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MPOJIETHBIN TYHHEJIb MEJIKOI'O 3AJIOKEHUS
JJI YCTPOUCTBA JIMHUU METPOTPAMBAS
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3anpononosano eupiuienHs NPoiHHO20 MYHeN0 Ni0 MpameauHuMiu KOniaMu 3 00HO20 OGOKY
npoidxcodcoi uwacmunu. HagedeHo HOBULL MemOO 61AUMYBAHHA 020POONCYIOUUX KOHCMPYKYIL MyHels
MIIKO20 3aKNAOAHHS, WO 3600UMbCS GIOKPUMUM CROCOOOM. Po3pobaeHo cxemy KOHCMPYKYii KOMI08AH) .
Iloxasano nonepeunuii nepepiz HO8020 MYHENLHO20 020POOICEHHS i3 30IpHO20 3aNi300emMOoHy ma NIO0CKOL
naumu nepexpumms. 3anponoHo8aHo pocmpyOHUll MemooO KpinieHHs 020PO0ACYIOUUX KOHCMPYKYIll
myneno. ObIpyHMoOBaHo payioHanbHICMb GUKOPUCTHANHS HOBOI 020P0ONCYIOUOT KOHCIPYKYIL 3 0MBopom
0715 WBUOKO20 6]1aWMYEAHHS NIHII Mempompameas.

Knrouoei cnosa: mempompam, myHenvb MIIKo20 3aKIAOAHHA, MPAMBAUHI KOIil, 020p00XCYIOUi
KOHCMPYKYii, 36e0eHHs MyHet0, NPOiHHULL MYHelb, 30ipHi 3a1i300eMOHHI KOHCMPYKYII.

IIpeonooiceno peutenue nponemno2o MoHHeNs NOO MPAMEBAUHBIMU NYMAMU C OOHOU CHOPOHYL
npoesoicett wacmu. Ilpugeden HOGLIL MemOO YCMPOUCMBA 02padicoaioujeil. KOHCMPYKYUu moHHes
MENK020 3AN0MNCEHUS, B03600UMO20 OMKPLIMbIM Ccnocobom. Paspabomana cxema roncmpyxkyuu
xomnogana. Iloxkasano nonepeunoe ceuyenue HOBO20 MYHHEILHO20 O02PANCOeHUsL U3  COOPHO2O
Jlcenezobemona u NIOCKOU naumsl nepexpvimus. Ilpeonosiceno pacmpybnuii memoo Kpenienus
oepaxcoarowux  KoHcmpykyuii mouHena. (QO0CHOBAHA — pAYUOHATLHOCMb  UCHOIb308AHUS  HOBOU
ozpadicoaroujeli KOHCMpYKYuu ¢ omeepcmuem 0Jist ObICmpo2o YCmpoucmea TUHUYU Mempompameds.

Knwueevle cnoea: mempompam, mMOHHENb MENKO20 3ANIONCEHUs, MpAMEatiHble NHymu,
ocpadicoaiouue KOHCMpYKYUU, 8036e0eHUe MOHHENs, NPOIemHblll MOHHENb, COOpHbIe dicee300emontble
KOHCIPYKYUU.

The solution to the transit tunnel under the tram tracks on one side of the carriageway. Is a new
method of installation of the enclosures shallow tunnel being built open way. The scheme of construction
of the pit. Shows across-section of the new tunnel of precast concrete fencing and a flat slab. Push-fit
fastening method proposed walling tunnel. Proved rationality of using the new cladding with a holefor a
quick line devices metrotram.

Keywords: metrotram, tunnel shallow, tramways, walling, construction of the tunnel, span tunnel,
precast reinforced concrete structures.

AKTYaJIbHICTh TOCTiIoKeHHs. Y 3B'I3KYy 3 BUCOKHMHU TEMIIAMH PO3BUTKY MICHKOI'O OYIiBHUIITBA
BCE€ TOCTPIIIIE BiIyBAEThCS AC(PIIUT 3eMENbHUX AUISHOK, BHACTIIOK YOTO CTa€ HEOOXiTHUM IHTCHCHBHE
OCBOEHHSI ITiJ[3EMHOTO MPOCTOPY JJISL PO3MIIIEHHS CITOPY/T Pi3HOTO MPU3HAYCHHS.

