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YJIK 539.3

O.B.T'yna

Jlyupkuii HanioHaBHUN TEXHIYHUHA YHIBEPCHUTET

AJITOPUTM PO3PAaXyHKY BJIACHUX YACTOT TPAHCTPONHUX IVIACTHH 3 YPAXyBAHHSAM MONEPEYHOr0
3cyBY Ta aedopMauiii monepeyHoro 00THCHEHHS

T'yoa O.B. Anzopumm po3paxyHKy 61ACHUX YACIMOM MPAHCIMPONHUX NIACMUH 3 YPAXYEAHHAM NONEPeuHo20 3cysy ma dedopmayii
nonepeunozo oomuchenna. Y oauiii pobomi Ha OCHOGI pigHAHbL pYXY, SAKI 6paxogylomsv degopmayii nonepeynozo 3cy8y ma OOMUCHEHH,
3aNPONOHOBAHO ANCOPUMM DO3PAXYHKY NONEPeYHUX KOIUSAHb Kpyenoi niacmumku. 30ilCHeHO pO3paxyHOK GiIbHUX KOIUBAHb NAACTUHU, UJO
3HAX00umMbc nio wapom piounu. Hasedeno ananiz po3spaxyHxie 61acHUX 4acmom naAaCmuHKY.

Knouosi croea: isomponni ma mpancmponui niacmuny, nonepeyHull 3cye, nonepeyne 0OMuCHeHs, 32UHATbHI MOMEHMUY, Nonepeyti
Cun, NPOSUH, HANPYIHCEHH, KOTUBAHHSL.

@opm. 16. Taon.9. Puc.l.Jlim.6.

TI'yoa O.B. Anzopumm pacuema co6CmeeHHbIX YACHON MPAHCHIPONHBLIX NIACIMUH C Y4enm oM NONepeuno2o cosua u deopmayuit
nonepeunozo obxcamusn. B danoii pabome ¢ nomowpio ypagnenuii 08UdICeHUs, KONMOpble YUUMbIEaonm Oedopmayuy nonepeyHo2o cosuza u
062icamus, npeonodIcer AnroOpumM paciema nonepeunvix Konebamuii Kpyenoiu naacmumvl. IIpousseden pacuem c80600HbIX — KoneOanuil
nAACMUHKY N0O wapom dcudickocmu. [lpuseden ananus pacuemos co6cmeeHHbIX 4acmom niacmuHKu.

Knouegvie crosa: uzomponmnvie u mpancmponhvle NAACMUHbL, HONEPEUNblil CO8Ue, nonepeunoe obcamue, ceubarbHble MOMEHMDbL,
nonepeumnvle Cubl, u3eub, Hanpsicenue, Ko1eoanus.

Guda O.V. The algorithm of the calculation of natural frequencies of transtropic plates, considering transverse shear and
deformations of transverse compression. In this work, based on the equations of motion, which take into account the deformations of transverse
shear and compression, the algorithm of the calculation of transverse vibrations of a circular plate was proposed. The calculation of free
vibrations of a plate under a layer of liquid, was realized. The analysis of the calculation of natural frequencies of the plate is shown.

Key words: isotropic and transtropic plates, transverse shear, transverse compression, bending moments, transverse forces, deflection,
stress, vibrations.

IMocranoBka npoGJemu. IlpoexTyBaHHS 1 PO3PaxyHOK CY4aCHHMX TOHKOCTIHHUX €JIEMEHTIB
KOHCTPYKILIH, SIKHMH € KOMIIO3UTHI OajKy Ta IUIACTHHU CEPeAHBOI TOBIIMHH, MOTpeOye MigBHILEHOT
TOYHOCTI PO3PaXyHKIB Jisi 3a0e3MedeHHs] MIITHOCTi, IOBrOBIYHOCTI Ta HAJIMHOCTI iX B eKcCIuTyartarii. 3a
TaKUX PO3PaxyHKIB 3a0e3leueHHs] eJIeMEHTIB KOHCTPYKIIl JOCTATHHOIO KOHTAKTHOK MIIIHICTIO Ta
TPILIMHOCTINKICTIO € aKTyaJIbHOIO HAYKOBO-TEXHIYHOIO MPOOIEMOIO.

