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HEXECTKUX AOPOXHbIX OAEXA C UCIMNOJIb3OBAHUEM
METOAOOB HEPA3PYLLUAIOLLEIO KOHTPONA

E.B. YrnoBa, A.H. TupatypsH, A.A. JlanuH

PocToBckuin rocygapCcTBEHHbIN CTPOUTENbHLIN YyHUBEpcuTeT, PocTtoB-Ha-[oHy, Poccusa

O CTATbE AHHOTALUWA

Mony4yeHa: 4 mapTta 2016 . MpeaonoxeH KOMNMEKCHbI MOAXOA K UCCMEAOBaHWIO XapakTEPUCTUK AMHaMUYECKOro
MpunsTa: 15 mas 2016 r. AedOopMNPOBaHMS Ha NMOBEPXHOCTU HEXECTKUX AOPOXHBIX OAEX C NCMONb30BaHNEM METOo-
Ony6nukosaHa: 30 uoHs 2016 [0B HepaspyLLaKoLLEero KOHTPOIs, BKIOYaloWWii B cebs Kak aHanma pacyeTHbIX U aKcnepu-

MEHTalbHbIX 4Yall MaKCUMalnbHbIX ANMHAMUYECKUX rIpOFVIGOB, TakK N aHanuMa XapakTepucTuk

Kmiovessie crioga: AMHAMUYECKOrO OTKIKA HEXECTKOM [JOPOXHOM KOHCTPYKLIMM B 4aCTOTHOM 06M1acTi npu kpar-

HeXeCTKne JOoPOXHble oaexabl, KOBPEMEHHOM YAapHOM HarpyxeHuw. MNpeacTaBneHbl pesynbTaTbl YUCTIEHHOTO 3KCMEPUMEH-
obpaTHbIN pacyeT, Moayrnb Ta No MOAENMPOBAHMIO BIIMSIHWS NOTEPU CLENNEHNA MeXay OTAENbHbIMM 3MeMEHTaMu He-
yrnpyrocTu, uHamuyeckoe XECTKUX [OPOXHBIX 0AexXA Ha hopMy amMniMTyAHO-4aCTOTHOW xapaktepucTuku (AYX) ycko-
HarpyxeHwue, 4alua npornbos, PEHVst Ha MOBEPXHOCTW AOPOXHOW OAeXabl. YCTAHOBNEHO YTO MPU MOMHOM MEXCIIOMHOM
amnnuUTyAHO-YacToTHas CLenneHnn mMexay BCeMU drieMeHTaMM HEXECTKON JOPOXKHOW KOHCTPYKLUMU B aMMnUTYAHO-
XapaKTepucTuka yCKOpeHus YaCTOTHOWN XapaKTepUCTUKE YCKOPEHNSA NPUCYTCTBYET €ANHCTBEHHBIV YaCTOTHBIA SKCTPEMYM.

Mpy noTepe MEXCINONHOTO CLENNeHWst Mexay OTAENbHLIMU SIEMEHTaMU HEKECTKOW [JOPOX-
HOW KOHCTPYKLMM Ha aMNUTYAHO-4aCTOTHOW XapaKTepuCTUKe MPOSIBISIETCS HECKOMNbKO J10-
KarnbHbIX YaCTOTHbIX 3KCTPEMYMOB. AIEKBaTHOCTb Pe3yribTaToB YMCIIEHHOrO MOZENMpoBa-
HUS 0BOCHOBBLIBAETCSH XOPOLLMM COOTBETCTBUMEM Mexay dhopmMamMyt ammnnmTyAHO-YaCTOTHBIX
XapaKTepUCTUK YCKOPEHUSI, PACCHUTAHHBIX C WUCMOMNb30BaHUEM aHANUTUYECKOW MOZENW Au-
HaMWYECKOTO HanpPsXKeHHO-1ePOPMMPOBAHHOMO COCTOSIHWS, W aMMnnTyOHO-4aCTOTHLIMU
XapaKTepuCTUKamm, 3aperMcTpupoBaHHLIMU Ha MOBEPXHOCTU MOKPBLITUS HEXECTKUX [OPOX-
HbIX OEX[, B HATYPHbIX YCIOBUSIX. PacCMOTPEHbI BOMPOCh! MOCTPOEHUS Yall MaKCUMarlbHbIX
[AVHAaMUYECKVX NMPOrMBOB Ha MOBEPXHOCTU HEXECTKON [OPOXHOM ofexabl Npu BO3AENCTBUN
KpaTKOBPEMEHHOIO YAAPHOTO HarpyxeHus.. MNpuBeaeHs! NpUMepbl NPUMEHeHUst paspaboTaH-
HOrO KOMMIEKCHOrO Moaxofa st peLleHust 3aaay OLEeHKV MOZyNEN YNpyrocTu KOHCTPYKTUB-
HbIX 3MEMEHTOB HEXECTKUX OOPOXHBIX OAEX, YCTPOEHHbIX Ha yvacTkax aBTOMOBUITbHBIX
fopor. OnpefeneHbl NepcnekTBbI PasBuTUSI NpeasiaraeMoro noaxona, HepaspbiBHO CBS-
3aHHbIE C COBEPLLEHCTBOBAHNEM METOOB U CPEACTB aHanu3a NoBeaeHUs! JOPOXHOWM KOHCT-
PYKLMW B YACTOTHOM 06nacTu Npy AMHAMUYECKOM Harpy>KeHUW.
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A comprehensive approach to studying dynamic deformation characteristics on the
surface of non-rigid pavements using nondestructive inspection techniques was proposed.
It includes the analysis of the calculated and experimental bowls of maximum dynamic
deflection and analysis of the dynamic response characteristics of a non-rigid road design in
the frequency domain with a short-term shock loading. The results of the numerical simula-
tion experiment were given related to the effect of adhesion loss between individual ele-
ments of non-rigid pavements on the form of amplitude-frequency characteristics (AFC) of
acceleration on the pavement surface. It is established that there is only one frequency
extreme point present during a complete interlaminar adhesion between all elements of the
non-rigid road structure in the amplitude-frequency characteristic of acceleration frequency.

With the loss of interlayer adhesion between individual elements of the non-rigid road con-
struction, some local frequency extremes occur in the frequency response. The adequacy
of numerical simulation results is based on a good match between the forms of acceleration
amplitude-frequency characteristics which were calculated using an analytical model of
dynamic stress-strain state and amplitude-frequency characteristics registered on the sur-
face of non-rigid pavement coatings in natural conditions. The paper considers the issues of
constructing bowls with a maximum dynamic deflection on the surface of a non-rigid pave-
ment under the influence of a short-term shock loading. There are examples of applying the
integrated approach to address the evaluation elasticity modules of structural elements in
non-rigid pavements that are arranged on highways sections. This approach might be fur-
ther developed to improve methods and tools for analyzing road structure behavior in the
frequency domain under dynamic loading.

© PNRPU

BBepeHue

OnauM 13 HambOosee OTBETCTBEHHBIX M JIOPOTOCTOSIIUX MPEICTAaBUTENICH Kjacca MHOTO-
CJIOMHBIX KOHCTPYKIIHA, TPUMEHSIEMBIX B CTPOUTEIBLHOM MPAKTHKE, SABISIOTCS HEXKECTKHE IOPOK-
HBIE OJICXK/IbI, BOCTIPUHUMAIOIIIME HATPY3KY OT TPAHCIIOPTHBIX CPENICTB, IBUKYIIUXCS IO aBTOMO-
OWIBLHOM JOopore, W TMEepenarllue ee Ha TPYHT 3eMIISTHOTO MOoJIOTHA. Bakuelimed mpobiemMoit,
CTOSIIIIEH TIepe] TOPOKHUKAMH BCEX CTPaH, SBJSETCS MPEKICBPEMEHHOE Pa3pyIICHHE TOPOKHBIX
OJIe)K]T MHTEHCUBHBIM JMHAMUYECKUM BO3JIEHCTBHEM TPAHCIIOPTHOTO IMOTOKA U HETATUBHBIM
BJIMSTHUEM TPUPOIHO-KIMMATHYECKUX (akTopoB. Pemraercst 3ta mpobiema myTeM MpOBEICHHS
PEMOHTHO-BOCCTAHOBUTEIBHBIX Pa0OT, BKIFOYAIONINX B CeOs KAIMMTAIBHBIA PEMOHT W PEKOHCT-
pykiuto. OQHAKO OY€Hb Ba)KHO, YTOOBI MPOBOJIUMBIN KOMIUIEKC PEMOHTHBIX MEPOTPUATHN OBLIT
«aJpecHbIM», T.€. HAlleJICHHBIM Ha YCTPaHEHHUE KOHKPETHON MPUYMHBI Pa3pyIICHHSL.

[IpuMmeHeHne k€ COBPEMEHHBIX JOPOTOCTOSIINX METOAOB M CPEJICTB BOCCTAHOBJICHUS JKC-
TUTYaTaIMOHHOTO COCTOSTHUSI HEKECTKUX JOPOXKHBIX KOHCTPYKIMHA TpeOyeT TIATeIhLHOTO0 WX
000CHOBaHHUS MyTEM MPOBEACHHUS ACTAIBHOW TUATHOCTUKH COCTOSIHUS HEKECTKOM JTOPOKHOM
onexabl. [Ipu sTom Hay4yHOU 6a30ii A MPOBENCHUS AUATHOCTUKH SIBJISIFOTCSI COBPEMEHHBIE T10-
JIOKEHUSI CMEXHBIX HayK, B TIEPBYIO OYepeh MEXaHWKH AePOpMHUPYyEMOro TBEPIOTO Tela
U T€0(U3UKH.

DTOMY HANpPaBJICHUIO MMOCBSIICHBI TPYIbl OTCUECTBEHHBIX M 3apyOEKHBIX YUEHBIX, B 4aCT-
Hoctu FO.M. SxosneBa, A.K. Amecrmna, M.C. Koran3zona, B.A. JleiiBaka, H. Beckedahl,
Viswanathan, B. Guzina, W. Alcasawneh, S. Nazaryan u ap. [1-9].
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B mocnennue roasl 6onbliioe BHUMaHUE pa3pabOTKe COBPEMEHHBIX HEPa3pyIIAIOIINX Me-
TOJIOB JMAarHOCTUKHU COCTOSHUSI HEKECTKUX JTOPOXKHBIX OJICXKJ YAENSIOCh B paboTax pOCTOB-
CKOM IIIKOJIbI MEXaHUKH HEKECTKUX JOPOKHBIX OJIEXK] MOJ PYKOBOJICTBOM JIOKTOpa TeXHHYeE-
ckux Hayk, mpodeccopa E.B. YrioBoii. B 4acTHOCTH, B OTAETBHBIX paboTax ObUIH MPEATI0KEHBI
HOBBIE 3KCIIEPUMEHTAJIbHBIE CIIOCOOBI OIEHKH COCTOSHUSI HEXKECTKUX JOPOXKHBIX OJCXK C HC-
MOJIb30BAHMEM METOJIa CIIEKTPAJbHOI'O aHajJM3a BOJHOBBIX IOJIEH B KOHCTPYKIMH JOPOKHOM
OJICK/IbI PU JUHAMUYECKOM Bo3aeicTeuu [10—-12].

