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Mechanics and mathematical methods

YK 539.3

MNOBYJO0BA 30H JMHAMIYHOI HECTIMKOCTI AJs1
BUCOTHUX BYJIBEJIb Y PA31 CEUCMIYHUX 1A

domin B. M.l, ®omina L. I1.!

1 : . :
Oodecvka depoicasna akademis 0yOieHUYmMEa ma apximexmypu

Anoramisi: CelicMiuHi Jii CTBOPIOIOTH MOXJIMBICTH BHHUKHEHHS HapaMeTPUYHUX PE30HAHCIB,
TOOTO MOXKIIMBICTH TIOSBH IHTEHCHBHHX IIOMEPEYHNX KOJIMBAaHb EIIEMEHTIB KOHTPYKIH (30Kpema,
BHCOTHHX) BiJ Jii MepiogMYHHUX MO3J0BXKHIX CHJI. B siIKoCTi po3paxyHKOBOT MOJIei BUCOTHOI CIIOpY U
BUKOPUCTOBYETHCS MOZETb, NPUIHATA MIPH PO3PaXyHKy BHUCOTHHUX CHOPYA Ha CEHCMi4yHI BIUIUBH, -
HEBaroMui >KOPCTKO 3aTHCHEHHWH B OCHOBI BEPTUKAIBHHHA CTEP)KEHb (KOJIOHA) 3 CHCTEMOIO
30CepeHKeHNX Mac (BaHTaXiB), pO3TallIOBaHMWX HA HhOMY (puc. 1).

3a momoMoror BHpilIeHHs Au(epeHLialbHOTO PiBHSHHA 3iTHYTOI OCi MPOBOJUTHCS MOOYAOBa
(yHKIIT BIDIMBY CTEPKHS, i3 3aCTOCYBAaHHSAM SIKOi BH3HAYAIOTHCS KOE(IIIEHTH BIUTUBY IJISI TOYOK
CTepXHS, B SKHX 3HaXOmIAThca 3ocepemxeni Macu. Lli koedimieHTH € eneMeHTaMH MaTpHIli
nopatiauBocTi V . Jlami BH3HAYAIOTHCSA €JIEMEHTH MaTpHil skectkocteidt H muisixom 3BepHEHHs
matpuii V . I3 3acTocyBaHHsAM aiaroHansHoi MaTpuil Mac Bantaxis M i matpuii H BinOyBaerncs
moOymoBa cucteMu audepeHIlialbHAX PIBHAHDb KOJMBAaHh MEXAHIYHOI CHCTEMH, IO CKJIANAETHCS 3
30CEpeKCHAX Mac, BU3HAYAIOThCA YacTOTH 1 (OPMH IHUX KOJHMBAaHb. 3 BEPTHKAIBHOI CKIIAJ0BOI
KOJINBaHb 3 MIEPEBAXKHOIO YaCTOTOIO BILIMBY.

