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YBaxaemble untatenu!

Homep rotoBuncs k nevatu B npeaasepun XX MNetepbyprckoro Mex-
JyHaApOJHOro 3koHoMUYeckoro dopyma. B opuumansHOM NpUBETCTBUM
Y4aCTHMKaM 3TOro MMPoBOro cobbiTus MNMpe3naeHT Poccun Bnagummp
MyTH oTMeTun, yto rog ot roga NM3® ctaHoBuTCS BCe Bonee aBTopu-
TETHbIM U BNIUSITENbHbLIM. B CBOIO 04epesb, BuLe-npeMbep Cepreli Mpu-
X0[1bKO, BO3rNIaBASOLLMIA OPrKOMUTET, 1 MIOHS COOBLLIMIT, Y4TO 3KCMO3M-
LMOHHasa NnoLLaab Ha tobrnneinHoM Gopyme NPEBLICUT MPOLLOrOAHION B
2,5 pasa, a obL1ee KonM4ecTBO Y4aCTHNKOB BbIpacTeT Ha 15%.

CtpaHoi-napTHepoM 1 noYeTHbIM roctem NM3® B 2016 roay ctana
Wtanusi, co cneumannctaMmmn-TOHHENbLIMKAMMN KOTOPOW JABHO YXe ApY-
XUT XypHan «[oa3eMHble rOpU30HTbI». [1pK 3TOM, Kak FOBOPUT B 3KC-
KJI03MBHOM MHTEPBbIO XYypHay YpeasbluanHbii 1 [MOAHOMOYHBIN ocon
Wtannm B Mockae r-H E. I1. Yesape Mapusa ParanbuHu, COTpyaHU4ECTBO
¢ Poccmelt utanbsiHUbI HAAETCS NPoAoIKaTh U pa3BMBaTh.

Ecnu ong «Moa3eMHbIX rOpM30HTOB» rNaBHasi Tema Homepa —
MexpayHapoaHasl, To CTpaHa HoMepa — 3T0 MTanus, komnaHus Homepa
— 3710 Prometeoengineering.it, a 4enoBek HOMeEpPa — 3TO CO34aBLUNIA 1
BO3/aBNSIIOLLNIA €€ 3aMedaTeNbHbIN UTANbSIHCKUIA MHXeHep AneccaH-
apo Pokapayym — «4enoBek, BNOOGAEHHbIN B TOHHENM». MOXHO no6a-
BWUTb, Y4TO ECTb ELLE 1 METPOMNONNTEH HOMEpa — PUMCKUIA METPOMNOSM-
TeH, Metropolitana di Roma.

MexayHapoaHyio NMMHMIO NPOAOSIKAET Takke pacckas 0 3anycke
PpaHLLy3ckoro nHHoBaLmoHHoro TINMK Ha cTpouTenbcTee 3- NHUN
MUHCKOro MeTPONoNnTEHa 1 eLLie psg, nyénmkaumii. B yactHocTH, Ha
O6uem cobpaHum Poccuiickoro obLLecTBa No BHeAPEHNIO 6eCTpaH-
LLIEVHbIX TEXHOMOI M NPO3BYYav HoBble NOAPOOHOCTU 0 XV BeceMmpHoit
KOHpepeHumn O6beANHEHNS NCCNEAO0BATENBCKUX LIEHTPOB NOA3EMHOMO
npocTpaHcTea meranonucos (ACUUS), koTopast ckopo nponaeT B CaHKT-
MeTepbypre.

Mop3emHas ypbaHn3aums kak rnodanbHbllii TPEHA, MoKa He cTana
0[HOM 13 rnaBHbIx Tem NMM3®, Ho acTadeTy NPMHMMAET cneumanmManpo-
BaAHHOE OTPAC/IEBOE MEPONPUATIE NSIAHETAPHOIO YPOBHS. 10 3aMbiciy
OpraHn3aTopoB, MUPOBOW OMbIT U KOMNETEHTHOE MHEHME 3KCMEPTOB
ACUUS fonmxHbI MOMOYb BNAcTU 1 00LLIECTBY B POCCHM NOHATB, YTO peyb
WIET He 0 BblyMKaX Y4eHbIX-TEOPETMKOB, @ 06 OCHOBE Bnarononyyus
3aBTpaLlHero aHs. [a 6yaet Halle obLiee 3aBTpa 61arononyyHbim!

C noxenaHnem nepcrnekTs N CBEPLLIEHWI,
Ceprevi 3ybapes,
[71aBHbI PeaaxkTop XypHana «[1043eMHbIe ropU30HTbI»

XypHan «MOA3EMHbIE FTOPU30HTbI»

OduLmanbHblil HGOPMAaLMOHHbIN NapTHEP
KomuTeTa no 0cBOeHM0 Noa3eMHoro npoctpaHctea HOCTPOW

E O5bEJIHHEHWE

NOA3EMHBIX CTPONTENER
np

Ne9 nioHb/2016

W3paHue 3apernctpupoBaHo PepepanbHoii cnyx6oi no Haa3opy

B cdhepe CBA3M, MHHOPMALWIOHHBIX TEXHONOTUA U MACCOBbIX KOMMYHUKALWAIA.
CBUAeTensCTBO O PErCTpaLmy CpeacTBa MaccoBoM MHbOpMaLn

MU Ne &©C 77-57244 o1 12.03.2014

Yupeautens PeruHa ®omMuHa

M3patens 000 «TexUHdpopm»

[eHepanbHbIl gMPeKTop

Peruna ®omuHa (info@techinform-press.ru)
3amecTuTenb reHepanbHoro AMpekTopa

WpuHa [iBopHuyeHko (pr@techinform-press.ru)
PEOAKLMNS:

[naBHbIN peaakTop
Cepreii 3ybapes (redactor@techinform-press.ru)

[un3aiiHep, 6unba-peaaktop
Jinpma WyspanoBa (art@techinform-press.ru)

PykoBoauTenb cnyx6bl nHdopmaLmm
WUnba Be3pyuko (bezruchko@techinform-press.ru)

MNepesop Tamapel HeBneBoii
Koppektop Muna AmMutpuesa

PykoBoguTenb oTaena cTpaterniyeckux npoekToB
Jioamuna AnekceeBa (editor@techinform-press.ru)

PykoBogutens cnyx6bl peknambl,
MapKeTUHra 1 BbICTAaBO4HOM AeATENbHOCTH
Henns KokuHa (roads@techinform-press.ru)

PykoBoaMTeNb 0TAENa NOAMMNCKA M PACNPOCTPAHEHNS
Huna Boukoga (public@techinform-press.ru)

OTpen MapkeTuHra:

Hatanbs lN'yHuHa (mail@techinform-press.ru)
WpuHa Monoyxoea (market@techinform-press.ru)
Monuna BorgaHoBa (post@techinform-press.ru)

3KCMEPTHbIA COBET:
B.H. Anekcanppos, reHepansHblii aupektop OAO «MeTtpocTpoit»

C.H. AnnatoB, reHepanbHbIi AnpekTop O6beAMHEHIS MOA3EMHbIX CTPOUTENEN 1 MPOEKTUPOBLLN-
KOB, MPE3NAEHT PoccUiACKOro 06LLeCTBa MO BHEAPEHMIO BECTPAHLLEIHBIX TEXHONOT Ui

Aupapea Bennokkbo, pykoBoaAMTENb NPOEKTOB KoMnaHun Rocksoil S.p.A (Utanus)

A.WN. Bpeitp6ypa, npeaunaeHt MAC THB, reHepanbHblit AUPEKTOp
000 «Hedrerascneuctpoit»/TK «OHNPYC»

C.B. Kupsies, reHepanbHblii aupektop AO «06beanHeHne «<MIHFTEOKOM»»

A.C. Kupunnos, reHepanbHblii aupektop 000 «HB-Jlnaep»

A.I. Nlepsies, o.7.H., npodeccop, 3as. kKapeapoit «TOHHENN N METPOMOUTEHbI»

M.E. PbXeBCKUiA, K.T.H., Npe3unaeHT komnasum MTR Ltd

B.M. Ynuuxkuit, 1.7.H., npodeccop, 3as. kadenpoit «<OcHoBarMs 1 pyHaameHTsl» MIYNC
E.B. LLlekypnoB, k.T.H., aupektop dunmana OAO LHUUC «HWL «ToHHenm

M METPOMONNTEHDI»

Anpec pegakuumn: 192102, CaHkT-MeTepbypr,
yn. Byxapectckas, 24, k. 1, od. 344
Ten./dakc: (812) 448-80-15; (812) 905-94-36
office@techinform-press.ru
www.techinform-press.ru

YcTaHoBOYHbIV TUPaX 8 Thic. 3k3. LieHa cBob6oaHas.
MopnvcaHo B nevats: 11.06.2016
3aka3 Ne

OtneyvataHo: OO0 «AkueHT-pynn», 194044, CankT-MNeTepbypr,
BonbLwoit CamncoHveBckuii nNp., 4. 60, nut. U

3a coaepxaHme pekiamMHbIX MaTeprasioB PEfaKLYs OTBETCTBEHHOCTM HE HECET.
CepTuduKaThl 1 IMLEH3VM HA PEKNAMUPYEMYIO MPOAYKLMIO

1 ycnyru obecrneymnBaloTcs peknamogarenem. J1io6oe Ucrosib30BaHue onyGIMKOBaHHbIX
MarepuasoB AOMyCKAETCs TOMLKO C Pa3peLleHnst peaakumm.

NHdopmaumoHHoe coTpyaHnyecTtso: MHTepHeT-nopTan undergroundexpert.info

Moanucky Ha XypHan MOXHO 0bOPMUTB MO TeNnedoHy
(812) 448-80-15 u Ha caiite: www.techinform-press.ru



N0/I3EMHOE CTPOHTENLCTBO

e 0CHOBAHWA U ®YHOAMEHTDI

22-24 HOABPA 2016

MEXOYHAPOOHAS
BbICTABKA-®OPYM

“MO13EMHOE
CTPOMTENBLCTBO.
OCHOBAHUA W
OYHAAMEHRTDI”

s 22~24 HOABPS

T

o

e

KBL «CoKonbHuKM», nasunboH 7A 2016

INTERNATIONAL TAI\gggflﬂ::ﬁﬂﬂ
ASSOCIATION OF
\ ‘ FOUNDATION MEXAYHAPOLIHAS ACCOLIMALNS poceun

CONTRACTORS ®YHIAMEHTOCTPOUTENEN

info@fc-union.com  Ten.: +7 (495) 66-55-014
www.fc-union.com  cot.: +7 916 36-857-36




CopepxaHue / Contents

Crp. 6-10

Crp. 16-17

1

AxcneptHoe mHeHue / Expert Opinion

M.E. Pbixesckuid. W OnbIT, ChiH
OWKNBOK TPYAHBIX...

M.Ryjevski. Every Russian

Knows Aphorism of Famous Poet
Alexander Pushkin: “Experience is a
Son of Costly Mistakes...”

A. W. bpeiinbypa. CTpykTypa
MocTCoBETCKOro puiHka MHBb:
COBPEMEHHOE COCTOSHME U AMHAMMKA
Pa3BUTUS

A. I. Breidburd. The Structure of Post-
Soviet Market of Horizontal Directional
Drilling (HDD): State-of-the-Arts and
Development Dynamics

CobbiTus / Events

14 KoHdepeHums MAC THB: obuneit

¢ «30n0TbIM Bypom»

Conference of the International
Association of Specialists

in the Field of Horizontal Directional
Drilling: anniversary

with the Golden Drill

16 ACUUS 2016: Bce dnaru B rocTv K Ham

ACUUS 2016: the entire world and our
guests

Crp. 20-21
P. 22-23

Crp. 24-25
P. 26-27

Crp. 28-32
P. 33-36

18

CTT: k pocTy B HOBOM (hopmaTte
Construction Equipment and
Technologies Exhibition: Towards Growth
in New Format

Muposoii onbiT / International Practices

20

22

24

26

28

33

37

Yesape Mapus ParanbuHu;
«COTPYOHNYECTBO NPOAOIKUTCS»
Cesare Maria Ragaglini: “Cooperation will
continue”

Cesare Maria Ragaglini: “La
collaborazione continua”

Astaldi: no nyTi nporpecca
Astaldi: building for progress

Aneccanppo Pokapayyu: 4enosex,
BJ'IIO6J'IeHHbIl7I B TOHHENN

Alessandro Focaracci: a man in love with
tunnels

Alessandro Focaracci: L'uomo che ama le
gallerie

A. ®okapayun. TOHHENECTPOEHME: KypC
Ha MHAYCTpranu3aLmio

A. Focaracci. Tunnel construction: focus
on industrialization



Crp. 37-39
P.40-42

P. 50-55

P. 63-68

Cip. 70-73

Crp. 74-78

Crp. 80-85

P. 86-89

Crp. 90-91

40

44

50

56

63

70

74

80

86

90

A. Focaracci. Tecniche di
costruzione di gallerie

A. ®okapayyn. Be3onacHoCTb
MOA3EMHBIX COOPYXEHUI

A. Focaracci. Safetyin
underground infrastructure

HoBeLmne TeXHONOrnmM aAnst PUMCKOA
NoA3EMKM

Latest technologies used in Rome
metro construction

MetpononuteHsi / Subway

TpeTbs MMHWMS MUHCKOro
MeTpononuTeHa: PybrkoH npoiaeH
The third subway line: the Rubicon
is crossed

B.A. lap6ep, H.H. CumoHos,

E.B. Lexynos. Bonpockl 06ecneyeHus
MoXapHO 6e30MacHOCTW B TOHHENSAX 1
METPONONNUTEHAX

V.A. Garber, N.N. Simonov,

E.V. Shchekudov. The issues of fire
safety in tunnels and subway systems

TonHenu / Tunnels

M.E. Pbixesckuii. B nounckax
HEeCTaHOAPTHbIX PeLLeHNit:
MHOrOSIPYCHbIE U APYriie TOHHEN!
OonbLLOro AnaMeTpa

M. Ryjevski. In search of
innovative solutions: Multi-level and
other large diameter tunnels

CranepubpobeToH — nyyiee
peLueHne Makkadeppm 41 TOHHENe
Steel Fiber: the Best Solution for
Tunnels from Makkaferri

Crp. 100-102

Crp. 104-105
P. 106-107

Crp. 108-109

Crp. 110-112

92

97

100

104

106

108

110

CrpoutenbHbi NPaKTUKYM /
Workshop for building

B.U. AnnieHko. TaMnoHaxXHbIe
PacTBOPbI B CTPOUTENBCTBE TOHHENEN
C CErMeHTHOIN 061eNKOoA

V.I. Anishchenko. Grounding mortars
in construction of tunnels with
segmentary finishing with the use of
tunnel boring machines

A.B. MpockypuH, A.A. CnabyHoB.
Mp1MeHEHME rMrpoCKONMNYHbIX
WHTEHCMBHO HabyxaloLwmx
MKUHepPabHbIX KOMI103VILI,VII7I Ha OCHOBE
0TEYECTBEHHbIX OEHTOMOPOLLKOB

D.V. Proskurin, A.A. Slabunov. The
use of hygroscopic high swelling
mineral compositions based on
domestic bentonite powders

«[ETEP-I'Mb>: Hayka coxpaHeHus
MCTOPKUYECKOr0 HAacNeams (MHTEPBbLIO
¢ C.H. CoTHMKoBbIM)

Peter GIB: the Science of Historical
Heritage Preservation

bectpaHLweiiHble TexHonornm /
Trenchless Technologies

«®060C» — HOBI BPEHA POCCUIACKOI
TexHukn gna F'Hb

“Phobos” is a new brand for Russian
horizontal directional drilling equipment

HIK «"'uppodob MHb»: «coenaHo B
Poccun» — 310 «CAenaHo XOpoLLo»
Hydrofob GNB Research and
Production Complex: Made in Russia
Means Made with Heart and Soul!

POBT o cTaHaapTax, ka4ecTee
1 pasBuTUn

RSTT on the standards, quality
and development



6 | IKCMNEPTHOE MHEHUE

M.E. PbIXXEBCKWW, k. T. H.,
naypear npemuu
JIeHHCKoro Komcomona

B 00N1aCTV HAYKM 1 TEXHUMKM,
3aCNYXeHHbIN
n3obpetarens CCCP

There are no large projects
of underground construction
free from emergency
situations, small or major
accidents. The reasons are
not only mistakes made by
designing engineers but little
experience in studies of soils
and rocks as well. The main
task of the publication is to
provide the analysis of events
occurred in various countries
those the author witnessed
or even participated in the
consequences liquidation.

He owmnbaeTcs nuilb TOT, KTO HUYEro He
Jenaet. He 6onTtech owmbaTbes — O0i-

TECb MOBTOPSTb OLLNOKM.

Teopop Py3sennt

1 ONbIT, CbiH
OLLUMBOK TPYOHbIX...

Puc. 1. OGpywenus, 0GycnoBneHHble Ka4eCTBOM CTPONTENbCTBA (YHAAMEHTOB U OCHOBaHMIA

Crpoutenb — ogHa n3 Hanbonee onacHbix npogeccuii. Hecmotpsi Ha Hako-
MIeHHbIE 3a ThICSYENeTUSI BHaHUS, B MUPE [0 CUX 1OP HET HYU OBHOI0 KPYNHOro
npoeKTa noA3eMHOro CTPoOMTeIbCTBa, NPU peann3aLium KoToporo He npo-
ucxogunu Obl HELUTaTHbIE CUTYaLUM, MEJIKNe Wi KpynHbie aBapuu. U BUHO
TOMY He TOJIbKO OLUMOKU MHXEHepPOB-NPOEKTUPOBLYMUKOB UM MEHE)KEePOB-
ynpaBneHueB, HO U HaLl, BCe eLLe HebOoratblif, ONbIT N0 U3Y4EHUIO MOBEAEHNS
TPYHTOB U CKaJlbHbIX IOPOA BO BPEMEHU N OCOOEHHO Mpy KOMOUHUPOBAHHOM
BO34EMCTBUM HA HUX MPUPOAHLIX PaKTOPOB (3eMNeTPSICEHNI, HABOBHEHWUIA) n
AeaTeNbHOCTH YesioBeka. Tparnyeckue cayd4au n asapum NPONCXOASIT HEe TOJIbKO
B MOMEHT CTPOUTEJIbHbIX PAaBOT, HO 3a4aCTyI0 M ropa3fo rno3xe, KOrAa yxe co-
BCEM TPYAHO 00BUHUTb B 3TOM CTPOUTEEH.

MOA3EMHBIE FTOPU30HTbI Ne9. Nionb/2016



WnniocTprpoBaT MOW CIOBA MOTYT MHOTWE NpUME-
Pbl U3 XN3HU, HaNpUMep 1300paxeHHbIe Ha puc. 1. 310
YeTbipe COBEPLUEHHO Pa3HbIX MPOEKTA, Peann30BaHHbIX
B YETbIPEX CTPaHax 1 B pa3Hoe Bpems. bonee Toro, npu-
YnHOIA KaTacTPod BbINM COBEPLIEHHO Pa3HbIE MI0AN U/Uan
cobbITns.

B nepBom cayyae (puc. 1 a) 04eBUAHOA NprYn-

HOW 00pYLUEHMS 30aHNs CTana oLwmnbKa MHXEHEPOB-
MPOEKTUPOBLLMKOB, KOTOPbIE HEMPaBULHO BbIGPaM BUA,
1 napameTpbl GyHAaMeHTa. Npu Hey4TEHHO BETPOBON
Harpyske 4OM BMECTE C 3TM ByHLAMEHTOM NPOCTO «Bbl-
BEPHYNO0» 13 MOPOAkI, NOBaUN0 HABOK.

Bo BTOpOM cnyyae (puc.16) HabnogaeTcs 04eBUAHBIN
MPOCYET re0TEXHNKOB. HECKONBbKO 3[aHNiA KBapTana pyx-
HYAM 13-3a NPOBEMbl MTHOBEHHOTO Pa3XXeHNs rpyHTa B
pesynbTare HaBoLHeHUs. Takoi NPOLLECC XxapakTepeH Ans
PbIXNbIX BOBOHACKILLEHHBIX NECYAHBIX W FAVHUCTBIX FPYHTOB,
B TOM Y/CNE 1S UICKYCCTBEHHO CO3AaHHbIX (HaMbITbIX) Tep-
PUTOPWIA, — ECIN UHXEHEPbI U MeHeIXepbl npeHebperaioT
BOMpPOCamMy cTabunnaaLn rpyHTOB NyTeM YNIOTHEHNS UK
3aKpenneHus.

B TpeTbeM cryyae (puc.1 B) Npon3oLLno oopyLieHne
0MOp MOCTOBO 3cTaka/bl. XapakTep NpOVCLLECTBMS noka-
3bIBAET, YTO MABHOI NPUYMHOI 3AECH SBUNOCH NPeHebpe-
XEHWE K BbIOOPY Ka4YeCTBEHHbIX CTPOUTESbHBIX MAaTEPMANoB
1 HenobPOCOBECTHOE BETOHMPOBaHME. JcTakana pyxHyna
Ha CPaBHUTENbHO HEBOMBLIOM Y4acTke. 3eMAETPSCEHUI,
MOpbLIBOB BETPA, NPEBLILIEHNS TPAHCTIOPTHOW HArpy3Kku BO
BpeMsi ee aKcrnyataumum He 6bin0. CBaitHbIi GyHOAMEHT He
noBpeXaeH. PaspyLueHbl okasanuch MnLwb Psg, onop, rae
Obina NprYMeHeHa Heka4eCTBEHHas apmaTtypa u 6ETOH Gbin
YAOXEH C HAPYLUEHNSIMW.

MocnenHwnia npumep (puc. 1) — Takke 13 cepum paspy-
LUEHWS OCHOBAHMS AOPOTY BCNEACTBUE HaBogHeHUs . Cnu-
COK 3TOT MOXHO 6b110 Obl NPOAONXMTb, HO Ce4ac OCHOBHAs
3aja4a — pacckasaTb BCE-TakuM O TeX CNyyasx, HelTaTHbIX
CUTYaLWSIX 1 aBapusiX, CBULETENEM, OYEBMALEM NN AAXE
JIMKBUIATOPOM KOTOPbIX OblN aBTOP CTaTbMU.

O npomCLUECTBMSIX BO BPEMS CTPOUTENBCTBA, HELUTATHBIX
CUTyauusx M 0COBEHHO aBapusix Ha CTPOIIKax He NobsT
roBOpUTL, TeM Bonee nucatb. CuntaeTcs, 4To Noboe Takoe
COObITIE MOPOYMT YPABASIOLLMX MEHEIKEPOB U laXe
KOMMNaHMIO B LienoM. ABTOP B3SICS 32 3TO [1€N0 HE C LENbIo
NoABEPrHYTb COMHEHMIO Ybl0-MBO KOMNETEHTHOCTb, @ NPO-
CTO NMOTOMY, Y4TO CYMTAET NPAKTUKY 3aMayMBaHNS HeMpa-
BU/bHON. «He oLunBaeTes NNLLb TOT, KTO HUYETO HE JeNaeT»,
a OnbIT, KaK Mu1can BeNUKUIA MyLIKWH, eCTb «CbiH OLWINBOK
TPYAHbIX». 3HAHME U MOHUMAHME CYTU YyXMX NPOCHETOB
BOMXHO NOMOYb 136EXaTh UX MPY PeannaaLmm Lpyrux no-
0OHbIX NPOeKToB. OWNBKM Xe CTPOMTeNen, Kak M3BeCTHO,
MOTYT CTOUTb YE0BEYECKNX XN3HEN. .

0pfHa 13 camblX PacnpoCTPaHEHHbIX OLWMBOK NpK Nog-
3EMHbIX BbIPabOTKaxX FOPHLIM CNOCOBOM Cy4aeTcs Npu
YCTAHOBKE apO4HOIA Kpenw. Peyb MAET O THYTLIX, C Onpeae-
NEHHbIM rPaZyCcoM, UM MHOMOYroNbHbIX KOHCTPYKLMAX U3
MeTanm4yecknx npodunei (4ByTaBpoB, LBEANEPOB 1 Ap.),
CBapEeHHbIX Mexay co00i No popMe NoNepeHHOro CeYeHus
coopyxaemoit BbipaboTku. HecMOoTps Ha LWMPOKOE npu-
MeHeHUe apyrix, 6onee NPoOrpeccuBHbLIX BAPUAHTOB, TakuX,
kak aHKepHas Ui Habpblar-6eTOHHas KPenb B COYETaHWN C
peLueTyaTbiMm Gpepmamm, apoyHas Kpenb BCE eLLe 0CTaeTcs

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Puc. 2. 0GpywueHs HenpaBubHO YCTAHOBNEHHOI apOYHO Kpenu

OcHoBHasi 3agada nydbamkaumm — pacckasatb O TeX Ciy-
Yasx, HELUTATHbIX CUTYaUMsX U aBapusx, CBUOETENEM,
OYEBMILEM WU Oaxe NMKBUAATOPOM KOTOPbIX Obin

aBTOP CTaTbU.

BoCTpeboBaHHOM. OHa OTHOCMTCS K NOAAEPXMBAIOLLM
BMAAM KPEnu ropHbIX BbIPaboToK, YCTaHABAMBAETCS s
BOCMPUATWS TOPHOIO AABNEHNS U B COYETAHWM, HAMPUMED,
C LlepeBAHHBIMU flaramu, CAYXWT 4s NpesoTBpaLLeHns
00pyLeHus. Mo BceM 3aKOHaM MEXaHWKM, apoyHas Kperb,
kak 1 no6as apyras noaaepXv1BatoLLas, LOMKHA yCTaHaB-
NMBATLCS BCNEA, 3a NPoABIKeHeM N6a 3a605 rOPHON Bbl-
pabOoTKM 1 MIMETb MOMHBIA KOHTAKT C OKPY)XatoLLEel NOPOAOIA.
3TOT KOHTaKT 06pa3yeTCs NyTeM YCTaHOBKM MEXAY apKOii v
MOPOLOV LEPEBSAHHBIX, METANNYECKUX UMW UHBIX PACTop-
HbIX 3/1EMEHTOB B BUJE KIIMHbEB. YeM yaLLe 1 paBHOMEpHee
MO /IMHE apKW YCTAHOBNEHbI KVHBS 1 YEM MIOTHEE KOHTAKT
MEeX[Ly apkoii M NOPOAONA, TEM HafeXHee paboTaeT Kpenb.

BoT Heckonbko NpuMepoB NPEHEBPEXMTENBHON YCTaHO-
K1 apoyHoi kpenu. MepBblid paccMaTpuUBaeMbIit Tparuye-
CKWiA cnyyai 06pyLeHms (puc. 2 a) umen mecto B Cese-
POMYICKOM TOHHeNe Ha baiikano-Amypckon Maructpany.
Apku 13 gByTaBpoB 27-35 BMeCTe C iepeBSHHBIMI naramu
«M00Mano, Kak Crivyku». NMpon3oLwen 3Ha4NTeNbHbIN BbiBas
MOPOAbI N0 3HAYUTENBHOI ANNHE TOHHENS, OblN TPABMMK-
POBaHbI NOAUN. ITO OAMH N3 APKUX MPUMEPOB HAPYLLIEHUS
pernameHTa yCTaHOBKM apOYHOW Kpenu.

AHanornyHbIi cnyyain npomsowuen 8 Mipane Ha ctpou-
TENbCTBE NOA3EMHON MAPO3NEKTPOCTaHLMM «KapyH-3».
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Puc. 3. Pa3pywienue MeTannnyeckoro LWNyHTOBOro OFpax/aeHMs Npu CTPOMTENLCTBE NOA3EMHOro napkukra B Bankysepe, Kanapa Puc. 4. LiemenTaumoHHble paGoTbl Ans BOCCTAHOBNEHUS Pa3pyLUEHHOrO

ApouyHyio kpenb yCTaHaBANBAAM NPY NPOXOAKE NOAXOAHOMO
TPaHCMOPTHOIO TOHHENA K LLaXTe 3aTBOPOB (pUC. 2 B) C
SIBHBIMW HAPYLLEHVSIMW pernaMeHTa. HeCMOoTps Ha HEOLHO-
KpaTHble 3aMeyaHus 1 NPW3bIBbl aBTOPa CTaTbi (Ha TOT
MOMEHT MHXEHEPA-reoTexHWKa B NPOEKTHOR KOMMaHWu)
MPeKpaTUTL NPOXOAKY U YCTAHOBWTbL KPEMb B COOTBETCTBUM
C NPOEKTOM, NPOX0ZKa NPOAOKaNach BMoTs A0 06pyLLe-
HWS TOHHENS. MPOM30LLEN 3HAYNTENBHBINA BbIBAN MOPOSHI,
nByTaBposble 6anku 30-35 Bbinu cmsThl. K cyacTblo, 060-
LNoCh Be3 YeNOBEYECKNX KXEPTB.

TpeTuii noxoxui cnyyaii nponsowen B Hoio-Mopke
(puc. 3 6). CTaHUMOHHbIV TOHHENL B MaHX3TTeHe CTpOUNCS
C NPUMEHEHNEM apPOYHOI KPENW 1 TakKe C CYLLECTBEHHBIMM
HapyLLEHWSMU pernamenTa. HeCMOTpS Ha TO, YTO B NPOEKTe
MPUMEHSNIN THYTbIE apPKK, XECTKOCTb KOHTaKTa bblna Heyao-
BNIETBOPUTENLHOM 1 MPOUCXOAMAN BbIBaLI MOPOALI. HacTo
VIX Y42BaN0Ch YCTPAHUTb 3a CHET NPUMEHEHMNS aHKEPHOM
Kpenw. 13 BCero BbILLECKa3aHHOr0 HanpaLlMBaeTCs eanH-
CTBEHHbIV BbIBOL — ap0o4Has kKpenb b dekTMBHA MLLb Npu
CTPOrom coBnOAEHNM pernaMeHTa yCTaHOBKM.

[lpyroi nokasatenbHbIi Cy4ain NPon3oLLEen B KaHaACKOM
BaHkysepe. Tam Ha HabepexHON, NpubnN3UTENLHO B
50 m ot 6epera, CTPOMAN XMAOH KOMMAEKC 13 HECKOMBKMX
BbICOTOK. B Kax/0i4 13 HVX MPOEKT Npeanonaran MHo-
rOYPOBHEBBIA NOA3EMHBIA NapkuHr. OTKOMKe KOTA0BaHa
npefLwecTBoBana yCTaHoBka OrpaxaatoLLen Kpenu B Buae
METaNnIM4eckoro Z-06pasHoro LunyHTa 3abueHbIM 1 BUBPO-
MorpyxHsiM MeToLOM. Bo Bpems pa3paboTku rpyHTa nosi-
PYCHO yCTaHaBNMBANM aHKEPHYIO KPEMb, KOTOPast BMECTE CO
LINYHTOM YAEPXMBana CTeHkn 0T 06pyLeHus. Mpw rnybuHe
KOTI0BaHa 0K0/10 12 M BbIN0 COOPYXEHO TP APYCa aHKEPOB
IJMHoOW 10 25 M. Bce oHM 3akpennsaninch B rpyHTe nocpes-
CTBOM LIEMEHTHOr0 pPacTBOpa U HaTArMBaMNCh [OMKPaTamMm

NPOEKTHON BENnYMHLI. [0 Mepe yrnybneHus KOTnoBaHa Ha
HayanbHOM aTane 06HapyXmBanuCch HeGObLLME NPOTEYKM
BOZbl YePE3 OTBEPCTUSA B LUMYHTE, NPOCBEPNEHHbIE A1
YCTAHOBKM aHKEPOB, 1N YEPE3 HEKOTOPbIE CThIKM 3BEHBLEB.
06BoaHEHME ObINO HE3HAYNTENbHBIM, 1 Pa3paboTka rpyHTa
npogonxanack. OaHaKo B MOMEHT, KOraa KoTnoBaH ¢hakTu-
4eCKV BOCTUT MPOEKTHO OTMETKM, CNYYUNCS HEOXMAAHHBIA
MPOpPLIB BOALI CPa3y B LecTn MecTax. OHa nocTynana Tak
ObICTPO, YTO HACOCHI HE CMPABNSINC, U YEPE3 HECKOMbKO
4acoB KOTNIOBaH Obln NOAHOCTbLIO 3aTomnneH. OTkayaTb BOAy
YAan0Ch NNLLb 4PE3 TP AHS, KOraa LOCTABWAM U YCTaHO-
BUM LLONOMHUTENbHBIE MOLLHbIE HACOCHI.

ABTOpA 3TON CTaTby TOrAA NPUTAACUIN B KAYECTBE
BEAYLLEro akcnepTa Ans AMKBUAALMW NOCNELCTBUN aBapuut.
B TeueHne nepsbIx ABYX AHEW Mbl NpOU3BENy 06CneaoBa-
Hue 0ObekTa. B YeTbipex 13 LWeCTW Cyyaes NoBpexae-

HWS1 OrPaXAIOLLEN KOHCTPYKLMK, KaK BbISICHUAOCh, MW
BMOPONOrpyXeHUM Obin pa3pyLUeH WnyHT (puc. 3 6, B) u3-3a
MPUCYTCTBUS B FPYHTE 6OMbLUKX CKANbHBIX BaiyHOB. OHM

X€ CTaNn NPUYMHON PA3PYLLEHNS CTHIKOB MEX/Y 3BEHbSIMY
WwnyHTa. B ABYX Cyyasix Ha HXXHEM ipyce Bblin BbISBEHbI
npo6neMbI C YCTaHOBKOW aHKEPOB, NOA KOTOPbIE U3 0TBEP-
CTWiA 1 B1na Boaa noa aasneHuem (puc. 3a).

1 Npeanoxmn BOCCTaHOBWTb HEMPOHMLIAEMOCTb LUNYHTa
1 IMKBULMPOBATL TEYM MYTEM LIEMEHTALIMN FPYHTA 32
LUNYHTOBBLIM OrpaxaeHnem. MeHeXMeHT 06bekTa Bblpasun
COMHEHWS: IK0ObI HAarHeTaHWe PacTBOPa HEMOCPEACTBEH-
HO 32 LUMYHTOBYIO CTEHKY HE JACT HUKAKWX PE3Y/bTaToB,
Tak KaK eLLe [0 CxBaTbiBaHWs OH 6YAET BECb BIHOCUTHCS B
KOTNoBaH. bonee T0ro, No UX CNOBaM, PAHEE OHM YXE Mbl-
TanMchb NPOBOAMTL NOLOGHYI0 OMepaLmio B Apyrux, MeHee
CNOXHbIX Cyyasix, HarHeTas faxe bbICTPOTBEPAEIOLLE
pacTBOpPbI TVMA NOANYPETAHA, HO PE3YNBTATOB 3TO HE AAN0.

MOA3EMHBIE FTOPU30HTbI Ne9. Wionb/2016
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Puc. 5. Ctpoutenscreo Twisted Tower B fly6ae, 0A9

MpennoxeHne OTCTYNUTL OT WNYHTA Ha 2-3 M ans Bypexns
W HarHeTaHMs PacTBOpa TakxKe ObIN0 OTBEPrHYTO U3-3a
Ha/nyKs 3a Npeaenamm KoTnoBaHa 60/bLIOr0 KONN4YecTBa
rOPOACKMX MHXEHEPHBIX CETEN, KOTOPbIE IErKO NOBPeanTbL
npu 6ypoBbIX paboTax.

Toraa MHOIO BbIN0 NPEAIOKEHO CAEAYIOLLEE PELLEHNE,
0.06peHHoe Bcemu: BYpuTh CKBAXMHbI HENOCPEACTBEHHO
3a LUMYHTOBOWN CTEHKOW, HO HE BEPTUKANBHO, @ MOJ, Ha-
knoHom 20-30 rpamycoB B CTOPOHY OT LUNYHTa. B faHHOM
Cllyyae npeanonaraemasi 30Ha HarHeTaHusi pacTeopa
OyneT ypaneHa oT WMYHTOBOW CTEHKM HA 4-5 M, 0QHAKO HET
HWKaKOro p1cka NOBPEX/AEHMS! UHXEHEPHbIX KOMMYHUKaLWIA
npw 6ypeHnn. ins anpobatyv MeTofa pewwmnm 3abyputs
TPM CKBaXMHbI, NPY 3TOM A00aBNSS B pacTBOP creLuaib-
Hble KpacuTenu, No3BONSIOLLME CPA3y OMpeaensTh, Yepes
kakoe BPEMS ero Macca nofgonaeT K LWNYHTY U NOSIBUTCS B
koTnosaHe. [lanee K pacteopy noadupanuck 1o6aBku —
YCKOPUTENM CXBATLIBAHNS M TBEpAEHMS BeToHa. B kaxaom
MeCTe NOBPEXAEHMS LWINYHTA NPeAnaranock npobypuTs [0
yeTblpex CKBaXWH. Tpu nepeble — 00si3aTeNbHbIE, a YeTBEpP-
Tas — KOHTPOSbHasA. PaboTbl yCNEWHO Gbln BLIMONHEHDI B
TEYEHME TPEX HELEb.

MHe [LOBENOCh CTaTb CBUAETENEM ELLE ABYX aHANOMMYHbIX
aBapwit, Ha ceil pa3 B O6beanHeHHbIX Apabekux Immparax.

C 2004 no 2010 rr. B ly6ae 6bi1 HACTOALLWIA CTPOU-
TenbHbI 6yM. CTPOMNOCH MHOTO COBPEMEHHbIX BICOTHBIX
3[aHui 1 coopyxeHuit. B 30 kM 0T ropoackoro LeHTpa
npsiMo Ha 6epery Mepcnackoro 3anvea BbipacTan HOBbIN
COBPEMEHHbIN paiioH [lybait — MapuHa. Tam nnaHupoBa-
N0Cb BO3BECTY B0Iee COTHM BBICOTHBIX 3aaHUiA. OaHUM
13 HKX CTana Tak Ha3blBaeMas TaHuytoLlas bawHs Twisted
Tower, nnu KaitaH. 3aaHne uMmeeT 73 aTaxa u MHOrOypoB-
HEBbI/i NOA3EMHBINA NapKMHr. CTPOUTENLCTBO HA4anoCh

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

8 2006 rogy. CHayana no npoekTy BO3BEN MACCUBHYIO
OrpaxaatoLLYyIo0 KOHCTPYKLMIO 13 Xene306eToHa, No Tex-
HONOruM «CTEHa B rpyHTE». [10 Mepe pa3paboTku rpyHTa
B KOT/JIOBAHE CTEHY APYC 32 APYCOM KPEnuan aHkepamm B
LeNsx NpeaynpexaeHns onpokmasiBaHns. AHKepbl ycTa-
HaBnMBaNK rnyouHoI 10 25 M, NPX 3TOM 3aKpensas ux
LleMEHTHbIM pacTBopoM. [Npu paspaboTke rpyHTa B CTEHE,
CMEXHOI C kaHanoM, Bbina 0bHapyXeHa Teub (puc. 5 a).
Mo mepe yrnybneHns KOTNoBaHa OHa YBENYMBaNach, B
BOZE YXe NOSBUNNCH CNefbl LEMEHTHOrO pacTBopa (kak
MOTOM BbISICHUIOCh, @HKEPbI YCTAHOBUM C HAPYLIEHUEM
TEXHONOTNK, K TOMY Xe LLeMEHTHBbIA pacTBOP Obii MNOXOro
kayecTtsa). [TOBepXHOCTb rpyHTa BONM3N CTEHBI CTana
NPOCAaXuBaTLCS, HA Hell NOSIBUNNCH TPeLwHbl. PykoBoa-
CTBO CTPOKM, UTHOPUPYSA 3TK BaKTbl, NPOAOMXAN0 NNLLb
0TKayMBaTh BOAY W3 KOTNOBaHa U yrnybnsts ero. Heoxw-
[AHHO NS CTPOUTENEN NPON30LLI0 0BPYLLEHME CTEHI
(puc. 5 6). K cyacTbio, B TOT MOMEHT Ha HE KOT0BaHa
nioJeit He 0Ka3anoch, HO CTPOUTENbHOE 0BOpYLOBaHNE,
BKJI04as KPaH, 66110 MTHOBEHHO Y MOHOCTbIO 3aTOM/EHO.
MeHs npuraacunm yxe nocne 3aTonieHns Ha BOCCTaHo-
BUTENbHbIE paboTsl. He6ockpeb poctpounu B 2013 rogy
(puc. 5r).

AnanornyHas nctopus npousoLuna Takxe B ly6ae un
NPVYMEPHO B TO Xe BPEMS, HO Ha APYrOM KPYMHOM Npo-
ekte — Business Bay. CteHa orpaxgatoLein KOHCTPYKLMK
PYXHyna 13-3a oWwnboK B NPOEKTHON AOKYMeHTauuu. Becb
KOTNOBaH OblN 3aTONEH BMECTE CO CTPOUTENbHLIM 060pY-
noBaHneM. OwmbKn NPOEKTUPOBLLMKOB MHOTAA CINLIKOM
[LOpOro CTOST.

CnepyeT ynoMsiHyTb €LLe O TPEX NOKa3aTeNbHbIX Cy4asX,
[1Ba M3 KOTOPbIX MPOU3OLLM MO OFHOM M TOW Xe NPUYMHE,
HO B Pa3HbIX CTPaHaXx.
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MpoBarsl B rpyHTe (pUC. 6 @, 6) ObIIM CBA3AHLI C EM0
pa3MbIBOM B pe3ysbTaTe oWwnbok npu cTpouTenscTee. Ha
puc. 6 a — NpoBan Ha CTPOMTENLCTBE rPY30BOr0 NOpTa B
Apabckux dmuparax. MpuyansHas cTeHka Gbina BbINOHE-
Ha U3 KOMOU-LUNYHTa (NOCNe0BaTENbHBIM COEAMHEHNEM
3BEHbLEB TPYOO- 1 Z-06pa3HOro LWNyHTa), NPy 3TOM €ro no-
TPYXEHWE OCYLLECTBAANOCH C HAPYLLIEHNAM PETIaMEHTa
paboT. B peaynbTarte B HECKONbKMX MECTAX 3BEHbSA Bbl/e-
TENM M3 3aMKOB M NOJ, BO3LEICTBMEM HArpysku OT rpyHTa
1 NOA3EMHbIX BOZ, MPOrHYANCh. ITO NEPBOHAYabHO He
6b10 3aMeYeHO NOAPSLYMKOM. Yepes HEKOTOPOe BpeMS
€Xe[HEBHbIE MPUNNBHO-OTMBHBIE SBNEHWS NPUBENN K
3HAYNTENBLHOMY BbIMbIBY FPYHTA W3 LUMYHTOBLIX OTBEPCTHUIA,
1 B KAKOW-TO MOMEHT CAly4miacs nposas. Ha ankemgaumio
aBapuu Bbin NpUrnaLleH aBTop 3TOM CTaTb CO CBOEI KO-
MaHpgoii. Mbl npeanoxunu;: 3aBapuThb C BHELLHEN CTOPOHbI
ObIpbl B LUMYHTE, 3aTEM C BHYTPEHHEN CTOPOHbI YCUANTD
KOHCTPYKLMIO NYTEM YCTPOICTBA FPYHTOLEMEHTHBIX CBai
N0 METOLY CTPYHOW LieMEHTaLuK, a fanee 3acbinatb U
YMAOTHWTbL FPYHT B COOTBETCTBUM C NPOEKTOM. B TeueHne
MecsLa BCe paboThl Bbinn YCMELLIHO 3aBEPLUEHSI.

Lpyron noxoxui cnyyain npon3oLwen B LWBeLapcKon
JlozaHHe. B pe3ynbTaTe TEXHONOrMYECKMX OLIMOOK Npu
npoBesieHNn paboT NO BOCCTAHOB/EHWIO INaBHOMO KaHau-
3aLMOHHOr0 KOMNEKTOPA B CTPOSILLMIACS TOHHENb NMOHA-
Yany cTana noCTENEHHO MPOCAYMBATLCS BOAA, HO BCKOPE
NPOW30LLEN BHE3aMHbIA BLIBPOC rpyHTa B BUAE BOLOHACHI-
LLIEHHOr0 necka U ramHbl. Ele yepes kopoTkoe Bpemst Ha
MOBEPXHOCTM TPECHYN M NpoBanuncs acdanbT, 06pa3osa-
nacb 6onbLuas iMa (puc. 6 6). ABapus Morna Obl NPUBECTU
k 6onee cepbeaHbIM NOCNELCTBUSM, HO NPOU3BOANTENb
paboT BOBPEMS NMPUHSN MEPbI, 3aKPbIB MPOPLIB B TOHHENb
¥ NYKBUAMPOBAB NPOBA rPyHTa.

TpeTwit cnyyait, KOTOpbIt XoTenoch Obl 06cyauTh, B-
nsieT coboik eLLe 0AMH NOKA3aTeNbHbIA NPUMEP TUMUYHOM
OLINBKM UHXEHEPOB-NPOEKTUPOBLLMKOB. YBEPEH, YTO aHa-
NOTUYHbIE MPOCYETHI COBEPLUANMCH B Pa3HbIX CTPAHAX, HO

Puc. 7. Tuapousonsiums
aBTO/J0POXHOrO TOHHENS Ha
ManbmoBom octpoge B fly6ae

ceityac peyb 06 0IHOM M3 KPYMHBIX NPOEKTOB B Apabekix
SMuparax.

Mpu HepaBHeM cTponTenbHOM ByMe 34ech paboTtanu
COTHW PA3MYHbIX UIMEHUTBIX KOMMAHWIA CO BCErO MUpa.
'opoa npakTYecku NPeBPaTUACS B OrPOMHYIO CTPOMMIO-
wanky. OAHUM 13 rpaHAMO3HbIX NPOEKTOB BbIN0 COOPY-
XeHue Tak Ha3biBaemoro lManbmoBoro octposa (Palm
Jumeirah Island, Manbma Oxymeiipa). OH cosgnasancs B
npubpPexHoit 3oHe Mepcnackoro 3anmea nyTeM HambiBa
necka. ManbMOBbLIM OCTPOB HAa3BaNW NOTOMY, YTO C Bbl-
COTbl MTUYLETO MONETA OH BbIFNSAMNT B BUAE OrPOMHOM
nanbmbl. O6LLa8 AAMHA 3TOI «NanbMbl» COCTABASIET OKONO
5 kM, a camble BonblLUMe 0TAENbHbIE «BETBI» JOCTUTAOT
2,5 kM. Manbma [xymeiipa co CTOPOHbI Mopst 06pamnsi-
nachb ApYruM OCTPOBOM, KOTOPbIN HamMbIBaNCs no dopme
nonymecsua aaMHon okono 8 km. Ero BHeWwHss cTopoHa
npeacTaenset coboi 6epero3amnTHOE COOPYXEHNE,
BbIMNOHEHHOE B BUE KAMEHHO HAbPOCKK, a HAa CamoMm
0CTPOBE PACMONOXEHbI NATU3BE3L0UHLIE OTENN 3HAMEHU-
Thix OPEHAOB.

OcTpoBa CoeanHAIOTCA WeCTMNON0CHBIM aBTOLOPOX-
HbIM TOHHENEM. Ero cTpounu Tak HasbiBaeMbIM NONYKeC-
COHHBIM METO0M, TO ECTb CHaYana Hackinanu Aambsl 13
necka, 3abvBanu B HAX METANINYECKUIA LUMYHT U TEM Ca-
MbIM CO3/1aBa/i1 3aMKHYTOE NPOCTPAHCTBO. 3aTeM OTKayu-
Ba/IM 113 HEFO BOLLY, YrAy6/sam Ha HeCKObKO METPOB AHO,
1 B 3TOR, NO CYTU ena, TPaHLLEee CTPOUAM TOHHENb. Ero
6ETOHHas KOHCTPYKLMS C BHELLHE CTOPOHbI 3aluuiLanach
TMOPOU30NALMEN B BULE CUHTETNHECKOW reoMeMbpaHbl,
KOTOpasi npuBapuBanack K paHee 3akpenneHHbIM B 6eToHe
MMEPOLUNOHKAM, TaKKE BbIMONHEHHBIM U3 aHANOMMYHOMO
130/5LMOHHOr0 MaTepuana (puc. 7 a).

locne HeNPOBOAXMTENBHBIX CMOPOB, Kak M BO MHOMUX
Apyrux aybanckmx npoekTax, buina nponobouposaHa reo-
memOpaHa 13 NoAN3TUIEHA BbICOKOrO JABEHNS C YePHOI
okpackoi (puc. 7 6). OHa 0eNCTBUTENbHO HAAEXHas 1
[IONrOBEYHAS, K TOMY XE HEA0POras, ee AeNCTBUTENBHO C
60MbLUMM YCNIEXOM MPUMEHSIIOT B PA3/INYHBIX TOHHENbHbIX
NPOEKTaX BO MHOMMX CTPaHax, HO As Xapkoro knumara
[ybasi oHa He roanTcst. MonnaTUAEH BbICOKOTO AaBNEHUS
MPY MHTEHCUBHOM COJIHEYHOM CBETE U BLICOKOI TEMIE-
paType CTano KopobuTb, N OT BO3HMKAIOLLETO NPY 3TOM
HaNPSXXEHMS MMAPOLLNOHKM Ha4ano NPOCTO «BbIPbIBATL»
13 6eTOHa — a K HIM, KaK M3BECTHO, NPKUBAPUBAETCS
rnaponsonaums... Takum 06pasom, He3HaH1e BaxHbIX
CBOWCTB MaTepuana npueeno K yBeMYeHMI0 3aTpart n
CPOKOB CTPOUTENBCTBA TOHHENS. CTpOMTENSM yaanoch
BbIKPYTUTLCS M3 3TOI CUTYaLMM, HO HE IYYLUMM U He
CambIM JeLlieBbIM cnocoboM. «BbipBaHHbIe» FMAPOLINOHKM
«Kneunu» K 6eTOHy anoKcMaHON cMosoi. Kak 13BeCTHO
N0BOMY XUMUKY, K MONNATUAEHY BOOOLLE HNYETO He KNesT,
HO KakMM-TO haHTacTM4eCcknM 06pa3oM LLMOHKK BCE-TakKu
Obi1 3aKPeneHsbl U K HUM YAAN0Ch NPUBAPUTL FEOMEM-
6paHy. OiHaKo Ka4eCTBO PELLEHUs OCTABNSIET XenaTb
JYYLEro, NOAHOCTLIO YCTPAaHUTb NPOTEKaHWe TOHHENS Tak
1 He yAanoce.

KoHeuHo, 6bl10 Obl XOPOLLIO HAYYUTLCS Ha YYXIX
owmbKax. XoTs OnbIT FOBOPUT, YTO NOSHOCTbLIO M3bexaTb
NPOCYETOB NPAKTUYECKM HEPEaNbHO, OIHAKO 3HAYNTESNBHO
YMEHBLUMTb VX KONIMYECTBO MOXHO M HYXHO, U3yyast
OLUMGKM KONNEr v fienast U3 HWX BbIBOAb!. M
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A. . BPENOBYPL,
npeaunaeHtT MAC MHB,
reHepanbHbIi SMPEKTop
000 «Hedrerascneuctpoi»/TK
«lOHWPYC»

“In today's situation it is
essential to study thoroughly
the mistakes made by our
western partners, their
experience in correcting

the mistakes and further

to adopt the results taking
into account the realities

of present Russian market.
Extensive development is
over. We need development
strategy for today, tomorrow
and for foreseeable future”
— expressed his opinion the
president of International
Association of HDD.
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CTPYKTYPA

IKCMNEPTHOE MHEHWE

NMOCTCOBETCKOIO

PbIHKA I'HB:
COBPEMEHHOE COCTOAHME

N INHAMUKA PASBUTUNSA

Mbi n CLLUA

CpaBHMM COCTOSIHWE PLIHKOB FOPK30H-
TanbHOro HanpaeneHHoro 6ypexusi B CLUA n
Ha NOCTCOBETCKOM NPOCTPaHCTBE (puc.1m
2 COOTBETCTBEHHO) Ha Hayano 2016 roga no
TakoMy BaXHOMY NapameTpy, kak matepuan
MHCTanAMpyemeix no TexHonorum M'BE Tpy6o-
NPOBOAOB.

WcTopuyecku, B 80-90-x ropax npoLunoro
CTONETMS, 1 HaLLIM aMepUKaHCKIE Konnern
cTpounun nepexoasl FHE B nogasnsiowem
60MbLIVHCTBE U3 NOANITUIEHOBLIX TPYO B
OCHOBHOM M0 3aKa3am NpeanpusTuii TENeKoM-
MYHVKaLMOHHOI oTpacnun. OaHako, CTONKHYB-
wmchk ¢ kpuaucom Tenekoma 2000-x rogos,
0CTaBLUMCh NpakTu4eckn 6e3 3aka3os 1 pabo-
Thl, OHW OKA3aNINCb BbIHYXAEHBI ICKATb HOBbIE
HULW NPUMEHEHMS TEXHUKM 1 TEXHONOMMN, 1
yepes 3-4 roga ycnewHo pewnnu aTy 3agauy.

[nsg nopotpacnu M'HB ToT amepukaHckuin
Kpuawc Bbin ropasio rnyéxe 1 cepbesHee, Yem
npo6iembl COBPEMEHHOMO POCCUIACKOrO PhbiH-
ka. loctato4HO CkasaTthb, 4TO NPOU3BOACTBO
6ypoBbix komnnekcos B CLUA Tonbko 3a 0AuH
2001 rog ynano npaktnyecku B 3 pasa (¢ 3990
wTyk B 2000-m o 1355).

970 NKKe NPOJOMXMAOCH U B CleaytoLLme
[Ba roga, nocnefoBateNsHO OnyCTUBLUMCH [0
535 B 2002 rogy v gocturHys nHa B 2003-m —
460 wTyk.

[MOHSATHO, 4TO B OCHOBE 3TOr0 ApaMaTunye-
CKOro nafgeHus Npon3BoacTea TexHukn MHB
Haxoauncs rnybokMiA CTPYKTYPHBIA KPU3NGC

B ceroaHswHeii cutyaumnm Heo6Xog4UMO AeTasbHO N3Y4YUTb OLUMOKY 1 ONBIT 10 UX
NpeoaoNIeHNIO HAaLWLKNX KoJuler Ha 3anage, afganTupoBaTh Pe3ynbTaTbl K peannam
COBPEMEHHOIr0 POCCUIACKOro pbiHka. Jpyroro nytu CoxpaHeHus Haluei nogo-
TPac/iu CTPOUTEJIbHOr0 KOMIIEKCAa B Li€JIOM U KaXK0ro U3 npeanpusiTuii B 4acT-
HOCTU NNONPOCTY He CyLLEeCTBYeT. SKCTEHCUBHbIN NMyTb PAa3BUTUS 3aKOHYEH, BpeMs
«HaKa4Kn» PbIHKa 6eCYNCIeHHbIM KOIMYECTBOM Komniekcos FHB HenoHaTHoOro
npoucxoxgexns 6e3803BPAaTHO YLUJIO B UCTOPMIO. Ham HyXHa cTpaTterus pa3Butus
Ha cerogHs, 3aBTpa n 0603pUMYI0 NepCrneKTUBY.

[pyrve Matepuansl
7,80%

KoBKuiA 4yryH
11,80%

mx
22,40%

Puc.1. Coctosinme poiika MHB 8 CLUA

BCeit oTpacny. 310 Obina nnata 3a 0THOCUTENb-
HO CnokoiiHoe 1 6e36eHoe CYLIECTBOBaHME B
rofibl TeNeKoMMYHKaLmoHHoro 6yma B CLLA.
Bam 3710 HWYero He HanommHaeT?
AmepukaHckuin peiHok M'HB cTapuue poccuid-
ckoro 6onee yem Ha 20 net. B ceropHsLLHe
CUTYaLMM HaM He0OX0AMMO AETaNbHO N3Y4NTb
OLLUMOKM U OMbIT MO UX NPEOONEHNIO KONNEr Ha
3anage, aganTnpoBaTh Pe3ynbTaThl K peanusm
COBPEMEHHOr0 POCCUINCKOTO phiHKa. [pyroro
MyTW COXPaHEHUS Hallen NOA0TPACAW CTPOU-
TENBLHOr0 KOMMIEKCA B LIENOM U Kaxaoro 13
NPeanpPUSTUIA B YACTHOCTY MONPOCTY HE CyLLE-
CTBYET. Mbl BOMXHBI NOHSATb, YTO 3KCTEHCUBHBII
MyTb Pa3BUTUS 3aKOHYEH, BPEMS «HaKa4Km»
pbiHKa 6ECYMCNIEHHBIM KOMYECTBOM KOMMAEK-

11

TMonuatunen
42,40%
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Puc. 2. CocTosHue pbitka FHB Ha nocTCOBETCKOM NpoCTpaHcTBe

46,6%

20,5%
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10,3%
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BOZOHACHILLEHHbIE MPYHTbI

Puc. 3. FpynTbl, B KoTOpbix NpeanpusTus MAC THB pa6orany B 2015 rogy
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Puc. 4. lnunbl nepexofos, noctpoeHHbix no rexHonorui MHB B 2015 rogy

c0B "HB HEMOHSATHOrO NPOUCXOXAEHNS YLLNO B
UCTOPMIO, NpuyemM 6e3803BpaTHO. Ham HyxHa
CTpaTerns pasBuTus Ha CeroaHs, 3aBTpau
0603p1MyI0 NEPCMEKTUBY.

OTpuuaTesnbHble peKopabl

Bbilwe Mbl MPMLLAK K NEPBOMY BaXHOMY Bbl-
BOJY: HYXXHO MHTEHCWBHO MCKaTb NYTW BHeape-
Hust THB B nHcTannauwmio Tpyb na MBX, yyryHa,
CTEKJIONNACTUKA N APYIUX «HEMPUBLIHHBIX>
maTtepuanos. TpebyeTtcs coBMeCTHas paboTa
C NPOU3BOAMTENSMM TPYOHOI NPOAYKLML,
0CBOEHME HOBbIX PbIHOYHBIX HULL, NPOBEMEHIE
KOMMeKca NPOCBETUTENLCKON paboThl C 3a-
kasuukamu TpybonpoBOAOB M3 3TUX MaTepma-
OB (CeMMHapbI, KoHdepeHLmK, nybnnkaums
cTaTen, npeseHTaumm n 1. n.). B npuHumne,
3[1eCb HYEro HOBOrO — BCE 3TO Mbl Aienanu B
90-x rogax, koraa BHeapanu TexHuky MBb.

[Nanee 06paTUMCA K HaLLEMY aHaNUTUYe-
CKOMY 1CCNEA0BAHNIO MTOrOB MPOLLIONO rofa.
CpepHeroposoii 06bem CMP no TexHonorum
'HB B cpeaHem Ha oaHo npeanpusTie B 2015
rofly coctaeui 55 mnH pybnein — nagexve
oTHocuTenbHo 2014 roga coctaBuno 22%, oT-
HocuTenbHo 2013 roga — 24%.

B cpeaHeM Bo BCEX TUMax rpyHTOB, pas-
JINYHBIX MTPUPOSHO-KAMMATUYECKNX U1 TOPHO-
reosornyeckunx ycnoemax no texdonorum MHB
8 2015 rogy kaxgoe npeanpusTue NpooXmio
11,9 kM Tpy6ONPOBOAOB PA3NYHOr0 HAa3HaYe-
Hus. XyOLwmin pesynbTar 3a Bce 13 neT Hawwmx
1CCneaoBaHuii pbiHka Obin Tobko B 2009 roay
— 10,2 km.

Komnnekcamm 'HB knacca «mutmn» B 2015
rofly NponoxeHo 42% ot obLuero knaomeTpaxa
MOCTPOEHHbIX 683 BHELLHMX 3KCKaBaLMi FpyHTa
TpybonpoBoaOB, «<MUan» — 52%, a «<MaKkcu» —
nnib 6%.

PaccMoTpum anarpammy, nokasbiBatoLLyto,
B Kakux rpyHTax pabotanu npegnpustus MAC
'HBE 8 2015 rozy (puc. 3).

B CNOXHbIX FE0N0MMYECKMX YCIOBUSIX TaK
marno He paboTanu Hukoraa (2013 rog — 8%,
2014 rop — 7%).

CambIM NonynsipHbLIM Cpeay y4acTHUKOB
UCCNEA0BaHNS ANaMETPOM MHCTANNIMPYEMbIX B
2015 rogy Tpybonposogos 6bian: y 24% npea-
npusTUin — n/3 63 mm, y 22 % npeanpuaTtuii
—n/3 110 mm.

MopBonHble nepexopbl B 2015 rogy coctasm-
N1 pekopaHo Huskue 11,5% ot obLero obvema
CMP uneHos MAC I'HB (2013 rog — 18%, 2014
rog — 14%). A 47% pecnoHaeHTOB BOOOLLE He
MOCTPOWAW HI OBHOTO MOABOLHOMO Nepexona
no TexHonoruu MHB!

[LnuHa 90% nepexopos He npesbiwana 200
nor. M, a 73% ux 6biam meHee 100 m (puc. 4).
CpepHsist inHa 0iHOr0 Nepexoa cocTaBuna,
ONsiTb Xe, PEKOPAHO HW3KKe 3a Bce 13 neT

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



Hawero uccnegosanus 84,1 m (8 2013 rogy —
100,1m, 8 2014 rogy — 106,7).

Mp1BEAEHHbII BbiLLE aHan1M3 00bEeKTUBHO
CBWIETENbCTBYET O CYLLECTBEHHOM CHUXEHWN
BCEX OCHOBHbIX NapaMeTpPOB, XapaKTepu3ayto-
LLMX NPOM3BOLCTBEHHbIE MOKA3aTENN NPea-
MPUATIA, AKCNYaTUPOBABLLMX TEXHUKY 1
TexHonoruio F'HB 8 2015 roay.

N3meHnTb CTPYKTYPY 3aKa3a

Mpexze 4em chopmMynmpoBaTb HEKOTOPLIE
KOHKPETHbIE BEKTOPbI MCMPABNEHUS HEraTuB-
HbIX TEHAEHLMIA HA MOCTCOBETCKOM PbIHKE
'HB, obpaTuMcs K ero CTPYKType B pa3pese
OTpacnen Hawmx 3aka34unkos no ntoram 2015
roga (puc. 5).

Kak 1 B npeablayLime rofisl, OCHOBHOM 06beM
3aKa30B Obl1 COCPEAOTOYEH B CErMEHTE «CTPO-
nTenbcTBo 1 XKX» — 34,8% (onsi cpaBHeHWs: B
CLUA — 26,7%).

MPOZOMKUN0 CHUXEHWE KONNYECTBO PaboT B
cdhepe anekTpoaHepreTuku: ¢ 20% B 2013 rogy
0o 10,9% B 2015- m (B CLLUA — 14%).

«TpaHcnopT HedTW 1 rasa 1 NPoAyKTOB
nx nepepabdoTku» (B CLUA — 33,1%), «cBs3b
1 TenekomMmyHukaumm» (8 CLUA — 20%) n
OCTaJTbHbIE CErMEHTBI MPYMEHEHNS TEXHOOT UM
OCTaAMCb Ha YPOBHE MPOLLbIX NET.

[Jlanee no3BonbTE CKOHLEHTPUPOBATbL
BHVMAHME €ELLE HA HECKOMbKMX O4YEHb, HA HalLL
B354, XapakTepHbix umdpax. B 2015 rogy
83% y4acTHMKOB MCCNEAO0BaHMs paboTany no
3akazam npegnpusaTuii XXKX v cTpoutensHow
oTpacnu, 44% — B anekTpo3HepreTuke, 65%
— B HedTerasoBom CTpouTenscTee, 61% — B
cBs3u, 37% — B Apyrvx oTpachsx.

3a 3TUMM BHELIHE CYXVIMM CTaTUCTUYECKNMU
BbIKNagKaMu, NCYEPNbIBAIOLLE XapaKTepU3yio-
LLIMMMN COBPEMEHHOE COCTOSIHME PblHKa Oec-
TPaHLLENHOro CTPOUTENBCTBA TPYBONPOBOAOB
Pa3NNYHOro Ha3HaveHms no TexHonorum MHBG,
CKPbIThI HECKOIbKO PEKOMEH/IALIMIA, aKTyaslb-
HbIX 475 LaNbHERLWEro AMHAMUYHOr0 Pa3Bu-
TVS HALLWX NpeanpusaTuii. K coxanenuio, ans
CYLLECTBEHHOrO YACNA 13 HAX B COBPEMEHHbIX
peanusix 310 yXe PeLenTbl BbXKMBAHUS.

Heobxoa1Mo He B NepcrnekTuBe, a ¢ cerof-
HSILLUHEro AHs HAYMHATb MHTEHCUBHYIO paboTy
M0 KapaYHaNbHOMY N3MEHEHWIO CTPYKTYPbI
3akasa no BCEMY MHOrONapameTpU4ECKoMy
CMEKTPY KOMMOHEHTOB, GOPMUPYIOLLMX 3TOT
K/IOYEBOM PbIHOYHBI NOKa3aTesb.

Bblaenvm naTb OCHOBHBIX MYHKTOB:

1. lInsepcndukaums matepnana HCTanm-
pyembix TPy6ONPOBOAOB (YXe pacCMOTPEHA
BbILLE).

2. Heo6xoa1mo onepexaloLimmm TeMnamu,
HECMOTPS Ha Kpu3nc, GopmMmpoBaTh Mate-
puanbHyio 6asy 1 0byyaTb cneunancToB
L1591 9KCMaHCUM B CTOPOHY PE3KOro YBEM-

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Puc. 5. 06bembl 3aka308 no otpacnsm B 2015 ropy

YeHust 06bEMOB PaboT B CIOXHbIX FOPHO-
reoNor1yecknx YCnoBusX, BKoYas CKanbHbIE
11 BEYHOMEP3JIbIE MPYHTHI.

3. MogepHu13auus akcnayaTupyeMbix KOM-
nnekcoB MHB B 6nmxaiillee Bpems, ¢ y4eTOM
peanbHbIX 3KOHOMUYECKMX TPYAHOCTEN, Npes-
CTaBASIETCS TPYAHOPEANN3YEMON 3aaa4en ans
MHOTVX NPEANPUSTUIA, 0AHAKO 00LLee yBenu-
YeHue AJIMH U AUaMeTPOB NPOKIaAbIBaEMbIX
KOMMYHWKALLMIA He TEPNUT OTNaratenbCTBa.
[obrBaTLCS 3TOT0 B CNOXMBLUKMXCS YCIOBUSIX
HeoOX0AMMO 3a CHET NPUMEHEHMUS COBPEMEH-
HbIX 3QdEKTUBHLIX CUCTEM MPUrOTOBNEHMS
OypoBOro pacTteopa u 0c060 YyBCTBUTENbHBIX
NOKaLUMOHHBIX cucteM. C Apyroii CTOpOHbI,
LEHTP 3 EKTUBHBIX 1 BbIFOAHbIX 3aKA30B B
NOCNEAHME rOAbl UMEET IPKO BbIPAXEHHYIO
TEHAEHLMIO CMELLEHNS U3 EBPONEIACKON HaCTL
CTPaHbl B BOCTOYHOM M CEBEPHOM Hanpas-
nenusx. PaboTa Tam TpebyeT onpeaeneHHoi
MOZEepHM3aLun napka TexHnkn MHB, 6yposoro
MHCTPYMEHTA W1 BCNIOMOraTeNibHoro 06opyLo-
BaHWs. ECTECTBEHHO, AN1S1 3TOr0 Ha NOLArOTOBU-
TenbHOM aTane noTpebylTcs onpeaeneHHble
3aTpartbl, HO OHW OKYNSTCS U, HECOMHEHHO,
NPUHECYT AUBUAEHIbI NPEANPUSTUSM, U36paB-
UMM TaKyto CTPATErMIO PasBuTms.

4. Topotpacns HB pogunack Ha cTpou-
TeNbCTBE NOABOAHBIX Nepexonos. Ceivac
paboTa B 3TOM CErMEHTE — BOMPOC 3KOHO-
MUYECKOr0 BbIXMBAHMS HALLMX NPeanpUATUIA.
PeiHok THB B 2014-2015 rr. n3meHancs
kapauHanbHo. CerofHs yxe npakTU4ecku
HEBO3MOXHO BbIXMBaTb, a TeM Bonee pas-
BMBaTLCS Ha 6eCTPaHLIEAHOM CTPOMTENLCTBE
MepPexooB-«NepeynkoB» B ropoaax noanaTu-
neHoBol Tpy6oii anameTpom 110 mm.

5. CywuecTBytoLLas CTPYKTypa 3aka3oB He
MO3BONSIET HAM «MOJHSTLCS C KONEH» 1 TEM
6onee He 0becneynT faNbHERLWEro pas3BnTHS.

XKX B COBPEMEHHbIX YCN0BUSAX TAKUX
BO3MOXHOCTEN He npepocTasnset. Mpexae

BCEro, NOTOMY, YTO Y NOJABASIOLLEr0 60/b-
LUMHCTBA KPYMHbIX NPEANPUATAIA 3TON OTpacnu
“MeeTCs CBOW napk TexHukm MHB, a'y npo4mx
— HET W He NPeaBuanTCS CPELACTB Ha oniaty
Hawmx paboT.

B npyrom TpagmMuMoHHOM NS Hac cer-
MEHTE — CBA3M W TENEKOMMYHMKALMN — B
YCNOBUSIX BbiNaAaloLLmMX JOXOA0B 1 60MbLIOMO
yncna NPOEKTOB, Peann30BaHHbIX OCHOBHBIMY
oneparopamu B NpefblayLime rofpl, TOXe He
OXWaeTcs Ha Bnnxaiiluee BPeMs Kakoro-
b0 Cepbe3HOro pa3BuUTMsl B UHTEPECYIOLLEM
HaC HanpaBneHNH.

Takum 06pa3om, COBEPLUEHHO OYEBUIHO,
4YTO NPV 0OBEKTMBHO CAOXMBLUMXCS HA BCEM
MOCTCOBETCKOM NPOCTPAHCTBE PbIHOYHBIX
peanusix npeanpustuam MHB ogHO3HAYHO
npezonpeneneH TEPHUCTLINA, LONTUIA NYTb K
Cepbe3HbIM MPOEKTaM, paboTam B CNOXHbIX
rOPHO-TE0NOrMYECKIX YCI0BMSX, B CYpO-

BoM knumate KpaiiHero Cesepa, Cubumpm n
JanbHero BocToka — no 3akasam [a3npoma,
TpaHcHedTH, PocTenekoma, BepTuKabHO-
WHTErpMPOBaHHbIX HEDTAHBIX KOMNAHWIA. ..

MIMeHHO 3aecb ecTb peanbHble GUHAHCOBbIE
CPELCTBa, OTHOCUTENBHO LOCTOHbIE Pac-
LIEHKM, BbICOKAs BEPOSATHOCTb CBOEBPEMEHHBIX
pacyeToB 3a 3aBEPLLEHHbIE CTPOMTENLCTBOM
00bEKTHI.

OpnHako, Kak roBOpUTCS, 3a BCE B 3TOW
XW3HW HAZO nnatuTb. MyTb K Takum 06beKTaMm
BeCbMa HenpocT. Heo6xoanMmMo npoiiTh
aKKpeamTaLmio B 9TVX KOMNAHUSIX, UMETb COOT-
BeTcTRYytoLIMe aonyckn CPO, BbICOKOKBANMQK-
LIMPOBAaHHBIX CMELMANMCTOB Ha BCEX 3Tanax
TEXHONIOTMYECKOro NpoLecca, COOTBETCTBYIO-
LW pellaeMbIM 3a1a4am napk TexHuku MHB,
GYpPOBOro MHCTPYMEHTA U BCMIOMOTraTeNbHOT0
060pYL0BaHMs, UCTOPWIO MOOXMTENLHOW pea-
NIN3aLMM aHANOTNYHBIX MPOEKTOB METOAO0M
6eCTpaHLLeHOr0 CTPOMTENLCTBA 1 MHOTOE
apyroe. m
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BecHa B atom rogy B KasaHb 1BHO

He Topormnacs. HecMoTps Ha To,

YTO MapT NOAXOANIT K KOHLY, rocTei
BCTPeYasi CHer 1 MPOHU3bIBAIOLLUIA
Betep. OfHaKO B IPOTMBOBEC HeAPY-
Xento6HoI noroae B roCTUHNYHOM
komnnekce «Korston Hotel & Mall
Kazan», rge coctosinach exerogHas
KoHgepeHuus npeanpustnii-4ieHoB
MexayHapoaHoii accoumaymnm cre-
LinanncToB ropu3oHTabHOIro Hanpas
neHHoro 6ypenns (MAC FHB), 22-23
Mapra yapuna tennas atmocgepa.
Meponpusitne npoxoanno ¢ oco6bim
Pa3mMaxom, rocKOJibKY OHO He TOJIbKO
B 04YepeLHOI pa3 CTano KPYMHeNLUm
cobbiTneM B obnacTu 6ecTpaHLue-
HOro CTPOUTEIbCTBA NOA3EMHbIX
KOMMYHUKaLUI Ha MOCTCOBETCKOM
MPOCTPaHCTBE, HO M OTMEYasio CBOe
15-netue.

The annual Conference of member
companies of the International
Association of Specialists in the Field
of Horizontal Directional Drilling was
held on March 22-23 in Kazan. It was
alarge event as it celebrated the 15th
anniversary of the Conference.

MonnHa BOTJAHOBA

XV exerogHast KoHdepeHums npeanpuatuii-
uneHos MAC "'HbE cobpana 6onee 120 otpac-
NEBbIX «MrPOKOB BbICLUEN NNrn», Kak oTMeyatoT
0praHM3aTopbl, B MEPONPUSTAN MPUHAAN
y4acTu1e He TOMbKO POCCUiicKie, HO U 3apybex-
HbIE CMELMANNCTbl — NPEACTABUTENMN BEAYLLNX
NPeanpPUSTUIA, SKCNTYaTUPYIOLLMX TEXHUKY 1
TexHonoruo MHB, Hanbonee aBTOPUTETHbIE
KOMMaHuK, BXOASLLME B MUPOBYIO 31Ty NPO-
n3soauTenein komnnekcos M'HB, GypoBoro
VHCTPYMEHTA, IOKALMOHHBIX CUCTEM, KOMMO-
HEHTOB [1151 PUroTOBNEHNS OYPOBLIX PACTBOPOB
1 BECTPAHLLENHOrO CTPONTENLCTBA NOA3EMHBIX
KOMMyHUKaumia no TexHonorum M'HB, npep-
CTaBUTENN BNACTW, BU3HECMEHBI, 3aKa34KKI 1
MPOEKTUPOBLLMKN 3TUX PaBOT.

['naBHOW TeMOI 0BCYXAEHWS cTana oLeHKa
NEePCNeKTUB ¥ NPENMYLLECTB CTPOUTENLCTBA
MOA3EMHBIX KOMMYHUKALIMIA METOAOM ropu-
30HTa/IbHOrO HanpaeneHHoro 6yperus (THE), a
TaKxe 00CyX/ieH1Ee COBPEMEHHOMO COCTOSHNSA
paboT No HOPMATHBHO-TEXHUYECKO IOKYMEH-
Tauum GpepepanbHoro YpoBHS M 006S3aTENBHOMO
NPYMEHEHNS.

TpagunLMOHHO KOHGEPEHLWIO OTKPbI NPe-
3naeHT MAC THB, reHepanbHbiid gupektop 000
«Hedrerascneuctpon»/TK «lOHupyc» (Ka-
3aHb) Anekcanap bpeinabypa. B ceoem npu-
BETCTBEHHOM CNOBe OH nob6iarofapun BCex
MPUCYTCTBYIOLLYMX 32 y4aCTME B KOHDEPEHLMM
1 BbIPA3WI HAAEXAy Ha TO, YTO COBMECTHBIMM
YCUNNAMU YAACTCS PA3peLLnTb Psg oTpachne-
BbIX Npo6sieM B 6inxaiiLueit NnepcnekTmBe.

MEXOYHAPOOHAA
ACCOUMALINA

KOHOEPEHLUUA
MAC I'HB:
IOBUNEN C «30/10TbIM BYPOM?>

Knio4eBbiM COBLITMEM NEPBOTO MAEHAPHOTO
3acenaHus popyma ctan foknag AnekcaH-
apa bpeiinbypna «OTpacnesas cTpykTypa
noCTCOBETCKOro puiHka MHB: coBpemeHHoe
COCTOSIHWE M IMHaMKKa pa3BnTus». Hauas ¢
aHanm3a Kpusmca aMepukaHcKkoro 0TpacneBso-
ro poiHka B Hayane 2000-X rofoB, NPe3naeHT
accoumaumm nepeLen K 0Te4eCTBEHHbIM
peanusimM 1 Npu3ean U3y4nTb OWKNOKKM 3a-
nagHbix komnaxuin. OCHOBHas naes Lokna-
[ 3aK/o4anach B TOM, 4TO 3KCTEHCHBHbIN
MyTb Pa3BUTUS LN POCCUIACKOr0 pbiHka MHB
3aKOHYEH W HYXHA CTPaTerns «Ha CerogHs,
3aBTpa 1 0603puMyio nepcnekTuey». OanH 13
npegnonaraeMbix NPUOPUTETOB — MPUHLLMNN-
anbHoe yBennyeHne 06beMOB paboT B CNOX-
HbIX FOPHO-reonornyeckmx ycnoensx Cesepa
1 BocToka Poccuu. 1ng atoro Heobxoanmo
006y4aThb CNeunanncToB 1 MOLEPHU3NPOBATL
maTepuabHO-TEXHUYECkyto 6a3y Bonpeku
3KOHOMWUYECKUM TPYLHOCTAM.

[pyrue y4acTHUKM KOHDEepeHLMm B CBOUX
L0KTafax Takxke NoSHANM psaj, BaXHbIX TeM. Ha
TEXHUYECKUX CeMMHapax AeTanbHo 00Cyanm
pesynbTaThl 3KCMNyaTaLymy TEXHUKN U TEXHO-
norum M'HB B OCHOBHbIX OTPACAsX-3aKa3unkax
6ecTpaHLLEHOr0 CTPOUTENLCTBA NOA3EMHBIX
KOMMYHUKaLMIA (TPAHCNOPT HedTw, ra3a u npo-
[DIYKTOB MX NepepaboTku, 3NeKTPOIHEPreTIKa,
cB93b, XKX). BHuMaHuWe 6bIN0 yaeneHo Takxe
KOMMAEKCHOMY MPUMEHEHMIO TPAHLIEAHBIX 1
6EeCTPaHLLEHbIX TEXHOOTNIA CTPOUTENLCTBA U
PEMOHTa COBPEMEHHOI NOA3EMHO UHXEHEP-

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



HOW MHGPACTPYKTYPbI MEraNoNMCcoB, pa3paboT-
Kam 1 BHeAPEHWIO HOPMATUBHO-TEXHUYECKOI [10-
KYMEHTaLMM 11 ApYriM NpoduibHBIM BOMPOCaM.
B wactHocTu, npeaupneHt POBT Ceprein AnnatoB
BBICTYNWN C AOKNaA0M «B3anMoaeincTaue ¢ npo-
GWNbHBIMY 0BLLECTBEHHBIMM OPraHN3aLmMsIMIA 1
OpraHamu rocyapCTBEHHO BAACTW B 061aCTM
CTaHOapTM3aLUmMm 1 LieHooBpa3oBaHus ns pabor,
BbINOJHAEMbIX C MOMOLLIbIO OECTPAHLLENHbBIX
TEXHONOIUIA».

Bnepable B MCTOpUM KoHbEepeHLmM Bbin npo-
BE/EH OTAENbHbIV CEMUHAP «3KCmyaTaums
komnnekcos M'HB ang npakTuyeckon peanusauum
NPOEKTOB J00bLI4N CBEPXBSA3KOM HepTI. HoBOE
nokoseHve GypoBbIX YCTAHOBOK V1 HOBLUECTBA B
TEXHONOrM B06bIYM 1 BYPEHMS», KOTOPLINA CO-
Gpan Ha ceoeii nnoLaake 6onee 30 NpeanpusTIiA
HedTerazosow otpacnu Poccun.

Ha BTOpOI A€HL KOHDEPEHLMM B popmaTe
Kpyrioro cTona Obiiv nofBeeHs UTorv paboTsl
Mo TPEM OCHOBHbIM B10KaM: pa3paboTka cBoza
npasun «[10A3eMHbIE MHXEHEPHBIE KOMMYHUKA-
un. Mpoknaaka ropuaoHTanbHLIM HanpaseH-
HbIM BypeHreM», LieHo0Opa3oBaHme B 06nacTu
'HB, no6blva CBEPXBS3KOI HEDTH.

B pamkax TOpeCTBEHHOr0 MpreMa no Cyyato
tobunesi OCHOBATENSM 1 aKTVBMCTaM accoLaLmm
ObINM BPyYeHb! Harpaabl 1 MoyeTHble 3Hakn MAC
"'HB B HOMMHaLWSX «3a y4acThe B OpraH13a-

Ly, cTaHoBneHun 1 passutin MAC MHB» 1 «3a
B3aVIMOBLIrOIHOE W MNI0L0TBOPHOE COTPYAHMYE-
cTBO». [pe3naeHT POBT, reHepanbHbIii AMpekTop
06beanHeHS NOA3EMHBIX CTPOWUTENEN 1 NPOoeK-
TMpoBLLMkoB Ceprei AnnaTos, BPY4Wi NOYETHbIE
rpamoTbl HaumoHankHOro 06beanHeHNs cTponTe-
neii (HOCTPOW) «3a sHaumMTenbHbIit BKNaz B
pa3BuTIE CTPOMTENLHOM OTPacn Poccuinckoi
®enepauymy.

Ocob0e BHIIMaHVie ObIN0 yAENeHO LIEPEMOHUM
MOABELEHMNS UTOrOB NEPBOIN NPOGECCUMOHANBHOM
npemuu B 0671aCTV rOPU3OHTaNBHOO HaNpaBieH-
HOro OypeHns Ha MOCTCOBETCKOM NPOCTPAHCTBE
«30n0T01 Byp», NO3MLOHMPYEMOI KaK BbICLLAS
Harpaaa npodeccroHanbHOro CooBLLECTBa.
Jlaypeatamu ctanu komnanus <Herrenknecht AG»
(LLisaHay, Mepmanust) — «3a pa3paboTky 1 BHe-
JPEHIE HOBbIX TEXHONOrIA 1 BypoBOro 0bopyno-
BaHMs Ans A00bI4M CBEPXBA3KON HedTU» — 1 MY
«Mocropreotpect» (MockBa) — «3a 3acnyrvi B
061aCTV NPAKTUHECKOMN peanu3aLmy anroputMoB
BHeCeHwst paboT no TexHonorum B B reodoHs
KPYMHOro ropoackoro 06pasoBaHus».

