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CaoBo o I'.Il. YeboTapése

Texuuuecknit Kommrer Ne207 ISSMGE «Soil-Structure Interaction and Retaining
Wallsy, koTopbIM 51 IMer0 YecTh pykoBoauTh ¢ 2005 rona, opranu3oBai 8§ KoH(MEpeHIUH H
cneunansHeix ceccuil B Cankt-IlerepOypre, I'ente, Mockse, Pocroke, [lyOpoBHuKE U
[Tapuxe.

Ouepennas KoH(pepeHUusi, KOTOPYI0 Mbl MPOBOAUM B mepuof mnerepOyprckux bembix
Houeii, mocpsiiiena maMsiTi BeIAaromerocs: yuenoro-reorexuuka ['puropust [lopdupnreBuya
YeboTapera.

CormnacHo BceM »HUMKIONenuueckuM ciosapsim [.I1. YeborapeB — pyccko-aMepuKaHc-
KHH WH)KEHEp, CIEeUAIUCT 110 MEXaHUKe TPYHTOB U QyHIamMeHTocTpoeHuto. OH pomuiics B
¢espane 1899 r. B [1aBnoBcke. Y poauteneii ['puropus [TopdupbeBnya ObLUT BETUKONESITHBINA
nom B Llapckom cene, mpuropoze IlerepOypra.

VYuuTeiBas 0OJBIIOE KOJIMYECTBO HECTHIKOBOK B €ro Mocienyromei onorpaduu, mocra-
paroch BHECTH YTOYHEHHS Ha OCHOBE JIAHHBIX, UMEIOIIUXCs B apxuBax [letepOypra u 6uo-
muoreke [leTepOyprckoro rocynapcTBEHHOTO YHHBEpPCUTETa IyTel cooOmeHus (OBIBIINit
WuctuTyT myteit coobmenns Anexcanapa I, ocnoBannsiii B 1809 1.). B 2014 rony Iletep-
Oyprckuii YHUBEPCUTET IyTeH cOOOIIeHNs O(HUIIHATBHO BOCCTAHOBMII 1I0OpOe UMsl HMIIepa-
Topa Anekcarnpa I, omHOro M3 ocHoBarenelr MHcTuTyTa myTel coobmenus. Mupopmarus
00 3TOi crapeiimeil TexHuueckor mkone Poccun mmeer otHomenue u Kk ['puroputo Ilop-
¢dupreBnuy YeboTapeBy.

I'.I. YeboTapeB poauics B CeMbE HE MPOCTO Ka3aubero oQuuepa — ero orer ObLT Mpu-
OMIDKEH K MMIIEPaTOPCKOMY JoMY, a ero eHa u Matb [.I1. YeOorapeBa Obina dhpelnunoi
nmneparpuibl. [lepean HavamoM peBONIOLMOHHBIX COOBITUH OTEI] MMEN 3BaHHE T'eHepa-
JeHTeHaHTa W CIYXXWI B JieHO-rBapaum J[oHCKOTO Kaszaubero kopmyca. ECTh eme omHa
MHTEpecHas aetanb: KpecTHOHM matepbio I.I1. UeborapeBa Oblia BIOBCTBYOLIAs HMIIEpa-
TpuIla, MaTh npassiero 10 1917 r. umneparopa Huxomnas I1.

[eproii xxenoit I'.I1. YeboTapesa Obua Jluaus GenoposHa KpacHosa. Eme mo 3amyxe-
cTBa oHa OblTa moxpyroit matepu Yeborapesa u sxmina B Llapckom Cene (HpiHe Topon [Tym-
kuH — npuropon [lerepOypra). Ilo pacnonoxenuto cBoero goma oHa ObuTa ONM3Ka K Lap-
CKOM JBOPIIOBOM pe3ujieHInK. EcTecTBEHHO, YTO MpelaHHble Iaplo TeHEepaibl, TaKue Kak
YeborapeB u KpacnoB — oren cynpyru I'puropust IlopdupbeBuya, a Taxke BOILIEALIHNA B
HCTOPHIO PEBOJIIOLIMOHHBIX COOBITHUH NOHCKOW aTamaH KajenuwH, cUMTaay CBOMM JIOJITOM
coxpanuTh Poccuro, onepkas mobdemy Ha pporTte ¢ ['epmanueii 1 B Teury. OHU MOIABIISITH
BCEMH CHJIAMH, COXPAHHUBILIEHCSA YacThIO apMHUM W Ka3auybUX BOICK, OOJBLIEBUCTCKUE BOC-
CTaHMsI, B TOM YHCJIe BOLIE/IIee B UCTOPHIO MacCOBOE BoccTaHue Ha JloHY.

BnocneactBum cminbl oOpOBOEYECKOM WtH OelIoi apMHW BENIM CHadaa yCIICITHBIE, a
3ateM Oe3ycnemHsle Oou ¢ Bolickamu Kpacnoii apmun. [locaeqaum omaoTom OenbIx AOH-
ckux popmuposanuii cran ropoa Hosouepkacck. Tam nmpenmonoxutensao B 1918 1. 3akoH-
YHJI CBOIO BOCHHYIO Kaphepy [ puropuii [lopdhupreBrud. 31ech HEOOXOIUMO YIIOMSHYTh PSIIT
WHTEPECHBIX MOMEHTOB U3 HACHIIIICHHBIX COOBITHSMHU PEBOIOIIMOHHBIX MecsieB 1917-1918
rr. FOusiii ['puropuii [MopdupbeBud, KOTOPOMY HUCHOJHHIOCH 18 neT, ObLI Ha3HAUYEH JINY-



HBIM aJIBIOTAHTOM TeHepasia KpacHoBa, ofHOrO u3 OOpPIOB ¢ KpacHBIM JBMXeHHeM 1917—
1918 rr. B Poccun. brnecrsme Bnaaes HEMEKNUM S3bIKOM, OH KakK MEPEBOAUMK, UMEIOIINN
cpeqHee IOpUANYecKoe 00pa3oBaHue, MPUCYTCTBOBAT Ha M3BECTHHIX MeperoBopax KpacHo-
Ba ¢ Tpoukum u MatpocoM [[pIGEHKO, B KOTOPBIX y4acTBOBAJIM U HEMEIIKHE BOCHHBIE CIIe-
LUAJIACTHI.

IOpuanueckoe obpazosanue I'puropuii [lopdpupreBud Havan momyyats B 12 ner, koraa
oH noctynun B MMneparopckoe yudwiunine mpaBoBeneHHs. B BoeHHOe BpeMsi OH OKOHYMII
YCKOpEHHBIE Kypchl 00y4eHus: MuxaioBcKoro nerepOyprckoro apTHILIEPHICKOTO yUHITH-
I1a, MOJy4uB 3BaHUe mparnopimuka B 1916 r. Takum obpazom, I'.I1. YeboTapeB mpocto He
MOT OBITh OJTHAM U3 PyKOBOJUTENEH Oenoro nemxenus au B llerepOypre, Hu Ha Jony. OH,
IyMaro, HECOMHEHHO, UM COYYBCTBOBAJ, HO CBOIO Kapbepy ONpEAeNni YeTKO, BEHIOpaB B
CTOJIb HECIIOKOWHOE JuIsi Poccuu BpeMsl CBOM JAIbHEHIINHI ITyTh IPayKIAHCKOTO MJIU ITyTEH-
CKOT'O MHXKEHEPA.

B 19 ner (8 1918 1.) on npuexan B IlerepOypr u moctynui B MHCTUTYT MyTEHCKUX HUH-
YKEHEpOB, KOTOPBIA MO MPUYMHAM YUCTO TMOJUTHUYECKOTO XapaKTepa HE CMOT 3aKOHYHUTH,
SIBJISISICH 4JICHOM CEMbH, NPUOIKEHHOM K LapcTBYOLIEeH ¢aMuiny, B T€ TOIbl IIpeciesye-
MO KapaTenbHBIMU OpraHaMu KpacHoil Poccun.

OcHOBBIBasICh Ha Oecelax CO CBOMMH CTapUIMMHU KOJJIETAMH I10 HAllleMy TeOTeXHHYe-
CKOMY U cTpouTensHoMy Aeny IlerepOypra, st xoTen Obl OTMETHUTD CIIEAYIOIIE MOMEHTHI U3
xm3au ['.I1. YeboTtapeBa B ero moiozaple rogsl. Ilocie moctymienus B UHCTHTYT myTei
coobmienust [lerepOypra, OH OTIMYHO MOHWUMAJ, YTO €0 COIHMAIBHOE IMPOHCXOXKICHHE
MOJKET IPHUBECTH K BEChbMa IUIaYeBHBIM IociencTsusaM. ['puropuit IlopdupbeBuu Buzen,
KaK PerpeccUpyioT ero Kojer-opuiepoB n3 U3BECTHBHIX METEpOYPrcKUX ceMel, HO xKema-
HUE MOJTYYHTH MPO(HECCHIO TPAKIAAHCKOTO HHXKEHEPa MEPECHITUIIO YYBCTBO OMACHOCTH.

ITo crmoBam m3BecTHOTO Tpodeccopa IleTepOyprckoro ApXUTEKTYPHO-CTPOUTEIHHOTO
yauBepcutera (MHCTHTYTa rpaskaaHckux nHxeHepos) u Ilyreiickoro uncruryra (Muactury-
Ta myTei cooOuienus) Bragumupa AnekceeBuua [acteBa, a Takxke mnpodeccopa Bukropa
AmnaronpeBuda Onopuna I'.I1. YeboTapeB WHTEpECOBAJICS HUCCIICIOBAHUSIMH, CBI3aHHBIMH C
UCTIBITAHUEM TPYHTOB B MEXaHMYecKoW sabopatopuu llyTeiickoro uHctutyTta. B TO Bpems
MEXaHUYEeCKOW 1abopaTopueil pyKOBOIMI POCCUICKUI, a BIIOCICACTBUHA U3BECTHBIM aMepH-
kadckuit mpodeccop C.II. Tumomenko. (S yBepeH, 9TO WX IYTH IMEPECEKATUCh yKE B
[TerepOypre).

B o910l crapeiimeii MexaHWUecKoW Ja0OpaTOPHHM UCHBITHIBA CBaW HWHXKEHEP
H.M. I'epceBanoB (BeimyckauK UHCTHTYTA ITyTel coobmenus 1902 r., cbiH pexropa [lyTeii-
CKOTO HMHCTHTYTa, PYKOBOAMBIIETO HHCTHUTYTOM Oonee 25 ner). BmocnencrBun umeHem
H.M. TI'epceBanoBa Obl1 Ha3BaH BeAymuid B Poccuu 1 oaMH U3 KPYIMHEWIIMX B MUPE CTICIH-
ATM3UPOBAHHBIX HHCTUTYTOB OCHOBaHUH M mo3eMHbBIX coopyxermnit (HUMOCII, Mocksa).

Cpenn poecHukos 1o oodyuenuto 6butn H.-H. Macnos u B.A. ®iopuH, KoTopble O3XKeE,
CTaB KPYNMHEUIIMMM T'€0TEXHHKAaMU C MHPOBBIMH MMEHaMH, MEPEBOAMIN CTaTb U MOHO-
rpaduu I'.I1. YeGorapera, nzganusie B CIIA.

MOXHO ¢ YBEpPEHHOCTbIO CKa3aTh, YTO CO CBOMX IEPBBIX AHEH yueObl B MHCcTUTYTE MYy-
Tell cooOmeHus, obuasch ¢ OyAylMMMH BEAyIIUMH KOpH(EsSsMH MHPOBOTO YPOBHS
(C.II. Tumomenko, B.A.T'acteBeiM, H.H. MacnoBeimM, H.M. I'epceBanoBeiM), ['puropuit
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[HopdupreBnd HE MOT HE 3aMHTEPECOBATHCS TEOTEXHUYECKONH HAYKOH, KOTOpas HE TOIHKO B
Poccun Haxomuiach Ha MEPENIOMHOM 3Tamle B IUIaHE 3HAYUMOCTH JUIs mpakTHkH. OH 00-
LIAJICS C TUMH JIIOJBMH U B TIOCTIEIYIOIINE TOIBI.

ABTOp 3TOH CTaTbM TOXE OKYHYJICS B MUp reoTexHuku nociue jgexkuuid H.H. Macnosa B
1957 r. B Jlenunrpaze. B To Bpems s ObUT KypcaHTOM BOCHHOTO (haKyJIbTeTa CTPOUTEILHOTO
nHCTUTYTA (OBIBIIETO MHCTHTYTA rpa)k IaHCKUX HHXeHepoB, no3nHee JIMCH).

K coxanennro, 60530 3a CBOIO XU3Hb He Mokumana [ 'puropus I[lopdupreBrnda B TOIBI
[TepBoit MupoBoO#i BoMHBI U mocie peBoitouuu 1917 r., axke mocie orbe3na Ha or Poccun,
0COOEHHO TIOCNIe TOTO, KaK OH y3HAJ, YTO apecTOBAaHHBIX JIIOZEH W3 BBHICIIEro OOIIecTBa
MOCAaIWIA B TIOPEMY, a apMeHCKUX O(HIIEPOB, apeCTOBAHHBIX B 3TH TOJMBI, MOCATUIN HA
Oaprxu U 3aToniau B GUHCKOM 3amuBe. DTy HHGOPMALHUIO OH MIPUBOAUT B CBOUX BOCIOMHU-
HaHusX. OueHb MHOTO TOIOOHBIX (DAKTOB S y3HAJI TIOCIE MPOYTESHUS aBTOOHOrpaduuecKoi
kauru [.I1. YeborapeBa «Poccust — Mosl pomgHas cTpaHay, KOTopas Oblia OmyOJIMKOBaHA B
1964 . B Hpto-Hopke B usnarenscree «McGrow-Hill Book company». W3 9Toit kHuru s
y3HaJ, 4to ero aen [ puropuii Uebotaper Takxke ObLT poJoM U3 Ka3akoB. [locie okoHYaHuUs
Texnomornyeckoro wHcTHTyTa B llerepOypre oH pykoBomwi crpouTenscTBoM HOro-
BOCTOYHOH kene3Hoil noporu PocroB-Boponex na pybexe XIX n XX BekoB, a ero MaTh
BanenTtuna lBanoBHa BO BpeMsi BOIHBI Oblia cecTpoil Muitocepans B rocrutane Lapckoro
Ceina, rae B TO BpeMs «Tpyauiack» uMmieparpuia Alsekcadjapa degopoBHa. HecomHeHHoO,
I'puropwmii IlopdupbeBuu obmiancst co cBoed Marepblo M KpecTHOH B 1917 r. B mepuoa
ormycka B [{apckom Cerne, re B TO BpeMsl IPOKUBANA €ro CEMBbS.

Sl cHayama HEXOTs Hadaj YWTaTh pasiensl sku3Heornmcanus I 'puropus I[lopdupnesnda,
KOTOpbIE HE KacaJuCh MEXaHUKU I'PYHTOB U GyHAaMeHTOCTpoeHHs. Ho IsTh riaB mpoyuran
KaK yBJEKaTeJIbHBIH pPOMaH U O3HAKOMMUJICS C €T0 «XOXKIECHHUSAM 110 MyKam», TOXO0KHMHU Ha
ONHCaHUs TeX JIET, CACIaHHBIE POCCHHUCKO-COBETCKUM mucaTeneM AiekceeM Hukonacsu-
yem ToncteiM. Ha rore Poccun I'puropus [lopdupreBuya HEOIHOKPATHO apecTOBHIBAIIY,
HO €My TIOBE3JI0 He OBITh pacCTpeNssHHBIM. B mepBoM ciydae KpacHbI MaTpylib MPU3HAI
€ro TMapTU3aHOM Oeyoro IBIKEHHS II0 XapaKTepHOMY paHITy, KOTOPBIH HOCWINA Oelbie
ouneprr. Ho kpacHble MaTpOCHI BBIHECTH NPUTOBOP HE YCIENH, TaK KaK MOSIBUIICS «BBICO-
KHi1» HAaYaJIbHUK KPACHBIX, OBIBIINN OQUIEp APCKOW apMUH, KOpeHHOU nerepOypxei. OH
CHOKOWHO TI00ecenoBall C TUICHHUKOM, HECMOTps Ha OypHBIE MPOTECTHI PEBOIIOIMOHHO
HACTPOCHHBIX MaTpocoB, oTBen ['puropus [lopdupreBnua B cTopoHy U oTmycTiin. Bropoi
apect ObLI 60Jiee OMaceH, HO OH YCIeN CKPBIThCS OT KOHBOMHOI IPYMITBI B PEBOTIOLMOHHON
TOJITIE MECTHOTO HAceJIEHHs, IPUBETCTBYIOIEH MpHe3 ] KpacHbIX Box e B HoBopoccuiick.

B Takux ycloBHSX NOBBIIIEHHOTO PUCKA €IUHCTBEHHBIM CIIACEHHEM OCTaBajach 3MHU-
rpauus. Becbma npoTtuBopeunBa nHMOpManus o BpeMeHH, koraa ['puropuii [TopdupbeBny
UeboTaper ObLT dBakyHpoBaH B Erumer BmecTe ¢ JIOHCKUM KameTCKUM KOPITYCOM, B KOTO-
pom ¢ 1921 r. ObuT TpenoaBaTeeM W HaXOIWJICS Ha CITy')KOe B KadecTBE aJlbIOTaHTa y
uHCTeKkTopa apTuiuiepun JloHckoi apmuu. HewsBecTHo, 00yyan M OH Kojuier-oQuiepoB
CTPOHUTETHHOMY A€y — 3TO ObUIa €TUHCTBEHHAs OTPACib, B KOTOPOW TUCIUILTUHUPOBAH-
HBbIE poccHiCKHEe O(UIEPHI BEICOKO IEHWINCH IS BEACHUS W OPTaHU3allui CTPOUTEIHLHOTO
OusHeca — aApyrux Jen B Erunrte Toro BpeMeHH npocTo He ObuI0. Bpsin mu on o0ywan pyc-
CKUX O(HUIIEPOB TOPTOBOMY JIEITY.
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ITo cnoBam H.H. MacnoBa momnomoii Yeborapes npuexan B bepinHCKYIO0 TEXHUYECKYIO
Koy ¢ koHcnektamu Jekiuit C.I1. TuMomeHko mo Teopuu ynpyrocTd U KHUTaMH, B TOM
yrcie yueOnnkamu NU3UIIN, koTopsie coXpaHsIMCh B €ro JIMYHOW Oubimoreke. OH mopa-
3WI OPUEMHYI0O KOMHUCCHUIO CBOMMH MO3HAHUSIMH, U3JI0)KCHHBIMU Ha HEMELKOM U aHIJIUI-
ckoM. Ilo cBuperenscTBam camoro I'puropus IlopdupbeBuya, oH cBOOOIHO BIajen STUMU
SI3BIKAaMH U JTOJITO OeceioBall ¢ WieHaMH KOMHCCHU W MPHUIJIAIICHHBIMU BEAYIIIMMH TPaXK-
JIAHCKUMHU UHXXeHepaMu bepInHCKON TEXHUYECKOMN IITKOJIBI.
[locne mosmydeHus AWIUIOMAa TPAXKAAHCKOTO HMHXKEHepa B bepnMHCKON TeXHMUYEecKOH
mkone I'.I1. YeGotapes paboran umxenepom B Erunte. [lnoxue rpyHTOBBIE yCIOBHS 3TOM
CTpaHBI OOPATHIIM €r0 BHUMaHUE Ha BAKHOCTh MEXaHWKHU I'PYHTOB, Ha CIIOKHOCTH YCTPOIi-
cTBa (YHAZaMEHTOB W CBS3aHHYI0O C HHMMH OTBETCTBEHHOCThb. ['puropuii [lopdupreBnu
MpUBJIEKAJCs Ui KOHCYJIbTalMi, 1 HEKOTopoe BpeMsi padoran Bo @panunu, ['epmanun u
CHIA. C 1937 1. 0H TIOCTOSHHO TpernomaBay B [IpHHCTOHCKOM YHUBEpPCHUTETE, 3aHUMAas
JOJDKHOCTB Tpodeccopa CTpOUTENBHOrO MCKyccTBa. HampaBieHus, cBS3aHHBIE C MEXaHU-
KOH TPYHTOB M (YHAaMEHTOCTPOCHHEM, BKJIFOUasi YCTOMYMBOCTD TOATIOPHBIX COOPYKEHUH,
BITOJTHE 00OCHOBAaHHO OTHOCHIIM K UCKYCCTBY B CTpouTeNnbHOM nene. Ero pabotel onuckiBa-
JI1 CTPOUTENHCTBO MOCTOB, TUIOTHH, TOHHENEH U IPYTHX, B TOM UUCIIE€ YHUKAJIBHBIX TPaXK-
JAHCKUX U BOEHHBIX COOPYKEHHI.
Opnaxo pabdotas B CLIA gonrue rozasl, ['puropwuii [lopdupseBrnd ocyxaan 3moHaMepeH-
HBIE MCKa)KEHHsI PYCCKOM MCTOpHMH, Mcxozsmue oT HMHpopmanuonHoro arentctsa CIIIA
TOrO BPEMEHH, B MEPHOJI aKTUBU3ALUU ceHAaTOpa MakkapTH, BO BpEMEHA «XOJIOJHOW BOM-
HbDY. OQHUIHMaTHFHO N3BECTHO, YTO B X0A€ 00OMEHA HAYYHBIMH JIeJIeTaIlsIMH, BKITIOYAIOIIMHA
reotexHukoB, Mexay CHIA u CCCP, on He okaszan coneiicteus LIPY. B 3mak mporecta
I'puropwmii [ToppupseBuu oTkazancst oT modeTHoro 3BaHus Professor Emeritus [IpuncTon-
CKOTO YHUBEpPCHUTETa. BTOpOW MpUYMHON M1 OTKAa3a CTaaW CIIydaW MPUTECHEHUsS Mpodec-
COpOB claBsSHCKOM HanuoHanbHOCTH B CIIIA — B yacTHOCTH, NpENOAAOIINX PYCCKUN S3BIK
U Jgutepatypy. 910 cBuierenbctByeT o [.I1. UeboTapeBe Kak 0 CHEHMAIUCTE C IMHPOKUM
TEXHUYECKUM U TYMAaHUTAPHBIM YPOBHEM MO3HAHUM.
B 1958 rogy CIHA u CCCP oOMmeHsiCh NeneranusiMi HHXEHEPOB U yueHBIX. B cocra-
Be osrtor neneranuu [.I1.YeGortapeB mocetun MockBy, Jlenunrpan, Kues, Cramunrpas.
CBowu BIEYATICHUS OH BHIPA3WJ CIEAYIOUINMH CJIOBaMH: «5l ye3Kajl CO CYACTIMBBIM YyB-
CTBOM, UTO MOA poJinHa — Poccus — jkMBa U MONPABIISIETCS IOCJIE UCTIBITAHHBIX €10 Y>KaCHBIX
MOTPSICECHUID.
OueHb BaXHBIMH TPEICTABIISIOTCS CIEAYIONMNE MONI0XEeHUs U3 padot I'puropus [lopdu-
pheBUYA, B JanbHedmeM onpeaenuBime nestenbHOcTh TC207 «Soil-Structure Interaction
and Retaining Walls» ISSMGE na npotsokenuu 8 ner (2005-2013 rr.).
- TI'puropwuii [lophupseBrd oOpaTuy BHUMaHHWE Ha TO, YTO PE3yJIbTAThl KPYITHOMAC-
MTa0HBIX W IOPOTOCTOSIINX HAPYKHBIX HCIIBITAHUN MUMEIOT OOIIBIIIOE PACXOXKICHHE
C NPOBENEHHBIMU pacyeTaMHd, B TOM 4YHCJIE€ PEKOMEHJOBAHHBIMHU CTaHJIApTaMU H
HOpMaTHBaMH;

- OH NpeACTaBHI OOBEKTHBHBIN MOJXOA K M3IOKEHHUIO TUIIOTE3 W TEOPHi, BBHIABUHY-
TBIX B T€ I'OJIbl PA3INYHBIMHU aBTOPAMU U CMEJIO IEPECMOTPEIT YCTAPEBILUE B3TIIAIBL;
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- oOpatun oco0oe BHUMaHHE HAa BaXHOCTh MEXAaHMKHM I'DYHTOB KaK TEOPETHYECKOIl
OCHOBBI JIJISl PacYeTOB, Ha SKCIICPUMEHTAILHBIE UCCIIEIOBAHUS IPYHTOB, CIIOCOOHBIE
OoJiee JOCTOBEPHO OICHUBATH HAIIPSHKEHHO-IC(OPMUPOBAHHOE COCTOSIHUE B TPYHTE
U B KOHCTPYKLUSIX JIFOOBIX IO 3HAYUMOCTH COOPYKEHHUH;

- B cBoeli kHure «Soil Mechanics, Foundations and Earth Structures» I'puropuii [Top-
(upbeBUY PUBOJUT OOJBIIOE KOJIMYESCTBO YHCICHHBIX MPUMEPOB U JIaeT WHTEpeC-
HbI€ T0JIEBble HAOJIIOJECHUS B COMOCTABICHUM C JAHHBIMHM PacyeToOB COIJIACHO pa3-
JIMYHBIM TEOPHSIM.

[IpuBeny mocnoBHO O4YeHb BakHOE yTBepkaeHue u3 kauru [.11. Yeborapesa «Bzanmo-
JEeWCTBHE MEXAY COOPYKEHUSAMH, pyHIaMEHTaMH U MOIACP)KUBAIOIIUMH UX T'PYHTaMI):
«Hecymas Tonma rpyHTa GyHIaMeHTa H COOpYKEHHs 00pa3yIoT eIMHYI0 CUCTEMY U JOJIK-
HBI paccMmatpuBathbes, cienoBarensHo, BCEI'JA KAK OJIHO LEJIOE». 3To monoxeHue
OYEHb YaCTO WTHOPUPOBAJIOCH B IPOLUIOM M B HACTOSIIEE BPEMsI OTICIBHBIMU aBTOPaMH.
I'maBHBIM 00pa30M 3TO CBSA3aHO CO CIOKHOCTBIO CaMOW MPOOJIEMBI, KOTOPYIO HEJb3s OBLIO
pELUTh, UCIIONB3YS CTapyl0 MareMaTH4YecKylo 0a3y — 0e3 YHCIEHHOTO MOJEITHUPOBAaHUS.
Haxe ceifuac HayyHOE 0OOOCHOBAHHME OTCTAET OT INPAKTHKH CTPOUTEJILCTBA, KOTAAa BO3BOIAT-
csl CBepXITyOOKHE MOI3eMHBIE COOPYKEHHSI U HeOOCKPeObl, MPEOA0JIEBIINE KUJIOMETPOBLIE
BBICOTHI.

Anammsupys BeickasbiBaHus [puropus [lopdupbeBrnda OTHOCHTENFHO €ro pacdyeToB H
HaTypbl, MOKHO CJENaThb BBIBOJ, YTO OH OBII M OCTaJCsl MIEOJOroM Bceil paboThl yxke
coBpeMeHHOro TexHuueckoro komurera Ne207 (Soil-Structure Interaction and Retaining
Walls Mexnaynaponnoro o6mectsa ISSMGE), KOTOpeIM MHE MOCYACTIUBHIOCH PYKOBO-
IUTh Ha npoTsbkernu 8 siet (2005-2013), a cTpaHoii-opranuzaTopom Kotoporo Osuta Poc-
cusl ripu nozzepxke [letepOyprckoro yHUBEpCHTETa IyTel COOOIIEHUS.

[Tepeno muOrO (hakcummie I.I1. UeboTapeBa Ha ero KHUTE IO MEXaHHKE TPYHTOB, W3-
nmanHoil B CLLIA. Ora kuura Obuia mogapesa B 1973 r. npodeccopy kadeapbl OCHOBaHUH U
¢ynnamentoB [lyrelickoro uncruryra. ['puropuii [TopdupbeBud cumrtan cedsi CTYJCHTOM
WNuctuTyTa myTteit coobmenus mpuema 1918 1. Ilpm atom mpodeccopy Hamielt kadenps
Bnamumupy IlerpoBnuy Cunuanay ObUIO CKa3aHO, YTO 3Ta KHUTA JAPUTCS AJIS1 IPOYTEHHS
U nepenadu B 6nbnuoreky [lyrelickoro MHCTUTYTA.

ITonnoe Ha3Banue kHUrn «DyHIAMEHTHI, 3aIIUTHBIE CTEHKU U 3€MJIIHBIE COOPYKCHUS».
MHe, KaKk IpU4acTHOMY K MeXIyHapoJAHOMY I€OTEXHHUECKOMY OpaTcTBY, 00bEJUHEHHOMY
opranuzanuei, HeiHe umenyemoii ISSMGE, npusitHo otmetuts, uto ['.I1. UeboTapeB BbI-
Opai cBoil npo¢ecCHOHAIBHBIA IIyTh UMEHHO B HAIIEM ITyTEHCKOM MHCTUTYTE (YHUBEpPCH-
TeTe) M MOJAPUJI CBOM KHWUTH IpodeccopaMm Hamied Kadenpbl M KOJJIeraM-IeOTeXHHUKaM.
Bonee Toro, oH BBICOKO LIEHWJI IOTEHIIMANI POCCUHCKHX CHELUAINCTOB, BKIIOYasi T€OTEXHUKOB.

He ymamnsis neHHOCTh paboT Kak TEOPEeTHYECKHX, TaK U 3KCIIEPUMEHTAIbHBIX, BBIIOJI-
HEHHBIX KOJUIEraMH BO MHOTI'MX CTpaHax Mupa B HampasieHuH SSI, Heo0X0IMMO OLIEHHUTH
3HAaYNMOCTh uccnenoBanuii ['puropust [lopdupbeBrya, KOTOPBIN BBHICTYNAN C YKa3aHHBIMH
BBITIIE WACSIMH TIOYTH Ha Beex KoHrpeccax ISSMGE (mecomrenHo, abbpeBuarypa obmiecTsa
MEHSUTach), HaunHas ¢ neporo koHrpecca (1936 r., CIIIA). OH HEOJHOKPATHO PYyKOBOIHII
paboTOl ceccHii U CeKIUN, PA0OYUX KOMUTETOB 10 YCTOWYMBOCTH 3alIUTHBIX CTEH TOJ3EM-
HBIX COOPYKEHUH.
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3asepmas xuzHeonmncanue [.11. YeborapeBa, reoTeXHUKA C MUPOBBIM UMEHEM, KOTOPBIN
Haydan CBOW MpoQecCHOHANBHBIN My Th, Kak cTyAeHT (1918 r.) MHcTtuTyTa myTteit coobmeHus
B [leTepOypre u CIOKUICS KaK KPYITHEHITUI CrIeIUaIUCT B [IpUHCTOHCKOM YHUBEPCUTETE B
CIIIA, nmoHuMaro, 4TO y MOHUX KOJUIEr-F€OTEXHUKOB, MPEACTABUTENECH Pa3iINYHbBIX IIKOJI
MHUpa MOXET BOSHHKHYTH BIIOJHE 3aKOHOMEPHBIN Borpoc: «[loyeMy reoTeXHUKH — YJICHBI
pabouero komurera (TC207 “Soil-Structure interaction and retaining walls”) npeanoxumu
Ha cBoeM 3acenannu yetom 2014 1. B [lerepOypre nmexkuuto, mocssmenayo nMmeHHo .11
YeOoTapeBy?» MHe npencTaBisiercs, 4To B €ro paboTax OCHOBOIOJIAraoIuM HallpaBJIcHU-
€M OBLIM M OCTal0TCS UMEHHO pacdeThl KOHCTPYKIMI COBMECTHO ¢ rpyHTamu. Kpome Toro,
LIMPOKasi CUCTEMa MOHUTOPUHTA, B TOM YHCJIE Ha IOCTPOCHHBIX KpyHHbIX 00bekTax CIIA,
MO3BOJISUIA OLICHWBATh JOCTOBEPHOCTh PACUETHBIX AAHHBIX M CIEHHAJbHBIX IKCIIEPUMEH-
TaNBHBIX UCCIICOBAHUN C HATYPHBIMU JTAHHBIMH.

HBe ceccun 3acemanus Texamueckoro Komurera Ne207 ISSMGE «Soil-Structure Inter-
action and Retaining Walls» na 18-ii MexnyHapoaHO KOH(QEPEHLIMH 1O MEXaHUKE TPyH-
TOB M TEOTEXHUYECKOMY CTPOUTENBCTBY CBHUIETEIBCTBOBAIM O OONBIIOM YCIIEXE 3TOTO
Ba)XKHOT'O HAIIPaBJICHUS Ui OONBLIMHCTBA 4YICHOB Hamero obmiectBa. Ha nByx ceccusx
TC207 «bynaaMeHThl U NOAIOPHBIE COOPY>KEHUs», MPpoXoauBIIuX 3—4 ceHtsops 2013 r. B
[Mapwxe, npucyrcTBoBano 1350 yuacTHUKOB KoH(epeHun. DakTuuecku pekopaHas moce-
MAEMOCTh IS CECCHHM Ha Moa00HOH KoHpepeHIu! 9To OBUTO OTMEUEHO B 3aKIIOYNTETh-
HOM JIOKJIaZie Ha IEPEeMOHHMH 3aKPbITHUs KOH(QEPEHIMH BHOBb HM30paHHBIM IPE3UICHTOM
ISSMGE P. ®panxom (Opanius).

Jlns Bcex KpYNHEHIINX M 3HAKOBBIX CTPOUTENBHBIX O0BEKTOB, BO3BEICHHBIX B MHUpPE 32
nocienaue 10 JieT, MUPOKO HCMOIB30BANIACh CUCTEMA MATEeMaTHUECKOTO MOJEIUPOBAHMS
KaK B TIPOCKTHOW MPaKTUKE, TaK | Mpoliecce BeJAeHUs paboT U MOCIEAYIOIEr0 MOHUTOPHH-
ra. 3To cIocoOCTBOBAIO OOBEAMHEHHUIO «TPEX CIIOHOBY» — apXHUTEKTOP, KOHCTPYKTOP, Ieo-
TEXHUK — Ha KOTOPBIX OCHOBBIBAETCS yCIIEX HAILETO J1eNa, KaK B HOBOM CTPOUTENLCTBE, TAK
U B peKoHCTpykiuu. B noknagax Ha ceccusix TC207-SSI B Ilapuxe Obln nmpoaHanu3upo-
BaHBI CMEITbIC TEOTEXHUICCKUE MPOCKTHI CBEPXBBRICOKMX 3maHui (cBhime 1000 M), KoTophie
ctposarcs B [lybae, n pyrux yHUKaJbHBIX CTPOCHHUI C MCIIOIb30BAHUEM HOBBIX IPOTPaMM-
HBIX KOMIIJIEKCOB U COBPEMEHHBIX HOpMaTHBOB (cM. Proceedings of the TC207 workshop on
soil-structure interaction and retaining walls — September 2013, Paris — www.paris2013-
issmge.org).

CrienmaicThI-Te0TEXHUKM HOBOTO CTOJIETHS BBIIIUIM HA HOBBIN 3Tall pacueToB, HCIIOJNb-
3ysl COBPEMEHHBIE BO3MOXXHOCTH BBIYMCIIMTENbHOW TeXHUKH. OTCYTCTBHE 3THUX TEXHHYE-
CKHX BO3MOXHOCTeH oueHb oropuaino mpod. I.I1. Yeborapesa, 1 OH, HE CKpBIBasi, MHCAI 00
3TOM.

B 3aBeprenny s Xo4y MPUBECTH CI0Ba HAIIEro BHOBH m30panHoro npesuaenta ISSMGE
Poxxe ®panka: «llepcreKTHBB COBPEMEHHOTO HOPMHPOBAHUSI T€OTEXHUYECKOTO MPOEKTH-
poBanus 6yayT ocHoBaHbl Ha Tpex cioBax: «SOIL-STRUCTURE-INTERACTION!!!»

[pencenarens TC207 «Soil-Structure Interaction and Retaining Walls»
(2005-2013 rr.)
[Ipodeccop B.M. Ymumkwii (III'VIIC)



Conep:xkanme

Tom 2

Cexkuus 1. CoBMecTHBIE pacyeTbl OCHOBAHUI M COOPYKEeHU I

A.H. Anexun, A.O. Kocmpomxuna, B.H. Anexun, A.A. Anexun
Yyer HenMHEHHOCTH IehOPMUPOBAHUS TPYHTA IIPH MPOSKTUPOBAHUT

TIJIMTHBIX (bYHZ[aMCHTOB BBICOTHBIX 3ITAHHM ..vveeeeeeeiiiiiieeeeeeiiiiireeeeeeeeinsreeeeseeesessssesasenns

B.A. Bacenun

AHanu3 nporecca pa3BUTH JJIMTEIbHBIX 0calok 3acTpoiiku Cankr-IlerepOypra
0 PE3yJIbTaTaM MOHUTOPUHIOBBIX HAOIIOJAEHUM] «...c..eouvinrinienrenriniieirenrenieneeenrenenneeneenns

H.U. I'opwxos, M.A. Kpacros
OneHka yCTOWIHMBOCTH 3JIEMEHTOB CHCTEMBI «COOPYKEHHS — Te0CcpeIar»

IIpU UX BO3BCACHNU HA OIOJIBHCOIIACHOM I'€OTCXHOTCHHOM CKIIOHEC......ceviviiiiinnnnnn.

A.JI. F'omman, JI.A. Cokonos
OKCIepUMEHTAIbHBIC HCCIICIOBAHMS U METO]] pacueTa

KOMOWHHPOBAHHON CBal HA TOPUZOHTAIBHYIO HATPY3KY -.e.veevreeerueruienienienieetensenseeneenee

C.A. Kyopseyes, A.B. Kaocapcxuii, A.H. Hsanos, C.B. Kyivkog
Tennopusnveckue ucciea0BaHUEe pabOThI MPOTHBOHATICTHEBONH KOHCTPYKIIUH

Ha y4acTKe BEUHOMEP3/IbIX I'PYHTOB JlaIbHEBOCTOUHOM KEIE3HOU JOPOTH.................

0.A. Maxkoseyxuii, C.C. 3yeg
Ycunenne ocHOBaHUS GYHAAMEHTHON TUTUTHI CTPOSIIETOCS 3/IaHUS CBAasIMH,

BBINOJHAEMBIMH 10 TEXHOJIOTUU CTPYHHON HEMEHTAIIUU TPYHTOB.....eeeenereeeenereeeenneen

U.T. Mupcasnos, U.B. Koponesa
PacueTrnas Moaens neopMUpOBaHHs BEPTHKAILHO apMHUPOBAHHBIX OCHOBaHUH

IPU HUKITHYUCCKOM HATPYIKCHHUMI ...eunininininiiiiiiiiiiiiiitiiitatetatetettetetetateneneeeneatatanensnsnss

HU.T. Mupcasnos, H.B. Koponesa
PacuetHas Mojienb HeMMHEHHOTO Ae(OPMHUPOBAHUS TIMHUCTHIX TPYHTOB

IIpU CJIOKHOM HAIIPSIZKEHHOM COCTOSHUU B YCIOBHUAX PCIKUMHOI'O HAIPY>KCHUA .........

X1



B.H. llapamonos, A.B. Habokog
Oco0eHHOCTH KOHETHONIEMEHTHOT'O MOACITUPOBaHMS nedopmartuit

MOPO3HOTO MTyUEHUS U OTTAUBAHUS TPYHTOB ....ceuveenteereenieenieenreenteenteenteenteenmeesseenseenseenseenseenne 65
EM. Hawxun

CtpyKTypa B3auMOJICHCTBUS UCTOPUUECKUX 3[JaHUH U TIOJJ3€MHBIX COOPY KCHHIA

C T€OJIOTHYECKOM CPEHOM T. MOCKBBL.......eetiiiieieeiieieeieeteeteeteete et ereene et sareeanesane e 70

A.B. Camopooos, A.B. Konioxos, O.B. Kpomos, H.B. @ypcenko, A.B. Youiisosx
OKCIEePUMEHTATBHO-TEOPETUICCKHIE UCCIICOBAHUS
HEHTPAJIbHO HATPYKEHHBIX (PYHIAMEHTOB C MPOJIOTBHBIM BBIPE30M I10 MOJIOMIBE............... 74

A.E. Capecan, B.C. I'epawenxo, K.C. bopues
ObocHoBaHuE pa3padOTaHHOW KOHEYHO-JIEMEHTHON MOAEIN OCHOBAHUS CBalfHOT'O
¢yrnamenTa 3nanus «Mepkypuii-Cutu-Tay3p» 1o JaHHBIM HaTypHBIX HAOMIOAEHUH ....... 82

U U. Caxapos, M.B. Ilapamonos
B3aumogeiicTBrue (hyHIaMEHTOB ¥ HECYIIUX JIEMEHTOB 3/1aHUS

C OTTAUBAIOILIUM OCHOBAHUEM .......cveriemrenrerenteenrenenseennensenseeneensensesseennensessesseensensessessnensennenne 88
H.A. Cenvrun

VY4er coBMecTHOH pabOThl KOHCTPYKLIWN M OCHOBAaHUS

MIPU IPOEKTUPOBAHUU CTATBHBIX OMOP JTUHHUH AIIEKTPOIEPEIAUH ....enveenreenreenreenreenveeeeenneenne 93

A.B. Cmupnos, E.B. Anopeesa, B.H. ['epyoe
BozneiicTBre MoABUKHBIX Harpy30K Ha MOKPHITHS 1 OCHOBaHHS aBTOMAarucTpaieH ......... 101

Janusz Sobolewski, Dimiter Alexiew, Andrey Fedotov
HcnpiTanus ycTO€B MOCTOB M3 apMOTPYHTOBBIX DJIIEMEHTOB Ha HArPY3Ky
B ITOJTHOM TEXHUUECKOM OOBEME ... .eeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeseseresesesesseseeeseessessssessssssesesesesnnns 105

M.JI. Xonmanckuu

BeposiTHOCTHBII pacueT KolieOaHNH )KECTKUX COOPYKEHH Ha TPYHTE

CO CITy4allHBIMH yIIPYTUMH CBOMCTBaMH IIPH AEHCTBUH JETEPMHUHUPOBAHHBIX

U CTYYAHHBIX TAPMOHUUECKUX HATPYBOK ..eeuuvreruriernreeereeenueeenseeesseesseesseesnseesnsseesssessseesnsees 115

Cexnnus 2. IlogzeMHbIe COOPYKeHHUS U MOANOPHbIE CTEHbI

C.I". boeos, H.Il. boukapes, B.A. Cmonax
Pe3ynbTaTel MOHUTOPUHTA TP CTPOUTEILCTBE 3/1aHUS C PA3BUTHIM MOJI3€MHBIM
MIPOCTPAHCTBOM B YCIIOBHAX CIa0BIX IPYHTOB CaHKT-I1eTepOypra ......c..coceevvevenenececnnene 125

P. Byya, A.U. Kopnau

KoHcTpyKTUBHBIE U TEXHOIOTUYECKUE MapaMeTPhl OrPaKACHUS KOTIOBaHA
TIPU CTPOUTEIIBCTBE aBTOMOOMIIBHOTO TYHHEIIS oI pekoit MeptBast Bucna...................... 131

Xii



A.H. I'atioo
O6ocHoBanne 3(H(PEKTUBHOCTH MPUMEHEHHUS Pa3IUIHBIX CIIOCO00B
YCTPOWCTBA IITYHTOBBIX OIPAXICHUHN 10 KPUTCPHIO TEXHOTOTHUHOCTH ....veeeveeeveenveenvennes 135

U.JI 'naoxos, A.A. Kemuyzos, Manunun J].A.
OmnBIT MPUMEHEHUS TEXHOJIOTHH CTPYWHOW IIEMEHTAIIU TPYHTOB MIPU YCTPOUCTBE
OTpaKACHHA KOTJIOBaHA B YCIOBHUAX IUIOTHON TOPOACKON 3aCTPOMKH......c.vvereveereneeneennene 143

@D.D. 3exnues, [[.A. Buyxos, A.C. [lemyxos, A.H. Huxonaes

[Ipenmy1iecTBa IpUMEHEHHS PA3IMYHBIX METOJIOB HAOJFOICHUS

3a gedopMalMsIMH OTPaKACHHS KOTJIOBaHA Ha IIPUMEPE CTPOUTEILCTBA
MHOTO()YHKIIMOHATFHOTO KOMIUIEKCA B TOPOIE MOCKBE........evieeerieeiieeiieeieeeereeneveeseseennnens 146

M.C. Koromuey, C.U. Mayuii, A.K. Pabyxun
Biasiaue 3amenku cBaif ¥ pacrosioKeHUs aHKEPOB Ha padoTy
CBAMHO-AHKEPHBIX COOPYIKEHIM ...eevvieruiierrieeniieeeieenieesieesteessseeesseeesseeessseesnseessseessseesnseesns 151

H. Macmansaoe, H. Cyrmanos
OO0cnenoBanue, aHAJIU3 U POCKT YCUIICHUS TIOJBOTHOTO Pe3epByapa MUThEBOM BOJIBL..... 154

I''A. Mameeenxo, B.A. Jlykun, E.Il. Komapog
OnBIT IPOSKTUPOBAHUS U CTPOUTEIHCTBA MOJI3EMHBIX COOPYKEHUH
B TOPOJCKHUX YCTIOBHISIX «.veeuuveerureeruteeeueeenseeesnseesnseesnseesnseessueeessseesseesseesseesnseessseessnseesnseesnses 163

M_.E. Pvicescxuii, [{.A. Cemernos
PacyeTHOE 000CHOBaHUE PACCTOSHUS MKy TEMIIEPATYPHBIMH IIIBAMHU
B MOHOJIUTHBIX TOHHEIIBHBIX OOTIEITKAX «...eeeeeeeeeeeeeeeeeeeeeeeeeeaeaaeeeeeeeeeeeaeaaaaeseeeeeeeneenaaaaeens 169

0.3. Xanumos, U.0. Xanumos, A.B. Kumernes, J[.IO. Cacanaxos, I1.H. Emenvanos
I'eoTexHnveckwii aHaM3 paboT MO BO3BEIEHUIO TTOATIOPHON KOHCTPYKIIUN

C 3aryOJICHHBIM TOJIBAJIOM KaK 00pa3el] BBITOJIHEHUS CHCTEMBI

TCOTEXHUUYCCKUX IKCTICPTHS .. vvvenrreanereenreesnreesnseesnseeaseeesseeesssesssessseesseesnseesnssesssessseesnsens 174

JE. Yénywkun
OO0ecrieueHrEe COXPAaHHOCTH 37aHUN U MTOA3EMHBIX COOPYKCHHI TIPU CTPOUTEIHCTBE
Kanunnncko-ConHieBcKor TUHUN MOCKOBCKOTO METPOIIOTMUTEHA «..vvvveenveeenereeereenareenanens 182

Cexnns 3. Un:xeHepHO-Treo10rn4ecKoe odecnedyeHne COBMECTHBIX pacueToB
OCHOBAHHUI U COOPYKEHHH

P.3. Hawxo, U.B. Anexcees

Poxp MuKpoOHOIIOTHUeCKON ASSTENBPHOCTH IIPH TEOTEXHUIECKON OIEHKE
0€30I1acCHOCTH BEJICHUS TOPHBIX paboT Ha SAkoBieBckoM pyaHUKE (KMA).......cceveevnen. 189

Xiii



P.3. Jlawxo, A.A. Kapnosa
K Bompocy KOMITIIEKCHOTO TI0IX0/1a HHKEHEPHO-TE€O0JIOTHIECKOTO
Y TE€OTEXHUYECKOTO 00CCIICUCHHSI U OLICHKH YCIIOBHIA

CTPOUTENLCTBA U AKCIUTyaTalluy 34aHuil 1 coopyxenuit B Cankr-IlerepOypre...........

P.3. Jlawxo, A.A. Kopobko
HwuxaekemMOpuiickie CHHUE TIIMHBI KaK OCHOBAaHUE U CPe/ia COOPYKEHUH:

HH)I(CHCpHO-FeOJIOFI/I‘ICCKI/Iﬁ AHAJIN3 OIIbITAa UX CTPOUTEIILCTBA U SKCILTyaTaluH.........

P.3. Jlawrxo, I1.B. Komioxog
MHoTr0o(haKTOPHBIA HHKEHEPHO-TEOJIOTHICCKUH 1 TeOTEXHUUSCKUN aHATN3
JUIMTEJIBHON YCTOMYHMBOCTH HEKOTOPBIX NIEPETOHHBIX TOHHENEH

[1eTepOyPICKOTO METPOTIOIHTEHA w.....veeeeeneeneentententesteenteneensesstesessesseensensesseentensessesseenee

P.3. Jlawrxo, E.H. @ennep

[Iporuo3upoBanre BO3MOKHOCTH (POPMHUPOBAHHMSI TPOPHIBOB TPH TOA3EMHON
pa3paboTKe MECTOPOKIACHUI B CIIOXKHBIX HHXEHEPHO-TEOIOTHYECKUX

Y THJPOT€0JIOTHYECKUX YCIOBHAX (Ha IpuMepe SIKOBIEBCKOTO MECTOPOKIACHHS

00ratThiX KENE3HBIX PYI, KIMA) oottt s

U IO. Jlexcuna
OnbIT penieHus 3a1a4 GUIBTPAIIMH B JIECCOBBIX TOJIIIAX

IIPpU 3aMAYUBAHUHU KOTITOBAHOB .....uuiiiiiiiiiiiiiiiiiiiiiititiirietiieeetteteteteasasaeeneatatenanenenss

Amonwe Kiono Anuce

Omnpenenenue paanyca miacTUYeCKOr 30HBI B TPYHTE IPH H3MEHEHHUH JaBIICHUS

B BOHJIE TIPECCHOMETPR. .. euvenreeeeneeneeaseeneeeesseeneansessesseensenseeseensensesseeneensessesseensensesseeneenes

O.A. 3acopuna, A.H. Epmonaesa, T.B. Mampowununa
Biusinue nepeyIuioTHeHUs TPYHTOB

IIpu OIpeACJICHUN OCAAKN OCHOBAHUA COOPY)KCHI/Iﬁ .....................................................

T.U. Iloozopnas
WHuxeHepHO-Te0IOTHYECKHE TPOOJIEMbI PEKOHCTPYKIIUU TOpoaoB [Ipuamyphs

Mocje KaTacTPOMUUECKOTO TABOAKA HA AMYPE ...oveveeurenrenreententenienieeteniesieensensessesseenee

H.U. Cmexnannukosa, I1.A. Kpasuenxo
HccnenoBanue necyaHblX TPYHTOB HA BAKYYMHOM CTaOHUIIOMETpE

JUTSI HAMBIBHBIX TePPUTOPHI CaHKT-IIETEPOYPTA.....ccvvieiiieiiieeiieeieeciee et

B.B. Yaumun, B.B. Ananvees

[TpoOaeMBI TEPMOCTAOUITH3AITAN MEP3ITBIX TPYHTOB ....eeeveveenereesereessreeeseeeseeessseessseensnes

Xiv



Cexknus 1

COBMECTHBIE PACUYETBHI
OCHOBAHUMM U COOPY KEHUMA






Yuyer HeJIMHEHHOCTH AeOPpMHUPOBAHMS IPYHTA PH MPOECKTUPOBA-
HHMHU IUIMTHBIX YHAAMEHTOB BbICOTHBIX 31aHM I
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Poccuu b.H. Enpriunay,

Exarepunoypr, PO, 8-922-229-40-20, e-mail: alekhin.andrey@gmail.com

OO6cyxmaeTcss HECIOXKHBIH cIOCO0 ydeTa HEJNMHEHHOro Xapakrepa IeopMHpOBAaHHS TpyHTa IIPH pacyere
IUTUTHBIX (DyHIaMEHTOB, TIPUBOJIATCS MOKa3aTenn 3()(HEKTUBHOCTH €ro MPUMEHEHUs Ha IPUMepe MPOSKTHPOBa-

HHUA BBICOTHOI'O 3IaHUA B T'OPOJIC.

Bximtouenne Bce Gonblnero KoaMdecTBa
KPYTHBIX POCCHMCKHX PETHOHOB B IPOIIECCHI
BCEMUPHBIX DJKOHOMHUYECKHUX U KYJIbTYPHBIX
B3aMMOOTHOIICHUN CTUMYJIUPYET pa3BUTHE UX
ropofoB. OTO XOpOLIO BHIHO Ha IpHMEpe
KpynHeimero Meranonuca Ypana — Exarepun-
Oypra, rae B IOCIEIHHE TOABI MOCTPOEHBI H
CTPOSITCA HECATKHA BBICOTHBIX 34aHuil. U,
KOHCYHO, 6OJ'II)IHI/IHCTBO N3 HUX BO3BOJATCSA Ha
IUIMTHBIX QyHIameHTax. OOmuit BUJ 0HOTO U3
TaKMX 3/1aHUM, MMOKa3aH Ha PUCYHKe 1.
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Puc.1 3ganne MeauuuHCKOro LeHTpa B Topoe
ExatepunOypre

Ha pucyHnke 2 npuBefeH XapakTepHBIM HH-
JKEHEPHO-TE€0JIOTHYECKUN  pa3pe3  IUIOIAJKH.
Tomma ocHoBanus no riryounsr 30,0 M crokeHa
AIFOBHATIGHBIME TTBIIEBATO-TIIMHUCTHIME TPYH-
TaMH, MOICTUIIAEMBIMH TOJTYCKaTbHBIMU
MeTaMOp(HU30BaHHBIMKM  CJIAaHIIAMH  HH3KOM
npoyHocTd. DyHJaMEHTHasl IUIUTa OMHUPAETCS

Ha JIIOBHAJBHBIC TOITyTBEpAbIe CyrMUHKU U (3)
CO CpPEeJHMM 3HaueHHEM MOAyJisi Aedopmanuu B
ypoBHe nogomssl nTel E=14,0 MIla, Hmrxe
KOTOPBIX PAacIlOiOXKEH CJIOW TBEpPAOro 3IIIOBHU-
AIBHOTO CYTJIMHUCTOTO camnpoinTa (4), coxpa-
HUBILIETO CTPYKTYPY M TEKCTYpYy IOJCTHIAIO-
IIETO €0 MOJYCKAIFHOTO IPYHTA CIIAHLIEB.
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Puc.2 XapakTepHblil HH)XEHEPHO-TEOIOTHIECKUI
paspe3 IIomaaAK1

XopouIio U3BECTHO, YTO Ha KAYE€CTBO MPOEK-
THPOBAHUSI PA3IMYHOIO TUMA IUTUTHBIX (QyHIA-
MEHTOB, T.¢. (yHIaMEHTOB, B KOTOPBIX OIpee-
JISIOMIYIO POJIb UTPAeT paclpeneieHne YCHIUil
Pa3HBIX 3HAKOB, pelIaroliee 3HaYCHHE OKa3bIBa-
€T MpaBUJIbHAS OICHKA )KECTKOCTH OCHOBAHHS.
B OONBIIMHCTBE COBPEMEHHBIX METOIUK U
MPOTPAMMHBIX CPEJICTBAX JKECTKOCTh OCHOBA-
HUSI MOJICTHUPYETCs, TaK Ha3bIBACMBIMH, KOA(]-
¢unmentamu nocrenu C,. Takoil MeTon ydera
JKECTKOCTH OCHOBAHHUS aCCOIMUPYIOT, TMPEXKIE
BCEro, ¢ mpenioxeHHoW eme B 1798 rony
mBerHapckuM akajgemMukoM Hukonaem ®@yccom



METOIUKON pacyeTa KOJeH ITOBO30K M J1a)eToB
Ha TPYHTOBBIX goporax [1]. B mampneitmem sta
METOJUKa TMOy4YHsIa TaKkKe BTOPOE HaUMEHO-
BaHHe — MoJienn BuHKIepa, 1o MIMeHH y4YeHOro,
KOTOPBIH BIIEPBBIC MOCTABWI W PEIIWII 331ady
00 wm3rnbe OanoK Ha YIPYroM OCHOBAHMH,
npeacTaBaeHHOM Mozenpio Pycca, a Taxke
BBEJ JJIs1 KOHKPETHU3AIMK PAacueTHONH (OpMyIIbI
METOJ[a CaMO MOHATHE KO3 DHUIMEHTA MOCTEIH
C, [2]. KTo OBI MOTr TOrzIa momymarhb, 4To 3Ta
mpocTast ¥ B TO )K€ BPEMs B IIEJIOM TEXHUYECKH
HETIPOTHBOpPEUUBast MOJIeb, B XX BEKe CTaHET
OIHMM W3 TJAaBHBIX HHCTPYMEHTOB pacdeTra
¢byHnnameHToB HeOOCKpeOoB. Meroauueckue u
TEXHUUYECKHE HENOCTaTKH 3Toi Mojenu (a
(baKTHYECKH, B CHIIy HETOJHOTO COOTBETCTBHS
KPUTEpUSIM ~ MEXaHUKH CIUIOIIHOM Cpensl —
METOJMKH y4yeTa IPaHUYHBIX YCIOBHH) XOPOIIO
W3BECTHBl TE€OTEXHUKAaM, HalpuMep, 3aBUCH-
MocTh kodddrmuenta C, ot cnocoba ompene-
snenus. HecnydaiiHo mostomy B PoccuiickoM
Csonme mnpaBun 2004 roma [3] mnpuBeaeHo
yKazaHpe, Kacaromeecsi pacyera IUIMTHBIX
(yHIaMEHTOB, O BO3MOKHOCTH OIIPEACICHHS
koapdummenta mocrenmn C, Kak Ha OCHOBE
JIMHEHHOM, TaK W HEJIMHECHHONW MOJEIIei OCHO-
BaHus, Oe3 mpedepeHIuil MO0 OTHOIICHHIO K
Kakoi-mub0o M3 HMX. YKa3zaHWe 3TO, IO BCeil
BUAMMOCTH, CBSI3aHO C >KEJIaHWEM aJanTHPO-
BaTh HapaOOTaHHbIE MHOTOYHCIICHHBIE IIPO-
TpaMMBI IO pacyeTy IJIMTHBIX (PYHIAMEHTOB K
COBPEMEHHBIM TIPEJICTABICHHSIM O pPEaIbHOM
JeOpMUPOBAHUY TPYHTA.

