nseM H ble Wonb
PU3OHTbI o2

Underground Horizons = %14

=)
=
N
N
()
1
i
£
1
O
[T
=
=
Q
Q
2

M METPOCTPOMU —

== B ocHoBaHuu CaHkr-lletepbypra
METPOCTPOM

CAHHT-NETEPGEYPT

> o t‘-"?-_w_. : ~ "

i

8
Ve

—



MASTER®
>>BUILDERS

. TN S 0 1 -~ _-. 3
. e

f oy
o

BesonacHocTb 1 3¢
paboT B TOHHenecTpoe




YBaxaemblie yutatenu!

BAMy — 40! B koHue 1970-x, TONbKO-TONbKO CTaB KOMCOMOJIbLIEM, 1 MO-
HacTosILLEMY 3aBMO0BaJT CMEIOCTV MAapHE 1 AeBYaT, PUCKHYBLUKUX OTMpa-
BUTbLCA B flanekue kpasi. Bnpoyem, o pucke 1 GbITOBOV HEYCTPOEHHOCTH, 3JTbIX
KOMapax 1 Tpeckyymx Mopo3ax Toraa ecnv v roBOPUIN, TO He C TPEBOTOW, a C
3a40pom: «Mbl BCe MOXEM, BCE NPEOAONEEM — HE Ha KYpOPT Xe eaem!»

N exann — 3a TyMaHOM 1 3anaxoMm Tanru, 3a MeyTaMm 1 Haaexaamm ¢ Lenbo
NpPoBeEPUTL CeOs Ha KPEenocTb Ayxa. ICKPEHHOCTb 1 YMCTOoTa YCTPEMIIEHUA —
BOT, YTO B MEPBYIO O4EPELb OTNNYASIO NEPBONPOXOALEB MarncTpain.

KoHe4HO, C BbICOTbI CErOAHSLLHEr 0 NCEBAOKANUTANNCTUYECKOrO AHS
MOXHO [,0J1r0 1 YNOPHO PaccyXaaTh O LienecoobpasHoCcTy aToi hakTUiecku
rnocnegHein macwTabHON KOMCOMONBCKOM KaMmnaHum, 06 3KOHOMUYECKOW
COCTOSITENBHOCTN CaMOW CTPOWKM BEKA, HEPA3BMTOCTN COLManbHOM nHdpa-
CTPYKTYpPbl MarucTpasnu, B3BeLUnBaTh BCE 3a 1 NPOTMB... Ho BCe 3TK AMCKYyC-
CWK cNOCcoBEeH OCTAaHOBUTL OAUH Xene300eTOHHbIN apryMeHT: BAM HyxeH
coBpemeHHon Poccun! JanbHenwmin npouecc JOMOHOCOBCKOrO «npupac-
TaHust Cbupbio» NPOCTO HEBO3MOXEH 6e3 HaAEeXHOro GYHKLUMOHUPOBAHWS
marucrpanu, 6e3 ee NOCTynaTesIbHOro PasemTus. A 3Ha4mMT, Aaneko He Ha-
npaceH Obl CAMOOTBEPXEHHbIV TPYA, ThICSY KOMCOMOJIbLEB-A00POBOLLEB,
He HanpacHbI 1 YeN0BeYECKUE XEPTBbI, KOTOPLIMU, K BESIMKOMY COXaNeHWIo,
OTMeYeHa NoUCTUHE reponyeckas uctopms 6AMa. B nepsyio ovepenp, Te
OECHATKM XU3HEN, YTO yHecna Tpareams Ha CeBepoMyinckom ToHHene. Camom
«KPErKOM OpeLLKe» MarncTpanu, KOTOpPbIA BCE Xe yOanocCh «packosioThb. ..

«TOHHENN CTPOST HACTOALLME MYXUMHBI» — TakoW, Kak cenyac MoaHo
roOBOPUTb, CioraH oToBpaXeH Ha OAHON U3 NpUNerarLLMX K MarucTpanm Bo3-
BbILLIEHHOCTEN.

B 371 1061neiiHble NIOLCKUE JHW XOYETCS NOXenaTh BCEM BETEPAHAM
6aMOBCKOro TOHHEIECTPOEHNS 300POBLS 1 KPENOCTH ayxa, ONnTUMmn3Ma u
CTOWKOCTM, YBEPEHHOCTU N BEPDI B CEOS!

C MCKpPEHHUM YBaXEHWNEM KO BCEM TPYXEHMKaM cdepbl
NOA3EeMHOro CTPOUTENbCTBA,
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Temnbi pocTa 06LeMOB CTPOUTE/IbCTBA 00bEKTOB TPAHCMOPTHOM MHPACTPYKTYpbI
B MockBe eMOHCTPUPYIOT B NOCA€AHEE BPEMS MOMCTUHE PEKOPAHYI0 AUHAMMU-

Ky, CBUAETENbCTBYIOLLYIO O TBEPAOM XeIaHUN CTO/IMYHbIX BAAaCTel KapAUHaNbHO
YAYHLNUTb CUTYaLmIo Ha foporax meranonauca. O4HaKo CTO/Ib CTPEMUTENIbHOE
yCKopeHue He MOrJio He 060MTUCH Ge3 NoSBIeHNs LieJIoro psaaa KagpoBbiX, TEXHU-
YecKUX U OPraHn3aLNOHHbIX MPO6IEM, OT peLueHUsI KOTOPbIX 3aBUCUT yCrieX BCEro
KoMnieKca MeponpusiTUiA Mo TPaHCNIOPTHOMY 0340POBJIEHNIO CTOJIMYHOM arfiome-
pauun. O TOM, KaK yaaeTcs HaXOAUTb BbIXOA N3 CaMbiX CJIOXHbIX CUTyaLuii, pac-
cKka3blBaeT 3amecTutesib Mapa MockBbl Mo Bonpocam rpagocTpoUTeNbHOM NONTH-
ku n ctpoutensctea Mapat XycHynnuH.

MoaroToBumn
Cepreit JOMAKWH

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



— Cneuuduka meranonuca HaknapabisaeT onpege-
NneHHble Tpe6oBaHNS K BO3BOAUMBIM COOPYXEHUSM,
KOTOpble He0OXOANMO YYUTbIBATb eLue Ha CTaauu
NpPOoeKTUpOBaHUs. 4YTo Bbl MOXETe CKa3aTb N0 NOBO-
BY NPUMEHSEMbIX CTOJIMYHBIMM NPOEKTUPOBLLMKAMU
HOPMaTUBOB M BO3HUKAIOT JIN TPYAHOCTU NPU NPOXOXK-
AEeHUK IKCNepTU3bl?

— B Poccum oeicTBYIOT AVHbIE CTaHLAPTLI CTPOUTEb-
CTBa 1 NPOEKTMPOBAHMS — TexpernameHT no 6e3onacHoCTy
30aHuii 1 coopyxerunin, CHulMbI n apyrine HopMaTVBHBIE AOKY-
MeHTbI. OHW PEryaMpyIoT BCe CTaauy CTPOMTENLCTBA OT 3Tana
MPOEKTUPOBAHWS 1 NPOBELEHNS U3bICKAHWI 10 BO3BELEHNS
00bekToB 1 06ecneyrBatoT 6e30MaCHOCTb U KAYECTBO CTPOS-
Lwpxcst 06bekToB. OT MOCKOBCKOTO MpaBuTENbCTBA pa3paboT-
KOW 1 KOPPEKTMPOBKON HOPM 1 CTAHAAPTOB CTPOUTENLCTBA
3anHumaetcs [lenaptameHT rpafoCTPOMTENBHO NONMTUKN
Mockebl. OH KOPPEKTUPYET 1 NpeanaraeT peaepasbHbIM
OpraHam BlacTW M3MEHEHVS 1S MOCNEAYIOLLETO BHECEHMS
B hefepanbHble 3aKOHOAATENbHbIE aKTbl, PENYANPYIOLLME
cdepy cTpouTenbeTea. H4To kacaeTest cucTeMbl LieHoobpa-
30BaHWsl, TO B CTONMLIE AEICTBYET CBOSI TEPPUTOPUAbHAS
CMETHO-HopMaTMBHas 6a3a, B COOTBETCTBUM C KOTOPOIA pac-
CYNTBLIBAETCS CTOMMOCTb CTPOMUTENLCTBA 0OBLEKTOB rop3akasa.
OHa HaxoauTcs B BeaeHn MOCKOMAKCTEpTM3bl, BXOASILLEV B
COCTaB HaLLero cTpoiikomniekca. He Tak JaBHO NosiBUNCSA 1
VHCTUTYT HEroCyLapCTBEHHOM 3KCNEPTMU3bI, HO Y MEHS K HEMY
M0 sy NPUYMH O4EHb HACTOPOXEHHOE OTHOLLEHME. YOEXAEH,
4YTO C TEMU pUCKaMM, KOTOPbIE 33[1aET TakO MEeranosnuc,
kak MockBa, Mbl BOMXHbI fienaTh YIOp UMEHHO HA HCTUTYTE
rOCYAapCTBEHHOI AKCMEPTU3bI.

— Mapar LWakup3sHoBu4, paHee Bbi FOBOPUIHU, 4TO
Ha NPoeKTupoBaHue U CTPOUTEIbCTBO Pa3BA3KU NO
CTapbiM HOpMaM oTBoauNoch 48 mecsaueB. YTo-To U3-
MeHunocob?

— Mol CEpbe3HO N3MEHUNN CPOKM NPOEKTUPOBAHMS
1 CTPOUTENbCTBA Pa3nnyHbIX 06bekTOB. K npumepy, B
[LIOPOXHO-CTPOMTENBHOM CHEpe OHM COKPaTUINCh NPK-
MEPHO B 2 pasa, N0 APYrum HanpaeieHnsm — rae-To Ha
50%. 3a cyeT 4ero aTo npon3oluno? Mpexae BCEro, Mbl
VHTEHCUPULMPOBaNKM TPYAOBOI NPOLECC — NpakTye-
CKY BCE LOPOXHO-TPAHCNOPTHbIE 06BLEKTHI CTPOSTCS B
KPYrOCYTOYHOM PEXMME. ITO HE TONBKO SKOHOMUYECKM
LienecoobpasHo, HO 1 NOBLILIAET YPOBEHb TPAHCMOPTHOM
6e30nacHOCTN B LieNoM, TaK Kak YCKOPSAET TeMIbl Pa3BUTUA
YNYHO-LOPOXHON CETU.

— A kak o0CcToAT Aenia C MeTpoCcTpoeHuem?

— AKTMBHBIMM TEMNAMK BEAETCS CTPOUTENLCTBO HOBbIX
CTaHLMin MeTpONonuTeHa. [ing 3Toro Mbl CKOHLLEHTPMPOBA-
1 BCE CUNbI, KOTOPbIE BbIAN HE TOMBKO B CTOMMLIE, HO 11 B
Poccum, ctpanax CHI, npuBnekaem faxe kagpoBble pecyp-
Cbl 3 AanbHero 3apybexbs. B HacToslLLee Bpems, K npu-
Mepy, Y Hac paboTatoT 250 MCMaHCKMX MPOEKTUPOBLLMKOB,
KOTOPbIE 3aHNMaNMCh OpraHM3aumei CTPOUTENLCTBA METPO
B Magpuae. Y H1X XOpOLLWiA ONbIT — 32 HECKONBKO NeT
6bino nocTpoeHo 6onee 120 km. BOT Mbl BCIO 3Ty kOMaHay
v npurnacunu paboTatk K HaMm. [POeKTOM NPoK3BOACTRA
paboT NpeayCcMOTPEHO 3aAeNCTBOBaTb OLHOBPEMEHHO NO-
psiaka 20 TOHHENENPOXOAYECKIX WUTOB — NoA0BHOro eLle
Hukoraa B Mockse He 6biio!

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

CTpouTENbCTBO CTaHLMKM
MeTpo «Paccka3oBka»
Kanununcko-ConHueBckoit
NUHYN

IKCMNEPTHOE MHEHWUE | 7

Mpw 3TOM 3a CYET peannsaLmm Lienoro komniekca mep
HaM yAaeTCs CYLLECTBEHHO CHU3WTb CTOMMOCTb CTPOUTEb-
CTBa. B 4aCTHOCTU, Mbl UBMEHMM HACTb TPAAOCTPONTENb-
HbIX PELLEHMI: KaK «NOCAXEHA» CTaHLMSs, CKONBKO Y Hee
BbIXOZ10B, KAKOBa ee NPOTSXEHHOCTb, Fy6uHa 3aneraHus
(04eHb BaXHBIN CTOMMOCTHBI hakTop). Bbino peLweHo, rae
3T0 BO3MOXHO, OTKA3aTbCs OT CTaHLMiA rnybokoro 3anera-
Hus. HoBble CTaHLmMM MenKoro 3aneraxus Ha 60% pelwesne,
a Ha OTAENbHLIX 0BbekTax 3TOT nokasatenb gocTuraet 80%.
K npumepy, rnybruHa HEKOTOPbIX CTaHLWIA He NPeBbILLIaeT
1 14 M, NO3TOMY MOXHO 0TKa3aTbCs OT 3Ckanatopos. B
pe3ynbTaTe aKOHOMMS cocTaBnsieT nopsiaka 3-4%.

BTopoe peLueHne — Mbl Cepbe3HO NEPeCMOTPENN NOA-
XOZ, K TEXHONOM M NPOEKTUPOBAHMS, CAENAB aKLEHT Ha
3anafHble MeToaukn. CTPOUM CTaHLMKM N0 TUMOBBIM NPO-
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ekTaM (o oTpaboTaHHO TEXHONOTM CTPOUTHL U BLICTPEE.,
1 OELLEBNE), HO, NOAYEPKHY, C HECTAHAAPTHBLIMU BUAAMM
oTaenkn. HeobbluHble AM3aiHEPCKIE PELLEHUS enatoT
KXAYI0 CTAHUMIO MHAMBUAYANbHO NPVBAEKATENBHOW, NpK-
JAI0T eli OpUrMHaNbHbIA 06K,

CoBepLLEHCTBOBAHME 3KCMTyaTaLMOHHbLIX TEXHONOI Ui
MO3BOJIMIO HAM 0TKA3aTbCs OT 6OJLLIONO KONMYECTBa
CTaHLMOHHbIX MOLCOBHBIX MOMELLEHWIA. SHAYMTENBHO CO-
KPaTuiM Mbl i CTOMMOCTb 3aKyrnkn MaTepranoB — OHa CHU-
3unacb Ha 10-40%. 3a cuet 4ero? Mpeanoxunm nocTas-
LMKam 06ecneymTb HaC MaTepmanamm no CHIKEHHOM LieHe
Ha BECb NATUNETHUI CPOK AENCTBUSA NPOrpamMmMbl CTPOU-
TenbCTBa METPO. KOHEYHO, OHM noLwny Ha 3T10. K npumepy,
LIEHOBOE CHUXEHWE MO KabeNbHOM NPoayKLIMM COCTaBUI0
30%. Hy n, HakoHeLl, yBenMYeHne CKOPOCTU CTPOUTENLCTBA
TOXE NPYBENO K COKPALLEHMIO HAKNAAHbIX PACXOL0B.

Bnarogaps Bcem 3TMM Mepam Ham YAanoch CHU3WTbL Cpef-
HIOI0 CTOMMOCTb CTPOUTENLCTBA METPO 6e3 NOTEpH KayecTea
npumepHo Ha 30%. Mpy 3TOM CEPbE3HO NOAHSTL YPOBEHD
CTpOUTENLCTBA NO3BONMIA CO3AaHHas Ha 6ase MocroccTpoii-
Haa30pa MOLLHas UcrbiTaTeNbHas naboparopus, pacnonara-
I0LL|as CambIM COBPEMEHHBIM 000PYI0BAHNEM, NO3BOSIOLLYM
NPOV3BOAMTb CNOXHEVALLIVE UCCNeN0BaHNS 00pa3LoB 1 npoD.

— Kakoe ToHHenenpoxogyeckoe 060pyaoBaHue Bbl
npumeHserte?

— 3T0 MeXaH13MPOBaHHbIE TOHHENEMPOXOLYECKE KOM-
MNEKChI (LUMTbI), KaX/bIiA 13 KOTOPLIX NPEACTaBNSET COOO0M
He60onbLLIO NoA3EMHbI 3aBO, 0BCTYXMBAEMBIN KONEK-
TBoM 6onee 80 yenosek. Ha Hawwimx o6bekTax BeayTcs pa-
60Tl C NOMOLLBIO TOHHENENPOXOA4YECKMX LMTOB BCEMMPHO
13BECTHO komnanun Herrenknecht AG, Takoke 3akynieHbl
TOHHENENPOX0AYECKME KOMMNEKCHI aMEPVKAHCKOr0 Npo-
n3soauTens Robbins. 3aaeNcTBOBaHbI U LMTHI ATIOHCKON
dupmbl Hitachi. V1 xots BCe 3Tv KOMANEKCH npuHaanexar

Crposiasics cTaHuma
MeTpo «Cnaprak»

pasHbIM NoApAaYMKaM, rpaduk CTPOUTENLCTBA COCTaBNEH
TaKM 06pa3oM, 4T0, HECMOTPS! Ha TO, Kakasi KOMMaHWs Be-
[JET NPOXOAKY, LUMThI N0 Mepe 3arpyaki nepeGpackiBaloTcst
C O[IHOTO Y4aCTKa Ha APYroi.

— B HacTosILEee BpeMs LOCTATOYHO LLMPOKO 00CYX-
[aeTCs TeMa rapMoHM3aLMum 0Te4YEeCTBEHHbIX U MeXay-
HapOoAHbIX CTaHAapTOB. Bawue oTHOLEHNE K 3TOMY
Bonpocy?

— He oTHoLwy cebsi K sipbiM CTOPOHHMKaM EBPOKOLIOB,
0f1HAKO CYMTAD, YTO HaLLIM OTEYECTBEHHbIE HOPMbI, B TOM
yucne B 061acTvt LLeHO0BPa30BaHMs U MPOEKTUPOBAHMS, K
COXaNEHM0, BO MHOTOM ycTapenit. U B CBS3M C TEM, 4TO 3TU
CTaHOaPTbl BCE eLLe AENCTBYIOT (MyCTb AaXe W B aKTyanu-
31IPOBAHHOM BMAE), MPOAOIKAETCS NPOLECC KONOCCabHOM
noTepu fieHer. A Tak kak Mbl HECEM OTBETCTBEHHOCTb 3a 6tof-
XETHbIE AEHBIY, 32 UX SKOHOMMIO, TO YETKO MOHMMAEM, YTO
HOPMbI 1 NpaBuna He0BX0AMMO MeHsTb. Bo BCem Mupe aTo
npeKpacHo paboTaeT, TO No4emy Obl HE MPUMEHNTL U Y HAac?

Mpveeay npumep. CTPOUTENBCTBO XENE3HOA0POXHbIX
nepee3nos (4T0 0COBEHHO akTyanbHO ans MockBbl, Ha
TEPPUTOPUM KOTOPOIA PAcroNoxXeHo 44 Taknx 0ObekTa).
Ecnu anekTpryKn HaYHYT XOAMTb C YaCTOTOM 3—-5 MUHYT,
TO Ha0 NOHMMATb, YTO B YaChl MUK NEPee3Libl NONPOCTY He
OymyT GYHKLMOHMPOBATL. [103TOMY B HAacTOsILLEE BPEMS
Mbl B GOPCUPOBAHHOM NOPSLKE OCYLLECTBISIEM NPOEKT
PEKOHCTPYKUMM Nepee3noB. Koraa nonbiranmcs npuve-
HUTb PeaepanbHbe HOPMbI, TO CTONKHYNICH C TEM, YTO B
HWX MPONMcaH psag, TPeBGOBaHMI (MO LUMPUHE NOAOCHI, YTy
nombema nepexoaa, CKopocTy npoeana), paspaboTaHHbIX
eue B 1960-70-x ropgax. Ecnu npoexkTMposaTh B COOTBET-
CTBWM C HAMU, TO CTOMMOCTb Nepeesaa AOCTUraeT OAHOTo
munnnapaa pyonei. A ecnm no eBpOHOPMaM (MCMaHCKMM,
HemeLKum), To nonyyaetcs 600 MunnmoHoB. PasHnua —
40%. TonbKo 3a 3TV NPOLEHTLI 3KOHOMWW ECTb NPSIMON
CMbIC/ MEHSITb HOPMATMBHYIO 6asy.

— Bbl y)xe roeopunu 0 npUBNEYEHNU K CTPOUTESTb-
CTBY METPO MHOrOPOAHUX M AaXKe UHOCTPaHHbIX cneuu-
anucToB. A KaK B LIeNIOM peLuaeTcs KaapoBblil BONPoc?

— CTpoiika — 370 Ntoau, KOTOPLIE Y ABNSIOTCS ee rnaB-
HbIM KanuTtanoMm. Xo4y ckasaTtb, 4T0 B MOCKBE, K CHaCTbiO,

1 paHbLLe CYLLECTBOBAN W NO-NPeXHeMyY AeCTBYET CBOM
MOLLHBIA CTPOMTENBLHBIA KOMMNEKC. M 6a30Bble cTpoUTENN y
Hac B ropoae Bblam Bceraa. Ho nockonbky TeMmbl CTPoM-
TENbCTBA METPO 3HAYNTENBHO BBIPOCIN, Mbl MPUBNIEKIN

€O CTOPOHbI HE TOMbKO MPOXOAYMNKOB, HO 1 TEX, KTO yMeeT
o6ycTpaveatb ToHHenu. Camas feduumTHas cneumnanb-
HOCTb — 3TO TaK Ha3bIBAEMbIE MyCKayn — TE, KTO CO3AAI0T
OKOHYaTENbHbINA BUA CTAHLWW. Ha CErogHsALWHUM feHb Takux
CMELMANNCTOB HAM He XBaTaeT.

Bcero Ha MeTpoCTponTeNbHBIX paboTax CerofiHa y Hac
3a/1e/icTBOBaHO nopsaka 30-35 ThiCAY YenoBeK.

Tenepb 0 JOPOXHbIX 06bekTax. o nocneaHero BpemMeHm
30,eCh M0 OOMbLUEN YaCTU CNPaBASAMCH COOCTBEHHBIMU CUNa-
MU, HO KOria yBennumncst 06beM paboT, NOATSHYAM Kaaps! U
13 PErMOHOB. HanpumMep, Ha CeroaHsILLHMIA ieHb 0CBOBOAN-
JMCb CTPOUTENM ONMMMMIACKMX 0ObEKTOB Coum, U B NOCNEAHNE
noAroaa By 60bLLOIN NPUTOK IOPOXHUKOB UMEHHO OTTYAA.

B uenom cuutaio, YT0 y HaC JOCTATOYHO CTPOUTENENR Ang
peanu3aLmm NoCTaBAEHHbIX 3a4au.

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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MARAT KHUSNULLIN:
“CONSTRUCTION SECTOR KEY PRIORITY
IS HUMAN CAPITAL”

Rate of growth in transport infrastructure construction in Moscow is really fantastic. This attests

to the City of Moscow commitment to radically improve the traffic situation in the megacity.

However, this rapid acceleration could not but caused a number of problems of various kinds, and

among them human, technical and organizational issues that are crucial for the success of the

whole matter, that is of the range of actions required for transport rehabilitation in the Moscow

conurbation.

Marat Khusnullin. Deputy Mayor for urban policy and construction tells us how city authorities Interviewed
manage to meet most challenging situations. by Sergey Lomakin

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014



— Explicit specificity of megacities imposes certain
requirements for the structures constructed on their
territories; these specific features need to be taken
into account at the design stage. What can you say
about norms and standards applied by Moscow-based
designer contractors and whether it is easy to undergo a
State examination?

— There is a number of uniform standards currently in
force and mandatory for all construction sector companies
in Russia : Technical Regulations on safety of buildings
and sructures, building codes and other ordinances.
They regulate all construction stages starting from design
and surveys and finishing with construction procedures.
Their main purpose is to guarantee safety and quality
of the finished structures. The Moscow government
body responsible for norms and standards adjustment is
Urban Policy Department of Moscow. It makes necessary
amendments to current norms and provides for appropriate
changes to federal acts that regulateg the construction
industry. As for costing standards, the rule is that all
estimates regarding municipal orders should follow Moscow
regulatory framework that operates under the jurisdiction of
“Moscomexpertisa” that makes part of our Building Complex.
Some time ago a non-state examination institute entered the
scene, but for several reasons | myself personally have a very
cautious attitude towards it. | am convinced that in view of
risks set by a megacity like Moscow we should really focus on
state examination institution.

— Marat Shakirzyanovich, as you’ve said it before,
the time allowed for design and construction of a road

junction was about 48 months. Has something been
changed?

— We have changed drastically the terms of design and
construction. An example: in road construction sector they
were reduced by about 2 times, in other areas — by about
some 50%. You'll probably ask how did we manage to do it
? First of all, we intensified labor processes; now almost all
construction works are performed 24 hours a day, 7 days
aweek. Itis not only economically viable, it also increases
road safety in general, as this schedule accelerates the road
network development in general.

— And what progress has been made on subway
construction?

— The construction of new metro stations is getting in
high gear. To do this, we have concentrated all forces we
could find not only here, in the capital. We searched in
the whole Russia, in the CIS countries, and we have even
brought experts from abroad. At the moment we employ 250
Spanish designers who were engaged in metro construction
in Madrid. Their experience is impressive as in a few years
they managed to build more than 120 km of subway lines.
So we invited the whole team here. The project envisages
20 TBMs working simultaneously that has never happened
in Moscow before! An essential point here is the fact that
due to a series of measures we have managed to decrease
construction costs. In particular, we have modified some
urban planning decisions regarding a number of factors,

i.e. inwhich way is the station “implanted”, how many exits
doesit have, what is its length, its depth (a very important
cost factor). It was agreed to abandon deep stations where
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and in some sites this figure can reach 80%. For example,

the depth of some stations does not exceed 14 meters, so
you can cancel escalators. It saves us about 3-4%. The
second solution was to seriously reconsider approach to
design technology; now we focus on Western techniques. The
stations will be built basing on standard or pattern projects (to
build on mature technologies is faster and cheaper), but —
and I wish to underline it — all finishing works of the stations
will be far from being standard. Unusual designer solutions
make each station individually attractive, and give itan
original look. Improved operational technology has allowed
us to give up a large number of station outbuildings. We have
significantly reduced costs of procurement and materials: it
has decreased by 10-40%. You will ask at what expense? Our
proposal to suppliers was to sign a 5-year discount contract.
Of course, they accepted it, and we will be supplied with
construction materials at a lower price for the whole five-year
period of the subway construction program. One example: as
aresult, the price of cable products decreased by 30%. And
finally, by minimizing construction time we reduce overheads.
Due to all these developments we managed to reduce the
average cost of subway construction by about 30% with no
impact on quality. A crucial role here plays a powerful testing
laboratory created on the basis of Mosgosstroynadzor, Itis
equipped with most modern plants and analytical instrument
facilities ready to run sophisticated tests on various samples.

— What kind of tunnelling equipment you use?

— We use Tunnal Boring Machines (TBMs) or shields;
each of them is a small underground factory serviced by
a team of more than 80 people. At our sites we use tunnel
boring machines produced by a world-known company
Herrenknecht AG. We purchased some TBS also from the
U.S. manufacturer Robbins. A certain number of shields
used on our sites are from Japanese origin, and these are
produced by Hitachi group. Although these complexes belong
to different contractors, the construction schedule is made
in such a way that the TBMs can be drawn from one site to
another when needed.

— Nowadays a widely discussed topic is
harmonization between national regulations and
international standards. What is your stand on it?

— l'am not an ardent supporter of Eurocodes, but
nevertheless | consider that our domestic norms and
standards, pricing and design included, unfortunately are
largely outdated. And as these standards are still operative
(evenin its actual slightly revised version), we continue to
lose money. And since we are responsible for the budget
money and for cost savings, we clearly understand that the
standards and regulations should be changed. If it works just
fine worldwide, why shouldn’t we follow? I'd like to take just
one example, and it is the construction of railway crossings
(which is especially important for Moscow where there are
44 of them). If a scheduled interval between trains reaches
3-5 minutes, then we should undersrand that during peak
hours level crossings will simply cease to function. Therefore,
we are implementing the crossing modernization project
in a boost mode. Our federal standards state a number of
requirements (width of lane, grade, speed) introduced in

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

NN

‘..-I_F'

-
o e Pl s

1960s-70s. With these norms the cost of crossing will reach

one billion rubles. With Eurocode (Spanish, German) you will
never go over 600 million. The difference is 40%. Only for the
reasons of these essential savings the regulatory framework
should be ungraded.

— You've already talked about inviting experts
from other towns and even other states for subway
construction. And did you manage to find a general
solution to staffing issues as a whole?

— Construction means people, and human capital is its
main value. | must say that — most fortunately — building
capacities in Moscow still exist like they existed before, and
a powerful building complex is still operative. The same for
builders. But the pace of subway construction has increased
significantly, and we are forced to invite not only tunneling
peoples, but also those who are able set up tunnels. The most
undermanned skill is the so-called “barring men”, i.e. those
who create a final look of the station. These skills we certainly
lack today.

Currently about 30-35 thousand people are working in
the subway construction sector. If we move to the road
construction sector, then I must note that until recently we
managed to cope on our own, but with the increased volume
of work, we pulled together workforce from regions. For
instance, the builders who were involved in Olympic projects
in Sochi now are free, and in the last six months there has
been a large influx of road workers from there.

Taking the situation as a whole, | can conclude that we
have enough builders to meet the current challenges of
implementing grand building projects.
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The ambitious program
“Metro 2020” In Moscow
is in full swing. The
construction program
includes 160 km of tracks,
79 stations and 9 depots.
All subway construction
activities are governed by
the engineering company
“Mosinzhproekt.”
Promotion of effective
innovative-based
technical policies is the
responsibility of the
Underground Space
Research and Engineering
Center. Read our
interview with Professor
Valery Merkin, Doctor of
Engineering and the RDE y ‘ e
leader and coordinator.

BAJIEPUUA MEPKUH
O MPOIrPECCE, MHTEPECE,
PE[TTAMEHTAX

N CAMOZOCTATOHYHOCTW

YHukanoHas cutyaums: HaymHas ¢ 2006 roga, cToumMocTb cTpouTenbcTea 1 KM Mo-
CKOBCKOro MeTpo CHu3unach B cpegHem ¢ 6,8 go 4,5 mnpg pyoneii. na ontumu3a-
Lun puHAHCOBBIX MapaMeTpoB, a Takxe obecneyeHns 3Ha4YuTeIbHOro pocTa oove-
MOB paboT 1 cokpaLyeHns CPOKOB CTPOMTENIbCTBA, CTOJIMYHBIE BAACTH NPEANPUHSIN
uenbiii pag rnobanbHbIX Mep. B nepByio o4yepeab, ynpaBieHne BCeMu npoLyeccamm
peanu3ayum macwutTabHoi nporpammsi «<MeTpo-2020» 6b1/10 CKOHLEHTPUPOBAHO

B paMKax UHXUHUPUHIOBOI koMnaHuy «MoCUHXNPOEKT», KOJIIeKTUB KOTOPO# 3a-

o MUG“H)K“PUEKT HUMaeTCsl peanu3auuneii NPOEKTOB NoA KJ10Y, HaYNHasH C U3bICKaHWIA U 3aKaHYNBast

OTKPbITOE AKLUWMOHEPHOE OBUWECTBO BBOAOM 06beKTOB B 3Kcnnyara”"’o.

101990, Moctea, Ceepro niep, 4. 4/1. Ten- (495) 623 49 91 OaHUM M3 OCHOBHBIX )aKTOPOB, MO3NTUBHO B/INSIIOLLMX HAa CTOUMOCTHbIE, BDEMEH-
Hble U Ka4eCTBEHHbIe oka3aTenu, IBaseTcs 3PPeKTuBHas TexXHnyeckasl noNTuKa,
OAO «MocuHXnpoeKT» OCHOBaHHasi Ha NJIaHOMepPHOM BHEAPEHUU B NPAKTUKY METPOCTPOEHUS COBPEMEHHbIX
101990, r. Mockea, MHHOBAaLMOHHBIX Pa3paboTok.
Csepukos nep., A. 4/1 Ee npoasmxennem B «<MocuHxnpoekre» 3aHumaetcs Hay4Ho-uHXeHepPHbIN LeHTP
Ten.: (495) 225-19-40 0CcBOeHus noa3emMHoro npoctpaHctea (HUL| OI1I) noa pykoBoACTBOM BOKTOPA

TeXHu4eckux Hayk, npogeccopa Banepus MepkunHa, UHTEPBbIO C KOTOPbLIM XYpPHan

E-mail: info@mosinzhproekt.ru .
«nO,ﬂ38MHble rOPU3O0HTbI» npeAnaraeT BHUMaHUIO CBOUX YNTaTeJ1eu.

www.mosinzhproekt.ru
MOA3EMHbIE FOPU3OHTBI Ne2. Uionb/2014
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— Kakue TexHuyeckue KoHUuenuum, peanmayemMbie
ceiyac B CTOIM4HOM METPOCTPOEHUMU, ABNKIOTCS, Ha
BaLl B3rNisA, Haubonee a¢pHeKTMBHbIMU?

— Yt0 KacaeTcst 06bLEMHO-MNAHMPOBOYHbIX PELLEHNI,

TO 34€Ch B MEPBYIO 04EPEAb CNEAYET OTMETUTL NEPEXOA, B
CTPOUTENbCTBE HOBbIX IMHMIA METPO C FIYOOKOro 3anoxe-
HWS NPEVMYLLECTBEHHO Ha HErNYBOKoe C MPUMEHEHNEM
TOHHENENPOXOAYECKMX MEXaH3MPOBaHHbIX KOMM/IEKCOB
(TMMK) Ha 6a3e LWWTOB C aKTUBHBIM NPUrPY30M 3a00s, a
TaKkxe OTKPbITOro cnocoba paboT Ha CTaHLMsX. Hatmmm
CTPOUTENSIMU YXE YCMELLIHO OCBOEHbI TEXHONOMU, MO3BONS-
foLLe CTPOWTL METPO Ha y4acTKax C BbICOKOW MAOTHOCTHIO
3acTpoiiku 6e3 yiep6a Ans pacnonoXeHHbIX TaM COopY-
XEHUI.

[0BOPS 0 NPUMEHEHW HOBLIX MaTEPUANOB, HENb3s He
OTMETUTb ONPELENEHHbI MPOrPecc, KOTOPOro yAanoch Jo-
CTWYb B PELLIEHWM BOMPOCOB rMAPON30NSALIMM COOPYXEHNIA.
B3ameH TpaauLMOHHbIX BUTYMHBIX M GUTYMHO-MONMMEPHBIX
MaTepranoB BCe LUMPE NPUMEHSIOTCS CUHTETUYECKNE
membpaHsl. [locne yaayHoro onbita CTPOUTENLCTBA CTaH-
Lm «JleconapkoBas» YCMAUNCS MHTEPEC U K HarblISeMbIM
MacTuKam, NPUMEHEHNE KOTOPbIX NPY COOTBETCTBYIOLLEM
kayecTBe paboT No3BONSET CYLIECTBEHHO CAKOHOMUTD
TPYAOBbLIE U BPEMEHHbIE 3aTPaTbl.

— Banepwii EBceeBny, cyasi no BCeMy, Ha NyTH CO-
BEPLUEHCTBOBAHUS KOMMEKCa NpoLeccoB MeTPoCcTPo-
€HUS, MOUCKA BapMaHTOB UX ONTUMU3aLUU CAEeNaHbI
Daneko He NociefHue LWaru...

— [NpuBeny oo+ xapakTepHbli npumep. Cevac npu
OTKPLITOM CMocobe paboT CTPOMTENBCTBO CTaHLMM BEAETCS
METOLAMW, YHACNEA0BAHHLIMM ELLE C COBETCKMX BPEMEH.
B03BOAMTCA «CTEHa B rpyHTE», BBIMOHSIOLAS POSib Orpax-
neHuns. C 0TCTynneHneM 0T Hee NpuMepHo Ha 1,5 M coopy-

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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Bup Ha cTpouTenbhyio
NNOLLAAKY CTAHLMKM METPO
«PymsiHLeBO»

D

IKCMNEPTHOE MHEI;IVI

XaloTCs NOCTOSIHHbIE KOHCTPYKLIMM CTaHLMK, @ BO3HMKAI0-
LLMIA 3a30p 3ackinaeTcs rpyHToM. LLinprHa KoTnoBaHa npw
3TOM MONyYaeTcs NpUMepHO Ha 3 M Bonblue, Yem TpebyeTcs
A5 CaMOI CTaHLMM, TEM CaMblM BECbMA HENPOM3BOAM-
TeNbHO 3aTpayMBaeTCs Macca TPyAA U BPEMEHMU.

MbI e (1 He TONbKO Mbl) NpeAnaraem Caenatb «CTEHY B
TPYHTE» HecyLeit KoHCTpyKumei. Cneumanmctsl HULL OMNN
yXe NpPoBen HeoBXOAMMbIE PacyeThl, HA OCHOBE KOTOPbIX
nogobpanu onpeneneHHbIii cocta GETOHA, paccymuTaH-
HbII1 HA BECb MEPKOZ, SKCMTyaTaLummn MeTpononmTeHa (He
meHee 150 net), npeanoxunu 6onee aGPeKTBHbI cnocod
YCTPOCTBA MMAPOU30NSALIAN.



bnaropaps aTOMy PELLEHMIO MOXHO He TOMbKO YMEHb-
LWNTb NIOLLAAL 3aCTPONKN, HO U HE MeHee Yem Ha 15% co-
KpaTUTb PacXof MaTEPUAIOB M MOYTU HA NONTOLA — BPEMS
BO3BEAEHNS CTAHLMM.

Ewle onuH BapnaHT 60/1€€ paLmoHaNbLHOM0 MCMONb30Ba-
HWS MO3EMHOrO NPOCTPAHCTBA — Pa3MELLEHIE HEKOTOPbIX
00bEKTOB FOPOACKOI MHPPACTPYKTYPI B HAACTAHLIMOHHOM
NPOCTPaHCTBE. Py CTPOMTENLCTBE METPO OTKPITLIM
€nocoBoM AHO KOTI0BaHa, Kak NpaBuo, pacnonaraeTcs
Ha rnyéuHe okono 20 M OT NOBEPXHOCTW 3EMIN, & BbICOTA
CTaHumm cocTtaBnsieT He 6onee 10 M. Mocne Bo3BeaeHus
NEPEKPLITUA CTaHLMW BCS OCTaslbHas «OTBOEBAHHAS» Haf,
Hel TeppuTOopUs NPOCTO 3acbiNaeTcs. B yCaoBmsx N1OTHON
rOPOACKON 3aCTPOIKM 1 MOBLILIEHHOW aBTOMOBUNN3aLMM
ropopa 370 MPOCTO HEPALWOHANEHO, BEAb B 3TOM MPO-
CTPaHCTBE MOXHO Pa3MECTUTb CAYXEDHO-TEXHUYECKME MO-
MELLEHWS METPONONMUTEHA, NAPKOBKU, TOPrOBLIE NOMELLE-
HWS., KUHOTEATPbl, TAMOXEHHbIE TEPMUHANbI, aPXMBLI U T. 1.
TMOHSITHO, YTO 3A4ECH ECTb BONPOCHI, CBS3aHHbIE C 3aKOHOAA-
TENbCTBOM, NOCKOJIbKY METPOMOAMTEH — OOLEKT HE TONbKO
COLWMAnbHOro, HO M CTPATErM4eckoro 3Ha4eHus.

B paHHOM ciyyae [OmKHbI ObITb YETKO 0TPAbOTaHbI 1 CCTEMA
MPOTMBOMNOXAPHOI Be30MacHOCTH, aHTUTEPPOPUCTUHECKON
3aLLmLLEHHOCTH. Ho 9T0 BONPOC YXe I0puanyeckoro B3anmo-
JENCTBUS METPOMOAIMTEHA U APYTVX CTPYKTYP ropoaa.

— CyLwecTBeHHOe HapaluuBaH1e 00beMOB MeTpo-
CTPOEHMSA HEBO3MOXHO 6e3 yBenuyeHus CKopocTm
npoxopku. Kakue pesepBbl 3aech cyliecTyioT? Kakue
MHHOBALMOHHbIE BO3MOXHOCTH eLLe TONbKO NPeAcTonT
MCnonb30BaTh B NOJIHOW Mepe?

— Ecnv roBopuTb 0 TEXHONOIUSIX, MOMMMO MCMONBE30Ba-
HWSt COBPEMEHHOI TOHHENENPOXOAYECKOMN TEXHWKM, MOXHO
MPVBECTY B KQYECTBE OAHOTO U3 MPUMEPOB UCMONb30BaHNE
drbpoHabpbI3r-6eToHa.

YXe UMeeTCs YCNeLLUHbINA OnbIT NPUMEHEHUs AaHHOM
TexHonorum B Mockse: hprnbpoHabpbI3r-6eTOH MCMOb30-
Ba/I1 B CO4ETAHWM C KOMOAtHOBOI Pa3paboTKoi rpyHTa
Mnpu CTPOMTENLCTBE OAHOTO M3 TOHHENEN JToBANHCKO-

3CKu3 CTaHLMK «PuKCKas»
TpeTbero nepecago4Horo
KOHTYpa MeTpo

Mporpamma
«MeTtpo-2020»:
CTPOUTENLCTBO

160

KM nyTen

79

CTaHUMI

PEKOHCTPYKLWAS

7

1 CTPOUTENLCTBO

9

anekTpoaeno

JMUTPOBCKON NMHMK. [10 CPaBHEHMIO C NPEeayCMOTPEHHO B
MPOEKTe NPOX0AKOM 6YPOB3PbLIBHLIM CMIOCOOOM C YYryHHO
006/€eNKoi4, NOMUMO CYLLLIECTBEHHO SKOHOMWW Ha MaTepua-
nax, CKOPOCTb MPOXOAKM Obina yBeNM4YeHa NoyTh B 2 pasa.
9ddeKTMBHOCTb MeTOAa OblNa NOATBEPXAEHA KOMMETEHT-
HOM KOMUCCWENA, 1 Tenepb 3Ty TEXHONOMMIO NNaHUpyeTcs
MPUMEHSATb 1 Ha APYr1X y4acTKax.

— 3a cyeT 4yero yaaercs AOCTMYb CTOJIb BNe4aTNNI0-
LMX Pe3ynbTaToB?

— TexHonorus KpenneHus BbipaboTkn GrbpPoHadPLI3T-
6ETOHOM (€€ TaKkxe Ha3blBaloT METOA0M Be30manyboyHOro
6ETOHMPOBAHS) OCHOBaHA HA TOM, YTO BETOHHAs CMEeCh
¢ LoBaBneHNEM B Hee KOPOTKMX BOSTOKOH W3 CTaslbHbIX U
CUHTETUYECKMX HUTEN (nOPLI) NOL LABNEHNEM CXATOrO
BO3/yxa B HECKO/IbKO C/IOEB HAHOCUTCS Ha CBO, CTEHBI U
0CHOBaHWe BbIpaboTKy (Mpu He0OXOAMMOCTM K HUM Kpe-
MUTCS apMUPOBaHHast ceTka). Takas TexHonoruns apdek-
TWBHA 419 CPaBHUTENBHO YCTORYMBLIX, Ma00BBOAHEHHBIX
TPYHTOB, rae 06aenka n3 Habpblar-6eToHa, apMUPOBaHHast
®nbpoit, BrioNHe crnocobHa 3aMEHNTb KOHCTPYKLAN N3
Xene300eTOHa W YyryHHbIX TOOUHTOB.

[1ns Toro Ytobbl cBEXast BETOHHAA CMECh He CTeKana ¢
MOBEPXHOCTY BbIPAbOTKY, B HEe BBOAATCS A00ABKN — YCKO-
pUTENN CXBaTbIBaHMS, KOTOPbIE CNIOCOBCTBYIOT 3aTBEpAEBa-
HUIO CMECH B TEYEHIE HECKONBKMX MUHYT. Tocne TBepaeHus
obnenka 13 prubpoHabpbI3r-6eTOHa He YCTYNaeT No NPoY-
HOCTM Ha cxaTie 06bI4HOMY OETOHY, a Ha PaCTAXEHNE U
BOBCE NMPEBOCXOAMT ero. Mcnonbays aTy TEXHOOMO, Mbl
MOXeM cokpaTuTb Ha 8-10% 0bbeM BbIPabOTKM rpyHTa, L0
25% — pacxog matepuana n Ha 10% — Bpems Npou3Boa-
cTBa paboT Ha KpenneHue.

MpevMyLLEecTBO NOAATANBO HAaBPbI3r-GETOHHON Kpenu
3aK/I04YAETCS TAKKE 1 B TOM, 4TO, KOHTAKTUPYS C FPYHTOM
1o BCeMy NepUMeTPY BbIPaboTky, OHa AePOPMUPYETCS
BMECTE C FOPHLIM MaCCMBOM, Kak Obl «MOACTPaNBasACh»
nof, Hero. B peaynbTate Harpyaka OT FOPHOro aBNeHus!

Ha KOHCTPYKLIMIO CHIXaeTCs. B Haluell CTpaHe AaHHbIN
€nocob GETOHMPOBAHNS, HAaNpPUMep, NPUMEHSANCS paHee Ha
CTpouTenbCTBE TOHHENe BAMa, noa3emMHoro komnnekca
AH CCCP 8 NMpoTBMHO, NP1 NPOX0AKE TOHHENS MEX/Y CTaH-
umnsimu meTpo «Kuesckas» 1 «Mapk Mobeapl» B Mockee, B
rMaPOTEXHNYECKOM cTpouTenseTBe. 06aenka U3 HabpbIar-
6eToHa Ha Merpaa30pCKOM XeNe3HOA0POXHOM TOHHENE B
ApmeHun 6e3 eayHol TpeLLHbl Bbiaepxana 10-6annbHoe
3emnetpsiceHne B Cniutake B 1986 rogay.

— WUcnonb3oBanue 3TOi TEXHONOTMKU BO3MOXHO, KaK
Bbl Y)k€ OTMETWIIN, AANEKO He BO BCeX rpyHTax? Kakum
00pasom onpepensioTca 30Hbl ero NpUMeHeHus?

— TonwwmHa GprbpoHadbpbI3r-6eToHa, ero HecyLuas
CMocoBHOCTb, HEOOXOAMMOCTb YCUABHWS apKamu Ui
aHKepamu ONpesenseTcs re0TEXHNYECKMY pacyeTamm ans
Kax[0ro KOHKPETHOrO y4acTka.

EcTecTBeHHO, BCe TOHHENbHbIE 0BLeNKH, KOTOpbIE
cerofiHs 1cnonb3ylotcs B Mockse, AOMXHbI ObITb CEPTH-
duUMPOBaHbI, @ cepTUdUKaLMS NpeanonaraeT UCMbITaH!s
Ha COOTBETCTBME TPEOOBAHNSM, KOTOPLIE 3aI0XKEHbI B
TEXHUYECKMX YCIOBUSX.

®akTnyeckn «MocUHXNPOeKT» ceropHs Gopmmpyet
COBPEMEHHYIO TEXHUYECKYIO MONUTUKY B 06AACTV METPO- U
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TOHHENeCTPOoeHus. Halum cneumanicTbl paspabaTbiBaioT Tex- |

HWYECKVE YCNIOBWS HA BCE BUAbI MPUMEHSIEMbIX KOHCTPYKLINIA,
NpOrpamMMbl CePTUGUKALMOHHBIX UCTIBITAHWIA 1 y4aCTBYIOT

B UX NpoBeneHu. B nocnenHue Heckonbko net HUL, OMNM ¢
yyactrem LHWWCa, BHUAMO, «JleHmeTporunpoTpaHca»,
«MuHCKMETPONPOEKTa» 1 APYrvX OPraH13aLmin NOAroTOBNEH
PS4, HOPMATMBHBIX OKYMEHTOB B BUE CTaHAapToB «Moc-
MHXNPOoekTa» 1 «HaLmoHanbHoro 06beAUHEHNS CTPOUTE-
neit» (HOCTPOW), a Takke TEXHONOTMHECKUX PErNaMEHTOB,

B TOM YMC/E — MO COOPYXEHMIO FOPOLCKMX M MOLBOAHBIX
TPaHCNOPTHbIX TOHHENEN, NPUMEHEHNIO HabPLI3r-OETOH,
MO KOMMIEKCHOMY OCBOEHMIO NMOA3EMHOI0 MPOCTPAHCTBA,
COOPYXEHWIO MOA3EMHbIX MELLEXOAHbIX NEPEXOA0B U T. M.

— Ha ogHoii u3 nunwii meTpo B CaHkT-MeTepbypre
ceityac coopyxaeTcsi nepBbiii B Poccum gByXnyTHbIN
TOHHenb rnyb6oKkoro 3anoxeHus. Hackonbko LWMpPOKo
3TOT MeTOZ, (Ha3bIBaeMblii eLe MICNAHCKUM), He3aBu-
CMMO OT rNyOUHbI NPOXOAKM, MOXET ObITb NPUMEHEH B
Mockse?

— CyLuecTtBeHHYI0 3hHEKTUBHOCTb OH UMEET NpU CTPOU-
TE/bCTBE KOHEYHBIX CTaHLMIA C OTHOCUTENBHO HEBOMBLLMM
MaccaxvpornoTOKOM V1 KOPOTKUMU NeperoHamu. A Ha CusHO
3arpy>XeHHbIX IMHMSX Masible 60KOBbIE NATHOPMbI ByayT
MWL CNOCOBCTBOBATb YNNOTHEHMIO NOTOKA NACCaXMPOB.
[1BYXyTHbIE TOHHENN TAKKE XOPOLLO NOAXOLAT ANS CKBO3HOM
MPOXOLKY y4acTka, KorAa HeobX0MMO, HaNpPUMEP, Npory-
CTWTb €LLE He BBEEHHYIO B 3KCMyaTaLyio CTaHLMIO.

Kpome Toro, pacnonoxexue nyTei pasHbix HanpasieHit
B OZHOM TOHHENE NO3BONSET 0TKA3ATbCS OT 0053aTENbHDIX
MpW CTPOUTENLCTBE ABYX OAHONYTHbLIX TOHHENEW 1 CTAHLWIA
C OCTPOBHbIMY NAATHOPMaMI CreLManbHbIX COEAMHUTENb-
HbIX TOHHENE — KaMep Cbe3A0B. B CBSA3M € TEM, 4TO 3TK
KaMepbl COOPYXatoTCsi FOpHLIM CNoco6oM ¢ 060MX TOPLOB
CTaHLWW B NPOTSXKEHHbIX BbIPabOTKax NEPEMEHHOr0 ceye-
HWS, OTKA3 OT HWX LACT CYLLECTBEHHYIO S3KOHOMMIO TPYLOBbIX
1 MaTepuabHbIX PECYPCOB.

— B kakoit Mepe, Ha BaLl B3rnsa, AeicTeyoLas
HOPMaTUBHO-TEeXHMYecKas 0a3a COOTBETCTBYET COBpe-
MeHHbIM OTpacnesbiM noTpebHocTam? He aengetca nu
OHa nog4ac cBoeoOpa3HbIM TOPMO30M ANSt METPO-
cTpoeHus?

— Kakux-nnbo npuHUMnmanbHbIX NPensTCTBUIA, Cepbes-
HO OCNIOXHSIIOLWX PaBOTY NPOEKTUPOBLLMKOB, §l ceryac He
BUXY. Mpo6neMbl BO3HWKAIOT B OCHOBHOM NPy BHEAPEHUM
HOBBbIX, HE NPEAYCMOTPEHHbLIX HOPMaMK 1 MPaBMaaMK Pas-
paboToK, a TaKXKe B YaCTM ONepaTUBHOI 3aMeHbI yCTapeB-
KX TpeboBaHuii. A NOCKONbKY HOPMbI pa3pabaThiBatOTCS
1 YTBEPXAAIOTCS B TEYEHME HECKOMBKMX JIET, TO K MOMEHTY
BbIXO/12 HEKOTOPbIE 13 HIX YXXE TPEBYIOT NONpaBok.

— [lo cux nop peyb Lwjia B OCHOBHOM O Pa3JIM4HbIX
TexXHoONornyeckux acnekrax. Heckonbko cnos o npu-
MeHseMoM 00opyaoBaHuK. Kak U3BeCTHO, B O0/IbLUMH-
CTBE CBOEM OHO UMMNOPTHOE...

— [leiicTBUTENbLHO, CNAabbiM MECTOM OTPAC/IM OTeve-
CTBEHHOr0 METPOCTPOEHUS CEeroaHsa aBnaeTca OTCyTcTeme
CODOCTBEHHOI0 NPOM3BOACTBA TOHHENEMNPOXOAYECKNX KOM-
MAEKCOB 1 Apyroro 060pyLOBaHMS LN NOA3EMHOrO CTPOU-
TenbcTBa. Kazanock Obl, B yCNOBMsIX rnobanu3aLmm aTo He
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MynbT ynpaenexus
TNMK

CronmocTb
CTPOUTENBCTBA

1.

MOCKOBCKOro MeTpo:

2006 rog —

6,8

Mpa pyo.,

2014 rop—

4,5

mnpa pyo.

[IOJXHO CMAbHO BAMSTL HA NPOLLECCHI METPOCTPOEHNS. ECTb
3apybexHble MPON3BOANTENN, XOPOLLO 3aPEKOMEH0BAB-
Lwie cebst Ha POCCUMIACKOM PbIHKE, Y KOTOPLIX MOXHO KynWTb
npakTuyeckun nioboe 060pyaoBaHue. Ho B TO xe Bpems
Poccusi — rocynapcTso, KOTOPOE LOMKHO CTPEMUTBLCS K
CaMOA0CTaTOYHOCTM.

[pu3HaBast BbICOKYIO TEXHUHECKYIO 3D HEKTUBHOCTb 3apy-
GEXHbIX LUMTOB, HEOBXOMAMMO 3aMETUTb, 4YTO, 3aKynast VX, Mbl
MPAKTUYECKM NOMHOCTBIO YTPATWAM OTPAC/b OTEYECTBEHHOTO
LLIMTOBOrO MaLUMHOCTPOEHMS (HAY4HbIE 1 KOHCTPYKTOPCKME
kagpbl, 3a80Abl). MHOr1e CneumnanucTsl NoiarakoT, YTo eLle
€CTb BO3MOXHOCTb BOCCTAHOBMTb MPOWU3BOACTBO OTAENbHbIX
00pas3L0B TOHHENBHOM TEXHWKM, HaNpUMep Ha 6a3e coxpa-
HuBLLerocs CKypaToBCKOrO OMbITHO-3KCNEPUMEHTANBHOMO
3aB0fa. Hayatb MOXHO Obl0 Obl C COBMECTHOIO NPOK3BO1-
cTBa 060PYA0BaHNS C 3anaaHbIMU KOMMAHWSIMU.

— Cepbe3aHble MHBECTULMM B NPOU3BOACTBO 000pY-
[OBaHUS AN METPOCTPOEHUs TpebyloT onpepeneHHbIX
NpeAnocbINoK Ang pasBuTUs camoi otpacnu. Cywie-
CTBYIOT JIn OHU celivac B Poccun?

— PasBuTie KOMNnekca NoL3EMHON TPAHCMOPTHOM
MHGPACTPYKTYPbI — 3TO TO HANPaBNEHWE CTPOUTENLCTBRA,
KOTOpOe HuKoraa cebst He ucyepnaeT. s NoBbILEeHNs 3¢-
dexTnBHOCTY NpuHATOI B MockBe nporpammel «MeTtpo-2020»
HeoBX0MIMO COBEPLLUEHCTBOBATb TEXHONOT M KaK OTKPLITOrO,
TaK 11 3aKpbITOro crnocoO0B NPoU3B0OACTBa PaboT, UCNONb3Ys
1151 3TOr0 Takxe 1 COBCTBEHHbIE Pa3paboTKy.

A ons 3T0ro HeOOXOAMMO NPUHSTL FOPOACKYHO LIENEBYIO
Hay4HO-TEXHNYECKYIO NPOrpaMMy, OPUEHTMPOBAHHYIO Ha
BHEJPEHVE ee Pe3yNbTaTos, HaumHas ¢ 2015 roga. B Hawem
VHXXEHEPHOM LIEHTPE YXE NOArOTOBNEHO K OMbITHO Npo-
Bepke Gonee 10 NpemnoxXeHuii No KOHCTPYKLMSM U METOAAM
VX pacyeTa, MaTepmanam, crocobam YKpPenaeHns rpyHToB 1
npoxogku. Peanuaauus 3Toi nporpammbl 0/KHA He TONbKO
0becneymnTb Co3aaHMEe KOMGOPTHO TPAHCMOPTHON CETU B
CTONNLIE, HO 11 CTaTb OTNPABHOM TOYKOA [115 COBEPLLEHCTBO-
BaHWIS OTPAC/M OTEYECTBEHHOTO METPOCTPOEHNS BO BCEX €€
acnekTax.
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HasepHoe, MHorune n3 xuteneii CaHkr-lletepOypra xots 6bl pa3 3agyMbIBaNCh

0 TOM, Kakoii ctaHet CeBepHas ctomua Yepe3 50, 100 net. KoHeyHo, pyTypu-
cTUYeckue NpeacTaBNeHNs y KaX[0ro CBou, HO BCe Xe BO3bMY Ha cebs CMenocThb
onucarb o0Lymne YyepTbl ropoAa MeYTbI.

Meranonuc 6yaywero — 370 34aHus, yTonaioLymne B 3eJIeHU Cag0B 1 NapKoB,
MHOro@yHKLMOHa IbHbIe CIOPTUBHbIE KOMIIEKCbI U KYJIbTYPHbIE LIEHTPbI, C/IOBOM,
MakcuMasibHasi KOHLEHTPaLns BO3MOXHOCTEIA AJ1s1 BCECTOPOHHEr0 Pa3BuTus ny-
HocTu. CyTonoka 60/1bLL0ro roposa ¢ MHOroypoBHEBbIMU Pa3BSI3KaMu, LLYMHbIMU
MarucTpansiMu, TOProBoIMU LIEHTPaMU YXOAMNT N0 3€MJIIO, FAe KNMNT XXU3Hb, OLL[Y-
LaeTcs CBOI HEMOBTOPUMbIN CTPEMUTE bHBINA pUTM. HaBepxy e LjapsaT HECKOJIbKO
JIeHnBas uANANS, COKOWCTBUE U YMUPOTBOPEHME.

«K yemy nyctble MeyTaHna? — ckaxerte Bbl, — TyT Obl nocse paboTsl 40 AOMA [0-
6partbcs 6e3 HepBHbIX MOTPSACEHWIA, Bbi3BaHHbIX 6@ CKOHEeYHbIMU TPAHCMNOPTHLIMU
3aropamu». Ho 4yTo H roBopU, KOHLENUUS «ropoda ANs IIOAEN» NyCTb U He CTOJb
CTPEeMUTENIbHO, HO BCE Xe 3aBOeBbIBAET MUP.
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C Te31coM 0 TOM, YTO Camble CMEJIbIE U, HA
nepBabIii B3rns4, Hepeann3yemble 3ambiClibl
BrIOJIHE peasibHO BOMIOTUTb B XXU3Hb B 000-
3pumom ByayLLem, coriacHbl U aBTOPUTETHbIE
akcnepTsl B 06/1aCTH NPOEKTUPOBAHNS U CTPOU-
TenscTBa. OgnH u3 Hux — Kwwwwrog Momop-
cku, TexHudecknii aupekrop OAO «Kb BbicoT-
HbIX ¥ IOA3€MHbIX COOPYXEeHMIi», — 1l06e3HO
COrnacusics OTBeTUTb Ha BONPOCHI XypHana
«[loA3eMHble rOPU3OHTbI».

— KakoBbl, Ha Baw B3rnsp,, 0CHOBHbIE NPUYMHDI HE-
[OCTaTOYHOr0 OCBOEHMS NOA3EMHOr0 NPOCTPAHCTBA B
Cankr-leTepOypre, KOTOpPOE, N0 CYTU, OFPaHUYNBAET-
cfl ceilyac N1Lb CTPOMTENLCTBOM MeTPO? YTo yX TYT
rOBOPUTDb O APYrMX POCCUNCKUX PEruoHaXx. ..

— HaBce ecTb CBOM 0OBLEKTUBHBIE M CYOLEKTUBHBIE
npuYnHbL. ECn npeacTaBuTh Cenyac reonornyeckylo KapTy
MMpa C yKa3aHMEM KNacCOB NPUrOAHOCTW FPYHTOB Ans
NOA3EeMHOr0 CTPOMTENLCTBA, TO TEPPUTOPUS POCcCHn NoYTH
MONHOCTbIO NONafaeT NoA 4-1 knacc — camblil Hebnaro-
NPUSTHBIA ANS NOA3eMHbIX paboT. To B 0CHOBHOM 0Ca-
[04HbIE MOPOAbI, B KOTOPbIX BO3BOANUTb YTO-IMB0 AOBOLHO
npo6nemaTnyHo. McknioueHmns ecTb, HanpumMep Kaskasckuid
PErMOH U, B YacTHOCTU, Coun, HO Takux obnacTeii B Poccum
He Tak MHOr 0.

Cpa3y ckaxy, CaHkT-eTepbypr — He nyyllee MECTO 41s
NOA3EMHOI0 CTPOMTENLCTBA. ITO HE CTOALLMIA Ha CKASIbHOM
rpyHTe CuHranyp, CTaBLUMA NNOLWAAKON ANs peanmsaumm
KPYMHbIX MHPPACTPYKTYPHBIX MPOEKTOB NOZ, 3EMNEN, B 4acT-
HOCT Hay4HO-NPOVU3BOACTBEHHOIO LIEHTPA MO pa3padoTke
1 NPOM3BOACTBY YNMOB.

— Tem He meHee B 70-80-x ropax npowsioro Beka
Obina paspaboTaHa reHepasbHas cxema njiaHmpo-
BOYHOIA OpraHM3aLum U UCNoNb30BaHUs NOA3EMHOI0
npocTpaHcTBa JlenuHrpapa. Hackonbko Benuka Gbina
BEPOATHOCTb ee peanu3aunn?

— [naBHas npyUyuHa TOro, 4TO 3TOT NNaH Obl NONOXEH B
JONMUIA ALLUMK, — TNyOOKMIA 3KOHOMUYECKMIA KpU3NC, pas-
pasusLumiics B cTpaHe B 1990-x rogax v npoaomxaBLLIniics
Bnnotb a0 2002 ropa. M Tonbko B Hawm aHW Poccus nocTe-
MeHHO BLIXOAWT Ha NOKa3aTenu, COOTBETCTBYIOLLVE YPOBHIO
COBETCKMX BPEMEH.

He cekper, 4T0 NoA3eMHOE CTPOUTENBLCTBO BCEraa Obiio
NeNoM 3aTpaTHbIM, TPEOYIOLLMM OOMbLLNX KAnUTanoBo-
XeHuit. Kpome Toro, B 310/ chepe HEBO3MOXHO peLLaTh
CUIOMWHYTHbIE NPOBEMbI, NOYYas YyTb M HE MOMEH-
TasbHY0 KOMMEPYECKYIO BbIrody, — 3[eCb HE00X0aMMO
MbICAITb KaTeropusamu byayLiero, 6yay4um roToBbIM K TOMY,
YTO NPUOLIBHBIM TOT WAV UHOW NPOEKT CTAHET NNLLIb Yepes
[0CTaTOYHO [NTENbHbIA NEPUOL BPEMEHN.

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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Camoti cxemoint B TeseHve 30 neT npesycMaTpuBanoch
CO3[aHne NOA3EMHbIX COOPYXEHWIA PA3NINYHOTO HA3HaYe-
HWS noLaapio okono 70 kB. kM. B To Bpems 3TOT BOKYMEHT
Obl/1 B CBOEM POAE YHUKANbHBIM 1 €IMHCTBEHHBIM B MUPE.
Yxe Toraa pyKoBOACTBO CTPaHbl MOHMMAnNo, 4to yayliee
3a N0A3eMHbIM CTPOUTENBCTBOM, XOTS B TE FOAbI U HE CY-
LLLECTBOBANO €LLe COOTBETCTBYIOLLMX TEXHONOrMIA. B nnaxe
TaK 1 cka3aHo, YTO 4acTb 0OLEKTOB Ha AaHHbIi MOMEHT He
MOXeT BbITb NOCTPOEHA, HO B BnnxaiLiemM 6ymyLlem MeTo-
bl VX BO3BELEHNS AOMKHbI ObITb HARAEHbI M 0TPABOTaHbI.
MoaTtomy npw 6AaronpusiTHOM CTEYEHUM 0OCTOATENBCTB
3TOT JOArOCPOYHBIA MPOEKT Ha aHHbLIA MOMEHT BMOJHE
MOr ObITb YaCTMYHO Peann3oBaH.

MepBooyepeaHas 3afa4a camoro bnvxaiilero Bpeme-
HW — pa3paboTka HOBOrO NyiaHa NofA3eMHOr0 CTPOUTENb-
CTBA, HO Ha Bonee ANNUTeNbHbIA Nepuoa, — NPUMEPHO Ha
100 net. Y ropofioB — Apyron kaneHaapb, COM3MEPUMBINA
C «MPOJOMKUTENBHOCTBIO XN3HU» 3aaHnii. CTonetne gns
NOCNeAHNX — He Takol yx 1 6obLLoii cpok. OcBanBaTh
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NOA3EMHOE MPOCTPAHCTBO CIELYET N0 MEPE NOSIBNIEHNS
CPeACTB 1 BO3HUKHOBEHWS HE0OX0AMMOCTY. Mpu 3TOM B
rPafoCTPOUTENBHBIX MAaHaX HY)XHO 3apaHee y4UTbIBaTh, ka-
KIE KIIOYEBbIE Y4aCTKM MOTYT B AaNibHEMLLEM NOHAL00MTLCS
LN9 NOA3EMHOr0 CTPOUTENLCTBA, U PE3EPBUPOBAT VIX.
BTtopoe, 4T0 CnepyeT coenatb, — ONPeLeneHne 9KOHO-
MUYECKOI LieNnecoobpasHoCTV CTPOUTENbCTBA MOASEMHbIX
npoekToB. Bo3bMeM ansg npumepa KonnekTop Ais npokiag-
KN UHXEHEPHbIX CeTeN. Ha nepBbIil B3rnsg, Y40BONLCTBUE
He 13 fewweBbix. Ho ecnm y4ecTb 3aTpatbl HA PEMOHT pasHo-
ro poJa KOMMYHWKaLWIA, KOTOPbIE BbINK NPOCTO 3aKOMaH
B 3EMJTI0, TO 9KOHOMUYECKNIA 3POEKT OT BhlLLIEHA3BAHHOTO
COOpYXeHuns ByaeT nony4eH MakcMMym 4epes 25 ner.
Kpome T0ro, HaLum NOTOMKM NOAYYaT «LMBUAN30BAHHYIO
CETb» KONNEKTOPOB C HAXOAALLMMICS NMOZ, NOCTOSHHBIM
KOHTPONEM MHXEHEPHLIMU KOMMYHUKAUMSMU, TAE, B CNy4ae
LOMXHOW NPOGUNAKTVKK, aBapUIAHBIE CUTYaLWK NPAKTUYe-
CKM UCKITIOYEHDI.

MHoroypoBHeBas pa3ssska
W KyNbTYPHO-RO0CYTOBBIi LIEHTP
Ha FamOyprckoit nnowaau

[Moxoxee NONOXEHNE BELLEN 1 CO CTPOUTENLCTBOM
LPYrnX NoA3EMHbIX COOPYXEHWIA. [poAaeT BpeMst — 1 Ux
BO3BELEHNE OKYNUTCS C NNXBOW. Korpa ropog, «yxoamT» nof
3eMJ10, BbICBOBOXAAIOTCA NNOLLAAMN Ha NOBEPXHOCTH. Tak,
B C/ly4ae peannsaLmn NEHNHrPaLCcKon CXeMbl AOMKHO BbIN0
0cB060AMTLCS CBhILLE 4 ThiC. ra B LieHTpe ropoga. Moacuu-
TaiiTe, KaKkoBa UX PbIHOYHAS LEHa U CTOMMOCTbL MOCTPO-
€HHbIX Ha HUX 3aaHuiA. M cTPOMTENbCTBO aBTOMOOMLHBIX
TOHHENEN B KOHEYHOM CHETe OKYNUTCS, aB Takoi GOHYC,
Kak aBTOMOOUILHOE ABUXEHME Be3 3aTOPOB.

Bo BCex KpynHbIX ropofax Mypa Ceitvac MaeT 0CBOEHNE
NOL3EMHOr0 MPOCTPAHCTBA. ek H HAMEPEH NONHOCTLIO
JMKBUIMPOBATH HA3EMHbIV TPAHCNOPT. [la, anoxa TOTanbHOro
ABTOMOOMM3Ma MHOTM NPYBIANA NIt0BOBb K BHICOKMM CKO-
pocTam v koMpopTy. HO BCE e NOCTENeHHO NPUXOANT 0CO-
3HaHME TOro, YTO YeNnoBek BaxHee aBToMobuns. He Mbl ans
Hero, a OH /15 Hac. 3emns — Toxe A9 Hac. MoxeT, nyywe
napkv pa3buTs BMeCTO aBToCTpan? Bee Gonbluee KonnMyecTso
NIOAEN YyTBEPOUTENBHO OTBEYAIOT Ha 3TOT BOMPOC. Tak yxe
nenaetcs B Ceyne, Mapuxe, MHOXECTBE APYrUX rOPOLOB.

— Y70 He06X0AMMO NPEANPUHATL AN151 TOTO, YTOObI
B Poccum cTanu npuaepxuBsartbcs, XoTa Obl B CTpaTe-
rMYecKuX HanpasfieHnsaX, 00LLEeMMPOBbIX TEHAEHLMI
OCBOEHMUS NOA3EMHOr0 NPOCTPaHCTBa?

— TocynapcTBo, kak M3BECTHO, HAYMHAETCA C 3aKOHOMA-
TeNbCTBA, KOTOPOE B 06/1aCTM CTPOUTENLCTBA HEOOXOANMO
COOTBETCTBYIOLMM 06pa30oM AopaboTaTh Kak Ha POCCHIA-
CKOM, TaK 11 Ha PErMoHasbHbIX YPOBHSIX.

