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EoH4apeuro JI.H., K.r.H.. f.ranaqxuft K. U.. K.r.H., r{epx1'truoe B. 3.

B.IIVfl}IVIE COIPOTIIBJ:IEHIIfl KAr{EHI{IO HA PAEOTy
oPI,IKUL{OHHbIX OCTAHOBOB Vt ?KCUEHTPI{KOBbIX
JIOBI4TEIET

flocrauonrca npo6reltr. flpu pac.rere @puxulloHHbrx ocraHoBoB.
IKcIIeHTpHKoBbIX roeure,rrefi ,ruSroa u no.fr€rrnnxoe o6brqHo He vrrursrBa-
ercr conporuB-reHrre Ha [epeKarr,rBaHr4e poJ]r.{KoB H.lH rrrapnKor e Qpuxull-
oHHbrx ocraHoBax H sKcueHrpHKoB B 3KcrleHrpr{KoBbrx ocraHoBax [1, 2].
3to, oueeNAHo. cBr3aHo c reN{, r{To orcyrcrByror aHa:ruTr.rqecKue 3aBHcH-
\rocrr4 rxr onpexe rrer:as. ro:S @uuueHra rpeHr.rr KaqeHu.f, .

B [3] raxue 3aBr4cuN{ocrlr noJrf{eHbr r{ npr.r HaxoxreHuu xoa$Qn-
uHeHTa rpeHr.Iq Kar{eHrrs Hcnonb3}Torc{ ToirbKo o6rqenpuurrbre MexaHurre-
J KHe KoHcraHTbr MarepuarroB I{ pa3Mepbr KoHTaKTr.rp}'eMbrx ]era,reii.

I-le,rlrc cramu f,B.lrrercr ycraHoBr.rrb BJlrlxHrle conporuBireHr.rs ne-
seKarbrBaHrto napr4Koa (porlrxon) n $puxuuoHHbrx ocraHoBax t{ 3KcrIeH-
:pHKOB B 3KCUeHTpHKOBT,TX OCTaHOBaX Ha BeirHr{plH}, flepe.{aBaeN{oro Mo-
\{eHTa I4,II{ CI4JIbI TpeHr{t.

Marepuausr l.rcc:ierosaHHfi .
1. Po.riaxoerie ocraHoBbr.
Pac.{erurrri roplro:uori Mo\,IeHT B ocraHoBax c po,-rr{Ka\.t{ H rrrapn-

:..3MH ollpe.{e,rlsercs H3 Bblpa'i6euux },4 . =- Kd M I Kf . rrc M - H9MH-

.anr,Hrrfi Bpaualour{ii lrroneur: KO ^ KT - rco:S$naueHTbr. \.qr.rrbrBaro-

-ir{e AI4Ha}{Hr{HOCTb. TUn jBi.IfaTeJr. HepaBHol"{ep:rceTb pacnpeJeJeHHf, Ha-
-rv3icll. srt:galtHofi notpeixnCcr.flNtIi i.I3foloBilel{t{9,

llopma:ruax Harp\'3Ka Ha po.'rui( npu qricxe po-Tr.rKots z (o5sr.*ro

Dulrr{Maercg ctr 3 ro 5.1.;IuaNrerpe orBepcrrds Kopnl'ca D u 1r.re 3auen-
.3HHq cr (puc. 1) P= 2tr [  p l { .zDtgc, 2) EcrecreelrHo, r{ro Be,rr{quFra

-;trtt P ,ronxHa 6rrr" ,u*oiu" .{ro6 KoHTaKTHbre Harrps)KeHu,lt He rrpeBbr-
-j tu'II4,{O II"V C Kae NrbIX.

flpu cxerre KacaHr{r rlnxr{H.{p - r.locKocrr (po"rirn-nry:rxa) [4]

P _
Bdlolz

( l )

2 . 0 , 4 n 2  a
:e B - ro.rnugHa ponuKa. B = (1,1 5...1,5)d" E - uo.u.v-{u yrp,vrocnr Nra-