KoneuHo, mMozenn u MeTonpl reoTexXHUYe-
CKOTO TIPOEKTHPOBAHMUS, ITOCTOSHHO COBEpIICH-
CTBYIOTCS B HAIPaBJICHHH WCIIOJIB30BAaHUS B
IIOJIHOM Mepe MPUHLUUIIOB MEXAHUKH CIUIOIIHON
cpembl. 3AeCh YMECTHO JaTh OIPEIEIICHUE
TPYHTa C MO3ULUNA 3TOW TEOPUU: FPYHT — 3TO
MPUPOJHBII MM HCKYCCTBEHHBIH XaOTHYHBIN
KOHIJIOMEpAT TBEPAbIX YacTHIl Pa3IMYHBIX
pa3mepoB, (GopMBI M TPOMCXOXKICHHUS, B TOM
YHCIIE OPTaHWYECKOro, a TAaKKe JKUAKOCTEH M
ra3oB; B pacdeTax TIPyHT, Kak IpaBWJO, pac-
CcMaTpuBaeTcsi B BUJE CIUIONIHOW cpejbl, Oec-
KOHEYHO Majlasi 4acTb KOTOPOH WAEHTHYHA
nenoMy. MexaHuKa CIUIOIIHOW Cpeibl  Kak
TeopeTHyeckas 0Oasza, omepupyromas (yHIa-
MCHTQJIBHBIMA  TIOHATHSAMH HAaNpsDKEHUH U
nedopmanuii, mMO3BOJIAET, HANpUMEp, Y4eCTh
TaKkyl0 OTJIMYUTEIBHYIO OCOOCHHOCTH naedop-
MHUPOBaHHs TpPyHTa, KaK B3aHMMO3aBHCHMOCTh
€ro IMpoyHOCTH M AedopmaTHBHOCTH. OOBIYHO
3Ty CIOXKHYIO 33aBUCHMOCTh B OTJIMYHE OT
MPOCTOM KPUBU3HBI TpaduKoB aedopMUpOBa-

HUSI 0003HA4YalOT TOHSATHEM «CYIIECTBCHHAs
HenuHeiHocThY. [Ipumep Takoro aedopmupo-
BaHUs TpyHTa, B crabuwiomerpe (cM. puc. 3),
IIpU IBYX KpailHUX 3HAUCHMSX IapaMmerpa BUIa
HalpsDKeHHO-1e()OPMUPOBAHHOTO  COCTOSIHHUS
Jlone-Hanan p; = £1 npuBeneH Ha pUCyHKE 4.

Puc. 3. Crabunomerp — npubOp AJIst HCCIIEIOBAHUS
HEJMHEHHOTo 1e()OPMUPOBAHHUS IPYHTA
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Puc. 4. Pe3ynbraTsl HCcnbITaHUH B CTa0HIOMETpE
TBEPJOro JOBUAIBHOTO CYIIIMHKA HEHAPYIICHHON
CTPYKTYpHl (u3 pabotsl [4]): rpaduku 1,2,3,4 — npu
o = (140, 250, 380, 550) xI1a u p, = +1; rpaduku 5,
6,7, 8 — mpu o= (140, 250, 380, 550) x[la n py = -1

Ha pucynke 5 3ti xe pe3ynpTaTtsl u300pa-
JKE€Hbl B BHJE YNPOILEHHOW nuarpaMmsbl. Hike
NPUBENICHBI ONHUCHIBAIOLINE €€ 3aBHCHUMOCTH,
TaK Ha3bIBae€MO, ()EHOMEHOJIIOTHYECKOH HeJH-
HEIHO Te(opMaMOHHOM MOJIeNU TpyHTa [5].



€; G=tgp=Const p

K =tgee = Const

gY
Puc. 5. YipouieHnas cxema 1eopMUpOBaHHs
rpyHTa

371ech G, G; — MHBAPUAHTHI TEH30POB HAIpsI-
JKCHUM;

€, € — UHBAapHUaHTHI TEH30pOB aedop-

Mallui;
o o,
E=— & =—7>
K G

K — Monyns 00BEMHOTO CXKATHS;
G — MOZIyIIb CIIBUTA;

G=—Iu; )

K =4,0"
B+eg,

@dopMa ONMUCAHUS CABUTOBOH JKECTKOCTH
3/1eCh TaKOBA, YTO OHA CTPEMUTCA K HYJIO IpH
MPUOIKEHUH K JIMHUH Pa3pyIICHHs, Ompee-
JIIEMO KpUTEpUEM NPOUHOCTH Mu3eca:

o, = Ao + C —IIpelieNbHOE 3HAUYCHHUE 07;

rae Ag, By, A, B, C, 0. — KOHCTaHTbI HEJIMHEHHBIX
3aBUCHMOCTE  Je(OpMHpOBaHMS  TPYHTa,
n300pakeHHBIX Ha PUCYHKax 4 U 5.

Kcraru, B Poccun onpeneneHue yka3aHHbIX
BbIIIIE KOHCTAHT HEJIMHEHWHBIX 3aBUCUMOCTEH
(1), mpaBna, moka TONBKO B J1a0OPATOPHBIX
UCIBITaHUAX, pernamentupoBano 'OCT12248-
96 [6].

[Nornmas GpyHIaMEHTANBHBIN XapakTep He-
JHEHHOTOo e(hOPMUPOBAHUS TPYHTA U dPdek-
TUBHOCTh y4YeTa 3TOH OCOOEHHOCTH IPH MPOEK-
TUPOBAaHMM COOPYXKEHHUH WJIM UX vacTeH,
B3aMMOJEUCTBYIOIIUX C TPYHTaMH, CIEIHAIH-
CTBI-TEOTEXHUKH BCE Yallle CTAPAIOTCS] MCIONb-
30BaTh B CBOMX pacdeTax HEIWHEHHBIC MOJCIH
IpyHTOBOM  cpenpl. Mcnonb3oBaHue  3THX
MoJieliell, Kak OTMeYaJoch BbIlIe, Haubosee
3¢ (GEeKTUBHO B TOM CJIydae, €CIM OHH BKJIFOUC-
HBI B OOIIIYI0 CUCTEMY COOTHOIICHUH MEXaHUKU

cruiomHoM  cpenpl.  Ilpumep —  ycnemHsli
pacdeT pa3iIUYHBIX HEJIMHEHHBIX KOMIIO3UTHBIX
MarepuanoB. Ho UMEHHO Uil KOHCTpYKIUI Ha
TPYHTOBOM OCHOBaHHMHM 3Ta NpoOJiemMa IoKa He
pellieHa WU pelleHa HemoiHo. Bo-nepBhIx, He
yZaeTcsi MoKa JOONUTHCS XOPOMIeH CXOAMMOCTH
YHCIEHHBIX DPEIICHHH Ha KOHTakTe OETOHa W
rpyHTa. Bo-BTOpBIX, MPAaKTHYECKH HEBO3MOXKHO
JIOCTOBEPHO OIPECIUTh 3HaYCHHE HAYalIbHBIX
HalnpsDKeHUI B MacCUBe, BEIMUMHA, KOTOPHIX B
TOM WJIM MHOM BUJI€ YUHUTHIBACTCS B ONPEACII-
IOIINX COOTHOIICHUSX HEIMHEHHBIX TPYHTOBBIX
moxeneit (1). HakoHer, Bcerma o3aaadnBaet,
MO-BUANMOMY, BEYHOE «POJOBOE  IISITHO
TpyHTa — HEOOXOJUMOCTh OIPEJCICHUS €ro
MEXaHWYECKUX XapaKTEPUCTUK U3 MOJIEBbIX (in-
situ) WCHBITAaHMI dYepe3 pelIeHHe OOpaTHBIX
3agad. B mpoTuBHOM ciydae, Kak NpaBmilo, —
HHU3Kasi TOYHOCTh MPOrHO30B. CIIpaBeINBOCTH
pamy cienyeT OTMETUTh, YTO BCE TPH MpoOJe-
MBI IIOCTETIEHHO HaXOJAT CBOM, YaCTO HETPHBH-
anpHBIe perieHus (cMm., Hampumep, [7]). Ho
MOXHO TPEUIOKUTD U JApyrue Ooiiee IpOCTHIe
MPUEMBI yueTa HEJMHEHHOCTH TPyHTa, aJalTH-
pOBaHHBIE K OOBIYHO HCIIONIB3YEMBIM IIPO-
IrpaMMHBIM cpeacTBaMm. Hampumep, mpu 3Ha4H-
TENbHBIX TOJIAX OAHOPOJHOTO IPyHTa MOXKHO

BOCIIOJIb30BaTHCS YIIOMSHYTBIM BBIIIE YKa3aHHU-

eM Poccuiickoro Coxa mpasun CII  50-101-

2004 o6 ompeneneHus KOdPPHUIHEHTA TOCTEINH

C, Ha OCHOBE HEJIMHEHHOW MOJIENH OCHOBAHHS.

Jus  sToro ucmonezyeM  Je()OpManMOHHYIO

MOJIeNlb, ONHUCHIBaEMYI0 COOTHOHIeHUsMH (1).

Jlerko BUIETH, UTO COTJACHO ONPEAEISIOLIUM

YPaBHEHHMSIM 3TOH MOJENH >KECTKOCTb OJHO-
POZHOTO CJI0Sl TPYHTA C YBEIMUCHHEM TITyOUHBI
pacTeT MpUMEPHO TaK, KaKk N300pakeHO Ha pHC.

6. DTa 3aKOHOMEpPHOCTH OBITa paHee MOITBEp-
KJIeHa SKCIICPUMEHTAIBHBIMU [§] U TeopeTHuye-
ckumH [4] uccieqoBaHUsIMH.
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Puc. 6. Dnropsl u3MEHEHHE KECTKOCTHBIX IapameT-
POB  OJHOPOAHOTO CJIOSl TPYHTA C YyBEIHYECHHEM
rIyOMHBI TPH Pa3IMYHBIX THIIOTE3aX Y4YeTa ero
c0OCTBEHHOTO Beca (13 paboThl [4])



Monynp HOHra 3meck (Uit TPyHTOB — 3TO
MoOnmynms aAedopMamnum), CIeaysi W3BECTHBIM
COOTHOWIEHMAM ['eHky, ObII omperneneH 4yepes
KECTKOCTHBIE TapameTpsl K u G 1o Gpopmysie:

3KG 2

=

(K+G)

Pacyer mmmrTHOrO (QyHAAMeHTa 37aHMA,
n300paKeHHOTO Ha pUCyHKe 1, ObUT BBIMTOJHEH
¢ nomomuibio nporpamMmel «JIMPA» [9], onepu-
pymooLeil mpu pacueTe OCHOBaHHS MOJAEIbIO
®ycca-Bunkiepa. [lepBsiit pacuer ObUT BBITON-
HEH B MPEINOJI0KEHNH NOCTOSIHHON JKECTKOCTH
B MIPEZENax KaXJO0ro CJIoA TPYHTa, a BTOPOH — C
YY4eTOM YBEJIIMYEHHUS HKECTKOCTH TpyHTa C
IyOWHOW COTJIACHO HENMHEHHO#M Teopuu. [ns
3TOTO B pe3yJbTaTe HECIIOXHBIX Mpeodpa3oBa-
Hult popmy (1) u (2) ObuIa 3anmcana Gpopmyna
JUTS MOIYJIs Te(OPMAaIINH i-TO CIIOSI TPYHTA!

E :E0f+3<Ai7[Z[a +C[); 3)
! B.

i

3nech Ey; — monynb nedopManuy i-ro rpyHTa B
YpOBHE KpOBJIM CJOSI HO TEOPUM JIMHEHHO-
nedopMHUpYEeMO Cpeabl;

A;, B, C, o; — KOHCTaHTBl HEJIMHECHHON
MOJIENA i-TO TPYHTA;

¥; — YACTBbHBIN BEC i-ro TPyHTa;

Z; — pacCcTOsHHE IO TIIyOHHE OT KPOBIH
i-ro rpyHTa
PacyeTs! BHINIONHEHBI NIPU CIEAYIONINX 3HA-
YEHUAX HEJIMHENWHBIX TApaMETPOB IPYHTOB:

A; B, G o

€Jl. U3M. klla
I'pynr (3) 0,418 | 0,023 41 0,70
I'pynr (4) 0,533 | 0,020 73 0,65

B pesynbrare 3HaueHHe KOXQQHUIIEHTA ITO-
crenu C,, OnpesielieHHOe C YIETOM YBEIHYCHUS
MoOIyis JnedopMaluMu ¢ TIIyOMHOW COINIacHO
pucyHky 5 u popmyie (3) okazanoch Oonee yeM
Ha 40% BbImEe 3HAYEHUs, MOJIYYEHHOTo Oe3
ydera 3toro (pakropa. COOTBETCTBEHHO, Cpell-
HHUE pacdeTHbIC OCAIKH IUIMTHOTO (QyHIaMEHTa
BO BTOpPOM ciyd4ae okasamuch Ha 40% Hmxe,
nporuOsl UTH — Ha 30% HWXe, a pacyeTHbIC
MOMEHTHI M IIONEPEYHBIC CHJIBI B Pa3IMYHBIX
CCUCHMAX W HANPABICHHUAX — B CPETHEM HIDKE
Ha (10...15)%. DT0 MO3BOIUIIO COOTBETCTBEHHO
YMEHBIIUTh PACcXOJ apMaTypbl. AHaIOTMYIHBINA
pacyer Npu 3HAYUTEIBHO TOJIIIE OHOPOAHOTO

rpyHTa, MpaBja, HA OCHOBE JAHHBIX MOJEBBIX
UCTBITAaHNHN TpyHTa onncad B [10].

BBIBO/IbI

1. M3noxeHHbIE pe3yJbTaThl MOKa3bIBAIOT,
YTO TPUMEHEHHE B TEOTEXHMUYECKHX pacderax
aJIeKBaTHOW MpPUPOJIE TPyHTa MOJEINH, OIHCHI-
BalOIell HeNMWHEWHBIH XapakTep ero aehopmu-
pOBaHHUS, TIO3BOJIIET TOYHEE ONpEAETATh
ycunus, JEUCTBYIOIIME B KOHCTPYKIHUSAX,
KOHTaKTHPYIOIIUX C TpyHTOM; TeM cambiMm,
MOBBIIIACTCA HMX HAASKHOCTH M HKOHOMHY-
HOCTb.

2. IlpuHuUMas BO BHUMAaHHE MOJIyYCHHBIC B
psiie MCCIeOBaHUIl IIOJIOKHUTENBHBIE PE3Yib-
TaThl y4eTa BO3pacTaHHs C TIyOMHOW MOmyIist
nedopMany B OJHOPOJHOM TPYHTE, CUATaEM
1enecooOpa3HbIM BKIIIOYEHHE B HOPMaTHBHBIE
JIOKyMEHTBI Hapsiay CO CTaHAAPTHBIMH METOJa-
MH pacdeTa 0caJl0K UX MOIU(HKAINH C yBEIH-
YUBAIOIIUMCS 3HAUYCHUEM MOYJIS.
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AHaJIu3 nmpouecca pa3BUTHS AJIUTEJIbHBIX 0CAI0K 3aCTPOHKHU
Cankr-IlerepOypra mo pe3yibTaTaMm MOHUTOPUHIOBBIX

HAO0JII0IeHUH

Bacennn B.A.

HuctutyT «I"eopexkoncTpyKius», Cankt-IlerepOypr, Poccus

B craTbe mpuBeneHBI pe3ynbTaThl OLECHKM JUINTENBHBIX OCAIOK HCTOPHUYECKON 3aCTPOHKH Ha TEpPUTOPHU
r. Cankr-IlerepOypra. Ha ocHOBe pe3ynbTaToB NMOBTOPHBIX HHBEIHPHBIX Pa0dOT BBIIOJIHEHA CTATHCTHYECKAs
obpaboTka cKopocTel nTeNbHBIX ocanok 6oxee 2300 ucropuueckux 3xanuii. [IpuBeeHB! OCHOBHEBIE BEIBOJIBI
[0 pacHpefeiCHUI0 3KCTPEMANIbHBIX BEIMYMH OCaJ0K IO TeppUTOpuH ropoaa. Takke B cTaTbe MPUBOASATCA
pe3yJIbTaThl MOHUTOPHHIOBBIX HaOmomeHui 3a ocaakamu 30 31aHUiA, BO3BEIEHHBIX Ha CJIAOBIX IpyHTaX Ha
tepputopun Cankr-IlerepOypra (nepuon HabmoaeHuii cocrasisier 23—77 set). [IpuBeaeHbl OCHOBHBIE BBIBOJIBI
0 XapaKTepy pa3sBUTHs OCAJOK 3[[aHUM, a TaKKe MEPBUYHbIE CPABHEHUS PE3YJILTATOB HAOMIOJEHUH C HHXKEHEp-
HBIMH METOJIaMH pacdeTa 0CaJOoK 3JaHUH. BBITONHEHHBIH aHaTH3 HEOOXOANM AT pa3pabOTKH U BepHHUKALNN
HHKCHEPHBIX PacdeTOB OCANOK 3IAaHHWH, a TaKk)Ke UHCICHHBIX PEOJIOTHYECKHX Mojened paboThl OCHOBAaHMIA

CJIOYKEHHBIX CJIA0BIMHU TJIHHUCTBIMU TpyHTaMU.

Cnalble TIIMHUCTBIC OTJIOKEHHS JOCTATOYHO
IIMPOKO PACIPOCTPAaHCHBI B OCHOBAHUH 3[IAHHA
U COOPY)KEHHUH, KaK B Mpelesiax LEHTpalbHON
YacTu ropoJia, TaKk 1 Ha JOCTATOYHO YJIaJICHHBIX
OT IIEHTPa PaiOHOB. MOIIHOCTh CJIA0BIX TJIMHU-
CTBIX TPYHTOB B OCHOBaHUH 3[JaHUM COCTABIISAET
OT HECKOJBKUX METPOB J0 HECKOJbKHX IECAT-
KOB METpPOB (B 30HE MalcOBPe30B). XOPOIIO
W3BECTHO, YTO OCAJKH 3/IaHMA, BO3BEACHHBIX HA
c1a0BIX TPYHTAX Pa3sBUBAIOTCS HE OAHO AECATH-
JICTUC U NPAKTHYCCKU BCETJa HOCAT HCPABHO-
MEpHBIH XapakTep, YTO MPHUBOAMUT K aedopma-
UMM KOHCTPYKUMH M Pa3BUTHIO KPEHOB CO-
OpYKEHHM.

Heo0xoanMo OTMETHTB, 9TO TOYHOCTH pac-
YyeTa OCaJOK 3/[aHUil B HOCIEqHEee BpeMs NpH-
oOpena ere OONBIIYI0 aKTyaJlbHOCTh B CBSI3U C
BO3pocCIIeii HEOOXOJMMOCTBIO OIIEHKH pacripe-
JeNIeHHsI YCHIIMH B HAJ3EMHBIX KOHCTPYKIHUSIX
3l1aHUN U COOPYKEHUH MO pe3yibTaTaM COB-
MECTHBIX PacyeToB, IOCKOJIBKY KOHCTPYKTHB-
HbIe pEIIeHUs] CTAHOBSTCS BCE CIIOXKHEe, a
STaKHOCTh 3aHui pacteT. KoMiieckHoe ocBo-
€HHE TEePPUTOPHH TOpoJa BBI3BIBACT HEOOXO-
JUMOCTh CTPOHUTEIBCTBA OTICIBHBIMH OYepe-
JSIMU € TIOCENYIOUIEN OLIEHKOW MX B3aUMOBIIH-
SHHA. B DTOM CBSA3M TakKe HEOOXOaMMa OIEHKA
Kak “KOHEYHBIX 0CaJ0K, TaK U MX pacmpesierie-
HUs BO BpeMeHHM. OUeHb Ba)XKHOH XapakTepu-
CTUKOH SIBJISIETCSl MPOLIEHT pealu3alluid OCAIKU
HAa TIEPHOJ CTPOUTEIHCTBA.

Takum oOpa3zom, emie OOJBIIYIO aKTyalb-
HOCTh TpuoOpeTaeT mpobiemMa OIEeHKH TOYHO-
CTH KaK MH)KEHEpHBIX METOJIOB pacyeTa 0CajoK,

Tak ¥ 3()()EeKTUBHOCTh YNCIICHHBIX PEHICHUN C
HCTIOJIh30BaHUEM PA3IIMYHBIX MOJeNeil MexaHH-
KU TPYHTOBBIX CPEL.

Bonbiioit mpakTrueckuid MHTEpEC IS pas-
pabOTKM MOJENeH TPYHTOBBIX Cpel IpE/ICTaB-
JSIOT BOMIPOCH OIEHKH OCAIOK KaK BHOBB
BO3BOJMMBIX 3JaHUM, TaK W CYIIECTBYIOIIUX
HUCTOPUYECKHUX 3/JaHU, BpeMeHH Pa3BUTHUS
KOHEYHBIX 0CAJ0K, CTENeH! 3aBepIIEeHHOCTH
0CajJi0K, a TaK)Ke CKOpocTeii pa3BHTHA oca-
MOK 3MaHUH W pacnpenejeHUs] UX IKCTpe-
MaJIbHBIX 3HAYEHHUII 10 TEPPHTOPHH rOPOAA.

JIns OleHKM BpeMEHHU 3aBEepIICHHOCTH OCa-
JIOK MCTOPUYECKUX 3/IaHHH HEOOXOAUMO WMEThH
JUINTCIIBHBIC PE3YIbTAThI TeOAC3NYCCKUX
HaOmoneHuil. Ilpy 3ToM HU OJHO HCTOpUYE-
CKOE 3/1aHME HE MMEET Pe3yJIbTaToB HaldIoje-
HUI ¢ Ha4aja ero CTPOUTEIIECTBA, 2 HEKOTOPHIC
W3 paccMaTpUBaeMBIX B pabote 3maHuii, OymyT
MOYTH POBECHUKAMHU WM cTapiie Kponmranr-
ckoro (ytmrToka. OUeBUIHO, YTO OOJBIITMHCTBO
TPYHTOBBIX OCHOBAHUN HCTOPUYCCKUX 3aHHN
JTOJDKHBI HAXOJUTHCS B CTaJIUH YCTAaHOBUBIIICH-
cs (TaKk Ha3bIBAEMOH “‘BEKOBOW) IMOJ3YYECTH.
JIJ1s1 OIIEHKH JIUTEIBHBIX OCAmOK 3MaHUN IIeiIe-
c000pa3HO MPUOETHYTH K pe3ysibTaTaM IOBTOP-
HbIX HHUBCJIUPOBOK TICOACINMYCCKUX MApOK U
CTEHHBIX pENEepPOB MECTHOW TIeo0JIe3NUecKOil
ceTr. DTO JOBOJBHO PACIpPOCTPAHCHHBIA IS
WCCIICIOBAHMS UTUTSIBHBIX OCAIOK 3IaHHUN
croco0, KOTOPBIA HEOTHOKPATHO TPHMEHSIICS
JUIE OUEHKH CKOpPOCTH Je(OpPMHUpPOBaHHUS |
YCTOMYUBOCTH T'€0JIe3NIECKUX MTyHKTOB [4-6].



[ockonpky mns aHanmM3a IeNecooOpa3Ho
MIPUBJIEYh KaK MOXKHO OOJIbIIIee YHCIIO Teoe3H-
YECKHX CHEMOK, KOTOPhIC OBUIM BBIMTOJHCHBI B
pasiuyHOe BpeMsi, TO I MOCTPOSHUs rpadu-
KOB OCaJ0K 3JaHUK HEOOXOAMMO ITOJHOCTHIO
M3YYUATh HUBCIHPHYIO CETh TOpPONa, a TaKXKe
OLIEHUTh ¥ 0003HA4YUTH Hauboiee BaKHBIE
JTaIbl €€ Pa3BUTHSL.

Yr10o0OBI JOCTHYDL MOCTABICHHBIX LEJIEH OBLIN
coOpaHbl BCE KATaJIOTH OCHOBHBIX TOPOJICKUX
HUBENUPOBOK 3a 220 nerHuil nepuoxg ¢ 1779 r

[3].

OcHOBHBIE TOPOJCKHE HUBEJTUPHbIE PAGOTHI
3a mepuoa 1779-2003 rr.

1. HuBeauposka ¢on baypa — 1779 r. (B
karajore 719 craHmumii) — cocraBlieHHE
IUTaHa TOpOJa, WHXKEHEpHAas IIOATOTOBKA
TEPPUTOPUH IS 3ALIUTHI OT HABOJHEHHH.

2. HuBesupoBka kanutana CaBHUKOro —
1872-1874 rr. (60s1ee 2000 3HaK0B) — co-
CTaBJIEHHE TONOrpauuecKoro IUIaHa ropo-
Jia JUIs ITPOEKTa KaHAIN3AIMU TOpo/a.

3. HuBenupoBka TIeiinma — 1892 r. (57
NYHKTOB) — CpPaBHEHHE HYyJieH (YTIITOKOB
Ha p. Hese.

4. HupesupoBka npo¢. Burpama — 1892 r. —
3aKJlaJJka MapoK Ha OCHOBHBIX BOK3alax,
MIPUBSA3Ka HyJIs1 HUBENUPOBKH CaBHIIKOTO.

5. HueaupoBka I'pudoenoBa, UBaHuHBI —
1900, 1910 rr. - cocraBineHue Tonorpadpu-
yeckoro ruaHa Kpectosckoro, Enarmna un
Kamennoro octpoBoB.

6. HuenupoBka mpod. Cepruesckoro
(mopsinka 1000 3naxoB) — 1911 r. — co-
CTaBJIEHUE TONOTPaUuECcKOro IUIaHa ropo-
Jia JUT IPOeKTa KaHAIU3aLnH.

7. HuBenupoBka I'ypeeBa (145 3HakoB) —
1927 r. — pa3paboTKa MpoeKTa KaHaIH3aLUH
BacunbeBckoro octposa.

8. HuBemmpoBka COOITY - 1927-1932 rr.
(60s1ee 2500 3HaK0OB) — IOTPEOHOCTH CTPO-
UTCIIbCTBA.

9. Husenuposka 'PUU 1953-1956 rr. (4800
3HAKOB).

10. Husenuposka 'PUH 1966-1968 rr. (6000
3HAKOB).

11. HuBeauposka I'PUM 1982-1986 rr. (8000
3HAKOB).

12. Husesuposka I'PUM  2003-2009 rr.
(60J1ee 11000 31aK0B).

CoOpaHHbIE KaTaJoTH OBUTH OUH(POBAHBEI U
PAH)XHPOBAHBI B XPOHOJIOTHYECKOM Topsike. B

pe3ynbTaTe dero Oblia IIOJydeHa BEpXHETpe-
yrojpHas MaTpula OOJBIIOH pa3MepHOCTH,
cocTosias u3 abCONIIOTHBIX OTMETOK I'e0je3H-
YeCKMX MyHKTOB. [[ns mocTpoenms rpadukos
0CaJOK HYXXHO OBLIO CIIeIHATBFHBIM 00pa3oM
MIPUBECTH OTMETKH K €IMHOMY YpOBHIO. MMest
rpagykd OCaJOK IO BCEM MapKaM MOXHO
Ha/Ie)KHO TIPOBECTH Bce BepH(UKAIMOHHBIE
NIPOLEAYPHI, TOCKOJNBKY BBIBOJBI, CIETaHHbBIE
JUI OIHOW CTPOKM MAaTpHIBI, NOJDKHBI OBITh
CHpaBe[UIMBBl W JUIA Jpyrod (B mpeaenax
paccMaTpuBaeMOil  THUIOBOM  MCTOPUYECKOM
3aCTpOKM — 3maHus 2—7 3Taxed B YCIOBHUSIX
c1abbIX TPYHTOB).

Ha ocHOBe TeXHHYECKHX OTYETOB IO OCHOB-
HBIM HHBEJIUPHBIM paboTam OblIa MOCTpOEHa
cXeMa IMPUBS30K, a TakkKe BepH(UIMpoBaHa ee
paboTa Ha Bceil MaTpulle aOCOTIOTHBIX OTMETOK
reojie3auueckux MyHKTOB. C ee MOMOIIbIO
OCYIIECTBIISUIOCh YHCIEHHOE TpeoOpa3oBaHue
a0COJIFOTHBIX OTMETOK MapOK OCHOBHBIX HHBeE-
JTUPHBIX paboT.

OOmmuii aHamM3 pe3yNbTaTOB OLEHKH JUIH-
TEJbHBIX OCAJOK 3JaHUi MCTOPUYECKOW 3a-
CTPOWKH OCYIIECTBJISIICS B XPOHOJIOTHYECKOM
MOpsIIKE HHUBEJNUPHBIX paboT (T.e Mo CTpoKam
MaTpHIBl a0COTIOTHBIX OTMETOK I'€0/Ie3HUECKUX
3HaKOB HuBeNnHpHOU cetw). [lepBoil HHUBEIH-
POBKOHM, Mapku, KOTOPOM NpPHUCYTCTBYIOT B
HI/IBCHI/IpHoﬁ CCTHU, ABJIACTCA HUBCIIUPOBKA
kanutaHa Casunkoro 1872-1874 rr. Ilo pe-
3yJIbTaTaM IPOBEIECHHONW BepH(UKAIMU ObUTH
MIOCTPOEHBI TPaMKH 0CaTOK 66 MapoK.

Ha puc. 1-11 mnpuBenmeHsl COBMeEIICHHBIC
rpaduKd MapoK HUBEIMPOBKHM KanuraHa Ca-
Buikoro (1872—1874 rr.) 1 MapoK HUBEIHPOB-
ku nepuona 1927-1932 rr. mpomwioro Beka,
3aJI0)KEHHBIX Ha OJHUX W TeX ke 3/1aHusax. Ha
pPHCYHKaX OTMEYaeTcsl HEIJIOXOE COBIIAJICHHE
TPEHIOB pa3BUTHSA OCATOK I IBYX THIIOB
3HAaKOB PpA3IMYHBIX TOJOB 3akinaaku. Takas
Ipolielypa MO3BOJIIET HAJEKHO BOCCTAaHOBHUTH
rpaguK pasBUTHA OCAJOK HMCTOPUYECKHX 37a-
Hu# 3a nocnennue 130-132 roga ux cyuiecTBo-
BaHMA.

Ha puc. 12—-14 npuBenens! rpaduku pa3Bu-
THS OCaJIOK IS OCTaJIbHBIX 00BEKTOB. JlaHHBIM
MaccuB rpadukoB pa3OUT Ha 3 TpyOmbl —
rpaduku ¢ pazBuTHeM ocanok oT 20 10 90 mm,
rpaduku ¢ pazsutreM ocanok ot 90 1o 200 mm,
rpaduky ¢ pazBuTHEM 0canok 6omee 200 MM.

XapakTepusysl MpPUBEICHHbIE HA PUCYHKAX
rpapuKd  pasBUTHA OCAZOK HCTOPUYECKHX
31aHuil 3a nocneanue 130 et cymecTBOBaHUS,
MOXHO OTMETHUTh, 4TO OOJBIIMHCTBO 3JaHUI



MTONTYYMIIO 3HAYHUTEIBHBIC IIUTENBHBIC OCAIKH.
BenmunHa DaHHBIX OCAaIOK OKAa3bIBAETCS COIIO-
CTaBUMa C OYKUIACMBIMU KOHCYHBIMH BEIHYH-
HaMHM OCa0K, @ BO MHOTHX CJy4asiX U HpPEBbI-
maeT ux. Hanwume 3HAYUTENBHBIX CKOPOCTCH
JUITENFHBIX  0CAJOK HWCTOPUYCCKHUX 3IaHHHA
CBUJCTENBCTBYET O JUIMTENBHOM pa3BUTHH
HETaTUBHBIX MPUPOJHO-TEXHOTECHHBIX IIPOIEC-
COB B LICHTPAJIbHBIX pailoHaxX ropoja.
IMomoOHbie rpadmku pa3BuUTHS OBUTH TO-
CTPOEHBI B XPOHOJIOTHYECKOM TMOPSAKE IS
OCTaJbHBIX CTPOK MATPHUIBI  aOCOIIOTHBIX
OTMETOK TOPOICKOH HUBEIHPHON CETH (CM. pHC.
15) s mepuosoB OCHOBHBIX HHUBEIHMPHBIX
pabor 1892-2003 rr., 1911-2003 rr.), uTO
MTO3BOJIMJIO OCYIICCTBUTH OOIIMIA, YHCICHHBIH
aHallu3 pe3yJbTaTOB U IPOU3BECTH OCHOBHBIC
BepH(PHUKAIMOHHBIC TIPOIICYPHI.

B cooTBeTcTBHM C OCHOBHBIMH IIEJISIMH HIC-
CIeOBAaHUN W3 BCEH HHUBEIMPHOW CETH OBLI
BBIZICTIEH KJIacC “ITAJOHHBIX” HCTOPUYECKHX
3/1aHUH, AJIS1 KOTOPBIX MOXKHO CJIeNaTh BBHIBOJBI
0 CKOpOCTSIX pa3BUTHS JAeOPMHUPOBAHHS
OCHOBaHHMU Ha CTaJAW{ PA3BUTHSA IITUTEIHHBIX
ocamoK — craguu moi3ydecTn. K momoOHOMY
KJIacCy 3JaHWA OTHECEHBl 3JaHUS HCTOpHUC-
CKO# 3acTpoiiku, u30eXaBIIUEC HEraTUBHOIO
BIUSIHAS ~KaKOTO-THOO poja TEXHOTCHHBIX
BO3JEHCTBUI (pexoHCTpYKIMA/HAICTPOIiKa,
moapa0dOTKa, BIMSHHE COCEOHETO CTPOUTEIH-
CTBa, MPOKJIAJIKa KOMMYHHUKAIIUH, TPAHCIOPT H
np.). M3 oburero MaccuBa JaHHBIX JJISL BBITOJI-
HSEMOTO HCCIeIOBaHusI Hanboyiee MHTEPECHBI
rpadUKd  Pa3BUTHSA OCAJOK HCTOPHUYCCKUX
3MaHMA Ha cIaObIX TPYHTaX ¢ MUHHMATbHBIMH
CKOPOCTSIMH JUTHTENBHBIX OCAIOK.
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Puc. 14. I'pacuxu paszsutust ocanok 3ganuii ¢ 1872 r. Beibopka B quanaszone ocagok 200-300 MM
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Puc. 15. I'pacduxu pazsutust ocanok 3xanuii 3a nepuox 1911-2003 r. (mosHast BEIOOpKA U3 CETH)

[lo pesynpraram aHamu3a B KaXKIOM pac-
CMaTpUBaeMOM BPEMEHHOM HWHTEpBajie HHBE-
mupHBIX pabdot (¢ 1872 mo 2003 r.) BBELAEICHO
OIIpe/IeNICHHOe KOJIMYECTBO 3JIaHUH (KaK psio-
BOH, TaK U HE PsOBOM MCTOPUUYECKOM 3aCTPOM-
KH), BO3BEJICHHBIX KaK Ha €CTECTBEHHOM OCHO-
BaHWM, TaK M Ha JEPEBSHHBIX CBasgX, MOTPY-
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JKEHHBIX B TEKy4He€ TJIMHUCTBIE OTIOXKEHHSA U
HMEIOIIUX CKOPOCTH JUINTEJIbLHBIX 0CAJ0K B
muamazone 0.15-0.4 mm/roax. HeoOxommmo
OTMETHUTH, YTO KOJHUYECTBO MOJOOHBIX 3/IaHNH B
Ipenenax IeHTPaJbHBIX PafOHOB rOpoa Malo,
BCJIEAICTBHE OOJBIION IUIOTHOCTH M CTECHEHHO-
CTH ropojckoi 3acTtpodku. Tax Ha puc. 16



NPUBEACHBI TPAQHKU 0CaJOK TAKUX 3TaHUU IS
BEIOOpKH Mapok u perepoB 1927-1932/2003—
2005 rr. Ha »Tux rpadukax Takke MOXKHO
BBIJICNIUTh 3/1aHHs, KOTOpbIE HA HAYaJIbHOM

Bui6opka "1927-1932"-"2003-2005"

9Tane pasBUTUA OCAAOK HMMCIM HU3KHC 3HA4YC-
HUA CKOpOCTeﬁ JUIMTCJIBHBIX OCagO0K, a BIIO-
CJICACTBUU IO MMPUYHUHAM TEXHOI'CHHOI'O Xapak-
TEpa nojrydaiv JONOJHUTEIbHBIC OCaKHU.
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Puc. 16. I'paduku ocanok “TanoHHbIX” 30aHUM T BHIOOPKH Mapok U perepoB 1927-1932/2003-2005 rr.

Tpa[lI/ILII/IOHHO CUHUTAJIOCh, YTO HOpMaJ'l])HI)Ie
CKOPOCTH  OCalOK TOJ3y4YeCTH OCHOBAHWMA
HCTOPHYCCKUX 3IAaHUA COCTABISIOT MOPSAKA
2-3 wmm/rog. Takwe BeTWYMHBI CKOPOCTEH
JUTHTETIFHBIX OCAJIOK OKa3bIBAIOTCS B CPEIHEM
Ha TOPSIOK OOJIbIIe TTOTYYeHHOTO JUana3oHa 1
ABJISIIOTCA CJIICACTBUCM OIHI/I60‘IHI)IX BBIYHCJIC-
HUN CKOPOCTEN 0CaJIoK UCTOPUUYECKOM 3aCTpOi-
ku B nepuon 1911-1953 rr. uz-3a He yuera
BBEIECHHON B 1953 r. nmomnpaBku Ha U3MEHEHUE
HCXOJHBIX YPOBHEW ropoickoi cetu (47 MM —
JUIs HUBEIMPHOH cBsizu 1947/1953 rr.). Ilo
pe3yJbTaTaM aHajau3a BpeMsi 3aBeplIeHHO-
CTH KOHEYHBIX OCAJ0K 3JaHUil BHIOOPKM C
HH3KHMH CKOPOCTSMH JIJIUTEJBHBIX 0CAT0K
cocrapjsier nopsiaka 20-25 jer.

BeinosHeHHBIN aHAIN3 Pa3BUTHS JJIUTEIb-
HBIX CKOpOCTEH OCaJ0K OCHOBHOW MacChl
3laHUH HCTOPUYECKOIl 3aCTpOMKH Ha TEppHUTO-
pUH TCHTPATbHBIX PaiOHOB ropoja (HCCieno-
Bajock mopsiaka 2300 3maHmit) TOKasai, d9To
cpelHHe CKOPOCTH JJUTEJBHBIX 0CAJ0K
OCHOBAaHMH Jie:kaT B aumanaszonax 0.6-1.3
MMm/roa. JlaHHas BeIWYUHA CPETHUX CKOPOCTEH
JUTUTCNIFHBIX 0CaZ0K OKa3bIBaeTCcs B 2-5 pa3s
OoNbIIE CpPEAHUX CKOPOCTEH JITUTEIBHBIX
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0CaJIOK OCHOBaHWH, STAaJOHHBIX Ul paccMmar-
pHBaEMOTro KJlacca 3[JaHuil ¥ TPYHTOBBIX YCIIO-
Buil. B paccmaTpuBaemMoMm ciydae BpeMs 3a-
BEPILIEHHOCTH KOHEYHBIX OCaJOK BO3pAcTacT B
2-3 pasa B CpaBHEHHHU CO 3JIaHUSMHU, UMEIOIIN-
MH HHM3KHE CKOPOCTH JUIMTEIBHBIX OCaJIOK
(“sTanoHHBIMU” 3naHusAMHE). [laxke Ipu cpeTHUX
CKOPOCTSIX JUTMTENBHBIX OCaJOK mopsaka |
MM/TOJl, XapakTEpPHBIX JUII  [EHTPaJIbHBIX
palioOHOB TOpOAA, MPOUCXOIAT JUINTEIbHBIC
IMPOHUECChI PA3BUTUA HEPABHOMEPHBLIX OCAI0K
3[aHUI1 U, COOTBETCTBEHHO, JJIMTEILHOE Pa3BHU-
THEe Je(eKTOB KOHCTPYKLMH, a Takxke oomiee
CHIDKCHHE JKECTKOCTH OCHOBHBIX HECYIIHX
KOHCTPYKLIHUH.

Jls meneit HacTOSIIEero MCCASTOBAaHUS WH-
TEPECHO IMPOBECTH OLEHKY CPEeIHHX OCaI0K
3MaHUH HCTOpPUYECKOM 3acTpoMKHM 3a Bech
Hepro HaOJIIOICHUH, a TaKkoKe 3a TOCIeIHN 1
muks.  Ilog  TeppuTopuell  HMCTOPHUYECKOTO
nenrpa Cankr-IlerepOypra OymemM MOHHMATB,
IPEeXJIEe BCEro, 30HY PETYIMPOBAHUS 3aCTPOHKHU
3P3-1 u oxpaHHYyI0 30HY OOBEKTOB KYyJbTYpHO-
ro Haciemus. B rpaHuMnax HCTOPHYECKOTO
LeHTpa ropoga cocpenorodeHo OGomee 11000
3[aHUH, IPUMEPHO IOJIOBUHA W3 HUX — O00BEK-



THI KyJBTYPHOTO HACIIEAUs, a TaKXe IOps/Ka
10000 00BEKTOB WH)KEHEPHOW HH(PPACTPYKTY-
pel. OCHOBHOM 00BEM MCTOPHUYECKUX 3HaHUI
CKOHIIEHTPUPOBaH B Aamupanteiickom, Bacu-
neoctpoBckoM, Ilerporpaackom u Llentpans-
HOM panoHax.

MOXXHO OTMETHUTH, YTO OOJNbIIIAsl YacTh Tep-
PUTOPHH, 3aHHUMAaEeMON AIMHUPAITEHCKUM U
LlenTpanbHbIM paiioHaMu ropojia, pacroJiaraer-
ci B IpeAenax MPOCTPAHCTBA OTPAHUYECHHOTO
pexoii b. Hepoit 1 O6BoHBIM KaHamoM. MHTe-
pECHO, YTO HWMEHHO B 3TOM IPOCTPAHCTBE
OCYIIECTBIISUINCH HUBEIUPHBIE PAOOTHI KalnuTa-
Ha Casurkoro B 1872 1. JIns ynobcTBa aHanmm3za
CPEIHMX CKOpOCTEH 0CaJOK HCTOPHUYECKHX
3aHAH MOKHO OOBENMHHUTH AIMHUpPANTEHCKUI
n lenrpanbueiii paiionsl. Takoe o0beanHEHNE

OyZIer crpaBemIBO HE TOJNBKO TEPPUTOPHAITH-
HO, HO ¥ U3 yCJIOBUI OJTHOPOJHOCTH 3aCTPOMKH,
nockonbky Oonee 90% or ofmero odbema
3MAHUI B ITUX palOHAX COCTABISIOT 3JaHUS
crapoii 3actpoiiku (mo 1917 r.). BrimomHmm
aHaIN3 CPEeJHUX CKOPOCTEH OCamoK Uil pac-
CMaTpUBaeMbIX YYacTKOB Tepputopun. Jlns
MOBBIIICHUS TOYHOCTH OIICHOK CKOPOCTEH
JUTTEJIBHBIX OCAJI0K HCIIOJL30BaHbI PE3yJbTa-
THl BCEX HHUBEJHPHBIX Pa0OT, BBHIOJIHCHHBIX B
roponckor uepre a0 1982/1987 — 2003 r., T.e
ABYX MOCJeIHHX HHKJI0B. Kak oTmeuanoch
paHee, HcCIeIOBaHWE IUTEIBHBIX CKOPOCTEH
0CaJ0K Ha TEPPUTOPUHU LEIECOOOPA3HO BECTH
KaK 3a BECh ICPUOJ HAOIIOJCHUMN, TaKk U 3a
MOCJICHUH LUKIL.

Ta6muna 1. CpeHue ckOpocTH 0caIoK 3anuid B LieHTpansHOM 1 A MupainTeiickoM paifonax ropoa (moiHast

BBIOOpKA)
Ne Iepuon Cxopoctsb ocagox, | KoamdecTBo myHk- CooTHomeHue
n/n Ha0JI01eHuii MM/Tojx TOB B BBIOOPKe CKOPOCTeii 0caIoKk
Beco nepuon
1 Ao AC M 1.2819+0.0286 1437 1105
2 | 3anepuon 1982/1987-2003 rr. 1.417+0.0355 1106

Tabnuua 2. CpenHue cKOpocTH ocagok 31aHuil B LlenTpanbHoM 1 AaMupanrteiickoM paiioHax ropojia (BeIOopka
3MaHui 0€3 3HAYMTEIBHBIX TEXHOTCHHBIX BO3ICHCTRHI)

Ne Hepuon Ckopocts ocanok, | KoanuecTBo myHk- CooTHoleHHE
n/n HAa0II0ieHU i MM/TOJ TOB B BbIOOpKe CKOpocTeii ocagok
1 Bech nepuo HabOACHHIA 1.111+0.0182 1372 1142
2 3a nepuos 1982/1987-2003 rr. 1.269+0.0261 1063 )

B tabnuie 1 npuBeaeHsl pe3yabTaThl CTATH-
CTHYCCKOM 00pabOTKU CKOPOCTEH OCaloK BCEX
reoJIe3NYECKUX IMyHKTOB B LleHTpambHOM U
Anmupanteiickom  paiioHax ropoga. Ilpu
JOCTAaTOYHO OOJBIION BBIOOPKE TeOJe3NIECKUX
MyHKTOB OTMEYAIOTCS JOCTATOYHO 3HAYUTEIb-
Hble CKOPOCTHM OCaJOK 3JaHUl, KOTOphIE 3a
MTOCTICTHUI TIEPUO]T HUBEIUPHBIX paObOT MPEBEI-
cwr BennmunHy 1.4 MM/roa. Takue 3HaYUTEIH-
HBIE CKOPOCTH, TpPEXKIE BCETO, OOYCIOBICHBI
TEXHOTEHHBIM BIIMSHHEM — DPEKOHCTPYKIHUH H
CTPOUTENHCTBOM  TMOJA3EMHBIX  COOPY>KEHUH
TOPOJICKOTO MeTpononuTeHa. VcCkmounB wu3
BBEIOOPKH HE3HAYUTEIHHOE KOJIMYCCTBO 3/IaHUM,
MOMNAaBIIMX B 30HY BJIMSHUS NOJ3EMHBIX BbIpa-
00TOK (BETMYMHBI CKOPOCTEH OCAaZOK HEKOTO-
pBIX 3maHWi pocturamu 8-12 mm/ron) OBIT
IIPOBEJIEH CTATUCTUYECKUI aHaIu3 YCEYEHHOH
BBIOOpKH. Pe3ynbraThl MAHHOTO aHAJM3a MPH-
BeaeHsl B Tabmuie 2. M3 Tabauubsl BUAHO, YTO
IIPU HUCKIIIOUYEHUH 65 31aHUM, UMEIOLIUX HKC-
TpeMaJbHBIE CKOPOCTH OCAJIOK, CPEAHSS CKO-
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pOCTh OCaloK BBIOOpKH cHH3WIach Ha 0.15
MM/TOJI ¥ IPUOIU3MIACH K 3HAYCHHIO | MM/TOJI.

B tabmurne 3 npuBeneHs! 3HAYCHUS CPETHIX
CKOpPOCTEH OCaZlOK ITOJIHOW BBIOOPKH TeOIe3H-
YeCKMX IyHKTOB BacuiieocTpoBckoro paiioHa
ropoga. MOXKXHO OTMETUTh 3HAYHUTEIIBHBIC
JUTHTENIEHBIE CKOPOCTH OCAaJ0K 3JIaHHid, KOTO-
peIe gocTHraroT 2.2 MMm/ron. JlaHHas BeTMYMHA
CpPemHHX OCaZOK 3JaHWH TIOJHOW BBIOOPKH
o0ycnoBneHa ocankaMid OOBEKTOB aKTHBHOU
3aCTPOMKH COBETCKOI'O MEPHOMAa, BO3BEICHHBIX
B mepuoj kKoHuna 60-x — Havana 80-x IT., mpe-
UMYIICCTBEHHO Ha HAMBIBHBIX TCPPHUTOPHUSIX
BacunbeBckoro octpoBa. B ciywae uckioue-
HUS W3 BBIOOPKH 3IaHUH, BO3BEICHHBIX B
COBETCKHH TEepHOJ Ha HAMBIBHBIX TEPPUTOPHUSIX
CpeIHHE CKOPOCTH OCagOK 3acTPOUKH TOPO-
CKMX KBapTaJloB BacHIBEBCKOTO  OCTpOBa
cocTaBaT mopsinka 1.2 mm/ron (tabn.4). Unre-
PECHO, UTO CpEeTHIE CKOPOCTH OCaIoK B AIMU-
panrelickoM, lLlentpanbHoM u Bacuneoctpos-
CKOM paifoHax C y4eTOM IIOCIIEAHEr0o IepHoaa



HUBEIHMPHBIX pab0T COBMANAIOT U COCTABJISIOT
1.27 mm/roa. MOXHO OTMETHTBH, YTO JaHHAS

BCJIMYMHA CPCAHUX CKOpOCTeﬁ O0CaJIOK TaKXKeE
J0CTaTOYHAa 3HAYMUTCIIbHA.

Tabmuna 3. CpegHue CKOpOCTH 0CaJOK 3aHui BacumeocTpoBckoro paiioHa roposa (mojaHas BEIOOpKa)

Ne Iepuon CkopocTtsb ocanok, | KoamdecTBo myHk- CooTHoleHHE
n/n HA0JII0/IeHU i MM/TO TOB B BbIOOpKe cKOpocTeii ocagok
1 Bech nepuo HabrOICHHIMA 2.188+0.1569 399 0857
2 | 3amepuon 1982/1987-2003 rr. 1.876+0.0355 337 )

Tabmuua 4. CpeqHue CKOpOCTH OCaoK 34aHui BacumeocTpoBckoro paiiona ropoaa (BpIO0OpKa 31aHuH
0e3 KBapTaJIoB, BO3BEJICHHBIX HAa HAMBIBHBIX TEPPHTOPHSX)

Ne Ilepuon CkopocTth ocanok, | KoamnvecTBo myHk- CooTHomenune
n/n HAO0JII0eH U MM/T0J1 TOB B BbIOOpKe CKOpoCTeii oca oK
1 Bech nepuoa Habo e HUH 1.207+0.0358 327 1051
2 3a mepuox 1982/1987-2003 rr. 1.269+0.0434 276 )
Tabmuma 5. CpegHue cKOpocTH ocanok 3aanuii [leTporpaackoro paiioHa ropoja (IoaHAas BEIOOPKa)
Ne Iepuon Cxkopoctb ocanok, | KoamyecTBo nmyHk- CooTHomenune
n/n HA0JII0IeHU i MM/TOJ TOB B BbIOOpKe CKOpocTeii ocaok
1 Becb nepuos HabmoaeHUM 0.530+0.239 540 1501
3a nepuos 1982/1987-2003 rr. 0.796+0.0491 421 )
Heckonbko  MNpOTHUBOIIONOXKHASA — KapTUHA yactax [lerporpaackoro paiiona. Teppuropus

HaOroaeTcst IPH OLIEHKE CPEIHHX CKOPOCTEH
0CaJIok ropojackoi 3acTpoiiku B Ilerporpan-
CKOM paiioHe ropoja. 37ech NMpH JIOCTaTOYHO
OoNpmION  BBIOOPKE IITUTEIBHBIE CKOPOCTH
OCaJOK JIUIIb HE 3HAYUTEIHHO IPEBBHIIIAIOT
BeauuuHy 0.5 MMm/roA. 3a MOCHCHHUI IHKI
HaOmoeHuit ckopoctu ocajok gocturiu 0.8
MM/ToA (cM. Tabis. 5). MOXHO TPEANOIOKUTh,
YTO Takue HE 3HAYUTEIbHbIE CKOPOCTH 00Yy-
CJIOBJICHBI CYIICCTBEHHO MEHBIICH KOHIICHTpa-
LMed IUIOTHOM TropoacKkod 3acTpoilku. Jlew-
CTBUTENHFHO, KOHIIGHTPAILlUsl TOPOACKON 3a-
CTPOMKH CYIIECTBEHHO MEHbBIIE B CEBEPHBIX

Kamennoro, Kpecrosckoro u Emaruna octpo-
BOB BOOOIIE SIBISIOTCS MapKOBBIMH 30HAMH H
SIBIISTFOTCS. CBOOOTHBIME OT PErYJISIPHON YILIOT-
HUTENBHOMN 3aCTPONKH.

Ecnu uckmounts u3 o011eil BEIOOPKH HHUBE-
JIMPHBIC NYHKTBI, PACIOJIOKCHHBIC Ha 3JJaHUAX
Kpecrosckoro, Enarmna u Kamennoro ocrpo-
BOB, TO CKOPOCTh JIIUTEIBHBIX OCAJ0K TEPPH-
TOpUHU 3acTpoiiku Bo3pacteT mo0 0.6 Mm/ron.
CKOpOCTh UIMTENBHBIX OCAJOK 3a TOCIETHHA
UK HaOmoaeHud Taroke BospacteT 1o 0.9
MM/TOSI.

Tabmuua 6. Cpenaue ckopocTu ocagok 3aanuil [lerporpaackoro paifona roposa (BeiOopka 31aHuii 0e3 KkBapTa-
JIOB, BO3BEJICHHBIX Ha TeppuTopusx Kpecrosckoro, Kamennoro u Enaruna octpoBoB)

Ne Hepuon CkopocTtsb ocanok, | KouauuecTBo myHk- CooTHomeHue
n/n HA0JII0/1IeHU i MM/TO1 TOB B BbI0OpKe cKopocTeii ocagok
1 Bech nepuo HabIrOICHHIHA 0.588+0.0267 460 1.48
2 | 3anepuon 1982/1987-2003 rr. 0.874+0.0517 384 )

YuuteiBasg pe3yibTaThl, NpPUBEJIEHHBIE B
Tabmuiax 1—6, I dYeThipex paloHOB, TIC
MIPEUMYIIECTBEHHO W PACIIONATraeTCsi OCHOBHOM
00BeM 3maHW  HCTOPHUYECKOM  3aCTPOMKH,
MOXXHO OIIGHUTh CKOPOCTH OCaJIOK IO BCeH
paccmarpuBaeMoii  BeIOOpKe.  Pesynbrarh
00pabOTKH CPEeHUX CKOPOCTEH OCAIOK 3IaHHIA
B YCTHIPEX PacCMATPUBACMEIX paioHax ropoja
npuBeneHsl B Tabnmme 7. CpemHss CKOPOCTb
JUTNTENIFHBIX OCAJIOK B Mpeesiax paccMaTphBa-
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€MOI1 TeppUTOPHH 32 BeCh NMEPHO/1 HAOIIOJCHU
npesBsickia 1,2 Mm/ron. 3a mocieqHuN MK
HUBEJMPHBIX pabOT CpedHHE CKOPOCTH OCAIOK
B IICHTPANBHBIX palflOHaX TOPOAa NPEBHICHIH
1,3 Mmm/Tog.

