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C. C. IAPBUHSH, C. 0. XAYATPSH, I. C. MyPAJISIH

K PACUETY MPOTSKEHHBIX B IJIAHE 3[AHUH
HA CEMCMOCTOMKOCTbD

HcnbitTanneM MOJAETH KPYMHOOJOYHOTO TPEX3TaXKHOTO 3AaHHS Ha cefi-
CMOB3DLIBHLIE BO3AEHACTBHA CHJOH NpAMepHO B 9 06aa/oB yCTaHOBJEHO,
YTO MEKJY IKCIEPHMEHTaJbHBIMH AaHHBIMH H JaHHBLIMH pacuera mo CHull
uMeiorcst Goapmne pacxoxaenuss [5]. O6bsicHeHHe Takoro ABJAeHHS, mO-
MHMO JIPYTHX (pakTOpPOB, MOXKET AaThb Y4YeT NPOCTPAHCTBEHHOH paGOTHI
KOHCTPYKIIHH 37aHH5.

Jlas ydera npocTpaHCTBeHHOX paGOTH MOJENH 3JaHHA pacyeTHas
cXeMa NpeJCTaBjeHa HaMH B BHAE IJIOCKOH DPelleTKH C 'MacCaMH, cocpe-
AOTOYEHHBIMM B MECT4X IIePeceyeHHs] rOPH3OHTANbHBIX H BEPTHKAJBHBIX
9JIEMEHTOR pEueTKH. 3aKJIoYeHHBIE MEKAY COCPENOTOUEHHHEIMH MaccaMu
H HMeloulHe pasaHYHble (QH3HYECKHE XaPAKTEPHCTHKH, SJEMEHTHl HEmocpes-
CTBEHHO ONHCHIBAIOT TFOPH30HTAJIbHBIE H BEPTHKAJbHblE KOHCTPYKIHH 37a-
nui (puc. 1) u pa6oTaioT TONBKO HA CHABHT.
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Puc. 1. JluckpeTHas mepekpecTHas pacueTHas CXeMa 3maHHs

Jlas Takoi pacueTHOH cXeMbl COCTaBHM ypaBHEeHHs KojeGaHHH coc-
peporoyennbix mace M.

Mi 1 U f(6)F U115 Uy (6)— Ui, (£)] =
—ri_ Ui, () =Uni(€) 14} ;4 [Up (€)= U j—(2) ] —
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—r-g_,[U;.;+n(f)—U:.:(f) l=0' (1

rae rX,; rf,—XeCTKOCTH 3JEMEHTOB, 3aKJIOUCHHHX MEXAY Maccamu
g T £ )
M;;-—‘I{G';-u o My—My; v Uy U;;—yCKOpPeHHe H mepeMellenHe mac ]

CHI J‘VI;,}. ‘

/ A3JOMKCHHS NepeMen-

U, f) =0 u npuMeHssi METOX P '

HBIX n:;:r?'nﬁn:ggut &,)(o;gxax KoJeGaHHil TOPH3OHTAJBHBIX H BEPTHKAMb-
L

4 . 1
HBIX 3JEeMEHTOB H3 ypaBHeRHs (1) mOaYuHM:

R_"E-O (i:—"l) 2' 3,-.-. m) (_
R.‘i;:o (i=1, 2 3,... k) (3}.
ol ol =%, (4)
T (5
/()
rle MaTpHIB HMEIT CAeAYIOWIHil BHA:
Xui |
A_X-= *?f-l
X
ritri—ol My =T 0. ..0
Rie —riy rctrh— e Ma—ry, - - - 0
0 0. « «=rf) = May0},

Tak xax MaTpula R* sIBAsSETCS COGCTBEHHON, TO ee onpejeantens
JIOJKEH PaBHATHCA HYJIO.

M3 sToro ycaoBHsi HalilyTcsi 3HAYEHHS] YAaCTOT COGCTBEHHBIX KOaeGa-
HUA BEPTHKAJBHBIX SJEMEHTOB l,... W} ,... wk

IToacTaBasis nosyyeHHble SHAuUEHHs YacTOT B (2), a5 KamAof MoOum
onpejejsieM 3HAa4YeHHE TIJIABHLIX KOOPJAHHAT

K Doy B Xy RV TNRXE R

AnajnornynpiM oGpasoM s3anmHcLiBaloOTCs 1 Matpuns RY n Y.

