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1. BBEJAEHUE

B cootBerctBum ¢ 3ampocom kommnanuu SERBAZ u3 baky, AszepOaiimkaH, B aBrycre
2007-ro roma OBUIO MPOBEACHO SKCHEPUMEHTATBbHOE in-situ TECTHPOBAHUE 3IAHHS
[Ipesunentckoro JlBopuia M3MepeHHEM BHEIIHUX BHOparui. V3MmepeHus BHEUTHUX
BUOpanuii Ha 3ganuu lIpe3umeHTckoro [[Bopiia ¢ 1eNbI0 BBIABICHUS TUHAMHYECKHX
XapaKTEPUCTHK: COOCTBEHHBIX YacTOT, THUma ((popMbl) KojebaHUN u KOAD(OUIIMEHTOB
neMrupoBaHusl ObUIM BBIMOJIHEHBI O MOMEHTA YNPOYCHHUS OOBEKTa MO TEXHOJIOTUH
«Cucrema JII1 90». CurnanpHas oOpabOTKa MOJYYEHHBIX aHHBIX OblJIa BBHIMOJHEHA C
MIOMOIIIBI0 KOMITbIOTEpHOH mporpammbl «ARTeMISy, koropas  Obuta crenuanbHO
pazpaboTaHa I aHanu3a  JaHHBIX, MOJIYYEHHBIX B peE3yJbTaTe€ TecTa BHEUIHUX
BUOpAIHii, OJHOBPEMEHHO IAaHHBIM MPOTPaMMHBIA MPOAYKT pacrojaraeT (QpyHKIUIMH
MIPOCTPAHCTBEHHOTO MPECTABIICHUS JUHAMUYECKOTO TIOBEICHUSI CTPYKTYPHOTO OOBEKTA.

2. IEJIM TECTUPOBAHU

Llenpro TecTHpoOBaHMS OBLUIO HMCCIICIOBAHUE AUHAMUYECKOTO MOBEJCHUS CTPYKTYpPHOTO
00BEKTa B YCIOBHAX BO3ICHCTBUS OKpYyXKamomleil cpeasl (0OMOTka BO30yXIeHHs), Ha
OCHOBAaHHMH 4YE€TO BO3MOKHO OBIIO OBl OINpPEAETUTh TUHAMHYCCKHE XapaKTEPHCTHKH, a
MMEHHO - COOCTBEHHBIEC YaCTOTHI, THIBI KoJeOaHUi 1 K03 PULneHTsl neMnpupoBaHus.
OTH mapaMeTpsl TECHO CBSI3aHBI C HPOTHO3UPOBAHUEM CEHCMHYECKOTO IOBEACHHS
KOHCTPYKIIMH OOBEKTa B YCJOBUSAX CEHCMOJIOTMYECKOM AaKTMBHOCTH, T.€. TIpH
3EMJICTPSICCHUM.

W3mepeHne AMHAMUYECKUX XapaTepPUCTHK KOHCTPYKIMH 3JaHUs J0 U Iocie
MEPOTIPUITHI M0 YMHPOYCHHUIO TMPEIOCTABUT HArAHYI0 HHpopmaruio o0 3ddekrte
NPOBEJCHUS CTAaOMIM3aLMOHHBIX PAa0OT, LENBI0 KOTOPBHIX OBUIO OBI IMOBBIMICHHUE Kak
MIOTIEPEYHOH JKECTKOCTH 00BEKTa, TaK M €ro aMOPTHU3aLMOHHOW MOIITHOCTH.

3. OIIMCAHUE 3JIAHHS JIBOPLIA U ITO3ULIMI TOUEK 3AMEPA

CrpyKTypHasi cucTteMa KOHCTPYKLIMM 3[aHUSl TPEACTaBIsAE€T COOOW Tpex-ypOBHEBOE
COOpY’)KE€HHE HEeNpaBWJIbHOW (OpPMBI U3 KHUPIUYHOM KIagKu, Oasupyromieecss Ha
¢ynnamente. Ha ¢oto 1 mpencraBnen BHemHwiA BUA 31aHus, Ha (GoTO 2 - MHTEpHED
rinaBHoOro Bxozaa. Ha pucyHke 3 npeacraBieHbl XapaKTEpUCTHKH 3/1aHUS B BHICOTY B
HONIEPEYHOM pa3pese.