3akoH CaHkT-[NeTepbypra 0 3efeHbIX HacaxXaeHWsX Npe-
KPacHO JEMOHCTPUPYET BCIO aOCYPAHOCTb BOHMKAIOLLMX
npo6nem. MpeacTasum cebe rasoH B LeHTpe ropoaa. Mog
HUM 3anpeLLAETcs, K NPUMEPY, YCTPOUTL NAPKUHT, AaXe
HECMOTPS! Ha TO, 4TO NOC/E OKOHYaHMs paboT v ra3oH byaeT

MOA3EMHBIE TOPU30HTbI Ne2. Nionb/2014



BOCCO3[1aH, Aa ¥ camo NoA3eMHOE COOpYXeHue, pac-
MONOXEHHOEe Ha OnpeaeneHHo ryOuHE, HUKaK He MOXET
nomeLLaThb PoCTy Tpasbl. HO 3aKOH HEMPEKIOHEH —
HeNb3s.

0OpaHako Mano OTMEHWTb YCTapPEBLLVE, HE OTBEYAOLLIME XY
BpeMeHV npasuna. [1ns COBEPLIEHCTBOBAHS 3aKOHOLATENb-
CTBa KpaiiHe He0BXOAMMO CAENATh eLLe OfWH LAr — €034aTh
3D-kapacTp. MepeBop kagacTPOBOro y4eTa B TPEXMEPHBIN
BWZ, NO3BOT «yBUAETL» BCE MOA3EMHBIE KOMMYHUKALWN 1
pas3 1 HaBCErAa BbIICHUTb, YTO KOMY MPUHALIEXWT.

Benp Kak ceityac nonyyaeTcst: MOXHO MOCTPOUTb JOM, HE
3Hasl, YTO NOA, HAM, HaNpPUMEP, NPoNeraeT MeTpPo.

C Apyroii CTOpOoHb, Nto6as KOMNaHUs MOXET KyMWTb y4acToK
3emnu, 1 Ha ByayLueit Tpacce Noa3eMKky BO3BECTH HEDO-
ckpeb Ha 60-MeTpOoBLIX CBAsiX, NEPEKPLIB TEM CaMbIM BO3-
MOXHOCTb 6y 1yLLLEro CTPOMTENLCTBA NOA3EMHOI TPACCHI.

Beenenve 3D-kagacTpa no3BOAUT YETKO CTPYKTYPUPO-
BaTb NOA3EMHble 00bEKTLI 1 NPELOTBPATUTL HEXENATENb-
HbIE BapWaHTbI PA3BUTHS CUTYaL.

Ewe onHa 3agava — pa3paboTaTth 1 BHEAPUTL HOBLIE
HOPMBbI 11 CTaHaapThl. Hanpumep, kpaitHe HeobXxoaUmo 13-
MEHWTb CTaHAAPT Ha CTPOWUTENLCTBO NAPKMHIOB, KOTOPbLIE
Ha CEroaHsILUHNIA ieHb He MOryT MMEeTb 60/ee 5 YPOBHEIA.

— B HacTosILee Bpems NpakTM4eCcKu HU OAHO CO-
BPEeMEeHHOe 3[jaH1e WJI COOPYXeHMne He 06XxoauTcs
0e3 Nnop3eMHbIX NapKUHroB. Kak N3BecTHO, NPOeKT
«MapumnHka-2» TaKke UMen 3HaYUTESIbHYI0 NOA3EMHYI0
cocraensiowyio. B kakoit mepe yaanoch BONNOTUTL 3Ty
WUAEl0 B XU3Hb?

— Mbl caenanu HebonbLLO NapkuHr-aBTOMAT Ha 93
MaLLMHO-MECTa, YAOBAETBOPSIOLLMIA YACTUHHO HYX b
COTPYIOHWKOB TeaTpa. 3echb CneayeT NoaYePKHYTb, HTO
BHYTPW T€ATPOB, 0COOEHHO MYy3blKasbHbIX, 0BbIYHbIX aBTO-
MOBUNBHBIX MAPKOBOK B MPUHLWNE ObiTb HEe AOMKHO. OHW —
MCTOYHMK 3BYKA, LLYMa 1 NOBBILLIEHHO OMacHOCTMW. YTo0bI
136eXaTb HEraTMBHbIX BAVSHWIA, Mbl PUMEHWIN HOBbIE
TEXHONOMMM, COBPEMEHHYIO 3BYKOM3ONSILIMIO.

M3HayansbHO rybepHaTopoM roposa 6bio 3asBneHo 0
MNaHax CTPOUTENbCTBA HECKOMbKIX MAPKMHIOB, yCyra-
MU KOTOPbIX MOF/IM Bbl BOCMO/b30BATLCS NOCETUTENN HE
TONbKO MapunHku, Ho 1 KoHcepBaTopuu, Apyrix KyabTyp-
HbIX 3aBe[EHMIA, PACNONOXEHHLIX B paiioHe TeaTpanbHOM
nnowaau. Mo TpeboBaHMAM 1 pacyeTam Ha aTUX NapKuH-
rax [0MxHo 6bin0 paamecTutbest 0kono 800 malumH. Mel
NPeLNOXUNN HECKOJbKO BAPUAHTOB, PELLEHIE MO KOTOPbIM
LODKEH NPUHSTbL FOPOg,. TEXHUYECKN BCE STO MOXHO OCY-
LLECTBMTb.

— Kakasi KoHuenuus noa3eMHbIX NapKUHIoB, No
BalleMy MHeHuIo, HauGonee npmemnema ans CaHKT-
MeTepGypra?

— OtMeuy cpasy, yCTPOMCTBO NApPKWHIa NoL BOAOM
BCErga AeLesne, Yem nog semnei. OTciofa u peLleHus,
nofo6HbIe TEM, YTO Mbl NPEANOXMAM HA KpIOKOBOM KaHane.
Mntocos MHorO. Mpexae BCero 310 kacaeTcs BbIBO3a W
CcknagmpoBaHms 3emnu. Kpome Toro, BogHYO Nperpagy
nepecekaeT MUHUMYM KOMMYHUKaLMIA, 4TO 0BneryaeT npo-
Gnemy BbIHOCA W NEPEKNALKN MHXEHEPHbIX CETEN. TpeTbe
MPeNMyLLECTBO — NOSIBNSIETCS BOSMOXHOCTb OYMCTKM IHA
BOJ0EMOB.

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

TnY «Tponapeso»
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Ml TaKxe npeanoxuin uaeto, kacaioutyiocs O6BoAHOMO
KaHana. B aTom mecTe pacnonoxeHa NPOMbILLIEHHAA 30Ha,
KOTOPYIO NNaHMPYIOT BLIHECTU 3a ropoa. Benep 3a atum
MOXHO 6bIN10 Obl 36aBUTLCS OT HA3EMHOI MarncTpan,
1MeHyemoii HabepexHoit 0BBoaHOro kaHana. Kakum obpa-
30M? VI3 kaHana cnemyeT CnycTuTb BOAY, ONYCTUTLCS ELLe
Ha 10 MeTpOB, NOCTPONTL TOHHEb, MPONOXMTbL B HEM aB-
TOCTPay 1 BCE HEOOXOAMMbIE CETU, KPOME TOFO, YCTPOUTh
60/bLLOE KOMMYECTBO NAPKOBOK. 3aTeEM CBEPXY 3achinatb,
chopmMmpoBaTh AHO, NYCTUTbL BOAY. A Ha 0CBOBOAMBLUMXCS
B[I0J/b KaHana TeppuTopusiX Co3a4aTh NAapKOBYIO 30HY, PAAOM
C KOTOPOW MOCTPOUTh XWble KBapTanbl. M TONbKO Ha cTou-
MOCTM XMbS, NOCTPOEHHOTO B LIEHTPE, B 3€NEHO 30HE 1
Ha 6eperax O4MLLEHHOrO kaHana, Mbl «0TOObEM» AEHBI,
NOTPaY€EHHbIE HA NOA3EMHOE CTPOUTENBCTBO. HO eCnm Mbl
6ynem cumTtaTh TOMbKO YACTYI0 CTOMMOCTb Takoro MpoeKTa,
CyMMa, eCTECTBEHHO, BYAET Ka3aTbCs HENOLLEMHON.

— OpHMM 13 HanpaBieHWIt COBPEMEHHOr0 Pa3Bu-
TNS MEranoJIucoB IBNSIETCH CO3A,aHUe TPAHCMOPTHbIX
nepecagouHbix y3noB. Pacckaxute 06 yuactun OAQ
«KB BulC» B nogo6HbIX NpoekTax. BoamoxHa nu, K
npumMepy, peanusauus B 6nauxaiiluee Bpems BaLumx
npegnoxenuin no TMY «Tponapeso» B Mockee?

— [1o MOEMY MHeHWIO, ceiqac GOPMUPYETCS HECKOMBKO
0AHOBOKMIA MOAXOA K CO3AAHNMI0 Takux 06beKTOB. Beap kak
MHOT Ve CYMTAIOT, OHW HYXHbI 1S TOTO, 4TOObI NEpecamnTh
HaNPaBNSIOLLMXCS B LEHTP ropoda rpaxaaH ¢ IMYHOro
TpaHCNopTa Ha 0BLLECTBEHHBIA. A NTOCEMY NOAOGHbIE Y3nbl
JIOMXHbI COMIEPXaTb TOMbKO NEPEXBATHLIBAIOLLME NAPKOB-
KU, BbIXOAbI U3 METPO 1 OCTAHOBKM aBTOOYCOB, TPaMBaeB,
TPONNEnBbycos.

Ha camom gene, TMY — 3T0 NOKabHbIA LEHTP ropos-
CKOM MHPACTPYKTYPbI, FNaBHas 3a4a4a KOTOporo —
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OTTSHYTb NtOAEV OT LIEHTPA ropozia, YToBbI OHM OTKa3aNCh
OT NNIaHOB CNeoBaTh Kyaa Obl TO HY BbINO M OCTANUCH B
3TOM MecTe. MMpuBneyb NOTEHLMANBHBIX NTOCETUTENEN MOTYT
pa3Hble «BKYCHbIE» GaKTOPbI, Takne Kak KpYrnHbIE TOProBLIE
LIEHTPbI, KUHOTEATPbI, KaTKK, IETCKME NNoLaaKK, kade v
pecTopaHbl. Camo coboii, OMKHbI ObiTh 30ECH 11 NAPKOBKM,

1 KPbITble NEPeCcafoyHbIE Y3/ibl, HO HE OHW UrPAKOT FNAaBHYHO
posib. [MpaBubHO CKOHCTPYMPOBaHHLINA TIY — 3T0 ropof B
ropoae, 06ecneymBaloLiAi COOTBETCTBYIOLLYIO KOMMEKC-
HY0 MHDPACTPYKTYPY Ans 6nnanexallero paoHa.

To, 4T0 NOA0BHbIE COOPYXEHNS HYXHbI, HET HUKAKWX CO-
MHEHUI. Mbl MPOBENM aHaN3 ABMXEHMS HA Tpacce, coean-
HatoLwen MypmaHckoe Wocce Ha BOCToke U [NeTeprogdcekoe
LLocce Ha 3anagae ropoaa. 310 JIEHNHCKMIA NpOCnekT —
npocnekt Cnaebl — VIBaHOBCKaa ynnua — CTaHLMS METPO
«JTomoHOCOBCKas» — Bonogapckuit MoCcT — HapogaHas
ynmua — KynpoBo. Tpacca o4eHb 3arpyxeHa u B 6yaHue,
1 B BbIXOAHbIE AHU. KonuyecTso AT Ha Hell BGbeT Bce
MbIC/IMbIE U HEMBICTIMMblE pekopAbl. B 6yaHW 34eCh MHO-
ro rpy30B0ro TpaHcnopTa. B BLIXOAHbIE AHKM, peako Banyto-
LLMe HaC XopoLLeit Noroaoi, netepOypXLbl HANPaBNSIOTCS
B TOT Xe MarasuH «MEIA», He TONbKO CAenaTb MOKYMKuU,
HO 1 CXOAUTb B KMHO, NOryAsTb, NOKaTaTbCs HA KPLITOM
kaTke. [lopora MMeeT Maccy «y3Kux» MeCT, CIOXHbIX nepe-
KpecTkoB. Mbl NPEAI0XMAN CAENAaTh HA OBHOM W3 HUX, Ha
amByprckoit nAoLLaaN, MHOrOYPOBHEBYIO TPAHCMOPTHYIO
pa3Bs3ky Ans obecneyeHns 6eCCBETOGOPHOTO ABUXKEHMS
TpaHCnopTa, COBMECTUB €€ C NOA3EMHLIMM NapKMHramu,
[,eN10BbIM 1 KyNbTYPHO-A0CYrOBbIM LLEHTPOM. [10g06HbIE
y3nbl c034aI0T CBOE0OPa3HbIE «sapa KPpUCTann3aLumm»,
YMEHbLLAs 4acTb «OPOYHOBCKOrO ABVXEHNS», 3aHUMat0-
LLEro LOPOXHYIO CETb.

Y10 xe kacaetcs TIY «Tponapeso», TO HA ero PeLLeHne
MOBAWS, HA MOV B3rNS A, HEBEPHBIA NOAX0L, K €0 (yHK-
LmoHany. Mel pa3paboTanm HeCkoNbko BapnaHToB 3TOro
obwekTa pasHoii naowann. OpuH n3 Hix (230 ThiC. M2) Bbin
NPeAcTaBneH NpasnTenscTBoM Mocksel Ha ecTvBane He-
nsuxumoctyt MIPIM 2014 B KaHHax. 3ToT 06beKT coepxan

TNY Ha CenHoit nnowagm

BCE HeobxoayMble anemeHTsl TITY 1, Kpome TOro, B €10 COCTaB
BXOAWN HOBbIA ODUCHBIA LEHTP, FOCTUHYHBIA KOMMIEKC,
TOProBbl€e MAOLLAAN 1 MHOIO YEro eLue. MPOeKT MeHbLLEN
nnoLaau (75 ThiC. M2) TOXE COAEPXa MHOTO MHTEPECHOTO.
Ho B HacToslLLee Bpems npoekTupyemsli TIY npespatleH
MPOCTO B NPOCTPAHCTBO, Ha KOTOPOM PACTONOXEHbI OCTAHOB-
Ky TPAHCMOPTa 1 PA3BOPOTHbIE MNOLLAAKM 151 aBTOBYCOB.
MepcnekTuBHYIO MAEto GakTUYECKU CBEM K HYIHO. Xo4eTes
[LlyMaTb, YTO 3TO BCETO JINLIb €AVHWUYHOE HEA0PA3YMEHNE,
NO3TOMY HaZleeMCsl Ha UBMEHEHE CUTYaLWK, B pe3yrbTaTte
yero TIY GyayT co3aaBaThes ANs peasibHbIX rpasoCcTpouTeNb-
HbIX LieNei, a He Ans Toro 4ToBbl B €ro npeaenax MoxHO 6b11o
JMLLb NEPECECTb C OIHOro aBTobYCa Ha IPYroi.

B iaHHbI MOMEHT Mbl NPOEKTUPYeM 5 y3n0B B Mockee.
B MeTepbypre Takxe NPUHATO PELIEHKE O LienecoobpasHo-
cTu cTpoutenbcTBa TIMY, HO O MPaKTUYECKMX WaroB AEN0
Mnoka He 4oLno.

— Kakoea cypb0a Baweit KOHLeNLMU N0 0CBOEHUIO
noaseMHoro npoctpaHcTea CeHHoil nnowagmn?

— Ee ocHOBHas uaes — nokasatb, 4YTO [Jaxe B UCTOPU-
4eckoi 30He ropofa-namsiTHuKa, kakoBbiM siBnseTcs CaHKT-
MetepOypr, MoxHO co3aath TMY XXI Beka.

B nepayto o4epesb NNaHMPOBANOCh OPraHN30BaTh NOA,
CeHHOt MHOXEeCTBO NapkOBOK, 4T0ObI B paauyce 800 m
ybpatb BCE MaLLWHbI C NOBEPXHOCTW 3emni. BTopoe — ocy-
LLECTBUTb CTPOUTENLCTBO MHOIOSIDYCHOI Pa3Bsiaki, YToOb
C NOBEPXHOCTM YOpaTh TPAHCMOPT M CO3AaTh Ha MOLLAAM
60nbLUYIO0 NELIEXOAHY!O 30HY. M0A3EMHOE NPOCTPAHCTBO
JIONXHO ObINO ObITb LOCTATO4YHO BOMBLLMM, YTOOLI BMECTUTb
B ce0sl MapkOBKM, aBTOBYCHbIE M TPAMBAlHbIE OCTAHOB-

Ku, TOPro.ole naowaaun. Kpome Toro, npeanonaranoch
00bEeNHNTL BCE 3TO CO CTAHLMSIMU METPO.

3Ty KOHLENLMIO MOXHO Ha3BaTb HalLieil MaleHbKOM
npoBokauuen. MHorme cenyac 3a4aloTcs BONPOCOM: Kak
YAYYLIATL TPAHCNIOPTHYIO CUTYaLMIO B FOPO/e, OXPaHSIEMOM
IOHECKO, rae H1koum 06pa3om Henb3s BTOPratbes B apxu-
TEKTYPHYIO CPeLy ero LeHTpasbHOM YacTu?

MbI e cymenu nokasarb, 4T0, He pa3pyLuast BCeit 3ToMn
KpacoTbl, MOXHO COXPaHUTb MCTOPUYECKNIA BUA 00bEKTA,
ybpaTb aBTOMOBWAM C I0POT 1 TPOTYapOB, BEPHYB ropoay
nepBO3aaHHbIN 06K,

— KakoBbl ganbHeumne nnaxbl Baweii KOMnaH1MM no
OCBOEHMIO N0A3EMHOro NPOCTPaHCTBa?

— [1naHoB MHOro. Mbl 0OCBavBaeM HOBOE, y4umcs. ns
TOro YT06bI, Kak FOBOPUTCS, HabUTL PyKy B 0611aCTM NPOEK-
TUPOBAHMS NOA3EMHOr0 MPOCTPAHCTBA, AENTaeM camu s
cebsi npoekThl, paspabaTbiBaeM KOHLENUMM. Mbl NOCTOSIHHO
UCCNeayem pPasanyHbIE BapuaHTbl BO3BEAEHMS MOA3EMHbIX
COOPYXEHWIA, 38 CYET YEro He TONbKO NOBbILLAEM KBandu-
KaLMIO, HO V1 HArNSAHO AEMOHCTPUPYEM, YTO M HEBO3MOX-
HOE MOPOI BO3MOXHO, NOATaNKMBAs TEM CamMbIM 3aNHTEPE-
COBaHHbIX JINILL K MPAKTUYECKMM AENCTBUSAM.

AkTVBI3aLMS NPOLLECCa OCBOEHUS MOA3EMHOMO NPO-
CTPaHCTBa MEeranoincoB HEBO3MOXHa 6e3 COoTBeT-
CTBYIOLLIEr0 rOCYAAPCTBEHHOrO NOAX0Aa. KOHOMUYECKYIO
Lienecoobpa3HOCTb NPOEKTOB ClefyeT paccMaTpuBaTh B
KOMMeKce, NPUHMMast BO BHUMaHWE BCE MENOYM U HIOaHChI,
BCE N/IOCHI 1 MUHYCBI. W TONbKO TOrAa MEYTHI O «ropoe Ans
NI0AEN» CTaHYT PeanbHOCTLIO.

MOA3EMHBIE FTOPU30HTbI Ne2. Nionb/2014
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THE IMPOSSIBLE
BECOMES POSSIBLE...

Perhaps many of the Saint-
Petersburg inhabitants at least
once in their life wondered what
will the Northern capital look

like in, say, 50 or 100 years. It

is clear that futuristic views are
individual enough, nevertheless, |
will take courage to outline a city of
dreams. A megacity of the future
means buildings deeply sinked

into green, environment-friendly
surroundings, such as gardens,
parks, full-featured sport forums,
cultural heritage centers, in a word,
into a big cluster of possibilities
for all-round and harmonious
development of the individual.
Hustle and bustle of a big city

with its elevated highways, multi-
level traffic exchanges, buzzing
roads, will descend underground
which is seethed and teemed with
life, and where you can feel the
inimitable daily rush of urban life.
On the surface instead you see

a somewhat lazy idyllic lifestyle
reigning in tranquility and placidity.
You might say that there’s no use
of wishfull thinking when the point
is to get home after work without
nervous breakdown caused by
traffic stress, to avoid getting stuck
in endless traffic jams. But say
what you will, the idea “cities for
people” starts to win the world even
if not on a large scale.

Anyway, the idea that the most
daring and seemingly unrealizible
schemes can be implemented in
the foreseeable future is shared
by Krzystoff Pomorski, Chief
Technology Officer of the Highrise
and Underground Works Design
Engineering office Ltd, who

kindly assented to respond to the
“Undeground Horizons” queries.

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

— What in your opinion are the main reasons for the
underdevelopment of underground space in Saint-
Petersburg; in fact there are no other underground
projects except for metro construction here, to say
nothing of other Russian regions?

— Every cause has its objective and subjective
reasons. If you open a world geological map that ranks
subsoils according to their acceptability for underground
construction, you will see that almost entire territory of
Russia is rated 4th class in the underground construction
acceptability, and this is the lowest possible score.

Our soils are mostly sedimentary, and to construct on
sedimentary rock is rather a challenging task. There are
exceptions to the rule, i.e. the Caucasus region, and
Sochiin particular, but there are not so many regions of
that kind in Russia.

We shall admit that Saint-Petersburg is not the best
place for underground construction. It is not built on
rock as Singapore that due to its subsoil parameters has
become a test area for big infrastructural underground
projects; one example is a R&D chip technology center
constructed there.

— However, in the 70s-80s of the last century in
the city then called Leningrad a general underground
space development scheme was proposed for
consideration and implementation. To what extent
was it realistic?

— The main reason of its being shelved was a severe
economic crisis combusted in the 1990-s in Russia and

Interviewed
by Maria Vasilieva
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continued up to the 2002. Only today Russia is recouping
its Soviet-era standards.

It is a common knowledge that the underground
construction projects were always rather expensive and
required high upfront investment. More than that, this
sector does not offer immediate commercial feedback,
it requires a forward-thinking capacity and needs actors
who are used to think globally and are ready to accept the
fact that the project will bring profit only with a relatively
long lag. The above said soviet scheme provided for
70sqg.km underground structures of different functions. In
these times the document was unique in its kind. We see
that long ago the country leadership was able to see the
underground future of big megacities notwithstanding the
fact that appropriate technologies did not exist. The plan
straightforwardly said that a major part of structures could
not be constructed, but identified the challenge to find
and develop relelvant methods and tools in the nearest
future. Under right set of conditions this long-term project
could be partially implemented.

Nowadays, an immediate priority is a new underground
construction plan covering a longer period, say of
approximately 100 years. Cities calendar differs from
ours, it is commensurable with the buildings “life
expectancy”. One hundred years is not quite a long period
for them.

The underground space shall be developed
progressively as resources become available and as
necessity arises. Urban development schemes should
proactively plan for those key plots that will be possibly
needed for future underground projects, and keep them
protected.

The second task to be performed is to determine
economic feasibility of underground construction. Take

expenses for various utility lines that were simply dug-in,
then a simple calculation will show that economic effect
will be reached in 25 years. Besides, our descendants
will have a more effective and “civilized” collection
system and utility lines put under constant control. With
due preventive and maintenance measures, accident
situations will be practically excluded.

A similar situation happened to other underground
construction projects. But expenditure evens itself out over
time. The “descend” of the city underground will vacate large
surface spaces. With the Leningrad scheme implemented,
over 4000 hectares in the downtown areas would be available
for new construction. Calculate their market price and the
cost of structures built on them. The construction of road
tunnels will also amortise itself in the long run as it will give the
city a bonus of no traffic congestion.

All modern cities worldwide develop their underground
spaces. Beijing undertakes to totally eliminate surface
carrier. Yes, the total motoring era stimulated and created
alove for high speed and comfort in many people’s mind.
But nevertheless these are gradually being replaced by
the understanding that human beings are more important
than cars. it is not that we exist for cars, just on the
contrary, the cars exist for us. The Earth is also for human
beings. Would it not be better to lay out parks instead of
highways? More and more people answer this question
positively. This is already being done in Seoul, in Paris and
in many other cities.

— What efforts should be made to get Russia to
adopt world underground development trends at
least as a strategic vision?

— As is well known, any state starts with legislation;
the law that regulates construction activities should be
further developed both at federal and regional levels.

The Saint-Petersburg Law on Green Spaces
demonstrates total absurdness of emerging challenges.
Let us imagine a lawn in a downtown area. Parkings
under lawns are prohibited by law, even if the lawn will be
reinstalled on work completion. Besides, underground
structures located at a certain depth in no way impede the
growth of grasses. But the law is unrelenting — forbidden
means that it cannot be done.

But it is not enough to repeal obsolete laws. In order
to improve legislation it is crucial to take a further step
forward, and to establish and implement a 3D cadaster.
Converting cadastral register from 2D to 3D version will
make all underground communications “visible”, and once
and for all define who owns what.

Just one example, nowadays one can build a house
not knowing that there is a subway line beneath. On the
other hand, every company can buy a plot of land and to
build a sky scrapper on 60-meers long piles over a future
underground line thus blocking the construction of it.

The 3D cadaster will make underground works register
well-structured and clear enough, and to prevent
unwanted development of events.

A further challenge is to modify current standards for
the design and construction of parkings; those currently

MOA3EMHbBIE FTOPU30HTbI Ne2. Uionb/2014
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valid do not allow to realize parking lots with more than barrier is crossed by minimum communication lines, and
5 levels. this makes the task of network relocation much easier.
The third advantage is that the method gives you the

— Nowadays almost every modern building has opportunity to clear out washbasins.
its own underground parking system. As is well We also proposed an idea concerning the Obvodny
known, also the “Maryinka” project had an important Channel. The channel passes an industrial zone that
underground component. To what extent was the will be transferred outside the city. Once it will be done,
idea putin practice? the city will be able to liberate itself from the ground

— We built an automatic parking system for 93 spots road called Obvodny Channel Embankment. In which
to partially meet the needs of the theatre artists and way? Releasing water from the channel, descending
personnel. It is worth mentioning that inside theatre at another 10 meters, building a highway, all necessary
buildings, and it is especially important in case of musical communication lines, and a big number of parking lots.
theatres, there should be no parkings at all. Parkings After that the site will be filled from above to shape the
are sources of sounds, noise and special dangers. To channel bottom, and then it will be filled with water. Large
avoid these negative effects we proposed innovative territories along the channel that were vacated with the
technologies and modern acoustic insulation systems. project implementation can further be used for parks and

The initial objective declared by the city governor was to green zones; clean banks of the channel would provide
build several parking lots that could be used not only by the a nice space for a new residential area built on it. And
“Maryinka” visitors, but also by those theatre goers who the price of new housing located in a now green city
attend the Conservatoire and other cultural institutions center, will break even on the underground construction
located in the Teatralnaya Ploshad area. Estimates showed investment. Of course, if we avoid all the above
that not less than 800 car spots are needed in order to considerations and limit ourselves with net project costs,
meet parking requirements in this area. We have proposed the needed sum would for certain seem daunting.
several options, and are waiting for the authority’s
decision. The project is technically realizable. — One of visible development trends in megacities is

the intention to build transfer transport junctions (TTJ).

— What kind of car parkings is to your mind the Could you please tell us about you company interest in
most applicable for the Saint-Petersburg area? similar projects? As an example, do you believe that

— Let me say immediately that an underwater parking your proposals regarding the “Troparyovo” junction in
is always cheaper than its underground alternative. Moscow would be accepted and realized ?
Technical solutions similar to those that we proposed — To my opinion, we are witnessing a somewhat
for the Kryukov channel are based on this consideration. lopsided approach to these projects. Indeed, the TTJ idea
There are many “pros”, especially in relation to earth is widely viewed as a commuting program, as a means
removal and stockpiling, Another benefit is that a water to reduce the overall demand for the use of personal
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vehicles by furthering public transport. Accordingly,
the TTJs are seen as sets of intercepting parking lots,

underground exits and bus, tramway and trolleybus stops.

In actual practice TTJ is a local center of urban
infrastructure, and its main function is to draw people
back from city centers, to make them change their plans
so that instead of going somewhere downtown they
would prefer to stay where they are. In order to attract
visitors some “tasty” factors should be used, and among
them large shopping centers, multiplexes, skating-rinks,
children’s playgrounds, coffee-rooms and restaurants.
Needless to say that parkings and TTJ’s are essential,
but a key role here is not theirs. Correctly designed
and constructed TTJ becomes “a city within a city” that
provides an appropriate complex and comprehensive
infrastructure for a neighborhood.

There can be no doubt that such structures are needed.

We have conducted a comprehensive traffic analysis on
the corridor linking the Murmansk highway in the east
and the Petergof highway on the west of the city. The link
is Leiniskyi prospect — prospect Slavy — lvanovskaya
street — “Lomonosovskaya” metro station — Volodarskyi
bridge — Narodnaya street — Kudrovo. Traffic on

the highway is always heavy both during the week and

at weekends. The number of accidents here beats all
conceivable records. On weekdays there are always

a lot of trucks. A good weather is a rare phenomenon
here, and at weekends Peterburgers go to the “Mega”
mall not only for shopping, but also just to spend their
free time there: they go to cinemas, take a walk, skate

on the indoor ice rink. The area is full of bottlenecks and
complex crossings. Our proposal was to build a multi-
level road junction on one of those complex crossings, on
Gamburskaya square in order to make the road non-stop
and to connect it with underground parking lots and with
business and leisure centers. These “nodes” can be seen
as “nucleuses of condensation (crystallization)” that
partly decrease the “brownian motion” on a road network.

As for the TTJ “Troparyovo” solution, | explain it with a
wrong approach to its functionality. We have developed
several options of the project that differed by square. One
of it (230 000 m?) was presented by Moscow Government
in the International Real Estate Show MIPIM-2014
in Cannes. The project contained all necessary TTJ
elements; apart from these it had an office center, a hotel
center, shopping areas and plenty other things. Another
project smaller in space (75 000m?) also contained a
lot of interesting points. But the TTJ project currently
under design has been turned into a simple square with
public transport stops and turning circles. A promising
idea was brought to zero. Hopefully, it was a sporadic
misunderstanding, We believe that the situation will
change, and the TTJ will be built for real urban needs, and
not just for changing from one bus to another.

Meanwhile, we are engaged in the design of 5 TTJs
to be builtin Moscow. A decision was taken in Saint
Petersburg to promote construction of TTJs, but up to
now no practical action has been taken.

— And what happened to your concept of the
Sennaya Square underground space development?

— The basic idea was to show that even in a historical
district of the monument-city, the one like St. Petersburg,
you can create a XXIth century TTJ.

The project’s primarily objective was to build a number
of underground parking lots in order to remove all cars
from the surface within a 800 m radius. The second
objective was to realize a multi-level traffic exchange to
remove all cars from the surface and to create a large
pedestrian zone. The underground space had to be large
enough to accommodate parkings, bus and tram stops,
shopping areas. All these had to be connected with
metro stations. This concept can be considered our little
provocation. Many are now wondering how to improve the
traffic situation in the city protected by UNESCO, where
invasion to the architecture of its central part is absolutely
forbidden.

We managed to show that, cars can be removed from
the roads and sidewalks, and the original appearance
returned to the city without destroying its beauty and
historical image.

— What are your company's future plans with
regard to underground space development?

— We have a lot of them. Now we are studying and
acquiring new concepts. In order to, as they say, become
a skilled hand in the design of underground space, we
are making projects for ourselves thus developing new
visions. We are constantly analyzing various underground
construction options, and this allows us not only
upgrade but also clearly demonstrate that sometimes
the impossible becomes possible, thus encouraging
stakeholders to action.

To advance the underground space development in
megacities would be impossible without involvement of
state bodies. Economic viability of the projects should be
looked at comprehensively, with due account of all the
details and nuances, of all pros and cons. And only then
the dreams of "city for people” will become true.
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C 14 no 16 mas B Mockse Ha
HOBOVW 4151 9KCMIOHEHTOB /10~
waake Bcepoccuiickoro Bbicta-
BOYHOro yeHtpa (BBL) coctos-
JINCb BaXKHEMLLNE MeponpusaTus
AopoxHoi otpacau: VI cre-
Luanu3upoBaHHas BbICTaBKa 0
MPOEKTUPOBAHUIO U CTPOUTESb-
CTBY TPAHCNOPTHbIX 00bEKTOB:
aBTOMOOW/IbHbIX N XENEe3HbIX
A0por, MOCTOB, MOPTOB U a3pP0-
noptos TransCon, VI MexgyHa-
poaHas cneunanu3npoBaHHasl
BbICTaBKa 110 NPOEKTUPOBaHUIO,
CTPOUTENLCTBY U AKCIyaTaLuum
ToHHenei Intertunnel, Il Mexgy-
HapogAHas cneyuanu3upoBaHHas
BbICTaBKa 110 opraHn3auum [o-
poxHoro Asmxexus Expotraffic.
Meponpusitus npoLunu npu
aKTuBHo nogaepxke rocyzap-
CTBEHHOI AyMbl, MunuctepcTea
TpaHcnopta PP, npasutenscTea
MockBbi, TOHHeIbHO
accouyuauuu Poccumn

u MexxgyHapoaHoii akageMumn
TpaHcnoprTa.

From 14 to 16 May, Moscow’s
all-Russian Exhibition Center, a
site new for exhibitors, hosted
road sector essential activities.
The article concentrates on one
of them: VI Transport Congress.
It presents the range of themes
and ways to address them

Moomuna AJIEKCEEBA

B NPULEJIE —

MHHOBALIUA

EesycnosHo, rNaBHbIM COObITYEM AENOBOVA
nporpammsl ctano nposesenue VI TpaHc-
NOPTHOrO KOHrpecca. B pamkax atoro ¢opyma
npomcxonua 06MeH OMbITOM B peann3aumm
VHPPACTPYKTYPHBIX NPOEKTOB B 06N1ACTAX
XENe3HOLOPOXHOr0 TPAHCNOPTa, TOHHENb-
HOTO X035MCTBA, TEXHONOMNIA TPAHCTMIOPTHOrO
CTPOUTENBCTBA, PACCMATPUBAIMCH BONPOCHI
1CNOMb30BaHNS CNEeLMabHbIX MaTepPUanos 1
060pyL0BaHMS, NOBBILLEHWS MHBECTULWMOHHON
NPVBNEKATENbHOCTY TPAHCMOPTHOMO CTPOU-
TenbCTBa.

Ha nneHapHOM 3acefaHumn 0BCYXaanuch Te-
KyLLiee COCTOSIHWE AeN 1 MePCNEKTUBbI Pa3BUTUS
LOPOXHO-TPAHCMOPTHON MHDPACTPYKTYPLI Poc-
Cuu, peann3auys cTpaterum passuTis TPaHC-

MOPTHBIX CUCTEM FOPOJ0B M arfioMepaLmi.

Bce 3710 Aano XopoLuwmii UMNyLC y4acTHYKaM
KOHrpecca Ans NPoAoAXeHNs paboTsl Ha 3ace-
JaHNSIX TEMATNYECKMX KPYTIbIX CTONOB, OAWH N3
KOTOPbIX — «TPAHCNOPTHbIE TOHHENN BymyLLMX
CKOPOCTHbIX MarmcTpaneii» — 3atparvmean Temy
MOL3EMHOr0 CTPOUTENLCTBA.

Ero mogepartop 'eopruin byaHuukuin cpasy
0003Ha4mN KNto4eBble BOMPOCHI MOCHEMYIOLINX
ZVNCKYCCWIA, Cpeam HnX:

OCHOBHbIE HanpaBieHNs Pa3BnTHS
VHHOBALWIOHHBIX TEXHOMOTWIA NPW CTPOUTENb-
CTBE TOHHENEN N OCBOEHUM NMOA3EMHOI0
MPOCTPAHCTBA KPYMHbLIX MEranonvcoB;

CTPOUTENLCTBO aBTOLOPOXHbIX TOHHENEN B
CNOXHbIX TOPHO-Te0N0rMYECKNX YCIOBMSIX;
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pasBUTLE 1 COBEPLUEHCTBOBAHNE CETH
METPOMNOIMTEHOB B MEranonmcax;

MOBbILLEHE YPOBHSI 6E30MaCHOCTM NpK
CTPOUTENLCTBE TOHHENEN N METPOMNOUTEHOB
Ha COBPEMEHHOM 3Tane;

MyTU peann3amm KPYnHbIX MPOEKTOB
TPaHCMOPTHOTO CTPOUTENLCTBA, 00bEANHSAIO-
LLMX 9KOHOMUYECKME NPOCTPAHCTBA ABYX 1N
HECKONbKMX CTPaH;

nyTu peann3alnm NepenekTUBHOro
nnaHa pa3euTus MeTpononuteHa B Mockse
Ha 2012-2020 roapl.

MepByto YacTb 3acefaHns 0Tkpbln Muxann
Jlebenes, 3aBeaytoLLmin nabopatopmeit Hay4Ho-
nccneposarensckoro otaena OAO HUMWA
«JIEHMETPOrMNPOTPAHC», BLICTYMUB C JOKTAL0M
0 NPOEKTE FOPHO-3KONOTNYECKOrO MOHUTO-
PUHra TPAHCNOPTHbIX TOHHeNei. OH 0TMeTu,
YTO NPY CTPOUTENBCTBE AONMKEH NPOBOANTLCS
MOHUTOPWHI NOA3EMHBIX COOPYXXEHWIA, KOM-
MYHMKaLWA FPYHTOBOTO MacCuBa, Ha3eMHbIX
00bEKTOB, NMOMAJAIOLLMX B 30HY CTPOMTENLCTBA,
9KOOTMYECKMIA MOHUTOPUHT. Mpu 3kcnnya-
Taumm NPUOPUTETHBIMI CTAHOBATCS
CEiICMOMOHMUTOPWHT, OLiEHKA re0AnHaMmye-
CKOI1 aKTUBHOCTH CUCTEMBI «TOHHESNIb — Mac-
CV1B», BECKOHTaKTHbI METOZ, PErncTpaumm
3NIEKTPOMArHUTHON 3MMCCUM, ONPEAENEHNE
HanpsKeHHO-AepOPMMPOBAHHOIO COCTOSHMS
kpenei n 06aenok (CMUK), koHTponb cxoaa
NaBVH 1 3EMAETPSICEHNIA, MAapaMETPOB BO3MYLL-
HOVi Cpebl M ee 3arpsi3HeHNI S40BUTHIMY 1 OT-
PaBASIOLMMI BELLECTBAMM (aTMOMOHUTOPUH).

TouKoi 3peHust Ha NpoBaemy akTyanu3aumm
VHXEHEPHO-re00rM4ECKMX N3bICKAHUIA NpK
cTpouTtenbcTBe MOCKOBCKOr0O METPONOAMTEHA
nogenuncs npodeccop kadenpbl MHXEeHepHON
reonoruun PITPY EBrenunii MawukuH. OH 3as8un,
YTO «@KTyanm3aums — 3T0 nepexoq, cobbiTus 13
COCTOSIHWS BOSMOXHOTO B COCTOSIHWE [ieii-
CTBUTENLHOTO>. [10 ero CNoBam, HblHeLLHee
BPEMS CNEAYeT CYATATb «PEBOIIOLMOHHLIM B
Jene CTPOMTENbCTBA TOHHENEN PA3INYHOr0
Ha3HauYeHus1, MOCKONbKY MCMONL3YIOTCS YbTpa-
coBpemMeHHble TexHonoru (TIMK)». Tem He
MeHee [oKNaf4mK 06paTin BHUMaHWe Ha To,
4TO MHPOPMALLMS, NOAYYaeMasn No pesynbTa-
TaMm NPOBEAEHMNS MHXEHEPHO-TE0NOMMYECKIX
3bICKaHWI, HEAOCTATOYHA U HE MOXET ya0-
BNETBOPUTb 3aNPOChI NPOEKTUPOBLLKOB.

EBreHuin MepkypbeBuY CYMTaeT BaXHbLIM BOC-
CTAHOBMTb HEKOTA YTPAYEHHYI0 MHXEHEPHO-
reoorMyeckyto OKYMEHTaLMIO, NOMYYEHHYIO
MpW CTPOUTENLCTBE NOA3EMHbIX COOPYXEHUI
MockBbl L0 cepenmHbl XX Beka. OH noayepkHyn,
4YTO He0OXOMMMO, BO-MEPBbIX, CO3MATb YCI0BUS
AN GOHAMPOBAHNS MATEPUANOB W, BO-BTOPbIX,
M3MEHWTb XapaKTep N3bICKaHWIA B MpoLECcCe
CTPONTENbCTBA, YTOOLI UMETbL BO3MOXHOCTb MO-
ny4aTth AaHHbIE AN CO3AAHUS TUMN3UPOBAHHBIX
PYHTOBbLIX MaCCMBOB, Y4aCTKOB U T. .
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06 MHHOBALMOHHbIX PELIEHNSX, MPUMEHSIE-
MbIX NPY KPENNEHWUWN TOHHENEN, pacckasan
NPeacTaBuTENb UTANIbAHCKOI KOMNaHWN «3nac
'eotexHuka» (000 «abuoHbl Makkapeppu
CHI'») Kpuctnaxo boHomu. Ha npumepe 06b-
€KTa, pacnonoXeHHOro B NpoBmHUMM Mane
(Utanwns), Loknagymnk nokasan npenmyLLecTsa
npuMeHeHus cuctemsl B. Zero Tondo BmecTo
TPALULMOHHON apOYHO Kpenu, UCMOMb3YIOLLEN
[BYTaBpOBbIE NPodun. HOBOE peLLeHe BKIO-
yaeT B cebs kpenneHue TpybYaTbIMK apkamm 1
HabpbI3r-6ETOHMPOBAHNE CO CTasbHOI CETKOM
1/Mnu cTanbHoi Grbpoii.

Ewe oguH npeacTasutens Vtanuu, pyko-
BOAMTENb NPOEKTOB KoMnaHuu Rocksoil SPA,
rNaBHbIN MHXEHep npoekTa ToHHens Ne8 [y-
6nepa KypopTtHoro npocnekTa B Coun AHapea
Bonnokkbo, NoAenMAcs pesynbtaramv npume-
HEHUSI MIHHOBALMOHHOM A1t Poccum TexHonormm
MPOXOAKY MO METOAY «AEK0» Ha NpUMepe
BbILLEYKA3aHHOr0 0OBLEKTA.

Temy nHHoBaLMI NpoLomxun Mropb XapyeH-
KO, 3amecTuTeNb HavanbHuka HILL no ocBoeHuio
noasemHoro npoctpaHcTea OAO «MoCMHXMPO-
exT». Mpy CTPOMTENBCTBE NOA3EMHBIX COOPYXE-
HWIA B YCNIOBMSIX NIOTHON rOPOACKOI 3aCTPOMKN
O[iHa M3 4YPE3BLIHANHO aKTyasbHbIX MPO6IEM —
YCTPaHEHWE CBEPXHOPMATUBHBIX OCaA0YHbIX e-
dopmMaLwii 30aHNiA 1 COOPYXeEHWH. 10 MHEHMIO
CMeunanicToB KOMNaHu1, METOS KOMNEeHcaLm-
OHHOr0 HarHeTaHus Hanbonee nepcnexkTUBeH
I151 peLlermns aToi 3anayn. CyTb ero 3akntoya-
€TCS B TOM, Y4TO B OCHOBAHMWM 3[1aHWS CO3AAETCS
cneunanbHbli FpyHTOBOM MaccuB, B 06beme
kOTOpOro GopMMpyeTCs N3BLITOYHOE faBne-
He C 3aAaHHBIMK MapaMeTpamm, B pesynbrare
MnosyyaeTcs Hekoe NoAoBYe rMAPaBANYECKOrO
[OMKpaTa, CrocobHOro «NPUMNOAHSTL» 3AaHME.

MOCKOBCKMWiA METPOMONNTEH CTPEMUTENb-
HO pacWwupsieTcsa 1, ECTECTBEHHO, XUTENN
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Gnmanexatimx OMOB OLLYLLIAKT BCE «Mpe-
NecTu» CTPOIikKM Ha cebe. ng MuHumMn3a-
uum yuep6a, HaHOCMMOTO NOAAM, Hay4HOe
€006LLeCTBO 3aHATO MOMCKOM HOBbIX METOLOB
60pbbbl ¢ BUOpauwmein. O HekoTopbIX paspa-
6oTkax B 37O 06nacTu pacckasan EBreHuii
Kypbaukuit, npodeccop kadeapbl «<MocTsl 1
TOHHENM» MOCKOBCKOrO rocy1apCTBEHHOMO
yHuBepcuTeTa nyten coobuenus (MUNT). Mo
€ro CloBaM, XOpOLLO 3apekoMeHa0Bano cebs
NPUMEHEHWe rpaHyIMPOBaHHOrO MaTepua-
na, COCTOALLErO 13 U3MENBYEHHON PE3NHDI
aBTOMOOWNbHbIX NOKPBILLIEK, NEpeMeLLaH-
HOW C neckom. MpoayKT 3ackinaeTcs Mexay
TOHHeNbHO 061eN1K0I 1 BOKOBLIMU CTEHKA-
MU, 1 TaKuM 06Pa30M YMEeHbLLAET YPOBEHb
BnOpaLmm oT paboTatoLero 060pya0BaHMS 1
TEXHUKM.

Cnenytowias 3agada, paccCMOTpeHHas B
pamkax Kpyraoro cTona, — HaxoXaeHue cno-
C060B YMEHbLLEHWS CPOKOB CTPOUTENLCTBA
HOBbIX CTaHLUMit MOCKOBCKOro METPONOAMTE-
Ha. [lns peLueHuns aTon cTpaTernieckomn Lenu
ToHHenbHas accoumaums Poccumn Hamevaet
BO3MOXHbIE NYTM MOBLILLEHNS CKOPOCTMW BO3-
BeneHus ToHHenel. Cepreit Ma3ewH, pykoBo-
ONTENb OTAENA TEXHUYECKOrO PErYNNPOBaHNS
3TOI OpPraHW3aLmm, B CBOEM BbICTYMNEHNN
3a0CTpWN BHUMAHKUE cyliateneil Ha o6bemax
reon3bICKaHWI 1 BpeMEHN GakTUYeCKoro
CTPOWUTENBCTBA METPONONNTEHA C MOMOLLbIO
TNMK. NMposen anann3 napka TMMK, npu-
meHsiemblx B MOCKBe, 1 nokasan, kak cnegyet
MOJEpPHN3MPOBaTL PaboTy LUMTOB.

MofBoAs KpaTK1n UTOr, MOXHO CKasaTb,
47O TPAHCMOPTHLIN KOHrpecc NoATBepAnA
CBOM cTaTyc 3G dEKTUBHOW NNOWAAKN ANs
Inanora n obMeHa MHEHUIMU MeXzy Ba-
CTb0, HAYKOIA 1 BU3HECOM B LIENSX PELIEHUS
aKTyasbHbIX BOMNPOCOB OTPAC/N.
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POCCUNCKO-

AATCKUWN AUNANOT:
TPOLOJIXEHVE CIELYET

B co3HaHum 60s1bLLEl YaCTU POCCUSIH YKOPEHNIIOCh MHEHUE, YTO NepeaoBbie Tex-
Hosorum MoryT 6b1Tb pa3paboTaHbl NNLLb B 3anafgHbIX cTpaHax. Ho npu getansHom
paccmMoTpeHnn BONpoca AaHHbIA Te3UC HE BbIAEPXUBAET KPUTUKN — 3apyOexHbIM
cneyunanucTam 3a4acTyio eCTb Y4eMy MOYYUTLCS U Y POCCUIICKUX MHXeHepoB. loa-
TBEpXaeHue aToMy — AByXAHeBHbI Bu3unT B CaHkT-lMeTeplypr aenerauun atckoro
o0LecTBa TOHHENIECTPOEHUS U NOA3eMHbIX PaboT BO rnaBe ¢ npe3ungeHTom Mexay-
HapoaHo ToHHenbHOWM accoumnaumnu (ITA) CopeHoM SckecceHOM, COCTOSABLUMIACS

B KoHUe mas 2014 roga. B pamkax paboyeii noe3aku 3apybexHoie crneunannucTbl
MO3HaKOMU/INCh C OMNbITOM CTPOUTENIbCTBA METponomTeHa B CeBepHoli cTonumye,

a Takxxe obcyauamn Bonpochi 0CBOEHUS N0A3€MHOro NPOCTPAHCTBA U NepPCneKTUB
Wnbs BE3PYYKO POCCUIICKO-AaTCKOro COTpyAHUYECTBa.
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H ac 3aMHTEPECOBA NPOEKT CTPOUTENLCTBA NEP-
BOro B Poccum ABYXMYTHOrO TOHHENS rayboKoro
3anoxeHust Ha PpyH3eHckoM paanyce, — otMeTin CopeH
ckecceH. — C AokNaaoM Ha 3Ty TeMY OCEHbIO MPOLLOro
rofa B pamkax 04epeaHoii BCTpeun yyacTHikos Nordic
Forum B KoneHrareHe BbiCTynan reHepanbHblii AMPEKTOp
06beanHeHs NoA3EMHbIX CTPOMTENEN N NPOEKTUPOBLLM-
ko Cepreit Annatos. OH 1106e3HO NPUIAACcKA HAC INYHO
03HAKOMUTLCS C XOA0M CTPOUTENLCTBA.

HecmoTps Ha HeBOMbLLYIO MPOLOMKMTENBHOCTL NOE3A-
K1, NporpamMma, NoAroToBNeHHas LS Aeneraunmy JaTckux
TOHHENbLUMKOB, Noy4Mnack 6onee Yem HachlLEHHON. ns
rocTeii MPOBENM AKCKYPCUIO MO AENCTBYIOLLEMY METPOMO-
nuTeHy. Takke OHW NOObIBAIM HA CTPOUTENBbHbIX MNOLLAAKAX
CTaHumin MeTpo «CnopTueHas-2» n «lOxHas». A B oduce
O6benyHeHNs NOL3EMHBIX CTPOUTENEN U MPOEKTUPOB-
LLIMKOB COCTOSNIACk paboyas BCTpeYa ¢ neTepbyprekumi
creumanncTamm, B KOTOPON NPUHSAN y4acTUE 3aMECTUTENb
reHepasibHoOro AMPEKTopa — raBHbINA MHXEHEP
OAO «MeTtpocTpoii» Anekceit CTapkoB, 3aMeCTUTENb
reHepansHoro avpektopa OAQ «/leHMETPOrMNPOTPaHC»
Bnaaumnp MapkoB 1 reHepanbHbiii gupektop 000 «HMNP
«BopHble pecypcbl» EBreHuin J=IomakuH.

FnuHa, N3BECTHSK W...
UcTopuyeckue 3gaHusa

B pamkax pabouyeii BcTpeum poccuinickne MHXeHepsl
pacckasanm 06 0COBeHHOCTAX METPOCTPOEHNS B CaHKT-
MeTepbypre 1, B 4YaCTHOCTU, O CNIOXHbIX FE0NOTNYECKNX
YCNoBwSX, B KOTOPbIX NpuxoanTcs pabotath. IpyHTHI, Gonee
U MEHEE NMPUrOAHbIE A8 CTPOUTENLCTBA — TBEPAbBIE CY-
X1e FHbI, — PacronoXeHbl HAxe ypoBHS 40 M. Takum 06-
pa3oM, CpeaHss rnybuHa 3an0XeHNs TOHHENE COCTaBASET
50-70 m, uto nenaet MeTepOyprekuii METPOMOAMTEH OIHM
13 camblX ry6okux B Mupe. OCNOXHSIET CUTYaLMIO Hanime
naneofoNvH, a TakKe NI0THas 3aCTPOKa LIEHTPANBHON Ya-
CTM ropoga, rae 0coboe BHUMaHWe YAEeNnseTcs COXpaHHOCTM
NCTOPWUYECKMX 3OaHUIA.

B Takoi cuTyaumm poccuinckum MHXeHepam NpUXoAUTCs
pa3pabaTbiBaTh SKCKNIO3MBHbIE TEXHONOTMM, @ TakXe MO-
[IePHU3MPOBATL WMPOKO NPUMEHSIEMBIE B IPYr1X CTPaHax
METOLVKI, aAANTUPYS X K CNeLMdUYECcKUM YyCNoBUAM
paboTbl. B kauecTBe npuMepa MOXHO NPUBECTU MEXaHW3U-
POBAHHYIO MPOXOAKY HAKIOHHbIX XOLOB MOA Yr/IOM
30 rpazycoB, KOTOPYIO BrIEPBLIE B MUPE YCMELIHO OCYLLe-
cTun «MeTpocTpoi» Npu CTPOUTENBCTBE CTAHLMIA «AIMU-
panTeickasi», «<06BOAHbIN kaHan» u «<Cnacckas».

C nepenoBbIMM TEXHONOMMSIMU, MPUMEHSIEMbIMM HA 00b-
ekTax netepOyprckoro MeTPONoNUTEHa, AATCKME UHXE-
HEepbI NO3HAKOMUNMCh BO BPEMS TEXHUHECKUX SKCKYPCUIA
Ha CTPOWTEbHbIE NOWAAKM CTaHUMA «CnopTUBHAN-2» 1
«{OxHas». B ABYXnyTHOM TOHHENE OHW 0BPaTUIN BHUMaHWe
Ha BbICOKOE KayeCTBO 06AENKK, BbinyckaeMoi «MeTpo-
GETOHOM», OIHIM W3 CamblX COBPEMEHHBIX B EBpONe
3aB00B. OCcoObIii MIHTEPEC YNEHbI AeNeraLmm NposBUN K
MPOXOAHECKOMY LUMTY NPOM3BOACTBA HEMELKKOW KOMMaHuK
Herrenknecht AG, B KOHCTPYKLMIO KOTOPOrO MHXEHEPbI
«MeTpoCTpOsi» BHECNM MOPSKA TPEXCOT UBMEHEHNIA.

[atckue cneumanncTel OTMETUNN COXHOCTb PELLaEMbIX
B CeBepHON CTONMLIE 33424 U YHUKANbHOCTb NPELCTABNEH-
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HbIX POCCUINCKUMM MHXEHEPAMI TEXHONOTWIA. B CBOIO O4e-
penb, OHW BKpaTLE pacckasani 0 cneundrke CTpouTENb-
cTBa MeTpo B KoneHrareHe. YacTb npobnem — Hannuue
naneofovH, OrpaHNYEHmsl, CBS3aHHbIE C COXPAHHOCTBIO
MCTOPUYECKNX 3AaHMIA, — coBnafaeT. OpHako B laHuu HeT
HeobX0aMMOCTM COOpyXaTh raybokve ToHHeNW. Hebnaro-
MPUSITHBIE TUKCOTPOTHBIE FPYHTBI, OCTABLUMECS NOCIE MPOo-
XOXOEHUs NeAHUKA, 3aneratoT Ha rnybuHe 1o 20 M, 3atem
HAYMHAETCS Tak HA3bIBAEMbIN KOMEHTareHCKMi M3BECTHSIK.
TaKoi rpyHT 4OCTATOYHO YCTOMYMB, HO C HIUM He BCeraa ner-
ko paboTtaTb — OH JOBONLHO MOPUCTLINA, K TOMY e Ha NyTy
DATCKNX METPOCTPOUTENEN BCTPEYAIOTCS TBEPLIE NOPOABHI,
YTO YBENIMYMBAET BPEMS NPOXOLKN TOHHENE.
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KomdopT n 6esonacHocTb

[laTyaHe OTMETUNN He TONBKO TEXHUYECKME 0COBEHHO-
CTW, HO 1 3PrOHOMMKY NeTepOypPrckoro MeTpononuTeHa.

— Ham noHpasunuck Bawwm ctaHumumn. OHm 04eHb Npo-
CTOPHbIE, 30€Ch YYBCTBYELLb Ce0s KOMPOPTHO M 6E3-
0MacHoO, — NOLENMNICS BNeYaTAEHNIMN OLMH U3 YIEHOB
aenerauuun. — Mpy NPOEKTMPOBAHUM METPOMONINTEHA B
KoneHrareHe Mbl 06paLLannCh K OMbITY APYrX CTPaH, 4Tk
[00MTLCS aHaNOrMYHOr0 pesynbTata.

OpHako yao6HbIe CTaHLMM — 3TO BaxHasl, HO NNLLIb He-
6onbluas YacTb MACLUTABHOr0 TPAHCMOPTHOIO KOMMJIEKCA.
Bo Bpems Gecenbl ¢ aatckumm konneramm Cepreii AnnaTos
OTMETWN, 4TO, B OTAIMYME OT TOHHENBHOM accoumaLm Poc-
Cyn, BO3rNaBnsiemMoe UM 00beVHEHE B MEPBYIO 04Epeb
3aMHTEPECOBAHO B KOMMJIEKCHOM OCBOEHMM NOA3EMHOO
NPOCTPaHCTBa.

— [1ns HaC 04EHb BAXHO M3Y4EHME MEXIYHAPOAHOr0
0MbITa, NOSTOMY Mbl 3aMHTEPECOBAHbI B JA/IbHENLLEM
pasBuTUM COTPYAHMYECTBA Kak C ITA, Tak n ¢ atckum
00LL,eCTBOM TOHHENeCTpoeHusl, — 3assun Cepreit Huko-
naesny. — MHOTve BO3HUKAIOLLME BOMPOCHI JIErye peLath
COBMECTHbLIMU yeunmsammn. Co CBOEV CTOPOHbI, Mbl FOTOBbI
NPUHUMATB aKTUBHOE y4acTLe B paboTe MeXayHapoaHO
accoupaumm, NoaKM0Yas K Hel NPeACTaBUTENEN HAYYHbIX 1
y4eBHbIX 3aBEAEHNIA, MPOEKTHBIX MHCTUTYTOB U CTPOUTEb-
HbIX KOMMaHWiA. HeobxoammMo Takxe HanaguTb 3P deKTnB-
HbIA MHDOPMALMOHHBI 06MEH. BaXHbIM 3N1EMEHTOM B
3TOM MPOLIECCE SABNSETCS HALL CaiAT, B paMKax KOTOPOro
Mbl FOTOBbI LUMPOKO NPEACTABNATL NEPESOBON MEXIYHA-
POAHBINA OMbIT A5 CNELMANMCTOB BCEr0 NOCTCOBETCKOrO
NPOCTPaHCTBA.

LLinpokue nepcnekTUBbI

B cBoto o4epeapb, CopeH SCKeCCeH OTMETIAN BaXHOCTb
BCTynneHns Poccun B opranusauuto Nordic Forum, 06b-

eauHsitoLLyto cTpaHbl CeBepHoi EBponbl. Ha ee perynsipHbix
(ABa pasa B roa) 3acepaHmax NPOXOAUT NAOLOTBOPHBIN
06MeH onbIToM B Chepe 0CBOEHMS MOA3EMHOMO NPo-
CTpaHcTBa. B okT6pe npoLwnoro roaa rocteit npuHumana
[Nanus. A B mae 2014 ropa Takas BCTpeya coctosanach

B pamkax MexzayHapoLHOro TOHHEeNbLHOr0 KOHIpecca B
bpasunuu.

— B oyepenHoit pa3 ysactHukm Nordic Forum cobepytes
BMECTE OCEHbIO, 3TO MEPONPUSTIE BOLLJIO B AEA0BYIO NPO-
rpammy MexayHapoaHoi KoHdepeHuumn Vancouver TAC
2014, opraHnayemoit ToHHeNbHOM accoumaumein KaHaapi.
Mbl 3aMHTEPECOBAHbI B TOM, Y4TOOLI HA 3TOI BCTpEYE Bbinu
npeacTaBneHbl POCCUIACKME [OKNAAbI, 415 HAC O4EHb Ba-
XEeH Balll B3rNsf Ha NOA3EMHYI0 NpobnemaTtiky, — 3asaBun
CopeH dckecceH.

Mpe3unaeHT ITA pacckasan, 4to anst 6onee ahHEKTUBHOrO
pacnpoCTPaHeHMs naen 0CBOEHUS MOA3EMHOr0 NPOCTPaH-
cTBa npy MexayHapoaHO TOHHENBHON accoumaLmm Obin
co3paH KomuteT no nogzemHomy npoctpaHcTay (ITACUS),
KOTOPLIN Y)XE MPUCTYNWA K aKTUBHOIN paboTe B pamkax npo-
rpammbl OOH «YcToitumsblii ropogy» (Resilient City).

[Ons nonynapusaumm LaHHOW TeMbI Mbl BbINyckam cre-
LManbHble AOKYMEHTLI, Tak HasbiBaeMble «benbie Gymaru»
(White paper), B KOTOPbIX NOLPOBHO M3NaraeTcs No3nLMs
accoLmMaLmm 1 0OCHOBHbIE LLENM 1 334241 Ha LOArOCPOYHYI0
nepcnexTvay. B TeKyLLeM rofy noAnMCcaHsl KOHTPaKTbI C
npencTasutensmu CMU Bennkobputanum n GpaHumm, Ha-
NPaBneHHbIE Ha WMPOKOE OCBELLEHMe NoA3eMHON Npobie-
MaTuku. Takke GYHKLMOHMPYET Be6-calT ITA, cocTosLwmiA
13 [BYX OCHOBHbIX YyacTel. Nepsas — «[1o4eMy Mbl LOMKHbI
CTPOUTL NOJ, 3eMAein?» — BKIIOYAET BONbLLION 06beM
06LLMX CBEAEHNIH LNS LUMPOKOTO Kpyra nuL. Bropas, npea-
Ha3Ha4YeHHasa ans 4neHos ITA, conepxuT yskocneupuanmsu-
POBaHHYI0 MHGOPMALMIO.

— B HacTosLiee BpemMs NpOJ0IKaeTCs Hale TeCHoe
coTpyaHnyecTso ¢ O6beanHeHeM UCCNea0BaTe N b-

CKMX LLeHTPOB NOA3EMHOI0 MPOCTPAHCTBA MEranoaMCcoB
(ACUUS), — otmeTtun Cepreit Annatos. — B 2012 rogy mbl
nposoaunu B CaHkT-Metepdypre koHpepeHumio ACUUS,
0fHO M3 CaMbIX MaCLUTaBHbLIX MEPONPUSTUIA, MOCBSILLEHHbBIX
KOMMIEKCHOMY OCBOEHUIO NOA3EMHOMO MPOCTPAHCTBA
yp6GaHW3MPOBaHHbIX TEPPUTOPUIA. Mbl BbILLIAN C NPEeaoxXe-
HMEM BHOBb NPOBECTM KOHDEPEHLMIO B HALLEM FOPOE B
2016 rozy, 9Ty MHULMATUBY YXe NOALepXan COBET ANPeEK-
Topos ACUUS.

Cepreii Annatos npuraacun npeangenta ITA npuHaTth
y4acTue B 3TOM MEPONPUSATIAM, & TaKXe NPEAI0XMNI PEKO-
MEeHI0BaTh NpeacTaBsuTeneit MexayHapoaHON TOHHENb-
HOI4 accoumaLmm B COCTaB OPrkOMUTETa KOHPEPEHLMN.
['naBa maTCKo aeneraumu, B CBOIO 04EPeb, 3asBU O
rOTOBHOCTM NOAAEPXaTb POCCUIACKMX KONNEr 1 0ka3aTb
BCIO HEOBXOAMMYIO MOMOLLb MPY NOArOTOBKE CTOb MaC-
wrabHoro Gpopyma.

— 9T0T BU3UT OTKPbIBAET LUMPOKME NEPCNEKTUBLI A5
HaLEro AanbHenero COTPyaHNYECTBA, — NOABEN UTOT
BcTpeyun CopeH JckecceH. — Mbl MHOroe yBuaenu, obme-
HSANUCb MHPOPMALMEN U B UTOTe OCTANNCh AOBOJIBHbI 40-
CTUrHYTBIM PE3YNLTATOM. { YBEPEH, YTO HALIUM Crieuuany-
cTam 6bl10 Gbl MKHTEPECHO Y4aCTBOBATbL B POCCUIACKMX
npoekTax. Kak ¢ To4ku 3peHus GusHeca, Tak v B nnaHe
U3YYEHUS OPUMMHANBHBIX TEXHUYECKMX PELLEHNIA.
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RUSSIAN-DANISH DIALOGUE:
TO BE CONTINUED

The idea that advanced technologies come into being only in Western countries is deeply rooted
in the minds of most Russians. But on a closer scrutiny this thesis does not hold water — foreign
experts often have something to learn from Russian engineers. One clear example is a two-day
visit of Danish Tunneling Society delegation to St. Petersburg held at the end of May 2014. The
delegation was headed by the President of the International Tunneling and Underground space
Association (ITA) Soren Eskesen. During the visit foreign experts familiarized themselves with the
Northern capital subway construction practices, discussed underground space development and

Russian-Danish cooperation prospects.

ur interest was attracted by the project of first
- double-track tunnel in Russia, — said Soren
Eskesen. — Last fallin Copenhagen we heard Sergey
Alpatov, General director of Underground Builders and
Designers Association who made a presentation on this
subject. He kindly invited us to come to Russia to learn
more about it, and to see the construction works in
progress.

Despite the shortness of the trip, the trip agenda
prepared for the Danish subway delegation appeared quite
heavy. The guests made a tour on operating underground
lines. They saw construction sites of metro stations
"Sportivnaya-2" and "Yuzhnaya." Then a task meeting
with the St. Petersburg experts was held in the office of
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Underground Builders and Designers Association. On the
Russian side the meeting was attended by Alexei Starkov,
Deputy General Director and Chief Engineer of JSC
"Metrostroy"; Vladimir Markov , Deputy General Director of
JSC "LenMetroGiproTrans”; and Eugene Lomakin, CEO of
"NPF "Water Resources".

Clay, limestone and... historic buildings

At the task meeting Russian engineers spoke about
special aspects of subway construction in St. Petersburg,
and about difficult geological conditions in the St.
Petersburg area in particular. The soils more or less
suitable for the construction are solid dry clays lying at a
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depth of 40 meters. Thus, the average depth of the tunnels
is 50--70 m, and this makes the St. Petersburg Metro one
of the deepest in the world. The situation is aggravated by
restrained urban conditions of the downtown area where
particular attention is given to historic urban landscapes
protection.

Under these conditions the Russian engineers have
to design original technical solutions, and to modernize
techniques widely used in other countries in order to adapt
them to the specific local requirements. One example is
mechanized tunneling at an angle of 30 degrees, which
was successfully implemented by "Metrostroy” for the
first time in world practice during the construction of
"Admiralteyskaya”, "Obvodniy Canal” and "Spasskaya”
stations.

Danish engineers were exposed to advanced
technologies used on St. Petersburg metro facilities
when they visited construction sites of "Sportivnaya-2"
and "Yuzhnaya” stations. At the site of the double-track
tunnel their attention was attracted by top quality lining
produced in the "Metrobeton"-owned manufacturing
unit that is considered to be one of the most modern
manufacturing units in Europe. Danish colleagues showed
particularly keen interest in a TBM produced by German
company Herrenknecht AG; the machine was modified
by "Metrostroy” engineers who introduced about three
hundred changes in its design.

Danish experts recognized the complexity of tasks facing
the Northern capital engineers, and the uniqueness of
technologies presented by russian engineers. In turn, they

spoke briefly about specific features of Metro construction
in Copenhagen. One part of Copenhagen problems such as
limitations imposed by historic buildings protection laws is
the same as in Saint Petersburg. However, there is no need
of deep tunnels in Denmark despite paleovalleys of the
area. Adverse thixotropic soils left by glacier are found up
to 20 m depths, and lower lies the so-called "Copenhagen
limestone.” The material is stable enough, but it's not
always easy to work with, as it is quite porous; besides, the
Danish subway builders encounter hard rocks on their way,
and itincreases the construction timescale.

Comfort and safety

Danish subway builders made a point not only of
technical features, but also of ergonomics of the
St.Petersburg Metro design.

— We really liked your stations. They are very spacious,
and one feels comfortable and safe here, — shared his
impressions one of the delegation members. — When
designing subway in Copenhagen we turned to other
countries practices to achieve similar results.

And yet, comfortable stations are important, but make
small part of large-scale transport complexes. During
a conversation with Danish colleagues Sergei Alpatov
emphasized that the Association he heads is primarily
aimed at comprehensive development of underground
space. Therefore the Association of Underground Builders
and Designers joined the Committee on Underground
Space (ITACUS). ITACUS was launched by International
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Tunnelling Association to share more effectively knowledge
and diffuse as widely as possible underground space
development ideas. The Committee has already started to
actively implement the UN program “Resilient City”.

— International experience is very important for us, so
we are keen to develop cooperation with both ITA and
Danish Tunneling Society, — states Sergey Alpatov. —
Many emerging issues can be solved easier through
collective efforts. On our part, we are ready to work actively
in the international association involving to cooperation
Russian science and studies institutions, design and
construction companies. It is also necessary to establish
effective exchange of information. An important part of this
process is our website undergroundexpert.info, where we
can present best international practices to the attention of
professionals of all post-Soviet space.

Diverse perspectives

In turn, Soren Eskesen emphasized the importance of
Russia's accession to the Nordic Forum organization, which
brings countries of northern Europe together. Their regular
meetings (held twice a year) provide a good opportunity
for fruitful exchange of experience in the underground
space development. Denmark hosted the meeting last
year in October. In May 2014 the meeting was held at the
International Tunneling Congress in Brazil.

— Nordic Forum participants will gather again this fall,
the event was included in the business program of the
International Conference Vancouver TAC 2014 organized
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by Tunnelling Association of Canada. We are interested to
hear Russian prsentationts at this meeting, your opinion on
the underground perspective is very important for us— said
Soren Eskesen.

Sergei Alpatov, in turn, invited ITA President to
participate in the international conference that will be held
in St. Petersburg in 2016.

— We continue close cooperation with the Associated
research Center for the Urban Underground Space
(ACUUS), — said Sergey Alpatov. — We have proposed
to hold a conference in our city in 2016, this initiative has
been already supported by the ACUUS board.

He also proposed to include the International Tunnelling
Association representatives to participate in the conference
organizing committee. Head of Danish delegation, in
turn, has declared his readiness to support the Russian
colleagues and to provide all necessary assistance in
preparation of a such a large-scale forum.

— This visit opens up broad prospects for our future
cooperation, — Soren Eskesen summed up the results
of discussions and meeting. — We saw a lot, exchanged
knowledge and looked at the Russian underground
construction achievements in a different way. As a
result, we are satisfied with the outcome and | am
sure that our team would be interested in participating
in local projects, be it business or original technical
solutions. | believe that the ACUUS 2016 conference
in St. Petersburg will open a great opportunity for
Russian companies to assert themselves in the world
professional community.
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TOHHEJIN — AEJ10 OBLUEE

Wnbs BE3PYYKO

Pa6oqaﬂ BCTPEYa, B KOTOPOI TaKXe MPUHSIN y4acTne
rnasa O6beaMHEHNs NOA3eMHbIX CTpouTeneit Cepreii
Annartos, rnasHblii nHxeHep OAO «MeTpocTpoii» Anekceit
CTapKoB 1 CNeLmManmcTbl MPOEKTHO-M3bICKATENbCKOro
MHCTUTYTa «JIEHMETPOTMMPOTPAHC», COCTOANACH 2 MIONS
2014 ropa. Ha meponpusitie Gbin npurnaLleH u npeacra-
BUTEb XypHana «[o43eMHble FOPU30HTLI».