Eciu u3 o01eii BEIOOPKU B KaXIOM paiioHe
UCKJIIOYNTH SKCTPEMAIFHO BBICOKHE W JKCTpe-
MaJBHO HHU3KHE 3HAYCHUS CKOPOCTEH OCajoK,
Kak 3TO ObLIO celaHo B Tabmuuax 2, 4 u 6, To
MOXXHO TOJYYHTh CpPEIHHE CKOPOCTH OCAaIOK



TOPOACKHUX KBapTaJOB HCTOPHYCCKOTO IICHTPA.
Pe3ynpTaThl CpeqHUX CKOPOCTEM OCAOK reone-
3UYECKHUX MyHKTOB B TaKOW BBIOOPKE MpHBEJE-
Hbl B TaOnuie 8. CorilacHO pe3ysbTaTaM CTaTH-
CTHYECKOH 00pabOTKM CKOPOCTH OCaJOK HCTO-

PUYECKH CIIOKUBLIEICS TEPPUTOPUN 3aCTPOHKU
cocraBmin mopsiaka 1 mm/roa. Ilpm stom 3a
MOCJICTHUI TIePHOJ] HUBETUPHBIX PabOT cpel-
HHE CKOPOCTH OCaJ0K 3[aHUi MPUOIH3UINCH K
3HaYeHuIo 1,2 MMm/ro.

Tabnuna 7. CpeHre CKOPOCTH OCaoK 3MaHuil A qmupanrteiickoro, LlentpanipHoro, BacuneoctpoBckoro

u [erporpasickoro pailoHOB ropo/ia (IoJIHas BHIOOPKa)

Ne epuon Cxopoctb ocagox, | KoamyecTBo myHk- CooTHoenne
n/n HaO0II0IeH U MM/TO/X TOB B BbIOOpKe cKOpocCTeii 0caa0K
1 Becb nepuoa HabmoaeHMIH 1.263+0.033 2376
1.076
2 | 3amnepuon 1982/1987-2003 rr. 1.359+0.031 1864

Tabnuua 8. CpenHue CKOPOCTH OCaoK 30aHuil AnMupanreiickoro, LlenTpanasHoro, BacuneoctpoBckoro
u Ietporpazckoro pailoHOB ropoja (yceueHHas: BbIOOpKa — MPEUMYILECTBEHHO HCTOPHYECKUE TOPOJICKUE

KBapTajbl 03 3HAUUTEIbHBIX TEXHOTEHHBIX BO3EHCTBUI)

Ne epuon CkopocTsb ocanok, | KoanuecTBo myHKTOB CooTHomeHue
n/n Ha0II0ieHU MM/TO1 B BbIOOpKe cKopocrTeii ocagok
1 Becs nepron HabmOACHIIA 1.0174+0.0149 2159
1.162
2 | 3amepuon 1982/1987-2003 rr. 1.183+0.0215 1724

ITo pesynpraram oOmiero aHanmsa, CpeaHNE
CKOPOCTH 0CaJ0K IMOJIABISIONIET0 OOIBIINHCTBA
31aHUH UCTOPUYECKOM 3aCTPOMKM HaXOAATCs B
nuamaszone 0,6—1,5 MM/Tox U B 3TOU CBSI3H IS
MIOCTPOEHUS KapT COBPEMEHHBIX BEPTHKAIBHBIX
CMEUICHUH B pPErMOHAIGHOM IUIAHE MOXKHO
UCIIONIb30BaTh CPEIHIOI0 BEJIMYUHY CKOPOCTEH
ocanok B 1 Mm/ron. OHaKO JUIsl OLIEHOK Pa3BHU-
U geopMalii HICTHHHOM TOJ3YyYecTH Cpea-
HUE OLICHKH OylyT HE COBCEM IIPHEMIIEMBI.

IIpenBapuTenbHbIA CTATUCTUUECKUNA aHATIU3
OyzeT TakKe MoJe3eH JUIs LeleH KapTUPOBAHUS
aOCOIOTHBIX OCaJOK Ha PacCMaTPUBAEMBIX
TEPPUTOPHUSIX.

ITo pesynpTaTaM NpOBEIEHHBIX HCCIEIOBA-
HUH 3HAYNTETbHAs] KOHIEHTPAUWs yBeJlHie-
HHSl CKOPOCTEH IJINTEJIBHBIX OCAJOK HCTO-
pUYecKoil 3acTpoiiku HalJI0gaeTcss y 31a-
HHUM, PacnoJIoKeHHbIX BOJU3M HalepeKHbIX
pex u kaHaiaoB (cM. puc.17,18). Ing oneHku
BO3MOXKHOTO M3MEHEHHUs CKOpocTell ocafok
OTJENBHO BBIYHMCISUIUCH CKOPOCTH OCaJOK Ha
MOCJIIEAHEM BPEMEHHOM uHTepBane 1985-
1987/2003 r. Becero mist ananusa ObIIA MCIIONE-
30BaHBl pe3ynbTaTel HaOmomeHuid 3a 396
3IAHUSIMH, PAcCIIOJOKEHHBIMU BONM3M Habe-
PSKHBIX pEK W KaHauoB. [Ipu BBIYHCIECHHH
CKOpOCTEH 0CaJOK HCIIOJIB30BAINCH PE3yJIbTa-
THl TIOBTOPHBIX HHUBEIMPOBOK 3a pPa3IHIHBINA
BpeMeHHOW nepuoa. bombiias yacte pesynbra-
TOB HHBEIHPHBIX PabOT B JaHHOW BBIOOpKE
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3laHUH OTHOCHUTCSI K BPEMEHHOMY HHTEpBally
1927/1932-2003 r. Takum o00Opa3om, BbIYHC-
JICHHBIC CPETHUE CKOPOCTH JITUTCIBHBIX 0CaIOK
IUTSE  PacCMATPUBACMBIX 3MaHUH  SBISIOTCS
CTAaTHCTHYECKH  TIPEICTABUTEIHHBIMH. ITo
pe3yiapTaTaM aHalW3a Uil TPYIIBl 3TaHUH,
pacIoI0oKEeHHBIX BOJHM3H OTHIENIbHBIX HaOEpexk-
HBIX, ONIPEJICIISUINCh CPEIHUE BEJTMYHHBI CKOPO-
CTH Pa3BUTHUSA OCANOK. Pe3ympTaThl UcciemroBa-
HUI IpUBEIeHBI B Ta0IHIE 9.

OO0pamasi BHMMaHHE Ha pacmupeaecHre
IUINTENBHBIX OCAA0K 3JaHuii B Ta01.9, MOXXHO
3aMETHTh, YTO HAMOOJBIIHE CKOPOCTH JIJIH-
TENBHBIX OCAJO0K 3JaHMi HAOJIIOMAOTCS BIOJb
HabepexxHoi Pobecnbepa, pekn Moiiku, Kpro-
KOBa KaHana, peku (DOHTaHKW, YHHBEPCHTET-
ckoif HabepexxHoi. [Ipm 3TOM CKOpOCTH IJH-
TETBHBIX 0CAJIOK HCTOPUYECKUX 3IaHHM, pacro-
JIOJKCHHBIX BI0OJIb HpaKTH‘IeCKI/I BCEX
HaOepeKHBIX 3a mocieaHue 20 JeT 3HAYUTEIb-
HO BoO3pociu. VCKIrOYeHHEM 3/1eCh MOXKET
paccMaTpuBaThCs JHIIH HabepekHas OOBOIHO-
ro KaHajla, TJIe CpeIHHE CKOPOCTH OCaloK 3a
nocieaare 20 JIeT yBEIUUMINCh HE3HAYUTEIb-
HO. OpnHako naHHbBI 3(¢deKT MoxeT ObITh
OOBSICHEH TPOCTHIM YMEHBIIICHUEM KOJIHYCCTBA
BEIOOpDKA MapoK W pEIepoB Ha TOCIETHEM
HWHTEpBase HaOIIOACHUH BCIEACTBUE HX YTPATHI
MIpHU PEKOHCTPYKIMH 3AaHuH Brois OOBOIHOTO
KaHaja.



Tabmyna 9. CpenHue [UIUTENBHBIE CKOPOCTH OCAIOK 3/IaHUH, PAaCHOJIOKEHHBIX BOJIM3H HAOEPE)KHBIX [IEHTPAIb-
HBIX palilOHOB ropoja

CKoOpoCTh 0caioK

CKopocTh 0caioK 3a

1‘:;“121 HaGepexunas 32 BeCh MepHo]L nepuon 1982/1987- cxcogzz:;;“::al;;lc
Ha0JII0IeHHi1, MM/TOX 2003 rr, Mmm/Tox

1 AHrnmiickas 0.719+0.055 0.839+0.121 1.16
2 AnMupanrteiickas 1.087+0.01 1.519+0.412 1.397
3 JlBopuioBast 1.013+0.1 1.126+0.146 1.11
4 Kyty3oBa 1.145+0.15 1.418+0.19 1.24
5 PobGecnbepa 2.068+0.49 2.287+0.159 1.105
6 VHuBepcuTerckas 1.363+0.28 1.844+0.694 1.352
7 Jlewitenanta llImuara 0.512+0.12 1.259+0.624 245
8 Anmvupana Makaposa 0.903+0.20 1.42+0.239 1.57
9 Pexu ®oHTanku 1.305+0.08 1.34+0.152 1.026
10 Pexu Moiikun 1.443+0.134 1.505+0.119 1.042
11 Kanana ['puboenona 1.378+0.11 1.597+0.147 1.158
12 KprokxoBa kanana 1.558+0.27 1.676+0.275 1.075
13 Pexu KapnioBku 1.098+0.32 1.16+0.2 1.056
14 OO0BOHOTO KaHaJIa 1.311+0.1 1.11£0.18 0.846
Cpennee 3HaYeHHE 1.207 1.515 1.256

o

P

e 2

Puc. 17. Dmtopsl ckopocTeit pa3BUTHsI 0CaI0K 3AaHui (MM/To) BAOIb J{BOp1IOBO#t Hat. 1 Ha6. pexr Moiiku B
paitone J[Bop110BOii TUTOMIAIU U 3AaHUH KOMIUIeKca [ ocyjapcTBeHHOTO DpMHTaKa
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Puc. 18. Dmopsl ckopocTeid pa3BUTHA 0CAIOK 3AaHMH (MM/To/T) BIOIb Hab.kaH. ['puboenoBa u Habd.p. Moiiku B
paifone orpannueHHOM Hab. kaH. ' puboenosa, Ha6. p. Moiiku 1 HeBckuM IpocTieKToM

[IprumHaMu TakOTO pacIpeneNieHusI CKOpPO-
CTEH 0Ca/IOK SBISAETCS LENbIH KOMIUIEKC (pakTo-
pos. Ilo-BuanMomy, mpeobrianaromiee BIUSHUE
Ha MOJ00HOE pacipeeiicHHe UMEIOT: JITUTCIIb-
HbIe TOPU3OHTAJIbHBIE CMEUICHHS] UCKYCCTBEHHO
c(hopMUPOBaHHBIX OeperoBbhIX YYaCTKOB,
WH)XEHEPHO-TeoJIoTHYecKne ycioBus, cyddo-
3WOHHBIE SBIICHUS, BO3HUKAIONINE IIPH €CTe-
CTBEHHOH pasrpy3ke I'PYHTOBBIX BOJ, a Takke
YCTPOMCTBO M TOCTEAyIoUas dKCIUTyaTalus
WH)XCHEPHBIX ceTell (COCPEIOTOYCHHBIX Ipe-
MMYIIECTBEHHO B JaHHBIX 30HaX). B ciyuasx
KOMIUTEKCHOW PEKOHCTPYKIIMU TOJABIISIOICTO
OONBIIMHCTBA 3JaHWH, PACHOJIOKEHHBIX B
HCTOPHYECKOM IICHTpPE Tropojaa BOIW3W Habe-
PEKHBIX IIeJIeCO00Pa3HO paccMaTpUBaTh BO3-
MOXKHOCTh YCHJICHUSI OCHOBaHHUI TaKUX 3IAHHMA
(mepecagkoif Ha CBaW WM ITyTEM YIIYYIICHUS
CTPOUTENHHBIX CBOHCTB TPYHTOB OCHOBAHHIA).

Taroke 3HAYUTETbHAS KOHIIEHTPAIHI CKOPO-
CTeﬁ paSBI/ITI/IH JJINTCIIBHBIX OCAIO0K I/ICTopI/I‘Ie-
CKOW 3acTpoiiku 3adukcupoBaHa B 30HaX
BIUSHHUS TPAHCIOPTHBIX MOJ3EMHBIX Y3JIOB
TOPOACKOTO METPOIOJIUTEHA, B OCOOCHHOCTH,
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HAKJIOHHBIX XOIOB BECTHOIOJEH CTaHIUHA.
IIpouecc pa3BuTHS OCaZOK  MCTOPUYECKOH
3aCTPOMKHM TOCTE BBEACHUS B DSKCIUIyaTalHIO
MOJ3EMHBIX  COOPY)KEHHII ~ METpOIOIUTeHA
(mepuon ToOCneneHcTBUS) TPOIOIDKAETCS Ha
npoTspkeHnn 35-40 et u He cTabWIM3HPYeTCs.
ITo xapakTepy U3MEHEHHUSI CKOPOCTEN Pa3BUTHUS
JUINTEIBHBIX OCAJOK 3JaHMI MOXKHO IpEAIo-
JIOXKUTh, YTO OTH JJIHUTCIBHBIC OCaJOYHBIC
IIPOIIECCHI 3aCTPOMKU B 30HE BIHSHUS MOA3EM-
HBIX COOPYXEHHH METpOnoNuTeHa OyIyT
pa3BHBATHCA CIIE HE OJTHO IECSTHIICTHE.

Heo6xoauMo OTMETHTh, YTO HpEACTABICH-
HBIC BBIBOJABI OTHOCATCA B OCHOBHOM K IIOA3CM-
HbBIM B])Ipa6OTKaM, BBITIOJTHEHHBIM C CE€PCANHDBI
50-x no cepenuHy 70-X ro0B MPOILIOrO BEKa.
C y4eToM HaKOIIEHHOTO ONbBITAa CTPOUTEIHCTBA
MOA3EMHBIX ~ COOPY)KEHHH  METPOIOJINTEHA
COBPEMCHHBIC TEXHOJOTMU BEIEHHS DPaboOT B
IUIAaHE TPEJOTBPAILCHHUS Pa3BUTUS  OCANOK
MTOBEPXHOCTH MAacCHBa JOCTAaTOYHO IPOTPECCH-
poBa.

IIpuBeneHHbIE B aHaNM3€ IIUTENBHBIE CKO-
POCTH 0CaZOK HCTOPHYECKHX 34aHWH (BCEro



paccmatpuBanock oonee 2300 3manuit) HeoOXO0-
IMMBI JUI Ha3HaueHUs MapaMeTpoB, pa3pador-
KU ¥ Bepu(UKAINN YUCICHHBIX PEOJOTHUECKHX
Mozened paboThl OCHOBAaHWMH B WHKEHEPHO-
reosornieckux ycnousix r. Cankr-IlerepOypra.
BBINONTHEHHOE  KCCNIEIOBAaHUE HUBEIHPHON
CeTH II03BOJIMJIO BBIPAOOTATh METOAUKY IS
NEePENpPUBSI3KA HUBEIHMPHBIX 3HAKOB CTaphIX

0 5000 10000
O L L

15000

HUBEIMPOBOK, NTaXKe eCiH ObUIH Ge3BO3BPATHO
yTpaueHbl UCXOJIHbIC HUBEIHUPHBIC MYHKTHL. DTO
OTKPBLIO BO3MOXXHOCTH MPOJOJIKCHHUS CTaphIX
HAOJIOCHUH, a 3HAYMT IOJNyYCHUS JJIUTEIb-
HBIX Tpa(UKOB OCAJOK 3AaHUN Ha BPEMCHHBIX
UHTEpBaNax g0 77 net (Hanpumep, IUis MOHU-
TOPUHTOBBIX HaOmromeHmit koHma 30-X TromoB
MIPOIILIOTO BEKa).
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Puc. 19. I'paduk pa3BUTHS 0CATOK YETHIPEXITAKHOTO 3IaHKS IKOJIBI Ha BacuimbeBckoMm ocTpoBe CaHKT-

[letepOypra (1936-2012 r.)

Tak na puc. 19 mpuBexeH rpaduk ocamox
YEeTBIPEXATAKHOTO 3JaHUS IIKOIBI 3a 76 Jer
HAOIOACHUH. 31aHNe BO3BEJICHO HA €CTECTBCH-
HOM OCHOBaHHMH Ha CIa0BIX TPYHTaX, MOIIHO-
cTei0 10 25 M. HaGmromeHus 3a ocagkaMu B
1936 r. Hagyats! rpynmnoi npo¢. L{piToBuya [6].

Taxxe B 1 kBapTane Bacunbsescoro ocrposa
OBUTH BBIMTOJIHCHBI MOHUTOPHHTOBBIC HAOIIO/IC-
HUS 32 § MAaHETBHBIMU 3IAHHSIMH, BO3BEICHHEI-
MH B YCIOBHAX MOIIHOW Tommmu (Oomee 40 M)
cnabbIX TIIMHUCTBIX OTJIOXKEHHH. 31Iech ocalka
12-3TakHOTr0 MaHEIbLHOTO 3/IaHus, BO3BEIEHHO-
ro Ha IJIUTHOM OCHOBaHUU 3a 43 rojia J0CTUTIa
113 cM u mpopokaeT pa3BUBATHCS.

I'paduku  pasBuThss  HEpaBHOMEpHOCTEH
OCagOK 3IaHWs, NpuUBeACHHBIE Ha puc. 20,
[MOKa3bIBAOT, YTO PA3BUTHE HEPABHOMEPHOCTECH
0CaIoK IMPOJIOJDKAETCS BEChbMa MHTEHCHUBHO BO
BPEMCHM W HE 3aTyXaeT. Pa3HOCTh 0cajok
MEXITy KpalHUMH U [EHTPATFHBIMU YYACTKAMH
3MaHUS 3a TepUOJ] HaONIOJCHUN COCTaBHIIa
47 cm.

Bcero 3a Bpems mpoBeieHHsI IEpBOTO 3Tamna
HCCIIeI0BATEIbCKUX paboT OBUIO PEKOTHOCIIH-
poBaHo 10 80 31aHUN U COOpPYKEHHIA, 32 KOTO-
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pPBIMH paHee OBUIM Ha4yaThl PEryJIIpHBIC MOHU-
TOPUHTOBBIE HAOIIO/ICHNS. BONBIIMHCTBO U3
oTuX HabmromeHmit (mopsaka 70%) ObuH
BEITIOJTHEHBI crienuanuctamu Kadenapsr «OcHo-
Banus U GpyHaameHTey CaHkT-IleTepOyprekoro
rOCYJapCTBCHHOTO YHHBepcHTeTa. BO Bpems
MPOBEACHUS  PEKOTHOCIIMPOBOYHBIX  padoT
BEITIOJTHSUIACH DKCTIPECC-00CIIeIOBAHMS 3IaHUMH,
B T.4. Ha PEJIMET BO30OHOBIICHUSI HUBEIUPHBIX
pa6ort. [To pesymprataM 3THX pabOT OKa3aIOCh
BO3MO>XXHbBIM B0306HOBHGHI/IC HUBCJIUPHBIX
HaOmonenuii 3a 30 3gaHUSIMH, BO3BEJACHHBIX Ha
c1abbIX IPyHTaXx.

KomruiekcHOe BO300HOBJIEHHE PErYISPHBIX
HabmomeHnit Ha 30 ydYacTKaXx TO3BOJHIIO
co3/ath BepU(HUKALMOHHYIO 0a3y Ul OLIEHKH
TOYHOCTH KaK WHXCHCPHBIX, TaK U YHUCJICHHBIX
Boruncnenuil. Ha puc.21 npeacrasnena xaprta ¢
HAHCCCHHBIMH YyYacTKaMH HaONIONCHUHA, U3
KOTOPBIX BHUJHO, YTO HAOJIIOACHHS OXBAaTHIIU
3HAYUTEJBHYI0 YacTh TEPPUTOPHH Topojaa (B
T.4. U IOXKHBIC PailOHbI), T.€. SIBISIOTCS IOCTa-
TOYHO MPCACTABUTCIbHBIMU. I1o pe3yiibTaTaM
BBIMIOJTHCHUSI KOMIUIEKCA HCCIICAOBATEILCKUX
paboT OBUIM IOCTPOECHBI TpaUKH OCaTOK



3HaHHﬁ, BO3BCACHHBIX Ha cnadbIxX TpyHTax. MMO3BOJIMIN CHIelIaTh KOMIUICKCHBIM — aHajIn3

OOumii nepuox HaOMOACHUI cocTaBuil OT 23 pa3BUTHS OCaIOK 3/JaHUH, BO3BEACHHBIX B
1o 77 ner. OTu HAOJIO/ICHNSI B COBOKYITHOCTH C ycnoBusix cnadbix rpyHtoB r. Cankt-Iletep-
UCCIIEIOBaHUEM CKOPOCTEil 0CaJoK HCTOpHYe- Oypra. B Hacrodmell cratbe IpUBEEHBI JIUIIb
CKMX 3[aHUH B TOPOACKOW HHUBEIMPHOW CETH MIEpBUYHBIE PE3YJIBTATHI IAHHOTO aHAJIN3a.
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Puc. 20. I'pacuxn pa3BuTHS BO BpeMEHH HEPaBHOMEPHOCTH 0CanoK (MM) THIOBOrO 31aHus cepun BC-12 Ha
wmTHOM (yHmamente, yi. Hannunas, 36/2 (BO, kB. 1, xopr. 12; oosext 1-4) (1970-2012 1T.)
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Puc. 21. OOBEKTHI JUINTENFHBIX MOHUTOPHHTOBBIX HaOoneHuit B uepte r. Cankr-IlerepOypra
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Puc. 22. I'pacduku pa3BUTHsI 0OCaI0K 3AaHUH (MM) BO BpPEMEHH B MMOJTYJIOrapu(MUIECKOM MacITabe

MO>KHO OTMETHTD, YTO 3/IaHUSI BO3BEACHBI B
pasiuuHOoe BpeMsi (B pa3IM4HbIE apXUTEKTYp-
HBIE TIEPHO/BI — OT CTAJIMHCKOTO KIIACCHIIM3Ma
JI0 COBPEMEHHOTO IaHEJIBHOTO0 AOMOCTPOCHHUS),
AMEIOT Pa3HyIo ATAKHOCTH OT 4 10 16 sTa)cei.
Ha puc. 22. npencraBieHbl TIpadUKd 0CAI0K
30aHMH, BO3BEACHHBIX Ha CHa0BIX TPyHTaX
Cankr-IlerepOypra. M3 pucyHka BHIHO, 4TO
rpayKkyd JIOCTATOYHO XOPOLIO IOJYUHSIIOTCS
norapupmmyeckoi 3aBucumoctu. 1o pesynbsra-
TaM aHajJlM3a OKa3aloCh, 4YTO ONTHMAaJbHON
aNIpoKCUMAIMe O0CaZIoK BO BpPEMEHH OyaeT
3aBUCHUMOCTH THUIIA:

t+T,
0),

S(t)=51n (1)

0

rae 0 u Tp — OCHOBHBIE TTapaMETPHI aNpOKCH-
Marluu.

Xapaktepusyst NpeAcTaBlIeHHbIE TIpapuKu
0CaJl0K, MOXHO OTMETUTD, YTO IO HUM IPAKTHU-
YeCKH HEBO3MOXKHO OLCHHTh BEJIMYHMHY TakK
Ha3bIBaEMBIX «KOHEYHBIX» OCA/IOK WM pasze-
JUTh OCAZKW Ha KOHCOJNHUIAIMOHHYIO M BTO-
pudHy0 (OcagKy IION3YYecTH). Y UYHUTHIBas
JAHHBIC O CKOPOCTAX OCAIOK, IOJYYCHHBIX W3
aHanu3a Jedopmanuii MyHKTOB HUBEIHPHOM
cetu Ha wuHTepBamax 50-130 ner, MOXHO
TIPEATION0XNTh, YTO I'paUKH OCaJOK B IOIY-
Jorapu(pMUIECKOM MacITade He M3MEHAT CBOI
HAaKJIOH, T.€. 3aKOH BEKOBOTO YIUIOTHEHUS
IPYHTOB HE BBINOJHUTCS B SIBHOM Buze (MO0
CKOpPOCTh OC3JI0K Ha CTaJu{ TOJ3YYeCTH OKa-
KETCSI COMOCTaBHMOW CO CKOPOCTSIMH OCaJI0K
Ha CTaJiH IePBUYHON KOHCOMUAanuy). B Takux
YCIIOBUSIX BBIYHCIICHHE TAK HA3bIBAEMBIX KO-
HEUHBIX» OCaJOK He OyIeT HMEThb KaKOro-TO
CMBICJIa, KpPOME€ MPEABAPUTCIIBHBIX OLCHOK.
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JlecTBUTENbHO, KaKOW CMBICT BBIYHCICHUS
«KOHEUYHOI» OCallki, €CJIM €€ HE OINpPEeAeTUTh B
HATYPHBIX YCIOBUSAX M HA MOMEHT ()aKTHUECKO-
ro HOPMAaTHBHOI'O CpPOKa 3KCIUTyaTalluH 3/aHUs
ero ocaigku He crabmmmupyorca? B atux
YCIIOBHSIX €AMHCTBCHHO BEPHBIM OYICT BBIYKC-
JIEHUE O0CaJOK 3J]aHU M COOPY>KEHUH BO Bpe-
MEHHU.
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Puc. 23. [IpoueHT peanu3anuu ocaiok Ha MOMEHT
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Puc. 24. T'paduk 3aBHCUMOCTH MaKCUMAaJIbHOM
HEPAaBHOMEPHOCTHU OCAJ0K 31aHUH OT MaKCHUMaIbHOMN
JOCTUTHYTOH Ocaku




BeinosHeHHBIE HA TIEPBOM 3Tane paboT Hc-
CJIeZIOBAHUS MO3BOJIMUIM OLIEHUTH pacIpesaere-
HHUE OCAJIOK 3[aHUI U UX HEPAaBHOMEPHOCTU BO
BPEMEHH, a TaKXKe CTaTUCTUYECKH OTBETUTh HA
MIpaKkTHYeCKHe, HanboJiee MHTEPECYIONIE IPo-
eKTHPOBIIMKOB Bompochkl. Cpean KOTOPBIX
Hanboee HHTEPECHBI CIIEAYIOIIHE:

- Kakoit mpoueHnt peanuzanuu ocajaku 37a-
HUsI, BO3BEJICHHOI'O Ha CJIa0bIX TPyHTaX CO-
CTaBUT HA MOMEHT CTPOUTENLCTBA?

- Ha ckonbko 3¢deKkTHBHBI KpUTEpUH Orpa-
HUYCHHS KOHEYHBIX OCAJOK W WX HEPaBHO-
MepHOCTEH?

Ha puc. 23 npencraBieH rpaduk COOTHO-
LICHUS Pa3BUTHUA OCAJKM 3/[aHUIl HA MOMEHT
OKOHYAHHSI CTPOUTEIbCTBA K HaOIIOIaeMbIM
ocagkam. Ilo pesympTaraM CTaTHCTHUECKOTO
aHanm3a B cpemHeM mopsagka 30% oT oOmieit
JIOJTM OCA/IOK 3/1aHMH (3a MEPHOA HOPMATHBHOTO
CpOKa 3KCIUTyaTalliy), BO3BEJIECHHBIX Ha CIa0bIX
TpyHTaX peaJn3yercs Ha MOMEHT OKOHYaHMA
cTpouTenbeTBa. [l peaqbHOro NMPOeKTUPOBa-
HUSL 3TO 3HAUUT, YTO BBEJCHHE OUEPEIHOCTH
CTPOUTENHCTBA PaJUKaIbHO INpobiIeMy pas3BH-
TUSI HEPAaBHOMEPHBIX OCAJOK IPHUMBIKAOIINX
3MaHU B CIy4ae KOMIUIEKCHOIO OCBOCHHSA
TeppuTopuil He peraer. [IpoGiembl HepaBHO-
MEpHOCTEH 0CaJI0K HEoOXOAMMO penaTh KOH-
CTPYKTUBHBIMH MEPOTIPHATHSIMHU.

Uro kacaeTcs Bompoca 00 OTpaHHYECHHUSIX
a0COJIIOTHBIX OCAJOK M MX HEPaBHOMEPHOCTEH,
TO COBpPEMEHHBIE JCHCTBYIOLINE HOPMBI, B TOM
gycne pernoHansHele TCH permameHTHpYIOT
a0COJIIOTHYIO0 Ocaiky BeiauyuHod 15-20 cM u
OTHOCHUTENIBHYI0 HEPaBHOMEPHOCTb OCaJOK B
nuanazone 0.015-0.002. Ha puc. 24 npexacras-
JeH TpaduK COOTHOIICHWH MaKCHMaJIbHOM
HaO0jaeMON  HEPaBHOMEPHOCTH OCaJKH OT
a0COJIFOTHOTO 3HAYEHHsI MAKCUMAaJIbHOM OCaJIKu
10  pe3yibTaTtaM JUIMTEIbHBIX  HAaTYPHBIX
HaOmoneHnii. MOXHO cKa3aTb, 4TO 3aBUCH-
MOCTh MOJYyYWJIaCh IOCTATOYHO OXHMIAEMOH,
4yeM OoJIbllle JOCTUTHYTAsl OCaiKa, TeM OOJIbIIe
(duKcHpyeTcsT  OTHOCHUTENbHAsi HepaBHOMEp-
HocTb. Ocaake 15-20 cm jeiicTBUTENBHO
COOTBETCTBYET OTHOCHUTENBHAs HEpaBHOMEp-
HocTb 0.0015-0.002. ITo pe3yabTaraM 3KcIpecc
obcnenoBanuii 3maHWK (HE Pa3HOITAXKHBIX),
MOXKHO OTMETHUTBh, YTO 3aMETHBIX Ne(eKTOB B
KOHCTPYKIMSAX 3JaHUA C  OTHOCHTEJIbHOM
HepaBHOMepHOCTHI0 MeHee 0.0025 BrIABICHO HE
6buto. OnHako, 1O pe3yiabTaTaM apXHBHBIX
JAHHBIX B HECKOJNBKHX IAHENbHBIX 3JaHMSAX,
eIlle Ha JTane caadl ObUIO BBIBICHO Pa3BUTHE
TPEIIMH B CTHIKAX MEXIY MaHEIIMHU (Jaxke Mpu
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HepaBHOMepHOcTH A0 0.002). DTtm nmedekThb
yKe Tocle cAa4d OOBEKTOB B JKCILTyaTalUIo
OBUTH yCTpaHEHBI U MPH JaNbHEHIICH SKCIUTya-
TaIUH IIPOOIIEM C MIPOYHOCTHIO U CILIONTHOCTHIO
ITHX CTHIKOB HE BO3HHUKaNO. TakuM 00pazom,
periiaMeHTHpyeMble  JISHCTBYIOIIMMH — OTede-
CTBCHHBIMHM HOpMaMHu MPCACIIbHBIC 3HAUYCHUA
nedopManuii OCHOBAaHUH, C yUYETOM MMEIOIIHX-
Cs NaHHBIX TUTCIBHBIX HATYPHBIX HaOIOJIC-
HUIA, IPECTABIISIOTCS OMPABIAHHBIMH.
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Puc. 25. 3aBUCHMOCTD OCaKH 34aHUM, BEIYUCICHHON
no metoxy CIT22.13330.2011 u CHulI 2.02.01-83*
(B3BeIIMBaHME IPYHTA B IIpeJieiax CXUMAeMOH
TOJILIH Ha BCIO NITyOHHY)
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Puc. 26. 3aBucuMocTh HaOII01aEMOM OCaIKH 3IaHHIH
oT BeluncaenHoi mo CHull 2.02.01-83*
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B3BEIIMBAHHS I'PYHTOB Ha BCIO MIIYOHHY CXKUMAaeMOoit
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Puc. 28. 3aBucumocTs HabMIOAAEMOM OCaIKH 3AaHUN
ot BerurcieHnoi mo CHull 2.02.01-83* (¢ kpurepu-
eM riyOuHbl cxxumaeMoit o 0,10, ¢ yaeTrom
B3BEIIIMBAHUS TPYHTOB Ha BCIO MIYOUHY COKUMaeMOit
TOJIIITH)
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Puc. 29. 3aBucumocTs HaOMIOHAEMON OCaKH 3AaHUN
ot BeraucieHnoi mo CHull 2.02.01-83* ¢ momymsiMu
nedopmaryu, 3a1aHHBIME 110 pe3yJIbTaTaM CTaTHde-
ckoro 3ouaupoBanust CPT (¢ kpurepreM riryOnHbI

Ha6/o1aaemast ocagka, MM
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coxumaemoi tonuu 0,20, C y4eTOM B3BELIMBAHUS
IPYHTOB Ha BCIO TIIyOHHY COKMMaeMOH TOJIIIN)

Taxoke nmeranpbHO OBITa HCClIEOBaHA TOY-
HOCTh BBIYHMCICHHS OCAaJOK HWH)KCHEPHBIMHU
METOJIJaMH B COOTBETCTBUHU C J€IHCTBYIOMIHNMHU
HOpPMaTHBHBIMH JoKyMeHTamu. [Ipexne Bcero,
9TO pa3IMYHbIE BapUalMU XOPOIIO M3BECTHOTO
METo/la MOCIOWHOTO CYMMHPOBAHHS, KOTOpBIE
orpaxkensl B CIT 22.13330.2011 m CHull
2.02.01-83*.

Jl1s MHXXEHEPHO-Ie0IOrMYECKUX  YCIIOBUIl
paccMmatpuBaeMbix 30 IUIOIIAAOK IPHUMEPHO
COIIOCTaBUMBIE  BEJIMYMHBI  OCAZOK  MOXHO
[OJIYYUTh o pEKOMEHAAIMAM CII
22.13330.2011 u CHulI 2.02.01-83* nwms mpu
OTIPENCTICHUH TIIyOMHBI C)KMMAaeMON TOJIIHN C
YYETOM B3BEIMBAHHsI TPYyHTA Ha BCIO TIIyOWHY
(cm. puc. 25).

Ha puc.26 mnpencraBieHo  CpaBHEHUE
HaOMIOZIaeMBIX OCAJOK M BBIYMCICHHBIX B
CTPOTOM COOTBETCTBHHM C PEKOMEHAAIMAMHU
CHull 2.02.01-83*. Tlo pe3ympTataM cpaBHe-
HUSl HAOJIFOaeMbIe OCAaIKU MPAKTHYSCKH B 2.3
pa3a NpeBBIMIAIOT pacyeTHble. B ciydae cpas-
HeHuss ¢ JelctByromed meroxukoi  CII
22.13330.2011 (xoTopoe 3/1ech He IPUBOIUTCS)
3TO COOTHOUICHHWE YyBenW4uThes 10 2.7. B
cillyyae ydeTa B3BEHIMBAIOIIETO JACHCTBUS
TPYHTa Ha BCIO DIIyOMHY CXKMMAeMOH TOJIIH
npu pacuere ocanku mo CHull 2.02.01-83*
MOJTYYEHHOE COOTHOIICHHWE  HE3HAYNTEIIHHO
CHU3UTCA W COCTaBUT mopsaka 2.1 (cMm. pwuc.
27).

PannkanbHO CHU3WUTH BEJIMYMHY COOTHOIIIE-
HUSL MEXIy HaOJIOAaeMbIMH M pPaCUETHBIMH
BEJIMYMHAMH OCaJIOK HE y/IAeTcs Aaxke B cIydae
W3MEHEHHs KPHUTEepHsl TJIyOMHBI COKUMaeMoi
Tomuy (6,, = 0,10, ) nIK nepecyeToM Moyei
nedopManui B COOTBETCTBUH C PE3yJbTaTaMu
CTaTHYECKOTO 30HANPOBaHUS (cM. puc. 28, 29).

OueHuBast IpecTaBiIeHHbIe rpaguKH OLEeH-
KA TOYHOCTH MPUMEHSEMBIX HHXEHEPHBIX
METOJIOB pacyera O0CaJoK MOXKHO 3aMETUTh
JIOCTaTOYHO HH3KHE KOI(PQPHUIMEHTH KOppeis-
N JTUHEWHOW JIKCTPANONIAINU. DTO O0yCIIOB-
JICHO Cpa3y HECKOJIIbKUMH IIPHINHAMHU:

- B CpaBHEHHMH HCIIOJB3YIOTCS Pe3yJIbTaThl
HaOJIIONICHUHT 3a pa3Nu4Hble BpEMEHHBIE OT-
pesku (23-77 ner);

- JIONyIIEHMs, UCIIOJb3YIOMMecs MpHU pacye-
TaX WHXCHEPHBIMH METOJaMH (OTCYTCTBHE
amnmapara CIOCOOHOTO ONHCAaTh PEasbHbBIC
IpoIiecchl 1epOPMUPOBAHUS U T.11.);



- HETOYHOCTh OIpeAeTeHUs Je(opMannoH-
HBIX XapaKTEPHCTHK (WMCIONb30BAaHUE pa3-
JUYHBIX TIEPEXOTHBIX KOX(PPHUINEHTOB K
HITAMIOBBIM MOJYJISIM Jie(hOpMaIium).

[To pesynbTraTram cepum pacueToB ObLIa BBI-
SIBJICHA 3aBHCUMOCTD HEBSI3KM MEXy HaOmona-
€MbIMH W pacYeTHBIMH OCAaJKaMU B 3aBHCHMO-
CTH OT MOIIHOCTH TOJIIU CIa0bIX TIPYHTOB,
3aJIerarolMX B OCHOBAHUU 3[aHUM.

IIpencraBneHHOEe CpaBHEHHE MOATBEPkKAAET
JOCTaTOYHO M3BECTHBIM (haKT HETOYHOCTH
BBIYHMCIICHUH OCa/OK 37aHUH, BO3BEJCHHBIX Ha
cnabbIX TPYHTaX C IIOMOLIBIO HH)XEHEPHBIX
METOJIOB pacdeTra, NPHUBEAECHHBIX B HOPMaTHUB-
HbIX gokyMmeHTax. CyiiecTBytomas oTeue-
CTBEHHasl MpPaKTHKa OLEHKH Mojynei nedop-
Malyy clabbIX TIMHUCTBIX TPYHTOB HE COOTHO-
CHUTCSl C peasbHO HaOII0JaeMBIMH OCaJIKaMH U
MPUMEHSAEMbIMA ~ WHKCHEPHBIMH ~ METOJAMH
pac4eToB.

Ilo pesynbTaTaM HCCIEIOBAaHUM pacueTsl
0CaJOK 3[aHMH, BO3BEICHHBIX B YCJIOBHUSX
CabbIX TJIMHHUCTBIX OTJIOKEHHH HE00X0IUMO
TIPOU3BONTH BO BPEMEHHM, MOCKOJIBKY “KOHEU-
HBIX 0CaJOK 3/1aHUI (PUKCHPOBATH HE yIACTCA.
Pacuer ocamok B yCIOBHSX CIa0BIX TPYHTOB
HEOOXOAMMO BECTH C YYETOM MOJI3Y4ECTH, TaK
Kak JoJIs TocieaHeil B oOmel ocanke MOXKET
OBITh BechMa CYIIECTBEHHA.

CrnoxuBiuasics  TpakTHKa  WHXEHEPHO-
TEOJIOTHYECKUX  M3BICKAHMH HE  TI03BOJISET
HCIIOJIB30BaTh CJIOKHBIC HEJIMHEHHbBIE MOACIN
TPYHTOBBIX CpeJl, UTO, B CBOIO OY€pe/ib, CO3JaeT
3HAYUTEIbHBIE IPOOJIEMbI B TOYHOCTH PACUETOB
0CaJ0K 3[JaHHM, B PE3yNbTaTe YEro, HHXKEHEPHI,
B psJIE CIy4aeB, HEBEPHO OLICHUBAIOT BO3MOX-
HBIE PUCKH HEPAaBHOMEPHOTO pa3BUTHA Aedop-
MaIi KOHCTPYKIMHA (Jake ¢ y4eToM Ipume-
HEHHsI COBPEMEHHBIX TEXHOJOTMH yCTpOHCTBa
cBaiiHpIX  ¢QynmamentoB). K  cokanenuio,
NIPUMEPOB  HEIOOLEHKH PHUCKOB  Pa3sBUTHUS
3HAYUTEIBHBIX OCAJOK 3/JaHMH (B T.4. HEJABHO
BO3BEJICHHBIX) JOCTaTOYHO MHOI'O B TOpPOJE.
YacTtuaao MPpUBCACHHAA OJKCIICPUMCEHTAaIbHAas

4aCTb 3OTOI0 HUCCICOOBAaHHWA, BBIIIOJHCHHAA
ABTOPOM, IMMOATBCPIKAACT ITO.
KommrekcHoe HUCCICO0BAHUC pa3BUTHUA

JUTUTENBHBIX OCaJOK 3aHUH, BO3BEICHHBIX Ha
cnabbIX TPyHTax, MO3BOJIUT CO3/1aBaTh U BEpHU-
(GULMpOBaTh MOJENIM T'PYHTOBBIX OCHOBAaHUM
(kaK 4YHCJIEHHBlE, TaK W aHAIUTHYECKHE),
OIMUCHIBAIOLIMX MMOBEICHUE CIa0bIX TIIMHUCTBIX
TPYHTOB, IIHUPOKO PAaCHpPOCTPaHEHHBIX B pas-
JTUYHBIX paiioHax 1. CankT-IleTepOypra.
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Onenka yCTOﬁ‘IHBOCTH JIEMEHTOB CUCTEMbI «COOPYKCHHUA — I'€O0-
cpeaa» npu UX BO3BECACHHH HA OIMOJIZHEOIMMACHOM I'€OTEXHOTICHHOM

CKJIOHC

H.U. I'opmikos, M.A. KpacHos

TuxooKkeaHCKHA TOCYJapCTBEHHBI YHUBEPCUTET, T. XabapoBck, Poccutickas denepanms

B craree paccmarpuBaroTcs mpo0ieMbl NPOSKTUPOBAaHUS 3/IaHUH U COOPY)KEHHMH, BO3BOJMMBIX Ha
OTIOJI3HEONACHBIX CKJIOHaX. OOBEKT MCCIENOBaHMS — 37aHHE OM3HEC - LEHTpa C TPYIMNON JKHIIBIX
JIOMOB ¥ MOJ3E€MHBIX rapaxxeil, BO3BOANMBIC HA U3MEHEHHOM IPUPOJHOM CKIIOHE XOJIMa, C PacIloio-
JKEHHBIMH Ha €T0 TTOBEPXHOCTHU 3[aHUSIMU U cOOpyXeHHsAMH. [1o MpoekTy Bce 37aHns BO3BOAATCS Ha
¢dbyHnameHTax mo Tumy minTa. Bo3zBeneHne (pyHIAMEHTOB M 3IEMEHTOB KOHCTPYKIMH MOA3EMHBIX
gacTell 37aHNui IPEAIoNIaragoch BEIIOIHATE B KOTIOBAHAX C HETOAKPEIUIEHHBIMU M OJKPEIICHHBI-
mu 6opramu. Pacuer u ananu3z HJAC cucremsl BbinonHsics Ha ocHoBe nporpammbl MKO GenIDE32.

1. BBEJEHUE

OcHOBHOM 3ajauell TPOEKTUPOBAHUS 3/1a-
HUI U COOPY>KEHHUH, BO3BOJUMBIX Ha OIIOJI3HE-
OIMMACHBIX CKJIOHAX, SIBIIACTCS OOCCIICUCHHE HX
0C30MaCHOCTH B TMPOIECCE CTPOUTEIECTBA U
SKCIUTyaTaliy, a TaKkke 0e30MaCHOCTH JKCILTY-
aTalyy PSAIOM PACTIONOKEHHBIX 3IaHUH.

B uesnom, rpyHToBbIe yciioBus . Xabapos-
CKa U €ro OKPECTHOCTCH SBJISIFOTCS OJIarompu-
STHBIMU Uil cTpoutenscTBa [1]. B TO ke
BpeMs, TIpM BO3BEJCHHUM 3HaHUN Ha OIOJI3HE-
OTAaCHBIX CKJIIOHAX BO3ZHHKAECT HEOOXOAUMOCTH B
OIICHKE WX YCTOHYHMBOCTH, KaK O CTPOUTEIH-
CTBa, TaK M B IMPONLECCE€ HUX BO3BCIACHHUA U
SKCIUTyaTalluu.

OOBeKT HCCIeIOBaHUS — 3aHUC OW3HEC -
LEHTpa C TPYIIION KIIBIX JJOMOB M TIOJ3€MHBIX
rapakef, BO3BOJAWMBIX Ha HM3MCHEHHOM IIpH-
POHOM CKJIOHE XOJIMa (ApTHILIEpUKCKAs TOpa)
BONIM3KM HaOEpexKHOM peku AMyp, C pacroiio-
KCHHBIMH U MPOCKTHPYEMBIMU HA €ro MOBEPX-
HOCTH 3TaHUSMH U COOPYKCHISIMH.

OOBEKTHl YCTPAaMBAIOTCA B BEpXHEH IeIio-
BHAJIBHOM YACTH TEOTEXHOTCHHOTO CKJIOHA.
YacTe paccMaTpuBaeMol TEPPUTOPUU CILIAHU-
poOBaHa 1 3aHATA XUJIBIMU U HEKUJIBIMHU CTPOC-
HUssMH. OTMETKH TTOBEPXHOCTH TPYHTA: MaKCH-
MaJibHbIe 0KOJI0 62,00 M, MUHUMAJILHBIE OKOJIO
39,00 m.

CoBpeMeHHBIE MIPUPOJHO-TEXHOT€HHBIE
YCJIOBUS PacCMaTpPUBAEMON TEPPUTOPHUH Xapak-
TEPHU3YIOTCS  3HAYUTCILHBIMH ~ H3MCHCHUSMHU
penbeda u THIPOCETH.
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Ilo mpoekty, 3maHue OW3HEC - LIEHTpa |
JKWIIBIC JIOMa BO3BOAATCSA Ha (pyHIaMEHTax Mo
TUMY IUTUTA WM Ha 3a0MBHBIX CBasX, 00beIU-
HEHHBIX [UIUTHBIM POCTBEPKOM.

Bo3Benenne (yHIaMEHTOB M AJIEMEHTOB KOH-
CTPYKUMH NOJ3€MHOW dYacTu 3JaHUM Ipeamnosara-
JIOCH BBITIONHSATH B KOTJIOBaHAX C HEMOAKPEIICHHBI-
MH U TIOJKPEIUIEHHBIMH GOpTaMu.

2. MHXXEHEPHO-T'EOJIOI'MYECKHE
YCJIOBUA

I'eosnoro — nurTonoruueckue paspessl pac-
CMaTpHUBaEMOr0 Y4acTKa IIpeJICTaBICHbl I'PYyH-
TaMHM Pa3IMIHOTO TeHE3HCa U BO3pacTa.

C NOBEpXHOCTH Ha IUIOIIAJKE CTPOHUTEINb-
CTBa  pPAacCHpPOCTPaHEHBl  IPEUMYIIECTBEHHO
HachlMHble TPYHTH (tQy): mepeMenieHHbIe
KPYIHOOOJIOMOYHBIE M TJHMHHUCTBIE TPYHTBI C
MIPUMECHIO CTPOUTENBHBIX M OBITOBBIX OTXOJIOB.
Bergenensr CIIAYTOIIIHE WHXCHEPHO-
reojoruveckue dnmeMeHTel: UI'D 1 (mpecBsiHbII
rpyHT), UI'D 2 (CyrmuHOK MATKOIUIACTUYHBIN),
NI'D 3 (cyrnuHOK TeKy4erutacTHYHbIN). Oomast
MOIITHOCTb HACBIMHBIX FPYHTOB OT 1,9 10 9,0 M.

[TpupomHBIA CKIOH CHOXKEH MAETIOBHANb-
HBIMH TTUHHCTEIMU TpyHTamu (dQ) cocrosmu-
MH U3 [JIMH U CYTJIMHKOB TBEPAOH M MOIyTBEp-
JIOM  KOHCHCTEHIIMH, COJEpXallue peaKue
BKJIIOYEHHUS JAPECBHI U MeOHs (MoutHOCTh oT 0,4
mo 6,1 m). Ciom 3ameraroT HOJIOTOHAKIOHHO.
Kpome Toro, B paiioHe morpeGeHHOrO oBpara
OTMEUCHBI IPOCIION CYTJIMHKA TYTOIIACTHYHO-
ro moiqHocteio 0,4... 4,3 M ¥ JHMH3BI TJIMHBI



Tyromiactuyaoil (MomHOCTh 0,2... 1,7 ™).
Brienensr CIIeYIOMIHE WH)XEHEPHO-
reosorndeckue oanemeHtel: UID 4 (rnuHa
TBepaas), UI'D 5 (rmmHa TyromnactuyHas),
UI'D 6 (cyrmmHOK TBEpIBIH C IpecBOd U 1e-
Hem), MI'D 7 (CyraMHOK TYroOIUIaCTHYHBIH).
OO0111asi MOIIHOCTH AEIFOBHAIBHBIX OTIO0XKECHUHA
Ha M3YYCHHOW Tepputopmu Komebnercs ot 2,0
110 9,5 m.

Huxe nemroBHanbHBIX OTJIOXKEHUH 3alera-
I0T TeppureHHble rimHUCThIe TPYHTHI (P3-Nj).
Onu cocrosar u3 rauH (UI'D 8) m cyrnmHKOB
(UT'3 9) TBepmolt KOHCUCTEHITUH, COICPIKATITIX
rpyOoOOKaTaHHBIE KPYMHOOOJIOMOYHBIE BKIIIO-
4yeHus oT 5 110 45 %. MOIHOCTE CIIOEB TJIMHBI
ot 1,3 10 4,6 M u cyrnuukoB ot 0,5 10 5,5 m.
JlpecBsiHble U 1MEOCHNUCTBIE TPYHTHI C CYTJIMHHU-
cteiM 3amonHuTeNneM a0 40... 50% obHapyxe-
HBI B BHJIe THH3 MOITHOCTRIO OT 0,3 10 0,6 M.

OcamouHple  MOPOIBI  HIKHETIEPMCKOTO
BO3pacTa ImpenacTaBiieHsl aneBponuramu (UI'D
11), yraucTO-TIMHUCTBIMU CIaHLAMH U PEAKO
necyanukamu (MI'D 12). Tlopoxas! cuibpHOTpe-
[OIMHOBATHIe, OOBIYHO CpeOHEH IPOYHOCTH H
MajonpoyHsle. YacTo OHH HUMEIOT HH3KYIO
MPOYHOCTh M CHJIBHO BBIBETPEHBI JIO0 CYIIECH,
CYIIIMHKA, JpecBbl M meOHs. Crom 3anerarr
mon yriom 60-80° u depemyroTcs ApPYr ¢ Ipy-
roMm. KpoBinst 0cafouHbIX 1MOpOJ MUMEET HEpPOB-
HYI0 TOBEPXHOCTh, KOTOpas NOTpyXKaeTrcs Ha
3amaj — ceBepo-3amaj. AOCOIIOTHBIE OTMETKH
KpOBJIH U3MEHSIOTCS OoT 42,8... 48,3 B BepxHei
yactu ckioHa jo 30,6... 33,0 y moJOIIBHI
BekpeiTass CKBaXKMHAMHM BEpPTUKAJIbHAS MOII-
HOCTh cocTaBisieT 1,5... 5,5 m.

DmroBrabHBIe 00pa30BaHUS 30HBI BBIBET-
pUBaHHSA OCAJIOYHBIX MOPOJ CJIATAI0T HUKHIOKO
4acTh CkioHa. OHM u3ydeHbl 10 TayOuHbI 20...
25 M. OmoBHMM TIMHHMCTBIX U YIJIHCTO-
ruHUCTRIX ciaHueB (MI'D 12) mpeacraBneH
JIPECBOM M IIEOHEM C CyIecHaHbIM 3aroJIHHUTE-
meM TBepAoi KoHcucTeHmuu 10 50%, mmbo
CYyTIECHIO M CYTIIMHKOM TBEPJBIM JPECBIHUCTHIM
(UT'D 10). BcekpelTas MOIIHOCTH  DIIOBHUS
cocraBwia 5... 9 M (moma Ne3... 6), 7,4... 15,5
(oducHsbie 3manns Nel u Ne 2).

Tuaporeonornueckue yCiaoBUS TUIOMIAIKH
XapaKTepU3yIOTCS PAa3BUTHEM YETHIPEX THIIOB
MOI3EMHBIX BOJI B BOJIOHOCHBIX TOPH30HTaX [2]:
e TeXHOTECHHbI BOJOHOCHBIM T'OPU30HT B

HACBIITHBIX TPYHTAaX y IOJOIIBEI CKJIOHA H B

moiiMe p. Amyp Ha rayouse ot 0,9 1o 6,2 M

(abconrotaeie otmetku 30,7... 33,0 M), Ha

ydJacTKe MOrpeOeHHOro oBpara B IICH-

TpaJbHOW YacTH TEPPUTOPUM Ha TiIyOMHE
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or 1,0 mo 3,3 M (aOCONIOTHBIE OTMETKH

56,8... 61,0 m);

e Bopa-BepxoBojka, MEPUOIUYECKH Ppa3BU-
Tas B TJMHUCTBIX TPYHTAX JCIFOBUATBHBIX
OTJIO)KEHUH, BBISIBJICHA HA Y4YacTKe TOrpe-
OGenHoro oBpara Ha riyoune ot 1,1 mo 7,7
M (abcomoTHBIE OTMETKH 54,0... 56,6 M);

e BomonocHbl TOPU30HT najieoreH-
HEOTCHOBBIX  TEPPUTCHHBIX  OTIOKCHUH
pa3BUT CHOpAamUIeCKd B IOKHOH dYacTu
wIomanaku Ha riybune ot 10,5 mo 12,3 M
(abcomoTHBIC OTMETKH 66,7... 68,2 M);

e TpemmHHBIE BOIBI 30HBI BHIBETPHBAHUS
OCaJIOUYHBIX MOPOJ B JIIIOBHAIBHBIX Jpe-
CBSHBIX U INMEOCHUCTHIX TPYHTaX B HUHTEP-
Baje rmyoun 7,9... 19,8 wm (abcomoTHBIE
oTMeTKH 26,9... 43,8 M), BOIBI IPH BCKPHI-
THUU 00JIa1al0T MECTHBIM HAIIOPOM.
JIBmkeHHe IOM3eMHBIX BOJA Ha YYacTKe

MIPOCKTHPYEMBIX COOPYKEHHUH HaIMpaBlIeHO B

COOTBETCTBUM C YKIOHOM BOJOBMEIIAOIINX

CJIOEB W B IIEJIOM C IOT0-BOCTOKA Ha CEBEPO-

3amaj B OacceiH p. AMyp.

Ha paccmaTpuBaemoit Tteppuropun new-
CTBYIOT TIPHPOTHO-TEXHOTCHHBIE T'€OJOTHYE-
CKHE MPOIIECCHI U SIBJICHHSI pa3InNIHON aKTUBHO-
CTH: TEXHOTCHHBII JINTOTCHE3, OBParooopa3oBa-
HUE, cTpyiuaTasi 3po3usi, NOATOIUIEHUE MOA3EM-
HBIMU BOJIaMH, pe4yHasi 3p0o3usi, ONOJ3HH [2].

Omnon3an. CoracHO TaHHBIM KapThl paio-
HUPOBAaHHS W TMPOTHO3a OMOJ3HEH r. Xabapos-
cka (ITogropnas, 1985 r.), uccnenyemas Teppu-
TOpUs pacrojoxkeHa B npejenax Il omonsHeso-
ro paiioHa (CKJIOHBI XOJMOB, CIIOKCHHEIC
JICITIOBHATBHEIMA  OTJIOKCHUSMHA Ha TIOPOAax
MAIe0305), YTO OMpPEAEISIeT XapaKTep MPOsBIIe-
HUS, CTPYKTYPY H MEXaHH3M BO3MOXKHOTO
OTIONI3HEBOTO IIpoliecca Ha CKJIOHaX xonma. K
0Ty OT IJIOLIAIKU Ha CKJIOHE, MPUJIETAIOIEM K
«MVII I'opBoioKkaHam», CyIMIECTBYET NEPUOIH-
YeCKH aKTHBHBIHA OMOJ3€Hb, IUIOIIAJIbI0 OKOJIO
500 m*, r1yGuHOl 3-4 M.

