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YIK 677.11.051
KOJIEBAHUA TPAIU JIBHOCBIPIIA ITPU TPEITAHUU
C.E. Masnckuil,
M.C. Enun* (Beepoccuiickuii HUH no nepepabomie nyosimvix Kyibmyp)

MpuBeaeHbl pe3ynbTaTbl TEOPETUHECKUX WUCCMENOBAHWIA NMOMepeYHblX kornebaHwi yyacTka npsigu NbHOCbIpUA, PacrofioXEHHOTo
Mexay 3aXVMOM TpaHcropTepa W nnaHkon Guna TpenanbHoro 6apabaHa, nNpu OAHOBPEMEHHOM TpenaHun cBoGOAHOro yyacTtka

npagn no cxeme oAHOCTOPOHHEro TpenaHua.

C 1enpI0 MOBBINICHUS BBIXOAA JUIMHHOTO BO-
JIOKHA W B IIEJIOM MOBBIIICHUSI KA4ecTBA TPEHAHOIO
JbHA MpEAjaraercst mepej mnojadeidl B TPenalbHYIO
MAIIMHY MOJBEPraTh JIbHOCHIPEI[ MPEABAPUTEIHLHOMY
obeckocTpuBaHHI0 U pacnpsimiennto. Jliast  3toro
MOYHO BO3ZIEHCTBOBAThH Ha MPSi/b JIHHOCKIPIA OUIaMHU
TpenajgpbHOro 0OapabaHa MO CXeME OJHOCTOPOHHErO
tpenanus [1]. Takue Bo3meiCTBUSI 00CCIICUMBAIOT
BCTPSIXUBAHUE TMPSIIH, CO3JAIOT JOMOJHHUTEIHLHOE €¢
HATSDKEHHUE, a TaKKe BO30Y)KIAOT MaJible KOJcOaHUs
y4gacTkoB mpsiau. Ha puc. 1 moka3aHbl TpU MOJI0KEHUS
Om1 4YeThIpexOWIFHOTO OapabaHa, XapaKTepU3YIOIIHE
BO3MOJXKHBIC CXEMbI B3aUMOJICHCTBUS MPSITU C TUIAHKA-
MU OWIT B 3aBUCHMOCTH OT YKCIIa OWIT U JUTHHBI TIPSIIH:

- MPSIib B3aUMOJICHCTBYET C ABYMsI OMJIbHBIMHU
rTaHKamMu (motoskeHust Om 1 u 2), CBOOOJHBIN KOHEIT
OpsAM MOXKET HAXOJUTHCS B CBOOOJHOM COCTOSTHUH
WM KOHTaKTUPOBATH € TIOIOMIIBHOMN PEIIeTKOM;

- Ha TpPSAIb BO3IACUCTBYET OJHA IUIaHKA (IpHU
MaJIOM 4uciie O U (MIM) KOPOTKOW MPSIH) — MOJIO-
JKeHue om 3.

Puc. 1. CxemMbl B3auMOAeiiCTBHSA NPSIAM € IJIAHKAMH 01T

.
Pabora BeINIOIHEHA 0] PyKOBOACTBOM A.T.H., mpod. E.JI.
[Namuna

Kpowme 3T0T0, IIpu ATMHHOW NPSAA U OOIBIIOM
quUCIie O TIPSIb MOXKET B3aUMOJICHCTBOBATE C TPEMS
IUIAaHKaMH.

B kaxxnoi U3 OTMEYEHHBIX CXEM B3aUMOIEHUCT-
B BCETJa MMEETCS YIaCTOK MPSIIH, Y KOTOPOTO OJWH
KOHEI[ 3aKpeIieH, a caMa Mpsib, HA HEKOTOPOM pac-
CTOSIHUM OT TOYKHM 3aKPEIJICHHUS, MOTy4aeT BO30YX-
JIEHUE OT IIJIaHKU Oua.

YacToTa BO30YXICHUS MPSAN @, PAll/C 3aBUCHT
OT uuciia OWI z W 4YacTOThl BpalleHus Oapabana
n, MHH

m
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PaccmoTtpum 1Be Monenu cBOOOMHBIX KoieOa-
HUH TIPSR, COOTBETCTBYIOIINE OTMEYEHHBIM CXeMaM
B3aUMO/ICHCTBUS NPSIU C TuiaHkamu Owit. [1pu aTom, B
MIEPBOM HPUOIIDKEHUH, CINTACM NPSAb OTHOPOIHOM,
HEpacTHKUMOM, MaeaTbHO THOKON HUTBIO, JJISl HCCIIe-
JIOBaHUSI KOTOPOW MOYKHO MPUMCHUTH TEOPHUIO KOJIC-
OaHMii CTPYHBI.

