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B cratee uccnemyercs moBeseHHEe COOCTBEHHBIX YAaCTOT CTEPXKHS C MOJOCTHIO
(moaBeprierocst KOPPO3UK) U CIUIOMIHOTO (6e3nedekTHoro) crepxHs. BrisaBieHo,
YTO TIPHU ONPECIICHHOM MOJIOKEHHUH TIOJIOCTH B CTEP)KHE, COOCTBEHHBIE YaCTOTHI
M3TUOHBIX KOJIEOAHW CTEPXKHS C TIOJIOCTBIO COBIAMAIOT C COOCTBEHHBIMH
4acToTaMu KojeOaHWi crutomHoro crepkHs. [lokazaHa 3aBHCHMOCTH TOBEICHUS
COOCTBEHHBIX YAacTOT OT 3HAYCHUH MapaMeTpa, XapaKTepU3YIOIIEro IOJI0KEHUE
MOJIOCTH CTepkHA. Jl0Ka3aHO, YTO OAHOTO CIEKTpa 4acTOT M3TMOHBIX KoJeOaHWH
eIlle HeJOCTaTOYHO JUIS MICHTU(UKAIIUN MECTOIIOJIOKEHUS U Pa3MEpOB IOJIOCTH.
Jnst uneHTH(GUKAIKUU TOJIOCTH MPEJIOKEHO UCTOIb30BaHUEe COOCTBEHHBIX 4aCTOT
W3 JIBYX CIIEKTPOB U3THOHBIX KOJEOAHMI (BOKPYT pa3HBIX OCEHl).

KroueBrie cioBa: CTCPIKCHD, COOCTBEHHBIE HaCTOThI, JTUAaTrHOCTHUKA.

BBEJIEHUE

CrepxHu, Oanku ABIAIOTCA AETAIIMH MHOTUX MEXaHH3MOB U KOHCTPYKIIHI, B KOTOPBIX
4acTo 00pa3yroTcsi AePEeKTHl (TPENIUHBI, MOJIOCTH M3-3a KOPPO3WH, yIapoB W T. 1.). s
MpEeIOTBpAIeHHs aBapHil U MOJIOMOK BO3HUKAET 3ajlauya UX paHHeH auarHoctuku. Yacto s
BBISIBJICHUS Je(eKTa B CTEP’KHE M €0 MECTOIOJIOKEHUS UCTIOIb3YIOT COOCTBEHHBIE YAaCTOThI
ero kojeOanmii [1-8]. OmHako Bcerma M COOCTBEHHBIC YacCTOTBHI ITO3BOJISIOT BBISBHTH
nedext? He OpIBaeT nu Takux Ciy4daeB, KOTJa IMOsBIICHHE (pa3BUTHE) MedeKkTa HE MEHSET
CIIEKTpa COOCTBEHHBIX YacTOT KojeOaHuii? B HacTosmel cratbe OTBET HAa 3TOT BOIPOC
naetcst 1 1eeKTa B BUJIE TIOJIOCTH.