KonuBaHHS KOJIOHH PO3TISNAIOTECA B PYyXOMUHN CHCTEMI KOOPIUHAT, MOYATOK SIKOT 3HAXOAUTHCS
B MijIcTaBi KOJIOHH. J[0 CHJI, IO JiFOTh Ha TOYKUM MEXaHIYHOI CUCTEMH, JOJAIOTHCS CHJIU IHEPINI Mac,
TIOB’sI3aH1 3 IEPEHOCHUM PYXOM CHCTeMHU KoopauHaT. CHIIM Bardl BAHTaXIB 1 CHIIM iHEPIIii CTBOPIOIOTH
B KOJIOHI TIO3MIOBXKHI 3yCHJUISA, AKi TMEPiOAMYHO 3aliexarh Bix dacy. Jlami 3amucyerbcst iHTErpo-
nudepeHLianbHe PiBHAHHSA AMHAMIYHOI CTIHKOCTI cTepHs, 3anpornonoBane B. B. BonorinuMm B [§].
PimenHs mporo piBHSAHHS PO3NMIYKYETHCS y BUIIISIAL JiHIITHOI KoMOiHamii (popM BIaCHUX KOJHMBAHB 3
MHOKHUKaMH, 3alle)KHUMHU Bix dacy. lIlizcraHoBka mporo pilleHHsS B iHTETpo-AuQepeHIliaibHe
PIBHSIHHS JMHAMIYHOI CTIHKOCTI JI03BOJISIE 3BECTH HOTO JI0 CHCTEMU Au(EpeHIll albHUX PIBHSHB 100
3a3HAUCHUX MHOXHHKIB 3 KOe(il[ieHTaMu, NIEPIOANYHO 3aJICKHUMH Bij dacy. [Ipu Jeskux 3Ha4eHHSIX
napameTpiB BEPTUKaIbHOI CKJIaJOBOI CEHCMIYHOTO BIUIMBY, a CaM€ YacTOTH 1 aMIUTITYJH, PilLIeHHS
IUX PIBHSHb € HEOOMEXKEHO 3pOCTarouor0 (YHKIIE€0, TOOTO MpPU IUX 3HAYEHHSX 3a3HA4YEHUX
rnapaMeTpiB BHUHHMKA€E IMapaMeTpUuYHUil pe3oHaHc. Ili 3HadeHHS YTBOPIOKOTH 00JACTI B IJIOLIMHI
napaMmeTpiB, iMEHOBaHI 0ONacTAMH AWHAMIYHOI HecTiiikocTi. Jlami mpoBOAWUTHCS TOOYIOBa IMX
obxacteii. PO3risiHyTO KOHKpPETHHIH PUKIIAI.

KarouoBi ciioBa: ceiicMiuHi BIUTMBY, JHHAMIYHA CTIHKICTD CHIOPY/I, TAPAMETPUYHUI PE30HAHC.

CONSTRUCTION OF DYNAMIC INSTABILITY ZONES FOR
HIGH STUCTURES UNDER SEISMIC IMPACT

V. Fomin!, I. Fomina?
'Odessa State Academy of Civil Engineering and Architecture

Abstract: Seismic impacts create the possibility of parametric resonances, i.e. the possibility of
the appearance of intense transverse vibrations of structure elements (in particular, of high-rise
structures) from the action of periodic longitudinal forces. As a design model of a high-rise structure, a
model is used which adopted in the calculation of high-rise structures for seismic effects, - a
weightless vertical rod (column) rigidly restrained at the base with a system of concentrated masses
(loads) located on it (Fig. 1).
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By solving the differential equation of the curved axis influence function for a rod is constructed
by means of which influence coefficients are determined for the rod points, in which the concentrated
masses are situated. These coefficients are elements of the compliance matrix V . Next, the elements
of the stiffness matrix H are determined by inverting the matrix VV . Using a diagonal matrix of the
load masses M and matrix H a system of differential equations of free vibrations of a mechanical
system, consisting of concentrated masses, is constructed, and the frequencies and forms of these
vibrations are determined. From the vertical component of the seismic impact, its most significant part
is picked out in the form of harmonic vibrations with the predominant frequency of the impact.

Column vibrations are considered in a moving coordinate system, the origin of which is at the
base of the column. The forces acting on the points of the mechanical system (concentrated masses)
are added by the forces of inertia of their masses associated with the translational motion of the
coordinate system. The forces of the load weights and forces of inertia create longitudinal forces in the
column, periodically depending on time. Further, the integro-differential equation of the dynamic
stability of the rod, proposed by V. V. Bolotin in [8], is written. The solution to this equation is sought
in the form of a linear combination of free vibration forms with time-dependent factors. Substitution of
this solution into the integro-differential equation of dynamic stability allows it to be reduced to a
system of differential equations with respect to the mentioned above factors with coefficients that
periodically depend on time. For some values of the vertical component parameters of the seismic
action, namely the frequency and amplitude, the solutions of these equations are infinitely increasing
functions, i.e. at these values of the indicated parameters, a parametric resonance arises. These values
form regions in the parameter plane called regions of dynamic instability. Next, these regions are
being constructed. A concrete example is considered.