B xone BcTpeun ®paHcya BannH caenan kopoTkoe
c000LLEeHME, B KOTOPOM NPELCTaBM CBOIO acCoLaLmIio
1 cebst in4Ho. OH co06LLMA, 4TO BO3rNIABNSIEMbIIA UM KO-
MUTET CreUmranu3npyeTcs Ha TOHHebHOM 060pYa0BaHUM,
MPUYEM peyb UAET He TONIbKO O CTPOUTENBHBIX MaLUMHAX, &
0 LLe/IOM KOMMIEKCE TEXHNYECKOrO OCHALLEHUSI, KOTOPLINA
HaxXo4WT NPUMEHEHNE NPU MPOXOLKE TOHHENEN, MHOTME
113 KOTOPbIX 3HAKOMbI EMY HE MOHACTbILWKE. Tak, r-H BanuH
MPUHUMAN yyacTve B PAE KPYNHEMLLMX NPOEKTOB N0 BCE-
MY MUPY, B TOM YUCJE Y4aCTBOBa B CTPOUTENLCTBE TOHHE-
NS, COEAVHSIIOLLEr0 eBPONECKMI KOHTUHEHT C Benwnko-
GpuTaHmMeN, 1 CO3LaHUM NEPBOI IMHUM METPONONUTEHA B
LLlanxae.

I'-H BanuH akueHT1pOBan BH/MAHWE Ha TOM, YTO ero Bu-
3uT B [MeTepOypr HOCMT HEKOMMEPYECKMIA XapakTep 1 YTO
B NePBYI0 04epe/ib OH 3aMHTEPECOBaH B 0BMEHE OrMbITOM
1 MHbopmaLmein mexay GpaHLy3CKUMU U POCCUIACKUMM
cneumanucTamm. B xope 6ecenbl Opancya BanuH pac-

Cankuunu Esponeiickoro coto3a n CLUA npotus
Poccun, npuHaTbie B CBA3M C yKPanHCKMMM CO-
ObiTUSIMU, — TEMa, KOTOPYIO ropsivo obcyxaaet
Becb Mup. Ho kak Mbl Bce npekpacHoO 3Haem —
OZHO AeJ10 NONNTHKA, U COBCEM APYroe — peasb-
Has Xu3Hb. CywjecTByeT MHOXeCTBO BONPOCOB,
a¢ppeKkTUBHOE peLeHne KOTOPbIX BOSMOXHO JINLLb
npu 06beaUHEHUN YCUNNIA BCEX BEAYLLUX MUPO-
BbIX crieuuanucToB. U 3gech Hawa cTpaHa 3aHu-
Maer ganeko He nocnegHee Mecto. B yactHocTy,
EBspona 3anHTtepecoBaHa coTpyaHu4aTts ¢ Poccu-
eif B BOnpocax 0CBOEeHUsl N0A3eMHOro NPoCcTpaH-
ctBa. OyepeHbIM MOATBEPXAEHNEM 3TOMY CTa
Bu3uT B CaHkT-lleTepGypr pykoBoguTENS KOMUTE-
Ta no TexHuKe u obopyaoBaHuio PpaHLy3cKoii ac-
coumaLm TOHHe el N NoA3eMHOro MPOCTPaHCTBa
(Association Frangaise des Tunnels et de I'Espace
Souterrain, AFTES) ®paHcya BanuHa.

ckasan o cTpykType AFTES, TexH14ecknx 0COOEHHOCTSX
CTpOUTENbCTBA TOHHENs nof Jla-MaHwem, npobnemax
NOA3EMHbIX COOPYXEHUI Ha BbICOKOCKOPOCTHBIX XXENe3Ho-
JIOPOXHbIX MarucTpansx, a Takxe BbiCkas3an CBOE MHeHue
OTHOCWTENBHO CTPOWUTENLCTBA TPAHCMOPTHOMO Nepexoaa
yepe3 KepyeHCckuin nponme.

KomuteTbl roTOBbI COTPYAHUYATH

Mo cnosam r-va Banuxa, dpaHuysckas accoupaums
TOHHENE 1 NoA3EMHOro NPOCTPaHCTBa 06beaNHAET
3aKa34MKoB paboT M NOAPAAHbIE OPraHM3aLMK, MPUYEM
yneHamu AFTES aBnsi0TCA He TONbKO dpaHLy3ckue cne-
LMANNCTHI, HO M NPELCTABUTENN APYTUX CTPAH.

B cTpykType accoumaummn GyHKLUMOHUPYET psif, Npo-
UNBHBIX KOMUTETOB. TEXHUYECKUI KOMUTET pa3pabaThl-
BaeT PeKOMeHaLM No BbIBOPY TEXHONOrUiA M 060pya0-
BaHMS. Bonpockl pa3BuTus NOA3EMHOMO CTPOUTENLCTBA
1 COMPOBOXAEHNS Taknx rn06abHbIX NPOEKTOB, Kak
NOA3EMHBIE FOPOAA, KYPUPYET KOMUTET NOA3EMHOI0
MpOoCTpaHcTBa. Ha OTAeNbHbIA KOMUTET BO3NAralTcs 3a-
L1241 NPOBELEHUS KOHTPECCOB, NOCBALLEHHBIX OCBOEHNIO
noA3eMHOro NpocTpaHeTea. Mofo6HbIe MeponpuaTUS
NPOBOASTCS Kax/ple TPW rofa B pasHbiX ropogax dpaH-
umun. Bnnxaiiuas BCTpeya CoCTOMTCS B CEPeanHe okTaops
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2014 ropa B JInoHe. ELie 0MH KOMUTET 3aHUMAETCS
BONpocamm 06pa3oBaHus. B npowwnom rogy Maructpa-
TYpY NO CNEeLnanbHOCTH «MOA3EMHOE CTPOUTENLCTBO»
ycneLuHo 3akoHuyunm 13 cTyaeHToB 13 10 cTpaH. SkenepTsl
KOMUTETa, KOTOPbIA BO3MNABASET r-H BanuH, 3aHnMatoT-
CS1 BONPOCaMM NPUMEHEHUS MaTEPUANIOB W TEXHWKM NPK
CTPOMTENLCTBE MOA, 3eMAei. B 4aCTHOCTU, OHVW y4aCTBYIOT
B KOHCTPYMPOBAHWM TOHHENENPOXOAYECKMX MEXaHU3NPO-
BaHHbIX KOMMNEKCOB.

®paHcya BanuH 0TMETIN, YTO YNEHbI accoLmaumm
OTKPbITHI 11 COTPYAHUYECTBA M FOTOBLI 0OMEHMBATLCS
nHbOpMaLmEn.

Camblii ckopocTHoW B EBpone

OpnHa 13 rnaBHbIX TEM, KOTOPYIO 0BCYXaany Ha npoLles-
Lueii BCTPeye, — CTPOUTENLCTBO TOHHENEI Ha BbICOKOCKO-
pocTHbIX MarucTpansx (BCM). Hanpumep, Takoe uckyc-
CTBEHHOE COOPYXEHME B HACTOSILLEE BPEMS CTPOUTCS B
paiioHe dpaHLy3ckoro ropoaa CaBepH Ha BLICOKOCKO-
POCTHO XeNe3HOA0POXHOI NnHMKM Mapux — Ctpactypr.
Kommepyeckast CkopocTb NOE340B HA 3TOM HanpaBAeHUn
Oynet cocTansaTb 320 kM/4ac (ANs CPABHEHMS: MaKCH-
ManbHas CKOPOCTb B APYTiX TOHHENSX HE NPEBbLILLAET
210-250 km/vac).

— 370 ByAeT eAMHCTBEHHBIV B EBpONE TOHHENb CO
CTOfIb BLICOKOW CKOPOCTbIO IBUXEHNS, — pacckasan
®paHcya Banui. — CoopyxeHne npeactasnseT coboi
[Ba NapannenbHbIX TOHHENS, NPOXOMKa KOTOpbIX ByaeT
npoBoAMTLCS € nomoLbio TIMK gnameTtpom 14 MeTpoB.
HenocpencTBEHHO CTPOUTENLCTBO MOA3EMHOIO COOPYXe-
HWS He BbI3bIBAET CIOXHOCTEN, HECMOTPS HA HEKOTOPbIE
0COBEHHOCTM MECTHOW reonorun. OCHOBHbIE TPYAHOCTY
CBS3aHbl C BLICOKMMM a3POANHAMUYECKNMU HArpy3KaMu,
KOTOPbIE BO3HWKAIOT BO BPEMS [iBUXEHMS Noe3aa Ha 60/b-
LLIOV CKOPOCTU. YTOOBI peLLnTb 3Ty Npobnemy, UHXeHepsl
paspaboTanu cneunanbHble COOoKM, KOTOPbIE NO3BONST
KOMMEHCUPOBATb BO3AENCTBIE a3POAVHAMUYECKUX CUI.

Paccka3sblBasi 0 CTPOMTENLCTBE TOHHENS NOA J1a-
MaHwem, r-H BanuH 0TMeTn, 4TO TaM UHXEHEPbI MPK-
MEHWUN SPYroe TEXHNYECKOe peLleHune. 1ns CHuXeHns
[aBNEHNS BO3AyXa B TOHHENE OblN0 PELLEHO YBEANYUTD
€ero ceyeHne. OHaKO Npy peanmaauym 3Toro NpoekTa
CTPOMTENN CTONKHYNNCL C APYrMK npoBnemamu, He-
raTWBHO NOBAMSIBLUMMM HA CTOMMOCTb M CPOKM CAauu
TOHHENS. B 4acTHOCTH, He ObIN0 pa3paboTaHo eAMHOIO
KOMMEKCHOr0 NPOEKTa, Kax bl 3Tan NpoekT1poBasncs
OTAENbHO. Takxe 60NbLIMX BDEMEHHBIX 3aTpaT NoTpe6o-
BaJI0 MCMOb30BaHME PENbCOBLIX OTKATOYHBIX MYTEr ANs
OTrpy3KuW rpyHTa. Y1006l AEMOHTMPOBATL PE/bCHI, 3aHOBO
MPOBECTU UHXEHEPHBIE CETY U NPUCTYNUTb K BHYTPEHHEI
06aenke, bbI0 NoTpayeHo okono roaa (!). B peaynbTate
BCETr0 3TOr0 KOHeYHasi CTOMMOCTb 06beKTa BABOE NPEBbI-
cuna nepBoHayabHO 3asBAEHHYIO 11 COCTaBMAA Nopsaaka
15 Mnpa eBpo.

«KOHe4yHo ToHHenb!»

B pamkax BCTpeYM POCCHICKIe MHXEHEepbI MouHTepe-
COBa/IMCb MHEHNEM (PaHLLy3CKOro KOIer no nosoay
CTpoUTENbLCTBA KepyeHeKoro nepexoaa: kakoi — Mo-

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

C MECTA COBbITUI

CTOBOW UM TOHHENbHbIV BAPWUaHT OH cunTaeT Haubonee
3 DEKTUBHBIM?

— KoHeuHo, 91 32 TOHHENb, — yNb6asiCh, NPOKOMMEH-
TMpoBan PpaHcya BanvH. — ECTECTBEHHO, 15 OTBETA Ha
3TOT BOMPOC HEOBXOAMMO 03HAKOMUTLCS C PE3YNbTaTamMu
13bICKaHWA. MHOroe 3aBMCUT OT re0N0rn, BEAb CTPOU-
TENbCTBO MOCTA NPEANonaraeT yCTPONCTBO 04EHb rNybo-
kux cBait. K Tomy e Heo6X0AMMO Y4MUTHIBATb BETPOBYIO
Harpysky Ha coopyxeHue. [pn peanusauum npoexTa nepe-
xog4a yepes J1a-MaHLL Ham NPULINOCH BLIBUPATB 13 NATH
NPELNOXEHHLIX BAPUAHTOB, TPU U3 KOTOPbLIX Npeanonaranm

CTPONTENLCTBO MOCTOB, U ELLE OfMH, KOMOMHMPOBAHHIN,
BKJt04aN MOCT M TOHHENb. Ho ans ux peanusaumm tpebo-
Baslacb OTCHINKA OCTPOBOB, YTO CO3/1aBaN0 Obl NOMEXM CY-
[OX0ACTBY. B nTOre Mbl OCTaHOBWUANCH HA CTPOUTENLCTBE
XeNe3HoA0pOXHOro TOHHENS. B nepcnekTuee nnaHumpy-
€TCS CTPOMTENLCTBO BTOPOr0, aBTOAOPOXHOr0. PaHo uin
MO3AHO OH BYAET NOCTPOEH, HO OKOHYATESNLHOE PELLEHE
Ha 3TOT CYET ELLE HE NPUHATO.

Poccuiickue noasemLLmnky pacckasanu Konnere u o
LOMONHUTENBHBIX CIOXHOCTSX, CBSI3aHHBIX CO CTPOM-
TenbCTBOM KepyeHCkoro nepexosa; HeobXxoanmocTy
CTPOWTENBCTBA BEICOKOrO MPONIETHOIO CTPOEHNS C NOf-
MOCTOBbIM rabapuTom He meHee 70 METPOB, W CNIOXHbIX
cencmMnyeckmx yenosusx (KepyeHckuin nponus pacnono-
XeH B 9-6annbHoi 30He). PpaHcya BanuH cornacuncs,
YTO TOHHEbHbIA BAPUAHT NPM TaknX YCNOBMSIX UMEET Pag,
npeumyuiects. OH aan cornacue NPUHATL y4acTue B 3a-
LMTE TOHHENbHOTO BapyaHTa 1 NONPOCHN BbICNATb EMY
martepuanbl NPoekTa, YTo6bbl C HUMM 03HAKOMUANCH Cre-
LMannCThl accoupaumm 1 Janm CBOI0 SKCMEPTHYHO OLEHKY.

Takxe B pamkax BcTpeun Cepreii AnnaTos Bpyyun
@paHcya BanuHy npoekT paMoYHOro cornatueHns 06
MHbOPMALIMOHHOM NapTHepcTBe Mexay AFTES n O6beau-
HEHUEM MOA3EMHBIX CTPOMTENEN 1 NPOEKTUPOBLLKOB.

I'-H BanuH oTMeTu, 4T0 NOANMUCAaHWE 3TOrO COrnaLleHuns
cocTomuTcs B Onmxaiilee Bpems. Accoupauus yxe umeet
TECHbIE KOHTAKTbI C POCCUIACKMMM By3amm 1 rOTOBA U Aab-
LUEe Pa3BMBaTh AEN0BbIE CBA3M C POCCUIACKM NPOdECCHO-
Ha/lbHbIM COOBLLECTBOM.
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The key tool for resolving

urban planning problems is
comprehensive informational
rationale and support. Such
materials as well as information
support of construction
projects should necessarily
include the data received in

the course of geotechnical
survey of underground space
performed on the basis of
comprehensive multilevel
models that contain substantive
description of underground and
surface structures. The article
discusses some special issues
of new information technologies
aimed at survey, design and
construction support (IT-RPB).

COBPEMEHHDIE
MHPOPMALIMOHHBIE

TEXHOJIOTUN —
MHCTPYMEHT MOBBILLEHNS KAYECTBA
N3bICKAHUI WU CPEACTBO
MPE3EHTALIMW ETO PE3YJIGTATOB

Moytu 20 net Ha3ap, KorAa Halla KOMIaHUs TOJIbKO Ha4YMHaa UCMOIb30BaTh
COBpPEeMeHHble UHPOPMaLMOHHbIE TEXHOI0rUMN AJ1s NNaHNPOBaHNUS, UHTeprpe-
Tauum n NpefcTaB/ieHNs NPOEKTUPOBLYUKAM Pe3ybTaToB U3bICKaHW, O4UH

13 TPex crneynanncToB, CTOSIBLUMX Y UCTOKOB HaLLMX pa3paboTok, BBes eAKuil B
cBoeli TOYHOCTU TePMUH: «BeCEJible KapTUHKU». YT0 03Ha4Yasno CokpbITUE HEAO-
CTaTKOB U3bICKaHWIA 3@ LUMPMOIA Harns4HOro Npe3eHTaLMoHHOro MaTepuana.
Monumas ero ckencuc, 6asupyroyniics 6osee YeM Ha TPUALATUNETHEM ONbITE
CTPOUTENbCTBA N0A3€MHbIX 00bEKTOB, NOCAeAYIoLNe rofbl Mbl NPaKTUYECKU

He 3aHUManuch NPe3eHTaynoHHbIMU TEXHOOMMSIMU, COCPEOTOYUB BCE CBOE
BHUMaHue Ha nepexoAe OT yPOBHS «BECeJIbIX KApTUHOK» K METOAY, BOCTpeboBaH-
HOMY MHBECTOPaMU, NPOEKTUPOBLUNKAMU N CTPOUTENIIMU, TO €CTb TN aMu, npu-
Humaiowmmm pewenus (JIMP). Tak 6bi1a nocTpoeHa MHPOPMaLNOHHAs TEXHOJIO-
rusi ConpoBOXAEHNS U3bICKaHWIA, NPOEKTUPOBaHNS U cTpoutesnscTea (IT-RPB).
Mpexgae yem oTBETUTH HAa BONMPOC, BbIHECEHHbII B Ha3BaHne paboTsl, Onpesennm
coepy agppekrusHoro npumeHeHns IT-RPB, akkymynupoBas A1l 3T0ro ecte-

cTBeHHble 3anpocs! JIP.

onae napnaMeHTCKuX cnywanuii 15 mas
2014 ropa 6610 NOAYEPKHYTO, 4TO OCHOB-
HbIM UHCTPYMEHTOM pa3peLueHns npobnem
rPagoCTPOUTENBHOMO NAHNPOBAHNS SBNSETCS
€ro KOMMNeKCHoe MHPOPMaLMOHHOE 060CHO-
BaHue 1 conpoBoxaeHne. CornacHo MpK PO
rPaLOCTPOUTENBHOE MPOEKTUPOBAHME LOMKHO
ONMpaTbCs Ha COOTBETCTBYIOLLME 0O0CHOBbI-
BaloLwme matepuasl. C NpakTMyecKom TOKN
3pEHNS KpaiHe BaXHO, YTOBLI Takue MaTepua-
Nbl, @ TaKKe NHGOPMALMOHHOe 0becneyeHe
KOHKPETHbIX CTPOUTENbHbIX MPOEKTOB BKIOHA-
M B cebst 3Tan BbISIBNEHNS FEOTEXHNYECKOTO
CTPOEHUs NoA3eMHOro npocTpaHcTsa (M) Ha
OCHOBE VHPOPMALMOHHO-MOAHBIX MHOrOYPOB-
HEBbIX (TEPPUTOPUANBLHOE NNaHupoBaxne — I,
nnaHmMpoBaHmne Tepputopuin — MT npoekTnpo-
BaHue — [1P) mozenein (5D-MWM), conepxalumx
MPeAMETHbIE (MHXEHEPHas reonorns, reoTexHu-
ka, COLWMONOrus, TEXHUKO-3KOHOMUYECKHE pac-
yeTbl) BIM — onucanms nof3eMHbIX 1 HA3EMHbIX
o6bexToB (MHC), peannayemoro B pamkax
€0VHOW MHDOPMALMOHHO-TEXHONOrMYECKOA

nnardopmel (UTIT). 310 NO3BOANT HA BCEX STanax
CTPOMTENBHO-MHBECTULMOHHOIO Lyikna (CULL),
B PEXMME PeasibHOr0 BpEMeH pa3pabaThiBaTh
1 CONPOBOXAATh BLIMOAHEHNE MHOTOYPOBHE-
BbIX peLueHunin (MP) no ocsoeHuio M1, Mepsbim
HeoOX0AMMbIM LUarom sBnseTcs paspaboTka
envHon UTT, a Takke npeaMeTHbIX MOLENen
(VMHXEHEPHO-re0NOrMYECKMX, FEOTEXHUYECKIX W
COLWaNbHO-3KOHOMMYECKIIX), PaBOTaOLLMX NOL,
VX ynpasneHvem (npeameTHsle mogenu — M),
MocTpoeHne NopgoOHbIX MOAENei NPOBOAMTCS
B pamkax nowwarosoii ctpatermm. OCHOBHble
NPUHLMNbI paboThl TpeXypoBeHHbIx (TIT, MT,
MP) mHoromepHbix ((1-5)D) nHbOPMaLMOHHBIX
mogneneit (MAM) npusegeHs B Tabn. 1. Mnas-
HOVI 3aLia4eil ABNSETCS CO3[aHNe CEMENCTBA
MHGOPMALMOHHBIX MOAENEN, MO3BONSIOLLYX
3a CYET MHOTOKPATHOr0, MHOrOYPOBHEBO-
ro NCMoNL30BaHNS MHDOPMALIMK, CO3aaTb
VHBECTULWOHHO-NPUBEKATENbHBIA, B PaMKax
CWUU, npomykt. OTCloA2 — OCHOBHOE BHMAHWE
Ha 6epexHyio paboTy C UCXOHON, NPOMEXYTO-
HOM 1 Pacy4eTHOM MHGOPMaLWE.

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



YMeHbLUEHNE HEONPEAENEHHOCTI KAPTUPOBAHUS
33 CYET 0TKa3a 0T KAPTUPOBaHHS B CUCTEME
«BO3PAcT— NMTONorisS» 1 nepexoga Ha ra

)

Pa3pes, NocTpoeHHbIn B pamkax
TPAMULMOHHBIX TEXHONOTW,
6e3 KNaCCUMIKATOPOB M Y4ETA TONONOMMA

WUCCNENOBAHUSA

YMeHbLUEHVE HEOMPESENEHHOCTY KaPTUPOBAHIS 38 CHET 0TKA3a OT CTaHAAPTHbIX

i i il

250 0 750 1000

METOZ0B MHTEPNONALWMY 1 Nepexoaa K komnnexkcHomy napametpy 30-Mr3

s Pa3pes

no TeKy4ecTv
TPYHTOB,
MOCTPOEHHbIN

10 B3ATbIM

Y reonoros fiaHHbIM,
npoweawx artan
Knaccugukauum
rpyHToB (Ur3), 6es
VX NPOGTPaHCTBEHHOM
YBA3KN HA OCHOBE
noCTPOEHMS
TONONOrM4ECKOro
napamvetpa (3D-Ur3)

: Pa3pes, NocTpoeHHbIn
nocne nposeseHns
NPOCTPaHCTBEHHON
1 YBA3KM A@HHbIX

= e ¥ i no W3, Ha ocHose

¥ ____ CKOHCTPYVMPOBAHHOTO
_|: l | cneunanbHbIM
o6pa3om
TONONOrM4EcKoro
napameTtpa (3D-Ar3)
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WnniocTpauus Te3nca 0 HeBO3MOXHOCTY KapTUPOBaHUS NOA3EMHOTO MPOCTPaHCTBa 663 NCNoNb30BaHUA KNAcCuQMKaTopoB 1 NPOCTPAHCTBEHHOI YBA3KM pyHKuum 3D-UJ

1D-MWUM. ApxueHasa nidopmaums 06
VNH)XEHePHO-reosIornyecKoM CTPOEHUM
TEpPUTOPUM, a TAKXKE O AAHHbIX TEKYLLMX
n3bickaHuii. CoumanbHO-9KOHOMUYECKME
OLLEHKM BbINOJIHEHUS NPOEKTOB CTPOMTESb-
CTBa NOA3EMHbIX U HA3EMHbIX COOPY)XEHWIA.
[inst CankT-MeTepbypra 06beM apxmBHON
VHXEHEPHO-reonornyeckomn nHoopmaumm npes-
CcTaBneH B Tabn. 2.

Xapakrtepuctuka uHgopmaumm. OtcyT-
CTBWE CBA3HOCTU UHDOPMaLmK (knaccuduka-
TOPOB) Ha BHeLWHeM (Mexay M) 1 BHYTPEHHEM
(B pamkax KoHKpeTHbIx [TM) ypoBHsix. MpeameT-
Hble 6a3bl faHHbIX (MBA)

Mpeo6pa3oBaHue uidpopmauum. Ound-
POBKA ¥ HAKOMIEHNE apPXVBHBIX JAHHbIX B
pamkax N[,

WUcnonb3oBaHue nipopmaumu. Crnpasoy-
Hblii ypOBEHb 6€3 AeTanu3aLm B 3aB1CUMOCTH
OT YPOBHSI NPUHATMS PELLIEHWIA N B3aUMOBAMS-
Hus mexay NBJ. NMpensapuTenbHbIi aHanm3
KayeCcTBa apXxmMBHON MHOPMALN.

MpuHuunuanbHasg nosuuus. OTCyTCTBIE
BHELLHWX 11 BHYTPEHHIX KNACCMPUKATOPOB He
NO3BONSIET UCMOJIL30BATH APXMBHYIO MHGOPMa-
LVIO ANS NMPUHATUS MHOTOYPOBHEBBIX PELLEHNIA.
[laHHOe OorpaHunyeHue SBASETCS KNIOYEBLIM (CM.
prcyHoK). C Apyroii CTOPOHBI, 06bEMbI 3TOI
MHPOPMaLMK (CM. Tabn. 2) TakoBbI, 4YTO BBE-
[IeHVE e€ B NPOMBbILLIEHHBI 0B0POT SBNSETCS
NepBOOYEPESHO 3aLa4en.

2D-MWUM. donposas nidpopmauus 06
VNH)XEHEePHO-re0sIorM4eckoM CTPOEHUM Tep-
putopuu. MocTpoeHa Ha 0CHOBE apXMBHOIA
MHbOpMaLMn nocne NPoBEAEHUS 3TanoB ee
yHUUMKaLMM 1 Ha NPOCTPAHCTBEHHOM «COMB-

Ke» (cTaHpapTM3aumn). XapaktepucTuka
MHbOPMaLMK U 3HaHUI. ACCYMUTMPOBAHHAS B
WTM apxusHas nHdopmaums MBI, Knacenduka-
TOpbI MHpOPMALWMK B Npeaenax KOHKPeTHbIx M/,

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

Tabnunya 1
OcHoBHble npuHLMbl paboTbl TpexypoBeHHbiX (TI, MT, 1P) MHoromepHsix ((1-5)D) uHdopmaynoHHbIx
moaeneii (MUM)

WHdopmaLmoHHO-TeXHONOrMYeckoe obecneyeHne 0CBOeHUs Noa3emMHoro npoctpancrea (M)

VHdOpMALIVOHHO-TEXHONOMMYECKOe 00ECTIeyeHIMe OCBOEHNS NMOA3EMHONO npocTpaHcTea (MM).
MHoromepHoe (reoTexHI4ecKoe, COLIMANLHOE 1 TEXHMUKO-3KOHOMMHYECKOE) 0B0CHOBAHVE PELLIEHNIA Ha YPOBHSIX TEPPUTOPUANILHONO MtaHupoBaHus (SD-MUM-TT),
TnaHMpoBky Tepputopuii (5SD-MUM-TTT) 1 npoextuposatms (5D-MUM-TTP)

YpoBeHb TeppuTOpUaNbLHOro nnaHmpoeanus (5D-MUM-TI)

MenkomactuTaHbie (1:25 000-1:10 000) mozenm MMN. MHoromepHoe, MHPOPMALMOHHO-TEXHONIOTMHECKOe 0BECTIEYEHIE MPALOCTPOMTENbHBIX PELLEHNIA (PErvOHaIbHbIX

MPOEKTOB):
d
Bble > Lincdposble kapTbl
Lngpo LINGpOBBIE MHOFODYHKLMO- TPOrHO3 BAMSIHIS MOA3EMHBIX TPOrHO3 0CaNI0K 3eMHOI
VHXEHEPHO-TeoIorvyeckme 807 Ha ye08Hs oceoerys M MOBEPXHOCTY 3a CHeT veronb3osaxus MM
KapThl (CxeMbl) [eHepanbHoro HallbHbIE MOAEAV J—— 110 YC/I0BMSIM CTPOUTENLCTBA
rinana Cakkr-MetepGypra WCMIONL30BAHIS 11 OXPaHbl || V1 VIX 3ALLTY OT 3arpsaHenys 1 o TIOTI3EMHbIX 11 HA3EMHBIX
| WUCTOLLIEHNS AHTPOMOreHHbIX MPOLIeCCOB -
NN Cankr-MNetepbypra Ul Tpo po JR——

YpoBeHb TeppuTOpPUaNbLHOro nnaHmpoeanus (5D-MUM-TI)

CpenHemactutabHbie (1:5 000-1:2 000) Monem M. MHoroMepHoe MHbOPMALWOHHO-TEXHOMOTMHECKOE 0BECTIEYEHIE MIaHVPOBOYHBIX PELLEHMit (060CHOBaHIE

TeppUTOPUIA 30H pUCKa):
e
[1pOeKTOB M3biCKaHNM
MHOroBapaHTHOro VHBECTULIMOHHbIX P CTpaTerin KOHKpETHbIX MporHosa rmaporeonomye-
e NPE/TIOXEHMiA 1 3KCNepTU3 1 MOHTOPYHFOBbIX R —————— FTOTE AT
abTepHaTVBHIX PeleHIii KO Bl DaMKax LRI UCTOPUYECKOTO LIEHTPa CTPOUTENLCTBA C YHETOM
110 pacnonoxetuio HC TEPPITOPAM W KOHKDETHEDX | I KOHKDETHOIM TEpDUTODHAM cré TIOTONIEHYS 0GbEKTOB
06bEeKTOB 1 06beKTam

1

H VpOBeHb MH¢OpMaU‘MOHHO'TeXHOJ'lOrM‘IeCKorO B3aMMOAeﬁcTBMﬂ

U pasHomMacwTabHbix 5D-MUM-TN (NT, NP)

WHTEPaKTUBHBIA Y4ET PE3yNbTaToB TEKYLUVX M3bICKAHMIA, TEXHNKO-3KOHOMUYECKIX PACHETOB, YNPABNIEHYECKNX M COLMANbHBIX MPOrHO30B, &
TakKe pesynbTaToB CTPOUTENBCTBA W SKCMyaTaLm KOHKPETHBIX 0BBEKTOB (peanuaaLym npoekToB)

YpoBeHb NpoekTHbIX pewennii (5D-MUM-NP)

KpynHomacturabHble (1:500-1:200) Mopenm crpoermst M. MHoroMepHoe, MHOPMALMOHHO-TEXHOMOMMYECKOe 0BECTIeHeHme PEanu3aL KOHKPETHbIX MPOEKTHBIX
peLueHuit:

(Oka3aHust UHPOPMALWOHHBIX YCayr
Mpu NPOBEAEHUN UHXEHEPHBIX
M3bICKaHWIA 1 NPOEKTUPOBAHNS

MHC (koMMyHUKaLWiA)

obecrieyenie cicTem
CTIELM3NPOBAHHOIO,
MHOr0OypOBHEBOrO KapTiposarms 1

1
VHdopMaLMOHHO-TEXHONOMYECKoe

d

MHPOPMALIMOHHO-TEXHONOTMHECKOe 1
obecrieyenute cucTem
rmaporeoMexaHnu4eckoro u
Tre0pUNLTPALMOHHOTO MOLLEMPOBAHIS
|

WHpopMaLvOoHHO-TeXHONOMYe-
cKoe oBecrieyeHme akenepTi3
PETVIOHANIbHBIX W JIOKANIbHBIX
NPOeKToB ucnonbaosaus M

Knaccudukatop MHXeHepHO-reonoru-
4yeckoi nHpopmaumu. Ero HasHayeHne —
NOCTPOEHNE UHXEHEPHO-TE0N0rNYECKNX
anemeHToB (UIr3), aBnatoLumxcsa NpeaMeTHO-
OPWEHTMPOBAHHOI OCHOBOM Ag hopMu-
POBaHWSi KOMMNAEKCHON LieneBon QyHKLMK
(3D-Mr3), oTHOCKTENLHO KOTOPOI CTPOSTCA
reoTeXHNYECKNE MOAENN:

3D — WUra ={(.C/K.P). PC.O} T.N.

B durypHbie ckoOku 3aKIOYEH YHUKANbHbIA
nHaekc UM, dopmupyemslii Ha ocHose MC
FOCT 20522-2011. «[pyHTbI. MeTOAbI CTaTH-
CcTu4eckoit 06paboTkn pe3ynbTaToB UCMbITa-
HWi». Mocne ckoboK PacnonoxeH ToNonoru-
4ecKuii knaccudmkaTop, npeaHasHaueHHbIA



KAPTA —
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TEPPUTOPUM
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M0 YCNOBUSM
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OTTeHku 3eneHoro
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YCNOBYS (OTMETKM
KOTJIMHCKWX FIMH

0
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Tabnuya 2
Knaccuukaums mogeneii no ypoBHio MHGOPMaLMOHHOro obecneyeHnst 000CHOBaHUS MHOIOYPOBHEBbIX PeLIeHNi N CTOMMOCTb MCIONb3YeMOli
ANs 3TOro MHpopmayun
CKBAXWHbI, BCKPbIBLUVE CKBAXWHbI, BCKPbIBLUWE MPYHTHI BCE CKBAXWHbI [1YBUHOW BOJIEE
KOTJIMHCKUE MKHBbI JIKCKOW MOPEHHI 5 METPOB
YPOBEHb MPUHATASA PELLIEHUI YPOBEHb MPUHATISA PELLIEHNIA YPOBEHb MPUHATISA PELLIEHNI
TEPPUTOPWANBHOE MIAHUPOBAHUE MJAHUPOBAHWE TEPPUTOPUIA MPOEKTMPOBAHUE
MEKOMACLUTABHBIE MOZEN CPEOHEMACLLUTABHBIE MOLENTN KPYMHOMACLLTABHBIE MOLE/IU
M (1:25 000-1:10 000) M (1:5 000-1:2 000) (1:500-1:200)
Yucno ckBaxmH Konnyecteo Yucno ckaxmH PTTIE) Yucno ckaxmH RITESER,
1 PaccTosiHve Mexay MOTOHHBIX Crou- M PacCTORHME MeXLY | o e 008 Crou- W accTOsHUE MeXIy | | e 008 Croun-
HUMM METPOB MOCTb HUMM MOCTb HUMM MOCTb
Paccro- Ha Ha (py6.) Paccro- Ha (py6.) Paccro- Ha (pyb.)
2 2 2 2 2
At U sHue (M) 1ckB. | 1km? . sHue (M) 1 CKB. AV a sHe (M) 1 CKB. AU
90 105,4 37,17 | 3334 9000 386 50,9 28,5 11018 || 38600 653 39,1 19,32 [ 12616 65 300
AT L e 6 2 LIS 296 58,1 260 | 7684 | 29600 267 612 | 598 | 1598 | 26700
6onee BbICOKOr0 YpoBHs (pyo.)
C y4eToM 1CnoNb30BaHNs CKBAXMH MOfEse 23,3 -14.2 9,0 30,3 23,3 59,1 —56,4 69,0 87,3 59,1
60or1ee BbICOKOrO YPoBHS (%)
Tabmmya 3

®dopmuposaHue yenesoii pyHkuum (3D-Ur3) — kapTUpyemoro aneMeHTa reoTeXHU4eCKux Mogeneii

Crpaturpaduyeckuin knaccudukatop, 0TCTPanBaeMbIil Ha OCHOBE CTPATUrpaduyeCcKoro KOAeK-

Jlutonornyeckuii knaccudukatop, otcTpansaemsiin Ha ocHoe MC FOCT 25100-2011. «[pyHTbI.

Knaccundukatop MHXEHepHO-reoa0rMYeCKIX 3NIEMEHTOB, OTCTPauBaeMbii Ha ocHose MC FOCT

20522-2011. «[pyHTbI. MeTogpl cTatncTieckon 06paboTku pe3ynbTaToB UCTLITAHUIA»

Koa nHpekca, onucblBaroLwLero [Pa3Hble COBOKYMHOCTK C]JI/ISVIKO-MeXaHI/I"{eCKI/IX CBOMCTB I'PYHTOB,

Tononornyeckuin knaccudukatop, otcTpansaemblii B pamkax IT-RPB. YHukanbHbIA HoMep, onu-

YHKanbHBIV KO, OMMCLIBAIOLLMIA MHOFOCBSIBHOCTL U3 B Npesienax naoLLiaamn noCTPOeHs MOAENN

Kom, onuchIBaIOLLMIA MONOXEHUE Fe0NOTNYECKX 00bEKTOB BOMN3YM FpaHuLL TUNa «InH3a». Ang

1 r.c
ca Poccun (2006) B pamkax KOHLENLMW «eAUHCTBO cTpaturpadum»
1.1. r Koa rpynnbl cTpaToHa
1.2. C  Kog cnosi ctpatoHa
2 K.P.
Knaccudukavms»
2.1. K Kop knacca (rpynnbl) rpyHTOB
2.2. P Koa pasHoBMAHOCTY FPYHTOB
3. PC.O
3.1. PC  Kopn 0CHOBHOro CBOICTBA FPYHTa, 3aBUCALLMIA OT Knacca (Tuna) rpyHToB
3.2. 0 o
NpVHaANexalLx oAHOMY OCHOBHOMY CBOVCTBY
4 TN .
ChIBaIOLLMIA MHOrOCBSI3HOCTb WIS B Mpeaenax nnoLuaamn nocTpoeHns Moaeau
4.1. T
4.2. )l

BCEX [PYrUX TUMOB FPAHULL KOZ, «M0 yMONYaHMio» paBeH 1. ing «nH3» 112

NS MAEHTUMKALWN 1 NPOCTPAHCTBEHHOIO
OMMCaHNS HEONPELENEHHbIX, B PAMKax MA0CKNX
MOJENEN, rpaHunL.

®dopmuposanue ueneBoii GyHkuum (3D-
Ur3) — kapTupyemoro anemeHTa reoTexHu-
yeckux mogenei (tabn. 3)

MpeoOpasoBaHue nHpopmaumu. CTaH-
napTusaumns npopmauwv MNBJ. Moctpoexve
TPEXYPOBHEBBIX UHXEHEPHO-Fe0N0rMYECKNX
nacnoptos Tepputopuii (U'-MT). MocTpoeHune
knaccuukatopos ceasu mexay M. Accumm-
NFUMS NOCTPOEHHBIX AaHHbIX 1 3HaHUI B UTT.

1. YHuepukavLms pesynbTaTtoB MHXeHepHo-
reos1I0ry4eCKNX U3bICKaHMIA (APXVBHBIX 1 TEKYLLIWX)
B BYIE TPEXYPOBHEBLIX NACMOPTOB TEPPUTOPUIA

(Wr-NT), ceszbiBatowmx UM ¢ nHTEpBaNaMu
U3MEHEHMNS PUBVKO-MEXAHNYECKIX U1 re0dub-
TPaLMOHHBIX XaPaKTEPUCTUK IPYHTOB, KOHTPO-
JIMPYEMBIX MAOTHOCTBIO UCXOLHOM MHGOPMALAN
(macwwTab) n ypoBHEM €€ UCMOMb30BaHMS.

2. [pocTpaHCTBEHHas «yBA3Ka» YHUPULN-
[POBAHHOM MHGOPMALIMN, UMEIOLLLAS CBOEN
KOHEYHOW LENBIO CHATWE NPEAMETHbIX 1 TO-
MONOrM4ecKUX HEONPELENEeHHOCTEN B Onnca-
HUM pacnpepenenmns UM v nocnepyowemy
noctpoenuio 3D-MUM B npeaenax KOHKPETHBIX
00bEKTOB.

Ucnonb3oBanune uHpopmaumu. Mo-
CTPOEHME PA3HOYPOBEHHBIX CXEM MO YCIOBUSM
0CBOEHVWS Noa3emHoro npoctpaxctaa (COMM).

Accumunsaups COIMM B UTIM. Mepepaya COMM
LIS UICNONb30BaHMS 3aMHTEPECOBAHHBIM JINLIAM
1 OpraHu13aLmsm.

MpuHumMnuanbHaa no3uums. NogyepkHem
TOT aKT, 4TO NPK OTCYTCTBMM KNAacCMUKaTOpOB
CTaHOBUTCS HEBO3MOXHbLIM NpumeHeHve BIM-
TEXHONOMWIA, U3HaYanbHO TpebyloLLee NpoBeae-
HIE 3Tana yHUPUKaLmm BCex MHGOPMaLIMOHHBIX
MOTOKOB MO HAMPABIEHWSM 1 NPUBELEHNE UX K
€IMHOMY 3HaMeHaTento npy 060CHOBAHUM KOH-
KpeTHbIx MP. B npoT1BHOM Criyyae 3T1 NOTOKM
BbIMAAAIOT N3 €ANHOM0 MHGOPMALIMOHHOMO NONS
1 NPaKTUYECKM HE NCTIONB3YIOTCA.

3D-MUM. TpexypoBHeBble, NPOCTPaH-
CTBEHHbIE reoTeXHN4Yeckue Mogenu
(MH)XeHepHO-reonormyeckme Mogenu,
COBMeELLeHHbIe C LUpPOBLIMU MOZENSIMU
mecTHocTu (LUMM) n IMHC), nocTpoeHHble Ha
OCHOBE CTaHJB,apTU3NPOBAHHOI (HOHA0BOIA)
nHdopmaumu. NocTpoeHne Moaene npouc-
XOLUT B pamkax MHGOPMALWOHHO TEXHONOTN
CONPOBOXAEHUS U3bICKAHMIA, MPOEKTUPOBAHNS
n ctpontensctsa (IT-RPB) ¢ ncnonb3oBaHnem
BCEIA MCX0AHON MHbOopMaLn (CM. Tabn. 2).
Llenesas dyHkums 3D-UI3 otcTpavsaetcs
Ha OCHOBE 3NEKTPOHHbIX Tabauu, n UT-MT.
CoupanbHO-3KOHOMIYECKME MOLENN OTCTpaN-
BAIOTCS HA OCHOBE MEXMPEAMETHBIX Knaccudu-
KaTOPOB U FEOTEXHUYECKMX OLIEHOK.

WUcxopHas uidopmaums n s3Hanms. Co-
CTOUT 13 Tpex 00s3aTenbHbIx 610koB. CTaH-
JAPTU3MPOBAHHAS COLMabHO-3KOHOMMYECKas
1 UIHXEHEPHO-reonormyeckas nHdopmaums,
BKJI04as NPOCTPaHCTBEHHbIE Mozeny MHC n
LIMM. TpexypogHessie UI-MT n COMM.

Mpeo6pa3zoBaxue uidpopmanmu. OcyLiecT-
BJISIETCS HA OCHOBE TEXHONOMMM NPOCTPAHCTBEH-
HOro kapTupoBaHus (IT-RPB) komnnekcHoro
napametpa 3D-U3. Accumnaaums TpexypoBHe-

BbIX reoTexHmnyeckux mopenein B UTI.
MOA3EMHBIE TOPU30HTBI Ne2. Mionb/2014



WUcnonb3oBanue nidpopmaumn. OueHka
[OCTOBEPHOCTU V1 MONHOTBI CTAHAAPTU3NPO-
BaHHOM nHbopmauum MBI, npegHasHayeHHoM
D151 PELLEHNS KOHKPETHBIX MHOTOYPOBHEBBIX
3a/1a4; HarnsaHoe NPeACTaBNeHe NPOBEPEHHON
MHGOPMALIAV ANS KAYECTBEHHOTO 060CHOBaHWS!
PELLIEHUI, CBA3aHHBIX C PErvioHaIbHO OLLEHKO
ycnosuii ocsoeHus MM (ypoeHb TT1), oueHku
pasMepoB 30H pricka npm 0cBoeHnm 11 (ypoBeHb
[TT) 1 KOHKPETHBLIX MPOEKTHBIX peLLeHnii (MP).

MpuHUMNUManbHas NO3NLMS — ECNN MOAENb
CTPOSIT HE Fe0N0r B pamkax CneLmananpo-
BaHHbIX TEXHONOMMI, TO MOLESb HEBEPHA U HE
SIBNSIETCS re0Nornyeckum 00bEKTOM, PEKOMEH-
JYEMBIM [1191 UICMOMb30BaHMS B Fe0TEXHUYECKUX
pacyeTax 1 Moaensx 60/1ee BbICOKOTO YPOBHS.

4D-MWUM. YucneHHoe onucaHue co-
BMeCTHOM «paboTbi» MHC 1 reonoruyeckoi
cpepbl. [10CTpoeHne Mofeneit NPONCXoanT
Ha ocHoBe 3D-MMM B pamkax 3G eKTUBHOrO
nporpammHoro obecneyeHns (Hanpumep, FEM
models, 'K «[ e0peKoHCTPYKLMSI»),

UcxopHaa uidpopmaums n 3Hanus. Cocto-
WT 13 TPEX 06s13aTeNbHbIX ONI0KOB: TPEXYPOBHE-
Bble FE0TEXHUYECKWE MOAENMN, OTCTPOEHHBIE MO
3D-U3. MpaBuna aBTOMATNHECKOro Nepexoaa
K XapakTepucTKam rpyHToB Ha ocHose UI-MT.
Cuctema nHTEpPaKTBHOM cxeMaTusaumm (CUC)
reoTeXHUYECKMX YCTIOBUIA.

Mpeo6pa3zoBatne undopmaumu. Mpes-
BapuTe/bHas TPEXYPOBHEBAS CXeMaTn3aLms
reoTEXHNYECKIX YCNoBUiA Ha ocHose CUC.
CospnaHue Ha ocHose WI-MT TMNoBbIX UMUTa-
LIMOHHbIX Mogenen (TUM), npefHasHaYeHHbIX
AN5 NPOBEAEHUS BTOPOTrO 3Tana Cxematusasmm
re0TEXHUYECKVX YCNOBUIA. NUrHO3HOE MOSE-
NIMPOBAHVE B PaMKaXx TPETLErO 3Tana cxematu-
3aUnn re0TEXHNYECKUX YCIOBUIA. ACCUMUASLINS
MOZENbHbIX PeLLeHnii B UTTT.

Ucnonb3oBaHue nipopmaumu. OLeHka
[OCTOBEPHOCTU 1 NMOHOTbI FEOTEXHUYECKNX
MOZENEN, NpeAHa3HAYEHHbIX AN1S PELLEHNS KOH-
KPETHbIX MHOTOYPOBHEBbIX 33[1a4; HArNSAHOE
npescTaBneHne pesynsTaToB MOAENMPOBaHNS
DS KONMYECTBEHHOrO 060CHOBAHMS PELLEHUIA,
CBSI3aHHbIX C PErmoHabHOMN OLLEHKO YCIOBWIA
ocsoeHws M1 (yposeHb TI1), oLeHKn pa3amepos
30H pucka npu ocsoeHmm MM (yposeHs MT) n
KOHKPETHBIX MPOEKTHbIX peLueHnii (MP).

MpuHUMNnanbHas NO3MLMS — ECN FE0NOr
He Y4aCTBYIOT B CXeMaTH3aLyM YACHEHHbIX MOLE-
NEVi 1 OTCTPAHEHbI OT aHaNM3a UX PE3YNLTATOB, TO
K MOMy4eHHbIM Ha OCHOBE NoA06HOro MOAENM-
POBaHKS BbIBOAAM HEODX0AMMO OTHOCUTLCS MO
MEHBLLEN MEPE C HACTOPOXEHHOCTBIO U HE UC-
nosb30BaTh B MOAENSX Bonee BbICOKOro YPOBHSI.

5D-MUM. dopmupoBaHmne 1 KOHTPOJIb
TEXHUYECKUX U YNPaBNEHYECKMX PELLEHUIA.
lMocTpoeHne Moaenei NPOUCXOUT Ha OCHOBE
4D-MWM B pamkax MHOrOMEPHBIX NPEAMETHBIX 1
COLMabHO-3KOHOMUYECKMX MOLENEN, HArNAAHO

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

ONMCHIBAIOLLMX B3aMMOAEIACTBIE pasHo0bpas-
HbIX CTPATErMiA 0CBOEHNS MOA3EMHOIO NPOCTPaH-
CTBa W NOCNEACTBUIA NPUHSATUS KOHKPETHBIX MP.

UcxopHas nnpopmaums u 3Hanus. 06s-
3aTenbHble 610KkM: TPEXYpOBHEBas GOHA0BANA
nHdopmaums, npeactasneHHas B suae UM-MNT,
COIMM 1 (nan) NPOCTPAHCTBEHHBIX rE0TEX-
HUYECKUNX MOAEnNen (Ka4eCTBEHHbI YPOBEHb
0DOCHOBAHMS 1 KOHTPONS BbINONHEHWS MP) 1
(1nK) YNCNEHHBIX FEOTEXHUYECKWX MOSENEN
(KONMYECTBEHHBI YPOBEHb 060CHOBAHMS 1
KOHTPONS BbINOAHEHMS MP).

Mpeobpa3soBaHue nndpopmauum. He-
006x041Ma TpexypoBHeBast GunbTpaumst
nudopmaumm MBI ans obecneyeHns npuknag-
HbIx Mogenen (MM), npegHa3Ha4YeHHbIX A
000CHOBaHMS! 11 COMPOBOX/AEHNS KOMMIEKCHbIX
peLuennii (MM-KP) no ocsoenuio MM, accumu-
nauus NMM-KP 8 UTT.

WUcnonb3oBanue nidopmaumm. Heobxoam-
MO TPEXYPOBHEBOE Mcrosb3osaHme MM-KP ans
000CHOBaHWS 1 MHTEPAKTVMBHOO COMPOBOXAE-
HWS1 — CTPATErMYECKVX PELLIEHUI MO OCBOEHNIO
MM (ypoBeHb TIT), peLLeHmin o KOHKPETHBIM Tep-
puTopumsam (yposeHb [1T) 1 peLuennia no peanu-
3aLMM KOHKPETHBIX MPOekToB 0cBoeHwS MM (ypo-
BeHb [1P), IHPOPMALMOHHO-TEXHONOrNYECKOE
obecneyeHe Bzaumoaeinctaus MBI,

MpuHuMNUanbHaa No3numsa — ecnu
CMEeUVanuCTbl pasHbX NPUKNaaHbIX Hanpasne-
HWiA, UIHTErpUPOBaHHbIe B pamkax SD-MUM,

He UMEIOT TEXHOIOMMYECKOr0 A0CTYNa K (2-4)
D-MWM mopensm, paBHO Kak 1 Ha060poT, TO
pa3paboTaHHble Ha MX OCHOBE PELLEHUs MO
MEHbLLEN MEPE HE ONTUMabHbI 1 HE FOTOBbI K
peanu3auum B kayecTse 6a30BbIX M NpuKia-
HbIX CTpaTernit oceoeHus Mr1.

MpuHUMN B3aumopeincTens MHOromep-
HbIX MOAenen:

1. CneunannanpoBaHHble NOCTPOEHUS 1 pac-
YeThl OCYLLECTBAAIOTCS B pamkax paspaboTaH-
HbIX 4151 9TVX LIeNeii NPUKNaaHbIX TEXHONOM M.

2. Ux nHTerpauws (ysenuuerne abdekTus-
HOCTM MHDOPMALWOHHBIX MoZenei, GopMupo-
BaHME 1 KOHTPOJIb PA3HOYPOBEHHBIX PELLEHUI)
OCYLLECTBNIAETCA B Npefenax eanHon UTTI.

3. B ocHoBe npuHaTs MP nexat reotexHuye-
CKME MOZENM, KOHTPOAMPYIOLLME BLIOOP addek-
TUBHbIX COLMabHO-3KOHOMWUYECKMX NOAXOL0B.

MpeumywecTea npegnaraemoro nog-
xopa. PeanunayoTcs nnib Npu «CKBO3HOM>
MHOrOKPaTHOM, MHOrOQYHKLOHANEHOM
CNONL30BaHNN Pa3HOYPOBEHHLIX SD-MIAM B
pamkax CULL, HaunHas ¢ NpUHSTUS rpagocTpo-
UTENbHBIX W MAAHUPOBOYHBIX PELUEHWI 1 3a-
KaH41Bas NHGOPMALMOHHO-TEXHONOrMYECKIM
COMPOBOXAEHVEM CTPOUTENLCTBA U KCMyaTa-
LM KOHKPETHOrO 0BbekTa.

VHCTPYMEHT JOCTUXEHWS Lenn — nHdopma-
LIMOHHbIE MOZENN, OTCTPAMBAEMbIE B PAMKaX
naen BIM-TexHonorui, ncnonsb3yemoie JINP

WUCCNENOBAHUSA

MPW HENOCPEACTBEHHOM Y4aCTUM YAHOBHMKA,
MHBECTOPA, U3bICKATENs!, Fe0TEXHWKA, MPOEKTN-
POBLLMKA, CTPOUTENA.

ObPEKTMBHOCTL NCNONB30BaHMS MHDOPMa-
LIMOHHbBIX MOLIENe JOCTUraeTcs 3a CHET Kave-
CTBEHHOr0 NPOABUXEHMS MO TPEM OCHOBHBIM
HaNPaBNEHNAM:

1. iHBECTULIMOHHAS NPUBAEKATENBHOCTB.
MHorokpartHoe, MHOrOyPOBHEBOE UCMOJb30Ba-
HVE HEMPEPBIBHO MOMONHAEMbIX NPUKAAHBIX
6a3 JaHHbIX 1 3HAHWIA.

2. IH(popmaLMOHHas npusekaTesb-

HOCTb. HenpepbiBHOE MOMNOHEHME, KaK CaMUX
npuKknaaHbix 6a3 fLaHHbIX M 3HAHWIA, Tak 1
Knaccudukatopos X B3aUMOAENCTBUS, C
MCMONb30BAHNEM TEXHONOMUM aKTyanm3aumm
APXMBHBIX AaHHbIX 1 MONYYEHNS MHDOPMALWN
MO CTPOUTENLCTBY HOBbIX 06LEKTOB.

3. TexHonornyeckas npuBaeKkaTeabHOCTb.
AKLEHTMPOBAHHOE, 32 CYET UCMOMb30BaAHNS
npuHLMNa 0BpaTHOI CBS3W, UCMNONb30BaHME
MHGOOPMALMOHHBIX TEXHONOT I ANS Harns -
HOrO — KQ4€CTBEHHOTO W (1I1) NCYEPMLIBAIO-
LLEro — KOJMYECTBEHHOTO NPeLCTaBeHNs
MHOrOYPOBHEBO MHGOPMALIMK.

Mcnonb3oBaHne Moaenei B pamkax KoH-
KpeTHoro peruoHa (CaHkT-MeTepbypr) aaeT
BO3MOXHOCTb CO3[1aTb Pa3BMBaIOLLYIOCS, 3a
CYET NPUBNEYEHNS HOBBIX LAHHBIX MO KOHKPET-
HbIM 0ObekTaM MHGOPMALMOHHYIO cpeay SD-
MWM-TI (AT, MNP), n03BONAIOLLYIO KOMNIEKCHO
peLaTtb Npo6aeMbl 0CBOEHUS M OXPaHbl NOA-
3eMHOr0 NPOCTPaHCTBA.

OCHOBHbBIMW MHCTPYMEHTAMM peann3auum Men-
kO— 1 cpeaHeMacLUTabHbIX MOAENEV SBNSIOTCS:

1. TnaporeomexaHn4eckoe MoaeapoBaHme.
Vicnonb3yeTcs as OLEHKN MHTEHCUBHOCTH
B3aVMOBIINSIHWAS CTPOMTENLCTBA U 3KCMyaTa-
LM MPOEKTUPYEMBIX 0BBEKTOB M BAM3NEXALLX
MMHC, a Takxe Apyrux NPUPOLHBIX 1 TEXHOTEH-
HbIX PaKTOPOB C NepefaYeit 3TUX Pe3yNbTaToB
Ha ypoBeHb 5D-MUM.

2. Creumann3npoBaHHOE KapTUPOBaHME.
Mcnnb3yetcsa ans npeacTaBaeHns MogenbHo
nHbOpPMaLMKM B BUAE KOMMEKCHBIX, Ha-
FASAHBIX MAOCKUX M NPOCTPAHCTBEHHBIX KapT
(cxem), OMUCLIBAIOLLYX YCIIOBMS M3YYEHMS 1
OCBOEHWS NOA3EMHOr0 NPOCTPAHCTBA C Y4ETOM
re0TEXHNYECKUX, COLUANBHBIX M TEXHWKO-
3KOHOMMYECKMX OLLEHOK.

3. UmutaumorHoe mogenvposarme. c-
nob3yeTcsa Ans 060CHOBaHNS YCNOBWIA Npu-
MEHEHMUS1 COBPEMEHHBIX TEXHOOTMI N3Y4eHUs
1 0cBoeHms NI Ha 0CHOBE MHOTOBAPUAHTHOrO,
MHOrOQaKkTOPHOr0 (Fre0TEXHNYECKO., CoLanb-
HOE ¥ TEXHUKO-3KOHOMMYECKOE) PaCCMOTpE-
HWS KOHKPETHbIX NPeNoxXeHuii 6e3 yiepda
L5 CoLMyMa M Npy MUHUMW3aLMN TEXHUKO-
9KOHOMWYECKUX OLLEHOK.

OueHka cywiecTylowwen CUTyaLum.

Ha cerogHsLwHniA aeHb ANns co34aHNs
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MHPOPMALOHHO-TEXHONOMMYECKON OCHOBbI
PELLEHMS NEPEYNCNIEHHBIX 3aa4 3aKa3uvkaMm 1
MCMOAHUTENSM 3TUX PaBoT MOTyT BbITb NPELCTaB-
NEHbI TOTBKO PACTPOBbIE, B AYYLLEM Cryyae Lnd-
POBbIE KOMWM He YHUPULMPOBAHHBIX PA3Pe30B
CKBAXVH 1 pe3ynbTaThl GU3NKO-MEXaHNYECKOrO
0npo6oBaHms rPYHTOB. ECTECTBEHHO, 3TN iaHHbIe
He CBeAEHbI BOEAUHO 1 NO3TOMY He MOTyT ObITb
MPELCTaBNEHb! B BUALE FEOTEXHNYECKNX MOAENEN,
a CNefoBaTenbHO, CNYXMTb OCHOBOW MHOO-
MepPHbIX Moaeneit. CyLLEeCTBYIOT ABE NPUYMHDI
KOHCEpBaLWK 3TOM CUTyaLmm.

MepBas o4eBnaHa. KT0 4OMKEH 3aHMATb-
€S NpefBapuTenbHBIM CO34aHNEM MESNKO- 1
cpegHemacLuTabHbIX MOAENei B pamkax 1Hee-
CTULMOHHO NPUBAEKATENBHBIX NPOEKTOB? ECnn
OPUEHTVUPOBATLCA Ha 3aTpaThl, HEOOXOAUMbIE
A5 CO3[aHMs MEeNKO- U CpeaHeMacLuTabHbIx
MoJeneit, To 0TBET o4eBMUAeH: «HukTo!» 3auem
9T0 MHBECTOPAM U CTPOUTENSIM [N1S1 BbIMOSHE-

CroumocTs noctpoerns 3D-MUM-TT1

(TT) ansg oaHOro KBaAPATHOrO KUIOMETPA
cocTasnsiet noytv 8 miH pybneit. [ns
nnowaam, oxsayeHHo OAO «JleHmeTpo-
TUMPOTPAHC» MO NEPCEKTUBHYIO CXEMY
pa3sutysa meTponomteHa — 600 kv2,
10CTPOEHUE NoA06HOI Moaem oboiaeTcs
yxe 6onee 4em B 5 Mapa pyonei.

HWS UX Pa3oBbIx paboT? MpaBMTENbLCTBY ropoaa
LNS rPagoCTPOUTENBHON AeSTENbHOCTM Takne
MOAENM HYXHbI B OArOCPOYHOM NEPCNeKTBe,
HO Y HETO HET HYI IEHET, HU CNELMANNCTOB, HMU,
Ha HaCTOSILLMIA MOMEHT, MOHMMaHWS Heobxoau-
MOCTW UX CO3LaHNS.

Bropas 6aHanbHa. B npenenax nencTeyio-
L HOPMATMBHOMN Ga3bl U3biCKaTenb 3a-

LieHa meTpa bypeHusi ¢ 0rnpoboBaHNEM
rpyHTa COCTaBNSET 4 ThiC. Pybneit, a cTon-
MOCTb MC0/1Ib30BaHNS aPXUBHOM MHPOP-
MaLm Ha nopsaok meHbLue — 500-600
Dpyoneii Ha 0AnH NOroHHkIA MeTp. Mon
3TOM BCE CMETbI HA U3bICKAHWS PACCYNTbI-
BalOTCS OT 00bEMOB BYPEHMSI.

MHTEepPecoBaH B GYPEHMM BCE HOBBIX 1 HOBbIX
CKBaXWH. Takum 06pa3oM, 3T HEBLIFOAHO 1
N3bICKATENSM.

KayecTBeHHOEe U3MeHeHne UHBECTULIMOH-
HOI1 NpuBReKaTeNbHOCTU. CuTyaums NpuHLM-
MaNBLHO MEHSIETCS, ECAIN HE NO3ULIMOHMPOBATbL
3D-MWM B kayecTBe BaXHOr0, HO KOHEYHOro
MPOAYKTA, & PACCMaTPUBATL FEOTEXHNYECKMNE
MOAENM KaK NepBbii Wwar aas MHOroakTopHOro
000CHOBaHMS! ONTUMabHbIX IPAOCTPOUTESNb-

HbIX 1 NNAHNPOBOYHBIX PELLEHNIA HA OCHOBE 5D-
MWM. Ins npakTu4eckon peanmaaLmnm Takomn
BO3MOXHOCTM HEOOXOMMO CO3AaHME CreL-
anbHoi cTpykTypel (LLEHTP), rnaBHoi 3apayei
KOTOPOW SIBNISIETCS MOCTPOEHNE UHDOPMALIMOH-
HbIX MOZENEN, C NOCNeayoLLMM NpeaCcTaBne-

Wcnonb3oBaHue pa3paboTaHHo Hamu IT-
RPB B pamkax LIEHTPa no3BosiseT MHOro-
KPaTHO CHU3WUTb NEPBOHAYA/bHbIE 3aTPATHI
Ha co3aaHue 3D-MUM-IP ¢ 1,4 mapg Ao
25 mniH pybneit, 3D-MUM-TIP, — ¢ 4,7 mnpa
210 50 M+ pybneii. Y Bce 310 npu cokpa-
LLieHm cpoKoB pa3pabotku ¢ 15-20 net fo
2 7ieT.

HVEM Pe3ynbTaToB KOMUTETAM NPABMTENLCTBA,
OTBEYAIOLLMX 33 MPUHATWE FPajOCTPONTENb-
HbIX M MPUPOLOOXPAHHBIX PELLEHNIA, @ TaKKe
JINP pnsa peanu3aLmm KOHKPETHLIX MPOEKTOB
ocsoenus M. Mony4aemast npy 3TOM HOBas
nHdopmaumsa accummunupyetcs LLEEHTPom,
Crnoco6CTBYS NOBbILLEHMIO 3QHEKTUBHOCTY
JanbHeNLWero 1cnoab30BaHNS MOCTPOEHHBIX
mogenei. Mpv aTom yaaeTes:

1) 3a CYET MHOrOKPATHOr0, MHOTOLIENIEBOrO
CNOMb30BaHNA CO3AAHHLIX MOLENEN CAenaTh
3Tan yx NOCTPOEHUS MHBECTULMOHHO NpuBe-
KaTeNbHbIM;

2) 32 CYET HENPEPLIBHOrO HAaKOMEHNS HOBbIX
JAHHbIX V1 IETANN3aLMM MOLENEN MHOTOKPATHO
CHW3WTb CTOMMOCTb PELLEHMNS KOHKPETHBIX 3a-
[a4 MPY OAHOBPEMEHHOM YBEJIMYEHNN Ka4eCTBa
NPeLCTaBASEMbIX YCAYT, YTO AENaeT UHBECTH-
LIMOHHO NPUBAEKATENBHBIM YXE CaMO UCNOb-
30BaHME KOMMEKCHBIX MOAENEN.

MUM-MP. OcHoBHOI NpUHLMN. M3bicKa-
HWSl HA KOHKPETHOM 0ObEKTE HAYMHAIOTCS He
Ha MyCTOM MECTE W1 HE 3aKaHYMBAIOTCS Er0
BBOAOM B 3KcnyaTaupio. B ocHose npoekTa
U3bICKAHWIA IeXaT re0TeXHNYECKME MOAENN,
TEXHWKO-3KOHOMMYECKME HapaBoTKM N0 OCHOB-
HbIM CXEMaM W3bICKaHWiA, MPOEKTUPOBAHMS 1
CTPOUTENLCTBA, @ TakKe OLEHKM COLWanbHbIX NO-
CNEACTBUIA pean13aLLv aHanorM4HbIX MPOEKTOB.
MonyyeHHble Ha JaHHOM 3Tare HOBble, MHOrO-
MEPHbIE MCXOLHbIE AAHHBIE aKTyanu3npyioTCs B
pamKax Mefiko- 1 cpeaHeMaclLTabHbIX MoaEenei.
[pw 3TOM He TOMbKO yBeNNIMBaeTCs ahdeKTB-
HOCTb PELLEHMS 3a[a4 rPafoCTPOUTENBHOMO
W NAAHWPOBOYHOTO YPOBHS, HO 1 CO3AAETCS
MHGOPMALMOHHO-TEXHONOMYECKIA 6a3nc ans
nepeBoza Ha HOBbIN KAYECTBEHHbIN YPOBEHD pea-
JI3ALMIO MOCAEAYHIOLLMX MPOEKTHBIX PELLEHWIA.

KpynHomaclutabHble MOLenn — UHCTPYMEHT
MHOrO(aKTOPHOTO (FrE0TEXHUYECKOr0, TEXHUKO-
3KOHOMWYECKOTO, COLMANbHOMO — UMEHHO B
TakoM NopsiZIKe Mo 3HA4MMOCTH) 060CHOBaHNS
MPOEKTOB U3bICKAHWI 1 MOHUTOPWHIOBbIX
uccnenosanuii. MocnenyioLlero oneparms-

HOTO KOHTPOJIS KAYECTBA WX BbINOHEHMS U
NPEeACTaBIEHNS MaTepUanoB ais CKBO3HOro
MPOEKTNPOBAHMS, C Y4ETOM B3aUMOBANSHNS
CTPOWTENLCTBA M 3KCnyaTauun obbekTa ¢
«Gnuxaniummmn» MHC, onTMmusaumm 3aTpat u
HeraTMBHbIX COLMaNbHbIX NOcNeacTBuiA. OHu
MCNOMb3YIOTCS B NATU OCHOBHBIX HANPABIEHUSIX:
1. O60CHOBaHMe N3bicKaHA, COLMANBbHbIX
Y TEXHUKO-3KOHOMUHYECKUX NCCNEA0BAHNI
(pacLumperHsie nabickaHus — PU) no KoH-
KpeTHbIM 00bekTaM. PU nnaHMpytoTcs He ¢
«4NCTOr0 JIMCTa», Kak 3TO CEnYac NPoMCxoauT, a
Ha OCHOBE MEJKO- M cpeaHeMacLUTabHbIX Moae-

Or1cyTCTBME MHOTOMEPHBIX, Pa3HOMAC-
LUTABHbIX MOZENEN MPUBOANT K TOMY, YTO
PY oka3biBaloTCs €1abo yBs3aHHbIMM Kak C
aPXVBHON UHOPMALMEN N0 PalioHy 1 ee
MHOrOMEPHbIM MOZE/bHbIM MPEeACTaBIe-
HUEM, TaK 1 C HE0OXOAUMOCTHIO BbISBNIEHUS
MOTEHUMABHO OMACHbIX FEOTEXHNYECKUX,
TEXHUKO-3KOHOMUYECKIX 1 COLMAITBHBIX
akTopos. PakTopOB, ONPEAENSIOLLMX CO-
6014, ewe Ao ctaguv PY, BLIOOP NpuHLM-
MnanbHbIX YrPaBAEHYECKUX Y MHXEHEPHBIX
PELLEHUIR 110 ONTUMAsIbLHOMY, KOMIIEKCHO-
MY MC0/1b30BAHMIO 1 OXPaHE MOA3EMHOr0
MpOCTPaHCTBa.

nei, fAOWMX BOSMOXHOCTb KONIMYECTBEHHO
OLEHNTb VX MNoLLaab, rybuHy, LeTanbHOCTb U
HaNPaBNIEHHOCTb (TEXHUKO-3KOHOMUYECKYIO 1
coumManbHyto), NpeacTasue aTn Matepuassl JINP
B BME MHOrO(aKTOPHbIX KAPT M3Y4EHHOCTU
MPUMEHUTENBHO K YCIOBMSIM CTPOUTENLCTBA 1
aKcnyaTaumm KOHKPETHOro 0ObekTa.

2. [posesexve, nHTEpnpeTaums v npea-
craBneHve pesynbtatoB PU. Mogenv npeaHa-
3Ha4eHb! [J19 0nepaTuBHOIoO KOHTPOJIS Ka4eCTBa
PU, ¢ y4eTOM BO3MOXHOI0 B3aVMOB/INSIHUS
CTPOUTENbCTBA M SKCrTyaTaumn 0bbekTa ¢ «0m-
Xavwmmn» [THC. BHeceHus1, eCnm 310 OKaXeTCst
HeOBXOAMMBIM, KOPPEKTHB B X MPOBELAEHME,
HaNPaBEHHbIX HA AETANN3ALMIO PAHEE aCCUMU-
JIMPOBAHHbIX B MHOFOMEPHBIX MOZENSX 1 BHOBb
BbIIBNIEHHBIX B Mpouecce PU 0CAOXHSIOLLMX
reoTexHMYeckunx GakTopoB, a TakKe HeraTve-
HbIX TEXHWKO-3KOHOMMYECKWX W COLMANbHBIX
TEHOEHUWIA.

3. ConpoBoxzaeHne paboT Ha CTaausX npo-
EKTUPOBAHWS, CTPOUTENLCTBA U IKCTTyaTaLmm
06bekToB (Cl1C3). OcHoBHas 3aaaya; MUHUMU-
3aums BO3MOXHbIX MOTEPb 32 CYET NPOSIBNEHNS
FEOTEXHNYECKUX, TEXHUKO-3KOHOMMYECKIIX 1
coumanbHblx GakTopoB, HEAOCTATOYHO N3YYEH-
HbIX Ha CTaaWaX CTaHAAPTHBIX U3bICKAHWUIA, HO
KOMMYECTBEHHO [ETANIM3NPYEMBIX 3aTEM B
pamkax PY 1 CTC3, npoBeseHne KOTOPbIX BO3-
MO>XHO TOJIbKO Ha OCHOBE NOCTOSIHHO 0BHOBNSIE-
MbIX MHOTOMEPHBIX MOZENEN.