N3BecTHO, 9TO COOCTBEHHBIC YACTOTHI TOMEPEYHBIX KOJICOAHHMMN CTEPKHS C PACKPBITOU
TPELIMHOM, KaKk TpaBWIO, Hudxce COOCTBEHHBIX YacTOT KOJIeOaHHM  CIUIOIIHOTO
(6e3nedextHOTO) cTepKHA [1—4], @ COOCTBEHHBIE YaCTOTHI MOMEPEYHBIX KOJIEOAHUN CTEPIKHS
C TIOJIOCTBIO, PACTIONOKEHHOW B CPEIMHHOW OCH, @blile COOCTBEHHBIX YacTOT KOJCOAHM
CIUTOIIHOTO cTepkHs [5—8]. IIpu mepeMeneHnu MoJI0CTH CTEPKHSA OT CPEIUHHOM OCH K
BHEIIHEMY Kpaio, CTEP>KE€Hb C IOJIOCTbIO CTAHOBUTCA B MTOrE€ CTEPKHEM C OTKPBITOM
TpemmHoi. Ha ocHoBe 3TOro Qaxra MOXKHO cAeNaTh MPEANOIOKEHHE: MPHU OIpeeICHHOM
MOJIO’KEHUHU TOJIOCTH CTEP)KHSI, COOCTBEHHBIE YacTOTHl KOJ€OAaHUN CTEPXKHS C IMOJIOCTHIO
COBIAJAIOT C COOCTBEHHBIMH YaCTOTaMH KOJIEOAHHI CTUIOMIHOTO 0€31e()EKTHOTO CTEePIKHS.
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B Hacrosmeidi paboTe mOKazaHa CHOpPaBeIIMBOCTh JAHHOTO MpEAnoyioxkeHus. Jls
HaIrISITHOCTH  COOTBETCTBYIOIIME CXEMBI W pacyeThl CJACIaHbl Ha TMPUMEpPE H3THOHBIX
KOJICOaHMI CTEP)KHS KBAJPATHOTO CEYCHHS U CTEPIKHS C IMOJIOCTHIO, UMEIOMIECH KBaJpaTHOE
ceyenue. CHauaga COOTBETCTBYIOIIUE PE3YJIbTaThl MPUBOJATCSA IJIS CTEPXKHS C IOJOCTHIO,
MPOXOJIAIIECH MO BCEH JUTMHE CTEPIKHS, a 3aTEM JIJI CTEPKHSI C JIOKAJIbHOHN MOJIOCTBIO.

1. TIOCTAHOBKA 3ATAYN VTS TPYBYATOI'O CTEPXXHSA

PaccmoTpuMm  koje0aHMsST CIUIOIIHOTO TMPU3MATHYECKOTO CTEpXKHS U TpyOdaroro
IPU3MATHYECKOIO CTEP)KHS, C MOJOCThIO NPOXOAIIEH MO Bcel uMHE cTepkHsA. CeueHus
paccMaTpUBaeMbIX CTepKHEH N300paXkeHbl Ha puc. 1.
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a) CIUTOIIHOW CTEP)KEeHb, opMa 0) TpyOuaThIii cTepKeHb, hopma
CEYCHHUS — KBaJpaT CEYCHHUS — KBAJPAT C MOJIOCTHIO

Puc. 1. [lonepeunbie ceyeHHsT pacCMaTPUBAEMBIX CTEPKHEN

bynem cuurtarh, nns OMpeNeNeHHOCTH, YTO MOJYJIU YOPYrocTd E W MIOTHOCTH p
CIUIOITHOTO M TPyO4YaTOro CTEp>KHEH COBMAIAlOT U SBISAIOTCS KOHCTaHTamu. Yepes J,, F|
0003HaYMM COOTBETCTBEHHO MOMEHT MHEPLMHU U IO/l MONEPEYHOT0 CEUYEHUS CIUIOIIHOTO
CTEepiKHs, a uepe3 J,, F, — MOMEHT UHEPIMH U IUIOIIA/b [TONEPEYHOr0 CeUYeHUs TpyO4aToro
crepkHsA. CoOOCTBEHHBIE YacTOThl W3THMOHBIX KOJeOaHW CIUIOIIHOTO CTEpXKHS OyaeM
o0o3HauaTh uepe3 @, * (i =1,2,...), a COOCTBEHHbIE YaCTOTHI TPyOUATOr0 CTEPXKHS — Yepe3
. Jlna 1aHHBIX CTEp)KHEH BbIOEPEM CIEIYIONMI BH] 3aKPEIUICHHs: JIEBBI KOHEI KECTKO

3aKperUieH, MPaBblii KOHEI] CBOOOICH (KOHCOIBHBINA CTEPKEHB ).
YpaBHeHUe U3rHOHBIX KOJIECOAHUH CTEpPKHSA C MOCTOSHHOW JKECTKOCTBhIO HA M3THO MMeeT
Bu [9]:

84u(x,t) 82u(x,t)
F
ox* e or’

rae u(x,t) — mporu6 Texymeii ocu crepxus, E [kr/m’] — momynb ynpyroctd, J [M'] —

EJ

=0,

MOMEHT MHEPLHUHU MOMEPEYHOTO CEUEHUsI CTEP>KHA OTHOCUTEIBLHO HEUTpaIbHOU OCH CEUeHMUS,
. . 3 2
NEPICHIUKYISIPHON TUIOCKOCTH KoyieOaHuil, p [Kr/M’| — MIIOTHOCTH cTepxkHA, F [M7] —

rmjiaonrazab MoNnepeYHOro CCUCHUA CTCPIKHS.
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3amaya O WBTHOHBIX KOJEOAHUSIX KOHCOJBHOTO CTEpXKHA JUIMHBI L 3aMeHOM

u(x,t) = y(x)cos Wl CBOIUTCA K CIEAYIOLIECH CIIEKTpanbHOM 3anaue [9]:

v (x)= 2", (1)

¥(0)=0, y'(0)=0, y"(L)=0, y"(L)=0, ()
2

rae A' :p];—j), (® — 4acTOTHEII TapameTp.

Kak BuaHO u3 puc. 1, mapameTp a ompeaensieT MoJI0KEeHHUE MOJIOCTH TPyOYaToro CTepKHSI.
I[Ipuy a=0 mnomOCTh JEKHUT HA CPEAMHHOM OCH CTepkHA. [lpm 3HaueHWsAX mMapamerpa

H h H h . o
2 9 <a< ?4‘5 paccMaTpuBaeMblii  TpyOuUaThIi CTEpXKEHb IpEBpaIlaeTcs B

CTEp>)KEHb C OTKPBITOM TpeuuHoil (Hagpe3om). Kak Obuio oTMeueHO paHee, COOCTBEHHBIE
YacTOThI CTEP>KHS C MOJIOCThIO Ha CPEAMHHON OCH BBIIIE, a CTEPXKHS C TPEIIMHOM, HA000POT,
KaK IPaBUJIO, HUXKE COOCTBEHHBIX YAacTOT CIUIOIIHOTO CTepkHA. Eciu mpu onpeneneHHbIX

3HAYCHHUAX IapaMeTpa da COOCTBEHHBIE YaCTOTHI pr6anoro CTCPIKHA C!)l.a COBIIaaarOT C
COOCTBEHHBIMH YaCTOTAMHM CIIJIOIITHOIO CTCPXXHA @, *, TO HGO6XOI[I/IMO BbBISICHUTDH IIPU KaKHUX

3HAYCHHUAX IMapaMETpa 3TO MPOUCXOAUT.

B Tepmunax cnekrpansHoi 3amaum (1)—(2) maHHas 3amada CBOJUTCS K HMCCIIEIOBAHUIO

a

.
TOro, IPU KaKUX 3HAYCHUAX IapaMETpa a BbIINOJHACTCA COOTHOMICHUC —l*zl BBI/II[y
.

1

F o’ y
dopmynsr A* :pE—J u toro, uro E, p, J,,F,, J,, F, He 3aBUCAT OT NepeMEHHON X,

MOCJIEIHEE COOTHOIIEHHE PAaBHOCHIIBHO CIIETYIOMIEMY: . Tpebyercst HaliTu 3HaUEHUS

Z1_22

rF

a , IpU KOTOPBIX OTO COOTHOLLEHUE UMEET MECTO.

2. 3HAYEHNMS ITAPAMETPA, ITPM KOTOPBIX COBHAZJAIOT CIIEKTPBI HACTOT
CIIOIIHOI'O U TPYBYATOI'O CTEP>KHEUN

Hnomam) MOMNEpeYHOIro CCUYCHUA W MOMCHT HWHCPLHUH PACCMATPHUBACMOIO CIIJIOIIHOI'O

CTCPIKHA UMCIOT BU/:
H4
12
[Tnomans MONEPEYHOr0 CEYCHHsI pacCMaTpUBAEMOIO TPyOdYaTOro CTEp)KHS paBHA

Flez,Jl

F, = H* —h* . OnpenenumM MOMEHT HHEPIMH CEYeHHs TPyOUaToro CTepskHsI.
Bribepem cucremy oceit Z u Y (ocu MpoxonsT uepe3 LEeHTP KBaapaTa co CTOpoHoil H ).
HeilitpanpHas och Z, mpoxXoAaMT dYepe3 LEHTP TSHKECTH cedeHus. s ompeneneHust ee

MOJIOKEHUS HallIeM LEHTP TSKECTH CEYEHU MO0 OTHOIIEHHUIo k ocu Z [10].
Pa3zo6nem ceuenue Ha purypsi: 1 — kBagpar ( H x H), 2 — nonocts (hxh).