CKIIOH XO0JMa M CKJIOHBI OBpara Ha pac-
CMaTpUBaeMON TEPPUTOPHUH SIBISIFOTCSI YCIOBHO
YCTOHYMBBIMU B CYIIECTBYIOIIUX YCIOBHSAX, HO
OTIOJI3HEOIACHBIMU TIPU TEXHOTCHHBIX BO3JICH-
CTBUSX.

VYCIIOBHO YCTOHYMBBIMH (OTIO3HEOIIACHBI-
MH) SIBJISIFOTCS TaK)K€ HMCKYyCCTBEHHBIE OTKOCHI
HACBINEH, MEePEKPHIBAIOIINX CKJIOHBI, CIIOKEH-
HBIC MIMHUCTBIMH TPYHTaMH, K IOTY OT IPOCK-
tupyemoro aoma Ne3, k 3amamy or goma NeS,
OTKOCHI Ha Imtomagkax mgoMoB Ned m Ne6,
IJIOLIA/IKE MOA3EMHOr0 rapaxa Ne7.



Jns aHanM3a W OLEHKH BO3MOXXHOCTH
HapyUIEHUs] YCTOWYMBOCTH CKJIOHAa M HCKYC-
CTBEHHBIX OTKOCOB HACBINEH (IIPHUCIOHEHHBIC
OTKOCBI) NIPU TEXHOTEHHBIX BO3JCIHCTBUAX Ha
yyactkax goma Ne3 u Ne5 aBTOpBI MHXKEHEPHO-
re0JIOTUYECKOro  oTueTa [2] pEeKOMEHAYIOT
HCIIOJIH30BaTh 0030pHEIE (pacdeTHBIE) pa3pe3bl
mo ymHusM A — A u B — B, moctpoeHHbie B
Mmacmradbe 1:1, Ha KOTOpBIX IOKa3aHbl MOTEH-
LUAJIBHO OTIaCHBIE YYaCTKU.

3. CXEMA PACYETOB

['eomexaHWYECKIE MOJEIH CHUCTEMBI «CO-
OpY’KEHHSI — Te0Cpeiay CO3IaBalluCh HA OCHOBE
pa3pabOTaHHOH METOAWKH pacueTa M OIEHKH
HJIC snemMeHTOB cHCTEMBI, OCHOBHBIE TTPHUHIIN-
Ml KOTOPOW H3JI0XKeHBl B cTaThsix [3, 4]. B
kauecTBe cpeactBa pacuera HJIC snemeHTOB
CHUCTEMBI TPUHAT METOA KOHEYHOTO 3JIEMEHTA
(MKD), Ha OCHOBE KOTOPOTO pa3padoTaHBI
ANTOPUTMBI  CePTH(OUIIMPOBAHHOTO TIPOTPaAMM-
Horo mnpoaykra GenIDE32 (aBtopesr H.H.
I'opmikoB u M.A. Kpachos [5]).

B pacuerax HIC Obuia mpuHsATa HEJIHMHEH-
Hasi MOJIC)Ib TPYHTAa Ha OCHOBE aCCOIMHUPOBAH-
HOTO 3aKOHA TUIACTHYECKOTO TEUEHHSI C YCIIOBH-
eM tekyuectn mo Kymony-Mopy [6]. B aroii
MOJICJIM, YacTO Ha3blBaeMoW Mozeibio Jpykke-
pa-Ilparepa, mMpoKo MpUMEHIEMO# B pacyeTax
TPYHTOBBIX OCHOBaHUH M MAacCHBOB I'DYHTOB C
cepenunbl 70-x rogoB XX BeKka, UCIOIb3YKOTCS
BCETo YeThIpe CTAHIAAPTHHIX IMapaMeTpa rpyHTa:
E — monynp ynpyroctu (nedopmanuu), v —
ko3 dunuent IlyaccoHa, ¢ — ymenbpHOE cClel-
JIEHUE, @ — yroa BHyTpeHHero TpeHus. OHu
OIPEAECIAIOTCA IPU UCHBITAHUAX TPYHTOB B
CTaHJIAPTHBIX TCOTEXHUYCCKUX MPUOOpax.

Bo Bcex pacueTax y4MTBHIBaNach IOCIEHO-
BaTEIEHOCTH CTPOUTENBCTBA COOPY KECHUS.

Ha xaxgom oJTame  MOJAEIHMPOBAHUS
YCTPOHCTBA 3JIEMEHTa COOpYKeHUs (yMEHbIIe-
HUE PACUYCTHOW 00JACTH — «IKCKABAIUS» WM
€¢ YBEIIMYCHUEC — «HACHIIBY), JJIS BBITOTHCHUS
YCIIOBHI HEpa3phIBHOCTH nedopMmanuii  Ha
TpaHUIIaX KOHTAKTa «HOBOTO» D3JEMEHTa C
OCHOBaHMEM W (W) «CTapbIM» D3JIEMEHTOM,
BBOJWJIMCH KOMIICHCAITUOHHBIC CHUJIbI.

[Iporecc MomenupoBaHUsT yCTPOHCTBA CO-
OpY)XEHHI Ha KaXKIOM JTalleé WX BO3BEICHHS
TIPEIoaral CIeIyIOIIyI0 CXeMy BBHIITOIHEHHS
pacdeTos:

1. Pacyer HayanbHOro HANPSKEHHOTO

COCTOSIHUS TEOJIOTHUCCKON CPEIbI;
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2. Pacuer HAC npu ycrpoiicTBe Kaxaoro
JJIEMEHTA.

Ha xaxxgoMm 3Tame MoJenupoOBaHMs BBINOJ-
HSETCS] aHAIN3 W OLICHKA MPOYHOCTH, HECYIIeH
CcrocoOHOCTH, YCTOWMYMBOCTH W Aedopmupye-
MOCTH Ka)XJIOTO 3JIEMEHTa MOJEIH CHUCTEMBI U
BCEH CUCTEMBI B LIEJIOM.

IIpu oueHke yCTOMUMBOCTH CUCTEMBI BBI-
qHcIIeHne Ko QUIEeHTa 3a1aca yCTOHIHBOCTH
ks BBIOJNHSJIOCH TI0 JIMHUSIM — CKOJIBKCHHUS
KpYTJIOLUMIMHAPUYECKOW WIM MPOU3BOJILHON
¢dopmM ¢ ucnonszoBanneM noaxonos K. Tepuaru
u I'. M. lllaxyHsHua.

B pacuerax, cornacHO yTBEp)KIECHUIO 3aKa3-
YHMKa MPUHITO HOPMHPOBAHHOE (IOIyCKaeMoe)
3HaueHHe K03 PHUIMeHTa 3armaca yCTOHIMBOCTH
pasHoe [ky]=1,10.

4. PE3YJIbTATBI PACHETOB

Hwmxke mpuBeneHBI HEKOTOPBIE PE3YJIBTaTHI
HCCIICZIOBAaHUM [JIsI CHCTEMBI «COOPYKEHHS —
reocpena» (ceuenue B-B).

Ha nnane, ceuenue B-B nepecekaer KOHTY-
pPBI TPEXypOBHEBOH MOM3EMHON aBTOCTOSHKH
I'TI6 u 9-Tu 3TakHOTO 3MaHUS C 2-X STaKHOU
no3eMHoi gacTeio I'TI5 (puc. 1 u puc 2).

OtMmetku snemenToB 3manus ['TIS: moma 1-
ro staxa — 0,00 (54,5) M, momomBel ¢yHIa-
MeHTHOH Tl — 6,30 (47,60) M. OTMeTKH
sneMeHToB 3gaHus ['T16: mona HUKHENH 4JacTu
noa3emMHon aBroctossakr — 0,00 (40,3) M, morna
BEpXHEN YacCTH aBTOCTOSIHKU, TPUMBIKAIOIIEH K
3panuto ['TI5 — 3,00 (43,3) M, Bepxa 31aHusd —
12,7 (53,00) m.

Takum 00pa3oM, MeXIy IOBEPXHOCTIMH
IHA KOTJIOBAaHOB IIOJI paccMaTpHBaeMbIE CO-
opy>keHHs 00pa3yeTcs mepemnaj B BEICOTE OKOJIO0
6,00 M. Paccrosame mexny creHamu [TI5 u
I'TI6 B aTOM ceuenun 7,5 M.

Jnst coxpaHeHHs TIPUPOAHOH CTPYKTYpHI
rpyHTa mox ¢yHmameHTtoM 3maHus [TI5 mpm
pa3paboTke KoTioBaHa nox 3ganue ['T16 ycTpa-
uBaeTca orpaxnaeHue. llo  mpemoXeHuio
3aKa34uKa 3TO OTrPaXKJIEHHE IIPEANONaraeTcs
BBITIOJIHUTH U3 OypOHAOMBHBIX CBail JHaMeTpOM
0,60 m.

OcHOBHasl pacueTHasi CXeMa TeOMEXaHW4Ye-
CKOM MOIENH «COOPYXXEHHS — Teocpema» cC
KOHTYpaMH MECTa PacCIONOKeHUS (QyHIaMEHT-
HOW TIJIMTHI TIpeAcTaBieHa Ha puc. 1 u 2 (12445
KOHCUHBIX JIeMeHTOB 1 11732 y3110B).

CornacHO TPHUHATOH CXEME BBINOJHEHUS
pacueToB, CHayalla BHINIOJNHSUIACH PacUYETHI
HAYaJIbHOTO HAMPDKCHHO-IE(OPMHPOBAHHOTO



COCTOSAAHHUA TCOTCXHOICHHOI'O CKJIOHA, CM. pHUC.
3.

Puc. 1. ®parmMeHT reoMmexaHU4ECKOH MOJEIH
re0TEXHOTEHHOI'0 CKJIOHA J0 CTPOUTENBCTBA

Puc. 2. KoHTypbl MECT pactooxKeHus 31aHui
I'TI5 u I'TI6 B ceuenun B-B

Puc. 3. PegynsraTsl pacuera — Hagansaoe HJC;
YPOBHU 3HAUYE€HUI FOPU30HTAIBLHON KOMIIOHEHTHI
BEKTOPa CMEIICHHH 1, M: K¢ min =0,98<[kg]=1,00

PesynbraThl  OLIEHKM ycTOWYMBOCTH: K
min=0,98<[ky]=1,00.  OTKOC  TEXHOT€HHOTO
CKIIOHA HAXOIWUTCS B MPEACTHHOM COCTOSHHH —
ycinoBHO ycroWumBeiii mo [2]. IloBepxHOCTH
CKOJIBXCHUSA C K iy TPOXOMMT 110 30HAM «ILIa-
CTUYHOCTH»  (3AIUTPUXOBAaHHBIC  KOHCYHBIC
9JIEMEHTHI) BOJM3M TMOBEPXHOCTH  OTKOCA,
CJI0KEHHOTO JICTFOBHATEHBIMU OTJIOKCHISIMH.

OKcKkaBalnus TPYHTAa W3 KOTJIIOBAaHOB TIOZ
3[IaHHSI MOJICIMPOBAJIOCH B JIBa dTArla.

Ha mepBom »Tame MoaenMpoBaniach JKCKa-
BallUsl TPYHTa 10 OTMETKH MOJOUIBBI (yHIa-
MeHTHO# tumuThl 3nanus [TI5 (47,60 M), manee
MOJICITIPOBAIOCH YCTPOHCTBO OTPaXKACHUS W3
psna OypoHaOWBHBIX cBaii. Ha BTOpOM 3Tame
MOJICTMPOBAIacCh OJKCKaBallMsi TpPyHTa TIOX
3IaHKE MTO[3EMHON aBTOCTOSHKH.

I'myOuHa KOTJIOBaHA Ha MIEPBOM JTaIle paBHA
d=8,80 m, 3anoxeHne oTkocoB 1:1,5, cM. puc. 4,
YCIIOBUS YCTOHYNBOCTH HMEIOT BH/I;
ks=1,08>[ky]=1,00, ks =1,41>[ky]=1,00.

IIpu pemieHny mIOCKOM 3a1auu CyIIECTBYET
KaKk MHUHUMYM JBa HpI/I6J'[I/I)KeHHI)IX BapuaHTa
MOJICIIUPOBAHUS MOJIKPCIUICHUS BEPTUKAIEHOTO
OTKOCA CBasIMU:
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1. OnHOMEpPHBIM CTEP)KHEM, COCTOSIINM
U3 OJHOMEPHBIX HM3rH0aeMbIX KOHeY-
HBIX 3JICMCHTOB;,

2. CreHOll W3 CTaHOAPTHBIX JBYMEPHBIX
KOHEUHBIX JICMEHTOB.

Puc. 4. PezynbTaThl MOAECTUPOBAHUSI IEPBOTO
JTana SKCKaBallluu TPYHTA U3 KOTIOBaHA — YPOBHU
3HAYEHHUI FOPU30HTAIBHON KOMIIOHEHTHI BEKTOpa

cMeleHu u,, M: kg nin=1,08>[k]=1,00,
kst min min =1,41>[kst]= 1.00

ITouck nmmuHBI CBal, HEOOXOAUMBIX IS
o0ecrieueHHss  yCTOHYMBOCTH  OTPaXKICHUS
BBINOJIHSJICSA pacyeTaMu 110 BTOPOMY BapUaHTy.

MopnenupoBaHue yCTpOMCTBA CBall BBINOJ-
HSJIOCh ITOCTAHOBKOHM YCIIOBHS UII KOHEYHBIX
JJIEMEHTOB OTPAXJICHHUS — «HU3MECHEHHUE YAEIb-
HOT'O BECa», CM. puc. 5. B 30Hy pacnosoxeHus
CBal BBOJWINCH pPACUYETHBIE IIApaMETPhl €€
MaTepuaa U NPUpAIIECHUE BEIHYHHBI yIEIbHO-
IO BECA: dY=)p~Ygr, THE Ygr — CPEHEB3BELIEHHOE
3Ha4YeHHE YJEIBHOIO Beca TPYHTOB B MECTE
OTPAXKACHUS; ), — yICIbHBIN Bec OeTOHa.

Puc. 5. MogenupoBaHue ycTpoicTBa cBai —
YCTaHOBKA YCJIOBHS «M3MEHCHHUE Y/ICIBHOTO BeCay

PesynbTaThl pacuera nmpu  MOAEIMPOBAHUU
BTOPOI'O 3Talla 3KCKaBalluy IPyHTa U3 KOTJIOBa-
Ha TpUBEJIeHBI Ha pUC. 6. YCIOBUSA yCTONYHMBO-
CTH JUIi OTKOCOB KOTJIOBaHa HMEIOT BHI: Ky
min:3302>[kst]:1500: kst min:2981>[kst]:1 >OO
I'pyHT B OKpPECTHOCTH 3ariIyOJCHHOM 4YacTH
OTpaXkJICHUSI HaXOAUTCA B MPEAEIBHOM COCTOSI-
HUHU, C IIOBEPXHOCTH KOTJIOBaHAa BO3MO>XHO
0o0pa3oBaHUE TPELIHH.

Crnenytomasi cepusi pacueTOB BBINOJHSIIACH
Ipyd  MOJEIMPOBAHUM  BO3BEIACHHUS  3JaHUS
aBTocrosaku ['T16.

Jns obecrieueHns yCTOWYMBOCTH 3IaHUHA B
IpoIiecce UX HKCIUTyaTalllH, PAIOM C Orpakie-
HHEM M3 CBaif, OBUIO NPOMOAEIHPOBAHO
YCTPOWCTBO  JKEJIE300CTOHHON  MOIIOPHOM



creapl mmpuHOH 0,60 M. OOmas BbICOTa
orpaxkaenuss h=5,38 wm, 3armybnenne B TpyHT
1,00 m.
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Puc. 6. Pe3ynbraThl MOJICTUPOBAHUS IIEPBOTO
JTamna 3KCKaBalluM I'PyHTa U3 KOTJIOBaHa (BapUaHT C
OTpaK/ICHNEM) — YCIIOBUS YCTOHYMBOCTH:

Kt min =3,02> [k]=1,00 1
kst min:2,81>:[kst]:1 100

3maHue MOA3EMHOM aBTOCTOSIHKH YCTpamBa-
JIOCh Ha JIGHTOYHBIX (pyHaamenTax. Lllupuna ux
MOJIONIB: TOJA KpaiHue cteHbl b=1,50 M, mox
cpemuioro b=1,80 M. dyHmaMeHT MOa BHEI-
HIOIO cTeHy 3arinyOser Ha 1,80 M, octanbHbIe Ha
1,00 m. [ns oOecmedeHHs YCTOWIMBOCTH
¢yHOaMeHTa TOA BHEIIHIOID CTEHY OKOJO
OTKOCa OBUT YCTPOEH KOHTPOAHKET IIHPHUHON
2,20 M.

VYcnoBusi ycTOWYMBOCTH JJIsl MaccuBa IpyH-
TOB UMEIOT BUI: Ky min=2,94>[ ky]=1,00, kg
min=3,04> [kg]=1,00.

YpoBHU 3HAYEHUI TOPU3OHTAIBLHON KOMIIO-
HEHTHl BEKTOpa CMELICHHH Uy W 30HBI «ILIa-
CTHYHOCTU» TIOKa3aHbl Ha pHC. 7. 30HBI «ILIa-
CTHYHOCTH» B  OKPECTHOCTH  OTPAXICHHS,
pasBUTBIE TIPU BTOPOI OJKCKaBalMM TPYHTA,
MIPAKTUICCKH MCUE3NH PH YCUIICHUH CBaHOTO
OTpakI€HUs NOAIOPHOM CTEHOM.

i

Puc. 7. Pe3ynbTaThl MOICIUPOBAHUS BO3BEACHHS
3nanust ['T16 — ypoBHU 3HaU€HUI TOPU3OHTATIBHON
KOMIIOHEHTBI BEKTOpa CMEILECHUH Uy, M

CornacHo JaHHBIM oTdeTa [7], Bec 9 aTaxk-
HOTO 37aHus (9-+moaBan+TeX. 3Tax) MPHU BHICO-
T€ OIHOTO 3Taxa 3,3 M U IUIOLIAAU 3aCTPONKH
653 M* pasen 295 350 kH. Tam e yKa3biBaeT-
¢, uto Bec | M 3mamms cocraBmser 5 kH
(cpenHee 3HaueHME YNENBFHOTO Beca MaTepHa-
OB 31aHuA Ym=> KH/M’). CpenHee napieHue
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Mo TmonxomBe (YHAAMEHTHOH IUTUTHI pPaBHO
p=128314/653=196,5 xlla. Cpenuee maBieHue
oT ofHOrO 3Taxka p;=196,5/11=18 kIla.

[ToazemHast 4acThb 3JaHUs] MOJEIUPYETCS U3
crtonrHoro Marepuana (6eron B20) ¢ ynmens-
HBIM BECOM Ymp=d kH/M’. Hamsemuast gacts
3MaHMsI YYUTHIBAJach B BHIE pACIpEACICHHON
HAa  OOWMH  TIOTOHHBII  MeTp  Harpy3kd
p=18x9=161 xH/m, npunoxeHHO! Ha TOBEpX-
HOCTH TIEPEKPBITHS TI0I3€MHOM YacTH 37aHusl.

PesynbraThl pacdyera mpu MOACTHPOBAHUU
MPUJIOKCHUSL paclpelleIcHHOW Harpy3Kd OT
HaA(QyHIaMEHTHOW YacTH 30aHHUS IPUBEACHBI
Ha puc. 8. YCIOBUS yCTOMYMBOCTH Ha MEPHUOJ
JKCILTyaTaluu HMEIOT BUI: K
min:2969>[kst]:lnloa kst min:2587>[kst]:1910'

Ha puc. 8 Takxe moka3zaHbl YpOBHH 3Haye-
HUI BEPTUKAIBHOM KOMIIOHEHTBI ~BEKTOpPA
cmemenuit uy, M (o1 HavaneHoro HJC). Mak-
CHMAalTbHOE BEPTHKAIBFHOE CMEIICHNE ITOIOIIBEI
(yHaameHnTa (BepTHKajJbHAs oOcajKa OCHOBa-
HMA) paBHO U,~5,00 cM, 4TO GJIM3KO K pe3yib-
TataM, NpUBEJEHHBIM B oTueTe [c. 42, 8], rue
oTa BenuuuHa paBHa 6,00 cm. B oruere mpen-
CTaBIJIEHBI PE3yNbTATHl pacyeTra CHCTEMBI «37a-
HHE — OCHOBAHHE» BBHINIOJIHEHHBIE B MPOCTPaH-
CTBEHHOU ITIOCTaHOBKE.
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Puc. 8. Pe3ynpraTsl MOIeMpoOBaHUs BO3BEICHUS
Hag3eMHoM yacty 3aanus I'T1S, ycnoBue ycroitunso-
ctu (yCnoBus IKCILTyaTanun): Ky min=2,69>[ky]=1,10,

kst min:2587>[kst]:1 ,10

JlonoaHUTENbHO, IO PACCMOTPEHHOM BbIIIE
TEXHOJIOTHH OBUT pacCYWTaH BapUaHT IPYroi
MOJAKpEIJIEHUsT CcBailHOro orpaxzaeHus. Ilpu
BTOPOM OJTame 3KCKaBallud OKOJIO CBaliHOTO
OTPaXKICHUs ObUT OCTAaBJICH MAacCHUB TPYHTa C
oTkocoM 1:1. B »3tom Bapuante, BMecCTO
YCTpPOWCTBA MOMMOPHON CTEHBI, MPOCTPAHCTBO
MEXAY OrpaXICHHUEM W BHEIIHEH CTEHOH
3manmst ['T16 3ackmanocs rpyHTOM 0OpaTHOH
3aChITIKU, CM. pHC. 9.

OkoHyYaTeNlbHble  pe3yJbTaThl  pacyera
YCTOMYMBOCTH MPUBEJCHBI HA puUC. 9. YcioBus
YCTOHYMBOCTH HA BpEeMs 3KCILTyaTalllu 3TaHUI



min:2361>[kst]=1 alO,

kst
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Puc. 9. Pe3ynbraThl MOICITUPOBAHUS BO3BEACHHS
HaJ3eMHOI 4acTy 3J1aHusl, YCIOBUE YCTOHYHBOCTH
(YCIIOBUSI SKCILTyaTaIlHN):
Kst min=2,61>[kg]=1,10, K¢ min=1,61>[k]=1,10

I'padux 3aBucuMOCTH «Uy - U (M-M) I
OpOBKH OTKOCa, PacIOJIOKEHHOTO BBIIE 371a-
HUsl, moka3aH Ha puc. 10. Ha rpaduke BumHO,
YTO IPU BTOPOM JTale 3KCKaBallMW I'PYHTa M3
KOTJIOBaHAa  TPEeoONafadd  TOPHU3OHTAIBHEIC
cMmemieHus 6poBku. [Ipu cTpouTenbCTBE 3MaHAS
I'TI5 O6poBka OTKOCa MPAKTHYECKH BEPHYJIACh B
TO K€ MECTO.

Tiwauac - Uy a0a g Nd122

Puc. 10. I'paduk 3aBUCHMOCTH «Uy- Uy (M-M)
IUIst OPOBKHM OTKOCA, PACIIONIOKEHHOTO BBINIE 3/1aHUS

PesynbpTaThl BBINOJIHEHHON OLIEHKM IOKa3a-
JU, YTO YCTOWYMBOCTH DJIEMEHTOB CHCTEMBI
«COOpPY)XEHHsI - TeOocpela» Ha BCEX CTalusix
CTPOMTENBCTBA MPOEKTUPYEeMBbIX 31aHui ['114 u
I'TIS+I'TI6 oGecrmieunBaeTcs.
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JKCNepUMEHTAJbHbIE UCCJIEJOBAHUSA U METO/ pacuera
KOMOMHUPOBAHHOW CBAU HA TOPU30HTAJbHYI0O HATPY3KY

A.JI. T'orman, JI. 5I. CokonoB
I'VII uactutyt bamHW crpoii, Y da, Poccus

PaccMOTpeHBI CONPOTHBICHHE M XapakTep NehOpMUPOBaHHA COOPHO-MOHOJIMTHONW KOMOMHMPOBAHHOI CBau
MEPEMEHHOT0 M0 TIIyOUHE MOMEPEYHOr0 CEUCHHsI IIPH ICHCTBUHM TOPU30OHTAIIBHOMN Harpy3ku. Ha ocHOBE pe3yiib-
TATOB HATYPHOrO JKCIICPUMEHTA IPEIJIOKEHA PacueTHas cXeMa M pa3paboTaH METOJ| pacueTa HCCIIeLyeMOoH
CBal Ha TOPU30HTAJIBLHYIO Harpy3Ky C Y4€TOM HEJIMHEITHOCTH Ae(opMaliy TPYHTOBOIO OCHOBaHHS.

1. BBEJEHUE

B mocnemHue necaTuneTus moj KOJOHHBI
KapKacHBIX 3lIaHMH M COOpY)KeHHH, paboTaro-
IIMX B YCJIOBUSX OJJHOBPEMEHHOI'O BO3/ICHCTBUS
3HAYHUTEIbHBIX BEPTUKAIBHBIX U TOPU30HTANb-
HBIX Harpy3okK, aKTHBHO pa3BHBACTCsS HallpaB-
neHne 0e3pOCTBEPKOBBIX CBalHBIX (DyHIAMEH-
ToB. J{na Takux (GyHAaMEHTOB HCIOJIB3YIOTCS
OIMHOYHBIE CBaW pPa3BHTOIO IONEPEUYHOTO
CCUCHHMSI, MO3BOJISIOIIET0 MOHTUPOBATH KOJIOH-
HY HENOCPEICTBEHHO Ha OrOJOBOK CBaW, HC-
KIIFOYasi MPOMEKYTOUHBIH 3JIEMEHT — POCTBEPK,
4TO U 00ecneyrBaeT BBICOKYIO 3(deKkTHBHOCTH
onHocBaiiHOrO (QyHnamenra. Kpome Toro,
3¢ PEeKTUBHOCT pabOThl CBaM MO/ HArpy3Koi
3aBUCHT TaKXe OT ()OPMBI €€ CTBOJA, pa3MEpPOB
MONEPEYHOT0 CEYCHHUSI €€ YYacTKOB, crocoba
YCTPOMCTBA. YUeT NPUHLIUIHAIBHO Pa3IndHOIO
XapakTepa B3aMMOJICHCTBHS CBal C OCHOBAaHHEM
npu paboTe Ha BEPTUKAIBHYIO U TOPH30HTAIIb-
HYI0 Harpy3Ky IIpUBENl K CO3JaHHIO CBall C
NEPEMEHHBIM 110 JUTHHE CeYCHHEM (Hampumep,
MUPaMHUIaJIbHBIX) 1 KOMOMHUPOBaHHBIX, COCTO-
AUX TPEUMYIIECTBEHHO M3 IBYX 4YacTel,
Pa3HBIX 1O (opMe U pa3MepaM CeUeHUs, JIINHE
Y TEXHOJIOTUU BO3BEJCHUSI.

OpHOll W3 palUOHAIBHBIX KOHCTPYKLHMH
OJHOCBaWHOTO (yHAaMEHTa SBISETCS KOMOH-
HHUPOBaHHAs CBas COCTOSIIAs MO JUIMHE U3 IBYX
JJIEMEHTOB: BEPXHsAS 4acTb — B BHJE IHPaMH-
JIaJIbHOM CBaM Pa3BUTOrO MOMEPEYHOTO CEUCHUS
(cBepxy mo 1,2x1,2 M), GeroHupyemasi B BBI-
LITAMIOBAHHON CKBaXXMHE; HIKHSS 4acTh — B
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BHJIC CIUIONIHOW NPH3MATHYECKON CBaw, 3a0H-
BaeMoOM B JJHO CKBa)KMHBI NIEpe]] YKIIaJIKOW B Hee
ocroHa. Ha ropu3oHTaIbHYIO HArpy3Ky JaHHAs
KOHCTPYKIIUS HE UCHBITHIBAIACH U OTCYTCTBYET
COOTBETCTBYIOIIMI METOJ pacyeTra, MO3ITOMY
3aada HMCCIIeNOBaHUS pabOThI TaKUX CBal Ha
TOPU30HTAJIBHYIO HAarpy3Ky SBISIETCS aKTyallb-
HOH.

2. METOJVKA U PE3VJIbTATBI
NCIIBITAHUA

HcneiTanne ONBITHOW KOMOMHHPOBAaHHOMN
CBaM Ha TOPU3OHTAIBHYIO HAarpy3Ky IPOBEIEHO
Ha OMBITHOW TUIOMIAAKE, CJIOKEHHOW TJIMHU-
CTBIMH T'PYHTaMH TYTOIIACTUYHON KOHCHCTEH-
UM CO CIEAYIOIUMH (PU3UKO-MEXaHNIECKHUMHU
XapaKTEepPUCTHKAMH: IDIOTHOCTH p=1,95 1/M3,
ymensHOe creruienue c¢=0,021 MlIla, yrox
BHYTpPEeHHEro TpeHus ¢=18°, momymnp oOmien
nedopmanuu E=10 MIla.

OmnbITHas CBasi BBINOJIHEHA CIIEIYIOMNM 00-
pasom. Ha miomazake MoiI0TOM KOmpa ¢ MOMO-
IIBI0 CTAJIBFHOTO MITaMIIa-CKBa)KHHOOOpa3oBa-
TeNiss MUpaMHIANbHOW  (GopMBl  00pa3oBaHa
CKBR)XMHA MIyOWHOW 3,5 M ¢ pasMepamH Bepxa
120x110 cm, Hm3a — 30x30 cM. B cxBaxuny
3a0uta cBas ceuenneM 30x30 cMm, mmuHOH 8 M
TakK, 9TOOBI €€ ToI0Ba ObIIA BBIIIE THA CKBAXKH-
Hel Ha 80 cM. [Ipu 3TOM HMCTIONB30BAIICS CIICITH-
aNbHBIA 00OWHMK. B CKBakWHY YyCTaHOBJIEH
apMaTypHbIi Kapkac NmUpamMuAanbHOU (opmbl,
BKITIOYAIONIUI 8§ BEPTHKAIBHBIX CTepiKHEH J22



AIll ¢ mocnenyromeir BHOPOYKIAIKOW B Hee
6eronHO cmecu Mapku B20.

Tocne Ha6opa GeToHOM MMPOEKTHON TPOY-
HOCTH KOMOMHHUpOBaHHasi cBasi ObLIa HCIbITAHA
HAa TOPH3OHTANBHYIO Harpys3ky. parMeHTHI

W3rOTOBJICHHST KOMOWHHMPOBAaHHOW CBaW B
HaType MpeJCTaBIeHbI Ha puc. 1

HcnpiTanne npoBOAMIIOCH IO YCKOPEHHOM
N0)-omuke bamHMMcTpos, B COOTBETCTBHHU C
KOTOpO# 3a KpUTEpU CTaOWIN3AIMKU TOPHU30H-
TaJbHBIX IIE€PEMEIlEeHU CBau NPUHUMAIOCh
IepeMeIlleHHe B YPOBHE IOBEPXHOCTHU TPYyHTa
He Oonee 0,1 MM 3a mocinemuue 15 MUHYT.
I'opuzoHTaNBHBIE NEpEMEIIEHHS CBaW H3MeEps-
JUCh B YPOBHE IIOBEPXHOCTH TPyHTa ([UIs
OIIpEJENICHUs] CONPOTUBIIEHHS CBaM JAEHCTBUIO
TOPU30HTAIBHON HAarpy3kd B COOTBETCTBHH C
JIEHCTBYIOIIMMHA HOpMaMH) ¥ Ha BbICOTE | M OT
MOBEPXHOCTH TpyHTa (I  BO3MOXHOCTH
OTIpeleNIeHNs] yIia II0OBOpOTa TOJOBBI CBaW M
TITyOWHBI TOUYKH HYJIEBBIX ITEPEMEIICHUH ).
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OCHOBHBIE W3 IIOTYYEHHBIX pPE3YIbTaTOB
UCTIBITAHMS MIPU PA3IMYHON CTETIEHH Harpyxe-
HH CBayl IIpeJCTaBJICHBI B TaOIMIIE U Ha puc.2.

B HavaneHbli mepuon  ucnbITaHuA (10
Harpy3ku 160 kH u mnepememenuss 10 Mm)

BENIMYMHA TIEPEMELICHHs] TNPAaKTHYSCKH MpO-
MOpIIOHANIEHA HATpy3Ke (puc.2a, kpusas 1).

Puc.1. YcTpoHCTBO ONIBITHOM CBau

a) OTKOIaHHAasI ITaMITOHA0WBHAS YacTh KOMOHHUPO-
BaHHOH cBay; 0) 3a0MBKa B CKBXKHUHY ITPpU3MaTHUE-
CKOii CBau; B) yCTaHOBKA apMaTypHOTO KapKaca;

r) 00MIK#T BUII ONBITHOI KOMOWHUPOBAHHOM CBan
Hepe/l UCTIBITAHUEM.

Tabnuua. Pe3ynbTaThl HCIBITAHUSA KOMOUHUPOBAH-
HOM CBau Ha FOPU3OHTANILHYIO HATPY3KY

3HaueHus napameTpoB aAedopManuu
IIPH TOPU30HTAILHOM Harpys3ke Ha CBalo,
xH

TTapameTpsl
nedopmaryn

40 80 | 120 | 160 | 200 | 240

IIepemerienue
CBau B ypOBHE
MIOBEPXHOCTU
rpyHTa Uy, MM
I'mybuna Touxu
HYJIEBBIX
TepeMeIIeHui
lo, M

Cwmemnienne HU3a
MUpaMuAaIbHOM
yactu cBau U,,
MM

1,90 (4,10 {7,60 (10,20 (16,80 (24,80

3,333|3,417 (3,304 |3,091 |3,500 |3,263

0,095 10,100 {0,451 {1,350 (0,000 | 1,801




[lpu panpHEIIEM HArpyXCHUH HPUPOCT
MepEeMEIICHHs TOJIOBbI CBaU 3aMETHO YBEIHYH-
BaeTcsi (IPOMCXOAUT HEKOTOPBIH IepesioM
KPHUBOM), Y4TO, COBEPIICHHO OYCBUIHO, CBSI3aHO
C BO3HHMKHOBCHHEM M PACKPHITUEM TPCIIMH B
001acT COMpsKEHHsT YacTeil KOMOWHUPOBAH-
HOM CBaM — JKECTKOCTH Ha M3THO 3TOM 00J1acTH
YMEHBILIAETCS U OTMEYaeTCs CKauyKkooOpasHoe
YBEJIMYCHHUE [TEPEMEIICHUS U yTJIa IIOBOPOTA.

a)

0 40 80 120 160 20 20 Up, mm

6

Puc. 2. Xapakrep mepeMemieHus] MHpamu-
JaJbHOW YacTH KOMOWHHPOBAaHHOW CBaul TpH
JIeMCTBUU TOPU30HTAIIEHON Harpy3ku

a) rpad Ky «HATPpy3Ka-TIepeMEIIeHIE)» B YPOBHE
MOBEPXHOCTHU IPYHTa: 1 — [0 pe3yNbTaTaM HCIbITa-
HHUS;, 2 — 110 pacyeTy 1o MpearaeéMoi METOIHKE;

0) cxema MoBOpOTa BEPXHEW YacTH CTBOJIA CBau: 1+ 6
— [PH TOPU30HTAJILHOM HArpy3Ke COOTBETCTBEHHO
40, 80, 120, 160, 200 u 240 kH

Ha memocTaTouHyr0 KECTKOCTh COCTUHEHUS
3a0MBHON CBaWl C MUPAMUAAIBHON YKa3bIBaeT
TaKke TOT (aKT, YTO TOYKa HYJEBBIX MepeMe-
LIEHUH Ha BCeX ATalax HarpyKeHHsl HaXOJIUTCs
B 00yacTu ux comnpsikeHus (puc.2, 0).

Takum o0Opa3oM, Tpu HEHCTBHH TOPU3OH-
TaJXbHON HArpy3KH BepXHAA NHpaMHIAIbHASL
yacTh KOMOMHHPOBAHHOW CBau, UMesl Pa3BUTOE
[IONIEPEYHOE  CEYEHHE TIPH  OTHOCUTENIBHO
HeOOJBIION JITMHE, [TOBOPAYMBAETCS B T'PYHTE
Kak aOCOJIOTHO JKeCTKUH cTepkeHb. [Ipu 3ToM
HENWHEHHOCTh  3aBUCHMOCTH «Harpy3Ka-
nepemMenieHue» (puc.2a, kpusas 1) oOycmosie-
Ha HEJMHEHHOCThIO JedopMmanuii OCHOBaHMS.
Hwxuuil koHen, mnupamMuaanbHOW YacT, a,
CIE0BATENbHO, U COEIVHEHHAs C HEH TojloBa
MIPU3MATHIECKON CBaW, MPAKTUYCCKH HE TIpe-
TEpIeBAlOT TOPHU3OHTAIBHBIX IEepPEeMeIIeHUi
(cM. Tabnuiy).

Harypuble skcniepumenTsl [1] ¢ koMOUHH-
pOBaHHOW cBaeil TMOMOOHON KOHCTPYKIMH,
BBINOJIHEHHBIE B COMNOCTABICHHH C JPYTMMH
BHJAMH CBail (3a0MBHOI IPHU3MATHYECKO,
OypoHaOMBHOHN, MHpaMHUIAEHON — 3a0UBHOW U
IITaMIOHAOWBHOM), TOKazaau ee OONBIIyIo
3¢ QeKTUBHOCTh TpU paboTe HE TOJIBKO Ha
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BEPTHKAIbHYI0, HO W Ha TOPU30OHTAIBHYIO
Harpy3ky. B mepcrektuBe, NpH IIPOBEICHUU
JIONOJTHUTEIBHBIX HCCIIEN0BaHUM paboThl y3na
CONPSDKEHUS] DJIEMEHTOB CBal M IPUHSATHU
COOTBETCTBYIOIETO MHKEHEPHOI'O PELICHUs MO
€ro KOHCTPYKLHH, MOSBUTCS BO3MOXHOCTH €Il
yBennuuTh 3(PPEeKTHBHOCTE pabOTHl paccMar-
pUBaeMoOil CBau IpHU AEHCTBUM TOPU3OHTAIbHON
Harpy3kd 3a c4eT OONBIIEro BOBJICUCHHS B
paboTy 3a0MBHOTO JIEMEHTA.

3. METOA PACYETA

PaccmoTpum o0mmid ciyyail KOHCTPYKTHB-
HOTO pELICHUS] COCTABHON KOMOHHHPOBAHHOM
CBaW TIEPEMEHHOrO CEYCHHs, KOTJa BEpXHSIS
YacTh UMEET MEPEMEHHOE M0 NTyOHHE CeueHHE,
HIDKHSISE 4acTh — IIOCTOSIHHOE 10 TiyOuHe
CeueHHe.

IIpumem crenyromue NpearnoCbUIKY.

1. KomOuHIpoBaHHAasl CBas paccMaTpHBacT-
Cs1 KaK IUIOCKasi CUCTEMA.

2. OcHOBaHHWE M0 TIIyOWHE HEOIHOPOIHOE,
MHOT'OCJIOIHOE, Pa30UTO HA N CJIOEB B Mpeeax
[IyOWHBI MTUPAMUAATBEHON YaCTH C TIOCTOSTHHBI-
MH B Npenenax KaxIoro cios ko3¢ QuimeHTa-
Mu octenu K.

3. Pa3mep momepeyHOro cevyeHus NUpaMu-
JabHOM YacTH (yHAaMeHTa d, C TIyOMHOH
M3MEHSIETCS 110 JIMHEHHOM 3aBUCUMOCTH

d, = do(1 — &2), rpe § = =% )

doln ’

d,, d, — pa3mep cedeHus Bepxa M HU3a IH-
paMuaNbHON YacTy;

[, — ATMHA TMpaMUJATBHOMN YacTH;

Z— TeKylIas KOOpANHATA T10 TITyOHHe.

4. NzrnOHas ’KeCTKOCTh BEpPXHEH mHpamu-
JAIBHOW YacTH TPHHHUMAeTcs OECKOHEYHOH, a
3aKOHOMEPHOCTh HM3MEHEHHsI €€ TOPH30HTaJIb-
HOTO TMepeMelIeHHs B TPYHTE 10 TIyOWHe
MUMeeT BUJ

U,=U, — 9,2, 2

rne U, U ¢,- TOPU30HTAIBHOE IepeMelie-
HHUE U YTOJI IOBOPOTA CBal B YPOBHE ITOBEPXHO-
CTH TPYyHTA.

5. B COOTBETCTBHHM C MOJCIBIO MECTHBIX
nedopManuii CONMPOTURIICHUE TPYHTA Ha J1000-
BOIM TOBEPXHOCTH MHUPAMHUIATEHOW YaCTH CBaH
G, TPOTIOPIIMOHANEHO ee mepemenicanto U, u
KO3 puIreHTy noctenu K,

q, = U,K,d,, 3)

rae d, — pa3Mep IMONEePevHOro CEUESHUs -
paMuAanbHON cBa Ha ITyOHHE Z.



6. Ilpu3MaTryeckast cBasi KECTKO 3aliemMiie-
Ha B MUPAaMHUIATIBHON YaCTH B YPOBHE €€ HIX-
HEro TOpILa, a PeakIy T'OJIOBHI CBaW OT Jeii-
CTBUSI Ha Hee HArpy30K OIpenessieTcs >KecT-
KOCTHBIMHM XapaKTE€pPUCTHKA p,, P03 U P4 B
COOTBETCTBUHU C [2].

Pacuernas cxema KOMOWHUpPOBaHHOH cBan
MIEPEMEHHOTO CCUCHHUS MPECTaBIeHa Ha puc. 3.

a) 6) 8)

do
M 1~ [
H_ /‘\M ﬂ»ff;T
| e N i i
‘ N ~ {
N K, ,\:“ ','
= '3 r '.
N < '\L
o A m.
S A
_>/\1 Q.

|
=

Uy

—

le

T
Puc. 3. PacueTHas cxema cBau.

a) KOHCTPYKTHBHAs CXeMa C Harpy3kamu; 0) smopa
K03 (PUIIEHTOB OCTENH, CIUIOIIHAS TOJICTAs! JTMHUS
— pacyeTHasi, LUTPUXOBAs TOJICTas — CONPOTUBIICHUS
IpYHTa I10]] HAKOHEYHUKOM 30HIa IIPH CTAaTUUECKOM
30HJMPOBAHNY; B) lepOpMaIIOHHAs CXeMa CBan

anuiieM u3rudaromuii MoMmenT M, U mormne-
peuHy0 cwiy (J., BOSHHKAIOUINEC B IMHPaMHU-
JaIbHOM 4acTU CBau B MECTE €€ CONPSDKEHUs C
NIPU3MaTU4YECKOW CBacl OT €€ peakuuu Ipu
TOPU3OHTAIILHOM TIEpEeMEIIeHUH MHpaMUualib-
HOHl cBau U, W yrie moBopoTa ¢, B ypOBHE
[IOBEPXHOCTHU I'PYHTA.

Mc = PaPo t p3((poln - Uo); (4)
Qc = p2(Us — @oln) — P39,

N3 ycnoBus paBHOBeECHs NEHUCTBYIOLIMX H
PEaKTHUBHBIX CUJI, B COOTBETCTBUM C PACUETHOU
CXEeMO#, u3rudaromuii MOMeHT M, U momneped-
Has cuna @, B MPOU3BOJIBHOM CEUEHHM MHpa-
MHUJIUTGHON CBaW Ha TIIyOMHE Z NpH AEeHCTBHU
Ha (yHOAMEHT TOPH3OHTAIBFHON HArpy3ku H u
n3rubaronero MoMenTa M B ypoBHE ITOBEPXHO-
CTH TPyHTa HMEIOT BUJL

Mz:M+HZ_M;p; QZZH_Q;p: (5)
rue MZFlD u Q;p - M3ru0aromuii MOMEHT U

nonepeyHass Ccujaa COOTBETCTBEHHO B IIPOU3-
BOJIBHOM CCUYCHHUHU HI/IpaMI/II[aJILHOI\/'I CBal Ha
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nIyOMHE Z OT CONPOTHUBIICHHS TPYHTA (7 1-TO
cnost Ha rayoune zZ (cMm. puc. 3). OHu omnpene-
JISIIOTCS U3 BBIPAYKEHUM:

My} =

zi T

K [ o= 64,0, - 70, - Dtz

Zj-1

z; (6)
[ P = K, f (dy — £d,7) (U, — 70,)d7

[Tocne wunHTerpupoBaHHus BBIpaXKeHUH (6),
CyMMHUPOBAHHsI pe3yIbTaTOB IO JUIMHE MHpa-
MUJAJIBHON 4YacTH CBaW 10 CJOSi, B KOTOPOM
PACIIOJIOKEHO CEUYCHHUE Z U MOACTABIISS UX B (5),
MPUHUMAS 32 TPAHWYIHBIC YCIOBUS BBIPAKCHUS
(4) npu z= [, mony4um cuctemy AByX ypaBHe-
Huil. Pemasi ee otHocuTensHO U, u ¢, mociue
HEKOTOPBIX MPeo0pa3oBaHuUi, HMEeM:

U0=H61+M52; (pO=H82+M63 (7)
_ Pa—lnda . _ —%2, _ 91,
61 _—7] ) 62 n ) 63 n 1) (8)
N =03 — p1¢.
A
¢1 = do E — P2;
B
b, = doE+len+P3; ©)
do
do
by = E(Bln —C) = p3ly — p4
A = 6b¢ — 12a;
B = 6b — 4d¢; (10)
C =4d — 3c¢
a=Y" 1Kz —z4);
b = ?=1 Ki (le - Ziz—l); (1 1)

d=31L K (z} —z2));
c= 71'1:1 K; (Zi4 - Zi4—1)

TJI€ Z; U Z;_1 — PACCTOSIHUE OT MOBEPXHOCTHU
TPYHTA JIO TIOOIIBEI M KPOBIH i-I'0 CJIOS TPYHTA
COOTBETCTBEHHO.

BripaxkeHuns s onpeneneHus U3rudarorie-
ro MoMeHta M,, W momepedyHod cwuibl Q,, B
nUpaMuiajbHOW cBae Ha MIyOMHEe 2z OyayT
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3nauenns A4,, B, u (, omnpenensroTcs IO
¢dopmynam (10) u (11), mpu 3TOM CyMMHpOBa-
nue B (11) mpousBoguTcs 10 cos, B KOTOPOM
HaXOJHUTCS CEUCHHE Z.

Yeunus B CTBHIKE NMPU3MAaTHYECKOH CBaM C
MTMpaMUIATIBHON OIpeAessaoTest mo (Gopmynam
4).

JXecTkocTHBIE XapaKTEPUCTUKH CBAW P, P3
U p, ONPENeNsIoTcs 1o (opMyJsiaM, H3JI0KEH-
HBIM B [2], mpH 3TOM, NEpeMelleHue oT eau-
HUYHBIX YCWJIMH BXOJIIME B 3TH (OPMYJIBI
MOTYT ONpPENENATHCS 10 PasHbIM METOIUKAM.
Tax, ecau MPUHATH 3aKOH M3MEHEHHS KO3 hu-
LHEHTa TIOCTENH 10 TIIyOWHE B BHIC JTUHEHHON
(GYHKIMH OT TeKylied KOOPAMHATHI, TO MOXHO
ucnoib3oBats Meroguky CHull.

Onnako HamOonee JOCTOBEPHBIE Pe3yibTa-
THI OYIyT ITOJIy4YEHBI, €CIIH IPHHATH PAaCUETHYIO
CXeMy C HCIIOJIb30BaHHEM MHOTOCIOWHOTO
OCHOBaHHS C TIOCTOSIHHBIM B TIpeJeNax KaKIoro
¢110s1 K03 PHUIIHEHTOM TTOCTEIH B COOTBETCTBHH
¢ peurenueM [3] ¢ ucnonszoBanneM MKD.

Koapunment nocrenu K; i-ro cios rpyHTra
B Mpenenax TIyOWHBI NMUPaMHUIAIbHOW YacTH
MOXHO ompenenarts mo popmyne (1) B padote
[4], xoTopass MO3BONISET YYHUTHIBATH HEIMHEH-
HOCTb }IC(bOpMaLII/II/I OCHOBAHUSA U UCIIOJIB30BaTh
B KaueCTBE PacyeTHOW XapaKTEpPUCTHKH TPyHTa
Kak MoOIyJb JaedopMalvu, Tak W JaHHbIC
CTaTUYECKOTO 30HTUPOBAHMS.

Yyer HeTMHEHHOCTH pPabOTHI TPYHTOBOTO
OCHOBaHHS OCYILECTBIIAETCS 110 UTEPALMOHHOMN
cXeMe MyTeM IepecueTa Ha KaIoW HTepaluu
koadpunmenra mocrenn K 1O KOHTAKTHBIM
HaIPsDKEHUSIM U TIEpEMEIIEHHSIM CBau, OIpese-
JICHHBIX HPEIBIIYIINM PAacue€ToOM 10 YCIOBHOU
CXOIMMOCTH  pe3yJIbTAaTOB  IIOCIAETHETO U
MPEABIIYIIEro pacyeToB, HApUMeEp IO Iapa-
METpY NEPEMEILEHNs] CBaU B YPOBHE IIOBEPXHO-
ctu rpyHra UL,

3HaueHne K; Ha KaxIOW 1-0M WTepaluu
OTIpeIeTIsIeTCs KaKk
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gs— COIPOTHUBIICHHE IPyHTA 0] HAKOHEU-
HUKOM 30H/1a TIPY CTaTHYECKOM 30HIUPOBAHHU.

Kputepuem cxonuMocT# NPUHUMAETCS BBI-
MOJIHEHUE CIIEAYIOIIErO YCIOBUS
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PesynbraT pacuera KOMOMHMPOBaHHOW CBau
Ha TOPU3OHTAIBHYIO HArpy3Ky IO TIPEUIOKEH-
HOW METOJWKE MPEACTAaBICH Ha pHC. 2, KpuBas
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2. Kak BumHO, pacueTHas KpuBas ONHM3Ka K
9KCTIEPUMEHTAIIBHOM: MaKCHMallbHOE PaCXOX-
JICHHE pacyeTa C ONBITOM IPH IepeMeIleHUH
TOJIOBBl CBaW Ha BCEX JTalax HarpyXeHus B
YPOBHE IOBEPXHOCTU TPYHTa COCTaBIIIET B
«3anacy 10-15%.

4. BBIBO/IbI

1. DKCepUMEHTAIbHO HA HAaTYPHBIX CBasx
MOJyYeHbl 3aKOHOMEPHOCTH IIOBEACHUS KOM-
OMHUPOBAaHHOM CBaM IIEPEMEHHOTO CEUYCHUS
IpU JCHCTBUM TOPU3OHTAIBLHOM HarpysKu.
VYCTaHOBIIEHO, YTO B MECTE€ CThIKAa HHpPaMH-
JalbHOM M NpU3MaTUYECKOW YacTedl cBau
TOPU30HTANIBHBIE IEPEMELICHUsT JOCTaTOYHO
MaJlbl, T.€. HIDKHSIS IPU3MaTHdecKast 4acTh CBau
pabotaer B obOmacth ympyrux aedopmanuii.
BepxHss nupamuianbHas 4acTh cBam aedop-
MHUPYETCSI HEJIMHEHHO.

2. Ha ocHOBe pe3ynabTaToB OKCIEPHUMEH-
TAJIBHBIX WCCIIEJOBAaHUK IIOCTPOCHA pacdeTHas
cxema M pa3paboTaH METOJ pacdyeTa KOMOWHH-
POBaHHOW CBaM IIEPEMEHHOIO CEUYCHHS Ha
TOPU3OHTANBHYIO HArpy3ky, B TOM 4YHCIE C
Y4eTOM HEJTMHEHHOCTH Je(opMaIiui IPyHTOBO-
IO MHOTOCJIOMHOTO OCHOBAHUSI.
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Tensopusznueckne ucciaeqoBanne padoThl NPOTUBOHAJIETHEBOH
KOHCTPYKIUM HA YYACTKe BEYHOMEP3JbIX TPYHTOB /[a1bHEBOCTOY-

HOH KeJIE3HOM 10poru

C.A. Kynpszres, A.B. Kaxapckuit

JlanmbHEBOCTOUHBIN rOCyJapCTBEHHBIH YHUBEPCUTET ITyTel coolimeHus, r.Xabdaposck, Poccus

A.H. UBanos, C.B. Kynskos

[IpoextHO-m3BIcKaTeNBCKUI HHCTHTYT «JAJIBXKEJIIOPIIPOEKT», r.Xabaposck, Poccus

B pabote npoBeaeHb THAPOIOTUYECKHE, [EO0JIOTHUECKUE HCCIEI0BaHU MIPUPOALI 00pa30BaHUL
HaJIe[M Ha y4acTKe paclpoCTPaHEHHUs BEYHOMEP3TIBIX IPYHTOB J[albHEBOCTOUHON KEJIe3HON JOPOTH.
ITox MocToBBIM nepexoaoM. PaccMOTpeH BapHaHT NPOTHBOHAIECAHEBON KOHCTPYKIUHU — yTEIUIEHHO-
IO JKEeJIe300€TOHHOTO JIOTKAa. YHCICHHBIM MOJICTUPOBAHIEM METOZOM KOHEYHBIX 3JIEMEHTOB IIPOBE-
JICHbI TETIO(U3NUECKHE HCCIEA0BaHUs B MporpaMmHoM Komruiekce «FEMmodels» koHCTpykunu
TEIIOM30JIMPOBAHHOTO KETIe300€TOHHOTO JIOTKA MOJ XKENE3HOLOPOKHBIM MOCTOM, IOABEPTralOIIM-

Cs HCTaTUBHBIM HAJICJTHCBBIM BOSZ[CI‘/IICTBI/ISIM.

1. BBEJEHUE

XenesHOMOPOKHBIA yyacTOK HalEIH pac-
TOJIOKEH B JlonnHe pekn Hrokka, Bxondiuen B
coctaB Oacceiina peku Oxexkma. Kiumar paiiona
KOHTUHEHTAJBHBIH, XapaKTepH3yeTcsi CypOBOH
U TPOAOJKUATENBHON 3UMOM U YKapKUM KOPOT-
KM 3acyunuuBbIM  JleToM.  CpemneromoBas
TeMIepaTypa Bo3ayxa cocTaBisgeT MUHYC S0C.
lomoBass ammuMTyna TemIieparyp BO3ayxa
npeBbiiaeT  500C, pocturaemasi, IJIaBHBIM
00pa3oM, 3a CYeT HU3KUX 3UMHUX OTPHUIATEINb-
HBIX TEMIIEpATYp.

Oco0eHHOCTH peXrMa OCaIKOB CBS3aHBI C
¢du3nKo-reorpa@uUecKUMy YCIOBHSIMH paioHa.
UepenoBanue BBICOKHX TOpHBIX XxpeOToB (Cta-
HOBOM Xp. 1500 ™M, xp. Ymokan, 2100 m.),
OOMIMPHBIX MEXTOpHBIX BhaawH (Yapckas) u
JONMH peK  MNPUBOAAT K HEPAaBHOMEPHOMY
pachpeneNeHnI0 KOJIMYECTBa 0CaJKOB, KOTOPOE
mo nponuHe pekun Hriokka cocraBiser 546
MM/TOI.

Ha nannoM yuactke pensed ciabopacdie-
HEHHBIA. MECTHOCTD, MPUMBIKAOMIast K JKeJe3-
HOMOpOoXKHON ymHUM Ha 2105 kM - 2109 kM
MIPEACTaBISET COOON CITA00HAKIOHHBINA TPaBBIN
CKJIOH JOJMHBI pekd Hiokka, umeromas yKioH
(o 5°) Ha 10T, FOTO-3amal, MECTHOCTh 3aMapCHa,
pacrer nMcTBeHHBIH Jec. Ha moBepxHOCTH
pas3BUTa MOXOKYCTAPHHUKOBAsS PacCTHUTEIBHOCTD,
MIOBCEMECTHO HMEIOTCSl OYyrphl IIydeHHs, Me-
CTaMU — HaOIIoAI0TCs 3acTOM BOIbl. AOco-
JIIOTHBIE OTMETKH TOBEPXHOCTH HAaxXOASATCS B
npeaenax 475-485 m.
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WHKeHepHO-Te0JI0rNYeCKUMU  U3bICKaHMS-
MU yCTaHOBJIEHO, UTO y4acTOK Ha kM 2105m0k9 -
kM2109nk7 neperona YHkyp-Uuibuu crnararot
CPEIHEUETBEPTUYHBIE OTJIIOXKEHHS, IIpPE/ICTaB-
JICHHBIC CYTIECSIMH, TTECKaMH, 3aJIETalONIMMHU Ha
CKaJIbHBIX TIOPOJax — FPaHHUTAaX.