Keywords: seismic impacts, dynamic stability of structures, parametric resonance
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1 BCTVYII

Y HOpMaTUBHHUX pO3paxyHKax OymiBEJIbHUX KOHCTPYKIIH Ha CEWCMIYHI BIUIUBH
MOJJIMBICTh BHHUKHEHHS TMapaMeTPUYHHUX PE30HAHCIB, TOOTO MOXMIIMBICTh TOSBU
IHTEHCUBHMX TIOTICPEYHUX KOJWBAaHb €JIEMEHTIB KOHCTPYKIIN Big il MepioguIHUX
MO3JIOBXKHIX CHUJI HE po3rsiiaeThes. [Ipu po3paxyHKax BUCOTHHX CIOPYI, PO3MIpH SKHX B
IJ1aH1 He repeBuIyroTh 20 M, Ha CEHCMIYHI BIUIMBU BEPTHUKAIBHI CKJIAJ0B1 3eMJIETPYCIB HE
BpPaxoBYIOThCS. [lJIsi BUCOTHHX CHOpPYA, y SKAX pO3MipH B IUIaHI 0araropa3oBO MEHIIE
BUCOTH, JDKEPEIIOM BUHUKHECHHS NIEPIOIMYHUX TTO3J0BXKHIX CHJI € caMe BEPTHKAIIbHI CKIIaI0BI
CeMCMIYHMX BIUTMBIB. Y AaHili poOOTI MOKa3aHO, IO y TaKUX CHOPYA, MPH CEHCMIYHHMX
BIUIMBAX ICHYE MOJJIMBICTh TIOSIBU TTApAMETPHYHUX PE30HAHCIB.

2 AHAJI3 JITEPATYPHUX JAHUX TA IOCTAHOBKA IMPOBJIEMH

[Tepmia poGoTa B 00yIacTi JOCHIDKEHHS IUHAMIYHOT CTIMKOCTI KOHCTPYKIIH Oyia
omyoiikoBana H. M. bensieeum B 1924 p [1]. VY Hiif Oyna mocTaBiieHa i BupimeHa mpodiema
JUHAMIYHOT CTIMKOCTI CTEpKHS, MIAPHIPHO OMEPTOro MO KIHLAX, TOOTO OynmM AOCHTiIKEH1
YMOBH TIOSIBM 1 PO3TONJIYBaHHS IONEPEYHUX KOJWUBAaHb CTEPXKHS MpPU [Iii MEepioaUIHOI
MO3/I0BXKHBOT CHIIH. Bysio mokaszaHo, 1110 3HAYCHHS YaCTOTH 1 aMILTITYIU MMO3A0BXHBOT CHJIH,
MpH  SKUX CIOCTEPIraeThCs HEOOMEKEHE 3POCTaHHS AMIUIITYJIU IONEPEYHUX KOJIMBAHb
CTepXHs, YTBOPIOIOTh CYIIUJIbHI O0JIaCTI B MPOCTOPiI MHMX MapameTpiB, fKi IMEHYIOTbCS
obnactamu Hectiiikocti. Y 1935 p H. M. KpmiioB i M. M. Boromo6oB [2] mpoaoBXuiu
nociimkenus H.M. benseBa, mocniguBimu npoOneMy AMHAMIYHOI CTIMKOCTI CTEpKHS TMPU
JOBUTBHOMY 3aKpiruieHHi Woro kinmiB. Y kHuzi B. H. Yenomes [3], mo Buiimma B 1939 p.
Oy pO3MIIAHYTI NMPOOJIeMHU TUHAMIYHOI CTIHKOCTI AJi CTEP>KHIB 3MIHHOTO Mepepi3y, Uit
CTCpXHIB, IO MAIOTh IMOYATKOBHHA BUTHH, a TaKOX MJIs 0araTONMpPOrOHOBUX CTEPXKHIB. 3a
KOPJIOHOM Tepili poOOTH MO AWHAMIYHOI CTIHKOCTI CTEp)KHIB 3’SIBIJIMCA HAa IOYATKY
copokoBux pokiB [4]. 3romom B. B. bonorinum OyB omyOmikoBaHu#l psan GyHIaMEHTATEHUX
pobit [5-10], mpucBSYE€HHUX JUHAMIYHOI CTIMKOCTI CTEp)KHIB, OalloOK, paM, IUIaCTHH 1
000JIOHOK.

