APXNWTEKTYPA U CTPOUTENBCTBO
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BUBPALIUS KOHCTPYKIUI KAPKACHOI'O 3[JAHUSI,
BBI3BBAHHASA ABUXEHHUEM ITOE3/10B METPOITIOJIMTEHA

Jokm. mexn. nayx, npogh. AJIAB/JTHH I1. B., acn. MY3bI9KHH IO. A.

PVII «HUucmumym benHUHUCy

B cootBercTBHM ¢ TpeOOBaHMSIMU HOPMATHB-
HBIX TOKYMEHTOB [1] 3MaHUS U COOpPYKECHHS B 3a-
BUCUMOCTH OT HUCTOYHHKOB BHOpAalUU JOJKHBI
pacronaraTbcsa Ha paccTossHuM He menee 100 M —
JUTS KETIe3HOAOPOXKHBIX myTell u 40 M — 1y MeT-
PO MEJKOTO 3al0KeHHs (yCTPOWCTBO TaK HAa3bI-
BaeMo# cenuTeOHON 30HBI). HasnaueHue ykasaH-
HBIX 30H, B MEPBYIO OYepe/b, BBHI3BAHO CTpeMIIe-
HUEM CHU3UTH BPEAHOE BO3JCHCTBHE BUOPAIINU HA
JOAeH W 3/7aHus, He Tpuberas K JOPOTOCTOSIINM
METOZaM €¢ yMEHbIeHus . Ha mpakTuke, 1o AaH-
HBIM [2], okosio 24 % 3TUX IUI0mAaaei 3aCTPOCHBI,
U CYUIIECTBYIOIIME TaM OOBEKTHI JOJDKHBI OBITh
Ha/IeXanIM 00pa3oM BHOPOU30IUPOBaHE [3—7].

Onucanue o0bekTa uccjaegoBanus. lccie-
JIOBaHUS PacCIpOCTpaHEeHUs KoJeOaHWil MO CTPOH-
TEIbHBIM KOHCTPYKIIUSM, BBI3BAHHBIX IBUKCHHEM
MOJIBMYKHOTO COCTaBa METPO, OBUTH BBHITTIOJTHEHBI HA
CTpOSIIEMCS )XHUIJIOM JJoMe B T. MUHCKe, pacmosio-
>keHHOM Ha yi. Ilputsinkoro. XKumoit goMm ¢ kap-
KacHOM Hecyllled CXeMOM HMeeT MATh CEeKIUU
C pa3HOM 3TAXKHOCTBIO KaxAou cexuuu. [lnan 31a-
HUs, Pa3[eJCHHOrO0 Ha CEKLUUHU, U PaCHOJIOKECHHE
OCH TYTH TOHHEJNS METPO OTHOCHUTENIEHO 3[aHUS
MIpeJICTaBJICHBI Ha puC. 1.
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Puc. 1. Tlnan 31aHKUS U pacToNOXKEHUE OCH TOHHEIS
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Cekiuu ¢ TMepBOMl IO TPETHIO 3aBEPIICHBI U
HUMEIOT JIEBATH XKWIbIX dTaxel. UeTBeprasi, Takxke
JNEBATUATAXKHAS CEKUUs, HaXOAUTCS B CTaauu
CTPOMTENLCTBA: BO3BEACHBI (YHIAMEHT M KapKac
(6e3 BHYTpEHHHX IIEPETOPOIOK M HAPYIKHBIX CTEH).

AHanu3 BUOpaIuu ObUT BBITIOJIHEH IS YETBEP-
TOH NEBSITUITAKHOM CEKIMH, PACIOJOKEHHOH B
~28 M 70 ocu TOHHENs MeTpo. JlaHHas ceKius
MpENICTaBIsAeT CcO00M MOHONMTHYIO KapKacHYIO
CUCTEMY C MPOAOIBHBIMU M TONEPEUHBIMHU AHA-
(bparMamMu KECTKOCTH H TO3TAKHO OIMEPTHIMU
CTeHaMu U3 OJOKOB U3 sueuctoro Oerona. Ilepe-
KPBITHS MOHOJHUTHBIE TOMIUHONW 200 MM CO CKpBI-
ThIMHU pureiasiMu. [loaBanbHasi 4acTh MO MepUMET-
Py 3MaHUs BBHINOJIHEHA W3 MOHOJMTHOTO OETOHA
tommuHOo 400 mM. KoJOHHBI HMEHT pa3Mmep
400x400 mm. KoHCTpyKTHBHAsi cxema THUIIOBOTO
ATaXka YETBEPTOU CEKIIMU JCBITHUITAKHOTO MOHO-
JINTHOTO KapKaCHOTO >KUJIOTO 3[IaHUs MpeACTaBlie-
Ha Ha puc. 2.