OTOT MyTh OBUI BEIOpaH M aKTUBHO pa3padaThIBAJICS MPEXIE BCEr0 aMEpUKAHCKUMH yde-
HBIMH, TakuMH Kak S. Nazaryan, V. Gugunski u np. [13—15]. B wactHOCTH, B MX paboTax ObLT
oJIpOOHO OCBENIeH pa3paboTaHHbIl wMH MeToax SASW (MeToj CIEeKTPaTbHOTO aHAJIH3a I0-
BEPXHOCTHBIX BOJIH), MPHUIIEAIINA U3 re0)U3NKA U aJalTHPOBAHHBIA JIJISI OLIEHKUA COCTOSHHS
ac(arbTOOCTOHHBIX CIIOEB M OTACIBHBIX IEMEHTOB JOPOXKHBIX onexa. Jis peannszanuu naH-
HOW MeTonuKkH ObLT pa3zpaboTan mpudop SPA (seismic pavement analyzer) (puc. 1), mpencras-
JSIOUINI cOOO0M MPUIIETI CO CMOHTHPOBAHHBIMH Ha HEM JIByMS yIapHBIMU yCTPOMCTBAMHU, TPEMS
reopoHaMU U MATHIO aKCeIEePOMETPaMHM JUIsl PETUCTPALMK MOBEPXHOCTHBIX BOJH. Ha ocHoBe
MOJTyYEHHBIX C UCIHOJb30BaHueM SPA NMaHHBIX MPOM3BOIUTCS MOCTPOEHUE MPOGUIs CKOPOCTH
CABUTOBBIX BOJH B KOHCTPYKLHUHU JOPOKHOM OIEXKIBI C MOCIEIYIONINM IEPECYeTOM 3HAYCHUM
CKOPOCTH B MOJYJIU YIIPYTOCTH OTJENbHBIX 3JIEMEHTOB KOHCTPYKIIMH.

Shear Wave Velocity. Vs (my's)

Asphalt o 200 100 500 s00 1000

a 0

Puc. 1. YcranoBka SPA (a) u npumep 00pab0TKK AaHHBIX, IOIYy4aeMbIX
¢ ucrnosib3oBanueM Metoga SASW, (6)

HHTepec K OLIEHKE COCTOSIHUS HEXKECTKUX JAOPOKHBIX KOHCTPYKLUUH MMEHHO C TOYKH 3pe-
HUS UCCIIEIOBaHMsI BOJHOBBIX 3()()eKTOB, BO3HUKAIOIUX B KOHCTPYKIMU JTOPOKHOU OAEXKBI,
00yCIIOBIIEH TaKXe BO3MOKHOCTBIO BBIABICHHS JePEKTOB B ee cTpykType. [1on1o0HbIe MeToabI
BBISIBJICHHSI JIE(PEKTOB MOIYUHUIH HIMPOKOE PaclpoCTpaHEHHe, HallpUMep, IpU NMPOBEJCHUN U~
arHOCTUKU OETOHHBIX M METAIIIMYECKUX KOHCTPYKLIUH.

PacnpocTpaHeHue B OTEYECTBEHHOM M 3apyOe)KHON MNpaKTHKE MOJYYMJI TAaKKe METOJ
«backcalculation», B 0cHOBE KOTOPOTO dKCIIEPUMEHTaIbHAs PErUCTpAIUs Yalll IPOruOoB Ha Mo-
BEPXHOCTH HEXECTKOHN OPOKHOU OJIEXK]Ibl C MCIOJIb30BAaHHMEM YCTaHOBOK yIAapHOTO Harpysxe-
Hus (nedaexTomeTpoB magarouiero rpysa — FWD) (puc. 2) [16-18].

[Tpon3BOANTCS TIOCTPOCHUE PACYETHOM YaIIK MPOruOOB HA MOBEPXHOCTH TOPOKHON OJIEK-
JIbl C HMCIIOJIb30BAaHUEM MEXaHMKO-MaTeMaTHYECKOM MOJENM Ha OCHOBE HauyalbHBIX MapameT-
POB — MOJyJel yHmpyrocTd CJO€B, TOJIIUH CIIOEB, MH(OOPMAIMM O HArpyske, repenaBaeMoin
Ha MOKPBITHE JOPOKHOM onex bl [lociie uero npom3BOAUTCS KOPPEKTUPOBKA pacuyeTHOW ya-
IIX TPOTUOOB OTHOCHUTENIBHO 3KCIIEPHUMEHTAILHONW C OJTHOBPEMEHHBIM IEPECYETOM HaYaJIbHBIX
3HaYeHUH MOYJIeH yIpyrocTH. 3HaYCHUsI MOIYJIeH yIIPYTOCTH, TPH KOTOPBIX pacueTHast Jaria
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Puc. 2. Perucrparnus gamm nporudoB ¢ NCIOIb30BaHHEM
ycraHoBkM FWD B HaTypHBIX yCIIOBHSIX

HpOFI/I6OB MaKCUMAJIBHO 6J'II/13K8, K 3KCH€pI/IMeHTa.TII)HOI71, U SIBJIAKOTCS q)aKTI/I‘-IeCKI/IMI/I 3HAUYCHUSIMU
MOJIYJIEH YIPYTOCTH CJIOEB JOPOKHOM OJEK bl HA CTAAUU dKCILTyaTauu. OaHaKoO JaHHBIA METO/T
COJIEPXKUT B ceOe psil HEAOCTaTKOB. B yacTHOCTH, MPaKTUYECKHU BCE MPHMEHSEMbIC Ha JaHHBIM
MOMCHT MCXAaHHUKO-MaTCMaTHYCCKUEC MOACIIH, I/ICHOJILSYCMBIC JJI HOCTpOGHI/ISI paC‘-ICTHBIX qar
NpOTUOOB, ABJSIOTCS CTATUYECKUMH, OA3UPYIOMIMMIUCS HAa MOJCPHH3UPOBAHHOM pemieHuu byp-
MHCTEpa 00 OMpEEICHUH HaIPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS MHOTOCJIOWHOTO TTOMY-
MIPOCTPAHCTBA MO ACUCTBUEM HETOJIBUKHOTO KPYTJIOro mTamia. Takxke ciabbiM MeCTOM JTaHHO-
IO 1moaxoaa sIBJISACTCS npoueﬂypa KOppeKTI/IPOBKI/I, peaJmsyeMasI HpI/I COIIOCTAaBJICHUA pvaeTHLIX
nu 3KCH€pI/IMeHTaJ'II)HI)IX qar HpOFI/I6OB Ha HOBerHOCTI/I Z[OpO)KHOfI OACKIBbI. HpI/IMeHﬂeMI)Ie
B CYIIECTBYIOIINX MPOrPaMMHBIX KOMITJIEKCAX MPOLEAYPbl KOPPEKTUPOBKHA XOPOIIH IS JOPOXK-
HBIX KOHCTPYKLUH C HEOOJBIIUM YHCIOM CJOEB OT 2 110 3. JIJsl TOPOKHBIX OJEK[ C OONBIINM
YHCIIOM CJIOEB PE3KO YBEIUYMBACTCSI HEOIPEEICHHOCTh KOPPEKTUPOBKH Halll MPOrHOOB, SB-
JISFOIICHCS, TI0 CYTH, TPOIEAYPOH UTEPAIIMOHHOTO TMOWCKA TIIOOATBHOTO MHUHHMYyMa (DYHKIIUU
ommOku. Takke cleayeT OTMETHTD, YTO B CYIIECTBYIOIINX MEXaHUKO-MAaTEMAaTHUECKUX MOJICIISIX
HE YYHUTBHIBAIOTCS HEOJHOPOTHOCTH, Pa3yIJIOTHEHHUS U MOTEPs] MEKCIOMHOTO CLETICHUS MEXIY
OTJIETIbHBIMU HJIEMEHTAMU HEXKECTKON JTOPOKHOM OIEIKIbI.

Ha namr B3risin, ycTpaHeHHE CYIIECTBYIOMIMX HEOMPEISICHHOCTEH B MPOIEAYpE OIpejie-
JIEHUsT MOJYJIEH YIPYTOCTH OTIEIBHBIX AJIEMEHTOB HEXECTKHUX TOPOKHBIX OJIECK]l BO3MOXKHO
MyTeM KOMIUIEKCHOTO MOJX0a KaK K aHAIM3Y Yalll MPOTuOO0B JOPOKHOU OJEK/IbI TaK U K aHa-
JIM3y YACTOTHBIX XapAaKTEPUCTUK HEKECTKOM TOPOKHOU OJIEKIbI, PETUCTPUPYEMBIX HPHU yaap-
HOM Harpy>XeHHHU.

1. MeToauka

B nocnennue roapt B PocToBCKOM TocynapcTBeHHOM cTpouTensHoM yHuBepcurere (PI'CY)
ObUT HAKOIUIEH 3HAYUTEJIbHBIN OMBIT B 00JaCTH UCCIIEOBAHUHN JUHAMUKN HEXKECTKUX JOPOMKHBIX
OJIeXK]I, U OJJTHUM M3 HanOoJiee aKTyalbHbIX U MPAKTUYECKH 3HAUMMBIX BOIIPOCOB SIBJISIETCS pa3pa-
00TKa KOMIUIEKCHOTO MOJX0/a K MCCIEIOBAHUIO XaPAKTEPUCTUK JUHAMUYECKOTO J1ehOpMHUpOBa-
HUSI HOKECTKUX JIOPOKHBIX OJICKI KaK BO BPEMEHHOM, Tak U B 4aCTOTHO# obmacTsx [11, 12, 19].