3 b TA 3AJAYI JOCJIKEHHS

VY 1ilt cTarTi B SIKOCTI PO3paxyHKOBOI MOZEI BUKOPUCTOBYETHCS MOJIEIb, IPUNHHSATA IPU
pO3paxyHKy BHUCOTHHUX CIIOPYJ Ha CEHCMIYHI BIUIMBU — HEBArOMHM KOPCTKO 3aTHCHEHHUH B
OCHOBI BEpTUKAJIbHUN CTEP’KEHb 3 CUCTEMOIO 30CEPEIKEHUX Mac (BaHTaXIB), pO3TAILIOBAHUX
Ha HboMYy (puc. 1). Hagani nieif ctepkenp Oy1eMo Ha3UBaTH KOJIOHOIO.

BuxopucroBytoun gudepeHuiagbHe pPIBHSAHHSA 3ITHYTOI OCI  CTEpXKHS, HEBAXKKO
noOynyBatu QyHKIif0 BIumBy K(X,S) KoJoOHU:

%(S—%) mpu X< S,
K(x,8)= & S 1)
E(X—g) Inmpu X > S.

BukopuctoBytoun (1) Bu3HauaeMo KOeQILIEHTH BIUIUBY, SIKI € elleMEHTaMH MaTpHIli
MOJATIUBOCTL V !
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X2 X ..
7 (X —=3) (<)),
Vo =K(x,X;)= ZEZJ 3 (2)

1] X] Xi\ i
E(Xi_?) (i>]).

(Xi m Xj—abcumen Toyok M;iM;j;i,j=1,2,...,n).

x Cucrema mudepeHIialbHUX pPIBHIHb BUIBHHX KOJIMBAHb
MEXaHIYHOI CHCTEMH, IO CKiIamaeTses 3 Touok My (k=1,2,...,n),
My I P i MAa€ HACTYITHHUI BUTIIAI;
M
= My + Hy =0 , (3)
D,
TYT Y- BEKTOP-CTOBMCIH MEPEMIIeHb TOYOK CHCTEMH,
M I ) _ .
"\ Py H=v!- MaTpuLs )xopcTkocTi, M - marpuns mac:
m 00..0
Om,0..0
Mzr\ M =
d 0 00..m,
@ ]
[omuoxuBmm (2) Ha M™, 3ammcyeMo piBHAHHS BiNbHHX
M, 1 P KOJIMBaHb TAKMM YHHOM:
1
D y+Uy=0, (4)
A Yy TyrU=M"H.
Pimennst cucremu (3) OymemMo pO3IIYKyBaTH y HACTYITHOMY
Puc. 1. Po3zpaxyHkoBa BUTJISLL:

MO/JIeNIb KOHCTPYKIIii
y =u-cosmt, (5)
U — BEKTOP-CTOBIENb MOPSAKY N .
BinbHI KOJIMBaHHS, ONMCYBaHI PiBHICTIO (5), HA3UBAIOTHCS BIACHUMH, IIPU LILOMY BEKTOP
U BU3HA4yae GopMy KOJIMBAHHS, a ® € HOTO YaCTOTOIO.
[Ticns migcTaHoBKM Bupa3y (5) B BEKTOPHY PiBHICTH (4) 1 eleMEeHTapHUX MepeTBOPEHb
OTPUMYEMO:

Uu—w’u=0.