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



4. VHopmaLmoHHO-TeXHOMor4eckoe obecre-
yeHme akenepT3. OCHOBHAs 3a0a4a: OnepaTBHO
NnpeancTaBuUTb KONNYECTBEHHbIE N HArNaaHbIE

3KCrepTsl 0Ka3bIBAIOTCS «OTOPBAHHBIMMY
OT 0repaTvBHO rpeacTasaeHHo 5D-MUM
MHOr0ypOBHEBOU MHPOPMALMN 110 OOBLEKTY
(MPOEKTY), 4T0 BbIHYXAAET UX b0 00-
paTUTLCS K CBOEMY ObITY M AEVCTBOBATH 10
aHanorvm, mbo, 3aTpeb0BaB HEOBXOANMYIO
MHPOPMALMIO, MHULMMPOBATL SOPOrOCTOS -
LiMe [OMONHUTENbHBIE UCCaeR0BaHms. Kak
nepBoe, Tak 1 BTOPOE YBENIUBAET BPEMS 1
CHUXaET Ka4yeCTBO MIHCTUTYTa aKCnepTa.

Mo oueHkam HON3a, npeacTaBneHHbIM B
[MpaButenbcTBo PP, pbIHOK 9KCMEPTU3bI B
n3bickaHusx gocturaet 80 mapz pyonei
B rog. [Totepu 0T HEKOHANLIMOHHOCTY UC-
10/1b3YEMOV PV 3TOM MHPOPMAELMOHHO-
TEXHOJIOrN4eCcKoi 6asbl Kak MUHMMYM He
MEHbLLE, a C y4ETOM OTCYTCTBUS TEXHUKO-
SKOHOMUHYECKINX 1 COLMAITBHBIX OLIEHOK U
3HAYNTENIbHO BOIbLLIE STOM LINPPHI.

VHTEPNPETaLMM MHOrOMEPHBIX MOAENEN, CyLLe-
CTBEHHO YMEHbLLAs BPEMSI VX MOCNEAYIOLLETO
paccmoTpeHwst. PakT, 4To peanuaaumsi MHOTUX
MPOEKTOB 3aEPXMBAETCS HA AINTENBHBIE CPOKM
TOMbKO W13-32 HEBO3MOXHOCTY ONepaTuBHOro
MOyYeHNs 3aKto4eHuii Tpebyemoro Ka4ecTsa.
[Mpw 3TOM NOTEPM MHBECTOPA MHOTOKPATHO Npe-
BbILLIAIOT BCE PACX0Abl HA MOCTPOEHNE MHOT0-
MEPHbIX MOAENENA.

5. MHpopmaLmoHHo-TexHo0rnyeckoe obe-
crieqeHme 6a30BbIX /15 PErVIOHA CPeaHe- 1
MenkomacLuTabHbIx Mogenei. HenpepbiHas
accummnaums nHdopmaumm Moaeneii 3Toro

PesynbTatsbl n3biCKaHyi IPOXOAST MPOBEPKY

B KOHTPOJIMPYIOLLEM OPraHe 1 nepesaoTcs B
(OHAbI TEPPUTOPUAITEHBIX U3bICKaHMIA. HaLlm
OLIEHKY 1OKa3bIBaIOT, 4T0 itk 15-20% atoii
MHGOPMaLY ObINIO CO/Ib30BAHO B AASbHEN-
Lem, npu4em 6onee 95% nuiLib B Ka4ecTe
CrpaBo4HON MHpopMaLm, 6e3 0000LLEeHNs

B BU/1€ KOMITJIEKCHbIX MOZAENEV N0A3EMHOr0
MPOCTPaHCTBA. EC/M MOMHUTb, 4T0 3TO MOPSAKa
90 ckBaxuH Ha 1 KM?, BCKDBIBLLIVX KOT/IMHCKIE
(kembpuiickne) rivHbl, v nouTy 400 CKBaXH —
TPYHTbI JTyXXCKOV MOPEHEI, M0A00Has «pac-
TOYUTESILHOCTb» HEYMECTHA. B laHHbIE pac-
CYXOEHMSI HE BKITIOHEHbI COLMATbHBIE MOLEM 1
TEXHWKO-3KOHOMWYECKINE OLIEHKN, CABATAOLLME
MPUBEAEHHBIE BbILLIE BbIBO/IbI B CTOPOHY MX
YXYALLIEHNS.

yposHs, PU n CMNC3 B 5D-MUM-MP, umeet
CBOEW LeNblo kak yenunieHue ahdekTMBHOCTM
VX MPEAMETHOrO CMO/b30BaHNS A5 PELLEHMS

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

3324 NPOEKTHOTO YPOBHS HA KOHKPETHOM 00b-
eKTe, Tak 1 CTUMYAMPOBaHMe pocTa uHdopma-
LIMOHHOA HACbILLEHHOCTY 6a30BbIX A5 PETVMOHA
5D -MUM-TI (NT) — 3a cyeT accummnsaumm

B HUX AaHHbIX 5D -MUM-TP. MNMocnepHee
fIBNSETCA HE0OX0AMMBIM YCNIOBMEM CO3aa-

HWSI CUCTEM PA3HOYPOBEHHBIX, MHOTOMEPHBIX
MOZENeNn, NpeaHa3HaYeHHbIX 415 HENPEPbIB-
HOr0 MHPOPMALIMOHHO-TEXHONOTNYECKOrO
000CHOBaHWsI OCBOEHWS M OXPaHbl NOA3EMHOT0
NPOCTPAHCTBA KOHKPETHOr0 PErnoHa.

MHoromepHble MOAENN, NOCNEA0BATENBHO
reHepupyemble Ha ocHoBe IT-RPB B
5D -MUM-TI (NT, MP), ncnons3yioTcs B 4eThl-
PEX OCHOBHbIX HAaMpPaBNEHUSIX:

1. OueHka ycnoBuii 0CBOEHMS MOA3EMHOI0
npocTpaHcTBa. [JocTUraeTcs 3a CYeT Harnsa-
HOM TPEXMEPHOI BU3yanu3aLun Mogenei, no-
3gonsioLLe npeacTasutb JINP npuHumMnuans-
HYIO (Ka4eCTBEHHYIO) OLIEHKY FEOTEXHUYECKIMX
YCNOBUIA OCBOEHWS NOA3EMHOI0 NPOCTPAHCTBA.
HarnsaHble BU3yanmaauum no3BonsioT «0TCeYb»
Hepeanuayemble NPELNOXEHUS, COCPEAOTOYMB
PECYPChI HA MPOABWXEHUE TEX, KOTOPbIE «BMU-
CbIBAIOTCA» B HArNsAHO npeacTasnexHHyto JINP
FEOTEXHUYECKYIO CUTYaLMIO.

®dopma npeacTasnenus. ocTpoeHHbIe B
pamkax IT-RPB komnnekcHbie 3D-MUM nepe-
[Al0TCS B CPEAY MOAENMPOBAHNS, UCNOMb-
3yemylo reotexHukamu. [locne nposegeHus
MPOTHO3HBIX W IMUTALMOHHBIX PACYETOB WX
pesynbTartsl KOHBEPTUpYtoTCs B UTTT.

2. CoumasbHas n 9KOHOMUYeCKas OLeHKa
YCJ10BUI OCBOEHUS TOA3EMHOI0 MPOCTPAHCTBA.
B pamkax atoro HanpasneHus B 5D-MUM,
aACCUMUINPYETCS CPEefia HenpepbLIBHOW reHe-
pauum COLMaNbHBIX 1 TEXHUKO-3KOHOMMYECKIX
OLEHOK. VX HarnsaHas B13dyanmsauys B
pexume peanbHOro BPEMEHM NO3BONSET
L,00aBNTb K CreumanbHbIM oLeHkam addek-
TMBHOCTM BbIOPaHHBIX PELLEHNIA, COLMaNbHO-
9KOHOMWYECKIME NOKa3aTeN, MPUHLMMUAIBHO
ynydwas ans JINP ycnosus conoctasnexums
aNbTEPHATUBHbIX BAPVAHTOB.

®opma npeacTaBneHus. NocTpoeH-

Hble 5SD-MUM «ycunnBaioTcsi» TEXHUKO-
SKOHOMWYECKMMM OLLEHKAMM, HEMOCPEACTBEH-
HOe 1cnons3osanve npoussogutes JINP 8 UTT.

3. OueHka ycnoBuii BHEAPEHNS] COBPEMEHHBIX
TEXHOMIOMNIA U3YYEHWS], NPOEKTVPOBAHUS U CTPO-
uTenbeTBa. JoCTUraeTcs 3a CHET NOCTPOEHUS Ha
ocHoBe 4D-MWM v nocnepytoLLero 1cnonb3osa-
HUS IMUTaUMOHHBIX Mogenen (M) —
HarnsaHOr0 UHCTPYMEHTA YACIEHHOW, MHOIO-
BaPWAHTHOW Ka4€CTBEHHOW 1 KOMMYECTBEHHOM
OLEHKM YCNOBUIA NPUMEHEHNS| COBPEMEHHBIX
TEXHOOMNIA N3YYEHMS], NPOEKTUPOBAHMS W
CTPOUTENLCTBA, 3aMEHSIOLLEr0 JOPOrOCTOSLLME,
€0MHOMOMEHTHbIE HAaTyPHbIE 3KCMEPUMEHTBI.

®opma npepcrasnenus. MoCTpoeHHbIE B
pamkax IT-RPB v KOHBEPTUPOBaHHBIE B KOHKPET-
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HYI0 Cpey MMUTaLMOHHOrO MOLENMPOBAHNS,
komnnekcHble 3D-MUM, no cyLiecTsy, SBAsOTCS
€0MHbIM MEXaHWU3MOM npeamMeTHoN (4D-MUM) n
COLWMANBbHO-3KOHOMMYECKOI (5D-MUM) ougHKm
aNIbTEPHATUBHbIX N3bICKATENLCKMX, MPOEKTHBIX 1
CTPOMTENBHBIX PELLEHNI B PaMKax KOHKPETHOM
reoTEXHNYECKOI cuTyaumn. 310 nossonset JINP
MHOrodakTopHO NPOCYMTaTh NOCNEACTBYS TOrO
VNI VIHOTO AEVACTBMS, BbIOpaB HaunyyLlee 13

HUX He «BOODLLE», @ MPUMEHUTENBHO K KOHKPET-
HbIM YCNIOBMSIM, BbISIBNIEHHLIM MO PE3yNbTaTam
U3bICKAHWIA 1 JAHHBIM VX COLMANBHOMO W TEXHWKO-
3KOHOMWYECKOr0 aHam3a.

4. KomnnexcHasi oLeHka ka4yecTsa n3bicka-
HWIA, MPOEKTUPOBAHNS U CTPOUTENLCTBE. [l0-
CTUraeTcs 3a CHET 1cnonbaosanus SD-MVM B
KaYecTBE MHPOPMALMOHHO-TEXHONOMYECKOTO
nacnopTa 06bekTa, CPaBHEHME C KOTOPbIM
pe3ynbTaToB No HOJbLLLIOMY YACHTY HE3aBUCUMbIX
NPEAMETHBIX, COLMaIbHbIX M SKOHOMMYECKX
KPUTEPUEB MO3BONSET OLEHUTH UX 3D PEKTMB-
HOCTb 191 PELLEHNS KOHKPETHbIX 3a4au.

®opma npeacrasnenus. MocTpoeHHbIE
B pamkax IT-RPB v kOHBEPTUPOBaHHLIE B
KOHKPETHbIE CPeabl UMUTALWMOHHOrO MOAENN-
poBaHus komnnekcHble 4D-MUM sensioTcs
WHCTPYMEHTOM MPOBEPKU Ha [IOCTOBEPHOCTb,
MONHOTY 1 HENPOTMBOPEYNBOCTb PE3Y/LTATOB
13bICKAHWI, NPOEKTUPOBAHMS U CTPOUTENLCTBA.
lMpOBEPKM HE B «MPUHLMMNE», @ TPUMEHUTEb-
HO K BOBMOXHOCTW PELIEHNS HA UX OCHOBE
KOHKPETHBbIX 3a4a4, B YCAOBWSAX BbISBNIEHHON
No pe3ynbTaTam U3blCKaHWi, re0TEXHNYECKOM
CUTYaLMM 1 MONYYEHHBIX MO HAM COLMANBbHbIX 1
TEXHWKO-3KOHOMUYECKMX OLLEHOK.

Y10 HYXHO coenatb, 4TOObI BCe 3TO 3apa-
6otano? OTBET MPOCT: BCE TO, YTO U3biCKaTE-
71, MPOEKTVUPOBLLVKM U CTPOUTENMN AENav paHee
B CBOEI NPaKTUYECKON AesTeNbHOCTU. EnH-
CTBEHHOE, BCE 3TO HYXXHO KnaccubuumposaTb
M0 HaMPaBAEHNSM, OMNCaTb B BUAE MOAESbHBIX
MPEACTABNEHNIA, KOHBEPTMPOBAB WX B KOHKPET-
Hble Cpebl MPOEKTUPOBAHMS, MOLENMPOBAHMS,
COLbHBIX 11 TEXHNKO-3KOHOMWYECKMX pacye-
TOB, CO311aB KOM(DOPTHLIE YCIOBUS /15 COBMECT-
HOI paboTbl M3bicKaTenei, reoTexHikos v JIMP.
Ipn 3TOM Haf0 YETKO MOHUMATb, 415 TOFO YTOObI
YTO-TO CTPOUTb, HEOBXOAMMO Kak MUHUMYM
KnaccuuLmpoBaTh NCXOAHYI0 MHGOPMALWMIO.
Henb3s NpocTo «B3STh» Y re0NoroB AaHHbIe, «OT-
pUCOBAaTbL» «“MOAENM NOA3EMHOIO NPOCTPAHCTBA»
1 B0 «MOCTPOUTL» HA WX OCHOBE KOHKPETHBIE
MHC, n16o «060CHOBATbL KOHLIEMLKD» OCBOEHMS
MoA3EMHOr0 NPOCTpaHCTBa. Ecm KopoTKo — mo-
CTPOEHHbIE TakuM 06pa3oM «MOAENMN», HE UMEIOT
HWKaKOr0 OTHOLLEHMS K MOZENSIM FE0NOrMYECKNX
006bekToB. [pK TakoM NOAX0AE Mbl HEYMOK-

MO MEPEaEM K «BECENbIM KapTUHKaM», KOraa
dopma NpeLCcTaBNeHNs pesynbTaToB NpK3BaHa
CKPbITb HEYCTPAHUMbIE HEAOCTATKN U3bICKAHWI 1
VX MHTEPNPETaLMM.
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Most of tunnels both
existing and those under
construction are exposed to
groundwater impact, so any
of design required joints can
cause water penetration,
affect constructability and
increase construction time.
Minimizing the number of
joints until their complete
elimination remains a
relevant problem to be
solved by engineering
community. The paper
presents a simple analytical
model that allows to define
and calculate a required
distance between expansion
joints of underground tunnel
sections.

PACHETHOE

OBOCHOBAHMUE
PACCTOSIHWS MEXAY
TEMMEPATYPHBIMU LLIBAMY

B MOHOJIUTHBIX XENIE3OBETOHHbIX
TOHHE/SIX

LLIBbI B MOHOJIUTHBIX XXE1€300€ TOHHbIX KOHCTPYKLMSX TOHHE el N0 cBoeMy yHK-
LIMOHaIbHOMY Ha3HaYeHUI0 fensTca Ha paboyne, TemnepaTypHbie U ycafoyHble.
B xoge npou3soacTea paboT no 6eTOHMPOBaHUIO KOHCTPYKLIMU HENPePbIBHO YKNa-
AbIBaTb OETOHHYIO CMECh KpaiiHe 3aTPyAHUTE/IbHO, MOTOMY AJ19 BO3MOXHOCTH
0CTaHOBKM NPOL,ECcCca v MocneayioLero ero Bo306HoBeHus TpebyeTcs opraHu-
3auus paboyunx WwBeoB. Bcnegcrene HepaBHOMEPHON ycaaKku 6eToHa NN U3MEHS -
IoLerocs TemneparypHoro Bo34eicTBus Xene300eTOHHAask KOHCTPYKLUS TOHHENS
noaBsepraeTcsl CTeCHEeHHbIM 00beMHbIM AedopMaLnsaM, B Pe3y/IbTaTe Yero B Heil
BO3HUKAIOT fOMNOJIHNTEJIbHbIE BHYTPEHHUE Hanps)XeHusl, KOTOPble MOryT ObITb
YYTEHbI B pacyeTe /IGO0 yMeHbLLEHbI NOCPEeACTBOM YyCTPOMCTBA TeMnepaTypHo-
yCago4HOro Wea. bosbLNHCTBO CYLLECTBYIOLMX U CTPOSALLUXCS TOHHENe Noa-
BepraioTcs Bo34eiCTBUIO rPYHTOBbIX BOA, N03TOMY JIH000¥ LLIOB B KOHCTPYKLNN
SB/II€TCSA NOTEeHLNaIbHbIM UCTOYHUKOM BOZOMPOHNULAeMOCTU, CHUXAET TeXHOJI0-
FMYHOCTb NPOM3BOACTBA PaboT 1 YyBEIMYNBAET CPOKUN CTPOUTE/IbCTBA.
MuHnMn3aumns Konn4ecTBa LWBOB B TOHHEJIAX BIJIOTb A0 MOJIHONM UX JIMKBUBaLNN
npeacTasnset coboii akTyanbHy0 NPoGaeMy, CTOSLLYIO nepes MHXEeHePHbIM
coobLyecTBoM. B aToli cTaTbe npeacTasneHa NpocTas aHaIMTU4eckast MOAE b,
no3BoNsIoLas pacyeTHbIM NyTeM onpeasensaTe TpebyeMoe paccTossHne Mexay
TemneparypHbIMU LBaMU NI0A3EMHbIX YaCTel MOHOJIMTHBIX XeJ1e300eTOHHbIX
TOHHeseH.

B CHwul 32-04-97 «ToHHenw xene3Hopo-
POXHbIE N aBTOA0POXHbIE» 3a1aHbl BEPXHIE

CocTtosiHue Bonpoca

B COBpPEMEHHBIX POCCHIACKNX CTPOUTEb-
HbIX HOpMaXx Mo PacYETy XeNe306eTOHHbIX
KOHCTPYKLWIA 3aKkpenneHo TpeboBaHue pasae-
JIEHUS 3[aHNI N COOPYXEHUI TEMNEPATYPHO-
yCaf04yHbIMU LWBaMU, PACCTOAHUSA MEXY
KOTOPbIMW HA3HA4aKOTCS B 3aBUCUMOCTH OT
K/IMMATUYECKMX YCNOBWIA, KOHCTPYKTUBHBIX
0COBEHHOCTEN COOPYXEHUS, NOCNEA0BA-
TENbHOCTW NPOMU3BOACTBA PaboT U T. A., HO
NP1 3TOM HOPMATMBHBIA METOL, pacyeTa He
onpeaeneH.

NPEeAENbl PACCTOSHUIA MEXZY TEMMNEepaTypHO-
0Ca04HbIMK AeDOPMALMOHHBIMM WBamu: 20 M
[ MOHoNMTHOro 6eToHa 1 40 M Ans MOHOMUT-
HOr0 Xene3obeToHa.

MeToawka pacyeTa Tpebyemoro paccTos-
HUS Mexay LBamm npueeneHa B n. 5.21.7
«PykoBOACTBA MO NPOEKTUPOBAHMIO KOM-
MYHUKALWOHHbIX TOHHENEN 1 kaHanos» (M.:
LIHAWnpom3apaxnin, 1979. — 58 ¢.), ogHako
06nacTb NPUMEHEHNS OrPaHNYMBAETCS BO3-
BOZMMbIMM OTKPbITHIM CNIOCOGOM KOMMYHMKA-

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



LIMOHHBIMI, TPAHCMOPTHLIMW 1 NELIEXOAHbIMM
TOHHENSIMW Ha TEPPUTOPUSX NPOMBILLIEHHBIX
NPeanpUSTUA.

Kputeprem HeobxoaMMOCT YCTPOICTBA
TeMnepaTtypHO-ycaao4Horo AedopMaLmoHHOro
LUBA SIBNSIETCS BbINONHEHWE YCNOBUS:

G, >R, (1)

rae G, — MakCuMManbHble TEMNepaTypHo-
YCaf04HbIE HANPSXeHUst B OETOHE TOHHENS Npu
OTCYTCTBMU LLIBOB; R, — NPeaesn Npo4HOCTY
6eToHa NPy 0CEBOM PACTAXEeHNM. Bennunta o,
onpenensercs no Gopmyne:

(o, -At+e))-E,
-

)

b
Cp

rfie o, — KoahOUUMEHT inHeiiHo! Temnepa-
TypHoI pecdopmauv BeTOHa; A — pacyeTHoe
M3MEHEHWE CPESHMX TEMMEPATYP KOHCTPYKLMIA
TOHHENs B XONIO/IHOE BPEMS r0a; & — OTHO-
cuTenbHble ycanouHble Aedopmalin 6eToHa;
E, — HavasibHbIi Moaynb e opMaLiuy 6eToHa;
¢, — KOAOUUMEHT, YINTHIBRIOLAIA BIUSHIE
nonayyectn 6eToHa (npuHumaetcsa 1,5 npu
CPEOHEN 0THOCUTENBHON BAAXHOCTY BO3yXa
Bbilwe 40%).

[Mpun HeBbINONHEHMM YCNOBKS (1) Temnepa-
TYPHO-YCaf0YHble LLIBLI B TOHHENE HE TPebyioT-
€S, ECN KPUTEPUIA COBAIOAEH, TO PACCTOSHMS
MEXAY WBaMV HEAPMUPOBAHHbIX TOHHENEN, a
TaKkxe Mexay pabounmm LWeamu BeTOHUPOBa-
HWSt MOHONIUTHBIX KOHCTPYKLIMIA OnpeaenseTcs
no gopmyne:

:2-R,”~A,7, (3)
r-f,
roe A, — nnotiaab 6ETOHHON YacTy ceveHna
TOHHENS; ¥ — AaBNieHNe rPYHTa Ha JHULLE
TOHHENS OT MOCTOSAHHBIX PACYETHBIX HArPY30K
Ha NOroHHbIA MeTP, KH/M; f' — MakcUMasbHbIi
k03P ULMEHT TPEHUS BETOHA MO FPYHTY, NpU-
HUMaeMbliA no Tabn. 14 pykoBoaCTBA.

L

OnucaHue pacuyeTHOIl moaenu

TemnepaTypHOe BO3AENCTBNE Ha KOHCTPYK-
L0 TOHHENS CO31AET B HEM TeMMepaTypHoe
none, KOTOPOE MOXHO NPEACTaBUTL B BUAE
CYMMBI [IBYX COCTaBASIOLMX: CPeHeN TeM-
neparypsbl ¢, PaBHOMEPHO PaCNPeseneHHo
MO CEeYeHMI0, CO3AAI0LLEN 0DLLEE YANUHEHNE/
YKOPOYEHWE 3NEMEHTA, U TEMMEPATYPHI,
M3MEHSIIOLLENACS MO TOMLLMHE KOHCTPYKLMK,
npuBoAsLLEen k narndy anemexta (puc. 1).
MpeHebperas Bbi3biBAKOLLEN N3rMO COCTAB-
nsowwen, 6ynem nonaratb, 4TO TeMneparyp-
HOe BO3/e/CTBME NPUBOLMUT TOMKO K 0BLLEMY
YAJIMHEHMIO/YKOPOYEHUIO 31EMEHTA.
AnnpokcUMMUPYEM KOHCTPYKLMIO TOHHENS
CTepXHeM nofobatoLLen XecTKoCTH € COOT-
BETCTBYIOLLWMM NOLLAMbI0 60KOBOI NO-

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

Puc. 1. ledpopmanyu cTepxHs, Bbi3BaHHbIE HArpeBoOM
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N 1=’
| lo N
D Gy, = E-0-AT )
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dr ’ksoi
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\

R ,0 |+
) 0,5k, -o-AT-1, " |
szp:_f
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Puc. 2. TemneparypHble HanpsXeHus B 3aBUCUMOCTH OT
YCIOBHiA 3aKpenneHns cTepxkHs: a — cBoGoaHoe Aedopmu-
poBanue; 0 v B — cTeCHeHHOe AeOpMUPOBaAHME, XeCTKas
3aienka 1 ynpyras cBS3b COOTBETCTBEHHO

BEPXHOCTU W BHELLUHUM NepumeTpoM. Mpu
TeMnepaTypHOM BO3LENCTBIN NEPBOHA-
YanbHas LNHA CTEPXKHS U3MEHUTCS, NPy
3TOM eCiu ero fedopMMPOBaAHNE HUYEM
HE CLEPXMBAETCS, TO BHYTPEHHNE CEYEHUS
anemeHTa 6yayT cBOOOAHbI OT TEMNepa-
TYPHbIX HANPSXEHWIA (puC. 2 a), KOTopble
BO3HWKAIOT AIMLLb B Cly4ae CTECHEHHON
nedopmaumu (puc. 2 6, 2 B).

PaboTa rpyHTa no 60K0BO NOBEPXHOCTH
TOHHeNs MOLENNPYETCS C NOMOLLbIO YNpy-

roil CBA3M XECTKOCTLIO £, Onpefiense-
MOV N0 dopmyne:
F,
kmil = 7d’ (4)
‘ N

rae F,— ocesas cuna, BOCMPUHIMaemas
GOKOBOIA MOBEPXHOCTbHIO TOHHENS 32 CHeT
TPEHUS O FPYHT; S — NepemelLieH1e KOH-

WUCCNENOBAHUSA

CTPYKLMW TOHHENS, BbI3bIBAEMOE CUNON F .
Onpegnenum BENMYMHY TEMMEPaTYPHbIX Ha-
MPSXEHWiA G, B TOHHENE B COOTBETCTBIM C
MPUHATON PACYETHOI CXeMOIA. Micnonb3yem
METOS, CEYEHNIA, PACCMOTPUM PaBHOBECUE
OTCEYEHHOW 4aCTn CTEPXHS (puc. 3).

N 1” S k.m[f X 1,
O - @ (®)

Al

1

Puc. 3. PaccMoTpeHme paBHOBECHS OTCEYEHHOM YacTy CTepX-
Hei: 1 — KOHLeBas TOYKa CTepXkHs; 1 — nonoxeHue Toukm 1
npu cBo6opHOM AedopmupoBaHuu; 1” — nonoxenue Touku 1 ¢
Y4ETOM YNpyroi ces3u

MonoxuTenbHOMY M3MEHEHMIO TEMMNEPa-
Typbl dT = T, — T, > 0 (Harpesy) cooT-
BETCTBYIOT CXMMAIOLLME TeMNepaTypHble
HanpsHXeHnst
S, < 0 B CTEpXHE, oxnaxaenuio (dT < 0) —
pactarvsaoupme, ¢, >0, (puc. 2 B).

MpoyHoCTb GETOHA NPK OCEBOM pacTsxe-
HWUM 3HAYMTENBHO (NpUMepPHO B 10 pa3) MeHb-
LUIE MPOYHOCTU NPK OCEBOM CXaTUM, NOTOMY
oxnaxpaeHne KOHCTPyKUnm dT < 0 aBnseTcs
Hambonee ONacHbIM C TOYKM 3peHns obecne-
YeHWS NPOYHOCTM.

Mpu cBOGOAHOI TEMNEPaTYPHON fedopma-
LMK KOHLLEBas TOYKa CTepxHs (.) 1 nepe-
MewaeTcs B (.) 1 Ha BenmdmnHy A/, koTopast
MOXET BbITb OnpeaeneHa kak
Al =o.- AT ;. OpHako cB0GOAHOI Ae-
dopmaumy NpensTCTBYET ynpyras CBs3b
XECTKOCTbIO k|, noTOMY (.) 1 3aiimeT npo-
MEXYTO4YHOE nonoxexue — (.) 1”7, daktu-
YeCku NEPEMECTMBLLNCH HA PACCTOSIHUE X 1
co3nasas ycunue B npyxuxe k- x. C apyroit
CTOPOHBI, YTOBLI 3aHATH NONoXeHue (.) 17
13 (.) 1, He0OBXOAMMO MPUAOXNUTb YCUINE K
npyxuHe, pasHoe k- (Al, — x). MpupasHsie
YCUANSA B NPYXMHE WU CTEPXHE, NOMY4MM ypaB-
HEeHVe, 0TKya HaliieM 3HaYeHue x:

ko - x =k (Al —X), (5)

TemnepaTtypHble HAaNPSXEHWS B CTEPXHE C

y4eToMm (4) onpenensiotces no Gopmyne:

- 0,5-k,, ~AOL4AT-IOY (6)
rae k_,— XecTKOCTb YNpyroii CBA3N, MO-
LennpyloLLein TpeHUe rpyHTa no 6oKoBoW
MOBEPXHOCTM TOHHENS, Onpeaensercs no
dopmyne (3); o0 — K03aGOULMEHT NUHERHON
TemnepaTypHoit aedopmaumn 6eToHa;

AT — pacyeTHbIA nepenag TeMneparyp;

A — Nnowwab nonepeyHoro CeYeHNs TOHHENS;

45
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[, — nepBoHayanbHas AnmHa cTepxHs. Kpure-
pueM HeobXoaMMOCTM TeMNEPaTYPHOro LLBA B
TOHHE/e 3alaHHOM Kb [, NPY OXNaXaeH!M

Ha AT 9BNSIETCS BbINONHEHUE YCIIOBUS:

Cup > Ry, (7)

rfie G, — TEeMNEepaTypHbIe HANPSXEHS, Bbl-
yncnenHble no gpopmyne (6); R, — npeaen
NPOYHOCTN 6ETOHA HA OCEBOE PACTAXEHME.

13 CMMETPUM OTHOCUTENBHO CEPEANHHOTO
CeyeHus pacyeTHON CXEMbI CleayeT, YTO MakCu-

Cepenunsoe
cedeHne

Puc. 4. K onpefienenuio pacyeTHoro pacctosHus Mexay Temne-
paTypHbIMK WwBamu, L

MaJlbHOE PaCCTOSIHME MEX/Y TEMNEPaTypPHLIMU
weamu L (puc. 4) paBHO yABOEHHON AnnHe [, 1
MOXET ObITb BbIPaXeHO 13 (6):

AR, 4 (8)
k,-o-AT

5

L=

Pacuet Heo6X0AMMO BbINONHSTL A5 IBYX
3TanoB: CTPOUTENLCTBA M aKCMNyaTaumuu. Bo
BPEMs CTPOUTENbCTBA TOHHENS BETOH He Ha-
61paeT CBO PACHETHYIO MPOYHOCTL Ha OCEBOE
pacTsxeHie R, , Benm4mnHa GakTnyeckom npoy-
HOCTV B NEPBYIO O4EPEb 3aBMUCUT OT CPOKa
TBEPAEHMS. K1 OTCYTCTBUM AAHHBIX 3aBUCUMO-
CTU R, (?), NPOHHOCTL GETOHA B MOMEHT BpeMe-
HY ¢ MOXHO ONPEAENNUTL NO IMHENHOR UHTEPNO-
N[UMK, T B HA4a/bHbIA MOMEHT BPEMEHN ¢ = 0
R, (0)=0,anpuz=28 cyt,, R (28) = R,.

Ha aTane akcnnyatauyuy NpUHUMAeTCs, Y10
OEeTOH JOCTUI PAaCYETHOrO NPeaena NPOYHOCTH
Ha 0CEBOE PaCTSXEHMe.

Kak BuaHo 13 dpopmynel (6), TemnepatypHble
HanpAXeHnsi G, - SBMSIOTCS byHKLMel 0T nepe-
naza temnepatyp A7 1 NONOBUHLI PACCTOSHUS
MeXZy LWBamm [, TeM CaMbIM YCroBue (7) Mo-
XeT BbITb NPEACTaBNEHO B rpadnYeckom Buae
(puc. 54, 6).

Mpumep pacueTa

B kayecTBe npumepa Ans pasnnyHbIx nepe-
nanos Temnepatyp d7 BbINOHEH PacyeT Tpe-

50—,

dT
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Puc. 5. Peaynhra'ru pacuyera: a — CTaaus dKcnayaTaLumn; 0- CTaaus CTpoUTeNbCTBa

PaccTosHue Mexay TemnepaTypHbIMM LWBaMU

TOHHEenNnsa
rpa. M M
—5..-10 210...140 500...290
-10...-15 140...110 290...220
-15...-20 110...90 220...185
-20...-25 90...80 185... 155
-25...-30 80...70 155...140

GyemMoro paccTosiHUs Mexy TeMnepaTypHbIMM
LIBaMK L TOHHENS NPSIMOYrO/IbHOTrO CEYEHNs
6x 12 ™, TonwmHa o6aenkm 0,5 M, rnybuHa
3a/10KEHNS OT MOBEPXHOCTM 5 M, 0OBLEKT pac-
MONOXEH B TYrOMIACTUYHBIX CYTNIMHKAX C

E =10 MMa. Pe3ynbTaThl pacyeToB NpUBEAEHDI
B Tabnuue v Ha puc. 5, a 6.

BbiBOAbI

ABTOpamMu NpeasioxeHa NpocTast aHanu-
TM4YECKas MOAEb CISI0BOTO CONPOTUBIEHMS
KOHCTPYKLMIA TOHHENS BbIHYXAEHHLIM Nepe-
MELLIEHWSIM, BbI3BAHHBIM TEMMEPaTyPHbIM
BO3/EMCTBIEM, N03BONAIOLLAA 0GOCHOBbIBATL

Tpebyemoe paccTosiHe MeXTy Temnepatyp-
HbIMU LLIBAMMU.

[0CTOBEPHOCTb NONYYaeMBbIX PE3Y/bTATOB
LOJXHA ObITb MPOBEPEHA CONOCTABNEHNEM C
HaTYPHLIMU JaHHBIMU.

Mo pe3ynbTataM pacyeTHOro npumepa
MOXHO 3aKNKUUTb:

= Tpebyemoe paccTosiH1e Mexay Temnepa-
TYPHBIMM LLIBAMM Ha CTaZMW 3KCTyaTaLmm
3HAYMTENbHO 6OJIbLIE, YeM Ha CTaaum
CTPOUTENBLCTBA, YTO 0OBACHSIETCH HABOPOM
MPOYHOCTM OETOHE;

= ecnm 06eCne MTL OTCYTCTBUE OXNAKAEHNUS
KOHCTpYyKUUii 6onee yem Ha dT = -5 °C Ha
CTaaum CTPOUTENbCTBA, TO MOXHO 060CHOBATL
PacCTOsHIE MEXLY TEMNEPATYPHBLIMU LLIBAMM,
MPEBbILIAIOLLIEE MAKCUMAITBHOE, PErlaMeHTu-
pyemoe HopMamu;

= B MOL3EMHOI YaCTU TOHHENS Nepenag,
TEMMepaTyp He3HAYMTENEH, MOCKONbKY
Cpe[Herof0Bas Temneparypa rpyHTa npakTu-
YecKu NOCTOSIHHA, NOTOMY KOIMYECTBO
TEMNEPATYPHbIX LIBOB MOXET BbiTb 3HAYNTENb-
HO YMEHbLLIEHO.

[ns pacnpocTpaHeHus peaynbTaToB pacyeT-
HOrO NPVMEPA Ha PYrue TOHHEM HeoBXoaMMO
MPOW3BECTY NapamMeTPUYECKMIA aHaMIN3 MOAENM,
C MOMOLLIbIO BApbUPOBAHUS VICXOLHbIX Napame-
TPOB B 1CMOb3YEMbIX HA NPAKTVKE Avana3oHax.

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014
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HOBbIUN CNTOCOB
VIIMPEHNS TOHHENS

TMoBbiLeHne CKOPOCTY TPAHCMOPTHLIX CPEACTB, A TAKKE N3MEHUBLUNECS CTaHAapTbI
6e3onacHocTy TPEOYIOT pacLUMPeHns NonepeYHbIX cedeHnii ToHHenei. Monckom
HOBbIX CIOC060B NpoBeAeHns NoZ00HbIX paboT 3aHATbI BeAyLyMe CreLuanncTbl Mu-
POBOro TOHHeNecTpoeHus. B rocyaapcTBeHHOM peecTpe n3o6peteHuii Poccuiickoi
®Pegepaunn 18 pespana 2014 roga 3aperucTpUPOBaH NAaTEHT Ha U300peTeHue
Ne2513501, B KOTOPOM AaHO ONMCaHUe HOBOIro Coco0a yLmMpeHUs TOHHENS C UC-
nosib30BaHUEM asiMa3Ho-abpa3nBHoii pe3ku. ABTopbl u3obpeteHns UiHa Caxaposa
u Bunvbrenbm Ka3zapsiH npeanoxuny BapuaHT, CyLLeCTBEeHHO MOBbILLAIOLLNIA TPOU3-
BOAUTEJIbHOCTb M 6€30MacHOCTb PaboT (0COOEHHO B CEACMUYECKU HEYCTONYMUBbLIX
30Hax) 1 COXPaHsIIOLLNIA MPU 3TOM NPOYHOCTb COOPYIKEHHUS..

Tpa,ﬂ,VILI,VIOHHO yLIMPEHNE TOHHENS NPOBOAMUTCS
HeckonbkuMu cnocobamu. Hanpumep, ¢ no-
MOLLbI0 BYPEHNS LLINYPOB MO MPOEKTHOMY KOHTYPY,
3aK/1a/iKoii B HUX B3PbIBYATHLIX BELLECTB, IOKasb-
HbIM B3PbIBAMM 1 LMKIIMYHOI 0TOOKOI NOpPOA, A0
MPOEKTHOr0 CeYeHust, KPOMe TOro, B PSILLE Cy4aes
MCNONb3YETCS TSXENbIV BYPOBOI MHCTPYMEHT,
Cpe3atoLLmMin NOPOAY YAAPHBIM CMOCOOOM.

N3BecTeH naTeHT Ha n30bpeTeHmne CLLA
No4206947, MK E21C 27/02 «YnapHbiii pe3ak».
Ero aBTOpbI NpeanaraioT UCnonb30BaTh YAJMHEHHGINA
OYPOBOVA MHCTPYMEHT C XECTKIM HaKOHEYHUKOM,
MpuW 3TOM Cuila yaapa ypaBHOBELUMBAETCS. YaapHoe
OypeHue BKIOYAET B CeOS HECKOMbKO 3TaroB:

= OypeHne MHCTPYMEHTOM C TYMbIM Yr/IOM aTakw;

= nepeMellieHne BYpoOBOro MHCTPYMEHTA (Mo
[Zlyre C U3MEHEHWEM Yria aTakm);

= BO3BpaLLeHue BypoBOro MHCTPYMEHTa B
MCXOOHOE NONOXEHUE.

Hanbonee 6a13koit k n306peTeHnto CaxapoBoit
1 KasapsHa ssnsietcs 3asska EP 0066156, MIMK
E21D 9/10 «Cnocob Bbipe3aHns TOHHeNs B TBEP-
[I0/ MOPOAE C MCMOb30BAHMEM MEXaHN3Ma AN1S
OypeHus». B aTOM Cnyyae NCnosb3yeTcs MaluvHa,
COCTOSILLASA 13 XECTKOr0 MHCTPyMEHTa aas bype-
HWS, MEXaHW3Ma sl Nepeayn yoapoB Ha Hero
MOBOPOTHOTO YCTPOICTBa. Mopoaa BuIbupaeTcs ¢
BHYTPEHHE CTOPOHbLI TOHHENS, MYTEM Bblpe3aHust
nonoc rayéuHoi ot 0 10 30 MM B BUAE NONYLIMNNH-
[IPOB C MOMOLLbIO BPALLEHUS W YAAPOB XECTKUM
MHCTPYMEHTOM. ECnn paccTosiHme Mexay nono-
CaMV PaBHO AMaMeTPY MHCTPYMEHTA, UHCTPYMEHT
Ansg GopMm1poBaHNs CreaytoLLei noaocs nepeme-
LLAOT Ha ONpPEeAENeHHBIN War. B npoTneHOM cnyyae
xpebeT, 06pasytoLmiics MeXIy nonocamu, pas-
PYLLAIOT C MOMOLLLbIO IPYroro YCTPOMCTBa. Kaxabli
nocnesylowmii BbIpyBAEHHbIV CNOI onpeaenseT
BHYTPEHHIOIO MOBEPXHOCTb TOHHENS.

OCHOBHO He[OCTATOK AAHHOMO cnocoba —
3HaYMTENbHbIE TPYA03ATPAThl M NPOAOIKUTENBHBIE

CPOKM BbINOHEHWS paboT. Kpome Toro, CyLliecTsy-
€T OMacHOCTb BO3HUKHOBEHWS TPELLMH 1 0BpyLUe-
HWIA KaK B CAMOM COOPYXEHWM, TaK W Ha MOBEPXHO-
CTW, N3-3a BO3AENCTBUS YAAPHBIM MHCTPYMEHTOM
Ha NopoAy WA CTEHbI TOHHENS.

M306peTeHne CaxapoBoit n KasapsiHa no3sons-
€T NPV MUHUMANBHOW AHEPTOEMKOCTN COXPaHUTL
MPOYHOCTbL TOHHENS, MOBLICUTH NPOM3BOANTENb-
HOCTb 1 6830MaCHOCTb BbINOJHSEMBIX paboT. Ele
OfHO NPEVNMYLLECTBO NPEAJIOXKEHHOr0 BapuaHTa —
OH He TpebyeT OMNONHUTENBHOMO U3rOTOBNEHNS
1 nopaboTky 06opyaoBaHus. Bce ncnonbayemble
MEXaH13Mbl XOPOLLIO U3BECTHBI 1 YCNELLHO NpK-
MEHSIOTCS B FOPHOM [EeNe.

CyTb NpeanoxeHHoro cnocoba (puc. 1-12)
COCTOMT B TOM, 4TO B CYLLECTBYIOLLEN BHYTPEHHEN
cTeHe 13 ylumpsiemMoro ToHHens 1 npobypuea-
10T LUNYPbI 2 N0 NPOEKTHOMY KOHTYPY 8. Mexay
HIMW BbIPE3AI0T MONOCHI 3 aIMa3HbIM KaHATOM 5.
lMocneaHwWiA COCTOUT U3 3BEHBEB, COEANHEHHbIX
MexXay CoB0i WapHUPHO, HAMPUMEP C MOMOLLLIO
kapzaHa. Mpouecc peaku NpeacTaBnseT cobon
TPEHWE O CTEHY TOHHENS aIMA3HOT0 KaHaTa, Ha-
MOTaHHOIO CMMPasbHO, YTO CNOCOBCTBYET ero
JIyHLLIEMY HATSXXEHMI0. BpallaTenbHblil MUHCTPYMEHT
pacnonaraercs Ha NPOTUBOMNONOXHON OT POMKOB
CTOpOHe. locneaHWe 3aKpennsioT B NPOBYpeH-
HbIX LUNypax, A4/15 4ero ucnonbaytotes Tpyoku 10,
VIMEIOLLME MEHBLUWIA, YeM Yy Wwnypa, amameTp. OHu
YAEPXMBAOT POANKY BHYTPU LUNYPa NOCPEACTBOM
pacnopku 11, pacnonoXeHHON Ha CTOPOHE POAKKA.
Ha npoTMBONONOXHOM OT posnka CTOPOHE TPYOKY
CHapYXw 3aKpennsioT Ha peiike 12, koTopas, B
CBOIO O4EPEnb, YAEPXKMBAETCS HA BHYTPEHHEN
CTEHE TOHHENS C MOMOLLIO aHKEPHOTO KPEMEHNS
14 ¢ knmHoLLeneBbIM 3amMKoM 15.

BpalLaTenbHbIii MHCTPYMEHT 47151 NOBbILIEHNS
3hdeKTUBHOCTM PaboThl MOXET (UKCUMPOBATLCS
MoNMCNacToM Ha kapeTkax 16 ¢ NogBMXHBIMM 1
HenoaBWXHbIMKU 0boiimamu 6nokos 10. KapeTku,
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Puc. 1. CeyeHue ToHHen

Puc. 5. ToHHENb C NPOEKTHBIM KOHTYPOM, YETbIPbMS
BbIPYGNEHHBIMM LUNYpaMu, ABYMS NapannenbHbIMu
BbIPE3aHHBIMM N10NI0CaMM, PACNONOKEHHBIMAU

B NEPNEHAUKYNAPHON NNOCKOCTH, M BPALLATENbHBIM
MHCTPYMEHTOM

Puc. 2. ToHHeNb ¢ HaHECEHHBIM
Ha BHYTPEHHIOK CTEHY NPOEKTHBIM KOHTYPOM

Puc. 6. ToHHeNb ¢ NPOEKTHBIM KOHTYPOM,
YeTbIPbMS| BbIPYONEHHbIMM LUMypaMK, ABYMS
napanneNbHbIMK BbIPE3aHHBIMU NOIOCAMH,
PacnonoXeHHbIMU B NEPNEHAUKYNSPHOM
NNOCKOCTH, OAAHOI BbIPE3aHHOI NONOCOIA,

PacnonoXeHHoM B napannesbHoi nnocko-
CTH, ¥ BPaLLATE/bHbIM MHCTPYMEHTOM

5

Puc. 9. ToHHenb ¢ pacnonoxXeHuem posukos
W aNMa3HOT0 KaHaTa /sl CPe3aHus ocTasLuelics
yacTi xpe6ra

Puc.10. ToHHenb ¢ BbIpe3aHHbIM XpeoToM

1

Yy

13 19

B WNype

%

Puc. 3. ToHHeNb C NPOEKTHLIM KOHTYPOM,

ZABYMS BbIPYONIEHHBIMMU LNYpaMy, pacnono-

XEHHbIMM B NEPNEHANKYNSPHOI NNOCKOCTH,

M BPALLATENLHBIM MHCTPYMEHTOM
13

Puc. 7. ToHHeNb ¢ YeTbIPbMS BbIPE3aH-
HbIMM NioNiocamy, 0Gpa3ylowmmu npoem
110 NepuMeTpy Bbipe3aHHbIX N010C

~

Puc. 11. Kpennetue ponuka

CTPOUTE/TbHbIV NMPAKTUKYM

/7

8

Puc. 4. ToHHenb ¢ NPOEKTHLIM KOHTYPOM, YeTbIPbMS
BbIPYONEHHbIMM LUNYPaMK, BbIPE3aHHOI NOOCO,
pacnonoXeHHOM B NepNEeHANKYNSPHOA NNOCKOCTH,
W BPALLATENbLHBIM MHCTPYMEHTOM

Puc. 8. ToHHenb ¢ pacnonoXxeHMeM PONUKOB U
aNMa3HOoro KaHata s cpe3anus Yacv xpedra

Puc. 12. Peiika ¢ KapeTKamu W BpaLLaTesb-
HbIM UHCTPYMEHTOM

1 — ToHHenb; 2 — wnyp; 3 — nonoca; 4 — xpeer; 5 — anMasHblil kaHaT; 6 — BpaLLaTeNbHbI MHCTPYMEHT; 7 — PONIUK; 8 — NPOEKTHbIH KOHTYD; 9 — MPpoeM No NepuMeTpy BbipeakHbix nonoc; 10 — Tpyod-
ka; 11 — pacnopka; 12 — peiika; 13 — BHyTpeHHSs cTeHa TOHHens; 14 — aHkepHoe kpennenue; 15 — kuHoweneBoi 3amMok; 16 — kapetka; 17 — 0GoitMbl 6noko; 18 — peitka; H — war cmewenus Toyex

110 NPOEKTHOMY KOHTYpY

B CBOIO 04EPEAb, 3aKPENEHbI Ha peiike 18 n
OCYLLECTBNISOT NOCTYNATENbHOE MHENHOE
MEePEMELLEHME MO HEN ANIS HATSXKEHNS anmas-
HOro KaHata. Peiiky pa3meLLaioT Ha aHe nbo
Ha CTEHE TOHHENS.

[ns BbIpe3aH1s N0A0C BAOMb CTEHbLI TOHHENS
PONMKN C HAZETHIM Ha HUX a/IMa3HbLIM KaHATOM
3aKpennsioT B ABYX LLNYpaXx, PacnofNoXeHHbIX B
napannensbHomn nnockocTu. Ans dopmuposaHus
MOMNEPEYHBIX MOAOC OAVH 13 POSMKOB GUKCK-
PYIOT B LUMYPE, HAXOASALLEMCS B NEPREHANKY-
NSIPHON OTHOCUTENBHO NPeabIAYLLEro Wwnypa
MAOCKOCTW, U T. A. Beipe3aHHble Noaock cos-
[AI0T N0 NePUMETPY NPSMOYrONbHbIA NpoeM 9,
NPV 3TOM BHYTPU HEro 06pa3yeTcst 00bEMHbIN
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xpebert, no Gopme HaNnoMMHAOLLMIA napanne-
nenvnes,

Mocne 3TOr0 PONMKK 3aKPENASIOT B LUMY-
pax, PacronoXEeHHbIX ANarOHabHO, Ha Pa3HbIX
YPOBHSIX N0 OTHOLLIEHWIO IPYT K APYrY, NPy 3TOM
aNMa3Hblil KaHaT ornbaeT oayH 13 yrioB xpebTa
BHyTPY Npoema 9. [1ns obecneyeHns npaBuibHO-
rO HaNPaBEHMS HATSKEHIS aIMA3HOr0 kaHaTa
BpaLLaTebHbIA MHCTPYMEHT pacnonaraioT Ha
MPOTUBOMOJIOXHO CTOPOHE CO CMELLIEHNEM
BMPaBO UNW BNIEBO HA ONPEAENEHHbI PACHETHBIN
Luar OTHOCUTENBHO LUMYPOB C 3aKPEMAEHHBIMM
ponukamu. B npouecce ABIXeHUs aiMasHbIi ka-
HaT HauMHaeT cpesaTthb XpebeT C yria, cBoBoAHO-
ro oT ponuka. Mocne cpesaHus Yactn obbema 4

MPYMEPHO 0 AUaroHany napannenenvnesa
6e3 CMeHbI PaCMONOXEHUS PONIMKOB, aNMa3-
HbIA KaHaT PacnonaraioT Tak, YToObl OH BHYTPK
BbIPE3aHHbIX NoNoc 3 ornban yros, NpoTUBONO-
JIOXHbIA cpe3aHHoMy. Mpy 3TOM BpaLLaTebHbI
VHCTPYMEHT A5t 00eCneyeH s NpaBuIbHOro
HanpPaBNEeHUs HATSKEHWS AIMA3HOr0 KaHaTa
NEepPeHOCAT Ha ONpefeNeHHOe PacyeTHOe pac-
CTOSIHME B MPOTMBOMOJOXHY0 CTOPOHY, NOCNe
Yero CPe3aeTcs 0CTABLLAACA YacTb XpebTa.

Mo 3aBepLIEHNM AAHHOI Onepaumn PONVKMA
3aKpennAIoT B CAEAYIOLLMX LUMypax, NPobypeH-
HbIX B COOTBETCTBMM C MPOEKTHBIM KOHTYPOM.
3aTem NOBTOPSIOTCS BCE BbILLEONMCAHHbIE
onepauum cnocoba yLUMPeHUst TOHHENS.

|49
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A NEW TUNNEL WIDENING

METHOD

- -

i e b

There are several traditional ways of tunnel widening. It
can be done for instance by drilling boreholes along the
tunnel design profile and filling them with explosives; then a
series of local blasts and cycle rock breaking are performed
in order to reach the design section. In some cases a heavy
drilling tool that performs rock cutting by percussion drilling
is used.

The U.S patent Ne 4206947, IPC E21C 27/02is an
invention patent for "Percussive slot cutter”. The authors
propose the use of a long drilling tool with a hard tip, while
the weight of blow is balanced. Percussion drilling includes
several steps:

m Drilling performed at obtuse angle to the base of the
slotin the direction of advance;

m Moving the drilling tool (along an arc-path) and varying
the angle;

m The return of the drilling tool to the initial position.

The closest prior art to the invention of Sakharova and
Kazarian is the application for EP 0066156, IPC E21D 9/10
“Method of cutting a tunnel in rock by means of rock drilling
machine” The invention concerns a method for cutting a
tunnel in rock by means of a rock drill, comprising a rigid
drilling tool, a striking device for delivering strokes on the
tool, and a rotating device for rotating the tool. The rock is
excavated from the tunnel interior as semi-cylindrical strips
of 0-30 mm depth by rotating and striking the rigid tool. If
the distance between the stripes is equal to the diameter
of the tool, a tool for forming the next stripe is moved at a
certain step. Otherwise, the ridge formed between the strips

Increased traffic speed and
changes to safety standards make
it necessary to widen tunnel
cross-sections. World leading
tunneling experts are searching for
new ways to meet these needs.
The invention patent Ne 2513501,
registered 18 February 2014 in the
Russian Federation State Invention
Register describes a new way of
widening the tunnel using diamond
abrasive cutting. The inventors
Inna Sakharova and Wilhelm
Kazarian proposed a method that
significantly increases production
rates and safety (especially in
seismic areas) while preserving the
strength of the structure.

is broken by another device. Each subsequent excavated
layer defines the inner surface of the tunnel.

The main drawbacks of this method are high labor costs
and extended construction times. In addition, there is the
risk of cracks and of collapse both at the construction site
and on the surface due to the impact of striking tool on the
rock and on tunnel walls.

The invention of Sakharova and Kazarian allows to
preserve the strength of the tunnel and to improve
production rates and work safety at minimum level of energy
consumption. Another advantage of the proposed method is
that it does not require additional equipment manufactured
and refined. All the machinery used is well known and
successfully used in mining.

The principle of the proposed method (Fig. 1-12) is
that the boreholes 2 are drilled along the design profile 8
in the existing inner wall 13 of the tunnel 1. Between them
the strips 3 are cut with the diamond wire saw 5. The latter
consists of hinge links which are pivotally connected, for
example by universal joint. The cutting process of the tunnel
is performed by dragging the diamond wire saw, which is
helically wound to provide better tension. The rotation tool
is located on the side opposite to where the rollers are. The
latter are fixed in the drilled boreholes by tubes 10 that have
smaller diameter than that of a hole. They hold the rollers
inside the hole by spacer 11 fixed on one side of the roller.
On the side opposite to the roller the tube is fixed on plank
12 which in turn is fixed on an inner wall of a tunnel by rock
anchor 14 with slot and wedge bolt 15.

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014
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Fig. 1. Tunnel cross section Fig. 2. Tunnel and the design profile Fig. 3. Tunnel of the design profile, two Fig. 4. Tunnel of the design profile, four boreholes
mapped on the inner wall boreholes cut at the perpendicular plane, and  and the strip cut in the perpendicular plane, and
the rotation tool the rotation tool

Fig. 5. Tunnel of the design profile, four boreholes Fig. 6. Tunnel of the design profile, four  Fig. 7. Tunnel with four cut strips forming an  Fig. 8. Tunnel with rollers and diamond wire saw to
and two parallel strips cut in the perpendicular boreholes, two parallel strips cut in the opening along their perimeter cut the ridge
plane, and the rotation tool perpendicular plane, one strip cut in the

parallel plane and the rotation tool

5
7 /;1

15

2

13 19

Fig. 9. Tunnel with rollers and diamond wire saw  Fig. 10. Tunnel with cut ridge Fig. 11. Fixing the roller in the hole Fig. 12. Rail with carriages and rotation tool
to cut the remainder of the ridge

List of items: 1 — tunnel; 2 — borehole; 3 — strip; 4 — ridge; 5 — diamond wire saw; 6 — rotation tool; 7 — roller; 8 — design profile; 9 — opening along the perimeter of the strips; 10 — tube; 11 — spacer
bar; 12 — plank; 13 — the inner wall of the tunnel; 14 — rock anchor; 15 — slot-and-wedge bolt; 16 — carriage; 17 — pulley block; 18 — rail; H — shift step for points in the design profile

For higher efficiency, the rotation tool can be fixed by
blocks on the carriages 16 with travelling or fixed pulley
blocks 17. Carriages, in turn, fixed on the rail 18 and perform
translational linear movement to ensure the diamond wire
saw tension. The rail is placed at the bottom or wall of the
tunnel.

To cut strips along the tunnel walls the rollers with the
diamond wire on them are fixed inside two boreholes located
in the parallel plane. For forming transverse strips one of the
rollers is fixed in the hole located in a plane perpendicular
to that of the previous hole, etc. The strips constitute the
perimeter of rectangular opening 9, the volume inside it
forms the parallelepiped — shaped ridge.

After this, the rollers are fixed in boreholes located
diagonally on different levels relative to each other, while
the diamond wire saw rounds one of the corners of the ridge

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

inside the opening 9. To ensure the correct alignment of the
diamond wire saw the rotary tool is placed on the opposite
side, shifted to the right or left .to the fixed roller boreholes
at a certain step. As the diamond wire saw is moving it
cuts the ridge starting from the corner with no roller. After
a part of the volume 4 is cut to about the parallelepiped
diagonal the rollers stay unchanged but the diamond wire
is positioned inside strip cuts 3 so that it rounds the corner
opposite to the one that has already been cut. At the same
time the rotation tool is moved to a certain distance in the
opposite direction to ensure correct direction for diamond
wire saw tension, then the remaining part of the ridge is cut.
Upon completion of this operation, the rollers are fixed
in the next boreholes, drilled in accordance with the design
profile. Then all of the above steps of the tunnel widening
method are repeated.
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HECTAHOAPTHBIE «OJIOBOJIOMKI»
A9 KOMINAHUU «CY Ne299»

OcBoeHmne nog3eMHOro NpoCcTpaH-
CTBa He/b3s1 NPeACTaBUTb 6e3
MHXEHEepPHO-reosIornyecKux U3bicka-
Huii. TONIbKO TaK MOXHO MOHSATb, YTO
6yKBaNbHO HAXOAMTCS Yy HAC NMOA
Horamm, nosay4ynTb Heo6XoaNMY!Io
MHGOPMAaLMIO O CTPYKTYPE rPYHTOB,
onpeaennTb XMMUYECKUii COCTaB n
arpeccuBHOCTb IPYHTOBbIX BOA —
BCe 3T JaHHble Y CTAHOBSITCS OT-
NpaBHOVi TOYKOW A1 CO3[aHNS HO-
BbIX poeKToB. [IpoBeAeHne UMEHHO
Takux uccrieoBaHnii apnsercs
04HOI U3 06nacTeli KoMneTeHuun
caHkT-netepbyprckoro 000 «C1po-
utenbHoe ynpasnexnune Ne299».
Komnauus BbInosHWAA NHXEHepPHO-
reosIornyeckue U3bICKaHus Ha TaKux
3Hayumbix 00bekTax CeBepHOIA
cronumybl, kak KAQ wn 3CA4, 04U
«Oxta», 04U «Jlaxta», rnaBHbiii ka-
Hann3aLnOHHbIN KONIIEKTOP, Kpome
TOro, NPOBOANINCH N3bICKAHNS ANs
OpnoBCKOro TOHHENs, IMHWIA MeTPO-
nonuteHa. He 6yaet npeysennye-
HUEeM cKa3aTb, YTO HU OANH KPYNHbIIA
CTPOUTESIbHbII NPOEKT B CaHKT-
Metepbypre u JleHnurpaackosi obna-
cTu He obxoauTcs 6e3 yyactus

000 «CY Ne299».

199155, Cankr-MetepOypr,
nep. lekabpuctos, a. 7
Ten.: (812) 337-51-55,

(812) 337-51-57
E-mail: info@su299.ru
www.su299.ru
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HUKaNbHblE 331241 TEM 1 XOPOLL, Y4TO
« TpebyIioT TBOPYECKOro Noaxoaa», —
TaK XxapakTepuayloT CBOIo paboTy cneuunany-
CTbl KOMNaHUU. HecTaHaapTHLIMM «F00BO-
NIOMKamMm» NPULLAOCH 3aHUMATLCS BYKBAbHO
C NePBLIX LWaros 06pa3oBaHNs NPEANPUATUS.
Koctsk konnektvea cnoxuncs 8 1990-e
rofpl, koraa Ha 6ase kapeapbl 6ypeHus CaHKT-
MeTepOyprckoro ropHOro MHCTUTYTa ObINO
o6pazosaHo TOO «bnok». MepBoe cepbeaHoe
MCMbITaHWE He 3aCTaBuo cebs xaaTb — B
1995 rony 6biAM HavaTsl paboTs No 06Cneso-
BaHMIO aBapUIAHOTO y4aCcTKa METPONONMTEHA
mexay cTaHumamu «JlecHas» n «[nowaab
MyxecTBa» NS NPOEKTUPOBaHUs 06X0HOr0
TOHHENs. CUMBOMMYHO, HO YXe B HALUM AHM
000 «CY Ne299» nonyuuno 3aka3 Ha 06cneno-
BaHMe W 3KCNEPUMEHTaNbHO-O0MbITHBLIE PaboThI
M0 3an0NHEHMIO aBAPUINHOIO TOHHENS. [leno
B TOM, YTO NPOEKTUPOBLLWKI MPEASIOXMAN
OKOHYaTE/bHO 3aKOHCEPBMPOBATL aBapHiiHbIe
Y4aCTKM, 3aM0JHMB WX [IBYXKOMMOHEHTHO
MONMMEPHON CMeChH0. [TPeACTOSNO BbISCHUTD,
HACKOMIbKO OHa NPUroAHa ANs AaHHbIX Lene.
— Mbl BCKPbIIM ABYMS CKBAXMHAMU KPOBJIIO
TOHHEeNs Ha rny6uHe 70 M, — pacckasbiBaeT
AvpekTop no passutuio «CY Ne299» Bnagummp
Knumog. — Monagaxue 6b110 100%-HbiM: Ha
MOBEPXHOCTb ObiNa M3BNEYEHA B BUAE KEPHA
BEPXHSIS 4ACTb KPOBNN TIOOUHIOBOA KPEMH.
Onpeaenunu, 4T TOHHENb 3aN0HEH BOAON,

a He NecYaHol Cynechto, kak nepBoHaYab-

HO Npegnonaranock, GblIM OTMEYEHBI INLLb
He3HauNTeNbHbIE CTOPOHHME NPUMECH 13-3a
JpeHnpoBanms. Mpouecc paboT 3akmyancs

B TOM, 4YTO B OfiHY CKBaXWHY 3anyckanacb
ObICTPOTBEPLEIOLLAS CMECh, @ YEPES APYTYI0
OTCAEXMBANOCh ee noBefeHune. B HacToswwee
BPeMsi MPOEKT npuocTaHoBneH. Ckopee BCero,
[N15 3aN0JIHEHNS BYLET NPEeI0KEH MHOW
matepuan.

XoT§ UHXEHEepPHO-reoNornyeckme nsbicka-
HIS 1 ABNALOTCS BU3UTHOM KapToukoit 000 «CY
No299», chepa fLesTENbHOCTM KOMNAHUM 3TUM
He orpannymeaetcs. K npumepy, ee cneupanu-
CThl Y€ AAaBHO CTaNM HACTOSLLMMM MacTe-
pamu no COOPYXEHMIO CBAHBIX OCHOBAHUI,
«CTEHbl B FPYHTE», NPOTUBODUNLTPALMOHHBIX
3aBeC, HO CaMoe Cepbe3HOe 3aZjaHne Xaano
nx Ha CeeTnnHckol MIC, npeaHasHauYeHHO
INs BHEProcHabXeHus anMa30400bIBAIOLLX
npeanpuatuii Akytun. CTponTensCTBO CTaH-
LM Ha peke Bunioli npuwwnock Ha nepenom-
HOe Ansi CTpaHbl Bpemst. [oaroToBUTENbHbIE
paboTbl Havanuc B 1979 roay, B anpene 1983
roaa Obln 3aKOHYEH CTPOUTENBHBIN KaHas,
Yepes KOTOPbIN YyTb NO3XeE BO3BENM MOCT. B
HecTabunbHble 1990-e npoekT Bbin 3aMOpPo-
XeH. Bo306HOBMAMCH paboThl Anwb B 1999
rogy. B centabpe 2004-ro 6bin BBEAEH B 3KC-
nayaTaupio NepebIi rnapoarperar, B aekabpe
2005-ro — BTopoii, B peBpane 2008 rona —
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Tpetwii. CnepyeT OTMETUTb, YTO U OCHOBHbIE
coopyxeHus '3C, 1 cama nnoTuHa NOCTPOEHbI
He Ha CKaslbHbIX, @ Ha TablX FPYHTaX, KOTOPLIE
HeoOX0AMMO NOCTOSIHHO NOAAEPXMBATL B 3a-
MOPOXEHHOM COCTOSIHWW. [115 3TOr0 Coopyanm
CrneumManbHbli TOHHENb, KOTOPbIA 3UMOI ecTe-
CTBEHHbIM 0BPa30M NPOLYBAETCS XONOLHBIM
BO34YXOM, @ IETOM Haryxo 3aKpbIBaeTCs, YTo 1
obecneynBaeT TepMocTaTUieckuii addexT.

BTopoit He MeHee BaxHbIit MOMEHT — OHO
OTBOASLLErO KaHana BbINOXEHO XeNne306eToH-
HbIMW NAMTaMK TONWMHOA 1,6-1,9 M, peLe-
HWe HeoBbIYHOE, B KAKOIA-TO CTEMEHM AaxXe
YHUKanbHOE. IMEHHO 3[1eCb 1 CTaNM BO3HUKATb
npo6/eMbl, 4TO HECYYaIiHO, Tak Kak C MOMEHTa
MOCTPOIKM KaHana NPoLLO 3Ha4YNUTENbHOE
BpeMmS. [ PYHT nog, xene3006€TOHHLIM OCHOBA-
HWeM Hayan pa3mbIBaTLCS, YacTb NNT cTana
pa3pyLIATLCA M YHOCUTBCS TEHEHUEM.

Jeno fowwno o Toro, Y10 3TM 06IOMKM pas-
BOpauMBaaMCh B 0OpaTHY0 CTOPOHY Nog, No-
TUHY 11 Nonagany nog nonactu TypbuH. Bee 310
rPO3nno CepbeaHoit aBapueil. CneuyanmcTsl
OAO «'maponpoekT» NPEANOXMUAN BAPUAHT,
CMNOCOGHLI NPefoTBPaTUTL KaTacTpoduye-
CcKoe pa3BuTuhe cuTyaumn. Heobxoaumo 6bino
BO3BECTY METANNNYECKNIA «3a60p» U3 TPYOHOrO
LUMYHTA Ha BCIO LLIMPWHY KaHana ¢ 3arnybnequ-
€M B NOANUTHbIE PYCNOBbLIE FPYHTLI HA 10,5 M.

31a 3apaya 6bina BosnoxeHa Ha 000 «CY
No299». Mpaenaa, NPeLNoXeHHas NPOEKTHLIM
WHCTUTYTOM TEXHOMOMUSi NPOM3BOLCTBA PaboT
Ha NPaKTIKE 0Ka3anach TPYAHOBLINONHUMOVA.

Mopn BoAON, Ha rnybuHe 8 M, CTPOUTENAM
Tpeb0oBanoch NPoLLTPabUTL XeNe3006eTOHHbIE
MANTBI, 3aTEM YePe3 BbINOHEHHYIO LTPaby no-
TPY3WTb B NOACTUNAIOLLME TPYHTbI TPYOOLLMYHT,
3a0EeTOHNPOBATH BHYTPEHHIOK NONOCTbL TPYObI
1 3a30p. OcHOBHas Npobnema cocTosna B ToM,
4TO NPOMEXYTOK MeXAy 3TMM paboTamu Lon-
XeH BbITb MUHUMaNbHBIM. 3aKpPenuTb TPYOOLL-
MYHT 1 GETOHHbIE NANTBI CNOXHO, TaK Kak ManTbl
Ha AHe CBS3aHbl LWBaMU U, y4uTbIBast BypHOe
TeyeHue pekn Bunioi, cyllectaoBana peanbHas
OMaCHOCTb VX MOCNEAYIOLLEr0 Pa3pyLLEHMs.
MeTogauka nuaepHoro Bypexus ¢ nocneayto-
LM NOTPYXeHWeM TPYBOLLNYHTA 34ECh SBHO
He noaxoamna.

— Mbl NpeaoXxuny TeXHONOr o OAHOBpE-
MEHHOr0 BYPEHUS 1 MOTPYXEHNS LIMYHTA Ye-
pe3 WTpaby B OETOHHbIX NAMTAX, BbINONHEHHYIO
nyTem NoABOAHOIO anMa3Horo Bypenus, —
nosichsiet Bnagumnp Knumos. — Brnocnen-
CTBMW 0Ka3aN0Cb, YTO HUKTO B MMPE TaKoro
He nenan. HexpaHHo-HerafaHHo ans cebs
Mbl OKa3a/1Ch NEPBONPOXOALAMU. PaboTl
BbINOAHSANMCH 3axBaTkamu. CHavana genanu
O[HY W3 HUX, NOTPYXanu TPYOOLUNYHT 1 cpasy
xe GeTOHMPOBaM.

3 BCeX BapWaHTOB CNELMANMCTLI KOMNaHNN
BbIOPaN Hanboee ONTUMaNbHbIA —
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C MPUMEHEHNEM CTAHKOB aniMa3HOro bypeHus
BRAUN npowv3soacTsa aBCTpuiickoin GupMbl
Braun Maschinenfabric Ges. m.b.H. u. Co. KG.
[lnameTp anmasHoii KOPOHKK COCTaBMA
1M, anvHa — 2 M. Ins yCTOMYMBOCTY CUCTEMBI
Oblna paspaboTaHa creumanbHas yTskeneHHas
MeTann4eckast pama ¢ AOHHOW HanpaBnsto-
weit. C nomoLLpto kpaHa 6ypoBoit cTaHoK, 060-
PYAOBaHHbLIA CUCTEMaMK BUAEOHABNIOAEHNS
11 OCBELLIEHNS, ONyckancs Ha O, rae Bofonas
KOHTPOAMPOBAN ero NonoxeHve. Mudopmauws
C BMAEOKamMepbl nocTynana Ha 6apxy, Ha KOTo-
pOK onepaTop, ynpasnss ruapaBanyeckoi ya-
CTbl0, CO3AaBas 3a[1aHHOE YCUNE HA KOPOHKY 1
noanepxvean Tpebyemyto 4acToTy BpaLLeHus.
CyLecTtBoBana elle ofHa npobaema: no
nepBOHaYaabHOMY NPOEKTY CKBaXMHbI UIMeNn
GONbLUMIA, HEXENW LIMYHTOBbIE TPYOBI, Ana-

MeTp. MPOeKTUPOBLLMKM NPELNOXUAN 3anon-
HUTb 3330p MEXZY PYHTOM 1 CO3[1aBaeMOi
CcTeHoit matepuanom GeoFlex, Ho cneumanucTbl
000 «CY Ne299» ybeannu 1x B HeLLENecoo-
OpasHOCTY Takoro BapuaHTa.