23 mapTa B pamkax KOHQEPEHLMN TakxKe
COCTOSINACH NPE3eHTaLMs I06UNEAHOTO
n3gaHug, noceaiieHHoro 15-netmio MAC 'HB,
rae OTPaXeHbl CTAHOB/EHME 1 Pa3BUTHE
OpraHu3aumm ¢ MoMeHTa ee 06pa3oBaHNs 1 10
CeroAHsILLIHero AHS, UHTEPBbIO C BEAYLLWMU
cneuyanuctamu B 06nacTv ropu3oHTanbHOro
HanpaBNEHHOro ByPeHUs, YHUKabHbIE OOBEKTHI
BXOZSILLMX B aCCOLWALMIO NPELNPUATIIA. |

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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On September 12-
15, the XV World
Conference of the
Associated research
Centers for the Urban
Underground Space
(ACUUS) will be held
in Saint-Petersburg.
The major topic

for discussion will

be “Underground
urbanization as a
prerequisite for

the sustainable
development of the
present day cities”.
The international
experience and
competent opinion

of the ACUUS
experts shall help the
authorities and society
in Russia understand,
that it is all about the
future well-being.

Mo marepuanam
KoMnaHuu «pumMakcno»

ACUUS 2016:

BCE ®JIATU B FTOCTU K HAM

C 12 no 15 ceHta6ps B CankT-letepOypre npoiiget XV BcemupHas koHpepeHuns 06beauHeHns
uccnenoBatesibCKUX LLeHTPOB MOA3eMHOro npoctpaHcTaa meranonucos (ACUUS). Poccuiickum
opraHu3aTopom mMeponpusTus seasetcs 00beguHeHNe Nog3eMHbIX CTPOUTEE N NPOEKTUPOBLYM-
KOB, ornepaTopoM — BbICTaBOYHasi Komnanus «[pumakcno» B coctase I'pynnsl komnaHwi ITE.
OcHoBHo¥i Temoii 06CyXaeHNs CTaHeT Nog3eMHas ypbaHn3auns kak Heob6xogumoe ycnosue
YCTOMYMUBOro pa3BUTUsS COBPEMEHHbIX ropoAoB. MUpPOBOI ONbIT N KOMIIETEHTHOE MHEHUE 3KCrep-
T0B ACUUS B0/MKHBI NOMOYb BNIaCTU M 06LLECTBY MOHSATb, YTO PEYb UAET HE O BbiAYMKAX Y4EHbIX-
TeopeTHUKoB, a 06 0CHOBe 6/1aronony4uns 3aBTPALLUHEro AHS.

Ha CEroaHsILUHWA feHb MEeranoamchbl BAOTHYIO NOAOLLAN
k npobneme «nNpefenoB POCTa» U HYXAAKTCS B paspa-
60TKe MHHOBALMOHHbIX CTPATErMin TEPPUTOPUABHOTO Pas-
BMTMS C NCNONb30BAHMEM MOZENEN «KOMNAKTHOrO ropoaar.
Mpw BbICOKMX TEMMNAax ypOaHu3aLm HeobXxoaMMo
Mo-HOBOMY YNPaBASATb 3EMENbHLIMU PECYPCAMU, He NO-
narasicb UCK/IOYUTENBHO Ha ECTECTBEHHBIE NPOLLECCHI
arnomepauyu. ToT GakT, 4T0 KOMNIEKCHOE OCBOEHUE MOf-
3eMHOr0 NPOCTPAHCTBA SIBMIIETCS OCHOBON GOPMUPOBAHNS
kombopTHOI 1 6e30nacHoi FOPOACKO cpefpl, 3a pyOexom
0Co3Hanm yxe bonee nonyseka Hasag. K coxanexuio, B
BOMPOCAXx rpafiocTPOMTENBHOMO NaHNPOBaHKS Poccus
3HAYMTENBHO OTCTAET OT BEAYLLMX CTaH Mupa. pun aToM
[UNS OTEYECTBEHHBIX CNELWANMCTOB, BNAAEIOLLMX CaMbIMM
COBPEMEHHbIMY TEXHOMOTMSIMW N UMEIOLLMMM OMbIT CTPO-
TENbCTBA B CIOXHENLUMX MMAPOre0a0r4ecKiX yCaoBmsX,
rNaBHbIA BONPOC 3aK/04YaeTCs He B TOM, Kak CTPOWUTb NOf,
3emnen, a B TOM, kak 3 deKTMBHO pa3BrBaTh NOL3EMHYIO
MHPACTPYKTYPY, BINCAHHYIO B FOPOACKYIO Cpeay.

Bnepeblie B Poccum

TpapmnumoHHo koHdepeHum ACUUS nposoasTcs B
KpYNHewLI“X ropoaax Mupa OAuH pa3 B aga roaa. B CaHkT-
MeTepbypre 310 3HA4MMOE MEXAyHAPOAHOE COObITME
COCTOMTCS BriepBbIe.

BaxHeiiwmmn Bonpocamu, 06CyXAaeMbIMU HA KOHDE-
PEHLMW, CTaHYT TEHAEHLMI PA3BUTUS TOPOACKMX arfo-
Mepauwii, 3KOHOMMKA MOA3EMHOr0 CTPOUTENBCTBA, POJib
meTpononuTeHa B GOpMMpPOBaHMI FOPOLCKOM TPAHCMOPT-
HOI CMCTEMbI, BHEPEHWNE TEXHONOMNIA BECTPaHLLENHON
NPOKAAAKN MHXEHEPHbLIX KOMMYHWUKALMIA, CTPOUTENLCTBO
NOA3EMHBIX COOPYXEHWIi B YCNOBUSX BEYHON MEP3NOTI.
BenyLuve MmpoBble SKCnepThl NPELCTaBAT HOBEMLINE A0-
CTUXEHMS B 001aCTM NPOEKTUPOBAHMS N CTPOUTENLCTBA
NOA3EMHbIX COOPYXEHWIi Pa3NNYHOr0 Ha3HAYEHUS.

B pamkax oMcKyccuii ¢ ysactmem npeacTtaBuTenen
BNACTU N NPOMECCMOHANBHOMO CO0bLLECTBa ByayT
3aTPOHYTbI BOMPOChI, KacaloLWMecs NPOEKTUPOBAHMS,
CTPOWUTENLCTBA U 3KCNyaTaLu 00bEKTOB, NPOONEMBI
HOPMMPOBAHMS 1 LLeHo06pa30BaHus 1 psag APYrvX akTy-
aNbHbIX TEM.

Kondepenums ACUUS 2016 roga no3BonuT poccuii-
CKnM cneupanuctam 6onee feTanbHO 03HAKOMUTLCS
C OMbITOM KOMMIEKCHOMO NAaHMPOBAHKS NOA3EMHOI0
MPOCTPAHCTBA, U3Y4NTb LOCTUXEHMS 3aNafHbIX KOMNET 1
NpoaHann3nMpoBaTh AONYLLEHHbLIE MMM OWNOKK, A TakXe
NPeACTaBNUTL COOCTBEHHLIE Pa3paboTKM 1 03HAKOMUTb
MMPOBOE NPOHECCHOHANBHOE COOBLLECTBO C MPOEKTaMK
MEeTPOCTPOEHUS U B LIENIOM — CTPOMTENbCTBA NOJ 3EM-
Nen, yCNeLHO Peann30BaHHbIMU B YHUKAAbHBIX TMAPO-
reonoruyeckux ycnosusx CaHkt-MNetepbypra.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



Mpuv nogaepxke NpaButenncTea
Caukr-MeTepOypra

KpynHeiiwas B Mupe KOHOEPEHLYS N0 OCBOEHNIO
nop3emHoro npoctpaHcTea ACUUS 2016 npoiiaeT npu
nopaepxke Mpasutensctea CaHkT-MeTepbypra. B coot-
BETCTBMM C pacrnopsxeHnem BuLie-rybepHatopa Mrops
An6uHa copMMpoBaH OpraHN3aLMOHHBIA KOMUTET, B
COCTaB KOTOPOr0 BXOAAT NPeACTaBUTENN MPODUIIBHBIX
ropogckux Befomcts: Komutera no TpaHcnopty, Komuteta
MO WHBECTULMSM 1 CTpaTernyeckum npoektam, Kommteta
MO NPOMBILLNEHHO MOANTUKE U MHHOBaLMAM, KomuTeTa
MO BHELLHWM CBSA35IM, KOMUTETA MO rpaioCTPOUTENLCTBY
1 apxuTekType, KommteTta no rocyaapCTBEHHOMY KOHTPO-
710, UCMONb30BAHMIO 11 OXPaHE NaMSATHUKOB UCTOPUM 1
KynbTypbl, KOMUTETA MO pa3BUTUIO TPAHCMOPTHOW MHpPa-
CTPYKTYpbI, [MpexLmmn TpaHCnopTHOro cTpouTenscTaa, MY
«MeTepbyprekuii METPONOAMTEH», a Takxe OBbeanHeHus
MOA3EMHbIX CTPOUTENEN 1 NPOEKTUPOBLLMKOB, FeHepab-
HbIA AypekTop koToporo Cepreit ANNaTos BXOAMUT B COCTaB
coseTa ampekTopoB ACUUS.

OxwnpaeTcs, 410 B pamkax NeHapHOro 3acefaHuns ¢
[0KN30M BbICTYNUT Mropb ANGWH, a Ha NNaHLWETHON Bbl-
CTaBKe MHHOBALIMOHHBIX MPOEKTOB Pa3BUTUS FOPOACKONA
MHPPACTPYKTYpbI OYAET NPeacTaBneH CTeHg MNpaBnTtenb-
ctea CaHkT-leTepbypra.

B pamkax opranusaumm ACUUS 2016 noaroToBneHsl
nHbOPMaLMOHHBIE NMCbMA 32 noanucbto Meoprust MonTas-
4eHKo 1 Mropst AnbuHa B afpec pykoBoaMTeneit rocy-
[APCTBEHHBIX YYPEXAEHUIA, HAYYHO-UCCNEL0BATENBCKUX
opraHu3aumin, npoduibHLIX By30B Poccum 1 cTpaH 6amx-
Hero 3apybexbs. Kpome Toro, npuraaleHns K y4acTtuio B
KOH(DEpEHUMM HanpaBneHsl B NPOGUNbHLIE fenapTamMeHThl
1 KOMWUTETbI KpYNHenLwx ropoaos Eeponsl, Asum, CLUA n
Kanazpl.

Takum 06pa3om, ECTb BCE OCHOBAHMS YTBEPXAATb, YTO
YPOBEHb NPeLCTaBNUTeNbCTBA yyacTHrkoB ACUUS 2016
OyaeT 04€eHb BLICOK.

Mpu nopaepxke OOH-Xabutar

B pamkax noAroToBkM K NpefcTosiLein KOHbepeHLn B
odwce OAO «MeTpocTpoii» npoLuna BcTpeya netepbypr-
CKMX MOA3EMHBIX CTPOUTENEN C ITAaBON MEXIYHAPOAHOr0
oTzena no yMeHbLUEeHMIo ropoackux pucko OOH-Xabutat
[3Hnenom Jbioncom u pykosoputenem Mporpammsl OOH
Mo HaceNeHHbIM nyHkTam B PO TaTbaHo XabapoBoit. Akc-
nepThbl NOAYEPKHYAN BaXHOCTb yyacTus CaHkT-MeTepbypra
B MPOrpaMme, KIO4EBbIM MPUHLMMOM KOTOPOM SIBNSETCS
npeaynpexaeHne NoCNeACTBUIA BANSHUS HEraTUBHBIX dak-
TOPOB, NPENATCTBYIOLLX HOPMMPOBAHMIO APYXECTBEHHOM
4enoBeky ropoackow cpeapl.

Bo Bpems BCTpeum Takxe 06Cyxaanach naes noAroToBKy
noKasaTenbHOro NPoeKTa KOMMIEKCHOrO NepecasoyHoro
y3na (TY) n BO3MOXHOCTb €ro peann3aLim Ha CTbike Tep-
putopwit CaHkT-MeTepbypra n JleHWHrpaackoii obnactu.
BonnoLeHue naemn no3sonut 0TpaboTath TEXHONOMN W
npOoCHMTaTh 9KOHOMUKY CTPOUTENBCTBA TPAHCMOPTHO-
nepecasoyHbIX KOMMIEKCOB, 3GMEKTUBHOCTL KOTOPbIX
[0Ka3aHa MMPOBOI NpakTuKoiA. MpoekT TMNY nnannpyetcs
npeacTasntb Ha ACUUS 2016 Hapsioy ¢ opyrumu npumepa-

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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MU YCMELHON afanTaumm TPaHCMOPTHO CUCTEMBI K BO3-
pacTatoLM NoTpeBbHOCTSAM COBPEMEHHbBIX MEranosmcos.

[aHuen Jbtonc nopaepxan uaeio netepOyprekux cne-
LIManunCTOB, BbIPA3WA rOTOBHOCTL OKa3blBaTb COAENCTBME
opraHu3aTopam KOHhEPEHLMN B 4aCTV MPUBNEYEHNS BEAY-
LLMX 3KCMEPTOB, PabOoTatOLLMX B PA3NINYHLIX CTPAHAX MUPa B
pamkax peanusauuu nporpamm OOH-Xabutar, 1 corna-
CUNCS HEMOCPELCTBEHHO BbICTYNUTb C JOKAAA0M B PaMKax
MNEHapHOro 3acesaHus.

C MupoBbIMU 3KCNepTamu

Ha ceropHsLHMin AeHb K KOHDEPEHLMI YXE NMPOSIBX-

IV UIHTEPEeC Kak cneumanicTbl B 061acTy Noa3eMHOro
CTPOMTENbCTBA, TaK M apXUTEKTOPbI, MPOEKTUPOBLLMKM

1 ypOaHWCTBI, 3aH1MAIOLLIMECS BONPOCAMM COLIMANBbHO-
3KOHOMMYECKOTO Pa3BUTIS FOPOAOB W PErMOHOB. 1o
nPUBNN3UTENBHLIM NOACYETaM, y4acTVe B MEPONPUATMSX
ACUUS 2016 npumyT 6onee 500 akcnepTos 13 Poccum 1
3apyOexHbIX CTPaH.

Cpenm KoyeBbIX CNkepoB KOHbEPEHLMM: Npesu-
neHt ACUUS, npodeccop HaumoHanbHOro TexHU4ECKOro
yHmBepcuTeTa ropoaa AguHel Jumutpuc Kannamnakoc
(Tpeumst), noyeTHbI uned ACUUS, npodeccop TexHMye-
ckoro yHueepcuteTa Jlymanarbl Paiimona Ctepnunr (CLLA),
reHepanbHblii cekpeTapb ACUUS, BULE-NPE3NAEHT 1 rnas-
Hblii nHxeHep HNTB Corporation Canbs 3natanuk (CLUA),
reHepanbHbi aupexTop International District (Moa3emHbli
ropog Monpeansi) Knumon [ioma (KaHaga), noYeTHbIiA
npocdeccop TEXHONOrMYECKOro yH1BEpcuTETa BeHbl XaiHu,
BpaHpab (AscTpus).

Takxe foknagsl roTOBAT PYKOBOAUTENM BELYLLMX POC-
CUIACKUX MPeanpuaTMiA, paboTaloLx B 061aCTM NPOEKTU-
POBAHWS N CTPOUTENLCTBA TOHHENEW, METPOMNONUTEHOB U
NoL3eMHbIX 00bLEKTOB Pa3nMyHOro HasHauveHus:. Mpeacra-
sutenn OAO «MetpocTpoii» n OAO «HUMW «NlenmeTporu-
NPOTPAHC» — «30M10TbIX» CNOHCOPOB KoHpepeHLumn ACUUS
2016 — BBICTYNAT HA MNEHAPHOM 3aCeaaHNu 1 NPUMYT
yyacTue B paboTe cneumnanmanpoBaHHbIX CEKLMIA.

HarnsgHo npeacTaBuTb Hanbonee MHTEPECHbIE pas-
paboTky B 061aCTW afianTaLym 1 pa3BuTS rOPOACKOIA
Cpefbl poccuiickue v 3apybexHble NPeAnpPUSTAS CMOTYT B
pamkax NaHLWEeTHOR 3KCMO3NLN 1 CNIELMANIN3MPOBAHHON
BbICTABKM, CNOHCOPOM koTopoii ssnsietcs 000 «HUM-
Mudbopmatuka», OAMH M3 NMAEPOB POCCUIACKOTO PhIHKA
CUCTEM aBTOMATK3MPOBAHHOTO npoekTupoBanus (CAMP).

KoHdepeHums ACUUS 2016 cTaHeT oiHUM 13 BaxHeN-
LIKX COBBITWIA B XM3HW MUPOBOTO NPOGECCMOHANBHOO CO-
06L1ecTBa, a ee NpoBefeHe B Poccyi NO3BOANT NMPKB/EYbL
BHUMaHWE BNACTM 1 LUMPOKON 0OLLECTBEHHOCTM K Npobne-
Mam pasBnTWS FOPOLCKON NOA3EMHON MHGPACTPYKTYPLI.

Kak nog4epkmBaet uneH coseTa aupektopos ACUUS
Cepreit AnnaToB, AEMOHCTPALWMS OCTUXEHNIA POCCUIACKIX
1 3anagHbIX CNeLManmcToB NO3BOANT HArASAHO NPo-
LEMOHCTPUPOBATH NPEACTABUTENSM BNACTY U LUMPOKOWA
06LLECTBEHHOCTM NPEUMYLLECTBA NOA3EMHON ypbaHu3a-
LM 1 HOBbIE BO3MOXHOCTM A1 0BecneyeHns kompopTa 1
6e30MacHOCTY NPOXWBAHS B COBPEMEHHBIX MEranosmcax.

O3HakoMuTbCS ¢ Gonee noapoGHoli uHdopmaumeit o
KOHGEpeHLU, B TOM YUCHIE C YC/IOBUSIMU Y4acTHs,
MOXHO Ha caiite www.acuus2016.com. m
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From May 31 to
June 04 Moscow
hosted 17th
International
specialized trade
fair Construction
Equipment and
Technologies
(CTT). 26
countries
participated in
the event. Today
CTT s a fifth

of the world’s
largest exhibition
of construction
equipment.

This year the
event was held
in co-operation
with the world
exhibition
industry leader
Messe Munchen
(Bauma
organizer).

MonnHa BOIJAHOBA

CTT: KPOCTY BHOBOM

DOOPMATE

B cronnyHom «Kpokyc 3keno» ¢ 31 mas no 4 nions B 17-i pa3 npowuna MexayHapogHas cneuuani-
3UpoBaHHasl BbiCTaBka «CTPOUTE/IbHAs TEXHUKA N TEXHONOrN». YdacTHukamu ctanu 520 KomnaHwii
u3 26 ctpan, nocetutenamu — 21 Teic. YyenoBek. Ha ceroaHswHwii geHs CTT saBaseTcs naToi B Myupe
10 BeJINYMHE BbICTaBKOI CTPOUTENIbHOIrO 060PYA0BaHMS.

BbICTaBKa «CTponTenbHas TEXHMKA U TEXHONOM N>
MPOBOAMTCA eXerofHo, HaunHas ¢ 2000 roga. 3a ato
BPEMS| MEPONPUSTIE YCNENO CTaTb IMAEPOM OTPACM U 3a-
PY4UTLCS NOAAEPXKKOMA FOCYLAPCTBEHHBIX U 0BLLECTBEHHBIX
OpraH13aumin, Beaywmx npodunbHeix CMU, poceuiickmx

1 3apybexHbIx accoLaumin npoussoauteneit. CTT — aTo
OT/IMYHAsA BO3MOXHOCTb YBUAETH U OLEHWTH BCE Pa3HO-
06pa3sue CTPONTENBHOM TEXHWKI 1 TEXHONOMIA Ha OAHOI
naowaake, noodLATLCs C NPeACcTaBUTENSMI OTPACM U
3aK/I0YNTb BAXHBIE JEN0BbIE KOHTAKTHI.

B atom rogy CTT BnepBbie NpOBOAMUIACk COBMECTHO C
OAHUM 13 MUPOBLIX IMAEPOB BbICTABOYHON UHAYCTPUM,
repmaHckoit komnanmen «<Mecce MioHXeH», Npy NoAAepXKe
Bauma — KpynHeiiLei B Mupe BbICTaBKM CTPOUTENbHBIX
TEXHONOrMIA 1 060pyA0BaHUS. OpraH13aTopbl HALEIOTCS,
YTO ONbIT U JOCTUXEHUSA «Mecce MIOHXeH» B Co4eTaHnm ¢
cunbHoi nosuuweit CTT B Poccun no3BonsT NpoekTy noa-
HATBCS HA HOBbI YPOBEHD.

Ha akcnosnumonHoii nnowann CTT, koTopas cocTasu-
na 65 ThIC. KB. M, NOCETUTENM CMOTIN NO3HAKOMUTLCS C
HOBMHKaMW 0Tpacnn 1 06CyanTb NocneaHue TEHAEHLMM
pbIHKA.

HauuoHanbHble NaBunbOHbI, FAe Bblan NokasaHbl camble
aKTyanbHble pa3paboTku, opraHn3oBanm FepmaHms,

Kutait, QuunaHaus, Utanusa u l0xHas Kopes. Ha cteHpax
11 OTKPBITBIX BBICTABOYHBIX MNIOLLAKAX CBOK NPOAYKLMIO
MPOAEMOHCTPMPOBAIN TaKME N3BECTHbIE NPOM3BOAUTENN,

kak Liebherr, Hitachi, Komatsu, «pynna F'A3», «<KamA3» 1
apyruve.

He ocTanacs B cTopoHe v komnaHus John Deere, npea-
CTaBMBLLAS NATb BULOB LOPOXHO-CTPOUTENBHON TEXHWKY,
KOTOpbIE YXXe YCNenm 3apekoMeHa0BaTh Ce6sl y POCCUIACKNX
noTpebuTteneit. FOCTV CTEHAA CMOrNM NO3HAKOMUTBLCS C
MONHONPUBOAHLIM aBTOrpernaepoM 772G, GPOHTaNbHbIM

MOA3EMHBIE FTOPU30HTbI Ne9. Nionb/2016



COBbITUA | 19

b

norpy3s4ukom WL56, akckasatopom E210LC, norpysyukom
¢ 6opToBkIM NoBopoToM 318E, a Takxe ¢ aKCKaBaTOPOM-
norpy3unkom 315SK. Ecnv e roBopuTb 0 HOBMHKAX, TO K UX
yncny MOXHO 0THecTH BeicTpockem John Deere.

Poccuiickoe malmHocTponTensHoe npeanpusite «Ena-
OyXckuii aBTOMOOUNbHLIN 3aB0o» NpeacTasuio Ha CTT ceou
nyyiwme 06pasubl TexHMKK. Tak, akckasaTop- norpy3yumk ELAZ
BL nmeeT psig yHUKanbHbIX 0C0BEHHOCTEN, 0BecneymnBatoLLmMX
BbICOKYIO HAZ,EXHOCTb NPW 3KCmnyaTaumn. bonbLuas rpy3o-
MOLBEMHOCTb W YBENMYEHHOE YCUANE HA KOBLLIE NO3BONSIOT
FOBOPWTb O BbICOKMX KCMyaTaLWMOHHbIX Ka4eCTBax v npo-
M3BOAMTENBHOCTYH enabyXCcKoro akckaBaTopa-norpysymka.
Hoeoe nokonenue ELAZ BL 888 cospaHo ons obecneyeHus
HWU3KMX 3KCTNyaTaLMOHHbIX PACXOA0B, MaKCUMaIbHOTO KOM-
dopta 1 ynpoLLeHns paboTel oneparopa.

KpynHeiiwee npeanpusatie Kutas no Npon3BoacTay
acdanbTocMecuTeNbHbIX ycTaHOBOK FUTTM — GbiBanbiit
YYaCTHWK BbICTaBKM. Kak OTMETIN NpeacTaBMTENb KOMNa-
Huwn, dopmat CCT — npekpacHas BO3MOXHOCTb AN obLue-
HIS GUPM C MOTEHUMANBHBIMU KITMEHTAMM.

— CTT Ha aT0T pa3 cobpana He Tak yX MHOro Npou3Bo-
OVTENeN B CBA3K C HENPOCTOW 9KOHOMUYECKOW CUTYaLM-
eit. OpHako B Ito6OM Cily4ae KOMMaHWW, KOTOPbIE LIEHAT
POCCUIACKOro NOTPEBUTENS, NPUHSNN Y4aCTWE B JAHHON
BbICTaBKE, — NPOKOMMEHTUPOBAJT MEHEMXEP MO NPOEKTaM
FJTTM Omutpuii KopbyH. Takxe OH OTMETWI, YTO CNeLu-
anbHO Ansl BbICTaBKM KoMnaHwen Fujian Tietuo Machinery
Obl caenaH yMeHbLUEHHBIA MakeT acdanbTOCMeCUTeNbHOM
YCTaHOBKM, YTOBLI NOCETUTEN MOTIM NO3HAKOMUTLCS C HE
Bonee feTansHo.

Poccuiickuii 3aBog, yposoi TexHukm «HIMK «Mapodob
'HB>» perynspHo y4acTByeT B MOCKOBCKMX MPOUILHBIX Bbl-
CTaBKax 0BLLEPOCCHIACKOr0 1 MeXAYHapOaHOro MacluTaba.
HeBawpas Ha kpuawuc, NnpeanpusaTe npuHano yyactne B CTT
1B 2016 rogy, npy 3TOM CTaB €AMHCTBEHHBIM NPON3BOAM-
Tenem, NpeacTasnsBLnM TexHUKY MHB.

Takum 06pa3oM, HECMOTPS Ha CNIOXHYK0 3KOHOMUYECKYIO
cutyaumto, CTT He MPOCTO NPOAOMKAET NOMHOLEHHYIO
XW3Hb, YAVNBASAS CNELMANUCTOB CTPOUTENBHON OTPACN
TEXHUYECKUMM W TEXHONOMMYECKMM HOBUHKAMM, HO 1
OTKpbIBAET A5 65 HOBLIE NEPCMEKTVBLI. M
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CTT — 310 OTIMYHAs BO3MOXHOCTb YBWIETb U OLIEHUTL BCE
Pa3HOO0pPa3ne CTPOUTENBHON TEXHWKM M TEXHONMOTUA Ha
OOHOW nnoLaake, NoobLLaTLCA ¢ NPeACTaBUTENSAMI OTPaCM

1 3aKJT04YNTb BaXXHbIE 0E/10Bbl€ KOHTAKThI.
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Y xypHana «[log3eMHbie ropn30HTbI»
U3Ha4YasIbHO CJIOXUIUCH OT/INYHbIE OTHOLLEHUS!
C UTaNbSTHCKUMU CrieLnanncTamm, npexnae
BCEro, no NPOeKTUPOBAHUIO U CTPOUTESIbCTBY
TPAaHCNOPTHbIX TOHHENeN. HecmoTps Ha
OCJI0XXHEHUEe MeXAYHapOAHOIM CUTYaLunm,
UHpOPMaLNOHHOE COTPYAHNYECTBO B 3TOM NPO-
¢eccunoHanbHoii cepe ocTaeTcs NOSHOLEHHbIM
u gaxe nonyyaet pazsutne. OfHaKO kaK

Ha CerofHsILLHNIA BeHb MOXHO OL€HUTb
repcneKTBbI POCCUICKO-NTAlIbSIHCKOro napT-
HepCTBa B peasibHOM CEKTOpe IKOHOMUKN?

B npegasepun lMetepbyprckoro
MeXAyHapo4HOro 3KOHOMUYECKOro popyma

Ha BOMpOChbI peAakuumn n1io6e3Ho cornacuncs
oTBeTUTH Ype3sbiyaliHblii U [T0THOMOYHbIN
Mocon Utanuu 8 Mockee

r-H E. I1. Ye3ape Mapus ParanbnHu.

HYE3SAPE MAPUA PATAJIbUHMN:
«COTPYOHMYECTBO NMPOLAOIIXUTCSH>

From the very beginning,
magazine “Podzemnye
horizonty” has built
excellent relations

with Italian specialists,
first of all, in the field

of designing and
construction of transport
tunnels. Ahead of

the Saint-Petersburg
International Economic
Forum the Extraordinary
and Plenipotentiary
Ambassador of Italy in
Russia agreed to answer
the questions of our
editors.

NHTepBbio
MOArOTOBJIEHO

npu COAENCTBIN Npecc-
cnyx6bl [MoconbcTBa
Wranum B Mockse

— Kak useectHo, nposoaumas CLLA u EC nonutuka
AQHTUPOCCUNCKMX CAHKLMIA U POCCUICKNE OTBETHDBIE
Mepbl He CNOCOOCTBYIOT Pa3BUTHUIO CTPATErmyecko-
ro napTHepcTBa Mexay Hawumu ctpaHamu. Kak
Bbl OLleHMBAeTe HbIHeLLHee COCTOSIHME TOProBO-
3KOHOMUYECKUX OTHOLIEHMIn Mexay Poccueii n
Uranuen?

— ToproBbiil 06MEH MeXAY HaLLMMM CTPAHaMM CyLLe-
CTBEHHO CHU3MACK, raBHLIM 00pa3oM, 13-3a 06LLEN TaXe-
10 3KOHOMUYECKOMN CUTYaLWK, KOTOPYIO HbIHE NEPEXMBAET
Poccuiickas Penepaumsi. Cpean Gaktopos, 06yCNoBHBLUMX
KPU3WC, B YaCTHOCTH B OTHOLLIEHWN GUHAHCOB, MPUCYT-
CTBYIOT V1 3aMa/iHbIE CAHKLK, HO BCE XE rNaBHas npuymnHa
— 9T0 NafeHuMe LieH Ha YrNeBoLopOAbl, AAIOLLME NONOBUHY
[I0X0[10B rOCYIAPCTBEHHOM Ka3Hbl, 1 NafeHue kypca pyons.
B niobom cnyyae, ofHaKko, CoKpaLLeHme 3kcnopTay Hac
MEHbLUE, YeM B cpeaHeM no EC, n Mtanus no-npexHemy Ha
BTOPOM MECTe Cpefin eBPOnecKkMxX NocTasLLmMKoB Poccuu.

— Y10 BbI AyMaeTe 0 peann3yemoii B AaHHOI CUTYa-
LM POCCUIACKOIA NONUTUKE MMNOPTO3aMeLLeHns ?

— Mol nogoepxvieaem nnax gueepcudukaLmy 3KkoHo-
MUKK, peanudyemblii MOCKBOI W, HanpuMep, HaMepeHbl
NPEAOCTaBNTh B PACMOPSXXEHNE POCCUIACKON NErkon
MPOMBILLIEHHOCTMN UTANbSHCKIE TEXHONOMW, HOY-Xay.
Hapo noHumarts, 4to nctopuyeckas $asa, korga Poceus
0CTaBanach NPenMyLLECTBEHHO CTPaHOI CObITa HaLLER KC-
MOPTHON NPOAYKLWW, B OCHOBHOM 3aKOHYMNACh, 1 CTPaHa
ceiyac 3anyckaeT NpPOLECCHl MHAYCTpUanmaaumn. 310

OTKPBIBAET BO3MOXHOCTM CTPATErMYECKOro pa3maxa ajis
UTabSHCKIX KOMMaHWIA, roTOBbIX MHBECTMPOBATL B PoCCuto
NN OTKPLIBATb COBMECTHbIE NPEANPUSATUS C POCCUIACKAMM
napTHepamu.

— He cekper, 4T0 U3-3a 00MeHHOro Kypca pyons
POCCHIACKMIA PbIHOK TEPSET NPUBNEKATENbHOCTb ANS
MHOIUX MHOCTPaHHbIX NpeanpuHumarenei. He o3Ha-
4aeT /M 3TO, YTO HeGNAronpPUATHbIN UHBECTULMOHHDII
KNUMarT npueegeT K TOMY, YTO UTaNIbHCKUI1 OU3Hec
npUOCTaHOBUT CBOM NpoekTbl B Poccun? Yxopdar nu
UTanbsHLbI C poccuiickoro pbiHka? Ecnm Takue komna-
HUM eCTb, B KaKMUX OTpacnsx 310 Hanbonee 3aMeTHO?

— CoTpynHMYeCcTBO, HECOMHEHHO, BYAET NPOAOXEHO, U,
s nonarato, B 6nvxaiiume rogbl 6yaeT pacTu, C y4eTOM TOro,
YTO HaLLIK AKOHOMMKM eCTECTBEHHBIM 00Pa30M B3aMMHO
LONONHAIOT APYr Apyra. W xoTs TPYAHOCTEN Ha 9TOM NyTK
XBaTaAET, HALLW KOMMAHUM NO-NPEXHEMY BEPSIT B MOTEHLM-
aN POCCUIICKOr0 PbiHKA. Pe3ynbTaTbl NOCNELHNX MECSILIEB
BMOJIHE NONOXMTENbHBIE, ECAIN FOBOPUTL O MPSAMBIX MHBE-
CTULMSX, CO3AAHNN COBMECTHbIX NMPEANPUATHIA, y4acTm
B TEHAEPAX, a Takxe 0 NOANMCaHNM HOBbIX MACLUTABHbIX
COTNALLEHNIA O COTPYAHUYECTBE M NOCTABKAX.

Jlyuwen peMoHCTpaLmen Toro, YTo UTaNbsSHCKas KO-
HOMMWYECKas CUCTEMA MPOAOMKAET paccMaTprBaTh
cebst POCCHIACKMIA PLIHOK KaK CTPATErM4YeCKIiA, CTaHET
MeTepOyprekuii MexXayHapoaHbIA AKOHOMMYECKUMI HOpyM,
KOTOPbIV MPOAAET B MIOHE 3TOr0 roga. Poccuinckoe npasw-
TENbCTBO MPUINACKNO HAC B KAYECTBE CTPaHbI-NapTHepa.
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MTanbsHekylo feneraumio BO3rnasuT NpeMbep-MUHUCTP
PeHuu. Mbl paccumTbiBaeM, 4TO Hall 6usHec 6yaet npea-
CTaBJEH Ha BbicLeM ypoBHe. Ceryac Mbl paboTaem Hag
C037]aHMeM MacLLITabHOr0 NaBUIbOHA «MTanbSHCKUIA OM»,
rae HafieeMcs MPeacTaBUTb HaLLW AOCTUXEHUS BO BCEM
Gnecke 1 MHOroobpasum.

— Ha poccuiickoM pbiHKe AaBHO U ycnewHo paboTa-
10T Takue KoMnaHum, kak Astaldi, Pizzarotti, Geodata,
Maccaferri u ppyrue. B kakoii Mepe cka3anucb Ha Ux
paboTe Kpu3nCHble SBNEHUs B POCCUIACKOI S9KOHOMUKE?

— TpaanumoHHO UTANbSHCKIE NPEANPUSTUS, creumanu-
31pytoLLMecs B CTPONTENbCTBE, B Poccumn paboTatoT AaBHO
11 YCMELLHO Y4aCTBYIOT B KpyNHOMAaCLUTaBHbIX NpoeKTax,
peanuayemMbix B ocneaHue rogpl. Xo4y HanoMHUTb, B YacT-
HOCTW, 4TO OMH U3 HOBBIX CTaAMOHOB B MOCKBE NOCTPOEH
UTanbSHCKOW KOMMaHWei, paBHo kak 1 B CaHkT-MeTepbypre
— 60nbHMUA 1 y4acTok KAL,

— OkasbiBaet nu MoconbcTBo UTanuu B Mockee co-
peincTBue utTanbsHckomy 6usHecy B Poccumn? Baau-
mopeiicTeyeT im ¢ AreHtcteom UME? Ecnum pa, B yem
BbIpaXaeTcs Takoe B3aumogencTene?

— NoconbCTBO M MOCKOBCKOE NpeacTasuTenscTeo NYE,
SIBSISICb HALLMM OTAENOM MO PA3BMTMIO TOProBoro 0bmeHa,
HaxoasTCA B MOCTOSHHOM KOHTAKTe C MpeanpuHAMaTensimMu,
npunaras yeunus ans passutis ux 6usHeca s PO, Mbl 04eHb
aKTVBHO paboTaem Ha TO, 4ToObl NPesOCTaBNSTb HALLMM
KOMMNaHWAM MakCUMaJbHO LUMPOKYH MHGOPMALIO O BO3-
MOXHOCTSIX NPeAnpruHMaTenLcTaa B PO. CoBceM HeaaBHO
B Munaxe nepeg ayoutopumen, rae npucyTCTBOBan LBeT
HaUMOoHaNbHOro 613Heca, Mbl NpeacTansnm «CnpaBoYHIK
MO VHBECTWLWAM B POCCHm» — C pacckasom 0 PErMOHax 1
MPON3BOACTBEHHbBIX OTPACNSIX, UMEIOLLIX HAUBObLLIWIA NO-
TEHLWaN pocTa u, COOTBETCTBEHHO, HaNB0Ee MHTEPECHBIX
ONS UTa/IbSHCKUX KanWUTanoBOXEHUA. 1 OBOBHO YacTo
BCTPEYAIOCh C POCCUIACKMMIA ryBepHaTOpamu, 1 Mbl 00CYX-
[2eM C HMI BOBMOXHOCTM [Nt UTanbsiHCKOr0 GU3Heca.
HenaBHO nosL MOMM PYKOBOACTBOM Aeneraums, Kyaa BOLUm
MPEeLCTaBNUTENMN ABYX AECATKOB UTANBSHCKMX KOMMAHWIA, NO-
cetuna HoBocubupckyto 0bnacTb. B xone Bu3nTa s 0TMETHN
6ONbLUYO 3aMHTEPECOBAHHOCTb B HALUMX MHBECTULIMSIX.

— Bawe npeBocxoauTenbCTBO, A0 HA3HAYEHUS B
Mocksy Bbl pabotanu B UpaHe, Kanape, UHaum, Upake,
a Taioke B OHH B Hbio-Mopke. Yem oTnnyaetcs pabota
B Poccun?

— Bce 310 cTpaHbl, BECbMa OTAMYHbIE APYr OT Apyra
MO MHOMMM NapaMeTpam, B TOM Y/C/E B UCTOPUYECKOM
nnaxe. OTclofa CneayeT, 4To M 0COBEHHOCTH PaboTkl He-
130eXHO MeHsINCh. Bripoyem, pa3se He B 3TOM OfHa 13
NpUTAraTesbHbIX YePT AMNIOMaTUYECKOR Cyx6bl? Ecaun
BCE Xe NonbITaThCs CHOPMYNMPOBATH XapaKTePHbIE YepThbl
Moein cnyx0bl B Poccun, s Obl BbiAenn HeOObIKHOBEHHIA
MHTEPEeC POCCUSH KO BCEMY, 4TO CBA3aHO ¢ UTanmeir. 4o
3HAUMTENbHO 0BNEryaeT KaxaoaHEBHYIO AEATEeNbHOCTD!

— Yr0 06LLEro 1 B YeM Pa3NIMYUS PYCCKUX U UTaNbSH-
ues? Yro Bbl fymaeTe 0 Poccum B uenom?

— 06Lee y NTanbsSHLEB U PYCCKNX — 3TO, HABEPHO.,
npexze BCero nacCUoHapHOCTb, KOTOPas YacTo NPOsBAS-
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€TCS B TOM, Kak BelyT cebsi loau, 1 B TOM, Kakoe 3Ha4eHe
NPUAAETCS IMYHBIM OTHOLLEHUSIM. Y HAC pa3Hble Cnocobbl
BbIPaXEHWS YYBCTB N MHEHUIA, — XO4Y OTMETUTb 3T0 0C0060,
MOCKObKY UTanbsIHLbI MU3BECTHbI CBOEA, Tak CkasaTb, 3KC-
NPECCUBHOCTbIO, — HO B I0OOM Cly4ae ecTb Y4TO-TO Takoe,
Ha YPOBHE MeTadn3uKu, B CUNY YEro Mbl C BaMM 04eHb
XOPOLLO MOHMMAEM APYr [PYra U UCTbITHIBAEM B3aUMHYIO
cUMMaTHIO.

A BOT kakoe-To 06Liee MHeHe 0 Poccumn cdhopmynimpo-
BaTb [JOBOSIHO CNOXHO. POCCUSt — CTpaHa OrpoMHas n
ropaszo 6onee MHOrorpaHHas, YeM NPUHATO AymMaTb.

Y Poccun peBHENLWas U HaCbILLEHHAs UCTOPKS 1 KyNbTypa,
1 3TUM HEfb3S1 HE BOCXMLLATLCS. |
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CESARE MARIA
RAGAGLINI:

“LA COLLABORAZIONE
CONTINUA’

La redazione di Orizzonti sotterranei sin dall'inizio aveva
avviato ottimi rapporti con gli specialisti italiani, soprattutto
con gli esperti nel campo della progettazione e costruzione
delle gallerie.

Nonostante Ia difficile situazione creatasi nel mondo,

la collaborazione in questo settore, anche attraverso lo
scambio di informazioni, resta regolare e va ad evolversi.
Come si possono valutare al giorno di oggi le prospettive
del partenariato italo-russo nel settore reale dell’economia?
Alla vigilia del Forum economico internazionale di San
Pietroburgo I’Ambasciatore straordinario e plenipotenziario
dell’ltalia a Mosca Cesare Maria Ragaglini ha fatto la
cortesia di rispondere alle nostre domande.

L'intervista e’ stata
redatta in collaborazione
con 'ufficio stampa
del’Ambasciata d'ltalia a
Mosca

Come & noto, la politica americano-europea delle
sanzioni contro la Russia e la posizione di risposta della
Russia non favoriscono lo sviluppo del partenariato
strategico tra i nostri Paesi. Come valuta il livello attuale
dei rapporti economico-commerciali fra la Russia e I'ltalia?

L'interscambio Italia-Russia € calato sensibilmente
soprattutto per la difficile situazione economica che sta
attraversando la Federazione Russa, alla quale hanno
contribuito, segnatamente sul piano finanziario, anche le
sanzioni occidentali, ma in particolare la contrazione del
prezzo degli idrocarburi (che valgono la meta del bilancio
pubblico) e la svalutazione del rublo. Il calo del nostro export
resta in ogni caso inferiore rispetto alla media UE e I'ltalia
rimane il secondo fornitore della Russia a livello europeo.

Cosa ne pensa della politica della sostituzione delle
importazioni avviata I'ultimo anno dalla Russia?

I piano di diversificazione dell'economia avviato da Mosca
permette alle imprese italiane di disposizione dell'industria
leggera russa le tecnologie e il know-how sviluppati in Italia.
E’ necessario comprendere che una fase storica — quella
in cui la Russia era prevalentemente Paese di shocco per
le nostre esportazioni - si &, in larga misura, chiusa e si sta
avviando un processo d'industrializzazione del Paese. Questa
fase apre quindi opportunita strategiche per le aziende italiane
disposte a investire per produrre direttamente in Russia o
realizzando joint-venture con partner locali.

Non é un segreto che a causa del cambio del rublo, il
mercato russo sta perdendo la sua attrattivita per molte

societa straniere. E’ possibile che a causa del clima
d’investimento sfavorevole nella Federazione Russa il
business italiano blocchera i propri progetti in Russia?
Ci sono delle societa italiane che stanno uscendo gia ora
dal mercato russo? Se la risposta é si, in quali settori
questo si manifesta maggiormente?

La cooperazione & destinata a continuare e, auspico, a
crescere ancora nei prossimi anni, tenuto conto della naturale
complementarieta delle nostre economie. Sebbene le difficolta
non manchino, le nostre aziende continuano a credere nelle
potenzialita di questo mercato. Negli ultimi mesi abbiamo avuto
risultati positivi in termini d'investimenti diretti, di creazione di
societa miste, in gare infrastrutturali e sottoscrizione di nuovi,
importanti accordi di collaborazione/fornitura.

La migliore dimostrazione di quanto il sistema economico
italiano continui a considerare strategico il mercato russo si
avra al Forum Economico Internazionale di San Pietroburgo
del prossimo giugno dove ['ltalia partecipera come Paese
Ospite. La delegazione italiana sara’ guidata dal Presidente
del Consiglio Renzi. Contiamo inoltre di avere una presenza
altamente qualificata delle nostre aziende, in rappresentanza
di molteplici settori, e stiamo lavorando per realizzare un
“Padiglione Italia” che possa dare ancora maggiore visibilita al
nostro Paese e alle sue eccellenze.

Sul mercato russo dell’edilizia dei trasporti hanno
lavorato con successo per diversi anni societa italiane
come Astaldi, Pizzarotti, Geodata, Maccaferri e altre. Che
effetto hanno avuto sulla loro attivita i fenomeni di crisi
nell’economia russa?
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Tradizionalmente le imprese italiane nel settore delle
infrastrutture sono molto presenti in Russia e partecipano
ad alcuni dei piti importanti progetti di sviluppo realizzati nel
Paese negli ultimi anni. Vorrei in particolare ricordare che uno
dei nuovi stadi costruiti a Mosca & realizzato da un'azienda
italiana, cosi come il nuovo ospedale e la circonvallazione
autostradale di San Pietroburgo.

L’Ambasciata d’ltalia a Mosca presta assistenza
al business italiano in Russia? L’Ambasciata d’ltalia
coopera con I’Agenzia ICE in Russia? Se la risposta ¢ si,
in che cosa si esprime questa cooperazione?

L'’Ambasciata e 'Ufficio ICE di Mosca (che rappresenta
I'Ufficio per gli scambi commerciali della stessa Ambasciata)
operano quotidianamente a contatto con le nostre
imprese per favorire il consolidamento dei loro affari nella
Federazione. Siamo inoltre particolarmente attivi nel far
conoscere in ltalia le opportunita che la Federazione offre
alle nostre aziende. Da ultimo, abbiamo presentato a Milano
a una platea composta dalle principali aziende italiane una
Guida per gli Investitori italiani in Russia e una mappatura
delle regioni piu promettenti e dei settori produttivi che
potenzialmente hanno i maggiori margini di crescita e
che possono risultare particolarmente interessanti per le
aziende italiane. Incontro inoltre spesso i Governatori delle
regioni russe per discutere le opportunita d'investimento
per la comunita imprenditoriale. Recentemente ho guidato
una Missione di Sistema composta 20 aziende italiane
nella Regione di Novosibirsk, dove ho potuto riscontrare un
grande interesse verso i nostri investimenti.

Sua Eccellenza, prima del suo incarico a Mosca, aveva
prestato servizio diplomatico in Iran, in Canada, in India,
in Iraq e presso le Nazioni Unite a New York. Il Suo lavoro
in Russia e diverso da quello negli altri Paesi?

Si tratta di Paesi diversi tra di loro sotto molti profili e
in situazioni storiche molto differenti. E’ quindi inevitabile
che anche il mio lavoro sia stato di volta in volta differente.
Del resto, & questo uno degli aspetti affascinanti della
carriera diplomatica. Se dovessi pero identificare un tratto
caratteristico del mio incarico in Russia, menzionerei lo
straordinario interesse che il popolo russo dimostra verso tutto
cio che riguarda ['ltalia, facilitando notevolmente il mio lavoro
quotidiano!

Cosa c’e in comune e che differenze ci sono fra gli
italiani e i russi? Qual é la Sua opinione sulla Russia in
generale?

Di comune tra russi e italiani c'¢ forse la passionalita che
emerge spesso negli atteggiamenti e I'importanza che viene
attribuita al rapporto personale. Siamo invece differenti nella
comunicazione dei nostri sentimenti e delle nostre opinioni
(va detto che gli italiani sono come noto particolarmente
“espressivi”...).

Vi & in ogni caso qualcosa di particolare, quasi di chimico,
che fa si che russi ¢ italiani s'intendano particolarmente bene
e si piacciano reciprocamente.

E’ difficile esprimere un’opinione generale sulla Russia: €’
un grande Paese, molto piu’ diverso di quanto si creda, con
una Storia e una cultura antica e complessa - ed €’ difficile
non restarne affascinati. m
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ASTALDI: M0 NMYTU NPOIPECCA

Ans Hac, xuteneit CeBepHOi
CTO/INLbI, KTO XOT$l Obl HE-
MHOro MHTEepecyercs Bo3-
BefEeHNEeM TPaHCMOPTHbIX
o6bekToB, komnaHua Astaldi
npexae Bcero cBS3bIBaeTcs
CO CTPOUTENIbCTBOM LiEH-
TpanbHOro y4actka 3anag-
HOro CKOpPOCTHOro Aname-
TPa U CKOPOCTHOM NM1IaTHOM
aBTOMOOUILHOW BOpOrK
Mocksa — CaHkt-Illetepbypr,
XOTs A1 caMoii GUPMBbl 3T
MPOEKTbI 4aNEKO He nepBbie
B Poccum n gaxe B CaHKT-
Metep6ypre. Ans cotpya-
Hu4ecTBa HeT rpaHnL u
nperpaa, Korga ecTb 4o0pas
BOJIS M XenaHue Ao0uTbCS
ycnexa — B 3TOM UCTUHE S
ybeaunacs ewye pa3 nocse
BCTPEeYU C reHepasibHbiM
Aunpekropom Astaldi Yezape
BbepHapauHmn, cocTosBLUEN-
cs B Pume, B LIeHTPasibHOM
oguce KOMnaHuu.

]

196158 Poccus,
Cankr-leTtepOypr,
DyHavickuii np., 13, kopn. 1
Ten.: +7 (812) 320-56-46
http://www.ica-whsd.com/ru

becenosana
PernHa ®OMMHA

— I'-H BepHapauHK, pacckaxuTe KpaTko,
¢ 4yero Bce Hayanocb? Kak nosiBunach Takas
KoMnaHus, kak Astaldi?

— KomnaHus 6bina ocHoBaHa B 1926 rogy
KaK MHAMBMAYANbHOE MPEANPUSTUE UHKEHE-
pa Cante Actanbau. Cneupanuanposanach
¢dupma Ha BbIMOHEHWM CTPOUTENBHBIX PABOT
B8 tanuu. K Hayany BTopoi M1poBOii BOWHbI
B akTMBe KOMMaHu1 Gbiin paboTbl MO CTPOU-
TENbCTBY XENe3HbIX JOPOr, akBeAyKOB, MOPTOB
11 0BLLECTBEHHBIX 3MaHMIA KakK HA TEPPUTOPNN
MTanum, Tak 1 B HEKOTOPbIX adPUKAHCKNX
cTpaHax. Cpeay cambix NEPBbIX 3HAYUMbIX
NPOEKTOB — XeNe3HOLOPOXHbIE MarucTpan
Pum — Heanonb (1926-1929 rr.) u BonoHes
— OnopeHums (1933-1935 rr.) B Utanum n

aBToMoOunbHas aopora Anauc-Abeba — Benu-

kne o3epa (1939-1940 rr.) B 3dpmonun. Mocne

BOVIHbI Chepa AesTenbHOCTY paclumpmnacs — B

30HY MHTEPECOB CHaYasa nonan ahpuKaHCcKui
KOHTUHEHT, i€ BENOCb aKTUBHOE CTPOUTENb-
ctBo gopor. As 1950 n 1970 rr. dbunnans n
npencraBnTenscTBa Astaldi nosiBuamnch Ha
Bnnxrem BocTtoke, B LieHTpanbHoi 1 FOXHOW
Amepuke. B 1980-1990 rr. komnanus Buiwna
Ha pbiHk1 CoeanHeHHbIx LLTatos Amepuku,
Typumm, MHpoHe3un. Ha ceropHsLWHMIA AeHb
Mbl BeieM npoekTsl B 20 CTpaHax Mupa Ha
cymmy B 28 Mnpp, eBpo.

— B kakux cepax pabotaet koMnaHma?

— [MpaKT14ecku BO BCeX CeKTOpax rpax-
[aHCKOro CTpoUTENLCTBA. B 0COBEHHOCTM
HaC VHTEPECYIOT KPYMNHbIE TPAHCMOPTHbIE
MHDPACTPYKTYPHbIE MPOEKTLI: CTPOUTENBCTBO
XENe3HbIX 1 aBBTOMOOMbHBIX AOPOT, METPO,
asponopTo.. Kpome Toro, CTpouM rgpo-
3NeKTPOCTaHUMW. He Tak faBHO nogcumTany,
4TO C MOMEHTA OCHOBAHWS HaLLE KOMMaHWK
cneupanuctel Astaldi nponoxuanm 5 Teic. kKM
XeneaHblX 1 15 ThiC. KM aBTOMOOMIBHBIX [0-
por, 110 km Tpy6oNpPOBOA0B BOAOCHAOXEHUS 1
actakag, 215 km ToHHenen, noctponnn 160 km
MocTOoB, 68 nam6, 33 M3C, 80 BogonNpoBoA0B
1 O4UCTHBIX coopyxeHuin, 20 6onbHML 1 19
aspornopToB.

— Bawa komnaHus faBHO 1 AOBOJILHO
yCMELHO 3aHMMAEeTCs CTPOMTENbCTBOM
TOHHEenen u MeTPonoNUTEHOB, B TOM YMCNe
1 C NOMOLLbIO TOHHENENPOXOAYECKNX
wuToB. PacckaxuTe 00 3TOM Buae BaLuei
OesTeNIbHOCTH.

— C nomoupto TIMK Mbl BEAEM CTPOUTENb-
CTBO NOA3EMHbIX COOpPYXeHuii ¢ 1984 roga.
Moxanyi, camblii HEOObIYHbIV MPOEKT — 3TO
npoknagka 27-kK1noMeTpoBOro NOA3EMHOM0

TOHHENS, NPeLHA3HAYEHHOr0 ANs Pa3MELLEeHNs
yckopuTenst bonbLLoro agpoHHOro Konnanae-
pa. HeoBbI4HbIM €ro MOXHO Ha3BaTb Mo Lenn
UCMONb30BaHUS!, B TEXHUYECKOM OTHOLUEHUM OH
He npeacTaBnan 0coboi cNoxXHocTU. OBbekT
HaxoamTcs Ha rpanuue Lseiuapum n @paHumm.

Y komnaHuy Goratblil OMbIT CTPONUTENLCTBA
MeTpononuTeHoB B tanuu. He Tak aBHO B
MunaHe Mbl 3aBepLwmnn AMHUI0 M5 NpoTsIXeH-
HOCTbIO 12,8 kM, Ha KOTOPOI pacnonoxexsl 19
cTaHumit. OHa NOAHOCTbLIO aBTOMATM3MPOBaHa,
bYHKUMOHMPYET 6€3 MaLMHMCTOB. Mpoxoaka
Benacs ¢ nomoLLbio Asyx TNMK anameTpom
6,7 m. CkopocTb Mpoxoaku coctasnana 16 m e
JieHb. B HacTosILLEe Bpems B 3TOM Xe ropofie
naet peanusauus iuHumM M4, BBOA, B CTPOIA 3a-
nnaHupoBaH Ha 2022 rop.

Heckonbko CnoB 0 pUMCKOM METPO.
Crposiascs nuHus nepeceyet BeyHein ropog
C l0ro-BOCTOKA Ha CeBepO-3anaf, v OyaeT UMeTb
B CBOEM cOoCTaBe B 00LLeit cnoxHocTy 6onee 30
CTaHUuiA. PUM — 0anH 13 CTapeLumx ropofos
MUpa, NO3TOMY NOCTOSIHHO BO3HMKAIOT Npobe-
Mbl, CBSA3aHHbIE C MHOrOYMCAEHHBIMI aPXEONO-
TMYECKUMIN HaXOLKaMMU.

1 ecnn npoxoaka TOHHENEN, kak NPaBuo, aeT
HXE YPOBHSI KYNIbTYPHOIO COS, TO BBIXOA, HA
MOBEPXHOCTb BEHTUNSLMOHHBIX LIAXT 1 CXOA0B
CO CTaHUWiA BbI3bIBAET HEMANO CNOXHOCTEN. Ha
CErofHALLHWIA AeHb BBEIEHA B 3KCMyaTaumio
21 cTaHuya 13 3annaHnpPOBaHHbIX 24, Nponoxe-
HO 18,5 KM TOHHenei 13 BO3MOXHbIX 21,5.

CTOWT YyNOMSIHYTb IMHAWN METPONONUTEHA B
Hearone, HaLv yXe 3aBepLUeHHble 3apybex-
Hble NpoekTbl B Bapluase, Ctambyne. Ha moii
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B3rNsA, CTAHLMK, NOCTPOEHHBIE B CTONNLE
Monblum Hambonee KpacuBo 0POPMIEHHI 1
HeoObI4HbI. B HacToswee Bpems Astaldi ocy-
LLECTBASET CTPOUTENLCTBO ABYX IMHUA — 415
B byxapecTe.

— He Tak gaBHO B neyaTn nosiBUAUCH
co00LeHUs 0 TOM, 4TO KomnaHus Astaldi
npeanoxuna cBou yCnyru no CTpoutenb-
cTBy B EKaTepuHOypre BTOpoOi NIUHUK
METPOMNoNnTEeHa. ..

— MblI 3HaeM, 4TO NPOEKT 0BLLECTBEHHO
BOCTPEDOBAH. JINHMS [ONMXHA COEANHUTL
3anagHylo 1 BOCTOYHYIO 4acTu ropoja v npo-
XOZMT Yepes rycTo HaceNeHHbIE MUKPOPAAOHLI.
KoHeuHo, noboit MyHUUMnanmTeT Mupa orpa-
HWYeH B Pa3BUTMM BO3MOXHOCTSMU BropxeTa.
B npuoputeTe y ropoackux BnacTen — co-
LMasbHbIe Pacxo/bl, NO3TOMY MHBECTULIAN B
L0NroCpPOYHbIE MHOPACTPYKTYPHbIE MPOEKTHI HE
BCEraa BO3MOXHbI. Bbixod 0amH — npueneye-
HWe YaCTHbIX MHBECTULMIA. K coxaneHuio, noka
BOMPOC O HALUEM Y4aCTuM B MPOEKTE HE PELLEH.

— Ecnu ongtb HeMHOrO yrnyouTcs B
ncTopwuio, korga komnanus Astaldi BnepBebie
3aLuna Ha pOCCHICKMIA PbIHOK?

— VicToku coTpyaHu4ecTBa GEpYT Ha4ano co
BpeMeH cyLectsoBaHus Cosetckoro Coiosa.

B nepuoa ¢ 1980 no 1995 rr. Astaldi pabotana
BMecTe ¢ dupMoii «KogecT», Bxoguna ¢ Hel

B OJHY rpynmny Komnauuii. Y HaumHanu Mol
CBOIO [LEATENBLHOCTb UMEHHO B ropoge Ha Hese
— BO3BOAVNN 30aHMS, FOCTUHWLGI, Kopnyca
MPOMBILLEHHBIX MPELNPUATUIA. [Tocne Yero Mol
MPOAOIXMIAN CBOIO AEATENBHOCTb B APYIUX Pe-
TMOHAX MMPa 1 BEPHYNNCH B POCCUIO TONBKO 5
neT Hasag, 1 cHoBa B [eTepbypr. B koHue 2014
roga BMecTe ¢ Typeukum naptHepom IC Ictas
Astaldi 3aBepLunna KOHTPaKT Ha MPOAOMKEHNE
CTPONTENbCTBA MEXAYHAPOAHOT0 a3pomnop-

Ta lMynkoBo (paboTkl Havyanucs B 2011 rogy).
MocTpoeHo HoBOE 3aaHue, TepmuHan ¢ 85
CToWKamMu peructpaummn, GU3HEC-LEHTP, OTENb,
npoBefeHa PeKOHCTPyKums «[ynkoso-1». Ha-
BEPHSIKa Bbl MOTIN OLIEHUTb, KaK Mbl FOBOPUM
mexay coboid, Halle kpacuBoe «[TynkoBo».

— Be3ycnoBHo, BO3AyLIHbIE BOPOTA
CeBepHOW CTONNLbI BbIrNSANAT BOCTOWHO,
paboTbl BbINOJIHEHbI HA OTNINYHO. YBEpEHa,
YTO M LeHTPanbHbIi yyactok 3CA, no cyTu,
Mopckue BopoTa MeTtepOypra, cTaHyT Takoit
Xe BUSUTHOI KapTOouKoi ropoaa. Atot
NPOEKT Bbl TAKXE BEAeTe BMECTE CO CBOMM
Typeukum napTHepoM. He cTouT cKpbl-
BaTb, YTO ABa NocneaHux roaa ans Poccum
BbIAAIMCb HENPOCTLIMU, KPOME TOr0, Ha
TypeLKne CTPOMTENbHbIE KOMNAHUM Halua
CTpaHa Hanoxuna psg orpaHnyeHuii. He
BbI3BaJIN /1N NONIUTUYECKUE U IKOHOMUYE-
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Hogbie cTaHuum Bapiasckoro MeTpononuteHa

cKue Npo6ieMbl HeraTUBHbIE NOCNEACTBUS
1 NOBAMSIN JIN OHU Ha XOJ, CTPOUTENbCTBa?

— OC06EHHO CNOXHBIM 151 HAC 0Ka3asncs
2015 ron. B 0cHOBHOM 13-3a 006€CLEeHVBaHNS
pyonsi. XoTsi Cbirpano HeraTuBHYyt Posb 1 BBE-
JEHME CaHKLMIA MPOTUB TYPELKMX OPraHn3aLuii.
Ho cTouT 0TMETUTb, Ha X0f, CTPOUTENLCTBA BCE
3T0 He 0Ka3blBAET CYLLECTBEHHOMO BANSIHUS.
PaboThl uayT B LUITATHOM PEXMUME, N0 NAaHy 1
YBEPEH, Y4TO HUKAKMX «Ka3yCOB», 3aAEPXKMBAIO-
KX cnavy obbekTa B CPoKu, 0003HAYEHHbIE B
KOHTpaKTe, He NPOU30MIET.

— Jpyrovi KpynHblid pOCCHIACKUIA NPO-
ekT Astaldi — ctpoutenbcTBO CKOPOCTHOM
nnaTHol aBTomMoOuMNbLHOM goporu Mockea
— CaHkT-TeTtepOypr (7-8 atanbi). C kKakuMm
TPYAHOCTAMU NPUXOAUTCS CTANIKMBATLCS
npu ero peanusauun? U ynaertcs nu nc-
NoJib30BaTh OMbIT, HAKOMJIEHHbIN B APYrMX
cTpaHax?

— KoHeyHo, Mbl MCnonb3yeM BECh HAako-
MNEHHbIA onbIT. CTPOMTENLCTBO MAET B COOT-
BETCTBUN C rpadmkoM 1 06bekT OyAeT caaH
BOBpPEMS.

TpyAHOCTH, C KOTOPLIMW Mbl CTONIKHYAUCH, B
OCHOBHOM KacaioTcsi pa3paboTok HOBbIX Mecya-
HbIX KapbepoB. Kpome Toro, yBeamuniach LeHa
Ha VHEPTHbIE MaTepuansl, BO3POCW TPaHC-
MOPTHbIE PACXOAbI, TaK Kak B COOTBETCTBUM C
[eVCTBYIOLLMM 3aKOHOAATENbCTBOM Poccuii-
ckoit PenepaLym Obi COKPALLEH pPa3peLleHHbIi
MaKCUMabHBbI BEC 3aMOSHEHHOTO rPY30BMKA.

— Kak Bbl oueHnBaeTe npopeccuoHab-
Hbli1 ypOBEHb POCCUICKUX cneumuanucTos?

— B uenom, [0BONbHO BbICOKO. B OCHOBHOM
nioay, ¢ KOTOPLIMM Mbl 00LLIAEMCS, — BbICOKO-
KNacCHble CNeLanicThl, FOTOBbIE K PELLEHNIO
nobOoro cnekTpa 3agau.

— KakoBbl BaLwy nnaHbl feaTeNnbHOCTH Ha
POCCUICKOM PbIHKE?

— Mol 3anHTEPECOBAHLI 0CTATLCS B POC-
cu, ByaeM nckaTb HOBbIE MPEANIOXKEHNS 1
HaZel0Cb, YTO HaLLe COTPYAHMYECTBO C BaLEn
CTpaHoii npoanuTes ele fonro. Mel nna-
HMPYEM y4aCTBOBATb B MPOEKTax Ha OCHOBE
roCyapCTBEHHO-4ACTHOrO MapTHEPCTBA.
B03MOXHOCTY 11 pecypChl BaLLe CTPaHb
KONOCCabHbl, U MHOXECTBO 06LEKTOB MOXHO
NoCcTPOUTb Ha 6naro ntoasam. MoxeT ObiTb, Bam
M3BECTHO, 4TO MTanus obpatunack B EBpocoto3
C NpOcLOOI OTMEHWTBL CaHKLMM NMPOTUB Poccuut.
Hazeiocb, 4T0 34paBblil CMbIC B KOHLLE KOHLL0B
BOCTOPXECTBYET.

— W Hanocnepok, NUYHBIN BONMPOC: Ka-
KMMM KayecTBaMu HYXXHO 00naaaTh, 4ToObI
PYKOBOAUTb TaKOI KPYMHOI KOMNaHUeW, KakK
Astaldi?

— BesycnoBHo, 34eChb HYXHbI OMbIT, UHXE-
HEePHOE MBILLEHNE, 3HAHWS HOY-Xay . A Havan
pabotath B 1983 roay, MHe noBe3no ObiTb
3a/1€/1CTBOBAHHbLIM B Pa3NNiHbIX 061aCTSX 1
MOCTWYb TOHKOCTM MHXEHEPHBIX PELLEHWI,
OpraH13aummn 1 ynpaBneHus NpOU3BOACTBOM.
MomMUMO 3TOro PYKOBOAMTENIO HEOBXOAMMO
XOPOLLO Pa3bupaTbCs B TEXHUYECKUX YCNOBUSX,
o6nagatb CBEXUMM naesmu, Tepnenmnem. 1
Henb3s 3a6blBaTh, YeM [AasblLe Thl 0TAANAELILCS
OT HENOCPEeACTBEHHON paboThl Ha 0OLEKTE, TEM
GonblLuUe Thl HyXAAeLIbCs B APYrvX Nloasx. Bax-
HO YMEeTb NPaBubLHO NOA00pPaTh NEPCoHan.

— B paHHbIii MOMEHT Bbl YyBCTBYETE CE0s
00sibLLEe MHXXEHEPOM WJIN PyKoBOAUTENEM?

— CNOXHO BbIAEANTb YTO-TO 0AHO. MOXHO
€Kasarb, 4TO 1 PyKOBOAMUTENb, KOTOPbIVA MbICAUT
Kak MHXeHep. K cyacTbio, 306Chb He BO3HMKAET
KOHPAMKTA.
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We, the inhabitants of the northern
capital, who have a minimum
interest in the construction of
transport facilities, primarily
associate Astaldi with the
construction of the central
section of the Western High
Speed Diameter and high-speed
toll highway from Moscow to

St. Petersburg. Although these
projects are not the first ones
undertaken by the company in
Russia and even in St. Petersburg.
There are no boundaries or
barriers for cooperation, when
there is a good will and desire to
succeed - this fact confirmed to
be the truth once again after a
meeting with Cesare Bernardini,
General Manager of Astaldi, which
has been held in the central office
in Rome.

Interviewed
by Regina Fomina

ASTALDI: BUILDING
FOR PROGRESS

Cesare Bernardini talks about expectations

and plans in Russia

Mr. Bernardini, may you tell us, please,
about the origin of the company in a few
words? How was such company as Astaldi
established?

The company was established in 1926 as a
sole proprietorship of Sante Astaldi, engineer.
The company’s profile was the execution of
construction works in Italy. By the beginning
of the Second World War, the company has
already constructed railways, aqueducts,
ports and civil buildings both on the territory
of ltaly and in some African countries. The
first significant projectsinclude main railway
lines from Rome to Naples (1926-1929)
and from Bologna to Florence (1933-1935)
in Italy and the road from Addis Ababa to
Great Lakes (1939-1940) in Ethiopia. After
the war, the scope of activities expanded:
the African continent was the first in the
range of interests, the continent where the
construction of roads was vigorous. During
the 1950s and 1970s, Astaldi branches
and offices appeared in the Middle East,
Central and South America. In 1980-1990,
the company came in the markets of United
States of America, Turkey, Indonesia.
Nowadays it can count on a backlog of over 28
billion Euros with activities in 20 countries.

In what areas does the company
operate?

We operated in all civil engineering
sectors. In particular, we are interested
in large transport infrastructure projects:
construction of railways and roads, subways,
airports. Besides that, we build also
hydroelectric power stations. It has been
recently calculated, that since our company’s
founding, Astaldi experts have laid 5 thousand
kilometers of railways and 15 thousand
kilometers of roads, 110 kilometers of water
supply pipelines and racks, 215 kilometers
of tunnels, they have built 160 kilometers of
bridges, 68 dams, 33 hydroelectric power
stations, 80 water supply systems and water
treatment facilities, 20 hospitals and 19
airports.

Your company has been long and
successfully engaged in the construction
of tunnels and subways, including the
construction using tunnel-boring shields.
May you tell us, please, about this type of
your activity?

With the help of tunnel-boring machines, we
have been executing underground constructions
since 1984. Perhaps, the laying of the 27-
kilometer underground tunnel, designed to
accommodate the Large Hadron Collider,
the accelerator, was the most extraordinary
project. It can be called extraordinary due to the
objectives of usage, from the technical point
it was not difficult. The site is situated on the
border of Switzerland and France.

The company has vast experience in
construction of subways in Italy. In Milan, we
have completed the new subway line M5,
which length is 12.8 km, of which 19 stations
are located. It is fully automated and works
without drivers. The tunnel excavation was
carried out with two tunnel-boring machines
with 6.7 m diameter. The penetration rate was
16 m per day. Nowadays we are constructing
the new line M4 in Milan, with a completion
scheduled for 2022.

| should say a few words about the Rome
subway. The line will cross it from southeast
to north-west and will count in total more than
30 stations. Rome is one of the oldest cities in
the world, and thus there are always problems
connected with numerous archaeological
finds. Moreover, if the tunneling is usually
below the level of the archeological layer, the
exit to the surface of ventilation shafts and
approach ramps from the stations may causes
difficulties. As of today we have completed and
opened to public use 21 out of 24 stations and
18.5 Km out of a total of 21.5 Km.

It is worth mentioning subway lines in
Naples, our completed international projects
in Warsaw and Istanbul. In my opinion, stations
built in the capital of Poland are the most
beautifully decorated and unusual. Currently,
Astaldi is building two lines, 4 and 5, in
Bucharest.
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It has been recently reported in the press
that Astaldi has offered its services for the
construction of the second subway line in
Yekaterinburg...

We know that the project is socially
demanded. The line will connect the western
and eastern parts of the city and pass through
densely populated neighborhoods. Most
certainly, every municipality of the world has
limited in the development by the budget. The
social expenditures are the priority of the city
authorities, because long-term investments in
infrastructure projects is not always possible.
The only way out is to attract private investment.
Unfortunately, the matter of our participation in
the project has not been settled yewt.

If we go a little further back in history,
when did the company Astaldi first come to
the Russian market?

As regards the origins of cooperation, they
begin in the time of the Soviet Union. Between
1980 and 1995, Astaldi worked together with
Codest company and was included with it in
the same group of companies. Moreover,
we started our activities in the city on the
Neva River: we constructed buildings, hotels,
production plant sites Astaldi returned to Russia
only 5 years ago, and again in St. Petersburg. In
late 2014, together with Turkish partner IC Ictas
we completed a contract for the expansion of
Pulkovo International Airport (The works began
in 2011). A new building, terminal with 85 stands
for registration, business center, and hotel have
been build, reconstruction of Pulkovo-1 has
been carried out. Surely you've heard how we
say each other: “Our beautiful Pulkovo”.

Without doubt, air gate of the Northern
Capital looks good; the work was carried out
perfectly. | am sure that the central portion
of the Western High-Speed Diameter, that
is virtually the sea gates of St. Petersburg,
will become the architectural landmark
of the city too. You are carrying out this
project along well with your Turkish partner.
Do not hide that the last two years were
difficult for Russia; moreover, our country
has imposed a number of restrictions on the
Turkish construction companies. Had the
political and economic problems inflicted
negative effects and had they influenced
the construction progress?

2015 turned out to be especially difficult for
us. Mainly due to the depreciation of the ruble.
Although, the imposition of sanctions against
Turkish organizations played a negative role
too Although it is worth noting, all this has no
significant effect on the construction progress
and the performance time. The works are
carried out under normal conditions.
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But the completion of construction of the
Western High-Speed Diameter has been
postponed to a later date...

Everything is proceeding according to the
plan, and we will respect the contractual date for
the completion of the Project.

The construction of high-speed
toll highway M11 from Moscow to St.
Petersburg, lots 7 and 8, is another
major project of Astaldi in Russia. What
are the difficulties encountered in its
implementation? And do you use your
experience gained in other countries?

It is for sure that in carrying on M11 Project
we use all the experience already gained. The
construction is going as scheduled and the
Project will be delivered on time.

The difficulties we have encountered are
mainly related to the opening of sand quarries
and to the increase of sand price and transport
cost as a result of the actual law, which has
reduced the maximum permissible truck weight.

How do you evaluate the professional level
of Russian specialists?

In general it is quite high. Generally people,
with whom we communicate, are highly trained
specialists who are ready to solve any range of
problems.

What are your plans on the Russian
market?
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We are interested to stay in Russia, to seek
new proposals, and | hope that our relationship
in your country will last for a long time. We
are planning to participate in projects based
on public-private partnership. Opportunities
and resources of your country are enormous,
and many projects can be built for the benefit
of the people. Perhaps you are aware that
Italy has asked the European Union to cancel
the sanctions against Russia. | hope that the
common sense will eventually prevail.

Finally, let me ask you a personal
question. What features shall a person
possess in order to be a General Manager of
such a large company as Astaldi?

One needs experience and engineering
know-how. | started working in 1983, | was
lucky to be involved in various fields, to grasp
the subtleties of engineering, production
organization and management. In addition,
the head must be well-versed in the technical
specifications, have fresh ideas, and patience.
Moreover, we must not forget, the further you
are moving away from the direct work on the
project, the more you need the support of
valuable colleagues so being able to choose the
right personnel is very important.

Nowadays, do you feel more engineer or
manager?

Itis difficult to single out one thing. You could
say that | am a manager who is able to thinks also
like an engineer. Fortunately, there is no conflict.
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The Founder and

Manager of company
Prometeoengineering.it,
known for its achievements in
designing of transport tunnels
not only in Italy, but also in
other European countries,
tells in the exclusive interview
about his professional career,
internationalization, know-

Komnanusi Prometeoengineering.it S.
r.l. 6bina ocHoBaHa B Pume B 2005 rogy
uHxeHepom Aneccangpo Pokapayum,
UMEBLLEro K ToMy MOMEHTY OfbIT MPOEK-
TupoBanus noytu 300 KM aBTOZOPOXHbIX,
JKes1e3HO[OPOXHbIX TOHHEsIE/ U TOHHE-
nieii meTpo. Cambie KpynHbie NPOeKTbI:

B )XeJ1Ie3HOA0POXHbIE TOHHEJIN BbICO-
KOCKOPOCTHbIX JINHWIA «Pum — Heanosnb» n
«bonoHbs — PnopeHyus»;

H meTpononuteHsi Puma, Munaua,
Jinona, bapcenonbi n Mapcens.

Pa3paboTaHHas KoMnaHuei NHHOBaL-
OHHas cucTema 6e30MacHOCTH Ha TPaHe-
MOPTHbIX 00beKTax «UTanbSHCKNIi METOA
oueHku puckos» (IRAM), ocHoBaHHasi Ha
caMbix nepesoBbIX METOAMKAX MPOEKTUPO-
BaHusi, Cpa3y NoJy4ua NPU3HaHne KakK B
WUranum, Tak v Ha MMPOBOM ypOBHe.

AJIECCAHAOPO
DOKAPAYYMU:
YE/IOBEK, BJTIOBJIEHHbIN

B TOHHEJIA

how in security etc.
WUnTepBbio HasHaveHo Ha 9.30 yTpa, n Mbi ugem B opuc Prometeoengineering. it
S. r.l., psgom ¢ Buane Mag3uHu, B npekpacHom paiioHe [patu, B HECKOJIbKNX
warax ot Batukaxa n yeHtpa Puma. Hac BeXnBo BCTpe4aior,
00bSABNAIOT 0 HALLEM MPUOLITUM, U YEPEe3 HECKOJIbKO CEKYHA K HaM BbIXOAMT 3a-
MevaTtesnbHbili MHXeHep AneccaHapo Pokapayym — OH Xe 0CHOBATe b U PyKO-
BOAUTEJIb KOMITaHUMN, XOPOLLO U3BECTHOM He TOJIbKO Ha UTasIbSIHCKOM, HO U Ha
MeXAYHapOZHOM PbIHKE TOHHEIECTPOCHMUS.
NHTEpPBbIO
MOArOTOBJ/IEH _
OArO (v) €HO — locnoavH Dokapayyu, Mbl MOXEM MOro- C 2005 ropa 9 pykoBoxy Prometeoengineering.
npw coaencTenn BOPWTB O BaLLeii Kapbepe, 0 BaLUMX BbICOKUX it, SBNASCH TEXHUYECKVM 1 FEHEPAMbHBIM M-
PR-CJ‘Iy>K6bI LOMKHOCTSIX M 0 BalLeM 0COOEHHOM UHTepe-  PEeKTOPOM KOMMaHUK, KOTOPast OCYLLECTBASAET

Prometeoengineering.itS.r. .

Buane Mauuunu, 11
00195 Pum

Ten.: 0633225350
daxkc: 0696043648
www.prometeoengineering.it

ce K TpaHCNopTHOW UHGpacTpykType?

— Mot onbiT paboTsl B 0611aCTU Pa3BUTHS
TPAHCNOPTHON MHDPACTPYKTYPbI COCTABNSET
yXe 0Kono TpuauaTy neT. f y4acTeoBan B
pa3paboTke BaxHbIX NPOEKTOB Ans Focy-
JAPCTBEHHBIX XENe3HbIx fopor Utanuu, B
COTPYLHWYECTBE C BEAYLLMMN CTPOUTENbHbI-
MU KOMMaHWSMN — Takumm kak Anas S.p.A.,
Salini-Impregilo, Gruppo Autostrade per I'ltalia,
Astaldi v Heckonbko Jpyrux KOHLECCUOHEPOB
06LeCTBEHHBIX PaboT.

JIeATeNbHOCTb B 00NM1ACTW MHXUHVPUHIA U CTPa-
TErnM4eckoin MHAPACTPYKTYPLI, yaenss ocoboe
BHUMAHMNE Fe0TEXHNYECKMM M MOA3EMHbBIM
paboTam.

YHuKanbHoe Hoy-xay, paapaboTaHHoe
[N CTPOUTENbCTBA TOHHENEW, NO3BONUO
HaM BbIAENUTLCA 1 ObICTPO YTBEPANTLCS HA
UTANbSHCKOM M MEXOYHAPOAHOM PbIHKAX
KaK 0[1HO 13 BeyLLyX KOMNaHui B 06nacTm
NPOEKTUPOBAHNS, KOHCANTUHIA U TEXHN-
YECKOM MOALEPXKM MPU CTPOUTENLCTBE
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LLOPOXHBIX 1 Xene3HOA0POXHbLIX TOHHeNen
1 APYTYX NOA3EMHbIX COOPYXeHUI. MHoro-
rpaHHoe 06pa3oBaHue, OMbIT U BbICOKUIA
npodeccnoHan3mM TEXHUYECKOro NePCo-
Hana Prometeoengineering.it no3sonset
HaMm npegnaraTb NONHOE 1 CBOEBPEMEHHOE
obcnyxueaHue, 0Tcnexmsas paboTy OT KOH-
LLenLmm [o 3KcrnyaTtaumm 1 oxsaTbiBas Bce
acnekTbl pa3paboTky, MNAHMPOBAHNS, OLLEHKM
OCYLLECTBMMOCTM, aHannsa, npeapapuTens-
HOrO NPOEKTUPOBAHUS, UCTIONHUTENBHOO
CTPOWUTENLCTBA, HAA30pPa 3a CTPOUTENCTBOM,
TEXHWYECKON NOMOLLY, MPOEKTUPOBAHNS
cucteM 6e30MacHOCTY M NPOM3BOACTBA KOM-
NAEKTHOro 060PYA0BaHUS.
Prometeoengineering.it S.r.l. aenaer Bce
BO3MOXHOE, YTOObI C BbICOKAMM CTaHAapTaMm
kayecTaa yAOBNETBOPUTL BCE MPOCLOLI CBOMX
KNIMEHTOB, 11 3a4aCTYI0 HaM YAaBanoCh paspa-
60TaTb MHHOBALWOHHbIE METOLLbI 15 PELLEHNS
pa3nn4HbIX 328a4. YCTONUMBLINA POCT C TOHKM
3PEHNA NIOACKVX, MaTePHaNbHbIX M AKOHOMU-
YECKMX PECYPCOB CBUAETENLCTBYET O Ka4eCTBE
YCNYr v ABASIETCS PE3YNbTaTOM TOW NpUBEP-
XXEHHOCTV NPU3BaHIO, TOM HACTONYMBOCTU W
[laxe CTPaCTHOCTH, C KOTOPBIMM COTPYLHMKM
Prometeoengineering.it BbINONHSOT CBOIO paboTy.

— Kak xe pogunacb 31a cTpacTb K TOHHe-
nam?

— B nioBbix HazeMHbIx paboTax yxe HeT
HKaKWX TalH: U3BECTHbI HArpy3ku, CTPYKTYPa,
a TaKkxe matepuansl. BosbMem, K npumepy,
MOCT: HET HUYErO, Y4TO Mbl HE MOXEM Npeao-
npesLennTb.

Tenepb 06paTMCs K TOHHeNaM. B aTom cny-
Yae rpyHT, TaK WM UHaye, NOCTOSHHO MEHAETCH,
W HAKOT [1a 3apaHee He U3BECTHO, YEro OXMaATh.
Hanpumep, Mbl MOXeM HaiTV BOLY, €€ BbIXOL,
Ha NOBEPXHOCTb. TOMBKO U3Y4EHWNE Pa3HbIX 1
VHTEPECHbIX MOA3EMHBIX NPOLECCOB NO3BONSET
Ham NOHSTb, 4T0 ByaeT nponcxoanTb. Bee ato
YBIIEKAET MEHS, IHTPUIYET, NO3TOMY i C OrpOM-
HbIM Y,0BIETBOPEHNEM MOCBSILLAI0 OCHOBHYIO
YaCTb CBOEW XW3HN TOHHENSM.

— lMpun TakoM OTHOLIEHMK, KaKas Xe U3
BalLMX paboT Ha CeroaHALIHUIA feHb BaM
Aana Hambonbluee yaoBNeTBOpeHue?

— bes COMHEHN4, CTPOUTEIbCTBO BbICO-
KOCKOPOCTHOM XeNe3HO040P0XHON IMHWN
«BbonoHbs — PnopeHLMs», B COCTaBe KOTOPOK
MOCTPOEHO 0k0/10 90 KM NOA3EMHbIX COOPY-
XEHWiA. AT NyyLias paboTa, KOTOPYHO Mbl
coenanm .

— Ho 3a cBoto Tpyaosyio 6uorpaduio
Bbl BeAb 3aHUMAJIUCb HEe TONbKO TOHHENe-
cTpoeHnem?