®oro 1. 3ganue [Ipesunentckoro [IBopia B baky.

®oto 2. ['maBHBIN BXOJ U €70 UHTEPHED.



x-x direction

Puc. 3. 3nanue B BHICOTY B ITONIEPEUHOM pa3pese.

Ha pucynkax 4 u 5 npencraBieHsl IIaHbl dTaXel (ypoBHEN), a TaKKe OTMEUEHBbI TOUKU

3aMCpPOB, Ha KOTOPBIX ObLIH MMPOBCACHBI H3MCPCHUA. HyMepaL{I/m TOYCK 3aMCPOB
n n

MIPOM3BOJIUTCS B BUJAE YMCIA X  , [IE€ X - MOPAIKOBBIM HOMEP TOYKH 3aMmepa, a -
1
HoMep ypoBHs. Hampumep, 3amuce 3 o3Hagaer Touky 3amepa Ne 3 Ha 1-oM ypoBHe,
3

3amuch 8  O3HA4aeT TO4Ky 3amepa Ne 8 Ha 3-0M ypoOBHE U T.A.

W3mepenuss mnpoBoamiuch B 43-ex TOYKaX 3amepa B JIByX OpPTOTOHAIbHBIX
HAIpaBJICHUSAX: X-X (MPOJOJILHOM) U Y-y (IIONEPEYHOM) HAIpaBICHUU, U3 KOTOPBIX 7
TOUEK 3aMepa ObuM ycTaHOBIIeHBbI Ha 0-oM ypoBHe (pyHaaMmeHT), 12 — Ha 1-oMm ypoBHe,
12 — na 2-om ypoBHe u 12 — Ha 3-em ypoBHe. [IpocTpaHCTBEHHOE TPEACTABICHHE
0a3MCHBIX KOHTPOJBHBIX TOUYEK Ha 3-€M YPOBHE, a TAK)KE BCEX OCTAJBHBIX TOUEK 3aMepa
MIPUBEICHO Ha PUCYHKE O.
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Puc. 4. Pacnpenenenue Touek 3amepa Ha niaaHax 0-ro u 1-ro ypoBHeit
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Puc. 5. Pactipeniennenue Touek 3amepa Ha IjiaHax 2-ro u 3-ro ypoBHEH.




Puc. 6. HpOCTpaHCTBCHHOC MPEACTAaBJICHHUEC BCCX TOYCK 3aMEpa Ha KOHCTPYKIHUUN
3

00beKTa, a Takke 0a3ucHas KOHTpodbHas Touka R - 1 ( cornmacHo « ARTeMISy)



4. TIPOLIEAYPA TECTUPOBAHMS BHEIIIHUX BUEPAIIUI

JIuHaMUYeCKue XapaKTePUCTUKU KOHCTPYKUUH 3/1aHUS ObUTH IOJIyYeHBI C IOMOUIBIO

MeTOoJa TECTHPOBAaHWs BHEIIHUX BUOpAIuii. OTO OYEeHb MOIMYJSAPHBIN u
MOJTHOMACIITaOHBIN METOJ  TECTUPOBAHUS, KOTOPBIM  HCIOJB3YEeTCS A
SKIIEPUMEHTAIBHOTO  ONpeAeTeHUS JUHAMHYECKHX  XapaKTePUCTHK CTPYKTYpbI