Mnomamu uryp: xsampar f,=H’, momocts f, =—h° (IO NOJOCTH IUIOMAMb

o o~ 2 2
BBIPAYKAETCSI OTPHULIATEIbHON BenmunHON). [Inmomans ceuenns F, = H ™ —h”.
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BbunciuM  koopauHaTHl Y, LEHTPOB TSKECTH (UTYp, COCTaBIAIOIIUX CEYEHHE,
OTHOCHUTENILHO OcH Z . Pe3ynbTaThl HOMECTUM B TaOIUILY.

Ta6muma 1. Pe3yabpTaThl pacyeTa mapaMeTpoOB CEUCHUS

o Koopaunara y. ux
Yactu ceueHns ITnomaau yacTei f, P Vi
LEHTPOB TAKECTU
1 H? 0
2 —h? a

Omnpenenum cTaTU4ECKU MOMEHT CEUEHUSI OTHOCUTENILHO BBIOPaHHOU ocH Z :
2 2 2
S,=H"-0-h"-a=-h"a.

KOOpI[I/IHaTa Y. LCHTpa TAKECTHU CECUYCHUS 110 OTHOIICHUIO K OCH Z uMeeTr BU

S, ~h’a
Ye="1T"=772 ,2-
‘ F, H-I
[Tonoxenne HEUTpaNbHOU OCU Z|, IPOXOAALIEH Yepe3 LEHTP TKECTU ceueHus (puc. 2),
HalaeHo.
r
i Puc. 2.
4
"tsl“ "QT = HeiirpanbHas ock Z; IPOXOAUT Yepe3
7 hza
X 1 LEHTP TSKECTU CeueHus, d = ———
',:t:l HZ _ h2

Fy

~
¥

BeluncauM MOMEHT MHEPLUUM CEUeHHs TPyO4aTOro CTEpKHs OTHOCHTENBHO HEWTpalbHOU
ocH Z;:
2 2
H* [ h’a h* ) h*a
JZI =—+H T - —+ ]’l a+ T
12 H"—h 12 H™—h

Iocie ynporueHust BEIpaeHHUe UL J, HIPUMET BUJL

7= H*-h* H’ha’
zZ, — T2 2"
12 H>—h
CrnenoBaTelbHO, MOMEHT WHEPIIUU CEYCHHS TPyOUaTOro CTEPKHSI UMEET BU/T
H'—h* H*h*a?

J, =J, = - .
: 12 H?>—h?

Z
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OnpenenuM Temepp, INPU KAaKUX 3HAUEHUSAX IIapaMeTpa d BbINOJHAETCS COOTHOILEHUE

izﬁ.I/IMeeMZ
F,F,
H4 H4_h4 H2h2a2
1 12 (H-#)
H> H> i’ ’
2 2 )
i -wf
12H

b

NG

() _ (2 —n) 1)

““em 2y 2H
B (Hz_hz)_ (]_Iz_hz)_—(]‘Iz—hz)\g§
ST 2m C amds . 2H

Takum oOpaszom, pu

(22

a=— 3
2H
A
a:—(HZ—h2)3’
2H

COOCTBEHHBIE YaCTOTHI KOJIEOAHUN pacCMaTPUBAEMBbIX CTEP)KHEH COBIAIAIOT.

3. TTPUMEP

PaccMoTpuM monydeHHBIE BBIIIE pe3yIbTaThl HA KOHKPETHOM Ipumepe. [y onmmcaHHbIX
BBIIIIE CTEPXKHEH BO3bMEM cilenyromue 3HaueHns napametpos: H =0,1 m, L=1 m, p =7850
kr/v’, E =21-10° kr/em” = 2,1-10" kr/m®, 7 =0,01 m.

C nomomiplo pa3HocTHO-aHanuTHyeckoro merona [11] ana 3amaum (1)—~(2) nomyueHsl
crenyromue coocTBennble 3HaueHust: A4, = 1,875, 4, =4,694, A, =7,855.

