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BUBPOANAITHOCTUKA CTbIKOB CBOPHO-
MOHOJIMTHOIO XXEJIE3BOBETOHA

VIBRATION MONITORING OF JOINTS OF PRECAST AND
CAST-IN-SITU REINFORCED CONCRETE

AHHOTALUA

B cmamve paccmampueaemes memoouka 8u6poOUacHOCMUKY CIPOUMENbHbIX
KOHCMPYKYUIL HA npumepe Cblko8 COOPHO-MOHOAUMHO20 Jicene300emona. [Ipusedetot
Dpe3yabmamsl UccAe008aKULl U AHANU3 USMEHEHUs KOAUHeCMBeHHbIX OUHAMUYECKUX
xapakmepucmuk. Takice paccmompena 3a8ucumocmos eudponepemeueHui om
Yacmomoi KoAeOAHUI NPYU HAPYUWeHUU YeAOCIHOCIU KOHCIMPYKUUUL.

ABSTRACT

The methods of vibration monitoring of structures on the example of joints of
precast and cast-in-situ reinforced concrete are considered in article. The results
of research and analysis of quantitative changes of dynamic characteristics are
given. Also considered is the dependence of the oscillation frequency vibratory in
violation of the integrity of the structure.

BBEAEHWUE

TpeboBaHUS K KaYeCTBY CTPOUTEIbHBIX KOHCTPYKIIUIA B YCIOBUSIX PO-
cTa 00beMa CTPOUTENbHO-MOHTAXKHBIX padOT M HEMPEPHIBHOTO Ipoliecca
(DyHKIIMOHAJIBHOTO YCTapeBaHUS BBEICHHBIX B KCILTyaTAlMIO 3MaHUI 1
COOPYXKEHUU HEYKJIOHHO pacTyT. [Ipu peKOHCTPYyKIMHU CyIIeCTBYIOIIEro
Kuyoro (poH1a BO3HUKAET MpobieMa yCUIEHU S CYIeCTBYIOIIUX KOHCTPYK-
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LM U TPUBEACHUS UX B COOTBETCTBUE C HOBBIMU TEXHOJOTMUYECKUMU U
MoOpaJbHbIMU TpeboBaHUsIMU. [TOMUMO 3TOro, B HacToOsIILIEe BpeMs Cy-
LIECTBYET OMpeAeJeHHbII MPOLEHT 3AaHU, TTOABEPXKEHHBIX BO3IEHCTBUIO
BHEUITHMX (haKTOPOB, OKa3bIBAIOLIMX HETAaTMBHOE BO3JEICTBME HAa POUYHOCTh
UX KOHCTpYKIIMU. K TakuM pakTopaM MOXKHO OTHECTHU BO3JIEHCTBIE 3eMJIe-
TPsICEHUI, MoXapa, MOJABUXKHU I'PYHTOB U pabOTy CTPOUTENbHOM TEXHUKH
B HEMOCPEACTBEHHOM OJIM30CTU OT 3AaHusl. 119 KOHCTPYKIIUiA OCTPO BO3-
HUKaeT BOMPOC O CBOEBPEMEHHOM M MOCTOSSHHOM KOHTPOJie KauecTBa U
LIEJJOCTHOCTH, YTO MO3BOJUT AUArHOCTUPOBATh TEXHUUYECKOE COCTOSIHUE
CTPOUTEJbHBIX KOHCTPYKLIUIA, MPEIOTBPAaTUTh BOSHUKHOBEHHE aBapUAHBIX
CUTYyallMil ¥, ce0BaTebHO, YBEIUUYUT CPOK MX 3KCIyaTtauuu [1].

HauGonee acGeKTUBHBIMU U MEePCHIEKTUBHBIMU HEpa3pylIaloIIMMU
MeTolaMu SIBJIsSIIOTCSl BUOpalimoHHble. BubponuarHoctuka — obHapyxe-
HUE BHYTPEHHUX Je(hEKTOB U UBMEHEHU I B KOHCTPYKIIMSIX HA OCHOBaHUM
ompeneyeHusI UX COOCTBEHHBIX U PE30HAHCHBIX YaCTOT C MPUMEHEHHUEM
CMEKTpaJabHOro aHaau3a. [lo MmojyyeHHbIM CIEKTpaM 3aperucTpupoBaH-
HBIX CUTHAJIOB OT BUOPALIMOHHBIX AaTYUKOB OMPENEIOTCS COOCTBEHHbIE
4acTOThl U (hOPMBI KOJIeOaHU I KOHCTPYKLIMIA U 30aHUSI, a TaKXe Jorapud-
MUYeCcKUe AeKPEeMEHThl KojeOaHUM, UTO MO3BOJISIET OLIEHUTh KauyeCcTBO
KOHCTpYKUMi [2,3].

B GonblIMHCTBE ClydyaeB OCHOBHBIMM MH(MOPMATUBHBIMU JMHAMKUYE-
CKMMHU TapaMeTpaMy TEXHUUYECKOTO COCTOSIHUSI KOHCTPYKLIMUI SBJSIOTCS
YacTOThl U JEKPEMEHTBI COOCTBEHHBIX KOJIeOaHUI MO0 OCHOBHOMY TOHY,
KOTOpbIe HanboIee TYBCTBUTEIbHBI K MMEIOIIUMCS B CTPOUTEIBHBIX KOH-
CTPYKIUSX TedeKTaM 1 TIOBPEXKICHUSIM.