KOHCTpYKIKU. OH OCHOBBIBACTCSI HA I3MEPEHUN BHOpAIMii KOHCTPYKIIMH, BHI3BIBAEMBIX
NefcTBUEeM OKpYysKaromien cpeapl (rpaduk 7). Iloa melicTBHEM CHIT OKpYXKaIOMIEH CpeIbl
OyIeM MOHUMaTh BETEp, TPAHCIOPTHBIC IIYMBI, a TAaK XKE JAPYTrue MUKPO-KOJIeOaHUS U
TOJYKOBBIC CHIIBI, K TMPHMEPY, BOJHOBBIC HATPY3KH HIIM NMEPUOTUIECKUE POTAIHOHHBIC
CWJIbI, BO3HHKAIOIINE MPU PadOTe HEKOTOPHIX BUIOB aBTOMATHYECKHX MAaIIUH. DTOT
METOJ TPEIACTAaBISET COO0OW OYEHb  JKCIECAUTHBHYI0O M  OTHOCHUTEIBHO TPOCTYIO
MPOLIEAYPY, U MOKET IPUMEHSATCS Ha KHUIOM 00BbEKTe, 0€3 HapyIIeHUS €r0 HOPMAJIBHOTO
(G YHKIIMOHUPOBAHUSA.
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['padux 7. BpemeHHas quarpamMmma BHOpAIHii, BEI3BIBAEMBIX BHEITHEW CPEIOH.

OCHOBHOE TMpPEANONOKEHHE, HAXOMAIIEECS B OCHOBE A3TOrO0 METOJa, ClEAylollee —
BO30Y)KIAIOIINE CHIIBI TMPEACTABISAIOT COOOW TMOCTOSHHBIM CIydalHBIM MpoIriecc,
WMEIOIINN TOMyCTUMO POBHBIN YaCTOTHBIA CreKTp. [lox TakuMu yCiaoBUsAMH, CTPYKTypa
00BeKTa BUOPUPYET C OTKIMKOM B TPAHMIIAX €T0 HOPMAIBHBIX (OPM.

[Iporienypa TecTUpOBaHMS BHEIIHUX BUOpAIMil 3/IaHUS COCTOUT U3 3allMCH BHOpaIui B
peXHME peambHOr0 BpPEMEHH U MOocienyloniei oOpaboTKM TMOMY4YEHHBIX JaHHBIX.
CrapToBBIf TECT — ATO TECT AMHAMUYECKOM KanmuOpoBku. Bo Bpems 3Toro tecra Bce
CEHCOPBI (CeliCMOMETpPHI) HAXOAATCS Ha OJHUX M TEX K€ MECTax U HANpaBICHUSX, MPU
3TOM MPOBOJUTCS OJHOBPEMEHHAS 3aIMCh MOJTYUYEHHBIX CUTHATIOB, JOCTUTAETCSA CIEKTP
@ypre. Pe3onaHcHas yacToTa CTPYKTYpPbl MOXKET OBbITh MPEABAPUTEIHHO OMpEesieHa C
MOMOIIBIO TECTOB JMHAMHUYCEKON KaJIHOpPOBKH, HO KOHEYHOE OIpECIICHHUE
COOCTBEHHBIX YaCTOT BO3MOXKHO JIMIIb TOCTIE TMOTYYSHHSI pe3yIbTaTOB THIIOB KOIeOaHU
npu BuOpanusx. [Tocie TecTa KaTMOPOBKH CEHCMOMETPBI Pa3MENIAIOTCs Ha Pa3IMYHBIX
YPOBHSX U B PAa3IWYHBIX TOUYKAX CTPYKTYphl OOBEKTa, HO MPU OSTOM B OJHOM
HaIpaBJIE€HUU, U OMNATH OJHOBPEMEHHO IPOBOJUTCSA 3aMUCh. DTO HEOOXOIUMO ISt



MOJTyYeHUsl JaHHBIX 0 (popmax konebanuii nmpu BuOparusx. OHa U3 TOYEK CTAHOBUTCS
KOHTPOJIbHOM, OOBIYHO 3TO TOYKA HA CAaMOM BBICOKOM YPOBHE CTPYKTYPhl OOBEKTA.
[TpoaomKUTENFHOCTD 3aITUCH JO0KHA OBITH JOCTATOYHOW ISl TOTO, YTOOBI MCKIIOUUTH
BJIUSTHUE BO3MOXKHBIX HE-CTOXACTUYECKUX BO30YKIEHHI, KOTOPhIE MOTYT BO3HUKHYTh
BO BpeMs TecTa.