Mogenab 1 COOTBETCTBYET cXeme MpsIu, 3a-
KpemieHHOH B Touke O, KOHTAaKTHPYIOLIEH Ha y4acTKe
qurHoM / = OB ¢ miaHko# Owia 1 moaydJaromei yaap-
HBI UMITYJIBC OT IUTAHKU CJICAYIOMIETO MO HampaBie-
HUIO BpamieHus Oapabana Omia Ha pPacCTOSHHU
¢ =0A OT 3aKkperieHHOro KoHna (TmonoxeHue 1 Ha
puc. 1).

Jlnst ommcaHusi cBOOOTHBIX KOJNEOAHWH TpsIn
BOCIIOJIb3YEMCSl  OJTHOPOJHBIM  JTU(PepeHIHaTbHBIM
YpaBHEHHEM B YaCTHBIX IPOU3BOIHBIX:

@
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o0“u o u
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ot ox
rae da = _|— — CKOpPOCTh PACIpPOCTPAHEHHs BOJH
nedopmanuy;

T — HaTsDKEHUE NPSAN;
p — NMMHEWHas IIOTHOCTD IPSIIN.
Pemenne ypaBHeHus (2) HaxoauM HpH Tpa-
HUYHBIX YCIIOBHAX

u(0,)=0;u(l)=0 3)
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Y HaYaJIbHBIX YCIOBHSIX [1]
u(x,0)=0;

x—crmw ]
5 2 npu |x—c|<5, 4)

0 npu |x—c|>5.

ou V( COS
“—(x,0)=
Fy (x,0)

OyHKIIUSA HAYaIIEHOW CKOPOCTH B (4) COOTBET-
CTBYET yAapy II0 CTPyHE )KECTKOT'O BBIIYKJIOIO MOJIO-
TOYKa NIMPUHON 20. TakoW MOJOTOYEK B LIEHTPE HH-
TepBasia 20 BO30YXAaeT HauOOIBIIYI0 HAYAIbHYIO
CKOPOCTb.

Bo30ysxieHHble TakuM 00pa3oM KojeOaHus
CTpYHBI (pemieHue kpaeBoil 3amauu (2), (3), (4)) ume-
o1 Bua [1]:
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31eck W, — cOOCTBEHHAs YacTOTa KOJIe€OaHUiA CTPYHBI,

wy =%\/§ (k=1,2,3,..) (6)

0 — TIOJIOBMHA TOJIIIMHEI OMIBHOH IIJIaHKH;
V,, — CKOPOCTb y[apa OUIbHON MIaHKH II0 IPSIH.

YCKOpeHUsl y4acTKOB TPSIM HAalIeM Kak BTO-
PYIo IPOU3BOAHYIO OT (5):
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i d%u(x,z)
ar?

5 ko . Tke
8vgw? =, | oS ——sin —

72a =1k 1_(26ka
/

. mkx
SIn —— SIN @y L.

(7
OnpenenuM 3HAYEHUS BXOIAIINX B ypaBHEHUS
BEJIMYUH B 3aBUCHUMOCTH OT KOHCTPYKTHBHBIX I1apa-
METPOB y37a TpenaHus (puc. 2).
Koopaunatst Touek O, A u B:

xo :_d, yo :b5
X4 =-rcosQ;;y  =rsing;; ®)
Xp :—rcos(a-{-(pl-); YB =rsin(a+(p,~),

rze r — paguyc 6apabdaHa 1o KpoMKaM IIaHOK OHJ;

2r
oa=— — Yo MEXKAy reOMETPUICCKUMHU OCSIMU
z

ow;

(0, — TEKyIHMH yroJ noBopoTa OapadaHa.

Touku O, A u B B MOMeHT yzapa KpOMKH A TIO
HATSHYTOH Mexay 3axumoMm O um kpomkod B mpsinm,
OyIyT pacmoioKeHBl Ha OIHOM MPsMOH, MPH 3TOM

®; =@ 4. OTO IPOU3OUET IIPU BBIIOIHEHUU TE€OMET-
PpUYECKOT0 YCIOBUS

(xo =xg)va-yg)=(xs—xp)vo-v5). ©

[Toce moacranoBku (8) B (9) m coorBercT-
BYIOILIHMX MPeoOpa3oBaHUil HAXOAWUM BBIPOKEHHUE ISt

OIIPCACI/ICHUA yT1a ¢A

rsino

COs @ 4
d(1+cosa)+bsina

—dsina+b(1-cosa)