B nepuon uccienoBanuii 1 U3BMEpPEHU Mpou3-
BOJMJINCH BHYTPEHHHE PAOOTHI B CEKIUH 3, B pe-
3yJbTaTe Y€TO YPOBEHb BUOPAITMOHHOTO (hOHA OBLT
MIOBBIILICH.

HN3mepenue BuOpanuii rpyHTa U KOHCTPYK-
umii moaBana. lccrnemoBanme BHOpamuy TpoOu3-
BOJWJIOCH C TOMOIIBIO YETHIPEXKAHAIBHOU H3MeE-
PUTENBHOM CHCTEMBI C HCIIOJIB30BAHUEM IIbE30-
JATYNKOB, PETUCTPUPYIOIIUX BHOPOYCKOPCHHUS.
[Ipu mpoxoxaeHUH TOE370B METPO HAMOOJBIIHEC
W3MEHEHUS CIIEKTpa HAONIOJAINCh B JUAla30He
gactor 1-100 I'm. Usmepenust BuOpaunnu ObuH
BBITIOJTHEHBI Ha TPYHTE mepen 3maHueMm (~3,5 M),
a TaKKe Ha CTPOUTEIBHBIX KOHCTPYKIUSX TMOA-
BaJbHON YacTH 3MaHUA: Auadparme XKECTKOCTH U
KOJIOHHAX.
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Puc. 2. KOHCTpYKTHBHAs CXeMa THIIOBOTO 3Ta)ka TPEThel CEKLUH 3JaHUS

CxeMa pacrioJIoKeHHsI TOYeK M3MEPEeHHs B TO-
BaJIbHOW YacTW 3[IaHUs TpeICTaBlieHa Ha pHUC. 2.
Orubaroriasi y3KOMOJIOCHOIO CIIEKTpa BUOPOYCKO-
peHus — croiomHas JduHES (YpoBHH (hoHA TIpe-
CTaBJICHbl TYHKTUPHOW IMHHEW), JaHHBIE IO pe-
3yJbTaTaM MHOTOKPAaTHBIX W3MEpPeHHH BHOparuit
(He MeHee TpeX YacoB B KaXKIIOW TOUYKE, MHTEPBAI
JOBIDKEHHSI TIOE3[J0B ~5 MHH) IpPECTaBICHBI Ha
puc. 3, 4 (ypoBHH BHOpOyCcKOpeHus L, Ha pUCYH-
Kax ykasassl B b [8]):
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OTIOPHBIN YPOBEHb BUOPOYCKOPEHUS
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Puc. 3. CriekTporpamMma BepTHKAJIbHBIX YPOBHEH KoneOaHus
rpyHTa B TOUKe ch2-v23

AHanu3 JBIXKEHUS TO€310B METPO IOKazall,
YTO C YBEIMYCHHUEM KOJIMYECTBA MACCAXHUPOB (Uac
ik Mexay 17 u 19 4.) ypoBHH BHOPOYCKOpEHHUS
Ha 3,0-3,5 nb BEIIIE TTO OTHOIICHUIO KO BPEMEHH
¢ 19 no 22 4. Takxke ypoBHU BHOPOYCKOpEHHS 3a-