— € 2001 no 2006 rr. s paboTan B MuHm-
CTepcTBe MHGPACTPYKTYPLI 1 TPAHCNOPTA B

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Ka4eCTBE TEXHNYECKOTO COBETHMNKA MUHM-
CTpa v OTBETCTBEHHOr0 3@ aHan3 KPYNHoOM
UTaNbIHCKON MHPPACTPYKTYPHOI NPOrpammel,
KOTOpas 3aTparusana TOHHENM MeTpo B Pume,
Heanone, Munaxe, asToMarncTpani, a Takke
3aLLMTHBIE MEPOMPUATIS B rOpoge BeHeumn.
B 061wei cnoxHocTy 310 66110 Bonee 120
MPOEKTOB, KOTOPbIE HAKTUHECKN 3MEHUNN
Wranuio.

Mos nestensHocTb B MuHnucTepcTae nHdpa-
CTPYKTYPbI M TPAHCNOPTa NPOA0IXMAACH B Ka-
YEeCTBE TEXHNYECKOr0 3kcnepTa B [10CTOSHHOM
KOMUCCUM JOPOXHBIX TOHHENEN B COOTBETCTBUM
¢ 3akoHogatensHeIM ekpetom Ne 264/2006, B
MMUHUCTEPCKON KOMUCCU XENE3HOA0POXHBIX
TOHHENe B COOTBETCTBUM C MOCTaHOBNEHNEM
07 28.10.2005 1 B MOCTOSHHOM TEXHUYECKOM
koMuTeTe No 6€30MaCHOCTY CUCTEM TPaHCMop-
Ta Ha CTaLyoHapHbIX 06bekTax. 3Tv poau no-
3BOMINAM MHE UCMONB30BATb MOW TEXHUYECKME
HaBblkn paay 6onee ahdeKTUBHOO ynpase-
HWS MIHDPACTPYKTYPOMN CTPaHbI.

— Y70, NO Bawwemy MHEHMIO, ceiyac 0co-
0eHHO BaXXHO ANS HOBbIX NPOEKTOB?

— Kak 4acto nof4epkmMBaeTcs akcnepTamu
0TPacnu, B HOBbIX POEKTAX BCe 3aMETHee
OTCYTCTBME NPaKTUYECKOr0 OMbITa CTPOUTENb-
CTBa M CTPATETNYECKOr0 BUAEHNS, @ TakXe
CKOOPZAMHWUPOBAHHOMO 1 MEXAMCLMNANHAPHO-
ro B3aMMOLENCTBNS TEXHUYECKOW, aAMUHN-
CTPaTMBHOMN, 3KOHOMWYECKOMN 1 GUHAHCOBOIA
yacTeit. 3a4acTylo NPOEKTHbIE PELLEHMS NpK
9TOM NEPEHOCATCS U3 APYrUX KOHTEKCTOB, 63
MOMHOrO NOHUMAaHUS OPUTMHANBHON KOHLIEN-
umu. LLInpoko pacnpocTpaHeHo Takke MHEHUE
0 TOM, 4TO Y NPOEKTMPOBLLMKOB 3KOHOMIYE-
cKasl LlenecoobpasHoCTb NPeBannpyeT Hag,
pa3paboTKo KPUTEPUEB KAYECTBA.

970 YacTo 0CNAbASET XM3HECTOCOBHOCTD
MPOEKTOB, HO, Byay4n 0ToBPaHbl Ha OCHOBE
TEH[ePOB, OHW BCE-TaKy OCTABASIOT NPEANpU-
HUMaTEeNdaM BO3MOXHOCTb Bbl6paTb BapWaHThlI,
CrMocoBCTBYIOLLME HE TOMBKO NOHUXEHMIO
CTOMMOCTU, HO N NCNpPaBNEHNIO HEJO0CTATKOB
Ha CTafun peanuaaumu.

Ecnu xe npoekT 6yaeT Hanpsamylo peannao-
BaH NOAPAAYMKOM, YNOMAHYTbIE HEA0CTATKU
npuBeayT K HeaddEKTUBHOCTM OpraHM3aLmm
paboT, K 3afepXKaM B UX BbINOJHEHWUW 1 CMO-
pam, a B UTOre — K 3Ha4MTebHOMY yliepoy.

— KTo nonxeH HecTU OTBETCTBEHHOCTb
3a yXyALeHne KayecTBa NPoeKTMPOBaHNA?
— Ecnm opraHbl BnacTu camu He NPOeKTUpY-
10T, TO, N0 KPanHen Mepe, 1M CneayeT Tiartenb-
HO NPOBEPSITL TO, YTO CTPOUTCS C MPUBNIEYEHNEM

TPETLUX L, BOMBLLYIO POMb AOMXEH UTPaTh
CoBeT 06LLECTBEHHBIX PABOT, BLICLUNIA KOHCY/b-
TATMBHbIV OPraH rocyaapcTea, KOTOPbIA MOr Obl
MOAHSTb TEXHNYECKMIA YPOBEHb NPOEKTNPOBA-
HWS, NPUBNEKas SKCNEPTOB, UMEIOLLIVX HE TOMbKO
aKaIEMUYECKWIA, HO M MPAKTUYECKUIA OMbIT. 3TN
CMeLmManmcTbl Mornv bl UrpaTh HE TONbKO aaMu-
HWUCTPATWBHYIO, HO M ropasfio 6onee CyLLeCTBEH-
HY!0 POJb B YNPaBAEHUM KPYMHLIMW MPOEKTaMM.
YT0 kacaeTcs BeayLLmx 00LLECTBEHHbIX 00b-
€MHEHWIA 0TPACAM, TO OHU LOMKHbI MOMY4MUTb
JOMOSTHATESNbHbIE MOHOMOYUS, 4TOOLI Bonee
MO3UTWUBHO BNWSITb Ha PELLIEHME aKTyasbHbIX MPo-
6nem nnaHMPOBaHMS 1 Peann3aLyn NPOEKToB.
MNpepnpuHUMaTeni, co CBOEW CTOPOHI,
[DONXHbI BKNafbIBaTh B CTPOMTENLCTBO 60/bLLE
CPeACTB, HO B TEKYLLEN CuTyauum, Kotopast
NaBHO YXe He OblNa Takoin MN0X0iA, OHU CKNOHHBI
CNef0BaTh JIOrMKE AKOHOMUYECKOI KOHBIOHKTY-
Pbl, @ He KAYeCTBEHHOrO pa3BuTLS. OHaKo B
ceoux «Cutyaumsix» Captp roBopun: «[ycTb HaM
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He yaaeTcs A0CTUYb TOro, YTO Mbl XOTUM, HO Mbl
BCE PABHO OTBETCTBEHHbI 32 TO, 4TO Mbl €CTb».

— Baw onbIT 06WMpPEH...

— [leficTBMTENLHO, 3a TE JOATME rofbl,
KOTOpbIE 51 3aHUMAIOCh CBOMM [,€N10M, MHE [0-
BENOCb NPOWTK BCE CTYNeHW NpoheccuoHanb-
HO NeCTHMLbI, He0BX0AUMOIA st TOrO, Y4TODbI
L0CTWYb CBOETO0 HbIHELLHEr0 NONOXEHNS, —
HauMHas ¢ Hyns. 9 NOCTENEHHO NPOABUrancs
BBEPX M0 TEXHNYECKOI 1 YNPaBNEHYECKOA
CTPYKTYPE, B MOE#A kKapbepe BbiN Psif, BaXHbIX
aTanoB v ycneluHbix paboT no Bceit EBpone.

—KcTatu, npn orpomMHbiX 06beMax TOH-
HeNecTPoeHus, y Bac B XU3HU NONyYaeTcs
MHTEepecoBaTbCa YeM-HUOYab ewe?

— B cB060AHOE BPems MHE HPABUTCS «BbIXO-
[OMTb 113 TOHHENsI», § 060Xat0 MapyCHbIA CNIOPT U
ronb®, 3aH1MaIOCh MM B TEYEHIE MHOTUX N1ET.
[laHHOe yBne4eHe No3BOSSIET MHE BUAETb Ta-
K1ie NPOCTPAHCTBA M NaHOPaMbl, KOTOPbIE MOTYT
NPELNOXUTbL TONLKO 3TV BUALI CNIOPTA.

— B npoponxenHne nenoBoi TeMbl: YTO
Bbl AyMaeTe 00 MHTepHaUUOHaNU3auun?

—[1ng kaxgoro npeanpuaTis, Ntoboro
pa3mepa 1 nboit 0Tpacu, MHTepHaLMOHa-
n13aums npeacTasnseT coboi TOT acnekT,
KOTOPOro He 136exaTb, HO KOTOPLIA, C APYroi

CTOPOHbI, MOXET NPEAN0XMTL BONbLIME BO3-
MOXHOCTY A5 NOAAEPXKAHNS W NOBbILLIEHUS
YPOBHSI KOHKYPEHTOCMOCOOHOCTM U MHTErpa-
LN B PA3NINYHbIE PIHKU.

Bk/io4eHme B MEXAYHAPOOHYIO [IEATENb-
HOCTb — 3TO HOBbLIE FOPU3OHTLI 4151 PA3BUTHS.
CoBpEeMEHHbI MUP XapakTepuayeTcst TEM, YTO
Ha MMPOBOM PbIHKE MPOCTPAHCTBO CyXaeTcs,
BPEMEHHbIE rPaHuLLbl MCHEe3atoT, CBA3bIBAsS BCE
CTOPOHBI 6onee rnybokumm, 6onee UHTEHCKB-
HbIMI CBSI3IMU, YEM KOraa-n1bo paHbLue. [o-
CTYN K HOBLIM MESM 1 K HOBOMY OTbITY YEPE3
KOHTAKT C HOBbIMM PeanusiMu1, HoBbIE CrOCOObI
NPOM3BOACTBA, HOBLIE UAEN YCNexa — BCE 3T
MOXET ObITb PEANIN30BAHO, MCMONB30BAHO U
MPUMEHEHO HE TONBKO Ha BHYTPEHHUX PbIHKAX,
HO U Ha BHELLIHMX.

To, 4TO 9 HAYMHAI0 Cernyac genatb C MOUMU
pycckumm apy3bsimu, — 370 paboTa, Tpebyio-
LLas MHOrO YCUAWIA N TEXHUYECKMX 3HAHWIA; 9
HaZetCb, Y4TO 3TO JIMLLb HAYaNo NyTu, KOTOPBINA
[AeT MHe yXe Ceilyac MHOro CTUMYJOB 1 BO3-
MOXHOCTEVA.

— OTtHoweHus ¢ Poccueii npu peanusauum
MHPPaCTPYKTYPHLIX NPOEKTOB NPeA0CTaBNS-
I0T CErofHs BO3MOXHOCTb AN 3KOHOMMUYe-
cKoro nporpecca u B camoit Utanun?

— [lnsi TOro 4ToObl OXMUBUTL KOMMAHWN,
CTPEMSALLMECS PACLUMPUTDL CBOI BU3HEC U

YKPENWUTb CBOW NO3WLAN HA BHELLIHUX PbIHKAX,
FSI (UTanbsiHcknid cTpaternyecknini GoHg) B
coTpypHuyecTse ¢ PO (Poccuiicknii doHp,
MPSIMbIX UHBECTULMIA) PELLNN OCYLLECTBUTD
VHBECTMLMW B pa3Mepe MUANnapaa espo,
4T06bI CTUMYNMPOBATH BO3MOXHOCTW B3aUMO-
LEeNCTBUS MEXAY KOMMaHWSMW 1 OnepaTopamMu
JBYX CTPaH. Mtanus MoXeT noxsacTaTbCs
60NbLUMM OMbITOM B COBPEMEHHOM CTPOU-
TENbCTBE, B TOM YUCNe NHPPACTPYKTYPbI, —
cnefoBaTebHO, Mbl UMEEM NOTeHLMan ans
nepefayn HaLWero OnbiTa B APYrie CTPaHbl.

— Momumo Prometeoengineering.it, Bbl
saBnsieTecb npeaugeHTom ponaa Fastigi.
MoxHo noapo6Hee?

— ®oHp pogunca B 2002 roay, cHavana B
$opme KoHCcopLMyMa 41 COAENCTBIS pas-
BMTMIO NPOdECCHOHANBHOTO 06Pa30BaHus,
HAYKM 1 HOBbIX TEXHONOT WA B TPAHCMIOPTHOM
MHPPACTPYKTYPE, 0COOEHHO B OTHOLLIEHNN
noA3eMHbIx 00bekTOB. 3a YeTbipHaALaTb NeT
Fastigi peann3oBan 3HauMTENbHBIE MEPO-
npusTUS, B OCHOBHOM B 06N1aCTH aKCnnyaTa-
LMOHHOI 6€30MaCHOCTM aBTOTPAHCMOPTHBIX
TOHHENEN, XenesHblx LOPOr M METPONoAnTe-
Ha. [locne nepBebix BOCbMM NET KOHCOPLMYM
chopmmposan Gong Fastigi, Hekommepye-
CKYIO OPraHM3aLyio, CTaBsLLYyIo CBOEN Liefbio
NOBbILIEHNE NPODECCUOHANBHO KYNbTYPBI,
yNyyLleHne NOAroTOBKM KaAPOB, NPOBESEHNE
Hay4HbIX MCCNEe0BAHNIA.

HoBbIl cTaTyC NO3BONMA PACLINPUTD
YUCNO YHaCTHUKOB — Y4PEAUTENEA, YNEHOB U
WHCTUTYLMOHANBHBIX YNEHOB — 119 Pa3BUTUS
COTPYAHM4YECTBA C APYTIMU OpraHn3auuamu,
roCy4apCTBEHHBIMU UMK YACTHBIMU, KOTOPbLIE
DENCTBYIOT B cepax, NPeacTaBnSIoLX NH-
Tepec Ans GoHAa, Unm PasaensioT ero Lenu.

Fastigi B nocnegHue rofsl yoanoch CBoei
[EeATENbHOCTBIO KOHKPETHBIM M addekTns-
HblM 06Pa30M CKOOPAMHMPOBATbL YCUNNS NO
KY/IbTYPHOW 1 Hay4HO-MCCNEeA0BATENBCKOM
paboTe, a TakKe N0 HAY4YHO-TEXHUYECKOMY
pa3BUTUIO FNaBHbIX GaKTOPOB, CNOCOBCTBYIO-
LLMX MOBILLEHWIO YPOBHS GE30MaCHOCTM
TOHHenNen 1 MHGPaCTPYKTYPbI B LLENIOM, B TOM
ynucne Tam, rae OCYLEeCTBASETCS NepeBos-
ka Nnioaen, ToBapoB, Nepefada SHepPrum nam
nHdopmaumn. Cepbe3HOCTb YPOBHS AEATENb-
HOCTW GOHAA, B YACTHOCTU, NOLTBEPXAAETCS
y4acTMEM B HEM MHXEHEPHOTO PakynbTeTa
Pumckoro yHusepcuteta Jla Canuenua, rae
Bnep.ble B MTanuum 6bin NpoBeAeH Kypc no
6e30MacHOCTY U MHXEHePHO 3aLuTe n oby-
YeHue COOTBETCTBYIOLLErO NepcoHana.

Fastigi akTBHO NpWUCYTCTBYET BO BCEX KOH-
TeKCTax, rae Mbl MOXeM CAenaTb KOHKPETHbINA
BKNAL B MOBbILIEHME YPOBHS 6€30MacHOCTM
TOHHENen U NHGPACTPYKTYPLI B LLESIOM, B TOM
4Mcne 0Ka3blBasi TEXHUYECKYIO M MPOEKTHYIO
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MEXAMCLMNIMHAPHYIO NOAAEPXKY. B faHHOM
HanpasJieHU Mbl pa3BnBaemM MeETOA0J10rnn
NPOEKTUPOBAHMS MYTEM UCMONb30BAHMS
KONMYECTBEHHOTO aHanM3a PUCKOB (HEAABHO
3aKoHOLaTeNbHO 0f0BPEHHOIO), TeXHMYeckas
1 Hay4Hast 060CHOBaHHOCTb KOTOPOro MPKU3Ha-
e1cs 1 B Utanuu, 1 3a ee pybexom.

B cerogHsWwHNx eBpOnencKMx MHCTUTYLLMO-
HaJIbHbIX YCNOBMSX KPaHe BaXHO CBOEB-
PEMEHHO NOHSATb KOHKPETHbIE NOTPEOHOCTY
oTpacnu, a 3aTem pearmposatb Haubonee
3bPeKkTNBHLIM 06pa30M Ha PacTyLLYy0 HeobX0-
AnMocTb 06ecneyeHns 6e30MacHOCTM, Kak Ha
€BPOMNENCKOM 1 HaLMOHANBHOM YPOBHE, TaK U
Ha ypoBHe 06LLEr0 NOHUMaHWS.

WTanus B eBPONENCKOA NaHOpamMe TPaHC-
MOPTHOI MHGPACTPYKTYPLI 3aHUMaET Bonee
NONOBUHbI OT oﬁmero aKTVMBA TOHHENbHOM
CeKLyK, Kak B Xene3HOLOPOXHON 0TPacau, Tak
1 Ha aBToMarucTpansx. [loatomy ons Hawen
CTPaHbI Kpa|7n-|e BaXHO NpeanpuH1nMaThb BCe
BO3MOXHbIE NOMe3Hble MHULMATKBEI MO NOBbI-
LUEHNIO KyNbTYypbl 3KCNayaTaunn n BanNATb Ha
MPUHATUE PELLEHNI.

Peyb naet 06 04eHb BaXHbIX PELLEHNSX, 3a-
TparueaLnX 0CHoBoONonarawLwme Kputepunn
EBpocTaHaapToB B 06nacT 630nacHoCTM
TOHHENE 1, O4EBUAHO, BNEKYLLMX 3a COOOM
KONoCCanbHbIe MHBECTULMN B MOAEPHU3ALMIO
WAN CTPOUTENBCTBO HOBOW MHDPACTPYKTYPbI.
Takum 06pa3om, GOHA CTaBUT CBOEN LieNbio
CnocoBbCTBOBATH YAYHLLEHMIO YNIPaB/eHMs!
prUcKamm, yBeaMYMBas POCT 3a[1eCTBOBAH-
HbIX CNELMANMCTOB, MOBLILLEHNIO KPUTEPUEB
MPOEeKTUPOBAHNA U BHEAPEHUIO NepeaoBbIX
TEXHONOrUiA, KOTOPbIEe HaUNy4LWM 06pa3om
OTBEYAKOT YHUKANbHEIM NOTPEGHOCTSM OT-
pacnu.

B nocnepHue rogpl 6bin 0praHM3oBaH psig
MHDOPMALMOHHBIX 1 00YyYaIOLLWX Meponpus-
TWIA, B TOM Yncie KoHdepeHumumn «Benunkue
CTPOUTENLCTBA, A0KNaz 06 OCYLLECTBNEHNN>
(2012), «OnbIT N0 0becneyeHnio 6e30NacHOCTH
ranepeii» (2014) n, HakoHeu, B 2015 rogy —
«OcHoBHas MHGPaACTPyKTypa u cTpaTernye-
ckast GyHKUMS anbnuiAckux TOHHeNe». Kaxaas
W3 HUX NO3BOAMAA CPABHUTL HAKOMNEHHbII
OnbIT N MPOBECTN NNIOA0TBOPHbIE ANCKYCCUN,
KoTopble, GnaroAaps y4acTuio B HUX aBTOPU-
TETHbIX 9KCNEPTOB 0TPACAU, PeanbHO CNoCcob-
CTBOBaNY PELLIEHNIO Npobnem.

— Kakoga xe, no-Baiiemy, posb «Benu-
KUX CTPOUTENBLCTB»?

— LUnpokomaclutabHble CTPOIKM Ja0T
LUIAHC NS YNYYLLIEHUS HEKOTOPbIX aCMEKTOB,
KOTOpbIEe 00bINHO YNYCKAIOTCS, — Takux Kak
naHawadT v apxuTekTypa MectHocTH. MoaTo-
MY § CHUTAIO, YTO «BeJIMKWNE CTPOUTENILCTBA»
CNefyeT 3a0HO PACCMATPMBATh C TOYKY 3pe-
HWS aPXUTEKTYPHON LIEHHOCTY 1 Kak CPEACTBO
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MexpayHapoaHas koHgpepeHums «OcHoBHas MHPACTPYKTYpa U cTpaTernyeckas GyHKLMA anbruiickux TonHeneit» — Poup Fastigi,
Pum, 28—29 okts6ps 2015 ropa

T0, YTO 1 HAYMHAIO Ceryac aenaTh C MOUMU PYCCKUMM APY3bIMU —

9T0 paboTa, TPpedyoLas MHOTO YCUANIA U TEXHUYECKNX 3HAHWIA;

f1 HaOeloCb, YTO 3TO NNLb HA4Yano NnyTu, KOTOprI71 JaeT MHE yXe

ceyac MHOro CTUMYJIOB 1 BO3MOXHOCTEN.

Aneccangpo ®okapayum

A5 BbIPAXEHUS HALMOHANbHOW (aHTasuu,
3CTEeTNYECKOro YyBCTBA.

B uenom peannsaums kpynHelx MHPPaCcTpyK-
TYPHBbIX NPOEKTOB NPEAOCTaBNSET BO3MOX-
HOCTW NS PEKOHCTPYKLMM PaiioHa, TPaHC-
MOPTHOI CUCTEMBI M CUCTEMBI HE30MACHOCTH,
a He TO/IbKO NOBBILIAET YPOBEHb KombopTa,
Nno3B0OJIAA HaM, HanNnpumep, oexatb U3 Puma B
MunaH Bcero 3a Tpy 4aca C BbICOKOI CKO-
pocTbio. To ecTb, 6e3yCNOBHO, MPOMCXOANT
obLuee ynyyLieHne TPaHCMOPTHO CUTYaLMK 1
6€e30MaCHOCTY ABUXEHMS.

— Kakue xapakrepucTuku onpeaensior
obecneyeHue 6e30NacHOCTU TOHHeNe?

— Kaxzblil TOHHeNb JOoMKeH paccmaTpu-
BaTbCs 0C000, Tak kak obnagaet cneundu-
Yeckummn GakTopamm onacHOCTW, CPEAM
KOTOPbIX Ha30BEM TPadUK ABUXEHUS, AJINHY
XapakTepuUCTUKM Tpeka, NOroJHbIe YCOBUS 1
T. 4. HeT eanHoro peuenta, TOHHENN JOMXKHbI
CTPOMTLCS B COOTBETCTBUM C UHAMBUAY-

aNnbHbIM N1aHOM 6€30NaCHOCTM, KOTOPBIN 1
yCTaHaBnMBaEeT NapameTpbl ee 06ecneyeHus.
OcHOBHbIMY hakTOpamMu SBASIKOTCS OCBE-
LLEEHNE, CUCTEMbI OMOBELLEHNS U CBA3N AN
nonb30BaTenei, paamepsl CeKLmMid, 4OCTYN 1
MyTW 3BaKyaLym, BEHTUASLMUS U NPOTUBONO-
XapHas TexHuka.

Takxe BaXHOe 3Ha4YeHVe UMEET ynpasne-
HWe TOHHENEM C TOYKM 3PEHUS Kak KOHTPONS
cvctem 6e30nacHOCTy, Tak 1 OpraHu3aLmum
TEXHUYECKOr0 0OCNYXMBAHUS 1 AEACTBUI B
aBapUIHBIX CUTYaLWAX CO CTOPOHLI Oneparopa.

— Yro Bbl Ha3Banu Obl rNaBHOIA Npobne-
MO ANS UTaNbAHCKNX TOHHENen?

— MbI aBnsiemcs BTOPOI CTPaHOMN B MUPE,
nocne ANOHMK, N0 KONNYECTBY TOHHENEN, Mbl
MOXEM MOXBAcTaTbCs YHUKANbHBIMU HOY-Xay,
0HAKO COKpaLleHne GUHAHCUPOBAHNA 1
MHBECTMLMI B LAHHBIA KOHKPETHbLIA NCTOPU-
4eCKMin MOMEHT CO3[1aeT BONbLUIME COXHO-
CTU. XyaLen ownbkoii npu aTom 5 Obl Ha3Ban
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3ameqneHne paboT no MoJepHU3aLIMM, XOTa
MEHeIXepbl 1 npunaratoT 60NbLIKE YCUamns,
4TOObI MATM B HOTY C NOCNEAHUMY TEXHONO-
TUSMM,

— Bbl co3aanu Tak Ha3blBaeMblil Noa-
BecHoui nyTb Boixopa (VES). Kak aTo uHxe-
HepHoe pelueHne NOBNUAET Ha NPOEKTH-
poBaHue UTaNbIHCKUX TOHHeNen?

— ABTO[I0POXHbIE TOHHENN, KaK M3BECTHO,
SBNAIOTCS 3aKPbITEIMM MPOCTPAHCTBAMY, e
NEPEMELLAIOTCS B TOM YUCIIE OMACHbBIE IPy3bl,
KOTOpbIE SBNSAIOTCS NOTEHLMANbHBIMM NCTOY-
HUKaMK NOXaPOB Pa3NNYHOM UHTEHCUBHOCTU
— B 3aBMCMMOCTM OT XMMMUYECKNX 1 hUnye-
CKMX XapaKTepUCTUK 3TUX rpy30B. Pa3sutie n
TSXECTb NOCNEeACTBIA ONACHbLIX COOLITUIA, Byab
TO NOXapbl VNV Pa3nnBbl TOKCUYHBIX BELLECTB,
B CBOIO 04EPEAb, 3aBUCST OT apPXMTEKTYPHbIX
1 TEOMETPUYECKIX XapaKTEPUCTUK MHPPa-
CTPYKTYPbI, BEHTUASLIMOHHBLIX CUCTEM, @ TAaKXe
OT HaNM4YMS 3aLLMLLEHHbIX NYTe Ans GbICTPO

3Bakyaumu. Mpn BO3HUKHOBEHUM NOXapa B
TOHHENE NPONCXOANT 3HAYNTENLHOE MOBbILLE-
HWe TeMNEepaTypbl 1 KOHLEHTPALWMM TOKCUYHBIX
BELLECTB B BO3AYLUHOW CPEAE — YTO YPEBATo
TAXENenwmMmn NoCNeACTBUAMI LN1S NONb30Ba-
Tenein, kak 370 MMEeNo MeCTO Npu katacTpodax
C JiecaTkamu XepTB B ToHHensix MoHbnaH
(1999 ron) n FoTapg (2001 roa). Toraa rnas-
HO€ BHUMaHME OLWNOOYHO YAENSAN BEHTUAM-
POBaHWMIO: 4TOOLI CNPABUTLCS C NOXapamu,
C03/1aBaNNCh MMraHTCKIE CUCTEMbI NONepey-
HOW 1 NEPEKPECTHON BEHTUASALMN, AOPOTUE U
HEHYXHbIE.

Hannuue Takoii cuctembl, pazpaboTaHHO
B COOTBETCTBMM C COBPEMEHHLIMU Ha TOT
MOMEHT PEKOMEHAALMAMM, OAHAKO, HE CMacno
0T katacTpodsl B TOHHene Fotapa. 370 3a-
CTaBmn0 EBPONEnckyto KOMUCCUMIO NPU3HaTh
¥ NOAYEPKHYTb, YTO PeLLaloLLEee 3HaYeHuE B
YpE3BbIYANHBIX CUTYALMSX UMEIOT 0OBEKTbI
MHGPACTPYKTYpbI, CNOCOBCTBYIOLLME CaMO-
CNaceHuIo NIoAel 1 obLiemy NpoLeccy Buixoaa

13 TOHHENS — HaNpPUMeEp, 3aLLMLLEHHbIE NYTU
3BakyaLmu.

Esponeiickas nupextusa 2004/54/EC 2.3,

B YACTHOCTU, ONPEAENsieT aBapuiiHbIe BIXOAI
KaK CTPYKTYPHbIE 31EMEHTBI, KOTOPbIE «M03BO-
NS0T NOAB30BATENSM 3BAKYMPOBATHCSA U3 TOH-
Hens NeLuKoM 1 JoCTnYb 6e30MacHOro MecTar.
Mos nnest coctosna B ToM, 4T0Obl CO3AaTb
CTPYKTYPY, KOTOpas He nmena Obl TpaanLp-
OHHbIX NPOBAEM C TOYKM 3PEHNS OTHECTOWKO-
CTW, FEPMETUYHOCTH MO OTHOLLEHWIO K AbIMY,
TEPMOU30MALMM, HO B TO Xe BpeMs Obina Obl
MPOCTON 11 HEAOPOT O B U3rOTOBNEHNM.

MopgecHoit nyTb Bbixoaa (VES), HoBaTop-
CKMI N0 pa3paboTke 1 BOMOLLEHUIO, OCHO-
BbIBAETCS HA NMOABELLEHHOW K CBOAY TOHHENS
«0OPOXKE», UMeloLLeit xapakTepucTuku REI
120. OHa npeacTaBnsieT coboi 3aLUMILEHHbI
MapLpyT, obecrneyvsaroLLmii 6e30MnacHbIii Bbi-
XOf NONb30BaTENEeN, ECIN NPOU3OLLAA KPYM-
Has aBapusi. [Mpn aTom VES 6bin cO34aH Takum
06pa3om, 4To6bl COOTBETCTBOBATL TPE6OBA-
HUSIM 1 PEKOMEHALMSM BCEX HALIMOHaNbHbIX
1 €BPONENCKNX HOpM B 06iacTu obecneyeHns
6€30MacHOCTY ABUXKEHUS B TOHHENSIX.

[Tocne HeCKONbKMX NeT UCCNeA0BaHWUMA, Ha-
YYHbIX MCMbITAHUA M NPOEKTUPOBAHMS, B HACTO-
sililee BPEMS HECKOJIbKO TOHHENe 060pya0Ba-
Hbl MOABECHLIM NYTEM BbIX0AA. Llenbio gaHHoro
MHHOBALIMOHHOTO PELUEHMS SBISIETCS OTBET Ha
Heo6X0AMMOCTb CYLLECTBEHHOIO Y/yyLLEHNS
cuTyaumm B obnactu 6e30nacHoOCTH, B COOT-
BETCTBWW C HOBBbIMY HALWOHABHLIMY 1 €BPO-
neycK1MmM NpaBunamMu, ¢ HOBLIM MPOEKTHBLIM
MOAX0L0M, OCHOBAHHbIM Ha KONMYECTBEHHON 1
BEPOSTHOCTHOM OLLEHKE prCKa.

Ha «1opoXky», WWMPUHA KOTOPOI JOCTATON-
Ha 415 9BaKyaLum l0AEN, MOXHO NonacTb no
necTHuuam. CTpykTypa TpaneuneBnaHon unm
NPSIMOYroNbHON GOPMbI, NPUKPEnasemas K
CBOAY C NOMOLLBIO CTalbHbIX CTEPXHEN, KPIO-
KOB 1 NNACTUH, BLINONHAETCA 13 XeNne300eTo-
Ha 1 3aMLLAEeTCs MaTepuanamu, BbloepXu-
BAIOLLMMU BbICOKME TEMNEPATYPbI, CTONKNMM
K KOPPO3KK 1 Pa3PyLLEHUIO.

lMofBecHoi NyThb BbIX0AA, KDOME MHOTO-
YNCNEHHBIX TPEUMYLLECTB C TOYKM 3PEHUS
6e30nacHOCTH, UMeeT 1 apyrue Gonblune
nntockl. OH COOPYXaeTcs ¢ MCN0b30BAHUEM
COOPHbIX CErMEHTOB, KOTOPbIE MOHTUPYIOTCS
Ha CTPOUTENBHON NIOLLALKe U YCTaHaBNN-
BatoTCa B cpeaHem no 50 M B AeHb. 3710, B
CpaBHeHWu C ApYriMn BapuaHTamu, no3so-
NSEeT YBENMYUTL CKOPOCTb MOHTaXa U CHU3UTb
dUHAHCOBbIE 3aTpaThl.

CoBoKynHOCTb 6630NaCHOCTH, NEPEAOBLIX
TEXHONOMNIA N 3KONOTNYECKOI MHXEHEPUM
OTKPbLIBAET HOBbIE FOPM30HTbI — AAET XN3Hb
npoexTy, GopMMPYIOLLEMY HOBBLIN KYPC B
TOHHENEeCTPOEHNN, B COOTBETCTBUN C CaMbIMM
CTPOrMMY EBPONEACKUMI HOPMAMMU.

MOA3EMHBIE FTOPU30HTbI Ne9. ionb/2016



L’incontro é fissato per le ore
9.30 e ci rechiamo presso la sede
della PROMETEOENGINEERING.
IT, nei pressi di Viale Mazzini,
nello splendido quartiere Prati, a
due passi dalla Citta del Vaticano
e dal centro di Roma. Li veniamo
accolti con gentilezza e cortesia;
viene annunciato il nostro arrivo e
dopo pochi secondi ci raggiunge
I'Ing. Alessandro Focaracci.

L'intervista €’ stata redatta
in collaborazione con
'ufficio stampa della
Prometeoengineering. it
S.rl.

PROMET S0
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ALESSANDRO FOCARACCI:
L’'UOMO CHE AMA LE GALLERIE

“Impegno, costanza e passione
per la progettazione delle opere

In sotterraneo”

D.:”Possiamo cominciare a parlare della
Sua carriera e degli importanti incarichi
istituzionali che ad oggi sta gestendo con la
particolare vocazione per le infrastrutture del
trasporto?

R.: “La mia esperienza nel settore dei trasporti
e delle infrastrutture & ormai trentennale, grazie
alla progettazione di importanti opere con
primarie societa di costruzioni ed importanti
stazioni appaltanti quali: Ferrovie dello Stato (per
il tramite delle diverse societa appartenenti al
gruppo); 'ANAS S.p.A,;SALINI - IMPREGILO,
Gruppo Autostrade per I'ltalia; ASTALDI; e molti
altri concessionari di opere pubbliche.

Dal 2005, dirigo la
PROMETEOENGINEERING.IT, in qualita di
direttore tecnico ed Amministratore Unico. Una
societa che esercita la propria attivita nel campo
dellingegneria e delle infrastrutture strategiche
con un particolare focus sulle opere geotecniche
ed in sotterraneo.

I know-how specifico sviluppato in relazione
al “tunnelling” ha permesso alla societa, di
distinguersi ed affermarsi velocemente nel
mercato italiano ed internazionale come una
delle aziende leader nella progettazione,
consulenza e assistenza tecnica di gallerie
stradali, ferroviarie, idrauliche e metropolitane.
La vasta formazione, |'esperienza e |'elevata
professionalita del personale tecnico operativo
della Prometeoengineering.it permette di offrire
un servizio completo e tempestivo, seguendo
lo sviluppo dell'opera dalla concezione fino
all’esercizio e ricoprendo la totalita degli aspetti
relativi la progettazione, I'ideazione, la valutazione
di fattibilita, le indagini, la progettazione
preliminare, definitiva, esecutiva e costruttiva,
la direzione lavori, I'assistenza tecnica, la
progettazione della sicurezza e dellimpiantistica.
Prometeoengineering.it S.r.l. ha lo scopo di
soddisfare ciascuna richiesta formulata dai propri
clienti con alti standard qualitativi e spesso

ha saputo ideare soluzioni tecnologiche e
metodologie innovative per la soluzione dei pit
svariati problemi. La costante crescita in termini
di risorse umane, materiali ed economiche &
testimone della qualita dei servizi offerti & frutto
dell’impegno, della costanza e della passione
con cui lo staff della Prometeoengineering.it
svolge il proprio lavoro.

D.: “Com’é nata questa sua passione per le
gallerie?”

R.: “Le opere all'esterno sono tutte ben
definite: se ne conoscono i carichi, la struttura
e anche i materiali. Prendiamo ad esempio
un ponte: niente avviene che non si possa
prestabilire.

Veniamo invece alle gallerie. In questo
caso il terreno cambia in continuazione, non
sappiamo mai a cosa si va incontro. Possiamo
trovare acqua, interferenze con la superficie: &
I'esperienza che ci fa sapere in anticipo quello
che potra accadere. Tutto questo mi affascina,
mi intriga e mi consente, con soddisfazione, di
dedicare gran parte della mia vita alle gallerie”.

D.: “Alla luce di questa sua passione qual
e il suo lavoro che, alla data, Le ha riservato
maggiore soddisfazione?”

R.: “Certamente, non ho alcun dubbio, le
gallerie della tratta ferroviaria ad Alta Velocita
Bologna-Firenze sono il piti bel lavoro che
abbiamo fatto: sono circa 90 km che si pongono
allattenzione del mondo interno”.

D: Ma per un periodo della sua vita
professionale non si & occupato solo di
gallerie?

R: Dal 2001 al 2006 ho dedicato tutto il
mio impegno professionale al Ministero delle
Infrastrutture e Trasporti in qualita di Consigliere
Tecnico del Ministro e come responsabile
delle istruttorie di un grande programma di
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infrastrutturazioni dell'ltalia, che ha interessato
le metropolitane di Roma, Napoli, Milano, tratte
autostradali, forti gli interventi di salvaguardia di
Venezia. Oltre 120 progetti che hanno cambiato
'ltalia.

La mia presenza al Ministero delle
Infrastrutture e Trasporti & proseguita in qualita di
esperto tecnico della Commissione Permanente
gallerie stradali ex D.Lgs n 264/2006, alla
Commissione gallerie ferroviarie ex DM
28.10.2005 e al Comitato tecnico permanente
per la sicurezza dei sistemi di trasporto a impianti
fissi. Questo ruolo mi mette a disposizione
alla pubblica amministrazione le mie capacita
tecniche per una gestione migliore delle
infrastrutture del Paese.

D.: “Cosa, a suo avviso, ha maggiormente
caratterizzato i nuovi progetti?”

R.: “Come viene spesso sottolineato dagli
esperti del settore, traspare maggiormente la
mancanza di esperienza pratica di cantiere e di
visione strategica del progetto, visione d'insieme
coordinata e interdisciplinare tra la parte tecnica,
amministrativa ed economico-finanziaria.

Vengono spesso ereditate soluzioni progettuali
da contesti diversi, senza comprendere
pienamente la concezione progettuale originaria.

E opinione diffusa che chi progetta abbia
presente piu criteri di economicita della
progettazione che criteri di qualita ingegneristica.

Tale assunto si traduce spesso in progetti
sempre meno realizzabili che, se posti alla
base di gara, rende piu agevole agli Appaltatori
realizzare varianti progettuali, che da sempre
costituiscono le uniche occasioni per recuperare
non solo i ribassi d'asta, ma anche eventuali
carenze organizzative in fase di realizzazione.

Se il progetto invece € realizzato

dall’Appaltatore (appalto integrato o a contraente
generale) gli errori progettuali si traducono in
diseconomie che comunque vanno a influire sulla
gestione complessiva dei lavori, con ritardi nella
realizzazione delle opere, contenziosi e danni
sociali rilevanti.

D.:”Chi ha maggiori responsabilita di
questo scadimento progettuale?”

R.: “E’ opinione condivisa che la responsabilita
possa ripartirsi tra Amministrazioni, Istituzioni,
Associazioni culturali e mondo imprenditoriale.

D.:”Nello specifico puo farci qualche
esempio?

R.:“Gli addetti ai lavori ritengono che le
Amministrazioni dovrebbero richiedere maggior
qualita, non solo formale. | bravi Progettisti non
possono lavorare “sotto la soglia”.

Spesso anche le istruttorie ai progetti
sono affidate sotto la forma di “servizi di
ingegneria” ma senza linee guida vincolanti
per il Professionista. Se I'Amministrazione non
progetta, almeno deve verificare con cognizione
cio che appalta. Un ruolo maggiore dovrebbe
essere svolto dal consiglio superiore dei LL.PP.,
massimo organo consultivo dello Stato, che
potrebbe elevare il livello tecnico con Esperti
che hanno acquisito esperienza pratica sui
lavori e non soltanto accademica. Potrebbero
svolgere un ruolo non solo amministrativo, ma
decisamente piu efficace nella gestione delle
grandi opere. Le grandi Associazioni culturali,
per uscire dagli ambiti ristretti in cui operano,
avrebbero bisogno di generare rinnovamento,
negli Statuti e nel rinnovo delle cariche sociali,
per poter incidere in maniera piu concreta
sui reali problemi progettuali e realizzativi
evidenziati. Gli imprenditori dovrebbero investire

maggiormente nell'ingegneria ma, anche per la
situazione attuale, forse mai cosi negativa nel
passato, sono portati a proseguire logiche di
economia e non di sviluppo qualitativo. Nel suo
“Situazioni” Sarte diceva: “Non facciamo quello
che vogliamo e tuttavia siamo responsabili di
quel che siamo”.

D.:”Ci chiediamo ma con tante gallerie
riesce a dedicarsi anche ad altro?

R.:*Nel tempo libero mi piace uscire dal
“tunnel”, adoro praticare la vela e giocare a
golf, attivita che pratico da molti anni e che mi
permettono di relazionarmi con spazi e panorami
unici che solo questi sport possono offrire.

D.:”ll suo curriculum di esperienze &
molto vasto. C’é qualcosa che ora non segue
ma che nel tempo avrebbe voluto portare
avanti?ha qualche rimpianto?

R.:"La mia esperienza lavorativa & ampia
perche sono molti anni che esercito questa
professione e partendo dalla famosa “gavetta”
ho fatto tutto il percorso professionale necessario
per arrivare fino a qui; in tal modo si € verificata
una crescita in ambito tecnico e gestionale che si
& consolidata nel tempo ed ha prodotto numerosi
traguardi ed importanti realizzazioni in tutta
Europa.

D.:”Cosa pensa dell’'internazionalizzazione?

R.:“Linternazionalizzazione rappresenta per
ogni Impresa di qualsiasi dimensione e settore,
un aspetto a cui non & possibile sottrarsi e che
pud riservare grandi opportunita per mantenere e
sviluppare livelli di competitivita e di presenza sui
diversi mercati.

Intraprendere un’attivita internazionale
permette infatti di cogliere importanti occasioni
di sviluppo. Lo scenario in cui viviamo € infatti
caratterizzato da una crescente indipendenza
di tutti gli attori del mercato globale: lo spazio
si restringe, il tempo si contrae e i confini
scompaiono legando tutti i soggetti in maniera piu
profonda, pit intensa, pitl immediata di quanto
sia mai successo prima. Accesso a nuove idee e
a nuove esperienze dovute al contatto con nuove
realta, nuovi modi di operare, nuove idee di
successo che possono essere recepite, utilizzate
e adottate sia su un mercato domestico che sugli
altri mercati in cui si & presenti.

Quello che sto intraprendendo con i miei amici
Russi & un lavoro che richiede molto impegno e
competenze tecniche; mi auguro sia solo l'inizio
di un percorso che da subito mi ha dato molti
stimoli e opportunita di crescita.

D.:”Le relazioni tra Italia e Russia per la
realizzazione di opere infrastrutturali potra
essere una occasione per la ripresa anche
dell’ltalia?
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R: “Al fine di rilanciare le imprese che cercano
di espandere le loro attivita e rafforzare la
propria posizione sul mercato estero, FSI (Fondo
Strategico Italiano) in cooperazione con RDIF
(Fondo Russo per gli investimenti Diretti), hanno
deciso di attuare un procedimento di investimento
da un miliardo di euro per favorire le opportunita
di incontro tra imprese e operatori dei due Paesi.
L'ltalia vanta di una grande tradizione nelle
costruzioni e nella realizzazione di infrastrutture,
pertanto ha tutte le potenzialita necessarie per
portare la propria testimonianza altrove.

D.:Sappiamo che lei oltre ad occuparsi di
progettazione, riveste il ruolo di Presidente
della Fondazione FASTIGI, come é nata
questa iniziativa?

R.: La Fondazione FASTIGI & nata nel 2002,
in forma di Consorzio, per promuovere la
formazione, 'addestramento, la scienza e le
nuove tecnologie nelle infrastrutture di trasporto,
con particolare riguardo alle gallerie ed opere in
sotterraneo. In quattordici anni di vita Fastigi ha
realizzato importanti attivita, svolte soprattutto
nel campo della sicurezza in esercizio di gallerie
stradali, ferroviarie e metropolitane. Dopo i primi
otto anni, il Consorzio ha costituito la Fondazione
Fastigi per esaltare la vocazione culturale,
formativa, di ricerca, senza scopo di lucro.

La nuova forma statuaria ha permesso di
ampliare il numero di soggetti partecipanti alle
attivita del FASTIGI, Fondatori, Sostenitori e
Partecipanti istituzionali, al fine di sviluppare
sinergie e collaborazioni con altri organismi,
pubblici o privati, che operino nei settori
d'interesse del Fastigi o che ne condividano lo
spirito e le finalita.

Di fatto FASTIGI in questi anni con la propria
attivita ha canalizzato e ha fatto convergere
in modo concreto ed efficace gli sforzi di
approfondimento culturale e di sviluppo
scientifico-tecnologico dei principali soggetti
protagonisti e responsabili del miglioramento
della sicurezza nelle gallerie e nelle infrastrutture
in genere, ivi incluse quelle di trasporto di
persone, merci, energia ed informazione.

La particolare attenzione che la Fondazione
FASTIGI rivolge al tema sicurezza & testimoniata
anche dalle presenza al suo interno della Facolta
di Ingegneria dell'Universita degli Studi di Roma
“La Sapienza’”, la quale ha varato, per la prima
volta in ltalia, un corso di laurea in Ingegneria
della Sicurezza e Protezione, e con la quale sono
stati svolti corsi di formazione delle varie figure
che a vario titolo sono coinvolti nella sicurezza
delle infrastrutture.

In questi anni FASTIGI ¢ stato attivamente
presente in tutte le sedi e contesti dove puo essere
dato un contributo concreto di miglioramento
della sicurezza nelle gallerie e nelle infrastrutture
in generale, anche con un supporto tecnico-
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progettuale inter-disciplinare. Ha infatti promosso
le piu recenti metodologie di progettazione della
sicurezza attraverso I'utilizzo dell'analisi di rischio
quantitativa introdotta nelle normative approvate
negli ultimi mesi e la cui validita tecnico-scientifica
€ riconosciuta in Italia e all'estero.

Nelle attuali condizioni istituzionali europee,
€ imperativo saper cogliere, in tempo utile,
le esigenze specifiche del settore e quindi
rispondere, nel modo pill efficace, alla domanda
di sicurezza che cresce in modo deciso e
consapevole sia a livello istituzionale europeo e
nazionale, sia come sensibilizzazione generale.

L'ltalia nel panorama europeo comunitario
delle infrastrutture di trasporto detiene pit della
meta del patrimonio complessivo dei tratti in
galleria, sia nel campo ferroviario sia in quello
stradale e autostradale.

E’ quindi imperativo per il nostro Paese
assuma tutte le iniziative utili ad accrescere il
peso culturale e conseguentemente l'influenza
decisionale. Si tratta di decisioni cruciali che
riguardano i criteri ispiratori delle Normative
europee nella sicurezza delle gallerie, da cui
ovviamente dipendono colossali investimenti per
I'adeguamento o per la realizzazione di nuove
infrastrutture. Lo scopo della Fondazione € quindi
di promuovere il miglioramento delle soluzioni per
la gestione dei rischi alimentando la crescita delle
professionalita coinvolte e valorizzando i criteri di
progettazione e le tecnologie evolute che meglio
rispondono alle esigenze peculiari del settore.

Negli ultimi anni sono state organizzate
numerose attivita di informazione e formazione,
tra queste vogliamo menzionare in ordine
cronologico, la Conferenza del 2012 (Grandi
Opere, Report sullo stato di attuazione), quella
del 2014 (Ritorno di esperienza sulla sicurezza
in Galleria) ed infine 'ultima nel 2015 (Le Grandi

infrastrutture e la Funzione Strategica dei Trafori
Alpini).

Ogni evento ha permesso un confronto e un
dibattito proficuo e positivo nello sviluppo delle
rispettive tematiche trattate, soprattutto grazie
alla numerosa partecipazione di personaggi
illustri ed esperti del settore.

D :ll ruolo delle grandi opere?

R: Le grandi opere rivestono un'occasione di
arricchimento di alcuni aspetti altrimenti trascurati
come quello paesaggistico e architettonico del
territorio. Credo dunque che, se le grandi opere
venissero considerate anche come un pregio
architettonico e mezzo d’espressione della
grande fantasia tipica della nazione e del senso
estetico, potremmo realizzare senza difficolta
opere migliorative del territorio. Inoltre, le grandi
opere possono migliorare la sicurezza perché
credo sia opinione diffusa che I'autostrada
Salerno-Reggio Calabria oggi sia migliore di
quella che stiamo via via distruggendo per
lasciare spazio a quella nuova. Quindi possiamo
dire che le grandi opere rappresentino anche
un’occasione di riqualificazione del territorio, di
sicurezza dei trasporti e non soltanto di comfort,
che ci permettono di andare da Roma a Milano
in tre ore con I'Alta Velocita. Non si tratta soltanto
di questo ma di un miglioramento complessivo di
tutta la fruibilita dei trasporti e della loro sicurezza

D: Che caratteristiche devono avere le
gallerie per definirsi sicure?

R: Ogni galleria deve essere trattata in modo
differente in quanto caratterizzata da specifici
fattori di pericolo tra i quali citiamo il traffico, la
lunghezza, le caratteristiche del tracciato, le
condizioni meteo etc... Non esiste una ricetta
univoca, le gallerie devono essere realizzate
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secondo un progetto della sicurezza che ne
definisca le caratteristiche necessarie a garantire
la sicurezza degli utenti. | fattori che influenzano
maggiormente la sicurezza sono l'illuminazione,
le segnalazioni e le comunicazioni all'utenza, le
dimensioni della sezione, I'accessibilita e le vie
di fuga, la ventilazione e le dotazioni antincendio.

E’ altresi di fondamentale importanza la
gestione della galleria sia in termini di controllo
dei sistemi di sicurezza sia in termini di
organizzazione da parte del gestore per quanto
riguarda la manutenzione e le operazioni di
emergenza.

D: Qual & il maggior difetto delle gallerie
italiane?

R: Siamo il secondo paese al mondo dopo il
Giappone per numero di gallerie, vantiamo un know
how senza pari, tuttavia i costi di adeguamento
sia in termini di investimenti che di costi indiretti
derivanti dai lavori non sono facilmente sostenibili
in questo particolare momento storico. Il peggior
difetto pud essere costituito dallo stato di
avanzamento dei lavori di adeguamento anche se
i gestori stanno facendo un grosso sforzo per poter
stare al passo con le tecnologie.

D: Lei ha ideato la Via d’Esodo Sospesa
(VES), come questa soluzione ingegneristica
ha dato una svolta alle gallerie italiane?

R: Le gallerie stradali sono ambienti confinati
nei quali transitano veicoli adibiti al trasporto
di persone, merci e merci pericolose, che
costituiscono potenziali sorgenti di incendio
di intensita variabile, fortemente condizionata
dalle caratteristiche chimico fisiche dei
carichi. L'accadimento e I'evoluzione di eventi
pericolosi in una galleria stradale, siano essi
incendi o sversamenti di sostanze tossiche e

nocive, dipendono e sono condizionate dalle
caratteristiche architettoniche e geometriche
dell'infrastruttura, quali la lunghezza, la sezione,
i regimi di ventilazione, la disponibilita di percorsi
protetti che favoriscano la rapida fuga degli utenti.
Quando si verifica un incendio in galleria i fumi
intrappolati all'interno della struttura determinano
un aumento significativo della temperatura e delle
concentrazioni di sostanze tossiche nellambiente
con comprensibili nefaste conseguenze sulla
sopravvivenza degli utenti come verificatosi nei
disastri avvenuti nel Monte Bianco (1999) e nel
Gottardo (2001), che hanno provocato decine

di vittime. In passato si e’ erroneamente posta
grande attenzione agli impianti di ventilazione

per gestire 'emergenza incendio realizzando
impianti faraonici per la ventilazione trasversale

e semitrasversale delle gallerie, costosi quanto
inutili. L'incendio verificatosi nel Tunnel del
Gottardo il 25 ottobre 2001 che ha causato 10
vittime, nonostante la presenza di un sistema di
ventilazione trasversale progettato seguendo le
raccomandazioni della pratica corrente, ha indotto
la Commissione Europea a sottolineare come
risulti determinante, in condizioni di emergenza,
dotare una galleria di misure di sicurezza che
favoriscano 'auto-salvamento degli utenti ed in
generale il processo di esodo, come le vie di fuga
protette. La Direttiva Europea 2004/54/CE 2.3,
nello specifico, identifica le uscite di emergenza
come elementi strutturali che “consentono agli
utenti della galleria di abbandonare quest'ultima

a piedi e raggiungere un luogo sicuro”. La mia
idea & stata quella di realizzare una struttura

che non avesse le problematiche delle strutture
tradizionali in termini di resistenza al fuoco,
ermeticita rispetto ai fumi, isolamento termico ma
che al contempo rispondesse all'esigenza di una
facile realizzazione, con costi contenuti. La Via

d’Esodo Sospesa (VES), dal carattere fortemente
innovativo nella concezione e nella realizzazione,
consiste in un camminamento sospeso alla calotta
della galleria avente caratteristiche REI 120,
ovvero un percorso protetto in grado di assicurare
la fuga in sicurezza degli utenti da una galleria
nel quale si & verificato un incidente rilevante. La
Via d'Esodo Sospesa, inoltre, & stata progettata

e realizzata in modo da risultare conforme alle
prescrizioni ed alle raccomandazioni di tutte le
normative nazionali ed europee vigenti nel campo
della sicurezza delle gallerie stradali. Dopo anni
di studi, test scientifici e progettazione, ormai
diverse gallerie con la via d'esodo sospesa

sono state completate. L'obiettivo di questa
soluzione innovativa & rispondere all'esigenza

di un sostanziale miglioramento della sicurezza
avvertita dalle nuove normative, nazionali ed
europee, tramite una nuova impostazione
progettuale basata sulla valutazione quantitativa e
probabilistica del rischio.

La via d'esodo & costituita da un
camminamento sufficientemente ampio per
consentire un agevole esodo degli utenti che
possono accedere alla struttura tramite scale
collocate in corrispondenza delle piazzole di
sosta. La struttura, di forma trapezoidale o
rettangolare e fissata alla calotta tramite barre e
piastre, pud essere in calcestruzzo o acciaio ed &
protetta con materiale progettato per resistere ad
alte temperature.

La galleria attrezzata con via d’esodo
sospesa, oltre ai numerosi benefici in termini di
sicurezza, presenta anche notevoli vantaggi nella
produzione. La struttura € costruita utilizzando
conci prefabbricati che permettono di ottenere
una maggiore velocita di montaggio unita a una
riduzione dei costi.

La realizzazione della via d’esodo sospesa
avviene tramite conci prefabbricati in
calcestruzzo che vengono ancorati alla calotta
della galleria tramite ganci e tiranti di acciaio. |
conci sono poi rivestiti con materiale protettivo
in modo da non subire fenomeni dannosi come
spalling e consentire un ottimale isolamento
termico. Il processo di industrializzazione
prevede la realizzazione di conci prefabbricati
che sono costruiti in cantiere e, una volta
raggiunta la quantita necessaria, messi in
opera, con una media di 50 m di conci montati
al giorno. Una sinergia di sicurezza, tecnologia
avanguardistica e tutela ambientale che apre
nuove frontiere ingegneristiche per dar vita a un
progetto destinato a inaugurare un nuovo corso
nella realizzazione delle gallerie, in conformita
con le piu rigide normative europee.

Salutiamo dopo aver ringraziato. In
conclusione, pensiamo, abbiamo dato uno
sguardo al futuro. In fondo Focaracci, come ha
scritto qualcuno in ltalia, ha reinventato il passato
per vedere la bellezza del futuro.
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OcHoBHblEe XapaKTepucTuKn TOHHe1ernpoxo44ecKoro I
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[JnameTp wyra 15,03 m -
CKOPOCTb BPALLIEHNS POTOPa 0-1,9 06./MuH 2. NPOXOAKA TOHHEJIEX
MaKcuMabHbI BPALLAIOLLAY MOMEHT 73,300 KHM LUMTOBbLIM CNOCOBOM
Konuyectso aurateneit 21 WuaycTpranusaums npouecca CTPOUTeNbCTBA TOH-
KonM4ecTso AOMKpaToB 51 Henel ropHbIM cnocoboM ¢ NpeABapUTENbHLIM 3aKpe-
nneHnem 30Hbl 16a 32605 ABNSETCS 8CTECTBEHHOMN Npw
MakcumansHoe yeunve nogasn 235,665 kH
MEXaHW3MPOBAHHOM CMOCO6E NPOXOAKM C MOMOLLbIO
OcoBoe yenme nogaiu 269,330 kH TOHHENENPOXOAYECKMX KOMMNEKCOB, KOrAa NOCTOSHHAS
MolUHOCTb ABUraTens 348 kBT 06aenka cobupaeTcs U3 roTOBbLIX XeNne300eTOHHbIX Cer-
MonHas MOLLHOCTS 7656 KBT MEHTOB. ECn1 MexaHn3npoBaHHbIin Cnocob NpuMeHnM
N TEOMETPUYECKMX NapaMeTPOB TOHHENs (AnnHa), a
KonuyecTso pesLos 516 A P P P (a )
Takxe NpUeMEeM B AaHHbIX Fe0NI0rM4ecKnX YCIoBUAX
MakcumansHoe paGouee Aasnerie 5,56ap (0[HOPOAHOCTHL NMEpPecekaemMoro rpyHTa), To NPon3Boau-
Ynop 9 TENbHOCTb MPU MEXAHW3MPOBAHHOW NPOXOAKE HAMHOMO
Bec ynopa 58507 BbILLE, YEM NP UCTI0Nb30BAHUM APYrX CMOCOBOB.
Mpw 3TOM CcleayeT UMETb B BIAY, YTO B XOLE CTPOUTESb-
CKOpOCTb BbIABUXEHNS 33 MM/MUH P Ay Ay Ae cTp
CTBA HA CerMeHTax 06AeNKM 4acTo 06Pa3yIOTCs TPELLMHBI,
Mpovn3BoANTENLHOCTS 15 M/nerb BbI3BAHHbIE KaK reOMeXaHN4eckuMM hakTopamu, Tak 1
Bpewms pa3pabotku 57 MWH €nocoboM NepeMELLEHNS M MOHTaXa COOPHbIX ANEMEHTOB,
Bpewms cBopKv KonbLia A B 4aCTHOCTM, YCUNUAMM NOAA4M AOMKDATOB AA MPOABH-
XeHWst BypOBOIA MaLLMHbI 1 fiedeKTamMn MOHTaxa, TO eCTb
OKOHYaHue. WToroBoe Bpems 97 MuH o
HEPOBHOCTAMM OMOPHOI MOBEPXHOCTM MEX/y CerMeHTaMMu,
Hauano B Ne8 iToroean ckopocT yoTaHOBKH 7 Konewy/ieHs B 370/ rnaBe Mbl NPEACTaBIM Pe3ynbTaThl UCCneso-
MOCTOSHHOI 06AeNKN BaHMA, NMPOBEAEHHOIO C LIENbIO BbIABIEHNS MPUYMH 1
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AnemeHTHI
KOHTaKTa

Konhuo-iy

3aMKOBblIii CErMeHT

=

Mopaya

cnoco6oB 06pa30BaHMs TPELLMH W HanpaBAEeHHOro Ha
MWHUMKU3ALNIO 3TOr0 ABNEeHNd.

2.1. [poekTnpoBaHne cerMeHToB 004eKN

B npouecce aHanusa npoLecca CoopyXeHust TOHHENS
C NMOMOLLGI0 TOHHENENPOXOAYECKOro KOMMIeEKca, C y4ye-
TOM pabo4mx NapamMeTpoB LLMTA, BbISCHUIOCK, 4TO 00pa-
30BaHMIO TPELLMH B COOPHBIX XeNne300eTOHHbIX CerMeHTax
MOXHO 3 HEKTUBHO NPOTUBOCTOSATL NYTEM OMTUMM3ALN
pacnpefenexns apMUPYIOLLVX SNEMEHTOB BHYTPY Cammx
CErMeHTOB. B 3TOM CMbIC/e 0ka3biBaeTCs BECLEHHBIM OMbIT
nocneaHux 30 neT CTpOUTENLCTBA TOHHENE B UTanuu.
Camblii nocneaHuii 13 06bEKTOB OKa3anCcs OAHUM M3 CamblX
CNOXHbIX N0 reOMexaHNYecKUM XapakTepucTkam nepe-
CeKkaeMoro Maccuea, Tak, M3-3a ero U3MeH4YMBOCTM BLONb
Tpacchl TOHHENS BbINO NPEAI0KEHO BbINONHNATL MPOXOLKY C
nomoLwio komnnekca HP EPBM (umT ¢ rpyHTONpUrpy3om),
pa3paboTaHHOro Ans 0becneyeHns onTumansHo addek-
TWUBHOCTM NPU BbICOKMX HArpy3kax 1 npu paboTe B CNOXHbIX
reonornyeckmx ycnosusx. uamerp wura coctasnan 15,08
M, AnmHa — 115 M, Bec — 4000 T (cm. Tabnuy).

B wacTHOCTM, pexyLunii opraH Bbin cHabxeH crneumans-
HbIMM OCTPbIMU MHCTPYMEHTaMM (PbIXnnUTenn / ckpebkw)
Isl TPOXOAKW B FMHUCTIX FPyHTax. Pabounii opraH
LUMTA MMEET 3HAYUTENBHYIO OTKPBITYIO YacTb (43%), 4o
no3Bonsno paspabatbizatb 6ONbLINE 0OBEMBI FPYHTA MPK
noanepxaHuu iaBneHus Ha nob 3a6os 1 onTMMM3aLmm
KPYTSILLEro MOMEHTa.

B Lenom, o151 Toro 4ToObl NPaBMIbHO OMPEAEUTL Pa3MepbI
CErMeHTOB, Clef0Baso NPoaHaI3MpPoBaTh reoctatuieckue
1 TMBPOCTaTUYECKIE HArpy3KK, a TaKoKe Harpy3Kul, BO3HMKAI0-
LuMe Ha aTane cOopKu. 3TO MOXHO cenatb Ha ocHose 3D-
MOZENMPOBaHNS COOPHbLIX CETMEHTOB C Y4ETOM BO3MOXHbIX
nedekToB MOHTaxa. MeTog, KoHeuHbIx anemeHToB (MK3)
NO3BONSIET UCCNEL0BATL HAMPSXXEHHO-AeDOPMUPOBAHHOE
COCTOSIHWE MPYW PA3ANYHBIX YCOBWSIX HArPy3KM, KOTOPbIM
CermMeHTbI MOABEPraloTCs B MPOLECCE UX MCMOAb30BaHwS. B
CBOI 04EPENb, OHW SBNSIOTCA NMPOM3BOAHBIMM Kak OT BPEMEH-
HbIX CUTYaLWIA, TakyX Kak TPAHCIOPTMPOBKA, MOHTaX, YCWUAUS
noJayu LOMKPATa, Tak 1 OT NOCTOSHHbIX BO3AEVCTBMIA, TakuX,
KaK JaBfEHE TPyHTA B YCIOBUSIX SKCMTyaTaLmm Uik Harpyska,
BO3HMKAIOLLIAA BO BPEMS Nnoxapa.

BbISICHSIETCS, 4TO OJIHOI 13 FMaBHbIX NPU4KH 06pa3oBa-
HWS TPeLWWH B COOPHBIX CErMEHTaxX NPy MeXaHN3NPOBaH-
HOM NPOXOAKe ABNA0TCA AedekTbl MOHTaxa. Hanpu-
Mep, 3TO NPOVUCXOAMT, KOrAa ONMPaHWe Ha NpeablayLiee
KOMbLO (0COBEHHO B 30HE 3aMKOBOIO CErMEHTa) MPOLUO0

5
or. [lasnenve
E NPy NPOABIXEHNA
umrta

MpoponbHble
webl

Mogenb pacyeta no Metogy
KOHEYHBIX 3NIEMEHTOB

AN MOAENMPOBAHMA YCHAMS
nogayu

HENpaBM/IbHO 1 OCTaNCA BbICTYN (3aMKOBbIV 3NeMeHT
0Ka3asCs HECKOBKO BbILLE, YEM OCTaNIbHbIE CErMEHTLI
KOMbLA), TMOO0 UMEET MECTO NOHWXEHE (Koraa 3aMKo-
Bblii 3NEMEHT CAULLKOM ryBoKOo MPOHUKAET B KOMbLO).
Kpome T0ro, B CBSI3U C TEM, YTO TpAcca TOHHENS He BCeraa
npsiMas, NPUXoaMUTCa KOPPEKTMPOBATb HaNPaBNEHUE LLMTA,
A5 3TOT0 HYXHO U3MEHWTb YCUANS MOAAYM OTLENbHbIX
[IOMKPaTOB, pa3feNieHHbIX Ha Fpynnbl, B pe3ybTaTe Yero
BO3HWKAET HECUMMETPUYHOE iABNEHME Ha KONbLA.

0co6eHHO 3HaYNTENbHbIE HArpy3Ki BO3HWKAIOT OT
JIOMKpaToB, 06ecneynBatoLLX NPOMBUXKEHME TOHHENe-
NPOXOAYECKOro KoMnaekca. B aToii cutyaumm CermenThl
NOABEPraloTCs MHTEHCUBHBLIM HArpy3kam, 1 onupaHue
NPOVCXOANT B YCIIOBUSIX, KOTOPbIE HENb3sI TOYHO OnMUcaTb
BCNeACTBME Hen30exXHbIX HEPOBHOCTEN NOBEPXHOCTY
yKnaaku npeablayLiero konbua. 1oatomy npoBeaeHHbIi
aHanu3 bl HanpaBeH Ha BbISIBNIEHNE BO3MOXHBIX pe-
LIEHMIA AN NPOTUMBOAENCTBMS BbICOKAM Harpyakam, B03-
HUKaOLWMM 13-3a 1eDeKTOB MOHTaXa N HEA0CTAaTOYHOIO
BbIPABHWBAHMNS YXE YNOXEHHbLIX CErMEHTOB U TeX, KOTO-
pbl€ eLLe HYXHO YNoXuTb. Takoi nogxo no3esonua onpe-
LENNTb, B KaKMNX TOYKAX KOHLEHTPUPYIOTCS HanbonbLune
HanpsxeHust. B yactHocTn, Mogenb 3D HYXHO Cnonb-
30BaTh AJ5 MOLENMPOBAHUS KaK YCNOBWIA UAeanbHOro
KOHTaKTa MeXAy CerMeHTamu, Tak v Ans MoaenvnpoBaHns
HECOBEPLLIEHHOr0 BbIPaBHMBAHMS 3aMKOBOr0 CErMeHTa.
B mogenu npenctasneHa reoMeTpust KPUBOI CEermeHTa u
YCNOBUSI BOBHUKHOBEHUS NPENATCTBIS, HAXOASLLErOCA B
30HE MOHTaXHOro AedekTa, CMOAENMPOBAHHOMO B BUAE
NoAaTIMBOI ONOPbI (CHUXEHWe MOayNs YyNpyrocTh Ko-
HEYHBIX ANEMEHTOB), 4TOOLI TakUM 06PA30M NPEACTABUTL
HECOBEPLIEHHOE COEANHEHNE CErMEHTOB KOMbLIA MEXAY
coboit. [laBneHne [OMKPATOB CMOAENMPOBAHO B BUAE Ha-
rPy3Ku, pacnpeneneHHo No KPOMKe CEerMeHTa.

PesynbTaThl aHanM3a, NPOBEAEHHOr0 AN Cyyas onTu-
MasbHOro OTTaNKMBaHMUs, NOKa3bIBAIOT, YTO HANPSXEHNS,
LeVICTBYIOLLME MO OCY TOHHENS, HANPaBJIEHbI HA CXaTue, B
TO BPEMsi Kak HanpsiXeHus, AeNCTBYIOLLINE B OPTOTOHab-
HOM HanpaBneHnK, NOSBASIOTCS B 30HAX PACTSXEHUS,
COCPELOTOYEHHbIX B TON CTOPOHE, K KOTOPOW Npukna-
[bIBAETCA Harpyska ot ycunus nogayn. NMpu oTCyTCTBUN
nedeKkToB COOPKM 3HAYEHWS HANPSKEHWS NPK CXATUN
HaxoaMTCA B Npefenax, onpeaeNneHHbIX Ans KOHKPETHOro
knacca 6eTOHa, a 3Ha4eHNe HaNPSHXKEHNS MPY PACTSXEHUM
BCEraa HIXe Tex, KOTOpble NPeayCMOTPEHbI HopMaTUBaMK
1 MOrYT BbITb IETKO BOCMPUHSTLI apMaTypOoN.

B cnyyae Hannunsa fedekToB MOHTaXa, 3Ha4eHNs Ha-
NPSHKEHNIA HA CXATUE U PACTSXEHNE MPU COeANHEHUN
C NpeaplayLImMM KOMbLIOM BO3PaCTaIOT 13-3a OTCYTCTBMS
PaBHOMEPHOr0 ONMPaHMst, Tak Kak 4aCTb KPOMOK MbITaeTCs
B35Tb Ha Ce0s 136bITOYHOE AaBNEeHNEe. ITW BCNNECKM Ha-
NPsXeHNs, BO3HMKAIOLLME Ha FPaHMLe 30HbI, Fae 0TCYT-
CTBYET Onopa (MecTo, NPOTMBOMNONOXHOE 30HE AENCTBUS
ycunus nopaym), cnocobeTByOT 06pa3oBaHuio 1 pacnpo-
CTPaHEHMIO TPELLWH.

Ha atanax 06paboTkn 1 MOHTaxa CerMeHTOB MOXET
0KasaTbCs, 4TO apmatypa, Anddy3HO pacnonoxeHHas
BHYTPM COOPHBIX CErMEHTOB, He CnocobHa onTUManb-
HbIM 06pPa30M NPOTUBOCTOSTb BO3HUKAIOLLEMY Hanps-
XEHHOMY COCTOSIHWIO; N0 3TOW NPUYMHE HEOOXOAUMO
onpeaenuTh, KakuM LOMXHO ObiTb ONTUMANbHOE pac-
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NONOXEHWE apMaTypbl, CNOCOBHOI BOCNPUHATL M pac-
npefenunTb Harpysky.

BriBoabl, chopmynmnpoBaHHble No pesyabtatam MOAENM-
POBaHMsl, FOBOPST O TOM, YTO [/151 peLleHunst npo6nembl 06-
pa30BaHus TPELLWH Ha Kpasix GETOHHBIX CErMEHTOB HYXHO
BbINOMHWTb CNEAYIOLME YCTIOBUS:

B ynenuTb 6onblUee BHUMaHNe MOHTaXy KONbLa,
y6€eaMBLUMC, Y4TO MLEBAS ero YacTb, K KOTOPOW NPUKNa-
[IBAETCS YCUAME, NOYTY MAeanbHO POBHASA, 6€3 BHICTYNOB
11 3a30P0B;

B YCUAUTb Kpasi CErMEHTOB Ha CTOPOHE, NPOTUBOMNO-
NOXHOWN YCUAIO N0AAYM, MyTEM Pa3MELLEHNS NPOTUBOMO-
NOXHO HanpPaBNEHHOM apMaTypbl HENOCPEACTBEHHO B 30HE
MaKCUManbHOr0 YCUINS [OMKPATOB;

B NPeaycMOTPETb YCTAHOBKY CNMPanbHON apMaTyphbl B
MECTax KapMaHOB AN COeLNHUTENEN;

B NpeaycMOTPETb YCTAHOBKY CBApHOI CETKU ropsivero
LIMHKOBAHWS C HECTPYKTYPHOI dyHKUMeN ans BonbLuei
3aLWNThl KpaeB COOPHbIX CErMEHTOB;

B MOBbLICUTb KNAcC 6ETOHA ANS YNYYLLEHNS MEXaHNye-
CKWX XapaKTepUCTUK BCEr0 COOPHOr0 CErMeHTa.

2.2. BbiBOoabI

PesynbTaTbl NPOBEAEHHOr0 aHanM3a NPMBOAST K Bbl-
BOAY, 4TO OAHOM 13 rNaBHbIX MPUYMH NOSBNEHUS TPELLMH
B COOPHBIX CermMeHTax 06aenku TOHHeneit, NPONAEHHbIX
WMTOM, SBASIOTCS AedEKTbl MOHTaxa, TO eCTb, KOraa
onopa Ha npeabiayLiee KonbLo OCYLLEeCTBNEHA Hempa-

8
.r-.-

CeHTaAops
KazaHb, 2016

ﬁﬁShHC!ﬁhH

MWHNCTEPCTBO TPAHCLNOPTA M

16-9 cneunann3anpoBaHHas BbICTABKA

BoicraBouHbii ueHtp “KasaHckas spmapka”
Poccusi, 420059, r. Kasans, Openbyprckmit tpakr, 8
Ten. /clmxr.: {843} 570-51- 27 570-51-11

APMAPKA d1@expokazan.ru, www.dortrunsexpo. ru
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NPEABIAYLLIEE KOMBLIO

N

OAYA

Harpy3ku u HanpsixeHue BHYTpH

COOPHLIX CErMEHTO: npH BU/BHO. B 3TNX CNyyasx BOSHMKAIOT MUKW HANPSXXEHNS,
YC/OBMSIX ONTUMANILHOTO aB- B OCHOBHOM B 30H€, PacnoJioXXeHHOU Mexnay AByMm4
nexus (cnesa), NpU HanUuMK rpynnamu OMKpPaToB U Ha rpaHnLiax MecTa OTCyTCTBUS
BedeKToB MOHTaXa onopbl.

W/AnK CBEPXHOPMATUBHOTO [ins Toro 4tobbl M36exaTb KOHLEHTPALMM HAMPSXEHWIA,
OTTankusaHH (cnpasa) B 0COOEHHOCTU HaNPaBAEHHbIX HA PACTSKEHUS, NPUBOAS-

LLMX K 06pa30BaHuMI0 M PaCNpPOCTPAHEHMIO TPELLMH,
Lienecoobpa3Ho NOBLICUTL MPOYHOCTHbIE XapPaKTEPUCTUKM
CErMeHTOB, YBENNYMB aPMUPOBAHME MO KPOMKE, NPUMBbI-
KaloLen K npeaplayLemy KonbLly, W Mo Kpato, Ha KOTOPbIN
BO3/EVCTBYET YCUNME NOAAYMN AOMKPATOB. M

AOPOMHOro xosaucrsa Pecnybnuky larapcraH,
“Kazanckas spmapka’”
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A. Focaracci
Prometeoengineering.
it srl., Rome, ltaly

Quadro fessurativo nei conci
prefabbricati in gallerie scavate
con TBM

La fine nel prossimo
numero

2. Scavo meccanizzato

L'industrializzazione del processo
costruttivo di una galleria, raggiunta con i
metodi di scavo tradizionale mediante la
gestione del preconsolidamento del fronte,
& caratteristica intrinseca del metodo di
scavo meccanizzato mediante TBM in cui la
realizzazione del rivestimento della galleria
avviene mediante conci prefabbricati in c.a..
In tal caso, qualora lo scavo con TBM &
applicabile per caratteristiche geometriche
della galleria (specie lunghezza) e per le
caratteristiche dei terreni (specie in termini di
omogeneita) lo scavo meccanizzato consente
produzioni di gran lunga superiori a quello
tradizionale.

Per la buona riuscita di una galleria
realizzata con TBM & necessario tenere
presente che durante le diverse condizioni
di avanzamento ed esercizio i conci sono
spesso soggetti a fenomeni di fessurazione
che possono essere causati sia da fattori
geomeccanici che dai metodi utilizzati per
I'installazione e la messa in opera degli
elementi prefabbricati, ed in particolare
dalla spinta dei martinetti per I'avanzamento
della TBM e da difetti di montaggio, ossia di
irregolarita presenti in corrispondenza del
piano di appoggio tra i conci.

TECNICHE DI COSTRUZIONE
DI GALLERIE

Nel presente capitolo si illustrera uno studio

eseguito sul comportamento strutturale dei
conci finalizzato all'individuazione delle cause
e modalita di fessurazione dei conci ed alla

minimizzazione del fenomeno.

2.1. Progetto dei conci del rivestimento

Analizzando il caso di una galleria da
realizzare mediante TBM, ed utilizzando
i parametri operativi della macchina che

sarebbero stati utlizzati nello scavo, il
fenomeno fessurativo nei conci prefabbricati
& stato efficacemente contrastato mediante

I'ottimizzazione della disposizione delle

armature all'interno dei conci stessi.

L'esperienza condotta negli ultimi 30 anni in
Italia in numeroso gallerie, la piu recente delle

quali & anche una delle piu impegnative in
conseguenza delle caratteristiche meccaniche
del’ammasso da attraversare, particolarmente
diversificate lungo lo sviluppo della galleria,

ha suggerito di eseguire lo scavo mediante
una fresa H.P. EPBM (High Performance
Earth Pressure Balance Machine) progettata
per avere una resa ed una efficienza ottimali

ad alte pressioni ed in contesti geologici
complessi, ben strumentata e in grado di

registrare grandi insiemi di dati operativi, di
15.08m di diametro, lunga 115 metri, con
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uno scudo di 12,80 metri e dal peso di 4000
tonnellate.

In particolare, la testa fresante & stata
progettata con speciali attrezzi taglienti
(rippers/scrapers) per lo scavo in argilla. La
testa ha un notevole grado di apertura (43%)
per permettere lo scavo di una grande quantita
di terreno mantenendo la pressione al fronte
ed ottimizzando la coppia di rotazione.

Di seguito si riportano le principali
caratteristiche della macchina:

SHIELD DIAMETER 15,03 M
ROTATING HEAD 0-1.9 RPM
MAXIMUM TORQUE 73.300 KNM
MOTORS 21

JACKS 51
MAXIMUM THRUST 235,665 KN
EXCEPTIONAL THRUST 269.330 KN
ENGINES POWER 348 KW
TOTAL POWER 7656 KW
NUMBER OF CUTTERS 516

MAX WORKING

PRESSURE 5.5BAR
BACKUP 5 TRACKS
BACKUP WEIGHT 5850 TON
FINAL LINING SPEED 7RINGS/ DAY
TBM ADVANCE SPEED S i
TBM ADVANCE SPEED 15m /DAY
EXCAVATION TIME f—
RING ASSEMBLY 20mh
TOTAL TIME Samn
FINAL LINING SPEED 7RINGS/ DAY
TBM ADVANCE SPEED E——
TBM ADVANCE SPEED 15m /DAY
EXCAVATION TIME —

In linea generale, per il corretto
dimensionamento dei conci durante tutte le
fasi di realizzazione, montaggio ed esercizio,
si analizza la condizione di spinta geostatica
ed idrostatica, nonché la condizione di spinta
della macchina TBM in fase di assemblaggio,
mediante una modellazione 3D dei conci
prefabbricati tenendo conto anche dei possibili
difetti di montaggio. L'analisi FEM (Metodo
agli Elementi Finiti) permette di studiare lo
stato tensionale e deformativo nelle diverse
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Modello 3D agli elemento finiti (FEM)

condizioni di carico a cui i conci sono soggetti
durante la loro vita nominale, che derivano

sia da situazioni transitorie, quali le fasi di
trasporto, il processo di posa e la spinta dei
martinetti, sia da azioni permanenti, quali la
pressione del terreno in condizioni di esercizio
o il carico d’incendio generatosi a seguito di un
evento incidentale.

Risulta evidente che una delle principali
ragioni per cui si manifestano gli stati
fessurativi nei conci di gallerie scavati
con TBM deriva dalla presenza di difetti di
montaggio. Per esempio, questo accade
quando I'appoggio sull’anello precedente
(soprattutto in corrispondenza del concio
di chiave) non avviene correttamente,
lasciando un risalto (il concio di chiave rimane
leggermente piu alto del resto dei conci
dell'anello), o una depressione (piu probabile,
quando il concio di chiave penetra troppo
profondamente nell'anello). Inoltre, a causa
dell'andamento planimetrico della galleria e
degli aggiustamenti di direzione che lo scudo
deve fare per mantenere I'asse del tracciato, &
frequente la necessita di correzioni direzionali,
che vengono ottenute facendo variare i
valori di pressione idraulica all'interno dei
martinetti di spinta suddivisi in diversi gruppi,
provocando una pressione non simmetrica
sugli anelli.

Una delle condizioni di carico
particolarmente gravose € rappresentata
dalla spinta dei martinetti per 'avanzamento
della TBM. In questa situazione, i conci sono
sottoposti a carichi di notevole intensita ed
appoggiano in condizioni non ben definite a
causa delle inevitabili irregolarita nel piano di
posa sull'anello precedente. L'analisi condotta
¢ stata pertanto finalizzata ad identificare le
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possibili soluzioni per contrastare gli elevati
sforzi che si possono generare, in fase di
spinta della macchina, a causa dei difetti di
montaggio ed il non perfetto allineamento
dei conci posati e quelli da posizionare e per
individuare in quali punti si concentrano le
tensioni massime. In particolare, il modello
3D viene messo a punto per simulare sia le
condizioni del perfetto contatto tra i conci
che il caso dell'allineamento imperfetto del
concio di chiave. Il modello rappresenta la
geometria curva del concio e le condizioni
di vincolo che, in corrispondenza del difetto
di montaggio, € stato modellato come un
appoggio cedevole (riducendo il modulo
elastico degli elementi finiti) per simulare il
non perfetto accoppiamento tra i conci di un
anello e quelli del successivo. La spinta dei
martinetti & stata invece applicata come carico
distribuito sul bordo del concio.

| risultati dell’analisi eseguita per il caso di
condizioni di spinta ottimale mostrano come le
tensioni, in direzione dell’asse della galleria,
siano tutte di compressione, mentre nella
direzione ortogonale nascano delle zone di
trazione concentrate nel lato su cui € applicata
la spinta. In assenza di difetti di montaggio,
i valori di tensione di compressioni rientrano
entro i limiti dati dalla classe di calcestruzzo
impiegata e le trazioni, sempre inferiori da
quelle previste dalla normativa, possono
essere agevolmente incassate dall'armatura.

Nel caso di presenza di difetti di montaggio
elo di spinte fuori norma, i valori delle tensioni,
di compressione e trazione in corrispondenza
del lembo a contrasto con I'anello precedente,
si elevano per adattare il regime tensionale
alla mancanza di una parte dell’appoggio e
per incassare gli eccessi di spinta. | picchi
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CONTRAST TO
EARTH LOADS
FIRE LOADS
SECTION B-B
CONTRAST TO
TBM TRUST

di tensione che si generano ai bordi della zona dove
I'appoggio viene a mancare (zona opposta a quella di
spinta) possono determinare l'insorgere ¢ il propagarsi di
fessurazioni.

Durante le fasi di lavorazione e di montaggio, & possibile
che le armature tradizionali, disposte in maniera diffusa
all'interno del concio prefabbricato, non contrastano in
maniera ottimale lo stato tensionale che viene a generarsi;
per tale motivo & necessario valutare quale sia la migliore
distribuzione delle armature che consente di ripartire lo
stato degli sforzi.