— Y Hac yxe 6bln onbIT — NoA06HbIE
CKBAXMHbI Mbl fienany 1S BOAOCHAOXEHNs!

KOMMPECCOPHON CTaHLummM «CEBEPHOro NoTo-
ka», Ha aBapUIHOM y4acTke MeTpo «[nowanb
MyxecTBa» — «JlecHast», — KOMMEHTUPYET
cutyaumio Bnagummp Knumos. — CylecTayio-
LLME MPK NHEBMOYAAPHOM BypeHum Buubpa-
LMK 3aCTABASIOT OKPYXAIOLLMIA FPYHT NAOTHO
06xwumatb TpyOy, 3a30P0B NPAKTUYECKM He
ocTaeTcs. Monyyaetcs, Mbl OQHOW Onepaumen
peLlaem TpK 3afauu: 0cyLLecTBAsEM BypeHue,
YCTaHOBKY TpYyObl 1 06XaTne rpyHTOM 3TOM ca-
MOVt TPYObI. Mbl BBILLN C JAaHHBIM NPELI0XKE-
HWeM B MPOEKTHYI0 OPraH13aLmio, rae C Hamu
COrNacuNChb, BHECNM U3MEHEHUS B MPOEKT U
0TKa3anm1Ch OT MHBEKTUPOBAHMS CMONAMM.

Takum 06pa3oMm, TEXHOOTUS, MPELNOXEHHAS
000 «CY Ne299», nonyumna 3acnyxeHHoe npu-
3HaHWe, 0 YeM CBUAETENbCTBYET psif, nybnmka-
Li B 3apybexHoi npecce.

B npowwnom rogy cneumanncTsl KOMnaHum
BbIMNOHWAW NEPBYIO YaCTb CTPOUTENBHBIX paboT
Ha CeeTnuHckon M9C, noaTeepamBLUMX addek-
TMBHOCTb MCMOMb30BaHMS HOBO METOAMKM.

Bnepeam y «CY-299» — HOBbIE NNaHbl, HOBLIE
Hagexabl. MofKpenneHHbIe HAKOMIEHHBIM
OMbITOM, BbICOKIM Ka[IPOBbIM W TEXHUYECKUM
MOTEHLMANOM.

— Mbl nnaHuMpyem yyacTeoBaTh B TEHAEPE
Ha BbINOMHEHWe paboT Mo CTPOUTENLCTBY
MOPCKOrO MyHKTa nponycka «bpycHny-

HOe» B KayeCTBe reHnoapsaynka. B ceoe
BPEMS$ HaLla KOMNaHWS BbINOAHSANA 3LECh
VHXEHEPHO-TEO0NOTMYECKMe U3bICKAHNS, —
pacckasbiBaet Bnagumnp Knumos. — OgHa
13 N3IOMUHOK 3TOr0 NPOeKTa — NCNoNbL30-
BaHWeE CBaii-000N0YeK ANst CTPOUTENLCTBA
nogbe3HON 3cTakaabl. B CKanbHbIA FPyHT,
COCTOSILLMIA B OCHOBHOM W3 FPAHNTOB, AOMKHA
ObITb NOrpyXeHa ctanbHas Tpyba Ha rnyouHy
He MeHee, YeM Tpu ee fuametpa. Mofo6HbIN
ONbIT PaBboThl Y HAC yxe Obis1, NpU4eM BECEMA
YCMELLHBIA.
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I.A. MATBEEHKO,
5 OMbIT

E.N. KOMAPOB

e YCTPOWUCTBA
MOASEMHBIX COOPY)XEHUI
B PA3/IN4HBIX TPYHTOBbIX
YCIOBUSIX

Underground construction

in highly dense urban area

in megacities is gradually
gaining increased attention.
Shopping malls, parking lots,
etc. will become underground
as the necessity of extensive
use of space under central
urban areas comply with
up-to-date development
requirements. Some time

will pass, and today’s multi-
storey buildings with no
underground structures

may become anachronisms.
Russian construction company
“Podzemstroyrekonstruktsiya”
(St. Petersburg) has gained a
certain experience in building
underground, and presents it
in this article.

Kade «Mupamupa» 8 Merposasoacke

B HacTosLee Bpems B yC/I0BUSIX IOTHOM ropoACcKoi 3acTporiku Bce 6osiee akTy-
asibHOW CTaHOBUTCS NPO0sIeMa CTPOUTEbCTBA MOA3€eMHbIX COOPYXEHUI, npeaHa-
3HaYeHHbIX [/151 pa3MeLLeHNs TOProBbIX KOMI/IEKCOB, aBTOCTOSIHOK U T. 1. Heob-
XOAMMOCTb IOJIHOT O UCIO/Ib30BaHNS NNOA3E€MHOI0 NPOCTPAHCTBA LLeHTPaJIbHbIX
PpaiioHOB ropoA0B SB/IETCS COBPEMEHHbIM TpeboBaHUeM pPa3BUTUS MErano/ucoB.
MpoiigeT eLye HeMHOro BpeMeHu, U NPOEKTUPYeMble MHOIro3TaXHble 34aHns 6e3
MoA3eMHbIX COOPYXEHWIA CTaHYT aHaxpoHu3mamu. CTpoutenibHas komnanus «llog-
3eMCTPOMPEKOHCTPYKLMS» HAKONWIIa Onpeae/IeHHbIN ONbIT YCTPOICTBA 3arny06eH-
HbIX 00bEKTOB.
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O,D,I/IH n3 I'IO,D,06HI:IX NpMMepPOoB — ABYX3TaXHOe noa-
3eMHOe NpeAnpusTIE 06LLLECTBEHHOMO HA3HAYEHUS
pa3mepom 39 x 31 M (puc. 1), COOPYXEHHOE B LIEHTPANBHON
yacTtu lNeTpo3aBoacka.

Ta6nuua 1
Duanko-mMexaHndeckmne xapaKTepuCTIKu

BnaxHocTb, %

@
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=
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KoagpduumeHt nopucroctu
Mokasarenb TeKy4ecTu
YnenbHoe cuenneHue, kMa
Yron BHYTPEHHEro TPeHus,
Mopaynb pepopmauum, MMa

2,21 17,3 0,44 0,09 47 26 34

WHXeHepHO-reonornyeckme ycnosms y4actka CTpouUTeb-
CTBA NPEACTaBNEHbI TEXHOrEHHBIMM (1-2 M) 1 HUKHEBaNaaii-
CKMMM OAHOPOAHBIMW MOPEHHBIMY (10-11 M) OTROXEHUSMY.
[MonyTeepabli CYrNMHOK OLHOPOLHLIV (€r0 XapakTepUCTUKK
npuBeaeHbl B Tabn. 1) conepxut po 20% rpasus v ranbky, a
TaKkxke [0 5% BanyHoB.

HeGnaronpusTHbIM 0COBEHHOCTSIMY CYINIMHKOB CrieayeT
CYUTATb PA3XKKEHNE MOPEHbI MOZ, AENCTBUEM HAMOPHBIX
BO/L, NPV MOBbILLIEHUN ECTECTBEHHOI BNIAXXHOCTI BCErO Ha
2-3% 1 nepexof, MOPEHbI B N/bIBYHHOE COCTOSHME.

Mpu OTKOMKE KOT/I0BaHA Ha ryBUHY OKOSO 8 M B 30HY BN
HWSI CTPOMTENLCTBA NOMaAANN LLIECTUITAXHBIA XWUNOiA OM MO
ynmue Kupoga (pacnonoxeH Ha pacctosiHum 11,6 m),
LUECTMITaXHbIV XMNOI 10M No ynuue JleHuHa (16,8 m), oaHo-
3TaXHOE 3aaHne pecTopaHa «<Makcym» ¢ noagaioM (6,8 m),
npoe3xas 4acTb yauubl Knpoea (9 m) v ynuuel Jlehnna (8,3 m).
30aHKS BbINONHEHBI HA NEHTOYHbIX XeNne300eTOHHbIX PYHAA-
MeHTax ryeuHol 3anoxeHuns okono 1,8 M.

Pa3paboTka rpyHTa KoT/I0BaHa OblNna BbINONHEHA NOL,
3alLMTON LUMYHTOBO CTEHbI 13 KacaTeNbHbIX 6YpOHaBMBHbIX
cBait gmametpom 350 MM 1 LnnHoi 8,5 m (puc. 2), 0bbeam-
HEHHbIX MOHOIUTHBIM XeNe300€TOHHbIM POCTBEPKOM. AH-
KepoBKa poCTBepKa Bbla BbINOHEHA BYPOUHBEKLMOHHBIMM
ceasimu Titan anuHoit 8 M. Ha nepsom aTane Obin paspaboTaH
«MOHEPHBIA» KOTNOBAH rNy6uHO okono 2,5 M. OTkonka
OCHOBHOTO KOT/I0BaHa 1 YCTPOWCTBO NOA3EMHOI0 COOPYXe-
HWs BbINa BbINONHEHA TPEMS 3axBaTkamu (puc. 3).

Mpu pa3paboTke rpyHTa BAOSb YauLbl Kuposa B6a13M
BOAOHECYLLMX KOMMYHUKALWIA Obl 0OHAPYXEH Y4acToK
nnbiByHa. BypoHabyBHbIE CBaM LLIMYHTOBOO OrpaxaeHus Ha
3TOM Y4aCTKe BbIMOAHAMCh NOA, 3aLLUTO HEM3BNEKAEMBIX
00cafHbIX TPYO.

B HacTosLLee BpeMs CTPOUTENBCTBO 3TOr0 NOA3EMHOI0
COOPYXEHNS yXe 3aBepLUIeHO. [onoMHATENbHBIX 0CAA0K
NPUMbIKAIOLLIMX 3[aHWIA, N0 AaHHBIM Npodeccopa NeTposa-
BOACKOr0 rocyAapCTBEHHOr0 yHuBepeuTeTa B.I. CumaruHa,
He HabnioLanoc.

B Canxr-lMetepbypre (Hesckwit npocnekT, 104) 6bino
BbINOHEHO CTPOWUTENBCTBO MHOMO3TAXHOI0 3aHUst C noj-
3EMHbIM 3TaXOM. [PYHTOBbIE YCNOBWS MNOLLAAKA TUMWNYHBI
[LNS LEHTPaNLHOM 4acTyu ropoaa. B reonornyeckom CTpoeHmm
yyacTka 8o rnyéuHbl 40 M MPUHUMAIOT Y4acTMe COBPEMEHHBIE
MOPCKME, BEPXHEYETBEPTUYHbIE 03EPHO-NEAHNKOBLIE U Ied-
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LLlecTuaTaxHblit oM
no yn. Kuposa

HoBoe CTpouTenscTeo

np. JlennHa

Puc. 1. Cxema pacnonoxenus noa3emMHoro coopyxetus B letposasopcke
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Puc. 2. Pa3pesbl 35aHus

Puc. 3. YetpoiicTeo noa3emHoro coopyxerus B letposasopcke
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Tabnuua 2
HopmatusHbie / pacyeTHble noKa3aTenu rpyHTos

OTmeTka MnoTHOCTb, KoHcucTten-
TpyHT
Kposnu M kH/m? ums, |

1 HaceinHoi 18,4/19,4 16/18

2 [Mecok nbinesarblit 3,0 18,4/19,4 24/26 1 /2 11 0,750
& 3aT0PHOBAHHBIN FPYHT -0,9 10,5/10,9 10/12 6/9 3 3,146
4 Cynecb Teky4as -1,8 19,1/19,3 16/18 6/9 7 1,22
5 CyrnnHOK TeKy4enacTu4HbIN -2,7 18,1/18,2 10/12 8/12 8 0,76
6 CyrMMHOK MArKOnAacTUYHbIN -7,7 19,5/19,7 16/18 15/22 10 0,64
7 Cynecb niacTuyHas -13,6 20,5/20,6 23/26 10/15 11 0,53
8 Cynecb TBepaas -25,8 21,6/21,7 26/30 14/21 17 -0,20

[Llom 36, nut. A
77 no yn. MasikoBckoro

no Hesckomy np.

HoBoe cTpouTenscTeo

Jom 106, nut. X
no Hesckomy nip.

no Hesckomy np.

Hescu o

Puc. 4. Cxema pacnonoxeHus HOBOro CTPoUTENbCTBA Ha Hesckom npocnexte
B KoTtnosaH rny6uHOi 0K0NO 4 M OTKAMbIBANCS NOA, 3aLLM-
TOWN BOaenmBaemoro wnynta Arcelor 18 nnnHon 12 m. Tpu
4eTBEPTY KOTNOBaHa Okl pa3paboTaHbl OTKPLITLIM COCO-
60M Mo, 3aLLMTON Pacnopok 1 06BA304HbIX 6aNoK (puc. 5).
OcTaBLLASACS YaCTb, BNIOTHYIO NPUMbIKAIOLLIAS K 3AAHNSM,
OblNa BbINOMHEHA 3aKPbITbIM CNOCcoO60M top-down (puc. 6).
®yHAAMEHTbI 3A3HWS BbINOHEHBI HA BYPOHABMBHBIX

cBasix (anametp — 450 MM, AnnHa — 22 M OT NOBEPXHOCTM
rpyHTa) M 06bEANHEHBI PYHAAMEHTHOW NAMTO TONLHON
800 mMm.

Mo pesynbTtatam HabntoaeHnii 000 «LLeHTp reoTexHu-
4EeCKOro MOHUTOPUHIa», MakcMMabHble ocaaku aoma 106,
aut. X, no Hesckomy npocnekTy coctasuim 13 Mm npu
cpenHei BenuymnHe 7 M. [ns noma 104, nut. A8, makcu-
Mym gocTur 8 mm (B cpeaHem — 4 mm). ins noma 102,
wmT. M, — 14 Mm (6 Mm). MakcumanbHble ocapku aoma 6,

} kopnyc 5, no yn. Boccranus coctasunu 6 MM, joma 108,
HWKOBbIE OTNIOXeHUs. HopMaTuBHbIE U pacyETHbIE NoKasaTe- Puc. 6. Yerpojicrso "06”" nmT. B, no Heeckomy npocnekty — 3 Mm, kopnyca 5, foma
I TPYHTOB NPUBEAEHbI B TaON. 2. ::::Z:’:Tm criocotou 6, nuT. A, no ynuue Bocctanug — 2 M.

B 30He BAMSIHMS CTPOSILLErocs 3aaHMs Ha Heckom npo- Kak BUHO M3 pe3ynbTaToB HabMIOAEHWIA, NPUHATLIE
CrekTe okasanucb goma ¢ Homepamu 106, nut. X (1 m), KOHCTPYKTVBHbIE PELLEHNS U 3ALLMTHLIE MEPONPULTAS NPU
104, nut. A8 (1 ™), 102, nut. M (0T 1 M), a TaKkxe pacnono- YCTPOWCTBE NOA3EMHbIX COOPYXEHWIA 0Ka3anCh BMONHE
XeHHble Ha paccTosiHum 810 m: 108, nuT. B no Heeckomy [lOCTaTO4HbIMM 151 00ECNEYEHMS YCTONYMBOCTM OKPYXal0-
npocnekTy, 6, kopn. 51 6, kopn. 5, nut. A, no yanue Boc- LLen 3aCTPOKK. LoNONHUTENbHBIE 0CAAKM, HAKOMNEHHbIE
CTaHus (puc. 4). BnnoTHyo NpuMbIKatoLLme 34aHuns Obinm 3a BECb NEPUOA, CTPOUTENLCTBA, 0KA3aNMCh CYLLECTBEHHO
ycuneHbl ceasamu Titan ganHoi 20 M. MEHbLLe NPeaenbHbIX BENNYUH.
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Copepxadue:

KoMNeTeHTHaR UHDOPMALMA O AOCTHHEHM!

oTpacnu cTpad CHI u gankHero aapyGext

genceas WHhopMaLWAa M3 NepesIx PyK 0T MUHWCTROB

AOPOKHEIX AMUHUCTPALIMIA M KOMTaHWIA POCCHH W ET)

OTpacneesIe W pervoHaneHse 0630p6!, AHANUTHYECKUE |

pYSEMHLIX YYEHLIX U CTIBLUMANWETOBR Mo NpoGneman pa:

HOBBIE 33KOHLI M HOPMATHMBHBIE AOKYMEHTEI, pernaMeHTUpYIoLLne |

POXHOMD XO3ARCTEE, KOMMEHTaPUMK K HUM paspatoTHHKos; 5

aHanuz onsita patoTel KOHKPETHLIX NPEANPUMSTUA W OpraHusalue BeeX
CTEEHHOCTH B cTpaHax CHI U gansHero aapyBexss; L
MHDOPMALIVA O BLICTABKAX, KOHKYPCAX, TEHASPaX, YCnyrax, HOBOW TEXHUKE M TEXHONOIMAX:
MCTOPWUA PA3BUTUA ABTOAOPOXHONO X039MCTEA B cTpaHax CHI U gankHero aapyﬁo
OTPACMEBLIE W PEMMOHANBHBIE CNELBLINYCKKW, B T.4. «XYPHAN B RYpHane:

AyouTopua:
MMHWCTPbI TREHCTIOPTE W PYKOBOOMTENW OOPOXHbLIX agMUHUCTpaLUWiA crpad CHI v pans-
Hero sapyoexen;
PYKOBOOMTENM NPEANPUATHA OOPOXKHON OTPACHY, TPAHCNORTA, NPOMBILLNEHHOCTH,
cTpouTenscTea ctpad CHI v nansHero 3apyfexes,
s s *  VHeHbie HWW, npenogaesateny By30B, aBTOODPOXHHKHN,
:_l;ﬁh:"é_':‘.': YHACTHWKN COBELLAHWA, KoHthepeHLMiA, NPohnbHbIX BRICTABOK B cTpaHax CHI v pank-
Hero sapyGexen

.=

~5% CHI, agMUHHUCTPaLMA NPe3MABHTOB, NPABMTENLCTE M NOCONLCTE;
s, N ¢ B3 TPAHENOPTE W KOMMYHWUKALIWA, ROPOXHbIE anMuHucTpaLmm ctpad CHI
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Puc. 1. MorpyxHoii TonHens Yapnb3a
Yaiterra

Unesi coopyxeHus norpyxHoix TOHHeneH no-
sIBUIach 33800 0 TOro, kKak ObLi peann3oBaH
nepBsbiii N0[00HbINA NPoeKT. OCHOBHbIE NPUHLN-
nbl 6b11M chopmynupoBaHbl B Havane XIX Bexa
B AHrnum, Torga, korga Usambapg Knxrgom
bpioHenb eLue TO/LKO NPUCTYNan K CTPOU-
Te/IbCTBY 3HAMEHMTOr0 TOHHE s nog TeM30ii
(Thames Tunnel) ¢ nomoLybto 306peTEHHOro
UM He3af0.ro A0 3TOro MPOX0A4YeCKOro LMTa.
Ha BonnoweHune B Xn3Hb NOrpyXHbIX pa3pado-
TOK yLUJI0 ropa3z[o 6o/ibLue BPEMEHM.

MepBas nonbiTKa

B 1803 rony aHrnuniickuii uHxeHep MeHpu Teccbe a0
MoTTpeit npeanoxun ces3atb AHrnno u PpaHumio no-
FPYXXHbIM TOHHENEM W3 YYTYHHBIX 3IEMEHTOB, YI0XKEH-

HbIX Ha AHO J1a-MaHLwa. B To Bpems 310 66110 01HO 13
MHOrOYMCAEHHBIX NPEAI0XEHMI Nogo6HOr0 POLLa, OfHAKO
HaJBMratoLLaACcs ONacHOCTb BTOPXEHWS HanoneoHa He no-
3BOAMNIA BOMNOTUTLCS HU 0AHOMY 13 HUX. B 1808 rogy ewe
OJVH aHrIMNCKNIA UHXEHEP, Puyapa TpeBuTuK, B ka4ecTse
peLueHus ons nepexona Yyepes Temsy npeasoxun MeTos,
CTPOMTENLCTBA CEKLMIA NOTPYXHOIO TOHHENS BHYTPW CYXUX
KoddepaamoB (KECCOHOB), YCTAHOBMEHHbIX HA AEPEBSHHbIX
cBasix. [OTOBbIE KMPMMYHBIE CEKLMM LOMKHBI OblNK 3aCkinaTh-
CS1 FPYHTOM [0 NEPBOHAYANBLHON OTMETKY AHA, CaM Xe KO-
dbepnam npeanonaranoch CABMHYTL (pa3obpaTth U NOCTPOUTbL
Ha Apyrom MecTe) Ha pacctosHue 50 GyTOB N0 HANPaBIEHMIO
Briepes, BAOSb TPACChl TOHHENS. Takum nocTeneHHLIM npo-
LBkeHneM koddeprama 1 npeanonaranock NOCTPOUTb
BeCb 00beKT. XOTS M0 CyTW 3T0 Oblf BCE TOT XE OTKPLITHIN
€nocob CTPOUTENBCTBA, HO BCE XE B HEro ObiN BKIIIOYEH s
3/IEMEHTOB COBPEMEHHO TEXHOMNOT UM NOrPYXHBIX TOHHENEN,
Tak YTO OH CTaJ BaXHBIM LLArOM B Pa3BUTUN TEXHOIOMN
COOPYXeHWS NOA0GHbIX KOHCTPYKLMIA.

MepBbIii BAPMaHT TOHHENS JOMXeH Obli ObITh KMp-
MUYHBIM, HO NO3Xe TPEBUTUK PeLLn 3aMEHNUTb KMPMNY
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yyryHoMm. OH nepegan CBOM NPeLIOXEHNS B KOMMaHWIO
Thames Archway Company, B3siBLLYIOCS NOCTPOUTL Nep-
Bblil TOHHENb N0, TEM30WA, HO OHY He BbIIN NPUHATLI. B
1809 roay ata komMnaHust 06bsiBINA KOHKYPC NPOEKTOB, Ha
KOTOpbIi OGN0 nopaHo 54 3assku. B 1810 rogy peluexve
ObIN0 NPUHATO B NOMb3Y NPOEKTA NOrPYXHOr0 TOHHENS
Yapnb3a Yaitetta. Ero upes coctosna B ToM, 4T0Bbl Npo-
NIOXMTb MO AHY TPAHLLE W MOrPYXaTb B HEE KUPMUYHbIE
unanHapsl garHon 50 GyTos. Topubl LUAMHAPOB (418
obecneyeHns Nx BOJOHENPOHULLREMOCTH 1 CMOCOBHOCTM
JepxaTtbCsi Ha niaBy) AOMKHbI Bbln 6bITb NEPEKPITHI
BPEMEHHbIMI CHEepPUYeCcKUMU KUPIIMYHBIMK Nepedopka-
mMu. Kaxgbll uunnHap cHabxancs npocTbiM 6annacTHbIM
YCTPOWCTBOM, 4TODLI €r0 MOXHO ObI10 NPYU HE0OX0AMMO-
CTW 3aTOMUTb.

C MHXeHepHO To4KK 3peHuns cxema YaiieTTa bbina He-
MNoXo npoayMaHa. Hanpumep, 4Tobbl 3aLLMTUTL TOHHENb
0T BO3MOXHOr0 MOBPEXAEHUS AKOPSMU NPOXOAALLMX Hag,
HWM CY[0B, TPAHLLEI Npeanonaranock CAenaTb LOCTATOY-
HO rnybokoii (He MeHee YeMm 6 dyToB). B Thames Archway
Company peLlunu NpoOBECTW P, UCMbITaHUIA, Y4TOOI
NPOBEPUTH XM3HECTOCOBHOCTL HOBOV TEXHONOTWN. Bbin
MCCNEAO0BaH psg NapamMeTpoB, B YACTHOCTM repMeTuy-
HOCTb NEPEeropook Mexay CeKLMAMU, MPOYHOCTb CaMUX
UMAMHEPOB, TOYHOCTb, KOTOPYIO MOXHO BbIN0 LOCTUTHYTH
NPy MOHTaXe TOHHeNs. HeobXxoanMMo BbINo Takxe BbiSiC-
HWUTb, KaKMe NOTEHLMabHbIE MOMEXW ABUXEHNIO PEYHOrO
TPaHCNOpTa MOXET CO3AaTh TOHHENb. [IXOHy Aii3eky
XOKMHCY BbII0 NOPYYEHO NOCTPOUTb ABA LMNMHAPA ANUHO
25 dyTOB KaX bl C BHYTPEHHUM AnameTpom 9 dyToB.
McnbiTaHne 660 NPOBEAEHO B YCNOBUSX MENKOBOABS, B
CaMOM LmAnHAape Bbin 0CTaBNEH NPOX0A A/ ero 0CMOTpa
M3HYTPW. Kaxablii LMAMKHAP C TONLWMHONM cTeH 13,5 aloiima
Becun 52 ToHHbI 1 Tpebosan 8-10 ToHH Bannacta ans no-
rpyxeHus. Lunnnapsl n3rotaBnMBanuch Ha 3atannveae-
MbIx 6apxax, Ans 1x onyckaHus B peke 6binn NoCTPOEHb
creuuanbHble neca. [BuxeHne no peke bbino BecbMa
WHTEHCMBHbLIM, NO3TOMY NI€Ca NPUXOANIOCH MOCTOSIHHO
PEMOHTMPOBATb M3-3a MHOTOYMCIEHHBIX MOBPEXAEHMIA.
Mpu TPAHCNOPTUPOBKE LIMANHAPLI 3aKPENNSAANCH BAOb
Gapxu. Mocne pacnonoxXeHns ncenemyemblx 00beKToB
nog necamm 0603Ha4anmnCh UX OCK M yCTaHABAMBANNCH
MauyTbl 415 KOHTPONS UX NONOXeHst. MorpyXeHHbIi B BOAY
LUAVHAP 3aKPENAsiCcs Ha MECTE C NOMOLLbIO FPaBUIAHO
3aChbINkK, BLINONHAEMON BPy4Hylo. Cxema XoknHca npea-
CTasfieHa Ha puc. 1.

Mocne yCTaHOBKY BTOPOrO 3/1IEMEHTA MO LUBY MEX.Y HM
11 NepBLIM 3/IEMEHTOM HAHOCUNACh MMMHOrPaBMIAHAs CMECh,
3aTem 13 TOHHeNs yaananack Boga. LLios nHorga nponyckan
BOAY, HO 3TO HE CYMTANOCh NPENATCTBMEM, TaK Kak Npeano-
naranoch 3aAenbiBaTh LBkl FMMHOOETOHHOW CMEeChto. XOTa
3T0 NPEANOXEHNE Ka3an0Ch TEXHNYECKW OCYLLECTBMBIM,
Obl/I0 NOHSITHO, Y4TO CYLLLECTBYIOLLMIA NPUEM 3aENKU LLIBOB B
HaCTOALLEM TOHHENE MOXET BbI3BaTb NPOOIEMbI, NOITOMY
JaHHas onepaums Tpebosana aopabotku. K coxaneHmio,
MPOBEEHHbIE NCMbITAHWS OKA3aIMCh O4EHb JOPOrOCTON-
wmmu, 1 B 1811 rogy Thames Archway Company pewunna
npekpaTuTb paboTy Haz NPOEKTOM. TeM He MeHee pas-
paboTtka Yapnb3aa YaiteTra — 310 nep.bIit nonHomactuTad-
HbIA NPOEKT NOrPYXHOr0 TOHHENS!, CTaBLLMIA, BE3YCNOBHO,
TEXHONOMMYECKMM NPOPLIBOM 715 CBOEr0 BPEMEHMU.

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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B cepeauHe XIX Beka yxe CylecTBOBas0 HEMaO npo-
€KTOB, B KOTOPbIX MCMOJIb30BaNach Naes NOrpyXHbIX TOH-
Henein. Cpeay HMX Obln NPeaNoXeHUs GPaHLY3CKMX UH-
XEHEPOB MO CTPOUTENLCTBY TOHHENs nof Jla-MaHuuem,
HO OT HMX OTKa3annCb 13 COOBPAXEHNIA HALIMOHANBHON
6e3onacHoCTU. M3BecTeH Takxe psia NPeasoXeHnin no
CTPOUTENILCTBY MOrPYXHbIX TOHHENEW Ha XeNIe3HOLOPOX-

HbIX IMHUSIX 3anaHOEBPONENCKMX CTPAH.

Mopo6Hble Maen NPOLOMKANN 3aHUMATb YMbl BpPUTAH-
CKMX MHXEHePOB BNNOTb 10 cepeauHbl XIX Beka.

B 1845 rogy uHxerep XoH fe na Xain onybnukosan B
The Mechanics Magazine, Museum, Register, Journal and
Gazette 60/bLLYI0 CTATbi0 0 BOSMOXHOCTSX NPUMEHEHUS
1 cnocobax CTPOUTENLCTBA MOTPYXHbIX TOHHENEA. B Heit
paccMaTpuBaNCb BapuaHTbl UCMNONb30BAHMS YYrYHHBIX
OMYCKHbIX CEKLMIA ANs CTPOMTENLCTBA PALa TOHHENEN B
BenukoOpuTaHuy, a Takxe ana nepexopa Aysp — Kane
B0 ®OpaHumu. ABTOP NPELNOXIN UCMO/b30BaTb CHUCTE-
MYy HapyXHoro 6annacra 1 NpoBen AeTabHbIi aHanu3
NPEeMMYLLECTB NOrPYXHbIX TOHHeNeN no LeHe 1 6eaonac-
HOCTV NO CPABHEHMIO C HOBON TEXHONOTUEN LUTOBON
NPOX0/AKM1, NPUMEHEHHOI B TO BPEMS 11l CTPOUTENLCTBA
TOHHeNsa nop, Tem3oi.

B cepeauHe XIX Beka yxe CyLLecTBOBaN0 HEMano
MPOEKTOB, B KOTOPbIX MCMONb30BANACh MAES MOrPYXHbIX
TOHHeneit. Cpeau HUX Obian NpeaNoxeHns GPaHLLy3CKNX
VHXEHEPOB N0 CTPOMTENbCTBY TOHHENS nof, Jla-MaHwem,
HO OT HWX 0TKa3aNNCh N3 COOBPAXEHUI HALWMOHANBHON
6e3onacHocTH. N3BECTEH Takxe psif NPEAN0XeHUi no
CTPOUTENBCTBY MOTPYXHbIX TOHHENEN Ha XeNe3HOLOPOX-
HbIX IMHWAX 3anagHOEBPONENCKMX CTpaH. B T0 xe Bpems
3TU WIeu cTanm NPOHUKaTb 1 Ha TeppuTopuio CoeanHeH-
Hbix LLTaToB. OgHako cneaytoLyto NpakTUYECKYIO MOMbITKY
nofo6HOro poaa NPeAnpUHSNK oNsTh e B Bennkobputa-
Huw, roe B 1865 roay 6611 NPeAN0oXeH NPOEKT NOABOAHOTO
TOHHENs nog TeM301 1 THEBMATUYECKO XENe3HOMN Jo-
poru Batepnoo — Yaiitxonn. B To Bpemst Tomac BebcTep
Pammenn yupegmn B JIOHBOHE KOMNAHWIO NO CTPOUTENLCTBY
[NaHHO Xene3HOA0POXHOI CETH, 1 BbllLIEHA3BaHHAS INMHNS
LOMKHa Oblna cTaTh NEPBLIM €€ Y4aCTKOM, NMEPECEKAIOLLMM
Temay B paiioHe Bok3ana Batepnoo. B 1868 rogy npoext
Obln OCTAHOB/EH U3-3a 6aHKOBCKOr0 KpU3ica, paspas-
MBLLIerocs AByms rofamu paHee. OpHako 4acTb paboT Bce
X€ ycnenu BbINONHWTB: Bbll NPOKOMaH y4acToK TPaHLLEeM 1
YCTPOEH GparmMeHT 0CHOBaHWS TOHHens. OpHa 13 cekuuii
Oblna NOCTPOEHA MONHOCTLIO, U ELLE ABE — YACTUYHO.
XoTs coopyxeHue BbiN0 pPa3odbpaHo, ero MOXHO CYMTATh
MEPBOI HACTOSILLE NOMBITKON CTPOUTENLCTBA NOrPYXHOIO
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[MepBbIi pean30BaHHLIN NPOEKT NOTPYXHOMO TOHHENS
nosisuncs B CLUA B8 1893 rogy. 9710 6bin HANOPHbINA y4acToK
I y Tpyb6onpoBoza (AtoKep) NOL MOPCKMUM 3aNMBOM LUMPUHOA
| 60 MeTpoB, NpeAHa3HaYEHHbIA Ans TPAHCMOPTUPOBKY
CTOYHbIX BOJ, M3 BOCTOHA HA O4YMCTHYIO CTaHLUMIO. TOHHESNb
anuHoin 100 M n nuameTpom 2,7 M Obl NOCTPOEH M3 KNp-
nuya n 6eToHa. Ha KoHLLe Kaxaoi cexLmm 6binn yecTaHoB-
NEHbI 1epeBsHHbIE NEPeropofikM, COeAMHEHHbIE GonTamm ¢
MOMOLLbI0 HAPYXHbIX CTaNbHbLIX GNaHLEB.
i BBop B akCnyaTaumio 3Toro COOpYXeHus aan crapT
{:,:_i . CTPOUTENLCTBY NOTPYXHbIX TOHHENEN, 33 NEPBLIM peani-
¥ 30BaHHbLIM MPOEKTOM MPAKTUYECKM Cpasy NocnefoBan
1 apyrve. B ToM e rogy 1 no Toi xe TexHonorum B Mapuxe
nopa CeHoi Obin NPOMOXeH ABOMHON KAHANN3ALMOHHbIA
. ToHHenb annHoii 200 M, a ewe yepes 7 net, 8 1900 roay, B
N o ' [Janrn nocTponnm BOJONPONYCKHOM M KaHANN3aLMOHHLIN
=13 & TOHHENN NPOTSXXEHHOCTHLIO 185 1 43 M COOTBETCTBEHHO.
Bce 970 4ano0 ToNYOK PasBUTMIO TEXHOMOTUI, KOTOPbIE
BCKOPE AOCTUMNN YPOBHS, JOCTATOYHOrO AN CTPOU-

e S TeNbCTBA TPAHCMOPTHBIX TOHHENEN. [1epBbIM U3 HIX CTan
Xene3HOA0POXHbIV TOHHENb NOA pekoi CeHT-Knap B
= S i Epen [etpoiite, oTkpbiThid B 1910 rogy. ATOp NpoekTa — ame-
PUKAHCKWIA MHXeHep B.x. Buaryc npeanoxun ynoxurs
[1B€ BOLOHENPOHULIAEMbIE KOHCTPYKLMN B TPAHLLEID, KO-
TOPYIO 3aTEM CO BCeX CTOPOH CNeL0Bano 3aauTh 6ETOHOM.
TOHHenNs. Ero KOHCTPYKLMS OTNMYanack 0T TOHHens Yaii- Puc. 2. Mnagysas nnatgpop- ToHHenb cocTosn n3 10 cekumin aanHoi no 80 M 1 0aHOrO
eTTa: CeKLMI COOPYXanuch U3 3/,-al0AMOBOr0 TONCTONN- Ma, C NOMOLLbIO KOTOPOA 3aBepLuaioLiero pparmenTa (20 m). Ha puc. 2 nsobpaxe-
CTOBOr0 Xenesa, CHapyXwu 1 U3HYTPU KOTOPOrO yCTaHaB- BE/N0Ch CTPOUTENLCTBO Ha nnasyyas NaTGopma, C NOMOLLLI0 KOTOPOK BENOCH Ero
nmBanach KupnuyHas dyreposka. LunnHapsl Takxe Gbiimn NOTPYXHOT0 TOHHENS CTPOUTENLCTBO.
6onee ANUHHBIMU — 235 GYTOB KaxXAblid, C BHYTPEHHUM 8 fletpoiire CymocTtpouTenbHas npombiwneHHocTb CLUA Ha ToT
IvameTpoMm, paeHeiM 10 dyTam. MOMEHT BbIna ye JOCTaTOYHO BbICOKOPA3BMTO, NOSTOMY
VIMENO CMBICA MCMOMb30BATH €€ OMbIT 415 NPON3BOACTBA
TexHuyeckue BO3MOXHOCTU TOHHENbHbLIX KOHCTPYKLIA. OneMeHTbI TOHHENS Nof, pekon
CeHT-Knap 6b1a1 M3roToBNEHbI LETPOITCKOM KOMMaHeN
Habupana 060poThl 1AES CTPOUTENLCTBA OMYCKHbIX Great Lakes Engineering Works, nmeBLUEI OMbIT CTPOM-
TOHHenei 1 B CoenmnHeHHbIx LTatax Amepukun. Ocobyto ak- TeNbCTBA rPY30BbIX CYLO0B, MO3TOMY A5 PELIEHUS HOBON
TWBHOCTb NPOSIBUA B 3TOM HanpasneHnn uHxexep Xosed 3a/1a4¥ OHa VCMOJb30BaNa YXe anpobupoBaHHbIE METOARI.
ne Cengaummp, npeanoxmslumnin B 1857 rogy COeaMHUTL [lBa TOHHENS (B KaXA0M 13 HUX NpeAnonaranacs Npokiaaka
HuxHWiA MaHxaTTEH 1 BPYKAMH NOrpyXHBIM TOHHENEM MO, 0HOrO XENe3HOA0POXHOr0 MyTh) AnameTpom 23 dyta
McT-Pusep. Cekunn npegnonaranoch N3roTasamBath U3 4 [ioiiMa N3rotasnmBannCh U3 CTabHbIX IMCTOB TOSLLMHON
JIMCTOB KOTENBHOTO XeNesa, coegnHaemblx bontamu. Mas §/, m0ViMa, COBMMHEHHBIX HAKNaAHbLIMM KNENaHHLIMM LIBAMI
no natam 3a Pammennom, Cerasnmmp nogymelBan Takxe u (kak 1 npy NPON3BOACTBE CYAO0BbLIX KOTNOB). OHM yKpenns-
0 CO34aHMN MHEBMATUYECKOMN XENe3HON fOpOr, COeam- JICh KOAIbLEBBIMM Yronkamu ¢ pebpamm XeCTKOCTM
HaoLen ManxaTTeH, BpyknuH n Helo-[Ixepcu, Hamepe- (4x3x 3/S JIONMOB), MPYKNENaHHBLIMY K BHYTPEHHEN CTOPO-
BasiCb MCMONb30BATh /151 €€ CTPOUTENLCTBA NOrPYXHbIE He IMCTOB Yepes kaxable 12 ¢yToB. [Ans 4ONOAHUTENBHON
4YyryHHble TPYObl. OLHAKO HY OAMH U3 3TUX 3aMbICNOB TaK W NOALEPXKM Ha BPEMS| MOHTaXa Ha KaxaoM pedpe XecTko-
He Obln BOMOLLEH B XM3Hb. CTV YCTaHABAMBANCH BPEMEHHbIE CTaNlbHbIE CTOMKM, HANo-
no6ue BenocuneaHsIx cnuLl. TpyGbl TOHHENS CHAPYXM Takxe
yepes kaxable 12 GyToB MMenu ctanbHble anadparmbl,
. . Ha KOTOPbIX yAepXnBanach AepessHHas onanyoka B Buae
[NepBbli pPean30BaHHbLIN MPOEKT MOrPYXHOrO TOHHENS |  oTkpsiToro sumka. OHa MpeaHasHa4anach A GantacTHoro
6eToHa, KOTOPLIV 3anMBancs cpasy nocne ycTaHoBKM Tpyo
nossunca B CLLA B 1893 rogy. 9710 ObIN HaI'IOprII7I y4ya- B TpaHLLeto. MuH1MarbHast TolmHa 6eToHa BOKpYr Tpy6
coctasnsna 3 ¢yTa. KoHLbI CeKLMiA 3aKpbIBAAUCH Aepe-
CTOK pr60r| posona (,D,IOKep) Mo MOPCKUM 3aJINBOM LLW= | BHHbIMK Neperopoakamu, Ansi ruapou3oNsiLim LWBOB UG-
. . M0Nb30BaNUCH PE3MHOBbIE YNIOTHUTENM. BCe KOHCTPYKLMK
PUHOU 60 METPOB, NMpegHa3Ha4YeHHbIV ONA TPAHCIMOPTU= |  ToHHens Gbinu U3roToeneHs B TedeHre 20 MECSLEB.
TpaHLues Bbina BelkonaHa rpeitdepHsIM 3eMCHapSAoM.
POBKW CTO4YHbIX BOA, 13 bocTtoHa Ha O4YNCTHYIO CTAHUMIO. [nyBuHa 1 LIMPUHA NPOBEPAANCH BONOYEHNEM CTaNbHOM
6anku BLOMb BbIPLITON TPAHLLEN (TPANEHNEM XECTKNM
Tpanom). Mocne 3Toro B MecTa CoeayHeHWiA TpyO ans ux
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MOLAEPXKKN B MOMEHT YCTAHOBKM Ha AHO TPaHLUEM Oblan
YNOXEHbI CTanbHble CeTKU. OHM BbINN LOCTATOYHO ANNH-
HbIMM 1 BOXOLMAN A0 KOHLEBbIX Anadparm kaxaon Tpyoebl,
HeobX0AMMBIA YPOBEHb AOCTUIANCS C MOMOLLbIO NPOKNa-
0K, 310 Obl1 MUHTEPECHBINA, XOTS, BULMMO, W1 JOCTATOYHO
[oporocTosLLuii cnocod 60pbObl ¢ M3BECTHOW NPO6GAEMON
06ecneyeHns NPaBMIbHOr0 BEPTUKANBHOIO NONOXeEHNS
TOPLLOB COCELHMX TOHHENbHbLIX CEKLMIA, 4TO HENPOCTO CAe-
naThb W ceiyac, HECMOTPS Ha BCe COBPEMEHHbIE METOARI.

[ng npeoponeHns nonoXuTENbHOM NaBy4eCTW ane-
MEHTOB BOAY BNycKanu Yepesa TopLeBbie Nepebopku, Ha
KaX[10/ M3 HUX MMENCS KnanaH, KOTOPbIA MOXHO BbIfo OT-
KPbITb CHApyXw. BHYTpY cermeHTbl Obian pasneneHbl Agy-
M$ BHYTPEHHUMU NEPErOpOKAMM Ha TPU CEKLIMM; CBEPXY
ObliIN YCTAHOBAEHBI BHELLUHWE MHEBMOLWMANHAPSI AVHOI
60 ¢dyTOB, TaKXe pasmeneHHble Ha TpK oTceka. [laHHble
npUcnocobneHns NO3BONANN C BLICOKOI A0NEI TOYHOCTM
KOHTpONupoBaTh AndHEPEHT CErMEHTOB B NPOLLECCE UX
yCTaHOBKW. Bec kaxaoro cermeHTa B norpyXeHHOM co-
cTosHMK cocTasnsn okono 500 1. Onepauus norpyxeHns
BbINOJIHSNACh NPUMEPHO MO TOM Xe CXEME, YTO 1 Ceivac.
[ins aTOro 1cnonb3oBanmch 60MbLUME 3aaHKePEHHbIE Na-
BYy4Me 6apxm C AEPPUK-KPAHOM, Ha KaXA0€ NOrpyxeHue
YXO[LMNO OKOJO ABYX YacoB. 3aTeM BOA0Na3bl COEANHSIIN
3NeMeHTbI TOHHeNs GnaHLamu ¢ Kpennexmem Ha 6onTax.

BeTOH B OTKPBITHIV ALK BOKPYF CTANbHOTO KOXYXa
yKna/plBancs MeTo0M BOCXOAsLLEN TpyObl. B To Bpems He
Obl10 OnbiTa GETOHMPOBAHKS CTONb BONLLIOTO 06beMa MO
BOZ0M, NO3TOMY NOAPSAAYMKY NMPULLNOCH MPOBECTM CEPUIO
OMbITOB, NPEX/E YEM YAANOCh ONPEAENNTLCS C NOAX0LA-
LLert CMEChI0 1 cnocoboMm ee yknaaku. MpoLecc yknaaku
KOHTPOAMPOBAJICS BOAONA3aMu, KOTOPLIE CAEAUN 32 TEM,
4T0ObI GETOH NMAOTHO OKPYXan 060104KK 1 0becneynBan
[IOCTATOYHYIO TOMLLMHY BEPXHEr0 CNOsl. 3aTeM TPAHLLIEIo 3a-
CbiManu, cHayana noyTn 40 NOMOBUHLI 3EPHUCTLIM FPYHTOM,
a OCTasbHYI0 4aCTb — FIMHO, BLIPLITON 13 TpaHLen. Bogy
13 CEeKLMIA BbIKauMBanM C NOMOLLbIO 3apaHee CMOHTUPO-
BaHHbIX YCTaHOBOK. ITO NO3BOANIO NPOAOIXMTL paboTaTh
BHYTPY CEKLMIA — BbinN yaaNneHb! 4epeBsHHbIE NePeBOPKM 1
BbIMNOSHEHA BHYTPEHHSIS Xene300eToHHas 0OMypOBKa.

YcnelwHoe 3aBeplueHve ctpoutenscTea B 1910 rogy
Harns4HO NPOAEMOHCTPUPOBAN0 TEXHNYECKIE BO3-
MOXHOCTW COOPYXEHUS KPYMHBIX MOrPYXXHbIX TOHHENEN.
BblAn HangeHbl NPaKTUYECKNE PELUEHUS PALA HEMPOCTBIX
npo6nem. MHorue 13 NPUMEHEHHbIX TOTAA TEXHUYECKUX
NPUEMOB BbiIK 3aTEM YCOBEPLLEHCTBOBAHbI 1 MPUMEHEHBI
B NOCNEAYIOLLNE JECATUNETHS.

CrtanbHble 000/104KM

Ycnex LeTPONTCKOro NpoeKkTa NpPMBEN K TOMY, YTO
CTa/IbHbIE MOTPYXHbIE TOHHENN Kak METOA CTPOMTENbCTBA
noABOAHbIX 00bekToB nony4unm B CLUA nanbHeliwee pas-
BuTHe. MouTK cpasy xe Obln OCYLLECTBNEHbI [1BA Xenes-
HOLOPOXHbIX NpoekTa. B 1912 rogy 6bln OTKPLIT TOHHENb
Ha ynuue Jlaccans B Yukaro. OH npeacTasnsin coboii nep-
BYIO B CBOEM POJe KOHCTPYKLIMIO C OAMHAPHON 060/104KOM.
Ha puc. 3. nokasaH NpoLecc COOPYXEHNUS TOHHENS B CYXOM
noke. Bekope, B 1914 rony, 6611 BBEAEH B CTPOIA Xenes-
HOJ0POXHbIN TOHHENb oA Mapnem-Pusep 8 Hulo-Mopke
(Harlem River Tunnel). MepBbIii B MUpe aBTOLOPOXHbINA NO-
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Puc. 3. ToHxens
Ha yn. Jlaccanb B Yukaro

rPyXHoi ToHHenb — Posey Street Tunnel B KanudopHun.
CTponTenbCTBO 3TOr0 XeNe306€TOHHOTO COOPYXeHNS
LMAVHAPMYECKoi hopmbl 3aBepLumnnocs B 1928 roay.

Tpw BbILEHA3BAHHLIX TOHHENS XOTb U HEMHOr 0, HO OT-
NINYanMChb Apyr OT Apyra TEXHONOMMSIMU CTPOUTENLCTBA,
HO 3aTeM CTPOUTENLCTBO NOrPYXHbIX TOHHenel B CLLUA
CTano pasBmBaTbCs Mo ABYM YETKO 0003HAYEHHLIM Ha-
NPaBNEHNAM:

B TOHHENW C JBOMHON CTanbHON 060104KOA;

B TOHHENW C OJMHAPHON CTanbHON 060104KOA.

PeyuHoi1 ToHHenNb B [leTpoiite 9BnseTca rubpuaom,
€ro MOXHO OTHECTU kK 060MM Tnam. Pacnonaras Tonb-

KO 0AHOM CTanbHON 060N04KOIA, OH BbII NOCTPOEH MO
TEXHOIOTM, KOTOPYIO 3aTEM MCMONBL30BANM 1l TOHHENEN
C [BOVAHOI 060/104KO. ENMHCTBEHHAA pa3HLIA B TOM,

4TO NS YCTPOIACTBA BHELLHe 000104k B [leTpoiTe uc-
nonb30Banach AepeBsHHas onanyoka. Mepsbiii TOHHENb C
HaCTOSLLEN ABOVHON 060N0YKOA (rae BHELLHAS BbIMOAHEHa
u3 ctann) — a1o Harlem River Tunnel. Ha puc. 4 npeacras-
NIeHa 0[1Ha 13 ero OMyCKHbIX CEKLWIA, PACMONOXEHHAs Ha
MNOCKOLOHHbIX 6apxax, Ha puc. 5 — NPoLEecc TpaHCnopTU-
POBKM MO PekKe.

B 1912 rogy OTKpbIT TOHHENb Ha yauue Jlaccanb B Yu-

karo. B 1914 rogy BBEAEH B CTPOIN XENE3HOA0POXHbIN

ToHHenb nog, Mapnem-Pusep B Hulo-Mopke (Harlem River

Tunnel). CTponTENbCTBO NEPBOrO B MUPE aBTOA0POXKHO-

ro NorpyxHoro ToHHenss — Posey Street Tunnel B Kanu-

dopHuK — 3asepLumnock B 1928 ropy.
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Puc. 4. Onyckxas cexums Harlem River Tunnel

B 1930 roay 3aBepLUMnOCh CTPOMTENLCTBO BTOPOrO
TOHHENs Ha peke JetpoiT (Detroit-Windsor Tunnel).
MpoekTom ObIN0 NPEAYCMOTPEHO LECTUTPaHHOE BHELL -
Hee CeyeHue TOHHENS C ABOIHOM 060/104KOM, AaHHOE pe-
LweHve BnocnencTaum 6ui10 npuHsaTo B CLUA 3a 06pasel,.
Ha puc. 6 nokasaHa cxema, 3a 0CHOBY KOTOPOIA B3SIT NpO-
ekt Second Hampton Roads Tunnel (oTkpsiT 8 1976 roay).
Bbina n3rotoBneHa xectkas umnnHapunyeckas ctanbHag

Puc. 5. Tpancnoptu-
POBKa ONYCKHOi CeKLyu
Harlem River Tunnel

060/104Ka, NOKPBIBAIOLLAS BCIO ANIMHY CEKLMM TOHHENS.

K BHewwHuM gnadparmam, pacnonoxeHHbIM C onpege-
NIEHHBIM LIArOM BA,ONb CEKLMM, NPUKPENNANACH BHELLHSS
cTanbHas 060104Ka (HapyxHas obwueka). MPoCcTPaHCTBO
mexay 000104KaMn 3aiMBanoch 6ETOHOM, KOTOPLIA
3aluMLLan 0T KOPPO3uK, @ TakKE BbICTYMan B KA4ECTBE
0CHOBHOr0 6annacra, NpesoTBPALLAIOLLEr0 BCMLITHE.
BHYTPM LMAMHAPUYECKON CTaNbHON 060104KN YCTaHaB-
NIMBanach BHYTPEHHAs Xene306eToHHas 0611LoBKa, 1
3Ta 06/1ML,0BKA BMECTE C LMANHAPUYECKOI CTaNbHOM
060104K0i 0BecneynBana OCHOBHYIO KOHCTPYKTUBHYIO
MPOYHOCTb TOHHENS.

TexHONorns CTPOUTENLCTBA TOHHENEN C OAMHAPHO
CTanbHoI 060n0u4koi Takxe npowwna B CLUA onpepeneH-
Hble NPOLECChl CBOEro pa3suTus. Kak npasnio, ToNWmHa
HapYXHOI 060M04KI COCTABAAET '/, AoiMa. BHYTPEHHIO0
XECTKOCTb, Kak B NPOAO0/bHOM, TaK W B MOMEPEYHOM Ha-
npaeneHum, eit 06ecneynBaeT HenpepbIBHOE PeBpO XecT-
KOCTU M0 BCel AnvHe anemeHTa. BHyTpu cTtanbHoii 060-
NIOYKM BbINONHAETCS XeNne300eToHHas 06nuLoBKa. [poekT
He NpeaycMaTprUBaET NOABOAHOMO GETOHMPOBAHNS —

B kayecTBe Gannacra 06bIYHO MCMONb3YETCs Hanos-
HEHHbI KAMHSIMY KOHTENHEP, PACMOI0XEHHbIN CBEPXY
COOpYXeHusi. B 3ToM BapuaHTe cTanbHas 060/104Ka kak
4aCTb KOHCTPYKLMM OCTAETCS CHAPYXM 1 NOABEpraeTcs
BO3JEVICTBUIO MEPEYBNAKHEHHOrO rpyHTa. lMo3ToMy el
TpebyeTCs BHELLHSS 3aLMTa OT KOPPO3uK, Hanpumep
3NeKTpoXMMnYeckas. TUNUYHbIA NpUMEp NPoeKTa ¢ 0au-
HapHOI1 060/104KO MOKa3aH Ha prc. 7, oH Obli peann3oBaH
Ha IMHMM CKOPOCTHBIX anekTponoesnos Bay Area Rapid
Transit (BART) B 30He 3anuea CaH-PpaHumcko.

[nsi cCOOpY>XeHWst TOHHENEI 0OOVX TUIMOB UCMONbL3YIOTCS
TEXHONOTMM CYLOCTPOEHWS. Bo-nepBbIX, CTasbHbIE 00004KM
30€Ch TAKXe BbINYCKAIOTCA B BAAE CEKLMIA NPeaBapUTENLHOMN
cbopku. 3aTemM HEKOTOPbIE U3 HUAX COEAMHSIOTCS C MOMOLLbIO
CBapKM, B pPe3y/bTaTe Yero NoMy4aeTcs LENbHBIA YKPYMHEH-
HbIA y3en TOHHENS!. B 60bLUMHCTBE CNyYaeB 3T0 ieNaeTcs He-
MOCPELCTBEHHO Ha CMMAX, PACTONOXEHHBIX Ha BOAHbBIX MYTSX.
[N CHUXEHWS HANPSXeHWi 1 edopmaumii npuMeHseTes
MoNepEYHBIN CMYCK CEKLMIA Ha BOLLY, HO MPU HEOBXOAMMOCTH
MOXHO 1CMO/b30BaTh ¥ TEXHONOMMIO MPOLOMBHOMO CMYCKA.
Mepen 3T1M B CEKLWSIX YCTaHaBNMBAETCA 00MMLIOBOYHAS ap-
martypa v apyroe BHyTpeHHee 060pyL0BaHME, NO3BONSIOLLEE
00ecneynTb AOCTaTO4HYI0 0CAAKY W YCTOM4MBOCTb Ha NNasy.
KoHLieBbIE 3neMeHThI KOHCTPYKLMIA repMETU3NPYIOTCS BOAO-
HeMpoHMLAeMbIMU Nepebopkami, B UTOTe CEKLMS CMyCKAeTCs
Ha BOAY TakiM Xe 00pa30oMm, kak 1 kopabiib CO cTanene.

3aTeM OMyCKHYIO CEKLMIO MePEMELLAIOT Ha CNeLMansHO
060pYAOBaHHbIA NpKUYan, rae OCyLeCTBASIOT €€ BHYTPEH-
Hee GETOHMPOBAHWe. Takoi Npuyan MOXET HAXOAMTLCS Ha
[0BONbHO 3HAYNUTENbHOM PACCTOSHWW OT CTanens, noaTo-
MY KOHCTPYKLLMM OBBIYHO TPAHCTIOPTUPYIOTCS Ha MONYNo-
rPYXHbIx 6apxax. Ha puc. 8 nokasaH npumep 3anonHeHus
cTanbHbIx cekumii ToHHens Ted Williams 6eToHom. Mopsaok
BbINOSHEHMS LaHHOM OnepaLymm CTPOro pernaMeHTpOoBaH,
Heb3s 4ONYCTUTb NPEBbILLIEHUS LONYCTUMON HArpy3ku Ha
MeTanm4eckyo 060104ky. Mpu npoekTnpoBaHnn Heobxo-
AVIMO Y4ECTb 3TV BPEMEHHbIE HAarpy3ku 1 chopmMynmpoBaTh
TpeboBaHus, 06s3aTenbHbIE ANS NOAPALUMKA.

CranbHble 060104k 0BLIYHO YCTAHABNMBAIOTCS Ha
OCHOBaHMWE 13 rpaBusl, KOTOPOE NPEABAPUTENBHO Bbl-
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KOHCTPYKUMM TOHHENEN CO CTaslbHbIMM
060n04KaMu He NOTEePsNN CBOE nony-
nspHoctu B CLUA, roe oHu npevmyLie-
CTBEHHO WCMO/b3YIOTCA B ABOWHOM Ba-
pUaHTe, 0AHAKO Apyrne CTpaHbl OTAaNM
NPeanoyTeHne OETOHHBIM  TOHHENSM.
[MPOM30LLI0 3TO He K3-3a OTCYTCTBUSA
CYOOCTPOUTENbHbIX TEXHONOMMIA 1 000-
PyLOBaHMA, a, CKOpee, Mo MpuynMHam

9KOHOMWYECKOr0 XapakTepa.

PaBHMBAETCS L0 HY)XHOr0 YPOBHS CNELManbHOM PeLLeTkomn
UNK OTBAsIOM.

MpenMyLLIECTBO NPUMEHEHUS CTaNlbHOM 0B0N0YKM
COCTOWT B TOM, YTO CTOMMOCTb 060PYL0BaHMS NS ee Npo-
M3BOLCTBA CPABHUTENBHO HEBLICOKA, OHO €CTb B LIEIOM
PSiAE CTPaH, 3aHMMaIoLLMXCS CyaocTpoeHueM. Cnenyet
Y4UTLIBATb M HEBONbLLYIO MACCY CTaslbHbIX 060M04eK, a
TakKe 0CafKy, He NPEeBbLILLAIOLLYI0 ABYX (YTOB, YTO NO-
3BONISIET NEpeMeLLaTb KOHCTPYKLMM MO BOLE Ha GonbLune
PaCCTOSHUS AaXe B YCAOBUSIX ManbIx rnyouH. Hanpumep,
OMYCKHbIE CEKLMM TOHHENA Ha 63-1 ynuuie Hilo-Mopka 6bin
13roToBneHsl B ropose Mopt-Aenosur (wrat MapuneHna)

1 0TOYKCMPOBaHHbI Ha paccTosHe 300 km B Hopdonk
(BupmxuHws), roe oHm bl 06n1ML0BaHbI BETOHOM, NOCNe
4ero ux 1 LOCTaBMAM A0 MECTa HadHaueHus (eLwe 480 km
nyTu). ECTb npumMepsbl 1 601ee NPOTSXEHHLIX MAPLLPYTOB
TPaHCMOPTMPOBKM CTasbHbIX 000/104€EK Ha MOAYNOrPYXHbIX
6apxax. K npumepy, cekuym ToHHens Ted Williams Gbiin
nepeMelLLeHbl BAONb nobepexbs ATnaHTuku 13 bantumopa
B bocToH Ha paccTosHue 960 km. TeopeTyecku 30echb HET
NPEeSENnoB No KUIOMETPAXY, YTO 3HAYMTENBHO pacLumMpseT
BO3MOXHOCTM U3rOTOBAEHNS TakuX KOHCTPYKLMIA. JaHHbIA
bakTop HeobXoAMMO 0053aTeNbHO YUUTLIBATB HA 3Tane
MPOEKTUPOBAHNS.

HekoTopble NpoeKThl TOHHeNE o cTanbHbIMK 060-
N04KaMM OT/IMHAIOTCS OT ONMCAHHbIX BbILLE, HO 6a30BHbIN
MPUHLMN OCTAETCA TEM Xe. B Lienom Takme KOHCTPYKLMK He
notepsinu ceoei nonynspHocTn B CLUA, roe oHn npenmy-
LLIECTBEHHO MCMOMb3YIOTCS B CBOEM ABOIHOM BapUaHTe,
O[IHaKO [Ipyrve CTpaHbl OTAANM NPeanoyTeHne GETOHHLIM
TOHHENSIM. Bbinn 306Ch M MCKIIOYEHMS, HaNPUMED TOHHENb
Cross-Harbor Tunnel B F'oHkoHre, HO B EBpoOne Takune
0ObEKTLI CTPOMNCH BCE XE UCKIIOYUTENBHO 13 BETOHA.
Mpou30LLn0 3T0 He 13-3a OTCYTCTBWS CYAOCTPOUTEbHBIX
TEXHOMNOrWIA M 060PYL0BaHMS, @, CKOpee, N0 NPUYMHAM
3KOHOMWYECKOr0 XapakTtepa.

(Mpomomxexue cneayer)
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CTpouTenbHblit GeToH
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Puc. 6. Second Hampton Roads Tunnel (aBoiiHas cTanbHas 060104Ka)
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Puc. 7. Tonxenb BART (oguHapHas cranbHas 060n104Ka)

Puc. 8. Tonnens Ted Williams Ha npuyane (waeT npouecc GeTOHMpOBaHMS)



s | IMERSED TUNNEL:
The idea of the immersed TWO CENTU RIES
wmerviene  OF TECHNOLOGICAL ADVANCE

was actually realized.
The first concepts were ‘
developed in England in
the early 1800s, at the
time Brunel was starting
out on his Thames Tunnel
in London. The birth of
immersed tubes and
shield-driven tunnels
therefore occurred at
around the same time,
even though immersed
tubes were much slower
to be implemented.

First attempt

In 1803, a British engineer, Henry Tessier
du Mottray, proposed linking England and
France by an immersed tunnel constructed
from cast iron tunnel elements laid on the
bed of the English Channel. This was one of
a number of similar schemes proposed at
the time, but the imminent threat of a French
invasion by Napoleon meant that none of
these ever progressed. In 1808, another
British engineer, Richard Trevithick, proposed
a method of construction for a crossing of the
river Thames that involved building sections of
tunnel within dewatered cofferdams formed of
timber piles. Once completed, the brick tunnel
sections would be backfilled to the original
riverbed level, and the cofferdam removed and
reconstructed 50 ft further along the tunnel
alignment. By progressing the cofferdam
across the river, the runnel would be formed.
Although this was essentially a cut and cover
method of construction, it featured many
elements of the techniques now employed
for immersed tunnels and was an important
stepping stone toward the development of the
first ideas for building them.

The tunnel was proposed to be of brick
construction, although he later suggested the
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tunnel sections could be cast iron. Trevithick's
proposals were submitted to the Thames
Archway Company, which was trying to build
the first tunnel under the Thames, but were
not adopted, and in 1809, the company
launched a competition for a new crossing of
the Thames. They received 54 proposals, and
in 1810, accepted the one from Charles Wyatt.
This was to become the first true immersed
tunnel concept. Wyatt's idea was to excavate a
trench and immerse 50 ft long brick cylinders
into it. The ends of the cylinders would be
sealed with temporary spherical brickwork
bulkheads to enable them to be watertight and
to float. Each would have a simple ballasting
arrangement for sinking.

Wyatt's scheme was well engineered; for
example, he had considered the possible impact
of ships' anchors damaging the tunnel and
ensured the trench would be deep enough so
that once placed and backfilled, there would be
6 ft of earth covering the tunnel. The Thames
Archway Company decided to trial the new
technology to test the methods and outcomes,
in particular, the method of forming the tunnel
joints, the strength of the cylinders, the accuracy
of placement that could be achieved, and the
disruption to river traffic that would be caused.
John Isaac Hawkins was appointed to construct
two 25 ft long cylinders with an internal diameter
of 9 ft. The trial was carried out in shallow
water so that the tops of the cylinders could be
inspected at low water, and manhole access was
provided to enable internal inspections. The wall
thickness of the tubes was 13'/, inand each
cylinder weighed 52 t, requiring 8-10 t of water
ballast for immersion. The cylinders were built
on submersible barges and scaffolding was
constructed in the river to lower and position
the cylinders. Because of the heavy river traffic,
there was a frequent need to repair the scaffold
following numerous collisions. The cylinders
were transported by tying them alongside a
barge. Once they were maneuvered into the
scaffolding, lowering lines were attached
to the cylinders along with masts to control
positioning. After immersion, gravel backfill was
placed manually around the cylinder to lock it in
position.

When the second element was placed, a
mixture of mud and gravel was placed around
the joint and the tunnel dewatered. Although
some leakage of the joint occurred, it was
considered that it would be possible to seal
the joints with puddled clay. Although the
concept was considered technically feasible,
undoubtedly the methods of sealing the
joints may have proved problematic in the full
tunnel construction and would have needed
some further engineering development.
Sadly, because of the cost of the trials in
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1811, the Thames Archway Company decided
to abandon the project, but it was the first
full-scale use of the technique and was
groundbreaking engineering for its time.

The development of ideas continued in the
United Kingdom after this, through to the mid-
nineteenth century, by engineers such as John
de la Haye, who published extensive discourse
on the possible applications and construction
methods for submerged tunnels in The
Mechanics' Magazine, Museum, Register,
Journal, and Gazette in 1845. He considered
the use of cast iron submerged elements to
construct tunnels in a number of locations
around the United Kingdom and for a Dover
to Calais crossing to France. He proposed
external ballasting methods and looked
closely at the safety benefits and cost benefits
the technique would have compared to the
new shield tunneling techniques being used
beneath the Thames. In fact, a number of new
projects were proposed in the mid-nineteenth
century that used the immersed tunnel idea.
These included further proposals for crossing
the English Channel by French engineers, but
they were not progressed due to continued
national security concerns. There were also
a number of immersed tunnels proposed on
railway projects in various western European
countries. At the same time, ideas were
beginning to emerge in the United States.
However, the next attempt at construction
was back in the United Kingdom, when a
new immersed tunnel beneath the Thames in
London was proposed in 1865 for the Waterloo
and Whitehall Pneumatic Railway. Thomas
Webster Rammell had formed a company that
envisaged a network of pneumatic subways in
London, and the Waterloo-Whitehall line was
to be the first section to be built, crossing the
river Thames at Waterloo station. This project
was abandoned in 1868 following a banking
crisis in 1866. Work had progressed to the
extent that parts of the riverbed had been
dredged and some foundation works had
been constructed. One of the tunnel elements
had been completed and two more partly
constructed. This was, therefore, the first true
attempt at building an immersed tunnel, but the
works were eventually dismantled. The type of
construction was different from Wyatt's earlier
tunnel; the tunnel elements were constructed
from ¢/, in thick iron boiler plate and had an
internal and external brickwork lining. They
were also much longer cylinders, each 235 ft
long, with an internal diameter of 10 ft.

Technical capacity

In the United States, momentum was
gathering to build transportation tunnels with
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the method. An engineer named Joseph de
Sendzimir was particularly active in this and
proposed links between Lower Manhattan

and Brooklyn crossing the East River with
submerged tunnel elements fabricated

from bolted iron boiler plate. This work was
published in 1857. He also looked into building
a pneumatic railway, following in Rammell's
footsteps in 1866, using submerged iron
tubes to connect Manhattan with Brooklyn and
New Jersey. There were a number of similar
ideas across the United States, but as with the
United Kingdom, none ever came to fruition.

The firstimmersed tunnel project to be built
eventually came in the United States right at
the end of the century in 1893. It was a rather
unglamorous scheme, a siphon beneath a 60 m
wide tidal sea inlet called Shirley Gut, which
conducted sewage from Boston to Deer Island
station. The tunnel was constructed from
brick and concrete; it was 100 m long and
2.7 min diameter. Wooden bulkheads were
installed at the end of each tunnel element,
and external steel flanges at the ends of the
elements enabled them to be bolted together
after placing. Its opening marked the birth of
immersed tunnels and it was quickly followed
by others. In the same year, a twin-tube 200 m
sewer scheme was constructed in Paris
beneath the river Seine using the same
technique, and 7 years later in 1900, 2 185 m
long culvert and a 43 m long sewer were
constructed in Denmark. From these humble
beginnings, the construction technique
was able to be developed and applied to
larger-scale transportation tunnels. The first
of these to be constructed was the Detroit
River Tunnel that opened in 1910. This was
a border crossing railway tunnel built under
the St. Clair river between Detroit, Michigan,
in the United States and Windsor in Canada,
for the Michigan Central Railway. The tunnel
was designed by the American engineer W.J.
Wilgus and comprised twin watertight steel
tubes placed in a dredged trench, which were
then surrounded by concrete. The tunnel was
made up of 10 elements, each 80 m long with
one shorter closure element of 20 m.

There was a considerable steel shipbuilding
industry in the United States, and it made
sense to make use of that expertise in the
construction of the prefabricated units that
formed the tunnel. The tubes were built by
the Great Lakes Engineering Works in Detroit.
They were used to building freighters for
the Great Lakes and so they used a form of
construction that was familiar to them. The
tubes were constructed in pairs and each tube
was designed to carry one railway track. The
tubes were circular, 23 ft 4 in in diameter, and
built from ¥/, in steel plate riveted together
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Sinking Tubular Sections, Detroit River Tunnel

with lap joints that were caulked similar to
boiler construction. They were strengthened by
circumferential stiffener angles (4 x 3 x ¥/, in)
riveted to the inside of the plate at 12 ft centers.
To provide additional temporary support during
the placing operation, internal steel rods, similar
to bicycle wheel spokes, were placed at each
stiffener. The tubes were fitted with external
steel diaphragms, again at 12 ft centers, which
in turn supported wooden shuttering on the
vertical sides that formed an open box around
the tubes. This external box contained the
permanent ballast concrete that was poured
around the tubes once they had been placed in
position in the trench. The minimum thickness
of concrete around the steel tube was 3 ft. The
ends of the tubes were sealed with wooden
bulkheads, and rubber gaskets were used to
seal the joints between the elements. All the
tube sections were built within 20 months.

The trench was dredged across the river
using a clamshell dredger. The material

e ——r T
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excavated was clay with layers of sand and
gravel and the water depth varied between
20 and 50 ft. The bottom of the trench was
checked for depth and width by dragging a
steel beam along it. Once the trench had been
excavated, a steel grillage was placed on the
bottom under each joint between tubes to
provide support when they were placed. The
grillages placed under the joints were large
enough to engage with the end diaphragms of
each tube and shims were placed to achieve
the required levels. This was an interesting,
it perhaps expensive, method of overcoming
the problem of obtaining the correct relative
vertical position of adjacent tunnel elements,
which is still a challenge using modern
techniques.

To overcome the negative buoyancy of
the tubes, water was introduced through the
bulkheads with each of the end bulkheads
being fitted with a valve that could be opened
from the outside. The inside of the tubes

were compartmentalized into three sections
by two interior bulkheads, and 60 ft long air
cylinders were placed on top of the elements.
These external air cylinders were also divided
into three compartments. This arrangement
enabled the trim of the element to be
controlled very accurately during the placing
operation. The submerged weight of the whole
element during placing was about 500 t.
The sinking operation itself was very similar
to those of today. Large anchored floating
barges fitted with derricks were used, and
the time taken to submerge an element was
approximately 2 hours. The elements were
joined together using bolted flanges at the
end of each unit, and these connections were
made by divers.