1. AMHamuyeckmne ucnbiTaHU METOAOM MrHOBEHHOIO
cbpoca Harpy3ku

C uenpio uccliefoBaHUSI YKa3aHHBIX UH(GOPMATUBHBIX TTapaMeTpPOB
B J1aOOPAaTOPHBIX YCJIOBUSIX OblJa MOCTaBIeHA CEpUS BKCIIEPUMEHTOB IO
onpeeeHUI0 TUHAMMYECKUX XapaKTePUCTUK XKeJle3006TOHHBIX 0aJIoK ¢
MTETIIEBEIMU IITIOHOYHBIMH CTBIKAMHU COOPHO-MOHOTUTHON KOHCTPYKTHBHOMN
cuctemsl (1o Tuny «Kapkac YHuduuupoBaHHslii bespureabHolit — 2,5» [4]).
['aGapuTHbIe pa3Mepsbl IKCIiepuMeHTalbHbIX 6a10K — 1200x100x150 MM, oO11iee
KOJTM4ecTBO — 16 1mT. OCHOBHBIE BUIBI M MAPKHPOBKA SKCIIEPUMEHTABHBIX
00pa3LoB NpuBeAeHKI B Tabaule 1.
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Tabauua 1

OcCHOBHble BUAbI U MapKUPOBKa 3KCMNepUMeHTanbHbIX

o6pasuoB

TTo3ummsa

MapkupoBka ce-
PHH IKCIIepUMeEH-
TAJbHBIX 00pPa310B

Cxema nerieBoro
CTBIKA Cepuun

IIpumeyanue

[eTneBoi CTHIK MO TEX-
Hojoruu KYb (Kapkac

1 A .
YauduunpoBaHHblii bes-
PUTEbHBIN) - 2,5

) B [ImoHOYHBIH
TETIEBOM CTHIK

3 c becmmoHouHbIi
METJIEBOM CTBIK

T £ 1
4 D _ LN OGpa3ibl 6e3 cThIKa

[TpenBapuTenbHO Mepen UCTTBITAHUSIMU JTMHAMUYECKON 3HAKOTIEpeMEH-
HOI Harpy3koi (pucyHOK 1) Bce 00pa31ibl ObLIM MOABEPXKEHBI CTATUUECKOMY
HarpyeHu1o, BCJIEACTBYE YEro B HUX 00pa3oBaauch Ae(heKThl B BUAE TPELIUH

B PacTSIHYTOI 30HE 00pa3IoB.

I/Ilé t F  3onacrema
\

150

100 |,

do

1000

Ay

LlOO

1200

PucyHok 1. Cxema guHaMn4eckoro ucnbitaHmnsa obpasuos 6anok (F-amnnutyna
OVMHaMMYeCKoW cunbl BUGpOMaLLMHBI; 1-akcenepomeTp)
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715 onpeieIeHUs 4acTOT U IEKPEMEHTOB COOCTBEHHBIX KoJicOaH Wit Oa-
JIOK MCTOJIb30BaJICsS METOJ MTHOBEHHOT'O CHSITUSI HArpy3KH C Moc/eayomiei
00paboTKoOI1 3aTyxalux KonedaHuit. B kayecTBe BUOpogaTuMKa UCIIOIb30-
BaJICSI HU3KOYACTOTHBIN CECMUYECKU akceaepoMeTp MapKu 731 A ¢pupMbl
Wilcoxon Research (CIIIA). Peructpauus BUOpOCUTIHAIOB BBIIIOJHSIIACH C
JIOKaJIbHOTO paboyero MecTa ¢ MOMOIIbI0 MOPTaTUBHON BOCbMUKaHaJIbHOMI
U3MEPUTEIbHOM ccTeMbl «CeiicCMOMOHUTOPUHT» (pUCYHOK 2). JI1st ortpese-
JIEHUSI 4acTOT KoJieOaHU I SKCIIepUMEHTATbHbBIX XKeJ1e3006TOHHBIX 0aJI0K ¢
METJIEBBIMU CTHIKAMU MTPOU3BOIUIICS CIIEKTPAJIbHBIN Y3KOIOJIOCHBII aHATNU3
B anana3oHe yactot 1-1000 I'u. ITo pe3yabraTaM AMHAMMYECKUX UCIIBITAHUIA
PETUCTPUPOBAJINCH BpeMEHHBIE CUTHAJIBI BEPTUKAJTBHBIX BHOPOYCKOPEHM i
U paCCUMTHIBAJIIUCDH CIIEKTPHI AJIS1 XKeJIe3006 TOHHbIX 0aJI0K TP MTHOBEHHOM
cOpoce Harpy3ku (pUCYHOK 3).
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o B I . Notebook
N (S, 2 otebool
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PucyHok 2. Crctema ceiiCMOMOHWUTOPUWHIa
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T
g
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PucyHok 3. 3apernctpMpoBaHHbI BUGPOCUrHaN YCKOPEHWiA (a) 1 ero cnekTp (6)
npv BO36Y>XXAeHUM KonebaHui 6anku ¢ neTrieBbiM CTbIKOM METOAOM MIHOBEHHOIO
cbpoca Harpysku