5. UIBMEPUTEJIbBHOE OBOPY IOBAHUE

JUis 3ammMcu  CTPYKTYpHBIX BHOpAIMif, BBI3BAHHBIX  BO30YXAAIOUIMM  (HaKTOPOM
OKpYKalolllel Ccpenpl, HCTOJIB3YETCA CUCTEMa CEMCMOMETPOB, YCHWIHTEIEH U
3aMUCHIBAIONINX YCTpoicTB. CelicMOMETp M3MepsieT 4acTOTy, IPU 3TOM y HETO eCTh
OTpaHUYEHUS 10 YaCTOTE W JHana3oHy aMIumTyn. CurHai celicMOMeTpa MOCPEICTBOM
CTeMANbHBIX Kabemnel mepenaercs B cuUcTeMy 0OpaOOTKH CHUTHAJIOB, KOTOpas B CBOIO
ouepenr wuckiodaeT dpdext Bricokux yacToT. B ciyuae Ilpesumentckoro J[Bopia B
baky mis wu3MmepeHus BHOpauuil OKpysKaromied cpenbl ObUIM MCIOJNB30BAaHBl  TPHU
cericmometpa tuna «Ranger», m3nenue Kinemetrics (a), a U3MEpeHHBIC CUTHAJBI ObLTH
YCHJICHBI YeThIpeXKaHaJbHBIM aHAIM3aTOPOM CHUTHAJIOB, Tak ke u3nenue Kinemetrics
(b). Ha cnenytromem 3Tamne yCuiIeHHBbIC M OTGUIBTPOBAHHBIC CUTHAJIBI, TTOJYYCHHBIE OT
ceiicMOMeTpoB, ObLTM 00pabOTaHBl BHICOKOCKOPOCTHOM cCHUCTeMOIl cOopa JaHHBIX,
KOTOpasi B CBOIO ouepelb TpaHCHOPMHUpPOBAJIA aHAJIOTOBBIC CHUTHAIBI B JAMTHUTAIHHBIN
oomuk. IIK m crmemuanbHOe TporpaMMHOE oOecrieueHue aiisi 00paboTKH TaHHBIX B
pexxume on-line MCIONB30BANKCH Il pacliedaTKu BPEMEHHOM JuarpaMMbl U CIIEKTpa
amutyy @ypbe npu OTKIMKE Kaxaol Ttouku 3amepa (d). Anammszarop Dypee (e)
WCTIOJB30BAJICS B IEJSX OBICTPOrO KOHTPOJIS M aHAJN3a CUTHAJIOB B YACTOTHOM 00IacTH
u st nonydeHus crnektpa ammuutyn ®@ypee (FAS). Ha ¢oro 8 mpencramieno
YIOMSTHYTO€ U3MEPHUTEIBHOE 000y IOBaHHE.

07/09/2007 8:26 pm

®oro 8. O6opyaoBaHUE I U3MEPEHHS BHEIITHUX BHOPAITHIA.



s mocnenyromeld oOpaOOTKM ¥ aHalM3a PETHCTPOBAHHBIX HAa TOYKAaX 3amepa
BHOpaIuii MCTOJIB30BAIOCH MporpaMMHoe obecnieueHrne ARTeMIS. Oto mporpammHoe
OGGCHG‘-ICHI/IG OCHOBBIBACTCAd Ha TCXHHUKCE BBI60pKI/I MAaKCUMAJIbBHOI'O 3HA4Y€HUA H
JEKOMIIO3HUIIMY YaCTOTHOM 00JIaCTH, HapsAy € ATUM 00J1alaeT BO3MOXHOCTBIO OTJIMYHON
rpaduUecKoi Mpe3eHTaH MOJyYEeHHbBIX JaHHBIX.