Has onpenenenns 4wacToThl COGCTBEHHBIX KoJeGanui NepeKpuITHIT
'IPEACTABJIEHHOr0 CBOGOJHLIMH KOHLIAMH HEBECOMOrO CTepIKHs ¢ cocpeso-
TOUCHHBIMH MACCAMH CJEAYET YYHTBIBATH KOHCTPYKIHH NepeKphITH.

B spanusx oGblYHO NpHMEHSIOTCH PasiooGpasHbie THIL KOHCTPYKIH
cGopubix mnepekpuiTHil. Mx aedopMaTHBHOCTH B cBOe IJIOCKOCTH HEeoJH-
HaKOBa H 3aBHCHT OT crnocoba 3amMOHOJHYHBAHHA NaHedeil HePeKPLITHS,

HanGostee npocroit cnocoG yuera stux oranumii Moxer Guirs ocyuiecr-
BJIeH, ec/H CGOpHBIE MePeKPHITHS MOJACAHPOBATH Ganxoi, paGoraoueir ua
CABHT H HeCyuled paBHOMEPHO pacrpejeleHHyo Harpysky. Jlas atoro cue-
TeMy JHHEHHBIX aareGpaHuecKHX YpaBHeHWi (3) mpeoGpasyem pas i-ro
YPOBHA N0 caepyiouiemy suay [4]:
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dry oy,
—) + -2 .Y=0,
dy* ); 7z (6)
rjie wy; —4acTora COGCTBEHHOro KOJeGaHHA NMepeKpHITH;
Vi —a3oBasa cKOpPOCTh pacnpoOCTPaHEHHH BOJHHL.

Ypasuenne (6) npeacTapider CTalHOHAPHOE ‘BOJHOBOE YpaBHEHHe.

Cmemenne JMoGOA TOYKH NEPEKPHITHA OyJer ompemeasiTbes BBIpaXe-
HHEM:

Y =aelley,it—k i) - pelleyit+iiyy)

M TPAHAYHLIMYM YCJAOBHSMH AJsi CBOGONHOH GajKH, KOHIEI KOTOpO# He Hc-
NBLITEIBAIOT MOBOPOTA,

ayY:
dy

rae L; —anuna 6ankH, paBHas AJHHE 3[4 aHHAS;

=0 npr y=0, y;=L,,

li.'ly‘

k= ——,

Vi
dy,; 5
Ycaosue —&;-——-0. npu y,=0 Aas BCcex 3HaueHuit jpaeT a=b.

du3yuueckn JaHHOE COOTHOLIEHHE BHIpaXKaeT TO OGCTOATENBCTBO, YTO
BoJHa, Geryuias B Ji060M HampapJeHHH, JOXOAMT N0 KOHUA GajJKH H 1mOJj-
HOCTBIO OTpax<aercs Oe3 u3MeHeHHs: (asnl. Takum oGpasom, cmemenue
Y(yit) naercs BHIpaXKeHHEM

Y(xit)=2ae'y.i'cosk;y;.

CoraacHO yCJOBHIO -‘%{ =0, npu y=L;, cos k:L;=0
i

Wy

uau kL= 2= Li=n=.

. V:

OTclola HAXOAHM paspelleHHEIe YacTOTH

nwV
ol = — Livn=L, 2....; 00
L;

H nepeMellenye s n-0i JacToThl

i fl'ity; ¥
Y#(ys, £)=2ae"y. - cos~7 = - (7)

[TonyuenHbie HOpMadbHble YaCTOTHl COOTBETCTBYIOT HOPMAaJbHBIM MO-
AaM xoje6aHufl M ONPENeNHTeNIM MaTpHLbl R.

Janee B Boipaxkennn (7) Bmecto 2a noacraBass A,—iBn, u Bhensg
BElIeCTBEHHYI0 9aCTh, OKOHYATENBHO MOJIydaeM:

"Y*(yit)=(Ancoswl -+ Bssino? )cos Ty' ; . )
g :
ITocrosnnas A, onpefeiseTcs N0 H3BECTHOMY Buipaxeruio [1]:
Ly
A“‘:"%IY“(}"O)COS TEY dy;. )}
i
0
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Y*(y,0)  ycraHaBauBaercs H3 YCIOBHS O PaBeHCTSE BEJHYHHB HM-

ny/sca NPHPAMIEHHIO KOTHYECTEa asmxenns [3]: j

aly;0) = LbL = BLltt (@)
Y lyhO) .'“;J :H;J : :

