Po3ain 7. MozeioBanHs KpaiioBHX 32124 NP0 HANPYKeHO-TedopMoBaHuii cTaH Ti. Junamika MSC.VNAVW  e—

Po3ain 7

MOJEJIOBAHHS KPAWOBUX 3AJAY ITPO
HAIIPY/KEHO-ZE®OPMOBAHHUU CTAH TIJI. AUHAMIKA

MSC.Nastran ans po3B’si3yBaHHS KpalOBHX 3agad Mpo HaNpyKeHO-Ae(hOpMOBaHUU CTaH
(HZC) Tin 3acTOCOBYE MOCTAaHOBKY 3aJ1aul Y MEPEMIIICHHSIX 3 BUKOPUCTAHHIM BapialliitHOTO MPHH-
nuny Jlarpanka Ta METOJy CKIHYEHHUX eJIeMEHTIB. Taki po3paxyHKH MOXKYTh BUMaraTu JyXe 3Ha-
4yH1 00’€MU ONEpaTUBHOI Ta Il OUIbIIEe AUCKOBOI IaM’sTi, a TAKOX 3aiiMaTu O6araTo yacy Ha erarii
obuncnenHs. Lle Tomy, 1110 METOA CKIHYEHHUX €JIEMEHTIB MOPO/XKYE BEIHUKY 32 PO3MIPOM CUCTEMY
anreOpaidyHUX PiBHSAHB, siKa 3aiiMae Oarato nam’ati [IEOM Tta BiIHOCHO JOBro po3B’sI3ye€ThCs.

OCHOBHI TE€OpPEeTUYHI BIZIOMOCTI PO AUHaMIYHi KpaiioBi 3anaui npo HJIC tin HaBeneni y Jo-
JaTKy 6.

7.1. 3arajbHi BiIOMOCTI 11010 MOI€JTIOBAHHA JMHAMIYHNX KPalOBHUX 3a1a4

VY cepenoBumii MSC.Nastran MaTpuIli OCHOBHOT'O PIBHSHHS TUHaMiyHoro mnpouecy (16.11)
(OpMYIOTECS 3 BUKOPUCTAHHSM TaKHUX JTaHUX:

® MaTpHLs )KOPCTKOCTI Tia [K] — mpo mpykHi XapakTepUCTUKH MaTepiany (K 1y cTaTuy-
HOMY aHaisi);

e MmaTpuus Mac [M] — npo macy marepiany (uepe3 LIUIbHICTh MaTepiany ,, Mass Density”);
PO HEKOHCTPYKTHUBHY (oaatkoBy) macy CE ,,Nonstructural Mass” (auB. Po3ain 3.2); mpo 30ce-
pemxeny macy CE tunmy MASS Ta MASS MATRIX (nuB. po3ainu Honatkis 13.4.1 Ta [13.4.2);

e MmaTpuusd B’si3koro aeMidipyBanHs [C] — mpo KOe(ilieHT KOHCTPYKTHUBHOTO AeMmdipy-
BaHH: Martepiany ,,Damping” G =2C/C, (aus. Po3ain 3.1), skuil BU3HAYa€ThCs NIPU PE30OHAHCHOT

gacToTi (TyT C — Koe(illieHT eKBIBAJIEHTHOTO B’SI3KOr0 AeMI(ipyBaHHs MaTepially); Ipo 3arajib-
Huit koedinient nemndipyBanna CE (tunis SPRING, DOF SPRING ta LAMINATE); npo 3ara-
JBHUHN KOEPIIIEHT KOHCTPYKUIHHOTO AeMiidipyBaHHs Tia G .

JlemnipyBaHHs € CEHC BpaXOBYBaTH HE 3aBXK/H, a IIPU:

® KOJHMBAHHSX TUI PH YaCTOTAX CUJI, L0 BUMYIIYIOTh, HAOIM)KEHUX J0 PE30HAHCHUX;

® [IpU MOJIEIOBaHHI IepeXiJHUX MPOLECIB KOJIUBAHb TiJ, AKi MPOJOBXKYIOTHCS 3HAYHO JIOB-
11e, HiXK epioJl KOJIMBaHb Tija.

7.2. 3aBAaHHA HapaMeTpiB AMHAMIYHHMX PO3PaxyHKIiB

Tinpku U1 AMHAMIYHUX PO3pPaxyHKIB yCiM THIaM (hakTopiB, IO 3a/alOThCS Ha A1aJOrOBil
naneni ,,Create Loads on ...” (quB. puc.4.3-a) sk TpaHW4YHI YMOBH, MOKHA TIPU3HAYUTH TaKy J0-
JaTKOBY XapaKTEPUCTHKY, SIK ¢pa3y 3MiHIOBaHHS. Pa3zy MOKHA 3a/1aBaTH a0o0 sK MOCTIHHE 3HAYCHHS,
a0 sk 3anexHe Bl ¢pyakuii tumy 1..vs. Time a6o 3..vs. Frequency.

¥YBara: gkio B ofHill cryneHi ceoboau Bysna (DOF) 6ynyrs npusHaueni gexinbka 'Y, mo
3aniexath Bij Gynkmii tumy 1..vs. Time, 2..vs. Temperature a6o 3..vs. Frequency, 3 neyzeooorce-
HUMU XapaKTepucTHKaMH, To npu neperBopeHHi ['Y no enemenrtiB CEC (nuB. Po3nin 4.1.4.6) aGo
IIpH 3aIyCKY IpOLECy PO3B’sI3yBaHHS 3ajaul 3’ ABJIATHCS MOBIAOMIICHHS 3 MPOXaHHAM y3roautu ['Y.
Sxu1o uporo He 3poOUTH, MOKHA OTPUMATH Taki BapiaHTH pearyBaHHs FEMAP: irHopyBanHs ne-
SKUX MPU3HA4YEHb a00 (haTanbHy NOMUIIKY, TOOTO HE3aJ0BUILHUN pe3yNbTar.

OcCKinpKkH Ui PI3HUX JUHAMIYHUX 337a4 MOXYTh BUKOPHCTOBYBATHCS OIHAKOBI /1aJOTOB1
MaHesl Ta MPU3HAYEHHS Ha HUX, TO TaKi BIZIOMOCTI 3BEICHO Y IIbOMY PO3/ILII.

Komanmoro Model->Load->Dynamic Analysis... BUKIHKaeTbCsl aianorosa maHens ,,Load
Set Options for Dynamic Analysis” (quB. puc.7.1-a).

VY cekIisix maHeni BKa3yeThes:
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¢ vy ,Solution Method” — MeToz po3B’A3yBaHHs 3a/adi: NpsAMHA eBotoniiHmMi aHani3 (Di-
rect Transient), momanpHmii eBomomiviauii anamizs (Modal Transient), npsmuii (Direct
Frequency) a6o monansuuit (Modal Frequency) yacToTHUi aHanis,;

e vy ,Equivalent Viscous Damping” (ekBiBajieHTHE B’si3Ke AeMI(ipyBaHHS) — 3arajJbHHUMA
koedimienT KoHcTpykIiHOrO nemmdipyBanns (Overall Structural Damping Coeff (G)) a6o y
niamoroBomy BikHi ,,Modal Damping Table” oGupaerbcs panimn cTBopeHa TaOIUIS KOe(illieHTIB
nemndipyBanHs (11 KOXKHOTO 3 TOHIB piBHAHHA ([16.29) mns meToniB po3kiagaHHs 1o ¢opmMam
BJIACHUM KOJIUBaHb, TOOTO ,,Modal Transient” ta ,,Modal Frequency”). Koediiear G moxxHa He
3ajaBarty, Ko Horo 3aaano it ycix CE sk BmactuBicts marepiany CE, abo MoxHa 3a1aT sk
J0JIATKOBY BEJIMYUHY JIO 33/IaHOTO ISl MaTepiany;

e y ,Equivalent Viscous Damping Conversion” (mepeTBOpeHHsI B €KBIBaJCHTHE B’sI3Ke
nemngipyBaHHs) — yacTora @ (y repuax) Juid NepeTBOpeHHs: 3aranbHoro koediuieHty G (Fre-
quency for System Damping (W3 — Hz)) a6o 3ananux y Biactusoctsix marepiany CE (Frequency
for Element Damping (W4 — Hz)) 3a dopmynoro G=(2C/C,)-(w/w,), ne ®, — 4acrora Biac-

HUX KOJIMBaHb. 3BUUYAIiHO BEJIMYMHY @ 33/1al0Th OJM3BKOIO JI0 MEPIIOi BIACHOI YaCTOTH;

Load Set Options for Dynamic Analysis x| Load Set Options for Dynamic Analysis x|

Load Set 1 L0z Load Set 2 L2
"50\ulion Method "50\ulion Method

0K Diect Transient & i

 Of ¢ Diect Transient ¢ Modal Transient ¢ Direct Frequency &

" Diect Frequency ¢ Modal Frequency

- Equivalent Yiscous Damping————— [~ Responsze B ased on Modes - Equivalent Yiscous Damping—————— [~ Riesponse Based on Modes
Nurnber of Modes 0 MNurmber of Modes 0
Ovwerall Structural Damping Coeff [G] IEI, Owerall Structural Damping Coeff [G] o,
Lowest Freq [Hz) 0, Lowest Fraq [Hz) 0,
Modal Damping Table IU. None 'I Madal Damping Table IU..None 'I
A Highest Freq [Hz) o, = Highest Freq [Hz) 0,
~ Equivalent Yiscous Damping Conversion—————————— ~ Transient Time Step Intervals — Equivalent Yiscous Damping Conversion——————————— = Transient Time Step Intervals

MNumber of Steps
Frequency for Spstem Damping (W3 - Hz) o,

1]
l_ Time per Step: o,

Frequency for Element D amping (4 - Hz] a, l—
1]

Output [nterval

Number of Steps
Frequency far System Damping (w3 - Hz] ID,

0
I_ Time per Step o,

Frequency for Element D amping (w4 - Hz] a, l—
0

Output Interyal

—FResponse/Shock Spectum—————————— ~FResponge/Shock Spectum————————————————— ~Frequency Respon: Fiandom Analyzsiz Options
Frequencies |1..Modal Frequency Table 'I ’7 Damping |0.MNane - Frequencies IU..None 'I ’7 PSD |0.Hone -
oK
tdodal Freq... | Enforced Mation... | Advanced... | Copy.. | adal Freg... | Enforced Mation,.. | Advanced.. | Caopy... |
Cancel | Cancel |
a)
Advanced Load Set Options for Dynamic Analysi x|
Frequency Table From Modal R X r Solution Frequencie: M ass Formulation
— Modal Result 0

oeahiesy Input Type |2..Cluster around Mades j & Defaul
FistFreq  [1.Mode1, 3583584 Hz =]  Lumped

Min Frequency [Hz) I

" Coupled
LastFreq  [10.Mode 10,E80.3512Hz =l e e i) |—
I i Dynamic D ata Recovery
—Additional Solution Frequency Points iz iE S .