3BijicH BUIUIMBAE, 110 I TOTO 1100 Y CUCTEMH PiBHSAHB (4) icHyBaso pimeHHs Buay (5)
HEe0OXiHO, 06 ®° GyJI0 BIACHUM YKCIOM MaTpuli U , a BEKTOp U — BiANOBiHUM BIACHUM
BEKTOpOM I1i€i MaTpuui. [y 1aHOi KOHCTPYKIIIT ICHYe N 9acToT (3 ypaxyBaHHSAM KpaTHOCTI)
®; (J=12,..n) i n BracHUX BEKTOPiB u’ (j=12,..n) marpumi U , mo Bu3HAYa0TH GopMu
BJIACHUX KOJINBaHb KOHCTPYKIIIi.

Bynemo BBaxaTH, 1110 BEpTHKaJIbHA CKJIa/10Ba CEMCMIUYHOTO BIUIMBY (TOOTO BEpTUKAIbHI

KOJIMBaHHS OCHOBM A KOJIOHM) MPEJCTABISAIOTh COOOK TapMOHIWMHI KOJMBaHHS 3
nepeBakHoro uactoToro BBy 0O [11]. Tomi mpuckopenns a(t) ocHoBu Tex Oyne

3MIHIOBATHCS 3a FapMOHiﬁHHM 3aKOHOM:
a(t) =a, cos(6t) . (6)

SKmo po3rnsnaTé pyx KOJOHM IIOAO PYXOMOi CHUCTEMHM KOOpAMHAT, MOYaToOK SKOi
3HAaXOJUThCS B Toulll A, aoci X 1 Y 30epiratoTb CBOi MOYaTKOBI HAMIPSIMKHU, TO HEOOX1IHO /10
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CWJI, IO AilOTh HAa TOYKH MeXaHiuHoi cucremu, noxatu cwum imepuii J,(t) (k=12,...,n)
(puc. 2), moB’s13aHi 3 IEPEHOCHUM PYXOM CUCTEMHU KOOPJIMHAT:

J,®)=—ma() k=12,..,n).

Cumm P, 1 J, (t) (k=12,...,n) cTBOPIOIOTH B KOJIOHI 10310BXHI 3ycmurst N(X,t) . 3anumemo
iHTerpo-audepeHIianbHe PiBHAHHI JHUHAMIYHOI CTIHKOCTI KojtoHu [1]:

y(X t)+jm(s)|<(x s)‘32 Y. g4 jN(s t)aK(;‘ .S) ay(s t)ols—o (L= Z|k)

n
V posrisnyTiit 3agaui m(x) = Z:ES(X—Xk)mk (x, — abcuuca
k=1

k
mMacu M., X, = ZI . 0(X) — nembra-pynkmis Jlipaxa),
no3aosxkHe 3ycuis N(X,t) BU3HAYa€ThCS HACTYITHUM YMHOM:
N(x,t) = N,(x) + N,(x) cos(6t) ,

npudomy Ny(X) 1 N;(X) sBIsroTh c000I0 KYyCKOBO-HOCTiiHI
¢ysknii. Ha ginsHmi xoimorm 3 HOMepoMm Kk (HOMepa AUISHOK
npoctaBieHi B Typtkax) N (X) i N,(X) mnpuiimMaroTe mocTiiHi

sgauenHs Ng, i N, :

No,k:zpp 1k — Z‘] —aozm = Ok’ (7)
j=k

g — IPUCKOPEHHS BUILHOTO MaiHHA. TakuM YMHOM, Ha TUISHII 3
HomepoMm K N(X,t) e dyHKIi€O OHIET 3MIHHOT t:

Puc. 2. AKTUBHI CHIIH, SIKi
JUIOTh Ha KOHCTPYKIIiIO

N, (t) = Ny + N, cos(0t) = (1+%cos etj No, - 8)

ITicns migcranoBku BupasiB st M(X), Ny(X) 1 N;(X) piBHSHHS AMHaMi4HOI CTiiiKOCTI
KOJIOHH NTpUHMAa€ HaCTYITHUMA BUTIISA:

X0+ Y MK (X %)Y, 0 - >N () [ LD e, ©)

TOUYKA O3HAYA€E MOXIJHY 3a YaCOM.
bynemo mykartu pimeHHs piBHSHHS (9) y BUTIISAL CyMU

y(x.t) = Z £ (),(), (10)

ne f(t) (j=12...,n) - mykani gynxuii gacy, ¢;(x) (j=12,..,n) — bopmu BracHux KoMBaHs,
10670 ¢);(X) = u? (i,j=12,..,n) (u"” — Bnacni BexTopu Matpumi U ). Hoxcramss cymmy (10)

B piBHsHHS (9) 1 BpaxoByI0UH cIiBBiIHOMmEHHS (8), OTpUMYy€eMO 1pH X = X;
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Zn:cqj f, () +Zn:Ri,j f.) —(1+BCOSGt).Zn:Si'j f.)=0, (11)

IS

n n X g a ,t
B:%, D :(I)j(xi)’ R =kZ:1:ka(Xi’Xk)¢i(Xk)’ Si :kZ_;NO'kJ‘ 6K((3);”S) (I)]ﬁ(ss )dS.

X1

3ayBaxumo, 110 (11) MOXKHA PO3MIIAAATH K CUCTEMY PIBHSHb BBAKAIOYH, IO | 3MIHIOETHCS
Big 1 1o n. Llg cucrema mosxe OyTu 3amucaHa B MATPHYHOMY BUTJISII:

of + Rf —(1+pcosot)Sf =0. (12)
3ayBa)KUMo, 110
@, =uV, R =Zn:mkvi’ku§” , (13)
k=1
T06TO j-# croBmens Mmarpumi @ gopiBHioe Bektopy U, a marpumi R — Bektopy
vMu? =y = = (J/(o?)u“), tomy mo U? e Bmacaum BexTopom Matpuii U 3 BIacHHM
YHCIIOM 0)?.
Tomy
(,3{2 0O 0..0
R=ac, c=| 0 @ 0 0 (14)

0 0 0 .. o
TTOMHOXMBIIE MAaTpHUHY piBHIiCTH (12) Ha @, OTpUMYyEMO
Cf +[E —(1+PBcosOt)A]f =0. (15)

Tyr E — onunuyna MaTpuus nopsaky N, A=®d"S

4 PE3YJbTATU JOCIIIXEHb

Marpuuna piBHicTh (15) sBise coboro cucremMy audepeHLiadbHUX pIBHSAHb 3
nepionnuHuMEu Koedimientamu moxo ¢ynkmii f,(t) (i=12,...,n). Bigomo [1], mo mnpu
JIeSIKUX 3HAUYEHHSAX MapaMmeTpiB 3 1 O pilleHHs IMX piBHAHb € HEOOMEXEHO 3pocTaroyi
¢yHkuii, TOOTO NpU LMX 3HAYCHHSX 3a3HAUYEHUX MapaMeTpiB BUHHMKAE€ NapaMEeTpUYHUIN
pe3onaHc. LI 3HaueHHS YTBOPIOIOTH O0JIACTi B IJIOLIMHI HapameTpiB 3 1 0, iMEeHOBaHi

oOnacTsamMu TuHaMivHOI HecTikocTi. [Ipobiaema nmomnsrae B modynoBi Mex 1ux obsactei. [lpu
nparHeHHi B 10 HyJs 11 001acTi 3BYXKYIOThCSI 10 TOUOK [8]:

e;jkzzTQ (i=12,...n k=12.), (16)

po3TamoBaHux Ha oci © . Y gopmyini (16) € — yacToTu KOJOHU 3 ypaXyBaHHSIM MO310BXKHIX
CHJI, CTBOPIOBAHUX Barol0 BaHTaXiB, pO3TAIlIOBAHUX Ha Hil. BOoHM € KOpiHHAM OararouseHa