BUCST OT TEXHHUYECKOTO COCTOSHUSI PEIbCOBOTO
MyTH U TIOJABHIKHOTO COCTaBa, CKOPOCTH JIBHIKCHHUS
cocraBa (B 4ac MUK CKOPOCThb, KaK MPaBUJIO, BbI-
me). Bee mepeunciaeHAble (GaKTOpPhl CKa3BIBAIOTCS
M HAa YaCTOTHOM pPAaCHpeeiICHUU YpOBHEH BUOPO-
YCKOPEHHUS.
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Puc. 4. CnektporpaMma BepTUKAIBHBIX YPOBHEH KOJIeOaHMS
KOJIOHHBI B To4ke ch1-v23

Ha #uskmx wacrorax, B amanazone 1-10 I'm,
W3MEHEHUSI YPOBHEH BUOPOYCKOpEHHSI HE3HAYU-
TEJHHBI TI0 OTHONICHHUIO K (OHY, U B IadbHEHIIIEM
OHHU HE aHAJTM3UPOBAIUCE.

Tak kak ompeaeincHHe OOBEKTUBHO-TOYHBIX
TPaHMII TIOJIOC CIEKTpa BBEIHYXKIECHHOW BHOpammm
HE TPEJCTABISAETCS BO3MOXHBIM 0€3 IOJHOTO MO-
JaJbHOTO aHalIu3a, NalbHEUIIN pacyeT BbINOJ-
HEH Ha OCHOBE CIIEKTPAIBHOTO METOJa MPH yUeTe
cirydaifHO# BUOpauuu.

[JelicTBuTenbHas JuarpaMMa paclpeciieHus
ypoBHE# BuOpanmu OblIa 3aMEHEHa IBYXYpPOBHE-
BO#i juarpammoii (puc. 5) ¢ yposramu 0,001 m/c’
(60 1B) — ans muanasona wactor 1-100 I'i; 0,03 m/c?
(90 nb) — mia muanazona gactoT 20-50 I'm.

BecTtHuk BHTY, Ne 2, 2011
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Puc. 5. Ciextp BUOpOYCKOpEHHS
JUISL pacueTa BUOpaLK 31aHNs

YucjieHHOe MOJeTHPOBaHUE BHOpanuu 37a-
HUsl. MoJanbHbIe MepeMeIIeH s, CKOPOCTh U yC-
KOpEeHHUe OIpeNeIsuiich MeToaoM complete quad-
ratic combination A TOJIy4YeHHS OTKJIMKA Kap-
KacHOTO 371aHus Ha BO30yxieHue R,, 3aJJaHHOE Ha
OMopax yCKOpEHHEM:

R = (2> ke Ry | )
rae k= : lf i.=j.;
2 if i+#J;
) 8JEE; (& +r;)ry
U 4B (1 )+ 4E

®;

r=—;
1

E.; — 2bdexTuBHBIH KO3hULUEHT MOTEps AN

MOX i, j.

XapakTepHOoi 0COOCHHOCTHIO BHOPAIINN CTPOH-
TEIbHBIX KOHCTPYKLUHUN YETBEPTOM CEKLUU pac-
CMaTpUBAaEMOro 3JaHus JUId Juana3oHa YacToT
0-10 I'n mpu pacuere Ha CIIy4aliHYH BHOpAIMIO
(BO3OYXK/IeHHE OCHOBAaHHWS CIIy4alHOH CHIIOH, 3a-
JAHHOW C TIOMOLIBIO CIEKTpa BUOPOYCKOpEHHS
OTI0p) SBIISIETCS TpeodIaaHue BEPTHKAIBHOW CO-
CTaBJISIIOLIEH MEepEeMEIeHUN HaJl TOPU30HTAIbHBI-
MH. YacToThl COOCTBEHHBIX KOJIEOaHUH ISl Tuarna-
3oHa 0—10 I'm mpencraBnens: B Tabm. 1.