Cluster Walue I ~ ode Displacement
Mumber of Points per Existing Mode |5 B L s (el " Mode Acceleration
Frequency Band Spread [+/-] I'IU, 4 " Matiiz Method

— Fandom &nalysi
,TI z i | ANSYS PSD Type ID..ACCBI [4cc2/Hz) 'I
E e oK Cancel |
MASTRAM PSD Interpolation ID..Log Lag - _

B) r)

Puc.7.1. Aianorosi manesni: a), 0) — 3aBaHHs ONUiHi Ta NapaMeTpPiB IMHAMIYHOI0 aHAJI3Y;

B) - (l)OpMyBaHHﬂ Taﬁﬂl/llli BJIACHHUX TA J0JATKOBHUX YaCTOT KOJIUBAHb; F) — NPU3HAYCHHSA JOAATKOBHUX
napaMerpis

¢ vy ,.Response Based on Modes” (Biaryk, 1o ocHOBaHMI Ha (hopMax BIACHUX KOJIHMBAHb;,
st metoaiB Modal ...) — KimbKicTh pOpM BIACHUX KOJIMBaHb, sIKi OyyTh BUKOPHUCTOBYBATHUCS IS
po3paxyHkiB BiAryky (Number of Modes) abo (sik anpTepHaTHBa) BIAMOBIIHUI YaCTOTHUH Jiarma-
3oH: HikHe (Lowest Freq (Hz)) ta Bepxue (Highest Freq (Hz)) 3nauenns;

e y Transient Time Step Intervals” (inTepBai Ta KpOK po3paxyHKY, AJi1 METOMIB ... Tran-
sient) — xibKicTh KpokiB (Number of Steps), uacosuii kpok (Time per Step) ta iHTepBa 1715 BU-
Boxay pe3yibTariB (Output Interval) y dopmi MHOKHHKA 1O KPOKY po3paxyHKiB (sikmo 0 abo 1 —
BUBIJI HAa KO)KHOMY KPOIIi, AKIIO I1iie gyucno N >1 —uepe3 N KpOKiB);
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¢ y (niBomy) ,,Response/Shock Spectrum” (ciektp BiIKIUKY/yaapy, 1 METOMIB ... Tran-
sient, muB. puc.7.1-a) a6o y , Frequency Response” (4acToTHMI1 cnekTp, sl METOMIB ... Fre-
quency, auB. puc.7.1-6) y nomi ,,Frequencies” MoxxHa o0paTu paHill CTBOPEHY TaOIUII0 YACTOT
(sx pynkuiro Tuny 3..vs. Frequency, npruuomMy BUKOPUCTOBYIOTHCS TUIBKU 3HaUeHHS Mapamerpa X
tabmumi). SIKmo nonepeaHpo O0yB 3pOOICHHI PO3PaXxyHOK BIACHUX YAaCTOT KOJIMBAHb Tia, TO TaKy
TaOJIMII0 MOKHA CTBOPUTH aBTOMAaTHYHO, OCKIIbKM CTaHE aKTUBHOIO €JIEKTPOHHA KHONKa ,,Modal
Freq...” (Bnacui yacroru). Bona Bukimkae nianoroBy masens ,.Frequency Table From Modal
Result” (muB. puc.7.1-B), ne MoxxHa chopMyBaTH TaOJIUIIO YaCTOT BIIACHUX KOJUBaHb Ta (Y iX OKO-
Jy) JOJATKOBHMX YacTOT KOJMBaHb (0OpaTu miamazoH yactot (mepma — , First Freq” ta octanns —
,Last Freq”), y momi ,,Number of Points per Existing Mode” Bka3aTu KUIbKICTh TOUOK y OKOJIY
KO>KHOT BJIacHOi yactortu, y noii ,,Frequency Band Spread” — mmpuny yactoTHOi cMyru y % Bix
abCOIIOTHOIO 3HAYEHHs BiAMOBIHOI BIacHOi 4acToTH). CTBOpPEHY TaOJIUIIIO0 JOLUIIBHO MEperisHy-
T4 3a pornomoror komann Modify-> Edit->Function... (sx tabmuio) a6o View->Select... (sx
rpadik). g TaGauisg BUKOPUCTOBYETHCS sl TOOYAOBH aMILTITYTHO-4aCTOTHOT XapaKTePUCTUKH
Mojieni abo IS 3aBJIaHHS BIACHUX YaCTOT OCHMISITOPIB MalOi MacH, sIKi 3B’s13aHi 3 1aHOI TOYKOIO
KOHCTPYKLIT /ISl OIIHKY CHEKTPAIIbHOTO BIATYKY NP CEHCMIUHUX a00 yAapHUX BIUIMBAX;

e y (mpaBomy) ,,Response/Shock Spectrum” (nns1 meronis ... Transient, mus. puc.7.1-a) y
nofi ,,Damping” MoxxHa 00paTH paHiIl CTBOPEHY TAOIUII0 KoedilieHTiB qeMidipyBaHHs OCLUI-
TopiB (sik pyHkuiro tumy 3..vs. Frequency);

¢ y,Random Analysis Options” (po3paxyHOK BHIIaJKOBHX KOJINBaHb, JJIs1 METO/IB ... Fre-
quency, 1uB. puc.7.1-0) MOXKHA 3aBJJaTH 3aKOH OCHOBHOTO PyXy Yy (opMi paHilie CTBOpeHoi Taldiu-
ui (sx ¢pysakuii Tuny 3..vs. Frequency).

EnextponHoto kHOMKOW ,,Advanced...” MO)XHa BUKIMKATH JIaIOTOBY MaHenb ,,Advanced
Load Set for Dynamic Analysis” (nuB. puc.7.1-r) 11s npu3HaueHHs 10JaTKOBUX MapaMeTpiB aHa-
mizy. Y cekuii ,,Mass Formulation” MoxHa oOpatu onuH 3 BapiaHTIB omHcy Marpuii mac: ,,De-
fault”, ,,Lumped” (3ocepemxkennii) ado ,,Coupled” (3’emnanuii); y cexuii ,,Dynamic Data Recov-
ery” — OIMH 3 BapiaHTIB IMHAMIYHOTO BiATBOpEHHS MaHuX: ,,Mode Displacement”, ,Mode Accel-
eration” a6o ,,Matrix Method”. V cexkiii ,,Solution Frequencies” (tiibku ans meToniB ... Fre-
quency, 1uB. puc.7.1-a) MOXHA TNPHU3HAYUTH Jiarna3oH OOYHMCICHHS BJIACHUX YacTOT
(,,0..Default/List”, To6T0 3a 3amoBuanHsaM; abo ,,1..Frequency Range”, To0TO miama3oH 4acToT:
,»BIJl 1 10”, a TaKOX 3arajibHy IXHIO KiJbKICTh; a00 ,,2..Cluster around Modes” (BHYTpillIHSI KOMaH-
na FREQ3), To6To ammnityaauii miama3on gactot (Cluster Value) HaBKOJI0 4acTOTH 31 BKa3aHUM
Homepom (Frequencies/Subrange); a6o ,3..Spread around Modes” (BHYTpilIHA KOMaHJa
FREQ4), To0T0 Biacranb (+, — abo y BIJCOTKAx) BiJ 4yacToTh abo (GopMH KOJMBaHb 31 BKa3aHUM
nomepoMm (Frequencies/Mode)), a Takox BCTaHOBUTH OmMIlito ,,LLogarithmic Interpolation™ (;iora-
pudmiyHa iHTepnossuis). [Ipo npusnauenns y cexuii ,,Random Analysis” —y Po3aini 7.3.4.

Ipumirka 7.1. Oxpim FREQ3 i FREQ4 y MSC.Nastran 2001 me € # iHmi Bapiantu (Bix
FREQ no FREQS). 3a nomoMororw iHCTpyMeHTIB, onucanux y Po3aim 4.2.3, MoxHa 3a71aTH OJHY
3 HUX 200 Oynb-AKy IXHIO KOMOiHAaIlif0 3 MOTPiIOHUMU TTapaMeTPaMHU.

3a J0MOMOTOI0 €JIeKTPOHHOI KHOTIKH ,,Enforces Motion...” MoXHa TiIKITIOYNTH 10 TiIa 3HA-
YHY Macy, sika BiOpye abo pyxaeTbcs 3a iHIIMM 3akoHOM (nuB Po3ain 7.3.3), a kaonku ,,Copy” —
CKOIIIOBATH BC1 MPU3HAUYEHHS 3 1HIIOT MOJIE, SIKIIIO BOHA €.