Jlig oTpaOOTKM OCHOBHBIX IOJIO)KEHUN M KPUTEPHEB OLIEHKU COCTOSHUSI HEKECTKUX JI0-
poxkHbIX KOoHCTpYKIi B PI'CY Obuta pa3zpaboTana aHamuTHYECKast MOJICTb THHAMHYECKOTO Ha-
MPSKEHHO-T1e(hOPMUPOBAHHOTO COCTOSTHUSI MHOTOCIIOMHOTO TIOMYTIPOCTPAHCTBA, 0a3UPYIOIIascs
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Ha COBPEMEHHBIX IMOJIOKEHHSIX TEOPUHU YIPYTOCTH U BSI3KOyNpyrocTH. [loctaHOBKA 3amaun 3a-
MUChIBAETCSA clienytomuM oopazom. [lycts o6macts D mpencrasiser coboit N -cioitHoe ynpy-
roe noiynpocrpanctso: D =D, UD, U...UD,,, onucsiBaeMoe B IIMINHIPUIECKOH cucTemMe Ko-

opmunar (R,0,z) kak D, = {R €(0,+x),0€(0,2n), z < 0} — TOIYNpOCTPaHCTBO; D, =
= {R €(0,40),0€(0,2n),z € (zj_l,zj)}, z; = Zl:hi; (h, =0) —j-ii cnoii (j =2, ..., N) (puc. 3).

i=l1

Ynpyrue csoiicta cpea B D;, j=0,1,..,N

z‘ZN 7t ONKMCBIBAIOTCS IUNIOTHOCTBIO P, U KOO pUIMeHTaMH
E Dy Jlame kj,uj WIA COOTBETCTBEHHO MOJYJIEM YIIPY-
Ihz ¥ Dl . l ‘Z ] I ) X roctu E; u koadduumnenrom Ilyaccona v, :
D, \3_@/ R ooy Pty N
A | s H A, T 200+

B npannHeiiieM Bce napamMeTpbl, HUMCIOLIUC

Puc. 3. O6nacts pacyera B [UINHAPUYECKOI
pa3sMepHOCTh JUIMHBI, OyIyT OTHECEHBI K XapakTep-

CHUCTEMC KOOpAUHAT
HOMY JIMHEWHOMY pa3Mepy a 0e3 U3MEHEHHs B MX

0003HaYECHUAX.
JIBrKeHue cpebl ONPENEsaeTCsl PEIIEHUEM CUCTEMBI YPABHEHUI B YACTHBIX ITPOU3BOAHBIX

o'u(r,1)

V-6 (r,t)=p, v
’ t

) (1)

rne 6V (r,t) — Temsop Hanpspkeruii Komu; u’(r,f) — mepeMelnenust B TOUKe HAGIIOICHUS
r={R,0,z} B MOMEHT BPEMEHH ! ; HHIEKC j COOTBETCTBYET HOMEpY CJI0si (KOMIIOHEHTBI) CIIOH-

CTOM KOHCTPYKUHMHU (pEUICHUE ypaBHEHUN Pa3bICKUBAETCS Pa3leibHO AJIA KaXKIOTO j C IMocie-
JTYIOUTUM COTIPSDKEHHEM PELIeHUH BIIOJIb TPAHUIL pa3zesia OAHOPOIHBIX CPEeN).

OtmeTuM, 4TO mpejuiaraemMasl MaTeMaTU4eckasi MOJENIb COOTBETCTBYET PELICHUIO 3aJauyu
00 yJapHOM BO3JEHCTBUHM HAa KOHCTPYKIIMIO B HECTAllMOHAPHOU mocTaHoBKe. [Ipu 3TOM nanHOe
PCICHHUC B YCIIOBUAX OIPpaHUYCHHOI'O IO BPCMCHU HMITYJILCHOTO BOSI[GI\/'ICTBI/ISI " 3aTyXaHHud
CUTrHaJIa nIpyu yAJAJICHUU OT UCTOYHUKA BOSI{Gf/iCTBHﬂ CTPOUTCA METOAOM OJUCKPETHOI'O rapMOHU-
YECKOr0 aHaJIM3a B BHUJIE PsAa, UCIIONB3YIOIIErO pelieHns 3a7ad 00 yCTaHOBUBIIMXCS FTapMOHU-
YECKHUX KOJIEOAHUAX C PA3IMYHBIMU YaCTOTAMHU .

OTtcrofa npu paccCMOTPEHUU KOHKPETHBIX 3a/lay JIWHAMUKH (B TOM YHUCJIE€ B HECTAI[MOHAp-
HOM TOCTaHOBKE) OyJIleM OMUpAaThCs Ha PEIIEHUs] COOTBETCTBYIOUINX KPAEBBIX 3a[au AJIs PexKH-
Ma YCTaHOBMBIIHXCSI TAPMOHUYECKUX C YAaCTOTON « KoyebaHuil. B mpeanonokeHun 3Toro Bce
COOTHOHICHUA NAJICC BBIMMUCAHBI B aMIUIUTY JHBIX (bYHKL[I/IHX, B KOTOPBIX BpeMCHHOfI MHOXUTCEIIb
exp(—im?) omyIIeH.

Jledopmaruio cpeapl IPUMEM OCECUMMETPUIHOM
u” ={u (R, z),u’” (R,2)} .
Ha rpanune obnactu cuntaeM 3aJJaHHBIMHA BEKTOP-(YHKIINU HAIPSKEHUH

€ =colfol 40} =T(R), 2=z, Re @

z
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Cucrema (2) ¢ ucronp30BaHUEM 3akoHA ['yka Juisl TMHEHHO-YTIPYToro MaTepuaia, CBsI3bIBat0-

Eero KOMIIOHCHTBI TCH30pa HaHpH)KCHI/Iﬁ (o ) C KOMIIOHCHTAMU TCH30pa MaJIbIX ,Z[e(l)OpMaI_[I/Iﬁ S(j) ,

6 =2u e + 1 E e, (3)
MOXET OBITh CBEJICHA K DKBUBAJICHTHOM CUCTEME ypaBHEHUN JlaMe OTHOCHUTENHHO QYyHKIIMHA TIe-

peMeH_IeHI/Iﬁ TOYCK CPpCAbIL:

0’
VV~u(-”(r)—O—;IVxqu(-’)(r)+6§lu(“(r) =0, 4)

j2

roe 0 i1= ®’a’ /Vif/., 0 3’2: ®’a’ /V; — NPUBE/ICHHbIE YaCTOThI KoyeOanuii; V, = ,/(kj +20, )/pj ,

VSj = . “,lj / pj — CKOPOCTHU paCIIpOCTPaHCHUA IMMPOAOJIbHBIX U IONCPEYHBIX BOJIH B j-U CPCHC. HpI/I

HAJIMYWU JUCCUTIALIMKU B CPENIE, OMPEIeISIONIeHCs BA3KOYIIPYTUMH CBOMCTBAMU MaTepuana, Kodg-
¢burmenTsl Jlame CTaHOBATCS KOMIUICKCHBIMU, YTO, B CBOIO OUY€pE/b, MPUBOAUT K KOMILIEKCHO-
3HAYHOCTH TPUBEJCHHBIX YacTOT. B 3TOM cilydae TuCCHIIaTUBHBIC CBOMCTBA MaTepHalioB KOHCT-
pyKuuu OyJieM OnpeAeNsaTh TAHT€HCAMU YTJIOB TOTEPh pa3febHO sl IPOAOJIBHBIX U MOTIEPEYHBIX

0 _ Im(07,) gy = Im(67,) .
” Re(®)) " Re(8%)

YcnoBus CTBIKOBKHM CIIOEB MCKOAY CO6OI>1, a4 TAKXKC MOJIYNPOCTPAHCTBA C BBIIICIICIKAIIITUM

oy tgy')), tgy!” . TIpn oTom tgy

CJI0OEM MOTYT IPUHUMATHCS KaK )KECTKMMM, TaK U OJHOPOIHBIMH YCIOBUSMHU CKOJIB3AILIETO KOH-
TaKTa, 110 OJHOM WJIM HECKOJIBKUM I'PAHMIIAM PA3/CIIOB.

Ha GeckoHe4YHOCTH BBIMONHAIOTCS YCJIOBHS M3JIy4€HUs B (OpMe NMPUHLHKIA MPESEIBHOTO
norsiouieHus. s paccMaTpUBaeMbIX CHCTEM «JIOPOXKHAsi KOHCTPYKLUS — IPYHT», XapaKTepu-
3yeMbIX OOJbIIeH KECTKOCTbIO TOBEPXHOCTHBIX CJIO0EB, MIPUMEHEHHE JAaHHOTO MPUHIUIA YKBU-
BaJICHTHO MPUHLINITY U3TyueHus: 3oMMepdenbia, ONpeesiionero B KaYeCTBE PEUIEHUH TOIbKO
BOJIHBI, YXOJSIIME OT UCTOYHHKA KoJeOaHU Ha OECKOHEYHOCTb.

JlanHasi Mojenb Jierjia B OCHOBY MPOTrpaMMHOr0 Komruiekca Vibrolab, paspaboranHoro
B PI'CY u npenHa3sHaueHHOTO JJIS aHAIU3a XapaKTePUCTUK TUHAMUYECKOTO Ae(popMUpOBaHUs
Ha [TOBEPXHOCTU HEKECTKOW TOPOKHOM KOHCTPYKIUHU IIPU THHAMUYECKOM BO3JEHCTBHU. TaKxke
JAHHBIM MPOrpaMMHBIN KOMIIJIEKC aKTHMBHO NMPUMEHSETCS B PaMKax METO/a «0OpaTHOro» pac-
4yeTa MOJYJIEH yIPYrOCTH JIEMEHTOB HEXECTKUX JOPOXKHBIX ONEXkA. AJIIFOPUTM JAaHHOIO METO-
Jla IpUBEJEH Ha puc. 4.

Metox oOpaTHOTO pacyera BKIIOYAET B ceOsl TPU OCHOBHBIX JTama: 1) HaTypHBIE UCTIBITA-
HUSI HE)KECTKOU JOPOKHON KOHCTPYKIIMU C SKCIIEPUMEHTAIBHON pPErUCTpaliell XapaKTEPUCTUK
JUHAMUAYECKOro 1e(hOpMUpPOBaHHS HA TIOBEPXHOCTH HEXKECTKOM JOPOKHOW OJIEXK]IbI C MCIIOJNb-
30BaHUEM YCTAHOBKM YJApHOTO HAarpy’>Ke€HHus; 2) YHCJIEHHOE MOJEIMPOBAHUE XapaKTEPUCTUK
JUHAMAYECKOTO /1e(hOpMUPOBAHHS HEXECTKOH TOPOKHONW KOHCTPYKLHMH C MOCTPOSHHEM pac-
YETHOM yallll MaKCUMAaJIbHBIX JTUHAMMYECKUX MPOTHOOB; 3) COMOCTABICHHE PACUETHON M JKC-
NEPUMEHTAJIbHON Yalll MaKCUMAaJIbHBIX JUHAMUYECKHX MPOTHOOB C MOCIEeNyIoIel KOPpeKTHu-
POBKO# pacueTHOM YaIy NporuO0B OTHOCUTENIFHO SKCIIEPUMEHTAIBHOI.