Hepez[ HaydaJIOM 9KCTIIEPUMEHTA 6BIJ'L':1 OIIpeaCJICHA TCOPETNYCCKAA 4aCTOTa
COOCTBEHHEBIX KOJIEOAH M1 Kee300€ TOHHBIX 0AJIOK C 3aILaHHOﬁ KECTKOCTBIO
IIpU YCJIOBHUU OTCYTCTBUA B HUX HOBpC)KI[eHHﬁ. EC BCJIMYUHA COCTaBUJIa
Freor = 2049 Ty,
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Bce pe3ysrbTaThl COMOCTaBISIACH CO 3HAUYCHUSIMY YacTOT MepBOii (POPMBL
COOCTBEHHBIX KOJICOaHW, TTOMYUYeHHBIX 9KCIICPUMEHTABHBIM ITYTEM TSI
KaxX 0¥ 6aTK¥ B OTACIBHOCTH 10 UCIBITAHUS €€ CTATHYECKUM HaTrpyKeHUEM.
JanHble 3HaYeHUS OBIIM TPUHATH 3a 100%.

[Mocne craTmaeckoro HarpyKeHMI-pa3rpy3KU IIPH BeTMIMHE HATPY3KH,
cocrapisgiomeii 0,5 or pa3pyliamolieil, uCIIbITaHUS 0aJoK cepuu A Mmoka-
3a]ld CHMXXCHUE YacTOThl COOCTBEHHBIX KOJeOaHUii 10 3HaYeHU#H 69—85%
OT mepBoHavyaJdbHbIX. [locae cTaTHUYecKOro HarpyXeHu-pa3rpy3Ku Mpu
BeJMUMHE HArpy3Ku, coctasisionieit 0,9 ot paspyialomieii, coocTBeHHast
94acTOTa CHU3WIIACH 10 3HaYEeHM B 55—58% OT epBOHAYaIBHBIX TOKA3aHUIA.
AGCONOTHBIE 3HAYEHMST 9aCTOT COOCTBEHHBIX KOJIeOaHWI MO MCIBITAHUIA
CTaTWMYECKUM HaTpyKeHUEM IS TaKUX 6aJI0K BapbUPOBATUCH B THAITa30HE
o1 202 T'y oo 211 .

[Mpy TMHAMHWYECKUX MCITBITAHUSIX METOIOM MTHOBEHHOTO cOpoca Ha-
I'PY3KH COOCTBEHHAsT YaCTOTa KOoJlebaHMit 6aok cepun B mocite craTmueckoro
HarpyXeHH-pas3rpy3Ku IpH BeJWYMHE HATrpy3KH, cocTaBismomnieit 0,5 ot
paspyliaplieii, Haxonujaach B mpeaenax ot 64% n0 72% oT nmepBoHaYaIbHbIX
3HaYeHU . [1py MCTTBITAHMSIX TIOCTIE CTaTUUYECKOTO HAr Py KeHU I-pasrpy3Ku
MpY BeJMUYMHE HArpy3KH, cocTaBisionieit 0,9 ot paspyialonieii, 3SHaYeHU S
COOCTBEHHOM 4acTOTHI KOJIeOaHUM CHU3UIUCH 10 45-51% OT aHaJJOTMYHBIX
3HAYEHW A, TIOJTYYEHHBIX 0 HAI Py XeHUSA-Pas3rpy3Ku dKCIIePUMEHTaTbHBIX
00pas1oB CTaTMYECKON HAIPY3KOI.

CoOCTBEHHbIE YaCTOTHI 1181 TepBOi (hopMbl KoJiebaHuM it 6aiok cepuu C
MOCJIe CTaTMIeCKOTo HarpyXeHus B pa3Mepe 0,5 OT paspyIraromieil Harpy3ku
CHU3MIUCH 10 71—86% OT mepBoHavYaIbHBIX 3HaYeHU . [Tocite craTnyecko-
TO Harpy>XXeHusI Ipu Harpy3ske, cocTapistonieit 0,9 ot paspymiaiorieit, ot
3HauYeHUs yxe cocTaBisuin 64—73%. VicnibiTaHus 6alok, BbIMOJHEHHBIX 6e3
METJIEBOT'O CTHIKA, TTOKA3aI1 CHUXKEHMe COOCTBEHHON YacTOTHI KoTeOaH it
npu nepBoit popme no 81—-94% miist BTroporo srama (mocjie HarpyXeHust
00pas1ioB 10 Harpy3ku B pasmepe 0,5 oT paspyluaiouiei 1 mociaeayouei
pa3rpy3ku). 3HaueHUsI COOCTBEHHBIX YaCTOT BEPTUKAJIBHBIX KOJIeGaHW i
Ha TPETheM dTalle JJIsT TaK1X 6aJI0K B IPOLIEHTHOM OTHOIIEHUH COCTABHIIO
54-56% ot repBOHAYAIBHBIX 3HAUeHMH. OOIIast KapTWHA CHUXEHUS 9aCTOT
COOCTBEHHBIX KOJIeOaHM1 1JIsT 0aJIOK TT0 CeprsIM 0TOOpakeHa Ha pUCYHKe 4.