6. OKCIIEPUMEHTAJIBHBIE PE3VJIbTATDI

[Tokazarenu BHEWHMX BHOpaUMi MO MPOJOJIBHOMY M IMONEPEYHOMY HAIpPaBICHUSM,
MIOJ[yYeHHbIE  BO  BpeMs  IPOBEJCHHUS  JKCIIEPUMEHTAIBHOIO  TECTUPOBAHUSA
[Ipe3unentckoro /[Bopia, aHaIM3UPOBAIUCH B 4acTOTHON obnactu 1o 25 Hz. B o6meit
CJIO’KHOCTHU OBLIO BBINOJIHEHO 87 TECTOB, BKJIIOYAs TECThl AUHAMHUYECKOW KalHOPOBKHU C
KOHTPOJILHOM TOUkOM Ha 3-eM ypoBHe. Bo Bpems mpomecca cOopa JaHHBIX OBLIO
paccmotpero 20 cpenHux 3HaYeHUH. [IpoAOIKUTENBHOCTh KaXKI0M OTAEIBHOM 3aluCH
cocraBuia 100 cexynn, a yactora 3amMepoB — 200 3aMepoOB B CEKYHIY.

JIist KaXXK70i OTAEIBHOM TOYKM 3aMepa ObLI TOJy4eH CHEKTP aMl'IJ'II/IT}gI[ ®dypre (FAS).

Ha rpaduxe 9 npencrasnen FAS, usmepeHHblil B KOHTpOIbHOM Touke 1 3-r0 ypoBHS 10
NPOJOJIBPHOMY X-X U IIONEPEYHOMY Y-y HalpaBieHMsM OTHocuTenbHO. [lepBas
PE30HAHCHAs 4acTOTa SIBJISETCS JOMUHAHTHOM, HO MOXXHO 3aMETUTb, YTO KpOME Hee
CYLIECTBYET €Ill¢ HECKOIBKO JOMUHHUPYIOIUX YaCTOT CIEKTPA.

FAS-reference point T13, X direction
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I'padux 9. Cnekrp ammuutyn @ypoe (FAS) uamepenHsiit B KOHTpOIbHOM Touke R-1

Kak  yxe ynomuHamoch paHee, I TMOCHenyIomeld oO0pabOTKH CHUTHAJIOB OBLIO
UCTONBb30BaHO mporpamMMmuoe oOecrieuenne ARTeMIS.Boibopka Makcumyma B
JTOMUHHUPYIOIIUX YacTOTaxX CpeiacTBaMu TnporpammHoro obecrneueHus ARTeMIS



npencrasieHo Ha rpaduke 10, 11 a B Tabnure | maHbl 3HAYEHUS ATHX YaCTOT, & TAKKE
COOTBETCTBYIOIIHME UM KO3(PHUIIMEHTHI AeMII(UPOBAHUS.

Yacrora, paBHasg 3.15Hz, sBnsercs nepBoll pe30HAHCHOM 4YacTOTOW 34aHMs IIO
MPOJOJIFHOMY HamNpaBleHUIO(X-X), B TO BpeMsl KaK IepBas PE30HAHCHAs 4acToTa I0
nornepeyHoMy HampasineHutro  (y-y) paBHa 3.32Hz. IlepBas KpyTHibHas dacToTa
coctaBisieT 3.9Hz. Ha pucynkax 11 u 12 npeacraBnensl ¢hopMbl KoJieOaHUN 3MaHUS TIPU
BO3JCUCTBUM BHOpalUi NpH KakKIOW JOMHHAHTHOM 4YacToTe, B TO Bpems kak AVI-
MOJEIIMPOBAaHNE IPUBEICHO B OTACIBHOM MpuioxkeHuH. [IprHMMas BO BHHUMaHHE
MOJTYYCHHBIM CHEKTp, a TaK K€ BHUJ KOJeOaHWH, OUEBUAHO, YTO B CTPYKTYpE 31aHUS
JOMUHUPYIOT TPOCTPAHCTBEHHbIE KojeOaHWs, MNpU YEeM  BO Bpems KoJjeOaHui
IIpEBAJINPYET KPYTUIIbHOE BO3JEICTBHE.