OCBO€EHHS MII36MHOT'0 MPOCTOPY CTAJI0 HOBMM €TaroM B MicToOyayBaHHI. Lle 1a10 MOXKIIUBICTD
IJIAaHYBAaTH CydYacHI MicTa HE JIMIIE IO TOPH3OHTANI, aje 1 M0 BEPTUKaJi, BUKOPHUCTOBYIOUH PECYPCH
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MiA3€MHOTO TPOCTOPY, PO3MIILIYIOYH 0arato Ba)KJIUBHX OyIiBeNbHHX O0'€KTIB 1 cnopya (TpaHCHOPTHI,
KaHaJi3aIiiHi 1 KOJeKTOPHI TyHEe, rapaxi, aBTOCTOSIHKA CKJIaId, Mara3uHu Ta iH.) Tij 3eMIIelo.

Po3BHTOK BEIMKOTO MicTa 3aJeXHWTh HE TUTBKH BiJl BHUPIMIEHHS MPOOIeMU Ne(illUTy MiChKHX
TEpPUTOPil, ane ¥ Bil BIOCKOHAIEHHS BHYTPIIIHbOMICHKOI TPAHCIIOPTHOI CHCTEMH. 3pOCTaHHS
Macakxupoooiry, 301TbIIeHHS BiCTaHI epecyBaHb, HEOOXiTHICTE CKOPOUEHHS Yacy Ha MOI3AKU NOTpedye
301TBIIIEHHS MIBUAKOCTI CIIONyYEHHS 3 OJTHOYACHUM TiABUINEHHSIM HAJIHHOCTI, 6e3meku i KoM()OpTHOCTI
MacaXUPChbKUX IEpPeBe3eHb. B yMOBaX Cy4acHOTO BEJIMKOTO MiCTa, KOJU HEOOXiqHO 3a0e3rnedyuTd
30epeskeHHs 1CHYI0UOi KamiTajabHOl 3a0yJOBU, YaCTHHA AKOI SBIISE iCTOPHYHY WIHHICTH, Il TPAHCIOPTHI
Mpo0JIeMH BUPIMITYIOTHCS 32 JOMTOMOTOI0 TiA3EMHIX IIBUIKICHUX TPAHCIIOPTHUX JIHIH.

AHaji3 octraHHix gociaigxkeHb. llupokwnii ormsim icTopii OCBOEHHS MiJ3€MHOTO TMPOCTOPY B
pisHux kpaiHax cBity BukoHaHO J[. C. KonioxoBuM. BiH geTassHO pO3IIIsIHYB BCi THUIM MiA3EMHUX
CIIOPY/I, a TAKOX €KOJIOTI4HI aclieKTH 1X OyIiBHHIITBA Ta eKciuTyararlii. HaykoBerp Ta daxiBemnp 3 MUTaHb
TpaHcmopTHoro OyxiBHuNTBa ['ymkadinze I. K. B cBOIX mpamsax mOCHiKyBaB MPaKTHKY T€OMEXaHITHIX
BJIACTUBOCTEH OYAIBHUITBA MICHKUX MiJ3eMHHX CHOPYIKEHb. ['OOBHUM HAampsSMKOM BHUBYEHHS
JIucikoBa b. A., PoszenBaccepa I'. P. ta Ilaranoa B. ®. Oyno OyniBHHUIITBO METPOIOJNITEHIB Ta
MiJ3eMHUX NUIAXiB Ha MAPOONIOBAHUX TEpHUTOpisAX. Humm mociimkeHa TEXHOIOTIS BHUPOOHHMIITBA
MPOXiTHULEKUX POOIT B Pi3HUX TiPCHKO-TEOJIOTTYHUX YMOBaX.

O0’€KT TOCTiIZKEHHS] — OCBOEHHS MiChKHX IMIA3€MHUX TEPUTOPIH IMiJl TpaMBaHUMH IUISIXaMH.

IIpenmer pocigeHHs] — BH3HAUYEHHS OCOONMBOCTEH TEXHOJOTil OyAiBHHUITBA TPAHCIIOPTHOL
CHCTEMH MIJIIKOTO 3aKJIaaHHI — METPOTPaMBAIo.

Merta pociifKeHHsI — BIOCKOHaJCHHS crocoOy OyAiBHUITBA MiA3€MHUX TYHEJIB MIJIKOTO
3aKJIaaHHs.