2

7.3. MoaenwBaHHs ITUHAMIYHUX KpaiioBux 3aaa4 npo HAC Tin
7.3.1. KpaiioBa 3a1aua npo BJacHi 4acToTH Ta (POPMH KOJIUBAHb

Cepen BracTUBOCTEH MaTepialry IOCTaTHHO 3amatu Moayii FOura Ta 3cyBy, koedimienT [lya-
CCOHa Ta INIIBHICTH MaTepiany (nuB. Tabn.3.1). ¥YBara: B ocHoBHHX THmax 3amad MSC.Nastran
(nuB. Tabm1.4.1) mpu po3paxyHKax BIaCHUX (POPM Ta 4aCTOT KOJUBAHb yCl XapaKTEPUCTHKHU JEMII-
GbipyBaHHs (110 334al0ThCs, 30KpeMa, 1 BenuunHoro 2C/C, nis matepiany) — irHopyroThes. s

ypaxyBaHHS XapaKTepUCTUK AeMII(ipyBaHHS MOTPIOHO 3aCTOCOBYBATH JIOJATKOBI THIH 33/1a4 (JIUB.
1a0:1./18.3, [18.4 Ta Po3ain 4.2.3).

-120- © Pynaxos K.M.



s P0371i51 7. Moges1ioBaHHs1 KPAaOBUX 32124 PO HANPYKeHO-1eopMoBaHuii craH Tiin. [lunamika MSC.VN4VW s

3BHUAiHO BBOJATHCS YMOBH 3aKpiruieHHs Tina, anme MSC.Nastran Mo)ke 3HAXOAWTH BIIACHI
(dhopmMH Ta YaCTOTH KOJMBAHB IS T1JI, IKI HE MAOTh 3aKPIIUICHHS, HAIIPUKIIA, JTiTaKa y MOJIBOTI.

[Tpu 3amycky mporecy po3B’s3yBaHHS 3ajadi Ha gianorosiid maneni ,,NASTRAN Analysis
Control”, mo BukinkaeTbcss koMaua00 File> Analysis..., moTpiOHO BCTAaHOBHUTH THIT 33Jadi ,,2..
Normal Modes / Eigenvalues”, a Takox BKka3aTH KUIBKICTh BIACHUX (OpM, SIKY HEOOX1THO oJliep-
xatu (Number of Modes), abo yactoTHuii aianasoH (,,From” (Bix) —,, To” ([1o), y repuax).

SIkmo 3acTocyBaTh KHONKY ,,Advanced...”, To m0maTkoBO 10 omnucanux y Poznini 4.2
3’ssBuThCs nianorosa nanensb ,,NASTRAN Dynamic Analysis” (nuB. puc.7.2-a) nis 101aTKOBOTO
HACTPOIOBAHHS NPOIIECY MOJAIBHOTO aHami3y. Ha Hiit MoxHa:

e 3minutu (Method ID) BHyTpimHIi HOMep cyOHAOOpY MpHU3HAUEHD (SKILO HependavyacThes
OaraTtoBapiaHTHI PO3paxXyHKH);

e 00paTu METOJ]] BH3HAYEHHS BJacHUX (GopM Ta 4acToT KoymBaHb. lle meromm Jlanmorma
(Lanczos) — ocuoBHuii, ['iBenca (Givens), Xaycxonnaepa (Householder), mogudikoBani meroau
I'iBenca Ta Xaycxomnzaepa, a Takox 000opoTHi Metoau: enepretuyHiii (Inverse power method) ta
Moaudikosanuii llItypma (Sturm modified inverse power method);

NASTRAN Dynamic Analysis 5'
— Modal Solution Method — Range aof Interest
From [H I -
Method ID 1 tom [H2] NASTRAN X¥ Output for Modal |
To[Hz) I
" Givens — Output Requests
@ (e s — Eigenvalues and Eigenvectors—— I Sommem
= |nwerse Power Humber E stimated I [~ Modal Participation Factors
Mumber Desired I [~ Modal Effective Mass
" reverse PowenStum o
[ Modal Effective wWeight
" Hauseholder - Nomalization Method [~ Modal Effective Mass Fraction
" Modified Househalder C Mags Hode 1D I I
1l M a Refershce Node 12
L  May |1—
anczos & Paint DOg
Mass—— oK | Cancel

& Default

Response Spectum... | " Lumped

 Coupled ﬂl
a) 0)

Puc.7.2. liasorosi maneJi Ajs 3MiHUM NapaMeTpiB: a) — IMHAMIYHOI0 aHATI3Y; 0) — AJ1s1 3MiHM Mapame-
TPiB MoOMilleHHs1 J0AATKOBOI iHdopMauii 10 daiiny *.f06

e vy cekuii ,,Range of Interest” — BkazaTu OakaHuii Ailanma3oH 4acTOT (K adbTEPHATHBA MIPH-
3HaueHoMy Ha naneni ,,NASTRAN Analysis Control”);

e y cekuii ,,Eigenvalues and Eigenvectors” — 3agaru 6axxany kinbkicte (Number Desired)
BJIACHUX (OPM KOJIMBAHbB ISl HIDKHIX BJIIACHUX YacTOT (Il€ TEX albTePHATHBA NMPHU3HAYCHOMY Ha
nanenm ,,NASTRAN Analysis Control”). A Takox TUIbKH A MeTony ,Inverse power” — Kiib-
KicTb opuriHanbHuX KopeHiB (Number Estimated) cucremu piBusaHb (/16.22). Haranaemo, mo mo-
KJIMBI TApH1 3HAUYEHHS BIACHUX YacTOT;

e vy cekuii ,,Normalization Method” — BcTaHOBUTH MeTOJl HOPMYBaHHSI BIacHUX (HOpM Ko-
nuBaHb. € TpH BapiaHTa HOpMYBaHHS (10 oaMHULI): 32 Macoro (Mass), 1100 BUKOHYBaJIOCS PIBHSH-
Hs ([16.24); 3a MmakcumManbHUM TiepeMinieHHsIM Oynb-ae (Max) abo 11t Bka3aHOi CTyNeHi cBoOoaH
oOpanoro By3na (Point). 3BuuaiiHo 3acTOCOBYIOTH MEPIIMIA BapiaHT, ajie i 1HII OyBalOTh KOPHCHI,
HAMPUKIAJ, 75 IOPIBHSAHHSA 3 pe3ylbTaTaMH BUIIPOOYBaHb;

e v cekii ,,Mass” — oOpaTu oauMH 3 BapiaHTIB omucy Marpuili mac: ,,Default”, ,Lumped”
(3ocepemxenuit) ado ,,Coupled” (3’ eananuii).

ITicaa xomanau ,,OK” 3’sButhbes mianorosa naHensb ,,NASTRAN Executive and Solution
Control” (muB. Po3min 4.2.3.1. ta puc.4.7). Ilicnsa ii HacTporoBaHHs Ta KoMaHu ,,OK” 3’sBuThCA
HacTymnHa fianorosa nanens — ,,NASTRAN XY Output for Modal Analysis” (1uB. puc.7.2-0), Ha
K1 MOXHa BKa3aTH, Ky J0JaTKOBY 1H(GOpMaIlil0 BUBOAUTH y (aili pe3yabTaTiB 3 PO3LIIUPEHHSIM
imeHi .f06. Skiio He MpU3HAYaTH HOMEP BY3Ja, TO AaHi OyIyTh BUBOAUTHCS JAJSl TOUKH 3 HYJIbOBHU-

—121- © Pynaxos K.M.




s P0371i51 7. Moges1ioBaHHs1 KPAaOBUX 32124 PO HANPYKeHO-1eopMoBaHuii craH Tiin. [lunamika MSC.VN4VW s

mu koopruHatamu. FEMAP 3anece mio inpopmanito y XY-QyHKIi0, Ky MOXHA MEPErJIsHyTH
3BHYaHUM YHHOM.

ITotim 3’siBuThCs nianmorosa mnanenb ,,NASTRAN Case Control” (nuB. Po3nini 4.2.3.2 Ta
puc.4.8); motim — iami (auB. Po3ain 4.2.3.3).

Lleit Tun KpaiioBoi 3aaui MOXKHA PO3B’A3yBaTH 13 3aCTOCYBAaHHSIM BHYTPILIHHOTO aHAJI3aTOPA
FEMAP 3 nazoto FEMAP Structural. JIyis mporo motrpiOHO CHoYaTKy CTBOPUTH IIA0JIOH aHATI3y
(muB. Po3min 4.2.5).

[Ticns 3akiHYEHHS PO3PaxXyHKIB OyJe OJeprKaHO BIAMOBIIHY KUIBKICTh TaOJIUIb 3 XapaKTep-
HUMU Ha3zBamu, Hanpukian, 20..Mode 20, 46.88064 Hz. [1eperisin uux ¢popm AOLITBLHO MPOBOJUTH
y pexxumi aniMauii nepemimens (aus. Poznin 8.3).

7.3.2. KpaiioBa 3a1a4a npo nepexiiHuii npouec nNpu IMHAMIiYHOMY HerapMOHIiiHOMY Ha-
BaHTAaKeHHi Tjia

I'pannyHi yMOBH, IO 3MIHIOIOTHCS Yy Yaci 3a 3aKOHOM CHUHYCY YU KOCHHYCY, 3BYThCSI TapMO-
HIHHUMHU, a BCl 1HII — HErApMOHIMHUMH.