Tabnuya 1
YacToThl COOCTBEHHBIX KOJIEOAHHIT MOIETH 31aHHs
ot 0 10 10 I'r
Ne 1 2 3 4 5 6

£Tu | 1,72 | 238 | 323 | 584 | 907 | 9,73

Ha Hm3kux vactorax HavOOJBIIMI BKJIad B
mporiecc KojaeOaHus 3MaHvsl MPUBHOCUT TOPH30H-
TaJibHAsi KOMITIOHEHTa BJOJb ocu Y—Y umu X—X,
HO C YBEIIMYCHHWEM YacTOThl HAWOOJBINIUN BKIIAJ
B KOJIeOaTeNbHBIA TPOIECC MPUBHOCUTCS BEPTHU-

BecTtHuk BHTY, Ne 2, 2011

KaJIBHOH COCTaBIISAIONICH BHOPAIHH, BIOJb OCH Z—
Z. BenmnunHa Sum (MOJyJib BEKTOPA) BBIUMCIISIETCS
JUTS K&KAOT0 y3J1a 1o nepeMerieHusm X, Y u Z

Sum=+vX?+Y2+22. 3)

Pacmipenenenne cymMMapHBIX BHOpomepeMenie-
Huii (Sum) u BuOporepeMenieHni B BEpTUKATEHOM
IUIOCKOCTH Z—Z TI0 3JIEMEHTaM CTPOUTEIIBHON KOH-
CTpyKUMH ayig auana3oHa 4dactor 0-20 I'u mpu
pacdeTe Ha CiIy4ailHyI0 BHOpaIldio H300pa’keHO
COOTBETCTBEHHO Ha puc. 6 u 7.

Puc. 6. BuOpoyckopeHHsI CTpOUTENBHBIX KOHCTPYKIHH (Z—2)
i auanaszona yactot 0-20 I'n

Puc. 7. BuOpoyckopeHHs CTpPOUTEIHBIX KOHCTpyKIuii (Sum)
s yactot 0-20 Iy

KonmuecTBo (hopM COOCTBEHHBIX 4acTOT KOJIE-
OaHMil 1711 yKa3aHHBIX TUATIA30HOB IIPEICTABICHO

B Tabm1. 2.
Tabruya 2
YacToThl COOCTBEHHBIX KOJIE€0AHUH MOIEIH 30aHIs

Jmnama3on vacror, ['1g 0-20 [ 2040 | 40—60 | 60—80

KonuuectBo popm konebanumit | 186 | 278 | 287 | 278

Pacnipenenenue BuOpomnepeMmenieHut Sum 1o
3JIEMEHTaM CTPOWTEIHHON KOHCTPYKIMH ISl AWa-
na3zoHoB yacTtoT 20—40 u 40—60 'y npu pacyere Ha
CIIy4aliHy 0 BUOpAIIMIO MPEICTaBICHO HA puC. 8, 9.
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Puc. 8. BuOpoyCKOpeHHs CTPOUTENBHBIX KOHCTPYKIUI Sum
s quana3zoHa yactoT 20—40 I'ng

AHaau3 pe3yabTaToB pacuyera. AHaIN3 co0-
CTBEHHBIX 4acTOT u (popM KolieOaHU B IMana3oHe
gactoT oT 1 mo 60 I'm mokas3pIBaeT, YTO COCTaB-
JSIOIIME TOPU3OHTAIBHBIX TEpPEMEIICHU Tmpe-
o0jamaroT HajJ BEPTUKAIBHBIMU IS Hamboiee
Hu3kuX vactoT oT 1 mo 10 T'm. C yBenmuenuem
YacTOTHl TIpeoOramaroneli KOMIIOHEHTOW BHOpa-
[MOHHOTO PEeXHUMa CTAHOBHUTCS BEPTHUKAIBbHAS CO-
crapisitomas  koiebanus. [loaTromy BHOpaIoH-
HBI aHaU3 OT MOBIKHOTO COCTaBa METPO pac-
CMaTpHUBaeTCsl, TJIaBHBIM O0pa3oM, B IUIOCKOCTH
MIEPEKPHITUN TEPBOr0—/IEBATOTO ATAXKEH.