-3pr4aJToB poirrrKa 14 KopnYca.
Ilepe,l Har{aJToNI ocraHoBKr4 MexaHn3Ma poirr.rKri nepeKarblBalorc g no

.,lpfiycy H BT]' JrKe, co3naBa.g rononHnTe;rrsrrfi MoMeHT BpaxleHrrlo.
KooSSuuueHT TpeHH{ Kar{eHHq npu rHuefiHoM KoHraxre [3]
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-O 6r l
k = 0,225be

f Je b _ IIox]'lnHpHHa [rTHa KoHTaKra" o[peleirreMaq H3 H3BeCTHOH

fepua KoHraKrHbx Ae$opMauufi l4]: d - luav'erp po-rrllKa B M.

Orverurrr. r{To BBH,r-v r\.Ia-'Iocru Be:rnrlaHbl d n $opuy''re (2)

(2)

reopHn

3KCTIO-

LI =', ZI

k ,
P _

HeHrofi MoxHo npeHe6pe.{b.
Taxnlt o6pa:ou, A'rIq H3BecrHofo BblpaxeHut [o-I]'uIIpuHbI tlsrHa

KOHTAKTA

lpel[o.iafarrocb. qro

BTyJTKH O.XI{HaKOBbIe- a

2 C + c l0, = arccos- -' :
D _ d  ;

Hanpunaep. lrpll

k a - 2 . 2 5 :  B = 1 5
o = 41 0 MrIa< fo] = _.1

lTpunnax Be.lnl

rcos Z =3 wquc.'r\ .ur{K-

Be.nuuuurr xo;{

kk = 0,02 MM, a

l t h = 8 , 0 1 H :  W k = 7 . _
O6tqa" Be.-iHrlrjH,

corrporuBnenltfr xaqeulr
. 1 ' I  =  1 7  5 , 6 5  H r r . , r i o , . ,

{.Lllaplrxoar,re ocrauonr,i J
rtefo 3.rleN{eHTa rlpfi \ferrt
qaTbc.{ oT po.TIIZliOBLi}, tri
crp)-KIII{H o:lr.rHaKOB bi,\r i I
craHTitbrx uanp_a;xeulri i
1 .1 . . .  1 .4  pa :a  do . r l ue i r .
ilprlHsrbrM Bbrrre, fo]= ,

llo;ryruuplrHbr nr,
peAe-1.[roTcr r{3 BbrpaxeHr

: xo:QSuuueHr rpeHHs Ki

Horauua:u,Hufr ep
-)CTaHOBOM, I lpH 3TO\t COr

bb =1,526rF*
\ zBE

c orrpoTllBneHl.Ie KarIeHIIlo po.lHKa IIO BTynKe

)  P L '
r r f  ' '  ' ' D

w b _ _  
. l

(3 )

TA

B uecre KoHTaKTa ponlrKa c KopnycoM noxyrIIHpI{Ha nqTHa KOHTaK-

h ,  - 1  < ) )
u K  -  L . J - 2

Orueruirr. rrro npu oilperereHuu b6 t bk

Itlo.I.vnH ynp!'TOCTI{ MaTepHa-ToB poJIIIKa. Kopu}'ca n

xoo$$uuueurrt fl1'accoHa panHst 0"3.

Plrc.vuox 1 - Pac.{erHa.f, cxeMa poJuKoBofo ocraHoBa

O.{ee!irHo. r{ro conporlrBJleHl{t KaqeHHIo Wb , Wp 6yxyr yBer}:'

rrHBaTb HoMHHarIbHrfi npautaroult,tfi volteHTru efo BeiII'IqI'IHa onpe.Ilexl'rra;

113 COOTHOIIIeHHt

P D d

B E  D _ d
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)+.(zr's\*nt =(,o,rZ+w r,
2Mka

C ,
"r)
(o -

( 4 )

. . re P -
k,rdZtga 2'

C -
d)coscr - cx.