OTmeTHM, 4TO MOJyYEeHUE YUCIEHHBIX 3HAU€HUN NMporuda NoBEpXHOCTU JOPOKHOM KOHCT-
PYKLMH CBSI3aHO C OINEpalMsIMHM YHCICHHOIO pacuera UHTErpasoB Dypre IpH pEIICHUN 3a1a4
0 CTallMOHAPHBIX KOJICOAHUAX MHOTOCIIONHON Cpelibl U MOCIEAYIOUIEr0 CYMMHUPOBAHUS PE3YJib-
TaTOB B COOTBETCTBUU C METOJOM rapMOHMYECKOI0 aHAJIM3a ISl OTBICKAHUS HECTAIL[MOHAPHOIO
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I OTAIT
Yucnennoe mooearuposanue
oehopmuposanusn 00poI;HcHbIX

13TAIl
HamypHnole ucnoimanus
00POIHCHBIX KOHCIPY KUY

KOHCMpPYKYuil
| | | |
Perucrpanus ammnuryHo- ITapameTpsl Ha- HopmaruBuble moxpymu || Toukm  HaOmone-
BPEMEHHOM XapaKTePUCTUKU Ipy3KU: YIPYTOCTU CIIOEB JOPOXK- || HHUA Ha IOBEPXHO-
YCKOPEHHI B TOUKAX macca rpysa m, K HoM KoHCTp. E;, MITa CTH JIOpPOXKHOH
HaOIIOCHNUS TIPY HCIIBITAHUH Ppamyc IIramma », M TommuHs! c0eB A;, cM KOHCTPYKIUH R, M
JIOPO’KHON KOHCTPYKLMH BeicoTa maneHus | | Kospoummentsr Ilyac-
YAapHBIM HarpyKeHHeM rpysa h, M COHA ;.

[TnotHOCTH CIOEB P, Kr/M®

ITocTpoenue Ha ocHOBE
npeobpaszoBanusa Pypre AUX
yckopenuii 1 ABX nepemenie-

HHI B TOYKaX HAOJIIOIEHUS

Amnanuz popmbr AUX yckope- AHanuTHYecKasi MOJeb
Hull Ha pacctossHuu 0,75 M oT JUHAMUYECKOrO
TOYKH yJAPHOTO HATPYKECHUS HJC mHOrocnoiHoro
| | HOJTYIPOCTPAHCTBA
Bonee ognoro Onu sKCTpemMym
TIOKAIBHOIO Ha AUX yckopeHuit
JKCTpEeMyMa |
Iloctpoenue
JKCIIEPUMEHTAIILHOM Yallu Hoctpoenne pacueTHo#
MaKCHUMAaJIbHBIX JMHAMHUYECKHUX Jamyd MakCUMaJIbHBIX
HpOFI/l6OB Ha TEeKyIlEeM JUHAMHUYCCKUX HpOFI/I6OB
JTane 3KCIulyaTaluu <
BriBox 06 7
OTCYTCTBUH
MEKCIOMHOTO IIT ATAIT
CLICTIICHHA Onpedenenue modyneii ynpyzocmu 31€MeHMOE
MERIY 00POXNHCHOII KOHCIPYKUUU HA CINAOUN IKCNILYAMayuu
3JIEMEHTaMU
JOPOXKHOMN |
KOHCTPYKIIMH Yaim MakCUMallbHBIX Koppekruposka
JMHAMHYECKUX NporudoB | Her MOJyJIEH yIpyrocta
COBITA/IAIOT (IOTTyCTHMAs _ CJIOEB TOPOXKHOU
MOTPETTHOCTh " KOHCTPYKINHU
& — He bosee 10 %)
Henpumenumocts | na
AHAJTMTUYECKON MOJIEITH
C YCJIIOBMSIMU IIOJIHOTO 3HaueHus MO,HYJ'ICI\/'I YIIpYyroctu
(>1<eCTKoro) CLEIUIEHUS 3JIEMEHTOB ;[0p0>1<H017I KOHCTPYKIIUH
MEXKAY IeMEHTaMU Ha TEKyIEeM dTare dKCIuTyaranun, Ef
JIOPOKHON KOHCTPYKIMH

Puc. 4. AnroputM MeToaa «oOpaTHOrO» pacdeTa MOAYJICH yIPYTOCTH 3JIEMEHTOB
HEXKECTKHX IOPOXKHBIX KOHCTPYKIUI HA CTaIMU 3KCIUTyaTalluH
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OTKJIMKa KOHCTPYKIMU. J[aHHBIE onepaiuu 001aJal0T JOCTaTOYHOM BBIUNCIUTEILHON YCTOMYH-
BoCThIO. lllar uHTErpUpOBaHMs U KOJUYECTBO YIEHOB Psijia ONPENEISIOTCS B X0/ MPOBEACHUS
YHMCJIEHHOIO0 aHalIMu3a JUIsl JTOCTHKEHUS 3aJaHHOM OTHOCHUTEIbHOW IOTPELIHOCTH BBIUYMCICHHUH
(mpu mosydYeHun UTOroBoro pesynprara He 6omee 0,001). Bepudukamnus pe3ynbTaTtoB OCyIIeCT-
BJISUIACh IIYTEM UX CPAaBHUTENIBHOIO aHAJIM3a C Pe3yJibTaTaMH, MOJIYYEHHBIMU C IPUMEHEHHEM
KOHEUYHO-3JIeMeHTHOro koMiuiekca ANSY'S.

Ha TperbeM sTame npu COMOCTaBICHUM PACUETHOM M AKCIIEPUMEHTAIIBHON Yalll MaKCHMallb-
HBIX JIMHAMUYECKUX MPOrHOO0B UCTIOIB30BaHbI MPOLIEAYPhl YUCICHHOM MUHUMM3AIIUH CPETHEKBA/I-
paTU4HON OIMIMOKK CpaBHEHUS PaCUETHBIX U SKCIEPUMEHTAIbHBIX JaHHBIX. Hammyuiiume pesynbpra-
ThI MIOJY4EHBI NIPU MCIIOJIB30BAaHUM METOAa KOOPJMHATHOIO citycka. [Ipu 3ToM onTuMabHbIE Ma-
paMeTpbl METO/1a ONPEAEISUTICH Ha OCHOBE MPEABAPUTENILHOTO YUCICHHOTO aHanu3a. [Ipu Hannunn
HEYCTOWYMBOCTHA OCHOBHOTO IPOLIECCA MUHUMHM3ALMH OMMOKN (HECKOIBKUX JIOKATbHBIX MUHHMY-
MOB) MapajuieIbHO MPUMEHSIICS KJIACCUYECKUI TeHETUYECKUI alTOPUTM.

JUis  mpoBeleHHs AKCIEPUMEHTATIBHON
PETUCTpAIK XapaKTePUCTUK TUHAMHYECKOTO
ne(pOopMHUpPOBAHUS Ha IMOBEPXHOCTH HEKECT-
KOWU JOpPOKHOW OJEKIbl HCIOJB30BAICA MO- 3 m
OWJIBHBI BUOPOM3MEPHUTEILHBIM  KOMIUIEKC
BUK-1, pa3paborannsiii B PI'CY (puc. 5).

B cocTtaB BUOpOM3MEPUTETHHOTO KOM- 3
IIeKca BXonAT: [/ — manorabapuTHas ycra- ! !
HOBKa YyJapHOTO HAarpy>keHus; 2 — MHOTOKa- R
HaJIbHBIN BUOPOU3MEPUTENBHBIN PUOOp; 3 —
KOMIUIEKT JIaTYMKOB-aKCEIEPOMETPOB IS
pEerucTpalMi YCKOPEHH Ha MOBEPXHOCTU
MTOKPBITHS HEXKECTKOM TOPOKHOM OJIEIKBI.

[Ipumenenne paHHOrO BUOpPOU3MEpPHU-

t=3Mc

TEJIBHOTO KOMILIEKCA OOYCIIOBJIEHO BO3MOXK-
HOCTBIO MHCCIIEOBAaHUS XapaKTEPUCTHUK IU-
HAMHYECKOTO JIe()OPMHUPOBAHUS B IIHPOKOM

Puc. 5. O6uwii Bu MOOMIIBHOTO BUOPOM3MEPUTEIH-
Horo komruiekca BUK-1: / — manorabapurHast ycra-
HOBKa YAApHOTO HArpy>KeHHs, 2 — MHOTOKaHAJIHHBII

BUOpOM3MEpUTENbHBI mpubop, 3 — JaTYHMKH-
aKCeIIEpOMETPBI, 4 — HMITyJIbC yIApHOTO Harpyxe-
HUS, 5 — yalla MaKCUMAaJIbHBIX JMHAMUYECKHX IpO-
THOO0B, 6 — aMIIUTYJHO-YaCTOTHBIE XapaKTEPUCTUKU
YCKOpPEHHS 10 KaKJOMY M3 JaTYNKOB

4aCTOTHOM JIMana3oHe, YTO CBSI3aHO C MaJIbIM
BPEMEHEM  KOHTAaKTHOIO  B3aMMOJECHCTBUS
MEXIy IITaMIIOM MajorabapuTHOW yCTaHOB-
KH YJApHOTO HAarpy>K€HUS MU IOBEPXHOCTBIO
MOKPBITUS JOPOKHOM OJEXKIIbI, COCTaBIISIO-
M 0,003 ¢ (puc. 6).

[Ipu npuiiokeHny yJ1apHON HAarpy3Kd K MOBEPXHOCTH MOKPBITHS MPOU3BOJUTCS perucrpa-
1S aMIUIUTYJHO-BPEMEHHONW XapaKTEPUCTUKH YCKOPEHMH B TOYKaX YCTaHOBKHM JAaTYMKOB-
akcenepomeTpoB. OOpaboTKa 3aperucCTpUPOBAHHOTO CHUI'HAJIA OCYIIECTBIISIETCS HA OCHOBE Ipe-
oOpa3zoBanust Pypre ¢ MOCTPOCHUEM AMIUIMTYIHO-4aCTOTHOW XapakTepuctuku (AUX) yckope-
HUI Ha IMOBEPXHOCTH JOPOKHOM KOHCTPYKIMHM M aMIUIMTYIAHO-BPEMEHHON XapaKTEPHUCTUKH
(ABX) nepemeliiennii o KaxaqoMy U3 IaTYUKOB. MakcUMallbHbIE 3HAUEHUS! BEPTUKAIBHBIX T1€-
peMeleHui, 3aperucTpupoBanisie Ha ABX mepemenieHuii, mpeacTaBiIsioT coO0H yanry Max-
CUMAJIbHBIX IMHAMHYECKUX MPOTu0oB (puc. 7).