B xoMmIuIekTe HOBBIX KapT 00Iero cecMu-
geckoro parionupoBanusi CesepHoil EBpaszun
(OCP-97) paiioH paboT OTHOCUTCI K 7-
GammsHOM 30HEe mo kapte OCP-97-A (Beposr-
HOCTb NTPEBBILICHNSI HHTEHCUBHOCTH 3EMIIETPSI-
ceanii 10%), x 8-OaynbHON 30HE mO Kapre B
(5%) u 9-6amnbHoi 30He 1Mo Kapte C (1%).

1.1. T'uopoeeonocuuecxue ycnosus

I'maporeonormyeckue  yCIOBHS — ydacTKa
W3BICKAHAN ONPEIEISIOTCS MPUHAMIC)KHOCTHIO
ero K balikanbckoil ruaporeonoruyeckoin
CKJIATYaTOW OOJIACTH, KOTOpask XapaKTEePHU3YeT-
cs1 OJIOKOBBIM CTPOCHHEM, TOPHBIM WHTCHCUBHO
pacuieHEeHHBIM penbe)OM C  YepeaOBaHHUEM
BBICOKMX XpeOTOB M TIYyOOKHX MEXKIOPHBIX
BITaJIMH, BEICOKOM HECOTCKTOHHYECKOW aKTHBHO-
CThIO, HaJIWYMeM TIIyOWHHBIX Pa3phIBHBIX
HapyUIeHU ¥ MOILIHOM TOJNILM MHOTOJIETHE-
MEp3JbIX TOpOJ, TMpephBaeMON TalUKaMHU
pasznuuHoro reresuca. OMHON U3 XapaKTePHBIX
4epT THUAPOTCOJOrMUYSCKUX YCIIOBHH 00acTu
SBISICTCS IIMPOKOE DPAa3BUTHE BO BCEX THIIAX
CTPYKTYpP TPEIINHHO-KWIBHBIX BOJA 30H TEKTO-
HUYECKOW TPEIIMHOBATOCTH. B 3aBucuMoOCTH OT
TIyOWHHOCTH M PacKPHITOCTH Pa3JIOMOB BCTpe-
YaloTCsl MPECHBIE XOJIOJAHbIE W TEepPMaJbHbIE



BOJbl. TpelIMHHBIE TPYHTOBBIE BOJBI BCTpEYa-
IOTCSI Ha CKJIOHaX XpeOTOB 0)KHOM IKCIIO3ULINU
U B HX mpearopusix umeidax. Iloasemusie
BOJBI 3aJIeTa0T Ha ryOuHax 5-15 M u apeHu-
pyrortcs ponHukamu ¢ geburamu 0,1-2 1i/c.
Boel X05101HBIE € TEMIIEPaTYpOH OT ILTIOC
0,1 mo mmoc O,SOC (BOIBI TATUKOB M TIOJMEP3-
JIOTHBIE TPEIIMHO-IUIACTOBBIE) U oT 2,5 10 3°C
(TpelMHHO-KapCTOBbIE M TPELMHHO-KUIIBHBIC

BOJIBI).

1.2. I'eokpuonoeuueckue yciogus

Paiion wuccrnegyeMoro yuacTtka Kele3HOH
JIOpOTH PACMOJIOkKeEH B 10oKHOHM yacTu CTaHOBOM
30HBI CIUIONIHOTO PACHpPOCTPAHCHUS KPUOTECH-
HOM Toymy. MHOrojJeTHEMEP3IIbIE OPOAbI
3aHAMAIOT MPAKTUYECKH BCIO IUIOMIAAb 30HBI
(95-100 %) u xapakTepusytoTcs Ooiee HHU3KH-
MH TeMIlepaTypamMu MopoJ (0T MHHYC 2 [0
munyc12°C), Haubonee 3HAUUTEIHHON MOLIHO-
ctio (ot 150 mo 1200 m). CmtonrHoe pacmpo-
CTpaHCHHE KPUOTCHHOM TOJIIM MO TIUIOIIAIH,
00yCIIOBJICHO B TICPBYIO OYEpEelb BBICOTHO-
MOSICHBIMH  OCOOGHHOCTSIMH  TeIuiooOMeHa. B
CYpPOBBIX YCTOMYUBBIX BO BPEMEHU T'€OKPHOIIO-
THYECKUX YCIOBUSAX OT MPOMEP3aHUS COXPaHU-
JIUCh JIWIIH BOJOIMOTIIOIIAIONINE ¥ BOIOBBIBO-
JIAIIAE TATUKH B 00JTACTAX MUTAHUS U Pas3rpys-
KM TPEUIMHO-XHIBHBIX BOJA, OOJagaroIInX
KOHIICHTPUPOBAHHBIM  TEIIJIOBJIArOMEPEHOCOM.
Taxoke, OT mpoMep3aHHUs COXPAHIINCH BOJO-
MIPOBOJIAIINE TAJHKHU IO PyClIaMH HEIpoMep-
3af0IUX HAHOOJIee KPYITHBIX PEK.

MHoroneTHeMep3ibIe TOPOJIbI 30H CILIONI-
HOTO pAacCIpOCTPAHEHUS SIBISAIOTCS B OCHOBHOM
SMHUKPHUOTEHHOTO THMA. DTO CBA3aHO C TEM, YTO
Ha OOJBIICH YacTH TEPPUTOPHH, MPEICTABICH-
HOW TOPHOCKJIAT9aTIMU COOPYKEHHSIMHA, TUIATO
Y HarOpbsSIMU B TCUCHHUE YCTBEPTHUHOTO IIEPHO-
Jla mpeoldiaaana qeHyaalus.

JIsnocoaepikaHue CKaJbHBIX MarmaTtude-
CKHX, MeTaMOpq)I/I‘ICCKI/IX N 0CaAOYHBIX ITOPOJ
3aBHCHUT, B OCHOBHOM, OT HX IIyCTOTHOCTH
(TPeIIMHOBATOCTH) ¥ TPEICTAaBICHO IIEMEHT-
HBIM, WHBCKIIOHHBIM, WHQUIBTPAITHOHHBIM H
CyONMMManuoHHBIM  (MTOBYATBIM)  JIBJIAMH.
Eciu TpenuHbl 3aN0MHEHBI TOHKOUCTICPCHBIM
MaTepHaJIOM, TO MPU UX MPOMEP3aHUU 00pa3sy-
€TCsl CerperalvoHHbIN Jiesl. B 3aBUCUMOCTH OT
cocTaBa MOPOJ U XapakTepa WX TPEIIHMHOBATO-
CTH  BO3HHKAIOT  TpPCIIMHHBIC,  TPCIIMHO-
JKWIBHBIC, IUIACTOBO-TPEUIMHHEIC, IDIaCTOBO-
TPEIUHHO-KUIEHBIC TCKCTYPHL.
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Momuoctt CTC u CMC — Baxueiine
XapaKTEePUCTUKN T€OKPHOJIOTHIECKUX YCIOBHH,
KOTOpBIC OIPEAEISAIOT PAa3BUTHE OCHOBHBIX
KPHOTEHHBIX IIPOLIECCOB: ITyYEHUS], COMUPIIOK-
I[UM, TEPMOKApCTa, KPHOT€HHOIO pacTPeCcKUBa-
HUSL, KypyMOOOpa30BaHuUs U HaJIeHBIX MPOIec-
COB.

B paiione nccnenosanust momuoctu CTC u
CMC u3MEeHSIOTCS B OY€HBb MIMPOKHX TMpeenax
ot 0,2 10 6,0 M ¥ 3aBUCST OT MHOTHX (DAKTOPOB.
K dakropam, onpenemnstomunm momHoctn CTC
u CMC oTHOCATCS COCTaB OTJIOXKEHUI M HuX
BIIQXKHOCTb, PACTUTENbHBIA U HallOYBEHHBIN
MOKPOB, MOIIHOCT M TUIOTHOCTH CHEXXHOTO
MOKPOBa, IIMPOTHO-30HATBbHASI W BBICOTHO-
MOSICHAsI OCOOEHHOCTH TEIUI00OMEHa U APYTHE.

Ha moxoBbix Mapsx momHocts CTC u
CMC cocrasnser 0,2-1,13 M. Ha oTkpbITBIX
WIH 3aJeCeHHBIX TOBEPXHOCTSX, JIMIICHHBIX
MOYBEHHOT'0 MOKPOBA M CIIOXKEHHBIX (HIbTPY-
oMy TpyHTamMu MomHocte CTC m CMC
MakcuMmanbHa U gocruraet 4,05 M. Temmnepaty-
pa TpyHTa B CKBa)XHMHAaX IO JAHHBIX 3aMEpOB
cocraBigeT OT MuHyC 2,1 no munyc 2,3 rpany-
COB, a CpeIHEero/loBas TeMIepaTrypa Bo3lyXa -
8,0 °C, yuyacTOK HCCIEeNOBaHUS OTHOCHUTCS K
30HE HHU3KOTEMIICPAaTypHBIX  BEYHOMEP3IbIX
TPYHTOB CIUIOIITHOTO 3aJ€TaHus.

1.3. Xapaxmepucmuxa
3eMAAHO20 NOLOMHA

OfC€ﬂ€3H000p03fCH020

CyuiecTBylolee 3¢MJISIHOE MOJOTHO Mpel-
CTaBJICHO HaChINbIO BbICOTOHM 1,0-4,5 M, OTCHI-
NaHHOH mox 2 myTH. I'pyHTHI HACBINHU - APEHH-
pyromue (TpaBui, rajgedHuk, BaayHel — 70 %,
necok — 30%). OTKOCH HaChIIM MOJIOTHE,
3apocan KycrapHUKoM. CieBa y TOTHOXKHS
HAChlld  MPOXOJUT TPYHTOBas aBTOJOPOTra.
CneBa M cmopaBa HUMEIOTCS BOJOOTBOIHBIE
KaHaBbl, 3apOCIIME KYCTAaPHUKOM M MEJIKUMHU
JIepeBbsiMU. B kaHaBax oTMmeuaercs ciaboe
TeYeHHe BOJBI, B OTACITHHBIX MECTaX — 3aCTOU
BoAbl. KaHaBbl 3amieHbl, 3apocid OCOKOH U
KOYKOM. bepMbl n ecTecTBEHHas! TOBEPXHOCTh Y
MOJIOTHA MecTaMu npocend. B npenenax ydact-
ka geiictByromeil Hanenu Ha 1K 21048+24.00
HAXOJMUTCSI CYIICCTBYIONIHI >KEIe300€TOHHBIN
MOCT JUIMHON 16.4M W pAIOM CTPOUTCS MOCT
10/l BTOPOH MyTh Ha CYIIECTBYIOLIUX YCTOSIX.

OcHOBaHHE 3eMIISTHOTO IOJIOTHA CJIO0KEHO
CIEYIONIMMHA TPYHTaMH: TOp(d CHIBHOPA3IIO-
JKUBIIMIICS; CYNECH NbUIEBAThIe CUIbHOJBAN-
CThle, TMPHU OTTAUBAHUU TeKy4YHue; TEeCKU
MblIEBaThIe, TP OTTAaUBAHUH - BOJOHACHIIICH-



Hele. Takoe OCHOBaHHME 3€MJITHOIO ITOJIOTHA
xapaktepusyercst [V TumoMm mpocagodyHOCTH
(BenmuunHa OTHOCHTENBHOM ocaaku 0,4< § <0,6)

3uMOil MOYTH Cpa3y IMocie MEePBBIX MOpPO-
30B MHOTOYHCIICHHBIC PyYbH W KIIIOYH, TEKY-
I[¥€ 10 CKJIOHAM JIOJIMHBI Ha KM 2105 HauwnHa-
0T 3aMmep3aTh W OOpa30BHIBATH HANCIU —
CHavaja Maj03aMETHBIEC U IOYTH He OECIIOKOs-
[IUEe CTPOUTENeH, HO TIOCTENEHHO pacTyIlue,
mpuoOpeTaroie BHYIIUTENBHBIE Pa3Mepsl H
HMEIOIIME 3HAYNTEIbHBIE 00BEMBI OTKJIAIbIBA-

| - o
™ 4 4

Puc.1 .O6pé3OBaHI/Ie HaJIe/IN TIO/1 Ke1e300€ TOHHBIM
MocToM Ha kM 2105 B nekabpe 2013 ¢

3umoit 2012r - 2013 1. mpoM30IUIO aKTHUB-
Hoe (opMHpOBaHME HalleAW B JIOTY BBIIIE
JKEJIEe3HOJOPOKHOTO MocTta Ha kM 2105 Ha
paccrostHuu 10 500 M U B IOAMOCTOBOM pyCIIE,
a TakKe KOCOTOpPHOM Hajlequ Yy IIOJOLIBBI
KOcoropa BJ0JIb JIEBOCTOPOHHEN BOJJOOTBOJIHOM
KaHaBBI yJacTKe.

ITpn ocMoTpe BepxHEH YacTH jora Io Ko-
coropy Ha paccrostHur 350-400 M OT X.J. MyTH
ObUTH BBISBJIEHBl MHOTOYMCIICHHBIC W3JIHMSHUA
IPYHTOBBIX BOJI M3-32 MECTHOTO IepeMep3aHus
BOJIOHOCHBIX CJIOE€B I'PYHTOB DBIXJIOM TOJIIM U
UX TOCIOWHOTO HaMep3aHusi ¢ 00pa3oBaHHEM
HaJIel! ¥ HaJEOHbBIX OyTrpoB.

V¥ nopomBsl kocoropa Ha kM 2105 nx 5- 9
n kM 2106 nk 1-2 Taxke mpoucxoguna pas-
rpy3Ka IPyHTOBBIX BOJ M3 BOJAOHOCHBIX CIIOEB C
00pazoBaHUEM KOCOTOPHOU HaJICIH.

Ha yuactke kM 2105 Hamenpto Obuta 3a-
MIOJTHEHA JIEBOCTOPOHHSS BOJIOOTBOIHASA KaHABa
BBIIIE YPOBHSI OCHOBHOM miowmaaxu Il mepcnek-
TUBHOTO ITyTH, a Ha MOMEHT HCCJIEJOBaHMS
TIPOMCXOIUII Pa3IuB TPYHTOBBIX BOJ Ha OCHOB-
HOM II01Ia/IKe ¢ (POPMUPOBAHUEM HAJICIH.

Ha ykazanHOM y4acTke HpOUCXOJUT (uiib-
Tpalysi FPYHTOBBIX BOJl B OCHOBAHWH HACBINH, O
YeM CBHIETENBCTBYET O0Opa3oBaHWE HAJEAN Y
TIOJIOIIBEI IPABOTO OTKOCA HACKIIH.
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Jlna 3amuThl JKeNe3HOIOPOKHOTO IyTH OT
HaJIe YCTaHOBJECH BPEMEHHBI MPOTHBOHA-
JMeNHBIA 3a00p, BBITONHSIOTCS PabOTHl IO
OKOJIKE JIbJIa JIJIS 3alIUTHI TyTH W TOJMOCTOBO-
ro orBepctus OT Haiemu. [lo HaOIrOIEHUSIM
0o0pa3oBaHUEC HaJEOM HA YKa3aHHOM Y4YacTKe
MMPOUCXOAUT €KETrOJHO B 3UMHHUN nepuon,
HauuHas ¢ 2005r.

AKTHBH3aIlUM HAaJETHBIX IPOIECCOB B
2012-2013 1. cmocoOCTBOBANO HapyIICHHE
PaCTUTEIIFHO-MOXOBOTO TIOKPOBA, CBS3aHHOE C
HAYaJoOM TMOATOTOBKH TEPPUTOPHUU JUIS
CTpouTeNbCcTBa pazbe3na «kMm 2107». Tak kak
TOPJOBMHA BHOBb  CTPOSILNErOCsS  pasbe3ia
COBIIaZaeT C TPAaHUIIAMH ydYacTKa Hayemgeoopa-
30BaHMUSL.

JlanHass Hanenp SBISIETCS HAJEIBIO CMe-
IIAHHOTO THUMA - BOJ MOBEPXHOCTHOTO U TIOA-
36MHOI0 IPOUCXOXKACHUS (PEUHBIX U TPYHTO-
BBIX M [NTyOOKOTO MOMEP3JIOTHOTO CTOKA).

[Tnomans pasnuBa HameOW COCTaBHIA —
10000M> witu O,IOKMZ. MomHoCTE JIbaa COCTaB-
msiaa ot 1,00m — 1,70m. O6beM Halleau cocra-
B — 0,15 mitH.M3.

[To mamnaeM Tabn. 13.1 CHull 22-02-2003
«mxeHepHas 3amuTa TEPPUTOPUN 31aHUN U
COOPY)KEHHII OT OIACHBIX T'EOJIOTHYECKUX
nporieccoB. OCHOBHBIC TIOJIOKCHUS» JTaHHAS
Hajlelb OTHOCUTCS K kamezopuu IV - 6onvuasn.

Jlst  3amuThl  3€MJISHOTO TOJIOTHA Ha
yagactke 2105kM OT BO3ZEUCTBUS HaleIn
TpeyIaraeTcsl KalnTHPOBaHHWE CYIIECTBYIOIINX
POTHHKOB C BBITYCKOM BOJBI 10 yTEIUICHHOMY
JIOTKY ITOJT MOCTOM U Jasiee K peke Hroxoka.

Perienue 0 Ha3HAUCHWM YCPKHUBAOIICTO
MPOTHBOHAJICHOTO COOPYXKEHHUs Iiesiecoo0pas-
HO O0OCHOBATH TEIUIOTEXHHYCCKHM PACUYCTOM
€ro KOHCTPYKIHMH, (QOPMHPYIOIIMX HCKYC-
CTBCHHYIO Hajlegb, €¢ Oo0beMa C pacdyeToM
pasMeIleHusT HalleAn TIepell COOPYKCHUEM,
JMAHHBIMH TI0 CTOMMOCTH CTPOUTEIBCTBA U
9KCIUTyaTallii TMPOTHBOHAICIHOTO COOPYXKe-
HMUs.

Taxk kxak gaHHast Hajieqb OoTHOcHUTCI K IV
Kamezopuu W SBISIETCS OOINBIION HAaNEObIO C
oobemom 0,15 MiH. M3 , TO HCIOJIL30BaHHC
MEp3JIOTHBIX ~ TOSICOB  IPEAIOJaraeTcs  BO
BTOPOU MOJIOBUHE 3UMBI, KOTJ]a MOPO3bI YCHITH-
BAIOTCsl, IPOMEP3AET JIEATENbHBINA CIOW U BOJA
HaIpaBIETCS. Ha IIOBEPXHOCTh U HAYMHAET
00pa30BBIBATHCS HANETHBIN CIIOH. 37ech Ha4YH-
HaeT paboTaTh MEP3NOTHBIA IMOSIC U 3€MILTHOU
BaJ, B MpeieiiaX KOTOPBIX OyAeT coOuparbes
HaJICIb.



B oceHHuit nmepuoa U B Havyasie 3UMBI JIOJI-
JKeH pa0oTaTh YTEIUICHHBIH JIOTOK, KOTOPBIH
Oyzaer coOMpaTh TPYHTOBBIC U MOJ3EMHBIC BOBI
C BBITYCKOM depe3 II0JMOCTOBOE pYyCIO B
OTKPHITYIO KaHaBY | Aajiee k peke Hiokka.

[Ipu mameIx pacxomax IPEHUPYEMBIX BOJ
JUIT WX OC3HAICAHOTO MPOMYyCKa B JIOTKaX
MOXET  TOTPeOOBaThCS JIOIOJIHUTEILHEII
oborpeB (anekTpooborpes). Bo Bcex ciyuasx
HapsOy C TpPUMEHEHHEeM JIOTKOB CIIEAyeT
paccMaTpuBaTh BapHMaHTHBIE PEMICHUS OTBOAA
BOJIBI C TIOMOIIBIO KaHAB WIJIH 3aKPBITHIX JPEH.

[IpoTHBOHAJIEAHBIE MEPONPHUATHS, COOpPY-
JKCHHS M YCTPOWCTBA BEIOMPAIOTCS HA CTAIUAX
TOO wmu TOP u yTOUHSIOTCS Ha CTaaMsiX
paboyero mpoekTa Wi pabouell JTOKyMEHTa-
LIUH.

OKoHUATEeNbHBIE TPOEKTHBIC PEIICHHUS II0
MPOTHUBOHAIICAHON 3alllUTe TPAHCIOPTHBIX H
JIPYTUX COOPYKEHUN MOTYT OOOCHOBEIBATHCS B
MPOIIECCE CTPOUTEIBCTBA U BPEMEHHON IKCILTY-
aTalliMi Ha OCHOBAHHWHU HOAHHBIX CHUCTECMATHUYC-
CKMX HAOIIOAEHMI 3a M3MEHEHHEM HaJIEIHOTO
mporecca B MEPUOJ MOCTPORKH M IKCINTyaTa-
U JIOPOTH, OPTaHM30BAHHBIX 110 CIICIIHAITBHON
IporpamMme.

Jyis 0TBO/Ia TPYHTOBBIX M MOJ3EMHBIX BOJI
MpejyiaraeTcsi 3alpOCKTUPOBATh YTCILICHHBIH

JKeJe300€TOHHBIN JTO0TOK (puc.2).
Kpbliika notka

§

| SN s = YKpennedHune pycna
Bl 772y pexuxamenHon
L P padpockon

\L Fpanuya

BeYHOMep3noro
IPYHTa
3acbinka MecTHbIM
[PYHTOM
NeHONOAUCTHPON
TonuwuHon 200 MM

FpaBuiHO- necyaHasn
noAroToBKa
TonuuHon 100 MM
Puc.2. YcerpoiictBo xene3oderonHoro notka Il mox
Moctamu BbICOTOM h=1.25 M u tmpuHoi b = 0.6 M
(6e3 IpeHUPYIOUINX OTBEPCTHI)

Bo3MoxHOEe NpUMEHEHHE BMECTO JIOTKOB
JpeHa)xka B JaHHOM Clly4ae OTKJIOHEHO, TaK Kak
JPEHaXH pa3peraeTcsi IPUMEHSTh Ha Y9acTKax
C BEYHOH Mep3JOoTOW TONBKO TIpW OeOuTe
HUCTOYHHMKA W TEMIIEpaType T'PYHTOBOH BOIbI,
o0ecrieunBaoIX KPYIJOTOANYHYI0 padoTy
JpeHaXxa, WIH B CIy4ac OCYILECTBICHUS MOJ0-
rpeBa WIN JPYIUX MEPOIPHUATHM, NPEeAOXpaHs-
OIWX ApeHaxk oT mpomepianus. (1m.20.16 CII
32-104-98)

ITpn MmaneIx pacxojax APEHUPYEMBIX BOJ
st X Oe3HaJeqHOro MpOIycKa B JIOTKax
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MOXET TaK JX€ IOTpeOOBaTHCS AOTOJHHUTEINb-
HBII 000rpeB (3IEKTPOOOOTPEB).

IIpennaraercss wWCHONB30BaTh XKele300e-
TOHHBIH JT0TOK Il THMa, rry6unoit 1,0M - 1,5M ¢
YTEIUICHHEM C Hapy»KHOW 1 BHYTPEHHEH CTOpO-
HBl TIEHOIOJIUCTUPOIOM TOJIILMHON HE MEHee
0,20M. CBepxy JIOTOK 3aKpBIBAaeTCsl I€PEBIHHON
KPBIIIKON YTEIIICHHON IIEHOOJIUCTUPOJIOM.

JUIi  M3rOTOBNEHHMSA 3JIEMEHTOB JIOTKOB
MPUMEHSETCS MOPO30CTOWKMIA OeTOH Kiacca
B20 u apmarypy u3 cramm kimacca A-1 mapku
BCT3. JloTok u3roraBimBaetcst 63 JpeHaXHBIX
OTBEPCTUH.

PasMepsl momnepeuHBIX Cce4eHUil BOAOOT-
BOJIHBIX JIOTKOB OIPENENIAIOTCS THApPABINYE-
CKMMH pacdyeTaMH U3 YCJIOBHS IPOITyCKa pac-
YETHOTO PacXo/ia BOJABI BEPOSTHOCTHIO NPEBBI-
menus 1:50 (2%) na noporax I xareropun, 1:25
(4%) na noporax Il xareropumu, 1:20 (5%) Ha
noporax III u IV kareropumn.

VYTenneHrne CTEHOK M KPBIIIEK JIOTKOB Iie-
HOIUIACTOM [JOJDKHO BBIIOJNHATBCA B CTPOTOM
COOTBETCTBUH C IMPUHATON TexXHOJOTHeH padoT
C YYETOM BO3MOXXHOTO TIOCIIEIYIOIIErO CHSTHS
WM 100aBIICHUS TETTION30IUPYIOIIUX TIJIHT.

Jns mepexBaTta TOBEPXHOCTHBIX (pyclio-
BBIX), MOJ3€MHBIX W T'PYHTOBBIX BOJ, IUTalO-
IIMX HaJleAb, M UX OTBOJa B YTEIUICHHBIH JIOTOK
MpeAaraeTcst APCHaXK-KanTax.

JlpeHax-KanTak COCTOWUT M3 KamlTaKHOTO
NPUEMHUKA, TEPEXBATHIBAIOIIETO MOBEPXHOCT-
Hble (pyCJOBBIE) BOJBI, JAPCHAXHOW YacTH
(KpbUIBEB), IEpEXBATHIBAIOIIEH O[3EMHBIE WU
TPYHTOBBIE BOJBI, M KOJUIEKTOpa (JIOTKa),
00ecIeunBaoIIero 0TBOJ KAalITHPOBAHHBIX BOJ
B HU30BYIO CTOPOHY.

Llese  TPOTHO3HOTO  TETIOTEXHUYECKOTO
pacueTa — CMOJENUPOBAaTh U3MEHEHUE BEPXHEH
TPaHUIIBI BEYHOMEP3JOr0 IPYHTa B YCIOBHUSAX
COBPEMEHHOTO0  COCTOSHHSI ~ T€OJIOTHUECKUX
CJIOEB TPH COXPAHEHUH CYIIECTBYIOIIUX YCIO-
BUIl 9KCIITyaTally, a TAKXKE B YCJIOBHUAX HaMe-
THUBIIETOCS  TOBBIIICHHS  CPEJHEr00BBIX
TEMIIEpaTyp BO3/yXa, OKa3bIBAIOIINX HETaTHB-
HOE BIUSHHE Ha TEMIEpPaTypbl MHOTOJIETHE-
Mep3nbIX TpyHTOB. Kpome TOro, mnpoBepuTh
3G ()EeKTHBHOCT,  MPUMEHEHUS  BO3MOXHBIX
MEPOIPUSITHH, CHOCOOHBIX N3MEHUTH CUTYAIHIO
B JIYHIIyI0 CTOPOHY, TO €CTh CO3JaTh yCIOBHUS
9KCIUTyaTalliH,  [O3BOJIIOIIME  COAEPXKaTh
3eMJISIHOE TOJOTHO B OTHOCHUTEIBHO YCTOWYM-
BOM COCTOSIHUH.



2. TEINNIOOU3UYECKUE PACYETBI

1. YucieHHoe MOIENMPOBAHUE IPOHU3BO-
JUINCh B TporpaMMHoM komiuiekce «FEM-
models», paspaboranneiM [ «I['eopekon-
crpykuusi» 1. Cankr-IletepOypr. CoctaBHO#
gacteio «FEM-models» sBmsercs mporpamma
«Termoground», koTOpasi MO3BOJSAET HCCIENO-
BaTh C ITOMOIIBIO YHCICHHOTO MOJEINPOBAHUS
B IIPOCTPAHCTBEHHOW ITOCTAHOBKE ITPOIIECCHI
MIPOMEpP3aHusl, MOPO3HOTO Iy4YeHHsS U OTTauBa-
HUA B TIOJUYHOM HHUKIC MCTOJOM KOHCYHBIX
3JIEMEHTOB.

Pacuér mo nmporpamme mnpenmnosaraer, 4ro
uccuegyemas o0JacTb BMECTE C COOPY)KEHHEM
pa3OuBaeTCsl Ha KOHEUHBIE JIEMEHTHI C OMHA-
KOBOM TeMIlepaTypol M XapaKTepHUCTHKaMHU
rpyHTa. Ha BepxHell rpaHune aelcTByeT nepe-
MEHHBIM BO BPEMEHHU TEIUIOBOH IIOTOK, 3aJaBa-
€Mbli IPUBEAEHHBIMU TEMIIEPATYPAMU BO3AyXa
1 K03 PUIIMeHTaMH TEIUIOOTAAYH.

B pacueTHO# MoJeny 3aat0TCsl HAYAIbHBIC
U TpaHUYHBIC YCIIOBUS, Janee penraeTcs Tero-
TeXHHYecKasl 3ajada, B pe3yjibTaTe KOTOpOil
ONpeNessIIoTCd TeMIepaTypHble M BIAXKHOCT-
HBIE TTOJISl HA KaX/IbIH NTEPUOJ] BPEMEHH.

HauanpHbIMK yCIOBHSAMH SIBIISIETCS] TEMIIE-
patypa TpyHTa 3afaHHas 10 TJIyOWHe, TpaHnd-
HBIMH YCJOBHSIMH SIBJSIETCSl TeMIlepaTrypa Ha
MIOBEPXHOCTH TpyHTa (10J KaMEHHOH HaOpoc-
KOH) pa3JIn4Has 0 BPeMEeHH.

OOmiee ypaBHEHHE, OINMUCHIBAIOIIEE IIPO-
L[ecC MPOMEP3aHUA-OTTauBAHUS ISl HECTALHO-
HapHOTO TEIJIOBOTO pEXHMa B TPEXMEPHOM
TPYHTOBOM MPOCTPAHCTBE MOXKHO IPEACTaBHTh
B BHUJIE CJIE/IYIOIIETO BBIPaXKEHNUS:

C oT o’'T T . o'T .
th(f) ot th(f) 8x2 ay2 822 v
e Cory ylleIbHas TeMI0eMKOCTh IPYHTOB

(Mep3710T0 MM TaJoro); P - MIOTHOCTh I'PYHTA;

T - Temmeparypa; t - Bpems; /) - temmomnpo-
BOJHOCTb TPYHTOB (MEP3JI0T0 HJIH TAJIOI0); X, Y,
Z - KOOPAMHATHI, qV - MOIIHOCTh BHYTPEHHHX
HCTOYHHKOB TEILIA.

OCHOBHBIM  (JAKTOPOM,  OIPEACISAIOIAM
MPUBEIEHHBIC TEMIIEPATyphl HA IOBEPXHOCTH
9JICMEHTOB 3EMJISHOTO TMOJIOTHA M MPHUMBIKAO-
el MECTHOCTH, SIBJISIETCS TeMIlepaTypa aTMo-
chepHOro BO3MYyXa U YCIOBUS €r0 TEIUI00OMeHa
C TIOBEPXHOCTHIO, 3aBUCALIME OT BETPOBOIO
PeKUMa, CONHEYHOW pajHaliu, UCHAPCHUsl U
T.JI.
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PacuéTtHas BennuuHa NpPUBENEHHOW Cpen-
HEMECAYHON TEMIIEPATYphl BO3JyXa OIperese-
Ha 110 popmye:

r,=T,+At -At,,

rae I, — cpenHeMecsdHas TeMIepaTypa BO3IY-

xa, °C; Af, n Af, — nonpasku K cpexHeme-

CSIYHBIM TEMIIEpaTypaM BO3AyXa 3a CUéT coll-
HEYHOW paguanuu u ucnapenus, °C.

Pacuér mompaBku K TemIiepaType BO3myxa
3a CYET MOCTYIUICHUS] COJTHEYHOH paguanuu Atr
YCTAHOBIIEH I10 3aBUCUMOCTH:

R
t,=——
0.073a
rre O — Kodp¢UIHEeHT TemiooOMeHa Ha
MIOBEPXHOCTH TPYHTA, KKaJ/M2xux°C, BbIYHC-
JIIEMBIH 110 SMIIMPUYECKON 3aBUCUMOCTH

a=10\/V’

rae V — cKopocTh BeTpa, M/C;R — cpenHemecs-
HBIE CYMMBI DPagHallMOHHOTO OaylaHca Ui
paccMaTpUBaeMOro 3JEMEHTa MOBEPXHOCTH,
KKaJI/cCM2xMec.

JIJ1s TOpU30HTAIBHEIX TOBEPXHOCTEU Cpeji-
HEMECSYHBIC CYMMBI PaJHallMOHHOTO OallaHca
ompeesieHs mo hopmyJe:

R =0, xk-042,

rae Qo — cpeHeMeCsIYHbIE CYMMBI CyMMapHOI
COJTHEYHOH  pajgualiy, MOCTyHalomel Ha
TOPU30HTANBHYIO TUIOIIAAKY, KKaj/cM2xmec.; k
— OMIIUPUYECKUH KOIPPHUIIUEHT, 3aBUCAIINI OT
OTpaXXaTeNbHOM  CHOCOOHOCTH  MOBEPXHOCTH
(anpbem0).

Jlng HaKIOHHBIX ITOBEPXHOCTEH (OTKOCHI
3€MJITHOTO TI0JIOTHA) CPEJHEMECSIHBIE CYMMBbI
paguanoHHOro OajaHca OMpENENeHbl 10
dopmye:

Ry = (mﬁla +RD, )x k —0.42, xkan/cmM2xmec.,
rne lo n Do — cpeHeMecsiuHbIe CyMMBI IPSIMOF
W pacCesiHHOW paauanuy, NOCTymaromeil Ha
TOPU3OHTANILHYIO IUIOMIAJKY, KKaj/cM2xMec.,
HUX 3HAYCHUA B3sThl H3 KIHUMATOJIOTMYCCKHUX

mﬂf

>

CIpaBOYHUKOB MO CT. CKOBOPOIMHO;

Oe3pa3MepHBI KOA(POUIMEHT, YIUTHIBAIOLITHIA
BIIMSIHUE YIVIa HAaKJIOHa MOBEPXHOCTH K TOPH-
30HTy M €€ OpHEHTallMd B IIPOCTPAHCTBE Ha
MOCTYIUICHHE TPSMOIM COJIHEYHOH pajnaluy;

Pﬁ— K03()(HUIMEHT, YYUTHIBAIOIINN BIHSHHE
yIja HakjIOHa TOBEPXHOCTH K TOPU30HTY Ha

IIOCTYIUICHUE PaACCESIHHON COJIHEYHOM panua-
UM, OTIPENIeIIeMBIN TI0 (hopMyIIe:



3

Pﬂ =CO0S

rae [} — yron HakKIOHA MOBEPXHOCTH K TOPH-
30HTY, TPaj.

2. IlpencraBineHHBI K pacdeTy yTeIUIeH-
HBIH  TIEHONOJIMCTHUPOJIOM  JKeJIe300€TOHHBII
JIOTOK HAaXOJUTCS B KJIMMAaTHYECKHX M Mep3-
JIOTHO-TPYHTOBBIX  YCJIOBHAX, OIPEAEIAEMbIX
mo mereoctannuu CkoBoponuHo). Termodusu-
YECKHE XapaKTEPUCTHKU TPYHTOB Tella U OCHO-
BaHWS HACHIK B TaJlOM M MEP3JIOM COCTOSIHUHU
npuHATH B cooTBeTcTBUU co CHull 2.02.04-88.

PacueTHas cxema joTka MpeaCcTaBjiCcHa Ha pUC.
3.

Puc. 3. PacyerHas cxema rnomnepeyHoro npogus
JK€JI€300€ TOHHOT'O JIOTKA

3. MogenupoBayiach paboTa JIOTKa C yTel-
neaneM u3 [IIIC Tommuuoi ot 5 mo 20 M,
TEMIIEpaTypoi BOJbI BHYTPH JIOTKa IUIIOC 3 U
moc 0,6 C..

Temneparypa rpyHTa 1o IiIyOnHEe MpUHSTA
B COOTBETCTBHH HATYPHBIMH HCCIIEIOBAHHUSIMI. .

Pe3ynbTaThl TEMIOTEXHUYECKOTO pacyera
ToKa3aiu, mpu Temiepatype Boasl mwioc 3° C u
YTEIUICHHEM JIOTKA IIEHOIOJIMCTHPOJIOM TOJI-
mHON 10 20 cM mpoMep3aHusi ero He MPOUC-
XOJUT.

Ipu Temneparype Boasl 0.6°C u 10 cm
IIIC B deBpane HabmoOmaeTcs NpoMep3aHue
xKeJe300eToHHOro. JIoTKa. Temneparypa BHYT-
pu J10TKa onyckaercst a0 Bemuuu -0,1 - -1,3°C.
ITpu Temneparype Boast 0,6 C u 15 cm IITIC B
¢eBpane TemIiepaTypa BHYTPH JIOTKa OITyCKa-
ercst no Beymunn -0.4 - -0.01° C.

Crnemyer oOpaTuTh BHHMaHHE, YTO CBOH-
CTBa TPYHTOB 3a/aBajiiick [ulsl Hauboiee pac-
MIPOCTPAaHEHHBIX TPYHTOB Ha JaHHOM Yy4acTKe
uccnenoBanus. [lociae npoBeneHus eTaNbHOTO
UCCNEOBAaHUs W TONyYeHHs  (DU3UKO-
MEXaHWYIECKUX CBOMCTB I'PYHTOB, TeMIIEpaTyp-
HOTO PeXXHMMa BOJBI TETIIOTEXHUYECKUH pacdeTr
1eNIeco00pa3sHo YTOUHHTH.

PesynpraTsl Temno(u3MUECKUX HCCIEN0BA-
HUH TIpeICTaBICHbBI Ha puC. 4-5
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Puc.4. Dmropa pacnpeneneHus TeMepaTypbl Ha
¢espanb. Temmneparypa Boasr a moc 0.6 0C,
MEHOIIOIUCTUPOT TONIUHON S cM.

Puc.5. Dmiopa pacnpeneneHus TeMrepaTyps! Ha
anpesb. Temnepatypa Boas! a mitoc 0.6 0C, neHono-
JIUCTUPOII TOJIIUHOM1S cM.

3. BBIBO/IbI

BrITIOTHEHHBIE TETIOTEXHUYECKUE PaCUCThI
YCTpO#CTBA BOJOMPOIYCKHOTO JIOTKA HAa BEY-
HOMEP3JIbIX IPYHTaX B pyclie PEKd MOKa3alu,
4TO BoJia ¢ Temmeparypoil mmoc 0.6 TpagycoB
HE 3aMep3acT B HUCCICAYCMbIX YCIOBUAX B
JKEJIe300€TOHHOM JIOTKE, YTEIUICHHOM CO BCEX
CTOPOH OKCTPYAUPOBAHHBIM TEHOIIOIUCTHPO-
J1oM ToamuHoM 200 MM.
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Salekhard, 2012. P.215-219



Ycunenue ocHOBaHMS (PYHAAMEHTHOM IJIUTHI CTPOSILETOCS 3aHUS
CBasiMM, BBIIIOJIHSIEMBIMH 110 TEXHOJIOTHM CTPYHHON IIeMEHTALIMH

TPYHTOB

0O.A. Maxogerkwii, C.C. 3yeB
OAO «Hsrto I'paynay, Ilepms, Poccus

B reorexHu4ecKOM CTPOHUTEIHCTBE JOCTATOYHO YAaCTO BCTPEUAIOTCS CHTyallUd, KOTJa B XOJ€ CTPOU-
TEJILCTBA M OKCIUTyaTallly 3JaHUH M COOPYXEHUH M3MEHSIOTCS (ITOBBIIAIOTCS) HATPY3KW Ha CyIlle-
cTBylOIIME (QyHIaMeHTHl. B aToM citydae TpeOyeTcsi BHIITOJIHEHHE IPaMOTHOTO ITPOTHO3a PAa3BHUTHSA
T€OTEXHUYECKON CUTYyallui ¥ IPUHATHE Mep 0 YCHICHHIO (yHIaMeHTOB. Vcnonb30BaHne TEXHOIO-
TMH CTPYHHOM LEMEHTAIMH TPYHTOB IO3BOJIMJIO BBITOJHUTH PAOOTHI MO YCHWJICHHIO OCHOBAaHUS
(byH/IaMEHTHO# TUIMTHI U3 MOJBAILHOTO oMelleHust. Harpy3ka Ha cBaro ompeJiensiuiach CTaTHYeCKH-
MU UCTIBITAaHUSAMH, IPOYHOCTH MaTepHaa CBail ompeelisiiach 0T00POM KEPHOB.

XapakTepuctuka o0bekTa. HeoxoHdeHHOE
CTPOHTENBCTBOM 3JIaHHE€ MHOTO(QYHKIIMOHAJb-
HOTO JIEJIOBOTO KOMIIJIEKCAa PacIOJIOKEHO [0
anpecy: r. Mocksa, Ps3anckuit np. 20. I'aba-
puTHbIe pa3Mepsl 3maHus 128 x 96 M. OcHOB-
HBIE HECYIINE KOHCTPYKIHH 3/aHUS — MOHO-
JIUTHBIC JKene300eToHHbIe. KOIOHHBI BHITTONHE-
Hel 10 cetke 8,0 x 8,0 M. B kauectBe ¢yHma-
MEHTa 3/1aHUS BBINOJIHEHa MOHOJHTHAs Keje-
300eToHHas (yHAaMEHTHas IUIMTa TOJIIMHON
or 500 mo 1600 mMM. B Hacrosimiee Bpems
BBINOJIHEH IIO/3EMHBIM 3TaX 3JaHMSA M 4acTh
Ha/I36MHOTO 3TaXa.

B reonormueckoM CTPOCHUH IUIOMIAAKH CTPOH-
TeJIbCTBA NPUHUMAIOT y4acTHd YeTBEPTUYHEIE
TEXHOTCHHBIE M aJUIIOBHAJIbHBIE OTJIO)KEHHUS.
Jluronornyeckoe CTpPOSHHE IUIOLIAIKH: HACHII-
HBIE TPYHTBI, MOIIHOCTH 2,8...3,5 M; TecKH
MEIKOM W cpeaHed KpYNHOCTH, BCKpbITas
MomHocTh 15,2...18,3 M. I'pyHTOBBIN BOJBI
BCTPEUYEHBI B CJIOE MECKOB CpelHEell KPyHMHOCTH
Ha rryomHe 7,7...7,8 M OT TOBEPXHOCTH.
I'eorexnnyeckas curyauus. B cBa3u ¢ usme-
HEHHEM Ha3HAYCHUs 3[1aHHUS M €ro 3TAKHOCTH
YBEIUUMICS KOMIUIEKC Harpy3ok Ha (yHga-
MEHTHYI0  KOHCTpyKIuio.  CyIecTByomue
(yHIaMEHTHBIE IUIMUTHL HE O00ECIe4YnBaIOT
TpeOyeMblii XapakTep paclpeieieHUe Harps-
KEHUH Ha TPyHTOBOE OCHOBaHWE M HOPMAaTHB-
HYIO BEJIMYHMHY Pa3HOCTH OcafoK. bbuia mpuHa-
TO PEILICHUE BBINOJIHUTh YCHIICHHE CYILECTBY-
omrX (YHIAMEHTOB CBasMHU BBIOJIHICMBIMU
10 TEXHOJOTUHM CTPYHHOW LEMEHTAalluH IpyHTa
[1]. Ha puc.1 npeacraBnen ¢pparMeHT cBaifHOTO
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IIOJISL YCUJICHUS, Ha PUC.2 XapaKTePHOE CeUeHHe
¢ KOHCTpyKuHed ycunenus. O0Iee KoJInIecTBO
cBail ycunenus -1083 mr. Harpyska Ha onHy
cBaro 200...220 tc. IlpoekTHas qnMHA cBau —
10-12 m.

Puc.1 ®parment miana cBaifHOro MOJs.

Texnnueckoe pemenne. B mecrax ycTpoiicTBa
CBail yCWJICHHS B CYIIECTBYIOUIEH (yHIAMEHT-
HOW IUIMTE YCTPaWBAIOTCS CKBO3HBIE TEXHOJIO-
THYECKHEe OTBepcTHs auamerpoM 240 MM.
Bypenue BbINONHAETCS alMa3HbBIMH KOPOHKaMHU
crankoM HILTI DD-200. O6muii o6vem Oype-
HUSA — 1732 M.



. $240 MM

Cywecmbyowas
/8 nnuma

755075555577557
V00

Onpeccobka u3
ueMeHMHo-nec4axozo pacmbopa HL| 500

7700007
7705055505575,
750507550557
s

|
‘ V. Husa
|

nnumsl
Llemexmo-zpyrmobas cbas
MpouHocms cmbona cbau 8-10 MMa ﬁ‘
L

H

1

8000 - dns onsimHol cbau C1
10000 - 3ns onbimod chau (2
12000 - 3nsi onbiMHOU cBau (3

Puc.2. XapaxTepHoe ceueHue co cpaeit

PRl

MibekuUoHHas //

Hu3 naumsl

3amamnoxumpoBams

3ona onpeccoBku

~_(epdeyHuk
mpuda #1596

Jet-cbas
$600mMm

S Tleckodemon M300

Puc.3 OmpecoBka orojoBka cBau

CBan BBIIONHAIHCH OypOBOHl  YCTaHOBKOM
Beretta T-43 mo cxeme «Jet-1», ¢ pacxomom
nemenTa 350...450 kr Ha OJJH NOTOHHBIN METP.
Pacuernsiii numamerp cBam — 600 mm. [lng
BOCIIPUATHA OCEBOW BIABIMBAIOLIEH Harpysku
CBaW apMHUPYIOTCSI LEHTPATBHBIM CEPICIHHUKOM
— Tpyba 159x6 MM, HIDKHEe ceYeHue TpyObI
3ariyIIeHo, NOocJe MOrPYKEHUs! CeplieuHIKa OH
3anosHsercs: neckooberonom M300. IIpocrpan-
CTBO MEXIY CEpICYHHKOM M (yHZaMEHTHOH
IUINTOM YeKaHUTCSI OETOHOM HAa MEJIKOM 3aIloJi-
HUTEJE. Iocne Habopa MPOYHOCTH
OTOJIOBOK CBaW OIPECCOBBIBACTCSI IIEMEHTHO-
necyanbiM pacTBopoM HII-500, mox naBnenuem
2 arM, 11 00ecHeYeHUs] COBMECTHOW PaboThI
KOHCTPYKIIMM YCHWJICHHSI C CYIIECTBYIOIINM
(byHIaMEHTOM.

pacmBopom dns onpeccoBku
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Puc.5. BoinosiHeHne rpyHTOOETOHHOM CBau

I'eoTexHuyeckuii MoHuTOpMHr. B HaydHO-
TEXHUYECKOH JHTepaType IO BOIPOCaM TIeo-
TEXHHYECKOTO  CTPOMTENBCTBA  CIIOKHIIOCH
JOCTATOYHO CKENTHYECKOE MHEHHE O BO3MOXK-
HOCTH HCIIONb30BAaHHUS TPYHTOOCTOHHBIX 3JIe-
MEHTOB B KaU€CTBE BBHICOKOHArPYKCHHBIX CBail.
B cBsi3u ¢ 9THM I HOATBEPXkIEHUST 0OOCHO-
BAaHHOCTH TPHHATOTO TEXHHYECKOTO PELICHHS
ObUTH TIPOBENEHBI CTATHYECKUE HCIBITAHUS
cBail BIABIMBAIOLIE HAarpy3koi. bbuia BbINOI-
HEHa cepusl UcTbITaHui cBail amunoi §8,0; 10,0;
12,0 metpoB. Cxema NpoOBeNEHHsS HUCIBITAaHUN
nokasza Ha puc.6,7; XoJ WCHbITAHUN Ha puC.
8.9.
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47

B kauecTBe CHUJIOBOM KOHCTPYKLHH MCIIONB30-
Bajach cOopHas 12-meTpoBas cranbHas Oaika
WHIUBHUIYaJIbHOTO M3rOTOBJIEHUA. B kauecTse
AQHKEPHOM CHCTEMBI BHIITOJIHEHBI IECTh IPYHTO-
GeToHHBIX cBail JuMHOK 10 MeTpoB c cepreu-
HUKOM W3 MeTajuimyeckoil TpyOsl. bamka
COeAMHIAch C AHKEPHBIMH CBAasMH dYepes3
OTIOPHBIE y3JIbl, BBINOJHEHHBIE HA CBapKe.
BnapnuBatomiasi Harpy3ka Ha CBalo IepejaBa-
Jlach Yepe3 ONOPHYIO IUTUTY C MOMOUIBIO JBYX
ruapaBauueckux aomkpatos AI'-200. Benuuum-
Ha YCHJIMSI KOHTPOJHMPOBAJAach IO JABJICHHUIO B
THIPABINYECKONH CHCTEME, COTJIACHO TapHpo-
BOYHOM 3aBUCHMOCTH. BepTukanbHble IepeMe-
meHus (UKCHPOBAJIaCh C MOMOIIBIO POrHOo-
MepoB 6ITAO.

[IpenenbHas Harpys3ka IJisi WCHBITAaHUH ObLIa
npunsta — 300 tc, crynens HarpyxeHus — 30
TC. 3a KpUTCPUH  YCIOBHOW CTaOMIIM3AIlUI
nedopmanuit  GbUIO TPHHSATA CKOPOCTH Pa3BH-
tust neopmanmii — 0,1 MM 3a 2 yaca. 3a kpuTe-
puii JocTHKEHHNE Hecylel ClIoCOOHOCTH CBau —
pasBuTHe aOCOTIOTHON OCAIKH IPEBBIIAIONICH
40 mMm. TpebyeMyro IO TPOEKTYy HECYIIYIO
CIOCOOHOCTh ITTOKa3aiyd cBad JiuuHON 10 m 12
METpPOB.

Takum 00pa3oM SKCHEPHUMEHTAIBFHO MOATBEp-
JK/IeHa BO3MOJKHOCTH HCIOJIB30BAHUSI TPYHTO-
OCTOHHBIX JJIEMEHTOB B KadeCTBE BBICOKO-
Harpy>KCHHBIX CBail, paboOTalOMMX Ha BJABIHU-
BAIOIIYI0 Harpy3ky. ITpeOyemas Hecymas
CIIOCOOHOCTh CBaW oOecrevyeHa Kak 1Mo IpyHTY,
TaK ¥ 10 MPOYHOCTH KOHCTPYKTUBHOT'O 3JIEMEH-
Ta.

3akiaoueHne. MeToapl IOJIEBOTO  KOHTPOJIS
MOJTY9aeMbIX XapaKTEPHUCTHK T'PYHTOOETOHHBIX
JIIEMEHTOB pPa3paboTaHbl W ONpoOOBAaHBI Ha
psifie aHaIOrnYHbIX 00bekToB [2]. Ho Hanbomee
MOKa3aTeJIbHBIM METOJIOM KOHTPOJISI SIBJISIFOTCS
HAaTypHBIE  WCIIBITAHMS,  ITOJATBEPIKAAIOIINE
MPaBUJIBHOCTh TPHHATHIX WH)KCHEPHBIX pellle-
HUA W KadecTBO BBIMOIHEHHBIX pPadOT 10
YCWICHUIO CYIIECTBYIOIMX  (YHIAMEHTHBIX
KOHCTPYKLHUH.

PaccMoTpeHHbII MeTOJ] oOecreyeHus: reoTex-
HHYECKOI 0€30IaCHOCTH 3AaHUH U COOPYKEHUI
IpU TIOMOIIM YCTPOICTBA JIOMOIHUTEIBHBIX
TPYHTOOETOHHBIX CBail, MOJOXKEHHS IPOCKTH-
POBaHUs, MPOU3BOACTBA PAdOT M KOHTPOIS MX
KavyecTBa SIBJIAIOTCSI OJHOW W3 OCHOBHBIX CO-
CTaBJISIOLIMX pa3pabaThIBAEMOrO B HACTOSILEE
BpeMsl TEXHHYECKOTO perjlaMeHTa Ha IpHMe-
HEHUE TEXHOJIOTUH CTPYMHOM LIeMEHTauuu
TpyHTAa.



JIuteparypa.

1.

CnpaBouyHuk TeoTexHuka. OcCHOBaHWHS,
(GyHAaMEHTBl U MOJ3EMHBIE COOPYKEHUs!/
[on oOmeit pen. B.A. UnpuueBa u P.A.
Manrymesa. - M.: 3n. ACB, 2014.
Makoseukuit O.A, 3yeB C.C., XycauHos
N.N. Ilpumenenue CTpyHHOW LEMEHTALMU
JUIS YCTPOMCTBAa MOA3EMHBIX YacTed KOM-
wiekcoB. //  JKwiuimHoe — CTPOUTEIb-
ctB0.2013.Ne9, cTp.10-14.

48



PacueTnasi moaesab 1e¢opMUPOBAHNS BEPTUKAJIBHO APMUPOBAH-
HbIX OCHOBAHUH NPH HUKJINYECKOM HATPy:KeHUH

Mupcasnos 1.T. & Koponesa 11.B.

OI'bOY BIIO Kazanckuii rocynapcTBEHHBIH apXUTEKTYPHO-CTPOUTEIBHBIN YHUBEpCHTET, Poccus

AHHOTAIUA: [Tpemnararotcst pacueTHbIE MOAEIN HECYIeH CIIOCOOHOCTH U Ae()OPMHUPOBAHUS aPMHUPOBAHHBIX
BEPTHKAIBHBIMU 3JIEMEHTaMH TPYHTOBBIX OCHOBaHMI. Hecymias crocoOHOCTE apMUPOBAaHHOTO BEPTHKAIEHBIMA
9JIEMEHTAMH OCHOBaHHUsS B CXKHMAIOLIEM CHJIOBOM IIOTOKE CKJIAJbIBACTCS M3 CONPOTUBICHHS TPEXOCHOMY
C)KAaTHIO B CPEIHEN 30HE U CONPOTHUBIICHUS CIBUTY B KPAacBhIX 30HaX. JlepopManust apMUPOBAaHHOTO OCHOBAHUS
OIIPEeNeNACTCS. METOJOM IOCIOHHOr0 CyMMHPOBAaHHSA C YYETOM HANPSHKEHHOTO COCTOSHHUS OKpPYIXKAIOLIEro
IPYHTOBOI'O MacCHBa  COBMECTHOH Je)opMalvi rpyHTa U apMUPYIOIINX IEMEHTOB.

1. BBEJEHUE

[Ipu BBICOKMX YPOBHSX HAarpy3Ku Ha TpyH-
TOBBIC OCHOBAHHMS WJIM HAJIMYUU TOJIIIU CIa0BIX
IPYHTOB OJHHAM W3 CIIOCOOOB YBEIHUYCHHS
HECYIIEeH CIIOCOOHOCTH SIBISICTCS MPHMCHCHUE

BEPTHUKAJIBHOTO  apPMHPOBAHUS  TPYHTOBOTO
MaccuBa.
ApMHpOBaHHOE  TPYHTOBOE  OCHOBAaHHE

IpeAcTaBiIsieT co0OW KOMOWHALMIO TpyHTa M
apMHPYIOIINX 3JIEMEHTOB, NPH 3TOM apMHpPY-
IOIIME JIEMEHTHl MEHSAIOT YCIOBHUs aedopMmu-
pOBaHMSA OCHOBaHMSA, OTrpaHMYMBas nedopma-
UM TPYHTOB KaK B BEPTHUKAIbHOM, TaK H B
TOPU30HTAJIBHOM HarpaBJICHUH, IIOBBIIIIAs
0OIIyI0 yCTOHYMBOCTh OCHOBAHHMS B LIEJIOM.

HccnenoBannio paboThl OCHOBAaHWH, apMH-
POBAaHHBIX  BEPTUKAIBHBIMA  3JICMEHTaMH,
MOCBSIIIIEHO ~ OOJNBIIOE  KOJNUYECTBO  paboT.
OCHOBHOM IIEJBIO CYIIECTBYIOLIUX HCCIIEIO0Ba-
HHUHU SIBIISIETCS TOJBKO YCTaHOBJICHUEC OCHOBHBIX
TEOPETHUECKUX 3aKOHOMEPHOCTEW M 0COOEHHO-
cTell pabOThl apMHPOBAHHBIX BEPTHKAIBHBIMHU
JJIEMEHTaMH OCHOBAaHMH (YHIAMEHTOB IT0]
KpaTKOBPEMEHHON CTATUUECKON HArpy3KOM.