Le considerazioni fatte, a seguito dei risultati delle
analisi, portano a concludere che, per risolvere le
problematiche di fessurazione riscontrate in corrispondenza
dei bordi dei conci prefabbricati, € necessario ricorrere alle
seguenti soluzioni:

m porre maggior cura nel montaggio degli anelli,
prestando attenzione che la faccia dell’anello su cui sara
applicata la spinta sia il pit possibile esente da gradini e
risalti;

m rinforzare il bordo dei conci sul lato opposto a quello
della spinta, posizionando un'armatura di contrasto diretto
alla spinta massima dei martinetti;

m posizionare un'armatura di frettaggio in corrispondenza
delle tasche per i connettori;

Armatura specifica di contrasto
alla spinta dei martinetti (sezione
in asse del concio)

*
o
-

m introduzione di una rete elettrosaldata zincata a caldo
con funzioni non strutturali a maggior protezione degli
spigoli dei conci prefabbricati;

m aumentare la classe di resistenza del calcestruzzo per
migliorare le prestazioni meccaniche dell’intero concio
prefabbricato.

2.2. Conclusioni

Dalle analisi effettuate risulta quindi evidente che una
delle principali ragioni per cui spesso si manifestano dei
fenomeni fessurativi nei conci prefabbricati di gallerie
scavate con TBM, & la presenza di difetti di montaggio,
ossia quando I'appoggio sull'anello precedente non si
verifica correttamente. In questi casi si generano dei picchi
di tensione, prevalentemente nella zona tra i due gruppi
di martinetti e ai bordi della zona dove I'appoggio viene a
mancare.

Per evitare la formazione di concentrazioni di tensioni,
soprattutto di trazione, che possono generare l'insorgere e
il propagarsi di fessurazioni, & opportuno migliorare le
caratteristiche di resistenza del concio, incrementando
I'armatura nel lembo a contrasto con I'anello precedente ed
in quello dove agisce direttamente la pressione dei
martinetti. m
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Aneccanapo Pokapayyu,
NHXEHEP,

reHepasibHbIi AUPeKTop
Prometeoengineering.it Srl,
Pum, Utanus

Pa3pabotka HoBbiX MeTO-
/108 OLI€HKU PUCKOB 1pn
aKcnyaTaumum nog3eMHbIX
COOPYXXeHWiA BbISIBUIA He-
ob6xogmMmocTb nepecMoTpa
KOHLIeNLUUM N0 NMOBbILLIEHNIO
6e30nacHOCTH TOHHENEH,
KoTopas ycununachb no-
cJie cepbe3HbIX aBapuii,
npousowenawmx 8 Espone
1990-2000-x rogax. Bce
370 3acTaBnset AeicTBo-
BaTb Ha ynpexaeHne 1 npu-
HUMaTb COOTBETCTBYIOLYME
mepbl.

B cratbe paccka3biBaeTcs
00 onbiTe nocnegxunx 10
J1eT, MOJIy4EHHOM MPU 3KC-
nayaraunm aBTOMOOU/IbHBIX
U XXKene3HbIX 4opor, MeTpo-
nosnTeHoB no sceli EBpo-
e u 0b6BsICHIETCS METOA
npoexTupoBaHus 6e30-
nacHoctu. Kpome Toro,
cTatbs ONUCHIBAET Hay4Hble
OCHOBbI aHa/IN3a PUCKOB

Ha OCHOBe MEeTOA0J10rnn
EURAM u ee knio4eBble no-
JIOXEHNS.

EspotonHens (Ppanums — BenukoGputanus), 2008 r.

1. BBegeHue

Ha ceropHsLIHWIA AgHb aBapuy U COBLITUS
C KaTacTPOPUYECKNMU NOCNELCTBUSMM 3a-
4acTyIo NPOUCXOAST BCNEACTBIE YBENMYEHNS
06bemMa NacCcaxmpekmx v rpy30BbIX NEPEBO-
30K. [locneacTeus YpesBblYaiHbIX CUTYaLMiA
MOTYT ObITb O4EHb TAXENbIMI He TONbKO M3-3a
rnbenw Noaen, Ho 1 No YacTu NPSMBIX 1
KOCBEHHbIX PACXOA0B, CBA3aHHbLIX C BOCCTA-
HOBNIEHNEM NHPPACTPYKTYPI 11 BOEMEHHBIM
npekpatieHmemM aBuxeHus. flocne asapui
koHua 1990-x — Hayana 2000 rr. (MoH6naH,
®paHuma — Utanna 1999 r. — 39 nornbuumx,
TayapH, Actpus, 1999 r.— 12 norn6iumx, CeH
lotapa, Weeiiuapus, 2001 r. — 11 normbwmx),
npuHsTast KoHuenums obecneyeHus Gesonac-
HOCTU Npeanonaraet 3apaHee NPUHUMATh Haf-
nexallme Mepbl, yCTaHOBNEHHbIE B pe3ynbTaTe
npeaBapuTeNbHOro aHanmaa puckos. Mexay-
HapoaHoe coobLecTBO TpebyeT NoJONTY K
peLeHunio Npobnemsl 6e30MacHOCTY C TOUKM
3pEHNS NPeaynpexaeHns aBapuii 1 3aLnThI
nonb30BaTENEN.

BE3OIMNACHOCTb
NMNMOA3EMHDbIX
COOPY)XEHUN

EBponeinckunini MeTon aHann3a puckos
(EURAM) cocTomT B pa3paboTke NpoekTa rno
obecneyeHunio 6e30MacHOCTN UHPPACTPYKTY-
pbl. EURAM no3BonsieT HopMMpOBaTh PUCKU 1
nony4nTb 0GBEKTUBHYIO OLIEHKY ANs pa3pa-
60TKW NPUEMNEMOTO YPOBHS 6E30MacHOCTU.
MpUHATWE TaKoro Noaxoaa s KOHKPETHOTO
06bekTa faeT BO3MOXHOCTb TPATUTh MEHbLLE
CPEACTB B Cllyyae Ype3Bbl4aNHOM CUTYaLmu.

MpoekT 6e30MaCHOCTY UHPPACTPYKTYPLI
DOMKeH ObITb pa3paboTaH 1 peann3oBaH
CO CChIJIKOW Ha OMbITHbIE MOLENN, KOTOPLIE
€nocoB6CTBYIOT ONTUMM3ALN PUHAHCOBBIX
B/IOXEHMI N NO3BONSIOT 0TKA3blBATbCS OT HUX B
3aBUCKUMOCTU OT peasnbHbIx NOTpeBbHOCTEN.

[Mocne rpoMkmx aBapuii EBPONENCKoe
COOOBLLECTBO BbIMYCTWO0 PSA, MONOXEHUIA NO
6€30MacHOCT A5t [IOPOXHBIX W XeNe3Ho-
JOPOXHbIX MHOPACTPYKTYP. ITW LOKYMEHTHI
6a3mpyloTCs Ha NpaBmnax akcniyataLmm,
KOTOpble ONPeSensioT OCHOBHLIE AECTBNS
1 KpUTEpUM NPOBEPKIM, COOTBETCTBYIOLLIEE
TEXHWYECKOE 0BCAYXMNBaHME 1 OnepaLmm no
MOHWUTOPUHTY. YNpaBneHne YpesBblyaiHbIMu
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CUTYaLMsIMM NPEANONaraeT COBMECTHYIO Aes-
TENLHOCTb OMEPATOPOB M COTPYAHUKOB cnaca-
TeNbHbIX CAYX06. ITOT HOPMATUBHBIA NOLXOA,
YX€ LUMPOKO pacnpoCTpaHeHHbIN B EBpone,
[aeT xopolwe peaynbtatsl. 3a 10 net konnye-
CTBO aBapwii C CEPbE3HBIMU NOCNEACTBUSMN
YMEHBLIUOCh, a CPeACTBA 3aTPayMBaEMbIE HA
nogaepxanue 6e30nacHOCTH, HECOMOCTaBM-
Mbl C TEMU, KOTOPbIe 6bl NPULLNOCH TPATUTL B
CNy4ae 4pesBblyaHbLIX CUTYaLNIA.

Hanpumep, npuw aBapuu B ToHHeNe MoH-
GnaH ans MMKBMaALMM NoCceacTBIA Npu-
wnock Bbigennts 600 MaH eBPO, B TO BpEMS
KaK MHBECTMLMW ANS NOBbILLEHNS YPOBHS
6€30MacHOCTV TOHHENS 1 3aKynkn HE0BX0-
Immoro 060pyaoBaHus cocTaBnsanm 4-6 maH
€BpO 3a KUIoOMeTP.

EBponencknii MeTon aHann3a prckos
(EURAM) cocTouT B OLEHKE BO3MOXHBIX NPK-
YWH KaTacTPODUYECKMX COOBITUIA, TaKMX Kak
MOXapbl, CX0Abl NOE3A0B C PEbC U CTONKHO-
BEHWS, NOCNEACTBUS KOTOPbIX YCYrybnser 3am-
KHYTOE NPOCTPaHCTBO TOHHENS. Ha 0CHOBaHMM
aHanmn3a cuMTyauum C HauxygwuMm CLeHapuem
pa3BUTUS COOBITWIA 1 KOHLENLMW NPUEMSIEMO-
ro pucka MeTof NOMOraeT BulbpaTh TEXHMYe-
ckve pelueHus no obecneyeHuio 6e3onacHo-
CTU NOL3EMHbIX COOPYXEHWNIA.

C nomoLLbIo KprBbIX prcka, rpadurkoB
NeTanbHOCTb — BEPOSTHOCTb MOXHO OLEHUTD
6e30MacHOCTb MHGPACTPYKTYPLI, @ KpUTe-
puit ALARP no3BonsieT ONTMMU3NPOBATh
HeobxoaMMble MEPONPUATIS NCXOAS N3 UX
CTOMMOCTU. TO €CTb MAKCMMasIbHO BO3MOXHOE
CHVXEHWe prCKa [OCTUraeTCs 3a CYET pealib-
HO UMEIOLLXCS OrPaHNYEHHbIX PECYPCOB, MPU-
HUMAIOTCS TONBKO T MEpPbI, KOTOPbLIE CHUTAIOT-
€S Pa3yMHbIMU M SOCTYMHBIMU C NPAKTUYECKO
TOYKM 3pEHNS.

MeToamka nomoraeT BbipaboTaTh NnaH no
COLEPXAHWIO N MOHUTOPUHIY 00bEKTa, a Takke
yNpaBAsATh YPE3BbLIYANHBIMU CUTYALMSMM,
ONpeaensiTb 3aAeNCTBOBaHHbIE 00bEKTHI 1
BpEMS 41g CMaceHust B Cyyae aBapuu.

2. Kputepun npoekTupoBaHus
6e30MacHOCTU TOHHeneun

EBponeicknii MeToA aHanu3a puckoB cTan
HOBbIM QyHOAMEHTA/bHBIM NPOEKTOM. Bonb-
LWMHCTBO EBPOMENCKMX CTPaH 3aKOHOAATENBHO
3aKpenuan ero NpUHUMNbLI 6e30MacHoOCTM B
CBOMX HOPMATMBHBIX JOKYMEHTaX.

Takum 06pa3om, Co3aaHbl 0CHOBOMONA-
raloLime NpuHLMNbI 4ns Havana 6onbLUIon
nporpaMmbl No peanunsaumm 6e30NacHOCTM
ABTOMOOUNBHbIX, XENE3HOA0POXHBIX 11 FOPOf-
CKMX TOHHENER. 3TV Mepbl B 04epeiHO pa3
no3sonunu Ntanum — a B Heit HaxoaaTtcs 60%
€BPONENCKIX TOHHeNe — BCTaTb B aBaHrapae
TOHHENECTPOEHNS.
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Mogenb puckos

OnacHoe cobbiTue

06nacTb BEPOSTHOCTM

Puc. 1. Puck kak yHKuMS BEPOSTHOCTHBIX rpynn

Heobx0a1MMOoCTb MCNOAB30BaHNSA KONNYe-
CTBEHHOM OLLEHKM [11 HOPMUPOBAHMUS PUCKOB
1 NPUHATWE CUCTEMHOrO NOAX0Aa NPOMCTeKa-
€T M3 TOro GakTa, 410 BOCNPUSTUE ONACHOCTH
ABNSETCS CYObEKTUBHBIM, Tak Kak OHO CBSI3aHO
CO CTeneHb0 0CBELOMIEHHOCTH, KOTOPYIO
cyObeKT Nony4aeT, B3aMMOAENCTBYS C KOH-
KPeTHOM cucTeMoii (06opynoBaHme, yCTaHoB-
Ku, CTPYKTYpa n T.4.).

Takum 06pa3om, He NpefICTaBASETCS BO3-
MOXHbIM MpnberaTb K NPOCTOMY NEPEYHIO
o6opynosaHus ans obecneyerns Gesonac-
HOCTW MHGPACTPYKTYPbI, ECAIN BEPOSTHOCTb
BO3HUKHOBEHMWS OMACHON CUTyaLmMmn v gony-
CTUMble HOPMbI PUCKOB He ObiNv ONpeaeneHsbl
3apaHee.

Takov MeTof, npeanaraeT n3bexats Tpa-
rMYeckux cobbITUIA, KOTOPbIE, 3aTparuBas
3MOLMOHanbHYyI0 chepy, NobyXAaloT K HECO-
pa3aMepHbLIM Mepam Mo NoBbILLIEHNO 6e3onac-
HOCTW W LONONHUTENBHBIM GUHAHCOBLIM
3aTpaTtam B paamepax, CroCoBHbIX HAHECTM
YPOH NoTeHumany cTpaHbl, 0Tbupas pecyp-
Cbl, KOTOPbIE MO Obl ObITb HANPABNEHbI HA
Jpyrue nepBooyepesHsle paboTsl. HanpoTus,
NPaBWbHBIYA 1 NOCNEA0BATENbHLIN NOAX0S, K
MCTUHHBIM TPEBOBAHNAM AaHHON MHOPACTPYK-
TypbI NO3BONAET ONTUMU3NPOBATL MHBECTULLUM
1 Aenaet focTMxeHne 6e3onacHocTn 6onee
peanncTuyHbIM. ELLle 0AHWUM NPEnMyLLECTBOM
SBNSIETCS NPUHSTUE LieNeHaNPaBeHHbIX
MEep ANt KOHKPETHBbIX MO3EMHBIX COOPYXe-
HWiA, YTO NO3BONSIET N36EXaTb peannaaunm
CTaHAapTHbIX pewwennii. Hanpuvep, Aupek-
Tnea 2004/54/CE EBponeiickoro napnamexTta
1 CoBeTa N0 MUHMMANbHBIM TPeboBaHUM
6€30MacHOCTM 45t TOHHENEN TPaHCHEBPONen-
CKOVA CETU aBTOMOBUNBHLIX OPOr OnpeaenseT
LieneBble 00bEKTHI, CUCTEMY NapaMeTpoB,
buKCUpyeT CNMCOK TPEBOBAHWIA MO BHEAPEHMIO
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06nacTb BEPOSTHOCTM

MoTok peLueHuii

0653aTeNbHbIX TEXHOAOMMIA N METOLMUKY aHaN-
3a PUCKOB, Kak MHCTPYMEHTA NS ONpeaeneHns
CTaHZapToB 6€30MaCHOCTY TOHHENS.

BaxHO onpefenuTb pUCK Kak PeanucTUyHOe
coObITUE, BbITEKAIOLLIEE U3 MOTEHLIMANBHO
OMNacHoCTM.

Be3onacHOCTb ONpeaensieTcs KOMMIEKCOM
YCNOBHbIX MEPONPUSTUIA, HANPABAEHHbIX HA
pEernamMeHTaLmio NOBEAEHNS HACENEHNS, Npu-
HATME HEOOXOANMbIX CTPYKTYPHBIX U TEXHMYEe-
CKMX PELUEHWIA, CUCTEM, MPOLLEYP KOHTPONS
11 ynpaBneHus puckoM. Puck 1 6e3onacHoCTb
CBSI3aHbI CneaytoLLei Gopmynon:

Puck = OnacHocth x be3onmacuHocts — 1

MpvBeaeHHas hopmyna HarAsAHO Nokasbia-
€T, YTO HYNEBOI0 PUCKA HEBO3MOXHO JOCTWYb.
Puck He 9BngeTCs GU3nyeckum napaMmeTpom,
NO3TOMY He NOALAETCS KONMMYECTBEHHOM
OLIEHKE; TEM HE MEHEE, Er0 MOXHO OLEHUTb C
MOMOLLbI0 Teopuu rpynn. CornacHo e, puck
— COYETaHMe BEPOSTHOCTY 1 NOCNEACTBMIA Ha-
CTynneHus HebnaronpusTHLIX CoBLITMIA. Mpynna
NOCNeACTBUI ONPEAENSET NOTEHLMANLHbIN
yuiep6, KOTOpbI MOXET BbITh CBSI3aH C CUCTe-
MOV4 BO3MOXHbIX OMaCHbIX COOBITUIA.

Mpouenypa opopmaeHus cTpaTerum 6es-
0NACHOCTM JOPOXHbIX 1 XENE3HOAOPOXHBIX
TOHHene COOTBETCTBYET pasam, MOKa3aHHbIM
Ha puc. 1.

2.1. ba3a naHHbIX TOHHe s

MpoekT ob6ecneyeHns 6e30nacHOCTM He
MOXET ynyckaTb 13 BUAY cocTasneHme 6asbl
JaHHbIX (prC. 2), KOTOpas BKNOYaeT:

B reOMETPUYECKME XapaKTEPUCTUKN
COOPYXEHUS (AnnHa, Gopma NoNepeyHoro
CEYEHWS TOHHeNS, KONMYECTBO, LMPUHA 1

Mocnepcteus
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Ba3sa faHHbIX CMCTEMbI TOHHENEH

\

A

4

CrpykTypa TOHHENs

BHewwHss cpepa

Tpaduk

AHanu3 ys3BMMOCTH

v

v

MapameTpbl 6e30MacHoCTH

Y

| MunumanbHoe Tpebyemoe 060pyaoBaHue

v

AHOManMM — He[OCTaTKM

v

AHanu3 pucka

Onpepenetue rpynn VCTO4HUKN Mopenvposatme pucka Onpepenenue nocneacTsuit Pacuer pucka
3HAYNMBIX XapaKTepucTuky (MocTpoenne nepesa HUEN EEISREES)
KPUTMYECKUX OTyersl COObITHIA) ronkL3osarenen
NPOVMCLUECTBUI P KonmyecTso ~ CTpyKTypHbIE <
Mogenib TeseHus 1 TEXHU4ECKUE NOBPEXAECHNS
Yiepb okpyxaiolLeit cpee 7
1 3 4 5

A

Pacnpenenenue
BEPOATHOCTY COObITHIA

AHanu3 nocneacTBuit (aHaNM3 X0Aa CoBLITMI)

Ananu3
A0NONHUTENBHOTO

2

pucka

6

3anonHeHue otyeTa no 6e3o0NacHOCTH

Puc. 2. Cxema npoekTpoBaHms Ge30nacHoCTH TOHHeneil

Hanpa.JieHVe NoN0C ABUXEHUS, Han4ne
NELLEXOAHON JOPOXKM, U T.4.); NAaH TPacchl,
TMnonoruio 06bekTa 1 rof, NocTPoikK. Ha
CTaZuy NPOEKTMPOBAHNS 3TV NapamMeTpsl
NpPeLCcTaBNAOT COO0I NepBOHAYaNbHbLIE
JaHHble, KOTOPbIE NOAIEXaT M3MEHEHNAM
nocne NpoBepku 6e30nacHoCT paboT;

B 3KONIOTNYECKINE XapaKTEPUCTUKM
OKpYXatoLLei cpebl kacaloTcs NoroAbl
(KnMMaTMYecknx ycnoBuit), rnasHbIM 06pa3oMm,
Ha Bbe3[e-Bble3e TOHHENS, ero 4OCTYMHOCTM
11 BOBMOXHOCTM NIOKaN13aLmm cnacatenbHbiX
KOMaHg;

B XapakTepucTnkM Tpaduka ¢ TOYKN 3peHns
o6bema 1 Tuna, pexuma ABUXEHUS! (BbICOKO-
CKOPOCTHbIE MOBOPOTHI) 1 0XMAAEMOr0 YPOBHSI
06CnyXuBaHms.

2.2. AHann3 ysi3BUMOCTH

Mocne dopmupoBaHus 6asbl AaHHbIX CNe-
ayeT pa3paboTka HayanbHo dasbl, 3aKi0-
yaroLLascs B OLEHKE YS3BMMOCTY CUCTEMBI,
BbIIBNEHWM NOTEHLMANbHbIX ONACHOCTEN U1
BO3MOXHbIX CLlEHApUEB aBapuii.

AHanm3 ys3BMMOCTY NO3BONSET UAEHTUDN-
LIMPOBATb BO3MOXHbIE MapaMeTpbl HECOOT-

BETCTBMIA 6€30MacHOCTU, a TakKe CBOAMT K
I0PUANYECKN YCTAHOBNEHHOMY MUHUMYMY He-
[0CTaTkW; OH ONpeaensieT npoLeaypy aHanmsa
pucka gas npMMEHeHWs B cnepytoLlen ¢ase,
4T06bI BMOCNEACTBUN NPUCTYNUTL K BIGOPY
Hanbonee NOAXOAALUMX TEXHUHECKNX PELLIEHNIA.

2.3. Nnansunyannsauns n pa3paboTtka
TpeboBaHwii kK 6e30MacHOCTH

13 ananun3a ys3B1MOCTM NPOEKTUPOBLLMK
MOXET MOHSATb, KaKne MHCTPYMEHTbI LOMKHbI
ObITb BLIOPaHbI B KAYECTBE NPOUNAKTUHECKMX,
3ALLUMTHbBIX UK CMSArYaIOLLMX Mep, YTOYHSETCS
reomeTpus obbekTa.

B 3TOM KOHTEKCTE AMPEKTMBbI EBPONENCKMX
npasun PEKOMEHAYIOT CBECTW K MAHUMYMY
BMeLLATENbCTBA B UHPPACTPYKTYPY — Tpa-
JMLMOHHO LOPOTME 1 C BBICOKMMM 3KCNAY-
aTauMOHHLIMK pacxopamu. PekomeHayeTcs
NPUMEHSTb TEXHUYECKNE CUCTEMBI U HOBbIE
TEXHONOrMKM, HanpuMep, CUCTEMbI MOXapOTy-
LUeHWs1, CNOCOGHbIE BbISIBATB W 3aTYLUUTbL NNams
B CaMOM Hayane noxapa.

AHanua puckoB JONMKEH ONpefenuTb
anbTepHaTUBHBIE PELLEHMS, FrapaHTUpyloLLmMe
CTaHAapThl 6e30MaCcHOCTY B Cyyae, ecnu

JaHHble TPe6OBaHNS HEBLINOHUMbI MW BO3-
MOXHbI TOJbKO MPU HECOPA3MEPHbIX 3aTpaTax.
Takum 06pa3om, NpoekTMpoBaHme 6esonac-
HOCTW [191 aBTOMarncTpanei, XenesHbix
JIOpOr, TOHHENE 1 MeTPONOJIUTEHOB BNeYeT
3a CO60M BbIIBAEHME CTPYKTYPHbIX PELLEHUIA,
onpeaeneHne HeobxoaMMoro 060pya0BaHNS
1 YNpaBNeHYeCcknx METOA0B — B TOM YuChe
HETPAAMLMOHHbIX C NOCNeAyIoLLe NPOBEPKO
BbIGPaHHBIX PELLIEHNI C MOMOLLbIO KONKYe-
CTBEHHOr0 aHaM3a PUCKOB.

2.4. EURAM (EBponevicknii meToq
aHasm3a pycKoB)

WTanbsiHCKWiA 3aKOH ONPEAENnsieT HOBbIN Me-
TO[L aHan13a pUCKOB CeayoLLymM 06pa3oMm:

B LieNb aHaNn3a puckoB — n3bexaHue
LOPOXHO-TPAHCTMOPTHBIX MPOUCLLECTBUIA U X
JanbHenLInX NOCNeACTBUI, 0AHAKO JaHHbINA
METO[, KaCaeTCs TOMbKO BO3rOPaHuii n
CTONKHOBEHMIA, MOBAIEKLUMX NOXap, 1 BbIBGPO-
COB TOKCWYHbIX BELLECTB;

B OCYLUECTBNIEHWE KONMYECTBEHHOIO
aHanuaa pucka NPOBOANTCS C MOMOLLbIO
nepeBa CoObITUIA M YETKO ONpPeaeNeHHbIX
nokasartesneii pucka, OHO OCHOBAHO Ha
BbIYMCNIEHWN 4acTOThl COBBLITUIA, UX NOCnes-
CTBWIA M KOMOMHALIMIA;

m BLIGOP pacyeTta NOCNEACTBUIA COBLITUIA,
Hanpumep, noxapa, NPUHUMaeT BO BHUMaHUe
maTeMaTyeckmne MOLENN YTEUKM OMacHbIX
BELLECTB (TEMMepaTypa, TOKCUYHbIE U
BPELHbIE rasbl), 3BaKyaLmio 1 BbKMBAHWE
nonb3osateneit. C NoMOLLbIO 3TUX MOJENei
MOXHO MOAYYUTb CTATUCTUYECKM 3HAYUMbIE
pesynbTaThl, yYUTbIBAS HEOMPEAENEHHOCTH,
CB$SI3aHHbIE CO CNy4aHOCTAMMU;

B NPVHATYE TaKMX MoKa3aTenei pucka, kak
KpwmBble F-N (KoMnneMeHTapHbIe U KyMynaTUB-
HbIE) 1 OXnaaemas BenmyuHa yuiepoa;

B YTBEPX/[AEHME KPUTEPKS HA OCHOBE
coumanbHoro pucka, npuHumna ALARP yepes
kpvBble F-N ¢ 0603HaYeHnem npeaena
[0MnyCTUMOro pucka, KOToporo cnefyet
NPUAEPXMBATLCS B COOTBETCTBUM C 3aKOHOM.

MpenenbHble 3Ha4eHMst BbIAW NONYYEHbI NyTeM
NOCTPOEHUS LOMONHUTENBHBIX KYMYNSATUBHBIX
KPMBbIX, B COOTBETCTBUM C HALMOHANTbHBIMM
cTaHpapTamu 1 TpeboBaHusaMM 0becredeHmns
MUHMabHbIX MapamMeTpoB 6e30MacHOCTM.

CpaBHeHMe 3TVx NapamMeTpOB C YCTaHOBJEH-
HbIMW APYTMUW FOCYLAPCTBAMU HAKOHEL-TO
MO3BOAMIO HAM NPOBEPUTbL COTNACOBAHHOCTb
MONYYEeHHbIX PE3YNbTATOB.

PacueT puckos 6asmpyetcs Ha:

B OnpefeneHnn 4acTOTbl BO3HUKHOBEHMS
0nacHbIX CODbITNIA;

B XapakTePUCTIKE 04aroB noxapa 1 ux
pacnpeaeneHns ¢ ToYKM 3peHNs BEPOSITHOCTH
BO3HWUKHOBEHUS;
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B XapakTepucTuke GakTopoB, BAMUAIOLIMX HA
MPOLECC 3BaKyaLm NIOAEN;

B yKa3aHUM METOZOB pacyeTa noToka
OMacHoCTY;

B NPUHATUM GaneCoBCKON BEPOSTHOCTMH,
HanpaBNEHHOI Ha NOCTOSHHOE MOBLILLIEHNE
HaOEXHOCTW pe3ynbTaTa, y4eTa HeonpeneneH-
HOCTM NapaMeTPOB, MOABEPXEHHbIX U3MEHYN-
BOCTY,

B MPUHATUM CTATUCTUYECKIX METOLIOB
06paboTKy JaHHbIX N0 KOMNYECTBY HECHACTHBIX
Clyyaes B LieNax Nony4yeHns GyHKLuiA pacnpe-
LeneHus;

B MPUHATUM NCEBA0-HENPEPbIBHLIX KPUBLIX,
MONYYEHHBIX U3 iepeBa COObITUIA, KOTOPbIE
YMEHbLLAIOT HEOMPeeNeHHOCTb Ha aTane
CpaBHEHS 1 ONPEAENsioT OXuaaemoe
3HayeHus yiep6a.

2.4.1. [puHsITbIf noaxon
1 0CHOBHbIE 4epThl EURAM

EBponeiickuit MeToa aHanm3a pucka,
EURAM, 0CHOBaH Ha KONMYECTBEHHOW Me-
Topnonorun. EURAM pa3pabatbiBaeTcs Ha
BEPOSITHOCTHOM OCHOBE; JOMONHUTENbHASA
KYMYNSTMBHas KpMBas U OXMUAAEMbIE 3HAYE-
HWS COLMANbHOMO U MHAMBUAYANBHOTO PUCKOB
SBNSIOTCS PE3yNbTaTaMu, KOTOPLIE CNeayeT
CPaBHMBATb C MPEAENbHEIMW 3HAYEHUAMM.

JoctnxeHue Lenein 6e30MacHOCTY, Kak
YacTb NPoLEcca NPOEKTMPOBaHMS, MPONCXOANT
Ha OCHOBE OLEHKW BEPOSITHOCTEN ONACHOCTW C
noeHTUdVKaLMENR 1 XapaKTepPUCTUKO 4Pe3Bbl-
YalHbIX CLLEHAPUEB C TOYKM 3PEHNS BEPOSITHO-
CTV BO3HMKHOBEHWA 1 yLiep6a.

EURAM MOXHO ynpoCTWTb C MOMOLLbI0
AvarpaMmbl, NokasaHHoW Ha puc. 3. Ins
onpefeneHns 1 aHanuaa nocnefoBaTeNbHOCTM
(BapuraHTOB) Pa3BUTUS aBapPKM MCMONL3YETCS
[epeBo COBLITUIA, KOTOPOE BKIIOYAET COX-
Hble B3aWMOAENCTBNS MEXAY TEXHUYECKUMU
cuctemamu obecneyeHns 6e30NacHoOCTM.
BeposTHOCTb KaXA0ro CueHapus paseBuTi
aBapUIHON CUTYaLMK PACCHUTLIBAETCS NYTEM
YMHOXEHWS BEPOSITHOCTN OCHOBHOTO COObITHS
Ha BEPOSITHOCTb KOHEYHOrO COOBITHS.

[lepeBo cobbITMIA NCMONL3YETCS TONBKO B Ka-
YeCTBE METOAA NPELCTABNEHMS, OHO HE AaeT
YNCNEHHBIX 3HAYEHUI.

Tepmo-rnapoanMHaMmnyeckoe MogenmpoBa-
HE 1 MOAENMPOBaHIE 3BaKyaLMm SBNSIOTCA
OCHOBOI METOAA; OHM NO3BONSIOT aHANN-
31poBaTh 6ONbLLIOE KONMMYECTBO Pa3NYHbIX
CLEeHapues.

PaccMOTpeHHbIe CLeHapu 00beayHEHbI C
nomoLbto Metofa MoHTe-Kapno, 4to6el no-
Ny4UTb BEPOSITHOCTb NIETANbHBIX Cy4aEB.

MpoaHanu3npoBaHHbIE CLEEHAPWN YYNThI-
BAOT MHOXECTBO BAPUAHTOB, KOTOPLIE MOTYT
MOBJIEYb IETANbHBIN UCXOA, 1S NONb30BaTENeih
o6bekTamun. BapuaHTsl 06bEANHSIOTCS B COOT-
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[lepeBo cobbiTuii

CraTUCTYeCKMiA aHANM3 HECHACTHbIX CyYaes
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Puc. 3. Konuentyanbhas cxema EURAM (EBponeiickuii METOZ aHanusa puckoe)
Knaccugukauns puckos
BETCTBUW C TUMOM 06beKTa, WHTEHCUBHOCTbBIO
OBWXEHUS, PA3BUTUEM COBLITUIA, MECTOM NepemenHas OueHka

Co0bITHS, HaNM4MEM crUcTeM 6E30MNACHOCTH,
NoBeLEHNEM NONb30BaTENEN.

Mbl paccyuTbiBaEM NIMHEHBIE, TEPMO-
rMapoAYHaAMMYECKNe MOAENN U MOLENN
3Bakyauu, 4ToBbl NoNy4nTb GYHKLMIO pac-
NpeaeneHns neTanbHbIX UCXOA0B M CBA3ATb €€
C KPWBOWA 4aCTOThI aBapuii.

AddekTnBHas 6E30NACHOCTb NONb30BaTE-
N4, CBS3aHHAs C BO3MOXHbLIMU CLIEHApUAMU
3BaKyaLyu 1 OLLEHKOW BEPOSITHOCTI ONACHOCTK,
onpegensieTcs NpubAN3UTENLHO, @ OTHOCUTENb-
HbIE PUCKM 19 KKAO0r0 TOHHENS B TEYEHMe
OMNpeaeneHHoro Nepuoaa BPEMEHN — KOINYe-
CTBEHHO.

STOT METOZ, aHanM3a PUCKOB NO3BONSET
NPOJEMOHCTPMPOBaTh 3QHEKTUBHOCTL Mep
M0 NPELOTBPALLEHMIO, 3ALLUTE N CMSATYEHMIO
nocneacTBuiA aBapum 1 ynpasnsieT 6esonac-
HOCTbIO, COrNAcHO yKasaHusm JupekTvsbl
EBponeickoro napnameHTa, Kpome Toro,
rapaHTUpyeT, YTO PUCK, CBA3AHHLIN C 3KCMITy-
aTaumein KOHKPETHOrO TOHHENS, NPEACTABNEH-
HbIA JOMONHUTENBHON KYMYNATUBHOM KPUBOIA
(nokasatenb CoLmanbHOro prcka), HaxoanuTes
HWXE JOMYCTMMOrO Npeaena.

B cootBeTcTBUM C kpuTepusimm ALARP, pu-
CKM MOXHO [LONONHUTENBHO YMEHBLWIUTb TObKO
HECopasMepHLIMU 3aTpaTamu (CnesyeT OLeHu-
BaTb OTHOLUEHWe 3aTpaThl — 6€30MacHOCTb).

2.4.2. BennynHa prcka

B cooTBeTCTBUM C NOCNEACTBUSAMM, CTENEHD
prcka MOXeT BbITb knaccuduumMposaHa
(cm. Tabaunuy).

lNepeMeHHOi, NPUHATON B Ka4eCTBE Npes-
CTaBUTE/IbHON NPY ONPEefENEeHNN BENNYUHBI
pucka, BISeTCa YACO XEPTB Kak nocnes-

o —

L]

VHavBMAYanbHBIN pUCK
Yucno notepnesumx (N)
CoupanbHbii puck

Mpsmble pacxoab!

urarcosei yuep6 (DE) KocBeHHble 3aTparbl

CTBUE aBapuu. BennuunHow pucka, npu-
HATOW AEeMCTBYIOLLMM 3aKOHOAATENLCTBOM,
SIBNISIETCS CTEMNEHb COLMANbHOT0 pUCKa,
KOTOpas, Kak 3T0 YKa3bIBAETCA B iMTEpaTy-
pe, fnonyckaeT rpaduyeckoe NpeacTaBieHne
unm onuceiBaetcs Gpopmynoi. CoumanbHbii
puck 06bIYHO OLIEHMBAETCS YaCTOTOW COBEP-
LUEeHHbIX COBLITUIA, CBhILWE F B rof, 1 Ynuciom
xepTB N, CBA3aHHbIX C KaXAbIM OTAENbHbIM
CoObITUEM.

Kaxpaa komouHaumsa F-N MoXeT ObITb
npeacTaBNeHa TOYKO Ha rpaduke, TeM
camblM CO3AaeTca rMcTorpaMma, U3BecTHas
kak F-N-kpusble. O6nacTb MeXAY KPUBbLIMU
pa3yMHOro 1 JONYyCTMMOr0 PUCKOB ONpeae-
nsieT 06nacTb NpumeHeHns npuHumna ALARP;
TakOM NPUHLMN, B3SThIN B KAYECTBE PYKOBO-
OALLEr0 KPUTEPMS N1 aHANM3a COOTHOLLEHNS
«3aTpaTbl — 6€30MacHOCTb», YyCTAHABNBAET,
YTO YMEHBLUEHWE YPOBHSI PUCKA B KOHKPET-
HOM TOHHeNe LOMKHO OblTb COBMECTUMO C
6a30BbIMWY BHYTPEHHUMM, TEXHUYECKUMU 1
($UHAHCOBLIMM OTPaHNYEHUSMN MPOEKTA.

Ccepa KOMNEHCUPYIOLLMX MEP SBNSIETCS
obnacTblonpuMeHeHus npuHumna ALARP
B COOTBETCTBWW C METOLONOIMEN aHanm3a
pucka, NPUHATOrO 3aKOHOM. YPOBEHb prcka,
NPUCYLLMIA CPEAHEMY TOHHENIO, ONPeLeNseTcs
DOMONHUTENBHON KyMYNSATUBHOW KPUBOHA.
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Puc. 4. F-N-cxema AopoxHoii 6e30nacHOCTH TOHHeNs

JlononHnTenbHas KyMynsTUBHas KpuBas,
BKJTIOHAIOLLAS BCIO MMEIOLLYIOCS MHPOPMALMIO
OTHOCMTENBHO YaCTOThl BCTPEYAEMOCTM rpyn-
Mbl aBapui 1, COOTBETCTBEHHO, BEPOSITHOCTY
noCneacTBUst, MO3BONSET NPELCTABUTb PUCK
kak pacnpefeneHue noTeHumManbHbIX YObITKOB,
nopyepkmeas aGdeKT HeonpPeaeneHHOCTH,
CBSI3aHHbIN C HEUCMPABHOCTbIO NPUHATHIX
cuctem 6e3onacHoCTu.

Mnowapap, orpaHUYeHHas 3TOM KPUBOW,
onpenensieT COOTBETCTBYIOLLMIA rnodanb-

Hbli1 NOKa3aTenb pucka, He0OXOANMBIN AN
00603Ha4eHNs YCNOBUIA CPaBHEHUS pa3iny-
HbIX MPOEKTHBIX PELLEHWIA; OHa AaeT npes-
CTaBJIEHNE O COOTBETCTBYIOLLYMX KPUTEPUSX
CPaBHEHUS, KOTOPLIE MPUHMMAIOT BO BHUMA-
HWE HeonpeaeneHHoCTU. lononHuTenbHas
KYMYNSITUBHAS KpUBasi MOXET ObiTb CBsI3aHa C
dYHKUMEN pacnpeseneHusl, OHa He MOXET Aa-
BaTb OAHOMOMEHTHYIO OXWUAAEMYIO BEINYMHY
yuepba.

padvk pasymMHOro pucka COBMECTUM C
TaHreHUManbHO COCTABNAIOLEN SONOAHM-
TEeNbHOM KYMYNSTUBHOM KPUBOI, OTHOCSLLENCS
K peanbHbIM NpoekTam, Npu ycnosum cobio-
LEHNS NP1 NPOEKTUPOBaHNN BCEX MUHUMaTb-
HbIx TpeboBaHMin o 06ecneyeHuio 6esonac-
HOCTW W HAMYUS HAJEXHBIX 1 SPOEKTUBHbIX
cuctem 6e30MacHoOCTM.

——— [poekT C
MMpoexT [

2.3.3. JopoxHsie TOHHENMN

B cnyyae [OPOXHOro TOHHeNs, ans kpuebix F-N
(puc. 4) cnpasenMBa criefyioLLas Gopmyna:

1- Fy(x)= P(N > x)= j?N (x)dx,

rae F,, (x) — GyHKuns pacnpeneneHns sepo-
ATHOCTEN Y1cna XepTB B rof, £, (x) — GyHKLms
MIOTHOCTM BEPOSITHOCTY YACAA XEPTB B rOf,.

Kputepum counansbHoro prcka, CBS3aHHbIE C
LOPOXHBIM TOHHENEM, BHIFSAAT CEAYOLLMM
00pa3om: puck aBaput — coObITHe, Bbi3bi-
gatowee 50 unn 6onbLue cMepTelt, — cnenyet
CHUTaTb HELOMYCTUMBIM, €CNIW €r0 YacToTa OLe-
HeHa BbilLe, 4em 1/500 B rog, (F=2- 10 B rog;
N = 50). TemHas MHKS Ha puC. 7 oNpeaenseT
JOMYCTUMBIN YPOBEHb pucka. KpacHas nnHus,
NPeLCTaBAsoLLas MaKCUMYM AOMYCTUMOTO pu-
CKa, SIBINETCS rPaHNLLEN MPUEMIEMOrO YPOBHS
pucka. OHa COOTBETCTBYET «aTanbHOCTL 1»
(N=1) ceepx 1/10000 8 rog (F =10 B rog);
AHanornyHeiM 06pasom, «patansHocTb 100»
(N=100) cootetctrytoT 1/100000000 B roz,
(F=10%Brog).

2.3.4. Xene3Ho[opoXHble TOHHEM

KonnyecTBeHHbI aHanna pucka JomxeH
BNUCbIBATLCA B 06LLWIO JIOTUKY CUCTEMBI C
Y4€TOM KOHKPETHOro KOHTeKCTa OpraH13aunn

paboTbl XENe3HOW 4OPOru 1 BbIPaXaeTCs B
CTPYKTYPHbIX MK GYHKLUMOHANBbHBIX NOACUCTE-
max. AHann3 pucka cnefyeT NpOBOAUTL NOCAE
pa3noXeHuns CUCTEMbI Ha NOACMCTEMBI. He-
CKOMbKO CLiEHApMEB aBapum, ONPeAEneHHbIX
Kak 4pesBblyaiiHas cuTyaums B TOHHeNe, BO3-
HUKanM B pe3ynbTaTe KPUTUYECKUX HaYaNIbHbIX
CUTyaUWi, Takmx Kak:

B 10Xap;

B CXO0[, C PenbC;

B CTONKHOBEHME.

TV TpW CLEHApUs MOTYT Pa3BMTLCS B 4Pes-
BbIYaHYI0 CUTYaLWMIO, KOTOPas XapakTepusy-
€TCS Pa3NNYHLIMU YPOBHAMM MOBPEXAEHUIA;
NI0AEN, MaTepuranos U MHPPACTPYKTYPbI, B
3aBUCUMOCTU OT NPABUNLHON (HENPABUABHOA)
3KCnayaTaumm A UCNPaBHOCTK (HEMCNpaB-
HOCTM) 3aLLMTHbIX CpeacTB. CnemyeT paccma-
TpWBaTh CNeayloLLme NOACUCTEMBI:

B MHOPACTPYKTYpPbI;

B MOABWXHOIO COCTaBa;

B OMepaLvoHHbIX NpoLeayp.
MpremnemocTb prcka B NEPBYIO 04ePeab
L,0/KHa ObITb OLEHEHA TOMBKO B YacTy
aBapuiiHO-cnacaTtenbHbIX pPaboT Ans nacca-
XMPOB. Pe3ynbTaThl aHann3a aepesa CobbITUiA
MOKa3blBAIOT PacnpeaeneHne BeposSTHOCTH
BO3HWUKHOBEHMS YPOBHS yLLep6a, CBA3aHHO-
ro C NOCNEACTBUSMM YKa3aHHbIX CLIEHAPHEB
asapuu. Ha 0CHOBaHMM 3TUX J@HHBIX MOXHO
onpenenuTL NpeanonaraemMblii 0bLniA ypo-
BEHb pucka (R) Ans onpeaeneHHbx paboT n
pexuma ABUXEHNS:

R= z;picf

rfie: p,— BEPOATHOCTb NOABNEHNA CNIEACTBIS;
C, — NHOVMKATOP NOBPEXEHNS; 2 — YNCTIO
COObLITUIA CNELCTBMS.

Oxmnpaemblit UHAMBUAYANbHBIA PUCK
ONPEAENsItoT Kak OTHOLLEHWe KONNYecTsa no-
CTpapaBLmx (normblumx) niogen K obLyemy
YKCNY PUCKYIOLLMX B 3aaHHOM UHTepBane
BPEMEHM (OAMH rOf1) Ha KUIOMETP TOHHENS.

Takxe X0poLLO onpeaeneH YypoBeHb Co-
BOKYMHOrO p1cka, 0CHOBAHHLIN Ha pacnpe-
JieNneHnn BEPOSITHOCTM COBOKYMHOrO YPOBHSI
nospexaeHnit. Oxuaaemblii UHAMBUOYaNbHbINA
PUCK, BMECTE C COBOKYMHLIM PUCKOM, SIBASI-
I0TCS KOHTPOJBbHBIMI 3HAYEHUSIMMN NPUEMAE-
MOCTU YPOBHsi 6E30MaCHOCTM NacCaxmpoB
KOHKPETHOr0 TOHHENS.

CornacHo CTaTUCTUYECKUM AaHHBIM, NpU-
HATBIA MHAMBMOYaNbHbIA puck — 104—10-%, B
TO BPEMSI Kak HEMPOM3BOJIbHbIE PUCKU KOSe-
6nioTes B ananasoHe ot 106 no 108,

[N Kkaxmoro nonb3oBaTens, nyTeLlecTByto-
wero B cpeaHem 1000 kM / rof, no xenesHoi
[0pore, 3Ha4YeHNe MHAMBMAYaNbHOIO prcka
B TOHHE/IE YCTaHaABNMBAETCS Ha ypoBHe 107,
CMEPTENbHbINA 1CXOL, / (Maccaxwvpsl / KM /rof).
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Puc.5. 3D-MopennpoBaxue TeMnepaTypHbix AuanasoHoB

Mcxops 3 3Toro, MHAMBUAYaNbHbIA PUCK
OMpPeLeNseT OXnaaeMyto BEMYNHY FOA0BOMO
pUCKa Ha OHOMO Maccaxwvpa Ha KUINOMETP;
MOpOr NPeAyNPEXAEeHNs YCTAHOBNEH Ha
yposHe 10" 1 HenpremnemocTb Nnopora — Ha
107°. ECnM BbIYUCNEHHBIA PUCK HAXOAMUTCS B
npegenax HeobxoauMmoii 06nacTu, To cnegyet
[0Ka3aTb HE TO/bKO TOYHOCTb MCMOMb3YEMbIX
[aHHbIX, HO M TOYHOCTb MPOLLELYPbI; B Cyyae
COMHEHMIN HeOBXOAMMO NPOAONXNTL OLEHKY MO
Tuny ALARP.

CoBOKYMHbIA Noka3aTeNb pucka no3soiseT
OLEHUTb BNIUSIHIE Pa3BUTUS OMACHbIX COOBITUIA
Ha BOBNIEYEHHbIX MACCAXMPOB.

B kayecTse kpuTeEpMs NPUEMAEMOCTH COBO-
KYMHOr0 P1Cka MOXHO NO/b30BATLCS aHa-
JIN30M Ha OCHOBE BEPOSITHOCTY TOr0, YTO HE
6onee, Yem 3a@aHHOE KONMYECTBO NeTalb-
HbIX cnyyaes (N /KM - roZ), MeoT MecTo B
TeyeHne GUKCUPOBAHHOIO NEPMNOA BPEMEHN
(Hanpumep, B ro4) Ha KUNOMETP TOHHENS.

s Toro 4TobbLI ONPefeNnTL NOPOr NPUEM-
NEMOCTW, BBOAUTCS KPUTEPUI OTPaHNYEHMNS
Ha nnockoctn P ([H /kmroa]> x) — N, n ato
Mo3BOASET NPOUINIOCTPUPOBATL BEPOSTHOCTb
TOr0, 4TO YKCINO NIETANBHBIX Cy4aeB NPeBbILLa-
€T OnpeaeneHHbIN Nopor.

2.3.5. inana3oH 1 orpaHnyeHne npuMeHeHus

EURAM MOXET NpUMEHSTLCS Kak ans
CYLLLECTBYIOLLX, TaK W 1151 HOBbIX TOHHENEN.
370 N03BONSET BLIGPATL NPABU/LHOE AOMONHM-
TenbHOe 060pyLOBaHME, B KOTOPOM Hy)XAAeTCs
TOHHENb, UM aNlbTEPHATMBHbIE Mepbl 6e30mnac-
HOCTW, KOTOPbIe ByayT NPUHSATHI B ClyYae, eCiu
He NPEeOCTaBNSETCS BO3MOXHbLIM PEAN30BaTh
BCE MUHUMaNbHbIE TPEBOBaHMS, OTHOCALLMECS K
paccMaTprBaeMOMy TOHHENIO.

He 3a59BNEHO HUKaKMX CneupanbHbIX Orpa-
HUYeHWn ona npumereHns EURAM.
B yacTtHocTn, EURAM no3BonseT oueHnTb
coupanbHbI pUCK TOHHENS, B KOTOPOM pas-
peLLeHa NepeBo3ka OnacHbIX rpy30B.

B 3TOM KOHTEKCTE CnepyeT OTMETUTb, YTO,
KaK yka3aHo B 3aKOHE, KaXabli N0AX04, OCHO-
BAHHbI HA AETEPMUHUPOBAHHOM aHanm3e
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Puc. 6. 3D-MopennpoBaxue HanpaBneHui 3BaKyaLum

CLieHapu1eB, 1N kakas-nnbo oLeHKa pucka Ha
OCHOBE OrpaHWU4eHHOT0 YK1CHA KPUTUYECKNX
COOLITUIN HE COOTBETCTBYIOT UTASbAHCKIM
npaswunam, kotopble TpebyioT, 4Tobbl CO-
LManbHbIA PUCK TOHHENS ONpeaenanca Ha
BEPOSTHOCTHOM Habope CLeHapueB 3Bakya-
LVK, NOJTYYEHHBIX C MOMOLLbIO BEPOATHOCTHO-
ro aHanmaa KpUTMYECKUX COOLITHIA.

3. ABapuiiHbie nJaHbl
B COOTBETCTBUMU C HE[ABHO
NPUHATBIMU HOPMaMM

MpoekT 6e30MaCHOCTY ONPeLENseT Npo-
bunakT4eckme Mepbl ¥ CUCTEMBI 3aLLMUTI 1
YCTPOWCTBA, HeoOX0AUMble Ans 06ecneyeHns
6e30MacHOCTY NoNbL30BATENEN 1 NepCoHana
cracaTenbHoi Cnyx0bl, 415 aBTOMOBUNBHbIX
11 XENEe3HOA0POXHbIX TOHHENEN, BKNoYas 40-
KYMEHTBbI N0 yrpaBneHunio 6e30nacHoOCTbIO st
npoueayp Nepeoro OTKPLITUS TOHHENS 1 Ans
neproanyecknx 3aaad. B 4acTHoCTH, NPoekT
6e30nacHoCTY BKNOYAET B cebs:

B 3a/laHHbIE NPOLEAYPbI YyNpaBaeHus Ans
rapaHTm paboyero COCTOSHNA TOHHENS U ero
TEXHWYECKOr0 06CYXMNBAHNS;

B NNaH aBapuiiHoOro ynpasneHns B COTpYya-
HM4YecTBe CO Cnyxbamm No 0Ka3aHWIo NepBoi
MOMOLLM 1 B COOTBETCTBMM C TPEOOBAHNSAMY
MoNb30BaTENEl 1 Cneuuan3MpoBaHHOTO
cracaTeNbHOro nepcoHana;

B cocTaBneHue n 06HOBNEHWNE CUCTEMBI
3HaYMMbIX COBLITUI, aBaPWIA 1 HENCNPABHO-
CTEN U UX aHanm3;

B MNaH UCnbiTaHuii no 6e30MacHOCTH 1 ero
OCYLLECTBIEHME,;

= 1porpaMmy noaroToBKW KaapoB.

Yt0 kacaeTcs 6e30MacHOCTI NPOEKTA HOBbIX
TOHHENe, 3TOT NPOEKT [0MKEH NPELIECTBO-
BaTb BCEM APYIVM re0TEXHUYECKUM, CTPYK-
TYPHbIM 1 TEXHUYECKWUM NPOEKTaM, Tak Kak aTa
MOArOTOBUTENbHAS CTAAUS NPOEKTMPOBAHMS
OyneT reHepMpoBaTh OMOPHbIE NNAHNPOBKM
paboymx xapakTepucTuk. Takme NnaHsl paHee
4aCTO COCTOSIN B 33aHHbIX FOTOBbIX PELUEHU-
§IX, OCHOBaHHbIX B0/bLLE HA NPaKTUKE, YEM Ha

BHVMATEIbHOM NPOEKTE, COCOOHOM rapaH-
TMPOBATb NOAJIMHHYI0 6e30MacHOCTL PaboT
1 MaKCUMU3aLMIO PUHAHCOBBIX PECYPCOB
CTpaHbl.

4. BoiBOAbI

MeToamka pacyeTta 6e30MacHOCTY 3aMeHsIeT
KOHLIEMLMIO CLLEHApWS aBapui 1 KOHLENLMIO
pacyeTa napaMeTpoB COObITUS (0ETEPMUHN-
POBaHHbIA aHaNM3 NOCNEACTBUI) KOHLLENLMEN
BEPOSITHOCTHOM rPynMbl CLEHapWs 3Bakyawmm,
KOHL,eNuMen 0XnaaemMoro pacnpeaeneHms
yuiepba (BepoSTHOCTHbIA NOAX0A), paccym-
TaHHBIX C MOMOLLbIO MOAENMPOBAHNS NOTOKA
pUCKa, N KOHLLENLME nnaHa aBakyaLum B
pamkax AaHHOM CTPYKTYpbl. Takas npoueaypa
NPUHUMAET YETKWUIA, aHANMTUYECKNIA METOL,
aHanm3a pucka EURAM, npu3HaHHbIN Lene-
€000pasHbIM 17191 ONpPefeHNs YPOBHS pucka,
NPUCYLLEro UTabSHCKM aBTOMOBUNBHLIM U
XeNne3HOA0POXHbIM TOHHENsSIM. Kpome Toro,
NaHHbI MeTo/, aHann3a npeacTaBnsieT coboit
TOYKY OTCYeTa [/191 HOBbLIX HOPM B BOMPOCAx
6e30MaCHOCT B TOHHENSIX.

Bnarofaps BBeEHHOMY CUCTEMHOMY NOA-
X0y MOXHO OMpPEeAEnUTb CKOPOCTb CNACeHUs!
MoNb30BaTENE B BOSMOXHbIX CLIEHAPUSIX 9Ba-
KyaLum, cnegyioLueii 3a COBbITUSAMM, CHMTal0-
LMMNCS KPUTUYECKMM, U KOSIMHECTBEHHYIO
OLEHKY prcKa, CBA3AHHOIO C KOHKPETHBLIM TOH-
HENIEM B TEYEHNE YCTAHOBNEHHOrO Neprnoaa
BPEMEHN.

Takoin MeTof, NO3BONSET peLlaTb Npobnembl
6e30MaCHOCTY B MHXEHEPHBIX TEPMUHAX C
MOMOLLbIO 10rMYECKON NOCNEeLOBATENBHOCTM
aHaNN30B 1 OLLEHOK YNCTEHHOrO W KONMYe-
CTBEHHOr0 XapakTepa; No3BoNseT n3bexatb
BPEMEHHbIX 11 GUHAHCOBLIX 3aTPaT, Bbl3BAHHbIX
3MOLOHANbHBIM LLIOKOM. YCTpaHeHue
nocneacTBuii He ByaeT HaknagbiBaTb Ha
CTpaHy duHaHCOBOE Bpemst, cnocobHoe
CEePbE3HO 3aTPYAHMTb BO3MOXHOCTU MHBECTH-
poBaHus. B T0 Xe Bpems paspaboTka
6e30nacHOCTY yNpaBeHu!s CTAaHOBUTCS
OTHOCUTENbHO MPOCTON 3a4a4en. |
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Mont Blanc tunnel, France-Italy 1999

The development of risk analysis in tunnel safety design has
supplied an innovative answer to the methods required for a
substantial improvement of tunnels safety, a need that was
strongly felt by public opinion after the serious accidents
occurred in Europe since the *90 (Mont Blanc tunnel,
France-ltaly 1999; Tauren tunnel Austria 1999; Saint
Gotthard tunnel, Switzerland 2001). For these reasons,

the recent trend on infrastructure safety is to operate in
advance of the adoption of appropriate security measures
resulting from risk analysis adequate. The infrastructure
safety project must be designed, realized and managed
with reference to proficient risk models that allow to
optimize investments and phase them timewise depending
on real demands.

In this context works the European Risk Analysis Method
(EURAM), which consists in identifying risks as possible
causes of catastrophic events such as fires, derailments
and collisions whose consequences are amplified in a
confined tunnel space. Based on those risks with worst
consequences, the method allows to identify the proper

SAFETY
IN UNDERGROUND
INFRASTRUCTURE

actions to undertake in terms of structure design solutions,
mechanical and electrical equipment as well as use
management in order to improve the accident prevention
and guarantee the user protection. The risk analysis can
quantify the infrastructure risk by means of the risk curves
as drawn on the fatality/probability plot. Finally, comparing
the risk curves associated to different design solutions and
implementing the ALARP criterion, it is possible to optimize
the required interventions in terms of cost and safety
advantage. The Method ends reporting the maintenance
and monitoring plans for all safety equipments chosen by
the designer as well as the emergency management plan
that identifies the involved subjects and the time and action
for rescue in case of a relevant accident.

The article will illustrate the experience acquired within

the last 10 years on road, railway and metro tunnel

across Europe and, in particular, it will explain the safety
design method; moreover the paper will illustrate the
scientific bases of risk analysis developed through EURAM
methodology and its key steps.
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1. Introduction

Today, accident events with catastrophic
consequences are mostly due the inadequate
conditions of existing infrastructures for user
safety, not only for their old age, but also for
the increase of passenger and freight traffic.
When accidents occur, the emotional impact
and the costs are involved and they can be very
heavy either for human death or direct and
indirect costs, respectively related to rebuilding
of infrastructure and interruptions of traffic.
After bad accidents occurred in Europe since
the 90 (Mont Blanc tunnel, France-Italy 1999
with 39 deaths, Tauren tunnel Austria 1999 with
12 deaths, Saint Gotthard tunnel, Switzerland
2001 with 11 deaths), the recent trend about
safety of infrastructures is to operate in
advance adopting adequate safety measures
resulting from proper risk analyses. This leads
the international Community to approach the
safety problem in terms of user prevention and
protection. The infrastructure safety project
must be designed, realized and managed with
reference to proficient risk models that allow to
optimize investments and phase them timewise
depending on real demands.

The European Risk Analysis Method
(EURAM) consists in designing the safety
project of the infrastructure through which
it is today possible to associate the users’
risk to the type, intensity and reliability of
allimplemented works aimed to limit risk
levels within acceptable values. The EURAM
allows to have an objective evaluation of the
infrastructure dangerousness in order to
operate with prevention up to an acceptable
safety level. Consequently, the adoption of
this approach for a specific infrastructure
allows the social community to spend less
money than the necessary amount to spend
in case of a catastrophic event, particularly in
terms of social cost for use stoppage of the
infrastructure itself.

After the catastrophic accidents of the Mont
Blanc tunnel, the Tauren Tunnel, the Saint
Gotthard tunnel and the Channel tunnel, the
European Community has issued a series of
regulations about safety for road and railway
infrastructures. These regulations are based
on performance rules that define the main
safety actions and the criteria for checking
their sufficiency for risk evaluation, the related
maintenance and monitoring operations as
well as the emergency management plans
that the infrastructure Operators shall apply
in cooperation with the rescue staff. This
regulatory approach, already well adopted
in Europe, has been counting good results
for 10 years with a visible reduction of
accident consequences in change of lower
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investments than those to sustain in case of
catastrophic events. A good example is given
by the Mont Blanc accident for which the
involved Community had to spend 600 million
euros, whereas investments for tunnel safety
improvement and equipment amount to 4-6
million euros per kilometre.

The European Risk Analysis Method
(EURAM) consists in identifying risks as
possible causes of catastrophic events such
as fires, derailments and collisions whose
consequences are amplified in a confined
tunnel space. Based on those risks with worst
consequences, the method allows to identify
the proper actions to undertake in terms
of structure design solutions, mechanical
and electrical equipment as well as use
management in order to improve the accident
prevention and guarantee the user protection.

Moreover, the method allows one to verify
the sufficiency of the required operations
through the risk analysis. The risk analysis
can quantify the infrastructure risk by means
of the risk curves as drawn on the fatality/
probability plot. Finally, comparing the risk
curves associated to different design solutions
and implementing the ALARP criterion, it is
possible to optimize the required interventions
in terms of cost and safety advantage. The
Method ends reporting the maintenance and
monitoring plans for all safety equipments
chosen by the designer as well as the
emergency management plan that identifies
the involved subjects and the time for rescue in
case of a relevant accident.

2. Design criteria for tunnel
safety

The development of risk analysis (EURAM)
in tunnel safety design has supplied an
innovative answer to the methods required for
a substantial improvement of tunnel’s safety.
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The new laws, both at European and
national levels, have replied to this recent
demand and have made their own the new
project groundwork enabling to quantify risks;
therefore, were created the fundamental
principles to start a large intervention program
of safety implementation for road, railway and
metropolitan tunnels. These measures have
allowed Italy — by itself it has 60% of European
tunnels — to become avant-garde Country in
tunnelling, worldwide, once more.

The necessity to use quantifying assessment
criteria and to adopt a systematic approach
method, stems from the fact that hazard
perception — in other words the psychic
perception of danger — is subjective because
itis related to the degree of familiarity that
a subject has with the system employed
(equipment, plant, structure, etc.).

Therefore, it is not possible to resort to a
simplistic listing of provisions to implement for
the infrastructure safety, unless the most likely
hazards and admitted safety standards have
been defined beforehand.

Such method offers the advantage to avoid
that tragic events, involving the emotional
sphere, induce to disproportionate safety
interventions, with added financial costs
of a scale hampering a country’s investing
potential and subtracting resources that
could be devoted to top priority works. On the
contrary, a correct and coherent approach
to the genuine requirements of a given
infrastructure allows to optimize investments,
and this makes the achievement of large-
scale safety objectives more realistic. A
further advantage achieved when adopting
targeted interventions to a specific tunnel
system is that this avoids implementing earlier
standard solutions, evenly applied to all cases,
while concurrently promoting the research
for innovative technological solutions. In
particular, the 2004/54/CE Directive identifies
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(high-speed curves) and expected standard
of service.

Tunnel System Database

2.2. Vulnerability analysis

Y \ Y
Type of Type of Type of traffic Upon completion of the database follows the
structure environment (Structure-environment) elaboration initial phase consisting in assessing

the tunnel system vulnerability, identifying the
potential hazards related to the tunnel system
and the possible hazardous scenarios.
! y The Vulnerability Analysis allows the
Safety Parameters Minimum Safety Requirement Units identification of possible safety parameters
inconsistencies as well as underperformance
* + related to the minimum, legally-set
Underperformance — anomalies requirements; it enables to identify the risk
* analysis procedure to apply in the subsequent
phase and to achieve an outline of the type
of risk of the tunnel system, to subsequently
proceed with the individuation of the most

Vulnerability analysis

Risk Analysis

Flow diagram for tunnels safety design

the target safety objectives, a system of safety
parameters to enforce, it fixes the sets of
minimum safety requirements to satisfy and it
defines the risk analysis as the instrument to
employ for the assessment of a tunnel’s safety
standards. It is important to define risk as the
realistic occurrence deriving from a potential
hazard.

Safety means the complex of conditioning
actions that population’s behaviour, the
structural solutions, the technological systems
and control and management procedures
apply to risk. The two concepts are interrelated
according to the formula as follows:

Risk = Hazard x ( Safety ) — 1

The above formula allows to comprehend
that nil risk is impossible to attain. Risk is
not a physical parameter, therefore it’s
not quantifiable; however, it is possible to
mathematically define risk using the group
theory. According to this theory, risk is defined
as an application of the group of hazardous
events and the consequences group. Both
of these groups are probabilistic. The

consequences group defines the potential
damage that can be related to a system of
possibly hazardous events.

2.1. Acquisition of tunnel data

Similarly to all design project, safety
design can’t overlook the compilation of a
database as follows:

m the works’ geometric characteristics, with
specific reference to length, cross section shape
(number, lanes width and direction, height or
overall dimension, footpath, etc.); the road and
railway layout geometric characteristics and —
for existing works — typology and year of
construction. For projects at design stage these
parameters represent the initial hypothesis, and
are subject to modifications deriving from the
safety check of the works;

m the environmental characteristics of the
surrounding context concern the weather/
climate conditions, mainly at the tunnel
entry-exit, the tunnel accessibility and the
possibility of localizing rescue teams;

m the traffic characteristics in terms of
volume and type of traffic, traffic regimen

Identification of Sources Risk Representation Identification of Risk appropriate design solutions.
groups of relevant Characterization (Event Tree) Consequences Users’ Assessment
critical events Releases Health Injuries
i T T [ iy 2.3. Individuation and design of the
1 3 s el benege 7 safety requirements
* From the vulnerability analysis, the safety
Events Analysis of consequences (Exodus events analysis) Additional QeS|gner can comprehend which Safety
probability Risks Analysis instruments must be selected among the
allocation 6 preventive, protective or mitigating measures
2 (escape-facilitating), the geometric and
structural measures and the plant measures.
Safety Report Compilation Within this context, the European rules

directives recommend to minimize the
infrastructure interventions — traditionally
expensive and with high running costs — to the
benefit of plant systems and new technologies
such as, for example, fire extinguishing
systems able to contrast the onset of fire.

The safety design and the risk analysis
must individuate alternative solutions that
guarantee a safety standard equal or higher
in case such requirements are impracticable
or only possible at disproportionate cost.
Therefore, safety design for both road, railway
and metro tunnels, entails the identification
of structural solutions, plants equipment,
managerial provisions — including innovative
ones enabling the achievement of safety
targets — and the subsequent check of the
solutions selected using a quantifying risk
analysis.

2.4. The EURAM (European Risk
Analysis Method)

The Italian law has defined a new risk
analysis method; in particular, it has defined
the following:

m the scope of risk analysis excludes road
accidents without further consequences, but it
is limited to fires, collisions with fire and release
of toxic and harmful substances;
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m the implementation of the quantitative risk
analysis is based on the calculation of event
frequencies of occurrence, their consequences
and their combination, by means of the event
tree technique and well-defined risk indicators;

m the choice to calculate the consequences
of the events, such as fire, adopting
mathematical models for the flow of hazardous
agents (temperature, toxic and harmful gases),
the escape and the the users’ survival. Through
these models it is possible to obtain statistically
significant results, considering the
uncertainties related to causality and state of
the art knowledge;

m the adoption of risk indicators, like FN
curves (complementary cumulative) and the
Expected Value of Damage;

m the adoption of a criterion for risk
acceptance, based on the social risk and on
the ALARP principle, through FN plane on
which is defined the limit of acceptability and
the limit of tolerance to respect according to
the enforced law.

The law limits were obtained by calculating
the complementary cumulative curves for a
number of galleries of reference, characterized
by the presence of the minimum safety and
security parameters in accordance with
national standards, making them in fact
necessary and sufficient for tunnels not
special.

The comparison of these limits with those
provided by other similar human activities and
those set by other states, has finally allowed
us to verify the consistency of the obtained
results.

The law provides the basis for the calculation
of the risk itself:

m the definition of the occurrence rates of
hazardous events;

m the characterization of the outbreaks of
fire and their distribution in terms of the
occurrence probability ;

m the characterization of those factors that
influence the process of user’s escape;

m the indication of the calculation methods
of hazard flow ;

m the adoption of a Bayesian approach
aiming to continuously improve the result
reliability, taking into account the parameter
uncertainties that are subject to variability,
through the use of distribution functions;

m the adoption of statistical methods for
treating accident data, to obtain function
distributions;

m the adoption of pseudo-continuous
curves, derived from event tree, which reduce
the uncertainties, during the comparison
phase, through tolerability and acceptability
limit lines and the determination of the
expected damage value.
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Emergency ventilation

2.4.1. The approach adopted and main features
of EURAM

The European method of risk analysis,
EURAM, is based on a quantitative
methodology. EURAM is developed on
a probabilistic basis; a complementary
cumulative curve and a social and individual
risk expected value are the results that must to
be compared with the limit values.

The achievement of safety targets, as part
of the design process, takes place with the
probabilistic study of the hazards and with
the identification and characterization of
emergency scenarios, in terms of occurrence
probability and damage.

The evolution of critical events is followed
along the branches of the event tree, which
are conditioned by different safety systems
characterized in probabilistic terms of reliability
and efficiency.

The event tree is used only as a technique
of representation and not as a simplified tool

to perform calculations of risk. Thermo-fluid
dynamic simulations and escape simulations
are the basis of this method; these models are
made to analyze a large number of different
scenarios.

The examined scenarios are combined
randomly with the Monte Carlo method in
order to have a number probabilistically
representative of fatality.

The scenarios analyzed take into account
the multiplicity of factors that can have lethal
consequences on users and they too are
combined with each other according to the
type, intensity, evolution of the outbreak,
location of the dangerous event, the presence
of security systems, as well as the users’
behavior, their number and type.

For this purpose we refer to queues models,
thermo-fluid-dynamic models and escape
models to obtain the distribution function of the
fatality to associate with the accident frequency
curve, through mathematical calculations.
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The effective user’s safety, related to the
possible evacuation and hazard scenarios is
estimated and the relative risk for each tunnel
for a specified period of time is quantified.

This method of risk analysis allows to
demonstrate the effectiveness prevention,
protection and mitigation measures and
the efficiency of security management,
as established by the European Directive,
ensuring that the risk associated with
the tunnel, represented in terms of
Complementary Cumulative Curve (social risk
indicator), is on below the tolerable risk limit.

According to the ALARP criteria, the risk
relative to the gallery can be further reduced
with only a disproportionate cost (cost-
security).

2.4.2. The risk magnitude

According to the consequences, the risk
extent can be classed in:

Variable Measure
e Individual Risk
Victims’ number (N) Social Risk
Financial damage Direct Costs
(DE) Indirect Costs

The variable taken as representative when
defining risk magnitude is the number of
victims consequent to a critical accident
event. The risk magnitude adopted by current
law is the Social Risk magnitude. The social
risk extent as suggested by the literature
is susceptible of graphic representation or
in terms of analytical formula. Social risk
is normally calculated assessing the event
frequency over a “f” year and the “N” number
of victims related to each individual event
identified and possible consequences. Each
“f-N” combination can be represented by a
dot on a graph, thus generating histograms
knows as “f-N-curves”. The area between the
Reasonable Risk curve and the Acceptable
Risk curve defines the area of application
for the “ALARP” (As Low As Reasonably
Practicable) principle; such principle, taken
as the guiding criteria for the costs-safety
analysis, establishes that the lessening of risk
level in a specific tunnel must be compatible
with the structural project’s intrinsic, technical
and financial restrictions. The optimal design
solution originates from the combination —
accurately carried out on strict bases — of the
preventative and protection safety measures
deemed appropriate to ensure an acceptable
risk level for the tunnel under consideration.

The sphere of the compensating measures is
the area of the ALARP principle, in accordance

with the risk analysis methodology adopted by
law. The risk level intrinsic to a generic tunnel
is defined by the cumulated complementary
curve (C.C.C.).The cumulated complementary
curve — inclusive of all available information
concerning occurrence frequency of a group
of significant accident events and the related
consequence probability — allows to represent
the risk as a complete distribution of potential
loss, highlighting the uncertainty effect related
to malfunction or to the inadequacy of the
safety systems adopted.

The area subtended by a cumulated
complementary curve originates a global risk
indicator appropriate to define the conditions of
equivalence among various design solutions for
a tunnel system, as it defines beforehand the
appropriate comparison criteria that take into
account the uncertainties related to the system.
As a Cumulated Complementary Curve can be
related to a cumulated distribution function,
it cannot be defined in terms of a single
moment (expected damage value). The line
representing the Reasonable Risk is compatible
with the tangential enveloping perpendicular to
the complementary cumulated curves related
to the actual tunnels if complying with all
minimum safety requirements and reliable and
efficient safety systems according to current
good practice recommendations.

2.4.3. Road tunnels

In case of road tunnel, the curves F-N
represent — on a logarithmic scale — the
function:

1-F,(x)=P(N >x)= J:;‘N (x)dx,

where F, (x) is the probabilities distribution
function of victims’ number per year, £, (x)
is the probabilities density function of victims’
number per year.

The social risk criteria related to a road
tunnel is as follows: the risk of accident event
— asingle event causing 50 or more deaths
— must be considered as inadmissible if the
frequency has been assessed as higher than
1/500 per year (F = 2-10- per year; N = 50).

2.4.4. Rail tunnels

The quantitative risk analysis in railway
tunnels must be framed in a general logic of
the system, tailored to the specific context of
the organization train-tunnel, and articulated
in structural or functional subsystems. More
specifically, the risk analysis should refer
to the decomposition of the system into
subsystems as components of the train-tunnel
infrastructure, rolling stock and operating
procedures. Several scenarios of accident have
been identified as reference of the emergency

in tunnel and as originated by critical initiators
such as:

m fire;

m derailment;

m collision.

The three scenarios taken as reference
of accident will evolve towards different
stationary configurations of final emergency
characterized by different levels of damage
to men, to materials and to the infrastructure,
depending on the correct operation or
malfunction of the protection and mitigation
measures implemented at different levels:

m infrastructure subsystem;

m rolling stock subsystem;

m operating procedure subsystem.
Depending on the extent of the injury, the
acceptability of the risk must first be evaluated

only for the part of passenger rescue and
recover. The results from the Tree Event
analysis provide an estimation of the probability
distribution of occurrence of the level of
damage associated with the consequences of
the reference accident scenarios. Based on
these data, it is possible to define a measure

of Expected Total Risk level (R) for a specific
work and for a specific traffic regime. It can be
expressed as:

R= 2; p.C,

where:

R — expected risk;

p,— probability of occurrence of the i-th
consequence;

C,— damage indicator value associated with
the i-th result;

n — number of consequence events.

The measure of the Expected Individual Rick
(IR) is obtained by normalizing the value of the
previous indicator with respect to the exposed
population in a predetermined time interval
(one year) and per kilometer of tunnel.

It is also well-defined a Cumulative Risk level
(CR) based on the probability distribution of
cumulative damage level as always referred
to aninjury. The cumulative risk level gives
the probability (cumulative) that a greater
damage can occur than an assigned threshold
of tolerance. The expected individual rick,
together with the cumulative risk, are the
reference values for acceptability of the
passenger safety level associated with a single
specific tunnel.

According to literature data, freely self-
assumed risks have statistically an individual
risk per year ranging between 10-* and
10-5, while involuntary risks range between
10-5to 10-%. Assuming, as precautionary
measures, each user travels on average 1000
km / year on the railway system, the value of
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individual risk in tunnel is set at 10-° fatalities /
(passengers .km.anno).

For the fore-mentioned reasons, the
individual risk defines the expected value of
annual risk per passenger per km; the warning
threshold is set at 10-""and unacceptability
threshold at 10-°. If the calculated risk falls
within the area of attention, then it is required
to fully prove not only the accuracy and
representativeness of used data, but also the
accuracy of procedure; in case of residual
uncertainty, it is required to proceed with an
assessment of type ALARP. The cumulative
risk indicator allows one to assess the effects
of the evolution of hazardous events on
exposed passengers.

As a criterion of acceptability of the
cumulative risk, it is possible to proceed to
an analysis based on the probability that, not
more than a predetermined number of fatality
(N / km-year), occur in a fixed period of time
(eg. Ayear) and per kilometer of tunnel. In
order to identify a threshold of acceptability,
a criterion is introduced as limitation on the
plane P ([N / Km-year]> x)— N and it allows
to illustrate the likelihood that the fatality
exceeds a certain threshold.

2.4.5. Range and limit of application

EURAM can be applied both to existing
tunnels and new tunnels. It allows to select the
proper additional equipment that the tunnel
needs, or the alternative safety measures to be
adopted when it is not possible to implement
all the minimal requirements related to the
examined tunnel.

No special limitations for the application of
the EURAM are stated. Specifically, EURAM
is compliant with the ADR prescriptions and
allows the evaluation of the social risk of a
tunnel, in which dangerous goods transport is
authorized.

In this context, it should be noted that, as
the law is structured, each approach based
on deterministic scenario analysis, or any risk
assessment based on a limited number of
critical events, is not compliant with the Italian
regulations, which require the societal risk of
a tunnel to be determined on a probabilistic
set of evacuation scenarios, obtained by a
probabilistic analysis of critical events.

3. Emergency plans
in compliance with recently
issued norms

The safety project defines the preventative
measures and the protection systems and
devices necessary to guarantee users’ and
rescue service personnel’s safety, and for road
and railway tunnels, it will be inclusive of safety
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The F-N diagram related to rail tunnel safety

management documents for the tunnel’s first
opening procedures and for periodic tasks. In
particular, the safety design will be inclusive of:

m preset management procedures to
guarantee the tunnel working order and
maintenance;

B an emergency-management plan in
cooperation with first aid services and
responsive to users’ and rescue specialized
personnel requirements;

| an acquisition and updating system of
significant events, accidents and malfunctions
and their analysis;

m the safety tests plan as carried out;

m the personnel training program.

For what concerns the safety project of new
tunnels, the design must precede all other
geo-technical, structural and plant project as
this preparatory design phase will generate the

reference lay-outs for the works characteristics.

Such features have often consisted in preset
solutions, based more on conventional practice
than on an attentive design able to guarantee
the genuine safety of the works and maximizing
the Country’s financial resources.

Conclusions

The safety design procedure replaces
the concepts of accident scenario and of
dimensioning event (deterministic analysis

of consequences) with the concept of
probabilistic group of an escape scenario and
of damage expected distribution (probabilistic
approach) correlated by a risk flow simulation,
and of the escape course of action within

a given structure. Such procedure adopts

the clear-cut, analytical EURAM (European
Risk Analysis Method) risk analysis method,
acknowledged as appropriate to define the
risk level intrinsic to Italian road and railway
tunnels. Moreover, the analysis method
provided for represents a reference for the
new norms in tunnel safety matters.

Thanks to the systematic approach
introduced, it is possible to define the users’
rescue rate in possible escape scenarios
consequent to accident events considered as
critical, and to quantify the risk related to the
individual tunnel over a set time-frame. Such
method allows to tackle the safety issue in
engineering terms, via a logical sequence of
analyses and assessments of numerical and
quantitative nature; this avoids that, due to
the emotional spur generated by a serious
accident, the interventions are excessively
allocated, implying a financial burden able to
seriously hamper a country’s investing
capability; therefore it is possible to design
the infrastructures’ management safety
similarly to the design of the works’ structural
design. m
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PervHa @OMUHA

HOBEMLLVE TEXHONOMMA
and PMUMCKOU NOA3EMKU

Bo Bpems ogHOro u3 Bu3uToB B PuM MHe yAanoch nobbiBaTh B 0puce U3BECTHOM rocyaapCTBeHHOM
komnaHum Roma metropolitane u BcTpeTutscs € ee pykoBogcTeoM. B xoge 6pnuHra, opraHu3oBaH-
Horo crnieymansHo ans XypHana «[1043eMHbie rOPU3OHTbI», C MPEe3EHTaLUSIMM BbICTYNUIN NPE3N[EHT
KomMmnaHum U ee reHepasnbHbiii gupektop Maono Omogeo Cane, TexHuyeckuii gupexTop Jlyugxm
Hanonu, pykoBogutesnb npoekta «Jlunus C» AHapea CKOTTH, AenierupoBaHHbIi ynpaBasoLwmii

M TeXHUYecKuii gupekTop komnanum «<Metpo C» dabuo [xaHennn.

"OﬂbSyHCb CIly4aeM, st monpocuna cHLopa Maosno Omo-
[e0 Canie 0TBETUTb Ha BOMPOCH! HALIETO U3HAHNS.

— Cunbop Cane, npeacTaBsbTe, NOXanyicta, kKomna-
HWIO, KOTOPY!O Bbl Bo3rnaenserte. Kakvne ¢pyHkumm oHa
BbINOJIHAET?

— Roma metropolitane — 370 rocyfapcTeeHHasn
KOMMaHMs-3aKka34uk MyHuumnanuTeta PuMa, OCHOBHLIMY
bYHKUMAMU KOTOPOW SBNSETCS NPOEKTUPOBAHNE W CTPOU-
TENbCTBO HOBBIX JIMHUIA PUMCKOTO METPO W TEXHUYECKOE
06CNyXMBaHMe yXe CYLLECTBYOLIMX. Ha CeroaHaLIHUA AeHb
kOMnaHms HacumTbisaeT 170 COTPYLHMKOB.

06wt BroaxeT, KOTOpPLIM pacnopsixaeTcs Roma
metropolitane, coctasnseT okono 9 mapg espo. 3 Mapa n3
3T0ro0 610XETa PACXOLYETCS HA CTPOUTENLCTBO TPETHLEN
BETKM PUMCKOrO METPO — mHUM C, KOTOpast YaCTU4HO
YXe HAaxoauTCs B aKCrnyartaLmum (Noe3aa Kypeupyiot ot
KOHEYHOMN OCTAHOBKM HA BOCTOKE ropoza [0 LeHTpa). [ns
TOr0 4T0ObI NOAHOCTLIO BBECTY B CTPOI IMHMIO C, HaM Mo-
Hapo6sTCs eLwe okono 1-1,5 Mapa eBpo Ha NPOEKTHbIE 1
CTpoUTENbHBIE PaBOTLI. TOYHOE KOMMYECTBO DUHAHCOBBIX

BIOXEHWIA OYAET ONPeseneHo TobKO NOCe 3aBepLIEHNS
NPOEKTHON cTagnn. CTPOUTENLCTBO OCYLIECTBASETCS
rpynnom KOMNaHwWii, B KOTOPYIO BXOLMT, B TOM YUCIE,
Takas KpynHas kopnopauws, kak Astaldi. Momumo Hee, ons
peanusaumm CTpouTeNbHbIX NpoekToB Roma metropolitane
B3aVMOJENCTBYET €L C LieNbIM PALOM NOAPSAHBIX Opra-
HU3aLwin.

YnpaBneHve Xe ABUXEHVEM NOE3L0B, B TOM YACNE KOM-
Mepyeckas AesTeNbHOCTb, He BXOAWT B HalW 06S13aHHOCTH.
Bce ynpasneHvie ropoAckyM TpaHCcnopToM Puma ocyLuecT-
BnsieT komnanus ATAC.

Ecav roBoputb 0 AMHUKM C, hrHaHCMPOBaHWE NPOeKTa
NOLENEHO MEXAY TPEMS BroxeTamu: pecnybanKaHCKUM
—T70%, pervioHansHbIM (pernoH Jlaumo) — 12% v ropog-
ckum — 18%. OueBmaHo, 4TO camast 6onbLLas YacTb pac-
XO[LOB Nerna Ha MUHUCTEPCTBO TPAHCMOPTA U MHOPACTPYK-
TYPbI, TO ECTb HA MPABMTENLCTBO.