AHann3 n3MeHEeHU S KOJTMYeCTBeHHBIX TMHAMUYeCKHMX XapaKTepUCTUK
AKCIIEPUMEHTAJBHBIX 00pa3IIoB 3aKJII0YaJICS TaKKe B ONpeneieHuN pakTH-
YeCKUX AeKPEeMEeHTOB KoebaHui (pucyHok 5). [To pesynbraram usmepeHui
MOCTPOEHBI TUATPAMMBI IT0 A0COTIOTHBIM X OTHOCUTEIbHBIM (OTHOCUTEIHHO
3HaYeHU# JJorapu(pMUUECKUX AEKPEMEHTOB 3aTyXaHus IJis 6ajoK IO MX
CTaTMYECKOT0 HarpyXeHus) 3HAUeHUSIM IEKPEMEHTOB KoJieOaH M.
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YcpenHeHHOe 3HAUYEHWE JIOTapU(PMUUIECKOTO JeKpPeMEeHTa 3aTyXaHUs
coctaBuyio 0,1475 nas 6anok cepuu A M oka3zajoch HauMeHbIIUM. Cie-
JIyeT OTMETUTh, YTO U IO pe3yabTaTaM MOCIEAYIOIMX 3TallOB UCTIBITAHUIA
3HaYeHHUe JIOTapu(PMHUIECKOTO TeKPEeMEHTa IJIs 0aJIOK Cepur A 0CTaBaJoCh
MUHHUMAaJIbHBIM IO CPAaBHEHUIO C aHAJIOTMYHBIMY 3HAYEHUIMU JIEKPEMEHTOB
IUTST 6aJTOK OCTAJIBHBIX CEPHI.

100
90
80
70 - M Bes TpewwmH
60 - M [Nocne BocnpuATHA
50 - CTaTMHECKOWM HarpysKku
BenuyunHoi 0.5 ot
40 1 paspylwatoLieit
30 -
20 w Mocne BOCNPUATHA
CTaTUYECKOW HarpysKku
10 + sennyunHoin 0.9 ot
0 4 paspywatowiei

Type A Type B Type C Type D

PucyHok 4. [lnHamnka CHUXeHNA COBCTBEHHBIX 4acTOT KonebaHuii 6anok nccne-
[OBAHHbIX CEpuiA Mo pesynsTataM AYHaMUHEeCKUX UCTbITaHUi

AannuTyaa

0M2c327.60 0m2c33840 0M2c350.00 OM2c361.60 O0M2c37320 OM2c3B4.80 OM2c396.40 OM2c403.00 0M2c413.60
Bpema

Nor. nexpemenT(+) =0.1168
Nor. nekpement(-) =0.1105

PucyHok 5. Jlorapumnyecknii AeKpeMeHT KonebaHui, onpegeneHHbIv npum no-
MOLLI CUCTEMbI CENCMOMOHUTOPMHra
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2,5 -
2 - M Bes TpewwmH
H Mocne BocnpuATMA
1,5 cTaTUYeCKOM HarpysKku
Benn4uHon 0.5 ot
14 paspywaouwein
m Mocne socnpuaTus
0.5 CTaTU4ECKOM HarpysKku
senuyuHoi 0.9 ot
0 ' ' ' paspywatoweit

Type A Type B Type C Type D

0,5 -
0,45 -
04 -

M Bes TpewmH
0,35 - Pt

B MNocne Bocnpuatus

0,01;: 1 CTaTU4eCKOM Harpysku
0,2 - BENMYUHON 0.% ot
0,15 - paspyLlaioLei
0,1 | | Mocne BoCHPUATHA
0.05 - | CTaTU4eCcKoW Harpysku
' 0 - i : | senn4nHon 0.9 ot

1 -
paspywaroLeit

Type A Type B TypeC Type D

PucyHok 6. 1ameHeHve fekpemeHTa KoniebaHui B 3KCneprMeHTarnbHbIX 6ankax
B XO[€e UCMbITaHUI: a8 — OTHOCUTENbHOE YBEIMHEeHNe 3HA4YEHNIN [EKPEMEHTOB;
6 — abCoNIOTHbIE 3HAYEHNS JeKPEMEHTOB