3nech P;; —cHAa, AeficTBylomas Ha Maccy M;; 3a ppema 3f, B TeHeHH®

KOTOPOro Macca MojydaeT nepeMellesne, pasHoe
viya0)at P, jAt? .
2 2M;.;
HunyabcHBHO AeficTBylomas ciaa P; j Bipaxcaercs
P (A)=Y(AE) M,

IMoncrasass 3nauenue Py ;(Af) B Bpaxenie (9), noayuaem

: IAt
Y{T‘".o)= -'r,_ )

-

AY(ys0) =

ATR
rae /= J. Y (¥i0)dé npupauienne CKOPOCTH;
0

ATr — ppemMsi, NpH KOTOPOM Ay moayuuT HanGobuiee 3HAUCHHE I PABHC

nosyneprosy CoOGCTBEHHOTO KoJeGaHMms ATﬂ.—-T-q—.

Ilpu neiictBun nmmyabca /fij, Pi; HacToAbKo Oo0JbLIAS BEJNTHHA,
yTO pa3BHBAIOUIHECS B KOHCTPYKIHH NEPEKPHITHI BHYTPEHHHC CIVbL T
CPABHEHHIO C HHMH HEe3HAYHTEJbHB, H NOITOMY MOXHO HMII npeneGpeub
Mrak npupaiieHie CKOPOCTH NOCTOSIHHO 1O Beefl AJuHe NCPEeKPLITHS.

Tak Kak nocJe AeficTBHs ummnyabca macca M ; nmoayunna npHpaiie:
HHSL CKOPOCTH, TO B KOHCTPYKIHH BO3HHKAeT ynpyras peaxuus i COOTBeT:
CTBYIOLIEE el nepeMemeHue

lon t nw
Y(yi» £)=IAte i €OS (FT Vi )
[lycrb Temepb Ha NepeKpuiTHE AEHCTBYeT BO3MYyNICHHAs CHJA: Pi.i(t)
B HeKOTOpHIi MOMEHT BpeMeHn £ 3a NPOMEXYTOK AE cHia paspjiBacT B ne
pexpmTHH mnpHpamenue mnepememennit [(§)AE.
DueMentapHoe CMElleHHe ynpyroil cHCTEMbl TpH STOM Oyjer

0 /519
Y(yE)=1(k)evs"" cos (Z 4 )“E.

NOCKOJIBKY HAuajo OTCUeTa BPEMEHH MJIsi PACcCMATPHBAEMOrO HMITYJIbC
ecTh E. ;

CyMMHpYs S/JeMEeHTApPHbE MNepPeMCIICHHsi OT BCEX JJeMEHTAPHBIX HM
YJIBLCOB, MOJYYHM: |

t §
Yoy, t) = } 1(3)e's (" cos (;,E Vi )dE- (1C
. -1
0

[TepexpuiTHe NOJyYaeT BO3MYIIEHHE OT BEPTHKAJBHLIX 3JEMEHTOB
HMEIOIHX COGCTBEHHBIC YacTOTHl KoJeGanufi ©;j,  KOTOphe Oonpeaes
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| jorcA BHIpaXKeHHeM (4) coraacro chopmyaumposammol B. K. Erynosmu
“TeOpeEME O CYMMHPOBAHHWH NapUHAaNbHEIX YaCTOT 3faHHs [2]. [TosTomy s
pannom caydae /(§) ompexeasiercs Bripakenuem
_ 3
g
1)= [ P(O)d=3C.075(1 —cosuyaTs), (11)
) .
*:
- e
7Y £
tier (—).
f=en er(ﬂ,n)

' [Mpunumaz 8 (10), uto £—0 ¢ yuerom (11) mpu C.=1, u3 cooruo-
menus (8) nas A, ., nmonyunm:

Wi wha

A p=— L1 (l—-cos_‘*.f_nn) (12)
it wn wn
] wi J"-f

A, —TIpeicTaBser €060k Ko3hGHIHEHT pasnoKenHs, :
OxonuaresbHo pelnende ypasuehus (1), npm HYJEBEIX HaYaJbHBIX

YCJOBHAX C yueToM BLIpaxeHu# (5), (12) u paccesnna sHepruum B Komer-
PYKUHH 3/aHusl, NPHHAMAET BH: [

k m 1 .
U:.;=§l nl-._ Tiawn(y1) wr X (13)

i
X | Uo®)e= 52 L9 sinwi(¢—t)gt, *
.