Takum o6pas3om, Ctonmua Pum (aaMUHUCTPATUBHOE Ha-
3BaHve Puma — Roma Capitale. — Mpum. pea.), akkymy-
JMpYeT y cebs feHeXHbIe CPEACTBA U3 TPEX BI0AXETOB U
HanpaBenseT ux Ha hrHaHcuposaHue Roma metropolitane,
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TO €CTb CBOEI COBCTBEHHOI KOMMaHUM, KOTopast NS Bbl- Puc.1. Cxema pumckoro CKMX XenesHblx aoporax — Haxoamutcs B BeaeHun ATAC,
NOSHEHUA PaBoT HaHUMAET NOAPAAYMKOB. VX COBMECTHas METPONONHTENa C ykasahMeM i mpyropoaHLIX aBTOGYCAX 3Ty BYHKLMIO OCYLLIECTBNAET
LeSTeNbHOCTb KOOPAMHUPYETCS M YNPaBASIETCS reHepanb- CTPORLIXCS W NEPCTIEKTUE-  COTRAL, Ha pervoHanbHbIX XenesHbix goporax — FS. Bee
HbIM noapsadnkom Metro C S.c.p.A., Kyaa BXoasT NsiTh HbIX CTaHLM OHV UHTErprupoBaHbl B eanHyio cuctemy Metrebus. oxoabl
kpynHenwmx dupm: Astaldi S.p.A, Vianini Lavori S.p.A., 0T npopaxw 6uneTos noctynaioT B ATAC, a 3aTem pacnpe-
Ansaldo STS (a Hitachi Group company), CMB (Cooperativa LIensioTca Cpeam ynpaBnsiowmx NpeanpusThii B COOTBET-
Muratori e Braccianti di Carpi), CCC (Consorzio Cooperative CTBWE C 3apaHee YCTaHOBMIEHHLIMMY NapameTpamu.
Costruzioni). B ¢yHKLMM reHepanbHOro noapsayvka BXOauT
pa3paboTka pabo4ero NpoeKTa U reHepanbHOro naaHa, ux — KakoBbl 0cOGEHHOCTU CTPOMTENBCTBA METPO B
peanu3aLyst 1 KOHTPONb Haf, MpoBeaeHeM paboT. 0Lt Pume?
HaA30p 3a CTPOMTENLCTBOM BoinonHseT Roma Metropolitane. — Pum, npexpe BCero, — 370 ropof, Hefpa KoToporo
Mocne caaum B akcniyaTaumio 06bekT nepenaeT B co6- CKPbIBAIOT BENMYANLLIEE apXE0NOrMYeckoe Hacneame. Ha
CTBEHHOCTb aIMVHWUCTPaLMM ropoAa v byaeT nepefaH B NPOTAXEHUW [ABYX ThICSY NIET, HAYMHASA C CaMOr0 3apOX-
ynpasneHue ATAC. AeHus Pumckoii umnepum 1 4o 06pa3oBanus pecnybnmku,
3Ta 3emns Obina rycTo 3aceneHa. Ha Tepputopum aHTiy-
— Kak pacnpepensiotca oxonbl 0T 9KcrlyaTauum HbIX FOPOAOB, PYUHbI KOTOPBIX PACMONAraloTCs O4HM NOA,
MeTpononuTeHa? JPYTMMI B Pa3HbIX KYbTYPHbIX CNOSIX, NPOXMBAN0 OKONO
— lNpopaxa 6vneToB Ha psfe BUAOB OBLLECTBEHHOTO 1,5 MAH yenoBek. W ecnv Npoknaaka TOHHENS BEAETCS HUXe
TpaHcnopTa — NIMHWSX METPO, B aBTOOYCax 1 Ha ropof- 3a/1eraHuns KyNbTypHbIX CI0EB, TO NP COOPYXEHMM LUaxT

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



58 | MWUPOBOM OMbIT

Puc. 3. AptedakTbl, HaitieHHbIe NPy NPOBEAEHNM apXe0NOru4ecKUX Packonok

130€eXaTb NepeceyeHs FPYHTOB, KOTOPLIE XPaHSAT OCTaTKM
JPEBHYIX LBMAN3ALMIA, HEBO3MOXHO. B X0L1e MHXEHEPHBIX
13bICKAHWIA CTPOMTENLCTBA Mbl BbIMOSHAEM MOCNOAHOE
PEHTTEHONOMMYECKOE 1cCcneaoBaxue (stratigrafia), kotopoe
no3BosiieT Ham 0BHapyXmBaTh BCe apTedakThl. Kaxaas
apXeonornyeckas Haxofka npMBOANUT K OCTaHOBKe paboyero
npouecca. B aToi cBA3u onpenenunTb TOYHYIO AaTy OKOHYa-
HWS CTPOUTENBCTBA HE NPELCTABNSETCS BO3MOXHbIM.

OueBwaHO, YTO HaLLK PaboTbl NPOBOASATCS B 0COO0MA, He-
CTaHOapTHOI 06CTaHOBKE. MOMUMO 3TOr0, Mbl BbIHYXAEHbI
pa3BopaYMBaTh CTPOMMNOLLAAKM B HEMMOBEPHO IyCTOHACE-
NIEHHBIX 1 OXWBMIEHHbIX YACTAX ropoga. Hanpumep, koraa ma-
LWKHa Ha cTaHuum «CaH [)xoBaHHW» coopyxana avadparmbl
B rPYHTE, KPIOK KpaHa NoBrcan HacTonbko 6IM3K0 K 3AaHMI0,
4T0 ¢ 6aNKOHA 0 HETO MOXHO ObI0 LOTAHYTHCS PYKOWA.

Puc. 4. MNop3emHble X0fbl,
npopbIMble BO BPEMEHa
Pumckoit umnepuu

[pyrasi 0CO6EHHOCTb — 3TO PUMCKME MPYHTHI, KOTO-
pble COCTOSIT U3 04€Hb HEOAHOPOLHBIX CNIOEB, 0CALOYHbIX
3anexeit. 310 c034aET MHOrO NPoBNem NPy NPOBEAEHNN
3eMAsHbIX paboT.

Henb3s He ynoMsiHyTh U eLle 06 0HON 0COOEHHOCTH.
[eno B TOM, 4TO NOA3EMHOE NPOCTPAHCTBO ropozia U3pesa-
HO MHOrOYMCNIEHHBIMU CETSIMU NMOL3EMHBIX XOJ0B, KOTOPbIE
6binv NPOPLITHI B ipeBHEM Pume.

— Kak MmeHsnucb noaxoabl K CTPOUTENLCTBY METPO C
Te4eHneM BpemeHu?

— B 1950-€ roapl, koraa Ben0Ch CTPOUTENLCTBO NEPBbIX
CTaHLW METPOMNONNTEHA, TEXHONOMS ELLE He NO3BONSNA
NPOK/afbIBaTb TOHHENN B FNYBOKMX CNOSIX FPYHTA BBUAY €r0
cnabocTu 1 06BOAHEHHOCTU, W UX NPOKNAALIBANN O4EHb
6113K0 K MOBEPXHOCTY 3EM/IM C OBHOBPEMEHHBIM YKpEne-
HVEM 3[,aHUIA 1 COOPYXEHMIA, COCTABNSIOLLMX apXeonoruye-
ckoe Hacneave. B 1970-1980-e rr. npoxogika Benack yxe
C MCNONb30BaHNEM TOHHENENPOXOAYECKOr0 KoMnekca. B
1990-x rofax TOHHENEeNPOXOAYECKME LNTbI CTAHOBSTCS 60-
Nee COBPEMEHHBIMY, MOSIBUNCS TAPOLLAT C FNYyBUHOMETPOM.

Cnepnyet 0TMETUTb, 4TO CO BPEMEHEM 3HAYNTENBHO
MOMEHSNIOCH U OTHOLLIEHME K BOMPOCY OXPaHbl apxeono-
MMYECKMX LEHHOCTEN. B HacTosLee Bpems cneLyanbHble
BEJOMCTBA NPEANMCHIBAIOT BECTW NPOKNALKY TOHHENE
Ha rnyouHe He BbllLe 24 M, TO €CTb HUXE KyNbTYPHO-
ncTopuyeckoro cnost. OfHako CTPOUTENLCTBO CTaHLNIA
TpebyeT YCTPOICTBRA LWAXT, U M36exaTb NPOHUKHOBEHUS
B KYNIbTYPHO-MCTOPUYECKMIA CNIOI HEBO3MOXHO. PaHblue,
MY CTPOUTENLCTBE IMHIK A, NPaBNa 0XpaHbl KyNbTYPHO-
ro Hacneamsi NO3BONSIN BHEAPSTLCS B PXEONOMMYECKNIA
CNoi 1 ybupatb OTTy[a BCE LEHHbIE Haxoakw. Ux dotorpa-
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duposanu, 4Tobbl 3aPUKCMPOBAThL BCE AeTal, CHUMANM

Ha KMHOMAEHKY, YTOBbI MOXHO BbII0 MOTOM BOCCO3AaTh
KapTUHy, NOCIE YEr0 HAXOLKM NOABEPTraNNCh YHUNTOXEHNIO,
a BbIpaboTKa rpyHTa B 9TOI 30HE NpofonxXanack. Tenepb
Takoe HeBO3MOXHO. PaboThbl OCTaHABNMBAIOT, apXE0oru
TLLATENbHO 13Y4atoT apXeonorMyeckne Haxoaku, nocne
4ero UX KOHCEePBUPYIOT.

Kak 13BecTHO, NCTOpMYeCKmMin LeHTp Puma BX0amMT B
cnncok 06bekToB BceMupHoro Hacneaus KOHECKO. Ytobel
U3Y4UTb BAMSHUE HA NCTOPUYECKME 3LAHNS 1 COOPYXEHUS
MPOUCXOASLUMX B FPYHTE B XO4E CTPOMTENLCTBA METPO NPO-
LLeccoB, Obll OCHOBAH Hay4YHO-TEXHMYECKNI KOMUTET. OH
MPOBOAMT UCCNEA0BaHMS B Pa3NNYHbIX 00NACTSIX: Feonorus,
MOHMWTOPWHT, FE0TEXHIKA, UHXEHEepUs 1 apyrue. Tak, Obinm
BbINONIHEHbI NPEABAPUTENBHBIE FE0N0rMYECKNE NCCTE-
[10BaHNS pafom ¢ Konnaeem v Apyrimm NCTopu4eckmmi
nocTpoiikamu. Takke NpoBeaeHs! Tonorpaduydeckne uccne-
[IOBaHWSl, NCCNER0BAHNS TEKYLLLEr0 COCTOSHNS CTPYKTYPHBIX
XapakTepucTMK Matepuanos. NMpoBeLeH V1 YMCAOBOI aHaNN3
[LAHHBIX.

— Kakoi1 06bem paGoT Ha nuHUM C yXe BbINONHEeH?
B yem ee otnunyme ot nuHuin Au B?

— B 2014 roay, Ha4nHasa ¢ KOHEYHOW CTaHLuK MaHTaHo,
Mbl OTKPbINW nepable 13,5 kM AnHun C ¢ naTHaALATbIO
cTaHumsmu. B 2015-m caanm B akcnayaTaumio cneaytowmi
Y4aCTOK, M Ceryac B CTaaum CTPOUTENLCTBA HAXOANTCS
TPETUIA, LEHTPANbHbIN, y4acTOK T3, NPOXOASLMIA Yepes
MCTOPUYECKMIA LLEHTP. 3TO CNOXHELWINIA OTPE30K PUMCKON
MoZ3eMKM, YTO HEYANBUTENBHO — FPYHT 34eCh OyKBaNbHO
HALLNWUIOBaH apXE0NOrMYECKNMU LLEHHOCTSIM 1 apTedak-
Tamu.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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JInHus C cTpouTCS B COOTBETCTBUM C CaMbIMM COBpE-
MEHHBIMM CTaHLAPTaMU, C MPUMEHEHNEM NEPELOBbIX
TEeXHONOrui. Ee npoTsKeHHOCTb B COBOKYMHOCTM OT KOHEY-
HOWN CTaHumu «MaHTaHo» [0 KOHeYHOW cTaHumm «Knayamo
MauuwmHu» coctasnset 25,5 kM, BeTka umeeT 39 cTaHLmi
1 06CnyXuBaeTCs TPUALATBLIO Noe3namu. nnHa noe3aos
—no 108 m, oHn MoryT nepeBo3uTb Ao 1200 yenosex.
MpoXoAMMOCTb IMHMM COCTaBASIET 24 ThIC. NACCAXMPOB B
4ac B KaX/LOM HanpasneHuu.

JInHnsa C nonHOCTbIO aBTOMATU3MPOBAHA, UMEET EAWHBIN
LIEHTP ynpaBnexus. [leppoH OTAENEH OT NyTU Cef0BaHMS
MOe3[10B CTEHKOI C Pa3aBMKHBIMM aBTOMATUYECKMM
[BEPbMU, N0E3Aa TOXE OCHALLEHbI aBTOMATUKON 1 OCY-
LLECTBNSIOT [iBUXEHME B3 MaLUMHICTA.

MpenycMoTpeHHas 4acToTa ABUXEHWS NOE3A0B — 3
MUHYTBI, XOTSI CUCTEMA MOXET 3a1aBaTh 1 60see KOPOTKNIA
nHTepean, 8o 90 cekyna,. B cTagum npoekTMpoBaHus Ha-
XOAWTCS CNeayIoLmiA y4acTok — T2.

113-3a HeoNpeaeneHHoCTN C GUHAHCUPOBAHMEM Mbl 10
HaCTOSILLErO BPEMEHW HEe MEEM YETKO 00603HAYEHHOTO
3aKa3a CO CTOPOHbI FOCYAAPCTBA: CKOMBKO CTaHuumii — 3, 5
Unm 7 — Mbl eLLe AOMKHbI MOCTPOUTb Ha 3TOM 3Tarne...

OT cTaHUMM K cCTaHUUKN

B HacToslLLee BpeMms BeAeTCs akTuBHas paboTa no coopy-
XEHMIO CTaHuuK nepecaakm «CaH [xosaHHu», koTopas
coeauHuT KK A n C. MimeHHo aTa cTaHums byaeT cne-
LYIOLLIEN 13 TEX, KOTOPbIE NPEACTOUT OTKPbITh.

CtponTensbctBo cTaHumm «CaH [koBaHHM», @ Takxe
cTaHumin «mnepatopckunii opym», «<BeHeums» n gpyrx,
PacMoNOXEHHBIX B MICTOPUYECKOM LIEHTPE FOPOAA, SBUNOCH
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Puc. 6. 3amopaxusanue rpyHTa

FABBRICATI = =
i VIA DEL PIGNETO

JET-GROUTING

MICROPILES

FABBRICATI

MPUYMHON NPOBEAEHNS CaMbIX KPYMHbIX B UCTOPUM Pyma
apPXE0NIorMyecknx MCCNEe0BaHWiA. B 1ol CBA3W K NpoBeae-
HI0 UHXEHEPHBIX M3blCKaHMIA Obin NOAK0YeH 1 Haumo-
HasbHbIN aPXe0NOrNYeCKnin KOMUTET. Becb apxeonoruye-
CKWIA CNOI packanbiBaeTCs B TECHOM B3aMMOAENCTBIN C
apxeonoramu. Takum 06pa3om, Ha HECKONbKX KBAAPATHbIX
MeTpax 3emnv paboTaeT Lenas rpynna e, paboTsl Bbl-
MONHSIOTCS BPYYHYIO MW C MPUMEHEHNEM MUHU-TEXHUKM.
KoHe4Ho, 310 Cepbe3HO 3ameansieT NpoLEeCe, B TO BPEMS
kak 06bEM PacKoMoK KONOCCaneH: OHW NPOBOASTCS Ha BCE
nnowaay GyoyLwmx CTaHUMIA, Ha MOAHYIO FYOUHY KYALTYP-
HOrO C0sl, KOTOPAas B HEKOTOPbIX MecTax aocturaet 20 M. B
LLeNsiX MakCYManbHO COXPAHHOCTY KYAbTYPHOTO CNOS BCE
BHEAPEHUS B HEMO JOMKHbI MPOU3BOLUTLCS B HANPaBieHUm
CHW3Y BBEPX, TO ECTb U3 TOHHENEVA.

CranaapTHbIe MEPOMPUATMS MO YKPEMNEHMIO FPYHTOB
(Jet Grouting) Henb3s NPUMEHATB Ha yyacTkax, Copepxa-

Puc. 7. TexHuyeckue pelenus,
npeAoXpaHsiowLye apxeonoruye-
CKUE NaMATHUKY OT pa3pyLUeHms

Lwmx 60MbLLIOE KOMMYECTBO apTedakToB, NO3TOMY NPOEKTH-
POBLLMKM NPELNOXUIN aNbTEPHATUBHBIE TEXHONOMMKW. Ha
cTaHuum «CaH [lxxoBaHHU» Obln NPUMEHEH METOS, «CTeHa

B rpyHTE». PAackonku Oblnn BbIMOAHEHbI MO NEPUMETPY Xe-
Ne300eTOHHbIX CTEHOK, YTOM/IEHHbIX B rPYHT. Bo3BeaeHme
«CTEHbl B FPYHTE» MPOMUCXOAMNO B ABYX Ga3ax, BKIIOHABLLMX
B ce0s pa3paboTky TpaHLeN nop, 3aLmuToi GEeHTOHUTO-
BOr0 pacTBOPa W 3aMeHy NOCEeHEr0 Ha XeNne306eToH.
Mpw 3TOM Mcnonb3oBanock 06opyaosaHne BAUER Trench
Cutter, nosgonsioLee A0cTMYb 6onbLUVX rnybuH 6e3 Bep-
TUKANBLHOTO OTKIOHEHUS. Hanpumep, Ha CTaHuum «TuaHo»
rny6uHa TpaHLien noxoamna ao 60 m.

TOHHENM 34,€Cb NPONOXEHbI C MOMOLLBI0 MEXAHU3NPO-
BaHHOrO TOHHENENPOXOAYECKOro komnnekca Herrenknecht
AvnameTpom 6,71 M, 04MH NOBEPX APYroro.

[pyras TexHonorvs, Ucnonb3oBaHHas CTPOUTENSMU
METPOMOANTEHA — METOL, 3amopaxwueanus rpyHTa (Ground
Freezing). Kpome 310ro, npuMeHsnacb KOMMeHcaLUmoHHas
uemenTaums (Compensation Grouting) ans HuBenupo-
BaHWS BO3MOXHbIX 0CAZL0K N0 Xo4y npoasuxeHus TIMK:
MIOCKUIA AOMKPAT YCTaHABMBACS B MPOCTPAHCTBE MEXY
3aMOPOXEHHBIM FPYHTOM 1 CYLLEECTBYIOLLWM 3A2HUEM, YTO
MO3BOASNO NPUNOAHMMATb FPYHT U HAarHETaTb LIEMEHTHbINA
pacTBOp B 00pa30BaBLLUMECS NONOCTM.

B HekoTOpbIX Cny4asix BHYTPEHHee NPOCTPAHCTBO CTaH-
v 06pa3yeTcs NyTeM PaCLUMPEHUS TOHHeNE. ins ero
YCTPOIACTBA NCMOMb3YIOTCS TPAAULMOHHBIE NOAYMEXaHU3N-
POBaHHbIE MeTOZb!, 6€3 NPUMEHEHNS WmTa. Tak, Hanpu-
Mep, cTaHLws «MmnepaTopckuii popym» ByneT nocTpoeHa
VIMEHHO TakuM CMocoOoM.

B cBS13u C TeM, 4TO B HENOCPEACTBEHHON 6M30CTH
oT Konuses npeacTouT NponoXuTb ABa TOHHENS, Obin

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Puc. 8. Ykpennexue MCTOPHYECKNX NAMSTHUKOB

NPOBEAEH CTPYKTYPHbINA aHANN3 MaTepnanos, KOTOPbIN NO-
3BO/WA BBISBUTBL NOCEyIoLLee BNusHUE paboT Ha 0OBLEKTI
KyNIbTYPHO-NCTOPUYECKOrO HACneaus.

Ha ocHOBaHWW 3TVX UCCNEA0BAHNIA AN LENOro psaa
nocTpoek Bbina ycTaHoBNEHa HEOHXOAMMOCTb NPOBEAEHUS
MEPONPUATUI NO 3awmTe 0T paspywenns. OnHu 3 npesa-
NIOXEHHbIX MEp — BPEMEHHbIE, IPYTie — NOCTOSAHHbIE.
PAn KOHCTPYKUMIA, NOLAEPXKMBAIOLLMX 34aHUS U COOPY-
XeHusi, BYEeT LlEMOHTUPOBAH NOCE OKOHYaHMS CTPO-
TenbHbIX paboT. Hanpumep, Ha puc. 9 nokasaHo, kak
CTPOUTENM YKPENWAN BPEMEHHBIMW NOANOPKAMU APEBHION
6asunuky MakceHums.

Bce 3paH1s M MCTOPUYECKME NAMSITHUKY NOLABEPraloTCs
€XEMUHYTHOMY MOHUTOPWHTY. [laHHble C AaT4MKOB No-
CTYNaloT B €4MHYI0 CUCTEMY, KOTOPAs B PEXVME PeasibHOro
BPEMEHI OCYLLECTBASIET KOHTPOb Haf, COCTOSIHNEM 0Ob-
€KTOB W BO3MOXHbIMW BO3AENCTBUAMM HA HUX.

CeroaHs Ha LieHTpanbHOM y4acTke T3 BeAeTCs TONbKO
CTPOUTENBCTBO CTaHLMIA, MPOKNAAKA XE TOHHENEN HAYHETCS
B KoHUe 2017 roga.

kckypceus Ha nuHuio C

B xone BcTpeun B Roma metropolitane s nonyduna npu-
rnaLeHne NOCETUTb OLHY U3 CTPOALLMXCS CTaHLMIA METPO
— «CaH []xoBaHHW», [yTb 00 CTPOMNNOLLAAKI HELONT WA,
BCEro HECKOJIbKO MUHYT Ha MaLLMHE, U — BOT 5 e obnava-
t0Cb B COOTBETCTBYIOLLYIO C/Ty4ai0 SKMMMPOBKY, 1 Mbl BMECTE
¢ nHxeHepom ®abno dxanennn n AByMs NpeacTaBUTENSMA
cnyx0bl 3aKka3uiKa, TeXHUYECKUM aMpekTopoM Jiynaxu Ha-
noam n pykosoautenem npoekta «/luHns C» Angpea CkoTTu,
CNyCKaemcs No y3Koii BPEMEHHO NeCTHNLE Puc. 10. MoHuTopuHr McTopu4eckux 0Gbexroe

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Ha 18-MeTpoByto rnyonHy. Bce NpoCTPaHCTBO CTaHLIMM
OKPYX€eHO BETOHHBLIMW CTEHaMW, Yepes LaxTy Npornsapia-
€T Hebo.

CnyTHMKM 0BpaLLAIOT MOE BHUMAHUE Ha YCTaHOBKY AN
3aMOpaXuBaH1s CHU3Y, C CUCTEMOI Nopayn nbaa. 3a-
MOPO3Ka rpyHTa yXe 3aKOHYeHa, N03ToMy 060pya0BaHNe
pa3obpaHo. B CTeHe BCe el BUAHbI cnefsl 0T GypeHus
OTBEPCTUI ANs NOJAa4M 3amMmopaxuBatoLLei cmecu. «fepeg,
TEM Kak 3aMOPO3UTb MPYHT, Mbl YKPEMWMN €r0 LLEMEHTOM.
370 CAeNnaHo s Toro, YTobbl 3bexaTb HexenaTesbHbIX
NOCNeACTBUIA B CNy4ae BO3MOXHOW 130bITOYHOI 3aMOpPO3-
Ku», — noscHaet ®abuo OxaHennu.

Cnow rpyHTa, KOTOpbIE pacnonaralTcs Nog TOHHENeM —
kamepoit, 06pasytoLLeit NPOCTPAHCTBO CTaHLMKU, — Bonee
00BOAHEHDI, YeM BCE OCTaslbHbIE, @ 3HAYNT, OHU NPEA-
CTaBnaIoT 60bLUe NPo6aeM NS 3eMNHbIX PaboT. IMeHHO

Puc. 11. CtpoutenscTso
cTaHuyu «Amneparopckuit

opym»

MO3TOMY OCHOBHasi 3aMOP03Ka rPYHTA BbIMOJHSNACH
CHM3y. OHa NPOM3BOAMAACH C MOMOLLBIO XMUAKOr0 a30Ta 1
3BECTKOBO-COMIIHOIO PacTBOPa, a NOALEPXMBANACH TEM-
nepatypa pacTBOPOM CON 1 XIIOPUCTOrO KanbLus.

Bokpyr TOHHENst CTPOUTEN LOMKHBI HAMOPO3WTb FPYHT B
BULE NPUAEratoLLyX Apyr K APYroMy LWMHAPOB AMaMeTPOM
3m.

MoMUMO akTMBHOI 3aMOPO3KH, BN YNYHLLEHNS TMAPO-
130NN NPUMEHSIETCS ELLLE 1 reoMeMOpaHa, NPOoNoXeH-
Has NoJ, HYXHM CBOLOM 3TOr0 TOHHENS.

Ceityac BbINOMHSETCS YKPENIEHUE CBOAA U NEPeaHeN
yacTu nba 3abos. Takum 06pa3oM CO3LAETCS CBOEOOPA3HBIi
TaMIOH, Hekoe Nofo6ue NpobKu, NPENsTCTBYIOLLEN Npo-
HVKHOBEHMIO BNaru BHyTPb. [lanee a1oT TOHHENb COEaMHNTCS
CO BTOPbIM, NYTEM BBOZA OAHOMO B ApYroit. Koraa malumHa
Microtunnelling BOCTUIHET CTeHbI B rpyHTE, OHa ByaeT paso-
OpaHa, a TOHHENb PACLUMPST 10 MPOEKTHBIX XapaKTEPUCTHK.

Ha cTaHuuMM NpUHATO PELLEHne OpraHn30BaTb HEBOb-
LUYIO BEICTABOYHYIO 30HY, 3KCMOHATAMM KOTOPOW CTaHyT
apTedakTbl, HANOEHHbIE B X04€e CTPOUTENbCTBA. Bo
BPEMS PacKONoK 3A4ech Takxe Oblio 06HapYXeHO caMmoe
60nbLLI0e BOAOXPaHUANLLE BPEMEH PUMCKOM nMnepumn —
MOCTPOEHHBIA pabamu OrpOMHbBIA pe3epByap ANs BOLbI.
OH XOPOLLO COXPaHUACA 10 HALLMX [HE N0, pyuHaMu
nocnegyloLwmx Lmeunmsaumnin. OTAeNbHbIA 3EMEHT 3TOr0

Puc. 12. AeToma-
THYECKMe ABepH
Ha CTaHLK
nunmn C

Puc. 13. B xoge
TEXHU4YECKOM
IKCKYpCHM

[IPEBHENLLEr0 COOPYXEHMS Takxe ByaeT NnpeCcTaBeH B
BbICTABOYHOM 30HE.

Janee Mbl Crielyem Ha KOHEeYHYIO CTaHLMIO LEACTBYIOLLE-
ro yyactka ivHum C, n MHe NPeA0CTaBNAETCS BO3MOXHOCTb
NPOMYaTbCS MO ABYXMYTHOMY TOHHENIO HOBOW BETKY,
OLEHWNTb TOYHOCTb 1 YETKOCTb PABOTHI aBTOMATUKN.
Korpa-10 3aeck paboTanu 18a TOHHENENPOXOAYECKNX
Komniekca, NoTOM UX LJEMOHTUPOBAM 1 C MOMOLLbIO
NOABEMHOrO KpaHa 13BNEKM HA NOBEPXHOCTb. Camoi
60nbLLOI Npobnemoii okazanack nepesoska yacten TMNK ¢
3TOr0 MecTa Ha ApYryio CTPOMKY, Tak Kak OHW UIMEN 04eHb
6onbLuoit Bec. OTaenbHbIE JOPOTY, MO KOTOPLIM NEPEBO3N-
m TTK, UMEIOT eLLe ApEBHEE 0CHOBAHWE, MO3TOMY LNThI
6binn pa3obpaHbl Ha CaMble MESIKME COCTaBHBIE YaCTH.
Ceityac a1 800-TOHHbIE MaxWHbI B pa3obpaHHOM BUae
HaxoAaTCA Ha LPYroii CTPOMNIOLIAAKE W X/AYT CBOErO yaca.
Mocne HEOOXOAMMOI PEBU3UK VX CHOBA COBEPYT AN
NPOKNaaKW APYrvX TOHHENEN. Ho 9TO Cy4mTCS TOMBbKO B
2017 ropy..m

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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During one of my trips to Rome | had the
opportunity to visit the office of a well-known
municipal company “Roma Metropolitane” and
to meet the company’s management. During

the briefing given for the review “Underground
Horizons” presentations were made by President
of the company and its CEO Mr. Paolo Omodeo
Salé, Technical Director Mr. Luigi Napoli, Head
of the project "Line C" Mr. Andrea Sciotti and
appointed managing and technical director of the
private company "Metro C" Mr. Fabio Giannelli.

LATEST TECHNOLOGIES USED IN ROME METRO
CONSTRUCTION

Regina Fomina

Taking this opportunity, | asked Mr. Paolo Omodeo Salé to
answer some questions for our title.

Mr. Salé, can you please introduce the company that
you are managing? What functions does it perform?

“Roma Metropolitane” is a public company, the customer
of Rome’s municipality whose main function is design and
construction of new lines of Rome's Metro and maintenance
of the existing ones. Today the company staff totals 170.

The total budget managed by “Roma Metropolitane”
amounts to 9 billion euros. Three billion from this budget are
spent for the construction of the third line of Rome’s metro —
the line C, already in operation from the eastern terminus to
the center. To complete the construction of the Line C and to
put the entire line into operation we will need another 1-1.5
billion euros to be spent for design and construction works.
The exact amount will be determined only after completion
of the design stage. The construction is carried out by a
group of companies with one of its members being a major
construction corporation, Astaldi. Apart from this, in order to
implement construction projects the “Roma Metropolitane”

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

interacts with a variety of external companies. As far as it
concerns train operation, here included also commercial
activities, it does not come within our responsibilities. All
public transportation in Rome is centrally managed by urban
transport company ATAC.

In regards to the line C, the project funding is divided
between the three budgets — 70% of financing comes from
Italian budget, 12% account for the regional share (Lazio
province) and the remaining 18% are allocated by the city of
Rome. It is evident that the biggest part of the cost fall on the
shoulders of Ministry of Transport and Infrastructure, or in
other words it will be borne by the government.

Thus, the capital of Rome (the official name of Rome
is Roma Capitale, — ed.), accumulates funds of the
three budgets and transfers them for financing of “Roma
Metropolitane”, that is, for its own company which employs
the General Contractor "Metro C S.c.p.A." to carry out
works. Metro C includes five major companies: Astaldi
S.p.A., Vianini Lavori S.p.A., Ansaldo STS (a Hitachi Group
company), CMB (Cooperativa Muratori e Braccianti di
Carpi), CCC (Consorzio Cooperative Costruzioni), that have
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Fig. 1. Roma Metropolitane’s
activities

signed contracts for implementation of this project. General
Contractor’s activities include development of the detailed
design and master plan as well as implementation of them
two, and control over performance of works. The General
Supervision of the works is up to Roma Metropolitane.
After the facility is commissioned it will be owned by the
city administration and then transferred under the ATAC
management.

How does the revenue from Rome metro operation get
split?

There is a rather sophisticated revenue management
system developed for this purpose. The tickets of several
public transport services — metro lines, bus service and
urban railways managed by ATAC, suburban bus services
managed by COTRAL, regional railways managed by
FS — are integrated in a single system called “Metrebus”.
All operations regarding the proceeds from the sale of
tickets are managed by ATAC, then the collected funds are
distributed among all operators in accordance with pre-
established parameters.
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What are particular characteristics of Rome metro
construction?

Rome above all is a city whose subsurface conceal
greatest archaeological heritage. For more than two
thousand years, since the dawn of the Roman Empire and
up to the rise of the Italian Republic, these lands were
densely populated and continuously occupied. About 1.5
million people inhabited ancient cities the ruins of which are
located one above other laying in different superimposed
cultural strata. This means that if the tunnel shall run
beneath the cultural strata then it would be impossible
to avoid intersection of soils that hold remains of ancient
civilizations when driving shafts for the tunnels. Accurate
field surveys preceding the tunnel construction are always
accompanied by archaeological x-ray stratigraphic analysis
which allows us to detect all artifacts. Each archaeological
discovery entails the work stoppage. In view of these
circumstances, it is not possible to specify the exact
construction completion date.

It is clear that our works have to be carried out in a very
special, non-standard environment. In addition, we have to

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Fig. 3. Archeological fins in the time of the construction of the Line C
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arrange construction sites in an incredibly crowded and lively Fig. 4. Historical and
parts of the city. As an example, when we constructed a
diaphragm wall at the station “San Giovanni”, the crane hook the protection
hung so close over a balcony that we could reach it with a
stretch of the arm.
Another peculiarity are Roman soils which are formed by
highly non-homogeneous mixture of sedimentary deposits.
This makes tunnel excavation a very challenging task.
One should not forget also another particularity of Rome.
The fact is that the underground space of the city is indented
by numerous networks of underground tunnels that were dug
in days of Ancient Rome.

In which way metro construction techniques have
evolved over time?

In the 1950s, in times when first metro stations were built,
the existing technology did not allow to excavate tunnels in
deeper layers of the ground because of their weakness and
water saturation; so the tunnels were constructed very close
to the surface. In parallel to tunnel excavation, buildings and
structures of archaeological heritage were reinforced.

In 1970-1980 the tunneling was carried out with a newly
introduced technology, i.e. with tunnel boring machines
(TBM).

In the 1990s the TBM machines became more modern.
These years marked the advance of hydro shield equipped
with depth meter.

It should be noted that over time the attitude to protection
of archaeological treasures has changed significantly.
Nowadays special authorities require to construct tunnels at
a depth not less than 24 meters, that is, below the strata of

monumental structures:
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cultural and historical significance. However, construction

of stations cannot be fulfilled without shafts, which means
that we can’t avoid penetration in these strata. Previously,

in times when we constructed the line A, the regulations
regarding protection of cultural heritage allowed to penetrate
an archaeological stratum and remove all valuable finds from
it. The procedure required taking photos in order to capture
all the details; everything was filmed so that later the original
picture could be built up; then the finds were destroyed,

and excavation continued, but now it's impossible! Works
are stopped, archaeologists carefully study archaeological
findings, after which these findings are preserved.

As is known, the historic center of Rome is on UNESCO
World Heritage List. To study the impact of tunneling on
historic buildings and structures, a special research and
technical committee was established. This committee
conducts research in a variety of areas: geology, monitoring,
geotechnical engineering and others. Thus, there was a
series of preliminary geological studies conducted in the
area of Colosseum and other historical buildings. In the
same way a number of topographical surveys were carried
out, as well as the study of the current state of structural
parameters of the materials. They were followed by analysis
of numerical data.

What amount of work has been already completed on
the line C? In which way does it differ from the lines A
and B?

In 2014, starting from the terminal station Pantano, we
opened first 13.5 kilometers of the line C consisting of fifteen
stations. In 2015 we put into operation the next stretch, and
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currently the third section is under construction; this third
section called T3 passes through historic center of Rome. It
is the most complicated segment of the Rome metro, and it
is not surprising — the ground here is literally packed with
archaeological treasures and artifacts.

The Line C is being constructed to the highest modern
professional standards, with the use of advanced
technologies. Its total length starting from terminal station
Pantano and up to other terminal station Claudio Mazzini
amounts to 25.5 kilometers; it has 39 stations and is served
by 30 trains. The length of the trains is 108 meters, and they
can carry up to 1,200 people. The line capacity is 24,000
passengers per hour per direction.

The line C is a fully automated line having a single control
center. The platform is separated from the track by sliding
automatic doors, the trains are also equipped with automatic
train operation system and are driverless. The envisaged
inter-trains interval is 3 minutes, although the system can
be set differently and specify a shorter interval, down to 90
seconds.

The next line section T2 is also under the design stage.

Due to the uncertainty of funding, we until now do not
have a clearly defined government order that would state the
exact number stations — 3, 5 or 7 that we will have to build
at this stage...

From station to station

Currently an active work on construction of the
interchange station "San Giovanni" is underway; this station
will connect the lines A and C. Exactly this station is next to
be put in operation.

Construction of the "San Giovanni" station, as well as
of stations "Fori Imperiali*, "Venezia" and others located in
the historic center of the city, gave rise to archaeological
research, the largest in the history of Rome. For this
reason National Archaeological Committee was involved in
engineering survey. Each excavated archaeological layer
is dug in close cooperation with archaeologists, and so
on a few square meters of land an entire team of people
is operating, the work is performed manually or using
mini technique. Of course, this slows down the process
considerably, while the volume of excavation is enormous:
the works are carried throughout the whole area of future
stations to the full depth of the cultural layer, which in some
areas is as thick as 20 meters.

Since the standard massive interventions of consolidation
of the soil from the ground level (Jet Grouting) are not
executable in the archaeologically rich areas, the designers
put forward alternative methods. For stations like San
Giovanni the excavation is done inside the perimeter
bounded by very deep diaphragm walls of reinforced
concrete, driven into the “natural soil”. The construction of
diaphragm walls using BAUER Trench Cutter system (in
two phases: excavation under bentonite slurry to stabilize
the trench, then replacement of the slurry with reinforced
concrete) allows to reach great depths without vertical
deviations. For example, in Teano station the diaphragm
walls were built to a depth of 60 m.

The tunnels here are built by mechanized Tunnel Boring
Machine (TBM) Herrenknecht, diameter 6.71 m.
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Fig. 6. City of Rome —
Impact of the works

Fig. 5.The reinforcement
of Basilica of Maxentius

Another technique used by metro builders is the Ground
Freezing Method, thanks to which the ground around the
tunnel is stabilized.

In addition, Compensation Grouting is used to
compensate the possible ground settlements during the
advancement of the TBMs: a device called flat jack is
installed into the space between the frozen ground and the
existing building on the surface. This device is similar to a
well-known jack, and it allows to lift the ground and to fill
cavities formed by tunnel excavation with cement mortar.

In some cases the inner space of a station is formed by
enlarging the excavated tunnel. It can be made by semi-
mechanized traditional methods, without tunnel boring
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machines. As an example, the station "Fori Imperiali" will be
built with this technology.

Considering that the two twin tunnels will have to be built
in the immediate vicinity of Colosseum, a structural analysis
of materials was carried out which allowed to evaluate
a possible impact of tunnel excavation on cultural and
historical heritage.

Based on these studies, a number of buildings were
marked as structures needed to be protected from
destruction. Some of the proposed measures are of
temporary nature, so that the supporting structures will be
dismantled after completion of construction works, while
other reinforcing structures are permanent. As an example,
the Fig.5 shows how builders have reinforced ancient
Cathedral Basilica Maxentius with temporary props.

All buildings and historical monuments are monitored on
a continuous basis; the data received from sensors are fed
into a single unified system that supports real-time control
over the state of monitored items and over possible impact
on them.

Currently on the T3 central stretch only metro stations are
being built; the tunneling works will start only at the end of
2017.

A tour to the line C

In the course of the meeting in the “Roma Metropolitane”
office I received an invitation to visit one of metro stations
currently under construction, and namely, the station San
Giovanni. The way to the construction site is rather short,
it only takes a few minutes to get there by car, so | do not
waste any time and put on an appropriate clothing suitable

Fig.7. Technical

. Director of the

company “Roma
Metropolitane”
Mr.Luigi Napoli, Head

| of the project “Line

C” Mr. Andrea Sciotti

{ and editor-in-chief of

the magazine Regina
Fomina

for this case, and so — here we are, and together with Metro
C Engineer Mr. Fabio Giannelli, two representatives of the
ATAC Customer service, Roma Metropolitane Technical
Director Mr. Luigi Napoli and Head of the Project “Line C”
Mr. Andrea Sciotti — we are descending a narrow staircase
to a depth of 18 meters. All station space is surrounded by
concrete walls, the sky is grinning through the shaft. My
companions draw my attention to a ground freezing plant
that freezes the soil from the bottom up and is equipped with
ice delivery system. At the moment the ground freezing is
already completed, so the equipment is dismantled. The wall
still retains traces of holes drilled for supplying the freezing
mixture. “Before freezing the ground, we have consolidated
it with mortar. This is done with the aim to avoid negative
consequences in case of possible excessive freezing”, —
explains Mr. Fabio Giannelli.

The soil underlying the tunnel — or the chamber forming
the station space — contains more water than all other
layers, which means that it provides an even bigger concern
for excavation. Exactly for this reason the main ground
freezing was performed from below. It was made by using
liquid nitrogen freezant and circulating brine, a strong saline
solution used to maintain the temperature.

Apart from active freezing techniques, better insulation
performance can be achieved by laying a waterproofing
geomembrane under the tunnel invert.

The builders must arrange around the tunnel a series of
frozen cylinders with a diameter of 3 meters and adjacent to
each other.

At this stage the works are carried out on reinforcing the
tunnel arch from the inside and on consolidating the ground
around its outer perimeter. The aim of these operations is
to create a kind of a swamp or plug that prevents moisture
penetration inside the tunnel. Later this tunnel will be
connected with the other one by inserting one tunnel into the
other. When microtunnelling machine reaches the diagram
wall, it will be dismantled, and the tunnel enlarged to the
design dimensions.

One creative solution was to build a miniature exhibition
space inside the metro station. Many artifacts uncovered
during the excavation are destined to be displayed there.
Metro builders have unearthed the largest water reservoir
of time of the Roman Empire built by Ancient Rome
slaves. It is well preserved up to now under the rubble of
subsequent civilizations. Some elements of this most ancient
construction will also be displayed in the exhibition area.

Then we proceed toward the terminal station of the line C
operating section, and | gain the opportunity to shoot down a
new double-track tunnel and to access the accuracy and
clarity of the automation system. Some time ago two tunnel
boring machines were working here, then they were
dismantled and brought to the surface by a lifting crane. The
biggest challenge was to carry the parts of the TBM from this
place to another construction site, as they are very heavy.
Some roads on which the TBM had to be transported, are
built on ancient foundation, so the machines had to be
dismantled to their smallest components. Now these 800-ton
jumbos lie unassembled on another construction site waiting
in the wings. After necessary verification they will be
assembled again for construction of other tunnels. But this
will only happen in 2017... m

MOA3EMHBIE FTOPU30HTbI Ne9. ionb/2016



Bce anA npoekTMpoBaHunsA, CTPOMTENbCTBA

W 3KCTTyaTaymu TPaHCMOPTHBIX 06beKToB

XVII MEJKAYHAPOAHAS CITELTHAAHM3SHMPOBAHHAS BLHICTABKA

.
e, - /- A
e B o L ,
P, e - e
Fr gl ., I
" = '-..‘ =, '] ’ 2
X3
i
.

TEMATUYECKWUE PA3ENDI:

« [poeKTUpOBAHUE N CTROUTENBCTBO AOPOT, MOCTOR U TOHHENEN

- Obopyaogatve, Matepuansl U KOHCTPYKLWY ANA CTPOUTENBCTEA TPAHCNOPTHLIX OOBLEKTOB
- OBbopyAoBaHue 1 TeXHONOM K NPOKNAAKK KOMMYHWKaLWIA, MHXeHepHoe obecneyeHne

« TexHuueckne cpeacTea obecneyeHna 6e30NacHOCTU JOPOXKHOTO ABMKEHWNA

» iHTennekTyansHble TPaHCNopPTHLIE CUCTEMbI

- CneunanbHeie Matepuransl n 060pyJoBaHNE ANA COQePKaHUA U PEMOHTa JOPOT

« ANarHocTvKa, KOHTPONb KayecTea U Be3onacHoCTh AOPOXKHBLIX paboT

- Mporpammyoe obecnevyexne v CBA3b

» iHBeCTUUMK, CTPpaxoBaHUe U NU3UHT 00LEKTOB CTRPOUTENLCTEA, TEXHWKN, Oﬁﬂp}l’ﬂOBEHHH

CMELPA3AENDI:

Komnoszumusle, NoauMepHbIe U 2e0CUHMemu4eckue Mamepuasl 8 0OpoXHOM Cmpoumenscmee
,ﬂopwxﬂo-cmpoumenhrmﬂ U KoMMYHAQABHAAR MeXHUKA

B pamkax penoson nporpammel: Xl MexagyHapoaHsiin Qopym «Mup Moctos».,

Boictagka enepsbie npoxoanT B BK «JleHakcno» napannenbHo ¢ MexayHapoaHbiM
bopymom «BesonacHocTb Ha goporax pagun 6e30NacHOCTI XKN3HWY,

OpraHusatop: Ten.: (812) 320-8097, 320-8094
N DE ® E-mail: autoprom1@restec.ru, passtrans@restec.ru _
Moapo6Han nHdOpMaLWA U HOBOCTHW BbICTaBKM Ha WWW.mostdor.com
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On February, 16 in the
capital of Belarus a tunnel-
boring complex started
working at construction of
the third line of the Minsk
subway. The first in Belarus
tunneling shield with the
beautiful feminine name
Alesia will have to dig 17
km tunnel. For this reason
the speed of the subway
construction will increase
severalfold and make 250m
a month. Commissioning

of a number of stations is
scheduled for 2018.

MonnHa BOTJAHOBA

TPETbA IMHUA MUHCKOTO
METPOTOJINTEHA:
PYBUKOH NPOUAEH

B cronunue Benapycu 16 ¢peBpans npou3oLuno cobbitne, 04HOBPEMEHHO U NIaHO-
BOE ¥ JONrOXAaHHOe, — 3apaboTas TOHHENEeNpPOXoA4eCKuii KOMIJIEKC, NpeaHa-
3HaYeHHbIN AJ1s CTpouTenbcTea 3-i i MuHckoro metTpononutena. lepsomy

B pecnybmke MexaHU3upOBaHHOMY LUUTY C KPACUBbIM XEHCKUM UMEHEM «Aniecs»
npegcTout nporitu 6onee 17 km. Bnarogaps emy Temnbl CTPONTENLCTBa METPOIO-
JITeHa yBesIn4aTcs B HECKOJIbKO pa3, CKOPOCTb Npoxoaku coctasut 250 m B me-
csy. BeegeHue B aKcrinyaTayumio psiaa cTaHuui 3annaHuposaHo yxe 8 2018 roay.

N3 ncropmm MUHCKOro
MeTpOonoNuTeHa

BbICTPbIE TEMMbLI CTPOUTENLCTBA KpaiiHe
HeoBX0AMMbI 415 Pa3BUTUS COBPEMEHHON
TPaHCNOPTHON MHbPACTPYKTYPbl MuHcka. ns
xutenei 6enopycckoii CTONMLb METPOMNOANTEH
[aBHO CTaN NpuBbIYHLIM U Hanbonee BOCTpe-
6oBaHHbLIM BUOM NepeBo3ok. CyLiecTBytoLLme
CTaHLMM Ha [1BYX BETKAX eXeAHEBHO Nponycka-
toT 6onee 850 ThIC. 4ENOBEK.

OduumansHas CTOpWS NPOEKTUPOBAHNS
MuHckoro meTpononuTeHa Havanack 8 1976
rofly, XOTsl 3aMbIC/lbl 0 €ro CTPOUTENLCTBY
JaTupyloTcs Kyaa 601ee paHHM BPEMEHEM.
BbICTPbI MOCNEBOEHHbI MPOMBILLIEHHBIA POCT
COMPOBOXAANCH YBENMYEHNEM HACENEHMS, @
ropoga, MMeBLLME CBbILLE MUNINOHA XUTENEN,
Mo CYLLIeCTBOBABLLEMY «COBETCKOMY» NpaBuy,
JONMXHbI Oblnn 063aBECTUCH METPO. MUNNNOH-
HbIA MMHYaHVH NOSBUACS Ha CBeT B 1972 roay.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



METPOMONUTEHbI | 71
5 i / b .
S £, oo
gt WUBCKDE
Dr%nr;:-@ CXEMA NUHUNA METPOI‘IOJIHTEHA r.MMHCKA /
Senenum Tiyr 3e'ﬁy'<rw < $
"'n . floGemumeneii __ | £ ?
734%4% \";‘.' \ .\___ Konhma?z.- é§ Cwonerckas_{ ¥ (,O
/5 ‘ﬁ\\ T HoBouneHckast '.I Menexa sz F, § Yoyibe
\"::\-__ b \ ot e
2 :'_'G_.._‘— __ Beciinka  CTaposwnencas L nI!ILEaHJ;ano%/ f __%W“EJ‘ ffd
e lapk pyx(;uuaponos YCNIOBHBIE .f,

OBO3HA‘|EHM9| f'
a0 0] JJEMc*rBy»ou.uaE 20,4 kM r
e —O=0O reronecien-25u
c@‘ﬁ‘f
BTOPAS JIMHUS — 18,7 km
mmQ@ue@u JEVICTBYIOLYE — 18,7 km
- - =0=0= nercreamea-43m
- ASPonopr
M"HCK 2 > mmOmOmm CTPOSLUVECS! — 4,4
=0=0== NEPCnEveA- 12,1 v

YETBEPTAS JINHUSA
=0=0= NEPCMEKTMBA - 24,3 xm

lapk YeniockuHLieB

np. Maweposa

KamenHas Fopka

KyHuesumHa

—_—

XHas
GuneiHasi niowab

DpyHaeHckas/

Snexrporeno
*.,_<BoTaHueckoer

mﬁpbckaﬂ/ iy
4 i /Kynamecxau

enek.moneno
ks B> 3 i

nn. GpaTiwka 8 ‘YPMHI)_KB“

Sp
nn. Jlennna!/ Bok:

. Onextpoeno Mo (OBCKOE»

SAEKmonelm
lnina T, BI

TpakTopHbliA 3-A/
& /Monro6pozckast

s By

LLgmbicnmua

Ho nnaHbl N0 CTPOUTENLCTBY METPO HATON-
KHY/IMCb Ha Nperpaay, rpo3uBLLYIo 60/bLUNMK
(bUHAHCOBBIMM PaCcXoLamMu — BbICOKOE CTOSHIE
rPYHTOBbLIX BOJL. BbiX0f, Obln HAllAEH B BUAE
CTPOWTENbCTBA NMOA3EMHBIX CTAHLMIA MENKOro
3aNn0XxeHws, 60/bLUAs 4aCTb KOTOPLIX COBME-
LLieHa C NOLYIMYHBIMU NeLIEX0AHbBIMU nepe-
Xoaamu.

CnoxHble rpyHTOBbIE YCNOBWS HAOXWAN OT-
MeyaTok Ha NnocrneayioLLee passuTe MeTpo-
MOAMTEHA, UMEHHO NO3TOMY nepB.bIi TIIMK
nosiBuACs B pecnybnvke TONbKO ceityac, koraa
TEXHONOMMM NMO3BONMNN BECTWN MEXaHU3NPOBAH-
HYI0 MPOX0aKy 6YKBaNIbHO B HECKOMBKMX METPaXx
OT MNOBEPXHOCTW 3EMIN.

MpegnpusTie «MUHCKMETPOCTPON» Nocne
DAMTENbHBLIX NEPEroBOPOB W COrnacoBaHui,
npocyeTa 3PPEKTUBHOCTU BCEX TEXHUYECKMX
peLLeHniA NPUOBPENO WKT y GPaHLY3CKOM
komnaHum CSM Bessac.

«®DuwKa» npoekTa

Kak rmacut pycckas nocnosumua, Jiyuile oanH
pa3 yBuaeTb, YeM CTO Pa3 yehbllwarh, — 1 KO-
MaHOMpoBKa B cTonumLy benapycy ctana genom
PELIEHHBIM.

MWHCK BCTPETUA HACTOSLLE BECHOW,
CONHLEM 1 TENIOM, XOTS U C NIErkoi MapTOoB-
ckoit npoxnagoit. OfHaKo NNaHOoBkIA MapLLUPYT
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nepBbIM AeNoM Ben BriyOb. [pOBOAHNKOM B
WHTEPECHbI 1 CBOEOBPA3HbIA MUP NOA3EMHO-
ro CTPOMTENLCTBA CTaN Bacunuin AHULLEHKO,
ncnonHuTensHbin aupektop 000 «Cneumo-
AyNbNpoekT». 3HaKOMCTBO C COBPEMEHHBIMI
TEXHONOrMSMM HA4aNnoCh C 0CMOTPA KOTNOBaHa
Oynyuiei cTaHumm «BokaanbHas», roe ocy-
LLEeCTBAEHA BPE3KA LLMTA M Ha4anach NPOXoaka
NeBoro ToHHens anuHon 1600 M 0o cTaHumm
«[Tnowapb KO6uneitHas». anee, ¢ 3aBepLUeHN-
€M 3TOro arana, nocneayeT AEMOHTAX LWNTA,
MOABEM €ro Ha NOBEPXHOCTb, MEPEHOC Ha
«[Tnowapk JleHnHa» 1 npoxoaka NpaBoro ToH-
Hensi. LLuT BepHeTCs Ha «Bok3anbHylo» 1 0TTYyaa
noiaeT oo 6yayLueit cTaHuMK nog ynuuen Xy-
KOBCKOro0. Bcero Ha 3-ii niuHum nnu, Kak ee eLle
Ha3bIBaOT, 3eNIEHONYXCKO BETKE, NPeACTONT
BO3BECTM NOZ 3emnen oo 14 ctaHumi.

B nepByto o4epeab CTPOUTENLCTBA BXOAST, KO-
Me yXXe ynomsiHyThIX, «<KoBanbckas Cnoboga» 1
«Mnowaap GpanTHLLKa Borywesmyar.

YT0 e npeacTaBnseT coboi MHHOBALIMOHHBIN
TOHHeNenpoxoayeckuin komnnekc 6000 T038
PT-2001030, nocTpoeHHbIii crieumansHo Ans
MuHckoro meTpononuTeHa? «Ans CyLlecTsyto-
LLMX 33[1a4 ECTECTBEHHbIM CTaJI0 UCMONB30-
BaHMe MeXaHW3MPOBAHHOrO LKTa C FPYHTO-
MPUrPY30M, TONIbKO Tak MOXHO 00eCneqnTb
MUHUMabHbIE MPOCAAKM FPYHTA, — NOSICHAET
Bacunuit AHneHKo. — Pa3paboTaHHbIiA rpyHT

\ Arapckasi

MapTu3axckas ",

§
(
]

OBLUAS AJIMHA — 39,1 km

e XEE3HAS JOPOTA
TPAMBA
TPAMBAV! MEPCTIEKTUBA
¥

ABT03aBOAiCKAA ammmem f’
«Morwnéackash

=
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CHayana nojaeTcs B repMETUYHYIO Kamepy
rPyHTONPUrpy3a (B KOTOPO AABNEHNE TaKoe
Xe, Kak B 3a00€), a U3 Hee yaanseTcs LWHeKo-
BbIM KOHBEEPOM. Tak1e MexaHU31POBaHHLIE
KOMMIEKChI MCMONL3YIOTCS B MUPOBOIA NPaKTHKe
yxe 6onee 30 net».

Bce 3710, KOHEYHO, Tak. EAMHCTBEHHOE «HO»
— noao6Hoe 06opyaoBaHUE 10 CUX NOP Npu-
MEHSAI0Ch Ha rNyBuHe CBbILLe ABYX ANaMETPOB
MaLLUVHbI. A ecnn Mbl 06PaTUMCS K OCHOBHBLIM
napameTpam KOMMeKca, TO ero AinHa co-
craensiet 90 M, BHELLHWIA auameTp — 6,2 M, a
LWKT, No 6onbLLEN YacTu, paboTaeT BCero 8 4 M
OT NOBEPXHOCTU. [pK1 3TOM NPELCTONT NPOIATK
noJ, UCTOPMYECKUM LIEHTPOM MuHCKa, rae
niobas fepopmaums GyHLAMEHTA MOXET UMETb
datanbHbIi xapakTep. Henbas copacbiBaTh CO
CYETOB CTECHEHHbIE YCNI0BWS MNOTHOM ropos-
CKOW 3aCTPOViKK, KPOME TOr0, C OAHOW CTOPOHI
MECTO CTPOUTENLCTBA OKAWMISET XenesHas
[0pora, C Ipyroi — aBToMarucTpans. B obueit
CNOXHOCTW METPOCTPOEBLIAM Ha MUHUMANbHOW
rny6uHe NPeLCTONT «NPEofoNEeTL» NYTENPOBOL,
XENe3HOLOPOXHYIO HACkIMb 1 MOCT. 10 BcEM
CTaTbaM, Y HUX HET NpaBa Ha oLKOKY.

«Ha npeseHTauum TNMK rnybuHa npoxoaku
ka3anacb HEKOTOPbLIM CreLmanucTam Hepeasb-
HO MaJoii, XOTs OHa cocTaenseT 0kono 80% ot
Tpebyemoit, — npogomxun Bacuamin AHuLLEH-
k0. — MHOrVie MHTEPECOBANNCH AETANAMM 1
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TAMK: 1 — wur, 2 — ycTPOICTBO ANS NOAAYM CErMEHTOB, 3 — TEXHONOTMYECKas TeNexXKa, 4 — ToHHenbHas o6penka, 5 — Oanka Taru

YOVBNSAUCh, KaK HAM 3TO0 yaanock. Moxanyn,
VIMEHHO YCNIOBWS MPOXOAKN — OCHOBHas!
«uLLIKa» HALLEro NPOEKTa, XOTS B YCTPONCTBE
Camoro KOMMeKca ectb psif HOBOBBEAEHUI,
KOTOPLIMM CTOWUT FOPANTLCS».

KoHcTpykuus: ctapoe n HOBoe

Kak 1 fipyrue «cobpatbs no Npoxoaxe», 6eno-
pycckuii TIIMK cocTouT 13 TPEX OCHOBHbIX Ya-
CTel: WwuTa, yCTPOICTBA ANst MOAAYYN CErMEHTOB
U TEXHOSOTMYECKIX TENEXEK. 4TI BBINOAHNTL
MPOXOAKY Ha MUHUMASTBHO FNYOUHE B CTECHEH-
HbIX YCNIOBMSIX, B €r0 KOHCTPYKLIAV NPEayCMOo-
TPEH Psi, YCOBEPLLUEHCTBOBAHWIA. B 4acTHOCTH,
KoMnneKkc 06n1aaaeT LUMPOKUM AUana3oHom
rpyHTONPUrpy3a. Kak 06bI4HO, MCnonb3yeTes
crieumasnbHas neHa, KoTopast yay4LLIaeT TEKYYECTb
1 YMEHbLLIAET MPOHMLIAEMOCTb 3BNIEYEHHOMO
rPyHTa BHYTPY 3a601HOI Kamepbl. Mpn 3Tom
YCTPOVICTBO MOAAYM CErMEHTOB MMEET YEThIPE
reHepaTopa neHbl, BMECTO NPUBLIYHbLIX ABYX. C
MOMOLLIbIO YCTAHOBNEHHbIX BO/b BCEro 32008
JAT4/KOB AABNEHMS MOXHO OMPENENsTh He-
06X0aMMOE 151 KOMMEHCALWN KONMYECTBO NEHbI
U TPYHTA.

lpoxoaka OCyLLECTBASETCS C NOMOLLBIO
paboyero opraHa, CpoeKTPOBAHHOO B CO-
OTBETCTBWM C re0A0rM4ECKUMY YCNOBUSIMUA
MUHCKOr0 rpyHTa. MexaHnam npueogmTtcs
B [IBUXEHWE LIECTbIO ANEKTPOLBUraTENS MU
(nMTaHWe NOAAETCS C NOBEPXHOCTY OT OAHOMN N3
rOPOACKMX NOACTAHLMIA) C BOASHBIM OXNlaxae-
H1eM 1 ocHalleH 104 pesuamu lwmpuHoii 120
MM 1 AMCKOBbIMY LwapoLukamn 14” (2 npocTbiX 1
12 ABOVHbIX) LS NPOXOAKM TBEPAOrO0 rpyHTa.

[lns nyywero nepemeLLmBaHuns N3BIEYEHHO-
ro rpyHTa B 3a00IMHO Kamepe CMeLLMBatoLLme
N0MacTK, 4acTb KOHCTPYKLMW paboyero oprama,
YCTaHABAMBAIOTCS NEPEA HENOABUXHBIMY Ya-
CTSIMW, KOTOPbIE KPEMATCS HA MEPEropOAKe.

B pexuvme rpyHTonpurpy3a KOHCTPYKLMS 3a-

6oiiHol kKamepbl COCOBCTBYET NNIABHOCTY Nepe-
[la4yn MaTepranos Ha LUHEKOBLIN KOHBEMEP.

Komnnekc MMeeT anekTpoHHY0 CUCTEMY
KOHTPONS 1 ynpasneHus, Bce paboune napame-
TPbI ¥ NOKa3aHMs AATYNKOB BbIBOASTCSA Ha 3KPaH
B KabuHe.

Mexay kab1HOI ynpaBneHns U NPUBOLOM
pacnonoxeH 6710K0OYKNaA4MK, CNOCOOHbIA
nepeaBuratb CErMEHT BbICOKOTOYHOW BETOHHOIA
06aenku Becom 0 3,5 TOHH. Ero aBuxeHns —
raPaBANYECKINE — NPOUCXOMNAT B HECKOMBKIX
MNOCKOCTAX. MIHTEPECHO, 4TO 6A0KOYKNaAuMK
YCTaHOBJIEH TaM Xe, [Ae U LUHEKOBbIN KOHBEWEP.
OT0 NO3BOASET YMEHLLUUTb AJIMHY LUMTA U, COOT-
BETCTBEHHO, AMAMETP KOTNI0BaHA A1s CTPOM-
TenbcTBa. Henb3s He YNoMsiHYTb, YTO Kaxaast
CEKLMS 3TOr0 MPOXOAYECKOrO LLUTA KOPOYE, YEM
y 60/bLLMHCTBA NpoK3BOaKTENEiA. Takum 0bpa-
30M, JaHHbI NPUEM NO3BONSIET BECTU MPOXOAKY
C MEHbLLUErOo ngTavka.

TMNMK ocHalLeH AByMS W03aMu, Ans Nnepco-
Hana n 060pyLoBaHMS, 4TOOLI IMETb BO3MOX-
HOCTb 3aMEHWTb, FaBHbIM 06PA30M, PEXYLLNIA
VHCTPYMEHT.

«B atom TMIMK MHOr0 MENKuX yCOBEpLUEH-
CTBOBaHUI. MIHTepecHas cucTema HarHeTaHus
1 NepeKayky pacTeopa, ruapasnmka. Jaxe He-
00bl4Ha, Ka3anoch Obl, Takas NPUBbIYHAS BELLLb,
kaK BeaeHue BypoBoro xypHana. Hanpumep,
[151 TOF0 4T0ObI MOMY4NTb IAHHbBIE O MPOXOLKE,
HE HYXXHO pacneyaTbiBaTh AECATKM CTPAHWLL.
JlocTatoyHo 3apath napameTp, BPEMEHHON
[ManasoH 1 NOY4NUTb MCKOMBbI pesynbTaT», —
pacckasbiBaeT Bacunuii AHMLLEHKO.

Kyouk Pyouka nop semneii

OpHa 13 NPOMUCHBIX UCTUH COBPEMEHHOTO
TOHHENECTPOEHUS NPELANUCHIBAET UCMOb-
30BaHMWe rOTOBbIX XENe306ETOHHbIX CErmMeH-
TOB, KOTOPbIE COOMPAIOTCS B KOMLLIO MPSIMO B
TOHHene. XXypHanucTy Bbinan peakui LWaHe

noHabionaTh 32 MOHTXOM KOJbLA, /1S Yero
MPULLNOCk CNYCTUTLCS B 3a601. Bpocunock

B r1a3a M1HUManbHOE KOMMYECTBO AOMONHM-
TeNbHOro 060pya0BaHNS, CTpOMNOLAKA
BbIFIS4ENa NPaKTUYECkn NycToi. Ml npoLwunu
MMMO aKKYPaTHO CNOXEHHBIX B10KOB BbICOKO-
TOYHOI OETOHHO 0646/KM, HAKOHELL, NOPYYHHU,
CXOOHW — 1 BOT Mbl Ha MECTe.

Ha nynbTe ynpasneHus ncnons3yercs
nporpaMmMHoe 06ecreyeHne ¢ UHTYUTUBHO
NOHATHBIM UHTEPDERCOM, MPUMEHSIOTCS Te
Xe NpuHLMNLI, 4TO Ha iPad. Bce 310 no3so-
nSIeT AOBOMLHO ObICTPO NPOBECTM 00y4eHNe
nepcoHana.

Mopa3suna GpuanrpaHHas TO4HOCTL NpoLecca
MOArOHKW BGOKOB, M3MEPEHIS MPOU3BOAMINCH
M0 MHENiKe BNAOTb A0 MUNIIMMETPA, YTO HE
C/ly4aiiHo: BeSb HECMOTPS Ha TO, YTO A1ameTp
€o6MpaeMoro konbLia — 6 M, a Camo OHO BECUT
HECKO/bKO TOHH, LOMYCK MO CTYNEHbKE COCTABNS-
€T BCEr0 57 MM, 1 3TO MPM NOJHOM OTCYTCTBUM
HaxnecToB. MOHTaXHWKaM CrieayeT fobvBaTLCs
NPaKTUYECKV MOEABHOrO COOTBETCTBYS MPO-
€KTHOI reOMeTPUM MOBOPOTA KOAbLA. Henb3s
3a0bIBaTb, YTO KA4YECTBO COOPKM BAUSIET HA MO-
CneayloLme IEeNCTBIS 1 KOHEYHBI PesynbTar.

HemHoro noaxe Bacunuit AHULLEHKO 06b-
SICHUN CyTb npouecca: «C NOMOLLbI0 reoaesu-
4eckoro 060pya0BaHNS MOXHO NPOCAELNT,
HACKOJIbKO TOYHO NMO3ULIMOHUPOBAH LLUUT M0
NPOEKTHO 0CK. IMEHHO nof, Hee v noadupatoT
KOMbLIA, MMEIOLLME KIMHOBUAHYIO hopMy. Ecin
HayaTb NOBOPAYMBATL HECKONBKO TAKWX KNn-
HbEB OTHOCWTENBHO APYr Apyra Ha kakoii-n1bo
Yrof B Pa3HblxX NOCKOCTSIX, NOy4MM n3rnb. 310
4eM-TO HaNMoOMMHAET U3BECTHBIN KyOuK Pybuka.
MporpammHoe obecneyeHne NO3BONSET BBECTH
MPOEKTHYIO OCb, 3aNOMHNTL HOMEPA BCEX KOMEL,
1 MONOXEHWNE KAXA0r0 13 HUX. Bce aT0 KOHTPO-
JIMPYETCS BOCTATOYHO TOYHBIM HABUMALWIOHHBIM
o6opynoBaHMeM, MPOBEPSIETCS 1 NEPENpPoBe-
PSETCS B aBBTOMATUYECKOM PEXMME>.

Pyka 006 pyky

Bo Bpems HalLein 3KCKypCum MHE He pas npu-
X0AMNa MbIC/b, YTO AN1s CO3AaHNS NOA0BHOM0
Komnnekca HeobxoanMmo He NPOCTo 0bnanaTh
KOHCTPYKTOPCKUMW HaBbIKamM, HO U NOHUMATb
KaXZylo Mesnoyb, C KOTOPOI MOXET CTONKHYTbCS
METPOCTPOMTENb. A 3T0 6€3 OMnbiTa NPOXOAKM
coenatb Bpsg M Bbl yaanock. Tak 1 0ka3anoch.
Bessac, noM1MMO BCEro npoyero, TOHHeNe-
npoxoayeckast komnaHus. To ecTb, Mo CyTw,
TOHHENECTPOUTENL NPON3BOANT 060PYLOBAHNE
[ TAKWX Xe TOHHENeCTpouTene.

['naBHbI MHXeHep npoekTa OT Bessac Huko-
ns KonoakuH oTMeyaeT: «3a4acTyto HEKOTOpbIE
KOMMaHWW NOCTaBNAT 0O0PYL0BaAHME, «Xene3-
Ky» — W «yMbIBAIOT PYKW»; MOJ1, fasbLLe MauTe,
[I0POroii 3akasuuk, 1 paboTaiTe, kak 3HaeTe.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



Bessac cnocobeH BbIMONHNTL 06O CNeKTp
paboT. Moyemy Mbl BbIMrpanm KOHKYPC Ha pea-
n13aLmio 3Toro npoekta? MUHCKMETPOCTPON
He 3HaKOM C TaKuM BIULOM TEXHWKM. 3Ha4NT,
HYXHO 00y4WTb NEPCOHAN 3aKka3yuka. B Haluei
dVpMeE YMEIOT 1 NPOEKTUPOBATb, M BECTM NPO-
XO[KY, CNIOCOOHbI BbINOAHUTbL NOSHbIA KOMMNEKC
MHXEHEPHbIX PACYETOB, MPOAHAAM3MPOBATL PU-
cku, 06yunTh ntoaei. Kpome Toro, nHorga ans
MoNb3bl A€Na NPUXOAUTCS BhINONHSATL PABOThI,
He NPeayCMOTPEHHbIE KOHTPAKTOM».

1 3710 He npocTble cnosa. Hanpumep, 6eno-
PYCCKMIA 3aKa34uK NPy BbIGOPE KOMMOHEHTOB
TaMMNOHaXHOro pacTBoOpa NPUHAN peLleHne 06
CMONb30BAHUM TOMbKO MECTHbLIX MaTepuanos.
CneuuanucTsl 13 Bessac nomornu nopobpatb
ONTUMAaNbHYIO peLenTypy. HanaxueaHue MecT-
HOrO NPOU3BOACTBA TAMMOHAXHON CMECU NAET
BHE KOHTPaKTa M 0hOPMIEHO KaK 4aCTb TEXHN-
YeCKO NOAAEPXKM, BbINOAHAEMO KOMNAHWEN.
«MaKTM4eCKM Mbl OCYLLECTBISIEM MHXEHEP-
HOe ynpaBneHue npoekTomM. KoHeuHo, Bbibop
BCEraa 3a 3aKa34MkoM, HO OH NOAYYAET OT HaC
HECKO/IbKO BO3MOXHbIX BAPUAHTOB TEXHUYECKIX
peLLeHnit», — nosicHnn Hukons KonoakumH.

B3anMooTHOLLEHUS MexXay cneLnanmcTamm
KOMMaHWN 1 nx 6enopyCCKUMI KoNneramu
CK/Ia[bIBAIOTCS XOPOLUO. Bee Havyanock ¢ Mo-
MEHTa NPUOLITUS TOHHENENPOXOAYECKOro LWUTa
13 ppaHLy3ckoii Tynyabl. 3aTeM B TEYEHME ABYX
MECSILIEB NMOA HAONIOAEHNEM U MPK Y4aCTUN
CMeuan1cToB 3akasymka NPOXoAMa MOHTaX.

C 6ypyuwmu nonb3oBatensMi 0bopynosa-
HWS POBENM TEOPETUYECKME 3aHATHS, KaK B
yHuBepcuTeTe. Jlyywue cneumanncTsl Bessac B
TEYEHVe Hefienn pacckasblBany 0 peannsaLmm
MPOXO0AKM, Ha 4TO cneayeT obpallaTb BHUMa-
Hue, kak obecneynTb Heobxoaumyto 6esonac-
HOCTb. lMocne Havanach NPaKTMKa Ha MallmHe.

«CNoXHOCTY BCEra BO3HWKAIOT TaM, FAe
BrEepBbIe MPUMEHSITCS Ta WM MHAs TEXHONOT S,
HyHO Bpems Ha 00y4eHne — 1 TepreHie, YTo-
Obl cpaboTanucb KOMaHAb! 1 3BeHbs1. Bee 310
NOHUMaIOT», — J,06aBUA Bacunuii AHULLIEHKO.

K cnoBy ckasatb, 3a10XEHHAs NPOEKTHas
CKOPOCTb NPOX0/KY BYAET NOCTUIHYTA NULLL MO
MPOLUECTBNW HEKOTOPOrO BpeMeHU. B nepabie
10 MecsLEeB WWT MEET CO CkopocTbio 50 M B
MECSILL. ITO CBA3AHO HE TONLKO C 00Y4eHeM
nepcoHana, Ho M ¢ 0CoBbLIM PeXMMOM paboThbl
MaLLIVHbI Ha 3Tane BPe3ky 1 Havana npoxoaKu.

Ha cerogHsLWHUi AeHb B O4HO U3 TPEX CMeH
onepatopbl 6710KOYKNa[4MKa U LWUTa — MEeCT-
Hble. 062 OHM MMENK ONbIT BeEHNS HEMEXaHu-
31poBaHHoi npoxoakun. OcTanock 00y4nTh eLue
YeTBepbIX, 4TOObI MOSHOCTLIO NepeaThb 1e10 B
pykun 6enopyccKoro nepcoHana.

«KoHeyHo, psgom BCeraa cneuyanuet u3
Bessac, KOTOpbIi i CMOTPUT, KOHTPONMPYET, MOMO-
raet ucnpaswTb. Moka He BbIN0 HY OLHOV Cepbes-
Hol nonomku. OBy4eHMe NPOXOANT Ha «OTNYHO».

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

TexHU4eCKMI yPOBEHb 3HAHWIA CNELMANMCTOB
MoapsiaHbIX OPraHM3aLyi, HeNoCPeaCTBEHHO
paboTatoLLyX Ha 00bEKTE, 04EHb BbICOK. M npo-
XOAUMKN, U MHXEHEPHO-TEXHNYECKIA NePCoHan
3HAtOT CBOE AeN0. 10 KOHTPAKTY Mbl I0NKHbI
Oblnn yexaTb nocne nepebix 500 M — Yepes Tpu
mecsua. Mbl yeaxaem, Ho 0CTaBnsieM Ha 00bekTe
[JBYX PYCCKOrOBOPSILLYX CrieLanncToB Bessac
TaK JONr0, KaK KIUEHTY 3T0 BYAET HY)XHO, 4TOObI
MOJHOCTBIO OCBOMTb MPOLECC CTPOUTENLCTBA
TOHHens», — oTMeTN Hukons KonoakuH.

Bessac: ot Jl1a-MaHwwa
no Poccumn

Ecnu yrnybuTbCs B UCTOPMIO KOMMAHWN
Bessac, To norpyxeHue He 6yget yepecyyp
anutenbHbiM. Ee ocHoBan Muwenb beccak B
1975 roay kak cemeiiHyio dupmy. OmuH 13 kpyn-
HEWLIUX NPOEKTOB KOMMNAHUN — CTPOUTENLCTBO
EBpoToHHens nop Jla-MaHiuem (06bekT BBEIEH
B akcnnyataumio B 1994 rogy).

MmeHHo Toraa 6biamn 3an0XeHbI OCHOBHbIE
MPVHLMNBI COBPEMEHHOTO TOHHENECTPOEHNS.
To, 4TO filenanoch Toraa BnepBble, Ha Cero-
HSLLHWIA AigHb CTano NPUBbIYHBIM, 00bIAEHHBIM 1
noNy4mno fancHeinwee passutue. amernnmce,
COXPaHMB CBOE HA3BaHWE, TEXHONOMMM 1 NOf-
X0Z, YBEAMYMNACH B Pasdbl TOYHOCTb MPOXOAKN.

PacckasbiBaeT Bacunmii AHWLLEHKO: «[1o-
SBUNMC 60sIee MOLLIHbIE FPYNbl aKCUaTbHO-
MOPLUHEBbLIX HACOCOB, HOBLIE CUCTEMbI OXNIaXAE-
HWIS TMAPABAMYECKOr0 Macna. MHOrO MHTEPECHBIX
BELLIEI N0 NMoaye BOAI, CXAToro Bo3ayxa, no
OpraH13aLm KECCOHHbIX kamep A5is AOCTaBKM
nepcoHana. TexHoNorm yCoBePLLIEHCTBOBA-

1, BHECS B HUX AECSTKM ThICSY U3MEHEHWI B
menoyax. Toraa ucronb3oBanm LTI APYroro
nokoneHus. Bessac nocTosHHO BeAeT paboThl N0
COBEpLLEHCTBOBAHMIO 060PYA0BaHNS, U MUHCKUIA
OMbIT TOXE BHOCUT CBOI BECLIEHHBIN BKTaf».

Emy BTOpnT Hkonst KonopakwH: «Ha ceron-
HALLHWIA A€Hb Mbl BEAEM A0CTATOYHO CNOXHbIN
NPOEKT B HuuLe, Tam NPOXoaKY AenaTtb HAMHOMo
CNOXHee, Yem B CBOE Bpemsi nof J1a-MaHwem.
061125 TEHAEHLMS — CTasI0 MeHbLUE CBOBOA-
HOr0 MecTa A1 CTPOMTENbCTBA TOHHENeN. Mpu-
XOLMTCS HAXOAWTb «BbICOKME» TEXHONOTMYECKME
peLIeHusi, BECTU NPOXOAKY N0 MOCTOBLIMU
COOPYXEHMSMU, XENe3HbIMU AOPOramm, 3naHN-
SIMV 11 MPK 3TOM TOYHO BblAEPXMBATL BCE pac-
CTOSHMS. ECTb NpoekTbl ¢ 60/bLLOI FNyOUHOM
MPOXOAKM U C Masnoii, MoNy4eHa BO3MOXHOCTb
BbIXOAWTb Ha tobble KpMBbIE 1 0BECNEYMTb TOY-
HOCTb B 1-2 CM Ha KUIOMETP».

Komnanun Bessac ecTb, 4eM ropauThes, B
€€ aKTUBE CTPOUTENLCTBO TOHHENS C pas-
BOPOTOM OCY MOZ, OCTPBIM YrI0M, MPOX0AKa
TOHHENEN AMameTpoM 3 M 1 ANHOI 5 kv Be3
BbIXO/a LLMTA Ha MOBEPXHOCTb, Kak 3T0 ObIN0 B
[oHKepke.
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MalumHa ans 04NCTKM KaHaM3aLum

Kpome Toro, paspabatbiBaeTcs WnT, Cnocod-
HbIi IEMOHTUPOBATb CTaPYI0 0BAENKY U MEHSATh
e Ha HoByt0. pon3BeaeHo YHuKanbHoe 060-
PYA0BaHUE A5 O4MCTKM CTapbIX KONNEKTOPOB
TOHHeNe (0C0OEHHO 3TO KacaeTcst BOMbLLNX
KaHan13aLMOHHbIX KONNEKTOPOB AYaMeTPOM
3-4m).

«Mbl pa3B1BaeM TpK HaNpPaBNEHNS: OKa3bl-
BaEM 3KCMEPTHO-TEXHWUYECKYIO NOAAEPXKKY,
pa3pabatbiBaeM v NPoV3BoaVM 0O0PYA0BaHME,
BEJEM CTPOUTENBCTBO TOHHENEN, METPONOM-
TEHOB W MKPOTOHHENEN, — nosicHaeT Hukons
KonoakuH. — ECTb CNOXVBLLAACS CTPOUTENBHAS
cuctema B Mockse 1 CaHkT-MeTepbypre. Mbi
CNOCOBHbI CHU3WTb e€ 3aTPAaTHOCTb 33 CYET
MPVMEHEHNS! HOBLIX TEXHOMOUIA 11 NePeioBOro
onbITa».

K cnosy ckasatb, B Poccum komnaHms
yyactBoBana B npoekte «MockBa-Cutn», Ha
cTpoutenbcTee hyHoameHToB. Kpome Toro, aga
MPOX0A4ECKMX LiUTa BblAM NPOAAHBI MOCKOB-
CKVM OPraHM3aumsm 1 ycrnewHo paboTatoT.

«Mbl roTOBbI NEpesaTh CBOW OnbIT 1 Mo-
CKOBCKOMY METPOMOJIMTEHY, 11 OPraH13aLmsm,
CTPOSILLMM NOA3EMHBIE KOMMYHMKaumK. B
MockBe y Hac ecTb CBOE NPEACTABUTENLCTBO.
Bessac BbINOMHAET MHOTO MPOEKTOB M0 BCEMY
Mupy — oT 3anaaHoi Esponbl 4o I0xHoi
AmepwKK, HaAEIoCh, Y4TO U COTPYAHNYECTBO C
Poccwein npogonxutcs», — nogyepkHyn Hukons
KonogkuH.

...[Tpn oTbE3AE M3 MUHCKA, NOPaa0BaBLUErO
BECEHHWM COJTHLIEM, B MOCNEAHUIA AEHb MapTa
KPYMHbIE Kanam aoxas 6ecLyMHO KaTUAMCh Mo
CTekny MawvHbl. [locnegHee BOCNOMMHAHNME —
pagyra Haf, CTPOMNIOoLLaaKoi M MECTOM
OymoyLueit ctaHuymmn «BokaanbHas» — cBoeobpas-
HbllA CUMBON COBIBLLIMXCS NNAHOB, BeAb Py61KOH
NPOVANEH 1 BCEM MOHATHO: 3eNEHONYXCKON
BeTke MUHCKOro MeTponoauTeHa — ObiTh.m
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B.A.TAPBEP, 0. 7. H.;
H. H. CUMOHOB, k. T. H.;
E. B. LLIEKYJOB, k. T. H.

(HULL «ToHHenn n MeTpononnTeHbI»

AO LIHWC)

The updated Code

of practice CIl
122.13330.2012
“Construction norms and
regulations 32-04-97
“Railway and road tunnels””
is being developed in
Russia. The purpose is
implementation of the
requirements of the Federal
Law dd. 30.12.2009 No.
384-®3 “The Technical
Regulations on Safety of
Buildings and Structures”,
as well as ensuring

of compliance to the
requirements of Federal Law
No. 261-93 dd. 23.11.2009
“On Energy Supply and
Improvement of Energy
Efficiency...”

BOINPOCbI OBECINE4HEHUA

NMO>XAPHOM

BE3SOIMNACHOCTUA
B TOHHENAX 1 METPOMOJTATEHAX

Bepgertcs pa3pabotka aktyanuaupoBanHoro CI 122.13330.2012 «CHull 32-04-97
«TOHHEeNN Xene3HoA0POXHbIE N aBTOAO0POXHbIE». Lienibio sBnseTcs peanu3aumns
TpeboBaHuii @egepansHoro 3akoHa ot 30.12.2009 Ne 384-P3 «TexHuyeckuii pe-
rnaMeHT 0 6e30nacHOCTY 34aHNIA N COOPYXEeHMIA», a TaKXKe BbiNosIHeHne TpeboBaHuii
®egepansHoro 3akoHa Ne 261-D3 or 23.11.2009 «06 aHeprocHabXeHuu 1 NoBbiLLe-
HUM 3HepreTnyeckoi 3QPeKTUBHOCTH U 0 BHECEHUN U3MEHEHWI B OTAeJIbHble 3a-
KoHogatesbHble aKTbl Poccuiickoii Peaepayun: NoBbiLLEHNE YPOBHS rapMOHN3aLnn
HOPMAaTUBHbIX TPEOOBaHMIA C eBPONEHCKUMU N MEXYHAPOAHbIMU HOPMATUBHBIMU
AOKYMEHTamMu, npuBeaeHne K eauHoo6pa3nio MeTo40B onpeaesieHns dKcnayaTaum-
OHHbIX XapaKTepUCTUK N METOZO0B OLIeHKU, 0becrneyeHne B3auMHOI COrnacoBaHHOCTH
AeiCTBYIOLLMNX HOPMATUBHbIX TEXHUYECKUX BOKYMEHTOB B C(hepe CTPOUTENbCTBA,

Paspa60TKa akTyanuauposaxHoro Cl npeg-
ycMaTpuBaeT YTONHEHWE psaa TPEBOoBaHWIA,
MPOLLeALLIVX BaNUAALWMIO 1 anpobaumio npu
NPOEKTUPOBAHWI TOHHENEN.