MakcuManbHOE 3HaYeHUE JOrapuMUIECKOTO JeKpeMeHTa ObLJIo
MoJIy4YeHo Mpu UcbiTaHusX 6anok cepuu C. Ot 3HaueHus 0,1885 Ha mepBom
JTare Jorapu(MUUeCKU IeKPEMEHT 3aTyXaHUs JJIST TAKUX 0aIoK YBEIH-
YUJICS MOCJIe BOCIIPUSTUS UMY CTaTUYECKOTO HarpyxeHus B pasmepe 0,9
OT pa3pymatoieii Harpy3ku 10 0,4430, uto 6osblile 3HaYeHU I JeKPEMEHTOB
3aryxanus 0,4120 u 0,3840 nist 6anok cepuit A u B coorBeTcTBeHHO. [lekpe-
MEHT KoJiebaHmi1 715 6aioK cepur D mociie BOCIIPUSATHSI UMY CTaTUYECKOTO
HarpyxeHus: B pasmepe 0,9 ot paspymaromieir Harpy3ku coctasw 0,4165.
OnHako, MPUHSB BO BHUMaHKUE OTHOCUTEbHbIE BEJUUYMHBI TEKPEMEHTOB
3aTyXxaHusl KojebaHUi, MOXXHO OTMETUTh yBEJIMYEHUE ACKPEMEHTOB IJIs
Oasok cepuu A B 1,91 pasa mocie BocnpusaTus 0aakaMu CTaTU4ecKoi Ha-
rpy3ku B pazmepe 0,5 oT paspyniarolieid ¥ B 2,6 pa3a mocje BOCIIPUATHS
9KCIEepUMEHTaTIbHBIMU 00pa3aMu Harpy3ku B pasmepe 0,9 oT paspyuia-
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foweii. st 6anok cepun B nekpemeHT yBenmmumics B 1,79 u B 2,39 pasa,
11t 6anok cepuu C — B 1,65 u B 2,35 pa3sa, cooTBeTCTBeHHO. [ 620K 6e3
CTBIKOB IEKPEMEHTHI 3aTyXaHU s KoJieOaHU it yBeIUIMIUCh B 1,83 paza mocie
BOCHpUATHS OaJKaMU CTaTUYECKOI HAarpy3ku B pa3mepe 0,5 oT pa3pyiiaio-
mieit u B 2,86 pa3a — Imociie BOCIPUSITHS SKCIIepUMEHTaIbHBIMU 00pa3iamMu
Harpy3ku B pasmepe 0,9 ot paspymaomniei.

Kak BUIHO M3 pHUCyHKa 6, HaWMeHbIIee IMpUpalleHne JeKpeMeHTa
KoJieOaHMiT B aOCOJNIOTHBIX 3HAUYEHUSIX U OJHOBPEMEHHO HAaMOOJbIIYIO
IWHAMUKY ero yBEJIWYEHHUS MO OTHOIIEHMIO K TepBOHAYaJIbHBIM 3Haue-
HUSIM II0Ka3aJy UCIbITAaHUS XeJIe300€TOHHBIX 0a10K cepuu A. 3HaUeHU
JEKPEMEHTOB KoJle0aHM# B 0aJIKax cO IIIMOHOYHBIMHU CThIKaMu (cepus B) u
B Oasikax 6e3 CThIKOB (cepus D) OblIM conmocTaBUMBI APYT € ApyTroM. B To xe
BpeMs abCOTIOTHBIE 3HAYEHU ST IEKPEMEHTOB KoJleOaHM I B pe3yibTaTe KC-
MepUMEHTaIbHBIX UCCIIEIOBaHUIT B 0aKaX ¢ OECHIMOHOYHBIMU METIEBBIMU
cteikaMu (cepust C) ObLIM MaKCUMAaTbHBIMMU.

2. InHaMmun4yeckue UcnbiTaHUA MHOrOKpPaTHO
MOBTOPSAIOLLENCS Harpy3Kou

JaHHBIC UCTIBITAHM S OaJI0K OBLIM MTPOBEAEHBI B ABa 3Tana. Ha mepsom
aTare Bce ONBITHBIE 00pa3lbl ObLIM UCIIBITAHBI BUOPALIMOHHON HAarpy3Koii
JI0 HavaJjia CTaTUYECKOro HarpyxeHus. Ha BTopoM aTane AuMHamMuuyeckKue
UCTIBITaHUST 00Pa3Ll0B MPOBOAMIIKCH MTOCE TOCTHUXEHUS CTaTUYECKO Ha-
rpy3Koii 3HaueHu i, coctapisiomux 0,5 u 0,9 oT paspyialomeil Harpy3Ku.
YacroTa iMHAMUYECKUX BO3IEHCTBU I BUOpOMAILIMHBI BO3pacTalia CTyIeHYaTo
ot 2 ' ;o 16 'y (mar — 2 I'). 1o pe3yabrataM TMHAMHWYECKUX UCTTBITAHUIA
0aJIoK oIpeaeaeHbl aMILIMTYIbl BUOPOYCKOPEHUI, BUOPOCKOPOCTEN U BU-
opomnepemereHuii. IIpu 06paboTKe BUOPOCUTHAJIOB C TIOMOIIbIO CUCTEMBI
«CeliCMOMOHUTOPUHT» BHITIOTHSIIACH U(poBast puabTpauus (pUCyHOK 7).