OnHako ciefyer OTMETHTb, YTO Hapsdy C Yallell MaKCUMAaJIbHBIX TUHAMHUYECKUX MPOruOoB
JOCTaTOYHO MH(POPMATHBHOM SBISETCS aMIUIUTYTHO-4aCTOTHAsI XapaKTEPUCTHKA YCKOPEHUH I10-
KPBITHS TOPOKHOW KOHCTPYKIMH. B yacTHOCTH, ObUTM NIPOBEJCHBI HCCIIEAOBAHMUS, TIO3BOJISIOIINE
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clienaTth BBIBOJ O TOM, YTO IpsMoe BiausHUe Ha ¢popmy AUX yckopeHuil MOKpPBITUS AOPOKHOM
OJIeXK/Ibl OKAa3bIBAIOT YCJIOBHSI CLIEIUIEHUS Ha I'paHUIAX CIIOEB HEXECTKOH JOPOKHOM OJEXJbI.
Jns moaTBEepIKICHUST JAHHOTO TPEIOI0KEHHUsT ObUT MPOBEACH YMCICHHBINA SKCIEPUMEHT IO HC-
CJICZIOBAHUIO BJIMSTHUSA YCJIOBUM CLEIUIEHUS MEXIY JIEMEHTaMH HEXECTKOW TOPOXKHOM KOHCT-
pykuun Ha popmy AUX yCKOpPEHUs C UCTIONB30BAHUEM aHATUTUYECKON MOJEIN TUHAMUYECKOTO
HAaIpsDKEHHO-e()OPMUPOBAHHOTIO COCTOSIHUSI MHOTOCJIOWHOTO MOJTYTIPOCTPAHCTBA.

P(0)P(0) |

1,0 4

0,54

10 20 30 40 50 60 70 80 90 100 ST

Puc. 6. CiekTpbl Harpy30K, Bo30yKJaeMble YCTAHOBKAMHU JMHAMUYECKOTO HArPYKCHHS
C pa3IUYHBIM BpEMEHEM KOHTaKTHOI'O COyAapeHus:: P(®) — CTIIeKTp CHIIOBOTO BO3AECHCTBUS;
P(0) — mocTosiHHAS COCTABJISIONIAS CIIEKTPA CUIIOBOTO BO3ICHCTBHS

PaccTostHue, M
0,25 0,75 1,25 2,5
0.00E+00

1.00E-05 e

2.00E-05 ///
3.00E-05 /]

4.00E-05

5.00E-05
/

6.00E-05

BeprlKan bHBIC MCPEMECLICHHA, M

Puc. 7. DxcnieprMeHTaNbHas Yalia MaKCHMAIbHBIX JHHAMUYECKIX TPOTHOOB

B xoz€e 4ncineHHOro 3KCrnepuMenTa pacCMaTpUBAINCh CIIETYIOLIUE CIyYau:

— JKECTKOE MEXKCIOMHOE CLETIICHUE MEXKIY BCEMU DJIEMEHTaMU TOPOKHON KOHCTPYKIUH;

— MOTeps] MEKCIIOMHOTO CLEIUICHUS] MEX/y MaKkeToM ac(allbTOOETOHHBIX CIOEB U OCHOBa-
HUEM JIOPOKHOU KOHCTPYKLIHH;

— TIOJIHAs TIOTEPSI MEKCIOMHOIO CLEIIEHUS MEKy BCEMH 3JIEMEHTAMM HEXKECTKON JOPOXK-
HOM KOHCTPYKIIHH.

IlocTaHoBKa yclIOBHI Ha IPaHULIE pa3ziena MEXAy dJIEMEHTAMU JOPOXKHOW OJEXKIbI B CIIy-
Yyae OTCYTCTBUS CLETUICHUS 3aIIMChIBANIACH CIEAYIOIINUM 00pazoMm:

UY(R,Z)=U"(RZ))0/(R,Z) =0 (R.Z); 1 (R.Z) = (R,Z))=0.  (5)
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[IpuBeneHHbIE ypaBHEHHs ONpPENENAIOT PAaBEHCTBO BEPTHKAIbHBIX HepememieHuit (U )

Y HOPMaJIbHBIX HaNpsDKEHUR (G, ), a TakKe OTCYTCTBHE KAacaTENIbHBIX HAINPSKEHUH (T, ) Ha

IPaHUIAX CMEXHBIX CIOEB JOPOXKHOW KOHCTPYKIUU. Pe3ynbTaThl YNCICHHOTO MOJCIUPOBAHUS
aMIUIUTY IHO-YACTOTHBIX XapaKTEPUCTUK YCKOPEHUS B 3aBUCUMOCTH OT YCJIOBHM MEXKCIONHOTO
CHEIUICHUS Ha TPaHMIlaX CJIOEB MPUBEIEHBI HA pUC. §.

A, m/c?

. A, m/c?

A, m/c?
4,00

3,00
2,00

1,00

0’00 | : ! ! ! /"Tu.

k- —d—— == ——F—

/.
0,00

o —+--

1

0 200 300 400 500

0 00 100 200 300 400 500 0,00 100 200 300 400 500
AUX yckopeHnus, perucTpupyemas Ha paccTodHuu 0,25 M OT TOUKH NPUIOKEHUS HATPY3KU

000 100 200 300 400 500 '

0, 00 100 200 300 400 500 0, 00 100 20() 300 400 500
AUX yckopeHusl, perucTpupyemMas Ha paccTosHuu 0,75 M OT TOUKH NPUIOMKEHUS HArPY3KU

A, m/c? . . . . . A, mie? ’ . . . . A, mie?
E s e LS S e N

2,00 F--mbmm T oo 1 PN
1 /70 N T 300
S RORION _JRPRRY FOTRTOE. T SO A oo 200

b N 00 A~ 2

B I B B R B VA R
O ———, 7 AN B A W /S R R
/AN R A ' w1t : : : . rm

0,00 NS S S VS 1 T A f 0,00 4

0,00 100 200 300 400 500

000 100 200 300 400 500

0,00 lOO 200 300 400 500

AUX ycKkopeHUsl, perucTpupyeMas Ha pacCTOSHHH 1,25 M OT TOUKH MPHIOKEHHSA HArPY3KH

A, m/c? A, m/c? A, m/c?
B e e T [ S e + .

1~ 1 TN | 3.00
0,80 ===t === i i

1 /1 N0 L00F - - Ao 1 200
LS 7/ S R B R 08 S ) 5 100

{0 e L :

0.00 Lttt o T e

0.00 100 200 300 400 500 ~ 0,00 100 200 300 400 500 0,00 100 200 300 400 500

AUX yckopeHus1, perucTpHpyeMas Ha pacCTOAHUHM 2,5 M OT TOUKH MPUIIOKEHHUS HArpy3KH

a 7] 8

Puc. 8. Biusiauie ycinoBHiA CHIETICHUS HA TPAHUIAX CIIOCB JTOPOKHON KOHCTPYKIIMU Ha (OPMY pacueTHOM
AUX yckopenus (110 OCH OpJIMHAT — YCKOPEHHs, M/c’; IO OCH aBCIyce — 4acToTa, I'I): @ — IoIHOoe Mex-
CIIOMHOE CILIeTUICHUE; O — TOTepsl CLUEIUICHHS MEXKAY CIOSMH TOKPBITHS M OCHOBAaHHUS; 6 — IIOJIHOE

120

OTCYTCTBUC CHCIIJICHUA MCIKIAY BCCMU CIOIMU



YVenoea E.B., Tupamypsan A.H. Jlanun A.A. / Becmuux [IHUITY. Mexanuxa 2 (2016) 111-130

Ha ocHOBE pOBECHHOTO YNCIIEHHOTO MOJEIMPOBAHUS MOYKHO CIEIIATh CJICTYIOIIUE BEIBOBI.

[Ipu monHoM MexcnoitHoM cuerieHnd Ha AYX yCKOpeHHsI TOBEPXHOCTH HEXECTKOH J0-
POKHOU OAEKBI IPUCYTCTBYET OJMH YETKO BBIACIICHHBIA YACTOTHBIN SKCTPEMYM.

[Ipu noTepe MEXCIOMHOIO CIEIJIEHUS! MEXy MMAaKETOM cJIoeB ac(anbToOEeTOHAa U OCHOBA-
HUEM JTIOPOKHOU KOHCTPYKIMU HAa AUX yCKOpEHHS MOBEPXHOCTH HEKECTKOM JTOPOKHON OJEXkK-
IIbl, 3apErUCTpUpOBaHHON Ha pacctosHuu 0,75—1,25 M OT TOUKM NPUIOKEHHS HAarpy3KH, IpH-
CYTCTBYIOT JIBa YAaCTOTHBIX IKCTpeMyMa B auanaszoHax 0-220 I'u u 220-500 I'm.

[Ipu noTepe MEKCIONHOTO CLEIJIEHHS MEXK/Ty BCEMH YIEMEHTAMHU HEKECTKOM TOPOKHON KOH-
ctpykimd Ha AUX yCKOpeHHs, perucTpupyeMbIX Ha pacctosiauu 0,25-2,5 M, BbIAEIAETCS s 4ac-
TOTHBIX IKCTPEMYMOB, JIOKAIM3yEeMBIX B HaCTOTHBIX 0bmacTsax 0—200; 200—400; 400-500 I'w.

Jlnist TOATBEPKACHUS aIeKBaTHOCTH PE3yJIbTaTOB MOJIETMPOBaHMs OblIa MPOU3BEICHA JKC-
nepuMeHTanbHas peructpauns AUX yckopeHHs MOBEPXHOCTH JAOPOXKHOW KOHCTPYKIUHU U CO-
IIOCTaBJIEHA C Pe3ysbTaTaMU pacyeTa M0 aHAINTUYECKOW Mozenu. PesynbraTsl conocTaBieHus
JKCIIEPUMEHTANBHBIX U pacueTHbIX AUX yckopeHus npuseeHsl Ha puc. 9. Kak BUHO U3 npen-
CTaBJICHHOTO Tpaduka, (HopMbl FIKcIepuMeHTaTbHBIX AUX yCcKOpeHUs, 3aperucTpUpOBaHHbBIX Ha
MOBEPXHOCTHU MOKPBITUS TOPOKHOM OAEKIbI, TOCTATOUHO OnM3KHU ¢ pacueTHbIMU AUX yckope-
HYS, NTOJIyYEHHBIMH C UCIOJIb30BAHUEM AHAJTUTHYECKON MOJCIN IMHAMUYECKOTO HAIPSKEHHO-
1e(OPMHUPOBAHHOTO COCTOSIHMS MHOTOCJIOMHOTO TMOJIynpocTpaHcTBa. OTHOCUTENbHAS HOrpel-
HOCTb MEXAY DKCIEPUMEHTAIbHBIMU U PAaCYETHBIMU YaCTOTHBIMU 3KCTpeMyMmamu Ha AUX yc-
KOpEHHUs He mpeBblmaeT 15 %, 4To moaTBEpKIaeT aJeKBaTHOCTh MOJYUYEHHBIX B X0/1€ YHCIIEH-
HOT'O MOZCIIMPOBAHUSA PE3YJIBTATOB.