AHaJji3 oCcTaHHIX JOCTiMKeHb Ta myOmikamiii. Y 0aratboxX mpamsx BiTYM3HSHHUX Ta 3apyOiKHUX
JOCHITHMKIB MPH PO3B’s3aHHI HA3BaHUX MPOOJIEM BUKOPHCTOBYIOTH PO3PAXYHKOBI PiBHAHHS IUIACTHH Ta
000JIOHOK y HeKIacHuHiid moctaHoBui. [IpoTe OinbLIICTh iCHYIOUMX HEKJIACHYHUX TEOpid IUIacTHH i
00O0JIOHOK BpAaxoOBYIOTh JHIIEe AedOpMalil0 IOMEPeYHOro 3CYyBY Ta HE BPaxOBYIOTh IONEpEYHE
obTucHeHHs, abo BpaxoByroTh 4acTkoBO (Teopii C.O. AMbapiymsHa, B.3. Bnacoa, X.M. Mymrapi, B.I'.
[Mickynosa, O.0. Packazora, O.®. Psa6oBa, P. KpicreHcena Ta in.). [Ipore, sk MOKa3yOTh TOCTIKCHHS, Y
po3paxyHKax 3a Jii KOHTaKkTHHX Ta JIOKATi30BaHMX HAaBaHTAXEHb, CIi YpPaxoByBaTH IONEPEYHE
OOTHCHEHHS SIKHAWIOBHIIIE, L0 JO3BOJSE 3aJlOBOJIBHATH OUIBIIOCTI YMOB Ha MOBEPXHI KOHTAaKTy
IUTACTHUHU 13 iHIIMMH TiJaMM YW OCHOBaMH. BmimBYy mnomepeyHoOro OOTHCHEHHS Ha BHILI YacCTOTH
KOJTMBaHb IUIACTUH MPUCBSYEHO 3HAYHO MeHIIe poOiT. Y OaraThbOX BHMIAAKAax Taki JOCTIIKEHHS
MPOBOAMJIMCEH Y IOCTAaHOBKAX MPOCTOPOBOI 3a4a4i TeOpii py>KHOCTI.

Metor0 fgociaizkeHHsi € TOOyZOBa alroOpuTMy pO3PaxyHKYy pyXy TPaHCTPONHUX IUIACTHH
cepenHbOi TOBUIMHH, IO BPaxoBye SK €(EeKTH MOMEpEevyHOro 3CyBY, Tak i AedopMaiilo MONepedHoro
OOTHCHEHHSI.

OcHOBHI pe3yJbTaTH J0CTiKeHHs. Po3riissHeMo BilbHI MONEpeyHi KOJMBaHHS TPaHCBEPCATBHO-
i30TponHOi miacTuHKU. Cucrema JudepeHLianbHUX PIBHAHD BUIBHUX IONEPEYHUX KOJIMBAHB
TPaHCBEPCATbHO-I30TPOIHOI IIACTUHKH, Oyie MaTu BUrisn [5,6]:
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3amucaBIy po3B’sI3KH CHCTEMU piBHAHB (1) U1 BUTBHUX KOJTMBaHb IUIACTUHKH Y BHTJISI
w(r,6,t) =w(r)cosndcosamt, Q(r,0,t) = f(r)sinnfcoswt, 2
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OJICP)KUMO PIBHSHHS T BIACHUX ()OPM KOJHMBAaHb, 3HEXTYBABIIN B TepiioMy piBHsHHI (1) wieHOM 3
YEeTBEPTOIO TOXIJHOK 3a 3MiHHOIO {, BBakarouW HOro MajauM IO BiJHOIICHHIO JO IHINIMX YJICHIB 3
MOXITHUMH HUYKYOTO TIOPSAKY, OJIEPKUMO

DA AW(r)+m(1+&A, )o’w(r) =0, A, f(r)-k*f(r)=0,  (3)
JI¢ @; — Kpyropa 4acToTa BJIACHMX KOJIMBaHb IJIACTUHKH, N = 0,1, 2,3,... — KiNbKICTh XBHIIb CEpPENNHHOI

, d?> 1d n?
TLIONIMHY TUTACTHHKH B KUTBLIEBOMY HANpsAMKY, A, = ——+————.
dre rdr r
3arajbpHuU# po3B’sa30K cucTeMu (1) MOXKHA MTOATH B BUIJISIL
w(r)=C.J (1) +C,Y, (1) +C,l (Br) +C,K (Bir),
f (I’) = Csln (kir) +C6Kn (kir)’

e J,,Y,,l,, K, —¢byskuii beccenst nificHOro ta ysBHOTO apryMeHTY, Ci — cTajl, SIKl 3HaXOIHUMO 3

(4)

MOYaTKOBUX Ta TPAHUYHHUX YMOB.
3 XapaKTePUCTUYHOTO PIBHAHHS JUTS IIEPLIOro AU(epeHIIaIbHOTO PiBHIHHSA (3) MaeMo:

’ 2 2 ) \2 2
ai a)iz m + M + gla)iz ﬂ , ﬁi — a)iz m + M — gla)iz ﬂ . (5)
D 2D 2D D 2D 2D

BukopucroByroun piBHsHHS (5), OTpMaeMo BHpa3 ISl 3HAXODKEHHS YaCTOTH BIACHUX KOJIMBAaHb

IIJIACTUHKU:
D L
o, =ai2,/ (1+810£ ) 2
m

SIKIO PO3IIANAEThCA CYLiNbHA IUIACTMHKA pajiyca R, To B mboMy BHmamky ciin mpuitHsaTH
C,=C, =C, =0. Toxi, Bpaxysasum (2) Ta (4), orpuMaemo:

w(r,0,t) =(C,J,(e;r)+C,l, (Bir))cosnb cos mt,
Q(r,0,t) =C.l, (k;r)sinné cos .