I Bcex UCTIBITAHHBIX 6aJIOK ObLIO 3aperuCTPUPOBAHO yBEIUUYEHUE
3HAYCHW aMTIIUTY I TIpy HU3KUX 9actotax (o1 1 I'm go 6 I'm). [MpuunHOit
aToro ¢akTa MOXET CIYyXUTh COOCTBEHHAsI 4acTOTa KojebaHuUi Bceil uc-
MbITaTEJbHON YCTAHOBKM, COCTOSIILIEN HE TOJBKO M3 SKCMEPUMEHTAIbHBIX
0ajloK ¢ BUOPOMAIIMHOM, HO M METAJIMYECKON CTaHUHBI, YCTAHOBJICHHOI
Ha pe3MHOBbIE BUOPOTACUTENM U CIYXMBIIEH OMOPON AJIST UCCIEAYEMBbIX
00pasioB. B aToM ciyyae cieayeT roBOPUTDb HE O TIOBEIEH WU SKCTIePUMEH-
TaJIbHOro 00pasiia C MeTAeBbIM CTHIKOM B 1IEJIOM, a O TTIOBEIEHU U TIETIEBbIX
CTBHIKOB pa3JMYHBIX KOH(pUTypaluii Ipu BOCIPUSITUU BUOPOHATPY3KHU.
ITo 3Toii MpUYMHE NPU aHAJIN3€ SKCIEPUMEHTAJIbHBIX JAHHBIX 3HAUYEHU S
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BUOpoIepeMelIeH Ui, BUOPOCKOPOCTei U BUOPOYCKOPEHUI MTPU HU3KUX
4YacToTaX BO BHUMaHUE HE IPUHUMAJIUCD.

Ko Onesstmm

3 ‘ )
F b R R

PucyHok 7. BubpocurHan yckopeHuin 6anku nocne cpuvnstpauum (BBEpXy) 1 uc-
XOZHbIV 3aperncTpMpoBaHHbIi curHan (BHU3y)

Ha pucynke 8 mpencraBieHbl 00001IeHHBIE TpapuKy 3aBUCUMOCTH
BUOpOIepeMeIleHU il OT YaCTOTHI AJISI KaXXJI0H CepuU SKCIIEPUMEHTATbHBIX

00pa3LoB.
S. MKM S, MKM
90 - Type A %0 1 Type B
80 80 -
70 70 1
60 | 60 7
50 - 50 1
40 - 40 -
30 A 30 4
20 A 20 +
10 10 -
0 - - T 0 T T T
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
S, MKM S, MKM
90 1 Type C 90 - Type D
80 - 80 -
70 4 70 -
60 60 -
50 50 -
40 40 +
30 - 30
20 20 4
10 - 10 4
0 T T T 0 T T T Y -
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
PMcyHOK 8. OI'IbITHbIe 3aBNCUMO- ::xi;‘;?::pumwn CTaTHYECHOM HArPY3KM BEAMUMHON
CTV BUOpONEpEMELLIEHUA cepefHbl 0.5 oT paspylwatowed

nponeTa 6an0K OT 4YacCToThbl == ocne BOCNPUATUA CTaTUYECHON H3arpysKu BEAWYUHON
0.9 oT paspywatowei
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Ha pucyHKax mpuBeIeHO MO TPU ONBITHBIE KPUBBIE: 3aBUCUMOCTD
BUOpoMepeMelIeHU I OT YacTOThI s 020K A0 UCIIBITAHUN CTaTUYECKUM
HarpyxeHueM U 3aBUCHMOCTU BUOpOMNEpeMelIeHU i sl TeX XKe dKCIepu-
MEHTAJIbHBIX 0aJIOK MOCJIe CTAaTUYECKOTr0 HarpyXeHusl 0aJloK Harpy3Koii B
0,5 u 0,9 ot paspy1uaronei.

YcTaHOBIEHO, YTO MPU UCTIBITAHUSIX KEJIE300€ TOHHBIX 3KCIIEPUMEHTATb-
HbIX 0aJIOK, BBITIOJIHEHHBIX C METJIEBbIMU CTbIKaMU, BUOpOIEpEMEIIEHU S
MOCJIE CTATUYECKON Harpy3Ku-pasrpy3ku B pasmepe 0,5 oT paspyuiaroieit
ObLJIM BbILIE AaHAJOTMYHBIX 3HAYEHU A, ITOJTYYEHHBIX Ha OajiKax 10 UCMbITA-
HUS CTaTUYeCKUM HarpyxkeHueM. CyliecTBEHHbIE pa3iudus B BOCIIPUSITUN
BUOpALlMOHHOM Harpy3Ku NETJIEBBIMUA CTBIKAMU MPOSBUJIMCH TIPU UCTIBITA-
HUSIX Xe1e300€TOHHbIX 9KCIIEPUMEHTATbHbIX 00Pa31l0B, MPOLIEAIIMX 3TATl
CTaTUYECKOT0 HArpyXeHUsI-pa3rpy3Ku IMpu cuie, cocTaBiasiomein 0,9 ot
pa3pyluaroueid Harpy3Ku.