TepMuH «BanMaaLms» TPAKTYeTCs cneayto-
LM 06pa3omM:

B NPUAAHME 3aKOHHO CUNbl, YTBEPX/EHME,
neranusauus, patudukaums (oblierpaxaaH-
CKOE Npaeo);

= NpOoLECC, NO3BONALLWIA ONPEAeUTb,
HaCKO/IbKO TOYHO C MO3ULIMIA NOTEHLMANBHOTO
noNb30BaTENs HEKOTOPAs MOAENb NpeacTaBns-
€T 3aJjaHHble CYLLHOCTW PeanbHOro M1pa
(cncTemHoe NPorpamMMMpoBaHme);

W npoLenypa, JatoLLas BLICOKYIO CTENEHb
YBEPEHHOCTM B TOM, YTO KOHKPETHbINA NPOLIECC,
METOZ, N cucTema OyaeT Nocnen0BaTesnibHo
NPMBOAMTD K pesy/bTaTam, OTBEYaIOLLIM 3apaHee
YCTAHOBJEHHbBIM KPUTEPUSIM MPUEMIEMOCTM.

[Mocne nonHoOW BaAnaaLmm npouecca
BO3MOXHO, YTO KOJIMYECTBO KOHTPONIU-
PYEMbIX NapaMeTPOB B UTOTe YMEHbLUUTCS.
Pa3paboTynku, NONHOCTbIO NOHUMAs Te
(hakTOopbl, KOTOPbIE BAUSIOT HA U3MEHYM-
BOCTb U, CIEA0BATENbHO, Ha CTABULHOCTb
npouecca, UMerT HeobxoanMyo MHhopMa-
LMIO 4019 YyNPaBAEHNS UM, HANPUMEP Yepe3
CHUXEHWE N3MEHYMBOCTY AN NOBbLILLEHNE
€ro CKOpocTy.

AHanu3 pOKyMEeHTOB
" BbISIBJIEHUE NMPOTUBOPEYUIA

OpHa 13 3aaa4 OCYLLECTBISIEMO pas-
paboTKM — YCTPaHEHUe NPOTUBOPEUUIA
CTPOMTENBHBIX HOPM Y MPABUA C HOPMATUBHO-
TEXHNYECKMMWN [IOKYMEHTAMK MO noxapHoﬁ
6e30nacHoCTH.

MOA3EMHBIE FTOPU30HTbI Ne9. ionb/2016



METPOMOJIUTEHDI | 75

CpaBHuTenbHbIli aHanu3 p. 5.12 «loxapHas 6e3onacHocts» CIT 122.13330.2012 ¢ aHanorunyHsIMu pasgenamm Apyrux HOPMaTUBHBIX SOKYMEHTOB

P. «CTponTenbHble KOHCTPYKLMW U MaTe-
puanbl»: 17 TpeboBaHuii

Cn32-105-2004

«MeTpononnTeHbI»

p. 5.16 «MoxapHas R0

6e30MacHOCTb, lpenen OrHeCToMKOCTM NEPEropoOA0K
CM120.13330.2012 MeXZay NyTAMM B 2-MYTHbIX TOHHENAX 1
«MeTpononmTEHl. Neperoposiok COeANHUTENbHbLIX CO0eK
AkTyanusnpoBaHHas  Mexay TOHHensMu MeTpo El 45
penakuys CHull

! 32:02-2003 p. 5.16. METPONONMTEHa
«[loxapHas 6e3onac- R60
HOCTb»

TPMMEHSAITCS MoKa3aTenu rpynMbl Fopio-
yect 1, B1, PM1, 41, A3, T1, T2

[puBeaeHs! kaTe-
rOpWM NOMELLEHNI
11 COOPYXEHUI Mo
B3PbIBOMOXAaPHOM
OMacHoCTM

OonacHoCTn

[paBvna noxapHom
6e30MacHOCTY Ha
METPOMOIUTEHAX
(MNBO-147-88)

[Tpenen OrHeCToNKOCTY NEPErOHHBIX U
TYMWKOBbLIX TOHHENEW METPOMOANTEHA

[penen OrHecToMKOCTY BEHTCTBOOB

P. «CTponTenbHble KOHCTPYK-
L1 n MaTepuaibl»:
8 TpeboBaHuit

[Tpenen orHecTonKocTn
rOPOACKMX TPAHCTIOPTHBIX
ToHHenen R 150

[Tpeaen orHecTonkocTn
NeperopoLoK MPUTOHHESbHbIX
COOPYXEHWIA 1 MOMELLEHMI
EI90

Mpenen orHecToNKoOCT! CTBO-
JI0B LLIAXT FOPOACKMX TOHHENEiA
R90

[TpuMeHsioTca nokasarenu
OTHE3aLLUMTHbIX MOKPLITHN
KMO, KM2, knacc noxapHoi
onacHoctn KO

HeT kaTeropuii MOMELLEHWI 1 COOpyXe-
HW¥A NO B3PbIBOMOXaPHO 1 NOXapHOA Ja

B n.n. 15.3.2 1 15.3.3 pernameHTMpyeTcs
HeoBX0aMMOCTb BK/IOYEHUS pa3aena

«MpoTnBonoxapHas 3awmta» B [10C.
B coctase MOC ponxeH paspabarbi-
BatbCs MM3 (NPOeKT NPOTUBONOXAPHOI

lpaBuna 6e3onac-

HOCTV MpW CTPOU-

TENbCTBE NOA3EMHbIX
3 coopyxeHuii. Bein. 12

p. 15.3 «MoxapHas

6€e30MacHOCTb»

(NB 03-428-02)

3aLLmTh).

OrtcytcTByeT

B n.n. 15.3.15 1 15.3.22 pernamex-
Tupyetcs pa3pabdoTka MM 1P B yacty
YCTaHOB/EHWS IPAHMLLbI OMACHOA 30HbI
He MeHee 50 M 0T MecTa NpoKU3BOLCTBA
B3PbIBO-MOXapHbIX paboT 1 paspaboTka

OtcyTcTBYET

[1J1A (nnaH AMKBUAALMM aBapiin), KOTO-
PbIi 10MXeH ObITb BBEAEH B AEICTBUE 10

Hayana CMP

Bcero cobpaHo 1 npoaHan1auposaHo 38

HOPMATMBHbIX, TEXHUHECKUX 1 OPYIrMX JOKYMEHTOB:

®3, FOCTbI, CHuMMbI, CIM, MNB, NB, HNB n apyrue.

Momumo akTyanuanposanHoro Cll
122.13330.2012, 13 HMX TONBKO 5 OTHOCATCA K
MOL3EMHOMY CTPOUTENLCTBY:

m CI132-105-2004 «<MeTtpononuteHsi»,

p. 5.16 «MoxapHas 6e30MacHOCTb;

m CI1120.13130.2012 «<MeTpononnTeHbl.
AxtyanusnposanHas pegakums CHulM 32-02-
2003». p. 5.16 «MoxapHas 6€30MaCHOCTb>;

m «[Ipasuna noxapHoit 6e3onacHocTy (MMNB)
Ha meTpononuTeHax (MMBO-147-88)»;

m [16 03-428-02 «Mpaswuna 6€30nacHOCTy
MNPy CTPOUTENBCTBE NOA3EMHBIX COOPYXEHNIA».
Boin. 12. P. 15.3 «[oxapHas 6e30nacHOCTb»
(FocroptexHagsop Poccumn. Mockea. 2002);

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

B «/HCTPYKLWMA MO NPOTMBOMNOXAPHOA
3aLLyTe Npu CTPOUTENLCTBE NOA3EMHbIX
00bekToB». Mpunoxerue 34 k «Mpasunam
6€30MaCHOCTW NpU CTPOUTENBLCTBE NOA3EMHbIX
COOPYXEHMI».,

OcTanbHble AOKYMEHTBI pErnaMeHTUpYIoT
pa3anyHbIE aCMeKTbl MPOTUMBOMNOXAPHBIX TPE6O-
BaHWi B LIEJIOM MO CTPOMTEbHO 0TPAC/IU.

[leTanbHoe aHanMTUYECKOe CPaBHEHWE
KaX[0ro MyHKTa 3TUX JOKYMEHTOB MeXay CO-
6oit v ¢ CNM 122.13330.2012 no3BoAnno CHATH
NPOTUBOPEYMS MEXIY HUMU 1 ONTUMU3NPOBATL
MO COCTOSIHMIO Ha AaHHbI Neprog, NPOTUBO-
noxapHble Tpe60BaHNS NPY NPOEKTUPOBAHMM,
CTPOUTENBCTBE U 3KCMNyaTaLmm Xene3Hoao-
POXHbIX, @BTOLOPOXHbIX TOHHENEN 1 METPONO-
JIUTEHOB.

= + Her

YYecTb: U3MEHUTb

R 150 Ha R90
Y4ecTb: N3MEHNTb
[la +
EI90 Ha El 45
YYecTb: N3MEHUTb
fla +
R 90 Ha R 60
YyecTb:
Ia a MPUMEHUTb OAMHAKOBbLIE
nokasarenu (YTO4HUTb
kakue)
YyecTb:
+ BBECTM KaTe- Het
ropum
— A Het
YyecTb: BKIOYUTb B
[a + aKTyanu3npyembiii
cn
YyecTb:
BKJTIOYNTL B
Ha + .
aKTyanmanpyemblii
cn

B tabnuLie npvBeaeHbl peaynbTaThl CpaBHM-
TENbHOTO aHaNM3a COAEPXaHms BbllLeykasaH-
HbIX [IOKYMEHTOB Mexay coboi 1 ¢ pa3aenom
«MoxapHas 6e30MacHOCTb» aKTyann3upyeMoro
CN122.13330.2012 «CHWIM 32-04-97 «ToHHenm
XeNe3HOI0POXHbIE 1 aBTO0POXHbIE», NPY
3TOM [LAt0TCS PEKOMEHAALWM MO YHETY B HEM
BbISIBNIEHHbIX MPOTUBOPEUMIA.

3 Tabnnubl BUAHO, YTO BbisiBNEHb! 13 nyHk-
TOB M0 NOXapPHOI# 6e30MacHOCTW B CTPOUTEb-
CTBE, KOTOPblE PEKOMEHAYETCS BKIOYUTL B
akTyanuaupyemslii CIM 122.13330.2012.

Takxe ycTaHoBneHo, yto Cl1 B Lenom coot-
BeTcTBYeT PenepansHomy 3akoHy Ne 69-D3
«O noxapHoi 6e3onacHocT». Pasnnune mexay
STUMM JOKYMEHTaMM 3aKNK04AETCS B KONMYe-
CTBE BBOAMMbIX TEPMWUHOB 1 ONPEAENEeHMIA.
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AHanus mupoBoro
N OTEYEeCTBEHHOrOo OnbiTa
Yype3Bbl4alHbIX CUTYyaL Nt

0600LLEHME AaHHBIX MUPOBOTO 1 OTEYE-
CTBEHHOTO OMbITa NO3BOANN0 CHOPMYUPOBATL
cnepyouime 0CHOBHbIE NPUYNHBLI BO3HUKHOBE-
HUA NOXapoB Npu CTPOUTENIbCTBE U 3KCM1yaTa-
LIV TPAHCTIOPTHbIX TOHHENEN:

B HEMCMPABHOCTb ANEKTPOOBOPYA0BAHMS,
MaLLVH 1 MEXaHWU3MOB;

B HapylleHne npaBin BeaeHnsa orHeonacHbIX
paboT 1 npaBun 6e30MacHOCTY NPV BEAEHN
CMP;

B KOPOTKOE 3aMblKaH1e B CUNOBbIX IMHNAX
kabenbHbIX CETel NPK CHUXEHWUN CONPOTUBNE-
HUA U30519LMK HXKE A0NYCTUMBIX HOPM, 13-3a
MEeXaHW4eCKMX NOBPEXAEHWI;

B BO3ropaHue napoB HehpTenpoLyKTOB B
TOHHENAX;

B HEMCMPABHOCTb 3/IEKTPOCXEM U CUIIOBOIO
060pYA0BaHMS MOLBMXHOIO COCTaBa;

B HeJoCTaTKU B MPOEKTHOM AOKYMEHTaLN B
pa3penax «dnekTpocHabxeHne», «MoxapHas
6€30MacHOCTb», «BeHTUnALms».

OpHa 13 0CHOBHbIX 33424 NPOEKTUPOBLLMKA
— BbIGOP Hambonee SKOHOMUYHOTO TOHHENS C
MPUMEHEHNEM CTPOUTENbHBIX KOHCTPYKLMIA 1
TEXHOOTWIA, 06eCreynBatOLLYX HEOBXOAMUMYIO
9KOJOTMYECKYIO YNCTOTY, KAQYECTBEHHOE MHXe-
HepHoe obecneyeHne, Mepbl 6e30MacHOCTU 1
DJIUTENbHbI CPOK CAYXObI.

MHTepeceH onbIT 3apyBexHbIX Koaser no
CcefyioLLemy Kpyry BONpOCOB:

= HopMaTVBHAsA 6a3a [1s NPOEKTUPOBAHMS
TOHHEnNe;

m Hanbonee KpyrnHble MexayHapoaHble
COBMECTHbIE MCCeA0BaTENbCKME MPOEKThI MO
6€30MacHOCTYN TOHHENEIA;

m 3apybexHble MeToMK/ aHann30B
PUCKOB;

B KaTeropuMpoBaHne aBToA0POXHbIX
TOHHENE B OTHOLLEHUM TPAHCTIOPTUPOBKM
0MNacHbIX rpy30B;

= BOMPOChI NPOEKTUPOBaHMS 3apyOexHbIX
rOPOACKMX TOHHENEI;

H NPOBOAMMAS B HACTOsILLIEe BPeMS
PEKOHCTPYKLMS CYLLECTBYIOLLMX TOHHENEN Ha
NpeAMeT COOTBETCTBUS NOCNEAHNM 00LLEEB-
porneincknm HopMaTBam no 6e30nacHoCTY;

H BOMPOCHI OTHOCUTENLHON CTOUMOCTM
cucTem n mep 6e30NacHOCTY B TOHHENSIX.

B nepsom nonyrogum 1999 ropa B EBpone
MPOM30LLO ABa KaTacTPOPUUECKMX noxapa ¢
MHTEPBAIOM B HECKOJIbKO HELleNb: B TOHHENE
Mon6naH (Pparums — Utanus) norndnm 39
4enoBek, B TOHHene TayapH (AscTtpusa) — 12
yenoBek. ATK cobbITVS BbI3BaNM LIOK Y 00LLe-
CTBEHHOCTY 1 NPUBAEKNN BHUMAHME NOANTH-
Yeckux aesTeneil. B peaynbtare Ha Haumo-
HaNbHOM, EBPONENCKOM N MEXAYHAPOLHOM
YPOBHE pa3BepHYNNCH OYpPHbIE ANCKYCCUM B
OTHOLLEeHWUM Mep Be30MacHOCTW TOHHENE 1
Hayanacb NOAroToBKa HOBbIX, BONEE KECTKNX
cTangapTos. B okta6pe 2001 roga nponso-
LN Apyroii katacTpoduyeckuin noxap: B
ToHHene CeH-loTapn (LUBeiuapus) nornbnn
11 yenosek. 310 ycununo 06eCNOKOEHHOCTb
06LLECTBEHHOCTM 1 NPUBENO K YCKOPEHMIO
pa3paboTkn MEPONPUSTUIA, HaNPABAEHHbIX Ha
YXECTO4YeHMe HOPM Mo Be30MaCHOCTM.

BonbWWHCTBO PaboT MO CO3AAHMI0 HOBbIX
MEXAYHapOAHbIX PEKOMEHAALMIA NPOBOAM-
nocb BceMupHOM BOPOXHOM accoumaumen
(PIARC: www.piarc.org). 91a opraHusauus
Bo3Hukna ewte B 1909 rogy. 3aHumaeTcs Bo-
npocamm NaaHMPOBaHMs, TPOEKTUPOBAHMS,
CTPOMTENLCTBA, TEXHUYECKOr0 0BCNYXMBAHUS

1 3KcnyaTaLmn SOPOXHbLIX MHPPACTPYKTYP.
OHa 0bbeamnHseT 111 cTpaH-y4acTHUKOB, a B
uenom — 6onee 2 Thic. YneHos u3 130 cTpaH.
B 1957 rogy 6bin co3aaH TeXHUYECKNIA KOMK-
TeT PIARC no akcnnyataumy aBT0A0POXHbIX
TOHHenew. B HacTosee Bpemsi OH 06beau-
HSIET YNEHOB-KoppecnoHaeHToB 13 30 cTpaH
1 umeeT 5 pabouux rpynn. KomuteT 3aH1Ma-
€TCs BONpOCaMu akcnayataumu n 6esonac-
HOCTW, BO3AENCTBMEM Ha OKPYXaloLLYIo cpeay
1 060pYA0BAHNEM, TECHO COTPYAHWYAET C
MexzyHapofHoii TOHHENbHOI accoumaumnen
(ITA: www.ita-aites.org), a Takxe ¢ OpraHn3za-
Lmeit N0 9KOHOMUYECKOMY COTPYAHWNYECTBY U
passutnio (OESD: www.0esd.org) B COBMeCT-
HOM NpOoekTe «TPaHCNOPTUPOBKA OMACHbIX
rpy30B Yepe3 aBTOLOPOXHbIE TOHHENN».

PaboThl N0 COrnacoBaHunio pPasnnyHbIx
HaLMOHANbHBIX MHULMATKB 1 pa3paboTke
061X pekoMeHaauuii Obinn NPOAONXKEHB
Ha eBponeiickom ypoBHe O6beANHEHHON Ha-
LIMOHANBHOM 3KOHOMUYECKOI eBPONEnCKOoN
komuccuent (UNECE: www.unece.org). 9ta
opraHu3auus 06beanHseT 55 cTpaH 1 3aknio-
YaeT pa3/MyHbIE COrnaLleHns, B 0CO6EHHOCTH
KacaloLmecs SOPOXHbIX 3HAKOB U JOPOXHOI0
JBWXEHMS (BeHckas KOHBEHLMS), TPaHC-
NOPTMPOBKK ONacHbIX rpy308 (ADR), rnaBHbIX
TpaHcnopTHbIX apTepuii (AGR), TpaHCNOPTHBIX
XapakTepUCTUK U T. A,

B 2000 rogy UNECE cosgana MynbTuamc-
LMNAYHAPHYIO FPYNNY 3KcnepToB no 6e3onac-
HOCTW B @BTOLOPOXHbIX TOHHENsX. OKOHYa-
TENbHbIA OTYET 3TOW rPYNMbI, BKKOHAIOLLMIA BCE
acnekTbl 6830MacHOCTN — NONb30BATENE,
aKkcnayaTaumm, MHGPaCTPYKTYPhI M TPAHCMOp-
Ta, — OblN 3aBepLueH B aekabpe 2001 roga.

PesynbTatoM COBMECTHbIX pa3paboTok, Ha
OCHOBE [1aHHbIX PEKOMEHAALNIA, CTano NpuHS-
Tve B anpene 2004 roga OupekTtuebl 2004/54/
EC EBponeiickoro napnameHta n Coseta no
MUHUManNbHbIM TPe6oBaHUSM 6e30NacHOCTY
AN TOHHeNe TPaHCLEBPOMNENCKOI CeTU aB-
Togopor. bonblmHcTBo cTpaH EC 3akoHopaa-
TEbHO 3aKPENUAN N3NOXEHHBIE B HEN NPUH-
LMMbl B CBOMX HOPMATMBHBIX [JOKYMEHTaX.

[lMpekTnBa pacnpocTpaHsIeTCs Ha HOBLIE 1
CYLLECTBYIOLLME TOHHENM AnuHOI 6onee 500 m
C BbICOKOW VHTEHCUBHOCTbIO ABUXEHMS 1
coLepXuT TPeOOBaHMs Kak Mo TEXHUHECKNM,
Tak 1 N0 OPraHun3aLMOHHBIM MEepam, onpeae-
NSET HECKOJIbKO YPOBHE OTBETCTBEHHOCTY
3a 6e30MaCHOCTb, a TakXe CPOKW 1 00beM
PEerynsipHbIX UHCMEKLMA.

[vpekTvBa 0OCHOBaHa Ha KOMMEKCHOIA
Kknaccudukauym TOHHENEN, KOTOpasi CBEAEHa
B TabnuyHyto popmy. Mepbl 6830MacHOCTH,
NPUBEAEHHbIE B JOKYMEHTE, 6a3npyloTcs Ha
PacCMOTPEHWI BCEX ACMEKTOB CUCTEMBI, CO-
CTOSLLEN M3 NHDPACTPYKTYPLI, SKCNayaTaLumu,
Nonb30BATENEN TOHHENS M TPaHCNopTa.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



006o00LWeHHaa meTogonorus
aHanu3a pucKoB

B Lmpektney 2004/54/EC EBponeiickoro
napnameHTa, KPOMe MPOCThIX MPEANUCHIBAIO-
LLMX YCOBUIA, BKIOYEHbI TPEOOBaHMS MO Npo-
BEAEHWIO aHANIN30B PUCKOB.

[JMpekTvBa UMEET TPY NPUIOKEHNS:

B Mepbl 6€30MaCHOCTY (B OTHOLLEHWM
MHPACTPYKTYPbI, SKCMTyaTaLmMm 1 Nob30Ba-
Tenen);

B TexHu4eckoe obecrneyeHie (BoKyMeHTa-
ums no 6e30NacHOCTH, BBOZ, B 3KCMTyaTaLmio 1
T.0);

B [I0POXHble 3HaKN.

OTOT IOKYMEHT BblaBMraeT TpeboBaHus no
BHEAPEHMIO 0093aTENbHBIX TEXHONOTWIA, Ha-
npa.nieHHbIX Ha 06ecneyeHne 6e30nacHOCTH
TOHHENS C MOMEHTa MyCKa W B TEYEHWE BCEro
nepvoga akcnayaTauuy.

[IvpekTvea conepxut obLume TpeboBaHus,
KOTOPbIE PACKPLIBAIOTCS HA YPOBHE HALWMOHAb-
HbIX HOPMaTMBOB.

HyHO OTMETUTb, 4TO NOSIBNEHNE STOTO
[OKYMEHTa HE M3MEHIUNO METOAVKY MPOEKTH-
POBaHWS B EBPONEVICKMX CTPaHaXx, CyTb KOTOPOW
3aK/I04aETCA B MHAMBMAYANLHOM NOAX04E K
pa3paboTke cUCTeMbl 6e30MaCHOCTM ANs Kax-
[,0r0 OTAENBHOrO TOHHENS, @ UMEHHO: HOPMATH-
Bbl 334a10T 06LL/Ee HANPABNEHNS U MUHUMASTb-
Hble TPeBOBaHKS, a KOHKPETHbIE TPEOOBaHNS
pa3pabaTblBaOTCS HA CTaAUM NPOEKTUPOBAHNS,
Ha KOTOPOI CO3LaeTCs KOHLEeNLMs obecneye-
H1s 6€30MaCHOCTYH Kaxaoro obbekTa.

B Hawwueii cTpaHe TOHHeNM fnmHoi 6onee 500 M
OTHECEHbI K KATEropum TEXHUYECKM COXHBIX 0Ob-
€KTOB, K KOTOPbIM MPEAbLSBASIOTCS AOMNONHUTENb-
Hble TpeboBaHms No 6e30MacHOCTV — HanpyUMep,
IOCT 22.1.12-2005 «CTpyKTyprpOBaHHas cucTe-
Ma MOHWUTOPWHIA 1 YPaBNEHNS UHXEHEPHBIMI
CUCTEMaMV 3[AHNIA 1 COOPYXEHMIA»,

OpHako B HacTosLee Bpems B PO HeT
denepanbHOro HOPMaTMBHOMO AOKYMEHTa
D19 aBTOLLOPOXHbIX TOHHENEW, 0606LaI0LLEro
Bce TpeboBaHKs no 6e30MacHOCTY, KOTOPLIN
pacnpocTpaHancs Bbl ¥ HA FOPOLCKME TOHHENM
C 60/bLIO MHTEHCUBHOCTbIO ABUXEHIS TPAHC-
nopta. Kpome Toro, CyLLEeCTBYtOLLME OTeYe-
CTBEHHbIE HOPMAaTMBHbIE BOKYMEHTbI MO NPO-
€KTUPOBaHWIO, CTPOUTENLCTBY U 3KCNTyaTaLmm
JaHHbIX 0ObEKTOB COLLEPXAT HEAOCTATOHBIN
06bem TpeboBaHWIA, pernaMeHTMpYoLLMX No-
XapHyto 6e30MacHOCTb, IBNSIOLLYIOCS OHOMN 13
OCHOBHbIX COCTaB/SIOLLMX CMCTEMbI Be3onac-
HOCTY TOHHENEN.

[ns NPOEKTVUPOBLLMKOB B HALLEV CTPaHe
Oupextnea 2004/54/EC nHTEpecHa Takxe
B CBSI311 C pa3pabOoTKOI HOBbIX TEXHUYECKMX
PErnameHToB. B COOTBETCTBUM C HE aHANM3
PUCKOB BbINOJHAETCS A5 HECKOMbKMX Liene,
Hanpumep:

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

H [1719 OCYLLECTBNEHNS BbIOOpa Mexay
aNbTepHATUBHBLIMI PELLEHUSIMU;

= 15 060CHOBaHUS OTCTYNEHMI OT
HOPMAaTMBHbLIX TPEOOBAHWIA;

= /1715 NpoBepKy 06LLe COrnacoBaHHOCTM
MpOoeKTa 1 aKcnayaTauum;

B [119 pernameHTpoBaHus TpeboBaHmin no
TPaHCMOPTMPOBKE OMACHBIX FPY30B Yepes
TOHHENb;

B [17191 BbINOHEHNS METOA0M0MNYECKOr0
aHanu3a «6e30nacHOCTb — CTOMMOCTb»,
MO3BONSIOLLLEr0 ONPEAeNUTb MUHUMATbHYIO
LieHy, koTopas COOTBETCTBYET 3aaHHOMY
YPOBHIO 6€30MacHOCTM N, Ha06OPOT, OLEHUTb
ypOBeHb 6830MaCHOCTH, COOTBETCTBYIOLLWIA
3a1aHHOMY YPOBHIO LIEHBI.

AHanu3 pucKoB BhINONHSAETCS C Y4ETOM
CTaTUCTVKM aBapUii 1 MOXapOB B CYLLECTBYO-
LLMX TOHHENSIX, a TakXe Pe3yNbTaToB OBLIMPHBIX
OTHEBbIX UCMbITAHWIA (B TOM YICAE U B YCNIOBUSIX
CYLLECTBYIOLLMX TOHHENEN).

MpoBeneHue aHanmn3a puckos TpebyeT pas-
paboTKM AeTaNbHbIX 1 TOYHO ONPeaeneHHbIX
METOA0N0rIA. B HacToswwee BpeMs MeToa0-
NIOTVS aHanM3a PUCKOB YCTAHABNMBAETCS Ha
HaLMOHaNbLHOM YPOBHE, HanpuMep:

= «Cneunduyeckne UCCneLoBaHNs pUCKoB»
(Tom 4 «PykoBOLCTBA NO COCTABNEHMIO
DOKYMEHTaLMM no 6e30MacHOCT» — METOA0-
norvs, paspaboTtaHHas LIeHTpom no nayyexmio
TOHHenel Bo dpaHumum);

® «AHanM3bl prcka, OTHOCSLLMECS K
TPaHCMOPTUPOBKE ONACHbIX FPY308» (TOM 3
«PyKoBOACTBA MO COCTABMEHMIO LOKYMEHTALWAN
no 6e3onacHocTu», CETU), ®paHums;

m |[EC, International Standard 60300 — 3-9
«AHaNM3bl PUCKOB TEXHOOTMYECKIX CUCTEM»,
LLseruapms;
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m NFPA 551 «OnpepneneHne oLgHKM pucka
npw noxape», CLLA;

m OECD/PIARC «Mopenb Konn4ecTBEHHOM
OLLEHKM piCKa AN1s ONacHbIX rpy30B, TPAHCMOp-
TUPYEMBIX YEPES aBTOAOPOXHbIE TOHHENN>,

CoBMecTHO ¢ EBponeiickoil koMuccuneit
TexHuyeckuii komuteT PIARC BbINonHMA 0630p
HaLWIOHaNbHBIX METO,0NOMMIA 11 MOArOTOBN
obLLe pekomMeHaaLmn.

HoBble eBponenckue Kkateropum
Nno NnepeBO3Ke ONMacHbIX rPy30B

ABapuisi, B KOTOPOW y4aCTBYIOT ONACHbIe
rpy3bl, B TOHHENE MOXET NPEBPATUTLCS B
katacTpoody. C Apyroit CTOPOHLI, 3anpeLLeHne
MPOB03a OMNAaCHbIX MPOAYKTOB YEPES TOHHENM
HE YCTPaHWT CaM PUCK, TaK Kak st UX TPaHC-
MOPTUPOBKM BYAYT UCMONL30BATLCA APYrue
MapLUpPYThI, KOTOPblE MOTYT OKa3aThbCs eLLe
6onee onacHLIMW, HaNPUMEp TECHbIE FOPOA-
CKue paiioHbl. 10 3TOM NpUYMHE A0 HACTOSALLENO
BPEMEHU Nepes, NPUHSTUEM Kakoro-nnbo npo-
€KTHOT0 peLLeHns 6b1no HeobXoaUMO BbIMO-
HWTb OLLEHKY PUCKOB A1 MapLUPYTOB, NPOX0AS-
LLMX YepEe3 TOHHENN, 1 BO3MOXHbIE 00be3aHbIe
TPaCChl, @ TakXe C LieNbo pernameHTMpoBaHns
TpebOoBaHuiA N0 TPAHCMOPTUPOBKE ONACHBIX
rPY30B YEPE3 TOHHENb.

C 1 anBaps 2007 ropa B EBponeiickoe co-
rNaLleHne No MexayHapOaHbLIM NepeBo3kam
onacHbIX NPOAyKTOB Mo asTogoporam (ADR)
OblM BKIIOYEHDI CMELMANBHLIE MONOXEHNS,
kacaroLupmecs ToHHenei. CornacHo HOBbIM
npasunam, Moboe orpaHNyeHNEe B OTHOLLEHUM
MEPEBO3KM rPY30B AOMKHO OCYLLECTBATLCS
MyTeM NPUCBOEHUS TOHHENIO OJHOW U3 NSTK
KaTeropuii:
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CUCTEMA NPUTONHOA g1y, casiensioro
BEHTUISLIMN

CucTema 0CBeLLeHIs ToHens -

1 -

KabenbHbiit konnektop

MpoTvBONOXapHLIe  [lpeHuepHbie 3aBeCk!
Konnektopa LUTOpb!

== KabenbHbiii konnektop
p— I o

!'-".' WA 1 | [IpUTONHO-BBITSXHAS BEHTUNSALWS

S | = kabenbHoro konnektopa

MopoLLKoBasi CHCTEMA NOXAPOTYLIEHNS
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bop! ___‘- 3 - TI0ACHCTEMa OXpaHHOTO KabesbHOro KonekTopa
. o0 Z TenesuaeHus
Cuctema HabniofeHIs i CucTema BLITAIXHON o Maseuiaten noxapreie
32 [IBUKEHUEM ABTO) % ¥ | BEHTUNSILAYN >
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ABADMiAHbI BbIXOZ | !
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LLinarGaym = 1l

Jatuk KoHTpons
ra30-BO3AYLLHOM CPefbl

[1Bepy NoXapHbix

MOAMOPHAS BEHTUNALMS
TUPHTOB

ABAPUHOIO BbIXOJA

m kateropus A: OTCYTCTBYIOT OrpaHnyeHuns
I TPAHCMOPTUPOBKM ONACHBIX IPY30B;

B KaTeropus B: orpaHuyeHuns ans rpy3os,
KOTOPbIE MOTYT MPUBECTM K 6O/bLLIOMY B3PbIBY;

m kateropusi C: orpaHuyeHust kateropum
B nnioc orpaHnyeHns ans rpy3oB, KOTOPbLIE
MOTYT MPUBECTY K BONBLIOMY TOKCUYHOMY
BbIOpOCY;

m kateropusi D: orpaHnyeHuns kateropum
C nnioc orpaHunyeHmns ais rpy3os, KOTOpbIe
MOTYT MPUBECTY K BONBLIOMY NOXapY;

m kaTeropus E: orpaHunueHns ans scex
OMacHbIX NPOAYKTOB.

OauH 1 TOT e TOHHENb MOXET OblTb OTHECEH
K HECKOJIbKMM KaTeropusm, Hanpumep, B 3aBi-
CVMOCTM OT BPEMEHW CYTOK, AHS HEAENN U T. A,

OCc06eHHOCTU NOXapoB
B TOHHENAX U NpaBuna
Ge3onacHoCcTH

Y4yuTbIBaS BCIO CEPLE3HOCTH BO3MOXHbIX MO-
CNELCTBMIA OT NOXapOB B NOA3EMHbIX COOPYXe-
HusiX, K 0becneyeHmio 6e30MacHOCTY NPembaBis-
toTcsl 0cobble Tpe6oBaHMs. Mpy NPOEKTUPOBAHU
pa3pabarTbiBatOTCS CrieumabHbIe TEXHUYECKNE
ycnosws (CTY) no MpOTMBONOXaPHON 3aLumTe 1
ONpeAeNeHnto NPELeNoB OrHECTONKOCTM CTPOU-
TeNbHbIX KOHCTPYKUMIA. CTY npegycmaTtpusatoT
06LEMHO-MNAHNPOBOYHbIE, KOHCTPYKTUBHBIE 1
VHXEHEPHO-TEXHUYECKIE PeLLIeHIs, 0becrneym-
BaIOLLIVIE KOMIMIEKC MEPOMPUSITUIA:

= 110 NPeoTBPALLEHNIO BO3HUKHOBEHUS 1
pacnpoCTPaHeHNs NoXapa;

= 110 06eCneYeHto OrHECTONKOCTH
CTPOUTENbHBIX KOHCTPYKLMIA M MHXEHEPHBIX
KOMMYHUKaLWI;

= 1o obecrneyeHnto cpeacTeamu obHapyxe-
HWS M TYLLEHMS NOXapa;

= 110 06ecrneyeHnto cMcTeMamm NPOTMBO-
ObIMHOW 3aLLMThI 1 CPEACTBAMM NOXAPHOM
6€30NacHOCTY BEHTUNSLMOHHbIX CUCTEM;

= o obecneyeHmio 6e3onacHoii aBakyaLmm
NIofeV 1 aBTOMATUYECKOMY OMOBELLEHNIO 0
noxape v ynpasfeHWio 3BakyaLmnen;

3 e .
' By Moxapsie | Cyxorpy6
1 TEpanTHl

HacocHas craHums TparcopmaTopHas noaCTaHUMs

= 110 06ecneyeHnio NoxapHo 6e3onacHo-
CTV ANEKTPOYCTAHOBOK U T. A,

B PO BepyLLeit opraHusaLmeit no paspa-
60Tke TY NS NOA3EMHBIX COOPYXEHUIA Ceitvac
asnsietcs OIY BHUANO MYC Poccun.

Moxapbl B TOHHENSIX MMEIOT CBOW OCOBEHHOCTH.
OHw xapaKTeprayTCs TENNOBbIMM MOTOKaMM
€ MNoTHOCTLIO A0 100 MBT/M? OrpaHr4eHHOM
VHTEHCWBHOCTbIO OTBOAA TEM/a KOHBEKTUBHBIMY
MOTOKamW U, Kak CeACTBE, 04EHb MHTEHCUBHLIM
BO3paCTaHMEM TEMNEPATYPbI B 30HE FOPEHUS,

10 1200°C B Te4eHME NEPBbIX NSTV MUHYT. B 3TuX
YCNOBUSIX ANIEMEHTbI HECYLLWX KOHCTPYKLIAN, KOTO-
pble YalLle BCErO BbIMOMHEHbI 3 Xene306eToHa 1
CTa/1, UCMbITbIBAIOT 3HAYUTESbHBIE TEPMUYECKME
HanpshkeHust. JlokanbHas Temneparypa a1eMEeHTOB
KOHCTPYKLIAM MOXET NMPEBbICUTH KPUTYECKMIA
MPEeLen N MPUBECTM K YACTUYHOMY PA3PYLLEHMIO.

Mpw CTONb BLICOKON MHTEHCMBHOCTY HarpeBa
Bara, NpUCYTCTBYIOLLas B BETOHE, He ycrneBaeT
AndPyHaMPOBaTh Yepes3 NopPbl M NPEBPaLLAeT-
CS1 B nap, AaBNEHVE KOTOPOro MOXET [10-

CTWUYb BeMYMHBI B 22,5 MIMa npu NoBbILLEHNN
Temnepatypsl 20 380 °C. B MmpoBOii npakTuke
D15 KOHCTPYKLMIA NOA3EMHbIX COOPYXEHMUI 13
Xene306eToHa NpefeNbHO AONYCTUMON NPUHSI-
T0 cunTath Temnepatypy B 300°C, npu KoTopoi
[aBJEHNE NapoB BOAb! MIMEET BENIMYMHY He
6onee 8,7 MIa 1 TepMUYECKME HANPSXKEHNS B
6EeTOHe He AOCTUrAIOT KPUTUYECKON BEANYMHBI.

MpakTnka nokasblBaeT, YTO AaXe Npn CambiX
TAXENbIX Noxapax 0dpyLIEeHNs TOHHENS He Npo-
VCXOAWNT, OAHAKO NOTEepK, CBSI3aHHbIE C Nocne-
JYIOLLMM NPOCTOEM M PEMOHTHBIMI paboTamu,
04€Hb BbICOKW. OHM MOTYT ObITb COM3MEPUMBI
CO CTOMMOCTbIO CTPOMTENBCTBA.

YnomsaHyThI Bbie noxap 1999 ropa B

ToHHeNne MoH6naH bylwesan 53 yaca, Noka He
Cropeno BCe, 4T0 MOrfo ropeTb. CoopyxeHue
BBILLIO M3 CTPOS NOYTW Ha TPU roga. Ero Boc-
CTaHoBneHue 060LLock B 400 MAH €BpO.
B xone peMoHTa 6bin0 yctaHoeneHo 120 kamep
BuaeoHabnogeHns, 3680 TennoBbiX 4aTYNKOB,
37 3BaKyaLMOHHbIX BbIXOA0B W CTaHLMS NEPBOIA
MOMOLLM B LLEHTPE TOHHENS.

MmeHHo nocne aToro noxapa 6biam paspabo-
TaHbl NpaBuna 6e30NacHoOCTY:

B eC/n aBTOMOOMbL PaboTaeT Ha CKMKEH-
HOM rase, Heo6xoaVMo cooOLUMTL 06 3TOM
nepcoHany TOHHeNS;

B paspeLleHHas ckopocTb — He MeHee 50 1
He 6onee 70 km/y;

B [/ICTaHLMS MeXAy aBTOMOBUASMY NpK
OBUXEHUN — He MeHee [IBYX «CUHUX MasikoB»
(150 m);

B [/ICTaHLMS MeXy aBTOMOBUAAMY Npu
ocTaHoBKe — He MeHee 100 M;

B B TOHHENe TPeByeTCs HACTPOUTLCS Ha
pagmosonHy 103.3 unm 107.7 Ml (cnyxebHoe
pasuno TOHHENS);

B He Pa3speLLeHo Bbe3XaTb B TOHHENb Ha
HeMcrnpaBHOM TPaHCNOpPTE (A0POrocToALLAS
3BaKyalLusi OCYLLECTBASETCS 3@ CHET BOAUTENS);

H 3anpeLlaeTcs 0CTaHOBKA B TOHHENe 6e3
BVOVMON NPUYMHBI.

BbiBOAbI

0630p eBponeiickux pa3paboTok B 061aCTH
6€30MacHOCTM aBTOAOPOXHbIX TOHHENEN noka-
3bIBaeT, YTO B HACTOSLLEe BpeMs B cTpaHax EC:

B C03[aHa eanHas HopmaTuBHas 6asa ans
BbINOJIHEHMSI KOMMNEKCHbIX MPOEKTOB,
BKJTIOYAIOLLMX BCE acnekTbl 6e30MacHoCTy
aBTOJIOPOXHbIX TOHHENEN N0 TEXHUYECKIM W
OpPraH13aLMOHHbIM Mepam;

B ONpefeneHbl CTeNeHn 1 yPOBHW OTBET-
CTBEHHOCTM 32 6830NaCHOCTb aBTOLOPOXHbIX
TOHHENEW;

B OnpejeneHbl MexaH13M KOHTPONS 1
OpraHbl, KOHTPOAUpYIOLLME BE30MacHOCTb
TOHHENEei Na CTaann NPOEKTUPOBaHMS,
npyemMKu B 3KCnyaTaLyio 1 caMoi aKcnnyara-
Lnn;

B OnpeaeneHbl TEXHONOTUs, MOPSILOK 1
PEryNspHOCTb MEP, HaNpaBJieHHbIX Ha
nofnepxaHue u ynyyweHne mep 6€30nacHo-
CTV TOHHENS B TEYEHME BCEr0 CPOKa 3KCMya-
Taumm;

= BeflyTCs PaboThl N0 CO3AaHMI0 eaMHBIX
000CHOBbIBAIOLLMX METOAMK;

B BE[IETCS PerynspHas ctatucTuka
VHUMAEHTOB 11 aBapuii B CYLLECTBYIOLLMX
TOHHENSIX, JaHHbIE KOTOPO NCNONL3YIOTCS Ha
CTaaumn NPOeKTMPOBaHUS;

B BeyTCs PaboThl N0 PEKOHCTRYKLMM
aBTOAOPOXHbIX TOHHENEN AN NPUBEAEHNS UX
B COOTBETCTBUE C TPEOOBAHUAMU MOCNELHNX
HOPMATUBHbIX [IOKYMEHTOB.

Bce 970 CBMLETENLCTBYET O TOM, YTO
ycuneHne 6e30NacHOCTY CTano B NOCNELHNE
rogbl 0OHUM M3 HanpaBAEHWIA NPU NPOEKTUPO-
BaHUM, CTPOUTENLCTBE W 3KCNayaTaLmm
TPAHCMOPTHbLIX TOHHENEW 1 METPOMONUTEHOB,
UTPAIOLLMX CYLLLECTBEHHYIO POJIb B PA3BUTUN
9KOHOMMK €BPONENCKMX CTPaH. |

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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&# KpoLueyHble Laru B HyXXHOM HarnpasieHnm

M.E. PbIXXEBCKWI, k. T. H.,
naypear npemmu
JleHnHCKOro KoMcomona

B 061aCTY HAYKM U TEXHUKM,
3aC/TYXEHHbIN

u3oGperaren CCCP B HOMCKAX
HECTAHOAPTHDbIX
PELLEHUNA:
MHOIOAPYCHBIE W OPYTUE
TOHHENN BOJIbLLIOMO
OVAMETPA

ropasmo NyyLle, Yem OTCYTCTBUE ABUXEHUS BOOODLLE.

M3 pa3mbiuneHuii

Moxanyii, ata uctopuns Ha4anach B 1818 rogy, Korga aHrnniAckuii HXeHep PpaH-
uy3ckoro npoucxoxgenus Mapk bpioHenb n306pen n 3anateHToBas HOBbIN ANs
TOro BpeMeHu crnocob cTpouTeNbCTBa TOHHENEH B CabbiX IIMHUCTbLIX TPYHTaX C
MOMOLLbIO TaK Ha3bIBAEMOTr0 LYUTAa — METALINYECKOI LUANHAPNYECKOI 000/104-
ku, Tuna 604ku. C BHyTPEHHel CTOPOHbI ee nepeaHss 4acTb yCUINBanach Bep-
TUKaIbHbIMUN M FOPU3OHTANIbHBIMU Neperopogkamu — anagparmamm XecTkoCcT,
nepeaHuii Topew KOTOPbIX BMECTE C TOPLIOM 000104KU BbIMOHSI POJIb HOXEBOro
konbua. Fopu3oHTanbHbIE Neperopoaku 04HOBPEMEHHO CAYXUAN yA0OHbIMU
nnowagkamm gns pa3paboTKu rpyHTa B BepXHel YacTu wuta. B 3agHeii ero yactu
pacnonaranucb Bomkpartsl (puc. 1). Kak Tonbko rpyHT paspabartbiBancs v BbIOU-
pasncs u3-noa HoOXeBoro KosbLa, AOMKpaTamu 060/104Kka nepemeLyanach (B4aB-
JmBanacb Ha MecTo BbIOPaHHOro rpyHTa). B 3agHeii yacTu wuta, 3a AOMKpaTamm,
cobupanace TOHHeIbHas 004e/1ka, KOTopas U CYXNUNA ONOPHLIM KOJIbLIOM A
nepeABMKEHUNS.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



" PENOXEHHbIi CIOCOG
BrepBble Obln yCneLwHo
onpobosaH B 1825 roay B AHrum
MpU CTPOUTENBCTBE TOHHENS NOJ,
Tem3soi. U xoTs oH cTpounncs
npakTuyeckn 17 net, wuroeas
MPOXo/Ka OTANYHO 3aPEKOMEH-
poBana cebs kak 3GPeKTUBHBIN
METOZ COOPYXEHUS TOHHENEN

B cnabbix rpyHTax. C aToro
MOMeHTa meTo[, 6ecrnpepbiBHO
passmBancs.

BocTpe60BaHHOCTL LWMTOBOTO METOAA MPOXOAKM
TOHHENei cTana TONYKOM NS IHTEHCMBHOTO Pa3BUTKS
CaMWX LUMTOB. M 04eHb CKOPO LUMT SBNISCS YXE HE MPOCTO
MPOX014eCKOii PamMoii C 3aLLUTHON 0O0NOYKON, & LienbiM
KOMMN/EKCOoM, B KOTOPOM NPaKTUYECKU BCe onepaLum cTa-
I MEXaHW3MPOBaHbIMY.

Co BpemeHeM 1 3TOro okasanoch Mano. Moseunack
He0bX0AMMOCTb CTPOWUTb TOHHENN B O4EHb CIOXHbIX
reosorMyeckmx yenoBusix, HanpuMep B 00BOJHEHHbIX
MecyaHO-MNHACTBIX FPYHTax. B aTOM cayyae cam LWwyToBow
komnnekc TpeboBanoch 3almLaTb OT NPOHUKHOBEHNS
FPYHTOBBIX BOJ, U1 MNbIBYHHbIX FPYHTOB. Kpome Toro, He-
006xo0a1mMo Obino pa3paboTaTth crewyanbHble MaTepuarsbl n
METOZbI, NO3BONSIOLLME MUHUMWN3NPOBATb 0CAAKM AHEB-
HOV# MOBEPXHOCTM N3-3a HEMPOTHO3MPYeMbIX AedopmaLuin
rPYHTa BOKPYT WKTa. Tak NOSIBUAKCH LUMTOBbIE KOMMEKCHI
C aKTUBHBLIM MPUrPY30M NOPOALI. 3TO LKTHI C FPYHTONPU-
rpy3om v rugponpurpy3om. OHu cTanu ocobeHHOo BOC-
TpeboBaHbI B rOPOACKMX YCNOBUSX, I NPEAbSBASIOTCS
XecTkne TpeboBaHNa K 0CagKam LHEBHON NOBEPXHOCTH.

OnHOBpPEMEHHO HAMETMNACH TEHAEHLMS U K YBENU-
YEHUIO AnaMeTpa TOHHenew. «TpafuLMOHHbIA» Manbli
JMaMeTp He BMeLLan Heobxoanmblx rabapuToB pa3su-
BAIOLLLEr0Cs XeNe3HOA0POXHOr0 TPAHCNOPTA, PABHO Kak
He obecneyvsan 1 Npoe3g, bonee Yem ABYX aBTOMOOUNEN.
Ecnu, ka3anochk Obl, eLie BYepa LUTOBbIE KOMMIEKCHI Ana-
METPOM 5-6 M Ka3anuch rmraHTamu, Hoeble TpeboBaHuS
K pa3mepam TOHHeNEeN MHULMMPOBaM pa3paboTky LMTOB
pmametpom 10 M 1 Bonee. Tenepb B TOHHENSX CTAN0 MOX-
HO YCTPOWTb ABYXMONOCHOE ABUXEHME ANst NtoOOro B1aa
TpaHcnopTa.

B 1994 roay B iNOHMM Yepes NpPoaMB BNepBble CTPOUT-
S aBTOLLOPOXHbI TOHHENb Trans Tokyo Bay nuametpom
6onee 13 m (cm. Tabn. 1). Ans Hero komnanum Kawasaki,
IHI Mitsubishi n Hitachi npon3soaaT WwWuTbl pEKOPAHOTO
Ivametpa 14,1 m.

Avyxe B 1997 roay HemeLkas komnaHus Herrenknecht
CTPOMT LMT AyameTpom 14,2 M Ans ABYXNONOCHOMO aBTOA0-
POXHOro TOHHeNs B ['ambypre. (Io3aHee 3TOT Xe WKT Obin
aoctaeneH B MOCKBY ans CTpouTenbCTBa cHavana Jledop-
TOBCKOrO, a 3aTeM CepebpsiHOBOPCKOro TOHHENS, PUC. 2).

["'OHKa 33 HambOoNbLUMIA ANAMETP LWTa MPOLOIKAETCS, W
B8 2000 rony NFM Technologies (PpaHums) BbinyckaeT wut
JmameTpom 14,9 M ang cTpouTeNnbCTBa NEPBOrO ABYXYPOBHE-
Boro ToHHenst Groene Hart B Hunepnanaax. [lanee komnaxus
MOZEPHU3NPYET 3TOT LLMT NS MPOXOAKM aBTOAOPOXHOIO
ToHHens Shang Zhong Road Subaqueous B Kutae.

B 2006-M nMaepom roHku 3a MakCMManbHbliA AUamMeTp
BHOBb CTaHOBUTCS Herrenknecht. KomnaHus CTpouT Wwut ¢

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Puc. 1. Fpadmyeckoe u30GpaxeHue NPOXOAKM TOHHENS LMTOBbIM CrIoCOOOM U Bup TOHHENs nop, Tem3oit

2015

2015

2013

2013

2013

2012

2011

2011

2011

2011

2010

2010

2009

2009

2008

2007

2006

2006

2006

2004

2004

2004

2001

2000

1997

1994

ToHHenu camoro GonbLuoro gnametpa go 2015 roga

Hong Kong Tuen Mun-Chek Lap Kok subsea highway link - Herrenknecht Mixshield

Chine

China

Italy

New Zealand
China
China

USA
China
Italy
Spain
China
Russia
China
China
China
China
China
Canada
Russia
China
Japan
Russia
Netherlands

Germany

Japan

Wuhan Metro road/metro river crossing Herrenknecht Mixshield
Shouxhiou Lake highway tunnel Herrenknecht Mixshield
. . - NFM Technologies,
Caltanissetta highway tunnel Sicily EPBM
R . Herrenknecht
Water view highway connection, Auckland EPBM
Shanghai Hongmei road tunnel Herrenknecht Mixshield
Shanghai West Changing Yangtze river road Herrenknecht Mixshield

tunnel
Hitachi Zosen
EPBM

Mitsubishi Slurry TBM

Alaskan Way highway replacement tunnel

Weisan road tunnel, Najing

A1 Sparvo highway tunnel Herrenknecht EPBM
Seville SE40 highway tunnel NFM Technologies EPBM
Hangzhou Qianjiang under river tunnel Herrenknecht Mixshield
Orlovskij under river road tunnel (not T 1

constructed)

Yiengbinsan road tunnel, Shanghai Mitsubishi EPBM

Nanjing Yangtze river tunnel Herrenknecht, Mixshield

Bund tunnel, Shanghai Mitsubishi EPBM

Jungong road subaqueous tunnel, Shanghai NFM Slurry shield
Shanghai Changjiang under river highway Herrenknecht Mixshield
tunnel
Niagara Water Diversion tunnel Robbins hard rock TBM
Moscow Serebriany Bor mix double deck e
tunnel
Shangzhong Road Subaqueous tunnel NFM Technologies
Tokyo metro IHI Mitsubishi
Moscow Lefortovo road tunnel Herrenknecht
Groene Hart double deck rail tunnel NFM Technologies
Hamburg 4th Elbe river Highway tunnel Herrenknecht

Kawasaki, IHI Mitsubishi

Trans Tokyo Bay Highway Tunnel Hitachi

17,6
15,8
14,9

15,1

14,4
14,9
15,4
175
14,9
15,6
14,0
15,4
19,3
14,3
14,9
14,3
14,9
15,4
14,4
14,2
14,9
14,2
14,2
14,9
14,2

14,1
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Puc. 2. Tonxenu 8 Mockee — CepeGpsaHoGopckuii u fleopToBckuii

rMAPONpPUrpy3oM amametpom 15,4 M ang npoxoaku aBTo-
LOPOXHbIX TOHHeneit Shanghai Changing nog

p. AHU3bI B KuTae. 3Ty TOHHENM — [1BYXYPOBHEBbIE 11 UMEIOT

[BOIHOE Ha3HayeHue. Ha BepxHEM YPOBHE pasMeLLatoTes
TPV NONHOLEHHbIE (3,6 M LIMPWHOI) NONOCHI A1 ABAXEHUS
no6Oro BMLA aBTOTPAHCMOPTA, @ B HUXHEM YPOBHE (B LieH-
TpaibHOM OTCEKe) MPOXOAMT 3MEKTPONOE3, METPO.

CnpaBeaaMBOCTY Paamn HAfO OTMETUTb, YTO TakoM xe
[BYXYPOBHEBbI KOHLENT 6bin paHee (2004) peann3oBaH
B Poccun Ha CepebpsiHoG0PCKOM TOHHeNE (CM. puc. 2).
Mpaena, ToHHENb Obin AnameTpom 14,2 M, 1 Ha BEPXHEM
YPOBHE Pacnonaranoch TObKO [BE NOMHOLEHHbIE NO-
NOChI ABWXEHWS aBTOTPAHCNOPTA. TPETbS N0n0ca (Kak 1
B8 JleopTOBCKOM TOHHENE) — BCErO 3,2 M LINPUHOIA 1,

Mo Uaee, [oMXHa NCNOob30BaTLCS TOMbKO NS Npoe3aa
CcnyxebHOro TpaHcnopTa B aBapUinHOI CUTYaLMK, Kak U B
TOHHene nog Anbboii B Fambypre.

WTaK, WMt ¢ ruaponpurpy3om auameTpom 15,4 m komna-
Hum Herrenknecht octaancs nuaepom o 2015 roga. Ho,
kak nokasano Bpems, 1 31oro 6110 Mano. Moseunack Heob-
XOAMMOCTb CTPOWTb TOHHENN ropa3fo 6obLUIEro pa3mepa.

B 2010 roay HeBckas koHLeccnoHHas komnanus (HKK)
1, nosanHee, «MJIATO VHXMHUPUHI» NPeanpuHSAN NOnbITKY
CMPOEKTMPOBATH Camblil H0MbLIO TOHHENb B MUPE — AMa-
meTpom 19,3 M. 3TOT ropo/CKoii aBTOA0POXHI TOHHENb
nnaHuposanock nocTpoutb B CaHkT-MeTepbypre noa He-
Boi. OH npeanonarancs ABYxypPOBHEBLIM ([jaxe TPexypoB-
HEBbIM, €C/IY CYUTATb KOMMYHMKaLK). B LBYX YPOBHSIX
L0KHO ObIN0 pacnonaratbCs N0 TPM NOJHOLEHHbIE MONO-
Cbl ANS ABVXEHNS TPAHCMOPTA, LWMPUHOM no 3,6 M. Camblin
HWXHWIA (TPETWIA) ypOBEHb NPEANonaranoch MCNoNL30BaTh
A9 BCEX KOMMYHUKALWA 1 1S aBapUIAHON 9Bakyauum — B
3TOM CNlyyae NpeaycMaTpuBancs Nnepexos NI0AEN ¢ YypoBHS
Ha YPOBEHb (puc. 4).

W3 Bocnomu

B 2009 roay 5 eLe paboTan B Apabekux Smmparax, B Jybae. B ceHTsbpe MHe
NPELIOXWN BO3IIaBUTb rOTOBSILLMIACS HOBBIV (BTOPO) MpoexT Op/10BCKOro
TOHHEJIS1 B KaYECTBE TEXHNYECKOro ANPEeKTopa HeBCKO KOHLIECCUOHHOV KOMITaHUM.
loToBSsICb MOANMCaTh KOHTPAKT, 51 Y3HaT, 4T0 0aHaxAb! OPIOBCKIV TOHHESb YXe Obl
3anpoekTnposaH komnarveit FAJIC. HoBbIii IPOeKT npeanonarasn CTpoUTeNbCTBO
TOHHEJS NPUMEPHO B TOM Xe CTBOPE, YTO 1 NEPBbIi. B COOTBETCTBIM C MPOEKTOM
TAJIC, ToHHenb og HeBovi npeanonaram CTPOUTb LUMTOBBIM CIOCOB0M, a [1d pea-
Jm3aLmm 3a8aHVs roposa, B 00ecneqeHue NoTHOLEHHOO ABYXIOI0COr0 BUXEHNS
TPaHcnopTa B 000MX HANPABIEHWSX, MPY CTPOUTESLCTBE TOHHENS XOTE/ M UCTIOJTb-
30BaTh LUNT C aKTVIBHBIM MPUrpy30M 32005 AMaMeTpom 14,2 M. VIMEHHO LWT Takoro
AnameTpa rno3eosiseT Pa3MeCTUTb B TOHHENE [BE M0JI0CH! 1 IBUKEHUS TPAHC-
ropTa B COOTBETCTBUM CO BCEMY MEXAYHaPOAHbIMY CTaHAapTamu. bonee Toro, no
HEKOTOPLIM JaHHBIM, B KAYECTBE TaKOro LMTa XOTE/M 3a OCHOBY B35iTb TOHHESIENPO-
Xomn4yeckuii komraexc GpupMbl Herrenknecht auametpom 14,2 M, KOTOPbIM, Ha TOT
nepvos BpemeHu, Obiniv yXe YCreLLHO NPoviaeHs TOHHe b B [ambypre noa 3nb6oii n
Ba MOCKOBCKYX TOHHes, JlecpopToBckiii u CepebpsHOOOPCKMIA.

MpoexT komnarum AJIC, ka3anoch, SIBASACS C TEXHNHECKOW TOYKM 3pEHNS
Ge3yrnpeyHbIM, HO BCTPETUIT CONPOTUBIIEHUE XuUTeneld roposa n3-3a Heobxoau-
MOCTY POBEAEHNS TOHHENENMPOXOAYECKUX PabOT B paioHe AnpenbCKOi ynLb,
A€, KPOME KPYNHOro Xua0ro MaccuBa, HaxoauTCs MoA3EMHbINA MPUPOLAHbINA
pe3epByap nuTbEBOV BoAbl. Kpome Toro, 3aniaHnpoBaHHbIe ABE M00Ck 4Bu-
XEHUs B Kax0M HanpaseHum He 00eCreynBay B nepCcrnekTMBe TDaHCIOPTHBIX

Pa3paboTka npoekTa camoro 60/1bLLIOr0 B MUPe No
LUIMPUWHE TOHHENS, NONYYMBLLEr0 HadBaHue «OpoBCKuMii
TOHHENb>, OblNa YCMEeLIHO 3aBepLUEHa B NEPBOIA NONOBUHE
2010 roga. MpoeKT npoLuen rocyaapcTBEHHYIO 3KCNEPTU3Y
1 MOMTY4MN NONOXMTENBHYIO OLEHKY MEXAYHAPOIHOI 3KC-
nepTHoi komnaHum COWI, Ho No GUHAHCOBLIM NPUYMHAM
TOHHEb He Obl NOCTPOEH. TEM He MeHee, KT aname-

MOA3EMHBIE FTOPU30HTbI Ne9. Nionb/2016
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Puc. 4. Mpepnaraemble BapuanTbl TohHENs Auametpom 19,3 M

noTpebHocTel Meranonmca. 910 MHEHWE ropoz Bbickasa rnocse npoBeaeHHs
akcneptu3bl npoekta [AJIC komnanmei Mott MacDonald. B pesynbtare TexHu-
yeckume TpeboBaHms K HOBOMY NMPOEKTY USMEHWUINCH — B YACTHOCTY, TOHHESb
L0/XeH Obl1 00€CreynBaTh TPEXMONOCHOE ABUKEHNE TPAHCIOPTA B KaXA0M
HanpaBiEHUN 1 HE BbIXOAUTL HA AMPESTLCKYIO YanLLY.

B xoHue 2009 roga ropoz 06bs81/1 0 NOAr0TOBKe HOBOIo TeHaepa. K Hemy
CTasm roTOBUTLCS HECKOJIBKO KPYITHbIX MEX/YHAPOAHbIX MIPOKOB PbIHKE, CPeAN
KOTOPbIX Oblia M3BECTHas (paHLly3ckas komnanus Vinci. OHa, B CBOIO 04epessb,
uckana ans y4yactusi B 3TOM TeHAEPE POCCUCKNX KomnaHbOoHOB. Y Hac B HKK
Obl/I1 CBOV BULIbI HA 3TOT MPOEKT, U Mbl PELLMIN 00bEANHNTHLCS C PPaHLy3amm,
MMeS B BUZY, YTO COBMECTHaS TEHAEPHAS 3asiBKa OKaXETCS Y TEXHUYECKU, U
noanTnyeckmn bonee MoLLHOM. eppas BcTpeya ¢ Vinci, koTopas npou3oLLna B
[Mapwxe B ronoBHOM oguce KomnaHuy, yoeanna pparLly3ckux koaner, 4to HKK
B/IAAEET BOMPOCOM, 1 NPEASIOKXEHHBIE HAMU PEABAPUTENIbHBIE TEXHNYECKNE
peLLeHus sBnsoTCS 6os1ee npopaboTaHHbIMU, C TOYKY 3DEHNS 3HaHWS ropoa-
CKOVi TPAHCMOPTHOM 0OCTAHOBKM U F€0I0rNYeCKol cutyaumn. Ha cneayioiyeit
BcTpeye, yxe B CaHkT MeTepbypre B opuce HKK, Obi10 peLueHo uatv Ha TeHaep
COBMECTHO, PV 3TOM 32 OCHOBY B35Tb HaLLl BAPUAHT.

Ha ToT nepuoz BpemeHn Mbi ¢ ppaHLy3amu npeasiaraam COopyxatb TOHHESb
LIUTOBBLIM CIOCOBOM, C MCTOb30BAHNEM YXe CylLecTBYloLLero (B Kutae) wmra
C ruaponpurpy3om amameTpom 15,4 m. BapuaHt, Ha nepBbIii B3rnsa, nosyyancs
COBCEM HEIMJIOXVM, HO Myram CpOKv COOPYXEHWS MOABOAHOM YaCTv TOHHESS C

Tpom 19,3 M BbIN 3aNPOEKTUPOBAH U AAaXe HaYan CTPOUTb-
c4. MpakTnyeckn 0aHOBPEMEHHO ¢ OPNOBCKNM TOHHENEM
aBTOP AAHHOW CTATbV NPEAI0XMUA HECKONBKO APYrUX KOH-
LlenTyabHbIX PELLEHUI Ang WuTa-pekopacMeHa. B yact-
HOCTW, Npeanaranochb NCNONL30BaTh ero A5 NPOXOAKM
TOHHenew nog pexon JleHa B fkyTcke, k ocTposy CaxanuH,
yepe3 bepuHros NponuBe 1, HakoHeL, Yepes KepyeHckuii

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

MOMOLLIb O/IHOIO LUNTA W, 1aBHbIM 00pa30M, 00beM PaboT 10 COOPYXEHMIO CTEH
B rpyHTe Ha npaBoM v 1eBoM beperax. Mbl IPeAnonoxXuam, 470 OAUH TOHHESTb, HO
6osnbLLEr0 AMaMeTpa, cTaHeT bosee 3POEKTUBHBLIM 1, BE3YCOBHO, COKDATSTCS
CPOKM CTPOUTENLCTBA. [Tocie npesBapuTenbHON MPOPUCOBKY 0Ka3aa0Ch, 4T0 Ais
cobofeHms Bcex TPeboBaHWii ropoaa TOHHE b AOIXEH UMETb BHELLIHWIA NaMETD
18,65 M, a wut ans ero coopyxenus — 19,3 M. OpaHLy3bl cpasy 3asBum, 470
TaKoif LMT HUKTO He caenaeT. Mbl 0bpatnmck cpa3y BO BCE BEAYLLME MUPOBbIE
KOMMaHUN-NPOU3BOANTENN LLIMTOBbIX KOMMAEKCOB. K YAMBAEHMIO HALLWUX (paH-
LIy3CKuX KOJIer, iBe Camble U3BECTHbIE KomnaHum, Herrenknecht v IHI Mitsubishi
corporation, cornacuanch CAENaTh Takow LT C ONPEAEIEHHBIMU FaPAHTUSIMMA.
bonee Toro, Herrenknecht faxe rotos 6kl BbICTYNTE COMHBECTOPOM AAHHOMO
NpoeKTa, TeM CaMbIM MOJHOCTbIO rapPaHTUPYS, YTO LMT ByAeT pabo4mM. dpaHLy3bl
0nsiTb 3aCOMHEBAMCh U 3asIBUN, HTO Ha LLNTE TakuX Pa3MepOB He CMOXeET pabo-
TaTb HY 04HA 13 MUPOBLIX KOMNAHWA. Yl TYT OHU OLLMOANCS.

INo pekomeHraavuwmsam Herrenknecht Mbi 06paTumCh B ST M3BECTHBIX KOMMNA-
HWI — MUPOBbIX INAEPOB TOHHENECTPOEHMS. Bce 0HM Oblv rOTOBbI Pa3aeNTL
PUCKN, CBS3AHHBIE C COOPYXEHNEM TOHHENS. TEM HE MEHEE, BCE CTPOUTENIbHBIE
DUCKYM Mbl OLEHUIN CaMu 1 OAHOBPEMEHHO 0BPATUIUCK C 3TUM BOMPOCOM K UTa-
JIbSIHCKOWV koMnaHum Geodata — 04HOI 13 Hanbosiee 3BECTHBIX MUPOBBIX GUPM
110 OLIEHKE PUCKOB B TOHHENECTPOEHNM. UTanbsHLbI MOATBEPANIN, YTO PUCKM MPun
COOPYXEHUM 0AHOro 60/IbLLIOr0 TOHHENS ByAyT faxe MeHbLue. Tak Mbl 0CTaHOBY-
JMCb Ha BapuaHTe co LumToM anameTpom 19,3 m.

nponme. Bo Bcex aTux Cny4yasax B 04HOM TOHHENe MOXHO
6b1110 6bl COBMECTUTh XENe3HOA0POXHbIV 1 aBTOA0POX-
HbIA NyTW. Hanpumep, kak 370 NokasaHo Ha puc. 4, Ha
HUXHEM YPOBHE NErKo 1 B COOTBETCTBUM CO BCEMIU MEXAY-
HapOAHbIMM CTaHAAPTaMI pPa3MeLLalTCs ABa Xenes-
HOLOPOXHbBIX NMYTK, & HA BEPXHEM YPOBHE OpraHn3yeTcs
TPEXMNONOCHOE aBTOMOBUNLHOE ABUXEHMe. LieHTpanbHas
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Puc. 5. [lByx- 1 TpexypoBHeBble TOHHe/ M GonbLuoro AuameTpa (a — ToHHenb B Cuatne, CLUA; 6 — ToHHenb BaT B AecTpa-
nuw; B — ToHHenb M30 8 Magipupe; r — TpexypoBHeBbli aBTOAOPOXHIA TOHHENb B CTamOyne)

nonoca MoxeT 6biTb B PEBEPCMBHOM MCNONHEHNN. Kpome
TOro, NpPeAnaranoch UCnoNb3oBaTh NOAOOHLIN LUUT ANs
CTPOUTENLCTBA ABYXYPOBHEBLIX CTaHLMIM MeTpo. OaHako,
M0 Pa3HbIM MPUYKMHAM, BCE 3TI BApUAHTLI HE MOSTYYMIn
MOLAEPXKM, NOCAE YEro MPOEKT CTPOUTENLCTBA LWKTa
TaKkxe OblN1 3aKPbIT.

[0 2011 rona ToHHenb AnameTpom 15,4 M 6bin cambiM
6onbLwmm B Mupe. OaHaKo NpoekTHbIe pa3paboTku kpyn-
HEMLLNX MMPOBbIX KOMNAHWIA-NPON3BOAUTENEN LNTOBLIX
KOMMAEeKCoB y6eanTENbHO NOKa3anm BO3MOXHOCTb CTPOU-
TeNbCTBA LWMTOB C aKTUBHBLIM NPUrpy30M 32605 ropaspo
6onbLuero anametpa. M ot yxe B 2011-m B Cuatne (CLUA)
cTpownTcs Alaskan Way — nepBbiii B MUpE TOHHENb Ana-
meTpoMm 17,5 M, Mpu 3TOM MCNONL3YETCA TOHHENENPOXOL-
4eCKUI KOMNAEKC C FPYHTONPUIPy30M Komnanum Hitachi
(puc. 5). He oTcTaeT 1 6€3yCnoBHbIA IMAEP 3TON FOHKK,
Hemeukas komnanua Herrenknecht, n gna TonHens B Kutae
CTPOUT LT AnameTpom 17,6 M, HO yXxe ¢ rmaponpurpy-
30M. YBepeH, 4T0 B Gamxaiilume rofibl Bce 3Tu pekopbl
6yayT No6UTI, 1 LWMTHI AnameTpom 6onblue 20 M CTaHyT
PEeanbHOCTBIO.

Ha 3T0M MOXHO 6b1/10 6bl NOCTABUTH TOYKY, HO XOTENOCH
Obl pacckasaTh eLLe 0 HECKOMbKIX NPOEKTax, KOTOpbIE B
TOWM MAN MHOM Mepe NPeLCTaBASIOT MHTEPEC ANS TOHHENe-
cTpouTenei.

Mocne ponrux AUCKYCCUI NPaBMTENLCTBO OKPYra
KeuHcnenn (ABctpanus) B Hos6pe 2013 roga npuHano
peLleHne CTPOUTb B ropoae BpncheH fByXypOBHEBHI
aBTOJ0POXHbIN TOHHENb ArameTpoM 14,8 M 1 LMHOIA
0K0M10 4 kM. Ha BEpXHEM YPOBHE TOHHENS LOMXKHbI Ha-
XO[MTLCA 1BE NONOCHI Ans Npoe3aa aBTobycoB., a Ha
HWKHEM — Pa3MELLATLCA [Be XEeNe3HOLOPOXHbIE KONew.
MIMeHHO N03TOMY TOHHENb M NONY4MN Ha3BaHwe BaT, 4o
B NEPEBO/E C aHMIMIACKOro 03HayaeT «aBTobyC 1 noessy»
(cm. puc. 56). MprmepHas CTOMMOCTb TOHHENS COCTaB-

Puc. 6. Tonxens Smart 8 Kyana-/flymnype, Manaiiaus

ngna okono 5 mnpa aonnapos, Ho B mapte 2015 roaa
MPOEKT OblN KAaHLLENMPOBaH.

Ellle 0avH npmep — ye NOCTPOEHHBIN ABYXSPYC-

HbII1 TOHHENb HAa CKOPOCTHOIA KonbLeBoi fopore M30 B
Magpuae (puc. 5 B). OH 6bin NPOAAEH C NOMOLLbHO LKTA C
rPyHTONPUrpy3om anametpom 15,2 M. Ha BepXHeM ypoBHe
pacnonoXeHb! TPW NOMHOLEHHbLIE NONOCH! ANnS N06Oro aB-
TOTPAHCMOPTA, BK/I04as BYX3TaxHble aBTOOYChI. HkHUiA
YPOBEHb NPELHA3HAYEH AN KOMMYHUKALMIA 1 Npoe3aa

B TOHHENb CMELManbLHOro aBToTpaHenopTa. Takke no
HVXXHEMY YPOBHIO BO3MOXHA 3BaKyaLys NIOAEN B Cayyae
aBapUIHBIX CUTYaLWIA.

[Mocne ABYX yAAYHO NOCTPOEHHBIX TOHHENEN Nof, Npo-
nmBoM Bocdop (CM. HUXE) TypeLKoe NPaBUTENLCTBO
006bsBMI0 0 HOBOM amBULIMO3HOM NpoekTe. Ha 3ToT pa3
nog bochopom naaHnpyeTcs NOCTPOMTL TPEXYPOBHEBBIN
TOHHeNb AnameTpoM 16,8 m (puc. 5r). OH ByaeT pacnono-
XEH Ha rnybuHe oT 60 10 65 M 0T NOBEPXHOCTY BOLHI, & €ro
[LHA COCTABWT 0KOO 6,5 kM. VIHTepeceH 3TOT NPoekT 1
HEeTPaAMLMOHHLIM NOMXOA0M, BEAb BCE TPW YPOBHS TOHHENS
OypyT TpaHCNOpTHbIE. MpK 3TOM HA BEPXHEM 1 HUXKHEM
YPOBHSIX BYlyT pacnonoxXeHsbl No ABE NONOCHI 415 aBTOTPaH-
CropTa, a Ha CPEHEM — OTCEK METPO ANs ABYX MOE3M0B.

B 3akntoueHue atoro 063opa xoTenoch Obl pacckasatb
eLLe 0 TPEX N3BECTHbIX TOHHENbHBIX MPOeKTax. XOTs OHU U
He BXOAST B YNC/O0 CaMbIX KPYMHbIX, HO UHTEPECHBI CBOUM
HeTPaaNLMOHHLIM KOHLLENTOM.

[MepBbIii — TOHHeNb Smart B Manaiauu, B Kyana-
Jlymnype (puc. 6). OanHa ero — 9,7 km, anametp — 13,2 m.
akTYecK TOHHENb SBNSETCS TPEXyPOBHEBLIM. [lBa
BEPXHUX YPOBHS NPeAHa3Ha4YeHbl Ansi npoesaa aBToTpaH-
CMOPTa, @ HUXHWIA B CE30H LOXAEW UCMOb3yeTcs ans
nponycka BoAbl. TOHHEb, B 3aBUCUMOCTY OT CE30HA U
MOrOfHBIX YCNOBUIA, MOXET paboTaTb No-pa3Homy. B cyxoe
BPEMSI IO HUXHWIA YPOBEHb HE NCMONb3YETCS, HA HEM

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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Puc. 8. a, 6 — aBTOROPOXHbIA TOHHENb N0/ NPpoAMBOM Bocdop B Typumm; B — BUSUT HA 0GBEKT, I — aBTOPCKMiA BAPUAHT aHano-
TMYHOrO ToHHENs nof Kepyenckum nponueom

Puc. 7. ToHHenb Ha ckopocTHoi MarucTpanu A86 B Mapuxe

MOTYT NPOBOAMTLCA NPodUNakTMieckme paboThl, OH Takxe
MOXET ObITb 324€MCTBOBAH A5 SKCTPEHHOMN 3BaKyaLum
nogen. B ce3oH poxaen, koraa ropoackon apeHax He
CnpaBnsieTcst ¢ 06beMOM JIMBHEBbIX BOA, HUXHWIA YPOBEHb
CTaHOBMTCS LONONHUTENbHBIM APEHAXHBIM TOHHENEM.
HakoHeL, B MOMEHT KPYMHbIX HABOLHEHWIA OTKPbIBAIOTCS
3aTBOPbI, PACMONOXEHHBIE B BEPXHUX YPOBHSIX, Y TOHHENb
MOMHOCTBIO BLIMOSIHAET TOMIbKO APEHAXHYIO QYHKUMIO.
VIMEHHO 3a 3T0 U3SLLHOE UHXEHEPHOE PELLEHWE OH 1 NOo-
ny4nn Ha3BaHue Smart.

BTOPO NPOEKT MHTEPECEH CBOEN 3KOHOMUYHOCTBIO.
3710 10-KMNOMETPOBbIN TOHHESNb HA CKOPOCTHOM KOJbLLE-
Boit gopore A86 B Mapuxe (puc. 7). OH caaH B akcnnya-
Tauwio B 2011 rogy. TOHHENb ABNSKETCS ABYXSPYCHBIM C
BHYTPeHHUM anameTpom 10,4 M. NHxeHepam yaanocs B
TakOM CPaBHUTENBHO MaIOM AMaMeTpe PasMecTuTb Ha
K2XA0M YPOBHE MO TPX NONOCHI. [1BE N3 HUX — LIMPUHOW
no 3 M — 1 NpeaHa3HayeHbl A1 NPoe3/a TObKO NErkoro
TpaHcnopTa BbicOTON He 6onee 2,0 M, a TPETb — 2,5 M 1
npefHa3HayYeHa Ans aBapuitHoM OCTAHOBKM WAW NPO-
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13 BocnomMuHaHui

Bocgopcknii npoekT cTan MHe 0COOEHHO UHTEPECEH. S paboTan Haz BapuaH-
Tamu TOHHENS 104 Kep4eHCKUM NMPOAVBOM, TYT U MPULLIIO NPUIaLLEHNe 0T MOUX
APy3eii v KOer noCeTUTb X U YBUAETb MPOXOAKY TYPeLKoro ToHHes. OaHUM
13 pa3paboTaHHbIX MHOIO BAPUAHTOB ObliT TOHHESb BHELIHUM AUameTpoM 16 m.
OH Takxe npeanonarancs ABYXYPOBHEBLIM, HO C KOMOUHUPOBAHHLIM ABUXEHUEM
(puc. 8r). Ha HuxHem ypoBHe pacronarancs Obl 0ANH Xene3HOA0POXHbIM MyTb,
a Ha BEPXHEeM sipyce — Takxe ZIBE MOJIHOLEHHbIE M0J10ChI /151 1060ro Buaa as-
TOMOOUIbLHOrO TPaHenopTa. Kazanock 6bl, 470 TyT 001Lero? Ho oba a1 npoexTa
(Typeukuii yxe Obin 3akoH4eH Ha 70%) npeanonarany pasMeLLeHne TOHHENS Ha
rnyéure 6osee 60 M, CTPOUINCH OAHUM M TEM XE LLIUTOBLIM CIOCOO0M B O/IN3KNX
110 CTPOEHMIO reosI0rM4YeCcKuX yCoBusIX, PACcroaraanch NPakTMYeckn HanpoTuB
ZPYr Apyra B 0AHOM MOpe 1 06a HaxoAUNCh B CEHICMUYECKM OMacHbIX paroHax,
nepecekany 30Hbl Pa3noMoB. be3ycoBHO, S MPUHS MPUTAALIEHNE CBOUX APY3eit
1 Ha MEeCTe n3y4as Bce 0COOEHHOCTY CTPOUTENLCTBA 3TOMO TOHHENS, KOTOpPbIE
BIOCAEACTBIN NIETIN B OCHOBY MOWX PEAIOXEHUN.

Jopory ocumnt naywmin! Kak nokasbiBaroT OMbIT M OMUCAHHKIE BbILLE MPUMEDB!
DPeanN30BaHHbIX TOHHEbHbIX MPOEKTOB, HET HEAOCTXUMBIX LieNIEV — €CTb «Bbl-
COKWI KOS(OUUMEHT IeHN, HEAOCTATOK CMEKAJKU U 3anac OTroBOPOK».

e3/a cnyxeBHOro aBToTpaHCcNopTa. dBakyaums Noaei B
Cllyyae 3KCTPEMarbHbIX CUTYaLLMI NPOM3BOLUTCS Yepes
CMeuManbHbIE LAxXThl, PACMONOXEHHbIE € WwaroM o 500 m
Mo A/IMHe TOHHENS. BbIX0A, B LWaxXThl OPraHW30BaH C ABYX
YPOBHENM.

TpeTunii NpoexkT — HeAAaBHO AOCTPOEHHLIN aBTOA0POX-
HbII1 BYXYPOBHEBBIA TOHHENb B Typumn nog bocdopom.
B oTnunyme 0T NepBoro TOHHENS MOA NPONNBOM, CTPOMBLLE-
rocst METOAOM NOTPYXHbIX CEKLIA, 3TOT COOPYXacs
LMTOBBLIM METOLIOM C VCMOMIb30BAHNEM NPOXOAYECKOr0
KOMMeKca ¢ ruaponpurpy3om komnasum Herrenknecht.
[OuameTp wmta 6bin 13,6 M. m
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" MULTI-LEVEL AND
OTHER LARGE DIAMETER

TUNNELS

The back of the shield contained jacks. As
soon as the soil was processed and came
out from the cutting ring, the shield was driven
by the jacks. Tunnel lining was formed in the
back of the shield, behind the jacks.

This construction method has been
successfully tested for the first time in 1825 in
England for the construction of a tunnel under
the Thames. Although it took almost 17 years
to build the tunnel, the shield established itself
as an effective method of tunnel construction
in soft soils. From then on, this method
continuously evolved.

The wide usage of the shield tunneling
construction method prompted an intense
development of the shields themselves.

Soon, the shield became not only a tunneling
frame with a protective sheath , but an entire
complex, in which almost all operations
became automated.

Perhaps, this story began in 1818, when

Marc Brunel, a British engineer of French
origin, invented and patented a new method
of constructing tunnels in weak clay soils

with the aid of a shield — a cylindrical metal
shell resembling a barrel. On the inside, the
front of the shield was reinforced with vertical
and horizontal partitions — diaphragms for
stiffness, which also serve as soil cutters. The
horizontal partitions also served as convenient

Over time, even this complex was not enough.

There was a need to build tunnels in difficult
geological conditions, such as flooded sand—
clay soils. In these instances, the complex itself
needed to be protected from the penetration of
ground water and quicksand soil.

Furthermore, there was a need to develop
special materials and methods to minimize the
settlement of the surface due to unpredictable
deformations of the soil around the shield.
This is how shields with active pressure to
the soil, such as slurry, and earth pressure
machines have been developed. These shield
complexes became especially utilized in urban
areas, where there are stringent requirements
regarding surface settlement.

Around the same time, there was a tendency
towards increasing tunnel diameters. The
traditional " small diameter” could not
accommodate the growing dimensions of

platforms for the processing of the soil in the
upper part of the shield.

railway transportation, nor could it fit more
than two cars. If yesterday shield complexes
with a diameter of 5-6 m seemed giant, new
requirements for the size of tunnels promoted
the development of shields with a diameter

of 10 m or more. Nowadays, tunnels can
accommodate two-way traffic for any method
of transportation.