Concrete was then tremied into the open
box around the steel shells. At the time,
there was no experience of placing such
large volumes of concrete underwater and
the contractor had to undertake numerous
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experiments to develop a successful concrete
mix and a method of placing it. Tins operation
was controlled by divers who ensured that the
concrete surrounded the shells and provided
sufficient cover to the top. The trench was
then backfilled, first with granular material

to about half the tunnel height and then the
remainder was filled with clay that had been
excavated from the trench. The water in the
elements was then pumped out through the
previously placed units. This enabled work to
continue inside the elements with the removal
of the wooden bulkheads and the placing

of the inner reinforced concrete lining. The
successful completion of the tunnel in 1910
demonstrated the feasibility of large-scale
immersed tunnel construction and found
practical solutions to the technical challenges
it presented. The steel shell immersed tunnel
had been born, and many of the techniques
used for this first tunnel were carried forward,
reused, and developed for the many tunnels
that were to follow in the next decades.

Steel shell tunnels

Following the success of the Detroit River
Tunnel, steel shell immersed tunnels became
an established method of building tunnels
under waterways in the United States. Two
more rail tunnels were to follow in quick
succession. The LaSalle Street rail tunnel in
Chicago was opened in 1912, although this
was only one element long. This was a single-
shell tunnel and the first of its kind. Shortly
after this, the Harlem River railway tunnel in
New York opened in 1914. The first road tunnel
in the world was the Posey Street Tunnel
between Oakland and Alameda in California,
which was completed in 1928, although this
was, in fact, a cylindrical reinforced concrete
tunnel.

The first three tunnels were all slightly
different in how they were constructed, but
from thereon, designs for steel tunnels in the
United States developed subsequently into
two clear types:

m Double steel shell

m Single steel shell

The original Detroit River Tunnel has been
described as being both of these. In fact, it
was a kind of hybrid. It only featured one steel
shell, but it used the construction methodology
that would come to be used for the double-
shell tunnel and, in fact, the tunnel is closest to
this form. The only difference was that timber
shuttering was used to form the outer shell.
The first true double-shell tunnel with a steel
outer shell was the Harlem River Tunnel.

In 1930, the second tunnel beneath the
Detroit River, the Detroit-Windsor Tunnel,
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was completed. The design of this second
tunnel developed the hexagonal external
shaped double shell section that became the
most popular shape for tunnels in the United
States. The stiffened circular steel shell is
fabricated for the whole length of the element.
External diaphragms are added at intervals
along the length, to which the external steel
shell, also known as a form plate, is fitted.
Concrete is placed around the outside of the
shell between it and the external form plates.
This concrete provides the main ballast to
prevent uplift and also acts as corrosion
protection for the circular structural steel
plate. Inside the circular steel shell, an internal
reinforced concrete lining is placed, and this
in conjunction with the circular steel shell
provides the primary structural strength of the
tunnel.

The single steel section also developed in
the United States. This also has a stiffened
outer steel shell that is normally about '/, in
thick. It is stiffened infernally both transversely
and longitudinally with the longitudinal
stiffening being continuous over the full
length of the element. Inside the steel shell,

a reinforced concrete lining is placed, which
acts compositely with the steel. This design
does not use the tremie concrete as ballast
bur typically uses a ballast container on the
roof that is filled with stone. In this type of
design, the structural steel shell remains on
the outside and exposed to the waterlogged
ground. It is therefore necessary to provide
some form of external corrosion protection
such as a cathodic protection system.

A similar method of construction is used for
both forms of steel shells, and they both make
use of shipyard production techniques. First,
the steel shells are fabricated as a series of
regular modular subassemblies. Then, several
of these subassemblies are welded together
to form the continuous element. This is often
done directly on a slipway adjacent to the
waterway, to facilitate launching the clement.
The elements are preferably launched
sideways to minimize the stresses imposed,
but they can be designed for end launching if
required. Before launching, the reinforcement
for the inner concrete lining is placed together
with other internal equipment and a certain
amount of keel concrete is also placed to
increase the draft of the element and to give
it stability while afloat. The ends of the tubes
are sealed with watertight bulkheads and the
element launched similar to a ship launching.

It is then towed to an outfitting jetty where
the internal concrete is placed while the
element is afloat. The outfitting jetty can be
some considerable distance from the shipyard
and some steel shells have been transported
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on semisubmersible barges. The concreting
sequence is carefully programmed so that
the steel shell is not overstressed during the
operation and also to keep the trim of the
element under control. The designer has

to take these temporary loading conditions
into account when designing the unit and set
limits for the contractor to adhere to during
construction.

The steel shells are generally founded
directly onto screeded gravel foundations.
The gravel bed is screeded to the correct
levels by dragging a screeding grid or blade
over the surface. The base of a steel element
section is fairly narrow, so the screeding
method produces a sufficiently accurate bed
to place the element on.

The advantage of the steel shell is that
the fabrication facilities required are not
extensive and are generally available in
countries with a shipbuilding industry. They
can be set up in other countries, but if there
is no shipbuilding tradition, the materials and
fabrication skills may not be available and
will have to be imported. The shells are also
relatively lightweight with a shallow draught
of about 2 ft, so they can easily be towed to
the outfitting facility without the need for deep
navigation channels. It is also possible to tow
them considerable distances. For example,
the elements for the 63rd Street Tunnel in New
York were fabricated in Port Deposit, Maryland,
and towed 300 km to Norfolk, Virginia, where
the concrete was placed and then towed a
further 480 km to the site in New York. Even
longer journeys have been undertaken with
the steel shells carried on semisubmersible
barges. The Ted Williams Tunnel elements
were transported from Baltimore to Boston,

a distance of about 960 km along the Atlantic
coast. Intheory, there is no limit to the distance
that a steel shell tunnel can be transported on
a semisubmersible vessel, which means that a
very wide range of fabrication facilities can be
considered during the planning stage of the
tunnel.

Some steel shell designs have taken slightly
different shapes, but the principles remain the
same. In general, steel shells have remained
popular in the United States, with most being
the double shell type, but not so much in other
parts of the world, where concrete tunnels
have generally been constructed. There have
been exceptions, such as the first Cross-
Harbor Tunnel in Hong Kong, but in Europe,
concrete tunnels have been used exclusively.
This is not due to a lack of shipbuilding
facilities, but rather different economic
drivers.

(To be continued)
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TpeTuit MbICOBbIN TOHHENb

NCTOPUYECKUE 3KCKYPCHI

Jleronuce BAMa — 310 noxenresnbie CTPaHNLbl
raset, nyxJibie TOMa OTYETOB 1 TEXHUYECKOIA [0~
KyMeHTaLum, BOCTIOMUHaHUS NNEPBONPOXOALEB. ..
Ha4ano cTpoiikn Beka NPUHATO OTCYNUTLIBATH OT
nocraHoBneHus LIK KITCC n Coseta MuHucTpos
CCCP «0O ctpoutenbctse barikano-Amypckoi
JKEesIe3HOL0POXHOM MarucTpamm» ot 8 mons 1974
roga. MmeHHo 3Ta Aata cunTaeTcs AHeM poxae-
Hus BAMa. Cama xe uaes npoKnagKy Joporu no-
sBunace eiye B koHue XIX Beka, kK npaktudeckomy
ee sonsoweHuio npuctynunu B 1930-x rogax 3a-
K/IoYeHHble bamnara, Ho nomeLuana BoiHa. Xots
B COBPEMEHHOM NOHUMaHUN U3-3a OTCYTCTBUS
COOTBETCTBYIOLUMX TEXHOJIOM NI MarucTpa’sib B TO
BpeMsi B IPUHLMNE He Moria ObITb MOCTPOEHa.
CnuLKom TpyAHO — Yepecyyp CypOBbie YCIIOBUSI.
91U «CANLLKOM U YepecHyp» MPULLIIOCH NPEO0AO0-
JieBaTb HOBOMY MOKOJIEHUIO CTPOUTESIEN.
TonHenn bBAMa 3agann um, noxanyi, camyro
CJI0XHYI0 3aaa4y. IT1 cCOOpyXeHus paccpe-
A0TOYeHbI Ha NPOTsHkeHny 6onee 1 Toic. kM.
Bcero Ha Tpacce nsitb nepeBasibHbIX OBQHOMYT-
HbIX TOHHenei: bavikansckuii (anmHa — 6,7 km),
Cesepomyiickuii (15,3 km), Kogapckwii (1,9 km),
Aycce-Anunbckuii (1,8 km), Harophbiii (1,2 km).
Kpome Toro, npu npoknagke maructpanu no
6epery baiikana 6bl NOCTPOEHBI NSITb MbICOBbIX
TOHHeJ eVl B ABYXMYTHOM UCMOAHEHUU (5,1 km).
Ecnn xe npuHumaTh B pacyeT noaxXoAHble TOHHE-
J1 K Tpacce, TPaHCMOPTHbIE U BCIOMOraTtesibHble
LUTO/bHU, TO 06LLast NPOTSKEHHOCTb MOA3EMHbIX
BbIpaboTok cocTaBut okoso 70 km, n3 Hux 6onee
40 km npuxoaUTCS Ha CaMblil MPOTSKEHHBIA
JKesie3HO40POXHbIN TOHHe b B Poccun — Cese-
POMYICKIIA.

Takoro eLwle He Obl10

OTOT TOHHENb N0 BCEM CTATbSIM — YHUKA/IbHOE UHXEHEP-
Hoe coopyxeHue. 310 40,5 kM ropHbIX BbpaboTok,
1,5 MIH M® BbIHYTOTO rpyHTa, 700 ThIC. M3 MOHONMTHOIO
6eToHa, 55 345 CMOHTMPOBAHHbIX YYryHHBIX TIOBUHIOB,
70 TbiC. T METaNNONPOKaTa.

B Mu1poBOI NpakTuke BCTPEYANVCh TOHHENN B Pasbl
DJIMHHEE, HO 15-knnomeTpoBbIi CeBEPOMYINCKUIA HE MMEET
aHasnoroB N0 CAOXHOCTW NPOXOAKK.

BernbiiA B3rnga v nocTaHOBKa 3agayun

CeBepo-Myiickuii xpebeT, 4epea KOTOPbIA NPenCcTOAN0
MPONOXUTb TOHHENb, CNIOXEH rPaHUTaMM1 U KpUcTanmnye-
CKUMM cnaHuamu. Ero rpebHM 1 BepLUMHBI, OCTUTAIOLLIME
2,5-KUNOMETPOBOM BLICOTbI, OTNNYAIOTCA PE3KUMU NEJHM-
KOBbIMU OpMamMK, 1o nepudepun UMEIOT NI0CKOBEPLLINH-
Hble ronbLbl. CTAaTUCTUKA CBUAETENLCTBYET, YTO, HAYMHAsA C
1725 ropa, B 3abaitkanbe NPoU30LLA0 CBbILLE 20 MOLLHbIX
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3emneTpsiceHuin cunoin ot 9 oo 11 6annos.. B nx ymcne Bbi-
nensitoTes uaraHckoe (1862), cpeaHebaiikanbckue

(1930, 1959), moHauHckoe (1950), myiickoe (1957) 3emne-
TPSICEHUS.

MprHMMas BO BHUMaHWE BCe 3TV 006CTOSTENLCTBA,
MPOEKTMPOBLLMKM NPenBUAENy 60/bLUKE TPYAHOCTW NpU
CTPOMTENLCTBE TOHHENBHOMO Nepexofa. Psa cneuyannctoB
npeasiaranm NHoii BaprnaHT NPOXOXAEHWS 3TOr0 yyacTka
BAMa: ot YcTb-KyTa no fonuHam pek JleHsl u Onekmbl € Bbl-
XOBO0M B paiioHe XaHw. lpu 3TOM LNnHA Tpacchl yBennymea-
nacb bonee yem Ha 200 KM, HO B 3TOM Cily4ae He HyXHO ObI0
cTponTb Kogapckuin n CeBepoMyiicKuii TOHHeNU, a AkyTus
nosny4mna bl CBOE Xene3HOLOPOXHOE 00eCneyeH e eLLle
80-e rogpl XX Beka. Ho JONONHMTENbHBIE IBE COTHW KUIOME-
TPOB PELUMAN BENO0 He B NONb3y 3TOro npoekTa. CtponTtenam
BCE e NPeacTosno Nponoxuts CEBEPOMYINCKUIA TOHHEb.

Y1o penatb?

TexHn4eckuii NpoekT Obin pa3paboTaH MHCTUTYTOM
«JIeHMETPOrMNPOTPAHC», FeHepPabHLIM NOAPSAYNKOM
BCEro kommnekca paboT BbICTYNNO0 CO34aHHOE B T€ FOAbI
ynpaBneHue «<bamMTOHHENBCTPO».

/3y4nTb MECTHBIE FE0IOrMYECKIe U TMAPONOTNYECKINE
YCNOBWS C MOMOLLbIO OTEYECTBEHHOMN TEXHUKM W CYLLECTBYIO-
LLMX Ha TOT MOMEHT TEXHONOr A He MPEeACTaBASNOCh BO3-
MOXHbIM, NO3TOMY OblI0 MPUHATO €AMHCTBEHHO BO3MOXHOE
PeLLEeHME O NPOBEAEHNN Pa3BEeLiKV OLHOBPEMEHHO CO
cTpouTensCTBOM. C 3TOM LEeNbio napaniensHo TOHHENIO Ha
paccTosiHum oT 15 10 30 M OT ero ocv HayaM NPOXOAKY pas-
BEA04HOI TPAHCMOPTHO-APEHAXHON LUTONBHW CEYEHNEM
18 M2 Ee npofBuxeHyie B rybb Ckaslbl orepexano npo-
knaaky ToHHenst Ha 200-300 M, 4To NO3BONSANO ONEPATUBHO
YTO4HSTb FE0NOrNYecKne YCnoBmus paboT, OTBOANTL BOZY U3
FOPHOIO MaccyBa M yNyyLLaTh BEHTUNSLIAI0 BCEI BbIPABOTKY.

Mpoxoaka NpakTU4ECKM OLHOBPEMEHHO Ha4Yanach C ABYX
CTOPOH XxpebTa — C BOCTO4HOrO 1 3anafiHOro nopTanos,

a Takke B 00e CTOPOHbI OT TPeX BEPTHKANbHBIX CTBOOB
JMaMeTpoMm 7,5 M, NPOBMTLIX C BEPLUMHBI XpebTa (rnyou-
Hoi 302, 334 1 162 Mm). TPEXCTBONbHbIA BAapUAHT NO3BONAN
06€eCneynTb NMPOXOLKY CBILLE NONOBUHbI AVHLI TOHHENS.
A yeTBepTLI CTBOA (rNYOMHOI 242 M) NPULLNOCK Opra-

CTpouTenbHasi nnoLuaaka
cTeona Net

e

CrpouTtenbHas niowaaka
cTBona Ne3 CrpouTenbHas W
22 nnowaaka

BOCTOYHONO
noprana

/
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067 m

3250m

CrpouTenbHas nnoLazka
crBona Ne2

HI30BbLIBATbL MEXAY 3anafHbIM NOPTanoM 1 cTBosoM Net
MoCne TOro, Kak TOHHEbLLWKI HEOXMAAHHO HATKHYINCh Ha
JpeBHee NoA3eMHOE Pycno.

20 cenTsabpsa 1979 roga Ha 3anagHOM y4acTke CTPOUTENN
BPE3ANMCh B BICOKOHAMOPHbINA MAbIBYH, MUTAEMBbIA BOAAMU
pekun AHrapakaH. B peynbtate 3eMneTpaceHns 4aBneHne
BO/I0HACHILLEEHHON NyfibMbl FPYHTA B30PBAN0 FPAHNTHYHO
nepeMbIYKy M BDEMEHHOE KPEMNeHNe TPaHCNOPTHO-
LPEHAXHOW WTOMbHM. B LUTOMBHIO yCTPEMIUNICS NOTOK
BOJbI, NECKa, kamMHell noa aasneHuem Gonee 14 atmocdep.
CTuxust yHecna Yen0BEYECKME XM3HN, KPOME TOro BbINo
yTEPSHO 060PYA0BaAHUE A5 MPOXOLKM.

Y1066l NpOR0MKUTL PaboThl, CefoBano yopats Aasne-
HIE NoA3eMHbIX Bof. bbin paspaboTaH NpoekT KoMNAeKe-
HOTO BOAOMOHMXEHMWS HA JAHHOM Y4acTKe, KOTOPbIA BKAIO-
yan B cebs co3aaHne BepTHKaNbHbIX BOAONOHU3NTENbHBIX
CKBaXWH 1 IPEHAXHbIX BbIPABOTOK HKE YPOBHS TOHHENS.

OcyLuecTBneHme NpoekTa NO3BOAMI0 NPOAOIXUTL
NPOXO/KY TOHHENS U WTONBHW 1 c03aaTb 6aaronpusiTHble
YCNOBMS NS 3KCNyaTaLv Xene3Hon foporu.

CxeMa CTpouTeNbCTBa
CeBepomylicKoro ToHHeNs

06xoabl

HecmOoTpst HU Ha YTO BbINO MPUHATO PELLEHWE O MPOLOMXeE-
HWKM PaboT, HO C 0BYCTPOICTBOM BPEMEHHBIX OOXOLHbIX MyTeNA.

MepBbiit 06X0A, NPOTAXEHHOCTbIO 24,6 KM CTPOWAM C
asrycta 1982-ro no mapt 1983-ro. YknoH Ha kunomeTtp
nytn gocturan 40 m, 13-3a 4ero rpy30B0i COCTaB COCTOSN
BCET0 U3 HECKOMbKMX BarOHOB, KOTOPbIE TAHYAM TEMNOBO3bI-

CMNPABKA

INepuog cTpouTenscaa TorHens: 1977 . — 30 mapra 2001 .
Jlata BBoza B akcrunyataumio: 21 nekabps 2003 .
[MporsxeHHocTb — 15, 3 kM,
CO BCIIOMOraTe/IbHbIMM BblpaboTkamy — 45 km
CeuyeHvie TOHHeN s B ipoxoake— 67 M
[pOTSIXXEHHOCTb TPAHCMOPTHO-APEHAXHOM LUTOJBHY, NAPAJIIELHOM TOHHEMO, — 15,3 kM
[poTSKEHHOCTL 00X0AHBIX TOHHE e — 1,7 1 0,8 km
Ha ctpoutenbcTae B pasHoe Bpems Obiiv 3aHSIThI LIECTb TOHHE/bHBIX OTPSIO0B YYCIIEHHO-
CTbIO CBblLLIE 8 ThIC. YE/I0BEK
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cnapku. [IBixeHne naccaxmpckux noe3nos Bbio 3anpe-
weHo. OT AHrapakaHa fo KasaHkaHa Yyepes nepesan Nioaei
[OCTaBNAAM Ha aBTODOYCax-BaxTOBKaX.

Ha npotsixennn 1985-1989 ronoB BeNOCh CTPOUTENb-
CTBO eLLe 0fHOro 06x0Aa AnvHON 64 KM ¢ yknoHom 18%o.
Ha 370l Tpacce NpuLLnock NPobuTh ABa NETNEBbLIX TOHHENS,
pacnonoxeHHbIX ¢ 06enx CTOPOH nepesana, penbed MecT-
HOCTM He NO3BOAMA CAENaTh M3rnb cepnaHTHa Ha CKIOHE.

U cHoBa B 6oW

B panbHeiiwem no Tpacce TOHHeNs, 6aarofaps npose-
[EHMI0 KOCMUYECKON CbEMKM, BbISIBUIN YETbIPE TEKTOHN-
Yeckue 30Hbl WupuHoi £o 900 M. CTpouTensm NpuLLAoCh
ONepaTMBHO peLlaTb BO3HMKAIOLME NPOOAEMBI, B YCKO-
PEHHOM NOPSIAKE OCBaVBast HOBEMLME A1 TOFO BPEMEHM
TexHonoruu. B Tom uncne Takve, Kak:

B VHLEKLMOHHOE 3aKPEN/IEHME MPYHTOB, OCHOBAHHOE Ha
KOHCOMMAALMOHHOM YNNOTHEHWM BOLOHACKILLEHHbIX AE3VHTE-
TPUPOBAHHBIX FPYHTOB B 30HAX TEKTOHMYECKMX Pa3NIOMOB;

B onepexaloLLye 3KpaHbl (CBOAbI) U3 TPYD B CUIbHO
TPELUMHOBATLIX CKANIbHbIX FPYHTAX;

B KOMMNIEKCHOE BOAOMOHMXEHME B 30HaX C ruapocTaTu-
yeckum gasneHvem oo 14 atmocoep;

B MPOXO/IKa C NOMOLLbO NOPTaNbHbIX OYPOBbIX BbICOKO-
MPON3BOANTENBHBIX PaM C Meperpy3oM B30pBaHHbIX
[PYHTOB;

B HM3KOTEMMNEPATYPHOE 3aMOPXMBAHNE XUAKNM
a3oToMm;

B 6eCCKBaXMHHbIE re0dU3NYECKME METOAbI ODHAPYXe-
HWS 30H HAPYLUEHWIA TPYHTOB Briepeau 3a6os;

B CO3[aHa METOAMKA v MPOrpamMmma pacyeTa Cemcmo-
CTOMNKUX 060€N10K TOHHENEN.

Micnonb3oBanuch NepeaoBble CECMUYECKme KOH-
CTpyKLmM 06en0K. 3a pa3paboTky 1 BHEAPEHNE HOBbIX
TEXHONOr U CTPOMTENLCTBA U KOHCTPYKLMA OCHOBHOM
006[ENKM TPAHCTOPTHBIX TOHHENE KONNEKTUB, COCTOSILLIMIA
113 NPOEKTUPOBLLMKOB, Hay4HbIX PABOTHIKOB 1 CTPOUTENEN,
6bin ygocToeH npemun Coseta MunncTtpos CCCP.

Ha cTponTensCTBe TOHHENS UCMBITLIBANIMCL CTPOUTENb-
Hble MexaH13Mbl M MaLumHbl M3 10 cTpaH Mypa. Tonbko ans
06ecneyeHnst OCHOBHbIX MPOM3BOACTBEHHbIX MPOLIECCOB
noHano6umnock ceblwe 850 eauHuL, 06opynosaHms. Ha
CTPOIAKe BEKA, B YAaCTHOCTU, paboTany MEXaHU3MPOBaHHbIE
TOHHENENPOX0AYECKME KOMMEKCH! AnameTpamm 4,51 5,6 m
¢dwupm Robbins (CLUA) n Wirth (FepmaHus), Bbicokonpons-
BOAUTENbHbIE BYPOBbLIE YCTAHOBKM KOMNaHMi Furukawa
(AnoHws) n Tamrock (PuHnsHaus). BosseneHue xene3obe-
TOHHOI4 0B1EKM B TOHHENSIX OCYLLECTBASNOCH C NMOMOLLbIO
MeXaH131pPOBaHHOI onanybki ceyeHmem o 60 M? GupMbl
Saga Kogio (AnoHus).

Bnepsbie B npakTuke Obina paspaboTaHa M BHeApeHa
aBTOMATV3MPOBaHHAA CUCTEMA YNPABNIEHNS TEXHONOMMYE-
ckum npouieccom (ACYTM) cTponTenscraa.

Ho Bce 3T0 Aaneko He rapaHTMpoBano «6e306nayqHyio»
paboTy. ABapuu Cnyyanuch, NyCTb W He TakUe KPYMHbIE,
kak B 1979 roay. Mocneaxas nponsowna B 1999-m, koraa
MEXZy NPOX0akamu 3anafHoM M BOCTOYHON YacTeil ocTa-
BaNoCh Bcero okono 160 m. O6Ban NOpoAL! NPUBEN K TOMY,
YTO B TEYEHME HECKOJIBbKUX MECSILIEB 3TOT Y4aCTOK TOHHENS
(hakTMYecKkn NPULLNOCH BOCCTaHABNMBATH 3aHOBO.
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YyrynHas o6penka
Cesepomylickoro
TOHHENs

KoHeu nytn?

30 mapta 2001 roga coctosnach CKBO3Has!, «3010Tas»,
cboiika TOHHENS, PACXOXAEHNE OCel BCTPEYHbIx 3a60eB
cocTtaBuio Bcero 13 mMm (npu gonyctumbix 317 mm).

Beop B akcnnyataumio CeBepoMyiickoro TOHHeNs aan
BO3MOXHOCTb 6€30CTaHOBOYHOr0 Npoesaa no bAMy
TSKENOBECHbIX FPY30BbLIX MOE3A0B ([0 €ro OTKPLITUS Takne
COCTaBbl NPUXOAMA0CH PACLENNATL 1 NEPEMELLATL Yepes
06xop 4actamu). Bpems B nyTn Ha y4acTke COKPATUAOCh C
2410 25 MWH.

TOHHeNb NOCTPOEH Kak OAHOMYTHBIIA, ABYCKATHBIA (YKIIOH
0T CcepeamHbl K 0601M nopTanam). BennymHa yknoHa —

6 %o B OAHY CTOPOHY 1 7,5 %0 — B Apyrylo. YuacTkosas
CKOPOCTb NP MPOXOAE YEPES TOHHENb COCTaBNSET
10 48 km/u, TexHnyeckast — 10 56,8 km/u.

Y BAMa Benukoe npoLuioe, peansHoe HacTo-

qllee U He MeHee 3aMedaTenbHoe Oyaylee

Makcum CokonoB, MUHUCTP TpaHcrnopTa PO

Mo coobuieHnio npecc-cnyx6sl BoctouHo-Crbupckoii
xeneaHon goporu (BCXM), OAO «PX» no 2017 ropa
MHBECTUPYET B pa3BnTe CeBepoMyCcKOro TOHHeNs 6onee
776 MaH py6.: «B pamkax nporpammMbl Pa3BUTUS TOHHENS
3annaHnpoBaHa PEKOHCTPYKLMS ero APEHaXHON CUCTEMBI,
MOJAEPHN3ALMSA KOHCTPYKLMM NYTW, CUCTEM BEHTUNALMN U
NofOorpesa BO3ayxa, MOAEPHU3aLMs CUCTEMbI NOXAPHO
curHanusaummn. Kpome toro, 6yaeT BHegpeHa cuctema
aBTOMATWU3MPOBAHHOTO MOHUTOPUHIA Fre0AMHAMUYECKOA
6€30MacHOCTY NYTW 1 TOHHENS».

BAM HecoMHeHHO ByaeT pa3BnBaThCs. YXe Hayato
NPOEKTUPOBAHME N CTPOUTENBCTBO BTOPOro baikanbckoro
TOHHENS!, PAaCNONOXEHHOTO NApPaNNeNbHO CYLLECTBYIOLLE-
My. Bnepeam HOBbIE nniaHbl, OCYLLECTBAATL KOTOPLIE NPes-
CTOUT HOBOMY MOKONEHMIO CTPOUTENEN.
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BAM... Y nokonenus 70-80-x 3To kopoTkoe, 6YATO BbICTPEJI, CJIOBO Bbi3bIBAET

B MamsiTH NeceHHble CTPOKU O 3e/IEHOM MOpPe Taliru, 0 MOKOPEHNU YeJI0BEKOM
npupoAbl, KOrAa paaun AOCTHXEHUS BbICOKON Lie/IN XepTBOBaIN COOCTBEHHbIM
kom¢opTom u 6narononyynem. B Te rogel yyactue B ctpoutenbctee baiikano-
Amypckoii marucTpanu 6b1710 4151 MHOTMX He CTOJIbKO BO3MOXHOCTbIO XOPOLLEro
3apaboTKa, CKOJIbKO BOMJ/IOLEHNEM MEYTbI 0 POMaHTUKE AaslbHNX CTPaHCTBUIA,
CB0e006pa3HbIM NPbKKOM B HeN3BeAaHHOe.

B Hawm gHu, B nepnog npa3aHoBanus 40-neTHero io6unes nepBoro KOMCOMOJIb-
CKOro npu3biBa Ha CTPOIIKY Beka, MHOrue U3 nepsonpoxoaues wyrar: «<Ecte BAM
u ectb npeacrasnequs o BAMe». JeiicTBuTesIbHO, HOBbIM NOKOJIEHUSIM TPYAHO
MOHSATb U NPUHSITb aTMOCEPY TEX SIET, NPONUTAHHYIO UREO0I0OrMYEeCKUM Nagocom
«[lapTus ckazana: Hago! Komcomon otseTun: ectb!». Ho UMeHHO 3T0 nomorano
WATU K HAMEYEHHOI Liesn, BOMPEeKN BCeM CJIOXUBLLMMCS 00CTOSATe/IbCTBaM, Npo-
SIB/ISITb CBOM J1y4LUME, HEBOCTPebOoBaHHbIe B 00bIAEHHOM XN3HU Ka4yecTBa, ¢pop-
MUpys TeM cambiM ce68 Kak IMYHOCTb, C YeCTbIO U JOCTOMHCTBOM MPEOA0/EBLLYIO
BCe TepHum BbiIbpaHHOro nytun. CemeH MunnepmaH, y4acTBoBaBLUNIA B CO3A4aHNN
OAHOro U3 cnoxHenwnx yyactkos BAMa — CeBepomyiicKoro TOHHe S, CrneLnanbHO
Ans xypHana «[log3eMHbIe rOpn30HTbI» PacCKa3biBaeT 0 CTPOUTENILCTBE, O BpeMe-
Hu, 0 cebe.

becepnosana
Mapws BACU/IbEBA

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



— Kakumm cyap6amu Bbl okazanucb Ha BAMe?

— Bce Havanock netom 1976 rona. BHOBb Ha3HAYEHHBII
HayanbHUK [MaBTOHHENBMETPOCTPOS, BO3NAaBNSBLUMIA 10
3T0ro MockoBckuii MeTpocTpoid, Opuii Kowuenes nocetun
BAM ¢ nepBoit MHCMEKLMOHHOM NPOBEPKOA. BepHyncs OH 0T-
Tyaa, 06pa3Ho roBops, «C KBagpaTHbIMK rnasamu». CTpoiike
LUEN yXe BTOPOV rof, 1 NONOXeHWe AEN BbI3bIBAIO HE MPOCTO
CepbesHble onaceHus, a 6bi10 katacTpoduyeckum. KoHeuHo,
nofao6HOro 06bekTa B MUPE Ha TOT MOMEHT He CyLLECTBOBA-
N0, cMenas 3asiBka Ha coopyxeHue noutn 4300 km xenes-
HOZOPOXHOrO MYT B TAXENEALLMX YCNOBMSIX TpeboBana
3HAUMTENbHbIX 3aTPaT U IOACKMX PECYPCOB.

Kapzpel, Kak BCeraa, peLuany Be, HO UX-TO Kak pa3 v He
6bino. CTpoiika UCMbIThIBaIA OCTPYIO HEXBATKY CrieLmanu-
CT0B. l0puin AHaTONbEBNY NOHUMA, YTO TOHHENM CTAHYT Ha
BAMe knioyeBbIMY 0ObeKTaMu, 60Mee TOro, NPaKTUHECKN
KaX[bliA U3 HUX 13-3a HEMPOCTBIX FE0NOMMYECKMX YCIOBMIA
aBTOMATWYECK Nonagan B paspag, yHukanbHelx. Cnemosano
NPONOXWTL TPaccy yepe3 baiikanbckuii, Cesepo-Myiickni,
Kopapckuii xpedTsl. [ns paboTaBLIEro B TOT MOMEHT Ha
BAMe konnektviea ToHHenbHOro 0Tpsiga Nel1 noctaeneHHbIe
3a/1a41 0Ka3aNMchb MPOCTO He Mo cunam. TpeboBannch Ha-
CTOSILLME MacTepa CBOEro Aena, a Tak kak Kowenes Hennoxo
3HaT, KTO M3 COTPYAHMKOB MOCKOBCKOr0 MeTpoCTpOst Ha uTo
CNoCcoBEH, TO 1 OCTAHOBW CBOIA BbIOOP Ha TYHLUMX U3 HIAX.

B 10 Bpemsi BaLL NOKOPHbIA Cryra Obin 3amMecTuTeNem
rnaBHoro nHxexHepa CMY-3 MeTpocTpos, 1 Most kaHauaa-
Typa cpeay npoumx nonana B none 3pexus K0pus AHato-
NbeBuYa. Tak s CTan HavaIbHUKOM TEXHUYECKOr0 0TAeNa
«BbaMTOHHeNbCTPOs», conasaemoro Ha 6a3e TO Ne11. Cout
OTMETUTb, YTO U3 HALLETO YMPABNIEHMS B 3TY XE CTPYKTYPY
Obiny npurnatueHsl Bnagpummup Acnanbekosuy becconos (B
Ka4eCTBE rMAaBHOro nkxeHepa) 1 Pynonsd Wnbid Kacanos —
HayasbHUKOM NPOV3BOACTBEHHOrO oTAeNa. Kpome Toro, ¢
€aMoro Hayana paboTbl 0AVMHHAALATOrO OTPSAA €ro rMaBHbIM
MEXaHVKOM CTaJl eLLIE OAMH BbIXOAEL, U3 HALLErO KONNEKTU-
Ba — Banepwit 3uHoBbeBWY KoraH, B TOI e J0MKHOCTY OH
OCTasICs W B HOBOW CTPYKTYPE.

Bort Takas yeTBepka konner npuexana Ha bAM. Bce Mbl
OblNM NPUMEPHO OAHOTO BO3pacTa M OfHOM0 MHCTUTYTCKOMO
Bbinycka — 1962 ropa.

— HaBepHoe, HecnpocTa BbIGOp Nan UMEeHHO Ha Co-
TPYAHMKOB MOCcKoBckoro MeTpocTposi, M OCHOBHYIO
POJIb HABEepHSIKa Cbirpano 34ecCh He TOJbKO 3HaHUe
PyKOBOAUTENEM rnaBka ero KaapoBoro cocTasa...

— Mol umenu Boratblil onbIT paboThl. Cam 51 e npotuen
MYTb OT HAYasbHUKA CMEHbI 10 3aMECTUTENS TNABHOMO UH-
xeHepa. Hawe CMY y4acTBOBasNO B AOBOJILHO MHTEPECHBIX
VHXEHEPHBIX OMepaLysx No NPoKaiKke MOCKOBCKOrO METPO.
Kak 13BecTHO, CTONMYHAs NO3eMKa, EC/IN ee CPaBHUBATL C
nofoBOHbIMU 0ObEKTAM B HALLEH CTPaHE, CTPOMIACh M NPO-
[0MXaeT CTPOUTLCS B CIOXHbIX FE0NOrYECKMX YCNOBUSX.
Hanpumep, rnybokoe 3anoxeHne CTaHUMIA NEHNHIPaACKOro
METPO NO3BONSIET COOPYXATb TOHHENMN B KEMOPUIACKIX M-
Hax, B KOTOPbIX MPaKTUYECKM OTCYTCTBYET Bnara. B Mockse
XE Ha OTZENbHbIX y4acTKax MPUTOK BOAb! BOXOAMN A0 ABYX
ThICSY KyBOB B Yac, B TakuX YCNOBUSIX B CBOE BpeMst Ha 3a-
MOCKBOPELKOI IMHWW BO3BOAUIACh, HAMPUMEP, CTaHLMS
«[aBenewkas». Pewwatb HENPOCTbIE 331341 NPUXOAMIOCH 1
Mpy COopyXeHnn KpacHOMPECHEHCKOro paaunyca B paiioHe
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cTaHumm «OKTsIBpbCKas», rae BO3BOLAVMBIV NEperoH nepece-
kanu nyt MocKoBCKOV KOMbLIEBOW Xene3Hom goporu. Toraa
konnektne CMY-3 obecneymnn 6e30CafiouHyi0 MPOXOAKY C npu-
MEHEHNEM HOBEILLIETO B TE FOfibl XMMUYECKOT0 3aKpEneHns
TPYHTOB. ECTb YTO BCNOMHWTb 1 0 NPOX0AKE Mof CXOAHEHCKUM
JEePVBALIOHHBIM KaHanoMm. [eperoH Mexay CTaHUuMaMM «Ty-
LUMHCKOM» 1 «CXOHEHCKOI» Haxoauncs ByKBabHO B METPE OT
ero fiHa. Mbl cobpanu fige Tiob1Hroble Tpybsi o 80 MeTpoB,
norpyswv B BOAY, a 3aTeM 3TOT y4aCTOK KaHana npocTo 3a-
cbinany. Boga npozomkana ey no Tpydam, a NPOXOL4MKM
CMOKOHO MOHTVPOBANY MOL, HAMU TOHHENW METPO.

TakyTo cuTyaLwm Bbiny HaMm He B INKOBUHKY. EQVHCTBEH-
Hoe — BOMBLUMHCTBO M3 Hac cabo NpencTaBnsno cede 0co-
6EHHOCTV MPUPOZBI TAEXHOTO Kpast, U TO, C 4eM Ha CaMOM
[Jene NPUAETCs CTONKHYTBLCS.
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— Y70 XXe cTano Ans Bac CaMbiM TPYAHbIM?

— Bonbluas yacTb HaLLmx NpobaeM MMeHOBaNaCk KPaTko —
6bIT. [Inst npumepa paccTosiHWe OT CToAMLbI BypsiTin YnaH-
Y3 po noptana CeBepoMyINCKOro TOHHENS — CBBILLE ThiCA4M
KUNOMETPOB. Bce 3T0 NPOCTPAHCTBO 3aHSTO AEBCTBEHHON
Talroii, nepece4eHHON ropHLIMU MacCMBaMu 1 MHOXECTBOM
pek. KpacoTa yamBuTenbHast, HO XUTb B TaKUX YCIOBUSX —
YO0BONBCTBME HE M3 NPUSATHBIX. [l0 HALero npresaa yxe Tpu
rofa BenvCh NOArOTOBUTENbHBIE PABOTLI: NEPBLIE OTPSLLI
106pOoBObLER Npopydank npoceku, obecneynsani nytu
noabesaa k byayLiemy TOHHemo. MPOX0A4MKM 3aHUMANUCh
HECBOWCTBEHHbLIM CBOEI Npodeccui Aenom, 06yCTpoicTBOM

COOCTBEHHOIO XWJlbsi, NPOBOAKOI LIEHTPAIbHOIO OTOMNEHNS.,
CrpounTen xunm B ABYX NOCekax — TOHHENbHOM Y 3anag-
Horo noptasia n CEeBEPOMYICKE.

B mae 1977 roga Mbl 0TNpa3aHOBaNM Havano CTPOUTENb-
ctea. CTapToBana Bpeska BOCTOYHOrO nopTana, u TyT Xe
Pa3HOro pofa «reofiorMyeckne Copnpuabl» NoCkiNanuch Ha
HaC Kak 13 pora 13obunus.

Camas cepbesHas aBapusi NpOK30LLAA B paiioHe 3a-
napgHoro noptana B 1979 roay. bbino npoinagHo yxe 0kono
150 MeTpoB, Koraa CTPOUTENN HEOXUAAHHO HAaTKHYNNCh
Ha 30HY aHrapakaHckoro pasmbiBa, APEBHEE PYC/IO PEKi
AxrapakaH. Bbibpoc nynbnbl 6611 TakoW Cuibl, 4TO NOPOLO-
MOrPY304HYI0 MaLLIMHY BECOM 25 TOHH 0THeCn0 Ha 300 m.

K coxaneHuto, He 060LLN0CH 6e3 YENOBEYECKMX XEPTB.
MpomomkaTb NPOXOAKY B 3a4aHHOM HanpaB/IEHNM 0Ka3anoch
HEBO3MOXHbIM, TOHHESb Bbl MONHOCTBIO 3anoHEH. 3a60ii
MPULLAOCH 3aneyararb, 3aBeTOHMPOBATL NYCTOThI (HArHe-
TaHNEM LIEMEHTHOrO PACTBOPA) 1 HaYaTb MEPENPOXOAKY.
MocnencTens aBapum NMKBMAMPOBAHLI Anwb K 1981 rogy.

— Byem npuymHa nogoGHbIX ciy4aes? B cBoe Bpems
MHOrO FOBOPWJIM 0 TOM, YTO Tpacca TOHHess Obina Bbl-
OpaHa HeBepHO. Tak In 3T0?

— Tpacca wna npakTMYecky no NPSIMOI B CaMO HU3KOM
yacTu ceanoBuHbl Ceepo-Myiickoro xpe6Ta. Mo BceM napa-
MeTpam OHa Obia BbibpaHa naeansHo. bena B Tom, YTo Tpya-
HOZOCTYNHOCTb pefibeda He N03BONSNa NONYYNTL NONHYIO
KapTUHY UHXEHEPHO-Te0N0rMYECKOro CTPOEHNS MECTHOCTH.

lMepBoHaYanbHO NO X0AY TOHHENS NNaHMPOBANOCh NPO-
OypuTb pa3BeoUHble CKBaXMHLI Yepes kaxaple 500 MeTpoB.
Ho Ha gene oHu Bbinn BbINOAHEHDI C LWaroM 1 KunomeTp, v
0TOOP KepHa He BbISIBIN 0COObIX FE0NOrM4eckux Npodnem.

B TOM, 4TO 3TO AANEKO HE TaK, Ham MPULLIOCH YOeaUTLCS
Ha COBCTBEHHOM OnbiTe. B pesynbrate 6binn 0BHapyXeHb
4eTbIpe TEKTOHMYECKMX Pa3nomMa LWMPUHOM 0T 5 10

900 meTpos. MpUTOK BOAbI MHOrAA AOXOAMA 10 HECKOMBbKMX
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COTEH KyBOMETPOB B Yac. K Tomy Xe B GOMbLLMHCTBE Cy4aes
OHa Obina TepMarbHO — 13-3a CEeNCMUYECKOI aKTUBHOCTY
pernoHa. HaTbIkanueh v Ha NAbIBYHbI B FPAHWTHbLIX Pa3noMax.
B 1983 rogy HMO «[Mpupoaa» npeacTaBuio HaMm pesynbraThl
KOCMUWYECKOV a3poChemMKit: XpebeT Buirnaaen kak butas
Tapeska, BCe pasnombl Obinv BUAHbI Kak Ha NagoHu. Bepankt
CMeLanmecToB rnacui; Habop YCNoBWIA Takoi COXHOCTY 10
ctpoutenscTBa CeBEPOMYCKOr0 TOHHENS He BCTPEYancs
HWrOE B MUpE.

Yeyry6nisino cuTyaumio 1 OTCYTCTBUE HEOBXOAUMON TeX-
HWKW. B TOT neprop 0Te4ECTBEHHbIE CTaHKM Pa3BELo4YHOM0
OypeHus He BbIBEPXMBaIN KPUTKKW. ITO yXe NOTOM, Nocne
aBapwid, Bbinn NpUoBpeTeHbI WBeACcKME BUPMbI «uamek»,
KOTOPbIE NO3BONMM BbINOMHUTL FOPU3OHTANBHYIO PA3BELKY
Ha rny6uHy 250 METPOB 1 CAenaTh X0Tb Kakor-TO Mano-
MaslbCKV NPpaBaonoAoBHbIA NporHo3. Ho cTpaHe B NepByio
04epenb HyXHsI Bl METPbI, METPBI, U ELLE Pa3 METPHI,
HECMOTPS HY Ha 4TO.

— Beog BAMa B cTpoii BCe Bpems OTknaabiBancs,
CHayana oH Obin 3annaHnpoBaH Ha 1984 ro, 3aTeM Ha
1986-ii, pakTuyecku gopora sapaborana 8 1989-m, Ho
NOJIHOCTbIO Gbl1a 3aKkOHYeHa nuwwb B 2003-m — ¢ BBE-
AeHneM B akcnnyaTauuio CeBepoMyiiCKoro TOHHens.
Kak M0OXHO 3T0 00bACHUTL?

— B koHue 1970-x poauncs NO3yHr: TOHHENM — KIKOYK
o1 BAMa. be3 nepBoro HEBO3MOXHO BTOPOE, Tak OHO B
pe3ynbTaTe W BblWO. MpakTMyeckn BCe TOHHEM yaanoch
3aKOHYUTb B Npremnemble cpoku. Kpome CeBepomyiickoro.
113-32 CNOXHBIX FE0N0rMYECKUX YCNOBMI OH CTPOWNCS MEL-
NIEHHO, B OTAIMYKE OT CaMO XENE3HOLOPOXHON MarucTpam.
B pe3aynbTtate Ham NPULLIOCH OPraHM30BbIBaTb 00X0A, M3-3a
KOTOPOro Tpacca cTana AjimHHee Ha 54 kM. 3a Tpu roga ycko-
PEHHbIMM TEMNAMK MPOIOXWAN TP TOHHENS — U ABUXEHME
no BAMy Bce-Taku 6b110 0TkpbITO B KOHLE 80-x. Ho Cese-
POMYVACKMIA TOHHENb MPOAOXANN CTPOUT, YTOBBI CHA3UTDL
3aTparbl Ha akcrnnyataumuo. BAM dakTiyecky bl 3aBepLUeH
B TOM BMAE, B kakoM 3agymbisancs, B 2003 roay, koraa
COCTOSI0Ch TOPXECTBEHHOE OTKPbLITHE HaLEro 06bekTa.
KoHeyHo, Ha Nogo6HOE NONOXEHWE AeN NOBAMAIN COObITUS
90-x ronos. OcTaBanoch NpoiTn Bcero ntib 20% ot obLueit
LJHBI, 1 13-3a NpekpaLLeHmnst GUHaHCMpoBaHus paboTsl
Obln1 3aMOPOXeHbI. BOT 1 nonyynnack CTpoiika ANMHOK B
26 net — cnuwkom GOSbLLIOY CPOK Aaxe AN TAaKOro TOHHeN.

— CemeH UcaakoBuy, Kak cnoXxunacb Baiua gajbHei-
was cyabba?
— HenocpencteeHHo Ha cTponTenscTBe CEBEPOMYINCKOrO
TOHHENS s npopaboTan 11 neT, B nocneaHee Bpems — B
[IO/KHOCTM NEepBOro 3aMecTUTens HadanbHuka YC «baMToH-
HeNbCTPOI». 3aTem BepHyncs B MockBy, rae Npoaomkan «3a-
BepLuatb BAM», Kypupyst CTPOUTENBCTBO HALIErO TOHHENS.
MpakTryecky Bce 3Tv 26 neT Mosi cyasda Tak U nHaye bbina
CBS3aHa C HUM.

— MoxHo nu yTBepXxaatb, 410 CeBepOMYNCKMIA TOH-
HeJib BOLLEN B MUPOBbIE OTPACNeBble aHHaNbI?

— Mpexpe Bcero, OH Aan MOLLHbIA TOMYOK ANS Pa3BUTUS
0TEYECTBEHHOrO TOHHENECTPOEHMS. Mbl TOra MHOro-
IO He 3HaNW, NPULLIOCH OCBOMUTL LIEMbIA NIACT HOBEMLLINX
TEXHOMOrMIA, NO3HAKOMMTLCS C 3apyBeHbIMU HapaboTkamu,
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TEXHWKOW 1 0O0PYA0BaHNEM W, ECTECTBEHHO, NPUBHECTY BO
BCE 3T0 4TO-TO CBOE. ToHHENM BAMa cTponamnch B yCROBUSIX
BEYHOI MEP3N0Tbl, 3T0 ObIN0 BIEPBbIE B MAPOBOIA NMPaKTHKeE.
MonHomacLUTabHO MCMONb30BAMNCH TAKME TEXHONOTMYECKME

HOBWHKM, Kak XMMU4YECKOE 3aKPENAEHNE rpyHTa, METOA Npo-
XO[OKM C a30THO 3aMOPO3KOWA BOA.

CeBepoMyiicKuii TOHHENb — 3TO YHUKAbHOE TBOPEHME
Ye/I0BEHECKMX PYK, €r0 CTPOUTENN JOCTORHO CNPaBUIMCh
CO BCEMV NPUPOAHLIMI COPMPU3aMU, NOYYMB NOUCTUHE
6eCLIEHHbI OMbIT. B TAXENbIX UCTILITAHWSIX 306Ch POAUNCS 1
oKkpen «baMTOHHEeNbCTPON», KOTOPbIN NPOLOXAET YCMELUHO
CTPOWTb CIOXHbIE NOA3EMHbIE 0OBLEKTHI U B HALLIM [IHM.
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M.E. PbIXXEBCKWNA,

K.T.H., FeHepaJbHbIi
AVPEKTOP

000 «MJIATO UHXUHUPUHT>,
naypear npemuu
JleHuHCKoro Komcomona

B 00N1aCTV HAYKM 1 TEXHUKM,
3aCIyXEHHbIN

n3obpetarens CCCP

o [IEPBOE METPO
Transport of UAE initiated

a tender for the design

and construction of the -
first metro rail network in B ny 5 A E -
the United Arab Emirates.

Two years later a concept

of metro development B3 rﬂ ﬂﬂ. CO CTO PO H bl
framework along with a

design and construction M M 3 HyTP M

management scheme

were adopted in the

largest city of the UAE.

By 2012 the total length

of two lines was almost

75 km, Of 47 stations
11 were underground.

The author tells us MeuTaTb — nycTb 06OMaHET MeuTa.
about technical details

and implementation ...MlckaTb HENOCKNBbHOM 3a4a4n.
peculiarities of this

ambitious project. Murenb ne CepsaHtec CaaBeapa.

XWUTPOYMHBI naansro
[oH Kuxot Jlamaryckmia
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INTERNET.CITY

JEBEL ALI PORT

Red Line (From Rashidiya to Jebel Ali Port

Elevated
Underground

Elevated
Underground

TOTAL

43.7km

69,0 km

)
27 stations

Green Line (From Airport Free Zone to Health Care City)

55 stations
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RADE CENTER
HEALTH CARE CITY

B 2003 rogy Munuctepcrso TpaHcnopta OA9
¢ ogobpeHus werixa, npaBuTens amupara
Myxammepga 6eH Pawuga ans-Maktyma, nHu-
LMMPOBaso NPOBEeAEHNe TeHAepa Ha NPoek-
TUPOBaHNe U CTPOUTEIbCTBO NEePBOro METPO B
06beanHeHHbIx Apabekux Amupatax. Ero nobe-
AuTeneM 0ka3an0ch amepukaHo-gpaHLy3ckoe
coBmecTHoe npegnpustue SYSTRA-Parsons,
kotopoe yxe k 2005 rogy pa3paboTano koHuen-
LMI0 pa3BUTUS U MPUHLMNBI YPaB/IEHNS MPOEK-
TUPOBaHNEM 1 CTPOUTEILCTBOM MeTpo B [lybae.

BecnunoTHbIN TpaHcnopT

Ha MOMEHT NpuHATUS peLLeHns 0 CO3aaHNM METPO Ha-
cenenue [ly6as yxe coctaBnsno 6onee 1,5 MIH YenoBex.
B CBA131 C MHTEHCMBHBIM Pa3BUTUEM AMMPATa OXMAANOC,
410 K 2020 roay aTa UMdpa yBEAMYUTCS A0 5 MIH YENOBEK,
BK/TI04asa TYPUCTOB. [lanbHeiuee pa3sutue UHbPacTpyk-
Typbl Jybas 6onee He NpeacTaBnsanoCch BO3MOXHbLIM 6e3
O[IHOTO M3 CaMblX HAZEXHbIX 1 YA0OHbIX BULOB rOPOLCKOr0
TpaHcnopTa — MeTPo. Mocne NpeABapuTENbHbIX MPO-

paboToK NpefnonaraeMas CTOMMOCTb NEPBOI O4epeam
MOA3EMHbBIE FTOPU3OHTbI Ne2. Mtonb/2014

Puc. 1. Mnan-cxema nepabix
nuHKiA meTpo B [ly6ae

MEeTPONoNuTEHa cocTaBuna 22 mapg aonnapos CLLUA.
B ee cocTaB foXHbI BbIAM BONTY [1BE IMHUM — KpacHas 1
3eneHas (puc. 1).

K 2020 roay K fiByM yXe AeNCTBYIOLLMM IMHWSM LOMKHbI
OblNIN NPUCOEAMHUTLCS eLLie IBe — OPaHXeBas U CUHAS
(puc. 2). MepBoHaYanbHO 06LLas NPOTSXEHHOCTb NEPBbLIX
[BYX [I0NXHa Bblna cocTaBuThb 69 kM, M3 KOTOPLIX 16,6 kM
npeanonaranoCh BeINOAHUTL B MOA3EMHOM ¥ NOAYNOLA3EM-
HOM VCMNONHEHUN 1 52 KM — B HAI3EMHOM (M03[Hee 3Th Lud-
pbl b1 YTO4HEHbI). BCero Ha nepeom aTane (Ha fBYX IMHMAX)
NPEACTOAN0 NOCTPOUTL 55 CTaHLMIA, 17 M3 KOTOPbLIX —
non3emHble 1 38 — HagzemHble. 3aberas Bnepea, cneayet
cKa3zatb, 4To pakTuiecku k 2012 roay obLuas NpoTsSXEH-
HOCTb KPaCHOM 11 3eN1eHOI IMHWIA COCTaBWIA MOYTH 75 KM,

a KONNYECTBO CTAHLMIA YMEHbLUMNOCH A0 47, 13 KOTOPbIX

B MN0A3eMHOM UCMONHEHUM BbINO BbINONHEHO BCero 11.
OpnHako CTpouTeNbCTBO MeTpo B [lybae npoponxaetcs.
Ero 0co6eHHOCTbIO ABASETCSA TOT GaKT, YTO OHO CTano
MONHOCTbIO aBTOMATU3NPOBAHHbLIM, «BECMUNOTHLIM». 10
CPaBHEHWIO CO CBOMMM M3BECTHBIMU aHanoramMmu B TypuHe,
Jlo3aHHe 1 fip., OHO ABNSIETCS CamMOM NPOTSXEHHON B MUPE
MONHOCTbIO aBTOMATU3UPOBAHHON PENbCOBO CUCTEMOVA.

Feonorua

Mo paHHbIM M3bickaHui, rpyHT B [ly6ae npencTaBneH
CUNBHO BOAOHACHILLEHHBIMU MENKUMU U CPELHEN KPYMHO-
CTV neckamu, NoACTUAaeMbIMU NECYaHNKOM, MECTaMN —
M3BECTHSKOM C KAPCTOBBIMM NPOSIBAEHNSMMU.

CpenHecTaT1CTMYECKME PACYETHBIE NAPAMETPbI FPYHTa
npeaCcTaBneHs! B TabnuLe.



Puc. 2. MnaH-cxema panbHeiiwero paseutus Metpo B flyoae o 2020 ropa

CpepHecTaTucTUYIECKMNE PacyeTHbIE NapameTpbl rPYHTa

LD L L
(mg/m®) | (kN/m?) (kN/m?) | (kN/m?) [ (kN/m?)
1,9 0 30 14 21 15

Soil  Unit 1 0,25
Unit2a(l) 0,25 1,9 & 36 38 69 48
Rock Unit2a(ll) 0,2 2,0 72 39 270 180 126
Unit 2b 0,2 2,0 60 39 210 167 117
Unit3 0,2 2,0 90 35 275 215 151

Puc. 3. CoopyxeHue BecTuOIons Haf3eMHoi CcTaHLwmu MeTpo B ly6ae

KpacHo-3eneHoe meTpo

KpacHas nuHus npoxoauT ¢ CEBEPO-BOCTOKA Ha 10ro-
3anap ot panoHa Rashidiya 4epes mexzayHapoaHbIi
aaponopt [lybas 40 KOHEYHO CTaHLMM, pacnonoxeH-
HOI B Tak Ha3blBaeMoi cBOBOLHOI 30He, — Jebel Ali. B
OCHOBHOM 3Ta JINHWS BbINOSIHEHA B HAA3EMHOM (3CTakag-
HOM) MCMONTHEHUN 1 TONbKO 8,5 kM (9 cTaHuMi) NpoiiaeHo
Mof3eMHBIM 1 MONynofA3eMHbIM cnocobamu. Mog 3emneit
LIEHTPabHOIA, MNOTHO 3aCTPOEHHOM M rYCTOHACENEHHOM
4acTuW CTaporo ropoaa — panoHe Deira — HaxoasaTcs
NEPEroHHbIE TOHHEN 1 CTaHLMK. 34eCb, TOMUMO TPEX
TepMMHAN0B a3ponopTa, PacrnonoXeHbl Ba KPYMHbIX
Topro.eix LeHTpa — Deira City Center v Al Ghurair,
MHOXECTBO 0DKCOB M Maras3vHoB, LNPOKO N3BECTHbII
(0c0OBEHHO PyCCKMM TYpUCTaM) PbIHOK 30M10ThIX U3AENNi
Gold Souk, a Takxe mopckoit nopt Port Saeed. B aToi
4aCTW KPACHAs IMHNA NPOXOANT BLOMb FABHON YNNLbI
Al Rigga Street 1 B ee koHLe, Ha nnowaam Union Square,
nepecekaeTcs ¢ 3eneHom nuHkeit. Union Station asnsetcs
Ha CerofiHALIHWIA fieHb B MeTpo [lybasi eAMHCTBEHHOM
nepecagoyHoN CTaHLMen.

3eneHas nuHus cTapTyeT oT Jaddaf zone, npoxoaut
Dubai Health Care City, nanee nepecekaet Dubai creek u
npogonxaetcs o Salahuddin Road — elle ogHOM 3Ha-
4MOit ynuubl panona Deira — 1 yxoauT Ha BOCTOK BLOMb
ynuusl Al Nahda Road, B koHue koTopoit — B Al Qusais —
1 HAX0AMNTCA METPOAENO Noe3a0B. JaHHas AMHNS BKNIO-
4aeT 0KON0 8 KM NeperoHHbIX TOHHeNel 1 8 Noa3eMHbIX
CTaHLWIA.

Kak yxe 6b110 Cka3aHOo BbILLE, Pa3NNyHbIE Y4aCTKM
METPO COOPYXanuchb B HaJ3EMHOM UCMOJNHEHUN, B BUAE
MOCTOBbIX KOHCTPYKLMIA, OTKPBITBIM M NONYOTKPbLITHIM
cnocobamu, a Takxe NOA3EMHbIM — C UCMOJb30BAHNEM

MOA3EMHBIE FTOPU30HTbI Ne2. Nionb/2014
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Puc. 5. Y3en coefmHeHus CTEH C NIMTaMK NEpeKpbITHS

TOHHEenenpoxoa4eckoro MexaHM3npPoOBaHHOIO KOMMeKca
(TIMK).

Hap3eMHble y4acTku

Hapa3semHble y4acTku MeTpo B [lybae npeacTaBasior co-
601 0LHOONOPHbLIE MOCTOBbIE KOHCTPYKLMM C NPOSeTaMu
TPex TMNopasmepos:

| c nponeTom 32 M (peako 36 m);

B C ABOViHbIM NponeTom oT 36 A0 44 M;

B C TPO/HBLIM NPONETOM 110 72 M.

B 3aBMCHMOCTH OT MHXEHEPHO-T€0NOTMYECKMX YCO-
BWIA HA PA3NINYHBIX Y4aCTKaxX NUHUIA MeTPO, rnybuHa ceaii
nog onopbl Bapbuposanack ot 20 oo 50 M, Npu 3TOM UX
nmameTtp coctaenan ot 1,75 0o 2 m, peako (ans nponet-
HbIX CTPOEHWIA C TPOMHLIM NPONeToM) — 0T 2,2 [0 2,4 M.
[lns cBai 1 0nop MOCTOBLIX KOHCTPYKLMIA MCNONb30BaNCA
6eToH knacca B50. YunTbiBasi BbICOKYIO KOPPO3UOHHYIO
arpeccuto rpyHTa B [lybae, TONLMHA 3aLWMUTHOrO COSt
6eToHa npuHUManacs pasHoit 120 Mm. Kpome Toro, CThiK
COMNpPSXEHUs CBau 1 0NOpbI N30NMPOBANCS NYTEM HAHECe-
HUS CNOS ANOKCMAHON MacTuKU. Beero ans 06enx nuHui

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

Puc. 6. Mpoxopka 3arnyGneHHbIX TOHHeNE OTKPLITLIM CNOCOGOM

MeTpo BblI0 coopyxeHo 4572 onopbl. MponeTHbIe CTpoe-
HUS MOHTVMPOBANNCH METOLLOM HaBECHOIO GETOHNPOBA-
HUS C NCMONb30BAHNEM MOCTOBOrO KpaHa dupmbl VSL
(puc. 3). MponeTHble CTPOEHUS BBIMOAHSNNCH U3 COOPHBIX
Xene300eTOHHbIX CErMEHTOB TPEX TUMOB: MIOCKUX — Afs
nponeToB AanHoM Jo 36 M, U-06pasHbix — Ans npone-
TOB 10 44 M 1 KOPOBYATOro CeYeHUst C NPeaBapUTENbHO
HanpsXeHHON apMaTypor — Ans NPONETOB NPOTSXEHHO-
CTbto 6onee 44 m. CpeHss CKOPOCTb MOHTaXa — OAMH
nponeT 3a iBa AHs1. Bcero 6bl10 CMOHTUPOBAHO

16 500 cermeHTOB.

3arny6neHHas 4acTb (coopyxaemas
OTKPbITbIM M NOJIYOTKPbITbIM cnoco6amu)

[MpakT1yeckn BCe NOA3EMHbLIE CTAHLMM METPO CPasy
noCne NX CTPOMTENBCTBA MCMOMb30BANMNCh B KAYECTBE
CTapTOBbLIX U NPUEMHbIX KOTNI0BAHOB 15 MOHTAXa W
nemoHTaxa TMMK. B Hux xe, B pexumMe peanbHoro Bpe-
MEHW, NPOBOAMICS MOHUTOPUHT MPOLECCOB BPE3KM M-
TOBOro Kommnnekca 1 cboiikn, Bce nog3emHble cTaHumm
OblIN NOCTPOEHBI NONYOTKPbITHIM CNOCOBOM, M3BECTHBIM
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kak Top-Down (puc. 4). Mpn 3TOM B Ka4ECTBE BPEMEH-
HOr0 OrpaxaeHnst KOTNI0BaHA MCMNONb30BANACh XENe30-
6eToHHas gnadparma, Coopyxaemas METOLOM «CTEHA
B rpyHTe». [IN5 ee CTPOMTENbCTBA NPUMEHSINCS BETOH
Knacca He MeHee B45. [laHHYI0 KOHCTPYKLMIO BO3BOAMNN
C NMOMOLLbIO NMaHeneil ¢ pasmepamm ceueHus: 2,8 x 1,2 m
(TonwmHa) u rnyéuHoit 50 M — ANs CTAHUMOHHBIX TOHHENe;
2,8 x 0,8 M1 rnybuHoit 20 M — AN BLIXOL0B.

B ocHOBHOM anst pa3apaboTky NOpPO/b MCMONb30Ba-
JIN KPaHbl, OCHALLEHHbIE TPENdEpPoM, 1 NULLb B PEKUX
cnyyasix, npy oBGHapyXeHUM 30H C KPEnKoii CkanbHoA
nopoAoN, ncnonb3osanack dpesa. Mocne 3aepLIeHUs
COOPYXeHus amadparmMbl No BCEMY KOHTYPY OyayLLei
CTaHLM NPOBOAMIOCH MMAPaBANYECcKoe onpoboBaHue
130MMPOBAHHOIO rpyHTa (pumping test) u, B cnyyae obHa-
PYXEHUS 3HAYUTENbHOM GUNbTPALLMM BOAI YEPES NAHENN,
MPOBOAMANCH PEMOHTHbIE PAbOTHI ELLe [0 Havana OTKOMKM
KOTNOBaHa. PEMOHTHbIE pPaboThl AW C MCNONb30BAHNEM
METo/a CTPYIHOI LemeHTaumum Jet Grouting. PaspaboTka
rPyHTa B KOT/IOBAHE BeNach C UCMONb30BAHNEM MUHU-
3KCKaBaToOPOB 1 MalLMH Tuna Bobcat (puc. 4a). OTkonky
MPOBOLUAM NOSIPYCHO, YEPELYS €€ C YCTPOICTBOM OYEPES-
HOro GETOHHOrO NEPEKPLITHS.

Puc. 7. CtapToBblif KOTNOBaH
ans montaxa TNMK (8 nocne-
OyloLLEM 3[eCh PaCNONOXUTCS
CTaHuus MeTpo)

Ins npoponxeHns pa3apaboTkn rpyHTa Ha 601ee HU3KOM
ipyce B NEPEKPLITUAX OCTABNANUCH «OKHA», Yepes KOTopble
U3BNEKANCS FPYHT C HUXHETO Ipyca M N04aBanuCb CTPOU-
TenbHoe 06opynoBaHue n Matepuansl. «OkHa» B nepe-
KpbITUSIX 6ETOHMPOBANNCH B MOCNEAHION 04epess — Nnocne
3aBepLUeHUst BCex paborT.

Bo Bpemsi BCKPbITUS FPYHTA BO MHOTMX KOT/I0BaHaX
ob6HapyxwvBanuch aedekTsl naHenein amadparmol B BUAE
OTKPbITBIX PAKOBUH, NOMNEPEYHbIX XONOAHBIX LWBOB, TEYEN
B CTblkax. Bce OHM B napaniensHoM pexumMe YyCTPaHsanch
C NOMOLLBI0 LLEMEHTALWM, XMMUYECKOT0 YNPOYHEHWS MO~
JIMYPETAHOBLIMM MACTUKaMM U HABPLI3rOETOHa.

Mocne 3aBepLueHns paboT No BLIEMKE rPyHTa A0 NPO-
€KTHON OTMETKM NPOBOAMAACH NOAr0TOBKA OCHOBAHNS
(BblpaBHMBaHWE, TPaMBOBaHWe, yKnaaKa rMapou3onsLmn)
Ans 6eTOHMPOBaHUS GYHAAMEHTHOMN NANUTHI, KOTOPYIO 3a-
TeM (Kak 1 BCe NAMTbI NePeKPbITUIA) CTBIKOBANN MO BCEMY
KOHTYPY CO CTeHamu anadparmel (puc. 5). Ins atoro B
Havane Bcex paboT apmMokapKackl NaHenen auadpparmbi
CHabXanu 3aknafHbIMU METANNYECKAMI TUb3aMMN A
VX NOCNELYIOLEr0 COeAVMHEHNS C apMaTypor NauT nepe-
KPbITUIA 1 GYHOAMEHTHOW NAUTLI (puC. 46). Bce anemeHTbl
NOA3EMHBIX CTAHLMIA METPO (KPOME QYHAAMEHTHBIX MANT)

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



He UMEIoT rnapounsonsummn. 3aech Obin MCNoNb3oBaH
KOHLLENT BO3MOXHOr0 APEHNPOBAHNS, A0 3TOr0 peanu-
30BaHHbI B METPO MEranoncoB MHOMMX CTPaH, BKAYas
BawmHrToH n Huo-Mopk. Ero cyTh 3aKioNaeTes B Tom,
YTO B TOHHENAX LLOMYCKAIOTCS HEKOTOPbIE OrPaHNYEHHbIE
MPOTEYKM BOAKI B BUAE Kanesb Un Mesknx CTPYiA, KOTopble
CO CTeH NoNagaioT HeNOCPELCTBEHHO B APEHAXHBIE NOTKM,
3aTeM CamMOTEKOM — B HACOCHBIE CTAHLMK, OTKYAA 0TKa-
YMBAIOTCS B KAHANM3ALWMOHHYIO cucTeMy. beaycnosHo, Bce
MPOTEYKM CTPOrO PErNaMEHTUPOBAHDI W, B CAly4ae YBENN-
YeHust Ux 06bLEMOB, OHM NEPUOANYECKI TAMNOHUPYIOTCS.
Mo MHEHMIO aBTOPOB NPOEKTA, TAKOW KOHLENT ABASETCS
Hanbosee 3KOHOMUYHbIM.

Ha 06ewx (KpaCHO 1 3e1eHOI) IMHUSIX UMEIOTCS y4acT-
KV NEPErOHHbLIX TOHHENEN, Takke NPONAEHHBIX C UCMOMb30-
BaHMEM TEXHONOIUM «CTeHa B rpyHTe. [ocne BO3BEAEHUS
GETOHHOrO OrpaXaeHNst U YCTPOCTBA BOAOTMOHWXEHUS
pa3paboTka rpyHTa Ha HIX Benach OTKPbLITLIM CNOCo6oM
C MCMONb30BAHNEM 3KCKABATOPOB C Tak Ha3bIBAEMON
YANVMHEHHON PYKOR. YCTOMYMBOCTL OETOHHON Anadparmbl
obecneynBanach yCTPONCTBOM MHOFOSIPYCHbIX MeTannye-
CKWX pacropok 13 Tpy6, ABYTaBPOBbIX 6anoK UK LpYroro
npoduns (puc. 6).

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

Puc. 8. HapzemHas nunus
metpo Ha Sheikh Zaid Road
B [ly6ae
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Moa3emMHas yacTb (COOpyxaemas
¢ ucnonb3osaHuem TINMMK)

[TONHOCTBIO B NOA3EMHOM UCMOAHEHUM C NOMOLLbO TIIMK
(TBM Mitsubishi Corporation) Gb1n1 BbINOAHEHb! TOALKO
neperoxHble ToHHeNW. Tpy 3TOM BbIN0 MCMOL30BAHO TPK
KOMIIeKca C FPYHTONPUIPY30M, BHELLHUM ANaMEeTPOM
9,56 M. Takoit Tun TNMK (puc. 7) 6bin BIGpaH Ucxoas 13
NPeLCTaBAEHHbIX HXEHEPHO-Te0N0rMYeCcKMX YCNOBUIA.

CpepHsist CKOpOCTb NPOXOAKM COCTaBAsNA 0kono 15 M B
JeHb, nn 10 konew, LWnpuHoii 1,5 M. BHyTpeHHWIA anameTp
konbua — 8,5 M, BHelHuin — 9,3 M. O6aenka neperoHHbIX
TOHHeNEW BbINOHANACH U3 XeNe300eTOHHbLIX B10KOB C
knaccom 6etoHa B50.

Bce Haa3eMHbIe CTaHLWN BINOMHEHDBI B €41HOM KOHLEnN-
Te 1 NPeLCTaBASioT COOOI METaN0-CTEKNSAHHLIE KOHCTPYK-
uum B popme 6poHTO3aBpa. HanaemHas kpacHas IMHUS Me-
TPO NPOXOAMT C NIEBOIA CTOPOHBI (€CNIM CMOTPETH OT 3a/MBa
B CTOPOHY AGY-Z1abu) OT rnaBHO ropoacKon MarncTpan, u
Ha BCEX CTaHLMsIX A5 ynobCTBa NaccaxmpoB MMEET MOCTO-
Bbl€ NEepPexo/ibl HA NPOTMBOMONOXHYIO CTOPOHY (puc. 8).