V BUMAJAKy IIAPHIPHOTO OMEPTs MO KOHTYpY I =R rpaHnuHi yMOBH 3amMIIeMO HACTYITHUM
YHHOM:

(6)

w(R,0,t)=0, M_ =0, Q, =0, 7)
82W v8W v O°W 1 0Q
M =-D h®g, +0.8D(1— Q——
e M [ar TP c%?zj &l & = ( arj
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r oo or r oo r oo or
2
q, = a =a;*B?D(CJ, (1) +C;l,(Br))cosnb cos mt,
. . .
W=w+ﬂ, eo=;(4£’—v"(7—v)j, gl=3(1—0,75v*)5, gz=i(1—v*)£;
D 20(1-v)\ G 5 G’ 20 E’
2 4 =
E=E/1-v?); v =0,5"G'/G; W= heaw-E g &N Aq . _0aE
4 r G’
2 2 3
K'=£G'h, k?=2.5h" G'/G, A—a— li+i2 az—onepaTop Jlannaca, D=Ei; R i
3 o ror r?o6 3(1-v?)

2h - pagiyc i TOBIIMHA TIACTHHKH.

3 rpaHn4HUX YMOB (7) OTPHMYEMO CHUCTEMY TPbOX OIHOPIIHHX pPIBHSHB BiJHOCHO CTaJHX
inrerpyBannst C,, C,, C,. Po3p’s3yrounm naHy cuCTeMy, OTPHMA€MO HACTYIIHE TPAHCLCHICHTHE
PIBHSIHHSL:
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(agi +,Bozi) -1 =(l—v)(a — B, Inl(ﬁoi)j. (®)
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Jtea®

Ha ocHoBi HaBeneHux Buiie (opMyJ Ta PiBHSHB 3HaieHO KOpeHi piBHAHHA (8) Ta BiOMOBigHI M

Tyr a, =Ra;, By, =RpB,, Ky =Rk, . Mix kopensimu ¢; ta f3; icHye 3B's130K: f3; =

~ / m . .
qaCTOTHU C()i = Ba)i. OTpI/IMaHl pe3ysIbTaTH, 3aJIC)KHO Bl BIJHOIICHDL G/G' Ta TOBIOWHH IIJIACTHUHH,

nogadi B tadiaunax 1-3:

Tabnuya 1.11epuii 4acTOTH BIIbHUX KOJIMBAHb NJACTHHKH 32 Pi3HUX MaTepiajiB
(h/R=0.05)
ABTOpCBKa po3podKa

G/G', h/R=0.05
n 0 1 2
% o, % o, % % o,
2,262 5,102 2,2619 5,065 2,2618 2,2614 4,924
0 5,4579 29,304 5,4577 28,165 5,4574 27,148 5,4567 24,654
8,6126 71,278 8,6122 65,179 8,6118 60,418 8,6108 50,659
3,727 13,784 3,727 13,522 3,726 13,268 3,725 12,595
1 6,9606 47,188 6,961 44,369 3,96 41,988 6,959 36,65
10,1353 97,285 10,135 86,553 10,134 78,725 10,133 63,903
5,0596 25,241 5,0587 24,38 5,0578 23,602 5,055 21,645
2 8,3715 67,486 8,3708 61,968 8,37 57,611 8,3677 48,565
11,586 125,163 | 11,5852 | 108,378 | 11,5845 96,926 11,5823 76,606
Tabnuys 2. Tlepuri 4acTOTH BUIBHAX KOJMBAHb MJIACTHHKY 3a piznux marepiaxis (h/R =0.1)
ABTOpCBKa po3podKa
G/G', h/R=0.1
n 0 1 2
% o, % o, % o, % o,
2,2603 | 5,052 | 2,2598 | 4,911 2,2594 4,782 2,258 4,448
0 | 54544 | 27,948 | 5,4535 | 24,505 5,4526 22,083 5,4502 17,656
8,6077 | 64,206 | 8,6065 | 50,19 8,6055 42,584 8,6027 31,385
3,724 | 13,457 | 3,722 | 12,54 3,720 11,788 3,716 10,15
1| 69563 | 43,871 | 6,955 | 36,365 6,953 31,73 6,946 24,206
10,1297 | 84,942 | 10,1282 | 63,236 10,127 52,588 10,1229 37,89
5,0558 | 24,213 | 5,0521 | 21,256 5,0484 19,567 5,0364 15,844
2 | 8,3664 | 61,079 | 8,3635 | 48,126 8,3606 40,972 8,3518 30,304
11,5802 | 106,008 | 11,5777 | 75,742 11,5713 62,027 11,568 44,009
Tabnuya.3. Ilepuii 4acTOTH BiILHUX KOJIMBAHD IVIACTUHKH 32 Pi3HHX MaTepiaiiB
(h/R=0.2)
ABTOpCBKa po3podKa
G/G', h/R=0.2
n 0 1 5
a; @, a; @, a; ] a; @,
2,2538 4,863 2,2521 4,41 2,251 4,065 2,2457 3,367
5,4434 23,951 5,4411 17,435 5,439 14,376 54336 | 10,262
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8,5963 48,483 8,5944 30,94 8,5927 24,513 8,5891 16,844