e
k
Z X: I M‘u"
12 iy S
S (X7 My,
o |
ta(Y1)=A, 1c0s (n—11 Vi )
Ly
OGosnauas

i
~ L]
ghdm=wys [ (e =% Y sinoyo (2, (14)
"o

HONy4aeM BHIDAXKEHHE, ONMpe/le/Ifioliee CEACMHUECKYIO CHAY, AEHCTBYIONIYIO
Ha Maccy M;:

St=3' St mrva (V) Qucpln, (15)

vl pe==1

K moxTBepKAennio npHBEJEHHOA METOJAMKH NpPOH3BENEH pacuer Tpex-

STAXHOrO KPYNMHOGJOYHOro MHJOrOo AOMa Ha CEHCMHUYECKHe BO3/eHCTBHS

H CHleJlan CPaBHHTE/IbHBIA aHAJH3 C Pe3y/JbTaTaMH, NOJYYEHHBIMH 3KCIepH-

MEHTANBHLIM MyTeM HA MOAeasix [5] mpH celicMOB3PBHIBHEIX BO3JEHCTBHSX,

oleHHBaeMbIX B 9 6aJuIOB, M N0 pacuery coraacHo CHuIl.
Pesyanpratsl npusesenn B Taba. 1.
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:HE Y paneucme BEJHYHHB HM-

' 3 Y10
y(y:0)  ycrasaBaHBaeTcH H3 ) :
nyasca MpHPAMEHHI0 KOHUECTBA ABHKEHHA [3]1:
oty ) = Lo = B : (©)
L l)'l : A !f.J ."[f‘]

A A z
3necs Prj —cina, AeiicTsylomas Ha maccy Mg 31 Bpems f. B Teueuue
KOTOpOro Macca 'HO."I}"ISET HEPEMEIL[EHHE. paBHDE ;
viyn0)at _ Pudt

A0 =—5— " " 2Muy |

na P;,; BhpaxKaercs

MMnyasciBHO JeficTBYiomas cH
Py (a6)=Y (A1) Mo

IoncraBass 3HAYCHHE P, ;(At) B BHIpaXKCHIE (9), noayuaem

IAt

Y=

ATH
rae /= J {(y:0)dé npupauieniie CKOPOCTH;
0

ayunt HanGoabuiee SHAUEHHE H PABHO

A7"— ppems, npu KoTopom Ay mo
n

noaynepuoay co6CTBEHHOTO koaeGauns AT"= =

-

5, Pi; mactoabko 0OJblIAs BEJHUHHA,
4TO pasBHBAIOUIHEC B KOHCTPYKUHI NepexkpuiTHii BHYTPEHHHE CHJAL 10
CPaBHEHHIO C HHMH He3HauNTeJbHH, Il [09TOMY MOXHO HMII NpeHedpeus.
Hrak npupautenie CKOPOCTH NOCTOSHHO 110 Beefl JUIHHE NepeKpLITHS.
Tak Kak nocje AefiCTBHS HMIYJbca Maocca M; ; nonyunaa npupaiie-
HHSL CKOPOCTH, TO B KOHCTPYKILH BOSHHKAET yrnpyras peaxuys H COOTBeT-
cTBylolLee el nepeMenienne '

[Ipu neficTBHN HMOYJbCa I,

A fwn 'COS E)”).
Y(yi t)=1[Ate vi 15

Ilyeth Temeph Ha nepexkpuiTHe jefCTBYeT BOSMylleHHas Chia Pi.i(t).
B nexoTOpblii MOMEHT BpPEeMeHH § 3a NMPOMEKYTOK AE cnaa passBpBaeTt B Ine-
pexpuTHH npupamenue nepememennii [(§)AE.

DeMenTapHOe CMElleHHe YNpyroii CHCTEMbl NPH 3TOM oyaer

s nw
Y“(Y:£]=“5]e‘y.l"‘ “ cos (Z Vi )AE,

NMOCKOJIbKY HaualJlo OTcueTa BpeMeHH JJis paccMaTpHBaeMoro HMIYJbCca
ecth E.