3BHUAiiHO HETapMOHIMHI CHIIOBI HABAaHTA)XKEHHS 33Jal0ThCS 3MIHHUMH Y 4aci 3a JIOTIOMOTOI0
¢byskuii tumny ,,1..vs. Time”, siki cTBOPIOIOTbCS 3aBYAaCHO Ta OOMPAIOTHCSA Ha J1AJIOTOBIN MaHel
,Create Loads on ...” (1uB. puc.4.3 Ta iami noxaioHi) y moini ,,Function Dependence”.

ko 3agava — MiHIAHA, TO BOHa MOXKE PO3B’sI3yBaTHUCS IBOMA METOIaMH.

7.3.2.1. MeToa npsiMoro iHTerpyBaHHst

OcHoBHE piBHSAHHS AuHaMi4HOTO mporecy (/16.11) Ge3nmocepeHb0 1HTETPYETHCS 13 3aCTOCY-
BaHHAM MeTony Hetomapka (nuB. Po3nin /16.3.1 [logatkis).

[TouaTkoBi ymMoBHU GopMyroThes 3a nepemimienHsMu (Displacement) Ta mBuaKOCTSIMU TIEpe-
mimiens (Velocity) y okpeMmomy HaOOpi HABaHTA)KEHb 3BUYAHUM YMHOM. SIKIIIO BOHU — HYJIBOBI, TO
Hablp 3 TOYaTKOBUMHU YMOBaMHU MO>KHa HE CTBOPIOBATH (HE mijkitouaTH). [louaTkoBi NpUCKOpEHHS
— TIJIbKU HYJIBOBI.

3BUYAlHO /U1 BU3HAYEHHS 4acOBOTo KpoKy po3paxyHKy (Time per Step) i moBHoro vacy aii
HABaHTAXXCHHsSI, a TaKOX JJIs 3aBIaHHS Koe(ilieHTy KOHCTpyKuiiHoro aemmndipyBanus G (auB.
Po3znin 7.2) notpiOHo 3HaTH nepion konusab Ti1a (Frequency for System Damping (W3 — Hz)),
T0OTO OAHYy (mepiry) abo MeKiIbKa BIACHUX YacTOT KOJUBaHb. [ mbOro croyaTky HeoOXigHO
MIPOBECTH BIAMOBITHUN JOJATKOBHI po3paxyHoK (auB. Po3min 7.3.1). BBaxkaeTscs, mo uist 1ocsr-
HEHHsI OUTBII-MEHII 3Ha4YHOI TOYHOCTI iHTerpyBaHHs piBHsAHHA (/16.11) 3a mepiox moBuHHO OyTH
HiK He MeHII 10 JacoBUX KpOKIB, a IOBHHMI 4Yac pO3paxyHKY IOBUHEH Y JeKiJIbKa pa3iB MepeBU-
IIyBaTH N€pioj] KOJIMBaHb, 1100 MOKHA OyJIO BIICTE)KUTH 3HAYHY YAaCTKY IPOLIECY 3aTyXaHHs KOJH-
BaHb, OOYMOBJIEHHX ILBUJKOIO 3MIHOIO HaBaHTakeHb. L{i mapameTpu po3paxyHKy HEOOXiJHO BCTa-
HOBMTHU Ha Aianorosiii maneni ,,Load Set for Dynamic Analysis”, ska BUKIMKAa€TbCSI KOMaHJOO
Model->Load->Dynamic Analysis..., y BapianTi 3anaui ,,Direct Transient” (nus. Po3uin 7.2).

ITpu 3anmycky mporecy po3B’s3yBaHHS 3ajadi Ha aianorosii maneni ,,NASTRAN Analysis
Control”, mo Bukiukaerbcs komannaowo File>Analysis..., moTpiOHO BCTaHOBHTH THI 3aaadi
»3.. Transient Dynamic / Time History” (nepexinHuii TuHaMI4HUI / Ipoliec y yaci); BCTAHOBUTH,
Akl pe3ynbTatd BUBOIUTH B Tabiuui (Output Types); miakmtountn HaOOpH 3 HaBaHTaKEHHSIMHU
(Loads), 3akpinnenusmu (Constraints) 1 nouatkoBuMu ymoBamu (Initial Conditions).

SIK pe3yabTaT po3paxyHKiB BUHMKAIOTh CTUIBKU TAaOJIUIlb, CKUIBKH 33aHO YaCOBHX KpPOKIB. 3
HUX MOXHa (popMyBaTH pi3Hi rpadiku, 30KpeMa 3MiHHM y yaci oOpaHOi BETUYMHU B 0OpaHOMY BY3Jli
(muB Po3min 8.4). Takox MOXXHa po3paxyBaTH KOeQilli€eHT JUHAMIYHOCTI y oOpaHOMY BY3Ii:
K /o

dynamic — O dynamic ! O static +
7.3.2.2. MeToa po3KJIaJaHHSA 32 BJACHUMH YaCTOTAMM
Meroa omucano y posaut J16.3.3 JlomaTkiB. 3amaya po3B’sI3y€ThCA 3a JBa €TaIU: CIIOYATKY
3HAXOJIUTHCS BKa3aHa KUIbKICTh nepuiux BIacCHUX (POpPM KOJMBaHb, MOTIM IHTETPyeEThC HE OifbIla
KUIBKICTH piBHsIHb. YBara: y MSC.Nastran BiacHi (opMH KOJMBaHb PO3paxoBYIOThCS 0€3 Bpaxy-
BaHHS MPU3HAYEHUX XaAPAKTEPUCTHUK JeMI(pipyBaHHs, TOMY Il METOJ JJa€ MOTPIIIHICTh PO3B’A3KY

THUM BUILY, YUM 3HAUYHIIIE XapaKTEPUCTUKU AeMI(PipyBaHHS.
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Hpumitka 7.2. SIKo a1 3acTOCYBaHHS MEPIIOr0 METOAY MOTPIOHO TOJATKOBO MPOBECTH
pPO3paxyHOK BJIAaCHUX YaCTOT KOJHMBAaHb TUIA (3BUUAHO MOTPEOYETHCS MPH MEPIIOMY PO3PaXyHKY),
TO HayeOTO BUTIJHIIIE 3aCTOCOBYBATH APYTii MeToA. Aje MOTpiOHO MaTH Ha yBasi, IO BiJACIKaHHS
BHCOKOUYACTOTHUX XapaKTEPUCTHK BIJCIKA€ i BUCOKOYACTOTHY peakilito. binbim Toro, pekomenmy-
I0Th OOYMCITIOBATH AECh Y 2...3 pa3u BUIIll YaCTOTHU, HIXK Ti, /IS IKUX MOTPIOHO BU3HAYUTHU PEAKLIIO.

Ha mepmomy etamni mpu iHIIIFOBaHHI TPOIIECY PO3PaxyHKY BIACHHX ()OpM KOJIMBaHb HEOO-
xigHo Ha miamoroBiii manem ,,NASTRAN Analysis Control” 1o1aTkoBoO iHIIIIOBATH €IEKTPOHHY
KHOTIKY ,,Restart”; na miamorosiii manemi ,,NASTRAN Restart Control”, mo 3’sBuTbcs, o6patu
BapiaHT ,,Save database for Restart” (30epertu 6a3y nanux JjIsl HACTYITHOTO PO3PAXYHKY).

Ha gpyromy erami Ha miamorosiii maneni ,,Load Set for Dynamic Analysis”, sxa Buxinka-
erbesi koMano0r0 Model->Load->Dynamic Analysis..., HeOOXiHO BCTaHOBUTH BapiaHT 3ajadi
»Modal Transient” (quB. Po3nin 7.2) Ta BBeCTH iHIII MapaMeTpPu PO3PaXyHKY. 30KpeMa, BKa3aTh
KUTbKIiCTh BacHuX 4acToT (Number of Modes) , siky 3acTocyBaTu AJisi OJIep>KaHHS PO3B’SI3KY.

VY ubpoMy BapiaHTi 3’SIBJIS€THCS MOXIMBICTH 3a/1aBatu y nodii ,,Modal Damping Table” koe-
¢iieHT KOHCTpyKUiHHOTO nemndipyBaHHd G TaOMMYHUMU QYHKUISIMU TUOY ,,6..Structural
Damp vs. Freq” (koHcTpykiliiiHe nemndipyBaHHs), ,,7..Critical Damp vs. Freq” (kputuune nem-
ndipysanns, To6to BenuuuHa C/C,) abo ,,8..Q Damping vs. Freq” (100poTHicTb, 400 KOE(ili€HT

mizicuiToBanns — BemuuuHa Q =1/4/(1— (0 /w,)?)* +G* , Ié @, — YacTOTa BIACHHX KOJIMBAHB).
@yHkuito, K 1 3aBXKAU, NOTPIOHO CTBOPUTH 3azfainerinb. IIpy @ = @, peanizyeTbesi CHIBBIAHO-
meHHs G =2C/C,=1/Q . Sxmo G 3agaerbes Tabnuuero, To nond a1 ,,Frequency for System

Damping (W3 — Hz))” Tta ,,Frequency for Element Damping (W4 — Hz))” He 3an10BHIOIOTbCA
(mynboBi). JloknaaHime npo i BenuyuHu — y Po3aim 7.2.