DKCnepUMeEHTaNbHAsA DKcnepuMeHTalbHas DKcrepUMeHTabHas
" pacueTHas AUX yckopeHus, 1 pacyeTHast AUX yckopeHus, 1 pacyeTHas AYX yckopeHus,
3aperucTpHpOBaHHbIE HA KM 3aperucTPUPOBaHHBIE HA KM 3aperucTPUPOBAHHbIE HA KM
1240+000 aBromMoOHIbHOH 610+500 aBTOMOOMIBLHO 630+500 aBTOMOOUIbHOI
aoporu M4 «Jlon» noporu M4 «Jlon» aoporu M4 «Jlon»
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Puc. 9. ConocraBienue 3KCepUMEHTaIbHBIX U pacueTHhIX AUX yckopeHus
. 2
Ha MMOBEPXHOCTH JOPOKHOM OJEKABI (110 OCH OPAUHAT — YCKOPEHHUS, M/C”;
10 OCH a0CITMCC — YacToTa, ['11)

Takum 00pa3zom, Ha OCHOBE 3apErMCTPUPOBAHHON B MOJEBBIX ycinoBusAx AUYX yckopeHus
MOBEPXHOCTH HEXECTKOW TOPOKHOU OZEKIbI BO3SMOKHO BBISIBUTH ITOTEPIO MEKCIOMHOTO CLEII-
JICHUSI MEKIY OTACIbHBIMU JJIEMEHTAMU HEXECTKMX IOPOKHBIX KOHCTPYKLUMH M YCTaHOBHTH
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MIPUMEHUMOCTh MeXaHUKO-MatemaTtuueckux monenet HJIC HekeCcTKUX AOpPOKHBIX KOHCTPYK-
[UH, TPUMEHSIEMBIX TPU ONPEACTECHUN MOIYJIEH YIPYTrOCTH HX CIOEB.

Ha II srane peanuzauuu anroputMma (cMm. puc. 4) IpOM3BOAUTCS YNCIEHHOE MOJEINPOBaA-
HHUE XapaKTePUCTUK TUHAMHYECKOTO Ne(OPMHUPOBAHNUS HA TOBEPXHOCTH HEKECTKUX JTOPOKHBIX
onex. B kauecTBe BXOJHBIX TaHHBIX IPU MOJAECTUPOBAHUHU UCTIOIb3YIOTCS:

OaHHbLE 0 00POIHCHOU 00edHcoe:

— HayvaJbHbIE MOJYJIM YIIPYTOCTH CJI0EB HEXKECTKOU JOPOKHOM oaex sl [20];
— TOJIILMHBI CJIOEB HEKECTKOM TOPOKHOM OJICKIbL;

— IUJIOTHOCTH CJIOEB JIOPOKHON OJICHKIbI;
OaHHble 0 NPUKIAObIEAEMOIl HAZPY3Ke:
— Macca rpysa;

— BBICOTA TaJICHUS T'PY3a;

— IWaMeTp LITaMIIa;

MOUKU HAONI0O0CHUA HA noeepxnocmu nOKpbslmusa: KOOPAUHATHI TOYCK YCTAHOBKU JAATUU-

KOB — PErHCTPAaTOPOB Mporuoa.

[Tocne 3amanust BXOJHBIX JAHHBIX CTPOUTCS CIEKTP yaapHou Harpysku (puc. 10, a). Jlanee
BeIUMCIsieTcs: pacueTHas AUX yckopeHuil miam mepemenieHuit (puc. 10, 6) Ha MOBEPXHOCTH
MOKPBITUS HEKECTKOM TOPOKHON OJICXKIbI, TOCIIE YeTo MmyTeM pasnokenus AUX nepemenieHuit
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Puc. 10. PacueT xapakTepuCTHK AHHAMHYECKOTO ehOpPMHUPOBAHUS
B IMporpaMMHOM KoMmIutekce Vibrolab (Ha rpaduke (a) mox P,y TOHIMAEeTCs KOHCTAHTA,
3aBHCAINAS OT MAacChl Ipy3a U THTA YJAPHOH yCTaHOBKH)
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B psin Pypee ctpoutcs pacuetHas ABX nmepememenuii (puc. 10, 8) u onpenenstorcs MaKCcH-
MaJIbHbIE 3HAUYEHUS! BEPTHKAJIBHBIX MEPEMEIICHNI BO BPEMEHH 10 KaXKI0H U3 TOoueK Halmone-
HUSL ¢ IOCTPOEHUEM PAaCUYETHON Yallll MaKCUMaJIbHBIX JUHAMUYECKUX Mporuoos (puc. 10, 2).

ITocne mocTpoeHHs pacyeTHOW yalld JUHAMMYECKHX MPOrHOOB MPOU3BOAUTCS €€ COIOoC-
TaBJICHUE C HKCIIEPUMEHTAIbHON Yallell MaKCUMaJIbHbIX JUHAMHUYECKHX IMPOru0oB, a B ciIydae
CEpPbEe3HBIX OTIMUYUI MEXIY HUMHU (IIPU MOTPEHIHOCTH MEXAY HKCIEPUMEHTAIbHBIMU U pacueT-
HBIMH 3HAYCHHSIMH BEPTHKAIBHBIX TIepeMenieHui 0omee 5 %) — KOppeKTHPOBKA pacUeTHOMN Ya-
I MaKCUMAJIbHBIX TUHAMUYECKHX MPOrMOOB C OJJHOBPEMEHHBIM MEPECUETOM 3HAYEHUN MOJY-
JIei yIpyrocTH CJI0EB /10 TOCTUKEHUS TPeOyeMOi MOrpeIIHOCTH.

OpnHako ciefyeT y4yuThIBaThb, YTO MPOBEJCHHE KOPPEKTUPOBKU LIEIECOOOpPa3HO B CiIydae,
€CJIM MEXK]y CJIOSIMU JOPOKHOM OJIeXkIbI HE HApPYILIEHO CLEMJIEHUE, YTO YCTaHABIMBAETCS B XO-
JIe AKCIIEpUMEHTAIBHBIX HCCIeoBaHUN myTeM aHanu3a AUX yckopenus. B mporpammuom
komriekce Vibrolab peanu3oBana mporenypa HOCIEI0BATENbHON KOPPEKTUPOBKU MOJIYJIEH
YOPYTOCTH CJIOEB JOPOKHBIX oAk . OHa 3aKJII04aeTcsi B TOM, YTO KOPPEKTUPOBKA HAUMHACTCS
¢ noabopa 3HaYeHUH MOAYJEH YIPYroCTH I'PyHTa 3eMJITHOIO MOJIOTHA A0 JTOCTHUXKEHHUS JOIycC-
TUMOM HOTPELIHOCTH B YAAJEHHOW OT TOYKHM yJapHOro Bo3zaeicTBus 30He 1,25-2.5 M, mocie
Yero MpOU3BOAMTCS MOJOOP 3HAUEHHUH pacyeTHBIX MEepPeMELIeHUH OTHOCUTEIbHO AKCIEPUMEH-
TanbHbIX B 30HE 0,25-1,25 M myTem BapbUpOBaHUS MOJYJI YIPYIOCTH OCHOBAHUS JOPOKHOU
OZIEXbl, a 3aKIHOYUTEIBHBIM JTAllOM SBJIICTCS OKOHYATENIbHAs KOPPEKTHPOBKA MOXYJIS yIpy-
roctH acanbrodeToHa B OMKHEH K TOUKe yJaapHoro Bo3aeucTsus 30He 00,25 m.

Crnenyer oTMETUTb, UTO JIt0Oast MOJO0HAsE METOANKA KOPPEKTUPOBKU CONPSIKEHA CO Clle-
JQYIOIIMM HEIOCTATKOM: UTOTOBBIE PACUETHBIE 3HAUYEHUS MOJYJIEH YIPYTOCTH CIOEB JOPOKHOU
OJIeX/Ibl MOTYT SIBJISIThCSI HE €JUHCTBEHHBIM PELICHUEM 3a/ladll KOPPEKTHUPOBKHU, UTO MPUBEIET
K IOTAJaHUIO HE B INI0OABHBIN, a B JJOKAJIBHBIN SKCTpeMyM (YHKLIUU OIMOKH. PemeHue 3Toit
po0JIeMbl BO3MOXKHO KaK COBEPILIEHCTBOBAHUEM CaMOW METOAMKU KOPPEKTHUPOBKHU, TaK U MpPH-
MEHEHHEM Hapsay C yaileid HOporuOOoB JONOJHHUTENBHBIX HapaMeTpPOB, XapaKTEpU3YHOIINX
IIPOYHOCTh JOPOKHOM OJEkKIbl C IIPOBEPKOM TOYHOCTH KOPPEKTUPOBKU II0 HUM. B KkauecTse
TAKOTO TMapaMeTpa MpejaraeTcs Mcnoiab3oBaTh AUX yCcKkOpeHHsI Ha MOBEPXHOCTH JOPOKHOU
onex bl [[ns 000cHOBaHMS JaHHOTO MPEATIOKEHHS OBUIO MPOU3BECHO MOJEIHPOBAHUE BIIUS-
HUS 3(QPEKTUBHOTO MOJYJS YHPYTOCTH (B JOPOXKHOH TEPMHHOJIOIMU HCHOJb3YETCsl 3KBUBa-
JICHTHBIN TEPMHH «OOIIUI MOIYNb yIpyroctun») (Ey, MIla) nopoxHoOl KOHCTpYKIMH Ha hopMy
AYX yckopeHHs] JOPOKHOM OJEXKIbl, pErUCTPUPYEMOM Ha MOBEPXHOCTH IMOKPHITUS Ha pac-
ctostHuM 0,75 M OT TOUYKHM yJapHOTo Bo3JeHCTBU. [laHHOE paccTosiHUE ObUIO BBIOPAHO TakK, KAk
OHO B CPEIHEM COOTBETCTBYET TOJIIMHE KOHCTPYKIMN T0pOoKHOM onexasl. Ha puc. 11 npuse-
JI€HBI PE3yNbTaThl IPOBEJCHHOTO YHCICHHOIO MOJCIUPOBaHus. 3 peacTaBieHHbIX pe3yiibTa-
TOB CJEIYyET, YTO C YBEIMYCHHEM OOIIEr0o MOIYJS YIPYTOCTH JOPOKHOM OJIEXKIbl yBEINYUBA-
€TCsl 3HAYEHHUE YacTOTHOro sKcTpemyma Ha AYUYX yCKOpeHHsI TOBEPXHOCTH JOPOKHON KOHCT-
pykuuu. Tak, mis A0poxkHON oxexabl ¢ 3¢ ¢dekTuBHBIM MoayieMm ynpyroctu (Ep) 300 Mlla
3HaueHue 4acToTHOro skcrpemyma Ha AUX yckopenus coctasuno 160 I'u, mpu 400 Mlla —
190 I'u, mpu 500 MIla — 215 T'u, a npu 600 MIla — 235 I'u. Mcxoast u3 noiy4eHHbIX pe3yibTa-
TOB OBLJI CIIEJIaH BBIBOA O TOM, 4T0 AUX yCKOpeHUs TTOBEPXHOCTH TOPOKHON OJIEKIBI, OTpaXKast
€€ MPOYHOCTb, MOXKET HCIOJB30BAaThCSA U B KaYECTBE JOMOJIHUTEIBLHOTO KPUTEPHS NPU OLIEHKE
MOJyJIEH YIPYTOCTH CIIOEB JOPOXKHON OAeKAbl. TakuM 00pa3oMm, HapsIy ¢ TpeOOBaHHEM CXO-
JUMOCTH MEXy PACUETHOU U HKCIIEPUMEHTAIBHON Yalled MaKCUMAJIbHBIX JUHAMUYECKHUX IIPO-
ru0OB Ha MOBEPXHOCTH JOPOKHBIX OJEK] CIeIyeT TpeOOBaTh CXOAUMOCTH MEXIY PacueTHBIM
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U 9KCIIEpUMEHTAIbHBIM 3HAU€HHUEM YaCTOTHOTO dKcTpeMyMa Ha AUX yckopeHus: moBEpXHOCTH
JIOPOKHOM OJIeXKbI, 3apETUCTPUPOBAHHON Ha paccTosiHuU 0,75 M OT TOUKH yJapHOTO BO3JEHCT-
BUsI (B ClTy4ae MPUMEHEHHSI MOOUIILHOTO BUOpon3MepuTenbHoro komiuiekca BUK-1).
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G Zé