[dB [1.0] Frequency Domain Decomposition - Peak Picking

Average of the Mormalized Singular Yalues of
Spectral Density Matrices of all Test Setups
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I'padux 10. Beibopka MakcuMyMa U3 TOMUHAHTHBIX 4acToOT,
npe3ueHTckui JBopen, baky

Ta6muua 1. JJoMrMHAHTHBIE YAaCTOTHI 3JaHHS

MODE | FREQUENCY | DAMPING
(HZ) (%)
Mode 1 3.15 2.4
Mode 2 3.32 3.6
Mode 3 39 3.6
Mode 4 4.7 2.1
Mode 5 5.7 1.7
Mode 6 7.42 1.4
Mode 7 8.4 1.3
Mode 8 9.28 1.7
Mode 9 10.45 2.4
Mode 10 13.0 1.1




Longitudinal direction (x-X)
f=3.15Hz

Transversal direction (y-y)
f=3.32Hz

Torsion, f=3.9Hz

Modal Values
Frequency = 3145 Hz
Damping Ratio = 2.459 %

Undeformed Geometry
Lines
Surfaces

Deformed Geometry
Lines

N surfaces

Display Settings
Ratation - Horz. = 257
Rotation - Horz. = 63°
Translation - Horz. = -3.8
Translation - Vert. = -36
Zoom Level = 124%
Amplitude = 100%
Phase Angle = -126°
Frames per Sec.=0

Modal Values
Frequency = 3.32 Hz
Damping Ratio = [Mone]

Undeformed Geometry
Lines
Surfaces

Deformed Geometry
Lines

I curfaces

Display Settings
Rotation - Horz. = 13°
Rotation - Horz. = 73°
Tranzlation - Horz. =0
Translation - Yert. =0
Zoom Level = 124%
Amplitude = 100%
Phasze Angle = 90°
Frames per Sec.=10

Modal Values
Frequency = 3.906 Hz
Damping Ratio = [Mane]

Undeformed Geometry
Lines
Surfaces

Deformed Geometry
Lines

I curfaces

Display Settings
Rotation - Horz. = 13%
Rotation - Horz. = 73°
Translation - Horz. =0
Translation - Yert. =0
Zoom Level = 126%
Amplitude = 100%
Phase Angle = 90°
Frames per Sec.=0

Pucynox 11. Tumbl koneOaHMii TpH Pe30HAHCHBIX YaCTOTaX



Modal Values
Frequency = 4 B35 Hz
Dramping Ratio = [Mone]

Undeformed Geometry
Lines
Surfaces

Deformed Geometry
Lines

I curfaces

Display Settings
Rotation - Horz, = 13°
Roatation - Horz. = 73°
Translation - Horz. = 0
Transkstion - Yert. = 0
Foom Level = 126%
Amplitude = 100%
Phase Angle = 269°
Frames per Sec.=10

Modal Values

f:1045HZ Frequency = 1045 Hz

Damping Ratio = [Mone]

Undeformed Geometry
Lines
Surfaces

Deformed Geometry
Lines

I urfaces

Display Settings
Rotation - Horz, = 7°
Rotation - Horz. = 64°
Translation - Horz. =11
Translation - Wert. =29
Zoom Level = 126%
Amplitude = 100%
Phasze Angle = 3237
Frames per Sec.=0

Pucynox 12. Tumbl koneOaHMii TpH Pe30HAHCHBIX YaCTOTaX
7. BBIBO/IbI

* B asrycre 2007-ro roga, A0 MOMEHTa peaJv3allid MEPONPUITHI MO YHIPOUYCHHUIO
3nanusi cornacHo TexHonoruu «Cuctema J[I[90», Obulo peann3oBaHO JUHAMHYECKOE
tectupoBanue [Ipesupenrckoro /IBopua B baky, AsepOaiimkaH, mOCpEACTBOM METOJa
BHEITHUX BUOpALIU;