3amyck mporecy po3B’s3yBaHHs 3ajadi, 30KpeMa MiJAKIIOYEHHS CUJIOBUX, KIHEMATUYHUX Ta
MMOYaTKOBUX YMOB, 1HIII Jii Ta OTPUMaH1 pe3yJbTaTH — aHAJIOT1YHO po3risiHyToMy y Po3aini 7.3.2.1.
3 0o/IHI€IO BIAMIHHICTIO: TOTPIOHO 1HIIIIOBATH €IEKTPOHHY KHOIIKY ,,Restart”; Ha nianorosiii manesni
»INASTRAN Restart Control”, nio 3’siBuTbcs, 0O6patu BapianT ,,Restart Previous Analysis” (3a-
CTOCYBAaTH IONEpe/iHii aHali3), iHaKIe BIacHI (JOpMHU KOJIMBaHb OyIyTh PO3paxOBYBAaTHUCS 3HOBY.
3’SIBUTBCS CTaHJApPTHE [1aJIOTOBE BIKHO, 3a JIOMOMOTOIO SIKOTO MOTPIOHO 3HAWTH Ta ,,BIAKPUTH
¢aiin pectapty (3 pO3IIMPEHHSM 1IMEHI .master).

7.3.2.3. HeniniitHuii nepexiiHui npouec

OcHoBHE piBHSHHA AUHaMIgHOTO Tiporiecy (/[6.11) — neniniitne. Bono 6e3mocepeaHbo 1HTET-
pyeThes 13 3acTocyBaHHSIM Metony Heromapka (quB. Posnin /16.3.1 lomatkiB). ToOTo 3amaua 6mu-
3bKa J0 3ama4i, po3risHyToi y Poznimi 7.3.2.1. Ane, ocKiITbKH 3a/1ada — HEJliHIHA, € JesKl BIAMIH-
HocTi (y mopiBHsHHI 3 Po3ainom 7.3.2.1) npwu ii MmogentoBaHHi. A came:

e gk i y Po3nimi 7.3.2.1 Ha gianorosiii nanemni ,,Load Set for Dynamic Analysis”, sika Bu-
KJIMKaeThest koMan1010 Model->Load->Dynamic Analysis..., He0OXiJHO BCTAHOBUTH BapiaHT 3a-
nadi ,,Direct Transient” Ta BBecTH iHIIII TapaMeTpH po3paxyHKy (nuB. Po3nin 7.2). YBara: Bapiant
»Modal Transient” Bukinkae aTaqbHy HOMUJIKY;

e BXKe JUIsl IepIIoro Habopy HaBaHTaXKEHb, 110 Oy/ie CTBOpIOBATHUCS, HEOOX1IHO Ha J1aJIoro-
Biit maneni ,,LLoad Set Options for Nonlinear Analysis” (nuB. puc.6.9-a), sika BUKIIUKAETHCS KO-
manznoro Model->Load->Nonlinear Analysis..., cniouatky kHomkowo ,,Default” BcranoBuTH THITO-
Bl 3HauUE€HHS, MOTIM Y cekuii ,,Solution Type” obparu Bapiant ,, Transient”, a Takoxx 3poOuUTH He-
00xiH1 mpu3HaueHHs (quB. Po3min 6.2);

e IIpU 3aIlyCKy IpoLecy po3B’si3yBaHHS 3aaul Ha jaiajorosiil nmaneni ,,NASTRAN Analysis
Control”, mo Bukiukaerbcs komannaow File->Analysis..., moTpiOHO BCTaHOBHTH THI 3ajadi
»12..Nonlinear Transient Analysis” (HemiHIIHMII epexiTHUN TPOIEC); BCTAHOBUTH, SIKiI PE3YIb-
TaTtu BUBOAUTH y Tabmuui (Output Types), nigkmounti Habopu 3 HaBaHTaxeHHsMU (Loads), 3a-
kpimeHasmu (Constraints) ta mouatkoBumu ymoBamu (Initial Conditions). IIpu HeoOxinHOCTI
MOHa BCTaHOBUTHU om0 , Large Disp”, To0To 3acTocyBaru 3aranbHuil minxin Jlarpanxka s
OMKCYy 3HAYHUX JAedopmariii.
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7.3.2.4. CniekTpaJbHU# BIATYK TiJIa IPH YAapPHOMY HABaHTaKeHHI

YacTo posrisaaeThbes 3a/1ada mpo 3HWKEHHS aMILTITY] KOJMBaHb Tijla 32 paXyHOK JaeMIidepiB
(mpUCTPOiB, 110 racATh IWHAMIUHY €HEpPrilo), AKi MOXKHA MPHUKPIMUTH OO0 AEKUIBKOX HOro TOYOK
(By3miB). SIki moBUMHHI OyTH BiIacTHBOCTI AemmdipyBanHsa nux Aemmdepi? g 3amaya npuBoaUTH
70 OaraToBapiaHTHUX OJHOTHIHUX po3paxyHKiB. Y MSC.Nastran iX MO)XHa MO€IHATH B OJHOMY
PO3paxyHKy.

Lle # € 3amava mpo CHEKTpaJIbHUK BIATYK TiNa (KOHCTPYKIii). 3ajaya po3B’sI3yeThCs 3a JABa
eTamy: CIoYaTKy JJis OTpUMaHHs JIeaKol iH(opMarllii 3HaX0IUThCs 3aaHa KUThbKICTh BJIaCHUX (HOpM
KOJIMBaHb (K 11e onucano y Po3mimax 7.3.1. ta 7.3.2.2), nOTiM — CIEKTpaTbHUMA BiATYK.

Ha npyromy etani 38u4aitHo moTpiOHO MaTH TpU QYHKIIIH:

e tumy 1..vs. Time 11 onucaHHs AMHAMIYHOTO HABAaHTAXEHHS — yAapy y BUIJISAL HIBUIKO-
IUIMHHOTO cruiecky (auB. puc.7.4-a). Ilotim QyHKuis oOupaeThcs y aianoroBomy BikHI ,,Create
Loads on ...” y nouni ,,Function Dependence” nns macimrabyBaHHI y 4aci aMIUTITYTHOTO 3HaYESHHS
HABaHTAXCHHS, 1110 TPH3HAYAETHCS;

e tumy 3..vs. Frequency y Burnsai croBnus Tabmauii (TiNbKM apryMeHT X) 3HA4€Hb 4acTOT
aKTyaJbHOTO Jiala3oHy JJIs HACTYIHOTO ii 3allOBHEHHS (3a pe3yiabTaTaMu PO3B’SA3KY 3aauyi) Bij-
MOBIJIHUMH 3HAYEHHSMH TEPEMIIICHb, BUIKOCTEH Ta iHIIE (3HaueHHsa GyHKIIT Y) y By3nax, 10
SKHX ,,JIPUKpiMIIeHi” gemidepu, TOOTO 1Jsl CTBOPEHHS TaOIUIlb CIIEKTPAIBHOTO BIATYKY;

e tuny 3..vs. Frequency y Burisaai tabauni 3HadeHs C/C, koedilieHTIB aemMndipyBaHHs

nemngepiB (TUibku apryMeHT X). JlJis KOXXKHOTo 3 IMX Koe(ilieHTiB Oyne OTpUMAaHO TaOJIULIIO
(rpadik) CIeKTpaaTbHOTO BIATYKY.

[Totim oOuaBi Gynkuii Tuny 3..vs. Frequency oGuparoThest Ha aianorosiif naneni ,,L.oad Set
for Dynamic Analysis” (puc.7.1-a, Bukmukaerscsi komanaoroo Model->Load->Dynamic
Analysis...) y nomni ,,Frequencies” niBoi Ta y mom ,,Damping” npaBoi dactuHu cekuii ,,Re-
sponse/Shock Spectrum” BianoBigHO (1oaaTkoBy iH(opmarito quB. y Posaimi 7.2). Tun 3anaui,
10 BCTAHOBJTIOETHCS HA 1ii maHeni — ,,Direct Transient”, ToMy iHIII TpU3HAYEHHS MTOBUHHI BiJIITO-
BijlaTu onucaHomy B Po3mimi 7.3.2.1.

[Ipu 3amycky npouecy po3B’si3yBaHHS 3adaul Ha mianorosiid maneni ,,NASTRAN Analysis
Control”, mo Bukimukaerbcs komangowo File->Analysis..., moTpiOHO BCTaHOBHTH THI 3anadi
»d..Response Spectrum” (crekTpajbHUI BIATYK) Ta MPOBECTU IHIII MPU3HAYEHHS (JOKJIAIHIIIE
muB. y Pozmini 7.3.2.1.). Ilicna xomannu ,,OK” 3’saButhes nianorosa manens ,,NASTRAN Output
for Response Spectrum Analysis” (1uB. puc.7.4-0), Ha siKiii HEOOX1IHO BKa3aTH HANpPSIMKU Iepe-
mimiens (T1, T2, T3) ta/abo obeprans (R1, R2, R3) tprox TumiB BenuuuH: nepemimieHs (Dis-
placement), mBuakocreii (Velocity) Ta/abo nmpuckopens (Acceleration) y nemndepax, mo moci-
JDKYIOTbCA Y 3a1a4i. Takok BKa3yeThCsl, K1 BEIMUMHU BUBOJUTH B Tabuuii: abconmtotHi (Absolute)
a6o BinHocHI (Relative). [Totim 3’s1BUThCS cTaHAapTHA AlajloroBa MaHeN b AJs 0OUpaHHS BY3IiB, 10
SKHX ,,[IPUKPIMIIAIOTECS AeMIiepH.