Brrancianm TCIICPb COOCTBEHHBIE YACTOTHI KOJIEOAHHH CIIOIIHOTO CTCPIKHA:

©,*=166,01 [p—"a),
Cc
« pao
0,*=1040,369 | 222
C
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w,* = 2913,062 (p_ad).
C

Beruucium  Takke COOCTBEHHBIE YAacTOTHI KOJIeOAHWUW TpPyOUaTOro CTEpXKHS TIpH

pa3IMYHBIX 3HAYCHUSAX MapaMeTpa d , pe3yJIbTaThl IOMECTUM B TaOJIUILY.

Tabnuua 2. CoGcTBEHHBIE YaCTOTHI KOJI€OaHUH TPYyOUaTOro CTEPKHS MPU PA3TUUHBIX
3HAYCHUSX MapaMeTpa a

e e e L ] I I G |
0 166,838 1,0050 1045,557 1,0050 2927,591 1,0050
0,005 166,813 1,0048 1045,399 1,0048 2927,147 1,0048
0,01 166,737 1,0044 1044,924 1,0044 2925,816 1,0044
0,015 166,611 1,0036 1044,131 1,0036 2923,596 1,0036
0,02 166,433 1,0025 1043,019 1,0025 2920,484 1,0025
0,025 166,205 1,0012 1041,589 1,0012 2916,479 1,0012
0,02857883833 166,01 1 1040,369 1 2913,062 1
0,03 165,926 0,9995 1039,838 0,9995 2911,577 0,9995
0,035 165,595 0,9975 1037,765 0,9975 2905,772 0,9975
0,04 165,212 0,9952 1035,368 0,9952 2899,06 0,9952
0,045 164,778 0,9926 1032,645 0,9926 2891,435 0,9926

Kak BuaHO 13 TaOnMIIbl, 4acTOTHI KOJIEOAHUI CIUIOIIHOTIO CTEPKHS U TPyOUaTOro CTEpHHS

(7 w3
COBIAJAIOT NPHU A :T3:0,02857883833. 3amMeTuM, 4YTO 3HAYEHUSI OTHOILIEHUS
P he saBHCAT OT § = 1,2,3.
, *

1
a

4. HEBABUCUMOCTb OTHOIIEHMA wi* OT : U TPYBYATOI'O CTEPXXHS
.

1

3aKOHOMepHOCTL, O6H8.py>KCHHa$I BBIIIC JISI YHUCIIOBOI'O IIpUMEpPaA SABJISCTCA O6H.I€I>i,

a

BepHOﬁ HC TOJIBKO IJId pacCMaTpuBacMoOro npuMepa: OTHOIMICHUC HE 3aBHUCHUT OT I JJIsA

w. *

l

Bcex 1=1,2,3.4, ... [locnennee cnexyet u3 cnenyromei GopMyIIbL:

EJ2/12
o'\ PP, _ |LA 123

— , 1=

o, * ﬂ/lz i,
\ pFy
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a

. ;

Ha puc.3 wuzoOpaxkeH rpaduk, MOKa3bIBAIOIIMNA 3aBUCUMOCTb OTHOILLICHHS — o
o,
1

3HaYeHUH mapameTpa a NpU NPOM3BOIBHBIX I =1,23,... 118 paccCMOTPEHHOIO BbIIIE

npumepa.

1,006 -
1,004 ]
1,002 +
14
0,995
0,996
0,594 4
0,992 4
0,59 +
0,555

DIQBE T T T T T T T T T T 1
0 opoos 001 0M& 002 0025 003 0035 004 0045

i)

B
#

a

1

Puc. 3. 3aBHCHMOCTb OTHOILICHHS —— OT 3HAYCHHH IAPAMETPa @ MPU NPOU3BOILHOM i
.