Puc. 11. Biusaue 3¢ (hekTHBHOTO MOAYIIS YIPYTOCTH JOPOXKHOU OJIK/IbI HA PACUETHYO
aAMILTUTY IHO-YACTOTHYIO XapaKTEePUCTUKY YCKOPECHHUS Ha ee TOBEPXHOCTH Ha paccTossHuu 0,75 M:
(a) Ey =300 MIla; (6) Ey =400 MIla; (8) Ey = 500 MIla; (2) Ey = 600 MIla

2. PesynbTaTthbl

Anpobarusi KOMIUIEKCHOTO MOAX0/1a K UCCIETOBAHUIO XapaKTePUCTUK TUHAMUYECKOTO Jie-
(bOpMHpPOBAaHUS HEKECTKHX JTOPOKHBIX OJIEXK][ OCYIIECTBISUIACH HA JIBYX AKCIUTyaTHPYEMBIX
yJacTkax aBToMoOmibHOU noporu M4 «JIOH». IlepBsiii yuactok — kM 877-878, Ha KOTOpOM
YCTpOEHa JOPOXKHAs 0JIe’kAa B COOTBETCTBUU C HOPMATUBHBIMU TIOKyMeHTaMu | epmanuu. Bro-
pOi — y4acTOK JOPOKHOM OAEKIbl, HAXOAALIUICS B JUINTEIbHON 3KCIUTyaTauuu kM 1463+700.
KoHCTpyKIMM TOPOKHBIX OEXK/T Ha 00CIeIOBaHHBIX YYacTKax NMpUBEIEHBI B Ta0I. 1 u 2.

C ucnosnp3oBaHreM MOOHMIIBHOTO BHOpom3mepuTenbHoro komruiekca BUK-1 na obcnemno-
BaHHBIX y4acTKaX Oblla MpOBEJCHA SKCIIEPUMEHTAIbHAS PETUCTPAIUS XapaKTePUCTHK TUHAMU-
4eCKOro /1eopMUpOBaHHS HA TIOBEPXHOCTH HEKECTKHUX JOPOKHBIX OJEK] M OMPEAETICHBI MO-
IyJIH YTIPYTOCTH CIIOEB AOPOXKHBIX oexa. Ha puc. 12 mpuBeneHbl pe3yiabTaThl CONOCTABICHUS
pPacUeTHBIX U AKCIEPUMEHTAIBHBIX Yalll MAKCUMAJIbHBIX TUHAMUYECKHX MPOTHOOB HEKECTKUX
JIOPOKHBIX O], a Ha puc. 13 comocTaBieHbl pacueTHas U 3kcnepuMenTanbHass AUX yckope-
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HUSI, pETUCTPUPYEMBIC HA MTOBEPXHOCTU JOPOXKHOM OAEkKAbI, U UX YACTOTHBIE SKCTPEMYMBbI Ha
yudacTke aBTroMoOmibHON goporu M4 «/IOH» kM 877—878. Pe3ynbrathl pacuera MOAysen yi-

PYTOCTH OTZENBHBIX CIIOEB JOPOXKHOM OAEKAbI Ha KM 877—878 npuBeaeHs! B Tab. 3.

Tabmuua 1

KoHcTpyKImMu 10p0KHBIX OAEkKA 1 HOPMATUBHBIE MOJYJIM YIIPYTOCTH UX CIIOEB
Ha yJacTKax aBToMoOmibHO# noporn M4 «/IOH» km 877-878

Koncerpyxknus Hawmmenoanue ciost u Moayib ynpyroctu, MIla | DddexkruBHbiii Momyns
JIOPOKHOU OEIKbI ynpyrocrtu, Mlla
Kwm 877-878 [Ile6eHOYHO-MAaCTUYHEIH achaabTOOETOH HA OH- E,=3200 MIla
——+ |tyme Mmapku bHJIY 60
A T"opstumit BEICOKOILIOTHEIN TUCTIEPCHO-
apMUpPOBaHHBIN acanpToOeTOH
T'opsiunii BEICOKOILIOTHBIN AUCTIEPCHO-
apMHUPOBAHHEIN acharbTOOCTOH
[lebeHo4Hast cMech MPU MAKCUMAaJIbHOM pa3Mepe E, =240 MIla
3epeH 40 mm C5
ITecok E; =100 MIla
CyTJIMHOK TsDKENBIN TBIIEBATHIN E,=42 Mlla
Tabnuma 2

KOHCTPYKIII/II/I AOPOKHBIX OACK 1 HOPMATHBHBIC MOAYJIN YIIPYT'OCTH UX CJIOCB
Ha ydacTkax aBToMoOmiIbHOM moporu M4 «JIOH» km 1463+700

HaumeHnoBanue ciiog u Moaynb ynpyroctu £, MIla
Acdanbrobderon, £y = 2500 MIla
[1le6eHOYHO-TpaBHIHO-TIECHaHasl cMech, F, = 240 Mlla
I'pynT 3eMmstHOTO TIOTHA, E3 = 42 Mlla

KoHcTpyK1us 1OpOKHON 0K IbI
Km 1463+700

o

25

25

Tabmuna 3

Pe3ynbpTathel pacuera MOyJieil yIPYrocTH CI0€B HEKECTKON JOPOKHON OHECHKIbI
Ha CTaJuu SKCIUTyaTaluu Ha kM 877-878

Ne Croit Monyns ynpyrocry,
n/m MITa
1 |AcdanbrobetoH (E)) 3870
[llebeHouHast cMeCh HETIPEPHIBHOMN TPaHyIOMETPHH IIPH MaKCUMAaJTLHOM 270
pa3mepe 3epeH 40 mMm (E5)
3 |llecok (E3) 100
4 |CyrnuHOK TsDKENbIid MblUIeBaThii (£,) 55

Kak BuaHo u3 puc. 12, B mpouecce BBIYUCICHUS MOIYJEH YIPYTOCTH OTAEIbHBIX CJIOEB
HEXECTKON TOPOKHOU o/1exkK bl HAa KM 877—878 OblIM 0OecredeHbl X0opoIias OJIH30CTh MEKIY
9KCIIEPUMEHTAIBLHOW U PAacUeTHOH yalield MaKCUMaJbHBIX JUHAMUYECKUX MPOTHOOB, a TaKkKe
MPAKTUYECKU TIOJIHOE COOTBETCTBHE MEXIY PACUETHBIM U SKCIEPUMEHTAIBHBIM 3HAYCHUEM
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YaCTOTHBIX 3KCTpeMyMoB Ha AUYX yCKOpeHHUs MOBEPXHOCTU HEXKECTKON HOPOKHOU OJI€KIbI
(¥ pacyeTHBIN, ¥ IKCIIEPUMEHTATIBHBIM YaCTOTHBIN IKCTPEMYM fmax = 250 I'm), uTo moaTsep-
KIAET KOPPEKTHOCTh BBIYMCIICHUS MOAYJIEH YHNPYTOCTH CJIOEB JOPOKHBIX OAEK] HAa CTaAUU
AKCITyaTaluu.
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0005 0005
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2 -0,008 2 0,007
5 2001 v 0,008
: 30l o
=0 -0,01
5 0,013 B o0l
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a 4]

Puc. 12. PacueTHas u SKCTIepUMEHTaIbHAS Yallld MaKCHMAJIBHBIX TUHAMUYICCKUAX TIPOTHOOB
Ha yyacTke M-4 km 877-878 10 u nocie KOppeKTUPOBKHU
(3ereHas IMHUS — SKCIIEPUMEHTAbHAS Yallla MPOTH00B, KpacHas — pacueTHas Jaiia IporudoB)

6

=

38

AMIIHTYbI BEPTHKATBHBIX
yCKOpeHHit, m/c?
U2

Yactora, '

— DkcnepumeHTanbHad AUX yckopeHuss —— PacuetHas AUX yckopeHus

Puc. 13. ConocraBieHne pacyeTHBIX U 3KCIIepUMEHTaIbHBIX AUX yckopeHus,
3aperuCTPUPOBAHHBIX Ha MMOBEPXHOCTH IOPOKHOM Ok AbI HAa ydacTKe KM 877—878

AHaJIOTMYHBIN MOaX0A ObUT MPUMEHEH MPU pacyeTe MOIYJIEH YIPYTroCTH CJI0EB HEKECTKUX
JIOPOKHBIX OJICXK/I HA y4acTKe aBToMoOunIbHOU goporu M4 «JIOH» km 1463+700. Paccuuran-
HbI€ 3HAYEHHs MOJYJEH YNPYroCTH CIIOEB JOPOXKHOM OJEXKIbl Ha CTAaAUM SKCIUTyaTallud Ha
JTAHHOM Y4aCTKe NPUBEICHbI B Ta0J. 4. 3HaUEHUS pacUeTHOIO YaCTOTHOTO SKcTpeMyma Ha AUX
YCKOPEHHsI TIOBEPXHOCTH JOPOKHOM OJEkKAbI 11 JaHHOTO Y4acTKa fpmax = 140 I'11, a sxcnepu-
MEHTAJIBHOTO — f5max = 142 ['11, 4TO MOATBEpKAaET MONTYUYSHHBIE PE3yJIbTAaThl pacyeTa IKCILTya-
TAllMOHHBIX 3HAYEHUN MOJyJIEW YIIPYTOCTH CIIOEB JOPOKHOU OJEHKIBI.
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Ta0muua 4