A f(t) MNASTRAN Dutput for Response Spectrum; ll

Output Request

@ Asolute Mass;/Accel Scale Fackor X|

" Relative Mass
Displacement [ T1 T T2 Ta T m I R2T R3 560,
Welosity FmrCrt2rC 12 IR R Factar Cancel |
fccdlersion [~ 11 [~ T2 [T T3 T R1 [ R2 [ R3 It

t Ok I Cancel |
a) 0) B)

Puc.7.4. I'padik ¢pyukuii HapaHTa:keHHs (a); 1iajJoroBi naHesi 1Jis1 NPU3HAYEHHs: 0) — HANPSIMKIB me-
pemimens (T1, T2, T3) Ta o6eprans (R1, R2, R3) Tpbox TUNIB BeJIMYNH; B) — 3aBJaHHS MACH Ta Mac-
ITA0HOro KoediuieHTy 1JI NPUCKOPEHHS

Tabnuil cnexkTpaJbHUX BIATYKIB MOXKHA a00 MEPEriisiHyTH Y PeKUMI pelaryBaHHs (yHKIIN
(xomanga Modify—>Edit->Function...) abo y Burmsai rpadikis (matu komanay View—>Select,
BCTAHOBUTH DPaJlOKHONKY ,,XY of Function”, ininitoBatu kHOuky ,,Model Data”, o6patu QyHk-
uiro). HasBa ¢ynkuii — xapakrepna. Hanpuknag, ABSDISP1 22 0.05 o3nauae, 1o 11e — abCoOTHI
© Pynakos K.M.
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3Ha4YeHHs nepeMinieHpb y HanpsaMKy T1 nist 06’ekty 3 HomepoM 22 nipu KoedilieHTi aeMndipyBaH-
Ha nemndepy, piHomy 0.05.

7.3.2.5. Po3paxyHOK MOBHOI peakuii CIEKTPAJbHOI0 BIATYKY Tija

Y MSC.Nastran € MOXJIUBICTh MPOBECHHS PO3PAXyHKY IMOBHOI peakKilii CIIeKTPaTbHOTO BiJl-
ryky Tina. Ha mepmiomy erami 3HaXOAUTHCS CIIEKTpalbHUM BIATYK Tija (K 1e onucaHo y Po3nimy
7.3.2.4), Ha pyromMy MPOBOAUTHCS PO3PAXYHKY PEAKITii.

Ha npyromy erari cio4atky HeOOXiHO CTBOPUTH Bl 101aTKOB1 (PYHKIIIi:

e tuny 16.. Function vs. Critical Damp, ne nBa 3HaueHHs napameTpa X € HOMEPOM OTPH-
MaHOi Ha MepuIoMy eTami TaOJHIl CHEeKTPalbHOrO BIATYKY, Hampukian, tadbmuni ABSDISP1 22
0.05, a mapamerpa Y — 3Ha4€HHS Jiana3oHy 4acToT;

e Tuny 6..Structural Damp vs. Freq, 7..Critical Damp vs. Freq a6o 8..Q Damping vs.
Freq 3anexHocTi 00paHoi XapakTepuCTUKU JeMiiipyBaHHS BiJl 4aCTOTH Ui BCHOTO YaCTOTHOTO
Jiana3ony, SIKM aHai3y€eThCsl.

[Totim Ha mianmorosiit maneni ,,NASTRAN Analysis Control”, 1m0 BUKINKA€TbCS KOMaHI0I0
File> Analysis..., moTpiOHO BCTaHOBUTH THII 33/1a4i ,,2..Normal Modes / Eigenvalues”.

3a J0MOMOroK KHONKU ,,Spectrum...” HEOOXiJHO BHKJIMKATH JiaJlOTOBY IaHEIhb
,INASTRAN Response Spectrum Application” (quB. puc.7.5), Ha sSKiii:

NASTRAN Response Spectrum x| e y cekuii ,,Spectrum” norpi6bHo oOparu oauH 3 ak-
- Spechum S —— TopiB: ,,Acceleration” (mpuckopenns) ,,Velocity” (wBua-
rr“i”e - | ] KicTh) abo ,,Displacement” (3mimeHHs); y momi ,,Spectrum
+ Acceleration . . .
 Velacily S cale Factor Function ID” - panime cTBOpeHy GYHKIIIO THIY
" Displacement [, ,»16..Function vs. Critical Damp”, a y nomi ,,Scale Factor”
-~ Modal Combination — KkoedimieHT MacmTaOyBaHHS pe3yibTaTy. YBara: munu
Method [0.2e5 | (dakTopiB (NMMPUCKOPEHHS, IMBHUAKICTH a00 3MIMIEHHS), IO
Closeness i, BCTAaHOBJICHO Ha MaHelNi Ta moMmiiieHi B oOpaHoi ¢yHKii,
e — IMOBUHHI CITIBIAJATH;

SUPORT Set | = e y BikHI ,,Method” cekuii ,,Modal Combination”
MOTPiOHO 0OpaTH OJMH 3 METOMAIB 3MIITyBaHHSI MaKCHUMAaJlb-

— Modal D armping o L .
D ping Fare | = HUX YyTJIMBOCTEH y moBHY peakiio: 0.ABS (abcomoTHi Be-
muunnan), 1.SRSS (cepenHpbokBajpaTH4HAa  BEIHYMHA),
" = 2.NRL (MomampHa cyma, BIAMOBIOZHO a0 mpoekty MB®

CIOA) a6o 3.NRLO (MonanbHa cyma, crapuil BapiaHT). Y
Puc.7.5. lianorosa maneab 11s mix-  pixni ,,Closeness” BKa3yeThCs IPaHHYHE 3HAYCHHS YaCTOTH:
FOTYBaHHsI PO3PAXYHKY NOBHOI Pe- yci meroan, okpim 0.ABS, 6y1yTs 00po0OIATH TiNBKM Ti Yac-
aKuil CIeKTPaJbHOIO BiAryKYy Tija TOTH, IO NEPEBUILYIOTH 1€ 3HAUCHHS;

e y noni ,,SUPORT Set” cexiiii ,,Base DOF” notpioHo 06patu Habip 3 oomexenusmu (Con-
straint), npu3HaueHUMH 115 Tia, a 'y cekuii ,,Modal Damping” y noni ,,Damping Func” — panim
cTBOpeHy (yHK1i0 TUMy 6..Structural Damp vs. Freq.

PesynbTaTi po3paxyHKy — OJHE YMCIIO (TIOBHA PEAKIlisl CHEKTPaIbHOTO BIATYKY), IKE MOXHA
OTpUMATH, MEPErISHYBIIN CTaHAAPTHUM YUHOM sIK XY-QyHKIIT 6ci TaOIULI CIEKTPAIbHOIO BIATY-
KY, sIKi MatOTh TOH mun $akTopy (IPUCKOPEHHS, MIBUJIKICTh 00 3MIIIEHHS), 10 OYJIO BCTAHOBJIEHO
Ha na”em ,,NASTRAN Response Spectrum Application” (nuB. puc.7.5). ,,Ctape” HanmoOBHEHHS
[UX TaOJaWIlb MOKHA TEPEerNIAHYTH Juiie 3a gornomoror komauau List->Model->Function...,
TOOTO BOHO HE 3HUKAE.

7.3.3. KpaiioBa 3a1auya npo BUMYILIeHi FAPMOHilHi KOJTUBAHHA TiJIa

Oxpemuii, ae JOCUTH PO3MOBCIODKCHUN BHIIAIOK CHJI, IO BUKJIMKAIOTh KOJMBAHHS TiJla —
TapMOHIIHI cuik, TOOTO TaKi, 110 3MIHIOIOTHCA Y Yaci 32 3aKOHOM CHHYCY 200 KOCHHYCY.

binburicTs Al pu cTBOpEHH1 MoJiei 1i€l 3a1a4l — aHajoriyHa BUKjiIaaeHomy y Po3aim 7.3.2.
BraxxeMo Ha HesKi BIAMIHHOCTI.
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Vi BeanuuHH, 110 3aJal0ThCs 3a gornoMoro koMmanau Model->Load=>..., nosBunHi 3aie-
xatu Big Qynkmii tumy 1..vs. Time a6o 3..vs. Frequency, HaBiTh HE3MiHHI Yy Yaci (TOA1 3HAYCHHS
Y Takoi ¢pyHKUii MpU3HAYAE€THCS PIBHUM OJAMHUII Y BCbOMY Jiara3oHi).

CnouaTky mOTpiOHO MPOBECTH YACTOTHHUH aHaJI3 3 MOMJIMBICTIO TIOJIAIBIIIOTO PECTAPTY (IMB.
Pozmin 7.3.2.2).

Ha nianorogiii maneni ,,Load Set for Dynamic Analysis” (puc.7.1-a, BUKJIMKA€ThCS KOMaH-
oo Model->Load->Dynamic Analysis...) nmorpiOHo oOpatu Tun 3amadi ,,Direct Frequency”
(mpsimuit po3B’s130k) ab6o ,,Modal Frequency” (MomanbHUN PO3B’S30K), BBECTH MOTPIOHI AaHi.
¥YBara: skuio napameTpu aemidipyBaHHs He OyIyThb 3a/laHi, TO IPU PE30HAHCHOMY 30y/DKEHHI Tie-
peMilleHHs — HecKiH4eHH1 (TeopeTuyHo), Tomy MSC.Nastran BugacTh garanbHy MOMUIIKY.

JlogaTkoBO Ha I mMaHeni HeoOXIJHO IHIIIIOBAaTH €JIEKTPOHHY KHONKY ,,Modal Freq” Ta
chopmyBatu s nons ,,Frequencies” cexii ,,Frequency Response” TaGnuito 4acToT 3 Ha3BOIO
»Modal Frequency Table” (po3paxyHKOBI TOYKM HpU YaCTOTHOMY aHaii3i, quB. Po3min 7.2 Ta
puc.7.1-B): 06paTu MoYaTKOBY Ta KiHILIEBY YacTOTH, a Takox y moiii ,,Number of Points per Exist-
ing Mode” Bka3aTH KUIbKICTh TOUOK y OKOJII KOKHOT BJIaCHOI 4acToOTH, a y nodii ,,Frequency Band
Spread” — mupuHY YaCTOTHOI CMYTH Y BIJICOTKaX BiJl a0COJFOTHOTO 3HAYEHHS BIAMOBIIHOI BJIIACHOT
gacToTd. L{f0 TabmuIlo MoTiM MOXKHA MEPErJIIHYyTH 3BHYAaHUM YHMHOM 32 JOIIOMOIOI0 KOMaHJ
Modify->Edit->... ado View->...