AR, Q... Q) =|E-A-0O7C, (17
ne Q —Bekrop [Q,Q,,....Q,].
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["oloBHMMM Ha3MBaIOTHCSA Ti 00MACTi AMHAMIYHOT HECTIMKOCTI, sKUM y (opmymni (16)
BignoBigae k=1. Y mnepumoMy HaOJIMXKEHHI KOPJOHY LHX O0JacTeld BHU3HAYAIOTHCS
piBHSHHSMH [ 8]

1

E—(1i%ﬁ)A—ZGZC =0, (18)

MPUYOMY 3HAK ITUTFOC B JIBy3Hadil + BIAMOBIZA€E HIKHIM MexaM oOjlacTeil, a 3HaK MIHYC -

BEPXHIM.
Mpuxaaa. JocoiKyeTbCsl OUHAMiYHA CTIHKICTH BHMCOTHOI OymiBmi (Beki) mpu
HACTYIHUX 3HAYCHHSX IapaMeTpiB po3paxyHKoBoi moneni (komoum): N=4, |. =4m, m =3

T (i=1,2,3,4), EJ =23400xHM".

[{uKTiyHi 4aCTOTH BIIBHUX KOJHMBAaHb KOJIOHM 3 YpaxyBaHHSM IO3JO0BXKHIX MOCTIHHUX
CTHCKAlOTh CHJI, BHKIMKaHHX CHJIAMH TSDKIHHS 30Cepe/LKeHHX Mac, € =1,06¢,
Q,=11,347¢", €, =34,302c", Q,=62,809¢"'. Haiibinpua BiporiaHiCTh BHHHKHCHHS
PE30HAHCIB K 3BUYAWHUX, TaK 1 MapaMEeTPUYHHX, NPU CEHCMIYHKMX BIUIMBAaX IOB’si3aHa 3
gactotamu () 1 €),. Tomy Ha puc. 3 npencTaBieHi TOJIOBHI 001aCTi AMHAMIYHOT HECTIMKOCTI,

OB’ sI3aH1 caMe 3 OUMH YaCTOTaMH.

04
—_—
201
15+
10+
s1
0 e
0 0.2 04 06 08 1 B

Puc. 3. I'osoBHI 00y1acTi TMHAMIYHOT HECTIMKOCTI

[Tpu momajnaHHi TOYKM 3 KOOpPAMHATaMH, PIBHUMHU 3HAUEHHSM MapaMmeTpiB B 1 0 aus

OJIHI€T 3 MepeBaKAIOUMX YACTOT 3€MJIETPYCY, B 00JIaCTh HECTIMKOCTI BUHHKAIOTh IHTEHCHUBHO
HapOCTaroYi MOoMepeyHi KOJIMBAaHHS CIIOPY/IH.

5 BHCHOBKH

[Tpu po3paxyHKy BUCOTHHUX CHOPYA Ha cecMiuHi Jii He0OX1IHO BpaXxOBYBAaTH HE TIIbKH
MOXJIMBICTh BHHHKHEHHS 3BUYaHUX PE30OHAHCIB, ajge ¥ mapamMeTpu4Hux, TOOTO
JOCHIJUKYBAaTH JIMHAMIUHYy CTidKicTh crnopya. /Jlng mnoOynoBu obmacteil  JIiHamiuHOI
HECTIMKOCTI BHCOTHHUX CHOPYJ HEOOXiHO OOOB’S3KOBO BpaxOBYBaTH BEPTHUKAIbHY
KOMIIOHEHTY 3eMJIETPYCIB.

JlirepaTypa
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