 

Fb (ff&) «  A'ß fjßo -JaiF& +Je3 IfJ

rm,e A/a k  Na -  H opM a iiB H oe  aaBJieH H e H a  CTepsceHB c o  TH H ym nx p o j ih ­

k o b  M aTpiüXU; Jao , Jai , J as , Jeo . Ja, • / a s  “  HOCTOHHHHe K 0 3 (M tI -  

HHeHTH.

B HOMHH3JIBHOM p eS ü ttie  ÄBHSteHHH 

CKOPOCTH npO CKaJIB3HBaH HH:

VA = CJZ - V0 , Vß - V0) (2)

r ^ e  V  -  C K o p o cT B  CTepscHH, oJ -  
y r j io E a a  c k o p o c t b  p o j ih k o b  , 2 -  p a -  

flnyc poJHiKa.
B odmeM cjiynae yrmoBan c ko po c tb

pOJIHKOB OnpemeJIHeTCH ÄHHaMHHeCKOÄ 

xapaKTepHCTHKoß npiiBoma. OjiHaKO b 
3TO0 CTaTBe AttH yirpomeHHH aHajni3a 
npHMeM OJ =  cons-i .

Ph c .2



OBosdyx^eHHH KOJreÖaHKü,, .

I le p e x o jy i  K onHcaHHio y n p y n ix  ce o ë ctb  cbctsmh n p e x a e  B cero  o t -  
MeTHM, a to  C T e p x e H L , p o j i i iK i i  h M a ip im a  ca iiTaroTC fl noaaTJiHBŁiMH b p a -  

AnaJiBHOM H an p a B J ie hhh. B hpoaojibhom HanpaEJieHHH C T epaeH B  mohst 
o ah to tb ch  JE'ido adcoJHOTHO TBepÄHM , JB iöo y n p y n iM  TeAOM ( c M . p u c . 3 ) .

A/e

f a

m B

?  /  ' / > /  f  r  /  ' /

-A / W -

. Ma

Fa

Phc.3
B H0MHH3JIBK0M peHHMe ÄBimeHHe CTepSCHH npOHOXOÂHT C ÜOCTOHH- 

HGB CKOPOCTBK tfc , OÄHHaKOBOH J M  BCeX CeAeHHfi CTepKHH. 3ïa CKO— 
pocTB onpeflejweTCH xapaKTepHCTZKoä chji Tperow Fa z fe , a Tarace 
yrjIOBOii CKOpOCTBIO TBHyiHHX pOJBIKOB Cx) , ÜOCKOJIBKy E paBHOMepHOM 
ABHHeHHH yCKOpeHîie CTepSCHH OTCyTCTByeT, TO CHJXH Fa II Fb B33H- 
MHo ypaBHOBeiueHH. B CHAy HeAHHetaocTH xapaKTepncthk TpeKHH 3an- 
aKHOii yrJIOBOlï CKOpOCTH ÓyaeT COOTBeTCTBOBaTB HeCKOABKO 3HaAeHHH 
CKOPOCTH F  . ÍIpH 3TOM B03HKKæT 33J!,aHa HCCAeAOBaHHH yCTOHAHBOC- 
TH COOTBeTCTByKJUHX OTaUJIOHapHHX peXHMOB. PÎ3 yCAOBHH paseHCTBa 
ch a  Tpeiiiw Fa h Fb, c yneTOM (2 )  noAyAHM cjiesymiee ypaEHeHiie o t -  
HOCHTeJIBHO CKOPOCTH F, I _  _ ^

F o Y ¿ Js3  + J a s J  - ^ C z J a z c o z J - j F o  ( J - J b í -> J a <  -  

-  3¿.AS(u2f)+ oL-i- J'At & &  -Jas fa 3 = <?,

iyie :s: J*<
J ao

/ «  * J a.
je t

Je 7  _ Je± j  
j *3 J e ,  >d

Ngjßt
Ja o  ' ^  Jeo F*3 Jec ,ca fafao '

PetneHiîe stopo ypaejiCHKH jiaeT j m  i f Tpn Kopra, npirceM cfom- 
HecKKH cmhca BjdeioT TOJiBKo EemecTBeHHHe noJioraiTeJiBHHe kophh. Kas- 
AOMy 113 3TIIX KOpHeií COOTBeTCTByeT yCTOfraiEHH HAH HeyCTufrqCIBHÍÍ
pejKHM ABraceHMH cT epsH H . B c jiy ^ a e  H eycT o fraiB o ro  pe;siM a H3MeHeHiie