OcHoBHa vyacTHHA. [IpuknamoM eQEeKTHBHOTO BHUKOPHUCTAHHA IIJ3€MHOTO MPOCTOPY €
CKJIQJIHI MEPEXi IMiJI3EMHUX CIIOPYKEHb METPONOIITEeHIB [1], mia3eMHUX TpamBaiB [2] Ta MIBUAKICHUX
aBTOMaricTpayieii, Mo CHOPYAXKYIOTHCS Y BCbOMY CBIiTi, 0€3 SKMX Ba)XKO YSBUTH HOpPMalbHE >KHUTTS
Cy4YaCHHX MICT.

[Tpu mpoexTyBaHHI Tpacu MiA3eMHUX TYHEIIB, MepeBara HaJaeThCsl MPOEKTaM, IO JO3BOJIAIOTh
HE TMOPYUIyBaTH PHUTMIYHE J>XUTTA MicTa Npu OydiBHHLTBI, TOOTO MpPOEKTaM, IO BUKOPUCTOBYIOTH
ripcekuii cnioci6 OyxiBHunTBa [3]. HailiBaknmuBinmy pone MpoeKTyBaHHS Mepexi i BHOOpi crmocoly
OyIIBHUIITBA MICBKMX MiJA3eMHHX CIIOpYX Bimirpae rimmOwHa iX 3aknmamanHsa. Lleit ¢axT moscHIoeThCS
MPAKTUKOK OyiBHUIITBA, SIKUHM MOKAa3ye, MO0 3MCHIICHHS TIMOWHY 3aKiIaJlaHHS 1 HaOIMmKEHHS BUPOOOK
710 TIOBEPXHI CTIpHUsiE CKOPOUSHHIO MPOTSHKHOCTI TPACcH AOMOMIKHUX 1 OCHOBHUX BHPOOOK. Po3rantyBaHHs
MiJ3eMHUX CHOPYZA Ha HEBENHKIA TMHMOWHI 3aKiaJaHHs POOWTH iX OUTBIN 3pYyYHHUMH B EKCIUTyaTallii.
3MCHIYIOThCSI BUTPATH Ha IHXKEHEPHO-TEOJIOTIUHI JIOCHI/DKEHHS 10 Tpaci, 3HAYHO IiJBUIIYEThCS
JOCTOBIPHICTh OTpHUMaHOi iHpoOpMaLii, a OTKe, i HAAIWHICTD NMPOEKTHHUX PilleHb, II0 Y CBOIO YEpry,
0arato B YOMy 3aJICKHTH 1 BiJl MipH BIUTHBY Ha 3€MHI 1 MTiI3eMHI CTIOPY/IH.

Tomy mist mpoekTy OyIiBHUIITBA TPAHCIIOPTHOI CHCTEMH METPOTpaMBaro [4] y BEMKUX MicTaxX
aKTyaJbHUM OyJie BIAlITYBaHHS TYHEIIO MIJTKOTO 3aKJialaHHA.

Jlaunwnii koTioBaH Oy/ie 3HAXOAUTHUCH ITiJ TPAaMBAaHHUMHA KOJTisIMH. MicCIle po3TalryBaHHs KOJIH Ha
BCHOMY 3aIlpOCKTOBAHOMY MapIIpyTi MeTpoTpaMBas HEOJHAKOBE. Y MicTi BiHHUMIN TpamBaitHi Komii
MPOXOIATH:

— TI0 OJIMH OiK BiJI MPOIk/IXKOT YaCTHUHU;
—  TI0 MPODKIKIA YaCTHHI.

ToMy nporiHHI TyHENi MJIKOTO 3aKjiaJaHHs MpU 3BeACeHHI OyIyTh MaTH Pi3HY TEXHOJIOTIIO.

B nmaniif po0OOTi pO3TIITHEMO BHITAIOK 3BEICHHS TYHEIIO i KOJIISIMH, ITI0 3HAXOMIATHCS 0 OJHWH
OiK BiJ] MPOIXK KO YaCTHHHU.

[loBHe BUTICHEHHS 3 OyAiBENBHOrO Iporecy 30ipHOrO Ta 30ipHO-MOHOJIITHOTO 3ajli300€TOHY €
HEIOIUTBbHIM. 30ipHI KOHCTPYKINI MAalOTh IUIMKA P HE3allepeyHMX IIepeBar Iepex MOHOJIITHHUMH,
0COOIMBO TIpH OYMIBHHUITBI MPOTSDKHUX (WIHIHHUX») CIOpYH, IO MaioTh MOCTiiHY ¢opmy. Lle
rapaHTOBaHA 3aBOJACHKA SIKICTh BUTOTOBJICHHS (MiATBEPIKECHE TEXHOJOTIYHUM KOHTPOJIEM), IIBUAKICTH
3BEICHHS, MOMEHTAJbHHUN BCTYN KOHCTPYKLIi B po0OoTy. Ilpu HasIBHOCTI CYIJIBHOI 30BHIIIHBOT
rigpoizofaiii 1 HagidHuX AeOopMaliifHUX IIBIB 3MEHIIYEThCS HETaTMBHHMN BIUIMB CTHKIB 301pHHX
€JIEMEHTIB Ha POOOTY KOHCTPYKIIi 3arajom.