COOTHOIIIEHUS! MaKCHUMAJbHBIX aMILTUTYJ Tie-
pEMEIICHIS CTPOUTENBHBIX KOHCTPYKIHH (Sum; Z;
Y; X, oTHeceHHbIE K MEpEMEIICHUIO Sum) JUIsl pa3-
HBIX (OpM COOCTBEHHBIX KOJICOAHUI B IUara3oHe
ygactoT 1-60 't mpeacraBnens! B Tadu. 3. Makcu-
MaJlbHBIC AMIUTATYABI TIEPEMEIIECHUsT BIOJIb OCEH
X, Y u Z npeacraBieHsl Uil pa3iUYHbIX Y3JI0B MO-
JICNU B TIpefiesiaX o HoN (popMbl KoeOaHus, OHA-
KO 3Ha4YeHHE Sum OMpeeNeHo I y3Ia ¢ MaKCH-
MaJbHBIM MEPEMEIIEHUEM, OTIPEACICHHBIM 110 (3).

Tabnuya 3
CooTHOIIeHHe MAKCUMAJILHBIX aMILIUTY/ KoJle0aHui
B/10J1b OPTOTOHANBHBIX oceil X, Y, Z

YacroTa, 'y Sum Z Y X
1,72 1,00 0,13 0,21 0,98
2,38 1,00 0,10 0,79 0,48
3,23 1,00 0,31 0,85 0,72
5,84 1,00 0,33 0,60 0,84
9,07 1,00 0,34 0,50 0,90
9,73 1,00 0,99 0,64 0,75
11,02 1,00 1,00 0,12 0,08

20,13 1,00 1,00 0,67 0,02
35,01 1,00 1,00 0,29 0,10

Puc. 9. BUOpoyCKOpEeHHS CTPOUTENBHBIX KOHCTPYKIUi Sum
g quana3zoHa yactoT 40—-60 I'ny

B crposiemcst 3naHMM UMEETCS BO3MOXKHOCTh
CBOOOZHOM IUTaHUPOBKHU. B cBs3M ¢ 3TUM Ipu He-
panMoOHaIbHOM Pa3sMELICHUH BHYTPEHHHX IIE€PEro-
POIOOK Ha 3Takax 0Opa3yIOTCsl 30HBI CO 3HAYHU-
TEJNILHBIMU YPOBHAMHU KoJjieOaHuid. Bo3MokHO TO-
SABJICHUC HU3KOYAaCTOTHOI'O IIyMa B IIYCTOM IIOMC-
mennn (3ddexra ryna).

Y CTaHOBJIEHO, YTO 30HBLI C ITOBBIIIEHHON BHO-
pammeir MoryT GOpPMHPOBATHCS Ha JIFOOBIX Ta)ax
3aHKUA — C TIEPBOTO 1O JEBATHIA. [Ipu pasnmuuHbIX
¢dopmax COOCTBEHHBIX KoNeOaHMH KOHCTPYKIIUHA
YKa3aHHBIE BBIIIE 30HBI IPUCYTCTBYIOT Ha Pa3HBIX
sTakax 3maHus. Hampumep, o actotsr 40,682 Iy
MaKCHMaJbHbIC IEPEMEILEHHUs MepeKpbITHI (op-
MHUPYIOTCS Ha [EBATOM 3Ta)e, a ISl 4YacTOTHI
40,721 't — Ha YETBEPTOM 3TaXKeE.

Pacuer nokazaxn (puc. 10), 9To BO3MOKHO 00-
pasoBaHWE YKa3aHHBIX 30H B JIIOOOM Juamna3oHe
qaCToOT OaXKeE B O6HaCT$IX, OTpaHUYCHHBIX KCCTKU-
MU 3JIeMeHTaMHu (MajioepopMupyeMbIMU B BEPTHU-
KaJIbHOM IUIOCKOCTH OTHOCHUTENBHO Iporuda nepe-
KpBITHS): JIGCTHAYHAs KJIETKa, auadparma xect-
KOCTH, KOJIOHHA [9].