PesynbraThl pacuera MOAyJIeH YIIPYTOCTH CIIOEB HEKECTKOMN JIOPOKHOU OJICHKTBI
Ha CTaJuu dKCIUTyatauu Ha kM 1463+700

Ne Croit Monyns yrpyTocTH,
/o Mlla

1 |AcdanbrobetoH (E)) 1470

2 |llleGeHouHO-TpaBHifHO-TIecUaHas cMech (£,) 70

3 |I'pyHT (E3) 47

3. O6cyxneHue

AHanmu3 Tabn. 3 moOKa3bIBaeT YIOBJICTBOPUTEIBHYIO HECYIIYIO CHOCOOHOCTH JOPOKHON
OJIeXIbl U COOTBETCTBUE 3HAUCHUN MOJYJIEH YIPYrOCTH OTAEIBHBIX CIIOEB TOPOKHOMN OIEHKIbI
TpeOOBaHUSM, MPEABIBISIEMbIM HOPMAaTUBHBIMH HokymeHTamu P® (ODN, 2001) [20]. IIpu
9TOM 00ECIIEYeHO COOTBETCTBHE MEXKIY 3HAYCHUSMHU YACTOTHBIX SKCTPEMYMOB Ha PacUeTHOM
1 SKcnepuMeHTaIbHONM AYX yCKOpEHHsS MOBEPXHOCTH HEXKECTKOW HOPOXKHON KOHCTPYKIIMHU
(B 000UX ciydas fmax = 250 I'm). CaenmyeT oTMETUTH, YTO MOJAOOHOE BHICOKOE 3HAYCHHE YaCTOT-
HOTO 9KCTpEMyMa TakKe CBUICTENHCTBYET O BHICOKOM HeCyIel crmocoOHOCTH 00cie10BaHHOM
JIOPOKHOU KOHCTPYKIIMH.

Ha yvacTtke aBTOMOOMIBHOM moporu Ha kM 1463+700 ocrabieHbI Bce 37eMEHTHI HEeKECTKON
JOPOXKHOM KOHCTPYKIMU: TIOKPBITHE, OCHOBAHHE M TPYHT 3eMJIIHOrO NosioTHA. Ha ganHOM yyacTke
TaKkKe TMOyYeHO XOPOIlIee COOTBETCTBUE MEXKIy 3HAUCHUSAMHU HKCIIEPUMEHTAIBHOTO M PACYETHOTO
YaCTOTHOTO AKCTPEMYMA (fpmax = 140 'y, @ 3KCHEPUMEHTAIIBHOTO f; max = 142 T'nt). [TogoGHele 3Ha-
YEHHSI YaCTOTHOTO SKCTPEMyMa TaKXKe MO3BOJISIIOT C/IEaTh BBIBOJ O HU3KOW HECYIIEH CIIOCOOHOCTH
JTOPOXKHOM KOHCTPYKIMU Ha JaHHOM ydacTke. [loyyeHHbIe BBIBO/IBI MMOJITBEPXKIAIOTCS pe3yibTa-
TaMH JJaOOPaTOPHBIX UCIIBITAHUI MaTepPHAIOB CJIOEB TOPOXKHBIX OJICXK]T HA IAHHBIX YYacTKaXx.

3aknroyeHune

1. B xozxe nmpOBEIEHHBIX UCCIENOBAHUN NPEIIOKEH KOMIUIEKCHBIM MOAXOJ K MCCIIEI0Ba-
HHUIO XapaKTEPUCTUK AMHAMUYECKOTO 1e(OPMHUPOBAHUSA HAa MOBEPXHOCTH HEXKECTKHUX JIOPOXK-
HBIX OJIeXK]I, BKJIIOYAIOMINN B ce0s1 KaK aHalIM3 PacYETHBIX M HKCHEPUMEHTAIbHBIX Yall MaKCHU-
MaJIbHBIX JUHAMUYECKHUX MPOTUOOB, TaK M aHAJU3 XapaKTEPUCTUK OTKJIMKA HEKECTKON TOPOXK-
HOM KOHCTPYKILIUY B YACTOTHON 00JACTH.

2. IlyreM MaTeMaTH4ECKOrO MOJEIHPOBAHMS YCTAHOBJICHO BIMSHHE MEXAY CLEILNICHUEM
Ha TpaHUIaX CJIOEB JOPOXKHOM OJEKIbl M (POPMOI aMIUIMTYIHO-YACTOTHOW XapaKTEPUCTHKH
YCKOPEHUs Ha IOBEPXHOCTH HEKECTKOM TOPOKHOM OJEXKIbI:

— IIPY [TOJTHOM MEXCIIOMHOM clueruieHnd Ha AUX yCKOpeHUs: MOBEPXHOCTH HEXECTKOMU J10-
POKHOM OIEKbI IPUCYTCTBYET OJAMH YETKO BBIIACICHHBIA YACTOTHBIN DKCTPEMYM;

— IIpU TIOTEpe MEXCIOWHOIO CLEIUICHUS] MEXAy MaKkeToM CloeB ac(aabTOOETOHa U OCHO-
BaHUEM JOPOXKHOW KOHCTpYKIMHM Ha AYX yCKOpeHHs NOBEPXHOCTH HEXKECTKON JOPOKHOU
OJICKIbI, 3apETUCTPUPOBAHHON Ha paccTossHUU 0,75-1,25 M OT TOUKH MPUIOKEHHUS HArpy3KH,
MPUCYTCTBYIOT JIBa YaCTOTHBIX IKCTpemMyMma, B nuanazoHax 0-220 I'u, u 220-500 I';

— IIPU TIOTEPE MEMKCIIOWHOTO CLEIUIEHUS] MEXIy BCEMH JJIEMEHTAMH HEXXECTKOM TOpPOKHOMN
KoHCTpykiMu Ha AUX yckopeHus1, peructpupyembix Ha paccrossHuu 0,25-2,5 M, BblienseTcs psaj
YaCTOTHBIX IKCTPEMYMOB, JIOKAJIU3yEeMbIX B 4aCTOTHBIX o0iacTsx 0-200; 200400, 400-500 I'mx.
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3. YCTaHOBJICHO BIMSHUE OOIIETO MOMIYJIS YIPYTOCTH JOPOKHOM OJICKIbI HA YACTOTHBIN
skcTpeMyM Ha AUX ycKkopeHus MOBEPXHOCTU JOPOKHOM KOHCTpyKuuu. [Ipu yBennueHuun oo-
HIEr0 MOAYJISL YIPYrocTH NOpoxHOM KoHCTpykiuu otT 300 no 600 Mlla 3HaueHus 4aCTOTHOTO
AKCTpeMyMa U3MeHsIoTcs B penenax 160-235 I'u. Takum obpazom, yuutsiBas, 4o AUX ycko-
PEHUS MOBEPXHOCTH HEKECTKOM JOPOKHOM KOHCTPYKIUHU XapaKTepU3YeT €€ HECYyIlylo Croco0-
HOCTb, MO’KHO CZEJIaTh BBIBOJI, UTO JaHHAsI XapaKTEPUCTUKA MOXKET UCIIOJIb30BATHCS B KAUECTBE
JIOTIOJIHUTEIBHOTO KPUTEPUs KOPPEKTHOCTH 3HAYEHUM MOAYJEW yNpyrocTtH, MOJy4YEHHBIX ITy-
T€M KOPPEKTHPOBKHM PACUETHBIX M HKCIIEPUMEHTAJBHBIX Yalll MAKCUMAJIbHBIX JTHHAMHYECKUX
POruO0B NOBEPXHOCTH HEKECTKUX JTOPOKHBIX OEHK].

4. OCHOBHbIE NIEPCIIEKTUBBI UCIIOJIB30BAHUS TaHHOTO METO/IA, Ha HAIll B3IVIAJI, HEPA3PHIBHO
CBSI3aHbI C COBEpPLIEHCTBOBAHMEM METOJOB U CPEJICTB aHAJIM3a MOBEICHHS TOPOKHON KOHCT-
PYKIIMHA B 4acTOTHOW obOsactu. Tak, akTyaqbHON BBITJISIAWT 3a/adya YCTAHOBJICHUS TCHACHIIMI
n3MeHeHni gopmbl AUX yckopeHHs, 3aperuCTpUPOBAHHOM Ha pa3IMYHBIX PACCTOSHUSAX OT
TOYKH MPWIOKEHUS HArpy3KH, OT 3HAYEHUM MOAYJEH yNpyrocTH OTAEIBbHBIX CIOEB JOPOKHOM
onexabl. Takxke cleyeT OTMETUTh, YTO B paMKax JaHHOW pabOThl MPU UCCICTOBAHUH BIUSHUS
YCIOBUM MEXCIOMHOTO cuemieHuss Ha AUX yCKOpeHus: MPUMEHSIICS HECKOJIBKO YIPOIIEHHbBIN
MOJXOJ, TAaK KaK YCJIOBMsI KOHTaKkTa Ha IpaHMIAX CJIOEB INPHUHHUMAINCh «riaaakumu». Heco-
MHEHHO, YTO B PEaJbHBIX YCIOBHIX JKCIUTyaTallMU YCIOBHS CLETIJICHUS MEXKIY CIOSIMH OyIyT
MIPUHUMATh HEKOTOPBIE «IIPOMEXKYTOUHBIE» 3HaueHus. McXols M3 3TOro mepCrneKTUBHBIM Ha-
NPaBJICHUEM COBEPIICHCTBOBAHMS MPEIaraéMoro IMOAX0Ja MOXKET OBITh oOeclieyeHHne BO3-
MO>KHOCTH OIPENEICHHS IPOMEKYTOUHBIX YCIOBUM CLEIUIEHNS MEXKIY CIOSIMH I0POKHON KOH-
CTPYKLUMHU Ha CTaauM 3KciulyaTauuu. OAHAaKo B 3aK/IIOUEHHE HYXKHO CKa3aTh, YTO, Ha Hall
B3IJIsAJl, UYMEHHO YaCTOTHBIE XapaKTEPUCTUKU, PETUCTPUPYEMBIE B TOPOKHON KOHCTPYKLIMH IIPU
JMHAMAYECKOM Harpy>XeHHH, SBISIIOTCS Hanbosee HH)OPMAaTHBHBIMU M MOTYT OBITh UCTIOJIB30-
BaHbI IIPY OLIEHKE COCTOSIHUSA TOPOKHBIX OJEXK] Ha CTaJUM IKCIUTyaTallH, a TAKXKE IpHU Ipopa-
00TKe U KaIUOPOBKE COBPEMEHHBIX MEXaHHKO-MAaTEeMAaTHYECKHUX MOJENe JOPOKHBIX KOHCT-
PYKIIHIA.
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