Bimomo, 10 Oropo/[KeHHS KOTJIOBAaHIB MIUIKOTO 3aKIafaHHS BiI0OYBa€ThCs JIEKUTbKOMA
METOAaMH, cepell HuX Taki [5]:
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— CTiHA B IPYHTI;
— cnocib up-down;
— CTpPYMEHEBI, Ta iH.

Bci 1i cnioco6u noTpeOyroTh BBEIEHHSI OETOHHOI CyMIllli y IPYHT 1 TPHBAJIOTO Yacy ii 3acTUTaHHSL.

Jnst Toro, mo0 IMIBHAKO CIOPYMKYBAaTH TYHENl 3HAYHOI JOBXHHHU, 3aCTOCOBYIOTH TPOMICTKI
MEXaHiuHI Ta HeMeXaHI4Hi IMUTH. AJie Taki 3a1i300€TOHHI CITOPYAN 3aCTOCOBYIOTHCS TIBKHU IS TYHEIIB
rMOOKOTO 3aKjIaJaHHs Ta TPU 3aKPUTOMY CHOCO01 3BElIEHHA. A TpU po3poOli TYHENIB MIJIKOTO
3aKJIaJaHHs B CydacCHOMY TyHeNeOyAyBaHHI BIAKHUAAIOTH 30ipHI 00’ €KTH.

Tomy, mis MBUAKOTO 1 HagiHHOTO croco0y OyMiBHUIITBA MPOTIHHOTO TPAHCIOPTHOTO TYHEIO
HEOOXI/IHO 3aCTOCyBaTH MajorabapuTHI 3a1i300€TOHHI KOHCTPYKIIii, SKi y Benukux Mictax (250-500 tuc.
4oi1.) Oynr 6 eKOHOMIYHO JOLIEHUMH i IPOCTUMH Y BIAIITYBaHHI.

OcoO0NHBICTIO METPOTpPaMBaK € Te, MI0 TMEeperiHHui TyHeNb Oy[e MPOXOIUTH MiJl 3eMIICH0 1
PI3HUILIA BiAMITKH MOBEPXHI 3eMJIi Ta Bepxa KOTJIOBaHy He mepesuilyBaTuMe | M. CraHUil miaHyroTbCs
HaniB3ariauOieHuMy [4]. ByniBHUITBO TyHENO BiZOYyBaeThCcs MOONM3Y iCHYIOUHMX OyAiBedb i COPYA B
YMOBaX IIIJIFHOI MiCBKOT 3a0y10BH, TOMY POOOTH BUKOHYIOTHCS BIAKPUTHUM CIIOCOOOM.

B manomy TyHem OyayTh mpokiamatvcs 30ipHi 3/0 enemMeHTH, IKi MaTUMYTh (popmy, 300pakeHy
Ha puc. 1. Jlani enemeHTH OyAyTh KPIMUTHUCSA 32 TIOJIOHUM NPUHITUIIOM pacTpyoa (puc. 2).

B koHill KOHCTpYKLii Oyie OTBIp, SIKM MaTuMe IpU3HaYeHH (pHC. 3):

—  JUId TOTO, II00 BUAMATH TPYHT MPH PO3POOIIi TYHEIIO;
— JUIA TIOJIETIICHHS Bard KOHCTPYKIIT;
—  JUIA 3aKPITUICHHS HACTYITHOTO €JIEMEHTA.

Ho cTiHoK pamMu OyIQyTh IPHUKPIIIIeH] OypH, sIKi BUKOHYIOTH PO3POOKY TPYHTY 3-ITi/1 CTIHOK paMHu.
A pemity TpyHTy OyAe po3poOuisaT 0araToKiBIIOBHU eKcKaBaTop. Po3poOieHmii rpyHT Oyae BUXOIAUTH
4yepe3 TPaHCIOPTEPH.