CKOPOCTH HOCHT MOKOTOHHHH HAH HeMOHOTOHHHH XapaKTep.
&7IH nojiy^emiH ycAOBHH yc tohahbocth pacoMaTpKBaeTCH B03uymeH- 

Hoe ABHKeHHe CTepsHH; 0TKy.ua C A eayeT :

~ 32%) Cfee + -f- & Z V o ~í /̂aí -t-Jj-a/ ~ jj*9 faé]¿-Ot C^')
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B irpoTHBHOM cjiynae Ä B M e r a e  HeycTOKBUBo.
OXMeTHM, HTO npK 3aaaHHHX 3HaueHHBX K03$&fflJieHT0B C M  TpeniiH 

F a h F b h cKopocTeii c o l K '<fo ycjioBiie (4) Mo&eT öhtb peann30Ba~ 
ho npn coo PBexöTByKmeM 3H&Heran napaMeTpa d  , to ecTB nyieM us­
ine ne h m  noflaaTM THHyupix pojbikob.

BwecTe c Ten, ecjm c k o p o c t b  &  CTepsra JiesiT Ha nananneM ynac- 
TKe xapaKTepiicTHKH Tperan, t o  b  CHCTewe e o 3m o ä h o  B03dyMvö.eHHe k o - 
jiedarañ ne aBToKOJie daTe jibhoü npuponH.

% o ö u  ycTanoBHTB npiraiHy bthx KoJieöaHir': b cjiynae, Korna CTe- 
pseHB cHHTaeTcn aócoJDOTHO TBepflHií TeiroM, paccMOTpiiM rpaomecKoe 
pemeHne ypaBHeran paseHCTBa c m  TpeHHH Fa h F e  .  C btoîï neJiBio jww 
onpejieJieHHn hoctohhhoí CKopocTH CTepsra socnojiBsyeMcn nocTpoera- 
HMU Ha piic.4. QnecB no och adcrpicc OMOiceHH p a 3 j m H H e  3HaneHKH

CKopocTH 2Í , a no och opjyiaaT - 
CHJQJ TPSHHH FA \\ F a  . Ilpii 3 TOM 
KpîîBaH Fa nocTpoeHa c yneTOM tobo 
HTO JUIS CHJIH Tperan F a OTHOCHTe-
jiBHaa ckopoctb onpe^eJLH8TCH pas- 
hoctbîo c o t -  F 0 , npraew

3ÄeCB BHÄHO, HTO
ECKOMan ckopoctb z F - '¿ F c c onpe,n,e- 
JineTcn Kra eftHHCTBeHHHÍi nojiora- 
ïejiBHHÎi KopeHB ypaEHeHHH (3). 
HocTpoeHHe Ka pac.4 hsckojibko h3~ 
MSHKTCH, eCJIH CHUTETB, HTO 3Hane- 
HKe CKOpOCTH npOCKajIB3HBaHHH I f*  

JieKHT Ha BOCXOÂHmeË BGTBH XapaKTepHCTIÏKH TpeHHH F a ( F a)\ npli 3TOM 
MoryT EHHBHTCH Tpiî BeuîecTEeHiiHX kophh ¿g = 2Ç*,h noTpedyercn odcy- 
spieirae Kasmoro peraeran. OjinaKo stot cjtynaË cooTseTCTEyeT doJtBiiiHM 
CKopocTHM npocKaJiBSHBamw V a  , HTO ne peaJHisyeTCH s  npaKTraecKiix 
ycjioEiinx.