OnHako 311aHUS U COOPYXEHHUsS] U UX OCHO-
BaHHU HaApsAay CO CTATUUYCCKUMU MOABEPraroTCAa
BO3/ICHCTBUIO Pa3JIMUHOTO pOJa LUKINYECKHX
Harpy3ok, KOTOpbleé B LEJIOM psijie CIydacB
SIBIIFOTCSL ~ OCHOBHBIMH  OTIPEICIISIOIUMHA
0€301MacHOCTh M SKCIUTYyaTAlHOHHYIO MPHUTO[-
HOCTb JJIEMEHTOB 3/IaHHS.

CoBMecTHOE JIe)OPMUPOBAHHE  CHCTEMBI
«apMUpYIOLIME BJIEMEHTHl — IUINTa — TPYHT
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apMHUPOBAaHHOT'O OCHOBAHMSD» C y4E€TOM Ilepe-
pacnpeneneHuss YCUINM MEXIy OTAEIbHBIMU
JJIeMEHTaMU B MpOIecce LUKINYECKUX Harpy-
JKEHUH MPaKTUYECKU HE U3YUYEHBI.

B cBs3M C BBIIEHU3/I0KEHHBIM, BO3HUKAET
HEOOXOAWMOCTh  HCCIICZIOBAaHUS  IMOBEACHHSA
apMHUPYIOUIMX OCHOBAaHUU IpU LMKIMYECKOM
Harpy>keHuHu.

2. PE3VJITATHI
DKCIEPUMEHTAJIBHBIX
WCCJIEJJOBAHUI

OKcIepiMEHTaIbHBIE HCCIIEIOBAaHUS IIPO-
BOJAWJINCH B 00OBEMHOM Ja0OPaTOPHOM JIOTKE C
pasmepamu 1,0x1,0x1,0m. B xagectBe momenu
TUINTHI UCIIOJIB30BAJIACh KEJIe300€TOHHAS IIUTa
¢ pasmepamu 400x400x40mMM, apMupoBaHHas
IIPOBOJIOYHOM apMatypoit ¥3 Bp-1. Apmupyro-
e 3JIEMEHTHl MOJEIHPOBAINCH  ITOJIBIMHU
IUTACTUKOBBIMU TPYOKaMH THAMETPOM 7 MM,
mmaHor 400 MM M TOJIIHHON CTEHKH 1 MM CO
CICAYIONIMMU 3HAYCHUAMU MNPOYHOCTHBIX U
JeOpMaMOHHBIX XapaKTEPUCTHK: MPOYHOCTH
Ha cxkatne R.,=92,0 MIla; momxyns nedopma-
mun  E.,=700 MIla. I'pynrom ocHOBaHHA
ABISIACh Cymnech TBephas (Moxmynb nedopma-
mun E=4,6 MIla, yronm BHYTpEHHErO TPEHHSA
¢=11°, ynensnoe cuerurenue c=2,6 klla, miot-
HocTh p=1,4 T/™°, BraxHocts W=11%). IIpu
9KCTIEPUMEHTAIIBHBIX HMCCIICAOBAHUAX HPUHATA
MOJIeTIb APMHPOBAHHOTO OCHOBAHUS C KOJIHYe-
CTBOM apMupyromux 3ieMerToB 30 mT. c



mraroM 7d. Mexy apMUPYIOLIMMH dJIEMEHTaMH
U IUIMTOM YyCTpamBaeTcsl IecyaHas MOJyIIKa
rIIyOHHOU 5 cM.

Ha pucynke 1 mpuBonsTcs rpaduku u3me-
HEHUs YCWIMH B apMHPYIOIINX 3JIEMEHTaX HpH
LUKJINIECKOM HarpyxeHuu. CiielyeT OTMETHTb,
YTO HauOOJbIIee YCHINE BO3HUKAET B BEPXHEH
YacTU apMHUPYIOIIETO 3JIEMEHTa, IPU 3TOM C
YBEJIIMYCHUEM KOJIMYECTBA LUKJIOB HAIrpy>XCHUSA
NPONOPILHOHAIBHO YBEIMYUBAIOTCS YCHIMS B
apMHUPYIOIIEM dIIEMEHTE.
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Pucynok 1. VI3MeHeHHe YCHINA B apMHUPYIOIIAX
3JIeMEeHTax MpY NUKINIECKOM Harpy>KeHUH.

Ha pucynke 2 mpuBeneHBI TpaQuKu H3Me-
HEHUsI HANPsDKEHUH B Pa3iIMYHBIX 30HAX TPYHTA
apMHPOBAHHOTO OCHOBAHUS NPH LMKIMYECKOM
HarpyxeHnu. Kak BumHO u3 rpaduka, Hamps-
JKEHHs B TPYHTE YBEJIMYMBAECTCSA BO BCEX 30HAX
TpyHTa C YBCJIMYCHUCM KOJIMYECTBA IHKIIOB
HarpyxeHus. IIpu 3ToM HEOOXOAUMO OTMETHUTB,
9TO HaWOOJbIIee YBEIWYCHHE HAMPSDKESHHH
TIPOUCXOUT O IEHTPOM IIIHTHI.

[uximueckre Harpy>XeHUs! BBI3BaJIH yBEJH-
YeHHe 0CaJl0OK OCHOBaHUA (puc. 3) Kak B Mpeje-
JlaX IUIMTBI, TaK M 3a €€ IMpcaciiaMu, NMpUICeM
WHTCHCUBHOCTh MX PAa3BUTHSA 3aBHCENAa OT
KOOpAWHATHI pacCMAaTPUBAEMOW TOYKH M HOMeE-
pa nmkiIa HarpykeHus. Cieryer OTMETUTh, 9TO
32 TEpBBIA IMKJI Harpy)XeHHs IpOU30ILIa
ocanka paBHas 20-60% (B 3aBUCHMOCTH OT
3HAYCHUS MaKCUMAJILHOW Harpy3Kd) OT OOIICi
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BeJIMYMHBL  AedopManuu  apMHUPOBAHHOTO
MaccuBa, JOCTUTHYTOW IIpM  3aBEpLUECHUU
HCIBITAHUSA.
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Pucynok 2. V3MeHeHue HampspKeHHH B TpyHTE IO
TIyOMHE MacCHBa MPU MUKINYECKOM HarPy>KeHUH.
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Pucynok 3. MI3meHeHne ocagku apMUPOBAHHOTO
OCHOBAHUS MPH HUKIMYECKOM HarpyKeHHUH.

3. OLIEHKA HECYILEHN CIIOCOBHOCTH
APMHPOBAHHOI'O TPYHTOBOI'O
OCHOBAHMS TTPY LIUKJIMYECKOM
HATPY)XEHUU

Hcxons U3 aHanu3a pe3yibTaToB SKCIEPH-
MEHTAJIBHBIX HMCCIICIOBAHUM, NPHUHATA pabouas
THIIOTE3a, B COOTBETCTBUHM C KOTOPOH COIpO-
THUBJICHHE apMHPOBAHHOIO MacCHBa B CXKHMa-
IOIEM CHJIOBOM IIOTOKE CKJIAABIBACTCS U3
COIIPOTHBIICHHUS TPEXOCHOMY CXKaTHIO B Cpell-
Hell 30He W COMPOTHBIIEHUS CIBUTY B KPaeBBbIX
30Hax (puc. 4a).

OCHOBBIBasiCh Ha BBIJBHHYTOW THIIOTE3€ O
MEXaHH3Me CONPOTHUBIICHUS, YCIOBHE HeCyIeH



CIOCOOHOCTH ~ apMUPOBAHHOTO  TPYHTOBOTO
OCHOBAaHUS 3allUCHIBACTCS B BUAE:

P<ctgep-T+E,, 1
rre T — conpoTHBiIeHHE apMHUPOBAHHOIO

TpPYHTOBOrO MaccuBa casury; F, — conpoTusie-
HUE apMHPOBAaHHOIO TPYHTOBOTO MAacCCHBa
CXKATHUIO B CpPEIHEN 4acTH; (p — yroJl BHYTpPEHHe-
r'o TPEHHsI apMHUPOBAHHOTO TPYHTA.

Pucynok 4. a) PacuetHas cxema 11 onpeaeneHust
HecylLIeH CrIoCOOHOCTH apMUPOBAHHOTO OCHOBAHHSI,
0) Pacuernast cxema Ju1st onpeeeHus Hecymen
CIOCOOHOCTH apMUPYIOLIETO JIEMEeHTA.

IIpoyHOCTE apMUPOBAaHHOTO TPYHTOBOIO
MacCHBa CIBUTY B KPAaeBBbIX 30HAX CKJIAJbIBAET-
Ci U3 CONPOTUBJICHUS H3THOYy apMHUPYIOIIUX
9JIEMEHTOB, MEPEeCeKaroIUX IIOCKOCTh CKOJb-
JKEHHA TpPyHTa, WU COMNPOTUBICHUS CXKATUIO
TpyHTa MOJ AapMHUPYIOIIUMH 3leMeHTaMu. B
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9TOM CJIy4a€ IMPOYHOCTH KPA€BBIX 30H Ha CABUT
OIIMCBIBACTCS YPABHCHUEM!

T=R, +R (2)
rae R, — comporuBneHue apMHpYOLIETro 3ie-
MeHTa u3rudy; R;, — compoTuBieHue rpyHra
CKaTHIO IO/ apMHPYIOIINMH 3JIEMEHTAMH.

VYcunne, BOCOpUHAMAEMOE 3a CUET Harelb-
HOH paboThl apMUPYIOLIETO JJIEMEHTa, Harpsi-
MYIO 3aBHCHUT OT YCJIIOBHI COBMECTHOTO Jedop-
MUpPOBaHHSA 3TOTO UIEMEHTAa C OKpPY>KAIOLIUM
TPYHTOM M UX IIPOYHOCTHBIX M Je(OpPMAIMOH-
HBIX XapakTepucTuk. Ilpu s3Tom apmupyrommuit
3JIEMEHT paccMaTpUBaeTCs KaK KOHCOJIbHAs
Oarnka, 3alieMJIEHHas Ha ypOBHE JMHUU CIIBUTA
rpyHTa ocHoBaHus. JledopMmupoBanue apmu-
PYIOLIETO JJEMEHTa HIXKE JHUHHM CHABHra
ompezensieTcst Kak A OaJku Ha yHpyrom
OCHOBaHMHU, Ui KOTOPOH O4YeHb BaKHBIMH
SBJISIFOTCS iepopMallMOHHbIE CBOMCTBA OCHOBA-
Hus. OnHUM U3 TOKazaTeled 3THX CBOMCTB
ABJsieTcsl Kod((UIMEHT MOCTeNM OCHOBAHMSI.
Koa¢ddumment mocrenu rpyHTOBOT0 OCHOBaHUS
MOJI apMHUPYIOUIMM 3JIEMEHTOM 3aBHCHUT OT
JUaMeTpa apMHUPYIOLIETO 3JIEMEHTa, MOMIYJIS
JedopMalii TPyHTAa U YPOBHS HampsHKEHUI.
Kpome toro, Ha3zBaHHBIH KOI((HULINEHT, MEHs-
€Tcsl [0 JUIMHE apMHUPYIOLIETO IEMEHTA.

ITpn ompenenenun ko3 QuIEeHTa MOCTETN
TPYHTOBOTO OCHOBaHHS TIIOJl apMHUPYIOIIAM
3JIEMEHTOM HUCIIOJNIb3YETCS BBIPAXKECHUE

P’

L 2q-d
L% 4
05d, T T Eo

rae q=Q./d, ; d, — OmaMeTp apMHPYOMIETo
aneMenTa; Qg C/IBUTAIONIEE YCHIIHE [0
IUIOCKOCTH caBura; Ey — Moaynp oOImux je-
¢dopmanuii rpyHTa.

30Ha BO3HUKHOBCHHA MAaKCUMAJIBHBIX HOP-
MaJbHBIX HANPSDKCHUH B apMHUPYIOIEM 3Je-
MEHTE OT U3ruba HaXOMUTCsI Ha PacCTOSIHUM L
OT IJIOCKOCTH capura (puc. 40). OTo paccros-
HHUE TaK)Ke SBJISACTCS U 30HOW mepefavn yCuini
OT apMHPYIOIIUX 3JIEMEHTOB Ha IPYHT. corjac-
HO PEIICHHIO 3aa4YH O MOTYOECKOHEYHO [UTHH-
HOM CTEP)KHE B YIPYIOM IOIYIPOCTPAHCTBE B
BOCIIPHATHHU CHITBI, ICHCTBYIOIICH Ha CTCPIKCHB,
aKTHUBHOE YYaCTHE NPUHUMAET TOJBKO YacCTh
OCHOBaHHUS JINHOM L,.

JliimHa 30HBI aKTHBHOTO Je(OpMHUpOBaHHUS
IPYHTa HMEET CYLIECTBEHHOE 3HA4Y€HUE IIPU
OLICHKE HECYIEeH CIOCOOHOCTH apMHPYHOLIETo
9NIEMEHTA U 3aBHUCHUT OT €r0 F€OMETPUYCCKUX H



JIe(OpPMAaIMOHHBIX XapaKTePUCTHK, K0I(D HUIH-
€HTa IIOCTEJM IPYHTOBOTO OCHOBAHHS U OIIpe-
nemsercss mo ¢opmyne [Mupcasmos U.T. &
IMomos A.O. 2010]:

“

rne E, — Monyns ynpyrocti Marepuana apMu-
pylomero sieMeHTa; I, — MOMEHT wWHepIHn
MIOTIEPEYHOTO CEYEHHs apMHPYIOIIETO 3JIEMEH-
Ta.

Ecnu npeanosoxuTh, YTO HaNpsDKEHHS B
TpyHTE HOJ apMUPYIOIIUM 3JIEMEHTOM paclpe-
JEISI0TCS 1Mo 30He Ly paBHOMEpHO, TO PaBHO-
JCHUCTBYIOIIYIO  BIIOPHl  HANpsDKCHHWH, T.e.
ycHiHe, BOCIPHHUMAaEMOE TPYHTOBBIM OCHOBa-
HHEM MOJ apMUPYIOUIUM 3JIEMEHTOM, MOXHO
OTIPE/IEINUTH IO BEIPAKCHUIO

Rrp =qyi Ly~ (6))

BenmumHa qy; A7 KaXKA0H 30HBI TIO JUTHHE
IUIOCKOCTH CIBUTA OMpEIENseTCS U3 BBIpaXKe-
HUS

Quit =Orp (Srp)'da : (©)

rie Gy, — GYHKIMA OOBEMHBIX HANpPKEHUH B
TPYHTE TIOJ apMHUPYIOIIMMH 3JIEMEHTaMH,
3aBHCAMIAS OT 00BEMHBIX AedopMamuii TpyHTa
T10J] apPMUPYIOLIMMH SJIEMEHTaMH.

[oncrasisist Beipaxkenue (6) B BbIpaKeHUE
(5) MOXXHO TTOTyYHUTH

Ry :csrp(srp)da ‘L, @)

Tae &p o0BeMHBIE JAedopMalii TPYHTA,
COOTBETCTBYIOIIUE COBMECTHOMY JIe(OpMHUpO-
BaHHIO TPYHTa M apMHPYIOIIETO AJIEMEHTA.

IpenenbHY0 HECYILYIO CIIOCOOHOCTH IPYH-
Ta TOA apMUPYIOUIMM JJIEMEHTOM MOKHO
OIPE/ICITUTH 110 MpeNeNny NPOYHOCTH B yCIOBHU-
X 00BEMHOTO HANPSDKEHHOTO COCTOSHHMS, TaK
Kak TPYHT HOA AapMUPYIOIIUM DJIEMEHTOM
paboTaeT B CTECHEHHBIX YCJIOBHSX, BCIIEICTBHE
4yero OymeT HaOJIIOAaThCs IMOBBINICHUE COINPO-
TUBJICHHS TPYHTA CXKATHIO.

Hcxons M3 mpeyiokeHHBIX B [Mupcasnos
N.T. & Kopomesa 1.B. 2011] cxem pa3pymie-
HUSI M 30H HalpsHKEHHO-1e(hOPMUPOBAHHOTO
COCTOSIHMSI TPYHTa IIPH TPEXOCHOM CIKaTUH
NIpUHUMAeTcsl 0000IIeHHas cXeMa HEeyIpyroro
JeOpMUPOBaHHS TPYHTOB T10/1 APMUPYIOIIIMHA
9JIEMEHTaMH, COIJIACHO KOTOPOM CHJIa CYXOro
Tpernss KynoHa OTKIIOHSETCS OT IUIOIIAAKU
IpeNeNbHOI0 PAaBHOBECHUs M AEHCTBYeT B
IUIOCKOCTH YHCTO TaHTEHIUAJIBHOTO CKOJIbXKe-
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HUs pusmdecknx gactur. OmnpeneneHne opueH-
TallMMd TAaKUX MOTEHLUAIbHO OMACHBIX IUIOLIA-
JIOK TpeOyeT yduera J1ehOPMUPOBAHHOTO COCTO-
SIHHSL TPYHTA TIPH [IUKINYECKOM HaTrPyKeHHUH.

VYuuTeiBasg, 4YTO HE3aBHCHUMO OT CTCIICHH
HAYaJIbHOM  HEOJHOPOJHOCTH  HAIPSKEHHO-
Je(OpPMHUPOBAHHOTO COCTOSIHHSI JIEMEHTAPHOTO
o0beMa TIpyHTa YCTaJOCTHOE pa3pylIeHUe
BCEra MPOMCXOAUT B MPOCTPAHCTBE TJIABHBIX
HanpspKeHUH, COBMellas MPOCTPAHCTBO TIJIaB-
HBIX HANpsHKEHHH G, Oy, O3 M MPOCTPAHCTBO
rIaBHbIX Jedopmanuit €, €, € W COXpaHss
MPUHIUT KOAKCHABHOCTH TEH30POB HAMpsKe-
HUW W ckopoctedl nedopmaruii [Mupcasmnos
N.T. & Koponesa M.B. 2011], mpumem, uto
3aKOH cyxoro TpeHus KyioHa cBs3bIBaeT
MPOEKLMH CHJI, JEHCTBYIONIMX Ha IUIOMIAAKAX
MIPEEIBHOTO PAaBHOBECHSI Ha HOPMaJb K ILIO-
MIaJIKe CKOJILKEHHS M Ha Hee camy. Torma
YCIIOBUE TEYCHUSI TPU IUKIHYECKOM Harpyxe-
HUU 3aIIUIICTCS B BUIC

[t =S tgp(t, N, t)+ ¢ (t, N, 1), (8)

rie S=o;'1''to,;m'm'+o3n'n’; t=((c;1'm’'-
o, m 1Y +(c,'m'n'-63-n'm' ) +(c5n-1'-

o' l'n)H)"; ¢(t,N,T) — IepeMeHHEI BO BpeMe-
HH YTrOJ BHYTPEHHEro TpeHus; Co(t,N,t)
IepeMEHHOE BO BPEMEHH YAETIbHOE CICTUICHHE;
I, m, n — HampaBJISAIOIIKE KOCUHYChI HOPMAJIH K
IUTOIIAJKE TPEIEIBHOT0 paBHOBecHs; 1', m', n’
— HaIpaBIAIOIIME KOCHHYCHl HOPMAld K ILIO-
IIa]IKE CKOJBKEHUSL.

[IpocTpancTBeHHasT OPHEHTAIHS IUIONIAIOK
NPEe/IeNbHOTO paBHOBeCHUs ompenensiercs: (op-
mynamu [Mupcasnos N.T. & Koponesa N.B.
20117:

I;
Po—3 . m?o_3 . p2__3 .

I
;-0
rne I,=0,-6,+0,-063+03-0; H

I; =0,:0, 03 — BTOpOU M TPETUH MHBApHU-
aHTbl TEH30pa IPHUBEICHHBIX TJIABHBIX HaIps-
xenit o; =c; +H (i=1, 2, 3); H=c/ctgep
BCECTOPOHHEE CKATHE, OIPENEIIAEMOE IO
runorese Kynona — Mopa; ¢ — yros BHyTpeH-
HETO TPEHUSI.

BelpaskeHnst U1 HaNpaBIAIONIMX KOCHHY-
COB HOpMaIM K IUIONIAJKaM CKOJIBXCHHUS

npenacraBisiorcs B Buje [MupcasmnoB N.T. &
Koponesa 1.B. 2011]:



(1,)221_3.d82.dg3—12+\/m.
3

(dsl —dsz)-(del —ds3) ’

(m,y:1.3.dsl.ds3—12+m‘
3

(d82_d81)’(d82_d83) ’

| 3-de;-dey — T, +413 =31, -1

(n,)z "3 (dey —de, )-(de; —de,)

rne de;, de,, de; — mpupamieHHs TIABHBIX
nedopmanuii; I,=de,+de,+des;
Igzdﬁl'd82+d82'd€3+d81'd83; I3: d81'd82'd83 —
MIEPBBI, BTOPOW M TPETUH WHBAPUAHTHI MPH-
pateHus qedpopmanuii.

Hcxonst w3 BBINIE H3IIOKEHHOH MOICIH U
pe3yIBTaTOB AKCHEPUMEHTAIBHBIX HCCIIEIO0Ba-
Huii [Mupcasmos U.T. & Koponesa 1.B. 2011]
YCIIOBHE MPOYHOCTH TPYHTA MOJ apMHPYIOIIH-

(10)

i

MM DJIEMEHTaMHM IIPH TPEXOCHOM  CHKaTUH
NPEJICTABIISETCA B BUJIE:
Gv(t,N)'Ash -cosal(t,N)+ )

+1y(t,N)- Ay, -sina, (t,N)

rae Ag=b*/(4cosas(t,N)) — rIomams MOBEPXHO-
CTH GOKOBBIX TIpaHeil mupamumsl; A;=b’ —
Iomaas rpaHu Kyba; o) — Yyroja HakJIOHa
TUTOIIA/IKU TIPEJIEIIbHOTO PaBHOBECHS K MOMEH-
Ty BPEMEHH t, COOTBETCTBYIOIEMY N; IIMKIaM
Harpy>KeHHs; O, — YTrOJ HAKJIOHA IUIOLIAaJKH
CABHUra K MOMEHTY BPEMEHHM t, COOTBETCTBYIO-
neMy N; UKJIaM HarpyXeHHs;
o,(t,N)=c-1(t,N)-I'(t,N)+o, m(t,N)-m"(t,N)+o;
n(t,N)'n"(t,N)+c4(t,N) — HOpmanbHBIE Hamps-
skeHust; o4(t,N)=E-Ad4/((1+v)'r) — qumaTaHTHBIE
HanpsokeHns;  Ty(t,N)=S-tg@o(t,N,7)+co(t,N,1)—
KacaTenbHble  HANpPSDKEHWS Ha  IUIOIIAJKe
IIPEAEIBHOTO PaBHOBECHSI.

[Ipu ompexneneHun Hecylledl CrnocoOHOCTH
apMHPOBAHHOTO TPYHTOBOTO OCHOBAHHMS IIPH
LUKJINYIECKOM Harpy>XeHHH Takke HeoOX0IUMO
00paTuTh BHUMaHHE Ha (OpMy SIIOPHI HAIPs-
XKEHUH B TPyHTE BAOJIb aPMHUPYIOLIETO 3IEMEH-
Ta. B 3aBucumocTd OT CTaauud, B KOTOPOH
nedopmupyercst TpyHT, (hopma SMIOPHI MOXKET
OBITh PA3MMYHON. DTO U3MEHEHUE YUNUTHIBACTCS
BBEICHHEM B PacyeTHYIO MOJENb KO3 dHUIHCH-
Ta IOJTHOTHI 3IOPHI (, KOTOpas ONpeneIseTcs
o gpopmyie

J.GFP( )dL
0= max max
Crp (Srp ' LX

(12)
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Ilie Orp(€rp) —HANPSKEHHS, COOTBETCTBYIOLIME
aedopMaIHsiM B TPYHTE; Gpy (& ) — MaK-
CHUMaJIbHBIC HAIPSDKEHHS, COOTBETCTBYIOIIHE
MpeaebHBIM IehopMaIisIM B TPYHTE.

Benuunna npenenbHON CABUTAIOIIECH CHITBI,
BOCTIpHHHMAaeMasi apMHUPYIOIIUMH 3JICMEHTaMU
MIPU OHUKIUIECKOM HArpy>KEHUH, OMpeAelseTcs
U3 YpaBHEHHUS paBHOBECHS MOMEHTOB BHEIIHUX
W BHYTPEHHHX CHJ HArpy>XEHHOTO CEUYCHHUS
KOHCOJIbHOHM OajKu, 3alleMJICHHOW [0 JIHHH
CIABHWra TpyHTa. OTa 0ajgKka MMHUTHPYET apMu-
PYIOLIMA 3JEMEHT B KpacBOH 30HE, IMepeceKa-
oMK IockocTh casura. Ilpu pacuere mpu-
HUMAaeTCsl KPUBOJWHEHHAs JMIOpa IMOTOHHBIX
CKUMAIOIIMX HANPSDKCHHUH B TPYHTE TMOJ
APMHUPYIOIIMM 3JIEMEHTOM C MAaKCHMAJbHBIM
3HAYCHUEM (<, UCXOJS U3 YCJIOBHIA COBMECT-
HOTO JIe(hOPMUPOBAHUS APMHUPYIOMIETO dIIEMEH-
Ta ¥ TPyHTA!

(13)

X
rae M,=(ca(xn)) Aa'©,)/4:d, — TIpenenbHBIHA
M3rHOArOMA ~ MOMEHT,  BOCIPUHHUMACMBIiA
APMHPYIOIIMM  JJIEMEHTOM,  IEPECEKAOIIHM

IUIOCKOCTh CJIBUTA apMHPOBAaHHOTO MacCHBa K
MOMEHTY BpEMEHH t, COOTBETCTByomeMy N;
LUKJIAaM HarpyXeHus; A, — IJIOIajapb Mmomneped-
HOTO CEUCHHs apMHUPYIOLIEr0 JJIEMEHTa; n —
KOJIMUECTBO apMHUPYIOLIUX 3JIEMEHTOB, Iepece-
KalOIUX TUIOCKOCTh CJIBHIa; Gu(Eyn)) — QyHK-
IUsI CYMMapHBIX HAIPSHKEHUH B apMHPYIOIIEM
3JIEMEHTE, 3aBHUCAIIAs OT COBMECTHBIX nedop-
Manuil apMHpPYIOIIETO 3JIEMEHTa & M TPyHTa
HOJ apMMPYIOIIMM DJIEMEHTOM  (E7€,), K
MOMEHTY BpeMeHU t, COOTBETCTByHoUIeMYy N;
OUKJIAM Harpy)XeHus; o, — KOd(PQUIUECHT
TIOJTHOTHI 3ITIOPHI HAMPSDKEHUH B MONEPEYHOM
CCUCHNH apMUPYIOLIETO 3JIEMEHTA.

DyHKIUS CyMMapHbIX HalpsyKeHUH B ap-
MUPYIOUIEM 3JIEMEHTE BbIUUCIIsieTCs 10 (hopmy-
e

a (ga(N) )= Ca (ga(No) )+ ica,uon (83(Ni) )’ (14)
iz

rlae Gu(€ano)) — HAIPSIKEHUS B apMUPYIOIIEM
JJIEeMEHTEe Ha TEepBOM IUKJIE HarpyXeHHUs;
Gazon(€a(Ni)) — JOTONHUTENBHBIE HANPSKEHHUs B
APMHUPYIOLIEM IEMEHTE, BO3HUKAIOLIUE 3a CUET
HaKOIUICHHSI HEYNPYTuX AehopMaIuii B TpyHTE
IPU [UKJIMYECKOM HArpyXeHHH, K MOMEHTY
BpEMEHU t, COOTBETCTByomleMy N; LHUKJIaM
Harpy>XeHusl.



CompoTHBiIEHHE apPMHPOBAHHOTO TPYyHTa
CKaTHI0O B CpEIHEH dYacTH ONIpEneNsieTcs II0

bopmyiie:
F.(N)= (0, (N)+ 0, (N))-sing(N)x

xtgp(N)-A; +0,(N)-A ’ (13)

ap "1

raie o (N)=4(ov(t,N)-Ag-cosa;(t,N)+Ty(t,N)x
X Agy-sina, (t,N)) — mpenenpHble HANPSOKEHUS B
IPYHTE B  YCIOBHSX MPOCTPAHCTBEHHOTO
HATPSHKCHHOTO COCTOSIHUSI K MOMEHTY BPEMCHH
t, cooTBeTCTBYIONIEMY N; IIUKJIAM HATPYXKCHUS;
6(N)=c(N)-ctgop(N) — nmaBieHHE CBS3HOCTH K
MOMEHTY BpPEMEHH t, COOTBETCTBYyIOMEMY N;
LUKIaM HarpyXeHus; Ay, — IJIOMagh IOBEPX-
HOCTEH cIBHra, M*; A — IUIOMAb Apa CHKATHS,
M’ 0,(N) — HanpsKeHHe B apMUPYIOLIEM
AJIEMEHTE K MOMCHTY BPEMCHH t, COOTBETCTBY-
romemy N; IIUKIIaM HarpyXeHus; A, — TUIOIIAAb
MIOTIEPEYHOTO CEUEHUS apMHUPYIOMUX AIIeMEH-
TOB, PACMIONOKEHHBIX B SAPE CKATHA, M’} 1) —
KOJIMYECTBO aPMHUPYIONIUX DJIEMCHTOB B SIIPE
cxKaTus.

4. PACYET OCAJIK1 APMHUPOBAHHOI'O
I'PYHTOBOI'O OCHOBAHNA ITPU
MUKJIMYECKOM HATPY>XEHIN

WmxeHepHbIE METOABI pacdeTa IOJDKHBI
BKJIIOYATH AIIEMEHTHI ydeTa TPaeKTOPUU HArpy-
KCHU OCHOBAHMUA, IPU DTOM pacCMaTpuBas HE
TOJILKO OCOOCHHOCTH Je(OPMHUPOBAHUS TPYHTA,
KOTOPBIE MOXKHO ONPEACTUTH 0 KOMIIPECCHOH-
HBIM 3aBHCHMOCTSIM, HO M Te€, KOTOphIe 00Yy-
CIIOBIIEHBI TPOCTPAHCTBEHHBHIM  COCTOSHHEM
TpyHTa.

IIpennaraercst MHAKEHEPHBIM METOJI pacyeTa
0CaJI0OK apMHUPOBAHHBIX OCHOBAaHUH, B OCHOBY
KOTOPOTO TOJIOKEH METOJ] MTOCIOWHOTO CYMMHU-
POBaHHUS C YYETOM MPOCTPAHCTBEHHOTO HATPsI-
KCHHO-IEPOPMHPYEMOTO COCTOSHHSI apMHUPO-
BaHHOT'O TPYHTOBOTO MacCHBA.

OO6mas ocajgka apMHUPOBAHHOTO OCHOBAHUS
B YCJIOBUAX HUKIMYECKOrO0 HArpy>KCHUs 3allu-
CBHIBAaETCs CICIYIOIIUM 00pa3oM (puc. 5)

S(N)=8,(N)+S,,(N)+S,(N), (16)
rre S,(N) — ocagka TPYHTOBOM MOZYIIKH;
S.»(N) — ocanka B mpenmenax apMHPOBaHHOM
30HI; Sy(N) — ocangka HIDKE 30HBI apMHpOBa-
HUSL

Ocazika rpyHTOBOM ITOJYIIKH ONpPEAEIIAEeTCS
METOJIOM MTOCIIOHHOTO CYMMHPOBAHUSI C YIETOM
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OTPaHWYCHUS CXMMAEMOW TOJIIM MOIIHOCTHIO
TPYHTOBOW MOJYILKHU:

m
0.8 0, (N)-A,;
S, (N)=—=

BN 4

rae Ay TOJIIIMHA 3JIEMEHTapHOrO CJOos B
mpejenax TPyHTOBOW MOAYIIKH; M — KOJHYeE-
CTBO 3JIEMEHTApPHBIX CIIOEB B MpEAEIax IPyHTO-
BOM IOJYILIKH.

Pucynok 5. Cxema pgnsg pacyera pedopmanuit
BEPTHKAIPHO AapMHUPOBAHHOTO OCHOBAHUS  IIpU
IUKITMYECKOM Harpy>KeHHUH.

Ocazka B mpejesiax apMHPOBAHHON 30HBI U
HIDKE 30HBI ApPMHPOBAHHS OMNPEAENIAETCS 110
CITEIYTOIIEH METOTHKE.

IpuponHOe HANPSIKEHHOE COCTOSHHE OT
JICHUCTBHUsI COOCTBEHHOTO Beca TPyHTa MTPHHAMA-
€M U3 YCJOBHUS OJHOMEPHOTO YIUIOTHEHHS C
KO3 PHUIIEHTOM OOKOBOTO JIABICHUS

E= K, -2G6, , (18)
K, +4G,
rie K, — Moamymp oObeMHBIX aedopmarimii

rpynta; G, — MOAyJb CIBUTa TPYHTA.

Monayns 0o0beMHBIX AedopMarii rpyHTa B
npezenax apMHPOBAaHHOW 30HBI OINpPEIeIsIeTCs
o hopmyre:

erp (Vrp - Va XYei + Y i ) +

K 9KB _ Vrp Y (19)
v n
P + (Yzi +Ypi)zfi u -1 Oy
o Vao
roe K, ,, — Momyne o06beMHBIX Oedopmanuii

IpyHTa B NpeJieNax apMUPOBAHHOM 30HBI; Vi, —



o0beM TpyHTa B TIpenesiax apMHUPOBAHHOMN
30HBI;, V, — 00BEM apMHUPYIOUINX 3JIEMEHTOB B
nperenax apMUPOBaHHOW 30HBI; f; — conpoTHB-
JIEHWE CIBUTY MEXIy apMHUPYIOLIIUM DJIEMEH-
TOM U TPYHTOM; U; — IEPUMETP IHOIEPEYHOIO
CEYEHUs] apMUPYIOUIErO DJIEMEHTA; O, - COOT-
HOLIEHHE MOXyJed nedopManuy Marepuaia
apMHPYIOIIETo 3JIEMEHTa U TPYHTa; Y, - KO3(-
(GULKEHT, YYUTHIBAIOIINKA HEYIIPYTrUe CBOMCTBA
apMHUPOBAHHOTO OCHOBAHUS; Yei, Yui — KO dH-
LUEHTBI, YYWTHIBAIOINUE [JIMHY U IPOLEHT
apMHPOBaHUS 110 00BEMY:

v =1,640312 v =1,075 =5 (20)

Hs My

rae l,, — JmMHa apMHUPYIOMKX 3JIEMEHTOB, M; Hj
— BBICOTA CIKUMAEMOHl TOMIIM, M; | — HPOLEHT
apMHUpPOBaHKs TPYHTOBOI'O OCHOBaHHWS; || —
MIPOLIEHT apMHUPOBAHUsS TNPH JUIMHE apMHpPYIO-
IHUX 3JEMEHTOB, PAaBHOW IIMPUHE IIOIOLIBHI
(yHIaMEHTHOI TUTUTEHI.

IIpn pacuere ocagku apMHPOBAHHOTO Mac-
CHBa B IIpeJenax apMHUPOBAHHOM 30HBI 3a
BBICOTY CKMMaeMoOil TONIIM TPUHAMAETCS
BBICOTA apMHUpYIOIIEro 3JeMeHTa. BeicoTa
C)KMMAEMOHM TOJIIIN HIDKE 30HBI apMHPOBAHUS
OIlpezieIeHa [0 HOPMaTHBHON METO/NKE:

H,=Z; o, =05c 1))
rae Hg — MOIIHOCTh CKUMaeMoOM TOJIUIM, MpHU-
HMMaeMoH Ha riayOuHe Z; G, — BEPTHKaIbHOE
HOpPMaJbHOE HampsHKeHHe Ha TiyouHe Z OT
JOIOJTHUTENBHOM HArpy3kd Ha OCHOBaHHE IO
OCH COOPYKEHHUS;, Oy BEPTUKAJIBHOE HOP-
MaJbHOE HAaNpsDKeHHE OT COOCTBEHHOIO Beca
TpyHTa OCHOBaHUS I1youHe Z.

3HaueHUs JUId S0P JOMOJHHUTEIbHBIX BEp-
TUKIBHBIX HANpsDKEHHH 1o ocu (yHIaMeHTa
(kBazpaTHOTO IITamIia) Ha TIyOWMHE Z MOXKHO
OTpeNeNnTh TO OOMIETIPHHATOW HOPMATHBHOM
METOJMKe. 3HAYEeHUSI TOPU30HTAIBHBIX COCTAB-
JSOIUX HalPsDKEHUH II0 LEHTPalbHOW OCH
MOTYT OBITH ONpe/eNeHbl U3 PEelIeHUH TEeOopUu
ynpyroctu. Cienyer OTMETUTb, YTO JUIS LIEH-
TpallbHOM OCH BEPTUKAJbHBIE U TOPU3OHTAIIb-
HBIE HANPSKEHUS SBIISTIOTCS T1aBHBIMH.

3Hass KOMITOHEHTHl BEPTHUKAJIBHBIX HampsA-
XKEHHUH B pa3IMYHBIX TOUYKAX OCHOBAHUS MOXKHO
ONpPEAEIUTh CPEIHEE HAIPSKEHUE U UHTEHCHUB-
HOCTb HalpsDKEHUI:

zg >

Oy +6y +0,
c=——"7"3,

3

(22)
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1 oy -0, P+, -0,

04
1 \/E +(GZ—GX)2+6~(tiy+t§Z+t§X)

ITo 3Ha4YeHHAM CpeAHEro HANPSDKEHUS U MH-
TEHCUBHOCTU HAIPSKEHUN OIpeleNsieM IpU-
paleHus] UHBapHAHTOB TEH30pa JAehOopMalyii:
npupaieHre o0beMHON nedopMannuy 1 HHTEH-
CHBHOCTH Je(hOpMaluii.

ITepexon OT MHBapHAaHTOB TEH30pa Aedop-
Mamui K oceBoil nedopmammu g, B ciaydae
pacuera nedopmanuii O NEHTPaNbHOH oOCH
¢byHnaMeHTa, Y4MTHIBasg COBIAJCHUE OCEH
TJIaBHBIX HANpsDKCHWH W TIIABHBIX JieopMannii
C LCHTPAJbHOH OChl0 (yHHZAMEHTa, MOXKHO
OCYIIECTBUTE!

- Ipyu COBNAACHUU ocell TIIaBHBIX HanpsHKe-
HUA © jgedopManMii ¢ LEHTPaJbHOH OCHIO
[ITaMma

2

, (24)
€ :g(gl ‘53)’

- B MHBIX CITy4asX UCIIOJIb3yeM yCIIOBHE CO-
OCHOCTH TEH30pOB IPHUPALLICHUI HANIPSHKEHUH U
nedopmanuit

A(sx—ey): A(sy—sz)z
A(GX—Gy) A(cy—csz)
_Ae,—e) _ Ae
_A(GZ_GX)_TGi_

(25)

OmnpenenseM YCIOBHBIE MOIYJH, XapakTe-
pHU3YIOLIUE NEPEXO] U3 MPHUPOTHOIO COCTOSHHUS
OCHOBaHMS B COCTOSIHHUE II0CJIE MPHIOKCHUS
MECTHOM Harpy3ku

AG(N)
Aey(N)

Mopaynu (26) MOryT OBITH MPEACTABICHBI
napaMeTpaMu 3akoHa ['yka B TpHUpalIeHUIX
HATIPsDKCHUN U AedopMarnuii uist dTana Harpy-
JKCHUSL.

Torma mpuparieHne oceBoi nedopManuu
MOJy4eHHOE U3 3aKoHa ['yka B mpuparieHusx:

_ AGz(N) 3KV(N)‘GV(N)
Ae,(N)= 7—A(S(N)-m

Gy(N)

[Tony4yenHnble 3Ha4YeHHs] NPUpPALICHUN Je-
dbopmanuii U MEHTPATBHON OCH W IOX YTIIIO-
BOM TOYKOM SIBJISIOTCSI CIIEACTBUEM JIEWCTBUS
MECTHOH Harpy3ku Kak JOTPY>KEHHS OCHOBa-
HUA, HAXOOAIICTOCsA Ioa L[eﬁCTBHeM Ha4YaJIbHO-

\ (N) = —Aci (N) :

- - 26
Ky (N) 32e, ) (26)

>

.27

.(23)



IO HAIPSHKEHHOTO COCTOSIHUSI, 00YCIOBIEHHOTO
COOCTBEHHBIM BECOM T'PYHTA.

Ocazxa OCHOBaHMUs, pa3ZEeICHHOIO Ha paB-
HBIE CJIOM JI0 YCJIOBHOHM INIyOMHBI COKUMaeMOM
TOJILLY, IPY HUKIMYECKOM Harpy>KEHUU

S(N) =X e,5(N)-h, - 28)
i=1

5. 3AKJIFOYEHUE

Pa3paboTaHbl pacueTHBIE MOIENH HeCymIen
CIOCOOHOCTH M OCAIOK apMHPOBAHHOTO TPYH-
TOBOTO OCHOBAaHUS TIPY IHKIMYECKOM Harpy-
KCHHH, BKJIIOYada BI)Ipa)KeHI/IH JUIA onpeaeneHHﬂ
CONPOTHUBJICHUS apPMHPOBAHHOIO TPYHTOBOTO
MaccuBa CIBUTY, COINPOTUBIICHHS apMUPOBaH-
HOTO TPYHTOBOTO MAacCHBa C)KAaTHIO B CpeTHEH
YacTH, BEJIMYMHBI MPEAEIbHOW CABUTAIOLIEH

CHIIBI,  BOCIPHHHMAaeMOH  apMHPYIOLUIMHU
JJIeMEHTaMH, BEJIHUYUHBI NpEeNeNbHOM caBura-
IOIE  CHIIBL, BOCHPHHUMAEMOM TpyHTOM

apPMHPOBAHHOTO OCHOBAHMS.

PazpaboTanHas pacdeTHas MOJENb OCAaIKH
apMHPOBAaHHOTO TPYHTOBOTO OCHOBaHHSA C
YY4ETOM COBMECTHOTO Ae(hOPMHUPOBAHHUSI T'PYyH-
TOBOTO MacCHBa M apMHUPYIOUIUX 3JIEMEHTOB
YUUTHIBAET  COBMECTHOE  JeOpMHpOBaHHE
TpyHTa ¥ apMHUPYIOUIUX 3JIEMEHTOB U MO3BOJIS-
er Ooslee TOYHO IPOTHO3HMPOBATH BEIMUMHY
OCaZKH  apMHPOBAaHHOTO  BEPTHKAIBHBIMHU
QJICMCHTAMU I'PYHTOBOT'O OCHOBAaHMUA.

ComocraBieHue pe3ynbTaToB pacyera He-
cymiell CHoOCOOHOCTH M 0CaIOK apMHPOBAHHBIX
BEPTUKAJIBHBIMH  DJIEMEHTaMH  T'PYHTOBBIX
OCHOBaHHH NPH IUKIMYECKOM HArpy>XEHHUH, T10
MIPEAJIOKEHHBIM PACUETHBIM MOJIEIISIM, XOPOIIO
COIJIACYIOTCS C pe3ylbTaTaMu J1abOPaTOPHBIX
UCTIbITAaHUH (OTKJIOHEHHE COCTaBIIsIeT He Oosee
15%).
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HanpsHKeHHOM coctossHun. M3gecmus KIACY, Ne
2 (16), c. 121-128.

Mupcasmnos U.T. & Koponesa U.B. 2011. IlporHo-
3upoBaHue aehopMaliii OCHOBaHHN (GyHIAMEH-
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PacueTrHast Moae/Ib HEJIMHEHHOTO AeOPMHUPOBAHMS INIMHUCTBIX
TPYHTOB IIPH CJI0KHOM HAINIPAKEHHOM COCTOSIHMHU B YCJIOBHSIX pe-

KHUMHOI'0 HATPY/KCHUA

Mupcasmos U.T. & Koponesa 1.B.

OI'bOY BIIO KazaHckuil rocynapcTBEHHBIN apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTeT, Poccus

AHHOTAIMUS: Tpeanaraercs mpocTpaHCTBEHHAS MOJENb JUIATHPYIONIETO TPYHTA B YCIOBHUSIX PEKHM-
HOTO HArpyXeHHs Ha OCHOBE TI'MIIOTE3bI, COIIACHO KOTOPOil cuia cyxoro TpeHus KyloHa OTKIIOHSETCSl OT
MPOCTPAaHCTBEHHOM IUTOIAIKN MPEIEIBHOTO PABHOBECHS U IEHCTBYET B INIOCKOCTH TAHTEHIIHAIBHOTO CKOIbXKE-
Hus gactui. O6beMHas fehopManist TPYHTa BO BPEMEHH NIPH PEKUMHOM Harpy)KCHHH OIHCHIBACTCS B COOTBET-
CTBHH C TEOpHE HACIEACTBEHHOW MOJI3YyYeCTH B BUAE CyMMBI AedopManuii n3MeHeHus oobema u nedopmaruii

HN3MCHCHUA (I)OprI C Y4€TOM UX B3aUMOBJIUSHUSA.

1. BBEJEHUE

B coBpeMeHHBIX YCIOBHAX NpU pa3pabOTKe
pacueTHBIX MoJeneil TPYyHTOB HCHOIb3YETCs
3aKOHBI TEOPUH IUIACTUYHOCTH, pa3paboTaHHbIE
JUISl METAINIMYECKNX MaTepHaioB. B ocHOBHOM
paccMaTpuMBalOTCS ~ pasliMdHBIC  BapUaHTHI
TEOpPUH IIIACTHYECKOro TeueHus. Bee 3T
METOABI B OCHOBHOM Pa3pa0OTaHbl IS CIydast
OJTHOKPAaTHOTO  CTaTUYECKOTO  Harpy>XeHHs.
[TosToMy 3TH MOAXO0AB! (TEOPHH) HE B COCTOS-
HUM YYWTHIBATh TOBEACHHE TPYHTOB MU
Pa3NUYHBIX PEKMMaxX HArpy)KEHHs, BCTpPEUaro-
IUXCA B PEANbHBIX YCJIOBHSX 3KCIUTyaTalllu
OCHOBaHUU 3JaHUil U coopyxxeHui. IIpu arom
HE yYHMTBIBAIOTCS Takue (aKTOpbl Kak JAMJIaTaH-
CHsl, YIPOUYHEHHE TPYHTOB, CHIJKEHHE MOMYJIS
nedopmanmy, yria BHYTPEHHErO TPEHHS U
YIENBPHOTO CHEIUICHHS B 3aBHCHMOCTH OT
pEKMMa Harpy KEeHHS.

B oOmem ciydae 37aHUS U COOPYKEHUS U
WX KOHCTPYKTHUBHBIE 3JIEMEHTBHI, B TOM YHCJE
(yHIaMEHTBl U TPYHTHI OCHOBaHWii, IOJBEpra-
IOTCSI BO3AEHCTBUIO PA3IMYHOIO POJA CTAaTHUE-
CKHUX M IUKIMYECKUX Harpy>KCHUH.

OCHOBBIBasACh Ha TOM, YTO B OCHOBAHUSIX,
CJIOKCHHBIX TJIMHUCTBIMU T'PYHTAMH, HaIpsd-
KEHHO-/1e()OPMUPOBAHHOE COCTOSIHHE 3aBUCHT
OT HCTOPUM MPEAIIECTBYIOIIErO HArpPYyKEHHUS,
ydeT ocoOeHHocTel aeGopMUpOBAaHUS TIIHHH-
CTBIX TPYHTOB MpPH PEKUMHOM JIUTEIBHOM
Harpy>KeHUM JaeT BO3MOXKHOCTb Oojiee TOYHO
H3Y4UTh peasibHble CBOMCTBA I'PYHTOB, U TaKOM
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00pazoM NpuOIM3UTH TEOPETHYECKHE TIPOTHO3BI
K peajbHOMY IOBEJICHUIO TPYHTOB OCHOBaHUH.

Paken

/

>
Bpems ctpoutennctea Bpems akcnnyarauuu T, cyTku

‘ 5330B0€ KOMMYEC TEO HATPYKEHIA 33 BCE BPEMA IKCMNYATALYN t

Pucynok 1. Pexumbl Harpy>keHusi, IpUHUMAaeMble B
pacyeTHBIX METOANKAX — CTaTHYECKOE (BBEPXY) U
LUKJINYECKOe (BHU3Y).

B cBsi3u ¢ 3TUM OBUIM ITPOBEIEHBI HUCIIBITA-
HUS TTIMHUCTBIX TPYHTOB B YCIOBUAX PEXKUMHO-
TO TPEXOCHOTO HArpyX€HHs IO HPUBEICHHBIM
Ha PUCYHKax 2 U 3 peKuMam.



2 6nok aeematopHoro
Harpyxens

atan BbIAEPX)KH

Harpyaka

arpyxenn
1 6ok pesnatoproro
arpyxenus

374N BLIAEPXHN

o6xatne

o Bpems

Pucynok 2. ®akTHUeCKHiA PEeXKUM UTUTETEHOTO
CTaTHYECKOTO HarpyXEHHS.

Omxna

JlinurenbHbIe
CTaTH9eCKHE
Harpy KEHIDT

JesuaTopHoe llMKIHYecKOe
HArpykeHHe

Harpy:keHHe

BCECTOPOHHES
G| OOKaTHE

) Nt Nt Ns Nt
trcyren
Pucynok 3. ®akTuueckuii pexxuM JUIUTEILHOIO
LUKIMYECKOT0 HAaTPYy>KSHUSL.
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Pucynok 4. CxeMbl Harpy>xeHusi o0pasia mnpu
JUITUTENIBHOM CTaTH4eCKOM (BBEPXY) U AJUTEIBHOM
LUKJIMYECKOM (BHH3Y) HAaTrpY>KSHUSIX.

2. PE3YJIBTATHI
OKCIEPUMEHTAJIHBIX
UCCJIEJJOBAHUI

IIpoBeneHHbIe dKCIEpUMEHTANIBHBIE HCCIIE-
JIOBaHMsI TO3BOJIWIM YCTAaHOBUTb HW3MEHEHUE
MIPOYHOCTHHIX H 1e(OPMAOHHBIX TapaMETPOB
TPYHTOB IIPH PACCMOTPEHHBIX PEKUMaX.

Ha puc 5 — 16 npuBeneHs! rpadukd u3me-
HEHHs MPOYHOCTH TpPyHTa MPH UIMTEIBHOM
POKUMHOM H  JUIUTEIBHOM  IMKIHYECKOM
Harpy>KeHusix; TpaduK 3aBUCHMOCTH MEXIY
CPEeIHUMH HaNpSHDKEHUSAMH G, U OOBEMHBIMHU
neopmanusMu - €,; TpaduKnM  3aBHCHMOCTH
MEXJly MHTEHCUBHOCTBIO KACATENIbHBIX HAIps-
KEHUH T; M WHTCHCHBHOCTHIO aedopMariwii
caBura vy TpaduKd  3aBHCHUMOCTH  MEXAY
CpPEeTHUMH HANpPsDKEHUSIMH G, U HHTEHCHBHO-
CTBIO JleopManuii ciBura v;; rpaduk n3MeHe-
HUSI JIMHEWHOTO MOIyns AedopManuu; rpaduk
n3MeHeHns Moxynst ciasura G BO BpPEMEHH;
rpaduk U3MEHEeHHUs TMHEIHOro Moy nedop-
manuu E, Bo BpeMeHH.

TTPONHOCTE TPYHTa NP KPATKOBPEMEHHOM
CTaTUHECKOM HarpyXeHWH

PacueTHtie anavens Koponeaoi 1 B

7w w ™ ED W o

Pucynok 5. I3MeHeHue MpOYHOCTH rPpyHTa IIPU
JUTITETFHOM CTaTHIECKOM PEKUMHOM HaTPy>KeHUH
npu 6oxoBoM gasienun 0,16 MIla.

D 0 T Mm 3X Do

Pucynok 6. MI3MeHeHne MPOYHOCTH TPYHTA MIPH
JUTUTENIEHOM IUKIMIECKOM PEKUMHOM HATPy>KEeHUH
npu 6oxoBoM nasnenun 0,16 MITa.

11 Beecropownee 9 s
ame

o 25 %
Reawarop oe o
arpyxes we )
. 202
8 ",

7

s

1
|
|
]
|
Is
1

23

oi0 0 040080 2 7 0 % s wm e P
. cytkn

Pucynok 7. I'padux m3menenus monynsa capura G Bo
BPEMEHHU.
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Pucynok 8. I'paduk 3aBUCHMOCTH MEXKIY CPEAHUMHU
HANPSUKCHUAMH G, 1 00bEMHBIMHU 1eHOPMAIHSIMU &, .
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Pucynok 9. I'paduk 3aBHCHMOCTH MEXTy HHTCHCHB-
HOCTBIO KacaTeNbHbBIX HANPSHKEHUH T; 1 HHTEHCUBHO-

CTBIO edpopMaliii CBHTA ;.
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Pucynok 10. I'paduk n3mMeHeHUs TMHEHHOTO MOTYIIS

nedopmarmu E, Bo Bpemenn.
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Pucynok 11. I'paduk 3aBUCUMOCTH MEXKIY CPEAHUMU
HaNpPsHKEHUSMH Gy, 1 HHTEHCHBHOCTBIO e opManuii

cJIBUTA ;.
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Pucynok 12. I'paduk u3mMeHeHHs: 00bEMHOTO MOIYJIS

nedopMaIim.
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Pucynok 13. I'paduk 3aBHCHMOCTH MEXIy Kaca-
TENBbHBIMU HAIPSOKEHUAMU T; 1 UHTEHCUBHOCTBIO

nedopMaruii CIBUTA ;.

Gm

N=100  t=1cyr  N=200

=1 cyT,

N=2500

0.25
0.2
0.15
0.1

0.05

0.02

0.06

0.08 7

Pucynok 14. I'paduk 3aBUCUMOCTH MEXIY CPEAHUMHU
HaINpPSHKEHUSMH G, 1 HHTEHCHBHOCTBIO AeopManuii

CZIBUTA ;.
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Pucynok 15. I'paduk n3mMeHeHUs TUHEHHOTO MOy
nedopmarmm.
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Pucynok 16. I'paduk m3MeHeHHsT 00BEMHOTO MOIYJIS
nedopMaIyii BO BpeMEHH.

Kak BHIHO W3 MPHUBEIECHHBIX TPAQUKOB PU
PAaCCMOTPEHHBIX PEKUMAX IMPOUCXOAUT HU3MC-
HEHHE BCEX OCHOBHBIX MapaMeTpOB, XapaKTepU-
3YIOIIMX HaMpsHKEeHHOe W 1e(OpMHPOBAHHOE
COCTOSIHHE TPYHTOB BO BPEMEHH, UTO MTO3BOJISET
3aKIFOYUTh, YTO TIMHHUCTHIE TPYHTBI B 3THX
YCIIOBUSIX HE HMMEIOT KOHCTaHT, XapaKTepusy-
IOIIX MEXaHUYECKOE COCTOSIHUE, AJIS CO3/JaHUs
pacyeTHbIX MOJEei.