B HacTosLlee BpemMs CTPOMTENbCTBO MeTPo B [ybae
npononxaetcs, v no nnasam ao 2020 roga oHO coeanHAT
Tpu amupara — LWapxy, Jybait n Aby-[abwu.
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Confederation Line or the

project of light-rail transit J-I E r Ko E M ET P o

construction in Canadian capital o

Ottawa is undoubtedly one of the ﬂ KAH C KO M CTOJ'I M bl
most prominent infrastructure w-l Aﬂl Lll
projects since the time of the

Rideau Canal opened in 1832.

In order to lay 12.5 km of roads CTpouTensCTBO IMHUM nerkoro MeTpo B OTTaBe C rpOMKNUM Ha3BaHNEM
constructors will have to pass Confederation Line B npeacTaBneHnm xuteneli 3T0ro kaHaAckoro ropoga, Heco-
the most heavily trafficked MHEHHO, SIBNIAETCS OAHUM U3 CaMbiX 3HaYUMbIX MHPACTPYKTYPHbIX MPOEKTOB CO
highways and to reconstruct BpeMeH coopyxeHus kaHana Pugo, otkpbitoro B 1832 roay. Ans npoknagku 12,5 km
several bridges. The line will nyTteii noTpebyeTcs NpeoaosieTs CaMbie 3arpyXeHHbie aBTOMarucTpanm u PEKOH-
connect western and eastern CTPyMpOBaTh HECKOJIbKO MOCTOB. Bripoyem, onTuMn3ma y4acTHUKaM MacLUTabHou
parts of Canadian capital; it will CTPOViKN He 3aHUMaTb, Beb B UX PACNOPSXXEHUN MHOrOMU/IIMOHHbIE MHBECTULMH U,
run underground for 2.5 km. KOHEYHO Xe, NapK COBPEMEHHOI BbICOKOTEXHOJIOrMYHON TEXHNKU, COCOOHOI Bbl-
The paper presents a brief story MO/IHUTL BCIO CaMYl0 C/IOXHYIO 1 TPY40eMKylo paGoTy.

of challenges faced by metro

builders.

Anekcangp
MALKOB30POB




AodPekTnBHOE NepemeLieHne

OT0 TOMLKO B MOCKOBCKMX peanunsx AeCsiTb C XBOCTUKOM
KUIOMETPOB NErKOro METPO NOMOTYT Pa3Be YTO HECKOMBKO
pa3rpyanTb YTPEHHWIA NOTOK aBTOMOBUNEN, HanpaBnsio-
LLMXCS B CTOPOHY LIEHTPaA C 0AHOr0 M3 061acTHbIX HaNpaB-
NeHuin. KaHaaubl Xe YBepeHbl, YTO 3TOr0 JOCTATOYHO A5
MONHOro NPeobpaxeHnst TPAHCMOPTHON MHPPACTPYKTYPbI
uenoro ropoga. 4to HeyameutensHo: B OTTaBe gaxe c yye-
TOM BCEX NPUrOPOA0B HACYNTLIBAETCH HEMHOTUM BOJbLLE
OLHOr0 MUNAIMOHA XWUTENER. HOBBIN MPOEKT MOMy4n CBOE
Ha3BaHWe, 04eBMAHO, B 4ecTb KaHaackon Kondeaepa-
UMM — npoLiecca, 00beAUHUBLLETO BO BTOPOI NONOBKHE
XIX Beka He3aBUCKMble OPUTAHCKME KONOHUM B €AMHOE
rocyaapcTBo.

Mo nHdopmaLmm opuumansHOro canTa NPoekTa,

k 2031 ropy HaceneHne OTTaBbl BbIPACTET NPUMEPHO Ha
30%. Mopopnckre BNacTy peLwnam NoAroTOBUTLCS K 3TOMY
3apaHee, HAMETVB TOPXECTBEHHOE 0TKPbITVE Confederation
Line Ha 2018 rop. naBHas npuynHa, NobyamBLIAS aaMUHK-
CTpauMIo 3anyCTUTb MPOEKT HOBOW IMHUM NETKOTO METPO, —
MOCTOSAHHO pacTyLLas Harpy3ka Ha CyLLECTBYIOLLYHO
MapLUPYTHYIO CETb 0OLLECTBEHHOMO TPAHCNOPTA, KOTOpas
BOT-BOT MCYEPNAET CBOW NPOEKTHbIN PECYPC. DNEMEHTAPHO
YBENNYNTb KONMYECTBO aBTOOYCOB YXe He MONy4nTCcs — 3T0
MPUBELET K 3aMETHOMY CHUXEHUIO CKOPOCTU ABUKEHUS
TPaHCMOPTHOro NOTOKA. Mpryem B Noa06HOI «nonymepe»
OTCYTCTBYET MHHOBALWIOHHAs COCTaBAsoLLas. «JIoaei Hyx-
Ho nepemeLLaTh 6onee aGHEKTUBHO», — FIACUT CalT Npo-
ekTa. 31a GopMynMpoBKa, NOMUMO BCETO NPOYero, npea-
rnonaraeT CHUXEHME YPOBHS! LLyMa 1 BbIBPOCOB BPEAHbIX
BELLECTB B aTMOCPEpY, CO3[aHNe HOBbIX pabo4nx MeCT, a
TakKe nosy4eHne Npuoblan, KOTOPYIO MOXHO HaNpaBUTb,

K MPMMEpY, Ha COOPYXEHWE eLLLe OAHON IMHWM NErkoro
METPOMOAMTEHA (B AONTOCPOYHbIX NiaHax ero obLuas npo-
TSKEHHOCTb A0KHA A0CTMYL 40 KM).

Krto, roe, korpa?

CrpouTenscteo Confederation Line nopyyeHo o6beau-
HeHwmio Rideau Transit Group, B koTopoe Bowun 15 BegyLumx
KaHaZCKUX 1 3apyDexHbIX KOMMaHWiA. VIMEHHO 3Ta CTpyK-
Typa npeanoxwna Hanbonee ybeanTenbHbIn GU3HEC-MNaH,
MOAYYMBLLINIA NOAAEPXKY MHBECTOPOB.

WNnes coapnaHus nerkoro MeTpo Gbina yTeepxaeHa
B8 2008 rozy ropoackvm coBeTom OTTaBbI, NOCAE YEr0 B
TEYEHME YEThIPEX JIET FOTOBMNACH NPOEKTHAS JOKYMEHTALNS,
MPOBOAVAMCH TEHAEPHI HA NOAPSAHbIE paboTsl. Cama CTPoOi-
ka Hayanacb BecHoii 2013 roga ¢ paclumperms wocce 417.
Confederation Line coeamHUT 3anafiHyto 1 BOCTO4HYIO YacTu
KaHaACKOM CTOAMLbI, NPU 3TOM [ABa C MOAOBYHOW KUTOMETPA
nyTel NpoiiayT nof, 3emneit. B 6onbLUei YacTy HoBast IMHUS
Nerkoro MeTpo ByaeT nponeratb BAOMb MapLUPYTa aBTobYC-
Horo CKOpOCTHOro TpaHauTa, 0BecneyrBas MakcuMasbHyto
VHTErPaLMIO C CYLLECTBYIOLLEV TPAHCMOPTHO CUCTEMONA.
[MpevmyLLecTBa NErKOro METPO BbIPaXEHbI B TOYHOM rpadu-
Ke [BVMXEHMS MOe3a0B 1 PUKCMPOBAHHOM BPEMEHV B MYTUW OT
HayanbHOM B0 KOHEYHON CTaHLN — 24 MUHYTLI.

CTponTensCTBO NOA3EMHOM YACTV METPO BOMKHO 3a-
BepwnTbes netom 2017-ro — k 150-4 rofgoBLUMHE NPUHSATUS
KoncTtutyumm Kanagel. MoasiskHoONM cocTas ByneT 3akynnieH

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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OT/INYHO CPABASOTCS C MPOXO/-
KOV TOHHeeli Bnaroaaps Hamuamio
MOLLHOV nonepeqHow pessl. Tene-
cKomnnyeckas cTpesna rno3Bosset npo-
XoauTb cevenns 40 9, 1 M B LUMPUHY
1 6,6 M B BbICOTY AAXE B MPOYHBIX
CKaslbHbIX rPyHTaxX. [apaBm4eckas cuctema perympyet noTpebaeHne SHeprnm B
3aBUCUMOCTY OT Harpy3Kku, a HAaCOC BbICOKOr0 IaB/IEHMs OTBEYaEeT 3a IPPEKTUBHOE
nblneyaaneHne n OxnaxaeHne pexyLuen yactm. Camoe rnaBHoe, Y4To OfHOM MaLLn-
HOV MOXHO MPOXOANTbL TOHHEN Pa3HbIX rabapuToB v GOPM CEYEHWI C PE3KUMM
r10BOPOTaMU, BEHTUISILUMOHHBIMY TOHHENSIMU 1 HULLIAMM.

KombariHbl cepym MT paboTaloT 0T 371eKTPOryapaBanyeckoro npueoaa. 1o 03Ha-
YaeT MOJIHOE OTCYTCTBIE BbIX/IOMHBIX Fa30B 1 BO3MOXHOCTb AKCIITyaTaLm B /I00ObIX
yCoBusix, 663 HaHECEHVS BDEAA OkpyXaloLLeli cpese. VX BbirogHo UCrosb30BaTh
Tam, rae Tpebyetcs 00ecneynTb HU3KA ypOBEHb BUOpaLm. [eOMETPUYECKN
BbIBEPEHHBIE NPONopLmMM CTPeNbl u ppe3sbi MT720 no3BonSI0T AOCTUYb JYHLLErO
COOTHOLLIEHMS SHEPrONOTPEBIEHNS 1 MPON3BOANTENLHOCTH, & TAKXE MUHUMAJTb-
HOrO YPOBHS LLyMa, YTO UrPAET NEPBOCTENEHHYIO POJIb NPV BEAEHNM PaboT B YepTe
ropoza.

Jns kaxzaoro kombaitHa npeaycmMoTpeH Habop GPe3 ¢ PasanyHbIM KOMHECTBOM
peswoB. Pacrionaras pesynbTatamu re0n0rMYeCKmX N3bICKaHWit, CrieLnammcTs
Sanavik Construction cmorsiv nogobpats 415 AaHHOo MPOeKTa ONTUMAasTbHYIO (10
COOTHOLLIEHMIO CKOPOCTY MPOXOAKM 1 PACX0AY PE3LIOB) Ppesy.

TAXENbIE KOMBAWHbI

SANDVIK MT720

y GpaHLy3cKoi koMnaHum Alstom, 0QHOr0 13 KPYMHEMLLNX
MpOM3BOAMTENEN XENE3HOA0POXHOr0 TpaHenopTa. Mpnyem
cobupartbes oHY ByayT NpsiMo Ha MecTe, B OTTaBe. Yxe Ha-
4aTo CTPOUTENLCTBO LIEHTPANLHOIO AENoO, FAE BNOCNEACTBUM
6ypyT 0bcnyxmeaTbes Bee 32 noesna. He obownocs 1 6e3
BbIHY>XXAEHHbIX Hey)J,OGCTBI C Mas 3T0ro roga orpaHn4eHo
JBVXEHWe TPaHCopTa Ha HEKOTOPLIX YAKLAX ropofa, OAHa-
KO newiexogam 1 senocmnegmuctam noka H14ero He MeLlaeT.

OtnuyHas an bTepHaTuBa

Monpobyem 0TBAEYLCS OT 0OLLMX NapaMeTPOB NPoeKTa
1 3argHyTb NOA acdansT, 4Tobbl NOHABNI0AATH 38 CaMO
OTBETCTBEHHOMN 4aCTbiO CTPOWKM — MPOXOAKON TOHHE-
151, KOTOPBIA JOMKEH COEANHUTD TPU CTAHLMK: «JTNOH>,
«[TapnameHT» 1 «Pnao». Mog akkypaTHbIMU ra3oHamMm 1
reOMETPUYECKM MPaBUbHBIMKM yanuamu OTTaBbl 3aneratot
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FWHWCTBIE NOYBLI C BHICOKMM COLEPXAHWEM U3BECTHSAKA U
nonomuta, chopMUPOBaHHbIE eLLie B KeMOPUICKIA nepuop.
B 3anaaHoi1 4acTv ropoaa MOXHO yBuaeTh 6onee ApesHue
KBapLWTbI, FPAHNTLI 1 THENCHI, B TO BPEMS Kak Ha BOCTOKE
BCTPEYAIOTCS NEIHWKOBbIE OTIOXEHNS C NPpeobnafaHneM
necyaHmKa ¥ FIKHACTOrO cnaHua. TakuM 06pa3om, Npenmy-
LLIECTBEHHO Msrkas Nnopoza pacnonaraeT K ObICTPO npo-
XOAKe, 0CTaBNss G0NbLUe BPEMEHW Ha BO3BEAEHWE Kpenei
1 OTAEN0YHble PaboThl.

ToHHenb, PacnonoXeHHbIN B Hanbonee 3arpyXeHHoi Ya-
CTW rop0oAa, CTAHET OT/IMYHOM TPAHCMNOPTHOW anbTepHaTH-
BOVI 1151 MACCAXMPOB, XENAIOLWMX CIKOHOMMUTb Bpemst. [leno
B TOM, YTO Ce#4ac Ha Ha3eMHOM OTPE3KE MEX/LY BbiLLeHa-
3BaHHbIMM CTaHLmMaMKM fercTByeT 14 cBeTOhOPOB, M faxe
1CMOMb30BaHNE CKOPOCTHOMO TPAH3MTA HE JAET rapaHTui
0T nonagaHus B Npobky. KoHeYHO, BDEMEHW OHa YKpaaeT
HECPaBHUMO MEHbLLE, YEM YTPEHHMIA 3aTOP HA MOCKOBCKOM
BblAENEHHON nonoce A5 0BLLeCTBEHHOr0 TpaHenopTa. Ho
1 NPEACTABAEHMS O TOM, CKO/bKO BPEMEH MO3BOUTENBHO
TPaTWTb HA LOPOTY OT AoMa 10 PabOThI, Y CTONNYHBIX XUTE-
nen Poccun v KaHazsl BECbMa pasHble.

Bnaroaaps nocnenoBaTeNbHON BoIEMKE rpyHTa Obio
[OCTaTO4HO NNLLb TPEX TOYEK «BXOAA» B MOL3EMHOE r0-
POZCKOe NPOCTPAHCTBO. MIMEHHO C HUX M Hadanu paboTy

«CKAJTIOXYM», <KPOKO3SEP» U «)KEBAJIO»

TPU Npoxoayeckux kombaiiHa Sandvik MT720, koTopbim
MOLPSAAYMKM OTAANM NPEANONTEHNE 13-32 MEHBLUETO

(4em y 060Opy0BaHNS APYriX KOMMAHWIA) YPOBHS LyMa W
BMOpaLyit. BonbLUMHCTBO paboT BeaeTcs Ha rayouHe ot 16
1024 M.

Kak nosicHun pykoBOAMTENb HANPaBNEHMiA N0 TOHHENbHO-
My 060PYL0BaHWIO U MLPABANYECKIM MOIOTaM POCCHIA-
ckoro oduca Sandvik Construction Anekceit 3ybexuH, npu
paboTe B KpYMHbIX rOPOAAX C MAOTHON 3aCTPOKOM Npu-
MeHeHne GYPOB3PbLIBHOTO METOAA MPOXOAKA MOXET BbITb
elLe 1 onacHbIM: <4106kl 3bexaTb 06Bana cBoAa TOHHENS
¥ MPOCaAKM rPYHTOB HA MOBEPXHOCTY, HEOBXOAMMO UC-
MoNb30BaTh TEXHONOT MK, 06ECNeYMBaIoLLIE OTHOCUTENBHO
HebOoNbLUION 3aX04, 32 OAMH LKA (Ao 1-1,5 M) ¢ MakcUmarb-
HO HU3KMM YPOBHEM BMOpaLwu. A npu paboTe ¢ kombaiiHa-
MU B NOLOBHBIX YCOBWSIX Kak pa3 M A0CTUraeTCs BbiCoKas
CTabunbHOCTL 320081 11 CBOLA TOHHENS HA BCEX CTAANAX
LMKNa NPOXOAKM».

He cTouT 3a6bIBaTh 11 NPO reosormyeckie 0CO6EHHOCTH
MECTHOCTU. /3BECTHSAIKM XOTb 1 OTHOCSITCS K MSITKAM CKaJlb-
HbIM MOPOZAM, OBHAKO MX MPOYHOCTb HA OBHOOCHOE CXaTne
Y€ He N03BONAET NPOBOANTL 3G DEKTUBHYIO MPOXOAKY
TOHHENS C NOMOLLIBIO 0BLIYHOI KOBLLIOBOW TEXHWKM. [T03TOMY
MPUXOAMUTCS MCMONL30BaTb GPEe3bl UM MMAPOMONOTHI, NpU-
4eM NepBbIit BAPMAHT rapaHTMPYeT XOPOLLIME Pe3ynbTaThl
Jaxe B YCNOBMsIX 60MbLUMX MPUTOKOB BOZbI.

KcTati, ins Toro 4tobbl CTOPOHHUE HAabNOaaTeNM He no-
[JyManu, 4To TEXHMKA NpoCTamBaeT 6e3 aena, Ha opuumanb-
HOM CaliiTe BeEeTCa CneupanbHbI XypHan ans ntobonsITHO

Enpa Tpu KombaiiHa MpucTynum K nPOXoAKe, Kak HaX0A4MBbIE KaHaLCKNE LLUKOSIbHUKN ayautopum (http://www.confederationline.ca/en/the-build/
yxe npuceonan uM kandkn: Chewrocka, Crocodile Rouge n Jawbreaker. Bripoyem, downtown-tunnel/), rae npneogsTCs Noapo6HsIE pesyb-
CAEeNanm OHY 3T0 He CAyHaiiHoO (BO BPDEMS NEPEMEHLI MEXAY YPOKamu), a BIOJIHE TaTbl KaXaoii paboyeit Heaenu. BecbMa MHTEPECHIA OMbIT,
0CO3HaHHO — B paMKax 00LLEeropozcKoro KOHKypCa, OpraH130BaHHOIO MECTHbIMYM Bla-  KOTOPBIM Gbl HEMAOX0 BOCMONb30BATLCS M POCCUIACKUM
CTAMU. Ha TOPXeCTBEHHOI LlepemMOoHUM HarpaxaeHns nobeanteneii Map OTTaBbl XM KOMMaHUAM. ..
YoTCOH Bblpa3nn 61aro4apHoOCTb MoAPaCcTakoLLEMY MOKOJIEHNIO, OTMETUB, YTO «KOraa Yro X, Bynem HalesThCst Ha YCMELLHOE 3aBEPLUEHNE CTPO-
CTPOUTENLCTBO IEFKOr0 METPO 3aBEPLLMTCS, TE CaMble YETBEPOKIACCHIUKY, AaBLUMe utensctBa Confederation Line 1 Ha To, 4TO HW OAWH KOMBaitH
MaLLvHaM CTOJTb 3aMe4aTesIbHbIe Ha3BaHWs, yXe MouayT B AEBSTbIN KIacc». B X0A€ paboT He NPUAET B NOJHYIO HEroAHOCTb. OHY BEfb
eLLe NPUrofsTCs ANs peann3avuy 6yayLumx NPOeKToB.

MOA3EMHBIE FTOPU30HTbI Ne2. Nionb/2014



RES

W F .
= -

i i
FiFle d T, ! .
i) v i

dr s

Mg
-"""Rr_r ;
2!

- E X \‘\*b MpoHWKaR B CyTb NOAIEMHLIX paboT

% 5> (W W/

—
.-"'"" -\-;'.ihuu'-r-.. L

\‘:i Hoewiid nepdgopatop RD525 - MakcuMyM NPOM3BE0aMTENLHOCTH

Kpenkas cHapyxwu
YMHas BHYTPMU

ObHoBIEHHBME {'i}rru'ml,lu VETAHORKH Sandvik DT¢ A NPOXOIKH TYHHENEH BRIKYAINT B ceha uensIi pAn
CHMANLHOM NPOH3BOIHTEIBHOCTH,
WETO HHCTPYMEHTA. A HOBBIR
pysieHHLI nepd ReHHA NOYTH HA 17% W noasongeT
npobyputs Ha 40%" Gonblie Kaxips Habopom Gyposor AHoBKK [YT821 coBMecTHMB ©

NpHGKEHHeM U1l coallanunA nacnopra Gypennn Sandvik iSURE.

[IPHI'I- OBLTECH K HOBLIM [OCTHACHMAM!

* B B CTH OT MW MICCR R YOITOBHE W IR PasiE B il X L HWHELMH CITRITUHHHME.

struction.russia@sandvik.com

SANDVIK
I

www.construction.sandvik.com
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NEPBbIN.
rNMYBOKUN.
ABYXMYTHbIU

CaHkT-IMeTepbyprekuii MeTPONoNNTEH CYNTAETCS O4HUM N3 CaMbiX KDACUBBIX HE
T0/1bKO B Poccum, HO 1 BO Bcem mupe. Ho He MeHee BaXXHOI ero OT/INYNTESIbHOM
0AO «MeTpOCTpOit» yepToii SBNAETCS TEXHNYECKasl YHUKaIbHOCTb N043eMHbIX 00beKTOB, CBS3aHHas C
HenpoCTbIMU YC/I0BUSIMU CTPOUTENbCTBA. HeoqHOpoAHbIE rpyHTbI, 60/IbLLOE KON~
M OObeavHenNs no,u,: YeCTBO UCTOPUYECKMNX 3[aHUI CTaBAT nepes neTepbyprckumMmu MeTpocTpoeBLamu
8EMHbIX CTPOUTENEN 3a/a4u, peLueHne KOTOPbIX BO3MOXHO TOJIbKO C TOMOLLbIO CAMbIX COBPEMEHHbIX
1 NPOEKTMPOBLLMKOB MHHOBALMOHHbIX TEXHOJIOrMIi N KCKITIO3UBHOI0 060PYA0BaHMS.

Mo matepuanam

MOA3EMHBIE TOPU30HTbI Ne2. Nionb/2014



Cpe,u,m NOCNEAHNX LOCTUXEHMIA MOXHO Ha3BaTh Pa3-
paboTky ToHHenenpoxoayeckoro komnnekca (TMMK) ¢
TPYHTOBLIM NpUrpy3om gurametpom 10,7 M, KOTOpPLIA NeTep-
Oyprckue cneunanmcTsl Co3aanm COBMECTHO C HEMELKMMM
konneramu 13 komnanuu Herrenknecht AG ons ctponTens-
CTBAa HAKNOHHOIO X0Aa CTAHLWKN METPO «AMUpanTenckas».
Ha TOT MOMEHT BO BCEM MUMPE He CYLLECTBOBANO OMbiTa
MPOXOLKM Takux TOHHeNew nog, yraom 30° ¢ NOMOLLbI0
TNMK.

OnHako xu3Hb npet Bnepen. Ceitvac B CaHkT-MeTtep-
Oypre Ha 5 MIH XuTenein NpuxoauTcs BCero 67 cTaHLmi
meTpo. Mpn aTom CeBepHas CToNMLa NPOJOMKAET CTPEMM-
TENbHO Pa3BMBATLCS, NO3TOMY HEOOXOAMMOCTb MacLTab-
HOTO YBEJIMYEHNS CETU FOPOACKOr0 NOA3EMHOr0 TPAHCMOP-
Ta CTAHOBMTCS BCe Oonee akTyanbHO 3aaaden, TpebytoLuei
CKOpPELLEero peLueHms.

CpoKu 1 CTOMMOCTDb

OayH 13 LoNroXAaHHbLIX MPOEKTOB — NPOAOIXEHNE
Ha Ior ropoAa NaToI BETKW MeTpononuTeHa. B npouecce
npoekT1poBaHus OPyH3EHCKOro paauyca 6bi10 NPUHSTO
peLLeHne NPUMEHUTL BECbMa NMOMYNSPHYIO 3a Py6exom Tex-
HONOIWIO CTPOUTENLCTBA BYXNYTHBIX TOHHENEN Fy6okoro
3a10XeHusl. B npakTuke Xe 0Te4eCTBEHHOTO METPOCTPOE-
HWS1 OMbIT COOPYXEHMs TakMX TPAHCMOPTHBIX 00BEKTOB C
ncnons3osanvem TINMK ¢ rpyHTONpUrpy30M OTCYTCTBYET —
netepOyprekue METPOCTPOUTEN CTaNu 34eCh NEPBO-
npoxoauamu. [1ns 3Toro NpoekTUPOBLLMKAM NPULLNOCH
nponenats 60/bLLION 06beM PaboT No aganTaumm AaHHO
TEXHOMOMMM K POCCUIACKON HOpMaTUBHOM Hase.

I'naBHas 0COBEHHOCTb ABYXMYTHOTO y4acTka 3akoya-
€TCS B ONTUMN3aLN KOMMNEKCa NOCTOSHHBIX BHYTPEHHUX
KOHCTPYKUWiA. B 0TANYME OT CTaHLAPTHOrO ABYXTOHHENBHO-
ro BapuaHTa 34ech HeT He0OXOAMMOCTU B KaMepaXx Cbes-
[10B, 9BaKyaLMOHHbIX COOMKaX 1 ApyriX BbIpaboTKax, YTo
MO3BOASIET COKPATUTb CPOKM 1 CTOMMOCTb CTPOUTENLCTBA.

CylLlecTBEHHO COKpaLLIaeTCs 1 KOUYECTBO A0POro-
cTosLero kabens Ans akcnayaraumm pasanyHbiX CUCTEM
METPOMOJNTEHA.

CraHLMOHHbIE KOMNAEKCHI ByayT NpeacTaBnATh COBON
TOHHENb C GOKOBLIM Pa3MeLLEHNeM nnaTdopm Mo Takomy
X€ NPUHLMNY, KaK 1 B AEACTBYIOLIMX HA3EMHbIX CTAHLIMAX.
s pa3meLLeHns TAroBbIX NOACTaHLMIA M NOACOBHBIX MO-
MELLEHWIA PA3NINYHOr0 Ha3HaYeHMs TaM, rie 3T0 BO3MOXHO,
OyaeT 1Ccnonb30BaThCs NOBEPXHOCTb CTaHLWIA, a 3BaKyaLm-
OHHble BbIXOZbl NPENMYLLECTBEHHO PA3MECTSTCS B CTBONAX.

Cpeny MHHOBALWMOHHbIX 0COBEHHOCTE CleayeT Takke
OTMETUTb COBPEMEHHYIO BHICOKOTOUHYI0 OETOHHYIO 06aen-
Ky, U3rOTOBNEHHYIO Ha 3anyLLEHHON B OKTAGPE NPOLLIOro
roza KOHBelepHo aBBTOMaTU3MPOBAHHO NHIK 3aBOAA
«MeTpobeToH» (npomssoauTenbHocTs — 300 koneLl B Me-
CALL), — OHa 3HAYMTENLHO MOBBILLIAET KAYECTBEHHbIE XapaK-
TEPUCTUKI TOHHENBHOI KOHCTPYKLIMM 1, COOTBETCTBEHHO,
YBE/IMYMBAET CPOK CAYXObI 06bEKTA.

Konbua o6aenku (omametp — 10,3 M, wupuHa — 1,8 M)
COCTOST M3 7 CErMEHTOB, BKJTH04as 3aMKOBbI 3IEMEHT.
lMpouecc Bbinycka N3aenuin NoAHOCTbI0 aBTOMATU3UPOBAH:
0T nofia4u 6ETOHa A0 BbIEMKYM FOTOBOM0 M3LENMS C MOMO-
LLIbIO BaYYMHOrO KpaHa. beToHHasi CMEeCb, M3roTOBNEHHAS B
nByx mukcepax Wiggert o06bemom 2 M2 kaxabli, OCTaBNs -

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

YcraHoeka Gnoka
o6penku
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€7CS Ha NOCThI C MOMOLLBIO CUCTEMBI a4PECHOI NoZ4AYM Npo-
n3soactea komnaHum WMW Industrieanlagen GmbH. Ha6op
NPOYHOCTM BETOHA NPOUCXOAMT B NPONAPO4HON Kamepe npu
3aJaHHo Temnepartype, 6aarogaps YemMy 3HaUMTENBHO CO-
KpaLLaeTcsi Bpemsi, 3aTpayeHHOe Ha U3roToBneHue boka.
[lng cMasku roToBOro N3AENNS UCMIONL3YIOTCS MaTepuanbl
BASF, a Takxe Sika Ha napadvHOBOI1 OCHOBE.
[poKn3BOACTBO apPMOKAPKACOB OCYLLECTBINETCSA HA
KOMMNEKCe apmaTypHOro 060pya0BaHNs, U3roTOBAEHHOM
Mo cnew3akady utanbsaHekomn komnanuein AWM. B ero cocTas
BXO/AT NPaBWbHO-0TPE3HOI cTaHok DuoStraight, cea-
po4Has nuHust Preflex ang npon3BoaCcTBa FHYTBIX THXENbIX
CBApHbIX CETOK, IMHIS 415 CBAPKU KPUBOIMHENHBIX KApPKacoB
TNL, aBTOMaTH4€ECKas MaLInHa A8 U3rOTOBAEHUS 3aMKOBbIX
cBapHbIx ceTok EasyNet 1 runboTiHa ans pyoku ceTkm.

Crapt

MHxeHepHas NoAroToBKa TePPUTOPUIA MO CTPOUTENb-
CTBO BTOPOI 04epean PpyH3EHCKOro paanyca Hayanach
82012 roay. K paboTtam no COOpYXeHto CTapToBOro
KOT/NOBaHa B paioHe nocenka LLywapsl «<MeTtpocTtpoit» npu-
ctynun B Havane 2013 roga. Ha 3a60104€HHOM y4acTke ¢
rny6oko3zaneratoLmmm TopdsHUKaMKU CTPOUTENN BbINOHN-
I NAHWPOBKY TEPPUTOPUM, CMOHTUPOBAN CUCTEMY BOAO-
OTBE[EHUSI, NPOV3BENY YNIOTHEHNE rpyHTa. K cTapTOBOMY
KOTNOBaHY (AnameTp — 26 M, rnybuHa — 24 M) NPUMKHYN
MeperoHHbI TOHHENb NPOTSXEHHOCTBLIO 371 M, COOPYXEH-
HbIi# OTKPbITLIM CNOCOBOM A0 OyayLLei CTaHLMKN METPO
«fOxHas».

PaboTtHuku 3AO «Ynpasnenue-15 MetpocTpoit» u 3A0
«MeTponoa3eMCTPOIA» BEIMOAHMUAW PACTOPHOBKY BEPXHErO
CNnosi Ha rnyGuHy [0 4 M Ha nowaam 4 Thic. M2, yCTPOUNH
TMOPOU30NALIMOHHYIO NOAYLLKY ANS AanbHelluero GeToHM-
POBaHWS NOLLAAKM 1 YKNAAKM YCUNEHHBIX XENe300ETOHHbIX
nauT. 1 AencTBrs bbinn HeobxoanUMbI, 4TOOLI 06ecneynTh
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Npuemka TMMK Ha 3aBope B ropoge LLiBaxay (Fepmanus)

CMPABKA

DpyH3eHCKWIi paanyc SBASETCS IOXHbIM y4acTkoM DpyH3eHCKo-TpuMopCKoii
(nsiTout) nHum MeTpononmTeHa CaHkT-lleTepbypra.

B ero cocTaB BovigyT cTaHumm:

«[pocnext Cnaebl» (nepeceyeqne byxapectckoii yi. u KOXHoro wocce), cTaH-
Lms1 ryboKoro 3an0xeHus (0koso 50 M), MnaoHHas, ¢ IByMS 3CKanaTopHbIMM
TOHHeI9MN, ABYMS [1043€MHbIMU BeCTM6I0.I'IﬂMI/I, COoeanHeHHbIMY Nnoa3eMHbIM
MeLLEeXoAHbIM Mepexosom;

«/[lyHaviCKui MpocrekT» (Ioro-BoCcToYHEE nepeceqeHms LyHavickoro np. u byxapect-

CKOW Y/1.), CTaHLIVSI MESIKOrO 3a/I0XEHMS, C IBYMS MOA3EMHbIMY BECTUOIONSIMY;
«lOxHas» (ABTO3aBoACKas Y., 3anafHee nepeceyeHus ¢ Copuiickoi yi.),
HaseMHasi CTaHUus; a Takxe a1ekTpogeno «lOxHoe».

JnuHa yyactka — 5,23 km (6€3 y4eTa aeno)

JlnnHa ABYXMyTHOrO TOHHENsS — 3,79 km

HapyxHbii anameTp AByXmyTHOro ToHHens — 10,3 m

[ponyckHasi cnocobHOCTk y4acTka ik — 40 nap noe3sos B Yac

CyT04HbIN 00bEM MACCAXNPCKIX MEPEBO30K Ha HAYa/IbHOM Mepuoze aKcryata-

Ly — 997 TeIC. maccaxmpoB

[0CTaTO4HYIO XXECTKOCTb OCHOBaHUS A1sl NEPEeaBUKEHNS
TSXENON TEXHUKM C MHOTOTOHHBIM 060PYA0BaHMEM (Macca
HekoTopbix fetaneit TNMK — okono 250 ToHH).

B TeyeHure nonyroaa Ha CTPOMTENLCTBE CTAPTOBOMO
KOT/I0BaHa M NPUMBIKAIOLLEro K HEMY NEPeroHHOro TOHHeNs
6bino n3BneyeHo 65 680 M3 rpyHTa, coopyxeHo 440 . m.
«CTeHbl B rpyHTE» ToNLmHo 90-100 cm Ha rnyouHy 20-22 m,

npo6ypeHo 4500 HBLEKLMOHHBIX CKBAXMH, BbINOAHEHDI
paboThl METOAOM CTPYIHOI LieMeHTaumm (13 665 m®);
MOrPYXEHO 2 ThIC. TOHH LWNyHTa JIapceHa V; ynoxeHo
23 400 m® xene3obeToHa.

TNMK — Bnepeau HOBblE KUIOMETPbI

K monTaxy TIMMK S-782 meTpocTponTeny npuctynmim
1 okTa6ps 2013 roga. Komnnekc ¢ rpyHToBLIM NPUrpy30M
32009, NpefHa3Ha4YeHHbIN Ans NPOXOAKM TOHHENS B CMe-
LaHHbIX FpyHTaX, Bbif 3akasaH y koHuepHa Herrenknecht AG
cneuwanbHo Ans 3Toro npoekTa. B koHLe npoLwnoro roga
cneupnanuctsl OAO «MeTpoCTpOit» BbIBENM TOHHENENPOXOL-
4ecKuin KOMNMEKC U3 CTapTOBOrO KOT/IOBaHa, 1 23 sHBaps
2014 ropa coctosncs ero 3anyck. CornacHo nnaHam B
TEKyLLEM rogy MeTPOCTPOEBLbI OMKHLI COOPYANTH C ero
MOMOLLbIO NOYTM 4 KM ABYXMYTHOTO NEPEroHHOr0 TOHHENS.
3a npowealme nonroaa npoinaeHo okono 1000 meTpos.

Mo okoH4aHWW npoxoakw 1 gemoHTaxa TIMK B paiioHe
cTaHumm «[pocnekt Cnasbl» LWWT NIAHAPYETCS UCMOMb-
308BaTb Ha [pUMOPCKOM pasuyce (0T CTaHLmMK «Ynuua
CasyLkuHa» g0 CT. «HOBOKPECTOBCKAs»). [JaHHbIA y4acTok
OyAeT coopyXaThbCsl B pamMKkax noaroToBKu K NpoBese-
Huto B CaHkT-leTepbypre yemnmoHaTa Mupa no ¢ytéony
2018 roga, 1 06ecneynT [OCTYMHOCTb Ha HOBbIV CTAAMOH,
CTPOUTENLCTBO KOTOPOrO 3aBEPLLIAETCA Ceryac B 3anafHou
yacTu KpectoBckoro ocTpoBa. BecTubionb Gnmxariiei k
CTafMoHy cTaHumMmM <HoBoKpecToBCKas» ByaeT pacrnonoxeH
Ha HAMbIBHOW YaCTV OCTPOBA.

MOA3EMHBIE FTOPU30HTbI Ne2. Nionb/2014



NMPOryJKA nNoag HEBOWU

0 xoge paboT no cTpouTeNLCTBY BTOPO-

ro BbIXo4a cTaHuumn MeTpo «CrnopTUBHas» B
CaHkT-IeTeplypre paccka3biBaeT Ha4yalbHUK
NPON3BOACTBEHHO-PACMOPSAANUTEILHOrO OTAeNa
0AO «MeTtpocTpoii» Bopnc CUHUYKUH.

Bopuc MouceeBuy, CTaHLUMS CTPOMTCS B UCTO-
pUYecKoii YacTu ropoaa, B HENOCPEeACTBEH-
HoM 6nm3ocTy ot Heebl. C Kakumm TPyAHOCTAMM Npy-
LLIOCb CTOJIKHYTLCS NPY peann3auum 3Toro npoekra’?

— Bo-nepBbix, 10Nr0 BbIOMPANoch MECTO PacroNoXeHus
BeCTMOI05 CTaHLMK. BbickasblBancs pag NpeokeHuMi, Ho
B MTOre BbIN0 NPUHSTO PELLEHNE PA3MECTUTb 0OBLEKT Hemno-
CPeaCTBEHHO NOA NnoLaabio, 06pasyoLLeii nepekpecTok
HabepexHoit Makaposa v MepBoi M1HUM BacunbeBckoro
0CTPOBA C BbIE3A0M Ha TpONLKWiA MOCT.

B xone CTponTenbCTBa NPULLAOCH PeLaTh Psg, Henpo-
CTbIX 33[1a4, 4TO 06YCNOBAEHO BbICOKMM YPOBHEM CIOX-
HOCTM NOA3EMHBIX MHXEHEPHBIX COOPYXEHMIA KaK TaKOBbIX.
MpucTtynue K pabotam, Mbl 06HAPYXUAN CReLbl CTapbX
COOPYXXEHWIA: OCTaTKM KMPMWYHBIX CTEH, FPAHWUTHBIE BKHOYe-
HWsl, BEPEBSHHbIE CBaM KPENeH!s HabepexHo. 3T 06b-
€KTbl M0 0OLEKTVUBHLIM NPUYMHAM He BblNn 3adUKCUPOBaHbI
VHXEHEePHbIMU U3bICKaHWUSMU, BELb MPOOYPUTL CKBAXMHBI
Ha KaXA0M KBaZpaTHOM METPE CTPOMNIOLLAAKM He npes-
CTaBNSIETCS BO3MOXHbIM.

Psn, opraH13aLyoHHbIx NpoGieM BO3HMK Takxe 13-
3a 0093aTenLHOro TpeboBaHMs ropoACKMX BRacTel no
00ecneyeHuio HeMPePLIBHOTO ABUXEHNUS TPAHCTOPTa
Ha nnowaan. B pesynbtate Mbl NOCTPOMAN NOA3EMHbIN
KOMMNIeKC NpakTn4ecku 6e3 0CTaHOBKM aBTOMOBUNBHOMO
notoka. TpamBaitHoe [BXeHue Bbl0 NepexkpLITO BCero Ha
2 MecsLa — B TeYEeHWe 3TOr0 BPEMEHW B [IOMOJNHEHWE K CY-
LLECTBYIOLLEMY NPOEKTY BENNCH PABOTLI N0 MOHTaXY Xene-
300€TOHHOW NAUTLI ANS TPaMBaWHON NHUK. MapannensHo
oz, 3TON NAUTOI NPOAOAXANNCE PABOThI N0 COOPYXKEHMIO
3CKanaTopHOro TOHHeNs M NoLA3eMHOro BeCTMOI0NS.

Be3ycnoBHO, 03BY4eHHbIE BhilLe NPoGieMbl 0ka3anm
BVISHWE Ha X0Z, MPOM3BOACTBA PABOT, KOTOPbIE BMECTO ABYX
3annaHnpoBaHHbIX OblNM Pa3AeNeHs! Ha LWECTb 3Tanos. B
OCHOBHOM paboTkl ocyLiecTBnsAmch cunamu 3A0 «CMY-11
MeTpocTpoii», KOTOPOE MOAHOCTHLIO CNPABWAOCH C NOCTaB-
NeHHbIMK 3ana4amu. CneupanmcTamm 3Toln KoMnaHum Bbio
peann30BaHO MHOXECTBO TEXHONOMMYECKMX PELLIEHMNIA MO
opraHu3aLmm 1 MexaHusaumm paboT, n BO MHOroM bnaro-
napst Ux npodeccroHanamy coopyxeHue obbekta Gyaet
YCMELIHO 3aBEPLUEHO.

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

— KakoBbl oTAMuyUTENbHBIE 0COOEHHOCTM
«CnopTUBHON-2»?

— HaknoHHbI X04, 3CKaNaToOPHOrO TOHHENS BLIMOSIHEH B
MOHONUTHOMN 06eKe. OCHOBHbIE KOHCTPYKLMMW BECTHBIONS
COOPYXEHbI C MPUMEHEHNEM TEXHONOTWN «CTEHA B FPYHTE».
MonzemHblii BeCTUBI0NL pa3BepHYT NoJ, BCE TeppuTopireit
nnowaam, rnybrHa ero 3aneranus COCTaBISET OKOO 7 M.
TeMm He MeHee BXObl U BbIXOAbI B BECTUOIONL 060pYayI0TCS
ackanatopamu.

— B 4em 0C06EHHOCTM TEXHONOrMU MOHOJIUTHO
064e1K1 HAKNOHHOO X0Aa N0 CPAaBHEHWUIO C TPaguLu-
OHHOI1 TIOGUHrOBOIA?
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CMY-13 roToBUT OCHOBaHHe NS YCTAHOBKM TPaBONaTopoB

CMPABKA

BecTvbionb cTaHuym «CriopTvBHas-2» PACIOI0XITCS B I0A3EMHOM MEPEXOAE MOS
nepekpecTkom 1-i v KageTckoit iuHni v HabepexHov Makaposa Ha BacusibeB-
ckom ocTpose CaHkT-eTepbypra. Ha moBepXHOCTb U3 HEro MOXHO OYAET MonacTb
110 YETLIPEM 3cKanaTopam fmHow 20 M v ABYM IECTHULAM.

C cywectayroLLmm komriekcom «CriopTyBHaS» HOBas! CTaHLMS COEIMHEHA Ha-
K/TOHHBIM XOZIOM MPOTSXEHHOCTHI0 65 M 11 300-METPOBBLIM TOHHENEM, MPOJIOXEH-
HbIM 1104 Hesoii. HanaemHblii 1 nof3eMHbIi BECTHOM «CriopTUBHON-2» CBSIXYT
40-MeTPOBbIE SCKANATOPBI.

B noaBoAHOM TOHHeNE BePBbIE B UCTOPUM CaHKT-METEPOYPCKOro MeTpo OyayT
1CMO/b30BaHbI TPABAIATOPbI (FOPU3OHTASTBHBIE SCKANATOPkI). Beero nx bynet
LLIECTb — [IBE TPEXHUTOHHBIE 04epemn [mHoi o 110 M. YacTb nyTv Mexay Humm
110 MPU4MHAM TEXHOIOMMYECKOr0 XapakTepa MpUAETCS MPOTY NELLKOM.

Bce ackanatopHoe 060py0BaHue NocTaBUT HeMeLkas koMmnaHus ThyssenKrupp.
OrkpbiTne BecTubI0ns «CriopTUBHOM-2» Hame4eHo Ha vioHb 2015 roaa, noce Yero
Ha KanuTasibHbIi PEMOHT OYAET 3aKpbiTa CTaHLMS «BacuneocTpoBckas».

— TexHonorus MoHonuTHo 06aenku OAQ «MeTpocTpoit»
B HACTOSILLEE BPEMS 1CMONB3YETCS HA CTPOUTENLCTBE Ha-
KNOHHBIX X0[10B, CPaBHUTENBHO HEBObLLMX MO MPOTSKEH-
HOCTM TOHHENEN 1 NOA3EMHBIX BbIPABOTOK.
B CaHkT-MeTtepbypre 4ncno 06beKTOB, COOPYXEHHbIX C UC-
MONb30BAHNEM 3TOW TEXHONOTWMN, HE3HAYUTENBHO, OAHAKO
Ha cTpoiikax Mocksbl 1 Cour OHa NPUMEHSETCS AOCTATOYHO
LIMPOKO.

OCKanaTopHbI TOHHENb CTaHLMK «CnopTUBHAS-2» — HE
€LMHCTBEHHAs KOHCTPYKLMs NOA0BHOr0 poaa Ha 06bekTax
netepbyprckoro MeTpononuTeHa. MoHonuTHas obaenka
NPUMEHANACH NPY COOPYXEHUM 3CKANATOPHBIX TOHHENEN
Ha CTaHumsx «3BeHuropoackas» n «CeHHas». Cneayet
Y4UTHIBATb, YTO AAHHKIA METOA, HEOBX0AMMO afanTUPOBaTh
ONS PELUEHNS) KOHKPETHBIX TEXHUYECKMX 3a4ad, 1 B 3TOM
CMbIC/IE OH YHUKANEH NS KaXAoro o6bekTa. 310 CroxXHas,
MHOrOKOMMOHEHTHas paboTa, TPeBYHoLLas Hann4ymus cneum-
albHbIX HABLIKOB W YETKOr0 COBNIOAEHNS TEXHONOTMYECKMX
pPeKoMeHZaLMNA.

Ha cerogHsLUHMI AeHb METPOCTPOEBLLbI 3aBEPLLIMAN NPO-
XOAKY 9CKanaTopHOro TOHHeNs ctaHumumn «CnopTueHas-2»
BO BPEMEHHOI 004€e/Ke 13 TOPKPET-OETOHA, BLINOMHWAMN
TMAPOU30NALMOHHbBIE PABOTHI U MOCTOSAHHYIO MOHOMUTHYIO
obnenky.

— Ha cTaHumum «CnopTuBHas-2» GyAyT yCTaHOBNEHbI
HeMeLKue 3ckanatopbl. C yem cBSI3aH Takoi BbiGop?
KakoBbl nnaHbl «<MeTpocTpos» No 3anycKy 3CKaiaTopoB
co0CTBEHHOro NPou3BoACTBa?

— B cooTtBeTCTBUM C COBPEMEHHBIMI HOPMATUBHBIMM
TpeboBaHUAMY, B 3CKaNaTOPHOM TOHHENEe HeobXoaumo
YCTaHOBWTb 4 HUTKM 3CKaNaTopoB, a He 3, kak 310 BbINo
paHee. TpaaMLMOHHO HAKNOHHBI X0 COOPYXAEeTCs B
AnameTpe 8,5 M, B MUPE CYLLECTBYET He Tak MHOTO Npea-
NPUATUIA, CNOCOBHLIX NPOU3BOANTL 3CKaNaToPbl HE0B-
XOAMMbIX NapameTpoB. 10 peaynbTataM NPOBELEHHOrO
HaMW UCCea0BaHNS PbIHKA B KAYECTBE NOCTABLLMKA ObiN

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



BblOpaH KoHuepH ThyssenKrupp AG, ackanatopbl KOTOPO-
ro YCMeLUHO 3KCMNyaTUpyIoTCs, B YacTHOCTU, B MockBe

1 Baky. Nx 60nblwmnm natocom aeastoTcs obaeryeHHas
KOHCTPYKLMS, IETANbHO NPOCYUTAHHAS U BEIBEPEHHAS
VHXEHEPUS], BBICOKOTEXHONOMMYHOCTL 1 PEMOHTONPUIOA-
HOCTb. Ha Manbix ackanatopax BTOPOro BbIXOAA CTaHLMK
«CnopTuBHas», K npumepy, Nopy4Hu ByayT CHabXEHbI
cucTemoin oborpesa.

Y70 KacaeTcs pa3BUTIS 3CKaNaTOPHOrO NPOM3BOACTBA
Ha 6a3e OAQ «MeTpoCTpOii», NPOEKT HAYANCA C TOTO, YTO
HaLLW MHXEHepPbl 3ayMannCh Haf, TEM, Kak COKPaTUTb
CPOKM BBOZIA 0OBEKTOB B 3KCM/yaTaLMi0, KOTOPbIE 3a4aCTyi0
3aTAryBaloTCA 13-3a Npobnem ¢ NOCTaBKON 3CKanaTopoB.
MocTasneHa 3agaya no paspaboTke COBPEMEHHOIO 0060pY-
[,0BaHusl, KOTOpoe Obl CMOTNIO NPUIATU HA CMEHY 3ckana-
TOpaM OTEYECTBEHHbIX 3aBOLI0B-M3rOTOBUTENEN 1 Bonee
KOMMaKTHO Pa3MeCTUTLCS B rabapuTax HakIoHHOM0 Xofa.

Ha 6a3e 3A0 «CMY-9 MeTpocTpoii» yxe 13rotoeneH
OMbITHLI 0Bpa3eLl. FOBOPUTL O KOHKPETHBIX CPOKax peab-
HOro NPOM3BOLCTBA ELLE PAaHO, HO NePCNEKTUBLI, 6e3yCNoB-
HO, ECTb.

— ELue 0AHWUM YHUKaNbHbIM 00bEKTOM, Ha CTPOU-
TenbCcTBE KOTOPOro ceityac 3apencTeoBaH «Metpo-
CTPOiA», ABNSIETCS ABYXMYTHbIN y4acTOK GpyH3eHCKOro
papuyca. KakoBo nonoxeHue aen Ha saHHOM 00bekTe?

— CtpouTenbHble 1 Npoxoayeckiie paboTbl BeayTes
3[€Cb B NN1AHOBOM PEXMME. He CKaxeTCst Ha CpoKax caauv
00beKTa 1 Maiickast 0CTaHOBKA TOHHENENPOXOA4ECKOro
MEXaHW3MPOBAHHOMO KOMMN/EKCA A1 3aMEHbI HEKOTOPbIX
3NIEMEHTOB €ro PEeXYyLLEro opraHa. 310 SBNSETCS HEOTb-
€MJIEMOIA YACTbIO BbIMOAHEHNS TPEOOBAHMIA TEXHUYECKOTO
pernameHTa 1 NpouCXoamT GakTMYeCKM Ha BCex aTanax
CTPONTENbCTBA, MO3TOMY HE CTOWT NPMAABaTh JAHHOMY
NPOLECCY kakoe-To 0C060€ 3Ha4EHMe.

CmeHa npoekTHoro uHctutyTa (CaHkT-MeTepbyprekoe
OAQ «JleHMeTPOrMNPOTPaHC» MPOUTPaN0o KOHKYPC Ha Npo-
eKTUPOBaHWe BTOPOI o4epean PpyH3eHCKoro paauyca
mockosckomy OAQ «MeTporunpoTpaHc». — lpum. pea.) u,
kak CnescTeume, HEMPOAOCTaBAEHNE NPOEKTHOW LOKYMEH-
Tauun B Heo6X0AMMOM 00bEME B YCTaHOBNEHHbIE CPOKM,
6€e3yCNoBHO, CO3AAET A5 HAC COOTBETCTBYIOLLME NPO-
Gnembl Kak onst reHnoapsiAHoi opraHusaumn. OfHako ToT
06beM paboT, KOTOPLIN NPOU3BOAMACS O CMEHbI NPOEK-
TMPOBLLMKA, BLINONHSIETCS U CEroaHs 6naroaaps UMetoLLe-
Mycs 3aaeny no paboueii [okymeHTauumn. [pyroit Bonpoc,
4TO HOBble 06bEMbI OyayT 0CBaMBATLCS He Tak BbICTPO, Kak
XOTeNock Obl.

— B yem, Ha Balu B3rnsA, 3aK104al0TCA OCHOBHbIE
npoGnembl MeTpocTpoeHus B CankT-MeTtepOypre?

— JltoOble n3meHeHus, Byab TO CMeHa 3aKkas4umka uni
MPOEKTUPOBLLMKA, BNEKYT 3a coB0i onpeaeneHHbIe CNOX-
HocTu. OHako OCHOBHast npobnema neTepOyprekoro
METPOCTPOEHUS, B TOM uncine n GpyH3eHCKoro paauyca,
3aK/1i04aeTCs B OTCYTCTBUM YETKO OTPABOTaHHO CXEMbI
B3aMMOZENCTBIS MEXAY BCEMM y4aCTHUKaMM AaHHOMO Npo-
Liecca. [Nepen Tem Kak NPUCTYNUTL K COOPYXEHUIO Takoro
TEXHUYECKM CMOXHOTO 06bEKTA, Kak METPONONTEH, He-
00X0Z1IMO NOArOTOBUTL MPOEKT B MOAHOM 06bEME, NPOIATH
TEXHUYECKYIO 11 AKOHOMMYECKYIO aKCnepTuay. 3atemM 00bekT
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CMY-11 BepeT noaroToBKy 60NbLIOro HaKNOHHOrO X0Aa K MOHTaXY 3CKaNaTopoB

Apmaryphble paboTbi
B KOT/IOBaHe

JI0NXEeH ObITb BKNIOYEH B AlPECHYI0 MHBECTULIMOHHYIO NPO-
rpammy ropoga. Pabouyio LOKYMEHTALMIO KAk MUHUMYM Ha
Gnvxaiiumin rop HeobXoaMMOo NOArOTOBUTL 3apaHee, eLle
[0 3aK/I0YEHNS KOHTPAKTA C MCMOoNHMTENEM paboT. Ecnn Obl
Mbl IEACTBOBANN NO 3TOW CXEME, TO, KOHEYHO, MONIOBYHbI
npo6nem cmornm 6bl n3bexarsb.

B 06uiem v Lenom s He ctan bl ApamMaTanpoBaTth
cuTyaumio, notomy 4to uHtepecsl OAO «MeTpocTpoi» kak
noapsauvKka, CneLmann3npyroLLerocs Ha CTPOUTENLCTBE
METPOMNOAMTEHA, M ropoaa (Kak 3akas3umka) coBnagatoT
HaCTOMbKO, 4TO K PELUEHMI0 6OMbLUMHCTBA NMPOBAEM Mbl MO-
XEM MPUATK (1 B KOHLLE KOHLIOB MPUXOAMM) UCKIIOYUTENBHO
COBMECTHbIMI YCUANSIMM.

Hapetock, 4To 06beMbl METPOCTPOEHNS B [eTepbypre
CYLLECTBEHHO BO3PACTYT, XOTSI, KOHEYHO, K CTONMYHBIM
TEMMaMm, rae 06bEeM CTPOUTENbHO-MOHTAXHbIX PaboT 3a
rog, NpeBbILLAeT HaLW B Pasbl, Mbl BPSA, I NPUBAN3UMCS.
OnHaKo K 3TOMY HYXHO CTPEMUTLCS.
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Kacdenpbl «TOHHEN 1 METPO-
nonuteHsl» MMYMC,
3acnyxeHHbli cTpontens PO

December 31, 1975 was
the day when yet another
segment (between the
stations “Lesnaya” and
“Ploschad muzhestva”) of
the Leningrad subway first
line was commissioned.
After 20 years in operation
technical state of tunnels
was officially recognized
as critical; the situation
required an emergency
response, and tunnels
were flooded. Professor
Yuri Frolov analyses
various options of water
replacement in tunnels.
The technological risks
analysis was done by Delphi
techniques, and provides
not only qualitative but also
quantitative forecast of the
situation.

NMETEPBYPICKUN

«PASMDbDIB»:
AHAJTN3 PUCKOB
BAPUAHTOB KOHCEPBALIAI
SATOMNEHHbIX TOHHENEN

_._].|
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31 gekabps 1975 roga 6bin caaH B 3KCNyaTaLuio 04epesHON y4acToK nepBoi
NuHuM JIeHUHrpazcKkoro MeTponoanTeHa oT cTaHynm «JlecHas» 4o CTaHLUUN
«Mnowans Myxectsa». Yepe3d 20 net akcnayataynu ypoBeHb TEXHUHECKOro
COCTOSIHUS ePeroHHbIX TOHHeJ1el Obin NPU3HaH aBapyiiHbIM, YTO NPUBEIO K NX
3aToneHnIo.
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Tpacca MeperoHHbIX TOHHENEN OT CTaHLMK
«JlecHas» §o cTaHuum «Mnowaap Myxe-
CTBa» OblNa NPONOXeHa Yepe3 Y4acTOK MOHN-
XEHWS KPOB/M MNOTHBIX NPOTEPO30MCKUX TINH,
NPeACTaBASIOLLMIA cOOOIA kKaHbOH, 06pa3o-
BaHHbIN APEBHUM pycnom Hesbl. B MupoBoi
npakTuke NOA3EMHOr0 CTPOUTENbCTBA TaKue
aHOMaJTbHbIE 30HbI HA3bIBAIOT «MOrpeBEHHBIMM
[0MMHaMW», B HaLLIEi CTPaHe — «pa3MblBaMit».
TOHHENM Nepecekanit 3Ty 30Hy, COCTOSLLYIO

13 NbINEBATHIX 1 MENKWX NECKOB, CULHO
00BOHEHHbIX, NEPEKPLIThIX CAO0N TONLLEN
CYIJIMHKOB NY>XCKOW 1 MOCKOBCKON MOPEHbI, Ha
rny6uHe okono 90 M. MmapocTaTnyeckoe naB-
NEHVe NO TPacce CocTaBnsno 7-8 atm.

B npouecce CoopyxeHns 3TUX TOHHENEN
MPULLINOCH PELLATb CNOXHENLLYIO UHXEHEep-
Hyl0 3aaad4y. [1eno B TOM, 4TO BO3MOXHOCTb
NPOXOAKM B CNabbix 06BOLHEHHBIX FPYHTaX B
VX ECTECTBEHHOM COCTOSIHUM NPU COXpaHe-
HWW HOPManbHOro aTMOChEPHOro AABNEHNS B
paboyem NPOCTPaAHCTBE MPOXOAYECKOr0 KOM-
nnekca nosiBUAack NO3AHee, Koraa B NpakTuky
TOHHENECTPOEHMs ObiM BHEAPEHbI NPOXoaYe-
CKME WNTbI C aKTMBHBIM NPUrpy30M 3a601.

[lns npeoioneHus 30Hbl pa3mbla Obin Npu-
MeHeH cnocob NPOXOLKV ¢ NpeaBapUTeNbHLIM
3aMOPaXMBaAHUEM MPYHTOB — TPAANLMOHHAS
TexHonorvs pabot, NPUHATas Npu CTPOU-
TENbCTBE 3CKaNaTOPHbIX TOHHeNew. C Lenbto
3KOHOMUM CPEACTB NPy CO3L4aHMM 3aMOPOXEH-
HOr0 MaccvBa TOHHENW PACMONOXWUAN B OGHOI
MAOCKOCTY MO BEPTUKANY (OL4MH Haf, APYTUM).
HapyxHas 0benka — YyryHHble TIOUHMM
(CH-21-40), BHyTPEHHSIS Xene306eToHHas 060-
104K (apMMPOBaHHast KONbLIEBOI M NPOAOLHON
apMarypoi) — ¢ METANIMYECKOI U3onaumen
Mo NepUMETPY B BUAE 3aaHKEPEHHOr0 B OETOH
METAIIMYECKOT0 INCTA TONLLMHON 8 MM.

C Hayana akcnyaTaumm y4acTka 1 o NOSHOro
pa3MOpaxmBaHYisl MPUEratoLLEro rPyHTOBOrO
Maccu1Ba NOCTOSHHO NMPOBOAMAMCH HabNoLEeHS
32 BOZIONPUTOKaMM W NOCTYMAEHNSIMI FPYHTA
B 062 NEPEroHHbLIX TOHHENS B 30HE Pa3MbIBa,
OCYLLIECTBASICS MOHUTOPWHI HAMPSXKEHHO-
nedopMMPOBAHHOMO COCTOSHIS 0BAENKM TOH-
Henen, perncTpaums 0CaakoB 3eMHOI NOBEPX-
HoCTW. HecMOTpS! Ha NPOBO/VIMbIE PEMOHTHbIE
paboThl N0 IMKBUAALMM Teveil, ¢ heapans 1995
rofia BOAOMPUTOK B HYXHMWIA TOHHENb CTaN Pe3Ko
BO3pacTaTh 1 B HOsIBpe focTur 770 mM3/cyT.

C anBaps 1995 rona Havancs BLIHOC rpyHTa

B TOHHenb (0T 0,15 1o 2 M3/cyT). Bogonpu-

TOK B BEPXHMI TOHHENb CTaN YBEMYMBATLCS B
HosiBpe-paekabpe 1995 ropa. HaumHasi ¢

16 Hos6ps 1995 ropa, B CBA3M C PE3KIM POCTOM
MPOCafoK BEPXHErO TOHHENs, CTanu HabogaTb-
CS1 HapYLLEHWS METANON30ASLIAN KOHCTPYKLAN
C YBENNYMBAIOLLIMMCS NOCTYMIEHUEM BOAbI U
necka. K 9 nekabps NpUTOK BOALI B HETO AOCTUI
700 m® B cyTkM, nocTynneHus necka — 40 M3 B

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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Tabnuua 1
BapuaHTbl TeXHONIOrMYECKUX PELLEHMIT 110 3aMeLLEHIIO BOAb! B 3aTOMIEHHbIX TOHHENSX

Ne BapuaHnTa KOHCTPYKTUBHO-TEXHOIOrMYECKOE peLLeHne

| -
TOHHenei

CKBAXMH B HUXHUI TOHHENb

BypeHue BepTyKasbHbIX CKBAXWH C AHEBHOW MOBEPXHOCTY Yepe3 06LENKN BEPXHETO 1 HUXHERO

BypeHue ¢ NOBEPXHOCTY BEPTUKABHBIX CKBAXIH YePe3 06ENKY BEPXHETO TOHHENS 1 HAK/OHHBIX

EypeHme FOPU30HTaNbHBIX CKBaXWH Yepe3 repMeTu3npyoLie KOHCTRYKLUK U3 npuneratoLnx

Y4aCTKOB TOHHENEW B BEPXHWI N HUKHWIA TOHHENN

KombrHMPOBaHHI cNOCo6 — NOCPEACTBOM CKBaXMH, NPOBYPEHHBIX C JHEBHOI MOBEPXHOCTY
vV B BEPXHUIA TOHHEb, W CKBaXWH, NPOBYPEHHBIX B TENE FEPMETUINPYIOLLIMX KOHCTPYKLMIA N3 Npn-
NEratoLLx y4aCTKOB TOHHENS B HYXHWUA TOHHENb

Vi

lpoxoaka 8 BepTUKabHbIX CTBOIOB BOMM3M 11 BAONL TOHHENEN C NOCNeyolmM BypeHnem
CKBaXVH B BEPXHWI 11 HYXKHUIA TOHHENN

lpoxoaka cTBoMa Ha 6eper030M y4actke. [poxoaka napannenbHoro TOHHeNs BO/M3M 3aTOMNEH-

HbIX C nocnenyLwmm 6ypeHmeM CKBaXWH B BEPXHUI 1 HUKHWIA TOHHENN

Vil

BypeHe CKBaxXuH 13 CTBOMA 6OIBLIOMO ANaMETPa, COOPYXaeMOro HeMoCPEACTBEHHO Haf TOH-

HensaMn MeToaoM nNpeasapuTesibHoro 3aMopaxuneaHnud rpyHTa

CyTku1. BosHukna peansHas 0nacHOCTb 3aTonne-
HWs1. B CBSI31 C 3TVM BbINO NPUHSTO PeLLeHne

0 3aKPbITWW 3aTBOPOB 1 3aMOJHEHI BOAON
TOHHenew Ha NPo6IEMHOM y4yacTKe.

Bcero 3a Bpems akcniyataumm B BEpXHUIA
TOHHeNb Yepes 06aenky noctynuno 483821 m®
BOJbI, B HMXHUIA — 793976 M°, necka B 00a
TOHHens — 886 M.

Mo [aHHBIM NPOAOXAIOLLMXCS NOCE 3aTO-
MNeHus HabmioaeHU Ha FOPOACKO TEPPUTOPN,
MOMajaloLLEl B 30HY BIMSIHWS HA CTApO Tpacce
TOHHENEN, MaKCMaIbHbIe 0CAJIKM C MOMEHTA
pasBuTIS aBapuitHon cutyauumn 1995 r. NpeBb-
cvam 1100 mm. Mo pesynbTatam Komniekca Ha-
610eHNI 32 COCTOSIHMEM DN3NEXALLIErO MPYH-
TOBOr0O MaccyBa, BbinonHeHHbIx OAQ HAMKK
«JleHMETPOrMnNPOTPaHC», OTMEYAETCS HaNM4me
OBLIMPHBIX 30H PA3YMNOTHEHHbIX PYHTOB M pac-
MPOCTPaHEHVE 3TUX 30H B HEMOCPEACTBEHHOM
6nm3ocTy 0T 06aenku. HabniopgaeTcs Takxe
MOCTYNEHNE BOAbI YEPES CUCTEMY FEPMETU3M-
PYIOLLMX KOHCTPYKLMIA, YCTPOEHHBIX MO TOpLam
3aTOMNEHHbIX TOHHENeN. Pe3ynbTarthl cneuy-
anbHblx 06CNe0BaHNIA TEXHNYECKOTO COCTOSIHMS
rePMETU3UPYIOLLMX KOHCTPYKLMIA 0BYCA0BNAN
HeoOX0AMMOCTbL NPOBEAEHS MOHUTOPUMHTa Kak
00BOAHEHHOCTM NEPEMbIYEK M NMPUMBIKAIOLLMX
K HUM 060K NYTEBbIX TOHHENEN, TaK U UX
nedopmaumin. 3t paboTl, HaumHas ¢ 2006
rofa no HacTosILLEE BPEMS, BLINONHSET kadeapa
«ToHHenm n meTpononutersl» MIYMNC.

C y4eTOM BbILLEM3NOXEHHOT0, BECbMA
BEPOSITHLIM CNEAYET CYMTATb CLEHAPWIA, MO
KOTOPOMY pa3pyLieHne 06aenoK TOHHeNel n
3ano/HEHNE UX NJIbIBYHHOMN NyNbNON NPOoLoNXa-
I0TCS B 3aMEJIEHHOM PEXVME, OXBATbIBas BCE
GonblLuUee NPOCTPaHCTBO. 3anoNHeHVE TOHHeNen
BOZOV YPaBHOBECUIO MMAPOCTATUYECKNIA HAMOP
1 3aMeINN0, HO HE NPMOCTAHOBMO NPOLIECC
NOCTYNNEHNS NecyaHoro rpyHTa. Hanuune

rMAPOCTaTUYECKOr0 Hanopa 3a CHET 0BXaTus
KOHCTPYKLM CHUXANo AencTane narnbaio-
LLMX MOMEHTOB. [1pK €ro CHATUM HEU3OEXHO
MEHSIETCA XapakTep pacnpeseneHuns yeunui
KOHCTPYKLWW, NOTEPS HECYLLEN CNOCOBHOCTM
KOTOPOIA Ha OZIHOM HE3HAYUTENBLHOM MO AJINHE
y4acTKe NOBNEYET NOCTENEHHOE PA3pYyLLEHNE
CMEXHBIX C HUM Konew, 06aenkun. Mpu aTom B
TOHHENb Necok ByneT NocTynaTh BO BCE BO3-
pacTatolem 06beme 0 NOHOrO 3anoNHEHUS
TOHHENBHOrO NPOCTPAHCTBA.

AHaNOrN4Has KapTHa CROXMTCS U B HUKHEM
TOHHENe, KOTOPbI NoJ, TAKECTHIO BEPXHErO 1 Nof,
HarpysKom, nepeaaBaeMoi OT HEro Yepes CTab-
Hble TPYObl 3aMOPaXVBAIOLLMX KONIOHOK, OCTaB-
NEHHBIX MEXY TOHHENSIMM, MOXET PaspyLLIMTLCS
3a 60/1e€ KOPOTKNIA MEPKOA, YEM BEPXHUIA.

MpooONXMTENBHOCTb MPOLIECCA Pa3pyLLIEHNS
064€NKy MO ONMCAHHOMY CLIEHAPIO TPYAHO
MPOrHO3MPOBAaTh, HO Takas CUTyaLws, koraa
TOHHeN ByayT 3anoNHeHb! FPYHTOM ¢ 06pa-
30BaHNEM KaTacTPODUIECKMX 0CAA0K 3EMHOM
MOBEPXHOCTU, MOXET UMETb MECTO C 6OMbLLION
CTeneHbI0 BEPOSITHOCTH.

B cBAI31 C 3TVIM NPaBMTENBLCTBOM rOpPO-

A2 BbI10 NPUHSTO PeLUeHme no paspaboTke
«MpoekTa no cTabunnsaLmm Maccmea nopog, ¢
LIeNbo OKaNM3aLwn 30HbI 0Ca0K TEPPUTOPUH,
OrpaHnMYeHHON yanuammu Hosopoccuickas,
Kap6bilwesa, MonntexHuyeckas u nnoLLaasio
MyxecTea». OEHIM 13 OCHOBHbIX acMeKkToB
npobnembl sBnsieTcs pa3paboTka aGHeKTUBHON
TEXHONOMMYECKO CXeMb BbINOAHEHUst paboT no
3aMeLLEHMNIO BOALI B 3aTOMEHHbIX TOHHENAX HA
maTtepuan, 0becrneynBaloLLmii cTabunuaaumio
HeraTVBHbIX NPOLECCOB.

NHCTUTYT «JIEHrMNPOMHXNPOEKT» pa3pabo-
Tan 7 BAPUAHTOB TEXHONOTMYECKMX PELLEHUIA
M0 3aMELLEHMIO BOAbI B 3aTOMNEHHbIX TOHHENSX
(Tabn. 1). MpuHUMas BO BHUMAHWE TEXHMYE-
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3aMeLLEHMI0 BOAbI HA CrieLmanbHblil Matepuan
B BEPXHEM (a) M HXHeM (0) ToHHensx. (MpoekT-

My Ay A A

CKYIO CTOXHOCTb U CTEMEHb OTBETCTBEHHOCTY
paboT, KoTopble OyayT BLINONHSTLCS BOMN3M
[LeViCTBYIOLLEV NIHAKM METPONOANTEH], Ha
3aCeAaH1M Hay4YHO-TEXHNYECKOTO KCMEePTHO-
KOHCYNbTaLMOHHOr0 coeTa NeTepbypreko-

IO PETVIOHANIBHOTO OTAENEHNS TOHHENBHON
accoumaummn Poccn BbIno NPUHATO peLLeHne

0 MPOBELEHNM aHANN3a KOHCTPYKTUBHO-
TEXHOMOMYECKMX PUCKOB MPY peannaamm
NPeANoXEHHbIX BapnaHToB. [laHHble Mccneaosa-
HY11 BbINN OCYLLECTBAEHbI IBYMS| HE3aBUCUMbIMIA

A Ar W P

rpynnamu aKCnepToB Ha kadeapax «TOHHeM
1 meTpononutenbl» MIYTNC n «CTpouTENLCTBO
TFOPHbIX NPEANPUSTI N NOA3EMHbIX COOPYXEHMNIA»
CaHkT-[NeTepByprckoro ropHOro MHCTUTYTA.
AHanu3 CTENEHN KOHCTPYKTUBHO-TEXHONOM-
4eCKMX PUCKOB ObIN BLIMOMHEH Ha kKadeape
«TOHHENM 1 METPONONUTEHBI» N3BECTHBIM
YHUBEPCa/bHbIM METOAOM 3KCNEPTHBIX OLEHOK,
MO3BONSIOLLYMM MOMYYUTH HE TONBKO KA4eCTBEH-
HbIiA, HO 1 KONMYECTBEHHBI NPOrHO3 Pa3BUTUS
cuTyaumuu.