3,7136 12,35 3,707 10,038 3,701 8,667 3,684 6,511

1 6,9441 35,325 6,939 23,887 6,936 19,228 6,925 13,394
10,1188 60,829 10,116 37,341 10,113 29,302 10,106 19,963
5,0439 21,087 5,0282 15,654 5,0103 12,973 4,9258 9,184

2 8,3544 46,534 8,3439 29,879 8,3322 23,687 8,2807 16,207
11,5702 72,634 11,5623 43,362 11,5536 33,803 11,516 22,849

. . E .
KIIIO B P1IBHSAHH1 ITIOKJIACTHU BCINYHUHU — = y = , Ta BUKOHATHu aHI/IqHI/If/i nmepexiag nmpu
a 8 0,v"=0
G’

Ky; — 00 ,TO OTpUMAEMO BI/IOBI/IHE TPAHCLEHACHTHE PIBHSHHS KIACHYHOI TEOPii TOHKHUX ILIACTHH!

20

| (@) d, (@) — 1 (o), () =

PO3B’SI3KU SIKOTO MOAAHI B HACTYMHIN Tabm. 4:

I, (@) J, (@) ’

Tabnuysa 4. Tlepuii 4acTOTH BILHUX KOJIMBAHb IVIACTUHKHU B KJIACHYHIN Teopii
Po3pobeno 3a [1]

n=0 n=1 n=2
G; o, G; @, G; o,
2,2215 4,9350 3,7280 13,898 5,0729 25,734
5,4516 29,7199 6,9627 48,479 8,3776 70,184
8,6114 74,1562 10,1377 102,773 11,59074 134,345

Amnainiz 4iCIOBUX NaHMX, HAaBeACHHX y Tabnuusx 1-4 mokasye, o mpHu 30UIbIIEHHI TOBLIMHU
IUTACTUHKHA Bix h/ R=0.05 no h/ R=0.2 yci mepmi Tpu 4YacToTH MawTh CTIAKY TEHIECHIHIO 10
3HIKEHHS TIOPIBHSHO 3 pe3yjbTaTaMH KJIACHYHOI Teopii TOHKMX IUIacTMHOK. Hampukian, mist BUMaaKy
n=1 (tabn. 4) yacrotu @, @, i @,, NopaxoBaHi 3a piBHsHHsIMU Teopii Kipxroda-Jlssa, BinmosigHO
nopisatotots 13,9; 48,5 Ta 102,8. Toni, K 3a yTOYHCHHMMH PIiBHSHHSMHU JUTSl 130TPOITHOI TUTACTUHKHU
(G/G'=1,v =0.3) signopinui pesynsratu (ta6n. 3, h/R=0.2) 6ymyrs: 10,0; 23,9 Ta 37,3. [
tpanctpornHoi mwutk (G / G’ =5) Ti€i 5 camMoi TOBIMHM BiINOBIIHI YACTOTH 3MEHIIYFOTHCS Ie OiIbIIe —
no BennuuH: 6,5; 13,4; 20,0, ToOTO mepIa yacToTa 3MEHIYEThCS OUTBINE HiXK yABiUi, qpyra B 3,6 pasy, a
TpeTs — OublIe HIX y 5 pa3 MOpiBHSAHO 13 KIIACHYHOIO TEopi€to. Y BUMAIKY TPaHCBEPCATbHO-130TPOITHUX
IUTACTUH SIBUILE PE30HAHCY MOXE BHHHMKHYTH 3HAYHO MIBHJIIE, HDK e Hepen0dadacTbesi KIaCHYHOIO
teopieto Kipxroda-JlsBa, sika QakTHYHO HE MOXE BUSABHTH IEpIIy YacTOTy. TeHIEHIis 3aBUILEHHS
3HAYCHb TEPUIMX YaCTOT KIACHYHOIO Teopieto Oyma minrBep/pkena I.T. I'pinuenkom [4] 3a momomororo
TPUBHMIPHUX PIBHAHD TEOPii MPYKHOCTI.