3a 1OonoMOroro eNneKTpoHHOT KHOKY ,,Enforces Motion...” MO)XHa MiAKIIOYATH 10 Tijla 3HA-
YHY Macy, sika BiOpye. SIKIIo msi Maca 3HA4YHO TEPEBHINYE Macy Tijia, II0 PO3PaxOBYETHCS, TO 1€
dakTuuHO Oyne xkinemamuunum 30yIKEHHSIM 1boro Tina. CrovaTky BUKJIMKAEThCS J11aJOroBa IMa-
HEJb JUTSl IPU3HAYEHHS TOYKH 3 ,,0CHOBHOIO Macor”’, mo Oy/Je MaTu MPUCKOPEHHS (IJIs1 CTBOPEHHS
CHJIU, 110 BUMYIIYE); MOTIM — JiaJloroBa MaHeb A OOMpaHHs BY3MIB TiJia, AKi OyayTh *KOPCTKO
3B’s13aHUMU 3 1i€t0 Toukoio (CE tumy RIGID). Ilicns uporo 3’sBisieThesl cTaHAApTHA JiaoroBa
NaHeNb 3aBJaHHS CHJIOBUX YMOB (AMB. pHC.5.2), 1€ 3aJa€TbCsl MPUCKOPEHHS OCHOBHOI Macu: IO-
B370BXHE (Acceleration) abo kyrose (Rotational Acceleration), sixe mosxe 3anexaTtu abo Bij ya-
cy, abo Bix ¢yHKIii yacy. [lorim 3’saBnseTscs manens ,,Mass/Access Scale Factor” (aus. puc.7.2-
B), A¢ 3amaeThesi Maca (Mass) Ta macmrabumii koedinient (Factor) nns npuckopenHs (3a 3aMOB-
YaHHSM 3 SBJISIETHCS 3HAUEHHS ,,Mass”, 1110 3HAUHO MEPEBUIIYE Macy Tia). Y MIJCYMKY aMIUTITyAa
JUHAMIYHO1 CHJIH, 1110 Oyze MiATH y BKa3aHiil TOYIl 3 ,,0CHOBHOIO MAacoi0”’, pO3paXxOBYEThCS SIK pe-
3yJbTaT IEPEMHOKEHHS 3Ha4eHb ,,Mass”, ,,Factor” ta ,,Acceleration”. YBara: sxuo Ay cucteMu
,TlTI0-Maca” B 3a/ayl yMOBW 3aKpIIUICHHS 3a/aBaTHCs HE OyayTh, TO TPH 3aIyCKy IMPOIECY
PO3B’A3yBaHHA 33/1a4l MOTPIOHO ,,3aKa3aTy’” OUIBIIY KUIBKICTh BIACHUX YAaCTOT KOJUBaHb, OCKIIBKH
3 ABIIAIOTHCS JIEKUIbKA HYJIbOBUX a00 1yKe MalMX 4acToT, sIK1 BIIOB1Ial0Th YMOBAM IEPEMIIIECHHS
CUCTEMH SIK KOPCTKOTO IIO0T0 (€eKT YUCIOBOTO, 3aBKAN HAOIMKEHOTO, aITOPUTMY).

[Ipu 3amycky npouecy po3B’si3yBaHHS 3adaul Ha gianorosiid naneni ,,NASTRAN Analysis
Control”, mo Buxiukaerbcsi koMmanaow File-> Analysis..., moTpiOHO BCTaHOBHTH THI 3agadi
»4..Frequency / Harmonic Response” (uacToTHuii / TapMOHIMHUN BIATYK) Ta IPOBECTH 1HII IPU-
3HayeHHs (auB. Po3nin 7.3.2.1.), 30kpema 3acTocyBaTH pecTapT. Takox 3a JONOMOIOI0 KHOIKU
»Advanced...” MOXHa po3MOYaTH MPOIEC JOJAATKOBOTO HAJAIITOBYBAHHS PO3B’SI3Ky Ta JaHUX BH-
BoAY 3anadi. Bin Bxke onucanuii y Po3aini 4.2.3. € onHa BiIMiHHICTE: y cekii ,,OQutput Requests”
Ha gianorosiit manem ,,NASTRAN Case Control” (nuB. puc.4.8-0) MmoxkHa 3amicTh ,,Mag/Phase”
oOpartu BapianT ,,Real/Imag”, To6TO BKa3aTH, 00 pe3yNbTaTH BUBOJWINCS HE SK aMIUITy/Aa Ta
¢aza, a sk AliicHa Ta MHUMa YaCTHUHA PO3B’S3KY.

[Tpu mepernsaai pe3ynbTaTiB MOXKHA MMOCTPOITH, HAMPUKIAA, rpadikd aMIUTITY] IepeMilleHb
a00 HampyXeHb y 00paHuX By3Jjax TiJia IPU Pe30HAHCHOMY 30Y/I>KE€HHI.

7.3.4. KpaiioBa 3agauya npo cToxacTH4He 30y/1KeHHS Tija

bararo niit — ToToxH1 BuKiIageHoMy B Poznini 7.3.3. Heo6xiaHO mMOCIi10BHO:

® TIPOBECTH YAaCTOTHUM aHANI3 TijIa 3 ypaxyBaHHIM YMOB HOT0 3aKpilieHHs (SIKIIO BOHH €) Ta
3 MOXKJIMBICTIO MOAANBIIOTO pecTapty (auB. Po3min 7.3.2.2);

e CTBOPUTH (DYHKIIIT 3aJIEKHOCTI HABAHTAXKEHHs BiJl yacToTu (Tuiy 3..vs. Frequency). Sxmio
JiesiKe HaBaHTAKEHHS peallbHO He Oyne 3ajekaTu BlJ 4acTOTH, TO BIANOBIAHA (PYHKIIS MOBHUHHA
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JOPIBHIOBAaTH OJUHMII B yChbOMY JHiama3oHi. [1icis 1boro — BBECTH HAaBAaHTAXKEHHS, OOpPaBIIN CTBO-
peHi QyHKIT;

® CTBOPUTH (YHKIIIO 3aJICKHOCTI XapaKTEPUCTHK AeMN(ipyBaHHs Bil 4acTOTH (THILY 7..VS.
Critical Damp vs. Freq). SIkmio 11i XxapakTepucTUKH peaqbHO HE 3ajieXKaTh BiJ] 4aCTOTH, TO (PyHK-
11is MOBUHHA JIOPIBHIOBATH OJMHHIII B YCHOMY Jlialla3oHi;

® CTBOPHUTU (DYHKIUIIO CHEKTPaIbHOI MUIbHOCTI HaBaHTaxeHHs (PSD) S, (@) (auB. Po3xin

J16.3.4 JlomatkiB) y 3anexxHocTi Big yactotu (tumy 3..vs. Frequency). 3BudaiiHo 111 QyHKIisS Mae
3HAUEHHS y Jiana30Hi BiJ IesKOi He3HaYHOI BEMUYMHM 0 oAuHuUL. Y Tabnumi J16.1 HaBeneHi neski
aHAJIITUYHI BUPaA3U Ui TakuX QYyHKUIN, IXHIA TpapiyHuil BUIIIAA. Y MOSCHEHHSAX 10 TaOJMIl BKa-
3aHi MoxHBi 3actocoByBaHHs. Y MSC.Nastran 2001 ¢ynkuis PSD moxe Oytu y dhopmi aBTO- 260
B3a€EMHO- CIIEKTPAJIBHOI TIJTBHOCTI;

e Ha jgianorosii maneni ,,Load Set for Dynamic Analysis” (puc.7.1-a, BUKITUKa€eTbCs KO-
man010 Model->Load->Dynamic Analysis...):

= oOpatu Tun 3a1adi ,,Modal Frequency” (MogansHuii po3B’s30K);

=y cekuii ,,Equivalent Viscous Damping” (exBiBasieHTHe B’si3Kke AeMIipipyBaHHs) 3a7aTH
3arabHUM KoedimieHT KoHcTpykuiHOro nemmndipyBanas (Overall Structural Damping Coeff
(G)), a y nianoroBoMy BikHi ,,Modal Damping Table” oOpaTtu paHim cTBOpeHy QYHKIIIIO 3a1ekK-
HOCTI XapaKTepUCTHK JeMiiipyBaHHs Bif yactoTu (Tuimy 7..vs. Critical Damp vs. Freq). Haraga-
€MO, 110 KoediuieHT G MOXKHA HE 3aJaBaTH, KO Horo 3aaaHo 1 ycix CE sk BnacTuBicTh Marte-
piany CE, abo MO’kHa 3a/1aTH SIK JOJIaTKOBY BEITUYUHY 10 33J]aHOTO JIJIs MaTepiany;

*y nom ,,PSD” cekuii ,,Random Analysis Options” — migkmountu ctBopeny PSD-
(GYHKIIIO CHEKTPabHOI UIUIBHOCTI HABAHTAXXEHHS (BX1JHOTO BIUIMBY) NPU BUIAJIKOBOMY XapakKTe-
Py 3MiHU aMILTITYAHOTO 3HAYEHHSI CHJIH, 110 30yIKYE;