Jnst Toro, mo0 mig yac BMUKaHHS pyxaBcs Oyp, a He IBHTYH, CTATOp ABUTYHA MU 3aKpIiMIMO Ha
HaIpPSIMHIN OTIOpi, SIKa B CBOIO Uepry Oyze KpilmuTHCS 3a 3aKiIa/IHi JeTali MOIepeaHbol paMu.

Puc. 1. Cxema oropoixyrou0i KOHCTPYKIIii TYHEIIO

[Ipu mocsruenHi HeoOximHOI TMMOWHM 3aKiagaHHA pamH, Oypu BHiiMaioThcs. Omeparop nae
KOMAaH]Ty 3BOPOTHOTO HANPSIMKY 0OepTaHHs OypiB, SIKi TAKUM YUHOM BHHMATHMYThHCS.

IIpu po3poOLi KOTIIOBaHY HE MOTPIOHO Oyae MiACHIOBATH (PYHIAMEHTH CYCIAHIX OymiBelb.
OCKIiJbKY BiZICTaHb MK KOTJIOBAHOM i 30BHIIIHBOIO CTIHOIO ICHYIOUMX OyAiBesb Oe3neuna — 15-20 m.

st naHoi mpOTSHKHOT CIIOPYIU MPH Po3poOdlll IPYHTY OyayTh 3aCTOCOBYBATUCH MaylorabapuTHI
eKCKaBaToOpu, OYJbJIO3epH Ta HABAHTAXKYBAJbHI MAIlWHH, a JJIs BUBE3CHHS PO3POOJICHOTO IPYHTY —
ABTOCAMOCKU/JIH.

Oropojpkyrodi  KOHCTPYKIII ~ NMPOEKTOBAHOTO  TYHEN®  MAaTUMyTh  BHIJISI  30ipHOTO
3113006 TOHHOTO KOMIUIEKTY (puc. 3):
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1. KoHcTpykuii pamonoaiOHOTo mepepisy.
2. 3amizo0eTOHHA TUTHTA TEPEKPUTTS.
3acToCyBaHHS JTAaHOTO KOMIUIEKCY OTOPOUKYIOUHMX KOHCTPYKIIH /JacTh 3MOTY 3a HE3HAYHHI
TepMiH 30yIyBaTH MpOTiHHI TyHemi. [Ipy HOBiIH KOHCTPYKIIii 3MEHIIYIOThCSI BUTpATH Ha MaTepiand Ta
TPYAOBUTPATH MAIIWH Ta MexaHi3MiB. [Ipn OymiBHHIITBI y TETTHI YN XOJOJHUHA MEPioa POKY BIACYTHIN
JOTIIsIT 32 OETOHOM, HEOOXiTHO Oy/Ie JTUIIe Tepea0aYnTH MOTIEPEIHIO TiIPOi30IIAIII0 HOBOTO KOMIUIEKTY
30ipHUX KOHCTPYKIIiH.

Puc. 3. ByniBHUIITBO MPOTIHHOTO TYHEIIO
Ha moro aymky, po3poOka HOBOI TEXHOJOTII BIAIITYBAaHHS TYHEIIO MINKOTO 3aKIajaHHs, SKa
BIJIPI3HAETHCSI BHCOKOIO IIBHAKICTIO 3BEACHHS, IHAYCTPIaJbHICTIO Ta TEXHOJOTIYHICTIO € JyXKe
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AKTyaJIbHOK TMPOOJIEMOI0, BUPINIEHHS SKOI JacTh 3MOTy 3 HaWMEHIIMM HETaTHMBHUM BIUIMBOM Ha
MicTOOYIiBHY CHTYAIlif0 BIAIITYBATH JiHII METPOTpaMBasi B IIEHTPAIIBHUX YaCTHHAX BeNUKHUX MicT (350-
500 THc. goi.).

BucHoBkn
— Minkuii crioci6 3akiafaHHs MPOTiHHOTO TYHEI0 3HAYHO 3MEHIINUTh 00’ €MH 3eMIITHUX pOOIT, 110
3poOuThH OYTIBHUIITBO €EKOHOMHHM.
— PamomnoniOna opma eIeMEHTIB OrOpOKYHOUUX KOHCTPYKINH TYHEIO MiJBUIIUTH HIBUIKICTH
OyAiBHUITBA JiHII METPOTPAMBaI0, a TAKOXK 3a0€3MEUNTh TPUBATY EKCILTyaTallilo.
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