Mojkho yóejiHTCH, hto CKopocTH ¿Ge cooTBeTCTByeT HeycToSniîBoe 
HEMeHiie. B caivioM nene, ecjui BHecTK wajfoe B03Myme.Hwe S  ¿Toc , to 
corjiacHo pnc.4 pa3H0CTB c m  5 F ~ F a - F &  dyneT HarrpaBJieHa b Ty se 
CTopony, HTO h BoaMymerae à  <F,C . CjienoBaTeJiBHO, ckodoctb CTepsra 
dyneT ûTpeMHTBcn k Hyjno, jdîôo K SHaneHino a>?. , . ■

TaKHM 0dpa30M, yCTSHOBIiBiaeMyCH COCTHHHX) COOTBeTCTByiOT TOHKE 
D h E. Toraa j) cooTBeTCTByeT hokoh) CTepæHH, Korna c M a  F *

Pue. 4
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MeHBüie rrpenexBHoK címh F„0 , a  Toase E  -  flBKseHHe co CKopocTBio 
v0 = cúz to  ecT B , Korjta oTcyTCTsyeT irpocKaJiB3HBaHHe pojeîkob.
Oda 3TJÍ COCTOßHHH yCTOiÎHIÏBU B MaJIOM H pa3ÂeJieHU HeyCTOËHHBHM c o -  
CTOBHHeM, COOTBeTCTByraiiHM TOHKe C.

E c jn -i b  CHCTeMe H M e ra c H  h c t o h h h k h  n e p H o ju re e c K o ro  B03M ym eHHfl 

(H a n p H M e p , H enocTO H H C TBo y rn o B o Ë  C K o p o c ra  TH H yupix p o j d ik o b , h x  

re o M e T p ira e c K o e  H e c oB ep tue h c t b o h  T . n .  ) ,  t o  n s M e n e m ie  C K o p o c ra  e r e -  

pscHfl n p H o d p e T a e T  p e ry jw p H H Ë  x a p a K T e p .  Ot m o t h m , h t o , t o m  c k o p o c t b  

oúz M eHBm e, TeM t o h k h  D , C , E ö in m e  np yr k  n p y r y  u m u  B03d y K -  

fleHKH KOJieóaHHH T p e d ye T C H  Menraee B03M ym eH H e.

C yseJuraeraeM  npiraaTHH pojihkob Na , to ecT B , npii oTHociiTejiBHO 
MaUHX oí KpiIBaH Fa , He MeHHH GBOeM $opMH, dyjieT CMemaTBCH EBepx, 
a  a tícn jioca  t o ^ í h  G OTpeMHTBCH k nyino. IIpn nocTaTOHHo dojiBtnoM npii- 
Kariíii, K orna FA(coz)^F&0 KpuBue Boodme He dynyT nepeceKaTBcn (p n c .5 )  
h eflHHcTBeHHoe ycTaHOBHBmeeca cocTOßHHe cooTBeTCTByeT ToHKe E .

CTeDKHH B03M01KH0 BOBHHKHOBeHIie KOJiedaHM CKOBOCTH, KOTOpHe CBH—
3aHH CO CMeilOK yCTOÎBffiBHX COCTOHHÏÏË IIOKOH H ÄBIßieffilH.

Bhobl BepHeMCH k paccMOTpemiio cxeMH Ha p h c.3. Ooo3HaHio,i x A ,
-  KoopÄHHara Maco mA u me oooTBeTCTBeHHo , o - aecTKocTB ynpy-

r o Ë  CBB3IÎ. T o m a ,  n p en no jiaraa , hto cpenHßfl ckopoctb ciiCTewH
doJiBiiie aMiüiHTyna ckopocth KonedaroiS Jiiodoíi ii3 M ace, 3annmeM ioicT>
àepeHiçiajiBHBie ypasHeHna ÄEiraeHKH :

» í—
I" mA XA ■+ c ( x A - x 6)  =  NA J ao ( i  ~ (coz -o t A J  (co z — x A)

B 3T0M  c jiy n a e  ÄBiDKeHne C T e p -

JKHß CO CKOpOCTBK) 2T0 = CO Z
ÍIOJIHOCTBK) yCTOHHHBOe H K O Jie - 

daHHH HeB03M 0KHH. OTCKffla c n e -  

3H aH eH ne a r a  n a p a M e T p a  d  , 

npH  KOTOPOM KOJiedaHHH OTCyT— 

CTByiOT:

0

Pk c .5
TaitHM o d p a30M, npn b h t h -  

rKEaHHH adcojnoTHo TEepaoro
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Peínem e vpaBHeHHH ( 6 ;  óyneM hcketb  b  Bnne:

XA (i) +X.<Cctd), ¡T& -yU-i) + #4 Cüi-L) , í?)
« « • 

r a e  x 0 ,  </<? -  MejvieHHue cocTaBJunaim e n o jim a . CKopocxeË Ą h  x 6  ,

i ( n t/< -  öHCTpae 2 * / ¡ j  -  nepaonircecKKe (KoneóaTeJiBHHe) co cT a B -
jiHiaipíe.