3. PACUETHAA MOJEJIb
JE®OPMHNPOBAHUA I'PYHTA ITPU
PE’)KMMHOM HAT'PYXKEHNU

Hcxons U3 pe3ynbTaToB SKCIEPHUMEHTAIb-
HBIX UCCJICJOBAHUN M JAHHBIX, TMOJYYCHHBIX B
[Mupcasmnos U.T. & Koponesa 11.B], mpuanma-
€TCs, 4TO IPU TPEXOCHOM PEKUMHOM Harpyxe-
HUMA 00pasiia TPYHTa BO3HHUKAIOT PAa3IUYHBIC
30HBI HAIMPSHKEHHO-IE(GOPMUPOBAHHOTO COCTO-
SIHUSI, T.€. TIPH TO3TAIIHOM YBEIHMYCHUH HArpy3-
K1 00pa3yloTcsl YIUIOTHEHHBIC 30HBI B BHIE
MUpaMujl PaziudHbIX pa3MepoB U GopM B
3aBHCHMOCTH OT PEXXHUMa HATPY)KEHHUS: CBEPXY,
B HI)KHEW yacTu o0pasiia U y OOKOBBIX rpaHeit
(puc. 17). JedopmupoBanue oOpasna Mpoucxo-
JUT 33 CYeT IBIKCHUSI JTHUX MUPAMHUJ Kak
KECTKHX Tel. B yKa3aHHBIX YIJIOTHEHHBIX
30HaX HE IMPOHMCXOIUT YyXYALICHUE (UIUKO-
MEXaHMYECKUX XapaKTEPUCTHK TI'PYHTOB, a HX
yaydireHde (yBeJIWYeHHe IUIOTHOCTH, (¢ H C).
HerartuBHble MpoLECCHl, CHIKAIOIIHE (H3UKO-
MEXaHMYECKUE XapaKTEPUCTHKU TPYHTa, JIOKA-
JIU3YIOTCS B 30HE MEKAY ITHMHU KITUPAMUAIAMI
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(3ona 4 puc. 17a). BusyansHoe oOcremoBaHme
MOBEPXHOCTH  CABUra IIOCNE  Pa3pyLICHUS
oOpa3na IIOKa3ano, 4TO TPYHT B OITOH 30HE
MOJIBEPratoTCsi OJHOBPEMEHHOMY OTPBIBY |
cagury (puc. la, 10).

a)

Pucynok 17. a — Cxema pacnosoxeHHs JOKaJIbHbIX
30H Pa3IUYHON IJIOTHOCTH B 00pa3Iie MpH TPeXoc-
HBIX UCTIBITAHUSX | — BEpTHKAIbHBIC YIUIOTHCHHBIE
MUPaMH[BL; 2 — YIUIOTHEHHBIE TUPAMUBI Y OOKOBBIX
rpaHeii; 3 — 30Ha OJIHOPOJTHOTO HATIPSHKEHHOTO
cocTosiHMs;, 4 — 30Ha AuiataHcuu; 6 — Cxema Hanpsi-
JKEHHOT'O COCTOSTHHS JIOKAITBHBIX 30H MEXK/Ty YILIOT-
HEHHBIMHU TIHpaMuiaMu; B — HarpspkeHHOE COCTOS-
HHUE B DJIEMEHTapHOM 00BbEeMe TPYyHTa B IPOCTPAHCTBE
X, Y, Z B npou3BOJIbHBI MOMEHT BPEMEHH t B
JIONPeIENbHOM COCTOSIHMH (HANPSKEHHUS Oy , Tyy | Toy
YCIIOBHO He MOKa3aHkbl); T — HanpshkeHHOe cocTosiHuE
B DJIEMEHTapHOM 00BEME TPYHTA B IIPOCTPAHCTBE
TJIaBHBIX HANPsDKEHUH Ha CTAAWU MPEJeITbHOTO
paBHOBecHUs (HAPSHKEHHS O3 YCIOBHO HE TIOKA3aHbI).

Hcxoass M3 pe3ynbTaToB JKCIEPHMEHTAIb-
HBIX HccleioBaHuil (puc. 5 — 16) o0beMHYIO
JnedopMalnio €y TPYHTa MOXKHO MPEACTABUTH B
BUJIE:

(M

n
ey =gyt ZSV,D
i=1

rIe €y, — 0ObeMHas aedopMaliys, Ipu BCECTO-
pPOHHEM 00XaTHHU; €yp — OObeMHas AedopMa-
IHsI, BbI3BAHHAs BO3JCHCTBHEM JeBUATOpA
HANpPsDKeHUI; N — KOJIMYECTBO OJIOKOB HArpy-
KEHUSL.

Bemnunna ey saBugercs (QyHKumed He
TOJIBKO OT Gy, HO M OT CIBUTAIOIIUX HAIpshKe-
HUI T, BO3HUKAIONIUX BCJICACTBUC Pa3INUHS



COIIPOTUBJICHHUA TI'PYHTA PACTSKCHUIO M CXKa-
THIO:

*
8V,O = fl (Gm > T, t) . (2)

B cBsa3u ¢ TEM, 4TO I[Cq)OpMaL[I/II/I CABHIA Y;
3aBHCAT OT HMHTCHCHUBHOCTH  KaCaTCJIbHBIX

HanpsOKeHUH T;, OT CPEAHEro HOPMAJIBHOTO
HaNpSXKEHUS Gy, U BUJIA HAPSXKEHHOTO COCTOSI-
HUsL, Teopmanni (OpMOU3MEHEHUS TIPEJICTaB-
JISIOTCS B BUAE:

3

VYunThiBasgs 3aKOHOMEPHOCTH  HM3MEHEHUS
00beMHBIX aAedopManuii, NMPUHUMAaeM, B IPO-
ecce PEXWMHOTO HArpyXeHHsl IPOUCXOANT
pa3ButHe nedopManuyd HW3MEHEHHS o0beMa M
nedopmanuu GopMOHU3MEHEHUS.

OObemHas nedopmanusi TpyHTa BO BpEMEHH
OINUCHIBACTCSI B COOTBETCTBUM C TeOpHEH
HacJIeICTBEHHOW moim3ydectn bombnmana —
Bonbreppa, MmogudunupoBanaoii MacioBeIM —
ApyTIOHSIHOM TIPUMEHUTEIBHO K TPyHTaM, C
Y4€TOM YCTaHOBJIEHHBIX B 9KCIIEPHUMEHTAIIbHBIX
HCCIIEIOBAHUSAX  OCOOEHHOCTEH  MOBEINCHUS
IpYHTa NPH PEKUMHOM HarpyxeHuu. Ilonnas
nedopmarust crBura Wi oobemMa HpU MPOU3-
BOJILHOM PEXHME Harpy>KeHUs 3aIliChIBaeTCs B
BUJIE!

£
SV,D = f2 (Gm,Ti,t) .

g = 2((;)) +Gzt)'1t‘Ky (t,7)-0;(x)- dv; “
€, =Ic2((tt)) K](t)iKv(t,r)U(t)-dr; &)

rae G(t) u K(t) — nepemennsie Moaynu casura
n 0o0beMHBIX aedopManyii TPH PEKUMHOM
Harpyxennn; K,(t, 1) — sampo mnomsyuecrn,
NpencTaBisionee co0oil CKOPOCTb COBHTOBOI
nedhopManuy NPH CSOUHUYHOM 3HAYCHUH WH-
TeHcuBHOCTH Harpyxkenus; Ky(t, T) — sapo
MOJI3Y4ECTH, MPEACTABIIsSIONIEe CO00M CKOPOCTh
00beMHOI  medopMalii  NPH  SAUHUYHOM
3HAYCHUH CPEIHETO HATIPSDKCHHS.

[pu pa3zpaboTke ypaBHEHHWid AehOpMHPOBa-
HUS TIMHHUCTOTO TPYHTa B MPOCTPAHCTBEHHOM
HAIpsHDKEHHOM  COCTOSHUM IIPU  PEKHUMHOM
HArpY»KCHUH YYUTHIBAIOTCSI MPOIECCHI YIPOU-
HeHUst (CTapeHWs)) TJIMHHUCTOTO TPYHTa BO
BpPEMEHH, Ul 4ero BBOAMTCS (yHKIMs crape-
Hus ¢(t). C yaeToM mpoliecca YIpoOIHEHUS sapa
MOJI3YyYECTH NIPEACTABIAIOTCS B BUIE:
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)
y!

-0
(t-1) 7
K,(o,t-1)=qmpu 0<t<t, ’

(py(r)-C(c)

npu  t>t,,

(py (T) !
(6)

dvy

VI s

(t—1) V2

Ky(o,t-1)=qmpu0<t<t,, ’
9v(1)-Clo)

t>t,,

oy (1)

npu

rae t,, — BpeMs Hadaja CTa0WIN3aliH CKOpO-
cTH 1e(hOpMUPOBAHUSL.

Ha ocHoBaHuM BBIIIE W3JIOKEHHOTO MOXHO
3aKJIIOYUTh, YTO B HAYAIBHOH CTaJMH PEXHUM-
HOTO TPEXOCHOTO CXKAaTHsl HaOIIoJaeTcss Heol-
HOPOAHOCTD HANpPSKEHHO-1e(hOPMUPOBAHHOTO
COCTOSIHMSI B Ipejenax oOpasua TIpyHTa B
nenoM. JleBnaTopHoe HarpyXeHHe W IJIHTEINb-
Hasl BBIJIEP)KKA NPU PEKUMHOM JE€BUATOPHOM
Harpy>KeHNH COTPOBOXK/IACTCS BO3HUKHOBEHH-
€M M pPa3BUTHEM MHOXECTBA ITOBEPXHOCTEH
CABHTa M pa3pbIBOB CILUIOLUIHOCTH TpyHTa 00-
pasia, TOJIOKEHHUE KOTOPBIX MEHSETCs B IpO-
Lecce yBEJIMUYEHUS JeBUATOpa U BO BPEMEHH, U
CIIEZIOBATENIFHO, OTpHUIATENbHAS  JMIaTaHCHS
(pa3pbpIXJieHHE) TIMHUCTOTO TPYHTa IPH JUTH-
TEJIbHOM TPEXOCHOM C)KaTHH JIOKAIM3yeTcs B
Ipezaenax MOTEHIMAIbHO BO3MOMKHBIX ILIOIIA-
JIOK TIpEeNIeNIbHOTO paBHOBecHsi [MupcasmnoB
N.T. & Koponesa N.B]. B cBs3u ¢ Tem, uro
paspbIxjieHne (AWIAaTaHCHA) TpPyHTa B O3THX
JIOKAIBHBIX 30HAaX MPOHUCXOIUT B CTECHEHHBIX
YCIIOBHSIX (CTECHEHHasl OUJIATAHCHS) BO3HHUKA-
IOT 3HAYUTCIIBHBIC HANPsHKCHUA JUJIaTaHCHU B
TPYHTE€ BOKPYI 30HBI Pa3pLIXJICHUs, KOTOpPas
sBisiercst Oy(depHOi 30HOI mepenadu ycwiaui
OT BEpPTHKAIBHBIX NHpaMuA K 30HE HEHapy-
meHHoro rpynra (puc. 17a, 176). B npenemns-
HOM COCTOSHMM DPa3pylIeHHE TJIMHHCTOTO
IpyHTa JIOKAJIM3YC€TCA B 30HAX MEXKIY YIUIOT-
HEHHBIMHM TNUpPaMHIaMH U Ha 3TOH CTaauu B
3TOM 30HE YCJIOBHO MOXHO HpPUHHMMATbh, YTO
HaIpspKeHHO-1e(OPMUPOBAHHOE COCTOSTHHE
oOpasia oTHOpPOJHOE.

Hcxons m3 mpemiokeHHoH B pabore [Mu-
poHoB B.A. & Codsun O.E.] Mopenu u pe3ysib-
TaTOB SKCIIEPUMCHTAJIbHBIX I/ICCJ'IeJIOBaHI/lﬁ npu
PEKMMHOM Harpy>KeHWH Mpeajaraercst cxema
HEynpyroro  JeOpMHpPOBaHHUS  TIMHUCTBIX
TPYHTOB, COIJIACHO KOTOPOH CHJIa CyXOro



Tpernss KynoHa OTKIIOHSETCS OT IUIOIIAAKA
IpeNeNbHOrO paBHOBECHS M JAeicTByeT B
IUIOCKOCTH YHCTO TaHTeHIUAJIBHOTO CKOJIbXKe-
Husl pu3ndeckux yactun. OnpeseneHne opUeH-
TallM TaKUX MOTEHIMAIBHO ONACHBIX ILIOMNIA-
J0K TpebyeT ydera Ae(OpMHPOBAHHOTO COCTO-
SIHUA TPYHTa B YCIIOBHSAX PEKHUMHOTO Harpyxe-
HUSL

VYuuThIBasg, YTO HE3aBHCUMO OT CTEIEHH
HayaJIbHOM  HEOJHOPOJHOCTH  HaIlpsKEHHO-
Je(opMHUPOBaHHOTO COCTOSTHHS 3JIEMEHTapHOTO
o0beMa TpyHTa pa3pyLIeHHE BCerna MpOHCXO-
IUT B TPOCTPAHCTBE TJIABHBIX HANPSKCHHH,
COBMeIasi IPOCTPAHCTBO IVIABHBIX HAIPSHKCHUH
Gy, G2, O3 M IIPOCTPAHCTBO TJIABHBIX AedopMa-
LU €, &, € W COXPaHSS MPUHLUIT KOAKCHAb-
HOCTH TEH30POB HANpPsDKEHUH W CKOpOCTEH
nedopmanuii [Muponos B.A. & Codsun O.E.],
OpUMEM, YTO 3aKOH cyxoro TpeHus Kyiona
CBSI3BIBACT IPOSKIMH CHII, JNEHCTBYIOIIUX Ha
IUIOIIA/IKaX ~ NPEACNBHOTO  pPaBHOBECHS  Ha
HOpPMallb K IUIOIIA/IKE CKOJIBXEHHUs U Ha Hee
camy. Toraa ycioBue TedeHuUs IPH AITUTEILHOM
HArpy>KCHHU 3alHIIETCS B BUIIE

M :S'tg(p(tatlaNa T)+Co(t’t1’N’T)a (8)

rre S=o'l'I'+to;m'm’+o;'n'n’; t=((c;-1'm'-
o' m' ) +(o,m'n’-o3-n'm')*+(c3n-I'-
orl'n))" @tt,N, 1) — HepeMeHHEBIH BO
BPEMEHH YTOJI BHYTPEHHETO TpeHus; co(t,t;,N, 1)
— TEPEMEHHOE BO BPEMEHH YJAENBHOE CIETIIe-
HMe; |, m, n — HampaBiIAOMIHE KOCHHYCEHI
HOpPMaJld K TUIOLIaJKe MpEIeNbHOr0 pPaBHOBE-
cus; 1, m', n° — HampaBIAIOIIME KOCHUHYCHI
HOPMAaJIHX K IIJIOIIA/IKE CKOJIBKEHHSL.
[IpocTpaHcTBEeHHAs OpPHEHTAIMS IIIOIIAT0K
MIPEAEIBHOTO paBHOBECHS ompenensercs: (op-
myiamu [MuponoB B.A. & Codoun O.E.]:

I 1 1
12:_3_; m2:£, n2:—3—, (9)
I, o I, 0, I, o
riue I, =0,-0y+0,-04+03-0, 14

I,=0,-0, -0, — BTOPOH N TPETUH MHBAPHAHTHI
TEH30pa IPUBEACHHBIX TJIABHBIX HANPSHKEHUH
o, =o,+H (i=1,2,3); H=c/ctgp — BcecTopon-
HEe C)KaTHe, OMNpEeNsieMOe [0 THIIOTE3e
Kynona — Mopa; ¢ — nepeMeHHOe 3HaueHUE
yIga BHYTPEHHETO TPEHHUS; ¢ — IIEPEMEHHOE
3HAUEHHUE YAENBHOIO CIEIUICHUs B Ipolecce
PEXKUMHOTO HATPYKEHUSL.

BelpaskeHnst U1 HaNpaBISIIOIINX KOCHHY-

COB HOpMaJIM K IUIOIIaAKaM  CKOJIbKCHHSA
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npeacraBisioTcss B Buae [MuponoB B.A. &
Coo¢run O.E.]:

(1,)2 :1.3-d82~d83—12+\/m.
3

(dSI—dgz)‘(dSI—dgj) ’

(m,)z_1.3-dg,-da3—12+,/1§—3-I,-13. (10)
_3 (dSZ_dSI)‘(dSZ_dgj») ’

(n,)z_l 3'd81'd82—12+‘\1§—3‘11'13

rae de;, de,, de; — mnpupamieHHs TIIABHBIX

nedopmanuii B mporecce pexuMHOTO Harpyxe-
HUS, I,=de;+de,+des;
Izzdsl'd82+d82'd83+d81'd83; 13: d81'd82'd83 —
NEPBBIA, BTOPOM M TPETHH WHBApUAHTHI NpPU-
paieHust qeopmartuii.

Kak ObuTO yKa3aHO BbIIIE, OpUEHTALUS TO-
TEHIMAIbHO BO3MOXHBIX IUIOIMAA0K IpPEIelb-
HOTO COCTOSIHHSI B OOIIIEM CiTydae HE IOCTOSIH-
Ha, a HU3MEHseTCAs B MPOLECCE HEyNpyroro
neGopMHpOBaHHs TPYHTa TP  PEKUMHOM
Harpy>eHUHU.

Hcxonsa w3 BblIE U3JI0XKEHHOW MOJENU U
pE3yIbTaTOB HKCHEPUMEHTANBHBIX HCCIIEA0BA-
HU#l (puc. 1) ycnoBue MPOYHOCTH MPH TPEXOC-
HOM PEXHMHOM CXXAaTUU IIPEICTABIAETCS B
BHJIE:

GV(t’[I’N)AJh 'COSQ,I([,IJ,N)+

>o,-4,, (11
ttp (6, N)- Ay sina, (e, N) |00 (1

rae Ash=b2/(4cosa2(t,t1,N)) — IUIOLIAAb ITOBEPX-
HOCTH OOKOBBIX TpaHeW mupamuibl; A;=b~ —
Iomaas rpanu Kyoa; oy(t,t;,N) — nepemeHHbII
BO BPEMEHH yTOJI HAKJIOHA TUTOIIAJIKH TIpeIeih-
HOTO paBHOBecHS; 0(t,t;,N) — IepeMeHHBI BO
BPEMEHH YTOJI HAKJIOHA IUIOMIAKU CIBUTA;
Gv(t,tl,N)==Gl'1(t,t1,N)'1‘(t,t1,N)+Gz'm(t,t1,N)-m
‘(t,tl,N)+G3'n(t,t1,N)'n‘(t,tl,N)+Gd(t,t1,N) —

HOpMAJTbHBIC HATIPSOKCHUS;
o4(t,t,N)=E-Ad4/((1+v):'r) —  nmuiIaTaHTHEIC
HAIPSDKCHUS;

Ty(t,t,N)=S-tgoo(t,t;,N,t)+co(t,t;,N,T) — Kaca-
TeNbHbIC HAMpPSDKEHWS Ha IJIOIMIAKE Ipelelib-
HOTO PaBHOBECHSI.

Takum 00pazoM, IMPOYHOCTH TPyHTa NPH
PSKMMHOM TPEXOCHOM CXXAaTHH 3aBHCUT OT
W3MEHEHHS yIJla BHYTPEHHETO TPECHUS, yHAeNb-
HOTO CLEIUICHHS M YIJla HaKJIOHA IIOCKOCTU
MIPEEeIbHOI0 PABHOBECHSI.

CornacHo pesynsTataM [Mupcasmnos 1.T. &
Koponesa 1.B.], pa3pylienue HacTynaer, Koraa
CTETICHb MOBPEXICHHOCTH MHUKPOTPEIINHAMH B



30HC TIPEICIBHOTO PaBHOBECHS JOCTHIAeT
KPUTHYECKOTr0 3HaueHus. CHIDKEHHE NpPOYHO-
CTHU I'pyYHTa BO BPEMCHU MPOUCXOJIUT, B OCHOB-
HOM, 3a CUYCT YMCHBUICHUA CHJI CLCIUICHUS,
TOT/Ia KaK yroj BHYTPEHHEro TPEHHS MEHSCTCS
HE3HAYHUTEIBHO.

Ommpasch Ha pe3ynbTaThl HCCIEIOBaHUH
[Bsmos C.C.; 3apenxuii 10.K. & Bsuos C.C.;
Mupcasmo U.T. & Koponesa U.B.] moxHO
MIPEACTaBUTh CIEAYIOILYI0 CXEMy pa3BUTHUS
nedopmanuii mos3ydyecTd M W3MEHEHHS JUIH-
TENBHOTO  CONMPOTHBICHUS pPa3pylICHHIO B
npolecce peKMMHOro HarpyxeHus. B 3aBucu-
MOCTH OT BEJIMYMHBI M IPOJOJDKUTEIHEHOCTH
JCHCTBUS HArPy3KHU B MHOTO(A3HOM TITHHHCTOM
TPYHTE IPOHCXOMSAT JIBa B3aUMHO KOMIIEHCH-
PYIOIINX SIBIEHUS — YIPOYHEHHE, 00yCIOBIICH-
HOE 3aJIeYrBaHHEM Je(EeKTOB U OoJiee IUIOTHOM
NIEPEKOMITOHOBKOI YacTHL, M pa3ylpoYHEHHE,
BBI3BAHHOE IIEPEOPUEHTAIMEH YacTHUll, a TaKKe
00pa3oBaHMEM W Pa3BUTHEM MHKPO M MaKpoO-
tpemmH (puc 176). B Ttex cmywasx, xorza
pasynpoyHeHHe Ha4yHeT IPEeBAIMPOBATH Hal
YIIPOYHEHHEM, BO3HHMKACT CTagus paspylICHUS
U Oporpeccupyrouieil mnomsydectu. B aTol
CTaiuu TPOHO0JIKACTCA MHTEHCUBHBIN pacnoazn
MHUKPOCTPYKTYpPBl M IIEPEOPUEHTALUSA YACTHULI,
MIPUYEM 3TH TPOLECCHl OXBAaTHIBAIOT HE BECh
0o0BeM TpyHTa, a JHIIb 30HBI IMPEIEILHOTO
paBHOBECHS C TIOHW)KCHHBIM 3HAYCHHEM COIPO-
THBJICHHS, I'JIe IPOUCXOAUT Pa3BUTHE TPEILHUH.

YyuuTHIBas BBIIIE HN3JI0KCHHOC, BBIPAXKCHUE,
YUUTHIBAIOIIEE M3MEHEHHUE YJIENBHOTO CIerIe-
HUSI MEX]ly 4acTHLAMH TPyHTa, IPEACTaBIseT-
csl B 001IIeM BHUJIE

colt.t) =K% -q(S), (12)

rae q(S) — Hekortopas (yHKOUS CyMMapHOH
mmHE TpemuH S; Ki¢ — ko3¢ ¢unmenT uH-
TEHCHBHOCTH HANPSHKCHUH B BEPIIMHE TPEIIUH
B TPYHTE B MPOIIECCE PEKUMHOTO HATPYKEHUS.

Kputndeckoil qiuHa TpemdH 3aBUCUT OT
3aJaHHOH BHemIHel Harpy3ku T.

B nanbHeilmieM, HCHOAB3YyS METOAMKY,
npeanoxkeHnyro B [3aiiues 1O.B.], mnocne
HEKOTOPBIX MPeoOpa3oBaHUN W  YHPOIIEHHHA
monyyaeM (YHKIMIO CHIDKEHHS TIPOYHOCTH
rpyHTa (yZelbHOE CIIeTIeHHe) B Ipolecce
PEKUMHOIO HATPY>KEHHUS

n(t,t;)=m(t,7;) At 7;)x
K(Tz) /
K(t) ']+K(‘L'])'C(t,'51)‘

(13)
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Torpa ynenpHOE CIEIUIEHHE MEXIy YacTH-
[[aMHU ¢ y4eToM (paKTopa BPEMEHH INPEICTaBHT-
cs B BHJIE

Coltr))=Cy(r;)-mlt, 7, )- Mt T )
K(ﬁ) 1 ’
K(t) 7+K(t,)-Cltr,)

(14)

rne C(t, T|) — Mepa OOBEMHOI IOJI3yd4ecTH
rpyHTa; Co(T|) — HAYANBHOE 3HAYEHHUE YIETHHO-
rO CIEIUICHUS TPYHTa TPH KPAaTKOBPEMEHHOM
warpyxeuud; m(t, T)) — QYHKUUS YIPOUHEHUS
IPyHTa 3a CYET BOCCTAHOBJICHUS BOJIHO-
KOJUTouaHbIX  cBszeit; Mt, T)) — dQyHkuus
YIPOYHEHHS 3a CUYET BOCCTAHOBIICHHUS CTPYK-
TYPHBIX CBSI3€d IpyHTa C Yy4E€TOM COYETaHUs
pa3nuuHBIX OJIOKOB B MpOLECCE PEKHUMHOTIO
HarpyXeHus.

Oynxmmn m(t,t) 1 A(t,T) yauTsiBaoT 3¢ dex-
THI 38JJCP)KKH PA3BUTHSI MHKPO W MAaKpO TPELIMH
1 3QPEKTH CaMOYIIPOYHEHHSI U CaMO3aJIeunBa-
HUA TJIMHUCTOTO T'PyYHTa 3a CYET BOCCTAHOBJIC-
HUSl CTPYKTYPHBIX U KOAryJIALIMOHHBIX CBS3€H
Ha PaHHUX CTAaUsIX HarpyxeHus (B OGJOKax c
HU3KHM YPOBHEM HANpPSOKCHHH) WIM MOCIe
nepexona oT OJIoKa ¢ IMKINYECKHM Harpyxe-
HHEM K OJIOKYy C JUIUTENBHBIM CTaTHYECKUM
Harpy>KeHHEM.

H3meHeHne yriia BHYTPEHHETO TPCHHS
IPYHTa ONpPEIENSACTCS B 3aBUCHMOCTU OT HU3Me-
HEHUsS. OpHEHTAIMHM IUIOMIAJIOK MPEIeIbHOTO
paBHOBECHs] IIPU  JUIUTEIBHOM  HEYNPYyroM
neGopMHpOBaHUM B  TPOLECCE PEKHUMHOTO
Harpy>K€Hust ¢ y4C€TOM COUYCTaHHA Pa3IMYHbIX
OI0KOB HATPYKCHHUS.

4. 3AKJIIOYEHUME

Paspaboransl pacuerHsie Mompenan zaedop-
MI/lpOBaHl/Iﬂ u HpO'—IHOCTl/I TJIUHUCTOTO prHTa
IpU  TPEXOCHOM PEXHUMHOM Harpy>KeHUuH,
BKITFOYAsi BBIPAXKCHUS JJIS ONPEICIICHUS YACTh-
HOTO CIIEIUICHUS M YTTIa BHYTPEHHETO TPEHMUS, a
TaK)Ke MOMYJIEeH CABHTa, TMHEHHOW U 00BEMHOI
nedopmanuu.

PacueTHple MOAENM KOPPEKTHO OTPaKaOT
0COOCHHOCTH HEIMHEHHOro J1ehOpMUPOBAHUS
[JIMHUCTBIX TPYHTOB MIPH TPEXOCHOM PEKUM-
HOM HarpyXeHUH.
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Oco0eHHOCTH KOHEYHOJIEMEHTHOI0 MOIe TMpoOBanus Aedopmanuii
MOPO3HOI0 IIyYeHHUs] U OTTAMBaHUs TPYHTOB

ITapamonos B.H.

[eTepOyprekuii rocyIapCTBEHHBIN YHUBEPCUTET IyTel coobmenus, Cankr-IlerepOypr, Poccus

Haboxos A.B.

TIOMEHCKHI rOCYAapCTBEHHBIA apXUTEKTYPHO-CTPOUTENBHBIA HHCTUTYT, TIOMEHb, Poccus

B cratee mpuBOAATCA NPHHLMIBI pEIISHHS 3afad JUId pacdyeTa W3MEHEHMs HallpsDKEeHHO-
J1e(OpPMUPOBAHHOTO COCTOSIHUSI TPYHTOB IIPH MX POMEP3aHUH U OTTAaMBAaHUH, YTO HEOOXOIUMO IS
MIPOTHO3a MOBEJCHUS COOPYKEHNUHN, KOHTAKTUPYIOIIUX C ATUMU IpyHTaMHU. [IpennoxkeHbl TOAX0abl K
BBIOOPY MaTEMaTH4eCKHX MOJENIeH TIpyHTa, HEOOXOAMMBIX AJsl MpOrHo3a Aedopmanuii mydeHus
TPYHTa IIPU IPOMEP3aHNUH, B TOM YHCIIE C YIETOM MHUIPAIMU BOABI B TPYHTaX U 00pa30BaHMS MOPO3-
00OWHBIX TPELIHH, U IS IPOrHo3a Je(opMaluii IPYHTOB [P OTTaUBAHUH.

1. BBEJEHUE

B nocnegumne roasl Ha PBIHKE MOSABHUJIIOCH
OOJIBIIOE  KOJHMYECTBO KOMIIBIOTCPHBIX MPO-
rpaMM Uil BBIIIOJTHCHUA TeHJ’IO(i)I/IBI/I‘ICCKI/IX

pacyeTosB. CymecTBylOT ~ YHHBEpCAJIbHbIC
MPOTPaMMBbl, PEAIU3YIOUIME IIUPOKUH KpPyT
TEIUVIOTEXHUYECKUX 3aJad — OIpeesieHHe

TeMIepaTypHbIX TMOJIeH U TPaJUEeHTOB, TEILIO-
BBIX MOTOKOB B CTPOUTENIBHBIX KOHCTPYKLUSIX
(COSMOS/M, ADINAT, ANSYS, NASTRAN,
LS-DYNA, STAR-CD wu gap.) OTH makeTsl
MporpaMM OPHEHTHPOBAHBI Ha pacdeT Tpex-
MEPHBIX M30TPOMHBIX U OPTOTPOIMHBIX TBEPABIX
Ten. OHM TO3BONSIIOT PACCUUTHIBATH CTAIUO-
HapHOE COCTOSHUE M NEPEXOAHBIE MPOLECCH B
JIMHEWHOW ¥ HEIMHEWHOW MOCTaHOBKE C MOJe-
JIUPOBAHHUEM CIIENYIOIIUX KPAaeBbIX W Hayallb-
HBIX YCIJIOBUI: TemIiepaTypa, TEIUIOBOM IOTOK,
TEIUIOOOMEH INyTeM KOHBEKIMH W paJHaIliOoH-
HOTO M3JIy4€HHs C OOBbEMHBIM TEIUIOBBIICIICHH-
eM.

Hanbonee W3BECTHBIM B T'€OTEXHHUYECKHX
HCCIIEIOBAHUAX PpACIPENEICHUS TEMIEPaTyp-
HBIX MOJIEH B IJIOCKUX M OCECHMMETPHYHBIX
YCIIOBUSIX SBJIACTCS KaHAACKUU INPOrpaMMHbII
Monyns TEMP/W mporpammHOro komruiekca
GEO-SLOPE. 3tot Moaynb NO3BOISIET YYUTHI-
BaTh  TEIJIONPOBOJHOCTb,  TEIUIOEMKOCTB,
colepKaHWe He3aMep3led BOJABI, TEIJIOTY
($a30BBIX MEPEXOJOB, a TaKKe H3MEHEHUE
TPaHUYHBIX YCIOBUH.

[TMoHEepHBIMH HAy4YHBIMHU ITyOIHMKAIMSIMHI
[0 YHCIECHHOMY aHalIHM3y B3aMMOJCHCTBHSA
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(YHIAMEHTOB ¢ MTPOMEP3AOIIMMU TyYUHHCTHI-
MU rpyHTamu Obimu padotel [.H. [lonsakuna
(1980), A.b. ®aneeBa (1987). B atux paborax
MIPEUIOKEH METOAMYECKUHA TIOAXO0] K PEHICHUIO
3aad MOPO3HOTO ITyYEHHUS IPH HPOMEp3aHHH
rpynara. B pabore W.1.Caxapona (1995) npen-
JIO)KEHO KOHEYHO-3JIEMEHTHOE pElIeHre 3ajad,
CBSI3aHHBIX C YCTAHOBJICHHEM HAMPSKEHHO-
Je(hOPMHUPOBAHHOTO COCTOSIHUS TPYHTA KaK MPH
€ro TpOMEp3aHWH, TaK W TPH OTTAWBAHWH.
YuutheiBast ypOBEHb Pa3BUTHS BBIUHCIUTEIHHOMN
TEXHUKH B T€ TOBI, 33/1a4l PEIIaTd JOBOIBHO
YIOPOIIEHHO, XOTs 0a30Bble W 3aKIiaJbIBa-
JIUCh UMCHHO B 3THX padoTax.

MOHO KOHCTaTHpOBaTh, 4YTO pELICHUE
TEIUIOPU3NIECKUX 33134, CBI3aHHBIX C OTIpeie-
JICHUEM TIOJIeH paclpe/eieHns] TeMIIePaTyphl B
MPOMEP3aIONINX M OTTAUBAIOIINX TIPYyHTaX,
JIOCTATOYHO Xopomro oTtpadorano. OmHakKo
YCTaHOBJIEHUE TEMIEpPaTypHbIX IMOJIed He
SIBIIICTCSL CaMOIICTBIO JUIS PCIICHUS 3a1aduu
mpoMep3aHusl W OTTauBaHHWA TpyHTa. boiee
BaXHBIM SABIISICTCA OIpEIEICHNEe W3MEHEHHS
HAMPSKEHHO-IC(OPMUPOBAHHOIO  COCTOSIHUS
MaccuBa TpyHTa B TIpoIlecce MpPOMEp3aHHs U
OTTauBaHMSI M BIUSHUS Ha KOHCTPYKIIMHU CO-
OpYKEHHUH, KOHTAKTUPYIOUIMX C TPYHTOB.
Takux ke MPOTPaMMHBIX KOMILICKCOB ITPaKTH-
YECKHU HET HU B OTEUECTBEHHOW, HU B MUPOBOM
MIPaKTUKE

B cBsa3u ¢ atuMm B Hauane XXI Beka Hamu
Obu1  paspaboran Monynb  «Termoground»
[Kudryavtsev S.A, Sakharov LI., Paramonov
V.N. 2002], npemrHa3HaueHHBIN U aHAJ3a



MIPOIIECCOB NPOMEP3aHUsI, MOPO3HOTO ITyYECHUS
U OTTaWBaHMA TPYHTAa IO YCTAaHOBHBIIMMCS
TEMIIEPATYPHBIM W BJIQKHOCTHBIM  IOJISIM.
[porpammubiii Mogynb «Termoground» ObLx
peanu3oBaH B nporpaMMHoM komiuiekce «FEM
models».

2. KOHEYHOY2JIEMEHTHOE
MOJEJIMPOBAHUE 3AJAY
[TPOMEP3AHIA U OTTAUBAHUA
I'PYHTOB

Cucrema ypaBHEHUII MeTOAAa KOHEYHBIX
JIEMEHTOB JUI1  AeOpMUPYEeMOH cpensl B
YCIOBUSIX CTAaTHYECKOTO (KBAa3HMCTATHYECKOTO)
Harpy>kKeHHsl CBOJUTCSI K JIMHEHHOW cucreMe
YPaBHEHHH paBHOBECHS, YyIOBICTBOPSIOLINX
COOTBETCTBYIOIINM IPAaHUYHBIM YCIIOBUSIM:

[KRo(e); = {F(0)}. (1)

rie [K ] — MaTpHMla >KECTKOCTM CHCTEMBI

koHeuHbIX aneMmeHToB (MJXKC), xapaktepusyio-
I[asi TCOMETPHUIO PACYCTHOM 00JIACTU U MEXaHU-

YEeCKHE CBOWCTBA CpEIbl, {5(t)} — BEKTOp

Y3JIOBBIX TE€peMEUICHUH, {F (t)} — BEKTOp

Y3IOBBIX CHIL.
BekTop y3mOBBIX CHI TIPEACTaBISACTCS B

(Fl )= {7, b R,

{F(e,)i=
HE () F, (0 )HE, 0 )1+ @
WF, (1 )1+ 1F, (6,0 )1+ 8F, ()

rae {Fe(t,-1)} — BexTop cun, oGycioBIEHHBIH
BHEITHUMHU CHJIOBBIMH (hakTopamu (BHEIIHEH
Harpy3koil) Ha MpPEIbIIyLIeM IIare pemeHus
(Tpenpiaymuii MOMEHT BPEMEHH);

{AF(t,)} — npupocT Harpy3ku Ha TeKylleM
miare peiieHdsi (BpeMEHHOM Iare W/WjM Imare
Harpy>XeHus:);

{F(ty-1)} — BEKTOp CHJI OT MAaccoBBIX Harpy-
30K;
{AF(,)} — npupocT BEKTOpa MAaccoBBIX CUIL;

{F, p(tn_l)} — (UKTUBHBII BEKTOP HAKOIUIEHHBIX
CWJI, OIIpe/ieNIIeMbId HEJIMHEIHON MaTreMaTruue-
CKOW MOJIENIbIO Cpelbl W BKITIOUAIOIIUIA HAKOII-
JeHHble nedopManuy (HampsHKEHHUs) B Cpefe.
DTOT BEKTOpP ONpeelsieTcsi 3aKOHOM HaKOILIe-
HUsL pedopManui  (TUIACTUYECKHX, BSI3KOILIA-
CTHYECKHUX, BSIBKOYNPYTHX, HEIMHEHHO YIPYTHX
u 1.11.). [ ero BeramcieHuss B MKD o0br1HO
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UCIIOJNB3YIOTCS  TaK  Ha3blBaeMble  METOMBI
HayaJbHbIX HANPSDKCHWH WM HadalbHBIX
nedopmanuii;

{AF,(t,)} — npupoct ¢QuKTHBHOrO BeKkTOpa
Y3IIOBBIX CHIT;

{F{ty-1)} — nonomHutensHble cunoBbIC (ak-
TOPBI, OHNpEACIACMbIC TEMIICPATYPHbBIMU BO3-
neficteusmu (myuenue, nedpopMalus OTTaHBa-
HUs);

{AF(t,)} — npupoCT JOMONHATENBHBIX CHIL
3agaua 0 NpOMEP3aHMH U OTTAaMBAaHUH
IPYHTOB pealn30BaHa HECBS3aHHOMW, T.e. TeM-
TIepaTypHBIE T0JIS ONPE/IENSIOTCS HE3ABUCHMO
OT HaNPsKEHHO-1e()OPMHUPOBAHHOTO ~ COCTOS-
HUs MaccuBa rpyHTa. TakuM 06pa3oM, pelenue
3a7aun TIpEeJCTaBIseTCs ABYMs dTanamu. Ha
TEPBOM OJTalle PElIaeTcs CHCTEMa ypaBHEHHil,
OCHOBAHHasi Ha YPABHEHHH HECTALMOHAPHON

TEIIONPOBOIHOCTH:
oT
Cth(/‘)pd DY
ot 3)
B o’T o°T o°T
= (s 5)74-8)/724-6272 +qy

rac Cth(f) — yAc/ibHas TCIJIOEMKOCTbL TajJoro

WIN MEpP3JIOTO TPYHTA; 04 — INIOTHOCTH CYXOTO
rpynra; T — temmeparypa; ¢ — Bpewms; ﬁth( n-

TEIUIONIPOBOAHOCTE  TAJIOTO WJIM  MEP3JIOTO

IPYHTa, X, V, Z — KOOPAMHATEI, () — MOLIHOCTh
BHYTPEHHUX UCTOYHUKOB TEIlIA.

OYHKIUS TEIJIOEMKOCTH COCTOMUT U3 JABYX
gactedl. [lepBast yactb — 0OBEMHAs TEILIOEM-
KOCTh TpYHTa (TaJoro WJIA MEp3IIOoro), BTOPAas
YacTh — CKpBITas TEIIOTa (ha30BBIX IEPEXOJIOB
B HWHTEpPBAIC OTPHIATEIHFHBIX TeMIepaTyp,
MOTJIOIIEHHAs WJIM OTHAaHHAs TPYHTOM H3-3a
W3MEHEeHHH (ha3bl TPYHTOBOH BOIBI, NMPENCTAB-
JICHHAaA B BUJC:

C(f) =C

+L0%
oT

rae Lo — Tennora pa3oBbIX IpeBpalieHuii Boa-

(D) @

nen; W, — BIa)HOCTh MEP3IIOTO rPyHTA 3a CUET
He3amep31Ien BOJbI.

B pamkax mporpammbel Termoground pea-
mm3oBaHa Mojens Kponmka f.A. (1982), B
KOTOPOW YYMTBIBAETCSl CKpBITasi Teriora ¢azo-
BBIX TIEPEXOZOB B CHEKTPE OTPHIATEIBHBIX
TEMIIEpaTyp OT TEeMIIepaTyphl Hayaja 3amep3a-



HUs Tj 10 TEMIEpaTypbl MEP3JIOr0 COCTOSHUS
T;. TennonpoBOJHOCTh M TEMIIOEMKOCTh TPYHTA
OTIPENEISIIOTCS B 3aBUCHMOCTH OT COCTOSIHUS
rpyHTa (Tanoe, mepsnoe). B unTepBane ot Tpe
no Ty Tennopu3MHECKME  XaPaKTEPUCTHKH
MIPUHUMAIOTCA IEPEMEHHBIMU.

Temnodu3nyeckne XapakTEpPUCTUKH OIpe-
JIeNIAI0TCS,, B TOM YHCJIE, BIAKHOCTBIO TPYHTAa,
oIpejesieMol cogep>kaHUEM BOJbI, M3HAYANIb-
HO cofepJKallelicss B MOpax IPYHTa, a TaKKe
MUrpupymoomeid kK (poHTy mnpomep3aHus HpU
BBICOKOM YPOBHE IPYHTOBBIX BOJI.

3. OCOBEHHOCTHU PELIEHWA 3A1AY
ITYYEHIA I'PYHTOB ITPU
IMTPOMEP3AHNU

B mporpamMHoM Mopayne «Termoground»
OTHOCHUTENBHBIE  JedOopMalMd  MOpPO3HOTO
MyYeHHs] TPYHTA MPU MPOMEP3aHUH ONpees-
I0TCS B 3aBHCHUMOCTH OT O0BeMa 3aMep3Iieii
BOJBI, IIEPBOHAYAIBHO HaXOAAIICHCS B IOpax
IpyHTa U NPUBHECEHHOW NPH MUTPALMU BJIATH,
1 00beMa MOPO300OMHBIX TPEIIHH.

OTHOCUTENbHBIE NeOpMalMi, MEePHeHIN-
KyJIsipHBIE (POHTY TIpOMEp3aHusi TPyHTa OT
BO3/ICHCTBUSL CHJI MOpPO3HOTO Iy4eHHs, B
nporpaMMHOM ~ Moayie  «Termoground» B

06IlIeM BUJIC MpeaACTaBJICHbI cne,uy}omef/'l
3aBUCHUMOCTBIO:
- Pa
€p =0.09(w,, —w,)—=+
w
b (5)

t.
+1.09( g, dt + &,
0

rne £ — OTHOCUTEIBHBIC eOpMaIMU 32 CUHET
00pazoBaHust MOPO30OOHHBIX TPEIIHH.

ITepBast yacTe (OopMyIIBI OTPAXKAET OTHOCH-
TEJNPHYI0 Je(OpMaIlI0 3a CUET YBEIUUCHHUS
o0beMa IpyHTa NpU 3aMEP3aHUH BOJBI, IIEPBO-
HayaJbHO HaxoJfllelcs B IOpax TIpYyHTa.
Bropoe cnaraemoe 1OKa3blBA€T BEIUYMHY
OTHOCHTENBHOI AedopMaliy 3a cueT yBeaude-
HUSI €ro 00beMa Ipu 3aMep3aHnH BOAbI, MUTPHU-
pylolieil B NpOMep3arollylo TOJILy T'PYHTOB.
Tperbe cnaraemoe (GOpMyIBI OTpaXkaeT BEJH-
YUHY OTHOCHTENBHBIX JAedopMammii 3a cyeT
00pa3oBaHUsT MOPO30OOMHBIX TpPEMHWH B OCHO-
BaHWH TP POMEP3aHHH.

OCOOCHHOCTBIO PEaTM30BaHHOW MOJEIH
ABJIAETCS TO, YTO B OOILIEM Clydae B pacderax
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YUYUTBIBACTCS HEOJTHOMEPHOCTH IMPOMEP3aHUs
rpyHTOB. CTpOro roBopsi, (GpPOHT HMpOMEp3aHU
MOXKET  NPEACTABIATHCS  T'OPH3OHTAIBHBIM
TOJBKO B 3aJadaX IPOMEp3aHHsi C TOPH30H-
TaJbHOW TOBEPXHOCTHIO CBOOOIHOTO OT WHXKE-
HEPHBIX COOPYKEHUU I'PYyHTA, TOPU30HTAIBHBIM
3ajleraHdeM CcJOoeB TIpyHTa. Takas 3amaua
MPaKTHYECKOTO 3HAUCHHS HE HMEET, XOTS U
OOBIYHO  TIPUMEHSIETCS ISl YNPOIIEHHBIX
WHKCHEPHBIX PacdeToB.

B mporpamme xe B obmem cirydae GppoHT
IpoMep3aHus HE TOPHU3OHTAIBHBIH, ITOITOMY
nedhopMalnuy MydYeHUS HE SBIAIOTCS BEPTH-
KaJIbHBIMU. SIPKHM IPHMEPOM HEOOXOAUMOCTH
yueTa HEOJHOMEPHOTrO MpOMep3aHusi TpyHTa
ABJIAETCS 3ajada O IPOMEP3aHHHM MaccHBa
TpyHTa BOKpYr komioBaHa (puc. 1, Caxapos
N.N., ITapamonos M.B., 2012).

15M

Puc.1. MakcumanbHas riryOWHa pOMEp3aHus BIOJIb
KOHTYpPa BBIEMKHU

OTtHOcuTenbHBIE AeopMaliy, napauiesb-

Hble (POHTY MpPOMEp3aHHs, MapajIeIbHbIC
DpOHTY — TpOMep3aHMs, ONpECIAOTCS M3
BBIPAKCHHUS:

Eony =WE 1 (6)

rae Y — xKod3hPUIUEHT aHU30TPONUH MOPO3-

HOT'O My4YCHUA.
HpI/IpaHleHI/ISI KOMIIOHCHT BEKTOpa OTHOCH-
TCIBHBIX ;[e(bopMauMﬁ MOPO3HOI'0 Iy4CHMU,



3aIIMCaHHEIC B INI00AIBHBIX 0CiX, ONPCACIIAOT-
Cs1 U3 BBIPAXKCHUA:

de, =¢—-¢_,, @)
WK B MATPUYHO#M (hopme:
T
gx l//dg fhl
€, T l//dgth
gz SX dg SX
{dgfh }: = lS}" s l,w ’ (8)
Vi 0 ’
]/XZ Sz 0 Sz
}/ yz 0
rae Iy [y, [, — HampapJAONIME KOCHHYCBHI K

OPUEHTHPOBAHHOMY HaNpaBJICHUIO S TeMmImepa-
TYypHOTO I'pajiueHTa:

or T or
PR S N 1 ©)
X al sy al sz al
oS oS oS
2 2 2
or _ J|[2X) (2] 4oL (10)
oS Ox oy oz

Jast Toro, 4TOOBI BBI3BATH Takue aedopma-
UM TMy4eHHs, K KOHEYHOMY JIEMEHTY HEoOXo-
IVMO MPWIOXKHUTH JIOTOJHHUTEIBHBIC YCHIIUS
{AF(t,)} B BEKTOp NpaBOH YacCTH CHCTEMBI
KOHEYHO3JIEMEHTHBIX YPAaBHEHUH, paBHBII

T
F (e, )= [[8] [Dae , Jav =
Vv )
= [B]T [D]{dg_/h }V
rae [B] — maTpuma TpOW3BOAHBIX (DYHKITHIA

(11

¢opmBl dmeMeHTa, V' — o00BeM KOHEYHOTO
ajeMeHTa, [D] — Marpuma MeXaHHYeCKHX
XapaKTEepPUCTUK  DJIEMEHTa,  ompenessieMas

MEXaHUYECKON MOJIEIbIO CpCabl.

4. OCOBEHHOCTH PEILIEHWA 3AIAY
OTTAUBAHUA I'PYHTOB

ITpobnema mocTpoeHust MoJenu I yCIo-
BUI MPOCTPAHCTBEHHOW pabOTHI IPyHTa 3aKIIIO-
YyaeTcs B TOM, YTO JUISl ONpEAEJIeHUs Iapamer-
POB MoJenH MoTpedyeTcsl IPOBOJUTE OIBITH B
TPEXOCHBIX YCIIOBUSX C OTTaUBaHHEM TPYHTA.
OpHako oTTamBaHWE TpyHTa OymeT MpPOMCXO-
IMTh C BHENIHUX KOHTYpPOB 00pa3ua, BHYTpPCH-
HSSL K€ 4acTh OyJeT HaXOOUThCA B IIPOMOpPO-
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JKEHHOM coctostHud. [lom meficTBmeM maxe
THIPOCTATUIECKOM  HATPYy3KH,  OYCBHUJIHO,
¢dopma obpasiia OyIeT UCKaKaThCS.

B cBs3M CcO CIOKHOCTBIO TPOBEICHHS Ta-
KHUX OKCIICPUMEHTOB HCIHBITaHUA 06pa3u0B,
cornmacio ['OCT 19706-74, BBIOIHAIOTCS B
KOMITPECCHOHHOM TIpUOOpe.

B ornmume or mydeHUs, MaKCHMaJIbHOE
3HAYCHUE KOTOPOTO Pa3BUBACTCS MCPICHIUKY-
JSPHO (POHTY TpoMep3aHus, AcopMaIuu
OTTAaMBaHHA ONPEACISIOTCS CHIIOW TSHKECTH H
MMOSTOMY BEPTHKAJIHHEI.

B cBsA3u ¢ 3THM, B OAHOM U3 MOJENEH, pea-
JU30BAHHOW B TNPOTPAaMMHOM  MOJIyJie
“Termoground”, BepTHKaJbHBIE JIedopMaluu
OTTaMBaHHs ONPEJCISAIOTCS IO pe3ysbraram
J1a00paTOPHBIX HUccienoBanuii, cornmacuo 'OCT
19706-74 (puc. 2).

&
th

A

P

Puc. 2. 3aBUCHMMOCTH OTHOCHTENBHOH OCaIKu
MEP3JBIX TPYHTOB OT BEPTHKAJIBHOTO AABICHHS NPH
OTTauBaHUU

B arom ciyuae otHocutenbHbIe Aedopma-
UM OTTAaWBAIOIIMX TPYHTOB OIPEACISIOTCA
BBIPKEHUS:

o Ath + 5[;/1! (12)
rae A, — oTHOCHTenbHAs KedopMaLHs TEILIO-

BOIi OCaziky OTTauBaHus; O, — OTHOCHTEIbHAs
nedopManus rpy30Boi OCaIKu OTTaUBaHHS

Oy = Moy~ D; » (13)
m,; — Kod3pUIMEHT CKUMAEMOCTH OTTaHBa-

romero rpynta (MIla™), P; — yniotHsomee

BepTHKaibHOEe AaBieHue (MIla).

JI71st IpOCTpaHCTBEHHBIX XKE YCIOBHI pabo-
THI TPYHTA M3 UMEIOLIUXCS B HAYYHOU JHUTEpa-
Type MOXXHO HAaWTH €IUHCTBEHHBIN MOAXO,
npeanoxxeHHelid M.®.Kucenessim (1978). Ha
OCHOBAaHHM MHOTOYHUCIIEHHBIX OIBITOB UM



MIPEAJIOKEHO BBIPAKCHHWE JUIST  OTIPEJCIICHUS
BEePTHKAIBHBIX  Jedopmanuii  oTTamBaHus,
OTIPENEISIEMBIX B 3aBUCHMOCTH OT (PU3HUECKHUX
XapaKTEPUCTUK IIPOMOPOXKEHHOTO TPYHTA!
w-w,-K, I,
7/ w / 7/ N + W

rae [p — 9uCI0 MIACTUYHOCTH; ),y — YIAETbHBIR
BEC BOJBI; Y5 — YIENbHBIA BEC YacTHIL IPYHTa;
K; — xoapdHUIHEHT YIUIOTHAEMOCTH, 3aBHCS-
IJ_[PIFI OT OUCIICPCHOCTHU TJIIMHUCTOrO I'pyHTa U
YIUIOTHAOMICTO JaBJICHUA TIpU OTTaWBaHUHU,
OTIpeeIsIEMBIH U3 CIICAYIONIETO YPaBHEHNUS:

K,=a-I,)+c, (15)

rae a, b, ¢ — smnupuyeckue Ko>(HPHUIHEHTHI,
3aBHCSAILINE OT YIUIOTHSIOIIETO TaBICHHS.

de, = (14)

o ¢usnueckomy cMbicy 3Hadenne d&,

MpeacTaBiIsieT co0oil  OTHOIIEHHE OoOBeMa
OTTasIBIIETO O] JABJICHHEM TPYyHTa K €ro
HaYaJIbHOMY 00BEMY B MEP3JIOM COCTOSIHUH.

[Tpupamienne OTHOCHTENBHBIX aAedopma-
IJ,I/Iﬁ OTTauBaHUA HpOMOpO)KeHHI)IX prHTOB
OTIPENEIISICTCS U3 BRIPAXKCHU:

&y -vde,,
€, -vde,
o o A
Vi 0
Ve 0
Ve 0

rae vV — koad¢urment [lyaccona.

Jl06aBOYHBIH BEKTOp Y3JIOBBIX CHJI B Ipa-
BOW wyacTu cucremsl ypaBHeHuii MKD Oyzer
MIPEJCTABICH B BUAE:

Mam»=ymﬁﬂw%WV=. an

=[B] [Dlide,

5. BBIBOJbI

Ha ocHoBaHMM npeNIOKEHHON CHUCTEMBI
KOHCYHO-3JICMCHTHBIX ypaBHeHI/Iﬁ PEUICHO
OonblIOe KOJIMYECTBO 3ajad IPOMEp3aHus U
OTTaWBaHWsS TPYHTOB, OIyOJIMKOBaHHBIX B
cratbax C.A. Kygpssuesa, W.H. Caxaposa,
B.H. [TapamoHOBa, KOTOpBIE MO3BOJWJIM OTJIA-
IUTh MAaTEeMaTHYECKyI0 MOJENb TPYHTa s
paccMOTpeHHbIX ciay4daeB. DakTHUeCKH Ipo-
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rpaMMHEBIH Moayne «Termoground» mpencras-
nseT CcoOOH eAWHCTBEHHBIH IPOTPaMMHBII
IIPOAYKT, HO3BOJ’I$HOH.IPII>1 BBITIOJIHATH AHAJIU3
HAaIpsDKEeHHO-1e()OPMUPOBAHHOTO  COCTOSIHUS
MPOMEP3AOLIETO M OTTauBAIOIIEr0 TIPyHTa B
TPEXMEPHOH IIOCTaHOBKE, BBIIONHATH pacyeT
medopManuii W ycWIMA B KOHCTPYKIIHSAX,
KOHTaKTHPYIOIIUX C OCHOBaHUEM, HUCIIBITHIBA-
IOIIUM IMPOMEP3aHNUE U OTTaBAHUC.

Bonbmioit nHTEpec mpeacTaBiseT Pa3BUTUE
MaTEMaTUYECKOM MOJENU OTTauBaHMs TPYHTA,
4T0 TpeOyeT pa3pabOTKH HCHBITAHUN I'PYHTA B
TPEXOCHBIX YCIOBHAX. MHTepec Tarkke Mpea-
CTaBJIIET ONMCAaHUE I[UIACTHYECKOW pPabOTHI
OTTAuBAIOIIET0 TpyHTa TMpH  JOCTHKECHUU
mpejena TekydecTd. IIporpaMMmHBIE MOAYyJb
OCTaeTcsl OTKPBITHIM JUIs peajM3anud  coO-
CTBEHHBIX MOJIENIEH MOIb30BaTENEH.
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CTpyKkTypa B3aUMOAeHCTBUS HCTOPUYECKHUX
3MaHUM U MOA3EeMHBbIX COOPYKEHHUMH € re0JIOrn4ecKoi cpeaoi r. MoCKBbI

TTamkna E.M.

Poccuiickuit I'ocynapctsennsiii I'eonoropa3senounslii Yausepcurer umenn Cepro OpKOHUKHI3E,

MockBa, Poccus

CoxpaHHOCTH  OOBEKTOB  KyIBTYPHOTO
Hacleaus oOecreunBaeTcs NEHCTBYIOINMHI Ha
HUX (paKTOpaMHU BHEIIHEH CpEIbl, B3aUMOJICH-
CTBHE C KOTOPBIMU MPOSIBISIETCS B KBA3UIIEPHO-
JUYECKOM peXHMe U B3aHMOJICHCTBHEM HeECy-
IUX KOHCTPYKIUH C 3J€MEHTaMU TeOJorvye-
CKOI1 cpefpl, CBS3b MEXIy KOTOPBIMH IIPOUCXO-
IUT B (PYHKIIMOHAIIEHOM pEXUME B Qopme
MEXaHUYECKOT0 BO3JIeHCTBHA. B Takol 1emocT-
HOM cucTeMe Kak HUCTOpHYecKas MpPUPOIHO-
TEXHUYECKas CUCTEMA «IAMSATHHUK — I'eOJIOTHYe-
CKas cpefa», CpOK (QPYHKIMOHHUPOBAHHS KOTO-
poit cocTaBisieT COTHHM JIET, B3aUMOJEHCTBUE
COTIPOBOXKIACTCS ~ OTPaKEHHEM  HM3MEHEHHH
CBOMCTB M COCTOSIHMSI B3aUMOJEHCTBYIOIIMX
MEXITy COOOU 3TaHUS MaMATHHUKA U TeOJOTHYC-
CKOM cpenbl. MIX CTpyKTypa CTaHOBUTCS Bax-
HEUIINM TUAarHOCTUYECKUM MPU3HAKOM, ITO3BO-
JIAIOIIWUM BBIABJIIATH cna61>1e 3BCHbA, KakK HpO-
OYKTBl JUIATEIBHOTO B3aMMOJEHCTBHA MEXIY
aneMeHTaMu. McTropudeckne CHUCTEMBI BKIIIO-
4arT B Cc(epy HHTEPECOB HE TPAIUIMOHHEIC
JUISl MHKEHEPHOW T€O0JOTHMH HCCIEOBaHUs, a
M3Yy4aroT NPUYUHHO-CJIEICTBEHHbBIE OTHOILICHUS
KOHCprKTI/IBHI)IX DJICMCHTOB C I/IH)KeHepHO-
TEOJIOTUIECKUMH TPOIIECCAMHU, C OCMBICIICHHEM
pe3ynbTaToOB UX B3auMoeicTBuil. PaccMoTpum
MpOOTIEMBI COXPAaHHOCTH HEKOTOPHIX MaMSATHH-
KOB apXUTEKTYypbl B CBSI3U C MEHSIOLIEHCS
CTPYKTYpPOH Treosiornueckoil cpean B Mockae.