Ha sToMm aTane nepemeitieHns B 6ajaKax co IIMOHOYHBIMU CThIKAMU CTaJIH
€111€ BbIIIE AaHAJIOTMYHbIX 3HAYEH U, TOJYYEHHBbIX Ha IPEIbIAYIIMX ATanax.
Takas xe kapTrHa HabJ1101a1ach ¥ MPU UCTIBITAHUSIX SKCIIEPUMEHTAbHBIX
6anok cepuu D, BBIITOJTHEHHBIX 0€3 cThiKa. B TO Xe Bpems, BubporepeMe-
IIEHWS TIPU UCIBITAHUM 0aJIOK C METJAEBbIM CTBIKOM, BBITTOJHEHHBIM IO
texHojoruu «Kapkac YauduuupoBaHHbiit bespureabHblii — 2,5» 1 6aaok
¢ OeCIIMOHOYHBIM CTHIKOM OKa3aJuCh 3aMETHO MEHbIIIE T€X Xe 3HAaUeHU,
MOJYYEHHBIX MPY UCTIBITAHUSAX 3TUX Ke 00pa31oB MOCIe CTaTMYeCKOro Ha-
I'PYXEHUSI-pas3rpy3Ku BeaMuuHOi B 0,5 oT pa3pyiialonieir Harpy3ku.
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3AKJTIOHEHUE

ConocTaBuB I'pauKy 3aBUCMMOCTEl BUOPOIIEpeMEIIeH Ui OT 4aCTOThI
JUJ1s1 0aJIOK ¢ TIeTJeBbIMU cThiKaMu cepuit A, B, C u 6a10K 06e3 CThIKOB cepuu
D a5 kaxaoro atarna sKkcriepuMeHTaJbHbIX UCCEA0BAHU (10 HArpyKEeHU s
CTaTUUYECKOM HAarpy3Koi 1 MocJje HarpyKeHUsI-pa3rpy3Ku BeauuuHoi B 0,5
(pucyHok 9) u 0,9 (pucyHok10) oT paspyuiatoiieit) MHOTOKpaTHO TTOBTOPSI-
Iolelics BUOpAalIMOHHON Harpy3Koil, yCTaHOBJIEHO:

a)
S, MKM
25 4
bes TpewmnH
20
15 +
10 +
5 .
f, '
0 T T T T T T
4 6 8 10 12 14 16
0)
S, MkM [locsie BOCMPUATUS CTaTUUYECKON
90 - HarpysKku BennumHoit 0,5 ot
80 A Y
aspyuwatoLemn
20 | paspy Type A
60 1 —»—TypeB
50 -
40 ——TypeC
30 - —l—Type D
20 -+
10 A f, T
0 1
4 18

PucyHok 9. Pesynsratbl AMHaMUYECKUX UCTIbITAHUIA — rpadkn 3aBUCUMOCTU BU-
6ponepemMeLLeHNI OT YaCTOThI (NMOLIAroBOe HaNIOXeHWe 4si BCEX CEPUIA:

a — 6e3 TpeLH;

6 — nocre BOCNPUATUA CTaTUYECKON Harpy3kn BennynHon 0,5 ot paspyLua-
roLLen)
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S, MKM .
Mocne BOCNPUATUA CTAaTUYECKON

60 - o
Harpysku senmumnHon 0.9 ot
50 4 paspyLuatouLei
40 -
30 -
Type A
20 -
——Type B
10 A
f, T —4—TypeC
0 T T T T T T 1 _._TYDED

4 6 8 10 12 14 16 18

PucyHok 10. Pe3ynstaTbl AMHAMWYECKNX UCTIBITAHWUI — rPathuKkn 3aBUCMMOCTU
BMOPONEPEMELLIEHNI OT HACTOThI (MOLLArOBOE HANOXEHNE AJ1s BCEX CEPUIA — MO-

L.
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Cre BOCTIPUATUS CTaTUYECKOW Harpy3ku BenmymHoi 0,9 oT paspyLuatoLLein)

[1py ucnbITAHUU AUHAMUUYECKON HArpy3KOW 3KCIepUMEHTaJbHBIX
00pa3uoB 0e3 TpellnH pa30poc 3HaYeHN 1 BUOpOIIepeMEIIEHN I BCEX
0aJIoK ¢ TMeTJeBbIMU CTBIKAMU B LIEHTPaJbHOM 30HE 0ajloK OBbIJI He-
60sbKM. OTHOBPEMEHHO C 3TUM BUOporepeMelleH s 0aI0K cepun
D B cepenmHe TIpojieTa 3aMeTHO OTJIMYAINCh B OOJBIIYIO CTOPOHY —
Ha 30-40% oT aHaJOTMYHBIX 3HAYCHUI IJIS1 OCTaJbHBIX 0aJIOK.
HanpHeillive UCTbITaHUS 0aJOK C METIeBBIMU CThIKAMU JTUHAMM-
YyeCcKOU Harpyskol mocje cTaTUYEeCKOIr'o HarpyKeHUs-pa3rpy3Ku
BeaunuuHOi B 0,5 OoT pa3pyllalleil moka3aau OOJbIINK pa3dpoc
abCOJIIOTHBIX 3HaYeHUIT BUOporepeMelieHuil (pucynku 9a, 96,10).
[Tpu cpaBHeHUU rpacMKOB 3aBUCUMOCTEM BUIHO, UYTO OaJIKU CepUu
D nmMmeroT HamMeHbIIIMe aMITJTUTYIBI BUOpOTIepeMellieHN I B CEpeITHe
mpoJieta. banku cepuu B co IMOHOUHBIMY MIETIEBBIMM CTHIKAMM Ha
JIAHHOM 3Talle 3KCIIepUMeHTa MoKa3ajau caMble OJ1U3KMe K 3TaJI0H-
HbIM OajikaMm cepuu D 3HaueHus1 BUbporepemeleHuii. PazHuia atux
rokasaTteeii coctaBuia 22-32%. BubponepemelieHus 6aj10K cepuu
C 6bL1H y3ke Ha 58-75% Bblllle 3HaYeH U BUOpOTIepeMelleH Uit 6aI0K
6e3 cThikoB. Heckobko HEOXXMAAHHBIM MOXHO CUMTATh pe3yabTar
WCIIBITAHUM OJ151 0aioK cepur A. BubpomnepemelneHnsT TaKux 6aa0K
oKasaiuch B 2,4-2,55, a ipu 16 't — B 3 pa3a Gosblie BUGpoMepe-
MEIIEeHUI 0aToK 0€3 CTHIKOB.