1

5. JUATHOCTUPOBAHUME MECTOIIOJIOXKEHUA 1 PASMEPOB I10OJIOCTU

W3 mpenplnymux pacCy>kKIAeHHUM CleIyeT, YTO UIAeHTUDUKALNS UIMHIPUIECKON MOI0CTH
B CTE€p)KHE TOJBKO MO OJAHOMY CHEKTPY YacTOT €ro M3TMOHBIX KojeOaHui (BOKpPYT ocu Z))
HEBO3MOKHA. OJTHAKO €CJIM UCIIOJIb30BATh JIOMOTHUTENBHO €IlIe OANH CIEeKTP 4acTOT (BOKPYT
ocu Y), To Takas uACHTU(DUKAIMS CTAHOBUTCS BO3MOXKHOH. J[eCTBUTENBHO, B 3TOM CIly4yae

EJ .
13 GopMmysibl @, = |—L A7 1 cOGCTBEHHBIX YACTOT M3THOHBIX KosieOaHuil (BOKpyT ocH Y)
F
2

110 11000 U3 COOCTBEHHBIX YAaCTOT ; HaWAEM:

Jy,  H'-h' H'-h"  H>+h’

F, 12(H —K) 12(H -k 12

OTKyna CTaHOBUTCS WM3BECTEH MapameTp pasmepa mojoctu h (ecnu H u3BectHo). Torma
2 o
napamMeTp MECTOIOJIOKEHHS TOJIOCTH @  MOXKHO ONPEACIUTh C TMOMOIIBI0 COOCTBEHHOU

. |EJ, H'-h* Hh’a’
4acToThl @, = |—=A (Bokpyrocu Z,),tne J, =J, = - .
i ,DFVZ i ( py 1) pa| 2 Z, 12 H2 _hz

TakuMm o0pa3oMm, UCIOJIB3YS IO OJHON COOCTBEHHOM YacTOTE U3 JIBYX Pa3HbIX CIIEKTPOB

4aCcTOT U3THOHBIX KOJIeOAaHUH, MOXKHO OJTHO3HAYHO WIACHTU(DUIIUPOBATD /1 U a’.

A. M. AxTamos, E. B. CansaxoBa
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6. CJTIYYA JIOKAJIbHOM TTOJIOCTH

[TokaxkeM, 4TO B Ciydae JIOKAJbHOW MOJOCTH, T.€. MOJIOCTH, HE MPOXOJIAIICH IO BCEH
JUIMHE CTEpPKHS, TaKXKe €CThb IOJIOKEHUS IOJIOCTH, NMPHU KOTOPBIX COOCTBEHHBIE YaCTOTHI
W3TUOHBIX KOJIEOAHWUW CTEP)KHS C TIOJOCTBIO COBIIAJIAIOT C COOCTBEHHBIMH YacCTOTaAMH
M3rUOHBIX KoeOaHWii CTepkHS O0e3 mojocTh. OJHAKO Cclydail JIOKaJIbHOW TOJIOCTH
OTJIMYAETCS OT ClIydas MOJIOCTH, MPOXOAsIIed MO BCed [JIMHE CTEp>KHS, T€M, 4YTO OSTH
MOJIO’KEHUSI TOJIOCTH SIBIISIIOTCS PA3HBIMHU Ul TEPBOM, BTOPOM, TpeThel W MOCIETYIOIINUX
4acToT.

Urak, paccMOTpuM ciydaid JIOKQJIBHOM NOJIOCTH. /[[J1 3TOro BO3bMEM KOHKPETHBIN
npuMep. 3HaueHUs TapaMeTPOB CTEPKHS € MOJIOCTHIO TaKUE KE, KaK U JUIsl ONMCAHHBIX BBILLIE
crepkneit. [lonocts mmuHon 0,48 M uMeeT kBaapatHoe ceuenue (4 =0,01 M) u JeKUT Ha
otpeske [0,26;0,74]. CnexrtpanbHas 3amada (1)—(2) mi1s paccMaTpUBaEMOTO CTEPXKHS C
MOJIOCTBIO UMeeT Bu [9]:

) :pFa)2
Y ()= =),

¥(0)=0, »'(0)=0, y"(1)=0, y"(1)=0,
yl(xl)zyZ(xl)’ yz(xz):yz(xz)’
Y =y;(x) Y3 () =y (x, ).
EJ yi(x)) = EJZy;,(xl )a J,y5(x,) = EJ1y§(x2 )=
EJ yi(x)) = EJZy;”(xl )a J,y3(x,) = EJ1y;”(x2 )=

3)

rae x, =0,26, x, =0,74 — rpanuusl nonocru, J,, J, onpeneneHsl paHee i CIUIOMIHOTO U
TpyO4aToro CTepkHs, ),, J, — TPOrHOBI COOTBETCTBEHHO ClIeBa M CIpaBa OT JIEBOU

T'paHULbI IIOJIOCTH, },, V; HpOFI/I6BI COOTBCTCTBCHHO CJICBA U CIIpaBa OT npaBoﬁ T'paHUILIbI

ITOJIOCTH,
F, x€[0;0,26), J,,  x€[00,26),
F=<F,, x€[0,26;0,74], J=3J,, x€[0,26;0,74],
F, xe(0,74:1], Ji, x €(0,74;1].