Puc. 10. TlonoxeHne 30H ¢ MaKCHMAaJILHBIMH BHOpPOYCKOpe-
HUSAMU Ha pa3quH1>1x JTaxax, COOTBCTCTBy}OH.lPIMI/l pa3HbIM
¢dhopmam xonebaHuit

BecTtHuk BHTY, Ne 2, 2011
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HccnenoBana BUOpaIysi CTPOUTENBHBIX KOHCT-
PYKITUH TpH pacueTe Ha CIydaHOe BHOPOYCKOpe-
HUE OCHOBAHHS OT BHEIIHETO BO3JEHCTBHS C 3a-
JMaHHOW (PyHKIHEH CIEeKTpaabHOW TIIOTHOCTH IS
Pa3IIMYHBIX YAaCTOTHBIX AOWAIIa30HOB, JII OAHUX
U TeX e Y3JI0B, PACIOJIOXKEHHBIX 10 BEPTHUKAIU
C TIEPBOTO IO AEBATHIN 3Tax. Pe3ynbTaThl pacuera
npeacTaBieHsl Ha puc. 11, oTkyna criemyer, 4To
YPOBHU KOJIEOAHUI CYIIECTBEHHO OTJIUYAIOTCS
nume s auanaszona yactot 0—10 I'o. Jlnsa nuana-
3oHa xe yactor 20-60 ['m BuOpoyckopeHue Ha
IMEPCKPLITUAX BCEX JCBATHU JTaKer W3MEHsSET-
Cs HE3HAYUTEJIbHO, MO3TOMY OHO IPEJCTaBICHO
MPAKTUYECKHU TOPU3OHTATBHOU JTUHUEH.
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Puc. 11. T'paduk H3MEHEHHS 110 ITAKaM aMIUTUTY bl BUOPO-
YCKOPEHUS B y371aX, PACIOJIOKEHHBIX Ha OJJHOH BEpPTUKAJIH:
1 —0-20I'm; 2 — 2040 I'y; 3 —40-60 I'm; 4 — 6080 I'g

AHanornyHo BUOpanys 11 y37I0B ¢ MAKCHMAIlb-
HOU aMITUTYA0H BHOpoyckopeHus (Z—Z) Ha nepe-
KPBITHAX C MEPBOTO IO JEBSITHIA ATaX W ISl AUa-
(parMbl KecTKOCTH Sum MpejCTaBIeHa COOTBET-
CTBEHHO Ha puc. 12, 13.

20
18
16
14

Ly, Mm/c?
%)

Puc. 12. T'paduk H3MEHEHHs 110 ITaXKaM MaKCUMAJIBHOM aM-
IUTUTY 16l BUOPOYCKOPEHHUS B y37ax nepekpbituii: 1 — 0-20 I'm;
2 —-20-40T'u; 3 —-40-60 I'; 4 — 60-80 I',y

L, mm/c?
S = N W A N N o

Drax

Puc. 13. I'paduk M3MEHEHHS 110 dTaKaM MaKCUMAaIbHOU aM-
TUTUTY I6 BUOPOYCKOPEHHUS B y371aX AUa(parMel >KECTKOCTH:
1 -0-20T1; 2 -20-40 I'; 3 —40-60 I'm; 4 — 60-80 I'g

BecTtHuk BHTY, Ne 2, 2011

XapakTep HW3MCHECHHS YpOBHEH KojaeOaHMiA
3JIeCh OCTAeTCs TaKUM XKe, KaK U JUIS Y3JI0B KOHCT-
PYKIIMH, IpeCcTaBlIeHHON Ha puc. 11.

BBIB O 1 bl

HccnenoBanue mokasajo, 4ro HauOoJblee BUO-
POYCKOpeHHue IJisl Y3710B TuadparMbl )KECTKOCTH U
NEPEKPBITUA HUCCIENYEMON KOHCTPYKLHU 3HAHMS
COOTBETCTBYET nuamnazony dactot 20—40 I’y mpak-
TUYECKH JUIsI BCEX OSTaKeW KapKacHOIO 3JaHMs.
Haubonpime ypoBHH BHOPOYCKOPEHUS MEPEKPHI-
THS TIONy4YEHBI U1 CEAbMOTO—IEBATOTO 3Ta)EW.
CrnenoBatensHO, MpHU pa3padOTKe KOHCTPYKTHUB-
HBIX MEPOIPUSATUN C LEIbI0 CHUXECHUS YPOBHEH
BHOpaMu A JAHHOTO 3JaHHSA LEIecoo0pa3Ho
mpoBecTy OoJiee TMOJNHBIE MCCIEIOBaHUS Ui yKa-
3aHHOTO JMAIla30Ha 4aCcTOT U dTaxeM.
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