In 1994, the Trans Tokyo Bay tunnel is
built through a straight in Japan for the very
first time. The tunnel has a diameter of more
than 13 m. Kawasaki, IHI Mitsubishi and
Hitachi companies produce rare shields with a
diameter of 14.1 m for this tunnel.

As early as 1997 the German company
Herrenknecht builds a shield with a diameter of
14.2 m for a two-lane transportation tunnel in
Hamburg.

The contest for a shield with the largest
diameter continues, and in the year 2000, NFM
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Technologies (France) produces a shield with
a diameter of 14.9 m for the construction of
the first two-level He Groene Hart tunnel in
the Netherlands. Subsequently, the company
upgrades the shield for the automotive Shang
Zhong Road Subaqueous tunnel in China.

In 2006, Herrenknecht becomes the leader
yet again in the contest for the largest diameter
shield. The company builds a slurry shield
with a diameter of 15.4 m for automotive
tunnels Shanghai Changing under the river
Yangtze in China. These two-level tunnels have
a dual purpose. The upper level consists of
three lanes, 3.6 m wide, accommodating any
automotive transportation, while the lower
level, (in the central section), is designated for
the subway train.

In all fairness, it should be noted that a
two-level Serebrinij Bor tunnel was built prior
to this— in 2004. However, the tunnel was
14.2 meters in diameter and the upper level
consisted of only two full lanes. The third lane
was only 3.2 m wide and, in theory, should
only be used for service vehicles in case of
an emergency. The Lefortovo tunnel and the
tunnel under Elbe in Hamburg contain similar
sized third lanes.

The 15.4 m slurry shield produced by
Herrenknecht remained the largest shield until
2015. However, as the necessity to build much
larger tunnels arose, even this size became too
small.

In 2010, Nevskaya Concession Company
(NCC) and, later, Plateau Engineering
attempted to design the largest tunnel in
the world - with a diameter of 19.3 m. This
transportation tunnel was to be built in St.
Petersburg, under the Neva River. The tunnel
was supposed to consist of two-levels (three-
levels if communication was accounted for).
Each of the two levels was to consist of three
full lanes with a width of 3.6 m each. The lowest
(third) level was to be used for communication
and emergency evacuation - which would have
provided a pedestrian passage from one level
to another.

Planning of the largest width tunnel in
the world, known as "Orlovsky Tunnel”, had
been successfully completed in the first half
of 2010. The project had passed the state
examination and received a positive evaluation
by the international People expert company
COWI, but due to financial reasons, the tunnel
was not built.

However, the 19.3 m diameter shield was
designed and had already begun to be built.
Almost simultaneously with the Orlovsky
Tunnel, the author of this article proposed
several other conceptual applications for the
shield. In particular, it was proposed to use it
for the tunnel under the River Lena in Yakutsk,
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In 2009, | was still working in the United
Arab Emirates, in Dubai. In September, | was
asked to lead the new (second) Orlovsky
tunnel project, as a technical director of the
Neva Concession Company.

In the process of signing the contract, |
found out that the Orlovsky Tunnel has, once
before, been designed by GALS company.
The new project involved the construction of
the tunnel in roughly the same location as had
been suggested by the first design.

In accordance with the GALS project, the
tunnel under the Neva River was to be built
using a shield method. To satisfy the city's
request of building a transportation tunnel
with two full lanes in each direction, the intent
was to use a slurry shield with a diameter of
14.2m.

A shield of precisely this diameter
would allow the tunnel to hold two vehicle
lanes, that are in accordance with all |
international standards. Data suggests that
the Herrenknecht 14.2 m tunnel complex was
to be used as such a shield. This complex
had, at the time, already been used to build
the tunnel under Elbe in Hamburg, as well
as the two tunnels in Moscow: Lefortovo and
Serebryanyi Bor.

From a technical perspective, GALS
company's project had no issues, but it
received resistance from the city's residents,
as the tunneling work would have had to
take place in the area of April street, which
in addition to being a large residential
neighborhood, had an underground natural
drinking water reservoir.

In addition, two vehicle lanes in each
direction would not have met future
transportation needs of the metropolis.

The city expressed this opinion after GALS
project was assessed by Mott MacDonald.
As a result, the technical requirements of the
new project have changed. In particular, the
tunnel was to consist of three lanes in each
direction and was not to exit onto April street.

In late 2009, the city announced the
upcoming new tender. Several major
international players, including the well-
known French company Vinci were preparing
to bid for the project. Vinci sought a
partnership with a Russian company in order
to participate in the tender.

Our company, NCC, had its own views on
the project, and so we decided to partner up
with the French company, bearing in mind
that the joint tender would be both technically
and politically more powerful.
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The first meeting with Vinci, which took
place at the company's head office in Paris,
convinced the French colleagues that
NCC's preliminary technical solutions are
superior, as NCC has a better knowledge of
the urban transportation situation and the
city's geological conditions. At the following
meeting at NCC's office in St. Petersburg, the
companies decided to submit a joint tender
taking NCC's proposed design.

During that period of time, We (NCC) and
Vinci proposed to build a tunnel using an
already existing (in China) slurry shield with
a diameter of 15.4 m. At first glance, the
proposal was pretty good, but we feared the
tight deadlines for the construction of the
underwater part of the tunnel with a single
shield and, mainly, the large amount of work
required for the construction of walls in the
soil on the right and left banks.

We hypothesized that one tunnel of a larger
diameter would be more effective, and would
certainly reduce construction time. After the
initial draft, we came to the conclusion that to
comply with all the city requirements the tunnel
must have an outside diameter of 18.65 m,
requiring a shield of 19.3m for its construction.

The French announced that no one
will build a shield of such size. We
immediately turned to all the world's leading
manufacturers of shield complex systems.

To the surprise of our French colleagues, the
two most reputable companies, Herrenknecht
IHI and Mitsubishi, agreed to make such

a shield with certain warranties in place.
Moreover, Herrenknecht was even ready to
become a co-investor of the project, thus
fully guaranteeing the shield's workability.
The French, once again, began to express
concern stating that no world renown
company would be able to work on a shield
this size. They were wrong once again.

Based on Herrenknecht’s recommendations,
we consulted five world's leading tunnel
construction companies. They were all
prepared to share risks associated with the
construction of the tunnel. However, we
assessed all construction risks ourselves,
simultaneously seeking advice from the ltalian
company Geodata- one of the most world’s
most renown firms in the assessment of
tunnel construction risks. The Italians have
confirmed that the risks associated with the
construction of one large tunnel would be
even smaller than we had estimated. As such,
we decided to proceed with our proposed
solution involving the 19.3m diameter shield.
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to the island of Sakhalin , across the Bering
Strait, and finally through the Kerch Strait.

In all the proposed cases, the tunnel would
accommodate rail traffic and automotive
traffic.

For example, the lower level could easily
accommodate, in accordance with all
international standards, two railway tracks,
and the upper level could hold three lanes
for vehicular traffic. The middle lane could be
going in the opposite direction.

In addition, the usage of a similar shield for
the construction of a two-level underground
subway station was proposed. However, for
various reasons, none of these suggestions
received support, and the construction of the
shield terminated.

Until 2011, a tunnel with a diameter
of 15.4 m was the largest in the world.
However, design projects by the largest
world manufacturers of shield complexes
convincingly demonstrated the possibility of
building shields with active pressure to the
soil of a much larger diameter. Already since
2011, in Seattle (USA), the Alaskan Way tunnel,
the world's first tunnel with a diameter of 17.5
meters, is being built. An earth pressure
balance TBM, produced by Hitachi company
is being used for the tunnel construction.

The German company Herrenknecht, an
undisputed leader of the contest for building
the largest shield, is also building a shield (a
slurry shield this time) with a diameter of 17.6
m. | am convinced that in the coming years, all
these records will be beaten, and shields with a
diameter of greater than 20 m will be a reality.

The story could have been complete here.
However, there are several other projects that
could be of interest to tunnel builders.

After long discussions, in November
2013, the county government of Queensland
(Australia) has decided to build in Brisbane a
two-level transportation tunnel with a diameter
of 14.8 m and a length of about 4 km. The
top level of the tunnel would consist of two
lanes for buses, and the lower level would
accommodate two railway tracks. For that

MOA3EMHBIE FTOPU30HTbI Ne9. ionb/2016



Seattle tunnel

reason the tunnel was called “BaT” — bus and
train. The tunnel was to cost approximately $5
billion. However, the project was cancelled in
March of 2015.

Another example - The existing two-level
tunnel on the M30 ring road in Madrid. It was
built using an earth pressure balance shield
with a diameter of 15.2 m. The upper level
of the tunnel accommodates three full lanes
for any mode of transportation, including
double-decker buses, while the lower level is
reserved for communication and the passing of
special vehicles. The lower level also provides
an evacuation passage for people, in case of
emergencies.

After two successful tunnels under the
Bosphorus straight (see below), the Turkish
government has announced a new ambitious
project. This time they plan to build a three-
level tunnel with a diameter of 16.8 m under the
Bosporus straight. The tunnel will be located
at a depth of 60 to 65 m below the water
surface, and its length will be approximately 6.5
kilometers.

This project is especially interesting due
to the fact that all three levels will be used
for vehicle transportation. The upper and
lower levels will contain two lanes for vehicle
transportation, while the middle level will
provide space for a subway with two trains.

In conclusion, I would like to mention three
other well-known tunnel projects. Although
they are not among the largest, they are
interesting for their unconventional styles.

First - the Smart Tunnel in Malaysia, in Kuala
Lumpur, with a length of 9.7 km and a diameter
of 13.2 m. The tunnel is essentially three-
leveled. The two upper levels are intended for
vehicle transportation, and the lower level is
used for water drainage in rainy seasons.

The tunnel, depending on the season and
weather conditions , can be used in different
ways.

During the dry season, the lower level can be
used to perform maintenance work, as well as
for emergency pedestrian evacuation. In the
rainy season, when the city drainage system

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

Tunnel was called “BaT”

TOHHE/IN | 89

HOLDING

BASIN
STORAGE

RESERIOR 2o,
L AT
e

STORAGE

RESERVOIR
TN
| ]

STORAGE

RESERVOIR .

HOLDING
BASIN

NO STORM

HOLDING YEARLY STORM

BASIN

MAJOR STORM

SMART Tunnel

From the Memoirs

The Bosphorus project became particularly
interesting to me. At the time, | was working on
various options for the tunnel under the Kerch
straight, when | received an invitation from my
friends and colleagues to visit them and see
excavation of the Turkish tunnel. One of the
options | had developed for the Kerch straight
was a two-level two-directional tunnel with an
external diameter of 16 m. The lower level of the
tunnel would consist of a railway track, and the
upper level would have two full vehicle lanes. At
first glance, the two projects didn't have much
in common. However, both tunnels (The Turkish
tunnel had already been completed by 70%)
were expected to be placed at a depth of more
than 60 m, both would be constructed using
a similar shield method with similar geological
conditions, located almost opposite each other
in the same sea, and both were in a seismically
hazardous areas crossing fault zones. Of course,
| accepted my friends' invitation, and once on-
site, | studied all the construction characteristics
of this tunnel, which later formed the basis for my
proposals.

cannot cope with the volume of storm water,
the lower level becomes an additional drainage
tunnel.

Furthermore, in case of major floods, valves
located on the upper levels open, and the tunnel
is only utilized as a drainage system. It is for this
elegant engineering solution, that the tunnel
inherited its name “Smart”.

The second project is interesting for
its efficiency. This 10 -kilometer tunnel,
operational since 2011, is located on the speed
ring road A86 in Paris. The two-level tunnel has
a diameter of 10.4 m. Despite this relatively
small diameter, engineers have succeeded to fit
three vehicle lanes on each level.

Two of the lanes have a width of 3 m and
are designated for the passage of only light

As demonstrated by experience and the
successfully implemented tunnel projects
mentioned above, there are no unattainable
goals - there only exist a “high laziness
coefficient, a lack of savvy and endless
excuses.

transportation, with a maximum height of

2.0 m. The third lane is 2.5 m wide and is
designated for emergency stops or the
passage of service vehicles. Evacuation of
people in case of emergency is carried out
through special shafts located every 500 m or
less, throughout the tunnel length. Both levels
have access to the shafts.

The third project is a recently completed
two-level road tunnel under the Bosporus
straight in Turkey. Unlike the first tunnel
under the strait, which was built using the
method of submerged sections, this tunnel
was built with a shield tunneling method using
a earth pressure balance TBM from
Herrenknecht company. The shield diameter
was 13.6 m. m
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Today European transport
construction technologies
widely use steel fiber. In Russia
this advanced technology

is promoted by Makkaferri
international corporation.
Makkaferri has been working
in the domain of transportation
structures for more than 130
years. Gabioni Makkaferri SNG
Ltd. assisted, for instance, in
developing project solution
with steel fiber used for
reconstruction of Roki Tunnel.

MACCAFERRI

000 «TABUOHbI
MAKKA®EPPU CHI»

115088, Mockga,

yn. LapukonoawmnnHmkoBckas,
13, cTpoeHue 62

Ten./dakc: (495) 937-58-84,
775-19-93, info@maccaferri.ru
www.maccaferri.ru

CTAJIEOUBPOBETOH -
JIYHLLEE PELLEHWE MAKKA®DEPPU
)19 TOHHEJTEW

¢I/I6p06€TOH SIBNSIETCS PA3HOBMAHOCTbIO
JMCTepCHO-apMMUPOBAHHOTO Xene3obe-
TOHA W U3rOTaBAMBAETCS U3 TSKENOIO UM MEN-
KO3epPHNCTOr0 BETOHA, B KOTOPOM B KAYECTBE
apMaTypbl UCMONb3YIOTCS CTanbHble GUOPLI,
JMCNEePCHO M PAaBHOMEPHO pacnpeeneHHbIe no
ero 06bemy. dddekT coBmeLLeHUs 6eToHa
1 cTanbHo hubpbl 0b6ecneYnBaeTcs cuenne-
HWEM O UX MOBEPXHOCTM, aHKEPOBKOV GUBPLI B
GETOHeE 3a CHET ee NEPVUOANYECKOr0 MpoduNa,
KPUBM3HbI B MPOAOLHOM M NOMEPEYHOM Ha-
MPaBNEHN, a TaKKe Hann4eM aHKepoB Ha KOH-
Lax Gubpbl. Ee M3roTaBnmMBatoT 13 pasnmyHbIX
maTepuanoB; NoAMNponuieHa, 6asansTa, cTanm
1 T. A. Ho Hanbonee LUMpOKoe NpuMeHeHne
Mosy4Mna MMeHHO CTaslbHas aHkepHas ¢nopa,
B 4aCTHOCTW, BOCTPEOOBaHHAs NPy CTPOUTENb-
cTBe 064eN0K/KPeni MOA3EMHbIX COOPYXEHMIA.
Vcnonb3oBaHue CTanbHoM Gpropbl B HABPLI3T-
6EeTOHE UMEET PSS, MPENMYLLECTB, B CDABHEHWM
CO CTaHAAPTHOI apMaTypoii: NOMOraeT yBenu-
YWTb SKCMTYaTaLMOHHBIA PECYPC COOPYXEHMS,
CHM3WTb KaK TPYA03aTpaThl B NPOLECCE CTPOM-
TeNbCTBA, Tak 1 0BLLee KONNYECTBO METANIOEM-
KOCTM KOHCTPYKLMM, YMEHBLUMTb BEPOSTHOCTb
00pa30BaHus TPELLWH U VX LLIMPUHY, YBENNYUTL
YOAPHYI0 BA3KOCTb OETOHHON CMECH, MOBLICUTb
CTeneHb MexaHu3aum pabor.

B coBpemeHHoIi eBponeiickoii MpakTuke CTPOUTeIb.CTBa 00bEKTOB TPAHCMOPTHOM
UHQPPACTPYKTYPbI LUMPOKO UCMONIb3YETCSs CTanbHas ¢pubpa. TexHonorns obecneynBa-
eT ynyyLIeHne CBocTB 6ETOHA Ha PaCTSHKEHNE U [ONIrOBEYHOCTb. [epBblii TOHHE b

¢ npumeHeHneM pubpbi Bbi1 MOCTPOEH AN MeTpononnTeHa B Heanone B 1992 roay,
f1ocsie Yero ycrneLUHbIi ONbIT MOJIyYN pacnpocTpaHeHue no scemy mupy. B Poccumn
rnepenoByio TEXHOJIOr IO NPOABUTraeT MexayHapoaHas komnaxus «Makkageppu», pa-
6oraroLas B cpepe TpaHcnopTHOM uHPpacTpykTypsl 6onee 130 net. 000 «abuoHbl
Makkagpeppu CHI», Hanpumep, nomorsio pa3paboTarb NPOEKTHOE peLUeHue ¢ npumMe-
HeHneM CTanbHOW ¢pubpbI NPU PEKOHCTPYKLMMU POKCKOro TOHHE NS,

«Makkadeppu» — mexxayHapoaHas
komnaxua u3 Utanum, nmeroas 70
J04EPHNX NPeanpuITAN Ha 5 KOHTH-
HeHTax 6onee yem B 100 cTpaHax.
000 «l'abuoHbl Makkapeppyn CHI»
paboraet B Poccum u ctpaHax Cogpy-
XxectBa c 1994 roga. 3a 6onee yem
20 net ¢ NpUMeHeHneM NPOAYKUNN
KOMIaHUM NOCTPOEHO U PEKOHCTPYU-
poBaHo 6onee 10 Tbic. 00bEKTOB.
Komnanus umeert B Poccum gBa 3a-
BOAA N0 NPOU3BOACTBY MaTEPUAIOB
Y KOHCTPYKLMIA U3 CETKM 4BOMHOIO
KpY4eHusl U re0CUHTETUYECKUX Ma-
Tepunanos (B 3apavicke MockoBCKOIA
obnactn u Kyprane).

OCHOBHOW XapakTepUCTUKON B OLLEHKE 3b-
beKTVBHOCTY NPUMEHEHMS HABPbI3r-6eToHa,
MOMWUMO BOCTUXEHUS POEKTHON MPOYHOCTU
Ha 28-e CyTku, SBNSIeTCs AHamuka Habopa
MPOYHOCTY BETOHHON CMECH B NEPBbIE Yachl
MOCNEe HaHECEHWS, MOCKONbKY MIMEHHO OT 3TOr0
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33BMCMT CKOPOCTb MPOXOAYECKOrO LKA,

B eponerickom pokymenHte (EFNARC) naHHas
IMHaM1Ka 0003HAYaeTCA KPMBOM J, NoKasbiBato-
LLe, Kakue MMEHHO NapameTpbl HEOOXOAUMbI
[19 NPOEKTHOrO PELLEHNS, @ COBPEMEHHbIE
XUMU4eCkie f06aBky NOMOratoT MONYYUTb M1H0-
6ot Tpebyemblii BapuaHT.

ELLie 00HO BaXHOE NPENMYLLECTBO CMONL30-
BaHus GUBPOHaOPLI3r-6eToHa — 6onee NIoTHOE
npuneraxne 06Lenku K rpyHTY U OTCYTCTBUE
NYyCTOT, KOTOPbIE MOrYT 06PA30BLIBATLCS NPH
HabpbI3re C 1CMob30BaHNEM aPMOCETOK 1
CTaNbHbIX apOK. Takke BO3MOXHO YMEHbBLUINTL
00LLee KonM4YeCTBO BETOHA (M3-3a CHUXEHMS
TOALWMHBI 06ENKN U OTCYTCTBUS HEOBXOAMMO-
CTW CO3/aBaTb 3aLLMTHBIN COW NS 3aKPbITUS
apMOCETKY) 1 MMHUMU3NPOBATL NPOCAAKY
rPyHTa Ha MOBEPXHOCTM.

Bo mMHorvx cTpaHax Mupa HabpbI3r-6€ToHHbIE
06€eMKM LLIMPOKO NCMONb3YIOTCS MU CTPOU-
TENbCTBE TPAHCMOPTHBIX TOHHENEN, METPOMONN-
TEHOB. ONbIT NPYMEHEHNS AAHHOI TEXHONOM MM
ecTb 1 B Mockse. [Mpy CTPOMTENLCTBE MOHTAX-
HOI1 kKaMepbl MeXy CTaHUMSMI «POHBU3NH-
ckas» n «byTbipckas» JIlo6amMHCKO-MUTPOBCKON
MHUM UOPO-HabpbI3r-6eToHHas 06aenka
okasanack B cpegHeM Ha 20-25% peluesne vy-
TYHHOR, Mpu4eM B 3 pasa yBeNn4Mnach CKOPOCTb
MPOXOAKM 32 CHET BbICOKOW MEXaH13aLmm Tpyaa.

[ns vcnbiTaHns BONrOBPEMEHHBIX Harpy30K
Ha 064Ky OblNn YCTAHOBNEHBI PENEPHbIE AaT-
YMKW, BENCSH MOHUTOPWHT. Jedopmauuii, npesbl-
LwaoLLmx 5 MM, 3adUKCMPOBAHO He BbINo.

Kpome onbITHOro yyacTtka MOCKOBCKOro mMe-
TpononuTeHa, Grubpo-Habpbiar-6eTOH UCMONb-
30BasICA NPY PEKOHCTPYKLMM POKCKOrO TOHHENS.
OAO «MUHCKMETPONPOEKT» NPV MOALEPXKKE
000 «I"abuoHbl Makkadeppu CHI» paspabo-
Tano NPOEKTHBIE PELLEHNS C MPUMEHEHNEM
cranbHoin dubpsl Wirand FS4N n FS3N Bo Bpe-
MEHHO KPEenm CEPBYUCHON LITObHU. TONLWMHA
¢nBpo-HabpbI3r-6eToHa BapbipoBanack o1 110
10 160 mm.

CTpouTensMm 1 NPOeKTUPOBLLMKaMM BbI0
OTMEYEHO, 4TO CYLLECTBEHHO YBENNYMNBAETCS
CKOPOCTb MPOM3BOACTBA PABOT — apMUPOBaHIe
$ubpoii 3aH1mano 12 yacos, a CTaNbHO CETKON
— 36 yacoB. Takxe noBblLalTCs y06CTBO
1 6e30NaCHOCTb BEAiEHWs paboT, MOCKObKY
COBMELLAIOTCS ABA MPOLECcCa — HabpbIar-
GETOHMPOBAHME 1 YCTAHOBKA CETOK.

Mony4eHHbIA OMbIT FOBOPUT 0 BONLLION
NePCNEKTUBHOCTM TEXHUYECKOrO PELLEHIS NPK
CTPOUTENLCTBE TOHHENEN B Pa3HbIX FOPHO-
re0norMyeCcKMX YyCnOBUAX.

CranbHas ¢rbpa MOXET yMeHbLLUTL 06beM
TPAAMLMOHHOrO apMMPOBAHIS AW NOAHOCTHIO
3aMeHUTb ero, B 3aBMCUMOCTM OT Chepbl Npu-
MEHEHNS.

Tonbko cTanedrbpoOETOH MOXET NpuMe-
HATBCA:
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O6vem Matepuanos Ha coopyxeHue 1 nor. m POKCKOro asToA0pOXHOro TOHHENS

HaumeHoBaHue matepuana

ApmarypHas ctab, Kr
CranbHas ¢v6pa, kr

BeroH B30, M® (n0TOK/CTeHb, CBOT)

ToHHeNb, apMUPOBaHHbIi apMaTypHbIMK CTEPXHAMK

1042,7

4,6/14,46

ToHHenNb, apMUPOBaHHbIit pKOPOit

Wirand FF3 (go3. 30 kr/m°)
325,13
343,8

4,6/14,46

B Ha NIOLWAANAX C HU3KUM N3r1BaIoLLMM
MOMEHTOM;

B [/ 3NEMEHTOB, NOABEPralOLLMXCS CXaTNIO
B MOBLILLIEHHO CTEMEHN;

B KaK 3aMeHa MUHUMaNbHOTO apPMUPOBAHUS;

B KaK 3aMeHa apMUPOBAHMS, KOHTPOAMPYIO-
LLero nonepeyHble CUnbl U yAapHbIe Harpyaku.

MoMUMO NCMONBL30BaHWS BMECTO apMaTypbl,
¢dunbpa B PO npumeHsieTcs Ans npenoTepa-
LLieHNS TPELLMHOOBPA30BAHNS 1 YMEHbLLEHNS
0TOPaKOBKY MaTepuana npy TPAHCMOPTUPOBKE.

Tak, No NpesoCTaBEHHbIM KOMMAHWEN
«Makkadeppu» pacyetam, COBMECTHO C TOH-
HenbHbIM 0TPSA0M Ne12 BamMTOHHENbCTPOS

Oblna NPOV3BEAEHA OMbITHAS NAPTMS KOEL, LSt
Baiikanbckoro ToHHens. B pesynbtate otpabo-
TaHa TEXHOMOr s BBEAEHNS GUOPLI B 6ETOHHYIO
CMECh 1 CAenaHa KoppekTMpoBka cocTasa. Ta-
Kvie cerMeHTbl 061eMKu NPOLEMOHCTPHPOBANN
6onee BbICOKYHO TPELLWMHOCTONKOCTD (N0f, BO3-
nencterem omkpatos TINMK) 1 BO3MOXHOCTb
1CNO/b30BATb MEHEE METANIOEMKYIO BEPCUIO
CTaHAapTHOrO apMMPOBAHKS.

B HekoTOpbIX NPOeKTax Mcnonab30BaHne
CTaNbHOMN aHKePHO! GMOPLI NOMOrano
CHU3UTb CMETHYIO CTOMMOCTb Ha 15-20%, B
3aBWCKMOCTU OT NEPBOHAYANBHOIO TUNA
apMMpOBaHKS. |
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B./. AHULLEHKO,
NCMONHNTENbHBIA ANPEKTOP
000 «CneumopmynbnpoekT»,
pykosoamtens komuteta MAC M'HB
no fobeive TPU3H

The article discloses

major problems of grout
engineering for segmental
lining tunnels. It also offers
insight into the results of
testing original engineering
solutions in terms of
applying polymers for
enhancing rheological and
thixotropic properties of
grouts.

TAMIMOHAXXHbIE
PACTBOPDI

B CTPOUTESIbCTBE TOHHENEN
C CETMEHTHOWM OBAEJIKOW

Mpum nogroToBke K CTPONTENLCTBY TOHHENS MNOAPSAYUKN M MPOEKTUPOBLLMUKN
006513aHbl y4NTBIBATb MHOTO (PaKTOPOB: BbIGOP TEXHOIOrMM NMPOXOAKM M TUNa
TOHHEeJIeNPOX0A4ECKOro KOMeKca Ha OCHOBE rMAPOreosI0ornYecKmx ycaoBuii

M 0COBEeHHOCTeli TPacchbl, BbIGOP ONTUMAsIbHBIX PEXUMOB NPOXOAKM 1 ee CKOPo-
CTu, BbIOOP TEXHOJIOrUM CTPOUTENILCTBA KOT/IOBAHOB U UX Pa3Mep, JIOTUCTHKY [0~
CTaBKu MaTepnasioB v BbIBO3a IPYHTA, KBannpuKaLmio nepcoHana, Tpe6oBaHus
no 6e30MacHOCTU U MHOroe Apyroe. Ynyujexue xots 6bl 04HOIo U3 3Tux ¢ak-
TOPOB Hen36eXHO NPUBEAET K NPOCTOSM U/N aBapuiiHbIM cuTyaunsam. OgHaKo
YacTo OCTaBASIOT «Ha NOTOM» OBMH BaXXHbII BONPOC — O TUIeE 1 CBOIMCTBAX pac-
TBOPOB A4/151 3aM0IHeHNs NPOCTPAHCTBa MexXay 064enKoii u rpyHToM. PacTeop,
NPUrOTOB/IEHHbII «Ha CKOPYIO PYKY», MOXET UMETb HeraTUBHbIe CBOWCTBA MU
GyAeT C/MLIKOM JOPOryM n3-3a NMPUMEHEHUS UMITOPTHbIX rOTOBbIX cMeced. Mpn
3TOM CKOPOCTb NPOXOAKM TOHHES CYLECTBEHHO 3aBUCUT OT KaYeCTBa M COCTaBa
TaMMOHAXHbIX PaCTBOPOB.
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CTPOUTE/IbHBIA NMPAKTUKYM

HeucnpaBHocm n asameHue CutTyauuu B pe3ynbtate oLMOOK C MOAroToBKOM TAMMOHAXHOI0 pacteopa

T T S R S

KpynHas dpakums (6onee 0,7 Mm) B co-
CTaBe PacTBOPa: rasbka BMECTO Necka
VNN Hanune HeBONbLLMX KaMHel

BbICOKMi1 KO3DOULIMEHT BOAOOTAAYM
(KPF) (KPF Gonee 200 - 10-3 (min)-2)

BLICTPOE BpeMsi CXBaTbIBAHUS pacTBOPa
(kak npaBuno, MeHee 6 4acoB)

Peonorunyeckune CBOVCTBA pacTBopa
(cTaTn4eckoe 1 aMHaMN4ecKoe Ha-
NPSXeHUe capura) He obecneynBaT
€0 A0CTaTO4HYIO NOABUXHOCTL (06
N3MEPEHUN 3TUX CBOWCTB CM. HIIXE)

HepaBHOMepHOEe nepemelLnBaHme

BLIXOZL 13 CTPOSi MAHXET U r1flb3 HACOCOB. AGPA3NBHbIN 3HOC
000pya0BaHws. BbIXOA 13 CTPOSi PE3NHOBLIX MY(T. Bbixoz, 3 CTPOS
PE3VHOBbIX YACTEl HAaCOCOB. BNOKMPOBKA KaHanoB

Hacochbl nog faBneHreM BblAaBAMBAIOT BOAY U3 PACTBOPA, BOAA
YXOMWT U B KaHasiax 0CTaeTCs cyxasi CMECh. [laBNeHNst HarHeTaHust
3HAYMTENBHO BhILLE, YeM [IaBNIEHUE FPYHTOBbIX BOA, CBOGOAHAS BOAA
MO/ BLICOKVM [ABIEHNEM MOMaLAET BHYTPb LLMTA HYEPES LUETOYHbIE
YNNOTHEHNS. B peaynbTate HEBO3MOXHO 06pa30BaHMe KaYeCTBEHHO-
rO LLEMEHTHOTO KaMHS]

3acTbiBaHMe PacTBOPa Ha PassiNyHbIX aTarnax ero 4OCTaBKM B KOJlb-
LieBOe MPOCTPAHCTBO BNIEYeT 3a CO00I GOKMPOBKY KaHAOB U BbIXOL,
113 CTPOSI HACOCOB. «[l0NBUTL» BHYTPEHHWE NONOCTM HACOCOB He pe-
KomeHayeTcs. [pocTov B 3TOM Ciyyae HenaGexHsl, a CPOK CyxXObl
HACOCOB 3HA4UTESBHO CHIXAETCS

Mpu nepekayke pacTBOPa HE XBaTaeT MOLLHOCTY HACOCOB, HACOCHI
OTKJIOYAIOTCS MO TOKY, CPabaThiBalOT NpeaoxpaHnTeNy. MoBbILEeH-
Hble U3HOC 060PYA0BaHNS 1 aHepronoTpebaeHue. MoBbILLEHHOE AaB-
NIEHME HarHeTaHus, Ype3MepHoe AaBNEHME Ha KOJbLIO, «CKNafblBa-
HWe» KonbLa. Yrposa rubenum nepcoHana

OTCYTCTBME LENOCTHOCTY LIEMEHTHOMO KaMHSl, HapyLLIEHNE TMApO-

3amMeHa YacTeii HacocoB, NPOMbIBKa HACOCOB U Ka-
Hanos. MpocensaTb pacTBOP Yepes CUTO, UCMONBL30-
BaTb V3MENbYEHHbIN NECOK

[pombITb HACOCHI 1 KaHaNbl OT CyXon dpakumw. Uc-
Mo/b30BaTh CreLyanbHble 400aBKY AN CHAXEHNS
BOA00TAA4M NMPpY NOArOTOBKE pacTeopa. Cnepyer
MOHUMAT, YTO 6€3 NPKUcaLoK Yem 60oNbLLE rpaHy-
JIOMETPUYECKMI COCTaB KOMMOHEHTOB, TEM NETye
«BbK/MATbL» BOAY M3 PacTBOPA

[peaycMOTpETh Hannyme 3anacHbIX KaHanoB s
3aKa4ku pacTBopa B COCTaBe KoMmJiekca.
Mcnonb3oBaTb MUHEPANbHBIE N OPraHnyeckue
3ameninTenn cxeaTblBaHnA

/cnonb30BaTh OPraHMyeckue 1 MHepanbHbIe
nnacTuduKaTopbl, KOHTPONMPOBATb AABEHNE HA-
THETaHWS UCX0AS M3 PACHETHOM MPOYHOCTM KOMbLA

Vicnonb3osatb ahdeKTUBHbIE BHICOKONPOU3BO-

KOMMOHEHTOB 1M301aUMn TOHHeNs

Cnnwkom AnnTensHoe BPEMS CXBaThl- HepaBHOMepHOE pacnpefeneHne TaMnoHaXHOro pacTsopa B TOHHE-
e, CMELLEHIE 0C1 TOHHENS BBEPX (MPW BCM/bITUM CTaBa) Ui BHU3

BaHusi (6onee 14 yacos)

H806XO,D,VIMOCTb MPVYMEHEHNS TaMMOHAXHbIX PACTBOPOB
NpU CTPOUTENLCTBE TOHHENEN C BHICOKOTOYHON CErMEHT-
Hoi1 064enKoi 0BYCOBEHA CREAYIOLYMM NPUYMHAMM:

1) paBHOMEPHOE pacnpefeneHne rpyHToBO 1 rngpocTa-
TWUYECKOI Harpy3Kn Ha KONbLIO;

2) NpenoTBpALLEHME NPOCALOK 3EMHOI MOBEPXHOCTY;

3) coxpaHeHue nNpaBubHON GOPMbI U CTABUNBHOCTU
TOHHENS;

4) rnopon3onaums TOHHENS;

5) NpepoTBpaLLEHME BhILLENaYMBaHUS BHELLHMX CI0EB
GeTOHa M NPOAEHNE CPOKA CYXObl TOHHENS.

Mpu pa3paboTke NPOEKTOB LIEMEHTALWN JOMKHbI ObiTh
3yYeHbl YCNOBMS 3aNeraHns rOpHbIX MOPOL, UX TEKTO-
HVKa, NeTPOrpaduYecKnii  MMHEPanorM4ecknin CocTas,
MonHas XapakTepPUCTMKA TPELLMHOBATOCTM W 3aNONHATENS
TpeLmH. CnepyeT yunTbiBaTb HANNYME TEKTOHMYECKMX Ha-
PYyLLUEHWIt B BUE COPOCOB, CABUMOB, CKNaAOK W T. M., NOYTK
BCErAa 3aTPYAHSIOLLYX 1 YCAOXHSIOLLMX MPOM3BOACTBO
LleMEHTaLMOHHbIX paboT. Mpu CTPONUTENLCTBE TOHHENEN C
CermeHTHoi 06enKO NPK NOMOLLW TOHHENENPOXOAYECKMX
MEXaH13MPOBAHHBIX KOMMIEKCOB CNEAYET y4UThIBATb HE
TO/bKO HEOOXOAMMbIE CBOICTBA LIEMEHTHOIO KaMHS! Tamro-
HaXHOr0 PacTBOPa, HO W €ro MOLABMXHOCTb Ha MPOTSXXEHUM
[0CTATO4HOr0 BPEMeEHM. DTO CBA3aHO C TEM, YTO PacTBOP
3aKauMBaeTCs 3a 10Ky LETOYHbIX ynnoTHeHWA TIIMK 1
NEPEKaYMBAETCS U3 BAarOHETKM B EMKOCTb [/ XPAHEHMS N0
CreuyanbHbIM KaHanam npm NoOMOLLM CUCTEMbI HACOCOB.
Kaxablil 13 HUX UMEET OrPaHNYEHNS MO MAOTHOCTM, PEONO-
rMyeckum napameTpam. MopLHEBbIE MW KONBLEBLIE HACO-
Cbl He CMPABATCS C NePeKkaynBaHNEM 3aCThIBLIETO LEEMEHT-
HOrO KaMH$! MAK rabku, rpasms. [laxe HeOOMbLIOW KaMeHb,
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auTeNibHble MUKCEPbI Ha BCEX 3Tanax NoAroToBkn
pacTeopa

KoHTponb konuyecTsa 3ameanntens. OCTOpoXHOCTb
npu pabote ¢ consiMu. NMpuMeHeHNe OPraHNYECKMX
3amennnTenen

nonasLUWiA B CUCTEMY, MOXET CTaTb I'Ipl/l'-II/IHOVI BbIXO4a ee 13
CTPOS! WA, KaK MUHIMYM, OCTAHOBKY NPOXOKY Ha HECKONBKO
yacos. Hanbonee 4acTo BCTpeyaeMble NPoBGeMbl, CBS3aHHbIE
C TaMMOHaXHbIM PAaCTBOPOM, MPUBEAEHbI B TabN. 1.

PaboTa Hap, nporpamMmMoii no LIEMEHTaLIMM CTaBa TOHHENS,
KaK npaswuno, NpoMCX0AuUT B TpW 3Tana:

m paspaboTka cocTaBa v peLenTypbl B 1abopaTopHbIX
yYCNoBwsX, N0A00P KOMMOHEHTOB 11 O4ePERHOCTY UX
CMeELLINBaHUS;

W POBEpKa OMbITHON NapTUX B YCOBUSAX PEANIbHON
MPOXOLKM; onpeaeneHve npobnem, LopaboTka peLenTypbl
noa ycnosug CTpOVITGﬂbHOI7I NNOLL3AKM U NPOMBbILLIEHHOTO
MPOW3BOACTBA;

| | I'IpOMbILlJJ'IeHHbIVI npotecc noaroToBkun pacTeopa:
KOHTPOJ1b OCHOBHbIX MapamMeTpOB.

KoHTponb kauecTBa

Mpw NPOeKTUPOBaHMI TAMMOHAXHOr0 pacTBopa HeobXo-
[JVMO NOHMMATb, KaK1e CBOICTBA XMAKOCTW HEOBXOAMMbI B
TOM VNIV IHOM CJTyyae. VX npropuTeTHOCTb pasnnyHa B pas-
JINYHBIX YCNIOBMSIX MPOXOLKM U MPY PA3AINYHBIX TEXHOAOTUSX,
HO OCHOBHbIE NapamMeTphbl ykasaHbl B Tab. 2.

Peonorusa TaMnoHaxHOro pacTeopa xapakTepuayeTcs
CTPYKTYPHO (MM KaXyLLEICs) BA3KOCTbIO, KOre31OHHO
MPOYHOCTBIO M BHYTPEHHUM TpeHueM. Ha puc. 1 npeacTas-
NeHbl rpaduku, XapakTepU3yIoLLMe NOBEAEHNE HBIOTOHOB-
CKOW XMAKOCTY 1 B3BECW BrHrama (KonnougHelin pacteop, B
KOTOPOM YaCTHLIbl HAXOASATCS BO B3BELUIEHHOM COCTOSIHWW).
YpaBHEHUs COCTOSHUS BbiBeeHbl 6€3 y4eTa BHYTPEHHENO
TpeHms. Ha puc. 2 nokasaHbl MPOLECCHI, NPOUCXOASLLMNE B

o3
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BopoHka Mapwia CTpyKTypHas BA3KOCTb

MNeHeTpomeTp unm npubop BeiiHa

L7151 ONPEeLeNneHns yCunus cagura 06pa3oBaHus rens

lMpecc-dunbtp AP

CrexnaHHas konba 250 mn BomoneneHue

Becbl nnn apeometp, ans usmepe-
HWS MOTHOCTW PacTBOPa

[noTHOCTb

/irna Buka

KoreanoHHasi npO4HOCTb M BpEMS!

KoadbduumneHt dunbtpaumm (Bogootaaun) K 5

Hayano v koHeL, CXBaTbIBaHUS

BopoHka MapLua onvcana B pekomeHpaumsx APl Recommended Practice 13B-1.
VcnbiTaHUs NPOU3BOAATCA CeayioLLMM 06pa30oM: BOPOHKA HAMOMHSETCS PacTBO-
poM B 06beme 1 /1. PacTBop BbITEKAET U3 OTBEPCTUS BHU3Y KOHYCA 33 ONpeneneH-
HOe Bpemsi. 3aMepsieMoe BPEMS 3anMChIBAETCS

MamepsieTcs Bpems Havana obpasoBanus rens npu 100 Ma n okoHYaHKs npu
1000 Ma n MoMeHT (npo4HocTb cagura) oT 1 06/cek ¢ mHTepaanom 30 cek.

KoaddunumeHT namepsetcs cneayiomm 06pa3oM: B GUALTP yCTaHaBAMBAOTCS
GymaxHble anemeHTsl, 400 Mn pacTBOpa 3aA1BaeTCs B NONOCTL GUILTPA, NPY NO-
MoLLm BannoHymka B dunbTp nogaetcs fasnexue 0,7 MMa. TecT npoBoasT 2o Tex
rnop, Noka Bofa He BblineT 13 o6pasua (06614H0 30 MUH). 3HaueHNe Ko3PdULK-
€HTa BbIYMCNFIOT N0 GOpMyrIE:

_ 0Gbem ¢unbtpara x1
obbem obpasua X (BPEMS B MUHYTax)

pf 1/2

06paseL, HaNMBaeTCs B CTEKNSHHYIO KOBY C MepHOi Lkanoi 250 M 1 ocTas-
NISieTCS Ha AABa Yaca B COCTOSIHMM MOKOSI. 3aTeM NPOU3BOAMTCS U3MEPEHVE
KONM4YECTBA BOLbI, KOTOPAs BbIAENMAACH Ha NOBEPXHOCTY. BHiMaHue! Konba
[Ll0J1XHa BbITb Cyxas.

lnotHocTb M3MepsaeTCa npy NOMOLLX BECOB. Becbl BbicTaBnsioTcs Ha «0», 06-
paseL HannBaeTca B KOJ16y. 3Has 06beM XUAKOCTY 11 €€ BEC, MOXHO BbIYMCIIUTL
NNOTHOCTb

Mrna Buka yctaHaBnMBaeTCs y NoBEPXHOCTU obpasLia n oTnyckaeTcs. Hayano
CXBaTbIBaHWS ONPEAENSETCS B MOMEHT, KOTAA MUria MOXET MPOHUKHYTbL B PACTBOP
TONBKO Ha 25 MM. OKOHYaHWe CXBaTbIBaHWS OMPEAENseTcs MOMEHTOM, Koraa
Urna He MOXET MPOHNKHYTL B 06paseL,

MPOYHOCTB PaBHA HYJIO, & NNACTUYECKas 1 CTPYKTYPHas
BA3KOCTU UMEIOT OLIHO 3Ha4eHMe, KOTOPOe OMNUCHIBAETCS
KaK fMHamuyeckas BS3KOCTb (1).

KoresunoHHas npo4YHOCTb NOKa3bIBAET, HACKO/bKO
rny60oKo PacTBOP NPOHUKHET B OTBEPCTHE ONPESENEHHOr0
panwmyca nof onpefeneqHsIM AasneHnem. B 10 Bpems Kak
BA3KOCTb ONPEAENSEeT NPOU3BOANTENBLHOCTb NOTOKA NOA,
onpefeneHHbIM AasneHrnem. NosTomy Hu3kas BA3KOCTb
obecneynBaeT ONTUMaNbLHOE MPOHUKHOBEHE PACTBOPA B
TPYHT C MaNEHbKMMI Mopamu (KPYMHbI Necok, Hanpumep)
VNN CKabHbIA TPYHT C ManbIMK1 TPELLMHAMU.

CkopocTb cagura BelumcasieTcs no Gopmyne:

7= (V- V) /dx [c7],

! dv
dx
T
=P dv
dle\ I = T I7:»
T Z 1%
4=
T,

pacTBope (C y4ETOM BHYTPEHHENO TPEHUS 1 COMPOTUBNEHNS
CLLBMIY, MEHSIOLLETOCS B 3aBUCUMOCTM OT JABNEHNS KMAKO-
cTn). HecTabunbHbIin pacTBop BefeT cebs Henpenckasye-
MO, paboTas To kak HbIOTOHOBCKAs XUAKOCTb, TO Kak B3BECh
BrHrama ¢ BHyTpEHHUM TpeHneM. PacTBop CO 3HAUUTENb-
HbIM BHYTPEHHUM TPEHWEM CNOXHO NPOKaYMBaTh No Tpybam
11 LOCTaBASATb B KOMbLIEBOE NPOCTPAHCTBO.

KoreanoHHas npoYHOCT (C) (CM. puc. 1) COOTBETCTBYET
MPOYHOCTM CABUra. Yem HXE KOre3noHHast MPOYHOCTb,
Tem GNxe NiacTUieckas BA3KOCTb (1) K CTPYKTYPHOM
(n’). B cnyyae ¢ HbtoTOHOBCKOM XMAKOCTbIO KOre31oHHas

Puc. 1. Peanoruyeckue
XapaKTepucTUKM:

a — noBefieHne HbioTo-
HOBCKOM xuakocty (1) n
pactopa buxrama (2);

6 — cxema npoweccoB

1 — BMHAMUYeCKas BSI3-
KOCTb; 1), — NIaCTHYeCKan
BSI3KOCTb; 1) — CTPYKTYpHast
BA3KOCTb

rae V, — CKopoCTb HUXHero cos [m/c]; V, — ckopocTb
BEPXHEr0 Cnost [M/C]; X — paccTosHWE MEXTY CNOsiMU [M].
[nsi kpmeoii Ne1 cnpaseannBo cnepyioLlee:

t=ndV/dx.
YpaBHeHue ans kpuoii Ne2 nmeeT Bua:
1=¢+n,dV/dx=7n"dV/dx,

rAg: 1 — OMHAMUYECKas BA3KOCTb;1, — MnacTuyeckas
BAI3KOCTb; | — CTPYKTYPHas BA3KOCTb; C — KOre3UOHHas
MPOYHOCTb, MAW NPOYHOCTL CABUIA.

Peonoruyeckne CBOICTBa B3BECH C YHETOM BHYTPEHHErO
TPEHUS (CM. pUC. 2) ONPELENSIOTCH YPABHEHNEM:

1=c+n,dV/dx+ptge,

rAe: p — LaBeHue; tg ¢ — TaHreHC yrna BHYTPEHHero
TPeHWs pacTeopa.
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Puc. 2. CBOIiCTBa B3BECH C Y4ETOM BHYTPEHHETO TPeHMs

/3yyas peonornyeckue CBONCTBA pacTBOpa, CNeayeT no-
HIMaTb, Y4TO BbICOKAst KOre3MOHHas MPOYHOCTb He SIBNSETCS
€ro HeoCTaTKOM, TaK Kak nepen HAM He CTaBUTCA 3adada
MPOHMKATbL KaK MOXHO rNyBXe B rPyHT.

Mpu BLIOOPE TUKCOTPOMHLIX CBOMCTB pacTBOpa cneayeT
CTPEMUTLCS K TOMY, 4TOObI MPY NEPEKaYMBaHIM OH CTaHO-
BWNCA MEHee BA3KUM N Tepsal HacTb cBOeMn NPOYHOCTH, a
NPy OCTAHOBKE B KOJbLIEBOM MPOCTPAHCTBE, HA0OOPOT, Ha-
61pan MakcMManbHyio NPOYHOCTb. ITOrO MOXHO A0OUTLCS
Mpuv NOMOLLM apMUPOBaHMA LenoykamMmn AJIMHHbIX NOMMep-
HbIX MONEKYI.

MonumepHoe apMupoBaHue

Cneunanmnctel 000 «CneumomynbnpoekT» NPON3Benn
apPMUPOBAHUE LLEMEHTHBIX M M3BECTKOBbIX TAMMOHAXHBIX
pacTBOPOB B 1abOPaToOpHbIX YCNOBWSX. NepBble akcne-
PUMEHTHI BbIAM HeyAa4YHbIMK, TaK Kak NPy 3aTBOPEHUM
NOAVMEPOB B NONHOM 06beME BOAbI BO3HUKANMN COXHOCTU
C NepeMELLMBAHNEM B MUKCEPE, HO MOCAE U3MEHEHNS NO-
psgka po6aBneHNs KOMNOHEHTOB (OTAENBHO B BOAE 3aTBO-
PSMCb KOMMOHEHTLI PACTBOPA M OTAENLHO, B HEGOMBLLIOM
0ObeMe BoAbl B BIALE KOHLEHTPATa, — NOAUMEPbI) TUKCO-
TPOMHbIE CBOMCTBA PACcTBOPA PE3KO YNyHLIMANCH. [py 3TOM
6onee yem B 10 pa3 cHM3UNCS KOAGOULMEHT BOAOOTAAYM,
BoAoLeneHns daktniecku He 6e110. CnegyeT NoOHMMATD,
YTO B C/y4ae C NOMMEPHBIM apMUPOBAHNEM PACcTBOPA
NPVYMEHEHME CONEBbIX 3aMeLMTeNel Henpuemnemo. Bme-
CTO MVUHepasbHbIX 3aMeLUTENEN CNeLNaniCTbl KOMNaHUM
CNOMb30BANM OPraHNYECKME NOUMEPHBIE 3aMeNTe-
11, 4TO B NEPCNEKTMBE LAET 3HAYUTENbHYIO GUHAHCOBYIO
3KOHOMUIO. B pesynbrate nabopaTopHbIX SKCNEPUMEHTOB
yAanoch f06UTLCS NONOXUTENBHOMO Pe3yabTaTa ¢ npume-
HEHMEM HOBBIX NONMMEPHBIX LOOABOK.

Mpw NPOBELEHNMN UCTbITAaHUI COBEPLLEHHO HEOXMAAH-
HbIM 0Bpa30M Mbl 0BGHAPYXMAM NOBOYHBIA 3DOEKT B3an-
MOLEVCTBIS NONMMEPHbIX KOMMOHEHTOB: MPW OTCYTCTBUM
TypByneHTHOCTK (6e3 NnepeMellnBaHNs) GuabTPaLMS
BOAb! B PACTBOP 3aMELNIACh. ITO MOXET NONOXMTENBHO
CKa3aTbCs Ha Ka4eCTBE LLEMEHTHOrO KaMHS PW NPOXOAKE B
CWJIbHO 0BBOLHEHHBIX FE0A0TNHECKMX YCTIOBMSIX.

ApM1pOoBaHe HEOBXOAMMO HE TONBKO NS LOCTUXKEHUS
HEe0BXOLMMbIX TUKCOTPOMHbIX CBOMCTB, HO U AN Noaaep-
XaHwus B3secu. pu Hanmumm necka B paCTBOPE BaXHO He
ponycTuTb 06pa30BaHmMs 0cajka B TpyOax 1 Hacocax TOH-
HeNenpOXOAYECKOro KOMMNEKCa B MOMEHTLI OCTAHOBOK Npu
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CTPOUTE/NIbHBIA NMPAKTUKYM

MOHTaxe KofbLa. ECnn Ha MOHTaX OfIHOTO KOfbLia OyaeT
yxoamTb 3-4 yaca, a Bpemsl 3aCTbiBaHWS pacTeopa bynet
COCTaBNSATh 6 4ACOB, NPV KPYrNOCYTOYHOW MPOXOAKE MOXHO
OyneT He TpaTUTb BPEMS Ha MPOMBIBKY HACOCOB W KaHaNoB.
Mpw OTCYTCTBMM OCALKA OHM OYMCTSTCS CNEOYIOLLMMU NOP-
LMsSIMK pacTBopa.

Ha ctaguv nabopaTtopHbIX UCTbITaHK 06Pa3LI0B BAXHO
He 3a6blBaTb 0 HEOBXOAVMMOI MPOYHOCTM LIEMEHTHOTO
kamHs1. NTPOYHOCTb Ha CXaTne PacCYMTLIBAETCS NCXOAS U3
YC/IOBWIA B TOHHENE ([aBNEHNS BOAbI U FPYHTa, peakLmm
CTEHOK KOJlbLia 1 1x Beca). JlabopaTopHble UCMbITaHUs 3a-
CTbIBLUMX 00Pa3L0B Ha NPEAMET NPOYHOCTW HA OHOOCHOE
cxatne — 00s3aTeNbHas 4acTb NPOrpamMMmbl.

Mpw Npoxoake ¢ NPUMEHEHNEM LIEMEHTHbIX TaMMOHAX-
HbIX PACTBOPOB CNeAyeT NOHNMATb, YTO OCHOBHOM YaCTbl0
pacTeopa B KOMMYECTBEHHOM OTHOLLEHWW SBNSIETCS HE CaM
LIEMEHT, @ MUHEPANbHBIA CBA3YIOLLUI HANONHWTENb
(B KayecTBe AAHHOTO KOMMOHEHTA YACTO NCMONb3YETCS
30M1a-yHOC UK Lwnakosas Myka). Konnyectso necka B
JAHHOM CTy4ae MOXHO 3HA4YUTENbHO CHU3WTb, Y4TO MO-
NIOXMTENBHO NOBANSIET HA PEOOrMYECKMEe CBOICTBA U HE
CHU3MT NPOYHOCTb KAMHSI.

Mpu co3naHMM PacTBOPA KaxX/blii KOMNOHEHT cnepyet
nofbupathb ¢ 0COBON TLWATENLHOCTLIO, C Y4ETOM NpPO-
€KTHbIX 0COBEHHOCTEN, KOHCTPYKTUBHBIX 0COBEHHOCTEN
TNMK (6bIBAOT OAHOKOMMOHEHTHBIE 1 ABYXKOMMOHEHTHbIE
CUCTEMbI 3aKa4k1 PacTBOPA, Pa3NnyHbIE TUMbl HACOCOB,
CMecUTeNbHbIX 6aKOB W T. [i.), CONEHOCTU IPYHTOBbIX BOL,
MUHEPabHbIX COCTABNSIOWMX FPYHTA, 31EKTPONPOBOAHO-
CTV FPYHTOBbIX BOA,

LlemeHTbl n f06aBKN

B MMPOBOI1 NPakTWKe TOHHENECTPOEHUS ANs CO3[AHNS
TaMMOHaXHbIX PACTBOPOB NPUMEHSIETCS HECKOMbKO BII0B
LiemeHTa. Peyb naer o ToM, YTO CTb LIEMEHTHBIE COCTaBHI,
KOTOPbIE UMEIOT PA3NINYHBIA FPaHYNOMETPUYECKMIA CO-
CTaB, Pa3/MyHbIE XMMUYECKIE NPUCALKM ANS NOBbILLEHUS
YCTOMYMBOCTY K TOM AW MHOW CPELE UK PAa3HON CKOPOCTM
Habopa NPO4YHOCTM Nocne KpucTanamsawmuu. Beibop Tuna
LIEeMEHTa 1 BOLHO-LIEMEHTHOIO OTHOLLIEHUS ABNIETCSH OCHO-
BOW 4151 ONPefeneHns NPOLEHTHOr0 COCTasa NPoHMX KOM-
MOHEHTOB. PacTBOP C NOBLILLEHHOW NOABUXHOCTLIO LOMKEH
BK/I04aTb B 051 LOCTATOYHO MESKIX 4acTuL, YTOObI
COXPaHsaTb CBOCTBA rens, CTabunbHOCTb N, AAaBNEHNEM
1 MPK 3TOM HabumpaTb HYXHYIO MPOYHOCTb 3a HEOBXOAUMbIN
MPOMEXYTOK BpeMeHU. icnonb3oBaHne BOAHO-LEMEHTHOMO
OTHOLEHNs Gonee 1,5 K BECY MPUBOAMT K NOTEPE CTabub-
HOCTM, MOBBILLEHHOW BOAOOTAAYE 1 BOLOOTAENEHNIO.
Wcnonb3osanwe oTHowweHKs 0,45 — TOXe NOX0e peLleHme,
MOCKO/bKY BO3HWKAET NOBBILLIEHHbI M3HOC 0BOPYA0BaHUS 1
NOSIBASIOTCS OrPaHYEHUs No TMNam MUKCEPOB.

MopTnaHaLeMeHT Haubonee 4acTo UCNONb3YETCS Npu
MPUrOTOBNIEHN BBICOKOMOABVXHbIX TAMMOHAXHbIX PACTBO-
pos. B CLLA v EBpone oH knaccuduumpyeTcs CneaytoLmm
o6pasom:

Tun 1. Yawe BCero Mcnonb3yeTcst IPUMEHUTENBHO K
TaMMNOHaXHbLIM PACTBOPAM NpY OTCYTCTBUW CNELMPUYECKIX
TpebOoBaHMM 1 CrieLnanbHbIX TEXHUYECKIX OrPaHUYeHNiA.

Tur 2. BeinyckaeTes aas ConpoTUBAEHUS CynbdaTHbIM
COCTaBNSIOLLYIM FPYHTa 1 BOAbI, & TAKKE MPU NPEAbSBIEHNN
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cneumanbHbIX TpeBoBaHUiA K MakCUMasbHON TemnepaType
3K30TEPMMUYECKOI peakLyu NPy KpUCTaNNN3aLN LEMeHTa.

Tun 3. cnonb3yeTcs B cnyyae, ecivn Heobxoammo Obl-
CTPOE AOCTUXEHME BbICOKMX MPOYHOCTHBLIX CBOWCTB. YacTo
NPUMEHSIETCS B ABYXKOMMOHEHTHbIX pacTBopax. OH COCTOMT
13 6onee MenKMX YaCTHL, 1 MOXET NCNONb30BaTLCS, C/N
nepem UHXEHEPOM CTOMT 3a[1a4a CO3AaTb CMECh, KOTOpas
OyAEeT NPOHMKATb B MAKPOTPELLMHBI.

Tun 4. BelnensieT ewe MeHbLUE TeNa, Yem T1n 2 npu
3aCThIBaHUM 11 HAOMPAET NPOYHOCTb MeaeHHee, Yem Tun 1.
Mcnonb3yeTcs B Tex cnyyasx, korna Heo6xoamMmo nepe-
MeLLaTh BONbLUKE MACChI LIEMEHTA U BbICOKME TEMMEepaTypb
HegonycTMbI. Hanpumep, Npu CTPONUTENbCTBE 6OMbLLMX
TPaHCMOPTHbIX TOHHENE 1 LIEMEHTaLMM 00CaHBIX KOOHH.

Tun 5. icnonb3yeTcs Npu NOBbILLEHHOM CyNbGaTHOM
BO3LENCTBUN.

B ctpaHax 6biBliero CCCP knaccudukaums, kak npa-
BWNO, MAET No TBepaocTh obpasua: mapkm MT500, MT400,
nT200uT. 4.

Mpu noabope ocTanbHbIX KOMMOHEHTOB U HAMONHATENEN
06s13aTeNbHO NPoBeaeHMe NabopaToOPHbIX UCMbITAHNIA, Tak
Kak B3aMMOJENCTBME MUHEPabHbIX 1 OPraHNYecKnX KOM-
MOHEHTOB 4aCTO NPOMUCXOANT HEMPEACKA3YEMO.

Hanbonee TpagmumoHHsie 1o6aBKu:

Mnactugukatopsl. TPAANLMOHHO UCMNONL3YETCS He-
CKOJbKO TUMOB NacTUdUKATOPOB, BKtoYast HahTaNMHCYb-
daHart, nuHrocynbdanar n Matepuanbl Ha 0CHOBE MelaMu-
Ha. ATV XUMMWYECKIE BELLLECTBA NEPENAOT KX 10N YacTuLe
LieMeHTa OTPULIATeNbHBIN 3apsif, C TEM, YTO YaCTHULIbl
HaYWHAIOT OTTaIKMBATLCS APYr OT Apyra. MprmeHeHne aTnx
BELLIECTB TAKKE CHIKAET BA3KOCTb MOJTYYMBLLEr0CS pac-
TBOPA. MOCKONbKY PACCTOSHNE MEXAY YacTULIAMM LiEMEHTa
YBENNYEHO, MEXAY HAMM NPOHUKAIOT CTPYKTYPOOOpasyto-
LLIME KOMMOHEHTbI. 32 CHET 3TOr0 MPOYHOCTb MONYYMBLLErO-
51 06pa3ua MOXET ObITh BbiLLe. TpagnLUMoHHas NponopLms
— 071 0,5% 10 2% 0T Beca uemeHTa. JInHrocynbdarsl Takxe
NeVCTBYIOT Kak 3aMefINTENI NPOLLECCa KpUcTanmsawmm.

beHToHuTOBbIN MopoLLoK. CTabun3npyeT NOABUXHbINA
pacTBOp, NOBLILIAET Er0 NOABMXHOCTb U CHUXAET COMpo-
TUBNEHME GUbTPaLMM, OAHOBPEMEHHO YBENMYMBAS BA3-
KOCTb, OIHAKO CHUXAET NPOYHOCTb LIEMEHTHOTO KaMHsl. c-
X048 U3 NPaKTUKKM, NPEANoYTUTENEH MarHUEBbIA OEHTOHNUT
Tvna BaiommHrekoro nopotka. CMewmsars KOMIOHEHTHI
cnenyeT B CyXOM BUAE (B MUKCEpPe AN1S CYXMX CMECeN) unu
B 3aTBOPEHHOM (MpW 3TOM LIEMEHT MeJIEHHO 10OaBNSIOT B
GEHTOHUTOBYIO CYCNEH3WIO, MaPALYS KOTOPOIA YXe 3aKOH-
ymnack). Ecnv 6eHTOHMT £06aBUTL K LLEMEHTHOI CMECK, €€
BSIBKOCTb 3HAYMTENBHO BbIPACTET B NEPBLIA MOMEHT 1 MOTYT
BO3HWKHYTb Npobnembl ¢ Mukcepom. OfHako npy aanb-
HelLLeM NepemeLLnBaHIM BA3KOCTb MeJIEHHO CHUXAETCS.
3T0 NpoOMCX0AUT NOTOMY, YTO OTPULLATENBHO 3aPSKEHHBIE
YacTULbl BEHTOHUTA NPUTAMMBAIOTCS K NOAOXMUTENBHO 3a-
PSPXEHHBIM YaCTULAM LieMeHTa. B npouecce BCe YacTuLbl
CTaHOBSTCS NOMOXMTE/bHO 3apSKEHHBIMM, U BA3KOCTb
CHuxaeTcs. BEHTOHWT cnefyeT 3aTBOPSTL B BOAE B TEYEHME
12 4acoB [0 HayYana CMeLLBAHMS, HAYe NPUAETCS UCMONb-
30BaTb HACOCHO-CMECUTENbHBIN Y3eN. TpaauLyoHHO B pac-
TBOP 806aBNSI0T He Bonee 5% BEHTOHMTA OT BECa LIEMEHTA,
4TOObI HE ObIIO YPE3MEPHOTO CHILKEHUS MPOYHOCTM KaMHSI.

3ona-yHoc. 3onbl Tuna C v F — nyuuonaHoBble MiHe-
panbHble KOMMOHEHTbI, KOTOPbIE YNYYLLIAIOT pacnpeaeneHme

yacTtuu, CHUXatOT BOA0OTAAYY NOJ AABEHVEM U YBENN-
YMBAIOT CTAOMIBHOCTb PACTBOPA, XOPOLLO COYETAOTCA C
13BECTKOBLIMM PACTBOPAMM 1 3aMEHUTENAMY LIEMEHTA.
CnepyeT 3aMeTuThb, YTO Npu BHeCEeHUM 30Nkl Tuna C 6onee
20% oT Beca LieMeHTa MOryT BO3HWKHYTb NpoBiembl CO
CcTabuMbHOCTbIO pacTBopa.

V3menb4eHHasi necyaHas nelsib. MonoTblii Necok (¢
pa3MepoMm YacTuu, MeHee 1 MUKPOHA) yAyyLIaeT CTPYKTYP-
Hbl€ CBOWCTBA PAaCcTBOPA U pacnpeaeneHne B HeM 4acTuLl.
Tunuyxasa nponopuust — meHee 10% 0T Beca LieMeHTa.

3k3ononncaxapuabl (opraHnyeckme cMosbi). Lobasku,
yAYYLLIAIOLLIME TUKCOTPOMHbIE CBONCTBA PACTBOPA; CHUXAIOT
bunbTpaumio n rngpaumio. Mponopuum CUNbHO 3aBUCST OT
LPYrux KOMNOHEHTOB W X XMMWUYECKOro cocTaBa, PH Boabl
1 pacTeopa, rpyHTa. O6biuHo fobdasnsioT 0,1-0,2% ot Beca
LIEMEHTA.

OpraHu4eckue 106aBKy OT BbiMbiBaHS. Kak npasuo,
UCMONb3YIOTCS NOULENTION03HBIE MONEKYbI, KOTOPLIE
3HAYNTENBHO CHKAIOT BOJ0OTAENEHNE N GUALTPALIMIO,
yAyyLWaloT Peonoruyeckue ceoiictea. Cnenyet noHMMaTh,
4YTO HEKOTOPbIE OpraHnyeckme fo6aBKM He MOryT NpUme-
HATBCA C NONMMepamM HapTanMHCyNbGaHATHOro psaa n
OrPaHNYEHHO roaHbI K MPUMEHEHNIO C 3K30Monmncaxapuaa-
mu. Tunnyras nponopums — ot 0,2 0o 1% OT BeCa LieMeHTa.

Crabunm3atopsi. [JaHHbIE KOMMOHEHTbI UCMONL3YTCS
yalLle BCEro B ABYXKOMMOHEHTHbIX pacTBopax. Ctabunu-
3aTOp 0OBONAKMBAET YaCTULIbI LLEMEHTA 1 He JiaeT eMy
CcXBaTbIBaTbCS 0 72 Yacos. ocne 3Toro B pacTBop A06aB-
NAOTCS akcenepaTopbl 1 HAYMHAETCS YCKOPEHHBIV MPOLECC
KpucTtannnsaumm.

Akcenepatopsl. Pedb UAET 0 XOPUCTOM KanbLum nm
CUAMKaTe HaTpusl, KOTOPbIE JOMKHLI J06ABAATLCS B BOAY A0
BHeCeHus B pacTeop. Mpu aTOM, BO n36exaHue aBapuii-
HbIX CUTYaLUWiA, CNeayeT OTHOCUTBLCS K UX MPUMEHEHMIO C
OCTOPOXHOCTHIO, 106aBnss He 6onee 20% 0T Beca LeMeHTa
1 y4nTbIBas TOT PaKT, Y4TO peakuys NPONCXOANT C Bblaene-
Hyem BONbLLIOTO KONMYECTBa Tenna.

BbiBOS,

[MpoexTMpoBaHMe TaMMOHAXHOIO NPOLLECca — 3TO OAMH
113 BAXHEMLLIMX 3TanoB NOArOTOBKM K CTPOUTENLCTBY
TOHHeNs. MpoekTHas JoKyMeHTaLwms 6e3 AeTanbHO
npopaboTKy JaHHOr0 BONPOCA He MOXET CHMTATLCS
MOJHOLIEHHO 11 3aKOHYeHHOMN. OLUMBKM Ha 3TOM aTane
BCErzia NPMBOAAT K 3HAYUTENbHBIM GUHAHCOBBLIM NOTEPSIM 1
3aMe/IIeHnio TEMMNOB NPOXoKW. B niobom ciyyae, npu
NOLArOTOBKE K CTPOUTENLCTBY TOHHENS C NPUMEHEHNEM MECT-
HbIX MaTepuanos Heo6XoaMMO NPOBECTM TLLATENbHbIE
nabopaTopHbIe, NOMEBbIE UCTLITAHS 1 TONBKO NOCHE 3TOr0
3anyckarb NONHOLEHHbIN NPOM3BOACTBEHHBIN MpoLece. Mpu
HaNMYMK BCEX POCCUICKMX KOMMOHEHTOB NoaraTCs B
HbIHELIHEN 3KOHOMUYECKOM CUTYaLWM Ha rOTOBbIE €BPOMNEN-
CK1E CMEeCU — BECbMA HENPOAYKTVBHBIA NOAX0A, HO 3TO
€[IMHCTBEHHOE, YTO OCTAETCS, ECIN CTPOUTENLCTBO YXe
Ha4anoCh, a PELLEHNE BONPOCa OTCYTCTBYET. Beas npocTton
TOHHENENPOXOAYECKOro KOMMNIEKCA AMaMETPOM 4 M,
HE3aBKCMMO OT ero MecTa HaxoxgaeHus, ctout 6onee 30 Thic.
€BpO B CYTKY, @ 6OMbLLIEr0 AMamMeTpa — MOXeT 000WTUCh U B
HECKOMbKO pa3 fopoxe. JTioboe peLLeHme B Tak1x YCIOBMSIX
KpaiiHe OTBETCTBEHHO, OLIMOKY AOMKHbI ObITb MCKIIOYEHbI. M

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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[1.B. NPOCKYPWVH,
cneuvanuct no GypoBbim
pacTBopam

A.A. CJTABYHOB,
KOMMEPYECKMI AUPEKTOP
(000 «beHToHuT Kyprana»)

CnocobHoCTb crieyuansHo no-
A00paHHbIX MeJIKOANCNEePCHBIX
KOMMO3uULuii Ha OCHOBE Heop-
raHU4eckux ManopacTBOPUMbIX
coJieii K HabyxaHuio B BOAHOM
¢ase LWnpoKo npumeHseTcs
AN191 Pa3/INYHBIX CTPOUTE IbHBIX
HYXZ: rnapou30aaLnm LWIamo-
BbIX aMOapOB 1 LIAxXT 3aXOPOHe-
HUS MPOMBILL/IEHHbIX OTXOA0B,
yKpenneHus cnabocyemeHTH-
POBaHHBIX FPYHTOB, OypeHus
CKBaXXVH 1 TOPU3OHTaNbHbIX
nepexoAos, repMeTU3aLmnm Tex-
HOJIOrM4YeCcKuX LIBOB, a TaKXe
A4N9 nnacTugukaLmum cTpou-
TeJIbHbIX PACTBOPOB U GETOHOB.

The ability of specially selected
fine-dispersed compositions
based on inorganic poorly
soluble salts to swell in
aqueous phase is widely

used for various building
applications: waterproofing

in sludge depositories and
industrial waste disposal mines,
strengthening semiconsolidated
soils, drilling wells and lateral
junctions, sealing construction
joints as well as for plasticized
mortars and concrete.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

[NPUMEHEF

NE TMITPOCKOMNYHbIX

WHTEHCMBHO HABYXAIOLLMX
MUHEPAJIbHBIX KOMMO3ULWNA

HA OCHOBE

OTEYHECTBEHHDbIX
BEHTOMNOPOLLUKOB

CI'I0006HOCTI: cneuuansHo NnoaoopaH-

HbIX MENKOANCNEPCHbIX KOMMO3NLIA Ha
OCHOBE HeopraHn4yecknx ManopacTBOPUMbIX
conei k HabyxaHuio B BOAHON da3se LnpoKo
NPUMEHSETCS 415 Pa3fINiHbIX CTPOUTENbHBIX
HYX[: TMAPOU30NALMN LLNAMOBbLIX aMBapoB 1
LIAXT 3aXOPOHEHNS MPOMBbILLNIEHHbIX 0TXO40B,
yKpenneHns cnabocLeMeHTUPOBAHHBIX MPYH-
TOB, GYPEHNS CKBAXWH U FOPU3OHTANbHBIX
nepexonos, repMeTn3auum TeXHONNorn4yecknx
LLIBOB, @ TaKXe ang I'IJ'IaCTI/Id)VIKaU,VII/I CTpou-
TesbHbIX PACTBOPOB M GETOHOB.

B ocHoBe nopoLukoobpasHbix caMonpomns-
BOJIbHO HabyxaloWwmx MaTepranos npume-
HAIOT CUNNKATbl U aNltOMUHAThI WEeNoYHO3e-
MENbHbIX METANNOB N KOMNO3NLUMK OKCUO0B
amboTepHbIX 351eMeHToB. OaHaKO faHHble
COCTaBbl XapaKTepu3ylTCs OTHOCUTENBHO
BbICOKO CTOMMOCTbIO. KpoMe Toro, He-
CMOTPA Ha AOCTATOYHYIO TMIPOCKONUYHOCTD,
60MbLINHCTBO CONEBBIX BOLOHABYXAIOLMX
HanonHUTenen He 06naaalT CNOCOBHOCTbLIO K
KOpK00OPa30BaHMIO Ha KOHTAKTHOI NOBEPX-
HOCTW, YTO NPUBOAMT K GOMbLLINM NOTEPSIM
BOLHOMN a3kl B pe3ynstate GuasTpaumm.

B 31011 cBA3M Hanbonee nepcneKkTUBHLI Npu-
POAHbIE CNIOUCThIE aNtOMOCUANKATHI — BEHTO-
HWUTbI, HAByXaHWe KOTOPbIX 0BYCNIOBAEHO MPO-
LLleccamu 0CMOCa 1 MOHHOro 06MeHa, B KOTOPOM
y4acTByeT nopoa00dpasyoLLmMili CMEKTUTOBBIN
MUHEPAN MOHTMOPUIIOHNT. DNEMEHTapHas
ayelika MOHTMOPUINIOHUTA UMEET TPEXCONHYIO
CTPYKTYPY W3 MOBEPXHOCTHBIX KDEMHEKMCIIO-
POAHbIX TETPA3APOB Y CPEAVHHOTO aNOMOKIC-
NOPOAHOro okTasgpa. bnarogaps nedekram
KPUCTaNNNYECKOMN PELLETKM 1 M30MOPGHBIM
3aMeLLEHUSIM KaTVOHOB aNIOMUHIAS HA KATUOHI
MarHus v xenesa NnoBepxHOCTb aNtOMOCUNN-
KaTHOr0 nakeTa MMeET 3PPEKTUBHBIN OTPH-
LaTenbHbIA 3apsia, KOTOPbI CKOMMNEHCUPOBaH
0OMEHHBIMU UHANDDEPEHTHBIMI KATUOHAMM
HaTpWS 1 KanbLms. B pesynbtate Hanu4ms aToro
KaT1OHOOOMEHHOr0 KoMnnekca 6eHTOHUT obna-
[1aeT cnocoBHOCTBIO K HAByXaHWIO U aucnepru-
POBaHWIO B BOLHOM Cpeae.

MMpu BbIGOPE Mapkn BoLOHAOYXaloLWEero
6eHTONnopOLLKa HEOOXOAMMO OPUEHTMPOBATL-
CS Ha NepeyYeHb YHMBEPCANbHbLIX XapaKTepu-
CTUK, ONPeaensioLmx cTeneHb ruapodunb-
HOCTM NPOAYKTa:
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Xumuyeckoe
Tio,
coefuHeHune

3,01

0

K WULMEHT
LLENOYHOCTH

0,87

Tabmmya 1

Xumunyeckuii cocTas 3bIpSIHCKOro GeHTOHUTa

574 194 597 09 0,5 1,81

Tabnuya 2

0,04 0,10

KaTnoHo0GMeHHbIIi KOMIEKC 3bIPSHCKOro 6eHTOHNTa

27,89 30,18 5,46

Tabnmya 3

1,03

CpaBHUTENbHbIE XaPAKTEPUCTUKN CTPOUTE IbHBIX OEHTONOPOLLKOB
U3 Cbipbs 3bIPSHCKOro MeCTopoXxaeHus (r. KypraH)

0,78 9,40

0,11

Mapka 6enTonopoLuka

MBM-18

NMBM-20

MBM-22
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OnucaHue U HasHa4YeHue

HatpueBblit 6EHTONOPOLLOK, HE COAEPXaLLMA NoNUMep-
HbIX NpUcagoK. [1ns MpoM3BOLCTBA FEePMETUSNPYIOLLMX
maTepuanos (6eHTOMaTbl, BEHTOLLHYPbI) ¥ TUAPOKU30ASA-
LIMOHHBIX paboT. MpUMeHsIeTCs B kayecTse naactudu-
LWPYIOLLEr0 HAaNOAHUTENS A/1S1 LIEMEHTHbIX PACTBOPOB M
MPOM3BOACTBA reNb-LEMEHTOB

MoandunLMpoBaHHbI 6EHTOMOPOLLOK A5 BYpeHUs
rOPU30HTANbHbIX NEPEXOL0B, @ TAKKE AN NPUMEHEHNS
B TEXHONOMVSIX TOHHENVMPOBAHWS 1 CTPOUTENLCTBA NOA-
3EMHbIX COOPYXEHWN «CTEHA B FPYHTE»

MonndnumpoBaHHbIi 6EHTONOPOLLIOK A5 CTPOUTENBCTBA

TOHHENEA B CIOXHbIX FOPHO-FE0NOTMYECKNX YCNOBUSX, B
TOM YUCNE HUXE YPOBHS FPYHTOBLIX BOA,
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Kpuebie Teyenms 6%-x OETOHMTOBLIX CyCnEH3MiA

Moka3aHus LKanbl BUCKO-
3umetpa FANN npu 600 06./
MUH ans 6%-i1 cycneHsum
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cm®/30 MUH.
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<22
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1200

CxopocTs casura, ¢ '

M BbICOKAs CKOPOCTb HabyxaHusi B BOAHON
dasze ans 06ecneyeHns ONTUMaNbHbIX
rMAPOM30AMPYIOLLMX CBONCTB MaTepnana;

H ONTUManbHaa rnapoPUALHOCTL NPOAYK-
Ta B YCNOBUAX NEPEMEHHbIX XapPaKTEPUCTUK
BOZHOM (a3bl (06Las LWeN0YHOCTb, XECT-
KOCTb 1 MUHEPanM3aLms);

B MVHUMaNbHOE BPeMs ANs AOCTUXEHUS
npeaenbHbIX PEOSIOrMYECKUX XapaKTepUCTUK
CYCMEeH31M B NPOLIECCE NPUrOTOBNEHNS
TEXHONOTUYECKUX XUAKOCTEI;

B peann3aums NcesaonnacTnieckon
PEO0OrMYeCKON MOAENN TeYeHNs BEHTOHNTO-
BOW CYCMeH3UK Npu 6ypeHnn ropuaoHTab-
HbIX CKBaXWH Manoro A1ameTpa;

Bcem nepeuncneHHbIM TpeboBaHNAM OT-
BEYAlOT CTPOMTE/IbHbIE BEHTOMOPOLLKM Ha
OCHOBE CbIpbsi 3bIPIHCKOr0 MECTOPOXAEHMS,
xapakTepuaytoLlerocs 6ecnpeLeseHTHO Bbl-
COKMM [151 POCCUNCKMX OEHTOHUTOB COAEp-
XaHWEeM MOHTMOPWUANIOHUTA, OCTUTAIOLLErO
85% mac.

Mpu 3TOM 3bIPSHCKOE MECTOPOXAEHME Xa-
paKkTEPU3YeTCs CTabMILHOCTBIO XMMUYECKOTO
COCTaBa 1 KaTMOHOOBMEHHOO KOMMIEKCa
GEHTOHUTOBOTO ChiPbs N0 BCE NnoLanm
(tabn. 1, 2).

B Tabn. 3 npeacTaBneHsl TEXHONOrnYe-
ckue cBoWcTBa Hanbonee BOCTPeBOBaHHbIX
GEHTOMOPOLLKOB C YKa3aHNeM NPUOPUTETHBIX
HanNpPaBNEHN NX MPUMEHEHUS.

BaxHeiiLuen xapakTepucTukoi GEHTOHUTO-
BOVI CYCNeH3um, Onpeaensiowen ncnonb3o-
BaHue GEHTOHMTA B COCTABE CTPOMTEbHBIX,
TaMMOHaXHbIX 1 GYPOBbIX PACTBOPOB, SBNS-
€TCS 3aBUCMMOCTb MNACTUYECKOI BA3KOCTU
OT KOHLIEHTPALLMM CYCMEH3NN 1 FpagneHTa
ckopocTyv cagura. lMpenensi BapbUpoBaHus
NAacTUYeCKOM BA3KOCTU (1) CUCTEMBI MOXHO
NPUBANKEHHO OLLEHUTb MO YPABHEHIO JiiH-
wTenHa:

n=ny(1+k-o),

rae: M, — AnHamuyeckas BA3KOCTb BOAbI,
Ma-c; @ — 0b6bemHas fong AUcnepcHomn
6EHTOHUTOBOM dasbl, %; k — k03adhdULMeHT,
3aBUCALLNIA 0T GOPMbI ANCMEPCHBIX YACTHL,
(Bns raMHMCTBIX cycneHsuin k = 0,5).
MnacTunyeckas BA3KOCTb GEHTOHUTOBON CY-
CMeH3nn — 370 BeIn4MHa, npeacTaBngoLLas
coboit nono ahdeKTUBHOW BA3KOCTH, BO3-
HWKAIOLLYI0 B pe3ybTate CTPYKTypoobpa3so-
BaHUs CUCTEMbI. [TapameTp @ BkNtoyaeT 06b-
€MHYI0 10710 aficOpPOLMOHHO BOAHON hasbl,
Nno3TOMY nnacTnyeckasd BA3KOCTb CyCNeH3nn
XapakTepu3yeT r’mrpoCKOMMYHOCTb MCXOLHO-
ro GEHTONOPOLLKA 1 ero cnocobHOCTb K Haby-
XaHuio. 4ns MoandULMPOBaHHbIX 6EHTOHUTO-
BbIX CyCneH3uit ¢ yaenbHbiM Becom 1,03-1,16
r/CM®BENMYMHA 1) MOXET U3MEHSTLCS OT 2 A0

MOA3EMHBIE FTOPU30HTbI Ne9. ionb/2016



20 mMa - ¢. Mpwn cpaBHeHUN GEHTOHUTOBLIX
CYCMeH3in 0AMHAKOBOI NAOTHOCTY NPeano-
yTeHue cnepyeT 0TaaTh 6eHTONopPOLLKY, obe-
CMeYMBaoLLEMY HanbONbLLYIO NNACTUYECKYIO
BA3KOCTb CUCTEMBI.