3acrocyeMO [aHWH aNrOpUTM BIOIIYKaHHA BIJIACHUX YacTOT [0 BHUMAAKY IUIACTHHKH, IO
3HAXOAUTHCA IiJ IAPOM PiAUHHU.

Hexait kpyrna omnopigHa TpaHcBepcaibHO-i30oTponHa miactuHka (0<r < R), mo nexuth B
ropu3oHTasbHii rromuHi Z =0 i HeMae omopu B ceperHi OMOPHOrO KOHTYPY, 3HAXOAUTHCS MiJl IIapOM
pilvHM, sKa HE CTHCKAeThes 1 3aiimae obmexenuit 06’em —h<z<h; 0<r<cR; c>1 (puc.l).

[TnactuHKa MOXke OyTH HaBaHTAKEHA IMHAMIYHUM HaBaHTaxkenusm ((r,t) .
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Y

Puc.1l. Kpyria TpaHcBepcajbHO-i30TPONHA MJIACTHHA M IIAPOM PilMHU
Po3pobinieno 3a Ne3
Cucrema mudepeHIiaIbHUX PIBHSIHD BUTBHUX MONEPEYHUX OCCCUMETPHUYHHUX KOJIMBAHb TNIACTHHKH,
3 ypaxyBauusMm [2] ta cucremu piBusHb (1), pu B3aemonii 3 pimunoro (y sunaaky q(r,t)=0) Gyne
MaTH BUTJISIL

OWp.t) | ol O ) aw(géé,t)‘ézo;(g)

D .. A
FAZW(p,t)'i‘m(l—?j a‘tz

G ot .
R® ¢? op(p,1,1)
A+— ,§,1)=0, (0<p<c,0<{<l); ————==0 (0<p<c);
[ Hzaézjw(pé ) (O<p <¢<]) p (0<p<c)
op(c, ¢t op(p,0 ow(p,t 1, 0<p<],
op 0 ot 0, 1<p<c,
ne A= 0 +li 0<p<l t>-w _r g—i - rycruna pimuau, @(p,¢,t) —
apz pap’ - - 1 p R’ H’ yp y pm ' q)pl ’

MOTEHIIa MBUAKOCTI piauau; H — BrcoTa mapy pinguHu.
I'onoBHI KOMMBAHHS MOYKHA 3aMHCATH B BUTJISL

w(p,t)=w(p)sinot, ¢(p,d,t)=¢(p,f)cosat, (10)
ae Cl)i — 4acCToTa BJIACHHUX KOJIMBAHB.

Amnasoriuno, s BusHauenns pynkuin W(p) i ¢(p,{) ckopucraemocs piBasuusam (9):

%AAW(/)) +m (1+ %) o W(p) =7,0,0(p.8)

=07

(11)
o(p,1)=0 (OSpSC);5=8+%h2(1+1.7A');
[A+ﬁ—zaa;2jgo(p,§)=0, (0<p<c,0<¢<D); (12)

@) o (0<¢<n); 2220y (p)owe)
op o¢
B poGorax [2, 3] Bupas mis noreniiany msuakocreil @(0,<) Oyio 3anpornoHOBaHO y BUTIISI

g < S| B a-0)),
p(p.0) =" e [Pw(p)do(ps)dp  (13)
T geh i)

B SIKOMY {é‘n} — HeBin emHi kopewi piBnstHHs J (CE ) =0.

KopensiMu BifiMoOBiTHOTO XapaKTEPUCTHYHOTO PIBHIHHSA €
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PR
a, =R a)izm 1+ﬂ + o, M +§a)i2£ ,
D m 2D 2D

,m(.m golm
o —|1+— |+
D m 2D
HS,

2y ,R s 90 H ()] (pE)d 2
m, = PG(pw;)d,(p&,)dp | — mpuennana maca.
¢ ()| &% &35°(¢&) 5 °

3 piBasiHHSA (14), oTpuMaeMO BUpa3 ISl 3HAXOIDKCHHS YaCTOTU BIACHHUX KOJWBAHb IUIACTUHKH 3
ypaxyBaHHSM BIUIMBY PiIUHH:

N

(14)

~
|
]|
=y
N
0‘3
N |-

~ m.
a60 y Ge3po3MipHOMY BUIIIAL — @, =, [l+ —+

BpaxoByroun rpaHuuHi

2
o, =a—i2 E(l+
R“\Ym

p— 2 75
EQ,;
R_;j o=k

m

m

TPAaHCHCHACHTHEC piBHHHHﬂ JUISA BUBHAUCHHA BJIACHUX YaCTOT.