* MI3Mepenus MpoBOIUITUCH IO IBYM OPTOTOHAJIBLHBIM HAIIPaBICHUM;



* B oOmeli crnoxHOCTH OBIJIO MpPOBENEHO &7 TECTOB, B Pe3yjbTaTe KOTOPBIX OBLIM
MOJly4EeHbl ~ HCYEPIBbIBAIOIIME  HKCIEPUMEHTAJbHBIE  JIaHHBIE, XapaKTepHU3YIoIlne
JTUHAMHYECKHUE XapaKTePUCTUKHU CTPYKTYPBI OOBEKTA.

* [TonyueHnHbli [rana3oH yacToT coctapiseT 0-25 Hz.

* JloMrHaHTHBIE COOCTBEHHBIE YACTOTHI CTPYKTYPBI 3[aHUSI CIIEAYIOIIHUE:

- [lepBas coOcTBeHHAs 4acToTa MPH KOJIEOAHUSAX B TIPOIOJIBHOM HarmpasiieHuu - 3.15Hz;
- [lepBas coOcTBeHHas 4acTOTa MPU KOJIEOAHUAX B MOTEPEYHOM HarpasieHuu - 3.32Hz;
- [lepBas coOcTBeHHAs 4acTOTa MPH KPYTUIIBHBIX KojebaHusx - 3.9Hz;

- [locnenyromue nomunantHsie yactotel: 4.7Hz, 5.7Hz, 7.6Hz, 8.4Hz, 9.28Hz, 10.45Hz
and 13.0Hz;

* Koodduuuentsr nemmndupoBanus HaxonasTcss B auanazone ot 1.5 go 3.7% or
KPUTHYECKOTO TallleHWs, MpPU STOM OTH 3HAYEHUS HIKE TeX, KOTOpble OOBIYHO
XapaKkTepHBI I CTPYKTYP U3 KUPITUIHON KIaJIKH,

 [lpuHuMas BO BHUMaHHE THIBI KOojeOaHUM, HE cUHMTas KojieOaHHI NEepBOro THIla B
MOTIEPEYHOM HANPABICHUHM, OYEBUIHO, YTO CTPYKTypa TOJBEPraeTcsi KOMIIEKCHBIM
BUOpalUsAM CO MHOXECTBOM KPYTHIBHBIX OS(PQPEKTOB. YUUTHIBasS HEMPABHIbHYIO
TEOMETPHIO U TUTAH 3/1aHusl, Takue 3(PpPEeKThI U CIIeTOBAIO 0XKHUIAT;

* CpaBHEHHME JMHAMUYECKHX XapaKTEPUCTHK 3JaHUS, H3MEPEHHbIX JI0 M TOCcie
MIPOBEJICHUSI MEPOTPUATUI M0 YIPOYCHHIO 3/IaHUs COTVIacHO TexHoioruu «Cucrema
JI190», mpenocraButr uHboOpMaIuio 00 d3hQeKTe MOBBIICHUS MOTIEPEYHON KECTKOCTH 1
¥ aMOPTHU3ALMOHHON MOIIIHOCTH (MOIIHOCTH JeMIT()UPOBAHHS ), SBUBIIUXCS PE3yIbTATOM
MIPUMEHEHHUS MTPOEKTa YKPETIICHUS.

 [lomydyeHHble 3KCIEpPUMEHTAIBHBIC NaHHBIC MPEACTABISIOT COOOM  KAauyeCTBEHHYIO
MCYEpIBIBAIOIIYIO 0a3y Uil JanbHEWHero uu@poBoro MOAEIUPOBAHUS CEHCMUUYECKOTO
OTKJIMKA 3/IaHUS.