2 C + d
a = arccos- [1] .

D - d
Hanpuvep,  r rpu  M =70Hv;  d  =  10r ' rv :  Z  =3 ,  k* :0 ,9 ;

kd=2,25 B=i5urr pacvernue Berrlqr.rHbr cocraB:rrlor:
o  =  410Mna<[o ]=  SOON{f ta ;  P  -1908u:  a=  42 ,8 . .  D=100r rv .

flpuHma-a BeJrHqHHa [o]= SOOMfla coorBercrBve'r' qrlcjr]. po.ru-

/ \ 6
, ;os  Z  =3  u  qucx .v  u t4K i roB HarpyxeHun n  =  (14 . . .16)10"  t1 ] .

Be;urqunr,r xooS0uulreHToB rpeHr4q Kar{eHr.r{ kb =0,019yn H

ik - 0102 1\{M, a cocraB.rrrrcruue or conporuB,reHns KaqeHr.rro

I l t6 -  8,01H: IYk =7,25 H.
O6rqas BexHr{HHa Ho\ruHarrbHoro Bpaularc[lero ]\,IoNreHTa 6e: 1-uera

:orrporuB-rreunri xaqeuralo cocraBar M =775,02 Hrr. a c ax 1'uerou
\,[ =175,65 Hu, vro Ooruuie lr,a0.36u/u.
Ilapimosrre ocragoBr,i. F1apx:1'c po-'rnraiii.i B ocraHoBa)i B Kaqecrne pa6c-

:3lo fJIeM€riTa IIpE,\{eHg}o'i u tUapllK;r. (oH.-rpl'xrlitsHO oriti t\,{or}.T oT_-i!t-
i-lrbcfl oT llo.:llzil:oBbix ocTaiJoBLrR. HC c ue.lbFo HX CLlatslieHl!fl rIpHI{e\l KOH-
-Tp,VKIII{H OJLIHaKOBbI\.{H. li\re.g B Bru\'. rlro rieju{r{HH}- :1on}'cKae\{brx KO}{-
-raHTHbr\ Hanp-qxeHHfr npli rDrler{Hou IicHTaKTe \{oxr]o npH}tH\{arb B
.i...1,4 pa:a 6o;nirrefi. r{e}r npu rnuefiHcrt. i lpn ecex pa3Mepax paBHr,rx

r
.ruuf,rblrvl BbIrIe. Loj= 7OO lvlfla. BerurigHa P:333H.

llo;ry'urupllHbr ilflTeH KoHTaKTa mapuKa c Kop[\'co\{ u ery;mofi on-
r.^teJurorcs H3 Bbrpaxeuuit 7

h . -u k -
4  d  + 2  D '

br. = 0,554fi' !4 .u  '  
\ t ' E 2 '

xo:Q$nulreHT TpeHr.rq KaqeHr.{r npu :roil cxeMe KoHTaKra
o 2(d 2)

k = 0,16be" '
HonuHa,rrHrfi nparuarouufi MoMeHT, neperaBaeMufi urapnxoBbrM

JTaHoBoM. rrpH 3ToM cocraBr.rr: 6e: 1''uera corrporrlB:teHnr KarreHuro tua-

0.6985n^t l !' \ n

r l

,iilllr
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pHKoB M =30,54Hu. a c ero y'qerov M =30,64 HM..{ro 5o;nrue ua
033%.

2, SxcqenrpuKoBbre ocraHoBbr. B excuenrprrKoBbrxocraHoBax
pa6ovar qacrb npe.lcraBxrer co6ofi 3KcueHTpHx, xoroprrfi no.1 4eficrnuerrr
co6creeuuofo Beca r4IrH ycvilLrr [pyxuHbr B3ar4MoAeficrel'er co rrrKHBo\I
II!'II4 rpyrofi npaularorqeficq qacrbro MexaHu3r\{a. o6ecneqaBarr ero 3arop-
Moru.{BaHr.re. 3xcqesrpuKu }rofyr KoHTaKrr.rpoBarE, c unJuH;Ipuqecxoft tr,ru
rruHoaofi pa6o vlrlur rroBepxHocrrNru rrrKlrBa.