Mpu Te4eHUN BEHTOHUTOBBIX CYCMEH3UIA
HabN01aeTCA CYLLECTBEHHOE OTKNIOHEHNe
0T BHramMoBCKOW PE0NOrMyeckoin Mogenu,
koTopas nNpuobpeTaeT CTENEHHO XapakTep
(t=1,+k-Vv", rnen<1). Yem Hnxe Be-
NIMYMHA NoKasaTens CTeneHn n, Tem bnmxe
CYCMeH3s K NCEBAONNACTUYECKOMY PEXUMY
TEYEHMS U TEM BbiLLIE TPAHCMOPTHPYOLLAn
cnoco6HOCTb BEHTOHUTOBOrO pacTBopa npu
GYpPEHUM FOPU3OHTaSbHBIX CTBOIOB 60/bLION
NPOTSHXEHHOCTW. Ha pucyHKe npencTaBeHsl
XapakTepHble KpuBble TeveHns 6%-x cy-
CMEH3WI4 HA 0OCHOBE BEHTOHMTOB PA3NINYHbIX
Mapok. Bce paccMoTpeHHble 6EHTOMOPOLLKM
006napatoT NPaKTUYECKM NAEaNbHLIM NCEBAO-
MNacTU4ecknm NoBeeHNEM, NO3BONSIOLLIM
ONTUMU3NPOBATbL MMAPABANYECKME Napame-
TPbl NPOMBIBKM 00bEKTA BYPEHUs U MaKCu-
ManibHO NMPUBAN3NTLCS K «LIUTIMHAPUYHOCTU»
rOPU30HTAIbHOMO CTBONA, MPU KOTOPO €€

CTeHKM He ByayT coaepxaTtb kaBepH, Xenobos
1 HepoBHOCTeN. CKOpOCTb CABUra NPUCTEH-
HbIX CNoeB GEHTOHMTOBOrO pacTeopa 61m3ka
K Hy7I0, B pe3y/bTaTe Yero npeLoTBpaLLlaeTcs
pa3mblB C1aboCLEMEHTUPOBAHHBIX MOPOA,
kaBepHooBpa30BaHue, a Takxe 3a CYeT pea-
nusaunm apdekra «ckpebka» oNTUMU3UPY-
€TCS 04MNCTKA FOPU3OHTANBHOrO CTBOJA OT BbI-
OypeHHOI Nopoabl. Bo3MOXHOCTL NoayyYeHns
BbICOKOBSI3KMX CYCMEH3WIA C NPUMEHEHNEM
6eHTonopoluka NBM-18 no3sonser orpa-
HUYNTb KOHLEHTPALMIO FIMHUCTO $asbl B
6ypoBoM pacTBope (Heobxonumas BA3KOCTb
CYCMEH3UM JOCTUIaeTCs MPU OTHOCUTENBHO
HebO/bLIOM coflepXaHun GeHTOHWTA), BCnes -
CTBMe Yero GpunbTpaLmMoHHas kopka, 0bpa3o-
BaHHas GEHTOHNTOBLIM PACTBOPOM Ha OCHOBE
MBEM-18, nmeeT manyio TONLWMHY (MeHee
1 MM), xapakTepu3yeTcs HU3KOM NMNKOCTBIO U
MaKCMMansLHO OrpaHnYMBaeT NOTEPW BOLHON
da3sbl Ha GunbTPaumio npy GypeHumn B nopu-
CThIX NecYaHMKax.

MoanduumpoBaHHbie GEHTOMOPOLLKY
«[1BM-20» 1 «NBM-22» BecbMa 3 dekTuB-
Hbl NPY HeOOX0AMMOCTH NPUrOTOBNEHNS
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GEHTOHMTOBOrO PACTBOPA Ha XECTKOMN nam
BbICOKOMUHEPANN30BAHHON TEXHUYECKON
BoZe. [1ng AaHHbIX 6EHTOMNOPOLLKOB Xapak-
TEPHO COYEeTaHWe MUHUMaNbLHOrO Neproaa
reneobpasoBaHns 1 MakCMManbHO BbICTPO-
ro GopMMpOBaHUs Ha CTEHKax 06bekTa
(CKBaXMHbI, TOHHENS) BOAOHENPOHULAEMON
apmupyoLei GunbTPaLMOHHOR KOPKK.

CTpouTenbHble Mapkv 6EHTONOPOLUKOB Ha
0CHOBE 60raToro MOHTMOPUANOHUTOM ChIpbS
3bIPSHCKOr0 MECTOPOXAEHNS CepTUMLMPO-
BaHbl B COOTBETCTBUM C COBPEMEHHBIMM
TPe6oBaAHUAMU K CTPOUTENBHBIM (Habyxato-
LUMM, TUAPON30NNPYIOLLNM, FTEPMETUNPYIO-
LWK1M) MaTepuanam s peanusaunm Lenoro
CnekTpa TeXHoNoruii 6ypeHus ropu3oHTanb-
HbIX NEPEX0A0B, TOHHENMPOBAHMS 1 CO3Ma-
HWS TMAPOU30NSLMOHHBIX 9KPAHOB. YHUBEP-
CaslbHbIM KPUTEPUEM OLIEHKW Ka4eCTBa
GEHTONOPOLLKOB SIBNSIETCS ONPEAENEHNE NNa-
CTUYECKOMN BA3KOCTW COOTBETCTBYIOLLMX
GEHTOHUTOBbIX CYCNEH3MIA B COYETAHUM C
NCeBAONNACTUYECKUM XapakTepoM UxX
TEYEeHWs Nog, LefiCTBMEM KacaTembHbIX
HaNPsXEHUN. |

Noxasareny kasecTaa SeHTonopoumos

000 «BevTolwt Kyprasas B coateer-
creni ¢ TY 5751-001-41219638-2010
FHAYEHHEE [ NpUroToRNEHIs Get-
TOHMTOBLIX CYCMEHIWA  (pacTeopos),
VCTIOMLIYEMB B KEMECTBE NpUrpYsa
2608 NP ILMTOBROI NPOXOMKE TOHHE-
nel, yCIpoHcTBE CTEH 8 [pyHTe,
MPOTHROGULTALIMOHHGE SABEC, THEK-
COTRONHBG PYBALLEK NPW CTPOUTENb-
CTBE PAINMHED COOPYREHNE.

Maccoaas
Moxpsii CHTOB0M BHANWI: OCTATOK HA CHTE
cceteoi 0,071, %, ne bones

Buix0f riviucTore pacreopa ¢ adupekmmeHod

ik} a0 15 mlMa - ¢, M7, HE MEHEE
YonoaMan BR3kecTe, we Gonea
2
> 1,035

1.025-1,080 | 1,025-1,030

30 an

Ly, HanbOonee YIIRNETBOPAIOLLIEN TPEBOBAHIAM 3AKAIMIKA, 8 TAIKE OCYLLECTRNSIOT MHAOPMALUOHHYIO NOL/IBPKKY Ha CTAIM

prakas

) www.bentonit.su (c +] 436-315;
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Cankr-IletepOypr no npaBy cuntaercs
apXUTEKTYPHLIM My3€€eM 1104 OTKPbI-
TbiM He60M. Ha npoTskeHun npakTu-
4ecKu ABYXCOT JIET LEHTP CTOMULbI
Poccuiickoif uMnepuu 3actTpauBancs B
COOTBETCTBUU CO CTPOIrUMMU NpaBua-
Mu, N0 NPUHLYMNaM aHcam61eBOCTU N
perynspHocTH, a CeroaHs HaxoauTCs
noa 3awumroii OHECKO. Ctpouresns-
CTBO 34€Cb BO3MOXHO, HO CBSI3aHO C
PSIAOM C/IOXHOCTEM, rnaBHas u3 Ko-
TOPbIX — HE0OXOAUMOCTb COXPaHEHUS!
MI0THOM UCTOPUYECKOI 3aCTPOMKMN.
PaspabotaTtb npoekT, npu KOTOPOM
371aHNs, OKPYXKaloLLne CTPONTESIbHYIO
nnowagKy, He AaayT KPUTUYHOM 0Cas-
KU, MOryT JINLLb OMbITHbIE BbICOKOKBA-
JnnuumpoBaHHbie reotexHuku. C aToi
3afayqeil Ha NPOTSXXKEHUM yXKe NoNyTo-
pa AecsaTKoB NIET YCNELUHO CNPaBNsioT-
cs cneymanuctel 000 «METEP-TUB».
PykoBoauTenb 3T0M NPOEKTHOW opra-
Husauyum Cepreii COTHUKOB paccka3an
KOPPECMOHAEHTY HaLLEero XypHana o
cneuunguke paboTsl ¢ UICTOPUYECKHU-
MU 34aHUSMU, METOAAX YKPENIeHUs!
OCHOBaHUii, a Takxe O NPoeKTax,
KOTOpbIE KOMNaHUs peann3oBana B
CesepHoii cTonuue.

Construction of the objects situated in
downtown St. Petersburg, protected
by UNESCO, is complicated because
of the dense historical buildings. Only
experienced geotechnical experts
can develop the project ensuring the
buildings free from any settlements.
That was a topic enlightened by the
head of Peter GIB Ltd. Mr. Sergey
Sotnikov.

beceposan
Wnbs BE3PYYKO

000 «METEP-TUB»

197198, Cankr-letepOypr,

np. AoOponioboea, a. 1/79, nut. b
Ten.: (812) 405-71-05,
petergib@yandex.ru

«METEP-IT'Nb»:

HAYKA COXPAHEHUA
MCTOPUYECKOIO HACJEANUSA

— Cepreit Hukonaesuu, pacckaxure, no-
Xanyiicta, 06 UICTOpUM CO3AaHUS
000 «MNETEP-TUB».

— [onroe Bpemsi s BO3rnasnan kabeopy
CNBrAcyY (paxee JINCK), n, nommumo npeno-
[,aBaTeNbCKOM, HaM NMO3BONSANOCH 3aHNMATLCS
X03PaCHETHOMN AeATeNbHOCTbIO. 9TO Ha3bl-
Banocb HAC — HayyHO-MCCnenoBaTensekuin
cekTop. Y Hac Obina xopoLuast penyTaums 1
TECHbIE CBA3W C NPOEKTHBIMU OPraHM3aLmnsmMmn
ropoga — noaTomy 6bl10 MHOTO NPakTUKK. Tak,
ans JleHnpoexTa Mbl MPOBOAMIN Fe0TeXHMYe-
CKvie HabmoaeHus, fienanum aHanms u pac-
yeT GpakTopPOB, BAMSIOLLMX HA 0CAAKY LOMOB,
NOCTPOEHHbIX Ha HOBbIX TEPPUTOPUSX. Hatln
[JaHHbIE BNOCNEACTBUM NOMOMHAN COOTBET-
cTBytowmin CHu.

C passanom CoseTtckoro Coto3a Takue aoro-
BOPHbIE OTHOLLIEHMSI NMPEKPATUANCh, HO HAYYHBIN
noTeHuman coxpasuncs. Ko MHe obpatuncs
MO 3CTOHCKUIA Konnera, Npodeccop yH1Bep-
cuteTa B TapTy, C NpeaoxXeHnemM oTKpbITh,
Kak 370 Obl10 MOAHO B TO BPEMS, COBMECTHOE
npeanpusatue (CM). A naeto nogaepxan, v Ml

co3panu Takylo komnauuio. K cnosy ckasar,
paspeLUMTENbHbIE LOKYMEHTHI HAM NOAMMCHI-
Ban Bnagymup lMyTuH, B TO BPEMS OH B ropofie
Kyp1poBas BONPOCH! BHELLHEAKOHOMMUYECKMX
CBA3eN.

OpHako HOPManbHOrO COTPYAHMYECTBa, NO
psagy 06CTOATENbCTB, HE NOAYYMNOCH. 3aTEM
BbILLEN M3 ynoTpebnerus ctatyc CIM. Torpa
Mbl C konneramu, Bxoasiymu e rpynny HUAC,
peLwnam nepeopopPMUTL LOKYMEHTHI 1 HaYaTb
COBCTBEHHYIO KOMMEPHECKYIO AEATENbHOCTb.

— Yem 3aHMMaeTCS Balla KOMNaHNA?

— B camoM Havane, rnasHbIM 06pasoMm, Ml
3aHUMannck 06Cnef0BaHNEM, ONPeaenan
U3HOC YHAAMEHTOB. HO CO BpeMeHeM MosHO-
CThI0 MEPELLNV K NPoeKTUpoBaHuio. Cylie-
CTBEHHYIO POJib B 3TOM Chirpasa kafposas obe-
CMeYeHHOCTb. Ko MHe npuLLna rpynna o4eHsb
TOMKOBBIX OMbITHLIX MPOEKTUPOBLLMKOB. K TOMY
X€ HEKOTOPOe BPems s Npoaoxan padotaTb
B YHUBEPCUTETE 1 CBOMM CTYAEHTaM [iNsl Bbil-
MOJIHEHUS AMNNOMHbIX MPOEKTOB Npeasiaran
NPUKNAHBIE TEMbl — TO, YeM 3aHManach

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016



KoMmnaHusi. BnocneacTeum MHOTVE U3 MOUX
NOZIONEYHbIX OXOTHO 0CTaBaNMCh PaboTaTh y
MeHs.

B uTore y Hac HapaBoTaHbl Cepbe3Hble
KOMMNETEHLMM B 0671aCTV NPOEKTUPOBAHMS
MOA3EMHBIX COOPYXEHMIA. Mbl Takke MOXem
BbIMOMHATL M 06CNEA0BAHMA.

— Kakue Bawum npoekTbl MOXHO Ha3BaTb
KNoYeBbIMU?
— [oxanyi, cambiM BaxHbIM A5 HaLLE

KOMNaHnn cTan NPOeKT PEKOHCTPYKLUWK 30aHNSA

CeHara, B KOTOPOM Cellyac pacnonaraetcs
KoHcTtutyumonHbivi cyn. 3peck «METEP-TUB»
BbINOJIHWA NOMHbIA CNEKTP MPOEKTHBIX PaboT:
0T GyHAAMEHTA A0 KPOBENbHON CUCTEMI.
Kcratu, no cBoei cneupanmsaumnmn Mel caena-
11, N0 cyTu, HemHoro — Kapn Poccu 3anoxun
OYEHb CEPLESHBIA, HALEXHBIA DYHAAMEHT,
KOTOPbIN He TpeboBan BLINONHEHUS paboT no
ykpenneHuto. C 3TOro NpoekTa Mbl NOY4MAN
npodecCroHanbLHOE NPU3HAHKME, U HAC Havanu
npurnawlaTb Ha Apyrue caoxHole 1 0TBET-
CTBEHHblE 00BEKTHI.

MpOEKT, KOTOPbIM MOXHO FOPAUTLCSA, —
CTPOMTENbCTBO NOA3EMHOI0 3Taxa TOProBo-
oducHoro komnnekca Fort Group okono
CTaHLMM METPO «3AnekTpocuna». CnoxHOCTb
3TOro COOPYXEeHUs 3aKktoyanach B TOM, 4TO
KOT/NI0BaH pacnonarancs Hag ackanatop-
HbIM TOHHeneM. Y MeTepbyprckoro MeTpo-
nonnTeHa u JIeHMeTporunpoTpaHca obiam
0MnaceHust, YTo nocne pas3paboTku rpyHTa
HAKMOHHbIN X0 NOJ, LENCTBUEM YNPYInX
CWJT MOXET «BCMbITb». HO 3TOr0 He npouso-
wno. Mo 6okam OT TOHHENS Mbl CAENANU ABe
rPYNnbl CBaiA, 06bEAUHUAN UX POCTBEPKOM,
Ha KOTOpbI onepan 6anku. Ha HUXx onupaioT-
C$1 KONIOHHBI KapKaca WeCTUITAXHOM YacTm
3naHns. Cam KOTN0BaH OrpaxaeH LWMyHTOM,
a NOANOPHbLIE CTEHKM B paiiOHe HAKNOHHOIO
xofa Mbl ykpenunn metogom Jet Grouting.

B utore, no peaynbTatam MOHUTOPWHTA,
nepenBuXeHNE BHeLWHel 064eNKN TOHHeNs
COCTaBMW0 BCEr0 HECKOBKO MUMNMMETPOB,
4TO MOATBEPAMNO BEPHOCTb HalLIMX pacye-
T0B. Ha ;aHHOM 06bekTe Mbl BESIM aBTOPCKUiA
Ha[30p B TEYEHME [BYX NET. ITO Bbina 04eHb
nHTEpECcHas paboTa.

MepeyncnsaTb 06bEKTbI MOXHO LONTO, EXe-
roJIHO Mbl Ai€NIaeM OKOJO AECSTI NPOEKTOB.

— Pacckaxute noapo6Hee o cneuudpuke
paboTbl C NAMATHUKAMU apXUTEKTYPbI B
CankT-lMeTtepbypre.

— B nnane HoBoro cTpontenscTBa letep-
Bypr — 04eHb CNOXHbIA ropos. Bo3seneHune
noBOro Noi3eMHOr0 COOPYXEHUs B LIEHTPE —
BCEraa rofoBosioMka. KoHe4Ho, ceityac TexHu-
ka LwarHyna Bnepea, Hanpumep, CyLLeCTBYIOT
YCTaHOBKM, NO3BONSIOLLME BO3BOAMTL LUIMYH-

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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PaGoTbl N0 PEKOHCTPYKLWY 3AaHNUS NONMKNUHWKM Ha Y. [NuHKK, 4

Ycnex noboro npeanpusTMs BO MHOrOM 3aBUCKT OT YPOB-

H KBanM@uKauum COTPyaHMKOB. B Halem cnydae — 310

onpeaensowmui dakrtop. MoatoMmy npu HeEOONbLIOW LWTAT-

HOW YACNEHHOCTMN Ham yOaeTCa yCreLwHo cnpasnaTbCa C Ca-

MbIMW CNTOXHbIMW 3aJa4aMu.

Cepreii COTHMKOB,

4. T. H., reHepanbHbiii gupektop 000 «MNETEP-TUB»

TOBbIE Orpax/eHus cnocoboM CTaTUYECKOro
BIAB/IMBAHMSA. HO, HECMOTPS Ha 3TO, OCTAETCS
MHOro cnoxHocteit. B CHulMe nponncatsi
O4YeHb XeCTKne TpGGOBaHVIﬂ K 4ONOJIHUTENb-
Ho ocagke — Bcero 10 mm. Moatomy, kak
npaBuno, He0bXoaNMO YKPENSTL OCHOBaHMS!
OKPYXaIOLLMX 3[aHMIA. DTO Tak Ha3bliBaeMas
nepecagka GyHAAMEHTOB Ha OYPONHBEKLIMOH-
Hble CBaW.

— Kakue meTogb! M TeXHOIOrMM NO nepe-
capke GyHAAMEHTOB Bbl UCMOJIb3YETE B
CBOMX NpoekTax?

— B Hawem pacnopsxeHumn BeCb apceHan
TEXHONOr A, KOTOPbIE MCNONL3YIOTCS, Kak
MUHUMYM, B 3anaaHoii EBpone. OfuH 13 Hau-
6onee pacnpocTpaHeHHbIX MeTO0B — Npume-

HeHue BYPOUHBLEKLMOHHBIX CBal. OH npef-
nonaraet yCTPONCTBO HAKIIOHHON CKBAXMHBI
yepes TeNno GyHLAMEHTA A0 MNOTHOMO MPyHTa.
MMop 3aLwmToii TpyObl OHA 3anonHseTcs 6eTo-
HOM, 3aTEM Ty[a BBOAMTCS apmatypa. Takue
CBaw, Yepenys HanpasNeHns TO B OOHY, TO B
LPYryio CTOPOHY, C LLarom no nonTopa MeTpa,
YCTPaMBAOTCS MO BCEMY NEPUMETPY HECYLLMX
CTEeH 30aH14, KOTOpbIe H606X0,£I,I/IMO YKpenuTb.
Eule 0A4HO OpurMHanbHoe peLleHne — He-
MeLKWe CBan TUNa «TutaH». TeXHONOrus Takxe
NPeayCMaTpMBaET YCTPONCTBO CKBAXMHBI B
Tene ¢yHoameHTa. [Joinas 0o rpyHTa, B CKBa-
XUHY OMyCKatoT TPYOY MEHbLLEro AnameTpa
¢ OypsiLLEei roNoBKOIA, B KOTOPOI NpeaycMo-
TpeHbl 0TBEPCTUS. 10 MEpe 3arnybnexuns
3TOi TPY6bI B HEE NOA AABNEHWEM NOAAETCA
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KoTnosaH pns cTpouTenbcTBa NOA3EMHOr0 3TaXa 0pUCHOro 3aaHus «Perent xonn»

KotnoBan ans cTpouTenbcTBa ABYX3TaXHO noa3eMHol napkoeku nog 3nanue «MKK» Boane cTaHuum meTpo «3nektpocunar

6EeTOHHas CMeCb, KOTOpas NepeMelLMBaeTCs
¢ rpyHTOM. Takum 06pa3om, nof, OCHOBaHMEM
BO3HMKAET NOJIHOLUEHHAda CBag.

Mbl HeIaBHO caienan KoppPeKTUPOBKY NPOeK-
Ta pekoHCTpyKumMn MapuuHckoro Teatpa 2006
roga, GakTU4eck ero nepenenas. B otHoLe-
HUV PYHOAMEHTOB, @ VX TaM 04eHb MHOFO, Mbl
NPeAnoXun COBCTBEHHOE PELLEHME.

MepBast TEXHONOrKS YCTPOICTBA OCHOBAHWS
npegycMaTpuBana BHayane yknaaky 6peBeH Ha
[HO TpaHLLEewn, Ha KOTOPbIe 3aTeM BbIKNaablBasn

BYTOBBIN kaMeHb. 3TV NEXHM 34eCh pacnonara-
JIUCb B FPaHNLLaX CE30HHOMO M3MEHEHUS YPOBHS
PYHTOBLIX BOZ,. TO €CTb HEKOTOPOE BPEMS OHU
HaXOAATCA B BOZE, @ 3aTEM, KOr1a e€ YPOBEHb
MOHMXAETCH, MX HAYMHAIOT PaspyLUaTb MUKPO-
opraHuambl. Ml npeanoxunu npodyputs GyH-
JaMEHT 1 3aM0JHUTL NPOCTPAHCTBO MEXAY NexX-
Hell GETOHHBIM PACTBOPOM, TO ECTb UCKIIOYNT
JO0CTYN BO3AyXa K 3TM BpeBHam. Mo Hawmm
pacyeTam, 3T0ro 6bi1o 6bl 4OCTATOUYHO, 4TOOI
COXPaHUTb HECYLLLYIO CMOCOBHOCTb LIEMEHTHOTO

pacTeopa. OgHako HaM BCe-Taku npeanucani
3anpoeKTUPOBaThL 60/EE LOPOroe PeLLEHNE, C
1CMOMb30BaHNEM CBali TWNA «TUTaH».

Ha 310M e 00bekTe Hafo BbIN0 PELLMTL eLle
O[HY CNOXHY0 3afady. NpoekT npeaycmaTpu-
BaJ1 3HAYUTENBHOE YBENNYEHWE NPOCTPAHCTBA
Moz, CLEHOM, Tak Ha3biBaeMoro TpiomMa. Ipu
9TOM YPOBEHb NOMA 0KA3aCs HUXE NOLO-
wabl pyHaameHTa Ha 10 cm. Y106k M3bexaTtsb
Jedopmauuii, B NPOEKTE Mbl MPESYCMOTPENN
YCTPOICTBO NOAMNOPHOI CTEHKM M3 BYpO-
CEKyLLMXCS CBal, MO NOAOM CBaNHOE Mone, a
Takke ykpenneHme GyHLAMEHTOB CBasMM TMNA
«TuTaH»,

— Hap kakum npoekTom Bbl paboTaeTte B
HacTosiee Bpems?

— Ceilyac BbINOMHAETCS PEKOHCTPYKLMS
uepksu Mpeceatoi TponLbl, PACNONOXEHHON
Ha OKTA6PLCKOI HaBEPEXHON, HA TEPPUTOPUM
ObIBLUEN KMHOBUM AnekcaHapo-HeBckoii naspsbl.
B 30-x rogax y nsturnasoi Lepkeu pazobpany
Kynosna, OCTaBWB NIOCKYHO KPbILLY, @ CaMo 34a-
Hve NepeobopyA0Bany NoA NPOU3BOLACTBEHHbIE
HyX[ibl. YT0BObl BOCCTAHOBUTbL NPEXHMI 06/IKK,
dyHOaMEHT LiepkBM HEOBXOAMMO CYLLECTBEHHO
yCunuTb. Bo-nepBbix, 370 CBS3aHO CO 3Ha-
YNTENbHBIM YBENNYEHWNEM HArpy3KkM Nochne
cTpouTenbcTBa 6apabaHa OCHOBHOrO Kynona
YeTbipex MeHbLUMX rnas. K Tomy xe n3-3a cna-
ObIX FPYHTOB 3[jaHME Cervac UMEET 3HAYNTENb-
HbII KPEH B CTOPOHY HeBbl — nepenap, BbicOT
coctasnset 40 cm.

[ing pelueHus aToil NpobnemMsl MO Konnera
K.T.H. IOpwit CTpuraHoB Npesnoxun uHTe-
PECHOE peLleHue — nepecanky GyHaameHTa
Ha CBasix BAABNMBaHWS. Bo3ne Hecywmx
HaPYXHBbIX CTEH, Ha ryBuHEe NoAOWBbLI QYH-
JAMEHTOB, BbINONHAETCS Xene306eToHHas
nauTa TonwwmHoit 700 mMm. B nnute octaBnsioT
OTBEPCTMS, B KOTOPLIE NPW NOMOLLY ANMHHO-
X0[I0BOr0 AOMKpaTa Ha rnyouHy 20 Mm BAaB-
JIMBAIOTCA CTasbHble TPYOLI. [onyymnBLascs
CKBaxuHa OETOHMPYETCS, BBOANUTCS apMaTyp-
HbIi# Kapkac — Takum 06pa3om, nonyyaeTcs
HazexXHas ceasi. AHanornyHbIM 06pa3om ceau
YCTPaNBAOTCS U MO BHELUHEN CTOPOHE CTEHI.

— bnaropaps yemy o6ecneumBaeTcs
KayecTBo BbinonHsembix 000 «METEP-IUB»
paboT, B YeM 3aKNOYAIOTCS BaLUM OCHOBHbIE
TexHonorm4yeckme npeumyLlecTea?

— Ycnex nioboro npeanpusTAS BO MHOTOM
3aBUCUT OT YPOBHS KBanMdUKaLMnN COTPYIHU-
kOB. B Hallem cnyyae — 3T0 Onpenensiowmi
dakTop. MoaTomy npu HeOGOMBLLON LUTATHOM
YNCNEHHOCTW HaM YAAETCS YCMELUHO CMpaB-
NATLCS C CaMbIMI CIOXHBIMI 3aaa4amu. Ele
OAIH acnekT — 9T0 CONMUAHbIN OMbIT. 3a Bpems
CYLLECTBOBAHMS KOMMAHWUK Mbl BBIMOJHMAN
nopsiKka nonyTopa coTeH NPoeKkToB. M
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MEXAVHAPOAHAS HAYYHO-
NMPAKTUMECKASAl KOH®EPEHLUA

§GCOBPEMEHHbIE TEXHO/10M UK
NPOEKTUPOBAHMA

1 CTPOUTE/bCTBA
OYHJAMEHTOB

HA MHOTONIETHEMEP3/IbIX
[PYHTAX Y% e

MecTo npoBepfeHus:
r. MockBa, [usant C

info@fc-union.com, www.fc-union.com
Ten.: +7 (495) 66-55-014

cot.: +7 916 36-857-36
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«POBOC» —
HOBbIW BPEH/] POCCUNCKOWN TEXHUKA
181 THE et

L aocec

r. YenabuHck,

40 net OkTa0p9, 33, od. 26
Ten.: 8 (800) 555-94-90
8(351) 217-15-50

E-mail: fobospk@yandex.ru
mroy74.p¢

Yengburckoe 000 «[1K «Poboc» npogomkaeT ykpennsTe CBOM MNO3ULMN KaK OAUH U3
BeAYLUMX OTeYECTBEHHbIX MPOU3BOAUTENEN OYPOBbIX YCTaHOBOK. B cerogHsLHeii
CUTYaLMm KOMNaHWs He TOJIbKO NMPEKPACHO BMUCHIBAETCHA B MPOrpamMmy UMIopTo3a-
MeLyeHus, Ho U, 6osiee Toro, BbIMyCKaeT yHUKaslbHbIe MOZEN TEXHUKU, HE UMeloLLme
aHasnoros 3a pybexom. «Poboc» npeasiaraeT orpoMHbIii BbI6op 6ypoBoro o6opy-
[[0BaHUs A5 Pa3/InyHbIX Leeii M 3a4a4 — OT ManorabapuTHbIX 3/1EKTPUYECKUX U
ruapaBaNYecKmnX yCTaHOBOK AJ1s1 GYPeHUs CKBaXWH Ha BOAY B0 NPOGECCHOHaNbHBIX
OypOoBbIX YCTaHOBOK AJ15 UHXXE€HEPHO-re0JIornYecKnX U3bICKaHMIA.

pOW3BOACTBEHHAs KOMMaHus «Po6oC, B KOHCTPYKTOPCKYIO JOKYMEHTALWMIO, YTOBHI
Bymy4u MONOABIM NPEANPUSTUEM W Npes- BobuTbCs elue Gonee BbICOKOro kayecTsa npo-
CTaBAss HOBbI OPeHA, BO3HMKNA BOBCE He LYKV 1 PACLUMPUTL ee aCCOPTUMEHT.
Ha NyCTOM MeCTe — OHa ABNSETCA HaCNenHN- — [NaBHbIif NPUHLMN HaLel paboThl — «MH-
KOM HeBEe3bI3BECTHOW KOMMaHNK «[TapTHep», Tepec NoKynaresns NpesbiLLe BCero», — rosopuT

peopraHu3oBaHHoM B HOsiBpe 2015 rona. Ctex  reHepanbHbiid aupektop 000 «MK «oboc»

nop uHxeHepsl «Poboca» onepaTnBHO yenenm AnekcaHgp KawtaHos. — MIMEHHO TaKoii Noaxog,
coenatb OrPOMHOE KONMYeCTBO L0paboTokK MO3BOMMA HaM JOOUTLCA yCrexa v NPU3HaHWs

1 BHEC/IN MHOXECTBO yCOBepIJJeHCTBOBaHI/IVI Ha PbIHKE. Ho Mbl He co6v|paemcs| OCTaHaBNU-
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[eHepasnbHbIii
JAVPEKTop

000 «[1K «®oboc»
AnekcaHap
KatraHos

BaTbCS HA JOCTUIHYTOM. Pe3ynbTat paboTsl
HaLLero KOHCTPYKTOPCKOro 0TAena — NoCTOsH-
HOE MOMOHEHNE MOAENBHOTO PSAA U COBEP-
LIEHCTBOBAHWE KOHCTPYKLWM MPOU3BOAMMBIX
YCTAHOBOK.

B LeN10M Ha Ka4eCTBEHHO HOBLIN YPOBEHb
JeatenbHocTn «Poboc» BbilLen Toraa, Koraa
CaMOCTOATENLHO 3anyCTUA NPOM3BOLCTBO
OYypOBOro MHCTPyMeHTa (6ypoBas LTaHra nog
FOCT Ne12.2.003-91, paciumputenu, NnaoThl
1 Ap.) B rOPU3OHTANBHOMO HANPABAEHHOIO
OypeHus. Kaxpoe uaaenue npy 3ToM nosy4aet
CreuvanbHbIi NacnopT U rapaHTUo KavyecTsa
CPOKOM 10 12 MecsiLeB.

3a KOpOTKNIA NEPUOA, CYLLECTBOBAHMS KOM-
MaHWM €10 Ha AaHHBIA MOMEHT OCYLLECTBIEHO
yxe 11 0Trpy30K TEXHUKN AN1S FTOPU3OHTANILHOTO
HanpaeneHHoro 6ypeHus. Mpoaykuwms Geina
0TNPaB/ieHa B HECKONBbKO pernoHoB PO — B
JNenuHrpaackyto, MockoBckylo, AMypCKyio
obnactu, Yamyptckyio Pecnybnuky, XaHTbl-
MaHCUiiCKMin aBBTOHOMHI OKpYT, XabapoBckuid
Kpan, — a Takxe B benapych (MuHck) n Kasax-
CTaH (Anma-Ara, AcTaHa).

CneunanncTsl OTMEYAIOT, YTO HOBAs TEXHUKA
KaQ4€CTBEHHO OT/IMYAETCS OT PAHEE MPOU3-
BOAMMbIX B YensibuHcke aHanoros. Besi oHa
MMEET AONOHUTENbHBIE 3aMackl MPOYHOCTH,
OCHaLLLeHa COBPEMEHHOI HafieXHOW 3NeKTpo-
HVKOM. ACCOPTUMEHT NPOLYKLWN, OTIPYXEH-
HOV1 3aKa341kaM, JOBOMbHO-TaKM LLMPOK: OT
manorabapuTHoi TexHuku M'HB TpaHLLenHoro 1
KONOAE3HOr0 McnonHeHust, Takon kak YIBHM 74
1 YIBYM 74 (cvna npotsxkn — o1 20 o 40 7,
[UIMHa NPOTSXKM — A0 70 M, MakCUManbHbIN
anametp — 315 mm), no MHB 74M2, aensiowmx-
C$1 MOHOLLEHHBIMM YCTAHOBKAMU A1 FOPU3OH-
TaNbHOr0 HaNpPaBeHHOro OYPEHNS (BLIMONHEHbI
Ha ryceHnyHol 6ase, MakcuMarbHas AiMHa
Oypenus — 400 M, AnameTp paclIMpeHns —
800 MM, MakCMManbHbI KPYTALLMA MOMEHT
— 8000 H-m, ncnonbayeTcs WTaHra AnuHoim
3050 Mm).

Hackonbko npasunbHOI OKasanach «4ens-
GuHCKas CTpaTerus», MOXHO CyauTb N0 TOMY
dakTy, 4To 32 AOKPU3NCHBIA 2013 rog LWTat
NPeanpUATVS-NPEALUECTBEHHMKA BLIPOC MOHTY
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B 3 pa3a, 1 6b10 OTIPYXEHO 3aKasdunkam 6onee
1650 ycTaHOBOK, KOTOPbIE CeiYac 1CNoNb3yITCs
B pa3HbiIX yrosikax Poccum n 6amxHero 3apydexbs.
— Hauwy komMnaHwio, Kak 1 apyrue npeanpustus
MALLMHOCTPOMTENbLHOI OTPACNW, 3aTPOHYA KpK-
3uc,— pacckasbiBaeT AnexkcaHap KawraHos. — B
CBSI3W C 3TUM HaM NPULLNOCH AVBEPCUGULIMPO-
BaTbCA B HANPABNEHMM MPON3BOACTBA BYPOBOrO
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NOMKMO rAaBHOro oduca B YensbuHcke, MeeT
npeacTaBuTenscTea B 6onee yem 20 ropopax
Poccum n CHT', BKto4as Hallm «Tpiu CTOANLbI»
— Mockay, CankT-eTepbypr, KasaHb.

Mpu aToM B «Poboce», NPOPECCHOHaNBLHO
3aHMMasCh passBuTreM poiHka MHB, nposensitoT
3aMHTEPECOBAHHOCTb He TOJbKO B KAYECTBE
NPOV3BOAVMMOVA MPOAYKLIMM, HO W B BHICOKOM
YPOBHE NPefoCTaBNSeMbIX COMYTCTBYHOLLMX
ycnayr. B 4acTHOCTU, KnneHTam npegnaraeTcs
NpOXoX/eHne kypca BecnnaTtHoOro 0by4eHus
L5 NPUoBPeTEHNS HEOOXOLMMBIX HABBIKOB pa-
60Tbl ¢ OYPOBOIA YCTAHOBKOW, MOC/E YEro CPok
rapaHTUK Ha AaHHYI0 TEXHVKY YBENNYMBAETCS.

'HB, KaK M3BECTHO, OCYLLECTBASIETCS B arpec-
CVIBHOM CPELE, M CO BPEMEHEM HEBO3MOXHO
13bexarthb Bbixoaa 060opynoBaHus 13 cTpos. B
MK «®oboc» Npu 3TOM CTPEMSATCS K TOMY, YTOObI
PEMOHT He OTHIMAN Y KNeHTa MHOr0 BPEMEHM
11 CUNT; CEPBUCHOE 00CNYXMBAHME YCTaHOBOK
CLienaHo AOCTYMHLIM BO BCEX PErvoHaX, rae ecTb
NPeacTaBuUTeNbCTBA KOMMAHWN,

Muccus komnanmm «Poboc»: «Pa3suTie NPOPECCHMOHaNbHOMO PbiHKA

OypOBbIX YCNYT, MO3BOASIOLLYX HALIUM KNMeHTam B Poccuin v 3a pybe-

>KOM Nony4atb BbICOKYIO I'Ipl/l6bIJ'Ib OT BJIOXEHHbIX PECYPCOB».

MHCTPYMEHTA. Hala npoayKLys MOAHOCTHIO
MonagaeT nofg NPorpaMmy MMMOPTO3aMELLEHNS
cornacHo MoctaHoBneHwto MpasuTensctea PO ot
30 nexkabpsi 2015 roga.

OCHOBHBIMY NO3UTUBHBIMW OTAUYUSIMUA TEXH-
K1 OTEYECTBEHHOIO MPON3BOANTENS OT UMMOPT-
HOI ABNSIOTCK:

= 6Goree NpuBnekaTenbHas CTOMMOCTb NpK
aHANOrM4YHOM KayeCTBe;

B PEMOHTOMPUIOAHOCTS;

B NpOoCTOTa B 3KCnyaTaLum.

MpuCyTCTBYET B aCCOPTUMEHTE M YHIKANbHAS
TEXHUKA, KOTOPOM HET B MPEATOXEHMSX 3apy-
GeXHbIX Npon3BoOANTENE — HanpuMep, nadeTbl
IHB 74S n THB 74S2.

Bnaropaps IHTEHCUBHOMY Pa3BUTUIO AUNEp-
CKOW CETW, HA CErOAHSLIHUIA A€Hb KOMNAHUS,

KNMeHTOPUEeHTMPOBAHHOCTbL MPOM3-
BOZCTBEHHOWN N MapKETUHIOBOW NOJUTUKM
NPeanpUATUS 3aK1i04aeTCs HE TOJbKO B
NPeaoCTaBNeHUN rapaHTN 1 PasinyHbIX
rMoKnx GOPM OMNaThl, HO 1 B CTPEMIEHNN
NPEANOXNUTb «IYYLLYIO LieHY», B BOSMOXHOCTM
M3rOTOBMIEHMS MPOAYKLIMM MO KOHKPETHBIM
noXenaHusaM 3akas3ulka, a Takxe B pPasBUTUM
NIOTUCTUKM, yXe CeroaHs obeliaroLen «ao-
CTaBKy B N06YI0 TOYKY MUPa B KpaTyaiLine
CPOKU».

— 000 «[1K «®oboc» He nepecTaeT
BOM/IOLLATH HOBbIE UAEM U NjiaHbl, — 0TMEYaeT
PYKOBOAMTEb KOMMaHUM. — Tekyliee
MOJIOXEHME [18/1 N HbIHELLHME YCTIeXu No3BoA-
10T HaM 1 HALLUM KIUEHTaM C YBEPEHHOCThIO
CMOTpPETb B OyayLlee. m
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Chelyabinsk-based Production Company Phobos, Limited Liability Company
continues to enhance its positions as one of the leading manufacturers of drilling
equipment. Presently, the company is not only an organic part of the national import
substitution program, but also a manufacturer of unique types of equipment, which
are not produced in any other country of the world. Phobos offers a wide range of
drilling equipment for various applications — from package electric and hydraulic
installations for drilling of water wells to professional drilling installations for
geological engineering surveys.

Production Company Phobos, a young
company introducing its new brand to
the market, is not a newcomer: it succeeded
afamous company Partner, reorganized
in November’2015. Since then, the
engineers of company Phobos have made
a lot of improvements to their products and
introduced significant changes to the design
documentation in order to enhance the quality
and further develop their product range.

— Our main principle is “The interests of our
clients above all”, — says the General Director

of Production Company Phobos, LLC Alexander
Kashtanov. — This attitude allowed us to
succeed and achieve recognition at the market.
But we are not going to rest on our laurels. The
result of the work of our company’s design and
engineering department is constant expansion
of the model lineup and improvement of the
manufactured installations’ design.

In general, company Phobos entered a new
orbit, when it started independent production
of a drilling tool (a drilling road in accordance
with State Standard (GOST) No. 12.2.003-
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91, hole openers, pilots etc.) for horizontal
directional drilling. Every product receives a
special certificate and a warranty period of up to
12 months.

For the short period of its existence the
company has shipped equipment for horizontal
directional drilling 11 times. The products
were shipped to several regions of the Russian
Federation — to the Leningrad, Moscow and
Amur regions, the Udmurtian Republic, the
Khanty-Mansijsk Autonomous District, the
Khabarovsk Territory, as well as to Belarus
(Minsk) and Kazakhstan (Alma-Ata, Astana).

Many specialists point out that the new
equipment is much better than its analogues
earlier produced in Chelyabinsk. All products
have an additional strength margin, equipped
with advance reliable electronics.

The range of products shipped to the
customers is wide enough: from package
horizontal directional drilling equipment for
trench and wells digging, such as YI'BHI
74 and YI'BYN 74 (broach strength — 20-40
tons, broach length — up to 70m, maximum
diameter — 315mm) to T'HB 74M2, which is a
full featured installation for horizontal directional
drilling (on a crawler, maximum drilling length —
400m, opening diameter — 800mm, maximum
rotational moment — 8 000N*m, 3 050mm long
rod is used).

The correct choice of the strategy in
Chelyabinsk is evidenced by the fact that
in 2013, before the economic crisis, the
company’s staff nearly tripled and more
than 1650 installations were shipped to
the customers, which are now operated in
different parts of Russia and the neighboring
countries.

— Our company, as well as other
companies of the machine building industry
was affected by the crisis, — says Alexander
Kashtanov. — In this connection we had to
diversify our activities and start producing
drilling tools. Our products are in line with
the program of import substitution according
to the Resolution of the Russian Federation
government dated December 30, 2015.

The main competitive advantages of the
Russian equipment in comparison to the import
one are:

m lower price for the same quality;

m reparability;

| easy operation.

The product range also has some unique
equipment, which cannot be offered by a foreign
manufacturer — for example, 'HB 74S and 'HB
74S2 carriages.

Due to intensive development of our dealer
network, presently, the company, apart from its
office in Chelyabinsk, has representative offices
in more than 20 cities of Russia and the CIS,
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The mission of company Phobos is development of the professional

market for drilling services, which brings high return on investment to

our clients in Russia and abroad.

including our “three capitals” — Moscow, Saint-
Petersburg, Kazan.

At the same time, being professionally
involved in development of the horizontal
directional drilling market, the Phobos
is interested in not only the quality of the
manufactured product, but also in a high
level of the related services. In particular, the
company offers free training for its clients to
teach necessary skills for drilling installations
operation with extension of the warranty period.
As is known, horizontal directional drilling is
carried out in an aggressive environment, and
the equipment breakdown cannot be avoided.
Production Company Phobos makes sure
that maintenance would not take much of the

client’s time and effort: servicing is available
in every region, where the company has its
representative offices.

The client-centered production and marketing
strategy means not only guarantees and
flexible payment terms, but also the desire to
offer the best price, readiness to manufacture
custom products, and also development of the
company’s logistics, which is already capable to
deliver products to any part of the world within
the shortest terms.

— Production Company Phobos continues
implementation of new ideas and plans, — says
the company’s manager. — The current success
brings confidence to our clients and us in the
future. m
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Hydrofob GNB Research and
Production Complex situated in the
city of Volgodonsk (Rostov region,
Russia) is a producer of drilling
equipment. The factory has been
the leading Russian designer and
manufacturer of the equipment

for Horizontal Directional Drilling
(HDD) for 15 years. The company
once started with small installations
intended for foundation pits,

then step-by-step developed

into a big business designing

and manufacturing innovative
equipment for various applications.
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HayuyHo-npoMaIBoAcTEEHHBIA KOMMNeK:

Poccus, 347386

PocToBckas 06n., r. BonrogoHck,
yn. FarapuHa, 68

Ten./dakc: 8 (8639) 25-96-50,
25-97-16

E-mail: info@hydrophobe.ru
www.zavodgnb.ru

YB-2M. Komnanus 000 «CepeucdnektpoCxal» B roposie TonbATTM 32 NEPUOA B TPH Fofja nponoxuna Gonee 4 Thic. METPOB KOMMYHUKALWIA
Ha ycraxoke YI'6-2M

HMNK «TNMAPOPOB NHb»:
«COEJIAHO B POCCUU» —
910 «COEJIAHO XOPOLLO»

3aBop 6ypoBoii TexHuku «HIK «Muapogdo6 MHb» B BonrogoHcke (PocToBckas 06nactb)
Ha npotshxeHnn 14 net aBnSeTcs OCHOBHBIM POCCHIACKMM Pa3paboTYMKOM 1 NPon3soau-
TesIeM TeXHUKM 151 rOPU30HTa/IbHOr0 HanpaeieHHoro Gypexnns. HaynHas ¢ HeGobLLNX
YCTaHOBOK KOT/IOBAHHOIO TUNa, NPEANPUATAE Pa3BUBAIOCh, MOCTENEHHO pa3paba-
ThIBasi U BbIIyCKasi HOBYIO TEXHUKY AJ1S peLLeHUs pa3Hbix 3aaa4. CeroaHs 3aBof rotos
NPeAIoXNTb: YCTaHOBKM OT KOT/IOBAHHOIO TUNa A0 CaMOXOAHbIX OYPOBbIX KOMIMIEKCOB C
cunovi tarm ot 3 go 20 T; ycTaHOBKM ynipaBnisiemoro npokosa ot 18 4o 80 1, B Tom yucne
KOJI0A4€3HOro UCMOJTHEeHUsI; TPYOHbIN pa3pyLunTesb A1s 3aMeHbl CTaporo TpybonpoBoga
MeTOoZ0M rnapaBanYecKoro paspyLueHus ¢ yeumem 1aru 80 T.

— OCHOBHbIM NPEUMYLLECTBOM NPeaNpUaTUS
SBNISIETCS TO, YTO Mbl CaMu paboTaem Ha CBOMX
MaLUVHaX, Pean1ays CTPOUTESbHbIE NPOEKTLI C
NPUMEHEHNEM METOAA FOPU3OHTABHOTO Ha-
npaBieHHOro BypeHns, — roBopsT cnewmani-
CTbl Hay4HO-NPON3BOACTBEHHOTO KOMMIEKCA
«rmapodo6 MBE». — 310 NO3BONISET NPOBOANTL
BCECTOPOHHIOH OLIEHKY paboToCnoCoBHOCTH
000pYa0BaHusl, BbISBASATL Criabble MecTa v
YCTPaHSATL WX NEepes, 3anyCckoM TEXHWKM B Ce-
PUIAHOE NPOM3BOACTBO.

Mpy 9TOM NPEANPUATIE KyNILTUBMPYET OT-
KPbITYO MPOU3BOACTBEHHO-MAPKETUHIOBYIO MO-
NATUKY, NPUITIALLAs BCEX XENatoLLMX NOCETUTh
3aBO/ICKME Liexa, NOCMOTPETh 000pyA0BaHME,
OLIEHUTb €ro paGoTy Ha COBCTBEHHOM MOMITOHE.

— Halum cneuuanmeTsl rOTOBbI OTBETUTL Ha
BCE BOMPOCHI M NOArOTOBUTL 060PYA0BaHME
MOZL BLIMOHEHE UMEHHO BaLLWX 33434, —
KOMMEHTUPYET NPEACTaBUTE b KOMMAHUU, —
Mbl pacckaxem, B Kakiux perroHax paboraet
HaLle 060pyLoBaHI1e, NPeoCTaBUM OT3bIBLI 1
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KOHTaKTbl KIMEHTOB. Bbl CMOXETE, NO3BOHMB,
JIMYHO NOOBLLATLEA C NIOALMY, paboTatoLLMMK
Ha HalLeii TexHUKe, 1 Noy4nTb Ans cebs 06b-
EKTUBHYIO KapTUHY, 4TO NpeacTaBnseT coboit
Halle NPeanpPUATME 1 €0 NPOLYKLMS.

3neck cnenyeT fo6aBuTh, YTO reorpadus uc-
nonb3oBaHus o6opynoaHns HMNK «Fmapodob
I'HB» obwwpHa. Jaxe Ha Caxanuue v 8 Mpu-
MOPbE, COCEACTBYIOWMX C Kntaem, rae MoXHO
npuobpecTu Gonee aellesble ycTaHoBkM MHB,
€CTb K/INEHTbI, KOTOPbIE MPEAN0YNTAIOT TEXHUKY
VIMEHHO BONTOAOHCKOr0 3aB0Aa. MpKyTCK,
Akytck, bapHayn, Tomck, AbakaH, MockBsa,
Tamb0B, BopoHex, PocTo-Ha-[loHy, Kpac-
Hogap, CTaBpononb — 370 LAneko He NOMHbIA
nepeyeHb POCCUIACKMX FOPOAOB, FAe paboTaloT
BbIMYLLEHHbIE MPEANPUSTUEM MALLUHBI.

Kak 3aBoa-u3rotoButens, HINK «fuopodod
'HB» 3aHMMaET HePaBHOAYLIHYIO MO3NLYIO M MO
YacTV AanbHeiLei cyabObl peanM3oBaHHOM 1M
npoaykuwmm, obecrneynBas KOMMNEKCHOE TEXHM-
4eCKoe CONPOBOXAEHNE KTMEHTA HA NPOTSXXEHUN
BCEr0 Neproaa aKcrnayaraumm 060pyLnoBaHus.
MpenocTaBnseTcs 06yyeHre CHaYana Ha noauro-
He NPOV3BOACTBEHHOM 6a3bl NPEANPUATUS, a 3a-
TEM U Ha 0ObekTe 3akasuka. Mpu BO3HUKHOBE-
HWK NPoGeM, BCIEACTBIE TAXESbIX FPYHTOBbIX
YCOBUIA 1AM Manoro onbita 6ypoBsoii purapl,
CEPBVICHbIN MHXEHEP 3aBOAA HEMEI/IEHHO Bbl-
€3XaeT Ha 0ObEKT M CONPOBOXAAET BbINOSHEHME
paboT no B HenocpeaCcTBEHHO HA MECTE MX
MPOM3BOACTBA. Tak, He CTa UCKIIOYEHEM JaXe
[Nanbruin Boctok. ConpoBoxaanuch paboThl
Ha BypoBoi1 yctaHoske YIHB-3M4 ans 000
«lOxHO-KypunbCckuii BogokaHan» Ha 0CTPOBE
KyHawwmp, a gns KFYM «Mpumopckunid BofokaHan»
BO Bnaz®BOCTOKE COBCEM HE)aBHO, B MVHYBLLEM
Mae, OCYLLECTBASNOCh TEXHUYECKOE CONPOBO-
XIEHWE Ha yCTaHOBKe camoxofHoro Tuna YIHb-
4M2 B yCNOBUSIX CKAbHBIX NOPOA,

Ha npoTsxeHun 10 neT KOMNaHus exerogHo
y4acTByeT B NPOMUIIbHBIX BbICTaBKax 06LLe-
POCCUIACKOr0 U MEXAYHAPOAHOro MacluTada,
nposoasawmxca B Mockse, MOCKONbKY cunTaeT
HeobXoAMMbIM NMOAAEPXMBATL CBOW CTaTyC
3aBO[A-N3rOTOBUTENS OTEYECTBEHHON TEXHNKM
npu NtobbIX SKOHOMUYECKMX peanusx. Hano
OTMETMTb, YTO KPU3UCHAs CUTYaLMs OCODEHHO
SIPKO NPOSIBUAACH B 3TOM rofy. Ha BbicTaBke
«CTpouTenbHas TexHuka u texdonornn 2016»,
npoxonusLen ¢ 31 masi no 4 NIoHs B MOCKOB-
ckom «Kpokyc 9Kkcno», 13 BCEX NOCTaBLUMKOB
1 NPOV3BOANTENENA, HE TOMbKO POCCUICKMX, HO
1 MMPOBBIX, OAWH TOMbKO BOAFOJOHCKMIA 3aBOA,
npeacTasnsan texHuky MHB. A ato, cornacw-
TeCh, yxe nokasatenb. K ocoboii 4ecTu npea-
NPUSTAS, OHO HE OrPaHNYMIOCH TEM, YTOObI
0hOPMUTb CUMBONNYECKWIA CTEHL, @ NPUBE3N0
HenocpeacTBeHHO 060PYAOBaHWE, B TOM YuChe
HOBble Pa3paboTku, — YTO BbI3BANO HEMANOE
YAMBAEHUE Y NOCETUTENEN, MPUBBLIKLLMX Ha-
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YTHB-3M4. YcraHoeka kotnoBanHoro Tuna YTHB-3M4 Ha o.Kywawwp Kypunbckue octposa pabotaer TpeTuii roa 8 komnanui 000
«lOXHO-KYPUNLCKMit BOAOKAHAN» , B TKENbIX CKaNlbHBIX FPYHTaX NPON0XeHo Gonee 15 kM KOMMYHUKaLMi

o o v

o e

YrHB-4. CamoxopHas ycraHoeka YTHB-4 otpabotana no PocToBckoii o6nacti Gonee 5 ner, nponoxexo Gonee 40 KM KOMMYHUKaLyi

6n1t0aaTh Ha BbICTABKE MUPOBBIX MPOM3BOAUTE-
nen, Takmx kak DitchWitch n Vermeer.

— O Hawem BonrogoHcke ye roBopsiT, 410
370 rOPOA, B KOTOPOM BbINyCKaIOT TexHUKY MHB
POCCUIACKOro NPOM3BOACTBA, — C FOPAOCTLIO
oTtmeyatoT B HIMK «Imapocdo6 MHE». — C Hamu
BELyT NEPEroBOpb 0 NOCTaBkax 060pya0BaHNs
B PaMKax MMNOPTO3aMELLEHNS Ha PErvoHab-
HOM 1 desepanbHOM YPOBHSIX. [pK 3TOM Mbl
TBEPZO YBEPEHbI, 4TO POCCUCKMI NPOU3BOAM-
TeNb LJOCTOMH BHUMaHUs Bcerga. He Tonbko
ceifyac, Koraa B YCA0BUSIX CaHKLMIA 1 AKOHOMM-
Yeckol HecTabunbHOCTY MMMOPTHOE 060PYIO-

BaHVe Pe3Ko noaopoxano, Ho 1 B GnaronpusT-
HOW 3KOHOMMWYECKOIA CUTYaLWN HAZL0 Pa3BUTL
POCCUINCKOE MPOK3BOACTBO. Mbl HA CBOEM
NpYMEPE CTPEMUMCS NOKa3aTb, Kak 3TO CneayeT
Jenatb. He IMEHHO B TOT MOMEHT, KOraa «rpsiHyA
rPOM>», a NNaHOMEPHO, NOCTYNaTEeNbHO, Luar 3a
waroM. TonbKO Tak MOTYT NOSBNATLCS NPOBEPEH-
Hble, HafieXHble, 6oraTble OnbITOM OTE4YECTBEH-
Hble NPOM3BOAMUTENN. «POCCUICKMIA 3aBOS,
OypOBOI TEXHWKM», «pa3paboTaHo v CAENaHo B
Poccun» — s Hac aTo cTaTyc, KOTOpbIM Haao
rOpPAUTLCS, U Mbl iENaeM BCE BO3MOXHOE, YTOObI
HECTY ero C YeCTbt0. |
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POBT O CTAHIOAPTAX, KAHECTBE

N PASBUTUW

Increasing of the role

of social organizations
and creation of a

modern normative and
technical base, as well as
international cooperation
became, apart from the
annual statement, the
key topics at the ordinary
General Meeting of the
Members of the Russian
Society of Trenchless
Technology held on March,
30 in Saint-Petersburg.

Cepreit 3YBAPEB

30 mapra B CaHkT-IetepBypre cocTosnoch o4yepeaHoe O6Lee cobparme YneHos HI
«Poccuiickoe 06L4ecTBO no BHeAPEHMI0 6ecTpaHLueiiHbix TexHonorwii» (POBT). Mpe-
3upaeHT Poccuiickoro o6LyecTBa no BHeAPEHUIo 6ecTpaHLUeiHbIX TEXHOMOriA n
reHepanbHbiii gupexTop 06beAMHEHNS NOA3EMHbIX CTPOUTENEN U MPOEKTUPOBLLMKOB
Cepreii AnnaroB, oTkpbiBasi cCOGpaHne, 3a0CTPH BHUMaH1e Ha NOBbILLEHNN POJIN
00LLyecTBeHHbIX opraHu3aunii B PO, HeCMOTps Ha TAXeNyio 3KOHOMUYECKYIO CUTY-
auuio. Ilo ero cnosam, ecnu B npeabigyLLmne rogbl B Poccuu nx posib npaktudecku
CBOAMNACH K HY/O, TO Cenyac crneLunanbHO MOCBSLYEHHbIA UM Pa3fen yxe nosBuIics
npu nogrotoske k Foccosety. MoxHO HaAeATLCSA, YTO B UTOre HACTaHET MOMEHT, Koraa
obLyecTBeHHble opraHu3auum, B yactHocTu POBT, 6yayT y4acTBOBaTb B NPOBEAEHUN
TeHAEepPOB U KOHKYPCOB, N0 KpaliHel Mepe, npu pacnpeaeeHnN roc3aka3os, BNUSS Ha
BbI6OP KOMMaHWIA N0 KPUTEPUAM NPOPECCUOHANNZMA.

K HoBbiM cTaHpapTam MexmyHapoaHOI accoumaLv CneumuancToB

Mepeiins k oT4ety, npeanaeHt POBT noa-
YEepKHYJ1, YTO MHOrME NOCTaBAEHHbIE BOMPOCHI
B NPOLLIOM roAy YAanoch PELIMTb UMEHHO
6narofaps KOHCONMAALMM CU OTPACNEBOrO
coobLecTsa:

— Korga B MMHUCTEPCTBA M BEAOMCTBA
VYT LOKYMEHTBI 32 MOAMMCHIO 1 TOHHENBHOM
accoumaLm Poccui, 1 Poccuitckoro obLuecTsa
M0 BHEAPEHUIO OECTPAHLLEHbIX TEXHOMOT WA,

1 OBbeAVHEHVS NOA3EMHbIX CTPOUTENEN, 1

rOPU30HTANBHOTO HarnpaBAeHHOro BypeHus —
KOHEYHO, YPOBEHb BHUMAHWNSA K 3TUM NCbMam
COBCEM [IpYroit... [103TOMYy Mbl CMOFI A0BUTh-
CS1 ONpeLenerHbIX pedynsTarto. Mbl caenanm
npodeccuoHabHble CTaHAAPTEI, B YaCTHOCTH,
MO MALLMHUCTaM TOHHENLHOrO KOMMEKea, no
matuHmcTam MHB, no cneuyanicTam B obnactu
rMapom3onsLyn. 910 BCe YTBEPXAEHO MUHTPY-
J[IOM — 1 3TO MepBble Warn K Tomy, yT0ObI Mbl
co3panm LIeHTp oueHku kBanndukaumii.

MOA3EMHBIE FTOPU30HTbI Ne9. ionb/2016



Peyb naet Takxe 0 GopMUpoBaHumM npo-
(heccmoHanbHoro peecTpa, a CyTb, B KOHEYHOM
uTore, 3aKNO4aETCs B TOM, H4TOObI «OTCEYb
He,00POCOBECTHLIE KOMMAHUM N HEKOMME-
TEHTHbIX CNELMANNCTOB OT NPOBEAEHMS TEX
WAW UHBIX BUAOB PaboT» — NpPexae BCEro,
TpedytoLx 0coboi OTBETCTBEHHOCTU.

Cepreii AnnaToB 0TMETWN, 4TO 3a NOCNes-
HWe rofpl cAeNnaHo Hemano:

— PaspabotaHbl 12 cTaHaapToB B 061aCTH
6eCTpaHLIENHbIX TEXHONOMWIA: MO MUKPOTOH-
HENMPOBAHWIO, FOPU30OHTANLHOMY HanpaBneH-
HOMY BYPEHWNI0, COOPYXEHMIO KONNEKTOPOB
KaK KaHanM3aLUmMOHHbIX, Tak 1 KOMMYHKKALM-
OHHbIX — W PAJ APYrX CTAHAAPTOB, 0COBEH-
HO CBSI3aHHbIX C HOBLIMW TEXHONOMMSIMM, Ha
KOTOpble He OblI0 HOPMATUBHbIX IOKYMEHTOB.

B npownom rogy npv onpeaeneHHoi noa-
nepxke POBT Takxe 6binn pa3paboTaHbl Ba
CI, KoTOpble CErofHs BhINOXEHbI A1s 06CYX-
JeHns: «BogocHabxeHne 1 BOBOOTBEAEHNE.
MpaBuna NpoeKTUPOBaHNSA 1 NPON3BOACTBA
paboT Npy BOCCTAHOBAEHUM FMOKMMIN NONN-
MEPHbIMU pykaBamu» u «CUCTEMbI BOAOOT-
BeLEHVS rOPOACKMe 1 NocenkoBbie. Mpasuna
obcnenosanus». B aToi 06nactv BooOLLe
He NPUHUMANNCh Kakue-nnbo HOPMaTUBHbIE
aKTbl.

K noBbiwieHuio ponu

— Mel cyutaem, 4To camoe rnaBHoe — no-
BbILLEHIE POM 0OLLECTBEHHBIX OPraHn3aLmi,
B 4acTHOCTM Poccuitckoro o6LecTsa no BHe-
ApeHnto 6eCTPaHLLEHbIX TEXHONOTWIA, — NOA-
yepkHyn Cepreit Annatos. — MpuenekaTens-
HOCTb y4aCTuUs B Takmx NPOPECCUOHANBHBIX
c000LLeCTBax 3aK/04aETCs B TOM, 4TOBbI X
Yf1eHbl UMENN Kakne-TO NPUBUAETN NPX NO-
Ny4eHnu NoapsaoB, 3aka3oB. Mbl nobrBaemcs
TOro, 4T0ObI NS BLICOKOTEXHONOMMYHBIX PaboT
TNaBHLIM KPUTEPUEM CTaNO HE CHIKEHME
LieHbl, @ IMEHHO npeakBanndukaums. Ytobsl
4ETKO MOXHO BblI0 NOHATH, Kakas GupmMa
BbIXOAWT Ha PbIHOK, C KAKUMU TEXHONOTUSIMM
1 MaTepuanamm n HaCKoJbKO Ka4eCTBEHHO
OHa MOXET BbIMONHWTL T€ UM UHblEe PaboThl, B
LaHHOM C/lyyae CBSiI3aHHble ¢ 6eCTPaHLIEHO
MPOKNAAKON MHXEHEPHBIX KOMMYHMKALIMIA.

MmenHo B aTOM HanpaeneHun POBT u cTa-
BWT CBOW 3afa4n — co3aasas LieHTp oueHku
kBanudukamm (LLOK) B obnactv 6ecTpaH-
LIEMHBIX TEXHONOr Wi, 3aHMMAsICb BOMPOCamm
COBEPLUEHCTBOBAHUS CUCTEMbI HOPMATVBHO-
TEXHWUYECKOW LOKYMEHTaLWMK, NOArOTOBKY 1
MOBbILIEHMS KBaNMPUKaLMM CNeLuanucTos.
YpessblyaiiHo BaxHbIM Ceprein Annatos
TaKkxke 0603HaunN GOPMMPOBAHIE CUCTEMBI
L00POBONLHON CepTUdMKaLmMmM 1 npodeccro-
HaNLHOr0 peecTpa 0TPacNeBbIX KOMMAHWUIA K
CMeuman1cToB.

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016

B passuTiie Tembl CneumanmcT no cTaHaap-
Tn3auum Bnagummp MNoykyHOB pacckasan o
denepanbHoi HopMaTMBHOI 6a3e, Ha 0CHOBE
koTopoin byaet paboTath LIOK, B 4acTHOCTH,
YTOYHWB, 4TO C 1 Miong npeaksanudmkaums
CTaHeT 006513aTeNbHOI NS AoMnycka Ha 0c060
onacHble paboTl.

B POBTe nokymeHThI 1 Tpe6GoBaHus Anst
MPakTUYeCKOro ak3aMeHa yxe pa3paboTaHsl,
MaTepuanbHo-TexHn4eckas 6asa NoaroToBne-
Ha, 1 LLeHTp oueHkm kBanmdukaumm B obnactu
GeCTpaHLLeHbIX TEXHONOMWIA HaYHET QYHKLIMO-
HMPOBATb OJHUM U3 NEPBLIX B CTPAHE.

Y10 KacaeTcs I0pMaNYECKOV CTOPOHI
€03AaHus cUCTeMbI I0OPOBONBHO CEpTU-
duKaumm, T0 B LaHHOM Cy4ae HOPMATUBHOW
OCHOBOM SIBISIETCS HALWMOHANBHBIA CTaHOAPT —
[OCT P 56002-2014 «OugeHka onbiTa 1 1eno-
BOVI penyTaLum CTPOUTENbHbLIX OPraHN3aLmnii».

— EcTb aBe mopenun, GakTopHas u 3KOHOMU-
yeckas, — nosichun Bnagumup MoykyHoB. —
Mbl 6yem NpoBOAMTb OLEHKY M0 GaKTOPHOM
MOZEN — Ha OCHOBAHMM Takmx GaKToPOB,

Kak MCTOpUsi, MaTepuanbHoO-TexHUYeckas 6asa
KOMMaHWUW 1 Tak Aanee, — Nochne Yero Bbl-
Jaetcs cepTudukart, B KOTOPOM ykasdaH NHLEKC
L,eN0BOM penyTaLum CTPOMTENbHOW OpraHm3a-
LUK, 1 CBEAEHMS O HER BHOCSTCSA B PEECTP.

KommeHTunpys Temy, Cepreit AnnaTos oT-
METW, 4TO NOHayany OTHECCS K AaHHON naee
[OBONbHO-TAKM CKENTUYECKM, HO, U3Y4NB 3TOT
CTaHAAPT, NMOHSM, YTO HA CaMOM [JIENE ECTb
[,0CTaTO4HO 0OBEKTVBHBIE KPUTEPUM, HA OCHO-
BaHWW KOTOPLIX MOXHO OLEHNBATH YPOBEHb
kBanmduKaLmm 1 cnocobHOCTb OpraHM3aLmm
BbINOJIHSATL T€ WMAM MHbIE PabOTHI.

MopenbHbiii npoekT ¢ OOH-
XaOuTtaTt

JlonoNHNTENbHYIO COBEePXaTeNbHOCTb CO-
OpaHuio Npuaanu NPo3BYyyaBLUME B €0 pamkax
MHDOPMALMOHHBIE COOBLLEHNS O HOBBIX NPO-
eKTax 1 JOCTUXEHMSIX, CBS3aHHbIX C OeCTpaH-
LUIEHBIMMY TEXHONOTUSIMU.

DouenT CIOIY, Beaywuii Hay4HsIiA co-
TpynHWK CaHkT-TeTepbyprekoro Hay4Ho-
nccnenoBatenbekoro LieHTpa akonornyeckon
6esonacHoctv PAH Hukonaii Bobbines BbICTY-
nun ¢ poknagom «06 vHMLMATMBE MO MOAENb-
HOMY NMPOEKTY MY/bTMOAANLHOIO Nepeca-
[04HOTO Y3113 U MOHUTOPWHIY MHAUKATOPOB
YCMELIHOCTU €ro peannaaumnm». Peub naeT o
c03aaHum Ha rpaHuLe CaHkT-Metepbypra u
JlennHrpanckon obnactu komnnekcHoro TIY
«[1eBATKNHO» C AOMNOAHUTENbHBIMI KOMMeEpYe-
CKMMM 1 COLManbHO-ObITOBLIMI GYHKLIMSMMU,

B kauecTBe Mogenmn, [EMOHCTPUPYIOLLE
MPUMEHEHUE UHHOBALMOHHBIX TEXHONO WA,
nofoGHbIE KPYMHbIE NPOEKTLI B MOCAEAHME
rofbl aKTMBHO NpoaBurana v GrHaHcMpoBana
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EBpokomuccus, a Tenepb K 3TOMy Hanpaene-
Huto noakntouuncs OOH-Xabutat (nporpamma
N0 COAENCTBUIO YCTOMYMBOMY PA3BUTUIO Ha-
CeNEeHHbIX NYHKTOB). O6s3aTeNbHbIM YCNOBUEM
ABNSETCS NOCNeaytoLLee OCYLLECTBNEHNE
MOHMTOPMHIa LIENeBbIX nokasaTenei obbekTa.
[Mpu nx 3 EKTUBHOCTU MOLENLHBIA NPOEKT
MOXET ObITb TMPAXMPOBAH B APYTWX FOPOLAX U
CTpaHax.

PaioH [1eBATKMHO SBASIETCA OLHUM U3 Ca-
MbIX «FOPSI4MX» TPAHCMOPTHBIX Y3110B NeTep-
Oyprckoro peruoHa. Ceityac peyb hakTiecku
MOET 0 pa3paboTke NPeanpPOEKTHON rpaso-
CTPOMTENBHON LOKYMEHTaLWM, B YEM MPOSIBUANO
3aVHTEPECOBAHHOCTb [paBnTeNbCTBO JIeHWH-
rpajackoii obnactu. Ha 6a3e CyLiecTByiOLLMX B
[leBATKMHO CTaHLMIA METPO, XEeNEe3HOM foporu
1 aBTOCTaHLLMM NPEANonaraeTcs co3aatb
BOK3asIbHbI KOMMEKC C CUCTEMOI NEepeXBa-
ThiBAIOLLE/ NAPKOBKY, YBA3AHHOM C BLIXOLOM K
Konbuesoit asTonopore CaHkT-Metepbypra.

Mo cnosam poknasymka, npeacTasnsercs
0Y€BUAHBIM, 4TO Ha 06bLeKTe ByAEeT MHOrO pa-
60Tbl N0 OCBOEHWIO NO3EMHOI0 NPOCTPAHCTBA
— Kak HenoCpeLCTBEHHO N0 CTPOUTENLCTBY,
TaK 1 N0 NPOKNaake/nepeknaake KOMMyHUKa-
umin.

— Mbl MOXEM B ka4eCTBE 3KCNEPTOB Bbl-
CTYNUTb C MHALWMATUBON, 4TOBbI AOOUTLCS Bbl-
LeNeHns rocynapCTBEHHbIX CPELCTB, Kak Nog,
denepanbHylo nporpamMmy, — ckasan Hukonain
Bobbines. — B TOM CMbICE, YTO TAKOM OMbIT
KpYMHOro nepecago4Horo yana 6yaer aktyaneH
u gns opyrux pernoHos Poccum. A OOH-
XabuTaT cunTaeT, YTo W AN1S APYIVX PETVIOHOB
Mupa — Hanpumep, aas ctpad CHI.

Ha cerofHsWHUNA MOMEHT eCTb KOCTSIK
paboyeit rpynmbl, B KOTOPLIA BXoanT 1 Cepreit
Annatos. OOH-XabuTar Bblgenun CBOero KoH-
cynbTaHTa. PaccmaTpmeaeTcs BO3MOXHOCTb
peanusauum npoekTa no cxeme M.

— Moyemy 3TOT BONPOC BLIHECEH HA HALLE
3acefaHne? — KOMMEHTUPYET NPE3NAEHT
POBT. — YpesBblyaiiHo BaxHOI NpeacTaBns-
€7CS POJib NPOhECCMOHANBLHOT0 CO0bLLIECTBA
B NpuHUMNe. Takue NpoekThl y Hac B Poccum
HE Aenanuchb, TYT HYXHO KOHCONMAMPOBATb
NYYLWKE CUNbl 1 U3y4aTh 3apyBEXHbINA OMbIT.

ApanTupys nyyiuve TEXHONOrUN

«IMNOpPTHYIO» TEMY NPOAONXWUN rEeHe-
panbHblii gupekTop netepbyprckoro 000
«TpaHccneucTpoi» Hukonaw MepMmunHoB, pac-
ckasaB 006 3P PEKTUBHON TEXHONOTNM CaHaLIMK
TOHHESbHbIX KOMIEKTOPOB MO SMOHCKOMY METO-
Ay Kankosei. [1o cnoeam goknagunka, K 3Tomy
BapWaHTy KOMNaHWs npuLina, 06pasHo roBops,
HE OT XOPOLLE XNU3HN.

B Mockge, CaHkT-lNeTepbypre, Apyrux
ropoAax-MUIIMOHHNKAX NPOTSXXEHHOCTb
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TOHHENbHBIX KOMIIEKTOPOB OrPOMHa. Tak,
B CeBepHoii cTonmue 310 60bLue 300 km
anameTpom ot 0,8 10 5 M, npuyem rnybuHa
3a10XeHNs 10X0anT A0 70 M, 4TO PEAKOCTHBIN
C/yyain B MMPOBON NpakTuke. MasHas xe
npobnema 3akio4aeTcs B TOM, YTO BCE 3TO
MPOEKTMPOBANOCH 1 CTPOWUOCH B OCHOBHOM B
50-60 ropbl NpoLLnOro Beka, Npy 3ToM 1U3-3a
3KOHOMMWW CPeaCcTB TOraa NPakTUYECKM He CO3-
[aBanu TOHHeneli-ay6aepoB, NO3BONSIOLMX
NPOBOANTbL PEMOHT B YC0BUSIX KCyaTaLmm
KonnekTopa.

Oka3anochb, 4TO rOTOBOr0 PELLEHUS HET
Boo6LLe. CrnewyanmcTbl TpaHccneucTpost
paccmoTpenu 6onee pecsTka TEXHONOMWIA No

ELGdy SalZLind =

Te noay, KOTopble NMPUHUMAIOT PELLEHWS, MHOTAA JaXe He

3HAOT, 4TO TakO€ MUKPOTOHHENMPOBaHWE, TOPU3OHTAIbHOE

HanpasfneHHoe OypeHre. Hala 3agaya — nonynspusaums v

pacCka3 0 TeX BO3MOXHOCTSAX, O TEX TEXHONOINAX, KOTOPbIMU

0013 4a10T HALLI CTPOUTENM.

Cepreii Annartos, npesnaeHT POBT

caHaLMm 13 pasHblx cTpaH. B ntore BeIGOp nan
Ha SNOHCKUIA METOA, KOTOPbI BNOCNEACTBIUN
Obln a0aNTUPOBAH A5t MECTHbIX YCROBWIA. Mo
cnosam Hukonas MepmnHoBa,bnaroaaps 1o
TEXHONIOTMM MOXHO MOBTOPUTb KOHTYP CaHu-
PYeMoro CoopyXeHusi. B poccuitckux ycnosmu-
X 3T0 0COOEHHO LIEHHO TeM, 4TO NO3BONSET
136exaTb aBapUitHbIX CUTYaLMIA, HaNpUMep
Mpy NABOAKE WA B CBA3M C 0CODEHHOCTAMM
neTepbyprekux rpyHToB.

B paitoHe Toeapwuieckoro npocnekta (C6)
YCMELLHO BbIMOMHEHA CaHALMS TOHHENBHOIO
konnekTtopa (anuHoit 850 m,
rnybutoi 8-9 m, auametpom 1,8 M) cnocobom
CnvparnbHOI HabKBKM C NOCNEAYIOLLMM 3an0J-
HEHWEM MeXTPYBHOro MPOCTPaHCTBa NOMM-
MEpPLEMEHTHLIM PACTBOPOM. lpeaBapuTeNsHO
ObInn OCYLLECTBNEHLI PAOOTLI MO OYUCTKE U
YCWEHMIO CBOLA YTNENNaCTKOM.

— [ina Poccum aTo TOYHO BEPBbIE, Kak v Afist
MHOIWX IIPYrvIX CTpaH, — coobLumn Hukonaii Mep-
MWHOB. — HalLm cneumanmeTbl npoxoaunm obyye-
Hyie B AinoHuy. PaboTa NpoaomkaeTcs M coBep-
LLIEHCTBYETCA, BblpabaTbIBAOTCS APYrME METOABI.
ANOHLIbI XE, YBUAEB HALLIM YCNIOBMS, YAMBUNINCH:
kaK 3[eCb BOOOLLE Takoe MOXHO Caenarb. ..

Pestomupys, Cepreit ATnatoB 0TMETII, YTO
M3HOC KOMMYHUKALIWIA, Hanpumep, B CeBepHoii
cronuue, coctasnset nopsaka 80%, 1, noka
OHM He OTPEMOHTVPOBAHbI 1 HE MOAEPHM3N-
POBaHbI, HUYEr0 HOBOrO B CTapbIX paioHax

MetepOypra cTpouThb HeNb3s. COOTBETCTBEHHO,
3QdEKTUBHAS TEXHOOTNSI CaHaLMK SBNSIETCS
HeobXoaMMOCTbHO.

B auckyccum K no3mTuBy

O npumeHeHnn HoBaLMI, KOTOPOE CYLLLECTBEH-
HO TOPMO3MTCS OTCYTCTBMEM COBPEMEHHOI
HOPMATUBHO-TEXHYECKOI Ba3bl, B ANCKYCCUOH-
HoM dopmaTe pacckasan aAMpekTop netepdypr-
ckoro Q00 «Tpybel Xobac» AMutpuii ApeMeHko.
Mpw 3TOM, N0 ero cnosam, 06s3aTeNbHbIMY
JIOMXHbI ObITb TONbBKO TPEO6OBaHWS, UCKIO-
YaIoLLME MPOTUBOPEYNS U HEOLHO3HAYHOCTb
TONKOBaHUs. Hanpumep, Ha CEeroHsLLHWIA AEHb
B HEKOTOPbIX CUTYaLMSIX CTAHAAPTHI MO OLEHKE
HaJEeXHOCTI MaTepuanoB He COOTHOCSTCS CO
CTaHAapTamu o OLLEHKE HAAEXHOCTM 3LaHWIA 1
CoopYxeHwit. MogobHOe HOPMOTBOPYECTBO OCY-
LLECTBASKIOCH HA MUHCTEPCKOM YPOBHE, HO, MO
BCEI 04EBUAHOCTU, NPV HEAOCTATOYHOM Y4aCTUN
0TpacneBoii 06LLECTBEHHOCTM.

— BoT Mbl roBopuM npo caHaumio, — npo-
pomkun Omutpuii ipemenko. — Y Hemeukux
CMNEeLManMCTOB eCTb MaTepuan 1 CTaHaapThl,
KOrAa 1 KaKyto TEXHOOTIO NPUMEHSITh, B 3a-
BMCKMOCTM OT CTEMEHMN PA3PYLIEHUS CaHMpYe-
MO TpyObl. Y Hac 3T0ro HeT. [JeCTBUTENLHO,
X0Tenoch 6bl UMETb OTPACNEBYIO NOLLAAKY,

Ha KoTopyIo Obl 06paLLanmck, 3Hasi, Y4To 34eCb
MOMOTYT PELLNTb Tak1e BONPOCHI.

Cepreii AnnaTos, CO CBOEI CTOPOHSI, OT-
METWN, 4TO NPOodECCHOHANBHOE COOBLLECTBO
MMEHHO 3TO M NbITAETCs Ceitvac caenartb. Mog-
POBHOCTM COOBLLMN CRELYIOLMIA LOKNAAUMK
— uneH npeauanyma CaHkT-lMeTepbyprekoro
06LiecTBa reoneaunn 1 kaptorpadum EBreHuii
JlomakuH, pacckasas 0 co3aaHun paboyeit
rpynnel «MIHGOPMaLWOHHO-TEXHONOMMYECKOE
06ecneyeHmne pa3BnTHS rOPOLCKOro NOA3EMHO-
ro MPOCTPaHCTBA».

Ha nepBom aTane COBMECTHBLIMW YCUAUSMIA
KOMWTETOB MO OCBOEHMIO MOA3EMHOO NPO-
cTpaHcTea HOCTPON
1 HOMPW3 npeactonT pa3paboTaTh 40 KOHLA
TEKYLLEro rofia, TeXHNYECKOE 3aaaHune no co-
OTBETCTBYIOLLE JOPOXHON KapTe. Peyb noet
0 KOHKPETHOM [I0KYMEHTE, KOTOpbIi 6yaeT
npeacTasneH B MUHCTPOI, 4ToBbI NONY4nTL
(dVHaHCMPOBaHWE fanbHeNLwen paboThl v
lopuanYeckoe pasBuTre. MnasHas Xe oTpac-
neBas 3afa4a, no cnosam EsreHms JlomakuHa,
3aK/104aeTCs B TOM, YTOOLI «CO3[aTh TaKYHO
HopMaTKBHyIo 623y, koTopas Obl He CONPOTMB-
N9nacb BHEAPEHWIO NepesoBbiX METOA0B — a
OHa Ceiyac akT1BHO CONPOTUBAAETCS».

ELle oaHMM neitTMoTMBOM coOpaHus cTana
TeMa BXHOCTU MEXAYHAPOAHOIO COTPYAHM-
4ecTBa, NOAHMMABLUAsACS He pa3. M cHoBa B
LIEHTPE BHUMAHWS 0Ka3ancs X0, NOLArOTOBKM
k XV BcemmpHoii koHdepeHLmm O6beanHeHus
1CCNen0BaTeNbCKUX LIEHTPOB NOA3EMHOI0
npocTtpaHcTea meranonmcos ACUUS 2016,
KOTOpas COCTOMTCA rPsLYLLEN OCeHbt0 B CaHKT-
MeTtepbypre. B Takom LWMpokoM MacLiTabe
MEeponpuaTME NPOAAeT B Poccum BNepBbIe.
Ceprein AnnatoB coobLum, 4T0 Ha MOMEHT
npoBeeHNs cobpaHns 3aperncTpupoBannch
yxe 188 nHocTpaHHbIX y4acTHWKOB 13 20 CTpaH,
BCero xe oxuaaetcs okono 500 rocten. OpHa
13 CeKLmii ByeT NOCBSALLEeHa HEMOCPEACTBEHHO
6eCTpaHLUEAHBIM TEXHOAOTUAM.

OtBeyas Ha BoNpoChk XypHana «Mof3eMHble
roOpu30HThI», NpeanaeHt POBT nosicHun:

— Mbl — B nepByio 04epespb, 06LLEeCTBEHHAs
OpraH13auys 1 B AAHHOM Cilyyae LOMKHbI pac-
CKasblBaTb O TEX TEXHONOTMSIX, KOTOPLIE Ha Ce-
rOAHSILLIHWIA AEHb NPUMEHSIOTCS BO BCEM MYPE.

Ocobast 3Ha4UMMOCTb NeTepByprekoit koHde-
peHumn ACUUS, no cnosam Ceprest Annatosa,
06ycnoBneHa Tem, 4T KOMMIEKCHOE Pa3BUTUE
NOA3EMHOr0 MPOCTPAHCTBA B Poccum npakTuye-
CKW OTCYTCTBYET, B YeM Hab/It01aeTCs OrPOMHOE
OTCTaBaHWe OT PA3BUTLIX CTPAH.

— JInsi Hac O4EHb BaXKHO, YTO CETOaHS!
MPOVCXOAMUT HEKWIA CABMI: MO KPANHEN Mepe, B
MOHUMAHWUM TOrO, YTO CTPOUTL NOJ 3EMITEN HAa,
— kommMeHTUpyeT rnaea POBT n OMNC. — Lienb
3TOM KOHbEPEHLWN — AOHECTV MHPOPMALWIO A0
TIOLEN, KOTOPbIE MPUHUMAIOT PELLEHNS, 1 A0
BCeii 00LLLECTBEHHOCTY: «[0CMoaa, NOCMOTPHTE,
YTO AENAETCS B MUPE». M

MOA3EMHbIE FTOPU30HTbI Ne9. Uionb/2016
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