Has gokymentaums [YI «/leHrunpouHXNpoeKT)

Ero npumeHeHne 0co6eHHO ahdeKTNBHO npu
pa3paboTke HeOPAMHAPHBIX KOHCTPYKTUBHO-
TEXHONOMMYECKMX PELLEHUIA B CIOXHBIX
YCNOBUSIX CTPOUTENBCTBA, KOrAa HENOMHOTA 1
HELOCTOBEPHOCTb MHGDOPMALMW HE NO3BONSIOT
MCNONb30BaTh CTATUCTUYECKWIA v Apyrie
METOfbI OLIEHKM prcKa.

[ns nonyyeHus akcnepTHOW MHbopMaLmm
Obiny paspaboTaHbl aHKETbI, BKIOHAOLLME OMnu-
CaHue CLEeHapVeB Pa3BnTIS PUCKOBbLIX CUTYa-
LM NO KaxA0oMy N3 CEMU PacCMaTPUBAEMbIX

MOA3EMHBIE FTOPU30HTbI Ne2. Nionb/2014



BapWaHTOB. JKCNepTbl N0 5-6aNbHON Wwkane
OLLeHMBaNM CTENEHb PUCKA B COOTBETCTBUM C
TOYKOV 3pEHNSI 0 BEPOSITHOCTM OCYLLLECTBNEHNS
TOFO UMM UHOTO CLiEHApUs Pa3BUTUS CUTYaLIN 1
BO3HMKHOBEHMSI BO3MOXHOrO yLuepba (1abn. 2).

Tabnuua 2
OueHka cTeneHu pucka

CreneHb pucka YpoBeHb BEPOSATHOC

1 KpaitHe Hu3kas

2 Huakas

3 BoamoxHas
4 Bricokas
5

KpaiiHe Bbicokas

B pe3ynbTate MaTeMaTiyeckoi 06paboTku
MacCKBa 3KCMepTHbIX OLIEHOK 151 KaXA0ro U3
BapUaHTOB Obl/IM NOYYEHbI 3HAYEHUS CTaTU-
CTWUYECKMX YACTOT CTENEHN pucka, MaTemaTm-
4eCKOro OXwaaHWs CTeneHn pucka v aucnepcum
CTEMNeHM prcKa, a TakKe rpaHuLb OBEPUTENBHO-
ro UHTEPBANA, COOTBETCTBYIOLLEr0 AOBEPUTENb-
Holi BeposiTHocT P =0,95. Pe3ynbTarthl aHanmaa,
MOJTY4EHHBIE NO KaXLOMY M3 CEMM BapWaHTOB,
Oblnn cBeAEHb! B TabnMLbl. B kauecTse npumepa
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30€6Ch MPYBEAEHBI PE3YNbTATH aHANM3a prcka Mo
nepBOMY 1 TPETbEMY BapuaHTam (1abn. 3).

MonyyeHHble AaHHbIE MO3BOAMAM NPON3-
BECTV PAHXMPOBAHWE BAPUAHTOB MO CTENeHN
KOHCTPYKTUBHO-TEXHOMOMMYECKOro pucka. Mo
MHEHWIO 3KCNepTOB, Hanbonee NPeanoyTUTEb-
HbIMU OKa3anuch BapuanTbl Nel n 2, BapuaHT
Ne6 yBepeHHO 3aHsN TPETbE MECTO.

Pe3ynbTaThl 3KCNEPTHOMN OLLEHKM, BbIMOIHEH-
How B MIYNC, yaoBNETBOPUTENBHO COLLANCH C
pe3ynbTaTaMmi aHanorMyHon paboTsl, Npo-
BeEeHHON B FOPHOM MHCTUTYTE. B ntore K
JanbHeiiweit npopaboTke Obli NPUHAT NEPBBIN
BapWaHT TEXHONOMMYECKO CXEMbI KOHCEPBALN
3aTON/NEHHbIX TOHHENEN Ha yyacTke «Pasmble»
(CM. p1CYHOK).

Tabnuuya 3

BypeHue BepTuKanbHbIX CKBaXHWH C AHEBHOI MOBEPXHOCTU Yepe3 0041k BePXHEro 1 HUXHero TOHHenel (BapuaHT Ne1)

[LloBepuTenbHblii

Ta CTEeNeHU pucka Martema-

)
=
s
o
=
s
=
@
Q
=
)
]
£

o o MHTepBan
CueHapwuii pa3BUTUSI PUCKOBbIX CUTYaLMi TUYeckoe
1 2 3 4 N — C BEPOSTHOCTBIO
P=0,95
JlokanbHoe pa3pylueHne 06aenku B pa3Mepax, NPeBbILLAIOLX AMaMeTp 011 000 000 0,66 . 3.89 138 3.12..4.66
KOPOHKM C MPOHUKHOBEHWEM FPYHTA B TOHHESb
OTKNOHeHe 326051 CKBaXVHBI 13-32 HANUYISI BITYHOB M MPOYMX BKITIOYEHNIA. 000 055 045 0,00 244 035 220..2,68
Heob6xomumocTb NOBTOPHOTO GypeHus
OTKnOHEHe 320051 CKBAXMHbI, YXOZ KOPOHKM MO KacaTenbHOii K 00AeNKe C 0,00 0,11 0,00 078 l 3.89 0,80 3.41..437
HEU3BEXHbIM Pa3pyLUEHNEM YyTYHHbIX THOGUHIOB
3aknnHuBaHue 6ypoBoro cTasa B 06aenke 000 055 0,34 0,00 - 2,67 1,10 1,98...3,34
lMonaaarue 32605 CkBaXMHbI B PEOPO 4yryHHOI 06AeNKH, kapkac apMaTypl, 000 000 000 0,89 l 411 0,30 378..4.47
B MNIACTVHBI KPEMIEHUS META/TINYECKOT0 INCTA aHKepamu
3akn1H1BaHue 6ypoBoro cTaBa Npu nonaaaHiny 3a60s CKBaXmHb! B 3amMopa-
XWBAIOLLME KONOHKM, OCTABNEHHBIE B FPYHTOBOM MaCCHBE, B TOM YnCne 0,55 0,34 0,11 0,00 1,89 0,55 1,44...2,34
1 Mexay TOHHeNsIMI, B NepUoL, CTPOUTENLCTBA
ManeHvie 6ypoBbIX TPYD NPY HAPYLLEHWM TEXHONOMM PaboT 0,11 0,89 0,00 0,00 - 1,89 0,15 1,65...2,13
3aTpyaHeHNEe KOHTPONS KAYECTBA 3aMOHEHNS TOHHENS MaTepPUanomM 0,00 0,22 0,67 0,00 . 3,00 0,75 2,55...3,45
HecooTBeTCTBME Ka4eCcTBa OTBEPXAAIOLLEr0 PAaCcTBOPa 0,00 055 0,34 0,00 - 2,67 1,07 2,05...3,29
BOSHVIKHOBeHVVIe npo6ok B 6YpoBbIX CTaBax NPY HAarHETaHUM MaTepuana 3-3a 011 067 022 0,00 244 140 160..3.28
3HAYUTENBHOM IyBUHBI BypeHUs

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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The article analyzes
contingency events that
happened in Moscow Metro

in the course of construction
works and during operating
hours. The results of the

study can be useful to metro
builders in view of sharp
increase in underground
construction volumes and

of work engagement of
non-resident and foreign
organizations that have never
worked in geotechnical and
urban conditions of the Russian
capital.

In the last 25 years the topic
not only did not lose its
relevance; it became even
more sensible due to the
emergence of new risk factors
such as eventual terrorist
attacks and destruction of
tunnels with piles as a result of
construction works performed
on the surface.

MOCKOBCKU#

METPONOJIUTEH:
HELLITATHBIE CUTYALIMW

B kHure «ABapuiiHbie CUTyaLuy Npyu CTPOMTENbCTBE U KCHTyaTauumn TPAHCHIOPTHBIX
TOHHeseii u meTpononanTeHos» (aBTopsl C.H. Bnacos, J1.B. MakoBckuii,

B.E. MepkuH) onucaH n npoaHann3npoBaH MUPOBOI ONbIT aBapUiiHbIX CUTYaLui

B TPaHCMOPTHOM TOHHEIECTPOEHNU N METPOCTPOEeHUm 3a nepnog 1981-1990 ro-
A0B. 3a nocnegxue 25 net ata Tema He TOJIbKO He ycTapena, Ho cTana ewje 6onee
aKTyanbHOIi B CBI3U C yBeSINYEHneM 00bema 1 pacLumpeHnem reorpagum cTpom-
TeNIbCTBA NOA3€MHbIX TPAHCMOPTHBIX COOPYXEHUII U X AanbHelLel aKcnya-
Taymeii. [Ipy 3TOM NOSIBUINCH U HOBbIE PaKTOPLI, OCSIOXHSIOLME IKCIyaTaLuIo
TOHHesIel U METPOMNOJINTEHOB, HANPUMeEP TEPPOPUCTUYECKUE aKTbl, pa3pyLUeHne
TOHHenew cBasMu NPy NPOBEAEHNN CTPOUTENbHbIX PabGOT Ha 3eMHOI NOBEPXHOCTH.
B aaHHO# cTaTbe npoaHann3npoBaHbl HELUTATHbIE CUTYaLUMN NPU CTPOUTESbCTBE

u B xoae akcnnyarayun MockoBcKoro MeTponosuteHa. Takoi aHanmn3 MoXeT ObiTb
noJsie3eH B CBSI3U C pe3KuM poCcToM 06beMoB cTpoutenbcTea MoCKOBCKOro MeTpo-
nonuTeHa, NnpuUBAeYEeHNeM ANsl BbIMOIHEHNS paboT MHOropPOAHUX N NHOCTPAHHBIX
opraHu3aumuii, paHee He paboTaBLUMX B MOCKOBCKUX MHXEHEPHO-reoIornyeckmnx

U rpafgoCcTPOUTESIbHBIX YCIIOBUSIX.
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06paT|/|MCﬂ Kk ctatucTuke (Tabn. 1). 3a nepmop 1977 —
Hayano 2014 ropa B Mockse umenu mecTto 9 HewTat-
HbIX CUTYaLWii MW CTPOUTENLCTBE M 50 HELITATHBIX CUTYa-
LM Npy 3KcnyaTauumn MeTPONoNUTEHA.

Mpu 3TOM NP CTPOUTENLCTBE 3aPUKCUPOBAHO:

2 noxapa, 3 cny4as 3ara3oBaHHOCTM TOHHeNS, 3 BbiBana
(obBana) rpyHTa 1 1 cnyyai noBpexaeHus 064enku npu
BeaeHun bBP.

B npouecce akcnayatauum nmenn mecto: 10 TepakTos,
16 noxapoB 1 3aabIMAEHNIA, 6 Cny4aes CTONKHOBEHWS NO-
€3[10B 1 KPYLLIEHNIA, 4 Cly4as, CBI3aHHbIX C MOBPEXAEHNEM
0bnenku ceaeit (ceav Npobunm TOHHENb CHapyXxw), 6 c6oes
B ABWXEHWW MO TEXHMYECKMM NpU4MHaMm, 1 nonomka cae-
Todopa, 1 M3n10M XOA0BOr0 penbea, 1 cnyyait MaccoBoro
OTK/HOYEHMS 3AEKTPONUTaHMS, 1 ciyyain nageHns Aepesa Ha
penbCbl 1 3a00p (OTKPLITHIA y4aCTOK METPO), 2 Cyyast na-
JEeHVS NIoAEi Ha PENbChI, 2 CyYas NONOMKM 3CKaNnaTopos.

MOXHO 3aMeTWTb, 4TO OblAN 1 «BNAronoay4HbIE» FOabl,
KOT[a HeLUTaTHbLIX CUTYaLWii B npoLecce akcnyatauum
He 3adukcuposaHo; 1978, 1983-1986,1988,1989, 1992,
1993, 1997, 1999, 2003.

B T0 e BpemMs MOXHO OTMETUTb, YTO NEPUOA,
2009-2014 ropoB sBNSETCS PEKOPAHBIM MO KOANYECTBY
HELUTATHBIX CUTyaLuin Ha MOCKOBCKOM METPONOIMTEHE.

CnepyeT Takxe 3aMeTUTb, YTO aBAPUIHbIE (HELITATHbIE)
CUTYaLMM NPOUCXOANIMN He Ha BCEX IMHWUAX METPOMONN-
TeHa, a TONbKO Ha cemu: CepnyxoBcko-TuMMpsa3eBckas;
opbkoBCKO-3amockeopeLkas; Apbatcko-IokpoBckas;
Kanyxcko-Puxckas; KanuHunHckas; Konbuesas n Co-
KOMbHUYecKas.

Hanbonee 6narononyyHblii (6e3aBapuiiHblii) NEPUOA;
1983-1986 roapl.

MNpuBeAEHHAs CTATUCTIKA CBUAETENLCTBYET O TOM,
4YTO HeLlTaTHbIE CMTYaLMM B NPOLLECCe aKcnayaTawum
METPONOANTEHA MPOMCXOAAT 3HAYNTENBHO YaLLE, YeM
npu ero cTpouTenbCTBE. Ho 03HaYaeT I 3TO OTCYTCTBUE
MPUYUHHO-CNELCTBEHHON CBA3N MEXAY STUMM LBYMS
kaTeropusmy aBapun?

[ns 0TBETA Ha NOCTABNEHHLIA BOMPOC Nonpobyem
pa3obpaTbCs B MPUYMHAX HELUTATHBIX CUTYaLWiA Npu
CTPOMTENbCTBE 1 B XOAe AKCnayaTaLym MeTpornouTeHOB.

Kak noka3aHo B 1ab. 2, NPUYMHOIN NOXAPOB NpK
CTPOMTENbCTBE METPOMOANTEHA ABNSIOTCS HAPYLIEHUS
aKcnayaTaumm anekTpoobopyaoBaHus 1 HefopaboTku
NPOEKTa OpraHn3aLmMn CTPOUTENLCTBA, CBA3AHHLIE C
He0CTaTOYHOW U3Y4EHHOCTbIO 0COBEHHOCTEN TPaCCHhl,
NPOXOAALLEN B YCNOBUSX HACLILLEHHOCTW FPYHTOBOIO
maccvea HedTenpogykTamu.

13 Tabn. 3 BUOHO, 4TO OCHOBHOI MPUYMHOMN NOXAPOB U
3aJbIMIIEHUI NPU 3KCNyaTauuy METPONONUTEHA SBASIOT-
S HEVCMPABHOCTY B CUNOBOM M kabenbHOM 060pyn0oBa-
HUW BarOHOB U TOHHENEN.

Takum 06pa3om, Ans UCKNIYEHUS B [afbHeNLeM no-
XapoB 1 BO3ropaHui npu akcnayatauum MeTPONoNUTEHa
HeoBX0aMMO B NPOeKTax aNeKTPOMEXAHUYECKMX CUCTEM
o6ecneynTb MePONpUATAS, UCKNIOYAIOLLME 0TKa3bl 060pY-
[,0BaHus: KOPOTKME 3aMblKaHNS, HapYLIEHUS 3NEKTPON30-
NAUMN KabenbHbIX CETEN, NONOMKY X0[0BbIX YacTel 1
3N1ekTPo0b0opyA0BaHMS NOABMXHOIO COCTaBa.

Mpu NpoBeaeHNI ropHONPOXOAYECKMUX paboT cnemyet
MCKII04NTb BO3MOXHOCTb 0TKa3a 371eKTPo0O0PYLOBaHMS,

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

Konuyecteo cnyqaeB
1977 2000
1979 1 2001
1981 1 2002
1982 3 1 2004
1983 1 2005
1986 1 2006
1987 1 2007
1989 2 2008
1990 1 2009
1991 1 2010
1994 4 2011
1995 2 2012
1996 4 2013
1998 1 2014 (I kapTan)

Tabnuua 1
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CTaTuCTnKa HeLUTaTHbIX curyauuﬁ

Ta6nuya 2

Konnuectso cny4yaes

DO WN P = = 0w A==

TMpuynHbI N0XapoB (BO3ropaHuii) Nnpu cTpouTeNnbCcTBe MeTpononuTeHa B 1982 rogy

Ha CTPOUTENLCTBE NEPErOHHOr0 TOHHENA LUMTOBBLIM CMO-
c0GOM MPOM3OLLITO 3aropaHme HehTENPOYKTOB, MOCTY-
MMBLLINX 13 32609, MPOXO/IKA BENaCk Ha Y4aCTKe TPacchl,
e paHbLLIE HaXOAWNACh ABTO3AMNPABOYHAs CTAHLIMS

[pou3oLuen noxap B NOMELLEHNMN NOL3EMHOI MHEB-
MaTU4YECKON MaCTEPCKON

Ta6nuua 3

HepocTtaTouHble Mephbl (B NpoekTe)
NPy NPOX0AKe Yepe3 HedTEHACHILLEHHbIE
TPYHTBI

['pyBble HapyLLEHS B KCMTyaTaLym
3NIEKTPOMEXHNYECKOT0 X039ICTBA, HU3KMIA
YPOBEHb NPOTUBOABAPMIAHON NOATOTOBNEH-
HOCTV 0BbEKTa K IMKBIAALMY aBapHi

IMpun4nHbI NoXapoB (BO3ropaHuii) Npy 3KCnyaTayum MeTPOnoMTeHa

ABapuitHas (BHewTaTHas) cutyauus m

Fop

1981

1987

1994

1995 (BecHa)

1995 (oceHb)
1996
(dbespanb)

1996
(mapT)

2010

2011

2012
(sHBapb)
2012
(anpenb)
2013
(sHBapb)
2013 (mait)

2013 (nionb)

BosHuk noxap B AePEBAHHOM ALLNKE
C aKKyMYNATOPHbIMU ﬁaTapeﬂMM noa
BaroHoOM noes3zaa, HaxoAausLLerocsa
Ha neperoxe. Cropenm 4 BaroHa

B xBOCTOBOM BaroHe noespa, CnefoBas-
LLIEro Mo NepPeroHy, NPOM30LLEN NoXap

[Tpv1 BLIXOAE Ha IMHWIO 13 ANEKTPOAENO
3aropencs nocneaHuin BaroH. B coctase,
0CTaB/NEHHOM B TOHHENE, Cropeno 4 BaroHa
3aropenach xo[0Basi YaCTb BaroHa

B NEPErOHHOM TOHHENE

3aropencs noesp Ha CTaHLmm

3ar0pen0ﬂ noesz Ha CTaHumn

Ha neperoHe 3aropencs cunosomn
kabenb, B pesynbTaTe Yero Npou3oLLO
3aAbIMNEHNE TOHHENS N CTaHLI,I/Il7I
Mpom3oLLno 3aabIMEHe B NepPeroHe

B FOJIOBHOM BaroHe noeaza. Maccaxupsl
[IBYX N0e3/0B NPOBE B 33bIMIEHHOM
TOHHene 0k0no 40 MUHYT

CunbHoe 3aabIMAEHME Ha CTaHLMK

Ha neperoHe 0CTaHOBNEHO ABUXEHME Ha
2 Yyaca 13-3a 3afibIMIEeHVs B TOHHENe

B BaroHe Ha cTaHumy Mpoun3oLwso 3a-
ObIMIIEHNE

VckpeHme KOHTAKTHOrO penbca Ha
CTaHuun

3agbiMneHve B TOHHene

3aroperncs cunoBoi kabenb Ha nepe-
roHe, NPOK30LLNO 3abIMIEHME

HeucnpaBHOCTb akkymynsTopa

KopoTkoe 3ambIkaHwe B CUI0BOIA
3/IEKTPOCXEME BAroHa

KopoTkoe 3amblkaHue B 31eKTpOCxe-
Me BaroHa

HencnpaBHOCTb XO[0BON YacTu

HewvcnpaBHOCTL 3N1eKTPOCUCTEMBI
noesga
HewncnpaBHOCTb 3N1eKTPOCUCTEMBI
noesga

Kopotkoe 3ambikanue

HewcnpasHocTb anektpoo6opynosa-
HUS BaroHa

HeocTopoxHoe 06palLigHe C orHem
MpU KypeHum

Bosropatue kabens

BosropaHue kabens nof, ofHNM

13 BaroHOB

[NapeHve NpasgHUYHON MULLYPbI

Ha KOHTaKTHBIN PENbC

BosropaHue kabens
HewncnpaBHOCTb M30/15LMM CUIOBOTO
kabens
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TpuynHbl aBapuiiHbIX (HELUTaTHbIX) CUTYaLMIA, CBSI3aHHBIX C HapyLLIEHNeM LieIOCTHOCTH CTPOSI-

Tabnuua 4

Luxcs n akcnnyaTupyembix KOHCprKLlMﬁ MeTpononTeHa

TPy COOPYXEHUMN HATSXXHON KaMEpbI CTaH-
LUK, CTPOSILLECS Haf, AeNCTBYIOLMM

HecobnioaeHne TpeboBaHuii K Npo-
n3sopcTBy BBP Ha y4acTkax B6aman
[DECTBYIOLLIMX MOA3EMHbIX COOPYXEHNI

Hecobnionerne npoekTa KpenieHns

HapyLueHve npasun npon3soacTea
PaboT B TEXHUYECKMX M OXPaHHbIX 30HAX

1. HemocTtaro4Has u3y4eHHOCTb
VHXEHEePHO-reoI0rM4ecknX 1 rnapo-
reonornYeckux yCaoBuii CTPOUTENbCTBA
11, COOTBETCTBEHHO, U3bsiHbI B POEKTE

1983 TOHHENSAMMU METPOMNONUTEHA, B pe3ynbTate
OypoB3pbIBHLIX PAOOT ObIAA MOBPEXAEHA
0bnenka JeiCTBYIOLLEr0 TOHHENS
Mpu coopyxeHUu nepecasoyHoro yana,
1986 npv Npoxoake GypHenu (BepTukanbHas
BblpaboTka) CH13Y BBEPX B KpOBNE GypHe-  BbipaboTku (GypHenn)
NV POW30LLEN BbIBaJ MOPOZI
2002, Mpu CTpOICITeJ'IbHO-MOHTa)KHbIX pfxﬁoTax
2006, Ha 3veMHOVI nosepxnvocm (ycTpoicTeo
2011, CBaliHbIX OCHOBaHWI1) cBay Npobum
2014 HaxoAsLUMECS MO HAMY TOHHENW METPO- METPOMONMTEHA
nonuTeHa
Mpw CTPOMTENLCTBE NEPErOHHBIX TOH-
HEenen HoBOM IMHUM METPOMOAUTEHA HA
2013 y4acTKe NPUMbIKaHWS K kKaMepe Cbe310B

MPOU3OLLIIO PA3PYLLEHME y4aCTKa M0-
CTPOEHHbIX TOHHENEN 11 3ATOM/IEHNE TUX
YHaCTKOB

Tabnuua 5

OpraH13auum CTpoUTENbCTBa.
2. HepocTatoyHas kBanudukaums
CTPOWTENBHOI OpraH13aumu, Kotopast
paHbLLe He CTPOWIa TOHHENN METPO-
nonuTeHa

MpnynHbI aBapuiiHbIX CUTYaLUWii, CBS3aHHBIE C KPYLUEHNEM 1 CTOJIKHOBEHUEM 110€3/08

1979

Mpou30Lwno KpyLeHe Noe3aa B
TOHHENE NEPEL, BLIXOAOM HA METPO-
mocT

HapyLueHue BepxHero rabaputa nonoxeHus no-
pora CneLCcooPYXeHHst Haz, yPOBHEM FONI0BOK XO-
[D0BbIX PEbCOB: BArOH 3af1e/1 CBOMM PEAYKTOPOM
MOLLHYIO KOHCTPYKLWIO NyTW. M5iTb BAroHOB COLLN
C PenbCoB 1 TeNexXek

lpou30LLno TPy CTONKHOBEHUS

noesnos: 2 pasa cnenytowmiinoess  OTkas CMCTEMbI aBTOMATHIKY, TeNEMEXaHNKM

1994 «porHan» NpeAblayLLmiA Ha nepe- 11 CBSI3K
roHe; 1 pas cnegyiowmii noess «ao-
rHan» NoesL, CTOALLWA Ha CTaHLUK

lpwu BbIE3AE M3 fENO MALLMHUCT

YCHYN NPpY YNpasieHnn Noe3A0M.
Heynpagnsemblii cocTas npobun
CTeHy fierno

1996

MPW 3TOM A0JIXHbI CTPOro CO6)’I}O,EI,aTbCﬂ npasnna TeEXHUKU
6e30MacHOCTY U 3KcnyaTauuy anekTponprnbopos 1 06o-
PYLOBaHKA,

31eCb MOXHO OTMETUTb, YTO MPUYMHLI NOXAPOB NpK
CTPOMTENbCTBE U 3KCM/TyaTaLMn METPOMNOMTEHOB OAU-
HaKOBbI: N3bSHbI B I'IpOEKTHOVI [OKYMEeHTaLKnn B pa3aenax
«3nekTpocHabxeHne» 1 «MoxapHas 6e30MacHOCTb».

Yenoseyeckuin haktop

Hapsgy ¢ aTumm HegocTaTkamu B MPOEKTHOM JOKYMEH-
Tauymn MEeeT MeCTO HEAOCTATOYHbIA KOHTPOb NPY MOH-
TaxXe W aKcnayaTaumum anekTpoobopysoBaHNs MOABUXHO-
ro COCTaBa, CTAHLUMOHHbIX M TOHHENIbHBIX COOPYXEHUIA.

13 1abn. 2 1 3 BUAHO, YTO KOAMYECTBO NOXAPOB Npw
CTPOWUTENLCTBE TOHHENEN 3HAYNTENBHO MEHBLUE, YEM 33
nepvoa ux akcnayatauuu. 310 06bACHAETCS TEM, 4TO
CTPOUTENLCTBO Y4aCTKOB METPO OCYLLECTBASETCS B Bonee
KOPOTKME CPOKM, YEM UX JKCnayaTaums. Tak, EClv IMHNS
MeTpononuTeHa cTpoutcs oT 3 Lo 5 neT, TO aKkenayaTauus
3TUX JIMHWIA OCYLLECTBNAETCH OECATUNETUAMN.

PaccMoTpyM HewTaTHLIE CUTYaLMK, CBA3AHHBIE C
HapYLEHWEM LLeNOCTHOCTY CTPOSLLMXCA U SKCMNyaTm-
pyeMbIX KOHCTPYKLMIA MeTpononuTeHa. K aToi kateropum
OTHOCSTCS 00Babl (BbIBasbl) FPYHTA B TOHHENb U HapyLue-
HU1e (noBpexaeHne) 06aenKu TOHHeNeiA.

Kak BUaHO 13 npuBeAeHHbIX B Tabn. 4 npumepos,
aBapuu (HewTaTHbIE CUTyaLMW) NPy CTPOUTENLCTBE TOH-
HENen METPONOANTEHOB SBASIIOTCS CNEACTBMEM HEL0-
CTaTO4HOW KBANNUKALMM CTPOUTENEN, HECOBMIOAEHNEM
1Mmun TpeboBaHMI NPOEKTa, B KOTOPOM, B CBOIO 04YEPEe[pb,
OblNK HELLOCTATOYHO NPOpPaboTaHbl MEPONPUSTUS NO He-
LONYLLEHNIO aBaPUIMHBIX CUTYaLuiA.

[p1BEOEHHBIE BBILLIE CAYYan Pa3pyLUEHNS TOHHENEN
CBasAMY CBULETENbCTBYIOT O HeLocTaTkax B paboTe opraHu-
3aUmin, 00513aHHbIX OCYLLECTBASATL KOHTPONb Haf, paboTamm
B OXPaHHbIX 1 TEXHNYECKNX 30Hax MeTponoanTeHa. Mpu
3TOM 0COOYI0 KAaTErOPMIO HELLTATHBIX CUTYaLWiA COCTaBNAIOT
aBapu, SBUBLUMECS CNEACTBNEM HELOCTATOYHON N3Y4YEH-
HOCTV TPAcChl TOHHENEN B NPOLLECCe NPOEKTUPOBAHNS.

Ciopa xe, NOMUMO CNy4aeB NPOpPbIBa B TOHHENW BOAHI
¥ N/IbIBYHOB, MOXHO OTHECTM W CAly4an NPOSBNEHUS 3a-
ra3oBaHHOCTU TOHHENbHbIX BbIPabOTOK. B 4acTHOCTK, B
1989 romy npu npoxoake GpypHenu B 3a60e Hbi10 06Hapy-
XEHO HN3KOE COLEPXaHNE KNCNopoaa (npuynHa —
HapyLWEHNE Pexvma NPOBETPUBAHUS); NPU BbIMONHEHWN
paboT NO UCKYCCTBEHHOMY 3aMOPaXMBAHWIO FPYHTOB U3-
32 HapyLUEHMs MHCTPYKLWMIA No 6e30NacHOCTY Npou3oLLIna
yTeuka XuaKkoro a3oTa B Tpy6ONPOBOAHYIO TPaHLLet, rae
HaX0LUANCh NIOAN.

Oco6HSIKOM B 3TOM MepeyHe «CTOSIT» aBapum, CB3aHHbIE
C KPYLUEHNEM 1 CTONKHOBEHUEM NOE3A0B. [PNYNHON 3TUX
aBapwii ABNSIETCS HAPYLLEHWE MHCTPYKLMIA MO ABUXEHMIO 1
aKcnayaTaLym noaBMxHoOro coctasa (Tabn. 5).

CnepyeT ynoMsHyTb 1 0 TEXHUYECKNX COOSIX, NOBEK-
WwKx 3a co60M cepbesHble nocneacTams. Tak, B 1982 n
2012 ropax umenu MecTo cy4yam NoNoMKM 3CKanaTopos.
B 06owx cnyyasax noctpaganu mogu. MpnyuHa: Hemcnpas-
HOCTb TOPMO3HOI CUCTEMbI 3CKaNaTOPHbIX MALLMH.

CepbesHas aapus npomsoluna B 2005 rogy: aBapust
rOPOJICKOW 3HEPTrOCMCTEMBI MPUBENA K MACCOBOMY OTKJTHO-
4eHWIo LeHTPOB «MOC3Hepro», NOAAIOLLIMX HANPSKEHNE Ha
JMHWW MeTpononuTeHa. B peaynbTate 13 paboTbl Obinn UC-
KntoyeHbl 52 n3 170 cTaHumiA. 3T1a aBapys SBUNACh CIEACTBM-
€M 06LLLero N1oXoro COCTOSIHUS 3HEProCUCTEMbI CTPAHbI.

Hy 1, HaKoHeL, 0 AeCATU TepakTax, MPOM3OLIEALLNX B
METPONONMUTEHAX 3a NOCNEAHNE rOabl.

OTOT BWL aBapwii (HeLUTaTHbLIX CUTYaLii) HEBO3MOXHO
CMPOrHO3MPOBAaTh, HO, Y4UTbIBAS 06CTOATENLCTBA STUX
CNyYaeB, CeayeT NPUHSATb MaKCUMasbHbIE MEpPbI MO UX Npe-
[oTBpaLLeHmto. NMocneaHre No BPEMEHW YETbIPe TepakTa

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014



npousownu 8 2010 roay. O4eBnaHo, pykoBoacTeo MockBbI
1 MOCKOBCKOro METPONOAMTEHA CAENAN0 COOTBETCTBYIO-
L€ BbIBO/bI M MPUHSAN0 Mepbl M0 1X HEAOMNYLLEHNIO.

BbiBoAabl

1. 3a nocnegHve pecaTuneTs nNpu CTPOUTENb-
cTtBe MOCKOBCKOro METPONOANTEHA Hanbonee 3Hauu-
Mbl€ HeLTaTHbIe cUTyaumu (aBapuu) npounsownu B 80-x
ropax npowmoro ctonetus. 3a nepuog 1990-2010 rogos
aBapwii Npu CTPOUTENLCTBE METPOMNONNTEHA He BbINO, YTO
BO3MOXHO, 0OBACHSETCS TEM, YTO B 3TOT NEPUOA METPO B
Mockse no4Tn He CTPOMNOCH.

C Hayanom axkTuBM3aLmMm cTponTenbcTBa MockoBCKO-
ro metpononuteHa B 2011 roay, koraa 6binn BblaeNeHbl
3HAYMTENbHBLIE CPELCTBA HA PA3BUTHE CETWN METPONONN-
TEHa, BHOBb HAYaMCh HELITATHbIE CUTYaLLMK, B TOM Y1Cne
MONOMKW MEXaHWN3MPOBAHHbIX LWMTOBbIX KOMMAEKCOB, 4TO
PE3KO CHXAET TEMMbI CTPOUTENLCTBA.

CaMmblit 3aMETHbIN Cyyait: yNOMAHYTas BbiLLE aBapus C
3aTONNEeHNeM y4acTka NOCTPOEHHbIX NEPErOHHbIX TOHHE-
nen, KoTopas «0TOABMHYNA» HAMEYEHHbIE CPOKM BBOAA B
akcnayaTaLlmio HOBON NINHUK.

i :,I
v s
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2. TMpw akcnayatauuy MockOBCKOro MeTponoanTeHa
HECOMHEHHbBIMU «IAEPaMu» Mo KOIMYECTBY CPEaM He-
LUTATHBIX CUTYaLLMIA 33 NOCNEAHME SECATUAETNS SBASIOTCS
noxapsbl (324bIMNEHNS) U TEPAKTI.

Takxe cnenyeT 06paTTb BHUMAHKE Ha Cy4am CToN-
KHOBEHWS MOE3L0B W KPYLLEHWS, KOTOPbIE NPOM30LLN UC-
K/OYMTENBHO N0 NPUYMHE Hel0CTATKOB B paboTe TEXHUKM
1 3KCMTyaTaLMOHHOMO NepcoHana.

HakoHeL, MOXHO OTMETUTb y4acTMBLLMECS Ciyyan cbo-
€B B ABMXEHMN MOE3A0B MO TEXHUYECKUM NPUYMHAM.

31n, ka3anoch Obl, <HE3HAYNTENbHBIE» CAy4an NPUBO-
[T, 0QHAKO, K CUTYaLMSM «Koninanca» cpeay naccaxm-
POB METPONONNTEHA.

3. OLHOM N3 NPUYMH BO3HUKHOBEHMS HELUTATHBIX
CUTYyaLMiA Npy CTPOUTENLCTBE U B XOAE 3KCMyaTaumumn
MockoBCKOro MeTpononuTeHa aenseTcs «aeduunt»
CMeLnancToB-TOHHENbLLMKOB U METPOCTpOMTeNel, 06-
pa3oBaBLKiics 3a nocnenHue 20 ner.

B 60nbLLOI CTENEHM BCE aBapiu U HeLLTaTHbIE CUTYa-
LMW MPOVNCXOAAT M3-3a HEOCTATOYHO KBanndukaumm
MPOEKTUPOBLLMKOB M CTPOUTENEN METPONONNTEHA, B 3TON
CBSI3M PYKOBOACTBY ropoAa CneayeT yaenuTb BHUMaHNE
MOAr0TOBKE KaApOB NOA3EMLLVKOB.

Kapp u3 punbma «Metpo» (Poccus, 2013 r.)
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AW. MEHEANIHOK,

A.®. NETPOBCKNI,

A.A. BOPUCOB,

Opecckas rocyaapcTBeHHas
aKaJiemus CTPOUTENbCTBA

W apXMTEKTYPbI

Kax ceugerenbctayet mupo-

BOM OnbIT, cpepa npUMeHeHns
TEeXHONI0r i rOPU30HTaNbHO-
HanpaBneHHoro 6ypexus (FHB)
yXXe He OrpaHNYUBaeTCs UCKITIO-
YUTEIbHO MPOKNAAKON UHXKEHEP-
HbIX KOMMYHUKauuii. nana3oH
MCnonb30BaHNs GeCTpaHLLEHHOro
o06opyaoBaHus NOCTOSIHHO pac-
LUMPSIETCS U B HACTOSILLEe BpeMsl
OXBaTbIBAET Takue HanpaBieHus,
KaK gera3auus yrosibHbIX na1acTos,
MeninopaTuBHbIe paboTsl, 3aLyuTa
OT 0M0A13Hel, COOPYXeHue ape-
HaXHbIX CUCTEM U Ap.

As witnesses the world
experience, the scope of
horizontal directional drilling
technology (HDD) is no

longer limited to installation

of underground utility lines.

The range of use of trenchless
equipment is constantly being
expanding, and is currently
focussing on a number of areas
such as degasification of coal
seams, reclamation works,
protection measures from
landslides, construction of drain
systems, etc. The paper provides
a brief survey of HDD new
technological capabilities.

HOBbIE

HAINPABJIEHUSA
MCMNOJIb3OBAHUA

'Hb

"epBbM npUMep HECTaHAAPTHOrO NPUMEHe-
Hus THB — perasauys yrosbHbIX N1acToB.
Ha puc. 1 npencraeneHa cxema 6ypeHus,
KOTOPYO MOXHO UCMONb30BaTh 415 AerasaLum
YIS 40 Hayana ropHbix pabor. [lea npeaHa-
3Ha4eHHbIX NS 0TPaboTKM NnacTa cHavana
[erasvpyioTcs ¢ NOMOLLIbIO 3KCEPUMEHTab-
HOI CKBaXMHbI, U3 KOTOPOI 3aTEM B Kax/bli 13

npoBeaeHHas
nop yrnom 11°
Ha 30,5 M

YronbHblit
nnact 1

BeprukansHas
Skenept I CKBaXMHA
Has CKBaxuHa HaknoHHas cexums,

nnacTos NpobypuBatoTcs ABa 60KOBLIX CTBOMA.
Mocne 3Toro NpoBoAMTCS BypeHue eLlle OfHO
BEPTUKANLHOM CKBAXWHBI, NEPECeKaloLLen
O0KOBbIE CTBObI. M3 BEPTMKANBHOMN CKBAXMHbI
OTBOAMTCS BOAA U ra3, a aKCNepyMEHTabHAs,
B CBOIO 04epeb, OCTaHABMBAETCS UMW OCTaB-
nsieTcs. [JaHHbIiA OnbIT Bbln YCMELWHO NPUMEHEH
B CLLIA n AscTpanuu.

T"a30Bblit N3BneyenHas
cenaparop BOAA

a3onposoa Ans
MOCTABOK Ha PbIHOK

Komnpeccop

<= Ta3
— Bopa, noctynatouas
10 BHYTPEHHei CTaNbHON Tpybe
e
e
P l‘ -'_F'_'_._,.H"'
i i
] — —
— d B yepes KO;iil;SUUET ?\:Jascrmaumo |
- S
- - [
== !
-

Puc. 2. Cxema npoBepeHus paboT no Aerasauum yrosbHbIX NNacToe
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Hakonnenve
ononaHeit

YcTaHoBka
rHb

[peHaxHoe
Gyperue

Puc. 3. Ocywaiowee Gypenue nop ononsqem

Mpo6nema 3arpssHenms
npu ApeHaxe

Puc. 5. [lononnutenbHas NpoknaaKa cucteM s ApeHaxa fOMOB

Ha puc. 2 npeacTtaBneHa cxema nposege-
HKs paboT MO [era3alim YrofbHbIX NNacToB
anuHoit 0o 1800 m n rny6uHoit oo 350 m.

Insa atoro 6binu paspaboTaHsl age 6ypo-

Bble ycTaHoBku Tuna PD-100/80 RPC 45 ¢
MakcumanbHoii cunoit Tarm 100 ToHH. PaHee
C03[aHHble BEPTUKA/bHbIE CKBaXWHbI [LOMXHbI
ObITb COEANHEHBI C FOPU3OHTaNbHLIMK. ONbIT
ABcTpanuu, rae NnpOBOAMANCH AaHHble pa-
60Tbl, NOKa3an, 4To Takoe 6ypeHue nnacTa ¢
NOBEPXHOCTU 3eMnun addekTnBHee OypeHns
113 NO3eMHbIX BbIPAaOOTOK.

3acnyxuBaeT BHUMaHUS 1 Takas 06nacTb
npumeHeHns HB, kak MenuopatvsHbIe
paboTbl. B HEKOTOPBIX CTPAHaX C XapKum
KAMMaToM, s TOro 4To0Obl n3bexatb 3Ha-
YNTENBHOrO McnapeHus Boasl (Bo 40-45%)

C NOBEPXHOCTN MENNOPATUBHBIX KAHANOB,
opocuTenbHbIe TPYOONPOBOALI NPOKNaabiBa-
toT 6ecTpaHLLENHbIM CNOCOOOM.

B mupe Takxe cylectsyeT 60/bLI0e
KOJMYECTBO CMOPTUBHLIX MOAEN 1 NAOLLAJO0K,
rae HEBO3MOXHO MCMNO/b30BaHNE OTKPbITbIX
YCTaHOBOK 111 OPOLUEHNs. B Takux cnyyasx
LenecoobpasHo NPUMEHSATL CNeLmanbHbIe
0pocuTeNbHbIe TPYOONPOBOALI C KanebHbIMM
OTBEPCTUSMM 1 NOABOASLLME K CIPUHKNEPHOI
cuUcTeme noa3emMHble TPY6ONpPOBOARI, KOTO-
pble NPOKNaALIBAIOT NP NOMOLLM 060pya0Ba-
Hus ong MHB.

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

Mnaxupyemas

Havano -
ononaen

A7

KpvBas

BECTPAHLLEVHBIE TEXHOJOM MU

Topu3oHTanbHoe
[npeHaxHoe bypenue

Puc. 4. ToHIXeHUe YPOBHS rPYHTOBLIX BOA B CTPOUTENLHOM KOTNOBaHE

KonTponsHas
"._..:ﬁ CTaHuMs

Cucrembl
rHB

CeHcopHble kabenm

YpOBEHb rPYHTOBbIX BOA

Puc. 6. Mpoknaaka CeHCOPHbIX MHMIA ANA 3aLUTHI OT yTeyeK

CnepytoLieit 06nacTbo NpUMeHeHus 6ec-
TPaHLLENHOro MeToAA BNSETCS 3aliuTa oT
OMON3HEN, NpeLycMaTpUBaloLLAs 1x OCyLLe-
Hue (puc. 3). OcoBEeHHOCTbI0 AaHHO TEXHO-
NOTUV SBASIETCS TO, YTO OMNOA3HW MOTYT OCY-
LaThCA NPX NOMOLLLM CKBAXMH, NPOOYPEHHBIX
Yy NOAHOXWS CknoHa. Takoi cnocob umeet
pag npenMyLLecTs. Bo-nepsbix, 0Non3HeBble
MacChbl He NOABEPraloTCs BUOPALMOHHOM
Harpyske, 0T KOTOPOM WX 136aBNseT NpoKon,
NPOBEAEHHbIN HUXE TENa OMNON3HS.

Bo-BTOpbIX, ipEHaXHbIA TPyBONpoBOS,
MOXET OblTb MPONOXEH TakMM 00Pa30M, 4TO
GUNLTPALMOHHBIN OTPE30K BHELPSETCS B
OMON3HEBbIE MACChI, MPY 3TOM OCHOBHOM
BBOZ GUNbTPA HAXOAMUTCS B 30HE, HANpaB-
NAOLLEN CKONbXEHNE.

Cnepylowias TexHonorus npeanonaraet
OCYLLECTB/IEHUE Pa3INYHbIX MEPONPUATUIA,
CBA3aHHbIX C 3aLUMTON OT FPYHTOBLIX BOZ, @

Ha pwc. 4 noka3aHo ropn3oHTanbHoe ape-
HaXHoe 6ypeH|/|e ANgA NOHWXEHNA rPYHTOBbIX
BO[, B CTPOMTENbHOM KOTNOBAHE. AHanoruy-
Hble paboTbl MOXHO NPOW3BOAUTL W NOJ, APY-
rMMn 3eMNAHBIMI COOPYXEHUAMN, HanpumMep
TpaHLLeamu.

CI'IEU,VIaJ'IVICTbI, 3aHnmatoLpeca akcnnyaraum-
€/ PEHaXHbIX CUCTEM, HEPE[IKO CTANKMBAIOTCSA C

npoBnemoii ux 3aCOPEHNS], BbI3BBaHHOM HeloCTa-

Takxe CO CTPOUTENbCTBOM APEHaXHbIX CUCTEM.

TOYHOI NPOMBIBKOIA. B Takom ciyyae nog TakmmMu
0BbeKTaMM (MK PSEOM C HIMW) MPOKaALIBAOT-
CS1 HOBbIE JPEHAXHBIE CUCTEMBI (pHC. 5).

Kak nokasbiBaet npaktuka, apdekTums-
HOCTb 3KCMayaTaLy aBTOMOBUNbHBIX OPOr
3HAYUTENBHO NOBLILIAETCS C MOMOLLBIO CO-
BPEMEHHbIX CUCTEM YNPaBNEHUS ABUXEHNEM
TPaAHCNOPTHbLIX CPEACTB. M3-3a BbICOKOW
3arpyXeHHOCTM TakMX MarncTpanem v HeBo3-
MOXHOCTMW OCTAHOBKW ABWUXEHUS LLENeco-
06pa3Ho NpumeHeHne 6ecTpaHLLeitHoN nNpo-
KNnagKu CUCTEM CBS3U N CUTHANTbHBIX CUCTEM.

Cnepnylouieit obnacTbto npuMeHeHus 060-
pynosaHus ans THB MoxeT BbITb Npoknaaka
CEHCOPHbIX IMHUIA C Pa3INYHBIMI AaTYMKaMK
(Hanpumep, GUKCUPYIOLLMMU YTEYKM BOLbI
U BPYrux XnakocTen). YCTpOMCTBO Takmx
CUCTEM 0COBEHHO BaXHO A5 KPYMHbIX HE-
OTEXMMUYECKUX 1 METANITYPIUYECKUX NPES-
NPUKTUIA, TO ECTb TEX, FAE B Cy4Yae aBapuu
BO3MOXHA MOBbLILLEHHAs Yrp0o3a 3arpsi3HeHns
OKpyXaloLLen cpedpl (puc. 6).

KpynHble MarucTpanbHble TPy6onpoBoAb
BCe yalle TpebyioT Nnpoknaaku (npuyem Ha
BECbMa 3HAYMTENbHbLIE PACCTONHNA) Napan-
NEeNbHOr0 TEXHONOrMYeckoro kabens ans
YNPaBNEHNS KOMMPECCOPHBIMU CTAHLUMSMU U
CTaHumMamm onoselLeHus. Hanbonee ycneww-
HO Nopo6HbIE 3aa4n peanuayloTcs B EBpone
npv nomoLuy TexHonoruu MHB.
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oy ano-esacor. | MIAKPOTOHHETMPOBAHUE
npo6nem Cesepa (MPTNC) CO PAH

T.N. KOHCTAHT(SleIK-Iy(;CBIXi KAHAJ-I M 3AL||M O H H O rO
VIH)KeHepHO-TeEI-.I(I/.I:‘;(L(()AKrI/IE-II;IOHI(-)IS/IE?% KO”.” EK-I-O PA
CeBepo-BocTouHoro penepanbHo-

s | B YCJIOBUSIX
TexHonornyeckuit MHCTMT\z;EyBT?I?; M H 0 ron ET H E M

MEP3J10Thl

Sewers collectors of Yakutsk
are in alert condition and
need of reconstruction.
Reconstruction

of the sewer in the permafrost
was conducted by a method
of microtunneling. High ice
soils include an underground
polygonal-wedge ice which
were after of engineering
development

and were formed to

the thermokarst voids.
Microtunnelling needs to be
conducted

taking into account so-
standing of underground
ices.

Mpoueccel npoknaaKu n 3kcnayaTayun MHXEHePHbIX KOMMYHUKALINIA B YCJIOBUSIX
Kpaiinero CeBepa nmeltot cBou cneunguyeckne oCo6eHHOCTH, CBI3aHHbIe

C MepP3JI0THO-K/IMMaTU4ECKUMU N IKOHOMNYECKUMU pakTopamu. CIIOXHYI0 NHXe-
HepHyIo 3agayy npeacTaBnseT coboi u NPoKIaaKa KaHaNN3aLNOHHbIX ceTell B paiio-
Hax Be4HOMepP3J1bIX FPYHTOB, B 4aCTHOCTH B SIKyTCKe, rAe cucTeMamuy BOJOOTBEAe-
HUS 40 cux nop obecneyeHbl He BCE XUJble PaiioHbl, a CyLLeCTBYIOLLME KOEKTOPbI
HaxoAsTcs B aBapuifHOM COCTOSHUM.

MOA3EMHbIE FTOPU30HTbI Ne2. Uionb/2014




CTonmu,a Pecnybnukun Caxa (SkyTus) pacnonoxeHa Ha
neBoM Gepery peku JIeHbl B €6 CPeAHEM TEHEHIN, Ha

| Il HagnoMeHHbIX Teppacax AoAWHLI TyiiMaaaa. Pacti n
GnaroycTpanBaTbCs ropop Havan B XX Beke. Y1CNeHHOCTb
HaceneHusi k Hayany 2012 ropa pocturna 304,5 Teic. yeno-
BEK, MPOLOMKAs XErofHO YBENMYMBATHLCS.

Cuctema kaHanmsaumm B fkyTcke popmmposanacs B
1959-1968 rogax, npuyem npoekT konnekropa Ne1 Gbin
onpeneneH locnnaHom PCOCP kak «akcrnepuMeHTaNbHbIif»,
€O CPOKOM aeicTaus He Bonee 15 net. HeobxoaumocTb
€ro 3aMeHbl Hazpena yxe aasHo. C TeYEHEM BPEMEHH,
BCNEACTBUE N3HOCA, B TOHHENb KONNEKTOPA B 6OMbLLNX
KONMYECTBAX CTaNM NoNafath rPYHTOBLIE, TEXHUYECKME U
dekanbHble Bo/ibl, M3-3a aBapuil HA HACOCHBIX CTAHLMSIX
OH MHOTOKPATHO 3aTOMASNCS, YTO NPUBENO K PACTENAEHMIO
PYHTOB U, Kak pe3ynbTat, kK 00pa30BaHMI0 MycTOT M pas-
PYLLEHMIO y4acTkoB aopor. B 1982 roay npousowen nepsbii
KpYnHbI npoBan, rybuHa kotoporo gocturana 8-11 wm,

a gmameTp — 16 M. Bo MHOrom 310 Npon3oLwuno n3-3a
OTCYTCTBUS OMbITa CTPOUTENLCTBA NOAOOHLIX 0OGLEKTOR B
YCNIOBUSIX MHOTONIETHE MEP3NOTHI.

15 anpens 2010 rona omckoe HIMO «MocToBuk» npucTy-
M0 K PEKOHCTPYKLIMM KaHanM3aumoHHOro konnektopa Nel
BOONb YMubl [I36PXMHCKOrO Ha y4acTke oT naowaan Op-
IXKOHMKMA3e 80 NaBHOM HacocHOM cTaHumm Net (THC-1)
Ha ynuue @epopa Monosa. MpoTsxeHHOCTs — 1040 M,
rnybuHa 3anoxenus — ot 4,5 0o 12,5 M (y HaCOCHOW CTaH-
um). ToMy NpeWecTBOBANM NOArOTOBUTENbHbIE PABOTHI,
KOTOPbIE BENNCb B TEYEHNE 3 NET.

CTpouTENbCTBO KOMNEKTOPA, YYUTLIBAS HACLILLEHHOCTb
TPACChl MHXEHEPHBLIMI KOMMYHUKALWMSIMIA, BENOCH Oec-
TpaHLLEHbIM CrocoBoM NPOKAaaKM C UCNONb30BaAHNEM
TOHHenenpoxoa4eckoro komnnekca (TMK) AVN-600 He-
meLkon dupmbl Herrenknecht”, nmeloLlero cnepyiouime
TEXHUYECKINE OCOOEHHOCTM:

paboume opranbl TMNK npucnocobneHbl k pa3paboTke
BOAOHACHILLEHHbIX IPYHTOB;

LMT UIMEET 3aKpbITbIi 3260p;

Hann4Yme YNIOTHEHUS MEX.Y Xene306eTOHHOA
00LeNKO 11 XBOCTOBOW 06004KON LUMTA.

MpumeHsiemas TexHonorms obecneymBaeT NPoKaaKy
KOMNEKTOPA 13 NPEAN30AMPOBAHHOI NONNSTUNEHOBO TPY-
Obl, npoTackueaemoit B dpytnsap Ay 800 MM, NPONOXEHHbIi
BecTpaHLLeiiHbIM METOLLOM. BniepBbie B Mype COOpYyXeHie
TOHHENS BENOCb METOLOM MUKPOTOHHENMPOBAHMS B YCIIO-
BMSIX MHOTONIETHE MEP3OThI C MPUMEHEHWNEM CTaIbHbIX
TpY6, pPacCUMTaHHbIX Ha KOMMEHCALMIO MaKCUMarbHbIX
Harpy3oK 0T AaB/eHuNs rpyHTa. B 3TOM cryyae cTbiki Tpy6
0CTaloTCS BOAOHENPOHMLAEMBIMY IaXe NPY MaKCUMabHO
BO3MOXHOM rMapOCTaTUYECKOM AABNEHUN.
KaHannaaumorHbi konnektop Ne1 Haxogmtcsa Ha | Hagnon-
MEHHOI Teppace. BepxHas YyacTb paspesa rpyHTa CoCTouT
n3 achaneta (0-10 cm), webHs (10-30 cm), anntoBurans-
HOrO Necka Pas3nnyHoi KPYMHOCTY 10 KOPEHHBIX NOPOA,
(0,3-15 m), KOTOpbIE COCTOSAT M3 NECYaHMKA, M3BECTHSIKA
v ap. MpyHTbI onuHbI TyiiMaaaa BKAKOYAIOT MOBTOPHO-
XUNbHbIE NbALI, PACMONOXEHHBIE HUXE FYOUHLI CE30HHOMO
npoTamBaHus (80 5-7 m), wupwuHoi 0,2-0,6 M.

Temnepatypa rpyHTa Ha NoAoLLBe rOA0BbIX koneba-

HWiA — o1 -0,1 0o -3 °C. Mpw npoTarnBaHM NOA3EMHBIX
NbA0B BOKPYT KaHANN3aLWMOHHOr0 KONNEKTopa 0bpasyioT-

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014
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Puc. 2. Ctpoenne
MOBTOPHO-KMAbHbIX NbJ0B:
a — 3NUreHETHYECKMX;

6 — CMHTEHETHYeCKUX

€1 TEPMOKApPCTOBbIE MYCTOThI, 4TO 3ATPYAHSIO NPOLLECC
PEKOHCTPYKLWAW. Mpn NPOKNaaKke METOLOM MUKPOTOHHE-
nmposaHus komnnekcom AVN 600 npowvcxoauna npo-
cajika 060py0BaHNS C NOTepPel OpUEHTaLN, U3-3a Yero
NPUOCTaHABNMBANCS NPOLIECC AanbHewero 6ypexus. B
CBSI3M C 3TUM NMPULLNOCH YMEHbLLWNTL PACCTOSIHME MEXay
CTapPTOBLIMM 1 MPUEMHBIMM KOTIOBAHAMM, 4TO NPOASNIO
CPOK CTPOWTENLCTBA 1 YBEANYMNO CTOMMOCTL 0BbekTa.
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B aHHOW cyTyaumum onpeaeneHHbIn MHTepec npea-
CTaBAsieT npoLecc 06pa3oBaHmsi NOA3EMHbIX NOBTOPHO-
XWIbHBIX NbA0B. 3UMOI NPU HU3KMX TEMMepaTypax
npoucxoamT 06pasoBaHne MOpPo3060IHbIX TPELLWH, B
KOTOpbIE BECHOW NONALAET Tanas CHeroBas BOAA, rae oHa
3amep3aeT, 06pa3ys nefsHble XUkK. VX BepXHSS YacTb,
pacnonoxeHHas B BEPXHEM CIIO€, IETOM OTTanBaeT, a B
MOACTUNAIOLLMX MHOTONIETHEMEP3IbIX MOPOAAX 3TU XMNKM
COXPaHAIOTCS. 3TO BOIMOXHO NPU YCNOBWM, KOTAA rybuHa
MPOHUKHOBEHWS TPELLMHbI 60NbLUE FAYOUHBI CE30HHOMO
oTTanBaHua nopog. Y3 ropa B ron, Mopo3060iHoe pac-
TPeCcknBaHue NOBTOPSIETCS HA OLHOM M TOM XE MECTE,
00pasyoLLMecs TPELLMHbI KaX/blil pa3 BHOBb 3arnoNHAIOTCS
BOLOW, kOTOpas 3aTem 3amep3aerT. 1o BepTvkanu ux pas-
Mepbl cocTaensioT o1 2 1o 60 M, gocTturas nopoit 90 m. Tak
1 GOPMUPYIOTCS SNEMEHTAPHBIE NEASHbIE XKW, BOXEH-
Hble 0fHa B APYTYH0, YTO U MPUBOAWT K MX POCTY B LUMPUHY
(puc. 1,2).

B nnaHe 371 nbabl 06pasyioT peLleTky, CeTb 1 NOANIo-
Hbl — KBaJpaThl (rPOMaAHbIE MHOTOYrONIbHUKM) CO CTOPOHA-
mu aanHoi 10-12 m (puc. 3).

CTpyKTypa NeasHON Xunbl OTAMYAETCS BEPTUKAbHON
M0N0CYATOCTbIO, BEPTUKANIBHO OPUEHTUPOBAHHBIMU My-
3blpbkamy BO3yXa ¥ BKIOYEHUSIMW FPYHTA, MO KOTOPbIM 1
BbIAENSIOT 3NeMEHTapHbIe XMAKK. 110 X Y1CNY MOXHO NoA-
CynTaTh, CKONLKO NET «pocna» (popmMmpoBanach) neasHas
xuna. Kak npaBuio, aT0T NEPUOA UCHUCASIETCS ThICS4aMM
net. LnpuHa v BepTUKanbHble pasMepbl NeAsHbIX XK Tem
6onbLue, YeM rny6xe NPOHMKAIOT MOPO306O0IHBIE TPELLMHBI
1 4eM [IONIbLLE AANTCS POCT NIeAsHONW Xunbl. B cooteeT-
CTBMM C CYPOBOCTBIO KNMMATA, YEM JasblLe HA CEBEP, TEM
ObICTPEE PaCTYT NEeAsHbLIE XMJbl.

B cocTas paboT no NPOXOLKE TOHHENS BOLLAM CRELyi0-
LL1e onepaumu:

= MOAroTOoBKa 3IeMEHTOB TPYBHOr0 CTaBa TOHHeNs K
MOHTaXy (nojaya CTanbHO TPYBbl AIMHON 6 M K MECTY
MOHTaxa, yknazaka B Tpybe Heo6XxoamMMbIx KOMMYHUKALMIA);

W pa3befyHEHNE CYLLECTBYIOLEN LIen KOMMYHUKALIA B
KOTNOBaHe;

Puc. 3. MoBepxHocTb rpyHTa
NPY HANMYMM NOBTOPHO-
XUNbHbIX JIbAOB

= MOHTaX 37IEMEHTOB TPYOHOrO CTaBa TOHHENS (CEKLMIA
CTabHbIX TPYO ANMHON 6 M M KOMMYHVKALNIA);

= CBapka CeKUMin CTanbHbIX TpyO;

= HapalLymBaH/e KOMMYHKaLWiA B CTAPTOBOM KOT/IOBaHe
(cucTeMbl nofayn 6EHTOHMTA M BOAbI, MarucTpasb
rMAPOTPAHCMOPTA FPYHTA, OCBELLEHWNE, BEHTUAALMSA,
CUNoBOI Kabenb), KOHTPOSb NONOXEHMS NTAa3ePHOro
Leneykasarens;

= NPOX0AKa TOHHENS (MpPW 0AHOBPEMEHHOM NPOAABM-
BaHWN TPYOHOrO CTaBa) C TPAHCMOPTUPOBKON IPyHTa Mo
TpaHCNopTHOMY TPY6ONPOBOAY;

= 1orpy3Ka 13 OTCTOMHWKOB pa3paboTaHHOro rpyHTa B
CaMOCBaJIbl M TPAHCMOPTMPOBKA B OTBAJ.

lMocnenoBaTenbHOCTL 1 BPEMS BbINOMHEHUS ONepaunii
Obl ONpeseneHs! LKIorpaMMon, NPeLyCMOTPEHHOM Npo-
€KTOM Npou3BoACTBa PaboT. HanopHsie Tpy6sl y 630 Mm
13 NOM3TUAEHA NPOSABAMBANMNCD B CTaNIbHOM BYTASP
KaHan13aumm NocneaoBaTeNbHO MeXIY CTapTOBLIMM 1 NPU-
€MHbBIMM KOT/I0BaHaMW, CEKLUSMIA 1O 6 M.

VIX MOHTaX OCYLLECTBASNCS B CEAYIOLLEH LIUKIIMYECKO
nocnefoBaTeENbHOCTY:

= MOHTaX NepBOii CEKLMM NOANITUAEHOBON TPYOLI B
CTapTOBbI KOTIOBAH W YCTAHOBKA B MPOEKTHOE MONOXEHNE
Ha JOMKPATHYIO CTaHLMIO;

= NPOAABAVBAHME NPV NOMOLLY IOMKPATHOW CTaHLAN
ceKuuy Tpyol;

= MOHTaX CnefyloLie CeKLMM NONNaTUNEHOBON TPYObI;

I CTbIKOBKA 1 CBapKa CEKLIMIA NONMSTUNEHOBBIX TPYO;

= MOHTaX OMOPHO-LIEHTPUPYIOLLMX KoMe, (Luar
YCTaHOBKM OMOPHO-LIEHTPUPYIOLLMX KONeL, Mo ANnHe
paboyeit Tpybsl — 15 Mm);

= NPOAABNMBAHNE CEKLMIA NONUITUNEHOBLIX TPYD B
3aJaHHOM HaNPaBAEHNM MO ONOPHO-LEHTPUPYIOLLM
KonbLam;

= fanee paboTbl NPOU3BOAMIMCH B aHANIOMYHOM
MOCNef0BaTENLHOCTM.

o OKOHYaHWM NPOAABAMBAHMS NONNATUNEHOBO TPYObI
B CTaNbHON GYTAAP MEXAY CTAapPTOBLIM U MPUEMHBIM KOT-
noBaHamu BbI0 NPOBEAEHO MCMbITaHWe TPyBonpoBoaa Ha
repMETUYHOCTb MMAPaBANYECKMM CNIOCOBOM, COrTacHO Tpe-
6oBaHuam pasgena 7 CHulM 3.05.04-85*. MpeaycMoTpeHbl
[1Ba pexvmMa paboTsl HOBOrO KaHaNM3aLMOHHOO KOINEKTO-
pa — CamMOTEYHbIN 11 HAMOPHBIIA.

B pesynbTare TexXHOreHHOro BO3LECTBUS, NOTEMNEHUS
K/IMATa W YTEYKM CTOYHBIX BOZ, B HACTOSILLEE BPEMS MPO-
VICXOZMT HapyLLEHYE TEMNOBAXHOCTHOrO PEXMMA FPyHTa
BOKPYT CTApOro kaHanm3auyoHHOro konnektopa. Ha ocHose
[JaHHbIX VHXEHEPHO-reonornYeckIx nabickaHuid, Gl ocy-
LLIECTB/EH NPOrHO3 TEMOBNAXHOCTHOrO PEXMMA rPYHTOB
BOKPYI KONIEKTOPA NP Pa3nnyHbIX PeXMmax akcrayaTaumm.
Hanpumep, BOKpyr KONIeKTopa, pacnonoXeHHOro Ha rnyéu-
He 9 M, B peaynbTaTe npoTarnBaHusi TOBTOPHO XUNbHBIX fbA0B
npoucxoauT 0bpa3oBaHNe Tanoi 30Hbl Paguycom 3—-4 M, 4To
NPVUBOAUT K MOSIBNEHMIO TEPMOKAPCTOBbIX MYCTOT M OCAfKOB.
B cBA3M C 3TV M HOBbI 06BEKT ObIN 3a/10KEH BHE 30HLI TEM-
nepaTypHOro BAUSIHUS CTApOro KOANEKToOpa.

OnbIT PEKOHCTPYKLMM KAHANM3ALMOHHOMO KOMEKTOPa B
fkyTCKe nokasas, YTo W B YCNOBUSX MHOTONIETHEN MEP3NOTHI
MOXHO YCMELLHO NCMOb30BaTh METOALI BECTPAHLLERHOM
TEXHOJIOMNN, HO C 06513aTE/bHBIM YHETOM COCTOSIHUS NOj-
3EeMHbIX NIb[0B.

MOA3EMHBIE FTOPU30HTbI Ne2. Nionb/2014



POCCUNCKUICAMMUT.«OOPOIrN-MOCTbI-TYHHEIN

28-29 aBrycta 2014, MockBa, Holiday Inn Suschevsky
§ .

OBLLAA NHOOPMALIUA

TpaHcnopTHas uHdpacTpyktypa PP 3a nocnegHue rogbl noslyunna 3HavyuMTenNbHbIA MMNYNbC AN CBOEro passuTtus. B cootBeTcTBUM C .-,"
defepanbHOW Lenesow nporpaMMon «Pa3suTne TpaHcnopTHoW cuctembl Poccun (2012—2019 rogpl)», TONbKO HA COBEPLUEHCTBOBaHWE -
[OPOXHOWN COCTaBMSOLLEN CTPaHbl NaHMpyeTcs u3pacxonoBatb 1,74 TprH. pyonei.

3a Bpemsi peanu3aumy NporpaMmbl NpeanonaraeTcs NoCTPOUTL U PEKOHCTPYMPOBATL MOYTY 8 ThIC. KM aBTOA0POT (hedepansHOro 3Ha4YeHus, =
BKI1tOYAs CTPOMTENbCTBO 1,9 ThIC. KM MnaTHbIX aBTOMarucTpanen U CKOPOCTHbIX JOPOr B COCTABE MEXOAYHAPOAHbLIX TPAHCMOPTHBIX T
KOpPMAOPOB. Ha ycrnoBusix comHaHcupoBaHus 13 degepansHoro GiomkeTta GyayT NoCTPoeHb! U PEKOHCTPYMpoBaHbl 10 ThIC. KM aBTOA0POr

PErmoHanbHOro M MEXMYHULMNANBHOMO 3HAYEHNS.

B cootBeTcTBUM C lNepeyHemM 06bLEKTOB NEpCnekTUBHOrO cTpouTensctBa MockoBckoro metpononuteHa 3a nepuog 2014-2020 rr. 6yayt
NocTpoeHbl 123 KM NUHUIA U 57 HOBbIX CTAHLIMI METPO.

(03 POCTOM ropoACKOro HacerneHna BO3HUKaeT HeobxoanMmocTb MoAepHu3aumm n pasBUTUA NaCCa>XUPCKOro TpaHCnoprta B KPYMHbIX ropoaax. h:

Cammut «[Joporn — Moctbl — TyHHenu» cobepeT Ha cBoel Mrolagke MexayHapoAHble NPOMbILLNIeHHbIe 06beanHEHUS!, UHBECTOPOB,
apXUTEKTOPOB, WHXEHEPOB, KOHCTPYKTOPOB, KOHCYNbLTAHTOB, MPEACTaBUTENEN OpraHOB NPaBOBOrO PerynupoBaHUsi U NPeanpusTuii —
MOCTaBLUMKOB AMNs ABYXAHEBHOIO LieneHanpaBrieHHOro B3aMMOo4encTBIsA No psiay akTyanbHbIX Npobnem 4opoXHO-MOCTOBOIO KOMMMEKCa.

BAXHEWULLME BONPOCHI, KOTOPbLIE BYQYT PACCMOTPEHbI HA CAMMUTE 2014: d

» CocTosiHME JOPOT, MOCTOB, TYHHENEN 1 JOPOXHO-CTPOUTENBHOIO cektopa B Poccun B 2014 1;
* 'Yl n nHBecTMLMN;

* [paBoBblE MEXaHN3Mbl PErYNUPOBAHUSI CTPOUTESbHBIX MPOEKTOB;

» OxpaHa 1 6e3onacHoCTb;

* BeicokoTexHonorn4Hoe TYHHENnMpoBaHue; !
.. OI'IepaTMBHbIe 3aja4vn U SKOHOMWUYHOCTb,
* CUCTEMbI CUTHAMBHOTO ynpaeJrieHns; ” |

* YnpaBrneHve npoekTamu;

OT3bIBbl YHACTHUKOB MNMPEALIAYLWKX CAMMUTOB:

Ty » "OyeHb xopowue u uHmepecHble doknaddyuku"” (Stanley Consultants).
S
TR » "Omnuy4Has opzaHu3auyus u obcnyxusaHue Ha Mecme om Noppen” ( Mageba). |
o of
* "Omo o4eHb UHMEPECHO U 103H08ameslbHO yCrbiWamb mex, Kmo Moxem nodesiumscs ofbimoM 8 obiacmu cmpoumesibcmea MoCmos u .
i
1B myHHernet" (KHMER koHcynbTaHT).
s

]
A :,'[ e * "Bce 6bi10 o4eHb xopowo" (KCEC Co, Ltd) L

AKCKIMIO3NBHbIE BO3MOXXHOCTMU: ORGANIZER: -

*» BcTpeun kBanmuumMpoBaHHbIX NMOepoB OTPacny;
» CosfaHne HOBbIX NAPTHEPCTB 1 allbSHCOB; CORRIDOR OF INSIGHTS
* [oBbllLEeHMe y3HaBaeMOCTM BpeHaa B pamMKax pbiHKa; I l

* OTKpbITVE MHBECTULIMOHHOTO KNUMaTta Y HOBbIX BO3MOXHOCTEW;
* Pa3Butre OTHOLLEHWUI C NOMOLLbIO HOBbIX CETEBbIX BO3MOXHOCTEMN;

3A JONONHUTENbHOWU UHOOPMALIMEW OBPALLAUTEChH:

Dennis A. Bridgeforth
Group Marketing Manager
DennisB@noppen.com.cn
+86 21 6085 1000
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