PaBenctBa (3) npencraBnsoT coboit ycnosus conpsbkenus [9, c. 197].
Jlanee pacuer COOCTBEHHBIX YacTOT BEJIETCS C IMOMOLIbIO Pa3HOCTHO-aHAIUTHYECKOTO
MeTona, onucanHoro B [11]. [lomydyeHHble mpu 3TOM pe3ynbTaThl 3aHECEHBI B TaOnuily 3a.

a

o' .
Kaxk BugHO U3 TaOnuIbL, 3HadeHus oTHomeHuss —— , 1 =1,2,3 ornnuarorcd. Ilepsas, BTopast
9 * b 2 9 9
o,

i
TPEThsl YaCTOTHI KOJEOAHWI CTEP>KHSA C MOJOCTHIO COBIAIAIOT C MEPBOM, BTOPOU, TPEThEH
YaCTOTAMU CIUIOIIHOTO CTEPKHS MPHU PA3TUYHbIX 3HAYEHUSX NapaMeTpa da .

Ha puc.4 wuzoOpaxkeH rpaduk, MOKa3bIBAIOIIUNA 3aBUCUMOCTh COOCTBEHHBIX YacTOT
CTEp)KHsSI C TOJOCTBhIO OT 3HauYeHMM mnapameTrpa a. Kak BuauMm, 3Ha4YeHHsS TapameTpa a
SIBJISIFOTCSI PA3HBIMU JIsI IEPBOM, BTOPOM, TPEThE COOCTBEHHBIX YaCTOT.
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Ta6muma 3. CoOCTBEHHBIC YaCTOThI KOJICOAHUHN CTEPKHS C MOJOCTHIO TIPH Pa3IMYHBIX

3HAYEHUSIX Mapamerpa a

3HaueHHUs a [ paaj o a ( padj 5 . [ padj @;
o, ®; | — ;] | —
napameTpa a c o, * c @, * c w, *
0 166,239 1,0014 1043,818 1,0033 2921,126 1,0028
0,01 166,138 1,0008 1043,249 1,0028 2920,040 1,0024
0,02 165,837 0,9990 1041,539 1,0011 2916,772 1,0013
0,03 165,334 0,9959 1038,681 0,9984 2911,294 0,9994
0,04 164,626 0,9917 1034,660 0,9945 2903,562 0,9967
0,045 164,195 0,9891 1032,208 0,9922 2898,830 0,9951
1,0050
1,0000 -
m!_a 05950 ——Pap1
— —-=—-Pan2
7 pogonn 4 --2---Pag3
09850 +
00,9300 t t t t !
0 0,m 0,02 0,1 04 0045
o

Puc. 4. 3aBrucuMOCTb COOCTBEHHBIX YaCTOT CTEPXKHI C IOJIOCTHIO OT 3HAYEHHI NapameTpa a,

a a a

[0 ()
psin 1 cooTBeTCTBYET —1* , DA 2 COOTBETCTBYET —>— , PsAJl 3 COOTBETCTBYET —
@, @, @,

%

BbIBO/IbI

[IpoBeeHHOE HCCIEIOBAaHUE HA MPHUMEPE KOJICOAHWH CIUIOIIHOTO MPU3MATHUYECKOTO
CTCpP)KHS U CTEPIKHS TAaKUX K€ Pa3MEpPOB, UMEIOIIETO MOJIOCTh, MPOXOISILYIO 1O BCEH
JUIMHE CTepXHS (TpyO4yaTtoro CTEpXHs), TMOATBEPXKIACT: TP  ONPEIACICHHOM
MOJIOXKCHUU TIOJIOCTH CTEPIXKHS, OJWH M3 CIIEKTPOB COOCTBEHHBIX YaCTOT H3TMOHBIX
KOJICOAHUH CTEP)KHS C TOJIOCTBIO COBIAJACT C COOTBETCTBYIOIIUM CIHEKTPOM
COOCTBEHHBIX YaCTOT KOJICOAHHH CIUIOIIHOTO 0e3/1e(heKTHOTO CTePIKHS.