CyMMupyst 3JeMeHTApPHBIC NepeMEleHHsI OT BCeX SJeMEHTAPHBIX HM-
NyJIBLCOB, MOJYYHM:

[ §
Yoy, t) = | 1(2)ey. (! cos (—?T v:)dE- (10)
) oy
0

[TepexpoiTie noiyuaer BO3MyIIEHHE OT BEPTHKAJbHLIX 3JEMEHTOB,
HMEIONIHX COOCTBEHHbIe 4acTOTHl KoJdebauuii o)%,  KOTOpBIE Onpejens-

0’
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k3

I-ioTca BupaxenneMm (4) coraacHo ciopmyaupoBarHo# B. K. Erynosmwm
' TeopeMe O CyMMHpOBaHHH NMapuHaJbHLIX 4acToT 3xanus [2]. TTostomy B
MandoM cayyae [(§) ompegeasercs BhIpaKeHHEM

g ;
(%)= f P(E)df=§§aw};(l—cosm}:'}AT"J, (11)
0
[ rae
g=entier —E—)
AT™"

Ipuaumas B (10), uro £—0 ¢ ywerom (11) mpu C.=1, u3 cooTHo-
- nenus (8) pas A, n, NOJyUHM:

W, whn
A, p—=— 211 (l—cos 2uf u:) (12)
d wﬂ mﬂ

i y.i

. A,,» —upejcraBaser co6oit K03(GOHIHEHT Pa3T0KEHHS, .
Oxonuareqbto peumenne ypasuenns (1), npu HyJeBHX HauadBHBIX
ycaoBusx ¢ yyetom Beipaxenu# (5), (12) H paccesHHs SHEPTHH B KOHCT-
PYKUHH 31aHusi, IPUHAMAET BHJ:

k m 1 :
Uiy=3, £ 11ty g X w3

I
Yi.d wn

X [ (ke L9 sinof (£ —t)ae,

‘rae
k
E XI;MIJ
',“1"=X}'j ‘_—_-——:l
> (X7 )My,

b |

ta(Y1)=A,, ncos (ﬂt Vi )
Ly

O6o3nauas :

€

t
gk [ De)e =5 Y stnurg (e, (14
350

TIOMTYYaCeM BLIpAXEHHE, ONpeAe/sionlee CEHCMHUUECKYI0 CHIY, AeHCTBYIONIYIO
Ha maccy My;:

kR m
Su=23 X Moa(¥e) Qi hcdnn. (15)
1

ve=1 o=

K noaTBepx/IeHHI0O NpHBENEHHOA METONHKH NPOH3BEJIEH pacyeT Tpex-

STAXHOTO KPYMHOGNOYHOrO JKHJIOrO JOMa Ha CEACMHYECKHe BO3AeHCTBHS

H CleJlaH CPABHHTCABHBIA aHaJIM3 C Pe3yJbTATaMH, NOJYYEHHBIMH SKcIepH-

MCHTAJIGHBIM TIyTeM Ha Mojeasix [5] mpH ceficMOB3PHIBHBIX BO3IEACTBHAX,

OLeHHBaeMbiX B 9 6aJJIOB, H 1O pacuery corsacHo CHuIL.
PesyabraTel npusenens B Ta6a. 1.
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; : Tabauya 1
3gavenns ceficMHGECKHX H NepepesHBANINNX CHA B TORHAX

CelicMiNecKne CHIB [NepepessiBaiouine CHAN
no sraxas no sTamam
Cnoco6 onpelencsis
$ S: S Gy Q: Q;
OKCcnepHMENTANBHO _ 222 4,731 4,31 11,262 9.04:_! 4,31
C yseroM NpOTAACHHOCTH 1,361 3,293 5,744 | 10,398 9,037 5,74
To CHull 0,21 0,62 0,74 | 1.68 | 1,46 0,74

Takum 00pa3oM, NOJyYeHHbe 3HAUCHHA CefiCMHYECKHX H mnepepessi-
BAIOIMX CIT N[O BHIENPHBEACHHON METOAUKE H MO SKCNEPHMEHTY pas.am-
yajoTCH HEe3HAYHNTeJAbHO MO CPABHEHHIO C DA3MHYHEM, HMEIOIHMCS Mexny
SKCMePHMEHTAIbHBIMY  3HAUEHHSMH H 3SHAYCHHSIMH, NOAYYCHHHIMH 1O
CHull. CaenoBaTesbHO, MOXHO 3aK/JIOMHTb, YTO Y4eT MPOCTPAHCTBEHHO-
crn KomeGanuit 31amist B pacuerax Ha CeficMOCTONKOCTh NPHBOANT K Gosee
JOCTOBEPHLIM DEe3yJIbTATaM, ‘XOPOWO CXOASUIIMCSA ¢ SKCHCPHMENTANBHBIMH
AAHHBIMH H HATYPHBIMH HaGJIOAEHHIMH.

Jlenmnakanuckuit Quanan

EpITH nm. K. Mapkca,

Opaena Tpynosoro Kpachoro 3namens
Hucrnryr reodusnki o Huxeneproil
cefiemosornn AH Apmsanckoit CCP
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