[Inanupyemoe yBenuueHne oOBbEMa UC-
MOJBb30BaHMS IMOJ3EMHOTO IIPOCTPAHCTBA B
MockBe mpuBEAET K OCIOKHEHUIO YCIOBUH
B3aMMOJICHCTBHS CYLIECTBYIOIIUX U CTPOSIIHNX-
Cs TMOA3EMHBIX U HAJ3€MHBIX COOPYXEHUH C
Te0JIOTHYECKON CPeloi, MOCKOIbKY 3TO OyAeT
CBA3aHO C M3MEHEHHEM €€ CTIPYKTyphl H

CBOWCTB, KOTOpbIE OMPEACNAIOT TOBEICHUE
reoJIoTHYeCKOr cpenpl. lopox B cBoel UCTO-
pUYECKOM YacTH MPaKTUYeCKH  HCYepIrai
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JlanpHeiee pa3BUTHE MO JIaTepalld, COXPaHUB
JIUIIb BEPTHKAJIBHYIO COCTAaBISAIONIYI0O — BO3-
MOXHOCTb CTPOMTBCA TOJIBKO II0 BEPTHKAIA
BHM3. OTO CTaHET OCHOBHOW TEHIEHUIMENR
PasBUTHSI MEramojnca B HACTYNHBIIEM CTOJE-
TUH U OYZAET CBSI3aHO C HHTEHCHBHBIM OCBOCHH-
€M MoJ3eMHOro npocrpancrtsa. OHO KOCHETCS B
MEPBYIO OYepeslb CTPOUTENHCTBA METPOIIOIUTE-
Ha, AaBTOTPAHCIIOPTHHIX TOHHENEH, pa3Bs30K,
MOJ3EMHBIX aBTOCTOSIHOK, OOBEKTOB TOPTOBIIH,
CIOPTHBHBIX COOPYKEHHWI, 30H J0cyra, CKIia-
JIOB, KaK crocoba pemeHns mpooieMsl aedu-
LOUTa TEPPUTOPHH B LIEHTPE METaIoIuca.

B Omwkaiimme jgecsaTUieTHs HaMedeHO
YABOUTH OOILIYI0 MPOTSIKEHHOCTH TPAacc MOC-
KOBCKOT'O MCTPOIIOJIMTCHA U PE3KO YBCIUYUTH
YHCIO BHEYJIMYHBIX OPraHW30BAHHBIX MapKO-
BOK. BCcé 3TO B COBMECTHOM BO3IEHCTBUU C
WHKCHEPHO-TEO0JI0T NIECKUMHU IpoueccaMu
IpUBENET K YBEJIMYEHUIO TEXHOTE€HHBIX Harpy-
30K Ha TEO0JIOTMYECKYIO0 Cpeay, W Ipobiema
HCTOJB30BaHUS  MOJ3EMHOI0  NPOCTPAHCTBA
CTAQHET JAOCTaTOYHO TPYOHOW H3-3a CIIOKHOH
KOMIIO3UINHN (PU3WYECKUX B3aMMOACHUCTBHIA B
MOJ3eMHON MH(pPACTPyKType TOpoja, BKIOUYast
JIENIPECCUOHHOE YIUIOTHEHHE TPYHTOB MU HUX
cyddosnonnoe pasymiotHenue. Dopmupoa-
HHE TmoA3eMHON TexHocdepbl MoCKBBI Ha
HNPOTSHKEHUH TOCJIEAHUX AECATUIECTHH yXKe
0Ka3aJI0 BIMSHUE HA TE€OJIOTHUECKYIO Cpexy IpH
n3MEHEeHHH OallaHca MOJ3EMHBIX BOJI, MPUBEI-
oieM K HapyHIEHHI0 CTPYKTYyphl B3aUMOJEH-
CTBUSL MEXKIY €€ DJIEMEHTaMH 3a CUeT CHSATHSA
THJIPOCTATUYECKOT0 JaBIEHUS TPH CO3JaHUU
JIEIPECCHOHHBIX BOPOHOK M TpaHC(hOpMaIuu
HaIpsHKEHHO-1eOPMUPOBAHHOTO  COCTOSIHUS
TPYHTOBOTO MaccuBa. IloMuMO TpU3HAHUS
B3aUMO/ICHCTBYIOIIMX SIBJICHUII B TeOJOTrHYe-
CKOH cpernie, HEOOXOAMMO BBICHITH BO3SHUKHO-
BEHHUE B3aUMOJICHCTBYIOIUX CHUJI, UX JIOKAJIU3a-
LU0, TPOUCXOXKJCHUE U TPUBS3KY K CIa0bIM



3BEHbSIM B CTPYKTypE€ TI€0JIOTUYECKOH Cpenbl.
OTO JOCTAaTOYHO BAXKHO, MOCKOJBKY peaju3a-
LU TPAINEHTOB CHJIOBOTO ITOJIS Yallle pean3y-
€TCs 110 MIPUHIHNILY «CJIaboro 3BEHaY.

IIpu oOmmieii amuHE MPOIACHHBIX TOHHENEH
MeTporonuTeHa okoio 800kM (B OJHOITYTHOM
WCUHUCIICHUH) B CHJILHOOOBOAHEHHBIX MOPOJAax
HX TIPOXOJKAa CONPOBOXKIANach OrPOMHBIM
IIPUTOKOM BOJBI, KOTOpBIﬁ B HacToALIEEC BPEMA
IIPU HUX SIKCIUTyaTalu cocTaBisier okosno 400
TBIC. M3 B CYTKH. DTO TIPWBENO IIPH CO3/aB-
IIUXCS JIETIPECCHOHHBIX BOPOHKAaxX K MacIiTad-
HOMY Pa3BUTHIO B HEKOTOPHIX paiioHax cyddo-
3MOHHBIX NPOILIECCOB, PA3yIUIOTHEHHUIO IPYHTOB,
nedopmanuy 3eMHOIT MMOBEPXHOCTH, JOCTUTaB-
mei B meckax M cyrmHKax g0 200-350mw.
OnHOBpEMEHHO TPUYMHON MOAOOHBIX Aedop-
Manuil SBHJIOCH H3MEHEHHE HaNpsKEHHO-
ne(opMHPOBAaHHOTO  COCTOSIHUSI TPYHTOBOTO
MaccuBa B pPe3yJIbTaTe SKCKaBallMM MOPOJ M3
TOHHENeH O00BEMOM  HECKOJBKO  JECSTKOB
MUJUIMOHOB  KyOHMuYeckHXx MeTpoB. Bc€ 3To
00YCIIOBHJIO CO3MaHHE WHOW IMOA3EMHOW WH-
(bpacTpyKTypsl TOpojaa, KOTOPYI HEOOXOIMMO
YUUTHIBATH NIPH NMPOCKTHPOBAHUHN U CTPOUTEIb-
CTBE TMOJ3EMHBIX COOPYXXEHHH W YYUTHIBATH
IIPU TPUHATUM  YOPABICHYECKUX PEIICHUI
CIIO)KHYIO CTPYKTYPY B3aUMOJEHCTBUM MEXIy
CYIIECTBYIOIMMH  HaA3eMHBIMH  (OCOOEHHO
HCTOPHUYECKUMH) U MOJ3EMHBIMH COOPY>KEHMS-
MH.

HauGornee cinoXHBIM HpU CO3AaHUM MO-
3eMHBIX COOPY)XEHMH Kak MpH HHXEHEpHO-
T'€0JIOTHYECKUX U3BICKAHUSX, TaK M B TIEPHOJL UX
MIPOEKTHUPOBAHHUS, CTPOUTENIBCTBA M IKCILTyaTa-
LMK SBJIAETCS BBLABIEHHE ciaboro 3BeHa. Cama
10 ce0e CyNIHOCTh 3TOTO 3JIEMEHTA B CTPYKType
T'€0JIOTHYECKOH cpeabl npearosaraer
HauOOJNBUIYIO CIOXXHOCTh B €r0 JIOKAJIU3AINU
IIPU U3BICKAHUAX, €r0 HEOXKUAAHHOCTh U He-
ONPEJEIIEHHOCTD IIPOSBIEHUS IPU CTPOMUTEIb-
CTBE€ W BO BpPEMdA OKCIUTyaTallUM IMOJA3CMHBIX
coopyxeHuil. J[laxe mnpu mnperBapUTEIbHOM
BBIABIICHUM C€Ja0Oro 3BEHA OHO COXpAaHSET
3HAYUTEIbHYIO HEONPEIEIEHHOCT IIPH OLIEHKE
MEXaHM3Ma  B3aUMOJCHCTBUS  TOA3EMHOTO
COOpYKEHUSI C Te0JIOTMYECKOM Cpelod BO
BpEMsI CTPOUTENILCTBA U B NIEPHUOJT €r0 KCILTya-
tarmu. [Ipn oCcBOEHMH NOJ3EMHOrO HPOCTpPaH-
cTtBa MoOCKBBI 3Ta mpobiema B OOJBITMHCTBE
CIIy4yaeB OCTAETCSl HEPEUIEHHOM.

Ha teppuropun ropona ciaOble 3BEHbS
MPOSBIISIIOTCA HE TONBKO MPH MepeceueHHH
TOHHEJISIMM ~ TIOTPEOEHHBIX  PEYHBIX  JIOJIUH,
NajneofoNuHbl  p. MOCKBBI, JHHEAMEHTOB B
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Ipezenax JeNpPecCHOHHBIX BOPOHOK, HO dHalle
(opMupyIOTCS B pe3yJIbTaTe CIOXKHBIX B3aUMO-
JIEMCTBUH TEXHOTCHHBIX W TPUPOIHBIX (PaKTO-
poB. Tak, B ucropuueckoil yactu MOCKBBI, B
npeaenax CO3AaHHOM 3HAYUTENbHBIMH OTKay-
KaMH JENpPECCHOHHON BOPOHKH IPOSBISIOTCS
WHTCHCUBHBIE  Cy(p(o3nOHHBIE  TIPOIIECCHL,
KOTOpBIE  YCHJIMBAIOTCSl  JIOKAJIM30BaHHBIMHU
BO3/ICHCTBUSIMU yT€UYeK BOJBI M BHOPAIIMOHHBI-
MU Harpy3kamu oT MeTporoiutena. [Ipumepom
TAKOr'0 CIIOHOTO B3aUMOJEHCTBHSI MOXET
CIIy’)KUTb CHUTyallus, BO3HHKIIAs B OCHOBaHUU
I'pedeckoro 3ama myszes uMm. A.C.Ilymxkuna,
Korga cypQO3NOHHBIH BBIHOC METKHX YaCTHII
TPYHTa yT€UKaMH BOJbI U3 BAaHHHI Kajopudep-
HOW CHCTEMBI NPHUBEN K €ro pa3yIuIOTHEHUIO, a
JUHAMHYECKUE BO3JEHUCTBUS OT MPOXOJSIIUX B
HEMOCPEICTBEHHONW OJIN30CTH COCTABOB METPO-
MOJIMTEHA JJOBEJIM €T0 0 YIUIOTHEHHUS U MOoCIe-
JIYIOIIEro OTPhIBA OT MOJOMIBHI (PyHIaMEHTA Ha
0,6M Ha ywactke mmmHOW 12M (pumc. 1). DT1OT
IpUMEp TIO0Ka3bIBAET HACKOJBKO CIOXHBIM M

HETPEIBUJICHHBIM MOKET OKa3aTbCsl alrOpPUTM
MPOTEKAIIUX (U3NICCKAX B3aMMOICHCTBHIA.

Puc.1.OTpbIB TPYHTOB OCHOBaHHS OT MOZIOIIBEI
¢ynnamenta I'pedeckoro 3ama wmyses uM. A.C.
[Tymxuna.

TakuM ke CIOXHBIM U emé OoJiee Hempe-
BUJICHHBIM OKa3aJoCh B3aWMOJCHCTBHE KOH-
CTPYKLMH cTaHUMU MeTpo «MasikoBckas», eé
IKCILTYaTallMOHHOTO PeXUMa C T€OJOTHYECKOi
cpenoil, oxpyxatouiei craHuuto. [lonBeka
Ha3aJ HA CTAHIMH CTall MPOSBIATHCA Aedek-
THl, BO3HHUKIIAE B pE3yJbTaTe HapPyIICHUI
B3aMMOJICHCTBHS OOJICIIKM TOHHENIEU C TPYHTO-
BBEIM MAacCHUBOM M IIOA3E€MHBIMH BOJaMHU.
Haubosee omacHbIM pe3yJIbTATOM ACCTPYKIMH
9TOTO0 B3aWMOJEUCTBUSA CTadl TMPOSBISATHCS
TE€YH B Mapycax KOJOHH, KOTOpBIC IMOSIBIIINCH



yke B KoHIle 50-X TojIoB, KOI/Ia pe3Ko BO3pociia
WHTEHCUBHOCTb JIBIDKEHUSI Ha [ OphKOBCKOM
JIMHUU, anBemuaﬂ K yBeaneHmo BI/I6paHI/IOH-
HBIX Harpy30K Ha YyTYHHYIO OOJENIKY ITyTE€BBIX
TOHHEJeW craHuu. BubOpammonHoe Bo3meH-
CTBHUE UYepe3 OOJEeNKY IepeIaBaioch Ha TIIMHU-
CThl€ TPYHTHI, 3ajieralollue B HIKHEW 4acTu
MyTEeBBIX TOHHENEH, YIJIOTHUIO UX U B KOHEU-
HOM MTOT€ IIPUBENO K OTPBIBY CBOZOB TOHHEJIEH
OT pAaCIIOJIOKEHHOTO HaJX HUMH TPYHTOBOTO
MacCHBa IOPCKUX TJIMH, CO3/aB TaK Ha3bIBae-
MY «30HY OTIIUTIAHUD).
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o0 5. PesynbTarst 06cNeA0BAHUA COCTORKMA KOKTAKTa O6AENKMU ¢ 33067 10UHBIMU TOPOAAMU
B TOHHENAX MeXJAY "

Puc.2. ®opmupoBaHue 30HbI OTIUIIAHUSL

Ha pucynke 2 moka3aHbl pe3yJibTaThl 00cieno-
BaHUS COCTOSHHS KOHTaKTa OOIENKH C OKpY-
XKAIOUIMMH TOHHEJb TPYHTaMH, Ha KOTOPOM
MI0Ka3aHO OTCYTCTBHE KOHTAaKTa B CBOJIC MEKIY
BHCIIHUM KOHTYpPOM TIOOMHTOB U IIPpUMBbIKArO-
My rpyHTaMu. OTCyTCTBHE KOHTakTa IIO
BHELIHEMY KOHTYDPY TOHHEIIS CO3Jali0 YCJIOBUS
IUIsl TIepeTOKa HANOPHBIX MOA3EMHBIX  BOX
W3MAaiJIOBCKOTO BOJOHOCHOTO TOPH30HTa B
€HJIOBBI HaJ| TapyCcaMH KOJIOHH, OTKY/la OHH TIO
HapyHICHHBIM IIBaM MEXIY TIO6I/IHF8.MI/I CcTallkn
MIPOHUKATh Ha CTaHIHIO (pHC.3)

B nmanHOM cityyae ciaObIM 3BEHOM OKa3za-
JIMCh TJIMHBI BEPXHET0 KapOOHA, KOTOPBIC IOJ
BO3JCHUCTBUEM  BHOPAllMOHHBIX  HAarpy3ok
YIDIOTHWINCh, Pa3pylINB  MEepBOHAYAIBHYIO
CTPYKTYpY B3aUMOJEHCTBUSI OOIEIKH TOHHEIS
C TPYHTOBBIM MacCHBOM, OOpa3oBaB 30HY
OTJIMIIAaHKUA M CO3/aB YCIOBHUS Ul IIepeToKa
MOA3EMHBIX BOJ M MOIAIaHHWs MX B HHTEpPhEp
craHnuu. B crioxuBmieiicss 00CTaHOBKE yIIpaB-
JIEHYeCKasi CTpaTerusi MoXeT OBITh CBEAEHa K
MIPOBEJCHUIO  IEMEHTAllMd  3200/1eJ0YHOTO
MIPOCTPAaHCTBA M HW3BECTHSIKOB W3MaHIOBCKOTO
BOJIOHOCHOT'O TOPHU30HTA.
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NocTynaiousas
KeHf08e BoRA

Merannwygckas Tara
C HATRXHOT MYQTO

BogonposenexHs

G010 4, CxeMa BO3HMKHOBEHWA BOJONPOABNEHHA
BMapyax KONOKH.

Puc.3.Ilyts noctyrmsieHus BOAbl Ha CTAaHIMM METPO
«MasiKOBCKasD»

OmHUM U3 Cepbe3HBIX BO3MYIIAIOUINX I0-
JIeH IpU OCBOEHHUHM MO3EMHOT0 IIPOCTPAHCTBA B
Ipezenax HCTOPHUYECKHX TEPPUTOpHUIl ropona
CIy’KUT THAPOAMHAMUYECKOE IIOJIE, CO3JlaBae-
MO€ B T'€OJIOTHUECKOH cpene IpH NPOBEICHUU
TEXHUYECKOTO BOJONOHMIXKEHMA. Tak, MpH
cTpouTenbcTBe craHumuu — «bopoBunkas» ¢
MIOMOIIIBIO OTIEPEXkKAIOIIEro TITyOMHHOTO BOJIO-
MOHIKEHNS ObLIa co3JaHa riry0oKast Aerpeccu-
OHHasl BOPOHKA, CHSBINAS THAPOCTATHYECKOE
JIaBJICHNE W TIPUBEALIAS K MepepactpeeeHUI0
HaNpsDKEHUH B TPYHTOBOM MaccuBe. B pesyib-
TaTe Ha JHEBHOH MOBEPXHOCTH 00Opa3zoBajach
MyJIba TpOoceAaHus IHpUHON okoso 200M ¢
MaKCHUMAaJIbHOM BeauyuHOU ocanku — 132mM. B
3TOW MyJIbJE KpOME 3JaHUN HAay4HBIX 3aJI0B
ononmmorekn WM. JIeHWHa OKa3alauch 30aHusA
NAMATHUKOB ~apXWUTEeKTypsl: 1oMm Ilamkosa,
nepkoBb Huxonsl B CtapoM Baranskose u ap.,
UCTIBITABIIUX PsJI CEPHE3HBIX Je(opManuii.

B psaxge mect mcTOpHYecKoil "4acTH ropona
BBIBIICHBl TNaMSTHUKH apPXUTEKTYPbl OKa3aB-
myecss B aBaPUHHOM COCTOSHHHM, Ppa3BUTHE
KOTOPOTO OTJIMYAeTCs OT CTEPEOTUIHBIX JIe-
(opmaruii MHOTMX ApYrux 31aHuii MOCKBBI.
[MpyuunHbl MX 00pa3oBaHMs OKa3zalIuCh Ooiee
CepbE3HBIMU. AHAJIN3 COCTOSHHS ITHX COOpY-
KEHUM MOKa3al, YTO Jake MOCJe MPOBEICHUS
KapJMHAIBHBIX WHKCHEPHO-PECTaBPAL[HOHHBIX
paboT OHM BHOBb OKAa3bIBAIOTCSI B aBAPHHHOM
cocrossunu. Tak, nmom rpada P. Boponmosa
(mamsiTHUK apxutekTypbl koHna XVIIIB., yi.
3HaMeHKa,12), Oyay4n «BBIBELIEHHBIM»® IIOCIIE
MOSIBJICHHsI B HeM JieopMaluii Ha OypOUHbEK-
IUOHHBIX CBasX, BHOBb CTaJ WCIIBITHIBATH
ocagky, a BONM3M NaMsITHHKAa 00pa30BajHCh
MpOCajOyHble BOPOHKU JuameTpoM 8-10M u



riyounoit o 0,3M. HenocpeacrBeHHOH mpuyn-
HOW WX oOpaszoBaHust cTan cy(h(do3nOHHBII
Iporiecc, NPUBEANINI K Pa3yINIOTHEHHIO YacTH
NeCYaHO! TOJILIM, KOHTAKTUPYIOUIEH C JHMHEea-
MEHTHOM  30HOM  BEPXHEKAMEHHOYTOJBHBIX
N3BECTHSIKOB.

ITo MaTepuanam u3bickaHuil (pa3BeOYHOE
OypeHHe, cTaTH4ecKoe 30HAMPOBAaHUE, CeHCMO-
npoHIMPOBaHKE) HAJ PHIXJIBIMU TIECKaMH Ha
riryouHe 10-15M Obmia BBISBICHA KYIIOJIOO0-
pasHas cTpykTypa (puc.4), oOpasoBaBmiascs B
pe3yibTaTte Ipolecca CaMOOPTaHU3alMHU Iec-
YaHOH TOJIIX TOCIE JITUTEIBHOTO CY(P(PO3HOH-
HOTO BBIHOCA M3 TECKOB IPH MHOHILTPALUH B
TPELIMHOBAThIC JIMHEaMEHTHOU
30HBL.

HU3BCCTHAKU

Puc.4. ObpazoBanue KynonooOpa3HOH CTPYKTYpHl B
ocHoBaHuu 1oma P.Boponnosa

PactaHyThIll BO BpeMEHHU M MPOCTPAHCTBEHHBIN
XapakTep HaOomaeMbIx nedopmanuii 3maHus
MaMATHUKA apXUTEKTYphl €CTh HU 4YTO HHOE,
KaK pe3yJbTaT COCPEIOTOYCHHOTO MPOTEKaHHS
mporecca cyddos3nn BOIU3M JIHHEAMEHTHBIX
30H M 00pa3oBaHMA pas3TPY’KaloIEro CBOJA,
Onmarogapst KOTOPOMY COXPAHSIETCS BPEMEHHas
CTaOMJIBHOCTh ~ HCTOPHYECKOM  MPHUPOIHO-
TEXHUYECKOH CHCTEMBI «3/1aHHE NaMsATHHKa
apXUTEKTyphl — reojoruyeckas cpeaa». Ilouck
MIPUYHHBI, BRI3BABIICH MOA00HBIC AedopMaliiu
3MaHNST TAMATHHKA apXUTEKTYpbl, CBS3aH C
MHTEpIIpEeTanuel JMHEaMEHTa, KaKk OCHOBAaHUS
Ut pacii(poBEIBaHUSA MPUYNHHO-CIICACTBEH-
HBIX CBSI3el pasBUTHUS IECTPYKLIUH Te0Jornye-
ckoil cpeasl. CoBmaBIINe YCIOBUS B3auMoOJeil-
CTBHI ONpENENNIN OCOOCHHOCTh TEXHOTeHEe3a
ATOW HMCTOPUYECKON TEPPUTOPHUU. DTO TOCTO-
SIHHBIH OTOOp IOA3EMHBIX BOJ, TPHBEIIIHN K
CO3JIaHUIO TIYOOKOH IEeNmpecCHOHHONH BOPOHKH,
OTCYTCTBHE IOPCKOIO BOJOYNOpPa B pE3yJbTaTe
JOYETBEPTUYHOTO  pa3MblBa,  JIOKAJIU3ALMA
WHQUIBTPAMOHHBIX BOJ B TPEIIMHOBATHIE U
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3aKapCTOBaHHbIC H3BECTHAKH. [lepeuncienHsie
(bakTOphl CTaIH CBOEOOPA3HBIMH KOHTPOJIHPY-
I0MUMH (paKTOpaMy, ONPEEISIONMU PEXUM
B3aUMOJIEHCTBUH U UX CTPYKTYPY.

JU11 moa3eMHOro IpoCTpaHCTBA 3TOM Ya-
CTH ropoJia yIpaBJIeHUeCKasi CTpaTerus J0JKHA
OBITH CBe/ICHA K OJOKHPOBaHUIO Cy()PO3UOHHO-
ro0 BBIHOCA M HCKIIOYCHHIO  Ppa3yIJIOTHEHHSA
MIECKOB C IIOMOINBI0 HMX LEMEHTAUH U TeM
CaMbIM JINKBUINPOBATH UX MPEA3aJaHHOCTD JJIS
pasBUTHSL TOAOOHBIX HETaTHUBHBIX W3MEHEHHH
CTPYKTYPBI IOA3EMHOTO IPOCTPAHCTBA TOPOJIA.

HecmoTpst Ha BBICOKYIO 00€CIEYeHHOCTh
0€301acHOCTH U HaAEKHOCTH TPH PUMEHEHUH
COBPEMCHHBIX TEXHOJIOTMH CO3[aHUS HOA3EM-
HBIX COOPY)KEHHH BBINOJHEHHE 3THUX paboT B
ycnoBusix MOCKBBI TpeOyeT NpOBEACHHS -
(OpMaIMOHHOTO MOHHUTOpPUHra HE TOJBKO B
Ipolecce UX COOPYKEHHs, HO U B NEPHUOJ UX
SKCIulyaTauud. W3MEeHeHus  TIeoJIoru4ecKoi
CpeIsl B pe3ysbTaTe CTPOUTEIBHO-X03SHCTBEH-
HOH JeATENBHOCTU B TIOA3EMHOM MPOCTPAHCTBE
TOposia OMNPEACISIOT CTENEHb OMACHOCTH IS
HOJACpKaHUsL ~ YCTOMUMBOCTU  HAJ3EMHBIX
301aHUH UM COOpPY>KEHHMH, BKJIIOYasi MHOIHE
ucTopuueckue ImocTpoiiku. B cdepe B3anmo-
JIEHCTBUSA ¢ HUMH T€0JIOTHYECKas cpela HCIIBI-
TaJla BIMSHHUE Pa3HbIX (PaKTOPOB, MPUBEALINX K
BO3HMKHOBEHHIO Psila HETAaTUBHBIX MPOLIECCOB
U morepu oOmei ycroitumBocTtu. M3ydueHme
HMPUYMHHO-CIEACTBEHHBIX CBs3€il MpoLeccoB
B3aMMOJICHCTBUA 3AaHUI MaMATHUKOB apXUTEK-
TypBbL C T€OJIOTUYECKOM CPEloil U IOJIy4MBILIEE
JMarHOCTUYECKYIO HAIPaBICHHOCTh B UCCIENIO-
BaHUM HCTOPUYECKHX IPUPOTHO-TEXHUUECKUX
CHCTEM, CTaJO OJHHMM U3 IJIaBHBIX HPHU IPOBe-
JIEHUH MHKeHepHOU pectaBpauuu. Ero BHenpe-

HUE TIO3BOJUT TIpeoOpa3oBaTh CTPYKTYpY
B3aUMOJICHCTBUSL ~ HECYIIMX  KOHCTPYKIHWI
INaMATHUKOB HW HX OCHOBaHI/II‘/’I, HapyHmeHue

KOTOpPO#l BENET K HapyLIEHHIO yCTONYHMBOCTH
CHCTEMBI B IIETIOM.



IKCNEPUMEHTATBHO-TEOPEeTHYECKUE U CCIeIOBAHUS IIEHTPAJIbHO
HATPYKEHHBIX ()YHIAMEHTOB € NPOA0JbHBIM BbIPE30M IO MOI0IIBE

Camoponos A.B., Kontoxos A.B., Kporos O.B., ®ypcenko H.B., YouiiBoBk A.B.

XapbKOBCKUI HALIMOHAJIbHBI YHUBEPCUTET CTPOUTENBLCTBA U APXUTEKTYPbI, Y KpauHa

AHHOTAILIMS: B mnoneBbIX YCIOBUSAX IIPOBEICHBI 3KCICPUMEHTANIbHBIE MCCIEIOBaHUSA B3aUMOJCHCTBUS
LEHTPAJIbHO HAarpy>XEeHHBIX (YHJaMEHTOB C IPOJOJIBHBIM BEIPE30M MO IOAOLIBE C TPYHTOBBIM OCHOBAaHHEM U
MpeUTO’KeHa METOJUKA OTPE/IEeTIeHHs 0CaJ0K TaKHMX KOHCTPYKIMI (yHIaMEHTOB.

1. OKCIIEPUMEHTAJIBHO-
TEOPETUYECKME NCCJIEJJOBAHUA
HEHTPAJIBHO HAT'PY>KEHHBIX
OYHAAMEHTOB C ITPOIOJIBHBIM
BBIPE3OM 110 ITIOJOIIBE

B mpakTHke NpPOEKTHPOBAaHUS BCTPEUYAIOTCA
CIy4ad Tmepenayd Ha (YHIAMEHTB MEJIKOTO
3AJI0KCHUA 3HAYUTCIBbHBIX BHCIICHTPCHHBIX
Harpy3ok ((pyHZaMEHTBI MPOMCOOPYKECHUH,
HeTEXUMHYECKUX YCTAHOBOK, OIMOp 3CTaKal,
«BBIHOCHBIX» OIOp TIOKPBHITUSL  CTaJHOHOB,
OameHHBIX COOPYKEHWH, MOINOPHBIX CTEH W
ap.). Ilpm OOXBIIMX AKCICHTPUCHUTETAX €
MIPOJIOJILHON CHiibl N cOoOJItoIeHHe HOPMATHB-
HbIX OIPAaHWYCHUM KpaeBbIX [aBJICHUN Ha
OCHOBaHHE MPHUBOJUT K 3HAYUTEIILHOMY yBEJIH-
YEHHUIO pa3MEpOB TPAJAUIMOHHBIX (yHIaMEHTOB
CO CIUIOLIHOW MOJOLIBOM WM OTPBIBY MOJOII-
BBl TIpH JJMHE IOJOIIBEI MEHBIIE b=6e mpu
upuHe [=1Mm.

B atux ciyuasx 3(pQeKTUBHBIMU SBISIFOTCS
(yHIaMEHTHI ¢ BBIpE3aMH B IICHTPAJILHOM 4acTH
MTOJTOMIBEI, KOTOPBIC IIOJHOCTBIO HCIOIB3YIOT
MIPOYHOCTHBIE CIOCOOHOCTH TPYHTOBOTO OCHO-
BaHUS C COOJIOAEHHEM HOPMATHBHBIX KPaeBBIX
OTPaHUYCHUN U YJOBJICTBOPSIOT HOPMATUBHBIM
ocagkaM U KpeHaM. PaHee HamMu u Apyrumu
aBTOpaMHM TIpeUIaraluch KOHCTPYKIUH (yHaa-
MEHTOB C CHMMETPHUYHBIM U aCHMMETPUIHBIMH
BEIpe3aMH 10 TIOJIOIIBE W WX TEOPETHUECKOE
obocHoBanwe [1-3]. IIpu 3TOM Hamm ompeserne-
HbI OIITUMAJIBHBIC TCOMCTPUYECCKUC MMapaMETPhI
MOJIOIIBBI (PYHJIAMEHTA TPH 3aJJaHHBIX YCHIIHIX
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N u M, a Takxe pacueTHOM COIPOTUBIICHUH
rpyHTa ocHoBaHus R (cM. puc.1):

- NPU OTPAHWYCHUU KPAacBBIX NABJICHUH Ha
OCHOBAHHE Prax<1,2R ¥ pp,in=>0 Oynem umers

]2 (1)

b=(e+0.833m)| 1+,/1-2

1,666m
3

e+0,833m

a=2-1 X

b 3

- IIpU OTrPAaHUYCHHUU KPACBBIX JaBJICHUM Ha
OCHOBaHHC pmaxslaZR u pmin/pmaxzonz5 pa3sMephbl
PaBHBI

2)

,_c+0.4m +\/(e+00,64m)2 -0,213m?

;:ﬁzl_i

b 3,75

rne m=N/IR, N=5N/bIR.

B ciygae nenrouHoro gyHmamenTa B ¢op-
mynax (1, 2) npuaumaercs 1=1m.m.

Kpome ucnonb3oBanust GyHIaMEHTOB C BbI-
pe3amu sl 3 PEKTUBHOTO BOCHPHUATHS MO-
MEHTHBIX YCHJIMH, TaKHe KOHCTPYKIMH OTHEJb-
HO CTOAIIMX WM JICHTOYHBIX (PyHIaMEHTOB
MIO3BOJIAIOT MOBBICHTh PACUeTHOE CONPOTHBIIC-
HHE TPYHTa OCHOBAHHUS, a TaKXKe IOBBICHTb
HECYIIYI0 CIOcOOHOCTh ocHOBauus [4-10].

OpHaKO BCE TEOPETUYECKHE MPEUMYIIEeCTBa
NpUMeHeHHs1 (YHAaMEHTOB C BBIpE3aMH 110
MOJOLIBE UTHOPHPYIOTCS IPOSKTHBIMU OpTaHH-
3alMAMM HM3-32 HEOCTaTKa JKCIEPHMEHTANb-



HBIX HCCJEIOBaHMH, OCOOCHHO, B MOJEBBIX
YCIIOBHUSIX HA TIOJIHOMACIITAOHBIX MOZETISIX.
Ilenpro HacTOsMmIEH pabOTHI SABISETCS aHa-
JIN3 HATypHBIX MOJIEBBIX AKCHepUMeHToB [11] u
pa3paboTka METOAMKH OIpPENeNICHUsI O0CaJoK
(yHZaMEHTOB C BbIpe3aMH HOPMAaTHBHBIM
METOJIOM TIOCIIOHOTO CyMMHpOBaHU [12].

1.1. Hcxoonwvie oanmnvie 0 ucnvimanuil

DKclepUMEeHTalbHas IUIONIAJKa PAaCIIOJIOKEHA
Ha  Tepputopun  DpyH3eHCKOro  paiioHa
r.XappkoBa 1o yia. KopuarumHueB Ha Mecre
MIPEATIOIaraéMoro CTpOUTENLCTBA.

Mecto asist ucnbITaHUW B Tpejenax IUIo-
IIJKK BHIOPAHO C OTHOCHUTEIBHO OJHOPOIHBIM
o riryoune (no 10Mm) ciioem CyTrJIMHKOB TBep-
IBIX ~ KOPUYHEBATO-OypBHIX, KOPHYHEBBIX C
KpacHOBaTBHIM OTTEHKOM, C KPYHHBIMH KapOo-
HaTHBIMH KOHKPEUUSIMH.

CormacHo  paspaboranHoii «IIporpammst
UCIIBITAHUK» B TIOJIEBBIX YCIIOBHSIX MPOBEIEHBI
UCTIBITAaHHUSI TpeX Mojenedl (yHJIaMEeHTOB Ha
LEHTPabHBIC HATPy3KH:

- ¢yrmameHT Nel — ¢pyHAAMEHT CO CILTOMI-
HO¥ TT0JIOIIIBOIA;

- ¢ynnameHT Ne2 — (hyHIaMeHT ¢ BBIPE3OM
[0 TOJOUIBE IPH COOTHOIICHWH BEIUYHHBI
BBIpe3a a K IMpPUHE MMoJ0MBE b, paBHOM 0,3 (C
MICHOIIJIACTOBBIM BKJIA/IBIIIIEM BHYTPH BBIPE3a);

- ¢pyagameHT Ne3 — ¢yHmameHT ¢ BBIpe3oM
[0 TOJOUIBE IPH COOTHOIICHUU BEIUYUHbI
BbIpe3a a K IUpUHE MoJOMIBH b, paBHOM 0,7 (C
MIEHOIIJIACTOBBIM BKJIQJIBIIIIEM BHYTPH BHIPE3a).

31ech cieayeT OTMETHTh, YTO 3arOJIHEHHE
obyacTn BbIp€3a MNEHOIUIACTOM MPECIIeI0BAIIO
IIeJTb COOTBETCTBOBATH HIDKEYyKa3aHHOH (pHc. 1)
pacyeTHOi cxeme B3aMMOAeHCTBUsI (DyHIaMEH-
TOB C BBIPE3aMH JUIsS MOBBIMICHUS] PAaCUETHOTO
COIIPOTHBIICHHUS OCHOBaHMsI R cormacHo moy-
YEHHOI'0 HaMU naTteHTa Ykpaussl [10].

2ol P ra
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Pucynok 1. Pacuetnast cxema B3auMoeiicTBUs
LEHTPAJIbHO HATPY)KEHHOTO (PyHIaMEHTA C BEIPE30M
T10 MO/IONIBE, 3aMIOJTHEHHBIM HU3KOMO/IYJIbHBIM
BKJIAJBIIIEM.

B 3TOM Cciydae BbIpe3 3amloNIHSETCS Ha BCIO
BBICOTYy A B 3aBHCHMOCTH OT OXHIAaeMOH
ocaiku S HH3KOMOAYJIBHBIM MaTepHaIoM
(BKTagpIIeM) ¢ MOAYJEM YIPYrocTH FEg,,
KOTOPBIH paBeH
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3)

rzie y/ — 0OBEMHBIN BEC IPYHTA BBILIE TOOLIBI
dynnamenta, kH/M’; d — Tay6uHa 3am0XKeHHs
¢dyHnameHTa, M.

Jis mepenaum Harpy3ok Ha (yHAaMEHTHI
UCTIONIb30BAINCH ISITh THIPaBINYECKUX
JOMKDATOB C IUIOMAbI0 IHIHHAPOB 200cM’.
Pabouee naBieHne B JOMKpaTax CO3JaBaJIOCh
JIBYMSI pPyYHBIMH HACOCHBIMH  CTaHIHUSIMH,
000py/ZIOBaHHBIMM ~MaHOMETpaMH C  LIEHOH
nenenns 2kr/cM’. JIOMKpaThl yCTaHABIMBAIHCH
Ha 6moxu Tuna ®BC xoHCTpYKIMA PyHIaMEH-
TOB U paboueil MOBEPXHOCTHIO MOPIIHS YIHpa-
JIMCh B TOINEPEUHyI0 OalIky aHKEpHOTO CTEHJa
CA-600. [lns mnpenoTBpallieHUss W3MEHEHUs
XapaKTepUCTHK TPYHTOBOTO OCHOBaHMS B
IpoLecce  HUCIBITAaHWH  SKCHEPHUMEHTAIbHBIC
YYacTKU CBEPXY HAKpPBIBAINCH BOAOOTBOASIINM
TEHTOM, & BOKpPYr KOTJIOBAaHOB YyCTpauBajach
o0OBaJIOBKA ISl IPEOTBpPAIlEHHS TPOHUKHOBE-
HUs aTMOC(EPHBIX 0CaAKOB (puc. 2).

3arpyeHue LEHTPAJIbHBIMH Harpy3KaMu
KOHCTPYKIIMH MHPONUCXOJMIO CTaTUYECKH, C
IIOCTEIIEHHBIM IIOBBIIIEHHEM paboyero nasie-
HUSI B JIOMKpaTrax ¥ €ro MocCTOSHHOM MOJJiep-
JKaHWH JI0 YCJIOBHOW CTaOMIIM3aliU BEPTHKAJIb-
HBIX TepeMelieHnd (0cagok) (yHIaMEHTOB.
Beprukansable mnepemerieHus  (QyHIaMEHTOB
U3MEPSUTUCH [UISl KQKIOH M3 YETHIPEX YTIIOBBIX
TOYEK C TOMOIIBIO YCTAHOBJICHHBIX MPOTHO0-
mepoB Tumna 6ITAO. [Iporubomeps! ycranasiu-
BAJINCh Ha PENEPHYIO CHCTEMY, COCTOSIIYIO M3
METaNIMYECKUX 0aJoK — IIBEJJIEPOB, PacIoo-
JKEHHBIX B TPOJOJIFHOM HAIIPaBJICHHH II0 00e
CTOpOHBI (yHZAMEHTAa M 3aKPEIUVICHHBIX B
CTEHKaX KOTJIOBaHA Ha aHKEpax W3 MeTaulnde-
CKHX cTepxHeH (puc. 3).

Pucynox 2. O6mwmii Bux ankepHoro crenna CA-600 B
npolecce UCTIBITaHHUS (yHIAMEeHTa.



Pucynok 3. Bux ¢pyHnaMenTa ¢ OTHOCHTEITBHBIM
BEIpe3oM 110 nogomBe a/b=0,7, 3amoTHEHHBIM
MIEHOILIACTOM M IIPOruOoMep Ha PEeNepHON cucTeMe.

1.2. Dxcnepumenmanvhsie ucciedos8anus
0CAOOK YEHMPATLHO HAZPYIHCEHHBIX
@dyHoamenmos ¢ npoOOIbHLIMU 8bIPE3AMU
no nodouige

Ha puc. 4 mnpeicraBieHa pacyeTHas cxema
B3aHMOJICHCTBHS LEHTPAIbHO HArpyXEHHBIX
Mozeneil (yHIaMEHTOB C TPYHTOBBIM OCHOBa-
HHEM, TPU OTOM PACUCTHBIC XaAPAKTCPUCTUKH
NPUHUMAIUCE UL TPUPOXHOTO  COCTOSHUS
IpyHTa.

R
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=2, i

Pucynok 4. CxeMa B3auMOJICHCTBHS ICHTPAIBHO
HarpyKeHHbBIX (YHIaMEHTOB C TPYHTOBBIM
OCHOBaHHUEM.

OKCHepUMEHTallbHas Ocajka Ha Kaxaou
CTYNEHH Harpy3KH ONpeleNslach Kak cpeiHea-
pudpmerTnIeckoe 3HAUYCHHEC nepeMeLeHui
YeThIPeX YIVIOBBIX TOYEK YKECTKO# (yHIaMeHT-
HOM IIJINTHL

H=L.5m
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1.3. Teopemuueckue uccied08anusi 0Cadok
YEHMPANbHO HASPYHCEHHBIX PYHOAMEHMOE
€ NPOOOILHBIMU BbIPE3AMU NO NOOOUUBE

B mHammx pabotax [9, 13] u Tpymax apyrux
yueHsIx [8, 14] TeopeTHuecku M 3KCIIEPUMEH-
TaqTbHO OOOCHOBBIBAECTCS HOPMATHBHBIA METO]I
MOCJIOHHOTO CYMMHUPOBAHUS JUIsl OINpEeICHUS
0Ca/IOK JICHTOYHBIX, KOJIBIEBBIX, MPSMOYTOJIb-
HBIX (JyHIAaMEHTOB C BBIpE3aMH IO MOOIIBE C
pacIpeneneHeM BEPTHKAIBHBIX HAIPSHKEHUN
O/ TIO/IOIIBOM KakK Jis JIMHEWHO-eopMupye-
MOTO MOJTYIIPOCTPAHCTBA WX TTOJIYTUIOCKOCTH.

Paccmorpum ormenbHO crosmuii  dyHzaa-
MEHT MJIMHOW b, mmpuHOWH | M TPOIONBHBIM
BEIPE30M MO TOAomBe a (puc. 5), K KOTOPOMY
npuioxkeHa cuia N. [laBieHue p mo mojoliBe
(yHIaMEeHTa YCIIOBHO TPHHATO PaBHOMEPHO
pacnpeieleHHbIM.
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Pucynok 5. Cxema B3auMoAeHCTBUS OTAEIBHO
crosero GyHIaMeHTa ¢ POAOIbHBIM BBIPE30OM IO
MOJIOIIBE C YIPYTHM MOTYIPOCTPAHCTBOM.

IIJ'IH OIMpPCACIICHUA OTHOCHUTCIIBHBIX CXXUMa-

. G,
IOIIYMX HAOpsDKEHUM O: =—— BJOJIb OCH Z B
p

Touke O MO BHYTpEHHEMY 0Ope3y IUIOIAIKH
OTHpPAaHUS WCTIONB3YeM KIACCHYCCKHA METOJ
YIIOBEIX ToueK. [ 3Toro pazOmBaeM 3arpy-
KaeMyIo IUIOMIaIKy Ha IMIECTh MPAMOYTOIbHH-
KOB Tak, uyToOBl Touka O ObLIa KpaHed s
ATUX MPSIMOYTOIBHHUKOB (pHC. 6).
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Pucynok 6. Cxema pa30MBKH Ha MIPSIMOYTOJIILHAKI
IIPU OIPEAEICHUM CXKUMAIOIINX HAIPSXKEHUH 1o
METOAY YTJIOBBIX TOYEK.

OOmmii BUI ompeneNeHus] HanpsHKCHUH c
UCIIONIb30BAaHNEM YKa3aHHOTO MeTozxa Oyaer
BBINISIAETH CIEAYIOIUM 00pa3oM:
o, 1 2:-1-z-(1+a)

z

+ 0

z0CDK to

0.= P(O.omct Ooomy ZONPK

= O.osc ~ O-06my )"

Jns ycTaHOBIEHUST 3aKOHOMEPHOCTEN pac-
MPEAENEHUsT OTHOCHTENBHBIX BEPTHKAIBHBIX

HANPSDKEHMH O: B TMOJYNPOCTPAHCTBE OT
TaKUX KOHCTPYKIUH (DyHIaMEHTOB HCIIOJIb3YyEeM
pemenne A. JIsBa B CyIIECTBYIOIIUX HOPMax
[12] m mnocne HEKOTOpPBIX IpeoOpa3oBaHUMA
MOJTY9UM:

-2 -2 - -2
I +a +2-a+1+8-z

O;: =

[-(a+1)

+arctg

2-1-z-(1-a)

2T 142040 +4-7

_;‘ =y F— — - —2 —_ 2 —
p JPil42a4a 447 (+2-a+ad +4.2)-( +4-2)

-2 =2 — —2
[l +a -2-a+1+8-z

> — — - = —2_ -2 =)
VP s1-2.a+a +4.2° (-2-a+d +4:2)-( +4:2)

I-(1-a)

+arctg

l-z-a

- [ - = —2
2-2'\/1 +1-2-a+a +4-z

=2 -2 =2
I +4-a +8-z

4)

T = =, 2 —2_ —2 =2
P rad +az C+47)@+2)

l-a

T 4d 14

—arcitg

I7le p — MHTCHCUBHOCTh BHEIIHEH PaBHOMEPHO
pacnpeeneHHON Harpy3Ku;

- a - / —
a=— l:— zZ=
b. b. b

> B

HOCTpOI/IM OMIOPbl paCcOpeacIiCHUS Halpsi-

z

JkeHuil 0 : B Touke OmnHa Ppa3JIMIHbIX OTHOCH-

TenbHBIX Tybunax z = z /b (0.0; 0.5; 1.0; 1.5;
2.0; 2.5; 3.0; 3.5; 4.0; 4.5; 5.0; 5.5; 6.0) mpmu
Pa3IMYHBIX COOTHOIIEHHSX BHIPE3a K JUIMHE

byHnamenTa Ez% (C_l=0.0; C_Z:O.S; C_Z=O.8) u

- 1
OTHOCHTEIBHON IMpuHe QyHaamMeHTa ! =Z=2
(puc. 7).
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B 1a6n. 1 u B Tabn.2 mpuBeneHs 3HAYCHUS
Kod(QUIHEeHTa 3aTyXaHWsi « BEPTUKAIBHBIX
HalpsOKCHUH BIOOJNB OCH z Ha Pa3iIM4HBIX

OTHOCHUTENbHBIX TyOuHax Zz /b mpu pasmmu-

_ a l
HEBIX COOTHOIIEHHUSX d :Z n l :Z’ BBEIYHUCIIEH-

HBIE C HCIIONb30BaHHEM (opMmyisl (4), aHao-
TUYHble HopMaTuBHOW Tabmune JIBH [12].
Cnemyer OTMETHTh, 4YTO TPH OTCYTCTBHU
BeIpe3a (a=0), OyaeM WMETh pEIICHHE IS
CIUIOIIHOW  TOJOMIBBI  OTJCIBHO  CTOSIIETO
¢dbyHIameHTa, a JJis JICHTOYHOro (yHIaMeHTa
pEIIeHNEe COOTBETCTBYET HAIINM HCCICIOBAHU-
sM ¢ wucroib3oBanueM (opmynsr B.I'. Kopor-
KWHA JIIs YCITOBHIA TUTOCKoH nedopmarmn [13].
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Pucynok 7. Dmiopsl pactpeie/eHus HalpsHKeHUH B

1.0 00, upn @ =0; @ =0.5; @ =0.8)

Tabmuna 1. 3nadenus kodddunrenra 3aTyxanus o
HarnpsHKEHUH BJIOJb OCH Z IS JICHTOYHOTO
¢ynnamenta (I=10) ¢ NPOIOTBHBIM BEIPE3OM MO
MOJIOIIBE.

Z a=0 a=0.3 a=0.7
0.0 1.000 0.500 0.500
0.5 0.819 0.477 0.197
1.0 0.550 0.355 0.131
1.5 0.395 0.265 0.103
2.0 0.304 0.207 0.083
2.5 0.244 0.168 0.069
3.0 0.202 0.140 0.058
3.5 0.171 0.119 0.050
4.0 0.147 0.102 0.043
4.5 0.128 0.089 0.037
5.0 0.112 0.078 0.033
5.5 0.099 0.069 0.029
6.0 0.088 0.061 0.026
6.5 0.078 0.055 0.023
7.0 0.070 0.049 0.021
7.5 0.063 0.044 0.019
8.0 0.057 0.040 0.017
8.5 0.052 0.036 0.015
9.0 0.047 0.033 0.014
9.5 0.043 0.030 0.013
10.0 0.040 0.028 0.012

78

Tabmuua 2. 3HadeHns k03hOUIIHEHTa o 3aTyXaHUsS

HarnpsHKEHUH BJOJIb OCH Z JJISL OTACNIBHO CTOSIIIEro

(hyHIaMeHTa ¢ TIPOIOIBHBIM BEIPE30M 110 TIOJIOIIBE
pH cooTHoeHuH 1=0,5.

Z a=0 a=0.3 a=0.7
0.0 1.000 0.500 0.500
0.5 0.481 0.274 0.118
1.0 0.190 0.121 0.044
1.5 0.095 0.063 0.024
2.0 0.056 0.038 0.015
2.5 0.037 0.025 0.010
3.0 0.026 0.018 0.007
3.5 0.019 0.013 0.005
4.0 0.015 0.010 0.004
4.5 0.012 0.008 0.003
5.0 0.009 0.007 0.003
5.5 0.008 0.005 0.002
6.0 0.007 0.005 0.002
6.5 0.006 0.004 0.002
7.0 0.005 0.003 0.001
7.5 0.004 0.003 0.001
8.0 0.004 0.003 0.001
8.5 0.003 0.002 0.001
9.0 0.003 0.002 0.001
9.5 0.003 0.002 0.001
10.0 0.002 0.002 0.0007

1.4. Pe3ynomamuol 3KCRePUMEHMAbHO-
Meopemuueckux UCCie008anull YeHMpPAaLbHO
HASPYHCEHHBIX PYHOAMEHMO8
€ NPOOOTLHBIMU 8bIPE3AMU O NOOOULEE

3nmech clieyeT OTMETHTh, YTO IIPH OLECHKE
pacdeTHOTO CONpPOTHBIICHHS OCHOBaHUSI R
(GbyHIaMEHTOB C BBIpE3aMH M CO CIUIOLTHOM
MOJIOIIBOKH BBIYUCIUINCH 3HAYEHHS Kak 10
cymectBytomuM HopMmaMm JIBH [12], Tax u npu
UCIIONIb30BAaHUM  HAIINX  HCCIEAOBAaHUM U
Jpyrux aBTopos [4-6]. [Ipuuem, mpuHUMANach B
KadecTBe MHPHUHEI pyHIaMeHTa «b» — U MEHb-
masgs cropoHa /, m 6ompmast b (cMm. puc. 4), a
(yHIaMEHT paccMaTpHUBAJICS M KaK JICHTOUHbIH
CIUIOIIHOM, M KaK JIEHTOYHBIH HpPEepHIBUCTBHIM,
HO BO BCEX CIydYasX BEJMYMHA PacYeTHOTO
COIIPOTHUBIICHHS NIPAKTUYECKH HE U3MEHSUIACh U
coctasmsia R=380kl]a.

OtmeuaeMm, 9TO B TUTaHE KOTIIOBaH moJ GyH-
JIAMEHTHI OBbLJI BBINOJHEH IMPAKTUYECKH TI0
o0Ope3aM  TOAOWIBHI  MOCJIEAHUX, MOITOMY
oOpaTHas 3achllika HE ycTpanuBajach, TaK Kak, B
3TOM ciydae pacyeTHas CXeMa HpPaKTHYECKH
COOTBETCTBYET NPUHATON Ha puc. 1.

PesynbraTel mpencTaBieHBl B TaOIMYHON
¢dopme (Tadun. 3) u rpaduuecku (puc.8, 9).
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1.5. Bvi6oOuwl

1.

B momeBBIX YCIOBHSX MPOBEACHBI MTHOHEP-
HBIE TIOJIEBBIE SKCIIEPHMEHTAJIBHBIE HCCIe-
JIOBaHMsI B3aUMOJICHCTBUSI TPYHTOBOTO OC-
HOBaHHMS C MOJHOMACIITAOHBIMH MOJIEJISIMH
(yHIaMEHTOB C BBIpE3aMH 110 MOJOIIBE Ha
JIEWCTBHE IIEHTPAJIBHBIX HArPy30K, KOTOPBIC
TTOITBEP NI MHOTOYHCIICHHBIE TEOPETHYC-
CKHe BBIBOJBI 00 23 PEKTHBHOCTH TIPHUMEHE-
HUS TaKUX KOHCTPYKIMH (DYHIAMEHTOB IIO
CPaBHEHUIO C TPaAMIHOHHBIMU (yHIaMEH-
TaMH CO CIUIOUTHOW MOJIOIIBOH.

B pesymprare SKCHEPUMEHTOB OCTAlOTCS
HEpeIICHHBIC BOIIPOCHI, CBS3aHHBIC C Ha3Ha-
YEeHHEM pacUeTHOTO CONPOTHUBIICHUS TPYyH-
Ta, TaK Kak HaOmojanach JWHEWHas 3aBH-
CUMOCTh 1e(OpMHUPOBaHUS AJIsl BCeX (yH-
JaMEHTOB 10 Harpy3ku p=R=600 xlla, To-
r1a Kak OrpaHHYeHHEe HOPMATHBHOIO JaB-
JIEHHsI U pacdeTa 0caZoK OCHOBAaHHS PaB-
HO Ryopy. = 380 xlla.

B mobom ciydae, ycTpoicTBO BbIpe3a HE
CHIDKAeT PacyeTHOrO CONPOTUBIECHUS OCHO-
BaHMS M MOXXET BBIYHMCIATHCS MO €r0 BHEII-
HUM TabapuTaM NpH COOTHOIICHHH BBIpE3a
K miuHe rnomomBsl a/b<(,7, HO ¢ 3amoiHe-
HHEM BHYTPEHHET0 O0beMa TOJOCTH HHU3-
KOMOJYJIbHBIM MaTePUAIOM.

AHanuUTHUeCKH pellleHa 3ajada pacrpee-
JICHUS BEPTHKAJIbHBIX (cxMMaroIux)
HaNpsDKeHWH B OCHOBAaHHWHU OTNENIBHO CTOS-
mero W JICHTOYHOro (yHIaMEHTa C IIpo-
JOIHHBIM BBIPE30M II0 TTO/IOIIBE.

Jnist npakTHYeCcKoro MpUMEHeHHst B TabIn4-
HOM (hopMe HPHUBOAATCS 3HAUCHUSI OTHOCH-
TENBHBIX CXKUMAIOLIUX HaINpsHKCHUH BIOIH
OCH z OTHENBHO CTOSIIET0 ¥ JICHTOYHOTO
(hyHIAMEHTOB C TIPOIOIBHBIM BHIPE30M II0
MOJIOMIBE [JIsI OMpENENICHUS OCagoK C HC-
MOJIb30BAaHUEM HOPMATHBHOTO METONA TIO-
CJIOITHOrO CyMMMpPOBaHUSI.
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