AHaJUTHYECKN BBISBICHO 3HAUCHHUE TapaMeTpa d, XapaKTePU3YIOMIETO IOJOKESHUE
MOJIOCTH TPYyOYaTOTro CTEPKHS, TPU KOTOPOM CIIEKTP YacTOT €r0 M3TMOHBIX KoJieOaHU
(BOKpYr ocH Z;) COBMagaeT C COOTBETCTBYIOUIMM CIEKTPOM YacTOT CIUIOIIHOTO
CTEPIKHSL.

[Toka3aHo, 4TO OJHOTO CIIEKTPa YaCTOT M3THOHBIX KOJEOAHUH elle HEeJOCTaTOYHO JUIs
UJICHTU(QUKAIIMA MECTOIIOJIOKEHHSI M pa3MepoB moyiocTd. s MAeHTUUKAIIH

IIOJIOCTH H€06XOI[I/IMO HCIOJIb30BAHNE COOCTBEHHBIX 4YacTOT U3 JABYX CIICKTPOB
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M3TUOHBIX KoJieOaHWU (BOKpYr pa3HbIX ocei). [lo aBym cOOCTBEHHBIM YacTOTaM,
KaXJasg W3 KOTOPBIX B35iITa U3 CIIEKTPOB YAaCTOT M3THOHBIX KOJIEOAHWW TPyOUaTOTO
CTEpKHSI BOKPYT pa3HbIX OCEH, MOKHO OJHO3HAYHO HACHTU(ULHPOBATH MapaMeTpbl
pasmepa /i i MECTOITOJIOKEHHS a” TIOTOCTH.

4. B ciyuae JOKaJdbHOM MOJIOCTH, T.€. MOJOCTH, HE TPOXOAIICH IO BCEH JIMHE CTEPHKHA,
TaK)K€ €CTh IOJOXKEHHUS MOJIOCTH, MPU KOTOPBIX COOCTBEHHBIE YAaCTOTHI HM3THOHBIX
KoJie0aHUM CTEP)KHS C IMOJIOCThIO COBMAJAIOT C COOCTBEHHBIMHM YacTOTaMHU M3THOHBIX
KoJebaHuit crepxkHs 0e3 monoctu. OMHAKO CiIydyal JIOKAJIbHOW MOJOCTH OTJIMYAETCS OT
Ciydasi TIOJIOCTH, TPOXOJSIIEH MO BCEH JUITMHE CTEP)KHS, TEM, YTO STH IMOJOKCHHS
IIOJIOCTH SIBJIIFOTCS] Pa3HBIMU JUIS IIEPBOM, BTOPOH, TPEThEN U MOCIIETYIOIUX YaCTOT.

Taxum 00pazom, eciii TOJIOCTh MOXKET Pa3BUBATHCS B MIPOMEKYTKE MEXKAY MOBEPXHOCTHIO

CTep)KHS W €ro HEHTPaIbHOW OCBIO, CIEAYET C OCTOPOKHOCTBIO MHPUMEHSTh METOJIbI

JMAarHOCTHPOBAHUS JEPEKTOB C MMOMOIIBIO OJHOTO CIIEKTPa COOCTBEHHBIX YaCTOT KOJICOAHUH.

OHnu He Bcera MO3BOJIAT BBISBUTH U TIPABHIILHO HICHTH(PHUIIMPOBATH TAKOU NE(EKT.

PaGora BrmonHena mnpu QuHaHcoBoil momnepxkke POOU u AH PecnyOnukm

bamkoproctan (nmpoektsl 11-01-00293-a, 11-01-97002-p_moBospkbe _a).

ABTOpBl  BBIp@XarT mpu3HaTenbHOCTh M. A. UneramoBy u  b. M. JlronaeBy 3a
00CyX)IeHUs.
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