[Mpu ucrpITaHUAX TOCIEe CTaTUYeCKOro HarpyxeHus B 0,9 ot pas-
pylIaromeil Harpy3km MOXXHO YBUIETH CIASAYIOIINe U3MEHEHUS 110
cepusIM B pe3yJibTaTax ucnbeiTaHuil. [1pu comocraBaeHuM rpadrkoB



3aBUCUMOCTe# Ha pucyHKax 9 u 10 BugHO, UTO BUOpONepeMelleHU ST
cepenuHbl TpoJieta 6anok cepuu C ¢ 6eclIMOHOYHBIMU CThIKaAMU Ha
35-44% meHblle 3HaYeHU 1 BUOpoIiepeMelieHn it 6a1ok cepruu D, BbI-
MOJHEHHBIX 0€3 CTHIKOB. B cBOIO ouepenn, BUOporepeMelieHu s 0aJI0K
CO IIITIOHOYHBIMU CThIKaMu (cepus B) 1 co cThiIKaMu, BBITTOJTHEH HbI-
MU 110 TexHojornu «Kapkac YaudunnpoBanHbiii be3purenbHblii»
(cepust A) comocTaBUMBI CO 3HAUCHUSIMM TIepeMellleHUit 6alok 0e3
CTHIKOB M OTJIMYAIOTCS OT MocjiaeqHuX Ha 6-10%.

WcnbiTaHus Kene300eTOHHbBIX 0aJIOK ¢ pa3IMYHON KOHpUrypaluei
rpaHei MeTJIeBbIX CTHIKOB BUOpALIMOHHOI 3HAaKOIIepeMEHHOI Harpy3-
KOl moKa3aJiu HaJIn4re NPEeuMYILIECTB AJIsI KaXK 10U 13 KOH(pUTrypaluit
CTBIKOB B KOHKPETHBIX yCJIOBUsX. [Tociie craTuueckoro Harpy keHusi-
pa3rpy3Ku ¢ BeJIMUMHOW Harpy3ku B 0,9 oT paspyluarolieit, xect-
KOCTb IETJIEBbIX COEAMHEH Ui 6AJIOK C O€CIIIMTOHOYHbIMU NMETIEBBIMU
CThIKaMH OKa3aJlach MaKCUMaJibHOM. JlaHHast KOH(pUTYpalUsI CThIKa
Ha 3aKJIIOUYUTEJILHOM 3Talle UCCel0BaHU I SIBASIETCS ONTUMaIbHOMN
10 MoKa3aTeJIsIM XKeCTKOCTHBIX XapaKTepucTuk. MccienoBaHus mno-
3BOJISIIOT CJIEJaTh BBIBOJI O PALIMOHAJbHOCTU IPUMEHEH U S B COOPHO-
MOHOJIUTHOM CTPOMTENbCTBE HAPSIAY CO CTHIKaMM B 0ajiKax cepun A
(o rexnonoruu KYb-2,5) rakxe u 6anok cepuu B co IImoHOYHBEIMU
METJIEBbIMU CThIKAMU.

CornocTaBjieHUe pe3yJabTaTOB BUOPOAMATHOCTUKU KOHCTPYKLUI U
pe3yJIbTaTOB ONpeAe/IeH I OCHOBHBIX TMHAMUYECKMX XapaKTepUCTUK
METOJJOM MTHOBEHHOT'O CHSITUSI HaTPy3KHU MO3BOJISIET CIIEIaTh BbIBO/ O
KOPPEKTHOCTHU U JJOCTOBEPHOCTH MOJyYEHHbIX pe3yJIbTaTOB. B Oyny-
11IeM TJIAHUPYETCsl yCOBEPIIEHCTBOBAHME KOMITJIEKCa 000py10BaHU ST
JUJTISI BUOPOIMAaTrHOCTUKU, a TaKKe TPOrpaMMHOTO obecrieueH st 1151
00pabOTKHU IOJIYyYEHHBIX Pe3yIbTaTOB.
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