8P4 = (10)

Jmuua ¢ ywacTka mpaau oT 3axkuma O 1o
KPOMKH A, ¢ ydeToM (8), HaxoauTcst o popmyJie:

c=OA=\/(xA —x0)2 +(J’A _J/O)2 =
=\/(—rc05(pA +a’)2 +(rsing _b)z-

JlnnHa pachpsAMIICHHOTO YYacTKa IPSOu MEX-
Iy KPOMKaMH IUTaHOK OWII

(11)

AB=2rsin£=2rsin£. (12)
2 z

Jmmaa ygactka OB, mo KoTopoMy HaHOCHUTCA
yAap,

I=0B=0A4+ AB =

=\/(—rcos¢A er)2 +(rsingy —b)2 +  (13)

+2rsin .
z

Mogenb 2 COOTBETCTBYET CIIydaro, KOTJa JUIH-
Ha TpAAW IPUMEpHO paBHa aiuuHe ydactka OB Ha
puc. 2. B MOMEeHT ynapa IDIaHKH A TI0 IPSIU HAaTAHY-
ThIM ocTaeTcs yaactok OA, a yuacTtok mpsinu AB cra-
HOBUTCS CBOOOZHBIM WIIM JIOKHUTCSI Ha MOAOWIBHYIO
pemetky (puc. 3).

B sToit Mogenu, B oTiauure or Moaean 1, uz-
MEHHUTCS 3aKOH pAacIpelesieHnus] CKOpOCTed TOoYeK
NpSOU B HAdalbHBIX YCIOBUSX (4). YUuTBIBas, 4TO

IUTaHKa OMJIa yAapsAeTcs II0 MPSIH CO CKOPOCTBIO V ,

a ckopocTh Toukn O OCTaeTcss paBHOU HYINIO, MOIY-
. X

yuM U = v —. Takum oOpa3oM, HayalbHbIE YCIOBUS
c

(4) m1st Moesii 2 3aIAITYTCS B BHIE
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u(x,0)=0; a—u(x,O) =v, 1. (14)
ot c

CornacHo [3] pemenune kpaeBoi 3amaun (2),
(3), (14) umem B BuzE:

4 7k . Tk .7k
ulx,t)= 3% (Ak cos—at + By, s1n—atj sin—x,

k=1 c c c
(15)
rae
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Ay, =2J.u(x)sinﬂdx=0;
ch c (16)
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By, :gj‘u(x)sinﬁdx:ﬁ&in@—icos@}
<y c 2 c ok c

B pesynbrare cBOOOAHBIC MONEpEYHBIE KO-
Oanns mpagum Ha ydactke OA OyayT BeIpaxaTbecs
¢byHkIMen

2vg & . mx ¢ mwx\ . 7k .
u(x,t)z—z SIn— ——COoS— | SIn— X SInwy 1.
c? k=l c Tk c c
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Puc. 2. Moaeas 1 ynapHoro B3aumoeiicTBust
KpoMKH 01i1a A ¢ yyactkom npsiau OB

Hudpdepenmupys (17) aBakmpl 1Mo BpeMeHH,
HOJTyYUM

2
= L) _ (18)
ot
2 o0
_ Voay Z(Sin@_icos@jsin@ Sin(l)kt.
= c m < ¢

B orTo0ii Momenu coOCTBEHHAs 4acToTa Koyieda-
HUI y4acTKa npsiu onpeaesieTcs o Gpopmyoie:

w,;%\/g (k=1,2,3,..). (19)

BBIBO/]

[TonmydeHHble aHATMTUYECKHE 3aBHCHUMOCTH
MO3BOJISIIOT HCCIIENIOBATh MPOLECC YAAICHHS KOCTPbI
W3 TIPS JHHOCKIPIA HA YYaCTKE MEXKIY 3aKHMHBIM
TPAHCIIOPTEPOM M KPOMKOH OWila TpemambHOTro Oapa-
0aHa TpW OJHOBPEMEHHOM TpPEMaHWHd CBOOOIHOTO
y4acTKa MpsIU M0 CXeMe OJHOCTOPOHHETO TperaHus,
B 3aBHCHMOCTH OT KOHCTPYKTHBHBIX U TEXHOJIOTHYE-
CKHUX T1apaMeTPOB y3J1a TPEeIaHHUs.

Puc. 3. Monens 2 B3aumoaeicTBus
KPOMKH 01JIa A ¢ KOPOTKO# NpsabIo,
JAJIMHA KOTOPOii consMepuMa ¢ paccrosinuem AB
MesKk1y KPOMKAMHU COCeJHUX 01
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