* eJIEKTPOHHOIO KHOMKOK ,,Advanced...” MOXXHa BHKJIMKATH J1ajJOTOBY IaHeNnb ,,Ad-
vanced Load Set for Dynamic Analysis” (quB. puc.7.1-r) ans npu3HayeHHs J10JaTKOBHX Mapame-
TpIB aHami3y, 30KkpeMa, y cekiii ,,Random Analysis”. V moni ,,ANSYS PSD Type” (xapakrepuc-
tuku PSD — sk y nmporpami ANSYS) € MOXIUBICTh BBECTH NpHUCKOpeHHs: ,,0..Accel (Acc2/Hz)”
(uepe3 MPUCKOPEHHsI, y BEJIMYMHAX MPHCKOPEHHS y KBajpaTi, po3jilieHe Ha 4acTory), ,,l..Accel
(g2/Hz)” (uepe3 aOCOIOTHI 3HAUEHHsS NPHUCKOPEHHSA), ,,2..Displacement” (uepe3 mepemilieHHs),
»3..Velocity” (uepes mBuikicts) abo ,.4..Force” (uepe3 cmiy). € me none ,,NASTRAN PSD In-
terpolation”, To0to Merox iHTepnossuii pynkuii PSD, sika 3amaeTbest y BUIIIsIAI TaOIuLi: Jorapu-
¢miunmii (0..Log Log), miniitauii (1..Linear), norapudmiyno-niniitauii (2..X Log,Y Lin) abo i-
HiltHO-norapudmivnmii (3..X Lin,Y Log). [nmi onuii onucani Hanpukinmi Po3niny 7.2;

® TIpU 3aIlyCKy IpoLecy po3B’si3yBaHHS 3aadl Ha niajorosiil nmaneni ,,NASTRAN Analysis
Control”, mo Bukiukaerbcs komannaow File->Analysis..., moTpiOHO BCTaHOBHTH THI 3aaadi
,0..Random Response”. SIkmo panime Oyno cTBOpeHO JAekiibka HabopiB HaBaHTaxeHb (Load
Set), To Ha maneni Oyae MpUCyTHS KHOMKA ,,LLoads...” I 1X MAKIIOYEHHS, KOO TTOTPIOHO CKOPH-
cratucs Ta o0paTu HeoOXi1H1 HaObopu HaBaHTa)keHb. [lani MOXkHa 00paTy /1Ba IIJISAXU:

* nepmnid: natu komauay ,,OK”. Cnowarky 3’sBuThesi naianoroa nanens ,,NASTRAN
Output for Random Analysis” (auB. puc.7.6-a). Ha Hiil Mo>xHa 0OpaTu OJMH 3 BapiaHTIB CTaHAp-
THOTO BUBOJY: ,,None”, ,,Power Spectral Density Function” (PSD-dynkiuis), ,,Autocorrelation
Function” (aBrokopensmiitHa gynkuist) ado ,,Both” (o6uaBa octannix Bapianta). MoxHa BCTaHO-
Butn oniito ,,Response vs. Frequency (XY Plot)” (peakuist sk ¢GyHKIISI 4acTOTH), TOMI Jaui
3 SBUTHCS 1HIIIA TIAHEIb 3 TIi€I0 X Ha3BOMW (AuB. puc.7.6-0), ae y cekuii ,,Nodal Output Requests”
MO>KHa BKa3aTH CTYIEHI CBOOOM BY3JiB (X MOTIM MO)KHA OyJie 0OpaTu 3a IOIOMOIOI0 CTaHAapT-
HOTO JIaJioTy), JUIsl SIKUX OyZie BUBOJUTHUCS PE3yNbTaTh po3paxyHKy (y Burisai XY-rpadika); y ce-
kuii ,,Elemental Stresses” — nns saxux tunis CE, BUAIB HanpyXeHb Ta TOUOK Iepepi3y JIHIHHUX
CE BuBoauTu pe3ynbpTaTd (1€ OynyTh Hampy>KEHHs); MOXHa BCTAaHOBUTH OMLi0 ,,Summary Data
Only” (Tinmpku cymapHi gasi). Skmjo Oyno migkiatodeHo 2 abo Ouiblie HaOOpiB HaBaHTaXEHb, TO
3’aBUThCs 1Ie oaHa mianoroBa manenb ,,NASTRAN Power Spectral Density Factors” (nus.
puc.7.7) mist 3aBAaHHs KOPEAIIMHUX 3B s3KIB M HaOopamu HaBaHTakeHb (Load Set). [ToTpiOHo
B moui ,,Correlation Table” o6patu onun 3 psakiB. Homepu y psiaky 1iei TabmuIi BiANOBiAaOThH
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NpU3HAYCHOMY HaBaHTakeHHI0. Konu BuUmagku — ogHakoBi (Hanpukiaa, 1=>1, 2=>2), notpiOHo y
cekii ,,Edit Correlation Table” 3agatu Barosuii koedimienT (Factor) ta o6paru PSD-¢dynkitito
(31 cmHCKy 3a3/aleriap CTBOPEHMX) TuUTbku A AiiicHoi (Real) wactuamn. A Konmu BUMAIKH Pi3HI
(manpuknaa, 1=>2), He0OXiTHO BU3HAYUTHUCS, YA KOPEIIOBATH 111 BUMaaAKH, 9 Hi. [100 3amatu ko-
pemnsnito, notpidHo y cekiii ,,Edit Correlation Table” 3anatu Barosi koedinientu (Factor) Ta 06-

patu PSD-dynkii qs miicaux (Real) 1 maumux (Imaginary) yactus;
NASTRAN Output for Random Analysi il

— Modal Output Request
Displacement [~ 71 T 72 C 73 T R1 I A2 [T R3
Acceleration Ttz 130 R T R2ICR3

NASTRAN Output for Random Analyi: |

r Elemental Stresze:

— Modal Qutput Requests
" Nore Springs I Asial
" Power Spectral Density Functions Bods [ fwial [ Torsional

corelation Functions Bars [ Asial

End & T Loc1 I Loc2 I Loc3 [T Locd

 Elemental Dutput Requests ————————— EndB [ Loc1 I lec2 [ Loc3 [ Locd
" None Eeams Erda I Loc1 I Loc2 [T Loc3 I Locd
" Pawer Spectral Density Functiohs EndB I Loc1 I Loc2 T Loc2 I Locd

- . .
Autocaorrelation Functions Flates  Eattom I~ % Momal [ %Momal [ %Y Shear

o
Bath Top [ ®Momal [ YMomal [ %Y Shear
- Additional Output Requests—————————— Solids [T % Momal [~ ¥ Homal [ ZMNomal
™ Response vs Fraquency [ % Plot ) Cancel I [~ %Y Shear [ YZShear [ Z¥Shear
Agisym [T Radial ™ &zim [ Axial [ Shear
™ Summary Data Orily
Cancel |
a) 0)
Puc.7.6. [lianorosi naHeJii HAJAlITOBYBaHHSI OCHOBHOI'O BUBOJY Pe3yJbTATIB AJIsl YaCTOTHOIO

aHaxizy

= ApyTiil: 32 1OMOMOro0 KHONKH ,,Advanced...” MOXKHa PO3MOYATH MPOLEC TOJATKOBOIO
HaJaIITOBYBAHHS PO3B’SI3Ky Ta JaHWX BUBOAY 3anadyi. Bin Bxke onucanmii y Po3mim 4.2.3. € nesiki
BinmMiHHOCTI. [To-miepire, sikmo Ha npianorosiit manem ,,NASTRAN XY Output for Modal Analy-
sis” (nuB. puc.7.2-0) BKa3aTu SAKiCh By30JI, TO IOTIM MOCIIIOBHO 3 ABJISATHCS /11aJ0TOBI MaHENl, 10
300paxkeHi Ha puc.7.6; Ko Oymo miakiIoueHo 2 abo Oinbiie HAOOpiB HABAaHTAXKEHb, TO 3 SIBUTHCA
e ogHa aianorosa naxens ,,NASTRAN Power Spectral Density Factors” (aus. puc.7.7). IloTpi-
6ni nii onucano Bumie. [lo-npyre, y ce-

NASTRAN Power Spectral Density Factors x| KHII ,,Output RequeStS” Ha ﬂiaﬂOFOBiﬁ
Conslation Table e CeE i et manenai ,,NASTRAN Case Control”
1=:1 1.[34) ) Excited Load Set 1..Load 01 _ .
132 1[34) + 1.(41]i Appied Load Set 2. 0ad_02 (HI/IB. pI/IC48 6) MOXHa 6yzle 3aMI1CTh

222 1.[41)

BapiaHTy »Vag/Phase” obparu

Factar P5D Function
,Real/lmag”, To6To BKkazaTu, mob pe-
Real |1, b |34..F_1_F'SD_3..VS. Frequenj .
Imaginary |1, b} |41..F_2_F'SD_3..VS. Frequenj SyHBTaTH BUBOJMIINCA HC 5K aMHHlTyHa

Ta ¢aza, a AK J1CHA Ta MHUMa YacTHHA
oK Cancel | PO3B’S3KY.

Pe3ynbratn po3paxyHKy y BHIJIS-
Ii rpadiky 3MiHM, HalpHKIaJ, 3arajib-
Horo nepemimenns (Total Translation)
MO’KHA TIEPETVISHYTH CTaHJApTHUM YMHOM sIK Tpadik: ,, XY vs Set” — ais oqHOTO By3na Yy BCbOMY
niana3oHi yactor; ,, XY vs ID” — st Bcix By37iB IPU 0OpaHOT 4aCTOTi.

Puc.7.7. lianoropa na”e/nb Ajs 3aBJAaHHS KOpeJssUiiiHUX
3B’SI3KIiB
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