1
m  zal ) 2
R

YMOBH B BHIIQAKy ULIApHIPHOTO OIEpTH,

m
—, .
D

OTpUMAEMO HACTYIIHC

i 2p2 i 2 2
i Ji(e) +B 1,(8) 1+ mes” R j_ € [ais Ji(e) —B? I1(ﬂi)j= o + P . (15)
Jo(a)) 1, (B) @-v)D 1-v Jo(B:) 1,(B) 1-v
3a momomororo piBrsHHs (15) 3HAX0AMMO KOpeHi ¢ Ta f3;.
Tabnuys 5. YacTOTH BJIACHUX KOJIHBAHb ILIACTHHKH I mi/m =0, H/h =445,i=123
ABTOpCBKa po3podKa
E
/G’ 0 2.6 5
% Q; a)i* Q; a)i* CEi Q; a)i* CEi
2.2215 4.935 2.223 4911 4.894 2.224 4.881 4.867
0.05 | 5.4516 29.720 5.455 28.691 28.136 5.457 27.642 27.219
8.6114 74.156 8.616 68.102 65.230 8.619 62.771 60.833
2.2215 4.935 2.227 4.839 4.775 2.231 4.731 4.680
0.1 5.4516 29.720 5.463 26.145 24574 5.469 23.321 22.350
8.6114 74.156 8.626 56.172 50.357 8.632 46.147 43.229
2.2215 4.935 2.242 4.582 4.376 2.256 4.244 4.104
0.2 5.4516 29.720 5.484 20.184 17.620 5.494 15.898 14.739
8.6114 74.156 8.645 37.217 31.153 8.648 27.395 25.050

m

E

’

. ) ) m
BiHOLIEHP —, — Ta a npu v = 0.3 HaBeneni B Tabn1.5 ( !

m R

m

m . . . : H
3naueHHs] — BianosinaroTs BenmunHam o (1 =1,2,3) Ta BinHoweHHIO r =445.
m
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Tabnuys 6. YaCTOTH BJIACHUX KOJIHBAHD ILIACTHHKH IS mi/m =2:05:0.2, H/h =445,

1=12,3
ABTOpCEKa p3po0Ka
Y 0 2.6 5
% Q o, Q o, @, Q o, @,
2.221 2.849 2,224 2.849 2.846 2,226 2.848 2.845
0.05 5.452 24.266 5,455 23.712 23.396 5,459 23.124 22.875
8.611 67.695 8,617 63.015 60.720 8,620 58.736 57.139
2.221 2.849 2,230 2.848 2.835 2,239 2.837 2.831
0.1 5.452 24.262 5,466 22.254 21.262 5,477 20.474 19.810
8.611 67.695 8,629 53.250 48.222 8,638 44,512 41.88
2.221 2.849 2,257 2.845 2.794 2,29 2.822 2.781
0.2 5.452 24.266 5,500 18.318 16.347 5,524 15.008 14.031
8.611 67.695 8,654 36.378 30.666 8,662 27.084 24.793

AHani3 pe3ynbTaTiB, HaBENECHUX Yy TaOJ. 5 TMOKa3ye, 110 BOHU BiPI3HSAIOTHCS BiJl BiNMOBIIHUX
3HAYeHb (), , OTPUMAHMX HA OCHOBI piBHAHB yrouneHoi Teopii C.O.AmGapuymsna [1], ne He
BpaxoBYeThCs eeKT iHepuii oOepTaHHSA MOMEPEYHHX Iepepi3iB IUIACTHHU. PI3HUIS MK HUMH MOXeE
nepesuntysatu 16,3% mms h/R=0.2. Ha uactoru BnacHMX KOJMBaHb BIUIMBAKOTh BETHYMHU
MOIEPEYHOr0 3CYBY Ta OOTHCHEHHS, a TAKOX TOBIIMHA MIacTUHKH. OCOOIMBO BETUKUM IIel BIUIMB MOXKE
6yTH [UIs BUIMX YacToT (pyrof, Tpetboi i T.1.). Hanpuknan, npu E/G'=5,h/R =0.2 npyra uacrora
3MEHIIYEThCA y NIBA pasd, a TPeTs — Yy TPU pa3d B NOPIBHSAHHI 3 BIACHUMH YacTOTAMH i30TPOMHOI
wiactuaku  Kipxroda-JIsBa. Anami3 ganmx Tabn. 6 mokasye, IO HA BIACHI KOJMBaHHS IUIACTHHKU
BIUIMBA€ TPHEJHAHA Maca PIJMHU B Ty K CaMy CTOPOHY (3MEHIICHHS), IO 1 MONEepPeYHHH 3CyB. Ale
HaOLTBIIMM € Ti BIUIMB Ha MEpIIy OCHOBHY YacCTOTY SIK i3 BpaxyBaHHSIM IIONEPEYHOr0 3CYBY, TaK i 0e3
HBOTrO. [3 30UIBLICHHSM HOMepa YacTOTH LeH BIJIMB 3MEHUIIYETHCS Yy TMOPIBHSHHI 3 4YacTOTaMH, 1€
BPaxOBYETHCS MOMEPEYHNUN 3CYB Ta OOTHCHEHHS.