ÔeBłmHO, HTO Xo(¿Ĵ ô(-í) - if0 , npzneM x0(-t)~ y? t 4 t
rn e  A -  ocpenHeHHas aegopMaipw ynpyroñ cb b3h .

C yqeTOM nocjienHioc Bupícnehüh y p a m e m a  (6 )  3anHuiyTCH b  Biw e:

m A '¿ + C(X<-y4) =  M a ¿ m  C<xt -LT0- X 4) +

(cot- V o - X , f J  (8)

L '« P  + G (n< -  * 0  -  XA -  -  [ í ~ J ei C#o ■* yJ+J¿3  w j j .

PemeHKH nany^eHHoS CHCTeMH ÂHçfrpepeHimaJiBHax ypaBHemíH CTpo- 
HTCH b rapMOHmecKOM npHöJUBKehuh . Torna juta oTHOcïiTejiBHoË CKopo- 
CTK BHTflrHBaHHB Vi nonymiM ypaBiiem e :

&o C^Jei + J as)  — &o(3^A3 &  t) - * J ’ai ~ (cút) - ^

~ ł P (Jaí A i + At)J_ /_ -fAia¡t + J. ~zÍa3 ̂  (&*■) +§CpA4)) •

3 to  ypaEHeHiie oTJoraaeTCH o t  ypaBHema ( 3 )  jyra CKopocra ¿Q ho-
i.ciHaJiBHoro pea®Ma HBHseHHfl CTepraa HamraiieM cjiaraeMHx, 3aBiiCHinnx 
o t  aMiuiHTyn a< , , o¡ , ¿i . HeH3BecTHHe aMiMHTynH A= o* + éf h
A2 = a * + é j  onpenejiHBTCfl H3 coBMecTHoro peinem a ypaBHemä non óh- 
c tp h x  ABiffieHHH. Torna oKomaTejiBHO amuruTynu:

a : ~ '“ - < / •

C yqeTOM ( 10 )  ypaBHeinie o th o ch t6 jib h o  CKopocra npHHMaeT BHfl: 
5(J-¿z ■+X Jei) - Í5-Jas CoZ -lTo — ()fA i •+ Ajo i —

f, r , ,3 C<0
~i5 Ja3 (col) )2T0 + / -J.-+ JaíOJZ - 5Jaí (cet) =0

Kan h paH ee, npii anajm3e HOMHHOJiBHoro peHWMa nEHSceHiiíi, 3necB 
npHHHMaetch bo BínnvíaHiie to jibko  oâhh BeinecTBeHHUË noJEOOTxeJiBHHS 
KopeHB ypaBnemiB ( I I ) .
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[ i ]  HjJEPMAH IIpiiKJiaAHHS TeopHH MexamraecKHX KOJiedaffirii.
M., Bacmaa niKOJia, 1972 r . , 416 o.

O WZBUDZENIU DRGA& W SYSTEMIE TECHNOLOGICZNYCH TYPU PRZECIAGACZY

S t r e s z c z e n i e

Pokazano, że w systemach przeciągaczy przy powstawaniu sił 
tarcia różnych od coulombowskiego możliwe jest wzbudzenie drgali 
różnego rodzaju. W jednym przypadku te drgania można tłumaczyć 
okresową zmianą stabilnych parametrów układu, a w innym - powsta­
niem drgań samowzbudnych. Przedstawiono sposoby zmniejszenia drgań 
w obu przypadkach.

CN VIBRATION EXCITATION IN PULL-TYPE TECHNOLOGICAL SYSTEMS

S u m m a r y
It is shown that in pull-type systems different kinds of vibrations 

occur during friction. They can be explained either by periodical, change 
of stable parameters of the system or by self excited vibrations.
Methods of decreasing these vibrations in both cases are presented.

Recenzent: prof. dr hab. inż. J. Wojnarowski

Wpłynęło do Redakcji 6.II.1989 r.