Cu:ry rpeHu.fl, seo6xotrnulro rxr ocraHoBKH qi{JuH.{pr4r{ecKorrr

TIIKLIBa. Harp)'xeHHoro Kpyrf,rrluru MoMeHTow M. B c.vuecrBr,roulefi .lruTe-
paD/pe peKoMeHlyercr o[peJerrTE, H3 BbrpaxeHHr'.

F = I,{f = 2Mfd .
r.{e -Ay' - HopMarbHoe ycuxr.{e npnxaru{ 3KcrIeHrpHKa; "f 

- xoo$$uuileHr
rpeHHt Mexl)' rKcueHTpuKor\l H ruKr4BoN{ (pexoveu:r'erc.r

,f  = 0,08...0,1 ) '  P - oxp,vxHoe ycrrnue.

Pucl'uox 2 - Pacqerira.s cxeMa 3KcrIeHTpHKoBofo ocraHoBa

llocxomrl'yro,'r CX. (puc. 2) Mex.r)'pa.[H]'coM urxuea R1. rpoB:.

.qeHHbrM B Tor{KI A era KacaHHs c 3KcueHTpr{Ko\,r, u np.auor.i. coe.{r,rHsr. -
uleii :rv roqK)' c ocbro BparueHnq 3KcrIeHrpHKa. ,qo:r)r(eH 6rrrl paneH ri..
N{eHbuIIIM yrxa rpeHns "f *tgf , ro l', = Flf . a'oKp},xHoe vcuue .:

, ro . rxHo6urr  P<Ml&.
I,I: yc;ronux pa6orsr raKHX ocraHoBoB pa.lnyc 3KcueHTpriKa He c.:

[a.{aer c ocbro BpaureHr.rs, H paAuy'c KpHBr.r3Hbr B Mecre KoHraKTa 6yAer r...

peMeHHbIM H paBHbrlvr Rt -- RZ cos cI, .

flpu rorruuHe 3KcueHrpuxa B cu;ra Ar orpe.{enurcr u: Qopur'.r.

flocxo:ruxy, rrpri
TpHKa rro ItrKI{By. TO cti.t:
KNHHI,IBAHHIO.

llocrynnn aH&torr
sns F, Heo6xo,lrrl{a.s _r..
KarreHuro, cocraBuT 93.5 t
0,350h.

Taxuu o6pa:orr n1
rpaKoBbrx :roBnre:reii cc,ii
(opnYcy H 3KCUeHTpr{Ka l
faTb.

1. Toplro:ubre ycrpor-rcrB,
\.f . .  @e,roceee B.H. u:p
i, CupanovnuK tro KpaHa\r.
roeuH A.A. a Ap. - NI.: \ fe
.r. EoHlapenro JI.M.. ,Iosc
i MarrruHax: - {riinponerpo
l. Cnpaeour{r4r rro corporl
.i.-B A.fI.. lv{arseea B.B _ |
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flocxoruxy rrpn 3aropMaxraBaHrlu npoucxorur Kar{eHr.re 3KcueH-
rpnKa rro urKr.rBV. To cH.;Ia rpeHur Kar{eHHr 61'.rer [penqrcrBoBarb ero 3a-
.{,-II,IHHBAHI4IO.

flocrvu prs aHaJTof Hr{H o Bbrr[e r{3i]oxenHouy; uafi .1err. r{To cr.r-'ia rpe -

ilrs F, neo6xoxlr\{aJ{ nrr ocraHoBxr{ rrrKHBa 6e: 1.uera co[porriB-reHrrt
(ar{eHuro. cocraBur 93,5 H. a c vqeroM 93,175H. r.e. pa3Hr.rua cocraBJser
) .350 .

Tarliru o6pa:orra,lrpn pacqere QplixuinoHHbx ocraHoBoB r.r 3KcueH-
puKoBbrx ;roer4terefi co[poruBJleHr4eM KarreHuro poi]HKa I.inu tuapuKa no

.Jprllcy I{ 3KcueHTpr{Ka no ixKnBy rpeHHeM Kar{eHH{ MoxrHo npene6pe-
- - lTb.
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