Binmitumo, mo B Bunagky E/G’' =0 pesynbratu cniBnanaroTh 3 pe3ysibTaTaMu KIACHUHOT Teopii
nnactunok, a E/G’ = 2.6 — punajiky i30TpONHOI MIaCTHHKH.

Bukopucraemo 3amnmcaHi piBHSHHS y BHIIQJKy KOJIHMBaHHA IUIacTHHKH (puc.l), 1m0 JeXuTh Ha
CYLIbHIA IPYXKHIH BIHKIEPEBIH OCHOBI 1 CTUCHYTa paliaIbHUM THCKOM IHTEHCUBHOCTI [J.

Hudepenuiiine piBHIHHSI OCECUMETPUYHUX BJIACHUX KOJIWBaHb IUIACTHHKHU, L0 3HAXOMUTHCS IIij
LIapOM PiAMHU Ha TPYXKHIM OCHOBI 3 ypaxyBaHHSM palialibHOIO CTUCKY Ma€ BUTIISIA:

— 2.~ 4.~
gja Wp,t) 1 7, OW(p,t)

D
2 A%i(p,t)+m| 1-
R A WPt (RZ a2 G o

+Po Aw(p, 1) + k(. 1) =
R (16)

_y aw(p,é,t)‘
o e

P

ne K — xoedimient mocrerni.
3amnmcaBIy PO3B’SI30K Yepe3 YacTOTY BIACHUX KONMBAHb IUTACTHHKH (), BABHAYMMO il y BUTJISAAL:

1
2 4\\2
D[l_ PR’ kR j

,uzi m :uiz D:ui4
%R zu’  m '
1+ 5
R m

. - m
a0o B 6e3p03MIpHOMY BUIIIAAI O, = R® . /Ba)i, KONU M = -
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Ta6ruys 7. YUacTOTH MIACTHHKY 32 o6THCHeHHs paiaabaum THekom P, (K =1,6-10° m/ M),

m.
—=2;0.5;0.2
m
ABTOpCBKa po3poOKa
h Q, o, - _ -
- P, =0.5 p, =1 P, =15
E/G’ E/G’ E/G’ E/G’ E/G’ E/G’ E/G’ E/G’ E/G’ E/G’
2,6 5 2,6 5 2,6 5 2,6 5 2,6 5
2230 | 2,239 | 2.835 | 2,831 3.043 3,033 2.765 2,686 2.455 2,451
0,1 | 5.466 | 5,477 | 21.262 | 19,81 | 21.014 | 19,575 | 20.647 | 19,237 20.283 19,78
8.629 | 8,638 | 48.222 | 41,88 | 47.937 | 41,633 | 47.608 | 41,348 47.279 41,063
2257 | 229 | 2794 | 2,781 2.538 2,532 2.214 2,222 1.899 1,861
0,2 | 5.500 | 5,524 | 16.347 | 14,031 | 16.079 | 13,803 | 15.803 | 13,568 15.522 13,324
8.654 | 8,662 | 30.666 | 24,793 | 30.461 | 24,629 | 30.255 | 24,462 30.048 24,294
Jlani pospaxyHKiB uacToT HaBeaeHi B Tabmuusx 7 Ta 8 mpu K =1.6-10° % 3,v=03 Ta
E
G G
Ta6ruys 8. YUacTOTH MIACTHHKY 32 o6THCHeHHs paiaabaum THekom P, (K =1,6-10° m/ M%)
m.
y Bunaaky — =0
m
ABTOpCBKa po3podKa
h Q; o, = S =
i P, =0.5 P, =1 P, =15
R /e g/ | E/c | E/G" | E/G" | E/G E/G’ E/G’ E/G’ E/G’
2,6 5 2,6 5 2,6 5 2,6 5 2,6 5
2227 | 2,231 | 4775 | 4,68 | 5.127 | 4.814 4.659 4,563 4.138 4.054
0,1 | 5.463 | 5,469 | 24.574 | 22.35 | 24.281 | 22.422 23.861 21.713 23.433 21.329
8.626 | 8,632 | 50.357 | 43.229 | 50.058 | 42.973 49.716 42.674 49.381 42.377
2.242 | 2,256 | 4.376 | 4,104 | 3.969 | 3.727 3.457 3,252 2.853 2.697
0,2 |5.484 | 5494 | 17.62 | 14.739 | 17.332 | 14.498 17.034 14.249 16.731 13.995
8.645 | 8,648 | 31.153 | 25.050 | 30.945 | 24.884 30.734 24.716 30.525 24.546
m . . ~ A .
3uauenns — =2;0.5;0.2 BignoBimarote BenuuMHAM Q; = %,(I =1,2,3), xom h=1,
m
H . . m. ,
F:44'5' B Tabmuui 8 HaBomatrbecs naHi, komu —-=0. B Tabmuni 9 moka3zaHO BUNANOK, KOJU
m
. ) E
koedinient nocremi K =0, E =206.
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Tabnuys 9. YacTOTH IJIACTHHKH y BUNAAKY KoedimieaTa mocreni K =0, —=2.6
ABTOpCBKa po3podKa
h - o;
_ a; w; = = ~
P, =0.5 p, =1 P, =15

2.230 2.835 2,534 2,192 1,786
01 5.466 21.262 20,903 20,538 20,166
' 8.629 48.222 47,897 47,569 47,241
2.257 2.794 2,505 2,178 1,791
02 5.500 16.347 16,075 15,797 15,515
' 8.654 30.666 30,461 30,254 30,046

AHani3 ofiepKaHUX PE3yNbTATIB JUIs BJIACHOI YacTOTH @, , HaBeieHHX y Tabn. 7 Ta Tabm. 8,

CBIZYMTb, 1110 BIIMB IONEPEYHOIO 3CyBY IIPH OOTUCHEHHI IIACTUHKHU PajiaIbHUM THCKOM [, Ma€ TaKuii

caMum XapaKTep 3HUIKCHHA, IK i npu Horo BiI[C}’THOCTi. Pa3om 3 TuM cama p03n0;[ineHa CTUCKYBaAJIbHA
CHJIa TAKOX 3MCHIIYE YaCTOTY BJIACHHUX KOJIMBAHb IUIACTHHKU. HC 3HIJKEHHS HAWOIIbIIe BIUIMBAE Ha
nepmy OCHOBHY YacCTOTY. YV Mexax 3MiHH CTI/ICKYBaHBHOI CHJIM 1€ 3MCHIICHHA CTaHOBUTH 19%.

36ubiieHds Koedilienta mocreni K Beme 10 30iIbLIEHHS YaCTOTH BIACHHUX KOJIWBAHb a~)i*. Bumnagox

k=0 (ra6n. 9) smenmye nepury ocHoBHy uactory jgo 27% mis h/R=0.1 ta ma 5% m1a h/R=0.2,i
Maiike He BIUIMBA€E Ha 1HII YacTOTH.

BucHoBkH. JIocnipKeHO, 1110 Ha YaCTOTH BIACHHX KOJIHMBaHb BIUIMBAIOTH BETMYMHHU MONEPEYHOTO
3CYBY Ta OOTHCHEHHS, @ TAKOK TOBLIMHA TUIACTHHKY. L{ell BIJIMB € 3HAUHUM JUIsl BUIUX 4acToT (Ipyroi,
tpetsoi i T.1.). Ipu E/G’ =5, h/R =0.2 npyra uacrora 3MeHyeThes y 1Ba pasu, a TPETs — y TPU pasu
B MOPIBHSIHHI 3 BIACHUMU 4acTOTaMH i30TponHoi iactuaku Kipxroda-Jlssa.

YucnoBi pe3ynnbTaTi MOKa3yroTh, IO HA BJIACHI KOJWMBAHHS IUIACTHHKU BIUIMBAE MPUETHAHA Maca
pPIIMHU B Ty K caMy CTOPOHY (3MEHIIEHHS), LIO i MOMEPEeYHUH 3CyB, aje HaWOUIbIMM € ii BIUIMB Ha
MepIly OCHOBHY YacTOTy SIK i3 BpaxyBaHHSM IOIEPEYHOr0 3CyBY, Tak i 0e3 Hboro. I3 30imbLIeHHSIM
HOMeEpa 4aCTOTH LI BIUIMB 3MEHILYETHCS y MOPIBHAHHI 3 YaCTOTaMH, € BPaXOBYETHCS MONEPEUHUI 3CYB
Ta OOTHCHEHHSI.

VY BUMaAKy OOTHCHEHHS IUTACTHHKHU PAJiaIbHUM THUCKOM, BIUIMB IONEPEYHOTO 3CYBY Ma€ TaKWil
caMuil XapakTep 3HYJKCHHS, SK 1 NPU HOro BiJCYTHOCTi, PO3MOALICHA CTHCKYBaJbHA CHJIA TaKOXK
3MEHIIIY€ YaCTOTY BIIACHUX KOJMBAaHb IIACTUHKH.

Ha 30U1bIIeHHS YacTOTH BJIACHUX KOJIMBAaHb BIUIMBAE 30UTBIICHHS KOeillieHTa MOCTelTi.
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